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Hdoporue ppy3bs!

Pasngern mikosbHOrO Kypca Ouosiormu, madydaemblii B 10-m u 11-mM KJaccax,
IIOCBAINEH PACCMOTPEHHNIO OOIINX 3aKOHOMEPHOCTEI JKMBOI IPUPOALI. B aTom
yue6HOM TOAy BbI IIPOAOJIIKUTE 3SHAKOMCTBO C BAKHENIITUMU TPUPOAHLIMHU TIPO-
1meccaMu M SBJICHUSIMU, 3aKOHAMM CYIIeCTBOBAHUA U B3aMMOJAENCTBUSA OMOJIO-
TUYEeCKUX CUCTEM Pa3HOTO YPOBHS OpPraHU3aIlUU.

Bam mpencTouT ysHaTh, KaK YCTPOEHBI U (PYHKIITMOHUPYIOT KJIETKU KU-
BBIX OPTraHM3MOB, KaKHe BEIeCTBAa BXOAAT B UX COCTAB U B UeM 3aKJIOYAETCS
O01oJIoTMUEeCcKas POJIb 9TUX COeNUHEeHU. Bhl MO3SHAKOMUTECH C HEKJIETOUHBIMU
dopMaMu KW3HU, PACIIUPUTE CBOU IIPEICTABJEHUSA O IIPOIlECCaX JKUBHemes-
TeJLHOCTH U MeXaHM3MaX UX peryadanuu. Tak:Ke Bbl U3YyUNTE 3aKOHOMEPHOCTHU
SBOJIIOIUY KUBBIX OPraHM3MOB, UX HACJEACTBEHHOCTH W M3MEHUYUBOCTH. Ilo-
JIyJYeHHBIEe 3HAHUS IIOMOT'YT BaM HAWTHU OTBETHI HA MHOTHE BOIIPOCHI O JKUBOM
mpupose, choOpMUPOBATH IIEJOCTHYIO HAYUHYIO KapTUHY OKPYKaIOIero Mupa,
MIPUTONATCA B IOBCEIHEBHON JKU3HU.

YuebHOe 1mocoOuMe BKJIIOYAET BOCEMbBb IJIaB, pPa3fieIeHHBIX Ha Imaparpadsl.
Kamxmaa rimaBa HaumHAETCS C KPATKOTO BCTYIJIEHUA U 3aKaHUYMBAETCS PyoOpu-
Koit MOABEAEM UTOIU, comep:kaliieil OCHOBHLIE BHIBOJLI II0 JaHHOI TeMe.

Tekct maparpadoB BKJIOUYaeT OCHOBHOI U MOIOJHUTEIbHBIN MaTepuaJy. Ca-
Mble BasKHbIe TEPMUHBI W HOHATUS BbIJEJICeHbI KUPHBIM MIpudTOM, Ipyrue
OTMEUYEHBI KYPCUBOM.

JlomoTHUTEeILHBIN MaTepraJl OTMEUeH BepTuKaJbHOU JuHUer. OH IT03BO-
JISIeT PACIIUPUTH, YIIIYOUTH UM KOHKDPETU3UPOBATh 3HAHUSA, 03HAKOMUTHCS
|| ¢ mHTEepecHBIMU OuoJoTHUeCcKUMHU (haKTaMU.

Texct maparpadoB cHaAGKeH PUCYHKaMU, CXeMaMU U TabJuIlaMu, KOTOPhIe
IIOMOTYT BaM HAIJIAIHO IIPEACTABUTH OMOJIOTUYECKUe 00BEeKThI, 0000ITUTE MH-
(opmaIriio 0 HUX U JYUIIlEe YCBOUTh U3yUaeMbIi MaTepuaJ.

(1,
%1
MIPUBOASATCS KPaTKUe BBIBOABI. JTO IVIaBHASA MH(pOPMAIU II0 M3yUaeMOMYy Ma-
TepruaJy, Ha KOTOPYIO HYKHO 006paTUTh 0cob60e BHUMAHUE.

B xoHIe Ka:kgoro maparpada Ha IIBETHOM (poHe ¢ MUKTOrpaMMOIl



Ilocie Kaskmoro maparpada IPUBOAATCSA BOIPOCHI U 3aJaHUA, 0003HAUEH-

HbIe TUKTOTPaMMOMI P : <. Herxoropnle n3 HuxX oTMeueHbI 3Be3moukoil (¥).

YT00BI YCIIEITHO CIPABUTHCSI C TAKUMHU BOIPOCAMHU U 3aJaHUIMHU, HYIKHO
OCODEHHO MOCTAPATHCA M B PALE CIAYUYAeB MCIIOIb30BATh 3HAHUS, IIOJYUYEHHbIE
Py U3YyYEeHUU IPEeNbIAYIIMUX Pas3AesioB OMOJOTUY WU APYTUX IPEeIMETOB.

Hexroropsie maparpadsl comepkar pyopury «Mou OHMOJIOrMUYECKNe KCCJIe-

IOBaHHUA», KOTOpas ob0O3HaueHa IUKTOIPaMMOIL rﬁ . B meini mpexmaraiorca

3amaHus, KOTOPbIEe IIOMOTYT BaM PACIIMPUTL KPYros3op W 3aKPenuTh u3yudae-
MBIl MaTepuaJj Ha ONpaxkTuke. MHorue us3 sTuX 3aJaHUN Bbl CMOMKETe CHesaTh
moMa. {151 BBITIOJIHEHHNS HEKOTOPBIX M3 HUX MOHAMOOUTCS CIelralbHoe 000-
pymoBamme (HamrpuMep, MUKPOCKOII) WUJIU PeaKTUBBI, paboTa ¢ KOTOPBIMHU Tpe-
OyeT HEYKOCHUTEJIHLHOTO COOJIIOMeHNsT MPaBUJ TeXHUKHU Oe3omacHocTu. Taxue
3ajaHuA PEKOMEHAYeTCs BBIMOJHATL B IIIKOJE IO PYKOBOACTBOM YUITEJId.
BaxkHO oTMeTHTH, UTO BBINIOJHEHUE 3aJaHuil pyOpuku «Mou OmoJsioruduecKue
HCCJIeOBAHIA» He HOCUT 00a3aTe/ILbHBIN XapaKTep.

AJIeKTPOHHOE IMIPUJIIOKEeHNe, coAepsKalllee MaTepHuajbl OJs IIOBBIIIEH-
HOT'O YPOBH:, pasMeIlleHO Ha HaI[MOHAJbHOM 00pasoBaTeJIbLHOM IIOPTAaJie

Of¥ 10

(http://profil.adu.by). 3aiiTu Ha caiiT MoKHO ¢ momoIbio QR-Koma i .
E=ER

ITO IPUJIOKEHNe TaK)Ke BKJIoUuaeT 3amaHus pyopuru «Moum OmoJsiormyecKue
HCCJIEOBAHUSA», IEPENTH K KOTOPBIM BBl MOJKETe ¢ IOMOINbI0 QR-Kom0B, mpu-
BeIeHHBIX B YUeOHOM ITOCOOMM.

Hepexo,/:[ K MaTepuaJly IIOBBIIIIEHHOI'O YPOBHA OTME€UYEH 3HAKOM g

B komme yueOHOT0O mocoOus JaHBI IIPUMEPHI PeIleHusA 3aJad II0 PasHBIM
TeMaM, a TaKiKe CJ0Bapb OCHOBHBIX TEPMHUHOB U TOHSTHUI.
Kemaem BaM ycmexoB B M3ydYeHUU OMOJIOTHU!
Asmopbt
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BBegeHue

W rcsam

WKusas npupoza mopasxaer muorooopasuem gopm. Ha nmmanere 3emiasa Kpo-
IIeYHbIe OPraHU3MbI, PAa3JIUYNMbIe TOJBKO C IIOMOIIBI0 MUKPOCKOIIA, COCE[-
CTBYIOT C OTPOMHBLIMU, Pa3dMepbl KOTOPBIX COCTABJIAIOT JeCATKU MeTpoB. OnHuU
13 HUX BCTPEUAIOTCS B BOAHOM cpelie, APyrye — B Ha3eMHO-BO3AYIIIHOM, TPEThHU
B KauecTBe CPelbl JKU3HU OCBOWJIU ITOYBY, 8 HEKOTOPhIE OOUTAIOT B JPYTUX OP-
ranusmax. CyIIecTBYIOT IMOABUKHBIE M HEIOABUKHBIE (POPMBI, OTHOCHUTEIHHO
IPUMUTHUBHO YCTPOEHHBIE M BBICOKOOpPraHu3oBaHHble. OMHAKO, HECMOTPSA Ha
TaKoe pasHooOpasue, BCe JKUBbIe OPraHnu3Mbl 00JIaJa0T OOIIIMMY IPU3HAKAMU
U CBOMCTBaMMU.

BoI 3HaeTe, UTO KUBBLIE OPraHU3MbI MMEIOT eIUHBI XNMHUYECKHUIl COCTaB,
OTJIMYAIOIIUHN WX OT O0BEKTOB HEKWBOHM NPUPOALI, M KJIETOUHOE CTPOEHHE.
0O0s13aTeILHBIM YCJIOBHEM CYIIIECTBOBAHUS OpPraHM3Ma sSBJISETCS OOMeH Be-
mecTB (MeTadoIu3M), KOTOPBIA COIPOBOIKAAETCS MPeodpa3oBaHNEM JHEPTHH.
K obmiuMm cBoiicTBaM Bcero »KMBOTO TaK:Ke OTHOCUTCS CIOCOOHOCTH K caMope-
TYJSIIUA, PA3MHOKEHUIO, POCTY U PA3BUTHUIO.

Bam Takike M3BECTHO, YTO JKHMBBLIE OPraHM3MbI PEATrMPYIOT Ha W3MEHEHUS
OKpYy:sKaroIeit cpeabl. Hampumep, XJIaMiAAOMOHAIA C IIOMOIIBI0 CBETOUYBCTBU-
TEJILHOTO TJIa3Ka BOCIPUHUMAET CBET U IiepeMelraeTcs K 6ojiee OCBEIeHHBIM
ydyacTKaM BojoeMa. B oTBeT Ha m3MeHeHUe TeMIIepaTyphbl OKPYKAaIoIlleil cpebl
OTKPBLIBAIOTCS W 3aKPBIBAIOTCSA IIBETKU TIOJIbIIaHA. Ye/IOBEK IIOBOPAUYMBAET I'O-
JIOBY B CTOPOHY MCTOYHWKA HEOKUTAHHOTO 3ByKa. JTO YHUBEPCAJIbHOE CBOI-
CTBO BCET0 JKMBOTO HA3LIBAETCSA Pa3apasKUMOCTHIO.

IIpu usyuenuu Oumosoruu B 10-M KJacce BBl Ha MHOKECTBe IIPUMEPOB yoOe-
IUJINCH, UTO MPHCIOCOOJEHHOCTh K OKPY:KAIONIel cpelie TaK:Ke SBJISeTCS He-
OT'BEMJIEMOU YEPTON KMBBIX OPraHM3MOB. HaKAbIil M3 HUX 0o0JazaeT pAIOM
ajganTanuii, 00ecrreunBaOINX BLIXKUBAHNE W PA3MHOMKEHNE B TON UM WHOMH
cpene o0MTAHUS.



BeepneHue

Ilepeuenb ocoOeHHOCTEH KUBBIX OPraHM3MOB CJAEAYeT OOIOJHUTL TAKIMIU
CBOMCTBAMM, KaK HACJEICTBEHHOCTh U M3MEHUYHUBOCTh. HaciieqcTBEeHHOCTHIO
Ha3bIBAIOT CIIOCOOHOCTH OPraHM3MOB COXPAHATHL CBOM MPU3HAKMU U CBOMCTBA U
mepenaBaTh UX IIOTOMKAM B HEHM3MEHHOM BHJE, 4 U3MEHUYMBOCTHIO — CIIOCO0-
HOCTH TpuoOpeTaTh HOBbIE MMPU3HAKY U CBOMCTBA.

Kax BbI 3HaeTe, CTPYKTYPHO-DPYHKIIMOHAJIBHON eIWHUIEIH JKUBBIX Opra-
HUBMOB sBJsAeTcS KJjeTka. OHa obJslafaeT BceMU TPU3HAKAMU U CBOMCTBAMU
sKuBoro. EcTh opranmsMbl, IPeACTaBJI€HHBIE OMHON KJETKOW, U Te, B COCTAB
KOTOPBIX BXOAUT MHOKECTBO KJETOK. B KJIeTKax mpoTUCTOB, IprbOB, PacTeHUI
U JKUBOTHBIX UMEETC SAPO0. ITO AepPHbIe OPraHu3Mbl, NI dyKapuoThl. KieT-
KU OaKTepuii JUIIEHBI A1pa, TAKUe OPraHu3Mbl HA3bIBAIOTCA JOSTEPHBIMH WU
npoxapuoramMu. TaxkuM 00pasoM, 5YKAPUOTHI U IIPOKAPUOTHI IIPEACTABIIAIOT
coboii kaerouHsbie Gopmbl sku3HM (puc. 1).

,—| DOpMbI KU3HU I—I
| HekneTtouHble | ,—| KnetouHble |—|

[pokapuoTbl OyKapuoThl
(nosipepHbIe) (agepHble)
| Bupycsl | | Baktepun | | Mpotuctel | | Tpu6sl | | Pactenns | | usothbie |

Puc. 1. Hekneto4Hble 1 KNeTOYHblE POPMbI XU3HK

OpHako HapAAy ¢ OpraHM3MaMu, UMEIONUMU KJIETOUHOE CTPOeHUe, CyIIe-
CTBYIOT 1 HEKJEeTOYHbIe Q)OpMLI SKM3HMU — BHPYCHI. BTO IIapa3muThbl, KOTOPHLIE
MOryT (PYHKIIMOHMPOBATh TOJIBKO BHYTPU KJIETOK HPOKAPMOT WJU 3YKapHOT.
BHe KJ1eTOK cBOMX X03d€B BUPYChI HE NMPOABIAIOT IIPU3HAKOB JKMBOTO, ITO9TO-
MYy UX HeJIb3dA OJHO3HAQUHO OTHECTU K XHMBBIM OPraHuM3MaM. 3TI/I HEeKJIETOYHBbIE
¢ opmMBI, 00PA3HO I'OBOPS, HAXOAATCS Ha I'PAHMUIIE YKUBOM U HEXKMBOW IIPUPOIEI.



MaBa

XmMmmnyeckme KOMMNOHEHTbI
XXMBbIX OpraHN3mMmoB

W3 xypca omosioruu 10-ro KJacca BbI 3HaeTe, UTO »KHUBad IIPUPOLA IIPen-
CTaBJIsAET COOOM COBOKYIIHOCTL OMOJIOTMYECKMX CHCTEM PAs3HOr'0 YPOBHSA opra-
HU3AIUN, BILIOTEL 40 OrocdepHoro. OMHAKO B OCHOBE CYIIECTBOBAHUA U (PYHK-
IIMOHUPOBAHUS JIFO0OOH JKMBOM CHCTEMbBI, KAKO ObI CJIOXKHOM OHA HHU ObLiIa,
JIEIKUT B3aMMOZENMCTBIE MOJIEKYJ PA3JINUYHBIX BEI[eCTB — OEJIKOB, YIJIEBOJOB,
JIMINJ0B, HYKJEHHOBBIX KucJjoT u aAp. CiemoBarebHO, HAYAJILHBIM YPOBHEM
OPraHM3aliN KU3HU ABJAETCS MOJEKYISAPHBINA. BroJsiornueckue MOJIEKYJIbI
of0ecIreunBalOT XpaHeHNe, PeaJus3aluio 1 Iepenady HacJIeICTBEHHOM MH@OP-
Maluy, OOMeH BeIl[eCTB, IpeodpasoBaHNe SHEPIUU U APYTHe MPOILECChl KU3He-
IesaTeJbHOCTU. V3dyueHnne cTpoeHUA U (PYHKIIUI OMOMOJIEKYJI IIOMOraeT IMOHATH
ABJIEHNSA, IIPOUCXOAAIINE HAa IIOCJeAYIOMNX, 00Jiee BHICOKMX YPOBHAX.

§ 1. CopepXxaHue XMMUYECKUX 3JIEMEHTOB B OpraHu3me.
Makpo- u MUKpO3anemMeHTbl

JKuBble oOpraHM3MbI IMEIOT 0COOBIH XMMUYECKU COCTaB, OTIMYAIONINI UX OT
00'BEKTOB HE;KUBOM IPUPOALI. ITO IPOSIBIIAETCS, IIPEK e BCEro, B PA3IUUUAX CTPO-
€HUA U KOJIUYECTBEHHOI'0 COOTHOIIIEHUST XMMUYEeCKUX BellecTB. OMHAKO BeIecTsa,
BXOOAIIYE B COCTaB JKUBBIX OPraHnU3MOB, O6paSOBaHbI aToOMaMU TeX Ke XNUMNUYEeCKUX
BJIEMEHTOB, 13 KOTOPHIX COCTOAT 00bEKTHI HEsKUBOI IPUPOALI. B )KMBBIX OpraHms-
Max MaccoBasd A0JA OTHUX 9jieMeHTOB gocturaet 10 % u Gojiee, IPYTUX COMEPIKUT-
CsA MEHbIIIe, & HEKOTOPhIE IIPHUCYTCTBYIOT B MCKJIIOUNTEJbHO MaAJIbIX KOJMYeCTBaX.

Maxpoanemenmol. XuMUUeCKUe 9JIEMEHTHI, COZeP:KaHNe KOTOPBIX B JKU-
BBIX opranmamax cocrtasJiser 6osee 0,01 %, HasbpIBaIOTCA MAKPOIJIEeMEHTAMH.
B xuBoit mpupoae HanboJiee pacIpOCTPAHEHBI YeThIPe MAKPOIJIEMEHTA: KICJIO-
pozx (0), yraepon (C), Bomopon (H) m asor (N). Ix cymmapHas maccoBast JOJIA
npesbiinaer 98 %. 9T sJeMeHThI ABISIOTCA OCHOBOM CTPOEHMS OPraHUYeCKUX
coequHenuii. [loMruMo 3TOro, BOAOPOL M KUCJIOPOL BXOIAT B COCTAB BOMBI.

MoJiexkybl MHOTHX OPTaHUUYECKUX BEIleCTB TaK:Ke COIep:KaT aTOMBI cepsl (S)
u (dochopa (P). Kpome Toro, ¥ maxposnseMeHTaM oTHOcATcsa Hatpuii (Na),
rasmit (K), marauii (Mg), xkaasnuii (Ca) u xjop (Cl).
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masa 1. XuMmnyeckne KOMNOHEHTbI XXUBbIX OPraHU3mMoB

VY 4yenoseKka KIHO4YEBYIO POfb B OCYLLECTBIIEHUM TakMxX NPOLECCOB, Kak CBepTbIBa-
HVe KpOBM, COKpalleHWe Mbilll, MPOBedEeHNe HEPBHbIX UMMYIbCOB U MHOMMX OPYruXx,
urpaet Kanbumn. CoBMeCTHO C (hoCcdOpOM ITOT MaKpo3fieMeHT obecrneymBaeT HOp-
ManbHoe pasBuUTME N (PYHKUMOHMPOBaHWE KocTeh n 3y6oB. B opraHuame B3pocCrio-
ro 4enoBseka COAEPXUTCA NpuonuaunTenbHo 1,7 Kr kanbumsa, npudem okono 99 % —
B KOCTHOW TkaHwW. [MoTpebHOCTb B Kanbuuu 3aBUMCUT OT Bo3pacTta. [ng B3poc-
NbIX ntogen n pgeten B Bo3pacte oT 4 go 8 ner oHa cocTtasnget 800—1000 mr
B CyTKW, a pana nopgpoctkoB — 1300 mr (nogymamTte nodemy). [OBOMBHO MHO-
ro KanbLus COQEpPXWUTCSA B MOJOYHbIX MPOAYKTaX, 3epHOBbIX, 6GO060BbIX, Opexax,
kanycTe. YCBOEHMIO 3TOM0 BaXKHOMO 3fIeMeHTa Crnoco6CTBYIOT BUTaMuH D (BcnomHuTe ero
OCHOBHblE MCTOYHMKM), MOJSIOYHbIA caxap — N1aKkTo3a, a TakXe HeHaCbILEHHbIE XMPHble
KWCNOTbI, KOTOPbIMM 60raTtbl pacTutesibHble Macna, pbiba, aBokago U ap.

Muxpoanemenmovr. XuMuiecKue 3JIeMeHTHI, MaccoBasd JOJIA KOTOPBIX B XKU-
BBIX opranuamax He npesbiiiaer 0,01 %, oTHOCATCS K MUKpPO3JieMeHTaM. B co-
CTaB dTOU I'PYIIILI BXOAAT TaKUe METAJLIbI, Kak :Keseso (Fe), muaK (Zn), mens (Cu),
mapranert (Mn), ko6aabT (Co), a Tak:ke Hemerasasl ¢rop (F), fiox (I) u ap.

MugposaeMeHTbl HeOOXOAUMBI JKUBBIM OPraHU3MaM [AJIsI OCYIIeCTBJICHUS
BAXKHEHIINX OMOXMMHUUYECKUX U (PU3MOJIOrnUecKux ImpoieccoB. OHU BXOAAT B
cocTaB MHOTUX (hepPMEHTOB, HEKOTOPHIX TOPMOHOB, BUTAMUHOB U IPYTUX OMO-
JIOTUYEeCKH aKTUBHBLIX BellecTB. Hampumep, »Kejie3so 1 MeIb BXOAAT B COCTAB
(hepMeHTOB, 06eCIIEUNBAIONIUX KJIETOUHOE AbIXaHUe, a KOOAaJIbT — B COCTAaB BU-
TamMmuHa By. CTPYKTYPHBIM KOMIIOHEHTOM T'OPMOHA UHCYJAUHA SIBJISIETCS IIUHK.
Monexyabl mpuito0mupoHUHa U MUPOKCUHA (BaKHEHIITNX TOPMOHOB IITUTOBU/I-
HOM :KeJie3bl, PEryJupyIoIInX OOMeH BeIlleCTB, POCT M PasBUTHE OPraHU3Ma)
coiepikaT aTOMBI Hoza.

B opraHname B3pOCnoro 4enoBeka COAepXmTCs okono 20 Mr 1ofa, U3 HUX He MeHee
60 % cocpenoTo4eHo B LWnToBnaHoOM xenede. CyToyHas noTpebHOCTb B MoAe onpenens-
€TCA BO3PacTOM YenoBeKa, ero oU3monorm4ecknmM CoCTOSHUEM, Maccon Tena u opyrumu
hakTopamu. [Ins 300poBOro B3poOCnoro YyesioBeka oHa coctaenset 0,15 wmr.

MHTepecHo, 4TO LenebHble CBOMCTBA Mofa 6bliv U3BECTHbI 3a HECKOSbKO ThICAY NeT
[0 TOro, Kak 6bl/1 OTKPbIT 3TOT XMMUYECKUIN 3anieMeHT. B kutaickom kogekce 1567 r. fo H. 3.
coepxanucb pekoMeHgaumm rno npuMeHeHUo MOPCKMX BOLOPOCHEN, Cogep)XaHue noga
B KOTOPbIX MOXeT gocturatb 1 %, Ons neyveHuns 3aboneBaHuin LLUNTOBULOHON Xenesbl.

CremneHb BasKHOCTH TOT'O MJIM MHOT'O XMMHUUECKOT0 9JIeMEeHTA JJIS OpraHu3Ma
He oImpeneisieTcs ero MaccoBoii mojeii. Tak, Menb, comep:KaHie KOTOPOM B K-
BBIX opranmamMax o0bsIuHO He mpesbiaer 0,0002 %, u KobaabT, MaccoBas HOJS
KoToporo cocrasiisgerT meree 0,0001 %, ab6COMIOTHO HEOOXOAMMBI IJIS IIPOIIECCOB
KPOBETBOPEHUA V KUBOTHBIX W CHUHTE3a XJIOPO(MUJIA Y PACTEHUM.

Bousiee mogpobHasa muopMaInsg O COAEPKaHNN XMUMHUUECKUX 3JIEMEHTOB B
JKMBBIX OpraHu3Max 1 UX OMOJIOTMUECKOIl poJu IpuBefeHa B Tabuuiie 1.



§ 1. Co,u,ep>KaHV|e XUMUYECKMX BIEMEHTOB B OpraHnamMe. Makpo- 1 MUKPO3NEMEHTbI

Tab6auima 1. Buomornyecku BaskHbIe XUMHYECKHE 3JI€MEHThI

Copepsxanue
duemeHT A po ”» ’ Buosornyeckas pois
0
MagkpoasaeMeHTbI
Bxoxaut B cocTaB G0JBIITMHCTBA OPTAHUUYECKUX U MHOTUX
Kucaopon 6575 HeopraHudyecKux BemiecTB. ObecrmeyuBaeT KJETOUYHOE
((0)) IbIXaHVe U JPyTrue OKUCJUTeJbHbIe ITPOIeCChI, B XOJe
KOTODPBIX BBHIJEJIAETCS He00X0nMasi OpraHu3My SHEePrus
Yraeporn 15—18 SIBiseTcss OCHOBOHM CTPOEHUSA BCEX OPraHUYECKUX
©) BEIIeCTB
Bopmopo,
(H;I Pox 8—10 Bxomut B cocTaB BOABI U BCEX OPraHUYECKUX BEIECTB
Aszot 1.5—3 Bxoaut B cocTaB MHOTMX OPraHUYECKUX BEIleCTB, B TOM
(N) ’ yuciie 0eJIKOB, HYKJIENHOBBIX Kucaor, ATD
fABngercsa BaKHEHINIMM KOMIIOHEHTOM KOCTHOI TKa-
Kansmui 0.04—2 HU U dMaJju 3y0oB, obecreuymBaeT COKpAaIlleHWe MBIIIIII,
(Ca) ’ y4acTByeT B CBEPTHIBAHUU KPOBU. ¥ PACTEHUINI BXOIUT
B COCTaB KJIETOUHOI CTEHKU
Docdo BxomuT B COCTaB HEKOTOPBHIX OPraHMYECKHUX BEIEeCTB
P) P 0,2—1 (IHK, PHK, AT®, ¢pochonunumoB u ap.), KOCTHON TKa-
HU U 9Majau 3y00B
o VYuacTByeT B reHepanuy HEPBHBIX MMIIYJIbCOB, PEryJiv-
(K) 0,15—0,4 PYyeT PUTM CepAedHOll AeATeNbHOCTH. TakiKe ydacTByeT
B mpoiiecce (hOTOCUHTE3A
Cepa BxoauT B cocTaB HEKOTOPBHIX OPraHUYECKUX BeIIeCTB,
©) 0,15—0,2 HampuMep OeJKOB. YUacTByeT B (DOPMUPOBAHUU IIPO-
CTPAHCTBEHHOU CTPYKTYPHI OEJIKOBBIX MOJIEKYJI
X10p Wrpaetr Ba)KHYIO POJIb B BOJHO-COJIEBOM OOMEHE JKUBBIX
@) 0,05—0,1 OpraHm3MoOB. BXOAUT B COCTaB JKEJTYIOUYHOTO COKA KU-
BOTHBIX
VuacTByeT B reHepaluyd HEPBHBIX HUMIIYJILCOB, MOMIIEp-
Harpuit 0.02—0.03 JKMBAeT HOPMAJIbHBI PUTM CEpPAEYHOI esTeIbHOCTH,
(Na) ’ ’ BJINSAET HA CHUHTE3 TOPMOHOB. Mrpaer BasKHYIO POJb
B BOZHO-COJIEBOM OOMEHE JKUBBIX OPraHN3MOB
Maruwnit 0.02—0.03 BxogurT B cocraB XJopohuisia, MHOTUX (PEePMEHTOB,
b b

Mg)

a TaK’XKe B COCTAaB KOCTHOI TKAaHU U 9Maju 3y00B
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IIpodonscenue
Comepsxanue
direMeHT A I(,, " ’ Buosoruueckas poias
()
MugposieMeHTBI
K enes0 Bxoxutr B cocraB MHOruX (hpepMeHTOB, TeMOrjo0uHa u
(Fe) 0,01 MUOTJIOOMHA. YUYacTByeT B IIpOIleccax KJETOUHOTO IbI-
XaHUuA U (POTOCHHTE3A
Musr 0,0003— Bxoxut B cocraB mHCYyIUHA 1 MHOTUX (hepMeHTOB. IIpunu-
(Zn) 0,0005 MaeT ydJacTue B IIPOIleccax CUHTEe3a TOPMOHOB PACTEHUH
VyacTByeT B mporieccax (GOTOCHHTE3a U KJIETOYHOTO
Mexs IbIXaHus, HeoOXoauMa AJIs CHHTe3a XJopo(duiia u re-
(CuI)L 0,0002 MormIoonHa. BXoguT B cocTaB reMOI[MAHMHOB — [AbIXa-
TeJbHBIX MUTMEHTOB KPOBU M TreMOJUM(BI HEKOTOPBIX
0ECII03BOHOUHBIX JKUBOTHBIX
drop .
(F) 0,0001 BxoauT B cocTaB KOCTHON TKAHU U 9MaJii 3y0OB
Vion .
I 0,0001 Bxoaut B cocTaB TOPMOHOB IITUTOBUIHOI JKeJI€3bI
Mapramerr MeHee Bxomut B cocTaB nau MOBBIIIIAET aKTUBHOCTH pAfa dep-
(Mn) 0,0001 MEHTOB. YYacTBYeT B IIpoliecce (DOTOCUHTe3a
Kobansr MeHee Bxomut B cocras BuramuHa B,,, yuacTByeT B mpomeccax
(Co) 0,0001 KpoBeTBopeHusa. HeoOxoaum IJid cCUHTE3a XJIOPO(MUIIA
Q * ComepsKkaHme XUMUYECKUX 9JI€MEHTOB IPUBEAEHO He AJIA 3allOMUHAHUA
[
|
X XuMuuecKue 9JIEMEHTHI B 3aBUCHUMOCTHY OT COAEPKAHIS B :KUBLIX OP-
N
W F raHM3Max ImoapaseJjadlT Ha MaKPO3JIEMEHThI 1 MUKPOJJIEMEHTHI. Op-
*-' rammsmsbl 0ojee ueM Ha 98 % COCTOAT U3 YeThIPEX MaKPO3JIEMEHTOB:
KHCJI0pOoIa, YIJIEpoa, BOAOpoAa 1 a3oTa. Kamablli XMUMHUUYECKUNA 3JIEMEHT
BBITIOJIHSAET OIpeaesieHHbIe Ormoiornuecke pyarnun. MaccoBas J0JIs 9J1e-
MEeHTa He ABJIAETCA IIOKa3aTeJIeM CTEII€eHM ero BaKHOCTHU AJId OpraHmu3ama.

7 1. YKaxwuTe rpynny, B KOTOPON BCE 3fIEMEHTbI OTHOCATCA K MakpoanemeHTam. B kakom
; rpynne BCe 3MeMeHTbl OTHOCATCH K MUKpPO3ieMeHTam?

L1
")

a) JKeneso, cepa, Kob6asbT; 6) pochop, Maruuii, a30T; B) HATPUI, KUCJIOPOI, HOT;
r) Top, Meah, MapraHell.
2. Kakue xvmMunyeckue anemeHTbl Ha3biBaloTCs MakpoanemeHtammn? MNepeduncnute ux. Kakoso
3Ha4YeHne MaKpO3NEMEHTOB AN XMBbIX OPraHM3MoB?
3. Kakne anemMeHTbl COCTaBASAOT rpynny MukpoanemeHTos? MNpueegnte npumepsbl. B yem 3a-
Kno4aeTca 6ruonormyeckas pofie MMKpO31eMeHToB?
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4. YcTaHOBUTE COOTBETCTBUE MEXAY XMMUYECKUM 3IEMEHTOM U €ro 610norn4eckon yHKLUMeNn:

1) ragpIuit a) yJacTByeT B CHHTe3e TOPDMOHOB PAacTeHUIl, BXOLUT B COCTAaB WH-
. cyJIMHA

2) maraui 0) BXOAUT B COCTAB T'OPMOHOB IITUTOBUIHOI JKeJIe3bl

3) K06GaIbT B) ABJIAETCA KOMIIOHEHTOM XJIOPOMUJIIA
T) BXOAUT B COCTaB I'eMOIIMAHWHOB HEKOTOPBHIX 0ECII0BBOHOYHBIX

4) itox "KUBOTHBIX

5) mEHK ) HeoOXOAWM [JIsi MBIIIIEYHOI'O COKpAIeHUS U CBEePTHhIBAHUA
KpPOBH

6) menn €) BXOJUT B COCTaB BUTAMHUHA B,

5% Ha ocHoBaHuM maTepuana o 6MONOrM4yeckoit posiv Makpo- U MUKPOSSIEMEHTOB U 3HaHWA,
NOMYyYEHHbIX MPU U3Y4EHUN OpraHn3Ma YenoBeka B 9-M knacce, 06bsICHUTE, K KakiM NOCNeacTBu-
SIM MOXET MPUBECTW HE[OCTATOK TEX WM UHBIX XMMUYECKMX 3NIEMEHTOB B OpraHM3me YesioBeka.

6% B Tabnuue ykasaHo cofepXaHWe OCHOBHbIX XMMUYECKWUX 31IEMEHTOB B 3€MHOW Kope (Mo
mMacce, B %). CpaBHUTE COCTaB 3EMHOM KOPbl M XMBbIX OpraHM3moB. Kakune ¢hakTbl NMO3BONSIOT
caenatb BblBOO O €OMHCTBE XWBOW U HEXMBOW NPUPOAbI? B yem 3aknoyvatoTcs 0COH6EHHOCTH
3M1EMEHTAPHOMO COCTaBa XMUBbIX OPraHN3MOB U Kak MX MOXHO OOBLSCHUTL?

daeMeHT Co;[epozc AHIe, dnemMeHT Conepoa/zc AHES, daeMeHT Co;[epozc AHIS,
Kucnopon 49,13 Harpuit 2,4 VYraepon 0,35
Kpemunii 26 Marunii 2,35 Xiop 0,2
AnromMuHMRn 7,45 Kanuit 2,35 Dochop 0,125
HKeneszo 4,2 Bomopon 1 Cepa 0,1
Kansnuit 3,25 Turan 0,61 Aszor 0,04

i%‘ «PESHHOBBIE» KOCTH il @g

IToMoIIlb PACTEHUSIM B

§ 2. Xumunyeckmne coeguHeHUs B XXUBbIX opraHn3max.
HeOpFaHW-IECKVIe BeljecTBa

B cocraB :XKUBBIX OPraHU3MOB BXOJAT PA3HOOOPA3HBIE XMMHUUECKUE COEIU-
HeHUsA, o0pa30BaHHBIE aTOMaMU PA3JIMYHBIX 3JIeMeHTOB. KiioueByio poJsib B
OCYIIIECTBJIEHUU ITPOIIECCOB JKU3HEAEATEIbHOCTH UTPAIOT OpzaHUiecKUe Bellle-
cTBa — 0eJIKM, YIVIEBOABI, JUIMUALI, HYKJIENHOBbIE KUCJIOTHI U ., KOTOPHIE B
HEXUBOU IIPUPO/e IPaKTUUYEeCKU He BeTpeuaiorea. OqHaKO He Bce COeIUHEHNUA,
MIPUCYIIie OpPraHM3MaM, CIeIU(UUHBI TOJBKO IJA JKMUBOM mpupoabl. Takue
HeopzaHuuecKue BeIecTBa, KaK BOAa, HeOpPraHWYeCcKUe (MUHEPAJLHBIE) COJIT
W KHCJIOTHI, IITMPOKO PACIPOCTPAHEHBI U B HEKUBOI IPUPOJIE.
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Boda. B xosmuecTBEHHOM OTHOIIIEHWU TIEPBOE MECTO CPEIM BEIeCTB, BXO-
IAIUX B COCTAB JKMBBIX OPraHU3MOB, 3aHUMaeT Bojga. Ee maccoBas HOJA B
opranmusmMax B cpenHem cocraBisger 656—80 %. KoauuecTBo BOAbI HEOJUHAKOBO
B Pa3HBIX TKAHAX U opraHaxXx. TakK, B COUHBIX IJIOJAaX PACTEHUI MOIKET CO-
mep:karbea 10 98 % BombI, a B 3ePHOBKAX 3JIAKOB, CEMEHAX IIOACOJHEUHUKA,
JbHAa, 0000BBIX ee MaccoBas A0Js cocraBiaseT 7—I14 %. Ilnasma KpoBu, JIUM-
da, TKaHeBaA KUIKOCTDH, CEKPETHI OOJBIITUHCTBA KeJje3 JKUBOTHBIX 00Jiee ueM
Ha 90 % cocToAT M3 BOABI. B CKeJEeTHBIX MBIIIIIAX UeJOBEKAa MaccoBasd MOJIA
BOJLI COCTABJISIET OKOJIO 76 %, a B KUPOBOI TKaHu — npubausuTeabHo 30 %.
C Bo3pacToM cofepsKaHNe BOALI B OPraHMU3MeE IOCTEIIEHHO CHUIKAEeTCH.

