UOJI

A. B. TEPEMOB, P.A. [TETPOCOBA

orus

A \

==
—
=
=5
k]
-3




A. B. TEPEMOB, P. A. NIETPOCOBA

BUOJIOINsA

BUOJIOTUYECKUE CUCTEMbI ¥ MPOLIECChHI

10

YYEBHUK

st 06eobpasoBarenbHbIX YUpeXXaeHUN
(npodunbHBIN YPOBEHb)

PekomeHOosaHO
Murucmepemeom obpasosaHus U HayKu
Pocculickoli @edepayuu

2-e M3TaHUe, HCOpPaBIeHEOE

TENbG,,
«539» )

Hraepmoa

Mocksa 2012



YIK 373.167.1:611
BBK 28.70a721.6
T35

Tepemor A. B.

T35 Buonorua. Buonoruueckue cueremMsl u mpornecchl. 10 Kiace :
yueb. ana obmeobpasosar. yupesxgeruit (IpoduIbHLIA YPOBEHE) /
A. B. Tepemos, P. A. ITerpocoBa. — 2-e u3x., ucop. — M. : Mye-
mosuHa, 2012, — 400 c. : .

ISBN 978-5-346-02201-5

VueGuuk npearazHavueH I H3yUeHHA NpeameTa «Buonorua» B 10-M kiacce
Ha npoduIbHOM ypoBEe. B HEM cogepxaTcs cBefieHuA 00 OCHOBHBIX OHosormye-
CKHX CHCTeMaX — KJeTKe W opraHusMe. Marepunan yueOHHKA pPacKpHIBAeT CO-
nep:aHue OHOMOTHYECKHX 3HAHHH, HeOOXOAHMEIX 1A (POPMHPOBAHKS MIPE/ICTAB-
JeHuH 0 CTPYKTYPHO-QYHKIMOHANBHON OPraHH3alliMH *XHBOTO HA MOJEKYJIAPHO-

TéHeTHYEeCKOM, OPraHOHAHO-KJeTOYHOM H OPraHM3MeHHOM YPOBHAX.
MHoTrOUYHCIeHHbIE HILIIOCTPanH, & TAK¥Ke CXeMbl, BOIIPOCHI H 3a1aHNA JeJia-
0T MmaTepuan Y‘IGGHHKB boee HarJAAHbIM, & TEKCT JOCTYIHBIM IJIA MOHAMaHHASA.
YIK 373.167.1:611
BBK 28.70a721.6

Vuyebuoe usganme

Tepemor Anekcasap Banentunosmnu, IlerpocoBa Penara ApMenakosHa

BHOJIOTHA
Buosorugeckne CHCTeMBI M IIPOIECCHI

10kaxace

YUYEBHUK
Ans 001eobpa3oBaTENbHBIX VUDEHKISHUH
(npohuIBHEIA YPOBEHB)

T'enepanbHbIi TUpeKkTOp H3gareascTBa M. H. BessukonHan
Tnasueiit penaxrop K. H. Kyposcruii. Pepaxrop E. B. IIpoxoposa
Odopmiernne u xygoecTseHHOe pegakTupoBasue: T. C. Bozdanosa
Texamueckuii penakrop O. B. Peswurosa. Koppextopsl T. B. ITexuueaa, JI. B. Jvaukosa
Komneiorepras Béperka: E. H. IToduenaesa

Dopmar 70 x 90/,;. Bymara opcernas Ne 1. lFapaurypa «IIkonsrasms.

Ieuats odcerHas. Yeu. neu. 1. 29,25, Tapax 5000 aks. 3axas Ne463
Haparenscreo «Muemosura». 105043, Mocksa, ya. 6-a [lapxoeas, 29 6.

Ten.: 8 (499) 367 5418, 367 5627, 367 6781; daxc: 8 (499) 165 9218.

E-mail: ioc@mnemozina.ru WWW.mnemozina.ru
Marasna «MHeMo3HHa»
(po3sHUYHAA U MEJIKOONTOBaA mpojaska KHHr, « KHUT'A — IOYTOM >, HWHTEPHET-marasun).
105043, Mocksa, ya. 6-a Ilapkosas, 29 6. Teu./daxc: 8 (495) 783 8284; rexn.: 8 (495) 783 8285.
E-mail: magazin@mnemozina.ru www.shop.mnemozina.ru

Toprossiii fom « MEeMo3uHA» (ONTOBAA MIPOJAKA KHHUT).
Texn./daxc: 8 (495) 665 6031 (MEOrokananbHsl). E-mail: td@mnemozina.ru

Ornegaraso 8 000 «Yeborcapckas tunorpagus Ne 1». 428019, r. Yeboxcapn:, np. H. Axosnesa, 15.

© «Muemoansar, 2010

© «Muemoaunar, 2012, ¢ ¥3MeHEHHAMH

© Odopmaenue. « MEemosuras, 2012
ISBN 978-5-346-02201-5 Bee npasa 3amiunieHsl



CTAPLUEKJIACCHUKAM OB YHEBHUKE

IIpeanaraemblil yueOHHUK NDpeqHA3HAYEH [JIA M3YyYeHUs OHOJIOTHH HA OPODHIL-
HOM YPOBHe. B Hero BKJIIOUEHEI CBelleHH: 00 OCHOBHBIX OHOJIOTHYECKHX CHCTe-
Max — KJeTKe H opraamaMe. PaccMaTpHBalTCAd XHMHYECKHH COCTAB KJIETKH, eé
cTpoeHue, oOMeH BeIleCcTB ¥ IpeBpPallleHne SHEeDPIHH; OPTaHHU3amHAa OOHOKJIETOYHBIX
M MHOTOKJIETOYHBIX OPraHM3MOB; IPOIECCH] ABHKEeHNS, THTAHNA, TEIXaHNA, TPAHC-
II0pTA BeIlecTB, BhIIeJIeHN A, 3alUTHl, DA3SMHOMKEHHAA ¥ HEANBHAIYAJIHEHOIO PA3BHTHA
OpPraHH3MOB; 3aKOHOMEDHOCTH HACJIEJACTBEHHOCTH ¥ M3MEHYHMBOCTH OPraHM3MOB;
3Tambl, MeTOAbl ¥ OCHOBHEIE AOCTHIKEHHSA CENEKIWHW PACTEHHH, }KUBOTHBIX W
MHKDOOPraHU3MOB; OCHOBHBIE HATIPDABJIEHUA W MeTOABI GuoTexHoJornu. MaTepuana
yueOHHKA pacKphIBaeT cojep:KaHue OHOJOTHYECKHX 3HAHWH, HEOOXOAMMEIX I
IIOHMMAaHHUA CTPYKTYPHO-OYHKIIMOHAILHON OPraHM3alluy JKMBOT0 HA MOJICKYJIAPHO-
reHeTHYEeCKOM, OPTraHOH/IHO-KJIETOYHOM M OPraHM3MEeHHOM YPOBHSAX; OCHOBLIBAETCH
KaK Ha KJaCCHYeCKHX, TAK W HA COBPEMEHHBIX NOCTHUIKEHHUAX OUOJIOTHH.

Yrobbl mydlIe OPHEHTHPOBATHCA B yUeOHHKE, O3HAKOMBTECH C €r0 OrJIABJIEHH-
eM. JTO IIOMOKeT BaM OLICTPO HAWTH HYXKHBIH Marepuan. Kpome Toro, BBepxy Ha
KasK/IoM pasBOPOTe [laHbl HA3BaHHA COOTBETCTBYIOINUX TJaB H naparpados. ITocie
Ka)XJo# raaBbl chOPMYJIMDOBAHEI BBIBOJBI, NAHBI TeMbl JOKJIAX0B, pedeparTos u
IPOEKTOB [JIJIA CAMOCTOATEIbHOH HTOATOTOBKHA BO BHEYDOUHOE BPEMs.

ITepen kaxabiM maparpagoM OpHBeJEHbI 3aJaHIS H BOIPOCHI, II€Jbh KOTOPBIX —
npobyoHTE y BaC HHTEpeC K IpejiaraeMoMy y4eOHOMY MaTepHaly, sKellaHue paso-
OpaTbca B ero cofiep:xanun. B KoHme Kaxoro naparpada moMemeHsl BOIPOCHI U 3a-
JaHUA NJIA 3aKpelIeHUs U CAMOIPOBEePKH NPHOGPeTEHHBIX BaMu 3HaHM. OCHOBHEIE
NoHATHA (TpedyIOINHe 3aIOMUHAHNS) B TEKCTe YUeOHWKA BBIJIEICHB KYPCHBOM H
nepedrcIeHbl B KOHIe naparpada (Ha roaybom dose).

IIpu pabote c TexcToM yueOHEKA ofpamaiTeck K COOTBETCTBYIOIIAM PHCYHKAM H
cxemaM. OHE TOTIOJHAIOT TEKCT, CIOCOBCTBYIOT €ro JydrmeMy ycBoenuio. Tabaumnel,
NpHBeNEHHBIE B 3aJJaHUAX, TepPe]] 3al0JIHEeHHEM IePeYepPTHTE B TETPalb.

ObparuTe BHHMaHHE HA 3aJaHWUfA, CBA3AHHLIE C IPOBeJeHWEeM HaOTIOIeHHI,
npaKTHYecKHX M mabopaTopHBIX pabor. IIpM uX BHEINOJHEHHH BeZHUTe 3AOHCH B
paboueit Terpasu. HexoTopble BONPOCH M 3aJaHUA HOTPeOYIOT OT BAC YMEeHUH
aHAJIM3UPOBATH, CPABHUBATEL, 00600IIaTh B AeJaTh BBIBOJALI, YTO OVAET MOJIe3HO A
Ballero MHTeJJIeKTyalabHOro paseurtus. [locme HexoTopeix maparpador gama [o-
IOJHHATeIbHAA MH(pOpPManusa, oHa He o0A3aTeNbHA [JIA 3allOMHHAHHSA, 4 NPH3BaHA
CO/IeliICTBOBATE PACIIMPEHHUIO BAIIero HHOJOTHYECKOT0 KPYrosopa.

Beperurte yyeOHuK: He BKIAABIBaliTe B HErO TeTpanH, He meperubaiiTe ero, ax-
KypPaTHO HEPeIHCTHIBANTE CTPAHMILBI.

IlycTe nayuyenue 6uonorum GymeT Aad BaC HHTEPECHBIM M yCIeIIHIM!

Asmopbt



BBEAEHUE

EcrecTBeHHBIE HAVKH, U3yUYaOI[He 00BEKThI H ABJICHUAA MPUPOABI, — HEOTHEeM-
JleMas 4acTh KYJBTYPHI COBPEMEHHOI'O YeJIOBEeKa. JTO IeNbld KOMILIeKC Hay4IHBIX
3HAHWMI: HAyKU 0 3emue (reosorusi, reorpadus), o PH3HIECKHX, XUMHIEeCKHX,
OHMOJIOT’MUYECKHX cHcTeMax ¥ mpoieccax (pusuka, XUMHA, 6HOIOTHA), 0 KOCMOCe
(acrponomus, KocMmosorus). Kaxkaasa Us 9THX eCTeCTBEHHBIX HayK HCCIeIyeT, pac-
KpPBIBaeT 3aKOHOMEDHOCTH 00'beKTHBHOI'O MHDA, O3BOJIAIOIHNE NTPeACKA3bIBATE X0
COBOBITHI, TPOUCXOAAININX B IPHPOIE.

B nepmos aHTHYHOCTH IEePBO (hOPMOH HAYYHOTO 3HAHUA CTANA Hamyppu.iocopus
(ot nat. nature — mpupoza), uau duaocodusa npuponsi. O6beKTOM €€ H3yJeHHA
OLLIH BCe SBJIEHUS, IPOMCXOAAIue B mpupoae. Harypdunocobua cnocobcTBoBaa
HAKOILIeHHO (DAKTOB M cosnasa mpeamocsuiku ans obocobnerna B XVI—XVII Bs.
CaMOCTOATENBHLIX HAYK 0 HeXKHBOH W YKHBOI IIPHPOJE.

Oco0LIil HHTEpeC JIOAH MPOABIAIT K kuBoMy. C HezanaMATHLIX BPEMEH JeJIOBEK
IBITAJICA IPOHUKHYTH B TAWHBI KHUBOU IPHUPOALI, PDASTafaTh 3arafKy KUSHHU. JTOT
HHTepec X IOCAYKHJ OCHOBOM /IJIA BOZHUKHOBeHHA Ouosozuu (0T rped. bios — HHU3HB
u logos — ydeHMe) — HaAYKH O JKHM3HH, €é (opMax, 3aKOHOMEPHOCTAX CYIIEeCTBO-
BaHuA ¥ pasBuTua. O0BbeKThl H3ydyeHHsA OHOJIOIHMHU — KHBBIE Tejaa NPHPOALI, UIHN
OpraEu3Mel. Buonorusi paccMaTpUBAeT UX CTPOeHHe, KH3HeJeATeJIbHOCTh, CBA3HU
OPraHM3MOB MeXIy coboil ¢ He;xkHBOM npupoxoit. Tepmun «Gmomorusa» B 1802 r.
BBeJIH B HAYKY HE3aBHCHMO JAPYT oT aApyra dpannysckuit yuénsil K. B. JJamapk
u memenkuii yuénsiit I'. P. Tpesupanyec.

TlepBhie mwaru Ha TyTH IO3HAHUS OPraHU3MOB OBLIH clelaHbl B JPEBHUX [UBHU-
nuzanusax Meconoramuu u Erunra, I'penun u Puma. Torza ke 3apoguiuck nepBhIe
fmonornUecKMe HayKM — OoTaHMKA W 3o0o0jorus. OrBeuas moTpeOHOCTAM IIOfeid,
B 3TO ’Xe BpeMsA IOABHJIACh M cTajla pasBuBaThes menunuHa. C usobpereHneM
MHKPOCKONA c¢(hOPMHPOBANNCE HOBBIe OHOJOTHUECKHE THUCHHUIIIMHBI — MHKPO-
OHOJIOTHA U IHTOJOTHA. 3HAUNTENLHEIX YCIEeXOB OMOJIOTHA NOCTHINA Ha pybexe
XIX—XX BB., KOT[a B Hell BEIZEIHINCH 2MOPHOIOrUA, reHeTHKA U dKogorusa. Ha
fase MCTOPUYECKOrO MOAXO0AA K MMO3HAHWIO JKUBOH IPHUPOJEI B 3TO e BpeMs BO3-
HHUKJIO 9BOJIOIHUOHHOE YUEHHE.

B XX B. NoABHJINCH OHOJOTHYECKHE HAYKH, H3yUalOIIHe NMPOABIEHHA KHU3HH
Ha pAasHHIX YPOBHAX opramusanuu. Ha cThIKe HECKOJBKHX €CTECTBEHHBIX HAYK
odopmurcs 6rodusnKa, GHOXUMUSA, MOJEKYIApHAA Guosornsa, 6uornka. OcBoeHue
YeJIOBEKOM KOCMHMYEeCKOro IPOCTPAHCTBA MPHUBEIO K MOSBIEHNIO HOBBIX OTpacie
OHOJIOrHUYeCKHUX 3HAHUN — KOCMHAYECKOH OMOJIOTHH H MEeIHUIIHNHBI.

CospeMeHHas OHOJIOrUA BBIILJIA HA IepefoBhle DyOeH CpelH eCTeCTBeHHBIX HAYK
u mpejcrasiaserT cofoi KOMIUIEKCHYIO cucTemy sHaHmi. Hameemcsa, 4To uaydeHue
OHMOJIOTMYECKHX CHUCTEM M IIPOIECCOB IOMOMKET BaM Y3HATh MHOTO HOBOTO M MHTE-
PECHOTO 0 KUBOM PUPOJE, HAWTH OTBETH Ha NHTEPeCYIOIHe Bac BONPOCH U OyaeT
comeiicTBOBATH BEIOODY IpodeccHn.



§ 1. Opranusauunsa 6MONOrMYECKUX CUCTEM

BUOJIOTMYECKME CUCTEMbI,
MPOLUECCHI U UX USYYEHUE

§ 1. OpraHmsauns GMONOrM4EeCcKNX CUCTEM

. JJ . Paccmotpute puc. 1. Yem akocucTema OTIMYaeTcs 0T o6pasylolmx eé Kom-
= NOHEHTOB? KakoBbl CBA3M MeXOy KOMMOHEHTaMU 3KOCUCTEMbI?

WKuBas maTepusa Ha Haleil IJIaHeTe CYIIECTBYET B (hopMe PasHOOOGPABHBIX FKH-
BBIX, MJIH OuON02UYeCKUX, cucmem (Guocucmem) — KIETOK, TKaHell, OPraHOB,
OpPrasu3MoB, MONYJAANHH X dKocHcTeM. OHH OTJIMYAIOTCA APYT OT APYra COCTABOM,
IPOUCXOAAIIMMH B HUX IPOIlECCaAMH, BBIIOTHAEMBIME (QYHKIUAMHE. BMecTe ¢ Tem
opraHusanusa 6uocHCcTeM MOAYHHEHA PAAY OOMINX IPHHIIHIOB.

> Yrnekucnsbiid ras I :

OpraHuHec KHhe OCTaTKu

Puc. 1. KoMOOHEHTE! 9KOCHCTEMBI M CBASH MeMAY HUMU: | — HeKUBas IMPUPOIA;
2 — pacrenus; 3 — KHUBOTHbIe; 4 — rpubbl; 5 — MHUKPOOPTaHH3MEI (CTpeIKaMH 0003HA-
YeHBl CBA3H MY KOMIOHEHTAMHM, T. €. IOKAZAHA CTPYKTYPA dKOCHCTEMEI)



aea 1. BUOJIOrMYECKME CUCTEMBbI, MPOLECCHI U UX UBYYHEHUE

O6mee nousnTHe 0 cucreme. IloasaTHe «crcTEMAa» SIBJASETCA OJHUM M3 KJIOYEBBIX
B Hayke. CoryiacHO HAYYHBIM LPEACTABICHUAM, cucmema (0T rped. systema — ue-
JI0€) — 3TO COBOKYITHOCTH KOMIIOHEHTOB, HAXOAAMIMXCHA BO B3aUMOIeCTBHHA 1 06pasy-
OLIIUX e/InHOoe Hmestoe. BelIeasaioT pasHble THIILI CHCTEM: OTKPBITEIE M 3aKPHIThHIE (151
sHepruu, nHMOPMANHH, BEeIIeCTB); *KUBbIe (0HOIOTHYECKHE U CONMAIbHbIE) U HEXKH-
Bhle (XMMHUYecKHe, (PU3UYEeCKHE); BRICOKOYIOPAJ0YeHHEIE (OPraHu3Mbl) H ¢ HU3KOH
YIOPAAOYEHHOCTHIO (KPHUCTAIIBL); CAMOPETYIUpYIOmuecs (OpranuaMel) B ¢ BHEIITHEH
peryiasnuei (xumuyeckue peaxknun). Hecmorpsa Ha pasHoobpasue cucreM (IPAKTH-
YeCKH KajKAbIH 00beKT MOKeT OBITH PACCMOTPEH KAaK CHCTeMa), Y HUX BCEerjia ecTh
obime NpU3HAKH: JI0bas cHCTeMAa COCTOUT U3 aJeMeHmos, wacmell (nodcucmem ) u
HMeeT ONpeleNEHHYI0 cmpykmypy (B3auMOpACIIOIOMKEHHe H CBA3H MeX Iy 2JIeMeHTa-
Mu, obpasyomuMu cucremy). HanpumMep, TakHe s1eMeHTHI H 9YaCTH MOYKHO BBIABHTDH
B 9KOCHCTEMe — KOHKDETHOM IIPHPOJHOM CO06IIecTBe, 3aHMMAIOIEM OIIpeeIeHHbIH
YYacTOK HEeXHBOH cpelbl M HaXoAAleMcsd ¢ Hell BoO B3auMocBaA3H (puc. 1).

B menoM AJd CHCTEM XapaKTepHBI CAeAYIOIHEe
CBOMCTBA: IEJIOCTHOCTE, NOJYHHEHHOCTh KOMIIOHEHTOB
obmieil mesid; B3aMMOCBA3AHHOCTEL, NPOABAAIIIAACH
B TOM, 4YTO M3MeHeHHe OJHOT0 KOMIIOHEHTA IIPHBOJUT
K M3MEHEHHIO OCTAJIBHBIX; HEPAPXUIHOCTh, BRIPAYKAKO-
masca B TOM, UTO CHCTEMa MOYKEeT BKJIOYATH B cels
cucTeMbl fOojlee HU3KOTO HNOPAJKA W caMa, B CBOKO
ouepenb, ABIATHCA YACThIO APYTroi, 60Iee KPYIHOH 1O
pasMepaM CHCTEMBI.

IIpuanuner opraauzauuu ouocucrem. OqHUM U3
HanboJsiee BasKHBIX MPHHIMIOB OPraHU3anHN OHOCH-
cCTeM ABJSAETCHA HX OmPCpblmOCmb AJA MDOCTYIIawIIHX
U3BHE BeIecTB, 2Hepruu W mHbOpMamuu (puc. 2).
CorsacHo BTOpPOMY 3aKOHY TEPMOIHHAMUKK — OJHO-
MY H3 (DYHAAMEeHTAJbLHBIX 3aKOHOB du3uku — maobasn
frocHcTeMa HCIIOJb3YEeT JHIIEL 9acThk OOIel 3HEepruu
IIOCTYIAIOIAX B HEE B Pe3yJIbTATE PACIIEILIEeHUA XIMH-
YeCKHX COeMHHEHWI. JTa YacTh 9HEPIUM HA3bIBaeTCH
cB0OOZHOM, OCTAJIbHASA YHEPTHUsSl PACCEHBAETCHA B BHJE
rernna. CooOTHOIMEHNEe MeXKAY 9THUMHU BeJIHYHNHAMHY BBI-
paskaeTrcsa YpaBHEHHEM:

H=G+T-8S,
roe H — obmiaf 9Heprus, MOCTYOHBIIAA B CHCTEMY;
Puc. 2. OtxpsiTocTs 610~ G — cBobonHAA 9HEPTHA, HCIONL30BAHHAA CHCTEMOIl;
JIOTHIECKUX CHCTEM [/Id T — remneparypa mo KeabBuny; S — sarponus (or

BeIIeCTB, 9HepPruu H HHGOP-
ManEy — OLHO M3 CBOMCTB
JKHUBOIO

rped. en — B, BHYTDH U thropia — moBopoT, npeBpa-
IIeHHe) CHCTEMEI, MM Mepa e€ HeyHnOpAJOYeHHOCTH.



§ 1. Opranuzauns GUONOrMHECKUX CUCTEM

Puc. 3. Cucremsl ¢ pasHOil yIOPAAOYEHHOCTRIO!
1 — He;kuBhIe Tesla IPHAPOALI (HU3Kas YIOPAAOYEHHOCTE); 2, 3 — JKHBEIe Tesla IPHPOAEI
(BBICOKAA yOOPAJO4EeHHOCTE)

Yem GoJibilie 9HTPOIUSA CHCTEMBI, TEéM MeHbIIIE €€ YIOPALOIEHHOCTD H KOJAYEeCTBO
CBOOOJHOIL, T. €. JOCTYITHOH, sHepruu (puc. 3). B HeXKHWBLIX cHCTEeMaXx YHTPOITHS MO~
CTOAHHO BO3DACTAET, T. €. YBEJIMIHBAETCS HEYIOPANOIYeHHOCTh CHCTEMBI, HIIH Xaoc.
Hanpumep, ropHEble TOPOABI BCIEICTBHE BO3PACTAHNWA SHTPOIMH NpPeBpAaIlaloTCA B
IecOK, KOTODBIH IepeMeInaeTcsa ¢ IMOMOINbI0 BOJBI, BETpa M 3eMHOTO TATOTEHUA.
sKuBrie cucrembl, I OmOCHCTEMEI, HA060DPOT, HEIPEPEIBHO COBepIIAlOT paboTy
10 YMeHbIIEHUI0 SHTPOIHH, YBEIUMYHWBAA DU STOM CBOI ODPraHH3amuio, T. €. CO-
rJIaCOBAHHOCTE MEXKAY 00pasyoIIUMH UX KOMIIOHEHTAMH, UTO II0O3BOJIAET CHCTEeMe
MCIOJB30BaTh CBOOOAHYIO 3Hepruio. Takum obOpasom, GHOCHCTEMEI MOCTPOEHBI Ha
OCHOBE HPHHIUIIA 8bLCOKOI ynopadouenrnocmu, obecueuunsaromero sdgdexTUBHOE
HCIOJb30BAHKE IOCTYIAIOIEH B HUX 9HEPIUH. JTa SHEPIUA MOAJeDKHUBAET UX CY-
MIeCTBOBaHHE, a He NIPHUBOJUT K PaspyIIEHUI0, KAK B ClIydae HEKHBBIX Tell.

Bricokaa ynopao4eHHOCTE OuocuCTEM JOCTHUIAeTCA IIOCDEICTBOM Dealu3allun
B MX CTPOEHHH IPUHITUIA OnmumaisHocmu KoHempykyuu. IIpakruyecku Bce OHU
ABJIAIOTCA Pe3yJIbTATOM eCTeCTBEHHOr0 0TOOpa, COXPAHUBIIETO B IIPOIlecce ABOIOIHHI
HamboJiee ynauyHbIe COUETAHHUA 3IJIE€MEHTOB U YacTeil, 06pasoBaBIIMX KaK OT/EJb-
HBIE OPraHWU3MBI, TAK ¥ HX COBOKYIHOCTH — MOOYJIANWH M coobmiecTBa. [IpuHIun
ONITHMAaJIBHOCTH KOHCTPYKIHH pPealnu30BaH B XHMHYECKOM COCTaBe TeJl OpraHu3MOB.
Tak, M3 BCceX HM3BECTHBIX K HACTOANIEMY BPeMEHH HAYKE XMMHUYECKHX BIE€MEeHTOB
B MOJIEKYJIaX XHMHWUYECKUX COeJMHEHWH, BXOJSAIIAX B COCTAB JKUBHIX TeJ TIPHPO-
Ibl, IOCTOAHHO BCTPEYAIOTCA TOJBKO 22 ajeMeHTa, npudéMm 99 % npuxogurcsa Ha
J0JI10 BOAOPOJA, KHCAOPOAa, yIiaeposia ¥ a3ora. BHocHcTeMbl BKIIOYAOT Hauboee
JIETKHE U3 3JIEMEHTOB 3eMHOH Kophl. HampuMep, KUCIOPOA — CaMBIi TAKENBIN U3
paCHpOCTp&HéHHHX B KHBOH MaTepuy 3JeMeHTOB — fABJAETCHA CaAMBIM JETKHUM U3
npeobaaaroniX 2JIeMEeHTOB 3eMHON KOpHI.
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o e OApyrumM npuMepoM pealM3allHH B
B Nepuog uHTepdaskl OmocHcTeMax NPUHIUIA ONTHMAJBHO-
CTH KOHCTPYKIHH CIYXHUT 3KOHOMHHA
CTPOMTEJBLHOI'O Marepuana, CJIeJCTBHEM
KOTOPO# ABJIAETCH MUHUMMBAIIUA KUBO-
ro BemjecTBa. Tak, BCA HaCAEACTBEHHAA
mporpaMma OpraHu3Ma OJHOI'0 YeJI0BeKa
gamudposana seero jums B 10 ¢ [THEK,
PaCIIOJIOMKEHHEBIX B XPOMOCOMAX fAApa 3u-
rOThl — OILJIOJOTBOPEHHOH AHIEKJIETKH
(puc. 4). Ecau a1y mEGOpPMANHIO Iepe-
BECTH HAa A3BIK CJIOB, TO AJIA €€ 3alncu
Ha 6ymare nmoragobuTcesa 6omee 100 Tomos
Puc. 4. Munnvmuzanua obnéMa uaMOD- OOBIYHBIX IIEYATHBIX KHHT.
MAUHOHHBIX CTPYKTYD. B OHK sanucana HyKIeOTHAbI BO MHOTO THICAY Das
PHTARTCRAd Eg £§§;2{§HI:HBTH'{GCKB.H MeHbIIIe HSOﬁpeTéfIHHX JI0ABMU COBpE-
MEHHBIX HOCHTeJel HHQOPMANH — MAar-
HUTHBIX M JiadepHBIX AuckoB. 00bém moneryn [JHK, B KOTOpHIX 3aKJK4YeHa BCHA
reHeTHYeCKasa IMporpaMMa 4YelloBeKa, He Oojbline Gy/JaBOYHOMN TOJOBKH. 3a CYET
TAKOH KOMIAKTHOCTH CO3AaéTcs KOJoccaNbHBIN adderT yeunenus. IIpu nepesoje
TeHeTHUYEeCKOH NporpaMMbl Ha YPOBEHb IIPHU3HAKOB B3POCJOr0 OpPraHU3Ma yBejlHde-
HHe nHpopMAanun gocturaer 22 NOPALKOB — BEJIMYHHBI, 0 KOTOPOM MOTYT TOJBKO
MEYTATh CHEIMAJIHUCTEI II0 AJIEKTPOHHON TEXHUKE.
HNudopmanun DpuHAAIEKUT TAKKe BeAYINAsa PoJb B MpucrocobieHny OnocHcTeM
K M3MeHeHMSM BHYTDPeHHEH M BHeIIHel cpenbl. B aroMm ciydae nmox uHGOpMamuei
nojpasyMeBaercsi 00MeH CBEJeHUAMH MeKJy KOMIIOHEHTAMH CHCTEMBI, CHCTeMO
u okpykamuleit cpegoit. IlocpencTBoM pasHOOGPA3HBIX CHTHAJNOB (HEPBHBIX HM-
yJbLCOB, TODMOHOB, HOHOB, 3BYKOB, 3al1aX0B) OMOCHCTEMBI JOCTHIAalOT COTJIaCOBaH-
HOCTH B pabore 06pas3yHINHWX HX KOMIIOHEHTOB, MAKCHUMAJBHO BBITOJHO JJd cebsa
HMCIOJIBL3YIOT BEIeCTBA W 3HEPIUI0, IOCTYIalIlue 13 OKpyxawiel cpeasbl. Takum
o6pazomM, 6HMOCHCTEMEI IIOCTPOEHBI B COOTBETCTBHM C NPUHIUIIOM Ynpasiiemocmu,
ofecrIeunBaOIEM UX [IepeXo] U3 OJHOTO COCTOSIHUA B Apyroe (puc. 5).
IIpakTHyeckn Bce OHOCHCTEMEBI 06JIaJAI0T YPEe3BEIYAMHO CIOMHBIM CTPOEHHEM.
B sToM mposABIIAeTCA NPUHIAI UePaAPXUYHOCMU, T. €. B3BAUMHOMN CONOAYNHEHHOCTH
3JIeMeHTOB M 4dacTeil. Hampumep, m060#f MHOTOKJIETOYHBIA OPraHU3M COCTOHMT M3
KJIETOK, TKAaHel ¥ OpraHos, 00pasyoIux eIuHOe [eJIoe — CaMOCTOATeNIbHYI0 OHO-
Jormueckyio cucremy. CorsacoBagEHOCTE PABOTHI YacTel aTOM CHCTEMBI JJOCTUTAETCS
3a cuéT mOAUMHeHHA paboThHI CHCTEM OPraHOB — OPTaHM3MY, OPraHOB — CHCTeMe
OprasHoB, TKaHell — opraHaM, KJeToK — TKaHaAM. OpraHusMEel, B CBOIO o4epejhb, 00-
PasyIoT MOMYJIAIWH, CYIIeCTBYIOIIKE 110 CBOMM 3akoHaM. [lonynanuu GopMupPyOT
coobIIecTBa OPraHU3MOB M OMOreolleHO3bI, KOTOphle 00belMHEHB! B BEIlECTBEHHO-
SHEPreTHYEeCKYI0 CeTh C HEeKHMBOH IPUPOJOH.

Xpomocoma



§ 1. Opranu3auus HUONOrM4YECKUX CUCTEM

Puc. 5. [lepexos OpraEE3Ma OT COCTOAHHSA CHA K DOJPCTBOBAHUIO H obpaTHO — MIpPHMep
yIpasaseMocTH OHOCHCTEMBI

Wrak, B OPraEM3anuu OHOCHCTEM TPOABIAOTCA OOIIHe OPHHIMILL CO3AAHMA
OTKDBITHIX /I BEIeCTB, S9HEPTHH H HE(QOPMANMH BEICOKOYIIOPA0YEHHBIX CHCTEM,
06J1a1aI0IUX Y6TKO BHIPAMKEHHOM CTPYKTYPOH, CIIOCOOHBIX K NIPHACIIOCOOUTETbHEIM
H3MeHeHUAM, TPOMCXOAAIIMM KaK B CAMoii CHCTeMe, TaK M B OKPY’Kalolleil cpese.

Buonozuweckas cucmema (Guocucmema); cucmena; snemenm; wacmo ( noo-
cuemema); CMPYKMypa; NPUHYUNbL 0PZAHUIAUUU GuocucmeMm: OMKPLLIMOCMb,
8bLCOKAA YNOPAOOUEHHOCTb, ONMUMALLHOCMb KORCMPYKYLUU, YNPABLAEMOCTLY,
Uepapxu¥HoCMmb.

Bonpochbl n 3aaaHuN

1. Yro Takoe cucTema? Yem 3neMEeHT CUCTEMbI OTIMHAETCS OT eg 4acTu?

2. TMoyeMy GMOCMCTEMBI HA3LIBAIOT OTKPBITHIMM CUCTEMAMUN?

3. OB6BACHUTE C NOo3WUMii TepMoamHaMuky paboTy GnocucTemMsl No NpeoaoneHnio Hapac-
TalLlen B Heli aHTponuu. NMpoucxoguT fu Takaa paboTa B HEXWBbBIX cuctemax?

4. 3a cy&T Yyero JOCTUraeTcs ynopaao4eHHOCTL BUOCUCTEMBI?

5. B 4y&M 3HaueHvie nHpopMaumK, NocTynaouei B GuocucTemy ns oKpyXatoLlein cpeapl 1
OT COCTaBNRAOLMX €€ KOMMNOHEHTOB?

6. [JokaxuTe Ha npumepe noboi BocucTemMbl, YTO OHa WepapxuyHa.

HdononHurensHaa nHpopmMalus

MHUHHATIOPHOCTb BHYTPHKJIETOYHEIX CTPYKTYD B OUOJNOTHYECKHMX CHCTeMaX croco®-
CTBYeT yCTAHOBJIEHHIO 607ee IPOYHBIX BHYTPEHHNX CBA3EN MeX/Ay eé KOMIOHeHTaMu. 9to
CYIIECTBEHHO CHUMKAET BINAHNE OKPYIKAIONIel CPeIbl HA CHCTEMY, IIePeBO/S eé B COCTOSA-
HYe TIOIBHKHOTO papHOBecHA. OIUH U3 co3faTeNeil TeopHH OHONOTHYECKHX CHCTEM — aB-
crpuitckmii yuénsiii JIioasur don Bepranandn (1901—1972) noxasan, aTo omnaromaps



fnaea 1. BWUOJIOrMYECKUE CUCTEMBI, NPOLIECCHI U UX U3YYEHUE

MHHHATIOPHOCTH BHYTPHKJIETOUHEIX CTPYKTYP MAKDPOCKOIMYECKHe IapaMeTphl DHOCHCTeM
(pasmepbl, CKOPOCTE O6MeHa BeIIeCTE, COIeBORT I M'A30BLIH COCTAR BHYTDPEHHeH cpefikl 1 1p.)
OCTAIOTCS OTHOCHTEIbLHO IMOCTOAHHBIMH, XOTA B HUX HENPEPLIBHO IPOHCXOAAT pasHO-
00pasHEle H3MeHeHUs (BEOJ U BBLIBOJ BEIIECTE, 9HEPruHu ¥ MHGOPMALHH).

§2. PasHoobGpa3ue 6Gmonornyeckux cucrem
M npoueccos

Paccmotpute puc. 6. Kakue Boloensior YPOBHW OpraHusaumnm xmeoro? Kakue
Gronorvyeckme NPoLEccsl XapakTepHb! s KaXn0ro ypoBHA?

H3ayuenue GHOTOrMYECKUX CHCTeM IIOKASBIBAET, YTO OHH OTIHYAIOTCS APYT OT
Apyra cBoeo0pasueM CTPYKTYP U mporeccoB. [IpocTeie GHOCHCTEMEL BXOZAT B COCTAB
Gonee cnOKHBIX; OHOXHUMHYECKHe DeaKIuw, XapaKTepHbIe NJ# HU3IIHX YpPOBHei
OPTraHM3alH HUBOT0, ABIAIOTCA OCHOBOH IPOLECCOB, NPOUCXONANIHNX HA BEICIIMX
VPOBHAX OHOJIOTHYECKOH OpraHM3aIni.

¥Yposuu opraEusanuu 6mocucrem. [lo HagHuHO crenu(UIeCKHX CTPYKTYPHO-
(YHKIHOHANBHBIX €HHHUI] ¥ IPOMCXOAAIINX B HUX TIPOLECCOB BbIJEIAIOT CJIEqyIO-
IIHe YPOSHU Opzanu3ayuu Guocucmem: MOLEKYLAPHO-2eHeMUYeCcKUil, 0p2aHOUdHO-
KeMOYHbLL, OPZAHUIMEHHbLIL, NONYAAUUOHHO-8UA0B80IL, OuozeouyeHOMUYLeCK L
(9xocucmemmuiii) u 6uocepueiii (puc. 6).

CyiiecreoBaHEe ypoBHEH OpraHmM3amiy KHUBOTO, T. €. OHOCHCTEM pasHOIl cTe-
TeHH CJIOXKHOCTH, obecliednBaeT eIUHCTBO KU3HH Ha HaIlel IaHere. Ilepexon or
OAHOrO YPOBHA K APYrOMY CONPOBOM/JAETCH, C OAHOH CTODPOHBI, MOJHBIM COXpPaHe-
HHUEM CBOMCTB 6MOCHCTEM NPEABIAYINEro YPOBHSA, a ¢ JAPYrofl — NOABIEHHWEM HOBBIX
Ka4eCTB, XapaKTePHEIX 171 GoJlee BHICOKOTO YPOBHA OPraHM3AIlNH. Hanpuwmep,
C 00beNHHEHNEM KJIETOK M MEeKKJIETOYHOTO BEIeCTBA B TKAHM MHOTOKJIETOYHOIO
OpraHH3Ma CBOMCTBA OTIEIbHBIX KJIETOK HE UCUe3AI0T; KIeTKH MPOJOIKAIOT OUTATH-
¢4, ABIIIATE, BEIAEAATE NPOAYKTEL 00MeHa BEIIeCTB, PeardPOBaTh HA Pa3/paXKeHus
cpeasl. BMecre ¢ Tem TkaHb npuoGperaer B mpoliecce PasBUTUS MHOTOKJIETOYHOTO
OpraHH3Ma PAJ HOBBIX CBOMCTB, IJIABHBIM M3 KOTODHIX ABJAAETCA NHDhEepeH AT
KJIETOK, T. €. MX CHeIHAJH3ANNA 110 BRINIOJTHAEMEIM QYHKITHAM.

HApyroii mpuMep: opraHU3MBI, TPUHALIEKALIAE K OZHOMY BHAY, 00pasymoT B
[IpHUpone MOmyJALHY — TePPUTOPHAJbHO H30JMPOBAHHBIE TPYNIHPOBKYN 0CoGeil,
crnocobHbIe K cBOGOAHOMY cKpemuBanmnio. Kaskaas ocobs NONyJIAIIHA HMeeT CBOH
IreHOTHII ¥ (DeHOTHII, T. €. COBOKYITHOCTh BCEX I'eHOB U IPOABIAKIIAXCA MPHU3HA-
KOB, KOTODBIE HAa NPOTAXEHHH e€ KH3HH OCTAIOTCH HeusMeHHBIMH. llomymamms
Kak Ouocucrema GoJiee BEICOKOrO paHTa, YeM OPraHH3M, npuobpeTaeT HOBOe CBOi-
CTBO — 001muii reHOGOH, 00BeUHAIONNI TeHOTHUIIBI BCEX ofpasymomux eé ocobei.
I'eHO(MOHA MONYNANNMH MOMKET HAPABJIEHHO H3MEHATHCHA MO/ AeHCTBHEM ABHIKYIITHX
CHJI 9BOTIONNH, BCJIEACTBHE Yero o0pasyioTca HOBEIE BH/LI, B TO BPeMs KAK OTAE/b-
Hasi 0cO0b NONYNANHH He 3BOJIOMHOHMPYET.



§ 2. PasHooGpa3une GMONOruyeckux cucTem 1 Npoueccos
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Puc. 6. YpoBHHE oprasHusanyuyu duocucreM

Ilpomeccsi, mpoucxoxamme B 6uocucremax. Jlns dmocucTeM JH000T0 YpPOBHSA
OpraHH3alM¥ XapaKTEePHHI ONpeAeIEéHHbIe npoyeccol (OT JaT. processus — mpo-
JBMIKEHTE) — TOC/Ie0BATeIbLHEIE CMEHBI ABIEHH, XUMAYECKUX B3ANMOeNCTBHH,
KadyecTBeHHBIX cocrosiHMil. Hecmorpsa Ha Goiblloe pasHOOOpasue XHMHYECKHX,
(UBHOMOTHUECKHUX, OHTOTEHETHUECKUX,, SBOIONUOHHBIX Y MHBIX IIPOIIECCOB, PAKTH-
UeCKH BO BeexX DHOcHCTeMAaxX MPOMCXONAT 0OMeH BelllecTB M IpeBpalieHne dHeprum,
CaMOBOCIPOU3BEIEHNE, CAMODEry AN, CAMOPa3BUTHE M IPHCIOCODIEHNE K Cpefie.
PaccMOTpHM HEKOTODHIe M3 IePeYHCcIeHHBIX IIPOLECCOB.
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Puc. 7. ObMen BellecTs m mpeBpamieHne 9Hepruu B GHocHCTeMax:
1 — xnopomnacr; 2 — MHTOXOHAPHA

Obmen eewecme u npeeépawenue snepzuu NPOMCXOAUT HA BCEX YDPOBHAX Op-
raHusanun 6mocucreM. V 3eMEHLIX pacTeHHil Ha MOJIEKYJIADHO-TeHeTHUYECKOM M
OPTaHOMHO-KJIETOUHOM YPOBHAX OCYIIECTBIAETCA QUKCAIMA MONEKYJIaAMH XJI0PO-
(uina conHeuHOH dHepruM M eé mpeobpasoBaHUe B 9HEPIul yTIeBOJ0B, KOTOpasd,
B CBOIO OUYepellb, Tpeo0pasyeTcs B OHEPIHI0 MAKPOSPIUYeCcKUX cesseit AT, Peaxmum
doTocuHTe3a BOBJIEKAIOT B GHOCHCTEMBI PAKTHYECKN HEMCCAKAEMBIN Ha HANTedH
[IaHeTe HCTOYHHUK COJHeYHOH 9HEPruH, KOTOPas 3aTeM B BHJE YIJIeBOJOB, GEIKOB,
JKUPOB U JPYTHX OPraHMYECKHX COeAMHeHHH IepefaéTcs MO MUIeBHIM IeIAM OT
ABTOTPO(HEIX OPraHH3MOB I'eTePOTPOMHBIM, T. €. IePEXOANT Ha GUOreoneHOTHIECK i
¥ 6rocepHBIl YPOBHY OpPraHM3anun GHOCHCTEM (puc. 7). IloreEnuMansHas aHeprus
HOTJIOMIEHHBIX KJIETKAMH XMMHUYeCKHX BeI[ecTB IpPEBpamiaercs B KHHETHYECKYI0
SHEPTHI0 M TEIJIO, KOTOPhle OPTaHU3MbI HCIIOJBL3YIOT AJA JKH3HELEATeSbHOCTH.
B nponecce atux npeepamenuit onuH BYJ SHEPIHM IepexXoauT B APYIoi, UCXOJHEIe
BEIIECTBA XHMUIECKHUX PeaKIHil MpeofpasyoTes B KOHEUHBIE IPOLYKTHL. Hanpuwmep,
npu (OTOCHHTE3e B KJETKAX YIJIEKMCJIbIH ra3 BOCCTAHABIMBAETCH 10 YIJIeBOHOB,
a IIpH KJeTOYHOM ABIXaHHUH VYriaeBoobl OKUCIAIOTCH IO VIVIEKHCIIOrO ra3a u BOIBI.

Camosocnpouseedenue — oxue us Haubolee XapaKTepPHBIX IIPOIEeCCOB, IIPOMC-
XonAmux B buocucremax. Ha MoJIeKy/IspHO-TeHeTUYECKOM YDOBHE B AApax KJIEeTOK
OPraHM3MOB OCYIIECTBIAAETCA peAaymaukaunus (camoyzeoenue) IHK — mpomece,
KOTODBIA JIEXKUT B OCHOBE Iepeflauy HACAeJCTBeHHBIX CBOMCTB OT poauTeneil K Io-
romcTBy. Ha ocTanbubix ypoBHAX opranusammy 6mocHcTeM Hpomece CaMOBOCITPOM3-



§ 2. PasHoo6pa3ne GMONOrM4ecKMx cMCTem 1 NpoLeccos

BeleHHA XapaKTepusyercs 60mpmuM pasHoobpasueM GopM 1 c11ocoBoB: OT AeJeHud
opraHou/i0B (IJIaCTHX ¥ MHTOXOH/DPUil) M KIETOK (MuTO3, Meilo3) 0 IOJIOBOTO
1 Gecmosioro pasMHOMKEHHSA OPraHM3MOB ¥ BOCIPOM3BENEHHA 6MOMACCH KHBOTO
pemecTBa B 6uocdepe. CaMmoBocIpousseienne obecnednBaeT CyIieCTBOBaHNAE JKUBOH
MaTepu¥ Ha HaIllell IIaHeTe B MPOCTPAHCTBE U BO BPeMEHH, T. €. B PA3HBIX Cpelax
JKM3HA ¥ HA TPOTHXEHUHN BCEH MCTODHM DA3BUTHH OPraHWYeCKOTO MHDA.

Camopezyaayus TPOABISETCA B CIOCOOHOCTH OMOCHCTEM MOAMEPHUBATL IO
CTOSHCTBO XMMHUECKOTO COCTABA ¥ MHTEHCHBHOCTh IPOTEKaHHU:A GHONOrMIeCcKuX
npoueccos. I'1aBHas 0cOGEHHOCTh CAMOPETYIANNY 3aKII0YAETCA B TOM, UTO PEry-
JUpYIONIe MeXaHH3MbI AeHCTBYIOT Ha 6MOCHCTeMY He H3BHE, a dopMuUpyIOTCA B
Heit camoii. [IpMMepOM CaMODPEryJIANMH HA MOJEKYJIAPHO-TeHETHIeCKOM ypOBHE
coryskar (pepMeHTATHBHBIE peaknuu. KoHIeHTpana KOHeYHBIX IIPOAYKTOE B 3THUX
peaxknuax MoAJePKHBAETCA ABTOMATHYECKH, UTO BIHACT HA paboTy KaTaJau3upyIo-
mux ux Genxos-pepmeHToB. JIpyrUM NpHMEPOM CAMOPery/IsIUn ABIACTCH pabora
FeHOB-PEryJIATOPOB, CIOCOGHBIX AKTUBH3HPOBATE WK, HA000POT, NPENATCTBOBATE
TPAHCKPUITHAA GIM3IEKAIMMX TeHOB. I'eHbI-PeryJIATOPEl KOHTPOJUDPYIOT paboty
CTPYKTYDHBIX T€HOB, Ha KOTOPBIX MJET TPAHCKPHUIIUA MOJEKYJI uPHE, mcnonb-
3yeMbIX B KadecTBe MaTPHIIBI /A CHHTe3a HEOOXONMMBIX KJETKe 0eJKOB, B TOM
yucne u Geaxos-epMenTos (puc. 8).

Ha oprason/jHO-KJIETOYHOM YPOBHE CAMOPEryaAlus NPOABIAETCA B camocOopKe
OpraHOHMJI0B, IOAJAEPKAHHH ITOCTOSHCTBA COCTABA IIUTONIA3MBI KJICTKH, uzbupaTesnb-
HOIl IPOHMUIIAEMOCTH KJIETOUHOH MeMOpaHbl. Ha opranusMeHHOM ypOBHE caMOpery-
JIALAS OCYINECTBIASTCA HEPBHOM ¥ DHIOKPUHHOM CHCTeMaMH, KOTOPEIE C IOMOILBIO
HEPBHBIX MMITYJICOB B T'OPMOHOB BO3[EHCTBYIOT Ha OPTaHHU3M. Camoperyasamnusa Ha
YPOBHE TOMYJSANUI IPOSBIAETCA B IOAAePKAaHNH UACIeHHOCTH ocobeii 3a cuér yBe-
TUYeHUA WIA YMEHBIIEHHA POMAAeMOCTH M CMEePTHOCTH Ha OmpeeIEHHOM YPOBHE
B COOTBETCTBHH C pecypcaMu cpejbl. MexaHU3MbI CAMOPEryJIsanHuu ONpeAelAtoT

l'en-perynsTop CTPYKTYPHBIE FeHbl BuocuHTes Genka
UPHK
PruBocombl ‘
BenoK-perynsito TpaHcKpUnuma it -
Laat P ™ WPHK Benok-depMeHT

T
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depmeHT Komnnekc MpoayKTsl
pepmeHT-cydeTpar peakuuu

Puc. 8. Camoperyaanua Ha MOJeKYJIAPHO-TeHeTHIeCKOM yPOBHE
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Puc. 9. CamopaseuTie Ha OPraHM3MeHHOM YDOBHE — OHTOTEHE3 JATYIIKH

COOTHOIEHNE B MONYNANMN 0C00eli pasHBIX II0JIOB M BO3PACTOB. B GHoreonenozax u
6uoctepe caMOperyianuy MOIBePIKEHBI TOTOKH 9HEPI'HH ¥ KPYTOBODOTHI BEeIlleCTR,
OCYIIECTB/Ii€MBIE B COOTBETCTBMM C paclpeaeleHHeM GHOMAacChl OPraHM3MOB Ha
[I1aHeTe, YCIOBHAMH HeXHBOU IPUPO/IbLI, X03ANCTBEHHOI eSATeIbHOCTBIO YeIOBEKA.,

BuocucreMs! 06sanaoT cnocobHOCTRIO K camopaseumurw. Ha oprarusmerrom
YPOBHE 3TOT IIPOLECC CBA3AH C pealu3annel reHeTHYECKOH TPOrpaMME] OPraHuaMa 1
BIMAHUEM YCIOBHH OKPY:Kalomeil cpe/bl Ha TPOABIEHUE €T0 OTAeTHHEIX IIPU3HAKOB.
B nponecce MHAMBHAYAIBLHOTO PA3BHTUSA OpPraHW3Ma — OHTOTeHe3a — IPOUCXOIUAT
YBeJIHIeHHEe MACCHl €ro TeJa 3a CUET pocTa YMCJIAa KJIETOK, PA3BUTHA TKAHEH M
oprasos (puc. 9). Ilponecc camopassuTus OPOHCXOMHUT TaKiKe HA MONYJIAIHOHHO-
BHJ0BOM ¥ OHOTeOIeHOTHYECKOM YDPOBHAX. Hanpumep, aBoaonuorHOce passurue
JKMBOI IPUPOJBI OT HPOCTHIX (POPM K CHOMHBIM CTAJIO IPUYHHOH OTPOMHOTO Pa3HO-
00pa3usa BHIOB U GHONEHO30B HA HAIIeH ILiaHeTe., Hsmenenns, BHOCUMBIE B IPHPOLY
AEATEIBHOCTERIO OPIAHM3MOB, B TOM 9YHCJIe M YeJOBEKOM, IPHBOAAT K HOCTEIEeHHOI,
HaIlpaBJIEHHOH CMeHe OJHUX IPHUPOIHBIX coODIIecTB APYIUMH.

Omnpenenenne NOBATHS «KH3HD». PaccmoTpeHHEIe YyPOBHY OpraHU3anlH GHOCH-
CTEM U XapaKTepHEIe UIA HUX IPOLECCH! TO3BOJIAIT AaTh 000BIERHOE ONIpeeeHe
NIOHATHSA «KH3HB» KaK OCHOBHOTO crlocofa MX CyImiecTBOBaHHA. B HayKe uaBecTHO He-
CKOJIBKO TAKUX ompezesneHuit. Hampumep, fpeBHerpeyecknii yuéubii Apucrorens
OLpEnesNasN MUSHbL KaK «OHTAaHHE, POCT M OJPAXJeHHe». OPAHNYICKHN XUMUK
A. JlaBya3sbe Ha3bIBAJ KU3HBL «TOPEHHEM», CBA3AHHBIM C OKHMCICHTEM NUTATEb-
HBEIX BEIIECTB KHCIOpofoM. Pycckuit ¢usumonor U. II. I1aBioB mom MU3HBIO IIO-
HUMAJ «CHI0KHBIA XMMHYECKHH [IpoIece», IPOTEKAIOMHH B oprasmsme.

OasO M3 mepBBIX HayYHBIX Oompe/leIeHNH YXKH3HHU Jaj] HeMelKHi buaocod
Ppuapux IHrensbc. B kaure « [uanexTuka npupoznsl» (1873—1882) on npusén
CTaBIIee KJIACCHYECKHUM onpesesienue: « H{H3Hb ecTh COCOD CyIIecTBOBAHUS BeIKo-
BBIX TE€JI, CYIIECTBEHHBIM MOMEHTOM KOTOPOTO SABJIAETCH IHOCTOSHHLIH 0GMeH BemecTs
C OKPY’Kalolell uxX BHeIIHeil NPHPOJOi... IPHYEM C npekpamieHueM 3Toro obmena
BEIECTB MPEKPAIIAeTCA U A HU3Hb, YTO IPUBOAUT K passoenuro 6enxkas. Haxo umers
B BHAY, 4TO B 3TOM onpejeneHuu mox Oenxamu P. JHreabe MOAPa3yMeBas GHOIO-
FHYECKHE CTPYKTYPBI, COCTOANME U3 DenKa, a He caMM XMMHYeCKHe COeHHeHHS.



§ 3. UayueHue BMONOrM4ECKUX CUCTEM U NPOLIECCOB

C OTKpBITHEM HYKJIEUHOBBIX KHCJIOT — HOCHTeJIeH reHeTHYECKOM HH(pOpMaNHH,
a TAKIKe MeXaHM3MOB KJIeTOYHOTO MeTabo/u3Ma, PHepreTHKH ¥ WH(QOPMAauOHHBIX
cBA3el GEOCHCTEM IpefcTABIeHHE O CYIIHOCTH JKASHU 3HATNTEIBHO PACIIMPUIOCE.
OfHO U3 COBPEeMEHHEIX HAYYIHEIX OIpe/e/IeHHil 3BYUUT TaK: HU3Hb — 9TO AKTHBHOE,
IPOMCXOJAIIee ¢ 3aTPATOM SHEPrUH, BelecTB ¥ HHPOPMATIUH NOAEPKAHUE U ca-
MOBOCIIPOM3BE/IeHUE CAMOPETryIHPYIOIHUXCA CHCTEM, XHMHYECKYI0 OCHOBY KOTOPBIX
COCTABJIAIOT 0eJIKH W HYKJIEHHOBbIe KHUCJIOTHL.

Yposnu opzanusayuu xusnu (6uocucmen): MONEKYAAPHO-2EHEMULECK UL,
0p2aHOUGHO-KNEeMOLHbLIL, OPZAHUIMEHHbLU, NoOnYAAYUOHHO-8UG060iL, GL02E0UEHO-
muyeckuii, 6uocpeprulil; npoyeccyl 6 buocucmemax: o0Mer 6ew,ecms u npespa-
ueHUe IHePZUL, CAMOB0CTIPOU3BEICHUE, CAMOPeZY NAYUA, CAMOPA3BUMUE; HCUSHD.

Bonpocbl u 3agaHvsa

1. Kakue BbiAensioT OCHOBHbIE YPOBHN OpraHmsaumny Guocuctem? [lokaxure, 4TO Nepexon,
¢ 6onee HW3KOro YPOBHA opraHusauun Ha Gonee BbICOKWUIA COMPOBOXAAETCH npuobpe-
TeHnem BUOCUCTEMaMKN HOBLIX CBOWCTE.

2. Kakue npouecchl NpoucxoasaT B GuocucTemMax pasHoro ypoBHA opranusauun? Jante
KpaTKyl XapaKTepUCTUKY KaXaoro M3 npoLeccos.

3. [puBeguTe COBPEMEHHOE Hay4yHOE ONpeAeNeHne NOHATUS «KW3Hb». Mcnonb3ys npea-
cTaBneHma 06 ocoBeHHOCTAX opraHusaumn G1MoCUCTEM K NPOMCXOAALWMX B HUX NPO-
Leccax, MPeAnoxnTe CBOE ONpeaesieHne NOHATUS «xun3Hb». CpaBHUTe 3TO onpenenexve
C Hay4HbIM.

4. BbISICHUTE, Kakme BUOCUCTEMBI, PACMONOXKEHHbLIE HENOAANEKY OT Ballen LKObl, MOXHO
HabIoaaTh HEBOOPYXKEHHBIM Ma3oM. Kakue NpoLecchl B HUX npoucxoast? OTHET o Ha-
6n0aeHUAX ohopMUTE B BUAE NPOEKTHOW paboThi.

§ 3. U3yueHue GuMonorMyecknx CUCTEM U NpoLeccos

MopymaiiTe, 4eM Hay4HOE 3HaHWe OTIMYaeTCa OT BHeHay4HOoro. Kakue metoasl
W3y4eHWs XWUBOW NPUPOLbLI BaM W3BECTHLI?

Hayxa — oxHa u3 cdep Je0oBe4eCKOH JeATeIbHOCTH, OCHOBHOM IeIbI0 KOTOPOit
ABJIAIETCA TO3HAHME NeficCTBUTeNbHOCTH, I0TyYeHne 00beKTHBHBIX, T. €. PAIHOHAIb"
HEBIX, 3HAHUN 0 Mupe. OT BHeHayuHOTO (0OLIIEHHOT0) 3HAHUS, UCKYCCTBA 1 PEJIHIHU
HAYKY OTJHMYaeT CTPOTHit BEIGOD 00bEKTOB, METOOB U CPE/ICTB N3YUEHUA peasbHOH
ne#icTeuTenbHocTH. COBOKYIHOCTE JNeHCTBHII, HanpaBJIeHHBIX Ha HOJyYeHHE Ha-
VIHBIX 3HAHHMH, U COCTABJIAET OCHOBHYIO CYI[HOCTL HAYYHOI'O MeTOJa NMO3HAHHA,
JeKalero B OCHoBe J11060r0 Hay4yHOTO HCCIEJOBAHMA.

Hayusoe nosuanwue. JIjo60e mosHaHUe IpeCTaBasgeT coboil NPOIect HCIOIb30-
BAHHUA WMEIUXCH 3HAHMH JJIA MOJIydeH!s HOBEIX. JJIg BayYHOTO MO3HAHUA TAKO-
BBIMH CJOYKAT HayiHbie parxmet (oT nat. factum — clelaHHOE, COBEpIIMBIIEECH),
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Prc. 10. ®oTocHUMOK J0X-HECCKOTO UyLOBUING, clejanHbii B 1982 r.

T. €. TaKNe 3HAHUA, JOCTOBEPHOCTE KOTODBIX IOATBEPXKIEHA HAYUHLIMHE Habloze-
HHUAMH U 9KCOepHMeHTaMu. B aToM cMbicie HayuHblit memod (ot rped. methodos —
OyTh UCCIEJOBAHMA) IPEACTABIAET OGO MOCIeJ0BATEILHOCTE AeHCTBHIA, KOTOpEIe
NPeANPHUHUMAIOT YYEHEIE C 1eJbI0 TIOCTPOEHHS CHCTEMBl HAYYHBIX 3HAHMHA 0 MUpe:
TeOopHii, IPaBMJI, 3aKOHOB, CIEACTBHII U3 BAKOHOB.

Tonpko moATBEPKAEHHBI YKCIIEPUMEHTAIBHO U MHOTOKDATHO BOCIIPOH3BEEH-
HEIH (QaKT MoxeT ObITh NPU3HAH HAayYHLIM. B Hayke HWUEro He IPUHHMAETCA HA
Bepy, Oes fokasarenscTs. Hanpumep, B cpeacTBax MaccoBoi UH(pOPMAIIAH HEOJHO-
KPaTHO COOOIATOCE O TAK HABLIBAEMOM JIOX-HECCKOM UyZOBHILE — IJIe3no3aspe,
AKo6b ofuTaromemM B Bofax ogHoro us 03ép Illornauauu. IIpuBoxuiucs paccKasbl
049eBHALEB 0 BCTpeUax ¢ HUM, porocHEMKH (pHe. 10). B nenax moareep:xaeHns uin
OLIDOBEPIKEHHUA ero CyIIeCTBOBAHKA HA 0O3epe MPOBOAUINCE HAVUHEIE HCCICL0BAHNA
C IOMOIIBIO PA3HOOOPASHBIX TEXHHYECKMX CPEJCTB: THAPOTOKATODOB, KAMED AJIA
HOJBOAHON CBHEMKHU U Ap. ONHAKO HUKAKUX BECOMBIX JOKA3ATENHCTB HAXOMACHU
B osepe Jlox-Hecc kpynHOro 6monoruyeckoro o6bexra Gosee wem 3a 30-meTHHI
nepuoj HaGmofeHnH nonydyeHo He O6bL10. IToaToMy, HECMOTPS HA CBHAETEILCTBA
«O4eBH/LEB» U «(hoTO», CyIIecTBOBAHUE JIOX-HECCKOTO UYAOBHINA He MOXKET BbLITh
IPUSHAHO B HACTOAIEe BpeMs HAYYHBIM (DaKTOM.

Hcronbp3oBanre HAYYHONO METO/a B MCCIIEOBAHUAX CBA3AHO CO CTPOrOil mocJe-
ZOBaTeJIbHOCTBIO JeHcTBHi (puc. 11). O6bI9YHO Y4YEHEBIH HAYMHAET WCCIAELOBAHHE C
Ha0JII0ZleHNs 32 TeM WM HHBIM 00beKTOM Hiu nponeccoM. Habawdenue, B ormmame
OT IPOCTOr'0 CO3ePUAHHA, NPEAIoNaraeT 3aMbICes, Lelb U CPEACTBa, ¢ MOMOIIBIO
KOTOPBIX Habmiojgatens QHKCHPYET KOJIMYECTBEHHbIE H KAUECTBEHHBIE JaHHEIE.
Hampumep, oH usMepsier pasMepsl 06beKTa, OMHCHIBAET ero (OPMY, He BHOCH W3-



§ 3. UayyeHne BMONOrMYECKUX CUCTEM U NPOLECCORB

MEeHEeHHH B X0J] caMOro mpormecca. 3aTeMm AN
HA OCHOBAaHHMHU NOJYYeHHBIX JaHHBIX Gop- NPABMIIO

MYJIHpPYeTca npofiema — USTKUHA BOIPOC i ces OBBACHEHUE

OTHOCHTEJILHO TOr0, YTO HALO H3YUHUTH

M3 paHee HeM3BECTHOrO 06 obbexTe. s TEOPUA

IOMCKa IMyTeH pelleHus IpodIeMEl BbI- PeaynbTatsl

IIBUTAETCS ZUnome3a, T. e. Hay4Hoe Ipej- PaGouas

MIOJIOMKeHHe, KOTOPOe MOJKET 00 BACHUTE rmnoTesa Kok B MepemeHHbie

HabI0gaeMble TaHHEBIE. a\/
Jis mpoBepKH BREIIBHHYTON M'MIOTE35bI

HA CIIeIYIOIIeM STame HayIHOTO HCCIe0- IKCNEPUMEHT

BaHMA paspabaThiBaeTCsA U IPOBONUTCH

axcnepumenm. AHaIM3 Pe3yJbTaTOB

aKcIepEMeHTa (00bsACHEHHE) MO3BOJAET rmn()TEgAI. MpuHumaeTcs,
W3MeHAETCS,
pelIuTh, BepHA JIH BHIABHHYTAsA paHee

oTeepraeTca
[HIOTe3a; B 3aBHCHMOCTH OT 3TOTO OHA f

IPUHIMAETCA, U3MEHAETCA WM OTBepra-

eTcsa. B cayyae NpUMHATHA M'MIIOTE3a CTA- MPOB/EMA

HOBHTCA paloueil, 1 ecjd eé B JalibHe- : /

meM He yZaércs OIPOBEPrHYTH, TO OHA
CTAHOBUTCSH meopueil. B Teopun HaxomaT
0600IIIeHe aMOUDHYECKHe AaHHBEIE 00
obbexTe miu nponecce. Ecau HOBRIE hak-
ThHI He IPOTHBOPEYAT cHOPMYIHPOBAHHON
paHee TeOPHH U Ha €€ OCHOBe MOXKHO HX HABIOAEHUE
IpeACcKas3siBaTh, TO TEOPHA CTAHOBHTCHA

npasunom Ann zarkonom. IlpaBuio umeet

KonuuyecTBeHHble KayecTBeHHble

NaHHbie

HCKJIYeHHNSA, a4 3aKOH BCerja yHHUBEp- DakTbl

cajleH — HaIpuMep, 3aKO0H OHMOreHHOM

MUI'PAIlAN XUMHUYECKHX 3JIeMEeHTOB ClIpa- Puc. 11. CrpyKTypa Hay4HOTO
BEeJJIMB JI1IsI BCeX KPYTIOBOPOTOB BellleCTB MeTOAA NOSHARNSA

B Ouocdepe 3emun.

ITo mepe HaKOILIEHHS HOBBIX (DAKTOB OTJEJBLHEBIE IOJIOXKEeHNUA paHee CHOPMYJIH-
POBAHHOH TEOPUH MOTYT YCTAPEBATH, TOrA OHM IIePeCMaTPHBAIOTCA H JAONOTHAKTCH,
BILIOTH 10 BIPaOOTKHM HOBOI Teopuu. [IpiuMepoM MOMKET CAYKUTE KJIETOUHAS TEOPUS.
C oTkpelTHEM BHDPYCOB u mosBjeHueM B 30—40-e rr. XX B. 2JIEKTPOHHOI'O MHKPO-
CKOIla, IIO3BOJIMBIIET0 NETAJILHO M3YYHThH HEKJIETOYHEIE (POPMBI KU3HHM U yIbTpa-
CTPYKTYPY KJETKH, OTAeJIbHbIE IIOJIOKEHUs [ePBOH KJIeTOYHOM TeopHH, chopmy-
aupoBaHHbIe B cepequae XIX B., OBIIH MONOJHEHB! HOBBIMH JAHHBIMYA M YTOYHEHHI.

PaccmoTpuM HMCHONB30BAHHE HAYUYHOIO METOJLA HA [IpHUMepe dKCIepHMeHTa
[0 BBIACHEHWIO YCJOBUU mpopacraHus ceMfAH daconu. HabGnomeHusa 3a ceMeHa-
MH IIOKa3BIBAIOT, YTO IIPOPACTAIOT OHHM TOJBKO IPH ONPEAeJEHHBIX YCIOBHAX.
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1 — 6e3 noyskl 3 —6eacaeTa

4 —0Ge3Tenna 6 — KOHTpONb

Pue. 12. DxcnepuMeHT 11O BRISCHEHWIO YCJIOBHH IPOpPACTAHHSA CeMAH (acoIn

Chopmynupyem npobieMy: Kakue yCIOBHA HEOOXOAUMBI JJIA IPOPACTAHUA CeMAH
tdaconmu? BeIABHHEM I'HIOTE3y, NPEANOIATAIONIYIO, YTO TAKUMH YCIOBUAMH MOIYT
CIIYXUTh CBET, BO3/AYX, BOJA, IJIIOCOBAA TeMIepaTypa W mouBa. IlocTaBuM GHOJIO-
ruyeckuil skcnepumenT. CeMeHa IOMECTHM B IATH I'OPIIKOB, YCAOBHA B KOTODPBIX
OyayT OTIMYATHECA TOJIBKO MO OMHOMY mapaMmeTpy (puc. 12). B mecTom ropmxke 6yger




§ 3. UsyyeHne OMONOrMHECKMX CUCTEM U NPOLECCOB

3aJI03KeH KOHTPOJIBHEIH onbIT. IIpoaHanu3upoBaB MOJIyUIeHHbIe Pe3yJILTATE, IPHUIEM
K BBIBOJY, UTO CBET M MMOYBA He ABIAITCA HeOOXOJNMBIMH YCJIOBHAMH [JIA 1Ipopac-
TaHuA ceMaAH (acoau. TakoBeIMM GYAYT BO3AYX, BOMA M IJIIOCOBAfA TeMIlepaTypa.
BrigBuHyTad rumoresa B LEJIOM HOATBEPMKJEHA NPOBENEHHBIM 3KCIEPHMEHTOM,
T. €. IPUHUMAETCH, HO HYK/AAeTCH B KOPPEKTUDOBKE.

st panbpHeRIero 06001e A IoJIyIYeHHBIX SMINDUYEeCKUX JaHHBIX Heo0X01MMO
CPaBHHUTH YCJIOBUSA IPOPACTAHUSA CEMSH PASHBIX BHIOB DACTEHHN. JKCIEDHMEHTATBHO
MOYKHO BBICHHTB, UTO CEMEeHAM JJIsi IPOopacTaHnA HeobXoauMa pasHas TeMIlepaTrypa.
Hanpumep, ceMeHa KiaeBepa IpopacraiT yke npu temneparype +1 °C, a cemena
orypuos — npu remueparype Boime +12 °C. Takum o6pasoM, ceMeHaM DasHBIX
BHUJOB pAcTeHHH [Jsd HPOpACTAHMA HY»HA pasHad TeMmuneparypa. Emé ogHuM He-
00X0JMMBIM YCJIOBHEM, KPOME BhIIIeNepeYnCJIeHHBIX, ABAAETCA HATUIHe B ceMeHax
JKHWBOTO 3apoabima. Ec/iu 3apoelln ceMeHH MEDPTB, OHO He npopacTtér. UTak, BeIfAC-
HEHHBbIE B 9KCIIEDUMEHTAX YCJI0BHUSA, He0OXOIMMEIe 1151 TPOPACTAHUA CEMAH, MOKHO
0000muTE B Buae «lIpaBus nocesa ceMsiH pACTEHHH», 3HATH KOTOPhIe HeoOXOIUMO
JJIS BRIDAIIUBAHUA KYJbTYPHBIX W JUKOPACTYIIMX DACTEHUMH.

MeToanl OMOJIOrHYECKHX HMccaexoBaHui. Bce MeTOnbl M3YYEHHA KUBOM IIPH-
POABI, KOTOPEIe YYEHBIE-OMOJOTH MCIOJML3YVIOT B CBOeH HAYYHOH AEATENbHOCTH,
MOXKHO 00'b€JUHUTE B ABE IPYIIELL: aMnupuieckue (IpakTudecKkue) — HaOIOJeHIE,
3KCIEPUMEHT U meopemuyeckue (Iorudeckue) — cpaBHeHHe, 0000IIeHNe, KIACCH-
duranusa, abcrparupoBaHue U MoJelHupOBaHUeE.

Habawdenue, Kak ObLIO BRIACHEHO pPaHee, ABJIAETCA Ba)KHEHIIMM MeTOIOM
cbopa MepBUYHBLIX HAay4YHBIX (hakToB. OHO IpeAmoJaraeT IejieHaIpaBJIeHHOE BOC-
npuaTHe 06'beKTOB HJIN ABJEHWI, HO 063 AKTHBHOT0 BMENIATeILCTBA HabIIogaTess.
Hanpumep, MOTYT IpOBOAUTHLCA OHOJIOTHUYEeCKHe HAOIIOAeHNA 38 POCTOM M Pa3BUTHEM
pacTeHHi, MOBeleHHeM *KHBOTHEIX B mpupoze (puc. 13). [lna HabaogeHnil yIéHbIe
YacTO MCIOJb3VIOT CHeNHaJbHoe 000pyAoBaHWEe — TPUOOPHI 1 WMHCTPYMEHTHI, MO-

Puc. 13. Buonornueckue gabmogerua: 1 — HalIiofeHHe 32 POCTOM H DasBHTHEM BOJHOTO
pacTeHHA (3si07en); 2 — HaOJIHOJEeHHe 3a NMOBeJIeHHEeM IIUMIaH3e
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3BOJIAIOIINE MIOJYYHUTh TOYHEIE U HAJNEKHBIE Pe3yIbTAThl, 00beKTHUBHEIE JaHHEIE O
OMOJIOTMYeCKUX CHCTEMaxX W Ipoleccax.

JdKcnepumenm, B OTINYHE OT HaOIIOJEeHHUsA, CBA3AH C CO3JAHNEM CIEeIHATBHEIX
YCJIOBHM, KOTOPbIe YIEHBIH-9KCIEPHUMEHTATOD CO3HATENBHO HOAOHPAET U KOHTPO-
JUPYeT M0 e€ro xoay. PaccMOTpeHHBIH BBIIIe KCIIEPUMEHT C IPOPACTAHUEM CEeMSAH
(hacomm cOCTOAN M3 HECKOJBKHMX OIBITOB, YCJIOBHA B KOTOPBIX OTJIHYAJIHMCEH JIMIIH
OJIHMM IIapaMeTPOM; COINPOBOKJAJICH IKCIHEPUMEHT KOHTpoaeM. K a3KcmepumeHTY
HCCIefoBaTeNns Npuberaer B TOM ciIydae, eciu HeoOX0IMMO U3YYHTh COCTOAHNE 00h-
eKTa HJIH IIpoIlecca, KOTOPOe B eCTECTBEHHBIX YCIOBUAX AAJEKO He BCerja BO3MOYKHO
HabmoaaTh U 3aUKCHPOBATE. JKCIEPHMEHT I03BOJIAET AOOUTHCA IMOBTOPAEMOCTH
TeX JKe YCIOBHH W, B OTJIHYHE OT JPYIHX METOAOB MCCIIeJOBAHMS, BCKDPHIBaeT ca-
MY CYIIHOCTE 00BeKTa MM Ipolecca. Beiaomuiicsa sKCIepuMeHTaATOD PYCCKHMH
¢usunonor U. II. ITarmor (1849—1936) ormeuan: «Habnrogesne cobupaer To, 9T0
eMy MpejpjaraeT IpHUpoJa, ONBIT e 0epéT y HPUPOALI TO, YTO OH XOUYET».

HabxoneHre U 3KCHEPUMEHT COUYETAIOTCH B OHOJOTMUYECKHMX MCCIEJOBAHHAX
C TeopeTHYecKHMMH MeTtogamu (puc. 14). Tak, ecaum maydaeMble GHOJOTHYECKHE
CHCTeMBI ABJIAITCA OJHOPOAHBIMU, TO AJISI MX WMCCIEHOBAHUS HCHOJIB3YIOT METOJ
CPA6HEHUA, TIO3BOJAKIIUN BHIABUTL 4€PTHl CXOACTBA W Pa3/IMuUMd, YCTAHOBHUTH
POACTBO H3y4YaeMblX OHOIOTHUYECKUX 00BEKTOB. B JomoJHeHMe K CPDaBHEHHIO HC-
MOJB3YIOT M APYTOH TeopeTHYeCKHH MeTOo/ MCCIeJOBAHUA — 0000uleHue, KOTOPBIH
MO3BOJIAET B YaCTHOM OOHApPY:KUTE 00Iee U chopMyIHPOBATE 00IIebHOIOrnYecKne
TeOPHH, IPaBHJIA U 3aK0oHLl. CpaBHeHHe B 0600IIeHNe JIesKaT B OCHOBE Kaaccugura:-
Yuu — MeToJa, UCIOJIL3yeMOro B CHCTEMATHEKe. Brarogapsa KiaacCupuKaIay MOKHO
OIpeNeJHuTh MeCTO TOTO MJIM MHOTO OPraHHM3Ma B CHCTEMe OPraHMYecKoro MHpa,
T. €. OPHEHTHPOBATECA B PA3HOOODASHH SKUBRIX CYIIECTB.

Baxnyio pons B 6HOIOrHYeCKHX HCCIEIOBAHUAX UIDAET METOJ Aa6Cmpazuposatus.
Ero ncnonesoBaHMe 1M0o3BOJIAET He YYHTHIBATEL DAJ HECYIIECTBEHHEBIX IJIA KOHKpeT-
HOT'O HCCIEJOBAHMUS CBOMCTB M NPH3HAKOB OMOJOTHUECKUX CHCTEM, OJHAKO IIOMOTaeT
BBIZIEJTUTE T€ CBOMCTBA M MIPU3HAKH, KOTOPhIE BasKHBI. HanpuMmep, B HCCIEI0OBAHUAX
OCHOBHBIX HalIPABJEHHWH SBOJIIOIHAOHHOI'O IIPOIecca IJIABHOE BHUMAHHE VIENIAeTCH
YCJIOKHEHHI0 CTPOEHHA OPraHOB M CHCTEM OPraHOB, KOTOPOe 06ecnedWBaeT mpH-
criocofJIeHe OPraHU3MOB K YCJIOBHAM CYIECTBOBAHHMA. IIpM 5TOM BCe OCTAJILHEIE
IIPU3HAKY ¥ CBOMCTBA HE YYUTHIBAIOTCSH, T. €. IPOUCXOAUT aGCTparipoBaHue OT HUX
H co3JaéTca efuHOe menoe abCcTpaKTHOe 3HaHHe 00 dBOIIOMUM.

JOnsa mccenefoBaHHA OMOJIOTHYECKHUX IPOLECCOB, KOTOPbIE HEBO3MOMKHO HEIO-
CpeACTBEHHO HabJ0/aTh, HCIOJAL3YIOT MeTo] Modeauposarusi. Co3LaHHBIE C €ro
IOMOIIBIO 3aMECTHTENIN PealIbHOCTH — MOJAeNH (MaTeMaTHYecKue, KOMILIOTePHEIE
H [p.) TO3BOJIAIOT HCCIELOBATENI0 BBIACHHUTH, KAK MMOBENET ceGs MOJeTHPYeMbIi
OMOIOTMYECKHUH IPOTece B T€X MJIA WHBIX YCIOBUAX. JTOT METOM MCCJIESIOBAHUA IPH-
MEeHAIOT AJf «IPOUTPLIBAHUA» BO3MOYKHBEIX CIIEHADHEB BBOJIOIHH OPraHUYECKOTO
MHpa, Pa3BUTHUA KOCHCTEM WJIHN Aayke Bceit 6mocheps! 3eMun B ciydae raobalbHBIX
KJIMMATHYIeCKUX M TeXHOTeHHBIX H3MeHeHHH.
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Puc. 14. TeopernyecKue MeTOAbl HHOJOTHIECKHX HCCIETOBAHMM:
1 — cpaBuennme, obobmenne, abcTparupoBasne; 2, 3 — MOAEAMDOBAaHHE: KOMILIOTePHAS
(cmesa) u mapocTrep:xkHeBad (cnpasa) mozenu [JHE

PaccMoTpeHHBIe MeTOAB! H3YYeHU OHOJIOIHYECKHX CHCTEM H IIPOIECCOB SABJA-
JIOTCA ODIMMU JJIA MHOTMX HAyK. BMecTe ¢ TeM MMelOTCA cllelH(pHUeCKHe MeTOAbI
O6moslorMYecKHX HMccaenoBaHuil. Hanpumep, npu M3yuyeHHH KJIETKH NPHMeHSIOT
MEeTO/BI ONTHYECKOH M 3JIEKTPOHHON MHKDOCKOIHH, & P H3YUYEHHH 3aKOHOMED-
HOCTEH HACJIeJCTBEHHOCTH H H3MEHYHBOCTH — I'MOPHIOJOTHYeCKHH U IUATOreHeTH-
ueckuit Meromsl. ITonyuaemas ¢ mOMOIBEIO PABHEIX MeTOJOB HAYIHAA MH(GOPMAIUA
obpabaTeIBaeTCa METOLAMHE MaTeMaTHdecKoi craruetnku. OHM JalOoT BOSMOKHOCTD
V4IEHBIM-0MOI0TaM CleNIaTh BBIBOJEI O ZOCTOBEPHOCTH HAYYHEIX JAHHBIX, IOJIyYeH-
HEIX B XOJle HCCJIeJOBAHHI,

Hayunwiii paxm; nayuusiit memod; npobiema; sunomesa; meopus; npasuio;
3aKOH; amnupuieckue memodv. uccredosanua: HabawdeHue, 3KcnepumMenm;
meopemuieckue memodvl ucciedosanus: cpasrenue, 0000ujeHue, KAACCUPUKA-
yus, abcmpazuposanue, Modeiuposanue.

Bonpocbl u 3apaHua

. Yem Hay4HOe 3HaHWe OT/IMHAETCH OT BHEHAay4HOro (0BbLINEHHOro) 3HaHWs?

Kakoit dakt moxeT BbiTe NpraHaH HaydHeiM? OTBET NPOMNNIOCTPUPYIATE NpUMepamu.
HTO HasbLIBAIOT HAay4YHLIM METOAOM no3HaHua? Kakoea ero cTpykrypa?

YeM runotesa oTAMHAETCS OT TEOPWM, NpaBua UNuM 3akoHa?

Hem akcnepumeHT oTnmnyaetcs ot HabmogeHua? MpuseguTe NPUMEpPL! UCMNONL30BaHMSA
3TUX MeTodoB B Buonoruyeckux nccnenosaHuax. Kakoso mMx aHaueHue?
OxapakTepusyiiTe TEOpeTUHECKME MEeTOAbl BGUONOrMYecKMX UCCenoBaHuin. B yém ux
ocobeHHoCcTU? Kak OHW CBA3aHbI C 3MAMPUHECKUMU MeToaammn?

LI YA

o
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fnaea 2. UWTONIONMA — HAYKA O KNETKE

BblBOAbI MO rNABE 1

HuBasg maTepusa Ha HaAIIeH IJIaHeTe cymecTByeT B hopme 6GMOIOrMYeCcKHUX CH-
cTeM — KJIeTOK, TKaHeil, OpraHoB, OPraHU3MOB, IONYJIANNE U 9KOCHUCTEM.

BuocucTeMBbl OTKPBITEI AJIs MOCTYILIEHHS BeIIecTB, SHEPruH U WHGODPMAIIUH;
IMOCTPOEHEBI HA OCHOBE BBICOKOH YHIOPANOYEHHOCTH, ONTHMAJLHOCTH KOHCTPYKIINH,
YIIPABJISEMOCTH W MEPAPXUYHOCTH.

B 6mocucTeMax IMpOTEKaloT mMpomecchkl obMeHa BellecTB U IpeBpallleHHA 3Hep-
I'MH, CAMOBOCIPOU3BEJeHN S, CAMOPEryJIANMNA H CAMOPA3BUTHA, JIeKalllHe B OCHOBE
CYDIECTBOB&EHH FHHBOTI'O Ha BCe€X YPOBHAX ero opraHu3alninH.

HayueHue OHMOCHCTEM CBHA3AHO C MCIOJIB30BAHHEM HCCIELOBATEJIAMH HAy4IHOTO
MeTO[A MO3HAHMSA, KOTOPBLIM 3aKJIHUYaeTcs B TOM, YTO ¢ IIOMOIbI0 HabaiogeHud,
PKCIEePUMEHTa, CpaBHeHUs, 0000Ienns, Kiaccupukanum, abcTparupoBaHua U
MOIEJHPOBAHUA YUEHBIE [OJYYAXT KOHKDETHbIE HAYYHBIe (PAKThI — OCHOBY A1
co3gaHuA 000DIIEHHOr0 HAYYHOrO 3HAHWA: TEOPHH, IPABHJI H 3aKOHOB.

Tembl poknanos, pedepaToB U NPOEKTOB

. Kueas matepus u npobnema eé€ Hay4HOro nosHaHus.

CUCTEMHBLIM NOAX0A K M3YHEHMIO XMBOr0: 06Laa TEOPUA XU3HMN.
PazHoob6pasue 6MoNornyeckux cMCcTem 1 NpPoLEeccos.

BUONOrM4ecknini IKCNepMMeHT: NAaHupoBaHue, NPoBedeHue, pe3ynsTar
KomneloTepHoe MogenuposaHue B1Uonoruyeckux NpoLeccos.

abhN =

rmasa 2. LUTOJIOFMA — HAYKA O KJIETKE

§4. Uctopua OTKPLITUA N N3YHEHUA KNETKWU.
KnertoyHas Teopus

%) PaccmoTtpute puc. 15. 410 06Liero B cTpoeHu n3obpaxeHHbix KIeTok? Hem
2 3TU KNETKW OTNMHAKDTCA APYr OT gpyra?

BoJBIIMHCTBO OPraEM3MOB Hallell NJaHeThl HMEIT KJIeTOYHOEe CTPOeHHeE.
Knemrxa — 3T0 CTPYKTYpHO-QYHKIMOHANBHAA eqUHHUNA KHBoro. OHa MOMKeT cy-
I[eCTBOBATH B BHIE OTAEJILHOI0 OJHOKJIETOUHOTO OPraHM3Ma, a TAKiKe BXOIHUThL B
COCTaB TKAHeil MHOrOKJIETOUHBIX OpPraHu3MoB. KIeTKH pasiam4HBI 00 Gopme, pas-
Mepy, GyHKIuAM (puc. 15). OgHEaKo Bce KJIETKH MMeIOT 00Ine NPU3HAKH: CXOMKMAMN
3JIeMeHTAPHBINH H XMMUYEeCKHHA cocTaB, 00IIui miaH cTpoeHnA. KieTkn pacreHuii,
rpubOB M JKHBOTHBIX COCTOAT M3 HAPY)KHOM KJIETOYHOH MeMOpaHbI, HTOIIA3MEI C
eé opraronaamMu (OT rped. organon — opraH H eidos — BHJI) U Axpa. Takue KIeTKH
HAa3LIBAIOT 3YKAPUOMHbIMU (OT TPed. eV — XOPOILIO, MOJHOCTEIO B karyon — sapo).
Knerkn OakTepuil ¥ NHaHOOAKTEPHH OTJIMYAIOTCA OT KJIETOK 3YKapuoT OTCYTCTBH-
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OaHOKNEeTOYHbIe OPraHUu3Mbl KneTku TkaHeil MHOrOKNETOYHbIX OPraHu3MoB
Y N
Y W\
v : baktepum
pu6 XnamnaomoHana WHgyaopusa- al
MyKop Tydenbka = {e=d o
ACCHMUNALMOHHON ' Kopresoii
TKAHK UcTa EDNOGOR
Knetka
NOKPOBHOWM
TKaHN KOpPH$A
HepsHas
Knetka
Knetka =
MexXaHW4ecKomn
TKaHu
SnuTenvwansHas pacTeHus
KJIeTKA XUBOTHBIX

Puc. 15. Pasznoobpasue KieTok

eM ohOpPMJIEHHOTO A/pa H MHOT'MX OPraHOHJOB B IIUTOIIA3Me M Ha3LIBAIOTCA MNpo-
Kapuomubimu (OT JaT. pro — IepeJ, paHBIIEe, BMECTO W T'ped. karyon — snpo).
B saBECHMOCTH OT THIIA KJIETOK BCE OPraHM3MEI IOPa3IeIS0T Ha JBa HAALapeTBa:
9yrapuorsl (Eukaryota) u Ilpokapuore: (Prokaryota).

Heropus oTkpeiTHA KiaeTkH. KileTouHOe CTpOEHHE OPraHM3MOB OBLIO OTKPBITO
BO BTOpo#i nonoeuHe XVII B. anriauiickum pusukom Pob6eprom I'ykoM u cBaA3aHO
¢ u3obpereHreM MHUKpocKona B I'osutaEauy B KoHIe X VI B.

«BaAB Kycouek uMCTOM CBET/ION MPOGKH, A OTPE3asl OT Hero OCTPhIM, Kak 6purT-
Ba, MIEPOYMHHEBIM HOMOM OYeHb TOHKYIO IJIACTHHKY. Korga szateM s IOMECTHI 3TOT
cpe3 Ha Y€pHOe IPeJMeTHOE CTEeKJO H CTAJ PasIVIAABIBATE €ro MOJ MHKDPOCKOIOM,
HaIpaBHB HA HETO CBET ¢ IOMOIIBIO 3ePKaja, g ACHO VBU/EN, YTO BeCh OH IIPDOHU3aH
OTBEPCTHUAMM H MOPAMH. ITH IOPHI, WK AYEHKH, OBLIN He IIyDOKHMMH, A COCTOATIH
13 OYeHb MHOTHX MAaJIeHbKHX A4YeeK, BLIUJEHEHHBIX U3 HelpepLIBHOH IOpBI 0CO-
OiMu meperopoaxkamu. Taxoe cTpoeHEme CBOHCTBEHHO He OZHOH TONIBKO IpODKe.
51 paccmaTpHBanI OPH NOMOINY CBOEr0 MHUKDPOCKOINA CepANeBHHY OY3WHBI H pPasjiuy-
HEIX IePEBLEB, A TAKIMKE BHYTPEHHIOI MAKOTE IIOJIOT0 CTe6JIs TDOCTHHKA, HEKOTOPKIX
OBoLIeH M JPYTHX pACTeHHIl: (heHXess, aMOpPO3HH, MODKOBH, JIONYXa, BOPCAHKH,
[ANOPOTHHEA B T. I. — W 00HADYMKMJI, YTO Y BCEX Y HUX TOT e ILJIAH CTPOeHUH,
4YTO M y IpobKH», — Tak B 1665 r. PoGepr I'yk BIiepBhIie COOBIIUI O CYNIECTBORAHUHY
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Puc. 16. Beepxy — Buj
npobKH, IOJTYYeHHBIR ¢
MOMOIIBI0 CKAHUPYIOIIETO
MHMKPOCKOIIA, TI03BOJIAIIIETO
moJIy4aTh 00BEMHOE H306-
pa’keHHe; BHU3Y — Cpe3
npobkH, yBrRAeHHEI Po-
6eprom 'ykom B cBETOBOM
MHKPOCKOIT

KneTKH (puc. 16). OH Xe BIepBhle IPHMEHI ¥ TEDMHUH
«kaeTka» (cellula), npasaa, naA o603HAYEHUA JHIID
KJIETOUHOM CTEeHKH, VBHASHHOH HM I10J MHKDOCKOIIOM.
Ho TepMHH IIPOYHO BOINEN B GMOJOTHIO, & OTKPBITHE
I'vka MOJ0KHI0 HAYAJO MCCIEJOBAHHIO KJIETOYHOTO
CTPOEHHSA OPraHU3MOB.

INanbpHe#Iee U3yUYeHHE KJETKH OPOAOJIMKHII €ro
Kosaaera no JIOHZOHCKOMY KOPOJEBCKOMY obme-
crBy — Heemusa I'pwo (1641—1712). Heckonsko
JeT OH IOCBATHJ M3Y4YEHHIO KJIETOUHOI'0 CTPOEHHSH
pacTeHHH, 00HADYKHUB U ONHCAB KJETKH NapeHXHME.
OxmoBpemenno ¢ H. I'pro, HO He3aBHCHMO OT HETO
K HAee U3YUYeHHs PACTeHHH ¢ NOMOMIBI0 MHKPOCKO-
a OpUMmIé] HTAIbAHCKUH HaTypaaucT Mapuenio
Maapnuru (1628—1694). O usyuna um ommcan
OTIeNbHBIE 3JIEMEHTHl BHYTPeHHeil CTPYKTYpPhI pacre-
Huii. ['TaBHOH ero 3acayroi ABMIACH KJIacCH(PUKANNA
CXOIHBIX TI0 CTPOEHHIO KJIETOK M 00beJiUHEHUE UX B
TKarEu. KpoMe pacreEnit Mansnmura mogpobHo onucan
CTpOeHMEe HaCeKOMBIX, PA3BUTHEe KYPUHOrO 3MOpDHOHA.
Muorue oprassl, CTPYKTYPBI, TKAHU, KIETKH PACTEHUI
M JXMBOTHBIX, KOTOPBLIE OH OTKPbLLI, HOCAT €ro uMH.

OpyroMy BBIAAIOIEMYCH YUEHOMY, TOJLIAHACKOMY
HATYPAJUCTY, OCHOBOIIOJOKHHKY HAaYYHOH MHKDO-
ckonuu AHTOHM BaH JIeBeHIYKY, yAalochk pac-
CMOTpPETh B MHKDPOCKOII OTHOKJIETOYHEIE OPTaHH3MEI.
B MoaomocT 0H 3aHUMANCA NIHGMOBAHUEM CTEKOJ U
JOCTUT B 9TOM JleJie COBEPIIeHCTBa, H3TOTOBUB JIHH3EI
¢ yeeanuedneMm B 300 pas.

Mugpockonsl JleBeHIyKa IO3BOJIUIN €My ClEeJIaTh
pAL BeIWYaWmAX OoTKpbITHH. OH Bnepshle HabJAHOIAT
faxTepuii, mpocteiimux (nE(GY30pUii), OHCAT 3PUTPO-

MUTHl U UX JABH)KEeHHE B KPOBH II0 KaIWJJIADAM, CTPOEHHE MbIIIEYHBIX BOJOKOH H
kocreii. B 1667 r. yuénslil oTKpBLI cnepmaTo3ouasl. [locne nybInKanmuu cBOHX
uccnenoBasnii B Hayuaeix Tpyzax JIOHZOHCKOIO KOpoJaeBcKoro obmectsa JIeBeHTYK
IOJYYMI IIHPOKYIO M3BECTHOCTE KAaK KPYIHEHIIINH MUKPOCKOIIMCT CBOEr0 BpeMEeHH.

Oco0eHHO MHTEHCHBHO KJIeTKY craiu usydarh B XIX B., 94To OBLJIO CBA3AHO C yCO-
BepIIIeHCTBOBAHMEM MUKpPOCcKona. KieTouHbIH yPOBEeHD HCCIE0BAHUSA CTAJ BeAYIIUM
OPHHIITUITOM OMOJOrHYECKHUX HaVK, OCHOBOK AJid MO3HaHHA Oprasv3alHuy 3HBOTO.

B 1831 r. anramiickuii yuénniii Pobept Bpoys (1773—1858) oTkpsL1 snpo
KJIeTKH. ITO OTKPLITHE 3aCTABUJIO HCCIefoBaTes el IepeKI0YNThL CBOé BHUMAaHNE €
00010UKH KJETKH Ha €€ BHYTpPeHHee cofep:umoe. MHorue yuéHnble BBICKASBEIBAJIH
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Anronu BaH JIeBeHIYK Puc. 17. Murpockon A. JleBeHIyKa, B KOTOPHIH OH HabII0-
(1632—1723) a7 3a OMHOKJIETOYHLIMU OpPraHu3MaMu

HIel0 eMHCTBA KJIETOUHOH CTPYKTYPhI BCeX OPraHM3MOB, CYIECTBYIOMAX Ha Seme.
HakoHeIl, XOTS U B He OYeHbL ACHON GopMe, U/el0 eANHCTBA KJIETOUHOTO CTPOEHHA
pacTeHMii ¥ KHBOTHBIX BBIABUHYJ B 1837 r. uemckuii ¢pusmosor fu IIyprkuHEBE
(1787—1896). OH NpEANOTIOKHI, UTO 3ePHUCTAadA CTPYKTYpa OpraHoB KHMBOTHBIX
COOTBETCTBYET KJIETOYHOMY CTPOSHMIO DACTEeHH.

B 0606mEHEHOM BHjle KJIeTOYHAA Teopus Obliaa chopMyTHpOBaHa K KOHILY 30-x rr.
XIX B. Eé TBOpIaMH CTaIK HEMEIKHe Y4EHbIe 300JI0T Teomop IlIBanH 1 6OTAHUK
MatTuac IIneigeH.

M. IllnefizeH MPOBOLHUI CBOM MCCIENOBAaHHUA B 06acTH IIATOJOTHH U dMOpPHO-
sorum pacrermii. T. IllsanH 3aHuMAaCH HECTOJIOTHEH M (DU3HOJOTHeH KUBOTHBIX.

Teonop IIBanH Marruac lneiigen
(1810—1882) (1804—1881)
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ITosrakoMHBIINCE ¢ TpygaMu Ilineiinena, IllBaHH cOPMYIHPOBAT OCHOBHEIE IIO-
JIOKEHHA KJIeTOYHOH Teopud B KHUTe « MUKpOCKOmUMYecKHe HCCJIEOBAHHUA O COOT-
BETCTBHM B CTPYKTYDe H DOCTe JKHBOTHEIX H pacrenmii» (1839):

® BCe OPTaHU3MbI COCTOAT U3 KJIETOK:

¢ KJIETKM IPEACTABAAIOT CO00H MelbJyaiiliine CTPYKTYDHbIE eXHHUIE] KUBHHU;

* KJIETKM BOZHHKAIOT MyTéM HOBOOOPA30BAHHII M3 HEKJIETOYHOIO BEIECTRA.

Hexoroprre mpejicrasieEns yYEHBIX 0 KIETKe OKA3AINCE omubouHEIMHE. B gact-
HocrH, M. Illneiinen, nabmomas LUTOIJIA3MY, He NOAO3PEeBAJ, UTO OHA SABIAETCSH
KOMIIOHEHTOM KJIETKH, IZle OCYIIEeCTBIAIOTCH Bee mponeccekl. T. IIIBaHH OCHOBHOE
BHUMAHHME YAEJAT KJIETOYHOH 000JI0UKEe, HTHODHDPYH KUBOE COZep:KUMOe CaMOH
knetku. Kpome Toro, nocnemnee momosenne kieTounoi TEOPHH OKAa3aJ0Ch OIIH-
6ounsiM. Ho ocHoBHAs npes 6nina IIPaBHJILHOMA.

ITocne cosnanus KiaeTouHOMH TeOpUn BO3POC HHTEPEC YYEHBIX K CTPOSHUIO KIIETKH.
B nocnexneii werseprn XIX B. mayueHMeM KIeTKH 3aHAMAJIACE nesad IJIea a IepBo-
KJIACCHBIX nccnenosareneii — W. JT. Yucrakos, B. ®nemmusr, 3. Crpacbyprep,
/K. KapHya ®m MHOrme gpyrue. Brarogapsa ux paboram 6BL10 netannHO H3y4YeHOo
CTPOEHME KJIETOYHOTO AApPA, ONHUCAHBI XPOMOCOMEI, NPOBEASH IIUTOJOIHYECKHI
AHAIN3 TAKUX BaJKHEHINMX GHOJOIMYECKUX MPOIECCOB, KAK MHUTO3, MeHo3, omIo-
morBopenue. OTHAKO IHTONOrMM KAK CAMOCTOATEIBHOI Hay4YHON AUCHHUILIMHEI B
TO BpeM# €II€ He CYLIeCTBOBAJIO, MOCKOJBKY BO BCEX STHX HCCJeJOBaHUAX KJIETKa
paccMaTpuBanack TOJbKO B KAYeCTBE COCTABHOTO 3JIEMEHTA, CTPYKTYPHOM eIMHUITbI
IeJIOr0 MHOTI'OKJIETOYHOTO OPraHU3Ma.

Cpenu y4éHBIX, HCCIELOBABIINX KJIeTKy, HeoOXoxAuMo BhIZeauTs Pymonbsda
BupxoBa — Hemenkoro spaga, KOTOpEIii HUCIPABHUJI ¥ JOIOJHUJI MOJOMKEHNA Kie-
TOYHOM Teopuu. B 1858 r. ou o6ocroBa NIPHHIIKI IPEeMCTBEHHOCTH KJIETOK: «KaiK-
Aaf KJIETKa OPOHCXOJHUT M3 KJIeTKH HOYTEM JelleHHA MCXOMHOH KJIETKH». Bupxos
H3y4das naToJIOTHI0 KJIEeTOK, CYMTasd, UTO MATOJIOTNYEeCKHe IPOLecChl B OpraHusMe
CBA3AHEI C HADYIIEHHEM JKH3HeJesATelILHOCTH ero KJIeTOK.
V4EHBIH yTBEPIKAAI, UTO «MCTHHHASA AEATETbHOCTD HCXOTHAT
OT caMO¥ KJIeTKH, KOTOpas AeATeILHA A0 Tex nop, TokKa
HABJIAETCA CAMOCTOATEJNbHEIM H IeJbHBEIM 3J€MEeHTOM H CO-
BepImaeT CBOX paboTy cOOCTBEHHBIMH CHJIAMH».

K xomnmy XIX B. nosBHICA HHTEpEC K KJETKe KaK caMo-
CTOATENBHOW XUBOM cHcTeMe, UMenomeil obiebuosormye-
CKoe 3HaueHHe. Bbu1o o6HApYxKeHO, YTO, ¢ 0HOI CTOPOHE!,
KJIeTKH HEe3aBHCHMO OT MX IPOMCXOMKIEHHA 06Jamaior
pPANOM OOINUX CBOMCTB, a ¢ APYroii CTODOHBI — pasHble
KJIETKH B 3aBUCHMOCTH OT BBINOJHAEMON MMM (QyHKIUH
UMEeT HeOIWHAKOBLIE CTPOEHHEe M CBOMCTBA.

OTKpBITHE OZHOKJIETOYHBIX OPraHH3MOB MO3BOJIMIIO
clieslaTh BBIBOJ O TOM, YTO KJETKH He TOJBKO SBJIAIOTCS

Pynonsd Bupxos
(1821—1902) CTPYKTYPHBIMH 3JIeMEHTAMH MHOT'OKJIETOYHOI'O OPraHn3Ma,
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HO ¥ MOTYT CYII[eCTBOBATE CAMOCTOATENBHO. slitmo, malomiee Hauaao OyAyIeMy opra-
HU3MY, TAK:Ke IpeAcTaBnger coboil KIeTKy. Dy 1 apyrue (GaKThl IPHBEJN YIEHBIX
K MOHHMAHHWIO, 4TO KJIeTKA — JJIeMeHTapHAasd eJHHHIA OpPraHH3Ma. ITossBuaacs
HEeoBGXO0MMOCTh BCECTOPOHHEr0 M3ydeHHd JTOMH VHUBEPCAJIbHOH CTPYKTYPHO-
(DYHKIHOHATBHOW eIWHHULBI HHBOTO. Tak ma pybeme XIX—XX BB. BO3HHKJIA H
cthopMupoBanach GHONIOrHUECKas HAYKA — yumonozusa (or rped. kytos — COCYZA,
3mech — KJETKa), KOTopadA uaydyaeT CTpOeHue ¥ QYyHKIAH KJIEeTOK.

Paszsurue nuronoruu B XX B. K KoHIY XIX — mavaay XX B. NOABHJIKCH II€P-
Bble CBeJeHUS O POJIM KJIETKH B OCHOBHBIX JXU3HEHHBIX NIPOLEcCax. K yriuy6aéaHOMYy
M3Y4YeHHIO KJIETKH HOATATKHBAIN HHTEPECH! 3aposkaBlIeiica FreHeTHKH, HCKaBIIEH
MaTepHaIbHBIE OCHOBBI HAC/IEACTBEHHOCTH. C KJIeTKOil CBA3BLIBAJIN HACJE/[CTBEHHBIE
cBoiicTBa opraEnamMos. Ocoboe BHUMaHHE OBLIO YASJIEHO H3YUeHHIO mpoToriasMel. Eé
cTaaM PACCMATDPHBATH KaK BajkHeNmmit cybeTpar, ¥3 KOTOPOrO IOCTPOEHB! KIETKH
H KOTODBI OmpefendeT UX OCHOBHbIE KHU3HEHHBIE cBOICTBA.

B XIX B. mayyajachk TOJIbBKO MEpPTBafA KJIeTKa IIOCIE eé QUKcALlUA U OKPAcKH.
IIpu aTOM yAaJ0Ch OIMCATh PAJ KIETOYHBIX OPraHOMAOBE — MHTOXOHJPHH, annapaT
ToNbKH, KIeTOUHBIH nesTp u T. A. Ho Gonee ToMHOE HCCACOBAHME CTPYKTYDHI H
0coBGeHHO QPYHKIMI KJIETKH P TAKOH METOJUKe 6n1710 HeBo3MOkHO. KpoMe ToOTO,
OTCYTCTBOBAJIa YBEPEHHOCTH B TOM, UTO HabmomaeMble HA MHKpOIpenaparax Kap-
THHBI CTPOEHHS COOTBETCTBYIOT TAKOBBIM Y JKMBBIX KJETOK.

CucreMaTHyecKoe H3yUeHHe CTPoeHHs U QYHKIUN KJIeTKH HAYalI0Ch TOIBKO B
Hauyaje XX B., KOIZIa IOABUJIACE BOBMOKHOCTD HabIoLaTE 32 YKHBOM KJIeTKOHA BHE
opranmsma. JlanbHeiilllee Pa3BUTHE MUTOJIOTHA HEIOCPEACTEEHHO CBfA3AHO C pas-
BUTHeM (DHSMKM, XUMHA U TeXHUKH. COBEPIIEHCTBOBAHME ONTHIECKHX npubopOB
HO3BOJIIO HCCIe0BATh TOHKHE KJIeTo9Hble CTPYKTYPHI. IToABIeR#e JIOMHHECTIeHT-
HO#, $Ha30B0-KOHTPACTHOI, & TAKIKe 3JIEKTPOHHONH MEKPOCKOIKH JaJi0 BO3MOKHOCTh
IeTaJbHO M3Y4YUTh HE TOJBKO CTPOEHHE caMoil KJIeTKH, HO ¥ MUKDOCTPYKTYDPY eé
oprasounos. PasBuTie GMOXMMHM TTO3BOJIAJIO NIPUMEHUTE OUATOXHMUYECKHE METO-
Abl MCCIIeOBAHUA, TPOCAEAUTh B AMHAMUKE OHOXHMHYECKHE MPOLECCHl Ha ypOBHE
KIeTKH. Emé OJHUM JOCTHXKeHHeM CTAJI0 NPUMeHeHHe MeToJa MedYeHBIX aTOMOB,
Grarofaps KOTOPOMY YAAJOCh OTKPBITH (PEHOMEH DeAyIIHKAIMA (caMoy/iBOEHHA)
IHEK, u3y4uTh CJOXKHEIE IIPOIECCHI meTabom3aMa B KIETKE.

Knerounad Teopus 060raTHIachk HOBBIMH ITOJTOMKEHUAMMT.

OCHOBHbIE MOMOXEHUA COBPEMEHHOW K/IeTO4YHOW Teopun

1. KneTka — 370 CTPYKTYPHO-DYHKUMOHANBHASA eANHWLA XMBOrO, NPeACTaBNAlowasn cobow
aNEMEHTAPHYIO XMBYIO CUCTeMy. s Heé xapakTepHsl BCe MPU3HaKW XWBOro.
2. Knetku pasHblXx OPraHu3MOB UMEIOT CXOAHBIV XUMWYECKUIA COCTaB W riaH CTPOeHUs.
3. HoBas kneTka BO3HWKAET B peaynbrate AeneHns WCXOOHOWN KNEeTKU.
4. MHOrOKNETOYHbIE OPraHM3Mbl PASBMBAIOTCS M3 OAHON WCXOOHOW KNeTKK.
5. CxOOGTBO KNETOYHOro CTPOEHWs OPraHu3mMOoB CBUAETENbCTBYET O EAMHCTBE WX npowc-
XOXOEHUS.
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Ha cospemeHHom atane umtonorus npespatunacs 8 KNeTouYHyo BMoNoruio, kotopas
W3y4aeT OCHOBHbIE G1ONOTHHEcKMe NPOLECCH Ha MUKPOCKOMMYECKOM, cyOMUKpockonu-
HECKOM, MakpOMONEKYNISPHOM W MONEKYNSIPHOM YPOBHSIX. B LIEHTPe BHUMAaHUsI OKasanuck
HE TONBKO CTPYKTYPbI KNETKW, HO W Te BELUECTBa, U3 KOTOPLIX OHW MOCTPOEHb!. B nep-
CNeKTUBE 3anaqei UMTONOrMK SBNSIETCS BLIACHEHUE MEXaHU3MOB XU3HEAESTeNbHOCTY
1 CamOoperynauMmn KIeTkn Kak aBTOHOMHOM BUONOrMYEcKOi CUCTEMBL.

H.nemxa, Yyrkapuomuan Kaemkga, npoKapuomHas Kiemrga, yumoJsozus.

Bonpocsl v 3agaHus

1. Tepsoe onucanue knetku 6o onyGnkosaHo B 1665 r- B 1675 r. cTanu M3BecTHbI 0AHO-
KNETOYHBIE OpPraHn3mbl. HasoBWTe MMeHa y4EHbIX, CAenaBLnX 3Tu OTKPbITUA. MOXHO nu
CaunTatk 3TV AaThl 3apPOXAEHUEM LMTONOrMK Kak Hayku? OTBET nosicHuTe.

2. Ha3oBuTe aBTOPOB KNETOYHOI TEOpUn 1 CHOPMYNUPYINTE €€ NONOXEHWH, Moyemy c
MOMEHTA OTKPLITWA KNeTKW A0 CTAHOBNEHWUS KIIETO4YHOW TEeopUM npowno noytr 200 net?
KakoBbl OCHOBHbIE MONOXEHUS COBPEMEHHOM KIeTOYHOM Teopun?

3. Korma uutonorua chpopmmposanacek kak 9KcnepumeHTanbHan Hayka? C 4yem 310 6bino
cBA3aHo? OTBET NpoOMANIOCTPUPYIiTE npumepamu.

4. Hay4Hoe no3HaHWe NPOXOAUT HECKONLKO 3TAmNoB: HabniogeHne — runotesa — akcnepu-
MEHT — TeopWUA — 3aKoH. Kakue oTKpbITUS Gbinv CaenaHsl Ha KaxaoMm aTane pas3sutusa
untonorun? Kakue 3anaqm cTosT nepeg, COBPEMEHHOW UUTONOrMein?

§5. MeToabl usayyeHus KneTku

3 PaccmoTtpute puc. 19, 21—23. Ha 48m OCHOBaHbI METObl U3Y4EeHUN KNeToK?
-5 CpaeHuTe Mexay coboi M306paxeHus KneTok Ha puc. 18, 20, nonyyeHHble ¢
MOMOLUBIO Pa3MYHLIX MUKPOCKOMOB.

1A H3y9eHns KIeToK paspaboTaHo MHOMKECTBO MeTOZOB, BO3MOKHOCTH KOTOPBIX
COOTBETCTBYIOT YDPOBHIO COBPEMEHHBIX HMCCJIeJOBAHHI B 9TOH obiacTu.

Murpockonns. C noMonIso MUKpocKona H3y4aioT MOPMOIOruio KiIeTkH (puc. 18).
Muxpockonuyeckoe u3ydyeHHe KIETKH, UK MUKPOCKONUS, ObLIIA TEPBEIM METOL0M
HCCIeIOBAHUSA KIETOUHON CTPYKTYPEI, OJHAKO TOJIBKO € HOABICHHEM COBEPIIEeHHBIX
CBETOBBIX MHKPOCKONOB B Hadate XIX B. yaanock yCTAHOBUTE, 9TO BCe TKAHH op-
TaHU3MOB HMEIT KJIETOYHOe CTPOeHHE, 3T0 H IAJI0 BO3MOMKHOCTD cOpMyIMpPOBATE
NepByI0 KJIETOYHYI TEOPHIO.

Tem He MeHee paspemawnmas CHOCOGHOCTL HaKe CAMOTO COBEPIIEHHOTO CBe-
TOBOTO MMKPOCKONA orpaHuYeHHa. Ona cocrasasger 0,25 mxm (2,5:107 M). C ero
HOMOINBIO MOKHO YBU/ETH DakTepuabHble KIETKH, MHTOXOHAPHH. Boee Menrkue
00beKThl HAOGMIOAATE ViKe HEeBO3MOMXKHO. Ha CMEeHY CBETOBOMY MHUKDOCKOIY B cepe-
Aube XX B. IpumIén snekTpoHHEIH (puc. 19). Ero coazaHMe MO3BOIMIO YBEJIHYHUTH
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Puc. 18. Msobpaskenusa pacTuTe]bHLIX (1) 1 UBOTHEIX (2) KIETOK, NOJIYIeHHBIE
¢ TOMOIIBIO CBETOBOIl MHKDOCKOIIHK

pa3spemaIyio CIoCOGHOCTE 10 2 HM (2-10°° m). [lns moxydeHus u3o0pakeHHs B
37eKTPOHHOM MHUKDOCKOIIe HCIOJb3YIOT IOTOK 2JEKTPOHOB, NPOXONAIIUI depes
00BexrT u cosmammuit nsobpaskenue Ha (POTOILIEHKE MM dKPaHE. 9T0 Iajo BO3-
MOKHOCTh PACCMOTPETH YJIBTPACTPYKTYDPY KJIETKH.

TpaHCMUCCUOHHBIA
3MeKTPOHHLIA MUKPOCKON
{nepesépHyT) CBeToBOM
MMKpOCKon
DoTonneéHKa Mnu 3KpaH
S A na3

CBeTOBOW Ny4oK
My4oK 3neKTPOHOB

TH3sl okynApa
MpoeKUUOHHbBIE NUH3bI

NuH3el 0bbeKTUBA

O6bekT

KoxaeHcopHble
NH3bI

WcToqHmk cseta
2nekTpoHHas Nyilka

Puc. 19. D1exTpOHHBIH ¥ CBETOBO¥ MMKPOCKOIEI
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Puc. 20. W3o6pakenns crepMaTO30HI0B KPOIHKA, IOIYICHHEIE C IIOMOIIBI0 MHKDO-
CKOIOB: I — CBETOBOro; 2 — 3JIEKTPOHHOTO TPAHCMHUCCHOHHOTO; 3 — 9JIEKTPOHHOI'O
CKaHHUDYIOIIEro

J1s IpoBeileHNA MHKPOCKOMMYECKUX MCCIe0BAHMH ¢ IOMOIIBIO KAK CBETOBOIO,
TaK ¥ 3NEKTPOHHOTO MHKDOCKONOB TKAHM OOBIYHO (DHKCHPYIOT C MCIIOJIb30BAHHUEM
CIEIHAJBHBIX BEIIeCTB, OKPAIIMBAIOT, 3aTeM PeXYT MHKDOHOKOM, KOTODEII II03B0-
JIET MOJYUHTE O4YeHb TOHKUe cpesdbl. [Ipyn M3yueHHM MHKDOCTPYKTYD, BXOLAIINX
B COCTaB KJIETKH, IPUMEHAIOT TAK¥Ke CHelHMalbHbIe (DIYyODEeCIeHTHEIE KPACHTEIH.
B arom cayuae s paGoThl HCHOAB3YIOT (QIVODECIeHTHEIH MHKPOCKOII.

Hisi M3y4eHUs NPOIEeCCOB KUBHEAeATENbHOCTH, MPOTEKAWIUX B MHUBBIX
KJIeTKax, IPUMeHAT (asoBO-KOHTPACTHLIN U HHTeP(DEPEHIIHOHHEIH MUKDPOCKOIIEL
€O cnenu(pUIeCKHMHU ONTHYECKHMH cucreMaMu. O0BEMHOe M306paKeHHe KIETKH
[OOJIy4aioT ¢ MOMOMIBI0 CKAHMPYIOIIEro 3J1eKTPOHHOTO MHKpocKona (puc. 20, 3).

OHU3HKO-XHMHYecKHe MeToasl. C IOMOIIBIO 3THX METO0B B IIHUTONOIHH H3Y4aioT
XMMHYECKHl COCTAaB M YKU3HEAEATEIbHOCTh KJIETOK. MX mpHMeHeHHe MO3BOJIMIIO
OTKPEITE U HCCIeAOBATH OPraHHYeCKHe U HeOPraHHYeCKUe BeIiecTBa KJIeTKH, BbI-
ABHATE X (DYHKIWH, a TaKse IPOCAeJUThL IIYTH MpeBpallleHus B KieTke. Haubosee
Ba)XHEIMM OMOXMMHYECKHMH M QH3MYECKUMH METOAAMH IUTOJOTHH SBIAIOTCSH
XpoMaTorpagus, sneKTpodope3 U MeTO[ MeYeHBIX aTOMOB.

Xpomamozpagus ocHOBaHA Ha PASHONW CKODOCTH ABMKEHHS depes agcopbeHT
DaCTBOPEHHBIX B CIENUAJILHOM DACTBOpE BemiecTB. IIpH IPONYCKAHHH TAKOTO pac-
TBOpa Yepes aJcoPOeHT Kask/I0e BeIleCTBO U3 CMeCH INepeJBUTaeTCs Ha OMpeLe/léHHOe
paccTosAHHE B 3aBUCHMOCTH OT CBOEH MOJeKYJIAPHON MAacchl. Ancop6eHTaMu MOTYT
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6BITH BOJIOKHA (DMJIBTPOBAJIBHON Oymaru,
MOPOIIOK IeJIII0JI03bl U APYrHe IIOpHCTHIe
BemiecTBa (puc. 21).

Biauskum K xpomarorpaduu ABIAeTCH
MeToJ 3Jexmpogopesa B rele, TIe pasie-
JIEHUIO CMecH BeIleCTB B PACTBOPe cIocob-
CTBYeT BIEeKTpPHUYecKuil ToK. MeTomsl Xpo-
marorpadum u saeKTpodopes3a MO3BOJIAIOT
pasienTh CMEeCH BelllecTB, BBIJeJdeHHBIC M3
KJIeTKH, ONpPeJeNUTh MX KAUEeCTBEHHLIH U
KOJHMUYeCTBeHHEBIH cocTas (puc. 22).

MeTon MeueHbLX amMOMOE OCHOBAH Ha
BBEJIEHUM PaJHOAKTHBHOTO M30TONA KaKOoro-
00 XMMHUYECKOTO 3JIeMeHTa B COCTaB Bellle-
CTBA JJIS TOTO, YTOOBI IPOCHAETUTD IIYThH €ro
[IpeBpAallleHuil B KJIeTKe.

@®paKuHOHHPOBAHHE KJIETOYHOTO COep-
skumoro. [[a pasnesieHla KJIeTOYHBIX CTPYK-
TYP H MaKPOMOJEKYJ MUCIOJL3YIOT MEeTOH
yeHmpuyzuposarnus, KOTOPEIH I0O3BOJIAET
OYMCTHTH MaKpPOMOJIEKYJBI, BBIJeJIeHHbIE
M3 KJIeTKH, Pasfe]UTh OPraHOUIBI KJIETKH
(puc. 23). [Ins aToro cunenHaJbHBEIMUA CIIO-
cofaMy paspyIiaioT ¥ H3MeNbYaloT KJIeTKY.
Eé comep:xumoe pacuafaeTcsa Ha OTHEeJIbHEIE
dparMeHTEI, IPH 3TOM COXPAHAIOTCA IENU-
KOM HeKoTopble opranoujbl. Ilonyuennyio
c¢Mech ¢ IOMOIMBI0 IEeHTPUMYIH pasfensiorT
Ha (paKnuu, yBeIMYHUBad KasKJIBIH Das
o6oporel meHTpUdyru. Bonee TaxéNble
KJeTOoUHble (hpaKkImuy OCeJalT Ha JHO IPO-
6upku, Gostee Térgue cobuparTes Ha eé 1o-
BEPXHOCTH. JTO JAET BO3MOMHOCTD M3y4aTh
OT/JeJIbHO CBOMCTBA M CTPYKTYDPY KAaXIOTO
OpraHOWUa UM MAaKPOMOJEKYJbl KIETKH.

‘ TleiiLpH

: . BanuH
’ . AnaHuH

" ‘. AMLUMH
2

Puc. 21. Xpomarorpadpua: I — pasze-
JleHHe OCHOBHBIX IIMI'MEHTOR H3 DKCT-
paKTa IHCTBeB; 2 — pasjeleHue CMecH
AMHHOKHCIOT

MeTonsl pasaeieHUs KJIETOK H MX KyJbTHBHPOBaHMA. [/ M3YYEeHUA JKHUBBIX
KJIEeTOK pasiIu4HbIX TKAHEH HX DPasfesdloT 1 BhIPAIHUBAIOT B CHEIHANIbHBIX cOCYy/ax.
IIpuMeHeHHE METONOB KYJAbMYpbl. KJIeMmoOK U MKaHel MO3BOJAET H3y4aTh YKUBbIE
KJIeTKHU I10J] MEKDOCKOIIOM, HaGao[aTh 38 UX POCTOM M PasMHOXKeHWeM BHe opra-
HM3Ma, BRIJEIATH (PAKTOPHI POCTA, YCTAHABIMBATEL BAHAHHE HA HUX PABIHYHBIX
BelllecTB, [IOJYVYATh KJIETOYHBIE MHOPUJLI OYTEM CAMAHHA LEJIbIX KIETOK HIH UX

OTAEeJBHBIX KOMIIOHEHTOB.
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Pnc. 22. Pasgenenue 6enkos Puc. 23. ®paknuOHUPOBAHHE KJETOYHBIX
2JIeKTpod)Ope3oM B rese CTPYKTYD METOAOM HeHTPHDYTHPOBAHUA

Merox pexombunanTaeix JITHK. 1A n3ydeHns TOHKUX MeXaHU3MOB MPOLEC-
COB, IPOTEKAIOIHUX B KJIETKe, B TOM uucie dyexnuii resos, [[HK «Bnipeszaiors us
KaeTkH. Jlajee eé BCTpaMBalOT B TeHETHYECKHIT anmapaT GaKTepuy Wid BHpYca H
H3y4aloT ero CTPYKTYPY, CUHTe3UDPYIOT HOBbIe I'eHbI, NEPEHOCAT HX M3 BYKapHOT-
HBIX KJIETOK B GaKTepHalbHbIE U CTHMYJIHDPYIOT UX paboTy. STOT METO[ IPUMEHSIOT
B MeHHOU WH)KEHePUH JJIA H3YYeHUA MeXaHH3Ma HaCJeJCTBEHHOCTH, MyTareHesa.

Murkpockonusa, xpomamozpagus, snrexmpogopes, memod MeweHvlx aAmomos,
yenmpuyzuposarue, memod Kyaibmypsl Kiemox u mraneil, memod pexomou-
nHaumubix JTHEK.

Bonpocel u 3apaHua

1. Kakve MUKPOCKOMbLI BaM M3BECTHbLI? ONULIMTE NPUHLMM UX OEWCTBIS.

2. CpaBHWTE CTPOEHWE BNEKTPOHHOIO U CBETOBOrO MUKPOCKOMOB (cMm. puc. 19). H1o BbI-
NOJIHAET pOJib CBETOBOro NMy4yka B 3/1EKTPOHHOM MUKpockone? Kakoih 4acTM CBeTOBOro
MUKPOCKONa COOTBETCTBYIOT NPOEKLUMOHHbBIE JIMH3bI 3NIEKTPOHHOIO MUKpockona? B uém
npevMyLLecTBa 3NEeKTPOHHONO MUKPOCKONA MO CPaBHEHWKD CO CBETOBLIM?
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7.

YT1o Takoe paspelwatolas cnocobHocTs ontudeckoro npubopa? OT 4yero oHa 3aBucuT?
Yem 06ycnoBneHO KONMHYECTBO KNETOYHbIX CTPYKTYP, BbISBNEHHbIX C NMOMOLLBIO MUKPO-
CKOMa: CTENeHbIO YBENWYEHUs, CO34aBaEMOro MMKPOCKOMNOM, MK paspeLualoLuleit cno-
coBHoCTLIO onTuyeckoro npubopa? OTBET NoscHUTE.

Ha 4ém ocHoBaHbl MeToAbl xpomaTorpadum u anekTpodopesa, NCNoNb3yeMble ONA
n3ydeHns knetkn? B 4ém mx cxoncteo? KakoBo MX 3HaYeHue?

Kaknmmn metogaMn MOXHO BbIGENUTE OPraHonabl KNeTKW 1 U3y4nTb UX CTpoeHne?

Ha kakux cBOMCTBax OCHOBAHO dpakUMOHUPOBaHWE KIIETOYHbIX CTPYKTYP UeHTpudyru-
poBaHuem? [ina oTBETa UCMNONb3yinTe pyc. 23.

Kakoe 3Ha4yeHue Ona umMtonorum MMeeT MeToL KyNbTypbl KNeTOK W TKaHen?

HdononuurensHasa nHpopmalms

Tab6auua 1
H3 HeTOpHH LHTOJOIHH

HMara H3o06peTeEnd W OTKPBITHA B IHTOJOTHH
1590 r. Bpartesa N'auwc u Baxapusa Aucen (Jansen) usobpean MHKPOCKOI,
B KOTOPOM yBeNnueHUe 00eCcreunBaioch COeAUHEHHEeM ABYX JUH3
1665 r. PobGepr I'vk (Hook), monb3ysch YCOBEPILIEHCTBOBAHHBIM MHKDOCKO-

IIOM, H3y4aJ cTpoeHHe NPoOKH U BIepBwie B Tpyae « Muxporpapus»
ynorpebus TepMuH «KJeTKa» (cellula) pus onucaHusa CTPYKTYDPHBIX
€AHMHHAI, U3 KOTOPBIX COCTOHT 3Ta TKaHb. On CYHTaJ, 4YTO KJIEeTKH
NyCThIE, & JKABOE BEI[eCTBO — 3TO KIJIETOYHBIE CTEHKH

1650—1700 rr.

Anronun BaH JlepeHryk (Leeuwenhoek) npH moMoI# IPOCTHIX,
xopomo ormunndosaHHbIX JHH3 (X 300) HaGAOAAT «3apPOJBIINH» H
pasiMYHBle OJHOKJIETOYHEIE OPraHHU3MBI, B TOM YHcJe 0aKTepuu.
Briepsrie 6akTepuu OGb11H onucaHsl B 1676 r.

1700—1800 rr.

Ony61MKOBaHO MHOTO HOBEIX ONHCAHHWA M PHCYHKOB PA3JUYHBIX
TKaHe#, IPeHMYIeCTBeHHO PACTUTEIBHEIX (BIIPOYeM, MHKDPOCKON
B 3TO BpeMdA pacCMaTPHBAJICA IJIABHEIM 00pasoM Kak HIPYIIKa)

1827 r.

Hxor Nonnaupg (Dolland) pesko yayumma KadecTBo auH3. [locae
QTOI'0 MHTEPEC K CBETOBOM MHUKPOCKOIIHH KAK MeTOdy HCCJIeIOBaAaHMA
KJIeTOK OBICTPO BO3poc

1831 r.

Po6epr Bpoyr (Brown) onucan sapo Kak xapakTepHoe chepude-
CKOe TeJbIe, 00HADYIKUBAEMOE B PACTHUTEILHLIX KJIETKAaX

1838—1839 rr.

Teopop IIpamr (Schwann) Ha OCHOBe CBOMX HCCJIAEIOBAHHH H
pabor Marruaca Illneiinena (Schleiden) chopmynuposan Kaerou-
HYIO T@OPHIO, KOTOpaa NOCTYJIMPOBAJa, YTO OCHOBHON CTPYKTYDHO-
(hYyHKIUOHANLHOH eHHUIEH ¥HBOTO ABIAETCA KJIETKA
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Oxonyanue mao.. 1

Hara

H3obpereEna H OTKPBITAA B IATOJOTHH

1840 r.

fAr Ilypkusbe (Purkinje) npeijoKuj Ha3BaHHEe NPOMONIAIMd
JIJIA KJIETOYHOTO COAEPIKUMOT0, YOeUBIINCHL B TOM, YTO MMEHHO OHO
(a He KJeTOYHBIE CTEHKH) IpeJCTABIAeT co00H JKHBOE BeIecTBO.
ITosanee OBLT BBeAEH TePMHH IIHUTOILIA3MAa (IHTOILTIA3Ma + AApPO =
= IpOTOIJIA3Ma)

1855 r.

Pynonsd Bupxos (Virchow) nokasan, 4To Bce KJIeTKH 00pasyioTesa
M3 APYTHX KJETOK IYTEM KJETOYHOTO JAeleHH:

1866 r.

OpHucer M'exkens (Haeckel) yeranoBuI, 9TO XpaHeHHe W Iepenavdy
HACJIEeJCTBEHHBIX IIPU3HAKOB OCYIIECTBJIAET ALDPO

1866—1888 rr.

IToapoGHO H3y4YeHO KJIETOYHOe JeleHHe W ONMCaHbl XPOMOCOMbI

1880—1883 rr.

OTKPEITH IIACTHALI, B YACTHOCTH XJIOPOIJIACTHI

1890 r.

OTKPBITHI MHUTOXOH/PUH

1898 r.

OtrpeiT annapat Ioabmaxa

1887—1900 rr.

VcoBepHieHCTBOBAH CBETOBOH MHKDOCKOI, & TaKiKe METOAbl QHK-
canuM, OKpalmMBaHHA HOpenapaTrToB H IPDHTOTOBJE€HHA CPE30B.
Ilnronorus npuobperaer sKcIepHMeHTAIbHEIR xapakTep. Beayresa
aMOPHOJIOTHYECKHe HCCIeJ0OBaAHMS, YTO0Ob! BHIACHHTH, KAKHM 06-
pPas’oM KJeTKH B3aMMOJAEHCTBYIOT APYT C APYrOM B IIpoIecce pocTa
MHOI'OKJIeTouHoro oprasuama. OaHoi U3 oTpacieil MUTONIOTHH CTa-
HOBHTCH HOUTOTeHETHKAa, 3aHMMAIOIIadcAd H3y4eHHEeM DOJH fAApa B
mepejade HACIAEACTBEHHBIX IMPU3HAKOB

1900 r. BHOBL OTKpHITH 3aKoHEI I'peropa Mennens (Mendel), ato gano
TOJYOK PA3BUTHIO IMUTOreHeTHKH. CBeTOBOH MHKDOCKOI IOYTH HO-
CTHT TEOPETHYECKOro Ipejesia pa3pellleHld, B CBA3U C UeM Da3BUTHE
IUTOJIOTHH 3aMe/JINI0Ch
1930-e rr. M3006peTéH a/MeKTPOHHBEIA MHKDOCKOI, obecmedynBawinuii Gonee

BLICOKOE paspelleHue

¢ 1946 r. mo HaA-
cTOAIee BpeMsA

DNeKTPOHHBIN MHKPOCKOI IOJYYMJ IIMPOKOE DacnpocTpaHeHHe
B OMONOTHH, NPEJOCTABHB BO3MOXMCHOCTb HCCJIENOBATH CTPOEHHE
KJIeTKH ropasno 6ojee moapo6HO. JTO «TOHKOe» CTPDOEHHE CTAIH
HA3BIBATH YJIBTPACTPYKTYPOH KIETKH




§ 6. Xumunueckuii cocTae kKneTku. Boga n muHepansHble BelwecTsa

BbIBOAbl NO MABE 2

OTKpBITHE KJIETOYHOIO CTPOEHHS OPraHM3MOB CBA3aHO ¢ H300peTeHHeM CBeTO-
BOT'O MHKPOCKOIIA.

IlagHLIe 0 KJIETOYHOM CTPOEHHH OPraHH3MOB 0000IeHBI B KJIETOYHOH Teopuw,
COTJIACHO KOTOPOil KJeTKa ABIAeTCA CTPYKTYPHO-OYHKIMOHAILHON eIMHUALIEH XKu-
BOTO W IIpPeACTABJIAET CO00H sIeMeHTAPHYI0 OHOJOTHYEeCKYIO CHCTEMY.

Kinerka MO3KeT CYIIecTBOBATL B KaueCcTBe OT/AEJbHOI'0 OJHOKJETOYHOTO Opra-
HHE3Ma, a4 TAKKe BXOJHUThL B COCTAB TKAHEH MHOTOKJIETOYHBIX 0praHuaMoB. KieTku
pasauyHbl 00 opme, pasmMepy, QYHKIUAM, THIOY 00MeHa BeIECTB, BMeCTe C TeM
MEXIy BCeMH KJIeTKaMH MHOTO 00miero.

PassuTHe HAYKH O KJIETKE — IHUTOJOTHH — CBA3AHO C COBEPIIEHCTBOBAHHEM
TeXHHKH, ONTHYECKOH, JIOMHHECIeHTHOH, ()a30BO-KOHTPACTHOMN, 3JIIEKTPOHHOH
MHKDPOCKONHUM, METOAOB Xpomarorpaduu, snekrpodopesa, ME9eHBIX aTOMOB, AH(D-
(hepeHNMATHLHOIO IEeHTPUYrupoBaHus, KYJAbTYPH KJIETOK M TKaHed M peKoMOH-
ganTEbBIX [ITHK, KOTOpBIe MCIONB3YIOT AJIS M3YYEeHWSA HE TOJIBKO CTPOEHHA caMoi
KJIeTKH, HO M YJAbTPACTPYKTYDEL €€ OPraHoH0B.

Tembl goknanos, pedepaTtoB U NPOEKTOB

McTopua CBETOBOro MUKPOCKONA.

CoBpemMeHHble METOAbI ANEKTPOHHOM MUKPOCKOMUA.

TexHvka NPUroToBNEHUS MUKpONpenapaToe Ans paboTsl ¢ MUKPOCKOMOM.
DUINKO-XMMUYECKWE METOAb! LIMTONOrMYECKUX MCCNeN0BaHNA.

. MeTtog KynkTypbl KNEeToK W TKaHei 1 ero 3Ha4eHve ona uMTonoruu.

TR

Tnasa3.  XMMMYECKASI OPFAHU3ALMS KJIETKM

§6. XuMnyeckmini cocTae KNeTKu.
Bopa v MuHepanbHble BellecTsa

= PaccmoTpuTe puc. 24—27. Kakve XMMW4Yeckue 3neMeHTbl BXOOAT B COCTaB
: J) : opraHu3amoB? Kakue xumMuyeckue coeavHeHus oHu obpasyiot? Kakyio ponb B
KNeTKke BbINONHAKT BOAA U MUHEpanbHble Bel.u.ecraa?

OcHOBY XMMHUYECKON OPraHM3aIlMM KJIETKH COCTABJAKT HeOpPraHWYecKHe H
opraEvYecKHe BelecTBa. K HeOpraHWYecKHUM COeIMHEHHAM OTHOCAT BOAY M MUHE-
pajbHBIE BEIeCTBa, a K OPraHudyecKuM — OeJIKH, YIJIeBOAbl, JUIHAbLI, HYKJIEHHOBBIE
KHCJIOTHI, aeH03UH(pocHOPHEIe KHCJIOTEI 1 BUTAMHUHEI.

XuMHYecKHe 2JIeMeHTHI KIeTKH. Bce KJIeTKH CXOAHBI TI0 CBOEMY XHMHUYECKOMY
cocraBy. OHM 00pa3oBaHEl TEMH K€ XHMMHUUYECKHMH 3JIeMeHTAMH, YTO W Pa3IUYHbIe
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P25y N
2 1% 3%

Puc. 24. PacmpocTpaHeHHe XUMHYECKUX 3JI€MEeHTOB: I — B 3eMHOI Kope;
2 — B opra"EusMax

00'BEKTHl HEXHBOH IIPHPOJBI, HO COOTHOIIEHHe 3THX 3JeMeHTOB HeOIHHAKOBOE.
CpaBHMM pacIpocTpaHeHHe 3JeMEHTOB B 3eMHOIl KODe M HX COJep/KaHHe B KHBBIX
Tejgax — opraHmamax (puc. 24).

OcHOBY OpPraEH3MOB COCTABIIAIOT YEThIPE 3JIeMeHTa — KHCJI0DPOJ, YTJIepo, BOLO-
poa 1 asoT. Comep:raHue B 3eMHOH KOpe Ka/J[0T0 U3 3THX 3JIEMEeHTOB, 38 HCKJIIOYe-
HHUEeM KHCJIOpo/ia, BeCbMa He3HauuTenbHO — MeHee 1% . B opraEmamax Ha 00 3THX
3JIeMEHTOB npuxoaurtca dosee 95 % . M3 Bcex M3BECTHREIX XMMHUYECKHX 3JI€MeHTOB
B OPraHM3Max BcTpedaroTcA npuMepHo 60, a Hanbosnee pacupocrpanessl moutu 20.
dJleMeHTHI, BXOJAIINE B COCTAB OPraHH3MOB, HA3BIBAIOT JLeMEHMAMU-OUOZEHAMU
(puc. 25). OHu cocpenOTOYEHBI B IEPBRIX YeTHIPEX nepuogax Ilepuoanyeckoil cucre-

Mepu- Fpynnbi

oas!
1
2
3
4

5 Ag Cd |In Sn Sb Te Xe

Cs Ba La Hf Ta w Re |Os Ir Pt
g Au Hg [TI Pb Bi Po At Rn
7 Fr Ra Ac Rf Db Sg Bh |Hs Mt

Pue. 25. Pacnono:xerne aneMeHTOB-0uoreHos B Ilepuoaudeckoil cuereMe XUMHUIECKHX
anemedTos 1. M. Merneneesa
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mel . . MengeneeBa. AToMBI 371eMeHTOB-0MOT€HOB HMEIOT OTHOCHUTEIBEHO MAJIbIe
Paguychl ¥ ATOMHYI MAcCCy, CIIOCOOHBI 0O0PA30BLIBATE IPOYHEIE KOBaJIeHTHEIE CBAZH.
ITuMHU cBOiicTBAMU 00BsACHAETCA MX OHOJOrHUeCKOe 3HaUeHHE.
Ilo npoLeHTHOMY COJEPKAHUIO B KJIETKAX 9JIeMeHThI-0HOTeHbI MOXKHO Pas3/le/uTh
Ha TpH rpynnbl. [IepByio Tpynmy COCTABASIOT MAKPOILEeMEHMbL, HA JOJK KOTO-
PHIX IIPHXOJUTCHA OCHOBHaf Macca KJjeTKm — moutu 99 % . Bropasa rpynma — aTo
MUKDPOILeMEHMbL, KOJIHYECTBO KOTOPLIX B KieTke Koyuebmercs ot 0,1 mo 0,001 %.
B TpeThio rpynny BXOAAT YAbMPAMUKPOINEMEHMbL, KOJIHIECTBO KOTOPEIX B KJIeTKe
BecbMa He3HAauYMTeJbHO. HeKoTopsle M3 HUX MOI'YT OIPHUCYTCTBOBATL MHOTZA TOJBKO
B CJEJOBBIX KOJHYECTBaX. JTO 30JI0TO, L3, ypaH, Oepuinnii, cejleH, PTyTh U
apyrue sneMeHTHI (Tabua. 2).
Tabauya 2
Co.uepmanne HEKOTOPBIX XHMHYECKHX 3JIEMEeHTOB B KJIeTKe
(8% Ha cyxyio maccy)

MaxpoaiaeMeHThI
(70—0,1%)

MuxposreMeHTEl
(0,1—0,001 %)

Y IsTpaMHKPO3JIeMEeHThI
(0,001—0,000001 %)

Kucmopox (0) — 70—62
¥Yranepox (C) — 20—18
Bonpopox (H) — 10—9
Asor (N) — 3,0— 0,3

Marumit (Mg) — 0,07—0,03
Heneso (Fe) — 0,02—0,01
Xnop (Cl) — 0,08—0,01
Kpewmnuii (Si) — 0,1—0,0001

Iuak (Zn) — 0,0002
Mezas (Cu) — 0,0001
Bpowm (Br) — 0,0001
@rop (F) — 0,00001

Docdop (P) — 0,98—0,07
Cepa (S) — 0,16—0,05
Kanenuit (Ca) — 2,5—0,3
Kamwuii (K) — 0,3—0,2
Hatpuit (Na) — 0,1—0,03

Hox (I) — 0,000001

(menee 0,000001 %
M CJe0BhIe KOJIHYeCTBA)

Anmomunnii (Al) — 0,02—0,0001
Maprasen (Mn) — 0,001—0,0001

Cesten (Se)
Cepebpo (Ag)
3omoTo (Au)
Pryrs (Hg)
Bepunnuii (Be)

Bopa. VI3 HeopraHMYecKHX BeIeCTB B KJeTKe HAWDOJIbIIEe 3HAYEHHE HMEeT
éoda. Eé comep:kanmne Kouaedbaerca or 60 g0 98 % B saBuCHMOCTH OT THIA KJIETOK.
Hu3ep Ha Hame# NaHeTe BOSHUKJIIA B BOJE, YTO M 00YCIOBHIIO €€ HCKIIOUHTEIBHOE
sHaueHne. CTpoeHHe BceX GHOCHCTEM CBA3AHO C YHUKAJIBLHEIMH CBOHCTBAMH BOMBI:
IIOJIAPHOCTRIO €€ MOJIEKYJ, UX CIIOCOOHOCTHIO K 00pa30BaHUIO BOAOPOAHEIX CBA3EH,
fOJBIINM MOBEPXHOCTHBIM HATAMKEHUEM, aHOMAJIbHO BBICOKOH TEILIOEMKOCTBIO,
a TaK’Ke BHICOKMMH T€MIEepPaTypaMH ILUIABIeHUA W KHUMNEeHHA.

YHMKaJIBHBIE CBOMCTBA BOABI CBA3BAHEI CO CTPOEHHEM €6 MOJIEKYJIsl. Bota mMeer
VIJIOBYIO CTPYKTYDY, B BepDIIHHE KOTOPOI paclmojiaraeTcd aToM KHCJI0poJa, a Ha
Jydyax — JABa aToMa BOJOPOJa. 3a CUET BHICOKOH 3JIEKTPOOTDHUIIATENHHOCTH ATOM
KHCIOpOJa cMellaeT K cebe dJeKTPOHHYIO NI0THOCTE cBaAswm O—H, mpu atom ot-
PHIATeIbHBIH 3apAK COCPELOTOUMBAETCHA HA KHCJIODPOJAe, a MOJOMUTEIbHBIA — Ha
aromax Bojopona. Monekyna Bogbl uMeeT BuJ dunoad (puc. 26).
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BosoponHuie
CBA3KW
Mexay
COCEHUMM
monexkynamm
BOObI

Monekyna Boakl — OunNons

Pue. 26, Crpoerne MosneKyanl BOARL. Bomopoansie cBA3H

3a cuéT MOJAPHOCTH MOJEKYJILl M BBICOKOH 3J1€KTPOOTPHUIATEILHOCTH aTOMAa
KHCJIOPOAAa MEXAY MOJeKYJIaMH BOIbI BOBHHUKAKT 8000podHble céA3u. OHM 3HAYU-
TeJILHO clabee KOBAJEHTHBIX CBA3€H, HO JOCTATOUHBI AJIA YAEPKAHUA MOJEKY.I BOLbI
B CBA3AHHOM JAPYT C APYrOM COCTOAHWMK B BHJE acconuaToB. FIMEHHO 3TO CBOMCTBO
UMeeT CTOJIb BajKHOe 3HaueHHe [JId KU3HH. HanwmuueMm BOAOPOIHBLIX CBf3eH 00b-
ACHAETCA TOT (PAKT, YTO IPH OOBIYHBIX YCIAOBUAX BOJA, HMes MAJIEHBKYIO MOJIEKY-
JAPHYIO Maccy, ABIAETCHA KHAKOCTBIO, 4 He radoM, KaK BOJOPOAHEIE COEAUHEHHS
ApYrux HeMeTa/lJIOB — as3oTa, yriaepoia, cepbl, XJopa, tocdopa.

3a CYéT MOJIAPHOCTH ¥ BOAOPOJAHBIX CBA3eH MOJIEKYJIbl BOABLI CIOCOOHEBI COEXH-
HATHCA MEKIY c000H M ¢ APpYrMMH BellecTBaMu. B pesyjbTaTe TAKOro COeIUHEHHHA

[ —

Pue. 27. KanunnsapHasle CBOHCTBA BOAB — MOAHATHE IO BOJIOKHAM BymMaru
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HA TIOBEPXHOCTH 00pasyeTcd «ILIEHKa», 4TO ¥ 00'BbACHAST BBICOKOE IMOBEPXHOCTHOE
HATsKEeHNe BOIBI U eé KaIHIApHEBIe cBoiicTa (puc. 27).

HanuureM BOAOPOLHBIX CBs3eil 00bACHAETCA U TOT daxT, 9TO BOZA B TBEPAOM
cocToaHun (I€7) Terde, 4eM B JKHUAKOM, MOITOMY JEJ IJIaBaeT HA MOBEPXHOCTH
pozbl. BOJIBIIMHCTBO BEIIECTB P 3aMeP3aHNU CKHMAaIOTCH, U UX IIOTHOCTE yBe-
anuuBaercd. Boja :Ke HauOOJBINYIO IJIOTHOCTE HMeeT IPU TeMIIEpaType +4 °C. IIpn
oxnaxkgerun g0 0 °C paccTosHue MexIy MOJEKYJIaMH BOABL 34 CYéT BOAOPOAHBIX
cBAsell cjerka yBeIHYHBaeTcs. B peayibraTe IJIOTHOCTH JIbJa YMEHBINAETCA, H
OH OKA3bIBAETCH Jierde BOJABL. JTHM 00BACHAETCA TOT (PaKT, 4TO HPH 3aMep3aHHUHi
BOIOBMOB J16] 0bpasyeTca cHauasa Ha nosepxHocTH. CefoBaTepHO, OMHO 1 TO XKe
KOJIMUECTBO BOILI 3aHUMAET B TBEPAOM COCTOAHMH HoabIIHH 00BEM, YEM B SKHIKOM.
VIMeHHO II03TOMY, KPHCTAIIMU3YACH B 3AMKHYTBIX COCYAAaX HIX JKUBBIX KJETKaX,
BOJIA MOJKET pasopBaTh UX CTEHKH, PA3pPYLIATH KJIETOYHBIE OPTaHOMIbI.

Bogza 061a/1aeT BEICOKOMH TEIJIONIPOBOHOCTHIO. Barofapsa aToMy CBOMCTBY TeILIO
6BICTPO M PABHOMEDHO DacIpefiesiAeTcs II0 BCeMy 00'BEMY BOIBI, HAXOLAIMEHCA B
KJIeTKAX, UTO IPEIATCTBYET UX MeperpeBaHuIo B OTAeNbHBIX Toukax. [Ipu nenapennu
BOJBI IPOMCXOMMT OXJAXKAEHHEe IOBEPXHOCTH. JTO CBA3AHO C TeM, UTO AJA HCHa-
penus HeoOXoAuMa JOIOJTHUTEIbHAH dHEPTUd, crnocobHAsA PA3pPYIIATE BOAOPOLHBIE
cBASH. YuacTHe B TEPMODETy/ISIMH — BaXKHOE JJIf BCeX OPraHU3MOB CBOMCTBO BOADI.

Boja — yHHBepCAaJLHBIA HOJADPHBIA pacTBOpuTeab. BellecTsa, HMerOIe 10
JIAPHOE HJIH HOHHOE CTPOeHHEe, XOPOIIO DACTBOPHMEI B BOJE, X UX Ha3bIBAIOT eudpo-
punvnuimu (ot rped. hydor — sozna, phileo — n06m0). Hemonapasle BemlecTsa,
TaKHe KaK OeHZHWH, mapaduH, JKHUDHI, Macja, B BOJle HEPACTBODHMEI, X HA3BIBAIOT
zudpogobuvimu (ot rped. hydor — Bonma, phobos — crpax).

B KJeTKe pasamuaioT Boxy cBoboanyio (90 %) u cBasaHHYIO (IPUMEPHO 10%).
CpaA3aHHAA BOJAA Y4ACTBYeT B 00pa30BAHHM MaKPOMOJIEKYJ H KJIETOYHBIX OpPraHOM-
710B, OHA HUKOT/lA He TePSAeTCHA JKUBOH KIeTKO. Cpo6omHAS BOJIA ABIAETCH CPeJoH,
a TAKYE YYACTHHKOM MHOTHX XMMHUYECKHX DEaKIuil, MPOTEKAIIIUX B KIETKE.
Boauble pacTBOPEI BEIIECTB COCTABIAIT OCHOBY IMTOILIASMBI. Boga ompejpesnser
00'BEM M TYProp KJeTKH u TKaueil. Typzop — 9TO HAUPAMKEHHOE COCTOAHME IIJIas-
MaTHYeCKO# MeMOpAHEI, CO3JaBAEMOe JABJEHHEM BHYTDUKJIETOYHOH MKHIKOCTH,
koropas Ha T0—90% cocTouT U3 BOJHL.

MumsepanbHble BemecTBa. MuHepaivible 6€U,ecmea B KIETKaX IPHUCYTCTBYIOT
B BHE MOHOB M TBEDAEIX HepacTBOPMMEIX coJjieii. HepacTBOpHMEIE COJM IPEeZ-
cTaBJIeHBl B OCHOBHOM (ocdaraMu ¥ xapboHATaMHM, BXOAAIMMUMHA B COCTAB KocTe#,
3y60B, PAKOBHMH H T. 1. PacTBOpHMble HOHB! IPHJAIOT BHYTPEHHEH cpeje KJeTKH
OTIpeeIEHHYI0 KUCIOTHO IeJOYHYI0 DeaKHi0, AKTHBU3HPYIOT CHHTE3 ¢GepMeHTOB.
PaccMoTpuM GuonorudecKie QYHKIUHN BajKHEUIINX HOHOB.

Honw xamusa (K*) u mHarpua (Na®) coszarorT TpaHCcMeMOpPaHHBIH IOTeHIHA
KJIeTKH, 0DecreuynBalonuil Bo3byiuMoCTh €€ HapyKHOU MeMOpaHBI U IpOBeJeHHe
HEpPBHOTO MMIyJabca. OHM aKTHBHBHPYIOT ()epPMEHTHI GeJKOBOTO CHHTEe3a X doro-
CHHTEe3a, CTUMYJIHDPYIOT POCT PACTEHHUH, BEIPAbOTKY rOPMOHOB.
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Honsr kanenus (Ca?’) — KOMIIOHEHTE! KJIeTOYHOH 060I0YKH pacTeHMH, U3 HUX
(bopMHpYIOTCH KOCTH M 3y0bl KMBOTHEIX, OHM BIHMAIT HA PEAKIIHIO CBEDPTBIBAHUA
KPOBH, COKpPAIlleHHUSA CKeJeTHBIX MBIIILL.

Honel xnopa (Cl) BxoaaT B cocTaB CONAHOM KHCIOTHI, KOTOpad ABIAETCH KOM-
[IOHEHTOM JKeJIYy0OUHOTO COKA, AKTHBU3HDYET AeATEJbHOCTh MHINeBAPHUTEIbHBIX
(hepmenTOB B 0be33apajkuBaeT mHITY.

Honsl maraus (Mg?') — KOMIOHEHT MOJEKYJIbI XJopouina, OHH COLepIKaTca
B KOCTAX H 3yDax JKMBOTHBIX, IPMHAMAKIT yuacTie B cuaTede JTHK, AKTHBU3HUPYIOT
9HepreTHYecKUil o6MeH B KieTKe.

Housl noga (I') BXOZAT B cOCTAB TOPMOHA II{ATOBUIHOMN 3Kelie3hbl — THUPOKCHHA,
BJIIMAIOIIET0 HA CKOPOCTH 0OMeHa BemecTs B OPraHU3Me U NoTpebeHne KHCIOPOa.
IIpu ero mepocTaTKe MM M3GBITKE PA3BUBAIOTCA MOPMOHAIBHBIE 3aboseBaHuA, HA-
npuMep MHKceneMa U 0asefoBa GoJIe3HB.

Honn xenesa (Fe?') Bxomar B cocTaB reMorio6uHEa, MHOTIOGHHA (xkucaopos-
CBASBIBAIOIIMI GE/IOK CKeJeTHBIX M CepAeYHON MBIIII), XPYCTANHNKA ¥ POTOBHIILI
IJlasa, OHH ABJIAKTCA AKTHBATOPAMH (DEPMEHTOB, YYACTBYIOT B CHHTE3€e XJI0PO(hHILIA.
Ouenp Ba)<HA POJB 3kese3a, BXOJAIIETO B COCTAB I'eMOIIOBHHA (obecieunBaeT TpaHe-
HOPT KUCJIOPOJA K TKAHAM M OPraHaM) ¥ MUOTJIOOHHA (IEMOHMPYeT MOJeK Y IAPHBIH
KHCJIOPOJ ¥ NEPeNaéT ero OKMCINTEIbHEIM CUCTeMAM KJIeTKH).

C pacTBOpPMMBIMH MOHAMM CBA3AHO TAKKe MOAJePIKAHME MOCTOSHCTBA BHYT-
peHHeil cpeisl KaeTKH. OHU CAYKAT KOMIOHEHTAMH TaK HASHKIBAEMBIX OygheprbLx
cucmem, KOTOpsle U30HpaTeNbHO CBA3BIBAIOT M30bITOYHBIE moHEI H' 1w OH ¥ mo-
BBOJIAIOT NOA/epKUBaTE pH BHyTpeHHelH cpeJbl KJIeTKH Ha ONpeleNéHHOM yDOBHE.
B knerke geitcTByior Tpu GydepHsie cucTeMsl: dochaTHAL (HPO?/H,PO;), xapbo-
narsasa (HCO, /H,CO,) n Geakosas.

Docparras 6ydepras cucrema noanepxusaer pH KieTkH B npegenax 6,9—17,4.
IIpn n30BITKEe HOHOB BOJOPOJA OHU CBABBIBAKOTCH C MepBOH YacThI0 CHCTEMBI:

H* + HPO* — H,PO,

IIpu n36bITKE rMAPOKCHA-MOHOB BCTYNAeT B AeHCTBHE BTODPOH KOMIIOHEHT CH-
CTeMBL:
OH™ + H,PO; — HPO? + H,0

AnajnoruvHO feiicTByeT u KapbouaTHas GydepHas cucreMa, KOTOpasd y4acTBYeT
B mojpaep:xaHuu ypoBHA pH nnasmer kposu B npegenax 7,4.

Hpyrue xuMudecKue 3JeMEHTH B KJIeTKe TAKKe BEITOJHAIOT BAYKHEIE BHOIOTH-
deckue QyHknuu. Hanpumep, Meas yyacTByer B nponeccax KpoBeTBOpeHH:, GOTO-
CHHTe3a, KaTaJIH3UPyeT BHYTPHKJETOUHBIE OKHCJIHMTENbHBIE Ipomeccel. Mapraser
CIOCOGCTBYET MOBBLIIIEHUI0 YPOMKAHHOCTH DACTEHUH, AKTUBM3MPYeT Ipolece (hoTo-
cuHTe3a. Bop BoazeiicTByeT Ha pocToBhIe Iponeccsl pacTerwuit. PTOP BXOAUT B COCTAB
aMainu 3y0oB, IPH ero HeJOCTATKE Pa3BUBAETCHA KapHeC, IPH H3OBITKe — ¢roopos
(pasmArderwe KoCTHOH TKaHN). DIIOOPO3OM CTPANAIOT JIOLH, CBAZAHHEIE C npous-
BoACcTBOM (propa u (ropcosepikamux semects. MoHB! MOIH6IEHA, XxpomMa, KobaJbTa,
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OUHKA CAYKAT aKTHBATOPAMH psjia (epMeHTOB, BIHAIOT HAa MPOIECCh] KPOBETBOpe-
HHA, o0MeHa BemlecTB. IIpy HeXBaTKe 3TUX 3JEMEHTOB MOI'YT HAPYIIATBCA IIPOIECChI
JKU3HEeAeATEeIbHOCTH OPraHH3MOB.

DaeMeHMmbL-0L02eHbL: MAKPOISEMEHNbL, MUKDPOILEMERMbL, YIbMPAMUKPOIILE-
Menmbt; 600a; dunonv;, 6000podHas C6A3b; CeOUCMEa Geuwecma: 2udpoduib-
HOCMb, 2udpohoOHOCMb; MYP20P; MUHEPAJbHbLE Bellecmaa; OypepHble cucmeMmbt.

Bonpockl u 3apaHna

1. C 4em ceA3aHbl yHWKaNbHbIe PU3MKO-XMMUYECKWE CBOICTBa BOAbI? MNepeuncnnTe Te 13

HUX, KOTOpble Haubonee BaxHbI ANS OPraHU3MOoB.

3a CHET Yero NPoOMCXOaMT NOALEM BOAbI MO BONOKHaM Gymarn? Kakoe sHaueHue ons

OpraHu3MOoB UMEIOT KanuinsapHbie CBOWCTBA BOALI?

Moyemy 3MMOMA, KOroa BofAa 3aMep3aeT, PACTEHUS WU XONOAHOKPOBHbIE XUBOTHbLIE HE Mo-

rMbaloT npu OxXNaxaeHnn TemnepaTypsl ux Tena Hwke 0 °C?

. Bcem unsBecTHO, 4TO KNonbi-BOAOMEPKU GEraloT Mo BOAE, Kak Mo TBEPAOH NOBEPXHOCTH.

Kak Bbl 06bACHUTE 3TO fiBNEHUe? Bnarogaps KakoMy CBOMCTBY BOfbl TAKOE BO3MOXHO?

BCé xuBoe COCTOMT B OCHOBHOM W3 yrnepoaa. AHanor xe yrnepoja — KpemHuil, co-

AepxaHue KOToporo 8 3emHoi kope B 300 pa3 6onslue, 4eM yrnepoaa, — BCTPeYaeTcs B

COCTaBe 04eHb HEMHOTMX OpraHn3mMoB. OBbACHUTE 3TOT GakT C TOYKM 3PEHUS CTPOEHKS

aTOMOB WU CBOWCTB 3TUX 3/1IEMEHTOB.

6. Kakue pyHKUMM B OPraHu3me BbIMONHSAIOT UOHbLI 3IEMEHTOB, NPUBEAEHHLIX B Tab. 27

7. TlepedeptuTe B TeTpaib W HAYHWTE 3aMONHATL TABAULY «XUMUYECKWUIA COCTAB KIETKW».
BHecute B HEé cBefeHUs O BOAE M MUHEpaSibHbIX BELLeCTBax.

a & 0 N

XHMHYECKHH COCTAB KIETKH

Haseanusa BemecTs Buoxormueckue GyHrmun

§7. benku. Coctas u cTtpoeHue Genkos

PaccmoTtpute npusengénHble B Tabn. 3 cTpyKTypHbIe hOPMYIbl aMUHOKWUCIOT.
Kakvie xumuyeckne anemeHTbl BXOAAT B COCTAB 3TUX aMUHOKUCNOT?

HeTrsIpe IIaBHBIX 3JIeMEHTa-0HoreHa — YIiepoj, BOAOPOM, KUCIOPOJ U a30T —
BXOAAT B COCTAB OCHOBHEIX OPraHMYEeCKHX KOMIOHEHTOB KJeTKM. Benayimmaa pois
B 00pa3oBaHWM ITHX BELIECTB NPUHAJIEHHUT YTJIEPOLY.

B oprasuamax o6pasyioTcs opraHHYecKye COefUHEHU C PA3HOH MOIeKyISpHO
maccoii. HuskoMonexkyiapHble OpraEndecKue BelecTsa comepsxar 1o 30 aromos
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yraepoxa H HMerT MolderkynapHyio maccy or 100 zo 1000. Orm aBIAIOTCA IpO-
MeXYTOUHBIMH COEQUHEHUSAMH WU CTPYKTYPHBIMH 3BEHBIAMH — MOHOMEPAMU —
MagpomoseKkya. MoneKynAapHaA Macca MOCHEeJHUX MOMKET IIPEBBIIIATh HeCKOJIBKO
MUATHOHOB. Takme BHICOKOMOJIEKYIAPHBIE COeIUHEHHs Yallle BCero NMpeCcTABIAIOT
coboli noauMepsl, COCTOANTHE U3 NOBTOPAIOIINXCA CTPYKTYPHLIX 3BEHBEB — MOHO-
MepoB. Ecam MoHOMepB! OIMHAKOBEIE, TO TAKHE HNOJMMEDPHl HA3BIBAIOT IEPHOIMAYE-
CKUMH HJIH PeryIapHeIMH. Ecii MOHOMEDE! pa3Hele, TO TAKHME IOJUMEDPEL] HA3LIBATOT
HEIepHOANYEeCKUMH WJIH HEPeryJIADHBIMHE.

Cocras OenxoB. Benku, WIH Npomeulsl, — 3TO HENEPHOJUYECKHUE MOIUMEDHI
¢ DONBINMON MOJIEKYIAPHOH Maccod, MOHOMEPAMH KOTODBIX ABIAKTCH AMUHOKLC-
somel. KolmuecTBO AMHHOKHUCIOT B OZHOM MOJEKyJe MoeT KojebaTeca oT 3—5
(v HUBKOMOJIEKYIAPHBIX nenmudos) x0 HECKONbKHX ThicAY. KpoMe aMHHOKHCIIOT B
cocTaB DeJKOB MOTYT BXOAHUTE HEOEIKOBbIE KOMIIOHEHTBI, COAePIKallue KOMILIEKCEL
METAJLJIOB ¥ OPraHUUYeCKUX BellecTs.

CyiiecTByeT OrpoMHOE KOJIMYECTBO AMHHOKHCIIOT, OJHAKO B OPraHu3Max BCTpe-
uarpTca okoso 170 BugoB, a B cocraB OenkoB BxoaaTr Toasko 20 Bumos. X dop-
Myl mpejcrasieHsl B Tabaune 3. He Bcerga B Genke MmoxHO 00HapyxuTh Bce 20
AMHHOKHUCJIOT. BeTKH Ka/10ro OpraiusMa CTporo cnenuIHbl B UMEIOT PasiIndHoe
KOJIHYECTBO aMHHOKHCJIOT M MOPALOK KX YepeJOBaHUsA, MO3TOMY DEJIKH OTHOCAT K
HeNepHOAWYECKHUM MOJAMepaM.

IIpeacraBuM, YTO ¥ HAC TOJBKO TpH aMuHOKHCI0TEI — A, B, C. CKonBKO Bapu-
AHTOB IENTH0B MBI MO3KeM nocTpouTs? ocraTouno maoro, 6omee 20. Hanpumep,
A—A—A, A—A—B,A—B—C,A—C—B, B—B—C, B—B—B, B—C—A, B—A—A,
C—C—C u 1. n. Teneps npeacTaBuM, 94TO UMEETCS HE TPH, 4 ABAANATH AMHHOKHC-
JI0T, a KOJMYEeCTBO UX B OgHON Mojekrynae Geaxa Gomee 100 unu 1000. MoxuO BO-
o6pas3uTs, Kakoe pasHooOpas3ue BapHAHTOB MOJYYHUTCA B 9TOM cJaydae.

Mone}cynﬂpﬂaa Macca GEJIKOB Ro.neﬁne'rca OT HeCKOJIBKHX AeCATKOB J0 HECKOJIb-
KHX MMJIJIMOHOB B 3aBUCHUMOCTH OT 4YHCJIa AMUHOKHCJ/IOTHEIX 3BEHBEB U KOJIMUECTBa
NeOTHAHBIX Iemeil, BXOAAIIAX B COCTAB MOJEKyJibl Oenka. Hampumep, Monexyiia
Oesixa pHOOHYKJIeas3bl COCTOMT U3 124 aMMHOKHCJIOT H HMEeT MOJIEKYIAPHYI0 Maccy
12 640. Moserkyaa remoro0HHA COCTOUT U3 4 Iened ¢ 0OIIUM KOJHYECTBOM aMH-
HOKHCIOT 574 1 MonekyasapHoi maccoii 64 500. HanGoJsiee BEICOKOMOJIEKYIAPHBIMA
ABIAITCA OeMKH BUpPycoB. Besok Bupyca Tabaunoi Mosamku (BTM) cocTouT mM3
2130 memeit ¥ UMeeT MOJIEKYAAPHYI0 Maccy npumepro 40 000 000.

CTtpoeHHe H CBOMCTBA aAaMHHOKHCIOT. AMUHOKUCLIOMb. — 3TO OpraHHYecKHe
BeIllecTBa, cofepsRaniue B MoJieKyJe Kapbokcuabuyio rpynny (—COOH) u amunO-
rpynny (—NH,), cBA3aHHEIe C OTHEM H TeM Ke aTOMOM yriepofa (puc. 28).

AMMHOKHCJIOTEI UMEIT IBOHCTBeHHYIO npupony. Hanumune xapbokcHIbHOI
rPYOObI ONpefendeT UX KHUCJIOTHBIE CBONCTBA, & AMHHOIPDYNNEl — OCHOBHEIE.
BoJBIIMHCTBO AMHHOKHCIOT — aM@oTepHble BemecTBa. AMGpOTEPHOCTh ABIAETCA
BAYXHBIM B OHOJOrMYECKOM OTHOMIEHUH CBOHCTBOM. B KiIeTKax aMHHOKHCIOTHI
cnoco0HBI AeHCTBOBATH KAK Oy(epHbIe CHCTEMBl — IIPENATCTBOBATH H3MEeHEHUIO
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pH cpezbl, npucoeAUHAS HIN OTINEIIAA KapGokcunbHast

HOHBI BOAOPOAA. H o) rpynna
AMHHOKHCJIOTEI OTJIMYAIOTCA APYT OT | T

npyra crpoeruem paaukanos. [locnenane H—N c\

MOTYT COLEPKATh NOIMOJIHHTEIBHYIO Kap- OH

DOKCHJIBHYIO FPYNNY HJIH AMHHOTIDYIIY, AmuHorpynna H

a TaKJKe aTOMBI cepkl, criocobHEIe 0Opa-
30BBIBATH MeKAY co00i AucylIbOUIHEIE
CBA3H, BKJIKUATE TUAPOMUIBHEIE MU Papukan
ruapodobHbIe TPYNINIUDPOBKHA aTOMOB.
OcobeHHOCTH PAJHKAIOB aMHHOKHCJIOT,
HX PAacHoJIOKeHUe B MOJIEKYJe BJIHAIT
Ha CTPYKTYPY, GHU3HUECKHEe U XHMHYEe-
CKHMe cBoicTBa 0EJIKOB, ONpeesdlT UX
6uosornueckue QyHKIIUH.
T'ugpodobHEIe pafMKa bl AMUHOKHC-
JtoT (TIMIMHA, AaHWHA, BATMHA, H30JIeH-
nuHa, JelinuHa, (peHUIaNaHUHA, THPO-
3WHA U METHOHWMHA) UTPAIOT BAIKHYIO POJib
B opMEpOBaHUU GETKOBON MOJIEKYJIBI 1 Puc. 28. Crpoerne aMmuHOKHCIOTEL. Obmasn
OIIPe/IeNIAIOT €8 YCTORYNBOCTD, CINIAACE, Gopmyra u cxema
nono6HO KamiAM JKHpa, APYT ¢ APYyroMm
u o6pasyd CTPYKTYDHl ¢ HaMMeHbIIeil IIOBePXHOCTHI0. ITH PajMKaJbl BCeraa Ha-
paBJjieHbl BHYTPhL 0EIKOBOM I0o0yibl.

I'uapoduiabHbIe PAZHKATIbBI, COAepIKalie rPyIbl —COOH, —OH, —NH,,
pacmonaraioTcsa oOBIYHO CHAPYIKHM MOJIEKYJbl, TAK KaK BHYTPEHHAA CPefa KJIEeTKH
npepcTaBaseT cofoil BoAHEL pacTBop. OHUM OKA3bIBAIOT BIMAHME HA PACTBOPHMOCTD
Genxos. Hanpumep, B 6enke ménka (pubponne) 70 % aMHUHOKHCIOT COZEPKAT TMAPO-
(hobHBIe paiMKaIbl, I03TOMY OH HEPACTBOPUM B Boje. B sndHOM benke ans0ymMHUHE,
HaoBOpOT, BHICOKOE COJEpP;KaHHe AMHHOKHCIOT ¢ IMAPOQHUIBHBIMH PaJHKaJaMH.
IlosToMy AaHHBIN GeJOK AOCTATOYHO XOPOLIO PACTBOPAETCH B BOZE.

V HeKOTOPBIX AMHHOKHCJIOT MMEeTcs eIlé OZHA JOIOJHUTeNbHAdA KapOOKCHIb-
Had Tpymnna (acrnaparvHOBas M IVIyTAMUHOBAA KHCJIOTH) MIH AMHHOTDYIINA (nua3uH,
apruEWH, THCTHANH). Takne aMHHOKHCIOTH OyAyT NPOABIATH COOTBETCTBEHHO
KHCJIOTHBIE HJIH OCHOBHBIE cBOMCTBA.

M3BecTHO, YTO HEKOTOPEIE AMHHOKHCJIOTHEI HE MOTYT CHHTE3MPOBATBCA B OD-
raHU3Me JKMBOTHBEIX ¥ yejaoBexa. Ho OHM HeoOXOAHMMEI A MOCTPOeHUsA GeNIKOB U
IOJI3KHBI TIOCTYIATH B OPFAHM3M B IOTOBOM BHe ¢ nuieil. Takmne aMHHOKHCIOTHI
HA3BLIBAIOT HE3aMEeHUMBIMH. B pacTeHHSX CHHTE3HPYIOTCHA BCe aMHUHOKHCIOTHI, HO
pacTHUTeIbHBIE OeIKH ualle BCero He cOJep:aT ONHOBPeMeHHO BCe He3aMeHHMMble
KWCJOTHI. BelIKH, B KOTOPEIX OTCYTCTBYET XOTdA OBl 0/lHA He3aMeHHMasg aMUHOKHC-
JI0TA, HA3LIBAKOT HEIIOJTHOIeHHBIMU.
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Tabauya 3

AMHHOKHCIOTEI, BXOAAIIME B COCTAB GEJKOB

Hazpanne aMHHOKHCIOT

Tigrems MoJHOe COKpaIEHHOe Crppuxypek gopagua
MoHoaMHuHO- I'nununa T NH,
MOHO- (HesameHuMAasn) H,C -
KapGoHOBLIE ™~
KHCJIOTHI COOH
AnasuH Ama NH,
HC—CH
COOH
Banun Ban HC NH
(HesamennMan) 2 = N :
He COOH
Jleiinun Jleit HC NH,
(mesamMeHHMAasn) =g .
CH —CH, — CH
HC COOH
Uszoneitiun Hre H,C —CH, NH,
(HesamMeHuMasn) CH — CH i
e COOH
TI'mppoxkcu- Cepun Cep NH,
MOHOaMHHO- HO — CH. — CH ~
KapBOHOBEIE . M O
KHCJIOTHI
Tpeonun Tpe HC NH,
(mesamennMas) o e CH =
HO ~ COOH
Cepocoaep- Ilucrenn ITuc NH,
JKamue HS — CH,—CH -
MOHOAMHHOMO-
HOKapOoHOBLIE COOH
KHCJIOTH! MeTHoHHE Mer - NH,
(He3aMeHMMAN) H,C—S—(CH,), — CH
COOH
MonroamMuHO- Taryramunosas |y - NH,
AIUKapOOHOBEIE |KHCIO0Ta HOOC — (CH,), — CH
KHCJIOTHI COOH
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Oxonvanue madn. 3

HassaHue aMHHOKHCJIOT

I'pynma = Crpykrypuas (opmyna
MOJHOe COKpam@EHHoe
Acnaparnsosad | Acn _~NH,
KHUCJI0Ta HOOC—CH,—CH e
COOH
MoHOaMHIBI T'nyramusH Tan NH,
MOHOAMMHO- HN ':—-(i—(CH,JQ—CH
AHMKApOOHOBBIX g | COOH
KHCJIOT
Acnaparuu Acu _~NH,
B
l \COOH
)
Huamuno- Apruaun Apr NH,
MOHOKap6o- HEN_C_NH_(CHa)s_CH\
HOBEIE ” COOH
KHUCJIOTHI NH
JIlnauu JInus o NH,
(EezameHHMAsT) N —(CH,) 4—CH\
cooH
Apomatn- Pennnananuy | Pen NH2
YecKHe (HezaMeHHMAsT)
AMMHOKHCJIOTHI QCH CH
OOH
Tuposun Tup NH,
CH, —CH
COOH
Terepouuk- IIponun IIpo C =
JIMYEeCKHEe aMH- Hzc
HOKHCJIOTHI | NH
HQC""—-—-—
COOH
Tuctuaua I'me
/ _NH,
CH, CH
NH ™ coon
Tpunrodan Tpu
(HE3aMEeHNMAST)

H2
CH, —CH
| "> COo0H




46
- fnasa 3. XMMMYECKAS OPTAHU3ALIMSA KJIETKM

Puc. 29. Mexauusm obpasoBanus nentuaHo# cBasu (I). Cxema NEepBHYHON CTPYKTYDHI
benra (2)

Kap6oxcunpHas rpynna ¥ aMEHOTPYIIA 00IaZAI0T OQHOM BAXKHOH 0COBEHHOCTHIO.
Onu cnocoGHBI B3aHMO/JeHCTBOBATE APYT C JAPYroM € OTIIeIJIeHHEeM MOJIEKYJIBI BOJBI.
B peayibraTe 3TOro MeskIy pasHEIMM MOJEKYJIAMH AMHHOKHCJIOT BOSHUKAIOT CBA3H,
COeIMHANMIME HX KaK Obl «XBOCT K romose». CBfA3b, 00pasoBaHHAA MeXIy Kap-
GOKCHIBHOM rPyNNoOi OXHON AMUHOKHMCIOTH U AMMHOTPYIIIION APYToii, HASKIBAETCSH
nenmudhoil céasvio (puc. 29, 1).

AMHHOKHCJIOTBI, COeJHHEHHBIE APYT C APYrOM MENTHAHOH CBA3BIO, 06pasyioT
ANTHHHBIE OJTHMeDhI — Oe/IKM, KOTOpPbIe MHAUYe Ha3bIBAIOTCA noJunenmuiamu.

Crpykrypsi Genka. Belkn MMeIOT HECKOJIBKO CTPYKTYDHBIX YPOBHeH Opranmaa-
IHH, KOTOPble 00eCIeYHBAIOT HX CYIEeCTBOBAHUE M ONpeNeNdaroT (QyHKIMH.

Ilepeunnaa cmpykmypa Geika — 3TO YHUCJIO M TIOCAELOBATENLHOCTE AMHHO-
KHUCJIOT B NOJHIENTHAHOH LeNy, CBA3aHHBIX NeNTHAHOH cBaAabio (puc. 29, 2). DOra
IOC/Ie/I0BaTeJIbHOCTE ONPeesiAeTca HacJeACTBEHHON IpPOrpaMMoi, MoaToMy GelKn
KajsKJ0ro OpraHu3Ma CTPOro cunenu(uyHEL.

Brnepsble aMuHOKHCIOTHAA IOCAeA0BATENBHOCTL Oblla pacmudpoBaHa s
Gesika MHCYJINHA — rOPMOHA, KOTOPLIH PEryIupyeT colep:kKaHue caxapa B OpraHus-
me. HccnenoBarua nposoaunucs 8 Kembpupmckom yausepcutere @pesepukom
Canrepom u samsam 10 ner, ¢ 1944 mo 1954 r. 3a aT0 OTKpPbLITHE YYEHBIH GBLI
yaocroeH HobGenesckoit npemun. Mosekyia MHCYIMHA COAEPRUT 51 aMUHOKMCIOTY
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¥ EMeeT MOJIeKYJIApHYI0 Macey 5733. OHA COCTOUT H3 LA denvnanarvH
ABYX TONHIENTHAHBIX Ieneif, COBAUHEHHBIX AUCYIb- VisonedLmH R
duaaeiMu mocTuramu (puc. 30). Ba.l|1b'IH Acnaiaamn
B macrosAmee BpeMsA CO3[JaHBI cIelUaibHBIE ITDH- rﬂyTaM‘HHOBaH T
Gopbl U paspaboTaHBI METOAHKH, IO3BOJAKIMUE 10- kucrota e e
CTATOYHO OBICTPO ONPENENNUTh IEePBHYHYI CTPYKTYDPY rnyrz!mmu e
OeJKOB. JTO IIO3BOJHMJIO PACIIH(POBATE NEePBHYHYIO LucTtenH
CTPYKTYPY YK€ HECKOJbKHX ThICAY OENKOB. I_ u,uc}eun.s-'s'u"cnm“"
Bmopuunasa cmpyxmypa Oenrxa — 3TO OuUpene- L r”";“"”
JéHHAS KOMIIOHOBKA TMOJMUIENTHAHONW ey 3a CY4ET ce;')m Ceap
BOZOPOAHBIX CBA3ell, BosHHKaomux mexay CO- $ Rl LT
u NH-rpynnamu. CymiecTByioT ABa THIA BTOPUYHON \—Ll,uc!renu Nefums
CTPYKTYpBI: Oi-crimpans u P-cTpykrypa (puc. 31). CepuH Banut
o-cnupans — MOJHUINENTHAHAA [eNb, 3aKPYIeHHAA J'Ieﬁ'umu rny;:g:ongaan
CIMpAJBHO U yIepKUBaeMas BOJOPOJHBIMU CBA3AMM, To pcl, i HE
BOZHUKAMUME Mexkay rpynnamu —CO— u —NH— B - yTtiaMH . neﬁ'u,mu
BuTKax cuupand. C IOMOIbI0 PEHTTEHOCTPYKTYPHOTO 7% ﬁ'uuH Tnp:a i
AHAJIN38 YAAJ0CHh YCTAHOBUTHL, UTO B OJHOM BHUTKE |
rnyrammHoBas NeiAunH
pacunonaraercs 3,6 ocrarka ammEOKHMCIOT. BhicoTa KMcnoTa i
oxuoro BuTKa cocrasidger 0,54 amM. BogopogHEIe CBASH Acﬂaplnaruu Ba:wm
MOTYT 3aMbIKAThCA TpaKTHYecKn Mexay scemu CO- u Tipoas ’s,l-l!ﬂcTeMH
NH-rpynnamu B Ien, I09TOMY BTOPUYHASA CTPYKTYPa Lsioraus 87 Tnvumn
nocraTogHo yeroitamsa. CTPYKTYDPY B BHJE O-CIIHPATIH e rnwnm(%eaa
WMET MHOTIHe GeJKM, B 4acTHOCTH OesJIOK KepaTwH, |
- a-uers AprHuH
BXOAAINAIH B COCTAB BOJIOC, MIEPCTH, KOJKH I03BOHOT- St
HBIX KHUBOTHBIX. B 6eJKax cuupaJbHble YIaCTKH MOTYT o R
yepesoBaTLCA ¢ HECOHPAJIbHBIMU YIaCTKAMH.
” o denunanaHH
Ipyroii pasHOBHAHOCTHIO BTOPUYHOM CTPYKTYDBI i
sapadgerca P-empyxkmypa. ITo CIOHCTAsA, CKJIaLIATAA o
CTPYKTYpa, 06pasoBaHHAA IAPAIIETIbHO PACION0MKEH" TpepHuH
HBIMM COCEJHUMH YIACTKAMHY IOJUIENTHIHBIX Henei. Mpony
CJtou B 5T0ii CTPYKTYPE TaKyKe CBA3AHBI APYT C APYTOM s
BOJOPONHEIMH CBABAMH. [-cTPyKTypa BCTpedaerca B TpeoHuH
rI00yNApHBEIX OeNKax, rae Yepeayercda C O-CIHPaIb- B-uene

HBIMHA Y9aCTKaMH.

TpemuyHas cmpyKkmypa — 3TO NPOCTPAHCTBEHHAA
KoHGUrypanas 6enxa B BEAe KOMIAKTHBIX raobyi.
OHa moamepXUBaeTCA 32 CYET B3ANMOeACTBHI MeXAY

Puc. 30. IlepsuuHas
CTPYKTYpa HHCYJIHHA

pazvKaZaM¥ AMHHOKHMCIOT: KOBAJIEHTHBIX AMCYJABQUIHBEIX MOCTHKOB, HOHHBIX,
BOZOPOAHKIX CBA3ei, ruApodoBGHEIX BaauMo/elicTBHi (pHC. 32, I). Bnarogapa Tpe-
THYHOH CTPYKTYpe 0eJKu IpHoGpeTaoT onpeienéHnyio Gopmy. s eé BEIABICHUA
HCIOJIB3YeTCA MeTOJ PEHTTeHOCTPYKTYDHOrO aHaIH3a.



Fnasa 3. XWUMMWYECKAS OPTAHU3ALIUS KJIETKMU

1 2

Puc. 31. Bropuunas crpykTypa Genka: 1 — o-cupains; 2 — PB-eTpykTypa

Jemeepmuyunas cmpykmypa — 3TO HAAMOJEKYIsSpHAS CTPYKTypa, ob6pasyio-
asacsa IPH B3AaHMOJEHCTBHH HECKOJIBKHX MOJHIIENTHAHBIX Ienei (cybbenuumIn)
apyr c¢ apyrom. OHa cBoiicTBeHHA He BceM Oenkam. Hampuwmep, HHCYJIHH HE HMeeT
9eTBEPTUYHON CTPYKTYDHI, a GesloK reMoriobuH, cocToAmuil ua 4 cyOBbequHnIIL,
HMeeT Takyl cTPYKTypy (puc. 32, II). Ero Mosekyja COCTOMT M3 ABYX O-Iiemed M
AByx P-uemneii. B meHTpe Gesk0BOI MONEKYIBI HAXOAUTCH OpraHUYeCcKOe BeIecTBO
HeDeJIKOBOH NPHUPOJLI — reM, coIepKAIINi MOH JKeesa.

OcoberHOCTb BCEX CTPYKTYp M (hopMa GerkoBoii MOJIEKVJIBl OTIpeNeIIIOTCH eé
NepBAYHOH CTPYKTYPOH.

Monomep; norumep; Gerox (npomeun ); nenmud; amunokucioma; nenmudnas
C643b; NOAUNEnMuUd; cmpyKmyps. 6enka: nepeuinas, 6mopuinasn ( o-cnupadv,
B-empyxmypa ), mpemuunas, vemeepmuunas.
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1) >c=0 - H—N{
2) —0—H ... O0=C(
3) -S——8§-
4) —-i:—o‘ HyN—
o}
I 5) —R R—

Puc. 32. YpoBuu opraHusanuu 6exxoBoil Mosekyab: I — TpeTHuHas cTPyKTYpa
u nojjep:xuBarmue eé cpasu; [I — deTBepTHYHAA CTPYKTYpa

Bonpocbkl n 3apnavna

1. B 4€M CxOACTBO M OTIMYMA B CTPOEHUM AMUHOKUCNOT? Yem onpeaensercs yHUKaNLHOCTb
CBOWCTB KaXA0H aMWHOKUCNOThI?

2. 3a cu4ET B3auMOAENCTBUSA Kakux rpynn aMUHOKUCIOT NPOMCXOANT 0Bpa3oBaHue NenTua-
HbIX CBA3ein? Hapucyite cxemy nenTtuaHoi cBsA3w.

3. Kakue cBsav cTabUnManpyioT BTOPUYHYIO CTPYKTYPY Benkosoit Monekynsl? Moyemy BTO-
pudHan CTpykTypa nenTuaoB A0CTATOYHO NPOYHAd, XOTS NOLOEPXWBAKLME €8 CBA3M
3HayuTesbHO cnabee KOBaneHTHbIX?
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4. Vcnonbaya dopmynsl n3 tabn. 3, HanuwWNTe B TETPaAKW CTPYKTYPHYIO Gopmyny Tpunen-
TWAA AnaHWI-UUCTEUHUN-MIULMHA.

5. Yro npeacrasnset coboit TpeTUYHan CTpykTypa BenkoBoit monekynsl? HasosuTe TUMb
XUMUYECKMUX CBA3EW, CTabUNU3UPYIOLLMX TPETUYHYIO CTPYKTYpY (cm. puc. 32, |). Kakve
13 HUX Hanbonee nNpoyHbie? OBbACHUTE NOYEMY.

6. Wmetorca Tpu Buaa ammHokucnot — A, B, C. CocTtaebTe HECKONBbKO BApMaHTOB NenTnaos
13 NATU aMUHOKUCAOT. ByayT nun aTv neHTanenTtuasl 06nagats OAMHAKOBLIMU CBOMCTBAMM
v cTpykTypamu? OTBET NOACHMUTE.

HdononHutensHas nHpopmayus

Kongurypaiuo Ge1xoBoil Monexys! suepssie onpefenuan JI. IlTonuar u P. Kopn.
Hcxons U3 AaHHBIX AMHHOKMCIOTHOTO cocrtasa H crmocobuoctu CO- u NH-rpynn o6pa-
30BBIBATH BOJOPOJHEIE CBA3H, YYEHbIE BHICKA3aIu DAL NPe/TI0I0MKeHui.

Tak, GBIJIO BEICKA3AHO MPEAIOJOKEHHe 0 TOM, 9TO CTPYKTYDPa MOJEKYIBI HOJIKHA
6bITH KOMIAKTHOH, B Heil JOJKHBI COXPAHATLCH TAKHe jKe PAcCTOAHHA, KAK U MeXay
AMHHOKHCIOTAMH, KOMIIOHOBKA MOJHIIENTHAHON e AOJKHA OBITH TAKOBA, YTOOHI B
Helt 06pa30BBIBATIOCH MAKCUMANIBHOE KOJIMUECTBO BOLOPOJHBIX CBA3eH. 3HadA PACCTOAHNA
M yIJIBL CBA3€#, YUE€HBIE ¢ IOMOIIBI0 MOJeNiell MOCTPONIN JBe BOZMOMXHEIE CTPYKTYPHL,
KOTOpBIE V/IOBJIETBOPAIN 3THM Tpebopapnam. TakuMu CTPYKTYPAMH SBUIMCH (- CITUDAb
u B-crpyxrrypa. [losske taHHEIe PEHTIeHOCTPYKTYPHOTO aHAIN3A KPHCTAITHYECKHX Gen-
KOB IOJHOCTBIO TIOATBePANIN BEIIBUHYTYIO HMH I'MIOTE3Y.

§8. CeonicTBa n PpyHKUMN 6enkoe

J) : PaccmoTpuTe puc. 33. Kakue cTpykTypbl GENKOBOA MONEKYNbI Pa3pylualnTcs
= npwu geHatypauun?

BeckoHedHoe pa3sHooGpasme GenKoB 00yCA0BIEHO YHCIOM M Pa3IMYHOM I0CTIeL0-
BATELHOCTHI0 AMHHOKHCIOTHEIX OCTATKOB B MOJHMIIENTHAHON menu. JTO ONpeieaseT
pasINYUA TPOCTPAHCTBEHHON CTPYKTYDEI, CBOHCTB 6elKOB 1 ofecreuynBaeT BbINO-
HeHHe UMH Ba)KHEHIITHX OHOJIOTHUeCKUX QYHKIIHM,

CroiicTBa Genkos. Brarogaps 0cofeHHOCTAM CBOEro CTpOeHHsA 0eJKH NPOABIAIOT
yIMBHTeIbHOE padHooOpasue PU3HIECKUX M XMMHUYECKHUX CBOMCTB. B 3aBucumMocTH
0T AMHAHOKHCJIOTHOTO COCTABA B BOJHOM PacTBOPe OHH MOTYT HMeTh HedTpalibHYIO,
KHCJIYIO MM IeJ0YHYI0 peakuio. ViMes 110-pa3HOMY 3apsKeHHBle IPYIIIMPOBKHA B
MoJIeKyaax, GeIKy cIocoOHEI TepeMeIlaThes B aJeKTpudeckoM noJje. ITo oTHomIe-
HHAIO K BOJIe CYIIECTBYIOT COBEPIIEHHO HepacTBOpPMMBIe OeJKH, HO €CTh M XOpOIIOo
pacTBOPHMEIE B BoJe OelKH.

Berpeuarorcs 6eKH Kak BEICOKOYCTOMUMBEIE K NeHCTBUIO PA3NIUYHBIX (aKkTopoB,
Tak ¥ OYeHb HEYCTOIYWBBEIE, MM JIETKO paspymiaioiiuecd. FamMenenue CTPYKTYDPEI
1 morepa GeJKOM ero TPUPOJHBIX CBOMCTB M CTPYKTYDHI IOA BO3AEHCTBHEM KaKHX-
1u60 GaxkTopoB HaseBaeTca denamypayueil (puc. 33). CreneHb AeHATYPALAN 3aBUCHT
OT MHTEHCHBHOCTH BO3[EHCTBYIONIEro (DaKTopa M MOMKeT ObITh 0GpaTHMOi M Heob-
parumoii. Heobpatumas IeHATYpAIMA IPOMCXOAKT IOJ BO3/EMCTBHEM Da3IMIHBIX
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Puc. 33. [lenarypanus Oeaka

XMMHYECKHX BellleCTB (KOHIeHTPUPOBAHHLIX PACTBOPOB KHCJOT, IejoYel, cosei
TAMENBIX MeTaJJOB), BRICOKMX TeMIepaTyp, PaZuOoaKTHBHOIO UaaydyeHms. IIpm
3TOM PaspymialTcs Bce CTPYKTYpPhI Oeslka, N3MEHAIOTCA SJIeKTPHUYECKHe 3apSAAbI €ro
MOJIEKYJI, YTO IPHUBOJHUT K UX CIUNAHWIO ¥ CBOpaymBaHWio. [Ipn TeMmeparype Beillle
40—50 °C muorue GelKH CBOpayMBalOTCH, T. €. AGHATYPUDYIOT HeobpaTumo. Comn
JETKHX METajJIoB U pasbaBleHHEIE PACTBOPHI KUCJOT M IeJioYell BEISBLIBAIOT 06pa-
TUMYIO AeHATYPALMIO, H IPU CHATHH (DAaKTOpa BO3AeMCTBHA 00K BOCCTAHABIMBAET
CBOH CBOIicTBa M (HhYHKIHH.

ITpomece, oOpaTHEIl JeHATYpaWy, HA3BIBAKT penamypayueil. BoccraHOBIEHNME
Oenxa MOxHO HaOIIONATE TOJNBLKO B TOM CJIyYae, eC/IM U3MEHEeHHS He 3aTPOHYJIIH ero
LIePBUYHYI CTPYKTYDY. OTO elllé pas JOKa3bIBAeT, UYTO NePBHYHAA CTPYKTYpa OellKa
olnpejesdaeT BCe OCTAJbHBIE YPOBHHM OPraHHW3aIHH GEJIKOBOM MOJIEKYJIBI,

O6uapyxuTh GeIKH B KJIETKAaX W TKAHAX MOMHO C IIOMOIIBIO IIBETHHIX Kade-
CTBEHHBIX peaknuii. OnpejgenuTs Hammyne JOOLIX GEIKOB B pacTBOpax, KJIETKaX,
TKAHAX MOYKHO C IOMOILIBI OMypeTOBOH peaKIHH (9TO PeaKiuus HAa MeNTHIHYIO
CBfI3b): IPM AEHCTBUH Ha pacTBop GeaKa B IIeJ0YHOI cpefie cyibdara Mexm 1mo-
ABJAeTcA (DHOJETOBOE OKpaIlHBAHHE.

KcanTonporennoBas peakus — 9T0 KAYeCTBEHHAA PeaKIlUd HA ApDOMATHUYECKHE
PafuKaibl, CoAepIKallecs B aMUHOKHCIOTaX, BJIarojapsa KOTOPEIM IIPH A00aBIeHHH
K GeJIKy KOHIIeHTPHPOBAHHOM a30THOMH KUCJIOTHI [I0SBIAETCS MKEITOE OKPALIABAHYE.
9Ty peaknuio JaloT He Bce GEJIKH — B YACTHOCTH, KeJIATHH He COAEPIKHT apoMma-
THYECKUX aMHHOKHCIIOT, [I09TOMY KCAHTONPOTEHHOBASA PeaKIMs B JAHHOM cJydae
Oyzer OTPUIATENLHOM,

Kaacendurauun 6eakos. Beaku, cocToAIHe TOIBKO Ha HOJIMOENTHIHBIX Ilereil,
HasbpIBAIT NPOMeUHaAMU UIH npocmbulMu Oenikamu. DTO HEHTpPAIbHBIE DEJIKH allb-
OyMUHBI (AMYHBIH, CHIBOPOTOYHEIN), II06yIHHEL (aHTHTe A U DUGPUHOTEH KPOBH),
OCHOBHbIE GeTKY THCTOHEI, COJepIKaInuecs B AAPaX KIeTOK, hubpUIIApHEIE GeJKu
(kepaTHH, KOJIATeH BOJIOC H CYXOMKMITHIT).

CroxcHuie Genku, KpoMe MOJUIENTHAHBIX [eei, CO/IePIKAT ellé U HeDeIKOBBII
KOMIIOHEeHT, IPHPOJa KOTOPOro OTpa)kaeTcd B HX HasBaHWH. Taxkue OelKu moapas-
AeNAT Ha TPYNNLI B 3aBUCHMOCTH OT COCTaBAa HeDe/IKOBOH YacTH.
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Q.

3

Puc. 34. @®opmer
6eJIKOBEIX MOJIEKYJI:
1, 2 — rnobynspHEie;
3—5 — ¢(ubpunnap-
Hble DenKH

Xpomonpomeunsl. cofep:kaT OKpallleHHbIe HeDeJlKOBbIe
KOMIIOHEHTEI, CBA3aHHEIE C HOHAMH METAJIJIOB. JTO IeMo-
rI00MH, XJI0POGMILI.

T'aurxonpomeurs. cocToAT U3 HeKa W Pa3IUYHBIX YIJie-
BOAOB (MYIIMH CIIOHBI, MYDEHH 000J09eK KJIeTOK GaKTepHii).

Junonpomeuns. IPeACTABIAIOT cO00I KOMILIEKCH felKa
M JIMOUHBIX MOJIEKYJ (KOMIIOHEHTHI KJIETOYHBIX MeMOpaH).

Memaanonpomeursl. COLEPKAT MOHBI METAJIA, HEIO-
CPEACTBEHHO CBABAHHOrO ¢ Oenxom. IT0 MHOTrHe DeNKu-
(hepMeHTHI, COAepIKALie HOHBl MAPraHna, [HHKA.

Docghonpomeurs. UMelOT B CBOEM cocTaBe (hochopHYIO
KHCJIO0TY (KaseuH MOJIOKA).

Hyraeonpomeunsl CBA3AHEI ¢ HYKJIEMHOBEIMH KUCJIOTA-
MH, OHH 00pa3yiT XpPOMOCOMEI KJIETOK H ABIAITCA KOMIIO-
HeHTAMH HAaCJeJACTBeHHOTO anlapara BHPYCOB.

ITo dopme Monmexkynbl Bece DeTKH MOYKHO pasjieUTh Ha
riobynapHeie n Gubpunnspase (puc. 34). Irobyrapusie
0eJIKH MMEIOT BHJ[ KOMIAKTHBIX TeJell, PACTBOPUMEI B BOJE.
OHU BBINIOJHAKT pasHooOpaszHble QyHKIHH (HATpUMED,
depmenTsI, aHTHTENA). PUOPULIADHbLE DETTKU IPEICTABISIOT
co00i1 JINHHLIE THXKH, HATH, BOJOKHA. OHH HEPACTBOPHMEI
B Boje, 00aazaT GOoabIIONH MeXaHHYeCKOH NPOYHOCTHIO,
BBHINOJHSAIOT B KJIETKEe U OPTaHU3Me CTDYKTYDHYIO H COKDa-
TUTEJBHYI0 QYHKIINH.

Dyaknuu OenxoB. Benrku pasHooOpasHBEI HE TOJBKO I10
COCTABY M CTPOEHHIO, HO M IIO BEINOJHAEMBIM (DYHKIIAAM.
CaMoil BasKHOW W3 HUX ABIAeTCA (epmenmamusnas. Pep-
MeHmbl — 3TO OHOKATATIN3ATOPHI, KOTODHIE YCKOPSAIOT BCE
XHUMHYECKHe PeaKIlNK, TPOTeKanInue B KIETKe U Opraiusme.

CmpoumenvHbie Oenxu obpasyior MeMOpaHBI KJIETOK,
Tes10 puboCcOoM M BXOJAT B COCTAB MUKDPOTPYBOUYEK, KOTOPHIE
npuzanT Kierke opmy. Her 54 ogHOTrO OpraHona KJIeTKH,
KOTOpGIH He cojep:xas Obl Oeska.

Heuzamenvnaa GYHKIHUA CBA3aHA C COKPATHTEIbLHBIMHA
fenKaMM, KOTOpPhIE BXOIAT B COCTAB MBIMIEYHBIX BOJIOKOH
(HanpuMep, AKTHH W MHO3HH), MEKDPOTPY0OUYeK, PeCHHYEeK,
SKIYTHKOB ¥ 00eCIIeYMBAIOT JBHUKEHHE OPTaHU3MAa 1 KJIeTOK.

TpancnopmHble GeTKU CBA3BIBAIOT M MEPEHOCAT BeIleCTBA BHYTPH KJIETKH H
opramuamMa. Hanpumep, reMorjao06MH 3pUTPOIHTOB IIePEHOCHT KHCJIOPO/, CBEIBOPO-
TOYHBIA aJIBOYMHHE KDOBH — JIMIHBI.

Pezyaamophsie Genkn BAUAKT Ha o0MeH BelllecTB B KJETKe W OpraHusMe.
Hanpumep, ropMOH MHCYJMH PeryJaupyeT yIVIeBOAHBIH 00MeH B opraHuame, obec-
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§ 8. CeoiicTea 1 dpyHkuumn Genkos

meuyMBas NpeBpallleHle III0KO03bl B MNINKOreH. DelIKu-pempeccopbl PeryJIupyoT
Ipollecc CYUTHIBAHUSA I'€HOB B AApe.

PeyenmopHbie OeNKK, HATTPUMED POJOICHH, BXOJANIHHA B COCTAB CBETOYYBCTBH-
TeIbHBIX KJIETOK CeTYaTHKHU Ijasa, oldeclledMBaeT NOABJIEHHe HEPBHOTO HMMIIYJbCA
B OTBET Ha JeiicTBHe (JOTOHOB CBETA.

Sawummnsie GeJIKH, HAIPUMep HHTeP(EpPOH M MMMYHOTJI00yIMHEI, 00pa3yoT
aHTHTEJa, 3aIUIA0IINe OPTaHU3M OT YYXKepPOoAHbIX 0elKoB, 6aKTepHi U BUPYCOB.

Benku-mokcuHbt, HAIPUMED HEMPOTOKCHUH, OJIOKHUPYIOT Iepeady HEPBHBLIX UM-
nynabcoB. JTOT OEJIOK ABIAETCH JEeHCTBYIONIMM BEIIECTBOM 3MEHHOrO AJA.

Benku BRIDONHAIT U 3Hepzemuueckyr QYHKIUIO, XOTH OHA U He ABIAETCH
CTOJIb BayKHOM, KAK y YIJIeBo0B U tunuA0B. IIpu okuciaennn 1 r 6enka obpasyercsa
17,6 x]l»x sHEPrUu — CTOJBKO K€, CKOJILKO U IIPU paciiernsiesnu yriesoxos. Oguako
OeIKM B KayecTBe DHEPreTHYECKOTO Pe3epBa HCIIONB3YIOTCHA B MIOCAETHIOKN OYepeasb.

Hexoropsie GesIKH BHIIOIHAIOT 3anacaouyio GyHKIuo, HAIPAMeD KeJTOYHbIe
OeKM KYDHHOIO AiIa, KaseWH MOJIOKA, KIeHKOBHHA 3€DHOBOK 3JaKOB.

Cpenu opraHMYecKHX BemIeCTB OeJIKM 3aHMMAIOT OJHO M3 IEePBBIX MECT KakK
10 3HAYMMOCTH, TaK M II0 KOJMYEeCTBEHHOMY COJeD:KaHWI0 B KieTke. Hampuwmep,
KJIeTKH KHBOTHBIX HAIIOJOBHHY COCTOAT U3 DEJIKOB, & KOJHYIECTBO BUIOB OEIKOB B
OHOM OPTaHM3Me MOXKEeT IIPeBBIIAThL 1 MJIH.