W3 xypca xumum BBI 3HaeTe, 4To B MoJjekysae Boasl (H,0) nBa aTroma BonO-
poza coequHEHBI ¢ aTOMOM KKCJIOPOJa KOBAJIEHTHBIMU IIOJSPHBIMU CBA3IMU.
Cssasu H—O—H pacnonoxkensr mong yriaom 104,5° npyr K apyry. Kucmaopoz
ob6samaeT OOJIBIIEHN BJIEKTPOOTPUIIATEIBHOCTHIO, UeM BOAOPOX, IIO3TOMY aTOM
KHCJI0POJa MPUTATUBAET K cebe 00IIre 5JIeKTPOHHBIE TTapbl U IPUOOpeTaeT ua-
CTUYHBIA OTPUIATEJbHBIN 3apAa. ATOMBI BOAOPOAA IIPUOOPETaI0T YaCTUYUHBIN
TIOJIOJKUTEJILHBIN 3apAl, T. €. MOJIEKYJa BOIBI
ABJISIETCS MOJAPHOM (puc. 2).

Mexay aToMOM KHCJIOPOa OZHON MOJIEKY-
JIBI BOABI ¥ aTOMOM BOJOPOJa APYroii MoJie-
_ KYJIbI BOSHUKAET 9JIeKTPOCTATUUECKOe ITPUTS-

u 0450 u xeuune. Taxoe BzaumoericTsue, doJsee ciadoe,
o+ / ’ d* ueM WOHHAasA CBA3b, HA3LIBAETCSA BOJXOPOTHOM
cBA3BI0. Kakaas MoseKysa BOAbl IPUTATUBA-
Puc. 2. Ctpoeue Monekynbl BOABl o g ceGe 3a cueT 0OPA3OBAHUSA BOLOPOLHBIX
CBfA3EH eIlle YeThIpe MOJIEKYJBI (puc. 3).

Taxum 00pa3oM, MOJIEKYJIbI BOALI CBSI3aHBI
Ipyr ¢ apyrom. IloaTomMy Boja mpu TeMmIiepa-

! Typax or 0 °C mo 100 °C mo:keT COXpaHATH
i JKUIKOe arperaTHoe COCTOAHMe, TOTa KaK II0-

(H IOOHBIE eli BOJOPOAHBLIE COeAUHEHUs (Hamlpu-

S t ? mep, H,S, NH;, HF) asnarorca razamm.
g y _H,\ Poab Bombl B JKMBBIX OpraHM3MaX CBs3a-
_— A Ha C ee CBOMCTBAMU, IIPEKIE BCETO C MAJIBIMU

pasMepaMu MOJIEKYJ, UX HOJSIPHOCTHIO U CIIO-
COOHOCTBHI0O 06PA30BHIBATH BOJOPOIHBIE CBA3U
MeXKIy co0O0i U ¢ APYTUMU COeIMHEHUIMMU.

Puc. 3. BOROpOQHble CBA3M MeXAy Biaromaps mosAapHOCTH MOJIEKYJIBI BOABI
MOsieKyniamm Bogbl criocoOHBI () OPMUPOBATH TaK Ha3bIBAEMbIe
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zudpamubvle 000/104KU BOKDPYT MOHOB U MOJSAPHBIX MOJIEKYJ. ITO CIIOCOOCTBYET
000CO0JIEHUIO YACTUIl U MPENATCTBYeT UX CKJIEWBAHUIO APYT C APYTOM, UTO
0COOEHHO Ba)KHO, HAIIPHUMED, AJIs OEJIKOBBIX MOJIEKY.JI.

ITonsApHOCTH MOJIEKYJI ¥ CIIOCOOHOCTH 00Pas30BBIBATH BOAOPOHbBIE CBA3U Jie-
JIaeT BOAY YHHBEPCAJIbHBIM PACTBOPHUTEJIEM JJIA MOJAPHBIX BelIeCTB, JYUIIINM,
yeM OOJIBIIIMHCTBO KUAKOCTEH. B 3aBUCHMOCTH OT CTEIEeHHN B3aMMOAEHCTBUS
C MOJIEKYJIaMHM BOJBI COEIMHEHUS MeJAT Ha T'uApPoGUIbHBbIE U TUAPO(GOOHBIE.
I'uapoduABHBIMYM ABJIAIOTCA MOJAPHBIE BEIIeCTBA, KOTOPble aKTUBHO B3aMMO-
IefCTBYIOT C MOJIEKYJIaMHY BOJABI 3a CUET 00pasoBaHUS MHOTOUMCIEHHBIX BOJO-
POIHBIX CBABEH, UTO 1 OOYCJIOBIMBAET UX XOPOIIYI0 PACTBOPUMOCTE (puc. 4, a).
K ruapoduabHBIM COeIMHEHUAM OTHOCSATCSA HUSIINE CIUPTHI U KapOOHOBBIE
KHCJIOTBI, MOHOCAaXapuabl, AUCAXapUIbl U Ap. HemoaspHbIe BellecTBa SBJIS-
0TCS TUAPOGOOHBIMH, OHU He (DOPMUPYIOT BOAOPOTHBIE CBSA3U C MOJIEKYJIAMU
BOIBI U HE PACTBOPSAIOTCA B Hell (puc. 4, 6). To BhICIIe KapOOHOBbIE KUCJIOTHI,
JKUPBI ¥ HEKOTOPbIE APYTUe COeTMHeHUS.

@ECoS& o L D
“Q N B&
& @@@
LB 8 P g &

Puc. 4. O6pa3oBaHne BOJOPOLOHbIX CBA3EN MexZy MOfieKynamu Bogbl Y rmapoduiibHOro
BellecTBa (a); OTcyTCTBME NOJOGHOro B3aMMOAENCTBUSA C rMapoddo6HbIM BeLLecTBOM (6)

&
&

PacTBopeHnue BelecTs CIIocoOCTBYET IMOBLIIIIEHNIO UX PEaKIIMOHHOM CIIOCO0-
HOCTH, T. K. MOJIEKYJIbl WJIX KMOHBI IIOJYYAIOT BO3MOXKHOCTL 00Jiee CBOOOHO
mepeMentaTbCsaA M B3aMMOAENCTBOBATDH APYT C APYTOM. BOJBIIMHCTBO XUMUYE-
CKUX peaKIUi B JKMBBIX OPraHN3MaX IIPOTEKAeT NMEHHO B BOLHBLIX PACTBOPaX.
TaxuMm oOpasoM, B KaueCTBe PACTBOPUTEJIS BOLA ABJSAETCS OCHOBHOM Cpemoit
MIpOTeKaHUs IIPOIecCOB 0OMeHa BelllecTB — MeTadoamsMa. Kpome Toro, Boma
CJIYKUT CPEIACTBOM TPAHCIIOPTA PACTBOPEHHLIX B HEH BEIeCTB. ITY (PYHKIIHIIO
OHA BBIMOJHSET, HAIIPKMMED, B COCTaBe KPOBU, JUMMBI, TKAHEBON KUIKOCTH,
MOYM W CEKPETOB KeJjie3 JKUBOTHBIX, B ITPOBOAAINNX TKAHAX PAaCTEHUMN.

Boga siBjisteTcs y4aCTHUKOM MHOTMX OMOXMMHUYECKHUX IIPOIECCOB, HAIIPUMED
dorocunTesa. Kucaopoa, BeIAegdOINUiica B Xome (POTOCHHTE3a, o0pasyercs
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TIPU PaCIIeNJIEHNY MOJIEKYJI BOAbI. IIpoIiecchl pacIerieHus CI0KHBIX OPraHu-
YeCcKUX BelrecTB (0esK0B, MOJIMCAXapPUA0B, JUIUIOB 1 AP.) A0 0ojee IPOCTHIX
COEIMHEHUN SABJIAIOTCA PeaKIUaMU 2uU0pPOU3d, T. €. IPOTEKAIOT IIPU HEeIo-
CPEeICTBEHHOM yYacCTHUU BOIBI.

Boza mpaKTuuecKu Hec;KMMaeMa, YTO BayKHO IS MOAAeP:KaHusA YIIPYTOCTH
KJIeTOK u TKaHel. OHa ompejessgeT 00beM KJETOK U TYPropHOe JaBJIeHue —
IaBJieHre BHYTPEHHETO COMEeP:KUMOro KJIeTKM Ha ee 000/10uKy. Hec:knMaemMoCTh
BOJBI TIO3BOJISET €ii BBIMOJIHATH (PDYHKIIUIO TUAPOCKEJIeTa ¥ KPYIVIbIX W KOJIb-
YaTbhIX UepBeni.

Xopoliue cMa3bIBAIOIIEe CBOMCTBA BOABI CIIOCOOCTBYIOT YMEHBIIIEHIIO TPe-
HUS B PA3JMYHBIX YACTAX OpraHmaMa (BCIOMHUTE POJIb JKUMAKOCTe, comepsxa-
HIUXCA B IJIEBPAJILHOM MOJOCTH, OKOJIOCEPAEUHON CYMKE, TTOJIOCTAX CYCTABHBIX
CYMOK UeJIOBEeKa).

Boga obGmamaeTr 8vicokoil mensoemkocmvio. ITO 3HAUYUT, YTO HPU TOTJIO-
IIeHNN WJIN BBIAEJEeHUU OOJBIIOr0 KOJMYEeCTBa TEILIOThl TeMIlepaTypa caMoi
BOJABI UBMEHAETCA He3HAUUTeIbHO. IToaToMy maske peskue TeMIlepaTypHbIe KO-
JebaHuA B OKPYIKAIOIIel cpefie He HPUBOAAT K CYIIECTBEHHOMY M3MEHEHUIO
TeMIIepaTypbl BHYTPU OpPraHu3Ma.

IIpu mepexoze *KUIKOI BOABI B COCTOSHME ITapa IIPOMCXOAUT paspyleHue
BCEX BOJOPOAHBIX CBA3EH MEXIY ee MOJEKYJIaMI, a 9TO TPeOyeT 3HAUNTEIbHBIX
s3arpar sHepruu. [losToMy McIapeHmue BOAbI COIIPOBOMKIAETCS OXJIAKICHUEM U
HUCIIOJIB3YeTCA KUBBIMI OPTaHM3MAaMM AJISA 3aIlUThI OT IeperpeBa (IIOTOOTHAe-
JIeH1e Y MJIEKOIIHUTAIOIINX, TPAHCIUPAIUA yV PACTEHIIT).

Bonma nmeeT OTHOCHUTENIBHO BbICOKYIO IJIA KUAKOCTEN MensonpoeoodHocms.
I Br:KeHMe BOABI (IIUPKYJISAINSA KPOBU Y *KUBOTHBIX, BOCXONAIINN M HUCXOMIS-
IUHA TOK PACTBOPOB y PACTEHUH U T. JI.) B COUETAHUM C BHICOKOU TEMJIOIIPOBOI-
HOCTBIO CIIOCOOCTBYET PABHOMEPHOMY PAaCIIPeeJIeHUIO0 TeIJIOTHI B OpraHU3Me.

Bakuelimue 6uosornueckre (YHKIIUYU BOABI ITPEACTAaBJIEHLI B TabauIe 2.

Tabauma 2. OcHOBHBIE (DyHKIIUU BOAHI B JKMBBIX OPraHU3Max

DyHruud ITosacuenue

BxoguT B cocTaB BCeX KJIETOK, MEKKJIETOUYHOI'O BeIlecTBa,
BHYTPEHHe! cpeabl OPraHM3Ma, CEKPEeTOB JKeje3 U T. ., IIPU-

CTpyKTypHas
IaeT yOpyrocTb KJIETKaM U TKAHAM, Y HEKOTOPBIX *KHUBOTHBIX
BBINIOJTHAET (DYHKIIUIO TUAPOCKeIeTa
SBasieTrcsa cpemoii MpPOTEKAHUA W YYACTHUKOM OMOXUMUYE-
Merabonnueckas

CKUX peaxIui
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IIpodonscenue

DyHKRIUI IToacuenue

Cmoco0cTByeT BCACKLIBAHUIO PACTBOPEHHBIX BEIECTB, UX Iepe-
TpancmoprHas MeIIeHNI0 B OPraHM3Me U BBIBEIEHUIO0 KOHEUHBIX IIPOAYKTOB
oOMeHa BeIlecTB

TepmoperysiTopHas VuacTByeT B PeryJsiliuyl TEIJIOBOIO PEeXKIMa OPraHu3MOB

Heopzanuueckue (MuHepanibHble) COAU U KUCLOMBL, KAK U BOJ]A, BXOJAT B
COCTaB BCEX »KMBBLIX OpraumsmoB. VX oflmee comepskanne B OpraHusMax Cpas-
HUTEJIHLHO HEBEJINKO U OOLIYHO He mpeBhIaeT 1—1,5 %, oqHAKO 3TH BellecTBa
BBIMIOJIHAIOT BaXKHbIE OMOJIOrnUecKre (PyHKI[UH.

Hepacmeopumvle coau TPUHUMAIOT yUYacTHE B IIOCTPOEHUU Pa3IUUHBIX
OIIOPHBIX CTPYKTYP JKMUBBIX OPraHN3MOB, ObeclieunBasi X IIPOYHOCTh. Hampu-
mep, kapbonar Kaiabnua (CaCO;) aBasgeTcsa BaKHBIM KOMIIOHEHTOM PAKOBUH
MOJLJIIIOCKOB, MAHIIUPel PaKoOOpPAas3HbIX, CKOPJIYIbI SUI[, CKEJETOB KOPAaJLIO-
BBIX IIOJIUIIOB M Ap. PocdarTbl KaJbIUsA COCTABJSIOT OCHOBY MEKKJIETOUHOT'O
BeIl[eCTBa KOCTHOII TKAHM ITO3BOHOYHBLIX JKMBOTHBIX. TBepaocTh 3yOHOI sMa-
Ju o0ycJoBJIeHa HaJIUYWeM MUHePaJbHBIX COJIell, B COCTaB KOTOPBIX BXOMUT
KaJbliuii, Marauii, pocop u prop. CKeleT HEKOTOPLIX IPOTHUCTOB 00pa3oBaH
cyabdarom crpoHtius (SrSO,).

Pacmeopumvle conu Ipu B3aUMOJEHCTBUY C BOAOU AUCCOIIUUPYIOT, IIOSTOMY
B JKUBBIX OpraHM3Max OHU cofeps:Karcsa B Bujme noHoB. Comepskanue ompepe-
JIEHHBIX KATUOHOB M AHWOHOB BHYTPU KJIETOK, KaK IIPABUJIO, 3HAUUTEIHHO
OTJINYAETCS OT WX KOHIEHTPAIlMKX BO BHEKJIETOUHOU cpeme. Tak, B KJeTKax
Ha0JI0aeTes JOCTATOYHO BLICOKAA KOHIeHTpanua Karnonos Kanus (KY) u aus-
kasa — Harpusa (Na'), a Bo BHeKJeTouHOII cpese — Haoboport. Ilpuyem cozep-
sxauHne K" B kaerkax u Na' 3a ux mpefeiaMyu HeOZMHAKOBO. DTO IPUBOLUT K
BOSHUKHOBEHUIO PA3HOCTH 9JIEKTPUUYECKUX ITOTEHI[NAIOB MEK Iy BHYTPEHHEH 1
HApPYKHOII CTOPOHAMHU ITMTOIIJIA3MATUUYECKON MeMOpaHbl, YTO HEOOXOIUMO I
BO30Y KIEHNS KJIETOK, MeHepaluy 1 IIepeJadyr HepPBHBIX MMIIYJILCOB.

HexoTopble MOHBI BXOAAT B cOCTaB (hepMEHTOB, BUTAMHHOB U IPYTHUX
OMOJIOTMUECKH aKTUBHBIX BemlecTB. Hanpumep, non Co” — cTPyKTypHBIH dJ1e-
MeHT BuUTaMuHA Bj,, Mg?" — xmopodunna, Fe?’" BXomguT B cocTaB remorio-
6uEa 1 T. 4. Karmomer Ca®?" m Mg?' BiImAOT Ha aKTUBHOCTH pAAA (hepMeH-
TOB M, CJIEJJOBATEJIbHO, UTPAIOT BAJKHYIO POJIb B PEryJSAIUU O00MeHa BeIecTB.
Honsr NO; u NH; aABIAIOTCSA HCTOUHMKAMHU aTOMOB a30Ta, MoH SO3 — aromMoB

3anoMHUTb 0COBEHHOCTb pacrnpefeneHns MOHOB Kanus 1 HaTpWs NOMOXET Creayto-
wasa dpasa: «Kanun nget B Knetky, a HATpuin — HApyxy».
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e [} BasKHeHNITIaA pOJIb NPUHALIEKUT Boie. Ee OCHOBHBIMH OMOJIOTH-

cepbl, KOTOPbIe HEeOOXOAUMbI aBTOTPO(MHBIM OpraHu3MaM OJis CUHTEe3a aMIHO-
KHCJIOT.

Heopzanuueckue Kuciomyvl TaKKe UTPAIOT BaAXKHYIO OMOJOTUUYECKYIO POJIb.
Hanpuwmep, consaunas xkucuaora (HCl), Bxomsias B cOCTaB »KeJYJOYHOIO COKA
MO3BOHOYHEIX JKMBOTHBIX, CO3JAeT B JKeJyIKe KUCIAYIO Cpeny. ITO CIIOCOOCTBYET
YHUUYTOKEHUI0 00Je3HETBOPHBIX MUKPOOPTAaHM3MOB U aKTHUBAIMU (DEPMEHTOB
sKeaymouHoro coka. Ocrarku (Goc(opHOII KHCIOTHI BXOLAT B cocTaB (ocdo-
JUONA0B, HyKJeoTuaoB, AT®d. dochopHasa m yrojabHas KHUCJIOTHI, a TaKKe
AHUOHBI ATUX KUCJIOT YUYACTBYIOT B IOAAEPIKAHUN OIIPEIeIEHHON KUCIOTHOCTU
BHYTPU KJETOK M BO BHEKJIETOUHON cpeje.

Kucnomnocmdb cpedvt. BO3MOKHOCTH IPOTEKAHUA OMOXMMHUECKUX DPeak-
Ui, UX CKOPOCTH U PE3YyJAbTAT BO MHOTOM 3aBHUCAT OT KHMCIOTHOCTH CPenbI,
T. €. OT KOHIleHTpanuu noHoB Bomopoza (H'). KomudecTBeHHO 5Ty BelMumHy
BBIPAJKAIOT IIPU IIOMOIITY BOXOPOTHOTO MoKasareas pH (ma-arm).

B BomHBIX pacTBOopax BesuumHa PH 0OBIYHO TPMHMMAET 3HAUEHUSA OT
0 mo 14. HefiTpaabHas cpega xapaKTepusyeTcs 3HauenueMm pH = 7, B mie-
Jgounoit cpeme pH OGoJblire 7, B KucJ0ii — MeHbIIe 7. YeMm OoJibIlle BeJIu-
uypnua pH orimuaercs or 7, Tem 0ojiee KMUCJIBIM HJIU IIEJIOYHBIM SBJISAETCS
pacTBop.

B muromrasme KJIETOK, KaK IPABUJIO, IOAAEPKUBACTCA HeMTpaJIbHAS WJIN
caaborenounaa cpega (pH = 7,0—7,4). BHe KJieToK cpema OOBIYHO cjiabo-
miesounasi. Hanpumep, B miasMe KpPOBU UYesioBeKa BeamuwmHa pH B HOpMe
cocraBiser 7,36—7,44. OgHaKO B Pa3HBIX YACTAX OPraHM3Ma, B PA3JIUUHBIX
OMOJIOTMYECKUX JKUIKOCTAX 9TOT MOKA3aTeNb MOYKET CUJILHO BAPbUPOBATH.

B xxenynke 4enoBeka peakums cpefbl Kncnas, a B KULLEYHUKE — LLenoYHas. Y 340po-
BbIX Nt0EN Npyv HopMasibHOM MUTLEBOM pPeXrMe U c6anaHCcMpoBaHHOM nNuTaHun pH mMouun
coctaBnsetr 5—6, HO npu TaxXenon guanyeckon paboTte unn ynoTpedneHun 605bLIOoro
KONMMYecTBa MSICHOM MWLM 3TOT nokasartesflb CHUxaeTcs. MofioyHo-pacTuTensbHas aueta,
Haob0pOT, NPUBOOUT K TOMY, YTO peakumsi MO4YM CTAHOBUTCH LLESIOHHOMN.

58 Cpeau HeopraHMYECKHX BEIeCTB B COCTABEe JKUBBIX OPraHM3MOB

' yecKUMU QYHKIUAMU SBJISIOTCA CTPYKTYpHAas, MeTaboamuecKas,
TPAHCIIOPTHAA W TEPMOpPeryasaTopHad. MuHepaJbHBbIE COJMU U KUCJIOTHI
TaK:Ke UTPAIOT BasKHYIO POJIb B IIpoIleccax *KU3HeAesITeIbHOCTH OpraHu3-
MoB. Ha mporekanme OMOXMMHUYECKUX PeaKIMil BAUAET KOHIIEHTPAIUS
nosoB H" — KucioTHOCTE cpenbl.
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? 1. Kakue HeopraHuyeckue BelLecTBa BXOAAT B COCTaB XMBbIX OPraHu3MoB?
™ = 2. Kakue BeLLiecTBa HasbIBatoT rnapoduneHeIMK? MapothobHeIMM? MpuseanTe NpUMeps!.
3. OxapakTtepuayiiTe 61MONOrM4ECKYI0 POSib MUHEPANbHbBIX COMEN U KUCIIOT.

4. CKonbKO BOfAbl COQEPXKMUTCS B XUBbIX OpraHM3Max U oT 4ero 970 3asucut? [Moyvemy pac-
TEHWsi NpW HepocTaTke BOAbl YBAAAKOT?

5.Kak Bbl gymaeTe, no4emy OOJSbLUMHCTBO MOMAPHBIX BELLECTB XOPOLLO PacTBOPSAOTCA B
BOfE, a HeMomnspHble, Kak Npasuno, B HeWl HepacTBOPUMbI?

6. Kakve hyHKUMK BbIMOMHAET BOAA B XXUBbIX OpraHnamMax?

7+. Kak (hn3M4eCKME N XMMUYECKIE CBOMCTBA BOAbI CBA3aHbI C €€ 61ONTOrnYecKnMm yHKUMAMN?

8*. AHMOHBI (POCAOPHON KMCMOTbI 06ECNeUMBAOT NOAAEPKAHNE OTHOCUTENBHO NOCTOSIHHON KOH-
LieHTpauy MOHOB BOAOPOAA BHYTPM KNETOK. Bo BHEKNeTO4HOM cpefe 3Ty (DYHKLMIO BbIMOMHSAOT
yrosibHas Kucnota u rugpokapooHat-voH. MNovemy aTn CoeyHeHVs MO3BONAIT NOAAEPXMNBATL Onpe-
[eNneHHy0 KUCNOTHOCTb CPefbl, B TO BPEMS Kak a3oTHas W CONsHas KUCMOTbI, & TaKXe X aHWOHbI,
He o6nafarT TakuMK CBOMCTBaAMU?

Of30]
% CAMOZIENIbHBINT PH-MHINKATOP ’%ﬁ @
. i

§ 3. OpraHunyeckue Bewectsa. AMUHOKUCNOTbI. Benku

Hu3sxomonexynaprsle u 6bLCOKOMONEKYLAPHbLE OP2AHUYECKUE 6EU,eCMEq.
HeoTbemiemoii cOCTaBIAIOINIEN BCErO YKMBOTO ABJIAIOTCA OpZaAHUYeCKUe Belle-
CTBa, Ha3BaHMe KOTOPBIX MPOUCXOAUT OT CJIOBA «OPTaHU3M». OTH COeNUHEHUS
o0ecrieunBaIOT IIPOTEKAaHNE BaKHEUIIIUX TIPOIECCOB KUIHEIeATeIbHOCTH,
U JKU3HL Ha 3eMJjie 0e3 MX ydacTUs HeBO3MOKHA. OpraHudyecKue BeIllecTBa
cocraBiaAT B cpegHeM 20—30 % wmacchbl JKMBBIX OpPraHu3MoOB. WX MOJEKY-
JIBI COCTOSAT, TJIABHBIM 00pas3oM, M3 aTOMOB YIJIEpPOJa, BOAOPOAa M KHUCJIOPOIa.
B cocTaB MHOrux GMOJOTMYECKU BaKHBIX OPraHUYECKUX COENUHEHUI BXOMAT
U IpyTrue sjaeMeHThI. Hampumep, MOJIEKYJIbI OEJIKOB TaKiKe COAep:KaT as3oT U
cepy, HYKJENHOBbIE KMCJIOTBI — a30T u (ocdop.

HuskomosieKyaapHbIe OPraHnYecKre BeIllecTBa XapaKTepus3yTCa CPaBHU-
TeJILHO HEOOJIBITION MOJIEKYJIAPHON MacCoOi M OTHOCUTEIBHO ITPOCTHIM CTPOEHU-
eM. ATO aMUHOKUCJIOTHI, MOHOCAXaPUIbl, HYKJIEOTUALI, KAPOOHOBBIE KUCJIOTHI,
coupThl 1 T. 1. CJIOKHBIE IO CTPYKTYPE COeNUHEHUs, MOJIEKYJIApPHAA Macca
KOTOPBIX COCTABJISET OT HECKOJbKUX THICAY [0 MUJIJINOHOB, HA3LIBAIOT BBICO-
KOMOJIEKYJISAPHbIMU. K HUM OTHOCATCA OeJIKH, TTOJHMCcCaxapuabl 1 HYKJIENHOBBIE
KMCJIOTHI. MOJIEKYJIbI STUX BEIECTB COCTOSAT M3 MHOKECTBA ITOBTOPSIOIINXCS
3BEHbEB — MOHOMEPOB, KOTOPbIE MOT'YT 6]:ITI: OMMHAKOBBIMU MJIN PA3JINYaTbCA
mo cocTtaBy. M3 Kypca XMMUM BBl 3HAETe, UTO TaKMe COeINHEHUS HAa3LIBAIOTCS
mosumepamMu. MoHoMepaMu OeJIKOB ABJIAIOTCS aMHHOKHCJIOTHI, MOHOMEpPaMU
TMOJNCAXapPUA0B — MOHOCAXaPUAbI, MOJIEKYJIbI HYKJIENHOBBIX KUCJIOT IIOCTPOe-
HBI U3 HYKJeoTumoB (puc. 5, c. 18).
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o

IIIeCTB B KJIETKAX PAcCTeHUH IIpeood-
JIaflaioT HMOJIMCaXapUIbl, a B KJIeTKax
JKMBOTHBIX — Oenku. Ho mecMmoTps
HA HEKOTOpble Pas3juuus B KOJIU-
YECTBEHHOM COOTHOIIIEHUM TEeX UJIU
WHBIX OPraHUYECKUX COEeTUHEHUI,
BeIllecTBa, IPUHAIIEKAIIINe K OIpe-
JIeJIEHHOM I'PYIINe, Y BCeX »KMBBIX OPraHN3MOB BBIMIOJHAIOT CXOIHbIE (DYHKI[VH.
ITpu sTom HamboJbIllee pasHOOOpasme GMOJOTUUYECKUX (PYHKIIMI XapaKTepHO
IJIs1 OeJIKOB.

AMuHOKUCIOMbBL — MOHOMEDPHL 0eNK06bLX MONLEKYNL. AMUHOKUCIOTHL —
OopraHMYecKUe COeqUHEHNU, ComepsKalue ofHoBpeMeHHo amuuorpynny (—NH,),
00J1aJAI0IYI0 OCHOBHLIMHU CBOMCTBaMM, M KapObokcuiabHyio rpynny (—COOH),
IPOABJIAIONIYI0O KUCJIOTHBIE CBOMCTBa. B cocTaBe KUBBIX OPraHM3MOB OOHA-
Py KeHbI COTHM aMHHOKMCJIOT, HO B 00pas3oBaHUMU 0eJIKOB yuacTByeT Juilb 20
u3 Hux. Takme aMUHOKUCJIOTHI HABBIBAIOT 0€10K00pA3yIOUWUMU, UX TIOJHBIE U
COKpaIllleHHbIe Ha3BaHUA IIPeACTABJIEHbI B Ta0auIle 3 (He IJd 3aIOMUHAHM).

\
Kap6OHOBbIe KMCIOThI

| OpraHuyeckue BellecTsa | Besku, mosmcaxapuiel U HYy-
[ [ KJIEMHOBbI€ KMHCJIOTBI COJepiKaTcdAa
HI/ISKOMOJ'IeKyJ'IﬂprIe BbicokomonekynspHbie B KJIeTKaX BCeX MHUBBIX OpPraHuas-
(6rononumepsbl)
I MOB ¥ BBINOJHAIOT WCKJIIOUUTEJIHHO
| MOHocaxapm,qbl | | [Monucaxapwvabl | BasKHBIe OmoOJIoOTMUYeCcKUe (PYHKIIUU,
‘ ‘ IIOSTOMY WX HA3bIBAIOT OMOJIOTHYE-
| AMWHOKMCNOTBI | | Benkn |
: : CKUMM moJuMepamMu (OuoImoJInMe-
| Hykneotuapl | | HykneunHoBble KI/ICJ'IOTbI| paMmmu).
‘ W3 Bcex rpynn opraHuvecKux Be-
| Jvunnael |

CI'II/IprI v ap.

Puc. 5. OpraHuyeckre BeLLECTBa,
BXOZSILLME B COCTaB XMBbIX OpPraHu3mMoB

Tab6auma 3. Berokoopasyrouiue aMUHOKHUCJIIOTHI

AMUHOKHCIOTA Coxpamennoe AMuHOKHCIOTA Coxpamentoe
Ha3BaHHE Ha3BaHHE
Ananun Ana Jletittua Jleit
Apruaun Apr JInsun JIus
Acnaparus Acu Merunorna Mert
AcnaparuHoBas KUCJOTa Aco IIponun IIpo
Banun Baun Cepun Cep
T'uctugun T'uc Tuposun Tup
Tnunua T Tpeorun Tpe
I'nyramun Tnn Tpunrodan Tpno
I'nyramuHOBasA KucJora Ty DdeHunamaHUH Den
W3soneninun WUne IMucrenn ITuc
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B moiexymax 06eoKoOpasyoIUX AMHUHOKHCJIOT aMHHOIPYIIIIA W Kap-
OoKcHJIbHAS T'pyINa IIPUCOEIUHEHBI K OZHOMY M TOMY K€ aTOMy YIJIepoia
(T. e. BCe OHM ABJIAIOTCA O-aMHHOKHucJjJoTamMu). C 3THUM Ke aToOMOM yTJiepoza
cBA3aH paaukaJt (R), KOTOpbIf ¥ KayKI0M aMUIHOKHMCJIOTHI UMeeT 0coboe cTpoe-
HUe U OompefesiseT ee crenuduuecKkue cBoiicTBa (puc. 6).

Benoxo6pa3y|ou.me AMMWHOKUCIOTbI

aTtoMm yrnepoda B A-MONOXeHnn

amuHorpynna  H,N—CH—COOH kap6okcunbHas

rpynna
pagvkan R
Kucnble HenTpanbHble OCHOBHble
HZN—TH—COOH H,N —|CH—COOH HZN—CI:H—COOH
(CH,), CH, (CH,),
COOH AnaHuH NH,
FnymamuHosas kucroma JluzuH

Puc. 6. CTpoeHne monekyn 6enokobpasyomx aMMHOKUCIOT

Pagukaabl aMUHOKKCJIOT MOTYT OBITh HEIOJSPHBIMU (TUAPO(POOHBIMIT)
WU TOJNAPHBIMU (TUAPOGUILHBIME), COAEPIKaATh Pas3aUdYHble (PYHKIIMOHAJb-
Hble Ipynnbl. HanpuMep, pagukal cepruHa COOEPKUT M'MIPOKCUIBHYIO IPYIIITY
(—OH), pamzukay mucTenHa — cepocogep:kainyio rpymany (—SH). Hexoropbie
AMUHOKHCJIOTH MMEIOT [IUKJINYECKUe PaguKaJibl. Bece 9TO Urpaer BasKHYIO POJIb
B (DOPMUPOBAHUY IIPOCTPAHCTBEHHOH CTPYKTYPHI OEJIKOB.

MoJieKyibl OOJIBIINHCTBA 0€JI0OK00PaA3YIOINX aMIHOKKICJIOT COAEPKAT OSHY
aMUHOTPYIINY U ONHY KapOOKCUJIBHYIO I'PYIIIY — 5TO HeilmpaJibHvle aMUHO-
KHCJIOTHI. HeROTOpBIe AMMWHOKHNCJIOTBI MMEIOT OOIIOJHUTEJIbHbIEe aMMHO- MNJIU
KapOOKCUIbHBIE T'PYIIILI B cOcTaBe paguKajia. Takue aMUHOKHCJIOTHI COOT-
BETCTBEHHO HA3BIBAIOTCA OCHOBHbLMU WU Kucavimu (cM. puc. 6).

ABTOTpO(HBIE OPraHU3MbI CHHTE3UPYIOT BCe HEOOXOAMMbIe UM aMUHOKMUC-
JIOTHI U3 IPOAYKTOB (DOTOCHHTE3a 1 A30TCOAEPIKAIINX HEOPIraHNUYECKUX COEIu-
Heuuii. [[J1s reTepoTpodHBIX OPraHU3MOB UCTOUYHUKOM aMUHOKUCJIOT SABJISETC
IIIa. B OpraHHu3Me 4YeJIOBEKa M JKMBOTHBIX HEKOTOPbIe aMMHOKHNCJIIOTHI MOT'YyT
CUHTe3UPOBaThCs M3 MIPOAYKTOB oOMeHa BelllecTB (B MEpPBYI0 ouepeab — U3
IPYrUX aMHUHOKHCJOT). Takue aMHUHOKHCJIOTHI HAa3BIBAIOTCSA 3AMEHUMbLMU.
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lpyrue e, Tak Ha3bIBa€Mble HE3AMEHUMbLe aMUHOKUCJIOTHI, HE MOTYT OBITH
CUHTE3UPOBAHLI B OPraHU3Me U [OITOMY AOJIKHBI IIOCTOSAHHO IOCTYIATh B HETO
B cocTaBe 0€JIKOB ITUIIU.

[na yenoBeka He3aMeHMbIMY aMUHOKUCIIOTaMK ABMAIOTCA: TPUNTOgAaH, BasvH, n-
3WH, U30NENLUH, TPEOHWUH, heHnnanaHmH, METUOHUH 1 NenunH. 3anoMmHaTb UX NepeYdeHb
Heob653aTeNbHO, HO MPW XXeNaHUN MOXEeTe BOCMOSIb30BaTbCs MHEMOHUYECKMMM NpaBuna-
mu. Hanpumep: «TPu Mogpyrn — BAJls, IN3a W JIEHka TPE6oBann ®EH n METannu-
yeckyto JIEVKy».

Hannune ogHOBpeMeHHO aMUHOTPYIIIBI M KAPOOKCUIBLHOM I'PYIIIIBI 00YCI0B-
JuBaeT aM(POTEPHOCTh aMHHOKHCJIOT M WX BBICOKYIO PEaKIIMOHHYIO CII0COO-
HocTh. KaK BBI TOMHHUTE U3 Kypca XxuMuu, KapookcunbHas rpynna (—COOH)
OZHOM aMWHOKMCJOTHI MOJKET B3auMojelicTBOBaThb ¢ amuHOrpynmnoit (—NH,)
IPYyroi aMUHOKUCIOTHI. [Ipy aTOM OT KapOOKCUJIBLHON TPYIIIHI OTIIEHJIAETCS
rpynna —OH, a oT aMUHOTPYIIIIEI — aTOM BOAOpoJa. B pesyibrare BhIZessgeTcsA
MOJIEKYJIa BOJBI, a MEXK/AY aTOMOM yIJIepofia KapOOKCUIbHON I'DYIIIBI X aTOMOM
a30Ta aMUWHOTDPYNIIBI BOBHUKAET KOBAJIEHTHAs CBA3b, KOTOPAs HAB3LIBAETCS
nenmudHoil cBaswio (puc. 7).

Doe " DO _
H ® @© I H . @ =

CsoboaHas CsoboaHas
MenTuoHasa cBA3b
amuHorpynna kapbokcunbHas
rpynna

Puc. 7. CuHTes gunentupa

Tak obOpasyeTcsl TUIENTHd, KOTOPBLIN MMeeT HAa OJHOM KOHIIE CBOOOIHYIO
aMUHOI'PYIIIY, a Ha APYT'OM — CBOOOIHYIO KapOOKCUIbHYIO Ipymny. Biaarogaps
JII000i 13 HUX AUIIEIITHA MOKET B3aMOIeliCTBOBATh CO CJIeAVIOIel aMIHOKIIC-
JIOTOH, 00pasysa Tpumentum u T. A. Ecau TakuM obpasoM coefuHseTcsa Oojee
10 ocTaTKOB aMHUHOKMCJIOT, TO 00pasyeTcs MOJUIEITH]I.

Beaku — 5TO MOMUNENTUIBI, B COCTAB MOJIEKYJI KOTOPBIX BXOAUT MHOMKE-
CTBO OCTATKOB AMUHOKHCJIOT (IO HECKOJbKMX ThICAY). BeJIKM pasimuaroTcs
KOJMYEeCTBOM aMHUHOKHCJIOTHBIX 3B€HbEB, NX COCTABOM U IIOCJIEI0BATEIHHOCTHIO
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pacnono:xkeHus. IIpu aToM KaKAbIli 0eJIOK MMeeT OCOOBIi, MPUCYIITUHN TOJBKO
eMy TOPSAIOK YepPeJOBAHMUS aMUHOKUCJIIOT.

Yposnu cmpyxkmypnoi opzanusayuu 6enxovLx monexyun. JLyis Toro 4To0bI
0eJIOK MOT BBITIOJIHATDH CBOIO OMOJIOTUUECKYI0 YHKIINUIO, eT0 MOJIEKYJIa JOJIKHA
UMETH OITPeIeJIEHHYIO ITPOCTPAHCTBEHHYIO KOH(puUrypamnumo. PazinyaioT ueTsipe
OCHOBHBIX YPOBHSI OpraHmM3aliuu 0eJKOBBIX MOJIEKYJ — IePBUYHYIO, BTOPHY-
HYIO, TDETUUHYIO ¥ YETBEPTUUYHYIO CTPYKTYPHI (puc. 8).

BropuuHas
CTpyKTypa

a-cnuparis

TpeTuyHasa cTpyKTypa YeTBepTHUHas CTPYKTypa

Puc. 8. YpOBHM CTPYKTYpHOW OpraHv3aumu Monekyn 6enkos
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IlepBuuHasa cTpyKTypa 0eJIKa — 3TO CTPOTO OIIPeeIeHHAA IT0CIeI0BATE b
HOCTh aMUHOKMCJIOTHBIX OCTATKOB B JIMHENHON HMOJUIIENTUIHON 1enu. Ka b
0eJIOK oOJsialaeT YHUKAJbHOM MEPBUYHON CTPYKTYypoii. Ee cyiecTBoBamme o0y-
CJIOBJIEHO HAJMYMEM IMPOUYHBLIX NEenMuOHbLX CBA3€i MEMKAYy OCTATKAMM aMu-
HOKMCJIOT. Bce mocaenyroime, 60Jjiee CI0MKHBIE CTPYKTYPBI (POPMUPYIOTCS HA
ocHoBe mepBuYHOU. [losTOMY M3MeHEHMEe MEePBUUYHON CTPYKTYpPhI (Hampumep,
3aMeHa OJHUX aMHHOKMCJIOTHBIX OCTATKOB HA APYTYe) IPUBOLUT K M3MEHEHUIO
(OpMBI MOJIEKYJIBI, CBOMCTB U (DYHKIIUH OesIKa.

Bropuunasa cTpykrypa 6eaka opMupyeTcs 3a cueT 00pa3soBaHUS MHOI'O-
YHCJIEHHBIX 6000p00HbLX CBsI3ell Me:kay aromaMu Bogopoxa NH-rpymnm m aro-
mMamu Kuciaoposa CO-rpyIm pasHbIX aMUHOKHCIOTHBIX ocTaTKoB. HecmoTpsa Ha
TO UTO STU CBsA3U cJiabee KOBAJIEHTHBIX, NX KOJUYECTBO 00eCIeUBAET CTAOKUIb-
HOCTH BTOPUUYHOH CTPYKTYPHI.

Yaime Bcero BOAOPOIHbBIE CBA3KM BOSHUKAIOT BHYTPU OJHOM ITOJUIIEITH HOMN
el MeXX Iy OJIM3KO PACIIOJIOMEHHBIMU OCTATKAMN aMHHOKMCJIOT, UTO IPUBO-
IUT K 3aKPYYMBAHUIO 9TOI 1€ B TaK HA3BIBAEMYIO O-CRUDALb.

WMuorma BogopoaHbIe CBA3U BO3SHUKAIOT MEXK/AY OTHOCUTENBLHO YIaJeHHBIMU
IPYr OT APyra y4YacTKAMM IIOJHUIENTUIHON Ienu (MM HECKOJbKUX PA3HBIX
merneit). Ilpu aTOM HaHHBIE YUACTKHU PACIIOJIATAIOTCS IIapaJljiejIbHO APYT APYTY
U CKJIAJBIBAIOTCA HamomoOume rapmoIinku. Takoi THUI BTOPUYHON CTPYKTYPHI
MOJIyYMJI HadBaHUe B-ckaaduamulii caoil (cM. puc. 8).

JIumis HexoTOpble 0EIKM MMEIOT BTOPHUUHYIO CTPYKTYPY, HPEACTABJIEH-
HYIO TOJBKO O-CIIMPAJIbI0 WU (-CKJIaguaThIM cjaoeM. Hampumep, MOJTHOCTHIO
O-CIIMPAJIbHYIO0 KOH(DUTYPAIINI0 UMeeT KepamuH — OCHOBHOI 6eJI0K BOJIOC 1 HOT'-
Tell uesJoBeKa, a BTOPUUHASA CTPYKTypa ubpoura (0eIKa HATYpPAJIbHOTO IIEJIKA)
mpejicTaBJIeHa UCKJIIOUUTENIBHO [-CKJIAAYATHIM CJIOEM. B CTPYKType MHOTHUX
0eJIKOB OHU YUACTKU UMEIOT BUJ (-CIIUPAJIU, & JPYTHe — [3-CKJIa[uaToro CJIosd.

dopMUpoBaHUE TPETUUHON CTPYKTYPBI 00eCIIeYnBaIOT 86000p00HbLE, UOHHbLE
U APYTrue CBA3M, BOZHUKAIOIIE MEKAY PA3HLIMU I'PYIIAMU aTOMOB 0€JIKOBOMI
MOJIEKYJIbl. B BOOHOII cpefe MOJEKyJa 0eJKa 0cOOBIM 00pas3oM yKJIaAbIBaeTCs
B IIPOCTPAHCTBE, IPHOOpeTasi KOMIAKTHYIO ¢opmy. IIpu sTom rugpodobHbIe
aMUHOKICJIOTHBIE PAAUKAJbl MOTPY:KAIOTCA BHYTPL OEJIKOBOM MOJIEKYJIBI U
MIPUTATUBAIOTCA IPYT K APYry — TaKoe IMPUTAKEHNe HasbIBaeTCd 2udpo@oo-
HbLM 83aumodeiicmeuem. I'uapopuibHble YUYACTKU IIOJUIEIITHAA, HA0OOPOT,
pacmoyiaraloTcs Ha IIOBEPXHOCTH U B3aNMOLEHCTBYIOT C MOJIEKYJIaMHU BOIBI.
Y MmuOrMX 6GeJKOB B 00pa3oBaHUM TPETUUYHOM CTPYKTYPHI yUACTBYIOT KOBAJIEHT-
HbIe Jucynb@uinble cBA3U (S—S cBA3U), KOTOPHIEe BOSHUKAIOT MEXKY OCTATKA-
MU aMHUHOKUCJIOTHI IucTenHa (puc. 9). Tperuunasa cTpyKTypa KasKIoro 6eaka
nuMeeT 0co0yi0, HETIOBTOPUMYIO IIPOCTPAHCTBEHHYIO KOH(PUTYPAIIUIO.
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Puc. 9. Ceagun, cTabunmavpyloLme TPETUYHYIO CTPYKTYpY 6enka

Muorue 0elKU CIIOCOOHBI BBITIOJIHATH
cBou OuoJsiornueckue (GDyHKIIUU, OOJagas
TPETUUYHON CTPYyKTypoii. Ho HeKoTophIM
OeJKaM IJisI 9TOr0 HEeoOXOOUuMO OOhLeaumHe-
HUe B eIMHBIN KOMILIEKC ABYyX MM Gojee
MOJIEKYJI, UMEIOIIUX TPETUUHYIO CTPYKTYDY.
Tak BOSHUKAET YeTBEPTUUYHAS CTPYKTypa
O6esnxa. MoJeKyJbl, BXOJAAIIE B €e COCTaB,
MOTyT 6]':>ITB OAMHAKOBBIMU NJIN PA3HBIMM.
Ouu ymep:KuBAIOTCA BMeCTe Grarogaps pas-
JUYHBIM BUJAaM HEKOBAJEHTHBIX CBs3eil —
8000pO0HbBLM, UOHHbLM, 2UOPOPOOHLLM 83aumodeiicmeusm U nIp. B HEKOTOPHIX
OesiKax, HAITPUMEP UMMYHOIVIOOYINHAX, K MHOMKECTBY TaKUX CBs3eil n00aBJIs-
IOTCA HECKOJBKO KOBAJEHTHBIX OJucynb@uinbix. Ilpumepom O6eKa, MMEIOIero
YETBEPTUUYHYIO CTPYKTYPY, MOKET CIYKUTH 2emozaooun (puc. 10).

Puc. 10. YeTBepTuyHas CTpykTypa
remMorfiobuHa

B cocTtas remornobuHa 4enoBeka BXOOAT YeTblpe NonunenTuiHble Lenu OByX pas-
HbIX TUMNOB: ABe a-Lenu (cogepxaiume no 141 amMMHOKMCIIOTHOMY OCTaTKy) 1 ABe B-uenwu
(no 146 octatkoB). Kaxgasa uenb opMupyeT crneumanbHblil rmapodobHbIi KapmaH, B
KOTOPOM pacrnonaraeTcs KOMMOHEHT Heb6enkoson npupofdbl — rem. LleHTpanbHyto 4acTb
rema 3aHuMaeT UOH Fe?*.
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p
'[E,a OpraHuuecKure BeIeCTBA JKUBBIX OPraHN3MOB IIPECTABJIECHBI KaK
I HU3KOMOJIEKYJIAPHBIMU COEINHEHUAMUN, TAK M BBICOKOMOJEKYJISAP-

HBIMH — OuomosimMepamMu. BeJKu — OMOIOJIMMEPBI, 00pa3oBaHHBIE
OCTaTKaMI AaMHHOKMCJIOT. AMNHOKKICJIOTEI, COEIMNHAACH IIeITUIHBIMHI
CBABSIMU, 00pasyloT IMOJUMNENTHAHYIO Ilellb — IIEPBUYHYIO CTPYKTYPY
Oeaka. Ha ee ocuoBe hopmMupyioTcsa 0ojiee CIOMKHBIE IPOCTPAHCTBEHHBIE

CTPYKTYPBI — BTOPpMYHAadA, TPETHUYHAA, YeTBEPTUYHAA.

S

1. Kakne 13 npeAcTaBneHHbIX BELIECTB SBAAOTCS GUONOTMYECKUMU MonMMepamMn?
* = Kakue BeLLeCTBa ABNAIOTC MOHOMEpaMU1 AAst NOCTPOEHNS MoneKyn 61ononMMepoB?

AMI/IHOEI/ICJ'IOTLI, HYKJIEMHOBbBIE€ KNCJIOTHI, IIOJINCaxapuabl, HYKJ€OTUObI, 6€JIRH,
MOHOCaxXapuabl.

2. Kakue hyHKUMOHanbHbIE rpynnbl XapakTepHbl AN BCEX aMMHOKMCIOT? Kakumu cBolcTBa-
MW 06nagaroT 3T rpynnbI?

3. CKONMbKO aMWMHOKWCIIOT y4yacTByeT B 06pa3oBaHuy NpUpoRHbIX 6enkos? HasosuTe obLyme
YepTbl CTPOEHUS 3TUX aMUHOKUCIOT. Yem OHM pasnuyaroTca?

4. Kak npoucxoguT COeanHeHne aMnHOKUCIIOT B MONMNENTUAHYO Lenb?

5. OxapakTepusyinte ypoBHW CTPYKTYpPHOW opraHusauuv 6enkoB. Kakue xumuyeckue CBA3N
06YyCNOBMUBAIOT CYyLLIECTBOBaHWE U CTAbUNbHOCTb MEPBUYHON, BTOPUYHON, TPETUYHOM U 4YeTBep-
TUYHOW CTPYKTYp 6enkoB?

6% [locTpovite gunentua, umewwmin cTpykTypy JInsa—Ana, u tpunentug Mmy—Ana—Jns.
Paccuutante MornekynsipHble Macchbl 3TMX MenTuaoB. [Na BbIMOSHEHWS 3afaHus WCMONb3ynTe
CTPYKTYpHble DOPMYIibl aMMHOKMCIIOT, NOKa3aHHble Ha pUCYHKe 6.

7% [Onsa paspeneHus cMecu GenkoB Ha KOMMOHEHTbI MCMONb3YeTCA METOA 3neKkTpodopesa:
B refie onpefeneHHon NIoTHOCTW MO LENCTBMEM SNEKTPUYECKOro nons pasfnyHble 6enkoBble
MOJIeKyrbl NepemeLLalnTcs C pasHbiMU CKOPOCTAMWU. B pesynbrate 3TOro 0gMHakoBble MOMEKYSbl
KOHLEHTPUPYIOTCA B OMpeaeneHHoM y4yacTke rens. Kak Bbl ,u,ymaeTe noYemy Tak NpomcxogmT?

s

\ i DBUYPETOBASA PEAKIIMS — KAYECTBEHHAS PEAKIIMSA
HA TIIENITUIHBIE CBA3U

§ 4. CeoucTBa U (hyHKLUN 6GenkoB

Mnozoobpa3sue u céoticmea 6enko6. B 3aBUCUMOCTH OT COCTaBa Pa3anvaioT
IIPOCTBIE U CJIOKHBIEe OeaKu. MOJIEKYJIbI HPOCTHIX GEJIKOB IIOCTPOECHBI TOJIBKO U3
aMUHOKMCJIOTHBIX OCTATKOB. B cOCTaB CIOMKHBIX 0EJIKOB, KPOME TOT'0, BXOIUT
Kakoii-1160 KOMIIOHEHT HeaMUHOKMCJIOTHOM mpupoabl. Hampumep, B 2iukonpo-

Q meuHax OH IPEeICTaBJIEH YIJIEBOAOM, B JIUNONPOMEUHAX — JUAIUIOM U T. 1.

TIo dopme MOJIEKYJ BBIJAEJIAIOT ABE T'PYHILI 6€JIKOB — (UOPUIIAPHbIE U
rio0ynsapHble. PUOPUIIAPHBIMM HA3LIBAIOT OJIKHU, MOJIEKYJIbI KOTOPBIX MMe-
0T BBITAHYTYIO, HUTEBUAHYIO (opmy (puc. 11). 9To, Hampumep, KoOJLLA2EH,
KepamuH, muo3ur. MoJeKybl TIo0yIAPHBIX GeJIKOB UMEIOT OKPYIUIYIO (hopMy.
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K oToifi rpynme oTHOCATCA albOYMUHBL
U 27100y IUHbL. KPOBU, 26MO02/100UH U IP.

Muorue 6eJIKM XOPOIIIO PACTBOPSIIOTCS
B BOJe, OJJHAKO CpeJy HUX eCTh W Hepac-
TBOPUMbBIE — KepamuH, puopuxr u ap. U3-
BECTHO, YTO TVIOOYJIApHBIE OEJIKM B OCHOB-
HOM SABJISIOTCS BOIOPACTBOPUMBIMM, a
(ubpuniapuble, KaKk IPaBUJO, B BOJe He
pacTBOPAIOTCS.

Benkm 4YyBCTBUTEJNBHBI K BHEIIHUM

BO3EUCTBUAM: W3MEHEHUE XUMUYECKOTO  p,o 11, CTpoeHMe Monekyn dnepun-
cocTaBa Cpeabl, TeMIIEpaTypPbl W APYTHUX  ngpHoro (a) u rnobynspHoro (6) 6enkos
(haKTOPOB BHIBLIBAET U3MEHEHUE UX CTPYK-
TYpPBI U CBOUCTB. [lelicTBME BBICOKUX M HUBKUX TEeMIIEPaTyp, CUJIBHBIX KHUCJIOT
U IIeJIoueil, MOHOB TSKeJbIX METAJIJIOB, YAbTPa(UOJIETOBOTO M3JIYyUYeHUA, pa-
IVanuy BeleT K paspyllIeHnIo CBA3el, CTaOMINBUPYOIINX IIPOCTPAHCTBEHHY IO
Koudurypamuoo 6eaKoB. BeaeacTBre paspbiBa BOJOPOAHBIX, MOHHBIX, JUCYJIb-
GUAHBIX U APYTUX CBA3EH OEJIOK MOKET IOCJIe0BaTeJIbHO YTPATUTD CBOIO UeT-
BEPTUUYHYIO, TPETUYHYIO U JJayKe BTOPUUYHYIO CTPYKTYPY. IIpoitecc HapyIeHus
MIPUPOLHOIN CTPYKTYpPHI OeJIKa Iof BAMAHUEM BHEITHUX (DaKTOPOB 0e3 paspy-
IIeHUs eTo IePBUYHONM CTPYKTYpPHI Ha3bIBaeTCs AeHaTyparuein (puc. 12).

HOucyneduaHas . '
w— cBSI3b s O
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Puc. 12. eHaTypauua n peHaTypaums 6enka

IIpocTpaHCcTBEHHAA CTPYKTypa OesiKa ompenesnseT ero GusnKo-XuMHUUecKue
cBoiicTBa m Omojormueckue (PyHKImu. IlosToMy meHATypalius IPUBOIAUT He
TOJIPKO K M3MEHEHUI0 Pa3MepoB u (hOPMBI MOJIEKYJ OeJIKa, HO U ero CBOICTB,
Hampumep pacrBopumoctu. Hemosspable ruapodob6Hble IPYIINIbI, KOTOPhIE pac-
10JIATAaJINCh BHYTPU MOJIEKYJIbI, OKAa3bIBAIOTCA Ha €e IIOBEPXHOCTU, U OEeJIOK
CTAaHOBUTCA MeHee ruApoduiIbHbIM. BaKHO TO, UTO B pesyJbTare JAeHATYPAIlUN
0eJIKM TEePAIOT CIIOCOOHOCTH BBIMIOJHATH CBOU (DYHKITUU.

Crenenb geHarTypanuu 6eiKa 3aBUCUT OT CHJIBI BO3JEHMCTBUS HA HEro pas-
JUYHBIX (D)AKTOPOB: UeM MHTEHCHBHEe UX JefCTBUe, TeM IVIy0sKe MeHaTypalusd.
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B pane cayuaeB ona craHOoBUTCS HeoOpatruMoii. OnHaKo ecyiu (hpaKToOp, BHISBAB-
U JeHaTypalnio, efcTBOBAJ HEITPOJOIMKUTEIHHO, TO TIOCJIe IPEKPATIIIeHUA eT0
BOB/IEHCTBUA 6€JOK MOKET BOCCTAHOBUTH CBOIO IPUPOAHYIO CTPYKTYPY, CBOMCTBA
u pyarmuu. Takoe sBJeHUEe Ha3bIBaeTCs peHarypaiuei. PasBepHyTasa MmoJin-
TMEeNTUHAS IIelh CIIOCOOHA CaAaMOIPOU3BOJIBHO BOCCTAHOBUTH BTOPUYHYIO CTPYK-
TYDY, a 3aTeM YJIOKHUTHCA B TPETUUHYIO. JTO 03HAUAET, UTO IPOCTPAHCTBEHHA
Koudurypamus 6eJKa OmpeaesaeTca ero MepBUYHON CTPYKTYpPOH, T. €. IOcje-
JIOBaTeJbHOCTHIO aMUHOKUCJIOTHBIX OCTAaTKOB. Ecau ke BosmeiicTBue Ha 6eJIOK
OBIJIO CJIUIITKOM JKEeCTKUM ¥ TPUBEJO K Pas3phIBy HMENTUAHBLIX CBA3EH, BO3BpA-
mmeHre 6eJIKOBOM MOJIEKYJIBI K MCXOHOU CTPYKTYPE CTAHOBUTCSA HEBO3MOYKHBIM.

Dynrkyuu 6Genxoe. Benku BBHINOIHAIOT Pa3HOOOPAa3HBIE OMOJIOIMYECKUE
(GYHKRIIMU — CTPYKTYPHYIO, TPAHCHOPTHYIO, PETYIATOPHYIO U MHOTHE APYTHE.
IIpu sTOM OmHO¥ M3 caMbIX Ba'KHBIX (DYHKIIUIT 0EJIKOB B JKMBBIX OpPraHU3MaX
ABJISEeTCS KaTaJduTudeckas (pepmMeHTaTHBHAS).

W3 Kypca XuMuu BbI 3HAETE, UTO BEIECTBA, MOBBIIIAIONINE CKOPOCTDH XU-
MUYECKUX peaKI[Uii, Ha3bIBAIOTCA KaraJjusaropaMu. MepMeHTHI — 3TO 0OeJ-
KM, KOTOPBIE BBITIOJHAIOT (DYHKIIUU OMOJOTHUUECKUX KAaTaJam3aTopoB, T. €.
YCKOPAIOT IIPOTEeKaHWe XWUMHUYECKUX pPeaKIUil B JKUBBIX OpPTraHU3Max.
Bes mx yuactua OMOXMMUUYECKHE ITPOIECCHI ITPOUCXOAUIN OBl CIUIITKOM
MeIJIEeHHO MJIU He MPOUCXOAMJIU ObI BoOOIe. PepMEHTHI OCYIIECTBJISIOT pac-
IIellJIeHre U CUHTe3 Pa3JInYHbBIX COeIUHEeHUH, obeclieunBas IIPOTeKaHue ooMe-
Ha BelrecTB. IIpaKTuuecKu Bce MPOIECCHI KU3HEAEATEIHHOCTH 00YCJIOBJIEHBI
(epMeHTATUBHBIMU PEAKITUIAMU.

DepMeHTHI YCKOPSAIOT XUMHUUEeCKUEe PeaKIIUM 3a CUeT TECHOT'O B3aWMOJei-
CTBUA C MOJIEKYJIAMU CyOcmpamo8 — UCXOZHBIX PearupyloIlnX BeIecTB.

C cyberparom (uam cyOcTpaTaMu) B3au-
MOJIeICTBYeT He BCsS MOJIeKyJa (pepMeH-
Ta, a JIAIIb HEeOOJBIION ee yYacTOK —

“ H,0 AaKTHBHBIA HeHTp. Yame Bcero on obpa-
Cy6ctpar depmeHT-cybCcTpaTHBIN 30BaH HECKOJIbKMMHN aMMWHOKHCJIOTHBI-
(caxaposa) KOMMMEeKc MU OCTaTKaMu. AKTUBHBINA IIEHTP Kaik-

AKTUBHbBIN LEHTP noro ¢gepmeHTa umeeT ocobyro GopMy u

XMMH4YecKoe CTPOeHHe, IO3TOMY C HUM

MOTYT CBA3BLIBATLCA JIUIIL OIpeeseH-
/ HBIe cyb6erparsl (puc. 13).

. . IIpucoemunenue cy6cTpaTa BbI3EI-

MpoAyKTbl peakuu BaeT HeOOJIbIIMEe W3MeHeHUs KOH(du-
(caxapasa) (,qni0x03a u chpykmosa)

PepmeHT

rypanum aKTHUBHOI'O IIeHTpa — TaKue,

Puc. 13. Cxema pa6OTbI Q)epMGHTa yT00BI MaKCHMAaJbHO COOTBETCTBOBATH
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cybcTpary. PyHKIIMOHAJIBHO aKTUBHBIE TPYIILI (DEPMEHTa, 3a CUeT KOTOPBIX
OyzeT IIpOTeKaTh peaKIusd, Hanbojee O6JJaronpUATHBIM 00pa3oM PacIoaraioT-
ca B mpocTpaHcTBe. OOpasHO TOBOPSA, aKTUBHBIN IEHTP ITOACTPAUBAETCS IO
cyOcTpaT KakK mepuaTkKa, KOTOPYIO HaJeBaloT Ha PYKY.

B pesysnbraTe mpucoeuHEHUA K aKTUBHOMY IIEHTPY MOJIEKyJia cybGcTpara
0CcOOBIM 00pas3oM pacioJiaraeTcs B IIPOCTPAHCTBE, M B €€ CTPYKType ocJiabJis-
IOTCS OIlpeeIeHHbIe XUMUUeCcKre cBs3u. PeaKI[MoHHAA CIOCOOHOCTh cybGeTpaTa
Bo3pacraeT. IloaTomy, 10 cpaBHEHUIO C HEKATAJIU3UPyeMoil peakIiiueil, (hepmeH-
TaTUBHOE IIpeBpallieHre cyOcTpaTa B MPOAYKT (MU MPOAYKTHI) IIPOUCXOIUT C
MEHBIINMH 3aTpaTaMt SHEPTrUU U ropaszo 0oJIbIleld cKopocTbhbio. O6pasoBaB-
mrecsa TPOAYKTHI OTAENAIOTCA OT aKTUBHOrO IieHTpa. Ilocae sTOro oH MOYKeT
IPUHUMATH HOBBIE MOJIEKYJIBI cyOcTpara.

CxoncTBO (hepMEHTOB C OOBIUHBIMU XUMUYECKUMU KaTaJIu3aTopaMu ITPO-
ABJAETCA B TOM, UTO U Te U APyTUe YBEJIUUUBAIOT CKOPOCTh PeaKINi, HO IPU
5TOM HE PacXOAYIOTCA M MOTYT HUCIOJIb30BATHCA MHOTOKPATHO.

B omiinume oT OOBIYHBIX XMMHUYECKUX KaTaJIM3aTOPOB (hepMEeHThI 00jama-
0T cneyu@uyiHoCmuvio, T. €. KaKIbIil (DEPMEHT YCKOPSET TOJBbKO OJHY OIIpeie-
JEHHYIO peaKIIUI0 MU JelCTBYyeT TOJbKO Ha ONUH THUN CBA3U. JTa 0COOEH-
HOCTHb OOBACHAETCA COOTBETCTBUEM AKTHUBHOTO IeHTpa (epMeHTa ompene-
JeHHBIM cyb6cTpaTamM. @epMeHThI paboTaroT ropasgo ObicTpee (OHU YCKOPSIOT
peaknuu B MUJJIUWOHBI U MUJJIHAPABL pPa3, a HeOpraHWUYeCcKUe KaTajam3aTo-
pbl — B COTHU W THICAYM pas), IIOITOMY Jda’ke B OUEeHb MaJIbIX KOHIIEHTpA-
nuAax (epMeHTHI 00ecIeunBalOT MHTEHCUBHOE MPOTeKaHle KaTaJlu3UpPyeMBbIX
peakIuii.

B xode HEKOTOPbLIX OKUCIUTESIbHO-BOCCTAHOBUTESNbHBLIX MPOLECCOB, MNpoTeKaro-
LWMX B >KMBbLIX OpraHuamax, obpasyeTcsi TOKCUYHOE [Nt KIETOK COEefAUMHEHWE —
nepokcup sogopopa (H,0O,). bes yyactusa katanns3aTtopoB ero pacluensieHme NaeT O4YeHb
meanenHo: 2H,0, — 2H,0 + O,. Bbl 3HaeTe, 4TO B nabopaTopun npv NPOBEJEHUN 3TOW
peakuuy 06bIHHO MCTONb3YIOT HEOPraHMYEeCKUiA KatanmaaTtop, Hanpumep oKcug MapraH-
ua (MnO,). B ero npucyTtctBum pasnoxenne H,O, npoucxogut 3Ha4MTENbHO ObICTpee.
B xuBbIX opraHM3amax nop OercTBuMeM hepMeHTa Karasasbl 3TOT MpoLecc NpoTekaeT ¢

YOMBUTENBHO BbICOKOW CKOPOCTLIO: OfHA MOJIeKyna katanasbl pacluennseT 3a 1 ¢ okono
200 000 monekyn H,O,!

DepMeHTHI ABISAIOTC OeJIKaMU, II09TOMY AKTHBHO PA0OTAIOT JIMIIL B OIIpe-
IeneHHOM auamasoHe pH, Tremmeparypsl u apyrux gaxropos. Hanpumep, dep-
MEHT KeJIyAOYHOr0 COKA NencuH akKTUBEH TOJIbKO B KHCJIOH cpeae, a (hepMeHThI
CIIOHBLI aMUlA3a U MaJbma3a — B cJjadoirnenounoii. B guamaszone 0—40 °C
IIOBBIIIIEHNE TeMIIEPaTyPhl IIPUBOAUT K YCKOPEHNIO (hepMEHTATUBHBIX PEeaKIIii.
Ho npu ganpHeieM yBeJUUYeHUU TeMIIEpATyPhl peaKInM, KaTaJu3nupyeMble
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00JILIITTHCTBOM (hePMEHTOB, 3aMeJJIAIOTCS, a 3aTeM BOBCe IIPEKpaIlaloTca. SHa-
YUTEJbHOE IIOBBLIIIIEHNE TEMIIEPATyPhl, U3MEHEeHe KUCJIOTHOCTHU CPeJbl U APY-
rux (haKTOPOB IIPUBOAUT K AeHaTyparuu ()epMEHTOB, B Pe3yJbTaTe Yero OHU
TePAIOT CIOCOOHOCTH CBA3BIBATHCA CO CBOMMU CyOCTpaTaMU.

Kpome KaTaauTuduecKoli, 6€JIKM BBITIOJHSIOT U JPYyTUe BaKHbIe (QDYHKIIUU
(taba. 4).

Ta6nuima 4. OcHoBHBIe PYHKIINHN 0EJIKOB B JKMBBIX OPraHU3MAaxX

DyHKINA IloacHeHUe M pUMeEpPHI
SBnarorTca OGUOIOTMYECKMMH KaTajIu3aTopaMU — IIOBBIIIAIOT
CKOPOCTHb IIPOTEKAHMUA OMOXMMUUYECKUX DPeaKIuii, obecreunBas
Karanurnueckas pacieliieHrie WM CHUHTEe3 DPa3JUUYHBIX coefmHeHuit. Hampumep,
(bepmenraTuBHAS) NHIIeBapuTeJbHble (DEPMEHTHI J1UNA3bl YCKOPAIOT PacIIeleHre

JINMIUZIOB, AMULA30 U MAAbINA3A — YTIEBOAOB, NeNCUH U MPUn-
cuH — 0eJIKOB

BxozmAT B cocTaB BCceX KOMIIOHEHTOB KJIETOK W PAa3JIMUYHBIX BHe-
KJIETOYHBIX CTPYKTYp. Hampuwmep, Kepamun — OCHOBHOU KOM-
IIOHEHT BOJIOC, HOT'Tell, KOI'Teil, KOIBIT, POTOB, MIEPbeB. DLACMUH
CrpyKTypHas .