ITpocmuie Genru (npomeurbvt), croxucHbie OeKU ( XpOMONPOMeEUHbL, 2ZIUKONDO-
meuHbl, IUNONPOMEUHbL, MEMALIONPOMEUbL, (hocihonpomeunsl, HYKieonpomeu-
HbL); 2nobyaapubie U QUOPUNLADHbIe; JeHamypayus, peHamypayusi; QyHKyuu
0enko6: (pepmMeHmamuenas, cmpoumenviai, 0euzamenvHad, MPaHCNOPMHAL,
pPezyaramopHas, peuyenmopnas, sauumHas, Hepzemuyeckadn, sanacanuw,a;
Oenku-MoKCUHbL.

Bonpocbl U 3agaHua

1. 4rvo Ttakoe peHatypaums Benka? B kakoi nocnefoBaTenbHOCTM NPU AeHaTypauumn uaet
paspyweHune cTpyktyp 6enka? Yro takoe peHatypauua?

2. WNoHbl TAXENbIX METANNOB (PTYTHU, MbllLbsAKA, CBUHLIA) NIErKO BCTYNAIOT B peakumio ¢ ce-
poii, 06pasys cynbduabl. O6bacHMTE, 4TO NPOU3OUAET ¢ BeNKOM NPy B3anMOAEACTBUN
Cc aTumu Mmetannamu. Mo kakmum cBA3aM MOET B3aumMonencTeme?

3. TMMoyeMy conu TAXENLIX METANNOB ABMAKOTCA SAaAMW AN OpraHu3ma?

4. Onpepenute dyHKUMM creayolmx 6enkoB: KONNareHa CyxXoXuius, AUYHOro ansbymm-
Ha, MHCYNWHA NOAXKEeNyn04HOR Xeneabl, KepaTuHa BONoc, TPOMBUHA KpoBK, dubpouHa
nayTWHbl, NencuHa Xenypgo4yHoro coka, remornobvHa, MmornobuHa.

5. [pw okmcnenun 1 r GenKoB BbIAENAETCA CTOMLKO XE SHEPruK, CKOMbLKO NPU OKUCNEHWI
1 r yrnesopos. MNovemy opraHmMam ncnonb3yeT 6enkn Kak UCTOYHWK IHEPTUW TONLKO B
KpanHux cny4anx? OTBET NoOACHUTE.

6. Kakue Buapl aeHaTtypauun 6enka Bam nasecTHbl? Kakue ¢akTopbi Bbi3biBaOT AeHaTypa-
umio? MepeyepTuTe B TETPaLb M 3anonHuTe Tabnuuy.
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HMenarypanusa 6eaxa

Bun nesarypaumu Crenens paspymeHHs

DaTopst nemsTYRA (oOpaTumasn, HeobpaTumasn) CTPYKTYP Oeakxa

Harpesasune no 40 °C
Harpesarue Brime 40 °C

PeHTreHOBCKOE U3JIyYeHHe

KoHneBETpHpOBaHHLIE PACTBODPEI KHCJIOT
# 1Iesoyei

PacTBOpEI conel JErKMX MeTasao0B: Na,
K, Ca, Mg

PacTBOpEI comell TSAMENBIX METaJJI0B:
Cu, Hg, Pb, Sn

OpraHWdYecKkue PACTBOPHUTENH H JeTep-
TEeHTHI

7. BHecuTte B Tabnuuy «XMMUHECKWUIA COCTAB KNeTku» (cMm. ¢. 41) ceeneHua o Benkax.

§9. YrneBsoabl

3 ) PaccmoTtpute puc. 35. B 4EM CXOACTBO M OT/IMYMA B CTPOSHUM MONEKYNT MOHO-
- caxapvioB, Mcaxapvaos W nonvcaxapuoos?

Veneso0br — 910 caxapucThie HINM caxaponogobHbIe BelecTsa ¢ 001iei GopMyioi
C.(H,0), . B :xuBOTHBIX KJIeTKax comepxurcs or 1 1o 3% yriesofoB (B KIeTKax
nedeHd — 10 5%). Kanerku GonpmuncTBa pacteHnil Ha 90 % cocToaT U3 yrieBo-
OB, KOTODEIE ABJAKTCA HX OCHOBHBIM CTDOHTEJIbHBIM MaTePHAJIOM H 3alacHBIM
NHUTATEJIBEHBIM BEIECTBOM.

Crpoenmne u cBoiicTBa yraeBoaos. MoHocaxapudst, NN IPOCTHIE caxapa, COCTOAT
13 mecTH (reKco3bl) WIKM OATH (IIeHTO3bI) ATOMOB yriepoja. Bogopos ¥ KUCIOpPOX
BXOJAT B MX COCTAB B BUJE HECKOJbKHX CIHDPTOBLIX (MMJPOKCHJILHBEIX) MPYII H
ONHOU anbIEeTHIHON UM KeTOHHOH (KapOoHMIBHOH) rpynnel. B BOgHBIX pacTBopax
MOHOCAXapHILl MOTYT CYIIIECTBOBATH B PA3BEPHYTON M IUKJIWYeCcKO# (opme, HO B
cocTas IIOJIEMEPOB BXOAAT TOJLKO B IuKAngeckoM Buje. Haubosee pacnpocTpaHeHa
anoko3a u eé usomep pyxrosa ¢ obmeit popmymnoit CH,,0,. I'nmrokosa npu obpa-
30BAHMM UKJA MOKeT npuobperars ABe KoHurypanuu — o uiu f (puc. 35, 1).

Pubosza (C,H,O,) u desorecupudosa (C;H,,0,) (BoccranoBnerHas pubo3a) BXOLT
B COCTAB HYKJEWHOBBIX KHCJIOT, KOTOpHIE CBA3aHbI C XpPaHEHHEM M Iepefadvel Ha-
cae[CTBeHHOH HH(pOpPMAIIUH B KJIIETKE.

KpoMe 3THX IPOCTHIX CaXapoB B KJIETKE BCTPEUYAIOTCH HECKOJIbKO H30MEpPOB
rJII0KO3bl, KOTOPEIE XOTA W CXOAHBI 110 XHMHIECKHM CBOMCTBAM, HO OTJIMYANTCH
OHOJIOTHYeCKHMH (DYHKIIUAMH.



§ 9. ¥Yrneeoabi

Jucaxapudst 06pa30BaHEl IBYMs OCTATKAMH IPOCTHIX CAXAPOB M HMEIOT OOIIYIO
dopmyny CH, 0, . Haunbosee pacupocTpaHeHbl caxaposa (CBeKJIOBHYHEIH caxap),
cocTOAIIAs M3 TJIIOKOBEI M (PpyKTO3EI (pmc. 35, 2), ManbTo3a (CONMOMOBRIA caxap),

H. 0 H

L vid p?
HIC-OH HC-OH
HiC-on > HOZC-H :
HC-on HAC-_OH
‘(I:H,‘ou HC-OH
‘(I:Hzon P
Pubosa

I'mokoza

I'naroren

Ilemwmonosa

Pue. 35. CxeMbl cTpOEHUA yIJieBooB: | — MOHOcaxXapH/Abl; 2 — AUcAXapHABL;
3 — moamcaxapHABI
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COCTOAIAA M3 ABYX OCTATKOB INIIOKO3HI, JIAKTO3a (MOJIOYHEIH caxap), cOCTOAMIAN
M3 OCTATKAa IJIIOKO3BI U €€ H30Mepa raJaKTO3HL.

Monocaxapuzsl 1 IHCAXaPHALI — 3TO GeCIIBETHBIE KPUCTALIHIECKHE BeIecTna,
XOPOIIO PACTBOPHMEIE B BOZE, CIajKHe Ha BKYC.

IToaucaxapudsl (BEICOKOMOJIEKYISAPHbLIE BeIecTBa) — nepuogHYecKHe MOJH-
MepEBl, MOHOMEPaMHi KOTOPBIX ABJIAIOTCA TOBTOPAIOLIMECH OCTATKH MOHOCAXADHIOB,
daire BCero MOJIEKYJI IJIIOK03BI. ITO KPAXMAJL, ZAUKO2EeH, Yeanlon03d. B oranyme
OT MPOCTBEIX CAXapoOB CJIaJAKOro BKyca OHM He HMEIOT W IPH THApPOJIU3e oA Aei-
cTBUEM (hepMEeHTOB JH00 B IPUCYTCTBHH KHCJIOT 00pA3yIOT IIIIOK03Y HIH APYTHe
MOHOCaxXapHIbl, U3 KOTODPEIX OBLIM mOCTpOeHH! (puc. 35, 3).

B cocraB Kpaxmaja ¥ I/IHKOTeHA BXOJUT O-TJIIOKO38, B COCTAB TEJLTIO03BI —
B-rmoxosa. PasHHIA B MX CTPOEHHM NPHUBOAMT K 0OPA3OBAHUIO MHOTO THIIA CBA3EH
B IIOJHMEPHBIX MOJIEKYJIaX, 9TO OIpejesisieT pasHble CBOHCTBA M GHONIOTHYecKHe
Gysxuun. Kpaxman — Gesoe mopomkoo6pasHoe BeIIecTBO, IJIOXO PACTBOPHMOE
B XOJOAHOII BOje, a B ropsdeii Habyxaer u o6pasyer renb. Kpaxman mmeer nse
CTPYKTYDPbBI: aMHJIO3Y — JJIMHHLIE HEPA3BETBIEHHLIE IENH H AMHJIONEeKTHH — IIeIIH
¢ passerBieHreM. CTpoeHue rITMKOTeHA CXOIHO CO CTPOGHHEM aMUJIONEeKTHHA — pas-
BeTBJIEHHOH CTPYKTYPHI KDAXMaJla, HO CTelleHb er0 BeTBJICHHUA 3HAUUTEILHO BOIbIIIe.
B Boge rimkoren, Tak ke Kak M KpaxMaJl, Majo PACTBODHM. DTH IOJHCAXaPHIbI
MOKHO OOHADYIKHTH C IOMOINBLIO KAYECTBEHHBIX PeaKIuit: HoJ ¢ KpaxMaIoM AaéT
CHHEe OKpallMBaHKe, a ¢ TIMKOreHOM — KpacHOo-0ypoe.

Mennonosza o6pasyeT TOJBKO Hepa3BeTBISHHBLIE NIHHHBLIE IENH, IPHYEM KO-
JINYeCTBO 3BEHbERB IVIFOK03EI B TAKOMH 1€ 3HAYHUTENBHO GOJBINE, YeM B KpaxMaJie.
Iennronosa npexacrapiseT coboil NPOYHOE BOJIOKHHUCTOE BELIECTBO, MPAKTHUECKH
HEPacTBOPHMOE B BoJie. B KaueCTBeHHYIO PEAKITHIO ¢ HOLOM LEJUTI0N03a He BCTYIAET.

M3-3a pasHUNEI B CTPOSHHUH IIOJHCAXAPUABI TI0-DASHOMY YCBAMBAIOTCH OPIaHN3-
mamu. Tak, B OpraHu3Me MHOTHX JKMBOTHBIX H UeJI0BEKa KPAXMAJ U IVIHKOTeH JIeTKO
PacIenyIAOTCA H yCBAUBAIOTCA, 4 BOT ()ePMEHT, PACIIENIAMINN IeI0I03y, V
HHUX OTCYyTCTBYeT. M TOJBKO MEKDOOPraHH3MEI CIIOCOGHBI PACIIEILIATE CBA3H MEYKLY
OCTAaTKaMH IJIIOKO3BI B Lesnwao3e. OJHAKO BOJIOKHA LEJJII0JI03bI CIIOCOBCTBYIOT
OEPUCTANBTHKE KHIIEYHUKA, I03TOMY He0OXOJUMEI MHOI'MM JKHBOTHRIM H YeJIOBEKY
[JI HOPMAJbHOTO THINEeBAPEHHS.,

DyHKUMH YTIeBOAO0B. B opranmamMe yrieBoAbl BHIIOJHAIOT B OCHOBHOM CMpOU-
menbHY0 U nepzemudeckyro GyHKIHN. M3 mennrono0ssl cocToaT 000J0YKHA pacTu-
TeJIbHBIX KJIETOK. B memmomnose saxiaodeHo okono 50 % oT Maccsl BcexX YIJIEBOLOB,
HaxoxAmuxcs B pacreHuax. Ilo obuieil Macce meinoi03a 3aHMMAET TEPBOE MECTO
Ha 3eMJje Cpe[ii OPraHWYecKHX COefMHEeHHH.

MoHocaxapuabl ¥ IHcaxapu/ibl 00pa3ylOT KOMILIEKCHI ¢ HADYKHONW KJETOIHOMH
MeMmOpaHo#i — rimkKokamukc. Iloaucaxapuj XUTHH COCTaBIAeT OCHOBY HOKDOBOB
TIEHHCTOHOTHX M 0007109KH KJeToK rpubos. Kpaxman W rIMKOTeH BBIIOJIHSIOT
sanacawwyo pyaxknuo. Kpaxman obpasyercs u 3anacaeTcs B KIeTKaX DPACTEHUI,
a IVIHKOTeH — B KJEeTKaX *XABOTHBLIX, B YACTHOCTH B IEeYeHH.
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§ 9. Yrnesogbi

IIpu oxucnesuu 1 r yraeBogor obpasyerca 17,6 k]I, 4To B ABa pa3a MeHBIIE,
ueM OpH OKHCJIeHMH KHUpoB. Ho yrieBo/bl 3HAUHTESBHO OBICTPEE PACIIEILIHIOTCH
¥ YCBAMBAIOTCA OPTaHH3MOM. Eciw moeBaTh B TedeHHe OJHOH MHHYTHI KYyCOYEK
Hemoro xjeba, TO MOMKHO MOUYBCTBOBATH CIAAJKHII BKyC. DTO KPaxMaJ DPACIIeJIs-
erTcs Mo AeiicTBHeM (epMeHTa CIIOHEI AMUJIa3kl 10 AUcaxapHuja Maibrossl. Kpome
TOro, TJII0K03a Jierde ycBauBaeTcA Kierkamu. HanpuMep, KJETKM HePBHOM TKaHU
HACIIOJIB3YIOT TVIIOKO3Y KAK OCHOBHOI MCTOYHHMK 3HEPrHH.

Venesodvl: mornocaxapudvt, ducaxapudol, noiucaxapudbl; 2r0K03a; pudosa;
dezorcupubosa; KPAXMal; 2AUKOZEH; YeALION03a; PYHKYUU Y2ae80008: cmpou-
menbHasl, IHepzemuiecKas, 3anacaioulasl.

Bonpocbkl n 3agaHusa

1. Mo cTpykTypHbIM dopMynam yrnesogoe (CM. puc. 35) yctaHosuTe, ruapodusibHbIMM
wnu ruapodobHbIMK cBOMCTBaMKM 061aaal0T 3Tk BellecTsa. Kakosa ux pacTBOPUMOCTb
B Boae? OObLACHUTE NoYEMmY.

2. W3 Kakux OCTaTKOB MNIOKO3bl NOCTPOEHbLl pasfivyHblie nonucaxapugbl? CpaBHUTE WX
CTPOEHME W YKaXWUTE YepTbl CXOACTBA U OTINYMA.

3. Kak ckasblBaioTCs pasnuumsa B CTPOEHWM MONMCaxapuioB Ha UX cBoicTeax u Guonoru-
yecknx dyHkumsax? OTBET NpoMNNIOCTPUPYATE NpUMEepamMi.

4. OObACHUTE, NOYEMY Xenya04HO-KMLUEYHbIA TPaKT BONbLUMHCTBA XUBOTHBLIX U YEnoBeka
He npucnocobneH Kk NnepesapuBaHnio Leninosabl.

5. 3a CY&T Yero NPOMCXOAMT PacLUEnIEHne KNeTHaTKW B OPraHname TPaBOSIAHbBIX XKMBOTHBIX?
Kakoe 210 UMeeT NS HUX 3Ha4YeHmne?

6. XWTWH — CTPYKTYPHBIN NOAMCcaxapu, COCTABNAIOLMIA OCHOBY KNETOHHbIX CTEHOK rpubos,
NMOKPOBOB YNEHUCTOHOrMX. Kak Bbl AymaeTe, C KakuM M3 U3BECTHbIX BaM PaCTUTENbHbIX
NoAMcaxapuaoB OH AO/IKEH MMETb CXOAHOE CTpoeHue? B 4éM J0/KHO NPOoABNATECA 3TO
cxoacTeo? OTBET NPOUNNIDCTPUPYITE NpUMEpamMu.

7. BHecute B Tabnuuy «XnMWYECKWiA cocTas KieTku» (oM. c. 41) ceenexus 06 yrnesodax.

HdononuurenbHas nHpopmayns

Ilna pacllelIeHHs JAKTO3H HeoGXoauM clenuaisHblH GepMenT nmaxkrasa. OH BbI-
pabaTeiBaeTcA y AETEHBIIIEH MJISKOIUTAOMUX B IePHOJ] BCKaAPDMINBAHUA HX MOJIOKOM.
C BospacTtoM BeIpaboTKa (pepMeHTA yMeHBIIAeTCH, a 3aTeM M BOBCe MpeKpamaeTcH.
IlosToMy y B3pOCJBIX OcOoDeil MOJIOKO He MOKeT IIOJHOIEHHO YCBAMBATHECA M BBISHIBAET
PACCTPOMCTBO IMHIIleBAPeHKs. Y UeJiOBeKa TOXKe uMeeTcs JaHHad ocobennocTs. Ho y He-
KOTOPBIX HAPOAOB, MCTOPHYECKH CBA3AHHBIX CO CKOTOBOZACTBOM, BhIpaGoTKa depmenTa
JIAKTa3bl COXPAHAETCA HA MPOTAMKEHWH BCell JMUI3HU, M OHU XOPOIIO YCBAWBAIOT MOJIOKO.
9ro mapoasl ILlerrpansroit u I0xuo0it Esponsr u Asuu. B UX ODMTAHHHA OPHCYTCTBYET
MOJIOKO M IIPOAYKTHI ero mepepaboTKu. ¥ CeBePHBIX HAPOJOB CIOCOOHOCTE YCBAMBATD
MOJOKO oTcyTerByer. Hanpumep, y sikyToB ero ynorpebieHEne BbISEIBAET HENDHUATHEIE
OILIVIIEHUs B KHINeYHHKEe M PAcCTPOHCTBO NHUIeBAPeHHHA.
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§10. lunugw

3 Paccmotpute puc. 36. B 4EM CXOACTBO M OTAMYME B CTPOEHUU MONEKYN CTea-
) PWHOBOIA KMCNOThI, hoconmnuaa u xupa?
Junudet (0T rped. lipos — KUP) — BBICOKOMOJEKYJISPHBIE OPraHHYeCKHe

BEIECTBA, OCHOBY KOTODPHIX COCTABJIAIOT BHICIIHE KHUPHEIE KUCAOTH (BMK) muu
BBICOKOMOJIEKYJIADPHEIEe cIUPTEI. OHH BCce HEPACTBODHMEI B BOJE M3-334 CBOEH Hemo-
JIAPHOCTH, HO XOPOIIO PACTBOPHMBI B OPTaHHYECKHX PACTBOPHTENAX — OeHBHHE,
anetoHe, aupe. B 3aBHCHMOCTH OT THNA KJIETOK COZepIXaHUe JUIHA0B B HUX KO-
sebnercs ot 5 1o 90% (B KAeTKax KUPOBOH TKAHH).

Crpoenne sununos. Ilo cocTaBy M CTPOEHMIO JHIHALI BeChMA pasHooOpasHEI.
B ux cocTaB MOTYT BXOAMTE BBHICIIHME KHUDHBIE KHCJIOTHI, INIMIEPHUH, BEICIIHE
OIlHOATOMHBIE CIIUPTHI, BRICOKOMOJIEKYIAPHEIE [IUKINYECKHEe CIIHPTEL, 4 TAKIKe He-
JUIHIHBIE KOMIIOHEHTEI — (ochopHad KHUCI0Ta, AMHHOKUCIOTEL, OeJIKH, YIJIEBOIHL.

Y0661 HOHATH PUIMKO-XMMHYECKHE CBOHCTBA H GHONOrMYecKie (DYHKIIMA JIATTH-
A0B, PACCMOTPHM CTPOeHHe Hanbojiee pacIIPOCTPAHEHHEBIX U3 HUX — TPHTJIHIIEPHUIOB
u (ochoaunugos (puc. 36, 2, 3).

Tpuzauyepudo. mpencTaBAAT co00M CA0MXHEIe 23UPHl TIHIEPAHA U TPEX
OCTaTKOB BBICIIMX KHPHBIX KuciaoT. Orciofna u ux Hassauwe. VX moapasgexdroT Ha
TBED/BIE MKUPLI M JKUJIKHE Mac/a B 3aBUCHMOCTH OT CTPOEHUS KapOOHOBOM KHCIOTEL.
B TBEpABIX KHpaxX Comep;KaTCA B OCHOBHOM IpeJebHBIE, HACHII[EHHBIE KHCIOTEI,
HaIpHMep CTeapHHOBas W MaJbMHTHHOBafA. B :KHIKHX Maciax — HempegeabHEBIE,
HeHAaChIIIeHHBIe KHCJIOTH, HAalpUMep OJIeHHOBasi. B eé MoJIeKyJle MMeeTcs OJHA
ABOMHAA CBA3b, KOTOPAsA OUpeJessAeT eé CBOCTBa, 3HAYNTENLHO IIOHMKAA TEMITePa-
Typy naasiedud. CpaBHUTE: ¥ CTeaPHHOBON KHCJIOTHI T = 69,6 °C,ay oneuHoBO#H
Lo = 13,4 °C. PacTuTenbHBIe MaC/Ia YAIE BCETO mn;u{ne HS 34 BBICOKOI'O COJepKa-
Hust HEHACBHIMIEHHBIX KHCJIOT, & }KHBOTHBIE JKUDLI — TBEPABIE.

Paccmorpum cTpoerne KapGOHOBBIX KHCIOT, BXOAAIIMX B COCTAB TPHUIIHIEDHIOB.
JAnuHHEBIE PAAUKATEl KHCIOT HENOJAADPHLI B 06/1a1a10T rupodoGHBIMYE CBOHCTBAME
(puc. 36, 1). ImeHHO OHM U OIpeENAI0T MHOTHE CBOHCTBA JHUPOB, B YACTHOCTH HX
HepacTBOPUMOCTL B Bojie. KapOokcuapHAA Ipynna KHCIOTH HOJAAPHA, IO3TOMY 06-
Jagaer rugpoduabHEIME cRoicTBamMu. Ho OHA oyeHs Masa o cpaBHEHHUIO ¢ pagHKa-
soM. B BoZiHOM pacTBope ruApOdHIbHEIE YACTH 0GpANeHbl K NOBEPXHOCTH BOABI, &
ruApoGobHbIe XBOCTEI BHICTYIAIOT HAJ OBEPXHOCTHIO. B MOJIeKyIe TpUIIHIepHIa
(sxmpa, Macja) Tpu OCTATKA JKHPHBIX KUCJIOT COGAMHEHEI C TNIMIEPHHOM, IIO3TOMY
ruApodUIbHbIE CBOMCTRA IPAKTHUYECKU He BHIpaskeHH (pHc. 36, 2). Macao Ha mo-
BEPXHOCTH BOJbI 3aMBIKAETCA B MKUPHYIO rugpododHyo kamwro (puc. 36, 3).

Poconrunudvl MOX0KM Ha TPUTIUIEPHUEI, HO OAUH OCTATOK BbICIIEll JKUPHOI
KHCJIOTHI 3aMeIléH y HUX Ha (ochOpHYI0 KHCIOTY. 34 CYBT 9TOro IHMAPOMHIBHbIE
cBoicTBa (GOchONHNIUIOB BLIPAXKEHEI CUIbHEE, B CBA3H ¢ ueM doctomnmuab! CrocobHED
00pa3oBBIBATE B BOJE ABYXCIOUHEIE CTPYKTYPhl — OMJIHIHAHEIA cioi (puc. 36, 4).
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Bocru u ecmepudvl (ctepomnsl) mo cBoemy CTPOEHHUIO OTJIMYAIOTCA OT TPUTJIMIIe-
PHIIOB B OTHOCATCA K KJIaCCy BBICOKOMOJIEKY/ISPHBIX NUKJINYECKHX coupToB. OHu
TaKxe 00;1aal0T rUAPOMOOHBEIME CBOHCTBAMH.

B 3aBHCHMOCTH OT cocCTaBa JHIMALI KJACCHQHIUDPYIOT Ha HECKONBKO TPYIII.
Pasnmdaror mpocThie u caokHbIe THOUABL. CIOMKHbIE JIMOHIBI, B OTIHYHE OT IIPO-
CTBIX, UMEIOT NOIOJIHHUTeNbHbIE HeIMIHIHEE TPYNOs (Tabr. 4).

Tabauya 4
Kraccudbmnranus mumumos

Hassanue kaacca CocTaB H cTpoeHHe JTHIHAOB

Tpurnunepruas: JKUBOTHEIE KUDEI, | Cl0MHBIE a(uphl riMnepuHEa H octaTkoB BIKK:
PacTHTEeIbLHEIE Macjaa creapuHoBoit — C  H, COOH;

nanemuTHEOBOH — C H, COOH;

onensosoit — C, . H COOH

Bocku: muenuHEIi, pacTHTENbHBIH Cuoxunie adupsl BIKK u BEICOKOMOJIEKYJIAPHBIX
OJJHOATOMHBIX CIIMPTOB

Crepunet (cTeposbl): XonecTepos, Kop- BeicokomomerynapHble cOEPTEI, cocroAmue U3
THKOCTEPOH, TECTOCTEDPOH, 3CTPALUON | HECKOJbKHX IMHKJIMYECKHX GIOKOB

Dochoannugsl Tpurmunepuns:, B Molexyre KOTODBIX OJlHA MO-
nexysna BAK samenena Ha ocraTox docdopHoit
kucxorsr H PO,

JInnonporensn! CoeuHeHna THNHAOB ¢ DeKaMEA

Imakonunu b CoeIMHEHHUA JHNHUIOB C YIIEBOAAME

@®yaxuun aunuaos. OcHOBHAS (DYHKIUA JIUIHUIOB B OPraHU3Me — 3JHep2zemu-
veckas. OHu 06/1a1a10T BEICOKOH 3HEPTrOEMKOCTBIO 34 CUET BEICOKOMOJIEKYJIAPHBIX
BOCCTAaHOBJIEHHBIX pajnkaaoB. CpaBHHTe cocTaB GeH3mHA (C;H,,) m xupa ¢ Tpemsa
OCTATKAMH CTEAPUHOBOM KHCJIOTHI (C,,H,, x 3). HanGoabIeil 3HEProéMKOCTHIO
obnazaioT KUpPbl ¥ Macya. IIpu okmcaeHuu B opraHumame 1 r Upa BBELAEIAETCH
38,9 kIl oHeprum. Jupsl U Macia BHINOJHAIOT TAKIKE 3anacanwyno GYHKIHIO,
CJYKAT B KJIETKAX PACTEHMH M }KUBOTHBIX Pe3ePBOM SHEPIHH U HCTOYHHKOM BOALL,
Koropad obpasyercs B GOJIBLIOM KOJIMYECTBEe IPH HX OKHCJICHHH.

Ilpyraa He MeHee Ba)KHAS (GYHKIIUA JIUITHIOB — cmpoumenvrai. Dochoaunuasl
00pasyoT MeMOpaHHbIE CTPYKTYPEI KJIETKH, KOTODEIE HMEIOT GMCIOHHOE CTpoeHHe
(nrasmaTHYeckas MeMOpana, agepHAA 060J09KA 1 Ip.). 3a CYET CBOMX IHAPOPHUILHO-
ruApodoGHEIX CBOMCTE OHH ODAaHAYMBAIOT KJIETKY, Da3leNsioT eé BHYTPeHHee Co-
AEPIKHMOE Ha OTAe/NbHBIE OTCEKU, 3aN0JTHEeHHbIe BOAHBIMH PACTBOPAMH.

Tpurnaumepuabl ¥ BOCKH BBIIOMHAIOT 3AUUMHYI0 1 mepmopezyiamopHyio QyHK-
nuy. ¥V KUBOTHBIX IOJKOMKHEIN KUPOBOH CJI0H BAIUINAET UX OT IepeoxXJIaXKIeHn,
NIOBpEAeHUA BHYTPEHHMX OPraHOB W TKaHell NIpM MeXaHMYeCKOM BO3AeHCTBHH,
yaape. BockoBoil Hanér ma THCTHAX pacTeHHH HPENOXPAHSET OT U3BBITOYHOIO
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UCIAPEHUS, UCCYIIeHNA, BO3IelicTBIA HUBKUX TeMIIepaTyp W COTHEeYHBIX JIy4eii.
TpurIuIepusl ¥ BOCKH 00pa3yloT Takke BOAOOTTAIKHBAIOIYIO LIEHKY HA KOXKe,
[nepbAx, IIePCTH KMBOTHLIX. VI3 BoCKa, BEIpA0aTHIBAEMOTO CIIeNHaTbHEIMH KeIe3aMu
OpIOIIKA, MYEIEl CTPOAT CBOM COTHI.

Crepu/ibl BHIIOIHAIOT BAXKHYIO Pe2yLAMOpHYH0 QYHKIHIO. K rpymnme cTepoHIHBIX
OTHOCAT aIPeHOKOPTHKOTPONHBIE (KOPTHKOCTEPOH, KODPTH30H) M IIOJIOBBEIE (TECTO-
CTepOH, 8CTPAAUOJ) TOPMOHEI, KOTOPBIE OCYILECTBIAIT PeryJAluio B OpraHusMe.
XosecTepos BXOAUT B COCTAB KIETOYHBIX MeMOpaH »KHMBOTHBIX. Hexoropsie cTepu-
ARl ABIAIOTCA TIpejlIecTBeHHHKaMy BuraMubaos D u E. Crepuabl cOAep:KaTCA U B
’KeUN, HAIPEMep XOJieBad KHUCIoTa. JKeJuHble KMCIOTH CIoCOOCTBYIOT aMYIbIH-
POBAHUIO KHDOB, 06/IerYaloT UX paciiellieHde pepMeHTaMu.

Jlunonpomeuns. M 2AUKOAUNUDbL ABJIAITCH KOMIOHEHTAMHI KJIETOYHBIX MeM-
opas. B Buje JIUNONPOTEMHOB JTHIMALI I€PEHOCATCA KPOBBIO H auMQoii.

Junuder: mpuznuyepudst, ocporunudvt, cmepudst, AUNONPOMEUHbL, 2AUKO-
aunudvl; pyrkyuy aunudos: sHepzemULECcKas, 3anacanyas, cmpoumeibHas,
3aWUMHAS, MePMOPezZYLAMmOpHas, PezyiamopHas.

Bonpocbkl U 3aaaHusa

1. Onpepenure Mo CXeMe CTPOEHUS MONEKYS IMMUAOB (CM. pUC. 36), kakas yacTe obnapaer
rmopoduUaLHEIMU, @ Kakas rmapodobHbIMKU CBOMCTBAMMU.

2. OB6bACHATE, MOYEMY XMPLI NNOXO PacTBOPAIOTCA B Boae. Kakas 4acTe MONEKyNbl Mpu
pacTeopeHuy obpalleHa K NoBepxHOCTWU BOABI, 8 Kakas BHYTPb «KWUPHOW Kannm»?

3. B Boge dochonunuob GOpMUPYIOT ABYXCIORHYIO CTRPYKTYPY. MICX0As N3 CXxeMbl CTPOBHMS
dochonunuaa, obbACHUTE, kak 0Bpas3yeTcs GUANNMAHLIKA CNOK B BOAE. 3apuUcyiTe Cxemy.

4. B opraHnm3aMe XWMBOTHbIX, 0OUTaIOWMX B XONOAHOM KaMMaTe, Hanpumep pbl6 apKTUHECKUX
MOpeit, 0BbIHHO COAEPXUTCH BOMbLIE HEHACHILLEHHBIX XUPOB, YeM Y 0OUTaTENEN I0XHbIX
WKpoT. Kak 910 MOXHO 06bsAicHUTE? C KaknuMi CBOVWCTBAMWN HEHACHILLEHHBIX XUPOB 3TO
ces3aHo0? Kakoe 3HadYeHue Ons opraHuMaMa MMeeT COAepXaHue Takux Xupos?

5. [Mpwu okmcneHun 1 r xvpa solgenserca 38,9 kIx, a npu okucnedun 1 1 yresoaos —
17,6 k[x. O6bACHUTE, NOYeMy 3HEProEMKOCTb XMPOE B 2 pasa Bbilue 3HEProEMKOCTH
yrnesoJoB. Bocnonbayiteck A5 3TOr0 XMMUYECKUMIK popMynaMu Tpurnuuepuaa v
rnokossbl (M. puc. 35, 36).

6. JKvpbl 1 yrNesoabl BLIMNONHSAIOT SHEPreTYeckyto hyHKUMIO B OPraHuame 1 ABnsioTes 3a-
nacHLIMW NUTaTeNbLHLIMK BelecTBaMmu. MoYeMy XUBOTHBIE U HENOBEK 3anacatoT XWpbl,
a He yrnesonl? MoYyemy pacTeHus 3anacaloT W XUpbl U Yresoab!?

7. BHecuTe B Tabnuuy «XUMWUYECKMIA COCTaB KNeTku» (CM. C. 41) cBeAeHus 0 nMnuaax.

HdononnutensHaa nHpopmauns

PacTBOpEMOCTE B BOJE JKHDHBIX KHCJIOT NOHUMKAETCS C yBeJMYeHHeM DajnKasa:
yem GoJibllle PATUKAJ, TeM MeHee pacTBOpHMAa KucaoTa. CpaBHUM CBOWCTBA YKCYCHOM
(CH,COOH) u creapunosoii (C,,H, . COOH) xucor. IlepBas umeeT MaJeHbKHH PafUKAa,
II09TOMY XOPOIIO PACTBOPHMA B BOJE, 4 BTOpad — HepacTBOpPHMA.
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Bricokas sHeproéMKoCTE BelecTs 06LACHACTCA HATIIHEM OoJibIroro uKMcesaa BoceTa-
HOBJICHHBIX aTOMOB, CIIOCOOHBIX IPH OKHUCJIEHHHU BEIZEIATH 9HEPrHio. B Momekyax H,0
u CO, aToMbI yriepoga ¥ BOZODPOAA MAKCHMAJIBHO OKHCJIeHBI, II0ITOMY 3TH BellecTBa
He TOPAT M Y HUX HHU3Kas DHEPTOEMKOCTE. B Mosjexyne mpupoaHoro rasa meraHa CH,
4TOMBI BOZOPOZA U YI/IepojJa BOCCTAHOBJIEHEI, I03TOMY SHEPrOEMKOCTE BELIECTBA BHICO-
Kag ¥ MeTaH OPHT C BbIAeJEeHHEM OOJIBIIOr0 KOJHYECTBA TEIJIOTEL.

§ 11. HykneuHoBble kKncnoTbl. ATO

3 ) PaccmoTpute puc. 37 1 38. Kakue xMMUYECKME 3N1EMEHTbI BXOAST B COCTAB
2 HYKJIEOTU[0B HYKNEMHOBbIX KUCNOT?

OcoBoe mecTo B MOJIeKyIsAPHOH GHOJOTMH 3aHHMAeT M3yUeHHe HYKJIEMHOBBIX
KucaoT. Buepesie ux o6Hapyxua @puapux Mumep B 1868 . IIDH HCCJIELOBAHUHA
XMMHUYECKOr0 COCTaBa KJIETOK JEeHKOIUTOB U CIIePMATO30HJ0B, GOTATHIX AZEPHBIM
marepuanoM. Hykaeunoesie kuciomet (o1 nar. nucleus — sapo) 6bLmm BEIJeJI€HBI
U3 Anep, MOITOMY M IOJYUHIM Takoe HasBaHue. BrocaeCTBUY OKA3aI0Ch, YTO OHHI
HaxolATCA U B UUTOIIA3ME, U B ADYTHX OpraHongax kieTku. Ho mepeoHauanbuoe
HasBaHHe 32 HUMH COXPaHHJIOCH.

AzoTuctoe ni
OCcHOBaHWe l o OcHoeaHue
®
NH, E
{
: : N = : 0 OcHoBanune
®ocdatHan / | -
rpynna ' < I ) |
N 5 { 0 OcHoBaHue
0 | e
HO g 0] CH '{ =
| e ' 0 OcHoBaHue
b =
{
OH OH
! ® — ¢hocdhaTHas rpynna
i
NaTuyrnepogHLIi i ( 7 — NeHTo3a
caxap (neHTo3a)

2

Puc. 37. Crpoenne Bykiaeotuzaa (1) n obpasoBanue nonuHYKIe0oTHAA (2)
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CocraB HyKJeHMHOBBIX KHCIOT. B KieTKax BCTPEHaloTCA ABa THIA HYKJE€HHOBBIX
Kucjor: dezokcupubonykaeurosan (JHK) u pubonyrieunosas (PHE). 9Tto camble
BEICOKOMOJIEKY/ISIDHBIE BEIIiecTBa B KJeTKe, IPUYEM Macca IOHE B HEeCKOIBKO COT
pas 6onpme Maccei PHK. HyknensoBbIe KHCIOTEL — 3TO HellepHoaAuYecKHe IMOJIH-
Mephbl, MOHOMEPAMH KOTODBIX ABIAIOTCA HYKJIEOTH/BL.

Hyxaeomud cOCTOUT U3 OCTATKA (hocopHOIT KACIOTEI, YIVIeBOa — MOHOCAXapu-
na (puossr B PHK win gesoxcupubossl B JTHK) 1 a3oTHCTOr0 OCHOBaHUA (PHC. 37).

B HYKIEHHOBBIX KHCIOTaX BCTPEYAIOTCA HATH BHAOB a30THCTHIX OCHOBAHMIHA:
adenun (A), zyanun ('), yumosun (1), mumun (T) n ypayunr (V). B JTHKE cozep-
aTcA afeHnH, THMUH, TYaHHH W IUTO3UH, 4 B PHE BMecTO THMHMHA IPHUCYTCTBYET
ypAaIui, KOTOPBIH IO CBOEMY CTPOEHHIO 1 cBoiicTBAM GJIM30K K TUMHHY. A30THCTHIE
OCHOBAHMS MMeIOT IIUKINIeCKoe CTPOeH e, TPHYEM B COCTAB IIMKJIOB HApALY C yTJIe
POIOM BXOAWT U 30T, KOTOPBIN U NpUAAET TUM COeJUHEHUAM OCHOBHBIC CBOMCTBA.
AfleHVH ¥ TyAHHH OTHOCATCH K NYPUHOBBIM OCHOBAHMSAM H COCTOAT M3 ABYX KOH-
IeHCHpPOBAaHHBIX Kouell. [[MTo3uH, TUMHH U yPanui ABIATCA NMUPUMHAITHOBEIMHA
OCHOBAHMSAMHM M COCTOAT M3 OJHOTO KoJbIla (pHc. 38).

B HykJIeoTHJe OCTATOK HNATHYIJIE-

POAHOTO MOHOCAaxXapHja COeAHHEH C NH,
0fHO# cTOPOHBI ¢ (PocOPHOI KHUCIOTO, ABPHME: /(l:\

a ¢ Apyro# ¢ a3OTHCTHIM OCHOBaHHEM. Hc/ \c“: =N
Ilo cTPYKTYypeé a30THCTOrO OCHOBAHUA \N/C\N}H
ompezenseTca BUJ HYKJIEOTH/A U €ro Ha- H

apanue. 0603HAYATE HYKJIEOTHIbI IPHHATO o
nepBoil OyKBOM HMX Ha3BaHUA! aJeHHJIO" Il
Boiii — A, ryasmnossiit — I', nuTuaunio- e ,//N‘\C/ C\NH
peiit — 11, Tummaunossiii — T, ypanu- HC I

noeerii — V. Hyrneoruas: JTHK — A, T, rvaHMH\N’ C\Nfc‘“NHz

T, I1. Hyxneoraas: PHE — A, T, 11, V.

HyxJIeoTHAB COeTHHAKTCHA APYT C ({f
IPYroM B Ienb 4epes ocTaTKu (ocdop- H ’C\NH
HOHM KHCJIOTHI ¥ YIJeBOja, KOTOpbIe CO- NH, (I? | Ypauun
cTaBiIA0T ocToB Hemu (cm. puc. 37, 2). é HC\N/C%O
@DochaTHO-YIIIEBOAHBIE CBABH JOCTATOTHO HC” XN H
yCTOHUYHBEIE, YTO IPUAAET HYKJIEHHOBBIM ud (I3L'~"T°3“H
KHCJIOTAM CTA0MJILHOCTH ¥ IPOYHOCTD. ~N" X0
KoauuecTBO HYKJIEOTHIOB B IEIH MOXKeT H 0
nocrurate 30 000. 9To cambie BBICOKO- HC ¢ /&\ _
MOJIEKYIADHbIE COeIHHEHNA, i '1‘“"
Crpoenue JHEK. Monexyna JJTHE co- HE oS
CTOHT W3 ABYX CIHPAIBHO 3aKPYy4YEHHBIX T H 2

MOJHHYKJICOTHAHBIX IlemeH, OPpHYIEM
Kaskjas COHMpalb 3aKpy4eHa BIpPaBo, H Puc. 38. AzoTucThle OCHOBAHUSA
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Puc. 39. Bogoponusle cBaAsm Mexay KOMIIJIEMEHTAPHBIMH A30THCTHIMH OCHOBAHUAMM
B Mmostekyne [JTHK: I — ocrossl neneii; 2 — BoZOpOAHBIE CBAZM

00e OHH CBHMTHI BMECTE, T. e. 3aKPyUeHbI BIIDaBO BOKPYT OnHOH ocu. Ilenm yuxep-
JKUBAIOTCA PALOM APYT € APYTOM 38 CYET BOAOPONHEIX CBA3EH MEMXJY a30THCTHIMHU
OCHOBaHHMAMH, KOTOPBIe HAIPABJIEHEI BHYTPS cuupatu (puc. 39). IIpu stom MEMXAY
aJleHHHOM ¥ THMHHOM 00pasyroTcs aBe cBasu (A=T), a Mex 1y IHTOZUHOM H TYaHH-
HoM — TpH (II=T'). IlapHEIe asoTHCTHIe OCHOBAHHKSA, MeXAY KOTOPBIMH BO3HHKAIOT
BOZIOPOZIHBIE CBA3H, HASBIBAIOT KOMNIEMEHMAPHLLMU, T. €. B3BAUMOJOTOTHAONIUMH,
Taxkum o6pasom, B mosekyae [THK nociemoBaTeInHOCTD HYKJEOTHOB B OJHOH Hemu
KOMITIEMEHTaPHA IOC/IeL0BATEILHOCTH HYKJIEOTHIOB B APYToii. PaccrogHue MEMXIY
COCeTHUMH HyKIeOTHAaMu B menu cocrasigeT 0,34 mm. ITonubrit obopor coupanu
(mepuox maenTuunHOCTH) coctaBager 10 HYKIEOTHAOB, a mar — 3,4 M. Tuamerp
ABOWHOM CHMpPaaM OXMHAKOB 1O BCeit JJMHE W paBeH 2 HM (puc. 40).

@yaxuun THK. Monexynsr [IHK B ocHOBHOM HaxoxaTes B Aanpax xiaerok. Oun
00pasyIoT HUTH XPOMATHHA, a Hepel JeeHHeM KIeTKH [IpeBpamaiTca B XPOMOCO-
Mmbl. Cnenudnueckue monexyns: [JHK umerorcs B MHATOXOHAPUAX W XJIOPOILIACTAX.

OHK B KIeTKe BBINOJIHAET HCKIIOUHTENBHO BMHYK (QYHKIHIO — XPaHUT H
nepejaér HacleNcTBeHHYI0 HHbopmanuoo. KormgecTso monexyn JTHK u ux Hyk-
JIeOTHAHAA MOCAEJOBATENBHOCTD ABJAITCA MeHETHYECKHM MPU3IHAKOM BHAA U
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2 3

Puc. 40. Isoiinaa coupans monexyasl JHK: I — dparmesT nBoiHOH nenu; 2 — BTOPHY-
Has CTPYKTYpa; 3 — MOJeJb BTOPDHYHOH CTPYKTYDEI

crenudHUHL] JIJIA Kama0ro opraauama. B monexynax [JTHE saxozupoBasa mHMOD-
Manus O MepBUYHON CTPYKType OenkoB KiaeTku. OHM ABIAIOTCA MaTPUIAMH IS
cuntesa PHK u vHoBBIX Moneryn [THEK.

Crpoenne u suasl PHE. Monexkynst PHK cocToaTr m3 ofHOW HOAMHYKIEOTHA-
HOM Ien#, KOTOpas MOMKeT MMeTh MPAMEIe H CIHpaJbHEIe YYaCTKH, 00pa30BBEIBATH
netau (TaK:Ke 3a CUET BOZOPOAHEIX cBAseil). Pasusle Buasl PHE umeroT pasnudHyio
rordurypanuio. B oranune or [IHK 8 PHK BMectro TUMHMHA HaXOAUTCH ypammi,
[IO3TOMY BOJOPOAHEIE CBASH BozHMKaioT me:xay A=Y u I[=I. Kpome Toro, yriue-
BOJIOM 37ech ABaserca pubosa. B kinerxke monexkynsl PHK HaxoxaTcsa B sfpe, A~
TOILIA3Me, XJOPOILIACTAX, MATOXOHAPUAX U pubocoMax.

B saBucumocTH oT GyHKIHK BeIfensioT Tpu Buga PHE.

Hugopmauyuonnas, nnu mampuunas, PHE (uPHEK, mPHK) neperocur uagdop-
MAIIMI0 O MepBUYHOI cTpyKType benka or [THK x pubocomam. Eé emié HaznIBaioT
PHEK-nocpegauxom. 13 kiaerounsix PHK oHa ABnaeTca Hanboldee BEICOKOMOJIEKY-
napuoii. Kamnaa moneryna nPHE comep:KuT MoJHYI0O HHOOPMAIIHIO, HEOOXOJUM Y0
LA CHHTE3a OJHOI MOJeKyJIhl GerKxa.

Tpancnopmuasa PHE (TPHK) — aTo camMasi KOPOTKaA MOJIEKY/1a, COCTOAIAA U3
70—80 myraeornoB. Bce TPHK pacTBOpUMEL B BOJle 1 UMEIOT CXOJHYIO CTPYKTYDY,
KOTOPYIO CXeMATHYHO IPEACTABISIOT B BHAe KJIeBepHOro nucta (cM. puc. 84). Orn
TPAHCHOPTHPYIOT AMUHOKHCJIOTE K MECTY CHHTe3a Belxa — Ha prOOCOMEI.



nasa 3. XWMHWYECKASI OPTAHU3ALMS KJETKHW

AfeHWH Pubocomanvrvie PHE (pPHE) ctpo-
hiHz AT Teno pubocomel. OHH COCTABIAIOT
OcTaTk ochOpHON 6osee 80 % Bceit maccel PHEK B KieTKe.
KUCIIOT Cunresupytorcs pPHE na yuacrrkax [JTHE
L\ ) —l— 23— XPOMOCOM, PACIOJIOKEHHBIX B AJDBIII-
Qo= o8 o KoBOM 1eHTpe Axpa. OHH CBA3BIBAIOTCH
H,LO—P—0~P—O~P—OH ¢ GeIKaMH W CTPOAT Ten0 PUBOCOMEI.
o L g g cua Cromnnenus pPHK u pubocom npencras-

H ® ® ® JAKT cOD0H AAPBIIIKH.
Pubosa KpoMe KJIeTOYHBIX CYIIECTBYIOT 8U-
AnerosuH pychbie PHE — camble BEICOKOMOJIEKY-
Anetosutimoriodocdar (AMD) napHble U3 Beex Bujgo PHE. Oru HecyT
AneHoauHiudocdat (ALD) uH(GOPMALHIO 0 CTPYKTYDe BHpYyCAa, T. €.
AneHoanHTpudocdar (ATD) ABJIAIOTCA eT0 TeHeTHYECKHAM allapaToM.
AT®. KpoMe MOJIHHYKIEOTHAHBIX
Puc. 41. Crpoenne moaexyasi ATD Ieneil B KJIeTKe HAXOAATCA OTJelbHEIE

MOHOHYKJIEOTHIbI, UMEIOIHe TOT e CO-
CTaB M CTPOEHUE, YTO M HYKJIEeOTHABI, Bxoaamue B cocraB [JTHK u PHK. Pazauna
3aKJII0YaeTcd JIMIIbE B TOM, YTO OHM COAEpsKAT B CBOeH MoOJeKyJje A0 Tpéx gocdart-
HEIX ocTaTKOB. Haubosee BaskHbIM 13 HuX apasercia AT® — aderosurnmpugocgam
(puc. 41). Mouxexyna AT® cocrouT u3 pubo3sl, aJleHUHA U TPEX 0cTATKOB GochOpHOHI
KHMCJIOTEL. JTO BEIECTBO UMEeT MAKpoapzuieckue (BBICOKOOHEPTeTHYECKHE) CBA3H, KO-
TOpEle 0003HAYAIOT BOJTHHUCTOM 4epToii (~). OHEeprusa OIpoCTOH CBA3H COCTABIAET OKOJIO
13 x][3x/Mons, a makpoaprudeckoii — 30,6 xIl»x/Mons. IIpy rEaponnse MOJEKYJIEL
AT® no AIIP (anenosuraudochara) u morobocdhara H,PO, wim no AMP (aseHO3UH-
moHodochara) u gudochara H P,0, Bhiensercs sHEPIuH B ABa C IOJOBHHOM pasa
0oJIbIIe, 9YeM IPH pacllellIeHHH OObBIYHBIX COeTUHEeHW.,

3anacasmne sHepruu (cuHTe3 AT®) npoHCcXOoIHUT B pesyiabTaTe PeaKIU# pac-
maja ¥ OKHCJIEHHA OPraHHYecKHX BellecTB M B nponecce orocuHTesa. CuHTES
AT® ocymecTBaseTcs B MUTOXOHAPHUAX U B XJjoponnacrax. Kierka mcnoassyer
OTy 3anacéHHy10 SHEPIuI0 AJIfA OCYIIEeCTBJ/IEHHMS PA3JIMYHBIX IIPOIECCOB: CO3AaHHA
cOOCTBEHHBIX OPraHMYECKHX BEI[EeCTB, ABHIKEHUHA, NeJIeHUA, Nepefadd HepPBHBIX
UMOYJIbCOB U T. 1. AT® MobuieH u crocobeH HOCTABIATH JHEPTHIO B JTIOOYIO 9aCThb
wiaeTkn. OH ABIAETCA KJIKUYEBBIM BeIIeCTBOM KJETOUHBIX 00OMEHHBIX IIPOIECCOB H
VHHUBEPCAJBHLIM HCTOUHMKOM 3HEPIHH,

Hyrxaeurnoevle Kuciombut: desoxcupubonyiieunosas xucaoma (JHEK ), pubony-
Kaeunosas kucaoma (PHEK ); Hyxieomud; a3omucmble 0CHO8AHUA: adeHun (A),
eyanun (I'), yumosun (II), mumun (T ), ypayun (¥ ); womniemenmapHboLe
ocnosarus: A=T, A=Y, I'=I1]; eudv. PHE: unopMayuonHas, Uil Mampuy-
Haa (uPHE, mPHEK ), mpauncnopmuasa (mPHE ), pubocomanvrnan (pPHE );
adenozunmpugpocham (ATP ); marpospzuveckas céasv.



§ 11. HykneunHoBble KUCNOTbI. AT

Bonpocbkl n 3agaHusa

1. Y710 Takoe Hykneotma? M3 kakmx KOMMNOHEHTOB OH cOocTOMT? Kakwe 4acTu Hykneotuaa
COCTAB/AT OCTOB LN HYKNEeNHOBbIX KUCNOT?

2. Y710 coboit NpeacTaBnsaoT MONEKYNbI HYKIIEMHOBLIX KUCNOT? YeM HYKNeWHOBbIE KMCNOThI
Kak nonumepsl oTnn4arTca ot 6enkos?

3. Wcnonbaya BykBeHHble 0603Ha4YeHMs HYKNeoTUO0B, cocTaBsTe 2—3 BapuaHTa GparMeHToB
uenei OAHK 1 PHK, noctpoeHHbix n3 10 MoHoMepoB. B 4éM nposenseTcs cneumpuyHocTb
aTux pparmeHTos? Kakoe ato umeeT 3HaveHue?

4. HazoBuTe napbl KOMMIEMEeHTapHbIX a30TUCTLIX OCHOBaHWIA. Kakue cBsian oBpa3syloTcs
Mexay HUMK? BO3MOXHO NW MHOE nonapHoe coeauHeHWe as30TUCTbIX OCHOBaHWA?
OTBET NPOUNAIOCTPUPYIRTE NPUMEpPaMK.

5. B 4ém cocTtouT OCHOBHOE pasnuyue B ctpoennn OHK n PHK?

6. Kakue Buabl PHK Bam n3BecTHbI? Kakue QyHKUMW OHW BbINOAHSIOT?

7. CpasHuTe OBa BMOA HYKIIEMHOBLIX KMCNOT. [NepeyeptuTe B TeTpaab U 3anonHute Tabnuuy.

Crpoenne u QyHKIHM HYKJIEHHOBBIX KHCJIOT

IlapameTpsl 118 CpaBHEHHA JHK PHEK

Hyxkneoruausiii coctas

OcobeBHOCTH CTPOEHHA MOJEKYJIEI

MBCTOH&XO?KI[EEHG B KJIETKe

Bupgsr

3HaueHWe W QYHKIIHA

8. Ponb ATO B kn1eTke MOXHO CPaBHUTL C ponbio BaTtapeitkv unu akkymynstopa. O6bsacHuTe,
B 4EM 3aK/0HAETCH 3TO CXOLACTBO.

9. Kak Ha3blBalOT aHepreTuyeckn Gorartele cBA3U? MOXET M B OAHOM peakumMu MATM rua-
ponNM3 OQHOBPEMEHHO NO ABYM Takum ceas3am? Haszosute seuwectsa, obpasylowmecs
npu ruaponnae AT® ¢ oTwenneHrMem: a) OaHOW Monekynbl GoChOpPHOM KUCNOTHI, ) aByx
Monekyn GocdOopHOA KUCNOTEI. HanuwnTe B TETPansX ypaBHEHUS rMaponuaa.

10. 3akoHuYMTE 3aNONHATL B TeTpaaax Tabnuuy «XUMUHYECKWA coCTaB KNeTku» (CMm. c. 41).
BHecuTe B HE€ CBEOEHWA O HYKNEUHOBLIX KMcnoTax un ATd.

HononuurensHas nHpopmayns

Mopgens crpyrTypsl Monekyasl JIHK Owina mpemmosxena B 1953 r. asramiickuMu
yaeérbiME [[sxefiMmcom Yorcomom m @pencucom Kpukom. Oma npencrasinsia co-
0oi1 BOWHYIO CIHPAIb. DTO OTKPHITHE HEePEBePHYIIO 3HAHUA 0 HYKJeHMHOBBIX KHCIOTAX,
TI03BOJIMJIO BOEAVHO CBA3ATH CTPYKTYPY M QyHKOU [THK. VuéHble OBLIN yYAOCTOEHBI
HoGenesckoit npemun. OTKPBITHIO IPEIIECTBOBAJ JOJATUH OUCK ¥ KPOIOTIHRad pabora
HEeCKOJBbKHMX HAYYHBIX JabopaTopuii.

B 1951 r. amepukanckuii 6uoxumuk Opsur Yapradd, uccaeqysa cocTas HYKJIEO-
tanos [JHE, obrapyxua onpeseéHHYI0 38 KOHOMEPHOCTb B COOTHOIIEHUH TYPUHOBBIX 1
NHPUMHAHHOBEIX OCHOBaHMM. OKa3an0ch, YTO KOJIHUECTBO IIYPUHOBEIX OCHOBAHHUI COOT-
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BETCTBYET KOJHUYECTBY MHPHMUIUHOBLIX, McceoBanuio
noasepranuck [ITHK, BrizeneHHBIe U3 KJIETOK pa3jawy-
HBIX OPrAHU3MOB (Ue0BEKA, KYDHUIEI, JIOCOCH U AP.).
HWHTepecHBIM OBLI B TOT (PAKT, YTO KOJUUYECTBO aleHHHA
Beerza OGbLJI0 PABHO KOJMYECTBY THMHHA, a I'yaHMHA —
KOJMYECTBY [IUTO3WHA:

A+T'=T+1I; A=T,TI=1I.

Ha aru BakuBIe ¢daxThl TOrZa He obpatuiau ocoboro
BHUMaHUA. B aro ke Bpems B KoponeBckoMm komnemxe
B JloHgoHe aBoe yuéHbIXx — Posanuuagna PpaHKIHH
1 Mopuc YUAKHMHC — OBITAJIUCHE METOJOM DEHTTEHO-
CTPYKTYPHOT'O aHAJIHN3a ONPeJeJTHTh CTPDOSHHE MOJIEK VI
JHEK. Osm nony4ynim peHTreHorpaMmy, KOTopas CBHIe-
TEJILCTBOBAJIA O CIMPAJBHOCTH MOJIEKYJEI, HO AeTaTHU3H-
pOBaTh €8 CTPYKTYPY HE YAaBAaJIOCh.

M. Yorcor u @. Kpuk nomuian nEeIM nyTéM. OHN cobpasyn Bee TaHHBIE IO XUMUAYe-
CKOMY M (PM3HYeCKOMY AHAJM3Y M INONBITAJIHNCEH IOCTPOUTE OIPOCTPAHCTBEHHYIO MOJENL
OHE. IIpenmocelnkoit moceny:kuao orkpeitee JI. [Tonuarom B 1951 r. o-conupanm
Oelka TeM e MeTOAOM. ¥ 4éHBIe YUJIN pe3yabTaThl pabor 3. Hapradgda 1 pe3yasTaTs
PEeHTreHOCTPYKTYpHOro aHanusa. Ha perrrenorpamme JIHK KpecroobpasHoe pacmosio-
xeHHe pedIeKcoB (IATeH) B MEeHTPe YKA3hIBAJIO HA COUPATLHOE CTPOEHHE, 8 HX CHMMET-
PHUYHOCTB IO KpasAM CBHETeJIbCTBOBAJIA O HAJIMYHUH JBYX Helnel B Moaekyie (puc. 42).
TpeboBayioch ellé BBISCHHThL, KAK JBe LeNH MOIJIM VAepP:KHBATHECA APYr BO3Je APYra.
Ha nmomoms mpumino 3adsiToe orkpeiTue Yapradda. CooTBeTcTBHE KOJIHYECTBA a€HHU-
Ha — THMHHY, TYaHHHA — IHTO3HHY IIO3BOJIHJIO IPEANOJ0XATE, YTO COefHHEHHE IBYX
neneil MIPOMCXOJAHUT HMEHHO 34 CYET MapHBIX A30THCTBLIX OCHOBAaHWMH. [lelCTBHTENBHO,
CTpOeHHEe MOJIEKYJ a30THCTBIX OCHOBAaHUM TAKOBO, YTO MEMKIY aJlecHHHOM H THMHHOM,
TYAaHWHOM H OHTO3MHOM MOTIYT BO3HMKATH BOJAOPOAHEIE CBA3ZH. JTH JaHHEBIE ITO3BOIHIHA
VY9EHBIM pasrafiaTh 3arajiky crpoeana Mmosexyasl JTHEK.

Puc. 42. PeaTrenorpamma
moseryasl JTHE

BbIBOAbI NO MNABE 3

KneTku 1 opraHU3MEl HMEIOT OIpeeEHHbBII aJleMeHTapHEIH coctas. OCHOBHBIMHU
3JIeMeHTaMH-OHOTeHAMH SABJAITCA YIJIepol, BOILOPOJ, KHUCIOPOJ, a3oT. Becero B
OPraHH3Me IOCTOAHHO BCTpeuaeTcA npuMepHo 20 s1eMeHTOB.

T'naBHBIM KOMIOHEHTOM OHMOCHCTEM ABIAETCA BojJa. B KIeTKe comeprxaTcs
TaKKe HeOpraHWYeCKHe HWOHBI, KOTOPhIe BBRINOJHSIOT ONpeaeéHHbIe (PDYHKIIUH.
OprarnyecKue KOMIOHEHTEI KJIETKH IIOCTPOEHBI U3 OTPAHHYEHHOT0 YHCJIa YTJIePoI-
comepalllnux MOJIEKYJI. 3to caxapa, MHpHBIe KMCJIOThI, I'NIMIIepDHH, aMHHOKHCIOTEL
| HYKJEOTHAEI. JTH MOHOMEPLI 06pa3yIOT BEICOKOMOJIEKYISPHEIE IOJTHMEDEL C Pas-
JUYHBIMUA CBOMCTBAMHU ¥ (QYHKIIUSIMH B OPraHU3MeE.

YrieBoAsl CIyKAT HCTOYHUKOM 9HEPTUM M 3allacaroTcA B OPraHU3Me B BUIE pe-
3€PBHBIX IOJIHUCAXAPUI0B. JIMIIUIBI TAKKE BBINOIHAIT SHEPTEeTHYECKYI0 (QYHKIHIO,
OJHAKO He MeHee Baj)kHa HMX poJib B GOPMHDPOBAHHMHU KJIeTOYHHIX MemOpaH. Beaxwn,



69
§ 12. Nnaamarnyeckas memOpaHa. KnetoyHaa cTeHka

MOCTPOEHHEBIE U3 AMHUHOKHCIIOT, PasHo00pas3HbI 110 COCTABY, CTPOEHHIO, CBOMCTBAM
¥ BBIMOJHAEMBIM QYHKIHAM. IT0 MHOroQVHKIHOHAIBHEIE coefuHenna. Haubomee
BasKHBIE (DYHKIIHH OeIKOB — (hepMeHTATHBHAA H CTPOUTENbHA.

HyxkneoTuasl SBASIOTCS MOHOMEDAMH CAMBIX BBICOKOMOJIEKYJISIDHBIX XMMHUe-
CKUX COeIMHEHWHN B KiIeTKe — HyKJenHOBHIX Kuciaor (JJHK u PHK). OcHoBHas
(DYHKIMSA HYKJIEMHOBBIX KHCJIOT CBA3aHA C XPaHEHWEM U Iepejadell HacJle/[CTBEH-
Hoi nHbopManuu. AT® — BEICOKOIHEPTeTHYECKOE BEIllecTBO, CIIOCO0HOe 3amacaTh
9HEPru, KOTOPasa MCIOJAL3YeTCH AJA MU3HeNeATeIbHOCTH KIEeTKH.

Tembl poknapoe, pecdepaTtoB U NPOEKTOR

1. OnemeHTbl-BUoreHsl NnaHeTsl 3eMns.

2. YHukansHoe BelecTBo (0 Boge n eé ponu B Buocuctemax).
3. bydepHble cucTeMbl OpraHvMama: noanepXxaHne romeoctasa.
4. Benku — 0OCHOBA XW3HMN.

5. MHoroo6pasuwe 1 QyHKuUKM yrmesoaos.

6. lunnabl BOKPYr Hac.

7. HyknewHoBble KMCNOTbl — OCHOBA HAcNeACTBEHHOCTM.

fnasa4. CTPOEHUE U ®YHKUUU KNETKU

§ 12. NnaamaTuyeckas memOpaHa.
KnerouHas creHka

eP) PaccmoTpute nepsbliii dopaal ydebHuka. M3 kakux 4acTen COCTOAT PacTUTENb-
2 Has W XWUBOTHas KneTtkn? B 4ém ux CXoa4cTBO U OTANYME?

Jwbaa knerxa obramaeT CI0MKHBIM CTpOeHHMEM. PasiuuaroT ABa BHAA KJIETOK.
IIpoxkapuoTHble, WK GezbANEPHBIE, KISTKH HEe UMEIOT 0(hOPMIEHHOTO AApa, B HUX
BbIZleNAeTCA JUIIL AAepHas 30Ha, comep:xkamaa monexyny JTHK. Kpome Toro, B
TAKUX KJEeTKaX OTCYTCTBYIOT IIOYTH BCE OPraHOHbI. JYKAPUOTHBIE KJIETKH — OTO
ANepHBIE KJIETKH, HMeloire oQOpPMISHHOE AAPO M BCe OCHOBHBIE OPraHOMLI.

JyKapHOTHBIE KJIETKH COCTOAT U3 TPEX B3AMMOCBASAHHBIX uacTei: 1) Hapy»HOM
KJIeTOYHOH (IJIasMaTU4YecKoit) MeMOpaHsbl; 2) UTOMIA3MEI © OPraHOM/0B; 3) AApa.

PaccMaTpuBaTh CTpOeHHE KIIETKH HAYHEM C IIA3MATHYECKON MeMOpaHbl, KOTO-
pas ABJIAeTCHA 00A3aTeIbHEIM KOMIIOHEHTOM JI000H KIeTKH.

Crpykrypa nmiaasmMaTudeckoi memOpansl. Bee KeTKH CHADYU MOKPBITHI 443
mamuveckoil membpanoil, unu naazmaremmois (or rpedu. lemma — obGomouxra),
OrpaHHYHBAIOIIel UX KUBOE COLEPMKUMOE 0T BHELIHe# cpenbl. X MMHUYECKHAH aHATINS
IIOKa3aJ, 4TO IJIa3MaTHUecKas MeMOpaHa COCTOMT M3 JIUNHUAOB U Oenkos. JIumuae
IpeICcTABIEHBl IJIABHEIM 00pazdoM (GochOoJIHIHIAME, 4 TAKKE TIHKOJHIHIAMHU
U crepumamMu (xojectepuH). MaBecTHO, 4TO MOJeKyabl dochonunuia 061amaioT
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Puc. 43. JKuarocTHO-MO3aWYHASA MOJe/b CTPOSHUA IiazMaTudeckoi membpans (1):
1 — yraesoppl; 2 — Oeaku; 3 — dochonunuasl. JIeKTPOHHAA MUKpodorTorpadusa mias-
MaTudeckoi membpans: (II)

ragpoduasHO-THAPOGOOHEIME cBoMicTBamMu. [Ipy momagasum B BOAY OHM pacroJa-
raloTcd Tak, 9T0 UX rHApodoOHEIe YACTH BCTYIAIOT B TECHBIM KOHTAKT IPYT C APY-
TOM, a THAPOGMHUIBHEIe JaCTH — C BOAO#. Takue MOJIEKYJIEI CIOCOOHBI CIIOHTAHHO
00pa3oBBIBATE IBYXCIOUHEIE CTPYKTYPEI B BHAE MAIeHbKHX 3aMKHYTBIX IIY3LIPHKOB.

Ha ocHOBe TaHHBIX XHMHYECKOr0 aHAJH3a U 3HAHHH 0 cBoMcTBax (hochoaunngos
aarauiickue yuénsie I'. [laBcoH u JI. Jaruennu B 1935 r. BEICKasanu npegmno-
JIOKeHHe, YTO Hapy:KHad KJIeTodyHad MeMOpaHa COCTOHT W3 JHIHIHOTO OUC/IOA,
3aKJIIOUEHHOTO MeKIY AByMsA cioaMHu OenkoB. IloryyeHHEAA ¢ MOMOIIBIO 3JIEKTPOH-
HOI'0 MUKpOCKONna MHKpodoTorpadusa no3soauaa B 1959 r. IIxx. PoGepTcoHY BHI-
ABUHYTH I'HIIOTE3Y O TPEXCJIONHOM CTDOEHHH «3JIEMEHTApPHOU MeMOpaHbI», B OCHOBY
KOTOpoi ObLIa nonosxkeHa mojens ascona — Jlanuennu. [lansHelilee u3ydenue
KJIETOUHBIX CTPYKTYDP H IIOABJIEHME HOBBIX METOJO0B MCCIeJOBaHUA IIOKa3aJo, 9TO
0enkH He 06pasyiOT CILIONIIHOIO CJ0s, 4 BCTPEUAKTCS HA OTHEJbHBIX Yy4acTKax B
BHUJEe BKPAILIEHUH, HOTPYKEHHBIX B JIMINIHEIN OHCI0I.

B 1972 r. amepurkanckue yuénbie C. Cunrep u I'. HukoscoH npemiomu-
A HUTKOCMHO-MO3AUYHYI0 M0delb IuasMaTudecKoir MemOpansl. CornacHo sToM
MOJEJH B JUOUAHBIA OMCI0H MO3aHMYHO BKPAILJIEHBI MOJIEKYJIBI DEJIKOB, KOTODPBIE
MOT'yT IPOHUSBIBATE MeEMOPAHY IOJTHOCTHIO, DACIIOJATATHCA HA €€ IOBEPXHOCTH HJIIH
YaCcTHYHO NOrPysKaThedA B Heé (puc. 43). C Hapy»KHOH CTOPOHEI ¢ GeJIKaMU U JIUIIH-
JaMu coefMHeHbI yraeBoabl. OHHM 06pasyoT IITUKOJANHAIHBIE U TVINKOIPOTENHOBBIE
kommtekcel. Tormuea nnasmMarnyeckoit MeMOpaHb! cocTaBuseT okoso 7 HM. Cocras
naasMaTH4YeCKHX MeMﬁpaH oTiimyaercs DelxKaMu #U yriaeBoJaMH Yy PA3HBIX KIIETOK,
a TakKe y MeMOpaHHEBIX CTPYKTYD BHYTPH 3VKAPHOTHOH KJETKH.

JInnuaHEIH 6UCIoi HMeeT KUIKOCTHYIO CTPYKTYDPY, 00IaJal0MIyI0 TeKYIeCThIO.
B aTom 6uciioe IHOHIEI MOTYT IIePEeMeINaThbesa, MEHAA CBOE MOJI0XeHHe, T. . MeMO-
paHa nogemkHA. OTAeIbHEIE MOJIEKYJILL JHIHA0B CIIOCOGHE! IeTKO IPOHUKATE Yepe3
OMCI0l MM MepPeIBHTAaThCA B €ro IJIOCKocTH. IloaToMy MeMOpaHa HJIacTHYHA MU
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crnocobHa M3MEHATH CBOK (opmy 6es moTepd BHYTPEHHHX KOHTAaKTOB. TexkydecThb
[Ia3MaTHYecKoi MeMOpaHbI CBA3aHA CO CIOCOOHOCTHIO THAPOGOOHEIX XBOCTOB (hoc-
doarnugoB cBOOOJHO CKOJIB3UTE APYT OTHOCHTEIBHO APYIAa.

IPYTHEM CBOMCTBOM ILIA3MATHYECKOW MeMOpDaHLI ABIseTCA eé CIOCOOHOCTH K
caMo3aMbIKaHUIO. M3BecTHO, YTO BO BHENIHEH ¥ BO BHYTPeHHeH cpefe KIeTKH
HAXOOWUTCA Boja. B mMecre moBpe:xkmaeHus MeMOpaHBI IPOMCXOAUT CIOHTAHHOE 3a-
MBIKAHWe, TPeNATCTBYOmee JOCTYny BOALI B ruapodobHbiil caoii. [Toaromy ecan
KJIeTKY pasfe/]uTh IIOMOJAM, TO Ka)Aasd 4acTh TYT ’Ke 3aMKHETCA. JTOT Hmpoecc
MMeeT MeCTO IPH AeJeHHH KiIeTKH. MeMOpaHB! IBYX KJIETOK NPH ONpENeJEeHHBIX
VCIOBHAX MOTYT BXOJHTEH B KOHTAKT APYT ¢ APYrOM WM CIHBaThCA BMeCTe.

TpeTbs 0coO0EHHOCTH JIMIAAHOTO OHCI0A — ero H30HpaTeNbHasA IPOHUIAeMOCTh
nisa Bemects. Yepes MeMmOpany cBoOOAHO NPOXOJAT IHApPodoOGHEIe BellecTsa, Kak
OBl pacTBOpAACH B JHNUAHOM Gmcioe. Menkue He3apA:KeHHBIE MOJIEKYJIbl TaKKe
cIoco0HEI OBICTPO AuGGYHAMPOBATE Uuepes caydalHble OIeJH MEXAY JHIHTaMH.
OpEarko KpyIHBIe MMOJSPHBIE MOJEKYJbl WM 3apAsKeHHBIC MOHBI HE MOI'YT IIPO-
HHEKHYTH 4epes IJIa3MaTHYeCcKyI0 MeMOpaHy.

JImmugabIit 6UCI0H CAYIKHT pacTBOpHUTENeM s MeMOpaHHBIX OenkoB. Benku
comep:kaT ruApoduIbHEEE H rEApodoOHBIE YIACTKN, Oarofgapsa HATHYHAIO B HX MO-
JIeKyJIax TexX WU HHEIX aMHHOKHCIOTHBIX 0CTATKOB. ['HpodobHEIe yuacTKu OeIKoB
B3aMMOJEHCTBYIOT ¢ JUIHWAHBIM GHcaoeM. B 3aBHCHMOCTH OT MECTOHAXOMKACHHA U
BeJIMYMHE] 9TUX YYACTKOB DEJIKH MOTYT IOJHOCTHIO NOTPYKAThCA B JHIHALI ILIa3-
MaTHYeCKOH MeMOpaHBI MIIM pacmojaraThbCi Ha €€ IMOBEPXHOCTH.

Iepugepuuecrkue MmeMOpanHble GeIKY THAPO(HUIBLHEL, HE CIIOCOOHEI B3aUMOAeH-
cTBOBaTh ¢ TUAPOGOGHBIMY JUMHIAMHE U PACIIOIATAIOTCH Ha IOBEPXHOCTH MeMOpaH.
OHHY He MOrYT IIepeMelaTbCcs B OMANIINHOM CJI0€e, & TOJBKO CKOJIB3AT MM Bpalia-
I0TCA Ha ero noBepxHocTu. HHmezpanvrbie, WA IPOHUILIBAIOITHE, OeTKu 061aa0T
ruApodoOHBIMH CBOWCTBAMHE, OHH CIIOCOOHBI BCTPAMBATHCA BHYTPh MeMOpaHBI H
IepeMeIlaThCs B JIUIHUIHOM Ouciioe. BHyTpeHHAA YacTh TaKUX DETKOB MOXKET UMeTh
rEApOHIbHEBIE KaHANE], WK nopsl. Ilo aTuM KaHanaMm Yepe3 MeMOpaHy KJIeTKH IIPO-
XOIAT 3apAKeHHbIe HOHBI, IOJSPHEIE, BOAOPACTBOPHMEIE MOJIEKYIbl. JacTe OeIKoB
MeMOpaHBEI MOJKET BBHINOJHATE (PepMeHTATHBHYI0 QYHKIHIO. ITO cnenuduyuecKue
(hepMeHTEI, CIIOCOOHbLIE IIEPEHOCHTh 3JIEKTPOHBI M IPeoOpasoBhIBATE HX 3HEPTHIO
B JHEPrHI0 XMMHUYECKUX cBaser. Eciau nunuaaeril 6mciol onpenenseT OCHOBHEIE
CTPYKTYPHEIE 0COOEHHOCTH MeMOpAaHbI, TO 0eJKH ONpeNesAOT OOJBIIHHCTBO €&
byrrIui. 9ro GeJKH-penenTopsl, hepMeHTHI, GenKu-nepeHocunku. Membpanabie
OelKH, TAK e KaK M JHIHIBL, CIIoCOGHBI ImepeMelaTscs B MeMOpane.

Ha mapy»XHOI IIOBEePXHOCTH ILIa3MaTHYeCKO MeMOpaHbl pacIoaaralTes yrie-
Boznbl. OHE IpefCTaBJEHBEl MOHO- MJIM OJIATOCAXAPUAAMH, COEINHEHHBIMU ¢ Oenka-
MH (IMIHKOIPOTEUHBI) MIH JUNAAAMH (TVIHKOJUIUIBI). YTJIeBOABl OJHUM KOHIIOM
COeMMHAITCA ¢ MeMOpaHOii, a APYroi KoHel CBoG0/jeH 1 HATIOMUHAET aHTeHHY. Ty
nepudepHYecKY0 YacTh MeMOPAHEI, COTEePIKaIlyI0 YIJIEBOALI, HA3BIBAIOT 2NUKOKA-
aukxcom (ot rped. glykys — cnagxumii m nar. callum — roncras koxa). Ero pysk-
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LusA OKOHYATENbHO He BHEIACHEHA, HO €€ CBABBLIBAIOT C PACIO3HABAHHEM Y4YACTKOB
coceJHMX KJeToK. I'Tmkokanukc Kak Obl ofecmeunBaer cleljieHHe KIETOK H HX
IIPDaBUJIBHYI OPHEHTAIINI0 B TKAHAX.

Wrak, nnasmatudeckas MeMOpaHa uMeeT claeAyIOlIue XapaKTepUCTHKH.

1. CocronT M3 MuNUAHOrO OHCIOA W BKDAIJIEHHA 0eJIKOB, HMEeT SKHIKOCTHO-
MosaudHoe crpoeHue. Tonmuua Bapsupyercsa ot 5 go 10 BEM.

2. Hapy:KHas W BHYTPEHHSAS CTOPOHBI ILJIABMAIEMMEI OTJIHYAIOTCH 110 CTPOSHHIO
u coctaBy. C HapyKHOH CTODOHEI C IJIA3MaTHYeCKON MeMOpaHOi coefUHEHE! yrie-
BOJIbI, 00pa3yomne rIHKOKAJINKC,

3. JIunuaHe GMCI0H IIa3MaeMMEl IIOABUMKEH, CIOCOBEH CaMO3aMBIKATBCA U
obsiazaeT U36UpPATENIBEHOH TPOHHUIIAEMOCTEIO.

4. ®yEKIUY MeMOpDaHHEIX Oe/JKOB PasHOOODA3HBI M 3aBUCAT OT CTPOEHUA H
MeCTOHaXOX/JIeHUs B ILIasMaTUYecKoi MeMOpane.

5. YrieBoJHEIE KOMIIJIEKCHI BHIMOJIHAIT (QYHKIHUIO PACIO3HABAHUA KJIETOK.

6. Bce KJIeTKM CHApPY»KHM IMOKPHITH IIIa3MaTHYecKoil MmemOpanoii. BEyTperHame
MeMOpaHHBIe CTPYKTYPHI PasfiefIdloT KJIETKY Ha oTceKH. KieTounsie MeMOpaHbI
OTJIMYAIOTCA APYT OT APYra COCTABOM M pasMepaMu.

TpascmopT BemlecTB Yepe3 IJIazMaTHYeCKylH MemOpany. Biaromapsa uzbupa-
TeJbHOHM NMPOHHIAEMOCTH M IuApodoOHOCTH BHYTPEeHHeH YacTH ILIasMaTHYecKasd
MeMOpaHa IpeIOTBPAIAeT YTeUKY COAep:KUMOro KieTkn. MemOpaHa HempoHHIIaeMa
s GOJIBIIMHCTBA TOJIAPHBIX MOJIEKYJI, IPEIATCTBYET epeMeleHHI0 PACTBOPHMEIX
B BojJie BemlecTB. Ho MeskJy BHeIIHel CPeJoi M KJETKOH MOCTOAHHO IPOHCXOMHT
o0MeH BemIecTB, KJIeTKAa NOJIKHA MOJY4YaTh NHUTATelbHBEIe BemjecTsBa. CyllecTByeT
HECKOJIbKO MeXaHHM3MOB TPAHCIOPTA BEIleCTB uepe3 IIa3MaTHUYeCKyio MeMmOpaHy:
Iudbysnda, ocMoC, aKTHBHBIH TPAHCIIOPT, 9HAOIMTO3 W 9K30mUTO3 (puc. 44).

Maunsle He3apsAKeHHBIE MOJIEKYJIbI U YKHPOPACTBOPHUMEIE BEI[eCTBA MOCTYIAIOT B
knerky auddysHo. Tak, mosexyasl kucioposna (0,), yraekucnoro rasa (CO,), aTumao-
soro cnupra (C,H,OH) nerxo auddysaupyoT 4epes THOUAHELA Guciaoi. Jupdysus
HAET IO FPajUeHTy KOHIEHTPAIMH, T. €. U3 00JIaCTH ¢ BBICOKOH KOHIIeHTpaIHei
B 001aCTE ¢ HU3KOH KOHUeHTpauuei (puc. 44, 1).

HecmoTpa Ha TO YTO MOJIEKYJIbl BOABI IOJADPHEI H HEPACTBOPHUMEI B JKHPaX, OHU
Takxe OBICTPO JHGOYHANDYIOT Yepes IIasMaTHUYeCKyo MeMOpaHy. OTO CBA3aHO C
TeM, 4TO OHHM MAaJlbl, IIO3TOMY JIEFKO IPOHHKAKIT MeXIY MOJIEKYJIaMH JHIUJ0B ye-
pe3 caydaiHble OTBepCTHsA, obpasyiomueca B membpane. [[uddysuo MOJeKyI BOALI
HaskIBaIOT ocxoconm. OcMOC CBA3AH C [1ePeX0A0M TOJbKO MOJIEKYJ PACTBOPHUTEJA 110
rpaJueHTy KOHIeHTPalluy Yepe3 NOJNYNPOHUIIaeMyi0 MemOpany. Hanpumep, ecinm
MOMECTHTHL KJIeTKY B IHIIEPTOHHYECKHN pacTBOp ¢ 0oJee BLICOKONH KOHIEHTpammen
cosei, TO BOJa U3 KJIETKH CTAHET IOCTYIIATE B MEXKKJIETOYHOe IpocTpancTso. Kietka
CMOPIIUTCH, NPOU30HIET naasmoaus (puc. 44, 2; puc. 45). Eciu e moMmecTuTrs
KJETKY B JUCTHJIMPOBAHHYIO BOAY (TMIIOTOHHYECKHH pacTBOpP), TO BOJA HAUYHET
OCTyHAaTh B KJIETKY M 3a CYET BO3PacTaloliero JAaBJIeHUSA CMOMKeT IPHBECTH K pas-
PBEIBY IJIasMaTH4ecKoil meMOpans! (puc. 44, 2).
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MaccUBHBLIA TPAHCMOPT  AKTWBHLIFA TpaHCNopT

1 (oBneryénHan auddysna)
Okpyrno- HopmanbHbIA HaGyxiumin JInaupoBaHHbIA
aybuarblin
- l
KoHUEHTpaLwms noHoB  [MNEPTOHWYECKWA 30TOHMHECKWIA I_MHOTOHW-IeCKMVI CHRbHO
B MEXKNETOYHOM pacTBOp pacTBop pacTeop rMNOTOHUYECKUIA
npocTpaHcTee pacTBop
2

Puc. 44. TpaHCIOPT BeIecTB Yepes maasMaTHYecKyw Membpany (1). OcmoC B JKHBOTHOH
KJeTke (aputponur) (2)

Jina 3apsAKeHHBIX MOHOB M IOJADHBIX MOJIEKYJ He3aBUCHMO OT MX PasMepoB
niazMaruyeckas MembpaHa HempoHunaema. MoJleKyaBl TJIIOKO3bI, TIMIEPHUHA,
AMHHOKHCJIOT, HOHBI MeTAJI0B TuQOYHANPYIOT Yepes3 He¢ MeJIEHHO, Yepes CIeru-
aJIbHBIE MHAPO(MMIBHEIE KAHAIEI, KOTOPhIe MOTYT 00pa3oBbIBaTh MeMOpaHHbIe DelKH.
IIpu 3TOM HWKAKOH 3aTpaTHl 9HEPrHH He npoucxoauT. Taxoil nepeHOC HA3LIBAIOT
[ACCHBHBIM TPAHCIIOPTOM MM obserdéuHoi quddysueit (cM. puc. 44, 1).

Tperuii OyTh HePEHOCA BEIeCTB — GKMUBHbLIL MPAHCTLOPM — OCYIECTBIIAETCA
CHeNUAaNbHEIMA DelKaMH-TIepeHOCYMKAMI ¢ 3aTpPaToi SHEPruu (CM. puc. 44, 1).
Be/loK-IIepeHOCUHMK CBASBIBAET IEPEHOCHMYI0 MOJIEKYIY MJIH MOH, U3MEHAET CBOIO
xorGHUrypannio ¥ NPOKAYHMBAET BelleCcTBO BHYTPE KJETKH MM HAPYKY. Beuok-
[IepEeHOCUNK JeACTBYeT KaK Hacoc. AKTHBHBIN TPAHCIOPT MAET IPOTHB I'PajiHeHTa
KOHIIEHTPAIIMH, IIPY 3TOM 3aTDAYHMBAETCA JHEDPIHA. JHeprud BBIJEJIAeTCHA NpPH pac-
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Puc. 45. I11asM0nIH3 B KJIETKAX KOMKHUILBI vemyn ayka. Ha mukpodororpadpusax sumgso,
4TO MHTOIIA3MA, OKDYKEHHAA MIa3MaJeMMOii, BHAUATIe OTCTAET OT KJIETOYHOM CTEHKH, a
3aTeM CMOPIIHBAETCA M NPeBpaIaeTcsa B IIAPHK

nazge mosekys AT® nox meficrBuem depmenta ATdasw1. Hanpumep, KoHIeHTpanusa
noHoB HaTpuA (Na’) Ha Hapy:KHO# noBepxXHOCTH MeMOGpPaHLI GOIbIIE, YeM BHYTDH,
a noHoB kaums (K¥), maobopor, — Gonsme BryTpu. Takas pasHuna KOHIIEHTpAa-
nuii obecneunBaeTca pabGoToll HaTpHil-KanHeBOoro Hacoca. MOHEI KaJIud IMACCHBHO
AupOYHINPYIOT Yepe3s MeMOpaHY KJIETKH BO BHEIIHIOI CDeNy depes kKaHaso0bpa-
syomue benxn. O6paTHO e, BHYTDH, OHH 3aKAYHMBAIOTCH AKTHBHBEIM TPaHCIOPTOM,
Harpuii-kanueBLfl HACOC NOCTOSHHO 3aKAYMBAET MOHBI KA BHYTDPb KJETKH,
8 MOHBI HATPHA — HapyxKy. OfHOBpEeMEeHHO ¢ 3THM HAET nponecc TUAPoanA3a AT®
¥ 0CBOGOK/IeHNEe DHEDIUH, 3alaCéHHOH B MAKPOIPTUUIECKOH CBASH.

Kpome HH3KOMOTEKYIAPHBIX BEHIECTB B KJIETKY MOCTYIAIT K BBICOKOMOJIEK Y~
JIAPHBIE BEIeCTEA, a TAKXKe KPyNHbIe yacTHIEl. OHM 3aXBaTLIBAIOTCA MeMODaHO
KJIeTKH, IPOMCXOAUT €€ BOSYHBAHHE M OTIIHYPOBBIBAHUE MY3bIPhKA BHYTPH KJIET-
KM. 9TOT IpoOIect HasLIBAIOT sHdoyumosom. PasnuuanT nsa BHIAa SHAOLMTO3Aa:
¢azoyumo3s — MOrJIOMEHUe TBEPAbIX YACTHI], NUHOUUMO3 — TIOTJIOMEHNE KUTKIX
BemjecTs. ParonUTO3 OCYIECTBIAETCHA, HAIPUMED, KIETKAMH JEHKOIUTOB — da-

Puc. 46. DiexkTpoHHEIe MUKpPOGdOTOrpadHH 9K30HATO3A
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ronuramu. IIpu mepeHoce MAKDPOMOJEKYJ U3 KJIETKH HapyXy NpoIecct unér B 06-
paTHOM HAIpaBJIeHWH U HA3BLIBAETCH 9K304umo30m (CM. pHC. 44, 1). Takum cmoco-
G0M OCYIeCTBJISETCS BHIHOC CEKPETOB M3 JKeJIe3UCTBRIX KJIEeTOK (puc. 46). Baxnas
0COBEHHOCTh SHAOMMUTO3a M IK30I[UTO3a 3aKJIOUYaeTcsa B TOM, YTO NOTJIOIaeMble
WIN CeKpeTHPYeMble MAKDOMOJIEKYJIBl He CMEIIMBAIOTCA ¢ APYIMMH BeIeCcTBAMH,
cofiepaxamuMucs B kiaeTke. OHM JTOKANU30BAHE] B 0co0BIX MYy3BIPEKAX — Be3WKYJax
¥ OrpaHWYeHBl OJHOCIOHHOH MeMOpaHoii.

Knerounas crenka. Kierkn pacrenuii, rpu6oB, KpoMe IJIa3MaTHYECKOH MeM-
OpaHbl, CHADYIKYU UMeIOT eIl 000L04KY, HUIH KIeMOYHYI0 CMeRKY (puc. 47). Mare-
pHas [Af HOCTPOEHHS KJETOYHON CTEeHKM BBIJEJIAET caMa KJeTKAa. ATo HexuBaA
KJIETOYHAS CTPYKTYDA BHINOJHAET QYHKIUY OIIOPHI M 3AIUThI, IPUAAET IPOYHOCTE
KJIeTKe, OPPAHMYUBAET €€ NOABIIXHOCTE. ¥ PacTeHHd 000/104Ka KJIeTOK COCTOHT M3
BOJIOKOH LIeJLTI0JIO36] M ABJIAETCA CBOeo0pasHEIM BHYTPEHHMM KapKacOM OpranusMma.
V rpuboB KJIeTOYHAS CTEHKA COJAEDKHUT IIOJMCAXapU/ XHTHH, U3 KOTOPOTO topmu-
PYIOTCA BOJIOKHA, TON00HBIE IEJLII0I03HEIM.

B ofonouke KIETKHM MMEIOTCA IIOPHI, Yepe3 KOTOPhIe IMPOUCXOAUT MOCTYILIEHHE
pemjecTs. ITopbl BHICTJIAHBI IJIA3MATHYECKOH MeMOpaHO# M MPOHU3AHBI TOHKHMH
[ATOILIA3MATHIECKUMH HATAMYA — RAG3M00ecmamu, CBASIBAIOITUMY IUTOILIA3MbI
IBYX COCETHHUX KJeTOK. IlmasMojecMbl 00beAMHAIOT IPOTOIIACTHL PACTATENBHBIX
KJIETOK B eMHOe Ilejoe B 00pasyioT HeIpPepPhIBHYIO CHCTEMY — CUMNAACHL, IO KO-
TOpOH OCYIECTBIAETCA TPAHCIOPT BEIECTB.

Puc. 47. Krerounas crenka. I — cxeMa cTpoemus: | — masMaTudeckas MemOpana,
2 — KJeTOYHAS CTEHKA, 3 — Imopa ¢ maasmogecmoii; II — MuKpodoTorpadua BOMIOKOH
e LTI0JIO3E], 00pasyINIUX KJIETOYHYIO CTEHKY
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IIrasmamuueckas membpana (naasmaremma ) MudKocmHoO-MO3AUYHAR MO-
denv; memOpanubvie Oenri: nepugepuyieckue, UHMezpaibHbLe; ZIUKOKAIUKE;
mpancnopm eewecms: u@pgyaus, 0cMoc, AKMUBHBLIL mpancnopm, sHO0UUmMo3
(@azoyumos, nunoyumos ), 3K304UMo3; 060L0YKA (Kaemounas cmenka ); naas-
Modecmul; cumniacm.

Bonpocekl u 3apanusa

1.
2.

3.

O6wacHuTe, kKak 0BpasyeTcs NUNUAHLIA GUCTON.

Kak pacnonaraiotcs 6enku B nnazmatuiyeckoii memBpaHe? Kakumu yqactkamu, rugpo-
GUnbHLIMM MK rMAPODOBHBIMU, OHU NOrpyXeHbi BHYTPb naasmaTuyecko membpansi?
Kakyio GyHKUmMIO BLINONHAIT MeMBpaHHble 6enku?

Kakue CTpyKTypbl nnaamaruyeckodi MembpaHbl obecneyusaioT: a) n3bupaTtensHyio npo-
HUL@eMOCTb; 6) pacno3HaBaHWe COCENHWUX KNETOK; B) B3aMMHOE CLEeNnNeHne KNeTok apyr
C OPYroM B OOHOW TKaHU?

M3 Kakux opraHM4eCcKux BELLLECTB NOCTPOEHa 0D00YKA KNETKN? [ns kakmx opraHuamoB
XapakTepHa 3Ta KNneTo4Has CTpyktypa? Yem oBonoyka KneTku OTAM4aeTcs oT nnasmMaTi-
Yeckon MembpaHbl?

Kakue cnocobbl NocTynneHus selecTs yepes nnasmMaTu4eckyio membpaHy BaM U3BECTHbI?
MpuBeAMTE NpUMeEpL! BEWECTB, NOCTYNAIOWMX B KNETKY TEM WM UHBIM COCOBOM.
Kakune ABa BMAa 3HOOUMTO3a BaM WM3BECTHLI? Ha3oBUTE M3BECTHbIE Bam cneumanmamn-
POBa@HHbLIE KNIEeTKW U O[HOKIETO4YHBLIE OPraH3Mbl, CrNoCoBHbLIE K 3HOOLMUTOSY.

B 13BWTbIX kaHanbLax NoYkM Npu o6pa3oBaHm1K BTOPUYHOW MOYM NMPOUCXOAWNT oBpaTHoe
BCACbIBaHWE IMIOKO3bl 1 MOHOB HaTPWUs B KPOBb. Kakol BU TpaHcnopTa BELECTB UMeeT
MeCTO B 3TOM npouecce? OTBET NOSCHUTE.

LnaHncThi BOAOPOA U yrapHbiii ras — sabl, Nerko NPOHUKAKLWME Yepes NNa3MaTuyeckylo
membpaHy. MNoYemy HM 0gHa U3 KNeToK He BbipaboTana npucnocobneHmii, NPensTCTBY-
LUMX NOCTYNNEHMIO B3TUX BELLECTB BHYTPb KINETKN?

MepeyepTuTe B TETPans 1 3anonHUTE Tabnuuy.

Tpancnopr BeniecTs Yepes NMIa3MaTHIECKYIO mMeMOpany

Cnioco6 Mexanuam Tpascmoprupyemsie
TpaHcnopra TpaHcnopra BelecTsa

Aononnurensrhas nHpopmaymus

Vriepoas! KOMIUIEKCA DIHKOKAJIHKCA Gnarogaps YpesBLIYaHOMY pasHOOOpasuio

XHMAYECKHUX CBA3EH W MOBEPXHOCTHOMY DACIIOJIOMKEHHI0 MOJEKY] SBIAIOTCA MapKe-
pPaM#, KOTOPbIE NPHUAAIT CHENU(PHUIHOCT: «PDHCYHKY» [IOBEDPXHOCTH KAM(LOH KIETKH,
MHAMBHAYAIHUSUPYIOT €€, U TeM CaMbIM 0GecrmedMBAIOT «y3HABAHME» KIETKAMH ADYT
apyra. CuMTaercs, YTO pelenTophl TKAHEBOI COBMECTHMOCTH COCDELOTOUYEHEI TAKIKE B
TJIMKOKANHKCE IIIa3MajleMMbl KIeTKH.
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§ 13. Uutonnaama u ogHomemMOpaHHbie
opraHongbl KJeTKu

=3 J PaccmoTpuTe puc. 48. Kakue opraHowasl pacTUTEnbHON U XUBOTHOW KNETOK
= MMeloT ogHoMmeMmbBpaHHoe cTpoeHune?

HuBoe COLEP:KEMOE KJIETKH IMPENCTABICHO IIMTOMIA3MOH U ALPOM, KOTODHIE
BMecTe 00pasyior nporomiasmy. TepMuH «IpoTonyiasMa» ObLI HPeIo7KeH YeIICKUM
yuéapiM Auom Iypxuabe B XIX B. aaa 0003HaYeHUsT BHYTPEHHETO JKHBOIO CO-
JAeprKuMOro kaeTku. Tak KAK MHKDOCKONBI TOTO BpeMEHH He IO3BOJIAIA PasTIALeTh
yT0-1160 emlé B KIETKE, TO eé COIep:KUMOoe IPeCTaBIaI0Ch HeKOM KUJAKOCTRIO, B
KOTOpOil MPOMCXOMAT BCe sKU3HeHHbIe mpomneccel. Iloaaree, Korga GbLIO H3YIEHO
SAPO W APYTHe OPraHOMMIBI, KUIKOE COAEPIKUMOe KIETKH ¢ HaXOAAIUMHACH B Hel
OpPTaHOW/[aMH ONPEeNeHIH KAK YUmonaa3my. SIapo BeIIenuan B OTAeNbHYI0 CTPYK"
TYPY C BHYTPEHHHM COJEDPKHUMBIM — KapHOILIA3MO.

PecHWHKN
KnetouHas cTeHka
Mnaamanemma
Bakyonb
MuTOXOHOPWUA

MukpoTpyGoUKy
LnTonnaama
Hapo
Mnaamopecma
Kneto4Hbif UEHTP ~——T
PUGOCOMI b
napkas 3MC

MpaHynapHan 3MC
Xnoponnact

Annapar [onemxn
Jnaocombl — |

Puc. 48. YaprpacTpyKkTypa 0600MEHHALIX pacTUTeNbHON (1) M KHUBOTHOH (2) KIETOK,
BBISBIEHHAA C IIOMOIIBIO 3JeKTPOHHOTO MHKPOCKOIAa (cxema)
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Iuronaasma. HuznKoe conep:xumMoe MUTOMIA3MEI, 3aII0JIHAIOIIEe IPOCTPAHCTBO
Me Ay OpraHOHJaMu, HasbIBAIOT yumososenm. OH 3aHUMAET MOJIOBUHY BCEro o6béma
SYKAPHOTHOH KJIETKH ¥ IIpeAcTaB/seT coboil BOAHEIN PACTBOD Pa3IHIHEIX BEILIECTB.
Ha pomo Boxer nmpuxoaurea 90% coaep:KEMOro IHUTO30IH. MaxpomoseKkyner 06-
PasyioT B BOJe KOJITOH/IBI, & HUSKOMOJIEKYJIADHBIE BEIeCTBA ¥ MOHBI — MCTHUHHBIH
pacTBOp. B muTo30se mpoTeKalT pasiMYHBIE PEaKIUH POMEKYTOUHOrO OOMeHa
BEIeCTB, TAKHe KaK IIHKOJW3, CHHTe3 BRICINHX JKHPHBIX KHCIIOT, AMUHOKHCIIOT.
3meck ke OCYIIECTBIAKTCH MOAM(DUKALNY GeTKOBBIX MOJIEKYJI, CBA3LIBAHNE HX C
JIUIKAJaMH U BCTPAUBAHUE B IIJIa3MaTHYECKYI0 MeMOpaHy.

B murosone naxonaTcs HUTH GeIKOBBIX MOIEKY.T, obpasylonne GubpPUINAPHBIH
yumockenem KieTkH. UMenHO 0H (JOPMHDYET TOHKYIO CTPYKTYDY IHTOIIA3MEL.
[[uronsasMa KUBBIX KIETOK HAXOAUTCA B IOCTOSHHOM ABMMKEHHE — YuK.i03e, 94To
ofecreunBaeT CBA3L OPraHOUIOB MEKIY COBOIL.

Iluronnasma syKapHOTHOH KJETKM pasjeseHa HA OTAebHBIE OTCEKH — KOM-
napmmenmb. — BHYTPHKJIETOYHBIMH MeMOpanamu. KeTodHbIe OTCEKH ITO3BOIHIOT
PasmeNnuTs NPOIECChl, IPOUCXOAAINHE B KIETKe, NPeA0TBPAIla0T CMeIIuBaHue
BEIeCTB, IepeceueHre XMMHYECKUX peaknuil. OTJesbHble BHILI KOMIIADTMEHTOB
npejicTaBaAeT coboit MeMOpaHHbIe OPraHOMALI KIeTKH. /17 ByKapHOTHON KIeTKH
XapaKTepHEl CJeAyIollne MeMOpDaHHBIE OPraHOMIbLI: HHAOMIIA3MATHUYECKAS CETH
(petukynym), annapart oxpmaxu, JIM30COMBI, IEPOKCHCOMBI, MUTOXOHJDPHH, 4 B
PacTUTENBHBIX KJIETKAX TaKKe XJIOPOIJIACTHL H BAKYOIH € KJIETOYHBIM COKOM.
OTaenbHBIM CIENHATU3HPOBAHHBIM KOMIIADTMEHTOM SBJAETCH AAPO.

Juponnazmatuueckasn cets (IIIC). Ara ogmomemGparHas KieTogHAS CTPYKTYpa
IOPEACTABJIAET CO00M cHCTEMY MHOTOUMCIIEHHBIX 3AMKHYTHIX KAHAILIEB, IHUCTEPH,
KOTOPbIE IPOHUBBIBAIOT BCK HuTomiasMy (puc. 49). OHa ocyIiecTBisieT TpaHCIOPT
BeIl[eCTB BO BCE YACTH KJETKH.

Pasnwaator zzadkyio u zpanyrspryro (wepoxosamyio) sndonnazmamuieckyrno
cems. Ha membpane raaaxoit 9IIC uaéT cMHTE3 IMOHAOB W YIVIEBOLOB, B YACTHOCTH
TIMKOTeHA B JKHBOTHEIX KIeTKax. Ha memGpame rpanyisapsoit SIIC co cTOpoHEL,

Mmapkasa

a\_‘:*\gg;;’

,

IpaHynsipHas (Lepoxoeartas)

Pru6ocomel

Puc. 49. DponnasmMaTHgecKas CeTh
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1
Puc. 50. Annapar Domemxn: 1 — cxema cTpoenns; 2 — 3JeKTPOHHAA MUKpodoTorpadus

ofpaménHo# K IUTO30J10, PACTIONIATAIOTCA PHOOCOMEL. 3xech UAET cuHTe3 OeNIKOB,
MpeIHA3HAYEHHBIX JJIf CEKPEIUH MK JJIA TOCTPOSHUA APYIUX OPTaHOHM/I0B KIeTKH,
a Takixe ux TpaHcmopT. B kamansnax JIIC cmHTesMpyeMelil OeJloK IpeTeprneBaeT
H3MeHeHUA W TPaHCIOpPTHpyeTcs B annapar [onbasu.

Amnapar Ioasgku. 9o Takxe ojHOMeMOpaHHAA CTPYKTYpa, COCTOAIAA H3
CTOIOK YIJIOMEHHBIX MeMODAHHBEIX MeIIOYKOB, IUCTEDH M My3nIphKoB (puc. 50).
C Hapy»XHO#l BLIIYKJIOH cTOpoHEI annapam Ionvdicu cBA3aH ¢ 9HAOIIA3MATHYE-
CKOH CeThio, OT KOTOPOH IMOCTOSHHO OTIIHYDPOBHIBAIOTCA MeMOpaHHBIE IY3BIPDbKU
C CHHTe3MPYyeMbIM TaM BelmecTBOM. IIysbIpbKH CJIHMBAIOTCA B NMUCTEPHEI amnapara
Tonsaxu, B HUX DPONCXOJHUT MOTH(PUKAIMSA BEIeCTB, UX KOHIEHTPAUA U YIIAKOB-
ka. IlucTepHbl IOCTENEHHO IEPeBUTIal0oTCA K BOTHYTOMY Kpalo, OT KOTOPOro BHOBb
OTHIHYPOBBLIBAIOTCA MY3EIPLKU. DTH OY3LIPEKH € COlEPKAIIMCH BHYTPH BeIeCTBEOM
HOAXOOAT K IJIasMaTHdeckKoil membOpaHe m BcTpamBalorca B Heé. IlyTém axsonm-
TO3a CeKpeTHPYyeMOe BEeIeCTBO BBHIHOCHTCHA M3 KJeTKH. Taxkum obpasom ammapar
Tonepmxu obecreunBaeT YIAKOBKY, CO3PeBAHME H BBIHOC CHHTE3HPYEMEIX BellleCTB
U3 KiIeTKn. MembOpansl anmapata ['oabAKH CIIOCOOHEI BCTPAMBATHCA B HAPYXKHYIO
IIasMaTHIecKyo MeMOpaHy W CTAHOBUTHCH eé yacTbio. OcofeHHO XOPOLIO annapar
ToNBIKH PA3BUT B CEKPETOPHBIX KJIETKAX, CHHTeSHPYIOIMHEX ()epMEeHTEI, TOPMOHEI,
MeJHAaTOPhl HEPBHBIX UMIIYJIbCOB (pHC. 51).

W3 crpyrryp annapata I'oasmxu oOpasyroTcs JU30COMEI, COAepKaliue JH3H-
pyrouiue hepMeHThI, a TaKKe IePOKCHCOMEIL.

JIuzocomsr. JTuzocome: (or rped. lysis — pasmosKeHHe U Soma — Teso) OBl
OTKDPBITEL B 1949 r. — noae Apyrux OpraHoOMUJOB — METOJOM BJIEKTPOHHOIO
MHKDOCKONMpoBaHusA (puc. 52). Dro Tenabna pasiaudHoi GOPMEH B BUAe MeMO-
PAHHBIX My3bIPHKOB, 3AI0JHEHHBEIX THIPOIUTHYECKHMH (PepMeHTaM#i, KOTODEIe
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OCYIIECTBJIAIOT pacllieleHne NOCTYIa0-
LIMX B KIETKY OPTaHUYECKHUX BEIecTB B
IIPHCYTCTBHH BOALI. DepMeHTHI aKTHBHEI
npu pH = 5, IMeHHO Takasa KHUCIad cpe-
Jla ¥ TOAZePyUBAETCA BHYTPH JIH30COM.

JIM30COMEI XOPOIIO Pa3BUTHI B KJIET-
Kax, cnocobHBIX K (aromurosy. OHHM
obpasyiorca B annapare lonbaxu., Camu
(bepMeHTEI CHHTE3HDYIOTCH Ha MeM-
OpaHax rpaHyJIApHON (II€POXOBATOMH)
9HAOILIa3MaTH4YecKoH cetu. [anee onm
nmocrynamoT B annapat [oasmxu, rge

Puc. 51. Aun%pa'r Tonpmxu B KIeTKax [peTepIeBalT H3MeHeHUs. OT Hero or-
TOAKENAYAOUHOR senessl: I — AApo; 2 — UIHYPOBBIBAIOTCA MY3BIPDBKH C (DepPMEH-
nuTomsIasMa; 3 — anmapar loabmxu
TAMU — NnepsuiHble 1u3ocombl (puc. 53).
ITepBruHbIE TH30COMEI CAMBAIOTCA C (a-
FOLMTO3HBIMHE My3BIPPKAME U 00pasyoT
8MOPUYHbLE JU30COMbL, BHYTPH KOTOPBIX
B DeayJibTaTe PeaKkIlii FHAPOJIH3a TIPOo-
HCXOJHUT NepeBapHBAHHE MOCTYNHUBIITHX
B KJIETKY BemecTB. JIH30COMBEI MHOTIA
er.u;é Ha3bIBAKT NHIIeBADHTEJIbHBIMH
BakyoaxaMu kiaeTku. ObpasoBaBmiuecs
B JIM30COMAaX B pPe3yjbTaTe peaKIHu
paciienjeEAA HH3KOMOJIEKYIADPHEIE Op-
raHuyecKre BemecTBa AuddyHAUDPYIOT
Puc. 52. JIusocoma: I — cxema; uepe3 MeMOpaHy JIM30COM M UCIIOIb3YIOT-
2 — muxpodororpadus ca KaeTkol. HemepeBapeHHEIe OCTATKH
VAANAOTCA K30 UTO30M: BTOPHYHELE
JIM30COMBI BCTPAHBAIOTCH B HADYKHYK IJI43MATHYECKYI0 MeMODAHY ¥ BHIHOCHT
OCTAaTOYHBIE HEIlePeBADEHHBIE BellecTBA HAPYIKY. TakmM ke o6pa3oM JIM30COMBI
[epeBapuBalOT HEeHYKHble KJIEeTKe BHYTPUKJIETOUHEIE CTPYKTYPhI, OTMEpIIHe, pas-
DPyLIeHHble KJIETOYHBIE OPraHOM/kI. JTOT IMPOIECC HA3EIBAIOT aémogazueil.

Tax kak rezponuTHYECKHe PePMEHTHI JIH30COM 0BECIIeUHBAIOT BHYTPHKIETOYHOE
nepeBapHBaHHe BCEX OPraHWYeCKHUX MaKPOMOJEKYJ, OHH [JOJIXKHBI OBITH XODOIIIO
HM30JMPOBAHBI OT OCTAIBHOTO CONEPHXMMOI0 KJIETKH. B HOpMe MemOpaHa JH30COM
HenpoHHDaeMa iiA GepmenToB. OMHAKO DU [TOBPeXXIeHUH MeMOpPaHbI (DepMEeHTEI
MOTYT IIONACTh B KJIETKY W OCYIIECTBUTH PACIIelIeHHe eé BHYTPEHHEro COJepiKu-
moro. OBBITHO 5TO MaIOBEPOATHO, TeM 00Jiee YTO PeaKIus CPeIbl B KJIETKe GIu3Ka
K HelTPANLHON W IMApPOJUTHYECKHEe (DEPMEHThI HeaKTHBHBI B Hell. OIHAKO B He-
KOTOPBIX C/IYy4afAX B KIeTKax uaMmenserca pH cpefbl, IPOMCXOAUT BRICBOOOKIEHME
FUAPOIHTHYECKHX (DEPMEHTOB U CaMOIepeBapPHBAHNE BHYTPUKJIETOUHOTO CONEPIKH-
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Puc. 53. BaanMocBA3b 0HOMeMODAHHEIX OPraHOMAOB KIeTKH: I — sHAOILIA3MaTHIeCcKad

cets, II — anmapar lonbmxu, III — nausocoma; I — BeTpamBaHHe MY3LIPHKOB B aNIapaT

Tombasu, 2 — oTHIHYPOBKA W 00pasoBaHue NEPBUYHBIX JIM30COM, 3 — COeJMHEHHE mep-
BHYHOM JIM30COMEI C 9HJOIMTO3HBIM IMY3BIPDBKOM, 4 — 3HOLHUTO3, 5 — 3K30IHTO3

MOro — asmoJua. TB.K, ﬁ.uaro,uapa aBTOJIN3Y NPOHCXOOHT paccacblBaHHe XBOCTaA y

roJ0BacTHKA JATYIIKHU B IIpoiecce MeraMopgdosa.

Bce omrOMeMOpaHHBIe OpraHOMALI KJAETKM B3auMocBasaHH (puc. 53). Ha DIIC
CHHTe3HpyIoTcs GelIKH, (bePMEeHTHI, FOPMOHEI U Ap. B annapare ToxsmKxn aTH Bele-
CTBA YIAKOBBIBAIOTCA, YACTHYHO UCIOJb3YIOTCA IJIA HYMKI KIETKH, a TaKMKe TPpaHC-
nopTHpyoTes HapyKy. VI3 annapara Toabasxu d)oledpyIOTc.ﬂ JIN30COMEI, HOTODI-IE

ofecIeYMBaT BHYTPUKJIETOYHOE IepeBapUBaHHE U
BBIHOC HENIEPEBAPEHHBIX OCTATKOB M3 KJIETKH.
Ileporcucomer. B muTomiasme BeTpeyaeTcs emé
OJMH BUJ MeMODAHHBIX OPTaHOHAOB — NEPOKCUCOMbL
(puc. 54). dro mapoobpasHblie Telblla, IO pasMepy
B /IBa-TPH pasa 0OoJIbIIHEe, YeM JIH30COMBI.
IlepoxcucoMel comep:xar hepmenT Karagasy, Ka-
TANTUSHPYIOIIHH pasioKeHHe IePOKCHIA BOAOPOAa 10
BOJLI C BEIJeJeHHeM KHcaopoga. Ilepoxcuz BOmopona
obpasyercs B KauecTBe IODOUHOI'O MPOAYKTA B Pe3Viib-
TaTe OKMCIHMTE]bHO-BOCCTAHOBHTENBHEIX DEAKIIHH H
Jon7KeH OBITh PaspyllleH MIHOBEHHO, TaK KaK fABJIAeTcH
arpecCHBHEBIM JJIA KJIeTKH BemiecTBoM. CKOpPOCTE Jeli-
CTBUA KAaTaJassl N03TOMY OYeHBL BeJIMKA, 3TO CAMBII
OBICTpOIEHCTBYIOIINI hepMeHT.

Puc. 54. dnexTpoHHAA
mMukpodoTorpadua
IePOKCHCOMEI
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Puc. 55. Mukpodororpadpusa pacTUTEILHBIX
KJIeTOK (KOXKHIIAa delnyw Jayka): I — aapo;
2 — uuromnasma; 3 — BaKYOJb;

4 — KIJIeTOYHBIE CTEHKH

Bakyonu. PacTurenpHble KJIETKH
cozep:KaT eaxkyoau (OT yar. vacuus —
nycroit). OHE IpencTaBiIsaoT co00H 0gHO-
MeMOpaHEHEIE MEIIKHM, 3al0JHEHHBIE
kaemouHvim coxom (puc. 55). B oram-
yye OT NMHIeBADUTEJBHEIX BaKyoJeH
B HUX HAKANJIHBAITCHA NHTATEIbHEIE
BellecTBa W PA3JIMYHbIE KOHEYHEIE TPO-
OVKTHI OOMEeHHBIX IPOIECCOB KJIETKH.
B KJeTOYHOM COKe pacTBOpPEHBI caxapa,
NUIMeHTEI, MEHEPAJIbHbIE COJIH, OPraHu-
YyecKHe KHCJIOThL, epMeHThl. B Mosoasix
PACTUTENBHBIX KJIETKAX BAKYOJIH MEJIKUe
U X MoskeT 0bITh MHOTO. ITo Mepe pocra
KJIeTKHM HeCKOJIBKO BAKYOJIel CIMBAOTCH
BMecTe W oOpasyercs omHa OoJbmias.

Bakyonu nopaep:xuBalT TYypropHoe
JaBleHHe KJIeTKH. Boga GBICTPO IOCTy-
IaeT BHYTPEL BAKYOJIH IO 3aKOHY 0CMOCA,
TAK KaK B Hel COAEpPyKUTCA KOHIEHTDHU-

POBAaHHEIM KJIETOYHEIH COK. B peayiabTare 3TOro BAKYOJh HAUMHAET JaBHThL HAa Ha-
PYXHYIO MeMOpPaHY KJIETKH, YTO UI'DAET BAMKHYIO DOJE JJIf €€ PacTAMKeHHUA.

Bakyoau BHINOJHAIOT €llé OJHY HEMAJIOBAMKHYI QYHKIHIO. B HMX, KaKk H B
JTHU30COMAax, COAEP:KATCHa IMAPOJUTHYEeCKHAe (GepMeHThI. B KUBBIX KJIeTKaxX OHH He
MOTYT IpoHTH uyepesd meMmOpany. Ho xorga kjieTka mormbaer, rUAPOIUTHYECKHE
(hbepMeHTHI OCBODOKAIOTCS U BEIBLIBAIOT ABTOJIHI.

I[umonanasma; YUMO30ab; YUMOCKELENM; YUKI03; KOMNApmMmerLmyt; aHdonias-
mamuveckas cems (SIIC ): znadkas, epanyaspras (uepoxosamas); annapam
Toav0xcu; AU30COMbBL: NepeuyHble, 6MOPULHble; A6mopazusi; A8MoNLU3; Nepok-

CUCOMbL, BAKYOLU; KAEMOYHbLIL COK.

Bonpocsl n 3apaHvsa

1. Kakue opraHomapsl KneTki OTHOCAT K OAHOMEMOpaHHbIM CTpykTypam? Onuwute ux
CTpoeHwWe. M3 Kakux BewecTB OHW COCTOAT?

2. Kakue dyHKUMW BbINOMHSIOT B KNETKE 0AHOMEMBpaHHble opraHonibl?

3. [lpuBeauTe NpUMEpsl KNeTOK W TKaHel, rae ogHomemOpaHHbie opraHonabl Haubonee
XOpOLWO pa3euTbl. OBBLACHUTE, C YEM 3TO CBA3AHO.

4. C kakoil n3 memBpaH (Hapy>XHOW KNeTOYHOM WUAN SAEPHO) MOTryT COEAMHATLCS: a) 9H-
ponnasmarunyeckas cetb; 6) annapat lonbaoxu; B) NM30COMBbI?7
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5. HasoeuTte npouecckl, NpoTeKalLWme B KNeTke, rae y4acTByilT ogHoOMeMbpaHHble opra-
Houabl. Kakas CyLlecTBYEeT CBfi3b MeX[y CTPOEHWEM OPraHoOMAOB U UX QYHKUMAMUT

6. Onuwwute B3aMMOCBA3bL OAHOMEMOpPaHHLIX OPraHouaoB KNeTky (CMm. puc. 53).

7. Onvwwute cTpoeHve M OYHKUMK Bakyonu B pacTuTensHoi knetke. OBbacHuTe, Kak oHa

o0BpaayeTcs, Kakue BELLEeCTBa HAKanIMBalTCs B BaKyonu. B kneTkax kakux pacTUTENbHbIX
TKaHel XopoLwo pa3euTbl Bakyonu? C yem aTo cBA3aHo?

§ 14. NonyaBTOHOMHbIE OpraHouabl KNeTKu

“» Paccmotpute puc. 57, 58. B 4éM CXOACTBO BHYTPEHHEr0 CTPOEHUA MUTOXOH-
ol APWIA 1 XNoponNacTos?

MHTOXOHJIPHH U IJacTHIAbI OTHOCAT K IIOJYAaBTOHOMHBIM OPraHoHjaM KJIeTKH,

MOCKOJBKY OHH HMeIOT cBol0 cobcrBennyi [THK, cmocofHB K caMocCTOATEeIbHOH
nepegade HACJAEJCTBeHHOH HH(MOPMAIHH H JeJeHHI0 He3aBHCHMO OT AApa KJIETKH.
OTH OPraHOM/bl BHIMIOJIHAIOT OJHY W3 Haubojee 3HAUMUMBIX (QYHKIMEA — OHU Ipe-
obpasyioT sHepruo B (HOPMBI, KOTOPBIE MOI'YT OBITE MCHOJIL30BAHEL IJIA BHYTDH-
KJeTo4HBIX pearknuil. Cnenupuyeckue (PYHKIIMH 3TUX OPraHOMJOB CBA3AHBI C WX
CTpOeHHeM, KOTOpPOe OTJHYaeTcs obmnHeM BHYTPEHHHX MEMﬁpaH. Hx oTHOCAT K
IByMeMOpAHHBIM CTPYKTYPAM, TAK KAK OHHU OT/JEJIEHBI OT OCTAJIBHOIO COAEPKHUMOro

KJeTKH AByMA MeMOpaHamu. PaccMoTpUM CTpOEHHE U
(GYHKOHH KaKJIO0T0 M3 dTHX OPTaHOHJOB.
Muroxouapun. Mumoxondpuu (ot rped. mitos —
HUTh W chondrion — 36pHBIIIKO, KPYIMHKA) — IIO-
JIyaBTOHOMHBIE€ OPTaHOHIEI, XapaKTepHbIEe AJA KJIETOK
9yKapruoT. MEHTOXOHIDHH 3aHHMAKIT 3HAYHTEIbHYIO
4acTk OUTOILIA3MEI (puc. 56). OHH EMEIT NpPOI0JTOo-
BaTYy10, BEITAHYTYIO hOpMY, a UX BermduHA KoJebiercs
ot 1,5 1o 10 MEM. METOXOHAPHH JOCTATOYHO BEJINKH,
TMO9TOMY MX MOMHO YBHAETh B CBETOBOM MHKPOCKOIL,
C moMomp0 MHKPOCHEMKH MXUBBIX KJIETOK YAANOCH
00HaPYKHATDH, YTO MATOXOHAPHY MOABUMKHEI U ILIACTHY-
HBl. OHH IepeMemarTesa BHYTPH [UTONIA3MELI, MOTYT
H3MeHATH CBOIO (hopMy, CIMBATBCA APYT € APYIOM M
BHOBE pacxoauTscess. OpHeHTANUA W ABHMKEHUE MHTO-
XOHJDHI B KJIETKEe ONDeIeIa0TCa MEKDOTPYOOUKAMMN.
Hx xonudecTBO B KJIETKaX PA3JIWYHO U C POCTOM KJIe-
TOK YBEJIHUYHMBAETCH B DE3yJbTaTe JeJeHHd.
MHTOXOHIPHH HUMEKT JOBOJBHO CJI0XKHOE CTpoe-
Hue (puec. 57). Ux Hapy:KHasa memOpaHa riajgkas, a
BHYTPeHHAA UMeeT CKIAIKU M BEIPOCTHEI — KPUCMbL.
Kpucrer cynjecTBeHHO YBEJIHUYUBAKT BHYTPEHHIOKO

Puc. 56. Mutoxosapun
B KJeTKax snurenusa: I —
AApa KJETOK; 2 — CKOILIe-

HHAA MUTOXOHIPHH
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Pue. 57. Crpoenne mutoxonapuit. I — cxema crpoenusi: | — Hapy:Has MemOpana,
2 — BHYTpeHH#AA MeMOpaHa, 3 — KpucTel, 4 — pubGocomsl, 5 — JIHK mutoxonapuii,
6 — marpukc; II — anexrponnaa MukpodoTorpadus

MeMOpaHHYI0 I0BEPXHOCThL. BHyTpeHHAA MeMOpaHa BEICOKOCTemH(pUUHAa, eé docdo-
JUMHALHBIN GUCI0N MpaKTHYeCKH HellPOHHIAaeM /s HOHOB. KKpoMe Toro, B cocTas
BHYTPeHHell MeMOpaHbBI MHUTOXOHJDHH BXOZHUT 0OJBIIOE KOJHYECTBO TPAHCIIOPT-
HbIX 0EJIKOB, 00YCIOBAMBAKOMAX €€ M30HpaTelbHYI0 NPOHHIAEMOCTh AJIA MAaJBIX
monerysn. Ha BHyTpeHHe#l memOpaHe pPACIOJATAIOTCA AbIXaTelbHBLIE (DEPMEHTHI,
obecrmeunBaOIINe OPOMECC OKHCIMTENbHOr0 GochOPHIHPOBAHUA, B Pe3yJbTaTe
KOTOPOT'0 CHHTe3UpPyIoTcsa Moaexkyansl AT,

BHYTPH MHTOXOHADHH 3alI0JHEHLl MAMPUKCOM, B KOTOPOM PACIIOJIOKEHEI KOJIb-
nesas moxekyna [THK, PHK, putocomel. B MaTpHKCe COTEP:KUTCA 3HAUUTEILHOE KO-
JIMYECTBO (DEPMEHTOB, VYACTBYIOMIUX B IIPOIeccaX KHCIOPOIHOTO ABIXAHUA KJIETKH.

MHUTOXOHIDHH — 3TO «dHEepPreTHYeCKHe CTAHIIHH» KJIeTKH. B mpoliecce ILIXAHHA
B HUX NMIPOMCXOAHUT OKOHUYATEJIbHOE OKHCJIEeHHEe BeIIeCTB KUCI0PoAOM Bo3ayxa. Ilpu
9TOM BBIJEJAIONIASTCA dJHEPIUA 3anacaeTca B MoaeKyaax AT®, cuHTe3 KOTOPBIX MpO-
HCXOJHT B 3THX CTPYKTypax. JTH nporecchl fosee nogpobHO 6yAyT pacCMOTDPEHBI
Mo32ke, OPH U3Y4YEHUH IHEpreTHdecKoro obmeHa.

Hanuune B muroxonapuax [IHK, PHK u pubocom obecneuuBaer cCUHTE3 COO-
CTBEHHBIX MHUTOXOHIPHAJIbHBIX 0EJKOB, Imepexady HacleACTBeHHONH uHGOpMALIMHK
B mporecce genenusi. OpHako ucciaenoBanmsa noxasauu, uro JHK muToxonapuit
HecéT mHpoOpManuo Toabko 0 30 Bugax OenkoB. ITOro ABHO HEJAOCTATOUHO IJIA
MOCTPOEHHUSA TeJla MHTOXOHADUH, CAeJ0BATENbHO, OEJIKH IMOCTABJIAKTCA B HHUX M3
mHATOMIa3Mbl. MOMXHO C/Ie/IaTh BBIBOJ, YTO MEAY MUTOXOHAPHAMH, AADOM H Bceil
KJIETKOH CYIIEeCTBYeT B3aMMOCBASL.

IInacTuael. B oTIwure oT MUTOXOHAPHEA naacmudst (ot rped. plastos — othopm-
JIeHHBIW) XapaKTePHBI TOJBKO VI PACTHUTENBHBIX KieToK. OHH BCTPEYAITCH B
KJeTKaX HEeKOTOPHIX OJHOKJETOYHEBIX KHMBOTHEIX, COOCODHEIX KAK K rereporpod-
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Puc. 58. Crpoerne xnopomiacros. I — cxema crpoenus: | — Hapy»xHasa memOpana, 2 —
BHYTpPeHHAA Membpana, 3 — crpoma, 4 — rpaHbl, 5 — THIaKoHun, 6 — mamenna, 7 —
IIHK, 8 — pubocomsl, 9 — 3épHa xKpaxmaina; II — anexTponHas Mmuxpodororpadus

HOMY, TaK ¥ K aBTOTpPOo(GHOMY MHTAHHUIO, HANIPHMED Y 9BIJIEHHI 3eJI€HOH (Toraa ux
Ha3BIBAIOT XpoMaTodopaMu). PasmmgaioT HECKOJNBKO BHIOB IJIACTHIL.

Xaoponaacmesl — 3TO TaKKe AByMeMOpaHHbIe IOJYABTOHOMHEIE OPTaHOHIBI
KJIeTKH, HeCKOJbKO KpylnHee MUTOXOHAPHI. X pasMepsl COCTABIAKT OKOJO
3—10 MKM, B cpeiHEM D MKM, II03TOMY XJIOPOILIACTEI, TAK € KaK U MATOXOHJADHH,
XOpOIIO BHAHLI B CBeTOBOH MEKpockon. OHH 3eJIEHOTO IBeTa, KOTOPBIH IPUAAET
MM TIHTMeHT x.Jiopoguii (puc. 58). @opma XJIOPOILIACTOB BBICIIHX DACTeHHI IIpo-
OAToBaTAasl, IBOAKOBBINYKIIAA, HO ¥ BOAOPOCIeH (XI0poILIacTsl BOAOPOCIel — Xpo-
MaTo(hOphI) 0HA MOKeT OBbITH PA3HOOOPA3HOMN: YaImeBHAHON (Y XJaMHJZOMOHAJLI),
CIMpAaTeBHIHON (V CIIMPOTHPEL), MOJIYKOABIEBoi (Y yIoTpHKca).

Hapy:xnaaa MeMOpaHa XJOPOILIACTOB IJafKas. BHyTpeHHAA MeMOpaHa XJIOpO-
ILTACTOB 00pa3yeT BHIPOCTEHL — JiAMel/lbl, KOTOPHIE COXPAHAIOT ¢ Hell ¢BA3b. BEyTPH
XJIOPOILJIACT 34MOJIHEH CMPOMOU — TOJYKHUIKHM COZEePKHMBIM, aHAJIOTHYHBIM
MaTPHKCY MUTOXOHApPHii. B crpomMy morpyskeHsl MeMOpaHHBIE CTPYKTYPBI — Mu-
Aaroudsl (TMCKOBHAHBIE MEIIOYKH ¢ THIAKOMJHBIM IPOCTPAHCTBOM BHYTpH). OHHI
o6pasyioT Kak Obl BHYTPEHHMEe KOMIADPTMEHTHI XJIOPOILJIACTOB M YJIOXKeHBl B BHUJE
CTOIOK, HA3LIBAeMBIX zpaHamu. Kapaa rpaHa moxoxa Ha CTONKY MoHeT. I'paHsl
coeJMHEeHBl MeKAy co00MH JIaMeslIaMu.

B cocras MeMOpaH XJIOPOILJIACTOB BXOAUT (DOTOCHHTE3UDYIOIIHI IATMEHT — XJI0-
podui, a Takxe depmeaT AT®-curTeTa3a, KOTOPasa 0DECIIeYnBAET CHHTE3 MOJIEKYI
AT®. B xsnopominacrax nporekaer mpounecc orocuaTesa. Ha memOpaHax THIaKOU-
OB MAYT PEAKIIWH CBETOBOM (haswl, a B CTPOMe — TeMHOBOM (ha3sl (JOTOCHMHTE3A.
B crpome Takxsxe umerorcs xoaslesas monexyiaa JTHK, PHK, pu6ocomsr, dhepmen-
THI, OCYIIECTBIIAIONINE CUHTe3 OEIKOE, IJIIOK03bI U IPYTHX OPraHUYeCKHUX BeINecTs.
31ech e collepKaTea KPaXMAIbHBIE 36DHA M KATLJIA MacJja. XJIOPOILIACTEI, TAK e
KaK 1 MHTOXOHJODHH, CIOCOOHBI K JeJIeHHIO0.

KpoMe X10pOILIACTOB B PACTUTENBHBIX KJIETKAX HMEIOTCA eIlé [Ba BH/a IJIACTH/L:
XPOMOILIACTHI U JieHKoIIacTsl (puc. 59).
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Puc. 59. DnexTpornsle MukpodoTorpaduu: I — xpomonnacra; 2 — sefikomnacra. B xpo-
MOILIACTAX 3aMeTHBI IATHA KAPOTHHOMAOB. B neiikonnacrax BHAHBI KpaxMaJjbHbie 36pHA

Xpomonnacmus. — 3T0 IByMeMOpaHHEIE OPraHOMABI IIPOLOITOBATOMH (POPMEI, CO-
JepaKale KapoTHHOHBI — KPACHBIH, OPAaHKeBbli, KEJTEIH IHrMeHTE. B oTiimune
OT XJIODOILIACTOB OHH He cIoco0HEBI K (hoTOCHHTE3Y. X POMOIIACTEI IPUIAIOT OKPACKY
IBETKAM M ILIoZaM H 00pas3yloTcA M3 XJIOPOILIACTOB. KapOTHHOMABI COAepKaTcs
M B XJoponnacrax. Ho Hx KoJIM4yecTBO TaM He3HAYHUTEIBHO W 3aMAaCKHDOBAHO 3eJ1é-
HBIM IHTMEHTOM. XJIODOILIACTEI MOI'YT HPEBPAIATHCA B XPOMOILIACTHI, IIPH 3TOM
3eJIEHBIH MUTMeHT paspyllaeTcs, a KOJUYECTBO KAPOTHHOMAOB YBeJMUYHBAaeTCH,
B pe3yJIbTaTe 4ero OKPACKa JIMCTHEB, I[BETKOB M ILJIOJOB U3MeHSeTCH.

Jettxonaacmsr — 3710 GeclBeTHBIE MIACTUALI OKPYTI0H (hOPMEI, HAXOAAIIHECH B
HeOKpallleHHBIX YacTaAX pacTeHuil. OHU COmepIkaT 3amacHEIe TUTATEILHEIE BelllecTBa
M MOTYT Ha CBETY IPeBPAIaThCA B XJIOPOILIACTHI.

Mumoxondpua: Kpucmbol, MAMPUKE; RAACMUIbL; XJOPONLACTIbL: CTPOMA, ZDAbL,
MuLAKoUd, 1amMenna; XPOMONIACMbL, JEUKONAACTLbL.

Bonpocbl U 3agaHusa

1. OnuwuTe CTpOEHNE MUTOXOHAPUK. Kakyio QYHKLMIO BLIMOMHSIOT MUTOXOHAPWUM B KNeTke?
Kakwe npouecchl NpoTexkalT B MUTOXOHAPUAX?

2. Kakyto ponb urpaet cknagdatasi CTpykTypa BHYTPeHHeil MemMOpaHbl MUTOXOHAPWIA?

3. Onuwwure cTpoeHwne xoponnacTtoB. Kakyw QyHKUMIO OHW BBINOMHAKT B kneTke? Kakwe
NPOUECCHI NPOoTeKaT B xnoponnacrax?

4. B pacTUTeNbHbIX KNeTKax BCTPe4YalTca Tpy Buaa nnactua. Hazoeute ux. Pacwundpyitte
cxemy, n306paxaioLLyio B3aUMHbIA Nepexon OAHUX BUOOB NNacTui, B Apyrue:

2-i Bug < 1-11 Bug — 3-# Bug.
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5. C KakyMu U3 W3BECTHLIX BaM OPraHM3MoB 06HapYXWBaKT CXOACTBO MOJyaBTOHOMHbIE
opraHouabl kKnetku? HYT1o Bbl MOXETE NpennonoxXuTs 06 1x npoucxoxaeHnn?

6. B kieTkax pasHbix OPraHoB y CepOoM KPbIChl CYMMapHbIii 00bEM MWUTOXOHAPWIA NO OTHO-
WeHWio K obuemMy o6bEMy KneTku cocTasnaer: B neveHn — 18,4%, B noaxenyno4Homn
xenese — 7,9%, B cepaue — 35,8 %. O6bACHUTE NPUYMHY TaKoW pasHuLibl B CoaepXaHuu
MUWTOXOHAPWIA B KNeTKax.

7. Annapat lonbmxu HamBonee passuT B XENe3MCTbiX KNETKax (MoaxenyaoyHas xenesa,
rMnohu3a, CIOHHLIE Xenesbl). MUTOXOHAPWIA B 3TWX Xe KNneTkax 3Ha4dWUTenlbHO MEHbLUE.
O6bsicHATE 3TK dakTbl C TOUYKM 3peHus PYHKLMIA, BLINOIHAEMBIX OpraHonaamu.

HdononxuurensHas nHgpopmayms

B 60-e rr. XX B. 66L10 BHISCHEHO, YTO B XJIOPOILIACTAX ¥ MATOXOHJDHAX ecTh cob-
creennble [JTHK n pmbocoMel. 9TO NpHUBEIO K THIOTE3e O TOM, UTO B TeX KJETKax, rAe
HMEeTCA NaHHBIE OPraHOM/(bl, OHM MOTYT OBITh YACTHYHO MJIHM [IOJHOCTBIO HE3aBHCHMBI
OT KJIETOYHOTO AApa. BBIIO Jake BBHICKA3aHO IPENIOJOKEeHHEe, YTO MUTOXOHIADWH H
XJIOPOILIACTBEI — 3TO HPOKADHUOTHBIE OPTAHU3MEL, BHEJPHUBIIMECA B KJIETKH JYKAPHOT
Ha PAHHAX JTANAX OpraHWdYeckoil spomronuu. CoriacHO runoTese CHMOHOreHe3a 3TH
opraEOugEl — NpPHUMep KpaiHei GopMel cumMOuo3a.

I1peAonoKHTEIbHO, MATOXOHAPUH U XJIOPOIIACTH GBLIM HEKOTAa CBOOOAHOKUBY-
OUMM IIPOKAPHOTAME, HamogoOue OaxTepmii, Pasnuia Mexay HHMU COCTOAJTA B TOM,
yT0 GAKTEPHU-MUTOXOHAPHH OLLIK reTeporpodhamu, a GaKTePHUHA-XJIOPOILIACTEl — ABTO-
TpodaMu. DTH NPOKAPHOTHI, CAYYANHO IPOHUKHYB B KJIETKY-X03AMHA, BCTYIHIH C Hel
BO B3aMMOBBITOJHEIE OTHOIIEHHA — cuMOuo03. ITo-BuauMoMy, YCIOBUA BEYTPH KJIETKH
OKA3aJIUCh BJATONPHATHLIME IJIA NMPOKAapHOT, B CBOK OYepelb, IPOKAPHOTHEI CBOMM
OPHCYTCTBHEM DPE3KO HOBBICHIM «TIPOM3BOJAUTENBHOCTE? KJIETKHM IO CHHTE3y ATD u
mpuaanu eit cnocobHOCTh K aspobHOMY AbpixaHuio. IIpHuéM MHTOXOHADHH OKa3alHCh
BHeJIpeHEI BO BCE KJIETKH 9YKAPHOT, & XJOPOILIACTEl — TOJBKO B DACTUTEbHBIE KIETKH.

B o3y rEmoTess cUMOMOTeHe3a CBHALTEIBCTBYET DA JaHHbIX. Bo-mepBeIX, OHE
MUTOXOHIPHI ¥ IIACTH/ IPe/ICTABIEHEl 00BIYHO KOJIbIeBOL MOTEKYJION, & HMEHHO TaKas
ITHE Bcrpeuserca y Gaxrepmii. Bo-BTOpbix, pr60OCOMBI MUTOXOHAPHIl ¥ XJIOPOM/IACTOB
MeHBIe MATOILIA3MATHYECKAX H CXOJLHEI 10 CBOMM pasmepam ¢ GaKTepHaNbHEIMU DHU-
GocoMaMu. B-TpeTbMX, ABHIKEHHSA MHTOXOHAPHH HAIOMHHAIOT ABHMKEHHA HEKOTODBIX
fakTepuii, B-ueTBEPTHIX, OTMeUYEHO, 4TO ()epMEHTHl (eJIKOBOr0 CHHTE3a Y MHTOXOH-
ApMit, XJIOPOIJIACTOB U GaKTepHi, ¢ OMHOH CTOPOHBI, U B IUTOIJIasMe — C Ipyroi,
YyBCTBUTENLHE K PasHBIM aHTHOHOTHKaM. Hampumep, XJOpaM(eHHKOJ H CTPENTO-
MWOUE TOZABIAIOT CHHTe3 0eIKa B MUTOXOHAPHAX W y GaKTepuil, a MUKIOT€KCHMHL
Grokupyer cuHTe3 Oenxa B muronsasme. HakoHen, M3BECTHO, UTO €CIH BYKADHOTHBIE
KJIeTKH JHIIHTH MHTOXOHJIpHﬁ HUIN XJOPOIJjaIacTOB, TO OHHM He MOABIAITCH BHOBB. T
OpraHOMEl B HOBHEIX KJIETKAX HepejaloTes TONBLKO OT MCXOAHOH MaTePHHCKON KIEeTKH
OyTEéM OeseHHud NpeJlIecTBYIOIMHX.

OaHaxo y Teopuu cuMOHOreHesa ecTh U NPOTHBEUKH. OHH CUMTAIOT, 9TO MHTOXOH-
JPUH M XJOPOILIACTHI BOSHHUKJIM B KJeTKe IIyTEM pPaspacTaHus paHee CYI[eCTBOBABIIHX
MeMOpaH, B II0JIb3y Yero CBHAETENbCTBYyeT HANMYHME Y TUX OPraHOMAOB GenKoB, KO-
nEpyeMbrx renamy sizepHex JTHK. EquEoro MHEHHA MO JaHHOMY BOIIPOCY TOKA HET.
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§ 15. HemembGpaHHble opraHouAbI KNeTkn

5 ) PaccMoTpuTe puc. 60—62. B 4EM CX0ACTBO U OTNUYUSA CTPOEHUS HemembpaH-
- HbIX OpraHonaoB knetkn? MNpeanonoxuTe, KakoBbl MX (yHKLMK,

Kpome MeMOGpaHHBIX CTPYKTYD B KJeTKe HAXOAATCH PasdIHYHEIE "HemeMOpaHHEIE
OpraHoHABI: pubOCOMEI, MHKPOTPYGOYKH, KJIETOUHBIH IEHTD 1 Ip.

PurbGocomsl. 9T0 0YeHbL MenKue TeabHna IpUbGOBUAHOMN (OPMBI, B KOTOPHIX HIOET
cuHTe3 Oenxa. Pubocoma cOCTOUT U3 IBYX CYOBEIMHNIL: GOJBINTON M MAJIOIL. Kamxmasa
cyObeguHuIA cocTouT M3 pubocomansuoit PHK (pPHK) u Genka.

Boinenenne pubocoM M3 KIETOK MyTéM MeHTPU(YTHPOBAHAS IOKA3AI0, YTO pubo-
combl GeiBatoT ABYX BuAOB: 80S (Kpynusie) n 708 (Menkxue). 70S-pubocoMBI obHapy-
#KeHbl B IDOKAPHOTHBIX, a 80S — B syKapHOTHEIX KIeTKax. MccaeqoBanus moxasa-
JIY, 4T0 puGOCOMBI METOXOHAPHHA U XJIOPOILIACTOB TAKIKE conepaxkar 70S-pubocomsl,
9TO ABNAETCA J0KA3aTeJBCTBOM HX POJCTBA ¢ IIPOKADHOTAMM H IOATBEDMKIEHHEM
THIOTE3bl UX NPOUCXOMAEHNA OYTEM cHMOHOreHesa.

Pubocomel 00bI9HO HAX0AATCA B JOHUCCOLMHUPOBAHHOM COCTOSHHH, T. €. DoabImasn
U Manasg cyObeJMHUILI He CBA3AaHBI APYr ¢ apyrom (pumc. 60). Bo BpeMs cunTesa
Oenxa aBe cyObeguMHHINEI pubocoMbl coegunsaoTes ¢ uPHE u 00pa3yoT eguHEBINH
KOMILNIEKC, B KOTOPOM IpoHcXoauT O6HocuHTes 6erka. OgEn pubocoMel HaXOAATCA HA
rpanynsapHoi IIIC, u cunTesupyemslit uMH Gesok nocrymaer BEyTps JIIC u Tpasc-
TMOPTHPYeTCA JaJbIIe II0 OTCEeKaM KJeTKH. [Ipyrue, Tak HasblBaeMble cBOGOIHEIE,
pubGOCOMEI HAXOAATCA B MUTOIIA3ME M YIACTBYIOT B CHHTE3e GeTKOB IIMTOILIAZMEL
Heckonpko pubocom cnocofHBI BO Bpems cuHTe3a Genka coeguuaTsesa ¢ uPHE u
00pa30BLIBATE AJIHHHBIE LEeIH — ROAucOMbi. Ha moimcoMe OfHOBDEMEHHO HAST
CHHTE3 HEeCKOJBbKHX MOJIEKYJ OJHOI'0 ¥ TOTO Ke 0OesKa.

=
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Puc. 60. Crpoenue pubocomsi (I): I — manas cy6bequEuna; 2 — GoJblIAT CyOBeMHUIA.
SIeKTpoHHAas MUKpodoTorpadusa nonucomsl (II)
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MuxpoTtpybouku. Bo Bcex sayKapuor-
HBIX KJIEeTKAX MMEITCSH IoJible IIUIHHI-
pHUYECKHEe OPraHOUALI — MUKPOMPY-
6ouxu. OHH COCTOAT M3 MHOMXeCTBa
cy6belMHUI] COKPATHTENBHOrO Denka
my6yauna. Monexkyael TyOyauBa coemu-
HAITCA Mexay coboi, 00pasysa JJINHHBIE
[elld, KOTOpPEIe YIIAKOBLIBAIOTCA B ILIOT-
HYIO CIHPAJE C II0JOCThIO BHYTPH. B pe-
aysabTaTe ofpasyercs IOJBIH IUIHHZD, Puc. 61. Crpoerue MUKDPOTPYGOUKH
CTeHKH KOTOPOTO COCTOAT M3 OelKoB
(puc. 61). PacTyT MEKPOTPYGOUKH TOJBKO € OJHOTO KOHIA NYTEM MPHUCOeJUHEHUA
HOBBIX MOJIEKYJ Oenka TyOyiuHAa.

OT CTeHOK KasKJ0ro IUIHHIPA OTXONAT NePeMBEIUKH U3 TOTOJHUTEIbHEIX Del-
KOB, KOTOphIe CBASBLIBAIOT MHKPOTPYOOUKH JPYr ¢ APYIOM MONAPHO — AYILIETOM
WJIM 0 TPH — TpUILIeToM. [IpyrHe AONOJHUTENbHEIEe GeKN CIIOCOOHEI CBA3LIBATH
Mesk Iy coB0i AYILIeTH WM TPUILIETH MEKPOTPYGOUeK II0 KPyry, 06pasysa HHIHHID.
BHYTpM IHMIHHIDA MOMeT HaAXOAUThCHA eIlé ONHH IYILIeT, KOTOPHIA CBA38H C Ha-
PYKHBIME MHUKDPOTPYGOUKaMH TpeTbuM BHAOM Oenxos. Ha Mmuxkpodororpa@uu oHM
HANOMMHAIOT CIHILBI KOJIeca.

MugpoTpy6ouku (POPMHPYIOT BHYTPEHHIOK CTPYKTYPY — LIUTOCKeJIeT KJIeTKH,
KOTODPBIN BEIMONHAET onopHY0 dyakinuo. OHN obecniednBaloT IBUKEHHE IUTOILIA3
MBI, IlepeMel[eHre B KJIeTKe HeKOTOPBIX OPraHOMJO0B, HAPMMED MHUTOXOHJDHIA,
JIM30COM H Ny3BIphKOB anmnapara Doapmxun. Ilpu noBpexIeHHH MHKDPOTPYOOUeK
ABHIKEHHEe [IMTOIIASMEI B KJIETKEe MPHOCTAHABIWBAETCSH.

O6HapykeHa emé o1Ha BaykHasd QYHKIHNA MHKPOTpyDouek: hopMa KJIEeTOK 3a-
BHCHT OT UX B3aMMHOI'O paclooxeHns. [Ipu ero HapyleHUH KJIeTKa npuodperaer
mapoobpasuayio Gopmy. MEUKPOTPYGOUKH yIACTBYIOT B 00pPa30BAHHU TAKHX KJIETOY-
HBIX CTPYKTYP, KaK KJIETOYHBIH IeHTp, OasaibHble Tellblla U DECHUUKH.

KieTouHsrii HeHTD ¥ HeBTPpHOJH. [[enmpuoas — HeGOIbIION MUINHADHYECKUAH
OpPraHou, IpeACTABASIONANA cOO0H OB IIAIHHAD, CTEHKH KOTOPOIo o0pasoBaHBbI
IIeBATHIO TPHILIETAMH MHUKpPoTpyGouek (9 + 0) (puc. 62, I). Kamapiit Tpumrer pac-
[IOJIOYKEH TI0 OTHOIIEHHIO K OKPYKHOCTH 10 yraoM 45°, ClI0BHO JIOMACTH TyPOUHEL.
COBOKYIIHOCTE JBYX IEHTPUOJIEH B YeHmpoc@epbl COCTABAALT KACMOYHbLIL YeHmp,
unu yewmpocomy. Llenrpuosn pacmonaraiorTca NepHeHJUKYIAPHO APYT K IPYIY.
IlenTpocdepa COCTOMT M3 OJMHOYHBIX MUKPOTPYOOUYEK W BOJOKOH, 00pasymOINUX
BOKDYT IeHTpHOJeH OKpalleHHsIi opeos. IleETpronn u neaTpochepa IPHHEAMAIOT
yuacTHe B mpormecce geneHus kiaetku. OHu 0o6pasyoT HUTH BepeTeHa [JEJeHHA H
obecrne4rBaiOT PABHOMEPHOE pacipejeieHiHe XPOMOCOM Me 1y JOUePHUMH KJIeTKa-
mu. [Tepen mereHmeM IEHTPHONIH YABAMBAIOTCA M PACXOJATCA K IOJIOCAM KJETKH,
obpasys BepereHo Jenenns. KieTouHEIll IEHTP XapaKTepeH s BCeX KJIETOK M-
BOTHBIX H HEKOTOPBIX PaCTeHWI.
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Puc. 62. Crpoerue opraronzsos. I — kieTounsiii nenTp: I — cxema CTPOeHHA HEHTPHO-
neit, 2 — anexkTpoHHas MuKpodororpadusa nearpuoan; II — pecamnuka; III — GasanpHOE
TeJiblle (BHH3Y), NONEepeuHbIi pa3pe3 peCHUUYKH (BBepxy)

Oprasounsr aBuKeHMd. PecHUYKU W HzZYyMuUKU SBIAAIOTCA OPraHOMAAMH JBH-
JeHHMA B OCHOBHOM OJHOKJIETOYHBIX OPraHH3MOB (KI'YTHKOHOCHEB, HHQY30pHIi,
Bozlopocieli). MMeoTcss OHM M ¥ HEKOTODPHIX 3YKAPHOTHBIX KJETOK, 00pasyromux
TKaHHM MHOT'OKJIETOYHBIX OPraHU3MOB, HAIPHMeD PeCHUTUYATHIN anuTenuil. PecHUYKH
U KTYTHKH ¥ 9YKapHOT IpeiCcTaBIAI0T cO00HM BEIPOCTHI IIUTOILIA3MbBI, CHADYKH OKPY-
JKEHHBIE IIA3MaTHYeCKOoil MmeMmOGpano#t (puc. 62, II). BHYTpH BHIPOCTOB HaXOgATCA
MHUKPOTPYOOUKH, COKpAall[eHWe KOTOPBIX MPHBOAHUT OJHOKJIETOUYHHLIH OPraHM3M B
JBU:KEHHEe MM obeclleuMBaeT TOK BEIIeCTB IO MOBEPXHOCTH TKAHH, 00pa30BaHHOM
KJEeTKAMH C PECHHUYKAMH.

OpraHOHBI ABHIKEHHSA, TAK K€ KAK M HEeHTPHOJIH, UMEIT IUJIHHAPUIECKOoe
CTpPOEHHE M COCTOAT M3 MHKPOTPYDOYEK, CKOMIIAHOBAHHBIX HECKOJILKO MHAUe.
CreHkH nuIMHApPa 00pa30BaHBI AeBATHIO MapaMu (IyIJeTaMH) MHUKDPOTPyOouex,
a B IIeHTPe pacmojiaraloTca emé aBe MEKpPoTpyboukn (9 + 2). CHapyxu DHIUHAD
OKPY¥EH IUIasMaTudeckoil MeM6panoii. IIHIHHADEI 3KIYTHKOB U PECHUYEK CBA3aHEI
c DasanbHBIM TEJBIEM H ABIAKTCA €ro MPOM3BOAHLIMH, OZHAKO MexaHH3M obpa-
30BAHMSA [0 KOHIlA He BHEIACHEH. DasaJibHbIe TesIblla, CBA3AHHBIE C IIHTOCKEJIeTOM,
ofecneuyHBalOT COrJIACOBAHHOE ABHMI;KEeHHE DeCHHYEK H JKTYTHKOB.

BazaneHoe Teabue. 3TH OPraHOUABI CXOAHBI II0 CTPOEHUIO C IMEHTPHUOIAMHY KJIe-
TOYHOrO IeHTpa. BasasvHoe menbvye nNpeacTaBie o OAHUM HUINHAPOM, COCTOAIAM
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U3 JEeBATH TPHIIETOB MHKpoTpybouexr (9 + 0) (puc. 62, III). B ornmune oT LeH-
TpHOJell OT KajKJ0ro TPHILIeTa 0a3albHOTO TENBIA OTXONAT K IEHTPY OeJIKOBBIE
HUTH, 00pasya Hexoe mogobue cunull. BasanpHble Teablia ABIAITCA TPOUSBOLHBIMH
[eETPHOJEH U CBA3AHEl ¢ MHKPOTPYOOUKAMU IUTOCKeJeTa. B KieTke OHM BCeraa
paCIIOJATAIOTCSA B OCHOBAHHMY JKTYTHKOB HJIA PECHHUYEK.

KpoMe CTPYKTYPHBIX 9JIEMEHTOB B IIHTOIIaA3Me KJIETKHM MOTYT HAXOAUTHCA pas-
JWYHEBIe BKJIIOUEHNA, KOTOPLIE HE OTHOCATCA K IOCTOAHHBIM KJIETOYHBIM OPTraHOM-
naM, a 06pasyloTcsA BPEMEHHO B IIpolecce MeTaboau3Ma.

Pubocoma, noaucoma, Mukpompyboiku, myOyrun, KiemouHvli yenmp (uyeHmpo-
coMa ): YeHMPUOIU, YUeHMPOCcHepa; HzyMmuKu, peCHULK, 06a3a1bH0e merbye.

Bonpocbl U 3aaaHvs

1. KakoBo BHelUHee CTpoeHne puBocoMbl? M3 yero oHa cocTouT?

2. The B kneTke BCTpe4aloTca puboCOMBbI, C KAKMMKN KII@TOYHBIMU CTRYKTYPaMu CeadaHa ux
nestensHocTb? Kakne yHKLMM BbINOMHAIT prubBocomb!?

B Kakux KNeTkax coaepxutca 6osblue pubocoMm: B KeTkax XUPOBOA TKaHK, BONOCAHOIO
donnukyna unu xenesucrtoro anutenua? OTBET nosicHuTe.

O6BLACHUTE CTpOEHME MUKpOTpyBoyek. Kakne QYHKLMWM OHW BBINOMHAT?

Kakune KneTouYHbIE CTPYKTYPbl SBASKOTCA NPOU3BOAHBIMU MUKPOTPYBOUek? B 4EM nx
cxofacTea U oTnnuma? Kakue dyHKUMW OHW BbINOAHAKT?

. OnuwwuTe cTpoeHWe 1 NPUHUMN AEACTBUA OPraHonaoB ABWXKEHUS.

Kakvie opraHonasl U3 NepedncieHHbix Huxe 06a3aTenbHo NPUCYTCTBYIOT B 3yKapuoTHON
KNETKE: MUKPOTPYBOUKYM, KIIETOUHBIW LEHTP, LUeHTpuonu, bazansHoe TenbLe, umutockenet?
O6bACHUTE NoYemy.

o @

~No

§16. Appo. NpokapuoTHasa KneTka

3 BCNOMHUTE, YeM KIIETKW MPOKapuoT OT/IMHAIOTCA NO CTPOEHWIO OT KNETOK 3yKapu-
- oT. Kakve opraHnamMel 06pasoBaHbl 3yKapyoTHLIMUY, a Kakne — NpoKapruoTHLIMK
KneTkamm?

flzpo xapakTepHO AJis BCeX KJIETOK DYKAPHOT, 3a MCKJYEHHeM BBICOKOCHE-
HATU3UPOBAHHBIX KJIETOK, HANIPHUMED 3DPeJIbIX 3PHUTPOIHTOB MJIEKONHTAKIINX.
IIpokapuoTHas KJiIeTka oGOPMJIEHHOIO A/pa He UMeeT, B Hed BBIJIeJIAeTCH JTHIIb
AzepHas 30HA, coepikamas Koablepyio mMoaexyry JHK.

SAnpo. DTOT OPraHOU CAYIKUAT IEHTPOM PeryIAliY KU3HeeATeIbHOCTH KIeTKH.
A0dpo oTHeNeHO OT MUTONIA3MEI A0epHOl 060/10%K0ll, COCTOANIEH U3 JABYX meMOpaH
(puc. 63). Bayrpenuas meMmbpaHa sjpa cnenuduUyHa M OTIHHAeTCH OT ILIasMaTH-
veckoii. Hapy:xHas MemM6paHa AApa CXOJHA IO CTPOEHHIO ¢ MeMOpaHO SHIOMIA3"
MATHUECKOH CeTH M CBA3aHA € Hell, M0ITOMY €€ MOXKHO PacCMaTPHBATEL KaK IPO-
naBogayio DIIC. Hapy:xuasa memOpaHa ffgpa ycesHa pubocoMamu, y4acTBYIOIIIMU
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Puc. 63. Crpoenue aapa. I — cxema crpoenns: 1 — Hapy»KHas AfepHas MeMOpaHa,
2 — BHYTpeHHAA sifilepHas Mem6pana, 3 — sAfepHbIe nopel, 4 — AAPBIMKO, 5 — Xpoma-
THH, 6 — Kapnoniasma; Il — smexTponHas muKpodoTorpadus sgpa

B cuHTe3e Genkos. B anepHoil 06onouke UMelOTCs 20epHble NOPbL, Yepes KOTOpEIEe
OCYIIEeCTBIACTCA OOMEH MeK Ay HUTOIIasMoM 1 AxpoM. Us axpa Tpancnoprupyores
mosexynbl PHK, pu6ocoMsl, #3 MUTONIA3MEl B AIPO IIPOHHKAIOT OEIKH.

BayTpu AIpO 3al0IHEHO HYKIEONAA3MOLL, TIN Kapuonaiai3moil, B KOTOpoil Ha-
xoxarca monexyasl [JTHK. Orn mecyT HaciecTBeHHYI0 HHDOPMAIHIO, ONPELeIAIO-
Iyio NPU3HAKHN JaHHOIO OpPraHuaMa, OpraHa, TKaHH, KIeTkH. Kasmaa Momekyia
MHK ynakosama B OTAeNbHYI XPOMOCOMY, a4 BCSI TeHETHUECKAS uHpOpMALHA,
XpaHAMAACA B XPOMOCOMAax OpraHusMa, HaseiBaeTca zendmonm. Hanpumep, reHOM
desioBeKa npezcrasies 6-10° napaMu HyKJIeoTH0B, pacnpeeNéHHBIX B 46 XpoMo-
comax. CTpoerne XxpoMocoM GyZeT pacCMOTDPEHO IO3iKe.

B aznpe monexynsl [JHK He BHAHEBI, TAK KAK HAXOLSATCA B BHJle TOHKHUX HHTeI
Xpomamura, KOTOPEIH OKpamuBaeTcs 0ojiee HHTEHCHBHO, YeM OCTAJNBHAA YACTD
HyKJeomaasMsl (puc. 64). Xpomatus npescTaBifeT coboii KOMILJIEKe HHTel JIHEK,
CBfA3aHHBIX ¢ OeskamMum — rucToHaMu. B mepmos Meay KIeTOYHBIMH ZeEHHAMHU
HutH [THK B ocHOBHOM agecnmpanusoBasbi. OHUM COCPEOTOYEHEI B IeHTpe AApa u
HOCAT HagBaHWe 3Yxpomamuna. B HUX HAXONATCA MeHbl, KOTOPhIe AKTHRHO YIACTBY-
for B cuHTe3e PHK. Onnako yacte mosexkys [JHK ocraéres B cIMpaibHOM, IJIOTHO
YJIOKE€HHOM COCTOAHMH, IO3TOMY OKPAIINBAETCA MHTEHCHBHO, — 3TO 2€MepOXpomMa-
muwn. [lanubie yacTu mMonexys JJTHK MaloaKTHBHEI MM HEAKTUBHEI, II0ITOMY OHM
NJIOTHO ynakoBaHbl. Bo Bpems penennsa kiaerku mMouexyas: JHK cuasHO cnmpanm-
3YIOTCH, YTONIIAITCSA, 00PA3yIOT KOMILTEKCHI ¢ OeJIKOM M IIPEeBPAIaioTCs B XOPOIIO0
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3aMeTHBIEe CTPYKTYPBl — XPOMOCOMEI.
Kamxpoit monexyne [ITHKE coorBercTBYyeT
0J(HA XpOMOCOMa.

YacTo B AApe MOKHO YBHIAETH OJHO
UAM HECKOJBKO TEMHBIX OKDYIJIBIX 00-
paszoBaHUU — Adpbiulex. B aAapelmxax
npoucxoxut cuates pPHEK, obpasyiores
U CKamJWBaoTCA pHOOCOMBI. ¥Y4acTOK
vonexysa [JTHK, Ha KOTOpOM OCYyIIIeCTBIIA-
erca cuntTes pPHE, HaseiBaeTcs AAPBIII-
KOBBEIM OpPraHH3aTOpPOM.

fAnepHbldi annmapaT peryiaupyeTr Bce
MPOIECCHl YKUBHEIeATEIbHOCTH KIETKH,
obecreunBaeT XpaHeHHe U IIepejadyy Ha-
cJeCTBeHHON MHGpOpMAIUH. 3[ech e
mpoucxoaut cuares [ITHK, PHK u c6opxa
cybpegunHHI] prbocoMm.

CTpoeHHe MPOKAPHOTHOH KJIETKH.
CHapy:KN npoKapuommnas Kiemkd mo-
KpPBITA 000JOYKONH, MIH KIETOYHOH
creHEro# (puc. 65). OHa NpuUAaéT KIeTKe
onpeneléaHyi0 GopMy, OJHAKO B OTJIH-
yyue OT IeJIIJI03HOH 000I0YKHN KJIETOK
pacTeHMil COCTOUT U3 BellecTBa — MYypeu-
H@, CBOMCTBEHHOTO TOJIBKO KJIETKAaM IIpO-
Kapuor. MypenH ABIAETCA MIHKONPOTEH-
noM. Ero ocHoBy 00pas3yioT BOJOKHA IO-
JHcaxapua, Mogo0HOro Mesi03e, HO
HECKOJBKO OTJIMYAI0I[eroca 0 COCTaBy.
Me:x 1y napajjieIbHO PACIOJIOKEeHHBIMHI
BOJIOKHAMH HAXOASATCA KOPOTKHE IeIH

Pue. 64. Monexynsl JHEK (1); HUTH XpoMa-
tuHa (2); xpomocoMa (3) IpH OJHHAKOBOM
YBEeJIHYEHHH

HeNTHI0B, KOTOPbIe COeIMHEeHb ¢ MOJUCAXAPHAHBIMA BOJOKHAMH M Kak ObI CIIH-
BAIOT MX B [OIEPeYHOM HampaBieHHH. O6pasyercs HOBOJBHO SKECTKHHA H ILJIOTHBIN
CeTeBUIHBIN MEIIOK, OKPYIKAIOIIH IPOKAaPUOTHYIO KIeTKy. CHapy U MypenHoBad
0B0I0YKA MOMKET GLITH MOKDPBITA CJI0EM JIMIIKHI0B, KOTOPHIH BHINOJIHSAET 3aIIATHYIO
GYHKIHIIO ¥ TPHAAET 060J0YKe YCTOHYHBOCTL K BO3/eHCTBUIO PA3IHYHBIX BEllleCTB,
HAlpUMep NeHAIUAAnHA. KpoMe TOro, KJIeTKa MOMKeT MMeTh JONOJHHUTEeIbHBIe
C/IM3UCTHIE CJIOH H KAICYJIy, KOTOPEIE BBIIOJHAIT 3alHUTHYI0 QYHKIHIO, IPefoT-
Bpalas eé mepechbiXaHue U NPeJOXPaHAA OT BO3AEUCTBUS IOCTOPOHHHX BEIIECTB.
ITox 060JI0YKOl ITPOKAPHUOTHOH KIeTKH PACIIOIAraeTCA IaasMaTHIecKas MmeMmopa-
HA, CXONHASA [0 CTPYKTYDPe H GYHKIMAM C AHAJOTHYHON CTPYKTYPOH 3yKapMOTHOH
KJeTKH. ¥ mnpokapuor MemOpaHa oOpasyeT BOSYMBAHHUA BHYTDb NPOTOILIA3MBL —
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Puc. 65. Cxema cTpoeHMs IPOKAPHOTHOM KiueTku: I — rereporpopras, II — dorocun-
TesHpyroomasn: I — xryruk, 2 — miasMaraueckas meMmGpana, 3 — obomouka,
4 — BrmOUeHHA, 5 — Mesocoma, 6 — monexyaa THEK, 7 — GOTOCHHTE3UPYIOIHE
memOpansl, 8§ — pubocomsr; 11 — saexTporHAA MuKpogororpadusa Gaxrepuit

MeMOpaHHBIE CKIATKH — Me30combi. Ha IMOBEPXHOCTH Me3ocoM pacmoJIararmTcsa
AbIXaTeslbHbIe (hepMeHThI. Me30coMBbl, MOI06GHO MUTOXOH/APHAAM, BEITIOTHAIOT (QYHK-
[HIO AbIXaHUSA B KJeTKe. OHM HAOMHHAIOT KPUCThI, HMEIOIIHeca B MUTOXOHAPHAX
9YKaPHOTHOW KJIeTKH. Bo BpeMs KJIeTOYHOTro [eleHHA MEe30COMBI CBA3HLIBAIOTCH C
IOHE u, no-BuiuMoMy, 061er4aioT pasmeneHue nByx gouepHux ITHK, cnocoGersyior
00pa3oBaHNIO IEPETOPOAKH B IPOKAPHOTHON KIeTKe.

Y (hoToCHHTE3HPYIOIMKUX GaKTepHii HA BOAYMBAHUAX [LIa3MATHUECKO MeMOpaHbI
HaxXoAATCA (POTOCHHTETHYECKHE IUIMeHTHI. TO POMOCUHMEeMUYeCKUEe MeMOPAHbL.
Omu MoOryT pacmonaraTbCsi B BHJe MeMGDaHHBIX CTOINOK B MHUTOIIA3ME KIETKH M
HAaMOMHMHAIOT THIAKOWABI H TPAHBI XJIOPOIJIACTOB.

lenmeTrueckn# annapar IPOKAPUOTHON KIETKH IPEICTABIEH OAMHOYHON KOJIb-
nesoit Mosierynoit [IHK. OHa HHueM He 3am(UIIeHa OT BHYTDEHHEro COIePHKHUMOT0
KiaeTku. ['eHoM GakTepHaJbHOW KJIETKH BO MHOTO DA3 MEHLIIEe reHoMa AYKapHoT-
HOH KJIETKH, 8 CIeJOBATEJIbHO, H MEHbINe 00BEM eé reHeTHUYecKOil HHpOpPMAIIHN.
B kinerke umerorcs pu6ocoMsl, KOTOpEIE 0GeCIeUMBAIOT IPoOIece GHOCHATe3a OeIKa,
HO OHHM MeJbue, 4eM 3YKapHOoTHEIE. 3To T0S-pubocoMsI.

MHorve IpOKapHOTHBIE OPTAHU3MBI IOABMIKHEI M MMEIOT OAMH MJIM HECKOJb-
KO JXTYTUKOB, KOTODhIe Vv DaKTepHil yCTPOEHBI ropasio IpPOoIe, YeM V SYKADHOT.
JKryTHKYM He OKDYKeHBI [IJIa3MaTHUecKoil MeMOpaHOil M He SBIAIOTCH BBIPDOCTAMH
nuromiasmel. Ilo cBoeil cTPyKType OHM HaIIOMHHAKIOT OAHY MHKDOTDPYBOUKY ByKa-
PHOTHYECKOrO JKIYTHKA, HO BMeCTO TyOy/IHHA 3/jech NPUCYTCTBYET BEJIOK (aazeniuH.
Ero Mosekynbl Take pacHosIOKeHBl 10 COHDATH M 00pasyioT MOJIBIH OUIUHAD,
MexaHusM ABMKEHHA JKI'YTHKA YHHKaleH. Ero OCHOBaHMe BpAINAeTCA IO KDPYTy,
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B

pesyJIbTaTe 4ero JKTYTHK Kak Obl BBUHUHMBAETCA B CPeny, obecrieurBas OPOKapHu-

OTHOH KJIeTKe IocTynaTeIbHble IBHIKEeHHA.

Ha KIeToOYHOH CTeHKe YV HEeKOTOpHIX DaKTepHili MMEHTCH TOHKHE BBIPOCTBI —

nuau. OHE KOpOde KTYTHKOB H MMEIOT Apyroe crpoenue. Iluiu caysar ALdA IpH-
KpeIIeHHA MPOKAPDHOTHEIX KJETOK APYr K JPyry.

Adpo; adepras 060104Ka; AdepHble NOPbL; HYKIEONLAIMA (xapuonaasma); 2e-
HOM; XPOMAMUH: 3YXPOMAMUH, 26MePOXPOMAMUN; AOPbIULKO; NPOKAPUOMHAR
KaemKa; Mypeur; mesocoma; Gomocunmemuyeckue MeMOpPansl; Prazerrun;
nuU.

Bonpockl n 3agaHus

j [
2.

3.

Kakue CTPYKTYpbl BbIAENAIOT B aape? Kakosbl OCHOBHbIE dyHKUMKM sapa?

CpaBHWTE CTPOEHUE FAEPHOIN MembpaHsl ¢ NNasmaTu4eckor. YKaxuTe 1Mx CXOOCTBO W
oTnnyma. Yem oBycnoBneHsl oTnnuna?

Yro npenctaenseTt coboil xpoMocoMa 1 YeM OHa OTiuyaeTcs oT xpomartmHa? M3 kakux
BELLECTB NOCTPOeHa xpoMocoma? OBbACHATE OTAMYMS 3YXPOMaTuHa OT reTepoxpoma-
TMHa. Yem 06YCNoBAeHbl 3TU OTANHNA?

Yt1o npeacTasnsaeT coboi 8ApbILKO? M30N1MPOBaHO /I OHO OT COAEPXUMOTO agpa?

C NMOMOLLbIO COBPEMEHHLIX Npubopoe y amébbl ObiN0 yaaneHo aapo. HekoTopoe Bpems
OpraHuam NPoAoMKan NepeaBuraTbCs U NUTATLCS, HO NEpPecTan PacTv U pasMHOXATLCA.
O6bACHWUTE NOYEMY.

Ha30BUTE OCHOBHBIE CTPYKTYPbI, KOTOPLIE NPUCYTCTBYIOT B KNeTkax npokapuoT. MoxHo
NV ux Ha3eaTb opraHovgamn? OTBET NOACHWTE.

CywiecTeyeT runotesa cuMOGMoreHesa, CornacHo KOTOPOM MUTOXOHAPUW U XNOPONNACThI
NPOMU3OLLIW OT NPOKAPUOTHBIX KNeToK. MpUBeAnTE HE MeHee NATU A0Ka3aTensCTe, CBU-
LETEeNbCTBYIOWMNX B €€ NoNb3y.

Mpegnonoxute, kKakne NPoKapvMoTHble OpraHu3Mbl MOMIN 6blTb POAOHAYaNBLHUKAMMN
MWUTOXOHAPWIA, @ Kakne — XJI0ponacToB.

CpaBHuTE CTPOEHWe NPOKApPUOTHON W 3YKapuOTHOI kneTok. MepeyepTnTe B TETPaab U
3anonHute Tabnuuy.

CTpoenne NPOKapPHOTHOH H 3YKAPHOTHOM KIETOK

JyKapHOTHEIe KJIETKH

OprasoMIs IIpoxapHOTHAA KIeTKa
SKMBOTHAST pacTHTeIbHAA

BbIBOAbI NO IMABE 4

KiaeTknm Bcex CYILIeCTBYIOIIUX HbIHE OpPraHM3MOB II0 CTPOEHHMIO MOYKHO pasfie-

JINTH HA ABA THNA: IPOKAPHOTHEIE U 9YKapHUOTHEIE. Haubonee APEBHUMH ABJIAOTCH
NPOKapHuOTHBIE KJIETKH. Osn YCTpPOeHBI MPOCTO, HE MMEIOT OCHOBHBIX OpPraHOHUIOB,

B

HHX OTCYTCTBYeT AAPO.
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JYKAPHOTHEIE KJIETKH [0 pasMepy 3HAYMTETHHO GOJIBIIE IIPOKAPHOTHEIX U
YCTPOeHEI ciokHee. OHM colep:xaT 3HAYHTEILHOE KOJTHYECTBO JOHE, saknmo4énHoit
B sifiepHy10 060049Ky. Kierku aykapuor umeior 96TKO oopMIeHHOE AAPO, 4 B UX
[HUTOIIASME HAXOMUTCA MHOKECTBO OPraHOH/OB, BHINOJTHAINIMX PAsIMYHEE (DYHK-
nun. Iluronnasma KIeTOK aykapHoT pasmesieHa Ha KoMIOapTMeHThl. MeMOpaHHBIE
CTPYKTYPEBI KJIETKHA: 3HIOMIABMATHYECKAA CeTh, anmapar [ombmKH, JTH30COMBI,
[IEPOKCHCOMEI, BAKYOJIH C KJIETOYHBIM COKOM. IloyaBTOHOMHBIME MeMGpPaHHEIME
OpraHoOMJaMH KJETKH ABJIAIOTCA MHUTOXOHJADHH M IUIACTHABL. Llenslil psg ZaHHBIX
CBUIETEJBCTBYET O NPOMCXOXK/IEHAN 3TUX OPTAHOHJOB OT PAHHUX NPOKAPHOTHEIX
KJIETOK, CTABIINX BHYTPEHHUMH CHMOMOHTAMH (0JIee KPYIHOH! dyKapHOTHOH KJIeT-
ku. HemeMOpaHHBIe ODraHOUAB! KIETKH: PAGOCOMEL, LEeHTPOCOMa, MHKPOTPYOOUKH.
OpranongamMu ABUIKEHUS ABJIAIOTCA KIYTUKH U pecHHYKH. OTauuuTeIbHOH 0CO-
GeHHOCTBIO 9YKAPHOTHBIX KJIETOK SBISETCA HATUYHE LHUTOCKeJeTa, OPTaHHU3YIOIIero
LUTOIIA3MY U 00eCIeYHBAKIIEro MEXaHU3M e6 NBHKeHu .

Tembl npoknapos, pedpepaTos u NPOEKTOB

1. MNpokapunoThl ¥ 3yKapuoTbl: 0COBEHHOCTH CTPOEHMUA KIETOK.

2. MNonyaBTOHOMHbIE OPraHoOMabLI KNeTKU U rurnoTesa cumbuoreHesa.
3. MemBpaHHas CTpyKTypa KneTKu: B3aMMOCBS3b opraHoungos.

4. XvMuns nnasmanemMmbi.

5. TpaHcmemGpaHHbIi TPaHCNOPT BELLECTB B KNeTKe.

OBMEH BELLUECTB U NPEBPALLEHUE 3HEPTUMU
B KJIETKE

§17. Accumunauusa u auccumunauus —
ABe CTOPOHbl 0OMeHa BellecTB

PaccmoTtpuTe puc. 67. Kakue opraHuambl MCNONMb3YIOT ANS XU3HEAESTENLHOCTH
FOTOBLIE OPraHM4eckne BeLLECTBa, a kakne — CO34alT MX M3 HEOPraHNYeCKMX
COEAMHEHWIA? 33 CYET KakuX MPOLECCOB 3TO NPOMCXOAMT?

Kak Bam y»e m3BecTHO, n00as GHOCHCTEMA, B TOM YHCITE U KJIETKA, CUNTAeTCA
OTKDBITOH CHCTEMOH, TAK KaK HeIPepPLIBHO 0GMeHHBAETCS C OKDYIRAIOIEeN cpenoi
BEIECTBOM U 9Heprueil. Exunbiii nponecc o6MeHa BELIeCTE W NpEBDANIEHUS JHED-
I'MHA CJIOVXHUT OCHOBOH HH3HeIeATEeNIbHOCTH KJIeTKH: ITOCTABJSAET HEOGXO,IIHMI:IG el
COEAMHEHM, ABIACTCH MCTOYHHKOM SHEPTHH JJIsi BHYTPHKJIETOUHBIX MPOIECCOB,
BBIBOJUT M3 KJETKH BDeJHble KOHEYHbIe HPOAYKTHI PACIaia.

IlonaTne 06 o6mene Bemects. O0Men 6eujecme u npespajerue aHepzuU, WIH
Mmemaboausm (OT rped. metabole — mepeMeHa, npeBpamieHHe), — 9TO COBOKYII-
HOCTP BCeX PEaKIINii CHHTe3a H pPacuaja, NPOTEKAIIINX B KJETKe, CBA3AHHBIX
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BbICOKOMOJIEKY NAPHLIE

OPIr AHMYECKME BELLIECTBA
5 2
=
S a
: ATD E g
=
S g
< £

HHU3KOMOJIEKY NAPHbBIE

OPI AHMHECKME W HEOPT AHMHECKME BELLIECTBA

Pue. 66. Cxema o0MeHa BellleCTB W NpeBPAIleHUs SHEPIHH B fuocHCcTeMe

¢ BelJeJIeHHeM HJIH IorjomeHneM sHeprun. O6MeH BelecTB U IpeBpallieHue d9HepPIuu
COCTOMUT M3 ABYX B3aMMOCBABAHHBIX W MPOTHBOIOJI0MHBIX IIPOIECCOB — ACCUMHIIA-
OUH ¥ JTHCCUMMJIAINN.

Accumunayus, anaboausm (or rpeu. anabole — NogBLEM), UIHA NAACTMUYECKULL
00MeH, — 3TO COBOKYITHOCTb PEAKIMiT CHHTEe3a BEICOKOMOJIEKYIAPHLIX OPraHHYeCKHX
BEI[eCTB M3 HU3KOMOJIEKYJIAPHBIX OPraHHYEeCKUX MM HeOPraHWJeCKHX, COIIPOBOMK-
AOIMUXCcA MOIVIONeHHeM SHEePryuu 3a cuét pacnaga mouexys AT,

Huccumunayus, kamaboausm (or rpeu. katabole — paspymenue), uiu sHepze-
muyeckuil 00MeH, — 9TO COBOKYIHOCTL PEAKIIHIH pacmaja BBICOKOMOJIEKYJISAPHBIX
OPraHMYEeCKHX BelecTB [0 HH3KOMOJIEKYJIAPHEIX OPraHNYeCKUX HJIM HeOpranwde-
CKUX, COIPOBOMJAIOMINXCA BBIJeJIeHHEM SHePIHH U 3alacaHueM e€ B CHHTe3upye-
MEIX MoJekyinax ATP.

OOmMeH BellecTB ¥ OpeBpallleHne 9HePTHH ABIAITCA 3aMKHYTHEIM IPOIIECCOM, TaK
KaK XMMHYeCKHe 2JIeMeHTHI, U3 KOTOPEIX CHHTe3UPYITCA OpraHuyecKine BelllecTsa,
TepexogAT OT OJHOTO OPraHUu3Ma K JPYroMYy HJIH BBIIENAITCA B OKPYKAaIOIIyIo
cpelly U BHOBB MOCTYNAKT B OpraHuaMsl (puc. 66).

Tunei o6mena Bemects. OcHOBHOM McTOYHUK aHeprus Ha 3emie — aro ConHIe.
ITo crocoby moaydeHHA 3HEPIHH, NIUTAHHA ¥ CHHTE3a OPraHM4YecCKHX BEIeCTB BCe
OpPraHU3MEI Pas3feldal0T Ha aBTOTPO(HBEIE U reTepoTpodHEIe.

Asmompo@Hbie OpzaHU3MbL, HIKU agmompo@u. (0T Tped. autos — caM H
trophe — mnmina, TUTaHHe), CHHTE3HDPYIOT B KJETKaX CBOEro Teja OpPraHHYecKHe
BelllecTBa W3 HeopraHMueckuX. K aBToTpodamM nmpmHAAIEIKAT BCe 3eJI€HbIe pacTe-
HUA 1 nquagobaxTepun. ABTOTPOGHO NHUTAIOTCHA ¥ X€MOCHHTe3UpyIoIHe OaKTepHH,
HUCIIOJB3YIONIEe SHEPIHUi0, KOTOPasd BHIJENAETCA IIPH OKHCIeHHH HeOPraHHYecKHX
BellleCTB, HAIPHMeED CepHI, JKeje3a, a3oTa.
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I'emepompognvie opzarusmel, UIn zemepompogel (0T Tped. heteros — apy-
roif U trophe — mHINa, OUTAHWE), MCHOIb3YIOT TOJALKO TOTOBbIE OPraHHYECKHE
BemecTBa. MCTOUHMKOM SHEPIHH [id HHX CJHYKHT SHEPrus, 3aNacéHHAS B opra-
HHYEeCKHX BellleCTBaX M BBIJAEJAIMAACA B KJETKe IPH HX paclnaje U OKHCIeHUH.
K rereporpodamM mpuHaIIexAT BCe MHBOTHBIE, IPHOBI U GOJNBIIMHCTBO DaxTepHii,
IIpu rerepoTpodHOI ACCHMHIADWY OPraHH3M C NHIIeHl B TOTOBOM BHJE IOJIYYaeT
OpraHMYecKHe COeJWHEeHHdA, KOTOphIe 3aTeM mpeo0pasyeT B CBOMX KJETKax B cob-
CTBeHHEIE OPraHWYEeCKHe BellecTBa.

ITpouecchl TMCCHMHIANMM Y OPraHH3MOB TaKyKe DA3iuyaioTca. AapoOHbLu
opzaruamam, uiu aspobam (ot rped. aer — BO3AYX U bi0s — KHB3HB), JJIA KU3HEe-
JeATeTbHOCTH HeoDXoAuM KHcIopox. [Irixanue y HUX ABASETCA OCHOBHOH (hopMoit
IUCCUMHIANNHK. Borareie sHeprueii opragnyecKye BeIeCTBa B IPHUCYTCTBHH KHCJIO-
POJia B KJIETKaX MOJHOCTBIO OKHCIAITCA N0 SHEPreTHYeCKH DeJHBIX HeOPraHm4ecKux
BEI[eCTB — YIJIEKHCJIOTO rasa M BOIKI.

AHa3pobHbLM Opearu3mam, UIN anaspobam (OT rped. an — OTpUIATENbHAS
YacTHIA, der — BO3AYyX M bios — KH3HB), KHCJIODPOJ He HYIKEH: IIPOLECCHl UX
JKH3HEIeATEeNbHOCTH MOTYT IPOTeKaTh B aHAaspOOHBIX ycnoBHAX. Opranuyeckue
BEIeCTBA B 9TOM CJIyyae B KJEeTKaX PacllellIAIOTCA He IMOJHOCTEI. [ToaTomy mpo-
OYKThI JKH3HEeIeATeIbHOCTH aHa3po00B MOT'YT HCIIOJIB30BATh a3P00HbIE OPraHU3MEI,
Hanpumep, Bce MOJIOYHOKHCIIbIE IPOAYKTHI ABJIAITCA PE3YIbTATOM KU3HENeATe b
HOCTH aHa’pOOHBIX MOJIOYHOKHUCIABIX GaxKTepuii.

BonemunacTBO OpranuaMoB Ha 3emiie — aspo0BI: BCe PaCTeHHA, sKHBOTHEIE (32
HCKJIIOYeHHMeM HeKOTODHIX IapasuTOB), OCHOBHEIE IPynmnbsl rpuboB u GaxTepHii.
KonuuecTBo anaspoboB 3HAYMTEILHO MEHBINE: 3TO MHOIHE IOYBEHHBLIE MHKPOOD-
raanamsel (bakTepru u rpudel), BEYTPEHHHWE APA3UTHI, YTPATUBIIHE CIOCOOHOCTH
HCIIOJIb30BATE KHCJIOPOI B CBA3H ¢ 00pa3oM JKH3HH.

Asrorpo(dHEIe B reTepoTpodHELIE OPraHM3MEI CBA3AHEI MY co00H IporeccaMu
oOMeHa BeIlleCcTB M IpeBpamieHusa sHepruu. CamMas Ba)KHAsS I'PYIINa OPraHu3MOB —
toroaBToTpoder. OHU CITOCOOHEI CHHTE3UPOBATEH IEPBUYHBIE OPraHNUeCKIe BeIecTBa
M3 HeOPraHWYeCKHX 3a CY6T SHEPIHMH CBeTa B peayibrare (porocmuTesa. Bropas
rpynmna — XeMOoaBTOTPO(QHBIe OPraHW3MEI, ofecnednBamue ce6s THTATEIbHBIMHA
BEIIECTBAMHM B Pe3yJIbTATE X€MOCHHTE3a.

Poas AT® B 06MenHbIX npoueccax. AT® gpiasgercsa OCHOBHBIM BellleCTBOM, obe-
CIeYMBAIOIMM SHEePreTHYeCKHe IPOLECCh] B KJIETKe: AKKYMYJIHDPYET 9HEePrHIO B IIPO-
mecce HEPreTHYeCKOoro o6MeHa M BEICBODOIKAaeT B IMpolecce IJIACTHYeCKOro ooMeHa.

B ornuume 0T KPyroBopoTa BellecTB KPYIOBOPOTA SHEPIHHM B IIPHPOJe He IpOo-
ucxoauT. BHauasle B 9HEePreTUYECKUH IOTOK BOBIeKaercs sHeprus ConHna. KneTkn
3eJIéHBIX pacTeHHH M muaHobaKTepuil B mporecce (POTOCHHTE3a aKKYMYJIHPYIOT
COJIHEYHYIO 9HEPTHIO, IPEBpAlllad €€ B 9HEPrulw XuMuyeckux caszeit AT®D, a ga-
Jlee B 3HEPrui0 XMMHYECKHX CBA3EH MOJIEKYJ CHHTEe3HDOBAHHBIX OPraHHYEeCKHX
BelllecTB. PacTeHUA OCYMIECTBIAIOT IEPBUYHEBIN CHHTE3 OPraHUYeCKHX BeIecTB M3
HEeOpraHWYeCcKUX — YIJIEKHCJIOro rasa u Boasl (puc. 67).
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MNepBu4HbIE
opraHuyeckue Pocr,
BellecTsa paszeuTume,
l ABUXEHME,
pasMHoxXeHue
doTocuHTe3 |
ABTOTPODLI
e DbixaHue AsTOTPOdHKI,
Oy ——— = reTepoTpodsl
U AR R
O,
CO,+H,0 = = ATO

Puc. 67. Kpyrosopor BeljecTs ¥ IIOTOK 2HePruu B OHOC(hepe

Bce ocTanbHBIE OPraHA3MEl HCIIOIL3YIOT TOTOBBIE OPraHUYECKHe BEeIlecTBa, pac-
IIeILIAIT WX, & 0CBOOOMKIAIONIYIOCA HEPrHI0 3alacaiT B MOJeKyJIax AT®, Ora
SHEpPIHA PAcXOAyeTcs B IpOoIecce IIJIACTHYECKOro oOMeHa Ha CHHTe3 OPraHMYeCcKHX
BeI[eCTB, CHeMMMUYHBIX JJIS KaskI0T0 opraHusMa. JacTe sHePruu B mporecce 00-
MeHa BeIecTB IOCTOAHHO TepAeTcA B BUJe TEIlIa, H09TOMY OPraHu3MaM HeoOXoAuM
MMOCTOAHHBIH MPUTOK SHEDPIMH H3 BHEIIHEH Cpejsbl.

Taxum o6pasom, sHeprua CoNHIA AKKYMYJIHPYeTCA B OPraHMYeCKHX BellecTsax,
a 3aTeM HCIOIB3YeTCs B IPOIecce XKU3HeAeATeIbHOCTH OprannamMos. Boismas yacts
9HEPIUH BhIAENAETCH B OKPYKAKIIYIO cpeAy B Buje Termna. Iloaromy 6HOCHCTEMEI,
3aMKHYThIE Ha BEIIecTBa, PA30MKHYTHI HA 9HEPTHIO.

Ob6men seujecms (MemMaboAUIM ); ACCUMUNAYUS, AHACOIUIM, ULU NAACTNULECKUL
00Mmen; QucCUuMUNAYUS, KaMaboIU3M, UL IHepzemuiLecKull 00MeH, asmompoguL,
2emepompogel, araspobbt, a3podvt.

Bonpocbkl U 3agaHus

1. Kakwve [ape rpynnbl peakumii coctasnsioT o6MeH BellecTs?

2. OxapakTepuayiiTe npoueccsl aHabonmama v katabonuama. Kakosa nx B3aMMOCBA3L?

3. Kakue Bbl 3HaeTe Tunbl oOmeHa BewecTs? NpueeauTe nNpMMepbl OPraHn3mMos, OTAKU-
YAIOLWMXCS NO UCMONL30BAHMIO MCTOHHMKOB 3HEPrUMM U KMcnopoga, Heobxoammoro ans
obBmMeHa BelecTB. Kakosa ponb 3TUX OPraHnu3mos B npupope?

4., 3a CYET KaKOi 3Heprim NPOVUCXOAMT CUHTE3 Monekynbl ATD?

5. [Moyemy AT® MOXHO Ha3BaTb KIOYEBLIM MCTOYHUKOM 3HEPruM B peakumsx obmeHa se-
wects? Ha kakue npoueccel pacxogyertcs ATD?

6. HazoBWMTE OCHOBHOI MCTOYHMK 3Heprum Ha 3emne. B pesynstare Kakoro npouecca ak-
KyMynupyeTcsl aTa aHeprua?
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§18. ®epmenTaTuBHbie peakummn. GepMeHTbI

BCnoMHUTE, Kakue opraHuyeckmne BeLLecTBa BLINOMHAIOT depMeHTaTUBHYIO
yHKUMIO. Kakoe BAWSHWE OKa3blBaloT $hepmMeHTbl Ha XUMUYECKUe peakLmu,
npoTeKalLmne B KNeTKe U opraHuame?

Jliobas kiaerka — :KUBOTHAA, pacTUTeNbHAS, IPUOHAS, fakTepuaibpHadg — Xa-
PaKTEPU3YETCA CIOKHOW XMMHUYECKOH NeATelbHOCTHI0. B Heil mpoMcxoasT coTHH
XHMUYECKUX PeaKUHii, KOTOPbIe HAYT IPH HENOCPEACTBeHHOM YUaCTHH (GepMEeHTOB.
Baxseiimei 0coGeHHOCTBI0 XHMHYECKUX pPeaknuii, IPOTEKAIINUX B KIETKe, ABI-
eTcAd UX KATAJIHTHYECKHH XapakTep.

@DepmenTaTHBHbIe peakuuu. CrenHaTH3HPOBAHHEE OEIKH, KaTaIu3HPyIIOIue
XHUMHUY€eCKHe DeAKIWH B KJIeTKAaX, HA3LIBAIOT epmenmanmu (ot nar. fermentum —
OposxeHHe, 3aKBACKA) HIIH aH3uMamu. BemecTso, KOTOPOE CBA3BIBaeTcA ¢ (hepMeHTOM
AJIA OCYINEeCTBIEHUA XMMUYECKOH DeakIuu, HaseBaloT cybcmpamonm. PepMeHTH
AKTHBH3MDPYIOT cyGCTpaT, JealoT ero JOCTYIHBIM 1A IPOBELeHHS XHMHUYECKON
PeaKIuyN. YCKOpAA XMMHUYECKHE PeaKIIUH, 3TH BEIlecTBA He BIMAIOT HA NPUPORY
KOHEUHEBIX IPOAYKTOB. Hebonbioe kKonnaecTBO hepMeHTa MOMXKET AKTHBH3HPOBATD
npeBpamiesye GOJIBIIOro KOJMYECTBa cyfeTpara, Tak KaKk 0cBOGOKIeHIe hepmenTa
KaXKIBIH pas HIET ¢ BLICOKOH CKOPOCTBIO.

CpaBHMM CKODOCTE AeHCTBUA HEOPraHMYECKHX KaTaJan3aTopoB u (GepMeHTOB.
Ina runponusa Genka Do aMHHOKHCIOT B J1a00PATODHEIX YCIOBHAX HeOOXOIUMO B
Teverne 10—15 4 KunaTuTs ero 8 20-IpomeHTHOM PacTBOpe CONAHOM KKucaoThl, Ecan
e K OeJKy IDH KOMHATHOII TeMIleparype ZOGABHTH HECKOJbKO KAIENIb hepmenTa
TPUIICHHA MM XMMOTPHUIICHHA, BXOAAIAX B COCTAB JKeJyJ0YHOTO COKa, TO THAPOJIH3
sakoHuYHTCA 32 60—80 Muu. ComocTaBUM YCIOBHA 9THX ABYX peakmuil. DepmenT
AEHCTBYET B MATKHMX YCIOBHAX, 8 CKOPOCTH DEAKIIHH C €r0 yuacTHeM BO MHOTO pas
BRI, YeM B DeaKUUH ¢ HEOPTaHMYECKUMH KATAIA3aTOPAMH.

Mousekynsapras Macca GepMeHTOB K0J1e6IeTcs 0T HECKOJIBKIX THICHY 0 MUJLITHO-
Ha. Hanpumep, tpuncus umeer monexynapuyio macey 40 000, a cuaTeTasa BIKK,
YCKOPAKIIAA CHHTE3 BBICIIUX YKMPHBIX KHCJIOT, OTHOCHTCA K (DepMeHTaM-THIaHTaAM
C MOJIEKYJIAPHO# Maccoif 6osiee 1 000 000, npuuéM COCTOUT U3 LEIOTO KOHBelepa
Genk0B, 00beAMHEHHEIX B €AUHYIO CTPYKTYDY.

Kax npaeuio, A1 BBICOKOMOJIEK Y IAPHEIX (ePMEHTOR XapaKTepHa YeTBEPTUUHAS
crpykrypa. Hanpumep, karanasa, cojep:kamascs B IepPOKCHCOMAX M PACIIEILIAI0-
masd IepoKCH] BOAOPOAa, cOCTOUT u3 6 cyObequHHAII.

Crpoenue u cpoiictBa depmenTos. @epMeHTH HMEIOT GEIKOBYIO IpPHUpPOLY,
IPUYEM NIpPeNCTaBAAT coboit rrobynapubie Genku. Yacro depmenTrr 06pasayroT
KOMILIEKCEI ¢ He0eJKOBBIMH KOMIIOHEHTAMH: MeTaLiaMM (MapraHieM, [HHKOM,
JKETIe30M, MebI0 M Jp.), HUBKOMONIEKYIAPHBIMYE OPraHMYecKMMHU COeJHHEHUIMH,
BuramMuHamu. Hanpumep, B KaTanase, pacmennsomeil nepoxcu BoAOpOJa, HpPH-
CYTCTBYeT ixene30; BUTaMUH PP (HMKOTHHOBAsA KHCJIOTA) ABIAETCA KOMIOHEHTOM
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OKHMCIHTEeIbHO-BOCCTAHOBUTENBHEIX (DEPMEHTOB; BUTAMUH
B, (tmaMuH) BXOZHUT B COCTaB (DEPMEHTOB, OTIIEILIAOIINX
YIrJIepoj OT MOJIEKYJ OPraHWYecKHX BEIecTB.

Heckonbko (hepMeHTOB MOryT cjefOBATH OJHH 3a
apyrum, o6pasyd KoHBellep, Ha KOTOPOM H/ET CHHTe3
MK paclienyieHde XMMUYeCKHX BeIlleCTB.

Raxaerit hepMeHT MMeeT onpenenéHHOE CTPOEHHE.
Kaxk u y Bcex 6esIKOB, OHO 3aBUCHT OT IIePBUYHOH CTPYK-
TYDPBI, KOTOpas OIpejesseT BCE OCTANBHEBIE CTPYKTYPHI,
T. €. opMy MOJEKyJbl, €6 IPOCTPAHCTBEHHYIO KOHMH-
rypanuipo. PesyaeraTel HcclaeLoBaHMI moKasaau, yrto  PHc. 68. Cxema crpoenns
MOJIEKYJIBI (DEPMEHTOB BO MHOTO pa3s GoJbINe MOJeKYJI (epmenTa:
BellleCcTB, KOTOPble OHU AKTHBHDYIOT. £ == CyschaTH]im TR

2 — aKTHUBHBIH EHTD;

B peakuuy HeIOCPEICTBEHHO YUYACTBYET JIHIIEL He- 3 — peryasTopHE# (aL10-
Gonbmasa wacre Genka, 00eruHO OoT 3 g0 15 ocraTkOB cTepHYecKuil) neHTp
AMUHOKHCIOT. JTO KATAJIMUTHYECKAA 4acTh (pepMeHTA.

OcranpHble AMHUHOKHCIOTEL (eJKa ONpeelaloT eé KOH(MUIYDPAIUIO, CBASLIBAIOT
cybcTpaT, IPUCOeAUHAIOT AOTIOJHHTENbHbIE HOHBL. B cnoxubIx Genkax-hepMenTax
POJb KATAJIHTHYECKOI'0 eHTPa MOXKeT BhINOJHATE HeOeJIKOBAA UaCTh.

Paccmorpum crpoenue depmernta. B ()epMeHTe pasnimdanT TpH HeHTpa: cyo-
CTPATHBIHM, AKTUBHBIH M PeTyIATOPHELH (ajnocTepudueckuii) (puc. 68).

Cy6cmpammblil YyeHmp CIYKHAT «AKOPHON» ILIONIALKOMN AIA COeIHHEHMUs dep-
MeHTa ¢ cyberparoM. IIpm aToM Mek[y HUMH BO3HHKAIT ONpEeIe]éHHBIE CBA3H,
II03BOJIAIOIIME (DEPMEHTY yIep:KuBaTh cybeTpar.

Arxmuensiii yenmp hepMeHTa ABISIETCS €ro IVIaBHOI YacThio. 37eCh MPONCKOLHT
BHJOM3MeHenue cybcrpara, OH JenaeTcs JOCTYIHBIM JJIf IPOBeJEeHUS PeaKIln,
IPOXOAUT COOCTBEHHO PeakIus, 00pasyoTcs NPOAYKTEl UIH NPOAYKT PEaKIlHu.

AKTHBHBIH U CyGCTPATHBIM LEHTPH (DEPMEHTOB YacTO HAXOXATCH PAAOM WK
coBmazxaorT. [[na paboTel AKTHBHOrO U CyOCTPATHOTO LEHTPOB, T. €, IPHCOeIHHEHHA
cyGcTpara M KaTaauza XMMHYECKOH peakIuH, HeoOXOAMMA CTPOro ONpefeNéHHAH
¢dopma Genra-pepMenta. PYHKINN AKTHBHOTO IEHTPA MOXKET BHIIOJIHATE HeGe KO-
BBIil KOMIIOHEHT, HAIIPUMep BUTAMEH, KOTOPBIH B 9TOM CJIyuyae CBA3aH ¢ (DepMEHTOM
U COCTABIAET eIUHOE IeJioe.

DepMeHT COXPaHAeT CBOI aKTHBHOCTH [0 T€X TMOP, NMOKA B HEM IOAAEPIKABA-
ercd crnenuuUecKas KOHQHIYPAIUMA MOJEKYJBI, & 9TO CBA3AHO C TPETHYHOH M
4YeTBePTHYHON cTPYyKTYypamMu Genxa-depmenrta. Kondurypamus 6e1K0oBoii MOTEKYIIbL
MOKeT M3MEHATHCA TAaKUM 06pasoM, uTodbl obecreunuTs GBICTPHINA JOCTYI BEIecTB
B AKTHBHBIH IEHTD WJIH, HA000POT, 3aTOPMOBUTE PEAKIIHIO. DTY MYHKIIMIO BLITIOJ-
HACT pezynAmOpHbLil, UIH alrocmepuieckuil, neHTp depmenta. K aromy meHTpy
MOTYT IPHCOEIHHATLCS HeOpraHudecKHWe MOHBI, HU3KOMOJIEKYJIAPHBIE BelllecTBa,
KOTOPBbIE 3aCTaBIAKT MOJEKYNy hepMeHTa NPUHATE TAKYIO (hOpMY, KoTopad 6ymer
crnoco6cTrORaTh OBICTPOMY COEMHEHHIO ¢ cyOCTpaToM.
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Puc. 69. Mexanuam neiictsus epmenrta: I — depmenr (E); 2 — cyberpar (S);
3 — depmenT-cybeTpaTHBIil Kommieke (E—S); 4 — depMeHT-IPOIYKTHBIN
kommiexce (E—P); 5 — npoaykTsl peaknuu (P)

Mexanu3Mm JeiicTBuda (pepmenTa. PaccMoTpuM o6yl TPUHIUI JeHCTBHA (ep-
MeHTOB. B Hauale XMMHYecKoll PeaKIUH IPOMCXOAUT coefuHeHHe GepMeHTa (E)
¢ cyberparom (S), obpasyerca depmenTt-cyGeTparHBIi KoMmiieke (E—S). Jlanee B
aKTHBHOM LeHTpe (pepMeHTa IIPOMCXOAAT MpeobpasoBanusa cybcTpara, H3MEeHAIOTCA
CBA3H B MoJIeKyJe cybeTpara, ero KoHgpurypanusa. ObpasyeTca KOMILJIEKC (hepMeHTa
¢ BHJOM3MEeHEHHBIM cybcrpaTtoM (E*—S8¥). 3areM NPOHCXOOUT COOCTBEHHO XMMMU-
yeckad peaKmHA U obpasyercsa (pepMeHT-mpoxyKTHEIN KoMmiuiekc (E*—P). Ilocxe
OKOHUYAHHA peaKIlHH KOMILIeKC pacmajaercs, 0cBoOO:aaeTcsas MPOAYKT (MIM Ipo-
JNVKTEI), a (DepMEHT BHOBb BOCCTAHABJIMBAaeTCHA, KAKUM OBLI IO HAYAJIa PEAKIHH
(E, P). Teneps OH rOTOB K HOBO# (hepPMEHTATHBHOH peakIuM. ITOT NPOLECT MOXKHO
NpejCcTABHTEL B BUIe cxeMul (puc. 69).

Ha ckopocTs (hepMeHTATUBHEIX PeaKIIUil MOTYT OKAa3bIBATh BAMAHUE PA3THYHbIE
(axropbl. 3BECTHO, YTO CKOPOCTh XMMHYECKHX DeaKIUil 3aBUCUT IPeJe BCEro
OT KOHIIEHTPAIIMM BemecTs. ¥ ()epMeHTATHBHBIX Deakuuil ecTh ocobeHHOCTH. HxX
CKOpOCTE 3aBHCUT HE CTOJBKO OT KOHIEHTpamuu cybcTpara, CKOJbKO OT KOHILIEHT-
panum depmenrta (puc. 70, 1, 2).

TaxuM 06pasoM, CKOPOCTh PEAKI[MH IPAMO NPONOPIHUOHANBHA KOHIEHTPAIHMH
tdepmenra. OfHAKO NPH yBeJHYeHHUH KOHIIEHTpauMM cybcTpara oHa BO3pacTaer
JHIIL B Hadase. JTO CBA34HO € TE€M, UTO YHCJI0 MOJeKyJ (epMeHTa Ompejesser,
Kak OnicTpo OyZeT NpOMCXOLUTE XUMHYECKasd peaKius.

- CKOpOCTh peaKklMy ¥ aKTHBHOCTH (DepMeHTa 3aBUCAT OT TeMIepaTyphl, IPUUEM
OHA MIOHWIKAETCH KaK IIPU HUBKHMX TeMIIepaTypax, Tak B IpH BeICOKHX. IIpu Hu3Kux
TeMIepaTypax CIHMIIKOM Maja 9Heprus akTUBAIUM MOJEKYyJ Kak cybcrpara, Tak
1 (pepmenTa. [Ipu BBICOKHX TeMIeparypax Oelku-QepMeHTHl AeHATYPHDPYIOT, T. €.
CBOPAYHBAIOTCA M IOJHOCTBIO paspymaiorcsa. OnTHMalbHEIM CUHTaeTCH TeMIlepa-
rypubIi naTepBan ot 30 xo 40 °C (puc. 70, 3).

Ha akTHBHOCTEL ()epMeHTa H CKOPOCTh peaknun Biauser u pH cpexsr (pue. 70,
4, 5). MepMeHTHl AKTHBHLI DU pasjiMuHO#l KoHmeHTpanuu mounos H™ m OH™.
BoALIIUHCTBO M3 HUX paboraior adeKTHBHO B Y3KHUX npegenax pH, game B Heli-
TpanbHOU cpefe. CABUI KOHIEHTDPAIIMK HOHOB BOAODPOAA MOMET H3MEHHUTDH dIeK-
TpuuecKHil 3apaj Genka-dpepMeHTa, YTO MPHUBEAET K M3MEHEHHIO KOH(QHUIypaluu
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CKOpOCTb 4 Ckopocts }
peakuum peaxkuuu
1 i 2 5
KoHUeHTpauma ¢pepmeHTa KoHueHTpauws cybeTpaTta
CkopocTh )
peakuun
AKTUBHOCTb
depmeHTa
3 i 4 , i
10 20 30 40 50 60 7 Saas pREE - RRS Ay (BENE/ Rsn " ITNET R M.t
Temnepatypa,C
1
CkopocTb
peakLmn 100
8 % OT Makcu-
ManbHO1

50

Puc. 70. 3aBHCHMOCTb CKOPOCTH (ePMEHTATHBHBLIX DEAKIHH OT PasjHYHBIX (PAKTOPOB:
1 — xonnenTpanun GepMmenTta; 2 — KOHIEHTpAIUU cybcTpara; 3 — TeMIepaTyphl;
4 — pH cpeasl; 5 — Bausaaua pH cpejsl HA aKTUBHOCTE (epmenTos (A, B, C)



Fnasa 5. OBMEH BELLUECTB W NPEBPALLEHWE SHEPIMMX B KNETKE

MOJIEKYJIBI M IaJIeHHI0 akTHBHOCTH. Hexoropsie epmenTsr paGoTaroT B cirabomre-
JIOUHOH cpefle, HAIpUMep aMuJasa CIHb. PepMeHT 3KelyIKa DeNcHH Haubojee
aKTHBeH B Kucioi cpene. Ilepenmager pH cpegbl Takike BBISBIBAIOT AeHATYDAIMIO
thepmeHTa, HO 0OHA, KaK IPaBUJIO, oOpaTuMa.

Depmenm (3H3uM); yeHmpoL epmenma: cybcmpammublii, AKMUBHDLIL, Pezyra-
mopHubLil (arrocmepuneckuii ).

Bonpocsl 1 3apaHua

1. KakoBa xumudeckas npupoga depmeHToB? OxapakTepusyiTe cTpoeHwe dhepmeHTa
M Kaxaoro ero ueHrtpa (cm. puc. 68).

2. OO6bacHMTE NOCNEnoBaTENLHOCTL B3aUMOAEHCTBUA cyDcTpaTa ¢ hepMeHToM.

3. Kak CKOpOoCTb peakuym 3aBMCUT OT KOHUEHTpauuu ¢depmenTa u cybetpara? Movemy npu
NOBbLILIEHWW KOHLEHTpauun cybeTpaTta CKOpOCTh peakLMy BO3pacTaeT oo onpeaenéHHon
BEJ/IM4MHbI, @ Janee OCTaéTCA HEeN3MEeHHON?

4. PaccmoTpuTte rpaduk 3 Ha puc. 70. Kak naMeHseTCsi CKOPOCTb peakuuu B npegenax
0—40°C? Kakas TemnepaTypa SIBNSETCA ONTUMAanbHOR W nodemy? Kak uaMmeHseTcs
CKOPOCTL peakunu B nHTepeane ot 40 go 60 °C? OTBET NOACHUTE.

5. Kak n3meHseTcs akTUBHOCTL GepMeHTa B 3aBUCMMOCTY OT pH cpeabl? MoyeMy hepMeHThl
paboTaloT B OCHOBHOM B Cpeae, 6NM3KoN K HEeWTPANbHOM, a He B KMCAbIX MW LENOYHBIX
cpenax? Kakve dpepMeHTbl akTUBHbI B KMCNOWM cpene?

6. Ha rpadwmke 5 puc. 70 npuBeneHbl KPpUBLIE AKTUBHOCTU TPEX GEepMeHTOB — amunasbl
CNIOHbI, NUNasbl NOAXENYA04YHOW Xeneabl U NencuHa XenygovyHoro coka. 3Has, rae B
MULLEBAPUTENBHOM TPaKTe HaxoOATCA 3TW (pepMeHThl, ONpeaenuTe, Kakoh rpaduk co-
OTBETCTBYET aKTMBHOCTM KaXO0ro U3 HUX.

HAononuutensHas nHpopmayus

Opanm u3 Hanbollee BasKHBIX OTAMYHA (EPMEHTOB OT HEOPraHHYECKHX KaTalusa-
TOPOB ABJIAETCA HMX BBEICOKAA CHeU(PHUIHOCTE. ITY YAUBHTEJIbHYIO M30MpaTEIbHOCTh
H3y4alHl MHOTHE YYEHEIe, B YJACTHOCTH HEMEIKHH XUMUK-opranuk OMuns ®umep.

IIpm paccMoTpeEHH YrileBOJOB MEI YIIOMHHAIH O TOM, UTO B OPraHM3Me KHBOTHBIX
¥ YeJIOBEKAa OTCYTCTBYeT (DepMeHT, PACIIEIIAIOMNH [eJIII0I03Y, HO KPAXMAaJ U IIIHKO-
TeH JIeTKO THAPOJH3YIOTCA (PepMEeHTOM aMuia30i. Pa3HHIA B CTPOGHHHU 3THX YIJIEBO-
OB 3AKJII0YAETCA TOJABKO B TOM, YTO B IIEPBOM CJIy4ae MOJIEKYJia COCTOUT M3 OCTATKOB
B-rnokossl, a B ABYX APYTHX — M3 OCTATKOB ({-TJIIOKO3EL.

9. ®umep, uccaeays cnenHMHIHOCT GePMEHTOB, BhICKas3as OpeAnoJoKeHne O Ha-
JIHYUH B MOJeKyJie QepMeHTa y9acTKa, CTPYKTYPa KOTOPOTO COOTBETCTBYET CTPYKTYpE
cyberpara, T. e. «cybcTpaT MOAXOAHT K (epMeHTY, KaK KJKY K 3aMKy». JTO OJHO M3
caMbIX BasKHBIX CBOHCTB ¢epmeHToB. OHM cTporo cnenududYHEI K cyberpaty. UMeHHO
9THM 0OYCIOBIEHO CBOHMCTBO Ka’KJOro ()epMEeHTa KATATW3HPOBATE TOJLKO OINpefle/éH-
HYI0 PeaklMi0 C JaHHBIM CyOCTPaTOM MJIH IPYNNY MOX0MKHX Deaknui, T. e. AeicTBo-
BaTh Ha KaKYIO-TO ONpeesIEHHYI0 XHMHWYEeCcKYI0 cBA3b. Hanmpumep, ()epMEeHT TPUIICHH
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§ 18. ®PepmeHTaTUBHBIE peakumn. PepmeHTbI

pacIienyifer Kak OPHPOAHLIA GeloK, Tak
M MCKYCCTBEHHBIH HOJHIENTH], TaK Kak
JeficTByeT MCKIKYHUTENBHO Ha MemTH/-
Hy10 cBAsb. PepMeHT amMnuiasa obiazaer
TPYNIOBOH creruUYHOCTRIO H JeHCTByeT
Ha O-TIIMKO3HAHYIO CBA3L KAK B MOJIEKYJe
Kpaxmaja, Tak ¥ B MOJIEKYJie TJIHKOreHa.,
OxEako ecThb TakWe (pepMEeHTHI, KO-
TOpBIE KATAJM3HPYIOT PeaKIHI0 TOJBKO C
OHUM-eMHCTBEHHBIM BelllecTBOM. Takue
(pepMeHTEI 06J1aKAI0T CTPOTOH CHemupUIHO-
cTei0. Hanpumep, (hepMeHT alleTHIXONHH-
acTepasa KaTAJIH3HPYeT TOJAbKO PeaKIHIo
rHAPOJH3a ameTHJXO0JHHA, UTDAKIIEro
pons HetipomeguaTopa. ANETHIX0THH 0be-
CIIeYHBAET IIepefady HEPBHOI'O HMILYJIbCA OT
O/HOTO HEeHpOHA K APYTOMY Yepe3 CHHAIC.
Cpagy mocJjie IpoxXoiK/eHNUA alleTHAX0JIHHA
yepes CHHANTHYECKYIO Iielb BellecTBO
JOJKHO THAPOJU30BAThCHA, 4TOOBL 0CBODO-
IUTE HEHPOH AJfA CJAeAYIOmero HMIyabca.
depMeHT aleTHIXOIuHACcTepaza obaagaer  Puc. 71. [leficTBne HHrHOMTOPOB H AKTHBA-
CTPOTOH cremudHUIHOCTHIO. TOpoB Ha (epmeHT: | — JAelicTBHE HEKOH-
Ha akTUBHOCTb ()€pPMEHTOB MOLYT BJIH- KypeHTHOro MHrubuTopa b NpuBOIHAT K
ATb Pas3JIHYHBIEe HM3KOMOJEKYJIApHBIe Be- H3MEHEHHIO ¢epmenTa; 2 — KOHKYDPEHTHbIH
mecTsa. KaTaqusaTopaMu aKTHBHOCTH (ep-  WHIMOHTOD B GIOKMpYeT aKTHBHBIN IEHTD;
MEHTOB ABJIAKTCA MOHEI PAJA MeTAaJJIOoB, 3 — peiicTBue akTHBAaTOPa A M3MeHAET
KOTOpBIE MOTYT COEJUHATHCA ¢ DEPMEHTOM kor(urypanuo Gepmenta u obreriaer npa-
B &JIJIOCTEPHYECKOM LEHTPEe, U3MEHATH ero coeuHenue cyGerpara
KOH(HUIrypanuio U [OBBINIATE AKTHBHOCTE.
HexkoTopsle (hepMeHTHI pabOTAIOT TOJIBKO B IPUCYTCTBUH OIPe@/IEHHBIX HOHOB (puc. T1).
Psn HE3KOMOJIEKYISAPHBIX COeAHHEHHH — HHTHOMTOPOB, HAobOpOT, 3aMeAsdeT
WM cOBceM mpekpamaer pabory depmenrtoB. MHrubupoBaEue MoKeT GBITH ABYX TH-
[OB: KOHKYPEHTHOe M HeKOHKypeHTHoe. IIpi KOHKYPeHTHOM HMHIHOUPOBAHMH HH3KO-
MOJIEKYJIApHOEe BellecTBO, IIOX0MKee 110 CTPOeHHIo Ha cybeTpaT, 3aHMMAaeT ero MecTo B
aKTHBHOM MJM cybcrparHom umeaTpe depmenTta. WErnburop He MOXKeT pearuposaTk C
(hepMeHTOM U BJIOKMpPYeT AOCTYI HACTOAIIEro cybcTpara, sSIBAAACH €ro KOHKYPEHTOM.
HeKoOHKYDPeHTHBIII MHIrHOMTOD He HOX0X Ha cybcTpaT m He MOJKET 3aHATEL €ro MecTo
B AaKTHMBHOM IleHTpe (pepMeHTa. HoO OH JIerKo IPHCOEAMHAETCH K aJJIOCTEPHYECKOMY
meHTpy (epMeHTAa M U3MEHSET ero KoH(HUIrypanuio. AKTHBHBIA IEHTP B pe3ylabTare
TAKOrO IPHCOeJHHEHHA BUIOU3MEHSETCS M He CIocobeH mMpoBOAUTH (pepMEeHTaTHBHYIO
peakuuio ¢ cyberpatom. Ha csoiicTee uHrHOMpoBaHuA epMEHTOB OCHOBAHO JeHCTBHE
MHOTHUX fI0B B JeKapCTBEHHBIX IIPEenaparos.
HeKoTophle (hepPMEHTHI IOJIHOCTHI0 MHIMOMPYIOTCA HOHAMH TAMKENBIX METAJIOB —
PTYTH, MEIIILSAKA, CBHENA. OHI 06pasyloT KOMILIEKCHI ¢ CYyIb(UAHBIME IPYIIHPOBKAMY
¥ BHI3BEIBAIOT HEOOpaTUMYIO JeHaTypaluio (pepMeHTa.




Fnaea 5. OBMEH BEWECTB W NMPEBPALLUEHWE 3HEPTUM B KJIETKE

§ 19. NMnacTuyeckunin o6meH. DoTocuHTes

PaccmoTpuTte puc. 72. Kakue XUMUYECKME COEANHEHWA CRyXaT MCXOLHLIMM
BELLECTBAMM, a Kakne — NpoAyKTamun (poToCUHTE3a?

JHusnp Ha 3eMiie 3aBHCHUT OT POTOCHHTE3A. IIpeamonararor, uTo HEpPBLIe Opra-
HH3MBI PACIOJIAraay M30BITOYHBIM KOJHYECTBOM OPraHWYeCKHMX COeJMHEHHH, 06-
Pa30BaBIIMXCA B pe3yibTaTe MeOXHMHUYECKHX mnpomeccoB. OnHaKo GOJBIIAS 9ACTD
9TUX BelecTs OblIa H3PACXOA0BaHA Ha 3ape PDA3BHTHA Xu3HU. C Tex MOp HOYTH BCe
OpraHMYecKHe BelecTBa MPOU3BOJAATCA B IIpolecce (DOTOCHHTE3A.

ITepBHYHbIi CHHTE3 OPraHUYECKUX BelecTB. Pomocunmes — aTo npolece mep-
BHUYHOT'0 CHHTE3a OPraHHYeCKHUX BeIeCTB M3 HeOPTaHHYeCKHUX (YIJIeKHCIOro ra3a u
BOJ(BI), OCYILIECTBJISIEMBIi C MCIIOJAb30BaHMeM aHepruu Connna. Obmee VPaBHEHHe
doTocHHTE3a MOKHO IPEACTABHTEL TAK:

6H,0 + 6C0, =" c 1 0, + 60,1

JHepreTuyeckH GeJHbIe BelecTBA — BOAA M YIVIEKHCJbIH ras — B Ipolecce
(doTocHHTe3a NMPEBPAIIATCH B DHEPrOéMKHe OpraHWYeCKHe BelllecTBa, HPH 3TOM
CONMHEYHAdA 3HEePIUA aKKYMYJIHUPYeTcA B X XUMHYECKHUX CBA3AX. B pesynbTaTe qus
OpPTraHW3MOB CTAHOBATCA LOCTYNHBIMH 2HePrud U yriaepox. Kpome Toro, B mpomecce
(orocuHTe3a B aTMochepy BHIENAETCA KHCIOPOJ, HeOOXOAMMBIN A/ JLIXaHUL.

®Pa3sl (porocunresa. IIpn aHaMu3e 06mIero ypasEeHNA (POTOCHHTE3a BOZHUKAET
nesslil paa Bonpocos. Kak o6pasyercs kuciaopon? Kakoe ua ByxX BemecTs — Boga
HJIU YTJIeKHCIIBIH ra3 — gBaseTcs ero nocrasmuxkoMm? Kak BiuseT cBeT Ha XUMUUe-
cKHe peaknuu orocunTeda? Kakosa ero poss B sTom nponecce? Kak nmpouexomut
CBA3LIBAHUE YIJIEKHCIIOro rasa?

ITH BOTIPOCEL JIOJIr0E BPEMs OCTABAIMCH HepemEHHEIME. B 40-x rr. XX B. ¢ mo-
MOTMILIO MeTOJa MeYeHBIX aTOMOB Y/aJ0Ch YCTAHOBUTE, YTO KUCJI0pO obpasyercs He
U3 YTJIeKHCJIOT0 rasa, Kak Mpe/oJarajock I0Jroe BpeMs, a U3 BoAbl. B MOJIeKyIy
BOABI ObLI BBEIEH PAJHOAKTUBHBIN M30TON Kucaopoaa *0. Dra Boaa 6bLIa MCIOIH-
30BaHa pacTeHHMeM I71d GoTocHHTe3a. Bech paaMoaKTHBHBIN KHCIOPOI OKa3ajics
BBIJIeJIEHHBEIM B CBOOOJHOM BHIE.

6CO, + 6H,*0 —» C,H 0, + 6 ¥0,"

JanbHeiimne uccef0BAHUA TOKA3AIH, YTO tdoTocuHTE3 IPOTEKAET B ABe (pasnbl:
CBETOBYIO U TeMHOBYIO (puc. 72).

Beé mHOroo6pasue peakiuii, IPOMCXOAANIIMX TIPH STOM, MOMHO pPA3LeIHUThL HA
JABe I'PYHIHI:

1) Gnaropapsa coNHEUHOH SHEPrHM NPOMCXOTUT MOTONU3 BOABI, COMPOBOMKIAL0-
muiics o6pasoBaHueM BOZOPOJA ¥ BhleJeHHeM CBOGOJHOTO KHCIODPOAA, OHOBpE-
MeHHO H/IET HAKOIUIeHHe 3HePIHH B nponecce cuutesa AT® u cBA3bIBAHHAE BOAOPOAA
C IEePEeHOCUYNKOM;



§ 19. NnacTuyeckuii obmeH. doTocuHTe3

TEMHOBAS
DA3A

0, rnwkosa
Puc. 72. O6masa cxeMma (oTocuHTE3a

2) mpoucXoAMUT GUKCALMA YIIEKHCIIOro rasa, ero BOCCTAHOBJIEHHE BOAOPOIOM
U CHHTe3 IJII0K03bI 3a cuét sHeprunm ATD.

[lepsaa dasza GoTOCHHTe3a — CBETOBas — MPOTEKAET TOJBKO Ipy y4acTHH
3HepPTrHU CBeTa.

Bropas dasza GOTOCHHTE3a — TEMHOBAA — IPOXOAUT B CTPOME XJIOPOILJIACTOR.
Panpbllle CUATAJIOCH, YTO JJIA €€ OCYIeCTBJIEHUA CBET weobsaszarenen. OpHako 10~
ceAyIOIEe WCCAeI0BAHUA IOKA3alH, 4TO CBET HeoOX0oOuM [AJIA AKTUBH3AIMU
HesiTeabHOCTH DEPMEHTOB 3TOH (a3l TeM He MeHee HCTODHUYECKOe Ha3BaHHE
(hasbl COXPAaHUIIOCH.

CseroBan ¢dasa. Peaknuu cBeroBoil (pasel MPOMCXONAT HA MeMmOpaHax THJIA-
KOUIOB XJopomiaactoB. IMeHHO 3Zech pacliojiaraerca (oTocHHTEeTHYECKHIT [IHUT-
MeHT — xJjopogunn. CymecTByeT HECKOJIBKO dopMm xmopoduiana, U3 HUX Y BBIC-
[MIMX pacTeHHI BCTPEUAIOTCHA TOJNBKO ABe (QOPMBI: & K b. Ux cueKTpHI IOTJIOIEHNA
HAXOAATCA B pasHbIX obnacTax. Xiopoduia crocobeH MOrJa0maTh KBAHTEI CBETa,
YTO IPHUBOAHUT K BO3OYKAEHUIO €T0 BJIEKTPOHOB. Hawnbosee HHTEHCHUBHO IIPOIECC
NPOMCXOIUT B KPACHOM CIeKTpe. ‘leM BEIIIE 9HepPrHdA CBeTa, TeM 6osBIITe BO3MOMK-
HOCTH IEpeXofia 3JIeKTPOHOB B BO30YKAEHHOE COCTOSHME (pue. 73). B ceemosyio
(ha3y MPOTeKAIT CleAYIOIUe NapaiielbHO IPOHCXOAAIINE IIPOIECCHI:

1) BoabyxaeHue XJ0poduLIa B IepeMelleHue 31eKTPOHOB;

2) doronmua Bojsl ¥ 06pasoBaHME KHCIOPOAA;

3) cunres monerya ATd;

4) coeaMHEHHEe BOAOPO/ia CO CIELHANbHBIM IIEPEHOCUHKOM HAD" (HMKOTHH-
amugaeHEEARHEYKIeoTHAbOChaT) u obpasoBanue HAID-2H.
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KBaHTEI cBeTa, monas Ha XJI0pPOUII, BEIOMBAIOT M3 €r0 MOJEKYJIbI BO30OY K-
AEHHBIE 3MEKTPOHbI, KOTOPbIE IPOXOAAT 110 MeMOpaHe U JOCTHraioT MEeCTa CHHTE3a
AT®, rae BeIgenuBIIAACH SHEPrus 3JEeKTPOHOB pacxoayercs Ha cuHTes AT,
OnuoBpemeHHO WO AeiicTBHeM cBera HAET pacImenyieHue MOJEKYIhl BOXBI ¥ 06-
pasoBaHue MOHOB BozOposa. Ha memGpane Tminakomzos NIDOHCXOIUT COEJUHEHUe
HOHOB BOZODOAA ¢ mepeHocuHKoM HAJIID* 3a cuér 3JIEKTPOHOB XJOpoduIIa.
Obpasosasiuecs npu GoTonMse BOABI HOHBI KHCJIOPO/a OTHAIOT 3JIEKTPOHEI MOJIEKY-
JIaM XJI0poduIIIa U IPeBPALAIOTCA B CBOBOIHEIN KHCJIOPOJ, KOTODEIH BEIJENAETCA
B arMmocdepy (puc. 74).

CymMmapHas peaknus cBeToBO dassr:

H,0 + HAI®* + 2AZIP + 20, — > HAII®-2H + 2ATO + 10,1
PaccMoTpuM Kaskaslil U3 sTHx IIPOLeCCOB MOAPOGHO.
ITox meficTemem conneunoii 9HEPIHH XJI0POGMIII, PACIOI0KEHHBIH Ha MeMGpane
THIAKOW]A, IIEPeXOAHT B BO3DYKAEHHOE COCTOSHIe, CTAHOBATCS AOHOPOM JIEKTPO-

HOB M OKHCJIAETCS:
cser (hv) 24 =

XJaopouil —— xaopobunn?t + 2 (1)

HssecrHe! 1Ba THNA HOTOCHHTETHUECKUX CHCTeM, COZEep KalluX XJI0pohuaa, —

@C I (poTrocuuTeTHYeCKas cucTeMa I) 1 ®C II (porocurTeTHUECKAS CHCTeMA

II). Kaxnas dorocucrema crmocobHa TOrJIOmAaTE KBAHTEI CBETA M HCOYCKATEL BO3-

Oy KAEHHBIE DI€KTPOHEI, KOTOpEIE [IONaja0T Ha 3JIEKTPOHHO-TPAHCIOPTHYIO ek

100
8 Tunakouna
Crtpoma l
5 ———
Mem6GpaHa Tunakomaa
e
50 peaepey _\
/20,1 =
H, J
H / /
.28 (_ ”
Xnopodunn L ATd
;;25 —ATdasa
TpancRopTHaR AL®+D,
Ceer uens AT
HAucbt+2H*
HAO D 2H
Puc. 73. UnrencusrocTs orocuaTesa Puc. 74. O6mas cxema nporeccoB ceeToBoi
(xmopodmnnos a u b) npu pasHo#t gauHe thaser poTocHHETE3a, IPOTEKAIOIIE

BOJIHBI B THJaKonge



§ 19. MNnacTnyeckuin oGmeH. PoTocuHTES

(bepMEHTOB, PACIOIOKEHHLIX Ha MeMOpaHe THIAKOMAOB. JTH IPOIECCH B 00enx
(oTocmeTeMax POTEKAOT CHHXPOHHO (puc. 75).

Xnopopran @C 1I, moriomas KBaHTH CBeTa, HCIyCKaeT BO30YKAEHHEIE
2JIEKTPOHLI. 3a CUET DHEPruM STHX JJEKTPOHOB, jerammux mo nemu or PC II
@C I, nmpoucxogur cunres ATD,

Buiwe ¥
A T
1A} P4 ;\\
ﬁn?_ ge -00@’72 e =
Ky 4@47‘0009"* 2e
ﬂf Ohog?  HARDT>HAL® * 2H
/ |
28
- 26 2H*

0O6oaHavyeHUs ‘

——— [lepeHOC 3NeKTPOHOB NPU HELIMKNMYECKOM |

dochopunupoBaHun j

=== [lepeHoC 3/IeKTPOHOB OTY Ha NepPeHoCUUKYN |
3NEKTPOHa NpY LIMKITMHECKOM

dhochopunmupoBaHn |

C—> [pyrve xuMU4eckue peakLmm '

X,Y,Z AKUernTopbl 3/1eKTPOHOB

DHepreTruyeckunin noTeHuman (BoccTaHOBNEHHasA cuna)

Huxe

Puc. 75. Cxema mepeHoca 3JeKTPOHOB XJaopodmuia B npomnecce cuaTeda AT® (dochopunn-
posauuu). [Ipn HenmrauueckoM docdhopumupoBanmnu 3a cuér sHeprun DC II uaér cunTes
AT®, a za cuér snextpoHoB @C I nnér cuures HAJI® - 2H. TIpu nukiaudeckom (pochopuin-
poeanuu pabGoraer toabsko ®C I u npoucxoaut cuares ATD
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IIponecc o6pasoBarua AT® HasbiBaeTcA (oCcHOPUIUPOBAHUEM:
AlI® + ®, —2» AT®, (2)

rae @ — HeopraHwdeckuil pocdar (H,PO,), E — sueprus.

dnexrporsl @C II, morepsBmue sHepruw, nonagaioT Ha @C I, koTopas saBiA-
eTcA UX KOHEYHBIM akmnentopoM. OJHOBPEMEHHO I10]] JeMCTBHEM CBETa MIPOUCXOAUT
Bo30OyxmeHne xgopodusana B @C 1. ONeKTpoHBI, TOKHIAKOIIHE XJIOPODUIT ITOMH
toTocucTeMBl, TakKe JBHKYTCA IO dJ€KTPOHHO-TPaHCHOPTHOH nenu. Ho 3a cuér
UX 9HePruM HAET coeguHeHUe npoToHOB H' ¢ meperocunkom HAIID™.

OnHOBpEMEHHO NOJ JefiCTBHEM CBeTA MPOHCXOAHUT Da3JI0KeHHEe MOJIeKYJIb
BoJbl — gomonu3. CreroByio Ga3y MHAYE HA3LIBAIOT (DOTOJIM3OM BOJHI.

Mounekya BOAEI pagiaraercd, o0pasys ABa MPOTOHA M CBOOOAHBIN KUCJIODOI,
KOTODEIH B KauecTBe OOOYHOr0O HPOAYKTA Bhigessercda B armochepy. Ilpu atom
0cBOOOKIAIOTCA [BA AJIEKTPOHA, KOTOpPBIe 3axXBaThIBaloTcs xXJjopodmuiaom ®C II,
NOTepABIINM CBOH 3JIEKTPOHBI, ¥ OH BOCCTAHABJIHMBAETCH. DJIEKTDPOHBI, OTHAHHEIE
MOJIEKYJION BOJBI, KaK Obl BOCIOJHSAIOT 3J€KTPOHLI, IOTePAHHBIE XJIOPOMhHIIOM.

HO - 26 ——> 2H' + l/2021‘ (3)
xuaopodhunn® + 26 —— xjgopoduin

DoToHu3 BOABI HAET HA BHYTPEHHEH MOBEPXHOCTH MeMOpaHbl THIAKOHIa, KOTO-
pas HeIpOHHIIaeMa I8 MOHOB Bojopoja. OHM CKanIHBAIOTCA B TAK HA3HIBAEMOM
H*-pesepByape B THIaKOHIHOM IIPOCTPAHCTBe (cM. pHc. T4).

Ha memOpaHe MMelTCA ClenUaJbHBIE NPOTOHHBIE KAHANBI, 10 KOTOPBIM B
oInpe/ieIEEHBIH MOMEHT HOHBI BOJIOPO/ia MOTYT II€ePEXOJUTh B CTPOMY XJIOPOILJIACTa.
Kanmanst ceasansl ¢ depmenTom ATPazoi (AT®-cuHTEeTa30i), KATATH3HDYIOMIEH
cuHTe3 Mosxekyn AT®. Yepea KaHaIbl IPOUCXOAHUT IepeKadyMBaHHe IIPOTOHOB B
crpomy. Korpa Bo3Oy:xéHHbBIE 3JIEKTPOHBI JOXOAAT A0 IPOTOHHOIO KAHAJA, OH OT-
KpLIBAETCA U B HETO YCTPEMJIAKTCH MOHBI BOLOPO/A.

Ha mapyxBHO#l MemOpaHe TUJIAKOU[JA CKAIIMBAITCA MOJEKYJbI IeDEHOCYUHKA
BOJOPOJa B OKHCJIEHHOM cocToAHUY B Bujge HAJID*. OEKM NPpUHUMAIOT 31€KTPOHEL OT
®DC I u 3a cubT UX 3HEPrUY coefUHAIOTCA ¢ moHOM H™ ¢ obpasosarmem HAJ[D- 2H.

HAI®' + 2H' + 26 —» HAJ®-2H (4)

Taxum obpasom, cuaTed AT® m HAJ®-2H nporexkaeT Ha MeMOpaHax THJA-
KOHJOB H COIPAMKEH ¢ IepPeHOCOM BO3DYKIEHHBIX 3JeKTPOHOB IO 3JeKTPOHHO-
TpaHCHOPTHOH menu. JHeprua CosHnoa npeofpasyeTcsa B 9HEPrHi0 BO3OYHIOEHHBIX
2JIEKTPOHOB, a Aajee zamacaercA B monexkyaax AT® u HAJI[D-2H.

Temuoras ¢daza. BoccTaHOBIEHHE YITIEKHUCIOr0 ra3a U CHHTE3 IIIOK03BI IPOHC-
XONAT B MeMHO08YW0 a3y hoTocUHTe3A.

Peaxnuu TeMHOBOII ()a3kl IPOTEKAKOT B CTPOME XJIODOIJIACTOB, KYAa MOCTYIAIOT
monexyasl HAJI®-2H, AT® u yraekucasii ras u3 armocdepsl. B orinyne or peak-
1M1 [1epBoii (hasel 3ech UMEIOT MECTO HuKInYecKue npouecckl. IlocienoBarebHOCTh
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OUKJINYECKHX PeaKmuil TeMHOBOH (asbl
OpljIa OnHMCcaHAa AMEPHUKAHCKHM YYE€HBIM-
ouoxumukom ManeuaoM KanbBuHOM
M IOJYyYnIa HazBaHue yukaa Kanveuna
(puc. 76). 3gech IPOUCXOAUT CBA3BI-
Banue monexkyn CO,, akrTUBHpOBaHHE
coepuHenuit 3a cuer AT® (dochopunu-
poBaHME), BOCCTAHOBJEHHE YTJIepojia BO-
nopoxom HAJI® - 2H u cHHTE3 IJIIOKO3HI.
VCTOYHHKOM 9HEPIHH U1 PeaKI Ui TeM-
HOBOM (ha3bl ABIAETCA CHHTE3MPOBaHHAA
B cBeTOBYIO hasy ATD.

B crpoMe xJjopomnjacTa IOCTOAH-
HO NPHUCYTCTBYET NATUYIJEePOLHBIH
yriaesoy (pubo3a), CBA3aHHBIN ¢ ABYMSA
ocraTKaMu (ochopHOH KHUCIOTH, — pPH-
oymosoauocdar. ITO BeleCTBO KAK ObI
HaupHaeT uuki. [lepBas peaknus cBA-
3aHA C COEJMHEHHEM MOJIEKYJ YIJIeKHC-
joro rasa ¢ pubynosongudocharom —
C,-yraesozom. IIponcxoaur purcanus
HeopraEuveckoro yriaepoga (puc. 77).
Ofpasyromeecs IIeCTAYTJIEPOAHOE COeIU-
HEeHHMe HeyCTOHYHMBO M paclajaercs Ha

6CO,
dukcaums
yrnepopaa
6(C.~2®) 12(C,~20)
Pubynosogudochar Tpuosodocdar
12ATO®
12A09 +&,
Docdopu-
nupoeaHue
s coemamu‘:lua 12 (ca“zd:’)
Tpuosoaudocdar
BoccraHoBnenue
12HAAD®2H
CoepunHeHue 2 HAL®®

1 (C,)rniokosa

Puc. 76. Obujas cxeMa TeMHOBBIX peaKIMi
dorocunTesa. [luxkn Kanseuaa

nse Tpuoakl (C,-yriesoasr). [lanee NpoMCXOAUT AKTHBHPOBAHHE dTHX MOJEKYJ 3a
cYéT coequHEeHHA ¢ ogHEM (ocharom ua monekyasl AT®. Jueprusa AT® pacxoayercs

Puc. 77. Purcanusa yriaeKHCIOoro rasa, ero ¢gochopHInpoBaHue H BOCCTAHOBJIEHHE



lmasa 5. OBMEH BEWLECTB WU NPEBPALLEHWUE 3HEPIMWU B KJIETKE

Ha cuHTe3 Tpuosodocharos. Ilocae 3TOro NpoHCXOAUT UX BOCCTAHOBIIEHHE MOJe-
rynamu HAID-2H.,

Cynnda 0bpa3oBaBOINXCA MOJEKYJ TPHO3 PA3IHUHA:

1) aBe MOTEKYJIbl TPHO3HI COEAUHSAIOTCA MEKAY COOOH, 1 obpasyeTcsa TJIIOKO034a,
KOTOpas IpeBpamaercs B Apyrue MOHO-, AW- U IIOJHCAXAPHIBL:

2C, — C,H,0,;

2) TPHO3BI MOTYT MCHIOJB30BATHLCH IJI CHHTE3a aMHHOKHCJIOT, TIULEepuHa,
BBICITUX KWDPHBIX KHCJIOT;

3) "acTh TPHO3 IIPOJOJIIKAET YYACTBOBATE B MUK/IMUECKHX PEAKIIUAX U npespa-
maercs B pubymnosonudocdar, KOTOPLIHT BHOBb HAYUHAET UK.

Tax Kax B Ka)KIOM IIUKJIe IPUCOEAMHALTCA TOMLKO OJHA MOJEKYJIa CO,, To nnsa
CO3/IaHHA OJHOH HOBOH MOJIEKYJIBI INIIOKO3BI ITUKJI JOJIKEH IOBTOPUTLCSA IIIeCTh pas,
T. €. IOJKHO YCBOMThCA InecTs Moaexys CO,.

Ob1iee ypaBHeHHe TeMHOBOH (assl (hOTOCHHTE3A:

6CO, + 12HANID-2H + 12AT® —» C,H,,0, + 12HANI®" + 12A71® + 12

Oceobo:xaénnsie monexyasr AIID u HAJID* sHOBE BO3BpamawTed K MeMGpaHaM
THJIAKOHIOB /I YYACTHS B CBETOBBIX PeaKIIHAX.

Bausawne Ha ckopocrs ¢oTocHHTE3a pasauuHbIX (hakTopoB. M HTEHCHBHOCTE
(oTrocuHTE3a 3aBHCUT OT I1€JIOr0 psAjga (axkTopoB. Bo-IepBEIX, OT AAWHBI CBETOBOMN
BonHBI. Hanbosee MHTEHCHBHO Hpomecc NpPOTeKaeT IOJ AeiiCTBHEM BOJH CHHe-
(uoseTOBOM M KPAacHOH dacTeil COJIHEYHOTo cmeKTpa (cM. puc. 73). Kpome Toro,
Ha CKOPOCTH (DOTOCHHTe3a BIMSAET CTeNeHb OCBEIIEHHOCTH, W A0 OIpeAeléHHOTO
MOMEHTA CKOPOCTE IPOIECcca BO3PACTaeT MPOIOPIHOHAIBLHO KOJIUUECTBY CBeTa, HO
Jlajee yKe He 3aBHCHT OT Hero (puc. 78).

0,3% CO,, t =25 °C

0,03% CO,, t = 25 °Cr

0,03% CO,, t=15°C

CkopocTe pOTOCUHTESA

1000

WHTEHCUBHOCTL OCBELLIEHMS (NHOKC)

Puc. 78. 3aBHCHMOCTE CKOpOCTH (POTOCHHTE3a OT Pa3TMIHBEIX (aKTOPOB
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Hpyrum GaxTopoM SABAAETCS KOHIEHTPAIMSA YIJIEKHCIOro raza. YeM oHa BHIIIE,
TeM MHTeHCHBHee MAET mponecc (poTocuHTe3a. B 0OBIUHBIX YCIOBHAX HENOCTATOK
YIVIEKHMCJIOTO I'a3a — I[UIABHEIA OrPaHNYMBAIONINI (aKTOp, TAK KaK B aTMOc(hepHOM
BO3AYXe ero cogep:kurcsa HeOonbmoi npoueHT. OQHAKO B TeNJIHYHBIX YCIOBHAX
MOYKHO YCTPAHUTH 9TOT AedHIHUT, 4TO 6JIarOIpPHUATHO CKAXeTCeA Ha CKOPOCTH (oTOo-
CHHTe3a U TeMIle POCTA PACTeHUH.

HemanoBasHbIM (AKTOPOM HHTEHCHBHOCTHU (DOTOCHHTE3a ABIAETCA TeMIepa-
Typa. Bee peaknuu GOTOCHHTE3a KATANUSHPYIOTCA GepMeHTaMH, A8 KOTODHIX
OIITHMAJILHOH TeMuepaTypoi asidercsa uHTepBan 25—30 °C. IIpu Gonmee HUBKHUX
TeMIIepaTypax CKOPOCTH AeHCTBHA (PePMeHTOB PE3KO CHUMKAETCH.

Boga — Ba:xHBIH dakTop, BAUAINNEA Ha doTocuaTes. OMHAKO OTIEHUTH KOJHUYe-
CTBEHHO 3TOT (DAKTOP HEBOBMOMKHO, IOCKOJbKY BOAA YUACTBYeT BO MHOTHX APYTUAX
0OMeHHBIX IIpOIeccax, MPOMUCXOAAINNX B PACTUTENLHON KIIETKE.

3uauenne gorocunTesa. PoOTOCHHTE3 ABIAETCS OCHOBOMIOJIATAIONHM IIPOIECCOM
B *KUBOM mpupone. Brarofapa eMy U3 HeOPraHWYECKHUX BEIIECTB — YIVIEKHCJIOTO
rasa 4 BOJABI — IIPHM YYaCcTHH SHEPIHM COJIHEYHOrO CBETA 3€JIEHBIe DACTEHUHA CUH-
Te3UPYIOT OPraHUYeCcKNe BellecTBa, HeoOXOoAUMbIe [IJA KHU3HEeIeATeIbHOCTH BCETO
sxuBoro Ha 3emiie. IlepBUYHEBINA CHHTE3 3THUX BEIECTB 00eCIeYnBAET OCYIIECTBIEHHE
OponeccoB aCCUMMIIAINYA ¥ IUCCHMHUJIAIINKM ¥ BCeX OPraHu3MOB.

ITpoayxTel poTOCHHTE3A — OpPraHMYECKHEe BellecTBa — MCIOJIbB3YIOTCH Opra-
HU3MaMU:

® ISl OCTPOEHHUS KJIETOK;

® KaK MCTOYHHUK 3HEDPIHH JJIA IPOIECcCOB KHU3HEAeATeIbHOCTH.

YenoBeK HCIONB3YET CO3TAHHBIE PACTEHUAMH BeIeCTBA:

® B Ka4YeCTBEe IPOAYKTOB MHUTAaHUA (ILJIOABI, CEMeHa U Ip.);

® B KayecTBe MCTOYHUKOB BHEPIHH (Yroib, TOpd, ApeBecHHa);

® KAaK CTPOUTEJIbHBIH MATEepHAN B IPOHM3BOJACTBe MeOeau U T. 1.

YenoBeuecTBO CBOUM CYIIleCTBOBaHHMEM 00A3aH0 (porocrHTe3y. Bee 3amachl ropro-
4ero Ha 3eMJie — 3TO IPOAYKIHA (orocuHTesa. Mcmonp3ysa HCKOIaeMoe TOIJIHBO,
MBI IIOJIy49aeM 9Hepruio, 3alacéHHYI0 B pe3yabTare (GOTOCHHTE3a JPeBHHUMH pacTe-
HUAMY, CYIECTBOBABIINMY B INPOILILIE Me0JIOTHYECKHE IMOXH.

OmHOBpPEMEHHO C CMHTE30M OPraHMYeCKHX BeIIecTB B aTMochepy 3eMau Bhlje-
JaAeTca NoOOYHBIH NPOAYKT (DOTOCHMHTE3a — KHCJIOPOM, KOTODPHIA HEOOXOAMM AJs
ABIXaHUA opraHuaMaM. Bes Kuciopoja KH3HB Ha Halleldl MiIaHeTe HEBO3MOMKHA.
Ero sanacer nocroaaHO PacxonyrTCA Ha IPOoLecChl rOPeHNuA, OKHC/IeHHUA, NbIXaHHud,
npoHcxonamue B npupoge. ITo moacyéram yuéHEIX, 6e3 QoTOCHHTE3a Bech 3amac
KHcaopoja 6b1n 661 u3pacxonoras B reuenue 3000 ner. CnemoBarensHo, GOTOCHHTES
UMeeT BeJMualilliee 3HAYEHUE IJIsI JKHU3HU Ha 3eMJe.

Domocunmes; @asvt GomocurRme3a: c6emosas, MemMHO8aL; HocHoPUIUPOGaAHLE;
domonuz; HAIDP" (nepenocuur eodopoda); yurxn Kaaveuna.
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Bonpocbkl n 3apanuma

1. B kakmx opraHonaax et npouecc GpotocuHTesa? Kakoe OHu UMeloT cTpoeHue?

2. [ne B kNeTke pacnonaraeTcs NUrMeHT xnopodunn? Kakosa ero ponb B peakumsx ¢oTo-
cuHTe3a? Kak BO3OeicTBYIOT Ha XN0poduin KBaHTsl ceeTta?

3. Kak npoucxoaunt dotonma sBoapl? O6bsicHuTe ponbk H'-pesepsyapa. Kak npoucxoaut
BOCCTaHOBNEHWE NOTEPAHHbLIX X0POodUNNIOM 3NEeKTPOHOB?

4. Kak nCnonb3yeTcs aHeprns Bo30yxAEHHbIX 8/1eKTpoHOB? Kakosa ponb kaHanos ATdass!?
Kakoe BeuwecTteo obpasyercs npu ¢dochopunmposaHumn?

5. Kakoe BeLLecTBO CBA3bIBAET NPOTOHLI? Kak npoMcxoaut a10T npouecc?

6. B Kakoit 4acTn Xx10ponnacToB NPOTEKAIOT peakun CBeToBoM ¢ha3bl? Ha30BMTE OCHOBHbIE
peakumn, Bbi3blBaeMble CBETOM. HanuwunTe ux ypaBHeHus.

7. B xaxkoi 4acTtu x10ponnacToB NPOTEKADT peakumMm TeMHOBO ¢a3bl? Ha3oBUTe OCHOBHbIE
peakuunn aToi ¢asbl. HanuwnTe ux ypasgHeHus.

8. 3a CHET KaKoi 3HEpPruv OCYLLECTBAIOTCS LUMKNMHECKNE peakunn B TEMHOBOW dasze?

9. Mouyemy npu GOTOCKMHTESE MCNONL3YETCH TONLKO 1% conHevHow aHeprun? Kakosa cynsba
OCTanbHOW 3HEPruu, NOrnoLEHHOKW pacTeHuem?

10. CpaBHuTE CBETOBYID U TEMHOBYIO dasbl doTocuHTesa. MNepeyepTute B TETPadb U 3a-

nonHute Tabnuuy.

daswl poTocuHTE3A

IlapameTpsl 1A CpaBHEHHNA Ceerosasn dasa Temuosasn thasa

MecTo npoTekaHHA peakIlHil

YcnoBHA peakui

Hcxoauble BelecTsa

IIpoAYKTHEI pearknum

HcTOUYHMK 3HEPrHH

CyMmmapHOe ypaBHEHHEe

HononxurensHas nHgpopmayms

B TeueHHMe MHOIMX BEKOB y4éHBIe-OHOJIOTH MBITANHCH PA3TagaTh TAWHY 3eJIEHOro
aucra. Jlonaroe BpeMsa CYUMTANIOCH, YTO PACTEHMS COSAANOT IHUTATEJILHBLIE BEIeCTBa H3
BOABI M MHHEDAJBHBIX BellecTB. JT0 ybesxeHue 6bLI0 CBABAHO ¢ 9KCIEPHMEHTOM rOJI-
JaHackoro ucciaenosarens fima Ban lenbMoHTAa, npoBeaéHHBIM emé B XVII B. Onr
TIOCAJHJ AEPEBIle UBLEI B KAAKY, TOYHO MGMEpPHB Maccy pacreHud (2,3 kr) U cyxoil mou-
BeI (90,8 Kr). B TeueHuwe mATH JIET OH TOJBKO IIOJHMBAJ PACTEHWE, HUUErO He BHOCH B
nouBy. Yepes mATH JeT Macca JepeBa yBeNMYMIACh HA T4 Kr, TOrJa Kak Macca IMOYBBI
yMmeHbmMIach aumb Ha 0,06 kr. 5. Ban ['ebMOHT cestan BRIBOJ, UTO pacTeHue oGpasyeT
Bce BemlecTBa M3 BOAbl. Takum o6paszom, VUEHBIH SKCHEPUMEHTAIBHO YCTAHOBHI OITHO
BEIIleCTBO, KOTOPOE YCBAMBAET pacTeHue IpH (hoTocHHTEeSe.
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IlepByio MONBITKY HAYYHOTO ONpeAeJeHUA (PYHKIUN 3eJEHOr0 JHCTA MPEeNPHHAN B
1667 r. uranpaacKkuil HaTypamucT Mapuenno Majbnuruy, OCHOBaTeIb aHATOMHH pac-
Teruii, OH 3aMeTHII, YTO €CIH ¥ MIPOPOCTKOB THIKBBI OTOPBATH IIEPBbIE 3aPOAbIIIEBEIe JTH-
CTOYKM, TO pACTeHHe IepecTadT passuBarhes. Mayuasa crpoeHue pacrenunii, M. Magsnuru
BBICKA3AJ CJeAYIOllee NPEeINoJIOMKeHHe: MO AefCTBHEM COJMHEYHBIX JIy4Yed B JIMCTBAX
pacTeHHs NPOMCXOJAT KaKWe-TO MpeoOpa3oBaHuUA U ucrnapseTca Boja. OgHAKO Ha 3TH
NPeIoJIOKeHHs B TO BpeMs He o0paTuiu ocoboro BHUMaHUA.

Yepes 100 ner meefinapckuii yuéssiii [llapas BorHe orMeTHI TI000IBITHEIR (haKT:
JIMCThA PACTEHHN, HOTPYKEHHEIE B BOAY M BLICTABJIEHHBLIE HA COJHIE, IOKPBIBAIOTCH
nyselpbKaMu Bosgyxa. 1II. BoHHe monmeiTajcs ONpefeinuTh, OTKyda OepércAa BO3AYX —
M3 pacTeHHMil WIW U3 BoAbl. OH IMOCTABHJI ONBIT: B3AJ CTAKAH C NPOKMIAYEHHONH BOMOM,
T. €. He COfiepiKAIIell BO3AyXa, ¥ IOMECTH)I B He€ JTHCThA pacreHudA. Iy3eIpbKH He mO-
asaanuck, OTCIONa YUSHBIH 3aKII0YNAI, YTO IY3bIPhKH BBIIEJAOTCA He U3 JIHUCTHEB, a U3
BOJEI Ha IIoBepxHOCTH JucTheB. Torga III. Bouue pernmy BHZOM3MeHHUTH OnbIT. Yepes
ra3o0TBOHYI0 TPYOKY OH HECKOJBKO pas HOJBIIIAJ B BOAY M 3aMEeTHJ, YTO Hy3LIPHKH
CHOBA CTAJH MOABIATHCA. Ha ocHOBAHMHE 9TOT0 OBLI ClesIaj BEIBOJ: PACTEHHE He UrpaeT
CYIIecTBeHHOH POJM B TIPOIEcce BhIJeJeHUs Iy3BIPbKOB, OHU COOMPAlOTCA M3 BOJALI Ha
MOBEPXHOCTH JHCTa. BLIBOJ OKA3aJICHa HEBEPHBIM.

OTKpBITHE PONH 3eJIEHOTO JUCTA MPUHAAIEKHUT He OMONOTy IO IpodeccHH, a XH-
MUKY, aarauvyasuny xoszedy Ilpuctau. B 1772 r., usyyas sHadeHHe BO3AyXa
[UIs1 TOPEHUs BEIECTB W AbIXaHUs, OH HOCTABWI ciaeAyiomuil onslT. Ilog crexnARALIN
KOJIIAK, II0J KOTOPHIM IMOTYXJa CBeud, OH IIOMECTHJ MATY M OCTABUJ Ha HEKOTOpoe
Bpems. Pacrenue e noru6io, a, Ha060poT, AAJ0 HOBBIe JHCTBA. A KOTJa OH BHEC TyAa
ropAIIyI0 JYYHHY, TO OHA SPKO BCIBIXHYJIa. Bo3AyX noJ KOJIIaKOM BHOBE CTaJN «X0pPO-
mum» . 2. IIpucTian caelan BasKHbBINA BRIBOJ: DACTEHHAA YJIYYIIAIOT BO3AYX H JeJIal0T ero
IPUTOJAHBIM /IS ALIXAHWS W ropeHus. Tak Buepebie OblIa YCTAHOBIEHA POJb 3€JIEHBIX
pacrernii. IIpoBoas ceom manbHeitmue onwlTel, k. [IpucTam ofpaTuia BHMMAaHHE HA
TO, YTO PACTEHHA YJIYUMIAKT BO3AYX Ha cBeTy. OH NepBBIM BBICKA34J HPeAlOJIOKeHHe
O POJIM CBETA B JKHU3HEJEATENIHLHOCTH DPACTeHMH.

IToa:xe, B 1800 r., meefinapckuii yuéuniii #lanm Cenebbe HAYYHO PA3BACHUI CYyIIL-
HOCTB 3TOTO IIPOIECCa, TIOMKITAICHA PadodpaThesa B (PH3HKO-XHMUYECKOH CTOPOHe BOIIpOCA.
K sromy BpemeHH QpaHIy3cEHH XuMUK AHTYaH JlaByasbe yiKe OTKDBLT KHCIODOJ H
usyuns ero cpoiicrsa. . CeneGne ycTaHOBHII, UTO JHCThA PACTEHHI pa3naraioT yrie-
KHCJBIN I'asd U BBIAEJAIT KHCI0OPO TOJBKO II0J AeHCTBHEM COJHEeUHOI'O CBeTa.

Msuorue yuéHsle, OLITAACH PA3TaJaTh TAMHY 3€JIEHOI0 JUCTA, BHECTH DOITBINON BKIAK
B ¢uauosoruio pacresuii. Bo sropoit nonosuae XIX B. 6blna moJydeHa COHPTOBAA BbI-
TAMKKA U3 JIUCThEB PACTEHMI 3€JIEHOr0 BETa ¢ CHIBHOW KPOBaBO-KPacHO! (uIroopecneH-
nuei. TO BemecTBO HA3BAIH XJIOPODHIIOM.

HoBo# Bex0#H B DasBUTHH 3HAHWM O (DOTOCHMHTE3E MOMHO CUHTATH CHejIlaHHOE He-
MeIKHM ecTecTBoUcIbITaTeNleM PoGeprom MaiiepoM OTKDBITHe IOIJIOIIEHHA pacTe-
HUEeM JHEepPruy COJHEUYHOIO CBeTa M IpeBpalleHHsA eé B DHEePIHI0O XMMHYEeCKHUX CBA3ei
opraHudeckux BemecTB. OH BIepBLIe MPHUINEN K 3aKJIIOYEHHUI0, YTO KOJIAYECTRBO 3ara-
calIerocs B pacTeHHH YIJIePoJia B BHJe OPraHHYeCKHX BellleCTB HAIPDAMYIO 3aBUCHT
OT KOJNUYEeCcTBa NAJAalINero Ha pacTeHHe CBeTa.

BasxueIil BKJIaJ B H3ydeHHe mpolecca GOTOCUHTE3a BHEC pyccKui yuéHbd KiiumeHT
Apraasesnu Tumupsases. OH uccrenoBas BIUAHNE PasIWYHBIX Y9aCTKOB CIIEKTpa



naea 5. OBMEH BELWWECTB U NPEBPALUEHME 3HEPIMU B KNETKE

COJTHEYHOI'0 cBeTa Ha nponece dorocunTesa. EMy ynamzocs
YCTAHOBHUTE, UTO MMEHHO B KPACHBIX Jydax (DOTOCHHTE3
nporekaer Hamubonee a(h(PeKTHBHO, U M0KAa3aTh, YTO HH-
TEHCHBHOCTH BTOI'0 IpOIllecca COOTBETCTBYET IOTJIOIIeHHIO
CBeTa XJOPO(MHILIOM.

K. A. TumMupsaseB HOGYEPKHY, YTO, yCBAMBAA YIile-
pOJ, pacTeHHe yCcBaWBaeT W COJHEYHBIH CBeT, IepeBOIs
ero 9HEePrui0 B DHEPIrui0 OPraHUYeCKHX BeIlecTB. B KHHre
«ConHne, XU3Hb ¥ XJ0podHII» OH HOoApOoGHO omHcan
M Hay4HO 060CHOBaJN CBOM ONBITHI. MeTOABI W IPHUEMBI
nabopatopHbIx uccaenoBanuii K. A. TuMupsasesa HCmoas-
30BaJHCh APYTHMH Y4€HBIMH [IJId HOCIeIVIOIIHX pabor
110 U3yueHHUI0 orocuHTe3a. AKTOM aBTOPUTETHOTO IIPH-
3HAHHMA HAYYHBIX 3aCJyT YUEHOTO ABHJIOCH IPHIJIAIIIEHHE
KanMent Apkansesua K. A. Tumupszesa B 1903 r. B .T.[:)H,uoncxoe KOPOJIEBCKOE

TrMups3es o0IecTBO /71 YTeHNA 3HaMeHUTOM JteKnun « KocMuueckas

(1843—1920) POJIb pacTeHHil». Oﬂuﬁbl.ﬁ u30paH MOYETHHIM JOKTOPOM

pfAfa 3anaZHOeBPONEeHCKHX YHHBEDCHTETOB.

§20. XemocuHTeE3

BcnomHuTe, B pesynstate kakux npoueccoB Ha 3emsie co3aalTes nepeudHble
OopraHuyeckue sellecTsa. Kakon ewe nCTo4HuK aHeprin, kpome ConHua, MoXeT
MCMNoNbL30BaThCA ANA peakuunid aToro cuHTesa?

Ha 3emie BcTpeuaoTCs OPraHWM3MBl, CIIOCOOHBIE M3BJIEKATh 3HEPrHI0 IMYTEM
OKHCJIeHHA PA3/IMYHEIX HEOPraHWYeCKHNX BEIeCTB M MCIOIL30BATE eé 1A DHKCcalluu
YIUIEKHCJIOTO I'a3a B OpraHMYecKux BemecTBax 0es yuacTusa cBera. Taxoi mpomece
CHHTe3a OpraHWYeCKUX BeIleCTB M3 HeOPraHWYeCcKHX 3a CYET DHEePruH OKHCJIEHU
HEeOPraHWYeCKHMX BeIeCTB Ha3bIBAIOT XeMOCUHMEIOM.

XeMOCHHTEe3HUPYIOIINe OPraHU3MbI GBITH OTKPBITH PYCCKHM MHUKpOOHOIOroM
Cepreem Hukosnaeeuuem Bunorpaackum B 1887 r. Bce xeMOCHHTe3HDYIOIIHE
OpraHU3MBbI ABIAIOTCA DakTepuaMu (puc. 79).

Paznoo0pa3sne XeMOCHHTETHKOB. B 3aBMCHMOCTH OT TOro, OKHMCJIEHHE KaKOro
BEIecTBa CONIPOBOKIAETCA BbIIeJIEHHEM SHEPIrUH, PA3IHYA0T HUTPUDHAIIUDYIOMITE
baxTepuu, KemesobakTepun, cepobaKTepuu, BOLOPOLHBIe BaKTepuu. B Kiaerkax
9THX OPTaHM3MOB OTCYTCTBYIOT CIIEIIHAJH3MPOBAHHBIE MeMOpAHHBIE OPraHOM/ILI,
a mporecchl XEMOCHHTe3a NPOUCXOLAT HA BHYTPEHHUX BBIPOCTAX I1JIA3MATHUYECKON
mMeMOpaHBI — Mezocomax (cM. puc. 65).

HMcToyHHKOM BOJOPOJa B OKHUCIHTEIbHO-BOCCTAHOBUTEIBHBIX DEAKIIUAX SABJIA-
eTcda He TOJBKO BOJa, HO M JpYIrHe HeopraHWYecKHe BelllecTBa, HAIPUMMeD CepOBO-
nopon — H,S u Bogopon — H,. ¥riepon GakTepuu-XeMOCHHTETHKH M3BJIEKAIOT
U3 YIJeKHesIoro rasa. PaccMoTpUM XMMHMYECKUe IIPOIeCChl, KOTOPBIE IPOTEKAIOT
B KJIETKAX HEKOTODHIX XeMOCUHMe3upyouux 6axmepuil.



§ 20. XemocuHTE3

Puc. 79. XemocuaTesupymoimue 6akrepun: | — KOJIOHUA Ha IHe MopdA; 2 — cepobaKTepHuH

Humpuguuyupyoujue 6akmepun, HaIpAMeD HETPO30OMOHAC M HUTpobaKTep,
HACEJAKT MOYBY, I'lle OCYIIECTBIAIT OKHCIeHNe aMMHaKa, o0pasyoleroca npH
I'HUEHIH OPraHHYecKHUX OCTATKOB, IO coJiell a30THOH KHCaoTH. ITponece okuCIeHns
upér B gBa srana. CHauana o6pasyioTcd COJNM a30THCTOH KHCIOTHI — HUTPHUTHI,
a 3aTeM COJIM A30THOH KHCJIOTHI — HHTDATHI:

HHTPO30MOHAC
———

2NH, + 30, 2HNO, + 2H,0 + E

HHTPO30OMOHAC
[ .

2HNO, + 0, 2HNO, + E

MHenesobaxmepuu, HAIpUMep KPEHOTPUKC H JENTOTPUKC, OKHCIAAIOT ABYXBa-
JIEHTHOE JKeJie30 B TPEXBAJEeHTHOe, MIPOIlecC CONPOBOMKAAETCS BhIIEIeHNEM SHePIHuH.
IMonyumBmuiica B pesyabTaTe TAKOH peakIMy MMADOKCH] sKese3a ocejaet, o6pasys
TaK HA3BEIBAeMyI0 0OJIOTHYIO ¥KeJIe3HYI0 PYAY:

4FeCO, + O, + 6H,0 —> 4Fe(OH), + 4CO,T + E

Cepobaxmepuu — 0OeXHaToa, THOTPHUKC — OOWTAIOT B BOJOEMAX C BHICOKUM
cofiepyRaHHeM cepoBojopona. Hampumep, MX O4eHb MHOTO B UEpPHOM MOpe, BOJLI
KOTOpOro Ha riay0MHe HacHIIeHBl cepoBojgopoaoM (cMm. puc. 79). Cepobaxkrepun
OKHCJIAIOT CEPOBOAOPOJ M0 CBOOOMHON KPHCTAJIHYECKOH Cephl, a B JaJbHeHImeM
OKMCJIAIOT Cepy A0 CepPHOH KHCJIOTHI:

2H,S + 0,—> 2H,0 + 28 + E
28 + 30, + 2H,0 —> 2H,S0, + E

Bodopodrble 6akmepuu MHAPOKO PACIPOCTPAHEHE! B IOYBE, I'le OKHCIAKT BOLO-
PO, MOCTOAHHO 00pasyoInAiicsa npu aHaspobHOM (DeCKHCIOPOJHOM) Pa3IOKeHnH
OPTaHHYECKHX OCTATKOB, J0 BOIEI:

2H,+0,——> 2H,0 + E
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Bce nepeunciienHbIe OaKTEPHM ABIAIOTCA A3PODAME H OKMCJIAIOT HEOPTAHHUECKHE
BeIecTBa B IPHCYTCTBHH KHCI0poja. BricBoboxmammasca npu 3TOM 2HEPTHA 34a-
nacaeTcd B CHHTe3MpPOBaHHBIX MoJieKyax AT®. Ora sHeprusa notoM memoas3yercsa
nna o0pa3soBaHUA OPraHUYECKHX BeIecTB.

B anaspoOHBIX YCIOBHAX HEKOTOPHIE XEMOCHHTETHKH, HAIpUMep cyJbMhaTHbIe
Gaxrepuy, BOCCTAHABIMBAIOT CYIb(paThl 1 U3BIEKANT U3 HUX Bogopol. K anaspobam
OTHOCAT U JeHUTPHPHOHPYIOMKe GaKTepUM, BOCCTAHABIMBAIOIIYE B II0UBe cBOGOA-
HBIM a30T U3 COeAUMHEHMH aMMHaKa.

3HavyeHMe XeMOCHHTe3a. XeMOCHHTe3Hupyomue GaKTepUyu UIpaioT BasKHYIO
POJb B IPHPOJE H JKHU3HM YenoBeka. HuTtpubunupyonue u feHUTpHGOUIHDYIONHE
GaxTepuMH y4YacTBYIOT B KPYrOBOPOTE a30Ta, IOBBIIAKIT ILIOAOPOAHe mouBel. Tak,
knybeHbKOBEIe OaKTepuu U3 poja Pusofuym, KUBYIIMe B KOPHAX 6000BEIX pacre-
HHH, CBA3BIBAIOT aTMOC(EDPHBIH a30T, MePeBO/sA ero B COeJUHeHNA, JOCTYIHBIE IJIA
pacrenuit. fesesobaKkTepHy B MPOLLIEIE T€0JOMHYECKHE SIIOXH YUACTBOBAIN B 00pa-
30BAHHH 3aJIexeil see3HBIX U MapraHleBhIX DY/ Ha Hamlell nnanere. BogopoaHbie
OaKTepHH YeJOBEK HCIOIL3YeT I MOJYyUYeHWUs THIEBOTO U KOPMOBOTO Gemka,
a TakiKe JJIA pereHepanuy aTMocdephl B 3aMKHYTHIX IIPOCTPAHCTBAX, HAaIpUMep
Ha BOJOOYMCTHBIX CTAHIIMAX IPH DUOJOTHYECKOH OYHCTKEe BOMIBI.

Xemocurnmes; xemocunmesupyloujue 6aKmepul: HUMPUPUUUPYIOULUE, Heene30-
baxmepuu, cepobaxmepuu, 6000podHbie baxmepuu.

Bonpocbl n 3apavus

1. Kakoi ewé cnocob cuHTe3a NepeMYHbIX OPraHUYEcKMX BeLLecTs, KpoMe PoToCHHTEesa,
cywiecrayet Ha 3emne? KakoBo ero aHaveHune?

2. Yem xemocuHTE3MpPYOLWME BakTepuK OTIMMAIOTCS OT (POTOCUHTE3VPYIOLLMX OPraHM3MoB?

3. Kak Bbl AymaeTte, noYyemMy B NPOLECCE 3BONOUMM DOTOCUHTESMPYIOLLIME OPraHU3Mbl No-
Ny4Unu NnpUuopuTETHOE Pas3BUTHE NO CPaBHEHWIO C XEMOCUHTETUKaMK? OTBET NoACHUTE.

§21. OHepreTuyeckuii oomeH

BcnomHuTe, Kakne opraHuyeckve BELLECTBA BLINOMHAIOT B KIETKE SHEpPreTu-
yeckune dyHkumKn. C Kakum yHUBEpPCanbHbIM MCTOYHUKOM 3HEPruu CBS3aHb
NpeBpaLleHns 3TUX BELLeCTB?

Knerka u opraHmaM HY’KJAIOTCA B SHEPrUM N CBOEH KH3HEAeATeIbHOCTH:
ABHIXEHHUHA, POCTa, PA3BHTHA U T. A. OTRyza oum 6epyT 3Ty BHEPruio?

Bam yske M3BecTHO, YTO SHEPrusA 3alacaeTcs B OPraHMYECKHX BeINecTBax IPH
(orocuHTe3e U xemocuHTe3e. IIponece BolgereEna © NpeobpasoBaHUA SHEPTHHA IIPH
pacIlelIeHHH OPTaHH4YeCKHX BellleCTB HasblBaeTCcAd THCCHMHIANNEH HIH sHepreTuue-
cxuM obMeHOM. PaccMorpumM ero nporeKanue B OPraHN3MAax KHBOTHBIX H 9eJIOBEKA,
Tle OH CKJIaJbIBAeTCA U3 TPEX II0CJIEeJOBATEJILHLIX 3TAIIOB.
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IlepBbiii 9Tal HEPreTHYECKOro o6MeHa — n0d20mosumenvHblil. IIuma nocty-
IaeT B OPTAHU3M >XHBOTHBEIX M YeJOBEKA B BH/E CJIOHBIX BBICOKOMOJIEKYIAPHBIX
coeguHeHMil. [IpeskIe 4eM IONACTE B KJIETKH M TKAHH, 9TH OPraHMYeCKHe BelllecTBa
JOJI’KHBI IPEBPATUTLCH B HU3KOMOJIEKYIAPHEIE COeIMHEHH, Oosiee JOCTyIHEIe 15
KJEeTOYHOr0 YCBOEHHS.

Ha sroM arale MPOHCXOAUT THAPOJHTHYECKOE DacllenjeHne OpraHnYecKHux
BEIecTB, HAYINee IIPU HeIOCPeACTEEHHOM YYaCcTHH BOABI. JTOT IIPOIIeCC MPOTEKaeT
B NUINEeBAPHTEALHOM TPAKTe OPTaHH3Ma, & Ha KJIeTOYHOM yPOBHE — B JIM30COMAX
1oJ leiicTBHEeM T'HMADOIUTHUYECKUX (epMeHTOB.

PeaKnuu moAroTOBHUTEJIBHOIO Tama:

Genxn + H,0 ———> amuHOKMCIOTH + Q;
smupel + H,O — rimnepun + BHICIIHE KHPHBIE KHCIOTH + Q;
noaucaxapuasl + H,O0 —— ruokosa + Q.

Tak, B opraau3Me YeI0oBeKa OesKH PACIIEIIAOTCA B JKeJyJKe H B IBeHa(IaTH-
nepcTHOH KUINKe TOA AeiicTBUeM (epMeHTOB ([Ie[ICHHA, TPUICHHA, XUMOTPHIICHHA
¥ 1p.) 10 aMHHOKHCIOT. Pacinensedye MOJHCAXapH/I0B HAYHHAETCH B POTOBOH
[OJIOCTH, & IMPOAOJKAETCA B ABEHAAUATANEPCTHON KHUINKe NPH yYACTHH (pepMeHTa
CIIOHBI AMUJIA3bl. B [BeHAAIATUIIEDCTHON KHIIKe Mo AelicTBHeM (epPMEeHTOB JIHIa3
PACIIeIAITCA U XHUDBHL.

O6pasyomuecs HISKOMOJIeKYIAPHEIE BellleCTBa IOCTYIaoT B KPOBE U I0CTaB-
JIAKTCA KO BCeM OpraHaM M KJeTKaM. B KJeTKax OHM NPOHHKAKT B JIM30COMBI MJIH
HEeIoCpeICTBEHHO B IuTomIasMy. Ha Ki1eTouHOM yPOBHE PACIIEIIIeHHe ITPOUCXOJUT
B JIM30COMAX, B 3TOM CJyYae BeIecTBa CPasy e MOCTYNAalT B IHUTOILIA3MY.

Ha nepsoM aramne sHepreTHYecKoro o0MeHa HAET MOArOTOBKA BEIIECTB K BHYTPU-
KJIETOYHOMY pacliellleHN0. Bes sHeprus, BHIZIENAONIAACA Ha MOATOTOBUTEIbHOM
sTane, PACCEMBAETCH B BHIE TeIlla.

Bropoii aTan sHepreTHYecKoro o6MeHa IPOMCXOTUT B GECKHUCIODOLHBIX YCJIO-
BHAX, TIOBTOMY €I0 HA3LIBAKT OeCKUCAOPOOHbLM I AHA3POOHbLM.

PaccMoTpuM pacImelieHne IVIIOK03E KaK OJHOI0 U3 KJIIOUEBBIX BeIecTB dHep-
rerudyeckoro obMena B KieTke. MHorue gpyrue opraHMyecKue BelllecTBa Ha DasHBIX
CTafMAX BTATHBAIOTCA B IIPOIECCH €€ npeBpallleHnda. BecKucaI0pofHOe pacllenIenye
TIIOKO3BI HA3bIBAIOT 2AUKOAUIOM.

Ilpomecc raAMKONH3a MPOTeKaeT B HUTONJNas3Me. I'II0K03a OpeTepueBaeT PAX
[ocJIeloBaTeIbHLIX IIpeBpalieHuii, Bauauase ogHa e€ MoJieKyja U30MepHu3yeTcHd,
dochopunupyerca (akTHBUpyeTca AByMA Moiexkynamu AT®), npespamasck BO
dbpykTosogudocdaT, KOTOPEIR Hajee pacnagaerca Ha nsa Tpuosodocdara (raumepo-
docdar). TprHO3E OKHCAAIOTCH, TEPAS ABA ATOMA BOAOPOJA, KOTOPbIE COEJHHAIOTCA
¢ nepeHocunkoM Bogopona HAJl® (amkoTHHAMHAaeHUHANHEYKIeoTH ). OH ABIseT-
csl TAKHUM JKe IePeHOCUYHKOM Bojopozaa, kaxk u HAJIMY, HO y4acTBYyeT B PeaKIUAX
sHepreTuueckoro obmena. Boccranosiaennsie Monekyasl HAJL-2H B panpHeiimem
MOCTYMAKT B MATOXOHJIDHH, TJe OKUCIAITCA, OTAABAA BOLODPOZX.
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TTocne pana peaknmii 06pasyioTes qBe

[.—nmm (CeH,,0,) ] MOJIEKYJIBI THPOBHHOI'DAAHON KHCIOTHI

= (IIBE). B mpouecce npeBpaniesus TIIOKO-
2AT¢WMM 3l B ABe MoJiekyJisl IIBK curTesupyrores

2AID + 20 :‘ﬂlﬂmﬂ 4geTeipe MoyeKynael AT®. Takum obpa-

] 30M, BBIJIIAKIIAACA B pe3yiabTaTe pe-
|l‘nuuepo¢oc¢oar (2C3-a aKnuil pacHieIieHHA TIIKO3EI 9HEeprusa
YacTUYHO 3aI1acaeTcA B ABYX MOJIeKyaax

AT®, a yacTUYHO pacxoiyeTcsa B BUIe
remna (puc. 80).

L ZHM*D 2 T'nuronus sakamdusaercsa obpaszo-
2HA/]-2H=~=-2H 4 %%" 40, panuem IIBK. B 3aBucHMOCTH OT THIa
JervapupoBaHite dochopunvpoparme  KJIETOK M OPraHM3MOB MHPOBHHOTDANHAS

KHCJIOTA MOKET [IPeBPaIlaThCa B MOJIOY-
Y HYI0 KHCJOTY, COHPT MJIH APYrHe opra-
[I‘Iupoannorpanuan KHCHOTG]— HHUYEeCKHe BeIlecTBa. ¥ 4eJlOBeKa IpH
PEKASCHOy) HMHTEeHCHUBHOH MbImedHo# paGore [IBK

AHaapoGHble 9‘2,;’;’;5:;"* IpeBpamaeTcsa B MOJOYHYIO KHCIOTY,
i KOTOpas BHI3bIBaeT GOJIeBbIE OLIYINeHHA

B MBIIINAax. B ganbHeillmeM MogouyHAasd

KucjioTa BHOBE nepexoauT B [IBK. V ana-
J it 1 J, 9pOOHEIX OPraHHM3MOB GECKHCJIOPOAHEIE
CNAPTOBOE  MONOYHOKWCNOE [bixaHne  mpomecchl HABLIBAIOT OPONCEHUEM.
Paccmorpum 0Go6ménHyI0 cxXemy
Puc. 80. Cxema nponecca IIHKOIM3a peaknuil rIMKoNIM3a:

G D, —— ICHO,
2C,H,0, + 2HAT" 2C,H,0, + 2HAJI-2H

2ATI® + 2@, 2AT®

MomouHOKMCHOE GpOKEeHHEe:

CH..O 7‘? 2C.HO, + 2HAI'2H ——> 2C.HO
rzmxlzaaﬁ :}IB;C ’ Monoqazs :uc:.’rlo-ra

2A7I® + 2, 2ATD

CouproBoe Gposxenune:

CH O 7—? 2CHO,+ 2HANI-2H ——» 2C,HOH + 2CO0.,T
r;mxlgaas r?isz ’ 3111:102351; cupT ’

2A7I® + 20, 2ATD
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B MaTpuKce MUTOXOHAPKIA B uuTonnasme
NBK(2C,H,0,) : Fnux;mua
..2002 .: 4H 2HALL-2H

:-Ai;TﬁBﬁPOaaHhaﬂchycHaﬂ KMcnoTa i
~ (2CH,CO~KoA) 10HAL-2H

Ha kpucTtax

4002 Kﬁ”g” : | MWUTOXOHAPUIA
= ca gl
e 16H [JeixatensHas Lens
depmeHTOB -—60,
a E~24H
\ 2ATD + 34ATD - ““ e s
____r__..

el e i 36ATD 12H,0

Puc. 81. Cxema 6uonornueckoro oxuciesnsa [IBK B MuToxoHApHAX

TpeTHii 3Tan HEPreTHYECKOro 00MeHa — KUCL0POOHbLL, WIH a3pO0HbLIL, TIPOUC-
XOIHUT TOJBKO B IPHCYTCTBHH KHcI0poja. MHade ero emmé HasbIBAKOT OUON0ZUYECKUM
OKUCLeHUeM UIH OblxaHueMm. Brnomornueckoe OKHCIeHHe IPOTEKAeT B MUTOXOHADH-
fX, TAe THPOBMHOTDAHAA KHCJIOTa IpeobpasyeTcs B YKCYCHYIO KUCIOTY, COEHHAACH
¢ BemecTBOM-nepeHocunkoM KoansuMoM A (KoA). OGpasywomuiica anernia-KoA
BCTYIAET B CePHI0 NUKJINYECKUX peaxknuit (puc. 81).

I{MKIMYeCcKHe PeaKIMH, B KOTOPhIX IPOMCXOAUT npeobpasosanue IIBK, HOCAT
HasBaHWe yukaa Kpebca. B peayabrare 9TMX peakiuil IPOMCXOAUT OCIEA0BATENb-
HOe JexapOokcHIupoBaHHe — o0OpasoBaHMEe YIVIEKHCJIOrO rasa u OKHCIeHHue, T. e.
OTIIemIeHHEe BOAOPoAa. B nporecce okucaeHns U3 AByX Moaexkya IIBK obpasyworca
2AT®, yraeKHUCIbli ras H BRICBOOOKIAIOTCA aTOMBI BOJOPO/A, KOTOPEIE CBASBIBAIOT-
ca ¢ HAJT®. BroT nporecc IPOMCXOAUT B MATPUKCe MUTOXOHApHi. O6pasosaBniics
VIVIEKHCJIBIN ras BhIJEJAeTCA U3 KJIETKH M BBIBOJHTCA H3 OPraHu3Ma.

CyMMapHOe ypaBHeHHe peakuuil B mukiae Kpebea:

2C,H,0, + 6H,0 + 10HAl® —> 6CO, + 10HAJI-2H

IIpocinegum Teneps myTh neperocunka HAJl-2H. Monexyasr HAJL-2H nocrty-
AT HAa KPUCTHI METOXOHAPHI, I/le PACIONIOAEeHa JbIXaTelbHadA enb (hePMeHTOB.
Ha memOpaHe KPHCT MUTOXOHJPHII aTOMBI BOJAOPOAa OTIEIIAIOTCH OT NIePEeHOCTHRKA
¢ OHOBPEMEHHLIM CHATHEM dJIeKTPOHOB.. Kadkjasa MoJeKyja BOCCTAHOBJIEHHOT'O
HAJ-2H orpaér nBa aToMa BOZOPOA M ABA 3JIeKTPoHA. ATOMEI BOZOPOJA IIpeBpalia-
JOTCSA B TPOTOHBI U IePEeKAuYMBAIOTCA Yepes MeMOpaHy MUTOXOHJIDHH: ¢ BHYTPeHHeil
CTOPOHBI HA HAPYIKHYIO cTOpPOHY (puc. 82).

DHeprud BEICBOGOMKJEHHEIX 3JIEKTPOHOB 0UeHE BeJIMKA. JTH 2JIEKTPOHBI IOCTYIIA-
JOT HA ILIXATEeNbHYIO Ienb (DepMEeHTOB, KOTOpasi COCTOUT U3 OeJIKOB-IIePeHOCUHKOB —
nuTOXpoMoB. IlepeMelnaschk IO 3TOH cHCTeMe KACKAJNHO, KAaK OBl «majas BHH3»,
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BJIEKTDPOH TepAeT 3HEPTU0. 3a CYET dHep-
UM «IIaJal0Iero» 5JIeKTPOHA (hepMeHT
j ATdaza cuaresupyer monexynasr ATD,

oly KoHeYHBIM aKLEnTopoM 3JeKTPOHOB
ABJIACTCA MOJEKyna KHUCJI0POAa, MOCTY-
[maias B MATOXOHAPHUYU IIPH AbIXaHUH.
ATOMEI KMCIIOPOZA HA HAPYKHOH CTOPOHE
H,0 MeMOpaHBl IPHHUMAKIT 3J1€KTPOHBl H
3apAMKaTCa oTpHIAaTeabHO. MOHBI BO-
J0pofia COETHHSAIOTCS C KHCIOPOJOM, H
00pasyioTCcA MOJIEKYJIBl BOJEL.

B mpouecce oxucieEua ogHOH MO-
0% aexynsl HAJL-2H cuaTesupyerca Tpu
moneryael AT®. B peayabrare peaxmumit
GHOIOrHYeCKOr0 OKHCJIeHHA ABYX MOJe-
Kyn IIBK B MUTOXOHADHAX CHHTE3UpPY-

HAL * 2H

HAL*

AT®

ATD

= 1o oTesa 36 monekyn ATO,

AT 2e A 2v2 C .
uHTe3 Moyekyn AT®, conpaxén
BHyTpeHHss MemGpana HBIA € IPOTECCOM OKHCJIeHHS BOIAODPOZA,
MR P Ha3bIBAGTCA OKUCLUMENbHbLM (ocgho-
puauposanuem. ITOT npouecc OBII OT-
Puc. 82. Oxucaurensuoe dochopuanpo- KPEIT ¥ H3Y4YeH OTeYeCTBEHHLIM VUEHBIM
BaHHe. Cxema paboTBI ABIXATENBHOM e BJIE,EHMHPOM AneRcaanonnqu

dbepmenToB durensraparTom B 1931 r.

O600mEéRHOe ypaBHEHUE DPEaKIIHH
KHCJIOPOLHOTO 3Tana BEITJIALHT CJeAVIOIIMM o6pasoM:

36 AP + 36D, 36ATD

ITpm paciieneHHH INIIOKO3BI Ha JBYX 8Tanax sHePreTHIecKoro obMeHa obpasy-
ercs Bcero 38 mosekyn AT®, TpuuéM OCHOBHAA YaCTh IPH KHUCJIOPOAHOM ABIXAHHH,
uIu GMOJIOTHYECKOM OKHCIeHHUH.

CyMMapHOe ypaBHEHHE SHEPreTHYeCKOro 0OMeHA TIHOKO3bI:

C.H,,0, + 60, — 6CO,T + 6H,0 + E — > Q (remo)

d
38AIP + 380, — > 38AT®

Brixox Monexkyn AT® B nponecce KHCJOPOLHOTO OKHUCIEHHUA TJIHKO3bI
B 19 pas Gonpmie, yem nmpm GecKHCIOPOAHOM paciiemieHnu. Takoi BBIUTPBIIII
oHePruy 00ecnedms NPeuMyIIecTBEHHOEe DA3BUTHE HA HaIIeH IIaHeTe adpOGHBIX
OPraHM3MOB MO CPDABHEHHIO C AHAIPOOHBIMH.
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JddeKTHBHOCT, dHEpPreTHYIecKoro odmMena. B pesyiabrare BCex peaxkiuii sHEp-
reTHYecKOTo oOMeHa Ha ABYX sramax obpasyercs 38 moxexyn AT®. Jueprus, sa-
nacégnag B 1 mons AT®, cocrasaser 30,6 k[l /Moab.

Beero npu aspo0HOM OKHCIEHHHM TIJIIOKO3Bl Ha JBYX JTalax ocBoboxaaeTca

E . = 2880 k]l /Moab, u3 HEX 1162,8 k[l /Monb 3anacaerTcda B BHIE MOJEKYJI

AT® (38 30,6 = 1162,8 x]lx/Moub).

SddexrusHocTs a3pobHOro Abxanua = (38 - 30,6 : 2880) - 100% = 40,37%.

[Ipy aHA?POGHOM ABIXAHWY BANACAETCA JIHUIIb 2 MOJEKYIIbI AT®. PaccunraeM
a(hpeKTHBHOCTD ITHX IIPOILECCOB.

Cnuprosoe 6posxenue: E = 210 k[l /Monb.

AdpexTuprocts = (2 30,6 : 210) - 100% = 29,14 %.

MoJiouHOKHUCTOe DposkeHue (ITMKOAN3 B MBIIIIAX):

E ;.. = 150 x]lx/MON®.

SddexTusrocts = (2 - 30,6 : 150) - 100 % = 40,8%.

CpaBuum aTu namasie ¢ KIIJ| pasauyHbIX JBUraTesei. B nyumux typbu-
max KIIJl cocraBaser 20—25% . B gBurarenax BHYTPEHHEro CropaHus — 35 %.
DdpheKTHBHOCTH GHOJOTMYECKOTO OKMCIEHHA He BhI3bIBaeT cOMHeHHdA. IIpomecch
KJeTOUHOTO ABIXaHHA, HIH OMOJOrMYecKOoro OKHCIeHH A, H TOPEHHA CXOXKH 0 KO-
HEYHOMY Pe3yJIbTaTy, HO He 10 cOeperaeMocTy sHepruu. [Ipy ropeEuy BCA aHEPTrud
HepexoAnT B CBETOBYIO H TEIIOBYIO, HUYEro He sanacaercd. B mpomecce AbIXaHUA
oHeprud sanacaercs B Mosxekyinax AT®, sarem oHa OygeT pacXoqoBaThCd Ha omo-
CHHTe3 OPTaHMYECKHX BEIecTB, HEOOXOAUMBIX KJIETKE.

Dmanst aHepzemuieckozo o6mena: nodzomosumenvrviii, GeckuciopodnvLii
(aHaspobHbLiL ), KucaopodHbiil (aIpoOHbLL); 2UKOIUS; Opodcerle; OUOL0ZUeCKoe
oxucnenue (Ovixanue); yurxa Kpeoca; okuciumenvioe Qocopunuposanue.

Bonpocekl U 3apaHud

1. Yro 06Llero B peakumsax npespaLleHus 6enkos, XWpPoe U YrMeBoA0B B NULLEBAPUTENLHOM
TpakTe uyenoseka? Kak HasbiBaloT Takue peakuvn? B kakux opraHonaax Knetkw moryt
NPOUCXOOMUTE aHaNOrMYHbIe NPOLECCHI PacLLenneHnn?

2. Kak ucnonb3yeTcsa OpraHMaMoM 3Heprus, ocBoboxaalowancs Ha NoaroToBUTE/IbHOM
aTane aHepreTuyeckoro obmeHa?

3. Kak npogykTbl pacliennexvs 6enkos, XWpPOB, YrNeBOA0B AOCTABMAIOTCA K TKAHAM U
4

kneTkam? OGBACHUTE MEXaHU3M VX TPaHCMoPTa Yepes KNeTo4Hy memBpaHy.
. CpaBHUTE W OLEHUTE 3HEPreTU4eckylo 3 dEeKTUBHOCTL ABYX TUMOB OpPOXEHUs rMIOKO3bl.
Cpoenaiite BuiBoA 06 addhekTMBHOCTM aHaapoBHOro nyTu obMeHa BeLecTs.
5. OnuwKUTe NOCNen0oBaTeNLHOCTE NPEeBPaLLEeHNs NMPOBUHOMPaaAHON KUCNOTLI B Npouecce
BUONOrMYECcKOro OKUCIEHUs. B peaynsTaTe Kakux peakumii 06pasyeTcsa yrnekmcnblii ras?
B kakux opraHouaax KneTtkM nayT 3Tv npoueccs:?
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6. [ne v Kak MCnonb3yeTcs KUCNOPOA, NOCTYNAIOLWMIA B OPraHU3M Npu AbIXaHUN? loe npo-
ncxoauT obpas3oBaHue Monexkyn Boabl?

7. Kak Mpét npeobpasosaHne 3Hepriv, BbIAENSIOWEIACH B MPOLLECCE PeakLmii KUCIOPOAHOMO
aTana sHepreTnieckoro obmena? CpaBHUTE KONMHECTBO 06pasylolmxcs Monekyn ATd
B pe3ynbTaTte UMKNUYECKMX PeakuMin M Ha ObixaTenbHor uenu. OBbacHuTe aToT hakT.

8. Kak Mcnonb3yetcs aHeprusi aNekTPOHOB B NPOLLECCE OKUCIMTENBHOMO dochopunmpo-
BaHun? MoyeMy aTOT NPOLECC Tak Ha3biBaeTca? Ha3oBuTe CTPYKTYpSI MWUTOXOHOPWIA, B
KOTOPbIX MAOYT UMKINHECKME peakumn n okmcnautensHoe dochopunmposarue. Kakve ua
9TUX peakumin ByayT uath ¢ Gonbluei ckopocTeio? OTBET NOSCHUTE.

9. AT® CUHTE3MpYyeTCcs B MUTOXOHAPWSIX M xnoponnactax. OGbLACHUTE, B YEM CXOACTBO U
pasnuyne npoueccoB, NPUBOASALLNX K CUHTE3Y 3TUX MONEKYN B OpraHonaax.

§22. Peakuuu maTpuyHoOro cuHTesa
PaccmoTpuTe puc. 83. Kakue opraHuyeckue BELECTBa NMPUHUMAIOT y4acTtue B

CuHTe3e uHdopmaumonHoi PHK? Kakum 06pasom CoeamHsoTes HYKNeoTUab
monekyn OHK v PHK mexay coboin?

CnocobHOCTE KIETOK MOALEPKUBATH BHICOKYIO CTelleHb YIIOPALOIeHHOCTH CBOEt
XHMHYECKOH U CTPYKTYDHOM OPraHH3aluy CBA3AHA C eHeTHUecKoH HH(GOpMAIHeit.
VmeHHO OHa ompesenseT 0COGEHHOCTH CTPOGHHSA U KH3HENEATETbHOCTH KIETOK,
TKaHell, OPraHOB U BCero OpraHH3Ma B IIEJIOM.

OHK u renmsl. Bca mEGOpManus 0 XU3HeAeSATEeNbHOCTH KJIETKU HAXOTHUTCH
B monexyne JIHK. Jlonroe BpeMsa yuéHble CYHTATH, YTO IIepeadya HACIENCTBEeH-
HOI MH(OPMAIUHK B KJIETKe OcyllecTBiasercsa Oeaxamu. Ha ToT mepmon aTo 6BIIH
eMHCTBeHHEIE H3BECTHBIE HAYKe OPTaHHYecKHe BellecTsa, obaafatomme GoabImm
CTPYKTYPHBIM pasHooOpasueM, II09TOMY NPEAIONATaId, YTO OHH MOTYT CIAYIKHTD
reHeTHYeCKHM MaTepuaioM. MHEorouucIeHHbIe Hecae[0BaHuA BAKTepUil U BUPYCOB
MMOKa3kIBAJH HECOCTOATEJIBHOCTD 3TOM I'MIIOTE3El, ofHAKO A0 50-x rr. XX B. Takoe
[IOJI0KEeHMe B HAYKE COXPAaHAIOCE.

IMpepnosxennas [Ix. Yorcorom u @. Kpukom mogens monexyss JHE npusrex-
Ja K cebe NIpucTasbHOe BHUMAaHUE YUEHBIX. BHLTH BEICKA3AHBI NIPEAIION0KEHA, UTO
ABe eé IelH CI0oCO0HBI PACKPYUYMBATHCA M CIYMKHTH OCHOBOMH [JIST CHHTE3a HOBEIX
mosexkyn [THK. Mozxens YVorcora u Kpuka mossonuna chopMyanpoBaTh obIime
OPHHIOUIEl IPOIEcca Hepefladyl eHeTHYecKoH MHMOPMAaIUU OT KJEeTKH K KJeTKe,
OT OPraHMU3Ma K OpraHu3My.

CrnenuduIHOCTE KasKJ0H KJIETKM ompeeadeTcd MMEIIIHMCH B Hei "HabopoMm
Genkos. MHpopmanusa o mepBHYHON CTPYKType Oeika 3amMcaHa B BHJE HYKJEO-
TUAHON nocnexoBatensHocTH JTHK 1 Haxoaured B sajape. LIeHTPATEHEIM BOIPOCOM
MoseRyaApHo# Ouonoruu B 50-x rr. XX B. cTam BOmpoc 0 TOM, Kak KJIETKa OCYy-
LIeCTBJIACT ITePeBOJ HOoc/Ief0BaTeTbHOCTH HyKIeoTu 08 [ITHK B mocienoBaTensHOCTE
aMHHOKHCJIOTHEIX OCTATKOB B MOJIeKyJe Oeska.

I'emeTruueckuii Kox. Beskw cocTaBiAOT MOJOBHHY Beeill Maccehl KiaeTku. Qnu
BEIIIOJHAKT Pa3Hoo0pasHble . MHOTOYMCIeHHbIE QYHKIINH, 00€CIeYHBaOT POCT,
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pasBuTHe, UM GEepeHIHalui KIeTOK, NOAAepHKaHue HX CTPYKTYPBI U DyHKIUHA.
CunTtes Genka mpeacTaBiseT coboH CI0MKHBIN MHOTO3TANHBIA NpPOIecc U 3aBUCHT
ot nesarensHocTu [THK u pasnuunsix Bujgos PHE.

B mosexynax JIHK maxonsTcsa reasi. OHE IpeACTaBaA0T c000 HaCIeACTBEHHBIE
(haKTOpEI, cocTOAINe N3 HAaGopa HYKJIEOTHIOB, PACIOJIOAKEHHBIX B onpeeIeHHON
HOCJIeI0BATEBHOCTH. B reHax sakoaupoBaHa MHGOPMAIMA O CTPOGHUH M CBOHCTBAX
Ka)XJ0H KJIEeTKH M OPraHu3Ma B LEeJIOM.

Peasmsanusa HacJeJCTBeHHOH HHGODMAIUH IPOHMCXOJUAT IO CXeMe:

red —>» 00K —> IPHU3HAK.

TI'en (oT Tped. genos — poOJ, IPONCXOMIEHNHE) — 9TO YYACTOK MOJIEKYJIbI JOHEK,
Hecymuii MH(GOPMAIHMIO O HePBUYHONH CTPYKType MOJEKYJbl OAHOTO Oelka M OT-
BETCTBEHHBIN 32 €€ CHHTEe3.

MHoTouHCIeHHAA HacleAcTBeHHas WHpopmanusa sanucana B JJHK B Bune
AUHeHHOR IOC/IeL0BATeIbHOCTH YeThIpéx THmoB Hykiaeoruaor — A, T, T, II,
T. e. yeTHIpEéXOyKBeHHLIM andasutom. IlocrenoBarenbHOCTE HYKJICOTHAOB OHEK
OTIpefieIfeT COOTBETCTBYIOIIee MHMDOPMAIHOHHOe coAep:xaHue. UucI0 BAPHAHTOB
PasIMYHBIX HOCJIefoBaTelbHOCTEN HyKIeoTHaOB B Mosekyne [IHK cocrasiaser 47,
re n — YHCIO HYKJeOTHA0B B oaHoi memu mosnexyawsl THEK. Beanunsa n o4eHb
senuka. Tak, [JHK B KieTKe sKHBOTHOTO 00BI9HO cofepuT 3°10° HyKI€0THI0B.

CucTeMy mepeBo/ia NOCIe0BATeILHOCTH HYKJICOTHIOB B HYKJIEMHOBOH KUCJIOTe
B AMHHOKHMCJIOTHYIO IIOCTEN0BATENIbHOCTh OelKa HABBIBAIOT 2eHeMUYecKUM KoJoM.
O=n 6511 pacmudposas B 60-x rr. XX B.

B peayibTaTe psjia 9KCIEPHMEHTOB U MATEMATHYECKHX PacuéToB ObLIO ompese-
JIEHO, YTO OJHA AMHHOKHCJIOTA JOJKHA KOAUPOBATECA TPEMA HYKJIeoTHaamMu. Beero
B Mosnexyae JJHK mrum PHK BcTpeuaroTcsi YeThlpe THIIA HYKJIeoTHAOB. Ecau OB
KaKI0H aMHHOKHCJIOTE COOTBETCTBOBAJ OJUH HYKJIEOTH], TO 3aKOJAHNPOBATH MOMXHO
OBLIO O6BI TONBKO YeThIpe aMHHOKHCA0TEL. Ho aToro Mano, Tak Kak B KJETKe HMe-
ercsa 20 aMuHOKHCIOT. ECJIN NPEeAIIONI0KHATE, YTO OfHA AMUHOKHCJIOTA KOJUPYeTCHA
coueTaHWeM W3 ABYX HYKJEOTHJOB, TO 3aKOAMPOBATH MOXHO 6bL10 GBI gumb 16
AMHHOKHUCIIOT:

42 = 16,

TOTJa YeTHIpe AMHHOKHMCJIOTHI He HMEIOT IIaHCOB IONACTh B OeJoK. Yuénsle npej-
TOJOXUJIN, YTO OJHY AMHHOKHCJIOTY KOAHPYeT TPH HYKJICOTHAA:

43 = 64.

Tloc/ief0BATENBHOCTh M3 TPEX HYKJEOTHJOB HAZBIBAIOT KOOOHOM WA Mpun.e-
mom. KonuuecrBa KomoHOoB — 64 — c ua30BITKOM xBaTaeT aasa 20 aMHMHOKHCIIOT,
a clefoBATEIBHO, OHA AMMHOKHCJIOTA KOZHUDPYeTCs He OJHHM, a, BO3MOKHO, He-
CKOJBKHMMH KOJ0HAMH. JKCIepHMeHTaJbHAs IPOBePKa IOATBePANUIa BhICKA3aHHbIe
npennojoxkenus (taba. 5).
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Tabauya 5
lenerwyeckmii kox (komousr uPHK)
Ilepsoe Bropoe ocroBanune Tperse
OCHOBaHHE h% u A h OCHOBaHHE
Den Cep Tup IInc v
v Den Cep Tup Iuc I
Jleit Cep Cron-kKonoH Cron-komoH A
Jleit Cep Cron-koznoH Tpu r
Jleit IIpo Tuc Apr v
Jleit IIpo T'ue Apr 11
I Jleit IIpo I'nn Apr A
Jlett IIpo I'nu Apr r
Hiue Tpe AcH Cep v
Hne Tpe Acu Cep 1T
A Wne Tpe JIua Apr A
Mer Tpe JIna Apr T
Ban Ana Acn T'an ¥
Ban Asa Acn T'an 11
r Bax Ana T'ny I'nn A
Ban Ana Tny I'nu r

Ilpasuna nonb3oBaHMA TabGaHULell: MePBBIA HYKICOTHI B KOJOHE GepéTca U3 1eBoro
BePTHKAJBHOIO PA/A, BTOPOH — U3 BEPXHEro ropM30HTAIBHOIO PAAA U TPETHH — M3 IIPABO-
ro seprukaneHoro. Tam, rae mepecexyres NMHHM, HAYIIME OT BCEX TPEX HYKJIEOTHIOB, H
HAXOAHUTCA HCKOMAA aMHHOKHCJIOTA.

T'eneruuecknil Koy obramaer CHeIVIONIUMH CBOMCTBAMH:

1) kox mpunaemen — KamIOH AMUHOKHCIOTE COOTBETCTBYET cOYeTAHHEe U3
TPEX HYKJIEOTH/OB; BCETO TAKUX coyeTaHuit 64; n3 Hux 61 KOZOH CMBICIOBOIE, T. €.
coorsercTBYer 20 aMHHOKUCIOTAM, & TPH KOJ0HA — CMON-KO0AOHbL, UM «HOHCEHC-
KO/IOHBI» , KOTOPBIE HE COOTBETCTBYIOT AMHUHOKHCJIOTAM, A 3alI0JHAIOT IPOMEYTKH
MeXJy PeHaMH M CHI'HAJTHM3HPYIOT 00 OKOHYAaHUM OJHOTO TeHa;

2) koA 00HO3HaYen — KaKAbli KOJOH COOTBETCTBYET TOJBKO OJHON AMUHOKHC-
JoTe;

3) KOX 8bipoxcden (u3bbimoveH ) — aMHHOKHCIOTH KOAUPYIOTCH Goiee ueM of-
HHM KOJOHOM; HanpuMep, TVIMOHMH KOAUPYeTCcA 4eThIpbM#A KogoHamm: I'TY, I'TII,
ITA, I'TT; yame aMHHOKHCJIOTH! KOAUPYIOTCA ABYMA-TPEMA KOJOHAMH;

4) KOO yHuGepcaner — BCe OPTAHU3MBI, JKUBYIINE HA 3eMle, UMEIOT OAHH H TOT
e reHeTHYeCKHd KOJ, T. e. OJHHAKOBbIE AMHHOKHCIOTEI KOAUDPYIOTCH ¥ Da3HBIX
OPraHHU3MOB OJHUMH U TE€MH e KOJOHAMH;

5) KOJ HenpepbiéeH — MeXAY KOZOHAMH HeT IPOME’KYTKOB;

6) Kox HeneperpbiBaemM — KOHEUHBIHT HYKJIEOTH[ OJHOTO KOZOHA HE MOMKET
CJYHTh HAYAIOM JAPYToro.
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CofeTBeHHO GHOCHHTEe3 Oe/IKa IMPOUCXOANT B IUTOILIA3Me KJIeTKU Ha pubocoMax.
CienoBaTebHO, HEOOXOIUM IIOCPESHHUK JJIA IlepeHoca reHeTHYECKOM HHQOpMAINHA
or [IHK x mecty cunTesa 6esnKka. TaKuMm m0CpeHIKOM ABIACTCSH uHpOpMaTTHOHHA,
wim marpuunas, PHEK (uPHE).

TeneTHuecKWil KOJ, 3alHCAHHBEIA B BHUJE IOCJIEJ0BATENbHOCTH HYKIEOTHJOB B
JTHK, nepenmchiBaeTcs Ha Moaexyny madopmaruonnoii PHK.

Kpowme nepenocunka nHGOpPManny HeOOXOAMMBI BelleCTBa, KOTOPhIe obecrneyu-
BaJM OBI TOCTABKY AMHHOKHCJIOT K MeCTy CHHTe3a W OIpeJe]dad UX MEeCTO B I0-
nunenTugHod menu. TakuME BelecTRAMH ABJIAITCA TDAHCIOPTHEIE PHE (rPHEK),
KOTOpEIE KOAMPYIOT M AOCTABJIAT aMHHOKMCJIOTE K MECTy CHHTe3a.

Cunrtez PHEK. MHorouHc/JeHHELIE 9KCIEPUMEeHTHI ITO3BOJIMJIM YCTAHOBUTD,
gro umenno JHK caymxur mampuyeii (oT JaT. matrix — MaTKa) Agd CHHTe3a
BCEeX HYKJIEMHOBBIX KHCIOT. DTH IIPOIECCH HOCAT HasBaHWe PearKyuil mampui-
H020 cunme3a. B KieTKax IPOTEKAOT TPHM THIA TAKUX peaknuii: cunres PHEK,
cuaTes Genka, permmkanua JHE. B kamaoli u3 HUX HHpopMalud, 3aKJII0YEHHAA B
IuHeitHOi MOCIeI0BATeIBHOCTH HYKJICOTH/IOB, HCIIOIb3yeTCs I CO3NaHUA APYTOR
JIMHeHHON Iocaen0BaTeNbHOCTH: Jub0o HyKaeoTunoB (npu cunTese PHK win ITHEK),
nmubo aMuHOKHCIOT (Ipu cuHTese Benka). IIpocToTa ¥ OIHOMEPHOCTE MaTPHUYHBIX
peaxmuil MO3BOJHIH IMOAPOGHO M3YUUTh U MMOHATH HX MEXaHHBM.

Mponece 6mocunresa PHK ma MHK naseiBaloT mpanckpunyuei (or jnart.
transcriptio — TepenuchIBaHHE). ITOT IPOIECC IPOTeKaeT B ANpeE.

Cunres PHE mmeer psz ocobennocreii. B orsmune or [JHK monexyna PHK
HHKOT/IA He 0CTaéTeA cBA3aHHoil ¢ nexonHoi [JTHK-MaTpuneii u ocBODOKIaeTcs 1Ioc-
Jle OKOHYAHHUA Peakiuu cuHTesa. Kpome Toro, cuaTesupyemble PHK sHaunTenbHO
KOpOUYe U ABIAITCA KOMUAMHE TOJIBKO ONpPeleéHHOr0, HeGOIbIIOr0 yYacTKa ITHE,
rae HaxoguTea uHGopManusa o crpykrype gasHoi PHE unu 6enka. IIponece Tpasc-
KPHIIMKA IPOTEKaeT B TPH JTama.

IlepBBlii aTan — uHuyuayus — Havajo peaknuu. CuHTE3 PHEK-konui xKa-
ramusupyerca hepmeraTom PHE-noaumepasoil. DepMeHT COEJHHAETCHA C ONpeje-
némnol sonoit Ha JTHK, xoropas Ha3bIBAETCA RPOMOMOPOM. ITA 30HA CONEPIKHUT
olpe/ie/IEHHBIH HaGOp HYKJIEOTH/OB, KOTOPbIH ABIAETCA cTapT-curHanoM. C HUX K
maunnaerca cuares PHE. Ilox meificTBHMeM CHEIHANBHBIX 0EJKOB PACKDYYHBAETCS
yuactox cnupanu JHK, npu aToM paspymialoTca BOLOPOAHBIE CBASH MeXAY ABYMA
eé nensamu. OgHA M3 HAX CHY:KHT MaTpHIel 414 cHHETe3a PHEK.

Bropoii aTam — 240H2aUUA — OCHOBHAA 4acTh peaknnu. Ha onHoi memn IOHE
110 IPHHIUITY KOMIJIEMEHTAPHOCTH BHICTPANBAIOTCA HYKJIEOTHABI. DepMeHT PHE-
nonuMepasa, npoasurasck mo nenu THK, coefnHaer Mexay co00H HYKJIEOTHIBI
(puc. 83). B pesyaprare cunTesupyerca PHK-konus.

Hanpumep:

I AT I' T II T A Il — yuacrok mosexynsr JTHK;
' vV I IIT AT A VYV T — yuacror monexyns uPHK.
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Puc. 83. Cuntes nndopmanuonnoit PHK: I — depmerT PHEK-nommmepasa;
2 — uens mMonexyus: [JHK; 8 — cunresupyemas moJsierkyna uPHKE

IIponiece yannuenns PHK npogoskaercs 10 cTON-cHrHANA — OZHOTO M3 TPEX
CTOII-KO/IOHOB, KOTOPLIM IpeKpaliaeT JBUKeHHe depMeHTa u cuaTes PHE.

Tperuii, mocnefHuit atan — mepmurayus. DTo CTAAUA OKOHUAHUS CHHTE-
38 MOJHMHYKIeOTHAHOH nemn. Pepment PHK-moxnmepasa ormensercsa ot JHE.
OnHoBpeMeHHO OCBOGOKAA€TCA M CHHTe3MPOBAaHHAS monekyna PHE-konuu, [JTHK
BOCCTaHABJIMBAET NBOHHYIO cuupasb. CHHTe3 3aBepIIEH.

Ha pasmeix yuactrax JTHK curTesaupyiorcs pasuble suasr PHEK: pubocoMab-
HbI€, TPAHCHOPTHBIE, HHPOPMALUOHHBIE, KOTODEIE BIOCJEACTBHH YYACTBYIOT
B OHocHHTe3e Genka.

B onHOM rene matpuneit aia Tpanckpunnuu mMotexyasl PHE cayuaT Toasko
onna us memneir Monexkynael JHK. Oanako maTpumeil ZBYX COCELHHX TeHOB MOT'YT
cayxuTh pasnele nenu [IHK. Kaxas us gByx nemeii G6yger TpancKpuOUpOBaTHCS,
OIIPe/ieIAETCA IPOMOTOPOM, KOTOPbIN Hampasiader pepment PHK-nonumepasy nHa
Ty MJIH APYTYIO Lens Monekyasl [THE.

ITocne Tparckpunmuu Monexkysa uPHK sykapHOTHBIX KJIeTox noABepraeTcs
TepecTpoiiKe, T. €. U3 Heé CIeNUaIbHBIMHA (DEPMEHTAMH « BBIPE3AIOTCH» HYKJICOTHI-
HBIE MTOCJIEIOBATE/IBHOCTH, KOTOPEIe He HecyT HHGOPMALUK 0 JaHHOM OejKe. DToT
[IpONecC HA3bIBAKOT CNAAGUCUHZOM. B 3aBUCHMOCTH OT THIA KJIETKHM M CTAAHH eé
PasBUTHSA YAAIAITCA pasHble yuacTKH Moneryasl PHE. Cregosatensso, HA oqHOM
yuacrxe JTHK moryT cunresupoBarscsa pasusie uPHK, Koropsie HecyT HH(PODPMAIIIO
0 pasiauuHeIX Oenkax. 9To ofecmeuynBaeT mepemayy reHETHUYECKOI uHbOpMAIIUH
C OZHOTO TeHa, & TaKiKe o0JIerdaeT reHETHUYECKYIO PEKOMOMHAIIHIO.

Ten; zenemuuecikuil kKod; kodon (mpunaem); c60lcMea zeHeMULECKO20 KODA:
MPUNLEMHOCMb, 00HOZHAYLHOCMb, BbLPONOEHHOCMb, YHUBEPCAILHOCTY, Henpe-
PbLBHOCMY, HENEPEKPbleaeMOCb,; CION-KOJ0HbL; MAMPUYA; PEAKYUL MAMPULHOZO
cunmesa; mpanckpunyus; PHE-noaumepasa; npomomop; smans. mpaucKpun-
YUu: UHUYUAUUA, JNOH2AUUS, MEPMUHALULL; CNAATICUH2.
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Bonpochkl u 3afaHus

1. OBbACHWTE NOCNEea0BaTENLHOCTL NEPeaadv reHeTUHECcKon MHhoPMaUmn: res — 6enok.
Kakvie BellecTBa y4acTBYIOT B 3TOM npouecce?

2. Yro npencrasnser coboit reHeTuyeckuii koa? OxapaKkTepuayiTe Kaxa0e u3 ero CBOMCTB.
Y10 [OKa3bIBAET YHUBEPCANbHOCTL FeHeTUYEeCKoro koaa?

3. Kak HaswbiBaloT npouecc cuHTesa PHK? Kakve suast PHK cuHTe3vpyloTca Ha OHK? N3
Kakux 3Tanos cknagbiBaeTcs cuHTes PHK? OnuiumnTe Kaxablili M3 aTanos.

4. Onpepenute CTPYKTYpy ¢parmenta monekynst MPHK, ecnu ¢parmeHt OQHOW K3 uenein
monexynsl AHK umeeT creayioLLyio nocneaosare/lbHoCTe HYKNeoTUaos: AMTLITTALIATTA.

§23. BuocuHTes Genka

BcnoMHuTe, Kakas cTpykTypa Genka onpeaenser ero CTpOeHWe u CBOWCTBA.
Kak 3akogMpoBaHa 3Ta cTpykTypa B Monekyne JHK?

Benku ABIATCA HEOOXOAMMEIMHM KOMIIOHEHTAMH BCEeX KJETOK, IIO3TOMY HaH-
GoJlee BasKHBLIM IPOIECCOM ILIACTHYECKOro ofMeHa siBaserca GmocunTes Genxa. OH
POTEKAET BO BCEX KJETKAX OPraHM3MOB. JTO eIMHCTBEHHbEIE KOMIIOHEHTHI KIIETKH
(KpoMe HYKJEHHOBBIX KHCJIOT), CHHTE3 KOTODPBIX OCYIIEeCTBIAAETCHA MOJ HPAMBIM
KOHTDOJIEM TeHeTHYeCKOTo annapara. Bech reHeTHUECKUil anNapaT KIeTKH — ITHE
u pasabie Buasl PHK — (dakTuuecky HACTPOEH Ha CHHTE3 GeNKOB.

Venosua 6mocuuTesa Geara. s Hemocpe/jcTBeHHOro 6mocuHTe3a Oesaka He-
06XOAMMEI CJeNVIOIIHe KOMIOHEHTHI:

1) uadopmanuonnas PHK (uPHK) — neperocunk madopmanuu or JTHK x
MecTy CHHTe3a OeJIKOBOM MOJIEKYJIBI;

2) pruboCOMBI — OPraHOMAEI, TAe NPOMCXOJUT cOGCTBEHHO CHHTe3 OenKa;

3) Ha6op aMMHOKMCJIOT B UTONJIa3Me KJIeTKH, U3 KOTOPBIX cofupaercs fenko-
Bag MOJEKyJa;

4) rparcnoprasie PHE (TPHK), xogupyom#ue aMIHOKHUCIOTE! ¥ IIePeHOCALIHe
HX K MecTy cuHTe3a Oenxa Ha pubOCOMBI;

5) makpoapruueckne emectsa (AT®), ofecneunBalolue dHePrue mpouecce
OmocuHTE3a Oenka.

BuocunTes 6eaKa COCTOUT U3 TPEX B3AMMOCBA3AHHBIX MIPOMECCOB: TPAHCKPHUIIIHAKA
(cunTteza nPHK), KogupoBaHUA U AaKTHBHPOBAHUA AMHHOKHCJIOT ¥ TPAHCIALNAHN
(coBerBenno cuHTe3a Genka Ha puGocomax).

Crpoenne Tpancnopraoit PHK n koampoBanne aMMHOKHCAOT. TpaHCIODTHEIE
PHEK (TPHEK) npezacraBiasaioT coboil HebGoablIMe MOJEKYJIB ¢ KOMHYECTBOM HY-
kmeotunos or 70 mo 90. Ha momo TPHK npuxopurcsa npumepHo 15% scex PHE
kaerkn. @yaxinus TPHK zasucur or eé crpoenus. Maydenue cCTPYKTYPBI MOJEKYT
TPHEK nokasaio, 9TO OHM MMEKT CJA0KHYI0 IPOCTPAHCTBEHHYIO KOH(HIYpPALHIO,
HA3BBAHHYIO KJeBepHEIM nucroM (puc. 84, I, II). B mMoneKysie BBHIAENATCA METIH
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Metna 3
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Puc. 84. Crpoerne monexysel TPHE:
I — obwémuaa mogens; II — obmumit Bu;
IIT — cxema; IV — coequrerme TPHEK n
AMHHOKHCJIOTEI

U CIHPaldbHBEIE YUYACTKH, 00pasoBaHHEIE
84 CYET B3AMMOJeHCTBIA KOMILIEMeHTap-
HBIX OocHOBaHMH. Haubosee Ba:xHOH aB-
JIAeTCA LEeHTPAJbHAA IeTJ]d, B KOTOPOM
HaXOMHUTCA AHMUKOOOH — HYKJIEOTHUI-
HBIH TPHILIET, COOTBETCTBYIONINH KOJZOHY
onpefeéHHON aMHHOKUCIOTHE. CBOHM
antukogosom TPHEK cnocobra mo npua-
Uy KOMILIEeMEHTAPDHOCTH COeIHHATLCA
C COOTBETCTBYHINHUM KonoHOM Ha nPHEK.
Kasxpaa TPHK moxeT nepeHOCHTE TOMIB-
Ko ogHy u3 20 amuHOKMCIOT. 3HAYHUT,
JIA KaXKJI0H aMUHOKHCIOTEI HMeeTcs II0
MeHbIIel Mepe oaus Bua TPHE. Tpém
cron-kogoHaMm Monexkyiaesl u”PHK =e co-
orBeTcTByeT HH ogHa TPHEK.

Ha ogmom KoHIe moaexkyuasl TPHE
BCerja HaXOAWTCA HYKJEOTHJ I'yaHHH,
a Ha ApYroM — TPHILIET HYKJEOTHAO0B
IIITA. UmenHO K 3TOMY KOHILY MOJIe-
kynael TPHEK npucoemmsserca aMmuHEO-
kucaora. Kamnas aMmHOKHCIOTA OIpH-
coepuHAETCA cTporo K ceoeir TPHE ¢ co-
OTBETCTBYIOIIHM aHTHKOAOHOM. IIpomece
TIPHUCOEIUHEHHUA KATAIN3HUPYeTCA CIIeIl -
rdecKkEMHE hepMeHTAME — AMUHOAIMAI-
TPHE-cunTerasamu. [Insa xamnoi amu-
HOKHCJIOTBEI IMeeTCHA CBOA CHHTETasa, Ko-
TOpas PacHo3HaéT CBOK AMHHOKHCIOTY
u coorBercTByInyio TPHE.

Coenurenne aMmuHOKHCIOTEL ¢ TPHE
ocyllecTBJAdAeTCA 3a c4éT sHeprun AT,
NPHYEM B Pe3yJbTATe PeaKIluu MaKpo-
aprudeckas CBf3b ofpasyercsa MemxIy
TPHEK u amuHOKHCcHOTOMH. Tak mpowme-
XOJUT aKTUBUDOBAHUE M KOJHUPOBaHHE
aMuHOKHCJIOT (puc. 84, IV).

Jdransl OmocunTe3a Geaka. [Ipomece
CHHTe3a MOJIHIEeNTHAHON IelH, OCYIIecT-
BJIAeMBII Ha puOOCOMe, Ha3bIBAXOT MPAHC-
aayueil (or nar. translatio — mepe-
nada). Wadopmanmonsas PHE (uPHE)
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ABJIAETCS MOCPeIHUKOM B Tepefade WHGOPMAIIMU O NEPBUYHON CTPYKTYpe benka,
rpancrnopraas (TPHK) nepeHocHT 3aK0AMPOBAHHBIE AMHHOKHCJIOTEL K MECTY CHH-
Tesa GeIKOBOIl MOTEKYJEl M 00eClednBaeT NOC/IeA0BaTeIbHOCTh HX COeAUHEHNIl B
MOJTUTIENTHAHYIO mens (puc. 85).

B puGocoMax ocymecTBiAeTca cOOpKa MOJIMIENTHAHOMN HemHn. B meit umeroTcA
TPH OCHOBHBIX IIeHTPA, C KOTODHIMH CBsidbiBaioTcA Moyexy/sl PHK: ogun nenTp And
uPHEK u asa nna TPHE. Ogsa TPHK ¢ aMHHOKHCJIOTOH YAEPKHBAaeTCHd B AMUHO-
AUUILHOM YeHnmpe pubocomsl, a APYras B NenmuiulbHOM Yermpe, TAe OIPOUCXOIUT
POCT HOJIMIEeNTHIHOH IenH.

Iepesrii sran — uHuyuayus (puc. 86, 1). CuaresupoBaHHadA B IpOIECcCe TPAHC-
kpunmuy nPHK BEIXOAWT M3 Apa U HAIIPABJAETCH B IUTONIA3MY K MECTY CHHTE3a
Genxa — K pubocome. 3a cuéT pasnUUYHBIX GENKOBBIX (AKTOPOB W MAKPOSpPrude-
ckux semects (AT® u ap.) mpoucxopur coepunenue uPHK u aByx CcyOBeIIMHALL
puGOCOMBI, KOTODEIE 10 9TOr0 MOMEHTA HaXOJHJIHCh B JJHCCONMHUPOBAHHOM COCTOA-
auun. IIpesxe yeM pubocoMa HAYHET CHHTE3 IIOJUNENTHHOHN el , K Hel JoJIKHA
npucoefuEUThCA ocobas monexkyina TPHE ¢ onpepenénnoi AMHHOKHCJOTOH —
unuyuamoprnas mPHE. C Heé Bcerja Ha4MHAETCA CHHTE3 fenka. ITo mpuHIUIY
roMiIeMeHTapHOCTH mHUNuaTopEas TPHK cBoMM aHTHKOZOHOM COeAMHSETCH C
nepeuiM konoHoM Ha HPHK m Bxozaut B pubocomy. ITOT KOAOH HA uPHK HasbIBaioT
crapr-kogoHoM. O6pasyeTca KOMILIEKC:

pubocoma — uPHK — muunnuaropras TPHK-amMuHOKHCTOTA.

¢. 85. O6mas cxema 6mocuHTe3a Genka: I — TparcKpHOIuA (B AApe KIeTKH),
II — akTUBHpOBaHWe aMHHOKHCIOTH, 111 — Tpancnamma; 1 — OHK, 2 — uPHK,
3 — TPHK, 4 — amueOKuCI0Ta, 5 — pubocoma, 6 — CHHTe3HPOBaHHBIH OeJoK
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Puc. 86. Cxema GmocHHETe3a NMOJIUIENTHAHON menu

Bropoii sTan — sn0nzayus — nponecc pocTa MOJIHIENTHAHON IenH (puc. 86, 2).
Caeayromas TPHK ¢ aMuUHOKHCIOTOM 10 IPHHOATY KOMILIeMeHTapHOCTH AHTHKO-

CuHTe3npoBaHHan Bonbluas
nouunenTHAHaﬂ cyﬁbenuumua
uens
/ Manas
- cyGbeauH1ua
‘ ¥ /

Puc. 87. Ilomucoma

AOHA ¢ KOJAOHOM coeauHsdercsa ¢ HPHE u
BXoAuT B pubocomy. ITepsaa TPHEK c amu-
HOKHCJOTOH MepeABHIAeTCA H 3aKpern-
JAeTcA B MeNTHIUILHOM IeHTpPe, a BTO-
pas TPHE ¢ amMmuHOKHCIOTOH — B amu-
HOAOMJIbHOM IeHTPe. AMUHOKHCJIOTEL
cOnumxanoTCa APYT ¢ APYroM, MemXKIY
HUMH BO3HHKAaeT NEeNTHIAHAA CBA3b, H
obpaayerca gunentuz. [Ipu sTom nmepeas
TPHK ocBobosxjaerca u, nokugas puto-
comy, TaHeT 3a coboit uPHK, xoropasa
IPOABUraeTcss POBHO HA OQWH TPHILIET.
Bropas TPHK ¢ gumentuzoM mepeme-
maeTcd B HeNTHAUJIbHBIA IEHTpP, 4 B
pubocomy Bxoxut tperba TPHE c amu-
HOKHCIO0TOH. Beck mponecc mosTopserca
BHOBb 1 BHOBE: NPHK, nocnenosarensro
IIpOJIBHTasdACh 4epe3d pubocoMy, KaKIbIi
pas BHocuT HOBYI0 TPHE ¢ aMmuuOKHCHO-
TOH M BEIHOCHT ocBoGoaupmyiocs TPHK.
IIponcxomut nmocrenenHoe HapaliHBaHUe
NoJIHOeNTUAHOM menu. Beck mpomece
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CHHTe3a MOJHUIeNTHIHON menn ofecneynBaeTcs JeATelIbHOCTEI0 (DEPMEHTOB U 3HEP-
rreil MaKpoIpruyeckux casei mouaexya AT®.

Tperuii, 3apepIIAIOLTHH 3Tan — MepMUHAYUA — OKOHYaHME drocuHTe3a DeIKa
(puc. 86, 3). Kax TOIbKO B aMHHOAIMIBHBIA IEHTP [ONAaLAeT OJHNH U3 CTOI-KOJ0HOB,
cunaTes npexpamaerca. Mecro TPHK sammmaer B sToM ciydae cnenupuUecKuil
6enok-pepMeHT, KOTOPBIHN OCYIIECTBIIALT M’HAPOJINS CBA3H MEXKAY nocaenaeir TPHE
# cuHTe3MpOBaHHBIM GenkoM. PuGocoma canmaerca ¢ uPHK n pacnanaerca Ha nse
cybsepununnsl, nocaenaas TPHE rakaxe ocBo00K/aeTCA M BHOBb NONALAET B [IUTO"
nnasmy. CHHTe3HpoBaHHAA MoJexyJsa Oenka mocrymaer B JIIC wan muromnasmy,
rIe mpuoGpeTaeT COOTBETCTBYIOIIHE CTPYKTYPHI.

TIporece TPAHCIANME B KJeTKe OObLIYHO OCYIECTBJISeTCA MHOTOKparTHO. OnHa
uPHEK MoKeT cOeIHHATHCA C HECKOIbKUMHU pubocoMaMu, 0dpasyda noaupubocomy,
WV NOAUCOMY, T/ ONHOBDEMEHHO MAET CUHTE3 HECKONBKIX MOJEKYJ OAHOro GelKa
(em. pue. 60, II; puc. 87).

BuocuHTe3 Gesika NpoTeKaeT KaK B IUTOILIA3Me KJIeTKH, TaK M Ha MOBEPXHOCTH
raHaoB rpanyaapaoi SIIC. Becs mpomecc CHHTe3a OfHOM MOJEKYIIBI JIUTCHA B CPeHeM
or 20 no 500 ¢ u 3aBHCHT OT AJHHBI cobupaeMoro moaunentuja. Haopumep, B pubo-
coMe KHIIeYHo# matoukn Oenoxk u3 300 aMHHOKMCIOTHBIX OCTATKOB CHHTE3NPYeTCA
Bcero jumsb 3a 15—20 c.

AHMUKOOH; MPAHCIAYUA; YEHMPbL PUGOCOMbL AMUHOAYULbHBLIL, nenmuouib-
HbLIL; IMansl MPAHCIAYUL: UHULLAYUS, IA0H2AYU, MEPMUHAYLA; UHULUAMOD-
naa mPHE; noaupu6ocoma (norucoma).

Bonpocskl 1 3apaHusa

1. B kakux opraHompax KIeTkv nNpomcxoaut 6MocuHTes benka?

2. Kakoe cTpoeHne umeeT monekyna TPHK? HazoeuTe eé knioyesble y4acTku. Kak npowvc-
xopuT coeavHerne TPHK ¢ aMMHOKMCNOTOR?

3. 3a CubT Kakux CBA3ei NoAAepXuUBaeTcs KoHburypauma monekynsl TPHK?

4. Ckonbko Buaos TPHK umeetcs B knetke? Yem OHW OTAMHAIOTCA APYr OT apyra? Kak o6b-

ACHWTL, 4TO Yncno Buaos TPHK GonbLue, 4em YMCNo BULOB aMUHOKMCIOT, BCTPEHAIOLLMXCS

B Genkax? [1a oTBeTa Mcnonb3yite puc. 86.

OxapakTepuayinte atanbl BuocuHTesa Genka B Knetke. Kak ceasaH BuocuHTes 6enka

G APYruMIn peakuMsiMi MaTpyyHOro CMHTe3a?

6. Kakum 06pa3om B KIETKEe CUHTE3UPYIOTCS OAHOBPEMEHHO HECKOMbKO MOJEKY/l OAHOro
n Toro xe Genka? Ons oTeeTta ucnonbaynte puc. 87.

7. Wcnonbays Tabnuuy reHetudeckoro koaa (tabn. 5), onpenenvre aMWHOKUCNOTHLIA CO-
cTaB ¢parmMeHTa NONMMENTUAHON Lenu, ecnu y4acTok reHa Ha monekyne OHK umeet
CNeaylouLyio NocieaoBaTenbHOCTs HYKNEeoTUAOB:

TATTATITATTATTIIITI TIITITTIIAATTTATITIIATT.

@
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§24. Perynsauua oGMeHHbIX NPOLECCOB B K/IETKe

BcnomuuTe, kakme oBMEHHbIE NPOLECcCH NPoTeKaloT B KneTke. B kakmx kne-
TOYHbIX OpraHoMaax OHW NoKanu3osaHbl? Kakum 06pa3om BHYTPUKIETOYHbIE
OOMeHHbIE NPOLECCH! CBA3aHbLI Mexay coboii?

Knerka coxpaHseT cBOIO cTaOHIBHOCTL B YCTOHIHBOCTE Osaromapsa AHHAMHYe-
CKOMY PaBHOBECHIO MY AAPOM M IUTOIIA3MOM, KIETKOH U OKPY:Kalomeil cpemgoi.
Perynsanus o6MeHHBIX OPONECCOR B KJIETKe IIPOUCXOIUT ABTOMATHYECKH W CBA3AHA
¢ MOJIeKyJaMu 0eJIKOB B HYKJIEWHOBBIX KHCJIOT.

Beaxn — ocnosa peryaanuu. Beixu sBasoTca 0CHOBOI peryisamum Bcex mpo-
LeCCOB JKU3HENeATeNILHOCTH KIeTKH. Belku-(hepMeHTH KaTaIu3upYIOT BCe PeaKkIIni
00MeHa BEeNIecTB; CTPOUTEIbHbIE OeJIKH ONpeNesaioT cuelndHuecKue 0COGEHHOCTH
KJIETKH, e€ (DOPMY; peryiaTopHblie 6K CTUMYJIUPYIOT WIH TOPMO3AT Peaan3aiiiio
unaopmanuu B JIHK, pabory kaeTku, TKaHH, opraHa, , HAKOHeIl, OPraHU3Ma B
nenaoM. B cymmuocTH, Bce 0COGEHHOCTH OpPraHM3Ma ONpeAeNATCA TEMH GeIKaMu,
KOTODbIe CHHTE3HDYIOTCHA B €ro KJIeTKAaX.

B MTHK xampoit kneTkn sakogupoBaHa uu(OpPMAaIHA 060 Bcex Geakax, Ko-
TOpbIe BXOJAT B €€ cocTaB. Y GaKTepHil HMeeTCsa BCEro HeCKOJILKO THICAY I'€HOB,
a y 4eJIoBeKa ux 0OoJiee OJHOT0 MHJIMApPAA. B KamIo# KIeTKe MHOTOKJIETOYHOTO
OpraHM3Ma COAEPIKUTCA OJMHAKOBBEIA HAGOD TeHOB, TeM He MeHee KJIETKH MHOTO-
KJIETOYHOTO OPraHM3Ma BechbMa pPasdHOOODa3HEI IO CTPYKTYPe H IO QYHKIHUAM,
B HUX CUHTE3NPYIOTCHA M HAKaILIWBAIOTCA PasiNuIHble Oeskn. UccienoBanna yusHEIX
[IOKa3aan, 4TO 3TO CBA3AHO He C morepeit wacTu reroB B [JHK npu auddepenmu-
POBKE KJIETOK, & C AKTMBHOCTBIO ONPE/eNEHHBIX IeHOB. [[0Ka3aTeIbCTBOM CJIYIKHAT
BOBMOZKHOCTD BBIDACTHTE M3 OJHOM KJIETKM OPraHM3Ma CAMOCTOATEIbHLIH OPraHusM,
MOJHOCTBIO MIEHTHYHLIH MCXOJHOMY MATEPHHCKOMY opranusmy. Hampumep, ua
KJIeTOK 0GpasoBaTesbHOM TKAaHH PACTEHMIl, KYJIbTHBHDYEMbIX HA MCKYCCTBEHHOI
OHTATeNbHOH cpese, MOXKHO IOIYYATh IOJHOIIEHHOEe B3pocioe pacTenue. I1o kakum
JKe TIPaBAJIaM B ONPEeIEHHOI KJIeTKe aKTHBH3HPYIOTCA Pa3IuyHEIe HAGOPHI reHoB?
KakoB MeXaHHM3M peryiIAamuH HX AKTHBHOCTH?

Peryasuus akTHBHOCTH reHos. Bnepsrle Ha 3TOT BOIPOC MOMBITAJHCH OT-
BeTuTh B 1961 r. dpannysckue yuénnie @pancya Haxob u Kax Jlocben
Momro. Ilposeas paj sKCIepHMEHTOB Ha DAKTEPHAX C IepecasKMBaHUEM MX
Ha pasHble UCKYCCTBEHHEBIE CPeJbl, OHM OOHADYKHJIH, 9TO CHHTE3 HEKOTOPHIX
GbepMeHTOB y OakTepuil MOKeT KaK MOAABIATHCHA, TAK U AKTHBU3HDPOBATHCSH
B 3aBHCHMOCTH OT YCJIOBHI OKDy)Kaiomleil cpefbl. YUéHbIE NPEANONOMKHIA CyIie-
CTBOBAHIE MEXaHI3MOB, BKIIOYAIONHX (AKTHBUPYIOIINX) H BHIKIIOUAOIIUX (perpec-
CHPYIOIIHUX) TeHbl. TAKMMH PeryJsATOpaMH MOTJIH OBITh TOJBKO Geakm. COrIacHo
runorese Haxkoba m Moro, B [IHK cymecTByioT aBa BHAA T'eHOB: cmMpyKmypHbsle
2€Hbl, KOTOPbIE ONPENENAIT CTPYKTYPY (PepPMEeHTOB MJIH APYTUX 0EJKOB ¢ pasiimd-
HOM (QYyHKOMe#, U pezyramopHbie zeHbl, OTBETCTBEHHBIE 33 CHHTE3 CIENUATbHBEIX
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peryaAaTopHbIX 6eIK0B, KOTODBIE CBA3aHHl HEIOCPeACTBEHHO ¢ IIHK u onpenendT
aKTMBHOCTh TOI'0 WJIM MHOTO y4acTKa.

TeH-PeryiATOP COAEPIKUT FeHeTHUeCcKyl0 WHGOpMaNuio 1A CHHTe3a Oeika-
peryJsTopa, KOTOPhIi BO3/IeHCTBYET Ha ONpe/ie/IEHHBIH YIaCTOK MOJEKYJIbI JTHEK —
onepamop. 3a OTEPATOPOM HAXOXMTCS 30HA CTPYKTYPHOrO I'eHa, HO AA PYHKIIHO-
HUPOBAHMA TOCIEAHEr0 HeOGX0AMMO CBA3bIBaHKE OesKa-peryiaTopa ¢ onepaTopom
wuian, HaobopoT, ocBOOOXKAEHWEe omeparopa OT DeaKa-peryisaropa. Yuacror JHE,
COCTOAIINIT M3 30HEI OIIEPATOPA 1 CTPYKTYPHOTO IeHa, HA3bIBAIOT 0NePOHOM (OT JIaT.
operor — paboraio, AeiicTByi0). Taxum 06pa3oM, GeJ0K-PeryIATOp Jepes B3aMMOZEH-
CTBHE C OIIEPATOPOM PYKOBOAMT paboroil Bcero onepona. MmeioTcs JaHHEIE O TOM,
gro Ha JIHK cyiiecTByeT crienuanbHasA 30HA, PACIOJIOKEHHAA PANOM C 0IIepaTopoM,
rae cesssiBaerca pepment PHEK-nonumepasa, ofecnedrHBalOIIUN NPONECC TPAHC-
KpUIOuu. JTa 3Ke 30HA OIpeJesideT, Ha KaKOi U3 Heleid M KAKOM ydJacTKe OHEK
6yner npoucxoauts cuutes PHE (puc. 88).

Benku-peryaaTopsl, Kak y:Ke ObLIO CKAa3aHO, OIPEeNIAI0T AKTHBHOCTE CTPYKTYP-
HBIX TEHOB, IPAYEM HHOT/A JJIA BKJIIOUEHK OJHOTO CTPYKTYPHOIO reHa HeoOXoAuMo
HECKOJbKO GeIKOB-PeryIaTopoB. Bo3MoKHO, B KJIETKe CYIIecTByeT PasBeTBIEHHAN
cucTeMa B3amMoaeiicTBUA GEIKOB, COTTIACHO KOTOPOH OLHM PeryJIATOPHEIE TeHbI JeH-
cTBYIOT Ha Apyrue. KoMOMHAIAA HECKOJIBKUX DEryIATOPHEIX 0EJKOB OCYINEeCTBIAeT
AKTUBATHAIO (MM TOPMOKEHHWE) CINTRIBAHUA HHMOPMAIIMH CO CTPYKTYPHBIX I'eHOB.
B mepBoM caydae JeiicTByeT 0ell0K-GKMUEAMop, BO BTOPOM — 0e/l0K-penpeccop.
OnHAKO He Bce PeryJaTOpHbIe 0elKu paBHBI 110 3HaduuMocTH. Mmeiores Takue Oe-
K11, KOTOPBIe KOODAMHUPYIOT PaboTy Ieoi CHCTeMEl TeHOB-PEeryaATOPOB OpraHa H
naxe mesoro opranuama (puc. 89). Hanpumep, oTCyTCTBHE OJHOT0-¢HHCTBEHHOTO
reHa — peryjATopa MY:KCKOI'O IIOJIOBOTO MOPMOHA TeCTOCTEePOHA — NIPHBOAHT K
TOMY, 9TO 3MOPHMOH ¢ MYXCKHM THUIIOM HACJIEACTBEHHONH HH(POPMAIUK PA3BHBAETCH
10 }XeHCKOMY THIIY U IPeBpaIlaeTcs B IMOYTH HOPMAJBHYIO KeHIHHY.

OrlJELPOH
HK - CTPYKTYpHLIE reHbl =
A l'eH-perynsaTop Onepatop 5 ] R ] &
7 i a : b : c 1

T T
AJV\@ Tpall-ICKerILLVIFI ‘
f\/\!f\f\ NVM PHK
@ ® Tpaxcnsums
! Moxet cBAzaTbcs
WAM HE CBA3ATLCH
Benok C ONepaTopom

Monekyna-penpeccop CVHTE3 NoNMNenTULOoR

Puc. 88. CxeMa OIepPOHHOI DeryJsIuy aKTHBHOCTH reHoB. I'mnoresa iakoba 1 Moxo.
Iudpamu yrasaHa HOCEI0BATEIBHOCTE COORITHI
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Puc. 89. Besok-peryIaTop KOHTPONHUPYET AKTHBHOCTD CPA3Y HECKOILKHX TeHOB

BuocunTes Genka cocTonT U3 paAna peaknuit, moaromy Ha nytu ot JJHK k benxy
KOHTPOJIb MOXKET OCYILECTBJIATLCA Ha J000M sTame. IlepBHYHBLINA KOHTPOIL CHHTE3a
0eJIKOB IIPOMCXOANT HA YPOBHE TPAHCKPHUIILMHY P YUYACTHH PEryIATOPHBIX GEIKOB.
Kpowme Toro, oH MOXKeT OCyIIECTBIATHLCA HA ATAle cospeBanua NPHK (cmnaiicurra),
rparcoopra PHE u3 ajnpa B muronnasmy, B npomecce TPaHCIALMH U, HAKOHEI, [10-
clie CHHTe3a OelKa IpH ero Mogu(pHKAIUH.

KEpome npamoii perynsmuu (B1usaanA OesIKa-peryisaTopa Ha CTPYKTYDPHEIH T'eH)
B KJeTKe OCYyIecTBIAeTCA H 00paTHasA Peryadlus — BIHAHHE CTPYKTYDHOrO Geka
MM IPOAYKTA, CHHTEe3 KOTOPOro KaTAJIM3NPYeT TaHHEIH 0eJIOK, Ha PeryJIATOPHLIH
Gemor. Tak, npu BO3pacTAaHHH KOHIEHTPAIAH KOHEUHOTO CHHTE3HPYEMOI'o npo-
AYKTa 3TO BellleCTBO MOJKET CBASLIBATHCA C PErYIATOPHBIM OeIKOM, KOTODEIL,
B CBOIO O4epens, 3abinokupyer cunres uPHK, a caegoBarenbHo, u cuHTEe3 Gelka.
B arom ciydae npoucxoguT HHTHOMPOBAHUE NPOIECCA CUMTHIBAHUSA MHMOPMALLAY
CO CTPYKTYPHBIX I'€HOB IO THIY OTPHIATeJbHOH o6paTHOM cBsasu (puc. 90),

PEI'YJIHI.(HH AKTHBHOCTH I'HOB Y 9¥yRKapHoT IIPpOHCXOIAHT CJIOMHEee, YeM Y OaxTe-
puii. Hapsany ¢ rennoii perynsnueii B OTAeIbHON KJIeTKe YV 3yKAPHOT CYIIECTBYIOT
PeryjasaTOpPHbBIE CHCTEMbI OPraHOB, OKA3BIBAIOIINX BIWAHME HA OPTAHHU3M B IIEJIOM.
Taxk, obpasyemsie B yesesax SHJOKPUHHON CHCTEMbI TOPMOHBI PA3HOCATCH ¢ KPOBBIO
II0 BCeMY Telly, peryaupydA cuaTe3 nPHK u 6enxoB B KIeTKax opraHoB-MHIIEHE .
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§ 24. Perynsauns 0OMeHHbIX NPOLECCOR B KNeTke .

Puc. 90. MexaauaM ABOHHOH PeryaalMK KJIeTOYHOro MeTaboausmMa (CIJIOLIHBIMHY JHHUAMHA
MOKa3aHa MPAMAA PEeryiAlus, OYHKTAPOM — 00paTHad CBA3b)

Kaerounstit romeocras. Ilponece peryasiiguu ZOBOJBHO CJI0XKEH H, HECOMHEHHO,
HAXOLHUTCHA [0 KOHTPOJIEM I€HEeTHUYEeCKOro annapara KieTku. MexaHU3M JBOHHOM
peryasinuy aKTHBHOCTH I'eHOB 00€CIeUYHMBAET B3aMMOLEHCTBHE COAEPIKUMOr0 ITH-
TOILJIASMBI, AApPa U BHeIIHe#H cpeabl. IIpu IOBBIINIEHUN KOHIEHTPAIIUN B KJIETKE
Kaxoro-nubo npoaykTa s3a cuéT obpaTHON CBASH HPOMCXOLUT OJIOKHMDOBaHHE Nalb-
HeWIIero CHETe3a, IPH MOHHKeHNH KOHIIeHTPAIIMM CHHTE3 MOYKeT BO300OHOBHTHCS.

PaccmoTpuM elllé OgWH IPHMep, CBA3AHHLIN ¢ udaMeHeHHeM KoaudecTBa ATD B
knerke. Konnenrpanua AT® nmopmep:xuBaeTca B KJIETKe HA ONpPeAeléHHOM YPOB-
He. Eé moHMiKeHHe CHYXKHUT CUTHAJIOM AJA (hepMEeHTOB, PaCIlelIA0IIHX IVIIK03Y.
CrpykTypa (hpepMeHTOB M3MeHseTCsd, H OHH aKTHBHM3Hpylorcsa. Haunnaerca akTHB-
HBII pacmaj rIK03sl, conpoBokaaonuiicsa cuaresoMm AT®, Iloka KieTka aKTHBHO
ucnoasdyer AT®, pacimensieHve rJOKO3bI B Hell mpojgoskaerca. Kak TOIbBKO ak-
THBHOCTh KJIETOYHBIX IIPOIECCOB NMOHMIKAETCHA WM IPpeKpallaercs, KOHIeHTPallua
AT®D pospacraer 40 YPOBHA HOPMBI U OJIOKHUPYET AeATENBHOCThH (hepMeHTOB, pac-
MIETJIAIONIUX B KJIETKe IJII0KO03Y.

KneTra coxpaHfAeT CBOIO CTAOMIBLHOCTE U YCTOMYHBOCTE 38 CUET JHHAMHYECKOTO
PABHOBECHA MEMXAY AIPOM M IIHTONJIA3MOM, KJIeTKOH B IIeJIOM M BHEIIHeH cpemoi.
T'omeocTraTHuecKkue MeXaHM3MEI B KJIeTKe pa3Hoo0pas3Hbl: aT0 U OyhepHble CHCTEMEI,
noAAeP:XKHUBAIOIIHe ITOCTOAHCTBO PH cpenbl, W omepoHHAA PeryiaAlldd IPOIECCOB
CHHTe3a BellleCcTB, U H3MeHEHHEe KOHIeHTPAaAIlMKH BEIleCTB B KJETKe, H BJIHAHNE
ropMoHOB. Ha KJIeTOYHOM YpPOBHE 5TH MeXaHH3MEI PaboTalT cla)KeHHO, 4To obec-
NeYnBaeT YCJIOBHUSA JJIA CYIIECTBOBAHMUA KJETKH KaK IeJJOCTHOH OMOCHCTEMEI.

TI'enwl: empyxmypHete, pezyaimopHsle; ONepamop; onepon; 0enoK-aKmueamop;
Oenok-penpeccop.



fnmasa 5. OBMEH BELLECTB W NPEBPALLEHMWE 3HEPIMMW B KJIETKE

Bonpocbkl U 3agaHna

1. Kakue aga Tvna 6enkoB No xapakTepy AeATeNbHOCTU CUHTE3UPYIOTCH B KneTke? B yém
ux OCHoBHOe oTnnyue? MNpuBeanTe NpUMepsl.

2. Kak npoucxoauT perynauvsa AesTensHOCTU KIeTKM Ha YPOBHE NPOoLecca TPaHCKpUnumin?
OTBEeT NPOVANIOCTPUPYITE COOTBETCTBYIOLLEA CXEMO.

3. PackpoiTe cogepxaHue Cneaylolmx NOHATUIA: PErynaTOPHLIA reH, CTPYKTYPHbIA reH,
oneparop, onepoH, 6enok-akTueatop, 6enok-penpeccop.

4., B 4ém cMmbicn perynaummn 0OMeHHbIX NPOoLEcCcoB B kneTke?

5. Kakume cuctembl, NOAAEPXMBAOWME KNETOYHbLIM roMeocTas, BaM U3BecTHbI? B 4éMm ux
ocoberHHocTU? KakoBa pofib rOMEoCTaTUMECKMX MEXaHW3MOB B KNeTke?

BbIBOAbI NO MNABE 5

OcHOBOH XH3HeAeATEIBHOCTH KJIETKH CIYKHT 00MeH BeIecTB M IIPeBpalleHHe
sHeprun. OH COCTOMUT U3 JBYX B3aMMOCBABAHHBIX M MPOTHBONOJOMKHEIX IIPOIECCOB —
ACCHUMMJIANNUN H JUCCHUMMIAINU. B nponecce JUCCHMUIIAINY IPOUCXOAUT PacIaj
OpPraHWYeCKHX BeIllecTB, 4 BhIJEJIUBINANCH MDA 3TOM 3HEPI'Us YACTHYHO 3aI1ACAETCs
B Mosaekynax AT®, a yacTU4HO Bhlje/isgeTcd B BuAe Temuaa. [Ipu acCUMUIALHE
unérT odpaTHBIN npouecc — cHHTe3 BemecTs 3a cuéT aHepruu ATD. IlepBuusbiii
CHHTE3 OPraHUYeCKHX BEII[eCTB IPOUCXOAUT B IIpoiecce (DOTOCHHTE3a, B PE3yIbTaTe
KOTOPOT'0 COJHEYHASA JHEPrud NepPexXOiUT B XMMHUUYECKYI0 S9HEPrui0 OPraHuyecKux
BemiecTB. Bece peaknuu, OpoTeKamIlie B KIeTKe, KATATU3UDYIOTCA GepMeHTaMH.

B IHK zakommpoBana mHMpopManua o cTpykrype PHK u Genxos. X cuHTe3
OCYILeCTBJISIETCA B IIPOIlecCe MAaTPHYHEIX peakinuii. CrenuduaEOCTE CTPYKTYPHI Oet-
KOB CBf3aHa C TeHeTHYEeCKHM KOJ0M, KOTODEIH XapaKkTepU3upyeTcs ONpefe e HHEIMH
cBoiicTBaMH. B KileTKe HMeIOTCH PeryjJATOPHEIe M CTPYKTYPHBIE MeHbl. AKTUBHOCTb
TeHOB peryJupyercs OyTEM BO3JeilcTBUA GeJIKOB-PeryJIaTOpOB.

PerynaTopHEle reHbl 00eCIIEYNBAIOT PEATH3AIMIO cIelH(pUIeCKOH reHeTHYeCKOH
uHGOPMALMH B KaK/I0il KOHKpeTHOH KiaeTke. KieTka coxpaHser ¢BOK cTabMIBHOCTh
¥ YCTOMYHMBOCTE 34 CUET AMHAMHYECKOTI'0 PABHOBECHUA MEMXAY €€ ApoM U IUTOILIA3-
moit. Ha KJ1eTOYHOM ypOBHe NPOMCXOAMT CAMOpPeryJadanusa ¥ QYHKIHOHHPOBAHUE
KJIETKH KaK IeJI0CTHOI HHOoCHCTeMEI.

Tembl noknanoe, pedeparoB U NPOEKTOB

1. O6meH BeLwecTB U NpespalleHne 3HEPrMU — OCHOBA XU3HW.

2. GepmeHTbl U PEepMEHTaTUBHLIE peakLuu.

3. MHxeHepHasa 3H3UMONOrns.

4. GOTOCUHTE3 N €ro 3Ha4YeHne ANs XU3HW Ha 3emne.

5. MpoaykTuBHOCTE HOTOCKHTESA W CrOCO6LI €€ NOBLILLEHWUS.

6. CybcTpaTthl aHepreTuyeckoro obMeHa: B3anMOCBA3bL U Perynsauus.
7. Peakunu MaTpuy4HOro cuHTeaa.

8. WckyccTBeHHbIM BuocuHTes Genka.

9. KnetouHbll roMeocTas u ero MexaHnuambl.
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§ 25. KneTouHblid UMK ¥ ero nepuoasi 39
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§25. KneTto4Hbii LMKN U ero nepuoabi

5 PaccmoTpuTe puc. 91. Kakue npouecchl B KNeTKe A0XHbI NpealecTsoBath
2 eé genenmio? Kakue BelecTea UCNONbL3YIOTCS B 3TUX Npoueccax?

JKUBHeHHBIH OHKJI — COBOKYIHOCTE BeeX (a3 pasBUTHA, NPOHUAA KOTODHIE
KJIeTKa WIH OPraHW3M JOCTHIAIOT 3PEJIOCTH M CIOCOOHBI AaTh HAYAJIO CJIeAYIOIe-
My TOKOIeHH0. HempepuIBHOCTH 3KH3HH 00ecIeunBaeTCA NyTEM YABOGHHSA KIIETKHI
M IepefauyH HACTEACTBeHHOH MHMOPMALMH OT HMCXOJHOH MATePHHCKOH NOYEPHHM
rierkaMm. OT MOMeHTa OpeAbIAYIIEro 40 MOMEHTA IMOCAeAYIOIIEero AeJleHHA B KJIeTKe
NPOMCXOAUT PAJ COOLITHII, oDeclleunBalOIINX €€ POCT, Pa3BUTHE U Pa3MHOMKEHHe.

Knerounsrii muka. Ilepuos sxusHeIeATeILHOCTH KJIETKH OT MOMEHTa €€ BO3-
HHUKHOBEHHA 10 MOMEHTA JleJIeHH:A Ha JBe JOYePHUe KIeTKH Ha3bIBaIOT KAEeMOLHbLM
yuraom. KneToussiil MUKJ COCTORT U3 HETePdhashl — IepHo/ MOATOTOBKH K JeIeHNI0
u cobereenHo menenud (puc. 91).

BajxHas pPoJb B KJIETOYHOM LHMKJe IPUHANIEKHT XpoMocomaMm. OHKM He TOJIBKO
OCYIIECTBIAIT PEry/AIMHIO BceX OOMEeHHBIX IIPOLIECCOB B KJIeTKe, HO U 00ecleduBaT
nepefavy HacleICTBEHHOH HH(DOPMAIMHU OT OJHOr'O MOKOJEeHHA KJIETOK M OPraHM3MOB
K Jpyromy. ¥IBOEHHE MHOTHX KOMIIOHEH-
TOB KJIEeTKH He TpedyeT TOYHOT0 KOHTPOJIA.
Bceé comep:RuMoe KJIeTKH U e€ OPraHOM/Ibl B
nepvo KJeTOYHOT'O HHKJIA YBEeJIUYHBAKTCA
npubIN3UTEeJLHO BIBOE, a 3aTeM IIPH Je-
JIeHUH pacnpeensioTca Ooiee Wian MeHee
PaBHOMEPHO MEKy ABYMSA HOBBIMH J0Uep-
HEMH KJeTKaMu. CKIoueEHeM ABIAIOTCH
mosrexyiel JITHK: oHM ZOXKHEBL YIBOHTHCA W
COBEPIIIEHHO TOYHO PACIPEIeIUTHCH MEXIY
BHOBbL 00pasyoImuMucA KieTKaMmu, [lns
9TOT0 B KJIeTKEe MMEeHTCdA cHelHajibHbIe
MeXaHM3MEI, KOTOPble MBI PACCMOTPHUM B
caenyiomem naparpade.

HpOlIOJI?RHTeJIBHOCTL KJI€eTOYHBIX ITH-
KJIOB B Pa3HBIX TKAHAX JaXKe y OJHOTO U
TOI'O e OpraHu3Ma pas3j/iIMyHa U IMIHPOKO
BapeupyeT. OHA MOKeT OBITh MEHBIIEe OJHO-

Puc. 91. Knerounsiili nuki: I — uETED-
I'0 yaca B Apo0AIIHXCA KJIeTKaX aMOPUOHOB hasa: G, — NpecHHTETHUECKHH NePHOZ,

[IO3BOHOYHEIX JKUBOTHEIX, 4 MOKET COCTAB- S — cuHTeTHUYeCKuUil IepUOS,
JATE W HeJbll TOJ, HAIPpUMED B KJIETKax G, — HOCTCHHTeTHYECKHi TePHO;
HeueHH B3pOCJIOro uenosexa (rabiu. 6). II — penenne (Muros — M)
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Ta6auya 6
IIpomonkuTe IbHOCT MEPHOKOR KJISTOYHOTO IMKIA ¥ PA3HBIX KJIETOK
IIponoaxuTE ILHOCTE, 4
Tkanms u oprar
uHTEephassl NeeHH T

dnuTrenuii TOHKOH KWITKH MBIIIH 12—18 0,5—1
dnuTeani TOJCTOH KHIIKHM MBITITH 11 3
Kopemoxk koHcKoro 6oda 25 0,5

Hutepdasza. YacTs KI€TOYHOr0 MMKIA MeXKAY ABYMSA IOCIEeL0BATEILHBEIMU
AeneHUAMEI HA3BIBAWOT uknmeppasoil (oT nar. inter — Mex Ay u rped. phasis — no-
asnenue). OHa XapakTepusyeTcs aKTHBHBIME IIpolleccaMH 0OMeHA BeIleCTB, CHH-
Te3oM 0eJIKOB, HYKJIEMHOBEIX KHCJIOT, YIJIEBOJAOR, TUITHA0B, HAKOIJIEHHEM KJIETKOM
OHTATENbHBIX BEIECTB, VBeJWUYEeHHEM KOJIHMYEeCTBA BCeX €6 OpPraHOMJ0B, POCTOM M
yBeJIH4YeHHeM 00'bEéMa IMTOIIA3MEI.

B mnTepdase (/) pasnngaioT TpH mocIeL0BaTeIbHLIX Teproaa (cM. puc. 91): mpe-
CHHTETHYECKHH — (,, CHHTeTHYECKHH — S, IOCTCHHTEeTHUECKHI — Gz. Paccmorpum
cOOBITHS, KOTOPBIE IIPOMCXOAAT B KaKIbIH M3 MIepHOA0B HHTepdassl.

IIpecunmemuyeckuil nepuod (G,) XapakTepH3yeTcsa HHTEHCHBHBIME IPOIECCAMU
obmena BemecTB. B KieTke yBeJMYHBAeTCH KOJIHUYECTEO OPPaHOMIOB — XJIOPO-
IJIACTOB, MUTOXOH/JDHI, JTH30COM, BaKyoJeil ¢ KIeTOYHLEIM COKOM H T. A. B sape
aKTHBHO CHHTe3HpyioTcA Bee BuAel PHK, B agpeimke ofpasyiores u cobuparorces
pubocombl. IIpoMCXOANUT HHTEHCUBHBIN POCT KJIETKH.

Cunmemuuecrkuit nepuod (S) HacTynaer rae-To B cepeluHe WHTepdAassl H Xa-
pakTepuayercsa camoyaBanBaHueM [IHK — pennuranueit. Ecan no savana cuHTe-
THYECKOTO IepHOoJa KajKJaada XpoMocoMa cocToAla U3 ogHoi Mmonekynsl [THK, To B
KOHIIE 3TOr0 MePHOJa OHA yKe COCTOMT M3 JBYX HAeHTHYHBIX Moaerya JHE, T. e.
H3 ABYX CECTPHHCKHX XPOMAaTHJ.

ITocmeunmemuveckuil nepuod (G,) HempogoxHTeIeH. B 9T0 Bpems TaksKe ocy-
IIeCTBIAETCA UHTEHCHUBHBIH OMOCHHTE3 BEINECTB, YBEJIHYHUBAETCH dHEPreTHYeCKHi
3amac KJeTKH 3a cuér cuHTesa ATD. VBernuuBaeTcd UHCIO OPraHOMAOB KJIETKH,
VABaMBAIOTCA IIEHTPHOJIM B KIETOYHOM IeHTpe. KileTKa moaroTapIMBaeTcda K JelleHHIO,

IIpomonxurenbHOCTS HHEHTEP(A3E! 3aBUCUT OT THIIA KJIETOK H B CPDEJIHEM COCTAaB-
naer He MeHee 90 % or 00mIero BpeMeHH KJIETOUYHOTO IHMKIA. DTO BpeMs Yallle BCero
3aBHCHT OT IPECHMHTETUYECKOTO IIePHOJA, NJIUTEJHLHOCTE KOTOPOro BAPLUPYeTCS B
OYeHb ITHPOKHX IpeAesaX. ITOT IePHOJ B KJIETOYHOM IIHKJE MOMKET IPAKTHYEeCKH
OTCYTCTBOBATL, KOIZla KJIETKH JenaTcd OBICTPO, HAIPUMED IPH APOOJIeHUY 3UTOTHL.
Ho moxxer npogonkaTbesa 3HAYUTEIBHOE BPeMs, IOUTH BCIO sKU3HL opragusma. Tax,
HEPBHBIE KJIETKH I'OJOBHOTO MO3ra ¥ B3DOCJIOr0 YeJ0BEeKa HAXOLATCA B IIPECHHTE-
THUYECKOM ITepHoJle HHTep(haskl BCIO KU3HL U Oojiee He IeIsATCH.
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§ 26. MaTpunuHbiA cuHTes OHK

Kaemounwiit yura; unmepgasza (I); nepuods. unmepghasei: npecunmemuieckuil
(G,), cunmemuueckuii (S), nocmecunmemuveckuir (G,).

Bonpocskl n 3apaHna

1. Ha30BuTE OCHOBHbLIE MEPUOLI KIETOYHOro Lukna. Kakosa ux nocnenoBaTensHOCTb?

2. W3 kakux nepuopoB COCTOUT WMHTepdasa? B kakom eé nepuofe npoucxoguT rmnaesHoe
cobbiThe B kKNeTke? OBbACHMTE, NOYEMY €ro CHMUTAIOT MaBHbIM.

3. CpaBHuTe gaHHbie, npuBeaéHHbLIe B Tabn. 6, n coenainTe BbIBOA, O NPOAOIXUTENBHOCTH
KJIETOYHOro UMkna y pasHbix knetok. OT 4ero oHa 3asucuT?

4. O6was macca Bcex monekyn [JHK B 46 xpoMocomMax 0gHOM COMATUHECKON KNeTKM Heno-
Beka coctaensaer 6:10°° Mmr. Hemy paBHa macca scex monekyn JHK B npecuHTeTn4eckuin
M B NOCTCUHTETUHECKUIA nepuoabl? Bnarogapsa Yemy oHa uameHseTca?

5. OxapakTepu3yiTe NpoLuecChl, MPOTeKaLnMe B Kaxablii U3 Nnepmoaos nHtepdgassbl.
MepeyepTuTe B TETPAAL W 3anonHUTE Tabnuuy.

Hurepdasa u eé mepHoasl

Ilepuon IIpoucxonamue cOOBITHI IIpomoEHTENEHOCTH

§26. MaTtpu4Hbii cuHTe3 [ HK

) BcnomHuTe, B 4EM 3aKNi04aeTCs NPUHLUMN KOMMneMeHTapHocTu. Kakue Hy-
= kneotuabl B monekyne JHK komnnemeHTapHsl apyr apyry? Npu nomoLy Kakux
CBA3EW HYKNeoTuapl COeAVHRAIOTCS B ABOWHYIO cnvpanb Monekynbl OHK?

B cunTeTHueckuil mepuos MHTepP(}hA3HEI IPOUCXOAHAT BarkHeHIee cobbITHE KJie-
TOYHOTO IWKJA, CBA3AHHOE C IPOIECCOM CAMOBOCHPOU3BEAEHUS MAaKPOMOJEKYJ
HYKJEHHOBBIX KHCIOT, KOTOPHIH ofecrieunBaeT TOYHOE KOMHUPOBaAHNE TeHeTHYeCcKo#n
uuadopMaLuK U Hepefady e€ 0T MATEPUHCKON KJIeTKH JOYePHUM KJIETKAM IIPH I0-
clefyrolieM AejeHud. PaccMOTpUM 3TOT TIPOLECe MOAPOOHO.

puanune: permuranun [THK. IIponece camoyasoenus: [IHK, oGecrieunsatonmii
TOYHOEe KOIIMPOBAHWE PeHeTHUUYeCKOM MHGOpMANUN B KJIETKe, HA3bIBAIT Penjuka-
yueil (ot nar. replicatio — noBTOpeHHe) HIH pedynaurayueil. B ero ocHOBe JekKar
CJenYIONIHe IPUHITHIIBI.

1. Komnaemenmapuocms. Kaxnasa mens moneryasl [JHK comep:kuT mocaeno-
BATEJBLHOCTE HYKJIEOTHZOB, B TOYHOCTH KOMILJIEMEHTAPHYIO [IOCIEL0BATEILHOCTH
HYKJEOTHIOB APYIOoi Henu. 3HAUUT, Iensb A ABIAETCA MAOI0OHOM IS CHHTE3a IenH
A’, a mens A’ — mabJo0HOM I8 cHHTe3a mernu A.

2. IToayroncepsamueaHwiii cunmes. Ecnu pasgennrts nenu A u A’ ogHolt Mone-
kyasl JHEK, To kaxaas U3 HUX OyZeT CIOy:KUTh MaTPUIER IJ8 CHHTe3a COOTBET-
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CTBYHOIIEH Hemocrawiuei menu. Hoswle
mosexryasl [THK 6yayTr cogeparts onHy
HOBYIO H OJHY HMCXOJHYI) MATEPHUHCKYIO
nens JJTHE. [IBe goyepHMe MOJEKYJIEI
JHK moaHOCTBI0 HAeHTHYHBI MCXOLHOM
MaTepuHCKO# (puc. 92).
3. AumunapaanenvHocmy. [IBe nenu
B moaekyae JHK aETHnapajiielbHb.
ITO 3HAYHT, YTO YV HYKJIEOTHIA B HaUaJe
ONHOH IIeTTM HAaXOAUTCA OCTATOK Je30K-
cupubo3sl co cBOOOHON T'MAPOKCHIAHOMH
rpyuanoit (—OH) y 3’-aroma yriepoza, a
Y KOMILJIEMEHTAPHOI0 €My HYKJIeOTHa
B HauaJjie APYroi menu HAXOJUTCA OCTa-
TOK (hocopHOI KHUCIOTEI, COETUHEHHBIH
¢ 5-aToMOM yriepoja Ae30KCHPHOO3BI.
CooTBeTCTBEHHO, I€pBadA IEellb 3aKaHYH-
BaeTcA HYKJIEOTHIOM ¢ 5'-KOHIIOM, a BTO-
pas menb — HYKJEOTHAOM C 3'-KOHIIOM.
4. Yennounwvtllt cunmes. PepmMeHT
AHEK-noaumepasa, obecnedynBaOmMui
cuHTesd HoBOo#M nenu [JHK ma marpume
HMCXOJHOM IIeNH, COeIHHAET HYKJIEOTHIBI
TOJILKO B HAIIPABJIEHUH OT 5'-HYKJIEOTHIA
Puc. 92. IlosyKoHCEPBATHBHEIN CHHTE3 K 3’-mykieoruny. IlosroMy cuHTe3 Ha
mosexybl IHK. Kpacueiv npetom 0603Ha-  ommoit nemu uaeT HelpepsIBHO, 4 Ha IPYTOi
JeHBl MaTepuHCKHe nenu monexyasl JJTHE; dparMenTaMy B OGPATHOM HAIPABICHUH.
I‘OJIyﬁI:IM OBETOM — HOBBIE JOUYEepHHEe HenHn 38TeM CbpaI‘MEHTH COEIUHSAIOTCH MEXR LY
monexyasl [JTHE i
o000 B HeIpepheIBHYIO Henk (puc. 93, I).
Mexamusm permmnkanun JJHE. Ilpo-
necc penyinkanuu moaekya [JHK mporekaer B TpH mocjefoBaTeJbHBIE CTATHH.
Ilepsas cragma — unuyuayus. Pennukanusa monexkynsl [JTHK Haummaercs c
pasbejHHEeHUd JBOMHOH CIIMPAJIH C OJHOTO KOHIA, IPHYEM IIPOIEece HAET YacTAMH,
¢parmenrapro. B peayisrare 06pasyercs peniuKayuonias éuaka. Peakmus mnpo-
HCXOJHUT B OPUCYTCTBHU HECKOJBKHX GenKoBbIX (akTopoB. [[Be menmu B Moaeky.e
JOHK cBfizaHBI AOCTATOYHO IIPOYHO, MO3TOMY AJIA HX PA3BEIUHEHHS HeOOXOMMMBbI
cuenuaabHble benkn. OEM OBIBAIOT HECKOJbKHX THUIOB. BeJKH oXHOro THIIA, mepe-
Memasck o morexysae JJHK, paspymaioT BogopoAHBIE CBA3H MEXKAY KOMILIEMeH-
TapHBIMH OCHOBAHHMAMHM, PACILIeTasl JBOMHYIO CIHMPAIb.
Benxu gpyroro Tuna npexoTBPAILIAIOT IOBTOPHOE COeIMHEHHE ABYX Lieneii, obec-
neyuBaloT 3QHeKTHBHOCTE AeficTBuA GeJKOB MepBOro THIIA, 4 TAKMKe BBEIIPAMISIOT
opuuouHkle Nenu [JHK u obecneunBaoT npoasuxenue [[HE-nmonumepassr.
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Puc. 93. Penmukanua [THK. I — pemnmkanuonsas sunka: I — JTHK-pacmaeraromuit 6e-
oK, 2 — THK-ceaseiBaomuit 6enok, 3 — depment [[THK-nomimepasza; II — cunres JTHE
HA BeIylied W OTCTAIIIEH HelnAx (CTPeJKaMy II0Ka3aHOo HalpaB/ieHHe CHHTe3a H Iepeme-
menne JTHK-nosmMepassl; NpepHIBECTBIMHE CTPEJIKAMH IoKasaH cuaTe3 dparmentos J[HK)

Bropas cragus — aaonzayusa. Ha 9T0il cTafuy IPOMCXOJUT COOCTBEHHO CHHTE3
IOHEK. ITo npuHIHNy KOMILIeMeHTapHOoCTH Ha kKaxjoi us memeit [IHK BeicTpamBa-
1oTca HyKJaeotuasl. Camoxkonupyroniuii depmert [JHK-noanmepasa, nepeisurasach
110 PeIIMKAIAOHHON BUJIKE, COeUHAET MeXX Ay co00il HyKJIeOTH bl B HAlPaBIeHAHN
5" — 3’. Tak kax mernu [JHK amTumapannensHbl, TO, LOHAA N0 Hayajla pPeNJIHKAa-
IIMOHHOH BHIKH, (DepMeHT KaK 6bl ocramasausaercsa. [lo apyroit nenu [JTHK B 06-
PaTHOM HAIPABJEHUM ABHKeTcHa apyras moiexyna (epmenrta [JHK-nmoaumepassl,
U CUHTe3upyercs Auins ¢gparMedT HoBo# nenu (puc. 93, II).

3arem JTHK-cBaseBawmui 6e0K ImepeiBUraeTcsi BEIIIE, PACILIETAS MOJIEKYILY
OHEK nansute. ITo nepsoii menu epmenT nepeasuraercs gajee, IpPoAoJIKaA CHHTE3
¢ mOcJeNHero HykJeotuaa. Ha Apyroi menw oT Hadyala PeNIMKANHMOHHOM BHIKHK
CHHTEe3upyeTcs B o0paTHOM HampaBJeHWH HOBHIH (parmMeHT. PennmranmoHHas
BHJIKA OKasbIBaeTcsa HecuMMerpuuHoi. OxHa m3 nouepHux neneil JTHE (Bexymasn)
CTPOHTCSI HelIpepBIBHO, a Apyras (orcrarllas) — CHHTe3HpyeTcd IPephIBHCTO,
B BHJE OTJEJbHEIX ()PAarMeHTOB, KOTOPhIE COEJUHANITCA IPYT C JPYTOM IIO33Ke,
TOJMBKO TOCJEe CHHTe3a cienyomux dparmentor [[THEK.

Kommposauue monexynsl [ITHK mponcxoguT ¢ BEICOKOH TOYHOCTHIO. B cpegaem
Ha Kaxgele 1-10° KoMmIeMeHTapHBIX NAP HYKJIEOTHIOB, 00Da3yIOIIHXCA B XOXe
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pPeILIMKanHU, OPUXOAUTCH OAHA OmHKOKa. JTH OmHOKKM YCTPAHATCA 0COOBIMH
KOPPeKTHPYIOIMUMHE OeJKaMH, KOTOpPble PACIO3HAIT U YAAJAIT HelpaBUJIbHEIE
HYKJIEOTH]BI B CHHTe3upoBaHHEIX menax [THK.

Tpetssa, 3aBepmaloiiasa cragusa — mepmunayus. C BHOBL CHHTE3HPOBAHHBIX
mosekyn [JHK cEmmaroTcsa Bce GeqKoBBIe GaKTopbl, depmenthl. [IBe moueprme
monexkyasl [JHK cnmpamusyiooTcs U npuobpeTarT COOTBETCTBYOIIYI0O BTOPHUHYIO
cTpyKTYpY. IIponecc curTesa [THK okoHUeH.

B pennuramuu [THK, xpome ocroBHOrO epmenta [JHK-monuMepassl, IpUHM-
MalT y4acTHe MHOTHe Apyrue Geaku-hepmenTsl. OHN o0ecleunBaIOT COeAUHEHHE
¢dparMeHTOB, yAaJeHNHe OMHUO0OUHBIX HYKJIEOTH0B, CINPAJINA3AIIUI0 BHOBE CHHTE3H-
POBaHHBIX y4acTKOB. TOYHOCTE KOTHPOBAHKA JIEKHT B OCHOBE IPaBUJIBHOCTH IIepe-
Jayy HacleJCTBeHHOW MHGOPMAIIMHM OT MaTeDHHCKOH KJIETKH JOUYeDHHM KJIEeTKAaM.
Becs nponece pennukanuu odecrnieunBaercs snepruein ATD,

Penaurxayus (pedynaurayus ); NPUHYUNLL PENAUKAYUU: KOMNAEMEHMAPHOCTMb,
NOAYKOHCEPBAMUBHBLI CUHMES, AHMUNAPAANLEIbHOCTMb, YeAHOYHbLI CUHMEe3;
HE-noaumepasa; peniukayuoHHas UIKaA; cmaduu PenauKayul: WHULUAYLA,
INOHZAYUA, MEPMUHAUUA.

BOI'IPOCbI W 3apaHunAa

1. Onuwute npouecc pennunkaumm JHK. Moyemy cuHtes monexynsl OHK noér ¢pparmen-
TapHo, a He UEeNMKOM No BCen anuvHe?

2. Kakon ¢epmeHT yyacTByeT B CUHTEe3e go4vepHux uenen JHK?

3. MMoctpoiite BTOpYO Lens [HK, ecnv nepeas uenb MMeeT CneayioLyio nocneaosarens-
HOCTb HykneoTuaos: LTTAAUALILIMT TUATTULITTLLAATTT.

4. Wcnonb3ys OONOMHUTENBHYID MHGOPMaUMIO, OTBETLTE HA BONPOC: KAKUM METOAO0M yaa-
NOCb [OKa3aTb NONYKOHCEPBATUBHbLIA NPUHLMN pennukauun?

HdononnurensHas nHpopmaunus

Mogens moneryasl JHE, npepnoxennasa Ixx. Yorconom u P. KpurkoM, nopoguia
OeIyi0 CEPHI0 SKCIEePHMEHTOB IO BHIACHEHHIO MexXaHHW3Ma eé perummkanuun. HawmbGosee
yOeauTeNbHBIE JaHHBIE OBLIM HpejacTaBaedbl B 1958 r. yuéanivu M. MesesicoHOM u
@. Cranem. B nponecce akcnepuMeHTa OBLTH BEIABUHYTH TPH I'HIoTessl (puc. 94).

1. KoHncepsamuenasa penaurayus. [IBynenoueunaa moxexynaa [JHE cayxur mart-
puIei mia cuaTe3a Hopoit monekyasr [ITHEK, T. e. vopaa [JHK asadercda moxHO#H Komued
MCXOAHOH MaTepMHCKOH moneryasl [THE.

2. Hoayroncepsamuenaa penaurayus. Ha Kama0i nenn nexonHoi Monexyas: [THEK
CHHTE3MPYEeTCsI BTOpasi, HeJ0CTAIOINasA ek I0 IPHHINIY KoMILIeMeHTapEOoCcTH. Kamnasa
wosasa [JHK cocrout us ogHOM HCXoxHOME H ogHOH HoBo# nenu [ITHK.

3. @pazmenmapras penaurkayus. Monexyna [JHK pacnagaerca Ha KOpoTKHe (hpar-
MEHTBI, KOTOPbIe HCIOJB3VIOTCA B KAaUeCTBe MATPHIBI AJA AOCTPOMKH HeJZOCTAIOIIHX
dparmenToB HoBEIX Moxerysn [THEK.
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Puc. 94. Wnmoctpanua runores nponecca pemankanau JHE (I): I — xoncepsaTuBHAA;
2 — monykoHcepsaTuBHAA; 3 — dparmenrapHad. Peayasrar neHTpHOYIMPOBAHAA MOJIEKYJI
JTHE 6axrepuii kumegnoi nanouru (Escherichia coli) (II)

B xauecTBe 00beKTa SKCIEPHUMEHTA HCIOJb30BAIH DAKTEPHIO KHIIEYHON MalouKH
Escherichia coli, B k1eTke KOTOpoil cogep:xutcsa Beero onHa Moneryna JHE. na nox-
TBep K IeHNA IPABUILHOCTH OHON U3 runoTes 6aKTePHH BLIPAI|MBAINCE HA THTATEIbHON
cpefe, colepiKamieil paguMoakTHBHBINA maoron asora “N. Yepes HECKOJBKO IOKOJIEHHN
IHK scex 6akTepmii comep:kamu uzorom °N.

MeTtomom nenatTpudyruposanus aTd [JHK Ob11H BEIZIESIEHBI U3 KJIETOK B BHIE OT/AENb-
HOH ()pakIuH, 4To AOKasuBaso ciaeayiomee: [IHE Bcex GakTepuii UMEIOT OJHHAKOBBIN
M30TONHLIN cocras. Janee 6axrepuu, cogep:xamue B [JTHK Tomsxo usoron PN, 6bliu
IepeHeceHbl HAa MHTATENILHYIO Cpeay ¢ obnuHbIM usorornoMm asora “N. Ilocme mepsoro
nenenna OBLIO mpoBeneHo nenTpudyruposanune [JHK HoBOro mokonenusa Gaxrepwi,
KOTOpOe IOKAa3aJI0, YTO 3TH MOJeKYJsl cojep:xanu azor “N u ®N. OgHaxko HOBble MO-
nexyasl [IHK HeBo3aMOXHO 6BLLI0 paszfienwTh 110 Macce Ha ¢paxnuu. CinenorarennHo,
oba ma3oTona Haxomuauch B ogHol monekyae JIHK. ITepsas rumoresa 0 KOHCEPBATHBHOM
pemnukanuu JHK y OakTepuil Oblyia OTBEPrHYTA, TAK KAaK OTCYTCTBOBAJM OTHAEJILHBIE
dpaxouu THK “N u [THK °N.

12 IPOBEPKH IBYX OCTABITHXCA M'MIIOTE3 — MOJIYKOHCEPBATHBHOM U (hparMeHTapHON
pernukanuy — ObLIm mccnenosansl [JHK Tperhero mokosienus daxrepuii. Ux ynanocs
pasaennuTs Ha gse gpakmuu: THE (“N) m JTHK (“N/'*N). Tak ornajia TpeThbd BEePCHA
o ¢pparmenraproil permkanuu JHEK, rax xax no sroit Bepcun HoBwle [ITHK raxoke
IO HBI OBLIN COAEPIKATh TONBKO CMech M30TOIMOB N /15N,
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§27. Xpomocombl. XpoMOCOMHBII1 HaBop KneTkn

3 BcnomuuTe, M3 Kakux OpraHU4eckux BELEeCTB COCTOAT XPOMOCOMbI. B Kakom
> opraHouge KNeTku pacrnonoxeHsl XpOMOCOMbI?

Baknas posb B JKH3HEHHOM ILUKJE KIETKH TPUHALIEKHT Xpomocomanm (or
rped. chroma — usetr m soma — Teno) — xKommiaexkcam moxexkyn JTHK u Geaxos.
BonbpmuHECTBO XpoMocoM B HHTepdAase UMeT BUJ TOHKHX HHTEH, UTO JEIaeT X
HeBHAMMBIMH. [Tocre penTMKamuH Ka)as XPOMOCOMA COCTOHT M3 JBYX MOJEKYJI
IHE, koTopsle cnupamIns3upyOTes, COAUHAIOTCA ¢ GeTKaMy 1 IpHOOPeTAIOT Y6TKIe,
XOPpOIIIO 3aMeTHBIE (POPMBEI.

Crpoenne xpomocom. Mayuenne XpoMocoM 5YKapHOTHBIX KJIETOK IIOKA3AI0, 9TO
OHM COCTOAT U3 AJMUHHBEIX HUTell Mosekys [THK u 6enkos. B mpokapHoTHOH KieTKe
COJIEPIKHTCA TOJBKO OJHA KoabmeBaa mojaeryiaa JITHK, He cBasanmas ¢ Gelxamu.
TToaTomy, cTporo rogops, eé Helb3s HABBATHL XPOMOCOMOH. DT0O HYKJIEOTHI.

Ecau 681 ynanock pacranyTts HUTh JHK kammoil XxpoMocoMbl, TO e IamHA
3HAYMTEIBHO MpeBhICHIa Obl pasMep AApa. BajKHYIO DOJIb B YIIAKOBKE IMTaHTCKHX
mosekyn JTHK urparor anepuble GeKH — TrucTOHBI. McenefoBaHUS CTPYKTYPHI
xpomocoM nokasanu, gro JJHK coexunsercs ¢ rpynnamMu siziepasIx 6eaKoB, obpasys
MHOKECTBO IIOBTOPAIIUXCH CTPYKTYD — HYyKAeocom. OHU ABIAIOTCS CTPYKTYPHBIMHA
eIUHUIaMH XPOMAaTHHA, IUIOTHO YITAKOBAHEI BMeCTe 1 00pasyioT equHYIO CTPYKTYDPY
B BH/€ COMpaIy ToMmuHOK 36 M (puc. 95).
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Puc. 95. Crpoerne uHTepdasueix xpomocom: I — amex- Puc. 96. IlomureHHBIe XPOMOCO-
TpOHHaA MHUKpodoTorpadua XpOMaTHUHOBLIX HUTel (1 — Mbl CJIIOHHBIX JKEJIE3 TYTOBOTO
KOHJIeHCUpOBaHHAs (popMa, 2 — NeKOHIAeHCHPOBAHHAN MIETKONPAIA

topma); II — obpasoBaHHe HYKIEOCOMHOH CTPYKTYPBI
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§ 27. Xpomocombi. XpOMOCOMHbI Habop kneTkn 7

Xpomocomsl B UHTep(Aas3e PACTAHYTEHL
B BUJe TOHKWUX JJUHHBEIX HHTeH, OHH
cogep:xaT 00abIIOe KOJHYECTBO JeCIH-
pATH30BAHHBIX YYACTKOB, UTO [JeJIaeT HX
mpaKkTHdecKH HeBHAMMBIMH. Hak ObLIO
CKa3aHo BhIIIe, Nepe] JeleHHeM KJIEeTKH

mosrexyiel ITHK permnmupyoTes, U Kar- i ’
lasi XpOMOCOMA COCTOHUT M3 IBYX MOJIEKYJI
JIHEK, xoTopble COIMPalU3yIOTCH, KOH-
neHcHpyTed ¢ GerxkaMu 1 IpHOOpeTranT
uérkue dopmsel (puc. 96). 1 2 3

IlBe moueprue monexynsl JTHK yma-
KOBBIBAIOTCA IOPO3Hb W 00pasyioT ce-
empunckue xpomamudvi, CecTpUHCKHE
XpOMAaTH/BI VAEP/KEBAIOTCA BMECTE IEHT-
poMepoit 1 06pasyoT egUHYI XPOMOCO-
my. Ifenmpomepa (oT nat. centrum — Puc. 97. Cxema crpoernsi MeTad)azHoil Xpo-
cpeqHMHHAS TOYKA) — 2TO YUACTOK CIeIl- Mocomsr (I): I — Monexyst JTHK;
JeHHs JABYX CECTPHHCKHMX XPOMATHZ, 2 — GeaKoBble KOMIOHEHTHI; 3 — IEHTPO-
KOHTPOJIMPYIOIINH IBHKEHUE XPOMOCOM Mepa; 4 — IJIeYH XPOMOCOMEI; 5 — CecT-
K TOI0CAM KJIETKH BO BpeMd [ejeHHs. Puackue xpomarmast. Bujet xpomocom (II):
K 370t yacTH XpOMOCOM IIPUKPEILIAIOTCS I — paeHonreune; 2 — pasHOILIEUHE;
HUTH BepeTeHa jenenus (puc. 97, I). g = GRHbRGnE

W eHTRGHUIMPOBAT XPOMOCOMBI BOSMOKHO TOJBKO B MeTaase MHTO3a, KOTAA
OHM MAKCHMAJBHO ILJIOTHO YIIAKOBAHBI, XOPOIIO OKPAIIMBAIOTCA ¥ BUIHEI B CBETOBOM
MHEDOCKOII., B 3T0 BpeMsi MOXKHO OIIpelelHTh MX KOJIHYECTBO B KJIeTKEe, M3YHHTh
BHEITHUH Bu/. B Kam 0l XpoMocoMe BEIIENAKTCH NJAel XpoMOCOM U IeHTpoOMepa.
B 3aBHCHMOCTH OT IOJIOMKEHHS IEeHTPOMEDBI PasIMyaioTcsa TPU THIA XPOMOCOM —
paenonaevue, pasHonieiue u odnonnevue (puc. 97, II).

XpomocoMubIil HAG0p KaeTok. KIeTKEu KaXJoro opranusMa cofepskar onpeje-
NéHHBII HA6Op XPOMOCOM, COBOKYIIHOCTH KOTODBIX HABBIBAETCHA KAPUOMUIOM (or
rped. karyon — sAApo u typos — (opma). [[asd Kaxa0ro BH/a OPraHU3MOB XapaK-
TepeH cBOH KapmoTHI. XpPOMOCOMEI PasHBIX KAPMOTHIIOB OTJIMYAIOTCA 110 dopme,
BeJIMUMHE, KAUecTBY ¥ HaBOPy comepkamieiicd B HUX IeHeTH4ecKoi mHpopMaIuu.

Kapuorum denoBeka mpescrasied 46 XpoMOcoMaMM, ILIOJOBOM MYLIKH nposodu-
7B — 8, OHOTO W3 KyJBTYPHBIX BHIOB meHAns — 28. XpomocoMHbIH HAGOP cTPOro
crentUYeH AJIA KAMI0I0 BHIA opraHusMos (puc. 98).

ViccnenopaHua KApHOTHUIIA DA3JIMYHBIX OPTAHM3MOB MOKA3AJIH, 9TO B KJIETKAX
MOT'YT COIEPKATHCHA ABOWHON M OZMHADHBIN HAGODEI XPOMOCOM.

IlBoitHO#M, mau dunaoudrsiil (or rped. diploos — KBOHHOR H eidos — Bun), HABOP
XPOMOCOM XapaKTepHu3yeTcsa HATHYMEM ITapHBIX XPOMOCOM, KOTOPbIe OAUHAKOBEI 110
BeaMumrHe, (JOPMe U XapaKTepy HacjeAcTBeHHOH mHpopmanuu. [lapHbie XpOMOCOMBI
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. 5 Ha3BIBAIOT 20M0.102UYHbLMU (OT Tpeu.

j V homoisos — oxuHakoBHIH, MOROOHLLH).

\( o Hampumep, Bce comaTuyeckme KieTKH

; 4eJI0BEeKa cojepiKar 23 maphl XpoMOoCcoM,

A T. e. 46 XPOMOCOM TIpe/icTABIEHEI B BHE

A 23 nap. ¥V gposodmasr 8 xpomocom 06-

pasyioT 4 nmapel. ITapabie rOMOJIOTHYHEIE

79 X ‘{, XPOMOCOMBI BHEIIIHE OYeHb TOX0xu. Ux

X ] meHTPOMEeDPhl HAXOAATCA B OOHHUX M TexX

\ e MeCTax, a TeHbI PACIIOJOMEHEI B OH-
HAKOBOH ITOCJIEI0BATEIbHOCTH.
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® N h g © B HEKOTODBIX KJIeTKAX HIH OPraHmu3-
43 0 s 5 ag  MaX MOXeT CYIIeCTBOBATH OJHHADHBIN
t "\\ 1;\ ¥ X ! Habop XpOMOCOM, KOTODBIH HABBEIBAIOT 2d-
R pP | \k naoudusim (0T Tped. haploos — oguHOU-
9:% HBIH, MpocTo# u eidos — Bun). IlapHEIe
XPOMOCOMEI B 3TOM CJIy4ae OTCYyTCTBYIOT,
Puc. 98. Hafops: XpoMOCOM KJIETOK: TOMOJIOTHYHEIX XDOMOCOM B KJIETKEe HET.
1 — CKepael; 2 — Komapa; 3 — Iposo- HaHpHMQp, B KJIeTKaX HH3IIHUX pacTe-
(uier; 4 — wenopexka. HaGop xpomocom HUN — BoZopociel — HaGOp XpPoMoCcoM
APO30(MHIEI — TalIOHAHbIIA ralIOMIHBIH, TOr/la KaK B COMATHYECKHX

KJIETKAX y BBICIIMX PACTEHHH M }KUBOT-
HBIX OH QMIIOUAHBINH. OZHAKO B MOJIOBEIX KJIETKAX BCeX OPrAHM3MOB B HOPMe BCersa
CONEPHKUTCA TOJBKO rallIONJHEIA HAGOp XPOMOCOM.
Takum 06pasoM, XPOMOCOMHBIH HaGOp KJIETOK KayXJoro opraHu3Ma M BHIa
B II€JIOM CTPOTO CHenu(HYeH U ABIAETCA €ro OCHOBHOII XapaKTepPHCTHKOIM.
XpomocoMHBIH HabOp TPHHATO 0603HAYATE JIATHHCKOI OyxBOH n. AuniaonnHbIH
Habop COOTBETCTBEHHO 0DO3HauaeTcs 2n, a ramjiouasslii — n. [Ina obosHaueHHA
KOJIHYeCTBa TeHETHYECKOro MarTepuania, T. e. unciaa moaexkya [JHK, ucnmonssyior
NaTHHCKYI0 OYyKBY ¢. B funnongroM Habope komuuectso JHK B JABYXPOMATHIHBIX
XpomocoMax (mocie pensukamnuu) obosHayaercsa 4¢, a B OAHOXPOMATHIHEIX (mocate
mutosa) — 2c. Kommuecrso [THK B ranongaom Habope ABYXPOMATHIHBIX XPOMOCOM
obosgauaercs 2¢, a ONHOXPOMATHIHBEIX — .

Xpomocomvl; HYKLEOCOMbL; CECMPUHCKUE XPOMAMUIbL; uenmpomepa; naewu xpo-
MOCOMbL; 6UTbL XPOMOCOM: PAGHONNEUUE, PA3HONLE UE, OFHONLEYUE; KAPUOMUN;
HAOOPbL XPOMOCOM: FUNNOUTHBLIL, 2aNAOUIHBLIL; 20MONOZULHBLE XPOMOCOMBL.

Bonpocsl n 3agaHua

1. Kakoe ctpoeHvie umeeT nHTepdasHas xpoMocoma? MoyemMy eé HEBO3MOXHO YBUOETL B
MWKPOCKON? M3 Kakux BELLEeCTB COCTOMT XPOMOCOMa?
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2. Kak onpenensietcsa KonM4ecTBO W BHELHWA B, XpOMOCOM? Ha30BMTE OCHOBHbIE HaCcTH
XpOMOCOMBI. Ha kakue TWnbl AensT XpOMOCOMBI MO BHELLUHEMY Buay?

3. W3 ckonbkux monekyn [HK COCTOWT XpOMOCOMa: a) B MPECUHTETUHECKUA MEPUOL, UH-
Tepdasbl; 6) Nnepen cambimM aeneHvem knetku? Movemy namensercs konuiectso [1IHK 8
pasHble Nepruoabl XU3HW KNEeTKU?

4. Kakue XpOMOCOMbI HA3bIBAIOT FOMOMOrMYHBEIMU? HTO Takoe AUNIOUaHbIA 1 rannounaHbIn
Habopbl XpOMOCOM?

5. Mo HaBopy XPOMOCOM MJI0A0BOM MyLIKV Ap0o30dunsl (CM. puc. 98) onpeaenure, CKObKO
B HEM paBHOMNEYUX, PA3HOMIEYUX U OOHOMNNEYUX XPOMOCOM.

6. B kapvoTune Kposamka HacuuTbiBaeTcs 44 xpoMocOoMbl. CKONMBKO XPOMOCOM HaxoauTes
Yy HEr0 B COMaTUY4ECKMX KNIETKAX U CKOMBKO B MOJSIOBbLIX KeTkax?

§28. OleneHue knetkun. Murtos

e Paccmotpute puc. 100. Kakum o6pa3om npu AeneHun MaTepuHCKON KNeTku
% NPOMCX0OQMT PaBHOMEPHOE pacnpefeneHne reHeTUIeckon Mipopmaummn mexay
ABYMS1 JOYEPHUMU KeTKaMn?

Pocr opraruaMa ocyIecTBaseTca 6aarofaps AejleHUIo ero KiaeTok. Cnoco6HoCTS
K JIeJIEHUI0 — BasKHeliIllee cBOHCTBO KiaeTKH. B peayiabTarte AeeHHsS U3 OTHOM KJIeT-
KM BO3HUKAIOT ABe HoBhle. Takum o0pasoM, caMOBOCIPOU3Be/leHHe NPOABIAETCH
yiKe Ha KieTouHOM yposHe. HauGosee pacnpocTpaséHHEIH cocol geneHus — Mu-
TO3 — HempaMoe JeleHue KiaeTkr. OH O6b11 oTKpRIT B 1874 r. pycckum 6oTaHNKOM
HUsanom HopodeeBuuem HHCTAKOBHIM.

Tlenenue kaeTkn. Mumos (oT rped. mitos — HHTE) — 3TO Iponecc 00pa3oBaHuA
JBYX JOYepHHX KJIeTOK ¢ HaBOpOM XpOoMOCOM, MAEHTHYHBIM HCXOJHOH MAaTEePHUH-
CKOH KjaeTKe. MUTOTHUECKOE JieJIeHHe KJIeTOK IPHBOAUT K YBeJIUYEHUIO UX YHCIIA,
ofecredmBaeT POCT OPraHM3Ma, PereHepanuio, Bo300HOBIEeHHE KJETOK B IpOIecce
HX cTapeHHs. Y HEKOTOPHIX OPraHH3MOB MHTO3 JIEKHT B OCHOBE MX PA3MHOMKEHHA
GecmoseiM yTéM. HampuMep, OpH BereTaTHBHOM Da3MHOMKEHHH DacTeHUU B pe-
3yJbTATE MUTO3a 00Pa3yOTCA HOBBIE OPraHEL.

JlenleAre KJIETKH COCTOMT M3 ABYX IIOCJIEJOBATEJILHBIX IPOIECCOB: KAPUOKUHE-
3a — JelleHHA AApPa, WIK cOOCTBEHHO MHTO038, W YUMOKUHe3a — JAeJeHUudA IUTO-
IJIa3Mbl C OpraHougaMH.

IIpu xapMOKHHE3e IPOUCXOLUT OCHOBHOE, Hanbosee BaskHOe COOBITHE Ne/leHus —
Iepepacipejejedre XpoMocoM, T. e, moaerya [THK, obecneunBaomux nepenady
HaCJeACTBeHHON MHMOPMAIIHH ABYM JOYEPHUMH KJIETHAM.

B nporecce MUTOKWHE3a ocyliecTBidercs 6ojiee MM MeHee OTHHAKOBOe pac-
[IpejfesieHNe IUTOILIA3MEL U €€ OPraHOMIOB MEKJY ABYMA NOYEPHUMH KJIETKAMH.
OpHako 3T0 cobBITHE He IIPOMCXOAUT ¢ TAKOH TOYHOCTHIO, KAK IIPOIECC KApDUOKHHEe3a.

MuToz 006b19HO MOXHO HAOJIIOJATE B CBETOBOM MHKPOCKON Ha (MKCHPOBAHHBIX
npenapatax (puc. 99). CoepemenHble MeTO/bI (Da30BO-KOHTPACTHON MHKPOCKOIMHA K
MUKPODOTOCHEMKH JAIOT BO3MOMHOCTE YBUAETH €r0 B IMHAMMKE 1 B KHBBIX KJIeTKaX.
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Puc. 99. MuTos B KileTKax DasaUYHBIX OPraHuamMoB. MukpodoTorpadun MIHTO3a:
I — B siine ackapuner: I — npodgasa, 2 — meradasa, 3 — anadasa, 4 — Terodasa;
II — B KJIeTKAX KOpemKa JIyKa

Cragun muTo3a. MHTO3 COCTOMT M3 YeTHIPEX ITOCIEL0BATEILHEIX cTagni, obecne-
YHUBAKIIUX PAaBHOMEPHOE pacipezeleHne reHeTHIECKOH HHGOPMAIIMH B OPTaHOULOB
- MeX[IY ABYMsA JouyepHMMH Kietrkamu (pue. 100).

IIpogasa. Tleppas cragusa MUTO3a caMas IPOAOKUTENbHAS. Ilepexos U3 mepuo-
na G, naTepdass! B npodasy MUTO3a IIPOMCXONHT IIOCTENeHHO. X POMATHH HAUMHAET
KOHJIEHCHPOBAThCA, H (POPMHPYIOTCS XpoMocoMEl. OHH CTAHOBATCA MaKCHMAILHO
CIMPaJM30BAHHBEIMY, YTOJIMEHHEIMM M XODOIIO 3aMeTHHl B MUKpockon. Kasknas
XpOMOCOMAa COCTOMT M3 ABYX CeCTPHHCKHX XpoMaTHZ — ABYX mouexkya JTHE,
KonmaecTBo XpoMOCOM B AMIIONAHON KIETKe MO-IIPeKHEMY COCTABIAET 21, 4 YHCIIO0
mvonexyn THK yasoeno m paBHO 4c. CeCTpHHCKHME XPOMATHILI COeJUHEHBI APYT C
IpyroM LeHTpoMepoil. AnepHaa MeMOpaHa U AAPLIIIKO pacmajaloTcd W HCYe3aroT.

IlenTpuosu K/I€TOYHOrO IEHTPA PACXOAATCA K MOJI0CaM, 00pasys sepemeno
denexus, cOCTOsALIEe U3 MHKPOTPYGoUYeK. MUKDPOTPYOOUKH pPACHOIATAIOTCS BOKPYT
IeHTPHOJeH B BHAe «3Be3fsl» (puc. 100, II).

Memagpasa. Bo BTOPYIO CTAfWI0 MUTO3a HUTH BepeTeHAa JeJeHU:A COeTUHAIOTC
C IEHTPOMEpPaMH XPOMOCOM H MepeMeIlaloT WX B 9KBATOPHANLHYIO 30HY KJIETKH.
B xonne meradassl Bce XpOMOCOMEI BEICTPAWBAIOTCHA B OJHOH HKBATOPHAILHON
ILIOCKOCTH U 00pasyioT Mema@asnyio niacmuHky. B aToM monosxeHUn oHU yaep-
JKHBAIOTCSA MHKDOTPYOOUKAMH BepeTeHa HejleHHA.

Anapasza. 3To NOBOJBHO KODOTKAas CTafWsA, 3alycKaeMas CIeNHaJILHEIM Me-
XaHU3MOM. BHe3amHO cecTpHHCKHE XPOMATHABI BCeX XPOMOCOM OJHOBPEMEHHO
pasuensoTca B MecTax IeHTpoMmepbl. Ka)kmas meHTpoMepa HeJMTCH IIOIOJAM,
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¥ XpoMocoMa paclajaeTca Ha ABEe XPoMaTH/[bl, KOTOpbIE TEIepb CTAHOBATCH OT-
IelIbHBIME XpoMocoMaMu. C IOMOIIBI0 HUATEN BepeTeHa [e/eHnd HAYMHAETCH JBH-
JKeHNe CeCTPHHCKHUX XPOMATHI-XPOMOCOM K IIOJI0CaM KJIETKH. ¥V Kam[IoTo moJca
B pesyJIbTaTe TAKOrO ABMIKEHHS OKA3BIBAETCA CTOJNBKO e XPOMOCOM, CKOJIBKO UX
OBLI0 B HCXOLHOM MATEPHHCKOH KIIEeTKe.

Tenogaza. Ha nocnegseil cTauy NMPOMCXOAUT (opMupoBaHKMe HOBBIX AJEP ¥
OIOCOB KJIeTKH. X POMOCOMEI AeCIUPAIN3YIOTCA, HATH BepeTeHa JeJIeHHs ncdesa-
jor. BHOBB (popMupyeTcA AAPBINIKO. Ta CTaAKUsA 3aBeplIaeT Mpouece AejleHus AApa,
KOTODBIi TIJIABHO MIEPeXOANT B IPOIECC JeIeHNs IITOMIA3MBI KJIETKH — MUTOKHHES.

Iluroxnues. KieTournble OpraHOMALl PABHOMEDHO pPacOpeAeNdAioTcs IO ABYM
HoMIocaM KJIeTKH. B KBaTOPHANBHOM Y4acTH IJasMaTHdecKas MeMOpana obpasyer
BIAYMBAHUE, KOTOPOE BTATHBAaeTCs BHYTPh KjeTku. [lonarator, 9TO 9TOT IPONEce
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Puc. 100. Cragnu mutosa (I): I — upodasa; 2 — meradasa; 3 — anadasa; 4 — Tenodasa.
CxeMa MUTOTHUECKOTO BepeTeHa nesenus B meradase (II): I — xpomocoma; 2 — MHKPOTPY-
O0UKHM BepeTeHA [eleHUdA; J — 30HA MePeKPHIBAHUSA MHKpPOTpPyOoueK; 4 — LEeHTPHOJIH;

5 — nomioc BepeTeHa Jelerus. MurpoTpyOoUKy CBA3AHBI € IEHTPOMEPOil XpPoMOocoM,
obeCreurBAaOT IBHKEHME XPOMOCOM K DKBATOPY M MX BhICTPaWBaHWE Ha PABHOM PacCTOAHIH
OT IOJIIOCOB KJETKH. B MecTax IepeKphIBAHUA MHUKPOTPYOOUKM aHTHIADAJLIEIbHEL



1 -
e Fnasa 6. XXW3HEHHbIW LUK KNETKH

CBA3AH C NeATeJbHOCTBIO MHKPOTPYGoUeK. B KieTke obpasyercs Ooposzda denenus —
HEPeTHAKKA H3 HADY/KHOM IIa3MaTH9eCKoil MeMOpaHsl, KOTOpast MOCTENeHHO yray6-
JIAETCA K IEHTPY KJeTKH. B peayibrare 5TOro BO3HHKAIOT [Be HOBBIE AoYepHUue
KJIETKH, UJeHTHYHEIe HCXOJHOH MaTepHHCKOIH.

Bece nponecc aesenus AauTCS OT HECKOIBKHUX MHHYT 10 3 4, B 3aBUCHUMOCTH OT
THIIA KJeTOK H opranusMa. IIpogomxurensHocTs Beero mpomecca JeNeHUsA KJIeTKH
B HECKOJIbKO pas Kopoue e€ MHTEpdhAa3kI.