BXOAUT B COCTAB CTEHOK apTepUii, CBA3OK U Jp., KOJLJLAZEH — B
COCTaB KOYKU, CYXOKUJIWUU, KOCTHOI, XPAIIEBON U JPYTUX TKa-

Hel

IlepeHocsaT pasjMuYHBIE BeI[eCTBa OT OJHUX KJIETOK M TKaHEH K
IpyTUM, 06eCIIeunBAIOT UX ITOCTYILJIEHNE B KJIETKHU, BbIBeIeHIE U3
KJIETOK, a TaKJKe IIPOIlecChl BHYTPUKJIETOUHOTO TpaHcmopra. Ha-
TpaHcmopTHaA pUMeD, AbIXaTeIbHBIN TUTMEHT 2eM02/100UH TTIEPEHOCUT KHUCJIOPO/T
U YTJIEKUCJIBII Ta3 B KPOBU IO3BOHOUYHBIX JKUBOTHBIX, & Y MHOTUX
MOJIIIOCKOB ¥ DPAJA YJIEHUCTOHOTUX 9Ty (DYHKIIWIO BBIIIOJIHSIET
2eMOUUAHUH

IIpyrMMAaOT yuacTme BO BCEX BHUAAX IBUMKEHUA, K KOTODPBIM
CokparuresbHas CIOCOOHBI KJIETKM W OpraHua3Mbl. Hampumep, OeJKU aKMUH U
(ZBUraTEIbHA) MUO3UuH 00ecIeuYnBalOT COKPATUMOCTD IVIAAKOM M ITOIIEPEeYHOII0-
JIOCATOM MBIIIIEUHBIX TKaHEe

Perynupyior mporekanue pasIUYHBIX (PUSUOJOTUUECKUX IIPO-
neccoB. Hanmpumep, TOPMOHBI UHCYJLUH U 2A10KAZ0OH PETYJIUDPYIOT
Perynaroprasa YPOBEHb TVIIOKO3BI B KpoBHU. IIpomecchl pocra m (pusmuecKoro
Pa3BUTHA YeJIOBEKA IIPOTEKAIOT IIOJ KOHTPOJIEM I'OPMOHA COMQA-
momponuHa
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IIpodonicenue

DyHKINA

IloacHenue M MpuMepbI

CurnajabHasa
(petenrTopHas)

HexoTropbie MeMGpauHbie 6€JIKY B OTBET Ha JeCTBUE OIpeIeIeH-
HBIX XUMHWYECKUX BEIeCTB MJIV PAa3APaKUTeJel MHOU IPUPOLBL
M3MEHSOT CBOI0 KOH(UTrypaluio. ITO MPUBOAUT K HU3MEHEHUIO
NPOTEeKAHUSA TeX WM WHBIX BHYTPUKJETOYHBIX MPOIEccoB. Ta-
KUM 00pas3oM, pelenTopHbie 0eJIKM 00eClIeuynBaiOT MPUeM BHEIII-
HUX CHUTHAQJIOB M OTBETHBIE PEAKIWU KJETOK HA 9TU CUTHAJIBL.
Hampuwmep, spuTelbHbIe MUTMEHTHI Iiada — podoncur (comep-
JKUTCSA B IMMAJOUKax) U ilodoncunbvt (B KOJIOOUKAX) — obecreun-
BAIOT BOCIIPUSATHE CBETA (DOTOPEIEIITOPHLIMY KJIETKAMU, UX BO3-
OysKJeHre U 3aIlyCK HEPBHOI'O MMITYJIbCA

3amurHasa

Tpombonnacmur, mpomOurn U @QuOPUHOzZeH O00eCIeUNBAIOT
CBEepTHIBAHVE KPOBW, 3all[UINasg OPraHW3M OT KDPOBOIIOTEPU.
HUmmynoenrobyaunvl (anmumesa) y4acTBYIOT B MMMYyHHOM OTBe-
Te OpraHr3Ma Ha YyKepPOJHbIe 00beKThl — aHTUreHbl. Juzoyum,
comeprKaIuiicss B CJIIOHe, CJIEe3HOHM JKUIKOCTU U [p., objajzaer
aHTH0AaKTepUaJIbHBIMU CBOHCTBAMU

Toxcuueckas

ToKcuHBI, BBIIENsAeMble MHOTUMU OakTepuamu (Qugmepuilmblil,
00MYAUHOBbLIL, CMOLOHAUHDBLIL, XOAEPHbLIL U AP.), IO XUMUYECKOH
IpUpoJe ABJIAOTCA OGenkamMu. [leficTByIole BelecTBa B COCTa-
Be fANOB 3Meil, HEKOTOPHIX IMMAyKOB, CKOPIIMOHOB Y HACEKOMBIX
TaKJKe IPeACTaBIIIOT cO00i OeIKu

3amacaroIas

3amacaTcsad B KauecTBe MCTOYHUKA aMUHOKUCJOT (HaIpuMmep,
pesepBHBIE OeJKIM, KOTOpPbIe OTKJIAABIBAIOTCA B CEMEHAX pacTe-
HUIT) uau obecIeuynBaIOT 3amacaHre APYyrux BerecTB. Tak, muo-
2/100UH UTPaeT BAXKHYIO POJIb B CO3MAHUM KUCJIOPOIHOTO 3amaca
B MBIIIIEUHBIX BOJOKHAX

JHepreTuyecKas

Tlocse rugponusa M0 aMUHOKHCJIOT MOTYT IIOJBEPraTbCA Hajb-
HeHIIeMy pPacCIIeNJIEeHUIO U OKMCJIEHUIO C BBICBOOOKIEHIEM SHED-
ruu. I[Ipu monuom oxucienuu 1 r 6enka Beigenasierca 17,6 klx
sHepruu. OgHaKO GEJKM WMCIOJb3YIOTCA B KaueCcTBe MCTOYHHUKA
9HEPruu JIUIIH B KPAaWHUX CIydYasdx, KOTZa HCTOIAIOTCA 3aIIachl
YTJIEBOZIOB U KUPOB
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Y naykoB OCHOBY MayTWHbI COCTaBNAeT 6enok cnuapouH. CeKkpeT nayTUHHBLIX Xenes
BbIBOOMTCSA HapyXy B XWAOKOM Bupe. Nocne aToro CTpykTypa CnugpovHa U3MeHsieTcs,
W OH 3aTBEpPAEBaET B BUAE TOHKUX HUTEW. B Mx cocTaBe yyacTkm B-cknagyaToro cros
YepenyTcsi C 9nacTUYHbIMKM NMONMNENTUAHBIMU CBsiskamu. Brnarogapsi atomy nayTuHa
obnagaeTr OOHOBPEMEHHO BbICOKOW MPOYHOCTBIO M 3nacTuyHOCTbO. OHa paspbiBaeTcs
NULWb NpU pacTsxXeHun B 5 paa. Mo NpoYHOCTU NayTUHA ConocTaBMma CO CTanblo, HO Mpu
3TOM €ee MOTHOCTbL B 6 pa3 MeHbLUe, YeM y cTanu. Ecnu 6bl nayk co3gan HUTb OVHON
B 3eMHOWN 3KBaToOp, OHa umena 6bl Maccy meHee 500 r.

-
IL;_$ ITo cocTaBy pasnmyaioT IPOCTHIE U CIOMKHBIE 0€JIKU, B 3aBUCUMOCTH
T J | OT (OPMBI MOJEKYI — dubpunnsapubie u riobyaspubie. Ilong Bos-

' mefictBueM psma PaKTOPOB OEJKM MOI'YT AeHATyPHUPOBAThL — yTpa-
YUBaTh CBOIO IPUPOJHYIO CTPYKTYPY, UTO BeJeT K IoTepe GMOJIOrMYecKoit
AKTHUBHOCTHU. B KMBBIX OpraHm3Max OeJKY BBITOIHAIOT UCKJIIOUYUTEIHHO
BasKHBbIe (DYHKIIMU: KaTaJuTU4YeCKyio (hepMeHTATUBHYIO), CTPYKTYPHYIO,
TPAHCIIOPTHYI0, COKPATUTEJIbHYI0, PEryIATOPHYIO0, CUTHAJIbHYIO, 3aIlUT-
HYIO U JIp.

S

? 1. Hem npocTbie 6eNKy OTNNYAOTCA OT CNOXHbLIX? DUEPUNNAPHBLIE OT FNOBYNAPHLIX?
™ ™ | MpviseanTte NpuMepbl PUOEPUNNSPHBLIX U FNOBYNAPHLIX 6EMKOB.

2. Kak HasblBaeTCs MpoLecC HapyLleHus NMpUpOJHON CTPYKTYpbl 6enka, Npy KOTOpoM
COXPaHSETCA ero nepeu4Has CTpykTypa? [encteme kakux akTopoB MOXeT NPUBOAUTb K Hapy-
LUEHUIO CTPYKTYpPbl GESKOBbIX MOMeKyn?

3. HasoBute ocHoOBHble 6uONOrM4eckne yHKLUMM 6GenKkoB, NpPUBEAUTE COOTBETCTBYHOLLME
npuMepbl.

4. Yto npepcTaBnaoT co6on depmeHTbI? OnuwnTe MexaHnam paboTbl hepMeHTa.

5. B yem 3akniouaetcs cneuncmyHocTb hepmeHToB? KakoBa ee npuymHa? [odemy dep-
MEHTbI aKTUBHO (DYHKLIMOHMPYIOT NIULLb B ONPEefeneHHOM AuanasoHe Temnepatypbl, pH 1 gpyrux
hakTOpOB?

6% lNoyemy Genku, Kak Npaewmo, UCMOMb3YIOTCA B KA4YECTBE MCTOYHWMKOB SHEPruM ullb B
KpaviHWX cny4asx, Korga B KNeTkax ucyepnaHbl 3anachl yrnesofoB 1 X1Mpos?

7% Y MHormx 6akTepuii B mpoueccax CuHTE3a BELLEeCTB, Heo6XoAaMMbIX [0S HOPMasibHOM
XW3HEAEATENbHOCTN M Pa3MHOXEHWs, y4acTByeT napaamumHobeH3oiHas kucnota (MABK). B 1o
Xe Bpems B MegvuMHe ANA nedveHvs pspa 6akTtepuanbHbIX UHMEKUMIA MCMonb3yroTea cynbda-
HUnamuibl — BeLLecTBa, No cTpykType cxopHble ¢ MNMABK. Kak Bbl gymaeTe, Ha 4eM OCHOBaHO

neyebHOE OencTBue cynbtaHunammngos?

i
HZNOCOOH HZNO—ﬁ—NH—R
(0]
MABK O6was dopmyna cynbaHnnaMmmos

- 508
HAB.HIOI[EHI/IE OEHATYPAIIUUN BEJIKA _ﬁ’ &
[=]3 b
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§ 5. Yrnesopbl

Yene600vL. — opraHuYecKue COeIUHEHUS, COCTAB KOTOPBIX, KAK IIPaBUJIO,
MO:KHO BeIpasuTh popmymnoii C,(H,0),,, roe n u m paBubl TpeM u 6oJiee. Takum
00pa3oM, COOTHOIIIEHE aTOMOB BOJOPOIa ¥ KMCJIOPOJA B MOJIEKYJIaX OOJIbIIIITH-
CTBa YTJIEBOJOB TaKoe Ke, Kak U B Boje (2 : 1), uTo U oTpaskeHo B Ha3BaHUU
aTuX BelrlecTB. ONHAKO M3BECTHHI YIVIEBOABI, COCTAB KOTOPHIX HE COOTBETCTBYET
IIpUBeIeHHOH (opMyJIe.

OcnoéHble 2pynnvl y2ne60006. CaMbIMU IIPOCTHIMU II0 CTPYKTYPE YIJIEBO-
IaMy ABJSAIOTCSA MOHOcCaxapuabl. Bce OHM mpencTaBsiOT cO00M HU3KOMOJE-
KYJsIPHBIE COEIMHEHNs, KOTOPbIe XOPOIIIO PACTBOPSAIOTCSA B BOZE U 00JIAJAIOT
caagxuM BKycoMm. KosimuecTBO aTOMOB yIJIepoia B MOJIEKYJIaX MOHOCAXapHI0B
Bappupyer oT 3 1o 9. Haubosee pacupocTpaHeHbl B IPUPOJE MATAYTIEPOLHBIE
monocaxapunabl (C;) — nenmoswvl u mectuyraepogabie (Cg) — 2excosobt.

3 meHTO3 caMoe BaKHOE OMOJIOrMYeCKOe 3HAUEHNE NMEIOT 1e30KCuprdo3a u
pubosza (puc. 14). /lesokcupudo3a BXOIUT B coctaB HyKJIeoTunoB [[HK (me3ox-
CUPUOOHYKJIEUMHOBOM KUCJIOTHI). PM603a ABIAETCA KOMIIOHEHTOM HYKJIEOTHUIOB
PHEK (pubomykJyenHoBoit KucaoTbl) u AT®.

MeHTO3bI lekco3bl
CH,OH CH,OH
HOCH, 0. oy HOCH, o on| H QH Ho £——Q oH HOCH, o oH
H H OH H
H H |HO OH H H H CH,OH
OH H OH OH H OH H OH OH H
[Oe3okcnpubosa Pnbosa [niokosa [anakTosa ®pykTO3a
C5H1OO4 C5H1005 CGH1206 CGH1206 C6H1206

Puc. 14. CTpyKTypHble hopMymbl BaXHEMLLMX MOHOCaxapuaoB

7151 »KUBBIX OPraHM3MOB HauboJiee BasKHBIMU M'eKCO3aMU ABJISIOTCS TJIIOKO-
3a, rayjakTosa u Gpykrosa (cMm. puc. 14). Ouu nmeror obiryio popmyny CsH; 504,
HO Pas3inYaloTCs CTPYKTYPOM MOJIEKYJI, T. €. ABJIAIOTCA M30MePaMMU.

I'mroxo03a — OCHOBHOI IIPOAYKT ()OTOCHHTE3A U IVIABHBLIN MCTOUHUK SHEPIUU
IJs1 KJIeTOK. B JKMBBIX opraHmaMaXx OHA COAEPsKUTCA KaK B BHIE COOCTBEHHO
MOHOCaxXapumia, TaK U B COCTaBe YIJIEBOAOB 00Jiee CIOKHOTO CTPOCHUSA — AUca-
Xapuao0B U IMOJUCaXapuaoB. MHOIO IIIOK03bI MPUCYTCTBYET B ATonaxX, (hpyKrax,
Méze. B KpoBu uejioBeKa ee cojepsxanmne B HopMme cocrasiseT okoJo 0,1 %, sror
YPOBEHDb MOIJEPKUBACTCSA MOPMOHAMU (BCIIOMHUTE KAKIIMIU).
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Ciagxue JIOABI paCTEHUM U MEN 60OTaThl HE TOJHKO TUIIOKO30M, HO U (DPYKTO-
30ii. B 3pesnbix apOysax, s0J0KaX, IPyIlIax ee CONEP:KUTC IPUMeEPHO B 2 pasa
0oJsiblite, ueM III0OK03bI. Cpean Bcex MOHOCAXapUI0B (PPYKTO3a 00JIaJaeT caMbIM
cJIaJKUM BKycOoM. B KJeTKax oHa HaXOAUTCS KakK B CBOOOAHOM BIJE, TAK U B
cocTaBe Ou- U moJimcaxapuos. lamakTosa TakyKe BXOIUT B COCTAB HEKOTOPBIX
IV- ¥ TIOJIICAaXapUI0B.

JducaxapugaMu Ha3bIBAIOT YIJIEBOABLI, MOJIEKYJIBI KOTODPBIX 00pasOBaHBI
IBYyMs ocTaTKaMu MoHocaxapuaoB. CoefnHeHre MOHOCAXAPHUAOB IIPOUCXOIUT
IPpU IIOMOIIM MX T'UAPOKCUJIBHBIX I'PyI. IIpm 9TOM BBIZEISETCS MOJIEKYJA
BOJBI, 1 MEKJAY MOHOCAXaPUIHBIMU OCTATKAMU BOSHUKAET KOBAJIEHTHAS CBSA3b.

Hucaxapuibl, TaK JKe KaK XU MOHOCAXapPUIbI, JIETKO PACTBOPUMEI B BOIE U
UMET CJafKuii BKyc. K umeay caMbIX pacpoCTpaHEHHBIX AUCAXapPUOOB OT-
HOCATCSA MaJIbT03a, JaKTo3a 1 caxaposa (puc. 15).

[ea ocmamka Ocmamok Ocmamok Ocmamok Ocmamok
2/1H0KO03b! 2anakmossbl 2/1H0KO03bI 2/1H0KO3bl! hpyKmo3sbl
ManbTo3a JlakTo3a Caxaposa
C12H2044 Cy2Hp044 Cy2H2,044

Puc. 15. Cxembl CTpPOEHUS MONEKYN AMcaxapuaos

MauabTo3a (COIOMOBRIN caxap) ABJISIETCS IIPOMEKYTOUHBIM ITPOAYKTOM (hep-
MEHTATUBHOT'O PacCIIellJIeHNA KpaxMaJa U TJINKOTeHa B ITUIIeBAPUTEILHOMU Cu-
cTeMe JKUBOTHBIX. Jlajilee (hepMeHT MaAIbMa3a PaCIIeIigeT ee 10 III0K03bl. ['u-
IPOJU3 KpaxMaJia IIPOUCXOAUT U MIPU ITPOPacTaHnM ceMsAH pacTeHuii. Oco0eHHO
0oraThsl MaJbTO30M ITPpOpacTaoIie 3epHa 3J1aK0B (cosoxn). JIakTo3a (MOJIOUHBIH
caxap) — BaKHBIM KOMMOOHEHT MoJioKa. OHa SBJISAETCS TVIABHBIM MCTOUHUKOM
SHEPrum IJIA JeTeHbIIell MiekonuTraminux. Caxaposa (TPOCTHUKOBBIA caxap)
HauboJiee pacupocTpaHeHa B pacTeHusx. OHa CAY:KUT TPAHCHOPTHON (OPMOIi
MPOAYKTOB (DOTOCHUHTE3a 1 MOYKET HAaKAIlJIMBAThCS KaK 3allacHOe MUTATeJIbHOe
BeIIECTBO. JTOT AuUcaxXapuji B OOJBIINX KOJHMUYECTBAX COAEPYKUTCA B Imoberax
caxapHOr0 TPOCTHUKA U KOPHEILJIoJaX CaxapHOI CBEKJIbI.

IMomucaxapuabl — OMOIIOJIMMEDHI, MOJIEKYJIBI KOTOPBIX COCTOAT U3 OOJIBIIIO-
o KoJmuecTBa ([0 IeCATKOB U JJa’Ke COTEH THICSAY) MOHOCAXAPUIHBIX OCTATKOB.
B cocraB monmmcaxapuma MOTYyT BXOOUTH OCTATKU OJHOTO WUJIMW PA3HBIX MOHO-
caxapunoB. [Tomrucaxapuabl pas3jauvyarOTCs HE TOJBKO COCTaBOM, HO U AJIMHON
TIOJINMEPHBIX Ilenedi. KpoMe TOro, mx MOJEKYJIbI MOTYT MMETH JUHEUHYI NN
pa3eemenenHy0 CTPYKTYPY.
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C yBesnueHUEM UMCJIa MOHOMEPHBIX 3BEHbEB YMEHBIIIAeTCA PACTBOPUMOCTh
YTIJIEBOJIOB U MCYE3aeT UX CJAAAKUN BKyc. [loaToMy mosmcaxapuabl He 06J1agatoT
CJIaJKUM BKYCOM M IPaKTUUYECKU HEPACTBOPMMBI B Bozae. B :KuBoit mpupoge
Hambojiee BasKHYIO POJIb UTPAIOT TaKue IOoJMcaxXapujbl, Kak KpaxMaJi, TJIu-
KOT'eH, IeJIJII0JI03a U XUTUH.

Kpaxmaa npeacrasisieT cob6oii cMmech nosmcaxapuzoB. [Ipumepro Ha 80 %
(o Macce) OH COCTOUT M3 PA3BETBJIEHHOTO amuionekmuna u Ha 20 % us amu-
Jl03bl, WMeIOIlell JTUHelHyIo CTPYKTypy (puc. 16). Oba sTux moaucaxapuia
00pa3oBaHbBI OCTAaTKAMU 2/110K03bl. Kpaxmas OTKJIaZbIBaeTcAd B KJIETKax pac-
TEeHU#l W HEKOTOPHIX BOAOPOCJEl B KauecTBe 3alacHOro (pe3epBHOI0) HUTa-
TeJIFHOT'O BelrfecTBa. BoJIbIIoe KOJMUECTBO KpaxMaJja 3amacaeTcsa B KIYOHAX,
IJI0faX W ceMeHaX. 3epHa 3JIaKOB (prca, MINEHUIIbI, KYKYPY3bl U AP.) MOTYT
comep:xarh 10 80 % Kpaxmaja, B KJIYOHAX Kaprodels ero MaccoBas MOJIS
nocruraetr 25 %.

N
> Kpaxman
AMUnonekTuH MmukoreH
OO AR OA KK OA A KR OA A KA D
OQQQQOC@OOOOOOOOOOOOO)
Amunnosa Llenntonosa

Puc. 16. Cxembl CTPOEeHNA MONeKyslt nonmcaxapmnooB: @ — OCTATOK MOJIeKYNbl MHOKO3bI

PesepBHBIM IIOJIHCAXAPUAOM JKMBOTHBIX M TI'PUOOB ABJAETCS TJIMKOTEH.
Y *KUBOTHBIX OH OTKJIQALIBAETCS MMPEUMYIIIECTBEHHO B KJIETKAX MTeYeH! 1 MbIIII-
max. ['JImKoreH, Tak Ke KaK aMMJIO3a W aMHUJOIEKTHH, COCTOUT M3 OCTAaTKOB
2nt0K03vl. OTHAKO MOJIEKYJIbI TTIMKOTEHA PA3BETBJIEHBI CUJIbHEe, YeM MOJIEKYJIbI
amuJjonekTnHa (cM. puc. 16).

ennronmo3a (KJieTyaTKka) — OCHOBHOW CTPYKTYPHBIM KOMIIOHEHT KJIETOU-
HBIX CTEHOK pacTeHuil um paga Bogopocyeii. OHa 006JiaaeT BBICOKOM ITPOYHO-
CTHIO, HE PACTBOPSETCS HU B BOJE, HU B OPraHUYECKUX PacTBOPUTENAsIX. MHOTO
KJIETUATKU COAEPYKUTCA B IPeBecrHe, a B BOJIOKHAX XJIOIMMYaTHUKA ee MaccoBasd
nmons mocturaet 95 %. Ilenmionosa mpeacTaBiaseT cob0i JTUHENHBIN ITOIIMeED,
eIy KOTOPOrO IIOCTPOEHBI M3 OCTATKOB 2/110K03bl (M. puc. 16).

Takum oOpazoM, aMUJOHNEKTHUH, aMNJ03a, IVIMKOTeH U IIeJIJIF0JI03a SB-
JAIOTCA IIOJMMEpPaMM TIVIIOKO3bI. OOIIyi0 (POPMYJIy OSTHUX IIOJHCAXAPUIOB
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mosxkHO 3amucath B Bume (C¢H;,0;),, Tme n — KOJIMYECTBO MOHOMEPHBIX
3BEHbBEB.

Ilonucaxapua XUTHH He COOTBETCTBYET 9TOI (phopMmyJie, T. K. B €0 COCTaB,
KpoMe YTJIEpOZa, BOAOPOAa M KUCJIOPOJa, BXOAUT a30T. ITO MPOUHBIN IT0JIIICa-
Xapum JUHEHHOH CTPYKTYPbl. XUTUH SBJISETCA Ba’KHBIM KOMIIOHEHTOM KYTH-
KYJIbl YJEHUCTOHOTUX U KJETOUHBIX CTEHOK MHOTHX I'PHOOB.

YraeBoabl ciocOOHBI 0OPA30BBIBATH COEAUHEHUS C APYTUMU OPraHNUYECKUMU
BeIleCTBaAMU, HATIPUMED C OeTKaMU — 2AUKONPOMeEUHbl, C JUMUAAMU — 2JU-
KoaunuodvL U T. .

Dynryuu yzne60006. Ilpu paccMOTPEHNU OCHOBHBIX I'DYIIN YIJIEBOZOB BEI
TMO3HAKOMUJINUCH C BAXKHEUIITUMY (PYHKITUAMU, KOTOPhIE BBHITIOJTHSAIOT 3TU Bellle-
CTBa B JKUBOM mpupoge. Bojee moapobHasa u crucTeMaTU3UpPOBaHHASA MH(MpOpPMa-
usA 0 OMOJIOTMUYECKOM POJIM YIJIEBOAOB IpeJCTaBJIeHA B TaOJHUIle .

Ta6numa 5. OcHOBHbIe (DyHKIIMU YIJIEBOJAOB B JKMBBIX OpPraHU3Max

DyHRIUA ITossicHeHUe U MpUMeEpPHI

Ilox peiicTBueM (hepMEeHTOB CIIOCOOHBI PACIHIENIATBCA U OKHC-
JIATBCSI C BBICBOOOYKIEHMEM SHEPruu. JTHU IMPOIECCHl MOTYT IIPO-
HUCXOOUTh KaK C MCIoJb3oBaHMEM Kuciopona (0,), Tak u 6e3 ero
yuacTus. [JIaBHBIM HCTOYHUKOM DSHEPTUU [JA KJIETOK SBJISETCS
eaoxo3sa. Ilpu nmonHOM oKucaeHUU 1 T' yrIeBOJOB O BOABI U yIule-
KUCJIOTO rasa Beigesderca 17,6 kI[3x sHeprum

BHepreanecxaH

HexoTopble moancaxapuabl U AUCaXapuabl (HAIIPUMED, CAXAPO3Q)
MOT'YyT HAKAIlJIMBATHCS B OPraHM3Me B KauecTBe 3aIllaCHBIX ITHTa-
TEJILHBIX BEIeCTB. Y PACTEHUI OCHOBHBIM PE3E€PBHBLIM YIVIEBOAOM
ABJAETCSA KPAXMAJ, Y JKUBOTHBIX U I'puboB — zaukozern. Ilpu He-
00XOMMMOCTH 3THU IOJUCAXAPHUIbl PACIIEIIAIOTCA OO0 TIIOKO3BI —
OCHOBHOT'O MCTOUHHUKA SHEPIUU

3amnacamias

IIpyauMaioT y4yactue B HOCTPOEHUU PA3JIUYHBIX KJIETOUHBIX U
BHEKJIETOUHBIX CTPYKTYD. Tak, XumuH BXOTUT B COCTAB HAPY KHO-
ro ITOKPOBA YJEHWCTOHOTUX U KJIETOUHOU CTEHKU IpuboB. I[ennio-
J1030 — OCHOBHOI KOMIIOHEHT KJIETOUHOU CTEHKU PacCTeHUN

CTpyKTypHas

ObecmeunBaOT MPOTEKAHUE IIPOIECCOB OOMeHa BEIeCTB, CJIYKaT
OCHOBOM IJIA CHMHTE3a APYTrux coeaunHeHuil. Tak, MoHOCaXapuabl 1
WX TPOM3BOAHBIE HEOOXOAMMBI IJIsT CHHTE3a I1eJIOr0 Psijga OpraHu-
MeTraboanueckas YeCKUX BeIeCTB: AU- U II0JINCAXapUL0B, HyKJIEOTHUL0B, HEKOTOPHIX
cimproB u np. CoeguHeHUsA, KOTOPhIe 00Pa3yIOTCA B XOJe paclile-
IIJIEHUs MOHOCAaXapWJoB, MCIOJb3YIOTCA AJs 00pa3oBaHUA MOJIe-
KyJI KapOOHOBBIX KUCJIOT, AMUHOKUCJIOT U T. [I.
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-
'[5 B CocTaB OOJIBIIIMHCTBA YIJIEBOJOB MOYKHO BBIPA3UTh (hOpMYJIOit
= 1 1 C,(H,0),,. Beigensior Tpu IpyIObl YIIeBOAOB: MOHOCAXAPUABL, [H-
' caxapunp!l u noaucaxapuabl. CamMoe IIpocToe CTPOEHNEe UMEIOT MOHO-
caxapubl. B cocTaB MOJIEKyJI [UCAXapUIOB BXOAUT JBA OCTATKa MOHOCA-
XapUI0B, B COCTAB IIOJIMCAXAPUAOB — MHOYKECTBO. [ JIaBHBIMU (HYHKITHA-
MU YTJIEBOJOB SIBJSAIOTCS dHEpreTHUecKas, 3alacarolas, CTPYKTypHAA U
MeTabomuecKas.

S 2

1. Kakne n3 nepeuncneHHbIX BELLEeCTB OTHOCATCS K MOHocaxapupam? [ducaxapvpam?
1 = NMonuncaxapngam?
”.' JlakTosa, IIIUKOreH, MaJbT0o34a, IVII0K03a, pubo3a, XUTHH, I1eJIJII0JI03a, (PPYKTOo3a,
caxaposa.

2. Kakve 6unonornyeckue yHKLMM BbINMOMHAOT MoHocaxapuabl? Oucaxapupbl? lMpueeguTe
npumMepsbl.

3. Yem obycnoBneHo pasHoobpasve gucaxapuaos 1 nonucaxapugos?

4. Kak MeHsieTcs BKYC YriieBOLOB M UX PACTBOPUMOCTL B BOLE C YBENUYEHNEM MONEKYNISPHON
maccbi?

5% CpaBHUTE MO pasnM4HbIM NPU3HaKaM Kpaxmar, Lenonody 1 rukoreH. B yem npossns-
€TCA UX CXOACTBO? B yeMm 3akmovarotcs pasnmuma?

6% Kpaxman B Knetkax pacTeHWUi 1 MNKOreH B KNIETKaxX XUBOTHbLIX BbIMOSHSAIOT OOHY U TY Xe
dhyHKUMI0 — 3anacatoLyto. OCHOBHOWM KOMMOHEHT Kpaxmarna — pa3BeTBIIEHHbIN nofiMcaxapu aMu-
NONEKTUH. [MIMKOreH Nofo6eH aMUIIONEKTUHY, OOHAKO MMEET MEHbLLIYHO MOMNEKYIISIPHYIO Maccy 1 6onee
pa3BeTBNEHHYIO CTPYKTYpPY. KakoBo 610nornyeckoe 3HaveH1e yKkasaHHbIX 0COOEHHOCTEN rnvkoreHa?

" &

F

@ OBHAPY/KEHUE KPAXMAJIA C IIOMOIIBIO FIOJTA
BLISIBJIEHUE AKTUBHOCTH AMUJIA3EI B CJIIOHE

§ 6. Jlunuabi

Junuds. — pasHOOOpas3HBIE II0 CTPYKTYpPE OPTaHMUYECKHe BEIleCcTBa, KO-
TOPBIE XOPOIIIO PACTBOPSAIOTCA B HEMOJAPHBIX PACTBOPUTENAX (OeH3UWHE, XJIO-
podopMe U 1Ip.), HO HEPACTBOPUMBI MM MAaJI0 PACTBOPMMBI B Boze. K aToii
TPyIIe COeINHEHNI OTHOCSATCS KUPHI U JKUPOIOA00HEIe BelecTBa. MoJIeKyIbl
OOJIBIIIMHCTBA JUIINA0B HEOJIPHEI, UTO 1 00YCJIOBJIUBAET UX I'UAPO(POOHOCTS.

MaccoBasi oA IUNKUAOB B PA3JHUYHBIX TKAHSIX 1 OpraHax HeOoAMHaKOBA.
Y KHUBOTHBIX BBICOKOE COJepsKaHWue KHUPOB U JKHPOIIOJOOHBIX BEIeCTB Ha-
OJfofaeTcs B TOAKOKHOM KJeTYaTKe, KeJITOM KOCTHOM MO3Te, HEPBHOM TKaHWU,
MOJIOKe MJeKomuTaionux. Haunbosmee 6oraTel TUIHUIAME KJIETKU *KUPOBOM TKa-
HU. Y pacTeHuii JUOUIbI 3aIacaioTcs IPenMYIIeCTBeHHO B IIJI0fAaX 1 ceMeHaX.
Boablioe KoJMYeCcTBO KUPOB COAEPKUTCA B CEMEHAX MHOACOJHEUYHWKA, JIbHA,
parmca, IIJoAax OJMBKOBOTO JIepeBa 1 Ip.
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I
H.C—O0—C—R,

I
HC—O—C—R,

(0]

I
HC—O—C—R,
OcraTtok OcTatku

rmuuepuHa KapGOHOBbIX
KMUCNoT

Puc. 17. CTpoeHve
MOMEeKynbl TpUrnuuepmaa

OcHog6Hble 2pynnbl runudoe. I3BeCTHO HECKOJIBKO
TPYIII JIUIUIOB: JKUPbI, (hOCHONUNUALI, CTEPOUIBI U IP.
Camasa MIMPOKO PACIPOCTPAHEHHAA I'PYyINa JUIINUAOB —
9TO KMPHI (Tpuranmepuasl). 13 kypca xumuu 10-To Kiac-
ca BaM U3BECTHO, UTO UX MOJIEKYJIBI COCTOAT M3 OCTAaTKa
TPEXaTOMHOTO CIIUPTA TJIUIEPUHA U TPEX OCTAaTKOB Kap-
00HOBBIX KucJoT (puc. 17). B ob6pazoBanuu KUPOB yua-
CTBYIOT IPEUMYII[ECTBEHHO BHICIIIIE KaPOOHOBBIE KUCJIO-
THI, KOTOPbIE TaKyKe HA3BIBAIOT HUPHLIMU KUCLOMAMU.

Kap06oHoBbIe KMCJIOTHI B COCTaBE TPUIVIHIIEPUIA MO-
TyT OBITH OOWHAKOBBIMU UK pasHbiMU. KaK BbI 3HaeTe,
KapOOHOBBIE KMCJIOTHI ObIBAIOT HACBIIIIEHHLIMY WJIV HEHA-
CBIII[EHHLIMHY (BCIIOMHUTE, B UeM 3aKJIIOUAETCS OTINYLeE

Mexkay HuMM). V3 HaCBIIEHHBIX KapOOHOBBIX KHUCJIOT B COCTAB JKMPOB Uallle
BCEro BXOAAT NAJbMUMUH08As U CMeAPUHO8aGS, & N3 HEHACHIIIEHHBIX — OJeu-
Ho8as, JUHOJe8as U JUHOLeHo8as (puc. 18).

R

CrteapuHoBas kucnota (Cq7H3;5COOH)

CH3_CHZ_CH2_CH2_CH2_CH2_CH2_CHZ_CH2_CH2_CH2_CH2_CHZ_CHZ_CHz_CHz_CHZ_COOH

1

OneuHoBas kucnota (C47H33COOH)

CHg~CHy=CH,~CHy~CH,~CH,~CH,~CH,CH= CH — CH,~CH,~ CHy~CH,~CHy~CHy~CH,~COOH

Puc. 18. CTpoeHne MOneKyn CTeapuMHOBOW WU ONEUHOBON KUCMOT

TemnepaTrypa IJIaBJIeHUA *KUPOB 3aBUCUT OT JJIUHBI YIVIEDOAHBIX IeNed u
KOJMUYeCTBa MBOMHBIX CBS3€H B OCTATKAX KApOOHOBBIX KHCJOT. sKUPHI ¢ KO-
POTKUMU ¥ (UJI) HEHACBHIIIIEHHBIMU IeNAMU WMEIT CPaBHUTEJIBHO HUSKYIO
TeMIIepaTypy MJIaBJIEHUA U TP KOMHATHON TeMIlepaType ABISAI0TC KUIKUMU.
1 TPUTIUIIEPUIOB C JIMHHBIMU U HACBHIIIIEHHBIMY IIEIIAMHI XapaKTepHa 0oJiee
BBICOKAdA TeMIepaTypa IjaaBieHusa. [Ipy KoMHATHON TeMIlepaType TaKue »KUpPbI
UMEIOT TBEPYI0 KOHCUCTEHIIUIO.

Y KUBOTHBIX, OOMTAIOIINX B XOJOLHOM KJIMMAaTe, JKUPbI OOBIYHO COAEPsKaT
0O0JIbIIIE OCTATKOB HEHACHIMIEHHBIX KUCJOT, UeM y oOuTaresieii YMEPEHHBIX U
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TPOIIMYECKUX ITUPOT. [ToaToMy UX KuUp Jaske IPU HUBKUX TeMIlepaTypax ocTa-
eTcs JKUAKUM, a TeJO COXpaHsAeT TMOKOCTb.

VIHTepecHO, 4TO B COCTaBE XMPOB, CUHTE3MPYIOLLMXCS B OpraHN3Me YesnioBeka, OKos10
70 % ocTaTkoB KapHbOHOBbLIX KUCIOT NpeacTaBfieHO HeHACbILLIEHHOW OIEMHOBOM KMCOTOM.
Moatomy 4venosedveckuii xunp nnaeutcsa npu 15 °C n npu Temnepartype Tena 4YenoBeka
ABNAETCHA XUOKUM. [Ns CpaBHEHUS: COAepXXaHNe HEeHAChILLEHHbIX XXUPHbIX KACIOT B roBs-
XbEM XMpe cocTaBnaeT Tonbko 43—47 % (M3 HUX 41 % onenHoBOW) 1 ero Temneparypa
nnaeneHus — okono 45 °C.