MuT03 B pacTUTENBHEIX ¥ JKMBOTHEIX KIETKAX HMEeT pan orawyuii. Bo-mepseix,
B PACTHTEJBHBIX KJIeTKAX HEHTPHOJH OTCYTCTBYIOT, H «3BE3[bI» H3 MHEPOTPYDO-
UeK He oOpasyiorcs. Bo-BTopeIx, y pacTeHui HUTH BepeTeHa JeleHUA HCUYe3aloT He
IIOTHOCTBIO, & COXPaHAITCA B DKBATOPHAILHOH 30He. 31ech 3a cudT COAEPIKUMOT0
Iy3bIPEKOB annapara I'oapm:xm popmupyercsa xierounas IIacTHHKA, KOTOpasd,
PaspacTasfch, CIUBAETCA CO CTEHKAMH MCXOJHOM KJIETKN M DA3LeIaeT MaTEePUHCKYIO
KJIETKY Ha ABe fodepHue. MeMOpaHbI My3BIPHKOB HCIONB3YIOTCH AJIS OCTPOEHUSA
HOBBIX KJeTOYHBIX mMeMmOpan. Takum o6pasoM, BOSUYMBAHEA H IIEPeTAKKH 3/leCh
He o0pasyercs. 3a CuéT HMEJII0I03HBIX BOJIOKOH, KOTODLIe IDHAAIT KJIETKe IMpPoY-
HOCTE M 3JIACTHYHOCTE, MPOHCXOJUT (DOPMUPOBAHNE IEPBUTHON KIETOYHOH CTeHKH.
IlocrenenHo B mporecce pocTa KJIETOUHAS CTEHKA yTonmaercs Grarogaps oTn0xke-
HHAM HOBBIX LEJUIIOO3HBIX BOJIOKOH. OHa npmoGperaer cIoHCTYIO CTPYKTYDY, B
Hel 06pasyioTcs IOpEI, NIPOHU3AHHEIE IIA3MOJECMAMH.

Buosioruuecknii cMbICT MHTO3a 3aK/II0YATCH B O0ECIEUOHUH IIOCTOAHCTBA YHCJIA
XPOMOCOM H MA€HTHYHOCTH HACJEICTBEHHON HH(MOPMAIIHH HCXOTHOH MaTepHUHCKOH
KJIETKH 1 BHOBE BOSHHKAWOMMUX KJIeTOK. Kpome Toro, Giarogaps MuTo3y yBennynm-
BAETCA KOJIMIECTBO KJIETOK, IPOMCXOAUT POCT TKaHei M OpraHos.

Awmmuros. Urorma BCTpeYaeTCA U APYrod BUJ AeJIeHUSA KJIETKH — aMUM03 (ot
I'Ped. @ — oTpumaTelbHas JACTHIA M Mit0s — HHUTH) — IpsAMOe AeNeHHe AIPA,
Oe3 o0pasoBaHus BHAMMBIX XPOMOCOM M BEDETEHA AejeHHA. IIpu amuToze sgpo
KJIETKU COXpaHAET HHTeP(as3HOe CTPOeHHEe M XPOMOCOMEI He CITHPATH3YIOTCH. Hnpo
[IepeIlHyPOBRIBAETCSH NIePeTAM KO, II09TOMY CTPOrO PABHOIEHHOTIO PACIIPEeLeIeH s
TeHeTUYEeCKOH HHQODPMALME MEKIy AOUEePHUMH KJIETKAMMU IpH aMHUTO3€ HE IpOo-
ucxoxur. lIUTOKKHES TpH aMHUTO3e, KAaK IIPABHIIO, OTCYTCTBYeT, IIO3TOMY B OJHOM
KJeTKe 00pa3yloTcs ABa Apa, a WHOTAA BO3ZHUKAIOT MHOIOSepPHBIE KIETKH.

AMHTO3 PaCIIPOCTPAHEH Y IPOCTeHIINX, HUIITHX rpuboB, B KJIETKAaX CHEIHAIH-
SHPOBAHHBIX TKaHel BHICIINX XUBOTHBIX M YeJIOBeKa, HAPUMED XPAMIEBOi TKAHN
¥ POTOBMIIBI I71a3a. AMHTO30M JENATCA TAKMKE KJIETKH PAKOBBIX onyxoJeit. B Omo-
JIOTHYECKOM CMEICJIE AaMHUTO3 IIPe/CTaBJIAeT cOG0il HeIIOJHOLEeHHOe fe/IeHne KIIeTOK,
YTPATHBILUX CTIOCOOHOCTE K MHTO3Y.

Mumo3: kapuokunes, yumoxumnes;: cmaduy mMumosa: npogasza, memagasa,
axnagasa, menopasa; eepemeno dereHus; Mmemagasnas naacmunka; 6opozda
denenus; amumos.



§ 28. enenue knetku. Murtosa L

Bonpocbkl u 3apaHus

1. Hasoeute ctagum mutosa. Kakue U3 ctagmii OTHOCAT K KapuoKWHeay, a Kakme — K uu-
TOKMHE3y? OB6bACHUTE NMoYemy.

2. Kakve CTpyKTypbl B KneTke 06ecnedumBaloT pasHOMEPHOE PAaCXOXAEHUE XPOMOCOM B
mMuTo3e? OnuwmnTe 3TOT nNpouece, ucnonsays puc. 100.

3. Onpepennte Habop XPOMOCOM M KonMyecTso JHK Ha KaXKA0W CTAAUM KNETOUHOMO LMKNA,
€C/IN 41CNo XPOMOCOM B UCXOQHOW KneTke 2n, a konuyecteo AHK — 2c. Mepeueptute
B TETPaab K 3anonHute Tabnuuy.

Habops!r xpomocom u Koamgectso [THE B KiaeTounom muiie

Muros
IIpodasza Meradasza Amnadaza Texnodasza

Hauwaxao uaTepdass:

HaGop xpomocom — 2n

Konnuecrso IHK — 2¢

HononuutensHas ungpopmavymns

Y HEKOTOPHIX OPraHM3MOB BCTPEUaeTCA HapyIIeHWe MHUTO3a, KOTOPOe BEAET K aHA0-
penpodykyuy — yABOEHHWIO XPOMOCOM, He CONPOBOMAAIONMIEMYCS MX DACXOMICHUEM K
[oJIrocaM KJIeTKH M DOCIeAVIOIINM JleJleHHeM [IUTOILIa3MEl. B peayjbTaTe 3TOTO B KJET-
KaxX BO3HMKAIT HeoOBYailHO KPyHOHEIe fapa. PasinuaoT ABa BHAA 9HIOPEIPOLYKIIHN:
MOJUTEHUIO W SHIAOMHTO3.

IIpn noaumenuu, HanpuMep y IMYMHOK KOMADPOB XHPOHOMYC, XPOMOCOMEL B Je-
CIHPANN30BAHHOM COCTOAHHH BCTYLIAKT B HOBYIO PeILIHMKANHI0, 00pasys MOJHTEHHYIO
CTPYKTYPY #Apa. IlonuTenHble XpOMOCOMEL TOJIIIE OGEIYHBIX U COCTOAT M3 AUCKOB,
MEIUCKOBBIX YYACTKOB U IYy(OB.

Ilpu sndomumose, XxapakTepHOM JJIA KJETOK IIEIKOOTAENHTENbHON JKeress! TY-
TOBOTO WIEJKONPALA, NPOMCXOAUT COHPAIU3AIAA XPOMOCOM M HAUYMHAETCA MHTO3, HO
HapyIIaeTcs BePeTeHO [eIeHHA H COXpaHAeTcs AnepHadA 000J0YKa. JTO NMPHBOIHT K
BO3paCTAHMIO YHCJIa XPOMOCOM, YBEJIHMUYEeHHI0 PA3MEDOB KJIETKH M TMOBLIIMIEHHI0 CHHTe3a
3amacHbIX OHUTATEJbLHEIX BellecTs (cM. puc. 96).

BbiBOAbI NO INABE 6

KneToyHbIll UK 3YKAaPHOTHOH KJIETKH COCTOHT W3 uHTep®hasbl ¥ MUTO3A.
OcHoBHOe coGriTre mHTephass — pemnmukanus JHK. Dror npouecc obecrevdu-
BAETCH COBMECTHEIM JeHcTBHeM cnenududeckoro dpepmenta THK-momuMepass: u
psana Genxosbix (akTopoB. Pennmkanua ofycioBiamBaer BEICOKYI0 HaAEXHOCTE
konuposauus [IHK u nepenauy nacsiencrseHHOIM NHGOPMALNY OT KJIETKH K KIETKe.
B pesynbrare peruimkanum Kaskzas XpoMocoMa Iepes HAYAJIOM JeJeHHS COCTOHT
M3 IBYX CEeCTPMHCKMX XPOMATH], COeAMHEHHBIX IEHTPOMEDOH.

Insa xKasknoi KIeTKH ¥ OPraHMSMA B IeJI0M XapakTepeH ONpeJleIEHHBIN HabOD
XpomocoM — KapuoTun. OH MoeT ObITh AMILIOUAHBIM (271) M TANIOUAHBIM (n).
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B aunnouaHoM HaGope KJIETKH HJIH OPraHH3Ma COAep:KaTca HapHble XPOMOCOMEI,
KOTOpPBIE€ HAZBLIBAIOT 'OMOJOTHYHBIMH,

Ilenenne KiIeTKH — MHTO3. Ero mojgpasjiensioT Ha KapUOKHHE3 H IHTOKHHE3.
KapuoKuHE3 COCTOMT M3 YeThIPEX cTamuil: mpodassl, MeTadasbl, aHa(assl u Te-
nodasel. B Xome mepBEIX TPEX CcTAaAWH NPOMCXOAHMT DABHOMEDHOE pacupeseseHue
XPOMOCOM — TeHeTHYecKoro marepuana Knetku. IlociemHasa cragusa mepexomuT
B IUTOKHWHE3 — paclpeejeHHe IUTOIJIA3Mbl U OPraHOU0B MeXAy ABYMSA Jo4Yep-
HUMH KJIeTKaMH. BHOJOrHYeCKHA CMBICJ MHTO03a 3aKJYaeTcd B MOAAEDPKAHUH
IOCTOSHCTBA YHCJIA XPOMOCOM M MAEHTHUHOCTH HACHeJCTBeHHOH MH(OpManuy
BO BHOBb BOBHHKAWOIIHX KJIETKAX M MCXOAHOH MaTepDHHCKOH KieTke. Bmarozaps
MUTO3y YBeJIHYHUBAETCH KOJAWYECTBO KJETOK, IIPOHCXOUT DOCT TKAHEH M OPraHoB.

Tembl goknanose, pedepartoB U NPOEKTOB

1. )KM3HEHHbIA LMK KITETKW: HENPEPbIBHOCTb XWU3HW.

2. KapnoTun: reHeTu4eckMini Kputepuia snpa.

3. NcTopusa OTKPbLITUS MUTO3a.

4. M3y4eHue cTaamii MMTO3a Ha MUKponpenaparax.

5. «CTpoum» XpOMOCOMBI (CO3AaHWe MOAEeNnel XpoOMOCOM).

rnasa7. CTPOEHWME U ®YHKUUWU OPTAHU3MOB

§29. OpraHu3am Kak eauHoe uenoe

5 Paccmotpute puc. 101, 103, 104. Yem cxofHbl M300paXEHHLIE OPraHU3Mbl
- M 4em oTnuyaTca? BenoMHuTe, Kakue Npouecchl XU3HeOeATeNLHOCTU MNpo-
MCXOOST B OpraHnamMax?

Opzanuam (OT IaT. Organizo — ycTpaMBalo, IPUAI0 CTPOHHBIA BUJ) IIPEACTAB-
Jsier coboil 6HoCHCTEMY, COCTOANIYIO M3 B3AWMOCBA3aHHBIX dacTel, paboTarimux
Kak enquHoe Iesoe. OprasmaM BEICTYIIAeT OCHOBHBIM HOCHUTEJNEM JKH3HH, PeaabHO
CyILecTBYIOmel B npupoje enuHuneil. EMy npucymu rakue CBOMCTBA, KaK NuUTaHUe,
IBIXaHHe, TPAHCIIOPT BEIleCTB, BhIJeIeHNe, Pa3ipa*KuMOCTh, PETyasanud, pocT, pas-
MHOKeHHe, H3MeHUYHBOCTb U IPHCIIOCO0IeHNe K YCIOBHAM CDeJbI.

CTpyKTypHBIe 4acTH opranuamos. Oprannamsl, ofuTanmue Ha 3eMie, OYeHb
MHOr0o00pasHEI TI0 CTPOEHHUIO: OJHOKJIETOYHbIe, KOJOHHAJIbHEIE, MHOTOKJIETOYHbIE.
I[loMHMO OPTaHH3MOE, HMEIIINX KJIeTOYHOe CTPOeHHe, CYIeCTBYeT U HeKJIeTOYHaA
dopMa KU3HW — BUPYCHI, IPOABJIAIIIAE OTHOBPEMEHHO CBOMCTBA KUBOM U HEXH-
BOH IpUpOABI. PaccMOTpHM OpPraHM3anui0 KJIETOYHBIX OPTaHU3MOB Kak Hauboiee
pacupoCTPAHEHHBIX Ha 3eMJIe.

Cawmble IpocThie (POPMBI OPraHU3MOB — 0dHOK.IemoyHbie. K BUM oTHOCAT Gak-
TepHH, HEKOTODhIe BOAOPOC/IM, IPOCTEHIIMX M Trpubbl-ApoK:KH. OTiHYHTeNbHAA
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Puc. 101. CrpykTypHbIe 9acTh (OPraHe/ b)) OJHOKJIETOUHOTO opraduaMa (améba oObIKHOBEH-
mas) (I): I — aapo, 2 — JM0KHOHOMKKH, 3 — IUIeBaDUTENbHEIE BAKYOJIH, 4 — COKparu-
TeJbHAA BAKY0JIb; MUKpodoTorpadbusa améos: (IT)

0CcOBEHHOCTh ONHOKJIETOYHEIX — JOCTATOYHO IPOCTOE CTPOeHHe Teja. JTO KJIeTKa,
obnajaiomas BCeMH NPU3HAKAMH CAMOCTOATENLHOTO opraHumaMma. CTPYKTYpPHBIMH
YACTAMH OJHOKJIETOYHOIO OPraHM3Ma SABIAKTCA opzaHennst (oT mar. organella —
yMeHbIIUTEeIbHASA OpMa OT JIAT. Organ, T. €. MaJeHbKHI OpraH), CBA3aAHHLIE MEXKIY
0001 ¢ MOMOIILIO IUTOILIAZMEI H 00eclledHBaOIHe CYIlecTBOBAHHE KJIETKH KaK
IeJIOCTHOro oprasusMa. Tak, y amMéOnl 0OBIKHOBEHHOH OpraHe/lIbl JBHMKEHUA —
JIOMKHOHOMKKY — YYACTBYIOT B IIePeJABHIKEeHIH U 3aXBATe IHINH, NHIeBaAPUTEeIbHEIe
BAKYOJIH OCYIIECTBIAIOT BHYTPHKJIETOUHOE IepeBapuBaHue IIUINH, COKPaTUTeIbHAS
BAKYOJIb BEIBOJUT M3 IUTOIJIA3MEI KJIETKH KOHEYHLIe IPOAYKTEI 00MeHa BeIeCTB U
H36BITOK BOABI, AP0 VIIPABIAET BCEMH IIPOLECCAMH KHU3HeAeATeILHOCTH U OTBeYaeT
3a XpaHeHHe W [epegady reserudeckod madopmanum (pue. 101).

MHozok.iemoyHble OPraHU3Mbl YCTPOEHE! cjloikHee. X Teo cOCTOMT U3 uacTel:
KJIeTOK, TKaHel, opraHos, o0LeJUHEHHBLIX B cucTeMbl opraHoB (puc. 102). Bre
OPraHM3MAa ero YacTH CYIeCTBOBATEL He MOIYT, HO OPIaHH3M CIoco0eH 00X0JUThCH
6e3 HEKOTOPEIX YacTell, HAIIPIMED OTAeNbHBIX OPTaHOB HIH KJeToK. Tak e Kak u
OJHOKJIeTOYHBIM, MHOIOKJIETOUHEIM OPraHN3MAaM IIPUCYIIH BCe BBIMIENepeurCIeHHbIe
kusHeHHBbIe QyHKIHKA. OXHAKO ¥ OJAHOKJIETOYHEIX IPOIECCHl KH3HEAeATeIbHOCTH
CcoCpe0TOYeHEl B OZHOU KJETKe, TOrJa KaK Y MHOTOKJIETOYHBIX OPraHHM3MOB OHH
pacnpejesieHbl MeXIy KIeTKaMH, TKAHAMH, OpraHaMH H CHCTeMaMH OPraHOB.
Hanpumep, Vv BBHICHIMX PAcTeHHH TPAHCIOPT BelecTB obecriedwBaeTCsa NPOBOMAA-
e cucTeMoii, MpeICTABIIEHHON COCYAaMH /[peBeCHHBI H CUTOBHUJHBIMH TPYOKaMH
nybHa, pacmoIOMEeHHBIMHI B HAA3EMHBIX U IIOI3EMHBIX opraHax. KopHeBoe nuranue,
T. . BcAChIBAHME M3 II0YBEI BOALI C MUHEPAJIbHBIMHI BEIECTBAMH, OCYIIeCTBIAETCA
KOPHEBBIMH BOJIOCKAMM — KJIETKAMU KOYKHIIBI KOPHA, a (GOTOCHHTE3 — KJEeTKaMH
ACCHMUIAIMOHHON TKAHH, COAEPIKAallell XIOPOIIACTH  PACIIONIOMEeHHON INIaBHBIM
00pasoM B JHCTHAX PaCTeHHIL.
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b

Knetka TkaHu nucTa OpraH (useTok) OpraHunam

Puc. 102. CrpykTypHEIe YACTH MHOrOKJIETOYHOIO OPraHM3Ma (pefbKa AHKAas)

Puc. 103. CucreMEl OPraHOB *KMBOTHOI'O OpraHM3Ma (JIATYIIKa TpaBAHAA): | — NOKDPOBHAA
(xomxa); 2 — omopHoO-ABHTaTeNbHAA (CKeJIeT, MyCKyaaTypa); 8 — IOHIneBapHTelbHaA (POTO-
Bas HNOJIOCTh, IVIOTKA, NUINEBO, MKeJTyI0K, KAIIeYHHUK, TeYeHb, MoKy J0UHAA JKelle3a);
4 — KpoBeHOCHAasA (cepjlle, KPOBEHOCHBIE COCY/bI); 5 — BBIAGIHTENLHAA (TTOYKH, MOYETOU-
HHUKH, MOUeBOif ny3sIps); 6 — HepBHAs (POJOBHOH M COIMHHON MOST, HepBBI); 7 — JBIXa-
TenbHAdA (Nérkue); 8 — nonosas (MOJTOBBIE ¥Kee3kl H TPOTOKH)
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Y MHOTOKJIETOYHBIX YKHBOTHEBIX BBIAEIAIOT CHEIHATH3HPOBAHHEIE CHCTEMEI Op-
rasos (puc. 103). HanpuMep, mOKpoBHAA CHCTEMa OPraHOB, COCTOAIAA M3 KOMH
U eé NPOM3BOJHBEIX, ofecledHBaeT 3alUTy OPraHH3Ma OT BBEICBIXAHHHA, PE3KHX
KosneOaHMH TeMIepaTypsl ¥ OT IPOHMKHOBEHHUs BO BHYTDPEHHIOI CpeNy BPEIHEIX
MUKpoopraauamos. [lunjeBapuresnbuasn cucreMa, NpeACTABIEHHASA TUIEBAPUATEh-
HBIM KAHAJIOM M IHII€BAPUTEIbHBIMY JKele3aMi, OCYIeCTBIAET 00paboTKy I 1
BCcaChIBaHHe NUTATEJbHBIX BemlecTB. Omopa ¥ nmepeJBUKeHMe OPraHU3Ma CBA3AHEL C
paboToii OIIOPHO-ABUIaTeILHON CHCTEMEI, COCTOAIEH U3 CKeJleTa U MYyCKyJaTyphl.

KonorHuaavHble OPraHU3MBl IPEJCTABIAKT c000H IPYyNNsl OJHOKJIETOUHBIX
AT MHOTOKJIETOYHBIX 0co0eill, 00 beMHEHHBIX IJIA COBMECTHOIO CYIeCTBOBAHHH.
IIprMepoM KOJMOHHH, COCTOSINEH M3 OAMHAKOBHIX KJETOK, CAYHT BOZOPOCIH
BonbBOKC (puc. 104). Hryrukn KiaeTok obecredMBAIOT IepelBHIKEHHE KOJIOHWH,
XpoMaTodopsl KJIETOK — NHTAHMe IPH IOMOIH (DOTOCHHTE3a, PElpPOAYKTHBHLIE
KJIETKH OTBEYAIOT 3a PasMHOKeHHe. Hury muTOnIasMel COEAUHAIOT KIETKHA MEHIY
coboil B efHHOE M0 — KOJOHUANBHBLIA OPraHu3M,

B xononmnio nHOrAa 06BEAMHAIOTCA MHOTOKJIETOUHEIe 006, HAIIPIMED IIpeiCcTA-
BUTEJN KUIIEYHOMOJOCTHEIX — cHpoHohopsl. OxHA YacTh TAKOH KOJOHUHN obecme-
UHWBaeT NepeABUKeHNe, [PYyrad — OUTAHWE W 3aIUTYy, TPeThA — pasMHOKenue. Or
BOJIBBOKCA TaKafd KOJOHHA OTJIMYAETCHA TeM, U4TO o0manaeT obiell HepBHOHN cHCcTeMOit
1 €€ YaCTH CHenuaan30Banbl Mo GyHKuuAM. [Iogo6HbIe KOTOHUN ABIAIOTCH «CBEDPX-
OpraHuaMamMu», Tak Kak o0pasoBaluch B pe3yJjbTaTe 00beJHHEHHA HECKOJIBKHX
MHOTOKJIETOUHBIX ocofeil B eflHOe IleJoe.

Puc. 104. KononnansHas BOAOPOCIL BOJBBOKC: I — BHEIIHMIT BUI KOJOHMIA;
II — crpoenue komorum: I — OTAeNbHBIE KJIETKH, 2 — HATH OUTOIIAMEI, 3 — IDYIIHEL
PEIPOAYKTHBHEIX KJIETOK, OTBEYAIONINX 3a Geclosoe pasMHOMKeHMe
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B3auMocBA3s 9acTell MHOTOKJIETOYHOTo opraguama. Opranuam oriHdaercsa OT
00pasyIoIINX ero 4acTeil He IMPOCTO CJIOKHOCTHIO OPraHHM3aluH, HAJHYHNEM CTPYK-
TYDPBI, HO M KAYeCTBEHHO HOBBIMH cBoiicTBaMH. CymiecTBys B MOCTOAHHO H3MEHAI-
IUXCA YCIOBUAX CPellbl, OPraHU3M BBIHYKIEH COIJIacOBBIBATH pabory obpasyromux
ero yacreil 1o yJIOBJIETBOPEHHUIO IEJIOT0 PAA *KU3HEHHBIX moTpefHOCTEH: B BOJE,
KHCJIOPOJe, IHTATeIBHBIX BellecTBax M Ap. Takad AeATelbHOCTD [IOJYYHIA Ha3Ba-
uue gynryuu (ot gar. functio — ucmonHeHMe, ocymecTrsiaeHne). CirenoBaTensHO,
LeJIOCTHOCTEL OpPraHu3Ma ofecednBaeTcs COrJacoBAHHOM paboToil 00pa3yomux ero
yacTell, HAIPaBJIeHHOI Ha BBINOJHEHMe 00IMuX (hyHKIUMA.

I'pynme! 0praHos, HMEIOIIHX 00Iee IPONCX0/IeHHe H COBMECTHO BBIMOJTHAOIINX
onpeaeséHHbIe QYHKIHHA, 00pasyioT cucmems. opzarnos. IIpu onnHAKOBEIX DYHK-
LHAX, HO PA3HOM IPOHCXOKIEHHH W CTPOEHHMH o0beJMHEHUe YacTell OpraHH3Ma
HaseIBaOT annapamom (oT nat. apparatus — obopynoeanue). Hanpumep, y 6ob-
IIMHCTBA HA3eMHBIX DACTEHHH B KOJKHIE JHCThEB HMEeTCH YCThUUYHBIH ammapar,
peryaupyomuii ncnapeane sogsl (puc. 105). Ox npencrasieH AByMA 3aMbIKAIOIMIMMHI
KJIeTKaMU ¢ XJIOPOILJIACTAMH, MEXKKJIETHUKOM — YCTHhUYHOH IIeJIbI0 ¥ HECKOIBKHNMH
OKOJIOYCTHhUYHBIMH KJIeTKaMu 0e3 xaopomaactos. [[pyroi npuMep: B AbIXaTeIbHON
CHCTeMe Ha3eMHBIX IO3BOHOUHBIX KMBOTHBIX, B TOM UHCJE H YeJIOBEKa, UMeeTCs
roJIOCOBOM ammapaT, 00pasoBaHHBIM PA3HBIMH OPraHAMH: IOJIOCOBBEIMH CBA3KaMH,
rOJIOCOBOH IIEJBbI0 M MBIIIIIAMUA IOPTAHH.

CosmMecTHas pabora yacTell MHOTOKJIETOYHOI'O OPraHW3Ma BO3MOXKHA IIPH OT-
HOCHUTEJHHOM MOCTOAHCTBE €I'0 COCTABA M CBOHCTB — ToMeocrase. MeIicab 0 cyle-
CTBOBAaHHMHM MEXaHHU3MOB, 00ecIeuHBalIInX roMeoctas, suepsbie B XIX B. BeIcKasall

YeTbuue
3aKpbiBaetcA

==

3

Ycrenue
OTKpbIBAETCH

Puc. 105. YereruHEI anmapar pacTeruii: | — saMbIKalIIue KIeTKH; 2 — YCThHYHAA
IIeab; 3 — OKOJIOYCThUYHEIE KJIETKH MHAEePMHICA JHCTA
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Puc. 106. O6masn cxema (QyHKIMOHATBHONR CHCTEMBI

(pannyscrkuit yuéneiit Knon Beprap. Uayuas KpoBb, UMY ¥ TKAHEBYIO MKHJ-
KOCTb, OH IIPUIIET K BBEIBOJAY: IMOCTOSHCTBO COCTABA M CBOMCTB BHYTPEHHEH Cpeabl
OpraHu3Ma ABJIAETCA HeoDXOJUMBIM YCIOBHEM HODMAJIbHOM KHU3HEIeATeJIbHOCTH ero
gacreit. ITox Bo3HeiicTEHEM PA3JIMYHBIX YCJIOBHIA CPEIbI COCTAB OPraHU3Ma MEeHAeTCH,
TOT/Ja BKJIIOYAKOTCA MeXaHW3MEI, HANPABJIeHHbIEe Ha BOCCTAHOBJIEHHE I'OMEOCTas3a.
Hanpmmep, ycuiIeHHas MEIIeyHass paGoTa BHI3LIBAET IOBBIIIEHWE B KPOBH CONED-
JKAHUA YIIeKHUCJI0TO Tasa U CHUMKEHHe KHceaopoaa. 1A BOCCTAHOBIEHUA MCXOTHONU
KOHIEHTPAaIlMM 3THX Ia30B B OPraHH3Meé YBEJHYHBAETCH HACTOTa JBIXATETbHBIX
JABMI)KEHHUH M COKpAIeHuH cepAma, KOTopas COIPOBOKaeTcA TaKKe N3MeHEeHUAMH
B pafoTe OmOpHO-ABUTATENbHOH, HEPBHOH, 9HAOKDUHHON M Apyrux cucreMm. Taxoe
BpeMeHHOe 00beANHeHUA OPraHOB W CHCTEM, HATIPABJIECHHOE Ha JOCTHIKeHHe HeoOXo-
JHUMOTO OPraHU3MY pe3yabTaTa, HashIBAT QYHKYUOHALbHOU cucmemoll (puc. 106).

Teopuno GyHKIUMOHAIBHBEIX cHcTeM paspaboran B 1935 r. pycckuit yuénnIi
Ilérp Kyssmuu Anoxus. CormacHo ero B3raagaMm, (PYHKIHOHAJNBHASA CHCTEMA
TIO3BOJISET OPraHW3MYy BBIOPATH 1leJIb U MOAYWHUTL PaboTy BCEX COCTABIAIIIHAX ero
yacTeil — OpPraHoB M CHCTEM OPraHOB — €€ NOCTHKeHHK. JTOo ob0ecledrBaeTcs B
IIePBYIO OUYepelb YIPABIAIOINEH NeATeTbHOCTHI0 HePBHON M SHIOKPHUHHOH CHCTEM,
PeTYIHPYIONIHX paboTy pasiHuuyHBIX YacTel OPraHu3Ma M IMOJYUYAIIIUX 34 cuét 00-
pPaTHON cBA3M MH(MOPMAIMIO 0 KOHEYHOM pPEe3yJIbTaTe.

Taxum o6pasoM, OpraHM3M SABJIAETCH IEJOCTHOM OGMOCHCTEMOI, COCTOALILeH U3
CTPYKTYPHO U (DYHKIIMOHAJIBHO B3aWMOCBASAHHEIX JacTel, COBEPINAIIINX ITOCTO-
SHHYI paboTy IO IOINepKaHUK ero roMeocTasa.

Opzauu&u; Op2aHU3MbL! O0HOKIEeMOYHbLe, KOJOHUALbHBLE, MHOZ0KLEMOYHbLE;
Op2aHennbl; PYHKYUA, cucmema opzanos; annapam; QyHKYUOHANILHAA cuCcmema.



160 fnasa 7. CTPOEHME M ®GYHKLMM OPTAHU3MOB

Bonpocekl u 3apaHna

1. OB6bsacHUTE, NOYeMy OpraHW3M CHMTaKOT OCHOBHLIM HOCUTENEM XN3HU,

2. VI3 KakKux CTPYKTYPHbIX 4AacTel COCTOST Tena OOHOKNETOYHbIX MU MHOMOKNETOYHbIX Opra-
HU3MOB? [loKaXuTe, 4TO COCTOSALLARA BCEro NULLIL U3 OAHON KNeTkn améba 0bbiIkHOBEeHHas
M TaKk0e€ MHOrOKNIETOYHOE XWBOTHOE, KakK TpaBsHan Naryluka, sensioTca CaMOCTOATE b-
HbIMUW OpraHuaMamu. [lna pokasatensctea ucnonbaywte puc. 101 n 103.

3. KakoBbl OTIMHMA KONOHMANBHBIX OPraHW3MOB OT MHOMOK/IETOYHBIX?

4. Yem opraHuaMm oTnv4aetcs oT oBpasyrlmx ero 4actein? B 4EM CXOACTBO M OTNMYMA
CUCTEeMbI OPraHos, annapara U OYHKUWOHANbLHON CUCTEMBI?

5. Kak obecnevnBaercs LENOCTHOCTE OpraHuama? MNpueBeauTe NpUMEpsI.

§30. TkaHu u opraHbl

3 PaccmoTtpute puc. 107—110. Hem oTnuyaloTca Apyr OT Apyra n3obpaxeéHHole
3 Ha HWUX TKaHW 1 opraxbl? Kakune dyHKUMKU BbINOMHSAIOT 3TW TKAHW WU OpraHbI?

KaeTkr MHOrOKJIETOYHOTO OpPraHU3Ma OYeHb pa3Ho00pa3HbI, HO CPEeIU HUX MOMK-
HO HauTH noxo:xue. Takue rpynnsl KJIETOK ¥ MEXKJIETOUHOTO BEIEeCTBa, CXOMHbIE
IO CTPOEHUIO, IPOUCXOMKEHUI0 U BHIMONHAEMBIM (DYHKIIUAM, HA3BIBAIOT MKAHAMU.
PaccMoTpHM OCHOBHBIE THOBI B BHABLI TKaHE,

Trkaau pacresmnii. OpraEuaM OOJIBIIMHCTBA BBICIIHX PACTEHHMH COCTOUT H3
YyeThIPEX TUIIOB TKaHel: o6pasoBaTebHBIX, MOKPOBHBIX, TPOBOAAIINX W OCHOBHBIX
(puc. 107). Cpegu THIOB TKAHEH MMEKTCS OTAENbHBIE HX BHALI, OTIMYAIOI[HECHd
Apyr OT Ipyra MecTOM II0JIOXKEHHU A B OPraHusMe, CTPOeHUeM 00pasyIoIIux HX KJIETOK
¥ BBINOJIHAEMBIMHA QYVHKIIMAMH.

OébpasosamenvHble MKAHU COCTOAT M3 MEJIKHX JKHBBEIX KJETOK, CIOCOOHBIX K
MIOCTOAHHOMY ¥ OBICTDOMY JeJIeHHI0 MHTO30M. Pas/myuHbIe BUALI 00pa30BaTEILHEIX
TKaHEH HAXOJATCS B TOYKAX POCTA PACTEHHWH: KOHYCe HapacTaHuA 1obera, KOHYHKe
KODHA, OCHOBAHHH Mexoy3nuii crebiseii. Kpome Toro, obpasoBaTeslbHEIE TKAHU
pacmoJyiaralTcs BHYTDH KOpHeH u ctebieil, obecneurBas POCT OPraHOB B TOJILIHHY
¥ 3a’KHBJeHHMe DaH, 00pa3yoIIuxXcA IPH NoBpexxAeHHAX. V3 oOpasoBaTelbHBIX
TKaHe# (hOPMHUDPYIOTCS BCe OCTAJbHBIE THIEI TKAHEH DPACTeHHI.

IToxkposHble MmKEAHU PACIOJOMKEHLI CHAPYXKH OPraHOB DACTEHHH H COCTOAT U3
IIJIOTHO COMKHYTBIX KJIETOK. ¥ MOJOJBIX cTebieil, KOpHeHd M JIMCTHEB OHH Mpej-
CTaBJIEHBI JKUBBIMU KJETKAMY snudepmuca (KOKUIEL), KOTOPBIH BHINOJHAET QYHK-
A0 3aI[UTHI OT BeIChIXaHUA. [lo Mepe cTapeHus snMUepMHC Ha cTeDIAX U KOPHAX
3aMeHseTCA MEPTBOH TKaHBIO — npolkolt, KoTopad CTAHOBHTCA HeIIPOHHIIaeMOH
ILJIA ra30B, BOABI M 3alUIIaeT OPraHbl pACTEHUH B OCHOBHOM OT MEXaHWYECKHX II0-
BpexxaeHuil. Hapy:HbIe con MPoOKH IMOCTENeHHO IPEBPAIaloTCsa B KOPKY, XOPOIIIO
3aMeTHYIO, HAallpUMeD, Ha IIOBEDPXHOCTH CTBOJIOB J€PEBbEB.

ITposodaujue mraHu COCTOAT M3 BEITAHYTHIX B JUIMHY KJIETOK, KOTODEIE, COEIH-
HAACH APYT C APpyroM, obecrieunBaioT OpoBegeHHe B paCTeHHH BOAEI C paCTBOpéHHI:IMH
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Puc. 107. Pacturenbusie TKauu: I — obpasoBareinbHasd; 2 — OCHOBHaA (MeXaHMYECKAd —
KAMEHHMCThIe KJIeTKH); 3 — OCHOBHAaA (ACCHMMJIALMOHHAS THAHb — XJIOpPeHXHMa); 4 — mo-
KPOBHASA (SIMIEPMIC C BOJIOCKAMM); 5 — NPOBOJAIIAs (COCYIHI)

B Hell MHHEepaJbHBIMH W OPraHWYeCKUMH BellecTBamu. PazamuaiT IBa BHLA IIPO-
BOJAIINX TKaHeH — a1yl u dpegecuny. B cocras nyba BXOIAT CUTOBHJHBIE TPYOKH,
o0pasoBaHHbIe BEPTHKANBLHBIM PAJNOM YAJAHEHHBIX JKHBHIX KJeTOK 6e3 sapa, u
KJIeTKHU-CIYTHUNEL. ['OPH30HTANbLHEIE CTEHKH CHTOBHAHEIX TPYOOK, IrpaHMYANHe
IPYr C APYroM, MMEKT MHOXKECTBO OTBEPCTHM, Yepes KOTOPbIe OCYIIEeCTBIAAETCH
TPaHCIOPT PACTBOPOB OPTAHWUYECKHX BeINecTB, 00pa30BaBIIAXCH B JIMCTBAX pac-
TeHUsA B pesyiabraTe (JOTOCHHTE3A.

IIpeBecHHa COCTOUT B OCHOBHOM M3 COCYJ0B, 00pasOBaHHEIX PAaCIOJOMKEeH-
HBEIMH APYT HaJ APYrOoM MEPTBLIMH KJIeTKaMH, 0e3 BHYTPEHHETO COAEPKHMOTO.
BepruxanabHBIE CTEHKH COCYA0B YTOJIIEHBI U OfIPEBECHENIH, YTO IPHAAAET 9TOH TKAHU
TPOYHOCTh. ['OPH30HTANTBLHBIE CTEHKH MeKIy KJIeTKAMH PaspyIleHbl, TOITOMY COCYR
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npencTaBadeT coboil Tpyoky. Ilo cocyzaM OT KOpHeH KO BCeM OCTAJbHBIM OpraHaM
pacTeHHdA IepPeJBUTralTCA PACTBOPHl MHHepPaJIbHEIX BemlecTB. Kpome npoBogsamux
3JIEeMeHTOB B COCTAB JPeBECHHEI U Jiy6a BXOAAT BOJIOKHA, OTHOCAIIHECH K MeXaHH-
YecKOH TKaHHW, M KJIETKH 3amacalolneil TKaHu.

OcHo8Hble MKAHL PACIIONOMKEHBI B PACTEHUH MEKAY NOKPOBHBEIMY M IIPOBOJSA-
UMY TKAHAMHA. PasmdaoT HeCKOIBKO BHJIOB OCHOBHBIX TKaHe: Mexanuveckyio,
3anacarnwyio 1 accuMunAyuoHHyo. MexaHudyecKas TKAHb IIPEJCTABJIEHA KAK 3KH-
BBIMHM, TAK M MEDPTBBEIMH KJETKaM4 (BOJTOKHAMH), KOTODPEIE BBHINOJHAIOT OMOPHYIO
(GYHKIOHIO B COCTABIAIT KapKac pacTeHHs. 3anacaiollas TKaHb (mapeExuMa) obpa-
30BaHA JKMBLIMH KJIETKAMHM, HAXOAAIIUMUCH B KIYyOHAX, KOPHeBHINlAX, JYKOBHIAX,
II0AaX ¥ HAKAIIMBAIOIHUMH HTATEIbHbIE BEI[ecTBAa. ACCHMHJIANMOHHAA TKAHb
(xJIOpeHXHMa) COJeP:KUT KUBBIe (JOTOCHHTE3UDYVIOIINE KJICTKH M PACIoJOoXKeHa
rAaBHBIM 00pa3oM B MAKOTH JIMCTHEB U 3€JIEHBIX 4acTAX cTebjell pacTeHus.

TrkaHu JKHMBOTHBIX M geloBeKa. Bce THIEI TKaHel XMBOTHBIX M UeJIOBEKa pas-
BHBAIOTCA M3 3aPOJLIINIEBLIX KIETOK, TOI/A e IPONCXOANT U HX CIeIHAJTN3aHA 110
byaxnuaM. B opragrsMe *KHBOTHBIX U YEJIOBEKA PA3IMUAIOT YeThIpe THIA TKaHel:
aMHTeNHNaJbHBIe, COEHHUTENbHLIE, MbllIeuHble U HepBHYIO (puc. 108). Bee Tumel
TKaHel, KpoMe HepBHOH, MOApa3aelAloT Ha BUIbL.

dnumenualibHble MKAHU TPeJCTABIEHEl IVIOTHO IPHJIETaIUMU IPYT K APYTY
KJIeTKaMH, KOTOPbIE IOKPBIBAIOT IIOBEPXHOCTH TEJa, 4 TAK:Ke BRICTHJIAIOT BHYTPEHHKE
DOJOCTH. DIHTENUH BXOAXT B COCTAB JKeJé3 BHYTPeHHeH M BHeIIHeH CeKpeluH.
ITokpoBHEBIe aNIHTEIHH KOKH, POTOBOH M HOCOBOM IOJIOCTEH BBINOJHAIOT 3AIIUTHYIO
dhyHKOUIO 1 ofecriednBaioT 0OMEH BelllecTB MeKIy BHEIIHeH cpefoil U BHYTPEHHHUMU
opranamu. H{ee3ucTeIil 3MHUTeNH, U3 KOTOPOr0o COCTOAT KeJjie3bl BHYTDeHHEH u
BHeNIHeH ceKpenuu, ofecleuynBaeT CeKPeTOPHYI (DYHKIUIO, IPOM3BOAA CIemHupu-
yecKue OMOJIOrHYeCKH AKTHBHBIE BEIeCTBA — cekpemut (OT jat. secretio — orge-
JeHue) — (hepMeHTEl ¥ I'OPMOHEI.

Coedunumenvrble miraHu 00PasoOBaHBI KJIETKAMH U DOJIBIIIMM KOJIHUYECTBOM MEXK-
KJETOYHOTO BelleCcTBa, KOTOPOe MOKET OBITH IJIOTHHIM (KOCTH, XPAIIH), PHIXJILIM
(momkoHAA KJIeT4aTKa), BOJOKHHUCTHIM (CYXO0MXKUINAA) U JKHUAKHAM (KPOBb, JuM@a).
9TH TKAHU BBINOJHAKT ONOPHYIO, 3AlIUTHYI, MHTATEJLHYI U TPAHCIOPTHYIO
dyuarnun. CoelMHUTENbHBIE TKAHH CIIOCOOHBI 3aMEHUTH NMOBPEKIAEHHBIN YYaCTOK
oprasa. Hampumep, IpH DOBPeXAEHHH KOKH 00pasyercs 3aKMUBISOIIAN pyberr,
COCTOAINMH B OCHOBHOM M3 BOJIOKHHCTOH COEIHUHUTENBHON TKAHM.

Mututennbie mranu GBIBAIOT TPEX BHAOB: MOIEpPeYHO-IOJIOCATAA CKeJleTHAsd,
rjagKas M IolepedyHO-IoJjocaTas cepjaedHas. Houepeqno-mmoca'raﬂ CKeJIeTHada
H cepedyHasa TEaAHH COCTOAT M3 BRITAHYTBIX B IJIMHY MHOTOAAEPHBIX KJIE€TOK — MBI~
IIeYHBIX BOJIOKOH C MOJIOCATOH MCUEPUEHHOCThI0. V3 CKeJeTHOI MBIIIEeTHOR TKAHU
COCTOAT CKeJeTHBIe MBINIIIEI, & H3 CePAeYHOM — CTeHKU cepana. BorokHa riagkoi
MBIIIEYHOM TKAHM OJHOAAEPHBIE U MMEIOT BepeTeHOBHAHYIO dopmy. OHEH BXOAAT
B COCTAaB CTEHOK IIOJIBIX BHYTDeHHHUX OpPraHOB, HalpHMep OHUINEeBOAa, *KeJayaKa,
KHIIeYHHKAa, MOYEBOTO IIy3bIPA.
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Puc. 108. Ucxoxguas KineTka — 3urora (1) U »KMBOTHEIE TKAHU: 2 — COCIHHHUTE/ILHAA
(xpAmesan); 3 — snHUTeNHaNbHAA (PECHATUYATHIN sMHUTENH); 4 — MbIIeYHad (IOIepeuyHo-
noJiocaTasi CKeJieTHasA); 5 — HepBHaA

Maeimieynble TKAHHE 00J1a5a10T COKPATHMOCTBIO, KOTOPasi 00y C/IOBIeHA CBOMCTBAMK
BXOJANIMX B HX COCTaB OEIKOB MHO3WHA U AKTHHA. 34 CUET 3TOr0 MBIIIIEYHbIE BOJIOK-
Ha CTIIOCOOHBI H3MEHATH CBOIO (hopmy, 4TO obecrieurnBaeT BhIMOJIHEHHEe MbIIIeYHBIMK
OopraHaMH M OPTaHM3MOM B II€JIOM JBHUTaTeIbHON QYHKIIWU.

Hepsnaa mrxaHb COCTOUT U3 HEPBHEIX KJIETOK (HepOHORBR) M HeHpPOraHH.
T'nasuble ocobeHHOCTH HellpoHoée (OT rped. neuron — KWja) — 3Béaxuaras hopma
U OTXOJAANIME OTPOCTKM — AeHADHUTH U aKCOH. BeTBAmWecsa AeHAPHTHI — BOC-
IPHHUMAONIAA, 4 HeBeTBAMIAACT aKkCoH — Ilepejfaioias 4acTH HelpoHa. Ilo HUM
HepBHbIE MMIIYJIBCHI IIepefaloTea K TeJy HeHpOHa W OT Hero. JacTh aKCOHOB II0-
KpBITA 000JI0YKON M3 KUponogobuoro BemjecTBa. Mx cromnienue obpasyer B opra-
Hax, HAaIIpHMep TOJIOBHOM MO3re, 0ejioe BeIecTBO, 4 TeJia HEePOHOB U KODPOTKHE
OTPOCTKH — cepoe BemecTBo. KneTku Helipozauu (ot rpeu. neuron u glia — Kieii)
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oKpyrJioit hopMbl. OHU IJIOTHO OKPYIKAIOT HeHiDOHEI M BBIMOJTHAIOT BCIOMOTATEIb-
HBEIe GYHKOHH: 00eCmeunBAIOT MEXAHUUYECKYIO MOAJEPKKY, cHA0XKalT HeHpPOHEI
THUTaATeJILHBIMH BEIeCTBAMH.

HepBHas TRaHb 001aaeT BOZOYAMMOCTBIO U IIPOBOAUMOCTRIO, 9YTO o0ecIednBaeT
BBIIIOJIHEHHE OPTaHaAMHU, B COCTAB KOTOPHIX OHA BXOIUT, YKU3HEHHO BaYKHBIX (DYyHKIINHA
opranuamMa. UyBCTBHTeNbHEIE HEHPOHEI BOCIPUHUMAIOT PAa3/pakeHnsa N3 BHeITHeH
H BHYTPDeHHeH cpelbl, IBUraTe/IbHBIE HEHPOHBI IPOBOASAT HEPBHBIE UMIIYJILCHEl OT
MO3Ta K MCIOJHHUTEJIbHBIM OPraHaM, & BCTABOYHLIE OCYIIECTBIAIT CBA3L MEKIY
TYBCTBUTEJIbHBIMHU H ABUTaTeIbHLIMH HEHPOHAMMU.

Tranu 00beJMHEHBI B OPTraHbl.

Opransi. Opzan (0T rped. organon — Opyaue, HHCTPYMEHT) — 4acTh OPraHu3Ma,
HMeIoNlas onpeaeJeéHayio (hopMy, CTPOEHHE W BREINOJHAKIIAA OJHY HIHA HECKOJIbBKO
¢yuknuii. Opragsl cOCTOAT, KAK IMPAaBHJIO, U3 Pa3HLIX THUIIOB TKaHEeH.

¥ GOJIBIIMHCTBA MHOTOKJIETOYHBIX OPIaHU3MOB Pa3IAdyaioT OPraHkl BereTaTUBHBIe
¥ reHepaTuBHBIE. Tak, dezemamusHblMU
opzaHamu (ot nmat. vegetativus — pac-
THUTEJbHBIH) ¥V BRICIIMNX pPacTeHHH cIy-
KaT wopens u nobez (puc. 109, I, II).
Onu obecrieuyuBaT NUTAHNE, IBIXaHNe
u pocr oprasuama. Kopenb yaep:xuBaer
pacTeHHMe B IOYBE M BCACHIBAET BOAY C
PAcTBOPEHHEIMH B Hell MHHEDAJIBHBIMH
BemecrBaMu. Ilober cocrout u3 crebns,
nucTheB U mouek. Crebesib BHIHOCHT
IOYKH ¥ JHCThA K CBETY, CAYIKHT IJIA
HHX ONOPOH W OCYIIECTBISET B PACTEHUH
TPAHCIIOPT BEIecTB. JIMCTbA YYACTBYIOT
B Q)OTOCUHTE3€e, MCHAPEHHUH BOABI U JbI-
xaHuU pacTeHud. [Ipu cmeHe dMyHKIUI
BeTreTaTHBHEIE OPraHbI MOTYT BHOIOH3MeE-
HAThCA. HanpuMep, v IBEeTKOBBIX pacre-
HUH BCTPEYAIOTCH BUAOU3MEHEHUA KOpHEH
¥ mo0eroB: KOPHEILIOAbLl, KOPHEeBEIe IITHII-
KM, KOPDHH-IIPHCOCKH, IMOOEru-CTOJI0HKI,
VCHKM, KOJIOUKH, KJIYyOHH, KODHEBHINA,
JIYKOBHIILI, OTJIMYAOIIHECH 10 CTPOEHUIO
M IIPUCIOCOBIeHHEIE K BRIMIOJTHEHHUIO pPas-
HBIX (QYHKIIHI.

Puc. 109. Oprasbl IBETKOBOTO PACTEHHS. V :KUBOTHBIX M 9eJIOBEKa BereTaTHB-
Bererarusmsie: | — xoperb (I — raaBHbli, vy yame Bcero Ha3HIBAIOT OPTAHBI
2 — Goxosolt); I — moler (3 — creGem, [NHINeBAPEHNS, ABIXAHNAA, KPOoBoobpare-

4 — nouka, 5 — smcr). leneparusase (I11):
6 — uBetok, 7 — mion, 8 — cems HEUA ¥ BeiZenenuss. OHu oOecHedyuBaOT
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OCHOBHEIE ITPOIECCHI KM3HeAesTeJJbHOCTH: IHTAHWEe, ras000MeH, TPAHCIOPT ITHTAa-
TEJIEHBIX BEIIleCTB M BEIBEAECHHE BPEOHEIX NPOAYKTOB MET&ﬁOJIHBM& H3 OopraHdsmMa.
K comamuueckum opzarnam (ot rped. somatos — TeNeCHEII) OTHOCAT MYCKYJIATyDY,
ckesneT u K0:Ky. C HUMU CBSA3AHBI HEePEIBUKEHUE U 3aIIUTA OPraHU3Ma, BOCIIpHATHE
pasgpaskeHni U3 OKPY:Kalei cpeasl, Tenyioodmes. [leATeIbHOCTL BereTaTHBHBIX
1 COMATHYECKUX OPraHOB PeryJupyercs HEPBHOH M SHAOKPUHHOH CHUCTEMaMH, ITO-
gydaromuMmy nHGopManmuo oT opraHoB uyBcTB. I[loaToMy Oprasel 8THX CHCTEM —
TFOJIOBHOM M CIIMHHOM MOS3T, HEDPBBI, 9HJOKPHHHEIE 3XeJIe3bl — HAa3BIBAIOTCHA pezyii-
mopHbiMu (OT JaT. regulo — HANPaBAAK, VIOPAILOYHBAIO).

Tenepamuéhbie opzausl (OT JIAT. genero — POKIAI0, TPOU3BOIKY) BBIMTOJHAIOT
(YHKIIMIO TOJOBOTO PA3MHOMEHHA. ¥ IBETKOBBIX PACTEHUH K HUM OTHOCAT U&e-
moi, naod u cemsa (puc. 109, III). ITBeTOK COCTOUT W3 OKOJOIIBETHUKA, THIYMHOK
M HDEeCTHUKA, PACIIOJOMKEHHBIX HA PACIIHPEHHON ocH — mBerosoke. OKOJOIBETHHK,
00pa30BaHHBIA OJAMHAKOBLIMH JIHCTOYKAMHM, HJIH JalleJUCTHKAMH (YalledKoi), u
JlenecTKaMu (BEHYMKOM), 3allUINaeT BHYTPDEHHHE JacTH I[BETKA W NPHUBJIEKAeT K
HeMy onbLiuTeseil. B TeIuMHKaX — MYIKCKOH JacTu IBeTKa — 00pa3syloTcsA ObLIb-
IeBLle 3€PHA, 4 B IIECTHUKAX — KEHCKOU
YyacTH — ceMfA3avaTKH. B ceMasavaTKax
IIOCJIE ONBLJIEHHA LBETKA IPOUCXOMUT
OILTOZOTBOPEHHE, B PE3YILTATE Yero 06-
pasyercs ceMs H ILIOI.

CeMA OBETKOBBIX DACTEHHI COCTOUT
13 CeMEeHHOH KOYKYPHI, 3aPO/ABIIIA 1 3a11a-
ca MUTATeJIbHBIX BEIIeCTB — SHAOCIIEpPMA.
Bapoasin 06pa3oBaH 3apOIBIIIEBbIM KOD-
HEeM, 3apOABIIIEBLIM TO0EroM, OQHOHA HIIHA
ABymA cemaponaMu. W3 sapoasima mpwm
IPOPACTAHUU CEMEHH PASBHBAETCHA HOBOE
pacrenue. CeMA HAXOZUTCA BHYTPH ILIO-
Ja — opraHa, CJIYKAIIEero JJIf 3al{UTh 1
pacnpocTpaHeHHA ceMsH. B 3aBuCHMOCTH
OT XapaKTepa OKOJIOILIOAHUKA H KOJIuye-
CTBa CEMAH Pa3JIMYAIOT COYHLIE U CYXHE,
MHOT'OCeMEeHHEIEe H OJJHOCEMEeHHbIe [0k,

TemepaTHBHEIMHM OpPraHaAMH y SKHBOT-
HBIX ¥ YeJIOBeKa ABJIAITCH OPraHbl I10-
J0BOH cucTeMsbl. K HUM OTHOCAT no.sossie
Heenesvl, WA 20HA0bL (CEMEeHHUKH, SHY-
HHUKH), N0J108ble NPOMOKY (CEMATPOBOALI
1 AHIEBOJBI) U KONYJAAMUBHbLE OPZAHBL, 1 —oupenmuRy.2 — camEvERog, 8 —* Ho:
MMEIHecs ¥ KUBOTHBIX C BHYTPEHHUM NOBO# wien; 4 — AMYEHK; 5 — AAMEBOZ;
ormomorBoperueM (puc. 110). B rormagax 6 — MaTka; 7 — BIATAIMINE

Puc. 110. T'esepaTuBHBIE OpraHbl cobaKm:
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IIPOMCXOAMT PASBUTHE MOJOBBIX KJIETOK — CIEePMATO30MJOB U AiinexaeTok. [IpoTokn
II0JIOBBIX jKesIé3 o0eclleunBAIOT BBIBOJ IOJIOBEIX KJIETOK U3 OPraHM3Ma. ¥ BOTHBIX
JKHBOTHBIX IIPOIECC OMJIOJOTBODEHHSA IIOJIOBEIX KJIETOK IPOMCXOANT, KaK IIPAaBHIIO,
BHE OpraHuaMa. Y Ha3eMHBIX KHBOTHBIX KONYJIATHUBHBIE OPraHbl YBEJIHIHUBAIOT
BEPOATHOCTE OILJIOLOTBOPEHUSA BHYTPH TeJIa CAMKH.

Hrak, pasjHuHble TKAHU W OPraHbl, CBA3aHHBIE MexIy coboil, obecmeuamBaior
IIeJIOCTHOCTH OpPraHH3Ma KaK CaMOCTOATeJLHOM OHOCHCTEMEL.

Txanv;, pacmumenvhbie mKanW: o0paszosamenbhble, NOKpogHbie (anudepmuc,
npobka, Kopka ), npogodaujue (1y6, Opesecuna), ocHo8Hble (MexaHuvecKas,
3anacanuian, aCCUMUNAYUORHAA )); HUBOMHbIe MKAHU: INUMETUANbHbLE, COLOU-
HUMeJlbHble, MbLULEYLHbLE, HEPEHAL ( HeUPOH, Hellpo2AUL ); Op2aHbL: 6e2emamue-
Hble (Koperb, nobez ), comamuyeckue, pezyiimopHble, zenepamushble (46emor,
naod, cema); nonoevle KHenesvl; NON08bLe NPOMOKU; KONYAAMUBHbLE 0PZAHDBL.

Bonpocbl n 3agaHusa

Y10 Takoe TkaHb? Yem KNeTKn TKaHW OTNIMYAKTCA OT KIETKW OAHOKNETOMHOro opraHuama?
Kakue Tunbl 1 BUAbl TKAHEH pasnmMyaloT y PpacTeHuid 1 XUBOTHBLIX? KakoBbl UX QyHKUMN?
Yro Takoe oprad? MNpuBeauTe NPUMEpsl BEreTaTUBHbIX OPraHoB PACTEHWIA U XUBOTHbIX.
Kakve GyHKUMU OHW BLINONHAKT?

Kakue opraHbl y XXMBOTHbLIX M Yel0OBEKa OTHOCHAT K COMaTMHECKUM WU PEerynsaTOpHbIM?
MpueegnTe NpUMEpPs! reHEPAaTMBHbLIX OPraHOB PACTEHWA U XUBOTHLIX. Kakne dyHKUMK
OHW BbINONHAKT?

g wN=

§31. Onopa Tena opraHMamoB

5 PaccmoTtpute puc. 111—115. Kakue opraHsl BeINOMHRIOT GYHKLMIO ONOpPSI
- Tena? HYem onopHble CUCTEMbI OTAUYAKDTCS APYr OT apyra?

BoapmuHCTBO OPraHu3MoOB 00/1aa10T PA3HOI'O POJA ONOPHbLMU CUCMeEMAMU,
NOAAEeP:KHUBAIOIIHAMH (OPMY HX Tejia, BBIIOJHAKIIHME 3alIUTHYIO POJIb B obecrieun-
BaIOIIUMH ABUKEHHA. ¥ pAcTeHHi, rpuboB H DaKkTepuil Takue (YHKIIUH BHIIOIHAET
KJeTouHasd 060JI0YKa, IOCTPOEHHASA M3 IeJLI0JI03kl MIH XHTHHA, a4 V $KHUBOTHEIX —
Pas3JIMYHbIE CKeJeTHbIe CHCTEMbI, 00pa3oBaHHBIE M3BECTKOBBIMH UIJIAMM, XMTHHOBBIM
TIOKPOBOM, KOCTAMHM, XPAIIAMH U CYXOMHUIHAMH.

Kapkac pacreHMii. BOJBIIMHCTBO OPraHOB pacTeHH# 00IagaloT IIPOYHOCTHIO,
KOTOpas CBA3aHA ¢ KJIeTKaAMN MeXaHM4YecKoH TkaHu. Kak Bel yike 3HaeTe, 000.04-
Ka KAemkKu, BIH KJIeMmoyHas cmeHKa, NpeJcTasadeT co00H HeXKHBOe IPOA3BOJHOE
IIa3MaTHYeCKod MeMOpaHbl; 0HA COXpaHAeT (OPMY KJIETOK U 00eclieudBaeT SAIHTY
HX BHYTPeHHero cogep:xumoro. OcHOBY 000JI0UKM COCTABIAIT (ubpunivt (oT nar.
fibrilla — BONMOKOHIIE, HUTOYKA) — HHUTH IEJII0JIO36I, KOTOPbIe ¥ HEKOTOPBIX pac-
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MexaHu4yeckue
BOJIOKHa

CuUToBUaHbIE
TRYOKU

Cocyas —=

Puc. 111. KoMnoHeHTsI KapKaca pacTeHni: | — MeXaHHYeCKHe BOJIOKHA JpPeBeCHHLI
crebnsa; 2 — KaMeHHCThle KJETKH IJIoja I'DYIIH

TeHHI OAPEBECHEBAIOT, T. €. IPONUTEIBAIOTCA JATHAHOM, TAHHHOM, COJIAMHU KaNbI[Us
u kpemaesémom. OnpesecHeBmue PUOPHILILI 000JI09eK KJIeTOK 00pas3yroT TBEPABIA
Kapkac pacTeHus, IPHUAAKIINI eMy nmpodHocTs (pue. 111, 1).

B senéHbIx cTebnfax, KUIKAX JHCTHEB, IJIOJOHOMKKAX ILIOJJOB KAPKAC COCTOMUT
U3 HepaBHOMEPHO YTOJIIEHHBIX 000J04eK KHUBBEIX KJETOK. B IpeBecHBIX cTebaax
OH 00pas3oBaH BOJOKHAMHU Jyba M ApeBeCHHBI — MEDPTBHIMH KJIETKAMH C pABHOMED-
HO YTOJNIIEHHBIMH 000J04YKaMi. B KOCTOYKAaX CJIHB, NEPCUKOB, CKOPJYyIle OPeXoB,
He3peJbIX IJIOAAX I'PYII TBEPAOCTH 06eCHeUYMBAIOT MEDPTBble KAMEHHCTHIE KJIETKH
¢ IPONMUTAHHBEIMHE JUTHUHOM oBosourkamu (puc. 111, 2).

CkesieTbl OJHOKJIETOYHBIX M 0eCIIO3BOHOYHBIX JKMBOTHBIX. ¥ JKHBOTHBIX pas-
JAHYAIOT BHYTPEHHUI, HADYKHBIH K ruapocraTudeckuil ckeaersl. CI0XHO yeTpO-
€HHBIH 6HYymMpeHHUll CKelem MMeT OJHOKJEeTOYHBIe MOPDCKHe IpocTeimne —
panuonapuu (puc. 112, 1). O npencraBieH CKeJeTHBIMM UIJIAMM, COCTOAIIUMH

Puc. 112, CreneTsl 0OAHOKJIETOYHBIX ¥ 0€CHO3BOHOYHEIX KUBOTHBIX: | — CKeJIeTHBIE HIVIBIL
(paguonsapusA); 2 — M3BECTKOBRIN cKesieT (KOPAJNIOBBIHM OMHUI); 3 — THIPOCTATHYECKHH
cKeJeT (IOXKAeBOH UepBb)
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M3 KpEeMHe3éMa WM CePHOKHCIOro cTpoHnusa. CKeJeTHBIe UIJIbl IPUKJICILIEHBl K
HApPYHOMY CJIOI0 IIHTOILIA3MBI IPH MOMOIH MYCKYJBHBIX BOJIOKOHEI, CIOC06-
HBIX K COKPAIIEHHIO WU yAIWHEeHHI0. B pesyinrare sToro maMeHseTcs oOIHid
00BéM Tesa pPafMONAPUIl, VBeINYNBAETCA WM YMEHBLINAETCHA ero IIOBEPXHOCTH,
4ro obecneuynBaeT MapeHHe MJIM HOTPY)KeHHe B TOJILY Boasl. Taxum oGpasom,
CKeJleT PaJiHONAPHN BHIMOJHAET ABOAKYIO POJb: 3allHINAeT TeJ0 KUBOTHOTO OT
MIOBPEMXIEHUA U CIOCOOCTBYET MEePEeNBUIKEHNIO B TOJIIIE BOJEI.

BayTpenHn H3BECTKOBEIH CKeleT UMEeTCs Y KOJOHHAIBHBIX KOpPAaJlIOBBIX IIO-
nunos (puc. 112, 2). OH cOCTOHT U3 H3BECTKOBLIX UIJI, KOTOPEIE KAMKIBII OTAeIbHEIN
noaun GOPMHDPYET M3 CoJieHl MODCKOI BOJAEI, B pe3yJbTaTe 4ero BHYTPH KOJOHHUH,
cocToAINell M3 MHOMKeCTBA IOJIHIOB, 00pasyeTca IJIOTHAS M TBEDAAA H3BECTKOBAS
Macca, BHINOJIHAKIIAS POJIb OIOPHL.

T'udpocmamuueckuil ckelem BCTpeyaeTcss y MATKOTETBIX KUBOTHBIX, HAIPHU-
Mep KoJb4aThiX YepBeil (puc. 112, 3). ¥V HEUX B mOI0OCTH Teaa UMeeTcsa MOJIOCTHAS
MHJKOCTh, KOTOPAasd OKa3bLIBAET HABJEHHE HAa MBI XHBOTHOTO, COeTUHEHHBIE
C KOXHBIMH MOKPOBaMM. MBImnbl crmoco0HBI COKPAIATLCA M IPEoA0JIeBaTh 3TO
llaBjieHHe, B Pe3yJbTaTe 4ero 4epBb nepexBuraercA. CleqoBaTesbHO, IOJOCTHAA
SKHUAKOCTE H MYCKyJlaTypa 00pasyioT IHIpocTaTHYECKHH CKeJleT MATKOTEIbIX MKH-
BOTHBEIX, KOTODPBIH coxpaHsaeT GopMy HX Teja U ofeclednBaeT IepeBHKeHNe,

Hapyxeuwiit ckeniem uMelor wienuncrosorue. OH BeIipabaThiBaeTcs KJIETKAMH
KOXH H COCTOMT M3 NOJHCAXapHJa XHTHHA, M03TOMY €ro Ha3bIBAIOT XUMUHOBbLM
noxposom (puc. 113). Xutun MoskeTr 3aTBep/ieBaTh, HAIIpHMep, IPH IPOIUTHIBAHUH
HM3BEeCTHIO, KaK Y pPakoB M Kpaboe. Besaenereme sToro mosBaseTcs HeoOXOIUMOCTD
JIMHEK, KOrZla CTapbli XUTUHOBEIN MOKPOB, CTABIINI TECHBIM JJIs BEIPOCIIErO KH-
BOTHOTO, PACTPECKMBAETCA IO IIIBaM M cOpaceIBaeTcCsH.

B ygacTkax Hapy’:KHOTO CKeJIeTa YWIEHHCTOHOIHX, KOTOPEIE HOJKHEl COXPAHATE
MOJABUKHOCTB, HAIIPUMeD, B MECTaX COUJIeHeHUs OT/JeJI0OB KOHEYHOCTeH, XUTHHOBBIH
noKpoB MArkui. OTgenbl KoHeuHOCTEH COeAWHEeHB! APYT ¢ APYTOM IPH IIOMOIIU

Puc. 113. Ynenucrosoroe (kpal) ¥ ero KOHEYHOCTE: | — XUTHHOBEI MOKPOBR; 2 — MBIIIIIIEI
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3TUX COWIEHEeHHH IOIBHUIKHO, MOJ00HO phIya-
ram. Ux neu:xkenne obecreurBAIOT MBIIIIEL,
KOTOPBIE IIPHKPENIAITCA K XUTHHOBOMY
HOKpPOBY H3HYTpH. CHADPYKH XHUTHHOBBIH
HOKPOB HMe€eT BOJOHENPOHHIIAeMEIH BOC-
KOIOZO0OHBIN €TI0, TPEeJOXPAHSIONUI Tel0
Ha3eMHBIX YJIEHHCTOHOTHX OT IIOTEPH BOALI.
TaxuMm 00pasoM, HAPYIKHBIH CKeler uje-
HUCTOHOTUX, MPEACTABJIEHHBIN XUTHHOBBIM
IIOKPOBOM, BBINOJHAET (QYHKIUH OHOPHI U
3alMTEl BHYTPEHHUX OPraHoB.

CReJ’lET MO3BOHOYHBIX XHBOTHBIX H 4Ye-
JoBeKka. BHYTpeHHUH CKelleT, COCTOAIUH 13
COEIMHHUTEILHOM TKAHH — KOCTHOM, XpAIIe-
BOH ¥ BOJIOKHHCTOHM, — HMEIOT II03BOHOYHELIE
JKHBOTHBIE, B TOM YHCJe W 4YejJoBeK. Tarkoi
ckeseT o0pasoBaH KOCMAMU, XPAWAMU H
cyxoxmcuauamu (puc. 114, 1).

B cocTaB KocTe# BXOIAT HEOPTAHUUECKHE
(Boma, xapboHaTsel ¥ (ocharel KaTbIUA) U
opramvyeckne (0eJIOK OCCEMH) BelecTBa.
OpranudyecKkue BemecTBa HNPUIAIOT KOCTAM
VIIPYIoCTh, & HEOPTAHUYECKHUEe — TBEPHAOCTD.
BricoKas MPOYHOCTH KOCTEH gocTHUraercs
coueTaHMEM YIDPYTOCTH U TBEpmocTH obpa-
3YIOIIUX UX XUMHUYECKHX coequHenuii. [Ipu
HeJoCTaTKe B OpraHW3Me BHTaMuHA D Ha-
pymaercs mpolecc MHHEDAJIU3allui KOoCcTei,
OHH CTAHOBATCA THOKHMH U JIETKO HCKPHUBJIA-
oTed (Zerckuil paxuT). ¥ HOMHIBIX JI01eit,
Hao00poT, KOJNUYECTBO HEOPTaHUYECKHX Be-
IIIECTB B KOCTAX BO3PACTAeT, II0ITOMY KOCTH
CTAHOBATCA XPYIKHUMH M JIETKO JIOMAIOTCH.

Ilo dopme paznu4aOT KOCMU OLUHHbBLE
(beppennas, JoKTeBad), Kopomxue (3anda-
CcThe, HPEAIJIIOCHA) U NJAOCKUe (IomaTka,
KocTH 4depemna). JIMHHBIE KOCTH UMEIOT
BUJ TPYOKU, CTEHKU KOTOPOH COCTOSAT U3
IJIOTHOT'O KOCTHOTO BelecTsa (puc. 114, II).
ITonocTs BHYTPH TPYOKHM 3amoJHeHa MKEJ-
THIM KOCTHBIM MO3TOM — 0OTraToH XHpOM
COeIUHUTEJILHOW TKaHBIO. ['OJIOBKYW JJIWH-

Yepen

Mosic BepxHUX
KOHEeYHOoCTEl

pyaHas
KneTka

MNo3BOHOYHUK

BepxHas KOHEYHOCTb

KocTu Tasa

HWxHAa KOHeYHOCTh

Puc. 114. Crener uemosera (I). Crpoe-
uue Geapennoit Kocru (IT): I — ronoska
KocTH; 2 — rybdaroe KOCTHOe BellleCTBO
C KpacHBIM KOCTHLIM MO3TOM; 3 — ILIOT-

HO€ KOCTHOE BelecTBO; 4 — ENTHIN

KOCTHBII MO3T'; 5 — HepBwl; 6 — Haj-

KOCTHHIIA; 7 — KPOBEHOCHEIE COCY/bI
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HBIX KOCTeH cofiepkaT ryduaToe KOCTHOE BEIeCTBO, B KOTOPOM HaXOAHTCH KPACHEIH
KOCTHBIH MO3I — KPOBETBODHAA TKAHb. CHADY:KH IOJIOBKM AJHHHBIX KOCTEH I0-
KDBITHI XPAIIOM, & OCTaJlbHAA YaCTh — HAJKOCTHHIEH (COeqHHUTeILHON TKAHBIO,
obecIleunBaleil pocT KOCTH B TOJIIIUHY).

KocTu ckenera coeImMHEHBI MeXAY CODOH HenodSUNCHO ¢ TOMOIILI0 KOCTHEBIX
IIBOB, NOLYNOOBUNCHO WIH NOGSUNCHO C TIOMOIIEIO CycTaBoB. K KOCTAM IPHKPEILIeHE
MEIIIIEL, KOTOPhIE IPUBOAAT KOCTH, COeIHHEHHBIE CYCTABAMM, B ABM:KeHUe. TakuMm
o0pa3oM, BHYTPEHHHI CKeJIeT IO3BOHOUYHBLIX KHBOTHBIX M YeJJOBEKA PACIOIOMKEH
mof caoeM MBIIIIL. OT HADYXKHOTO CKeJieTa OH OTJIMYAeTCH ellé W TeM, UTO COCTOMT
M3 JKHBOH THAHW M MOYKET PACTH B Teje »XHMBOTHOTO.

Crener m03BOHOUHBIX XMBOTHBIX, HAIIPUMED YeJI0BeKa, COCTOMUT U3 YeTHIPEX OT-
JeJIOB: 4epemna, 0CeBOro CKelleTa, HOSCOB KOHEYHOCTeH W cBOOOMHEIX KOHEYHOCTell.
Yepen, o6pa3oBaHHBINA KOCTAMHU JIUIEBOTO M MO3TOBOTO OTAEJOB, CAYKUT AJIA 3aIli-
THI TOJIOBHOT'O MO3Ta, OIOPOH i 3y00B M MBIIIIL I'oJ0BEI. Ocegoil ckenem COCTOUT
M3 MO3BOHOYHHKA M IPYAHON KAeTKH. [10360HOYHUK, 0OPA3OBAHHBIN OTAEIBHBIMHA
KOCTAMH — IIO3BOHKAMM, 3ALIUINAET IPOXONANIMHA B ero KaHajle CIHHHOH MOA3T,
a TaKKe CJYMHUT Omopoil 1yis Mbliui cuuHel. OT HasBaHHA 3TOTO OTHEJa OCEBOTO
CKeJIeTa MPOMCXOJUT HaszBaHHe OOJIBIIOI IPYINLl KHBOTHBIX — II03BOHOYHEIE.
K muM npunagieskaT peiObl, 3eMHOBOIHBIE, IPECMBIKAIOIINECH, ITHIIH ¥ MICKOIH-
Tawimye. Bece 0HM MMEOT TO3BOHOYHHK, 00pasoBaHHBIA NO3BOHKAMH.

OceBoii cKeJleT pa3BUBaeTCH B IPOLECCE 3aPOABIIIEBOT0 PASBUTHSA U3 X0pdsl (OT
rped. chorde — CTpyHA) — AJIMHHOIO M YIPYTOrO CTEP:KHA U3 COeIMHUTEIbHOMH
TKaHHA. ¥ OOJBIIMHCTBA TO3BOHOUYHBIX KMBOTHBIX XOpJa B IPOLECCe HHAUBHAYATL-
HOT'O PA3BUTHUSA 3aMelaeTcAa TOSBOHOUHHKOM U OT Heé COXPAHAKTCA JHUIIL OCTATKH
MeKIY TeJaMH IO3BOHKOB. OIHAKO Y HEKOTOPHIX »KHBOTHBIX, HAIPUMED JIAHIIETHHU-
KoB (puc. 115), Xopa coXpaHAeTCA B TeUeHHE
Bced JKM3HHU. BOKPYr Heé (DOPMUDYIOTCS CJIOU
MBIIII, o0ecmeunBalOIHe H3rHbOaHUe Tejaa H
IepeIBUIKeHHe B BOJE.

I'pydnas kaemra, obpasoBaHHaA pédpamMu
U IPYAMHOH, 3aI0MINAET PACIOJOKEeHHEIe B
Hel cepane u dérkue. Kpome Toro, IBHMKEHHA
pé€bep obecrmedwBaOT ¥ HA3€MHBIX MTO3BOHOYHBIX
MHUBOTHBIX AbIXATEJbHBIEC ABHMEHUA.

Hauboaee mMoABHMKHBIMH OTIEIaMH CKeJe-
Ta NO3BOHOYHBIX MHBOTHRIX ABIAKTCHA NoAca
KOHeuHoemeil U c80600Hble KOHeuHOCMU, 00-
pasyiomue nepudepuueckuii crener. Tak, y
YeJIOBeKAa BEPXHHEe KOHEYHOCTH COENHHEHBI ¢
OCEBBIM CKEeJIETOM MPH MOMOIIH MapHBIX KOCTeH
I1J1e4eBOT0 MOAca — JIONATOK M KJIFOTHIL, 8 HHK-
HHEe KOHEYHOCTH — TapHBIX Ta30BBIX KOCTeI,

Xoppa

KoxHbie
NOKpPOBbI

Puc. 115. Ilonepeunsiii paspes JgaH-
HeTHUKA
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00pa3yIONIHX Ta30BEIM mosac. B ckesere cBOGOAHBIX KOHEYHOCTEH BBIZENAIOT OT/AEJBI,
00pasoBaHHBEIE COOTBETCTBYIOIIMME KOCTAMH (BePXHAA: IJI€Y0, MPeIlIedbe, KUCTh;
HIKHAA: 6eIpo, ToJleHb, cTona). K HEM IpHKperUieHsl MBIIIIEL, 00ecneduBanie
IBU;KEHHe B cycTaBax. Takum o6pasoM, cKeJsieT TO3BOHOUHBIX BBINOJHACT QYHKIHMI
OIIOPBI, 3AIATHl U ABUMKEHHUA.

OnopHule cucmembvl; 060704 Ka KiemKu; PuOPULLbL; KAPKAC; HADYHCHBLIL CHesem
(xumunoeslii nokpos); zudpocmamuieckuil ckeslem; 6HYMPEeHHUL cKerem;
Koemu: dAuHHbLe, KOPOMKUE, NAOCKUE; COeOUHEHUA KOcmeil: HenodeuiHsLe
(west ), norynodeuxchvie, nodeuxcusie (cycmasst); omoenvl crelema no3eo-
HOYHBLX HCUBOMHBLX: Yepen, 0ce6oil crenem (N0360HOYHUK, zpydHas Kaemka,
xopfa ), nosca KoHewHOCcmell, c60000HbLE KOHEUHOCTU.

Bonpocel u 3apaHusa

1. Kakue Tunbl ONOPHBLIX CUCTEM BCTPEHAKOTCH Y OPraHn3mos?

2. W3 4ero COCTOWT Kapkac Tena pacTeHuii?

3. Yem npencraeneH BHYTPEHHWIA M HAPYXHbIA CKeneTbl 68CNO3BOHOYHbIX XUBOTHBLIX?

4. Cpenu 4NeHUCTOHOTUX oMapkl U kKpabbl JOCTUraI0T PasMepoB B AECATKU CAHTUMETPOB,
a NOYBEHHbIE KNELM MMET MUKpocKonuyieckue pasmepbl. OBbACHUTE NoYemy.

5. Yem npencrtasneH BHYTPEHHWUI CKeneT MO3BOHOYHbIX XWBOTHbIX? Kakue @yHKumn OH
BLINOSIHAET? M3 Kakux OTAENOB M KOCTEA COCTOUT CKeneT Yenoeeka?

6. Kakoe cTpoeHue MMeeT ONMHHAaA KOcTb? Kakwe CBOWCTBa NPUAAloT KOCTK BXoOdAlMe
B €€ COCTaB HeOpraHWyYeckue U opraHmMyeckue sellecrsa?

7. Kak kocTy coeauHeHbl Mexay coboi? MNpueeante npuMepsl pasnuyHbiXx CoeanHEeHWA.

8. BbIACHUTE MO CKENeTy MNEKONUTALWEro (MOPCKOW CBUHKW, KOLIKMW, KPOWUKa), U3 Kakux
OTAENOB W KOCTel OH cocTouT. MepeyepTuTe B TeTpade 1 3anonHute Tabnuuy.

Crener MJIIEKONHTAKNIEro

OTaen cxenera OcHoBHBIE KOCTH OT/Je]a DyaRUUH

§32. [1BNKeHne opraHuamMos

3 PaccmoTpuTe puc. 116—122. Kakme opradbl obecne4ymBaloT ABVXEHWE Op-
_,/ raHuM3MoB? Kakoe cTpoeHue MMEEeT MbllledHan TkaHb? Kakumu ceorcTBamu
obnapaeTt mMbllleYHan TKaHb?

Ieuxcenue opranmuaMa, T. €. IepeMelleHle Bcero Tesa WM ero dacreil B mpo-
CTpaHCTBe, ABAAETCA OSHUM M3 XaPAKTEePHBLIX IPUSHAKOB KHUBOTO. [[BHKeHHEe MOKeT
COBEpPIIATHCA MACCHBHO ¢ TOKOM BOABLI WM BO3AyXa MM ObITh AKTHBHBIM, CBA3aH-
HBIM ¢ paboToi MBI, AKTHBHOE ABMIKEHHUE Yallle BCTPeUaeTcA Y *KHUBOTHBIX, YeM
Yy pacTeHuii u rpuboB. PaccMOTpUM OCHOBHBIE BHIBI AaKTHUBHOTO JBHXXEeHHA.
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/A BuiKeHHSA OQHOKJIETOYHBIX OPraHN3MOB. [[BI)KeHUA OMHOKJIETOYHBIX OPraHus-
MOB — OakTepuii, BOAOPOC/Iel U IPOCTeHIINX — 06eCIeYHBAIOT HUTH COKPATUTENh-
HEIX GeJIKOB, DACTIOJIOKEeHHBIE B IIUTOILIA3ME KJIETOK U 8UzAMelbHbLX 0P2AHEeANAX —
KIYTHKaX U pecHHUYKax (puc. 116).

Améboudnoe deurenue XapaKTepHO AJIA MPOCTEHMIHX, 0OPABYIOLINX JOMKHO-
HOKKHM — BPeMeHHBIE BBIDOCTHI IIHTOILIA3MEI, B KOTODEIE IOCTENEHHO NepeTeKaeT
COAEPKUMOe KIeTKHU. Mzymurkosoe deunenue obecrniednBaror xryruxu. Hanpumep,
Y 9BIJI€HBI 3eJIEHOH KI'YTHK, PACIIONOKEHHBIH Ha IepeJHeM KOHIE Tela, COBepIIa-
eT KPYTOBbIe JBUMKEHHSA U Kak OBl TAHET KJIETKY 3a coboii. PecnuuHoe dsurcerue
XapaKTepHO Ans uH(Y30puii. B aToM ciydae a5 nepeaBHKeHNA KIeTKH B OIpeje-
JIEHHOM HANPABJEHWN HeoOXOAMMa COIVIACOBAHHOCTD B JBHKEHWAX PECHHYEK, UTO
AOCTHTAETCA 38 CYET 0COOBIX HHTell, COEAUHAIONMX PECHUUKH ADPYT ¢ APYTOM.

JIBUIKEHNSI MHOTOKJIETOUHBIX PaCTeHHH. [[BHKeHNA PACTeHUil CBA3AHBI C POCTOM
HUX OPTaHOB B ONIpe/leJEHHOM HalpaBieHNH. Takue POCTOBBIE [BHIKEHUS HABHIBAIOT
mponusmamu (OT Tped. {ropos — MOBOPOT, HampasieHue). Ux NMpHUMHONR CIYKHUT
HampaBJIeHHO AelCTBYIOLIUI HA TOT HJIH
MHOH OpraH DacTeHHudA pPasZpPakuTelb:
CBeT, BJIara, XMMHUYEeCKOe BeIlleCTBO U T, II.

Tponuamel GEIBAIOT MOJNOMKUTEIh-
HBEIMHM ¥ OTPHIIATEJbLHBIMH, U B 3aBH-
CHMOCTH OT XapaKTepa pasIpaKHuTess
Pa3nHMYalT pas3HBEIe BHUABI POCTOBLIX

nerokenuii. Hanpumep, mober pacrenns
1 333?3* " NoxroHoxka IpOABIAET nono;lfnTeJILHHfri ¢oToTpo-
Nu3M, T. €. PACTET 10 HANDABJIEHUIO
K CBeTyY, & KOPeHb — OTPHIATeJbHBIHN
dororponusm (puc. 117). Pacrenus
pearupyioT TaKKe HA MPABHTALMOHHOE
nose 3emau. Hampumep, 3apoibliieBsli
KOpPeHb CeMeHH DAaCTET BEPTHKAJIbHO
BHH3, B NMOYBY (IOJIOKHUTENBHBINA reo-
TPONU3M), & nofer — BePTHUKAJIbHO BBEPX
OT MMOBEPXHOCTH 3eMJIH (OTPHIIATEIbHBIH
reoTpOmu3M).

Kpome Tponm3MOB y pacTeHHH Ha-
OJIH0IaI0TCA ABHMKEeHHA HHOTO THIIA — HaA-
cmuu (oT rped. nastos — YIJIOTHEHHBIH).
OHU BO3HWMKAWT NpH AelicTBMM HeHa-
IpaBJeHHBIX pa3fpaskuTesiel, HalpuMep

. COTpsACEHHMA MJIH TeMIeparypsl. Tak
Puc. 116. Criocobb1 JBUKeHUA MPOCTEHITHX: p patyp ?

1 — améboumsOe (BBIXOX AMEOL! U3 LHCTHI); eCJIA HpHRPCHy’I‘I:Cﬂ K JJHCTBAM MHMOS3EI
2 — kryTuKoBoe (v 9BIJIEHEI 3eI8HOH) CTBIAJIHBOH, OHH 6HCTp0 CKJIaabIBAKOT-

Bpauuerue xrytuka
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cA B IIPOJOJBHOM HAIDPABJEHUH M ONYCKAITCA BHHS3
(ceiicmoHacTus). llBeTKHU TIOABIAaHA OTKPHIBAIOTCA H
3aKPBIBAIOTCH B OTBEeT HAa HM3MeHeHHe TeMIlepaTyphl
(repmonacTus). [IlppunHa JaHHOTO ABJIEHHSA CIIENYIO-
masA: TeIJI0 YVCKOPAET POCT BHYTPEeHHEH CTOPOHBI JIM-
CTOYKOB OKOJOIIBETHUKA — ¥ I[BETOK OTKDBIBaeTCHd, a
OT X0JI0[a YCKOPAeTCA POCT UX BHEIIHeH CTOPOHEI, B
pesyabTare 4ero IBeTOK 3aKPBIBAETCA.

JBuiceHHA MHOTOKJIETOYHBIX KMBOTHBIX M Yello-
Bera. BOJLIMIHAHECTBO MHOTOKJETOYHBIX HHUBOTHBIX
nepeABHUralTca GJarofaps COKpAIeHUAM MBI, 00-
PasyOIIuX MbluleuHYo cucmemy. MbImisl KHIIeYHO-
NOJOCTHBEIX NpPEeJCTABJIEHBl COKPAMUMELbHbLMU
80J0KOHUAMU, PACIOJOKEHHBIMH BHYTPH KJIETOK
(puc. 118, 1). MeimreuHas cucTeMa KOJIbYaThIX YepBei
obpasoBaHa KON CHO-MYCKYJIbHLLM MEULKOM, COCTOAITAM
13 KOJIbIIEBBIX U IPOJOJBHEIX CJI0EB MBIIIII, COEINHEH"
HBIX C KOXKell ¥ meTuHKaMu (puc. 118, 2).

MpglmreuHas CUCTeMAa WIEHHCTOHOTHX COCTOMT M3 OT-
IeJbHBIX MBIIII, TIPHKPENJIEHHBIX H3HYTPH K XUTHHO-
BOMY IOKPOBY, ITOATOMY UX ABHIKEHHUA Pa3HOOODA3HEI.
OpuuM u3 Haubojlee CIOMKHBIX ABUIKEHHH ABJIAETCH
MMOJIET HACeKOMBIX. HanmpuMep, JeTaTeJ bHBIN anmapar
KOMHATHOH MyxXmu 06pa3oBaH OJHOM Mapoi KPBLIbEB,
COeJMHEHHLIX CO COIMHHON W OOKOBOI CTOpPOHAMU
rpyam (pue. 119). [IBuxeHe KpeLIbeB 00eclIeYnBaIOT
JeTaTeJlbHbIE MEIIIIbl, HEIOCPELCTBEHHO C HUMHU He
cBsA3aHHble. [JomepeMeHHO COKpAallas MIpOJOJbHBIE H
CHMHHO-OPIOIIHEIE JIeTATeJIbHEIEe MEBIMIIBI, MyXa H3Me-
HAeT (popMy CBOEH I'DYAH, YTO BRISEIBAET IIePeMeIleHn s
KPBLIBLEB BBEPX W BHHU3. AMIUIMTYZA 3TUX H3MeHeHWH
HEBEJIMKA, HO JeTaTeJbHbIe MBIIIIbl COKPAIAI0OTCA Ha-
CTOJILKO OBICTPO, YTO YACTOTA BEBMAXOB KPbIJIbEB MyXH
pocturaer 200 B ofHY CEKYHIY.

MelnmedyHasa CHCTEMA MO3BOHOYHBIX XHMBOTHBIX
cocTaBlsieT B cpeaHeM 1/3 macchl Tena (y 4esoBeKa
o 44 %). OHa cBsizaHaA ¢ KOCTAMHU CKeJeTa, [I03TOMY
Ha3BIBaeTCA CKeaemHuoil myckyaramypoii. CKkeleTHbIE
MEBILIIEI MOTYT OBITE PA3HBIMH 10 (hpopMe, pACIIOJIONe-
HUIO B Tene W BhInonHseMbiM dyarmuam. [To dopme
Pa3NUUYAIOT MBIIMIIEI JIAHHBIE U KOPOTKHE, IINPOKHE 1
Kpyroesle. ITo pacmoioKeHUI0 B TeJle MBI OBIBAIOT

Puc. 117, [IpuskeHus pac-
TeHni: I — doTOTPONIU3M;
2 — reorponuaM; 3 — Tep-

MOHACTHA
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MbilLeYHoe BONOKOHLE

KonbleBsle
lNpoaonsHble M[flﬁub,
MbILLILLbI
KoxHele
MOKPOBbLI

Puc. 118. MeimeyHsle BOJIOKOHIA B KJIETKAX KMINEYHONOJIOCTHEIX (1)
H KOXKHO-MYCKYJBHBIH MeIIOK V KOJBYATLIX YepBeii (2)

ray0OKMMHE ¥ IOBEDXHOCTHBIMH, HADY/KHBIMA W BHYTPEeHHAMHM. MEIIIIIE! OTIHYaI0TCS
TaKKe U 110 XapakTepy ABM:eHU# — crubaTtenm m pasrubaresun, NPUBOAANIHE U
OTBOAALIME, Bpalllaloliye, PACIIHPAONINE U cyRuBawmmne (puc. 120).
Pasnuysble rpynnel IO3BOHOUHBIX KHBOTHBIX IPHCIIOCOBIEHE! K IepPeBHKEHII0
B pasHBIX cpefax: B Boje (mnaBaHue), B Bozayxe (mosnér) u mo cyme. PaccMoTpuM
HauboJsiee XapakTepHbIe NpuMepsl. Tak, IaBaHue y PBIO OCYIIECTBIAAETCA GIAr0-
Iaps COKPAINeHHI0 OTAEJbHBIX CETMEeHTOB MBIIII, PACIOJIOMKEHHBIX BA0Jb I'HOKOT0

lMpogonbHule

CrnnHHO-OpIoLLIHLIe

Pue. 119, JleraTeabHble MBIIIIIE MyXH

Pue. 120. Memmns! crubaTenn
M pasradaTesu y 4eJ0BeKa

mo3BoHOYHMKA (puc. 121, 1).

ITonér nTHL OCHOBAH HA IBHIKEHHH
KpBLIBEB U nepbes (puc. 121, 2). C roc-
TAMH KPbLIA CBA3AHBI JIETATEIbHbIE MBIII-
IIbI, KOTOPbIE 0DeCIIeYnBaOT UX MOLHATHE
¥ omycKaHue. ¥ OONBIIMHCTBA IITHI]
nonér mamymuii. IIpu BaMaxe KPBLIbA
nrun u3rubamoTea u OTBONATCA Hasal.
Ilepbsi KpBlZIa DU 3TOM pPas3beIUHSIOT-
¢sl, ¥ BO3AYX CBODOZHO IDOXOIHAT MEMXIY
HHMHW, TEM CAMBIM YMeHbIIas a3poJuHa-
MUYeCcKOe CONpPOTHBIeHHe. [[BHKeHHeM
KPEBLIBEEB HA3a] OTHIA CO3JaéT MOIIHLIN
TOJIYOK, MCIONB3YEMEBIH /s IOCTYIa-
TeJBHOTO ABM)KeHuA Brnepén. Ilpm maxe
BHH3 KDBLIbSA BBEIIPAMJISAITCH, OmaxaJa
IepbeB IJIOTHO CMEIKAIOTCH APYT C Y-
ToM, uTO ofecmeunBaeT MaKCHMAaJbHOE
COIIPDOTHBJIEHHE BO3AYXY M CO3JAET HOIL-
€MHYIO CHJIY KpPBLIa.
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JIBH#eHHe IO CYIlle HA3eMHBIX YeTBEPOHOTHX JKHBOTHBIX OCYIIECTBIAETCH IIPH
[IOMOIIH MepeJHUX M 3afHHUX KoHeuHocTeil. /A G0NBIIMHCTBA JKHBOTHBIX Xapak-
TEePHO He TOJBKO MeJJeHHOe, HO U GricTpoe Iepejsuxenre. Hanpumep, y Jomanu
xoms6a m Ger obecmedMBAIOTCA COTJIACOBAHHON pAOOTOM 3aJHUX M IePEeJHNX KOHEUHO-
creit (puc. 121, 3). KoreunocTn nepemeinaioTes BIepén 61arofaps monepeMeHHOMY
COKpAaIeHNI0 MBI crafaresneil u pasrubareneii. IIpu aToM 3ajHHEe KOHEMHOCTH
paboTaoT KaK PHIYATH, NPH BHEIIPSAMJIEHHH OHH OTTAJIKHBAIOTCA OT 3€MJH U IIPO-
IBHUI'atOT TEJIO JIOMIATN BIEPEN.

CrenerHble MBIINEI M uX padora. Ckenemuas Mblullyd UMeeT PACIIHPEHHYIO
YacTh — OPIOMIKO M CYXOMKHJINA, C IOMOIIBI0 KOTOPHEIX OHA KPENUTCA K KOCTAM
MJIH JPYTMM OpTaHaM, Hanpumep Koske. CHApyH MBIIINA IOKPHITa 000J0UKOMH
M3 COeIMHUTENbHON TKAHM, BHYTPDH MMEIOTCHA COOpPaHHBIE B NYYKH MblUleiHble 60-
N0KHG — MHOTOSIepHbIe KJIeTKH, KOTOPhIe TPOHU3aHEl KPOBEHOCHBIMH COCYIAMH U
HepBaMu. Kasx/0e MEIIIEYHOE BOJIOKHO COAEPIKUT MuopuOpusibt (OT Tped. myos —
MBILIIA), COCTOAIIME U3 COKPATHTENbHBIX OEJIKOB MHOBHHA M aKTHHA (puc. 122).

CoxpallieHie MBIIIEYHBIX BOJOKOH IIPOMCXOLUT IIOJ BIMAHHEM HEPBHBIX HM-
MyJIbCOB, TOCTYNAIIIUX OT ABHTATeNbHBIX HEeHPOHOB leHTPAJIbHOH HEPBHOMH Cu-
crempl. IIpy 5TOM IIPOMCXOAUT BTATMBaHWe Oojlee TOHKUX HHUTell aKTMHA MEMAY
TOJICTHIMH HEUTAMHA MHO3WHA, YTO BEJET K YKOPAYHMBAHHUIO M HANPAMEHUIO MBIIIeY-
HBIX BOJOKOH H, CIIeJOBATENIbHO, BCEH MBIIIILI. J[Id MBIIIEYHOTO COKpAaIleHHsd

Puc. 121. [IsukeHHA NO3BOHOYHBIX JKHUBOTHBIX: | — napaHue (perba);
2 — moaér (ntuna); 3 — xoanba U Ger (Jomans)
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Puc. 122. Crpoenue cKeseTHOH MBIIIIBL:
1 — o6o04YKa; 2 — OYYOK MBINIEUHBIX
BOJIOKOH; 3 — OT/Je/IbHOe MBIIIIeyHoe
BOJIOKHO; 4 — AP0 KJIETKH; 5 — HEpB

Heo0xoAMMO NpHUcyTcTBHe HoHOB Ca®t u
Monexkya AT® — wmcrouHHKa sHepruw.
KoopauHanusa MEIIIEYHBIX IBUMKEHUH y
IIO3BOHOYHBIX KHBOTHBIX, B TOM 4YHCJIe
¥ YeJIOBeKa, OCYIEeCTBJIAETCH GbLCULL-
Mu deuzamenbHbLMU UeHMpaMu, pac-
II0JIOKEHHBIMH B 0OJIBIINUX HOIYIIapHaX
roJ0BHOTO Mo3ra. Biarogapsa xoopausa-
IIMA JOCTHUTraeTcsA COrjIacoBaHHAaA paboTa
CKeJIeTHBIX MbImn. Hanpumep, npm co-
KpameHWH OBYTJIABOM MBIIINLI ILJIeda,
crufaiomeil pyKy JesloBeKa B JIOKTEBOM
cycTaBe, TpPEéXriaaBas MBIINIA IJjeda,
BREINIOJIHAKOMAA QYHKIHUIO pasrubaTens
pykH, paccinabiera (cm. puc. 120).
Mexannueckas pabora, coBepiiaemMas
CKeJIeTHBIMHM MBIIIIAMM, MOMKET OBITh
IUHAMUYECKOH H crarudeckoi. Ilpu du-
Hamuyeckoil pabome (nepemMellieHne Teja
HJIH IDy3a) NPOHCXOAUT MOOYEpPELHOE
COKpamleHHe Pa3HBIX IPYIIN MBIIII, 9YTO
IMO3BOJAET MBINIIIAM COBepIIaTh paboTy
AnuTenbHOEe BpeMa. Crmamuieckas pado-
ma (cTOAHWe HA MecTe WIH VAep:KaHue
rpysa) OPpUBOLHUT K OJHOBPEMEHHOMY
COKPaIIeHHI0 MHOTHX CKeJIETHBIX MBIIIIII,
I03TOMY OHA MeHee NPOJOJIKHUTEIbHA,
yeM AMHaMudeckas pabora. BpemenHoe

TMOHHKeHHe paboToCmocOGHOCTH CKeJeTHLIX MBIIIN, HACTYIAlIlee B Pe3yIbTa-
Te paboTEl W HWcUe3alollee IIOCJIE OTABIXA, HASLIBAIOT MbIULEYHbIM YMOMACHUEM.
IIpuunnamMu HaCTYIJIEHWA MBIIIEYHOTO YTOMIEHHA MOTYT OBIThH MPOIECCHI, IIPOKC-
XOJAIIMe KAaK B CAMHX CKeJIeTHBIX MbINNaxXx (HakoIJIeHHe MPOAYKTOB oOMeHa —
MOJIOUHOH, (ocOpPHOH KHCIOT; YMEHBIIEHNE YHEPreTHYeCcKHX 3alacoB), TaK H
YTOMIJIEHUE HEPBHBIX II€HTPOB, VIPABJIAMIINAX HX paboToii.

Heuicernue; deuzamenvHbie opzaHenibl; 08uxcenue npocmeiiuiux: améboudnoe,
He2YMUKOB0E, DEeCHUYHOE; dauxncernue pacmeuuﬁ: mponu3mbsl, HACMUU, MblUEYUHbLE
cucmeMbl! coKpamumeibHble 010K0OHUA, KOHCHO-MYCKYAbHbLIL MEULOK, CKelem-
HAA MYCKYAAMYpa; CKELemMHAl MbLUYQ: MblULEYHOe 60J0KHO, MUuopubpuiia;
sbicuiue 0euzamenbHble YEHMPbL; paboma Melllly: OUHAMUYECKAS, CINAMUYLeCKa;

MbllleLHOe YJMOMIEeHLe.
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Bonpocekl u 3aaaHus

. Kakve cnocobbl nepefBuXeHun xapakTepHs! 418 NPOCTeRLLnX?

YTo Takoe TPONuU3Mbl U HACTUW? MpuBeanTe NPUMEpPL! TPONW3MOB 1 HACTUIA.

Yem npeacTasneHbl MbllLeYHbIE CUCTEMb! MHOMOKNETOYHBIX XUBOTHBIX?
OxapakTepuayitTe OCHOBHbIE CMOCOBbLI MbILLEYHOrO ABVXeHUs BeCrno3BOHOYHbLIX 1 No-
3BOHOYHbIX XMBOTHbIX. OTBET NPOMANIOCTPUPYITE NpUMEpPaM.

Kakoe cTpoeHue uMeeT ckenetHas meiwua? OnviwmTe NpoLeCe MbllLEYHOTO COKPALLEHUS.
Kakyto ponb B HEM UrpaeT UeHTpasbHaa HepBHas cucTtema?

. OBbACHUTE, NOYEMY CTOSIHME Ha MecTe Bosiee YTOMWTENbHO, YEeM yMepeHHas xoabba.
Y710 Takoe Mblle4YHoe yToMneHue? KakoBbl ero OCHOBHbIE MPUHNHDI?

. Mo Mynsixy Topca YenoBeka BbIICHATE, KAKWe MblLlLIbl BXOOAT B COCTAB CKENETHOW MyC-
KynaTypsl Henoseka. MNepeyeptute B TETPab W 3anonHuTe Tabnuuy.
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§33. NMutaHme opraHn3mos

) PaccmotpuTte puc. 123—129. Kakue opraHbl obecne4msaloT niraHmue opraHuns-
- MOB? Yem aBTOTPOdHOE NUTAHUE OTAMHAETCH OT reTepoTpogHOro?

ITumarue opraEnaMa CKJIAABIBAETCA M3 MOCTYILIEHHS ITHINH, e€ mepepaboTKH,
BCACBLIBAHHUSA M YCBOEHMs IUTATEJHHBIX BellecTB. Biarojaps NUTAHHIO OPTaHHU3M
moJydaeT XHMHUUYECKHEe COeJUHEHWs, UCIOAb3yeMble B KadecTBe CTPOUTENLHOI'O
MaTepuasia U UCTOYHMKA sHeprun. CocTaBHOM YaCThI0 MUTAHUS ABIAETCA NUWE6a-
peHlie — COBOKYTIHOCTE IIPOLIECCOR, 00eceuHBAIOIINX MeXaHUYeCcKoe uaMellbueHHe
M XMUMHYeCcKOe pacllellieHHe MHINEeBhIX YaCTHI[ Ha KOMIOHEHTHI, IPUTOAHBIE K
BCACBIBAHMIO H YYACTHIO B 0OMEeHe BellecTB OpraHu3Ma.

IIntasne pacreHuii. BOJBIIHMHCTEO PACTeHHH MHTaeTCHd aBTOTPO(GHO 3a CYET
npornecca (omocunmesa. OCHOBHOH IPOAYKT (hoTOCHHTE3a — IJII0K03a — IpeBpa-
IMaeTcs B CaXapody U KpaxMaJl, KOTOPEIe 3a1acaloTcs B OpraHax pacTeHusd, a TaKKe
HCIIOAB3YIOTCA IJIA POCTA, PASMHOKEHMA, CHHTe3a APYIMX OPraHNYeCKHX BeIljecTB:
JKHPOB, OEJIKOB, BUTAMHHOB U TOPMOHOB.

VY BOAHBIX paCTeHWI MOCTYILIEHHe BOJH ¥ MUHEDATLHBIX BelllecTB, HeoOXoau-
MBIX I8 (DOTOCHHTe3a, IPOUCXOJUT Yepes BCIO MOBEPXHOCTH Tesla. ¥ DOJBIIMHCTBA
Ha3eMHBIX PACTeHHH ATy (DYHKIIUIO BEINOJHAET KOpeHb. B 30He BcachlBaHWA KOPHA
HMeoTCA KOpPHEBBIe BOJOCKM — KJETKM IMOKPOBHOH TKAHU C BHIPOCTAMM, 3a CUET
KOTODBIX 3HAUHTEJIBHO YBEJIHUYMBAETCH ILIOIIALb NOCTYILIEHHA B PacTeHHe BOILI €
PACTBOPEHHLIME B Heil MUHepaJbHBIME BeulecTBaMu (pme. 123).

Ioznrowenue 60dbt obecrieunBaercs KOPHEBEIM IaBIeHHEM — CHIIOH, ¢ KOTO-
poii KopeHb cIocobeH BcachIBATEL BOAY M3 IIOUBHI. BMecTe ¢ Bofo# uepe3 membpany
KOPHEBBIX BOJIOCKOB IIOCTYIAIOT M OTAeJbHbIe HOHBI METANJIOB U HEMETAJLIOB, T. €.
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OCYIIECTBIAECTCA MUHEPAIbHOE numaHue pacTeHnsa. KaTHOHEBI B CBOEM GOIBLIIMHCTRE
IOCTYHaloT [IACCUBHO, IO TPAJHEeHTY KOHIEHTPAIMH, & AHUOHLI — aKTHBHO, T. e.
¢ 3aTparoii sHeprun AT® Ha TpanCcMeMOpaHHLIH TpaHcnopr. Bxogamue B cocrar
KaTHOHOB ¥ aHHOHOB 3JIeMEeHTBI — a30T, docdop, cepa, KaJIUil, MAaTHHH, KaJIbIUH
M JKeJie30 — JKU3HeHHO Heo0XOAMMEI pacrennio. KasKIplil s/leMeHT MMeeT HHHBH-
AyanbpHOe 3HaYeHHe W He MOKeT OBITH 3aMeHEH ApyruM. Hanmpumep, asor Biuser
Ha pasBUTHe crebieit W JHCTBEB PACTeHHS, KAJTHA CTHMYJIHDYeT poCT KOpHeii, a
(hocdop obecneunBaer MBeTeHHE M IJIOAOHOIIEHHE.

Caer u yriekucslit ra3, HeO6XOAUMbIe PACTEHUAM /A (DOTOCHHTE3A, B OCHOB-
HOM yJIaBIUBAaIOT JucmbA. Brarogapa ymiaoménHo#i GopMe W JHCTOBON Mo3anKe
(PacmoI0KeHNUIO JTUCTHEB B OJHOI MJIOCKOCTH, 06eCHeYHBAIOIIEMY UX HAMMEHbIIIee
3aTeHeHHe NDYT Jpyra) JHUCTbA PACTeHHIl IPHCHOCOOIeHB K 2(hdeKTHBHOMY HC-
TOJB30BAHHIO COJIHEYHOTO cBeTa (puc. 124).

Bo BHYTpDeHHEM CTDOEHHH JIMCTHEB IPOCIEKHBAETCH B3AMMOCBAZh C BBIIIOI-
HeHHeM QYHKNUH GorocuraTesa. Tak, Koxkuna (3IUIEPMHC) JHCTA obGpasoBana
IPO3pavYHbIMU KJIETKAMH, CRODOIHO NMPONYCKAIOIIEMH CBET K CTOJGYATOH TKAaHU
MAKOTH, B KOTOPOH B OCHOBHOM M IIPOHCXOAHT (DOTOCHHTE3. YIJIEKMCALIH ras mo-
CTyIlaeT BHYTPEL JIMCTA 4Yepe3 YCThHIA, & BOAA ¥ MHHEPAJbHBIE BEIecTBa — II0
COCyAaM NPOBOAAMHUX NYYKOB — KHUJIOK, COCTOSAIIUX M3 ay6a, ApeBeCHHEI M
MeXaHMYeCKHX BOJOKOH. OpraEmyecKHe BelecTBa, 00pa3oBaBIIMEcH B IPOIEcCe

Bopa  Yactuua
MOYBbI 1
MunepansHsie BellecTea

Puc. 123. Ctpoenue KOpHA B 30HE BCACHIBA- Puc. 124. Jlucrosas MosauKa —
HuaA: ] — KOpPHEBO# BOJIOCOK; 2 — KIETKH Iprcnocob/ieHHe PACTEHHI K HCIIOJIB30BA-
KODEI; 3 — COCYABI IPEBEeCHHEI IeHTPATLHO- HUI0 COJTHEYHOTO CBETA

ro AJIUH/DA
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doTocuHTE3a, U3 JUCTbEB TPAHCIOPTH-
PYIOTCS [0 CHTOBHJHBIM TpyOKam ayba
K IpyruM opraHam pacreHus (pmc. 125).

ITumepaperue y OONBITHHCTBA pacTe-
HUH BHYTPHUKJIETOYHOE, T. €. IPOUCXOTUT
BHYTPH KJIETOK M0/ JelicTBHEM IHIeBa-
pHUTeNBHBIX (GEPMEHTOB, COAEPKAIMUXCH
B JM3ocoMax. BmecTe ¢ TeM BCTpe4arTCHA
pacTeHHSsI, IPOH3PACTAIONIHE B YCIOBH-
AX HeJOCTATKA MHWHEDAJBHBIX BeIleCTs,
ocobeHHO a30Ta, KOTOpBIE CHOCOOHBI K
3aXBATBIBAHWIO MEJIKHUX XHBOTHBIX U UX
nepesapuBaHUIO BHe KiIeToK. Tak, BcTpe-
yaromasacsa Ha TophAHBIX 607I0TaX POCAH-

Ka WJH IIpoM3pacTaiollas B npygax my- Puc. 125. BEyTpeHEHee CTpOeHHE JTHCTA:
3BIPUATHKA MMEIOT 0cO0bIe JIOBUKEe JIUCThA. 1 — ommpepmuc (BepXHUH ¥ HIDKHHIM);
OHH BBIJIeNAIOT MUINEeBAPUTEILHEIN COK, 2 — croaGuarad TKaHb; 3 — ryGuaras

TKaHb; 4 — MEXKIeTHHKH; 5 — MHHJIKA
(@ — cocyasi, 6 — CHTOBHJHBIE TPYOKH,
B — BOJIOKHA); 6 — yCThHIE

coleps;KaIuil NUIeBapuTelbHBIEe (hep-
MEHTBI W OpraHudecKue KHUCIOTHI, KOTO-
phBI€ IePeBaPHBAIOT MENKHX HACEKOMBIX,
HNOMMaHHBIX JHUCTbAMH.

TIuTaHre OJHOKJIETOUHBIX H 0eCI0O3BOHOYHBIX JKHBOTHBIX. Bce YKHBOTHBIE TUTA-
I0TCSI TeTepoTPO(dHO, T. €. TOTOBEIE OPraHMYecKHe BelecTBa OHH MOJIy4YaloT BMecTe ¢
mumeit. Crnocobs! JOOBIBAHNSA W IOTJIOIIEHUA MUK ¥ HAUX pasHooOpasHbl, HO IYTh
IpeBpAaIleHHsA MHUTATEIbHEIX BEIleCTB B JOCTYIHYIO JJs YCBOGHUA (DOPMY CXOJEH.
OH COCTOMT M3 IPOIECCOB MEXaHHYECKOH W XMMHUUeCKoil 00paboTKH MHUINH, BCACKI-
BaHWA MUTATEJbHBIX BEIIECTB M TPAHCIOPTA MX II0 OPraHU3MY.

OmHOKJIEeTOUYHBbIE MMBOTHBIE, HJIHM IIPOCTeHIINe, TUTAIOTCA MEJIKHMH IHINEeBbI-
MM YACTHIIAMH, KOTODHIE 3arJATHIBAIOT LMeJHKOM ((aromuros) ¥ nepeBapuBaiOT B
nuuesapumebHblX 8AKY0LAX — NYy3bIPbKaX, HANOJHEHHBIX MHUIIEBAPUTEIbHBIMH
depmenTamu. Taxkoe nepeBapuBaHye MUIIH HA3BIBAIOT 8HYMPUKIENMOYHLLM NUULe6a-
penuen. Hanpumep, nadyzopua-rydenbKa, THTAIOIMaACH DaKTepUAME, HMEeT KJe-
TOYHBIH POT M IVIOTKY, HA KOHIIe KOTOPOH 00pasyloTcA HHIeBAPHTEIbHEIE BAKYOIH.
MuxpooprasuaMsel I0NaZal0T B HAX C TOKOM BOJbI, CO3JaBaeMbIM OHEHUEeM DecHU-
yeK, KOTOphIe OKPYIKAIT POTOBROe yruuydieHue. 3aTeM MNUIEeBaPUTEIBHEIE BAKYOIH
IepeMeIanTea M0 KJIeTKe, MOCTeIeHHO IepeBapHBad NHIlleBele YacTHIbL. HugKie
MPOAYKTHI [I€PEBAPUBAHUSA IIOCTYIAIOT B IMTOILNA3MY, a HellepeBAPEHHBIE OCTATKH
IWINE BBIBOAATCA HAPYKY depes ocoboe oTBepCTBHME — mopomruny (puc. 126).

KumeuHonoJioCTHBIE, HAIPEMED TPECcHOBOAHAA I'UApa, IUTAKTCA JaQHHAMH 1
nukaonaMu. IluineBaperne y THAPLI HAYMHAECTCH B KUWEYHOU NOJOCMU, TO3TOMY
ero HasbIBAIOT NOA0CMHbLM (6HeKIemoyHbim ). C IOMOIIBI0 CTPEKaTEIbHBIX KIETOK,
KOTOPBIMH BOOPY3KEHBI IYIANTbIA THADHI, A00bIYa IapalusyeTcd U yIepKHUBaeTcs.
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Puc. 126. Opranennsl numesa-
perusa HHQY30PHH-TY(HeTbKH:
1 — wmerouHsIit por; 2 — Kie-
TOYHAA TI0TKA; 3 — MNUIeBa-
pUTeIbHASA BAKYOIb; 4 — mo-
poirna

3aTeM Iynanbia M3rubaTCsA 110 HAIPaBICHUIO
K DOTOBOMY OTBEPCTHIO, KOTODOe pacmupsercd,
nponycKas yOUTYIO XePTBY B KHIIEYHYIO MOJOCTD.
Ilox pelicTBHEM NUINEBAPDHTEILHOIO COKA, BhI-
AelAeMOr0 B KHIIEYHYI) IOJIOCThL KeJe3HUCThHIMH
KJIeTKaMH THApBI, HAUHHAETCSA NOJOCTHOE IHIe-
BapeHue. [IBM)KeHUe JKI'YTUKOB IHINEBAPHTEILHO-
MYCKYJIbHBIX KJIETOK M COKDAIlleHHEe CTeHOK Teja
TH/IPHI CTIOCOOCTBYIOT IePEABHIKEHHIO IHIH BHYTPH
KHIIeYHOH TOJOCTH W €€ pasjeeHHI0 Ha MeJKue
YacTHIEL. 3aTeM 9TH YaCTHIILI 3aXBATBIBAIOTCSH JIOJK-
HOHOKKAMH IHIEeBAPUTEIbHO-MYCKYJIbHEIX KJIETOK.
B nuimesapuTenbHBIX BAKYOJIAX 3TUX KJIETOK IPO-
HCXOJUT OKOHYATEJbHOE IepeBapUBaHUE IIHIIH.
Taxum 00pas3oM, y I'HAPEI HOJOCTHOE OUINEBapeHHe
cMeHAeTCcA BHYTPHKJIeTOYHEIM. HemepeBapeHHEBIe
OCTATKH MUINH yAAIAIOTCA HAPYKY 4epes POTOBOe
oTBepcTHe (puc. 127).

Bonee cnosxu0 yeTpoeHE! oprassl nuIeBapeHus
V Kojb4aTeIX depBeil. Hanpumep, numesapuTens-
Has CHCTeMa JOKIeBOT0 YeDBsA MMeeT BHUJ NulUeéd-
pumenvroit mpyb6rxu, cocTodameil U3 pra, IJIOTKH,
nuieBojga ¢ 3000M, KeayAKa W KHINeYHHKAa, 3a-

KaHYHMBAIOLIEr0CA aHANIbHBIM oTBepcTHeM (pmc. 128). IluTaercs goszeBoil uepBb
ONABIIMMH JTHCTBAMHU, OTMEPIIMMHY KOPHAMHY pacreHnii. [Tuia saxBaTeiBaeTca proM

M 3a CUET COKpAIeHUH MBI TJI0TKHA
nporjaTtsiBaercda. Ilo IHIIeBOAY mUIa
MOIafaeT B KeJIyAOK, Ije epeTupaerc, a
3aTeM IpPOJABHUraeTcd B KHIIEYHUK., B HEM
MHINA 0L AeicTBHUeM IHIIEeBAPUTEILHOI0
COKa pacmienidercs (BHYTPHIOIOCTHOE
OHuIlleBapeHne), MocJie Yero mMHUTATelIb-
HBIE BeIecTBa BCACHIBAIOTCH B KPOBb.
HenepepapeHHbie OCTATKH MHIH VIAIA-
IOTCA HADPYIKY Uepe3 aHAJIbHOE OTBEPCTHE.

YneHHCTOHOTHEe M KOJIbYAThIE YepPBH
MMEIOT CXOJHBIe OpPTaHbl IHIeBapeHUA
(mumerapuTensHEYIO TPYORY). OgHarko B

Puc. 127. Oprausl u KaeTkH, obecneunBato- OTJIHYHE OT KOJIbYATHIX YepBeil pOTOBOH

IMHe THTAHWe IUAPE: I — por; 2 — mjy-  ANmapar IOpejCTaBHTe eil pasHBIX CUCTe-
HaNblbl; 3 — KUIIEYHAA TI0JOCTD; MaTHYECKHX TDYII UJIEHUCTOHOIHX IIO-
4 — MenesuCTHe KICTKH; 5 — muime- PA3HOMY MPHUCIOCO0TEH K TOTJIOMIeHHIO

BapUTeJbHO-MYCKYJIbHBIE KIETKH

TBEDIOH W KUIAKOM IMUIIH.
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IIuranue MO3BOHOYHBIX JKHBOTHBIX U
yesnoBeka. [IlurTanme NOZBOHOYHBIX KABOT-
HBIX CBA3aHO C MOTpebeHneM TOCTATOYHO
KPYHOHBIX OHUINEBBIX YaCTHI, KOTOPLIE
3aXBaTBIBAIOTCA YeJIOCTAMH M 3ybamu, a
3aTeM IIOABEPraroTCA MEXAHHUECKOH U XH-
MHYEeCKOH 00paboTKe B NHIIEBAPHUTENb-
HOI1 cucTreMe. ¥ DOJBIIMHCTBA MO3BOHOY-
HBIX JKHUBOTHEBEIX OPraHbl IHINEBAPEHUS
COCTOAT U3 NUULEEAPUNELbHOZ0 MPAKMA
H nuwesapumenbHulx xenéi. ¥ peib u

1 7

Puc. 128. TTumeBapuTeIbHAS CUCTEMA
JI0¥IeBOT0 uepBsi: I — pOTOBOE OTBEpCTHE;
2 — rnorka; 3 — mumeson; 4 — 300;

5 — menymoK; 6 — KHUIIeYHHWK; 7 — aHAJb-
HOE OTBEpCTHE

MJIEKOIHTAOMINX MHINEeBAPHUTEIbHBINA TPAKT 3aKAHYNBAETCH aHAJNBHBIM OTBEPCTHEM,
a Yy 3eMHOBOZAHEIX, IPECMBIKAIOIIUXCA M ITHIL — KJI0aKO0IH, B KOTOPYIO OTKDHIBAIOTCS
TaK’Ke IPOTOKH IOJIOBHIX JKeJIE3 M OPTaHOB BhIJEJIeHHA.

B xaugecTBe nprMepa pacCMOTPHM IHINEBADHTENBHYIO CHCTEMY Yenosexa. Oua co-

CTOUT M3 CAEAYIOUIMX OTIEJOB: POTOBOM
IIOJIOCTH, TJIOTKH, IHINEBOAA, KeIyIKa,
TOHKOTO M TOJICTOTO KHUIEeYHHKa, Iepe-
XOAALIET0 B OPAMYI KHIIKY, KOTOpas
3aKAHYWBAETCA AHAJIBHBIM OTBEPCTHEM.
B poroByio mosocTh OTKPHIBAIOTCA MIPO-
TOKHM TPEX map CHIHHBIX JKeJIE3, a B
TOHKHI KHIIeYHHK — IOPOTOKH HEeYEHH
¥ TOIKeTyIOYHON enesnl (puc. 129).
B poToRo# mOJOCTH MUIIA ¢ IOMOIIBIO
PEIenTOPOB A3bIKA M CJAM3UCTOM 000JI0UKH
BOCTIDUHHMAaETCA Ha BKYC, MEXaHUYECKH
u3Menb4yaeTcA 3ydaMHu; B Heil HaUMHAETCA
XMMUYEeCKOe pacllellVIeHHe YIJIeBOAOB IO/
JelicTBHeM (depMeHTA AMUIA3EI, COJEp-
xanlerocsi B ciaroHe. I'JIoTKa ¥ mHmesos
farofapsa COKPAIIEHUAM MBIIIETHBIX
CTEHOK, 00pAa30BAHHBIX TJIAAKOH MYCKY-
JaTypoi, obecneunBaOT MpPOBeJeHUE
NUIIK B XXeJIyAoK. B HEM HaumHaeTcs
paclieniesue 6eJIKOB O AeHcTBHEM dep-
MEHTOB MeJIyIJO4YHOI'o COKa — TIerncuHa,
TPHIICHHA, XUMOTPHUICHHA, — AKTUBHBIX
B IPHCYTCTBHH COJAHON KHCJIOTEI, BEIJE-
JIAeMOil JKee3aMil CJIH3UCTOM 000J04YKH.
B HauansHOM OTAEJIE TOHKOrO KHIIEYHH-
Ka — [OBeHaJANATHOEPCTHOH KHIIKe —

Puc. 129. ITumesapuTeasHas CUCTEMa de-
JoBeka: I — pOTOBAS NOJOCTh; 2 — CJIIOH-
Hble }KeJesnl; 3 — TJIOTKAa; 4 — IHIEeBOx;
5 — xenynok; 6 — TOHKHIH KHIIEYHHUK;
7 — TeueHb; 8 — KENUHBIH Y3bIPb; 9 —
IoJPKeNyIounasn xejesa; 10 — ToJcThiil
KHIeYHuK; |1 — npaMas KHIIKa



[ maea 7. CTPOEHME U ®YHKUWW OPTAHU3MOB

MPOA0JIXKaeTcsA IepeBapuBaHue YIVIeBOAOB, OeIKOB U »KHpoB. jHeirdyb, BelgenseMas
neYeHbl0, OMYJBIUPYeT KHUPBI, 4TO 00Jeryaer HX paciiemneHue GepMeHTaMH
KHUIIeYHOIO COKA JHMIasaMH [0 I'IHIePHHA W KUPHBIX Kuciaor. lpyrue depmMeHTHI
TIOKeIyJOYHOT0 COKa 3aBEpIIAT pacllelljieHne 0eJK0B A0 AMHHOKHCIIOT, a yIJe-
BOJIOB 10 MOHOCAXAaPHIOB.

BryTpunonocTHOe mHIeBapeHye, HayaBlleecsa B POTOBOI MOJIOCTH, B TOHKOM KH-
IIeYHHKe CMeHAeTCHA npucmenodrbim. OHO TPOMCXOAUT HA MOBEPXHOCTH KHUIEYHBIX
BOPCHHOK — BBIPOCTOB CJAM3HUCTON 000J0YKH TOHKOTO KHIMEeYHHKA, BRICTHIAIOINNAX
€ro BHYTPeHHIOI0 [I0BEPXHOCTH U 3HAYHUTEJIHHO YBEIHIUBAONIUX ILIOIAMbL KOHTAKTA
¢ IUIeBBIMHA YacTunaMu (o 5 m?). Ilocire 3aBepiieEns NPUCTEHOYHOrO NHIeBaApe-
HHAS HAaYMHaeTCA BCAChIBAHHE MHUTATE/JBHBIX BEIECTB. AMHHOKHCIOTHI M TIIOK03a
HOCTYH&IOT B KPDOBEHOCHBIE COCYOBI KHINEYHBIX BOPCHHOK, a NIHOEepHH U XHUPDHBIe
KHCJIOTBEI — B JuM(paTH4YeCKHe COCY/IbI.

B Toncrom KumeuysuKe ocTAaéTCA HellepeBapEHHAA KJIETYATKA U TPY/HO PACIIer-
nsiembie Oesiku. 3a cUeT cCUMMOHOTHUYECKHMX OaKTepHii, oOOMTAIONIMX B 9TOM OTIele
MHIEeBAPUTENBHOTO TPAKTA, IPOMCXOAUT OPOKeHHe U THUeHHUe [TUIEeBbIX OCTATKOR,
00pas3yioTcsa sSJ0BHUTHIE BEIECTBA, KOTOPBLIE BCACHIBAIOTCHA B KPOBb M TPAHCIOPTH-
PYIOTCS K IedeHH 1A 00e3BperkuBaHuA. @OPMUDYIOLIHECH OCJe 3TOT0 B TOJCTOM
KHUIIeYHHKe KajJOBhIE MacChl MOCTYIAKT B NMPAMYI0 KHINKY, a H3 Heé YIaldTCd
Hapy:Ky OpH JedeKanum yepe3 aHAJIbHOE OTBEPCTHE.

IMumanue; pomocurnmes; noziowerue 8odbl; MUHEPALLHOE NUMAHUE; KODEHb;
AUCT; NUUWE6APeHUe: HYMPUKIEMOYHOE, NOLOCMHOe ( BHEKIeMOYHOoe ), npucme-
HOYHOE; NUWesapumelbrble 6AKYONU; KUULCYHASL NOJOCTL; NUULE8APUMeNbHAL
mpy0Kra; nuu,esapumenvHbli. MPaKm,; NUUE6aApUMeLbHble Hele3bl.

Bonpocskl n 3aganua

YT1O Takoe nuTaHue 1 nuuiesapeHue?

Kakyto pone ons pacteHuili UrpatoT NPOLECcCh NOrMoLweHus KOpHeEM BoabI?

Kaknm 06pa3omM OCYLLECTBAAETCA NUTAHME W MULLEBAPEHWE Y OAHOKNETO4HBIX XXUBOTHbLIX?

. Yem npepcTtaeneHsl opraHbl NUlesapeHsus y 6ecno3BOHOYHLIX XMBOTHLIX? Kakue npu-

cnocobneHns nMetnTca y 6eCnO3BOHOYHBIX XUBOTHbBIX [N 3aXBaThiBAHUA NULN?

M3 kaknx OTAENOB COCTOMT NMULLEBAPUTENbHAA CUCTEMA NO3BOHOYHbIX XXMBOTHBIX U Heno-

Beka? Kakuwe npoueccsl NPOUCXOAAT B OTAENax NULLEBapuTENsHOW CUCTEMBI YenoBeka?

6. KakoBa ponb nuLieBapuTenbHbix Xenea? Hazosute pepMeHTbl NULLIEBAPUTENbHBLIX COKOB.
Ha kakne KOMMOHEHTb! MUKW OHWU OACTBYIOT?

7. Mo mynsxy Topca YenoBeka BbiIACHWTE PacnoioXkeHne OpraHoB NULLEBapeHns B ero Tene.

MepeyepTuTe B TETPaLb U 3anonHute Tabnuuy.

IImmeBapuTeJbHAA CHCTEMa YeJ0BEKa

BN

o

OTtnen Oprassr numesapenusn, 00pasylomHe OTAeT Dyaxknun
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§34. [bixaHue opraHn3mMoB

p= PaccmoTtpute puc.130—134. Kakve opraHbl o6ecrne4ynsaloT AblXxaHue opraHns-
J/ MOB? Kak npoucxoguT B KNETKax OKMCNEHNE rMIoKo3bl? KakoB aHepreTuieckuin
apdexT KNeToHHOro abixaHua?

Hbixanue, UMM 2a3000MeH, — COBOKYIHOCTH IIPOIlECCOB, o0ecIeunBAOIIHX
IOCTYILJIEHWEe B OPraHM3M KHCJI0pOJa, ero MCIOJb30BaHUE B OKHCIUTENIBHO-
BOCCTAHOBHUTEJILHBIX PEaKIHAAX, 4 TaKKe yIaleHWe U3 OPraHu3Ma yriIeKHCIoro rasa
U JPYTHX KOHEUHBIX IPOAYKTOB 00MeHa BelecTB. 3HAUeHUe [bIXaHUuA JJId OpraHH3-
Ma COCTOUT B OCBODOKIEHWH SHEPrUH, 3aKJIIOUYEHHOH B OPraHHYeCKHUX BelllecTBax.
Heo6xoamuMblil /11 OKUCJIIEHUA OPTaHUYECKHAX BellleCTB KHUCJIOPO/ OPraHu3MBbl IOaY-
YAIOT WK HENOCPEJCTBEeHHO U3 aTMOC(ephl, HIH U3 BOAEI, B KOTOPOH OH PACTBOPEH.
B 3aBHCHMOCTH OT 3TOr0 PasiuyaloT ALIXAHUE 8030YuWLHOe U 600HOE.

Jpixanue pacrenuii. Boguele pacTeHus: ABIIIAT KHCIOPOIOM, PACTBOPEHHBIM B
Boze. Kucnopon mocrymaer K HEM 4epe3 BCIO IIOBEPXHOCTH Tesla TMyTeéM dudgysuu
(ot mar. diffusio — pacunpocrpaHeHHe, pacTeKaHue), T. e. IepeHoca 110 IPpajgueHTy
KoHueHTpamuu. HeKoTophie BogHbIE pACTeHHA, HAIDHMeD KYBIIMHKA, MMEIOT BO3-
IYXOHOCHBIE IIOJIOCTH, KOTOPEIe 00ecIedWBAIOT HNPOBEJEHME BO3AyXa K OpraHaM u
TKaHAM H yIep:KHBAIOT pacTeHre B Toyme BoAsl (puc. 130).

HasemHBIe pacTeHHA M ABIXAHUA HCIOJIb3YIOT aTMOCHEDPHBIH KHUCIOPOX, IPO-
HUKAOIAH Yyepe3 YCThUIA JINCTHEB U 3eJIEHBIX M0DEeroB, KOMKHUILY MOJIOJBIX KODHEH,
a Tak:Ke YeUeBHUKHM JpeBecHBIX cTebjeii. Kpome Toro, pacreHus AN JBIXaHUA
PACXOAYIOT KUCJIOPO, 00pa3oBaBIIMiicA B pe3yjbraTe GOTOCHHTE3a U 3aNACEHHBIN
B MeXKIeTHUKAX Jaucrta. [Ismar pacTeHus ¥ AHEM U HOYbI. [[HEM ANA AbIXaHUA
OHH HCHOJb3YIOT B OCHOBHOM aTMocdep-
HBI¥ KHCJIOPOJ, & HOUbLIO, KOI'/[a YCTHHUILA
3aKPBITEI, — KHCJOPOJ, HAKOILJIeHHBIN B
JTHUCTHAX B Ipollecce (POTOCHHTE3A.

JApixanue ONHOKJIETOYHBIX H Oecrmo-
3BOHOYHBIX KHBOTHBIX. OIHOKIIETOYHBIE
JKHUBOTHBIE, WK NIPOCTEHIIINe, OBIMIAT Ye-
pes mIasMaTHYeCKy0 MeMOpaHy, KHMCJIO-
POJ ¥ YTJIEKHCJIBIN I'a3 MOCTYIIAIOT Yepes
"Hee myrem nuddysumn. KoxcHoe dvixanue
KHUIIIEeYHOIIOJIOCTHBIX M HEKOTODPBIX KOJIb-
YATBIX YepBeH TaKiKe OCYIIeCTBIAETCH
nyTéMm auddysun depe3 KOKHEIE I10-
KpoBel. OgHaKo y OOJBMIMHCTBA MHOTO-
KJIETOUHBIX >XHUBOTHBIX B CBJA3H C yBe-
JTWYeHUEeM Pas3MepoB TeJla MOCTYILIeHHe
Ta30B 4Yepe3 NOBEePXHOCTH TeJia y¥Ke He

Puc. 130. Kysmuaka 6enasa: I — ycrbuLa
B BepDXHeH KOKHIle IJ1aBalollero JHCTa;
2 — BOBAYXOHOCHEIE IOJIOCTH;

3 — KOpHEBHIIle B I'PYHTE BOAOEMAa
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Puc. 131. Oprass! AbIXaHHA PakooOpasHbIX ¥ HaceKoMbix: | — ;xabpsl (pedHOit pak);
2 — TpaxeH (MalCKWH KYK)

CII0COOHO MOJHOCTBIO YAOBJIETBOPHUTE MOTPEGHOCTL KJIETOK M TKaHEeH B KHCIOpoe.
B xoze aBonronun y HUX DOCTENEHHO PA3BHIINCE 0pP2aHbl dblxarus. TiaBHYIO HyHK-
I[HI0 B TAKUX OpPraHax cTaja BHIIOJIHATE OblXamelbHas No8epXHOCb, 3aHUMAIOLIAN
3HAYHTENBbHYIO ILIOMAAk H, KaK IIPaBUJIO0, CBA3aHHAA C KPOBEHOCHOH CHCTEMOIi,
KoTopad obecreynBaeT NOCTABKY KHCJIOPOJA K TKAHAM H KJIETKAM OpPraHH3Ma.

Boxaele yreHHCTOHOrHME, HAIPUMED PEYHBIE PAKH, ABIIIAT C TIOMOIIBIO #alp —
BBIPOCTOB KOJXHBIX IOKPOBOB, IPDOHU3AHHKIX CEThK KPOBEHOCHBIX COCY/OB
(puc. 131). ¥ HaseMHBIX 0ECIO3BOHOYHBLIX JXUBOTHBIX JbIXaHHE BO3AYIIHOE.
Hanpuwmep, asrxarenpHas cuCTeMA HACEKOMBIX IIPEACTABICHA MPAXeAMlU — XUTHHO-
BBIMHM TPYOOYKAMH, OTKDBIBAIIIIUMHCH HAPYIKY AbIXAJIbIAMU ¥ [IPOHUSBIBAOIIIN MK
BCE TeJlo JKMBOTHHIX. KHclIopos mocTynaeT HemoCpeACTBeHHO K TKAHAM M OpraHaM.

JpIXaHHe MO3BOHOYHBIX KHBOTHBIX H YeIorera. IIponece frixanms y IO3BOHOY-
HBIX XHBOTHBIX M YeJOBEKa CKJAALIBAETCA M3 TPEX ATANOB: BHEIIHErO ALIXAHW,
IepeHoca ra3oB ¥ TKAHeBOTO ObIXaHudA. [IpH BHeITHEM JBIXaHWH B OpraHax AbIXa-
HUA DPOUCXOAUT 00OMEH ra3oB MeXIy BHeITHeH cpeloH W KpoBbIO. IlepeHoc rasos
ocyllecTBJIAEeT KPOBb, TPAHCIOPTUPYA KHUCIOPO OT OPTraHOB ABIXaHUA K OCTATBHBIM
opraHam, a OT HUX — YIVIEKMCJBIN ras B obpaTHoM HampasieHnu. TraHeBoe IbIXaHe
obecrmeunBaeT 0OMEH rasoB MeKAY KPOBLIO H KJIETKAMM ODPraHW3Ma.

OprasaM# JBIXaHWS BOAHBIX IMO3BOHOYHEIX YXHMBOTHBIX, HAIpUMep PHIO, Cay-
saT Kabpsl (puc. 132), cocrosmue u3 KabGepHLIX AYT ¢ Ka0epPHBIMHE JeIeCTKAMH,
KOTOpBIe IIPOHH3AHKI I'VCTON CeThI0 KPOBEHOCHBIX cOocyZoB. JIErouHoe AeIXxaHwWe
XapaxkTepHO AndA OOJBIIMHCTBA HAZEMHBIX IIO3BOHOYHBIX. JIézKue NpeACTaBIAIOT
00601‘:! TOHKOCTEeHHELIe II0JIble MeIlIKH, CTeHKH KOTODPBIX ONJeTeHBbI ryc'roz')'x ceTh
KPOBEHOCHHIX cocyoB. Haubosee nmpocroe cTpoeHne UMEIOT JIETKHE 38MHOBOJHBIX,
TaKk KaK HapAaAy ¢ JECOYHBLIM JEIXAHUEM ¥ 9THX KHBOTHBIX OCYINECTBIAETCA U KO-
HOe JBIXaHWe. Y NPEeCcMBIKAIOIMIAXCA TeJ0 MOKPHITO POTOBEIMH YEIIYAMH, IIOTOMY
KOKHOe JbIXaHHe Y HHX OTCYTCTBYeT WM B JETKHX 3HAUHUTEJBHO yBeJH4YeHa JbIXa-
TeJIbHafd IMOBEPXHOCTh. Hauboasmux pasMepOB OHa OOCTHraeT y MICKOIINTAIIHX.
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Puc. 132. JKa6ps! pui6 (1) 1 yeiosxaesEre NErKUX Y HA3EMHBIX [I03BOHOYHBIX HBOTHBIX (2)

NN

V nTHII TOMUMO JETKHX HMEIOTCH eIé U 603J0YULHble MeUlKl — BBIPOCTHI JTETKHX,
pacrosiaraloniuecs Mexx 1y BHYTDeHHNME OPraHaAMM U B IIOJBIX KocTAX. ['azoobmen
y ITHI IPOMCXOMUT IPH BAOXe H NPH BBIJOXE (4BOiiHOe IBIXaHHe), KOTJAA BO3AYX
IIPOXOAKT Yepe3 JErKue B BO3AYIIHBIE MEIIKH u obparHo (pue. 133).

Hawubouiee CI0:KHO YCTPOSHEI JIETKHME MJICKOIUTAIONINX, B TOM UHC/Ie H YeIOBEKa.
IInomanas ALIXaTeJ bHOH IOBEPXHOCTH y HUX B JIECATKH pa3 IPeBOCXOAHT ILIOIIALb
resa (v gemoseka a0 100 m?). [uixaTenpHas cHcTeMa UeJOBeKa COCTOMT U3 BO3HY-
XOHOCHBIX myTel u Jérkux (puc. 134). K B0O3AyX0OHOCHBIM IIYTAM OTHOCAT HOCOBYIO
¥ POTOBYIO IIOJIOCTH, HOCOTJIOTKY, FOPTaHb, Tpaxeio u Oporxu. B HOCcoBOM mosocTy
BJBIXAEMBbIl BO3AYX COTPEBAaeTCs, YBJIAKHAETCH, OUHMINAETCA OT IBLIH, 3[ECh JKe
pacrosHaloTeH sanaxu. [opTaHb CAVKUT AJA IPOBefleHrsA BO3AYyXa U 3ByKooOpaso-
BaHHA, KOTOpoe obecreuynBaeTess TOJIOCOBBIM ANIIapaTOM — I'OJIOCOBBIMH CBA3SKAMH

Puc. 133. [rixarensuas cucrema orur (I): 1 — nérkue; 2 — mepe/iHMe BO3AYIIHEIE MEIIKH;

3 — 3amEWe BO3AYIIHBIE MemKH. Mexanuam asoitHoro geixasud (II): muka 1 — npu Broxe

BO3AYyX IONaJaeT IPEeHMYILEeCTBEHHO B 3a/lHUE MEIIKH, IPH BBLIOXE IPOABHIaeTCA B JETKHE;

IUET 2 — npy BTOPOM BAOXe BO3AVX W3 JIETKHX IIONIAJaeT B IepelHHEe MeIIKH, IIPH BTOPOM
BEIIOXE BBIXOAUT HADYIKY
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u xpamamu. Tpaxea u GPOHXM HOCTABIAIOT BO3AYX K JIEIKUM, PaCIoNOKEHHBIM B
rpyAHO# mosoctu. Kaskzoe nérkoe mMoKphITO AByMs 060109KAMHE ILJIeBPBI, MEMWAY
HUMH HAXOQUTCHA 3aMKHYTadA y8Kasd IleJb — ILIeBPaJbHas IOJOCTh, B KOTOPOM
HoAfep:KUBALTCA OTPULATEIBHOE JaBJeHHe, T. e. HUKe aTMochepHOoro. JIérkue co-
CTOAT U3 arbseos (oT nar. alveolus — siueiika, My3bIPEK) — JIETOYHBIX IIy3BIPBKOB,
OIIETEHHBIX I'YCTOM CEThIO KPOBEHOCHBIX COCYAOB, Yepe3 CTEHKM KOTOPHIX OCYLIecT-
BAAETCA BHEIIHee JbIXaHue.

BeHTHUIALIMA JETKUX IPOUCXOAMT BO BpeMsA dbLxamensHblx deunrceruil. B criokoii-
HOM COCTOAHHU B3POCIBIN uesloBeK coBepimaer 16—18 AnIXaTelbHEIX ABMIKEHHII B
munyTY. Kaskoe aprxartebHOe JBHsKeHME COCTONT M3 IBYX AKTOB — BOXA M BBIJIO-
xa. Bdox npoucxomuT 3a CYET yBenMUeHHA 00bEMA TPYAHON KIETKH, JOCTHTAEMOrO
COKpallleHHeM MerKpPEDepHBIX MBI, ¥ MBI AnadparMel. Belen 3a aTUM JETKHe
PacupAKTCA, YTO IPUBOAUT K MOHMAKEHHIO B HUX JaBIeHHA, U aTMochepHBIH
BO3/IYX BCACBIBAETCH B J€rKHe. Boidox B COCTOAHUM [MOKOSA MTPOMCXONHAT B OCHOBHOM
naccuBHO. Tak, pébpa moA melicTBHEM CHJBI TAMKECTH ONYCKAIOTCH, DHadpparma
Giarogaps naBleHUI0 BHYTPEHHUX OPraHOB MOJHUMAETCH, H 00BEM TPYAHOH KIeTKH
yMenbInaercs. IlieBpanbHas MONOCTE U JIETKHe B Pe3yIbTaTe 3TOT0 CAABINBAIOTCS,
¥ JIETOYHBIH BO3AYX BRIXOAUT HADYIKY.

Perynauuio AbIXxannsa y IO3BOHOYHBIX JKUBOTHBIX, B TOM YHCJIE M UEJOBEKa,
OCYILIECTBJIAET JblXamenbHblil YeHmp, PACIOIOKEeHHBIH B IPOAOJITOBATOM MOS3Te.
Ero xapakTepHO#l 0CODEHHOCTBIO ABJIA-
erca aBToMaTuda paboTel, T. e. comocob-
HOCTh DUTMHUYECKH Bo3Oy:xaarsca. Pos
BelllecTBa, JelCTBYIOIEero Bo3byxaarome
Ha AbIXATeNbHBIH IEHTDP, BHEIIOJIHHET
YIJIEKHCJBII ra3, HaKanmJIuBaIIHIAcH B
KPOBH B Pe3yJIbTaTe TKAHEBOI'O NEIXaHH.
C mexpébepHbIMU MBIIIIAMH ¥ guadpar-
MOH JBIXATEJbHBIH IEHTP CBA3BIBAIOT
HepBbl, 10 KOTOPBIM H HOCBLJIAITCH
HEepBHBIE UMIIYJIbChHI, BLI3LIBAIOIHE IbI-
XaTeJbHBIE JBHIKEHHA.

JIérounsle 00bémMsbl. B cocTosinum mo-
KOs 4eJIOBEK BJIbIXaeT W BEIIEIXAET 0KOJIO
500 cm® Bozayxa. IroT 00BEM BO3myXa
MOJIYYHJ HasBaHHE JblXxamenbHozo 00%-
éma. Ilocse COOKOMHOIO BAOXA YETOBEK
MOKeT ellé BIoxXHyTb 1500 cM? — peseps-
HbLil 008éM 800xa — U TaKoe 3Ke KoJmue-
CTBO BO3[yXa BBIJOXHYTH — pe3ePaHbLil
008ém 6bidoxa. COBOKYIHOCTh BCEX

Puc. 134. [IpixaTenbHas cHCTEMA YeJIO0BEKA:
1 — HOCOBAA MOJOCTh; 2 — HOCOIJIOTKA;
3 — roprans; 4 — Tpaxesa; 5 — GpoHXH; - .

P S — " rpéx ofwémor (500 em® + 1500 cm® +



1
§ 35. TpaHcnopT BelWEecTB Yy OpraHu3mMoB 87

+ 1500 cm® = 3500 cM®) HASBIBAIOT HUSHEHHOI émrxocmbio nézkux. OHA 3aBUCUT
OT PAsBUTHA JEIKHX M IBIXATEJbHOH MYCKYJATypbl. ¥ CIOPTCMEHOB KM3HEHHA
BMEOCTE JISrKUX Gosbime u Mosker gocturars 5000—6000 cv?®. OnHakxo naxe mocie
MAKCHMAJNLHOTO BBIIOXA B JErkmx ocraérca npumepro 1000 cm® Bozgyxa — ocma-
mounbtilt 00sém. OH IpenaTcTByeT CHAJaHUIO AJILBEOJI U CITaXKuBaeT KonebaHMA
KOHIEHTPAIIMH KHMCJIOPOJa M YIIEKHCJIOro rasa, o0yCIOBIEHHOH PasJuYMUAMHA HMX
colep:KaHWA BO BJBIXA€MOM H BHIALIXaeMOM BO3IYXE.

Jlvixanue (2a3006men ): 8030ywinoe, 600H0e; Oupdysus; KoxHoe dvixanue; op-
2aHbL ObLXaHUAL: OblXameNbHas NOBEPXHOCTb, Habpyl, mpaxeu, 1ézKue, 6030yul-
Hble MeULKU, ALb6e0bl; OblxamenvHibie d8uNceHUA: 800X, 8bL00X; JbLXAMENbHbLIL
uenmp; nézounble 00sEMbL: bLxamebrblil, pe3ePEHbLiL, OCMAMOYHbLIL, HUSHEHHAA
EMKOCMb NEZKUX.

Bonpocsl U 3aaaHvs

Yto Takoe abixaHue? Kakoso ero 3HadeHue Ans opraHuama?

Kak OCyLeCTBNAETCA AblXaHne y BOAHLIX M HA3EMHbIX PAaCTEHWA?

Kak ObilaT OfHOK/IEeTOYHbIE ¥ BeCno3BOHOYHBIE XUBOTHbIE?

. Kak B npouecce 3BOMOLMM YCNOXHANOCH CTPOEHME OPraHoB AbIXaHWsa y NO3BOHO4HbIX
XNBOTHBIX OT pbl6 K MnekonuTawwwmm? OTBET NPOMNMIOCTRUPYHATE NpUMepamMu.

. W3 kakux OpraHoB COCTOMUT ObIXaTeNbHan cucTema yenosexka? KakoBbl ux dYHKUMN?

OnMwKUTE NPOLECE BHELIHEro AblXaHwa. Kak npoucxoauT BAOX W BbIAOX?

Yto Takoe XU3HeHHas BMKOCTb Nerkux? M3 kakux néroyHblx 06bEMOB OHa CKladbiBa-

eTca? C NoMOLLBIO CNMPOMETPa ONPeAenTe CBOIO XW3HEHHYI0 BMKOCTbL NIErkux. Kakue

dakTopbl BAMAIOT Ha €€ BenuunHy?

SRS

g

§35. TpaHcnopT BewecTs y OpraHu3mosB

) PaccmoTtpuTte puc. 135—137. Kak NpoucxoamT TPaHCNopT BELWECTB Y OpraHna-
2 MOB? KakOBO 3HA4YeHWe TPaHCMNopTa BEWeCcTs Afis opraHnama?

Tpaxncnopm éewjecme B opraEuaMme obecreduBaeT ZOCTABKY He0OXOOHMBIX
COeIMHEHMI K OpraHaM, TKAHAM H KJETKaM, a TaKiKe yJajJeHue 00pasyoUXcd B
HHUX BPeIHBLIX KOHEUHBIX IPOAYKTOB MeTabomusma. ¥ OJHOKJIETOYHBIX OPraHU3MOB
HAPYXHBIH TPAHCIOPT OCYILECTBJIAETCA Yepes IIa3MaTHdecKyo MeMOpany, a BHYT-
pPEHHHUI — IIPU KPYTOBOM JBMIKEHUM LUTOIIASMEI (IIMKI03€). ¥ MHOTOKJIETOYHBIX
OPraHU3MOB KJIETKHM HACTOJIBKO YIAJNEHBI APYT OT Apyra, 4TO TaKasd AOCTaBKa He-
ad@deKTUBHA, TOPTOMY V¥ HUX MMEKTCA TPAHCIOPTHEIE CHCTEMEI, 00eCcIeunBalonue
[IepeHOoC BeIlecTB HA 3HAYUTEeJIbHEBIE PACCTOAHMUS.
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Tpancnopr BemiecT y pacremmii. IlepeasmxeHne BOABI, MEHEDANBLHBIX W OD-
FTAHMYECKUX BEILeCTB y BLICIIMX PACTEeHHH OCYIIEeCTBIAAETCS IO IPOBOLALIMM TKA-
HAM — JpeBecHHe W Jy0y (cM. pme. 111, 123, 125).

Tpancnopm 600bt m MuHepanvHbLx 8eujecme OCYIIeCTBIAETCA IO COCYAaM JApe-
BECHHBI, OT IEHTPAJIbHOTO NMIHHADPA KODHA B IEHTPAJbHBIA OHIMHAD cTebias, a
OTTyAa — BO BCe ApyTHe opradbl. BogHble pacTBOPH MHHEPATbHEIX BEIECTB TPAHC-
[MOPTHUPYIOTCA IPU YYACTHH HHIYKHET0 JBUTATeNs — KODHA M BEPXHEro — JHCThLEB.
ITocpeacTBOM KOPHEBOro DABJIEHNA BOJA HATHETAETCH B crebens, a eé HUcmapeHue
JHCTbAMY CO3AAET NPUCACHIBAIONINIT a((DeKT, B pe3yIbTaTe 4ero BCEé HOBbIE [IOPIHAN
BOJIBI IONHUMAIOTCS BBEPX I10 cocyaaM B TucThsA. Boxa B cocynax maxoaures B Buze
BOJIAHBIX CTOJIOMKOB, B KOTOPBIX €6 MOJIEKYJIbI CLIEILIeHEl BMECTe BOJOPOJHBIMH CBS-
3sAMu. Brarogaps BsammojeicTBUIO aTUX CHI Boxa ¢ MUHEPAJILHBIMM BEIeCTBAMH
TMOAHUMAETCSA ¥ HEKOTOPHIX JepPeBbeB M JHMAH Ha BhICOTY cBuIme 100 M.

Tpancnopm pacmeopoe opzanuveckux eeujecme OCYIIEeCTBIAETCS 110 CUTOBH/-
HBIM TPYOkam sy6a. OCHOBHYI0 Maccy IepeHOCHMBIX IO CHTOBHIHEIM TPybOKam
BEMIEeCTB COCTABJIACT JUCAXaPH/ caxaposa. 3TO BEIIeCTBO HEe YIACTBYET B PeaKIHsx
MeTab0Iu3Ma, NPOTEeKAKIUX B PACTEHHH, OITOMY B IIPOLECCe TPaHCIOPTA He pac-
xoznyercs. JleToM TPaHCIOPT IO CUTOBUIHEIM TpyOKaM J1yda HAET NIpPeHMyIIeCTBEHHO
BHHU3 — OT JIHCTBEB K KODHAM M 3alacalolliUM opraHaM PACTEeHWS; BECHOH — B 006-
PaTHOM HampaBJIE€HWH, BBePDX K IOYKAM M PACTYIIAM IT06eram.

Tpancnopr BemecTs y 6ec03BOHOYHBIX KHBOTHBIX. Y MHOTOKJIETOYHBIX FKUBOT-
HBIX, KaK MPaBUJIO, TPAHCIOPT BEIeCTB CBA3AH C KPOBEHOCHOIL cucmemoil. Inasnas
(OYHKOHA KDOBH, HENPEPHIBHO HHUPKYIUPYIOUeil B cucTeMe KpoBooOpameHus, y
DONBIIMHCTBA MHOI'OKJIETOYHBEIX OPraHH3MOB COCTOMUT B IepeHOCe MHUTATeJbHBIX
BEILECTB ¥ ABIXATeJbHBEIX Ias0B U3 OJHOW 4acTH OPraHM3Ma B APYIVIO.

PasHrle npefcTaBuTenn GeCIO3BOHOYHBIX KHBOTHEIX FMEIOT 3aMKHYTYIO HJIH
HE3aMKHYTYIO KPOBEHOCHYIO cucTeMy. Hanpumep, v nosxaessix gepBeil KpoBeHOCHAS
cucremMa 3aMKHyTad. OHa COCTOMT M3 CIIMHHOIO, GPIOIIHOTO M KOJBIEBEIX COCYA0B,
OT KOTOPBIX OTXOAAT MeJbYaiiliine Kanuanaps! (puc. 135). Biarogapsa cokpaliesnuio

ToxHbie «<cepaua» CnuHHO#M KPOBEHOCHBI cocyf,

BpioLuHoii KpoBEHOCHBIHA cocyn, Koneliessie cocyas «cepatias

Puc. 135. KposeHocuan cucreMa JOKIEBOTO qepBd
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JIOKHBIX «Ceplel» KpPOBb II0 cOCygam
LNUPKYJIUDPYET MeXAY OpraHaMu Tena
YepBs, AOCTABIAAHA K HHUM KHCIODPOJ H
VHOCS OT HUX YIJIEKHCIBIH ras.

HacexkoMble UMEIOT HE3aMKHYTYIO
KPOBEHOCHYIO CHUCTEMY, KOTODadA Ipej-
CTaBJEHA OLHHM KDPOBEHOCHBIM COCY-
noM — cnuHHBIM (puc. 136). 3amgmEuii
€ro yJacTOK Has3bIBaWT cepdyem, a
nepegHUE — aopmoili. K creEKe cepama
NPUKDPENJeHbl MBIIIIEI, KOTODhIE €ro
pacTATHBAKOT, YTO obecneYyuBaeT BCACHI-
BAHHE KPOBH M3 mojocTu Tena. Ilpm co-
KpallleHHH cepAna KPOBb BBITAJIKHBAETCA
B A0DTY, & U3 Heé U3IHUBAETCA B MOJIOCT Puc. 136. KpoBeHocHa cHCcTeMa HACEKOMOIO:
TeJa, I'fje OMBIBAeT BHYTPEHHHE OpraHbl 1 — cepane; 2 — aopra; 3 — MBIIIIEI
U CHOBA coOupaercs B cepilie. ¥ HACEKO-

MbIX KPOBEHOCHAHA CHCTEMA He OCYIIEeCTB/IAeT PYHKIIUMN TPAHCIOPTA JbIXATEIbHBIX
rasoB, TAK KaK €€ BBINOJHAKT ABIXATelbHbIe TPYOOUKH — TpaxeH.

KporenocHas cucTeMa MO3BOHOYHBIX KHMBOTHBIX ¥ yesioBeka. [103BOHOUHEIE
JKUBOTHEIE W YeJIOBEK HMEIOT 3aMKHYTYI0 KPOBeHOCHYIO cucTeMy. OHA COCTOHT H3
cepdya ¥ KPOBEHOCHBIX cocydos, obpasyoliux kpyzu kpogoobpauerua (puc. 137).
Or cepAana K ZpYyruM OPraHaM TeJjia KPOBb TEUET II0 apmepusim, & BOZBPAIIAeTCA 10
éeHam. B opraHax KpynHBIe KDOBEHOCHBIE COCYIBI BETBATCA, 00pa3ydA ceTh MEIKUX
Kanuaaapos, deped CTeHKH KOTOPHIX IPOUCXOIHAT 0OMEH rasaMi U MHTATENbEHBIMHA
BeIlecTBAMH MeXXJy KJIeTKaMH TKaHell opraHuaMa.

B kpoBeHOCHOI cHCTeMe I03BOHOUHEIX YKMBOTHBIX IIUDKYINDPYeT KpPosb (COeJHHH-
TelbHAA TKaHB), COCTOAMAA U3 NAA3Mbl (MEKKJIETOUHOTO BEIleCTBa) U JOPMEHHbLY
anemenmos (KJIeTOK): spumpoyumos, reikoyumos u mpomooyumos. TpancnopTHyIO
(YHKIUIO BBITOJHAIOT BPUTPOLIUTHI, KOTODHIE COAEPKAT reMOTJI00HH U IO3TOMY
crnocofHBI TepeHOCUTh KMCJ0POJ M YIVIEKUCIBIN ras.

B xopne sBomonuu cTpoeHNEe KPOBEHOCHOM CHCTEMBI ¥ TO3BOHOYHBIX KHBOTHBIX
IOCTENEHHO YCIAOMHAETCH OT PhI0 K ITHIIAM ¥ MJieKonutaoiium (puc. 138).

Kposenocras cucteMa peId COCTOUT U3 ABYXKAMEPHOIO CEpPAIA M COCYLOB OLHO-
ro Kpyra kpoeoobparenusa. B ranunnspax naBieHue KPOBH IalaeT, €€ ABHIKEHHE
3aMe/IfeTCA, TEM CAMbBIM OFPDAHMYHMBAETCH KOJHUUYECTBO IOCTYIAIOMIEro K TKAHAM
M OpraHaM KHCJI0pOJa, YTO CHUIKAET YpPOBEeHL 00OMeHa BEI[eCTB B OpraHusMe pbID.
Y ocTasbHBIX ITO3BOHOYHBIX FKHBOTHEIX Npo6JieMa HHU3KOTO KPOBAHOIO JABJIEHUS
ycTpaHAeTcs HaJlWYHeM B KDOBEHOCHOM CHCTeMe ABYX KDYTOB KPOBOOOpAaIleHWA:
MaJjoro 1 6oasmIoro. B Tako#i KPOBEHOCHOM CHCTEMe KajKaas MOPIIUA KPOBH, BRIOpa-
chiBaemMasd CepAleM 3a OJHO COKpallleHue, IIPOXOIXT Yepes Hero ABakaepl. CHauama
KPOBb BBITAJIKMBAETCH CePALIEM B MaJbIH KPYT KPoBooOpaIieHnsa, KOTOPBIHA MPOXOIHT
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Puc. 137, Cepane 1 Kpyra KpoBooGpalneHns
yenoseka: | — cepane; 2 — aopra;

3 — nérounslie aprepuu; 4 — JEroYHLBIE
BEHBI; 5 — BepXHAA [0JIafA BeHAa; 6 — HMXK-
HAA 10JAas BeHa; 7 — COCYALI M'OJOBHOIO
moara; 8 — cocyabl JETKHX; 9 — cocyasl
nedyeHH, MOYEK, KHUIIeYHUKA

yepes JIETKHe. 3aTeM KPOBb BO3BPAIIAeT-
ca obpaTHO B cepane, rie, Opexae deMm
OHa monajgéTr B DOJNBINOH KPYr KPOBO-
obparieHus, eé qaBJeHUe 3a CYET HOBOTO
COKpallleHHuA cepaua IMOBbIIIaeTCH.
3eMHOBOZHEIE M IPECMBIKAIIINECS
UMEIOT TPEXKaMepHOe cepAlle, COCTOos-
1jee U3 IPaBOro U JeBoro npedcepius u
OJHOTO Heerydouka. ¥ mpecMbIKAIOMINXCH
B JKeJIyIOUKe HMeeTCA HeloJHad IIepero-
POJIKA, KOTOPaA YaCTHYHO IPENATCTBYET
CMENIeHHI0 apTepHaJbHOH U BEeHO3HOH
KPOBH, OATOMY K T'OJIOBe IIOCTYIAaeT B
OCHOBHOM apTepHAaJBHAA KPOBE.
IITUBl ¥ MJIEKONMHTANIHE HMEIOT
yeThIpEXKaMepHOe CepAlle, COCTOAIIEe U3
IOBYX IpeAcepAHii M ABYX JKeNTyZOYKOB.
CnomHas meperopojika IMoJHOCTBIO pas-
JeJsieT B UX KPOBEHOCHOM cUcTeMe apTe-
PHAJBHYIO M BEHO3HYIO KpoBb. B npasoii
[IOJIOBHHE cepjlla KPOBb BeHO3HasA. U3
[IPaBoOro KeJIyA04YKa OHA BBITAJIKUBAET-
cA cepAleM IO JIEFOUHBIM apTepHAM B
MaJIbIi KPyr KpoBooOpalneHus, rjie cra-
HOBHUTCHA APTePHAJILHON M BO3BpAlLllaeTcH
I10 JIETOYHBIM BEHAM B JIeBOe IIpeJcepIHe.
W3 nesoro nmpencepius apTepHalbHAA
KPOBB IIONAJaeT B JIEBHIH JKeayJodeK, a
M3 Hero 1o aopre B GOJBIION KPYT Kpo-
BoOOpameHUs K OCTAJBLHBIM OpPraHaM.
OmMmbIBaA KJI€TKH TKaHeld OpraHoBs, KPOBb
CTAHOBHUTCS BEHO3HOH M BO3BpallaeTca
[0 HHYKHeH M BepXHe# IOJBIM BeHaM B
npasoe npeacepaune. IIpuanunuanbHoe
pas3iauure KPOBEHOCHBIX CHCTEM IITHI[ U
MJIEKOMHUTAKIINX COCTOMUT B TOM, UTO ¥
ITUI[ HMeeTCs MpaBas Ayra aopTel, a ¥
MJIEKOIIHTAKMIAX — JieBasd.

I'1aBHBEIM OPraHOM KPOBEHOCHOMH CHCTEMEI ABJIAETCA cepAle, KOTOpoe, COKpalia-
fAckh, obecrmeunBaeT HENMPEPBLIBHOCTL KpoBoobpamerusa. Tak, y B3pOCJIOT0 YeJI0BEKa
B COCTOSIHMH MOKO0s cepane aenaer 70—80 ygapos B MuHYTY. UMOyJabCHl, IpH-
XOAAIHEe K CepAIly OT IIeHTPaJbHON HEPBHOH CHCTEMBI, & TaKyKe BIUAHUE MOHOB
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Puc. 138. VcaoxHeHNe CTPOEHUA KPOBEHOCHOM CHCTEMBI Y IIO3BOHOYHBIX JKMBOTHBIX:
1—4 — aprepuu; 5 — npeacepaue; 6 — Kenyzodex; 7 — JeBoe mpejicepaue; § — mpasoe
npezacepaue; 9 — cocyasl JErkux; 10 — meBblil xeaynouex; 11 — npasblii sKeayaodex

(K*, Ca®') u ropMOHOB, HAIpUMED aJpeHaJUuHA, MOTYT M3MEHHUTH DUTM H CHJY
cep/leYHBIX COKpAallleHWid, HO MOPAAOK paboTel — cepdeunblil yukxl — ocTaércs
IIOCTOAHHBIM: BHAUYaJle COKPAILAITCSH [IPEJACEePANs, 3aTeM KeJayJOUuKH, IIOTOM Ha-
cTynaer nmaysa — obmiee pacciabierue cepaedHoi Mblnisl. HepBHbIE UMIIYIBLCHI,
MOCTyIaKIie OT IeHTPAJIbLHON HEPBHOH CHCTEMbI, BIMAKT TAK)Ke HA IIPOCBET
KPOBEHOCHBIX COCYJI0B, H3MeHAA NaBJeHHEe KPOBU B HUX H CKOPOCTH KPOBOOOpa-
IMeHUsA: OHH BO3PACTAIOT NPH (PU3UUYeCcKOoil paboTe, BOJTHEHUH U IOHMMKAKTCH IPH
(GHu3uUYeCcKOM M NCHXHWYECKOM IIOKOE.

Jumboodpamenne. Y MO3BOHOUYHBIX XHUBOTHBIX HAPAAY C KPOBEHOCHOM CHCTEMOM
CylIecTBYeT ellé U JuMbpaTHyecKas CHUCTeMa, BHIIOJHAIIAA APEHAMKHYI0 DOJb.
ITupxynupyromas no aumdarudeckoi cucreme aumpa (ot jar. lympha — uucras
BOZa, BJara) JopMUpYyeTca U3 IJIa3Mbl KDOBH, KOTOpasd IPOCAYUBAETCA CKBO3b KPO-
BEHOCHBIE KaNWJJIADLI U IIONaaeT B TKAHEBYIO MKUAKOCTE, & OTTyJa cobupaeTcs B
JuMpaTrdeckne Kanuanapsel. [locaegame npeacTaBasioT coboil 3aMKHYTHIE C OHOTO
KOHIA TPYOOYKH HJIM CIEel0 HAYMHAIOIIMECS BHITATMBAHUA PA3JHYHON (GOPMEIL.
Wx cTeHKH, KAK ¥ CTEHKN KPOBEHOCHEIX KAMJUISIPOB, COCTOAT M3 OZHOTO CJI0A KJe-
TOK H 00/1aa10T BbICOKOH IPOHUIIAEMOCThIO I/ BOABI, OEJIKOB, KHUPOB, YIVIEBOJOB,
BHTAMHHOB, TODMOHOB ¥ MHHEPAJbHBLIX BEIIECTB.

JlumbaTuuecKkne KamHIAAPbI CAUBAIOTCA B Jaum@pamuieckue cocydvt. Oram-
YHTeJbHasg 0COOEHHOCTh TUM(pATUYECKUX COCYJOB — HAJMWYME B UX IPOCBeTe KJa-
naHoB. [IBukeHHe JUM(pH B TUM(MaTHUECKOl CHcTeMe obecmeuyuBaeT ABHIKeHHe
JKHUIKOCTH, HEIPEePBIBHO HOCTYNAKINel B JuMpaTHUYecKre Kanuansapsl. Jdumda,
ABHUTasfiCh 110 HAM, IIPOXONUT 4Yepes Jumpamuieckue Yyiibl, B KOTOPEIX JHMMOIH-
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TBI — KJETKH JUMODB — 3aIep:KHBAIT M YHUUYTOKAIOT BPeNHBIE A OpPraHu3Ma
faKkTepuH W BUPYCHI. Bee TuMdaTHUeCKHe COCYIbI OPraHu3Ma 00'beINHEHEl B IPO-
TOKH, KOTODBIE BIANAKOT B KPYIIHEIE BEHBI.

Jlumda, KpoBb ¥ TKaHeBad KHUIKOCTh BMECTe COCTABISIOT BHYMPEHHION cpedy

OpzaHUu3ma MO3BOHOYHEIX 3XHBOTHBIX, BBINOJHAKINYIO BAXKHYI DOJB B IOoJAAepKa-
HHH ero romMmeocTrasa, 3alllUTHBIX CBOE[CTB, obecneyeHHH TPaHCOOpPTa NUTaATeJIbHbIX
Be€IeCTB, BUTAMHHOB, 'OPMOHOB 1 Ap.

Tpancnopm eeujecme; MPAHCNOPM Y PACMeHUl: 600bl, MUHEDALbHbLY 6e-
wecme, OpP2anHuU4iecKuXx 8eu,ecme; KPOBEeHOCHAsA CUCMEMA HUBOMHbLX: cepaue
(npedcepdus, scenydouru ), cocydv. (apmepuu, 6eHbl, KANULLAPLL); KPOBb:
naa3ma, popmernHovle 3nemenmst (Ipumpoyumot, LeilKoyumet, mpomboyumet );
KposoodpaujeHue: Kpyeu Kpo8ooopau,eHus,; cepded blil yuwa,; aumpoodpaujerue:
aumepa, aumpamuieckue cocydvt, rumpamuyecKue Yyaavl; 6HYmMpeHnas cpeda
0p2aHU3MA.

Bonpocbkl u 3apaHusa

i [
2.

3.

® N o o

Kakoe 3HadyeHue ans opraHn3ma MMeeT TPaHCnopT BeLwecTs?

Mo Kakum TKaHaM Y BbICLUMX PAaCTEHWIA NepeMeLLanTCs BOAHbIE PACTBOPbl MUHEPAaNbHbIX
1 opraHu4eckux seutecTts? Kak ocylecTBASEeTCA TPaHCnopT?

Kak ocywecTBRAseTcs nepeaBuxXeHne BEeWecTB Y OOHOKIEeTO4YHbIX OpraHmuamos?
B CBA3M C YEM Yy MHOrOKNETO4HBIX XWBOTHLIX Pa3BMNack CneunanbHaa TPaHCnopTHas
cucTema — KposeHocHas? OTBET NpouUnNIOCTPUPYATE NpUMEpamu.

Yem npeacrasneHa kpoBeHOCHas cucTema y 6ecrno3BOHOYHBLIX XUBOTHBLIX?

M3 Kakux OpraHoOB COCTOWMT KPOBEHOCHAA CMCTEeMa NMO3BOHOYHLIX XWBOTHLIX? Kakue
GYHKUMKW OHW BbINOAHAIOT? Onuwnte Kpyru kposoobpalleduns (cm. puc. 137).

Kak B npouecce 3aBONtOUMK YCNOXHANOCH CTPOEHWE KPOBEHOCHOW CUCTEMbI B paay no-
3BOHOYHbBIX XWMBOTHbIX OT pbI® K NTULAM U MAEKONUTAOWMM (CM. puc. 138)?

Kakoe ctpoeHune nmeet numbatudeckan cuctema? Kakune PyHkumm oHa BbinonHaet? Kak
cBAzaHa numdaTtideckas cuctTema ¢ KPOBEHOCHOR?

Yem oOpa3oeaHa BHYTPEHHAS cpena opraHnama?

§36. BoigeneHue y opraHuamos
5 PaccmoTtpute puc. 139—142. Yepea kakue opraHbl BbIBOAATCH U3 OPraHU3amos
2. BpeAHble KOHeYHble NpoaykTel obmeHa selwecTs? B 4YEM COCTOMT 3Ha4yeHue

> |
NPOoLIECCa BbIOASNEHWUA A5 OPraHn3MoB?

BemecTBa, HCKIIOYEHHBIE M3 MeTab0JiM3Ma, BEIBOAATCA W3 OpraHM3Ma. ITOT

npoiiecc, Ha3BAHHEBIA @bideneHuUeM, UIN IKCKpeyuell, IPensaTCTBYeT OTDaBIeHHIO
opraEM3Ma BpPeAHBIMM KOHEYHBIMH IpOAyKTamMu obmeHa BemecTB. Kpome Toro,
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Onarogaps BbIIeJIeHHIO0 B OPTAaHU3ME YAePKUBAIOTCA M IIOBTOPHO HCIIOJIBL3YIOTCA HeE-
00x0oMMBle XUMHYECKHe COeJUHeHH A, YTO cIocoOCTBYeT COXPaHeHHIO IOCTOAHCTRA
BHYTpPEHHEeH cpejbl OPraHu3Ma.

Brinenenue y pacrenuii. IIpogykramu o6MeHa BEIECTB Y PACTEHHI ABJIANTCH:
BOJI&, YIJIEKMCJBIH ras, KUCIOPOA M OPraHMYeCKHe KHCJIOTHI. BOJBIIMHCTBO 3THUX
BEIeCTB BTOPHYHO HMCHOJb3YETCA PACTEHHMAMH — HaOpPUMEp, YIVIEKHCJIBIH ras u
BOJIa PACXOAYIOTCA B Ipomnecce doTocuuTesa. EQWHCTBEHHBIN IPOAYKT, BBIAEIAEMBII
pacTeHHeM B 3HAYHTEIBHOM 00BEMe, — 9T0 KHciaopon. Ha cBery ero obpasyercs
GoJIbIlle, UeM HY}KHO PACTEHHWIO JJIA NbIXAHUA.

fABnenue McrapeHNA BOABI Ueped 0co0bIe BOJAHBIE YCTHHI[A — THUAATONBI, pPac-
TIOJIOMKEeHHBIE HA KPafgX JTHUCTHEB, HABBIBAIOT zymmauyuell (oT jar. gutta — Kamud).
OHo HaGmwgaeTcsa TOraa, KOrja KOJHUYeCTBO MOTJVIOMIEHHON PACTEeHHEM BOAEI IIPEBHI-
maeT BeJUYNHY UCIapAeMOll, HAaIpUMep V TPABAHHUCTBIX PACTEHHUH, CYIIEeCTBYIOMINX
B YCJIOBHUAX NOBBILIEHHON BJAMKHOCTH Bo3ayxa (pumc. 139).

Orxopasl 0OMeHA BELIEeCTB MOI'YT OTKJIAABIBATHCA B KJIETKaX pPacTeHWil B BHIe
coJieli opraHWYecKUX KHcIoT. Hanpumep, B KJIETOYHOM COKe BAKYOJEH BhIMANAIOT
KPHCTAJLJIbI OKCAJIaTa KaJblUs, He IPUUYHHAOIINE KJIeTKe Bpeaa. B Kope, npesecu-
He, JHCThAX H ILJI0JaX HAKAIIWBAITCA TAHUHBI — AyOMJILHBEIE BEIeCTBa CI0MKHOM
OpraHMYecKol NPHUPOJEI, 00Jaaromiye BAKYIIUM BKYCOM.

SHAYHUTEIbHAA YaCTh COEJJUHEHHI BBIBOAUTCA U3 OPraHU3Ma PACTeHHUsA IPH JU-
cmonade — ecTECTBEHHOM IIPOIIECCE OTAENEeHUS JUCThEeB OT crebieil (cM. puc. 139).
3a101r0 10 IMCTONAAA B IPOIECCe CTAPEHHS JHMCTHER IIPOUCXOIUT IIepepacipeaeie-
HHe BelllecTB: HeoOX0AMMbIe DACTEHHIO IATATEIbHBIE BEI[eCTBA OTTEKAIOT U3 HUX, a
HEeHY>XHbIe U BpPeHbIEe IepepacnpeieIfi0TCA B JIUCThA. 3aTe€M B IUCTHAX Pa3pyIIa0T-
CA IUT'MEHTHI — XJIOPO(MHILIBI, CHUMKAETCA HHTeHCHBHOCTEL (hOTOCHHTE3a, JEIXaHUA,
HMCIIApeHUs BOJLI, U3MeHSeTCH OKpacKa M ofpasyeTcs MpoOKOBEIH OTHEINTEeIbHBIH

MpoBkoBbIi
OTAENNTENbHBIA

Puc. 139. T'yrranus (y seMAAHUKH) U aucTonarn (v 6epéssr)
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ciaoit, KpomMe BBINOJIHEHUA BBIAEIUTENbHON QYHKIIMHI
JHCTONAaJ NPeIATCTBYET MOTepe BOALI PACTEHHEM B
HeGJIaronpUATHLIX YCIOBUAX.

BeigeneHue y OMHOKJIETOYHBIX H GECIO3BOHOYHBIX
FHKHBOTHBIX. OCHOBHHMH KOHEeYHBIMH INPOAYKTaAMH
oOMeHa BellecTB Y KHBOTHBIX ABJIAITCA BOJa, yrJe-
KHCJbIA ra3 ¥ aMMHAaK. ¥ OJHOKJIETOUYHBIX *KHBOTHBIX
VIJIEKUCJIBIH I'a3d U aMMHAK YIAJIAKTCH 4epes IIas-
MATHYECKYID MeMOpaHYy, a U30BITOK BOABI — depes
coxpamumenvible gaxyoau (puc. 140).

MHOroOKJIETOUHEIE KHBOTHBIE MMEIOT CIIeIHab-
HBIE Op2aHblL 8bideseHus. ['n1aBHBIe NPHHIUOBL UX
paboTel — BBIBeJEHHE HEHYXHBIX M BPeJHBIX A
OpraHMa3Ma BellleCTB M COXpPaHeHHe HeoOXOJHMMBIX
OPraHu3My. OTO JOCTHUTAETCH MYTEM UX (u.ibmpayuu
CKBO3b IIOPHI IIJIa3MATHYECKON MeMOpaHbl KJIEeTOK Op-
TaHOB BbljeJIeHus. KpyIHEIe MOJIEKYJIBI ¥ HOHEI 3a/1ep-
HKHUBAIOTCA MeMOPAHOMH, & MeJIKHe IPOXOAAT Yepes Heé
cBoboaHo. Ilocne puabTpanuy OPOUCXOJHUT 06paAmHoe
u3bupamenbHoe 6Cacbl8AHUE HEODXOJUMBIX OPraHU3-
MY BEIIeCTB 3a CYET aKTHBHOTO MX TPAHCIIOPTa Yepes

Puc. 140. Coxpaturenpasle  jjagMaTHYecKyio MeMOpaHy.

BaKyOIH Iy fﬂq’y”p’m' Hawu6oJiee IPOCTO YCTPOEHBI OPTAHKI BHIAETEHUA ¥
Tiﬁfi:::;:i; 2 7p;'znﬂ;'$§:{e miIockux dyepseii. Tak, mnanapusa UMeeT BBIAETUTEIb-
HAs Kamcysa HYI0 CHCTeMY, COCTOAINIYVIO M3 U3IBUMbBLY KAHAJLbLYEE,
HAUYMHAKIIUXCA B TeJe YepBA 36£304amblMu KJem-
xamu (puc. 141, 1). Buerne pecHHUEK 3BE3JUATEHIX
KJETOK CO3JaéT B M3BHUTHIX KaHAJBIAX IIJAHAPHH HOCTOAHHBIH TOK JKHUIKOCTH,
COCTOAIIEH U3 BOJABI C BPEAHBIMH MPOAyKTaMu obMeHa BemecTB. [Io H3BHTHIM Ka-
HaJIBIAM 3T4 JKHUAKOCTh BRIBOAUTCH HAPYIKY Yepe3 BhIIeIHTeIbHbIe IOPhI, KOTOPEIe

OTKPBIBAIOTCH Ha OPIOITHOM CTOPOHE Tejia YepPBA.

Koabuarsie 4epBH, HAOPHUMED A0 eBble, HMEIOT BBIJEJIHUTEJbLHYIO CHCTEMY,
COCTOAILLYIO W3 8bldeaumenbHblx mpybouer, PACIONOKEHHEX TIOIAPHO B KaXI0M
cermeHTe Teaa (pme. 141, 2). Ka:xnaa Tpy0ouKa HAYWHAETCS BOPOHKOM, UMeOIIel
10 KpasfgM PeCHHYKH. B Heé 13 mojocTH Teja 4epBsa MomafalT KOHeYHbIe IPOAYKThI
BBIJIeJIEHN A, KOTOPhIE 3aTeM BBEIBOAATCA HAPYIKY Yepes BhIJIeIUTeIbHEle OTBEepPCTH,
pacnoJIoiKeHHEBIe Ha IOoCJaeOYIOIeM CEerMeHTe TeJia.

V HaceKOMBIX KOHeYHEIe IPOAYKTEL 00MEeHA BEI[eCTB M3 IIOJIOCTH Tesia cobupaoT-
cA B Maabnuzuessvl cocydsl (puc. 141, 3). 3aTeM OHH DONaAalOT B 3aJHION KHIIKY,
rJle CMeIIMBAIOTCA C HellepeBapeHHBIMHU ocTaTKkaMu nuimu. s aToit cmecn o6paTHo B
KHIIKY AKTHBHO BCACBIBAETCH BOJA, IIOCJIE Yer0 HAPY:KY UYepes aHaJIbHOe OTBEDPCTHE
YAAIAKTCA MOUTH CYXUe SKCKDEMEHTEI.
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Puc. 141. Oprans! BeiiesieHHA 0eCII03BOHOYHBIX MUBOTHEIX!
1 — 3Bé3muaThie KJIETKH C H3BHTLIMH KaHAIbNAMH (IIaHapusa); 2 — BELIETUTE]bHbIE
TpyBOYKY ([OKAEBOI YePBb); 3 — MAJBIMIHEBEl COCYAbl (MAHCKHUA HYK)

Belgeliende y IO3BOHOYHBIX #HBOTHBIX H YeJOBe-
Ka. ¥ ITO3BOHOYHLIX KHUBOTHBIX M YeJOBEeKA KOHEUHBIE
OpPOAyKTa OOMEHa BeIlecTB — YIJIEKHCJBIN ras, Boja,
coelHHEHHS aMMHMAKa — BBIBOAATCA M3 OpPraHu3Ma
gepes MOYKH, JIETKHe, KOXKY B KHInedHHK. OCHOBHBIE
opraHbl MOYeBBIeeHuA — noyku (puc. 142).

V peI0 mMOYKHM MMEIT BUJ AJUHHBIX JIEHT, pac-
IIOJIOMKEeHHBIX BIOJIb ITO3BOHOYHHKA. OT no4yex oTxo-
AT MOYETOYHHMKH, IO KOTOPHIM Moda cobupaercd B
MOYeBOH My3bIph. MOYEBBIBOAANIHN KaHAJA MOYEBOI'0O
Ny3LIPA OTKEPBIBAETCA HAPYKY OTBEpPCTHEM, PACIIOJIO-
JKeHHBIM II03aJ# aHaJIbHOro. ¥ puI0 OCHOBHBIM IIPO-
IYKTOM BBEIZIeJIEHUA CJOYy:KUT ammuak. I[louku seMHO-
BOJHBIX, B OTJIMYHE OT PBIO, HMEIOT BU/| YILIOMEHHBIX
KOMIIAKTHBIX TeJI, JIeXKalquX B TYJOBMILHONH obsacTH
nmo Goxam oT nmo3BOHO4YHMKA. OOpasywmasca B HUX
MO4Ya, COJepKalasd B KauecTBe OCHOBHOI'O NMPOAYKTA
BBIJIEJIEHAS MOYEBHHY, IIONAagaeT II0 MOYETOYHHKAM
B paClIMpPeHHYIO YacTh 3aJHeH KHINKH — KJOakKy, a
u3 Heé B MOueroil myawIph. Ilo Mepe ero HanmoJHEeHUSA
CTEHKH IIy3LIPA COKPAINaTCA, B pe3yabTaTe Yero Moda
CHOBA IIONAJAET B KJIOAKY, a 3aTeM Yepes eé oTBepcTie
yAandeTcA U3 OpraHusMa HapyKy.

VYV IpecMBIKAIOIUXCA, ITUI ¥ MJIEKOMIUTAIONIUX
NOYKHY pacrojaraiorca B TasoBoi obmactu. IIpoayrTel
BEIJICJICHHUA IPECMBIKAIOIUXCA U IITUL, COAEPKAT MAJIO-
PACTBOPUMYIO B BOJe MOYeBYI0 KHciaoTy. OHa B BHIE

Puc. 142. Opradsl MOUYeBEI-
JesleHHA dejoBera: ] — mod-
KH; 2 — MOYETOYHMKH;

3 — MOYeBO¥ IYy3BIPb
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B3BECH MEJIKHX KPHCTAIIHKOB BBIBOAUTCH M0 MOYETOUHHKAM B KJI04aKY, a 3aTeM
momajiaeT B MOYeBOM TY3BIPh, KOTOPBIM Y ITHI[ B CBA3H C IIPHCIOCOOJEHUEM K TIO-
Jéry oTcyTCTBYeT. II09KH MIEKONMTAIONINX, B TOM UHCJIEe M YeJOBEKAa, UMEIOT 60-
Gosuanyw opmy. Moua, comepskalas B KAYeCTBe OCHOBHOTO IIPOJYKTA BbIeIeHA
MOYEBHHY, CODMpaeTca II0 MOYETOYHMKAM B MOUYeBOil Iy3wIpb. VI3 Hero mo moue-
HCIYCKaTeJbHOMY KaHaNy, OTKPLIBAIOIIEMYCS ¥ CAMIIOB B COBOKYIIMTE/IbHEIN OpraH,
a y caMOK — B IpeJABepHe Bjaraiuina, Moda yIaJAeTcs U3 OPraHu3Ma HapyxKy.

ITouyku MO3BOHOYHBIX KUBOTHBIX U 4eJOBEeKa OOMILHO CHAGKAIOTCH KDOBBIO,
H3 KOTOPOH myTéM GHIBTPAIMH H 0OpAaTHOro M3bmpaTeabHOTO BeachlBaHHA obpa-
ayeTcs Mo4Ya. ITOT HpoIecC MPOHCXOAHUT B He@porax (OT rped. nephros — mouka),
PACHONIOKEeHHBIX B IMOYKaxX. Ka bl He(PPOH COCTOMT M3 KAalcyJbl ¥ M3BHTOIO
KaHaublla. BHYTDH Kalcynsl HAXOAHTCA KANWLIAPHBIA K1y6ouek, oOpasoBaHHBII
KPOBEHOCHBIMH cocymamu (puc. 143).

OGpasoBaHue MOYHM IPOUCXOJUT B ABa drana. Ha mepBoM aTale OCYIIeCTBIHAET-
cA (UABTPALUA MJIa3Mbl KPOBHM M3 KANHJIIAPHOrO KIYDOYKA B MOJOCThL KaIlCyJIBL.
HuameTp KPOBEHOCHOTO COCYAA, IPHHOCAIIET0 KPOBb, OOJbIIE, YeM BBIHOCAIIIETO
cocy/ia, O3TOMY B KaOWIIAPHOM KJAyGouke HedpOHA CO3NAETCA NaBJIEHHE, BBITA-
KHBaOIlee IJ1a3My KPOBH BMECTe C PACTBOPEHHBIMH B Hell BEIIECTBAMH B IIOJIOCTH
Karncyasl. B peayneTare aToro obpasyercs nepeuinas Moud, B COCTAB KOTODOMH
BXOJAT BOJA, COJH, aMHHOKHCIOTHI, MOYEBUHA, MOYeBasi KUCJIO0TA U IIIOK034.

Ha BTOpOM 3Tame mepBHYHAA MO4Ya
IOCTYIaeT B M3BHTOH KaHAalel, rje
HauuHaeTca obpaTHoe umabupaTenbHOE
BCAchbIBaHHE B KPOBb HEOOXOAMMBIX Op-
raHW3My BeriecTB. TakWe XUMHYeCKHe
COeJHHEHHA, KaK I'JII0K03a 1 aMUHOKHC-
JIOTBI, BCACBIBAIOTCHA IIOJHOCTBIO, JPYTHe
BEII[eCTBa, HAIPHMED MUHEPAJIbHEIE COJIH
U BOJAa, — B HEOOXOAMMBIX OPraHH3MY
konudecTBax. ObpasoBaBmaacs B Hed-
POHe Iocse 06paTHOro M30HPATEIBHOTO
BCACBIBAHUSA 8MOPUYHAA MOYA TOCTYIAET
B cobHpaTenbHYI TPYOKY, a M3 Heé —
B MOYEUHYIO JIOXAaHKY, MOYEMOYHUK U
MOYEe60l NY3biPb, U3 KOTOPOTO YAAISEeTCA
Hapy:Ky. BropuuHas mMoua OTJiHUaeTCsH
oT IIEpBHC[HOI:'I He TOJBKO XMMHUECKHM
coctaBoM, HO u o6wémom. Hanpumep,

Puc. 143. Cxema cTpoenus HedpoHa: yV YeJIoBeKa B CYTKH obOpasyerca 150—
I — rancyna; 2 — KanMATAPHBIA KAY00" 180 ;1 mepenunOil MOUM, a M3 OPraHA3MA

HeK; 3 — MIBHTOH Kamalen; 4 — merd B BHUJle BTODUYHON MOYHM yaJIfeTCs BCETO
Tenne; 5 — KanuIApHE KaHanbna; 6 — co- 1.5—2 1
; A

OuparensHas TpyOKa

AMUHO-
KWUCNOTHI

[
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Buidenerue; zymmayus; aucmonad; cokpamumenbhble 6aKY0IU; Op2atbl ebide-
NeHuS: U3EUMble KAHAIbYbL, 366304amble KAeMKU, Bbl0esumenbibie mpyboiKu,
MAIbNULUEBHL COCYDbL, NOYKU; MOYCMOYHUK; MOU€60l NY3bipb; HePPOH; MOULA:
nepsuyHas, 6MOPULHA.

Bonpocsi U 3agaHvsa

1. B 4BMm 3HaYeHve NPoLEecca BuiAeneHus AN opraHuama? Kakne KoHeyHble NPoAyKTh
o6MeHa BellecTs BbIBOAATCS U3 opraHnama? Kakue opraHbl B 3TOM y4acTeyloT?

Kakue opraHbl 06eCcnedmBaloT BbiIENEHNE Y PACTEHUIA?

Kak y 0QHOKIETO4HbIX XUBOTHBIX BbIBOAUTCH 136bITOK BOABI U conen?

Kakue opraHbl BbIAENEHWA UMEIOTCR Y YepBen v HacexkoMbIx?

KakvMu opraHamu npejcTaBieHa MOYeBblAeNUTeNbHas cucTema yenoseka?

Kakoe cTpoeHve umeeT HedpoH? Kakue dyHKUMN OH BbINONHABT?

OnuwwTe no puc. 143 npouecc 0bpasosBaHns NEPBUHHON 1 BTOPWUYHOM MOYM Y YENOBEKA.
Yem nepBuvyHas Moya otav4aeTcs oT BTOPWUYHON?

NOUAWN

§37. 3awmTa oOpraHu3mos

S Paccmotpute puc. 144—147. KakoBbl OCHOBHbIE cnocoObl 3aWMTEl OPraHn3MoB
- OT BO3AENCTBMA HeBnaronpusaTHLIX GakTOPOB BHELIHEN cpenpl?

JIro6oii OpraHu3M OKDY’KEH BHEIIHeH CpefoH, OKAa3bIBAKOIIEll Ha Hero pasind-
Hele BoajeilicTBua. HexkoTopsle yciaoBuA — BIuAHUE 00T€3HETBOPHBIX faxkTepui 1
BHPYCOB, pe3Kue KoJeOGaHUA TeMIepaTypbl, HCCylIeHHe BO3yxa — cnocobHBI He-
FATUBHO BIMATH HA KH3HeIeATeJbHOCTh OPraHu3Ma.

3ammTa y OMHOKJIeTOYHBIX OpraHu3mMos. O HOK/IeTOYHbIe OPraHu3Mbl IPH He-
GIATONPHUATHLIX YCIOBHSAX BHeEIIHeil cpeasl 00pasyioT BOKPYT KJETOK 3alATHLIE
obosouxn. Hanpumep, Bee 6aKTepHH CHAPYKH KJIETOUHOH CTEHKM UMEIOT KAncyiLy,
COCTOMIIIYI0 M3 MOJIMCAXAPHJAOB, KOTOPas 3amiUINaeT KJIeTKY OT PasJHvIHBIX BO3-
neiicTBuit. Ilpu HacTymeHHH HeGIaronpuATHBIX yeaoBHI GaKTepHalbHAA KJIeTKa
TepseT BOAY, B peayJbTaTe 4ero eé MUTOIUIA3MA YIJOTHAETCA W IpPeBpaIiaeTcsd B
KOMOYeK, BOKPYT KOTOporo GopMUpyeTcs 3aluTHaA 000I09Ka 1 obpasyercs ando-
cnopa (ot rped. endon — BHYTPH M spora — cedAHue, noceB). B Bu/le 3HJOCIIOP B
COCTOSIHMY TIOKOA GAKTEDHH MOTYT HaXOAUTHCH AJIUTEIbHOe BpeMs (JecATKH Jjer)
H BBIAEDIKHBATH BBICOKHE TeMIepaTyphl, HCCYIIeHHe U paguanmnio.

OIHOKJIeTOYHBIE KUBOTHEIE, MJIH [IPOCTEeHINNe, IPH HACTYILIeHUH HebiaronpuaT-
HBIX yCI0BHit 06pasyior yucmel (0T rped. kystis — ny3sips). Haxoasacek B COCTOAHHYU
IMCTHI, OHY MEPeKMBAIOT BHICKIXaHUEe ¥ IIPOMEepP3aHue BOJ0EMOB, OTCYTCTBHE IHIIH,
a TaKyKe MOTYT PacIPOCTPAHATHCA NPHU MOMOIIM BETPA, ITHIL ¥ APYTHX HABOTHBIX
Ha Gosbimue paccrosHus. [Ipym monajaHuu B 61aronpuATHBRIE YCIOBUA, Heobxoau-
MBIe AU AKTHBHOM MKI3HEIeATeNbHOCTH, IIPOCTeHIIMe TOKUAAI0T 000/I0UKY IUCTHI
¥ IepeXolAT K AKTHBHOMY CYIIECTBOBAHHIO (CM. puc. 1186, 1).



= Fnasa 7. CTPOEHME U ®YHKLMM OPTAHU3MORB

3amHUTa Y MHOTOKJETOYHBIX pacrenmit. Hazemmnie PACTeHHA 3alIHINEHBI OT
BO3/IEHCTBHSA BPEJHBIX (DAKTOPOB BHEIIHEH Cpebl ¢ TIOMOIIBI0 Pa3JIHMYHBIX 00paszo-
BaHMII IOKPOBHOH TKaHu. Tak, HA HOBEPXHOCTH crapeix crebeil U KOpHel uMeIoTCH
CJIOM MEPTBBIX KJIETOK MPOOKH M KOPKH, BAIUIIAONINE UX OT MeXaHHYeCKOro IIo-
BPEKACHUS W NIPOHMKHOBEHUS BO BHYTPEHHUE TKAHM DACTEHHUsS GOJe3HETBOPHBIX
MHKPOOPTaHM3MOB. JIucThA MONOALIX cTebirel M II0L0B IOKDBITHL KYMuKkyaoi (oT
Jar. cuticula — KOMKHUIA) — HEKJIeTOUHBIM CIOEM 3 BOCKOIIOJOOHOTO BellecTBa —
KYTHHA, BBIZEIAEMOTO KJeTKaMH KOKHUIbl. Biarogaps xyrukyie, obpasyomei
CILTOIIHYIO JIEHKY HA IIOBEPXHOCTH OPraHOB PACTEHUIl, OHM CTAHOBATCS MaJIOIpo-
HHUIIAeMBIMH [LJIA I'a30B, BOJALI H MHKDOOPTraHU3MOE.

MHuorue pacTeHUs UMeOT cpedcmea naccueHoil 3auwumsl OT HOEJAHHUSA 3KHUBOT-
HBIMH (puc. 144). Hanpumep, KJIeTKH KOKHILI JHUCTbEB U cTeGei KpamHuBEI He-
CYT Ha CBOEH IOBEPXHOCTH H2y4le 60]0CKU, COLepKaline MYPaBBHHYI KHUCJIOTY.
CreHKH BOJIOCKA NPONMTAHBEI H3BECTHIO, & KOHEI — KpeMHe3émoM. Takoit Borocox,
€CIH K HEMY NPHKOCHYTBCHA, JIETKO 00/1aMbIBaeTCA M Iapanaer MoBePXHOCTh KOKH;
B DapalliHy MOIaJaeT YKIy4Yasd KUAKOCTh, BEIZLIBAIOIIAA V YEI0BEKA M 3XUBOTHBIX
[IOKpacHeHHE KO¥H U 3yA. OT IoejaHNA KUBOTHEIMH HEKOTODbIE DACTEHHS 3alllH-
MIeHBl Wunamu — BBIDOCTAMHM KOXKHUILLI CTe6/IsA, KAK Y €/KeBUKH H IIMIOBHUKA,
AJH KOLWUKAMU — BUNON3MEHEHHBLIMH N00eraMu, Kak y 60ADLINMTHENKA U TEDPHA.

Pacrenus o61anaior rakxe cpedemeamu xumueckoi s3awumer. Hanmpumep, v an-
CTOTeJIa H MOJIOYAs 00pPa3yeTcs MIeYHbliL COK — MUIKOCTD, COLEPKAIAT XHMIUYECKHe
BEIeCTBAa, IPENATCTBYIOLHE NOeJAHHIO ITUX PaCTeHHIl JKUBOTHEIMH. AHATOTHYHYIO
POJIb UTPAeT cMo.1a (KUBHULA), KOTOPOH B4IIOJHEHBI CMOJSHBIE XOAbI B oprasax
HEKOTOPBIX DacTeHHil, HAIPUMep XBOHHBIX. CMoJa JelaeT MaloChen00HBIMHE HX

Puc. 144, Cpencrsa NacCHBHONH M XHMHYECKOH BalUTEl ¥ pacTeHni: I — Krydue BOIOCKH
(kpanuBa); 2 — munsl (exkeBuKa); 3 — MIEUHBIH COK (umcroTen)
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TKAHH, IPeNATCTBYeT IONaJaHuIo BHYTPb pacTeHMil CIIOP MapasuTHIECKUX rpubos,
TaK KaK 3amedaThIBaeT OTBEPCTHA, o6pasyiomiuecs Ha Kope Npr MOBpEKIeHUAX.

HekoTopble pacTeHHA BHIAENAIOT B OKPYKAIOIMIYIO cpeny Qumonyudst (0T
rpeu. phyton — pacTeHHe M JaT. caedo — ybuBaiw) — Jeryuue OHONOTMYECKH
AKTUBHBIE BEIecTBa, BhHIpabaThiBaeMble KIETKAMU Ha/A3eMHBIX H MOJ3eMHEIX OP-
rapos. OUTOHIHALI 3AIIHIAIT pacTeHus OT 60J1e3HETBOPHBIX MHKPOOPTaHH3MOB.
HanpuMep, GUTOHIU/ABI AYKA, YECHOKA, XPeHA, rOPYMILI TOJABISIOT POCT B Pas-
BHTHe MHOTHX Bo3OyauTenell HHQEKIMOHHBIX foJsie3Hei.

3amuTa Y MHOTOKJIETOYHBIX KUBOTHBIX. Kosxusie mokpoBeL IIperpany Ha nyTH
[NPOHUKHOBEHHSA 00e3HETBOPHBIX faxTepuii ¥ BUPYCOB B OPraHH3M MHOTOKJIETOH
HBIX JKHBOTHBIX CO3JAIOT KOXNCHbLE MOKPOBbLL. YV 6ecrio3BOHOYHBIX KHBOTHBIX OHH
npejcTaBieHbl B OCHOBHOM KJETKaMU snuTeuanrbHoil TKapu. Tak, peCHUYHBIN
SIUTEINH Y MJIOCKHX YepBer niaHapHil He TOJILKO CO3/a€T MeXaHUJecKoe Ipe-
MATCTBUE, HO M BBIJEJNAET CIeNHaJbHYI0 CIM3b, y6uBanIyo GaKTepuii. IlnoTHas
KYTHKYJa KOXKHBIX IIOKPOBOB NapasuTHIECKUX gepBell sal(UIaeT UX OT AefcTBUA
[MIeBapUTeJbHBIX COKOB OPraHM3Ma XO03AHHA. V 4JeHHCTOHOTHX KYTHKYJa CO-
IepKUT XUTUH U JOMOJHHTENBHO MOKET NPONUTHIBATECA KapOOHATOM KalbIMHA,
NPHAAIOIINM el TBEPAOCTD. KleTKH 2MATENHATLHON TKAHU MOJIIIOCKOB 00pasyioT
0Cco0YI0 KOJKHYIO CKJIaJKy — MaHTHIO, KOTOpad dbopMUpYeT PAKOBUHY, COCTOAIIYIO
H3 HECKOJBKHMX CJIOEB M3BECTH M OPraHWYeCKOT0 BEINecTBa.

KoskHbIe TTOKPOBEL ITIO3BOHOYHBIX KMBOTHBIX 06pa3oBaHbl ABYMA CJIOAMU: OO
cmeenno Koxceil, win depmoil (ot rped. derma — Koka), u anudepmucom. Jlepma
XOpOIIO PasBHUTa Y MJIEKONUTAIOIUX. Ona mpezcrasiseT cofoil mepenaeTeHne
BOJIOKOH COeIMHUTENBHON TKaHHW. B HIDKHeH e€ JacTH OTKIAAbIBAeTCH up, dop-
MHUDPYOIUHE TOJKOKHYIO KJIeTIaTKY. Jlna BOAHBIX MJIEKONMTAIOIIMX H 3Bepe,

3nuaepMuc

epma
{cobcTBEHHO
Koxa)

MopaxoxHas
knet4arka

MoToBas xenesa

nogHumMaloLas Bonoc

Puc. 145. Crpoerue KOMXH MJICKOMHTAIOIIET0
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KHBYIIHX B XOJIOHOM KJIHMATe, OHA HIpaeTr BAJKHYIO POJIb B 3all[UTe OPraHMU3Ma OT
[epeoxnaxaenus. B nepme pacnomnosxens: koxuse 7KeJIe3bl, KDOBEHOCHLIE COCY /B,
PELENTOPEl H MOAXOASANIHEe K HAM HepPBbI (puc. 145).

K npousBognmiM aepmer oTHOCHT KOCTHbIE YellyH, BCTPeYaloliuecs y pruib.
Crapy:xu Kamzaas taxas UEmyA IIOKPBEITA TOHKUM CJI0OEM 3NHMAEPMHCA U CIHu3H,
BBIJIEJIAEMOil KOMHBIMY Kejle3aMu. KoxKHEe TIOKPOBBI 38MHOBO/JHEIX MPECTABIe-
HBI TOHKO# KOKeH, Ha NMOBEPXHOCTE KOTOPO# KOMKHBIE KeJe3hl BhIAeJIAI0T CJIU3B,
obecIeInBaoIyIo 3AIUTY U KOKHOE JbIXaHue. Y APYIHX MO3BOHOYHEIX MKUBOTHBIX
SIHAEPMHC (POPMUDPYeET PasIHJYHbIe 3aIIUTHEIE obpasosanna. Hanpuwmep, NPOM3BOJ-
HBIMH BIIHAIEPMHUCA ABIAAIOTCA: y NPECMBIKAIONIMXCA — DPOrOBBIE YEIIYH U UIHTKH;
Y OTHI, — KJII0B, KOI'TH, DOrOBbIe YelTyH U IepbdA, ¥ MICKONHUTAKIUX — BOJOCHI,
KOI'TH, HOI'TH, IIOJIBIE POra H KOIBITA.

3amuTa OpraEM3Ma oT 60Je3Heil. Hmmynnrer. Hagéxuyio 3alIUTY MHOTIO-
KJETOYHBIX OPTAHU3MOB OT BTODPKEHHUHA GosnesHeTBOPHBIX GakTepuii u BUDYCOB
obecrnieduBaer ummyrnumem (or nar. immunitas — ocBobosx/jeHHe, n3GaBaeHne
OT 4ero-audo) — cocrosHUe HEeBOCIIDH-
HUMYHBOCTH K YYXKEDPOAHBIM KIETKAM H
BemecTBaM. U xoTa mHOrMe pacremms
06/1aJa10T YCTOHYHBOCTEIO K HEKOTOPBLIM
3aboNeBaHUAM, peakIluu HMMYHHUTETa XO-
POIIO BBIPaKeHBI Y BBICIIHX YKHBOTHBIX,
B TOM YHCJIE U 4YesloBeKa, 00Iamaoiux
UMMYHHOU cucmemoii (puc. 146).

ITepBoe Hayunoe o6BacHeHME npu-
POIBI HMMYHHTETA AaJ PYCCKHI yUSHBIH
Unea Unesuuy Meuynukos (1845—
1916). O npumeén & BBIBOZY O TOM, YTO
HMMYHHTeT obecrieuynBaeTcsa CIocoGHO-
CTBIO JIEHKONUTOB (MaKkpodaros) KPOBH K
tharonuTosy, T. €. 3aXBATEIBAHUIO U nepe-
BapUBaHUIO GOJIE3HETBODHBIX GaKTepmii
(puc. 147). IToagree 65110 YCTaHOBJIEHO,
4TO KpoMe daronuTosa B obecmedyeHmy
HMMYHHTeTa GOJBIIYIO POJbL UTPAIOT
JAMPONHTEI, 06pas3yoliueca B Oprasax
HUMMYHHOH CHCTeMbI H BBIpabaThIBAIOII e
ocobble 6eIKH — anmumena. dru Genxku
PearupyrmoT C 4yyKepOJgHBIMM areHTaMH

% - (Bupycamu, Gakrepuamu, nepecaXeHHbI-
yejgoBexa: I — KpacHbIM KOCTHBIN MO3r;
2 — anmenaukc; 3 — Tumyc; 4 — agemon- MM TKAHAMH) — GHMuUzeHaMU, TOTABIIN-

Abl; 5 — MHHAanuHBL 6 — MuMbarnueckne MH BO BHYTDEHHIOI cCpeny opraHM3Ma.
YV3JIBl; 7 — cesle3séHKA CrnenoBarenbHo, 1o cBoeii 6HOJIOrIYecK o

Pue. 146. Oprassr HMMyHHOH cHeTeMBI
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BonesHetsopHLie
GakTepun A\ Ipynnei PeakLus nnaamel kposw
. KPOBMU C 3pUTPOLMTAMM
Neitkoumr
o B
Bl & & oo
—

- MNepenusaHune

Puc. 147. Cxema daromurosa Puc. 148. I'pynner KpoBu u cXeMa HX IepeIHBAHHA

Ipupoeé HMMYHHUTET BBICIIMX XMBOTHBLIX M UYEJOBEKA MOKET GBITH KIemoyuHbLM,
T. €. CBA3AHHBIM C (DArONMTAMH — MOXKHDPATENAMH UYKePOAHBIX KJIETOK, W 2yMmo-
PanrbHbLM, 00eCTIEIeHHEIM aHTHTENAMH, KOTOpPbIe BBIPA0aTHIBAIOT JTUMQOIIHTEL.

OauH W3 NepBHIX IPEMEPOB I'yMOpPAJIbLHOTO MMMYHHTeTa ObLT 00HADYIKeH npwu
[épelMBaHUH KPOBH OT OJIHOTO YeJI0BeKa K Apyromy. B MeM6paHb! KieTox KDPOBH —
2PUTPOIHTOE — BCTPOEHE! GenkH-aHTHreHs! (A, B), ¢ KOTOPBEIMH MOTYT pearupo-
BATE aHTHTeNA Naa3Mel (O, [}) Kposu, B pesyiabrare yero NPOHUCXOLUT CKJIEHBAHUE
SPHTPOLUTOB U MX rubens. IIpuuéM B miasMe KPOBH KasKI0TO UeIOBeKa IpUCYT-
CTBYIOT aHTHTela, BhipabaTeIBaeMble NPOTHB AHTHUTEHOB SPUTPOIUTOB, KOTOPEIE
He coliepixaTcea B ero coOCTBeHHON Kposu. Ha ocHOBaHWH 3TOr0 GBLIO BEIJIEJIEHO
"eTeIpe rpynmbl Kposu (cucrema ABO), KOTOpEIe ciaeayer IepeJuBaTh TaK, YTOOLI
130e/XaTh CMEPTeILHO OMACHON A OpPraHM3Ma PeaKUWH <«AHTUIeH — AHTHTEJIO»,
KOTZa GeTKH IJIa3Mbl KPOBH PELIUIHEHTa — 4JeJIOBeKa, NIPHHUMAIONEro KPoBh, —
OyZyT pearupoBaTh ¢ PUTPOLHTAMHI MOHOPCKOi KpoBu (cKIenBars ux). Hanpumep,
ILIasMa ¢ aHTUTEJOM Of He JOJKHA BCTPEUYATHCH C BPUTPOIMTAMH, COMePHKAITHMH
aHTHIeH A; rmIasMa ¢ aHTHTeaoM f§ — ¢ opurpouuramu B (puc. 148).

Kancyna; sndocnopa; yuema; Kymuxyaa; cpedcmea naccuenoil 3auiumeor;
Hezylue 60J10CKLL, WUNDL, KOMIOYKU; CPeICIEA XUMULECKOU 3aUsUMbL: MACYHbLI
COK, CMOLA, PUMOHYUIbL; KONCHBLE NOKPOBHL: Depma, anudepmuc; uMmMyHUmMem:
KIeMOUHbLL, 2YMOPANLHBLIL; UMMYHHAA CUCTEMA; AHMUZEH; AHMUMENLO.
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Bonpocskl U 3agaHvs

1. Kak 0gHOKNeTO4YHble OpPraHn3msbl 3alMLLaTCa OT BO3eiCTBUS HeBNaronpuaTHbIX dak-
TopoB BHewHen cpeabl? OTBET NPOWAMIIOCTPUPYATE NPUMEpPamMu.

MepeuyucnuTe CPEACTBa NACCUBHON 3aWWUTLI Y pactenwii. NpueeavuTe NpUMepsl.

B 4éM CYLUHOCTb XMMMHYECKOWM 3alMThl PACTEHWIA OT PacTUTENEHOAAHBIX XUBOTHBIX, 6o-
Ne3HEeTBOPHbIX BakTepuii n Bupycos? MNpueeauTe NpUMEpbl TaKUX pacTeHWiA.

Kakue 3alimTHbie 06pa3osaHna MMeloTes Y Gecrno3BOHOYHbIX XWBOTHbBIX?

Kakoe CTpOeHMe MMEIOT KOXHbIE MOKPOBbl NO3BOHOHHBIX KMBOTHbLIX? Kakne QyHKUUKU OHK
BLINOAHAIT? OTBET NPOWIKOCTPUPYATE NPUMEPaMU.

YTto Takoe UMMyHUTeT? Kakue opraHel o6ecnedvnBaior MMMYHUTET opraHuama? Hem
KNETOYHbI UMMYHUTET OTIMYAETCS OT rymopansHoro? MNpreeauTe NpUMepb! KNeTo4YHOro
W r'yMOPasibHOro MMMYHUTETOB,

as @N

o

§38. Pa3apaXxumocCTb U perynsauus y opraHm3mos

5 PaccmoTpute puc. 149—154. Kakoe 3HaveHue ONA OpraHn3mMoB UMEeTr WUx
. CcrnocoBbHOCTL pearvposaTh Ha QENcTBuE pasgpaxuteneit? Kakum o6pa3om
NPOMCXOAUT Perynauma QyHKumMi opraHuama?

Jx06oii opraHuaM crocofeH BOCIPMHUMATH PasJIUYHbIe PasiparKuTe/, NoCTy"
Maoiiie U3 BHENIHeid W BHYTPeHHeH cpe/ibl, H pearnpoBaTh Ha HHX, T. €. obnamaeT
pasdparcumocmboio. PaznpasxuTeIasMI MOTYT OBITH CBET, TEMIEPaTypa, 3BYK, MEeXaHH-
geckoe BO3AeHCTBHE, IHIeBkle BenecTsa U aAp. lIpoABieHne afeKBaTHBIX peaxmmi
OpraEM3Ma Ha PasfpakuTesn obecrnevnBaeTcs CcOrJIacoBaHHON paGoTOH OTAeNbHBIX
ero gacTeili — OPTaHOB, TKaHeil B KJIeTOK. ITO AOCTHIaeTCs IyTEM pezyrayuu, ocy-
IeCTBIAEMOH y BCEX OPraHM3MOB C IOMOIIBI0 XMMHYECKHX BEIIECTE, & ¥ MHOTO-
KJIETOUHBIX KHBOTHEIX eIIé M 6arofaps HePBHBIM MMIYJIBCAM, HOCTYNAIOMMM OT
OpraHOB HEPBHOW CHCTEMBEL.

Pa3apamuMoCcTh ¥ OJHOKJAETOYHBIX OPraHu3MoB. Haubosaee npocThie GOPMEL
pasIpaKMMOCTH XapaKTepPHBI [IJf MHKDPOOPraHM3MOB (faxTepuil, IPOCTEHIINX,
OZHOKJETOYHLIX BOAOpocieil u rpubos). Hanpumep, améba oObIKHOBEHHAHA Iepe-
JBUTAeTCA B CTOPOHY IHUIH, a IBIJIEHA seéHAS — K OCBEIéHHOM YaCTH BOJOEMA,
TaK KAK CBET HeobxomuM eif ans dorocuHTesa. OTBeTHBIE IBUTaTeJbHBIE DEAKIINN
OHOKJIETOYHRIX OPTaHM3MOB HA HANPaBJIeHHO MeHCTBYIOINHA Da3fparKuTeIb CPe/ibl
HASLIBAIOT marcucamu (oT rped. taxis — pacrnonoxenue). PasnpaxuTreseM MOKeT
BLICTYHATE cBeT ((hoToTaKCHC), TEMIIepaTypa (TepMOTaKCHC), XHMHYECKHE BeIeCTBa
(XeMOTAKCHC) H IIHINA (Tpodorakxcuc). TakcHchl MOTyT OBITE IIOJIOXKHUTEJIBHBIMU,
ecIM OPraHMSM ABHIKETCS B CTODOHY DAa3Jpa’kKUTe]If, U OTPHIATENbHBIMH, €CIH
OpraEM3M IepeMelaeTcd oT Hero. IIpuMepoM OTPHIATETEHOTO XeMOTaKCHCa MOYKeT
CITYKUTh OTBETHAsl peaknus WHQY3opuil-TyQenex Ha KPHCTAIIAKH oBapeHHOH
COJIH, IOMeI[éHHbIe B KAl BOJbI (puc. 149).

Pa3apaxuMOCTh H Peryjasinusa y MHOTOKJIeTOYHBIX pacrenuii. Pacrenus He
AMeIOT OPraHOB YYBCTB W HEPBHOM CHMCTEMBI, MO3TOMY Pa3fApasKHMOCTE y HHX po-
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SABJIAETCSA TJIaBHBIM 00pa3oM B POCTOBBIX
NBUKEHHAX (TPONM3MAaxX, HACTUAX), BhI-
3BAHHBIX JeHCTBHEM CBETa, BJIATH, 3eMHO-
ro TAToTeHHA. PacTeHue peryampyeT aTH
ABMXXEHHSA C TIOMOIbI0 CHHTE3HPYEMBIX B
KJIeTKaxX pocmo6blx 8euiecms — ocobBIX
XUMHUYECKUX COeJUHEeHWH OpraHu4decKoii
npupogel. OZHH POCTOBEIE BellecTBa
OKasbIBAIOT CTUMYJIHDYIOIIEe, Jpyrue —
TOPMO3slllee BJAMAHNE Ha DPOCT OPraHOB
pacresuda. Hanpumep, onelTHEIM nyTém
OBLTO ZOKA3aHO, YTO B KOHYCE HAPACTAHMSA
nobera pacTeHHs KJETKH 00pasoBaTels-
HOW TKaHU BhIPAOATHIBAIOT aykcuHbl (OT
rped. auxein — yBeIUWYWBaATh) — Belle-

Kpucfannum nosapeHHol conm

Kanns
C ynucTo

ViHdyaopun-Tydesibku
BOJOW A

Puc. 149. OrpunarensHelil XeMOTAKCHC
y uHpy30pHHA-TYheIeK

CTBa, CTHMYJHDVIOIIME POCT TJIABHOIO

nobera u TOPMOBSAIIHe PASBEPTHIBAHNE MA3YIIHBIX [OYEK. DTO ABJIEHUE HA3BIBAIOT
BEPXYIIeYHBIM JJOMUHUPOBaHNeM. Ec/IM BepXyIIeuHyI0 NOYKY YAAIATh, TO AYKCHHBI
OyayT BeIpabaTHIBATHCA B KOHYCAX HAPACTAHUA NA3YIIHBIX MOYEK, UTO BHIZOBET 06-
pasoBaHNe y pacTeHus O0KOBBIX mo6eros. Takoil npuém, H3BECTHBIH B PACTEHHUEBO -
CTBE KAaK NPUIUIIKA, IIHPOKO UCIOIL3YIOT IIPH BEIPAITHBAHHY MHOTHX KYJIbTYPHEIX
pacrenuii Ansa BeTBiIeHHS nmoberos (puc. 150).

Hepsuas cucrema u pedpieKTOpHAA PETy/IALMA Y MEOTOKIETOYHBIX KUBOTHEIX.
MHOrokIeTouHbIe ¥UBOTHEIE HMEIOT HEPEHYI0 CUCMEMY, TTOITOMY PasAPasKUMOCTD
V HUX NPOABIAETCA B BHAE PeDIEKCOB, a PeryIAIlUsa OCYIIECTBASETCH ¢ IOMOIILIO
HEPBHBIX MUMNYJIbCOB. OTBETHYIO pDeakIuio OPraHH3Ma Ha AefiCcTBYOMMH pasigpa-
KUTENb, OCYIIEeCTB/IAEMYIO DA YYACTHH HEDBHON CHCTEMBI, HA3LIBAIOT Pe(rercom

BepxylweyHas MaayluHble No4ku Bokosble noGern

. noyka
N d,

Puc. 150. O6pasoBanue GOKOBBIX MOGErOB IPH VAATCHHH ¥V PacTeHHA BEPXYIIEYHOH MOYKH
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(or nar. reflexus — MOBEPHYTHIN Hasal,
orpaxxénnblii). COBOKYIHOCTh CTPYKTYP,
yyacTBYWIIHUX B pediexce, obpasyer
pedaexmopuyio dyzy (puc. 151).
Haubosiee TPUMHUTHBHOH HEPBHOH
i cucTeMO# 00IaJa0T KAIIIeYHOMOJIOCTHRIE
MyTs JKHUBOTHBIe. Hanmpumep, y IPECHOBOA-

ﬂgg;‘;‘)ﬁ{‘b”"m - HOIf THAPHl MHOTOYHMCIEHHBIE OTPOCTKH

LIHC
(cnuHHOI MO3r)

IMyTb YYBCTEBUTENLHOIO
HelpoHa
.y

PabBouuit =, _ HepBHBIX KJETOK, COeJMHAACEH APYT C
?fé?emp) _ JIpyToM, 06pa3yioT HepBHYIO CeThb, IIPOHH-
3BIBAIOIIYIO BCE TeJIO sKuBOTHOTO. Takyio

‘/ HEePBHYIO CHCTEMY HA3BLIBAIOT CEmMuamoil

(Ougpysnoii) (puc. 152, 1).
BOJBIIHHCTBO XHUBOTHBIX HMEHOT
Puc. 151. Cxema pedIeKTOPHONR AYIH KO- HEpBHYIO CHCTEMY, B KOTODPOH e
JIleHHOro peduierca KJIeTKH CIPYIIMPOBAHLL B OIPeeIEHHEIX
yuacTax Tena. Tak, y mIOCKUX dYepBei
CKOILJIEHUS HePBHBIX KJIETOK 00pasyIOT roJIOBHEIE HEPBHEBIE Y3JIBI, OT KOTOPLIX BAOJb
TeJia THHETCA Iapa HePBHEIX CTBOJIOB C HEPBHBIMHE OKOHUaHUAMHU. HepBHYIO cHCTEMY
IJIOCKHX depBeil Has3bIBAIOT ¢me0.080i (puc. 152, 2). Emeé 6onbmel KOHIEHTDAUH
CKOILUIEHHA HePBHBIX KJETOK JOCTHrAlOT B HePBHOM cHcTeMe HaceKoMmblX. HepsHble
V3IIBl Y HAX PACIOJIOKEHEB BO BCex oTAenax Tena. HepBHYIO CHCTEMY, COCTOSALLYIO
13 HEPBHBIX Y3JI0B U OTXOAAMIMX OT HUX HEPBOB, HA3BIBAIOT y3.060u (puc. 152, 3).
CJI03KHOTO CTPOEHHA NOCTHTAeT HepBHAA CHCTEMA Y XOPAOBBIX KUBOTHBIX. OHa
IIpeACTABJICHA 20A06HbIM W CUHHBLM MO320M, 00DA3YIOIIUMHU YeHMPALbHbLU OTHEJ
HepBHOH CHCTEeMBI, 4 TAKKe OTXOAAIUMH OT HEX KO BCeM OPraHaMm Hepeamu, Heps-
HbIMU OKOHYAHUAMU W HEPBHbLMU Y3J1AMU, COCTABIAIIINMU eé nepugepuieckuil
otnen. Bee wacTi HepBHOI cHCTEMBI XOPAOBBIX JKMBOTHBIX Pa3BUBAIOTCA U3 HEDBHOH

TpYOKH, OITOMY €€ HaselBawT mpybiamoi (puc. 152, 4).

B HepBHOH cHCTeMe MO3BOHOUYHBIX JXKMBOTHBIX HauboJlee CIOMKHOE CTPOEHME
MMEeT TOJOBHOH Mo3r. OH COCTOUT U3 IATH OTHAEJIOB: nepednezo, npoMeNCYmoLHo-

Puc. 152. HepBHbIe cHcTeMBI YKHBOTHBIX: I — ceTdaras (ruapa); 2 — CTBOJIOBAA (nnana-
pusa); 3 — ysnoeasa (Malickuii :yk); 4 — TpyGuaras (maELIeTHHK)
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20, cpedHezo, MO3xcewra U npodonzoeamozo. OTAenbl FOJTOBHOIO MO3ra Pa3BHUTEHL Y
PasHBIX [IO3BOHOYHBIX KMBOTHBIX HeoZuHakKoBO (puc. 153). Hanpumep, y prib Bce
OTAEeJBI TOJJOBHOTO MO3Ta IIPUMEPHO OJHOW BEJIHWYMHEI, 338 HCKJIIUEHHEeM MO3Keud-
Ka, OTBEYAIOINEero 3a KOOPAWHAIIMIO ABHKEHNI. ¥ 3eMHOBOAHBIX, Beayiux OoJee
CIIOYKHBIH TIO CPaBHEHMIO ¢ pbifaMmy ofpas *Ku3HH, Oojlee Pas3BUT NepefHHI MO3rT,
B KOTOPOM 3aMETHEI IapHbIe 0OJbIIHe MOJymIaphd. JTOT OTJAeN NOJOBHOIO MO3Ta
oTBeuaeT 3a paboTy OPraHOB YYBCTE, 94TO 06YCIOBIUBAET DA3BHUTHE ¥ 3¢ MHOBOJHBIX
OpraHoB 3peHudA, 000OHAHMA U ciayxa. Mo3:KedoK y 3eMHOBOJHBIX, HA000pOT, pasBuT
Xye, YTO CBA3AHO CO 3HAYMTEIBbHBLIM OAHOO0pPA3HEM M IIPOCTOTOH HMX JBHIKEHHI.
T'ooBHOI MOBT IPECMBIKAKMIUXCA OTAMYALTCA OT MOJIOBHOTO MO3ra 3¢ MHOBOIHEIX
fonee KPpYyIHBIMH 0OIMMMHM pasMepaMu. PasHooOpasHble TBHMKEHHUS IMPECMBIKAIO-
IUXcA MPUBENH K JaJbHeHIIeMy PasBHTHIO y HHX IIepefHeT0 MO3ra M MO3KeUuKa.
Y OTHI 3TH OTAEJbl TOJOBHOTO MO3Ta PAasBHUTHI €IIE JyUIle, YeM Y IPEeCMBIKAI0-
muxcd. [lonér nTun ornuuaercsa GONBIION CIOXHOCTBIO, IIO3TOMY MO3XKEUOK Y
OTHI, UMeeT CKJaJKH, 3HAYUTEeNbHO YBEJIHUYHBAIOIIHE €r0 IOBEPXHOCTL. 3aMETHO
PasBHUTHl Y OTUI MePeIHANA U cpefHUI Mo3r. PasMep 60bIINX MOJYIIAPHH Y IITHIL
B CDABHEHHWY C IPECMBIKAIOIINMHACH YBeJIHYHBaeTCA. B cpeIJHEM MO0are BEIIEISOTCA
3pHUTeJbHEIE O, OTBEYAIoNIre 38 paboTy OPraHoOB 3PEHHd.

Hawupriciiero pasguTus JOCTUTAET TOJOBHOM MOST ¥ MJIeKonATalomuX. [lepegamii
MO3T GOJIBITMHCTBA MJIEKOMUTAKIINX HMeeT KOpy, 06pazoBaHHy0 60po3IaMH U H3-
BHJIMHAMH, KOTOPbIe 3HAYUTEIBHO YBeJIMUYHBAIOT ero miaomansk. Kpynasie Goasmne
NONyIIapHdA OIPeAEeNdT CI0KHOe W pasHo00pasHoe IMoBeJeHne MJIeKOIUTAIITHX.
Ono npoaBigeTcA Ipes/e BCero B CHIBHO BRIPAYKEHHON y MIEKOMUTAIIUX 3a60Te
0 TIOTOMCTBe, CIOCODHOCTH K 0Oy4YeHWIO W OOI[eHWI0 APYT ¢ APYroM. ¥ dYejoBeKa
Kopa DONBINHX MOJYIIApHH ofecneunBaeT TAKIKe BEICIINE NICHXHAUEeCKHe ITPOIecCh:
MBIIII€HHEe, COSHAHHE, IaMATh U PeYb.

Puc. 153. YcnoxHeANe CTPOEHUA I'OJIOBHOIO MOSTa Y MOSBOHOYHEIX KUBOTHEIX: | — mepen-
HAM MO3T; 2 — NPOMEXKYTOYHBIH M03r; 3 — cpeaHMit Moar; 4 — MO3MKeYoK; 5 — IPOomoNTo-
BATBIA MO3r
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Iepugpepuneckuil ornes HEPBHOM cuUcTeMbl 00pPa3yOT COMATHYECKAA U Bere-
TATHBHAA HePBHBLIe CHCTEMBI, IepBafd yIpaBjseT paboToil CKeJeTHBIX MBIIII, a
BTOpafd — BHYTPEHHHUX OpraHoB. Bezemamuenas HepsHas cucmemda COCTOUT U3
CHMIATHYECKOI'0 ¥ IIapacuMIIaTHYeCcKOro oTAe ioB. CuMnaTndyecKue HEPBBI H Y3JbL
OKas3BIBAIOT B IIeJIOM CTHMYJIMDYIOIlee BIWAHWEe Ha paboTy BHYTPEHHHX OPIraHOB
OopraHMaMa, a IapacHMIIaTHYeCKHe — TOPMO3AIIee.

I'ymopanpHasa peryasiua ¥ 9HIOKPUHHAA cHCTeMAa. Y BEICIIUX KMBOTHEIX KPO-
Me peJIeKTOPHOM MMeeTCHA 2yMopadbHas pezyisyus (Ot aat. humor — KHUIAKOCTD),
OCHOBaHHAasd Ha Ilepeflade XUMHYECKHUX CUTHAJIOB [IPH IIOMOIH OHOJIOTHYEeCKH aKTHB-
HBIX BeIl|eCTB, KOTOPBIE IOCTYIIAIOT B TKAHEBYIO JKUJKOCTh, KPOBE U tuMdy. Baxkuyo
POJIE B TYMOPAJBHOH DEryJAlHH UIPAIOT 20pMOHbL (OT Iped. hormao — OPHBOKY
B IBUMKeHUe, nmo0y»Kaain) — BellecTBa, BbIJe/JseMbIe dHIOKPHHHBIMHA Kele3aMu,
KOTOpPBIE 00pa3yioT 3HO0KPUHHYW0 cucmemy (puc. 154).

Mnogwua:
COMaTOTPOMWH, TUPOTPOTUH,
rOHaOTPONWH; POCT OPraHuama,
LEATeNLHOCTL
APYruxX SHAOKPUHHBIX XKENEs

LLMToBMAHaRA Xenesa:
TUPOKCHH;
ofMeH BELLECTEB B OpraHuame

Bunoykosas xenesaa (TUMyc):
TUMO3WH; PA3BUTUE UMMYHUTETA

Mopoxenyno4Has xenesa:
VHCY/IUH, TIIOKaroH;
YrneBoaHbI 0BMeH B opraHnsme

Hapnoueuxukn:

a) KOPKOBLIA CMOW: KOPTU30H,
anbLAoCTEPoH;
BenkoBblit ¥ XUPoBOi 06MeH

B OpraHuame;

6) MO3roBO CNOW: afpeHauH;
noanepxaxue GyHKUMA

OpraHnaMa npu Harpyske

loHagbl:
aHaporeHs!;
pasBUTHE MbILLEYHON Macchl,
co3peBaHue cnepmMmato3ouaos;
SCTPOreHbl;
PasBUTUE MOMNOYHLIX XENéa,
co3peBaHue ARLeKNeToK

Puc. 154. DHO0KPHHHAS CHCTEMAa 9eJI0BeKa, OCHOBHBIE TOPMOHEI 3HAOKPHHHBIX JKeJI€3 1 UX
BJIMSHHE HA OPraHu3M
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TopMOHBI 06/1aa10T BLICOKOH U crnenuduyecKold OHOMOrHIecKOi aKTHBHOCTEIO,
T. €. ZeHCTBYIOT B O4eHb MaTbIX KoamuectBax — MeHee 0,000001 r u TonbKO Ha Te
oprafbl, KOTOpble K HAM BOCTIPUUMYMBEL. [/ SHTOKDHHHBIX 3KeJIE3 XapaKTepHO
obuiIpHOe KpoBOocHAOKeHMe, UTO obecrieunBaeT MOCTYIJIEHHE TOPMOHOB HeENOCpen:-
CTBEHHO B KPOBb (BHYTDEHHSA CeKpelHd) H MX JOCTABKY KPOBBIO K OpraHaM, Ha
KOTOpPbIe OHM OKA3EIBAIOT crenuduueckoe BosaeicTere. [OpMOHEI QYHKIHOHHDPYIOT
KaK IOCPeJHUKM, IePeHOCAIIMe XUMIYeCKY0 HHGOPMAIIUIO B OIPe/ieIEHHOe MeCTO
opraHumaMa — K opraHaM-mumeHsM. HejgocraTousoe uim M30bITOUHOE BhIETIEHHE
FODMOHOB IIPHBOJHUT K 3HAOKPUHHBLIM 3aboneBanmsaM. Hanpumep, mouru 10% mna-
ceJIeHHMS 3eMHOTO IIApa CTpajaeT caxapHBIM amaberom — saboneBaHWEeM, CBA3AH-
HBIM C HUBKMM yPOBHEM B KDOBHU WHCYJIHHA — TOPMOHA IOJKeNyA0YHON Kesessl,
PeryJaMpyoIIero yriaeBoAHbIH oOMeH B OpraHusMe.

PaboToif HIOKPHHHBIX KeJIé3 yIpaBjiseT HepBHasA cucTeMma. BosmelicTByd HAa
BHIAOKPHHHEIE Kejesbl, OHA CTHMYJHPYeT WIH TOPMO3HT 00pa3oBaHWe MOPMOHOB.
CBA3YOIMM 3BEHOM MeKIy HePBHOH M OHJOKPUHHON CHCT@MAaMW BBICTYIAeT
THIOTAIAMYC — OTHe] IIPOME;KYyTOYHOTO MO3ra, CBA3AHHBIH HEDBHBIMM NYTAMH
¢ runodusoM, ABIAIIEMCSA BaKHeHIIell sHIOKPUHHOMN xenezoi. M'unoranamyc
monydaer HEGOPMAIIHIO OT PA3JWYHBLIX OTJEJI0B TOJIOBHOIO MO3Ta M TIOCHLIAET €€ B
runodus, KOTOPEIH BEIPabaTLIBAET TAK HASEIBAEMBIE TPOIIHEIE TOPMOHBI (COMATOTPO-
IIHH, TAPOTPOIIMH, TOHAJOTPONINH ¥ JIp.), PEryIHpYyIomHue paboTy BceX OCTANbHBIX
SHAOKPHHHBIX Kenés. TakuM o6pasoM, B OpraHn3Me IO3BOHOYHEIX KUBOTHHIX, B TOM
qucJe YeJ0BeKa, HMeeTes 2UNomanamo-zuno@ui3apias cucmema, ocymecTBIA0Nag
HeMpOryMopaJbHYIO DPeryJidanuo padoTsl OpraHoB.

Paszdpaxcumocms; pezyrayus; MaKcucsl; pocmosble eu,ecmea (ayrKcumst);
HePBHAS cucmeMa: cemuamas, cmeosiosasn, Y3noeas, mpyoiamas; pedrexmop-
Hasa pezynayus; peduexc; peaexmopras dyza; omoenv. HePEHOL CUCMEMbL:
UEeHMpPanvHblit (20108HOIL, CNUHHOL MO032), nepugepuieckuil (Hepavl, HepeHbLe
OKOHYAHUA, HEPBHbLE Y3Nbl ); OMaenbl 20J106H020 MO324: NePedrUlL, NPOMeNYmoy-
Hblil, cpedHull, MO3HCEewOK, npodonzosambli; 6ezemamueHal HepeHAA cucmemna;
2YMOPANLHAA PEZYNAYUSA; ZOPMOHbL; IHOOKPUHHAA CUCMEMA; ZUNOMALAMO-
zunogusapras cucmemda.

Bonpocokl n 3apanua

1. Yt0 Takoe pasgpaxumocTb? [puBeguTe NpUMepsl PasapaxXuMoCcTU Y OpraHu3moB.
Kak pearnpyioT OIHOKNETO4YHbIE OpraHuaMbl Ha pasgpaxutenn? lNpuseauTe NpUMeps.
. B 4&m nposBnseTca pasapaxuMocTb Y pactennia? MNpuesepute npumMepsbl.

Yrto Takoe pednexc u pednekropHan ayra? Onuwmte no puc. 151 koneHHslin pednekc.
Kakue Tunbl HEPBHbIX CUCTEM UMEIOTCS Y XMBOTHLIX? Kak B npouecce 3BOJIIOLUN YCNOX-
HANOCHL CTPOEHWE FONOBHOIO MO3ra OT pbib K MNeKonUTaLWMM?

Kakoe BnuaHue Ha paboTy BHYTPEHHUX OpPraHoB OKa3biBaeT BeretatmBHas HepBHas Cu-
cTtema? OnuwnTe BAMAHWE CUMMNATUYECKUX M NapacuMnaTn4eckux HepBoB.

ap@m

@
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7. B 4&M CYWHOCTb rymMOpansHOi perynsauvm dyHKUMA opraHnama? YTo Takoe ropmo-
HeI? TIpUBeAMTE NpUMepsbl IHOOKPWUHHLIX XENE3 W BbIPaGaThiBAEMbIX UMK rOPMOHOB.
Vicnoneays puc. 154, BLIICHUTE BAWSIHME 3TUX FOPMOHOB HA OPraHW3M YenoBeka.

8. Kakum 06pa3om HepeHas cucTema ces3aHa ¢ 3HOOKPUHHOR CUCTEMOI?

BbIBOAbI NO MNABE 7

Opranusmel 6EIBAIOT OZHOKJIETOYHBIMH, KOJIOHHAIBHBIMHA M MHOTOKJIETOYHBIMI,
Tes0 MHOTOKJIETOUHBIX OPraHM3MOB COCTOUT U3 TKAHEI, OPTraHOB, CHCTEM OPraHOB
M annapaToB, BEINOJHAKOIINX oNpeAeNéHHbIEe QYHKIINH.

Omnopy Tena u IBH3KEeHHE OPraHHM3MOB 00ECIEYMBAIOT CKEJeTHRIE U MBIIICYHEIE
CHCTEMBI ¥ KMBOTHBIX, KAPKAac ¥ DOCTOBEIE ABHIKEHHA Y PACTEHUH.

ITuranue OPraHU3MOB CBA3AHO C OPraHAMH, B KOTOPBIX PACINEILISIOTCH U CHH-
TE3HUPYIOTCHA BellecTBa, MCI0Jb3yeMble UMM B KaUYeCTBE CTPOUTEILHOTO MaTepHaa
U MCTOYHUKA 9HEPIHMH [JIA CBOeH JKU3HEeATEeIbHOCTH.

[bIxanue OpraEM3MOB 00eclieYHBaeT 0CBOGOIKIeHNe JHEPIHH, 3aKJIOUEHHOH B
IOCTYHAIOIUX MATATEIbHBIX BeIllecTBaX. TpaHCHOPTHBIE CHCTEeMBbI JOCTABIAIOT He-
o0xopuMBIe OPraHH3MAaM COEJHHEeHUA K OPraHaM, TKAHAM W KJIETKAaM.

Brizenenue BpenHBIX IPOAYKTOB O6MEHA BEIIECTB MPENATCTBYET OTPABICHHIO
OpraHM3MoB, obecleuynBaeT MoAJepKaHUe NOCTOAHCTBA UX BHYTDeHHe Cpejsl.

Peaknus opraEM3MOB Ha DasJHUHbIE BHEIIHWE M BEYTPEHHHE DASAPANKUTETH
obecneunsaercsa GiaroJapa CBOWCTBY pasipa’kMMOCTH; B3aMMOJEHCTBHE KJIETOK,
TKAHEe#, OPraHOB ¥ WX CBA3h C BHEIIHe{l cpefoil JOCTHraeTCs NPH IIOMOINH XUMM-
YEeCKHX BeIl[eCTB M HEeDBHBIX HMIIYJILCOB.

Tembl noknapos, pedpepaTos U NPOEKTOB

1. OpraHu3amMbl: OAHOKIETO4HBIE, KONOHWANbHBLIE, MHOMOK/IETOUYHbIE.
2. CtpoeHune 1 GyHKUUM pacTUTENLHOro OpraHMama.

3. CTpoeHne 1 QYHKLMKM XMBOTHORO OpraHuama.

4. B3aMMoCBA3b 4acTel MHOMOKIETOYHOr0 OpraHu3ma.

rnasar's'. PASMHOXXEHME U PA3BBUTUE OPFTAHU3MOB

§ 39. ®opmMbl pa3MHOXEHNS OPraHN3MoOB

) Paccmotpute puc. 155, 156. Kakue cnocobbl pasamHOXEHWA BCTPEYalnTcs
= y opradnamos? B 4&m cocTOMT BUONOrMHECKUIA CMbICN PasMHOXEHWUA?

IIpeeMCTBEHHOCTE TOKOJEHHUH OPraHH3MOB B NIPHpPoje ofecneduBaeTca pas-
MHOXMCeHUeM — CIOCOOHOCTBIO BOCIIPOMBBOAHTE cefe mogobHbIX. CylmecTBYIOT ABe
OCHOBHEIE (DOPMEI Pa3MHOKEeHHA: 6ecrosioe U MoJ0Boe.



§ 39. ®opmMbl pasMHOXEHUS OPraHU3MoB
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Becmonoe pasmuo:xkenne. Becnonoe pasmnosxcernue — obpasoBaHne HOBOTO Opra-
HHU3Ma M3 OJHON MJIM I'PYIIEI KJeTOK HCXOIHOTO MATEPHHCKOIO opraHusMa. B aTom
cilyuae B pAa3MHOKEHHH YUACTBYET TOJIBKO OJHA POAUTENhCKas 0cobb, KOTOpas mepe-
IaéT CBOIO HACIeACTBeHHYI0 mH(opManuo godepaum ocobam. IIpu Gecnonom pas-
MHOKeHHUH 00pa3yioTes WAEHTHYHEIe IOTOMKH — KJO0HbL (0T rped. clon — OTIPEICK,
BeTBb). [IpHuMHON pasHooOpasust ocobeil npu 6ecrOIOM PA3MHOMEHUH ABIANTCA
caydaiinble HAcJeACTBEHHbIE M3MEHEeHUs, KOTOPhle MOTYT IOABHTHCA B IpoIlecce
MHANBUAYAJbHOIO PA3BUTUA OpranmuaMa. B OCHOBE 6ecn0nor0 PasMHOMEeHHHA JIEHHUT
MUTOTUUYECKOE JeJIeHHe KJIeTKH.

PasnugaioT HECKOJBKO CII0c000B 0ecnooro pasMHOMKEeHH .

ITpocmoe denenue, UNu [ejleHWE HAJBOE, XapPaAKTEPHO [IJA OZHOKJETOYHBIX
aykapuor (puc. 155, 1). B peayibrare TaKoro AejieHUS U3 OTHOH KJIeTKH o0pa3y-
JOTCS ABe AoYepHUe KJIETKU, KasKJasa U3 KOTODhIX CTAHOBUTCS HOBBIM OPraHM3MOM.
TaxuM cnocobOM pasMHOKAKITCA BCEe OJHOKJIETOUHBIE BOJOPOCTH B HOJBITUHCTBO
OPOCTEHIIHX. ¥ HEKOTOPHIX IPOCTEHINTHX, HAIIPUMED ¥ MaJAPUHHOTO NJIa3MOAHA,
OPOMCXOAUT MHOTOKDATHOE JleJIeHHe HCXOQHOM MaTePUHCKON KJIETKH, B pe3yabTaTe
yero obpasyercs MHOTOYHCJIEHHOE ITOTOMCTBO.

CxomHeIM 06pA30M PasMHOKAIOTCA M NMpokapuoThl (puc. 155, 2). ¥V dakTepuit
roaelesad [[HK zakpemnnsercsa Ha KIeTouHo#M MeMOpaHe u periunupyercs. B kinerke
HauMHAET 00PA30BEIBATLCSA IONEPEeUHAA IePeropoKa CO CTOPOHBI IPHUKPEILIeHUA MO-
nexyn JTHK. 3atem oHa pasasausaeTca, nepememnas sakpemniénsasle [[HK B pagarie
YaCcTH KJEeTKH. PHOOCOMBI DPABHOMEDHO DACIIPENeNnsiloTes, 00pasyeTcs NepeTArkKKa,
KOTOpasa pasjesseT KJIeTKY Ha ABe JOuepHHE.

IToukosanue — crocod Gecrooro pasMHOMEHHHA, IIPU KOTOPOM OT POJUTEJIb-
CKO# 0co0u oTzesieTess HeDOIBIIOH BRIPOCT (IOYKA) U U3 I'DYIIEl KJIETOK MCXOLHO-

Pue. 155. Becrionioe pasMHOMEHME OJHOKJIETOUHBIX OPraHU3MOB: 1 — JelleHue HAJBOe
uHpy3opun-TydeasKkn; 2 — nereHue HaABOe DAKTEPHH KMINEUYHOH MATOUKU
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ro opranuama obpasyerca godepHuit (puc. 156, 1). Takasa dopma pasMHOKEHHH
XapaKTepHa JJIA KHUIIeYHOIIOJOCTHLIX ¥ HEKOTODBIX ADYTHX KHUBOTHBIX, a4 TaKiKe
pacrenuii. IlouKoBaEMeM PasMHOMKAIOTCA M OAHOKJIETOUHBIE IPUOBI — IPOMKIKHI,
Y KOTOPBIX MaTepUHCKadA KJeTKa JeJUTCA He HA PABHBIE YACTH, KAK IPH IPOCTOM
JeJleHHH, a OT Heé IIOCTOSAHHO OTIOYKOBLIBAETCA MEHbINas HO4YepPHAA 0COo6b.

Pasmuoxcenue cnopamu (cnopyasyus). ¥ cOOpOBHIX pacTeHHI (BomopocJeii,
MXOB, IAIIOPOTHUKOB) PA3MHOKeHHe IPOUCXOIUT C IOMOIIBIO CIIOD, 00Pa3yIOMUXCH
B MaTepuHCKOM opraHuame. Cmopa mpefcraenseT co60H HeGOJABIIYIO KIETKY, CO-
CTOAINYIO M3 Afpa u nuTomiasMel. IIpopacras, ona faét HaYago HOBOMY OPraHU3MY.
Tax xax cIOpPBEl MHKDOCKOIMYECKH MAJIbI, TO JerK0 IepeHOCATCA BeTPOM, BOAOH MJIH
JKUBOTHBEIMHM, YTO CIOCOOCTBYET PACCENEHUI0 HCXOJHOIO MaTePHHCKOI'0 OpraguaMa.
CnopamMu pasMHOMKAITCA M IPUOKL.

Bezemamusnoe pasmuoxcerue — Crocod DecIooro pasMHOMKEHNA OTAeIbHBIMA
opraHaM, 4acTsMH OPraHOB HUJIH Tesja. BeTpeuaercsa BereTaTWBHOE PasMHOMKeHHe
4galge BCEro y pacTeHHil. 9TO pasMHOKeHue cTebJAMH, JUCThLAMH, mIoberaMu, BH-
JOM3MEHEHHBIMH NO0eraMu HJIH MX YacTAMH, KopHaMmu. Cnocobbl BereTaTHBHOrO
Pa3MHOMKEHHHA PACTeHHH BecbMa pasH0o0OpasHbl. JTO PasMHOKEHHE JIYKOBHIIAMH
(TIONMBIAH), MOJA3eMHLIMH CTOJOHAMH — KAYOHAMU (Kaprodenb), KOPHeBUIIAMHA
(mpIpeif), KOPHEBBIMH INMHINKAMHK (FEOPrUH), OTBOJKAMHU (CMOPOJUHA), KOPHEBBIMH
OTOPBICKAMH (MaJnHA), JHCThAMHE ((HAIKH), HAJ3eMHEIMH CTOJOHAMH — YCAMH
(3eMnAHMKA), BEIBOZKOBEIMH NouKamu (Opuoduinym) (puc. 156, 2, 3).

Puec. 156. Hexotopsie crniocobbl Gecrioioro pasmuokeHusi: I — moykosanue (ruapa);
2 — BereTaTHBHOE Da3MHOXKEHWEe BLIBOAKOBBIMU noukamu (Gpuoduianym); 3 — BereTaTus-
HO€ pa3sMHOKeHHEe HaJ3eMHBIMH CTOJIOHAMH — YCaMH (3eMIAHHKA)



§ 39. ®opmMbl pa3MHOXEHWUS OPraHU3mMoB

$pazmenmayus — pasfesieHre MAaTePHHCKOH ocobM Ha JABe "wacTu U Oonee,
KaMJasg U3 KOTOPBIX MOXET JAaTh HAUYAJO HOBOMY OYEpPHEMY OPTraHH3My. ITOT
crnoco0d OCHOBAH HA pezeéHepayuu — CIOCODHOCTH OPraHM3MOB BOCCTAHABJIMBAaTh
HejocTarmue Yactu Teaa. Habarwopaercsa dparMeHTanusa v 6eCIO3BOHOYHBIX
JKHBOTHBIX (KHIIEUYHOIIOJOCTHBIX, IIJIOCKHX YepBeH, MODPCKUX 3Be3x). Teno xm-
BOTHOI'0, PasieIéHHOE HA YacTH, AOCTpamBaeT 0Jarogaps TaKoOMY DPasMHOMKEeHHIO
Hepocraoiue pparmerTsl. Hanpumep, npu HeGJIarooIpuATHLIX YCIOBHAX IIJIOCKHNR
YyepBh IJIAHADHSA pacmajaeTcs Ha OTHeJbHbIe YacTH, KaXKJad U3 KOTOPHIX IIPH
HaCTYIJIEHUH 0JIaTONPHATHBIX YCIOBHH MOXKeT JaTh HadaJlo HOBOMY OPTaHM3MYy.

Berpeuaercs dparMeHTAllMS W Y PACTEHUN, HANIDUMEDP Y BOJAOPOCIeil, KOTOpEIe
MOT'YT PasMHOYKATHCA YACTAMHU CJIOeBHIA (TaaioMa).

Kaonuposanue. TpagunnoHHO B OMOJOTMM KJIOHMPOBAHMEM HA3BIBAJIM METOJ
NOJyYeHHs HEeCKOIbKUX HMAeHTHYHEIX OPraHU3MOB IyTéM fecrnosoro (B TOM 4ucie
BEIeTATHBHOT0) padMHo:KeHus., CpaBHUTENbHO HegaBHo, ¢ 60-x rr. XX 8., TepMuH
«KJIOHUPOBaHUE» MCIONAb3yeTcsa B 0oJiee Y3KOM CMBICIE H O3HA49aeT KONUPOBaHHE
KJ/IeTOK, IT'eHOB, aHTHUTeJ M Ja’Xe MHOTOKJIeTOYHBIX OPraHu3MOB B naﬁopaTopHHx
VCI0BUAX. AP0 KIETKH COLEepP)KHUT Bech HADOD XpPOMOCOM, & 3HAYMUT, U I'EHOB.
Ilomeriasi KI€TKY B OHpeleNEéHHBIE YCAOBHA, MOKHO 3aCTABUTh €€ IEJUThCH, UTO
B KOHEYHOM UTOI'€ NPHUBEIET K 06pas3oBaHMIO HOBOI'O CAMOCTOATENBEHOIO OPraHuaMa.
OnbIT KJIOHHPOBAHHUA MO3BOHOYHBIX KMBOTHBIX BIIEDBEIE ObLI IIOCTABJIEH HA JIATYIIKE
U J1aJI TOJIOXKUTeIbHBIE Pe3yiabTaThl. KioHUpoBaHHe OyaeT noapobHee pacCcMOTPEHO
B IJlaBe, MOCBAIIEHHON OMOTEXHOJOTHH.

ITomoBoe pasmuoxernue. [To1080¢ pa3mHoONeHue — 3TO 00pa3oBaHHE HOBOT'O
OpraHu3Ma IIPH YY4acTHH, KaK IIPABUIO, IBYX POAMTENbCKUX ocobeii. HoBrlil opra-
HH3M HeCET HaCJIeACTBEHHYIO HH(pOpMannio 000MX poguTesell, IPDHYEM BCce IOTOMKH
reHeTHYecKHn OyAyT OTIWYATHCH APYT OT JPYTra.

IIpu mosOBOM DPAa3MHOMKEHHUH B OpraHU3Me (QOPMHUDYIOTCH 2aMemb. — CIeIu-
aJIbHble NOJI0BbLE KIeMKU MYMKCKOT0 M JKeHCKOr0 THIIA ¢ TaljJoUJHBIM Habopom
xpomocoM. MysKCKHe raMmeTsl — CnepMamo3oudsl, UIn cnepmul (eciy OHU HEImox-
BroKHBI). HeHcKas ramera — giyexaemixa. IamIouHble KJIETKH 00pasylTcd B
pesyJibTaTe 0co0Oro THIA AeJeHNA KJICTOK — MeH03a, IIPU KOTOPOM YHCJI0 XPOMOCOM
B IOYEDHUX KJIETKAX YMEHBIIAeTCH B JBa pasa.

IIpu cimsAHNAM ranJIOMIHBIX ANEp ABYX ramMer obpasyercs 3uzoma, B KOTOPOH
BHOBBb BOCCTAHABJIMBAETCA JUILIOMAHEIN HAOOD xpomocoM. [Ipu sToM monoBUHA Beex
XPOMOCOM SBJIAETCA OTIIOBCKOM, a Apyras IOJOBHHA — MATEPHHCKON.

¥ Bogmopociieil, TPOCTEHMININX M HUBIIUX I'PUOOB BeTpedaeTcs KOHBozauus (OT
JaT. conjugatio — coegumHeHHe) — (hopMa IOJOBOTO INPOLECCa, IPH KOTOPOM CJIH-
BaeTCd COAep:KHMOe JBYX BHEIIHe CXOOHBIX 683}KI“y‘THROBHX TanJOHuHBIX KJIETOK
WM IPOUCXOAHT 00MEH ANpaMM MEKAY COCeIHHMH KJIETKAMH.

ITonoBoe pa3sMHOMKeHWMe UMeeT pPsj IPEUMMYIIECTE [0 CPABHEHUIO ¢ OECIIOIBIM.
Bo BpemsA sTOro mponecca NpoMCXOLHUT IlepepaclipejgeseHue MeHeTUYeCKOH HH-
¢dopmanuu U eé peKoMOMHANMS, B Pe3yJbTaTe Yero MOABJIAIOTCA 0COOHM ¢ HOBBI-
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MU NPHU3HAKAMH. JTO NPHUBOAHUT K IPHOOPETEHHI0 OPraHH3MOM HOBBLIX CBOICTE.
IlonoBoe pasmHO:keHUEe Aa8T BOZMOMKHOCTH OPraHM3MaM aJalTHPOBATHCA K H3-
MEHAWIITUMCA YCIOBUAM CpeJbl, NOBBIIIAET WX IIAHCHI HA BeDKHBaHHe. [10aTOMY
B 5BOJIIOIIMOHHOM IIJIaHe T0J0BOe PasMHOMKeHHe 0oJiee IporpecCuBHO.

Pasmnoxcenue; popmur pazmuonceHus: 6ecnoioe, noiosoe; KJioH; cnocodul fecno-
JN020 PA3MHOMCEHUS: npocmoe OelleHue, NOYK08aHUE, CNOPYNAYUUSA, B8ezemamusHoe,
pazmenmayus, KI0HUPOBAHUE; NONOEble KiemKU (zamemsl): cnepmamosoud,
(cnepmuil ), alluexiemra; 3uzoma; KOHB02AUUA.

Bonpocbkl n 3apanua

1. Kakue dopmsl 1 cnocobbl pasMHOXEHWA BCTPEYaKOTCA Y OPraHuamoB?

2. KakoW TWn OeneHus KNeTku NeXuT B OCHOBE Becrnonoro pasMmHoXeHua?

3. CpaBHWTE pa3MHOXeHWe CrnopaMu 1 BEereTaTMBHOE pa3mHOXeHue y pacteHuin. Kakoe
pa3mMHOXeHWe OaeT pacTeHuio npenmylecTso? O6bACHMTE Noyemy.

4. OxapakTepu3syiiTe 0COBeHHOCTH Kaxa0ro crnocoba 6ecnonoro pasmHOXeHs OPraHaMos.
MepeyepTuTe B TETRPAAL W 3anonHUTE Tabnuuy.

Becnoaoe PasMHOKEHHE OPraHH3MOB

Cnioco6sl pasMHOZKEHHA XapaKTepHCTHKA Pa3MHOKEHHS IIpuvMepsl OPraHA3MOB

5. Tllepevncnute 0coBEHHOCTU NONOBOrO PasmMHoOXeHus. Kakne npeumyliecTsa naéT opra-
HU3MaM TaKOh TUM Pas3MHOXEHMWA MO cpaBHeHW ¢ 6ecnonbim?

§40. Meiio3

- BcrnomHuTe, M3 Kakux cTaauii coctout Mutoa (em. puc. 100). CpaBHUTE MUTO3
e M meio3a (puc. 158). B 4ém cxoaCTBO M OT/IMHME MUTO3a U Melo3a?

ITosoBBIE KJIETKH *KHBOTHBIX ()DOPMHPYIOTCHA B PE3YJIbTaTe 0cOOOr0 THIIA JeJIeHH,
ITPH KOTOPOM YHCJI0 XPOMOCOM BO BHOBb 00pPa3VIONIUXCA JOYEPHHX KJIETKAX B JBa
pas3a MeHbIIe, YeM B HCXOJHOW MATEPHUHCKOH KJeTKe. Y PAacTeHHH B JKH3HEHHOM
IMUKJIE TAKUM cIIoco0oM 00pasyroTesa TamJIONIHbIE CIIOPHI.

Meiioz (o Tped. meiosis — yMeHbIIEHNE) — 3T0 PedyKUUOHHOe delerue, TIPH KO-
TOPOM XPOMOCOMHEI HA0OP KJIeTKU yMeHbInaeTcs BaBoe. g Meo3a XapaKkTepHBI
Te jKe CTAJAUU, YTO U JJIA MATO3a, HO MeH03 COCTOMUT U3 ABYX IOCHeJ0BaTeIbHBIX IIPO-
IeccOB — IIepBOro JejeHnd Meitosa (Mmeios I) u BToporo nenenus meiosa (meitos II).
B pesyabsrare 006pasyioTca He JiBe, a YeThIpe KJIETKH C FaIllJIOUIHBIM Ha60POM XPOMOCOM.
Meii03 OB OTKDBIT ¥V *KUBOTHEIX B 1882 r. B. ®nemmunrom. ITosguee, B 1888 r.,
9. Crpacbyprep ycTaHOBHJ ABJeHHe PEeIYKIIMKM YHCIA XPOMOCOM Y PacTeHHH.



§ 40. Me#o3

Cramuu meiioza. Kax u MuTosy, Meilosy HpelllecTByeT HHTepdasa, mpojoJ-
HUTEeJBHOCTH KOTOPOM GBIBAET DA3IMUHON M 3aBHCHT OT Buja oprapuama. Ha aroi
cragum npomcxoaut permukanua JJHK — yasoerne monexyn. Kaxpas xpomocoma
mepej HAYAJIOM JeJleHUs cocTOMT u3 AByx moiexyn [IHK, koropsie obpasyioT 1Be
CecTPMHCKMEe XPOMATH/ABL, CIleIJIeHHBIe NeHTpoMepamu. Kpome roro, 3a CuéT yaBoe-
HUA KOJHYIEeCTBA OPraHOUI0B KJIeTKa YBeJHMYUBAaeTCA B pasMepax.

B 570 BpeMs KJeTKa MMeeT OWILIOMAHBIA HaGop xpomocoM (2n), a xamias
xpomocoMa cocTouT u3 AByx moixerya JHK, moaromy Bcero B KJIeTKe HaXOAUTCH
4c momexyn JTHK. Taxum obpasom, mepej HAYAIOM JeleHus HabOp XpOMOCOM H
rkosmuectso JHE B KiIeTKe cocTaBisieT COOTBETCTBEHHO 27, 4c.

IIpodasza 1. IIpodasa nepsoro aeieHna Meitosa (meitos I) sHaUNTEIBHO ATHHHEE
U cI0Hee, ueM B MuTo3e. Eé mojgpasaendioT Ha HATH cTagui (puc. 158).

Jlenmomena. XpoMOCOMBI CIMPATH3YIOTCA, CTAHOBATCA XOPOIIO 3aMETHEIMH.
Kak1as COCTONT M3 IBYX CECTPMHCKMX XPOMATH, HO OHU TeCHO COMMIKEHBI ¥ CO3/a-
0T BIIeYATIIEHHEe OJHON TOHKON HuTH. OTAenbHBIE YYACTKH XPOMOCOM, HHTEHCHBHO
OKpallleHHEIe 38 cYéT Gojlee CHILHOM CIHpAaJM3aIiu, HA3LIBAIOT XPOMOMEPAMU.

Buzomena. IIPOHCXOAUT KOHBIOTATAA — COJIMMKeHHe FOMOJOTHYHBIX XPOMOCOM.
OHHM OIapHO COeANHAIOTCH, KaK Obl HAKJAABIBAACH IPYT HA APYTa, IPUYEM OLHO-
THIHBIE YYACTKH C OJMHAKOBEIMH TeHAMHU COLNpPHKAcaloTcA APYT ¢ Apyrom. ITapsr
KOH'BIOTHPOBAHHBIX TOMOJIOTHYHBIX XPOMOCOM 00pasyloT fuéajienmy. — ABOWHBIE
xpomocoMbl. Kaskzas roMoJOrHYHAS XPOMOCOMAa COCTOMT M3 ABYX CECTPHHCKUX
XpOMAaTHj, 3HAYUT, OUBATEHTHl (GAKTHYECKH IIPeACTABIAIOT COOOH mempadosl, CO-
CTOAINHAE M3 YEThIPEX XPOMAaTUL.

IMTaxumena. 9T0 DOCTATOYHO AIHTENLHAH CTAAUA, TAK KAK MMEHHO Ha 3TOH
CTAaIWM BO BpeMs JajbHeilleil KORbIOTAIMH MOKEeT IIPOMCXOANTE OOMeH ydacTKaMu
FOMOJIOPMYHBIX XPOMOCOM — Kpoccurzosep (OT aHTIL. crossingover — TepPeKpécT).
Me:x gy HeceCTPMHCKMMH XPOMATHAAMHE JBYX FOMOJOTHYHBIX XPOMOCOM HAYHHAETCH
06MeH HEeKOTOPBLIMH I'€HAMH, YTO IPUBOJHUT K M3MEHEHHMIO WX B3aMMHOTO PacioJio-
JKEHHA B XpOMOCOMAaX — reHeTHueckoil pexomOuuanuu (puc. 157). CiegosarensHo,
B pPe3yJbTaTe KPOCCHHIOBEpa M3MeHseTcs HabOp IeHOB B XPOMOCOMaX AEJAIeHCH
KJIeTKH, 9TO BeIET K m3MeHumpocTH. K KOHOY 2TO#l crajuM Melosza GMBATEHTEH
YKOPAYHBAKOTCA ¥ YTOJNIIAKTCH.

-

Puc. 157. Kpoccurrosep (6ykBbl 0003HAYAIOT MeHBl B XPOMOCOMAX)
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Hunaomena. Ha aToii cTagum roMoIOrHYHbIE XPOMOCOMEI HAYMHAIOT KaK OBI oTTa-
KHBaThCA APYT OT Apyra. Konbroranusa sakaHYMBaeTcs, OJHAKO XPOMOCOMBI €IIE 0CTa-
FOTCHA CBABAHHBIMU IPYT C IPYTOM B TOUKaX, B KOTOPHIX NPOMCXOANI KPOCCHHTOBED.
B TaKoM COCTOAHUM OHH MOTYT HAXOZUTHCHA LOBOJBHO JOJTO.

Huakures. ToMOJIOrNYHBIE XPOMOCOMBI LIPOAOJKAIOT OTTAIKHBATHCS IDYT OT
Apyra # OCTalTCA COeAMHEHHBIMH TOJBKO B HEKOTOPLIX Toukax. OHM npuoGperaior
ompe/ieI€HHYI0 (HOPMY ¥ Teneps XOpomIo 3aMeTHBI. Kaskablii GUBATEHT COCTOUT U3
YeTHIPDEX XPOMAaTHA, CUEIIEHHBIX [ONapHO meHTpoMepaMu. SlgepHas MeMmbGpaHa
IIOCTENEeHHO HCYe3aeT, eHTPHOJIH PACXONATCA K HOJICaM KJIeTKH, u 06pasyiores
HUTH BepeTeHa AesieHud. IIpodasa I sanumaer 90 % Bcero BpemeHu Meitosa.

g

B

= A
\_Us B, iy

Puc. 158. Meiioa I (1—4): 1 — npodasa I; 2 — meradasa I; 3 — anadaza I; 4 — renodasa I.
Meitoa II (5—8): 5 — npodasa II; 6 — meradaza II; 7 — anadaza II, 8 — remodasa I1



§ 40. Meitoa

Meradasza I. l'oMomOrHYHbIe XPOMOCOMBI NMOMAapHO B BHIAE OuBaJIEeHTOB BHI-
CTPAMBAIOTCA B SKBATOPHATILHON 30HE KJIETKHM HAJ IJIOCKOCTBIO 9KBATOPA M IOJ
geil. O6paayercsa MeradasHad IIACTUHKA. [[eHTPOMEDEl TOMOJOTHIHBIX XPOMOCOM
COEIWHAIOTCA ¢ HUTAMH BEpeTeHa JeJIeHUs .

Anadasza 1. Tomosoruusble XPOMOCOMBI PACXOAATCA K MOIIOCAM KJETKH. 910
OCHOBHOE OTJIAYHEe Meiio3a oT MHUT03a. TakuM o0pa3oM, y KaxKJI0T0 IOJIHCa OKa3bl-
BaeTcs TOJALKO OJHA XPOMOCOMAa M3 IAphbl, T. €. IPOMCXONAUT YMEHBIIEHHe YHCIa
XPOMOCOM BJ[BOEe — pedyKuUsL.

Tenodasa 1. Popmupyerca AnepHad 000J0UKA H ANPO. XpoMoCcOMBI IO-TIPe-
HEMY COCTOAT M3 ABYX XPOMATH], HO Telepb OHU He WAEHTHYHBI APYT APYTY BCIeA-
CTBUE IPOM3OIIeANero Kpoccuarosepa. ducno xpomocom u THK B kamaom aznpe
pPaBHO COOTBETCTBEHHO 1, 2C.

IlepBoe fejieHMe Mei03a 3aBepIIAETCS IUTOKMHE30M — AEIUTCA BCE OCTAIBHOE
comep:KMMoOe KJaeTKH. B murominasme obpasyercsi MEPeTAMKKA, U BOSHUKAIOT ABe
KJEeTKH C MamjoMIHbBIM HabopOM XPOMOCOM.

OGpasoBaHue JIBYX KJETOK IPOMCXOAUT He Bcerga. MHorzaa resodasa sapepria-
eTcd TOMbKO (hOPMHUPOBAHHEM ABYX TallIOMAHBIX sfAep — KapHOKUHE30M.

Mesk Ay IepBEIM M BTOPHIM IeIeHUsIMM Mei03a IIPOMCXOINT UrMmepkuHes (OT Iart.
inter — mesxay). OH 3aHMMaeT OYeHb KOPOTKHN mepuoj (y KHBOTHBIX), HO MOXKeT
¥ BOOGIEe OTCYTCTBOBaThH (y pacTeHuii). B orauyue oT mHETEP(A3El B MHTEDKUHE3e
penmuxanuu [JHK He OIpOHCXOAHT, OSTOMY YHCJIO XPOMOCOM M KOJHYECTBO JHE
B KJETKAX MM AApax 0CcTalTcd HemsMeHHbBIMH. OGe KJIeTKY HIHM AJpa IOCje MH-
TepKMHe3a IPUCTYNAT KO BTOPOMY JeJeHHI0 Meiiosa.

Meiioz II MOTHOCTBIO HAEHTHYEH MUTO3y H IMPOTEKaeT B ABYX KIeTKax (Axpax)
CHHXDOHHO. 3/leCh IIPOUCXOLAT ABA [VIABHBIX COOBITUA: DACXOMKIeHNEe CEeCTPUHCKUX
xpoMaTH 1 o6pazoBaHue TallJIOUJHBIX KIETOK.

IIpogasza II. XpoMoCcOMBI CIMPANM3YIOTCH, YKOPAYUBAIOTCA W YTOIIAIOTCH.
finepuas mMemGpaHa HMcuesaeT, 06pasyeTcd BepeTeHO JeJeHHs. JTa CTajus 3HAUH-
renbHO Kopoue npodassl 1. Ilpu orcyTeTBUM MHTepKUHEe3a (¥ pacrenuii) npodasa
II B Meiio3e MOXKeT BOODIE OTCYTCTBOBATE.

Meradasza II. XpomMocoMbl BRICTPAMBAIOTCHA B ILIOCKOCTH 9KBATOPA. HutH Bepe-
TeHA [eJeHHA COeNHHEHBI ¢ IleHTpoMepamu. B meiiose II BepereHO JesleHHA yallle
obpasyeTcs NepHeHAUKYIAPDHO BepeTeHy IePBOro NeIeHHA.

Anadaza II. Ilearpomepsl genarca. K moarocaM KIeTKH PacXOAATCA CeCTPUH-
CKHe XpoMaTHIbI, KOTODPHEIE TeNlePhb CTAHOBATCAHA XpPOMOCOMaMH. y Kaxxaoro moJjroca
cobupaeTcd ranaouAHbIA HAGOp XpOMOCOM, T/e Kaskaad XpoMocoMa COCTOMT Telepb
u3z onaoit mosekyasl JHEK H, cooTBeTCTBEHHO, H3 OJ[HOH XpPOMAaTHJEI.

Tenogasza II. XpomocoMbl JecnUpagu3yOTCH, CTAHOBATCA ILIOX0 PA3IUIHMBL-
mu. HuTu Beperena neneHus ucuesaior. MopMupyeTcsa agepHas memOpana. [lanee
[POMCXOAMT IMMTOKMHE3, Kak ¥ B MuTose. O0pasyorTca 4 TamaoHAHBIX AApa HIH
4 rannonausle Kaetku. Yuemo xpomocom u JTHK B Kaxgom obpasoBaBiueMcs fjpe
MM KJeTKe PaBHO COOTBETCTBEHHO I, C.
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Bronoruyeckuit cMmeics Meifiosa sakaouaeTcsd B 00pa3oBaHMM TAILIOMAHBIX A1ep
HJIH KJIETOK, KOTOPbIe B X0/ie [0JJOBOTO Pa3MHOKEHHS CIUBAIOTCH, M B 3UTOTE BOC-
CTaHaBJIMBAETCA AUIIOUIAHLINA Hadop. ITOT mpomecc obecmeunBaeT MOCTOSHHBI
Habop XpoMOCOM Y BHOBb 06DasyIOMMUXCA OPraHN3MOB OPH II0J0OBOM PA3SMHOKEHHH.

IloBenenne xpomocom B meitoze. Meitos obecrneanBaeT NOSABICHHAE pasHo0Opas-
HBIX II0 Ka49eCTBY IeHeTHYeCKOW MH(OPMAIHH IOJOBLIX KJETOK — TraMeT. DTo
CBA3AHO C 0COGHIM IOBeJeHMEeM XPOMOCOM B Meitose (pue. 159).

1. B meitoze roMoI0rnyHbIe XPOMOCOMEI BCEI/Ia IOTAAIOT B pasHbie rameTsl. Tak
KaK OHH MOI'YyT HECTH pasHBIE II0 KauyeCTBY IPH3HAKH, TO 00pa3yVIONIHECH raMeTbl
He HeHTHYHEI [I0 TeHHOMY Habopy (puc. 159, I).

2. HeromMoIOTHYHEIE XPOMOCOMBI PACXOLATCH B I'AMETHI NpPOM3BOJIBHO, He3a-
BHCHMO ADYT OT JPyra. 3TO CBA3AHO CO CAYYaHHBIM DACIIOIOKEeHUeM OHBAJIEHTOB
B Meiioze I u MX He3aBMCHMBIM pacxoxaeHmeM B anadasze I. CnenoearensHo,

Puc. 159. IloBenenne xpomMocoM B meiioze: | — pacnpeieeHHe TOMOJOTHYHEIX XPOMOCOM;
2 — HesaBHCHMOe pacIpeielieHHe HerOMOJOTHYHEIX XPOMOcoM; 3 — KPOCCHHTOBEpD
H HapylleHHe CIEeNJeHUA FeHOB
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OTLOBCKHME M MaTePHHCKHE XPOMOCOMEI PACIDENENsIIOTCH B raMeTax CIydaldHBIM
o0paszom. DTOT IPOIEcC, HA3BIBAEMBIH HE3A6UCUMbBLM pacnpedenenuem, TPHBOIHAT
K YBEJIHUEHWIO YHCJIa THIIOB FaMeT U ABJIAETCHA OCHOBOM MeHeTHYECKOro pasHoobpa-
3Usl OPraHU3MOB, CIIOCOOHEIX K IIOJOBOMY pasMHO:keHHwo (puc. 159, 2).

Hueso THIIOB raMeT y JUILIOUZAHBIX OPTAHM3MOB MOKHO OIPEJe]HUTh 110 hopMyie

N = 2",

rge N — 4YHCIO THUIIOB TaMeT, /1 — YHCJO ap XPOMOCOM OPraHH3Ma.
Hanpumep, xapuoTun y Apo3oduisl paseH 8, YHCIO Iap XpoMOcoM — 4:

N = 2*=16.
V¥ yenoBexa KApPHOTHI COCTaBJaAeT 46 XpoMOcoM, YMCJI0 map — 23.
N = 223 = 8 388 608.

3. Konbrooranusa m KpPOCCHHIOBED CHOCOGCTBYIOT DEKOMOMHALINY FE€HOB: H3Me-
HJeTCA UX COYeTaHHe B XPOMOCOMAX, UTO IPHMBOAUT K YBEJIHUEHHID Pa3HO06pazus
ramer. Eciu 651710 6bI BO3MOKHO y4ecTh BCe BADMAHTHI KPOCCHHIOBEPA, TO YHCIIO
TunoB ramer (N) Bozpocao ObI B HeCKOJBKO pas (puc. 159, 3).

Meiio3 B sKM3HEHHOM IHKJIe OpranuaMos. Meiios B JKM3HEHHOM IIMKJIe OPraHu3Ma
(oT 0AHOrO IOJIOBOTO PAa3MHOMKEHHUA A0 APYroro) IPOUCXOAHUT OLHH pas (puc. 160).
VY KMBOTHBEIX MeHO03 HMEeT MEecTO IPH 00PA30BAHHE raMeT M3 MCXOIHEIX MaTepHH-
CKUX JUIIOWJHBIX KJIETOK. ¥ pacTeHHil Meiio3 HabIoAaerTcs IpH (OPMHUPOBAHUYI

Bapocnuiii opraHuam Monosoe nokonexue B3pocikiii opraHuam

Becnonoe nokonexue

Puc. 160. CxeMa :M3HEHHBIX IHKIOE OPraHU3MOB: 1 — ’KUBHEHHBIH UK HUSIINX pacre-
HUl (Bojopocneir) u rpuloB (MeH03 IPOMCXOAHMT Cpasy Moce 00pPasoBaHMS 3UrOTHI, B3POCTIOE
noKoJieHHe ramtongnoe); Il — :KUBHeHHBN NUKJ BBICIINX pacTeHHH (Mel03 UMeeT MecTo
nepesi coopoobpasoBaHMeM, B3POCIEIH OPraHHU3M MOKeT OLITE KAK TaILIOMAHBIM, TAK
u pumnousEeiM); I — sKu3HEHHBIH MUK *UBOTHRIX (Meiios NPOMCXOAHUT nepej obpasosa-
HHMeM raMeT, 3Ur'0Ta ¥ B3POCJIbIH OPraHH3M JUILIOHIHBIE)
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ramiougHbIX cunop. M3 TaKHX cmop B HEKOTOPBIX CIAydYadAX MOMKET DasBHTHCH ra-
IJI0M/HOe [IOKOJIeHHe, Y KOTOPOro raMeThl 00pas3yioTca yiKe B Pe3yabTare MHTO3a.
Ho mHOrga y ONHOKJETOYHBIX OPraHW3MOB, rpuboB, HH3IIUX PacTeHHH Meio3
IIPOMCXOAUT cpasdy mocjie 00pasoBaHUA SWUTOTHI, H B 9TOM CJydae M3 raljoMJHBIX
KJIETOK — CIOD — Pa3BHBAETCH B3POCJBIH IallJIOHHBIN OPraHH3M.

Taxum 00pazoM, LMK IOJOBOTO PA3MHOMKEHHS BCer/la BKJIOUaeT YepeJoBaHue
PAJIOUAHOTO ¥ HIIOUAHOTO IMOKOJEeHUA KJETOK. ¥ MHOIOKJETOYHBIX KHBOTHBIX
U BBICIIMX DACTeHHH MUIIongHAA hasa quurensbHad. OHa COOTBETCTBYET B3POCIOMY
opranuamy. Pasa ramIoHJHLIX KJIETOK HEIpPOJAoKHUTe bHa. OJHAKO ¥ HEKOTOPBIX
OpraHEM3MOB ramiongHas (asa COOTBETCTBYET B3POCJIOMY COCTOAHHIO, a JHUILIOUIHOA
ABJSIETCHA TOJBKO OIUIOZOTBODPEHHAS ANIEKJIEeTKAa — 3HUIoTa.

Meiios, pedykuyuonnoe denerue, OUSALEHMbL, XPOMOMEDLL, KPOCCUHZ06€ED, Jenmo-
meHa, 3uzomexa, naxumena, duniomena, duarxunes, peOyKyus, ULMepKUHes,
He3asucumoe pacnpedenenue.

Bonpocekl U 3agaHus

1. KakoW TN AeneHus KNeTku NeXWT B OCHOBE NONMOBOro pasmHoxeHwa? Kakue knetku
06pasyloTca B pesynsTaTe Takoro aenedna? Kakoe aTo umeeT 3HaveHne?

2. OnuwwuTe ctagum meinosa. Kak pacnpefensioTcd roMofornyHbie M HeromMonornyHble
XPOMOCOMbI B Meilo3e? Kakoe 3Ha4yeHne aTo umeet ans opraHMamoB?

3. B 4&M OCHOBHOE OT/IM4ME Meno3a oT MuTo3a? C 4em 3To CBA3aHOo?

4. QOOBbACHWUTE DUONOrMYecKuin cMmbicn meinosa. MNoyemMy peoykuMoHHOEe AeneHue UMeeTt
MECTO TOMLKO MPW NONOBOM pasMHoxeHun? OTeeT oBoCHyWTE.

5. CpaBHWTE AeneHue meito3a | n meitosa ll. B 4éM OCHOBHbIE OTIM4MA Melio3a | u melio-
3a |1? MepeyepTUTe B TETpadb W 3anonHute Tabnuuy.

Meiios

Craguu meio3a XapakTepucTura meiosa I XaparTepucrura Mmeitoza II

6. O6bACHUTE, NOYEMY NPU Meno3e npoucxoant obpasoBaHWe 3HAYUTENBHOMO Y1cna TUNoB
raMer y opraHmamos. OnpenenuTe, CKoNbKO TUNOB raMeT o6pasyloT KneTku ¢ Habopom
XPOMOCOM, copepxawmm redsl AaBbCc, ecnu BCe reHbl HaxoAsaTCs B pasHbiX napax
XPOMOCOM. Kakue 3710 TUnbl rameT?

7. Kak XW3HEeHHbIE LUMKNbl OPraHu3MOoB CBA3aHbl C Meio3om? MNpuseauTe NpyUMepsl.



§ 41. FameToreHes y XMBOTHbIX

§41. TameToreHes y XUBOTHbIX

Paccmotpute puc. 161. Kakue Tyl AENEHUS KNETOK MMEIKOT MECTO NP raMeTo-
reHese? B 4émM oTAnuMe crnepmartoreHesa ot ooreHesa?

I'amemozenes (or rpeu. gamete — xeHa, gametes — My, genesis — BOZHHKHO-
BeHHe) — Ipomecc 00pa30BaHMS TOJOBEIX KJEeTOK. B OCHOBe raMeToreHesa KHUBOT-
HBEIX JIe3KAT Meifoz. O6pasyoomuecs raMeTsl HMEOT TAILIOMAHEIR HA00p XPOMOCOM,
TOrZla K&K Y B3POCJBIX OPraHU3MOB OH JHIJIOHIHBIN.

Ilonoreie xeme3nl. ['amersr GopMuUpPYIOTCA B MOMOBHIX Keje3ax (roHAZax) WIH
CIIeIMATH3NPOBAHHEIX KJIeTKaX. IlepBuuHbie MOJOBEIE KIETKH Pa3BHBAIOTCA YV CaM-
II0OB B CEMEHHUKAX ¥ Y CAMOK B AUYHUKAX.

I'ameTorenes nmporexaer mociexoBaTeNLHO, B TPH CTAJHH, B COOTBETCTBYIOIIHX
30HaX IroHaj W 3aKaH4YMBaeTcd co3peBaHuWeM ramert (pmc. 161).

Matoa
3o0Ha pocTa
3o0Ha coapeBaHua

Meitoz

Puc. 161. 'amerorenes y kuBoTHEIX. | — crnepmaroreres: I — cmepmaroronum, 2 — crep-

MaTonMT 1-r0 NOPAAKA, 3 — CHEePMATONUTHI 2-T0 NOpAAKa, 4 — cIepMaTHIbI, 5 — crepMa-

T030u/bl; II — oorenes: I — ooronuu, 2 — oonut 1-ro mopazaka, 3 — oomUT 2-TO MOPAIKA,
4 — nondpHbIe, WIH HATIPABHTENbLHBIE, TEIbNA, 5 — AHIEKIeTKA
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30Ha pasmHoxeHuA. B Hell cojepikarca NepBHYHEIe IIOJOBEIE KJIeTKH C JUILIOHI-
HBIM HabopoM xpoMocoM. KileTKH B aTO# 30He JeJaTcs MHTO30M, YTO CIocobcTByeT
3HAYNUTEILHOMY YBEJIHYEHHIO UX KoJaudecTBa. [lepmog HETEHCHBHOTO JeJIeHNA IIep-
BUYHBIX IOJOBBIX KJETOK MHTO30M HA3EIBAIOT IEePHOJIOM Pa3MHOKEHHA.

3oHa pocma. B crnepylomieil 30He IOJIOBBEIX »KeJIE3 JeleHHSA KJIETOK He IIPOMC-
xoxuT. KNeTKH TONBKO pacTyT M 3amacaloT MHTATeJIbHBIE BEIIECTBa. JTO NepPHO
pocra. OH cooTBeTCTBYeT HHTep(hAase mepes MeHOTHIECKHM JedeHneM. KiaeTku aToi
30HBI TOHAJ UMEIOT TUTLJIOMAHBIA HAOOp XpPOMOCOM.

30Ha co3pesarus. B aToit 30He B pe3yJikTarTe Meito3a (popMHUDYIOTCH U CO3PEBAIOT
raMeTsl. ITOT HEPHUOJ HA3LIBAIOT MIEPHOAOM CO3PEBAHUA.

Cnepmaroreses (oT rped. sperma — CeMsA U genesis — BOSHUKHOBEHHE) — IIPO-
1ecc 00pa30BAHMA MYMKCKHUX IIOJOBBLIX KJIETOK — CIOEPMAaTO30HI0B.

B 30He pasMHOMKeHUA B ClIePMATOI@HHON TKAHHN CEMEHHHUKOB B Pe3yIbTaTe MHTO-
3a 00pas3yI0TCA MHOTOUHC/IEHHBIE IePBUYHBIE [I0JI0BbIE KIETKH — CNEepMAnoZoHul —
¢ AUIJIOUIHBEIM HADOPOM XPOMOCOM. 3aKJaJ[Ka IePBUUYHBIX KJIeTOK CIEPMATOTOHUEB
[IPOMCXOJUT B 9MOPHOHAJIBHOM Pa3BUTHH; UX MHTEHCHBHOe JelleHHe Habmomaercd
TOJIBKO IIOCJIe JOCTHIKEHUSA OPraHW3MOM II0JIOBOH 3DEJIOCTH.

C HacTyIJIeHHWeM y OpraHM3Ma IIepHoja II0JOBOTO CO3PeBaHWS B 30HE pocTa
CIIepMAaTOTOHHH He3HAUHTEJIBHO YBEeJIMYHBAIOTCA B pa3Mepax, U U3 KaMmJ0M KJIETKH
pasBuBaeTcsa cnepmamoyum 1-z2o nopadka, roToBeld K Meiio3y. B 30He cospeBaHuA
B pe3yJIbTaTe IepBOro AesleHus Meiloza 00pasyloTcs ABe KIeTKH — CNepMamouyumot
2-z0 nopadka, a Tocje BTOPOTO AEJNEHUs Meilo3a PA3BUBAIOTCH YeThIpe KJIETKH —
NpeAlIeCTBEHHUKY raMeT — CnepMamudsl ¢ TalIoOuIHEIM HabopoM XpOMOCOM.

Bcee ueThIpe KJIeTKH, OJAMHAKOBEIE II0 BeJIMYHHE, IPETepPIeBa0T CIOMKHYIO KJe-
TouHYIO fuddepeHIUPOBKY U IPEBPAIAIOTCA B 4eThIpe cnepmamoszouda.

QOorenes (or rpeu. oon — WO U genesis — BOIHUKHOBeHHE) — IIpoliecc o0-
PA30BAHUA KEHCKHUX IIOJIOBBIX KJIETOK — SNIEKJIETOK.

B 30He pasMHOKEeHHSA B O0T€HHOM TKAHU ANYHUKOB HAX0JATCA MHOTOUHCIEHHBIE
MepPBUYHEIE TIOJOBBIE KJIETKH — 0020HUU — C JUILJIOMAHBIM HaGOpPOM XpOMOCOM.
Ilocne pAma MHTOTHYECKUX JeJeHUH KaMIblil M3 HUX IpeBpaiiaercd B ooyum I1-20
nopadKa, KOTOPHIH HAYMHAET MHTEHCUBHO DACTH B 30He POCTA M HAKAILIMBAThL IIH-
TaTeJbHEIE BEIIECTBA B BHIE 3épeH JKelTKa. IIporecc pocTa oOmUTa 3HAYUTEILHO
MPOAOJKHATEIbHEE, UeM CIIePMAaTOIHTA.

B 30He co3peBaHUA OOIUT 1-T0 MOpALKA IPUCTYIIaeT K Meiiody, HO BECh IIpoIlece
JleJIeHA A MOYKeT AJUTECHA AOJaT0 (HeCKOJBKO AHEH WM JIeT), B 3aBHCHMOCTH OT BHJA
oprasusMa. Hampumep, y MIEKONUTAIOIIUX JejleHHe, HAUYaTOe B SMOPHOHAJIBHOM
COCTOAHUH, HIPHOCTAHABJAMBaeTcA Ha npodase I 1o mepmona moaoBoro cospeBaHusA
camiu. Ilos:ke moj BIMSHUEM II0JIOBBIX POPMOHOB MelHo3 BosoOHoBiagercsa. Ilocie
IIepBOr0 [elleHHs CO3peBaHHsA 00pasyloTCs OfHA KPYIHAsS KJIeTKa — ooyum 2-20
nopsadka, Kyia OePexolsAT Bce IMUTATeNbHEIe BeIleCTBa, M OJHA MeJKasd KIeTKa —
ePBHYHOE NOJAPHOe (HaAnpasumebHoe) menbye, KOTOpoe COCTOHT (PaKTUYeCKH
u3 sAapa U HeGOJIbIIOro KOJUYECTRA IHTOIIIABMEL.
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Bropoe jeeHne CO3peBaHHA TaKiKe acCUMeTpuuHO. VI3 oomura 2-T0 mOpPALKA
o0pasyoTea OJHA KPYIHAs KJIeTKa — sAllyexsemia, B KOTOPoil HaXOAATCA BCe
MHTATeIbHBIE BEIecTBa, U OJHO BTOPUYHOE MOJAAPHOe (HampaBHUTEeJNbHOE) TeJbIe.
Mz mepBUYHOrO NOJAPHOTO TeAba 00pa3yIOTCA IBA METKHWX BTOPUUHBIX IOJAPHBIX
Teabla. ¥ GOABIIMHCTBA I03BOHOYHLIX KHBOTHRIX BTOPOE AejeHUe Meio3a ooIHTa
2-ro mopsAAKa NPUOCTAHABIWBAETCA Ha cTagun Meradass! 11, a obpasoBanue Aiine-
KJEeTKH 3aBEepIIAeTCHA [OCJIe OILIOLOTBOPEHHA.

Taxkum 00pasoM, OPU OOTeHese M3 KaKA0H MCXOAHOH KIJIETKH OOTOHHA obpa-
3YIOTCH O/[HA KPYIHAaA AWIEKJETEKa ¢ raljIoONIHBEIM HabopoM XpOMOCOM H TPH IIO-
JISIPHBIX (HAIIPABUTEIbHBIX) TEIbIA, KOTOPEIe peayrnupylorcd. OHM CIIyKaT TOIBKO
I PABHOMEDHOTIO pacIipefieIeHHs XPOMOCOM B Meliose.

OcHOBHBIE OTJIMUHS 00TEHE3a OT CIlepMaToreHe3a 3aKIHYalTCA B CIeVIOneM:
1) Xoru4yecTBO OOTOHMEB, BCTYMIHBIINX
B CTagHuI0 CO3peBaHMUA, 3aKJaAbIBAETCHA
Ha sramne oMOPHOHAJIBHOIO PasBUTHA, 4
CIIepMaTOrTOHHMH Ha4YHMHAIOT aKTUBHO Je-
JHUTHCA TMIPH HACTYIJIEHUH IOJOBOH 3pe-
JIOCTH, ¥ 3TOT HPOIECC UAET HEIIPEPBIBHO;
2) B mpouecce crnepMmaroreHesa oopaay-
I0TCA YETBIPE FAMETHI, 4 B IIPOLECcce 0ore-
He3a — TOJBKO OJHA; 3) OKOHYATEIBHO
mporecc 0OTeHe3a 3aBepIIaeTcs TOJbBKO
IocJie OILIOAOTBOPeHHA. Bosbsnroe uucio
CIIEPMATO30M/I0B TIOBBIIIAET BEPOATHOCTE
OILTONOTBOPEHMSA, & TATATEJIbLHEIE Belle-
CTBa KPYIHOW AHIEKJIETKH oDecmeuuBa-
0T pasBUTHe OYYIIEro 3apojbIIa.

Crpoenne MOJIOBBIX RICTOK. ¥ G0JIbL-
IIMHCTBa BHUA0OB OPraiHu3dMOB MY CKHE 1
JKEHCKHEe raMeThbl OTJIHYAKTCHA APYr OT
apyra (puc. 162).

CunepmaTo30ubl OBLIM OTKDHITHEI B
1677 r. A. Jleserrykom. 3to HeDOJIb-
IIve MOJBHIKHbIE KIETKH, COCTOAINE U3
roJIOBKH, IIeHKH M KIYTHKa (xBOcTa).
B ronoeke HaxoJUTCsA AAPO € AIOWJ-  Puc. 162. CTpoeHne CepMATO30HIA MIEKO-
HBIM HabopoMm xpomMocoM. Ha saocTpén-  muraromero (I): I — agpo; 2 — akpocoma;
HOM KOHIle I'OJIOBKM paclolaraerca o — MHTOXOHADHE; 4 — IeHTPHOIN; 5 —
IySHIDEK — akpocoma — ¢ depMeHTa- KryTuk (xBoct). Crpoerne AHIEKIETKH
M, CIOCOGHBIME paspymiaTh obomouxy YWiexomarawomero (II): I — aapo; 2 — men-

= TOuHbIe 3épHa. Mukpodororpapusa (III):
AWNeKJeTKH. AKpocoMa SBJIAeTCH IIPo-

KpyIHasd AHIEKJIeTKa, CBEPXY MaJieHbKoe
uapogHeIM annapara [onpmsxu. Korpa HOMADPHOE TesbIIe
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TOJIOBKA CONMPHKACAETCA ¢ ANNEKJIETKOH, CONEPKUMOe aKPOCOMBI 0CBOGOXKTaeTcH U
pacTBOpsAeT eé obonouky. B melike pacmosaraioTcs MeHTPHOSIA ¥ MHOTOYHCICHHBIE
MHTOXOHIDPHH, obecreunBaOIiie SHEPrHed ABUKEeHHE CIePMAaTO30Ha. JRTYTHK
CIYIKHT Il OCYIIEeCTBIEHUA ABHIKEHUA CIIEPMATO30HMIA H 10 CTPOEHHIO CXOLEeH CO
HTYTHKOM npocTedmux. Bee ofpasyrolniecs IpH clepMaToreHese CrepMaTo30H, bl
MMEeIT OAWHAKOBBIE pasMepbl. B HUX HaXOXWTCA MHHMMAJILHOE KOMMUYECTBO Opra-
HOHMOB: ANP0, MHTOXOHADHH, IEHTPHONH ¥ (PepMEHTHBIA NYSBIPEK — aKpocoOMa.
TIpu omIOOTBOPEHHH LEHTPHOJIM BMECTE C AADOM IDOHHKAKT B AHIEKIETKY H
ofecreunBaloT 006pAa30BaHHE MEPBOro BepeTeHa JeJeHHA V 3UroThl. ['opMoH, obec-
MeYHBaOMUN CIIeDMATOTeHes Yy MJIEKONMTAION[HX, HA3bIBAIOT TecTocTepoHOM. OH
BEIpa0aTHEIBAETCA TOJOBBIMH KEIe3aMu.

fitnexnerxka O6vlna orkpeita B 1827 r. pycckum yuéneiMm Kapnom Makcu-
moBuueM Bapom. OHa mpencrasiasier coboil OKPYIiyo0, KPYIHYIO, HEIIOABHKHYIO
KJIETKY, COJAEpKaIylo AP0, BCe OPraHOM/LI M MHOIO OHUTATEJLHOI'O BeIlecTBa B
Buze xeaTka. OoreHes y MIEKONHMTAIUX IPOUCXOMUT 07 KOHTPOJEM TOPMOHA
nporecrepoHa. fiinexyerka y 1106010 BHAA dKUEBOTHBIX BCET/la 3HAYMTEIBHO KDPYII-
Hee crepMaro3onza. PasmMepsl AHIEKJeTKHM 3aBUCAT OT 0coDeHHOCTeH pPa3sBHUTHA
OpraHM3Ma: JJIHATeJbHOCTh 9MOPHOTeHe3a, PA3BUTHSA B OPIaHU3Me MATEePH HIH BHE
ero. IlnurarensHble BemecTBa ANNEKJIETKH 0OECIEYHBAIOT PA3BUTHE 3apOJLIIIA HA
HaYaJTbHOH cTaAHH (Y MIEKOIMHTAININX, PEI0, aM(puOuil) MK HA BCEM NPOTAKEHHH
amOpHoresesa (y OTHIL, PEIITHIN).

T'amemozenes: cnepmamozenes, 002eHe3; CEMEHHUKU; AULHUKU; 30HbL PA3MHO-
HCeHUA, pocma, CO3PesanHusl; cnepmamozonuy; cnepmuamoyumst 1-20 nopadka;
cnepmamoyumol 2-20 nopadka; cnepmamudsl; cRepMamo3oudsl; 0020HUL; 00UUM
1-z0 nopadka; ooyum 2-z0 nopadxa; noispHsie (HanpasumenbHble) Mmeavyd;
Alluyexaemea; aKpocoma.

Bonpocekl n 3apanusa

1. Y710 Takoe rametoreHes? Kakoi cnocob aAeneHus NexuT B ero ocHoge?

2. HasosuTe kneTkW, nocnenoBaTensHo 06pasyloumecs B KaxaolM 30He rametoreHesa.
OnpepenuTe 4YMCNO XPOMOCoM (N) n konudecTso AHK (¢) B Kaxnoi M3 knetok, obpaso-
BaHHbIX HAa Pa3HbIX CTaOusX raMeToreHesa.

3. [pu Kakom Tune raMeToreHesaa KneTka 4enuTca HECMMMETPUYHO? B 4ém Bruonorudeckuin
CMbIC/1 TAKWUX Pasnnuynin?

4. Kakyio ponb BbiNONHAIOT NOASpPHbIE (HanpaBuTenbHble) Tensua?

5. HasoBuTE OCHOBHbIE OTAIMYMA OOreHesa oT crnepmartoreHesa. B 4ém 3aknioyaerca Guono-
ru4yeckuii cmbicn obpasoeaHusa 60NbLIOro Yucna cCnepmMaro3oMaos Npu cnepmartoreHese?

6. CpaBHuUTE CTpPOEHWE ANUEKNETKW U cnepmaTto3onaa (cMm. puc. 162). O6bacHuTe, nodemy
OHMW Tak pasnuyHbl NO CTPOEHWIO W BENMYMHE.
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AdononnutensHasa uHpopmaymns

Paamepsl AHIEKTETOK PasAMYHBI Y PasHBIX BHOB KMBOTHBIX. OTH AaHHBIE IpeJ-
crapjeHbl B Tabauue 7.

Tabauya 7
PasMepsl AiIeKJIeToR
OprasH3MBeI Paameps! giinexaeTkH (B Mm)
Acrapuzna 0,04
MonnrocKkH, UTTOKOMKHE 1.4
JlococeBbie PeIOLI 6—9
Jlarymka 1,5
Kpokogmn 50
Kypuna 30
Crpayc 80
Komka 0,13
Koposa 0,15
YemoBek 0,10

W3 nasHBIX TabIUOBI BUAHO, UTO PasMephl AHNEKIETOK ¥ MISKOIUTAKOIUX COCTAB-
JIAI0T B CpelHEM JecAThIe J0JM MUJLIUMeTpa, vV amdpubunit 1 pei6 — B Ipegeaax OJHOTO
CAHTHMETPAa, & y PeNTHIHI M OTHUL TOCTHIAT HECKOJBKHX CAHTHMETPOB. B oTimume
OT AUIEKJIeTOK CIepMAaTO30UAbI 3HAUYNTENHHO MeHbIIe, ¥ MICKOMUTAIINX HX PasMephl
Bapbupyores ot 0,001 xo 0,008 MM (gauua ronosku).

§42. OnnoporBOpeHue
1M 3MOpUOHaNbHOE Pa3BUTUE XMUBOTHbIX

PaccmoTtpute puc. 163. Kakne 0coBeHHOCTM CTPOEHUA CNepMaTo3ouaa 1 snLe-
KneTkn oBecnevynBaloT NPOLEcC ONNoA0TBOPEHUs?

Onaodomeoperue — NpPOIECC CAUAHUA ANeDP MYMCKOH U KEHCKOIH IIOJIOBBIX
KJIeTOK, B pe3yabTaTe KOTOporo obpasyerca surora. 3uzoma (OT rped. zygon —
mapa) — 3TO OILIOJOTBOPEHHASA AHIEKJeTKAa, UMeInad THILIOWIHLIIN Habop Xpo-
mocom. M3 Heé pazBuBaeTCs 3apOJABINI, KOTOPLIM AaéT HAYAJ0 HOBOMY OPraHH3MY.

OIIJIOJIOTBODBHKG. HpOL’LECC OIJIOAOTBOPEHHUA HAYHHAaeTCA C IPOHHKHOBEHHA
cnepMaTosonga B Aiinekgerky. [Ipum KoHTakTe cmepmaTrosouga ¢ 060I0UKO
AWIEKTETKH COJePKUMOe aKPOCOMEI IIYTEM SK30I[HTO34 BHIBOJAUTCHA HA IIOBEPX-
HOCTB 3T0M obosouku. Ilon neficTBHeM IMUAPOTATHYECKHX ()EPMEHTOB IIPOUCXOMLUT
akpocommas peakyus — oboJOUKa AHIEKIETKH B MECTe KOHTAKTA CO CIIEPMATO301-
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Anpo
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anue-
KIETKW

Puc. 163. IlocnenoBaTeIbHOCTE CTAAUH OILIOAOTBOPEHUA:
1—4 — DpOHMKHOBEHHE CIEPMATO30M/a Yepe3 000I0UKY AHLIEKIeTKH; 5—7 — CIUAHMe
Afep CHepMaTo30ua M AHIEKIEeTKH W HAYaI0 APOOJEeHHUS BUTOTH

JIOM pacTBOpAETCH, a cuenuaJbHble 6eJKH 00ecmedNBal0T IPOHUKHOBEHHE FOJIOBKH
CIIepMAaTO30HIa BHYTDL AitekaeTku (puc. 163).

Ilamee CMHXPOHHO TPOMCXOAUT pAj mpoieccoB. CnepMaTos3ons Kak Obl 3amy-
CKaeT IporpaMMy PasBHTHSA, SAJ0KEeHHYIO B Aine. Bo-nmepBrIx, obosouka AiIe-
KJIETKH CTAHOBUTCH HENPOHHIIAEMOI JJIsl OCTAJIBHEIX CIIEPMATO30M/I0B. BO-BTODBIX,
B AHIEKJeTKe HAUYMHAETCHA YCHUJIEHHBIM cHHTes 0elIK0B, KOTOpPhie 00ecTIeunBaOT
nanpHeinee npobaenue surorel. [lanee nmpoucxonur pertukanua [JTHK aByx sanep.
TanongHble AApa VBEJIUYHBAKIOTCS B pasMepax U IOPeBPAIlaloTCA B NPOHYKLEYCbl
(or nart. pro — unepen u nucleus — sAxpo). B pesyabTare CINAHEA NPOHYKJIEYCOB
opMEpyeTcsa AHUIIONIHOE SIAPO 3UTOTHI, KOTOPOE NMPOXOAWUT CTaiHH aHAadaskl U
Teaodasbl ¥ TOTOBO K NalbHeiilleMy JejleHNIO. BmecTe ¢ IPOHYKJIeycaMH B ARIO
[OMagaoT U MEeHTPHOJIM CIepPMATO30M1a, KOTophie oDecrnednBal0T o0pasoBaHue Be-
peTeHa JeJIeHHS JJIs MepPBOTo APo0JeHUs 3UTOTHI.

CymecTByeT [Ba crocoba OIJIOAOTBOPEHMs: HADYKHBIH U BHyTpeHHHil. IIpn
HAPY/KHOM OIIOZOTBOPEHUM CAMKA BBIMETEIBaeT AHIEKJIeTKH (HKpPY), a camel, —
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CIIepMY BO BHEIIHIOK CPely, Ile U MPOMCXOAMT oIofoTBopeHne. Takoil crmocob
XapaxKTepeH AJA BOAHBIX o0HTaTeseil (MOpCKUX exeil, pei0, 3¢eMHOBOJHBIX H ID.).

IIpu BHyTpeHHEM OIJIOJOTBOPEHHM CIMAHHE raMeT IMPOHCXONHUT B ITOJOBBIX
IyTAX CAMKH, HANDHMED V Ha3eMHBIX M HEKOTOPHIX BOLHBIX obuTarenel (depseii,
HACEKOMEIX, PeNTHINM, ITHL, MIEKOIUTAIONINX).

OmIofoTBOPEHHOE AWIO Aajiee MOXKET PA3BHUBATHLCA B TeJie CAMKM, KaK y MJe-
KOIMTAIONINX, Ju00 BO BHEIIHeH cpele, KAK Y MHOTMX JDYIUX XUBOTHBIX. B mo-
cleHEeM CJIyYae Aia MOKPBIBAITCH CIeNUATLHBIMEA 000JI0YKaMH MM CKOPJIYIOi
H caMKa (HaceKOMBIX, MOJUIIOCKOB, PENITHJINH, ITHI X AD.) OTKJaAbIBaeT UX B HAW-
fosee GesomacHOE MECTO, Ije HIPOUCXOAUT UX AalbHeiIee PasBUTHE.

BuoJsiornueckoe 3HaueHHE OIJIOJOTBOPEHHUA COCTOHT B TOM, YTO IPHU CHAUAHHUU
TaMeT BOCCTAHABJIMBAETCH NUILIOMAHEIN HAOOD XPOMOCOM, & HOBBIM OPraHU3M HECET
HACJENCTBEHHY HHGOPMAHWIO W NDU3HAKKU 000MX poguTeseil.

IIapTenorenes. PasHOBHIHOCTE IOJOBOI'O PASMHOMKEHNHA, KOI'LA Pa3BUTHE B3pOC-
JI0H 0CcOOM MPOMCXOAUT U3 HEOTJIOJOTBOPEHHOTO ANWILA, HABKIBAIOT NAPMEH0ZeHEe30M
(oT rpeq. parthenos — AEBCTBEHHMIA W genesis — BOZHMKHOBEHHE).

IlapTeHorenes BCcTpedaeTcsas V HHU3MIMX paxKooOpasHeIX (ZadgHMI), HACEKOMBIX
(maém, Tned), vy HEKOTOPBIX ITHIL (MHAIOIIEK) 1 Yallje BCero depeayeTcd B XKH3HEeHHOM
OHUKJe ¢ OOBIYHBIM MOJIOBEIM DasMHOMKeHHeM. VI3 HeoII0oZOTBOPEHHBIX AHIEKIETOK
¢ TamJIOHAHEIM HaGOpOM XPOMOCOM HAYMHAKIOT PA3BMBATHCH KJIETKH, Y KOTODHIX B
IIpoIecce MHUTO3a PACXOMKJEHHA XPOMOCOM He IPOMCXOLHUT ¥ JUIJIOHJHBIA Habop
BoccTaHaBaupaercs. IlapreHoreHes MOKeT HATH KaK IpH OIaTONPHATHBIX YCIOBHAX
(v Taei, gapHU pasBHBAIOTCA CAMKH), TAK M IPH HEOJIATONPHATHBIX YCJIOBHIX
(oceHbIO M3 HEOIIOJOTBOPEHHEIX AWM, PA3BHBAIOTCA CaMITbI). Y IMUET M3 HEOILIOLO0-
TBOPEHHBIX AHI, PASBUBAIOTCA CaAMIIBI (TPYTHH), 8 M3 OILIOOTBOPEHHBIX — CaAMKH
(marki) u pabouwre nuensl (puc. 164).

Puc. 164. Ilaprenorenes u 00BIYHOE MOJIOBOE PA3MHOMKEHHE ¥ MEJOHOCHOH ITUeJIbl
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ITapreHOoreHes MOXHO BBI3BATH MCKYCCTBEHHO BO3IEHCTBHEM KAKOTO-TH00 dax-
TOpa BHEINHEH CPejbl, HAIPHMED BHICOKOH TeMIepaTypsl, Ha AHIEKIeTKY.

ImOpuorenes. dIMOpuoHaNIbHOE PasBUTHE — 3MOpuozenes (ot rped. embryon —
3apOJBIII U genesis — BOZHUKHOBEHHe) — HAYHHAETCH C MOMEHTA OILIOZOTBOPEeHUS
¥ 00pa30BaHMA 3UTOTH ¥ 3aKAHYMBAETCA POXKIASHHEM OPTaHM3MAa MM BEIXOZOM €ro
U3 Aina. IMOPHOTeHe3 y KUBOTHBIX IIPOTEKAET B HECKOJBKO 3TAIOB.

Hpobrenue. Ilocne cIMAHUA Afep ABYX raMeT W 0OpDasOBAHMSA 3HTOTHI HAYH-
HaeTcA pPasBUTHe 3apojbima. [lepBylo cTafuio pasBUTHA HA3LIBAIOT ApPOoOJIeHMEM.
Sliino nyTéM MuTO3a HAYMHAET JEJUTHCA HA JBe, 3aTeM HA UeThIPe YaCTH, IPHUEM
BTOpaa 6oposja ApobieHHs NPOXOLHUT NepHeHJUKYIAPHO HmepBoil. O6pasyores
UeThIpe KJIeTKH, KOTOPLIe HAa3BIBAKOT O.lacmomepamu. B pesyasrare mociaenyommx
npobnennit obpasytorcsa 8, 16, 32 6aacromepa u 1. A. J[pobieHre OTIMYAETCH OT
OOBIYHOrO MHTO3a TEM, YTO KJIETKH IPAKTUYECKH HE YBeIWIMBAIOTCA B PasMepax,
He pactyT. Ilpomecc mpoucxoxur ouens GbicTpo. Hanmpumep, 3a 4 4 oT MOMeHTA
OIIJIOAOTBOPEHMA U3 OAHOH KJIETKH 3UroThHI obpasyercsa 64 6racromepa. MaTepdasa
MEeXAy ZleJJEeHHs MU O4eHb KOPOTKAA M COCTOUT TOJBKO H3 CHHTEeTHYECKOro IepHoaa
(S) — penmuranuu [THE. IIpecuaTeTHueCKHil IepHOL (G,) oTcyTeTBYET, T. €. CHHTE3
Oenxa He IPOHCXONHUT, NPOBAINMIICH SMOPHOH KUBET 3a CUET BEIIECTB, HAKOILJIEHHEIX
B siine. Obmaa mMacca aMOpHOHA NIPH 9TOM He MEHHETCH.

XapakTep Apo6IeBNdA 3aBHCHT OT KOJIHNYECTBA IUTATEIbHBIX BEIeCTB U UX pac-
npeneseHus B fine. [Ipobienne MoskeT GBITH JHO0 PABHOMEDHBIM, T. €. ITOJHBIM,

Puc. 165. HaganeHEle cragnu Apobienus aina: | — y JaHOeTHHKa; 2 — y JATYIIKH;
3 — ¥y OTHOE
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KOrjga S0 DOMHOCTHIO AeJUTCA Ha OaacToMephl (y JaHOETHHKA, MIIIOKOMXHX,
3eMHOBOJHBLIX B [p.), TAOO HEMOJHBLIM, KOT'A4 JKeJITKA B siille MHOTO H JpodHTCA
TOJILKO BepXHHH [uCK sAina (v peid, pentuianii, nrun) (puc. 165).

Cmadusa 6aacmyast. JIpoGienne 3akasuuBaercs obpasoBaHueM OJIACTYIEBI.
Baacmyaa (ot rped. blastos — POCTOK) — 9TO OXHOCJOMHLIN 3apOJLIIIeBRIH My3bIPEK
C MOJIOCTHIO BHYTPH, KOTOPYI HasbkiBaloT GiaacTouensio (puc. 166, I).

Cmadusa zacmpyanet. Iociae obpazoBanus OJIacTyNabl HACTYIIaeT BTOpas CTaZUA
pasBUTHA 3apoAbIIIa — zacmpy.aa (ot rped. gaster — xenynok). l'acTpynanmsa Ha-
YUHAETCHA ¢ BIAYMBAHUSA HIMKHUX KJIETOK OJIACTYJIBI BHYTDS IOJOCTH. B pesynbraTe

Puc. 166. Craguu paspuTHA 3apoAsima (Ha npuMepe JaHneTHuka): I — apobaenne; 11 —
6macryna; III — racrpynaamus & racrpyna; IV — Heiipyia u opragoreres; 1 — 6IacTomnens,
2 — 6nacronop, 3 — arronepma, 4 — aHTOAEPMA, 5 — MesofepMa, 6 — HepBHaA TPyOKa,
7 — xopaa, 8§ — KuIIeYHas TpyOKa



— Inasa 8. PA3MHOXEHWE W PA3BUTWUE OPFAHU3MOB

00pasyroTes Ba CJI0fA KIETOK W PA3BUBAETCHA I0JIOCTh C OTBEPCTHEM — GJIACTOIOPOM.
ITonmocTs racTpynibl — racTpajbHAafA HOJOCTh — B JaIbHEHIIEM IPeBPaIlaeTcsa B KH-
meyHyio Tpyoky. I'acTpysna — aTo IBYXCIOHHBIA 3apoJbINIeBEIH MEIIOK, BHEIITHUHA
CJION KJIETOK KOTOPOTO Ha3bIBAETCA HAPYKHBIM 3aPOILIIIEBEIM JHCTKOM, dkmodep-
MOll, & BHYTPEHHHUH CcJIOH — BHYTPEHHUM JIHCTKOM, aHmodepmou (puc. 166, II).
Ha cragmm aByX 3apojbIIIEeBBIX JHCTKOB 3aKaHYHMBAETCHA Pas3BHUTHE V I'yOOK M KH-
LIeYHOIOJOCTHLIX, ¥ OCTAJbHBIX JKHBOTHBIX Aajee HAET (OPMHPOBAHHE TPETHETO,
IPOMEXKYTOUHOTO 3aPOABIMIEBOTO JIHCTKA — Me300epMbL.

Cmadusa uelipyavt. CHeaywIyn 3a TacTPYJI0N CTAANI0 HA3BIBAIOT HeUpPYLoil.
Benepn sa racTpynAnueil IPOMCXOAAT MUTPALNA KJIETOK CO CTOPOHBLI HUMKHEH JacTu
3apojsinia. ITH KJIeTKH Jajee Jal0T HAYaJIo ellé OJHOMY CJIOK KJIETOK — Me30AepMe.
Mesx Iy 9KTOZEPMO H 3HTOAEPMOM 3aKJIANBIBAETCHA TPETHH 3aPOABIIIEBEIH JHUCTOK.
C ZBYX CTODOH OT NEPBUYHOM KHUIIKH — TacTPoNeJd — 00pasyroTes KJIETKH Me30-
JIepMBI, OIWH CJIOM KOTOPOH IPAHMYUT ¢ SHTOAEPMOMH, & APYTroil NIPUMLIKAET K 9K-
TonepMe. Mesxay HuMHU GOpMHUPYETCA BTOPHUHAS ION0CTh — uenom. Ilocnenyioigee
PA3BUTHE 3aPOJLIIIA CBASAHO C B3AUMOAECHCTBHEM 3THX TPEX 3aPOJABIIIEBbIX JUCTKOB.
B pesynbrarte o6pasdyercs TPEXCIOMHEIN 3aPOALIIII, U3 KJI€TOK KOTOPOI'O PA3BUBAIOTCA
TKAHHU U OopraHel Oyaymiero oprasuama (puc. 166, III).

HansHelmee aMOpHOHAIBHOE Pa3BUTHE JKHBOTHBIX PACCMOTPHM Ha IpHUMepe
IIpeACTaBHTENA THUIIA XOPAOBEIE — JaHIEeTHHKA. OJHOBPEMEHHO ¢ 3aKJIaK0H Me30-
JlepMEI BeDXHAA YaCTh 9KTOJePMEI YTOJIIaeTCs U NepejBUraeTcs BHYTPh, o6pasysa
HEepPBHYIO IJIaCTHHKY. Kpasd HepBHOH NIaCTHHKH CBOPAYHBAIOTCH, OHA OTJeNfAercs
OT 3KTOJepPMBbI 1 00pasyeT nHeperyo mpyOky. B nanbHeiimeM y TO3BOHOYHBIX K-
BOTHBIX M3 Heé pasBUBAeTCs FOJOBHOH M CIUHHON M03r. OJHOBPDEMEHHO C 3THM U3
Me30/IEPMBI 110 HEPBHOM TpyOKOo# (hopMupyeTcs elé oAnH OceBoil oprad — xopda.
ITox xoppoi pacnonaraercs xKuweynas mpyoxa. Tak B KOHIE cTaguy HEHPYILl B
sMOpHOTreHese JKHBOTHBIX 00Da3yeTcsi 0Ce80il KOMINIEKC 0P2aH08: HepBHaA TPyOKa,
Xopaa, knmegyHas Tpydka. ITo ofe cTOPOHEI OT OCEBOT0 KOMILIEKCA PACIIONATaAI0OTCA
OoJbIIHE YUYACTKH Me30/epPMbI, U3 KOTOPOH Jajiee PA3BUBAIOTCHA CKeJeT, MBIIIIII
u npyrue oprassl (puc. 166, IV).

Opzanozenes. VI3 Tpéx 3apoAbINIEBLIX JHCTKOB (DOPMHUDYIOTCS BCe TKAHH U OpP-
rasel 6yAyIIero opraHuaMa. 3akjajKa OpraHos HAYWHAETCH Ha CTAJUN HeHpybl 1
[IPOJOJIKAETCA B IIPOIIECCE OP2AHOZEHE3A.

W3 sKTONepPMBI PA3BUBAKTCA SOUTENHAIBHAA B HeDBHAS TKAHH, a Jajlee — KOM-
HEIe TOKPOBEI — 3MHAEPMHC KOXKH H €ro IPOH3BOJHEIE (HOITH, BOJIOCHI, CAJIbHBIE
¥ IIOTOBEIE JKeJie3bl, 9Mab 3y00B), HEpBHAA CHCTeMa, OPraHbl YyYBCTB, a TAKiKe He-
KOTOPBIE H3 KeJIé3 BHYTPeHHEH CeKpeIluH.

W3 sHTONEPMBI HOPMUDYETCH ANUTENHANbHAA TKAHb, BBICTHJIAIOMAA OPTaHBI
[HUIeBAPHATEJBHOH, ABIXATEJBHOH (4J1bBE0JIBI), MOYEBBIIEIUTEIbHOR U IOJIOBOH
CHCTEM, a TaKJKe NHIeBAPUTEeNLHEIe JKeJessl (IeYeHb, MOMKelyqouHas MKejesa).
BayTpeHHHe CIM3MUCTHIE IOKPOBLI TaKKe 00pasosaHsl sHTOAepMoOi. Takum o6pasom,
BCE BUJBI SIUTEIHATBHON TKAHHA PA3BHBAIOTCA W3 SKTOAEPMBI M 9HTOZEDPMBI.



229
§ 42. OnnopoTeOpeHne U 3MOpUOHaNbHOE PasBUTHE XUBOTHBIX

W3 me3omepMbl 00pasyeTcdA MBIIIeYHAdA TKaHb 1 BCe BHIBI COeITUHUTEIBHOHN TKa-
HY, B TOM YHC]e KDOBb, MAM(da ¥ TKaHeBad YXUAKOCTb. M3 XOpABI BIOCAEACTBHN
opMEpyeTCa XPAMIEBOH B KOCTHBIN CKEJIeT, a U3 HOKOBBIX YYACTKOB ME30/IePMBI —
MBIIIITEI, KPOBEHOCHBIE COCYBI, cepAne, IMOYKH, OPTaHbl T10JIOBOHM CHCTEeMBbI.

Heesnl BHYTPeHHEH CeKPEIMK HMEIOT PasinyHOoe TPOMCXOMKAeHNE: O/HH M3 HUX
pasBHBAKOTCSA M3 HEPBHOH TPyOKH (rumodus, snudus), APyrue — HemocpeicTBeHHO
¥3 9KTOZepMBI (IUTOBAAHA 2Keesa). M3 Me3oAepMbl (QOPMHUPYIOTCA HAANOTETHIKH
¥ II0JIOBEIE JKeJie3bl — CeMEeHHUKH M AWYHUKH.

Onnodomeoperue; 3uzoma; AKPOCOMHAA PEAKYUA; NPOHYKALYC; NAPMEHOZEHES;
ambpuozenes; cmaduu smopuozenesa: dpobrenue, 6aacmyara, zacmpyaa, Helpy-
2@, opzanozenes; 3apodviuiesvie LUCMKU: IKMOJepMA, anmodepma, mesodepma;
YenoM; 0Ce8oil KOMNIeKE 0P2aHo8: HePEHAA MPYOKa, Xopda, KUUeLHaA mpyoKa.

Bonpocsl u 3agaHusa

1. OnuwwmTe NPOLECC ONNOAOTBOPEHUs. B 4EM NpeumyliecTsa BHYTPEHHErD ONN0A0TBO-
peHUsi N0 CPaBHEHWIO C HapyXHbIM? MpueeanTe NpUMeps!.

2. CpasHuTe pasHble TUNbl ApobneHus AvL, NPeACTaB/eHHbIX Ha PUC. 165. O6bsicHuTE
OTAMuYMS B APOBNEHUM Y Pa3HbiX OpraHnamos. Yem aTo obycnosneHo?

3. Kak HasbiBaloT KIeTkW, obpasylomecs B peaynsrate apobnexna? B 4ém otnnyne opob-
neHusi 0T 06bIYMHOrO AeneHus mutosa?

4. Ha30BUTE OCHOBHbIE CTAAMM PasBUTWUA 3apPOALILA Y XOPAOBbLIX XMBOTHLIX. Ha kakon
CTagmMn NpoucxoanT anddepeHLMpoBKa KNeTok?

5. VY puif, amdubuii, penTuani, NTUL, o4eHb KPYNHbIe SALEKNeTKU. Y MNeKonuTaloLWwmx OHN
3HAYUTENBEHO MeHblue. C 4em 3To cea3aHo?

HononxnrensHasa nHgpopmauus

Tlpomecc pasBUTHsA OPraHH3Ma M3 AfIa OUpeAeNdAeTCd KapHOTHIIOM — nabopom
XPOMOCOM U T'€HOB J@aHHOTO Oprasmuama. Bee KJIeTKH 3apOABINIA PA3BHBAIOTCA U3 onHOH
HMCXOLHOM KJIeTKM — 3UIOTHI, OHH WMEIT OJMHAKOBEIE HAGOP XPOMOCOM M I'eHEeTHIEeCKYIO
nHpopManuio. OIHAKO B PASHEIX 3aPO/BIMIEBLIX JUCTKAX (PYHKIHMOHUPYIOT PA3HbIe CO-
YeTAHHA 'eHOB, UTO IPUBOLUT K (DOPMUPOBAHUIO DA3IHYHEIX TKaHeH u opraHoB. Takum
06pazoM, B X0/le PA3BUTHSA FeHOTHII OPIrAaHMU3MAa [TOCTOAHEH BO BCeX KIIeTKAaX, HO MEHACTCA
AKTHBHOCTL PA3HBIX €ro I'eHOB — JKCNPeccud.

Ina uccaef0BaHMsA BTOTO Ipolecca OB IPOBEAEH ONBIT IO Iepecajike ANpa KOKM
JIATYIIKA B HEOIJIOJOTBOPEHHOE SHII0, B KOTOPOM IPEeABAPHTENBHO OBLIO PAa3pyIIeHOo
coberserHOE AAPO. CIEMUHATLHEIM YKOJIOM MHUKDONMIETKOH AHIEKIeTKA CTHMYJIHDO-
BAJIACH K PasBHTHIO. V3 AWNEKIETKH ¢ TePeCaXKeHHbIM TUIIOMAHBIM ANPOM PaSBHJIACH
HOpMAaJbHAS 6JACTYJA, 3aTeM TAcTpPyJia U Jajlee TOM0BACTHK. PesyabTar sKCIepHMeHTa
ZIOKa3aJI, UTOo IOCTOAHCTEBO Habopa TeHOB COXPaHAETCA BO BCEX KIETKaX, a UX CIeIHaIn-
3aIHA B IIPOIECCE PASBHTHSA €CTh Pe3yJbTAT JeHCTBHA CHelHalbHEIX (haKTOPOB.
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HMuddepernupoBKka KI€TOK MPOHCXOLHT He Cpa3y, a Ha ONpeJeJIEHHOM 3Talle sM-
Opuoresesa. YcraHoBI€HO, UTO Ha craguu 4—16 61acToMepoR (B 3aBHCHMOCTH OT BHA
SKMBOTHEIX) Ka)K/ad KJIEeTKA MOJKET DASBUTBLCA B HODMATIBLHBIN oprasusm. [ajee ata
CIOCOOHOCTE MOCTENEeHHO YTPaumBaeTca. ¥ KPOJHKA PaBHOHAC/IEACTBEHHOCTE COXpa-
HAETCA Ha craguu 4 O6macTromMepos, y TputoHa — 16 61acToMepoB, v deloBeKa — Ha
craguu 4, pexe 6 GracTromepor, uro MOATBep:AaEeTCA poxkaeHneM 4, pegko 6 ogno-
ainesbix Gauanenos. Namee 6J1aCTOMEDEI TEPAIT CBOMCTBO PABHOHAC/IEICTBEHHOCTH U
suddepernupyiores. Peryiasnus fesaTelbHOCTH TeHOB OPOHCXOAHUT Ha MOJEKYJIAPHOM
YDPOBHE 3a CUET PeryJaTopHEIX 6enkoB, M3 uTONIAZMEL B AP0 IOCTYIAIOT cHenuduye-
CKHe BellleCTBA — I'OPMOHEI, KOTOPhIE JeHCTBYIOT Ha PEryIATOPHEBIE GEJIKY W TeM CaMbIM

AKTUBHU3HUDPYIOT MJIH MOJABAAIT AKTHBHOCTE COOTBETCTBYIIIHX I'eHOB.

Bnactonop HepeHaa nnactuhka

Xopaa
1 bipe3aHHbIiA
KyCOYeK TKaHm
e }Bnacronop
OHTOAEpPMA

2
Ciopa nepecaxeHa 3kT M
TKaHb OTpagpo billa 2 neePMa

HepBsHas Tpybka
Xopaa

3apogsiw,
4 pasBUBLLUICS
13 racTpynsi-peLunueHTa

N ——>> 3apogsiu,
pa3BuBLUMIACA
W3 NepecaxeHHoro
Kyco4ka AopcankHon
rybel 6nacronopa

Puc. 167. Ombpuonansuas WHAVKINA.
Ilepecanka xOpAOME301ePMAIBLHOIO 3a49aTKAa
B Hadajle FacTPYJALHH HA HAKHIOKN YACTh
sapoxsima: I — racrpyna, us KoTopoil Ge-
PYT KYCOYEK 3a4aTKa; 2 — MeCcTo Iepecaj-
KH 3a4aTka; 3 — BHJ OCHOBHOTO M HHIYIIH-
POBAHHOTO 3aPOEBINIA HA PAHHEH CTAIHH;
4 — BUJ ABYX PABBHUBIINXCH 3aPOJBIIIEH
Ha Gosee noaaHel cTaguu

B npomnecce pasBuTus cnemmanusanus
KJIETOK ABJAETCA Pe3yJIbTATOM B3AWMO-
IeHCTBUA spa W IUTOILIA3MEI, 4 TAKKe
COCeJHHX KJEeTOK. I'pynmy KJIeToK, CTH-
MYJHDYIOIIAX PA3BHTHE OPTaHOB U TKaHeH
sapoppilmia, HeMenKui ambpuosor I'arc
IIIneman, orkpesimuii 8 1901 1. ato ssie-
HHe, HasBasl 3apodbiuiesblm UHAYKMOPOM,
MY 0P2AHU3AMOPOM, & CAMO ABJIEHHE CTH-
MYJIAOHH — IMOPUOHANbHOUL UHOYKYUEeL
(ot nar. inductio — nobyxnenue). Taxk,
OPraHM3aTOPOM, HANPABIAII{HM pPa3BH-
THe HEPBHOH TPYOKH, ABISIOTCH KIETKH
Me30/iepMbl u Xopja. Kierku xopmomeso-
AepMaJBLHOTO 3a4YaTKa BHIJEIAIT CIeIH-
aJbHEIE BeIecTBa, KOTODEIE AeHCTBYIOT
Ha 9KTOJAepMy M nmoOyiKIawmT pasBHTHE
HepBHOH TpyOKu. Ecim wacte sxromepmer
Ha CTaJHH PaHHEH racTpyJibl HepecaguThb C
BepXHe# CIIHHHON CTOPOHBI BHU3 Ha Gprom-
HYIO, TO B3 Heé Da30BLETCH KOXKA JKHBOTA.
Ecin e, Ha060poT, NepecaguTh HUMKHIOWO
HacTh 3KTOJePMBI Ha BEDXHIOK CTOPOHY,
TO U3 Heé pa30BbETCA HEPBHAA MIACTHHKA.
SKCIEePHUMEHTEI 110 Ilepecajke PA3IHIHbIX
yacTell 3apOBIIIA TO3BOJUIH ONPeNeIUTh
DOJIb KaskJ0# 4acTu B sMOPHOHANBHOMN
HHEAYKOUH (puc. 167).

Hayuenne sMOpuoresesa »HBOTHBIX
TI03BOJIMJIO YCTAHOBHTE, UTO B PA3BUTHH 3a-
POABIIIA HMEITCH KDHTHYECKHE [IePHOJBI,
KOT/la MOKeT NPOM30HTH HapyIleHue HOp-
MajbHOTO pasBUTHA. TakuMu mepmozamMm
ABIAITCA cepefuHa ApPoOJeHUA, HAYATIO
racTpynanuu, GopMUpPOBAHNE KOMILIEKCA
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OCeBBIX OPraHOB. B 2T0 BpeM# 3aPOJBINI KMBOTHBIX 0COOEHHO YYBCTBUTE/IEH K HEOCTATKY
KUCJIOPOJa, TeMIePATYPHEIM IepenagaM, MeXaHu4ecKoMy BozzelcTBHI0. KpurHueckue
epHOEI COBNAAANT ¢ Au(bePeHIINPOBKOM TKaHell ¥ opraHoB. YeM Jydlle 3aIHINEHO
SN0, TeM MeHee OHO IOJBePKeHO BHEIIHUM Bo3AelicTeuaM. Hanpumep, rubess HKPHHOK
phIO B HECKOJIBKO Pa3 BbINIE, YEM BapojmbINIeil B AMax NTHIL. ¥ MIEKOMHTAIIIHUX Pas-
BHTHe 3MOpPHOHA IPOHUCXOAUT B TeJle MaTepH, I03TOMY BEPOATHOCTD rubenu 3apojbleit
3HAYUTE]LHO MEHBIIE, YeM Y IITHII.

Ha BHYTpHyTpoGHOE Pa3BUTHE ILIOJA YeIOBeKa OKABHIBAIOT BIMAHHE YCI0BHA HHUIHH
maTepu. He61aronpusaTHOMY BO3JEHCTBHIO MOI'YT IIOABEPrHY THCA OOTUTEL 1-ro mopanka
emé no HacTynaeHus GepeMeHHOCTH. M3BeCTHO, UTO 3TH KJIETKH 3aKJIABIBAIOTCA B aM-
GPUOHANEHOM PasBHUTHU H Aajiee NEPUOJUYECKH CO3PEBAIOT B TEIEHUE BCETO AeTOPOAHOTO
HepHuoja KeHIuHEL. Ho 4eM crapime ;KeHI[MHA, TeM cTapee W OOLMTEL, & 3HAUHT, OHH
GoJsiee MOABEP:KEHBI M3MEHEHHIO 110/ JeHCTBHEM pPasiuYHBIX (AaKTOPOB, BEPOATHOCTH
BOSHMKHOBEHHA KaKOo-Inb0 aHOMAIHH B HUX ITOBHIeHa. CTaTUCTHKA CBHAETE/bCTEYET,
YTO UeM cTapile KeHIIHHA, TeM BbIIlle BePOATHOCTE POMKACHNA pebéHKa ¢ AHOMAIUAMH.
OTpHnaTe pHOE BO3LEHACTBHE HAa PasBUTHe AMOPHOHA OKAa3bIBAIOT TaK)Ke PasTH4uHBbIE
3ab0JIeBAHNS BUPYCHOTO XapaKkTepa, IpAMeHeHne HEKOTOPBIX MeIHKAMEHTOB (aaTHbMO-
THKOB, N'OPMOHAJBLHEIX IIPENIAPATOR), HAPDKOTHYECKHE BelllecTBa, aJKOr0Jb. MomHubsIM
$aKTOPOM, BLIZBIBAIOIIHNM AHOMAJIMH DASBHTHA dMOPHOHA, ABISIOTCA PEHTTEHOBCKUE
JIVIH U Apyrue HOHH3HPYIOI[Ue U3IYyIeHns.

§43. PocT 1 pa3BuTue XUBOTHbIX

) PaccmoTpuTe puc. 168. U3 kakux cTaguii COCTOMT NPAMOE U HENPAMOe pas-
] BUTUE XMBOTHLIX? Kakoil Tun passutna UMeeT NpenmMyLuecTso?

Pocm opranumsMa OIpeleNdlOT KaK yBeJIW4YeHHEe ero pasMepoB M MaccChl.
VY OHOKIEeTOUHBIX POCT OrPaHIYEH COOTHOIIEHHEM MOBEPXHOCTH H 00BEMAa KIETKH.
V MHOTOKJIETOYHBIX OPTaHH3MOB POCT HAYMHAETCA C OJHOW KIETKH, OT KOTOpOH B
[poliecce MHANBHAYATBHOIO Pa3BUTHA — OHMOzeHe3a (OT rped. ontos — cyiee u
genesis — BOBHHKHOBeHHe) — 00pasylorcs Apyrue KJIeTKH, TKAaHHW W OpraHbl.

TepMuH OHTOreHe3 BBEN B Hayky B 1866 r. Hemenxuil yuéHsiii JpHCT Tex-
Keab. B OHTOreHe3e OPraHM3M IPOXOIUT CIeAYIONIHe CTAJHH Pa3BUTHA: 00pasyeTcs
B pesyJIbTaTe OILIOJOTBOPEHHHA, POXKLAETCA, PACTET, PASBHBACTCSH, PASMHOMKAETCH,
crapeer u ymupaer. OHTOTeHe3 CKJIAIbIBAETCH U3 JABYX MePHOJ0B: 3MOpPHOHATBEHOT'O
¥ mocTaMGproHansHOrO0. IlepBhiil IepHOJ] OHTOreHe3a OBl PACCMOTPeH B IPeJbIAY-
mewm naparpade. Bropoil meproj HauMHAETCA CPasy IOCIe BLIXOAA OPraHH3Ma H3
dglina, T. e. IOCJIE ero POXKIAeHH .

IMocTambpuorsaasabId nepuod. ITocmamOpuonaibHoe pasgumue y HUBOTHBIX
GLIBAeT ABYX THIIOB: IpaAMoe W Hemnpsimoe (puc. 168).

IIpamoe pasBuTHE NPOUCXOAHMT Ge3 NpeBpalleHUii, OPH BTOM poAuBIIHIiCA
OpraHH3M HMMeeT CXOICTBO CO B3pOCJOH 0co0bI0 M OT/MYaeTcA pasMepaMiu, Ipo-
HNOPIMAMH Tejla U HefopasBUTHeM paAga opranos. Taxoe pasBUTHE HUMeeT MeCTO y
[ITHI], MJIEKOIHTAIOIMINX, IPECMBIKAON[HXCA, PAKOOOPa3HBIX U AP. (puc. 168, 1).
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Henpamoe passurne npoTexaer ¢ memamopgosom (or rped. metamorphosis —
nOpeBpallleHue), T. e. ¢ DpPeBPalieHHeM BO B3POCIVIO 0cobb. B aToM caydae DOOHUB-
MIXHCA OPraHU3M — JUYLHKA — HeroX0K Ha B3POCIYIO 0c00b. JIMUHHKA IPHUCIOCo0-
JIeHa K aKTHBHOMY INHUTAHUIO, NEPeJABHIKEHHIO, POCTY ¥ PAasBHTHIO, HO HE CIOCOOHA
K PasMHOMKEHHUIO (32 DEIKMM HCKJIOUeHHEM).

Hanpumep, y JArymKyM THYAHOYHAA CTAZMA — TOJTOBACTHE — IIOCJE BEIXOIa
M3 SAIA 110 BHEIIHEMY H BHYTPEHHEMY CTPOeHHIO HAIIOMHUHAET MaJIbKa PBIOEL. ¥ TO-
JIOBACTHKA OTCYTCTBYIOT KOHEUHOCTH, MMEIOTCH KabpPEI BMECTO JEIKHX, XBOCT, IIPH
[IOMOII¥Y KOTOPOro OH aKTHBHO IiaBaeT B Boje. CIycTs HeKOTOpoe BpeMs y roJio-
BaCTHKA (POPMHUPYIOTCA KOHEYHOCTH, PA3BUBAIOTCA JETKHE, 3apacTaioT :xabeprble
Ienu ¥ ucdyesaeT XBOCT. Yepes JBa MecAla Mocje BLIX0JA M3 ANWIA TOJOBACTHE
npeBpallaeTcda BO B3POCAYI JATymKy (puc. 168, 2).

Y HEKOTOPLIX HACEKOMBIX DA3BHUTHE TAKJKe IPOTEKAeT C npeBpalleHHUEeM.
Hanpumep, 6a60uky IPOXOAAT meBIN PAJ CTagMii pasBuTus (noanslil mMemamop-

Bapocnaa naryiuka

& ' f
(MKpWHKN) \ lonoBacTuku

~ OMO6pPM1OHLI 2 (nnumnHKu)

Bapocnas kypuua

Bapocnoe
Hacekomoe

\ 4 o
by

=
Ao Hacekomoe

A ;

Kykonka 4

l'yceHvua .
(nMnuKHKa)

~h

Puc. 168. Tunbl nocTaMOpHOHANBHOrO PasBUTHA: | — OpPAMOE DASBHTHE (mTHOED);
2—4 — HenpsaMoe pasBHTHe ¢ MeTaMopdo30M (3eMHOBOAHbIE, 6abouKH, capaH4Y0BbIE)
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03). U3 aiina BBINYIIAETCA I'YCEHHIa, KOTOPAad 110 BHEITHEMY BH/AY IIOXO0KA HA
KonbuyaToro 4epssa (puc. 168, 3). Ona MHOro ecr m GhICTPO pacTéT, 3aTeM Ipe-
Bpamjaercsa B KYKOJKY (HeOOABUKHAS CTAAWA), KOTOpasd He NMHUTAETCH, & TOIBKO
pPa3BUBaeTCA M IpPeBpPAaIllaeTcA BO B3POCJoe HaceKkomoe. Yepes HEKOTOPOE BpeMs
M3 KYKONKY BRIXOAUT 6abouka. ITuma u ciocod NUTaHUA ¥ JHYMHKY U B3POCIOTO
HaCeKOMOro oTinYaioTcA. I'yceHnna nuraeTcss TUCTHAMA W UMeeT IPLI3YINUii poTo-
BOIi anmapar, a y 6a60uKu cocymmii poToBOi anmapar, U MUTAeTCA 0HA HEKTAPOM
nBeTKoB. Hexoropsie Buasl 6a6ouer BoOOIIe He INTAIOTCA U CPA3y NMPUCTYIAIOT K
pasMHOM«eHu. [Ipyrue HaceKOMEIe, HAIPHMED CADAHYOBEIE, TAK)YKEe PA3BHBAIOTCS
C IpeBpaleHHeM, HO CTaJAusA KYKOJKH OTCYTCTBYeT (HenoiHuill memamopgos).
B aToM caydae JHYMHKA OTIHYAeTCA OT B3POCIOT0 HACEKOMOIO Pa3MepaMH H OT-
CyTCTBHEM pAZa opraHoe (puc. 168, 4).

IIpeBpamenue THYMHKY BO B3POCJYIO 0CO0b CBABAHO C IPOJYIHPOBAHHEM IOD-
MOHOB. Hanpumep, /i1 NpeBpalleHus FOJIOBACTHRA B JATYIIKY HeOOXOAUM TODMOH
IATOBUAHON JKejie3bl. Y HEKOTODPBIX OPraHM3MOB JTHUMHOUYHLIN Iepros 3aTATHBA-
eTCH Ha BCIO )KH3Hb, U HA 3TOM CTAAMU OHU MOIYT NPHCTYIHTH K PA3IMHOMKEHMIO.
Hanpumep, nuunHKa 3eMHOBOJHOTO aMOGHCTOMBI — aKCOJOTIb — IIPH HEZOCTATKE
TFOPMOHA IMUTOBUAHON eJie3bl He IPEeBPAIAeTCH BO B3POCIAVIO 0c00b, HO CIIOCOOHA
pasmHoxaTheA. [Ipu no6aBieHnH B BOJYy FOPMOHA THPOKCHHA DA3BHTHE IIPOHCXOLHT
/10 KOHIIA ¥ aKCOJIOT/Ib IpeBpalaerca B aMmbucromy.

Bromorudeckuit cmeica MetaMopdho3a 3aKJIIOYAETCH B TOM, UTO JHUYHHKH H
B3pOCJ/Ible 0COOM MHUTAIOTCA DA3HOM HUINEH, NPUCIOCOOIeHEl K PASHBIM YCIOBHAM
JKH3HHU. ITO YCTPaHsAeT KOHKYPEHIHIO MeK/1y HUMH 33 PECyDPCHI CPebl, CIIOCOGCTBYeT
JYYIIeMY BBIXKHBAHHUIO MOJIOAH W BHJA B IEJIOM.

Pocr. Tlo xapakTepy pocra Bcex MHOT'OKJETOUHBIX »MBOTHBIX MOMHO pasje-
JIUTE HA JIBE TPYNNLI — € HEOrPAHMYEHHLIM M OTPDAHUYEHHBIM pocToM. MHBOTHBIE
C HE0ZPAHUYEHHbLM POCMOM (MOJLIIOCKH, PHIObI, 3eMHOBOZHLIE, IPECMBIKAOIIHECS)
pacTyT B Te4eHHE BCeH kH3HM. JKHBOTHBIE C 0ZpaHUYeHHbLM pocmon (HaceKoMELe,
ITHIILI, MIEKOIUTAKIHE) DACTYT Ha OIpeJeIeHHOM 3Talle CBOEro pasBUTHA. Poct
00yCJIOB/IeH Je/eHHeM KJIeTOK PasiIMYHbIX TKaHel, 3a HCKIIOYEHNeM TeX, KOTOPLIE
YTPATHIK CHOCOOHOCTh K PasMHOMKEHHUIO (IPUTPOIMTHI, HEHPOHB! KOPHI TOJOBHOTO
moara). HekoTopele :KMBOTHEIE, HAIPHMED PHIOLI, B IpOIecce pocTa yBeJIHYHBAIOT
PasMepEl CBOErO Tesla, COXPaHAsA IPK 3TOM IIPOIOPINH, ¥ ADYIUX OTAEIbHbIe OPTaHEbl
MoryT pacTu ObicTpee, yeM Bcé ocTansHoe Teso (puc. 169). Hampumep, Henpomnopruo-
HaJILHEIA DOCT XapaKTepeH /s UeJOoBeKa, YTO XOPOIIO 3aMETHO 0 COOTHOIIeHHIO
Pa3MepoB I'OJIOBEI M OCTAJNBHBEIX YacTell Tesa. ¥ HOBOPOMKAEHHOIO 3TO COOTHOIIEHHE
cocrasisAeT 1 : 4, B TO BpeMa KaK y B3POCJOro deaoBeKa — 1 : 8.

Ha pocr »XMBOTHEIX CYIIECTBEHHO BIMSAIOT NUTAHUE, TEMIIEPATYPA, BIAKHOCTE
BO3AyXa (1A Ha3eMHBIX KUBOTHBIX), COJIEHOCTH BOABI (1A BOXHEBIX JKMBOTHBIX) H
Apyrue GaxTophl cpeAbl. Perynanmsa pocTa OCYIeCTBIAETCSA ¢ IIOMOIIEI0 TOPMOHOB
runodusa, IMUTOBUAHOR ¥ NOJOBBIX Kesnes. Tax, BeIpabaThiBaeMblii rumoduaoM
rOPMOH pOCTa — COMATOTPOIMH — BJAMAET HAa POCT KocTedl B guunAy. Ilpu Hexo-



204 nasa 8. PA3MHOXEHWE U PA3BUTUE OPFAHU3MOB

%

1

m 1 2 6 12 25
BospacT, roau

Puc. 169. Pocr opraruamos: [ — nponopuuonanbHbI (priba);
Il — HenmpONOPIMOHANLHBIH (JeJ0BeK)

CTATOYHOM KOJMUYECTBE 3TOr0 FOPMOHA Y B3POCJIOT0 YesJOBEKa Pa3BHBAETCHA KapJIH-
KOBOCTb, 4 NIPX U30bITKE — TMTAaHTH3M.

Tlocsie HHTEHCHBHOIO IePHOJA POCTa OPraHW3M BCTYIAeT B CTAJHIO0 3DEJIOCTH,
[ KOTOpPOH XapaxTepHO M3MeHeHHe (H3HOJOTHYEeCKHX IIPOIECCOB B OPTaHH3ME.
ITOT MepHoJ CBA3AH C AETOPOKIEHHEM.

Crapenne u cMmeptsb. IIpomecc HHAMBHUAYAILHOTO PA3BHTHA OPraHH3Ma 3aKaH-
YyHBaeTCs cTapeHueM u cMmeprbio. Cmaperue — 3To 00mebronoruueckas 3aKOHO-
MepHOCTbH, CBOMCTBEHHAsi BCeM opraHmaMaM. B mpomecce cTapeHHs M3MEHSIOTCH
OpraHbl, HAPYIIaeTcA UX CTPYKTypa M (pyHKiuu. CYIIecTBYIOT HECKOJIBKO TeOPUi
crapeaus. OIHY M3 NepBHIX TEOPHil NPEeAJOKHJ OTedecTBeHHBIH yuéHbId Mibs
Unsny Meurukos (1845—1916). CornacHo eil cTapeHHe CBA3AHO C YCHICHHEM
MPOIECCOB MHTOKCHKAIIHH, CAMOOTPaB/JIeHUA OPraHu3Ma B Pe3yabraTe HAKOIJIeHHA
B HEM NPOAYKTOB o0MeHa BemiecTB (B YACTHOCTH, as3oTHCTOro obmeHa). SlxoBuThie
TMPOAYKTEI KU3HEAeATeIHHOCTH OPraHN3Ma II0paskaloT KJIEeTKH ero meYeHu, Mo3ra,
KOTOpAIE IePecTaloT HOPMAaNbHO (PyHKIIMOHUPOBATE.

MHorHe coBpeMeHHBIe TeOPHH IIPeoJaraT, YTO CTaPeHUE ABJIAETCH CIeICTBH~
eM u3MeHeHHH B NeHeTHYeCKOM aliapare KJIeTOK, KOTOPhIe IPUBOAAT K CHHMKEHHUIO
AKTHBHOCTHU Ipoleccos 6mocuaTe3a DenkoB. CymecTBeHHBIM (GaKTOPOM M3MEHEHU
reHeTHUYeCKOH aKTHBHOCTH ABJIfeTcA ocaablieHre aKkTUBHOCTH (epMeHTOR 1 feTKOoB-
peryiaaTopos. Boccranosnenue nospexxAEéHHbX ydactkos [JHK nnér mennennee,
HAKAIJIMBAIOTCA BpeJHBIE MYTAIlMH, KOTOPhIe MpoaBiasiTca B cTpykTypax PHK u
GenKoB. ¥V UeJOBEeKAa IpPOIecchkl CTapeHHs 00YCIOBIEHB M BINAHHUEM COLMANBHON
cpensl. Hayka, saHuMaromascs npobieMaMy cTapeHHs YeJOBeKa, HA3bIBaeTcHd 2e-
ponmoaozueil (OT rped. gerontos — cTapuk u logos — ydeHue).



§ 43. PocT 1 pasBuTHe XMBOTHBIX

235

BaHUA OMOJIOTMYECKOro BHA M 3BOJIONHHY KHU3HH Ha Semie.

Bonpocsl n 3apaHus

1.
2;
3.

Crapenne — 3T0 HeM30Ge:XHBIH 9Talm PasBUTHUA opraHusma. Jlasee HacTymaer
cmepmsb, KOTOpadA ABAAeTCA HeoOXOAMMBIM VCIOBHEM IS IPOJOIKEHHA CYIeCTBO-

Onmozenes; nocmamOpUOHALLHOE PA3GUMUE; NPAMOe, HENPAMOE; PA3GUMUE ¢
npespaueruem ( memamopPo3om ); memamop@os: nonHbLL, HENOAHBLIL; JULUHKA;
POCm: He0ZpaHUYeHHbLL, 0ZDAHUYEHHbLIL; CMaperue; cCMepPMmb; 2ePOHMON02UL.

Kakune tunbl NOCTaMBPUOHANBHOIO Pa3BUTUA Y XMBOTHbLIX BaM WM3BECTHbI?

B 4ém pasHnua Mexay NpsMbIM W HEMPSAMBIM NOCTOMEPUOHANBHLIM Pa3BUTUEM?
OxapakTepuayiiTe CTagun PassUTUA HACEKOMBIX C MOSIHLIM U HENONHBIM NPEeBPaLLEeHUEM
(cM. puc. 168, 3, 4). MNpuBeguTe NPUMEPBI XUBOTHLIX C TAKMMMW TUNAMU Pa3BUTHS.

Y KaKkvx NO3BOHOHHbIX KMBOTHBIX PA3MHOXEHME MOXET HACTYNAaTh HAa NMYMHOYHON CTAaMn?
Kakoe aTo uMeeT 3HadeHne ANs XU3HEHHbLIX LMKI0OB OPraHu3moB?

O6bsAcHUTe, B 48M 3aKNOYaeTCs GUONOrMHECKMIA CMBICA Pa3BMTUS G METaMOPGhO30M.
BbificHKUTE, Kakve CyLlecTRYIOT COBPEMEHHBIE TeOPMM CTapeHns OpraHu3MoB.

HononuurensHas nHgopmauyns

Tabauya 8
IIpononsuTEeIbHOCTE KUIHH HEKOTOPHIX OPTaHH3MOB
Opramuams: l]pono::t;r::hnocn Oprammasss Hponon:;f:auocn
Bakrepun 1—40 g T'opox 1 rog
Menysa 2—3 mec. Mopxkoss 2 ropma
Ackapuna 5 mer ILnaywu 7 ner
Beasybxa 9 Jer Yepuura 25 ner
JloxgeBoii yepeb 10 et ITuknamen 60 met
Brrunii menens 35 mer Bepéaa 120 ner
Peunoit pak 20—30 ner Ocura 150 met
Iyxa 60—70 mer I'pyma 300 mer
Canamangpa 40—50 ner IInnmoBEUK 400 xer
Kpokoann 50—60 ger Ens 500 sxer
Coga 60—70 ser Kamran 700 ner
T'pud 118 ner CaMmut 1100 ner
Cobaka 15—20 netr Oy6 1300 xner
Crnon 70 ner Tuc 1800 ner
Yenosex 80—90 ner CekBoita 4000 ser




=0 Inasa 8. PA3MHOXEHWE U PA3BUTUE OPFAHU3MOB

§44. PazaMHOXEHUe U pa3BUTUE pacTeHUn

= PaccmoTpute puc. 170—172, 175. Kakve cnocobbl AeneHVa KNeToK XxapakTepHbl
J/ LS PasHbIX CTaAWA XU3HEHHBIX LMKNOB pacTeHnin? Kakoe nokoneHwe pacteHuii
WMeeT rannoufHbIi, a Kakoe — AUNIouaHbIi Habop xpoMmocom?

PasMHOXKeHHEe U Pa3BATHE DACTeHHIH B OHTOTeHe3e IPOTeKaeT HeCKOJbKO HHaYe,
yeM y JKHBOTHBIX. IIpH aTOM Meiio3 uMeeT MecTO He Ha cTagun o6pasoBaHHA raMer,
a Ha cTaguu obpasoBaHudA crop. Kpome Toro, y pacrennit Habaiogaercs yepeoBanue
MOKOJIEHHH € AUILJIOMHBIM M TallJIONAHBEIM HA00OpOM XPOMOCOM.

T'ameroduTr u ciopodur. B KU3HEHHBIX IUKIAX PACTEHHUH MOKOJIEHHE C Tamjo-
MAHBIM HADOPOM XPOMOCOM HAZBIBAKT zamemogumonm (oT rped. gamete — eHa,
gametes — My u phyton — pacrenue). Ha ramerodpure B nponecce muTosa obpa-
gyiorca ramersl. IlokosieHHe ¢ AUILIOUIHEIM HAOOPOM XPOMOCOM HA3BIBAIOT CTLOPO-
¢pumom (oT rped. spora — cesgHue u phyton — pacTeHHe), Ha HEM B IIpomecce Meios3a
obpasyiorca cnopsl. 'ameroduT paseupaeTcda U3 TalJIONIHBIX CIOP, & CIoOpoduT —
M3 AUIIOMAHON 3UIroThI, 00pasyloleiica B pea3yjbTaTe OIJIOJOTBOPEHHS.

O6pazoeaHue
ramer (MuTO3)

(n)

Bapocnsiit (n)
OpraHvam —
rameTouT (n)

ConuxeHne
ramet

_ ' 6Cnopu (n) %
MNpopacTaxne
3UroThI CnusaHue
(Meﬁo3) rameTt
Sosdh aurma(2n)‘/

Cnopbt (n)
(MUTO3)

Cnopodut
(2n)

Il

Puc. 170. ¥ussensslii muka Bogopocin (xiaamunomosana): I — Gecrmosioe pasMHOMKeHHE;
II — monoBoe pasMHOMKeHHE
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CMeHna MOKOJIEHHH HAET IO CXeMe:

surora (2n) — coopodur (2n) — meios — cuopst (n) — ramerodur (n) —
— MHUTO3 — TaMeTsl (1) — OILIOLOTBOpeHHe — surora (2n).

B nuxie pasBuUTUsA Meil03 Bcerga IMPOMCXOAUT OAWH pa3. B 3aBUCHMMOCTH OT
TIepHroja ¥U3HHN CIOopodHTa ¥ raMeTodUTA B3POCIOe PACTeHHE MOKET OBITh ralio-
UAHBIM WJIH AANIOugHBIM (cM. puc. 160, I, IT).

Pa3zMHoKeHHe U Pa3BHTHE BOJAOpOCIe. ¥ OJHOKJIeTOUYHEIX BOJOpocieil mpeoba-
NAIOIIMM TIOKOJEHHEM B KU3HEHHOM IUKJIe sABiasgeTca raMerodur. OH pasMHOXKAeTCHA
fecHosbIM NTYTEM € IOMOIIBI0 KJIETOK, W3 KOTOPHIX PA3BHBAIOTCA B3POCJBIE OCODH.
B onpeznenénnsblil nepuos y ramerotduTa o6pasyloTcA raMeThl, PadHble MJIH OJHHA-
KOBBIe IO Benm4uHe. Ilocae ux cauaHuA QopMHUpyeTcd 3HroTa, KOTOpas cpasy iKe
menmTes Meiio3oM M 06pasyeT CIopEl, JAoliue Hauajlo HOBEIM raMetoduram. Taxum
0o6pasoM, B MKH3HEHHOM IIHKJE OJHOKJIETOUHBLIX BOJOpPOCIel AUILIONJHOe TOKOJIeHNe
IpPefCcTABIeH0 TOJBKO OTHONH KJETKOH — 3urorToi (puc. 170).

PazMuokeHHe W pasBUTHE BBICIIHX CIOPOBBIX pacreHdi. MxH, miayHsl, XBO-
IIH ¥ ManopoOTHUKM PA3MHOKAIOTCS CIOpaMu. ¥ MXOB B3pOcJOe pacTeHHe IIpel-
cTaBJaeHO raMeToduTOM (71) — ITO [OJIOBOE HOKOJEHUe, pPa3BHBalOIeecd U3 CIIOPHL.
Tamerodur — sT1o aucrocrebenbHOE pacTeHHe, HA moberax KOTOPOTO Da3BHBAIOT-
csl Oprasbl MOJIOBOr0 PA3MHOMKEHHUA — MYMKCKHEe Oprassl anmepuduu (0T rped.
antheros — UBeTYIIHii) U *XKeHCKHe OpraHbl apxezoHuu (oT rped. arche — Ha4alo

2% 8
00 Cnopebl (n)
M@oa
MarepuHckas kneTka cnop
Cnopocdut
ﬂa' f CTebens co cnopaHriem — g%?;:;;%mzé
| (cnoposoi kancynown) cropsl) (2n)
A |
3urota (2n)
g Q /{gmon,omopenue B BOAE) —
Cnepmaioaow:. ﬂﬁuekﬂerxa
AHTepuauvia ApxeroHui
Fametodur
| {nokonetxwe,
obpaayiollee
f ? Mox (n) rameTsl) (n)
“k“.ni' Mpeasapoasit
(nporﬁl-cema)
! } Cnopa (n) —

Puc. 171. Ku3seHHBIA MUK MXa (KYKYIIKHH JEH)
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H gone — poxJeHue). B aHTepuIMAX B Ipomecce MUTO3a 006pasylTcs CIEepPMATO-
30H[bl, & B ADXEroHUAX — AHOeKJeTKa (KaK pasuio, ogHa). [IpM HATHYUE BOZE
CIIepMAaTO30U /bl IPOHHKAIOT B apPXErOHHUU M OMJIOLOTBOPAIOT AHIEKJIeTKY, IPH
aToM ofpasyeTcsa 3HUroTa. 3aTeM M3 3UI'OTHI Ha raMeTOo(UTe pa3BUBAETCH CIIOPOMUT
B BHAE KOpoOoukHu Ha crebenbke. CropoduT He cmocofeH K CaMOCTOATETLHOMY
CYIIeCTBOBAHUIO W NHTaeTCHA 3a cYéT raMerodura. B cmopaHrusax B pesyiabTaTe
Mmeios3a obpasyiorcs cmopsl. Ilocsie co3peBaHMsA OHH BBICHIIAIOTCA M BO BIAYKHOH
cpeje NpopacTamT, JaBasd Ha4aJo HOBHIM ramerodmTam (pue. 171).

Y miayHoB, XBOIIEH U HAaIOPOTHHKOB, HA000POT, B3POCJILIM PACTeHHEM ABIAETCA
CIIOpPO(HT, HA KOTOPOM B CHEIHANLHBEIX OPraHAX — CIOPAHIHMAX — B Pe3yJbTaTe
Meiio3a obpasyiorea cnopsl (n). ITocse cospeBaHns CIOPHI BHICHINAITCHA U IPOPAC-
TAIOT, AaBasg HAYaJa0 IOJOBOMY IOKOJIEHUIO — raMeTOMUTY, KOTODPLIH IpeAcTaBiIeH
HebonbmUM 3apocmiom. Ha HEM DPasBHBAIOTCA AHTEPDUIHM M ADXETOHHMH, B KOTO-
DBIX B pe3yJjbTaTe MHUTO3a 00pasyrooTca ramersl. IIpu HaMHUMK KaneabHO-KHAKOI
BJIAT'H IPOMCXOJHUT OILIOJOTBOPeHHEe U obpasyercs 3urora. M3 surorsl passuBaeTcsa
3apoJBII, a Jajiee MOJoJ0e pacTeHue — coopodur (puc. 172).

Cnopsi (n)
Meitoa
MartepuHckas Knetka cnop
Cnopogas karnicyna Cnopodut
(cnopaHrwid) (nokonexwe,
—— obpaasyioLee
cnopsl)
ManopoTHuk (2n)
3urota (2n)
OnnogoTeopexue B BoE
Cnepmaroso AduekneTka
' - Fametodut
(nokonexue,
AHTepupuii ApxeroHuit —— ofpaayoluee
\ / rameTh)
()
BapocTok
Cnopa (n)

Puc. 172. JKu3HeHHBIH OUKI NaNOPOTHHKA (IIUTOBHHUK MYIKCKOI)
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Pasmuo:xeHne H pa3BUTHE CEMEHHBIX PACTEHHH. ¥ CeMeHHBIX PACTeHHi mpeob-
JajarmIllHM NOKOJeHHeM ABJIAeTCA CIOPOdHUT, a raMeTo(dHUT CHUJIBHO PeAyIlHpOBaH,
OH pas3BHUBaeTcdA B CHOPO(HTE H IPeACTABJIeH JUIIbL HeCKOJLKHMHU KJIETKAMH.

IIpomecc pasBUTHA CeMEHHEIX PACTEHHUI PACCMOTPHUM HOAPOOHO HA mpuUMepe
TMOKPBITOCEMEHHEIX (IIBETKOBEIX) pacreHuii. Bapocioe pacrenue mmeer QHILIO-
uaHbIH Habop xpomMocoM U ABiseTca crnopodurom. OHO pasBHBAeTCA W3 CEMEHH.
PenpoaykTHBHBEIM OPraHOM fBJAeTcA IBeTOK. B mBeTKe 00pasyioTcA JKEHCKHM
OpraH — MeCTHK M MYXXCKOH — THIYMHKH.

B TEMUMHKAX B NBLIBIEBBIX MEIIKAX M3 CIIOPOTeHHOH TKAHU B Pe3yJIbTaTe MeHo-
3a obpasylorcs mukpocnops: (n). Bce OHH pa3BUBAKOTCA H JAIOT HAYAIO MYKCKHM
rameroduram. Kasgas MUKpOCIIOpa AeJUTCA MHUTO30M H 00pasyeT BereTaTHBHYIO
H I'eHEePATUBHYIO KJeTKH. Sapo reHepaTHBHOH KJIETKH IIPH IIPOPACTAHUM IbLIb-
OBl JelWTCA ellé OAUH pa3 MHUTO30M, (DOPMHUPYS [ABA CIEPMHA — HENOJBHIKHEIE
My)XCKHe raMeTsl. BereraTuBHas u reHepaTUBHAA KJIETKH HAXOAATCS MOJ eIHHON
0007109KOH B nbtabvyesom sepre. Takum 00pasoM, MysKCKOM raMeToQUT IpeicTaBieH
TNELIBIEBEIM 3€DHOM, COCTOAIIMM U3 JBYX KJIETOK — 2eHepamueHoil U aezemamus-
Hoil (puc. 173, I).

Mnxpocnopaurun{2n) Meitos | Moiios i Mwukpocriops (n)
()— (D —Ep —cP
MpopacTtaHne MUKPOCNopsl MbinbLEBOE 3epHO @
Q _Muros @ MuToa
—— e
BeretatueHas
knetka (n) E:g?%irrl;l}ﬂl-laﬁ Aea cnepmua(n)
Knetka M
MeracnopaHrus (2n)  Meitoa | Meiioa Il eracnopa ()
Q @
BocbmuaaepHblit
MpopacTaHme Meracrnopsi 3apOMLILIGBLIA MELLIOK
AHTMNOAS! (1)
HTpanbHbIE
appa (2n)
ﬂﬁueme'ma(ﬂ)
Curepruae (1)

Puc. 173. Cxema ofpasoBanus u pa3BuTus meLIbnesoro sepHa (I)
¥ 3aponeimeBoro memka (II)
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B zaBasu mecTHKa B ceMA3adyaTKax
M3 CIOPOTEeHHOH TKAHM B pPe3yJabTaTe
MeHo3a 00pasynTca YeThIpe CIopsI (1),
nprYéM Hamboslee KpynmHAasd — Mezacno-
pa — pasBHBAeTCA B JKEHCKHH ramero-
¢ur (pmec. 173, II). Tpu apyrue crnopsl
(6onee menxme) ormupawT. Meracoopa
‘ LiBeTok TPHMKABL JEJIUTCA MHUTO30M H oOpasyer

CeMa3a4yarok 8ocbmusadepHbLil 3apodbluLedblil MEULOK,
C 3apOofbILLIEBbIM B KOTOPOM #Ipa PACIIOJIATAIOTCA CIEAYIO-
MELLIKOM

mumM obpaszoM. BiiHikHee K OBLIBOEBXOAY

gﬂ:iuue c;‘:ﬁ,l’)mlﬂ KpYIHOe AAP0 — AHUNEKJIeTKa, PAAOM
gp,paML. IBa fA]pa moMmejbye (CONYTCTBYIOIIHE

G CoROn KJIETKH) — cuHepzudvr. Ha mpormBomo-
MNbinbueBas C AlLEeKNeTkon JIOXKHOM IOJIIOCEe MeIllKa pacrojiararoTcsd
TPyoKa Crepmin TPU Afpa — aHmunodsl, a B NEeHTpe 3a-

HHMAaIOT MEeCTO [Ba IEeHTPaJbHBIX ffpa.
Bcee aapa ramnongasie. Takum obpasom,
JKEHCKHH ramMeTo(uT IpeAcTaBIeH BOCh-
MHUSAJEPHBIM 3aPOJBIIIEBEIM MEITKOM.

IIpu nonafgaHMUK MBLIBIEI HA PHLIBIE

l\\ Kesypaceen Ee(:'méa BereTaTHBHAA KJIETKA ﬁﬂaanaeT

it q Sepopsut{Bh) POpacTaTh B MBUILLEBYIO TPYOKY, PO

}} ABUras eé K ObLIbIEeBXony (puc. 174).

SumocnepM (3n)  T1p. crepMusA TpPHM MOMOINM TOKA IH-

TONJA3MEl OBIIBIEBON TPYOKHM depes

IBLIBIEBX0/ MPOHHKAIOT B 3apOJbIIIe-

BHIM MemoK. OJHH cHepMHH CIHWBaeTcH

¢ ginermaeTkol u obpasyer 3urory (2n),

M3 KOTOPOH pPasBHBAETCH 3apOABINI ceMeHH. [[pyro# cmepMuil CIMBaeTCA C AByMS

sSIpaMH LEeHTPAJILHON KJIETKH, B peayJbTaTe (DpopMEpyeTcs sHAocnepM (3n — TpH-
ILUIOMAHBIN) CeMeHH, B KOTOPOM 3amacaloTcs MATATeNbHbIe BellecTBa.

IroT nporecc Ha3KBAWT dGolHbLM onaodomeoperuem. Ero orkpeunr B 1898 r.
pyeccknii yuénsiii Cepreit Taspuaosuu Hasamwus. B pesysibprare JBOWHOTO OILIO-
IOTBOPEHHSA B CeMsi3auaTKe o0pa3yercs ceMsd, a U3 IIOKPOBa ceMA3avYaTKa — CeMeHHas
Ko:Kypa. BOKPYTr ceMeHHM M3 CTEHOK 3aBf3H WJIU JPYTHX 4YacTell BeTKA Pa3BUBAETCH
IJION, KOTOPBIH CAYKHT MpeXKIe BCero IJIA 3alllUThl CEMeHH.

B KM3HEHHOM IHKJie MOKPBITOCEMEHHBIX IIpe0odIafalluM IOKOJeHHeM fB-
JddeTcA cnopoduTr, a raMeTo(UT MPEJCTABJIEH JHUIIb HECKOJIbKHMH KJIETKAMH H
HaxoAWTCsA BHYTpHU cmopodura (puc. 175).

Poct. B 0CHOBe pocTa MHOTOKJIETOUHBIX DACTEHHH JIEHHUT MHTOTHYECKOE
IelleHHe KJIeTOK. ¥ HH3IMIHMX pacTeHWid — BOAOPOCIeil — Bce KJIETKH CIOC00-

MNbinbLUEBoS
3epHo

Puc. 174. CxeMa JBOHHOTO OILIOZOTBOPEHHSA
V¥ IBeTKOBEIX pacTeHHH
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Mukpocnopsl (n) Meracnopa (n)
L] LX)
"o te §d g9 Qo oo
P nC——h
Meiioa Meiioa
S Y =
MaTepuHckan MaTtepuHckaa
kneTka Knetka
MUKpOCNop Meracriop
f ? Cnopodut
MUKpOCTIOpaHT Wit MeracriopaHr it L f,'%"?ﬁ?uﬁiie
(MbINLLEBOV MELLIOK) (cemsnouka) pasy
» / cnophbl) (2n)
N /
PacteHuve
3urora (2n) =
(onno-\'\ —4
[OTBO-
peHue) \
Cnepmumn HAiAuexkneTtka
e P — lametodut
T * (nokoneHue,
obpaayouwee
MbinbLEBoe 3epHo 3apofbilesslil Mellok rametot) (n)

Pue. 175. JusHeHHBIH IUKI HOKPBITOCEMEHHBIX (BHIIHA)

HEBl JeIUThCHA, MO3TOMY POCT IMPOMCXOAUT PABHOMEDHO BO BCEX HANPABIEHHUMAX.
Y BBICIIMX pacTeHHUii, HAIPHMED HOKPBLITOCEMEHHBIX, K JIeJeHHIO CIIOCOOHEI TOJBKO
KJIeTKH 00pa3oBaTelbHOH TKaHHU, IOITOMY HX POCT CBH3aH C OTAeJbHLIMH yUyacT-
KaMu (ToO9KaMH pocTa), B KOTOPBIX OHA pacnonoskena (puc. 176).

Pocr pacTenns B IIHHY MOKeT ObITh 8€pXYWEUHbLM B 6cmasouHbLM. Hanpumep,
KOpeHb pacTéTr 6aarogaps AeeHuI0 KJIeTOK BepPXYIIedyHoi o6pas3oBaTenbHON TKaHH,
PACIIOJIOKeHHOH B 30He [elJleHWA TJIABHOTO M OOKOBBIX KOpHel. B mobGere rtaxas
TEaHb DACIOJIOXKeHa B KOHyCe HapacTaHHA MOYKH. B 3aBHCHMOCTH OT IIOJIOXMKE-
HHAA Ha nmobere OHA MOMKET HAXOAHWTHCS B BePXVIIEUHOH KM Ia3yIIHOH IOYKaX.
Ozxrakxo y HEKOTOPHIX PACTEHHH, HAIPUMED NIIEeHUIB, KYKYPY3hl, 6aMOyKa, KOHYC
HAPACTAHUA OTCYTCTBYeT M POCT IIPOMCXOAUT IIYTEM BREITATUBAHUS MeXXKIOY3JIH,
B KOTODBIX HAXOZMTCA BCTABOYHAA 00pasoBaTesbHad TKaHb. CKOPOCTH TAKOrO pocTa
MOMKeT JOCTHTaTh, HAMpHUMep v 6ambyka, 10 1 M B CyTKH.
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Puc. 176. MecToHaxoxieHue
of6pasoBaTebHOM THKAHH:

1 — 30Ha neneHUs KODHA
(rnaBHOTO M GOKOBBIX); 2 —
KOHYC HapacTaHus rnodera
(BepxylleYyHasd W Na3yIIHbIe
nmoukn); 3 — ramOmit

Poct pacTeHus B TOJNIIWHY IPOUCXOAHUT Oaarogapsa
JeATeJbHOCTH G0KOBBIX o0paszoBaTelbHBIX TKAHEH.
Hanpumep, B KOpHAX B cTebIAX MHOTOJETHHX [Ape-
BECHBIX DACTEHHMH XOPOINO BeIpaXKeH xKambuil (oT Jjar.
cambium — obmen, cMeHa) — CJIOH KJETOK obpaso-
BATEJBHOH TKaHH, B Pe3yJbTATE AeJeHHA KOTOPOTO
obpasyiores KIeTKH Jyba | ApeBecHHBI.

BoABIMUHECTBO BEreTATHBHLIX OPraHOB PacTeHHH
oﬁnanam'r HeOorpaHMd4eHHBIM pDOCTOM, T. €. PAcTyT B
TedeHHe Bcel »usHHu. [[pyroii ocobeHHOCTRHIO pocTa pac-
TEeHHI ABJIAETCA ero PATMHYHOCTH, T. €. YepeJloBaHHe
MpoIleccOB HHTEHCHBHOTO H 3aMelJeHHOro pocra. Tak,
IesATeJIbHOCTh KJIETOK KaMOHA saMeljifeTcd K OCeHH,
a BeCHOM HUX JelleHWe BO300HOBISETCH.

ITepuonsr orTOreHe3a pacreHuii. Poct conmpoBo-
JKIAaeT HHIHUBHIVAJIEHOE Da3BHTHEe pacTeHHA. B HéMm
BEIIEJIAIOT HECKOJBKO TIepHoA0B. PaccMOTpHM HX Ha
IpuMepe MOKPLEITOCEMEeHHLIX PACTEHUH. 3apoduliuesblil
nepuod HAYMHAETCHA C 00PA30BAHUSA 3UIOTHI U IIPOJOJ-
JKaeTcA 0 NPOPACTAHMUA CEMEeHH. 34 HUM CJIeyeT nepu-
00 monodocmu, WIA 8ezemamuéHblil nepuod, TaK Kak
B PasBHUTHM PAcTEeHUsA IpeobsafaloT IPOIECCHl PocTa
BEreTaTHBHLIX OpraHoB. Ilociie 3TOTO pacTeHHEe BCTY-
IIaeT B 2eHEPAMuUBHbLl nepuod, Win nepuod 3pesocmu:
nBetér, obpaszyer U paclnpocTpaHdeT CeMeHa U ILJIOJHL.
B zakam0uHTEeILHOM HepHOJe OHTOreHe3a PACTeHHdA
npeobaJaroT IPOIecCHl OTMUPAHUS OPraHOB, IO3TOMY
ero HasweIBalOT nepuodom cmapocmiu. B sToT mepuon
faarogaps BereTaTUBHOMY Pa3MHOMKEHUI0 HEKOTODHIe
pacTeHHs CHOCOOHBI OMOJAMKUBATHCH. 3aBeplIaeTcs
[IepHOJi CTAPOCTH CMePHibI0 PACTEHUA.

I'amemogum,; cnopoum,; anmepuduu; apxezoHuu; 3apocmokK; Mezacnopa;
gocbMuAdepHbLil 3apodeiuieabiil MewoK; cuHepzudvl; AHMUNOGbL; MUKPOCNOpa;
NbLAbYEBOE 3ePHO: ZeHEPAMUBHAA KAeMKA, 8e2eMaAmMueHas Kiemkxa; d6oliHoe
onnodomaeoperue; pocm: 8epxXyuLeyHblil, 8CMABOYHbLI; KAMOULL; nepuodsbl OHMO-
2eHe3a: 3apodblulesblil, 8e2eMAMUBHbLIL, 2éHePAMUBHbLIL, CMApocmb, CMEPMb.

Bonpocbl u 3apaHua

1. B 4ém 0coBeHHOCTb pasBuUTUsl PACTEHWMIA NO CPABHEHWIO C XXMBOTHLIMIN?
2. Kak npoucxoavTt YepenoBaHue rMoKONEHWUA B XU3HEHHbIX LMKNax pacTeHuii?
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3. Kakoe nokoneHuwe npeobnagaer B XM3HEHHOM UMKNe: a) sogopocnen; 6) Mxos;

B) NanopoTHUKOODOPA3HLIX; I') CEMEHHbLIX PacTeHWn?

4. Kak nameHsercs rametoduT OT HU3LWKX K BbICLUMM pacTeHuam? Kakoe npenmyLlecTeo
3710 paét opradHnamy? OTBET NPOMNNIOCTRPUPYIATE NpUMepamu.

5. CpaBHuTe pasBuTue NpeacTaBUTENEr PasfiNdHbIX CUCTEMATUHECKUX TPYINN HU3LWWUX K
BbICLUMX pacTeHuid. MNepedvepTute B TETpaAb W 3anonHuTe Tadnuuy.

YepemoBaHHe NMOKOJEHHH y pacTeHH

I'pynnsl pacrenmii Tamerodur (n)

Cnopodwur (2n)

6. W3 kakux NepuofoB COCTOMT OHTOreHes MOKPbITOCEMEHHbIX pacTeHuin? Ha npumepe
Kakoro-nMbo pacTeHUsi ONULLMTE NPOLIECCHI, MPOVCXOAALLIME B 3TU Nepuoabl.

§45. HekneTo4Hbie GPOPMbI XXN3HU — BUPYCHI

3 ) Paccmotpute puc. 177—180. Kakve BewecTea BXOOAT B COCTAB BMPYCOB?
- BcnomHute, kakue 3aBoneBaHns BbI3bIBAIOT BUPYCHI.

Kpome opraHusMoB, HMEOIAX KJIETOYHOE CTPOEHHE, CYIECTBYeT U HeKIeTod-
Had (opma XH3HH — Bupychl. OHU 0671aa10T CBOMCTBAMH, KOTODLIE MMO3BOJIAIOT
CUHTATH MX ’KHBBIMH CYIECTBAMH, HO MOT'YT PACCMATPHUBATHCSA W KAK TMTaHTCKHE
MOJIeKYJIEl HYKJIeonpoTen 0B, Bupycel 06/1a1a10T HACIEACTBEHHOCTHIO ¥ H3MEeHYH-
BOCTBIO, B TO K€ BPEM#A OHH He CIOCOGHBI K CAMOCTOATEILHOMY 06MeHy BelllecTs,

He UMelT DPAJA IPH3HAKOB JKUBOTO. Ilo-BHAMMOMY,
OHH IIPeACTABIAIT cOBOM KaK GBI MePeXOJHYIO IPYIIIY
MEKIY *KUBOIM M HEeXUBOH IPHPOIOIH.

OtkpeiTie BUpYcoB. Bupyce: orkpern B 1892 r. pye-
ckmii yaénblid [Imuarpuii Mocudoruy VBanoBecKuit
OpH H3Y4YeHHHM Mo3auyHOo# OomesHu Tabarka. Cam
TEePMHH gupyc (or nar. virus — a7) ObLI TpeIoKeH
nosxuee M. BeiiepuuakoM. CHavana BUPYCHEl OBLIH
OomMcaHbl Kak 0o0Jie3HeTBOPHBIE AreHTHI, CIOCOOHBIE
Pa3MHOXKAThCA TOJBKO B KJIeTKax xosauHa. OHM Ha-
CTOJIEKO MAaJibl, YTO HE BHJHEBI B CBETOBOM MHKPOCKOII,
IO3TOMY O NOABJIEHUS 3JIEKTPOHHOTO MHUKPOCKOIA
MIPHUPOLA BUPYCOB OCTABAJACH HEACHON. AKTHUBHOE HX
H3y4YeHHe HAYaJIOCh BO BTOPOM IMOJIOBUHE XX B.

CrpoeHnue ¥ KU3HEJEATEILHOCTE BUPYCOB. BHpyCH
B HACTOMAIee BpeMs BbIJIeJIeHbI B OTAEJILHYIO HMIIEPHIO
HEKJIETOYHBIX OopranuamoB — Vira. [na HUX Xapak-
TepHBI CleAVIOUHe MPU3HAKH.

Ivurpuit Wocudosuy
WsaHOBCK M
(1864—1920)
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1. Bupychel o4eHb MaJbl M PA3JAUYHAMEl TOJIBKO B 3JIEKTPOHHBIA MHKPOCKOIL.
Pasmeps! BupycoB Koaebaorea ot 15 go 400 mMm.

2. Bupycsl HMeIOT ZOCTATOYHO NPOCTOE CTPOoeHHEe. VX MOKHO PACCMATPHBATH
KaK reHeTH4YecKHe sineMeHTHI, cocrogmue u3 [JHK nim PHE, ogeTsle B 3aIUTHYIO
OeJIKOBYIO HIIH DeIKOBO-JIHMIUAHYIO 000I0UKY.

3. BHDYCHI MOTYT PasMHOKATHCA TOJABKO BHYTPH KIJIETKH APYrOro OPraHu3Ma.
BHe KIeTKH OHW WHEPTHBI, CIOCOOHBI KPUCTAJIM30BATHCH MOA00OHO HEKUBOMY Be-
IIEeCTBY, COXPAHAA IIPH 3TOM CBOM CBOMCTBA.

4. KusHeeATeNbHOCTE BUPYCOB NPUBOAUT K rubeiy KiIeTKH-xo03iuHA. [Ipu
BHEJPEHUH B JKHUBYIO KJIETKY BHPYC HAUMHAET PA3MHOMKATHCS, [IOJABIAA U Pas3py-
miafg BCe CTPYKTYDHL KIETKHU-X03AMHA.

Bupycsr yerpoeHs! pocTaTouHo mpocTo. OTAelbHBIE YACTHIIEI BUPYCOB — BU-
PUOHBL — COCTOAT U3 HYKJIEHMHOBOW KHUCJIOTH 1 OenxoB. I'eHeTmyecKHil anmapar
BHPYCOB MoKeT ObITE npegcTaraed moaerynoil [ITHK nnn PHE. HyknenHoBas Kuc-
JIOTa COCTABJIAET cepdyesuny BUPyca U 3alunieHa 0eaxoBoil 000I09K0#M, KOTOPYIO
Ha3bIBAIOT Kancudom, IPUIEM OHA MOKeT OBITh YIAKOBaHA B KaICHIE CIMPAJIbHO
HJIH cBépPHYTa B Kaybox. Kamcua Bupyca MOCTPOEH M3 MHOMKECTBaA CYOBeIMHHIL
Gesika ¥ B 3aBHCHMOCTH OT HX PACIIOJOXKEHHA HMeeT PasIudHYI0 KOH(pHIrypanuio.

Popma BUPYCOB pasHooOpasHa: MHOTOTDaHHAA B BHe WKocasfpa (BHpyC IO-
JTHOMMENNTa) HIIH JoAeKasApa (BHpyC reprneca), NajJOYKOBHAHAA MM HUTEBHUAHASA
(Bupyc Tabaunoi Mo3auKkHu), OynaBoBuaHanA (bakTepruodaru), okpyriaada Gopma (Bu-
pyc rpunmna). BoJsmuHECTBO BUPYCOB HMEIOT CHMMETPHUYHYIO CTPYKTYPY (pue. 177).
HexkoTophkle BEHpYCEL 001aga0T DoJiee CI0KHBIM CTPOEHHUEM, KPOMe CeDALeBUHBI K
KallCHJa ¥ HUX MOXKeT ObITh ellé JOoNoJHHUTeIbHadA OeIKoBO-IHNuAHAA MeMOpaHa.

IIpoEHKaA B KJIETKY, BHPYC HAYHHAET CHHTE3 CBOHX OEJKOB M DEILIHKAIIHI0
supycHoil [THK, ucnonssys pubocomer, TPHE u ¢epMeHTH KIESTKH-X03AHHA.

Bupyc
Taba4yHoi Mosauku (BTM)
PHK e e o Cy6
CepALIEBNHbI 7~ Bii; m::nunuua
e

Bupyc
nonuoMuenuTa Bupyc repneca

Puc. 177. Pasnoobpasue BHPYCOB
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§ 45. HeknetouHbie GOPMBEI XU3HU — BUPYCbI

BupycHBIe YACTHIIE PA3MHOKAIOTCH, KJETKa-X03AHH mormbaer. Bupyc mopaskaer
HOBBLIe KJIeTKH. B cllyuae eclIH reHeTHUeCKMM anmapaToM Bupyca asiaserca PHK,
BHAUAJE HAET mpolece oopamuoii mpanckpunyuu (cunres THK na marpune PHK),
a namee — xKak v JJHK-comepsxamux Bupycos. IIponece :xusHe eATeJIbHOCTH BUPyCa
MOYKHO MIPEACTABUTH B BHE CXEMBEI:

obparaas

TPAHCKPULIILHA PEeITHKAIAA
—

pupycHasa [THK (ogua mems)
TPAHCKPHIIHUA

supycHas PHK

M5
pupycHaa uPHK 22222000, Genku Bupyca.

neoitEas cnupans [JHEK

PHE-cozepxaniie BAPYCH HA3LIBAIOT Pemposupycamu, TaK Kak JJId HAX Xa-
paKTepeH mporecc o6paTHOM TpaHCKpUNIUH. VX naydernue I03BOJIHIO YCTAHOBHTE,
4TO Hac/IeCTBeHHAS MH(OPMANHA MoxeT nepeaasarscsa He Tonbko ot [THK k PHK,
HO u obpaTao — or PHK x THK. Bre »KuBO# KJIeTKH BUPYChHI He CIIOCOOHBI K pas-
MHOM(EeHHIO H CHHTe3y 0elKkoB. B KIeTKe-X03A1MHe, KPOMe IIpOoIecca TPAHCKPHIIIUH
¥ TPaHCIANMH, NPOMCXOAUT U perummkanusa BupycHeix JTHK. Ilocne crHTe3a KO-
crarounoro xonmuecrsa JJHEK, PHK u 6GelKoB OPOHCXOLHT caMocOOpKa BHDYCOB
M BHIXOJ WX U3 KJIeTKH, KOTOpad B pe3yJbTaTe 9TOr0 HOorubaer.

Bupycs! BEI3LIBAIOT pasiaudHbIe 3a00eBaHNA pACcTeHHH, KUBOTHEBIX, Y€I0OBeKa.
9r10, HanpuMep, BUPyCcH TabauHoil mosauku (BTM), rpunna, KOpH, OCHEI, IOJHO-
MHEeJHTa, BEPYC HMMyHOAedunuTa gesnosexa (BHY), BeispiBaromuii sabonepanmne —
cuEApoM npuobperénnoro ummysogedunura (CIIM]). B 6akTepHanbHBIX KJIETKAaX
NapasHTHPYIOT BHPYChl DakTepuodaru.

Bupycsr — 3T0 MH(pEKIHOHHBIe YACTHIIBI, KOTODEIE Yalle BCEro BBI3BIBAKOT
rubens KaeTKU-xo03auHa. OOHAKO MHOTZA BHPYC MOKeT BKJIKYATHCA B XPOMOCO-
My KJETKH, He BHI3bIBad e€ ImOesH, PeIIMIUPYsCh BMECTe C 'eHOMOM XO03AHMHA.
B sToM cayuae IpH [eJleHHHM MaTepHHCKAad KJIeTKa OyJeT mepeaBaTh BHPYCHYIO
IOHK nouepaum KjaeTkaM. IIpy sToM MoseT HAPYIIHTLCH MPOLECC [eJeHUA KJIeTKH
¥ 00pasyloTea aHOMAJbHBIE KIeTKH. JTo HabnojaeTcsA, HapUMep, IPH BHeAPEHUH
OIOyXO0JeBEIX (OHKOTeHHEIX) BHPYCOB B KJETKY. HenpepeIBHEIN CHHTE3 BUDYCHBIX
6eIKOB cnoco6eH MPEeBPATHTE HODMAJbHBIE KJIETKH B pakoBble. Mayuenue Ta-
KHX BHDYCOB JAJI0 BO3MOYKHOCTE IOHATH BHPYCHO-TEHETHYECKYI0 OPHPOAY paxa.
PaccMOTpHM KU3HeesATeILHOCT: BUPYCOB HA mpuMepe GaxTepuodaros u BAY.

Baxrepnodaru. Baxmepuogazu — 3T0 BUPYCHI, [I0PAMKAOIIAE KIeTKH GaKTepHil
(moxxmparenu 6axreputi). Bakrtepmodar cocrour us OeIKOBOI IOJIOBKH, B IEHTDe
KoTopoit maxoaures supycHas THK, u xsocra (puc. 178, I1). Ha xorne xBocra pac-
MOJIATAIOTCA XBOCTOBRIE HUTH (OTPOCTKH), KOTOPhIEe KOHTAKTHPYIOT C PeleNTOPHBIMHA
yYaCTKaAMF HA MOBEPXHOCTH 0aKTepHaJbHOM KIETKH H 3aKpeILIaioT 6axTepHodar.
BazanrpHad NIacTHHKA XBOCTA COAEP:KHT (PepMeHT, paspymIalolHi KJIeTOYHYIO
creHKy GakTepuu, uTo obecrneunsaer npoHukHoBeHNe JIHK BHpYyCa.

ITo xBocToBOoMy kanany JTHK Bupyca BeupheiCKHBaeTcA B KJIeTKY OaxTepHu.
Ona BcTpamBaercs B baxrepuannuyro [IHK, mogasias upu sToM cHHTe3 GakTepH-



246

naea 8. PABMHOXEHMWE U PA3BUTUE OPTAHU3MOB

BaszancHas
=
XBOCTOBLIE HATWU i e

1 C W1namim

JHK 6akrepun OHK dara
/)’v \A
Mpukpennexne
a BeepeHue
K GaKTepuansHoi IOHK dara
KneTke B GakTepuio

CuHtes

OHK dpara
CuHTea 6enkoBbIx B KNeTke
Karcuaos BakTepumn
1 c6opka (aroe

Puc. 178. Crpoenne (1) n :xusHenHEH nuki (2) 6axreprodara

anpHbIX Genxos. Bmecro Hux curresupyiorca [ITHK, PHK u 6enxn 6aktepuodara
(puc. 178, 2). B 6aKTepHalIbHON KJeTKe NMPOMCXOAUT cOOPKA HOBBIX YACTHI| DaK-
Tepuodara, KOTOpbie MOKHIAKT MOrubumyio 0aKTepHio ¥ BHEADPHAIOTCH B HOBBIE.
BakxTeprodaruy MOryT MCIIOIB30BATHCA KaK JIeKapcTBa IPOTHB Bo3OyAUTesNeil pas-
JIHYHBIX HHOEKIMOHHLIX 3ab0o/eBaHuil (Xxosrepsl, OpoomHOrO TH()A).

BHY. Bupyc, seiseiatontuit CITM]L n HasBaHHBIN 8upycom ummynodeduyuma
uenosexa (BH' ), OTHOCAT K DeTPOBHpYyCaM, €0 eHETHYECKHH MaTepHal Ipej-
crasyie B Bujie mosexysn PHK. Bupunorsr BUY umeroT oKpyriyio GopMy U 1uaMeTp
100—120 sm. HapysxkHasa GenkoBo-TUNHAHAS MeMOpaHa, NO3aMMCTBOBAHHAS OT

MembpaHa

Benku
MemOpaHb!

Puc. 179. Crpoerne BUY (supyca CIIMIa)

KJeTKH-X03AWHA, IPOHU3aHa CODCTBEH-
HeIMH Oenkamu Bupyca. OHH mrpaimor
BaXXHYI0 POJb B IpoIlecce IPOHHUKHO-
BEeHHUA BHUPYCa B KJIETKY-MHulleHb. [lox
memOpaHOil pacnmonaraercss 6Ge/IKOBBI
Karcuz, o0pasyiolmni TpoMeXyTOUHYIO
obonoury. ITog HUM cepameBmHA BHpPY-
ca — HyKJeoujs, GerkoBasa oboagouka
KoToporo uMeeT (OpPMY YCEUYEHHOT'O KO-
Hyca. BHyTDH HYKJIEOHIa HAXOAATCH IBE
monexyasl PHE u depment obparnas
TpaHcKpHOTaza (peeeprasa). ITOT dep-
MEHT KaTaJH3upyeT PeaKmuio obpaTHOM
TPaHCKPHIIHY B KJIeTKax (puc. 179).
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~No o &

Puc. 180. JKusnenusni nuga BUY: I — Genok-penentop; 2 — KJIETKA-MUIIeHb; 3 — AAPO,
IHK raersn-Mumenyn; 4 — Gelky BEPYcHO#A 000J04KH; 5 — BUPYCHAA PHK; 6 — wramncun;
7 — obparHas TpaHckpunrasa; 8§ — JHK-xomus (@ — ¥ — IOCTIeN0BaTeNbHOCTE cTamgui)

Tponece mopakeHns KJIeTKH-MHINEHH IPOoTeKaeT CIeAyIOMmIM obpaszom (puc. 180).
Ha mOBepXHOCTH KJIETKH UMEITCH cleluduieckue GelKn-perenTopbl, ¢ KOTOPBI-
MM CIOCOBHBI CBASLIBATHCA HapyKHble OGenku BHpyca. [Ipu KOHTaKTe C KJIEeTKOH-
MHUIIeHLO 0eJIOK BHpYca BBIAEpPruBaeTcsA M 0cBOOOMXKIaeTcs «0CTpHE» — APYroH
fesI0K, KOTOPHIi CIIoco0eH MOBPEKAATE KJIeTOUHYI0 MeMOpaHy. BupycHas memOpaHa
C/IMBAETCH C KJIETOYHOI, U COLepKHMoOe BUpyca mocTymaer B KieTky. ITocie mpo-
HUKHOBEHHNs BHPYCA C MIOMOIIbI0 (hepMeHTa 00paTHOHM TPAHCKPHUIITA3BI HA MATPHILE
pupycuoit PHK cuHTe3upyercsa BHaYaje ofHA LeNb pupycuoit JHK, a 3areMm B mpo-
mecce PEIIMKAIIMHA — BTOPAad Ilellb. B peaysbTare 3TOro mpolecca BUpycHAd OHE
3aMBIKAETCH B KOJBIO ¥ BCTPAWBAETCA B TeHOM KieTku-mumreHu. Ha maTpune BH-
pycHoit [THK HauMHAIOTCA MPOIECCHl TPAHCKPHIIIMA B TPAHCAAINHA, CHHTE3UPYIOTCA
supycusie PHK u Genxn. Iloce 3apepiireHns NpPOLEcCOB CHHTE3a IPOHCXOLHT cOopka
HOBBIX BHPYCHBIX YACTHI, ¥ BEIXOJ M3 KJIETKHU IIyTEéM OTIHOYKOBBIBAHUA OT KJIeTOUHOH
Mem6pansl. IIpa aTOM 4acThb KI€TOYHOH MeMOpaHbl CTAHOBHUTCA memGpaHoil BUpyca,
KJeTKa-X03AMH norubaer, 4 HOBbIe BUDHOHBI IIOPAKAOT Apyrue KJIeTKH.

B macTodAllee BpeMA M3BECTHO, YTO BHPYChI MOTYT [AJIHTeJbHOE BPeMs COXpa-
HATHCS B OPraHW3Me, He BhI3bIBadA 3abonesaHusd. OTAenbHbIe BHPYCHBIE YaCTUILEL
HaxXOOATCHA BHYTPH KJIETKH, He OKas3blBas BIHAHUA HA eé HeJIOK — CHMHTEe3UPYIOIIHHA
anmapar. Bojiee Toro, yCTaHOBJIEHO, UTO OHYU BBINOIHAOT BAKHYIO POJIb B IIEpeHOCE
reHeTHYecKoi MHGOPMAIMN MexJy KJIeTKAMH M TKAHAMH OPraHM3Ma, a TaKiKe
MeKAY PasIHYHBIMH 0COOAMM.

Bupyc, éupuok, cepduesuna, kancud, o6pamnais mpaHcKpUnyus, pemposupycst,
Gaxmepuogaz, supyc ummynodeduyuma werosexa (BHY ).
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Bonpockl n 3apaHus

1. Kem v koraa 66111 OTKpPBITE BUPYCHI? Mcnonbays puc. 177—179, cpaBHUTE CTpOEHUE
PasnnyHblX BMpYcos. OTMeTLTE YepThl CXOACTBA W Pa3NvyMs.

2. Yem MoxeT ObiTb NPeacTaBNeH reHeTUHeCKUii annapart Bupycos? Ha kakue age rpynnsi
WX MOXHO pasgenuts? MNpueeaute NPUMEpPLI TakMX BUPYCOB.

3. Kak npoucxoauT npoHWKHOBEHWE HakTepuodara u BUY B kneTky-xo3auHa? B uém mx
CXOACTBO W pasnnyne? Kakve BellecTsa y4acTByiOT B 3TUX NpoLeccax?

4. B 4ém cyTb npouecca o6paTHOi TpaHCKpMNuMn? Kakoit dbepmeHT katanuaupyer aTtor
npouecc? Kakoe 3HauyeHue aTo MMeeT ANs XW3HEHHOro LMKIa Bupyca?

5. Wcnonbays puc. 180, onuwumnTe XU3HEHHBIH umkn BUY.

6. Mouemy BupycHsle OHK MoryT anutensHoe BPEMA COXPaHATLCH B KNETKE-XO3SUHE U

nepegasaTtbCH OOYEPHUM KIeTkam?
HdononuurensHas nugpopmaymns

CIIU]I aBnsercsa efuHCTREHHBIM BHIOM MMMYHOJeDHIUTA, MMEIOIINM KOHKPEeTHOTO
BosbyzauTens — BUY. Knerkamu-mumenavu aas BUY SBIA0TCH KIOTKH KPOBH M MO3ra
qesoBeka: B-mumponurs:, T-1uMbonuTE, MOHOUTEL, HeHDOHEI, HeHPOrIus, a TaKkKe
KJIETKH CIH3HCTOH KUIeYHWKa, IJIaleHTa u Ap. B mepsyio ouepeas BHDYC IOpajaer
T-n1umMbonuTs, OTBETCTBEHHbIE 3a BhIpaboTKy mMMyHHTeTa. BUY xapakTepuayerca
Kpaiine ObicTpo# opmoi msmenunpoctu. Ona B 30—100 pas BEIIIIE, YEM y BHpyca
rpunna. ITocie sHeapenua BHpyca B THMQONHTH Yepe3 HECKOIBKO Hellelb B KPOBH
1eJI0BeKA MMOABIAIOTCA AHTHUTENA, HO BUPDYC MOKET JOJIr0 He MPOSABIATH cebs, Tak Kak
HMEeeT ATUTeTbHBIH HHKYOaHOHHLIA nepro/ (0T HECKOTBKAX MECALEB 10 HeCKOIbKUX
ser). B onpenenéHHBIA NepHon AeATEIBHOCTD BHDYCA MOMKET aKTHBH3HPOBATHCA, U OH
HAYMHAET IOPAKATH HOBEIE KJIETKH, YTO IPHBOAUT K pasBuTHI0 Oosnesnn. [Topamkénnanie
AUMQOUHMTEI, OTBETCTBEHHbIE 32 MMMYHHYIO DEaKIHIO YeI0BeKa, MePecTaioT Y3HaBaTh
dyepofHbIe GaKTepuH, aHOMAJbHbIE KJIeTKH M BHIPaGaTHIBATL aHTHUTENA. IIpu arom
BTOPUYHblE HHPEKIHH (IHEBMOHUA, IeNATHT, AUAPEd) IOPAXKAIOT OPraHUaM, MOT'YT
BOSHHKHYTH onyxonu (capkomer). Ilocienusas craamsa 3abojeBaHUs XapaKTepU3yeTcs
Pe3KMM YMEHBIIEHHEM MacChl Teja, ciaboyMueM 3a CUET mOpakeHHMA KJIETOK MOara,
CHIDKEeHMEM BCeX MMMYHOJOIMYECKHX NOKasaTeneil H, HaKOHeL, ru0esbi0 OPraHu3Ma.

BHY Brifiesen IPakTHYECKHA U3 BCeX MHU3MOIOTHYECKHX HUIKOCTElH OpraHm3Ma: us3
[J1a3MBl KPOBH, CEMEHHOH JKHIKOCTH, CIIOHBI, MATEDUHCKOTO MOJIOKA, CIIMHHOMOBIO-
BOM KHIKOCTH, c183. OHAKO KOHIEHTPANUS BHPHOHOB B STHX JKHIKOCTAX pasnudHAa.
IToaromy HauGoslee pealbHBIME NYTAMH IepPefaYl HHOEKIIHA SBIAIOTCH:

1) foHOPCKHME OPraHEl, TKAHH, IIA3Ma KPOBH, KOCTHEIH MO3T, CYXOKHIIHA;

2) 3arpA3HéHHBIE MEJHIMHCKME HHCTPYMEHThI: WIIHI, INOPHIEI, XUPYPTHYECKHE B
CTOMATOJOTHYECKHE HHCTPYMEHTE];

3) mo/I0Bble KOHTAKTEI MEXIY naprHépamM#, OfWH M3 KOTOPHIX — HocHTeah B

4) «BeDPTHKANBHBIH» OYTh «MATE — DEOEHOK» (BHYTDHYTPOOHO, NpH pomax, mpu
BCKaPMJIMBAHWH I'PYJHBEIM MOJIOKOM).

BbIBOAbI MO rNMABE 8

PasmMHO:eHMe OPraHH3MOB ofecleuMBaeT HENPEPHIBHOCTH JKH3HHM Ha Semie.
Paznuyaror Gecrosoe u moioBoe PasMHOMKEHHE.
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B ocHOBe GecnoJsioro pasMHOMKEHHIA JIKUT JeJleHre KJIeTOK MHATO30M, ofecreun-
BaoIIee NOJTHYIO HAEHTHYHOCTh JOUYEPHUX OPraHU3MOB HCXOJHOMY MATePHHCKOMY.
DopmEel GecroIoro pa3MHOKEHHA: IIPOCTOE JelleHre, WU JejeHre HaJBoe, Berera-
THBHOe, NOYKOBaHue, ()parMeHTanudA, CIOPYIAIHUA.

B ocHOBe 110/10BOT0 pasMHOMKEHHA NEKHUT Meiios, obecrnieunsaonuii obpasoBaHye
ramiougHeIX ramer. HoBblit opranmamM pasBuBaeTcAa W3 3UIOTHI, 00pasoBaBIIeics
B pe3yJibTaTe OILJIOJOTBOPEHUS — CAHUAHHUA SAIep MYKCKHX H KeHCKHX raMerT.
IToroBoe pasMHOKeHHE HMeeT NPEeMMYIIeCTBO Iepej OeCIOJbIM, TAK Kak obecre-
yuBaeT GoJbIle BOZMOMXHOCTEH /I NPUCIOCOONeHUA K H3MEHAIOIMIUMCSH YCIOBHAM
cpensl, NOABJEeHHe MHUPOKOro pasHooOpasusa OPraHu3MOB.

OHTOreHe3 OXBATHIBAET BCE ITANbI PA3BHTHA 0cOOM OT MOMeHTAa 06pPa30BaHMUS
BUIOTHI /10 cTapeHHdA U cMepTH. OH COCTOMT M3 ABYX IEPHOLOB: 3MODPUOHAIBLHOTO
u nocrambpuonansHOro. Paspurie B nmocTaMOpPHOHANBHBIN HEePHOJ MOKeT OBITH
MPAMBIM ¥ HenpsAMEIM (¢ MeTamopdoszom).

Tembl noknanos, pedepaToB U NPOEKTOB

1. PaamMHOXeHne OpraHn3mMoB — OCHOBA HErnpepbiBHOCTH XU3HW.

2. ®opmbl 6eCnoNoro Pa3aMHOXEHUA OPraHU3MOB.

3. DopMbl NONOBOIO Pa3MHOXEHWA OPraHN3MOB.

4. Uctopust OTKPLITUS ABOMHOIO ONJIOOOTBOPEHUS.

5. N3yyeHne cTaguii aMOpuoreHesa XuWBOTHLIX HA MUKpONpenaparax.
6. YnpaBsneHve pocToM 1 pa3BUTMEM PACTEHWIA.

7. Bupycel: Bparv v noMoLLHuKnu?

8. CNNL — «yyma» XXl Beka.

FEHETUKA — HAYKA O HACNEAOCTBEHHOCTU
U UIBMEH4YUBOCTU OPFTAHU3MOB

Fnaea 9.

§46. UcTopus CTaHOBNEHUS U Pa3BUTUS FrEHETUKMU

5 BCNoMHWTe, Kakne CTPYKTYpPbl KNETKM OTBEYAIOT 3a XpaHeHue U peanvusaumio
o HacnencTBEeHHOW HbOopPMaUMK. 4TO CRYXUT NPUYMHON NOABNEHNS HOBLIX NPU-
3HAKOB Y NOTOMCTBa NP NONOBOM Pa3MHOXEHUN?

C naBHMX BpeMéH UelOBeKa 3aHMMaJ (DAKT CXOACTBA POAHTeNeil 1 aereil. PaGoTs
IO BRIDAMMBAHUI0 KYJIbTYPHBIX PAaCTeHHUH W DPasBeJeHHI0 JAOMAIIHHX XUBOTHBIX
AIBHO CBHJIETEJBbCTBOBAJH O HAJHMYWH ONPENeEHHBIX IPU3HAKOB ¥ KaJIO0r0 cOpTa
HJIH IIOPOABI, TPHYEM YHCJIO OTJIMYNTEIbHBIX IPH3HAKOB OKAa3bIBAIOCE TeM fosble,
4YeM MeHbIIle OblIa CTeIeHb WX POJICTBA.

IIpeAnocHIKH BO3HHKHOBEHHA FeHETHKH KaK HaykH. PasBuTHe IDaKTHKH rub-
PHIM3AlIMKM B CEJbCKOM XO03AMCTBe IPHBEJIO K HAKOIUIEHHWIO CBeIeHHH O IpHpoe
CKPeImHMBaHHUs, COYEeTAHWH IPH3HAKOB y IMOTOMKOB, a Take (akToB 00 omnpege-
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JIEHHOM XapakTepe ux npossieHui. [Ipu moxbope map Aad CKpelmHBaHHUA JIOJH
CTapaJIACh YUNTHIBATE IIOJIOKUTEIbHBIE IPU3HAKY KaMJI0r0 OPraHu3Ma M Hepeako
HaGII0IAH ToaBIeHHe, Jaje HCYe3HOBEHNE IPU3HAKOB OHOIO DOAHTENA |, Ha060-
poT, IpOSBIIEHHe OIlpe/eIEHHBIX NPH3HAKOB Apyroro. B cepeamre XIX B. MHOrHME
HCClIefOBATENH NBEITAIHChL YCTAHOBHTH IPHPOAY ATHX ABNeHHM. IIpakTuuecKue
OTPeGHOCTH CTHMYJIMPOBAIH IMOMCKH CIIOCOG0B COXpaHEHHA MOJe3HBIX CBOMCTB Y
pacTeHHi W KHBOTHBIX, A TAKJKe COUYETAHHA MX B OJHOM opranusme. [lanbHeiimee
pasBUTHE CEIBCKOT0 X03AMCTBA TOPMOSIIIO OTCYTCTBHE 3HAHUM O TOM, KAK OCYIIeCT-
BJIAeTCA Imepeada HacaeAcTBeHHON nHpopManun. ToabpKo IpaKTHYIECKHMHE MeTo/a-
MH PelIuThL NpodieMy He yaaBaiock. IloABHINCE pasIMYHbIe THIIOTE3BI O IPHPOAE
HACJe[CTBEHHOCTH, KOTOPhIe TpeboBaad HayuHOro maydeHud. OcHoBHas omubKa
HccaefoBaTeIel 3aKII0Yalack B TOM, YTO OHU IBITAIMCE YCTAHOBHTEL 3aKOHOMEPHO-
CTH HACJIeJOBAHUSA CPa3y MHOTMX NPHU3HAKOB OPraHM3MOB, UX B3AUMHOE COUYeTaHHE.