®ochoaunmuabI IO CTPOSHUIO CXOAHBI C TPUTINIEPUIAMU, HO B X MOJIEKY-
JaxX OAWH OCTATOK KapOOHOBOIM KHWCJIOTHI 3aMeIlleH PaAnKaJIOM, COAep KaI[UM
ocTaToK (hochOPHOM KMCIIOTHI.

Moaekyna ¢ochoaunnga COCTOUT U3 ABYX UaCTell, pa3JIMUYHBIX II0 PACTBOPU-
MOCTH B BOJie: ITOJIAPHON TUAPOPUIBLHON TOJIOBKU U TUAPOGOOHBIX XBOCTOB —
HeIOJIAPHBIX YIVIEBOAOPOIHBIX ITeleil KapOoOHOBBIX KucjoT (puc. 19). I[BoiicTBeH-
Hasg npupona ¢hochoJUITnI0B 00YCIOBIUBAET 0COOYIO OPUEHTAIIUIO UX MOJIEKYJI
B BomHOM cpefne. 'mapoduibHble TOJOBKU (POChONUINI0B B3AUMOIEHCTBYIOT
¢ MOJIEKYJIaMU BOJbBI, a TUAPO(POOHBIE XBOCTHI MIPUTATUBAIOTCA APYT K APYTY
(BcmomuUTEe TUAPOGOOHBIE B3aMMOAEHCTBUS B MOJIeKya1ax 6eakoB). IIpu sTom
dochomunuasl 06pasyioT 080iUHOIL coil (0ucaoll), B KOTOPOM MX HEIOJIAPHBIE
XBOCTBI TOTPY KEHbl BHYTPh U 3aIUIIEHbI OT KOHTAKTAa C BOJOI, a MOJSPHBIE
TrOJIOBKH, Ha000pPOT, oOpaimeHbl K Boge (cMm. puc. 19). Takasa opueHTamusa MoJie-
KYJI UTpaeT KJIIUEBYIO POJIb B (DOPMUPOBAHUY CTPYKTYPHI OMOJIOTHUECKUX MeM-
OpaH, B cOCTaBe KOTOPBIX (POCHOMUINALI ABIAIOTCA BaXKHENIIINM KOMIOHEHTOM.

Ocratok
pOCOpHOIA KUCMOThI |

MmppoduneHas
ronoeka

OcraTok rnvuepuHa { Bona
Ocrtatkm
KapBOHOBbLIX KUCMOT
Boaa

MapodobHble
XBOCThI

Puc. 19. CTpoeHue Mosiekyn ocqonunuaoB v UX OpueHTaums B Bofe
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Ere ogHOM rpynnoi AMONA0B ABJIAIOTCA CTEPOUIbI. IX MOJIEKYJIBI UMEIOT
CJIO}KHYIO CTPYKTYPY W HE COAep’KaT OCTATKOB JKUPHBIX KucjaoT. CrepougamMu
SABJIAIOTCA TOPMOHBI KOPBI HAAIIOUEUHUKOB — KOPMUKOCMEPOUudbl, MY:KCKUE
U JKEHCKUE N0JL08ble 20PMOHbL, HCeAUHble KUCA0ombL (BasKHeHIIIe KOMIIOHEHThI
JKeaun), sumamun D u gp.

Baxayo posib B OpraHusMe 4eJsIoOBeKa U JKUBOTHBIX UTrpaetr xosecmepur. OH
HeoOXOIUM JIJIA CUHTE3a CTEPOUTHBIX TOPMOHOB, sKEJTYHBIX KUCJIOT, BuTaMuHa D.
Kpome Toro, xomecTeprH BXOZUT B COCTaB OMOJIOTMUECKUX MeMOpaH, obecrie-
YUBAET UX CTAOUJIBHOCTb U PETYJIUPYET ITPOHUITAEMOCTb.

OnHaKO IOBBIMIIEHHOE COAEpP:KaHINe XOJeCTEePpUHA B OpraHm3Me MOJKET BBI-
3BaTh Pa3BUTHUE PsAga 3a00JeBaHN, B YACTHOCTU CEPAEYHO-COCYAUCTHIX. XOJe-
CTEePUH MOYKET OTKJAIbIBaThCA Ha BHYTPEHHUX CTEHKAX KPOBEHOCHBIX COCYIOB,
M3-3a Yero X IIPOCBET Cy:KaeTcA. OTO BeleT K HAPYIIIEeHUI0 KPOBOCHAOKEHUA
TKAHEN W OPTraHOB, B IIEPBYIO OUEPedb CEePAEeUHON MBIIIIIIEI, TOBLIIIIAETCA PUCK
nHpapKkTa MHUOKapAa, WHCYJIbTa, APYTUX OcjJokHeHui. K (axTopam, mOBBI-
1AM YPOBEHb XOJIeCTePHUHA, OTHOCATCA: KypeHue, HeJoCTaTOUHASd (PU3uU-
YyecKas aKTUBHOCTh, HEIIPaBUJIbHOE NMUTaHUe (IepeefaHue, U30BITOK *KUPOB B
OUINe) U ap.

Kax BbI 3HaeTe, IUIuUAbl MOTYT OOPa30BLIBATH CJIOKHBIE COETMHEHUA C OeJr-
KaMu — JUNONPOMeuHbvl, YIIeBOAaAMU — 2JAUKOAUNUObL U T. I.

Dyurxyuu aunudos. B KuBoOll Iprpose JUNNABLI BHIIOJIHAIOT Pa3HOOOpas-
Hble QyHKINU. VHQOpMAIKA 0 BaKHEHINTNX M3 HUX IpuBeAeHa B Tabauie 6.

Tab6auia 6. OcHoBHBIEe (QYHKIIMM JIUMUIAOB B SKMBBIX OPraHU3MaXx

DyHKRIUA IlosscHeHUE M IpUMEPHI

IIpu nonHOM oOKucaeHuu 1 T JHUPOB BHICBOOOKAAETCA OKOJIO
39 k[[»K sHeprum. OTO HAMHOI'O OOJIbIIIE B CPABHEHUYU C OKUCJIEHU-

JHepreTuuecKas
€M TaKOI'0 Ke KOJINUeCTBa yIVIeBO#oB. KoHeuHbIe IPOJYKTEI pacie-
IJIEHUA KHUPOB — yI‘JIeRHCJIbeI ra3 1 BOga
Oxucnenue 1 r Jsupa coupoBokzaerca Boigesenumem 1,05—1,1 r
BOABI. JTa BOZA He IMOCTyIaeT B OPraHW3M W3BHE, a 00pasyercs
) PE— B Xoze oOMeHa BelecTB (MeTabosm3Ma), II09TOMY ee HasbIBa-
. 0T MeTabonuyecKoii. JKupoBble 3amachkl IO3BOJIAIOT HEKOTOPHIM
MeTaboIMuecKoi
BOMEL JKUBOTHBIM CPABHUTEJIBHO JOJT0€ BpeMsA OO0XOAUTHCSA 0e3 BOMIBI.

Hampumep, BepOsiogbl BbIAep:KuBaoT 06e3 mee 10—12 cyr,
a MeaBenU, CYPKU W JIPYTHe >KUBOTHLIE BO BPeMs 3UMHEN CIISU-
K1 — 6oJjiee IBYX MeCSIIEB
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IIpodonscenue

DyHrIUA

IlosicHenne u MpuMepsI

3amnacarorasa

JHupbl OTKIAABIBAIOTCA IIPO 3aIlac B PA3JIMYHBIX TKAHAX U Opra-
HaX, ABJASCH PE3ePBHBIM HMCTOUYHHUKOM SHEPTruUM [AJIs OpraHusMa.
3amacaTh JKUPBI BBITOJHEE, YeM YIJVIEBOALI, T. K. MX JSHepreTmye-
CKasfd IIEHHOCTDH BBIIIIE

CrpyKTypHas

I BoitHOIT cJoil ocghoaunudos ABIAETCA OCHOBOM CTPOEHUA BCEX
OumoJiornuecKnx MeMOpaH (IHUTOILIA3MATHUUYECKON MeMOpaHbI KJe-
TOK, MeMOpaH opraHouzoB). B cocraB meMOpaH BXOAAT U APYyTrUe
JUNUABL — X0JleCepuH, JUNONPOMeUHbl, 2AUKOAUNUObL U T. [.
Mueaun, GopMupyomuii 000J0YKYy MHOTUX HEPBHBIX BOJIOKOH,
obecrieunBaeT OBICTPOE IIPOBEIEHNE HEPBHBIX MMIIYJIbCOB

3amurHasa

JRupb. HaKaIJWBAIOTCS TON KOMKEH W MeKAYy OpraHaMu, IpPeno-
XpaHad UX OT MeXaHUYeCKUX MoBperkaeHuii. Hanpumep, :KupoBas
TKaHb, BBICTUJIAIONIAS TVIA3HUIIBI, 3AIUIIAET TJIa3HbIEe SI0JOKU OT
coTpsiceHUit W Aedopmainuu. Biaromaps HU3KOH TeIJIOIPOBOJHO-
CTU JKUP ABJAETCA XOPOIIUM TeIJIOU30JIATOPOM, IIPeIOXPAaHAIO-
IIMyM OpraHu3M OT IIepernaaoB TeMIlIepaTypbI. ]._.[O Z-)TOfI IIpu4YunuHe y
JKMBOTHBIX, OOMTAIOIINX B XOJIOJHBIX PErroHaxX, XOPOIIIO PasBHUTA
THOAKOKHAA JKUPOBaA KJeTdaTKa. JIMmuabl 00JIagaloT BOJOOTTAJI-
KHUBaKIIUMN CBOﬁCTBaMH. BXO,QH B COCTaB KYTHUKYJIbBL paCTeHHfI,
IOKPOBOB TeJIa U CEKPETOB KOXKHBIX JKeJies JKUBOTHBIX, OHU obecIie-
YHBAIOT 3AIUTY OT IOTEPU BOABI, 1 HAOOOPOT, OT €€ M3OBLITOYHOIO
IIOCTYIIJIEHUSA B OPraHU3M

Perynaropuaa

CmepoudHnvle 20pMOHbL PETYIUPYIOT OOMEH BellecTB, PA3MHOMKEHLe
U pasBUTHE OpPraHu3MoB. Bumamun D Bimser Ha 00OMeH KaJabIUA
u docdopa. HKeaunvie Kuciomvl 06ecIeunBaOT HMYILIUPOBAHLE
JKUPOB IUINY U BCAChIBAHVE IPOJYKTOB UX PACIIEIIEHU

F

L

dosunuael,
COeIMHEeHUs, PasHOOOpPas3HBbIE II0 XUMHUYECKOMY CTpoeHu. Jlumuabl
BBITIOJIHAIOT pas3JnyHble (PYHKIIUMN: DHEPreTUUYecKyIo, 3alacalrollylo,
CTPYKTYPHYIO, 3alIIUTHYIO, PETYIATOPHYIO U AP.

K nmunupam

OTHOCSATCS KUPBI U *KUPOIONO0HBIE BemecTBa — (hoc-
CTEPOUIBI U IpP. OTO IPEUMYIIeCTBEHHO ruapodoOHbIe
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? 1. Yto npepcTaBnsoT cobon nunmabl? K kakowr rpynne oTHOCUMTCSH GOMbLUMHCTBO NWMK-
& & [0O0B — K rmapounbHbIM MM K rugpoobHbIM BelecTsam?
2. B Kakmx TKaHsiX M opraHax pacTeHUA N XXMBOTHbIX COAEPXMTCA 6OSbLUE BCErO -
nnaos?
3. MNepeuncnute U3BECTHbIE BaM rpynmnbl NMNUOOB. Kakne OCHOBHble 6uofiornyeckue (yHk-
LMW XapakTepHbl AN KaX[on rpynnbl?
4. Tlovemy npu KOMHATHOW TemnepaType OOHM XWpbl TBepAable, a Apyrve UMEeKT XUIOKYL0
KOHcucTeHUmMo? MNpreegute NpyMepbl TBEPABIX U XMAKMX XXMUPOB.
5% CpaBHuTE COCTaB MOMIEKYS XWNPOB (@—B) U pacnonoxuTe 3T1 BeLlecTBa Mo BO3pacTaHMo
WX TemMneparypbl NnaBneHus.

CH,—O0—CO—C,,H,, CH,—O0—CO—C,.H,, CH,—O0—CO—C,H,,

CH—O—CO—C,,H,, CH—O—CO—C,H,, CH—O—CO—C,H.,

CH,—0—CO—C,H,, CH,—O0—CO—C,H,, CH,—0O—CO—C,H,,
a 6 B

6*. MHorne XuBOTHble, OOMTatOLLME B YCMOBUSAX XONOOHOMO Knumara, MMelT TONCTY nog-
KOXHYIO XMPOBYIO KneT4yaTky. HekoTopble obuTtateny ctenemn u nycTbiHb TaKXe YCUIIeHHO 3anaca-
10T MOAKOXHbIA XMP. Kakve (YHKUMKU BbIMOMHAKT XUPbI B OPraHn3me 3TuUX XMBOTHbLIX?

7. CopepxaHue 3anacHblX YrneBOLOB B KieTkax pacTeHuin moxet gocturatb 90 % cyxon
maccbl. B opraHname XWBOTHbIX OCHOBHblE 3amnacbl XpaHATCA B BUAE XWMPOB. YeM 3T0 MOXHO
0OBACHUTL?

§ 7. HyknenHoBble kucnotbl. CtpoeHne un pyHkuum AHK

151 KasKA0ro BUAA KUBBIX OPraHM3MOB XapaKTEePHBI CBOU OTJINUYUTEIbLHEIE
ocobeHHOCTU. Bojee Toro, pasjanums CYIIECTBYIOT U MEMKAY OCOOSAMU OJHOTO
BUA, MIOCKOJNBKY KasKJas M3 HUX o00JafaeT YHUKAJBLHBIM COUETAHUEM IIPHU-
3HaKoB. IIpu 5TOM KasKIbII OpraHms3M CIIOCOOEH IepegaBaTh CBOM IIPU3HAKU
MIOTOMKAaM II0 HaCJEeJCTBY.

W3BecTHO, UTO MPU3HAKU U CBOMCTBA OpPraHU3Ma OIPEeAessIOTCs, IPerxIe
BCero, 0eJIKaMu, KOTOPbIE CUHTE3UPYIOTCS B ero KJjeTkax. IlosTomy mH(pOpMa-
U0 O IEPBUYHOI CTPYKType 0eJTKOB HA3LIBAIOT HACIEACTBEHHON MU TeHeTH-
YeCKOM. YCTaHOBJEHO, UTO JaHHAA MHGOPMAIIUS COMEPIKUTCSI B MOJIEKYJIaxX HY-
KJIEMHOBBLIX KHCJIOT. T OMOMOJMMEPLI TaKiKe 00ecIeurBaiOT CUHTE3 0eJIKOB,
T. €. Peaausaluio HacJaeCTBEHHOU MH(MOPMAIIUY U ee TIepeady IOCIeIyIOIM
TMOKOJICHUAM IIPU PA3MHOYKEHIH.

TakuMm 006pas3oM, HYKJIEMHOBbIE KHCJIOTHI BBIIOJHSIIOT 0COOble (WYHKIIUH,
He XapaKTepHbIe IJIA IPYTUX XuMudyecKux coenmHeHuii. HykiIenmHOBBIE KHC-
JOTBI — 3TO OMOJIOTMUYECKHe IOJNMEPBI, 00eclieurBaIoIne XpaHeHne, peasiu-
3aIMI0 U IIepefavy HACJIeICTBEHHOM MH(OPMAIIUN.
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HyxkenHOBBIE KMCJIOTHI OBIIN OTKPBITHL B 1869 T. mIBeiiapcKuM 010JI0TOM
®. Mumepom (haMuins IpUBeIeHa He AJIA 3allOMUHAHUA) B AApax JIEHKOIIU-
TOB uesoBeKa. OT JTaTUHCKOTrO cIoBa nucleus — SAAPO M IPOUCXONUT HAa3BAHUE
aTuUX coenmHeHUi. HyKJeMHOBBIE KUCJIOTHI COMEPIKATCSI B KJIETKAX BCEX JKU-
BBIX OPraHM3MOB, IIPMYEM He TOJBKO B AApe, HO U B IIUTOILJIa3Me, B COCTaBe
HEKOTOPBIX OPTaHOUOB.

Cmpoenue Hyxareomudoé u obpaioéarue norunykieomudnou yenu. Mo-
HOMepaMM HYKJEUMHOBBIX KUCJIOT SBJIAIOTCA HYKJIEOTHABI. KaK bl M3 HUX CO-
CTOUT U3 TPeX KOMIIOHEHTOB: a30THUCTOTO OCHOBAHUSA, IATUYTIJIEPOSHOTO MOHO-
caxapuza (IeHT03bI) U ocTaTKa PocdopHOI KucaoThl. IleHTpaibHOE OJI0KEeH1e
B CTPYKTYPe HYKJIEOTHIA 3aHUMAaeT IeHT03a. A30THCTOe OCHOBAHUE U OCTATOK
(ochopHO#T KUCJIOTHI IPUCOEANHEHBI K Hell KOBaJeHTHBIMU cBA3AMU (puc. 20).

nypVIHOBbIe OCHOBaHUA nMpVIMVI/J,VIHOBbIe OCHOBaHUA
N i N 1 4
C C C C C
AN WL ey ey
HC HC
N\y—C CH N\ -C C 2 CH _C CH _C CH
[I\j/ \N/ r|\|/ \N/ “NH, O \’}1/ o \,I\l/ o \,I\l/
H H H H H
AfeHuH lyaHuH LinTo3nH TumuH (B AHK)  Ypauun (B PHK)

1 f

—>

T

A3zotucrtoe
OcTaTtok OCHOBaHue
c¢hocchopHom

KUCNOTbI

OH

OH v v

HOCH, 0 oH HOCH, O oH

H H A H H B

OH H OH OH
[He3okcnpubosa Pu6osa
(8 OHK) (8 PHK)

Puc. 20. Cxema CTpOEHWS HykneoTuaa
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o

B cocraB HyKJIEOTHIa MOKET BXOAUTH OMHO U3 MATU a30TUCTHIX OCHOBAHUIA:
a0eHuH, 2YAHUH, YUMO3UH, MUMUH UIN Ypayui. AJeHUH U TYaHUH OTHOCATCS K
NYpuHOBbLM OCHOBAHUAM, a IIUTO3UH, TUMUH U YPAIUI — K NUPUMUOUHOBbLM.

HasBaHue HYKJEOTHJa 3aBUCUT OT TOT'0, KAKOE a30THCTOEe OCHOBAHUE BXO-
IUT B €ro CTPYKTYpPy. Tak, CyIIecTBYIOT a0eHUL08ble, 2YAHULO8bLe, UUMUOU-
J108ble, MUMUOUNOBbLe U Ypuduio8vle HyKIeoTuabl. [lJ1a yono6cTBa a30TUCTHIE
OCHOBaHUS W COOTBETCTBYIOIINE UM HYKJEOTHUIABI OOBIYHO 3aIMCHIBAIOT COKPa-
menno: A, I, IT, T, V.

Ws3BecTHBI [Ba TUIIA HYKJEUMHOBBIX KUCJIOT — JA€30KCHUPHMOOHYKJIEHUHOBBIE
(IHEK) u pu6onykaeunossie (PHEK). Ounu pasiauuaioTrcesa QyHKIIUAME, Pa3MePOM
u (popMOI MOJEKYJ, a TaKiKe 0COOEHHOCTAMU CTPOEHUS HYKJIEOTHUIOB.

Hyxaeorunsr J[THK comep:xaT OCTATOK [Ae30KCUPUOO3bI, a HYKJIEOTUIbI
PHK — pu6osnl. OTcioga 1 HasBaHUSA — Je30KCUPUOOHYKJIENHOBLIE 1 PubO-
HYKJIEMHOBBIE K1CJI0ThI. Kpome Toro, azotrucroe ocHoBanme TuMuH (T) moxker
BXOAUTH TOJIBKO B cocTaB HyKJeoTu0B JTHK, a ypamun (V) BcTpeuaercs JUIIb
B mykJeotrugax PHK. CnemoBarenbro, mosekyasl JJTHK, Tak ke kak u PHEK,
coZiepsKaT IO YeThIpe THUIa HYKJEOTHUIOB.

HyxenHOBBIE KHUCJIOTHI — caMble KPYIHBIE U3 MOJIEKYJI, IPUCYIIUX KU-
BBIM OpraHmaMamM. KoJnuecTBO HYKJIEOTHIOB B COCTABE ATUX TOJUMEPOB MOKET
JMOCTUTATh COTEH MUJIJINOHOB. CoeuHeHe HYKJIEOTHUAOB B OJTUHYKJIEOTUIHYIO
Ielb ITPOMCXOAUT 3a cUeT 00pasoBaHUS KOBAJIEHTHBIX CBSA3EH MEXKIY OCTaT-
KOM II€eHTO3bI OZHOT'0 HYKJIEOTHAA U OCTAaTKOM (Poc(OpHOI KUCJIOTHI APYTOTrO
HyKJeotuzna (puc. 21).

<:O AOEeHuH O TUMUH

CO l'yaHuH O LnTtosuH
Q [eHTO3a

O OcraTtok
docopHOM KMCNOThI

Puc. 21. Cxema CTPOEHUs MOSNIMHYKNEOTUAHOW Lienu

Cmpoenue JHEK. B cocras mosnexyisl JJHK BXogaT gBe mOJIUHYKJIEOTHJHEIE
nenu. OHU COeIMHEHBI MEKAY CO00M MHOYKECTBOM 8000pP00HbLX CBSA3Eli, BOSHU-
KaIoUX MEYXKIY a30THUCThIMU OCHOBAHUAMU HYKJICOTHIOB IIPOTUBOIIOJOMKHBIX
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meneit. Mexxay adenunom u mumurom GopMu- (|3H3
pYIOTCA IBe BONOPOAHBIE CBA3U, a MEXKIY 2ya- H\N _H-- O\C /C\CH
HUHOM M yumosuHom — Tpu (puc. 22). Takum | | ’
o0pasoM, HYKJIEOTUIbI, BXOIAIINE B COCTAB C
P ’ y ; AbI, JSAIIT //N\C/ \N___ H/N\C/N\
IByx pasubIx 1emeir JHK, BsaumMHO AOTIOTHA- HG [ | I
IOT APYT Apyra, obpasysa crporue mapbl: A—T \N/C\N/CH
u I'—II. ObparuTe BHUMaHUE, UTO B KaKIOHU / TUMUH
mape OJJHO U3 a30TUCTHIX OCHOBAHUI — IIypU- AneHuH y ’
HOBO€, a APYyroe — IHUPUMUINHOBOE. / [
Taxoe COOTBETCTBUE MAPHBIX HYKJEOTUIOB O-—--H /N\C/C\CH
Ha3bIBAETCSI KOMILIEMEHTAPHOCTHI0. [ToaTomy [ I |
roBopsT, uto renu JlHK KomIiemeHTapHEI, T. € N o O H "N N
> R / G N ¢\
IIOCJIe[0OBATEeILHOCTh HYKJIEOTUJOB B OomHOM HG [l C|: I
Ienu OIIpelesiseT HOPAIOK WX CJIEJOBAHUS B /N/C\N/ ~N-H----0
npyroii. Hanpumep, eciiu omHa Ienb COAEP- H LiuTosnH
sKuT mociegoBaresbHocTh TAITATII, To 1o FyariH
IIPUHIIUIIY KOMILJIEMEHTaPHOCTHU IIOPAIOK pac- Puc. 22. BopoponHble CBA3n
TOJIOKEeHUST HYKJIEOTUOB B APYTOH Ienu Oy-  Mexay KOMMIeMeHTapHbIMW napamu
met caenyiomum: IITTTAT. a30TUCTbIX OCHOBAHMI

Onsi 3anoMuHaHMA KOMMMIEMEHTAPHbIX HYKNEOTUOAOB MOXHO WMCMONb30BaTb MHe-
MoHM4yeckoe npaeuno «BATT n lepll» nub6o accoumaummn. Hanpumep: «ArpeccuBHbIN
Turp n Thyneii UbinneHok» wnnu «AnenbcuH Ha Tapenke, Llanna B He3ge». Cnoeo
«nyplA» HanoMmHaeT O TOM, YTO K MYPVMHOBbLIM OCHOBaHWSIM OTHOcATCS ryaHuH () u
ageHvH (A). CnepoBaTenbHO, ocTaslbHble a30TUCTble OCHOBaHWA SABMSOTCA NUPUMUOM-
HOBbIMW.

Hasa monexynsl [THK xapakTepHa ocobas IpocTpaHCTBeHHAA CTPYKTypa. Ee
MOJIMHYKJIEOTUAHBIE eI 00BUBAIOT APYT APYyra, GopMupys d60iiHY10 Cnupaiy
IuaMeTpoM OKoJio 2 HM (puc. 23, c. 44). OguH BUTOK CIIMpPAJIU MMeeT IJIUHY
3,4 aM u cogzep:xkuTr 10 map mykaeorumos. CiegoBaTebHO, JUHEHHAA IANHA
OIOHOII HYKJIeOTUAHOI maphbl coctaBiaser 0,34 am. Uepenyiomimecsa ocTaTKU Je-
30KCcHpu003bI U (hocOPHON KHUCJIOTHI pacHoaaraioTcsa Ha nepudepni MOJIeKYIbl
IHEK, a azoTucTble OCHOBAHUSA HAXOAATCS BHYTPU CIUPAJIU.

Hyxrneorunueiii cocra [JHK BmepBble KOJMUYeCTBEHHO MPOAHAJIM3UPOBAJ
amMepuKaHcKuil omoxmMuk 9. Yapradpd B 1950 r. Im Obliu oOHApPY:KeHBI 3a-
KOHOMEPHOCTH COOTHOIIIEHUS HYKJIEOTUIOB B AByXIenoueuHoi moaexyae [THEK,
BIIOCJIE[ICTBUY Ha3BaHHBIe npasuaamu Yapzappa.

1. KomuuecTBO aeHUJIOBBIX HYKJEOoTH0B B MoJsiekysae JTHK paBHO Koau-
yecTBY TUMUANIIOBBIX (A = T), a KOJIMYEeCTBO I'yaHUJIOBBIX — KOJUYECTBY IU-
muguioBbix (I' = I1).

o
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OunameTtp Monekynbl = 2 HM
“—>

»

1 BUTOK cnvpanu
10 nap HykneotTnaos = 3,4 HM

KomnnemeHTaprle
a30TUCTble OCHOBaAHUA

[ — ocTaTtok ge3okcmpnbosbl
@ — ocTtaTok hocHOpPHON KNCMOTbI

Puc. 23. Ctpoenue monekynsl AHK

2. Yucsio mypuHOBBIX a30THUCTBIX OCHOBA-
HUHW paBHO YMCIy MUPUMHUAMHOBBIX (A + T =
=T + II).

3. CymmMmapHOe KOJIUYECTBO aJAEHUJIOBBIX U
IMUTUAUIOBLIX HYKJIEOTHUIOB PABHO CYMMAapPHO-
MYy KOJUYECTBY TUMUIUJOBBIX U I'yaHUJOBBIX
nykgeorunos (A + II =T + IN).

B 1953 r. Ha ocHOBanmu mmpaBusa Yapradda
U pesyabTaToB mcciaemoBaunuit moserkysn [THE,
MOJIYYEHHBIX OpUTAaHCKUM yueHbIM M. ¥Yu-
KMHCOM, aMepuKaHcKuii 6mosor [I:x. Yorcou
u GputancKkuii 6uopusuk D. Kpuk mpemioxu-
JIX MOJEJb TPOCTPAHCTBEHHOMU CTPYKTYPHI MO-
aexyasl JTHEK. B 1962 r. 3a paspaboTKy 2Toii
MOzeJ 1, IIOJYUYUBINEH Ha3BaHMUE «IBOMHAS
coupaJib», k. Yorcon, ®. Kpuk m M. Vui-
KuHC ObL1u yaocToeHbl HoOeseBcKoOi mpeMun.

Dynryuu JHE. B monekynax [JHK 3axo-
IupoBaHa mH(pOpPMAIUA O IMIEPBUYHON CTPYK-
Type Bcex 0eJIKOB TOT'O MJIM WHOTO OpraHuaMa.
CuursiBarue aroil nuHpopmaruu ¢ JHK opuso-
IUT B KOHEUHOM UTOTe K CUHTe3y 0eJKOB, T. €.
OHEK obGecmneumBaeT XpaHeHUEe U Pean3aIliio
HacJefcTBeHHOI mHMopmanuu. Ilepen nenresu-
em kaeTku moJekyabsl [IHK yaBauBatorcs. Bo
BpeMsdA JeJIEeHUs OHU PaCIpPelesAoTCA MeKIy
JOUEepHUMHU KJIETKAaMU, IlepefaBas UM HacJe[-
CTBEHHYI0 MH(OPMAIIUI0 OT MaTepuHcKon. U3
Kypca omoJsioruu 10-ro KJjacca BbI 3HaeTe, UTO
Bce (hOpMBI PA3MHOMKEHUS OPraHU3MOB OCY-

IIIEeCTBJAIOTCA 3a CUET KJIETOK — COMAaTHYECKHX HJIN CIeIraJIn3MPOBaHHBIX

(cop, ramet). Biarogaps monekyiaam [[THK, comepskamiumces B 9TUX KJETKaX,
IIPOMCXOAUT Ilepefadya IeHeTHYEeCKON HMH@OpPMAIMK OT OJHOIO IIOKOJIEHHUS K

APpyromy.

Takum ob6pasom, pyarmuavu [[IHK aBasioTcsa XpaHeHUWe U peaamusarius
HaCJeJCTBEHHON MHMOpMAaIUu OpraHU3Ma, ee Iepenadya AOUePHUM KJIeTKaM
IpU eJeHUUW W MOTOMKaM Ipu pasMHoKeHuun. MubiMuU cioBamu, [JTHK mpen-
cTaBJsAeT cOOOM reHeTUUEeCKUII MaTepuaJsl ;KUBBIX OPraHU3MOB.
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&8 HyxaenHoBble KUCIOTHI — OMOIIOINMEPHI, MOHOMEPAMY KOTOPBIX AB-
J | nA0TCA HyKjIeoTuAbl. Kaskablil HyKI€OTH COCTOUT M3 a30THCTOrO

'~/ ocHoBaHUA, IEHTO3HI U ocTaTKa (pocdopHOM KucyoThl. CyIIecTBYIOT
IBa TUIIa HYKJEMHOBBIX KUCJIOT — HAe3oKcupubonykientosbie (JHK) u
pubonykiaenHoBbie (PHEK). Mosnekyna [JHK nmeer Buja nBOMHON cnupau,
HYKJIEOTHUABI ABYX Ilerell KOTOpPOH 00pasyioT KOMIJIEMEeHTapPHbIe IIaphbl.
dynrknuu [JHK — xpaHeHwme, peasusalnusa W Tepefada HACJEACTBEH-
HOII mH(popManuu, T. e. HHPOPMAIIUKU O IIEPBUUYHON CTPYKTYpe OEJIKOB.

‘I'I 1. Y10 NpepcTaBnsieT cob6on HacnencTBeHHAs (reHeTuydeckas) MHopMaLMsa XMUBbIX Op-

& = raHuamos?

- 2. OnuwwTe cTpoeHve Hykneotmga. Kakum o6pa3om MOryT COeaMHSATHCA HyKneoTuabl
B monekyne AHK?

3. OxapakTepusyinte NpOCTPaHCTBEHHYIO CTPYKTYpy Monekynbl AHK. Kakve dyHKuum BbInosn-
HseT OHK?

4. YcTaHOBnEeHa MoOCnefoBaTeslbHOCTb HyKneotnaoB opHou m3 uenen OHK: LUTFATTTUA.
Onpepenvte NOPAAOK HYKNEOTUAOB KOMMIIEMEHTAPHON LiENw.

5% ®parmeHT monekynbsl JHK cogoepxut 126 ageHMnoBbIX HyKNeoTnaos (A), 4TO COCTaBnseT
18 % OT 06Lero Konm4yecTsa HyKneoTnaoBs B 3TOM (pparlvleHTe KakoBa gnvHa faHHoro goparmeH-
Ta JHK 1 ckonbko uUMTMaMnoBbIX Hykneotnaos (L) oH copepxut?

@ 2%
Boinenenue [THKE 13 BAHAHA % &

§ 8. CtpoeHue n c¢pyHkuum PHK. ATO

Cmpoenue u ¢pynrxyuu PHEK. PHE, Tax xe xax u JHK, npencrasiser
coboi1 O0momosimMep, IIOCTPOEHHBIN M3 HYKJeoTumoB. OgHaxko moiaexkyabsl PHE
nMeIoT psan ocobeHHocTeli. Bel 3Haere, uTo B coctaB HyKJeoTunoB PHK BMecTo
Ie30KCUPMO03BLI BXOAUT pubo3a, a BMecto TuMmuHa (T) — ypamua (V). Kpome
Toro, moJsieKysnbl PHK snauurenbHo ropoue IIHK m mpexacraBieHBI OnHOM
MOJUHYKJIEOTUTHOI I1eTbi0, a He ABYMs.

JInwb HekoTopble BUPYChl MMEIOT AByXuUenodedHble Monekynsl PHK, npegcrasnsto-
Lne cob60r reHeTU4eCKUn Matepman 3TUX HEKIETOYHbIX PopM.

Monexkyast PHE MoryT npuHMMAaTh pasaudyHYIO IPOCTPAHCTBEHHYIO KOHDU-
Typamnuio, Ipeske BCero 3a cueT o0pas3oBaHUs 6000podHuLx cBsaseit. Ho, B or-
auune ot [JTHK, aTtu cBA3U opMuUpYIOTCA HE MEKAY NBYMA PASHBIMU IETAMU,
a MeXKXIy OTHeJbHBIMU yYacTKaMU OZHOW M TOHU Ke IIeld, KOMILJIEMEeHTapHBIMUI
APYT ODYTY.

CymriectByer HecKoabKo BumoB PHEK, pasamuamimuxcsa mo CTPOEHUIO MO-
JIEKYJI, COAEePsKaHUI0 B KJEeTKe U BBINMOJHAEMBbIM (pyHKIuAM. Bece Bumzsi PHE
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CUHTEe3UPYIOTCA Ha OIPeeIeHHbIX yuacTKax ogHou us nemneir [JHK. Taxoii cun-
Te3 Ha3bIBaeTCA MAMPULHbLLM, TIOCKOJBKY MoJsiekyna [THK aBaserca mampuyeil
(1. e. oOpasmom, MozesbIo) M mocTpoeHus mosekyn PHE.

Pu6ocomurie PHK (pPHEK) cocraBasior 6osee 80 % Bcex PHE kierkwu.
Momerynst pPHEK coequnsaioTcs ¢ ocoObIMu 6eTKaMu 1 00pasyoT pubocombl —
OpraHoOubl, B KOTOPBIX ITPOUCXOAUT CUHTE3 OEJIKOB U3 aMUHOKHUCJOT.