PaGotsr I'. Menneas. Mccneqosanusa demckoro monaxa I'peropa HMoranma
MeHmensd TMO3BOJIUIM 3HAYUTENLHO IIPOJBHHYTHECS B 00JACTH M3YUeHUs HaCJen-
CTBEHHBIX CBOMCTB opranuaMoB. Menaens poguicsa B Mopasuu B 1822 r., npusan
AyXOBHEI cad B 1843 r. B MOHACTHIPEe aBIYCTHHIEB B ropoae Bpionne (ubine BpHo,
Yexusa). B BeHcKkoM yHHBepcuUTeTe OH B Te€UeHHe JABYX JIeT M3y4aJs eCTeCTBeHHYIO
MCTOPHIO ¥ MaTeMaTHKy. Ero 3amHTepecoBaId BOIPOCH TMOPUAM3AIHN PACTEHHH,
XapaKTep HACIEZOBAHHWA DASJINMYHBIX IPH3HAKOB VY 'HODHIHBIX MOTOMKOB.

Ilocne BosBpalleHusi B MOHACTHIPh MeH/je/ib PellnJ BIJIOTHYIO 3aHATHCA HC-
clleloBaHMEM 3aKOHOMepHOCTeil HacjeA0BaHUs IPH3HAKOB. B KauecTBe oObeKTa
I 9KCIEPUMEHTOB OH BHIOpAN ropox moceBHOH. Tak Kak 9TO CaMOONBLIAIOIIEeCH
pacTeHHe, IPAKTHIECKH HCKJI0Yalach BO3MOMKHOCTh EPEHOCA HbLIBIEI C COCEHUX
ocobeil, 4TO MO3BOJSIIO MCKYCCTBEHHO CKDEIIMBATH COPTA M TONydYaTh IMOPHABI.
K aToMy BpeMeHH OBLIO M3BECTHO MHOTO COPTOB rOPOXa IIOCEBHOTO, Pa3Iuyaromuxcs
o ofHOMY, ABYM, TpPEM H Oojee IpH3HAKaM, & caMoO
pacTeHue JOCTATOYHO JIeTKO BRIPAIIMBAJIOCH U AABAJIO
MHOTOYMCJIeHHOe IIOTOMCTBO. BONbIIOe YHCI0 ITOTOM-
KOB ofecIieymsio BO3MOXKHOCTb IOJYyUYeHHS CTATHCTH-
YecKU NOCTOBEpPHOro pe3yibrara. Ilocie TIaTelbHOH
IBYXJIeTHell IPOBEePKHU U3 34 COPTOB ropoxa MOCeBHOT'O
MeHe/ b OCTABUII JJIA CBOMX OIIBITOB II0 THOPHUIU3AIHH
IUIE 22, KOoTophle IPHW PA3MHOXKeHHH HeM3MeHHO CO-
XpaHAJN CBOH IPH3HAKH B IIOTOMCTBE.

MeHnenb ONpeAesIn YHCJIO IPH3HAKOB, IO KOTO-
PHIM JOJMKHBI OTJHMYATHECS CKDeIlHBaeMble DACTEHHS.
OH NPHIIEN K BLIBOLY, YTO HCCIeJOBAHHA HEOOX0AMMO
HAUYATH ¢ CAMOTO IIPOCTOrO — PA3JIUYHs POAHUTENeH 1o
OHOMY-eJMHCTBEHHOMY IIPH3HAKY. MeH/e/b BbIAEJIHI
ceMb Hamnbojiee APDKUX NPH3HAKOB: OKPAacKy # Gopmy

I'perop Horans Mergern
(1822—1884) ceMAH, OKpacky ¥ (opMy OIOHOB, BBICOTY crebad,
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OKpacKy ¥ pacmoJio;KeHHe Ha crefiie BETKOB. BN ONpeJieNeHkl 3Tanbl paboTsl,
MaTeMaTHYeCKH PACCYHMTAHBI M MPOAHAIH3MPOBaHBl Bee nanuble. Ilomo6HEBIE ake-
epPUMEHTHI IPOBOAUIYM M APYTHe HCCIeNOBATENH, HO TOJIbKO MeHIens cMor 06b-
ACHHUTH IOJIyYeHHbIe pe3yabTaTel. OH BBEN TaKWe MOHATHA, KAK JOMUHAHTHHIH H
DEeNeCcCHBHBINA NPH3HAKH, JaJ KOJHYECTBEHHYIO OIEHKY M MaTeMaTHYEeCKU OIMCAJL
XapakKTep OTKPBITHIX UM 3aKoHOMepHocTeid. B 1865 r. Menjens ony0nuKoBan pe-
3yJBTATHI cBOeH paboTel B KEMIe «OOBITH HAJ pacTHUTEJIbHBEIMH THOPHIAMH» . JTH
OTKPHITHA He ObLIM BocTpeGOBaHEI Hojlee YeTBEPTH BEKa, TAK KaK YUEHBIE HHYETO
He 3HAJH O MaTepPHAaJBHBIX HOCUTEIAX HaCJ’Ie,E[CTBEHHOﬁ HH(DODM&I.IHH, MexXaHHu3Max
eé XpaHeHHWd W Nepefadi IPH PA3SMHOMKEHHH OPraHHU3MOB.

3aKOHOMEpPHOCTH, OTKpPBITHIe MeHgenem, Onpegenyd BIOCJIEICTBUH DA3BH-
tue 6uonoruu. B 1900 r. K. Koppesnc (I'epmanus), 9. Yepmakr (AscTpuda) u
I'. e @pus (lonnasaua) HA pasiIMYHBIX PACTEHHAX HE3aBHUCHUMO APYT OT ApyTa
BHOBb OTKPBLIX Te JKe 3aKoHOMepHOCTH. OQHIHATLHOH aTOH POMKIEHUA TeHeTUKH
Kak Hayku cumraerca 1900 r., Ho BeIABIeHHBIEe W chopMynnpoBaHHEIe MeHaenreM
3aKOHOMEDHOCTH HACJIECTBEHHOCTH HOCAT MMA CBOETO IMepPBOOTKPBIBATEN.

I'enemuwxa — 9To HayKa, H3ydalOIIasd 3aKOHOMEDHOCTH HACJIE[CTBEHHOCTH U
H3MEHYHBOCTH OPTraHH3MOB.

PasBuTtne reseruru B XX Bexe. K Hauary XX B. HayKka HaAKONIHJIA JOCTATOYHO
thaKkTOB, KOTODEIE IPHUBEJIH K OTKDPEITHIO MaTepHAaJbHBIX HOCHTENEeH HacaeACTBeHHONR
wHopMmanun. Ilo npeanokeHNIo gaTckoro yuénoro B. MorasHceHa efuHHANA Ha-
cJeCTBeHHOCTH Obl7ia Ha3BaHA ZEHOM.

HSY‘IEHHE Meioaa INO3BOJIHUJIO YCTAHOBHTE CBA3b MEXIY nepe,t(aqei't HacJieaCcTBeH-
HBIX CBOICTB M IIOBEJEHHEM XPOMOCOM HIpH 00pPasOBAHHH IIOJOBBIX KJEeTOK. BbeLIO
BBICKA3aHO IIPEAIOJIOMKEeHHe, YTO HACJEeLCTBeHHBIe (DAKTOPHI CBASAHBI C XPOMOCO-
mamu. [laneHelilllee pA3BUTHE M'eHETHKH OKA3aJI0Ch BO3SMOXXHEIM TOJIBKO HA CThIKE
C MUTOJOrHed  OMOXHMHEH.

Mayuenne rereTHuecKux 3aKoHOoMepHOCcTeit B XX B.
CBABaHO ¢ MMeHeM aMepHKaHCKoro yuésoro Tomaca
Tenta Moprasa. B KauecTBe 00BbeKTa HUCCIETOBAHUA
Mopras BeIOpAJ IIOIOBYIO MYIIKY IPO30(HIY, YT0 00b-
fICHAJIOCH HECKOJIBKUMY IpHYHHaM#A. Bo-mepBuIX, cMeHa
IOKOJIEHU# ¥ APO30(HILI IPOMCXOLUAT JOCTATOYHO OBI-
cTpo (3a aBe Hegenn). 3TO JaéT BOZMOKHOCTE TIOJIYIATE B
roJi JOCTATOYHO OOJIBIIIOE YHUCJIO NOKOJIeHni. Bo-BTODLIX,
JLIS Heé XapaKkTepPHO HAJIWUYMe YETKHX IPHU3HAKOB, pas-
JIMYHBIX [I0 KAYEeCTBY HPOABJIEHHUA: IIBET IJIad, OKPacKa
Tesla, BeJUYWHA U OopMa KDBLILEB U Ap. B-Tpersux,
3TOT 0OBEEKT IIPOCTO COZEPKaTh M Pa3BOAHUTE B Jabopa-
TOPHBIX ycjioBuAX. M HakoHeN, KAPWUOTHI APO30(HIIEI
COCTABISIET BCETO BOCEMb XPOMOCOM (UeThIpE Maphl),

Tomac I'ear Moprau
YTO IO3BOJIAJIO YCTAHOBUTH B3aMMOCBA3b HaCAeJ0OBaAHUSA (1866—1945)
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IIPU3HAKOB U N10BeleHUA xpoMocoM. McecnenoBanmsa Moprasa paciiupiiy IpeacTasiie-
HUA 0 NeHAX, HX JOKAIHW3alUHU B XPOMOCOMAaX, XapaKTepe HacJeOBaHus IPU3HAKOB.
B 1914 r. Ha ocHOBaHWHU MPOBEAGHHEIX IKCIIEPHMEHTOB MM ObLiIa copMyJIHpOBaHA
XPOMOCOMHAA TEOPUSA HACTEACTBEHHOCTH.

Ilocneayromee pasBUTHe IeHeTHKH CBI3AHO C M3YYeHHEM IPHUPOALI 'eHOB.
B nauane XX B. rocnozcTBOBajNa TEOPHA HX HemaMeHHocTH. OHAKO mOCeYIOIHe
HCCJIeJOBAHHUSA MreHeTUKOB onpoBepriau eé. B 1928 r. pycckuii 6mosnor H. K. Konsoos
BBICKA3aJ MPeANoJOKeHNe 0 CBSA3H I'eHOB C ONPEeAeléHHBIMHE XMMHUYECKUMH Belre-
crBaMu. OH CYHTAN, YTO XPOMOCOMBI — 3TO TMIFAHTCKHE MOJEKYJbLI GesKa, cruocob-
HEIE K CAMOKOIHDOBAHHIO H TEM CAMBEIM K Iepejade HACIeNCTBeHHOM WHMOPMAIUH.
XordA Takoe MHEHHE 0KAa3aJI0Ch OITUO0YHEIM, TOKA3ATEILHA CAMA TONLITKA BEIACHUTH
IIPUPOAY HACJEICTBEHHOCTH HA MOJIEKYJIADPHOM YVDOBHE. 3HAUMUTENbHBIA BKIAL B
U3y4YeHNe M3MEeHUYHMBOCTH I'eHOB BHEC pycckuil yuénsiii H. . Basunos. Uccaenys
pasIuYHBIE BUIBI 3JIAKOB, OH YCTAHOBHJI OIPEJeIEHHYI 3aKOHOMEPHOCTh B BO3-
HUKHOBEHHH CXOTHBIX IIPH3HAKOB Y OJIM3KOPOACTBEHHBLIX BHAOB M CHOPMYJIHDPOBAJ
3aKO0H I'OMOJIOTHYECKHX PANOB HACJeACTBEHHONH H3MEHUYMBOCTH.

B 1944 r. amepuKaHCKWe TeHETHKH BBIACHWIH, 9TO Nlepefada HacJIeACTBeHHOH UH-
¢dopManuy B OPraHu3Me CBfAZaHA ¢ HYKJEHHOBBIMH KHCJI0TaMH, B 9acTHoCcTH ¢ [THE.
HWayuernnem npupons! JJHK saaumanca pycckuii 6moxumuk A. H. Benosepexknit.
Ero nccienoBaHus MO3BOJIMJIN YCTAaHOBUTH, uTo [JHK sBasiercs obs3aTenbHEIM
KOMIIOHEHTOM XPOMOCOM.

BypHoe pa3BuTHE TEeHETHKH BO BTOPOM mojioBuHe XX B. 0BLIO 00YCJIOBIEHO OT-
KpeiTHeM cTpyKETYpsl [ITHK amepuxagckumu yuéHsIiME [ . Yorcormom u @. Kpu-
koM (1953 r.). Hauasocs u3dy4eHne OCHOB HACIEACTBEHHOCTH HA MOJEKYJISAPHOM
ypoBHe. B KauecTBe 00'beKTa MCCHENOBAHHS OBLIM BHIOpDAHBI HAKTEPHH, WMEIOIIHE
0JHY KoablleBy0 Moaeryay JJTHEK. 9To naBajio BOSMOMKHOCTE IPOCJIEIHUTE, UTO IIPO-
HCXOAHUT C BHEIIHWMMH NPH3HAKAMU OPraHW3Ma IDH H3MeHEeHHH ero HaCJIeICTBeH-
HOM mpupoabl. MHOroOUHCIeHHbIE 3KCIePHMEHTHI OBIIH ITOCTABJIEHB HA KHIMEeYHOH
nanouke (Escherichia coli). OnHOBpeMeHHO ¢ DaKTePUAMH Y4YEHBIE CTANH H3y4YaTh
U BUPYCHI, ocobeHHO HaxkTepuodard.

B BacTosmee BpeMs M3yUeHHe 3aKOHOMEPHOCTeH HacaeJCTBEHHOCTH IIPOJAO0JI-
JKaeTcsd Ha BCeX TPEX YPOBHAX: OPraHM3MEHHOM, KJIETOYHOM M MOJIEKYyJISDHOM.
T'eHeTHKa crajia OCHOBOH JJIA BOSHUKHOBEHUSA HOBOH OTpacay OMOJIOTHM — TeHHOH
MHXeHepPHH, CBA3aHHON ¢ HAllpaBJeHHLIM N3MEHEHHEM CTPYKTYPLI '€HOB, CHHTE30M
Ha MOJIEKYJISIDHOM YPOBHE HEODXOAMMBIX 4esIOBeKY 0eJIKOB. 3HAHHE FeHeTHIECKUX
3aKOHOB MCIIOJIb3YETCHA B CEJEKIMM [JIA BbIBeJAEHUS HOBBIX IOPOJ XHBOTHBIX H
COpPTOB pac'renm‘e'l. Yenexu B PasBHTHH I'eHeTHKH JaJH BOSMOXXHOCTE BRIABIATE HA-
ciaefcTBEHHEBIe 3a00/IeBaHUA YeJI0BeKa, paspabaTeIBaTh METOAEI, IIPeAVIPesKIatoIue
pasauYHble AHOMAJHH, IPOBOAUTL X PAHHIOK IHATHOCTHKY H JIeUeHHE.

Tenemuxa, zeH.
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§ 46. UcTopusa CTAHOBNEHUSA U PAa3BUTUA NEHETUKK =

Bonpocskl v 3apaHng

1. 3aKoHbl HacNencTBEHHOCTM Buinn cdopmynmpoBarsl B 1865 r., a odvumansbHo faton
POXOAEHWA reHeTUKM kak Hayku cumtaeTtca 1900 r. C yem 3TO cBA3AHO?

2. Kakue CBOICTBa ropoxa MOCEBHOro 0kasanucb Hambonee 3Ha4YUMbIMK ONS BbISBNEHWUS
I. Mengenem 3akoHOB HACNeLoBaHUS NPU3HaKOB?

3. MMoyemy AnNs MCCNEN0BaHWA MEHETUHECKUX 3akOoHOMepHocTein T. MopraHom B kavectee
obbexTa usydeHmns Geina BeibpaHa nnogosas Mywka aposoduna?

4. B Kakux HanpaBneHWsx BEOyTCA B HACTOALLEE BPEMs FeHeTW4ecKne nccnenoBaHusn?
B 4ém mnx ocoBeHHOCTM 1 3HavyeHne?

HdononnntensHaa nHpopmauns

Ta6auya 9
W3 mcTopuM pasBMTHA TeHETHKH

Hara OTKpLITHA H MMEHA YYEHBIX

1865 r. |T. MeHIenb OTKPBLLI 3aKOHB!I HACAENOBAHUA IPU3HAKOB, BBEI IOHATHA JOMH-
HAHTHOTO W PEleCCHBHOTO NPH3HAKOB M UX OGyKBeHHOe oDO3HaueHHE

1875 r. |O. T'epTBHUTr YCTAHOBHJ, YTO IPH OIJIOAOTBOPEHMH IPOHCXOAHUT CIUAHUE ANEDP
CIepPMATO30HAA H AHIEKIETKU

1882 r. |B. ®aneMMHEHD ONHMCcaJ] I0BeJeHNe XPOMOCOM B Meiioze

1883 r. |B. Py, O. TI'eprBur, 3. Crpacbyprep u A. Belicman chopMyInpoBaIu
ANEPHYIO TEOPHUI0 HACIE/CTBEHHOCTH

1900 r. |Jara pomaenus redeTukd Kak Hayku. I'. Jle ®pus, K. Koppenc u
3. YepmaK NepeoTKpPLUIN 3aK0HBI MeHners

1902 r. |T. BoBepH yCTaHOBHJ DOJb sAApa B PA3BHTHM OpraHu3Ma. ¥ . Bercon u
P. Coupgepc BBeaH 0Go3HaueHHe 'HOPUAHOTO moToMcTBa F|

1908 r. |T'. Xapam u B. Baiia6epr MaTeMaTH4yeCKH ONMCAJIH paclpe/e/ieHue pealbHbIX
TeHOTHIIOB B CBOOOJHO CKPEILIMBAaIOIeiicsa IOy aAanan

1909 r. |B. MoranHceH BBEJ MOHATHE «TeH» JIJIA 0003HAUEHHA HACJEJCTBEHHEIX (aK-
TOPOB

1911 r. |T. MopraH mOKa3aj, YTO I'eHbl HAXOJATCA B XPOMOCOMax

1914 r. |T. Moprasn, ¥. Cerron, T. BoBepu chopmMyaHpoBagmn XPOMOCOMHYIO TEOPHIO
HACJIEJICTBEHHOCTH

1920 r. |H. H. BaBuJa0oB chopMyaHpoOBaJ 3aK0H TOMOJIOTHYECKHX PAJIOB HACJIEACTBEH-
HOIl U3MEeHYHBOCTH

1921 r. |Pa6oramu C. Paiita, k. Xongeiina u P. @umepa ObLIH 3aJI0:KEHBI OCHO-
BBl 'eHETUKO-MaTeMaTUYeCKHUX MEeTOJA0B H3Y4YeHHUA NPOLeCCOB, NPOHCXOAAITHX
B NOOYyJIANHAAX

1926 r. |C. C. YeTBepPHKOB 3aJI03KKUJ OCHOBBEI TeHETHKH MOIYJIANNHN, YTO DOCTYAIIO
TOTYKOM Jiig (POPMUDOBAHUA CHHTETHYECKOH TEOPHHU SBOJIIOIHE
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Oxonuanue maodn. 9

Hara OTKPBITHA M HMEHA YYBHBIX

1927 r. |T'. Méxnep oTKpHUI GaKTOpP MyTareHe3a — HOHH3MPYIOIIEe H3IyUeHHE

1943 r. |C. Jlypua u M. [lens6pOK JOKA3aIH CYIIECTEOBARNE CIIOHTAHHBIX MYTALMIT

1944 r. |O. 9Bepwn, C. Makneog u M. MakkapTH JoKasatu reHeTudeckyo poas JIHK

1953 r. |[Ix. Yorcon u @. Kpuk ycTaHOBHIH CTPOEHHE M CO3IAJM MOLENb ABOWHOI
cnupann [JTHK

1961 r. |®@. Kpux,JI. Baprer,C. Bpernep uP. Yorc-To6HH onpee/iId THI H 06IIyi0
NPUPOAY reHeTHUYecKoro Koja. k. 'epIoH HAYAN KIOHHPOBAHHE KHBOTHBIX

1962 r. |®. HKaxob u H. MoHO choOpMyIUDOBAIN IPeJCTABIEHHA O DEryIALHH AKTHE-
HOCTH TeHOB CIeIHaJbHBIMH IeHaMH-0IepaTopaMu

1973 r. |Ony6auKOBaHEI pe3yaLTATH HOBBIX akcrepuMenToB C. Kosna m A. Yanra mo
MOJIEKYJIAPHOMY KJIOHHPOBAHHUIO

1982 r. |P. Ilonmurep u P. BpuHcTep NoKasalud BO3MOKHOCTE U3MEHEHHA (eHOTHIIA
MJIEKOIHUTAIONMX C IOMOIIbI0 PeKOMOMHAHTHEIX Monerys [THK

1988 r. |HauaTa peanmsanusa Me:xIyHAPOJHON mporpaMmbl « 'eHOM Ue/l0BeKa», IOCTABHB-
me# cBoeil IeJIbI0 NOMHYK paclIM(POBKY HYKJIEOTHAHOH MOCJIeJ0BATEIbHOCTH
JHEK genosera

1995 r. |Bnepssle onpeneseHa mOJTHAA IOCIEOBATENBLHOCTE TeHOMA OpraHH3Ma — OaK-
repun Haemophilus influenzae. CraHOoBJIeHNE FeHOMHKHM — pasfiesa FeHeTHKH,
M3YYaIoero reHOMbl OPraHU3MOB

1997 r. [H. YuaMyT ¢ COTPYAHUKAMHU BIePBbIE KIOHUPOBAIH MIEKOIHTAIOIEee — OBILY
Honnu

1999 r. |KioHHpPOBaJM MBIIIL H KOPOBY

2000 r. |Buepne saBepmeHa pacmudpoBKa HYKJIeOTHAHOI mocaemosarensrocTH [THE
refoMa 4ejoseka M aposoduiasl. Hagara pabora no BeiAcHeHHI0 QYHKIUH Beex
TeHOB Y OPraHu3MOB

§47. OCHOBHbIe reHeTU4ecKue NoHATUS U CUMBONbI
=3 BcrnomuuTe, nodemy y aunnonaHbIx OpraHuaMoB NosioBrHa XPOMOCOM NonyyYeHa
= OT OTUOBCKOro opraHv3ma, a gpyras nonoBvHa — OT MaTepPUHCKOro.

IIpu usyueHun 11060 HAYKH HeoOXOJHMMO 3HATH €€ TepMHHOJOTHIO. Ilo3Ha-
KOMHMCH C OCHOBHLIMH IeHEeTHYECKHMH MOHATHAMH M CHMBOJIAMH.

Hacnedcmeaennocms — 310 cOCOOHOCTH OPTAHU3MOB COXPAHATHL M IepefaBaTh
CBOIO I'eHeTHYEeCKYI0 MH(MOPMAINIO, IPU3HAKH B 0COOEHHOCTH PA3BUTHS IOTOMCTBY.
Buarogapsa HacleJCTBEHHOCTH KasKIbIH BHI COXDAHSAET CBOHM CBOMCTBA H3 IOKOJe-
HHA B NOKOJIEHHE.
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§ 47. OcHOBHbIe reHeTU4eCcKnue NoOHATUA U CUMBONbI

Hacnedosanue — 3TO OPOLECC BOCIPOU3BEJEHUA IPU3HAKOB Y IOTOMKOB.

H3menyusocms — 3TO CIOCOOHOCTL OPraHM3Ma M3MeHSIThCA B mpolecce HHIH-
BHIYAJBLHOTO PA3BUTHA [OJ BO3JelicTBHeM (PaKTOPOB CPEZbI.

HacsieicTBeHHOCTh M M3MEHUHMBOCTE — /BA IPOTHUBOIOJIOKHBEIX CBOMCTBA Op-
raauama. HacneqcTBeHHOCTE ofeclieynBaeT MATEDHANBHYIO IPEeMCTBEHHOCTE IO~
KOJIeHUIi, a H3MeHYHBOCTL — M3MeHseMocTh (hopM. M3MeHuMBOCTE — 9TO ABJIEHHE
HecTaOMJIBLHOCTH HAacleJCTBEHHBIX CBoicTB. HaciencTBeHHOCTh H HM3MEHYHBOCTD
CAy3KaT OCHOBOM pasBUTHA OPraHWYECKOI'0 MHpA.

MarepuanbHON OCHOBOM HACIEACTBEeHHOCTH ABIAETCA M'eH — Y4acTOK MOJIEKYJIBI
ITHE, oTBeTCTBEHHEIH 3a IPOABIEHNe KaKOro-11u6o npuaHaka. 'eHsl cocpe/JoTOYeHE!
B XpOMOCOMaX, KOTOpHIE B IIpoIecce NelleHHA NepPexXOoAAT B HOBHIE JOUePHHE KJeT-
Ku. Ilepeadya HACHeACTBEHHBIX MPUSHAKOB IPOMCXOAUT NpU pasMHOMeHHH. IIpn
[IOJIOBOM Pa3MHOMKEHHH NPU3HAKHU [IepefaloTca Yepes IM0JIOBble KJIETKH — TaMeThl.
IIpu GecmosoM PasMHOMKEHMM — 4Yepe3 coMaTHdecKue KjIeTKH. KieTku He comep-
JKAT TOTOBBIE IIPU3HAKH, & HECYT TOJBKO MX CTPYKTYDHBIE 3aJJaTKH B BHJE N'eHOB.

T'en — eZWHWUIA HACJIEACTBEHHOCTH, (DAKTOD, ONpPeJe/A0MUN IPU3HAK.

T'enomun — 3TO COBOKYIIHOCTH BCEX HACJEACTBEHHBIX (PAKTOPDOB — TeHOB OT-
eJILHOTO OpraHu3Ma, IMOJYYeHHBIX OT DOJUTEeNe.

@enomun — COBOKYIIHOCTH BHYTPEHHUX M BHEIIHHX NPH3HAKOB, KOTODBIE
NPOABAAITCA Yy OPraHM3Ma IPHU B3aWMOAEHCTBHM IeHOTHIA ¢ (HAKTOPAMH CPebl
B IIpOIECCE ero HHAWUBHIYATBHOTO Pa3BUTHA.

T'endém — COBOKYIIHOCTH BCEX I'e€HOB KJIETKH, XAPAKTEePHBIX [JfA TaljJoHuIHOI'0
Habopa XpOMOCOM JIaHHOT'O BHJA OPraHM3MOB. JTO reHeTHUYecKas XapaKTePUCTHKA
BHZA, & He OTHEeJIbHOH 0Co0H.

TeHBl pacmojiararoTcs B ONPENeIEHHBIX YYaCTKAX XPOMOCOM — JOKYCAX.
MunaougHbIe OPraHU3MBI COAEPIKAT ABOMHOM HaAOOP XpPOMOCOM M, CIeJ0BaTENbHO,
IBoiiHOM Habop renos. IlapHbie TeHbI, pACHOJIOKEHHBIE B OOJHIX U TeX e JOKycax
FOMOJIOTHUHBEIX XPOMOCOM H ONpeJejsioliie BADHAHTHI Pa3BUTHA OJHOT'O M TOTO
sKe IpU3HAKa, HAasbIBAOT alleavHbimu (0T rped. allelon — gpyr gpyra, B3BaUMHO)
zenamu (arnensmu). B HopMaabHON TUIIONAHON KJIETKe MOMeET IPUCYTCTBOBATE
He DoJsiee ABYX aJijlesiedl OZHOTO reHa ofHOBpeMeHHO. Hampumep, ajlleJbHBIMHA
ABAAKTCA reHbI, OIpeIeNalIHe Kapuit u roayboit nser rias, GopMy HOca y
YeJIOBEeKa, JKENTYI0 B 3e/IéHYI0 OKPacKy CeMfH, I'MaJKyio U MOPIIHHHMCTYIO (op-
My CeMSIH y ropoxa, PasiHdYHyI0 OKDACKY BeHUHKa y possl. B onHoil ramere nBa
ajyiejia HAXOTUTHLCA HE MOTYT, TAK KaK IaMeThl ranJOU HEL.

AnnenbHBIE TEHBI MOTYT OTBE4YaTh 34 OJMHAKOBEIE HIIH IOPOTHUBOIIOJIOMHBIE IIPO-
ABJeHUsd OJHOro TpH3HAaKa. Hanpumep, ecTh ajjiejd, OTBETCTBEHHBIE 38 TEMHBIN
M CBETJBIH IBET BOJIOC, CepPBIM M KapHii IBET IJIas YeJIOBEeKa, JKEITYIO M 3eJEHYI0
OKpacKy ceMsH ropoxa. IIpoTuBonoio;xubie reHbl OTBETCTBEHHEI 3a IPOABJICHHE AJlb-
MepHAMUBHbLX NPU3HAK08. AllebHEIE TeHbl 0003HAYAI0T OJUHAKOBBIMY OYKBaMH
JaTuHCKoOTO andasuta: A, a; B, b; C, ¢ u 7. . lIpusHax JUNJIOUIHOrO OpPraHM3Ma
ofo3HavaeTcsa Bcerga AByMA OYKBAMH, TaK KAK I'eHBl U XPOMOCOMBI JUIIJIOHIHBI.
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AnnensHbIe TeHEI MOTYT OBIThH JOMHUHAHTHBIMM M DElleCCHBHBIMH.

Homunanmuoiit (or nar. dominans — rOCHOACTBYIOMUIA) npusHax — mpe-
obragaomuii npusHak. OH ompejeNsercs NOMUHAHTHBIM TeHOM. JlOMHHAHTHBIH
res o0o3HaYaeTCH IPONMHCHBIMH OYyKBAMH JaTHHCKOro ajixdasuta: A, B, C u 1. 1.
HeficTBUe 3TOr0 reHa NPOABAAETCS y OPTAHM3MOB KaK B TOMO3HTOTHOM (AA), Tak
W B PeTE€PO3UTOTHOM (Ad) COCTOAHUMU.

Peyeccuanniil (0T naT. recessus — OTCTYIIEHHE) NPU3HAK — TOLABIAEMBIH
MPU3HAK, TPOABAAIIUNACA Y OPTAHM3MOB TOJBKO B TOMOSUTOTHOM COCTOSHUHM IIPH
HaJIMYMH [IBYX OMHHAKOBBIX ajulesedl (aa) PemecCHBHOTO reHa. PenecCUBHEIN IeH
obo3HavaeTcs COOTBETCTBYIONIEH CTPOYHOM GYKBOI JaTHHCKOrO andasura: a, b, ¢ i
T. J. B reTeposHroTHOM COCTOSIHMHM PELIECCUBHEIH NPH3HAK MOXKET ITOJTHOCTLIO MK
YACTUYHO NMOJABIATHCA JOMUHAHTHBLIM,

Tomosuzoma (oT rped. homosios — OAWHAKOBHIA) — 3TO opranuaM (3urora),
MMeIoIui OJHHAKOBEIE aJLJIeIH OLHOrO reHa B TOMOJIOTHUHEIX XpoMocoMax (AA mnn
aa), T. €. OTBeYAIOIIMe 3a IPOSABJIEHUE OJHOTO U TOrO yKe MPH3HAKA.

I'emeposuzoma (ot rped. heteros — Apyroi) — 310 OPraEuaM (3UroTa), IMEIOIHIA
pasHBIe aJlJIe/Id OJHOr0 reHa B TOMOJIOTMYHBIX XpoMocoMax (Aa), T. e. oTBedamwIue
3a IpPOABJIEHHE AJNbTEeDHATHBHEIX IPH3HAKOB.

O603HaYeHNs U CUMBOJbl, UCMONb3YEMbIE B reHeTUKe
AN 3anUcK CXeM CKpeLLUBaHMA

Pomurenbckue ocobu P (ot nar. parentes — pOIMATEJIN)
Ocobu mepBOr0 MOKOJEHUA IUOPULOB F, (ot nar. fillii — netn)

OcofH BTOPOTO MOKOJEHUA TUOPU0B F,

TameTs! G

JloMHUHAHTHEIE AJJIeIH A B,Cur. n.

PeneccuBHBIe ajienun a b, cur. a.

Hacne@cmeeunocmb, Hac.neaoeanue, uameHdusocmn, 2el, eeHomun, cpenomun,
2eHOM, JIOKYC, AJNNENbHbLE 2€HbL (amze.mu), albmepHamueHble NPUSHAKU, 20-
Mo3uzoma, zemepo3ueoma, doMuHaHMHbLIL NPU3HAK, peqeccusnuﬁ npu3Har.

Bonpocbkl u 3agaHusa

1. [JaitTe onpeaeneHusi OCHOBHbIX FeHeTUYECKUX NOHATUNA.

2. B 4ém ommnuue reHotuna ot ¢peHoTuna? MoxHO v onpeaenvTs reHoTUn 0cobu ToNLKO
Ha OCHOBaHUM BU3yanbHbIX HabmoaeHuin? OTBET NOACHUTE.

3. [MMouemy y AMNNOUAOHBIX OPraHW3MOB BCEraa NPUCYTCTBYIOT annenbHble reHbl? CoxpaHaeTcs
nn 312 OCOBEHHOCTL Y rannouaHbLIX OPraHW3MoB?

4. MMostopute No y4ebHuky matepuan §40, crateio «[loBEAEHME XPOMOCOM B MEWO03e».
OnpepnennTe, CKONLKO TUNOB rameT ByayT aasathk 0cobu Co cnegylowmuMm reHoTUNamMu:
AA, Bb, AACc, AaCc.
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- ":J) BCMNOMHUTE, KaKUMW METOLAMM y4EHble MCCNeayloT Xueyio npupody. Kakue
METOAbl MCMNONL3YIOTCA A5 U3YHEHWS KNEeTKU?

Ilnsa usydeHHs 3aKOHOMepHOCTeH
HacaegCTBEHHOCTH B M3MEHYHWBOCTH HC-
[OJIL3YIOTCA PA3JIHYHbIE METOIHI.

I'uopumoaorngecknii meron. O 3a-
KJIKUYAETCA B CKPEIIUBAHUN PasIMYHBIX
II0 CBOMM IPH3HAKAM OPraHM3MOB C Ile-
JIbI0 H3YYEeHHA XapaKTepa HacjleJ0BaHUA
IpHU3HAKOB B motoMcrBe. OpranuaMsl,
rOMO3HTI'OTHEIE 10 OZHOMY MJIH HECKOJb-
KM NpHU3HAKaM, [I0JyJaeMbie OT OJHOM
CAMOOIBLIAINENCA UIH CAMOOILIOLOT-
BOpAINeiicAa ocobu W He Jalol(ue B I10-
TOMCTBE MPOSABJIEHUA aJIbTePHATHBHOIO
NpU3HAKA, HASLIBAIOT HUCMOU JAUHUEl.
OpranuaMsbl, [IOJYYeHHBIE OT CKPeIHu-
BaHHA IBYX YHCTBIX JHHHN, HA3BIBAIOT
zubpudamu (ot nar. hybrida — momecs).
ITo pesyabTaTamM rudpuav3aiil U XapaK-
Tepy IPOABJEHUA OPU3HAKOB ONpeneid-
IOT MOMHUHAHTHBIE IPH3HAKH, a TaKxe
XapaKTep HX JOMHHHDPOBAHUA.

M'ubpugonorudecKuid MeTox OBII
BIEpBble BBeJEH B HayKy I'. Merzgenem.
VYuuThiBasg TOT (hAKT, YTO TOPOX ITOCEBHOM
pacrenne camoonwlnsemoe, I'. Mengens
I CKPeIMBAHUS POJUTEILCKHX 0CO-
Oeit (P), npuHALIEXAINNX K PasHBIM
YHCTHIM JIMHUAM (C aIbTePHATHBHBIMH —
JIOMHUHAHTHLIM M DPEIEeCCHBHBIM — IPH-
3HAKAMM), PACKDBIBAJ OYTOHBI U YAAIAI
THIYMHKU C elé He CO3PeBIIeH NBLIbII0H
(puc. 181). 3areM ¢ IOMOI[BI0 KHCTOUYKH
OH OCYILECTBJIAJ MCKYCCTBEHHOE OIbLIe-
HUe 9TOr0 IBeTKAa MBIIBII0H APYToro pac-
Tenns. M3 oOpasoBaBIIAXCs B pe3yJbTaTe
TAKOr0 CKPelMBAHUS CEMAH DA3BHBAJINCH
pacrenus (F|), KOTOpbIe HCIIOIB30BANUCE
oA nocaenyomel ru6pHAM3AIHN U

LiseTok ropoxa nocesHoro

MepekpécTHoe
onbleHne

XKéntole cemeHa 3enéHble cemeHa

Fy

Fz

Puec. 181. T'ubpugonoruyecKuii MeTox,
npumvenésuslii I'. MeHeneM Iad H3yUeHHAA
HacJeNOBAHUA NPH3HAKOB ¥ ropoxa
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KOJIHYeCTBEeHHOTO Y4€Ta HacleayeMBIX Ipu3HaKoB. CBou omnsirht I'. Menaenb mpo-
BOJHJI B Te4E€HHE HECKOJbKHX JIeT, HOXYIUB THICAYH PACTEHHH.

o Menaenss MHOrHe yuéHble HIPOBOAUTYM THOPHIM3AIMIO M IBITAIACH OHATD,
KaK HacleAyIOTCA NPU3HAKH y opranmaMoB. Ho peaynbrarel OBIIH 00eCKYpasKu-

Puc. 182. Komnsoreprasn
AuarpaMma XpPOMOCOMBI IIPH
JuddepeHIAATBEHON 0KpacKe
(p, ¢ — mIe4YH XpoMOCOMBI)

BAWINUMHM: OJHM IPH3HAKH MOIJIH OBITH O0OIHMH
Yy OOTOMKAa C OAHHM DOJHTeJIeM, APyTrHe — C Ipy-
FHM, TPEThH — OTJIHYHBIMH OT O00OMX POAMUTeJe.
I'. MeHzene coCpeaoTOYN] BHUMAHUE HA OJHOM IIDH-
3HaKe, HAIIpUMep OKPacKe ceMdH, a He HA PACTEHHH B
IeJIOM, YTO IO3BOJIMJIO HIPOHUKHYTH B CYTh IPOGIEMBI
HacJeI0BaHHI.

T'ubpugonornueckuii aHaAM3 IpexIoJIaraeT Imoj-
cuér yucaa ocobell Kamkaoro xijacca B IOTOMCTEE,
IIOJIYYeHHOM OT OIpeJeléHHOTO THIIA CKPelMBAHHS,
Taxoil momcuéT NPOBOAUTCA IO OJHOMY IPHUBHAKY,
HaIpUMep M0 OKpacKe CeMsH.

Taxum obpasom, THOPHIOJOTHUECKHI MeTOJ Tpe-
OyeT cobnI0jeHNs ONMpe/leIEHHbIX YCIOBHI.

1. Ilpu noxbope POAUTENLCKHX AP B KAMKIOM CIIy-
Yyae YYHUTHIBAETCA TOJNBKO ONPEeAeEHHOE KOJUYecTBO
aJbTepHATHBHBIX NPU3HAKOB: OJHA, JBE, TPH IIapPHL.

2. AHanusHpYIOT Hac/leJ0BaHHE OTHENbHBLIX Allb-
TEePHATHBHEIX NPU3HAKOB B HECKOJBKUX IMOKOJEHUAX.

3. IlpoBozgaT TOYHEIM KOJAWYeCTBeHHBIH y4éT Ha-
CIeJOBaHMUA KaXKJ0ro OIPU3HAKA B KAXKIOM IOKOJEeHHH.

4. CraTHCTHYECKH NOCTOBEPHBIE PE3yILTATHl Xa-
PaKTepa Hac/eJOBAHUA IIPU3HAKOB HOJIYYAIOTCS TOJIBKO
IpH aHaJN3e HX NPOABIEHHUA ¥ AOCTATOYHO HOIBIIOro
KOJIMYECTBA TIOTOMKOB.

Ho BosamkHOBeHHA B 50-x rr. XX B. MogeKyaap-
HOH reHeTHUKH I'MOPHUIONOTHYECKHII MeTOl OCTaBaJCH
eMHCTBEHHBIM METOJ0M TIeHeTHYeCKOr0 aHajau3a Ha-
CleJOBAHHA IPHU3HAKOB Y OPraHW3MOB.

Iuronormueckue meroasl. OHM OCHOBAHLI HA AHAJIH-
3e KapuoTHIa ocobeil, M3y4YeHUH TIOBEIeHUS XPOMOCOM B
Melo3e n KadecTBa oOpasyromuxcsa ramer. C moMomsio
MHKPOCKOIIA OIPeJeIAT YHUCI0 XPOMOCOM B KJETKax
OoprammsMa ¥ B raMerax.

IIpn n3ydyeHEHMH XPOMOCOMHOT0 HAOOPA VUYUTHIBAIOT
clefyIol[e IPaBHUJIA.

1. Yucno XpoMOCOM B COMATHYECKHMX KJIETKAX KamK-
JIOTO BUJIA B HOPME IIOCTOSIHHO.
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2. ¥V IUNIOMIHEIX OPraHU3MOB Ka)<Jasd XpOMOCOMa B COMATHMYECKHX KIETKax
MMeeT Iapy — rOMOJIOTa, T. €. Bceé XPOMOCOMBI mapHbie. lannongaerid Babop Xpo-
MOCOM Y OOJIBIIMHCTBA OPraHM3MOB MMEeTCsl TONBKO B ramMeTrax.

3. Ka:xpgaa xpomMocoMHasA mapa MHAWBUYAJbHA M OTJHYAETCA IO CBOMM Ilapa-
MeTpaM OT Apyrux. IIpi OKpalIuBaHUK PA3HBIE IAPEI XPOMOCOM HMEIOT PasiMuYHY0
nuddepeHIMANBHEYIO OKPACKY — 4YepeJoBaHKe CBeTIBIX M TEMHBIX moyoc (puc. 182).
s cucTeMaTU3anUy W M3VYEHHS KapPHOTHIIA XPOMOCOMEI PACIOJIAraloT MONapHO
1o mMepe YORIBAHWA WX BEJIHMYUHEL.

ITuToIOrAYecKHEe METOAbI IMO3BOJIHIN O0bACHUTL 3aKOHOMEPHOCTH HAaCJel0Ba-
HH#, BEIABJIEHHBIE C ITIOMOINbIO THOPHAOJOTHIECKOTO MeTO/A.

MoJiekyIApHO-TEHeTHYECKHII MEeTO OCHOBAH HA M3YYEeHHH CTPYKTYPHI T€HOB,
X KOJIMYECTBA U MOCAe0BATebHOCTH pacioyokenusa B moaexkynax JIHK B cocrase
XPOMOCOM, HA BHIABJIEHHU HYKJEOTHIHOH MOCIeI0BATEIbHOCTH OTHEJbHBIX I'€HOB,
reHHBIX aHoMauwil. McenenoBaErnd Ha MOJEKYJIADHOM ypPOBHE IO3BOJAIT yCTa-
HABJIHBATH €II[é HeH3BeCTHHIE 3aKOHOMEPHOCTH, JeKallie B OCHOBe OpraHM3alluy
FeHOMOB, IOMOTAKOT PEIIUTH 38184 B 00JIaCTH MeJHUIIMHBI, CeJeKI[AH.

Memodst zenemuru: zubpudoiozudeckuil, YUmoaozuiecKue, MOACKYAAPHO-
zeHemuyeckuil; yuemas AUHUs; 2udpudbol.

Bonpocskl n 3apanmsa

1. Yem yucTasa NUHUA OPraHU3mMoB oTiMdaeTcs oT rmbpuaor? Kak MOXHO Nony4nts rubpuasl?

2. OxapakTtepuayiTe 0COOEHHOCTM KaXaoro reHeTMHecKoro MeToaa, MCnonbL3yemoro B Uc-
cnepoBaHMAX HacnegCTBEHHOCTUM M MSMEHYMBOCTKM OpPraHM3mMOB.

3. Ha kakux ypoBHAX OpraHvM3auMy XWBOro BO3MOXHO W3y4eHWe 3aKOHOMEPHOCTEeW Ha-
CNeAcTBEHHOCTU U M3MEHYMBOCTU C MOMOLLBIO METOLOB FEHETUKW?

BblBOAbl NO MNABE 9

T'eneTnra — Hayka 0 3aKOHOMEPHOCTSX HaC/IeJCTBEHHOCTH ¥ U3MEHUYHBOCTH OPraHu3-
moB. OCHOBOI I/ PASBHTHUA MeHETUKH KaK HaYKH craiau onslThl I'. MeHensa ¢ ropoxoM
IIOCEeBHEIM. Y CTAHOBJIEHHEIE UM 3aKOHOMepHoCTH Oblmm mepeoTKphITel K. Kopperncom,
9. Yepmaxrom u I'. [le @pusom. Ucenenosarausa T. Moprasa nossoaunu 8 1914 r. cdop-
MYJIHPOBATE XPOMOCOMHYIO TEOPHIO HACHeJCTBEHHOCTH. I[/1s BEIABIEHUS 3aKOHOMED-
HOCTeH HACIeJCTBEHHOCTH M U3MEHYHBOCTH YUEHBIE HMCIONb3YIOT I'HOPHIOIOTNYECKHII,
IIATOJIOTHYECKHE ¥ MOJIEKYIAPHO-TeHeTHUYECKUI MeToAbl MCCIeOBAHNA.

Tembl foknagoe, pedepaTtoB U NPOEKTOB

1. XKu3Hb 1 pearenbHocTs . Menpens.
2. Kpatkas MCTOpUA CTAHOBNEHWA W Pa3BUTUA FEHETUKW.
3. CoBpeMeHHbIE METObI FTEHETUHECKUX MCCNEenoBaHniA.
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fmasa10. 3AKOHOMEPHOCTWU HACJIEACTBEHHOCTM

§49. MoHormGpuaHoe ckpelwmeaHme

5) Paccmotpure puc. 183. Kakoi npuaHak y ropoxa nocesHoro sBAseTcs 4OMU-
- HaHTHbLIM, & KaKOW — peueccuBHbIM? CKONLKO annesbHbix reHOB OTBeYaeT 3a
NposiBfEHWE OOHOMO NpuU3Haka?

3aKOHOMEPHOCTH HACJIEeZOBAHUSA OBLIN BIIepBble yeTaHOBIeHE! . MeHnenem Ga-
rogaps paspaboTaHHOMY M IPMMEHEHHOMY UM FHODHAOJOrHYECKOMY MeTony. Jlias
cBOUX ONEITOB MeHzenb BBIOPAIL [iBe YUCTHIE THHUH IOPOXa, OTITHYAIOIIHECH JPYT OT
Apyra mo oJHOI mape NpH3HAKOB — OKpacke cemsaH. CKpemuBanue ocobeit, oTin-
HAKIUXCA 110 OHOH Nape IPH3HAKOB, HA3BIBAIOT MOHOZUOPUIHBLM CKPEUWUBAHUEM.

IIpaBumo qJoMuHEHpPOBaHMA. B ONBITAX HCIONBL3OBANKCH ABA COPTA rOpPOXa — C
JKENTBEIMH U 3€JIEHBIMU ceMeHamMu. McXogHBIe pOJUTebCKHe 0cobn OBLIN TOMO3H-
TOTHBIMH IO KaXKIOMY IIPH3HAKY, T. €. ABJAJIHACH YUCTHIMH JUHUAMHU. B pesynbrare
mepBoro cKpermuBanua MeHnens nmosyumsa rubpugHOe IMOTOMCTBO € OJUHAKOBOIM
JENTOH OKPACKOH CeMsH, T. €. Bce THOPH/LI IEPBOTO MOKOJIEHHA 0KA3ATUCH OIUHA-
KOBBIMH 0 GeHOTUNY W MMOXO0KUMH HA 04HOro u3 poxuresnei (puc. 183). Ilpusnak,
KOTOPBLI IDOABUIICA B IEPBOM IMOKOJIEHHH, — KEJNTHIH [BET CeMaH ropoxa. J[pyroi
OPU3HAK — 3€JIEHBIH IBeT — OKA34JICA PEmEeCCHBHBIM M He NMPOABUJICA yV THOpH-

FameTsl

Puc. 183. Mororubpusnoe ckpermuBanue. Hacienosanue OKPacKH CeMAH Y ropoxa IMOCEBHOIO
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noe. OH 6bLT HOJABJEH JAOMHHAHTHEIM resoM. CocTaBMM cXeMy CKPellHBaHUA.
0O603HaYMM JOMHHAHTHBIN NpH3HAK (3KENTHIM 1BeT) — A, pelecCHBHBIH NPH3HAK
(3enénniii nBer) — a. Tak Kaxk UCXOAHLBIE POAUTENBCKHE 0CO0H OBIIM FrOMO3HIOTHEIMH
(umcThle TMHKMHN), TO TEHOTHI Ocobeil xénToro neera obosaaunm AA, a 3eI€HOro —
aa. T'aMeTsl ramIOUAHBL ¥ COAEPKAT TOJLKO IO OJHOMY T'eHY U3 ajjebHOH Iaphl:
coorBercTBeHHO A u @. O6pasosaBmnecs rubpuibl F, nMeroT reHoTHn Aa.

Cxema nepeoro CKpelMBaHus

denorune: poguteneii  P: Q sxénTnie cemeHa 8 senénbie cemena
l'emoTHnel poguTeei: AA X aa

: .

T'ameTs! G:
Tenorun rubpuaos E: Aa
MeHoTHI THOPUIOB E: JKEJITHIE CeMeHa

Ha ocHoBanumn pe3yJabTaTOB CKPENHBaHHUA MEH,I[BJIL BBEIBEJI HepBHI‘:I 3aKOH.

3aKoH eduH000pA3UA NEePE0z0 NOKOJLeHUs, WIH Npaguio JOMUHUPOBAHUA: TP
CKPEeIUBaHUU JBYX I'OMO3UTIOTHRIX 0ocoleil ¢ albTePHATUBHBIMU IIPU3HAKAME B
IIePBOM IIOKOJIEHUH BCe I'HOpHAEI OJMHAKOBEI 110 (PEHOTHIIY ¥ IIOXO0MHK HA OJHOTO
U3 POJUTENEH.

ITpaeuao pacmenyesud. [[JIg BTOPOro CKpelIuBaHEUA ObLIM HCIIOJIB30BAHBI I'HO-
pH/IbI TIepBOro mokojeHus F, (cm. puc. 183 u cxemy).

Cxema BTOPOro ckpewmsaHus ru6punos F,

@eHOTHNIEI poguTenei P.: Q skéaThle ceMeHa 3 énrsie cemena
Tenorunsr poguTemneii: Aa X Aa

TameTs! G

lenorunsr 3uror F,: LAA Aa Aa ’ aa
®enorunsl Tubpuaos: F: 3 wacTH 1 uacre

MKENITHIE : 3eJIEHbBIE
ceMeHa ceMeHa
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T'eTepo3uroTHbIe THOPHAEL IEPBOTO MOKOJIEHUA (F,) narot nBa THna ramer. Ilpu
HX IONaPHOM CIMSAHHH 00pas0BAJIOCHE YETHIpe BapHaTa IOTOMKOB (F,). ¥ ocHOBHOI
YaCTH [IOTOMKOB 3/4 COXPaHMICA TOMWHAHTHBIH NPH3HAK JKEJITOH OKPACKH CeMsH,
ay 1/4 JacTU HOTOMKOB IPOABUJICH PEIeCCUBHBIN IPU3HAK HCXOJHOU POJUTEIBCKOM
ocobu. Bce MOTOMKHM BTOPOTO MOKOJIE€HHM:A, Y KOTODHIX B MeHOTHIIE IIPUCYTCTBYET
AOMUHAHTHBIN res A, MMesIH XEITYI0 OKPacKy ceMsH. IIOTOMKH ¢ PEHOTHIIOM 4d

HMeH 3el€HYI0 OKpacKy ceMaH. Takum o6pasoM, BO BTODOM MOKOJEHUM ITPOM30-
LIJIO paclielyieHHe MPH3HAKOB.

T'. Menzaens mpoBET GOJIBIIOE YHUCJIO ONBITOB, HCCAEAYA XapaKTep HACJIEeJOBAHHUS
APYTUX NPU3HAKOB ¥ ropoxXa, ¥ NOJIYYHI OJWHAKOBBEIE pe3yabTaThl (Tabn. 10).

Ta6auuya 10
Pezyasrars! onsiTor I'. Mennensn

puanakn XapakTepHCTHKA NPH3HAKOB RO:;:;‘:;::BO Cottiionisias

POANTEILCREX aeofies JOMMHAHTHBIE peleccHBHbIE nokosennsa F, 0 SeHAT Ry
Oxkpacka ceMAaH HénTrie 3enénnie 6022 : 2001 3,01:1
Dopma ceMAH I'nagrne MopuiHHHCTEIE 5474 : 1850 2,96 : 1
Oxpacka mioaos 3enéHbie Henreie 850 : 281 3,02:1
dopma NI0I0B ILnockue Brinykasie 882 : 299 2,95:1
Bricora crebas Bricornit Kapnaukossrii 787 : 277 2,84:1
Oxpacka IBETKOB Pozogrie Bensie 705 : 224 3,15:1
ITonoxenne nperkos |Ilasymnsie BepxyiueuHnsie 651 : 207 3,14 : 1

Ha ocHoBamuu nmonyuenHbIx pesyabraros I'. Menjens BeIBes BTOPOI 3aKOH.

SaKOoH pacujenieHus nPpu3HAK08: IPA CKPeIINBAHNHE JABYX reTepO3HUIOTHEIX ocobeit
(rubpuaoB MepBOTO MOKOJIEHMs) BO BTOPOM NOKOJeHHH HabIogaeTcsa paclielLie-
HHU€ NPH3HAKOB IO (peHOTHNY B coOTHOMEHHH 3 : 1, mo remoruny — 1 : 2 : 1.

ITuTonoruyeckue 0CHOBBI MOHOTHOpHIHOTO cKpemuBanug. Habaronas pacien-
JIeHHe IPH3HAKOB Yy F’MOpPUI0B BTOPOrO NOKOJIeHns, I'. MeHaenb NpHUIIENT K BEIBOLY:
PeIleCCHBHEIN T'eH He yTPAYMBAETCS M HE PACTBOPAETCH, a JHIIL IMOJAaBIdeTCH B
reTepO3UrOTHOM cocToAHHMH. IIpm mepexoje B roMO3WIOTHOE COCTOAHHWE OH BHOBL
IIPOABJAETCA B BHJAE IPH3HaAKA. BTY SaAaKOHOMEepPHOCTb i MEH,ZI;GJIB Has3BaJI sgunome-
300l yucmomsl zamem.

ITuronormueckoe 060CHOBAHHE IMNIOTE3b! OBLIO JAHO 3HAUWTELHO MTO3Hee, KOTIa
OBLIM OTKPBITHI XPOMOCOMBI W M3YV4YeHBI MPOLECChl AeJieHuA KiIeTku. Mecaenosanus
NOKA3aJH, YTO B OCHOBE 3aKOHOB HAaCJeJIOBAHHA JEKHUT MOBeJeHHe XPOMOCOM B
Meio3e: FrOMOJIOTMYHBIE XPOMOCOMBI B IIPOIecce MeHo3a MOMaJaloT B PaA3HbIe TaMeThI.
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Hcxonabie pOAATENBCKHE 0C00H TO-
MO3HUTOTHEI, T. €. aJlJeJbHEIe TeHbl B TO-
MOJIOTHYHBIX XpPOMOCOMax HeCyT OJuHa-
KOBBIE IPU3HAKU. UMUCTEIE POAUTEBCKIE
JuHEA AA ¥ aa JawT TOJBKO OAHH THIL
raMer, Tak KaK COJepKaT XpPOMOCOMY
TONBKO ¢ reHoM A unn a. Ilpu causasun
raMeTr B 3UTOTY IOIATAKT T'OMOJIOTHY-
Hbleé XPOMOCOMEI € &J1bT€PHATHBHBIMH
MNPHU3HAKAMHU, IIO9TOMY BCE TIOJYYEHHBIE
MOTOMKH SIBISIOTCH TeTePO3UTOTHBIMH
ru6pUAaMH ¢ TeHOTHIIOM Aa, HO IPOAB-
ngerca B (peHOTHUIIE TOJBKO NOMHHAHT-
HBIM npusHak (puc. 184).

Hrak, ru6puasl nepBoro NOKOJeHHA
TEeTepO3UTOTHLRI U MMeIOT reHoTHn Aa,
T. €. TOMOJOTHYHBIE€ XPOMOCOMBI COOED-
sxat annenn A 1 a. Tak Kak npu meiose
TOMOJIOTHYHBIE XPOMOCOMBI IIOIIaJA0T B
pasHbIe raMeTkl, TO 06pasyoTCsA ABa THIA

ramer: A 1 a (no gopmyne 2" = 2! = 2

-1 (ro: gopmey > Puc. 184. Ilurosorayeckne OCHOBBI 3aKOHOB
Tae = L, 0pHa TAPA POMOJOrHEHEIX, eIMHO00pasHa U PaclIelJIeHU A IIPH MOHO-
xpomocoM). B mporecce omnonoTsopeEuA THBPUIHOM CKpEIHBAHMM

IPOHMCXONUT cBoOOAHAA KoMOMHATHA

IBYX THIIOB raMeT M 00pasyloTcs YeThIpe BapHaHTa 3uroT ¢ resorunamu: AA, 24Aa
v aa. B (eHOTHIIE TPOABISIOTCA TOJBKO JBA NPU3HAKA, IPHYEM IMOTOMKOB C JO-
MHHAHTHBIM IIPU3HAKOM B TPH pasa 0oJIbllle, YeM C PEIeCCUBHBIM.

MonozubpudHoe ckpewiusganue, 3aKoH eduH000pA3UA NEPE020 NOKOJLEHU
(npasuno JOMUHUPOBAHUA ), 3AKOH PACUWENJEHUS NPUSHAKOS, 2unome3a 4u-
cmombt zamem.

Bonpockl U 3aaaHusa

1. Tllovyemy 3akoH eauHooOpasua cobnoaaeTca TONLKO B NEPBOM NOKOAEHMW MPW CKPeLUm-
BaHWKW YUCTbIX NMHWIA? OTBET NPOUNAIDCTPUPYATE NpUMeEpamu.

2. [oyemy Npw CKpewwrBaHuM rmbpyuaooe nepBoro NoKoJeHMs NMpovucxoauT pacuienneHve
npuaHakos? Bcerna nu oHo umeeT mecto? OTBET NPOUNNIOCTPUPYIRTE NpUMepamu.

3. Kakoe ofbsicHeHWe nony4Yuna runoTesa YNCTOThl raMeT B HacTosLee spema?

4. 3Has, KaKk pacxoasiTCH NOMOJIOrMYHbIE XPOMOCOMBI B Meio3e, 06bACHUTE NPUYUHY pac-
LWenneHns NpU3HakoB BO BTOPOM MOKOJIEHWW.
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5 ) PaccmoTpute puc. 185. Kakoi npusHak sSBnseTcst AOMUHAHTHBIM, 4 KaKoi —
- peueccuBHbLIM? Kakumun reHotTunamu o6nanaioT poamTensckue ocobu?

PaccmoTpennblit B mpeasIAymeM naparpade npuMep ¢ Haclef0BAHHEM OKDACKH
CeM#AH Y TOpOXa IIO0CeBHOTO MILTIOCTPUDYeT ABJIeHHe JOMUHHDPOBAHUA, OQHAKO BCTpe-
YalTCA CIyYau, KOrja y reTePO3UIroT JOMHUHAHTHEIN MeH He IMOJHOCTBIO IOAaBJIaeT
IreH pelleCCHUBHBIN.

ITommoe momuEHpoBaHMe. I'eH JKEITOH OKPACKH CeMHAH IMOJABHJ NMPOABJICHHE
3e71€éH0i1 okpackH. I'eTepo3uroTHbe 0CO0H HMEIH TAKOH ke GeHOTHI, KaK U 0cobH,
TOMO3HTOTHBIE II0 JOMUHAHTHOMY NPHU3HAKY. B IaHHOM ciiyuae MMeIo MeCTO noJ-
Hoe doMuHUposaHUe NPHU3HAKA. AHAJIOTHYHEBIE PE3YJLTATHI OLLTH TOIYyYeHBI W HA
npyrax obbekTax. PaccMoTpuM Hac/eqoBaHWe OKPACKH IIEPCTH Y MOPCKHX CBHHOK
(puc. 185). 3anumeM cxeMy CKpeILMBAHUA, HCIOIb3yA JaHHBIE DHCYHKA.

Cxema cKpelmBaHUs MOPCKMUX CBMHOK
ITeproe ckpemuBanue

DeHOTHITHI P: @ uépHas mepcTh 3 Genan epCTh
T'eHOTHIEBI: AA X aa
TameTs! G: @ @
T'ubpuger F: Aa (uépHas mMepcTs)
Bropoe ckpemusanue
B3 Q Aa X 3 Aa
o0 @@
P
Pemérka Ilemnera
Q 3 A a
AA Aa
a Aa aa

Pacmennernue mo resoruny: 1 AA : 2 Aa : 1 aa.

Pacmennenue no denoruny: 3 (uépuasa mepcts) : 1 (Genas mepeTs).

B sToM ciyuae, Kak ¥ B Cly4ae ¢ HACJEeJOBAHHEM OKDACKH CEMAH ropoxa, HMeeT
MecCcTO IIOJIHOe AOMHHHWPpOBaAHHE TIDHU3HAaAKa, T. e. qépﬂoﬁ OKpPaCKH IIIepCcTH.

Ina ynobeTBa aHaIM3a Pe3yIbTATOB CKPELIMBAHNA FHOPHIOB IPHHATO MCIIOIB30-
BaTh PEIIETKY, IPeI0XKEeHHYI0 aHrauicKum yuéusiMm P. [lernerom. ITo BepTUKaIN
B peméTKy [IeHeTTa 3aIUCHIBAIOT BCETJA IraMeThl JKeHCKOM 0cobH, a II0 TOPU30HTA-
M — MYCKOH. B KileTKax peméTKH 3aIHCBIBAIOT M€HOTHUIILI 3UTOT, HOJYYEHHBIX
B Pe3yJIbTATe COYETAHHUSA IaMeT.
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Puec. 185. MoHOrHOpHIHOE CKPELIHBAHEE. Puc. 186. Henonuoe nomunuposanue. Ha-
Hacnenosanue OKPACKH II€PCTH clefioBaHHE OKPAacKH IBETKOB ¥ DACTEHHS
¥ MOPCKHMX CBHHOK HOYHAsA KpacaBuna

Hemonnoe nomunupopanue. JlOMAHAHTHEIM DPH3HAK HE BCETJa MOJHOCTBIO T10-
JaBadgeT peueccnaﬂmf«i, IIO3TOMY BO3MOMHO IMMOABJIEHHE IIPOMEXKYTOUHBIX IIpHU3HAa-
KoB. Hanpumep, Ipy CKpeIUBAHUHN JBYX YUCTBIX JUHHM PACTeHUH HOUHOH Kpaca-
BUIBI ¢ KDACHBIMH U OeJIBIMHU I[BETKAMM IIEPBOe HOKOJeHHe rHOPHUI0B OKa3EIBaeTCH
C POBOBRIMH IBeTKaMu. IIDOHCXOANT HenoHoe JOMUHUPOBAHUE OKPACKH, KPACHBIN
IBeT 9aCTUYHO mojgaBasaeT Oesnkbiii. Bo BTopoM IMOKOJIEHUH pacIiellieHue IPH3HAKOB
1o GeHOTHNY OKA3BIBAETCHA DPABHBIM pacHielIeHuo no reHoruny (puc. 186).
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Cxema ckpeliMBaHUs PacTeHUil HOYHOW KpacaBuubl

IlepBoe cKkpemuBaHUueE

DenoTuBl poguTeNei P: Q@ KpacHEIE I[BeTKH 3 Gennie IBETKH
I'eHoTHIOEBL: AA X aa
T'ameTs! Gt @ @
Tenorun mokonenus F.: Aa

®enorun rubpunos  F: PO30BBIe IIBETKH

Bropoe ckpemusanue

I'nbpunsr P Q@ posoBLIe MBETKH 3 PO30BEIE IIBETKH
TenoTHnbI: Aa X Aa
T'ameTst G: @ @ @ @
Fg
Q 3 A a

A AA Aa

a Aa aa
Tenorunel rubpugos F,: 1 AA 2 Aa 1 aa
@enotunsl THOPUIAOE F,: KpacHEIe PO30BEIE Oenbie
CootrHomenue 110 (GeHOTHOY ¥ TEeHOTHITY: 1 g 2 : 1

IIpuMepoM HEIOJTHOTO JOMHHHMPOBAHHUSA V KUBOTHBIX ABJISAETCA HacJlel0BaHUe
rosyboro onepeHUsA y Kyp AHZANY3CKON mOpoAbl: 4épHOe U Oesioe OMEPEHUA AB-
JSI0TCSA COOTBETCTBEHHO JOMMUHAHTHBLIM M PEIeCCHBHBIM nNpusHakamu (puc. 187).
IIpy cKpemMBAaHUU POAUTENLCKOH HAPHI ¢ aJbTEePHATHBHBIMYU IIPU3HAKAMU ¥
IIOTOMKOB II€PBOT'0 MOKOJIEHHS PA3BUBAETCH TAK HA3BIBAEMOe roJiyboe omepeHHe.
IIpu ckpemuBaHuYU THOPUIOB B MOTOMCTBE IPOMCXOJUT PACIIEIIeHHe TPU3HAKOB
mo Tpém renorunam: (AA) uépHoe, (aa) 6enoe u (Aa) ronyboe onepenue.

y geJIOBeKa HeIIOJTHOe JOMHUHHPOBaAHNEe MPOABJAETCSA IIPH HaclleJOBAaHUHW IIPU3HA-
K& CePIOBHIHO-KIETOYHOH aHeMHH. B HOpMe 3pUTPOIUTEI YeJI0BeKa UMeloT (hopMy
JIBOSIKOBOTHYTOI'O AucKa. [Ipyd cepnoBUAHO-KJIETOYHOH aHeMHH OHH npuobperaior
BuJ cepua. Takue spUTPOIIUTEI HE MOTYT CBA3BIBATH JOCTATOYHOE KOJIUIECTBO KHC-
JIOpOJA, MO3TOMY OPTaHHW3M MOCTOSAHHO MCIBITHIBAET HEAOCTATOK Kuciaopoja. lern,
cTpajamniue 3TUM 3ab0JeBaHWEM, MOrHOAlT B paHHEM BO3pacre. ¥ IeTepPO3HIOT
sabosieBaHHe He [POABIAETCH, TAK KAK OCHOBHOE KOJIMYECTBO dDUTPOIIHTOB HMeEeT
HOPMAJIBHYIO (OPMY, M TOJIBKO YacTh — HU3MeHEHHYI0 (puc. 188).
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Puc. 187. HenmotHOE IOMUHHDPOBAHME. Puc. 188. HemosrHOe JOMUHUDOBAHHE
Hacnenopanue OKpacKH ONEPeHHS Y KYpP MpPH CEPIIOBHAHO-KJIETOYHON AHEMHH:
aHJATY3CKOM IOPOZEI 1 — HOpMaJibHBIE 9pUTPOIUTHI (AA);

2 — rereposuroTh (Aa); 3 — aHoMalLHEIE
IPUTPOLHUTEI (aa)

Jna MHOTHX OPraHUSMOB OLpPeAeleHbl JOMUHAHTHEIE W PelleCCHBHbIe IPU3HAKH,
XapaKTep JOMWHHDPOBAHWUA MPHUSHAKOB — II0JIHOE MJIM HEIOoJHOe.

Huxxe mpuseseHE NpUMephl HEKOTOPHIX AOMHHAHTHBIX M PEIECCHBHBIX IIPU-
3HAKOB JJIA Pa3HBIX opraHusmosB (raba. 11, 12).
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Ta6auua 11

Iloamoe JAOMHHHpPOBaAHHE

JlOMHBAHTHEIH NPH3HAK

PeneccHBHEIN NPH3HAK

TI'opox nocegmoil

Hlénras oxkpacka ceMsiH
I'nagkasi NOBEPXHOCTH CEeMSIH
PosoBasa okpacka BeHUHKAa

3en€HAaA OKpAacKa CeMsH
MopmuHEnCcTaA NOBEDXHOCTH CEMSAH
Benas oxpacka BeHunka (oTcyTcTBHE)

ITagyuiHbIi IBETOK
Bricokuii poct

BepxymeuHblil 1BeTOK
KapiukoBslii poct

Tomam

IMapoengras (kpyraas) dopMa mwioga
KpacHas oxpacka miojga

Bricoxkuii crebens

ITypnypuemi crebens

I'pymesnguaas dopma mioga
HénrTaa oxkpacka mioga
Huskuii (Kapiukoseiit) crebenn
3esénnli crebenb

Qaéc

Pannecnenocts
HopmansHaErid pocT
YCeToOWUHBOCTE IPOTHE P3KABYMHEI

ITosguecmenocTh
T'mrasTckuii poct
IlopaxaeMoCTh PABYMHOMN

Hposoguna

Kpaceeiit oBer riaas
Cepasi OoKkpacka Tena
HopmasiibHbBIE KPBLIbSA
HopMmansHEle KpBLIBA
HopmanbsHble KPELIBA

KuHOoBapHBLIH (BUIIHEBRIH) IBET a3
Yépuada oxpacka Teia

3a4aToYHbIe KPBLILA

3aKpy4YeHHBIE€ KDBLIBS

SarsyTeie KPbLIb

Mopcras ceunka

YépHasa oOKpacKa IMIEepCTH
YépHas oKpacka IIepCcTH
JnIuHHAA IIepCTh

MoxHaras (BOJHHCTaAMA) MIEPCTH

Benas okpacka mepcTH (OTCYTCTBHE)
KopuuHeBasi OKpacKa IIepcTu
KopoTtkas mepets

I'magkasa mepcTs

Kypwt

Hanwumne rpedus
OnepéHHEBIE HOTH

OtcyTcTBHE rpebHsA
Heonepéunsle (roasie) HOTH
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Okonvanue mada. 11

JlOMHHAHTHEIH MPH3HAK

PeneccuBHEN NPH3HAK

Kpoauk

Cepasi okpacka mepcru
YUéprasa oOKpacka mepcTH
MoxH=aTas mepcThb

YépHasa oKpacka OIepcTH
Benas oxpacka wmepcra (orcyrerBue)
T'nankas mepers

Kpynuuwiii pozamstii crom

IépHaa oKpacKa IIepCTH
Komomocers (6eaporocts)
Benaa romosa

KpacHas oKpacka 1mepeTH
Porarocts
CrromHas OKpacKa ImepeTH

Tabauya 12

Henounoe OJOMHHHPDOBAHHE

IIpusHaru
TOMO3HI'OTHBIX ocobeil

IIpuaaaku
reTepo3HroTHLIX ocobeit

JAOMHHaHTHbBIE

I pellecCHBHBIE

IIPOMeKyTOTHEIE

3eMAAHUKA

Kpacubiit nuox

fBem;rﬁ ILIOM

|Poaosm?1 ILI0

Hywucmulii zopower (wuna)

KpacHsblll 11BeTOK

| Benslil nmpeTok

| Po30BbBIl IIBETOK

JIveunblil 368

KpacHsiii nipeTox
ITupoxrnit nucr

Bensrit nperox
Varuit muer

Po3oBrlii mBeTok
JIuer cpenHell MIMPUHBI

Kypwt

YépHoe onepenue
KypuaBoe onepenne

Bemnoe oneperue
Tnagkoe onepenue

Tonyboe oneperne
CnaboxypuaBoe onepenue

Osunl

JlmmHERIE yinu

OrcyTcTBue yiei

Koporkue ymm

Henosek

Kypuasbie Bosocsl
HopmanbHbie 9pHTDPOIIHTEI

IIpamele BomoCEH
OPHTPOLHUTEI CEPIOBHUIHEIE

BousaucToeie Bosocsl
YHacTb 3PUTPOIMETOB CEPIOBHIHEIE
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Pemenue 3aauy no reHeTHre, 3JHAHWE 3aKO0HOB HACJIEACTBEHHOCTH ITO3BOJISET
OIIpefesIMTh XapaKTep HaclleJJOBaHUA NPHU3HAKOB, N'eHOTHIIBI MCXOAHBIX POJUTEIIb~
CKUX (DOPM, NIPEANOI0XKUTH BO3MOMKHEIE Pe3yIbTAaThl CKpeInuBaHud. [[ya pemennsa
TreHeTHYECKHX 3aad MOXKHO BOCIOJIbB30BaThCA CACAVIOIIHM aJIrOPUTMOM.

Anzopumm pewenusn 3aday no zeHemuke

ITepeviii 6apuarm. PellleHHe NpAMBIX 3a[a4: M3BECTHBI M'€HOTHIBI POLUTENEH,
HeOoOXO0IUMO ONIPeleIHTh MeHOTUIIL U (DEHOTHIBI OFKHIAeMOT0 IIOTOMCTBA.

IIna pelmreHMs 3amadl CJEIyeT COCTABUTL CXEMY, aHAJIOTHMYHYIO TeM, YTO HC-
[OJB30BAJIMCE JIJIA 3AlUCH PE3YJIBTATOB CKPEIIUBAHUA DU IOJHOM HUJIH HEIIOJTHOM
JTOMHUHHDOBAHHH.

1. Beeaure 6ykBeHHOE 0003HaUYeHWE JOMHHAHTHOTO M PEIleCCHBHOTO IPU3HAKOB.
3anuIIATe 'eHOTHNOB! ocofeil ¢ JOMHHAHTHBIM H PelleCCHBHBIM IPH3HaKaMHU HMIH
reTepos|uroT.

2. 3anumuTre raMeThl, KOTOPbIe 00PA3YIOT JaHHBIE 0COOH.

3. CocTaBbTe CXeMy CKpPelIMBAHMA W ONpEeAe/NTe IeHOTHILI U GeHOTHIBI IO-
TOMKOB.

Bmopoi: eapuanm. Pemenne o6paTHBIX 3aja4: JAHBEl PE3YJbTATHl CKPEIIHABA-
HUA, QEHOTHIIEI POAWTE el W MoJyuYeHHOro moroMmcrsa. HeobXogumo onpenesnTh
MeHOTHIIHI DOAUTEIEH B IIOTOMCTBA.

1. OmpegennTe JOMUHAHTHERIA U PELlECCHBHBIN NPHU3HAKU IO Pe3yJbTaTy CKpe-
muBanud F u F, (10 PUCYHKY, €CJIM OH JaH, WIH YCIOBHIO 3ajaqn).

2. Brepure 6ykBeHHBIe 0003HAYEHUA JOMHUHAHTHOIO ¥ PENECCHBHOIO IIPH3HAKOB.

3. 3anuImuTe TeHOTHII POAUTENBCKOH 0cOOM C PelleCCUBHBIM NPHU3HAKOM HIH
0cO0M € M3BECTHBHIM I10 YCJIOBHIO 3aJa4¥ TeHOTUIIOM M €€ TaMeTHl.

4. 3anMmuTe reHOTUNBI THOPUAOB F|, yIATEIBASA, YTO OAMH U3 I'eHOB HACJIe/[yeTCH
OT 0CO0OM C PelecCHUBHBIM IPH3HAKOM.

5. 3anuIIuTe ramMeThl POAUTENLCKOM 0COOH ¢ JOMMHAHTHRIM IIPU3HAKOM, HCXOAHA
M3 MeHOTHIIa THOPHIOB F;'

6. 3amumuTe reHOTHUN 0c00H ¢ JOMHMHAHTHBIM IPH3HAKOM.

7. CocraBbTe CXeMy BTOPOTO CKDEIMBAaHHA. 3alHIINTe MeHOTHIEl THOpHA0B F|
¥ UX raMeThl B peméTKy I[leHHeTa Mo rOPU30HTANHN M BEPTHKAJH.

8. BamuImKUTe TeHOTHIILI IOTOMCTBA B KJIETKAX nepecederHus ramer. Onpenenute
COOTHONIeHHE (PeHOTHUIIOB B NOKONMeHUHU F,.

B kauecTBe mpuMepa pelllMM 3ajady.

3agayga. I[Ipu CKpeniMBAHHM ABYX COPTOB 3€MJIAHHKH C KDACHBIMH M OeJIbIMH
IJIOJAaMH BeCe ILJIOAEI IePBOT0 MOKOJeHHA HMeln PO30BYI0 OKpacky. 1Ipn cKkpemiusa-
HUM THOPHIOB NEPBOTO IMOKOJEHUSA BO BTOPOM TOKOJEHHH okasanock 17 pacrenmit
¢ KpacHBIMH IIOfaMu, 37 ¢ posoBbiMM M 15 ¢ Geapimu. OmnpejnennuTe I'eHOTHIILL
poauTeseil ¥ MIOTOMCTBA F1 uF,.

Pemenue

1. CocraBHM CXeMy CKPeIIHBaHHA, UCIOJb3Ys JaHHEBIE 110 (heHOTHIIAM, H3BECT-
HbIe [I0 YCJIOBHIO 3aa4H.
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P: KpacCHBIE ILTOJAEI X Oesble TLIOIBI
Fi PO30BBI€ MJIOIBI

P PO30BBIE ILIIOJLI % PO30BEIE ILJIOABL
Fg 17 kpacHBIX 37 posoBBIX 15 HennIx mI0mOB

2. OnpenenuM JOMUHAHTHBIA M DEIeCCHBHBIN NMPU3HAKH M BBeJéM GYKBeHHBIE
obosHaueHHsA. B mepBoM NOKOJEHHH ILIOABI MMENIM PO3OBYI OKPACKY, BO BTODOM
IIOKOJIEHUH TOJBKO 15 ocobeilt mmenn Gesnyio OKpacky, a 37 ocobeir — poO30BYIO.
CnenosarensHO, Gesas OKpacka — pelecCHBHBIN NPH3HAK @, KpacHas OKpacKa —
AOMUHAHTHEIN npH3Hak A. M'MbpuaLl MMeT PO30BYI0 OKPACKY ILIOAOB, 3HAYMT, B
JaHHOM cJydae MMeeT MeCTO HeIloJIHOe JOMHHMPOBAaHHE.

3. 3anuImeM IeHOTHILI 0coleil B cxeMe CKDeIIUBaHUA (CTpPelKaM#M TOKasaHa
rocJjieloBaTeIbHOCTD JelicTBuil). BHauase sanuineM reHOTHII 0CODH ¢ PelleCCHBHBIM
OPU3HAKOM 4 eé raMeThl. 'aMeTa a mpu CKpelIMBaHMHK MoNafaeT XK rudpuuam Fy.
¥ pacreHuil ¢ PO3OBBIMH IIJIOJAMHU BTOPBIM JOJI3KeH GBITH TeH A, Tak Kak HpOHBJIH'
eTcsd po3oBas OKpacKa. ITOT TeH HACJHEAYEeTCHA OT PACTeHHH ¢ KPAacHBIMH IIJIONAMH,
KoTopele fair rameTsl A. Ilockoabky Beé nokosnenue F, efmHOOGPasHO, TO 0C06H ¢
KPacHBIMH ILIOJAMH JAIOT TOJBKO OJAMH THI T'aMeT, a WX IeHOTHO — AA.

P:  KpacHBIe IJIOIBI Benbie MIOABI
AA X aa

l
r ==

PO30BBIE IIJIOABI

4. CocTaBHM cXeMy BTOPOrO CKpeIlMBAHUA. 3allMIlleM TeHOTHIIB THOPHIOB Es
MX raMeThl U moAcTaBuM B pemneérky Ilennera. Onpenesum remorwmsr ruGpunos F,
U MOACTABHM WX B DPERBYJIBTATHI CKpeIMBAHUA.

Pl: PO30BBIE IIJIOABLI POB0BBIE ILIOIAEI
a X a
G: @ @ @@
Q ) A a
AA Aa
a Aa aa
Fg 17 xpaceeix 37 pos3oBHIX 15 densix
1 AA 2 Aa 1aa

,ZIOMUHUPOG&HHG.’ NnoJIHOe, HeNnoJaHoe.
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Bonpocsl U 3apaHusa

1. Kakoe OOMWHUpOBaHWe Ha3blBAOT NOAHLIM? NpuBeanTe COOTBETCTBYIOLUME MPUMEPLI.

Kakoe OOMWHUPOBaHWE Ha3biBAKOT HENONHbIM? MNpuBeauTe NpUMepkI.

2. Yem oTnvyaeTca HacnenosBaHue NPU3HAKOB NPW NOAHOM W HEMOAHOM AOMUHMPOBaAHUA?

Mpw OTBETE HA BONPOC CPaBHUTE PE3Y/LTATbl BTOPOro CKPeLuMBaHua B 060uUX cryvasx.

3. MoxHo K BeiBecTH ronybyto (aHpanysckyio) nopoay kyp? OTBeT noscHUTE.
4. Pewwnte 3ana4yn.

1. Mpu cKpeLLUMBaHUK akBapuyMHbIX pbld 6ap6ycoB C NPOCTOM U 30/0TUCTOR OKPaCKon
NOABMIOCL NOTOMCTBO, BCE 0COBM KOTOPOro UMenu npocTyto okpacky. Onpepenute
[OMWHAHTHBIA U PELECCUBHbIA NMPU3HAKW, reHOTUMbLI poauTeneit u rubpuaos Nepsoro
nokonexus. Kakue npuaHaku 6yayT UMeTb NOTOMKW BTOPOrO NOKONEHWs, NMoNyYeHHbIe
npwv ckpelwmBaHnun rubpuaoos Nepeoro NOKoneHua?

2. Y cobak 4EpPHbIN LBET LWEePCTH AOMUHUPYET Haa KopuiHesbiM. OT ckpelumsBaHna 4ép-
HOW CaMKM C KOPUYHEBBLIM CamLIOM ObINo NoNy4eHO 4 4EPHLIX U 3 KOPUYHEBLIX LLEHKA.
Onpenenvte reHoTUNGLI PoguTenein 1 NoToMcTea.

HdononnurensHas nHgpopmauns

WHOorAa peayabTaThl pacllelIeHHs NIPH3HAKOB BO BTOPOM IIOKOJIEHHH MOT'YT OTKJIO-
HATHCA OT okKHgaeMblx (3 : 1 — npu moJHOM NJOMHHHpOBaHHH, 1 : 2 : 1 — npu Hemoa-
HOM JOMHHHDPOBAHHH). DTO CBA3AHO C TEM, YTO B HEKOTOPHIX CIYy4YaAX IOMO3HUTOTHI 110
OZHOMY H3 IIPH3HAKOB MOIYT OKa3aThbCsA He)KU3HecnmocoOHbIMH. B aTOM ciydae roBopAT
0 semanabHblx zeHax. Hanpumep, cepble KapakyJIbCKHE OBIlbI, FOMO3UIOTHEIE IO JIO-
MHHAHTHOMY NPH3HAKY CEpPOil OKPACKH, NOTH0AIOT IPH POYKJACHHUH H3-3a HEIOPDA3BHTHA
mexygra. JpyruM npuMepoM AOMHHAHTHOTO JIETAJBHOIO TeHa ABJIAeTCA OpaxujaKTu-
musa (YKOpOUYeHHBIe TIAJbIE) V YeJoBeKa. I'OMO3HIoTEl 10 JaHHOMY FeHy HOorubaroT Ha
PAaHHHX CTAAWSIX DA3BUTHA 3apPOJBIIIA, a IPU3HAK NPOABIACTCH TONBKO ¥ F€TEPO3UIOT.

§51. AHanuaunpyouiee ckpeuwmpaHme

3 ) BcnomHute, npyv MOHOrMBPUOHOM CKpelMBaHuKn y ocobei C© KakMMWu reHoTu-
- namu HabnopaeTcs paclienneHve nNpu3Hakos BO BTOPOM MOKOIEHUU.

II1a mpeAcKa3aHus Pe3yJIbTaToB CKPelIHBaHHA IIPH BLIBEJEHUH COPTA DACTEHUA
WM TTOPO/IBI YKUBOTHBEIX HE0OXOAMMO TOYHO 3HATH FeHOTHIEBL POJHTENIeH 110 JKeae-
MOMY NPH3HaKy. 3HAA, KAKOW U3 IPH3HAKOB PEIeCCUBHEBIH, MOKHO C YBEDEHHOCTHIO
OIIpefeIATh TEHOTHII 0cOOH ¢ TAKHMM NpusHaKoM. [IJ1A NPOABJIEHHA PELEeCCHBHOIO
IpU3HaKa 0co0b JOMKHA OBITH TOMO3HTOTHOM II0 PEECCHBHBIM AJJIENAM, Cllefo-
BATEILHO, €6 TeHOTHUIl oIpeaendercs 1o peHOTHUOY U COOTBETCTBYET ad. Ocobu ¢
MOMHHAHTHLIMY MPU3HAKAMH DKM OJUHAKOBOM (DeHOTHIHYECKOM HPOABIEHUH
MOr'yT HMEeTh PasJIMYHbIe BAPDUAHTHI FeHOTUIIOB: AA (FOMOSHIOTHEIE 0co0m) wiau Aa
(reteposuroTabie 0codu). [loaToMy omnpeneNnnTs reHOTUIBL 0cobeil ¢ JOMHUHAHTHBIM
NpU3HAKOM 110 (GeHOTHIY HEBO3MOMHO: TOMO3UIOTEI U MeTePO3UTOTEl IPAKTHYECKH
HEOTJHYUMEI, €CJIM UMEeeT MEeCcTO IOJIHOe JOMHHHPOBAHHE.
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i onpexeneHus TeHOTHIIA ocobell ¢ JOMHUHAHTHBIM IPH3HAKOM ODOBOIHUTCH
aHAJIUBUPYIOllee CKpellliBaHUe.

AHanusupyouiee cxpeuwiuéanlie — 3T0 CKPeIuBaHre 0co0H ¢ JOMUHAHTHEIM IIPHU-
3HAKOM, HO HEH3BECTHBIM MeHOTHIIOM, ¢ 0C00BI0, TOMO3UTOTHOM [0 PElleCCHBHOMY
[IPU3HAKY, FTeHOTHI KOTOPO# Beerga aa. o peayabTaTy CKpelldBaHUA OIpPeNe/IAeTCA
TeHOTHII 0COOH ¢ IOMHUHAHTHBIM TIPHU3HAKOM.

I sapuanT. Eciu npu ckpemwuBaHuu 0CcO0U C JOMHHAHTHBIM IOPHU3HAKOM
¢ pereccuBHOM TOMO3UIOTHON 0COOBIO 110 JAHHOMY IPH3HAKY TIOJYyYaoT eTuHo00pas-
HOe IIOTOMCTBO, TO aHAJU3UpPyeMasd 0Co0b ¢ JOMHUHAHTHEIM NPU3HAKOM TOMO3UTIOTHA.

Cxema ckpewmsaHusd

DeHOTHIIEI Py JOMHHAHTHBIN PU3HAK PeLleCCUBHEINA MPU3HAK
lenoTums: Ax X aa

TlameTs! G: @ @ @
IMokonernmne F.3 Aa

1
Ecnu moroMerso eguHooOpasHo, 1o x = A, Ax = AA.

Ilpu eguHOOOpPa3HH TOTOMKOB Kaskaas POAUTEILCKAS 0CO0b HAET TOJIBKO ONUH
THn ramer. CremoBaTesbHO, 0c00b ¢ JOMHHAHTHBIM NPU3HAKOM I'OMO3HUI'OTHA H
uMeeT reHoTun AA.

II sBapuanT. Eciu npu cKpemuBaHWUKW 0COOM ¢ JOMHHAHTHBIM IIPH3HAKOM C
pellecCHBHOH IOMO3WIOTOMN IOJYUeHHOe IOTOMCTBO AaéT pacmernnenwe 1 : 1, To
uccaeayemMas ocodb ¢ ZJOMHHAHTHBIM IIPU3HAKOM IeTepPO3UIOTHA.

Cxema ckpelwmBaHus

DeHOTHUIIE P: JOMHMHAHTHBIN IPHU3HAK pelecCHBHBIN NPU3HAK
Tenorumn: Ax X aa

TameTs! G: @ @ @
Tloxonenue B Aa : aa

i

Ecim y moromeTBa HabnromaeTcs pacilelnjeHye MIPU3HAKOB, To X = a, Ax = Aa.

B cyuae pacuiensieHusi IPU3HAKOB Y MOTOMKOB F| popuTenbcKas ocobb ¢ J0MH-
HAHTHBIM IPUSHAKOM JOJIKHA 00pasoBeIBATE JiBA TUila raMerT: A, a. CiegoBaTesnsHO,
OHA TreTepO3UIOTHA N0 TeHOTUIY.

AHa.annponmee CKpellliBaHHWe 4YaCTO HUCIOINB3YHT B CeJIeKIITHH paCTEHHI‘:I H
JKHUBOTHBIX JJIsi OLIPeJe/IeHUs TeHOTHIA 0CODHM C JOMUHAHTHBIM IIPM3HAKOM H BBI-
BeeHUA YKMCTOM JUHUH. B KauecTBe mpUMepa PeIInM 3a1ady.

3anmaua. KopuyHeBOro camiia MbIIIH CKPECTHIN ¢ ABYMSA YEPHLIMH CAMKAMU.
CrpemuBanue OIPOBOJUIKN B TPEX MOBTOpPAX. ¥ MEPBOI CAMKH B IIOTOMCTBE OKa-
3anoch 13 KOpuuHEeBBIX M 15 uépHBIX MBIIIei. ¥ BTOPOH caMKH BCE IIOTOMCTEBO
(25 Mbimreit) ©MeI0 TOMBKO YEPHYIO oKpacky. OnpenennTe reHOTHIBI POAUTENEH,
3HafA, YTO YEPHAA OKPACKA JOMHHHDYeT HaJl KOpHYHEBOI.
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Pemwenune. KopuuHeBEL caMel] rOMO3HTOTEH 0 PENEeCCHBHOMY NPH3HAKY,

clIe0BaTeJIbHO, €r0 TeHOTHII ad. ¥ YEPHBIX CAMOK IIPHUCYTCTBYET JOMHHAHTHBIN
red A. CocTaBUM cxXeMy CKpeIUBaHUA.

I Bapuanr

Denorunsr P YyépHada caMKa KOPUYHEBBIH caMmer
l'enoTHuner: Ax b aa

l'amersr G: @ @

IToromerso  F: 13 KOpPHYHEBLIX MBIIIEH : 15 uépHBIX MBIIIEH
l'enoTHIEI: Aa aa

B noromcTBe Habm0aI0Cch pacinenieHre, clael0BaTebHO, Y6pHAA caMKa Oblia

rerepo3uroTHoi. 'eHoTHn 4€pHOI caMKu Aa.

Il BapuauT

Denorunsr P: yépHasa caMKa KOPHYHEeBBIH caMmer]
l'enoTHIk:: Ax > 4 aa

T'ameTs! G: @ @ @
IToromecTBOo  F: 25 yépHBIX MEBIIIEH

T'enorumn: Aa

Tak Kak DOTOMCTBO eIMHO0OpA3HO, TO YEpHAS CaMKa Oblja TOMO3UTOTHON M

uMesa reHorun AA.

AHaau3upynouiee ckpewusanue.

Bonpocbl U 3apaHusa

1.

B 4ém 3aknio4aeTca CYLWHOCTL aHaNM3npPYoLWEero ckpewmneannsa? Novyemy aTo ckpeLum-
BaHWe NpoBoAMTCA C 06s3aTenbHbIM y4acTMemM 0CoBKM, rOMO3UIrOTHOW NO PeLLeCCUBHOMY
npu3Haky? MpounnicTpUpynTE CBOM OTBET NpUMEpamu.

[MovemMy Npyv aHaIM3NPYIOLLIEM CKPELUMBAHUN HENb3A MCNONb30BaTk 0CO0L, FMOMO3UIOTHYIO

no AOMWHAHTHOMY Npu3Haky? MpounniocTpupyiTe CBOW OTBET CXEMOW CKPELUMBAHWUS.

PewwTte 3apa4yun.

1. Y MbILWER ANWHHBIE YIUW HACNEOYIOTCA KAk OOMUHAHTHBLIA NPU3HAK, a KOPOTKME — Kak
peueccrBHbIA. CKpecTUnn camua ¢ ANIMHHBIMK YLLIAMW G CAMKOA, UMEIOLLIEI KOPOTKWE YL,
B F, BCE NOTOMCTBO MNOMY4MNOCH G AJIMHHBIMK ywiaMu. Onpegenute reHoTun camua.

2. lLlecTb cepbix KPONUKOB-CAMOK CKPECTUAWN C PeLeCCHMBHBIM FTOMO3WIOTHBIM YEPHbLIM
camuoM. B naTn cnyyasx BCE NOTOMCTBO COCTORNO U3 CEpbIX KPONUKoB. B oaHoM cny-
4yae cpeav OeBATU KPONMKOB B MOTOMCTBE 0Ka3anochk 5 cepbix U 4 4épHbIX. CocTaBbTe
CXeMbl CKpelmBaHna Ana kaxanoro cnydan. Onpegenute reHoTMNbl poguTenein n no-
TOMKOB BO BCEX C/y4asix CKpeLumBaHus.
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§52. AurnbpupgHoe ckpelimBaHune

5 PaccmoTtpuTe pyc. 189 n onpenenunte, rno CKOJLKMM Napam ansTepHaTUBHbIX Mpy-
=3 3HAKOB NPOV3BOAMTCH CKpeLLmBaHue. Kakne NnpuaHaky ABaoTCA SOMUHaHTHBIMU,
a Kakne — peueccuBHbIMU?

B cBoux omeitax I'. MeHzens uaydas Xapakrep HaclIeOBAHH:A OJHOBPEMEHHO
ABYX IIap NMPHU3HAKOB: OKPACKH ¥ (OpPMBI ceMAH ropoxa. CkpenjuBanue ocobeii,
OTIMYAIOIMXCA 0 ABYM IApaM IPHU3HAKOB, HA3BIBAIOT Juzulpudnbim CKpewusa-
Huem. OHO TTO3BOJIAET YCTAHOBUTE, KAK HACJeJOBaHHE OJHOTO IPHU3HAKA BIHAET HA
xXapakTep HacleJOBaHHUA JpPyroro.

Heszagucumoe KOMOMHHpPOBaHMe Npu3Hakos. I'. Merzenb A1 AUr#uOPUAHOTO
cKpempBaHus Opan ocofeil, TOMOZUIOTHBIX IO JABYM IapaM IPH3HAKOB, TaK jKe
KaK ¥ IIpW MOHOIMOpPHIHOM cKpemqusanun. MccienosaHusa KamJoro M3 NpU3HA-
KOB, mpoBeéHHbIe MeHeneM paHee, O3BOJIMIM YCTAHOBHTD, UTO IWIaAKasd Gopma
U 3KENTAH OKDACKA ABIAIOTCS NOMUHAHTHBIMU, & MOPIIHHMCTaA (hopMa U 3ejJ€Had
OKPACKA CeMAH — PeIeCCUBHBIMH HpusHakamu. [[i1sa obo3HaueHNs FeHOB, OTBeYal0-
KX 38 OKPAacKy ¥ (popMy CeMaAH, COOTBeTCTBEHHO HCIIOIb30BATUCE OYKBLI A WK @, B
Wm b: jKEITas OKpacka ceMAH — A, 3esiéHas OKpacKa ceMAH — @; Iylafikad gopma
ceMaH — B, MoplnuHHCTas Gopma ceMsaH — b.

Tak KaK MCXOJHBIE POJAUTETbCKHEe 0cOOU ObLIM TOMO3UTOTHBEIMY 110 060MM NpH-
3HAKAM, WX TeHOTHIEI 0603HaTnM cooTBeTcTBeHHO AABB 1 aabb. Bam yxxe H3BeCTHO,
YTO TOMOSHWIOTHAA 0CODBL NAET TOJBKO OJMH THUI raMeT. IIoCKOJIBLKY B 8TOM CIydae
HMEIOTCH [Be Haphl 'eHOB, TaAMeTH GYAYT COLEPIKATEH 110 OAHOH aJ/Ielld U3 KaM o
napsl. CocTaBUM cXeMy CKPeIuBaHNA.

Cxema nepBOro ckpewmusaHua

®Denotunsl P: JKENTEIe TIIagKue 3eJIEHBIE MODIIUHUCTBIE
ceMeHa ceMeHa
TeHOTHTIBL: AABB X aabb

I'aMeTsl G: /.@

lemorun F: AaBb

®enorun  F: JKEJIThIE TJIaJJKue ceMeHa

B pesynbTaTe CKpeIlUBAHUA ABYX YHCTEIX JHMHHUU BCe rHOPHMALI II@PBOTO IIOKO-
JIeHHS 0KAa3aJIiCh ONMHAKOBLIMHE 1 MOXOMKMMH Ha OJHOrO u3 pojguresnei (puc. 189).
CleIoBATeNbHO, 3aKOH eJUHO0OPAa3HA IePBOr0 IOKOJEeHHA cO0MI0faeTca U B cIydae
IUTUOPHAHOTO CKPEIMBAHUA.

s BTOPOTO CKPENMBAHUSA OBIJIH B3ATH PMOPHALI MEPBOr0 NOKOJIEHHS.

B pesynbTrare OBLIM IONYYeHEI YeThIDe (DeHOTHIHMUYECKHe TPYNNLI B COOTHOIIEHUH
9:3:3:1. I rpynna — pacTeHH:A C KEJTOIH OKPACKOM ceMAH M IJIaAKol Gopmoi
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Aa Bb AaBb
@

G

Puc. 189. qurubpuanoe ckpemusanue. Hacnenosanue OKpackd H OPMBI CeMAH
¥ ropoxa MoCeBHOTO

(moMHHAHTHBIE IO IBYM napaM npusHakos); II — c¢ ské1Toil okpacKoi ¥ MOPIIHHH-
cToit hopmoii (JoOMUHAHTHBIE [I0 OKPACKEe M pPeleccHBHEIE 10 dopme); 11 — senénbre
ceMeHa TIafiKkoll (OpMEI (pelleCCHBHEIE IO OKPACKE H JOMHHAHTHBIE II0 (hopMme);
IV — c senénoil okpackoil 1 MopIuHKUCTEIE (PEIeCCHBHEBIE IO JBYM IApPaM IpPH3HA-
KOB). Bropas u TpeTbA rpynnel OTAHYAINCE HOBEIMH KOMOHMHAIIHAMY IPU3HAKOR.

Ha ocHOBaHHH pe3yabTATOB COCTABMM CXeMY CKpel[WBaHHA. [MOGpHUIEI qureTe-
PO3UTOTHEI, TIO3TOMY 00pasyioT YeTsIipe THUIa ramet. J[1d olnpeleleHHs BCeX BO3-
MOXKHBIX KOMOMHanuii resorunos F, nocrpoum pemérky Ilennera.

Cxema BTOpOro ckpewusaHms ru6puaos

Denorunsl P KEJThIe HKEIThIE
riagKue ceMeHa rIagKue ceMeHa

TeHoTHIEBL: AaBb X AaBb
Tamers  G:
Fy 0 3 AB Ab aB ab

AB AABB AABb AaBB AaBb

Ab AABb AAbb AaBb Aabb

aB AaBB AaBb aaBB aaBb

ab AaBb Aabb aaBb aabb

dHénrele rmankue cemena — 9 A_B_; KéITbIe MOPIIIMHKUCTEIE ceMeHa — 3 A bb;
3eJIEHBIE IJIaKHe ceMeHa — 3 aaB_; 3eIéHBIe MODIMUHHUCTEIE cemeda — 1 aabb.
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IIse mapsl IPU3HAKOB ¥ ropoxa — I[BeT M OKPAacKa CeMAH — HACJIeJOBAJIHCH B
CJAeNVIOIIEeM MOKOJIeHWH HEe3aBHCHMO APYT OT Apyra.
Ha ocHOBaHUH Pe3yJabTATOB onbiTa MeHe/lb BBIBEJ TDeTHIl 3aKOH.

3aKxon He3a8uUCUMO20 HACIe08AHUA NPU3HAKO0E: IPA CKPELIHBAHUYE T'HOPHIOB
epBOro MOKOJIEHWs, PasNMYalomXCca 10 JBYM IapaM IPH3HAKOB, BO BTOPOM
MIOKOJIEHHH HACJIeOBaHNE IO KaXKI0H ITape IPU3HAKOB HAET He3aBHCHUMO JPYT OT
npyra. B peayasraTte 06pasyioTea UeThipe (peHOTHIMYECKHe IPYINLL B COOTHOIIE-
Eur 9:3:3:1, T. e. DOABIAIOTCA IPYIILI C HOBEIMHY COYETAHUAMM IPHU3HAKOB.

IMurosoruyecKkre OCHOBBI TUTHODH/T-
HOro ckpemuBaEuA. O0bACHHUM 3aK0H
He3aBHCHMOI'0 HacJeJOBaHUA IPHU3HAKOB
C TOYKH 3PEHHA IOBEJAEHHA XPOMOCOM
B Melioze. JlomycTum, y KaMmoi ocobu
HMeeTCs TOJBKO IBe IIapbl XPOMOCOM.
I'emnl nByX map IPH3HAKOB HAXOAATCH
B HEIOMOJIOTHUYHBIX XpoMocoMax. ¥ TIo-
MO3WTOTHEIX 0oco0eil B mpollecce Merosa
obpasyercs TOJABKO OAMH THII 'AMET, CO-
Jep:xalllux 10 OJHOH M3 KajKI0# mapsl
HErOMOJIOIMYHBIX XpoMocoM. B mportecce
ONJIOLOTBOPEHHA AUNIOUAHBIN HabGOp
XPOMOCOM BOCCTAHABJIMBAETCH, W I'eHO-
THUT THOPUIOB IPENCTABIAAET CIeAYIOIIee
couetanmue: AaBb.

T'ubpugabie ocobHu AAOT YeThbIpe THIIA
ramer (o opmyiie 22 = 4, rze creness 2
o3Hauaer nBe napel xpomocom). Tar xKar
HErOMOJIOTMYHBIE XPOMOCOMBI PACXOJSITCS
OPOU3BOJILHO, HE3aBHUCHMO JPYT OT APYyra,
TO 00pA3yIOTCH YeThIpE THUIIA FAMET CO
CIeAVIONIMM cOodYeTaHueM ajyenei: AB,
Ab, aB, ab. CiusaHre OONAPHO YETHIPEX
THIIOB I'aMeT KasKjol ocobu maét 16 Ba-
PHAHTOB CAVYAHHOIO OILIOAOTBODPEHH A an | e | M= =" Nl
(puc. 190).

e yrraIBaTs TONEKO O/(H B8 PR Puc. 190. IurosorudecKkue OCHOBEI 3aKOHOB
3HAKOB — OKpacKy WM LBeT, TO paciie- eIuHO00PAsHA B HE3ABHCHMOTO

IJIeHHe [0 KaxKI0i mape TPHU3HAKOB IIPO- HACJIeQOBAHHA MPHU3HAKOB IIPH AUTHODHI-
HCXOOHUT B cooTHommeHHH 3 : 1. MléaTnix HOM CKpeIHBaHHH

e
v
i
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Puc. 191. Jurubpugroe ckpemuBague,
HacnenopaHme OKPACKH M Ka4eCTBa IIEPCTH
Y MOPCKHMX CBHHOK

ceman — 3/;, senéHux cemsim — 1/,;
IIafKAX CeMAH — 3/,, MODIMHUCTEIX
cemsin — 1/,. Bakon pacmemnnenus mo

ofHOI TMape NMPHU3HAKOB HEHCTBYET W B
aToM cayyae. BepoATHOCTH cOveTaHUs
ABYX Iap NPH3HAKOB B IIOTOMCTBE F,
COCTABJIAET: $KE/IThIe TIafKHe CeMeHa —
3/4-3/4 = 9/, KENTHIE MODIIMHHCTEIE
cemena — 3/, 1/, = 3/, o: senéuvie romag-
ke cemena — 1/, 3/, = 3/ .. senénnie
MOPIMHHCTHIE ceMeHa — 1/, - 1/, =1/,

IIpu AuruGPUAHOM CKpeI[HBaHHH
B oKoseHnH F, 110 (beHOTHIY BBIENAIOT
YeTEIpe TPYIIIbL:

9A B :3 A_bb :3 aaB_: 1 aabb.

9TO COOTHOIIEHUE HA3BIBAKT (PeHO-
munuieckum paduxaiom JUTAOPUIHOTO
CKpeIWuBaHUA, €ro HUCIOJb3YIOT HPH
pellleHHH 3ajad.

AnanoruuyasiM o6pasoM HacJaeayer-
cA OKpacKa ¥ XapakKTep IMIePCTH ¥ MOp-
CKHX CBHHOK (puc. 191). YépHBIH 1IBET
U MoxHarTad (BOJTHHCTadA) MIEPCTh JO-
MHUHHUDYIOT HaJi OeJIbIM IBETOM W TJIaf-
KOo# mepcThio. B moroMmcTBe ruOpHIOB
BTOPOT'O IOKOJIeHHs Hadmiojaercsa pac-
mieIieHAe 1m0 (PeHOTUNY B COOTHOIIIEHUH

9:3:3:1. Tax e Kak ¥ B IePBOM CKPEIMBAHUH, B MOKOJeHHH F, y MOPCKHUX
CBUHOK 00pasyroTcs YeThipe (DeHOTHIMYECKHe IPYIIIEL.

Taxoe pacuienyieHue mo deHoTHNY Haba0JaeTcd TOJABKO B CIydae, €CJIH I'€HBI
JBYX IDPH3HAKOB PACHOJIATAKTCSA B PA3HBIX mapaX (HEroMOJIOTMYHBIX) XPOMOCOM.
B ciiydae pacmosioKeHUA TeHOB B OHOM XPOMOCOMe TpeTHil 3akoH MeH/iesd He Bbl-
noJHAeTCA. JTO ABJeHHe GYIeT paccCMOTPEHO B ciaeAyiomeM maparpade.

Huzubpudroe ckpewusanue, 3aK0H HE3ABUCUMO20 HACAe008AHUL NPUIHAKOS,
genomunuveckuil padukan 9 A B : 3 A bb: 3 aaB_: 1 aabb.
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Bonpocbkl n 3apgaHus

1. O6BACHUTE C TOYKW 3PEHWS NOBEAEHUA HErOMONOrMYHbLIX XDOMOCOM B Meio3e, noyemy
npy AMrMGPUAHOM CKpPeLWBaHMM HacnenoBaHue no Kaxaoi nape NpuaHakoB MAET He-
3aBMCMMO Apyr OT apyra.

2. BO3MOXHO N1 HE3aBMCMMOE HacNeAoBaHWe Kax[oi napsl NPU3HAKoB B Cryvae, ecnn
reHbl A v B, @ u b ByayT HaxoaMTeCs B 0AHOM xpomocome? OTeeT 0BOoCHYiATE.

3. Pewwute 3apauun.

1. HopManbHbIiA POCT Yy OBCa AOMWHWPYET Haj ruraHTU3MoM, a paHHecnenocTs — Haa
no3gHecnenocTbio. MeHbl 060MX NPUM3HAKOB HAXOAATCH B PasHbiX napax XpOMOCOM.
Kakumu npuaHakamm 6yayT o6nagats rubpuabl, NONyYEHHbIE OT CKpeLumBaHus retepo-
3UrOTHLIX MO 0BOUM NpU3Hakam poauTeneit? Kakos GpeHoTun poauTensckux ocoben?

2. YépHbii NETYX C XOX/IOM CKPELLEH C TaKoii Xe Kypuuei. B noToMcTBe ubinnsTa umend
cnepyoLme GeHoTUNb: 9 YEPHBIX XOXNaTbix; 3 YEPHBIX 6e3 xoxna; 3 Bypbix XOXNaTblX;
1 Gypbiit 6ea xoxna. OnpeaenvTe reHOTUNBI poauTenei 1 NoTomkos. OGbACHUTE Xa-
paKkTep HacneaoBaHWa AaHHLIX NPW3HaKoB Y kyp. Kakoii 3aakoH MeHaens npossnseTcs
B J@HHOM cny4ae?

3. Y yenoseka HekoTopbie Gopmbl 6M30PYKOCTU AOMUHUPYIOT HAd HOPMasbHbIM 3peHU-
eM, a kapuii uBeT rma3 — Hapg ronybbiM. [eHbl 3TUX NPU3HAKOB HaxOAATCH B PA3HbLIX
xpomocomax. Kakoe NOTOMCTBO MOXHO OXuaaTb oT Gpaka 61M30pykoro kaperna-
3010 MyX4uHbl C rony6ornasoi XeHumHoi, obnanawwein HopMansHbIM 3peHuem?
OnpepenvTe BCE BO3MOXHbLIE FEHOTWMNbI POAUTENEA 1 NOTOMCTBA.

§53. CuenneHHoe HacnepoeBaHue NPU3HaKkos

) BCMNOMHUTE, Y4TO NPOUCXOAUT C FOMONOMMYHBIMA XPOMOCOMaMK B Meinose |.
- K 4emy NpuBOAMT NPOUCXOAALLMIA MEXAY HUMKU KPOCCUHroBep?

Bee onwiTel, nposogumMeie I'. Mengenem, OTHOCHJIKACH K HacJaeJAO0BAHHUIO IIPH-
3HAKOB, FeHbl KOTOPBIX HAXOJHUJIHCH B PasHBIX Iapax OMOJOIHYHBIX XPOMOCOM.
OpHako pasBUTHE IIMTOJOTHH ¥ H3y4YeHHe KapHOTHIA OPraHM3MOB IIO3BOJIHJIO
YCTAHOBHUTEH, YTO KOJIWYECTBO XPOMOCOM BechbMa OI'DAHHMYEHHO M MCYHCIAeTCA He-
CKOJBLKUMH JecATKaMH, TOTAa KaK opraiusM obyafaeT ThiICAYaMM Pa3JIMYHBIX IPHU-
anaxkoB. CrenoBaTe/IbHO, B OJHOM XPOMOCOME JIOJIZKHO pacnojararbcsi MHOMKECTBO
reHOB, T. €. OZHA XPOMOCOMAa HecéT Iesbli pal npusHakos. Hak ke HacaenywTcA
NpHBHAKHK (TeHBI), KOTOPble HAXOAATCHA B OAHOM XpoMocome?

CuennenHoe Hacjaenosanue. IIpobiema Haclef0BaHUA I'eHOB, PACIOJIOKEHHBIX
B O/IHOI Iape TOMOJIOTMYHBIX XpoMocoM, Obina pemena T. Moprarom. B kadecrse
00beKTA [JIA TeHeTHUYeCKUX HccieJoBaHWM Oblyia BeIOpaHa IJIOJOBAad MYIIKa ApO-
soduna. Hanuuue y Heé TONBKO YETHIPEX IIap XPOMOCOM U OOJIBIIOTO KOJWYECTBA
APKO BBIPAKEHHBIX AJbTEPHATHBHBIX NPHU3HAKOB ofecmevusio yCIellHOe PelleHHe
[IOCTABJIEHHON 3a7a4u.

Cuennennoe Hacredosanue — 3TO HACJeLOBaHME PA3HBIX IIPUSHAKOB, PACIOJIO-
JKEHHBIX B OJTHOHM XpoMoOCOMe.
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Cepoe Teno, YépHoe Teno,

HOpMankbHLe peayLIMpOBaHHbLIE
KpbInbs Kpbibs

50 % 50 %
Cepoe Teno, YépHoe Teno,
HOpManbHLIe pefyuMpoBaHHbIe

KpbiNba Kpbinbs

CooTHoweHue Fp = 1:1

Puc. 192. CuennenHoe HaclieJOBaHHE 0OKpac-
KH TeJa U JJHHBI KPBLIbEB Y AP030GhHIBI
(I BapuaHT CKpeImMBaHHUA)

Ina cKkperMBaHusA OLLTH B3ATHI ABE
YHUCTHIE JUHHH Ap0o30oQHJ: OZHA — C
CEPBIM TEJIOM H HOPMAJILHBIMM KDBLIbA-
MH, Apyrasd — ¢ YEPHBIM TEJOM H peiy-
OUPOBAaHHBIMM KpBLIbAMHK (pHc. 192).
PesynbTaThl IEPBOro CKpenuBaHUA MO~
TBEPAWIH 3aK0H eJHH000pA3UA ImepBoro
IOKOJIEHUA: Bce rMOPHIBI HMEeNH cepoe
TeJO, HOpMaJbHBle KPBIAbA (AaBb).
Manee ObIIO IPOBEEHO CKDEIIUBAHME
rubpuI0B MepBOro MOKOJEHHSA ¢ perec-
CHBHOH TOMO3HUI'OTHOH 0cOo0BI0 (uépHOe
T€JI0, PeAYIHPOBAHHEIE KPLLIbA) [0 ABYM
napaM npusHakoB. Mopras npogéi ckpe-
IMMBaHHE B IBYX BapHaHTAax.

I BapwmaHT CKpemHBaHHUA.
B aTom cayuae ruGpHAOM ¢ JOMHHAHT-
HBIMH NIpusaHakaMH Obla camern. IIpo-
BepAJHCH ABA NMPEeAIOJI0KeHHA.

1. Ecn rensl, onpezensiionue okpac-
Ky TeJjla ¥ JUIMHY KDBHLIBEB, HAXOAATCH B
pPas3HBIX XpPOMOCOMAax, TO OHH OyAyT Ha-
CIeJIOBATLCH HE3aBMCHUMO APYT OT APyra.
B pesynbraTe cKpemMBaHHA TOJMKHEI
obpasoBaThCA YeThIpe (PeHOTUIHYECKHUe
rpynnel B DaBHBIX COOTHOIIEHHUAX: ce-
poe Teno, HOpMaJbHBIE KPBLIbA (25 % );
cepoe TeJio, peAyIUPOBAHHBIE KPBLIbA
(25 % ); uéprOoe Teso, HOpMAJbHBIE KDBI-
Jbsa (25 % ); uépHOe Teslo, peAyLHPOBAH-
HBIE KPbLIbA (25%).

2. Ecnu [Be mapsl 'eHOB HAXOIATCS
B OZHOH XpoMocoMme, TO OHH OyayT Ha-
CJIe0BATHCA COBMECTHO, MJIH CIEIJIeHHO
ApyT ¢ apyroMm. B pesyabrare ckpemim-
BaHUA MYX JpPO30()HJI B UX MOTOMCTBE
JOJIZKHBI TOABUTHCA O0CODH TONBKO IBYX
(eHOTHMIIMYECKHX TIPVYIII: cepoe TeJjo,

HOpMaaeHbIe KPbLIbiA (50 % ); uépHoe Teno, peaynupoBaHHbIe KPLLILA (50 % ).

Pesynerar ckpemuBaHuA npeacrasieH Ha puc. 192. B moromcTBe okasamuch
TOJIBKO /iBe (QeHOTHIIMYeCcKHe IPyNibl. Paciiennenns IpU3HAKOB HA YeThIPe IPYIIIEL,
Kak npu AUrubpuIHOM CKDEIMBAHNH, He HaOI0Ia/I0Ch.
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Oxasanocsk, 9TO IPU3HAKH (DOPMEI KPLLILEB U OKPACKH TeJa Y APO30(HILI Hace-
AYVIOTCA COBMECTHO, CJIe0BaTeIbHO, MeHbl 3THX IIPU3HAKOB PACIIOJIATAIOTCHA B OQHOMI
mape roMOJOTMYHBIX XpoMocoM. IIpu cirenyieHHOM Hac/IefOBAHHH ABYX IPU3HAKOB
HUX IIPOABIEHHUE UAET IO TUIY MOHOTHODHIHOTO CKPEIMBAHMWA.

ITo pesynbrary ckpemuBanausa T. Mopras cesan BEIBOJBL:

— OJ/lHA XpOMOCOMAa HECET NeHbl MHOTHX NPHU3HAKOB;

— TeHBI B XpPOMOCOME DACIOJIATaloTCA JUHENHO;

— IpPH JeleHAH KJIeTKH XPOMOCOMEI NEPEeXOAAT B raMeThl NeJHKOM, He JIpo-
6siCb, — COOTBETCTBEHHO, IPH3HAKH, MeHbl KOTOPEIX PACIIOJAralTca B OOHOH Xpo-
MocoMe, OyAyT HacaeZoBaATLCA COBMECTHO.

9ru BuIBOAEI T. Moprasa mocaysKHIM OCHOBOM A8 (OPMYJIUPOBAHUA 3AKOHA
CUENIEHHO20 HACLeJ06AHUA 26HO8.

l'enrnl, HaxogAIIHecA B OJHOH XpPOMOCOME, 00pPA3yIOT TPYINY CIEeIIeHHA U Ha-
CIIEAYIOTCS COBMECTHO, CIEILIEHHO.

Hapynmienue CHenjieHHOro HACJIeTOBAHUA IeHOB.

II BapuaHT ckpemuBanusa. B srom BapuanTe ckpemusanus T. Moprax
OOMEHAJI CaMKy H camiua. Temeph rereposurorTHoi ObLIa caMKa, a pelecCHBHOMH
roMo3uroroii — camer (puc. 193).

Bo Bropom ciydae crenieHue reHOB HAPYIIWIOCh. AJLIe/ M PA3HEIX TeHOB, PACIIO-
JIO}KE€HHEIE B TOMOJIOTHYHBIX XPOMOCOMAaX, Pa3feuInCh, U IOABUIKCE HOBBIE cOYe-

deHoTUNBI %
FeHoTunel ocoboi

HopManeHeie | 41,5

II Cepoe 1en0,
b KpLIbR

peayLuMpoBaHHsIe B5

" 1 1 cepoeteno,
b ’ KpPblNibs

= oths

18 ~
it h b

Puc. 193. Hapyiienue CIeIUIEHHOr0 Hac/qel0BAHNA OKDACKH Telld M JIHHBI KPhLIbEB
y Apozodunsl (II BapuaHT CKpeluBAHKA)

asea .‘iépﬂoe Teno,
II / HOpManbHLie 85
b Kpbifibs !

asea 1| Hépuoe reno,
II peyLMpoBaHHLe 415
b Kpbinbst ¢
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TaHWs F'€HOB, T. €. IPOMBOIILIA peKoMOuHayus zenod. IloapneHEe peKOMOMHAHTHBIX
coueTaHUM 0OBACHAETCA TEM, 4YTO B Meii03e MeXAY F'OMOJIOTHIHBEIMHA XPOMOCOMaMH
MOKeT IIPOMCXOAUTH KPOCCHHIOBEp — 00OMEeH reHaMH. JTO gBJIeHHe HabmIozaercd
He BCerja, IM03aTOMY KOJNUYEeCTBO KPOCCOBEPHEIX ocobeil 3HAUUTEILHO MEeHbBINEe, YeM
OCHOBHBIX. ¥ CAMIIOB APO30(HIbEl KPOCCHHIOBED HEe IPOUCXOANUI, I03TOMY B IEPBOM
BApUAHTE CKPEILIHUBAHUA PEKOMOMHAIIMU I'eHOB He OBLIO.

Ha ocHoBaruHM npoBegéHHOrO 3KcrepumenTa T. Mopras chopMyIHpPOBAJ 3AKOH
HAPYWeHUA CYeneHus Mexdy zeHamu.

CuenieHre MeXIy TeHAMH HapyIllaeTcs B Pe3yJIbTaTe KPOCCHHIOBEpa — PEKOM-
OMHAIIMKM M'eHOB B MOMOJIOI'MYHBIX XPOMOCOMAax B Ipolecce Meiiosa.

OtkpeiTeie T. MopraHoM 3aKOHBI CIEIJIEHHOTO HACJeJOBaHHUA INeHOB H Hapy-
LIeHUA CHeNJeHHA MeIy FeHaMH [03BOJHIu chopMyaIHpoBaTh paAjx obobmeHwHit,
KOTOpEIE JIErJIM B OCHOBY XPOMOCOMHOL Meopuu HacaedcmeeHHoCmu.

m o 0O w >
a8 o0 ©

(]

a a a A a A
B b b B b B b B
c c c c . c c c
D d D q% b d d D
E e E e E e E e

Puc. 194. BapuaaTsl KDOCCHHTOBEDPA MEXKIY ABYMSA MOMOJOTHYHBIMH XPOMOCOMaMH.
Ecnm Bce BO3MOMKHBIE BADHAHTHI CIEIUIEHHOTO HACJIEAOBAHUA MATH I'eHOB
upuEATE 3a 100 % , TO BEPOATHOCTL HAPYIIEHHS CLHEIIEHUA Mex ]y reHaMmu A—E
cocrasasier 4 - 100 : 5 = 80 %, a BepOATHOCTh HADYIIEHHUA CLEIIEHUA Mexxay reHamu A—B
cocragaser 1-100: 5= 20%
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OcHOBHbIE MNONOXEHUA XPOMOCOMHOW TEOPUW HACNEeACTBEHHOCTHU
Enuauneit HacnencTBeHHON HHGOPMALMK ABISAETCA I'eH, JOKAJIH30BAHHBIA B

Kaxxnas XpoMoCOMa COOepHHUT MHOMECTBO I'eHOB. T'ensn! B XpoMocoMax pac-

TeHbl, pacmonoXXeHHEE B OLHON XPOMOCOME, HACIEAYIOTCHA COBMECTHO, CLEIJIEHHO.
CuenJieHne TeHOB MOKET HADPYIIATHCA B IIpOllecce MeH03a B Pe3yJbTaTe KPOC-
CHHI'OBEepa, YTO YBEJHYIHBAET YMUCJI0 KOMOMHAIMI I'eHOB B raMeTax.

B npormecce Meito3a TOMOJIOTHYHBIE XPOMOCOMBI, 4 CJI€J0BATEIbHO, H AJLIe/]bHEIe

1.
XpoMOcCOoMe.
2.
oJaralmTed JHHEHHO.
3.
4.
5.
I'eHBbI IIOIIaIanT B Ppas3Hble raMeThbl.
6.

Heromomoruusasie XpOMOCOMEI PACXOAATCA [IPOM3BOILHO, HE3ABMCHMO APYT OT
Apyra u o0pasyioT pasJudYHbIe KOMOMHAIIMH B raMeTax.

I'enernueckue KapTel. Tlocae OTKPBITHUS KPOCCHHIOBEPAa HA OCHOBaHHMM aHAJIHU3a

ero 4acTOTHI B Pe3yJIbTaTe CKPeluBaHUA ObL] YCTAHOBJEH IPUHIIMII OIpefeleHns

IOCTIeJOBATEIEHOCTH PACTIONOMKEHUA I'eHOB
B XpOMOCOMe. JTO IO3BOJIAET COCTABJIATH
2eHemuyiecKue Kapmusl XPOMOCOM.

3a eUMHUIY PACCTOSHUS MEXIy IeHa-
MH npuHHMaercs 1% KpoccuHrosepa, aTa
BeJIMYMHA HAa3BaHA MOp2aHudoil (B uecTh
Moprasra). Yem gasisime 1pyr OT Apyra pac-
MOJIATAITCA MeHBI B XPOMOCOME, TeM 00JIb-
I11e BEPOSATHOCTE KPOCCHHIOBepa (puc. 194).

HonycTuM, 4acToTa peKOMOMHAIIMIHA
Mexay reHaMu A u B cocrasasier 4 % .
9T0 3HAYWT, YTO ITH T'eHEl HAXOJATCA HA
OHOMH XPOMOCOMeE Ha DACCTOAHHH YETHIPEX
Moprauz. YacTtora KpOCCUHTOBEDPA MEK Y
resamu A u C cocraBaser 10%, sgagur,
ren C mHaxogurces Ha paccrossauu 10 mopra-
Hug or rena A. OnpesenuTs B3aHMHOE pac-
noJjosenue resos A, B, u C Ha oCHOBAHHUH
9THX JAHHBIX eIllé HeBO3MOMKHO, MO0 IeHbl
B u C MoryT HaXOJUThCH KaK CIIpaBa, Tak U
cJieBa oT reda A B xpomocome. Heobxoaumo

c? A B c?
| I — e w_J
'<—10——t:—4—+10-$:1

Puc. 195. Onpenesenre BO3MOKHOTO TIOJIO-
JKeHus B XxpoMmocome reHos A, B, C

|

YépHoe Teno

LleHTpoMepa
ABpukocoBbie
rnasa

YKopoyeHHble
Kpbifiba

PenyumpoBaHHble
rnasa

Puc. 196. Xpomocomusri Habop u re-
HeTHYEeCKad KapTa BTOPOH XPOMOCOMEI
A Po30(hHIBL
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emjé 3HATh 9acTOTy KpoccuHrosepa reHoB C m B. JomycTtem, oHa cocraBiser 6 %,
T. e. reHbl C 1 B HAX0AATCA Ha PACCTOAHMH IIECTH MOPTrauuj. BoT Teneps JaHHBIX
JIOCTATOYHO, YTOOBI TOCTPOUTH MeHETHYECKYIO KapTy TPéx reHoB. I'erst A u C Hau-
foJiee yJaneHsl APYT OT Apyra, a reH B Haxogures mexay reHamu A u C, Tak Kak
paccroaaue AB + BC = AC (puc. 195).

1A cocTaBieHUs reHeTHYECKHUX KAPT BCEria AHAIM3UPYETCH YacTOTa KPOCCHH-
roBepa OJHOBDEMEHHO HeCKOIbKMUX reHoB. Hanbonbmire TpyAHOCTH BOSHUKAIOT DU
OIIpefieIeHUN MECTOIONOKEHUA JAleK0 OTCTOAINUX APYT OT Apyra reHoB. B atom
ciyuae 4ucjIo pekoMOuHanuii 6pIBaeT JOBOJIBHO CJIO0HO onpejenuts. Haubosee mo-
APOOHO XPOMOCOMHBIE KAPTHI COCTABJIEHBI AJIfA AP0o30G Uik, MEIIeH, KYP, KYKYPY3bI,
romara (prc. 196). B Hacrosiee BpeMa COBMECTHLIMHY YCUIHAMY YUEHBIX-TeHETHKOB
MHOTHX CTPaH, B TOM umcJe u Poccuu, 3aBepIeHO COCTABIeHHAE TeHeTHYECKHUX KapT
XPOMOCOM UeJIOBEKa.

3aKoH cyenaeHHozo HacaedoeaHus 2eH08, 3AKOH HapyuleHus Cuenjeius e¢enoes,
pexo.uﬁuuauuu 2€HO08, ZeHemuiecKue xapmel, Mopzauuaa, XPOMOCOMHAA Meopus
HacredcmeeHHOCMU.

Bonpocbl n 3apaHusa

1. Yro Takoe rpynna cuennenus reHos? OT Yero 3aBUCUT KONMYECTBO FPynn CUENIeHns y
Kaxaoro enaa opraHnamos? OamMHakoBOe v KONMYECTBO rpynn cuennexus byayT umeTb
opradvambl ogHoro Buga? OTBeT nosicHuTe.

2. Mexay KakMmy XpoMOCOMaMKU MOXET NPOMCXoauTb KpoccuHrosep? K yemy oH Npuso-
out? Ona oteeTa ucnonb3aynte puc. 194, 3anuwmte TNl ramer.

3. Y710 Takoe reHeTu4eckas KapTa XxpoMocombl? Kak oHa coctaBnsieTca? B yém BbipaxaeTtcs
PAacCTOsIHME MEXIY FreHaMu, PACNONOXEHHLIMU B O4HOW XpomMocome?

4. Pewwute 3apaqu.

1. Y TOMaTOB reHbl, onpegensiowme BeicoTy cTedna u Gopmy NNoaoB, CLENIEHs!, NPUYEM
BbICOKMIA pOCT cTebNsA AOMUHUPYET HaA, KApIMKOBOCTbLIO, & WwaposuaHas hopmMa nioaos
HaA rpywesnaHoi. Kakoe NnoTOMCTBO cCneayeT oXuaaTk OT CKPelnBaHMa pacTeHus,
reTepo3vroTHOro no o60MM Npu3Hakam, C KapMKOBbIM PAaCTEHMEM C rPYLIEeBUOHbIMUA
nnogamun? Cnegyet y4ecTb, YTO KPOCCUHIOBED MEXy reHamu He NpoucxoauT.

2. B nabopatopuu npyv HEOAHOKPATHOM CKpeuiMBaHMW reTepo3uroTHbIX CepbixX ANUH-
HOKPbINbIX CAMOK MyX APO30¢hun C YEPHbIM KOPOTKOKPbLINIbIM CaMLUOoM B NMOTOMCTBE
okasanock 83 cepbie ANMHHOKPLINbIE MyXM, 79 YEPHbLIX KOPOTKOKPbUIbIX, 18 4&pHbIX
LUIMHHOKPbLULIX, 17 cepbix KOPOTKOKPLINbIX. OnpeaenvTe reHoTun poguTenei U noTom-
crea. O6bACHMTE NPUYUHY BO3HUKHOBEHUSA YeTbIpEX deHoTunuyeckux rpynn ocobei.

3. Y 4enoBeka karapakra (NOMYyTHEHWE XpyCcTanuka) v NoAUOaKTUIMA (LeCTUNanocTb)
0BycnoBAeHbl CLUEMAEHHBIMU JOMUHAHTHLIMKU reHamu. [eH KaTapakTbl MOXeT BbiTb
CUENnMeH kak C reHoM, OnpesensioumM HopManbHoe CTPOEHWE KUCTK, Tak U C reHOM
nonupoakTunuK. Myx4yuMHa yHacneposan katapakTy OT MaTtepu, a nonvaakTunuio ot
otua. Ero xeHa HopmanbHa no Bcem npu3Hakam. Kakvwe aHomManuu MOXHO OXnbartb
y AeTen B 3Ton cembe? CLUEnfeHHbIe reHbl KPOCCUHIoBepa He 0BHapyXvBaioT.
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=D Paccmotpute puc. 197. Yem otanuyaoTes Apyr oT Apyra XxpOMOCOMHbIe Habopsl
- camua 1 camku apo3oduns?

Campble 3aMeTHBIe DasIN4Yua MEKAY 0COOAMH OJHOTO BHUA — 3TO PASIUUMSA IO
noyioBoMy npusHakry. Ilox ompexenser pasBuTHe MHOTHMX OPraHOB, IPOABJIEHHE
pasnau4YHBIX Npu3HaxKoB. OJHUM u3 Hauboee BECOMBIX JOKA3aTeNbCTB BAMAHHSA
XPOMOCOM Ha NPOABJIEHHE HACIEJCTBeHHOCTH SABHJIOCH OTKDBITHE Pa3JMYHil B Xpo-
mMocoMHOM Habope ocofeil pasHBIX IOJIOB.

XpomocoMHOe ompejesieHHe Moja. B cOMAaTHYECKHX KJETKAX CaMIa M CAMKU
BCe Hmapbl XPOMOCOM, KPOMe OJHOM, IMOXO0XXH ¥ HECyT OJMHAKOBBIE THIEI I'eHOB.
OnuHaKOBble XPOMOCOMEI ¥ CAMI[A M CAMKH HA3BIBAIOT AYmMOCOMAMU, 8 OTIHIAIO-
masAcA mapa — noaosvLmu xpomocomamu. IIo0BEIE XPOMOCOMEI U OIpeeaaioT
moJt ocobeit. Hanpumep, y Apo3odHIbI YeThIDE Haphl XPOMOCOM, W3 HUX TPH IADHI
ayTocoM M OfHA Mapa MoJIOBEIX XpomocoM (puc. 197), y uemnoseka 23 mapur — 22
nmapel ayTOCOM H OJHA IAPA HOJOBBEIX XPOMOCOM.

ITonoBBIE XPOMOCOMBI MOTYT CHJIBHO OTJIMYATBCH APYT OT APYra KaK IO BHEITHe-
My BHAY, TAK H II0 cojep:Kalneica B HUX PeHeTHUYeCKOH mudopManuu. Pasaugaor
/iBa THIIA MOJOBEIX XpoMocoMm: X m Y, npuuém X-XpoMocoMa BCerzia BCTPeYaeTcs y
ABYX IOJIOB, a Y-XpPOMOCOMa — TOJBKO Y OAHOro moJsa. [lon oprasusma onpesens-
erca ux codyeranueM: XX wmium XY.

ITon ocobu, y KoTopoil mmerorca X X-XpOMOCOMBI, HABLIBAIOT 20MOZaMem-
Hotm. Tomoramerssie ocob6u 06pasyioT OAMH TUII FaMeT 110 MOJOBLIM XPOMOCO-
mam — X. ITox ocobu, comepskameit
XY-xpoMocoMEI, HABLIBAIOT 2emepoza-
memubim. I'ereporaMerasie ocobu gaoT
JBa THIIA raMeT II0 IIOJOBEIM XPOMOCO-
MmaMm — X u Y.

Y GonpmMHCTBA OPraHu3MoOB (MJle-
KONMHUTAIOIHe, PEOTHINH, aMpudbun,
ABYKPBLIBIEe HACEKOMBIE) KeHCKHe 0Cco0Ou
B COMATHYECKHX KJIETKAX HMelT Habop
xpomocom XX, T. e. ABJIAITCA roMora-
METHBIMH, & MYyXCKHe 0cobH comepskar
nabop XY, 1. e. rereporamMeTrHsI (CcM.
puc. 197). ¥V urun, psi6, 6aboyex romora-
MeTHBI camibl — XX, a reTeporaMeTHBI
caMKn — XY. V HeKOTODPBIX »HBOTHBIX
Y-xpomocoma MOKeT BOOGIE OTCYTCTBO-
BaTe. B aTOM cirydae mos onpegenserca
IO HAJMUYHUIO HUJIH OTCYTCTBHIO BTOPOM Puc. 197. XpomocomHuEIe HAGOPHI CAMKH
XpoMocoMbl B mape. Hanpumep, y npa- H camiua Apo3odhuis:
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Puc. 198. BapuanTbl XpOMOCOMHOI'0O MeXaHH3Ma OIpeJe/IeHHdA 1oJa

3urorhl

MOKPDELIBIX, KYKOB M IayKOOOpPa3HBIX CAMKHM B COMaTHYECKHX KJIETKaX HUMEIOT
xpomMocoMHBIH Hatop XX, a cammelr — XO (puc. 198).

Ecan xeHCKHe 0co0H rOMOTaMeTHBI, TO Y HUX 00pasyeTcd OJWH THI AiIeKre-
ToK — ¢ X-xpomocomamu. B aToM ciydae y My»KCKHX ocobeil 00pa3yroTcsl ABa THIA
ramer — X u Y. B 3aBHCHMOCTH OT TOT0, KaKO# U3 CIIePMAaTO30H/I0B OTIJIONOTBOPAET
AHIEKJIEeTKY, PA3BHBAETCA COOTBETCTBEHHO YKeHCKUH opragnamM X X MM MyKCKOH —
XY. Ecsir ToMOTaMeTHBI MYJKCKHe 0co0M, TO OHH 00pasyioT ofuH THn ramer — X,
a sKeHCKHe ocobu gea Tuna ramer — X n Y.

Cxema HacneaoBaHMA nona

TenoTunst P: XX X XY
TameTsl G: M @
IToxkonenue F;: XX XY
CooTHOIIIeHHE II0JIOB: 1 : 1

Yucao ramer X u Y y ofHOM 0cobu 0IMHAKOBOE, [I03TOMY BO BCEX CJIy4adx COOT-
HOIIIeHWe TOJ0B B MOMEHT 00pasoBaHudA 3UroT coctasiuder 1 : 1, T. e. paciiernyiesue
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o npu3HaKy noja paBHoe. IToaromy ocobeii 0b6oero mosa B NONYJIALUAX JT1000r0
BHJIa poxaeTcsa NPHUOIU3NUTEIBHO OQUHAKOBOE KOJIHYECTBO.

Hacnenopanme npu3HAKOB, CUEIUIEHHBIX € MOJOM. ['@HEI, pacloJIOMeHHbe B
ayTocoMax, HacJeAyITCA He3aBUCHMO OT noJa ocobu. CoBepineHHO MHAA KapTHHA
HabaofaeTcsa NpU HaclAeJOBAHUHU IIPU3HAKOB, 34 KOTOpPHIE OTBEYAalOT I'eHEI, pac-
[I0JIO’KeHHBIe B IIOJIOBBIX XpoMocoMax. Tak kak X-xpomMocoma IIPHCYTCTBYET y 060-
UX TOJIOB, TO B Heil pacmoJiaraloTcs reHbl, KU3HEHHO BayKHbIE AJs 000MX IIOJIOB.
IToreps X-XpoMOCOMBI IPHBOAHUT K I'UOENH 3UIOTHI. Y-XPOMOCOMAa BCTpPEYAETCH Y
ocobell TOMBEKO OJHOTO ITIOJIa M HECET OUeHbh OIDAHHYEHHOe YMCJO I'eHOB, Xapak-
TEPHBIX TOJBKO JIJIA COOTBETCTBYIOIIero nosua. Eé HajuuMe WIHM OTCYTCTBHE MOKET
[IPUBECTH JUIIb K M3MEeHEeHHIO B PASBUTHU IVIABHBIM 00pa3oM MOJIOBEIX IIPH3HAKOB.

IIpussakxm, reHsl KOTOPBIX PACHOJI0KEHBI B IOJIOBOX mape, ofa Imoja HacaemyIoT
no X-xpomocoMme. ¥ romoraMeTHEIX ocobeil napHbie X-XpOMOCOMBEI MOTYT HECTH KaK
JAOMHHAHTHbBIE, TAK M penecCHBHble Npu3Haku. OQHAKO Yy rereporaMeTHBIX 0cobeil
X-xpomocoMa HemapHas, ¥ OHa HECET TOJBKO OAWH M3 reHos. IloaToMy naHHBIE
NPU3HAKH NPOABJIAITCA 0-PA3HOMY V Pas3HBIX I0JI0B. HacieqoBanue NpusHAKOB,
reHbl KOTOPBHIX PACIOJIOMEHB! B ITOJOBBIX XPOMOCOMAX, CUENLEHO € NOJOM.

PaccmorpuM cnenneHHoe ¢ moJoM HacjaeZoBaHWEe HA IpUMepax. Y JOMaii-
HUX KOIIEeK IeH OKDaCKH ILIepcTH HaxoauTcsa B X-xpomocome. YépHas oxpacka
onpezensiercsi JOMHUHAHTHBIM reHoM B, a pelkad — pelecCHBHBIM reHoM b. Ilpu
resorune BB paspuBaeTcsa 0co0b ¢ YEPHOI OKPacKoM IIepeTH, a IpH reHorturne bb
NposABIseTcA phlxkadA okpacka (puc. 199). ¥V rereposuror Bb nMeeT MecTO HemoJIHOe
AOMHUHHPOBAHNE U DasBUBaeTCA yepernaxoBad (IATHHCTAs, TPEXIBeTHAA) OKpacKa.
PaccmoTpum HaciaenoBaHMe OKpacKH
IIEePCTH ¥ PA3HBIX HOJIOB.

CxeMbl CKpeLumBaHus
I BapuaHT

P:  Q yépHas komka O PHIFKHI KOT
XBXB XY
G: E®
F: @ X®X" — uepenaxosas KomKa
3 X®BY — uépHmIH KoT
II BapuaHT

P:  Qpepxas xomka O uBpHBIH KOT
X!JXb % XEY

G: o @O

F: Q@ X®X" — uepenaxosas KOmKa

- . Puc. 199. Oxpacka mepeTH y KolIek
d XYy — PBIZKHH KOT CIIETIJIEHA € TTOJIOM
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YepenaxoBas OKpackKa xapaKTepHa
TONBKO IJs KOIIEK, a YepemaxoBBIX
KOTOB B NPHPOJEe He ObIBAaeT, TaK Kak
nse X-XpOMOCOMEI ¥ CaMIlOB B HOpMe
He BCTPEYaroTcH.

V udesnoBeKa psj NPUSHAKOB TAKIKe
cuemien ¢ nojlom. K HEM oTHOCATCH,
HAIIPUMeD, HACJIeOBaAHNE PEIleCCHBHOTO
reHa JaJbTOHU3MAa — aHOMAJIMH IIBETHO-
T'0 3peHHs, CBA3AHHOM! ¢ HECITOCOOHOCTHIO
pasaMuaTs KPACHBINA U 3eM€HBIH IBeTa
(puec. 200), pemeccHBHOrO reHa TeMoO-
(puauMu — HeCBEPTHIBAEMOCTH KDOBH.
ITocnenrnee o6yCIOBIMBAET IOBBIIIEH-
HYI0 KPOBOTOUHBOCTE, YTO MOXKET IIPH-
BEeCTH K rubeid OpraHusMa Jaske BCJes-
cTBue HeOOIBIIOr0 PaHEeHHA.

Pue. 200. IIsernana Tabauna AJs TeCTHPO- PeneccusHbIi 1 10 [H;é e
BaHUA AAJbTOHH3MA (HAJTBTOHUE He BHIUT HaXOAATCA B TOMOJOTHYHAIX A-XPO-

nudpy Ha PHCYHKE) MocoMax. ¥ MY:KYMH UMeeTCH TOIBKO
onHa X-XpoMocoMa, MO3TOMY PeIecCHB-
HBIH TPU3HAK [OPOABIAeTCA PH HAJMYHUHA TOJHKO OJHOrO TeHa M3 Maphl ajjeel,
a y 'KeHIIWH — BCerja JBYX aJIeJbHBIX MeHOB. AHOMAaNbHBEIH reH X* MoxeT ObIThH
KaK y My;KUHH, TaK U y jKeHI[uH. PeliecCHBHBIE aHOMAJIbHBIE IPU3HAKH Y JKEHIUH
HaGIOA0TCA PelKo, TAK Kak BCTpedya JBYX X *-XpoMoOcOM MajoBeposTHA. Ilpu
HaTuuuy ogHoH X *-XpOMOCOMEI KeHINHA OKa3bIBaeTCAd HOCHTEIeM DEeIeCCHBHOIO
rega. ¥ MY:XKUYHMHEBEI IPHCYTCTBHE TOJLKO OAHOH X *-XpOMOCOMBI AOCTATOYHO AJA
NpOsBJIEHUsA PEIecCHBHOTO npuaHaka. [losToMy aHOMAaJbHBIE [IPUSHAKH TeMO(pH-
JIMH ¥ JAJbTOHM3MA TIOYTH BCErja MPOABIAIOTCH TOJBKO y My:YHH. PaccMoTpmm
BAPUAHTHI HACJIEJ0BAHUA JaJIbTOHM3MA ¥ YeJIOBeKa.
IIpusaaku: X? — pelecCUBHBIN reH JaJbTOHH3MA;
XP — ren HOpMAaJIBLHOTO I[BETHOT'O 3PEHHUA.
I BapumanT

P JKeHIIUHA MYyKIHHA
DeHOTHTILI: HOpPMA, HOCHUTENb HOpMAa
TeHOTHIIBI: XPox4 * XPY
TamersI: G: @
TenoTHIBI Fg XPXP — nesouka, HOpMAa
U (DEHOTHUIIBI XPY — manpuMK, HOpMA

XPX? — neBo4yKa, HOCUTEJb NIPU3HAKA
X?Y — ManpuMK, JAJIbTOHHE
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Il BapuaHT

P JKeHIUHA MYyKYIAHA
MeHOTHITHI: HOpMa 6oseH (JaJIbTOHUK)
Tenorunst: XPXxh X XYY
Tamersr: G: ®
TeHOoTHIIBI y o XPX9 — nepo4yKa, HOCHTEJb NPH3HAKA
u (heHOTHITHI XPY — maibpuMK, HOpMA

PeneccuBuble npusHaxky, HacaeAyeMble dYepe3d X-XpOMOCOMY, ¥ JKEHIIHH IIPO-
ABJAKTCHA TOJBKO B 'OMO3HMI'OTHOM COCTOAHMH, 4 JOMUHaAHTHEIE B paBHOﬁ CTelleHH
OpOABJAAKTEA ¥ 000uxX moioB. K clienieHHBIM ¢ IIOJIOM JOMHHAHTHBIM IIPH3HAKAM
OTHOCATCA TEMHAA dMalb 3yOOB, BUTAMHUHOYCTOMYHUBEIM PAXUT U AP.

Aymocomw; NnoJ06ble XPOMOCOMbBL;, NOJ: 20MOZAMEMHbLIL, 2emepozamenmHbLil;
cuenjenHoe ¢ noioMm HacaedosaHue.

BOHDOCH n 3agaHuAa

1. B 4ém pasHuua Mexay ayTocoMamu 1 NMonoBbIMW XpOMOCOMaMn?

2. Wcnoneays puc. 198, onpegenure, OT HANWHYUA KAKOA XPOMOCOMBI B K&XA0M Criyvae
3aBUCKUT non ocobu. Kakoit non ABNAETCS roMo- M reTeporaMeTHbIM?

3. Pewwte 3ana4u.

1. CoctaBbTe CxeMbl YETLIPEX BAPUAHTOB HacnefoBaHMa aHOManbHOro NpuaHaka, cue-
NAeHHoro ¢ nonom: a) XX* u XY; 6) XX u X*Y; B) XX* 1 X*Y; r) X*X* n XY. Paccuutaiite B
Kaxaom cnyqae (B %) BEPOATHOCTE poXaeHWa ocobeii-HocuTenen u ocobeit, y KoTopbix
NPOSABAETCHA aHOMASIbHbLIN NPu3Hak. CpaBHUTE BEPOATHOCTb MPOSBNEHUSA NPU3Haka
Y MYXCKWUX U XEHCKMX ocobei (XX — xeHckuid non, XY — MyXckon non).

2. Y nposodunsl 6enornasocTte HacneayeTcs Kak peuecCUBHbIA NPU3HaK, CUENNEeHHbIR
¢ X-xpoMoCcomoii. Kakoe nony4nTcs NoTOMCTBO, EC/W: @) CKPecTUTL 6enornasyio camky
C KpacHornasblM camuoM; 6) ckpectuTs Mexay coboi rubpuasl Nepeoro nokoneHua?

3. Y Kowek npu3Haku YEPHOWU M PbIXER OKPacKW, CLENnNeHHbIe C NofoM, HaXOOAaTCs B
X-XpOMOCOME ¥ [aloT HENONHOE AOMUHUMPOBaHWE. [pu UX coYeTaHuu nony4aeTtcs
Yyepenaxosas okpacka wepcTtu. OT KOLWKM YepenaxoBoil MacTy POANNOCE NSATb KOTAT,
OAWH N3 KOTOPbIX OKA3ancs pbiXkMM, [Ba KOTEHKA MMENM YePENaxoByio OKPacKy, 1 ABa
KOTEHKA ObINK H4EPHLIMK. PbiXWiA KOTEHOK 0Kasanca camkoi. Onpenenure reHoTun u
(eHOTUN KOTa-NPON3BOAUTENS, NTEHOTUMNbI U NOM APYruxX KOTAT.

HdononnurensHas nHpopmalna

Kpome npusHakros, cuensierasix ¢ momom (tabn. 13), uMeroTcs NpH3HAKH, KOTODBIE
KOHTPOJHPYIOTCA M OTPAaHMYHBAIOTCH moaoM. Tak, HeKOTOpble MPH3HAKH OpraHH3Ma,
onpejelsgeMble TeHAMH, KOTOPBIE DACIIOJOMEHBI B AyTOCOMAX, MOI'YT MMEIT PasHYIO
CTENeHb NPOABIEHHUS Yy MYMKCKHUX U KeHCKHUX ocoleil. DTO CBA3aHO C IOJOBEIMH TI'Op-
MOHAMH, KOTOPBIE ABJAITCA CTUMYJIATOPAMH JaHHHIX I'eHOB. Hampumep, vV My:KUHH
red o0NBICEHHSA B IeTePO3HIOTHOM COCTOAHHMH IPOSBIAETCA KaK AJOMHHAHTHBIH, a y
JKEHINHWH OH PeIleCCHBHBIN H MOMKEeT INPOABHTHLCS TOJIBKO B TOMO3HUIOTHOM COCTOAHMH.
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B Y-xpomocome denoBeka COTEPKHUTCA JIHIIb HECKOJIBLKO T'€HOB, CPEIA KOTOPHIX BBIJEJIA-
eTca OOuH HanboJIee BaXKHbIIH — CTHMYJIATOP MYMCKOI'O IIOJIOBOI'O TOPMOHA TeCTOCTEepOHA.
Cam res tecrocTepoHa HaXOIHTCA B ayTOCOMe M B PABHOH CTEeIleHH IPHCYTCTBYET KaK
VYV MyX4YHH, TAK H ¥ XeHIIHH. reH'CTHMynﬂTop HaxogHUTCH TOJIBKO B Y—xpomocome, OH
U peryIupyeT CHHTe3 II0JIOBOI'O N'OPDMOHA U PAa3BUTHE MYKCKHX IOJIOBBIX IIDH3HAKOB.
B ciygae peakoil aHOMaJIHU TeH-CTUMYJAATOP B Y-XPOMOCOMe OTCYTCTBYeT, U TOTAa IIPH
regorumne XY pasBHTHE OpPraHMu3Ma IIPOUCXOJUT IO MeHCKOMY THILY.

Tabauya 13
IIpusHaku, cuemieHHsle ¢ M0J0M (HacreayoTes 4epes X-XpoMocoMy)
JloOMHHAHTHBIH NMPH3HAK PeneccHBHBIN NPH3HAK
Yenosex
HopmanbHAaA CBEPTHIBAEMOCTH KPOBH Temobuansa
HopMmanbHOE IIBETHOE 3peHHe JlanbToHH3M
HopmannHOe pasBHTHE IMOTOBBLIX MENE3 OTCcyTCTBHE IOTOBEIX JXKeJé3
poszopunra
Cepasi OKkpacka TeJa Ménraa okpacka Tesaa
KpacubIi nBer rias Benwrit user rias

Tymoeoeiii wenrwonpad

Benrie aina YépHule Aina

Homawnas kowra

YépHasa OKpacka IMIepcTH Prlxxas OKpackKa INepcTH, Y THOPHUAOB —
néctpad (UepenaxoBasd, TUIDOBasd) OKpacka

§55. MHOXeCcTBeHHOe aencreue
M B3aMMOoAencTBue reHoB

5 BcnomuuTe, CKONBKO NPW3HaKoB onpeaenseT OAHa napa anfienbHblX reHOoB.
b Kakwe Tunbl AOMUHMPOBAHUA NPU3HAKOB BaM WU3BECTHLI?

BzauMozaBHCHMOCTh MEKIY IeHAMH W OPHU3HAKAMH JOCTATOYHO CJIOMHAA.
B opranusme He Bcerja ofMH MeH OmpejesisieT OAWH Ipu3HaK. JacTo ouH el MOKeT
BIMATHL HA PA3BHTHE Cpa3y HECKOJbKHWX INPH3HAKOB U1K, HA000pOT, OAWH IPHU3HAK
3aBHCHT OT lxel‘:ICTBHH HeCKOJIBKHX I'eHOB.

MHo:keCTBeHHOe JelicTBHe reHa. B pacCMOTDeHHEBIX paHee BADHAHTAX CKpeIu-
BaHUA Bbl NO3HAKOMHUJIMCH ¢ OJHO3HAUHLIM AeHCTBHEM I'eHa, KOTOPOe Peanu3yercs
o cxeme:

reH A ———» Deok A ———» mpusHaK A
rei B ——» 6enok B——» npusHaxK B
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Ecnm ogyH I'eH OKasbiBaeT BAMSHHME HA PA3BUTHE HECKOJNbKHUX NIPU3HAKOB, I'0-
BOPAT 0 MHONCECTBEHHOM Oellcmeéul 2eHa, KOTOPOe HIET IO CXeMe:

npusHaxk A

reH ——» OenoK-thepMeHT < npusHaxk B

npusHak C

Bimsame ogHOrO reHa HA PasBUTHE CPasy HECKOJIBKHUX NPHU3HAKOB HA3BLIBAIOT
naettomponueit (oT rped. pleion — MHOrOYHCIIEHHBIN U {ropos — HalpaBleHHe).
Buepsrie Ha aro asiaenue obparun Buumanue I'. Mennens. BrociencTeun mietio-
TponmusA Oblma 00HapysKeHAa Yy MHOrMX opranusmoB. Hampumep, y desoBeka TreH,
OIpPEeJeNsIOIIANA PBIKYI0 OKPACKY BOJOC, 00yCIOBIMBaeT Gojiee CBETIVIO KOXKY M
MOABJIeHMEe BecHYIIeK. ['eH, BHI3BIBAIOINUII HacjeJAcTBeHHOe 3a00oleBaHMe 4YeloBe-
Ka — cuHApoM MapdaHa, BIHAET Ha pPa3BUTHE cpa3y HECKOJNbKHMX IPU3HAKOB:
HapyIlIlaeTcsa PasBUTHE COEIMHHTEJIbHOH TKaHMW, YAJHHAKTCHA (GalaHrd Naables,
BO3HHKAIOT AHOMAJHH B CTPOEHHH XpPYyCTalMKa, HabamoganTca HapylIeHHS B
CcepAeYHO-COCYAHCTOM cucTeMe. ¥ Apo30oduiasl reH O6en0i OKpPaCcKH a3 OKaselBaeT
BIMSHHE W Ha IBET TeJja, H Ha JAJHHY KDBLIbeB.

IIpu MHOKECTBEHHOM JeICTBUH OJHOTO 'eHa MOI'YT MMeTh MeCTO JBa BapHaHTa
paciennenus ABYX NpusHaKoB (tabn. 14). B ogHoM ciayuae oba Npu3HAKa MOTYT
NPOABIATHCH B cOoTHOIIeHnH 3 (AA, Aa, Aa) : 1 (aa). Bo BropoMm ciydyae ofWH OpH-
3HAK NPOABIfAETCA B cooTHOeHHHU 3 (AA, Aa, Aa) : 1 (aa), a Apyroii IpU3HAK —
B coorHomernuu 1 (AA) : 3 (Aa, Aa, aa).

Tabauya 14
DeHOTHIIHYECKHe TPYIIEI IPH MHOKECTEeHHOM JeHCTBHH reHa
I papuanT II BapHaHT
1-if npusHak 1-if mpusHAK
e ] e ] =
AA Aa Aa  aa AA Aa Aa aa
2-i1 IpH3HAK 2-# nIpu3HAK

ITO cBA3AHO C TéM, 4TO I'eHBI, Oonpeaesdaiolnine MOdeOJ’IOI‘H‘IECRHE IPpHU3HAKH,
BIHAKT Ha (PU3HOJOTHUEeCKHe (QYHKINH (H3MEHAT >KU3HECTOHKOCTh, IJIOJ0BH-
TOCTE 0co0eil) MM OKAZBIBAIOTCH JETANBHBIMHA (BLI3BIBAIOT rUbess 3apojbIIa WK
OpraHu3Ma mpH ero poxxaenuu)., Haanpumep, red, onpeaeasioniui ronyoyio OKpacKky
Yy HOPKH, CHHKAET e€ IJIOJOBUTOCTh. JJOMUHAHTHBIN I'eH cepoli OKPacKn y Kapaky-
JIEBBIX OBEIl B TOMO3UIOTHOM COCTOAHHMN JeTAJNeH, TaK KaK ATHATA POMXKIATCA C
HEIOPA3BUTHIM JKEJTYAKOM M IIOrudaioT IpH IMepexoe Ha TUTaHue TpaBoii. [[puMeps!
JIeTAaJbHBLIX TeHOB IIpeJcTaBjaeHsl B Taba. 15.
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Tabauya 15
MHoxecTBeHHOE IeliCTBHEe TeHOB
Oprannamsi 1-it mpu3HaK 2-i1 mpu3HAK

OBIEI Cepas oxpacka — AA, Aa |Jlerans — AA (HefopasBUTHE KeNyaKa)
Yépuasa oKpacka — aa Hopma — Aa, aa

JIncume: IInaruuoseie — BB, Bb Jlerans — BB (He:xH3HECTOCOOHBI)
Cepebpucteie — bb Hopma — Bb, bb

Kypsr Koporkue soru — KK Jlerans — KK (ykOpOYeHHEIH KJIIOB)
Hopma — Kk, kk Hopma — Kk, kk

Pacrenus Benénasa okpacka — CC, Cc |Hopma — CC, Cc (dhoTocurTE3HpPYET)
AnnbuEN3zM — ce Jlerane — cc (orcyTeTBHe hoTOCHHTE3a)

BzaumopeiicTBue resos. YacTo pasBuTHE NPHU3HAKOB O0YCJOBIEHO CJIOXKHBIM
B3aMMO/IeICTBHEM MeKIYy HeCKOJbKMMH reHamu. OAUH M3 TAKUX BAPUAHTOB OBLI
paccMOTpeH paHee. 9TO B3aMMOJEHCTBHE NJOMHHAHTHOTO M PENECCHBHOTO I'€Ha B
alnelbHOH mape, IPH KOTOPOM MOKeT HAGIIAAaThCA KaK IOJHOe, TaK U HemoJHoe
JOMHMHHpOBaHMe npusHaka. OJHAKO B3aMMOAEHCTBOBATEH APYT C APYIOM MOTYT He
TOJIBKO alljleJIbHbIe, HO W HeallJleJibHbIe T'€HBI, ONPeeJAIHe PA3BUTHE OJHOI'0
npusHaka (raba. 16).

Tabauua 16
THNBI B3aHMOIeHCTBHA I'eHOB
BaaumojeicTBHe a/NIeLHBIX FeHOB BzanmopeiicTBHe HealleJIbHBIX I'eHOB
ITonHOE JOMHHHpPOBaHHE KoMnnemeHTapHOCTH
HenonHoe noMuHHpOBaHME dnucras
KogomMuHNpOBaHHE Ilonumepusa

IloraTne «B3anMMOIeCTBHE TeHOB» IOABHJIOCH 3a/10JIT0 IO BEIACHEHUA MEXaHHU3-
Ma (pYHKIIMOHMPOBAHHA reHoB. Ha camMoM Jesie B3aMMOJEHCTBYIOT He I'eHbI, a HX
NPOAYKTH — OesKu-(hepMeHThI, 00YCIOBIHBAOIINE DA3BUTHE YV OPrAHU3MOB TOTO
UM MHOT'O NPHU3HAKA.

BaaumopeiicTBHe ajieIbHBIX FeHOB. B pacCMOTPEHHEIX paHee MpuMepax MOHO- U
MUTHOPHUIHOTO CKPEIUBAHUA KaX Al IPU3HAK KOHTPOJIUPOBAJICH AJIJIEIAME OJHOTO
reHa — JOMHMHAHTHOH HJIM pelleCCUBHOH. B aToM ciiyuae y OJHOro reHa UMeJIHUCh
TOJBKO ABe ajrenn. OJHAKO CYIIECTBYeT HeMAaJIO IPHMEepOB, KOrja OAHH NPU3HAK
KOHTDOJIHPYeTcHa TpeMsa u 0oJiee ajelAMH, MIPUUEM [JBE M3 HHX MOrYT OBITH Kak
JOMHHAHTHBIMH, TAK H PELIECCHBHLIMH. JTO fBJIEHHE HASBIBAIOT MHOMCECTMEEHHbLM
aanenusmom. IIpn momagaHuM B OJHY 3HUTOTY ABYX PA3HBIX JOMHHAHTHEIX AJLIe-
JIeH, T. e. y reTrepos3uror, obe amnenu o0yCIOBIMBAIOT PA3BUTHE NAHHOTO HNPH3HA-
ka. Kakaelil U3 ajleIbHBIX FeHOB KOHTPOJIHMPYET CHHTE3 OMpeiesiéHHOro Geka.
B aTom corydae cuHTE3 ABYX 0€JIKOB IIPOMCXOAUT OJHOBPEMEHHO M B PABHOM CTEIIEHH.
Ecnn :xe B 3urore uMeeTcs TOJLKO OJWH AOMHUHAHTHEIH T'eH, a APYTOH PelleCCUBHEIH,
TO CHHTE3 PelleCCHBHOI0 GesiKa MOJHOCTHIO MM YACTHYHO HOAABJIAETCH.
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Hpomme:—me B reTepoO3MroTHOM CO- 0
CTOAHHH IIPDH3HAKOB, OﬁyCJIOBJIeHHBIX IK:‘
OBYMA pPasHbBIMH JOMHHAHTHBIMH ajje-
JIAMH OJHOI'O I'eHa, Ha3bIBAKOT KOJOMUHU- A / \ B

posanuen (ot nar. co — Bmecre u domi- L @ | = -

nans — TOCIOCTBYOIIHIT). .
i yIomuit) Puc. 201. Cxema pacmosioKeHHdA ajlIeei,

[Ipnmepon KOXOMUHEDOBARMA CIIy- KOHTPOJIMPYIOIUX IPYNNY KPOBH B I'OMOJO-
JKUT HACIENOBAHNE DYNIBL KPOBH ¥ 9€°  ryqpyix xpomocoMax y yenosexa. lensr A

JoBeka. I'pynna KpoBM KOHTPOJIHMPYETCH ¥ B, noMMHAHTHBIE IO OTHOIIEHHIO K 0
ayTocoMHBIMHU reHamu I u i (or cioBa

«MB30reMAarrJIOTHHOreH» ) B uMeeT Tpu amienn — 0, A u B. Annenn A u B aBasaooTca
JNOMUHAHTHBIMH, ajiens 0 (HOJb) pemeccHBHA IO OTHOLIEHHIO K 00eMM JOMHHAHT-
HBIM ajnensam (puc. 201).

Kasxasrit JOMHHAHTHBIN I'eH KOHTPOJIHPYET CUHTE3 B 9PUTPOLUTAX COOTBETCTEYIO-
muX OeIKOB-arrITHHOreHOB A wian B (npy 0 arrIoTHHOreHbl He CHHTe3HPYIOTCH).
IIpm HaJIMUMHK y YeslOBeKa ABYX JOMHHAHTHEIX ajineneil A u B umeer MecTo Kozo-
MHHHPOBAHKE ¥ B 9PUTPOLUTAX CHHTE3HPYIOTCA 00a Genka-arraoTrnHoreHa. Takum
ofpasoM, TpPyIIa KPOBY ONpPeHeNAeTca HaJuyueM UM OTCYTCTBHEM TOTO WM MHOI'0
fesxa-arramoruHorena (taba. 17).

Tabauya 17
I'pynnsl KpoBM y 4YejioBeKa
lemornner DeHOTHIIBL T'enoTuns!
AnnenbHble reHbl i° A IE I rpynma (0) %3t 00
i) | 14i® | I®i® || II rpynma (A) b B I oo o A0, AA
I | Ai® | A4 | 1A 1% || III rpynoa (B) | IR % IB IB B0, BB
IB | 18§ | JAB | IBIB | IV rpynma (AB) | I* I AB

KogomuanpoBanue sHadaogaerca y awogeil ¢ IV rpynnoit KpoBH, Korga B 9pUTPO-
IUTaX IPHCYTCTBYIOT 00a Denka-arramoTuHorena A 1 B. B ciyuae KOZOMUHUDOBAHUSA
TeTepPOSUTOTHOCTh YCTAHABIWBAETCA [0 Pe3YJIbTaTaM OHOXUMHYECKOT0 UCCIe0BaHNA
6e3 MpoBeleHUsA AHAJTHM3UDPYIONIETO CKPEIUBAHHAA,

Muosxcecmeennoe delicmeue eena (Naellomponus ), MHOMCECTEEHHbLUL ALLCAUIM,
KOOOMUHUPOBAHLE.

Bonpocskl u 3apaHus

1. OxapakTepu3yiTe CYLWHOCTb MHOXECTBEHHOro AeNCTBUS reqa.
2. B 4éM pasHuLa Mexay MHOXECTBEHHbIM A8MCTBMEM MeHa U MHOXECTBEHHbLIM annennamom?
MpuBeauTe NpUMEpPL! TOTO W APYroro SBREHUS.
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3. Pewwure 3agayn.

1. CocTasbTe cxemy MOHOrMBPUOHOrO CKPELWBAHUS ABYX reTepo3vroT (Aa) npu ycno-
BWW, 4TO reHOTUN AA netaneH W Bbi3blBaeT rmbens amOpuoHoB. Kak neTtanbHbie reHb
W3MEHSIIOT COOTHOLLEHWE B PaCLLENNEHUN NPU3HaKoB Npy TakoM CKPeLLMBaHum?

2. Pogutenn umetoT Il v Il rpynnel kpoBew, a ux ceii — | rpynny. Onpeaenute reHoTWnb
KpoBu poautenen n pedbérka. BoaMOXHO N nepenvBaHWe KpoBWM POOMTENEA nx pe-
6EHky? OTBeT 0DOCHYITE.

3. ¥ MEKCMKaHCKOro 4ora reH, Bbi3biBalOWMii OTCYTCTBUE LWEPCTU, B FOMO3UIOTHOM CO-
CTOSIHUM BEAET K rmbenu notomcTea. Mpu ckpewmBaHuK ABYX OOrOB C HOPMasbHOM
LUEPCTLIO 4acTb WeHkos norubna. Mpu ckpelwmBaHuK TOro Xe camua C OPYroi Hop-
ManbHON CaMKOW CMEepPTHOCTU B NoTomcTee He Bbino. Onpesenute reHoTUNbLl BCex
CKpellmBaemblx 0cobeil n BO3MOXHbIE FEHOTWUMbI MOTOMKOB. Ykaxute, kakosa (8 %)
BEPOSATHOCTL rMBEen NoTOMKOB.

§56. BzanmopeiicTeBue HeannenbHbIX reHOB

D) BcnomHuTe, B 4EM MPOABNAETCH B3aUMOLEACTBME annenbHbiXx reHoB. Kakue
- TWMbl B3aWMOOENCTBWSA annesfbHbiXx reHOB BaM W3BECTHbI?

Kak H3BecTHO, IpoABIeHNEe IPUSHAKA — CJIOMKHBIN IIPOIECe, CBA3AHHBIN CO B3au-
MOJeHCTBHEM PA3HBIX IeHOB — AJIeJbHBIX W HealnenbHblx. C B3auMogeiicTBreM
aJljieJIbHbBIX I'eHOB Bbl IO3HAKOMHJINCH. Tenepb PacCcMOTpHM BJIMAHHE HeaJJIeJIbHBIX
reHOB Ha IPOABJEHHME OJHOr0 mpuaHaka. HealsleJbHBIe reHbI MOTYT B3auMoeli-
CTBOBATH II0-PA3HOMY: JOIOJHATH WA YCHIMBATE AeHCTBHE IPYT ADPYTa, MOJaBIATh
NposBJIEHWe JPYTroro refa. PaccMOTpUM M3BECTHRIE CIIyYaW B3aMMOJAEHUCTBHS He-
aJJIeJIbHBIX T€HOB Ha OTJEJBHBIX IIpUMepax.

KomniemeHTapHOe B3amMo/elicTBHe reHoB. BaauMojelicTeBe HECKOJIBKUX He-
ajJIeJIbHBIX MeHOB, NPHBOASANIee K PA3BUTHI HOBOI'O IPH3HAKA, OTCYTCTBYIOLIETO
y poAuTenel, Ha3LIBAIOT KOMNJAeMeHmapHocmuio (0T nar. complementum — po-

Puc. 202. ®opma rpebuda y AoMamHuX Kyp: I — pO30BHAHLIN; 2 — rOpOXOBH/IHBII;
3 — opexoBHAHEI; 4 — HOpocToil (JITMCTOBUIHBIN)
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nonuerue). HeasleJpHbIe TeHBl B 9TOM CJIydae Kak Obl JOTOJHAIOT APYT APYTa, B
pesyJIbTaTe Uero pasBUBAETCH COBEPIIeHHO WHOH nmpuaHax. PaccMorpum Ha mpH-
Mepax pasHBIe CIy4ad KOMILIEeMEHTADHOTO B3aMMOIEHCTBHA IeHOB.

IIpumep 1. Hacaexosauue (popmei rpe6Hd y KYpP. ¥ JOMALUIHUX KYP BOSMOKHEI
yersipe opmbl rpebusa (puc. 202). PazpuTue 2TOr0 NPHU3HAKA CBA3AHO C B3aHMO-
IeiicTBHEeM ABYX Nap HEANTelbHBIX I'eHOB.

Pogzosmaubrii rpeGers ofpasyeTcsa nNpy HAJIWYUK JOMUHAHTHOTO MeHa OJHOH a-
menm — A, rOpOXOBHAHEIH — AeHCTBMeM AOMUHAHTHOTO reHa Apyroi amenn — B.
V rubpuoB OpH HAJUYMY ABYX JOMHHAHTHBIX HealllelbHbIX reHoB AB pasBuBaercs
OpeXoBHIHEI rpefeHb, a IPH OTCYTCTBHH BCeX JOMHUHAHTHBIX T'eHOB, T. €. Y perec-
CHBHBIX TOMOSHUIOT, TI0 IBYM HeaJlleIbHBIM reHaMm — aabb — obpaayercd TpPOCTOH
rpeGers. COCTaBUM CXeMbl CKPELIUBAHUA KYP ¢ PA3HBIMH I'DeOHAMMU.

MNepBoe cKkpewBaHue

DeHOTHIIBI Pt po30BUIHBIH TpebeHb TOPOXOBUIHBIN TpebeHb
T'enoTunsbl: AAbb X aaBB
TameTsl G:
Tenorun F. AaBb

PDeroTHI OpPexOBHAHEI I'pebeHb

Habmogaercs enHOOOpa3ye NepBOro MoKoJeHus1. ['eTepo3HroTHRIE 0CO0U UMEIOT
HOBBIM NPUBHAK — OPEXOBHUAHEIN rpebeHb.
Bropoe ckpewjuBaHme

®enorunsr  P: OpPexXOBUHBIN TpebeHb OpPeXOBHIHBIH rpedeHs
TenoTunsr: AaBb X AaBb
Paverss G
F: 0 3 AB Ab aB ab
AB AABB AABb AaBB AaBb
;23 53 1t L
Ab AABb AAbb AaBb Aabb
3 # It #
AaBB AaBb aaBB aaBb
aB {:} i} * *
4k AaBb Aabb aaBb aabb
o #* # o

Venosable 0003HAYEeHH A LF — OPeXOBUHKIH rpebens, # — pPO30BHAHBINA rpebeHb,
* — rOPOXOBHUAHBII rpebeHsb, 0 — IpocTol rpefeHs.

IIpoucxoauT paciernieHre Ha YeThIpe (DeHOTHIIMUECKHE IPYIIBI — B COOTBET-
CTBHH ¢ (DEHOTMIIMYECKHM DAIHUKAIOM AUTHOPUIHOTO CKPEIHBAHUA:
9A B_ : 3A bb : 3 aaB_ : 1 aabb
OPEXOBHIHBIH PO3OBHUIHBIN TOPOXOBHIHBIH IpOCTOH
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KomnemenTapHOCTE HIMPOKO paclpocTpaHeHa B IPHpPOLe. PesyInTaToM Takoro
B3AMMO/IEACTBUA HeallebHbIX IeHOB ABJIAETCH HACIEJOBAHNME OKDACKH IIEPCTH ¥
MBILIeH, OKPACKH IBETKOB y AYLIMCTOrO IOPOIIKA, (DOPMBI IIOJOB Y THIKBLI. Ecau
KOMIIJIEMEHTAPHOCT: 00yCIOBIUBAETCA AeHCTBHEM ABYX Iap HeallelbHBIX IMEeHOB,
TO HAC/IeOBAaHWE UAET MO THNY AMTUOPHUHOTO CKpeImuBaHUA. B aToM caygae s
YCTAaHOBJIEHHA I€HOTHIIOB IIOTOMCTBA M PEIeHHs 3a/7ad HCIOJb3yeTcs (DeHOTUITH-
YeCKHI pajuKaJl JUrHODHUIHOTO CKpellUBAHMIA.

IIpumep 2. Hacnenopanue hopMsI IIIONOB ¥ THIKBBL Berpeuaiores Tpu GOpPMBI
IJI0Z0B TBIKBBI: OKPYIJIadA, AUCKOBUAHAA U I'PymeBugHas. IIpyu cKpemuBaHUH JBYX
Pas3HbIX COPTOB THIKBBEI C OKPYIJIBIMH ILIOJaMH BCe THODHIBI IE€PBOTO HOKOJEeHHA
HMeT IUCKOBUAHBIE maoAbl (puc. 203). Ilpu ckpemmuBanuu rUOPUAOB IIEPBOTO
NOKoJIeHHA B F, HaOaomaeTca pacliellieHUe NPH3HAKA B 00pasyIoTes ClaefyIomue
coYeTaHuA (PEHOTHIHYIECKHUX TPYIII:

9 nuckoBHAHEIX : 6 OKpyrABIX : 1 rpymeBngHas.

Wcxoas U3 JaHHBIX Pe3yJIbTATOB, COCTABUM CXeMy CKDEeIlUBAHUA U ONpPefeTHM
PeHOTHIIbI IIOJNyYeHHBIX THOpUAoB F , F, u poxureneii.

@opMa THIKBBI KOHTPOJIHPYETCHA ABYMs NapaMH HealllelbHBIX TeHOB. loMmu-
HAHTHBIE aJIJIeNIM KaskKJI0H U3 ap OTAeJIBHO ONPeJeIsoT PA3BUTHE OKPYIJION OpPMEI
(A u B), a ux pellecCHBHBIE aJLIeIH — PasBUTHe TPYyIIeBUAHONH GopMul (a # b).
Coueranue IBYX NOMMHAHTHBEIX HEaJNIEJbHBIX MeHOB IPHBOAUT K DPa3BUTHIO JHC-
KOBHAHOI (opmel TEIKBEI (AB). Tak Kak IepBoe HOKOJeHHe ocobeil GHLIO eIHHO-
00pasHBIM, TO HCXOJHEIE POJUTEIbLCKHE (JOPMBI TOMOSHTOTHEI 110 IBYM HealIeIbHBIM

regaM. CocTaBUM cXeMy CKpeIUBaHHA.
Cxema ckpelwmsaHus

B OKpyraada OKpyraas
¢opma dopma
AAbb X aaBB
F AaBb
JHUCKOBUJHAA dopMa
P1 . AUCKOBHIHAaA JAUCKOBHIHAaAA
¢opma ¢opma
AaBb ¥ AaBb
G: (ABY4b)aB)(ab) (AB)Ab)aB)(ab)
F,:
9A B : 3A bb:3aaB_: 1laabb
JUCKO- OKPYTJIBIX rpyie-
BHIHBIX BUIHAA

IIpu KoMIJIeMEeHTAPHOM B3aMMOJEHCTBHH

Puc. 203. Hacneposarue hopMbl I'eHOB paclllelieHue NPU3HAKOB Y THOPHIOB
IJIOAORB V ThIKBBI BTOPOTI'O MNOKOJIEHHA MOMKeT IIPOMCXOIHUTEH
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A 1.9(A_B_):3(A_bb):3(aaB_):1(aabb) I.9(A_B_):6(3 A_bb+3 aaB_):1(aabb)

I.9(A_B_):3(A_bb):4(3 aaB_+1 aabb) IV9(A_B_):7(3A bb+3 aaB_+1 aabb)

B F,—A0MUHaHTHLIA 3n1cTas F,—peueccuBHbIid anucTas
AB | Ab | aB | ab AB| Ab| aB | ab
AB AB
Ab Ab

aB aB
ab ab |
13(9A_B_+3A_bb+1aabb):3(aaB_) 12(9A_B_+3A_bb):3(aaB_):1(aabb) 9(A B ):3(A bb) :4(3aaB_+1aabb)

Puc. 204. Pacnrenienne OpU3HAKOB B F,: A — npu KOMILIeMeHTaPHOM B3aUMOAeHCTBHH;
B — npum snucTase (3KENITHIM [BETOM BbI/JIEJIEHBI [I0ZaBAAeMbIe IPH3HAKH)

B PasHbeIX cooTHOMIeHHAX (puc. 204, A). Bo Bcex ciayuasx umciao ocobeil ¢ gBymsa
MOMHHAHTHBEIMH HeasJIelbHBIMH I'eHaMHu cocTaBadeT 9 gacTell, a NIpusHAKK IO (e-
HOTHIOY OYAYT CXOAHBIMH C THOpPHIAMK 1-TO HOKOJIeHUA.

dmHcTas. Beillle MBI paccMOTpeNIH CAyuau, KOTJAa B3auMOAEHCTBHE ABYX Hea-
JIeJbHBIX T€HOB IPUBOAUT K 00pa3oBaHUIO HOBOTO npuaHaka. OQHAKO CyIecTByeT
M IPYTO# BapMAaHT B3aUMOIEHCTBHSA HeaJIeJ]bHBIX TeHOB, IIPH KOTOPOM T'eH OXHOi
aJIeTbHOM Mapsl OJaB/IAeT IPOABIeHNEe IeHa Apyrol napel. Takoe BzauMogeiicTere
Ha3BIBAIOT nucma3sonm (0T rped. epistasis — OCTAHOBKA, IPEIATCTBHE).

dnucTaTHIeCKOe B3aMMOJEHCTBHE CBA3AHO C CHHTE30M PEryJISTOPHBIX GEJKOB.
B oxnoM crydae perynsaTopHBIi reH CHHTE3HPYeT Ges0K, KOTOPLIH TOaBIAET IPO-
necc TPAHCKPHIIKN OCHOBHOTO CTPYKTYPHOI'O IéHa, OTBETCTBEHHOTO 3a Pa3BHTHE
npusHakKa. B npyrom ciyuae peryiasTOpHBIH reH, HAo60poT, He CIIOCOGEH CHHTE-
3UpOBaTh GeNOK, KOTOPBIH peryimpyer aKTHBHOCTH CTPYKTYPHOIO reHa. W B ToMm
U B JPYTOM CJy4Yae INPU3HAK He PasBUBAETCA, TAK KaK 0eJOK, OTBeTCTBEHHEIN 3a
IpH3HAK, He CHHTe3HpyeTrcA (cM. BTOpo# dopsan yuebHUKA).

Pasnumuaror gea Buza anucraza: 0OMUHAHMHbLEL 1 peueccushbtii. BEcniu nogasu-
TeJeM SABJIAETCA JOMUHAHTHAS AJJIeNb PEryJIATOPHOIO NeHa, TO 3TO JOMUHAHTHEBIH
SIIHCTAa3, eCIH K€ PeIleCCUBHAA aJlIelb 3TOr0 I'eHa, TO 3MHUCTA3 PelleCCHBHEII.
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[Ipy JOMHHAHTHOM 3MHCTa3€ B NPUCYTCTBHH TreHa-TOJaBUTENA A IPH3HAKH, 32
KOTOpBIE OTBEUYAIOT TeHbl B U b, M cOBCEM He NPOABIAIOTCH (B 12/16 cnaydaes), HJIN
IPOABJIAIOTCA B BIJE PEIECCHBHOTO NIpU3HaKa b (B 13/16 cayuaes). [Ipa peneccusHOM
SIKMCcTa3e PeH-TI0JaBUTeNlb dd B 4/16 cydaeB MOAABJSeT IMPOABJIEHHE NPH3HAKOB,
cBsasaHHBIX ¢ TeHamu B u b (puc. 204, B).

Ipumep 3. Hacrienosanue okpacku meperd y codax. IIpuMepoM JOMIHAHTHOIO
AIMCTA3A CAYIKHUT HAC/eJ0BAHHe OKPACKH LIEPCTH V CTiaHuesel (puc. 205). ¥ cobak
OKpacKa IIepeTu Mosker O6bITh YEpHOII (ZOMUHABTHEINA B) 1 KOPHYHEBOH (pereccus-
gt b). PassuTue 11060ii OKpacKHM MHIMOHPYeT TOMUHAHTHBIA reH A, B 9TOM clIydae
niepeTh GyleT UMeTh Geayi0 OKPacKy (IMIMeHT OTCYTCTBYeT). Ero perneccuBHBIH
aJIIesLHLIN reH (@) HUKaK He BIAHWseT Ha pasBUTHe NPH3HAKA.

PaccMOTPHM pe3yIbTATHEI CKPEIIMBAHNA KOPUYHEBOH caMKH ¢ OEJIBIM CaMI[OM.
B F, Bce meHKH Ob11H GeJIBIMH, & IPH CKPeIlNBAHIY rubpuznos F| B moromcTBe (Ipn
HeCROJIbKHX CKpeIMBaHUAX) moaBuiuck 12 Oenbix, 3 qepnmx u 1 KOpHYHEBHIH
menoK. IlosaBieHre YEPHBIX 0cobeil CBU/ETENLCTBYET O HAJIMYUU B EHOTHIE be-
7I0H cofaKH IeHOB JIOMMHAHTHOI OKPACKH, KOTOpPEIe B (DeHOTHIIE He NIPOABJIAITCH.
CocTaBUM CXeMY CKpeIlHBaHUA.

Cxema CKpewuBaHus

®enorunsl  P: Q KopuuHeBas MIEPCThb 3 6enas mepersb
T'eHOTHIIBI: aabb X AABB
TameTs! G: ab AB

F AaBb — 6eJxaﬂ IIepCTh
Temotuner P : AaBb AaBb
Pawerss  G: @B) @b) @B) (ab)
@enoTunsr  F,: 12 Genwrx : 3 uépHBIX : 1 KOPMYHEBBINI
MeHOTUNIHYECKHH DaJIUKaA: 9A B : 3Abb : 3aaB_ : 1aabb
TenoTunsl U (EHOTHIIBI 12 6ennix — 9 A_B_+ 3 A_bb
ocobeii: 3 uépHBIX — 3 aaB_

1 kopuunessii — 1 aabb

B mepBOM IIOKOJIeHHH Bce 0co0u Gesble, TaK Kak [eiCcTByeT reH-TI0/laBUTENb A.
Bo BTOpOM MOKOJEHHH HabuwogaeTca paciienyeHne IPH3HAKOB. ¥V 12 ocobeir npo-
ABUIAch Gesasg OKpacka MIepeTH, TAK KaK JAeicTByeT BCE TOT JKe TeH- -TIOlaBUTENb A,
4 y OCTANBLHBIX COOTBETCTBEHHO uépHas (IpH AeHCTBHH NOMHUHAHTHOTO TeHa B) u
KopuuHeBad (IpH AefCTBHH PeImeCcCHBHBIX annenei bb) okpacka.

HMomumepus. Emg ofuH BapHaHT B3aUMOAENHCTBHA HeaJlJeJbHBIX TeHOB — 710
aumepus (ot rped. polymeria — MHOTOCJIOKHOCTE). IIpH TaKOM B3aMMOAEHCTBUM
MHTEHCHBHOCTH NPOABIEHWA IPU3HAKA 00YCJ0BJIEeHA HECKOJbKHMM NapaMH SKBH-
BANEHTHBIX APYT APYIY FeHOB (MX HA3BIBAIOT MOTHMEDHBIMH remamMu): 9eM Ooibime
ONMHAKOBBIX ajjlesiel, TEM MHTEHCUBHee POABJIAETCA IPHU3HAK.
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SN 20 a !

Puc. 205. HacnenoBanue OKPACKH IIEPCTH Y cobak

TTo aToMy IpHHIMIY HacJeyeTcHd IBET KOKH y uenosexka. Hampumep, y He-
TPOMZOB B BYX IlapaX reHOB BCe YeTHIPe ajljlesd foMuHaHTHBE (A A AA), ay eB-
poIeoH 0B ¢ Oesoil Koskell Bce ajijleNld pellecCHBHEIe (a,a,a,a,). Coueranusa pasHoro

KOJIHMYECTBA JOMHUHAHTHBIX M PEIecCHB-
HEIX ajlnejeil NpUBOAAT K 00pa3oBaHUIO
MYJATOB ¢ PA3HOH HMHTEHCHBHOCTBIO
OKPAaCKH KOKHM — OT TEMHOH [0 CBETJION.

IIpyroit mpumMep — HaclegoBaHHe
OKpACKHu 3épeH y mmeHHns! (puc. 206).
Yem Gouibllie JOMUHAHTHBEIX TeHOB, TeM
HMHTEHCHBHEEe NPU3HAK: YeThIpe 10-
MHHAHTHBIX reda A A A/ A — TéMHO-
KpacHasd OKPACKA; TPH JOMHHAHTHEIX
rena A A Aa, umm AaAA, — cBerio-
KpacHad OKpackKa; ABa JOMHHAHTHBIX
resa A Aaa, aaAA, AaAa, — po-
30Badg OKPACKAa; OUH JOMHHAHTHEIN IreH
Aaa,a, aaA,a, — CBeTIO-PO30BaAA
OKpacKa; OTCYTCTBHE JOMHHAHTHOIO reHa

a,a.a,a, — benasi OKpacka.

P . o

Pue. 206. HacnegoBaHue OKPACKH 3€peH
V NOIIeHHI[BI
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ANroputM pelueHMs 3a4a4y Ha B3aMMOL4elCcTBUEe reHoB

1. BanumuTte GeHOTUNHUECKUH PASUKAN JUTHOPUIHOIO CKPEIUBAHUA.

2. Pagnenure ero Ha (PeHOTHIHNYECKHUE IPYHIOBI COIJVIACHO De3yJabTATAM CKpe-
muBauus F, no ycnosmio sagaun. Onpeaenure reH-0pu3HaK 1 U reH-IPH3HAK 2.

3. BrlgBHUTE reHOTUIIBI TOKOJIEHUA If"2 ¥ PeHbl, ONPEIeIAIINNAE JaHHEIe IPH3HAKH,
HCIOIb3YA (PEHOTHUOHYECKHH PaguKal JTUruOpHHOTO CKPeIIHBaHHuA.

4. Onpenenure reHoTUNbl 0co0eit B IOKONEHUN F |, yUUTHIBAA, UTO OHH JOJIKHBI
obpasoBaThk Bce 4eThipe Tuna ramer (AB, Ab, aB, ab).

5. OnpegennTe reHOTHUIIBI MCXOAHOH POZUTENBCKOM napel P, y4uTHIBad, 4TO
nepeoe noxojenue F| efunH006pasHo.

Komnaemenmaprocms; anucmas: 00OMUHAHMHbLIL, PEYECCUBHbLIL; NOIUMEDUSA.

Bonpocel n 3apnaHusa

1. Kakne BuAObl B3aMMOOENCTBMA HeannenbHbiXx reHoB Bam u3secTHbl? OxapakrtepusyinTte
Kaxabli n3 Hux. OTBET NPOUNNIOCTPUPYATE NPpUMeEpaMm.

2. YeM OTIMHAETCA B3aUMOAENCTBME annesbHbiX U HeanneneHblx reHos? CpasHuTe 3Tn
B3aumogencTeus. MepeyeptTuTe B TeTpaab 1 3anonHute tadbnuuy.

BaaumoneicTBMA reHOB

XapakTepHCTHKA H pacllellIeHHe

no ¢geHoTHITY Tipmeapst

Bux B3aHMoOaeHCTBHA

3. Pewwute 3apaqu.

1. Mpu cKpeLwmBaHm TYTOBOrO LIENKONPAaa, ryCeHuLbl KOTOporo ninenu 6ensie KOKOHbI,
B NEpPBOM MOKONIEHWM F, BCe KOKOHblI MMenu XEnTylo okpacky. MNpu nocnenytowem
CKpeLwmBaHn rubpuaos BO BTOPOM MOKOSIEHWM NPOU30LWN0 paclienneHue: 9 Xentbix
n 7 Benbix KoKoHOB. Onpeaenute TWM B3aUMOAENCTBUSA MEHOB, rEeHOTUMbLI poguTenei
1 NOTOMKOB F 1 F,.

2. OKpacka KOXM Y Yenoseka onpenenaetca AByMsl Napamu nonmMepHsiX reHoBs, NPUHEMm
YeTbipe AOMUHAHTHbLIX reHa A A A, A, oNpeaensiioT Y4EPHbIA LBET KOXK, a YeTbipe peLec-
'CWBHbIX reHa a, a, a,a, — Genslil upeT. Mynatsl MOryT UMETb OKPACKY KOXMW Pasnu4HoON
WHTEHCUBHOCTU: TEMHYIO, CPELHIO U CBETNYI. Kakoe NoTOMCTBO MOXHO OXWAaTb
oT Bpaka: 1) MyX4uMHbl HErPOWAHOW packl ¢ 6enoi XeHLWMHON eBpoNeonaHON pachl;
2) ABYX CPEHUX MYNaToB, reTepo3uUroTHbIX MO ABYM napam annenein? CoctaBbTe CXemMbl
BO3MOXHbIX BAPWAHTOB. Onpe,uenme reHoTun DOJJMTeﬂeﬁ W nNoTomMCTBA.

BblBOAbI MO IMABE 10

T'. MeHzIens BEIBEJI OCHOBHEBIE 3aKOHBI HACJIe/ICTBEHHOCTH: 3aK0H ERHHOOGI)&BHH
IepBOro IMOKOJIEHHA, 3aK0H paclielJieHHd NPH3HAKOB U 3aKOH He3aBHCHMOI'O Ha-
cIejOBaHUA IIPHU3HAKOB.
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T. MopraH OTKDPELI 3aKO0H CIEIIEHHOTO HACIEA0BAHUSA I'€HOB, 3aK0H HADYIIeHUASA
CIeIJIEHUs TeHOB U COPMYIHPOBAJ OCHOBHBIE IOJOXKEHHSA XPOMOCOMHON TEODHH
HacnencTeeHHOCTH. COrNIacHO MM HAC/IEACTBeHHbIE IPU3HAKH ONPENeISI0TCA FeHaMH,
KOTODBIE PACIOJIOMKEHBl B XPOMOCOMAaX, a IoBeJieHHe XPOMOCOM B Meiio3e U KPOCCHH-
roBep NPHUBOLAT K HOBLIM COYETAHUAM reHOB. Ha OCHOBaHWM aHAN3a Pe3yJLTATOB
KPOCCHHTOBEPA COCTABJAIT MeHeTHYECKHEe KapPThl XPOMOCOM.

Ilon y GonbIIMHCTBA OPraHU3MOB ONPEAEIAIOT Moa0BEIe XpoMocoMmbl XX u XY,
l'enel, HaxomAImMeCA B [OJOBBIX XPOMOCOMAaX, HACAEAYIOTCA CIEILIEHHO C II0JIOM
W MO-pa3HOMY NPOABJAITCA Y CAMIOB U CAMOK.

MeHOTHII OPTaHMU3Ma ONpEeIesseTca BceM HaGOpOM HMMEIIIHXCH yV Hero TeHOB,
BIMSHHEM, KOTOPOe OKA3BIBAKOT TeHBI APYI HA Apyra. IIpU3HAKKM OpraHusMa Mo-
I'yT OHNpeAeaATHCA KaK OJHON mapoil alleJbHBIX PeHOB, TAK M MHOXECTBeHHBIMH
tdopmamu ogHOTO M TOTO e reHa. Kpome Toro, ofuH reH MoKeT BJIUATHL Ha PasBH-
THE CPas3y HECKOJbKHX NPHU3HAKOB, a B3BAMMOLEHMCTBHE HECKOJbKHUX Hea/IeIbHBIX
IreHOB — OIpeJe/ATh Pa3BUTHe OJHOTO NPH3HAaKa. B aTOM ciyuae yBeJIUUHBAETCHA
[HUanasoH CHeKTPa UBMEHUYMBOCTH OPraHM3Ma.

Tembl goknanos, pedgepaToB U NPOEKTOB

1. 3akoHbI HacneaocTtBeHHOCTHU B ,neﬁcnsuw.

2. HacnepgosaHue NpU3HaKOB, CLENMNEHHbIX C NOoM.
3. MeHeTUYecKkoe KapTUPOBaHME XPOMOCOM.

4. HoBooBpa3oBaHWa Npy B3aUMOOEACTBUM MEHOB.
5. CocraBsneHne reHeTMYeckux 3aaad.

fmasatii. 3AKOHOMEPHOCTU USMEHYUBOCTHU

§57. N\3MeHYMBOCTb NPU3HAKOB

= ) Paccmotpute puc. 207 1 208. B 4éM oTnvuus deHoTunos? MNoyemy npu oaum-
- HaKOBOM reHoTune y opraduamoB GopmMupytoTcs pasHsie GpeHoTunsbI?

IIpx ofHOM M TOM e IeHOTHIE MOrYyT (POPMHPOBATHLCH PABHEIE (EHOTHIIHI.
@eHOTHNI eCTh Pe3YJbLTAT B3aUMOJeHCcTBUA TeHOTHIA ¢ dakTopaMu cpexbl. Ha
OJHOM JiepeBe JUCThA (I[BETKH, IUIOALI) OTJINYAIOTCA APYT OT apyra. Ilog BIuaHHeM
BHEIIHUX (PAaKTOPOB (DEHOTHUI MOJKET U3MEeHSThCH.

H3menwueocms — 370 CIIOCOGHOCTL OPraHN3MAa U3MEHSTH CBOM IIPU3HAKH, OHA
3aBHCHT OT TeHOTHUIIA M BO3JeMCTBUA OKPYyKawlleil cpexbl. M3aMeHUYMBOCTE ecTh
Pe3yabTaT B3AaHMOJAEHCTBUA TeHOTHIIA €O cpenoii. CrnocofHOCTE OpraHM3Ma H3Me-
HATBHCA 0] BO3JeHCTBHEM 0Ky Kalomeil cpeabl 00eCIeYrBaeT ero NpucIocobIerne
K YCIIOBHAM CYIIECTBOBAHHA.
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Puc. 207. KayecTBeHHBIE IpA3HAKK: (DOPMa ¥ OKpacKa ceMfAH y ropoxa II0OCEeBHOI0

KavecTBeHHEIE H KOJHYECTBEHHbIE IPU3HAKH. Bee NpU3HAKHW OPraHU3MOB Das-
meJaAI0T HAa Ka4eCTBEeHHEIE H KoJIHuecTBeHHBIe. PopMa IJIOL0B MK CeMAH, OKpacKa
IIBETKOB, IMIEPCTH KUBOTHLIX — 2T0 KAYECMEeHHbLe NPU3HAKU, 10 KOTOPHIM 0cobH
pesko oriamnuaiTesa Apyr or apyra (puc. 207). Ecaiu DpusHAKH MOAMAIOTCA H3Me-
penmio (BbicoTa cTebis, pasMephl JUCTHEB, HAZOM MOJIOKA, AWIEHOCKOCTE) — 3TO
KoauvecmeernHbie npusdnaku (puc. 208).

Meénras u 3enénasa oKpacka, rIajKas 1 MOpPOIHHHCTaA (popMa ceMsAH ropoxa —
IpHMepPhbl KAYeCTBEHHbBIX IPHU3HAKOB. ITo TakuMm OpU3HaKaMm 0co0H JIETKO pasjanyda-
JOTCH, TAK KAK MeXIy HUMH HeT IPOMeXyTOYHbIX (hopM. M3MeHUYHBOCTE IPH3HAKOB
B 9TOM CJyuae HOCHT CKAauK00OpasHbIM, IPEPBIBUCTHIA XapakTep. MasMeHUYMBOCTH
[PHBHAKOB, IIPH KOTOPOil MOXHO 4ETKO BBLAEIHTL OIpPeJeIéHHbIe IPYNIbLl 0co0eH,
HAa3BIBAIOT NPepbleucmoil NIu ducKpemHoil.

B gpyrom ciyuae, IpH HACJIeJLOBAHWH, HAIDHMep, MACChl CEMAH HJIH BBICOTHI
crebns, HAOMIOAIOTCA pa3JvMuyus B CTEeHW MHTeHCHBHOCTH DasBUTHUA IMPH3HAKA.

Puc. 208. KonuuecTBeHHBIM TPU3HAK — pasMephl JTUCTHEB Y JIABPOBUIITHH
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B manHOM ciydae cTporoe JeleHHe Ha I'DYNNLI HEBO3MOKHO, M IPDH3HAK Tpedyer
KaKoH-TO KOJIMUeCTBeHHOH oneHKM. OMH N3 NIPUMEPOB KOJWYECTBEHHOTO H3MeHe-
HUA NPU3HAKA — BeJIMYHHA JHCTHEB ¥ OAHOTO PACTeHHHA, HAIPHUMeEp JaBPOBHIIHHU
(cM. puc. 208). MameHYUBOCTE, IPU KOTOPOH V OTJAEJBHEIX 0C00EH OTCYTCTBYIOT
YETKMe IPAHUILL] MeX Iy IPH3HAKAMMY, HASLIBAIOT HENPEPblEHOIL.

IIpepsIBHCTYIO U HEIPEPBIBHYIO H3MEHUYHBOCTh MOI'YT UMETh KaK KOJUYECTBEH-
HBIE, TAK M KadYeCcTBeHHBIE NPHU3HAKH. Hanpumep, KOJHUYECTBEHHBIM NMPU3HAK —
IJIOZOBUTOCTE CBUHEH — OTHOCHTCSA K IPEPBIBUCTOMY BHIY H3MEHYHBOCTH, TAK
KakK [03BOJIAET CIPYINIHPOBATh CBUHOMATOK IO KOJHYECTBY mopocsart: 5, 7, 8, 10 u
T. 1. Ho npu uccreoBaEny TAKOr0 KOJMYECTBEHHOIO NPU3HAKA, KAK MAacca HOBO-
DPOSKIEHHBIX TTOPOCAT, MBI BCTPEUAEMCHA C HEIIPEPLIBHOH M3MEHUYHBOCTHIO.

Takue xagecTBeHHBIE IPH3HAKH, KAK OKpacKa M ()opMa CEMsH ropoxa IOces-
HOT'0, IIBETKOB IYIIHMCTOTO I'OPOIIKAa, HOYHON KPAaCABUIILI, ABIAITCA IPUMepaMU
TNPePBEIBHCTOH H3MEHUYMBOCTH, & [PyTrHe — IIBET BOJIOC W KOMKH Y YeJI0OBeKa, OKpacKa
3€peH NIIeHHIB] IPH CKPelUBAHNK De03EPHOTO COPTA ¢ KPACHO3EPHBIM — IIPUMep
HENpPepPbIBHON M3MEHYHUBOCTH.

Onpengenenne xapakrepa H3MEHYHBOCTH KOJHYECTBeHHBIX NMPH3HAKOB. Komu-
YeCTBeHHBIE NMPU3HAKH IOJJAIOTCA ONpeReNéHHOMY ONHCAHHUIO. ECiIH H3MepuTh
BEJIMYMHY CeMAH THIKBBHI OJHOTO COPTA DACTEHHS WJIH Jarke OJHOH ocobH, TO OKa-
JKeTcd, YTO OHM MMeT pasHywo anuHy. To ke camoe MOKHO HaOJIOJaTh, eCJIH
H3MEPHUTh BEICOTY cTebjeil pasjmuuHEIX ocobeil OJHOro copra ropoxa MOoceBHOTO.
CrremoBaTesIbHO, AJIS XaPAKTEPHCTHEY KOJMUECTBEHHBIX IPHU3HAKOB OCOOM HJIH COPTA
(BeTMYMHBI B MAacChl CeMHH, AJIHHBI cTe6/A) HeoGX0AMMO NPOM3BECTH M3MepPEeHHA
H ONpPefeNuTh HX CPeJHIOI BeJINUHHY.

B xauecTBe IpHMepa OIpeNeINM CPEIHION BEIHUYHHY CEMAH THIKBBI OJHOTO COP-
Ta. Mamepum anuay (B MM) 50 npousBOIbLHO B3ATEIX CEeMAH:

12 1 10 9 14 16 11 11 13 12
13 14 8 15 14 15 10 15 16 17
12 11 9 13 14 I B 13 16 12 16
10 15 12 17 15 14 10 13 13 17
14 15 13 18 14 12 16 19 18 11

Pacnono:xum yucia, oTofpaskarolnye nocieoBaTeIbHOe U3MeHeH e TIPH3HAKA,
B MOpPAJKe ero yBeJWYeHHA: OT CaMOro MAJOro 3HAYEHHA OO CAaMOr0o OOJBIIOrO.
Kasxnoe umneso B pagy npezacrasiser coboit sapuanmy. Eciy pacmonouTs Bee 3HA-
HeHHs JJIMHBI CEMAH B IMIOPAJKEe UX BO3PACTAHHSA, TO HOJXYIUTCH BADHATTHOHHLIH DAL,

BapmanuoHHBIH paAx AnuHE ceMAH THIKBHE: 8, 9, 9, 10, 10, 10, 10, 11, 11, 11,
11, 11, 12, 12, 12, 12, 12, 12, 13, 13, 18, 13, 18, 13, 13, 14, 14, 14, 14, 14, 14,
14, 15, 15, 15, 15, 15, 15, 16, 16, 16, 16, 16, 17, 17, 17, 17, 18, 18, 19.

BapuayuonHslii pad — 9T0 pAL USMEHUMBOCTH NPHU3HAKA, KOTOPLIH 06pa3oBaH
OT/EJIbHBIMY 3HAYEHUSMH BaPHUAHT, DACIOJOXKEHHBIX B IOPAAKE VBEJIHUYCHHA HIIHA
YMeHBIIeHHA BHIPAKEHHOCTH IPH3HaKAa.
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Jns yeraHOBJIEHUA Ipejeia M3MEHUYHMBOCTH NPU3HAKA ONPEAE]HM YacTOTy
BCTPEYaeMOCTH Kamaod BapuanThl. IlogcumTaeM KOJIHYECTBO CeMsH, MMEIHUX
OIMHAKOBYIO IIuHY. 14 ynobersa cocrasuMm tabaumy 18, rae nepBslil pax dyucen
oToOpaskaeT BeNMYNHY H3MeHeHH:A IIPH3HAaKa, a BTOPOIl — COOTBETCTBYET YacToTe
BCTPEYAEMOCTH U3MEHEeHHH (KOJHYeCTBO CeMAH KaXJ0#H AJINHBI).

Ha ocHOBaHWH MOJYYeHHBIX Pe3yJbTaTOB mocTpouM rpaduk. lis aroro mo ocu
abcIpce OTJIOMKHM 3HAYeHHS OTAeTbHEIX BAPDUAHT (AJIUHY CeEM#AH), I10 OCH OpJHHAT —
YHeJa, COOTBETCTBYIOIIME YACTOTE BCTPEUYAEMOCTH KajKI0il BapHaHTHI (IPHM3HAKA).
CoenuHUB TOUKH HA rpapuKe, HONYINM 8APUAULOHHYI0 KPUBYI0, KOTOpPada ABIAETCA
rpauuecKuM BEIDA)KeHHEM XapakTepa M3MeHYHMBOCTH NMPH3HAKa; OHAa OTpasKaer
pasMax BapHalHWi ¥ 4acTOTy BeTpeuaeMocTH BapuaHT (puc. 209).

M3 rpaduka BUAHO, YTO BAPHAHTEI CO CPeIHUM 3HaUYeHHEM BCTpPedaloTCHA dale,
a BAPDHMAHTHL ¢ JBYMs KpallHUMH 3HaYeHHUAMH — pexxe. OHH ABIAIOTCA OTKJOHE-
HHAMHA OT HOPMBI — CpeJHEH BeJHYWHBI, IPDHYEM YeM CHJIbHEe OTKJIOHEHHE, TeM
MEHBIIIE 4ACTOTA BCTPEUAEMOCTH BapHaHTHI. [ 00beKTHBHON XapaKTepPUCTHKHU
U3MeHUHBOCTH NPU3HAKA ONpeleifgeTcs ero cpejHee 3HAUYeHHe 1o dopMmyie

(v-p)
D YO}
n
roe M — cpeiHsAs BeIMYMHA; L — 3HAK CYMMHDOBaHHA; U — 3HAa4YEHHE BAPHAHTHI;
 — dYacToTa BCTPEYAEMOCTH 3TOil BADHAHTHI; n — O0Iee YHCIO BAPUAHT PSAJA.

Ta6auua 18
H3venenHe MpUM3HAKA M YACTOTA €ro BCTPEYaE€MOCTH

Jnuaa ceMAH (MM) 8 9 10 |11 |12 | 13 | 14 | 15| 16 | 17 | 18 | 19

Yacrora BCcTpedae-

MOCTH IpH3HaKa 1 II | IV | VvV | VI (VII|VII| VI v Iv | 11 1
| v p (vp)
Yactota VIl + e 8
BCTPEYAEMOCTH == 18 i %
BapuaHTbl T A
V=F 12 5 B0
vV + 13- B578
14 7 98
L 15 7 105
T 16 6 96
17 4 68
] /=236
1 1 1 1 1 L 1 1 1 I 1 i | - 19 1 19
8- 9-10-11 4213 1445 18- 17 181920 n=50 £=679
BenuuuHa BapuaHTh (MM) M=679:50= 13,58

Puc. 209. Bapuanmonsaa KpuBas, OTPa)Karoliad pacnopeaeeHHe CeMAH ThIKBbI
10 MX BeNWYUHEe
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303l YacToTa
BCTPEYAEMOCTH
704 NPU3HaKa

60

504

40+

304

204

20 30 40

50 60 70
3HayeHue Npu3Haka

Puec. 210. ITonuron pacupenenenns ceMaH (aconu no eeiauuuse (I) u macce (II)
(o B. Morauuceny)

OnpepenuM cpejHee 3HAUEHHME BEJIWYMHBLI CeMAH THIKBBEI 110 Gopmyie. CpenHeit
BeJIMYHHE IIPHM3HaAKa Ha rpatpnxe COOTBETCTBYET caMasl BbICOKasaA TOYKAa.

JTa 3aKOHOMEPHOCTE KacaeTcsa He TOJbKO PacCMOTPEHHOTO IpHUMepa, HO B JpPY-
I'MX KOJIMYeCTBEHHBIX NpH3HaKOB. [arckuil yuénsrii Buaerensm HoramsceH,
U3ydyas BapbUPOBAHHE MACCHI CEMAH B YHMCTOH JMHHH (DACOJH, YCTAHOBHJ M3MEH-
YUBOCTE JTOTO IPHU3HAKA ¥ IMOCTPOWJ BAPHMAIIMOHHYI0 KPUBYIO. TaK Kak B UMCTOH
JIMHHHA (Qacogau Bce ceMeHa MMeJH OAWHAKOBBINA MeHOTHII, TO PA3IHMYHUA B UX Macce
OBLIM CBSA3AHEI C BJIMSAHNEM BHEIIHHX (hakToOpoB: IiIy0WHEI 3a/IeIKH CeMAH B IIOYBY,
pasauYguit B KOJUYECTBE BJIATH M CTPYKTYPE MOYBBI, paclpeieIeHAs B MOYBe MH-
HepaJbHBIX BemiecTB. Ha puc. 210 BuaHO, KaKk KOMOHHAIUA GIaronpHATHLIX U He-
OaronpuATHLIX (DAKTOPOB OKABBIBAET ONPEIeJIEHHOe BO3eHcTBHe Ha (DOPMHUPOBaHHE

ceMsfH, WX BeJIMYHHY H Maccy.

Hopma peaxkuumn. Ilpenen Bapuammm
moboro mpusHaKa y ocobeit ¢ 0fMHAKOBOMR
HACJIEICTBEHHOCTHIO IpadHUecKH mpex-
cTaBiseT coboll 6apuUAUUOHHYI0 KPUBYH)
HOPMAJAbHO20 pacnpedenenus, UMeOnyo
thopmy ronokosa (puc. 211). Hus mosy-
YeHHHd JOCTOBEPHBIX Pe3YJIbTATOB YHCIIO
HCCIeqyeMbIX BADHAHT JOJIKHO OBITH Z0-
craTo4Ho foabmuM. B aTom cayuae Kpu-
Basg HOPMAaJIbHOTO PACIPEefeIeHUs HMeeT
IJIaBHBIH, IOCTEIeHHO HOBLIIAIOIIANCH 1
TIOCTENIEHHO MOHUKAIOIIHICA XapaKkrep.

YacToTa BCTpeYaemMocTu
npu3Haka

CpefiHee
3Ha4gHWe

OTKNOHEHUE
B «[IKOC»

OTKIIOHEHWE

[
|
I
I
B «MUHYC» i

BenuyuHa oTKJIOHEHUS
NpW3Haka oT CpeiHero 3HaYeHus

Puc. 211. BapuauuonHas KpHBas HOPMaJb-
HOTO paclpefeneHus
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B 6uonorum mo xapaxkTepy BapHAIMOHHON KPHUBOH CYAST O CTENEHHM M3MEHYH-
BOCTH npu3HaKa. /IBe kpaliHHe TOYKH rpadHKa 03HAUAKT npedes UMEHLUBOCTU
npu3naKa, ero BEPXHIOKW U HHUXKHIOK rpaHunbl. Bechk MOJIHMroH pacnpeieieHHsd co-
OTBETCTBYeT HODMe peaKIUu npusHaka. Hopma peaxkyuu — 3TO mpefes n3MeHUH-
BOCTH IIpM3HAKa, KOTODBIH 00YC/IOBJIEH JaHHBIM reHoTHrnoM. IleHTpajbHas 4acThb
rpaduKa — 3TO CPelHAS BeJIHYUHA MPU3HAKA.

Hayuyne no rpaduKy xapakrep H3MeHUYMBOCTH IPH3HAKA, MOYKHO CIEJIATh BEIBO/I,
9TO HacJeayeTcA He IPU3HAK, a HopMa peaknuu. OHa ObIBaeT IIMPOKOH HIIN Y3KOI.
Yem mupe AMaNa3oH, TeM IIHPe HOPMa PeaKIWH, T. €. Pa3JIHIHbIe IPHSHAKH MOTI'YT
HU3MeHAThCA B OonblIeM WM MeHbINeM auamasoHe. IIIWpokoil HOPMOH peakI[iu
00/1a1al0T TaKHe IPU3HAKH, KaK Macca TeJjia B IIBeT BOJIOC Y YeJOBEKa, Macca Teja
1 HaJOM MOJIOKAa ¥ KODOB M T. I. ¥3Kad HOpPMa PeaKIWH XapaKTepHa IJs TAKHX
TPU3HAKOB, KaK POCT 4YeJI0BeKa, JKUMPHOCTh MOJIOKa ¥ KODOB, JJINHA [IEePCTH V OBeIl.
OTH NPUBHAKH B MEHbINEll CTeIeHH 3aBHCAT OT BHEIIHHX YCJIOBHIA.

Yem mivpe HOpMa peakIHH, TeM IJIaCTHIHee NIPU3HAK, TeM Gojee OH agamTH-
POBaH K YCJIOBHAM Ccpefbl. JTO YBEJIMINBAET BePOATHOCTh BBIXKUBAHUA BHIA B U3-
MEHAIIUXCA YCIOBUAX. O,I[HEKO €eCThb IIPU3HAKH, KOTOPbIE OCTAKTCA HEM3MEHHBIMH
He3aBHCHMO OT cpejbl, HAIIpUMeD I'PyNIa KPOBH Y YeJ0BeKa.

H 3menuusocms: npepuigucmas (Ouckpemuas ), HenpepovléHas; NPUHAKWL: Kade-
cMeeHHble, KONUYeCMBeHHbLe, 6APUAHMA; APUAYUOHHBLI PAJ; 64PUAUUOHHAS
KpUBas; 6aPUAYUOHHAA KPUBAS HOPMALbHOZ20 pacnpedeierus; npeden usmen-
YUBOCMIU NPUIHAKA; HOPMA PeAKUUL.

Bonpocskl n 3apaHua

1. 4710 Takoe uamMeH4MBOCTb? Yem oHa obycnoeneHa?

2. CpaBHuTe OBa CBOWCTBa OpraHM3ma: HacnencTBeHHOCTb M M3MeHYMBOCTb. Kakoe cBoii-
CTBO A/151 OpraHMama rnepeuyHO, a kakoe BTopu4Ho? OTBeT obocHyTe.

3. Ha kakve age rpynnbl MOXHO pPasnenuTb BCE NMpu3Hakn opraHnamos? MpueeguTe npu-
Mepbl NPU3HAKOB KaXA0W rpynnbl. Yem OHW oTAnyarTes Apyr oT apyra?

4. B 4éMm pasHuua Mexay NpepbiBUCTON (AMCKPETHOW) M HENpepbiBHOW M3MEHYMBOCTbLIO?
OTBET NPOMANIOCTPUPYITE NPUMEPAMM.

5. Y10 Takoe HopMa peakumu? Yem onpepenseTcs npepen M3MEHYMBOCTWM Npu3Haka?
MpuBeanTe NpUMEpPsl NPU3HAKOB C PA3NNYHON HOPMOW peakuuu.

6. Pewwte 3apaqy.
CpepnHerogoBoil NPOLEHT XUpa B MONOKe y 25 KOPOB OAHOR nNopoabl U3 OOHOro craga
coctasnset: 3,9; 3,5; 3,8; 4,2; 3,9; 4,0; 3,9; 4,0; 3,8; 4,0; 3.8; 3,9; 3,6; 4,3, 3,8; 4,1,
3,7; 3,9; 4,1; 3,8; 3,9; 4,0; 3,6; 3,7; 4,0.
CocTaBbTe BapnauMOHHLIA pag U NOCTpoWTe rpaduvk BapMauoHHON KPUBOW, Bbipaxaio-
LWMiA 3aBUCUMOCTb YaCTOThl BCTPEYAEMOCTHM NpU3Haka OT ero 3HavyeHus. Kakon Hopmoi
peakunn obnagaet npuaHak «XKMpPHOCTb MOJIOKa Y KOpoB»? OTBET MNOsICHUTE.
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§58. MoandpukaumoHHas U3MEHYMBOCTDb

= ) BcnomHUTe, 4TO Takoe M3MeH4YMBOCTb. Kakoe BinsiHWE OKas3biBalOT YCNOBUA
o BHELWHeW cpeabl Ha GOPMUPOBAHME NPU3HAKOB Y OPraHnU3moB?

B 3aBHCHMOCTH OT XapakTepa BoageicTBUA (DaKTOPOB BHEIIHEH cpejbl Ha Op-
TaHU3M [IPOMBOLIEIINEe ¢ HUM H3MeHEeHUA MOTYT HAC/JeJOBAThLCS HJIM HE Hacjeno-
BaThed. Ecam m3MeHeHHA 3aTPArvBaioT JUIEL (DEHOTHII, TO OHKM He HACIeAyITCHd.
B aTom ciyyae reHOTHI COXPaHAETCA W BOSHHUKIIHE B IPOIEcce MHAMBUIYAIBHOTO
PA3BUTUA M3MeHEHHS He IepefalTcsa IMOTOMCTBY. EciHM HM3MeHeHHs 3aTparuBaroT
TeHOTHII, T. €. MEHAKTCA KaKue-TO TeHbl OpPraHm3Ma, TO M3MEHEeHUd lepelaroTcA
mo HacJieAcTBY. McXoas 13 9TOoro, BRIIEAAIOT ABA BAAa H3MEHUYHBOCTH — HeHacJen-
CTBEHHYIO M HACJIeACTBEHHYIO.

HenacaencrBennas (modupurayuonnas, Ui QeHomunuyeckas) u3MeHIH-
BOCTh — 3TO W3MEHUWBOCThH, KOTOPaA BO3HHMKAET y OPraHMU3MOB O] BIUAHUEM
VCJIOBHH cpejbl, HO He IPUBOAMT K M3MEeHEHHIO FeHOTHIIA, a cIocobcTByeT Gopmu-
POBAaHUIO pa3Ho00pasHbix deHoTUnoB (puc. 212). Uamenenus GpeHOTUNA ABIAIOTCA
PEe3yJIBTATOM PEAKI[MH OPraHW3Ma HA M3MeHAIHecH GakTopsl cpelbl, OHU He BbI-
XOIAT 34 Ipejgesbl HOPMBI PEAKIMH M OUPAHHYEHBI 0.

PaccmorpuM npumepsl MogupuKanmuoHHON maMeHunBocTH. Ecim 3épHa mmre-

HUIBI IOCAZUTE B XOPOINO YA0OPEHHYIO
IIOYBY, TO BBIPOCIIHE DACTEHHA AANYT
KPYIHBIE KOJOChA M XODOIIHH YpPOXKAa. ‘
B npoTHBHOM clTyHae KOIoCckA OYIyT Mellb-
ye U ypoxkai xysxe. Ecau IByX OBIYKOB
OJHOTO NPHILJIOZA COJeP:XKaTh B PA3HBIX
VCIOBHUAX, TO OHU MO-pasHoMy 6yayT npH-
0aBIATH B Bece, Y HUX MOTYT PasjMuaThbCsa
¥ Apyrue KadecTBa.

Ecnu copr npuMyJisl, EMeOIUNA IPH
remnepatype 18—20 °C xpacHble 1BeT-

KH, B nepuoj OYyTOHM3AMKUH IOMECTUTE B

Temuiy ¢ remmeparypoi 30—35 °C, To

Iocje PACHYCKAHUA OYTOHOB LBETKH Y

pacTeHuA orkamkyTcA OenniMu. Ecnm xe

pacTeHVWe BEpHYTh B IPEKHHE YCIOBHUA,

TO BHOBB PACIYCKAIOIIHecH IBEeTKH OyayT

KPacHBIMH. AHAJOTHYHBIH 9KCIIEPUMEHT,

TIPOBEAEHHBIR C COPTOM IPUMYJIEI, KUMEH0-

muM Oenble LBETKM, HE JACT TAKOTO

pe3yiabrara: B JIIOObIX YCIOBHAX UBETKH

OyoyT UMeTh TOJIBKO DeIyI0 OKPAacKy, TaK Puc. 212. Paznuunas GopMa JTHCTHEB ILIIO-
KakKk B IeHOTHIIe 3TOI'0 cCOpTa MMeEITCHA &, BEIPOCIINX B PASHBIX YCIOBHAX
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TOJBKO peneccuBHBIe reHbl. Cre0BaTeIBHO, AIA IPOABIEHUA JOMUHAHTHOTO IIPH-
3HAKa KPacHOH OKpaCKM IBETKOB IPUMYJIbl HeOOXOLUMEI ONpeaeéHHbIe TeMIIepa-
TYDHBIE YCJIOBHSA OKpy:Kaiomeil cpenbl. OueBHIHO, 4TO HacleLyeTcs He NPU3HAK
KaK TaKOBOH, a TOJIbKO HOPMAa DeaKIIUM MPH3HaKa.

Emé ogauM npuMepoM MOZuDUKAIMOHHON H3MEHUYNBOCTH ABIAETCA H3MeHeHHe
OKpPaCKH IIepCTH y 3aiima-0esiAKa B 3aBUCHMOCTH OT TeMIIepaTypbl. S3HMOI IIpH HU3-
KHX TeMIlepaTypax y 3aiilla BeIipacTaer fejias mepcThb, T. €. IHI'MeHT, 00yCA0BINBAI0-
IHii OKpackKy BoJIOC, He BeIpabaThiBaeTcs. BecHOH NpH MOBRIIIEHWH TeMIEDATY DI
OKpYy aileii cpeJbl INTMEHT BHOBE IIOABIAETCA U IIEDCTh CTAHOBUTCS Cepo-0ypoil.
Takada IpHCIOCODHTENbHAA M3MEHUYHBOCTE JIeJIaeT 3aWIleB He3aMeTHHEIMH Ha (oHe
0esIoro cHera HJIH CEPOH 3eMJIM COOTBETCTBEHHO,

PaccmoTrpum enié ogus npumep peHOTHOUYECKOH H3MEHUYHBOCTH — H3MEeHEeHHe
OKDACKM IIEPCTH Y TOPHOCTAEBOro Kpoiauka. [JoMUHAHTHLIN IreH A onpejensier pas-
BHTHE OKPaCKH IIepPCTH (cepoil) U NUIMeHTAIWI0 Pamy:KKH. PemecCMBHEBIN T'eH a
B TOMO3HUI'OTHOM COCTOSHHUU ad JAaéT rOpHOCTaeByIO (6eyio) OKpacKy IIepCTH K IIHT-
MeHTanuio pangyxkku. OJHaAKO HMeeTCA ené OJANH PelleCCUBHLIN ajlieNb ¢, KOTOPLI B
TOMO3UTOTHOM COCTOAHUY CC ONpenessieT aas0HHU3M. B CBA3H ¢ oTCyTCTBUEM reHa,
OIpefeAInero BEIPADOTKY KaKoro-aubo NUrMeHTa B OpraHu3Me, IIePCTh MMeeT
0enyio OKpacKy, HO U palysKKa JUllleHa THIMEHTa, I09TOMY IJIasa yV TaKHX KpPOJIH-
KOB KpacHble. [IpH DOKIeHWH TOPDHOCTAEBEIE KPOJIHKH U aJb0HMHOCH! COBEPIIEHHO
HEepasJINdUMbBl 1 UMeIOT 0elyio okpacKy mepcTu. I[1o3ke y ropHOCTAEBOr0 KPOJIHUKA
B CBS3H C M3MEHEHWEM TeMIIePaTypPhl CPeAbl Ha OTAENBHBIX YUaCTKAX Tesla Pa3BHUBa-
eTcs MUTMEeHTAIUA: JIATKH, KOHYNK HOCa, XBOCT, Kpasd YIIHOH PDAKOBUHEI OKPAIIINBA-
oTcs B 4€pHBIH 11BeT (puc. 213). Eciu TakoMy KPOJIUKY BBIIIMIATE HA OIPEIeIéHHOM
y4JacTKe CIOHMHBI [IEPCTL ¥ BO3AeHCTBOBATE Ha Hero xouogoMm (amxke 2 °C), To BMecTo
0esoil 1IepcTH B 9TOM MecTe BhIpacTeT 4épHas (puc. 214), 9To 3HAYUT, YTO MUTMEHT
BRIPA0ATHIBAETCA B BABUCHUMOCTH OT TeMIepaTypHoro dakropa. Kponuky-ansbunocy
TaKkWe ABJIEHUS He CBOMCTBEHHEBI M3-32 OTCYTCTBHUA I'eHa OKPACKH.

Puc. 213. Pacnpeaenenne reMeparyp- Puc. 214, MoaguduKkanHOHEHAA H3MEHIUBOCTL
HBIX IIOPOTOB MUTMEHTO00PA30BAHUA OKPAaCKH IIEPCTH ¥V MOPHOCTAEBOT0 KPOJIHKA
IMepeTH y FOPHOCTAEBOTO KPOJIMKA
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MoHO cnenaTh BLIBOJL O TOM, UTO MeHOTHUII OIpejesseT HOPMY peaKlUM IIPH-
3HAKA, T. €. CIIOCOBHOCTL OPraHKM3Ma PearupoBaTh HA YCJIOBUA BHEIIHEH Cpelbl.

XapakTrepucTHKA MOTHMHKANMOHEHOH H3MeHYHBOCTH. MoanduKauuoHHAs 13-
MEHUYMEOCTh HMeeT CJeAyIolue ocofeHHOCTH.

1. iaMeHeHHNA He HAcHeAVIOTCA ¥ HOCAT (eHOTHIHUecKHil xapaxrep. Bece mo-
Iu(HUKAIMOHHEBIE N3MEeHEeHHs, KOTOPhe BOBHHKAIOT ¥ OPraHM3Ma B IIPOIeCcCe WH-
IUBHIYAJILHOTO PA3BUTHA, HE 3ATPATMBAIOT €r'0 M'eHOTHI, II09TOMY He IlepelarTcs
II0 HACJEeICTBY.

2. ViaMeHeHHMA TPOABIAKTCA ¥ MHOTMX oco0eil, T. €. HOCAT MAacCOBBIH Xapak-
Tep. Ecim BcexX KOPOB OJHOTO CTAJa COAEPKATh B XOPOIIMX YCIOBHAX, TO Y HHX
VBEJIWYHMBAKTCA HALOU MOJOKA.

3. sMeHeHHs HOCAT [IOCTeNeHHLIH xapakTep. Tak, cepo-0ypas MIepcTh y 3aiiIes-
DeJIAKOB OCEHBIO IOCTEIIEHHO 3aMeHdeTca Ha Oenyio; HaJoM MOJNOKA y KOPOB IIPH
XOpOIIleM yXO0/ie MOCTEIIeHHO HOBBIMIAKTCH.

4. UameHeHHA aJleKBATHBI YCJIOBHAM CPEAbI U ABISIOTCH IPHUCIOCOOHTEILHBIMHA.
OHUM cIOCOOCTBYIOT BEIXKMBAHHUIO 0CODEH, MOBHINIAIOT ¥KU3HECTOMKOCTE U IPUBOLAT
K oOpasoBaEmno modugurayuil (ot jgar. modus — BuUA H facio — genai).

5. Moaudpuranuu o0pa3yoT BapHAMOHHBIN DAJ M3MEHUYMBOCTH IIPH3HAKA B
npejleJiax HOPMBI peaKkIliy — OT HaWMeHbIel 10 Hanbouibineil BenuyuHbl. IIprunaa
BapHanuil — BO3JeHCTBHEe PA3JIMYHEIX YCJIOBHH Ha pasBUTHEe IPH3HAKA.

Takum 00pasoM, pasBUTHE NpPHU3HAKa y JH0O0ro opraguaMa — 3TO pe3yabTaT
B3AUMO/IEHCTBHA T€HOTHIIA C BHEIIHEH cpegoi. ['eHOTHN U cpea, B3aUMOJeHCTBY 4,
OIpee/IAIT PA3BHTHE HPH3HAKA, NPUUYEM YeM INTHpe HOPMa peakIHuH IpH3HaKa,
TeM CHJIbHEe BJIMSAHHME CPejbl HA CTeIeHb ero IPOABJIEHHUA.

Hamenyusocmv HeHacaedcmEeHHAA ( MOOUPUKAYUOHHAA, PEHOMUNULECKAR )]
MOOUPUKAUUL.

Bonpocbi U 3apaHusa

1. Y70 Takoe MOANDUKALIMOHHAA U3MEHYMBOCTL? MNoYeMy e€ Ha3bliBaloT (HEHOTUMNYECKON?
OTBET NPOMNNIOCTPUPYHATE NpUMEpPamMu.

2. KycTt gukoit MannHbl U3 neca nepecagunin Ha npuvycagebHblii y4acTok. Yepes rog okasa-
NOCk, YTO NNOALI HA HEM KPYMNHEe, YeM Y KYCTOB, PacTyLlumx B necy. C 4em aT1o cBA3aHo?
Ob6bscHUTE, Kakasi U3MEHYMBOCTL UMEET MECTO B AAHHOM Chyvae.

3. [Byx KOpPOB 0QHOro BO3pacTa OT OAHOro Bbika-NPoW3BOAMTENSA NPOAANU B pasHble
depmepckme xo3aincTea. OgHa M3 KOPOB cTana Yyepes HeKOTOpoe BpeMs aasaTb 60/b-
ue MOsioKa No CPaBHEHWIO C ApYyroi. [pu aTOM XWPHOCTbL MOJIOKa HE M3MeHWnach
1 ocTanach y 06emx KopoB NoYTy oamHakoeoi. OBbACHUTE, C HEM 3TO CBS3aAHO.

4. OnpepenuTte, KakvMe U3 NEPEYUCNEHHbIX NPU3HAKOB YesioBeKa OTHOCHAT K Moaudukaum-
OHHON U3MEHYUBOCTU: YBENMYEHNE MbILLEYHOW MACChl, UBMEHEHWE MUIMEHTALMKN KOXN
Ha COnNHLE, NOsIBNEHWe LWeCTOoro nansla Ha pyke, 6enblil UBET KOXW Yy eBponeiues.
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§59. HacneacTBeHHas U3MEHYMBOCTb

+ ) Paccmotpute puc. 215. B 4é€M npuynHa NOSBAEHUS HOBbIX NPU3HAKOB
2 B MOTOMCTBE KPONWKOB OJHON POAWTENbLCKOW Napbi?

B ornmuame or MogHOUKATTHOHHON U3MEHUYNBOCTH HAC/JIeCTBeHHAHA, HJIH I'eHOTH-
nUYecKasd, MBMEHYHBOCTh 3aTParvBaeT I'eHOTHI U Ilepegaérca mo HacaeacTsy. OHa
ObIBaeT NBYX BHAOB: KOMOMHATHBHAA U MyTalMOHHAA.

KomOunaTHBHAA M3MeHYHBOCTh. [[0ABIIeHHEe HOBBIX COYETAHUN NPHU3IHAKOB
BCJIeJICTBHE KOMOMHAIIUY I'eHOB IPHBOAHUT K KOMOUHAMUBHOL usmeHyusocmu. Yacro
Y IDIOTOMKOB IIOABJIAIOTCA TaKHe COYeTaHUuA IIPDHU3HAKOB, KOTOPBIE HE OBLIIH Xapak-
TePHEI 1A poauTeseil. Hanpumep, moABiIeHHe 3€JEHBIX TVIATKUX W JKEJITHIX MOP-
IMWHHUCTLIX CEMAH y ropoxa II0CeBHOTO IIPH CKPEeI{HBAHUY IeTeDOSHUTOTHEIX 0cobeii ¢
IIIAAKUMHU KEJITBIMU ceMeHaMH — pPe3yJIbTAT KOMOHHAIIMK MPH3HAaKOB. KoMOuHanus
JBYX JOMHHAHTHBIX T'€HOB ¥ KPOJIHKOB IPHBOAHUT K IMOABJIEHHIO HOBBIX (DEHOTHIIOB
(puc. 215). IlpumepoM KOMOHMHANNM CAYIKHUT MPOSABJICHHE IMPU3HAKOB V TTOTOMKOB
IIpH KOMILIEMEHTAPHOM B3aUMOAEHCTBUM TeHOB (IPH cKpenuBaHuM ocobeit ¢ poso-
BHIHEBEIM H I'OPOXOBHIHBIM rpeGHﬁMH MOABJSIOTCA KYDPHI ¢ OPEXOBHUHBIM rpebHem).

OcHOBOYM KOMOMHATMBHOM M3MEHUYH-

BOCTH ABJIAKITCHA claeayiomue QaxkTopsbl:

\ 1) cayuatinags KoMOMHAIIUA HEroOMO-
m JIOTMYHBIX XPOMOCOM B Meio3e u, Kak

TEMHBIA Benbiii CJeACTBHE, HE3ABHCHMOE HACIeL0BaHUEe
ERAAKIWHPCTHLA AMHHOWEPCTHEIA  ppgHaKoB; 2) peKOMOMHAIIHA TeHOB B

F, pe3yJIbTaTe KPOCCHHTOBEPa B IpoIlecce
Meiiosa; 3) MOJIOBOH TIpOIECC, IPHBOMIS-
e MU K CIy4aiilHOMY COYeTaHHIO OTIIOB-
unwnzgrugl;gmuﬁ CKHUX M MaTepHHCKHX TeHOB.

KomburaTUBHAA H3MEHYUBOCTE OIIpe-
__\ 3, mensieT pasHooOpasue ocolel u crocob-
': l P CTBYET NPHCIOCOOIeHHI0 BUJA K YCIOBH-
Fa AM OKpyKawiieil cpeasl. Hanmaue xKom-
‘@J m OuHaNMil ompe/elseT HoABIeHHe ocobei
Beniii Benbiit co cnenuduIecCKUMA OIPU3HAKAMHE, KOTO-
rNanKOWepCTHBI  ATMHHOWEPCTHBIR 1y e yenmONB3YIOT IIPH BHIBEJEHHH HOBBIX

COPTOB PACTEHHH U IIOPOJ YKHBOTHBIX.
b MyTranuoHHAA H3MEeHYHBOCTE. ['eHO-
Tin J060TO0 OpraEW3Ma IoJBepraeTcs
TR TEMHBI Boaneﬁcrsmcl BHemrHe# cpexasl. UHorpa
rNafKoLWepCTHLIA ANUHHOLLEPCTHbIIA TaKHe BO3JAEHCTBHA MOT'YT BBI3BATH H3-
MeHeHHs — <«OIIMOKW» — B CTPYKType
Puc. 215. KomOuHaIHA TPU3HAKOB XpOMOCOM WM reHOB. B peaynbrare BO3-

OKPACKH H JUIMHEI IIEPCTH Y KPOJHKOB HHKaeT HOBBIH NPH3HAK — MYTaIHA.
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TloHATHe «MyTalUs» ObLIO BBEJEHO B HAYKY roJuiaHicKuM yuénsim ['yro Jle @pusom.
OH Habmonan NOABIEHHE ¥ PACTeHHA DHOTEPHI (OCIAMHHHKA) IPH3HAKOB, KOTOPEIE
PESKO OTIHYAIUCH OT UCXOAHOM (opmel (puc. 216). BosHHKaIW pacTeHHs KapJin-
KOBOit (hOPMBI ¢ INHPOKHUMH JTHCTHSIMH, ¢ KDACHBIMY JKUJIKAMH H [P. Bce nmpusHaxku
OKA3a/IMCh HACTeICTReHHBIMU. IlocaeyIONIHe HCCIeI0BaHus IOKa3alt, YTo Mo100-
HBEIe HacJeJCTBeHHbIe H3MEHEeHHs CBOMCTBEHHBI BCeM OPraHM3MaM.

Mymayuu (ot nar. mutatio — HM3MeHeHHe) — TO BHe3aIIHbIE cKauyKooOpas3Hble
H3MeHeHMs HacJAeICTBeHHOro MaTeprana kieTkd. OHH, B OT/INYHe OT MOAUGDUKALHIA,
HacJIeIyIOTCH ¥ CBA3AHBI ¢ H3MeHeHHeM I'eHOTHIIA.

MymayuoHHas uamMeH4u60cms — ITO HAC/IeACTBeHHBIe H3MEeHeHUA MeHOTHIIH-
geckoro matepuana (xpomocom u renos). ITox BosaeiicTBueM BHENIHEeH cpeabl MOTYT
BO3HHKHYTE omiuOKH B permnkanun [IHK, mapymeHus B npomecce JeJIeHHA KJIeTKH.
Hanpumep, B pe3yabTaTe MyTaIllMd B TeHe y JPO30(QUILI He PA3BHBAIOTCA KDBLIbiA
U NOABNAIOTCA OecKphiable ocobu. Muorga nox Bo3aeiicTBMEM XHMHYECKHUX areHTOB
HIW IPH MeXaHMYeCKHUX IIOBPEKIeHUAX Y PACTEHHH AP0 KJIeTOK HaYMHAeT JeJUThb-
ca ObICTpee, ueM caMa KJeTKa. BesefcTBHe 3TOr0 BOSHHKAIKOT KJIETKHU € YIBOEHHBIM
HabopOM XpPOMOCOM, KOTODEIe MOT'YT JaTh HAauyajo LBETKAM M CEMEHaM C JPYIruM
regorunom. Ob6ayueHre 3€peH NIIEHHUIIHI Iepe/ IIOCEBOM PEeHTTeHOBCKUMMU JIyUaMu
OPUBOAUT 1160 K 06Pa30oBAHHIO HEMOJHOIEHHBIX KOJOChEB, MHOO K OTCYTCTBHIO
chOpPMHPOBAHHOTO KOJI0CA, & MHOTAa — K (JOPMHPOBaHUIO HoJlee KPYIHOTO [OJIHO-
[IeHHOT0 KoJjoca. BoajeiicTBHe ONMHAKOBEIX YCIOBHUI BEI3BIBAeT PA3HYIO DEAKIHIO
v opraEmaMa. B peayabTaTe MyTanuil MOABIAIOTCA HOBBIe THIEI OEJIKOB, KOTOPBIE
OﬁyCJIOBJIHBaIOT IIOABJI€HNe HOBBIX IIPU3HAKOB.

MyTanmoHEHAA N3MEHUHBOCTE MMeeT CIeIyIoNHe 0COOeHHOCTH.

1. MaMeHeHHA 3aTPAruBaIOT M€HOTHI
OpraHMaMa ¥ HacJaeLyIoTcH.

2. N3MeHeHHUs HOCAT CKaukooOpas-
oIl xapaxkrep. He nabiaronaerca moce-
IOBATEJBLHOCTH B M3MeHEeHHH CBOMCTB,
MOAM(PUKATIAY OTCYTCTBYIOT.

3. UaMeHeHUsA UHIUBHUAVAJIBHBE U
BO3HHKAIOT ¥V eIHHHUYHLIX 0cobei.

4, MsmeHeHUA He aJeKBaTHEBI VCJIO-
BHAM OKPY2Kalollleil cpeibl, T. €. HOCAT
He3aBUCHMBIA XapakTep, U MOI'yT OBITH
HeUTpaJbHBIMH, MOJEe3HBEIMH, HO Halle
BCET0 ABJAKTCA BPEIHBIMH.

5. MyTanmuu MOTI'yT IPDHBECTH K o0pa-
30BAHHIO HOBEIX IPU3HAKOB Yy OPraHU3MAa
niu K ero rubenu. Hanpumep, MmyTanus

Puc. 216. Myranuy oclIUMHHHKA (9HOTEPEL):
OKDPACKH IJ1a3 y APo30(UI IpHBeJa K 00- | — mopmansHas dopMa; 2 — KapIHKOBAsA
Pa30BaHUIO B Ipupoje Georiasbix MyX. dbopma
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Kaaccuduranusa myraumii. ITo xapaxrepy usMeHeHus (heHoTHIA MyTAIUM MOT'YT
ObITE OuOXUMUYECKUMU, PUIUONOZUYECKUML, anamomo-mopponozuweckumu. Ilpu
OMOXMMHAYECKHX MYTAlHAX U3MEHEHHIO TOABEPraioTCs OenKu-(hepMEHTHI, KOTOPEIE
MOTYT YCKOPDHUTE CHHTE3 CTPYKTYDHBIX OelK0B, a B HEKOTOPBIX CIydasx, Hao6opor,
npeKkpaTuTh ero. Hanpumep, ans6HHM3M — MyTanus, cBA3aHHASA ¢ OTCYTCTBHEM B
OpraHuaMe (pepMeHTa, OTBETCTBEHHOI'O 34 CHHTE3 IHIMeHTa MeJaHHHA.

IIpu aBaTOMO-MOPGOIOrHYECKNX MYTAHAX HAGIIOJAIOTCA AHOMAIHMM B dop-
MUPOBAHWY OPTraHOB MM CHCTEM OPraHOB, HAlpHMep: HeJOPa3BUTHE JKemyIKa y
CephIX KapaKyJeBbIX OBell, TOMOSUIOTHBIX II0 JOMHHAHTHOMY I'eHY Cepoil OKDacKH.
Bonbmoe KonuuecTBo MyTanuii BEIABIEHO ¥ Apo3odmiasl (puc. 21 7).

ITo crenenu npUCIOCOGIEHHOCTH MYTALMHK eIAT HA NoIe3Hble B 6pedibie. Yame
MYTalu¥u BPeIHBI, TAK KaK NOHHKAIT MU3HECTIOCOOHOCTh 0cobGei, a MHOTa MOryT
OLITH JIeTAaJTBHBIMHE U BHI3LIBATH I'UbEIb OPraHEM3Ma.

MyTanusa Bcerna H3MeHAeT IPHUCIOCcOBJIeHHOCT OpraginaMoB. CreneHs MOTe3Ho-
CTH MJIM BPEJHOCTH MyTalliM BEIABJIAETCHA CO BpeMeHeM. Ec/IM MyTanus II03BOJISET
OPraHM3My JIyYlle NPUCHOCOOUTHCA K YCIOBHAM CpPenbl, JaéT NOINOJHHTEeIBHBIH

- IIaHC BBIKHTH, TO OHA 3aKpeNseTcs y OPpraHmaMoB. IIpuMepoM MoKeT CIy:KHTH

CePIOBHAHO-KJIETOYHAA aHEeMHUS y dejgoBeKa. [IpH HAIWMYMH TAKOH MYyTAIlMH BO3-
HHKAalOT HapyIIeHUd B CTPYKTYpe reMOrJa00MHA, UTO HPHUBOAUT K 00pasoBaHUIO
SPUTPOIMTOB CepPHOBHAHON (hopmel (cM. puc. 188). Onu He cnocobHBI TpaHCHOD-
THPOBATE JOCTATOYHOE KOJHYECTBO KHCJIODPOJA, II03TOMY OPraHM3M HCHBITHIBAET
KHCJIOPOJHOE TOJI0/laHMe M B KOHIEe KOHIOB morubaer. OZHAKO y TeTepoO3HroT Io
3TOMY IPH3HAKY SPHUTPOLMTHEI H3MeHeHbl He3HAYHUTEJIbHO, U OPraHM3M BIIOJIHE
skusHecnocoben. Ilpm aToM y rakmx Jogeil mosABASeTCA OJHA OCOGEHHOCTL: OHH
YCTOHYMBEL K 3a00/1eBaHMI0 MalApHe, TAK KAK B WX M3MEHEHHBIX 3DUTPOLHTAX
He crmoco0eH DasMHOKATHCA MaJIADHWHEBIA IIa3MOAUil — BO3OYyIHTENH MaJIAPHH.
B pesysbrare npu MaccoBoM 3a00J€BAHUN MANAPHEH TOMO3UIOTHL ¢ HOPMAIBHEIMU
9PUTPOLUTAMU MOTYT MOTUOHYTH, TOTla KAK [eTePO3UIrOTEl BLIKKUBAIT. B Adpuke,
r7le CBUDENCTBYeT MaJAPHsA, CPefH JIOfeH uanie, 4eM B APYIHMX MecTaxX 3eMHOT0
mapa, BCTPeYaloTCs reTepo3uroTH.

3aKkpyrnéHHbIiA
Kpaw Kpbinkes

Hepopazsutslii
Kpai Kpbinbes

OcTpbiii
Kpaii Kpbinbes

HopmansHasa Hepopa3aeutkie
dopma y3kue
rnas rnasa

Puc. 217. Myrauun y aposodunsl: I — BeauuuHa B HopMa KPBLILER; 2 — IHIMEHTALMA
u (popma rias



§ 59. HacnepgcTBeHHas M3MEHYMBOCTDL s1d

ITo HANIpaBIEHHOCTH MYTAIMK OBLIBAIOT NPAMbLE U 00PAMHbLE:
2eH A — zen A", zen A" — zen A.

ITocnenune serpevatores pesxe. OGBIYHO NPAMAs MyTalHs CBA3AHA C feheKToM
GbyHKnuN resa. BepoaTHOCTE 06paTHON MyTanuy B TOI jKe TOYKE OYeHL MaJa, galre
BCETO MYTAalUAM IOJBEPTalTCA APYTHe I'eHbI.

ITo cmocofy BOSHMKHOBEHUSA Pa3IMYAIT CROHMAHHbLE W UHOYUUPOBAHHBLE
myranud. CIOHTAaHHBIE MYTallMM IPOHCXOAAT B IPUPOJE CAMOIPOU3BOIBHO. OHH
3aBUCAT KAK OT BHYTPeHHHX, TAK M OT BHEINHUX (axTopos. UHAYIUpOBAHHEIE MY-
TalM¥ BO3HUKAIOT IPH BOBAEHCTBUM HA OPTAHMSMBI MYMazeHo08 — (PAKTOPOB, BbI-
BBIBATOIUX MyTanuu. IT0 GpusuyecKHe (pagualys, 21eKTPOMATHUTHOE H3lIyUeHHe,
TeMIepaTypa u T. A.), XAMHUYeCKHe (apOMaTHYecKHe YIIeBOJZOPO.E, repOUIIM BT
u T. 1.), 6uonormyeckue (6akTepun U BUPYCH) DAKTODEL.

ITo noxanu3anuy B KIeTKe MyTauu GLIBAIOT ACEPHBLLMU W YLMONJAA3MAMUYLCCHLL-
Mu. SlmepHbIe MyTaUU CBA3aHBI ¢ AHOMAJUAME B XPOMOCOMHOM anmnapare sjaep U
IepearoTesA Mo HacAeACTBY. lluTonnasmaTHdecKue MyTaluy CBA3AHEI C HAPYIIEHHEM
AHK B Takux opraHOMaxX MHUTOIIA3MEI, KAK XJIOPOILIACTHI 1 MUTOXOHApPHH. Tak
KaK 3TH OPraHOMBI COXPAaHAIOTCH TOJIBKO B AHIEKJIETKAaX, TO IHTOILIA3MATHIECKA T
MyTanud nepefaércs N0 MaTepuHCKoN auauu. Hanpumep, JTHK XJIOPOTLIACTOB
KJIeTOK PacTeHHH yIpasiseT o6pasoBaHHeM NUTMeHTa XJI0poduiia, KOTODBLIiT obec-
NeYHBAET PA3BUTHE 3€JE€HOH OKpPacKH. PellaloniuM IS OKPACKH JHCTA MOTOMKOR
ABJIAETCA COEpXHaHue TeHOB ILIACTH] B AHNEKIeTKAaX, & He B KJIeTKAX IELIBIEBHIX
3éper. Muroxounapuansaas JTHEK PeryaupyeT CHHTE3 JbIXaTelbHbIX ()ePMEHTOB
B KJeTKe. Hapymenus mpoAsiaioTca mo MaTepHH-
CKOH JIMHHH, TAK KAK MHTOXOHADHH COLEDIKATCH B
OHTONNIa3Me AHIEKJeTKH — H3 CIepMaTO30UAa IPH
OIIONOTBOPEHHH B BHTOTY IEPEXOAMT TOJNBKO SAPO.

B saBucuMoCTH OT THIA KJIETOK pa3IMuYaioT n0-
JN06ble U coMamuueckue Mmyrauuu. Ecay uaMeHeHHUs
CBA3aHBI C XPOMOCOMAMM IIOJIOBBIX KJETOK, TO OHH
[IepefarTCA CAeNYIMUM IIOKOJeHUAM IPH IOJI0BOM
PasMHOMeHHU. MyTanuu MOryT IpoMCXOLHTE H B
COMaTHYeCKHUX KJIeTKaX, HO OHU He HacJeJyIOTCH.
[IpumepoM coMaTHUeCKOit MyTaLuu SBISETCH Hapy-
[IeHNe TUTMeHTAlNN Iiasa y aposodmnel (puc. 218).
Y uenoBeka moseiIeHue GesoH MPAAM BOJOC HA MOIOBE
MHOTa CBABAHO C COMATWYECKOH MyTrammeii — Ha-
pymreEneM 006pasoBaHHA OUIMeHTa. JTA MyTaLUA
MOSABJAETCA He Cpasdy, a B mpomecce :xkusau, OgHAKO M IE ORDACHE THA3A
Oenasf NPANL BOJIOC MOMKET OBITEH o0ycaoBieHa W TO- ¥ IpOaOIIEL.
JI0BOIi MyTanueit. B aTom cayyae oma mepepmaércs mo IIurMenTanusa B 9acTH riasa
HACJIEICTBY M NPOABJAETCH CPA3y NPH DOKICHHH. OTCyTCTBYET

Puc. 218. ComaTtuueckas
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V pacreHHii cOMATHUYECKIe MYTAIlHH NI€PEJAOTCA 10 HACIEACTBY DU BereTaTMBHOM
pasMHOMEeHHUH, HalpEMep eCTPOJMCTHOCTh KOMHATHBIX DACTEeHW.

BoJBIIMHCTBO MyTanUil pellecCHBHEIE, IO3TOMY OHHM CKPBITH H JHUIIb H3-
pefika TPOABIATCA ¥ efHHHUHBIX 0co0eil TOJBKO B 'OMOBUTOTHOM COCTOSHHH.
JoMUHAHTHBIE MYTAIIHHA BCTPEYAIOTCHA IOPasfo perke, OHH IPOABJIAIOTCA CPasy e
U B cIydae JeTAJbHOCTH GBICTDPO HCYE3al0T ¢ THOEeNbI0 ocobei.

Ilo xapakTepy M3MeHeHWS TeHOTHUIIA MYTAIMHM KJIACCHQUIUDPYIOT HA TeHHbIE,
XpOMOCOMHBIe U reHoMHEIe. OHH GyAyT PACCMOTDEHBI B cielylomeM naparpade.

Hacaedemeennas (zenomunuieckas) u3MeHYU60CMy! KOMOUHAMUBHAA,
MYMAayUoOHHAs; Mymayuu: buoxumuieckue, usuorozunecxkue, aHamomo-
Mmopgonozuieckue, npamole, 00pammble, CLOLMAHHbLE, undyuuposarHble, adep-
Hble, yumoniasmamuieckue, noiogsie, conamuiecKue.

Bonpocbl U 3apaHus

1. Y1o Takoe HaCNEACTBEeHHAn W3MEHYMBOCTL? MNepeyncnuTte BUALl HACNEACTBEHHOW 13-
MeH4MBOCTU. OxapakTepusyinTe Kaxabli U3 HUX U NpUBeauTe NPUMeEpBI.

2. Y nioboro opraHnamMa MOXHO 0OHapyXuTb NPU3HAKK, TUNWYHbIE ANS ero poguTenei.
Tem HEe MeHee Aaxe Cpeau NOTOMKOB OAHOW POAWTENLCKOW napbl TPYAHO HalATKU nse
aBCOoNIOTHO OAMHAKOBbLIE 0COBU, eCin OHK He 6anaHeusl. C 4em 310 cBazaHo? Kakoit tun
M3MEHYMBOCTM 3aeCk umeeT mecTo? OTBET NPOMNNIOCTPUPYITE NPUMEPaMn.

3. Yrto Takoe myTtaumm? Yem myrtaumu OTaM4aroTcsa Ot KoMBuHaunin?

4. CpaBgHW{TE HAaCNeOCTBEHHYIO U HEHACNEACTBEHHYIO M3MEHYMBOCTE. MepeuepTuTe B TETPAObL
W 3anonHuTe Tabnuuy.

HacaencTBeHHAasds H HeHACJIEACTBEHHAA H3MEHYHBOCTE

JeICTEeHHAA H3MEeHIHBOCTh
Ipusaakn MoaudHrKanuoHEAA Hacaer i

I CpaBHeHHA H3IMEH4YHBOCTE

KoMOMHATHBHAS MyTalMOHHAA

§ 60. leHOTUNMYECKMNE MYyTaLNKU

3 ) BcrnomHWUTe, 4TO Takoe MyTaumu. Kakumu 0CoBeHHOCTAMK obnapaer myTauu-
~ OHHAA U3MEHYMBOCTL?

Bce MyTanmMy Tak WM WHAYE CBA3AHBI C M3MEHEHHAMH IeHOTHIA OPTaHM3Ma.
OHM 3aTparuBalT XDOMOCOMHBIN annapar KJIeTKHU. Hamboaee yacTo MyTalMH IPO-
MCXOOAT B CAMMX KJETKaX W He CBA3AaHBI ¢ H3MEHEHUAMH BHeNIIHeHd CTPYKTYPEL
xpomocom. 1o xapakTepy H3MeHeHUA I'eHOTHIIA PA3IM4IaloT reHHEIe, XPOMOCOMHBIE
¥ TeHOMHBIe MyTamuu. PacCMOTPUM HX.
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I'ennsle myranuu. KauecTBeHHBIe mepecTpOHKY OTHENBHBIX TeHOB, CBAZAHHBIE
¢ U3MEHEHUSAMH B CTPYKTYype mojaekyasl [IHK, HaseiBaioT zeHHbiMU Mymayuamit.
B pesynbraTe reHHBIX MyTanuii DPOMCXOAAT H3MEHEHUA B €UHUYHBIX HYKJICOTH-
zax [THK, moaToMy Takue MyTauyuy WHAYe HA3LIBAIOT MOYK08biMU. OHH IPHBOLAT
K 00pasoBaHUIO aHOMAJILHOI'O I'eHA, a CJIeJ0BATeIbHO, H AHOMANBLHON CTPYKTYDHI
Oe/lka, 9TO BBHISBIBAET PA3BHTHE aHOMATLHOTO IPHBHAKA.

l'eHnass Myranmua — 5TO pedyJbraT «0muOKH» npu pemnukanun JHEK. Dru
«OmMHUOKH» MOryT OBITH pasHbiMu (puc. 219). B cayuasx goGaBIeHHs WM BbI-
najeHusa OLHOI0 HYKJIEOTHIA CABHIaeTCA BCA PAMKA CUMTHIBAHUSA I'eHETHUECKOIro
KOJa, 9TO MOMeT HPUBECTH K M3MEeHeHMIO BCeil mocieyIomieil CTPYKTYpHI TeHa.
B pesynbrare usmenuTcs BeA CTPYKTypa GeKa M BOSHHKHET COBEPIIEHHO HOBBIH
besok, a 3HAYMT, U npusHaK. [Ipu 3aMeHe OZHOTO HYKJIEOTHIA HA APYroil CTPYKTYDa
reHa B eJIOM MeHsSeTCA MaJio, a B DesiKe ofHA aMHUHOKHCJIOTA MOJKET 3aMeHHThCH
Ha Apyryio. B aToM ciyuae BosHHKAaeT HOBaA MOAUMHUKALINA GeIKOBOMH MOJIEKYJIBI.

PesynsraTamu reHHbIX MyTanuii y uenoBexa sBIAIOTCA Takue 3a60JeBAHUA,
KaK CEePIOBHAHO-KIETOYHAA aHeMHdA, (PeHNIKeTOHYPHA, JAJILTOHUSM, reMOoMHInd,
ansbuamsM. IIpu cepnoBHIHO-KJIETOYHONH aHEMUM NPOMCXOLHT 3aMEHA OJHOTO
HYKJIeO0THIA, B Pe3yJabTaTe 4ero B OOHOH M3 Ielel reMorJo0MHa aMHHOKHCIOTA
[JIyTAMHH 3aMeHAeTCA Ha BAJIMH. JTO, Ka3ajoch GBI, HUYTOKHOE H3MeHeHMe [IPH-
BOAUT K NedOPMAaN¥y 9PUTPOIUTOB, KOTOPLIe, Ipuobperas GopMy cepma, y:ke He
CIOCOOHBI TPAHCIIOPTHUPOBATH KHUCIOPOS.
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Puc. 219. Cxema Bo3MOsKHBIX BapuanToB MyTammi B [IHK: I — HOPMAJILHBIN I'eH;
2 — pobaBenne JTHITHETO HYKJIEOTHAA; 3 — BBIIAJEHHE OJHOrO HYKJIEOTH/A;
4 — 3aMeHa OJHOTO HYKJIEOTHIA APYTHM
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Hopma

1. deneuns

A B C D E E F G
2. Qynnukaums

A B C D E C D E F G

3. TpaHcnokauus 4. NuBepcus

ABCDE;FG A B
(e ) o ]
G

Puc. 220. XpoMocOMHBIE MYTAIlHHA. BHABI XPOMOCOMHBIX IePECTPOEK

BesteficTBHe TeHHON MyTAIlMM BO3HMKAIOT HOBBIE aJlJeJId MeHOB, YTO UMeeT 3Ha-
yeHHe [[JIA MOABJEHHA HOBOIO NIPH3HAKA Y OPraHu3Ma.

XpomocomMHBIe MyTamuu. JTO H3MEeHEHHMs CTPYKTYPhI, Pa3MepOB XPOMOCOM,
KOTOpble WHAUE HA3LIBAIOT XPOMOCOMHbLMU nepecmpoixamu WId abeppayuimi.
X poMOCOMHEBIEe MyTALMK 3aTPATHBAIOT CPady HECKOJbKO reHoB. Mx mMoxHO rabuio-
IaTh B CBETOBOH MHKEDOCKOII, TAK KaK H3MeHseTcA OOIHWA BHUJ XPOMOCOMEIL.

V3BeCTHHI CAeoyoiie BU/ILI XPOMOCOMHBIX nepectpoek (puc. 220):

1) desreyus — NMOTEPA YIACTKA XPOMOCOMBI B Pe3YJIbTaTe OTPhIBA €€ YacTH; IPH
3TOM cOXpaHsieTcA eé IIeHTPOMepa, OHAKO TepsAeTcA 9acTb MeHOB;

2) dynaukayusa — yABOEHHE F€HOB B OIIpe/le/IEeHHOM y4YacTKe XPOMOCOMEI, IIPH
KOTOPOM OJMH YYaCcTOK XPOMOCOMEI IIpeJcTaBjeH 0oJjiee OJHOTO pasa;

3) mpaucrokayus — MeKXPOMOCOMHBIE epecTPOMKH, CBA3aHHEIE C IEPEHOCOM
YaCTH I'eHOB Ha JPYIyI0 HErOMOJIOTUUYHYIO XPOMOCOMY; Pe3YJIbTaTOM fABJAETCA H3-
MeHeHUe IDYINEI CIelJIeHUd IeHOB;

4) unséepcua — TOBOPOT yYacTKa XxpomMocombl Ha 180°; mpu 9TOM MeHAETCA IO~
cJIeflOBATEILHOCTD CIeIJIeHUs MeHOB.

HDHMEDOM XDOMOCOMHOﬁ MYTaIlliH y YeJIOBEeKa ABIAETCA JeJiellud B KOPOTKOM
mwiede 5-# XpOMOCOMEI, B Pe3yJbTaTe BO3HHKAET CHHAPOM «KOIIaYbhero KpHKa» (cMm.
nanee § 64). XpoMocoMHBIE MyTalUy Yallle BCEr0 NPUBOAAT K M3MEHEHUIO QYHK-
LHOHUPOBAHUSA T'€HOB, BCJEACTBHE 4Yero BOSHHMKAIOT IATOJIOIMYecKHe HapyIIeHUsd
B oprapusme. OJHAKO TaKHe MYTAalUy HIPAIOT CYIIECTBEHHYIO DOJE B 9BOJIONUH
puza. [IpemanosaraeTcs, 4TO B Ipollecce SBOIONHH YeJIoBeKa IPOM30IIIa 110 KpaiiHei



§ 60. NeHoTUnNMYyeckue MyTaummu ar

Mepe OJ(HA [epecTpoiKa: JBa mieda 2-ii XpOMOCOMBI YeJIOBEKA COOTBeTCTBYIOT 12-i
u 13-it xpomocomam muMnanse u 13-i u 14-i xpomocoMaM ropHILIEI M OpPAHTyTaHA.
Wccneposanna noxasanu, 4to 4, 5, 12 1 17-2 XpoMOCOMBI JeJI0BEKA H IIHMIIAHSE
OTJIMYAIOTCS WHBEDCUAMM.

l'enomusie MyTalluH — KOJIMYeCTBeHHbBIE H3MEHEHIA YHCTA XPOMOCOM B KJIETKE.
Onu ABIAIOTCA PE3yIbTATOM HAPYIIeHWS BepeTeHa AeJeHHd, KOTOPOe IMPHBOLHUT
K Hepacxos;IeHHI0 XPOMOCOM B Meliose. BeTpeuaroTess nBa BHIA TAKHMX MyTaruii:
DOJMHUIUIONANA B aHeymiouaus (puc. 221).

IToaunnouduei (ot rpeu. polyploos — MHOTOKDATHBIN i €id0S — BHI) HAZBIBAIOT
KpaTHOe yBeNUvYeHHe JHcaa XpomMocom (37, 4n 1 t. 1.). B HEKOTOPRIX ciayuasx mpu
AeNeHUN KJIETKH AP0 TeTUTCA ObICTpee IMTOIIa3Mbl, B peayibTaTe 4HCIO XpoMo-
COM B KJIETKe YIBAWBAETCH 10 CPABHEHUIO C MCXOJHOH, BOSHUKAET TeTPAILIOHUHAN
knerka. OHa MOJKET JaTh HAYAJIO JUILIOMAHBIM TaMeTaM, KOTODBIE, 3aTeM CJIHBAACh,
00pasyIoT TeTparIOuAHEI OpraHuaM. VIHOrIa NPy HAPYIIeHUH BepeTeHa AeJeHHUA
B Meii03e BO3HHKAIOT NWUILIOMJIHbIE 'AMEThI, KOTODPEIe, CAMBAACH C TAIIOWIHON ra-
MeTO#, 06pas3yioT TPUILIOMAHBIA OPraHU3M, JTOT BHJ MYTALMU YACTO BCTpeYaeTcsa
v pacteruii. MHOIHe KyJIbTYDHBIE DACTEHHA ABIHIOTCA MONHILIOHIAMHE IO OTHO-
IIEHUIO K THKUM OpeJKaM. ¥ MOJTHILIOHJHBIX GOPM YBEJHUYEHBl PA3MEpPHI KIETOK,
BEreTaTHUBHBIX OPTAaHOB, ILIOAOB M CeMHAH.

IIpuMepoM NOMMNIOMAMHK ABAsSeTCA AeNbOUHMYM, KOTODHIH ob6pasyer Gosee
KPYIHbIE IBeTKM 1 B GonbieM Konudectse (puc. 222). [Ipyroii mpuMep — caxapHas
CBEKJIAa ¢ TPHILIOMJHBIM HaGOPOM XPOMOCOM: V Heé VBeJuyeHa mMacea KOpPHEeILIOAa U
SHAYHUTENBHO BBIINE COfeprkanue caxapa. V3aBecTeH Tak:Ke TPUILIOWIHEIN BHHOTDA,
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Puc. 221. l'eromubie MyTammm: Puc. 222. Momunaongns
1 — nmomunnongud; 2, 3 — aHeyIIONIHA y penbmaAyMa: | — gumuoomnm;

2 — momunIons
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OTCYTCTBHE CEMAH Y KOTOPOrO MOBBIINAET
BKYCOBLIE KauecTBa.

V JKUBOTHBIX MOJHTAOHAHA, KaK

' NpaBujI0, He BCTpedaerca. OMODHOHBI

A /\ ¢ TPHILJIOMAHBIM W TETPAILIOMAHBIM Ha-

GOPOM XPOMOCOM HEXXU3HECIOCOOHBI M

|\ ‘ " \ \ |\ norubator ma PaHHUX CTAAUAX PA3BUTHA.
lameTsl J J B penxux ciayuasix oTMedaeTcA PO IeHUe
MOMUILIONAHBIX ocobeil, HO OHH moruba-

\ / \ / 10T HA H— T7-i1 geHb. [loaUIIOHINA PE3KO

MyTaLn Hopma CHUIKAeT KHU3HEeCIIOCODHOCTD JKABOTHBIX.

Aneynaoudus (or rped. an — oTpUIA-

Puc. 223. [IpuaunEl aHEYIIOWIMA: HEPac-  rejIpHAS YACTHIA, €U — XOPOIIO, ploos —

ZOMACHAE XPOMOICOM. B-MERO3E KpaTHBIN U eidos — BUA), WIH 2e/MeponJio-

udus, — yBeJIMUeHHWEe WM YMeHbIIIeHHe

YyUCJIa XPOMOCOM B KapHOTHIIE Ha OAHY, ABe H T. 1. IlogobHble aHOMANHHN CBA3AHLI

¢ HEePACXOKAeHUeM OfHOH MM HECKOJIbKHX XPOMOCOM B Meiio3e NocJie KOHBIOTaIuu

HMJIH cecTpHHCKMX XxpomaTtux (puc. 223). B peaynbrare MOTYT BOSHUKHYTE I'aMeThI C

AHOMAJIBHBIM YHCJIOM XPOMOCOM, KOTOpbIE TPH OILIOJOTBOPEHHM 00pasyloT: MOHO-
comuw (2n — 1), Tpucomuio (2n + 1), rerpacomuwo (2n + 2) u 1. A.

V :KUBOTHBEIX W YeJIOBeKa TaKHe MYTAllMK HNPUBOIAAT K aHOMAJUAM DasBHTHA,
uHOrZa K rubenu oprammama. TpmcoMus y UejoBeKa ONMCAHA MO GONBIIMHCTBY
XPOMOCOM, OJHAKO TOJBKO IIPH TPUCOMHMH 1o 21-i, 22-# u nosoBoit 23-i mape
OpraHu3MbI 0OBLIYHO HU3HeCIocOo0Hb!. [IprMepom TpucoMun 1o 21-i mape ABJiAeT-
cs cunapom JlayHa, Korja B KJeTKe okasbiBaercd 47 xpomocoM. Boree moppoGHO
MyTalHUK YeloBeKa OyayT PACCMOTPEHBI B CleAyIolleil riase.

Mymayuu: zenHbie (MOYKO6EbLE), XPOMOCOMHDLE, ZEHOMHbBLE; XPOMOCOMHbLE
nepecmpoitcu (abeppayuu ): deneyus, OYyniukayusi, mpaHcioLayus, uHeepcus;
2eHOMHbLE Mymayuu: noaunioudus, aneynioudus (zemeponioudus).

Bonpocsk! U 3apaHns

1. B kakom cnydae red 8 [JHK ByaneTt namenéx bonee Bcero — npu BbiNafeHu unv samexe
oAHoro Hykneotuaa? K kakum nocneacTBusiM 3TO MOXET NpUBECTU?

2. MHOrMe KynsTypHble pacTeHus (nweHuua, oBéc, caxapHasa CBEkna) 06naparT BLICOKON
YDOXANHOCTBLIO M YCTOMYMBOCTHIO K AeACTBUI0 HeBnaronpuaTHbIX (HakTopoB. C kakum
BMOOM MyTaUMii CBA3aHbl 3TV ABNeHUA? Yem MOXHO OOBACHWTL ynyHlleHue KadecTsa
BereTaTMBHbLIX OPraHOB M MNOBbLILIEHWE NPOLYKTUBHOCTWA OPraHU3MOoB?

3. 0O6bACHWUTE, YEM MONUNNOUAMSA OTIMYAETCH OT aHeynnouauu. bByayT nv aHeynnonaHbe
pacTeHus 061anath NOBLILLEHHOW XM3HECNOCOBHOCTBIO, KaK 1 nonunaonaHeie?

4. C uem MOXeT GbiTb CBA3AHO HEPACXOXAEHWE XPOMOCOM B Melio3e? Kakue TUnbl MyTauumn
MMEIOT MECTO B 3TOM cnydae? OTBET NPOMNNIOCTPUPYATE NprMepamu.
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5. CocrasbTe cxemy CnvmsHUs rameT, n3o6paxEHHbix Ha puc. 223. 3anuwunTte pesynsTaTsl
obpa3oBaHns aHOMasbHBIX M HOPMAZbHBLIX 3Ur0T B KaXA0M chyyae. CKOMbKO roMono-
FMYHbBIX XPOMOCOM NONaAaeT B Kaxaylo 3uroTy? Kak Ha3bliBaeTcs Takoi Tun mMyTtaumm?

HononnutensHas nHpopmaymns

HanGosee wacTo B mpuposie BCTpeuanTCs reHHBIE MyTaluu. PaccMOTpHM HX 1po-
fABJIEHHE Ha IPHMepe MeHeTHYECKOro Koja.

HsBecTHO, 9TO KOJ TPHILIETEH, KA /4ad TPOHKA HYKJICOTHIOB COOTBETCTBYET OLHOM
aMHHOKHKCIOTE. B nenom onpenenénHbli HAGOP AMHHOKUCIOT COOTBETCTBYET MOJIEKYJIe
oAHOro 6enKa, M OT MX COCTABA M IOCHe0BATEILHOCTH 3aBHCAT CBOMCTBA HTOTO GeIKa.
[l HarJaAIHOCTH IPeJCTABHM, YTO OYKBHI al(aBUTa — 3TO HyKJIEOTH/bI, 4 KAXKIbIe TPpH
OYKBBI, COCTaBIAIONINE CIOBO, — 3TO OJHA AMHHOKHCJIOTA. COEIHHASA TPEXOYKBEHHbIE
CIOBA, MBI [IOJIYYHUM IpefnoKeHne — Oenok. Hanmpumep, Bo3bMEM Takoe HCXOAHOE TIpe]-
noxxeHue (6enox) — doim Obia cep. B 9TOM IpeIIOMEHUH TPH CIOBA, 3HAUMT, B HAILIEM
CIyuae TP AMHHOKHCJIOTEL. 3aluileM ero Ges IPOMYCKOB MEMK/Y CIOBAMM: ObLulbLiCceD.
Tem He menee, sHaf, YTO KaxJ0€ CJIOBO COCTOUT M3 TPEX BYKB, MBI MOMKEM HPOYUTATE
npenioXeHne NpaBuibHO. Temeps npexcTaBuM, 9TO OAWH HYKJIEOTHZ 3aMeHHJICA HA
APYTOi: HApUMeD, OYKBY b B IEDBOM CJIOBE 3aMeHUIU Ha GyKBY 0. Teneps moayuaercs
npepnosceHne — JomObiacep. S3HaA TPEXOYKBEHHBIA KOJ, MBI OISTH €I0 MOMKEM [IPO-
uuTaTh: JoM Obln cep. Ilpexnoxenue Toxe MMeeT CMEICT, HO yie aApyroi. IIponsonuia
3aMeHa OJJHOTrO cJIOBa Ha Apyroe. B Hamem BapManTe OHA AMHHOKHCJIOTA 3AMEHSETCH
APYroi M IOJy9aeTcs onars GeokK, HO ysKe APYroro KauyecTsa. S3aMeHa OJHOTO HYKJIeo-
THAA HA JPYro#d IPUBOAHUT K 00PA30BaHWIO KAYECTBEHHO WHOIO Gelka.

Teneps paccMOTpUM APYrod BapuaHT — BBITAZEHHE OJHOTO HYKJIGOTHIA. Y6epém
OYKBY M B MCXOIHOM NPEAIOKEHUN. Y HAC HOMVIUTCHA: ObiOblacep. 3Hasa TPEXOYKBEHHBIN
Ko, nonpo0yeM IPOYUTATE IPeAIosKeHue: dbll bLic ep. Tpenoxkenne 6eccMbICICHHO.
Tloreps HykJIEOTHAA CYIECTBEHHO MEHSET BCIO CTPYKTYDPY reHa. IIpoucxXouT CMeleHne
PaMKH CIUTHIBAHHA MeHeTHYECKOT'0 Koja, U Ternepsb TG0 BOOOIIE TepAeTcs Bech GesoK,
a0 OH CTAHOBHUTCA APYIHM.

§61. 3akOHOMEpPHOCTU MYTaLMOHHOrO NpoLecca

= 4 Bcnomuute, kakoe sHausenue ans ocobeit UMeloT reHHble, XPOMOCOMHbIE 1
~ reHOMHbIE MyTaLMK.

Fenorun opranmMsma — ycToiiuMBas M KOHCEDPBATHBHAS CHCTEMA, a Ipolece
pemmmkanun JHE 61usox K cosepmencTsy. CTOHKOCTL reHa MMeeT BaYyKHOe GHO-
Jorgyeckoe sHavenue. OHa obecneymBaeT MOCTOAHCTBO BHAA M €r0 HEM3MEHHOCTD
B OTHOCHTEJNBHO CTAOMIABHBIX YCIOBHSAX BHEIIHeH cpexbl. OgHAKO KpPOMe 5TOrO
CBOHCTBA TeHY IPHCYINA ¥ CHOCOOHOCTE K MYTHPOBAHUIO.

Yacrora u npuuynHA MyTaumi. MyTanuu BO3HWKAIOT CIYVIAHNHBEIM obpasom.
B npupoze kaskIBIl OTAeTEHO B3ATHIN TeH MYTHPYeT KpaliHe peJIKO, U Ha IIepPBbIi
B3TJIA MOMET IOKa3aThCA, YTO UBMEHeHNA B MeHaX HECYII[eCTBeHHEI 1 ocobu. Ho B
NeACTBUTESLHOCTH Y OPraHU3Ma MMeeTCsl HeCKOIBKO ThICAY reHoB. Eeau yuects, uro
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MyTanW{ MOTYT IPOHCXOIUTH B J000M
U3 HUX, 00IIee YMCJIO BO3ZMOXMHBIX MY-
Tanuil pesko BosdpacTaeT. Mccrnegopanus
MyX Ap030(HJ B IPHPOJe MOKa3aau, 4To
cpean HHUX OCODHM ¢ MyTanmuAMH — MY-
manmbsl. — BCTPEYaloTcs AOBOJBHO 4Yac-
To. ¥ TAKHX MyX HaOJIIOZAITCA caMble
pasHooOpa3HBIe MYTAIUU: HEJOPa3BHU-
ThIe KPBLILiA, U3MeHEHHasA (hopMa rias,
ypoaausoe Opromko 1 np. Ilogcuurano,
4T0 0KO0JI0 5 % raMeT Ipo30dHIBI HECYT
MYTAHTHBIE TeHBbI.

it Kaxxgas oTAelbHasdg MyTanmud, CBA-
3aHHad ¢ namenenueMm crpykryps JHE,
BBI3BAHA KAaKOM-TO mpuunHOMi. OgHAKO
B GOJBIIMHCTBE CJIYyYaeB 3TH OPHYHHEI
BBIACHHATHL TPyaAHO. U3BEeCTHO, 9TO HEKO-
Tophle QAKTOPEl — MYMazeHbl — MOTYT

!; CYILeCTBEHHO HOBBICHTE 4acTOTy MyTa-

Teéppas MNocesHasn Ckpy4eHHas

KpacHelit kosioe

Benbli konoc

nwuit. Boepseie Takue cBoiicTBa OBIIHM
o0HApyKeHbl Y PEHTIeHOBCKHX JIydeil.
V 9KCIIepHMEeHTAJIbHO OOJNYYEHHBIX pac-
TeHWil W KUBOTHBRIX B 150 pas ugame
npoucxoauau Myranuu. Ilosxe BblIAC-
HHJIOCH, YTO AHAJOTHYHBIM JeHCTBHEM
obamaoT o, - 1 y-Iy4n, obpasyromuecst
NP pajUOaKTHBHOM paclaje, a TaKyxe
HOHM3NPYIOIIee H3JIyIeHne, YabTpapuo-
JleTOBBIE JAyud. Bo3EHKaONHUe IPH 3TOM
MyTali4 He afeKBAaTHH BO3JeHCTBHIO
haKTopoB, EIUHNYHEL ¥ Pa3HOOODABHEI.
MyrareHHBIM AeiicTBHeM 001a1a10T U XH-
MHUYeCKHe BeIllecTBa, TaKHe KaK HIPHUT,
hopMasbIerny, KOJAXUIMH, HEKOTOphIe IIHUIeBble KOHCEePBAHTEI.

YacroTa BOSHMKHOBEHHA MyTaluil pasjiuyHa M CBA3aHA IIPeMJe BCEero ¢ Ipo-
NMOJKUTEIBHOCTRIO U3HEHHOTO IMKJA opraHuama. dem oH Kopode, TeM BbIIIe
wactoTa MyTanuii. MyTranun gaiie BCero PelecCHBHEI U CKPBITEI B FeT€PO3UTOTaX.
ITpoABAAIOTCS OHH TOJIBKO B TOMOBHIOTHOM COCTOAHHH. OHM MOrYT IJIHUTEeIbHOE
BpeMA COXPAHATHCA B IeT€POZUIOTHOM COCTOAHHH, HHKAK ceba He TTPOABAAHA.
[TosTOMY ONpEeAeTUTh HAJUYNe MyTaliil MOXKHO TOJIBKO P aHAIH3e HECKOJBKMX
noxoJjesnit. IIpH KOPOTKOM JKM3HEHHOM ITHKJe BO30OHOBJIEHHE HIET ¢ BBICOKOM
CKOPOCTBHIO H PEIeCCHBHBIE MYTAIlMH MPOSABIAIOTCA Halle.

YépHblit konoc

Msarkas BuiTAHyTasA

Puc. 224. TIpossieHue 3aK0HA I'OMOJIOTHYe-
CKHX DAJIOB B HACJIEACTBEHHOI N3MEeHIHBO-
CTH HA TIPUMEpPe PASHEIX COPTOB IIIeHUIIBI
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3aK0H roMOJOTHUYECKHX DAZOB B HACJIENACTBEHHON M3MeHUMBOCTH. Pyccruil
vuénnii Huxkonaii Vipanosuy BaBHI0OB YCTAHOBHJ XapaKTep BOSHUKHOBEHHUHA
MyTanuit y 6JIM3K0POACTBEHHEIX BUAOB. MceieJoBaB pacTeHHA ceMeiicTBa 31aKOBbIe,
OH 00HADPY?KILI, UTO Y MHOTHX BH/IOB 9TOTO ceMeiicTBa HMeIoTCA OJMHAKOBbIE HACIe/-
cTBeHHEIe H3MeHenuda. Hanpumep, v TBEpHoil, MATKOH ¥ APYTHX COPTOB MIIIEHHUIBI
KOJIOC GBIBaeT KPACHBIM, OE/IBIM ¥ YEPHBIM C IJHHHON ¥ KOPOTKOM ocThio (puc. 224).
V apyrux snaxkos ObLIu Takske oOHapysKeHBI CXOZHBle M3MeHeHHA (Taba. 19).
DOTa BajKHAA 3aKOHOMEDHOCTHL ObLIA IpOBepeHA M HAa PACTEHHAX NPYTHX ceMeilcTB.
B pesyanrare muoroserHel paborsl H. V1. BaBuIOB BBIBEI 3AK0H 20MON0ZUYECKUX

pados 8 HacaedCMEeHHOU U3MEeHYUBOCTU.
Tabauya 19

T'oMoJdornyecKkHe POl B HACJASACTBEHHONH H3MEHYMBOCTH ¥ 3JIAKOB
(mo H. A. Basuosy)!

® 2
HacaeacTEeHHO BapbHPYIOMIHE E g ° E’ =
‘- s|e| 5 [
NpH3HAKH ¥ [ = g 1 a Z & [
SIE|&|8|5|S|2|£|8
IInénuarocts |IlnéHuaToe (MIOTHO 3aKJIIOYEHO
B KOJOCKOBBIX YeImysaX) + |+ | +|F ]|+ ]|E|F]|F |+
= T'osoe (1merxo oceobosxgaercs
= OT Yemryii) +l+ |+ [+ |+ |+ +|+ |+
§ OcTucrocTs Ocrucroe + | 75 | S| = ) 4 )=k
g BesocToe A | | ] = + |4+ + |+
© Koporkoocrucroe S e o o S o
Oxpacka Benas ' T NPT (P IR (RIS (VI (T [N
Kpacrasa F 41+ + |+ |+
3enénasn (cepo-zenéHasn) = | = | $o =k | + | +
Oxpacka Yépuasa (TéMmHO-cepad) + |+ ]+ + |+ ]+ |+
=3 DuoneroBas + |+ |+ + |+
& |®opma Oxpyraas |+ |+ |+ ||+ + |+
3 VanmuérRan |+ ||+ ][+ + ]+
Koncucrennus | CrekI0BUIHAS 4 |4 [ 4]+ 1 | = P+
MyusucTas e I I o o T o I
g |O6pas mmaun | Osumbli 1 | ] =t +
% SAposoii + |+ [+ + |+ |+ +]+
e 3 Hoyosumbiit + |+ |+|+]|+ |+ 4
= % | Cropocme- IMoagaas +l+ |+ + |+ ]|+ |+ |+
S & |mocrs Pannsas e | A | el ] o | N | o ] ok
S =
7a}

HPHME‘!EHHE: «+» O3HAUAET HAJTHUYHE OpHU3HaKa.

! Tabauna sasaTa u3 paborsl H. ¥, BapuioBa «3aK0H MOMOJIOTHYECKUX PANOB B HACKE[ -
CTBEHHOM mameHumBocTH» (1935).
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OCHOBHbIE MONOXEeHUA
3aKOHa rOMOJIOMMYECKUX PAOOB
B HacneacTBeHHOW U3MEH4YMBOCTHU

1. Poxel ¥ BUAEL, TeHeTHYeCKH DJIM3KHe Mexy coDoil,
XapaKTepU3YIOTCA CXOJHBIMH PANAMH HaCJIe/ICTBEH-
HOHM M3MEHYMBOCTH C TAKOH NPaBMUJIBLHOCTBIO, UTO,
3HaA pAx GopM B Ipejenax OZHOTO BHIA, MOKHO
OpefIBUAETE HAJMWUKe MapAJLIeJIbHEIX (JOPM V APYTHX
BHOOB 1 POJIOB.

2. Yem Oamixe reHeTH4YecKH B o0Iieil cucreme pac-
TIOJOMEHbI DOABLI ¥ BHABI, TEM IIOJHEE TOXKIECTBO B
PAIaX UX M3MEHYHBOCTH.

Huxonaii Usanosuy Basunos 3. [ensie cemeifcTBA PACTEHHH XapaKTePU3YIOTCA

(1887—1943) onpeie IEHHBIM ITHKJIOM H3MEeHYHMBOCTH, IIPOXOMI-
miell yepes Bce POJBI, COCTABJIAIOIIHE CEeMeHCTBO.

Baxkon H. 1. Basusosa o0leruaeT IMOMCKHM HACIEACTBEHHBIX OTKJOHEHHI:
3HAA MBMEHUYMBOCTE H MYTAllUH Y OJHOTO BH/A, MOJKHO IPEABHAETL BOZMOMHOCTD
HUX MOABJIEHHA U Y OJM3KOPOJCTBEHHBIX BHUJI0B, HAIPHUMED YV OPraHM3MOB OJHOTO
ceMelicTBa. dTa 3aKOHOMEDHOCTh MMEET BaKHOE 3HauYeHHe [Js CeJleKIIMOHHOH
paboThl, Tak Kak obneruaer BeIBeJleHHe HOBBIX COPTOB.

OpHako manpHeiiliee U3y4eHHe H3MEHUMBOCTH y PACTEHHI U KHMBOTHBIX IIOKA-
3aJ10, YTO HAPAAY C Napajjelu3MOM M3MEHUHBOCTH B IpeIesax OTAeJbHBIX Gau3-
KOPOJCTBEHHBIX TPYIII NPOABJIAETCH Mapajaeln3M H3MeHYMBOCTH OZHOBPEMEHHO
B PasHBIX ceMelCTBax M Jajke KJACCAX, FeHeTHUEeCKH He CBA3aHHEIX.

Hanpuwmep, ABIeHEHe HACIECTBEHHOTO aIL0MHA3MA, T. €. MoABJIeHHe becxIopo-
(unIpHBEIX pacTeHHII, OTMeYaeTCH B CAMBIX DA3BHBIX CEeMeHCTBAX PACTEHHIl: 31aK0B,
CIIOKHOIBETHEIX, 0000BBIX, po3onBeTHEIX  Ap. OfpazoBanMe KapIWKOBBEIX (GopM
H — B INPOTHBOIIOJOMHOCTD HM — TI'HT'aHTOB Haﬁmo,z(ae'rca Y 'eHeTH4YeCKH He CBA-
3aHHBIX JPYT € APYTOM pDaAcTeHHIH: ropoxa, (Gacojid, NINeHUIbl, AYMEeHs, MAJIHHEI,
XMeJsi, 3HOTEPhI, IPUMYJIBI U T. I.

Hapsany ¢ TakMMu BCceoOIMIMMH THIAMM HACIEACTBEHHOH M3MEHUHBOCTH H3-
BeCTHEI H OoJlee pefKue, MPUCYI[He MHOTHM CeMeHCTBAM PACTeHUH M KUBOTHBIX,
reHeTHYEeCKH He CBA3AHHBIM APYT ¢ Apyrom. Hanpumep, IpeAcTaBHTENIH OTAENBHBIX
POJOB MJIM BH/OB MHOI'MX CeMEHCTB IBETKOBBIX pacTeHWH 06pasyoT KOPHEILIOLbI.
9T0 MOPKOBB, CBEKJIa, pPena, peJbKa U Ap. Buasl pacTeHHuii caMbIX PA3HBEIX ceMeiicTB
UMeIOT Be PA3HOBHUIHOCTH JIMCTHEB — OIYIIEHHBIE W IJIalKue.

Hayuas meTanbHO KOMILJIEKCHI MPU3HAKOB, XAPAKTEePH3YIOIIUX copTa (packl)
OTJleJIbHBIX BHJIOB PACTEeHUIl U3 PA3HELIX POJOB M CEMEHCTB, MOYKHO ¢ OOJbIIeH HIH
MeHbIIeH BePOATHOCTHIO IPEABUAETS [IOJIYUYeHHEe aHAJOTMYHLIX COPTOB U Y PAaCTeHHH
Apyrux cemeiicTB. Hanpumep, HanTudHe MaXpPOBOCTH Y 1IBETKOB PO3bI, I'BO3AUKH II0-
3BOJIMJIO CeJIeKIIHOHePaM BLIBECTH IIOJ00HEIE COPTA TIOJIBIAHOB, JIUJIHA, HAPIUCCORB.
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Puc. 225. AnpOMHM3M y IO3BOHOYHBIX KHBOTHBIX:
1 — gposp-ansbuHOC; 2 — Oeska-anb0HHOC

AHaNTOrvYHbIe ABJIEHUA MOMHO IPOCIEIUTE U ¥ }KUBOTHEIX. KapIuKoOBOCTE, I'H-
TaHTH3M, aJIEOMHH3M BCTDEYAIOTCHA CPEAU IPeJCTABUTENel BCceX KJIACCOB HE TOJILKO
TO3BOHOYHBIX, HO U 0eCIIOBBOHOYHLIX KHUBOTHBIX (puc. 225).

Mymanm, mymazeHvl, 3aK0H 20MOL0ZUYECKUX DAJ08 8 HACNAEOCMEEHHOU U3-
MeHYUB0CMU.

Bonpocekl n 3apanua

1. Kakwe daxTopbl Bbi3blBaOT MyTauum? Mo AaHHbIM Y4EHBLIX, B HACTOSALLEE BPEMS 4acToTa
MyTauuii Bospocna. O6bacHUTE NodYemy.

2. [na kakux Uenei UcnonbsytoTca MeToAbl NCKYCCTBEHHOMO MOMNYYEHUST MyTaLmin?

3. VY 6onblWMHCTBA NOPOA AOMALUHUX KUBOTHLIX U3BECTHbLI PELECCUBHLIE NIETallbHbIe reHbl.
Hanpumep, y MOPKLLIMPCKOW NOPOALI KOPOB LWMPOKO PacnpoCTPaHEH reH, Bbi3bIBaOLLNA
BOOAHKY, 4TO NPUBOAMT K rubenn TenaT npu poxaeHuu. NoYyemMy Takme NeTanbHbie reHbl
4aCcTo BCTPE4aKTCs B OOHOM cTage wunu nutoMHuke? OTBeT NoscHUTE.

4. B 4€Mm CYLLHOCTb 3aKOHa FOMOJIOrMHYECKUX PSOO0B B HACNEACTBEHHON M3MEHYMBOCTH
H. M. BasunoBa? MOXHO nu ckasaTb, 4TO AJIA FEHETUKW 3TOT 3aKOH UMEET Takoe Xe
3Ha4YeHune, Kak nepuoauyeckuii zakox . 1. Mengeneesa gnsa xumun? OTBeT 060CHYIA-
TEe U NPOVINIIOCTPUPYATE NPUMEPaMU.

5. O6bAcHUTE C NO3MUWIA 3aKOHA FOMONOrMYECKMX PAAOB B HACNEACTBEHHON U3MEHYU-
BocTh H. M. BaBunosa oTCYTCTBUE LIEPCTU Y HEKOTOPLIX NpeAcTaBuTeNnei Koladybux,
cobaybux 1 NPUMAaToB.
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HononuutensHas nHpopmauus

Huxosna#t Meamosuu BaBmios — Boifamomuiica G0TaHUK u reorpad, BCEeMHDHO
IPH3HAHHBIN aBTOPHTET B 06JIACTU T'€HETHKH, CEJIEKIHY, PACTeHHEBOACTBA, KPYIIHEII
OPraHH3aTOP HAYYHBIX HCCJIeOBAHUI MUPOBOH (GIOphl KYJBTYPHEIX PAacTeHHIA,

H. U. Basusos poxunca 26 zoabps 1887 r. B Mockse. OKOHYHB KOMMepUYecKoe
YYMIHAILE, OH nocTtymaeT B MOCKOBCKHI CeIbCKOXO3AHCTBEHHEIH WHCTHTYT (HBIHE
MockoBckasn celbCroxoasiicTeeHHad akagemusa umeau K. A. Tumupsasesa). Iloce oxkos-
YaHuA yIE0hI €70 0CTaBUIIM [IPH MHCTUTYTE IJIA paboThl Ha CeJIeKIIMOHHOIN CTAHIIMH, IIe
OH HAaYaJl MCCJe[OBaHHEe KYJbTYPHBIX PACTEHHI C L(eJIbI0 BEIABICHHS UX HMMYHHTETA
0 OTHOIIEHHIO K NapasuTUYecKHM rpubam.

B 1913 r. H. 1. BasuioB OB KOMAHAHPOBAH 34 IDAHMUILY JJISl HAYYHOH pabOTEHI.
B Anrimn 0oH NOZHAKOMUIICH ¢ KDYIHEHINIHMY FreHeTHKaME TOro BpeMedd — BaTcoHoM,
Ileuserom u Busenowm, paboran B nabopaTopuu reHeTHKH KeMOPHIKCKOro YHHBED-
curera. B 'epmaruu Basuios nocerun nabopatopuio SpHera [ekKens, CIaBUBINYIOCH
JOCTHKEHUAMH B o6macTi cenexnuu. Ilocie BosBpalnennsa Ha poguny B 1914 r. yuénsmi
IpOROJIKII ¢BOKO pabory. OH uccnexosan 650 copros nmenwns: u 350 copToB OBCa, a Tak-
sxe 0000BEIe, JIEH ¥ ADyTHe PACTeHHsI. Pe3yIbTaToM ero MHOTOYHCIeHHEIX HCCAeN0BaHHH
crasa MoHOrpadusa «MmvysanTeT pacreHnii K mHDEKIHOHHLIM 3abonesaruam» (1919).

O6paboTKa 3HAUUTEILHOIO MaTepHaJla, HabaoqeHus 1 onsITH nossoanan H, W, Ba-
BusioBy B 1920 r. chopMynupoBaTh 3aK0H TOMOJOMHYECKHUX DANOB B HACHEICTBEHHOMR
MBMEHYHBOCTH. JTO OBLIO KPYyIHENIee cODBITHE B PA3BUTHH OHMOJIOTHMM, B YACTHOCTH B
eIé MOJIOIOM TOrla HayKe NeHeTHKe, OTKPLIBaBIllee HOBLIE FTOPH30HTEI /118 MPaKTHYeCKOH
neATeNsHOCTH. B ToM ke roay CenbpckoxossiicTBennblil komurer usbpan H. V. Basuiosa
3aBeIVIOIIMM OTJeJIOM IIPHKJIATHON OOTAHWKH H CeJieKIIHHA,

B 1921 r. H. Y. Basuios noexan B AMepuky Ha MexAyHApPOLHEIN KOHIpeCC I0
CeJILCKOMY X08AUCTBY, T/le 110 JOCTOMHCTBY ObLI ONEeHEH OTKDBITHIH UM 3aKOH I'OMOJIOTH-
JecKuX paAAoB. MHOroYnc/JIeHHbIe KOHTAKTEI C VIEHEIMU-0HOIOTAMH U CeJIeKIIHOHePaMHA
NO3BOJIHIH coOpaTh OBIIMPHLIH TEOPEeTHYECKHI MAaTePHAI.

B 1923 r. H. 1. Basunos 6s1n w3bpan gupexTopoM 'ocyapcTBEeHHOTO MHCTHTYTA
OIIBITHOH AarpOHOMMH K CTAJ uneHOM-KoppecnosaeaToM Axanemun Hayk CCCP. B korne
1920-x rr. oTesn, KOTOPBLIH OH BO3TJIABJIAMN, OB IIpeoGpa3oBaH BO BcecowaHBIN WHCTH-
TYT OPHKJIAZHOW OOTAHHKH M HOBBIX KYJIbTYD, a ¢ 1930 r. — Bo BcecorosHBIH HHCTHTYT
pacrerueBogcTBa (BUP), koropwiit Haxoaurca B CaukT-Ilerepbypre. Co epemerem BUP
NPEBPATHIICA B ONHH H3 KPYIHEHIIHX M M3BECTHEHIIMX B MHDe HAYIHBIX LEHTPOB IO
H3YYeHHIO KYJLTYDPHBIX DACTEeHHIL.

B 1929 r. H. /1. BaBuioB Obin u30paH akafieMUKOM H HA3HAYEH NPE3UAEHTOM
BACXHWJI (BcecorwosHol akafeMuH CeNbCKOX03AMCTBeHHBIX HayK uM. B. M. Jlenuna).
XopoIIo NOHUMAasA POJhL HAYKH B Aeje MOABEEMa CeJIbCKOr0 X03AMCTBA CTPAHE], OH CPasy
JKe HaIPaBHJI CBOIO 9HEDPIHI0 HA OPraHU3AIMIo MeJod CeTH HAYYHO-HCCIeJ0BATE/IBCKHX
HHCTHTYTOB CEJbCKOXO03AHCTBEHHOTO IPOMUIIA.

B 1930 r. H. 1. Basunor sosryasun Wuctutryr reseruxku AH CCCP. Ilox ero
PYKOBOACTBOM OBINI CcAeJaH P BajKHBEIX OTKPBITHI B 00JACTH IeHETHKHU KYJIbTYDHBIX
pacreEHii. 34 CBOM 3aciyrd B 0BJACTH CEJLCKOro X03fAHcTBA OH ObLI u3bpaH 4iIeHOM
[IeJIOTO pPfAa MHUPOBEIX HAYYHEIX 00miecTB: Axazemuu Hayk B lasne, Bpuranckoi ac-
conuanuu 6mosoros, Aurauiickoro Koponesckoro obmecrtsa, IlloTnasackoii akageMun
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Hayk, AMepurascroro Gotagmueckoro 1 Heio-Hoprekoro reorpaduyeckoro ofmecTs,
YexocaoBallKoH araJeMUH HAYK U Ap.

C 1923 mo 1940 r. H. V. BaBujoB IPHHAJ yYaCTUe B MHOTOYMCJIEHHBIX 3KCISIHIINIX
o Coserckomy Cowoay u BeceMy Mupy: ox nobsiBar 8 Kurae u Manun, Mekcuxke u CIIIA,
d¢uonuu, ErunTe u moutrw Bo Becex cramax CpeguseMHOMODBH, a Take B fmoHnm,
Kopee u ua TaiiBane. B pesyaprare Onuia cobpaHa MHpOBad KOJIEKIIHA CeMSH pac-
reHni, Koropad K 1940 r. macumreisana 250 Teic. 06pasuos, us Eux 36 ThIC. 06pa3LOB
nmeHunsl, 10 Teic. — KYKYDPY3EI, 23 ThIC. — KOPMOBBIX KYJIBTYD U T. 1.

BbIBO/bl NO MABE 11

Oprasusm HapALY ¢ HACIECTBEHHOCTRIO 06IataeT U3MeHYUBOCTRI0. CyInecTByIOT
nBe eé opMbl — OUCKpeTHa#A (IpPEPBIBHCTAS) M HempepbiBHadA. IIpu nuckperHOH
H3MEHYHBOCTH DPa3/IHYUA MeKIy 0cODAMH PEe3KO BBIPAKEHBI, IPDH HEeNPepPHIBHOMN
UMeeTcsa BapMAHWOHHBIN DA, OTPaKalollHil mpefes H3MEHUYHWBOCTH IMPHU3HAKA —
HOPMY DEearImH.

Pasnugaior 1B8a BH/la M3MEHYMBOCTH: HEHACIEICTBEHHYIO (MOAM(DHUKATIHOHHYIO) K
HacaegcTBeHHYI0. MomudukannonHas, uin GeHOTHOIHYEeCKAasd, HBMEHYHBOCTH HOCHT
afalTUBHBLIN XapaKTep W He HACJeIyeTcsd.

Hacnepcreennas nsmenumnBOCTh 3aTparuBaer reHoTun. HacaencTBeHERIE HaMe-
HeHHA HMEIOT CIy4YalHbIH XapakTep. Belgendior 1Ba BHja HACAeICTBeHHOM, UM Te-
HOTHIHWYECKOH, M3MEeHYMBOCTH: KOMOMHATABHYIO U MyTalnoHEy0. KomOuHaTueHaa
HU3MEHUYHBOCTH BO3HHKAET B Pe3yJIbTATe KOMOMHANNY I'eHOB U XPOMOCOM B IIPOIIECCe
Meiiosa, a TakiKe CIAYy4YaliHOro coueTaHus raMeT IpPU OmIoZoTBOpeHuH. Myranmu
NPOMCXONAT U3-32 HapymeHus cTpyktypsl [JHK, oTZenbHBIX XPOMOCOM H BCErO
reHOMa, YTO NPHBOJUT K M3MEHEHMIO FeHOTHIIA.

MyTanmuu galie BPeJHBI, TAK KAK CHHIKAIOT afalTHBHLIE CBOMCTBA OPraHM3Ma.
OpHaxo MMEHHO MYTAIlUH CO3LAIOT PE3epB HACAeNCTBEHHONM M3MEHYHMBOCTH, HA-
KallIMBafAch ¥ reTepo3uroT. BeIABIeHAa 3aKOHOMEPHOCTh B IMPOABJIEHHMHM MYTallWii
Vv OIM3KOPOJCTBEHHEIX BHAOB OPraHH3MOB.

3aKOH I'OMONIOTHYECKHX DAJOB B HACJIEJCTBEHHOH M3MEHYHMBOCTH, YCTAHOBJIEH-
verii H. W, BaBunoseiMm, uMeer GoJiplioe 3HAYEHHE B CeJEeKIMOHHOH paboTe mpH
BBIBEJIEHMH HOBEIX COPTOB KYJBTYPHBIX PACTeHHH M IOPOJ HOMAIITHHX JKHBOTHBIX.

Tembl noknanoe, pedepaTos M NPOEKTOB

Moaundukaumn, cTaTtucTuka u Teopus BEPOATHOCTEN!.
HacnencreeHHOCTb U UBMEHYMBOCTL: HACNEACTBEHHAS N3MEHYMBOCT.
MyTaummn n myTareHsi.

Mup KyNbTYPHBIX NOAWMAOUOOB.

Buorpadua n HaydHas geatensHocTe H. Y. Basunosa.

Buapl MyTauMOHHOW M3MEHHMUBOCTM.

KombuHatmeHas M3MEHYUBOCTD Y KMBOTHLIX U PACTEHWIA; €& 3HaYeHue,
OCHOBHbIE 3aKOHOMEPHOCTU U3MEHYMBOCTU OPraHU3MOB.

DN AN
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FEHETUKA YEJIOBEKA

§62. NleHomMm yenoBeka

PaccmoTtpute puc. 226. B 4éM CX0ACTBO XPOMOCOMHOMO Habopa XeHLUMHbI 1
MYX4MHbI? Kakve pasnuyuns MMelTca B XPOMOCOMHbIX Habopax?

XpoMocoMEEBIH HaGop, MM KAPDUOTHII, — 3TO COBOKYIIHOCTH OIPEAEJIEHHOTO
yHcaa H BHeIIHero Buja (mopdosorun) xpomocoMm opranusma. B 1956 r. yuénsim
Ha MaTepHaJie KYJIbTYPEI TKaHH JIETKOro 3MODMOHOB YesIOBeKa yAAI0Ch YCTAHOBUTE,
YTO AUIIOMIHOE YHCJIO XPOMOCOM B COMATHYECKHUX KJIETKAX MOCTOSHHO U PaBHO 46.
Boin cpenan mepBBIM aHANIW3 KAPDHOTHIIA YeJIOBEKA.

Kapuorun genoBeka. B HOpMe KapHOTHI 4YesloBeKa BEJIKYaeT 46 Xxpomocom
ounIonaHOoTo Habopa, uwan 23 mapbl FOMOJIOI'MYHBIX XPOMOCOM; M3 HHUX 22 maphl
ayTocoM M OJHY Tapy moJoBbIX XpomocoM — XX (y :eHmuH) 1 XY (¥ MYKUIHUH).
Taxum 00pa3oM, y 4eJIOBeKa KeHCKUH OPraHu3M ABJIAeTCA FOMOTaMeTHBIM, a MyK-
CKOM — rereporamMeTHBIM (puc. 226).

s u3ydeHHA KapHOTHIIA YeJIOBeKA HCCAeAYIOT KJeTKH KOCTHOTO MO3Tra HJIH
JIeAKOMUTEI, TAK KAK WX Jierde BRIJEJUTh W3 OpranusMa. B KyJIbTypy KJIETOK A0-
0aBJAIOT CIENUANLHBIA IpenapaT KOJXUINWH, NPUOCTAHABINBAKIIUN UX JleJIeHue
Ha cragun meradassl. UMeHHO HA 3TOH CTAAUKN XPOMOCOMBI MAaKCHUMAJBHO CIH-
PaNM30BaHbBI, OHH JIEXKAT B OJHOM IJIOCKOCTH M XOPOIIO HAeHTUGHUIHDPYIoTcA. Wx

PRI R RN

1
3OEC KK Ky K 3 {2 M M U
7 8 9 10113 7 10 11 12
05 O A4 Xx AR as OB M od B
13 14 15 16 ¥7-—18 13 14 15 16 17 18
T TR T ai 35 1 XX R AA K‘
19 20 21 22 XX 19 20 21 22 XY

Puc. 226. Kapuorun yenosexa. MauorpaMmMbl XpOMOCOMHEIX KOMILTEKCOB YKEHIIUHEI (cJIeBa),
MYKUYMHEI (crpaBa)
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(HKCHDYIOT B OKPAIINBAIOT CIeIMAJLHEIMA [IpernapaTaMu, o1arogaps 4eMy KaXKaasa
XPOMOCOMA YETKO BHJHA B CBETOBONH MUKPOCKOIL.

HamorpaMma KapHOTHIIA YesioBera. [/ HCCIefOBAHMSA XPOMOCOMHOr0 HaGopa
yenoeexa B 1960 r. B Jleasepe (CIILA) 6nia paspaborana «CraggapTHas cucreMa
HOMEHKJIATYPhl MUTOTHYECKHX XPOMOCOM 4eJloBeKa». CoryiacHo aTOH KaaccupuKa-
MK BCEe XPOMOCOMBI PACIIOJIATAIOTCA MONAPHO B MOPAAKEe YObIBAHUSA UX BEJIUYHHBI.
XpoMoCOMHEBIE Mapel IpoHyMepoBaHel oT 1 g0 22 B COOTBETCTBHH C MX IJHHOM.
IlonoBele XpOMOCOMEI He HMEIOT HOMepOB u obosHauaiorca Oyxpamu X m Y. Tak
6bL1a mocTpoeHa uduozpamma (ot rped. idios — cBOeODPASHBIN U gramma — 3aI¥uCh)
KapHOTHIIA Yel0BeKa, mpeAcTaBisomas coboil cxeMBl XpOMOCOM, OCHOBAHHEIC HA
HX JJHHe. XapaKTepHble 0COOEHHOCTH CTPOEHHSA KayKJ0H OTAeTbHOH XpPOMOCOMBI
OIIPEeNIAI0TCA IIOJ0YKEeHUEM B HEel I[eHTPOMEephl U AJIHHON eé mied.

Bcee 22 ayrocomsl o0beIMHEHEI II0 CXOACTBY B ceMb rpynm (puc. 227):

rpyama A (¢ 1-# oo 3-10 XpoMocoMbI) — TPH Iaphl AJUHHBIX XPOMOCOM C paB-
HBIMM WJIM IIOYTH PABHBIMHU II0 AJIHMHE IJIEYAMH;

rpyuna B ( 4-1 1 5-1 XpOMOCOMBI) — JIBe Iaphl AJIWHHLIX XPOMOCOM C MJaedaMH
HEOJUHAKOBOU JJIHHLI — Da3HOILIEYUe;

rpyamna C (¢ 6-if mo 12-10 XpoMOCOMBI) — PAa3HOIJIEYHEe XPOMOCOMBI CPEJHHUX
pasMepoB; MX TPYAHO MHANBHAVAJIA3UPOBATH; K 3TOH JKe IPYIIe IO pasMepy OT-
HOCHTCS H moJioBasg X-XpoMocoMma;

rpynma D (¢ 13-# mo 15-10 xpomoco-
MBI) — XPOMOCOMEI CDEJHHUX DPa3MepOB,
UMeIoIe 04eHbh KOPOTKOE, MOUYTH He-
3aMeTHOe BTOpOe ILJIed0; BCe OHU MeXXay
c0o00i1 04YeHBb MIOX0MKH;

rpyana E (¢ 16-it oo 18-10 xpomoco-
MbI) — TPH Hapbl KOPOTKHX PAa3HOILIEUHX
XpoMocoM, IIpUYEM XpoMocoMbl 16-i
napel oTauyamTes or 17-i u 18-i;
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rpynna F (19-a u 20-a xpomoco- 1 12
MBI) — JIB€ Iaphkl O4€Hb KOPOTKUX PaBHO-
IJIeYHX XPOMOCOM; “

rpynna G (xpomocomsl 21-#, 22-i 15 6 47 18
nap) — O4YeHb KOPOTKHE OJHOILIeYHe 2 8
XPOMOCOMEI CO COYTHHKAMH, TPYAHO 3% éﬁ g “
pasnuuuMele Mexay coboit. K arto# 19 20 21 29 Y
rpynmne mo pasMepaM IPHHANJIEKHT U :

BEEER

Y-xpomocoma.
WneETH(OUKAIIUA XPOMOCOM TOJBKO
II0O BEJIMYHHE B (DOpPMEe — J€eJI0 CJIOYKHOe:
dop A Puc. 227. CxemarTndecKHe KAPTHI XPOMO-

KaK BHJHO M3 UIHMOTPAMMBI, HEKOTODEIE COM HeoBeKa IpH uX IEdbepPeHIAATbHOR
XPOMOCOMEBEI UMEIOT 0OJbIIIOe CXOICTBO. OKpacke

WHTEHCUBHOCTE OKpaLLMBaeMOCTI Mooc (AUCKoB)
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B nacrosimee BpeMaA HCIOIb3YIOTCA CHENMATbHEIE KPACHTENH, KOTOPHIE I03BOJISIIOT
BBEIABHTE OT/€JIbHBIE OKpPallleHHEIe IOJ0Ckl B XpoMocomax (cm. puc. 227). Kaxpasa
XpOoMOCOMa YeJIOBEKA COJAEPMUT TOJLKO el CBOMCTBEeHHYIO MOCAEN0BaATeIBHOCTE I0-
JIOC, YTO IO3BOJIAET TOYHO MX HMACHTHOHMIIMPOBATH. JTOT PHCYHOK MHIWBHIYAJEH
LIS KasKJoH Maphl XpPOMOCOM.

Mesnaynaponaada nporpamma «['enom wemoreka». Komen XX — mauamo XXI B.
O3HAMEHOBAJICA INHPOKOMACIITAOHBIM HAYYHBIM HCCIeNOBaHHMeM: ydéHble ua 20
CTpaH MHpA ODPHUHAIH y4YacTHe B MeXJIYHAapoaHoH nmporpaMMe «['emoM uesoBexras.
Eé menpio cTao BRIACHEHHE IIOCHEI0BATEILHOCTH A30THCTHIX OCHOBAHMI B MOJIEKY-
nax JTHK xpomocom genoBeka, T. e. moJHaA pacmu(poBKa ero reHoMa. OCHOBHEIE
HAnpaBIeHHA IPOrPaMMEl BKIIOYAIN IOCTPOEHKME KADT XPOMOCOM C BBICOKMM pas-
pellieHueM; H3yYeHHe TeHOMOB MOJeIbHBIX MUKPOOPraHU3MOB, HAIIPHMED KHIIeIHOH
MAJIOYKH; CO3/JaHue KOMIBIOTEDHBIX TEXHOJOTHH A8 00paboTKy 1 aHann3a JaHHbIX
[I0 TeHETHYECKOMY KapTHPOBAHUIO H CeK8eHUPO8arulo (OT aHIIL. sequence — Ioce-
poearenbHocTs) [IHK opraEmaMor; nHQOPMHEpPOBaHHE OOIIECTBEHHOCTH IO BOIIPO-
caM, CEABAHHLIM C NOJYyYEeHHEM TeHeTHYeCKHX JaHHBIX O UYeJIOBeKe, 00CYy:KIeHHe
9THYECKHMX M IIPABOBEIX ACHEKTOB HCCJIEJOBAHHS €ro reHoMa.

B BrImoHeEMH mporpaMMEl GBIIO 3a4eHCTBOBAHO HECKOJIBKO TRICHY YUYEHBIX,
CHemUaNH3UpPYIIUXca B 06J1acTH MOJIeKYIAPHOMH OMOJIOTHHA, OPraHWYeCcKoi U 6uo-
JIOTHYECKOHM XHMMHH, MATEMATHKN B (PHU3UKH. DTO ONMH M3 CAMBIX HOPOTOCTOAIIUX
Hay4YHBIX IIPOEKTOB B MCTOPHUH desioBedecTBa. {1 JOCTHIKEHHA IMEJH MPOrPAMMEL
Ob1JI0 COOPMYTHPOBAHO NMATH 3aaY:

1) mocTpouTh TeHETHYECKHE KAPTHl XPOMOCOM, HA KOTOPLIX OBIIH 6Bl TOMEYEHDI
TeHBI, OTCTOANIHE APYT OT ApPYyra Ha PacCTOAHHE, He IpPeBHIIIaiinee 2 MIH
ocHOBaHMH (1 MJIH OCHOBaHMII MPHUHATO HASLIBATHL OJHOM Merabasoii);

2) cocTaBuUTL PU3nYeCKHe KAPTHI KAXKI0H XPOMOCOMEI KADUOTHIIA YeIOBEKa;

3) IONYYHTE KapTy BCEro reHOMAa YeJIOBeKA B BHJE O0XapPaKTEePU30BAHHBIX IO
orgenbHocTH (hparmMenToB [JHK, BXogAmux B COCTAB IeHOB;

4) ocymecTBUTE moJHOe ceKkBeHHpoBaHue [JHK KieTox uenoBeka;

5) HaHECTH HA HNOMHOCTBIO 3aBEPIIEHHYI0 KapTy BCe TeHEl YeJOBeKa.

B xoze BHINOJIHEENUA TPOrPpaMMBI IOCIEM0BATEIBHO CO3AABANKUCEH TPH THIIA KAPT
XPOMOCOM UeJIOBEKa: reHeTHYecKHe, ()M3WdecKHe M CeKBeHCOBEIe. I'eHemuueckue
Kapmul IOMOTJIM YyI€HBIM HalTH OTBET HA BOIDOC O BOBIEYEHHOCTU TeHOB B o6pa-
30BaHME OTAENbHBEIX IPM3HAKOB opraHusMa. Beas MHOrue npusHaku GOPMHUPYIOTCS
IOJ KOHTPOJIEM HEeCKOJIbKHX MeHOB, YACTO PACIIOJIOKEHHEIX B PA3HBIX XPOMOCOMAX,
M 3HAHWEe HAXOMXKIESHUA KAasKJ0ro M3 HHUX CHOcOOCTBYET JIyUYIIEeMy PacHO3HABAHHUIO
3aK0HOB IUGMDHEePeHNUPOBKH KJIETOK, OPTaHOB U TKaHeil. QPuiauueckue xapmoui
XPOMOCOM HMCIIOJIB30BAIM JJIA BEIABJIEHWA HAa HUX IONEDPEYHBIX mojoc (puc. 228).
Hx MosHO yBHAETH B MHKPOCKOI M TAKHM CIIOCO60M TOYHO HMIEHTHDUIHMPOBATH
TMPUHAAIEKHOCTh TOH WJIH MHOH XPOMOCOMBI K onpefeNéHHo# rpynne. Cexaencossle
Kapmbl Jany BO3MOXHOCTH BEISCHHTE IIOCJIEAOBATEJNBHOCTE HyKJeoTHaoB THEK.
Ha aTux raprax yKasaHO HOJIOMKEHHWE BCEX HYKJIEOTHIOB.
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Xpomocoma 1 Knou  AMY AMUNaza CRIoHL NaHkpeaTuyeckas

AT3 AHTUTPOMOMH (DakTop CREPTHIBAHMA
kpogu V)

CB LisetoBas cnenota

DMD  MuiweyHas guctpodus Jolexa

FHM MuroxoHapuansHas ymaparruapa-
Taza

GDH [miokozoferuaporexasa

G6PD  I'miokoso-6-dochataermaporeHasa
HEMA  Temodunua A (knaccuyeckan)
HGPRT T'mnocaHTuH-ryaHuH-pochopubo-

aunTpaHcdepasa (cuHapom flelwa-
Huxena)

PEPC TMenmmpasaC

PGK DochornmuepaTkMHasa

PGM  ®ocdorniokomyrasa

Rh Peayc-dakrop (3MEproHanbHLIM
3pUTPOBRAcTos)

X-xpomocoma

Puc. 228. ®usmuyeckue KapTel X-XpOMOCOMEI ¥ 1-i XpOMOCOMBI YelIOBEKa

ITporpamma «I'eHOM uyeNoOBeKa» B OCHOBHOM GbLIa 3aBepurena x xoumy 2000 r.
B pesynsrare aroil ruraBETCKOM 0 MacmTaby HaydHOH paBOTHI CO3JaHBI MeKIyHA-
poaHbIe aHKH JAHHEIX O IIOCJIEJ0BATeNLHOCTAX HyKaeoTunoB [JTHK u 06 aMuHOKHC-
JIOTHOM cocTaBe GOJBIIHHCTBA GeIKOB yeloBeKa. AHAIKAZ FeHOMA YeTOBeKa O3B0/
obuapysxuTe npuMepHO 30—40 THIC. FeHOB, KOTOPLIE CHILHO OTIWYAOTCH APYT OT
Apyra. Cpeanss AjuHa reHa Y YeJI0BEKa COCTABJIAET NpuMepHo 50 THIC. map HYKJIeo-
THI0B. CaMble KOPOTKHE TeHbI COAEPIKAT BCErO ABa JeCATKA HYKJIEOTHIOB — HAIDPH-
Mep, FeHbI 9HJ0P(HUHOB, CHHTE3HMPYEMEIX B MO3re GelKOB, BEISLIBAIONINX OMIYIIeHHe
yaoBonbeTBUA. CaMblil AIMHHBIHA T'eH, KOAUPYIONiT 6eI0K MEIIIIL — MUOIMCTPODIH,
COZIEPRHT 2,5 MJIH HyKJIeoTHA0B. Ha KoguposaHue 6eIKOB MCIOIB3YETCA BCErO JIMIIL
oxono 1% resoma; ects yuactku JJHK, Hecymue rersl, kogupyomue PHK. Oanaxo
ceeime 70 % reHOMa COJEPKUT Tak HasblBaeMywo «momuanyio THK», KOTOpas He
rogupyet HE Oenkxu, Hu PHK. ®yErnuy eé noka He BEIACHEHEI.

PackpeiTie nonnoi TaiiHbl reHOMa 4esI0BEKa elllé BIepenu. 3aBepIIniIcH JIHIlb
IepPBHIH, CTPYKTYPHBIH 3TAll paboThl, CBA3AHHEIN C BRIICHEHUEM CTPYKTYDPHI T€HOB.
Bostee BasKHEIM IpeacTaRIseTCS BTOPOI 9Tan — (QyHKIMOHAILHEIN, T. €. CBA3AHHBIH
¢ u3ydeHHeM (DYHKIIMH BCEX I'eHOB YeJIOBEKA.

Hduozpamma; cexeeHuposanue; xapmvl XPOMOCOM: 2eHemMuyiecKue, Gualye-
crue, cexsencogble.
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Bonpocekl U 3apaHus

1. Yro Takoe kapmoTnn? CKOMbKO XPOMOCOM B KapuoTune Yenoseka?

2. Ha kakoil cTaguu MMTO3a XPOMOCOMBI XOPOoLLO BuaHbl? OTBET 060oCHYnTE.

3. Yem 0TnMHaKTCa KapyMOTUMbl MYXKHMHBI U XKEHLLIMHDbI?

4. Cxonbko rpynn XpoOMOCOM BbIAENSIOT B KapMoTune Yenoseka (cMm. puc. 227)? Yto no-
NIOXEHO B OCHOBY 3TOro geneHvs?

5. OxapakTepw3yinTe OCHOBHbIE AOCTMXEHNS MEXOYHapPOAHOW NporpamMmel «[eHoM Yyenose-
ka». B 4éM npvknagHoe 3Ha4YeHWe 3Tol Hay4Ho paboTbl? KakoBbl NepCcnekTuBbl M3y4eHns
reHoMa Yenoseka?

HdononHurensHasa uHgpopmauus

IlepBBIM, KTO MOAHAJ BOIPOC 0 HEOOXOAMMOCTH ¥ CBOEBPEMEHHOCTH CeKBEHHPOBAHUA
reHoMa uesoBeKa, ObIT aMepuKaHcKuil yuénbiii Penmato Janbs6eko. B mapre 1986 r.
cocTosach NepBas KOH(epeHIHA mo reHomy denoseka B Jloc-Amamoce (CIIIA). Ho
HCcIefOBaHMe reHoMa ObLI0 HagaTo y:ke B 1983 r. B ABYX BeAyIIUX OHOJMOIHYECKHX
na6oparopusax CIIA: B Jloc-Anamoce u JluBemope. IlocraBierHas mepejy COTPYAHU-
KaM| 2THX JabopaTopHil 3ajadua 3aKJOYAJAChE B CO3JAHUH KJoHOMeku (OHbamoTexH)
(pparmenTos [JHK uenoBexa M3 0JHOTO MCTOYHHKA.

HcTopua oTedecTBeHHOI nporpaMmmel «eHom uesnoBeka» Hadanach B 1987 r., korga
B Ornesennn GuMoXUMHUH, GHODUSHKH H XUMHH (PH3NOJIOTHYECKH AKTHBHBIX COeIHHEeHUH
AH CCCP 6bl1a OpragEi3oBaHa BCTpedya BeAYIIHX YUEHBIX A 00CYKIAeHHUs HCCef0Ba-
HUi mo aToif mpobaeme. B despane 1988 r. Ha roguusoM obmem cobparun AH CCCP
B BHICTYILIEHHH akajeMuka A. A. Baepa 6bLI0 BEHICKA3aHO MHeHHE 0 HEOOXOZMMOCTH
COBIAHNA MTPOrPaMMEI 110 U3YYEHHIO reHoMa JenoBeka. 31 asrycra 1988 r. 66110 npuHATO
nocranosienne Cosera Munucrpos CCCP o nporpamme, u B 1989 r. oma crana ogHO#H
u3s 14 TocyaapcTBeHHBIX HAyYHO-TeXHWUYeCKHX mporpamm. E€ paspensr: 1) Kowreknus
KJIETOK 4eJIOBEKAa; BhlgeJeHHe xpomocoM (3-a xpomocoma, coBmectHo co IlIBenmeii,
5-51, 13-a 1 19-a xpomocombl); 2) KJI0HOTEKH (6UOIMOTEKH) XPOMOCOM, HX (PU3UYECKOe
rkapruposanue; 3) ceksenuposanne [JTHK; 4) cTpykTypHO-DYHKIIHOHAJBHEIE HCCIE0BA-
HUs; 5) MeJHIIMHCKAsA TeHeTHKa M reHoTepamnns; 6) mHpopManuoHHOe obecredeHue u
coznanmne GAHKOB JAHHBIX; 7) COBEePIIeHCTBOBAHHEE METOJ0B HCCIIeIOBAHWE U TPUOOPOEB.

B 1989—1990 rr. B CIITA u CCCP, a 3areM u B psAje APYTHUX CTPaH Ha4vYaJH IIOJHO-
MacmTabHO (PYHKIIMOHHPOBATH COOTBETCTBYIOMIME HAYUHBIE IIporpaMMel. dyTh nosgHee
BosHUMKJIA MeskKIyHApOoJAHAs# OPraHU3ANMA 0 H3y4YeHHIO reHoma venosera (Human
Genome Organization — HUGO), koropas craza KOOpJAMHUPOBATL paboTy HAYYHBIX
IrPYII B PA3HBIX CTPaHAaX MHUpa.

B urore 2000 r. 65110 06/bABJIECHO 0 3aBePIIEHNH IPEJBAPHTEILHOIO CEKBEHUPOBAHUA
resoma 4ejoBeka. MceseoBaTesln OIPACTYIWIN K AHHOTAIMM M AHAJM3Y MOJTYYeHHBIX
NAHHBIX, 4 TAK:Ke ChOPMYJIMPOBAIH 3a/laud s JanbHeiimell paboTsl.

OueBHHO, YTO pacmu(ppPOBKA eHOMAa 4eI0BeKa CYIeCTBeHHO PACIIUPUT 3HAHUA O
reHeTHKE YeJIOBeKa M OKayKeT OrPOMHOe BIUsHHe Ha OMoMeJUIHHCKHEe HCCIeJOBAHNSA
pasBuTHE 3apaBooxpaneHud. OJHAKO IPUMEHEHHEe 9THX 3HAHMH yiKe CerojHd CTaJKh-
BaeTcA ¢ mpobJeMaMH 9THYECKOro, COLMAIbHOTO W IOPUIMYECKOr0 XapakKrepa.
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BCNoOMHUTE, Kakue MeTOdbl UCTOJNb3YIOT YYEHBIE-TeHETUKN O/ W3YHeHus 3a-
KOHOMEepHOCTen HacneacTBEHHOCTU U M3MEHYMBOCTH.

Bce remeTndeckue 3aKOHBI YHUBEPCAIbHBI M OIPHIOMKHME K UesJoBeKy. OnHAKO
HM3y4YeHHEe 'eHETHKH 4YejloBeKa HMeeT psaj ocobeHHocTel. Bo-mepBRIX, HeNb3d HC-
M0JB30BATh THOPUIOIOTHIECKHH METOX, TAK KaK S9KCIIePHMEHTAILHOEe CKPEIHBAHIE
JIIOIeit HeBO3MOXKHO. Bo-BTODLIX, V UeIoBeKa MelJIeHHAA CMeHA IOKOJIe I 1 IPoHAa-
GofaTh XapaKTep HAC/IeJOBaHUA IPU3HAKA CIOKHO. B-TPeThHUX, V YeI0BeKa 0UeHb
Majioe 4YHCJIO MOTOMKOB B OJHOH ceMbe, UTO He JaéT CTATHCTHYECKH JOCTOBEPHOTO
pesyabpTata. KpoMe Toro, B oTJiMYMe OT KIaCCHUYECKHX I'eHETHYECKHX 00BEKTOB
y 4esoBeKa OOJbIIOe YHCI0 XPOMOCOM M MHOT'O TPYNI CHemaeHus. J[ad uayueHUs
reHeTHKH YeJ0BEeKa MCHIOJb3YIOT crenuduyeckue MeTOIkI.

T'emeanornueckuii Metox. OH OCHOBAH HA COCTABIEHHUU POZOCJIOBHOHA YeJloBe-
Ka ¥ M3YUYeHUH XapaKTepa HacJleJOBaHHWS NpU3HakKa. Ero npemnoxus B 1865 r.
aHrIuHCKUil yuénniit @pencuc anbToH — ocHOBaTens edzenuku (OT rped.
eugenes — XOPOILMI PON), HAYKH O HACJIEACTBEHHOM 3/0DOBbE UEJOBEKA M NYTAX
ero yaydmenusa. CyTh 5TOTO MeTOZa COCTOUT B YCTAHOBJIEHUH POJOCIOBHBIX CB3€Ei
YJIEHOB KAKO#H-1100 CeMbH, ONpeleeHNH AOMUHAHTHBIX M PeleCCHBHBIX TPH3HA-
KOB M XapaKTepa MX HACJIeJOBAHHMA B IIOKOJEHHUSIX. JTOT MeTo[| s(heKTUREH TpH
HCCIeOBAHUM TeHHBIX MyTanuii. IIpu cocraBiieHMH DOJOCIOBHON HMCHONBAYIOTCH
crenuabHbIe CTAHJAPTHbIE CUMBOJIEI (puc. 229).

MyxunHa Q’ Poautenm
4~ >MpobaHp
KeHumHa
g Hdetn
leTepo3uroTHLle
HOCUTENu n3yyaemoro npoganeﬁne PasHosliueBbie
GnuaHeLpb:

npuaHaka Nnpu3aHaka
(peueccuBHoro reHa) . Masib4MK U JeBoYKa

OpHosiALeBLIe
Ban3HeUp!:
[iBe OeBOYKU 1

reTeposuror
s / P [iBa Manb4uka

BT OE om

PoacreeHHbIi
6pak

YacTtuuHoe
nposieneHue Bpak
npuaHaka

e'e’

Puc. 229. CrannaprHble CHMBOJIEL, TIDHHATHIE JJIA COCTABICHHA POSOCIOBHEIX
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Puc. 230. Tunel HaciezosaHudA: | — JOMHHAHTHOIO NPH3HAKA MOJHAAKTHANK; 2 — pemec-
CHBHOTO IIPH3HAKA CEPIOBHIHO-KJETOYHOH aHeMun; 3 — NpH3HAKA JaIbTOHH3MA,
clemIeHHoro ¢ mojxoM. CieBa — peHTreHOoTrpaMMa KHCTH 4esoBeKa ¢ HOTHIAKTHIneH

HccnenoBaHus BKINYANIT ABa arama: cOop CBeJeHHH O ceMbe 3a BO3MOJKHO
HoIbIee YUCI0 MOKOJeHHIT ¥ reHea JoTMYeCcKuit aHanus. PogocIoBHAA COCTABNSET-
¢s, KAK TIPABHUJIO0, 110 OJHOMY HJIH HeCKOJBKUM NpusHakam. [Lis sToro cobuparresd
CcBeJeHHS O HACJAeLOBAHMHU NPHU3HAKA CpPequ OJIUSKHUX U JaJbHHUX POJCTBEHHHKOB.
TeneanormyecKUi aHANHM3 HadWHAeTcA ¢ npofaxda — NuNa, MO OTHOUIEHHIO K
KOTOPOMY COCTaBJIAETCA POJOCIOBHAA, T. €. HCCIeAYeTCHA ero HacjaeJCTBeHHOCT.

Bropoii aTan — aHAJIH3 POJAOCIOBHOM ¢ [eJbl0 YCTAHOBIEHUA XapaKTepa Hacye-
MOBAaHUA OIPHU3HAKA. B IepBYyIO ouepe]hb YCTAHABIMBAIOT, KAK IPOABAAETCS IPHU3HAK
Yy HpEECTaBHTeﬂeI‘:I pasﬂoro IoJjia, T. €. CIOeIlJIeHHOCThb IpHU3HaKa c IIOJIOM. ,Hanee
OIIpefeNsAloT, ABAAETCA JU IPH3HAK JOMHHAHTHBIM WM PELECCHBHBIM, CIeNJeH
JIW OH C IPYTHMH IpPH3HAKaMu u T. A. [IpH pemeccHBHOM XapaKTepe HaclelOBaHHUA
TIpM3HAK MMposABIAeTcs y HebobIoro ynena ocobeil 1 He BO BCEX MOKOJIEHHAX. On
MOSKET OTCYTCTBOBATH y poxureneil. Ilpr foMHHAHTHOM HacJleIOBAHWM NPHU3HAK
BCTpeYaeTcs YacTo — MPaKTHYECKH BO Beex HOKojJeHusx (puc. 230).
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XapaKTepHOH 0cOOEHHOCTBIO HACIENOBAHNA IPA3HAKOB, CIEILUIEHHBIX C IOJOM,
ABJIAETCA UX YacToe IPOABJIEHUE Y JIUI OJHOrO moJia. B ciyuae eciaH aTOT IPH3HAK
OOMHHAHTHBIH, TO OH Yallle BCTPEUYAETCS Y JKEHINWH. Eciu NpU3HaK pelecCUBHBIH,
TO B 9TOM cJiydyae OH udamie IIpoABifgercA y MyxumH (cM. puc. 230, 3).

HmerHO reHeaornyeckM MeTOLOM YAAJIOCEH OLIPeeINTE XapaKTep Hacle[OBaAHUA
remotuinm. 9ty 6osesns emé B XIX B. HA3BAIM KOPOJIEBCKOH, TAK KaK OHA IIPOABJIA-

MpuHy AnbGept Koponesa Bukropua

555555560 e

Ammca — Kopons 3a8apa VIl + Buktopus Bearpuc

5858 mif{;ﬁ
20938 =

Anscponco Xl
Mapus | Anekceit

= B0000®

TareaHa AHacTtacus

Neononsg

O 3a0poBas XeHlwMHa

@ XKeHuwmHa, HocUTensHUUA
3abonesaHnA (reTepo3nroTHas)

Ij 3A0POBbLIA MyXuMHa
- BonbHOR MyxunHa

Puc. 231. Hacrenosanme reMomiany y HoToMKOB KopoleBsl Bukropuu. Ponociosras
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Puc. 232. CeéprbiBanue sA3bIKa B TPYOOUKY Pue. 233. CeobogHas (ZOMUHAHTHBIH
(IOMMHAHTHBIA IPU3HAK) NIPH3HAK) ¥ MPHPOCIIAs MOYKA yXa

Jach y MHOTHX IIpejicTaBUTENeH KopoaeBckux havunuiit Esponel. [lns onpenesieHus
xXapakTepa HacJeOBaHHWS IPH3HAKa OblIa COCTaBJIeHA W IIPOAHANHU3UPOBAHA POAO-
cJI0BHAA ODUTAHCKOTO KOPOJEBCKOI0 J0MAa, a TAKKe ceMel, HapcTBYOmuX B Esporne
1 MMEIOIIHX POACTBeHHBIE CBA3H ¢ 3T0# (damuiueit. Mccnenopaane poAoOCIOBHOM
II0KAa3ajgo, 4TO NPH3HAK ABJIAETCA PEeNeCCHBHBIM H cuerJieH ¢ moJioM. Hocurenem
pellecCMBHOTO TeHa OKasasach OpuTaHcKas Koposesa Buxropus (pme. 231).

AHann3 MHOIOYHCJIEHHBIX POIOCJIOBHBIX B CTEIIEHb pacopocTpaHeHMA NPHU3HAKA
cpeny GONBLIIMX I'DYIN JTOAeH IOMOIJH YYEHBIM-TeHETHKAM YCTAHOBHTDH XapaxKTep
HACJeJOBAHUA MHOIMX HOPMAJBHBIX MPU3HAKOB 4YeJIOBeKAa: KYPYaBOCTh H IIBET BO-
JIoc, IBeT IJia3, BeCHYIIYaTOCTh, CTPOEHHWEe MOYKH yXa, (popmy ryd u HOCca, paspes
ras, a TaKKe BHIABHTE IIepeiauy B IMOKOJIeHHAX TAKHX aHOMAJHH, KaK JaJlbTOHU3M,
CepIOBHIHO-KJIeTOUHAasA aHeMus, 6iusopykocts (tabx. 20, puc. 232, 233, 234).

HccnemoBanusa MOKasajad, 4TO He-
KOTOpHIE CIOCODHOCTH UellOBEKa: My-
3BIKAJBHOCTH, MATEMATHUYECKUH CKJaj
yMa — OIpeJelsloTca TaKMKe Haclemu-
cTBeHHBIMH (paKTopamMu. C MOMOIIEIO re-
HeaJOorMueCKOoro MeTo/a A0KAa3aHo Haclie-
moBaHMe V UeJIOBEKAa caxapHoro amabera,
IIyXOTEI, TIH30(PEHUH, CJIEIOTE. JTOT
MeToJ HMCIOJb3VeTCHA NJA JHaArHOCTHKH
HacJIeICTBeHHEIX 3a00/1eBaHHA M MeTHKO-
reHeTUYeCKOro KOHcyasTupoBaHudA. Ilo
XapakTepy HacJleNOBAHHS OIpe/ieldaeTcs
BepPOATHOCTE POKAeHUA pebéHKaA c reHe-
THYECKUMH aHOMATHAMHA.

Puc. 234. HacienoBarue O/IM30PYKOCTH
(JOMHHAHTHO-ayTOCOMHEIH IPHA3HAK) B TPEX
MNOKOJIEeHUAX Cl,I[HOﬁ CeMBH
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Tabauuya 20
JloMHHAHTHEIE H PeHecCHBHbIe IIPH3HAKH Y YeJ0BeKa
HopmansHsie npusnaxu IlaTonornueckue nNpu3HAKH
JloMuHAHTHBIE Peneccusnsie JomunanTHBIE Peueccusunie
Kapwue rmasa lomyGrie riasza Kapmurosaa xouapo- | HopmannHOe pasBu-
TEMHBIE BOIOCHI CBeTsle BOIOCHI ANCTPODIA THE CKeJIeTa
MoHromonTHEL Esponeousuasiii pas- | 1101HAaKTHIkA (mme- | HopmansHoe crpo-
paspea rias pea rias CTUIIAJIOCTE) eHHEe KOHeuHocTelt
Hoc ¢ ropbuukoit Ipsmoit HOC Bpaxunaxtunna (ko- | Hopmansuoe cTpo-
Tuponas iess Veistdist 1o Mps POTKOIIATIOCTD) eHHe KOHEeYHOCTeH
MeKIY Pe3namu pesnamMu uim eé or- HopmaneHaa cBEPTEHI- I‘emocpunm_l_ (mouu-
cyTcTEHE BaeMOCTb KPOBH JKeHHAaA CBEPTHIBA-

€MOCTh KPOBH)
Kpynnsre, Beictyna- |O6niuras dopma u

IOIIMe BIepéa 3y6sl | mososkeHue 3yGos ITonunos roneron Orcyrereue
KHIOIKHA IIOJIHIIO3a
«fMouku» Ha mekax | OTCyTCTBHE «AMO-
qeK » Hopmanrmoe neero- | Mansronusm (ma-
BOCIPUATHE pPYIIeHHE IIBETOBOC-

Benerit 1okon Bonoc | HopmanbHas rmar-

IPUATHA)
MEHTAIINA BOJIOC

Hanuume nurmenta Anpbuanam (oreyr-

Hanwame BecHymex |OTcyTcTBHe BecHY- cTBHe mETMeHTa)

mIex
HopmansHoe ycBoeHue | PeHUIKETORYDPUA
CpoboxHas Mouyka IIpupocmasa mouka deHmIANTARIHA
vxa yxa
I 6 T 6 Hopmansroe yesoenne | ManakrosemMus
ONHEIE TYyOBI OHKIHE T'y0BI P

JIqu?e O ‘nyql{me i Hopmanesoe ycBoenue | DpykToaypus
npaBoil pyKoi JIeBO# DYKOWM DPYKTOSEI
IonoxurenbubIH OTpuuarensHbIi HopMaeHoe eTpo- Ceprosuaso-
peayc-axrop peayc-axrop eHUe 3PUTPOLHTOR KJIETOUHAH aHeMUs
Omymenne sxyca Hecmocobrocrs Bausopyrocte HopmantHoe spenue
(beruntnokapbamuza | omyruts BKyc OTK

(PTE)

Bausuenossiii merox. OcHOBaH Ha M3yYeHHH (heHoTHIA ¥ reHOTHMIIA OIM3HEIIOR
AL OIpefeNeHus CTeNeH: BIHAHUA CDelbl HA DasBUTHe NpH3HaKoB. Cpexd 6ims-
HEILOB BBIJIEJIAIOT OJHOAHIIEBRIX M PABHOANLEBLIX. Y YeloBeKa OLHA ABOHHA OpH-
xoautTca B cpegueM Ha 80—85 pogoe, oxHa TpoitHa — Ha 6—8 ThIC., 4YeTBEeDHHU U
OATEPHHA POMAAITCA OYeHb penko. OpHosineBsie BIH3HEeNH cOCTABIART 15 % or
BCEX MHOTOILIOJHBLIX POIOB.

Odnosaiiyesvie OausHeybL (MOHO3UZOMHbLE) PASBUBAIOTCH M3 OLHON 3UIOTHI,
pasjenuBIIelica Ha PaHHeH CTaAuM IpobGieHUs Ha aBe yacTu. B arom cayyae ogHa
OIJIOZOTBOPEHHAA AMLEKTeTKA JaéT HaYalI0 He OZHOMY, a cpasy ABYM 3apoJbINIaM
(puc. 235, 1). OHE UMEOT OMMHAKOBLIN T'eHOTHII, BCerJa OJHOrO Imoja W Haubo-
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Puc. 235. Cxema 06pasoBaHHA OBYX THHOB GiuaHenoB: ] — OJHOAWNEBEIX (MOHOBHIOT-
HBIX); 2— pasHOANNEBLIX (T€TEPO3UTOTHEIX)

Jlee MHTEpeCHHI AJIs maydenud. CxoacTBo y Takux GiH3HenoB mouru abcomoTHOE.
Menxue pagiInyis MOTYT OOBACHATHCH BIMSHUEM YCIOBHI CPeAbI (rabn. 21).

Tabauya 21
Coenagenne (KOHKOPXAHTHOCTH) MPH3HAKOB y OJIH3HELOB
Tipusnaks Crenens copnagenus (B %)
B TPEAPALIOI0EeHROCTE Opsosiinesbie Pazuoaiiuessre
Hopmanvheie
T'pynna kpoeu (ABO) 100 46
IIBetr rnas 99,5 28
IIBer BOJIOC 97 23
ITamoaozuueckue
KoconamocTs 32 3
«3asuba rybas 33 5
BpoxéHHEIA BRIBHX Oeapa 41 3
Sdnunencus 67 3
Kops 98 94
TyGeprynés 37 15
T'uneproEHA 26 10
PeBMaTH3M 20 6

Pasnosiiyeevie GausHeybl (zemepo3uzommbie) PA3BUBAIOTCA U3 PA3HBIX 3H~
roT B pe3yJAbTATE OIIOJOTBOPEHHA ABYX ANHNEKJETOK NBYyM#A CHEPMATO30HAAMH
(puc. 235, 2). OB DOX0KH APYr HA Apyra He Gosiee, ueM popHbie OpaThHA MU
cEécTpHI, POKEHHBIe B pa3Hoe BpeMsA. Takme GiuU3HENB! MOTYT OBITH OJ{HOIIOJIBIMH
¥ pasHOmoJAsIMH. CXOACTBO Yy HEX HE3HAUUTENbHOE (cm. Tada. 21).

BrnaHenoBbIi METO TTO3BOIAET ONPEJeINnTh CTelleHb NPOABISHUA IPUSHAKA ¥
mapsl, BAMSHUE TEHOTHNA ¥ CPefbl HA DasBUTHEe NMpHU3HaKoB. Bee pasnuuusi, KOTO-
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pbl€ IPOABIAITCA Y OOHOAHIEBbIX OIU3HE0B, UMEIOIIMX OJHHAKOBBIN I'eHOTHII,
CBA3AHBI ¢ BIMAHHEEM BHEIIHUX YCJI0BHil. BobInoil HETEpEC IPeICTABIAIOT ClAydan,
KOrja Takas mapa Oblja 110 KAKHM-TO IPHYMHAM Das3JIyieHa B JeTCTBe H OJIH3HEel bl
POCJIM U BOCIHTHIBAJIHUCHE B Pa3HBIX COMMANBbHBIX VCIOBHAX.

Msyuenune pasHOAHNIEBBIX OJHBHEINOB NAET BOSMOYKHOCTE IIPOAHATHSHDPOBATH
pPasBHTHE DA3HLIX I'eHOTHIIOB B OJWHAKOBEIX YCIOBUAX Cpelibl. BIIM3HEOBEIHA METO
II03BOJIMJI YCTAHOBHTE, YTO JJIA MHOruX 3a007€BAHUN 3HAYUTENBHYIO POJIB HIPAIOT
VCJIOBHSA Cpelbl, IPDH KOTOPBIX NPOHCXOANT (POPMHPOBaHHUE (heHOTHHA.

Kar Buaso u3 Tabnunsr 21, rpynma KPoBH, IIBET IJIa3 M BOJIOC ONpeeaAloTcs
TOJIEKO T€HOTHIIOM H OT YCJIOBHH cpelsl He 3aBucaTr. MHpexnmonasle 3a60meBanus,
XOTA M BBHI3BIBAIOTCA BHPycaMU U 0aKTepHAMH, B HEKOTODOH CTEIIeHH 3aBHUCAT OT
HACJIeICTBeHHOH NIPEeIPACIIOIOMEeHHOCTH.
Taxue 3aboseBaHUA, KAK THIEPTOHUA
M PeBMATH3M, B 3HAUHTEJIBHOMN CTEIleHHn
OIpeJleNIAI0OTCH BHEITHUMHU (haKToOpaMH U
B MeHBIIEH CTeIeHH HACJIEeACTBeHHOCTHIO
M I'€HOTHUIIOM OPraHu3Ma.

IIurorenernueckun meron. OH 3a-
KJI0YAeTCA B MHKDOCKOIHNYECKOM HC- :
CJIeJOBAHUU CTPYKTYPLI XPOMOCOM H 1 2  xpomatiHa
HX KOJIHYEeCTBa YV 34OPOBEIX M GOJBHEIX -

= - = Pue. 236. fAnpa nefikonuros: 1 — My»X4an-
nogei. s rpéx tunos myranuii mop s
HBI; 2 — JKeHIUMHEL. B Afpe BEAHO TeabIe
MHKPOCKOIIOM MOYKHO O0OHADYKHUTH JIMIIE XPOMATHHA. DTO CHIBHO CIHDATHOBAHHASL
ABa — XPOMOCOMHBIE U T'€HOMHBIE MyTa- OJlHA U3 X—XPOMOCOM
nuu. Haubosiee IpoCcTEIM METOJOM SBJISA-
erca JKCIIpeCcC-TUarHoCTHKa — HCCJIeno-

BaHME KOJIWYECTBA IIOJOBBIX XPOMOCOM
no X-xpoMaTuHy. B HOpMe y XeHIIWH 6 56 8
1 2 3 4 5 6

B KJeTKax ojHa X-XxpoMocoMa obOHAapy-

JKUBAETCA B BHUJE TeJbIa XpPOMATHHA,

a y MYKYHH TAKOe TeJbIle OTCYTCTBY- 35 u& aa 5, “‘ “

er (puc. 236). Ilpu Hanuuyuu JAUIIHEH

X-XpOMOCOMBI Y *KeHIIUH HAGI0a0Tes 7 8 8 10 1 12

ABa TeJblla, a Y MyXYMH — ofHO. [lis “ “ 0 A
13

ARD 3% Xk an

UAEHTHQGHKALMKA TPUCOMHH [0 APYTHM

mapaM XpoOMOCOM HCCIeXyeTca KapUOTHI 14 15 16 17 18

COMATHYECKUX KJETOK U COCTABISETCS

HAMOTpaMMa, KOTOpas CPABHUBAETCH CO Ri xw ak an 3‘

crangapTHOi (puc. 237). 19 20 21 22 XY
XPpOMOCOMHBIE MYTAIHHA CBA3AHBI C

N3MeHEeHHeM CTPYKTYpPhI xpomocoM. M3 Puc. 237. MsmeHeHHEe B IreHOME YeJIOBe-

HHUX II0J] MHKDOCKOIIOM IIPH CIelHalb- Ka — TpHCOMHUA 15-H mapel XpoMocom
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: Doy A6
- b
Hopma MyTtaums
ai EE Hopma MyTtaums
9 20 Ph
AG-npoaykT
TpaHcnokauuu,
COCTOSLMIA

13 Xxpomocomsl N2 8 n yactu
Il JLUTMHHOI O Nnne4a xpomMocomel N2 22

Puc. 238. Tpauciaokanus mMexay 22-i
u 9-i xpoMocomMaMu: I — XpPOMOCOMHBIH
Komiiekc; II — MyraHTHBIE XPOMOCOMBI.
Xpomocoma 9 umeeT THIDHAI (PparMeHT,

a xpoMmocoma 22 yKOpoueHa

HOM OKpalmIHBaHUHM XO0POIIO BEIABJIAKTCA
TPAHCJIOKAIUH, JeJeliH, WHBepcun. [Ipn
TPAHCJOKAIUH UIN JeJelUuH XPOMOCOMEI
COOTBETCTBEHHO YBEJIHUYMBAIOTCA HUIH
YMeHbIIATCHA B padMepe, a IPH UH-
BEPCHH MEHSEeTCA DUCYHOK XPOMOCOMBI
(uepenoBanue mosoc) (puc. 238).
ITnToreHeTHUECKUI METOJ HCIIOJIL3Y-
eTcs B MeJUIIMHE JUJIA ONpeJesIeHHs I10-
TJIOIIEHHEBIX JII0ABMY DaJHaHoOHHBIX 03
(B peayJsbTaTe Yero IPoOMCXOAAT MyTaIluu
B cOMaTHYECKHX KJIeTKax), a Take B
HAYYHBIX MCCJIeJOBAHHAX.
Buoxumuueckunn merox. OcHoBaH Ha
H3YUEeHHH XapaxkTepa OMOXHMHYECKUX
peaknuil 1 oOMeHa BellecTB B OPraHu3Me
ISl YCTAHOBJEHHS IPHUCYTCTBUSA aHO-
MAJLHOTO TeHa UM YTOYHeHHUA AUarHo3a.
3abosieBaHUA, B OCHOBE KOTOPBIX JICHKHUT
HapylleHne oOMeHa BeIlecTB, COCTABJ-
10T 3HAYMTEJIbHYIO 9aCTh TeHHOM Hacle/-
cTBeHHOU maTonoruu. K HUM OTHOCAT
caxapHbIii 1uaber, QeHUIKeTOHYpHIO (Ha-
pymieHne o6MeHa aMUHOKUMCIOTEL (DeHHI-
ajaHUHA), raJaKTO3eMUI0 (HapylmeHue
YCBOGHHA MOJIOYHOTO caxapa) u Aap.
IonyasauMOHHO-CTATHCTHYECKNH
MeToA. JTOT METOJ FeHeTUKH IaéT BO3-
MOXHOCTB V4EHBIM PACCYHTATH B IIOITYJIA-
OUAX YeJOBeKa YACTOTY BCTPEYAEMOCTH

HOPMAJIBHBIX M TMATOJOTHYeCKUX TeHOB, OLIPEIeUTE COOTHOIIeHHe IreTepO3UIoT —
HOCHTeJIell aHOMAJBHBIX I'eHOB U JIOJEH C TOMO3UI'OTHBIMH IeHOTHIIAMH.
H3yyeHre TeHETHKW 4YeJOBEKA MO3BOJSET AUATHOCTHPOBATH, JEUUTH M IIpex-
CKa3BIBATh BEPOATHOCTH MeHETHUECKOH aHOMaJWH. B HacroAllee BpeMs H3Y4YeH
xapakTep HaciaegoBaHua oxoso 2000 mpusnaxoB udesnoBeka. A mpoduaakTHKU
H INPOrHO3HNPOBaAHHA BEPOATHOCTH I'eHETHYECKOI'O 38.60.71933!‘[1!5{ CO3JaHbl MEIHKO-

TeHeTHYeCKHe KOHCYJIbTaluH.

Memodbl u3yieHus 2eHeMUKU 4eNl08eKa: zeHean0zuyieciKuil, 61Uu3Hey08bLil, YU~
mozenemuyeckuil, GUOXUMULECKUTL, NONYAAYUOHHO-CTNAMUCTMUYECKUL; NPo0aHd;
OausHeubl: 00HoAlYessle ( MOHO3UZOMHbLE ), PA3HOAlLYe6ble (2emepo3uzomHubLe ).
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Bonpocbl u 3apaHns

1. [Ba naeHTuyHbIX 6ansHeua (MyX4uHel) BCTynunu B 6pak ¢ AByMS MOEHTUYHBIMW Bnun3-
Heuamu (keHwmHamu). ByayT nu aetu ot kaxaoro 6paka noxoxm mexany coboi Tak xe,
Kak uaeHTuyHble 6nunsHeubl, ux pogutenu? OTBET NOACHUTE.

2. B cemeiiHOil POAOCNOBHOI BCTPeYaeTcs NMpW3Hak «cepas Npsfb BONOC», KOTOPbLIN
HacneoyeTca Kak AOMUHAHTHLIA (CcMm. cxemy). Onpegenute reHOTUNbl poauTenei.
Kakve notomkum oxwpatoTcs oT 6paka ABOKPOAHLIX cecTép W Bpartbes: a) 1 x 5;
6) 2 x 67
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3. [o npepcTaBneHHOW Ha CXeMe POLOCNOBHOW OMNpefenvTe xapakTep HacnenoBaHus
TAXENOro 3aboneBaHusa (AOMUHAHTHBLIA MW PEUECCUBHLIA NPU3HAK, CLENNeH UK
He cuenneH ¢ nonom). YCTaHOBUTE BO3MOXHbLIE FEHOTUMbLI: a) UCXOAHLIX poauTeneii;
6) NOTOMKOB NepBOro nokoneHus — 1, 2, 3; B) NOTOMKOB BTOPOro nokonenwsi — 4, 5;
r') NOTOMKOB TPETLEro nokoneHusa — 6, 7, 8.

§64. HacnepncreeHHblie 3aboneBaHus Yenoseka

BcnomHute, yem 0OyCnoBNEHbI reHHbIe, XPOMOCOMHBIE U FTEHOMHbLIE MyTaLMK
Yy opraHnamoB. Kakve ¢hakTopbl ABASKOTCA NPUHUHAMMW MYTALMIA?

C reHeTH4ecKoil TOYKM 3DEHMs HacJIeICTBeHHBIE 3a00JeBAHUA IIPEACTABIAIOT
cob0l MyTaIly B ITOJIOBRIX ¥ COMATHUYECKHX KJeTKax. Bce HacseacTReHHbBIE GOIe3HHI
JesIOBeKA NPHUHATO JeJHTh HA TPH IPYIIBI: NeHHBIe O0JIe3HHW, 6OJe3HU ¢ Hacel-
CTBEHHOMH ITPEeIPACIOJIOKEHHOCTHI0O U XPOMOCOMHBIE.

T'ennble Gonesnu CBABAHBI C MYTAIMAME OTJENbLHBIX TeHOB BCJIEACTBHE IPeOs-
Pa3oBaHMSA XHMHYECKOM cTpyKTyphl [THK, M3MeHeHUsA ImOCIeN0BATeIbLHOCTH HY-
kaeoTHAoB [IHK, BhInameHEna OJHMX M BKJIOYEHHS APYTHX. JTO, B CBOIO OYEpelb,
uamMensAer obpasyromyoocsa Ha [[THK monexyny PHE u o6ycioBIMBAET CHHTE3 HOBOTO
HETHIIHYHOTO 0eJIKa, YTO IPUBOJUT K IOHBJIEHUIO ¥ OPraHM3MAa AaHOMAJTLHBIX [IPH-
8HAaKOB. B pesynbraTe reHHOH MyTanu| MOBPeKJaeTcs OJHH I'eH, TOITOMY TAKHEe
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HacJieJcTBeHHbIe 3a00/1eBaHNA HASBIBAIOT MOHO2eHHbLMU. K HUM oTHOCAT GONBIINH-
CTBO HAC/IeJICTBEHHBIX aHOMAaNWil ofMeHa BeIlecTB, TAKUX KaK (QEHHUIKETOHYDPHIO
(mapymenue oOMeHa AMUHOKHCIOTH! (DeHUIATAHMHA, NPHBOAAINEE BIOCIEACTBHH
K Da3BATHIO craboyMusa), ranakToseMuio (Hapyumende obMeHAa MOJOYHOTO caxapa
JNaKTO35I, YTO IPHBOSHT K OTCTABAHUIO (HH3MYECKOr0 W YMCTBEHHOTO PASBHTHM),
THIIOTEPHO3 (BPOMKAEHHOEe HApYyIIeHHe QYHKIHHA IMATOBHAHON KejJe3nl) U T. 1.
K remsnIM MyTanmuaM, BCTPEYalOIIUMCA y UeJIOBeKa, OTHOCAT TaKKe IeMOMHIHIO,
IaJbTOHH3M, CEPIOBHAHO-KJIETOYHYIO aHEMHUI0, IOJIHAAKTUINAIO, cuEAPOM Mapdana
(mopaseHWe COeJUHHTENILHON TKaHH, KOTOPOE CONPOBOXKIAETCA BRICOKMM POCTOM,
VAIUHEHEUueM (QalaHr — «Iay4YbH IaJbIbl») H IP.

IIpuMmepoM reHHOW MyTalMH ABJAETCA HeJODasBHUTHE HHKHEH 4eJIIOCTH, B pe-
3yJIBTATE Yero y3Kasa HUKHAA YEJI0CTh BRICTYIIAET BIEPE] U BLITATHBACTCH HUMKHAA
ryba. 9ra anoManusa Obnija pacImpocTpaHeHa B AmHACTHM ['aGcOyproB Ha mpoTsAKe-
HUM OATH BeKOB (puc. 239). OHa orMeyanach ¥ y OOCJIEJHEr0O NPeJICTABUTENA 3TOH
amunun Ansdorca XII Menanckoro, ymepurero B 1941 r.

Bce moHoreHHBIE H0JIE3HH HACJAENYIOTCA B COOTBETCTBHH ¢ 3aKoHaMu Mengens
M II0 THNY HACJAEeA0BaHUA OBIBAIOT AYTOCOMHO-JOMHHAHTHBIMH, ayTOCOMHO-
PEleCCHBHEIMHE M CUEIIEHHBIMH ¢ X-XpoMocoMo# (cm. Tabm. 20).

BonesnM ¢ HACHAeNCTBEHHOH NPeApPacIoJI0KeHHOCTEI0 OTHOCAT K NOJAUZEHHbLM,
TAK KakK Jallle BCero OHH BLIBHIBAIOTCA H3MeHEeHHeM HEeCKOJbKHX TeHOB H IJIA HX
NpOABIeHUA TpebyeTcs BO3AeHCTBHE ONPeIeIEHHBIX (DaKTOPOB BHEIIHeH cpebl. ITH
3abonesanuda cocraBinaoT 92 % or obmero umcaa HAC/IENCTBEHHBIX 3aboneBaHMil
uenoBeka. K HUM mpuHaexar Takrue 3a00eBaHNA, KAK PeBMAaTHU3M, HIleMUYecKad
0ose3Hb cepjAna, caxapHsIi auaber, OpOHXHAaNbHAA ACTMa, MHI'DeHb, dIHJIENICUA
u 1p. B aToM ciyuae mo Hac/eACTBY mepefaércd JUIb OIpeJpacioloXeHHOCTE K 3a-

Puc. 239. Hacnepcrsennslit npusnak guHacTau I'abeOyproe — «rabeGyprexas rybas:
1 — ®epamuang I (1503—1564) — nmneparop CBamenHo# PHUMCKOR HMIepuH;
2 — Pynouand II (1552—1612) — umnepatop Camerno# PuMckoll uMnepun;
3 — Kapa II (1661—1700) — kopoas Mcnanun
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GOJEBAHHMIO, A CAMO OHO MOKeT H He IpoABHTECH y noroMkoB. Takue zabonesanus
HacJeAVIOTCA He II0 3aKoHaM MeHZe/d, AMEIOT BO3PACTHEIE H MOJIOBBIE OTIHYMSA,
MOTYT KAMHWYECKH I0-DasHOMY IOPOABIATHCA V PAsHBIX WHAHBHA0B. Kpome Toro,
JAA HUX XapaKTepHa BEICOKAsd YacToTa BerpedaemocTH. Hanprmep, caxapHbIM aua-
6erom GonbHEL D % HAaceJeHHs IPOMBIIIIEHHO PA3BUTBHIX CTPAaH, aJlIepruiyecKEMU
saboneBanmaMu — Gosee 10 %, a runeprouneir — oxoiuo 30 %.

HacnenoBaHue U CTeleHb NPOABJIeHUS TAKUX 3a0071eBAHNH ¥ HOTOMKOB 3aBHCHT
OT CTEIeHH BHIPAKeHHOCTH GOJIe3HH Y POJUTENel, TAK KaK UX TAMXKeCTh 00yCcIoBIeHA
nedeKToM HecKONbKHX reHos. Hanpumep, eciu runepToHHeil crpajaror oba ponuTte-
JIsI, TO BO3PACTAET PUCK IPOsABIeHUSA 3a001eBaHus B foslee TAKENOH CcTENleHN Y JeTel,
a TaKKe BEPOATHOCTH IePefadyd II0 HACJIeJCTBY IaTOJIOrHIecKHX reHos. Boabmoe
BHAUEHNE UMeeT ¥ CTeNeHb POACTBA JaHHOT'0 MHAMBUJA ¢ TOPAKEHHBIM 60JIe3HBIO
YJIeHOM ceMbH. UeM [aNblile B POJACTBE OHH COCTOAT, TEM MeHbIIIe BePOATHOCTE IPOSAB-
nenus 3abonesaansa. [Ipu IPOrHOZHPOBAHNH HACJIE/ICTBEHHOHR PeIPaCIOI0KeHHOCTH
K 3a00JeBAHHI0 YIUTEIBACTCH YHCJIO GONBHEIX POACTBEHHHKOB.

HemanoBaxHBIM (aKTOPOM AJS HpOABJeHHS 3ab0JIeBaHUN ¢ HacJIeACTBeHHOM
NIPeApAacioIOXeHHOCTRIO SBIASAIOTCA M yCIoBUA cpeibl. Tak, IpH Hanmu4uu y Omam-
KAUIINX POACTBEHHHKOB MINEeMHYECKOH 0OJIe3HH cepAna HeoOXOJZHMMO CIeTHUTh 3a
PEKHMOM NHTAHUSA, [BUTATENLHON AKTUBHOCTHIO, YPOBHEM XO0JIECTEPHHA B KPOBH,
4TOGB! IPEJOTBPATHATE PDA3BUTHE 3TOT0 3a00JeBaHHSA Y IIOTOMCTBA.

XpomocomHbIe 0OIE3HH CBA3AHLI ¢ UBMEHEHUAMY KaK B CTPYKTYPax XPOMOCOM,
Tak ¥ B ux KojudecTse. OHM BBISBIBAIOTCA XPOMOCOMHBIMHM W I'eHOMHBIMH MyTa-
nusmu. XpoMocoMHbBIe G0JI€3HE ABJIAKTCA JOBOJHHO HacTOM (hOPMOH MaTOJOrHH.
W3secTHO, uTo 0KO0JI0 40 % BCexX CIIOHTAHHBIX BREIKWIBIIIEH CBA3AHEI C XPOMOCOMHBI-
MH H3MEeHEHHAMH, a 6 % MepTBOPOXKIEHHBIX AeTel NMeIoT HapyllleHus B KOJIHYeCTBe
¥ cTpyKType xpomocom; 6 u3 1000 HOBOPOMKAEHHRIX MMEIOT XPOMOCOMHBIE AHOMA-
sun. TTouyTH BCe XPOMOCOMHSBIE GONE3HHN MPOABIAIOTCA B HADYIIEHHH YMCTBEHHOT'O
Pas3BHTHA W HAJWYHH BPOXKAEHHBIX IIODPOKOB.

lemoMHBIe MyTANMY CBA3AHLI ¢ M3MEHEHHEM uucjia xpoMmocoMm. OHM cBOmATCA
K HOSBJIEHHMIO JUIIHUX XPOMOCOM (TPHUCOMMH) MM YTPaTe XpPoMocoM (MOHOCO-
mun). Takne H3MeHEHHSA IPOMCXOAAT IPH HAPYIIEHHH HOPMAaJBLHOTO X0Ja Meio3a.
PaccMoTpuM HEKOTOpPBIE FeHOMHBIE AHOMAJIMY YeI0BEeKA.

IIpusHaKK¥ HaAPYIIeHHH IPH TPHCOMHUHA 1-¥ XpOMOCOMEI: AHOMAIHH IOJOCTH PTa
(monpuaTeIil A3BIK, OTCYTCTBHE DE3I0B), THIEPIIasuda (paspacTaHre TKaHH) HOCO-
BBIX XpAlIe#, TpeMop (apoxanue KoHeuHocTei). Habiomaerca pasinyHasa cTelleHb
YMCTBEHHOH oTcTasocTH. IIoHMKeHAa »KU3HECIIOCOOHOCTE.

Tprcomusa 17-ii XpOMOCOMEBEI MOKET BEIPAMKATHCHA CJIEIYIOIMIMMH IPH3HAKAMH:
yepen HeoObI9HONH (GOPMEI — Y3KHHA 100 W IIHPOKHI BHICTYNAIOIIHH 3aTHLIOK,
HHU3KO0e PACIIOJIOKeHHe YINHRIX pakoBuHa. HabroxamwTea aHoMAaIH GOPMUADOBAHUA
CTONBI, TPYAHAA KJIETKA IINDPOKAas, 'PyAHHA YKOPOUYeHa.

IIpu rpucomum 21-i xpomocomsl passuBaercsa cuugpom llayma (puc. 240).
ITaTosoruuecKkne aHOMAJIHH 3TOTO 3a00JIeBAHKAA 3aKJIIOUAIOTCHA B HADYIIEHHH CTPOE-
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Puc. 240. Pe6énok ¢ curapomonm [layHa (copaBa — KapHOTHII)

HHUA Yepena (roJloBa yMeHbBIIEHA, YepPen KPYIJBIH, IJasHble MeJd V3KHe, ¢ KOChIM
paspesom). PoT monyoTKpeIT, 0co0BI# TeMOD rosoca. I1agbObl KHCTH W CTOIBI VKO-
pouensl. HabmiogaeTcs yMCTBEHHAS OTCTAIOCTh PA3HOH CTEIIeHH.

Ecnu remoMHasd MyTalluf CBA3aHA C M3MEHEHHMEM UYMC/IA MOJOBHEIX XPOMOCOM,
9TO MOKeT IIPUBOJUTH K CIeAVHINHUM IIaTOJOIHAM.

Cunnpom Knaiftndensrepa passuBaeTca npu usdelTKe X- iau Y- XpOMOCOM V JIHII
¢ my:cKuM GenorunoMm. Hanpumep, mpu XXY (47), XXXY (48), XXXXY (49),
XYY (47), XYYY (48). O6muMu npu3HaKaMH JaHHOTO CHHIPOMA SBIAITCA BEICO-
KHI POCT, eBHYXOBHUHEIE IIPONIOPIIAY Tea (Y3KHe IJIeuH, MIHPOKHH Tas), CKyLHOe
OBOJIOCEHHE TeJjla, MHOIZA YMCTBEHHAA OTCTAJOCTh.

Tpucomusa no nonossim xpomocomam XXX (47). V skeHIIUH ¢ TaKUM HaABOpOM
HabOuro/jaeTcs HapylleHue (DYHKIUN SUYHUKOB, HeDOJIbIII0e CHH KeHHe WHTeLIeKTa,
TIOBBIIIIEHHAA BEPOATHOCTH 3ab0JieBaHNA IMMM30(gpenneli. B HEKOTOPHIX CIy4aAX OHU
MOT'YT MMeTh HOPMAJBHOE IIOTOMCTEO.

Cunapom Illepemmesckoro — TépHepa pasBUBaeTCsA IPU MOHOCOMMH I10 TTOJOBBIM
xpomocomam. Hanpumep, y eHmuH ¢ Habopom xpomocom XO (45) mabmogaercs
3ajlep:KKa pocTa U MOJOBOTO PA3BHUTHA, HeJIOPA3SBHTHE IIOJOBBLIX OPIaHOB.

CTpYKTYDHBIE IEPECTPOMKH XPOMOCOM Y YEJIOBEKA BICKYT TAMKEJble IMocie[-
CTBHM A, IPHUBOAA K TAKUM JedeKTaM Pa3BUTHA, KAK CHHAPOM «KOIIAYbero KpHKa».
9TOT CHMHIPOM 00YyCJIOBJIEH Pa3pEIBOM KOPOTKOrO ILIeda 5-if xpomocombr. CBoum
Ha3zBaHHeM OH 00A3aH XapaKTepHOMY KDHKY, KOTODBIH HM3JAalOT J0 ONPEeNeIEHHOr0
BO3pacTa OoJIbHBIE AeTH. JTO CBA3aHO C aHOMAaJWel pasBUTHA ropranu. Ilia Ta-
Koro 3abosieBaHUA TAKKEe XAPAKTEPHBl YMCTBEHHAs OTCTAJIOCTh, 3a/lePyKKa pocTa,



§ 65. 3HayeHue reHeTUKN ONA MeauLMvHbI

MBITIIEYHAS FMIIOTOHMA, ciadas BBIPA’KeHHOCTh BTOPDHYHEIX IIOJIOBBIX NPHU3HAKOB,
cpamieHue HajbleB, HapylleHHe AeATeJbHOCTH IeHTDaJbHOMI HEpPBHOH CHCTEMBEI.
BoapmuHECTBO DONBHBIX JETe YMHUPAIOT B PAHHEM BO3DacCTe.

IIpuYHHE] XPOMOCOMHEIX MYTAIIMH YyCTAHOBUThH MIPAKTHYECKH HEBO3MOYKHO: 3TO
MoryT GHITH (pU3MUYECKMe, XUMHAUecKHe U Ouogormyeckue daxropbl. OfHAKO PHCK
poxIeHus peOEHKA ¢ TPHCOMHeH 1O pasHBIM IIapaM XPOMOCOM BO3PACTAET y YKEH-
muHE ¢ Bo3pacToM. Hampmmep, ansa »eHumwuH B 45 nmer on B 60 pas Beille, 4eM B
19—24 roza. [leBouxu Mosoxe 14 jier Takse HMEIOT IOBBIIIEHHbIH PUCK PO IEHUA
peGEéHKA ¢ XPOMOCOMHBIMHM AHOMAJUAMHE.

BoaesHu: MOHO2eHHbLe, NOJUZEHHbLE, 2eHHblEe, XDOMOCOMHDbBLE.

Bonpockl u 3apaHusa

1. Kakve Buabl HACNeacTBEHHbLIX 3a60NeBaHuin Yenoseka BaMm M3BECTHbI?

2. Kakue 13 3aB60NEBaHWii, reHHLIE UK XPOMOCOMHBIE, MMeloT BONbLUYI0 BEPOATHOCTb
nepenasartbCs U3 NoKoneHus B nokoneHwe? OTBET nosicHuTe.

3. VY yenoBeka MMEETCHA reHOMHas MyTaums Mo noaoBbiIM XPOMOCOMam, Koraa Kapuotun
paBeH 45, T. e. B OpraHM3Me NPUCYTCTBYET TONbKO ofHa X-xpomocoma. loYemy HeT
noael ¢ KapuoTUnom 45, y KOTopbIX NPUCYTCTBYET TONBKO 0fHa Y-xpomocoma?

4. Kak BAUSIET HANMYME JIULLHER XPOMOCOMBI Ha XM3HECTIOCOBHOCTL OpraHnaMa Yenosexka?

5. HawbBonee Xx13HecnocobHLIMW ABASIOTCA NIOAN C aHOMANUAMK MO NOMOBbIM XPOMOCOMaM.
Moyemy OpraHuamel ¢ TPUCOMMEA No napam 1—17 HaumeHee XU3HecnocotHeI? Moyemy
B 9TOM cnyyae nornbaioT gaxe aMBPUOHLI HA Pa3HbIX CTaaMAX passnTms?

§65. 3HayeHUe reHeTUKM Oonsa MeauLUUHbI

BcnomMHuTe, B 4EM CYLLHOCTb LIUTOrEHETUHECKOrO U BUOXMMNYECKOrO METO0B
N3y4eHUA reHeTUKn YenoBeka. C Kakon LEenbi0 UX UCMNosnb3yoT B MenuumHe?

B nmocieHee BpeMs yYEHBIE YCTAHOBUJIU Y 4eJIOBEKA MHOXKecTBO 3a00/eBaHM,
HOABJeHNe KOTOPLIX OGYCIOBJIEHO HacjeACTBeHHLIMH (axTopaMmu. IIpaBuarHOe
pacmosHaBaHUE ITUX [ATONOTHH BAKHO A HX NPODUIAKTHUKH, THATHOCTHKH U
negenus, Beé 3TO CTAO BOSMOMKHBLIM JHIIhL IOCJE TOTO, KaK ObLIH paszpaboTaHbI
MEeTO[bl TeHeTHUYeCKOro HCCJefOBAHHA HACJENCTBEeHHOCTH deyoBeka. [lna mpodu-
JAKTHUKHA HACJIeICTBEeHHBIX 3a60IeBaHHI YeI0BEKA IPOBOMAT MeOUKO-2eHeMUYECKOoe
Koncyabmuposarnue. OCHOBHAA ero IeJb — IpeAyIlpesJeHHe POXKIeHUA JeTel ¢
reHeTHYEeCKHUMH aHOMAJTHAMH.

Meanko-reHeTHYECKOe KOHCYJIbTHpOBaHHe. IlepBuiilt KaOMHeT MeJIHUKO-TeHeTH-
YeCKOro KOHCYJIbTHPOBAHMA ObLI oprasusoBad B 1941 r. B MUUHTraHCKOM YHHBEp-
curere (CIIIA). B Poccun kabuHeTH MEJHKO-TE€HETHYECKOr0 KOHCYJIBTHPOBAHUA
nosiBuiice B 1967 r. B Mockse u Jlemmurpage (C.-Ilerepbypr), a ¢ 1973 r. oHI
CTAJIH OTKPBIBATBLCA M B APYTUX TOpojax.
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KoHCynbTHDOBAHME HAYMHAETCA C COCTABJIEHUS TeHEATOrHYECKOH KapThl H
yTOuHEHHs AHarHosa. IIpoBogaTcsa GHOXMMHYECKHEe M IHTOreHETHYECKHE HCCIe-
moBaHusA. [lanee Bpau-TeHeTHK aHATH3UPYET POZOCIOBHYI0 M IPOTHO3UDPYET BEpo-
ATHOCTE POKAEHUA GOMBHOrO peGénka. IIpm cocrasieHMH IPOrHO3a VIHTHIBAETCH
XapakTep HACIEe[CTBEHHOro 3a00JeBaHUA, €0 MOBTOPeHHe CPeAH POJACTBEeHHMKOR.
B cayuae enmHEHUYHOI maTomorum, Korxa 3aboeBaHHE He HOCHT ceMeHHOro xapax-
Tepa, BBIACHAKTCA BOSMOMKHBIE NPHUYUHEI BO3HHKHOBEHUA AHOMAJIHH., DTO MOTYT
OBITE reHOMHEIE I XPOMOCOMHBIE MYTAUH, BOSHHKIIHE B PAMETAX poauTeneil wiam
Ha PaHHHX 3Tanax pasBHTHA muofa. Ilocie 3TOro Bpay ONEHWBAET reHEeTHYECKHI
PHCK U J1aéT pekoMenanuy. CTenens pUCKa BEIpasKaeTcs B nponenTax. Cuuraercs,
aro 0—10 % — Huskas cremenms pmcka, 11—20 % — CpefHAA CTeleHb, OoJee
21% — BhicoKas cTeneHs. B mociennem ciIydae NeTOPOXKIeHUE B JaHHOH ceMbe He
pexomenznyercs. OCHOBHBIMH 33/ja4aMH TAKUX KOHCYJIbTALMH SBIISIOTCH:

1) xoHCYyILTHPOBaHHE ceMell ¢ HACTIEACTEEHHON H BPOXKJIEHHOM IATOJIOTHEH;

2) ob'bsicHeHHe TALUEHTY U ero CeMbe O PHCKE posxneHus 6oabHOrO pefeHKa;

3) npeaynpekieHre POACTBEHHBIX OPAKOB, B pes3yibTaTe KOTOPLIX BEPOATHOCTE

poxeHudA 6OJNbHOrO peGéHKa pPe3Ko BO3PACTAeT;

4) BHIABIIEHME HOCHTE/A AHOMAJLHOIO reHa;

5) nopozoBas AMATHOCTHKA, TO3BOJIAIOIIAA BBIABUTE PAJ 3a00aeBaHuil reHHOM

IIPHPOJLI ¥ XPOMOCOMHBIE AHOMAJIHH.

Kpome gacTHBIX 3a71a4, CBABAHHLIX ¢ IPeAyNPeKICHUEM reHeTHUECKHX AHOMA-
JIHil B OTAENBHBIX CEMbAX, CYLIECTBYeT 00IIas e/l MeIHKO-TeHeTHIeCKOT0 KOHCYJIb-
TUPOBAHUA — CHHU)KeHHe I'Dy3a NaTOJOTHYecKOH HACHEACTBEHHOCTH B IOIYJIAIIME
JeJIOBeKa KaK OMOJIOrHYecKoro BHZA.

JdoponoBas IMATHOCTHKA Maoaa. IIpOrEos nosBIeHns BEPOATHOTO MOTOMCTBA,
OCYIIeCTB/IAEMBIH B MeIHKO-TeHETHYECKHUX KOHCYITAIMAK,, HE IIO3BOJIAET OTHO3HAT-
HO OTBETHUTbH, 30POBBLIM HJH GOJBHBIM poauTcA peGéHOK. Bonee HamEKHBI MeTOAEI
dopodosoii duazrocmuku, HaTPaBIEHHbIE HA BLIABIEHWE OTKIOHEHUH B Pa3BHUTHH,
YCTAHOBJIEHHE TeX HJIH HHBIX 3a00/eBanuil y mioga. Haubosnee pacmpocTpaséEHEIMY
ABJIATCA YIbTPa3BYKOBas JHATHOCTHKA U MCCIEIOBAHME OKOJOILIONHOM KIIKOCTH.
Y IbTpasByKOBOE HCCIIEHOBAHUE ITO3BOJIAET YCTAHOBUTD MOPGOIOTHIeCKHE IOPOKH
Pa3BUTHA: KOHEYHOCTEH, I0YeK, cepAla, rOJOBHOTO MO3ra ¥ Ap. PasHble (GopMEr
IIOPOKOB JHATHOCTHPYIOTCA Ha Pa3HBIX CTANHAX OepeMeHHOCTH.

Haubonbiiee 3HAUCHHE HMEET HCCIeJ0BAHME OKOMOIIOAHON SKUTKOCTH — AMHILO-
yenme3s. 1aBecTHO, 4TO B Heil comeprkaTCa BelleCTsa, BLIeIAeMbIe PA3BUBAIOIIAMCH
3apoJBIIIEM, & TaKHe HEKOTOPOe KOJHYeCTBO 3apOABIINIeBEIX KJaeTox. Ha 16-i me-
Aesie 6epeMEHHOCTH ¢ IOMOINLIO MINpUIa HepeTcA nNpoba aMHEHOTHIECKOMH HKHIKOCTH
B Komm4uecTse 15—20 ma (puc. 241). Ilocie neHTPpU(YTHPOBAHUA KIETKH naoma
BRIPATITMBAIOTCA B KYABTYDAILHOM cpelie B TeYeHUE JBYX Henenb. Jlajee mpoBoguTCea
MHUKPOCKONHUYECKOe UCCIefOBaHHEe XpoMocoM. B ciayuae ofHapyKeHHA CepBESHBIX
HapymeHni 6epeMeHHOCTh DeKOMEHAYIOT npepBaTh. COBPEMEHHEIE METOAbI II03BO-
JAI0T quarHocTupoBars 6osee 60 HacaencTBeEHBIX 3a60IeBaHMTIL.
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Puc. 241. Wccnenosanue OKOJIOILTOAHON HAKOCTH (AMHHOIEHTEe3)

Hacaencreennsie u Bpoxaénnsie 3a6omesanus. B reHeTHKe W MeUIHHE HApsaLy
C TEPMUHOM Hacaedcmeennbie 60Le3HU CYIIECTBYeT TEePMHH 8p0NcOEHHbLE 3a00ie8a-
Husa. K HacmencTBeHHEBIM oTHOCHT 3abo/IeBaHNA, KOTODHIE CBA3AHEL C HapyImeHueM
TeHeTHYEeCKOro (Hac/ie[CTBEHHOTO) ANITAPATA [OTOBBIX KIIETOK poaureneii. OHM MoryT
HIPOABIATECS CPa3y OPH POXKAEHHH WU B Hojlee mosgHme IEePHOMEI.

Bpoxxnéransie 3a6oeBannsa TaKsie NIPOABNAIOTCA CPA3y NIPU POIKAEHUH, HO IPH-
THHBI UX MOTYT OBITh pasauyHbl. OHM GLIBAIOT HACIEACTBEHHBIME WM BO3HHKAIOT
B mponecce aMGpHOHANBLHOrO passuTuda. B nociegmem ciydae aTe 00JIe3HH He mmepe-
AarTcA 1o HacaeacTBy. MaBecTHO, uTo ecm skeHIMEA Ha paHHEeM mepuoze Gepe-
MEHHOCTH IepeHec/la Kakoe-1u6o BUpycHOe 3a601eBanue, HaIpUMep KPacHYXY, TO
y AeTeil MOryT BOBHHKHYTL IOPOKH cepana, novuex, JErKux, Mosra u T. x. OgHaxo
He Y BCeX OepeMeHHBIX JKeHILIWH, IepeHSCIINX CXOAHYI0O BHPYCHYI HWHOMEKINO,
POXKAAIOTCA NeTH C BPOKAEHHBIMH IOPOKAMH.

Xopomro usBecTen GakT NOABTEHUA YPOACTB y HeTeil, MaTePH KOTOPHIX MIPHHH-
MaJI BO BpeMA OepeMeHHOCTH B KauyecTse CHOTBOPHOTI'O JIEKADPCTBEHHBIHM Mpenapar
TanTunoMuz, BRINyIeHHsid B 1958 r. B lepmanun. Okasanock, 9T0 OH BHIZEIBAT y
HOBOPOXKIEHHBIX TAKHE AHOMAJHY, KAK OTCYTCTBHE MJIM He[JODa3BHTHE KOHEYHOCTel,
HE/IOPa3BUTOCTb YIIHBIX PAKOBUH M IJIa3, HOPOKH CEpAIa, IOYeK 1 ap.

Bpexubimun daxropamu puas GepeMeHHOI IKEeHIIMHBI ABJIATCA BUDPYCHBIE W
baxTepnansusie HEGEKINH, HEKOTOpble MHIIeBble J0OaBKH, AJIKOr0Jb, HADKOTH-
KH, OTPaB/IAIOINEe TOKCHIECKHE BEI[eCTBA, & TAKIKE PASTHIHEIE BHALI O0JIYYeHUS,
K ocoberno TaménniM mociegcTsmsmM OPUBOJMT BIWAHHE 3THX IOBPEKTAOIIAX
(}haKTODPOB Ha PAHHUX CTANUAX Gepemennoctu (ot 2 1o 20 Hellesb), KOIJa 3aKJIamsl-
BaeTrcs HepBHAA CHCTeMa, BCE OPraHbLI M TKAHM dMGPHOHA.

Pasrpanuyenne BPOMKISHHLIX HacJIeJCTBEeHHLIX 3abosieBaHUII MMeeT BajKHOE
3Ha49eHHe NPH NPOrHO3HPOBAHMH IIOTOMCTBA B CEMBbE.
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3HAYEHHEe FeHeTHKH IJIf AHATHOCTHKM M JIedeHHs HACJeICTBeHHLIX 3aboe-
pammii. HaciepcreeHHBIe 3a00/eBaHUA ONpeJENAIOTCA OCOOEHHOCTAMYU IeHOTUIA
OpraEM3Ma, OAHAKO 9TO He 03HAYAeT, YTO MEeJHIHHA He MOXKET C HUMU fopoTbeA.
B ciyuae paHHe#l IMATHOCTUKY MHOTHE 3a00JI€BAHUA yAaéTcsA JIeYUTh, IpeloTBpa-
ias MOCaeJCTBHSA PASBHTHS AHOMAIMH.

B macrosmee BpeMsA BO BCEX POANOMAX IPOBOAMTCH MaccoBas IPOBEPKA nereit
1Uis BRIABJIeHNA QEHUIKETOHYPHH M BPOXKAEHHOTO HEJ0CTaTKa rOPMOHA IUTOBU/A-
HOH skenessl. Hannuue (heHUIKeTOHYPUH AHATHOCTHPYETCH OYTEM HCCIIeIOBaHUA
MOYH HOBOPOKAEHHBIX C TIOMOIIBIO CIIEIHAIBHOTO MHNKATOPA. Hauatoe HA pAHHUX
crafuAx JeuyeHHe W CIelHalbHAA AWETa IOMOTaimT ua3bexaTh MMOPOKOB YMCTBEH-
HOrO ¥ (PM3UYECKOTO PASBUTHA ¥ TAKUX JeTei. MeauIMHA He MOKeT U3MeHHUTh
reHeTHYEeCKYIO TIPHPOAY YeJIOBEeKa, OJHAKO OHA BJAaJeeT NOCTATOYHLIMHM METO/aMMI
U CpeJCTBAMHU /A JeYeHHA M NPeAyNpeskeHns ero HacaeJCTBeHHBIX AHOMAJIHIA.

Il yCOeImHoro MeIHKO-TeHeTHYeCKOro KOHCYIbTHPOBAHHU Heo0XoAuMa IpPo-
maragga reHeTHUYeCKHX 3HAaHWH cpelHn HaceleHHA U OCBeOMJIEHHOCTh O Haclem-
CcTBeHHBIX 00JIe3HAX YeJIOBeKa.

Meduko-zenemuueckoe KOHCYLbmuposanue; dopodosas JuazHoCmMuKa; amMHUO-
yenmes; 00JLe3HU: HaciedcmeenHble, 8PONCOEHHDLE.

Bonpochkl n 3agaHus

1. B 4&M CYLWHOCTb MEOUKO-reHeTU4eckoro KOHCYNsTUPOBaHUA? Kakve MeToAbl MCNonb3y-
joTcs ana atoro? OxapakTepuayinTe mx.

2. MyxynHa CTpagaeT HOYHOW CNenoTom. Na ero 6Gpata Takke GonbHel. M0 NWMHWKM OTUA
MY>X4MH, CTPaAaBLLINX HOYHOW CNenoToi, He 6bino. Jee cecTpsl U ABa GpaTa ero marepu
3a0poebl. OHW MMEIOT TONBbKO 3A0POBbIX peteit. o MaTepuHCKOM NIMHWK U3BECTHO, HTO 6a-
6ywwika GonbHa, Aeaylwka 340p0B; cecTpa Gabywku 6onbHa, a 6pat 3nopoe. MNpapenylka
(oTew BabyLikv) CTpaaan HOYHOM CNenoToii, cecTpa u 6pat npaneayLku Geinv BH0NbHbI.
Mpanpanenylka 6ein Gonex, ero 6par, MUMEBLLMIA BONBHYIO A04L 1 ABYX BONBHbIX CbIHO-
geit, Takxe Gonen. CocTassTe POAOCNOBHYIO Cembi. Kakoe NOTOMCTBO MOXHO oXuoaTb
oT Gpaka aTOr0 MYXHUHbI C XXEHLUMHOW, POAMTENN 1 POACTBEHHUKM KOTOPOW abcoNoTHO
300POBbI N0 3TOMY NpU3Haky? BelucnnTe (8 %) BEPOATHOCTE POXAEHWA 60MbHbIX AETEN.

3. B uém pasHuua Mex/y BpOXAEHHLIMW W HaCNeacTBeHHbIMM aabonesannamn? MNpusegute
npuMepbl Tex 1 apyrux GoneaHei.

4. B SINOHMW NO CYWECTBYIOLLEMY 3aKOHOAATeNbCTBY OTel, BbiAasas A04b 3aMyX, non-
XEH BblAENWUTb €11 y4acTOoK 3em/n. Y1o6bl HE TEPSATL ceMenHoe demnesnageHue, 4acto
KEHUXOB WM HEBECT NoaBUpaloT cpean POACTBEHHUKOB. B ceMbax npu Takux Bpakax Ha-
6ni0aaeTcs Pe3koe NoBbiWeHME HAaCNeaCTBEHHbIX 3abonesaHuil. OBbLACHUTE MoYemy.

5. YenoBek Nony4wn 003y WOHU3UPYIOLEro WanydeHus. K 4yemy 3TO MOXeT NpuBecTn?
MoBspexaeHue kakux KNeTok Hambonee onacHo And nocneayowero nokonexnsa? ns
MYXUYMH UMW ONS KEHLLWH 3TO NnoBpexaeHue 6onee onacHo? OTBET NOACHUTE.
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Kapuorun yesnosexa B HopMe cocraBaser 46 xpomocom. Bee JIOU MeHOTHIINYe-
CKH Das/IM4YHbL, HMEIOT cnenuguieckuit Habop reHoB. Fx reHeTHyecKkas HeOZHOPOJ-
HOCTb HAXOAWT CBOE BhIDAsKEHHE KaK B (DM3MYECKMX IPUBHAKAX, TAK U B OCOOEH-
HOCTAX XapaxTepa, NoBeJleHus, O4apEHHOCTH, CKJIOHHOCTAX K ONPeNIeI8HHOMY BHAY
AeATenpHOCTH. [ MCClejOBAHUA XapaKTepa HACIe[OBAHUA NPU3HAKOB YV YeJIOBeKa
UPUMEHAIOTCA CHENNANIbHBIE METO/bl, TAKHE KAK IeHeaAJOTHYeCKHH, GIM3HeOBbLl,
NUTOTeHeTHYECKHH, OMOXUMHYECKUH 1 aAp.

Ilna deloBeKa XapaKTepPHBI HACJECTBEHHLIE aHOMAaJWH, CBA3AHHBIE ¢ MYTAHT-
HBIMHM T'eHaMU, a TaKKe ¢ H3MeHeHHeM XPOMOCOMHOro HabGopa. YacTo stk aHoma-
JIAH IPUBOAAT K TAMKENLIM 3a007eBaHUAM, YMCTBEHHOH OTCTAIOCTH, pusuyecKuM
YPOZACTBAM, CHHIKAIOT JKU3HECIOCOOHOCTh YesoBeKa. J(P(eKTHBHEIE MeTOLbI npo-
(HUTAKTHKYE HACTEACTBEHHBIX M BPOMKISHHBIX aHOMANTWH, UX PDAHHAA AUATHOCTHKA
H JleueHne — 3ajava MeJUKO-TeHeTHIeCKOTO KOHCYJILTHDOBAHHA. IIpumenenne
AOCTUKEHHUII TeHEeTHKHN B MeIHIIHHE CIOCOOCTBYeT mpeyIperXIeHno POXKIeHUS
Aerell ¢ HaCeACTBEHHBLIMH 3a00JIeBAHMAMMU, OKA3BIBAET CYIIeCTBEHHYI0 IIOMOIIEL
B ITAHMPOBAHUHN CeMbH. JTO OCOGEHHO aKTYaJIbHO CeHYac B CBASZH C IUIOBATLHBIM
SKOJIOTHYECKUM KDPHU3MCOM U TIOBBIIIEHHEM MYTAr€HOB B ITHINEBHIX IPOAYKTAX M
OKpy:rawiel cpene. BaxkHeilei 3anaveil reHeTUKH u MEeIWIIHHBI HA COBPEMEH-
HOM 3Tane ABJiAeTcA 60ppba ¢ BOSHUKHOBEHHEM W HAKOILIEHHEeM BPeIHBIX MyTalHi
B HOMyJIALMK YeJ0BeKa, T. . COXpPaHeHHe ero reHo(oHa.

Tembl noknagoe, pedepartos u NPOEKToB

1. MexayHapogHas nporpamMma «[eHoM Yenosekar.

2. MeToas! reHeTU4ecKoro KapTMpPoBaH1s XPOMOCOM YeNoBEeKa.

3. CocraeneHve poaocnoBHOM MO CeMbu.

4. loMUHEHTHBIE U PELECCUBHBIE NPU3HAKM Y MEHSI 1 MOMX POACTBEHHWKOB.
5. Mpupopna HacneacTeeHHbIX 3a60neBaHWI Yenoseka.

fnasa13. CEJIEKUMSA OPrAHU3MOB

§66. Cenekuma kak npouecc u Hayka

2 ) BcnomHuTe, koraa v noveMy YenoBek CTan BhipalMBaTh KYNETYPHbIE pacTeHus
= W PasBOAMTL OOMALLUHMX XUBOTHbIX.

Cenexyus (or mar. selectio — BBIGOD, 0T60p) — HaAyKa 0 MeTOJaxX BBIBELEHH
HOBBRIX W Yy/IyHINEHHA CYMECTBYIOIIUX COPTOB CeJbCKOXO3AHCTBEHHBIX DPACTeHMil,
HOpPOJ IOMAITHUX KUBOTHBIX M MITAMMOB MHKDOODPTraHM3MOB. MIHOTAA CeleKIMIo
06pasHO HA3BLIBAIOT «HBOJIOIMeENl, HAIIPABIAEMOH BOJIE YeJ0BeKa», T. €. [IPOILeCCoM
CO3aHUA KYJIbTYPHBIX ()OPM OpPraHMU3MOB.
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Puc. 242. «IL10on0poAEEIil MOXyMecAn» — INePBUYHLIA 0Yar 3eMJejenus. Hzobpaskenne
sxareel B [[pesaem Erunre Ha Qpecke

3apoxaenue cexexnuu. C JaBHUX MOD YeJIO0BEK JJIA CBOMX HYKA BEJI IPOMBICEI
IUKUX KABOTHBIX U cOBMpPa AUKOpacTylue pacreHns. C pOCTOM HapOAOHACENeHHA
3eMHOTO [I1apa ¥ PACIIMPEHUEM ero OCeAJIOCTH NPHPoAa ObLIA yiKe He B COCTOAHMM
yIOBJIETBOPHTE BO3POCIINE IIOTPeGHOCTH JII0/el B IHIIle, OfIeXK /e X APYTrUuX pecypcax.
YesoBeK 0Ka3aics mepejl HeoOXOAMMOCTHIO [eJeHANPABIeHHOTO BhIDAIINBAHUA 1
pasBe/eHuA HeOOXOAMMEIX eMy OPraHH3MOB.

HauaipHBIM 2TAIIOM celeKuu crana domecmurayus (ot nar. domesticus — Ji0-
MamE@i) — OpeBpameHue JUKUX OPraHE3MOB B KyIbTypHBIe. OMHUMH U3 IePBHIX
KyJbTYDHBIX DACTEHHWH CTAIH 3eDHOBbIe 37aKku. Tak, BO3JeNbIBAHME MIICHHIEI 1
sumens Ha Bamxuem Bocroxe u B JIpessem Erunrte Hauanocs 10 Teic. JneT Hasan
(puc. 242). C gaBHHX BpeMEH B 3eMJIeleIbYeCKOM KYJIbTYpPe H3BECTHBI PHC, KYKY-
pysa, BHHOTpaj, MaciuHa u Ap. K uncny cpaBHHTENbHO HEJABHO OKYIBTYDPEHHBIX
pacTeHW# HPUHALJNEKHUT CaXapHad CBEKJI4, KOTOPYIO CTANM BHIPAIUBATL B 110
cJleflHHAe JBECTH JIeT C [eJbI0 CHHIKEeHUS 3aBHCHMOCTH 30H YMEPEHHOIO KJIMMAaTa
oT TpommuecKux obnacTeil, rae BO3AEIEIBACTCA caxapHBIA TPOCTHHK. 3a BCIO CBOIO
HCTOPHUI0 YEJ0BEYECTBO OKYJIBTYPUIO CBBHIIIE 150 BUIOB pacTeHUil, ¥3 KOTODHIX
ceifyac Hanbosiee IMUPOKO BhIpamuBaerca okono 20 BUAOB.

IleaTpbl MEOT000pPa3HA H MPOMCXOKICHHA KYJbTYPHBIX pacTeEMil M JoMai-
HUX JKMBOTHBEIX. Bosbmiol BKIA/ B udydeHHe NeHTPOB JOMeCTUKANUH KYAbTYPHBIX
pacreunii suéc H. . Basunos. B 1920—1940 rr. B pe3yJbTaTe MHOTOUYMCIEHHBIX
JKCIeIUIUil 0H H3y4YnJ reorpaduueckoe pacupocTpaHeHHEe OKOJIO 1600 copros
KYJIBTYPHBIX DACTEHMII BCEIO 3¢MHOTO IIapa H YCTAHOBUII MX YEeHMPbl MH02000pa3ua
u npoucxoxcdenus (puc. 243). PaccMOTPUM X N0 MOPAAKY.

1. Tponuueckuil, unu Hrdomaraickuil, yenmp OXBaThIBAET TePPUTOPUN Wagun,
Hunoxuras 1 ocrposos IOro-Bocrounoil Asum. Vi3 3TOro NeHTpa NPOUCXOAHUT OKO-
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Puc. 243. TleHTPEI NPOMCXOMICHAS KYILTYPHEIX pacTenuit: | — Tponmmueckmit, wim Hupo-
manafickuit; 2 — Bocrounoasmarckuit; 3 — IOro-BanannoasmaTckuii; 4 — CpeguseMmHOMOD-
CKHil; 5 — Abuccunckmii; 6 — LlenrpansHoaMepuKancKWil; 7 — AHIHACKUIL;

8 — Adpuranckuit; 9 — Ascrpamuiickuii; 10 — Esponeiicko-Cubupckuii; 11 — Cesepo-
AMEPHKAHCKHI

10 30 % BOBAENHIBAEMEIX B HACTOAIee BPEMs KYJILTYPHBIX PACTEHHIT, HAIIpEMEP
caxapHBIH TPOCTHHK, DHC, Orypern, 0aHAH, MAHTO.

2. Bocmounoasuamckuil yenmp srmouaer Kuraii, Kopero, fnoruio u TaiiBans.
Orcropa npousonuro Gomee 20 % Bceit MUPOBOH KyJabTYPHOR (JIOpBI, B TOM YHCIIE
€0, mpoco, AOIOHA, aleIbCHH, CJINBaA, YaWHBIH KyCT.

3. H0zo-3anadnoasuamckuii yenmp PacTosIOXeH HA TepPATOPHHU ApaBHIiCKOTr0
nonyocrposa, Manoit m Cpenreit Asnu, KaBkasa. C 9TUM IEHTPOM CBA3AHO Ipouc-
XOKAEeHHe 0K0JI0 15 % KyabTypHBIX pacTeHHil, Haubonee BayKHbIE M3 KOTOPBIX —
3ePHOBbIE 3JIaKH (MATKASA IINEHHIA, POIKE), a TaKie 6060BLIe KYJAbTYpE! (FOPOX |
deuesuna). Ma aroro e menTpa npoucxoaaT abpuKoc, rpyia, BHHOTDA.

4. Cpedusemnomopcruii yenmp oxXBaTEIBAET crpanel Cpeu3eMHOMOPELS, B TOM
qHcse 1ora EBpomsl u ceBepa AQpHEM. DTOT MEHTD COBIALAET ¢ OUATAMH JAPEBHUX
nuermsanuii. Orcoga npousomno okono 10 % Beeit MUPOBOI KyJIBTYDHOI duo-
PBI, Cpeli KOTOPOii OBOLHBbIE PACTEHHH, HAPUMED KAIYCTa M CBEKJA, a TAKMKe
MAacCJIHYHEBIe KYJIbTYDEI, HAIPUMED MAacJ/IHHA.

5. Abuccunckuil yenmp, Haxonamuiicsa B Appuxe (B Sduonun), xapaKTepusy-
€TCHA PAOM VHHKANBHEIX BHJOB M Jlajke POJIOB KYJbTYPHBIX DACTEHHI, TAKUX KaK
Ko(eifHOe epeBo, TBEPAAs NIIEHHIA W SUMEHD.,
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6. IlenmpaavrHoaMepuKaHCKULL YeHmp BKIYAET TEPPUTOPHIO fora MeKCcHKH 1
HexKoTOpEIX cTpaH Kapubekoro Gacceitna. Orciofa BeAyT HAYAJI0 TAKHe KYJIBTYPEI,
KakK KYKypysa, ThIKBa, meper, (acosb, XJIONYATHAK, KaKao.

7. Anduilckuil yenmp pacmoJiosken B npejenax IOxuH0il AMepHMKM U BKIIOYAET
yacTh pailoHOB AHIMIACKOro TOpHOTO XpebTa BAOJb €€ 3amagHoro nmobepesxbs. ITo
pPOIMHA aHAHACA, KIYOHEHOCHEIX KYJIBTYD, B TOM 4HCIIe KapTodess, 1 JeKapcTBeH-
HBIX PACTEHHI, HAIDEMEeD KOKaMHOBOTO KYCTA.

Hauartas H. 1. BapunossiM paGoTa OblIa IPOJOIKEHA APYTUMU YUYEHBIMH.
B 1970 r. oreuecTBeEHEBIH yuéHbIi II. M. JKyKOBCKHIl VCTAaHOBHI eIlé deThipe
[eHTPA IPOMCXOKAeHHA KYJIbTYPHBIX PACTeHHil: AQPUKaHCKHU, ABCTPAINACKHM,
Esponeiicko-Cubupckuit u CeBepoaMepuKaHCKHI (cM. puc. 243).

B 1926 r. H. /1. BaBuoBeIM OBLIA 3aJI0KeHA KOJJIEKIHA CeMAH KYJIbTYPHBIX
pacTeHuil, KOTOPAsA MOCTOSHHO IIONONIHACTCA U HCIOJIb3YETCA CeIeKIIMOHePaMH 1A
paboT 1o CO3AAHUI0 HOBHIX COPTOB. B HacTosAIlee BpeMs KOJUIEKIIHA, XPAHAAACA
B Cankr-Ilerepbypre, HacuuTeiBaeT cabinre 320 Thic. 00PasNoOB CeMAH KYJIbTYPHBIX
pacTeHul, IPOUCXOAIINX U3 PA3HEIX YTOJKOB 3€MHOrO IIapa.

Tabruuya 22
IleHTPBI MPOMCXOMKACHHA HEKOTOPBIX TOMAUIHAX KHBOTHBIX
Buz At mpezox i i
Cobaxka BoJik, makaim Espona, Ilepeguasa Asus, 12—10
Cubupsn
Ozsna Asnarcruit myquon |Ilepexasas Asusa 10—9
Koaa Be3oapoBulil KO3ET Ilepenusas Asusa 10—9
CBuHBA Inkui xabas Ilepenusia Asuda, EBpona, 9—8
Bocrounasa Asusd
Kpynubii Typ Manas Asus, Espona 8—6
poraTthslil CKOT
Jlomanas Tapnar Espasuiickue cTenu 6—5
Kypuna Bankusckas kypuna |HO:xkHaa u Oro-Bocrounas 6—5
Azus
TyroBblil men- | Jukui TyTOBLIR HOsxuabri Kurai 5—5,b
KOmpsAa eJKOIPAL
Komka Jluraa KOIIKA Ceseprasa Adpuka, 5
BauwxeEni Boetok
TTgena Iukasa nuena TponWKH ¥ CyOTPONUKH 5
Epoauk Iuxuil KPOJIHK Espona 3
Hugok Dukuil HHAOK Cesepraa MeKcHKa 2

C pacrpocTpaHeHUeM 3eMJIeeNus BaXKHYIO POJIb B X03sMCTBEHHOH 1eATeTbHOCTH
yeJ0BEKa CTAJIM MTPaTh JoMAalIHue KuBoTHEIE, [Iponecc ofoMalTHIBaHHA JKHBOTHBIX
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ObL1 GoJiee CIOMKHBIM WM IIHUTEIBHBIM, YeM OKYJIbLTYPHBaHWe pacTeHui. YesoBek
opomamuua aums 0,004% dayasr nnagersr: okoso 60 BUA0B MJIEKONMUTAIOIINAX,
12 BuIOB IITHIL, CEMb BHJIOB DBID U IISTH BHLOB HACEKOMBIX. [[enmpubl npoucxoxcde-
HUA JOMAWHUX HUBOMHBLX, TAK JKe KaK M [eHTPhl NIPOUCXOMKIEeHUA KYIbTYDPHBIX
pacTeHHH, COBIAAIOT ¢ OYATAMH JPEBHEHIINX UBUIN3AIHI. ITH 00JIaCTH Ompee-
JIeHBI apeajlaMM ODMTAaHUA OUKHX IPEJKOB [OMAIIHUX KUBOTHBIX (Tabn. 22).