Tpauncnoprasie PHK (TPHK) — cambie masnensrkue us mosexkyn PHE, yua-
CTBYIOIIIUX B cuHTe3e 6enlKOB. B cpemuem oHu cocroaTr usd 80 HYKJIEOTUIOB.
TPHK cBA3BIBAIOT aMUHOKMCJIOTEI, JOCTABISIOT UX B PUOOCOMEBI U 00ecIeunBa-
IOT IIPaBUJILHOE BKJIIOUEHUE 9TUX aMUHOKUCJIOT B HMOJUIENITUIHYIO Ieb. s
kKasxgon u3 20 0esloKoOpasyoInX aMUHOKKCJIOT CYIIECTBYeT KaK MUHUMYM
omHa ocobas pasuHoBugHOCcTh TPHK, a mis HEKOTOPBIX aMHHOKHCJIOT — He-
croabKo. Comepoxanrie TPHE cocraBiszer oxosio 15 % oT 00Iiero xoJjmyecTsa
kJyaerounbsix PHEK.

Bce TPHK umeror cxomHoe cTpoenue. Biaromapsa oO6pasoBaHHWIO BHYTPU-
MOJIEKYJISPHBIX BOJOPOAHBIX cBszell moisekyasl TPHK mpuobGperaroT ocobyro
CTPYKTYPY, B KOTOPOM KOMIIJIEMEHTAPHO CBA3AaHHBIE YUYACTKU UYEPENYIOTCA C
netnamu (puc. 24). Takas mpocTpaHCTBEeHHAasS KOH(MUrypalusa Obljia HasBaHA

KomnnemeHTaprle
y4acTKu uenu

AKLENTOPHbI XBOCT:
(ans npucoeguHeHns
aMVHOKMCIOTbI)

Puc. 24. Cxema cTpoeHus (a) n ob6bemHas KoHdurypaums (6) monekynsl TPHK
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a7

KaesepHuvim aucmom. Oaqun 13 Kounos menu TPHKE cay:xut nias coequHeHU C
aMUHOKMCJIOTOM — 3TO aKIIeITOPHBIA XBOCT.

Marpuunsie, niu uagpopmamunonusie, PHK (MPHK, uPHK) nautosee pas-
HOOOpasHLI IO cTpoeHmnio u ajauHe reneii. Momexkynasr MmPHK comepsxar mH-
(hopmaIuio 0 IEPBUYHON CTPYKTYpPE OIpeesieHHbIX 0eJIKOB. Bo Bpemsa cunTe-
3a 0eJKOB B pubocoOMax OHM CJIYKAT MATPUIAMU, OMPENEIAOINIMMU IIOPII0K
PACIIOJIOKEeHNsT aMHUHOKHCJIOT B OEJIKOBBIX MOJIeKyjaax. IlosTomMy OMOCHH-
Te3 OenlKka, Tak Ke Kak u cuHTe3 PHK, oTHocuTca K MaTPHUUHBIM IIPOIEC-
cam. Kommuecrso MmPHEK me mpesbimaer 3—5 % Bcex PHEK, comepskamuxcs
B KJIETKe.

dyurnuu paccmorpeHHbIX BuaoB PHK cBA3aHBI ¢ mpolleccaMu CUHTE3a
6eaka. CiemoBarenbuo, pPHK, TPHK u MPHEK o6ecmeunBaioT peaan3aiiuio
HacJIeICTBeHHOUN mMHMopMaInm, xpaudiieiica B mosexkynax [THE.

Cmpoenue u ¢pynryus ATP. VICKIIOUNTEIHHO BaKHYIO OHOJIOTMUYECKYIO
poab urpaeTr ameHo3umHTpudochopuaa kuciaora (ATD) — yHUBepcaJIbHBIN
AKKYMYJIATOP U IEePEHOCUYUK SHEPTruM B KJIETKaX »KMUBBIX OpraHmsMoB. IIpak-
TUYECKM BCE IIPOIIECChI JKU3HEAEeATeJbHOCTH, TPEOyIoIne SHepreTUYeCcKO
MOANUTKY, IPOTEKAIOT C MCIIOJb30BAHUEM SHEPIUH, 3aKJIUEHHON B MOJIEKY-
aax AT®. K TakuMm mpolieccaM OTHOCATCA: OMOCHMHTE3 PAl3JUUYHBIX OpTaHu’-
YeCKUX COeIMHEHUU (B TOM umcje O0eJIKOB, JKMPOB M HYKJEUHOBBIX KUCJOT),
AKTUBHBIN TPAHCIIOPT BEIIECTB Yepe3 OmoJornyecKme MeMOpaHBI, HeJieHue
KJIETOK, IBUKEHNE PECHUYEK U JKI'YTUKOB, COKpPAIIEHME MBIIII, ¥ MHOIHe
aOpyTrue.

B cocras mosnekyabpr AT® Bxogut adenHuH, pubo3a M TPU OCTaTKa (ochop-
Holl kucaomul (puc. 25). Takum o0pasoM, OT OOBIYHOTO AJEHUJIOBOTO HY-
kiaeoruna AT® oramuaercs HaIUYmeM ABYX MOMOJHUTENBbHBIX (hochaTHBIX
rpymnn. KoBajieHTHBIE CBA3M MEMXKIYy OocTaTKaMu (POC(HOPHOM KHUCJIOTHI HPU-
MeuaTeJbHLI TEM, UTO IIPY WX PAa3pPbIBe BBIAEJIAETCA OOJIBIIOE KOJIUYECTBO
sHepruu — okKojJo 40 xI:k/Monb (IS cpaBHEHUS: IIPU paspbiBe OOBIUHBIX
KOBAJIEHTHBIX CBs3e¥W BBICBOOOKAaeTcA mpumepHo 12 kl[:x/monp). Takrwue
BBICOKODHEPTeTHUECKHe CBSASH HABBIBAIOTCHA \1ouooshruueckme casian
MAKPOIP2ULECKUMU. l l

ITockombKy octaTku (Poc(OPHOM KICJIO- ©~Q~
Thl B BOJHOI cpeae OUCCOIIMUPYIOT, IIPU- Tpw ocTtaTtka AeHuH
o6peTas OTPULATENbHBIH 3apAl, Mesxay Hu- POCPOPHOV K/CMOTL

Pubosa
MU HaOJIo[aeTcsl B3aMMHOE OTTAJKHBAHUE.

ITosTomy AT® jgerxo momBepraetrcsa zudpo- Puc. 25. Cxema CTpOSHUS

JU3Y C Pa3pbIBOM MaKPOIPTUUECKUX CBA3EH. moriekyrbl AT®
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Ha mepBom srame ruzpoamsa ot AT® ormienadercsa ocTaTok (PocOopHOH
KucaoThl. IIpu aTom BeIgeaserca 40 k/:x/Mons sHeprun u AT® npesBpartaercs
B AII® — aneHosuHaupochopHyIO KUCIOTY:

AT® + H,0 > AII® + H;PO, + 40 g]x.

Bropoii sTan ruApOoJIUTUYECKOT0 PACITIeIlIeH s HaOa0gaeTcsa CpaBHUTEIbHO
penko. IIpu sTOM IPOUCXOAUT OTINEIJIEHUE eIle OFAHOI (GocdaTHOU TI'DYIIIHI,
BBICBOOOJKIEHIIE BTOPOIH «IIOpIIuMy» sHepruu u mpesparrerane Al 8 AM® —
a/1eHO3UHMOHO(POCHOPHYIO KUCIOTY:

All® + H,O > AM® + H;PO, + 40 g][x.

dHeprusd, BbIAeJUBHIasgcCA Ipu ruapoause ATd, mcmosb3yercsa OJIS OCY-
IIeCTBJIEHUSI PasHOOOPA3HBIX KJIETOUHBIX HpoIiieccoB. Takum oOpasom, ATD
WHTEHCUBHO PACIIEIJIAETCSA, U ee 3amac B KJIeTKax HeBeauK. [losTomy Hapamy
¢ rugpoauzom AT® HeoOXoAMM ee HeIPEepPbIBHBIA cuHme3. I[Jasa Toro 4To0bI
TIPUCOEAUHUTHL OCTATOK (pochopHOit KuciaoTbl K AP, HY:KHO 3aTPaTUThL He
menee 40 kJ3x sHepruu:

Al® + H;PO, + 40 xllzx > AT® + H,O.

ITocraBmuiukom suepruu AjsA cuHTesa AT® B KieTKaX CJIYsKAT IIPOIIECChI
pacIllenJIeHnsT M OKUCJIEHUA OPraHWMYEeCKUX BeIlecTB (TJIF0K03bI, JKUPHBIX KUC-
JIOT U 1p.). POTOCMHTE3UPYIONIe OPraHu3Mbl IJisI 00pasdoBaHusa Mojekya ATO
TaKyKe MCIOJb3YIOT IOTJIOIIEHHYI0 UMHU CBETOBYIO SHEPTHIO.

ATO aBnsieTca OgHMM M3 caMblX 4acTo OOHOBSEMbIX BELLECTB. Tak, YenoBevyeckmmn
opraHnam cogepxut okono 0,2 monb AT® (npumepHo 100 r), HO NpK 3TOM Kaxgas Mo-
nekyna B Te4yeHue CyTOK npoxogut 6ornee 500 UMKNOB rmgponu3a u cuHtesa. Moatomy
HeyouBUTENbHO, YTO obLiee KonmmyectBo ATD, obpasytollieeca 3a CyTKM B OpraHvu3me
YenoBeka, COMoCTaBMMO C Maccol ero Tena.

Taxum o0pasoM, B ;KUBEIX opranusMax AT® BIIOJHIET PYHKIIUIO aKKY-
MYyJATOpPa W IIepeHOCUYrKa sHepruu. lIpu rumposmse oHa BBICBOOOIKIAET 3a-
MaceHHYI0 9Hepruio (00pasHO TOBOPs, aKKYMYJATOP «paspdaKaeTcd»), a IIpu
CUHTe3e BHOBb HaKaIlJIMBaeT (IPOUCXOIUT «3apagKa» aKKyMYJIATOpa).

p
'L; B B orauune or JTHK monexynsr PHK 6osiee KopoTKue m 00pasoBaHBI
T [} OOHOII MOJMHYKJEOTHUIHOI Ienbio. B cuHTe3e OEJIKOB yYaCTBYIOT

- tpu Buma PHK — pubocomusie (pPHK), Tpaucmoptasie (TPHK) u
marpuunble, uau uH@opmarnuonubsie (MPHK, nuPHK). Onu o6ecmeuusa-
IOT peasn3aluio HacJeACTBEHHON mH(MOpMAIUM, XpaHAIIEHCcA B MOJEKY-
aax JHEK. YauBepcaibHBIM aKKYMYJIATOPOM UM IIEPEHOCUNMKOM SHEPTUU B
KJeTKax saBiasgercsa ATO.
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? 1. Kakve cnoea nponyLleHbl B NPeAIoKeHNN 1 3aMeHeHbl 6ykBamu (@—r)?
""_‘_ B cocraB mosexkysnbl AT® BXoOuUT a30oTHUCTOE OCHOBaHUE (@), IATUYTJIEPOIHbBIN
MoHocaxapuz (6) u (8) ocrarka (2) KUCJIOTHI.

2. BbifiBUTE CXOOCTBO M pasnuyns B CTPOEHUM afeHUIIOBOrO HyKNeoTuaa u mMonekynbl ATO.

3. Kakune cBsi3n Ha3bIBalOTCA MaKpoaprmyeckummn? Yto npeacraBnser cob6omn npouecc rnapo-
nu3a ATO? CuHtesa ATD? B yem 3aknioyaeTcs 6uonormyeckas ponb ATO?

4*. CpaBHuTe Mo pasnu4HbiM npuaHakam OHK n PHK. BbisBute 4epTbl X CXOACTBA M pasnuyus.

5% Kakue Bugpl PHK copepxarcs B knetke? CpaBHWTE MX MO BbIMOMHAEMbIM (DYHKLMAM, OCO-
6EHHOCTAM CTPOEHMS 1 NMPOLIEHTHOMY COLEPXaHuio OT obLuero konnyectea PHK B knetke.

6% B ofHy KrneTky BBenu morekynbl AT®, MedeHHble paanMoakTUBHLIM dhocdopom 2P no no-
cnegHemy (TpeTbemy) ocTaTky ¢poCOpHOW KMUCNOThI, a B APYryto — Monekynbl AT®, MeyeHHble
%2P o nepeomy (6nmxaiilieMy K pu6ose) octaTtky. Yepes 5 MUH B 06enx KNeTKax U3mepuni co-
[epXaHue HeopraHu4eckoro gocgar-moHa, MedeHHoro *2P. e OHO 0Ka3anock BbILLIE U MoYemy?

§ 9. buonorn4yecku akTMBHble BellecTBa

Buonoruuecku aktupusbie Beuectsa (BAB) — coenunenus, crioco0HbIEe TPU
HeOOJIBINTNX KOHIEHTPAIMAX OKAas3blBaTh BBIPAKeHHOE BO3AEeHCTBUE HA IIPO-
1mecchl KusHemeATeabHOCTH. OnHu BAB BBINOMHAIOT cBOM (PYHKIIUU BHYTPHU
opraHuaMa, yJacTBYs B PEryJAINN POCTa, PA3BUTHUSA, OOMeHa BEIEeCTB U T. 1.
Jlpyrue BBIEIAIOTCA U3 OPraHMW3Ma B OKPY:KAIOIIYIO CPeNy, BIUASA Ha 0co0eh
TOTO JKe BUAA WJIU NPYTUX BUIOB.

BrizenaroT HECKOJIBKO IPYIII OMOJOTUYECKU AaKTUBHBIX BEII[ECTB: TOPMOHHI,
(hepomMOHBI, BUTAMUHBI, aJKAJIOUAbI, aHTUOMOTUKY U Ap. BelliecTBa, BXOAAIIIE
B COCTaB TO WJIM WHOU I'PYIIIbI, MOTYT UMETh PA3HOE XMMUUYECKOEe CTPOeHUeE,
OIHAKO BBITIONHAIOT CXOAHBbIe (GYHKIIUU. VIMEHHO ITI0STOMY B OCHOBE KJIAacCHU-
duranuu BAB jexxuT ux 6uosormueckas pojib, a He XUMHUecKasd IPUpPoa.

T'opMoHBI — GMOJIOTMUYECKN aKTHUBHBIE BEIleCTBAa, KOTOPhIe BHIPAOATHIBAIOT-
¢ CIenrau3uPOBaHHBIMHY KJIETKaMU, TKaHAMU U opraHaMu (IIpeske BCero —
JKejie3aMU BHYTPEHHeH 1 CMEeIIaHHOM CeKpeIni) M OKa3bIBaIOT BO3JelicTBIE HA
Ipyrue KJeTKW, TKaHU U opraHbl (MuiieHu). ['OpMOHBI 00HApPY:KEHBI Y 6OJIb-
IIIUHCTBA MHOTOKJIETOUHBIX OPTaHU3MOB: KUBOTHBIX, PACTEHU, TPUOOB U AP.
OHU yYacTBYIOT B PETYJSAINU IPAKTUUYECKU BCEX IIPOIECCOB KUBHEIEATE b
HOCTH, B TOM YWCJIE POCTA ¥ WHIWUBUAYAJTHHOTO PDA3BUTHUA.

ITo xuMUYECKOMY CTPOEHUIO TOPMOHBI PAa3HOPOAHBI. OTHU U3 HUX UMEIOT
0eJIKOBYIO IpUpPOAY (TOPMOH POCTa COMAMOMPONUH, TOPMOHBI OIXKeJYT0UHOM
JKeJIe3bl UHCYJUH U 2]II0KA20H), IPYTUe SABJIAIOTCA ITPOU3BOJHBIMU aMUHOKUC-
JIOT (TOPMOHBI IITUTOBUTHOM JKeJIe3bl MUPOKCUH T MPULOOMUPOHUH, MO3TOBOT'O
BeIlleCcTBa HAAIOYEUYHUKOB A0PeHANUH U HopadpeHaauH). [OPMOHBI 710706bLX
JHcese3 M KOpbl. HA0N0YeYHUKOE TIPEJCTABIIAIOT COO0M CTepOUIbI.

Kax u npyrue BAB, ropmoubl 06/1aaf0T BHICOKON aKTUBHOCTHIO — HasKe
B OUEHb MAJIBIX KOHIIEHTPAIIMAX OHU OKA3bIBAIOT CHUJILHOE BO3[elicTBUE Ha



50

masa 1. XuMmnyeckne KOMMNOHEHTbI XXUBbIX OPraHU3mMoB

IIPOITEeCCHI, TPOTeKAatoNue B opranuame. CreruruaHoCTb, TOPMOHOB BhIPAKAETCs
B TOM, UTO OHU JIeHICTBYIOT TOJIBKO Ha OITpeieJIeHHbIe MUIIIeH! (HAITPUMED, TOPMOH
pocTa BJINAET IPENMYIIeCTBEHHO Ha KJIeTKM KOCTHOM M XPSAIIEBON TKaHeli). 9TO
00BACHAETCS TEM, UTO CBABLIBATH MOJIEKYJIbI TOTO WM MHOT'O TOPMOHA CIIOCOOHBI
JIATITH Te KJIETKU, KOTOPbIe MMEIOT CITeIIMAJIbHBIE PEIeITOPHI IJIs 3TOTO TOPMOHA.

Kax Bam msBecTHO m3 Kypca ouosgoruu 9-ro KJjacca, B 3JJOPOBOM OpraHU3Me
BBIPA0OTKA TOPMOHOB YETKO PETYJIUPYETCS HEPBHOM CHUCTEMON U T'yMOpPaJb-
HbeIMU MexauHmaMamu. CHUMKeHHas Jub0, HaoO0OPOT, ITOBBIIIIEHHAS CEKPeIus
TOPMOHOB TIPWBOAUT K HAPYIIIEHUIO IIPOITECCOB OOMEHa BEIeCTB U Pa3BUTHUIO
orpeneJeHHBIX 3a00JeBaHUN (BCIIOMHUTE KaKMUX).

®epoMOHBI — OMOJIOTMUECKN aKTUBHBIE BEIECTBA, KOTOPBIE BBIAEISTIOTCS
W3 OpraHm3Ma B OKPY/KaIOIIyI0 Cpedy M BJIUSAIOT Ha IOBeleHUe, (pu3uoormye-
CKOe COCTOSHVE UJIU Pa3BUTHUE 0c00eii TOro Ke Buma. @epoMOHBI UCITIONb3YIOTC
IS y3HaBaHUS ocobell cBoero BUa, IPUBJIeUEeHNS OpauHbIX MapTHEPOB, B Ka-
YecTBEe CUTHAJIOB 00 OMACHOCTU MUJM METOK, YKA3bIBAIOIIUX T'PAHUIILI UHIUBU-
IyaJIbHOW TEePPUTOPUH, JOPOT'Y K AoMY U T. A. Hampumep, MypaBbU UCIIOJb3YIOT
(epOoMOHBI AJis 0003HAUEHUS MPONAEHHOro IyTu. Ilo maxyuymm MeTKaM OHU
MOT'YT HAWTHU AOPOTY K MypaBeHHUKY 100 BEPHYThHCA K OCTABJIEHHON HOOBIUe.

MepBbIN N3y4eHHbIN HepoMOoH (6O0MOUKON) 6bi BbIENEH U3 Xene3 CaMOK TYTOBOMo
wenkonpsaga. OH cnocobeH NpuBneKkaTb CaMLoB, HAXOAALLMXCH HA PACCTOSHUM HECKOSb-
KMX KUJIOMETPOB (4N Havana 6pa4Horo TaHua goctartodHo 107'® r 6om6ukona). YTobbl
nony4unte 4 mMr 6oméukona noHagoobunocek 313 000 camok Lienkonpsaaa.

Y MHOMMX BMAOB XMBOTHbIX OOHAPYXeHbl Tak HasdbiBaemble (pepoMoHbl Tpesorn. OHu
MOrYT BbI3bIBaTb Pa3Hble NOBEAEHYECKNE PeaKkLmu: XMBOTHOE MOXET ybexaTb, 3aTanTbes,
a HeKOTOpble CTAHOBATCA arpeccuMBHbIMU U HanagatoT Ha Bpara. Hanpumep, nyena, yxa-
NMB XepTBYy, BMECTe C f0M BIMPbLICKMBAET B PaHKy CMeCb PEepPOMOHOB, 3arnax KoTopbIX
nobyxpaeT ApYrux nyen ycrpemMmnTbCs K MecTy yKyca.

HexoTopbie hepoMOHBI OKa3bIBAIOT BIUSAHNE HA MHAUBUIYaJIbHOE PA3BUTHE
npyrux ocobeii. Tak, ocoObIii (pepoOMOH, BbIAEJAEMBIN ITUEJINHON MATKOM, II0-
IaBJIseT MOJ0BOE PA3BUTHE APYTUX CAMOK, IIpeBpalfas MX B paboumx muel.
Kpymabie rosioBaCTUKY BHIAEIAIOT B BOAY BeIleCTBA, TOPMOBSAIe MeTaMopdos
O6osee MenKuxX cobpaThbeB. TOMBKO TOT[A, KOTMa KPYIIHBIE TOJIOBACTHUKHU IIpe-
BpaTATCA B JATYNIEK ¥ IMOKWHYT BOJOEM, MeJKNe HAUMHAIOT YCUJIEHHO PacTH
W pa3BUBATHCA.

XuMuuecKkas KOMMYHHKAIUA C IIOMOIIIBIO (DEePOMOHOB OOHApy:KeHa He
TOJILKO Y KMBOTHBIX, HO U Y MUKPOOPTraHU3MOB. (PepOMOHBI, KAK 1 T'OPMOHHI,
OeMCTBYIOT B MAaJIbIX KOHIEHTPAIMAX M IIPEACTABJIAIOT CO00Il CHUTHAJbHBIE
BerrecTBa. OJHAKO TOPMOHBI PETYJHUPYIOT IIPOIECCHl JKU3HEeAesTeJIbHOCTH
BHYTPHU OpraHmaMa, a (hpepoMOHBI B KaueCTBe XMMUUYECKUX CHUTHAJIOB Ilepema-
IOTCSI IPYTUM OCOOSIM.
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BuramMuHBI — HUBKOMOJIEKYJISPHBIE OPraHUUYECKNEe BeIecTBa, o0ecredyu-
Balolye HOPMAaJIbHOE IIPOTEeKaHWe IIPOIeCCOB KU3HemeATeNbHOCTU. Heobxo-
IVMOCTh BUTAMWHOB JJIA OpraHM3Ma CBA3aHA C WX YYAaCTHUEM B PA3JIUUHBIX
OMOXUMUUECKUX U (PU3UOJIOTUUYECKUX IIPoIeccax — OOMeHe MHUHePaJbHBIX U
OpPraHMYECKUX BEIEeCTB, 00PA30BaHUU IPUTPOIUTOB, PA3SBUTUU KOCTEIi, CBEp-
THIBAHUU KPOBU U T. A. MHOrMe BUTaMUHBI BXOJAT B COCTaB CJOMKHBIX (ep-
MEHTOB, obecrieunBas UX (PyHKIIMOHUPOBAHUE.

CyTouHas mOTPeOHOCTH OpraHM3Ma B BUTAMUHAX HEBEJWKAa, HO IPU UX
HeJOCTaTKe HapyIIaeTcsl OOMeH BEIIeCTB U Pa3BUBAIOTCA XapaKTepHBIe 3a00Jie-
BaHUsA. VI30BITOYHOE IOCTYILJIEHNE BUTAMHHOB TaKiKe MOYKET CTATh MPUUYNHOM
TMaTOJIOTUUECKUX M3MEHEHUI B OpraHu3Me.

OCHOBHBIM HMCTOYHMKOM BUTAMUHOB [JIs TeTePOTPO(GHBLIX OPraHU3MOB SB-
asgerca nuira. IIpy 9TOM OZHW BUTAMUHBI COIEPIKATCA IIPEMMYINECTBEHHO B
PAaCTUTENBHBIX IPOAYKTAX, a APYTHe — B MPOAYKTaX JKUBOTHOT'O IIPOUCXOMKIE-
Hus. [locTaBmmKaMu BUTAaMWHOB JIJIA KUBOTHBIX U UeJOBEKa TaKiKe MOTYT
OBITH CUMOMOTUYECKNEe MUKpOopranusMbl. Hampumep, 6aKTepun, oduTalolime
B TOJICTOM KUIIIEYHUKEe YeJOBEKa, CUHTE3UPYIOT BUTaMuHbI By, B, 1 ap.

HexoTopble BUTaMUHBI OPTaHU3M CIIOCOOEH BhIPabaThIBaTh CAMOCTOSATEIBHO.
OpHAKO [JIg 9TOT0 HEOOXOAMMO IIOCTYILJIEHNE C TUIIEeH UX IPEAIIeCTBeHHUKOB —
nposumamunos. Tak, B meueH yeiOBeKa U3 KapPOTHUHOB, COAEPIKAIINXCA B pac-
TUTEJbHBIX IIPOAYKTax, oopasyercsa Butamut A. Ilox metictBueM yabTpaduoe-
TOBOT'O MBJIYUEHUSA B KOKe MPOUCXOAUT CUHTEe3 BUTaMuHa D m3 mpoBUTaMHHA
(IpOU3BOAHOTO XOJIECTEPUHA).

ButaMuHBI ©MEIOT PasHYI0 XHMHUYECKYIO CTPYKTYPY U CBOIMCTBa, UX MO-
JIEKYJIBI MOTYT OBITH THAPOMOOHBIMU WM TUAPOGUIbHBIMU. II0 OTHOIIEHUIO
K PacTBOPUTEJSM BBIJEJAIOT ABE I'PYIIbI BUTAMUHOB — JHCUPOPACME0PUMbLE
(mampumep, A, D) u sodopacmeopumvie (C, BuTaMUHBI TPYNIBl B u Ap.).

Ankasonapl — IPUPOAHBIE a30TCOAEPIKAIIe OpTaHUYECKNe COeIUHeHUA,
obJiaaroIye BhIPaKeHHON (PMU3MOIOTUYeCKO aKTUBHOCTDIO. AJTKAJIOUIBI TMe-
IOT IPEUMYIIECTBEHHO PACTUTEIbHOE TPOUCXOMKIeHNE, HO TaKyKe YCTaHOBJIEHO,
YTO OHU CUHTE3UPYIOTCA HEKOTOPHIMU I'PrbaMM U JKUBOTHBIMU. BOJBIITMHCTBO
AJTKAJIOUJIOB SAJOBUTHI JJIA *KUBOTHBIX U UYEJIOBEKA W MMEIOT TOPhKUU BKYC.
Cuuraercs, YTO OCHOBHAsA (DYHKIIMS 9TUX BEIIeCTB B "KUBBIX OPraHM3Max — 3a-
muTHaA. Tax, BBICOKOE COZepsKaHue aJIKAJIOUIOB B PAle PACTEHUI 3aIITUIIIAeT
UX OT MOeJaHUA *KUBOTHBIMH, IPEIATCTBYET PA3BUTHIO 60JI€3HETBOPHBIX 0aK-
TEPUH U MapasuTUUYECKUX TrpuboB.

W3BecTHO, UYTO HEKOTOpHIE AJKAJOUIbI B MaJbIX J03aX MOTYT OKa3bIBaTh
neuebHOe nericTBue. OXHY M3 HUX BIUAIOT Ha pabOTy HEPBHOI CHUCTEMBI, APY-
rme — Ha TOHYC KPOBEHOCHBIX COCYIOB U T. . Hampumep, KodeuHn u MoppuH
HUCIOJB3YIOTCA B MeQUIIMHE B KAueCTBe MONTHBIX 00e300JIMBAIOIIUX CPENCTB

§9-1
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§9-1

(omHAKO WX TPHUEM BbIBBIBAET HAPKOTUYECKYIO 3aBUCHUMOCTD). AMPONuUH TIPU-
MeHsieTCs IJIs CHSATUS CIa3MOB TVIAAKUX MBIIIIIL, KOQeUuH — IJsd CTUMYIAIUN
paboTHI HEPBHOI M CEPAEYHO-COCYAVCTOM CUCTEM IIPU HEKOTOPBIX 0OJIE3HAX U
OTPaBJIEHUAX ANAMU, YTHETAMIIUMHU eHTPaJIbHYI0 HepBHYIO cucTtemy (ITHC).
AHTHOMOTHKY — OMOJIOTUYECKY aKTHBHBIE BeIleCTBa IIPUPOJHOTO UJIU CUH-
TETUYECKOTO IIPOMCXOKIEHNA, KOTOPble YTHETAI0T POCT M PAa3BUTHE JKUBBIX
KJIETOK J0OO BBIBBIBAIOT MX T'UOEJb. BOJBIIMMHCTBO M3BECTHBIX ITPUPOIHBIX
AHTUOMOTUKOB MIPOAYIIMPYETCS MUKPOOPraHM3MaMu — OaKTepUAMU, MHUKDO-
CKOIIMYECKUMU rpubamu (Haupumep, NeHUYULLUHR). OTU BEIeCTBa MOJaBIAIOT
WU TIPEKPAIaioT »KU3HeJeATeIbHOCTh APYTUX MUKPOOPTaHU3MOB.
AHTHOMOTHUKN HAXOAAT IIMPOKOE NMPUMeHeHWe B MeAWIIUMHE AJS JIeUeHUd
3a00J1eBaHMIl, BBI3BBAHHBIX 00JIE3HETBOPHBIMI 0aKTEPUIMU, MaPaAZUTUUECKUMU
npoructamMu u rpubamMu. HekoTopble aHTUOMOTHUKY YIHETAIOT POCT ¥ PA3MHO-
JKeHle 3JI0KaUYeCTBEHHBIX KJIETOK OPraHM3Ma M B CBA3U C 3TUM MCIIOJIb3YIOTCS
B IPOTUBOOITYXOJIEBOH Tepanuu. BasKHO TOMHUTH, YTO aHTUOMOTUKYU CJIELYET
MIPUHUMATH TOJBKO II0 Ha3HAUEHUIO Bpaya, IPUUYeM CTPOTO cO0Ioasa PeKOMeH-
mamuu mo ux npuemy. CamosieueHre 1 3J0yIIOTpebIeHe aHTUOMOTUKAMU He-
PEeOKO MPUBOLUT K OCJA0JeHNIO COOCTBEHHOM 3al[UThl OPraHnu3Ma, ru0ejin CIM-
OMOTHUECKUX MUKDPOOPTaHM3MOB KUIIIEUHNKA, 3a00JIeBaHUAM TIEUEHU U IIOYEK.
p
'[;g B saBuCUMOCTH OT BBITIOJIHSAEMBIX (MYHKIIUIN BBIJEJISIOT HECKOJIBKO
= J  rpynn GHONOTMYECKM AKTHBHBIX BeIeCTB. I'ODMOHBI peryiumpyioT
'~/ MHTEHCUBHOCTb NMPOTEKAHUSA (PU3MOJOTMUECKUX IITPOIIECCOB B Opra-
Hu3Me. @epoOMOHBI OKAa3bIBAIOT BJIUAHMNE Ha IOBEJEHUE, COCTOSHUE WJIU
pasBuTHe 0co0eii cBoero BuAa. BUTaMUHBI YUaCcTBYIOT B 0OMeHe BEIIeCTB,
OHV HEOOXOMWMBI AJIA HOPMAJILHON KU3HENEeATEJIbHOCTH OPraHW3MOB.
Ankanougpl 3aIUIIAIOT KUBBIE OPraHU3MEI OT GOJIESHETBOPHBIX MUKPO-
OpPraHu3MOB U IoeJaHuA. AHTHUOMOTUKMN yrHETAIOT POCT M Pa3MHOYKeHNe
MUKPOOPTaHU3MOB, 3JI0KAUECTBEHHBIX KJETOK WJIM BBHISHIBAIOT UX T'MOEJb.

=

1. HasoBuTe BaxHenLune rpynrbl 61OMOrMYecky akTUBHbIX BELLEeCTB.

™ ™2, Kakylo XMMUYECKYI0 MPUPOLY MOrYT MMETb rOpMOHbI? MpuBeauTe npumepbl. B yem

BbIpaXaeTcs CneumuyHoCTb rOpMOHOB? HeM 0ObACHAETCA 3TO CBOMCTBO?

3. Ha ocHoBaHun matepuana, U3y4eHHoro B 9-m Kracce, fokaxure, 4To U36bITOYHAsA U He-
[0CTaTo4Haa CeKpeLus ropMOHOB BELET K HapyLUeHWsM NPOLIeCCOB XUSHELEATENbHOCTU U pas-
BUTUSA OpraHnamMa.

4. Kakve (hyHKUMW BbIMOMHAT hepOMOHbI? HYTO 06LLero y (hepoMOHOB 1 rOpMOHOB? B yem
3aK/II04aETCA rf1aBHOe OTIMHME MEXAY STUMU rpynnamm 61oNorn4eckn akTMBHbIX BeLLecTB?

5. KakoBa 6uonornyeckas ponb BUTAMUHOB? YTO MOXET CIYXWUTb MCTOYHUKOM BUTAMUHOB
NS YenoBeKa U XMBOTHbIX?

6. Yto npepcraBnsoT cobov ankanovabl? Kakoe 3Ha4eHUe MMEIOT 3TU COeOVHEHUs B Npu-

poae U XusHu yenoseka?



§ 9. Bronornyecky akTBHbIe BELLLeCTBa

53

7% C Y4eM CBf3aHO MPUMEHeHWe aHTMOUOTUKOB B MeaMuMHe? Mcronb3ys 3HaHus, nonyyeH-
Hble MPW U3y4eHUM opraHuMamMa 4enioBeka B 9-M Krnacce, 0GbACHWTE, MoYeMy 370ynoTpebneHve
aHTUGVOTMKAMM HEPELKO MPUBOAMT K PACCTPOWCTBAM MULLEBAPEHNS, OCNABNeHNI0 3aLLUMTHBIX CUIl
opraHuama, 60/1e3HsIM NedeHn 1 No4vek?

G =ZeE @
)%‘ KAYECTBEHHASI PEAKIIMS HA ACKOPBMHOBYIO KUCJIOTY (BUTAMUH C) %
. =

NOABEAEM UTOIMn

+KuBble opranmamMbl 00pa3oBaHbl PA3JIUUYHBIMH MaKpO- ¥ MUKPOIJIe-
meHTamMu. Kakawplii 13 HUX BBINOJHAET OIIPeeJIeHHbIe OHMOJIOTUUYecKUe
GYyHKOUU.

Cpenu HeopraHMUYECKUX BEIIECTB B COCTaBe JKUBBLIX OPraHU3MOB Be-
IyInas poJib IpuHaLIe:KuT Boge. OHA BBINOJHSAET PAN (PYHKIIUIM, BasK-
HEHIIUMHU U3 KOTOPBIX ABJSIOTCS CTPYKTYpHadA, MeTabosimuecKasa, TpaHC-
TMOPTHAs U TepMoperyaAaTopHas. OpranuuecKue BeIecTBa MPeAICTaBJIEHBI
KaK HU3KOMOJIEKYJIAPHBIMU COEIUHEHUAMM, TaK U OUOHOJIMMEpaMu —
OesiKaMu, OJIUCAXapPUAaMU U HYKJEMHOBBLIMHU KucjoraMu. MoHoMepamMu
IJIA TOCTPOEHUSA MX MOJIEKYJ CJIY:KaT COOTBETCTBEHHO aMWHOKMUCJIOTHI,
MOHOCAXapUAbl U HYKJIEOTUHI.