Yucno KyJABTYDHBIX DPACTEHHH W JOMAIIHUX JKMBOTHBIX, BOSHUKIINX BHE BEHI-
Imenepe4YrcJIeHHBIX [EHTDOB JOMEeCTHKAIINK, HEBEJIHUKO.

Pazeutne cenexumuu. ITpumumuenas celexyus, KOTOPY BeJH APEeBHHE 3eM-
JiefieJibIlbl U CKOTOBOJBI, COCTOANA B CTHXHWHOM (BeccosdHarenbHOM) oTbope AiA
PasMHOMKEHHA Jy4IIHX ocobeil pacTeHWH M KHBOTHBIX, 00Jiee IJIOJOBUTHIX U IIPHU-
crmocobJeHHBIX K CYHIECTBOBAHWIO PANOM ¢ YenoBekoM. C pasBHTHEM CeIbCKOTO
X03AHCTBA U yCIleXaMH B U3YUeHUH HACJIECTBEHHOCTH M H3MEHYHBOCTH OPraHU3MOB
OPHEMUTUBHYIO CENEeKIUI0 CMEHUJIA KOMOUHAUUOHHAA CeleKyus, OCHOBAHHAA HA
MeTOoAuYecKOM (Co3HaTeabHOM) 0TOOpe 0cobeil U MX CKPEIUBAHKMM AJIA IOJYUeHH
JeJlaeMoro COYeTAHUS IPU3HAKOB ¥ I'MOPHUIOB.

Hayunoli 0CHOBO# AN CeJeKIUHN CAYKUT MeHETHKA, M3ydamollas 3aK0OHOMep-
HOCTH HACJIe[ACTBeHHOCTH M H3MeHYHMBOCTH. OJHAKO IS CEJeKIIHOHHON padoTsbl
BajyKHOe 3HaUeHHEe HMMeeT M YUeHHEe O MOJEKVJIAPHLIX OCHOBaX HACJIeJCTBEHHOCTH.
OcHOBHEBIE MeTOABI PaboThHI CEIeKIUOHEPOB — rHOpuAN3anu:A (CKpellMBaHHe) H
HCKYCCTBEHHBIH 0TOOpP. 9TH METOLBI YeJIOBeK HCHOJIB3VeT ¢ JaBHUX BpeMméH. Tax,
oxoso XIV B. g0 H. 9. B XeTTCKOM rocyJapcTBe, PACIOJIOKEHHOM HAa TePPHUTOPUH
ITepenmeit Asum, IOABWJICA TPAKTAT O KOHEBOJACTBE, COMEPIKAIINIl ONMUCAHEe CXeM
CKpellMBAHMUA JIOmaaell ¥ JOMeINIHHE 10 HAC B BUAe KIMHOONCHBIX IJIMHAHBIX TA0-
nuuer (puc. 244). J[Ipyrue MeTOIbI CeIeKIIHONHON Pab0oThl MOSBIINCH CPABHUTEIBHO
HenaBHO. Tak, ¢ oTKphITHEeM MyTanuil B Hauajse XX B. B CeJeKIMH PACTeHHII H
MHKDPOOPTaHH3MOB CTAJ IIMPOKO IpHMe-
HATHCA BKCIIEPUMEHTAJIbHBIA MyTareHes
IULS IOBBIMIEHWS YVDPOBHA HACIEICTBEH-
HOM M3MEHYHBOCTH, BO3HHUKAIOIMIEH moj
BIMAHHEM DaJHOaKTHBHOTO M3IYUEHUS
U NedCTBUS XMMHUYECKHX BelllecTs, obia-
JarImux croco0HOCTHIO BEIBBIBATH MyTa-
LUK ¥ OPraHMU3MOB.

Kax obsacTs NpakTUYecKoH JeaTeNlb-
HOCTH COBPEMEHHAasdA CeJIeKIUsS IIPH3Ba-
Ha oﬁecneanaTb IpOOOBOJBECTBEHHYIO
fesomacHoCTh OYAVIIEro YeoBeUecTBa,
YHCIEHHOCTh KOTOPOTO U3 TOLA B I'Ofl Hey-
KIOHHO pacTér. Mexoas U3 aToro, OCHOB-
HOH 3ajaveil CeNEeKIMH ABJIACTCH IIOBBI-

Puc. 244. KnuHonmHcHAA INIMHAHAA
Tab/JMYKa ¢ 3AIMCHI0 CXEMEI CKPeIHBAHUA
Jomaeil, oTaHYarmuxcea GopMoi IpUBHI,
eHHe IPOAYKTUBHOCTH CYIMIECTBYIOIINX HalifleHHAaA B BEPXOBbAX pexku EBdpar
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KYJBTYDPHBIX (hOPM ODraHH3MOB, a TaKJKe BhIBEJeHHEe HOBBHIX, elé 6ojee BBICOKO-
OPOLYKTHBHBIX COPTOB, MOPOA ¥ mraMmoB. Hanpumep, cos/jaHHBIE BO BTODPO# IO-
nosuHe XX B. CEJIEKIIMOHEPAMH HOBBIE COPTa 3€PHOBHIX KYJIBTYP COBEDIIHJIH TaK
HA3BIBAEMYI0 3€JIEHYI0 PEBOJIOLUIO B 3eMJieflesiiu psajga crpad: Uagmm, Mexkcuky,
ApreaTuHB 1 Ip. JOCTHIKEHHAA CeJIEKIIHOHEPOB 3aKII0YaNHCh B TOM, YTO UMH ObLIH
BBIBEJ€HbI HU3KOPOCJIEIE, KAPJUKOBBIE COPTA 3JIAKOB (DHCa U NIMEHUIIH), ¥ KOTOPBIX
Bce ofpaayloluecd B Ipomecce (POTOCHHTE3a MHTATEIbHBIE BEIleCcTBa PACXOIYIOTCA
B OCHOBHOM HAa POCT K0JIOCA, & He HAa padBHTHe cTediell W JHCTHEB. ¥ poKaiiHOCTD
TAKUX HH3KOPOCJBIX COPTOB 3JIaKOB BO3pocja B 7T—8 pas, U OHH OKasaJuch fosee
VCTOMYHMBBIMH K IIOJIETAHHIO, TAK KaK CTe0NH-CONOMHHBI Y HHX CTAaJlH TOJIE U
Kpemndye, YeM Y BBICOKOPOCIEIX COPTOB PACTeHHIL.

Ceaexyua: NPUMUMUBHAS, KOMOUHAUUOHHAA; JoMeCMUKAUUA, UEHMPbL
MHO2000pa3us U npoucxodcdenus xKyivmyproix pacmenuil: Tponuvecrkul
(Hudomanaiickuii), Bocmownoasuameruii, FOzo-3anadnoasuamcruil,
Cpeduzemnomoperuit, Abuccuncruil, Ilenmpaneroamepurkancruil, Anduiicrkuil,
Agpurancruil, Aeempanuiickuii, Eeponeiicko-Cubupcruil, Cesepoamepurancruil,
YeHmpbL NPOUCX0oKOerUs JOMAULHUX HCUBOTNHBLY.

Bonpocek! u 3apaHus

1. O6GbACHUTE, NOYEeMYy CenekuMnio CYUTAT OJHOBPEMEHHO MPOLECCOM W Haykon. Yem
KY/ETYPHbIe POPMbI OPraHM3MOoB OT/IMHAIOTCH OT UX OMKMX NPeaKos?

2. OnuwnTe OCHOBHbIE 3Tankl 3apPOXOEHUA U Pa3BUTUA CEenekunun.

3. Kakoe 3HayeHwe ans cenekuuu nmeet yyedue H. V. BaBnnosa o LeHTpax MHoroobpasus
1 MPOUCXOXAEHNS KYNbTYPHBIX PACTeHWA?

4. Bo spema 6nokaasl JleHuurpana B 1941—1944 rr. coTpyaHnkn BececolosHoro nHetutyTa
pacTeHuesopncTea (BUP) GepexHo xpaHunu KOMNEKUMIO CEMSAH 3€PHOBLIX KybTyp, CO3-
[aHHyio H. M. BaBunosbiM Ha ocHoBe 06pasLoB, NPUBE3EHHBIX U3 IKCNeauLMA B CTPaHhI
CpeaunzeMmHomopbs, CeBepHoit Adpukn, KOro-BoctouHoin Aaun, CesepHoi AMEpUKK.
O6BLACHUTE, B YEM COCTOWMT LUEHHOCTb W YHUKANBEHOCTL 3TOW KONNEKUUU.

5. YTO CAYXWT Hay4HOW OCHOBOM cenekumn? OTBET NPOMNNIOCTPUPYIATE NpUMeEpamMu.

6. lMepeyncnuTe OCHOBHbLIE 3a4ayu, CTOAUWME Nepes COBPEMEHHON Cenekuuen.
MpennonoxuTe, Kaknue pacTeHus, KWBOTHBIE M MUKPOOPraHnamMbl MOryT GbiTb ogomall-
HeHbl B Byayliem. Kakoe sHadeHue 310 ByaeT umeTb Ans yenoseka?

HAononHurensHas nHPopmMaLus

B Poccun HAYaloM pasBHTHA KOMOMHAIIMOHHON cejieknuu cuuraerca 1903 r., cea-
saHHEBIH ¢ oprarusanueii [1. JI. Pygsurackum npu MOCKOBCKOM CEJIbCKOXO03ANCTBEHHOM
pHCTHTYTe (HBIHEe MOCKOBCKAA ceslbCKOXO03siicTReHHan akajemus uM. K. A. Tumupsaszesa)
CeJleKIIMOHHOM CTAHIMM, HA KOTOPOM ObIIM BRIBEJEHE! IIePBEIE B CTPAHE COPTA 3€PHOBBIX
KyJIBTYp ¥ nbHa. B 1909 r. mauana paborats XapbKOBCKAf CeJbCKOX03AHCTBeHHA
ombITHAs craHmusa; B 1910—1914 rr. cosgassl CaparoBckas, BeseHuykckas, Onecckas
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¥ [P, ONBITHLIE CTAHIIWH, UMEBIIHe OT/esbl cenekiuu. B 1911 r. 8 XapbKoBe cocToasics
I cees3n ceneKIIMOHEDPOB M ceMeHOBOZOB Poccum, Ha KOTOpOM OBLIM HOABEAEHBI MTOTH
CeJIEKIIMOHHO-CeMEHOBOAYECKOH PAGOTHI ONMBITHBIX YUPeKIeHWH.

§67. UckyccTBeHHbI 0TOOp

> YTO ABNRETCA MATEPUANOM [Nl CO3aHWs COPTOB KyNLTYPHbLIX PACTEHWIA, NOPOL,
) OOMALLIHKUX XVBOTHBIX W LUTAMMOB MWUKPOOPraH1M3mMos?

OcHoBHOII ABHKYINEH CUION CENIEKIINA PACTEHNH M KUBOTHBIX ABIAETCH LUCKYC-
cmeéenHbLil 0mOop — COXpaHEeHUe YeJT0BEKOM HaubGosiee MEeHHBIX B X03AMCTBEHHOM
OTHOIIEHWH 0cobell pacTeHMH U YKUBOTHBIX JAHHOTO BHAA, COPTA, MOPOABI AJS IIOJIY-
YEHHA IOTOMCTBA C YKeJaTeJIbHbIMH IpU3HaKaMu. MaTepuaioM AJIA UCKYCCTBEHHOTO
orbopa CIyUT HacJIeJCTBeHHAS H3MEHUYNBOCThL Opranuamos. IIpupona mocrasiaser
HacleJCTBeHHbIEe H3MEeHEeHHUA, a JYeJ0oBeK oTOMpaeT cpelu HUX HOJe3HbIe s cebs,
COXPaHseT ¥ PA3MHOXKAET OTJeJIbHbIE 0COOM OPraHM3MOB € X03AHCTBEHHO EeHHBIMHA
NpH3HAKaMK. B celeKnMM pasmdgaioT JBe OCHOBHBEIE (DOPMBI MCKYCCTBEHHOI'O OT-
bopa: maccoswiii 1 uHOUBUIYALbHDBLIL.

Maccossiii 0T00pP OCHOBAH HA COXPaHEHHMH 110 ()eHOTHIY IeJOH I'PVIIEI 0CO-
Gell ¢ HYKHBIMH YeJOBEKY XO3SMCTBEHHO IEHHLIMH IDH3HAKAMH H BEIODAKOBKe
BCEX OCTaJIbHBIX, He COOTBETCTBYIOIIMX COPTOBEIM WJIM HOPOAHBIM CTaHIAp-
ram. Mcnoms3yerca MacCoOBBIH OTOOD IPEHMYINECTBEHHO B CeJIEKIINH DACTeHHMH.
Hanpumep, Ha moxe xaprodens npouspacraer 500 pacreHmil, H3 KOTOPHIX AJIA
nmocajky Ha craexyomui rog orbupaercss 80—100 kycros, obaagajomux Hauboee
POBHBIMU, G€3 TOBPEKIeHUH, CPeaHEero
paamepa kayGaavu. TakuMm cmocobom
VIOAaéTcA COXPAaHHThL COPTOBLIE KauecTBa
H OCYILIeCTBUTH BEIOPAKOBKY BhLIpAI[ABA-
eMBIX DACTEHHUH, HE COOTBETCTBYIOIIHX
COPTOBOMY cTaHAapTy (puc. 245).

B cemernmM ZOMAIMIHUX XHBOT-
HbIX MAaCCOBBIM OTOOD IPDHMEHSAETCS
OrpaHHYEeHHO, B OCHOBHOM B CJIyd4ae
OpPOMBINIJIEHHOTO pa3BeneHusa. Tak,
Ha OTUIedabpHKe cpell Kyp-HecyImex
mopoxabl Benwi#t nerropH Aas passe-
JeHHA IIOTOMCTBA 0TOMPAaloT ocobeil ¢
Aunenockoctsio 150—200 aun B rog u
macco# okosao 1,5—1,8 kr. OcranbHBIX
Kyp BeiGpakroBnrBaioT. Ilonyuennoe B
pe3yabTaTe TAKOro oTOopa MOroJIoBbe
Kyp obnanaer xanubpoBaHHBEIMH Kade- Puc. 245. Kaprodens copra Hesckumi
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CTBaMH, OTBEYAIOIIUMH CTAHZAPTaM IIO-
poxbl. 8TO 00JerdyaeT X IPOMEBIILIEHHOE
pasBelleHMe A NOJYYeHHA SHIl, Msca,
nepa u ryaso (puc. 246).

Taxum oOpas3oM, MacCcoOBBEI oTOOp
MOKHO Ha3BaTh orbopoMm 1o deHoTHIy.
On sdhdexTHBeH JHIIL B TOM cJaydae,
KOTrZa HeoODXOAMMO COXPAHUTE ocobeii,
obafganIIUX OIPOCTO HACIEeAYeMBIMH
npusHakamu. B cayuae ecau mpusHa-
KM HMEIT CJIO0KHOe (IOoJUTeHHOe) Ha-
cremoBaHMEe, HANPDUMED CBSA3aHHOE CO
B3aMMOJEHCTBHEM HeaJLIeJBHEIX I'eHOB,
HeoOX0auM WHAWBHUAYAIBHBIH 0TOOD.

HAaauBuayaasHbINH 0TOOP B celeKIu-
OHHOI paboTe OCHOBAH HA COXPAaHEHUU
OTHAEeNBbHBIX 0c0obOedl ¢ y4éToM HacJen-
CTBEHHOW CTOMKOCTH HMX IIPHU3HAKOB.
Takoi# orbop BeféTcsa IO I'eHOTHNY C
OIIBHRDfI KadyeCTBa NOTOMCTBa KOHKpeT-
HOTO PACTEHUSA MJIM JKMBOTHOIO B PAAY NOKoJeHuH. WHANBUAYAIBHEINA 0T6OD TPYLO0-
émoK, Ho 6oaee adhderTuseH, yem maccosslii. O cmocobCTBYeT COBEPIIEHCTBOBAHHIO
COPTOBBIX M IOPOJHBEIX KAYECTB CEJbCKOXO3AHCTBEHHBIX PACTEHHH M YKHBOTHHIX,
3aKpensAer 00JBITWHCTBO HACAEACTBEHHBIX IIPH3HAKOB OPraHU3MOB.

HAaguBuayanbHBIA 0oTO0P NPUMEHAT KAK B CeJeKIIMM PACTEHUN, TaKk M B
CeJIeKIIMH JXUBOTHBIX. BepHEMcA K mpuEMepy ¢ mojeM raprodens. Ilpumensas unH-
IUBUAVAIBHBIA 0TO0D, cpeam 500 KycToB KapTrodens cieiyeT BeIOpaTk TOJIBKO Te
pacTeHHs, KOTOPbIE B 3TOM IOy JAJld CAMBIM BBICOKHH yposkait kayoueil. Cpean
HHX OKa)XyTcsA 0co0H ¢ pasHBIMH 10 pazMepy u Gopme kaybuamu. Ha ciaexyromuii
TOJ 9TH KJAYOHM BBICAYKMBAIOT HA II0JIe M CHOBA IMOBTOPAIOT MHAWBHAYAIBHBEINA OT-
6op. M1 Tax HecKoOJbKO ner noapax. Kak mpasuio, yepe3d 7—8 mokoJIeHUH ynaéTcs
noy4uTh Haubollee ypoykaliHble pacTeHUA KapTodesisa, KOTOpble 3HAYUTENbHO yIy4d-
IIAI0T KAYeCTBA MCXOMHOTO copTa. MHAMBUIYAIbHBIH OTOOD B 9TOM CIydae BeJETCA
110 reHOTHIIY 0cobeil, TaK KaK YYMTHIBAETCA pacCIienieHre IPU3HAKOB Y IIOTOMKOB.
s pasMHOMKEHHA COXPAHAKITCA TOJMBKO JIYVYIITHEe 0COOH.

B cayyae MHARBHAVAIBHOTO 0TOODA B CEJIEKIIMH JOMAITHUX XWBOTHBIX BajXXHAa
OIleHKAa npouseoaumeﬂeit — IIJIEeME@HHEIX 3XHUBOTHEIX, HCIOJB3YEeMEBIX IJId pasMHO-
JKEeHHA, 0 UX 3KCTephepy. Jdxcmepvep (OT jaT. exterior — HAPY’KHBIH) — BHeII-
HAdg GopMa TeJIOCIOKeHrsI KUBOTHOI'0, CBA3aHHASA C ero MNOPOJHBEIMH KadeCTBaMH.
OTnenbHBIE YACTH Teja, HA3biBaeMble CTATAMHU, OIeHHBaKWTCA B fannax (mMaxcH-
mansEO0 — 100 6annos). #HusorHeix, noayuyupmux Beime 80 6asioB, OTHOCAT K
KJIaccy aJIuTa-peKopa, 75—80 — K Kaaccy anura, 70—74 — K nepsomy, 65—69 —

Puc. 246. Ilex KIeTOYHBIX Kyp-HECYILIEK
Ha nruanegadbpuke
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Puc. 247. ITopoasl KpynmHOro poratoro ckora: I — MsacHoro manpasiaenus (Iepedopackasn);
2 — monoyHOro HanpasiaeHaus (Yépro-mécTpan)

KO BTOpoMYy Kiaccy. JHMBOTHBIX, HAOpaBIIMe IpPH OIleHKE dKCTepbhepa MeHee 65
0aJJIOB, CYUUTAIOT HEKJIACCHRIMHE W B IIJIEMEHHOH paGoTe He MCITOJB3YIOT.

Ha ocHoBe BHEIIHEro 0CMOTpa IIPOM3BOMAUTENEH, T. €. OIeHKH HX 3KCTephepa,
Jles1aloT 3aKIioYeHHe 00 MX MPOAYKTHBHOCTH, 3/[0POBBE M MPHUCIOCODIEHHOCTH K
VCIOBUAM colep:xaHud. Hanpumep, y KPYyIHOrO pOraToro CKOTa MSCHOT'O HAIpaB-
JeHudA (opMa Tesa JOoJIKHA NPUOIMIKATRECA K [Iapaelenuneny, TYJOBHIE OJIKHO
6I:-IT1: IIAPOKHAM, HA KOPDOTKHX M OTBECHO IIOCTABJIEHHBIX HOTaX, KHUBOTHLIE JOJIHEI
UMeTh KPYIHYIO I1el0 U NoJI0BY, XOPOIIO PA3BUTYI0 MYCKYJIATYPY M PBIXJIVIO KOMKY
(puc. 247, 1). Y KpyIHOI'O POraToOro CKOTa MOJIOYHOI'O HAIIPABJIEHUS TYIOBUIIE JHOJIMH -
HO HMeTh KOHyco00pasHyio ¢opmy ¢ 6ojiee MACCHBHOM 3aHEH YaCTHIO, HOTH JOIMKHbI
OBITH BHITAHYTBIMH, I'0JIOBA U IIed YAJWHEHHBIMH, a KOyKa yupyroi (pumc. 247, 2).
Yuér aTux ocobeHHOCTEH, a TAKKe HEKOTOPHIX TEXHOJIOTHYECKUX KAadecTB, HAIPUMeD
(hopMBI BEIMEHH MM CKOPOCTH MOJIOKOOTHAYH, TO3BOJIAET CAe/IaTh MHIUBUIYAIbHBIA
0TOOp B CeJIeKIIMU KPYIHOIO POTraToro ckora Gosee a@deKTHBHEIM.

Henerrague IpoM3BOIUTENICH IO IOTOMCTBY. B celleKIINN JOMAIITHUX ¥ HUBOTHEIX
IIPH HHAHBHAYAIBHOM 0TOODE OYeHb BAsKHO OIpPeJe/IUTh HacjelCTBeHHbIe KauecTBa
caMIOB II0 IPH3HAKAM, KOTOPBIe HENMOCPEACTBEHHO YV HHX He ITPOABIAIOTCH, Ha-
IpuMep IO MOJOYHOCTH H XHDHOCTH MOJIOKA B POAY V OBIKOB-IIPOM3BOIHTEIIEH.
[na ynydmeHus IOPOABI YUEHEIM-CENeKIMOHeDAM BasKHO 3HATL, KaKHe T'eHEI IO
X03AMCTBEeHHO IIEHHBIM IPU3HAKAM HECET TOT WJIH WHOH caMell. IloMoraer BEISBATEH
9TH TeHBI METOJ UCNbLMAHUSL NPOU3E0dumeell no nomomcmay.

CH&‘IaJla oT GHHE‘HPOHGBO,I[HTEJIH NOJAYYaKT OTHOCHTEJIBHO HebOoJIbIIIOe ITOTOM-
CTBO M CPaBHHBAIOT €ro IPOAYKTHBHOCTh C MATEPSMH W CO CPefHel NpPOIyKTHBHO-
CTbIO TOpoALl. EcIM IPOAYKTHBHOCTE AOYepeil OKasalach BBIIIE, TO 3TO YKA3BIBAET
Ha OOJBIIYI0 IEeHHOCTh JaHHOI'O IIPOU3BOAUTEN, KOTOPOTO CIeAyeT HMIMPOKOD HC-
IIOJB30BATE AJA YIYYIIeHUA mopoasl. TONBKO Imociie ONeHKH IPOH3BOLHTENA II0
FeHOTHUITY M HNPHCBOEHUA €My KATEerOpMUHU «yJydIIaTesxs MOPO/bl» NPHHHMAETCH
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pelleHHe O IIHPOKOM HCIOJB30BaHUK 0AHKA €ro 3aMODOMKEeHHOH CIIepMBI ANA MC-
KYCCTBEHHOI'0 OCEMEeHeHHs MHOKecTBa KopoB. CilegyeT OTMETHTBH, UTO M3 OGIIEro
IIOTOJIOBES KPYIIHOTO POTATOT0 CKOTA TONBKO 2 % OBIKOB-IDOM3BOAHUTENEH VI0-
crampBaioTca 3ToH Kareropuu. OHH COCTABJIAIOT KJAcC KHBOTHBIX 3JIHTA-PEKODH H
NpeACcTaBAAI0T BONBIIYI0 IEHHOCTD JJIA CeJIeKITHOHHON paboThI.
JdTanel KOMOMHANMOHHONH cesiekuuH. Vlcmorb30BaHWE B PACTEHHEBOJACTBE U
JKMBOTHOBOJCTBE HHINBUAYANLHON (DOPMBI MCKYCCTBEHHOIO O0TOOPA MOJIOKIIO HA-
4aJI0 HAY4YHOM, WM KOMOMHAIIMOHHOM, cejeknuu. OHA OCHOBAHA HAa METOLHYECKOM
U CO3HATEJBHOM NOJA00pe DOAUTENBCKUX [MAp [AJs CKPEIIUBAHUSA C IOCIAELYIOIUM
aHAIM30M H 0TOOPOM HOTOMKOB B IMOKOJIeHHSX. KOMOMHANMOHHAS CEJeKIHsd,
NpHINeJIIad Ha CMeHy cTuxuilHoMy (6eccosHaTenbHOMY) 0T6OPY M NPHMHUTHBHOM
CeJIeKIIMH, CKJIAJABIBAETCH H3 CIEAVIOIIUX JTAIOB:
1) omoabop U cCKpelIMBaHWE POAUTENBCKUX IAD HA CIHEIMAJbHBIX CEJIeKIUOHHO-
CeMeHOBOJYECKHUX CTAHIUAX U B ILJIEMEHHBIX X03AHCTBAX;

2) mony4enne rubpuzos ot F| 1o F, NOKOJIeHUH 15 I€PeBO/ia MeHOB, OTBEYal0-
IIUX 38 X03AHCTBEHHO IleHHLIe IPU3HAKH, B TOMO3HI'OTHOE COCTOSHNE;

3) oTbop AYyYIIHX IHOPHAOB CPeIH IIOTOMKOB, OIlEHKA MX KAYeCcTB, HCILITAHHE
Ha YPOXKaNHOCTh, TPOAYKTHBHOCTE B CIIEIHAJLHBIX X03AHCTBAX;

4) craEZapTH3alWA COPTA H HOPOJLI, IPHCBAHBAHNE MM HA3BAHHH ¥ PerucTpa-
OHus, HCIOJB30BAHHE JVUIIHX IOTOMKOB KaK POJOHAYAJLHHKOB CODPTa, IIO-
POABI A4S pa3BeJeHHs B MACCOBOIl IIpaKkTHKE.

s Toro 4Tobkl CO3XATE HOBHIH COPT MJIH IIOPOAY, TpebyeTcsi MHOIO BDEMEHH.
CenernuoHHas pabora cBs3aHa CO 3HAYNTEJILHREIMH 3aTPATAMHM MATEPHANBHBIX pecyp-
COB, HANPAMKEHHON U IPOJOMKNATENLHON JeATeIbHOCTBI) YUEHBIX -CEeKIMOHEPOB,
PACTEHMEBOJOB U YKUBOTHOBOJZOB. Bee 3Tallkl CeJIeKIIMOHHOrO IIpoIecca, BILIOTE A0
CO3aHHA HOBOIO copra, saHumawnTt Oosaee 10 mer. dna cos3gaHuA HOBOH mOPOABI
TpebyeTcs HA NOPALOK DoJiee IIPOJOJIMKUTENILHBINH CPOK. B OTJIHUNE OT KYJIBTYPHBIX
pacreHui, 06pA3yIOLUX IPH DASMHOYKEHHUY COTHH U THICAYH HOBBIX ocobeli, Jomar-
HUe KHUBOTHBIE Jal0T MAJO MOTOMKOB, U Ka)X[blil U3 HUX IPEJCTaBIsgeT OOJIbIIYIO
IeHHOCTh. ¥ MHOIHX AOMAIIHHX JKHBOTHBIX IOJ0BAA 3DPEJIOCTh HACTYHAeT MO31HO
¥ HeT OBICTPOM CMEHBI IIOKOJIEHHH, XapaKTepHOH Aid pacTeHMil. [loMamHue xKu-
BOTHBEIE, B OTJIHYHE OT KYJbTYDHBIX DACTEHHIH, He Pa3MHOYKAIOTCS BeTeTaTHBHO,
YTO IIPH CO3TAHHMH IOPOJAEI OTPAHHYMBAET NOJyYeHHe OOJIbIIIOro YHucia IIOTOMKOB ¢
X03AMCTBEHHO IIEHHLEIMH ITPH3HAKAMH 38 KOPOTKHM CPOK.

Copr, nopoaa, mramMmMm. YUéHbIe-ceJJeKI[MOHepEI paboTaloT ¢ COPTAMU DACTEHHH,
MOPOLAMH KHBOTHBIX H IITAMMAMH MHKDPOOPTaHH3MOB.

Copm (or nar. sortis — pa3HOBUAHOCTE) — TPYINA CO3NAHHEIX B peayibTaTe
CeJIeKITHH CeJbCKOX03MCTBEHHBIX PACTEeHHH OfHOrO BHAA (Hampumep, A0JI0HA H0-
MaImHAA), 00JaJaIuX MepefaolMMICs 10 HACIEACTBY X03AWCTBEHHO IIeHHBIMH
npuzHakamu (puc. 248). Paznuuaior mecmHhble U CeleKyUOHHbLe COPTA KYIbTYPHBIX
pacTeHnii. MecTHBIE COPTA IIOIYYAIOT B PE3YJIbTaTe CTHXHIHOTO (GecCO3HATEIBHOTO)
orbopa B IIporecce BeIPALWUBAHAA TOW WM WHOH KyAbTyphl. CelleKIIOEHEIE cOPTa
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Puc. 248. Copra a6moau gomarmseii: ] — IlanupoBka; 2 — AHTOHOBKA OOBIKHOBEHHASA;
3 — Anwnc; 4 — Panerra nypuyposas

CO3DarTCAd B HAYYHO-HCCJIeJOBATEJILCKHX yr{pemneﬁn'ﬂx C ICIIOJIB30BAHHNEM MeTOJO0B

KOMOMHAIIMOHHOK CeJIeKI[HH.

ITopoda — rpynmna CO3JaHHEIX B Pe3YJILTATE CEeNIeKIIHH CeIbCKOXO03ANCTBEeHHBIX

JKMBOTHBIX OJTHOT'O BHA (HampAMep, OBIla
AOoMAaIlHAA), 00IaZa0IUX Tepenan-
OIIMHCS II0 HACNEJCTBY XO3AHCTBEHHO
LIeHHBIMH Npu3HaKamu. Pasmuyaror npu-
MUMUBHbLE H 3A800CK e TIOPOIBI JOMAII-
HEX KHBOTHBIX. IIpUMHTHEHEIE IOPOJEI
XOPOIIO MPHUCIIOCOBJIeHBI K MECTHBIM
YCJIOBHAM, BBIHOCJHHUBBI H OTJIHYAIOTCH
HEBBICOKMMH, HO CTabMILHBIMH HACJE]-
CTBeHHBIMH IIPM3HaKaMH. 3aBOJCKHE
IOPOALI Pa3BOAAT B CIENHAJBHBIX ILIe-
MeHHBIX xo3Aa¥crBax. Om obmamaioT
0c0oB0 LEHHBIMHM KAYeCTBAMM, XOPOIIEeH
POOOCIOBHOI, BEICOKOH HPOAYKTUBHO-
CTBIO H HCIIONB3YIOTCHA AJA BLIBEAEHHUA
DJMUTHBIX JKUBOTHBIX — «yJydmiaTesen
noponsl» (puc. 249).

IITmamm (or HEM. stamm — OCHOBA,
njaeMfA) — YHUCTasdg KYJIbTYypa MHKDPOOpTra-
HU3MOE, BEIJICJIEHHAS W3 OMPEeIeIEHHOTO
HCTOYHUKA MJIHM TOJYUYEeHHAS B Pe3yJb-
Tare MmyTanuii. Pasubie mrraMMbl OJHOTO

Puc. 249. BapaH-TpOH3BOAUTE.IL
KJIAcca SJIHTa-PEeKOpP
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M TOTO € MUKDOOPraHH3Ma MOTYT OTJHYATHCA APYT OT APYra 1o PAAY CBOMCTB, B
TOM YHCJe H XO3AHCTBEHHO IeHHBIX. IITaMMBbl MUKDOOPTAHU3MOB HCIOIL3YIOT B
OMOTEeXHOJOTUH A8 MHKDPOOHOJIOTHYECKOro cuHTe3a 0e/KOB, KOTOPEIH Oyaer pac-
CMOTDEH B CJeIVIOIIel Iiase.

Herxycemeennwtii omoop: maccoswlil, uHdusudyaibhblil; npouzsodumenu; sKc-
mepbep; UcnbvimaHtue npoussodumeJieil no NOMOMCMEY; COPM; COPMA: MeCMHbLE,
celeKYUuorHble; nopoda; nopodsl: NPUMUMUBHbLE, 3A4600CKUE; ULMAMM.

Bonpocskl u 3apainsa

1. JokaxuTe, YTO UCKYCCTBEHHbIN OTOOP — OCHOBHOM METOn, Cenekumu.

2. Yem maccossblit 0THOP OTIMYAETCA OT MHAMBUAYanbHOro? Kakas u3 ¢opm MCKYCCTBEHHOIO
oTbopa Benérca no ¢peHoTuny, a Kakaa — no reHotuny? OTBeT noscHUTE.

3. Y7o Takoe akcTepbep? lMNMoyeMy B CENeKUMU XMBOTHLIX O4EHb BaXHa OLEHKa NPOWM3BO-
antenein? OnuwnTe, Kak oHa NPoOW3BOAMTCH.

4. OnbiTHole cobakoBoabl, NnpuobpeTtas cobaky, Bceraa BbiGUpalOT WeHKA C XOpoleid

pPOAOCNOBHOW. HTO Takoe pogocnosHaa? MoYyemy XMBOTHLIE C XOpOLUE POAOCNOBHON

0co6eHHO ueHHbI? OTBeT NpPOUINIOCTPUPYIATE NMPUMEpPaMU.

OxapakTepu3yiiTe OCHOBHbIE 3Tanbi KOMOMHALMOHHOW cenekunn. B 4ém npermyLecTso

KOMBMHaUMOHHOW cenekumu nepeg, npUMMMTUMBHON? MpuBeauTe NpMMepbl.

6. Yo Takoe copT, nopoaa v wraMm? MoXHO N 3TU rPYNNMPOBKM Ha3BaTb CAMOCTOATENb-
HbIMKW BUOoamu opraHnamos? OTeeTt obocHyiTe.

o

§ 68. OkcnepuMeHTaNnbHbIA MyTareHes.
Monyyenune nonunnomaos

=) BcnomHuTe, 4TO Takoe myTauuu. Kakwe pasnuyalot MyTtauuu no xapakrepy
- M3MEHEeHWa reHoTuna opraHuama? Yto Takoe nonunnongua?

MaTEPHaJIOM AJA UHCKYCCTBEHHOI'O OT60p& CIY¥HUT HaC/JIeICTBeHHAdA H3MEHUU-
BOCTBH OpraHu3mMoB. OCHOBHOI €€ OCTABIIUK — MYTAILMOHHBIN IIPOIlece — CBA3AH C
BO3HHMKHOBEHHEM y OpPaHHSMOB CIIOHTAHHBIX My'raunii. HX Jacrora HeBeJIHKa, 4To
He MO3KeT YAOBJETBOPUTH VUEHBIX-CEJIEKIIHOHEPOB, KeJallluX HMeThb AJ1d paboTs!
KaK MOKHO GOJIbIee KOJHYECTBO HACJIEICTBEHHBIX H3MEeHeHUH Y OTHeIbHBIX oco0ei.
ITosTOMY MyTalluy CIENHUATLHO HHAYIUPYIOT, HCKYCCTBEHHO MOJIY4asi NePCHeKTHB-
HBIX MYTaHTOB Cpeln paCTEHHﬁ, JKHUBOTHBIX 1 MUKPOOPraHM3MOB, KOTOPbIE 3aTeM
HMCIIOJB3VIOT B CEeJeKIIMOHHONA paboTe.

JKcnepuMeHTANbHBINH MyTarenes. Ilociae orkpeiTua B 1901 r. I'. Jle ®pusom
MyTanM#d 1 cO3MaHUA MYTANTHOHHON TEOPUHM MHOTHE VUEHbIe IIPUIILIA K BBIBOAY O He-
00X0AMMOCTH HHAYIUPOBAHUA MYTAIHHA AJIA YBeIUUeHUA YaCTOThI HACJIEeACTBEHHOMI
M3MeHYMBOCTH y opranuaMoB. B 1925 r. oreuecrBennble yuénsie I'. A. Hagcon u
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. C. ®uaunnoB onyOJHKOBATIH Pe3yabTAThl ONLITOB IO MOJYYeHHIO MYTAIlUd y
rpuGOB-IpoKIKeil o1 feficTBHeM «ydeil pagusa». B 1927 r. aMepuKaHCKUH reHeTHK
. Ménaep coobuiusa 06 MCIIOIB30BAHNH PEHTIEHOBCKHUX JIydell JJIA MONYyIeHH:A
GOJIBIIOrO KOJWUYecTBa MyTanuil y gposoduisl. B madane 30-x rr. XX B. reHeTHKH
B. B. Caxapos, M. E. Jlo6ames, C. M. l'epmenson, M. A. PanonopT OTKPELIH
XMMHYECKH MyTareses. JTH U IDyTHE HCCJeA0BATENH IOJOKNIM HaYalo paboram
[0 IKCNEepUMEHMAIbHOMY MYyMmazeHe3y — HUCKYCCTBEHHOMY NOJIYYEHUI0 MyTalui
¥ MHOTMX BHJOB pacTeHWH, yKHBOTHEIX, 'PU00B, a TaKMke faxTepuil 1 BUPYCOB MO/
neiicTBreM (PH3WMUECKHX ¥ XMMHUYECKUX (hAKTOPOB-MyTareHOB.

DKCIIepEMeHTAJIBHBIN MyTareHes OTKPBLI IIHPOKHE BO3ZMOMKHOCTH IOJIYIeHUSA
HMCXOJHOTO MaTepHaJa [IJf CeJeKI[HH, IOBLIIIeHHs YaCTOThl BOSHHKHOBEHUSA Ha-
cJIeICTBeHHBIX H3MEHEHUI NMPU3HAKOB OPraHM3MOB M CIEKTDA UX H3MEHYMBOCTH.
Wcnonp3oBaHHE UCXOAHOIO MATEPHAJA, IOJTYYEHHOIO B X0/e MyTareHesa B co4era-
HHUH ¢ IPYTHEMH METOZAMHI KOMOMHAIITHOHHON CeJeKIIHH, I03BOJIHJIO CO3AATh HEMAJIO
X03AHCTBEHHO LIEHHBIX KYJIBTYDPHBIX (DOPM OPTaHH3MOB.

B macTosamee BpeMs B MHpe BhIpamuBaiT O6onee 200 cOPTOB CeMbCKOXO3HN-
CTBEHHBIX PACTEHHH, CO3ZAHHBEIX C IOMOIILI0 PaduayUOHH020 U XUMULECKO20
myraresesa. Cpef HIX MMEIOTCSI BRICOKOYDOXKalHbIe COPTA MINEHUIBI B KYKYDPY-
3Bl C IIOBBIIMIEHHBIM COJlep)KAaHMeM B 3epHe DejiKa M He3aMeHMMOM aMHUHOKHCIOTHI
JIN3MHA; 0e3aJIKOJOHIHBIA COPT JIONUHA; BRICOKOMACIHIHEIE COPTA MOACOTHETHHKA
¢ HeoOBIUHBIM XMMWYECKHUM COCTABOM MACJa, VCTOHUHBEIE K HOJIETAHWIO KaPJIHKO-
BBIe M HOJYKADPJMKOBBIE COPTA IIIEHHILI, AUMEHS W PHUCa, BRICOKONPOAYKTHBHEIE
copTa XJOMUATHUKA C BOJIOKHOM 0c000ro KadecTBa, HHTEPECHBIE B JeKOPATHBHOM
OTHOIIEHHH (DOPMBI I[BETOYHBIX KYJALTYD H ID.

IIpakTHUecKoe MCIONb30BAHKME MyTAlHil B celeKnun OepeT HAYaJIo OT IEePBOTO
CIIOHTAHHOI'O MYTAaHTa, TAK HasblBaeMoro puca mMmmeparopa. Ero cioyyaiiHo obma-
pysun kuralickuil umneparop Kaar-Xu (1662—1723), nporyiuBaschk mo Kpaiwo
PHCOBOrO HoJif. PHe-MyTanT oTimuaica HeoObIYailHO KPYITHEIMA 3éPHAMM M BBICOKOM
CKOpOCIeJocTh0. IlocjeHee CBOHCTBO MO3BOJIANIO BRIPAINUBATL €r0 B CEBEPHBIX
paitonax Kuras, a B 10KHBIX 00/aCTAX IOJYYaTh IO OBA ypoxkasa B roa. Tax ObL1
MOJIVYeH HOBBIH COPT CKOPOCIIEJIOTO pPHCA.

HecoMHeHHEBIN MHTEpPEC MPeACTABISAIOT PAaJHAlMOHHBIE MYTAHTHI MINEHHIIB,
OTJIMYAIOIIHeCA OT OOBIUHBIX pacTeHuil 60Jee IIOTHBIM KOJOCOM M YCTOHYHBOCTBIO
K TIoJleraHmio. IlepBhle yCIexXu B 3TOM HANpPABJeHHHM OBIIM JOCTHTHYTHI B 1928 r.
A. A. Canerunsim B Onecce u JI. H. lenanom B XapekoBe. B bosee mosgame
roJibI VYEHBIMH U3 WHCTUTYTA MUTOJOTHUH ¥ M'eHETHKH COBMECTHO C CeJleKIIMOHepaMu
Cubupckoro otaeneHus POCCHACKON aKaJeMHUN CelbCKOX03AHCTBEHHBIX HAYK OBLI
BBIBEIeH HOBBIH copT ApoBo# nmenunsl Hosocubupckas 67, Mony4eHHBINA B pe3yib-
taTe 00paboTKy cemsan ucxonHoro copra HoBocubupckaa 7 peHTTeHOBCKHUMH JIyYaMH.
B macrosmee Bpems Hosocubupcekas 67 sanumaer B 3anaguoi Cubupm mocesHEIE
[JIOIIAAH B COTHU ThICAY TeKTapoB. IloJiy4yeHHOe pacTeHHe HOBOTO COPTa OT/IMYaeTCs
TOJICTOM COJOMHMHOH M BBRICOKOH YPOKAWHOCTBIO, YTO JejiaeT ero IepCHneKTHBHBIM
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AL MPOMBINLIEHHOTO BBIPAIMBAHUSA B VCJIOBHAX XO-
JOJHOTO KJIHMATa ¢ JOMKIIUBBIM jJetoM (puc. 250).

IIupoko HCOONL3YIOT B SKCHEPUMEHTAJILHOM MY-
TareHe3de pas3JHYHbIE XMUMHUECKHE MYyTareHbl, TaKkue
Kak 9THJIeHHMMMH, a30THCTRIN unput u ap. IIpuMepom
XMMHYECKOT0 MyTareHesa B CeleKIMN DACTEHHH CIIy-
JKUT BeIBeJleHHe Bo BeepoccuiickoM HaydHO-HCCJe-
A0BATENbCKOM HHCTHTYTE MACIMYHBIX KYJIBTYP IOJ-
conHeyHuKa copra Ileperen. Macio, nosiy4eHEHOe U3
ero IUIOZA0B-CEMAHOK, CONEPKHUT A0 7H% 0JIemHOBOH
KHCJIOTBI, YTO JeJaeT ero 110 Ka4ecTBY He YCTYIIAIOMINM
OJIMBKOBOMY Macay (puc. 251).

IIpuMeHAIOT pafHANMOHHEIH M XMUMHUUYECKHHA MY-
TareHe3 U B CeJIEKIHH MUKpoopranusmos. Tak, B Ha-
Ied cTpaHe YYEHBIMU-TEHETHKAMH I107] PYKOBOACTBOM
C. W. AnuxaasHa B pe3yJasrare 00paboTKH IIecHe-
BLIX TPMOKOB — IPOAYILEHTOB AHTUOMOTHKOB — MYy-
TareHaMu (PM3UUeCKOH M XMMHUUYECKOH IIPUPOALI OBLIN
CO3JaHbl HOBBIE IMITAMMbI MUKPOOPTAHU3MOB, TIPOAYK-
THBHOCTE KOTOPHIX B 1000 pas mpeBnicuia UCXOLHBIE
Puc. 250. Hcnonbaosanue HEMYTaHTHEIE POJUTETbCKHAE (DOPMBL.

PAZMAIIAOHHEOTO MyTareHesa Ocoboe 3HaueHUE AJIs CEJIEKIIUHA OPraHH3MOB HMe-
B CeJNeKIUM OIIEHWIEl COPTA  }OT FeHOMHBIE MYTAIIMM, CBSA3aHHEIE C YBeJIHUYeHHEM
Hosocubupckas: XPOMOCOMHOI'0 Habopa — HOJHUIIIOHIAA.

1 — HMCXOHmHEINA COpT;
2 — KopoTkocTebeIbHBIN
MYTaHT

Ilonyuyenue monumiaonaos. B mpupo/e moaumion-
OuA B OCHOBHOM pacHpoCTpPaHeHa CpeflM DacTeHU.
Jo 80 % BHIOB IOKPBITOCEMEHHLIX DPACTeHHH, IpO-
M3PaCcTAIMHUX B BLICOKOINOPBEAX M HNOJADHBIX 00JIACTAX, ABAAITCA €CTECTBeHHBIMHA
MOJHIIIONIAMHE, IJA KOTOPBIX XapaKTepHa MOBLIINIeHHAA KH3HecnocobHocTs. MHOrO
TMOJIHIIONZIOB CPeH KYJIbTYPHEIX pacTeHnil. HanmpuMep, riiaBHas 3epHOBAA KYJILTY-
pa — IIUeHHIa — MpeAcTaBJeHa TeTPAILJIOUAHBIMH (TBEpPJasa) U MeKCalJIOH(HbIMU
(Msarxas) sugamu. EcTecTBeHHBIMYM NOJMUIIONAAMHA ABISITCH TAKMKe caxapHBIH
TPOCTHHK, JIIOIleDHA, 3eMJIAHUKA, aHaHac, Tabak, A0JI0HA, rpymia, CJAMBA, 3eMJIAHOH
opex, barar, 6araH, IUTPycoBle U Ap. Cpean KUBOTHBIX MOJUILIONANA 0DHADY:KeHa
TOJABKO ¥ HeOOJBIIOT0 YHCJIA BUAOB, PA3MHOMKAIIINXCA IapTeHOreHe30M, IVIaBHBIM
00pas3oM y HEKOTODBIX YepBeil, HACeKOMbIX W PEID.

Bce monmmmmonpaer xapakTepu3yoOTCA X03AMCTBEHHO EHHBIMM OPHU3HAKAMH:
KPYIHBIMHM padMepaM¥, NOBbINIEHHBLIM COJep:KaHHWeM pAJa BeIlecTB, YCTOHYHBO-
CTBIO K He0JaronpHATHBIM (axTopaMm cpexsl u Ap. I103TOMY OHH ABIAIOTCA BasK-
HBIM HCTOYHHKOM HACJIeACTBEHHOH H3MEHUYHMBOCTH H MOTYT OBITH MCIOJIb30BAHBI
KakK HCXOJHBIH MaTepHas A1sa ordopa. Ha sTanme IpMMHUTHBHOR CelleKI[MM ApeBHUE
3eMJIeebIEI IPOU3BOANIN OTOOD MOJHUILIONI0B OECCO3HATENIBHO: IIPOCTO PA3MHO-
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JKAJIH CaMble KPYIHBIE 9K3eMILIADSI,
Jawiiie MHOTO 3ePHA HJIH e 0co-
0eHHO BKYCHBIE NJOMEI, BEILEIeHHEIe
U3 NPEeJKOBOr0 AWUIIOHIHOTO BHAA. DJTO
CTaJI0 MOHATHO IIOCJIe PA3BUTHSA TeHe-
THKH, YTO IPHBEJIO K MOJYYEHHIO TTOJIH-
IJIOUIOB HCKYCCTBEHHBLIM ITYTEM.

Bravane nua noayuenus norunnou-
006 IPUMEHSAIH PA3NIHYHbIE XUMHUYECKHe
BeIlecTBa U TeMIepaTypHBIe BO3eil-
crBusa. Tak, B 1936 r. amepuranckue
yuéusie A. Bnexcau u A. DHEBepu
0DHADPYIKHUIA, YTO BO3JeHCTBHe ajKa-
JIOUIOM — KOJXUIIMHOM, COAEPIKAIITAMCS
B COKe 0e3aBpeMEeHHHMKa M HEKOTODBIX
APYrUX pacTeHH# U3 cemeiicTsa JIumeii-
Hble, OJOKHDPYET [AeleHHe KJIEeTOK Ha
craguu meradassl. Koaxunun paspy-
IIaeT BEPeTeHO JeJeHud KJIeTKH, uTo Pnc. 251. IMoxcommeunwuk copra Ilepserers
IPHBOAUT K HEPACXOMKJEHUIO XPOMOCOM
B MHUTO3€, B pes3yJbTaTe 4ero o0pasyiorTca moaumiongsi. Ilocse aToro oTKpuITUs
KOJHYECTBO SKCHEPUMEHTANBHO MOXYYEHHBIX CeIeKIIMOHePAMH MOJUILIONLOE CTA-
J10 OBICTPO yBenuuuBaThed: K 1940 r. 6oiin IIOJIYYEHBI DOJTHUILIONAR moutn y 100,
B 1950 r. — Gosnee uem y 400, a B HacTOsAIIee Bpems — Gosee uem y 500 copros
CeNIbCKOX03AHCTBEHHBIX KYJILTYD.

Bricokme pesysbTaThl [0 MOMHILIONH3AINH JOCTHTHYTBI B CEJ€KIIUU OBOITHBIX
KyJIbTyD, HADHMeED CaxapHOM CBEKJbI. TpHILIONAHBIH copr Bemoneprosckuit mo-
murubpug 41 npesocxoxaut Ha 10—15 % 1o caxapucTocTH KODHEIJIOAOB JIy4Illue
AunouaHere copra. Iloaunmonausa Hamia npuMeHeHWe IPH BHIBEIeHHH COpPTOB
KOPMOBBIX TPaB, BHIPAIIMBAEMBIX DALH
8enéHoi maccesl. Hanpumep, Terpamio-
HUJHBIE COPTA JIYTOBOIO KJeBepa YJIBa u
Pea nmpeBocxogaT mo yposxaimo senémoii
MacChl TUIIJIOMIHEIE COPTA TOTO e BHAA
Ha 30—50 %, oHH TaKiKe OTIIMYAIOTCH
NIOBBIIIEHHOH YCTOMUMBOCTELIO K 3a60,1e-
BAHMAM U HeOJIaTONPUATHREIM (haKToOpam
BHEIIHel cpensl (puc. 252).

Hcnonesysa rnaseBIA HemocTaTok
NOJUIJIOHA0B — MOHMMKEHHYIO 3aBs-
3BIBAEMOCTE CeMSAH, — DACTeHHeBOLbI

Puc. 252. TMomunmonaus y kiesepa ayroso-

ro: I — JHCT JUIUIONIHOTO PACTEHWS;
YCIEIIHO KYJAbTUBHPYIOT TETPATLIOMNL- 2 — JHCT TeTPAILIOMAHOTO copTa
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Puc. 253. Tloruniaonausa y BUHOIDALA:
1 — punaoupaHas dopma; 2 — TeTpamJIoOui-
Haa dopma

Puc. 254. IMonunnonaus y HapIucea:
1 — punnoupasas ¢opMa; 2 — TeTpamJiona-
Hasa (opma

HBIH BUHOrpaj copra XuIpay, HMew-
muil KPymHBIe H BKyCHEIe fecceMAHHbBIE
IUIOABI, TPHILIONAHEIE DecceMAHHEIE COP-
Ta apby30B, ALIHE U OryproB (puc. 253).

ITupoko HMCHOJB3YeTCA IMOJMUILIOH-
IUfA B CeJIeKIIUH JeKOpPaTHBHBIX pac-
Tegu#. IlodyTH BCe copTa reOpPruHOB,
rHAHHTOB, HAPDIIHCCOB M XPH3aHTEM
[pe/CcTaBJIEHb! IOJUILIOMIHEIME (hopMa-
MM, OTAHYAKOIMUAMHACA OT AUIJIOHIHBIX
foslee KPYOHBIMH M ADKMMH IBETKaMH
M COIBETHAMH, MaxpOBOCTBI, TOHKHM
apOMATOM H Jy4Illeil COXPaHHOCTHIO IIPH
TpaHCHOPTHPOBKe (puc. 254).

OKCOepUMEHTANBHO TOJy4YeHHBIE
HOJUILIONIEl YV KUBOTHEIX — OosbInas
penxocts. Tak, OTEUECTBEHHOMY Y4EHO-
my B. JI. AcTaypoBYy y4aloCh BEIBECTH
MOJHIJIOHIHYIO IIOPOAY TYTOBOr'O IIEIKO-
npana — mnpoussoguTens ménka. Ilpn
HarpeBaHUH B ONBITE OBLIO OCYIIECTBIEHO
CIMAHHA AJep W IUTOMIA3MBI IIOJOBBIX
KJIeTOK ABYX OJM3KHUX NOPOJ IIEeKO-
npsaza ¢ 06pasoBaHMEM IOJTHILIOHAHOM
dopmbl, KOTOpas B JalbHeieM yxxe
pa3MHOKAIACH TTAPTEHOTeHe30M.

VuéHBIMH BbIBe/IeHBI TOJHILIOUIHELE
MOPOXBEI KapmooOpasHBIX PhIO W ITHIL,
HanpuMep uHAeek. OgHAKO BHeApEHHE
MOJHIJIONAHLIX TIOPOJ AOMAIIHWUX KU~
BOTHBIX B IPAKTHKY CEJIbCKOTO XO3sii-
cTBa — Hesio OyAyero.

DrcnepumMeRmManbHbill Mymazenes: paduayuorHbLil, xXuMuveckuil; nonyienue

noaunaoudos.

Bonpockl 1 3apaHus

1. Yrto Takoe myTtareHes? Hem OH OTNMHAETCA OT MYTaLMOHHOTO npouecca?

2. C KakoW Lenbio NPoBOAAT IKCNEPUMEHTaNbHBIN myTareHes? Kakuwe cnocobbl ans 310ro
WCNONbL3YIT B cenekuwn? MNpuseante COOTBETCTBYIOLWME NPUMEPDI.

3. MMpvBeauTe NPUMEPHI COPTOB KYNLTYPHBIX PACTEHWA U LUTAMMOB MUKPOOPTaHU3MOB,
BbIBEAEHHBIX C MOMOLLBK PaanauMoOHHOro U XMMUHYECKOro MyTareHesa.
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4. TMo o6pasHOMY BbIPAXEHUIO OTEYECTBEHHOro GoTaHuka M. M. JKyKOBCKOro, 4Yenoseka
KOPMAT 1 ofesaloT noannnouasl. O6bacHUTE, Kak Bbl 3TO NoHMMaeTe. OnuwnTe OCHOB-
Hble MeToAbl NoNy4YeHUsa NONUNIOUAOB B CENEKUMOHHON paboTe.

5. [lpuseauTe NpuMepbl NOAUNNOUAHLIX HOPM CENbCKOXO3RNCTBEHHBIX XUBOTHBIX.

§69. Buyrpusuposasa rubpugusaumns. leteposuc

=B BcnomuuTe, B 4EM CYLHOCTE rMBPUA0NOrMYECKOro METOAA FeHETUKM. Ins vero
= y4€Hble NPOBOAAT rMbpuansaumio ocobei ¢ pasHbIMKM reHoTUNaMm?

Hapsaay ¢ Takumu MeTogaMu, Kax HCKYCCTBEHHEIH 0TGOD, SKCIePAMEHTATbHbII
MyTareHes, IMOJy4YeHHe HOJIHIIONIOB, B CeJIeKIIUH IIIHPOKO UCIONb3YeTes 2ubpudu-
3ayus (or nar. hybrida — nomecs) — cKpelmuBaHie PABHOPOAHEIX B IeHETHUYECKOM
OTHOINeHHH ocobeil. E€ cymHOCTE COCTONT B CAMAHHY IeHOTHUIHIECKH pasHbIX TO-
JIOBBIX KJIETOK U B Pa3BUTHH M3 3UT0OTHI HOBOT'O OPTAHM3Ma, COYETAIONero HACIen-
CTBeHHBIE IPU3HAKYU 000MX poxuresei, TakuM obpazoM, rHOpHIASANNA OCHOBAHA
IpeXkze BCero Ha KOMOWHATHBHONU M3MeHYMBOCTH OPTaHU3MOB.

Crpeurisanue ocobeii 0HOro 1 TOTO e BUa (COPTA, IIOPOABI) HA3HIBAOT BHYTPHBH-
A0BOH rEOpUAM3aIIKell, a 0cobeil pasHbIX BUIOB H POJOB — OTAAISHHOM rHOpHUIU3aIet.
B ocnose BHYTPHBH0BOH IUODHAM3AINY JEKNAT CKPELUBAHNE KAK onuskopox-
CTBEHHBIX, TAK M HEPOLCTBEHHEIX ocobeii.

BauskopoacTBeHHOE CKpelIMBaHHe, WM MHGPMAMHT (OT aHTI. in — BHYTDH
u breeding — pasBefieHHE), — 3TO CKDeIMBAHNE B CEIEKIHA ocobeli, HMeIIUX
Gamakylo crenens pogcTsa (6paT — cecTpa, OTeIl — 109b, MATh — CBIH). Uubpuguar
OCYIIEeCTBIAT JJIS IIePeBOJa I'eHOB B TOMOSHIOTHOE COCTOSHHME H CTAOMIH3AINH
IPH3HAKOB COPTA MJH IOPOABI. ¥ CaMOONBLIAIINMXCA DACTeHUi (nImeHWIA, SI-
MeHBb, TOPOX M /D.) HHOPUAUHI — OOBIYHOE fABJIEHHe. Y TepPeKpPECTHOOMBLIAEMbIX
PAaCTeHHH W JKUBOTHBIX JJIHTENbHBIN HHODUAMHT MOMKET IPHBECTH K CHUMKEHMIO
HU3HECIOCOOHOCTH, BO3HHKHOBEHHMIO aHOMAJIUH, YDPOACTB M [aKe IUbesu YacTH
noToMcTBa. IIpHYMHA 3TOro ABJIEHHA — [ePexo/ PelecCHBHBIX JeTaIbHBIX 'eHOB,
& TaKie I'eHOB, CHHIKAIIIMX KHBHECIOCOOHOCTL, B TOMO3UTOTHOE COCTOAHME C
(eHOTHINYECKHM IPOABJIEHHEM Y GIH3KOPOACTBEHHBIX TOMOBUIOT BPEAHEIX peiec-
CHBHBIX Myrauuii. Hanpumep, npu caMOONbLIEHUH KYKYDY3hl B IIOTOMCTBE OJHOTO
MAaTepPHHCKOr0 pacTeHHsA HabniogaeTcAa MOCTEIEHHOE CHUIKEeHHEe HHTeHCHBHOCTH
pocTa, IJIOJOBUTOCTH, BOSHHKHOBEHHE Pa3IHYHEIX ypoucTs (puc. 255).

Tax KakK uH6penHme 0(!06]/1 CTaAHOBATCA IPOMO3SHITOTHBIMU M II0 HOpPMAaJbHBIM
reHaM, B TOM YHcCJe H 00yCIOBIMBAIOIINM XO03SHCTBEHHO IeHHbIe NIPH3HAKH, OHH
YCTOWYMBO NepefaloT WX NMOTOMCTBY. IlonydyeHHOe B peaysibTaTe MHGDUAMHTA TI0-
TOMCTBO Ha3BIBAIOT UHOPedHOU aurueil. OHO ABIAETCA TOMO3UIOTHLIM TIO BOJIBIIIH-
CTBY MeHOB U He JA€T pacCllelsIeHHA IPU3HAKOB B OKOoNeHuAX, VHOpe HbIe TUHIH
MCIIONIB3YIOT B JalibHEWIIeM B CEeNeKIMOHHOI paGore mis CKPEelIUBaHHAA C IIeJILIO
DOJIy9eHHs MeTepPO3UroT, KOTOPLIe OTIMYAIOTCA OT MOMOBHTIOTHBIX DPOAUTEILCKHX
(opm Goapleil KH3HECTIOCOOHOCTHIO H NIPOAYKTUBHOCTHIO.
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Puc. 255. HeraTusHble II0CAEACTBHA HHOPHAMHIA ¥ KYKYPY3bL:
1 — ucxonHBIH MepeKPECTHOONBLIAEMEIH copT; 2—&8 — pacTeHusA NOCAeAYIOMIUX IMOKOJIe-
HUH, MOJVYeHHBIe TYTEM IIPUHYIATENBHOTO CAMOONBIICHU A

HepoacTBeHHOE CKpeIIMBAHME, WX ayTOpHIHHT (0T aHIJL. out — BHe H breeding —
pasBelleHWe), — CKpPeIHBAHHE HePOJCTBeHHBIX ocobeil 0JHOTrO BUJA, T. €. He HMelo-
mMmuX 06IIUX NpeAKos B Gamxaimux 4—6 noxoneEnax. B ¢BA3M ¢ TeM 4TO ¢ yMeHbB-
[IeHHeM CTeIleHH POJCTBA Me:KJY CKPeIlUBAEMBEIMH OPTaHM3MaMH YBelIUYUBaeTCA
BEPOATHOCTL HAJWUYMA Y HUX PA3HBIX ajulesell FeHOB, ayTOPUANHT UCHOJIL3YIOT AJIA
HOBBIIEHHA WIH COXPaHEHHS OIpeleJéHHOH CTemeHH IeTepPO3UIOTHOCTH ocobeii.
ITo MHOrMM IapaMeTpaM, B TOM 4YKCje U XO03AHCTBEHHO I€HHBIM, I'€TeDO3UTOTHI
YacTO NPEBOCXOAAT rOMO3HIOTHEIe ocobu. BpenHble perecCuBHBIE MyTalliH B 3TOM
caydae mepexoiAaT B reTePO3UTrOTHOE COCTOSHHE, YTO CIOCODCTBYeT OBLIIEHHIO KH3-
HecrocOGHOCTH ¥ IPOLYKTHBHOCTH moToMcTsa. Hampumep, CKpelllMBaHHEM CBUHEH
noponsl Kpynuasa Genas, BeiBefenHol B AHraum B XIX B., ¢ ADYIHMH IOPOJaMHu
[OJIYUAlOT MOTOMCTBO, OTJUYAIOIIeecs BBICOKOH KH3HECIOCOOHOCTBIO M XOpPOLIen
IpUcIocadInBAEMOCThI0 K YCJIOBHUAM Cpe/bl.

TeTeposuc M ero npuuuHBL. [IpeBOCXOACTBO THOPHI0B IO PAAY OPUBHAKOB
¥ CBOMCTB [0 CPABHEHHIO C POAUTEILCKAMU (JOPMAMH HABLIBAIOT 2emeposucom (0T rped.
heteroiosis — U3MeHeHHUe, IpeBpallleHue) WK 2uOPUIHOU CULOlL.

BrepBhie ABIeHUe rereposnca onucays B 1760 r. HeMenkuii 60TaHUK 1. Kens-
pétiTep. IlonyyeHHBIH UM IEODH/J MAXOPKH H MeTeJLYATOro Tabaka IPeBOCXOJHII
poauTenbcKHe (GDOPMBI pa3sMepoM, OTIHYAJICA Golee HHTEHCHBHEIM POCTOM M O0HJIB-
HBIM IBeTeHHeM. SIBjeHme rereposuca umaydan u 4. JlapBuH, KOTOPbIil 060011
naHHBIE O THOPUAHON cuie B pabore «JleficTBHe MePeKPECTHOIO ONBLIEHHA U
CaMOOIBLIeHNsA B pacTuTenbHoM mupe» (1876). Cam TepMHH «reTeposuc» BBEN B
HayKy aMepHKaHCKHi regetux x. Ilenx B 1914 r.
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CyuiecTByIOT ZiBe OCHOBHEIE I'MIIOTe3hl MeXaHH3Ma reTepoauca. CoryacHo mep-
BOH M3 HUX — zunomese 0OMUHUPOBAHUA — TeHHI, BJIATONPUATHO NEHACTBYIOIIHE
Ha OPraHu3M, CTAHOBATCA IPH reTepo3HCe JOMUHAHTHBIMH, & HeOJIaronmpuATHBIE
TeHbl — DPEeLECCHBHBIMMH:

P AAbBCCdd X aaBBeeDD
F AaBbCcDd

%

CrenosaTenbHO, reTeposuc 00bsACHARTCSA NeficTBHEM 6IaroNpHATHBIX JOMAHAHT-
HBIX I'eHOB., JTO IPUBOIUT K CIeIYIOIMMM d(dpeKTan:

1) nopaBneHMIO BPEIHOTO JeHCTBHSA PEIeCCHBHEIX ajieiei, Aa > aa;

2) cyMMHpYIOLIEMY BINSHHWIO HeaTelbHBIX IOMIHAHTHBIX reHoB, A + B+ C >
>A+B,A+C,B+C>A,B,C;

3) KOMIIEMEHTAPHOMY B3aMMOAEHCTBUIO pANa HeaJeIbHBIX NOMHUHAHTHBIX
resos, A & B > A + B.

Bropas runoTesa rereposmca — zunomesa céepxdoMUHUPOEAHUS — OCHOBAHA
Ha CTUMYJIMPYIOU[EM AeHCTBUM TeTePO3UTOTHOCTH HA DA3BHTHE NPH3HAKOB Y I'MO-
punos, AA < Aa > aa.

O6e runoTess!, 00BACHAIONME MEXAHU3M reTepo3uca Y THOPHAOB, He HCKITI0UAIOT
OHA IPYTYIO, 8 Ha3bIBaAeMble HMH IPHYHHEI MOTYT AeHCTBOBATH IPH CKPEeIIHBAHUN
OxHOBpeMeHHO. I'eTeposnc pacTeHHI M KMBOTHBIX HCIOJIL3YIOT JJIS IIOBBIIIEHHSA
VPOKaWHOCTH H OPOAYKTHBHOCTH COPTOB H NOPOA. K COMXANeHHIO, B MOKOJEHHAX
reTepo3uC 3aTYXa€eT, TAK KaK y THOPHAOB NPOMCXOAHT DACIIeNJIeHUe TPHU3HAKOR.
Iloaromy ogHOM M3 HepemEHHBIX TPoGJIeM COBPEMEHHOM CENIeKIHH OCTASTCS 3a-
KpenjieHue reTeposnca B pAay HoKoJeHuil. B KauecTBe BOBMOMKHBIX IIOAXOLOB K €6
PelleHHI0 pacCMaTPHUBAIOT UCIOJb30BaAHNE BereTATUBHOIO PASMHOMEHNS FeTeposHc-
HBIX (DOPM OPraHH3MOB, NOIUIUIONAHWH M [IaPTEHOreHe3a.

T'ereposuc B pacrennesoncree. I'eTeposuc MoKeT KacaThes PA3IHYHEIX IPH3HA-
KOB opranusma. Hanpumep, y pacTeHHil BEIIENAIOT CIAYIONIHE THIILI FeTepO3MCa:
1) penpoayK THBHEII reTepOSHC, KOTOPHIA BHIPAXKAETCA B IOBBIINEHAN YPOKANHOCTH
ILTIOZIOB M CeMsH; 2) coMaTHUeCKHil reTeposnc, 00eceunBAIOIIMET MOITHOS PA3BUTIE
BEreTATHBHOI MACCHI pacTeHuii; 3) IpHCIOCOOUTETLHEIH reTeposuc, IPOSBIAINIIHHCH
B YBeTHYEHHH 00IIeH »HU3HeCIoCOOHOCTH IHOPUAHBIX ocobeil.

Bce rereposucusie pacrenns o6aaaaioT nOBBIIeHHOH (B 2—3 pasa) ypoxaiino-
CTBIO II0 CDABHEHHIO ¢ OOLIYHBEIMHE copramu. Tak, reTreposucHble HOPHUALI OTYPIOB
HAYMHAIOT IJIOJOHOCUTh Ha 10—12 nHel paHbille W IPEBOCXOAAT IO ypoxxkaifHOCTH
ucxonHele popureiasckue copra Ha 40—50 % . Kpome Toro, rereposncHsle pacTeHUA
YCTOMYMBEL K GONE3HAM, uTO O6GJerdaer MX BhIDAIIWBAHWE, CHUIKAET 3aTPATHI HA
cpencTBa 60pe0BI C BPeIUTENSAMY U COPHAKAMH.

Kax nomyuaror reTeposucHsie pacterna? PaccMoTpuM B KauecTse IpHMepa ceJieK-
OHI0 KYKYPY3bl. PacTeHnsa HCXO0LHOIO cOpTa OABEpPranT 5—6-KpaTHOMY HHODH/IIH-
Ty, B pe3yJbTaTe 4ero BEIBOJAAT HECKOIBKO HHOPEIHBIX JIHHHH, KOTOPLIE 3aTeM CKpe-
IMUBAKOT M MOJIYYAI0T IPOCTHIE U JBOHHBIE MeKINHeHHEIe THOPHIBI, OTIMYAIOIIHEeCH
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BLICOKOH IPOAYKTHBHOCTBIO (puc. 256).
Hassauus npocmoil u 060iHOIL MeHcU-
HellHble 2u0pudbl ABIAIOTCA YCIOBHBIMH,
B3ATBEIMH H3 IIPAKTHKH CEMEHOBOJCTBA,
¥ OTPasKAl0T YHCJIO BXONAMHX B COCTAB
reTepo3NCHEIX THOPHUIOB HHOPEIHEIX JIH-
guii. J[BoliHbLIe MeXKJIHHEIHbIe THOPHILI
OJYYalT B JBa aTama: 1) ckpemuBas
yeTsIpe HHOpeaHble JuauH (4, B, C, D),
[OJY4YarT ABA IIPOCTHIX MeXJIHHEHHBIX
rubpuga (A- B u C - D); 2) ckpemuBas
JlBA MPOCTHIX ME:KJAHEHHBIX rubpuzga
(A-Bu C- D), monydaroT OfHH JBOHHOH
MexIHHeHHbIH rudpug AB - CD.
[loBBrimeHHE YPOMKANHOCTH TeTepo-
sucHBIX pacrenuit Ha 20—30 % mo cpas-
HEeHHIO ¢ HCXOJHBIM COPTOM OIIPaB/bIBAET
Puc. 256. [{poiinas mesxanHeiiHaA IIpeBAPUTEIbHEIE 3aTPATEL B CEJIEKIIMOH-
rubpuAM3anus KyKyPY3sbl Ho#i paboTe 1o co3naHUI WHOpeXHBIX
JIMHWA ¥ OPOBeJeHHI0 THODHAN3AINH.
TeTepo3nuc B ;KHBOTHOBOICTBE. B }KMBOTHOBOACTBE I'eTePO3UC MPOSABIAETCA IJIaB-
HBEIM 00pa30oM IIPH MeKIIOPOIHOM CKpelnuBanuu. Hanpumep, Ipu oceMeHEHUN KOPOB
MOJIOYHBIX M MACO-MOJIOYHEIX IIOPOJ CIIEPMOii OBIKOB MACHBLIX IIOPOJ IOJYYaloT MO~
TOMCTBO, Y KOTOPOT'O ITOBEIIIAETCA MACHAS [IPOAYKTHBHOCTD M yIy4IlaeTcA Ka4yecTBO
wmsca. Haubonpmmil atdeKT reTeposuc JaéT B NIPOMBINIJIEHHOM NTHIeBoACTBe. Tax,
OMeCH HEPBOTO MOKOJEHHS Kyp PAsJWdYHBIX AHAIEeHOCKHX nopof faioT Ha 25—30
A1l B rof (Ha OAHY KyPHIy-HECYIIKY) D0OabIIe, 9eM MCXOJHbIe IIOPOJARI, H XapaKTe-
PH3YIOTCA BBICOKOM jKU3HecnocobHoceThI0. SIBIeEne reTepo3nuca HCIOIB3YIOT TaKkKe
JUIA ToJyYeHHs OpOoiliepOB — MSACHBIX IBINJIAT, OTIUYAKIIAXCA HHTEHCHBHBIM
pPOCTOM, CKOPOCIIEJIOCTEI0, HU3KUMHU 3aTPaTaMHi KOPM4, & TaK/Ke HeKHBIM U COYHBIM
msicoM. JIJisi IPOMBBOICTBA GPOIIEepPHOro MACA UCIOIbL3YIOT TBOHHOH MeKIMHEHHbLH
HOPUAHEIH MOJOJHAK OT CKDEIUBAHHA MSACHBIX JHHHHE Kyp mopox Kopuumr (oT-
moBcKaa Gopma) u Bennlil mauMyTpok (MarepuHcKas ¢opma).
B npaxTH4YecKOM »XHBOTHOBOJCTBE U3/IaBHA MCIOJIB3YIOT IeTePO3UC, BOBHHKAIO-
MUl y MeXBHUIOBHIX M MeXPOAOBBIX rubpuzos. Takue npuMepsl CKPeIqUBaHUA
OyayT paccMOTPEHBI B CJAeAyIomeM naparpade.

Buympuseudosaa zubpudusayus; ckpeujueanue: 6auzxopodcmeennoe (UHOpuU-
dunz ), Hepodcmeennoe (aymbpudunz ); unbpednas aunus; zemeposuc (zubpud-
HAA CUNG); 2UnOmMe3vl 2emepo3uca: GOMUHUPOBAHUR, C8EPXOOMUHUDOBAHUA;
MexcauHelHble 2ubpudsl: npocmoil, 60UHOLL.
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Bonpocekl u 3apanua

1. B 4ém cywHocTb rubpuanaaummn? Yo aenserca UCxoaHLIM MaTepuanom ans rubpuau-

3aunn? Npueeaute COOTBETCTBYIOWIME NPUMEPDI.

2. Yro Takoe BHYTpUBMAOBAs rubpuansauma? Kakue eé ¢gopmMbl UCMONL3YIOT B cenekumm?

MNpuBeavTe NpUMepsl OPraHM3MoB, NOYYEHHbIX BHYTPUBUOOBOW rMBpuansaLmer.

3. 4rto Takoe MHEpMAUHr? OBLACHWUTE SIBNEHWE CHUXEHMSA XW3HEeCNOCOBHOCTU NOTOMKOB
npv UHBpMAMHre. C Kakoi Lenbio B Cenekumi NpoM3BoasaT MHEpuanHr? OxapakTepuayiiTte
reHeTU4ecKue KayecTsa MHOPeOHbIX TNHWIA.

. Yro Takoe ayTOpmanHr? C Kakoil Lenbio ero NpUMeHsIoT B Cenekumm?

Hro Takoe retepoanc? Kakosbl NPUYMHEI €ro BO3HUKHOBEHMA? MoYeMy retTeposunc npo-

ABIAGTCA B OCHOBHOM Y NOTOMKOB nokonexus F 7 OteeT obocHyiiTe.

OnuwuTe NpYMepsl NCMOJIE30BaHUS reTEePO3Nca B PACTEHMEBOACTBE. Kak nonyyaloT npo-

CTbIE U ABOWHbIE MEXNMHEeHbIe rMBPUabl KYNLTYPHBIX PacTeHnid? MpuseouTte NpUMEpSL.

. [lNpuseante npumepsl MCNOML30BAHWA METEPO3MCA B XUBOTHOBOACTBEE.

N o oa

§70. OrpanénHas rubpuansauus

) PaccmoTpute puc. 257—260. Kakue npuaHaku CO4eTaloTcs y ruépuaos npwm
- CKPEeLUMBaHUKN ABYX Pa3NU4aloLLMXCa POAUTENLCKUX GOPM?

Omdanénnan zubpudusayus 3aKJIOYaeTCs B CKPEIIUBAHUM OPraHM3MOB, [IDH-
HaJIe alux K PasHEIM BHIAM H DOJaM, U UCIIOTB3YeTCA KAK CEeNeKIUOHHBIN IpH-
€M, KOTOPBIH I03BOJIAET 06'beIMHUTE B rU6pHie X03aICTBEHHO IeHHEIe IPU3HAKHY,
OpUcyllne MOPO3HE POAUTENBCKHMM (hopmaM. B cemexnum pacrenuit oTAanéHuyIO
ru0pUAN3anI0 TPAMEeHAIOT Yallle, 9eM B CeJeKIHH XMBOTHHIX. [IpHYMHA 3TOrO B
TOM, YTO 00pasyromueca MeXBUIOBLIE H MeKPOIOBLIEe MHODPHIBI JKHBOTHBIX, KaK
OPaBUIO, OECIJIOAHEI, Y HAX IPDH CO3PEBAHUH IIOJOBHIX KJETOK HapyIIeH Melos.
Omrakxo HexoTOpbie THOPHAHBIE PACTEHHA CIIOCOGHBI JABATE IIOTOMCTBO npu Bere-
TATUBHOM Da3MHOMKEHHH, a JKUBOTHBIE — [PH [IapTeHOreHe3e.

ITpeononenne Gecnnogusa ruGpumos. I'eorpaduueckas U30TANNA pacTeHH u
CUBOTHBIX PasHbIX BHJOB M DPOJIOB, HECOBMECTHMOCTE [IOJIOBBIX MPOAYKTOB MYJK-
CKHX M JKeHCKHUX 0co0eil u Apyrue IPHYUHEI ABIAIOTCA CEePhE3HEIMU IPEIATCTEHA-
MH JJs OTAANEHHOH rudpuausanun. B Tex cayyasx, KOTmna SHIEKJIeTKa BCE-TAKH
OILIOIOTBOPAETCA M HAYHHAETCA (POPMHPOBaHIE THOPHUAHOIO 3aPOABIINA, OH MOMKET
DOTHOHYTE Ha TOH HJIM MHOH cTagnmu sMOPHOHAILHOTO PASBHUTHA U3-3a HapylLIeHua
CBASH C MaTePHHCKHUM opranusMomM. Ecnm e, HecMOoTps HA BCe 3TH NPeNATCTBUA,
Pa3BUTHe 3apOJBINIA BCE-TAKM MPOMCXOAMT, TO 00pPA30BABIIHECH TMOPHALI HMEIOT
O4YeHb HH3KYI0 ILTOJIOBUTOCTh, & Yallle BCero ODeCIJIONHEL.

Cnoocob npeogoneHus GecHIoZHA Me:KBUIOBHIX rubpHUa0B TPEAJOMKUI B
1927 r. pycckuii remerux I'eopruii [IMurpuesny Kapnedenko (1899—1942).
Hcnoneays uuroreHeTHYECKHi METOJ IIPH CKPEIHBAHUHM PENbKH C KaIycToii, oH
O0HADYKMI, 4TO Geclioaue 06pasyoIUXcad THOPHULIOB CBA3AHO C HeIpaBUJILHBIM
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gR+9B

Puc. 257. PejleuHo-KanyCTHBIA THOPH]
(padanobpaccuka)

pacxo/JeHHeM XDPOMOCOM BO BpeMsA
Meitoza. OGa 3T BHJa KPECTOIIBETHEIX
pacTeHHH HMeloT (B AMNJOMIHOM Ha-
6ope) mo 18 xpomocoM, CIeAOBaTEIbHO,
uxX rameTsl HecyT mo 9 xpomocom. Ho
y rubpHja «pejedHbie» U «KaIlyCTHBIE»
XPOMOCOMEI B Meiio3e He KOHBIOTHPOBAIH
IPYT ¢ APYr'oM, IO3TOMY ceMeHa He obpa-
soBeiBasuchk. I'. [I. Kapneuerko yaBomiI
YHCI0 XPOMOCOM ¥ rHOpHAa. DTO CO3a0
BO3MOKHOCTH [[JIA HOPMAJILHOIO Meitoza,
TaK KAaK KarxJas XpoMOcoMa uMena [apy.
«Peeynbie» XPOMOCOMBI KOHBIOIMPOBA-
JIM ¢ «peledYHBIMH», 4 «KAIyCTHBIe» —
¢ «xkanycTHeIMH». Kaxknaa ramMera Hecsa
[IOZ OJHOMY I'alLIOHJHOMY Ha00py pebKH
u KanyeTsl (9 + 9 = 18). B aurore oxassi-
Basock 36 xpomocom (pue. 257).

Takum 00pa3oM, MOJYUEeHHBIH MeK-
BUAOBOM rubpug cTaJ NJIO0OKOBHTHIM.
T'mbpuj He pacimenyifajcid HA UCXOJHbIE
poauTelbCKHe (DOPMEI, TAK KaK XpOMOCO-
MBI peJbKH M KaIlyCThl BCEr/a OKa3blBa-
nwck BMecTe. OrganéaHas rudpuIn3anus
B COUETAHHH C HCKYCCTBEHHOH ITOJIHILION-
I¥el NMpHUBeJa K BOCCTAHOBJIEHWMIO ILJIO-
noeuTocTH pacrenus. I'. II. Kapnedenko
HA3BAaJI MOJIYIeHHBIH UM rudpun padano-
OpaccuKoii (OT IaT. HA3BAHUN DeJbKH —
Raphanus u kanycersl — Brassica ).

OrnanéHHas THOPHAH3ALHMH B CeJIeK-
IMH pacTreHHii. B pacTeHMeBOACTBE OT-
IAaMEéHHYI0 THOPUAM3AIAI0 BIIePBBIE OCY-
ImecTBHI anramiickuit mperorox T. @op-
yaiing (1717 r.), ckpecTHB Mexay coboi
pasHBIe BHAH FBO3IHK. B Hacrodlmiee

BpeMs yCIeIIHO IPOBOAUTCA KaK rH0pUAN3anHA OPraHM3MOB, OTHOCAIINXCH K pas-
HBIM KYJIBTYPHBLIM BHJAM HJIH POJaM, TaK H CKPelllMBaHNe KYJIbTYDHBIX pacTeHuit
¢ IpefCTABUTENIAMH AMKOpACTYymux BuAoB. OfHa M3 npobieM rubpHAMsanuuM —
mosyueHue rubpUAOB y 000EMONBIX ¥ CAMOONIBLIAIOIIUXCA DACTEHMH: MIIEHUIEI,
KyKypy3bl, TOMaTa, ropoxa u ap. Pemaercsa sra npoGiema mo-passomy. Hanpuwmep,
IS MOJNyYeHHs THOPHAOB KYKYpy3hl HaMeueHHBIe K MUOpDHAM3anun JTUHAM MU
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COpTa BBRICEBAIOT YePeAYyIOIUMHUCA DAJAMH U 32 HECKOJBLKO CYTOK JO I[BETeHHA
BPYUYHYIO YHANAKT METEIKH MYMCKHX I[BETKOB Ha MaTEePHHCKHX pacTeHHUAX.
Y caMOONBIIAIIIUXCH KYJAbTYD, HATIPEMED MINEeHUTIBI, IPUMEHSIIOT KaCTPAIHIo
LUBETKOB (yAalIAI0T THIYHHKN) MaTepHHCKHUX pacTeHnil. KacTpupoBaHHEBIe KOI0CHS
BMeCTe C OTIOBCKMMU LBETYIIIMMH KOJIOCHSIMH, IIOMEIIEHHLIMHU B OYTBLIOUKH C BOZO
M [IOABEIIEHHBIMH Ha CIEIHAJbHBIX KOJbAX, HAKDBIBAKT CIEIUATLHEIMI H30IATO-
paMu. ¥ IJIOAOBBIX PACTEHUN KACTDAIMIO IPOBOAAT 3a 1—3 CYTOK JI0 pacnyCKaHusa
OyronoB. OcTaBleHHbIE EHCKHE IBETKH H30JIUPYIOT MEIMIOYKAMH H3 JIBYX CJIOEB
Mapsu. Yepes 1—3 cyTOK Ha DPBITBIA IIECTHKOB I[BETKOB MaTEePHHCKOTO PacTeHHA
BPYHYHYIO C IOMOIIBI0 MATKHUX KHUCTOYEK HAHOCAT SapaHee cOOPAHHYIO MBLIBILY,
a 3aTeM CHOBA U30JHMPYIOT MEIIOYKAMHU.

Orpanésnyio rubpuamsanuio y pacreHuit IPOBOAAT AJA HMoJNydeHHA (HopMm ¢
LEeHHBIMY YPOXKAUHBIMH Ka4eCTBAMM, YCTOMYMBLIX K 3a60eBAHESM H BpeoUTeJIAM.
OnHNM U3 NOCTHIKeHHH CeleKIInI PacTeHH B 9TOM HAIIDABJIEHUH HABIAETCH OTA-
JE€HHAA TUOPUAMBAIIAA PA3HBIX BHAOB 3€PHOBBIX KYJLTYD.

B 1889 r. memenxkuii cenexnuonep B. Pum Iay TOJNYyYHJI NePBBIH MINeHWYHO-
P:KaHOU rubpuy — TpuTHKAME. COBpeMeHHbIE NIIeHUTHO-PKaHble THOPUIBI XapakK-
TEPU3YIOTCA BBICOKMM COlep)kaHieM Oelka B 3epHe, KDYIHLIM KojgocoM (80—100
3€peH), 3UMOCTOMKOCTEIO M PAHHECHEeIOCThIO. Tpurukage MHUPOKO BEIPAIIMBAIOT
KaK 3ePHOBYIO H KOPDMOBYIO KyJabTypy (puc. 258).

B 30-e rr. XX B. orevecTBenHBIH yuénbii H. B. unun, npuMeHNB oTAATEH-
HYI0 THODHAMSAIHIO, TOJIYIHI OIIeHHYHO-IBIPEHHEBIN I'HOPHU NPU CKPEeNIHBAHNN

Poxb
(Sekale)

Muenunua
(Tritikum)

Ak

Tputukane

Puc. 258. Tlonyyenne nmernyHO-pKAHOTO rubpuza (TpuTuKae)
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WBan BnaguMuposuy
Muuypus (1855—1935)

MIeHunIsl ¢ OeIpeeM. B peayabTaTe 3TOH paboThl OBLIH
BHIBEIEHBI COPTA 3ePHOKOPMOBOIl MHOT'OJIETHEH KYJIb-
Typel CHerupéera, VICTpUHKA, XapaKTePH3YIOIIHeCH
MOBBINIEHHOH 3WMOCTONKOCTBI0 H KPVIIHEIM 3€PHOM C
BEICOKMM COflepxaHueM OerKa-KJIeHKOBUHBI.

OreuecTBenublil cemexnuonep I'. B. IlycroBoiir
NpOBOAMJA CKPEIIUBAHKWE COPTOB TOJCONHEYHMKA C
ronuaaMbypom. Cpeau rubpuaos 6b111 oTOGpans! Gop-
MBI, KOTOpBIE MOCIYKHIM OCHOBOM JIA IOCJIeAYIOIIEro
BLIBeIeHHA HOBBIX COPTOB IIOJCOJTHEYHUKA C HMMYHU-
TeToM K IpHOKOBBEIM 3a00/I€BAHHUAM.

Merons: paborsr H. B. Muuypuua. Beinaonjuiica
pycckuii cenekuuonep Usan BraaiuMuUpOBHUY Mu-
YypHH B peayabTaTe MHOTOJETHeH paboTsl co3pan
IeCATKN MPeBOCXOAHBIX BBICOKOIPOAYKTHBHEIX COPTOB
s16JI0HN, TPYIIH, BHIIHH, CIMEBBI, ATOJHBIX KYJIBTYD,
06BeMHHUB B HUX IleHHBEIE CBOiicTBa
poauTeabCKUX GOPM, B TOM UHCIIE 3UMO-
CTOHKOCThL CEBEPHBIX COPTOB M IpPEKpac-
HbIe BKYCOBBIE KaueCTBa I0KHBIX COPTOB.

B ocHoBe pab6or WM. B. MuuypuHa
JeKalu coueTaHwe IHOpHAH3aNuN, WH-
AUBUIVAIBLHOTO 0TOOPA U BO3/EHCTBHA
VCIOBHAME CDPEIbl HA PA3BHBAIIIHECH
rubpuasl (yOpaBieHue JOMIHEDOBAHHEM,
unam merton menTopa). Ocoboe 3HaUeHUE
K. B. Muuypus npugasai noabopy u
CKpeIMBAHUIO Teorpauyecku yaameH-
HEIX POAUTEIbCKHX (hOpM, He IpoM3pac-
TAIOIIMX B TOM MECTHOCTH, I'Zie OCYyIIecT-
pasisack ruOpuausanusa. Hampumep, Tak
GLLI CO3[AaH IO3THEOCeHHHH cOPT sS0JI0HH
Beanhaép-kuTaiiKa, HOJTYUYeHHBIH B
pesyibTaTe BHYTPHBHIOBOH rubpujam-
3anuy AUKOH KHTAWCKOH AOJOHHM u3
Bocrounoit Cubupu U aMepHKAHCKOTO
copra Benndaépa xénroro (puc. 259).
Ilpu ero co3gaHuu ObLI IIPUMEHEH Me-

Benbhnep-kuTaika mod menmopa (BocuuraTesns). B nepsoiil

(rmépun)

Puc. 259. Ilonyuerne rubpuaHOro cOpTa
a6n0HM Benb(uép-KuTaika

roj IJIOJOHOIIEeHHHA r;{ﬁpn,t[a, JaBuiero
Ha4Yyajg0 HOBOMY COpPTY, OKasajocChb, 4YTO
mo KayecTBY IJI0J0B OH YKJOHAETCHA
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B CTOPOHY AOJOHU-KHTalKH, ob1afaromeil MeJIKHME U KUCJIBIMYA TLIOaME. UTo6bI
H3MEHHTh JajibHeilllee pasBuTHe rHOPH/A B JKeJIaTeJbHYI0 CTOPOHY, B €T0 KPOHY
. B. Muuypun IpHBHI YepeHKH copTa Benbhaépa sxénxroro. Ilox BausHMeM ue-
PeHKOB (JOPMHUPOBaHHE NPU3HAKA IHOPHU/A B IOCAEAYIOLIHME TOABI IOILIO B CTOPOHY
npuobpeTeHud IJIOJaMH BKYCOBBIX KadecTB BesbdJépa :earoro.

B cBoeii pa6ore U. B. MUUypHH IINPOKO IPAMEHAT U OTAAJEHHYIO rubpuguaa-
nuo. HanpuMep, ¢ e€ moMom[bi0 0H MOXYYHI MEKBHIOBEIE U MeKPOJOBEIe THOPHIEI
BHIIHW U 4epPEMYXH, IlepcHKa u abpuKoca, TEPHA M CIHMBHI.

OTpanénnas ruOpHAH3ANMSA B CeJeKIIUH KUBOTHBIX. B CeJIeKI[HH KHBOTHBIX
OTAANEHHYIO THOPHAN3AINIO TPUMEHAIOT 3HAYUTEIBHO Peske, UeM B CeJIeKI[HHN pac-
TeHUii, TaK KaK OTOMCTBO, [OJyYeHHOe OT CKPeIMBAHHUSA KHBOTHBIX PA3HBIX BHIOB,
becnnonno. Ho Me:xBuAOBBIE THOPHIEBI MOTyT 00MaaTh X03AMCTBEHHO TeHHBIMH
npusHakamu. Hanpumep, ¢ 1aBHUX BDeMEH B JKUBOTHOBOJCTBE MOJIYYAKOT FHOPHI
Jomany (KoOsLIbI) ¢ ocsoM (caMiom) — myaa (puc. 260). Ot Jomazgu My HacJIeqyeT
BEJIMYHUHY TeJjla U CIOCOOHOCTE K BEICTPOMY [IBHKEHHIO, 2 0T 0CJIA BRIHOCJIUBOCTD U
HMCKJIIOYHTENbHY0 paboToCIoCOOHOCTE, AeIAIoIie ero He3aMeHUMBIM KaK BLIOUHOE U
TATJIOBOE JKUBOTHOE. [[pyro# rubpus sTux ABYX BHAOB — JIOMIAK (OT CKPELUBAHUA
skepebua ¢ ocIHIlell), HO ero ImOJy4amT peke, TaK KAK OH 3HAYHTEILHO MEJIbue W
crabee, uem Mys. Mynel u nomaku GecIiIofHEl, TOITOMY THODHAA3AIKIO OorpaHu-
THBAIOT TOJBKO MOJyYEHHEM IIOTOMKOB B NOKoieHHH F .

Me:XBHAOBYI0 THOPHANBANHI0 IPHMEHSIOT H npu passeeHHH BepOIIOOOB.
B Cpepneit Asum ycnemso MCHONB3YIOT HAPOB — THODHAOB IIepBOTO MOKOJIEHH S,

Oceén Jlowans

Myn

Puc. 260. IToayuerwe Mmyna — rubpuza ocla u Jomanu
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[OJIy9eHHBIX IIPU CKPeIUBaHUH AByropboro sepbiiona (6akTpuana) ¢ OAHOrOPOBIM
(npomenapom). Hap oranuyaerca KPyIHBIMM pasMepaMH, GOJIbIIoi Maccoil Texa u
passuToil Myckysatypoi. ITo paborocmocobHOCTH OH IPEBOCKOJHT obe HCXOIHBIE
poaurenbckue GopMbl. BajkHoe ImpakTHuYecKoe 3HAUEHHE HMeeT rubpuausanusa
TOHKODPYHHOH OBIIHI MEDMHOC ¢ AUKHUM 6apanoM apxapoM. Ilonyuenabie THOPHABI —
apxapoOMePHHOCH — COUYETAIT B cefe KPEeIKoe TeI0cI0XKeHne 1 NprcnocodIeHHOCTE
K TOPHBIM YCJIOBHAM apxapa ¢ OTIMYHBIMHE KadecTBaMM INEPCTHOTO IOKPOBa MepH-
HOCHEIX OBell. M3BecTHBI MeXBHUI0BbIe THOPHALI U ¥ IPYTHX JKIBOTHEIX, HAIPHMED
XOpbKA M HOPKHU (XOHODPHWK), JbBA M TUIPHIEI (JIUTD), TUrpa ¥ JIBBHIIBI (TUron),
saiina-pycaka u saiina-6enaka (tymax), 6esyru u crepasau (Gecrep) u T. 1L

Omdanénnas zubpudusayus, memod MeHmopa.

Bonpocsl U 3aaaHusa

1. Y7o Takoe oTaanéHHas rubpuanzaums? B ym eé oTnn4mMe OT BHYTPMBUAOBON rnbpuon-
3aummn? OTBET NPOMNNIOCTPUPYHTE COOTBETCTBYIOLMMU NPUMEDPaMU.

2. Ha3osWTe MEXaHU3Mbl, NPENATCTBYIOLME OTAANEHHO rmbpranaauny. Kakosb cnocoBbl
NPEONONEHWNA HECKPELLMBAEMOCTU PasHbiX BUAOB Y PACTEHUI U KUBOTHBIX? OnuwuTte
paGotsi I, [l. KapneyeHko no npeoponexuio 6ecnnoams y ruépuaos?

3. [lpvBeaMTe NPUMEPbl MEXBWAOBOM MBPUAM3aLNN Y KYNETYDHLIX 31aK0B. C kakoW uenbio
YHEHBIE-CeNeKLMOHEPb! NOMY4aioT Takue rubpuas?

4. OnuwuTe OCHOBHLIE MeToabl pabote M. B. MuuypuHa.

5. lMpuBeovTe NpuMepbl MEXBUAOBON rmBpran3aLMn B CENEKLIMWN KNBOTHBIX. ObbAcCHUTE,
fo4YeMy CKpELLMBAHME B 3TOM Clly4ae OrpaHWHMBaloT nokonexvem F..

6. CpaBHWTE Pas3NnyHbIE METOAbLI CENeKUMN PacTEHUI N KUBOTHBIX. 3anonduTe Tabnuuy.

MeToasl celeKIIUA

B kakoii o6acTu celeKIHH

BriBeeHHBIe COPTA M MOPOIBI
NpHMeHAeTC T & P e

Haszsanue mMetrona

7. Wcnonbays matepuan §67—70 v paHHble Tabn. 23, oxapakTepuayiTe OCHOBHbIE [0-
CTVXEHUW CeNekLMK B Hallei cTpaHe.

JononuurensHas nHpopmauns

Tabauua 23
HexoTophle TOCTHKeHHH celeKIHH B PoccHn

VYuéueliii-ceIeKIIA0OHED (OCHOBHBbIC BhIBe/ICHHBIE COPTA M MOPOJBI

Wsau BraguMupoBuy I'pyma Bepe-sumusaa Muuypura, A0710HA Beashaép-kurai-
Muuypus (1855—1935) ka, sumHasa Ilnogoponnas Muuypuna, I'panaTaas pabuna

Magen IarTteneiiMonosua | Osumble nmrennmsl Besocras 1, Aspopa, Kaskas
Jlykpsanrenxo (1901—1973)
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Oxoxyanue maba. 23

Y uéHBII-ceaeKIHOHeD OcHOBHEIE BHIBE/ICHHEIE COPTA M MMOPOJIBI
Aurexrceir ITaBnoBuu fAposasa nmennna CapaToBckas
IMlexypnun (1886—1951)
Bacuanit Hukosnaeruyu Oszumble nmenuns Muporosckaa 808, MupornoBckasa 264,
Pemeciio (1907—1983) Muponosckasn ob6uneiinas
Bacummit CrenaHoBHY Macnuussle nojconrHedHuK lepenosuk, I00uneitubii
ITycrosoiiT (1886—1972)
Huxkonait BacuiseBuyu [menngHO-p:KaHbie (TPUTHKAJE), TIIeHNYIHO-IbIPeiiHbIe TH-
ITunuu (1898—1980) 6pune Cuerupésxa, McTpuHKa
Muxann @PenopoBuyd TMopona ceuHell YkpanHcKada Oenas crenHas, IOpojAa OBel]
HWsanos (1871—1935) Ackanniickas pamMOyJibe

BblBOAbI NO INABE 13

Cenexnus paspabarTsiBaeT IYTH CO3JaHHUA HOBBIX H YJIYUYIIEHUA CYIIECTBYIO-
WX COPTOB KYJBTYPHBIX PACTEHUI, IOPOJA AOMAIIHHX KMBOTHBIX H IITAMMOB
MHKDPOOPTraHU3MOB, 4 TAKIKE CIIOCO0bI M3MEeHEeHHU A UX HACIe[CTBEHHBIX IPU3HAKOB B
HYXHOM /115 YeJIOBEKA HallpaBieHHU. B CBOEM CTAHOBJEHHH H PASBUTHH CeJIEKI[HA
KAaK IIPOLEece U HAYKa IPOILIa TPH ATala: JOMeCTHKAIlNA JUKUX IPeJKOBbIX GopM
KYJIbTYDPHBEIX OPraHW3MOB, IDHMHUTHBHON M KOMOMHAIIMOHHON CeIeKIIHH.

OCHOBHLIMH METOJAMH COBDEMEHHOMH CeJIeKIIUM ABJIAITCA: MCKYCCTBEHHBIH OT-
00p, SKCIepUMEHTANbLHBIN MyTareHnes u rubpuamnsanud. [Ipr sxKcnepuMeHTaIbHOM
MyTareHese IoJy4aiT 0co0H-MyTAHTE], HAIPUMED MOJHILTIOU/E, 001afaioniue X03ai-
CTBEHHO MEeHHBIMU NPU3HAKAMH — MaTePUAaIoM Ajia oTbopa. VcKyccTBeHHEIN 0TOOD
MOKeT OBITH MACCOBLIM M HHAMBHAYAILHLIM, THOPUIU3aTHA — BHYTPHUBHIOBON I
ornanéanoii. [IpH BEYTPHBUI0BOH r’ubpuanu3aluy UCIOAb3yeTCs HHOpuauHr (Gana-
KOpPOJCTBeHHOE CKpPeluBaHue ocobeil) u ayTOpUaUHT (HEPOACTBEHHOE CKPEIlUBaAHNe
ocobeit). Orpanénnas rubpUANSAAsA B IPHPOJE BCTPeYaeTcs KpaiiHe pefKo, HO B HC-
KYCCTBEHHBIX YCIOBHAX CEIEKIIHOHEPAM PAa3IMYHBIMH METOJAMH YAAETCA IIPe0/0JIeTh
HECKPeIMBAeMOCTh BH/IOB U TIOJIYYHATEL MEKBUAOBEIE THOpuasl. CkpeluBaHue ocobei,
OTHOCAIIUXCA K PA3HBIM COPTaM, IIOPOJaM HJIM BHAaM, YACTO IPUBOJHT K Da3BHTHIO
y THOpH/IOB NIepPBOr0 IIOKOJIEHUS SBJIEHHs reTepos3uca, Wik r’HOPHUIHON CHJIBI.

Tembl noknapos, pedeparoe n NPOEKTOB

1. OpeBHue umMBnIM3aLmm n UCTOPUS AOMECTUKALMN.

2. Xneba 4yenoBe4ecTBa (OCHOBHbLIE 3EPHOBLIE KYLTYPbI).

3. TBop4eckas posib NCKYCCTBEHHOrO oTbopa B Cenexkumu.

4. N. B. MniyypyH — BbIAAIOWIWIACH YHEHbLIA-CENEeKUNOHEp.

5. CoBpemMeHHble MeTobl CeNeKUMOoHHOW paboThl.

6. MexcopTogas rubpuaonsaums LeKopaTUBHbIX KYbTYPHBIX PACTEHWIA.

7. MexnopoaHoe CKpelmBaHie akBapuyMHbix pbib (rynnu, Me4eHoCLEeB).
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Mmasa14. BUOTEXHOJIOIMUNA

§71. BuotexHonorusa Kak oTpacsb NPoM3BOACTBA

BcnomHure, kakve OpraHn3mel 1 Buoxmmuueckue npouecchbl 4enoBek NCrnonb3y-
b €T AN\ Nony4eHms NnpoaykKToB NUTaHWA, NPOMBbILIEHHOIO Chipbs M NPOW3BOACTRA
NeKapCTBEHHbIX npenaparos.

\\:

HzyueHHe NpOIECCOB JKH3HEAEATEILHOCTH KJIETKH M OPraHW3Ma, BBIACHEHHE
NPUPOJBI HACJEJCTBEHHOCTH M CIOCO0OB MOJYUYEeHHA UCKYCCTBEHHBIX MYTAIWil
TMOCHYKHJIN OCHOBOH A18 pasBUTHA OuomexHoaozuu (or rped. bios — KH3HB,
techne — HCKYCCTBO W [0g0s — y4YeHHE) — NPHKIAAHOH HAYKH, HCIOJIL3VIOMIEi
OumosiorHyecKHe CHCTEMBI M IPOIECCHl B PA3JNMUYHBEIX 0BJACTAX CEJbCKOTO XO3il-
CTBa, IPOMBIIIJIEHHOCTY U MeAUIMHBI. TepMUH «0HOTEXHOJIOrHA» OBLI HpPEII0oXKeH
B 1917 r. BeHrepckuM uH:xeHepoM Kapiom Dpeku, oJHAKO YeJIOBEK HM3[aBHA
HMCHOJB30BAJ V1A CBOMX HYKJ Pa3JIMYHBIE OMOTeXHOJOTHYeCKHe MIPOIlecchl: XJe-
GomeueHue, KBallleHWe OBOIIEH, IPATOTOBIeHNe Kedupa, cbIpa, BHHA, IHBA H T. II.

OcHoBHBIe HANIPaBIeHHA GHOTeXHOJOrHH. Hauano paspaboTKH HAyIHEIX OCHOB
6uoTeXHOJIOrHH CBA3aHO ¢ HMeHeM (parnysckoro yuésoro Jlvu Ilacrepa, Koro-
peiii B cepeaune XIX B. mcenenoBas cBOMCTBA MHKDOOPraHM3MoB. Tak, BBEIACHASN
IpUYNHY OPOKUCAHUA BHHA, Ilacrep obmapyxkun mukpoopranuam — Mycoderma
aceti, IpeBpamanInuil BHHO B yKcyc. Pekomernganus [TacTepa mpegoTBpamaTh
[I0pYy BHHA IIyTEM ero nporpesaHud B Tedenue 30 MuH npu remneparype 55—60 °C
o[ HasBAHHEM «[acTepH3aluA» IIOJNYYHJA IMHPOKOEe IPUMEeHeHHe B IUINeBOi
MPOMBINIIeHHOCTH. B coBpeMeHHOH GHOTEXHOJOTHH BeAyIllee MEcTO 3aHHMAIOT
fmoxMMHUYEeCKHe DeaKI[HH, OIPOTEeKalllue MoJ AeHcTBHeM HMMOOHIM30BAHHBIX
epmerTOB (9H3MMOB). C X NOMOILIBIO MOJYYAOT Ba)KHeHIIHe KOMIIOHEHTHI AJS
IHUIIeBOH M MeAHIIMHCKOH IPOMBINLJIEHHOCTH. [[pyroe BajkHOe HaIpaBieHHe OHO-
TEeXHOJOTHH — MHKPOOHOIOrHYecKas TeXHOJIOTHA — CBA3aHO C KYJIbTUBHDPOBAHHEM
IMITaMMOB MHKPOOPTaHH3MOB, ILJIECHEBEIX U [POXKKEBLIX 'PUO0B /1A IPOH3BOACTBA
B IPOMBIILIeHHBIX MacmTabax KUCJIOMOJIOYHBIX TMTPOAYKTOB, AHTHOMOTHKOB, BUTA-
MWHOB, CHHTETHYECKHX OeJIKOB M T. II.

Bnarogapa OTKPBITHSAM M yclexXaM MOJEKYJIAPHON OUOJOrMH U TeHeTHKH B
OHOTEeXHOJOTHH CO BTOPOH MOJIOBHHEI XX B. 6YPHO pasBuUBaeTcA OHOMHIKEHEPUHT,
IpeJCTABICHHBIH TPeMsA HAMPaBIeHHAMU: KJI€TOYHON, XPOMOCOMHON ¥ TeHHOH HH-
xeHepHell. Knerounasa uHKeHepHs CBA3aHA C FeHETHYECKHMHM SKCIEPHMEHTAMH C
H30JIHUPOBaHHBIMH KJIETKaMH, 6ﬂaronapa KOTOPBIM MOJY4YalT HOBbIe 'eHOTHIIBI MHO-
TOKJIETOYHBIX OPIaHU3MOB C X03AHCTBEHHO IIeHHBEIMH NpU3HaKaMu. IIpeamocsrikoit
JIIA pa3BHTHA KJIETOYHOH HMH)KEeHEPHHU CTAJA KJIeTOYHAS TeXHOJIOTHS — BHIPAIH-
BaHHE OTJeJbHBIX COMATHYECKHX KJIETOK HA MHTATEJIbHBIX cpefax. XpPoMOCOMHAsA
HHeHepusa ABJdAeTCA OJHHM H3 METOIL0B KOMGHH&HKOHHOﬁ CeJIeKIIMH, TaK KaK
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CBS3aHa C BBIJEJeHHEeM M IepeHOCOM
OTJeJbLHBIX XPOMOCOM C HM3BECTHEIM Ha-
f0pOM I'eHOB B KJIETKH JPYroro Opranus-
Ma, KOTOpble IPHOOPeTal0T B PE3yIbTATe
9TOTO HOBbIE CBOMCTBA. DT0 HAIIpaBICHHE
OUOTEeXHOJOTHHU CBA3AHO C APYIrUM Ha-
IpaBJIeHHeM — TeHHOIl HH)KeHepuel,
HCIIOJBL3YIONIeH 1abopaTOpPHBIE METOAbI
in vitro (8 npobupKe), KOTOPbIE 3aKJIIO-
qalTCHA B [epeHoce TeHOB OT OJHOTO
opragmaMa K apyromy. OmHoit 13 3amad
FeHHOH MH)XEeHePHUH ABJIAETCH CO3JaHWe
faKTepManbHBIX KJIETOK, CIHOCOOHBIX B Pyc. 261. BruopeakTops! IS MCIIO/IB30BAHNS
IPOMBIIIIEHHBIX MacIITabaX CHHTE3UPO- HMMOGHIM30BAHHBIX ()EPMEHTOB

BaTh 3alUTHBIE OEJIKH U TOPMOHEI.

HuxenepHas sp3uMoiorna. Kak BaM y’Ke U3BECTHO, (DePMEHTEL (9H3UMEI) —
BellecTBa GeIKOBOM IPHPOALI, IIOITOMY OHM HEYCTOWYIHBEI IIPH XPaHEHUN U HE MOTYT
GLITH HCIIOIb3OBAHBL B GMOXMMUYECKHX PEAKIMAX MHOTOKPATHO (13-32 TPYAHOCTEI,
CBABAHHBIX C pasjelJeHHeM PeareHToB ¥ NPOAYKTOB peaknunu). PemnTs a1y 1pO-
GIeMBI TEXHOJOTMUYECKOr0 XapaKkTepa M03BoJiAeT IPUMeHeHUe UMMOOUNUI0BAHHbLY
epmenmos, co3LaHAEM KOTOPBIX 3aHHMAIOTCH yYEHBIE, paboraromue B obgacTu
unMceneproil aH3umonozuu (puc. 261).

Hauano ONpUMeHEeHHI0 MMMOOHIN30BAHHBIX (DEPMEHTOB OBLIO MOJIOKEHO B
1916 r., xorga amepukanckue yuénse . Hexwscon u E. 'puddun ancop-
GupoBaNM Ha ADPEBECHOM yIie (epMeHT WHBEPTa3y ¥ NOKAa3aju, 4TO IPH BTOM OH
COXpaHfAEeT CBOIO KATAJUTHYECKYIO AKTHBHOCTE, CaM TepMUH «AMMOOHIH30BaAHHEIC
(epMeHTHI» ObLI BBeISH B HayKy 3HAUHTEJbHO mos:xe, B 1971 r. HWwm craam obo-
3HAUATH JII00bIe OTpPAaHUYEHHA cBOOO/ B! NepeBusKeHusl epMeHTa B IIPOCTPAHCTBE,
rjie IPOTEKAeT OMOXMMUUYECKAA PeaKIus, KOTOpasd JeKUT B OCHOBE IOJYYeHHA
HeoOXoAuMOT0 (PepMEeHTATHBHOTO TIPOAYKTA.

OCHOBHBIE IIPEHMYINECTBa MCIOJIb30BAHMA MMMOOUIM30BAHHBIX (DePMEHTOB
mepej NIPUPOAHBIMYU 3aKJIIYAIOTCA B CIeAyIOmeM:

1) ummoOHUIH30BaHHEBIE (DEPMEHTEI JIETKO OT/AeJMMEI OT PeaKIuOHHOM Cpefkl, YTO

28T BO3BMOJKHOCTH HMCIIOJIB30BATH WX IIOBTOPHO, & TAKKe MONyYaTh YMCTHIHA
(6ez mpuMeceii) IPOAYKT epMeHTaTUBHONE DeaKIinu;

2) depMeHTATHBHBII IIPOLECC C HCIIOMb30BAHMEM UMMOOMIN30BAHHBIX (pepMeH-
TOB MOJKHO TIPOBOJMTH HEIIPEPBIBHO, PEryIHPYA CKOPOCTh KaTaJIn3upyeMou
peaknuy ¥ BBIXOJ KOHEYHOIO IPOAYKTA;

3) mMMOOMIH30BaHHbIE ()ePMEHTE MOKHO MOANMUIUPOBATE, IleJIeHalPABIEHHO
HM3MeHAS UX CBOIMCTBA, HATIPUMED CHENHU(UIHOCTD JeHCTBHS;

4) MOKHO peryImpoBaTh KaTaJlHTHYeCKYI aKTUBHOCTL MMMOOHIM30BAHHBIX
(epMeHTOR IyTEM M3MEeHEeHHA CBOICTB HOCHTEJIA.
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Monekyna
Ancop6buus DIRMGI BKJlIOYEHMe B renb
BoaopopnHeie, snektpoctatuyeckue
CBfi3N

© ©
© O

/

CTpyKTypa noNnMMepHoro rens

Hocutensb

BcTpauBaHmue B MMKpokancyny BiunioyeHue B nunocomy
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Puc. 262. CnocoGbl MMMOBHIHZANUH (DEePMEHTOB
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Hocurenamu nna MMMOGHIH30BAHHEBIX (hepMeHTOB CIy:KaT HEKOTOPhIE OPraHH-
“€CKHe 1 HeopraHudeckue BemecTsa. OHM JOIKHBI HMETh BHICOKYIO XUMHYECKYIO
HPOYHOCTD, OBITH IPOHUIIAEMBIMH /IS (DEPMEHTa U CyGCTPATOB, JIETKO AKTHBUPOBATE-
CH U ABIATHCA NOCTYNHBIMH JJIA MOJYYEHHA B BUJe YIOOGHBIX B TeXHOJOTHUECKOM
OTHOIIEHNU PopM (rpanyn, meMGpaH), HMETH HEBBICOKYIO CTOMMOCTE (puc. 262),
CymmecTeyer mocTaTouno GoNbLITON Halop HocHUTesell, IPUIOTHBIX IS MMMOOHIN-
8anuy GepMeHTOB B GMOTEXHOIOTHUECKHX MPOLLECCax. Paccmorpum BHauame opra-
HUYeCKHe OJNUMePHBIe HOCUTETH (hepMEeHTOR.

OpraEnuecKkre HOCHMTENH HMMOGMIH30BAHHDIX (hepMeHTOB MOTYT BLITH IpH-
POLHOTO HJIM CHHTeTHYECKOrO IPOMCXOXKJAeHHA. CPelr HPHUPOLHBIX MOJIUMEPHBIX
OPTaHMYECKHUX HOCHTENeH DasIHYaloT MOJUCAXapHLHEIE, DeJKOBhIE U JUNOUIHEIE,
4 Cpeau CHHTeTHYeCKHMX — NOJMMETHJIEHOBble, MOJHAMHIHEE H nonuadupHLIe.
Hcnone3oBaEne npupoLHBIX HOTHMEDOR B KAYeCTBe HOCHUTeJIeH 1 HMMOGHIM3A-
IuH 00BACHAETCA UX JOCTYIHOCTBIO M HATHYHEM PeaKIHOHHO-CIIOCOOHBIX (DYHK-
HHMOHAILHEIX IPYIII, JIEPKO BCTYNAIOIIMX B XUMHAYeCKHe peaknun. Hanbosee qacto
AnA UMMOOMIU3anuu PepMEeHTOB NPUMEHAIT TaKHe IPUPOIHBIE IMOJIHMEPKI, KAK
LeNTI03a, JeKCTPAH U arap.

B GuoTexmomOrUy HCIONB3YIOTCA ¥ CHETeTHYECK e IOJIMMepHBIE HOCHTEIH, HA-
[IpEMEp HONyYeHHbIe HA OCHOBE CTHDOJIA, AKPUJIOBOH KHCIOTHI, TOJHBAHUIOBOTO
coupra. B kavecTBe HeopraHWUecKHX HocHTexeH [UIT IMMOOHIH3ANUY (epPMEeHTOB
IPUMEHAIOT MaTePUAJbl U3 CTeKJIa, I/IMHBI, KePAMHKH, CHINKATEH.

CodeTanne yHMKATLHBIX KATATHTUYECKHX CBOHCTE thepMeHTOB ¢ mpeumymIe-
CTBAMH WX MMMOOHJINBAIMH IO3BOIUIIO CO34ATh B BMOTEXHOJIOTHH HOBBI€ IIPOMBIIII-
JIeHHBIE Tpolecchl. BonbmuacTBO M3 HUX npUMeHsOT B MHIIEBOH IPOMBIIIIEHHO-
CTH — HaImpuMep, IPH IPOU3BOJCTBE III0KO30()PYKTOZHBIX CHPOIIOB, MOJIYYeHHH
AHETHYECKOTO Ge3JaKTOZHOrO MOJIOKA, CAXAPOB M3 MOJIOIHOL CBIBOPOTKH, acmapa-
I'MHOBOH, YKCYCHOMH, A6I0YHON KHCIOT W ap.

Buomexnonozus, ummoburuzosannsie pepmermol, UHINCEHEPHAR IHIUMONOZUA,

Bonpocsl 1 3apanua

1. Korpa nossunace 6uoTexHonorus? O6BACHUTE, 4TO NOHUMAKT Nog TEPMUHOM «Buo-
TexHonorus», Kakme npoueccs! SBRSOTCH GUOTEXHONOMMUECKAMU?

2. Has0BWTE OCHOBHbIE HAMNpPaBReHNs COBPEMEeHHOI GUOTexHONOrMW. Kakue HayyHbIe MeToab!
nexart 8 ux ocHoee? MNpuBeauTe NPUMEpPb! MCMNONb30BAHMS 3THX METOL0B,

3. C KaKoii Lenbio B UHXEHEePHON SH3UMONOrMK nony4aT UMMOBUAN30BaHHLIE DEPMEHTEI?
B 4ém ux npeumyuiecteo nepen npUpoaHLIMK depmeHTammu?

4. Kakve BeLEecTsa NpUMEHSIOT B KavyecTse HocuTenen ans pepmMeHTor? B kakux oTpacnsax
NPOMBILLNEHHOCTU UCNONb3YIOT MMMOBUNN30BAHHBIE depmenThI? Kakue npoaykTsl no-
JyHaI0T C NOMOLLBIO MUMMOBUAN30BaHHbIX (hepMeHTOB?
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3 ) Paccmotpute puc. 263—266. Kakue opraHuambl MCMONb3YKOTCH B KA48CTEES
bl 0B6BLEKTOB MMKPOBMONOrMYECKOA TEXHONOrMK?

B macrosmee BpeMs Haubojee 3HAUHTEJIbHBIE NMPAKTUYECKHE JOCTHUIKEHMA
B GHOTEeXHOJOTUH CBABAHEL C MUKPOOUOLOZUHECKOL mexnoaozueii. OHA OCHOBaHA HA
HCKYCCTBEHHOM KYJIbTHBMDOBAHHH CIIEIHAJbHO BEIBEAEHHBIX MTAMMOB MHKpPOOD-
TAHH3MOB JJIf [IPOMBIIIIEHHOrO IOy YeHH s AHTHOHOTHKOB, TOPMOHOB, BUTAMHHOB,
(hepMeHTOB, KOPMOBBEIX 0€JIKOB ¥ T. II.

06BeKTHl MHKPOOHOIOTHIECKOH TeXHOJIOIHH. KieTKH MHKPOOPraHH3MOB, B
mepPBYI0 Ouepelb fakTepHil W OJHOKJETOYHBIX TPUOOB — [POKIKei, IpelcTaBIfA-
1ot coboit yoOHBIE 00BEKTHI JJIA MHKPOOHOIOTHIECKOH TEXHOJOTHH (puec. 263).

Puc. 263. O6beKTE MHKPOOHOIOrHYECKOH TeXHOJIOTHH: 1 — KyJBTYDBI APOMIKETL;
2 — MOIOYHOKHC/BIE GaKTepun; 3 — GoJrapcKas MagodKa, HCHOIb3yeMas JIJIST TPOU3BOM-
erBa Horypra; 4 — KOJIOHHA NeKapCKuX JIpOsKIeit
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ITH OAHOKJETOUHBIE OPraHM3MBbI JKUBYT B DPA3HBIX YCJIOBHAX, OBICTPO pacTyT H
PasMHOMAKTCA, MOryT nepepabarslBaTh PasHOOGDA3HBIE NMPOAYKTEHI, BEI[ECTBA H
MaTepHasibl — MOJIOKO, He(Th, MasyT, yroJb, LEJI0J03Y U Ip.

WHTeHCHBHOMY DasBUTHIO MUKDPOGHOJOTHYECKOH TEXHOJOIHH CIOCOGCTBOBAIO
OTKDBITHE aHTHOMOTHKOB. B 1928 r. anrauiickuil yuénbii Anexcarnep ®neMuHT
O0HAPYHKHII, YTO ILIECHEBHIH I'PUO-IEeHN IIHILT BbIpabaTeIBaeT BEIeCTBO, yOUBAIOIIee
Gomesnersopubie GakTepun (puc. 264). 10 BeriecTBO GBHIIO HA3BAHO HeHUIUIIIN-
HOM, W €ro OTKPBITHE CTAJI0 HAYAJIOM 3DBI AHTHOMOTHKOB B MCTODHH MeIHI[HHEL.
Oxnako mepBelil IITAMM NEHUNIMIIIA OKASAJICHA HEyZ0DHBIM JJIA TIPOMBIIJIEHHOTO
pasBelenudA: rpud pasBUBAJICA Ha MOBEPXHOCTH IUTATETHHON CPEIB U KOJIUIECTBO
BbIJIeIAeMOr0 aHTUOMOTHKA OBLIO HE3HAUMTENLHEIM. Blarogaps cenexkmMonHoil pa-
OoTe, OCHOBaHHOM Ha PAJMAIIMOHHOM MyTareHe3e u HCKYCCTBEHHOM oT6ope, YUEHbIM
YAAJIOCE CO3JaTh IITAMMEI IMEHHIUILTA, TPOAYKTUBHOCTE KOTODEIX YBEIHYHUIACH
B 10 ThIC. pa3 IO CPaBHEHHIO ¢ UCXOXHOH (HOPMOA.

IIpousBoxcTBO GenKa, AMMHOKHCIOT W BUTAMMHOB. BaskHoe HaIpaBJeHHe
MHKDPOGHOIOTHIECKOH TeXHOIOIHU — npouseodcmaeo nuwe60zo u KOpMO06020 DenKd.
[last 9TOT0 MCTIOTB3YIOT OCOGBIE MITAMMEI JPOXKIKeH. B cremuambHbIX ammapaTrax —
0mopeaKTOpPax — OHM PaaJaraioT PACTUTEIbHOE CHIPbE, IIABHEIM obpasoMm cojiomy,
KOTOpasf fABJAETCA OTXOJAOM pacTeHHeBoJcTBa (puc. 265). CKopocTs HAKONIEHHSA
TaKUMHM Apoxixamu Oenka B 100 Teic. pas Bhimme, 4eM y APYIHX OpPraHu3MOB.
C oxmoro kybuueckoro merpa 6uopeakTopa 3a cyTKH moaydawT 30 xr 6enka, garo
S9KBHBAJIEHTHO CYTOYHOMY IpHpocTy 6moMacch! craga ud 100 xopos. Bemok satem
HCIONB3yeTcA KaK OuoaKTHBHAA N00aBKa B KODPMa IIA CeIbCKOXO03AHCTBEHHBIX
KHBOTHBIX! KPYIHOI'O POTATOr0 CKOTA, CBHHEl, Kyp 1 1p.

ITumessre 6enku, TOJTYyYeHHBIE ¢ TOMOIIBIO JPOXKIKeH, TTOCTe IPOOHUTKH CIEen-
47TBHBIMH BEIEeCTBAMH, NPHIAIOIINMHA MM COOTBETCTBYIOIYIO OPMY, BKYC, LBET M

Puc. 264. T'pub-neHUNMII HA TUTATEIBHON cpefe (1) u rubens 6akTepuil oT moxocKy Gyma-
T, IPOIUTAHHON AHTHOHOTHKOM HeHAIUILIHHOM (2)
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Puec. 265. Pasnaras cosoMy, OITaMMBI ADOKIKell HapallMBalOT CBOIO GmoMaccy:
1 — mukpodororpadus, cieraHHas yepes 12 gacos mocse Hadasa IIpouecca;
2 — muxpodoTorpadus, cienansan yepes 48 gacos

3amax, MOT'YT MPUMEHAThCA B MUTAHUU desoBeka., Takum crocoboM yrKe CO3MAHBL
HMCKYCCTBEHHBIE MsCO, MOJIOKO, ChIp, YEDHAA HKpa U APyrue HPOAYKTEHI, KOTOPBIE
MOTYT GBITE DEKOMEH/JOBaHEI JJif MUTAHNSA BereTapHaHIes U nojeii, cTpasarIIux
oxaperneM. IIumessle GeIKH T00ABIAIOT TAKKE B MaJONeHHbIe TPOAYKTEl NHTAHNA
LIS IOBHIIMEHAA B HUX OOIIEro comep:KaHus MUTATEJIbHBIX BEIeCTB U yIyIIIeHHT
AMMHOKHCIOTHOTO cocTaBa. C mOMOIIBI0 KYIABTHBHUPYEMBIX MHKDOOPraHHM3MOB
IIPOMBBOJAT TAKXKe OTAelbHbIe He3aMeHUMble AMHHOKUCIIOTEI, HallpUMep IVIHIWH,
MEeTHOHHH, TH3KMH M BUuraMussl (B,, B,, B,,, C, D). IX UCTIONB3YIOT B KA4YECTBE 6uo-
AKTHBHBEIX T00ABOK K IPOIYKTAM IMTAHUA ¥ CDPEACTB NOBBIMIEHHA YCTOHYMBOCTH
OpraHH3Ma YeJ0BeKa U CeIbCKOXO03AHCTBeHHBIX KMBOTHBIX K PasINM4HBIM zabose-
BAHUAM, 2 TaKiKe C [eJbI0 TPohHIaKTUKH aBHTAMHHO30B.

B HacTosIllee BpeMA NOJIyYeHb! IITAMMBI IPOXIKell u3 poja Candida, ciocobHBIE
CHHTe3MpOBaThL DEJIOK M3 yriIeBoJ0poNnoB HedTH, YTO MO3BOIAET NIPUMEHATD HX JIA
61OJIOTHYECKOI OYMCTKM BOJOEMOB OT NPOMEINIIEHHOIO 3arpA3HEeHHA MasyTOM,
OeH3MHOM H APYTHMH He(@TenpoAyKTaMu.

MuKpPOOHOIOTHYECKAS TEXHOJOTHA B NPOMBIILIeHHOCTH. C yIacTHeM HEKOTOPhIX
MUKPOOPraHH3MOB B FOPHOZOOBIBaOIIell NPOMBINIIEHHOCTH U3 MAJOLEHHBIX DY
VCIIEIIHO M3BIEKAI0T MeTAJLIBl, VIYYIIAIOT Ka4ecTBO OypPBIX M KaMeHHBIX yriem,
MOBHIIIAIOT Hed)TeOTAady ILIACTOB IpH HedTemodbITe.

Emé B XVI B. B Berrpun 118 noay4eHud Meau NOOBITYIO MEIHYIO PYIY Opo-
[IaJay BOZoii. DTOT mpocToH TeXHOJOrMYecKHM mpuéMm craja mpoobpasoM MeTona
6aKmepuanIbHO-XUMUHECK020 8blWeNaYUBAHUAL Memallo8 U3 PYA, B KOTOPOM HC-
[IOJIBBYIOTCA THOHOBblE GAaKTepHM, CIOCODHBIE OKUCIATE Cepy U Cepocozepiallue
coequHeHEHa (puc. 266). OcHOBY mpolecca cocTaBiIfAeT OKHUCIEHHE farkTepuAMHI
cynbQUAOB MeaH, JKene3a, IMHKA, 0JIOBA, KagMUd [0 CyIb(aToB, XOPOIIO PacTBo-
pUMBIX B Boje. [lJa KU3HEAeATeIbHOCTH THOHOBBIX fakTepuit HeOOXOAMMBI KHC-
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nopox, wonel Fe?t, Fe?" u kucnas cpena (pH = 2—3),
YTO AOCTHUTAETCA HACBHIIIEHHEM OTBAJIOB CYIAbGOHIHON
PYABI CIIeNHAIbHO HAaTHETAEMBIM BO3AYXOM, OpOIIle-
HHEM DacTBOPOM, COJAEDIKAIIHM CEePHYI KHCJIOTY H
WOHHI JKeje3a. B TaKHX yCIOBHAX BEIIIEIAYHBAIOITHH
pacTBOp MUABTPYETCA Yepes TOJIIY PYAbl H B Pe3yJib-
TaTe MEKPOOHMOIOTHYECKHX M XHMHUYECKHX IIPOIECCOB
oboraimiaercsa MeTaJJIaMH.

B macrosamee BpeMs TexHOJOTHA OaKTepHabHO-
XMMHYECKOT'0 BbINIEJIAYNBAHNUA METAJLJIOB U3 CYJIb(pua-
HBIX PYyZ ocBoeHa DoJiee ueM Ha 20 ropHOOGOraTUTEb-
HBIX IIPEJIPHATHAX B PA3HBIX CTpaHax mupa. E:Keromnso
TaKHUM CIIOCO00M MOJIYy4alT 0KOJ0 5 % Bceit MHPOBOIL
noberau Mexu. B pAxe cTpaH TaKHM Ke CIIOCOOOM M3-
BJIEKAIOT U3 YPAHCOAEPIKaIeH mopobl YpaH, Heobxo-
AUMBIH A7 TPOMBIIIIEHHOCTIH.

MuxpobuogornyecKas TeXHOJOTUA IPUMeHAeTCS Puc. 266. TuoHOBEIE
U A yOy4IIeHHsa KadecTBa yrueid. Kak Oypele, Taxk baxrepuu
1 KaMeHHBIE YVIJIH Hepeako cogep:xar g0 10—12 %
ceprl. IIpm c:xHramum yriaei oHa mpeBpallaeTcs B CEPHUCTHIN rasd, KOTODPEIA BEI-
OpaceiBaercsa B aTMmocdepy, rge us Hero obpasyercsa cepHas Kucjaota. M3 aTmo-
chephl cepHaA KHCJIOTA BBIIAZAET HA MOBEDXHOCTH 3€MJIH B BHAE CEPHOKMCIOTHBIX
o e, HaHOCAIIMX OFPOMHBIN yiiepd OKPyKaoIel cpee 1 340POBBI0 YeI0BeKa.
TroHOBBIE DAKTEPUHN HCIOIB3YIOT AJA 00£CCEPUBAHUA Yeaell, T. e, YAaJeHua H3 HUX
coelMHEHUU cephl, NPEeACTABIEHHEIX CYJb(UI0M Kenre3a — MIUPUTOM.

MugkpobuosornuecKuii crnocob yaaleHus CePHUCTHIX COeAUHEHHH H3 yriel
NPUHIMIHATEHO HE OTJIHYAETCA OT DAKTEPHAJBHO-XUMHYECKOTO BHIIEIAYNBAHA S
METAJJIOB B3 CyAb(MHUAHBIX PYA. IlepBrie onbiThl, npoBeaéunasle B 1959 r. B mameit
cTpaHe, IO3BOJMIIH C IIOMOIILIO0 THOHOBBIX DAKTepHi yAaIuTh U3 yrieit o 20—30 %
cozep:xameiica B HIX CePhl, TO3JHEe AMEPUKAHCKHE VUEHbIe VBeJIHYUIN 3TOT IOKA-
sarens 1o 50 % . ITo nocnegaum coobmieHusaM, B 1aOOPATOPHBIX YCJIOBHAX yaaérca
CHUBHUTH COJePKaAHNEe CEPHI B yIJie MYyTéM MHKDPOOHOIOTHUECKOT0 BhIIeJIaUYNBAHNA
moutH 4o Hyad. Takoil crnocod sBisercs NMepCIeKTHBHEIM B KauecTBe Ipoduiax-
THYECKOH Mepbl OOpLOLI ¢ 3arpPASHEHMEM OKPYKAIOIIel cpelibl cepocoJep i aiiiMu
COeJHHEeHHAMH. On IIO3BOJIAET IIOBBICHTE TEXHOJOTIHYECKYIO IIeHHOCTHL yrnei‘»’: H OT-
KpBIBAeT BO3MOKHOCTH JJIfl MIOMYTHOTO M3BJIEYEeHHA U3 HHX METAJLIOB.

MuKpoopraHM3Mbl HCIOIB3YIOTCH M IJI8 NOSbluleHUs He(pmeomdayu naacmos
npH Hedrenoberde. B HacToAmee BpeMsa He(Th, KaK H3BECTHO, — OCHOBHOE 3Hepre-
THYECKOe U XHMHYecKoe chipbé. CymecTByiomine B HedTe00bIBAIOIIEH TPOMBIIILIEH-
HOCTH TeXHOJOTHH II03BOJIAIOT U3BJIEKATE TOJBKO MTOJOBUHY HedTH, cofep:Kalieicsa
B MECTOPO:KIeHUAX. B cBARM ¢ sTHM ceiluac BO3pOC HHTEPEC K MOUCKY A((PeKTHBHBIX
¢noco60B BTOPUUHON HOOBIYM He(TH.
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Briepsble NpUMEHATH YIVIEBOZOPOIOKHCIAININE U MeTaHoo0pasyoiue DaKkTeprH
J1A TIOBBIIIEHUS BTOPUYHOH AoOmIuM HebTn npennoxua B 1926 r. aMmepuKaHCKHH
yuénniiit M. Bexkman. Yepes 20 ser B CIITA 6sutH poBe/ieHEI I€PBBIe 1a00PATOPHBIE
HCIOBITAHUA, KOTOPBIE JaJH IIOJIOKHUTEJIbHBIE Pe3VJIbTAThHIL.

HUcnonssosanue Gakrepuil Aias yBeJHUYeHHA He(TEOTZAYH ILIACTOB OCHOBAHO
HA AKTHBAIIAHN HUX TeOXMMHYECKOH [eATeJbHOCTH B He()TAHOH 3anerku, KyJa OHHU
[ONAaJal0T BMECTEe C 3aKAYMBAEMBIMH Uepe3 CKBaKHHbI IOBEDXHOCTHLIMU BOJAMH.
37ech HAUWHAIOT HATH IPOLECCHl YACTHUYHOIO PaspylleHUA He@TH yIIeBOLOPOI-
okucaAIuMy 6akrepusamu. OHH CONPOBOMKIAITCA HAKOIJIEHHEM YIJVIEKHCIOrO
rasa, BOZOPOAA U HH3KOMOJIEKYIAPHBLIX OPraHUUYECKHX KHCJIOT, KOTOpPhIe 3aTeM
MeTaHoOOpasymoomHe 0aAKTepHH IPEBPAIlal0T B METaH. JTH IPOMEcChl IPUBOLAT K
pas;KMKEeHHI0 He()TH M IOBLIIIEHHMIO Nas0BOr0 AABJIEHHA B He()TEHOCHOM ILJacTe,
4TO W BJEYET 3a coboil yBenndeHHe N0OBIYH He(DTH M3 CKBAXKHUHBI.

Muxpobuonozuieckas MexHoL0ZUl, NPOU3BOICME0 NULLEB020 U KOPMOB0O20
Oeara, 0AKMEPUALLHO-XUMULECKOE BbLUELAYUEAHIE MEMAILLO8, O0eccepusanue
yaaell, nogvlulerue Hepmeomoaiu niacmos.

BOﬂpOChI 1 3agaHunuA

1. Ha 4ém ocHoBaHa Mukpobuonoruyeckas TexHonorns?

2. Kakne MUKPOOPraHnamMbl MCMOMb3YIOT A8 NONYYEHWUA KMCNIOMONOYHbIX MPOAYKTOB, KBa-
LeHns kanycTel, xneboneyeHms 1 NpouMasoacTea BuHa?

3. C NoMoLLblO KakKMx MUKPOOPraHW3MOB Nosy4aloT aHTMbuoTnkn?

4. B Kakux 0Tpacnax NpoMbILIEHHOCTW HALNW NPUMEHEHWE TMOHOBLIE, YINEBOA0POAOKNC-
nawwme n metaHoobpasywouwime baktepun? Pacckaxute 0 TEXHONOMMYECKUX npoueccax,
NPOTEKaILMX C X yHacTUeM. Kakoe aTo nmeeT 3HaqeHmne?

§73. KnetoyHasa TexXHONOrMsa U MHXeHepus

5) PaccmoTtpute puc. 267—272. Kakue Buonorudeckme o6bekTbl U Npouecchl
3 NexaT B OCHOBE KJIETOYHOW TEXHONOTUK U UHXeHepun?

KaemouHnoil unieHepueil HA3BIBAIOT IKCIIEDUMEHTEI C H30JIHPOBAHHBIMHI KJIETKA-
MM OPraHH3MOB, KOTOPBIE MO3BOJIAIT KOHCTPYHMPOBATE KIETKH HOBOT'O THIIA IIYTEM
rubpUIUBAIHNA U CIAHSHUA KJIETOYHBIX CTPYKTYD (f7ep, MHTOXOHIPHIH, XJIOPOILIA-
CTOB) AJIA HMOJYYEHHH OPraHH3MOB C 3aJaHHBIMH cBoiicTBaMu. IIpeamochlinkoil K
PaSBUTHIO KIETOUHON WHIKEHEDHH CTaJa KAeMmOYHAA MeXHOA02Us, HCIOIb3YIoIasd
MeTOIbl BEIDAIIMBAHNA KJETOK M TKaHel Ha mUTaTelbHBIX cpepax (in vitro).

MHKPOKJIOHAIBHOE PA3MHOKEHHE pacTeHuil. BeipamuBaHne KJIeTOK U TKaHel
HA NMUTATEJLHBIX Cpejlax MOJYYHJIO Ha3BaHHe Memoda KYyabmypbl KJLemOK U mea-
neit. Ero cosnanue cBA3aHO ¢ paboTaMH aMEPHKAHCKOTO U ()PAHIIY3CKOI'0 YUEHBIX
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@, Vaiira u P. Torpe, nposogusmumucs B Hauane XX B. [lomoxurensHuie pe-
BYJIBTATHI BIEPBLIE GLLIM MOJIyYeHBl Ha MOpPKOBH (puc. 267). Kycouek pacTuress-
HOH TKAHH — SKCILUIAHT — ObLLI BLIJEJeH U3 KOPHeIJofa PacTeHHd U IOMeINéH Ha
OIUTATEeIbHYIO CPeAy, COEPIKAIIYI0 MIHHeDaJIbHbIe COMH, aMUHOKHCIOTEI, TOPMOHEI
u Apyrue HeoOXOOMMEIE JJIA POCTA W PAa3BHUTHA BelllecTBa. B peayibTaTe MHUTO-
THYECKOTO Je/IleHHA 9KCIJIAHT 00pasoBaj OJHOPOAHYI HecHelHaIH3HPOBAHHYIO
KJIETOYHYI0 MAcCy — KAaJIyC, KJITKH KOTOPOro o0Iamany momunomenmHuocmbsio
(ot nar. totus — Ueawslid U potentia — cuja) — CHOCOOHOCTBIO JaBaTh HAYAJO JIIO-
foMy THIY KaeToK. [Ipu pasgenenuu KJIeTOK U J00aBIeHNH B MUTATEIBHYIO Cpely
(PbUTOrOPMOHOB aYKCHHOB ¥ KUHWHOB, 00eCIeYHBAIOIINX POCT ¥ AU((hepeRIHPOBKY
KJIeTOK, OBLIM IMOJyYeHbl HeOoIbIIne 110 Pa3Mepy pPacTeHHA-pereHepPaHThl, TIOX0KHE
HaA IIPOPOCTKH. DTH PACTEHHUS OTMBLIHM OT MHTATEJIBHOH cpefibl M mepecajguayu Ha
moJie, rjieé OHA pa3BHIIHCH B [IOJHOIEHHBIE 9K3€MILIIADBI MOPKOBH.

Takum obpasoM, MeTOJ KYJIbTYPbl KJI€TOK M TKaHeH MO3BOJIAET PASMHOMKHTD
Karxoe-1ubo pacreHre B MCKYCCTBEHHO CO3JaHHBIX YCJIOBHAX, T. €. CO3JaTh €ro KJIOH.
T'1aBHOE MperMMYyINeCTBO MUKPOKJIOHATbHOZ0 PAIMHONCEHUA PACMEHUL TIO CDABHEHHIO
¢ CeMEHHBIM PA3MHOXKEHHEeM COCTOMUT B TOM, YTO C €r0 IOMOIILIO MOXKHO 38 KOPOTKOe
BpeM# MOJNYYHUTEL GOJBINOE YHCJIO TeHeTHYeCKH OJHOPOAHBIX 0cobeil, CIIOCODHBIX K
OBICTPOMY POCTY, 00Jafa0IINX KaJHOPOBAHHBIMM KAauyeCTBAMHU U He 3aPaKEHHBIX
BO30OyauTeIAMHU OosesHeil. B HacTosee BpeMs B HEKOTODBIX €BPOIeHCKHX CTpaHax,
manpumep lonnaagun 1 @PUHISHAWYA, BECh II0CAJOYHEINA MaTepHaJ IOJIy9aioT ¢ I10-
MOIIILIO MeTOoJa KYJIbTYPhI KieToOK M TKaHeil. B Poccun cymecTByIOT THTOMHUKH
MHKPOKJIOHAJILHOI'O PAa3MHOMXEHUA OBOIIHBIX, ILJIOJOBLIX U JeKOPATHBHBIX KYJIBTYD,
B KOTOPBIX MPOHM3BOLAT IIOCALOYHBIN MaTepHas AJA BhIpAIIMBaHHA KapTodens,
TOMATOB, CMOPOZUHEI, A0J0HM, 3€MISAHUKH, P03, TBO3AHK U Jp.

OtneneHve Kneto4Has Paspenexve |@opmuposahue| [onydeHue MNocanka

KopHennog, Kycouka macca KNneTok npopocTKa npopocTka B rpyHT
KopHennoga (kannyc) v gobasneHve (pacteHne-
(akcnnaxTa) HUTOropMOHOB pereHepandT)

@
2
@

—@®— &
moLS ~J
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Puc. 267. MUKDPOKJIOHAIBHOE PA3MHOMEHHE MOPKOBH
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Comaruueckas rubpmanzauusa. FckycersenHoe o6beinHeHNE TENBIX KJIETOK
¢ obpasoBaHWeM IMOPHAHBIX TeHOMOB Ha3bIBAKOT COMAMUueckoll subpudusayueil.
C moMoIs0 MeToNa KJIeTOYHOH TEXHOJOTHM OBLIM CO3AAHBI OTIATSHHBIE THOPHILL
COMaTHYeCKHX KJETOK He TOJLKO PACTeHHH, HO M XHBOTHBIX.

IIyTém comaTudeckoii rubpuan3anuy KJIeTOK KyJIbTypHOro Kaprodens (Solanum
tuberosum) u gukoro (Solanum chacoense) 6LIn BHIBeJeH HOBBIH COPT, OTJIHMYAIO-
muiicsa HeoOBIYAWHON MOIIHOCTRIO KYCTA M YCTOHYMBEIA K pAxy sabonesanuii. Jlas
rubpuAN3aniy HCIOTb30BANUCH IPOTOILIACTE KJIETOK ABYX BHIOB Kaprodend,
JIMIIEHHEBIE KI€TOYHONH CTEHKH M HMEIOIIHe TOJBKO HAPYKHYIO IIa3MaTHUeCKYIO
memOpary. OHH BBIpAIIWBANHChH HA MUTATENBHOH cpeje, Iie W HIPOHCXOLUIO UX
causiHue ¢ obpazoBaHMeM THODPHIHOTO Kajlyca M JajbHeillllee pa3BUTHE M3 HETo
COMAaTHYECKOT0 THOPUIHOTO pacTeHHA. Braromapsa xo3sAHCTBEHHO HEHHBIM IPH-
3HAKAM IONYyYeHHBIH COMaTHYeCKHH IHOpPH] Kaprodens cran saTeM IIMPOKO HC-
[IOJIb30BAThCA B IIPaKTH4YecKo# cemexnuu. IlonoBoi ke rudpus sTHX ABYX BHIOB
Kaprodenda TAKMMU IpU3HaAKaMu He obiamaer (puc. 268).

Wnple 3amaun CTOAT Iepes KIETOYHOH HH)KeHepHeH B OTHOINEHHM paboThl
C JKMBOTHBIMH KJeTKaMu. Hanpumep, BaKHBIM BOIIPOCOM MMMYHOJIOIHH ABIAETCH
peryiasanus KMMYHHOIO OTBeTa OPraHN3Ma Ha KOHKPeTHBIH aHTHreH. Ero pelnenue
IIO3BOJIUT IIPEO/0JIeTh NPOoOIeMEBl TPAHCILIAHTATIMOHHOTO (IpH mepecajke OpPraHoB
1 TKaHel), IPOTHBOONYXO0JIEBOI'0 U IIPOTHBOBUDPYCHOIO MMMyHHUTeTa. PaspaboTka
HanpaBJeHHs KJETOYHON WH){eHEpPHUH, CBA3BAHHOTO C CO3JaHWeM aHTHTEeJ ompeje-
JNEHHOH cIenU(MUYHOCTH, IPUOIMIKAET PEIleHre 3TUX IpobJieM.

s molydyeHHA TaKHX aHTHTENI KOHCTPYHDPYIOT zubpudomst (ot nar. hybrida —
1oMech ¥ 0ma — OINyX0Jb) — THOPUHBIE KJIETKH, 00PA30BAHHBIE U3 IIPOTOILIACTOB
NUMGOIUTOB CEeJIe3EHKH MMMYHU3UPO-
BAHHBIX JKHBOTHEIX H DAaKOBBIX KJie-
TOK. ['HOpHIOMBEI IPOU3BOAAT OJUH BHJL
AHTHUTEN — MOHOKJIOHAAbHbLE AHMUMENA
(cBoiicTBO, XapaKTepHOe A JuMQOIH-
TOB) U cHOCOOHBEI HEOTDAHUHUEHHO pas-
MHOKAaThCA (CBOMCTBO PAKOBBIX KJETOK).
B 1975 r. HeMenKHMHE W aHTJIHIACKUH
yuénsie I'. Kénnep u I[. Munsmreiin
ONHMCANM METOJHKY IOJYYEeHUS MOHO-
KJIOHAJNBHBIX AHTHUTEN OT I'MOPHUAOMEI
B-n1uM@dOUHTOB CeJe3EHKH MBIIIEH H
OIIyXO0JIeBBIX KJIETOK MBIITTHHON IIJIa3mMo-
muromsl (puc. 269). 3a ary pabory oHm

obL1H yaocToeHbl HobeneBekoil npemMum.

1 — popurenbckas opma S. tuberosum;
2 — coMmaTH4ecKuil rubpu; 3 — poauTeNh- B macrosiee BpeMsa IOJTyHeHO Gob-
ckad opMa S. chacoense; 4 — monoBoi moe pasHooOpasne MOHOKJIOHAJIbHBIX
rubpug aETuTen (0T pasHBIX ruGpumom). HUx

Puc. 268. T'ubpuansanus xaprodens:
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HCIOJBE3YIOT B MeAUIHHE [JIA HeHTpadu3aluy THGTEPUHHOro U CTOIOHAYHOrO
TOKCHHOB, 3MEHHBIX AJO0B, AJA pacllo3HaBaHUA AHTHTE] U AaHTHUTEHOB, a TaKKe
6HoMOrMYeCKH aKTHUBHBIX BEINECTB (rOpMOHOB, (hepMEHTOB), HAXOLAIIUXCA B Kpo-
BH, miasmMe d JuMbe. MoHOKJIOHANEEEIE aAHTHTe A 00IaaI0T OIPEeUMYIIECTBOM
nepej KPOBAHBIMU CBIBODOTKAMH, TaK KaK 110 CHEIU(MHUIHOCTH NEHCTBHSA CIYIKAT
ulealbHBIMHA peareHTaMyu Ha KOHKDPeTHEIH aHTHTreH., BBe€HHbIE B OPraHU3M MOHO-
KJIOHaJbHble aHTHUTeNa OJOKHDYIOT AHTUTEHEBI, IIO3TOMY MX IPHMEHSIOT C IebI0

PaHHEeH AUArHOCTHKH OHKOJOTHUECKHX
sabonepanuii. MOHOKJIOHAJLHBIE AHTH-
Tejla CIOCOOHBI HOCTABJIATL K KJIETKAM
ONYXOJIM pAaZUOAKTHBHLIE BellecTBa,
MO3BOJAKIIHE TOYHO O0HADYMHKHUTE eé
MeCTOHAXOK/JeHIEe B OPraHu3Me, a TAKKe
JIeKapCTBeHHBIe IpenapaTsl, obecmedn-
BaloIie paspylleHHe OINYXOJIH.

PexkoHCTPYKUMA ARLEKIETOK M KO-
HMpOBaHMe KHBOTHBIX. B 1952 r. amepn-
Kanckue yyéasle P. Bpurrc u T. Kusnr
paspaboranu MUKDPYPIHYeCKHH Mmemod
mpaHcniahmayuy sdep sMOPUOHATEHBIX
KJIETOK JATYIKH. OCYIIecTBIAIN TaKyIO
TPaHCIJIAHTAIMI0 ¢ MOMOIbI0 MUKDOIIH-
nerku (puc. 270). VuéHbie yeranoBuIN,
4TO ecau OpaTh A4PA U3 KJIeTOK 3apobIIa
Ha cTaguH OJIacTyJIIBl, TO TpuMepHo B 80 %
CIyqasx 3apoAbIIH O1aromoIy9YHO pasBh-
BawTCA U IpeBpamganTca B HOPDMAaJIbHBIX
TOJIOBACTHKOB. PeKOHCTDYUPOBaHHEIE
TAKHM CIOocoO0M AUTIEKJIETKH TaBaIH HA-
4aJi0 HOBOMY IIOJHOTEHHOMY OpraHmu3MYy,
IPUYEM ero IPUBHAKH IIOJHOCTBIO OIIPee-
JISLINCH 'eHAMH, COJIEDIKAIINMUCA B XPO-
MOCOMaX HepecaKeHHBIX B AHIEKJIeTKH
anep (puc. 271).

Peasyabsrarom atux paboT cramo or-
KPBITHE CIIOCOOHOCTH COMATHUECKHUX ANEep
obecrneynBaTh HOPMAJBLHOE PASBATHE fAii-
LIEeKJIETOK B 3apOJbIIn. JKCIEPUMEeHTE
AOKas3aJH, YTO HACJEACTBEHHLIH MaTe-
PHaJI COMATUYECKHUX KJIETOK crmocobeH
COXPaHATHCH IIOTHONEHHEIM B QyHKIIHO-
HAJBHOM OTHOLIEHUH, a Auddepernu-

Mbilb,
WMMYHWU3WpOBaHHas
aHTUreHoM

PakoBas kneTtka

_/

B-numdounThl,
cnuBlIMecs
C pakoBbIMM KNeTkamu

.

MbpuaHbie
KNeTknm — rubpuaomsl

%

Yuctele
MOHOKJIOHa/bHble

KnoHsl rupuaom, P e

npoussogsaline aHTuTena

Pue. 269. ITonyueHne MOHOKJIOHATBLHBIX
aHTHTeN oT rubpugoM



386

faea 14. BMOTEXHONOrMs

Puc. 270. Dranbl TpPAHCIIAHTALAHN AApa
AWIEKJIETKH JATYIIKHA ¢ IOMOIIBI0 MHKDO-
IUOeTKX (CBepXy BHH3)

POBKA KJIETOK SABJISETCH Pe3yJbTATOM aK-
THBHOCTH M OJIOKMPOBKH ONPEJeNEéHHBIX
rexos. MeTogoM TpaHCIJAHTALHUU Anep
COMATHYECKHX KJIETOK B AHNEKJIeTKH 110~
JIy4eHbl KJIOHBI ampubuii, peib, MbImei,
KPOJIMKOB, OBel U JP.

VHUKaJIeH ONBIT IO KJIOHUPOBAHUK
nomameuX osenm. B 1997 r. 6eina ony-
OJIMKOBAHA CTAThA MIOTIAHICKOI0 YUEHOI'0
fAga Yuamyra, B KOTOpO# co00IIaIOCh,
UTO B Pe3yJIbTATE HUCIIOJIB30BAHUA NOHOD-
CKOro AApa KJEeTKH MOJIOYHOH jKese3nl
OBIBI MOpoAbl @UHCKHE JopceT OBIIO
MOJIYYeHO KJIOHATBHOE JKHBOTHOE — OBIA
no kamuke Joanu (puc. 272). B sxcme-
PUMEHTe HCIOJIH30BANHCH HE TOJBKO M-
OpHOHAIbLHEIE KIETKH, HO B GubpobracTel
(KJIeTKH COeJHHHTEIBLHOH TKAHHW) ILIOAA,
a Tak:Ke KJeTKH MOJOYHOMN ’Keje3sl
B3pPOCJIOH OBIBI. Bce TpH THIIA KIETOK
NPHHANJIeKaJIl PA3HEIM IOPOJAaM OBeI] H
HMeJH OAWHAKOBOE YHCJIO XPOMOCOM —
54. JleneHnue KJIETOK BCeX TPEX THIIOB Ha
OIpeeIEHHON CTafUN OCTAHABJIMBAIH H
fAIpa KIETOK OBIBI-JOHODA epecaXnBajn
B OOIIATHI OBIIBI-PEIIUIIAEHTA.

BoasmuHCTBO 9MODHOHOB pa3BHBa-
JIoCh B IePEeBA3AHHOM SHIIeBOJE OBIBI —
«CyppOraTHoil MaTepH», HO HEKOTODBIE
aMOPHOHBI KYJBTHBUPOBAIH in vilro Ha
nurareabHO# cpene. Brixon 6aacTyn B
CEeDHH ONBITOB ¢ KYJIBTYPOH KJIETOK MO-
JT0YHOH eje3bl OB IPHUMEPHO BTpOE
MeHbIIle, 4éM B JBYX ADYITHUX CepUAX,
KOrJa B KadecTBe JOHODPOB Allep MCIIOJIb-
30BaNH KyJAbTYpy (udpobracToB U 3M-
OpHOHAMBHBLIX KJIETOK. YHCJIO KHUBBIX
ATHAT, B CPABHEHHM C YHCIOM O1acTyi,
epecasKeHHBIX B MATKY OBIBI — «CypPpPoO-
raTHOM MaTepu», GBLIO TaKMe B JBa pasa
HHUKe. B cepuM ONBITOB ¢ KJIETKAMH MO-
JIOUHOM sKese3bl U3 277 PeKOHCTPYHUPOBAH-
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HBIX AUIEKJIETOK OBII IOJIYYEH TOJBKO FonoBacTuk
OOWH XKUBOI ATHEHOK, YTO rOBOPUT 00

OYeHb HU3KOH Pe3yJIbTaTHBHOCTH TAKOTO " HeonnonoTeop&HHOE c;_:_)\
poaa sxkcnepumenTos (0,36 % ). OBma mo l AL a=—
kandke Jlonnm pasBUIach M3 PEKOH- j { Kuwka
CTPYHMPOBAHHON AHIEKJIETKH, JOHOPOM ll‘\ ;’K

ol

Aflpa KOTOPO# Oblia KyabrTHUBHpYeMas 8N paspyieqme sapa | Srmanmanse
KJIETKA MOJIOYHOM KeJIe3bI OBI[HI TOPOJIBI ./ Yd-o6nyyeHue

M KNeTku1

Dunckuii gopcer. osum GeHOTUITUYECKHT \ /g Apo
He OTJIMYAaJIach OT OBell 3TOH MOPOAbI, HO BT
CHJIBHO OTJIMYAJIACH OT OBIBI-DEIIUIINEHTA &
nopone! Ilorranackas yepHOMOpAAA. Y anpo

Ecnm pesynbTaThl 9KCIEpUMEHTOB y  MHLELMPOBAHO B AL
YHuIMyTa OKOHYATEJbHO MOATBEDPIATCSH
U OyaeT noBeIeH Ko3(OUIIMEeHT BLIX0a
JKUBBIX KHBOTHBIX, TO 9TO MOXKeT HMETh
PEeBOJIOIIMOHHOE 3HAUEeHHEe OJIA KHUBOT-

HOBOJICTBA. RHOHHDOB&HHE IIO3BOJIUT
He TOJBKO COXPaAHHTH I'€HOTHII IIeHHBIX

i
iy HopmankHas Gnactyna

Bapocnas narylwka
H BBIJAKONIUXCA B IPOH3BOACTBEHHOM
OTHOIIEHUHU CEeJIbCKOX03AHUCTBEHHEIX
JKMBOTHBIX, HO M IIpaKTH4YecKHu Oearpa- Puc. 271. Passurne B3pOCIOH JATYVIIKH
HWYHO UX pasMHOKaTk. Hampumep, ecau 13 PEKOHCTPYHPOBAHHOH AHNEKJIETKH

B3ATh COMATHYECKHE AIpa U3 KJIETOK
KOPOBBI KJlacca 3JINTA-PeKOP[ U IIePeHeCTH UX B 0e3bsagepHBIE AHLEKIETKH 00bIY-
HBEIX KOPOB, TO TeJATA, PASBUBIINECH W3 3APOALINIEH B MATKAX NPUEMHBIX KOPOB-
«BOCITMTATEJbHHUIL», TIOTHOCTHK COXPAHAT IIPUBHAKH SJIHATHOH mopoxasl. Taxmm
criocofoM MOXKHO OYAEeT moaydaTh Ieble CTaja MUBOTHBIX, 0018 IA0MUX NeHOTHIIOM
BBICOKOIIPOJAYKTUBHOMH KOPOBEI.

WUccnenopanusi pasBuTHA KJIETOK MJIEKONHTAIONIMX, B TOM UYHCJe M YelloBeKa,
Ha IHTATeJbHBIX CPeJax NpHUBeNHd K pa3pabdoTKe MeToJa MCKYCCTBEHHOTO OILIOJ0-
TBOPEHUA ANIEKJIeTOK CIIEPMAaTO30HMAaMM in vitro ¢ manbHeimel WMIJIaHTAIIAEH
s3apojeiei B MmaTky. B 1981 r. sneperie B Mupe pogunuck 12 nereit, pasBHBIIHXCA
M3 HCKYCCTBEHHO OILIOJOTBOPEHHBIX AlineKkaeToK. Cefigac 3TOT MeTOZ, HHTEHCHUBHO
pPasBUBaeTCHd, KOJIMYECTBO «TPOOHPOYHBIX» eTel COCTABAAET NECATKH ThICAY, U AJIA
0e3/1eTHBIX CYIPYIKECKHX Iap NCKYCCTBEeHHOE OILIOAOTBOPEeHHE NaéT eJUHCTBEHHYIO
BO3MOYKHOCTE 003aBEeCTHCE COOCTBEHHBIM IIOTOMCTBOM.

Kaemounan unicernepus, KaemovHas MexHoi02usl, Memod KYyabmypsl KIemMoK
U mKaneil, momunomerHm1Hocms, MUKPOKJIOHANbHOE DA3MHONCCHILE PACTEHLL,
comamuieckan subpudusayus, 2ubpudomvl, MOHOKJLOHALLHbLE AHMUMELA, Me-
mod mpaHcnaiaumayuy s0ep, KAIOHUPoGaHue.
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Anpo ¢ HyxHoi JHK

BbiaensioT KNeTky MOJIOYHON Xeneasl
KneTtka
MOMNOYHO Xeneskl @

BHYTPWU \§
ANLIEKNETKN

BelaensioT aiuekneTky

SNeKTPOoLLOK «packpbiBaeT» MemopaHy
KNEeTKU MONOYHON Xenesb

Anpo yaanaioT U3 AUUeKneTkn

MpurotoBnexue ) IS S | A - Rl Tt . =]

3mBpuoH
Yepea
5 mecsiLeB
" poxaaercs
ArHEHOK
OMOpuoH 3MOpuoH
paasuBaeTcs UMMIaHTUPYIOT
in vitro cypporarHoi
marepu
Passutue WmnnaHTaums PoxaeHue knoHa Poct

Puc. 272. Cxema noaydenus oBihl [lommn

Bonpocsbl U 3apaHusa

1. PacckaxuTe 0 MeToAe KyNbTypbl KNeTOK M TKaHen. [ae oH ucnonssyetca?

2. B 4éM NpeuMyLLecTBO MWUKDPOKNOHANLHOIO Pa3MHOXEHUS PACTEHWIA MO CPaBHEHWUIO C
TPaoMUMOHHBIM CEMEHHBIM pasmHoxeHnem? Ucnonb3ys WHTepHeT, BbIICHUTE, Kakue
KyNbTYpbl B HACTOSALLEE BPEMS BbipaLLMBAIOT Takum cnocobom. MpueeanTe Nnpumepsl.
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3. Kak ocyLIecTBRSIOT COMATUYECKYIO rMBpMAN3aLIMI0 pacTeHnin? Kakoeo ed 3HaqYeHue?

4. Y70 Takoe rmbPMOOMBI M MOHOKNOHANLHLIE aHTUTena? [ae u Ana Yero MCnoNbayloTes
MOHOKNOHanbHbIe aHTuTena? MNpueeaute npuMepsi.

5. Kakoeo npakTuyeckoe 3HauyeHWe MeToaa TPaHCNIaHTaumum saep COMaTUYECKUX KNEeTOoK C
nocnenyoLei PeKoOHCTPYKUMER SNLEKNETOK U KNOHMPOBaHWEM 3MBPUOHOB KXMBOTHbLIX?
OueHnTe BO3MOXHbIE NEPCNEKTUBLI 3TOr0 METO/a M8 XUBOTHOBOACTEA.

AononuurensHas nHpopmaymsa

Meron KynbTYpEI KJIETOK M TKAHEH MO3BOJISAET MOJYYATH CIIETMANBHBIE KJIETKH,
KOTODBIE IPUMEHAIOTCA B PeBOJMIOIMOHHBIX METOAHKAX JedeHHs 0oJiesHel udeslOBeKA.
YuéHble BRIIENAT FeHETHYECKHH MaTepuan M3 KIETKH Tejla B3POCJOr0 4eloBeKa M
nepecayKuBalOT €ro B ANIEKIETKY, U3 KOTOPOH IpeABAPUTEILHO yaaneHo aapo. Ilpu co-
GutofleHu M ONpeeTEHHBIX YCIOBHN 3T PEKOHCTPYHPOBAHHAA AHIIEKIETKA PASBUBACTCS
B aMOpuoH. TexHOMOTHMA IOJy4YeHUs KJIOHOB 9MOPHOHOB CXOZHA C TOH, KOTOpas BhLIa
HCIOJIB30BaHA NPH co3gaHuu oBubl [lonnu. Yro paér yenosedecTBY 3Ta TexHOIOTMSA?
OHa no3BOfeT MONMYYUTH TAK HA3HIBAEMEIE CME0L06bLE KJEMKL, KOTOPbIe ABJISIOTCH
po/i0HaYaJbHBIMH KJIETKaMH TKAHEH M OpraHoB H aOCOJIOTHO HIEHTHYHEI KJIETKAM
4ejloBeKa, Y KOTOPOTO ObLI B3AT MCXOJHBIH MeHeTHYECKUH MaTepHal.

Honroe BpeMsi yuéHble IBITATHCH BHIAEIUTH CTBOJOBEIE KJIETKH OMpPEeAeNEHHBIX
rTraHeit. Iro yaanoce numb B 1998 r. CTBONOBBIE KIETKM MOTYT 0DECIEUUTh MeIUKOB
TOJTHOCTBIO COBMECTHMON TPAHCIIAHTAMOHHOM TKAHBI, [lepBOHAUANLHO TIPE/ITIONAra-
€TCA HMIJIAHTHPOBATH KJIETKH B OPraHM3M JIJIs BOCCTAHORJIEHUS Ne()eKTOB, BEISBAHHBIX
DoJsie3HbI0, HAIPUMED B CePAEYHYIO MBIIIIY [OCJTe NepeHecéHHOro mHpapkTa. B oyay-
I0eéM H3 CTBOJIOBBIX KJIETOK IJIAHMPYEeTCA BBIPAIMBATE IOJHOCTHI0 HOPMAJILHbIE TKAHN
u opradbl. Takue SKCIEPUMEHTHI yie BeAYTCS BO MHOI'MX crpaHax mupa. Hampuwmep,
aMepHKaHCKNUe YYEHble HAYYHIINCh «3aCTaB/IATL» KJIETKH MPOM3BONHTE bosee 20 BuI0B
0e/TKOB, KOTODEIE KOHTPOIHPYIOT nuddbepeHIUPORKY PA3JIMYHEIX TKaHei. B pesyibTarTe
9TOTO YAAIOCH MONYYHUTH KIETKH KOCTHOH M SIIHTEIHATBHON TKAHH, BLIPACTHTE MMILJIAH-
TaTHL I/ 3aMEHEI TOBPEA/IEHHBIX YIaCTKOB YIIHONM PAKOBUHEI, HOCA, KOCTEH 1 ap. Beun
najke MPOBEIEH JKCIEPUMEHT, B X0Je KoToporo 12 no6poBobaM, HMEIOIIHM 60bIIe
NOBPeX/eHIA KOCTHOH TKAHW BePXHEeH UeIIOCTH, HAPACTHUIN YTPAadeHHYIO KocTh. Tax
4TO HeAaJéK TOT JeHb, KOTAA NPOTe3WpPOBAHHE CTAHET IIPOLELVDOIi, HCIONB3YIOL el
NOCTHXXEHUA KJIETOYHON TeXHOJIOIMH M HHIKeHepPHH.

§74. XpomocomMHasi U reHHaa UHXeHepus

3 r) BcnomHuTe, Kakoe CTpoeHWe MMeeT NpokapuoTHas kneTka. Kakue eé CTPYKTYpPbI
LA 06ecneynBaloT xpaHeHue W Nepeaady HacnencTBEHHON UHGOopMAaLUMIA?

YuéHble U3NaBHA MEYTAIM I[eJeHATIDABICHHO M3MEHSATH HACIEICTBEHHOCTH
OpraHU3MOB, CO3Z8BATH HOBbIe KOMOMHAIIMM XO03AMCTBEHHO IEHHBIX NPH3HAKOB.
CoBpemenHbIe UCCIE0BATENN IPHOIASHINCEH K OCYIECTBICHHIO 3TOM MeYThI, OBJIA-
/€8 METOJaMH BBLJEJEeHHUA U3 KJIETOK XPOMOCOM, I'€HOB M MX NEpPEHOCA B KJIETHKH
Apyroro opranuama. OcyiecTBiser HogobHbBIE 3KCIEPHMEHTEl XPOMOCOMHAA U T'eH-
Hasd UHIKeHepusa — IepCHeKTUBHbIe HallpaBJIeHUus OMOTeXHOJOTHH.
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XpoMocoMHaA HHKeHepHsa. MaHUNYJISIMHH C HeJbIMH XPOMOCOMAMHM HJIH HX
yJacTKaMU Ha3bIBAIOT XPOMOCOMHOU UHNceHepuell. Eé MeTOIBI Zal0OT BO3MOYKHOCTD
3aMEHHTH OZHY UM 00e rOMOJIOTHYHBIE XPOMOCOMEI Ha JAPYTHE HJIM BBECTH IOIIOJI-
HUTeJIbHBIE XPOMOCOMEI B I'eéHOTHII OPraHM3Ma.

Meron mobaBrIeHHs XPOMOCOM B I'eHOM AeTaJbHO paspaboTaH Ha KYJBTYDPHBIX
samakax. Tak, amoHckuil yuénslil [[. OMapa BHEC OTAeJbHBIE XPOMOCOMBI DM B
XPOMOCOMHBIA HAGOD mieHuIsI. [logydyeHHBIH THOPUA Aajl OPH CAaMOOIBLIEHUH CO-
BEPIIEHHO MHBIE PACTEHNU A, KOTOPbIE OTJINYAJNCH OT INIIeHMUIIBI II0 BBICOTE, TOJIIIHHE
crebas, pasmepy 4 (opme KoaocheB. [IpuBHecCEHHBIE XPOMOCOMEI DKM Jald BO3-
MOYKHOCTD CYILIECTBEHHO NOBBICHUTh 3MMOCTOMKOCTh T'NOPHIHOMA OITeHHIIBI, TPHIATIHA
eil yeTONYMBOCTE K IIOJIEFAHUIO M K 3a00JIeBAHUAM.

T'enHas MHKeHepusa pellaeT 3a/auy lieJIeHANPABJIEHHOI'O CO3JaHUA HOBBIX
KOMOHMHAIME reHEeTHYECKOr0 Marepuana nyTéM j1abopaTOpPHBIX METOAOB in vitro,
KOTOpPBIE MO3BOAAT MAHUNYIWPOBATHL HYKJIEHHOBBIMH KHCJIOTAMH, IE€PEHOCHTH
Hy>KHBIe TeHbl OPTaHU3Ma OJHOTO BHJA B OPraHU3M JApPYroro BHIA.

I'ennas unxenepusa sapoxunacek B Hadase 70-x rr. XX B., KOrja aMepHKaHCKHA
yuénpiii X. KopaHa ucKkyccTBeHHO cuHTe3uporaia reH, a II. Jlo6an u II. Bepr
noayunsau pexomOuHaHTHYI0O Momekyny IITHK, B xoropoi ObLam coefuHeHBl (par-
menTsl [IHK Bupycos u 6akrepun kumeunoi namouku (Escherichia coli). T'ennasn
MHKeHepHUs BO3HHUKJA Ha CTHIKE MOJEKYJIAPHOW OMOJIOrMHM, MHUKDPOOHOIOITHH H
3H3UMOJIOTHH. OTKPBITHS B MOJIEKYJISIPHOH OHOJIOTUY II03BOJIMIN BEIACHUTH CTPYK-
TYpY B ocobeHHOCTH paboThl renoB. MUKpPOGHOIOrUA MOMOIJA HAWTH BEKTODHI
I FeHHO-MHIKEHEepPHBIX pabor — naa3muds. — BHEXPOMOCOMHEIE (PaKTOPHI Ha-
CJIeJCTBEHHOCTH 6AKTEePHil, COCTOAIMe U3 HeOONBIINX KOAbIeBBIX Mosexkya [JTHE
(pnc 273). du3uMoIOorus IIPegOCTABUJIA HCCIeI0OBaATeIAM (DepMeHThI, Ha3blBaeMble
PeCMPUKYUOHHBIMU IHOOHYKIEA3aAMU
WIH pecmpukmasamu (oT nat. restric-
tio — orpaEMYeHHe), KOTOPhIe CIIOCOOHBI
«y3HaABaTh» ONpeJeJIéHHBIE IIOCJIEN0-
BaTenbHOCTH HyKJeoTuxnoB B [[HKE u
paspesaTh MX Tak, 4To0bl Ha KOHIIAX
MOJIEKYJ O0pasoBBIBAJMUCH OJIHOIEIO-
YEUHBIE «XBOCTBI». JTH «XBOCTBI» MOTYT
CHOBA I10 IPHHIMITY KOMILJIeMeHTaPHOCTH
COeJUHATLCA APYT C APYroM, IMO3TOMY
OHH OBLIHM Ha3BaHBI AUNKUMU KOHUAMU.

B rennoil mH)XeHepuu OaKTepHATH-
Hble KJEeTKH C HOBBIM IeHEeTHYeCKHM
MATEPHAJOM CO3Jal0T ¢ IOMOINBIO JMe-
moda pexomburanmubix naasmud. O=
Puc. 273. TlnasMuna B GaKTepHANBHOM BKJIIOUAET HECKOJIBKO II0C/IeI0BATEILHBIX

KJIeTKe 9Tanos (pPIC. 274).
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1. Pecmpurxyus — paspesanune monexyas: JTHK, HAIpHUMEp KJeTKH MJIeKOIIH-
TAOLIEr0, (DepMeHTAMH-PEKCTPHKTA3aMK Ha (PPArMEeHTE] C OLUHAKOBLIMY JIHITKHUMU
KOHIIAMH ¥ HYKHBIM reHoM. Takumu ke (DepMEHTAMH pPaspes3aroT ILIA3MUIHYIO
AHK, nosroMy JuOKHe KOHIBI IIa3MHUABI KOMILIEMEHTAPHBI HYKJEOTHIHEIM II0-
CIIe0BATE/NBPHOCTAM JMIKHX KOHIOB reHa. ['eH MOKHO CHHTE3HPOBATh TAKAKE HCKYC-
CTBEHHBIM IIyTEM C IOMOIIBIO MATPHYHBIX peaknuil. Takoil CMHTe3 OCYII[ECTBIAIOT
€ IOMOIIBIO (hepMeHTa 0OGPATHOM TPAHCKPUIITA3HI, UM peBepTassl (cM. § 45).

2. Jluzuposanue — «BmHMBaHHEe» TeHA C JIUNKUMU KOHIIAMH B NIa3MUIHY IO
AHK ¢ nomompbio epMeHTOB-/INTa3 U MOJTyYeHHe PeKOMOMHAHTHON IIA3MU/IEL.

3. Tpancgopmayus — BBeneHNe PeKOMOHHAHTHOMN IIIa3MHILI B 0aKTepHATBEHYIO
KJIeTKy. [l1s 9TOro Ha KJETKY BO3AeHCTBYIOT BLICOKOI TeMIepaTypoil 1 XJIOPHUCTBEIM
KaJlbIlUeM, 4T0 /iesiaeT eé obosouky npouunaemoit ana [JTHK. BHecéurnas B GaxTte-
PHAIBHYIO KJIETKY DeKOMOMHAHTHAS [IJIA3MHUA HAYHHAET PaboTaTh, U KJIETKA CHH-
Te3UpyeT YyKepoAHbIi Oenox. YacTora monajaHusA IIasMHIBL B KJIETKY HEBBICOKA
(B omHY KIleTKY U3 ThICAYM). PeKoMOHMHAHTHAS IIa3MHUAA B faKTepHaNbLHOH KIeTKe
MHOTOKPaTHO yABaHBAaeTCA, U Yy:KepPOAHBIH T'eH DA3MHOYKAETCH, MPOHUCXOIUT ero
KJIOHHPOBaHHe, T. €. Nepe/lada OT MATEPHMHCKOH KJETKH JOUePHUM HIpH 0eCIoIoM
pasmHOXkeHHH. OT Kax/0# 6aKTepUaIbHOM KIeTKH 00pa3yeTcsa KOJOHUSA, COCTOAIAN
M3 MHJJIMOHOB 0aKTepuil, KOTOPEIE IHOABEPralTCA 0TOOPY — CKPUHUHIY.

4. Crpununz — orbop KoIOHMI GaKkTepuil, comepaINX PEKOMOMHAHTHEIE TIJIa3-
MHIBI C HY)XHBIM FeHOM. [[713 9TOro Bce KOJIOHMH HAKDPLIBAIOT CHEIHATbHBIM (DHIb-
TPOM, K KOTOPOMY OHHM NPUJIHIAIT. 3aTeM QUALTP 00pabaThIBAIOT PAAMOAKTHRHBIM
30HIOM — IIOJIMHYKJIEOTH/JOM, COIEDRAIIMM B CBOEM COCTaBe PalMOAKTHBHBIN
nsoron (ochopa — *P. PaamoakTHBHBI 30HI KOMILIEeMeHTapeH MCKOMOMY TeHy,
IIO3TOMY OH CBSI3BIBAETCHA JIMIIL C TEMH KOJOHHAMH DaKTepHii, Y KOTOPBIX HMEIOT-
cA peKoMOMHAHTHEIe MIa3MUALL. [[s nX oOHapy:xeHUs Ha DUIBTP HAKIAIBIBAIOT
PEHTTEHOBCKYIO ILIEHKY, KOTOPYIO IOTOM IPOABAAIT. 110 MOI0KEeHNIO 3aCBEYeHHBIX
HA IJIEHKEe YYaCcTKOB OTOHPAIOT Te KOJOHUH, KOTOPhIe MOJNYYMIN HYKHBIH TeH.

MeToaoM pexoMOMHAHTHBIX IJIA3MUJ Y9EHBIE CO3MAT IMITAMMBI GaKTepHil,
KOTOpBI€ MCHOJIB3YIOTCA /A IPOU3BOJICTBA B IIPOMBIIILIEHHOM MacIiTabe ropMOHOB
(urCcynuHa, comaToTponnHa), GepMEHTOB, 0eIKOB-HHTePH)EPOHOB, PEryIATOPHBIX
OEenTUA0B U ApP. 3TOT Ke MeTOJ JIEXKHUT B OCHOBE IOJYUYeHUS BAKIIMH A OOpPBOEI ¢
Bupycamu renatuta A u B, repneca, rpunna, GemeHcTsBa H AIIypa.

Cospanme TpaHCreHHBIX OPraHu3MoOB. KJIOHMpOBAHHEIE TEHEI ITYTEM MHKDOMUHD-
KU MOryT OBITh BBeJeHbI B AHIEKJIETKH, & U3 HUX BBIPALNEHHI IleJEle OPraHus-
MBI, T@EHOM KOTODBIX OyJeT cogep:KaTh Uy KepoaHble reHbl. Takue ocobn Ha3bIBAIOT
mparczerhbiMu (OT NaT. trans — CKBO3b, Yeped) MU 2eHeMmuYecku Moou@uuupo-
aHHbIMU OpzaHusmamu (I'MO ).

B 1983 r. ObIIH mosy4eHbl TEPBble TPDAHCTeHHBIE OPraHU3MbI — KYJIBTYDHEIE
pacrerusa tabaka W meTyHbH. ITH PabOTHl NPOBOAMUINCE VIEHBIMH OJHOBDEMEHHO
B Beneruwm, l'epmannu i CIITA. Cefiuac TpaHCTeHHBIe PACTEHHA BHEIPAIIUBAIOTCH HA
CeIBCKOX03AMCTBEHHBIX IJIOMANAX BO MHOTHX cTpaHax mupa (puc. 275).
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[}

Panc XnonyatHuk
5% 1%

Pue. 275. Mupossie ceTbCKOX 088 HCTBEHELIE ILIOIIAMH, 3aHATHIE M0/ BEIPAIIMBAHIE
TPAHCTeHHBIX KYJBTYD: COM, KYKYPY3bl, XJIOMYATHUKA, parca

YuéHble cO31a10T TPAHCTEHHBIE OPTAHH3MBI ¢ LeJBbI0 MPOABIEHUA YV HUX HOBBIX
XO03AHCTREHHO LEHHBIX NPHU3HAKOB. Hamnpumep, npu BeTpamBaHUE reHa 6akTepuu
TIODHHICKOM banunnsl (Bacillus thuringiensis), OTBETCTBEHHOTO 3a BBIpaboOTKY
0-dHIOTOKCHHA, B MEHOTHI KYyJABTYDHOTO KapTodess moJydeHbl TAK HA3LIBAEMbIe
Bt-pacrenus raprodens (0T HasRaHHH BHJIa DAKTePHH), ALOBUThIE IIA PACTUTEID-
HOAAHBIX HACEKOMBIX, HO Ge3BpeHbIe IJIA JPYTHUX MKUBOTHBIX U YeJoBeKa. TaK GuLI
HaiijleH 3(PeKTHBHEIR U 5KOJIOrHYecKH He3onacHbli CI0co0 3aIIHTHI KYJIBTYPHOTO
KapTodes OT ero BpeAuTeN s — KOJOPaJCKOro 3KyKa.

ITosyuensr TpaHCreHHBIE PACTEHHA, YCTOHYMBLIE K repbUOUsaM — 1AM, TpHMe-
HAEMBIM /15 G0pEObL ¢ copHAKaMU. B HacTOsIee BpeMs HMCIOIb30BAHIe repbuIHI0B
COLPKEHO € PAAOM TPYAHOCTEH: YHHBEPCAIbHBIX IPENApATOB He CYIIIecTBYeT, T. e.
KayK/(blil repOUIUA AeCTBYeT Ha Oonpee/IéHHbIe COPHSAKH; repOHIINIbI HAKATLIHBAIOTCH
B IIOBE, 4TO YTHETAET PA3BUTHE KYJIbTYPHBIX PACTeHMIT M HeGe30acHo AT YeI0BeKa.
ITonyuenue repbunugoycTOIUBEIX TPAHCTeHHBIX KYJILTYDP CTAJIO BEIXOJOM M3 CJIOMKHUB-
metica curyauun. Tak, B KJIOTKH Tabaka «BIINIIH» redbl OAKTEPHU CAIBMOHEJLIEL,
obecrevnBaOIUe YCTONUMEOCTE K rnmrgocary — HaubosIee JACTO HCIOIB3YEeMOMY
repbunuay. TpaHcrenHsIi TabaK crar HEBOCTIPUMMYHBBIM K 3TOMY IIPEapary, KpoMe
Toro, cofepskanue rimdocara B MOYBE IIPH BLIPAIMBAHUY TAKON FeHETHUECKH MOIH-
(DHIUPOBAHHONM Ky/JBTYDBI CYIECTBEHHO CHHBHIOCH, B HacCTosAlllee BpeMs TIOJyYeHHe
repOMIH0YCTONYMBBIX TPAHCTEHHbBIX KYJBTYDPHBIX PACTEeHHH CUMTAETCA BAMKHBIM
HPAKTHYECKHUM JOCTHXeHHeM Ouorexnomoruu. B 1997 r. yerofiuusas x rimdocary
cos Obuia npusHasa B CIIIA celbCKOX03HCTBOHELIM IIPOLYKTOM TOja.
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Puc. 276. TpaHCreHHBIH PUC ¢ TEHOM MOPKOBH o0ecledHBaeT JKHATeIeH
I0ro-BocTouHO# A3uM HeoOXO[MMBIM KOTHYECTBOM BHTAMHUHA A

TIpeANpHHATHI MONBITKH CO3AAaHUA MeTOAaMuU PeHHOH WHYKEHEePHH a30TMUKCH-
pyromux pacrexuii. Ecim ymacTcs BCTPOHUTH B ME€HOTHI CeJIbCKOX03ANCTBEeHHBIX
KYJIBTYP TeH, OTBeYaloNuil 3a BEIpaGoTKY ()epMEHTOB, PEBPAIIAIONHIX y KJ1yOeHb-
KOBBIX baxTepmit m3 poga Rhizobium arMocdepHblil a30T B a30THCThIE COEMHEHHA,
TO BRIpAIIMBAEMBIE HA IOJAX CEJBCKOXO3AMCTBEHHBIE PACTEHUA CMOTYT 060 THCH
fea JOMONHUTETHHON MOAKOPMKN a30THBIMM yA0OPEHNAMHE.

BenMKO MOTEHIHAILHOE 3HAYEHHE TPAHCIeHHBIX OPraHH3MOB ANA 3A0POBBA
qenosexa. Tak, BBeJeHHe TeHA MODKOBHM B FeHOTHII DHUcCa yiKe ceddac obecmeun-
BaeT MOTPeOHOCTE KUTesel TOro-BocTounoii Asuu B BUTaMuHEe A, HeoOXOZUMOM
[ HOPMaJBHOTO pocTa ¥ 3peHHs (puc. 276). BerpanBaHHE IeHOB, OTBEYaIOIUX
3a BHIpAOOTRY AHTHTEJ, B T€HOTUIIBI CeJbCKOX03AMCTBeHHBIX PACTEHUN ITOZBOJIHUT
yeJI0BEKY B OyayieM oboiiTick Oe3 MHOIMX JeKapeTB. IIpy mOCTOAHHOM HMCIIONB30-
BaHWM TAKHX PACTEHMII B MUIy OpranuaM 6yjeT MoIy4aTh IOCTATOUHOE KOTHIECTBO
AHTHTEN, YTO CO3JACT HAAEKHYIO 3alIUTy 0T HHMEKIHOHHBIX foJie3HeH.

BajkHOIN 3agadell TeHHOH WHKeHeDHH ABJIAETCA CO3JaHHE TPAHCTEHHBIX M~
BoTHBIX. Ha TpaHCreHHBIX J1a60PATOPHEIX MBIIIAX Y4YEHble MOJAEAUPYIOT PA3BUTHE
1 TeyeHUE PA3IMYHLIX MeHeTHYecKHX GosiesHeH de/noBeKa, MPOBOAAT MCIHBITAHUA
JleKapcTBeHHEIX npenapaToB. Co3jaHbl TPAHCTEHHEIE OBIBI, TEHOTHII KOTOPBIX co-
IEepyKUT TeH, OTBEYAIOIIHI 3a CHHTe3 ocoboro fenka — (aKTOPa CBEPTHIBAEMOCTH
kposu IX. DToT GeJIoK, BHIpabaTEIBAEMBIil KIIETKAMU MOJIOUHOM JKeJie3bl, BRIJe/IAeTCA
13 OBEYBErD MOJOKA W MCIONb3YeTcA AJA JeueHus OOMbHBIX remodunneii. Panbine
ono06HBIH OEIOK MOTYyUYaaHd TOJIBKO K3 noHoOpcKo# KpoBH. Mcmonb30BaTh A 9TOTO
TpaHCreHHBIX JKMBOTHBIX GezonacHee, TAK KaK y HAX HET BUPYCOB, manpumep BUY
M remaTMTa, KOTOPHIE MOTYT BCTPeYAThCA B JOHOPCKOH KPOBH.
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Humxcenepus: xpomocomnan, zeHHas; peCmpUKUUOHHbLE IHOOHYKAeasbl (pe-
CMPUKMA3bL ); AUNKUE KOHYbL, NAA3MUIbL; Memod PerxoMOUHAHMHBLY NAAIMUD:
pecmpukryus, ruzupoganue, mpancHopmayui, CKPUHUHZ; MPaHczZeHHbLe (2eHe-
muiecku moou@PuUUPOEaHHble ) OP2AHU3MbL.

Bonpocbkl U 3apaHusa

1. B 4éM CYLUHOCTb XPOMOCOMHOW U FEHHON UHXEeHepun?

2. Kakue Hay4Hble OTKPbITUS W OOCTUXEHWS NPEAWecTBOBaNU reHHol uHxeHepuu? Ha
CTbIKax Kakux Hay4yHblx OTpacner oHa BO3HWKna?

3. OnuwwnTe MeToa pekoMBUHAHTHLIX Nnasmug,. Kakve aTansl MOXHO BbIAEUTL B CO3AaHMM
W KNOHUPOBaHWN PEKOMBMHAHTHLIX Nnasmua? Kakoso 3HayeHue aToro metona?

4. Kakue opraHv3mbl Ha3biBAIOT TPAHCTEHHLIMUW WK FEHETUYECKN MOAMDULMPOBAHHBLIMK?
Ans 4ero y4€Hble CO3AAI0T TPAHCTEHHBIE, UM FEHETUYECKN MOANBULIMPOBAHHBIE, Op-
raHuamel? lNpuBeauTe NpMMepsbl TPAHCTEHHLIX OPraHU3MOB.

5. Tlepeveptute B TeTpadb v 3anonHute Tabnuuy.

BuoTexnoorna 1 eé NpakTHYECKOe 3HAYCHME

Ocaoensie obaactn
Hanpasjienusn 6HoTeXHOIOTHH IIpumepst
NPaKTHIECKOr0 NMPHMEHEeHH

HononnurensHas nHpopmayus

VY reHHOll MH}KEHEPHUM eCTh CBOW CTOPOHHWKHM M HPOTUBHUKH. IlepBbie yTBepKIa-
10T, 9TO YeJIOBEUeCTEO B Oimkaiimem Oyayumem He cMoxKeT 060HTHCh He3 TPAHCTEHHBIX
OpraHu3MOB, 00Jiee TPOAYKTHBHEIX M YCTOWUYMBHIX K GOTE3HAM W BPELUTEISM, YeM
OOEIYHEBIE COPTA, MOPOAEI W MITAMMEI. DTO 0COGEHHO BAXKHO, TAK KAaK pasMep MHDOBBIX
ILIOIAAeH, MPUTOAHEIX A 3aHATHA CeTbCKUM XO3AHCTBOM, JOCTHT CBOEro Ipejea, a
UHCJIEHHOCTDh HaCeJIEHWs 3eMHOI0 [Iapa ImpojoJskaer pacta. Kpome Toro, akonoruyeckue
IOCHeACTBHA NPUMEHEHHA ANOXUMUKATOB B Oopble ¢ G0Te3HAMH U BPEIUTEAAME MOTYT
OKa3aThCA JJIA IPHPOALI M YeJoBeKa ropasio 6ojee OLIACHBIMM, YeM BRIPAIMUBAHME M
HCIIONB30BAHNE B MUY TPAHCTEHHEIX CEJbCKOXO3ANCTBEHHBIX KYJIBTYP.

IIporuBEUKYM TreHHOH MHMKEHEPHH B KAYeCTBE CBOMX IJIABHLIX ApIyMEHTOB npu-
BOJAT (PAKTHl alJIePrUYeCKUX PeaKIHil 4e/OBeKa HAa HeKOTOpHIe NPOHBBEISHHLIC U3
TPAHCTEHHBIX KYJIBTYP FeHETHYeCKH MOAM(HUIHpPOBAHHBIE NPOAYKTEI (I'M-poayKThI).
IToMuMoO 8TOT0, HA UX B3TJIAL, YPESBEIYAHHO TPYAHO OYIET NPENCKABATE IKOJOTHUECKHE
[OCJIeACTBHA, HAIPHMED, OAMYAaHUA H IPEeBPAIeHHA B COPHAKH YCTOMUUBEIX K GOJIe3HAM
M BPEJHUTENAM KYJIbTYPHBIX TPAHCTEHHBIX PacTeHUil,

I'M-npoaykThl ye MOABUIMCL HAa NPHJIABKAX KDPYIHBIX cynepmapkeroB. OHM He
OTJIHMYAIOTCH OT OOBIYHBIX NMPOJAYKTOB HH BHEIIHWM BHIOM, HM BKYCOM, HHM 3aIaxoM.
ITosTomy BBOAMTCSH WX MapkupoBka. B Poccum ¢ 2002 r. mapkupoBka 'M-npoaykTos
fAsiserca obasarensHOil. OHA JOJIKHA OPHCYTCTBOBATH HA 9THKETKAX BCei MHINEeBOMH
OpOAYKIUuH, nmoayderHOH u3 I'MO u comep:xaineil B cBoéMm cocrase GoJsiee 5 % Takux
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KOMIOHEHTOB. [Ipu 3TOM MapKHUPOBKA JOJIHA
HAHOCHTBCH HA OTHKETKY (YIaKOBKY) B BHAE
caenyiomei HHQOpManun: «reHeTHYeCKH MOJH-
¢punupoBaHHAA NPOAVKIIUA» , UM «IIPOAYKIIMA,
MoJy4YeHHAas U3 FeHeTHYeCKH MOJH(MHUINPOBaH-
HBIX HCTOUHHUKOB», WJIN «IPOAYKIIAA CONEPIKHUT
KOMIIOHEHThI M3 TeHeTHUEeCKH MOJU(MUIIMPOBaH-
HBIX MCTOYHHKOB».

EcTh OIPOTHBHHUKH UM ¥ METOJa MCKYCCTBEeH-
HOT'O OILIOAOTBOPeHHU:A yenosexka. OHA CUHTAIOT,
4TO MpeojojieHHe OecnaofmA NYTEM OIJIONO-
TBOPEHUS] AWUIEKJETOK «B NPOOMpKe» — MpH-
Mep SKCIIepMMEeHTa Ha JIOAAX, 4To B obilecrse
Becerjga cTporo ocy:kzpanock. CienoBaTensHo,
10 3THYECKHM COO0pasKeHHAM TaKHe dKCIepH-
MEHTEI JOJIXKHEI OBITH 3anpeleHsl. Hexkorophie

Puc. 277. Oeuxa JIoJIM CO CBOMM y4éHBIe IO0JaralT, UYTO HCKYCCTBEHHOE OILIOA0-
HepBeHIeM — MAaJbIIIKOI Borau TBOpPeHHE COINPOBOMKIAaeTCA HAPYIIEeHHEeM CTPYK-
TYDPBI XPOMOCOM, CJAEJCTBHEM Yero MOKeT CTaTh
pPOCT UmMCJIa HACJIeICTBeHHBbIX 3abosieBaHuil. BBI3BIBAIOT BO3DAKEeHUA M SKCIEPUMEHTHI
mo kiaoHuposanuo. Tak, smamenuTas oseuka osm (puc. 277) O6vIcTPO cocTapuiach
W yMepJa oT GOJIe3HH CyCTABOB — apTPHTA, BLI3BAHHOTO, II0 MHEHHMIO YUEHBIX, cOoeM
B Pealu3alluy HacJeACTBeHHOH mporpaMMsl opranuaMa. [ToaTomy Bo MHOTHX CTpaHax
9KCIEPHUMEHTHI TT0 KJIOHUPOBAHHUIO KUBOTHBIX M 4YeJIOBEKAa 3alpelieHbl.

BblIBOAbI MO IMABE 14

WsyuyeHne OMOXMMHYECKUX IPOIECCOB BHYTPH KJIETKH, YCTAHOBJIEHHE IPUPOJEI
HACJeICTBEHHOCTH W PACKDBITHE MEXAaHM3MOB MOJIEKYJISADHBIX B3aHMOIeHCTBUM
KJIETOYHEIX OPTaHOMIOB MOJIORKAIMA HAYAI0 OHOTeXHOJOTHH — IPUKJIAIHO| HayKe,
HCIIONB3YIoNeil 6HOIOrMYeCKHe CHCTEMB] M IPOLECCH B PASIMYHBIX 00/1aCTAX Cellb-
CKOI'0 X03AMCTBa, TPOMBIIIJIIEHHOCTH ¥ MeJUIIUHBL.

Hawu6osee 3gaunTeIbHBIE IPAKTHUYECKHE JOCTHKEHHNA OMOTEXHOJIOTHY CBA3AHEI
¢ MHKeHepHOH sH3UMoJoruell ¥ MUKpoOHomorndeckoil Texuonoruei. C moMomisio
MMMOGHIM30BaHHBIX (DePMEHTOB MOJYyYal0T KOMIOHEHTEl AJIA MHIeBOH MPOMBIII-
JIEHHOCTH, & B MUKPOOHOJOTHIECKOH TeXHOJIOIHH HCIOJb3YIOT IITAMMBI MHKPO-
OpraHM3MOB [JIfA MOJy4YeHHud OesKka, BATAMHUHOB, TOPMOHOB M AD.

Boapiioil HaydyHBIH MHTEpec W HpaKTHYecKoe 3HAYeHHe MUMeIT KJIeTOUHad
TeXHOJIOTHA ¥ HHXEHepHdA, CBA3aHHbIE ¢ KyJIbTHBHDOBAHHEM KJETOK H TKaHel Ha
nuTaTeNbHBIX cpenax in vitro (B npodupke), nmx rubpuausanueil 1 peKOHCTPYKIMeH,
KJIOHHPOBAHHEM BBICOKONPOAYKTHBHBIX OPraHU3MOB.

IleneHanpagieHHOe H3MEHEHNE HACIEeJCTBEHHOCTH OPIaHu3MOB, CO3JaHHe HOBBIX
TeHETUUECKHX KOHCTPYKIIHIA, CBA3AHHOE C [IePeHOCOM LIeJIBIX XPOMOCOM H OT/eIbHBIX
reHOB H3 OJHOTO OPTaHU3MAa B IPYToil, CTAJI0 BOSMOMKHEIM Ojarogaps XPOMOCOMHOM!
¥ reHHOH HHXXEeHepUH — IepCIeKTHBHBIM HanpaBJIeHHEM OMOTEeXHOJIOTHHA.
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Tembl poknanos, pe¢deparos u NPoOeKToB

1. MMMoGUNn30BaHHbIE BEPMEHTBI U UHXEHEPHAS H3UMONOMUA.
MpakTuyeckne JOCTUKEHWUS MUKPOBMONOrMYECKOH TEXHONOM M.
KneTo4Hble 1 TkaHeBbIe KyNbTYpbI.

MeToapl reHHOW MHXeHepuu.

BuoTtexHonorua u MeguumHa.

Muiiesan BUOTEXHONOrUSA B LOMALLHWUX YCAOBUAX.

KnoHuposaHMe opraHuamosB: 3a 1 NpoTUB.

MepcrnekTMBHbLIE HANPAaBIEHUA FEHHOW MHXEHEePUH.

leHeTnyeckn MoandULMPOBaHHbIe opraHuamsl (TMO) 1 TM-NpoayKTbI.
3KONOrM4ecKkne N 3TUHECKUE NPOBNEMbI FEHHOIN NHXEHEPUN.

CwOwONOORWLN

—

3AKJTIOYEHME

Ber sakonumnnm usyuats B 10-M Kiaacce 6MONOTHI0 HA TPOMHUILHOM YPOBHE;
y3HaIM 00 OCHOBHBIX NPHHIHIAX OPraHM3alud U (YHKIMOHHPOBAHHUA GHOJIOTH-
YECKHX CHCTeM: KJIeTKM, OPTAaHH3Ma; IO3HAKOMUJINCH ¢ XMMHYECKHM COCTABOM,
MHEDPOCKOIIHYECKHM CTPOEHUEM 3YKapHOTHOMH, MPOKADUOTHONH KJIETOK M BHDYCOB;
H3Y4YHIH OHOJOTHYECKHe TPOIecchl, NPOTeKAIOIIHe B GHONIOIMYeCKHX CHCTEMAX,
00yc/ioB/I€HHBIe 0GMEHOM BEIEeCTB, MpeBpalleHneM 9HEPrUd H peajusaliHeil reHe-
THYECKON HHPOPMALUH; PACCMOTDENH CTPYKTYPHO-(QDYHKIIHOHATBHYIO OpraHu3anuio
MHOTOKJIETOYHBIX OPTaHU3MOB; IIPOIIECCHl POCTA U BOCIIPOM3BENEeHUA KJIETOK, TKAHEH
U OPraHOB; 3aKOHOMEPHOCTH HACJIE/ICTBeHHOCTH U UBMEHUYMBOCTH; OCHOBHEIE DTAIIEL,
METOABI ¥ NOCTHIXEHUA B CO3TAHHH YeI0BEeKOM COPTOB, HOPOX M INTAMMOB KYIbTYpD-
HbIX ()OPM OPraHM3MOB; WUCIOJIL30BAHKE GHOJOTHYECKHX OBHEeKTOB U IPOLIECCOB B
PABIUYIHEIX OTPACAAX IPOMBINLIEHHOCTH, CEJIbCKOI'0 X03AHCTBA M MEIHUIIHHEL.

Bce ot 6mosoruyeckue sSHAHMA IIOMOTYT BaM CBOBOLIHO OPHEHTHPOBATHCA B TOM
MHOroo0pasuu yKUBOH NPHPOAEI, KOTOPOE OKPY’KaeT yeloBeKa, BHIPAbOTaTh MOHM-
MaHHe CMBIC]IAa W HASHAYEeHHA OHOJOrMYeCKHMX 3HAHHH [JIA IIOBCEIHEBHOH 3KH3HU
H Bamed Oyaymeil npodeccHoHATBHONR NesATeIEHOCTH.

B cospemenHO# 6HOJIOrHH eCTH HeMAaJIOo IPo6IeM, pelesne KOTOPHIX OyIeT uMeTh
OrpoMHOe 3HaueHHe 1A OyAymero. B ux uncie 6oee riy6okoe MO3HAHME CTPOCHHS
¥ QYHKIHOHMPOBAHUA GHOJOTHYECKIX MAKPOMOJIEKYT; MOMEKYIAPHOIO MeXAHH3MA
BKJIIOYEHHA I'eHOB; PeryaAlHA ¥ KOOPAHHAIMY BHYTPHKJIETOUHBIX, TKAHEBBIX U
OpPraHM3MeHHBIX IIPOIECCOB; MHIMBHAYAJLHOTO PA3BUTHA OPTaHH3MA M BIUAHUSN
Ha Hero QaKTOPOB OKPY’KAMIIEH Cpexbl; YIPABIAEMOro 0eJKOBOro GHOCHHTe3a,
NPOMBIIIIEHHOH MUKDPOGHOIOTHHE, KJI€TOYHOH U TeHHO! MHIKeHepHH.

M=uoro BompocoB u mpofieM coBpeMeHHO# GHOJOrMH KAET CBOEro pemeHHuA.
B smauurenbHO# cTenmeHH 3aTo GYZET 3aBMCETH OT Bac. XoderTcs HaleAThCA, YTO
BHaHHA, IPHOOPETEHHEBIE BAMM IIPH H3Y4YeHWH OWOJOruu B 10-m KJIacce, IOMOTYT
IPOAO/IKHTE U3yYeHHe ODMOJOTHYEeCKHX CHCTEM U mpormeccoB B 11-m Kiacce.
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