MoseKyibl 6eJIKOB MMEIOT CJIOYKHYIO IPOCTPAHCTBEHHYIO CTPYKTYDY,
o0ecreunBaIOIIyI0 BRIIOJHEHE PA3HOOOPA3HBIX (DYHKIIUHA: CTPYKTYPHOM,
TPAaHCIOPTHOM, PeryJIATOPHOM, 3amIUTHON W T. A. Ocoboro BHUMAaHUA 3a-
cay:KuBaeT (pepMeHTaTHUBHAA (KaTaauTudeckas) QPyHKIuA OeJaKoB. Pep-
MEHTBHI, YCKOPAA IPOTeKaHe OMOXMMUYECKUX PeaKIlnil, UTPaioT IJIaBHYIO
pPOJIb B O0€eCIleueHn N KU3HEAesATeIbHOCTH OPraHU3MOB.

K opranmueckum coefVHEHUAM KUBBIX OPTaHMU3MOB OTHOCATCA TaKiKe
JUMUABI U yriaeBoAbl. VX OuoJioTMYecKas poJib CBA3aHA IPEIKIe BCETO C
BBITIOJTHEHVEM YHEPreTUYecKoOli, 3aIacaplneil 1 CTPYKTYPHON (QYHKITUH.

YHUKaJIbHBIE QYHKIIUU B KJETKAX BBIMOJHAOT HYKJIEMHOBBIE KUCJO-
Tbl. Mosiekynsl [ITHK obecrieumBaioT xpaHeHMe, peajii3amnuio U Iepena-
vy HacJeICTBEeHHON MHMOPMAIIUU YKUBBIX OPraHm3MOB (nH(GOpMAIIUU O
IePBUYHON CTPYKType 0eaKoB). B peasmsamum sToil mH(pOpMAIuM, T. €.
B cHMHTe3e 0eJKOB, TaK:Ke yJaCTBYIOT MaTPUUYHbIe, puOOCOMHBIE 1 TPAHC-
noptable PHEK.

Baskuyio poab B KieTkax urpaer AT® — yHUBepCaJTbHBIH aKKyMy-
JIATOP U IIePEeHOCUYUK DHEPruu.

T'opmoHBI, (hepOMOHBI, BUTAMUHBI, AJTKAJOUIBI M1 AHTUOMOTUKY SIBJISIOT-
cs 6uosiornuecku akTuBHBIMU BelrlecTBaMu (BAB). B ocHoBe Kiiaccuduka-
munu BAB sekaT BeIIOIHAEMbIe UMU (DYHKIINH, 4 He XUMUYecKas IpupoIa.
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KneTka — cTpykTypHas
n PyHKUUNOHaNbHasa eanHNLA
>XMUBbIX OPraHN3MoB

WsyueHHbIe B IPEABIAYINEH IIaBe XUMUUYECKNe COeIUHEHU 00eCIIeunBaioT
BCe IIPOITECCHI JKU3HEeATEILHOCTH, OMJHAKO KUBBIMU UX HasBaTh Heab3sd. Cie-
OYIOIIUM ITOCJIe MOJIEKYJISIPHOTO SIBJIAETCSA KJIETOYHBIN YPOBEHb OPraHU3aIlnuu
sKus3HU. VIMEHHO KJIeTKa IpeACTaBJsaeT co00i HAMMEHBIYIO *KUBYIO CUCTEMY,
T. K. o0JlalaeT BCeMU IIPU3HAKAMU U cBoiicTBaMu :KuBoro. OHA OCYINECTBISAET
00MeH BEIeCTB U SHEPTUHU, CIIOCOOHA K CAMOPETYJIAIUY, POCTY, PABBUTHUIO, Pa3-
MHOKEHUIO U T. . KJIeTKM U X KOMITOHEHTBI CXOAHBI V¥ BCeX JKUBBIX OpPraHMU3-
MOB: B KaKJIOl KJETKe MMeeTCA IIUTOIJIa3MaTuuecKasa MeMOpaHta, I[UToIIa3Ma
U TeHeTUUYeCcKHUH (Hac/ieACTBeHHBIN) MaTepuay. CTpoeHne M (PyHKIIMOHUPOBA-
HUE KJIETOK, IIPOIeCChl X PA3MHOKEHUS, CTapeHnA U rubesii m3ydyaeT HayKa
IIUTOJIOTHS.

Omxkpuoimue rknemox. 3ydenue Kie-
TOK CTaJI0O BO3MOYKHBIM OJiaromaps mu3oodpe-
TEHUI0 MUKPOCKOIIa — IIpubopa, mpemHa-
SHAYEHHOI'o MJId IIOJIYUEHHUA YBEJIMYEHHBIX
usobpaskenuii. YeJaoBeKoM, BIIEpBLIE YBU-
IEBINUM KJETKU IIPU IIOMOIIMY MUKPOCKO-
ma (puc. 26, a), ObLT aHTJIUHCKUN yUEeHBIH
P. T'yk. B 1665 r. mpu paccMOTPEHUH TOHKO-
T'0 cpesa MPOOKOBOT'O CJIOA JPEBECHOI KOPBI
OH O0HapY:KMJI, YTO MPOOKa pasmesieHa Ha
MHOKECTBO KPOIIIeUHBIX sgueek (puc. 26, 6).
OTHU AUYEeHKU, [IOXO0KIe Ha ITUeJHUHbIE COThI,
T'yk masBaa kaerkamu. ToT ke maH cTpo-
eHMsA OH HAOJIOMaJ U IIPU USYUYEHUU OPY-

Puc. 26. Mukpockon P. Tyka (a) u pucyHok rux TKaHeil pacreHuii. Co BpeMeHeM Tep-
KIIETOK MPOBKM, BbINOSHEHHBIN Yy4eHbIM (6) MUH «KJEeTKa» yTBepAUJCA B OuoJsioruu.




§ 10. KnetouHasa Teopus. OBWMiA NNaH CTPOEHUS KNEeTKM

Yepes HECKOJIBKO JIeT ToJJIaHACKUIl HaTypaaucT A. BaH JIeBeHI'yK M3ro-
TOBIJI MUKPOCKOII, KOTOPBIA 001aaJ ropa3ao 00abinuM yBeandenueMm. C ero
TIOMOIIIBIO MCCJIEAOBATEh OOHAPYKUJ ABUMKYIITHECS MUKDPOCKOIIMUYECKUe opra-

HUBMBI — WHPYy30puu, amMeObl, MOABU:KHBEIE OakTepuu. Takske JleBeHTYK
BIIEpBBIe HAOJIIOMAJ KJIETKM KWBOTHBIX — OPUTPOIIUTHI W CIIEPMAaTO-
30U1bl.

Mukpockon JleBeHryka npencrtasnsan cobor MnacTuHKY, B LEHTPe KO-
TOpOW 6blna ogHa NuH3a (cM. puc.). Habnrogatento Hy>XKHO 6bIN0 CMOTPEeTb
Yyepes NUH3Y Ha 0bpaseL], 3aKpensieHHbIN ¢ ApYro CTOPOHbI. HecMmoTpsa Ha
NPOCTOTY KOHCTPYKLMW, MUKPOCKON JleBeHryKa NO3BOSAN NONYyYnUTb YBENU-
YeHne B HECKONbKO pa3 6osibLuee, YeM Y OpYrmx MUKPOCKOMOB TOro Bpe-
MeHW. B TeveHne Xun3Hn JIEBEHTYK N3rOTOBUI HE MEHee 25 MUKPOCKOMOB.
[eBaTb U3 HUX, COXpPaHMBLUMECH OO0 HalUMX OHEW, CroCO6HbI yBenn4mMBaTb
nzobpaxeHune B 275 pas. OgHako npegnonaraetcs, 4To JleBeHryk cosgan
.| MMKpOCKOMbI, KOTOpble MOIMM AaBath yBenuyeHve 0o 500 paa.

Knemounas meopus. B nepsoii mososuae XIX B. mpoucxoauio yrirybseHue
MIpeACTaBJIEHNII O CTPOEHUN KJIETKH, UTO CBA3AHO C CYIIeCTBEHHBIMU yJIyUIlle-
HUAMYA KOHCTPYKI[MM MHKPOCKOIOB. B KjleTKax ObLIN O0HAPYIKEHBI AAPO U
HEKOTOpBIe APYTHe CTPYKTYpPhI. {0 9TOr0 CUMTAJOCH, UTO KUBBIMU ABJIAIOTC
KJIETOUHBIE CTEHKH, 4 BHYTPU KJIETKU WUJIU MIYCTHI, NN 3aTI0JHEHBI «IUTATehb-
HBIM cOKOM». B 1840-x rT. yueHble MPUIIIN K IIOHUMAHUIO TOTO, YTO BasKHe-
IIIMe IIPOIIECChl MKUBHEAeATeILHOCTH IIPOTEKAIOT MMEHHO BHYTPU KJIETOK, a He
B KJIETOUHBIX CTEHKAaX.

B 1838 r. Hemenkuii 6oranuk M. Illneiigen mokasaJ, 4TO pas3jJndYHbIE Opra-
HBI PACTEHUI COCTOAT U3 KJeTOK. KpoMe Toro, yueHbIH yKas3aJ Ha 3HAUNMOCTD
aapa I KU3HeAesITeIbHOCTU KJIeTKU.

CospaTeeM KJIeTOUYHOM Teopuu ctaj Hemerkuii 3oojor T. Illsamu. OH yera-
HOBUJI, UTO TKAHU JKUBOTHBIX COCTOAT M3 KJETOK, KaKIas M3 KOTOPBIX MMeeT
anpo. Comocrasiiasa coocTBeHHbIe HabmoneHuA ¢ Tpyasamu Illaetinena, IllBann
IpUIeJ K BBIBOLY O TOM, UTO HA MUKPOCKOIMUYECKOM YPOBHE JKUBOTHBIE U
pacTeHUs yCTPOEHBI IO eauHOMY ILTaHy. B 1839 r. Oblia omyOGJuKOBaHa €ro
KHuUTra «MUKPOCKOTIMUECKNE MCCJIEIOBAHUA O COOTBETCTBUU B CTPYKTYPE U PO-
CTe KMBOTHBIX M pacTeHUil». B 9Toii KHUre OLLIM BHIPAKeHbl OCHOBHBIE e
KJIETOUHOI TEOPUM: BCE OPTaHU3MBI COCTOAT 13 KJIETOK, IIPU dTOM KJETKHU pac-
TEeHU ¥ *KUBOTHBIX CXOMHBI II0 CTPOEHUIO U IIPOIleccaM KU3HEeNeATeIbHOCTH.
CospmaHne KJIETOUYHOU TEOPUU OBLIO OHUM M3 BeJIHMUYAUIINX OTKPLITUI B ecTe-
crBosHaHNU XIX B., HAPALY C SBOJIOIMOHHON TEOPHEH 1 3aKOHOM COXPaHEHU I
U IIpeBpaIleHusl SHepPrumu.
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B 1855 r. memenkuii Bpau P. BupxoB ZOmMOMHUI KJIETOUHYIO Teopuio. OH
copmynupoBa npuHiuin «Kammas KjIeTKa — OT KJETKU», T. €. KJIeTKU 00-
pasyioTca U3 IPYTUX KJIETOK B pe3yJibTaTe AeJIeHUS.

B manbHeiiiem yueHne o KJIETKe 0Kas3aJoch B IIEHTPe BHUMAaHUS BCeil 01o-
JOTUYECKOM HayKM M OypHO pasBUBAJIOCH. [lJid M3yUeHUSA KJIETOK WM UX KOM-
TIOHEHTOB CTAJIV UCIIOJb30BaTh PasH0o00pasHbie (PU3NUecKre 1 OMOXUMUYECKe
MeTOABI. TO ITO3BOJINJIO TIOHATD CJIOYKHOCTDh CTPOCHUS KJIETOK 1 MHOT000Opasie
TMPOTEKAIOININX B HUX IIPOIECCOB.

Kiaerounas Teopusi, riiaBHbBIE IIOJOMKEHUSI KOTOPOI OBLIN chOPMYIUPOBAHBI
B cepenuue XIX B., ABJAETCSA ONHON 13 OCHOBOMIOJIATAIOIINX HUAeil COBPEeMEeHHOM
ouosiornu. OHA yTBEpP:KJaeT efUHCTBO MPUHIIUIIA CTPOEHUS U PASBUTUA BCEX
OpraHu3MOB, UMEIOINX KJIEeTOUHOEe cTpoeHre. KiaeTounass Teopus crajia OTHOM
U3 TIPEIIOCHIIIOK BOBHUKHOBEHUS 9BOJIIOITMOHHOT0 YUeHUT, PYHIAMEHTOM I
PasBUTHUA TAaKUX AUCIIUILINH, KAK TUCTOJIOTUA (HAyKa O TKAHAX), SMOPUOJIOT U
(HayKa O 3apOABIIIEBOM PA3BUTHUU OPTaHU3MOB), (DM3MOJOTUA U JP.

CoBpeMeHHas KJETOUHAS TEOPUsS BKJIIOUAET CJIeAYIOIMe OCHOBHBIE IT0JIO-
JKEeHUsd.

1. KneTka — sjeMeHTapHasA CTPYKTYPHO-GMYHKIIMOHAJIbLHAA eTUHUIIA JKU-
BBIX OPraHM3MOB, O0JIafatoITasd BCEeMU MMPU3HAKAMU U CBOMCTBAMM JKUBOTO.

2. KieTKu BceX OpraHM3MOB CXOAHBI II0 XMMUYECKOMY COCTaBY, CTPOEHUIO
U TIpolieccaM KU3HeIeATeTbHOCTH.

3. Bce KieTKum o0pas3yloTcs TOJBKO B pe3yJjbTaTe OeJIeHUS MCXOLHBIX
(MaTeprHCKNX) KJIETOK.

4. KneTku OGOJBINMUHCTBA MHOTOKJIETOUHBLIX OPTaHU3MOB CIIEI[HMAJIU3UPY-
IOTCA 0 PYHKITUAM U 00pasyioT TKaHu. VI3 TKaHel COCTOAT OPraHbl ¥ CUCTEMBbI
OpraHoOB.

Ob6wuii nnan cmpoenus kiemox. Bce KIeTKU UMEIOT €IUHBIN NPUHIIUI
opranusanuu. Comep:KuMoe KaKJoi M3 HUX OTHEJIeHO OT BHEKJIETOYHOM cpe-
OBl IIUTOILIa3MaTUUeCKOll MeMOpaHoi (IIJasMaieMMOii), a BHYTPU HAXOAUTCS
IUTOIJIa3Ma C PA3JUUYHBIMU OPTaHOMJAMM U TeHeTUUYeCKHM MaTepuaj B BUIE
IHK. OnHako B CBA3W C OCOOEHHOCTAMM CTPOEHUS KJIETOK BCE KJIETOUHBIE
(hbopMBI JKUSHU AEJATCSA HA JBe TPYIIbl — HMPOKAPHMOTHI, UJIU HOAAePHbIE, 1
9YKapUOTHI, WJIN AJAEePHBIE.

Kaxk BBI 3HaeTe, K IPOKapMOTaM OTHOCATCA OaKTepuu, a K dyKapuoTamM —
MIPOTUCTHI, TPUOBI, PACTEHUS U KMBOTHBIEe. KJIIETKM IPOKAapUOT YCTPOEHBI CPaB-
HUTEeJbHO IpocTo. TaKkue KJIETKU He UMEIOT Apa, UX TeHeTUUYeCKUl MaTepuaJl
(IHK) maxoguTcsa HEIOCPEACTBEHHO B IIUTOILIadMe. B ayKaprnoTu4ecKuX KJeT-
KaX ecTh AApO0, OTAEeJeHHOe OT IIMTOILJIa3Mbl JIBOWHON MeMOpaHoii. IMeHHO B
HeM cozep:karcs MmoJjeryasl [THEK.

OCHOBHBIMU CTPYKTYPHBIMU KOMIIOHEHTAMHU KJIETOK ABJISIOTCSA IOBEPXHOCT-
HBIA ammapar, IIUTOILJIa3Ma, a Y 9yKapuoT Tak:ke aapo (puc. 27, 28).
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KneTtka
[ToBEPXHOCTHbI Anpo
P Lintonnasma Ap
annapat (y aykapwor)
Lutonnasma- || Hagvewm- | wanonnasma || Lintockener || OpraHoungbl
TUyeckas GpaHHbIN
MembpaHa KOMMMeKc | |
OpHomembpaHHble || ABymeMOpaHHble
HemembpaHHble a P Rsy P
(y aykapwor) (y aykapmor)
Puc. 27. TInaH CTPOEHUSI KNETKU
XuBoTHas knetka PactutenbHas knetka

KnetouHblit UEHTP  fysocoma  OHmonnasmatuyeckas Xnoponnact

CeTb

Pubocomsbl

MuToxoHapus
Anpo

[wanonnasma

LinTonnasmartunueckas
Komnnekc Monbmxu mMembpaHa

KneTtoyHasa
BakrepuanbHas kneTtka CTeHKa Komnnekc Monbakun

Monekyna OHK
(xpomocoma)

Pubocombi

[vanonnasma

KneTtoyHas
CcTeHKa

Ll,monnasmamquKaﬂ

XKryTuku
MembpaHa Lintockenet y

Puc. 28. CTpoeHMe XMBOTHOW, pacTUTENbHON U 6aKTepuanbHON KeToK
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IToBepxXHOCTHBIN ammapar KJETKU ABJsdeTCA 0apbepoM, OTAEJSIONIUM ee
COIepPKUMOe OT BHEKJIeTOUHOIT cpeabl. OH obecrieurBaeT 0OMEH BeIllecTB, B3au-
MozelcTBUEe KJIETKM C BHEIITHEH cpefoi 1 OKpy:KalomuMu KiaeTkaMmu. [loBepx-
HOCTHBIH amlapaT COCTOUT M3 ITUTOIJIa3MaTHUeCcKO MeMOpaHbl 1 HaaMeMOpaH-
HOT'O KOMILJIEKCcA.

Iumonaasmamuueckas mem6pana — OCHOBHAS YAaCTh ITOBEPXHOCTHOT'O all-
mapara, XapaKTepHas AJIA BceX KJETOK. HadmemOpaHHbLi KOMNJLEKC KJETOK
OaxTepuii, rpub0OB, pacTeHU 1 MHOTUX BOJOPOCJEH IIPECTaBIeH IIPOUHON KJe-
TOUHOI cTeHKoii. OHa ofecreunBaeT 3aIIUTy OT BHEIITHUX BO3IEUCTBUM, IpUAa-
eT KJeTKe ompefaeseHHyI0 Gopmy. HagmeMOpaHHBIM KOMILJIEKCOM KJIETOK KU-
BOTHBIX SIBJISETCS INIMKOKAJNKC — TOHKUH CJIOH, KOTOPBIH COCTOUT M3 MOJIEKYJI
YIJVIEBOZIOB, CBSIBAHHBIX C 0€TKAMU U JIUTTUJAMHU ITUTOILJIAa3MAaTUYECKON MeMOpaHBbI.

IIuTonmasma — 3TO Bce BHYTPEHHEE COAEPIKUMOe KJIETKU, 38 UCKJIIOUeHEeM
sAxpa, orpaHuUYeHHOe IIUTOIIa3MaTUuYecKoil MeMOpauoii. I{luToniasma cocTouT
U3 KUAKOM YacTy — THAJIONJIa3Mbl U MOTPYKEHHBIX B Hee IUTOCKeJIeTa U opra-
HomMJOB. I'uasoniasma IpeacTaBasaeT co00i PACTBOD, COMEPIKAIIUNA PA3IUUHBIE
opraHuyecKue 1 Heopraumdeckue BeirriectBa. OHa 00beIMHSIET BCe KJIETOUHBIE
CTPYKTYPBI U 00eclieunBaeT UX B3aMMOJEHCTBUE.

Iumockenem dyKapuoT ABJISAETCA MEXaHUYECKUM KapKAacOM IIUTOIIJIA3MBI,
o0ecreunBaOIIIUM IIOJIeP:KaHue 1 n3MeHeHre ()OPMbI KJIETOK, BHYTPUKJIETOU-
HbIE IBUKEHUA U T. I. J{oJiroe BpeMs CUUTAJIOCh, UTO IIUTOCKEJIETOM 00/IaZaioT
TOJIBKO 9YKapPUOTUUYECKNe KJIeTKU, ONHAKO Ha CEeTOMHAITHUN IeHb YCTAHOBJIEHO,
YTO OH MMEETCS U B MMPOKAPUOTUYECKUX.

Opzanoudvl (opzarnenibl) — MOCTOSIHHBIE CIEIINAJIN3NPOBAHHbBIE CTPYKTYPhI
IIUTOILJIA3MbI, KOTOPBIE OCYIIECTBJIAIOT OIpeaeeHHble (ZYHKIUU, KU3HEHHO
HeoO0XoauMbIe IJid KJIETKU. B 3aBUCHMOCTU OT CTPOEHUS BBIAEIAIOT HEMeM-
OpaHHBIE, OTHOMEMOpPaHHbIE U JByMeMOpaHHBIe opraHouabl. MeMOpaHHbIE OD-
raHOUABI XapaKTePHbI TOJIBbKO AJIA KJIETOK 9yKapUOoT.

HememOpaHHBIMU OpraHOUAAME ABJSIOTCA PUOOCOMBI, KJIETOUHBIN IEHTD,
mMuopubpuiabl. K omHOMeMOPAHHBIM OPraHOUIAM OTHOCSATCA SHIAOIIa3MaTHuye-
CKafd ceTb, KOMILIeKC ['OJIbIK MU, JTU30COMBI, BAKYOJIU, K JByMeMODAHHBIM —
MUTOXOHJAPUU U TLJIACTUIBI.

Anxpo — BakHeHIIadg CTPYKTypPa 9YKAPMOTUUYECKON KJETKH, ee MH(poOpMAa-
IUOHHBIN eHTP. B axpe comep:xkarca monekyabl [JTHK, obecrreunBaroriue xpa-
HeHUe U peaim3aliio HacJIeACTBeHHOIN mHpopMaIuu, a TaKKe ee Iepenady
MTOYEPHUM KJIETKAM IIPU TeJeHUU.

Mmnozoobpa3sue knemox. Kax y:ke oTMeuasoch, KJIETKU KUBBIX OPIraHU3MOB
UMET o0Iui miiad crpoeHusa. OMHAKO OHU MOTYT OTJIMYATHCA APYT OT Apyra
pasmepamu, (popMOIl, HEKOTOPHLIMU OCOOEHHOCTAMU cTpoeHus (puc. 29).
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Ameba
0BbLIKHOBEHHAA OBrneHa

3erneHas
| ;,._'_._a-'

t‘E\;\} *

Knetku nucra KneTku pusoaepmbl  KneTku anutenua  OPUTPOLMTLI HerpoH
arnoaen (nokpoBHOM TKaHW Tpaxeu
KOPHS)

Puc. 29. MHoroo6bpasue KneTok

CaMbIMU MAJIEHBKUMHU SIBJAIOTCA IPOKAPUOTUUECKE KJIETKU, UX JUAMETP
00b1uHO0 coctaBiasgeT 0,5—10 MKM. BoJbITMHCTBO KJIETOK 9YKAPHUOT MMEeT pas-
mep 10—100 mxM. Pexxe BcTpeuaroTcsa KJIETKU ellle OOIBIINX pasmepoB. Ha-
mpuMep, MBIIIIeYHbIe BOJOKHA KHUBOTHBIX 1 CUTOBHUAHBLIE TPYOKM pacTeHUIl
B pauHy MoryT gocturarb 1—10 mm. [[uameTp ANIEKJIETOK KPYHIHBIX ITHUIL
M aKyJ COCTABJISAET HECKOJbKO CAHTUMETPOB, 4 OTPOCTKMU HEMPOHOB OBLIBAIOT
IauHou 6osee 1 M.

B MHOrOKJIETOUHOM OpraHm3Me OTINUYUS MEXKIy KJIeTKaMHU O00YCJIOBJIEHBI
TeM, UTO pasHble KJETKU BBITIOJHSAIOT pasinyHble QpyHKIuu. OgHako make
CaMbIM BBICOKOCIEIIMAJIU3UPOBAHHBIM KJIETKAM CBOMCTBEHHO HAJNHUYLE TeX JKe
OPraHOUJIOB U BEIECTB, KOTOPhIE XapaKTEPHBI U MIJId APYTUX KJIETOK.

BB Kiaerounas Teopusi ABJseTCS ONHNM M3 OCHOBHBIX OOOOIIEHMH CO-
e ! BpeMeHHO# Owuosoruu. CoryiacHO STOW TeOpUM 3JIeMEHTAPHBIMU
CTPYKTYPHO-(PYHKIITMOHAJbHBIMU €IUHUIIAMU OPTaHU3MOB SABJAIOT-
ca xaerku. OHE 00a4al0T BCeMHU NMPU3HAKaAMM W CBOMCTBAMM YKMBOI'O U
00pasyroTcs TOJILKO B pe3yjbTaTe JeJIeHUs MCXOMHBIX KJIETOK. B ¢Bs3U C
0COOEHHOCTSIMU CTPOEHUS KJIETOK OPraHM3MBbI Je/ISITCSA Ha ABe I'PYIIbl —
IPOKAPUOTHI 1 9YKApUOTEI. Bce KJIeTKH MMEIOT OOIMI IPUHITUII OPraHU-
3anun:. nX OCHOBHBIMU KOMIIOHEHTaAMM ABJIAIOTCSA HOBerHOCTHBII.;I arrma-
pat, uTomaasmMa u aapo (y syKapuor).
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1 Koro cuutatoT nepBoOTKpbIBaTENEM KNeTkn? KTo SBnsSeTcs aBTOPOM M OCHOBOMOMOX-
& & HVKOM KNeTo4HOM Teopum? KTO [OMOMHWA KNETOYHY Teopuio npuHumnoMm «Kaxpas
KneTka — OT KNeTKun»?

P. Bupxos, M. lneiigen, P. I'yk, T. IlIBanu, A. Ban JIeBeHI'YK.

Kakune noHATUS nponyLieHbl B 6GUONOMMHYECKUX «YPaBHEHUAX» U 3aMEHEHbLI BOMPOCUTESb-
HbIMW 3HaKammn?

IToBepxHOCTHBIN anmapaTr KJeTKH + ? + saapo = syKapuoTudYecKas KJeTKa
Iuronnasma = opraHougbl + IITUTOCKeJeT + ?
HangmemOpaHHBIF KOMIIJIEKC + ? = MOBEPXHOCTHBIN amiapar KJIeTKU

CdhopmynumpyinTe OCHOBHbIE MOSTIOXEHUS KIIETOYHOWM Teopun. Kakoi BKknag BHecna Knetou-
Has Teopus B pa3BUTME €CTECTBEHHOHAY4HOW KapTuHbl Mupa?

Ha30BuTE OCHOBHbIE KOMMOHEHTbI KNETOK. Kakne M3 HUX CBOMCTBEHHbLI TOMBKO KIleTKam
aykapvot?

O 4em cBupeTENbCTBYET TOT (PaKT, YTO KIETKM PasfiMyHbIX OPraHu3MOB MMEKT 06LLMiA
nnaH cTpoeHus?

Mcnonb3ya 3HaHWs, NosyYeHHble Npy U3yveHun Guonorum B 6—10-M knaccax, Ha npu-
Mepax [OoKaXwuTe CnpaBednuBOCTb YETBEPTOrO MOSIOKEHNS KIIETOYHON Teopuu.

B cBA3M C 4EM HEKOTOpble KMETKM [OCTUraloT CPaBHUTENBHO KPYMHbIX Pa3MepoB
(AriLekneTkn NTUL 1 akyn, KNETKN MAKOTY MIoJ0B M SHAOCNepMa CeMSH, HEMPOHbI C OTPOCTKamu
6onee 1 mM)? Kak Bbl fymaeTte, eCTb /M Npegesibl YyBENIMHEHNIO (YMEHbLLEHWIO) pa3MepoB KNeTok?
YeMm OHM MOryT 6bITb 06YCNOBNEHBI?

W
)'-’%; IIoBTOPEHUE OTEPBITHSA I'VYEA

O06s3aTeIbHBIM KOMIIOHEHTOM MOBEPXHOCTHOTO allliapara JIIo00M KJIeTKU
ABJAETCA IUTOIIa3MaTH4Yeckass MmemOpaHa (miaasmasemma). OHA oTHeAeT U
3aluIllaeT BHYTPEHHee COMePKIMOe KJIETKH OT BHeITHel cpeabl. BakHernm
CBOMCTBOM ITMTOIJIA3MATUUYECKON MeMOpaHbl ABJIAETCS U30OUpAMElbHAs NpPo-
Huyaemocms. Pa3auuHble BeIleCcTBa IIPOXOAAT Uepes ILJIa3MaJieMMy C PasHOI
CKOPOCTBIO, a JJIA HEKOTOPHIX OHA IPAKTHUUYEeCKU HempoHHIaema. Takum o6-
pasoMm, IUTOILIa3MaTHUecKas MeMOpaHa obecmeumBaeT OOMEH BeIIlECTB MeXK-
Iy KJETKOM M BHEKJIETOUHOM CPemOd M IIOCTOSHCTBO XMMMNUYECKOT'O COCTaBa
KJIETKU.

Xumuueckuii cocmaé u cmpoenue naazmanremmol. Lluronnasmarnueckas
MeMOpaHa COCTOUT IIPEUMYIIeCTBeHHO U3 JUIINA0B U 0esKoB. B cocTas miaasma-
JIEMMBI TaKKe BXOLAT YIJIEBOAbI, KOTOPbIE SIBJISIOTCS KOMIIOHEHTAMU CJIOMKHBIX
JUMUAOB U 6€JKOB — TVIMKOJUIIUAOB W TVIMKOIIPOTENMHOB. TOIIUHA ITUTOILIa3-
MaTHUYeCKOI MeMOpPaHbl COCTABJISAET OKOJIO 7,5 HM.



§ 11. MNoBepxHOCTHbLIV annapaT KeTku

OKO0JI0 TIOJIOBUHBI MAacChl IJIa3MaJIEMMbI COCTABJSAIOT JUIUABI, IPEACTaB-
JIeHHbIe B OCHOBHOM (ochomunugamu. OHU POPMUPYIOT OCHOBY CTPOEHUS MEM-
OpaHBbI — JUNUOHbBLL 6ucnoil (IBOWHOI CJIOIi), B KOTOPOM TuUAPO(POOHBIE XBO-
CTBI MOJIEKYJI TIOTPY:KeHbl BHYTPb, a TUAPOPUILHBIE TOJIOBKU PACIOJIATraioTCs
cHapy:xu (cMm. puc. 19, c. 37). Kpome pochonunumos, B cOCTaB JBOWHOTO CJIOSA
BXOOAT U APyTHUe JUIUALI, HATPUMED CTEPOUAbI. BeJIKU, BXOAAIINE B COCTAB
MeMOpaHbI, MOTYT MPOHUSLIBATEH JUIUIHBIA OMCJION HACKBO3b, YACTUUYHO IIO-
TpysKaThCs B HEr0 MJIM IPUMBIKATh K moBepxHOCcTU (prc. 30).

MemOpanHbie JUIUALI U 0eJIKK CBI3AHBI MEXKIY COO0OM He KOBAaJEHTHBIMU
CBA3AMU, a 3a cueT ruaApo(OOHBIX U JIEKTPOCTATHUYECKUX B3aMMOIEHCTBUI.
B cBs3U ¢ 9TUM MOJIEKYJIbI JAHHBIX BEI[eCTB MOTYT JIBUTATHCS BIOJb IIJIOCKOCTU
meMmOpaubsl. Takum o0pasom, IJIasMajieMMa SABJIAETCS TUHAMHYHON CTPYKTY-
POl — MOJIEKYJIbI OEJIKOB IepeMeIlaloTcsA B MOABUIKHOM, TeKydYeM JIUIINIHOM
orcioe, Kak B sKuUAKOCTH. CBOMCTBO TeKydeCcTU O0YCJIOBIMBAET IJIACTUUHOCTD
masMaJjeMMBbl, OJarofaps YeMy OHa CIIocO0HAa, HalpuMmep, OBICTPO BOCCTaHAB-
JUBATH CBOIO IIEJIOCTHOCTH MOCJIe He3HAUNTEJbHBIX ITOBPEXKICHUA.

B KIeTKax syKapuoT, KpoMe I1J1a3MajieMMbl, MMEIOTCA BHYTPeHHNe MeMOpa-
HBI, OTPaHNYUBAIONME AP0 U MeMOpaHHbIe opraHouanl. [ Bcex GroJiormye-
CKMX MeMOpaH XapaKTepeH OOIIUI MJaH CTPOEHUS — UX OCHOBY COCTABJISET
JUOUIHBINA OMCJIO0I, C KOTOPBIM CBS3aHBI MOJIEKYJIBI OEJIKOB.

BHekneTtouyHasn cpena

YrneBoaHbIN KOMMOHEHT

. mukonunnga
YrneBoAHbIA KOMMOHEHT

rMUKonpoTenHa

maopodunbHble
ronoBKx
cocchonmnmnagos

NvnuaHbIn
oucnon
XonecTtepuH

MmapodobHble UuTonnasma
XBOCTbI (pocchonnnmaos

Puc. 30. CTpoeHue uutonnasMartm4eckon MemopaHbl
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Dyuxkyuu naazmanemmor. lluronmasmarnyeckad MeMOpaHa OKpPy’KaeT
IUTOILIa3My, (PUBUUECKU OTAENAA KJIETKY OT BHEKJETOUHOU cpenbl. Kpome
TOro0, IJIadMajeMMa OIPAHNUYNBAET MOCTYILJIEHe B KJIETKY U BbIBeJeHUe U3 Hee
OIIpeieJIeHHBIX XMMUYECKUX BellecTB. TaKuM 06pa3oM, IMUTOIIIa3MaTuuecKasd
MeMOpaHa BBITIONHAET 0APbepHY0 PYHKIIUIO.

Eime ommoii (pyHKIIMelH maasMaieMMbl ABJIAETCA peuenmopHas. OHa o0y-
CJIOBJIEHA TeM, YTO HEKOTOpble MeMOpaHHbIe GeJKU SBJIAIOTCA PELerTOpPaMu.
Korma moseKkysa ompeneieHHOTO BEIeCTBA CBA3LIBAETCA C TAKUM OEJIKOM, OH
M3MEeHseT CBOIO ITPOCTPAHCTBEHHYI0 KOHPUTypaIluio. ITo obecrieunBaeT mepe-
Jauy cuUrHaJja U3 BHEKJIETOUHOI Cpeabl B KJIETKY W IIPUBOAUT K M3MEHEHUIO
MIPOTEKAHUA ONpPeJeIeHHBIX BHYTPUKJETOUHBIX IpolieccoB. Tak, CyIecTBYIOT
MeMOpaHHbBIE PEIENITOPHI AJI TOPMOHOB ¥ HEHPOMEIUATOPOB (BCIIOMHUTE MeXa-
HU3M Tlepefayuyn HepPBHOTO MMITYJIbCa B CHHATICEe, N3YUYEHHBIN B Kypce OMOJIOTUN
9-ro KJacca). BsauMoeiicTBIIe PEIeITOPOB ¢ XUMUUECKUMI BelllecTBaMu obe-
cIleuMBaeT TaKJKe paclo3HaBaHUe BKYCOB (HaIpuMep, PEIeNTOPHBIMU KJIeTKa-
MU BKYCOBBIX IIOUEK fA3bIKA UeJOBEKAa) M 3alIaxoB (00OHATEJIbHBIMU PeIeITo-
paMu sTIHTe s HOCOBOI ToJiocTH). M3aMeHeHMe TPOCTPAHCTBEHHOM CTPYKTYPhI
MeMOpaHHBIX 0EJIKOB MOJKET IIPOMCXOAUTH He TOJILKO IIOJ AeHCTBUEM OIIpee-
JIEHHBIX BEIeCTB, HO ¥ B Pe3yJbTaTe BJIWUAHUA Te€X WJIU UHBIX (PUBUUECKUX
(daxTopoB. Tak, MOJEKYJIbI 3PUTEIbHBIX PEIIEIITOPHBLIX OEJIKOB ITaJ0YeK M KOJI-
00UeK ceTyaTKU IjIa3a PearupyioT Ha CBET, CYII[eCTBYIOT T€PMOUYBCTBUTEIbHbIE
OeJIKU-perenTopsl U T. II.

IInasmasemMmMa Taxk:Ke BBINOJHAET (GDYHKIUIO Y3HABAHUSA Opyeux KJAEmok.
Hap Hapy KHO#T TOBEPXHOCTHIO ITUTOIJIA3MATUYECKO MeMOPAHbI, KAK aHTEHHBI,
BBICTYHIAIOT Pa3BeTBJCHHbIE U JUHENHbIE MOJEKYJbl yrieBomoB (cMm. puc. 30).
OHU coeVHEHBI KOBAJIEHTHLIMU CBA3AMU C MEMOPAHHBIMU OeJIKaMU U JUIIHAA-
MU, 00pasdys TMIMKOIPOTENHEI U TINKOJUOUAbI. AT MOJIEKYJIbI ¥ PA3HBIX TUIIOB
KJIETOK UMEIOT cuenu(riyecKre pasjiudusd U ABIAI0OTCI MapKepaMu, TIO3BOJISIO-
UMY OIIO3HATh KJEeTKY. C MX IMOMOIINBIO KJIETKU Y3HAIOT APYT Apyra U B3au-
MOJIeHiCTBYIOT (HaIpUMep, CIIePpMAaTO30U ] U SNIEeKJIeTKa), IPaBUJIbHO OPUEHTH-
PYIOTCA U CBASBIBAIOTCA MEXKAY c000i mpu (hopMUPOBAHUU TKaHEH U OPraHOB.

OpHoli M3 BasKHEHUINNX (PYHKIWH ITHUTOILIa3MAaTHYECKON MeMOpaHBbI ABJIS-
eTcss mpaxncnopmuas. TpaHCIOPT yepes mIasMaeMMy 00ecrieunBaeT T0CTaBKY
BeIleCTB, HEOOXOAMMBIX KJIeTKe, W yaajeHre U3 Hee KOHEUHBIX IIPOAYKTOB
obmeHa. Biiarogaps TPaHCIOPTHON (PDYHKIIMM ITUTOILJIa3MaTUUYECKOU mMeMOpa-
HBI TaK’Ke OCYIIECTBJSAETCS CEeKpenusa KJIeTKAMU Pa3JINUUYHBIX OMOJIOTHUYECKU
AKTUBHBIX BEIIeCTB.

Cnoco6b. mpancnopma éew,ecme iepe3 yumonia3mamuiecKyro memopany.
ITepewmertieHme BelrecTB uepes IJIa3MaJieMMy MOYKET OCYIIECTBIATHCA 34 CUET
nuhdysun, aKTUBHOTO TPAHCIIOPTA U TPAHCIIOPTA B MEMOPAHHOM yIaKOBKE.
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IIpu muddysum yacTUIIBI BelllecTBa IBUMKYTCS Yepes MeMOpaHy 13 obJacTu
BBICOKOII KOHIIEHTPAIIMM STOTO BeIllecTBa B 00JIaCTh 0ojiee HM3KOM. 3a cueT
Iuhdysun TPaHCIOPTUPYIOTCA TOJbKO HEOOJIbINTNE MOJEKYIbl MU NOHBI. [Ipu
9TOM HENOJSPHBIE coeauHeHusA, Takue Kak O,, CO,, N, u ap., mepemeniamTcs
HETIOCPEJICTBEHHO Yepeld JUMUAHBIN Ouciaoi. [uddysusa MOHOB U TUAPODUIL-
HBIX BEIIIEeCTB, HaIIPHMMeEP BOJbl, MOUEBMHBI, IIPOMCXOOAUT Yepe3 CIlelruaJIbHbIEe
KaHaJsbl. Takwe KaHasJbl, 00pa3oBaHHbIE OeJTKaMM, IPOHUBBIBAIOT MeMOpPaHy
HacKBO3b (puc. 31).

Bbicokas KoHUeHTpauus

TpaHcrnopTu- Benok, } TpaHcnopTUpyemoro
pyemoe 06pasytoLLuit MemGpaHHbIi BellecTBa
BeLlecTBo kaHan Hacoc

seve!

\
OHeprus
Onddysna  Oudpysun G _ P )
yepes yepes AKTUBHBIN Hu3kas
AUNUAHBINA 6eNKOBbI TpaHcnopT KOHLIeHTpauus
6ucnon KaHan TpaHcrnopTMpyemoro
BellecTea

MaccuBHBbIM TpaHcnopT

Puc. 31. Cxema TpaHcnopTa BeLLeCTB Yepe3 nnasmanemMmy

Kak y'xe ormeuasioch, IuTomiasMarndyeckad mMemMOpana obsagaeT mus3ou-
paTeJbHOI NMPOHMUIIAEMOCTHI0. MoJIeKYJIbI BOJABI JIETKO IPOXOAAT uUepes I1Ias-
MaJeMMy, HO [JIsI MHOTMX PACTBOPEHHBIX BEIIECTB OHA SBJIAETCS IIPErpazioii.
Ecnu KOHIIEHTpaAIIUU STUX BEIeCTB BHYTPU KJIETKU U BO BHEKJIETOUHOII cpeje
OTJIMUAIOTCH, HAOJIIomaeTcsa aBjaeHne ocMoca (puc. 32, c. 64). Ocmoc — 370 TI€E-
pemellieHre MOJIEKYJI BOJbI Yepe3 n3bupaTeIbHO IPOHUIIaeMyio MmeMbpany. IIpu
STOM MOJIEKYJIBI BOJBI JBUIKYTCS U3 00JIaCTU, TZe COAep’KaHUe BOABLI OOJIbIIe
(T. e. m3 OoJiee pa3baBIEHHOTO pPacTBOpa), B 00JIacTh, I'e ee MeHbIe (B 0ojee
KOHIIEHTPUPOBAHHBIN PacTBOP).
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Pasb6aBneHHbIN pacTBop KoHLUEHTpUpoOBaHHbIN pacTBOp
M36MpaTeano/| Monekyrna Bofbl
npoHvuaemasi
membpaHa Cg CQ) @{ Yactuua
O (g pacTBOPEHHOTO

BellecTea

Puc. 32. Cxema npoLecca ocmoca

TlepemerlrieHrie MOJIEKYJI BOABI IIPOUCXOAUT L0 TeX II0P, MOKA KOHIIEHTPAIAN
pacTBOPOB 110 00e CTOPOHBI MeMOpaHbI He ypaBHAIOTCA. TakuM 00pasomM, 0cMOC
SABJISIETCS O0COOBIM BuaoM aupdysuu, Ipu KOTOPOM PaBHOBECHE JOCTUTIAETCS
3a cUeT ABUIKEHUA uepe3 MeMOpaHy TOJBKO MOJEKYJ PACTBOPUTEA — BOMBI.
Baaromaps ocMocy mpoucXOoAuT BHIPAaBHUBaHNE KOHIIEHTPAIIMI PACTBOPEHHBIX
BeIIEeCTB B KJETKe U BO BHEKJIETOUHOM cpefe.

Bcee Buabl guddysun obecrmeunBaiOT TPAHCIOPT BEIECTB M3 O0JIACTH HX
0oJiee BBICOKOM KOHIIEHTpanum B 00JacTh HU3KOMU. IlepeHoc mpomcxomuTt 06e3
3aTpaT SHepPruu, mosTomMy AuG@Y3UI0 OTHOCAT K MACCHBHOMY TPAaHCIIOPTY.

ITepemertienie HU3KOMOJIEKYJISIPHBIX BEIlECTB, B TOM UHCJIe MOHOB, Uepes
mIasMaJjeMMy M3 00JIaCTH HH3KOW KOHIIEHTpaIui B 00J1acThb 0oJjiee BBICOKOM
obecreurBaeT aKTHBHBIN TpaHcmopt. [Ipu sTOM 3aTpaunBaeTcs SHEPTUs, UCTOU-
HUKOM KOTOPO# B OOJIBITMHCTBE cayuaeB cay:KuT AT®. AKTUBHBIN TPAHCIOPT
OCYIIIECTBJISETCS CIIeIMAJbHLIMU OeJTKaMU — MeMOPAHHbLMU HACOCAMU (CM.
puc. 31). IIpoiecchl aKTHBHOI'O TPAHCIIOPTA UTPAIOT BaKHYIO POJIb B OCYIIECT-
BJIEHUY PA3JIUYHBIX IIPOIIECCOB JKU3HEAEATEJTbHOCTH, TAKNX KaK BO30Y KIeHIe
KJIETOK, IIepefayva HEPBHBLIX NMIIYJIbCOB, COKPAIIleHe MBIIIIEUHBIX BOJOKOH 1 JP.

MpumepoM MembpaHHOro Hacoca MoxeT cryxutb Na*/K -ATdasa. 3a c4eT aHeprum,
BblAENAoLLIENCA Npu rugponnae monekysnbsl AT®, oHa nepeHocuT Tpu noHa Na* u3 Knetku
BO BHEKJIETOYHYIO Cpefy, a ABa MoHa K' — Hao6opoT B KNeTKy. OTOT NpoLecc MHOro-
KpaTHO noBTOopsieTcs. Takum o6pa3om, 3a c4eT paboTbl Na*/K-ATdasbl BO BHEKNIETOYHOW
cpefe cosfaeTcs BbiCOKasa KoHueHTpauusa Na*, a BHyTpu kneTkn — K*. B pesynerarte Ha
LMTONNa3MaTnYecKon MemMmbpaHe BO3HMKAET pa3HOCTb MOTEHLMANOB, YTO HEO6XOAMMO AN1s
1l BO3OYX[AEHUA KNETKN, BOSHUKHOBEHWSA U NPOBEAEHNS HEPBHOIro MMMynbca.
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MaxpoMoJIeKyJIbl, HaIIpuMep OeJIKY, IOJINCAXaPUAbl 1 HYKJIEMHOBBIE KUCJIO-
TBI, & TAKJKE IMUITEBbIE YaCTUIILI TPAHCIIOPTUPYIOTCA B MEMOPAHHON yIIaKOBKE.
Pasznmuaior ABa BuAa TpaHCIOPTa B MeMOpPaHHON yHaKOBKe — JHAOIIUTO3 U
9K301nTO3. TaK 'Ke KaK U aKTUBHBIN TPAHCIIOPT, IPOIIECCHI DHI0- 1 9K30I[UTO3a
IIPOMCXOAAT C 3aTpPaTaMU dHEPIUH.

IHIOIUTO3 — TIOTJIOIIEHNE KJIETKON TBEPJBIX YACTUIL UJIU PACTBOPOB IIYTEM
00pasoBaHUs NMY3BIPHKOB, OKPY'KEHHBIX MeMOpaHoii. Biarogapa Tekydyectu u
IJIACTUYHOCTU IIJIa3MaJIeMMbI 3aXBaThIBaeMble BEIIECTBA O0OBOJIAKUBAIOTCS €10
U 3aKJI0YAIOTCA B (DOPMUPYIOMTUNCA IHO0UUMO3HbLIL ny3vipek. Jlamee my3bIpex
oTHeJIsIeTCsI OT MeMOpaHbI U IIepeMellaeTca BHYTPh KJeTKH (puc. 33, a). BbI-
IeJSIOT JBa TUIA SHAOIUTO3a: ()azoyuno3 — TOTJIOIEHNe TBEPAbIX YACTUIL U
NUHOYUMO3 — TIOIJIOIIEHNEe KUAKOCTH C PACTBOPEHHBIMY B Hell BEIeCTBAMU.

IJHIOIUTO3 XapaKTepPeH AJs KJETOK BCeX DdYKAPUOTHUUECKUX OPraHU3MOB.
Hampumep, y reTepoTpodHBIX IIPOTUCTOB OH obecmeumBaeT nuTanme. B op-
raHm3Me JKUBOTHBIX SHAOIIUTO3, KPOME TOr'0, UrpaeT 3alllUTHYI0 Pojb. Tak,
JEHKOIIUTHI IyTeM (parouTo3a 3aXBaThLIBAIOT IOIABIIINE B OPTaHU3M OaKTepUu
U IpyTUe UyKepoaHble 00bEeKTHI.

IK30IIMTO3 — BTO IIPOIECC, OOPATHBIA SHAOIUTO’Y. BhIeasgeMble BellecTBa
B DYKApPUOTUYECKON KJIETKEe 3aKJIOYAIOTCSI B IK30UUMO3HbLI NY3blPEK, orpa-
HUYeHHBIHT MeMOpamoii. OH mepeMelriaeTcs K IUTOIIJIa3MaTUUecKol MeMOpaHe,
najiee obe MeMOpaHbI CIUBAIOTCHA, M COLEPIKUMOE IIy3hIPhKA OKAa3bIBAeTCA BO
BHEKJIETOUHOI cpene (puc. 33, 6). Tak u3 KJIeTKU BBIBOASATCS HellepeBapeHHbIe
OCTaTKU MUIHU, (DePMEHThI, TOPMOHBI, TIOJUCAXAPUILI U APYTHe BellecTBa.

BHeknetovHasa cpena

Lintonnasmatnyeckas
Memb6paHa LinTonnasmatnyeckas
membpaHa
LinTonnasma LinTonnasma

a OHAOLUMTO3HbIN OK30LUMTO3HbIN 6
ny3blpek ny3blpek

Puc. 33. Cxema anpoumTosa (a) u ak3ouutosa (6)
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Hadmemo6panHoLlli KOMNAEKC COCTOUT U3 CTPYKTYD, PACIOJOKEHHBIX CHa-
PYKHU OT IIMTOILIa3MaTHYeCKOl MeMOpaHbI. B KieTKax JKUBOTHBIX BHEIITHSS
MOBEPXHOCTDL ILJIa3MaJieMMbl IMOKPHITA TMIMKOKAJUKCOM. JTO TOHKUM CJIOMH,
00pas3oBaHHBIM MOJIEKYJIAMU YIJIEBOAOB, KOTOPbIE CBSA3aHBI ¢ MeMOpaHHBIMU
OeqkaMu U JUNUAAMU. [JIMKOKAJIUKC 3aIUIaeT [UTOMJIa3MAaTUUECKYI0 MeM-
OpaHy OT MOBPEIKAEHUIN, YIaCTBYeT B OCYIIIECTBJIEHUN PEIeIITOPHON (PyHKIUU
mIasMajJeMMbl 1 QYHKIINY Y3HABAHUSA KJIETKOH APYTruUX KJIETOK.

HagmemOpaHHBINT KOMILJIEKC KJIETOK OaKTepuii, rpuboB, pacTeHUH 1 MHOTUX
BOZOPOCJIE MPeACTaBIeH »KeCTKOM KJIeTOUHOI cTeHKol. OHa mpuaaeT KJIeTKaM
MeXaHNWYECKYIO IIPOUYHOCTD, MOAJEP:KUBAET UX (POPMY M 3aIUINAET COAEPIKU-
moe. Kpome Toro, KjieTouHasi CTeHKA IIPeJOXpaHseT KJIETKH OT paspbiBa IIPHU
MOCTYIIJIEHUX B HUX BOZABI IIyTeM ocMoca. KIeTouHble CTEeHKU pacTeHUH U pAga
BOJIOPOCJIEHl B OCHOBHOM COCTOSIT M3 IIEJIJII0JIO3bI, I'PO0B — M3 XUTHHA. Y HEKO-
TOPBIX OAKTEPUl CHAPYIKU OT KJIETOUHON CTEHKU MMEeTCHA CIUBUCTASI KANCYad,
3aMUIIAINAA KJIETKY OT BHICBIXaHUA U JPYTUX HEOJIaTONPUATHBIX (DAKTOPOB.

&8 IMuronnasmaruueckada memOpaHa (IyrasMajgeMMa) — YHUBepcaJbHAA
Mo J | YacTh IOBEPXHOCTHOIO alrapara, XapaKTepHasd [ JII000M KJIEeTKH.
'~ OcHOBY CcTpOeHHA IIJIa3MaJIeMMbI COCTABJIAET JIMIIUIAHBIA OMCJION, C
KOTOPBIM CBSI3aHBbI MOJIEKYJbI OenkoB. lluTommasmartuueckas meMOpa-
Ha BBITIOJIHSAET 0apbepHYI0, PEIENTOPHYI0 U TPAHCHOPTHYI0 (GYHKIIUU, a
Tak:Ke QYHKIIUIO y3HABAHUA APYTUX KJIETOK. BasKHBIM CBOMCTBOM ITHTO-
IJIa3MaTUYECKOM MeMOpaHbl ABJAETCA N30UpaTe bHAS TPOHUIIAEMOCTb.
BerecTBa MoryT mepemelriaThcA yepes IjasMasieMMy 0e3 3aTpaT 9Hepruu
3a CUeT MMACCHUBHOT'O TPAHCIIOPTa, T. €. Au(pdysun. AKTUBHBIN TPAHCIOPT
¥ TPAHCIIOPT B MEMOPaHHOII YIIaKOBKe IIPOUCXOAAT C 3aTpaTaMy SHEPTHUU.
CHapy:KM OT IIUTOILIa3MaTUYeCKONl MeMOpaHbI HAXOAUTCS HaaMeMOpaH-
HBIA KOMILJIEKC.

1 e N3 Kaknx XMMUYEeCKNX COEAMHEHUI COCTOWT uuTonnasmarmyeckas membparHa? Kako-
™ ™ | B0 cTpoeHMe nnasmaneMmbl?
MepeuncnvTe M NOACHWTE OCHOBHbIE (PYHKLMM Mia3ManeMmsl.

Kaknmn cnocobamm MOXET OCYLLECTBAATLCA TPAHCMOPT BELeCTB Yepe3 uuTonnasmaru-
Yeckyto MembpaHy?

[Ba pacTtBopa roKo3bl pasfgeneHbl MeMOpaHoW, He NMpOMycKaroLen MOneKynbl FoKO3bl,
HO mponyckatwoLen sogy. KoHueHTpaums rnioko3bl B nepBoM pactBope — 1 %, BO BTOPOM —
0,1 %. YTo npomcxogut ¢ Monekynamu Bogbl? Kak HasbiBaeTca 310 sBneHune?

Yewm oTnmyatoTcA mpouecchl harouuTto3a v nuHoumuto3a? B Yem nposiBNsieTcs CXOACTBO
3TUX NpoLeccoB?

KakoBbl yHKLMM 1M 0COBEHHOCTY cocTaBa HagMeMOpPaHHOrO KOMMIEKCa Y KNeTOK pasHbIX
OopraHn3moB?



§ 12. 'manonnaama. Lintockenet. Hememb6paHHble opraHonapl

CpaBHuTe pasfiMyHble TUMbl TPAHCNOPTa BELLECTB B KNETKY. YKaXuTe YepTbl UX CXOACTBA
N pasnuyus.

Kakve yHKumMM He cmorna 6bl BbIMOMHATL LMTONa3Matmdeckas MembépaHa, ecnm 6bl B
ee cocTaB He Bxogunm 6enkun? OTBeT 060CHYMTE.

[Ob =28

=
\%1 W3y4YEHUE OCMOCA HA KYXHE E ..hE @!I

Kax BbI y)Ke 3HaeTe, BHYTPEHHEE COAEPIKUMOEe KJIEeTKM, 3a MCKJIIOUCHUEM
Anpa, Ha3bIBaeTCcA IIUTOMIa3Moii. Ee 0CHOBOH sBJISEeTCA rmaJjionjasMa, B KOTO-
PYIO MOTPYsKEHBI KOMIIOHEHTHI IIUTOCKEeJeTa U OPraHOUIbI.

T'uanonnazma o0beIUHSIET B IEJTOCTHYIO CUCTEMY BCE KJIETOUHBIE CTPYKTY-
PbI 1 obecIreurBaeT B3auMozeicTBre Mexkay HuMu. OCHOBHBIM ee KOMIIOHEHTOM
ABJISETCS BOLA, B KOTOPOI PaCTBOPEHELI 0€JIKM, AMUHOKICJIOTEI, YIJIEBOAbI, HY-
KJIEOTHUBI, COJIN U IPYTUe cCOeAUHeHnsI. B ruaomnaasMe IpoTeKaOT pas3aInyHbIe
IpoIlecchl MeTab0anM3Ma, OHA YUACTBYET BO BHYTPUKJIETOUHOM TPAHCIIOPTE Be-
mfecTB. HebGoJbIllrie MOJIEKYJIBI M MOHBI IIEPEMEIAl0TCs B IHaJIonjIasMe IIyTeM
muddysun. Kpymable MOIEKYILI OMOIOJINMEPOB W OPraHOUILI TPAHCIIOPTUPY-
IOTCS IPU YUYACTUHU IIUTOCKEJeTa.

Iumockenem — 3TO TpexMepHasa ceThb, OOpasoBaHHAA 0eJIKaAMU U IPOHU-
3pIBAIOIAS THAJIOILIA3MY KJETKH. TO CBOeOOPAa3HbINI MeXaHNUYeCKU KapkKac,
o0ecIieunBaIONINil IPOCTPAHCTBEHHYIO OPraHu3anuio IUTOIaa3Mbl. OCHOBHEI-
MU KOMIOHEHTaMHU I[MTOCKeJeTra
SYKaPUOT ABJISIOTCA MUKPOTPYOOU-
KM 1 MuUKpoduiaaMeHTsI (puc. 34).

MugpoTpy00UYKH ITPECTABIAIOT
co00li TOHKWE MOJIble ITUJINHIPHI,
CTEHKU KOTOPBIX 00pasoBaHBI MOJIE-
Kysnamu O0enka myoyauna (puc. 35,
c. 68). MuKpoTpyOOUKHY YUACTBYIOT
B TPAHCIIOPTE BEIeCTB X OPraHoOMu-
OB BHYTPU KJETKH. BIOJb HUX C
IOMOIIBIO CIIeI[MAJbHBIX O0€JIKOB
mepeMenialoTcsa pasJIudHbIe KJe-
TOYHBIE CTPYKTYpPbI. Takoii TpaHc-
TIOPT OCYIIIECTBJISETCS 34 CUET SHep-

run AT®. Mukporpy0ouKHu TaK:xe Puc. 34. Cxema opraHusaumm LMTocKeneTa

L] CeTb

Pubocoma

MuToxoHapus

MukpoTpybouka

MwukpodunameHT

67
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Monekynbl akTuHa

Puc. 35. Cxema CTPOEHUSI MUKPOTPYBOHKM Puc. 36. Cxema CTpoeHusi MUKpodunameHTa

BXOZAT B COCTaB KJETOUHOTO IleHTpa. Bo BpeMs AejleHUA KJIETKU U3 HUX (hop-
MUPYIOTCS HUTU TaK HA3LIBAEMOTO 8epemeHna 0ejleHus, KOTOpPhie 00ecIeunBaioT
pacxXoKJeHNe XPOMOCOM MEKAY 00pasyIUMUCA JOUYEPHUMU KJIETKAMU.

MuxkpoduiraMeHTHI — 3T0 6€JIKOBBIE BOJIOKHA ((POpUJLIEI), 60JIee TOHKUE, YeM
MUKPOTPyOouKu. OHM 00pa3oBaHbI ABYyMs HUTAMU, COUPAJIbHO 3aKPYUEeHHBIMU
OIHA BOKPYT Apyroii. Kammas HUTH COCTOUT U3 MOJIEKYJI Oenka akmura (puc. 36).

MugpoTpy0ouku u MUKPO(GUIAMEHTEI — IUHAMHUYHBIE CTPYKTYypbl. OHUI
MOTYT OBICTPO pACIIafaThCA Ha OTHAeJbHBbIE OEJIKOBBIE MOJIEKYJBI M CHOBA CO-
O0upaThCA B 3aBUCUMOCTH OT ITOTPEOHOCTEH KaeTKU. KOMIOHEHTHI ITUTOCKeIeTa
B3aMMOIEHCTBYIOT MEKAY co00ii u ¢ Omosornueckumu memoOpanamu. OHE 00e-
cIIeyunBalOT HoAaaep:kaHme (GopMbl KJIETKU, ABUMKEHHE IIUTOIJIAa3Mbl, BHYTPHU-
KJIETOUHBIM TPAHCIIOPT, IIYJIbCAIINI0 COKPATUTEIbHBIX BAKYOJeH Y IPOTUCTOB.
Biarogaps BzauMomeicTBUI0O KOMIIOHEHTOB ITMTOCKEJIeTa IIa3MaieMMa KJIeTOK
MOKeT M3MEeHATH CBOIO ()OPMY, UTO JIEJKUT B OCHOBE TaKMX IIPOIIECCOB, KaK
SHJIO- W 9K30IIUTO3, aMeOouaHoe ABUKeHNe KJIeTOK (Hampumep, ameb u JiefiKo-
1uToB). Kpome TOro, IIMTOCKEJIET YUACTBYET B IIPOIeCcCaX KJIETOUHOI'O AeJIeHUA,
KOTOpbIe OyAyT IMOAPOOHO paccMoTpeHsl B § 17—18.

Hemembpannvie opzanoudsv. — 3TO OPraHOUIbI, KOTOPhIe HE OrpaHUUe-
HBI COOCTBEeHHOII MeMOpaHoii. K aToii rpyIiie opraHeJls1 OTHOCATCS KJIETOYHBIN
IEeHTP, MuO(GUOPUJIILI U PUOOCOMBI.

KaeTouHslil eHTP ABJSAETCA IIEHTPOM OPTraHU3aIuUd COOPKU MHUKPOTPY-
6ouek. OH COCTOUT U3 ABYX YEHMPUoJell U OKPYKAIOIIEr0 UX YIJIOTHEHHOT'O
y4YacTKa IIHUTOILJIa3Mbl, KOTOPBIN COAEP)KUT pPas3jnuHbie OesKu. KieTouHsbiii
IEHTP XapaKTepeH IJid KJIeTOK KUBOTHBIX U PsAfa MPOTUCTOB. B KiIeTKax 60Jb-
IIIMHCTBA PACTEHUIN W I'PrOOB 9TOT OPraHoOuWj OTCyTcTByeT. llemTpmosu mpen-
CTABJIAIOT COOOM ITMJIMHIPHI, PACIIOJOMKEHHbBIE IEPIEHAUKYIAPHO APYT APY-
ry (puc. 37). CTeHKHN KaXI0H IeHTPUOJU 00pa30BaHbBI AEBATHIO TPUILJICTAMU
MUKpPOTPyOoueK (9 x 3), cBA3aHHBIX CHEIUAJTbHBIMU OeJIKaAMMU.

B nepron Me:K Oy HeIeHUAMU KJIETOYHBIHM IIEHTP PACIIoiaraeTcsa B IeHTPAJIb-
HOII yacTu KJeTKu BOau3u sanpa. OH obecrmeunBaeT 3allyCK COOPKU MUKPOTPY-
0OuUeK IIUTOCKEJeTa U3 MOJIEKYJI TyOyanHa. PopMupyoIireca MUKPOTPYOOUK T
VIJIUHAIOTCS B HAIIPABJIEHUN OT KJIETOYHOTO IeHTpa K mepudepuu KJIETKHU.
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Tpunnet \
LleHTpuonu MUKPOTPYy6OoYeK

MonepeyHbin pa3pes
LeHTpuonu

Puc. 37. Cxema CTPOEHUS LLEHTPUONEN

Ilepen mesieHmeM KJIETKU IIPOMCXOIUT YABOEHUE IeHTPUOJIel. B Hauaje me-
JIEHUs Tapbl IEHTPUOJIEH PACXOAATCA K IMIPOTUBOIIOJOMKHBIM IIOJI0CAM KJIETKU
u 00pas3yioT U3 MUKPOTPYOOUEK BEPETEHO AeJIeHU.

Kak BBI ysKe 3HaeTe u3 Kypca omosoruu 9-ro KJjacca, COKpallieHne mornepey-
HOTIOJIOCATBIX MBIIIIEYHBIX BOJIOKOH 00eCcIeunBa0T MUO(PUOPHIIbI. ITO HEMEM-
OpaHHBIE OPTaHOUIBI, B COCTAB KOTOPBHIX BXOAAT YIIOPSAJOYEHHO PACIIOJIOMKEH-
HbIe HUTU, 00pa3oBaHHbIEe OeJIKAMM AaKTHHOM W MUO3WHOM. 3a CUET SHEePTruu
AT® B npucyrersun nonos Ca?’ aKTHHOBBIe HUTH IIepPeMeIalTCs BAOIbL MUIO-
3WHOBBIX. OTO IPUBOAUT K YMEHbBIIIEHUIO AJUHBI MUOPUOPUII U TEM CAMBIM K
COKPAIIeHUIO MBIIIIEUHBIX BOJIOKOH.

Pu6ocomMbIl — 5TO MeJabUaHIlIMe OpraHOUAbI, XapaKTepHbIe IJIs BCeX TUIIOB
KJIeTOK. VX KOJMYEeCTBO B Pa3HBIX KJETKAX MOYKET COCTABJATHL OT HECKOJIb-
KHUX TBHICAY IO MUJJIUOHOB. P6G0OCOMBI TPOKAPUOT ¥ 9YKAPUOT UMEIOT OOIIUA
MPUHITUI OpraHu3anuy U QyHKIumoHumpoBanud. OHu obecreunBaiOT CUHTE3
0EJIKOBBIX MOJIEKYJI M3 aMHUHOKUCJIOT.

Pubocoma cocTouT u3 OBYX cybsedurHuy — OOJbIION u MaJyoi (puc. 38).
Kasxkmasa u3 HUX COmEP)KUT OLHY MJIN HECKOJbKOo MoJeKya pPHE, cBsasaHHBIX

= _J )

Manas Bornblas
cybbeamHmLa cybbeguHmua Pubocoma

Puc. 38. Cxema CTpOeHWs prboCOMBI
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C MOJIEKyJIaMU Pa3JIMYHBIX 0eJKOB. B ImpoxapumoTuuecKoil KJIeTKe CyO0henu-
HUIBI pubocoM (OPMUPYIOTCS HEIIOCPEACTBEHHO B ITUTOILJIa3Me. ¥ 3YKapUOT
oOpaszoBaHMe CyObeIUHUIT IPOUCXOAUT B KJeTOUHOM sape. [Ipu aToMm cHavasa
cunTesupyiorca pPHK, KoTophle 3aTeM COeIUHSAIOTCA CO CIIeIUAJbLHBIMU 0eJ-
KaMu, TOCTYNAINMHU u3 MuTomaasMbl. ChopMUpOBaBIIECS CYOheIUHUIIHI
BBIXOAAT U3 AAPA B TMAJIOILIAa3My, I/ie pacuojiaraioTcsa OTAeJbHO APYT OT ApyTa,
00BEeIMHASICH TOJBKO IJIs CHUHTEe3a OesKa.

Pasmep pmbocom mpokrapmoT cocraBiiseT oKojsio 20 HM. dyKapuoTHUYeCKUe
pubocombl KpynHee — 1m0 30 HM. [lomumo pmbocoM, HAXOAAIIUXCS B TUAJIO-
IjasMe 9yKapUOTUYECKOM KJETKH, CBOM COOCTBEHHBIE PMOOCOMBI MMEIOT MU-
TOXOHJPUU M ILJIACTUAbI. POOCOMBI B COCTaBe 3TUX OPTaHOUAOB IO pasMepam
U CTPOEeHUI0 0oJiee CXOOHBI ¢ GaKTepUAJBLHLIMU, UeM C TeMU, KOTOpbIe IIPu-
CYTCTBYIOT B T'MaJIOIIJIa3Me.

F- T'manonnasmMa — 3TO BOOHBIN PacTBOP, B KOTOPOM IIPOTEKAIOT pas-
o j | IMYHBIE IIPOIECCHI merabonusMa. OHa o0beJUHAET BCE KJIETOUHLIE
*_| cTPYKTYpBI U O0eclieunBaeT UX B3auMojeicTBre. B cocras muTocke-
JIeTa 3YKapHuoT BXOAAT MUKPOTPYOOUKM ¥ MUKPO(PUIAMEHTBI, 00pa30BaH-
HBbIE MOJIEKYJIAMU TyOyJIMHA ¥ aKTHHA COOTBETCTBeHHO. IlnTockeser yua-
CTBYeT B IOAJEP:KaHUM (POPMBI KJIETOK, BHYTPUKJIETOUHOM TPaHCIIOPTE,
SHIO- M SK30IMTO3€ U APYIUX BaYKHBIX Ipoleccax. KaeTouHBIN IeHTp,
MUO(PUOPUIIIBI 1 PUOOCOMBI OTHOCATCA K HeMeMOPAHHBIM OpPraHOMZAM.
KJeTOUHBIN LIEHTD SABJIAETCSA IEHTPOM OPraHMU3AIlUM COOPKU MHKPOTPY-
Oouek, (popMuUpyeT BepeTeHo gejeHusa. MuoduOpuibl 06eCIeunBalT CO-
KpallleHre IIOMePeYHOII0JI0CATEIX MBIIIIEUHBIX BOJOKOH. B pubocomax ocy-
IIEeCTBJISETCSA CUHTE3 6eJIKOB U3 aMUHOKUCJIOT.

T — B yem 3aknioyaetca pasnuume Mexgy NOoHATUAMU «UuTonnasma» u «ruanonnasma»?
* = KakoB XvMMWYecKuii cocTas ruanonnasmbl? Kakve (PYHKUMKN B KNETKE OHA BbIMOMHAET?
M3 yero coCTOMT LUMTOCKENET U KaKOBbl €ro PyHKLUUM B KneTke? Yem MUKPOTPYOOUKM
OTNNHAKTCA OT MUKPOPUNaMeHTOB?
Kak ycTpoeH Kneto4Hbi LUeHTp? Kakue yHKUMW OH BbIMOMHAET?
Y1o Takoe mmnocnbpunbl? Kakosa ux yHKUMNA?
OxapaKkTtepuayiiTe XMMUYECKUIA COCTaB, CTPOEHWE N OYHKLMIO PUBOCOM.
Kak Bbl gymaeTe, roe CopepXutcs 60nblle puboCOM — B KIIeTKaxX BOJSIOCAHBIX JIYKOBULY
UK B KJleTKax Xuposon TkaHn? Movemy?
M3BecTHO, 4TO rnanonnasma MOXeT MeHSATb BA3KOCTb U TEKYYeCTb, Nepexons U3 XnaKo-
ro COCTOsSIHMS B reneobpasHoe M HaobopoT. [peanoxuTe rmnotesbl, KAKMM 06pa3omM 3TO MOXET
OCYLLIECTBAATLCS.

N
% HABJIIOI[EHI/IE OBUMKEHNUS ITUTOIIJIASMBI
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MeMOpaHHBIE OPTaHOUALI UMEIOTCA TOJBKO B KJIETKax 9yKapuoT. BHyTpeH-
Hee COIep:KuMOe OJHOMEMOPaHHBIX OPTraHOWIOB OTHEJIEHO OT I'MAaJIOIIa3Mbl
omHOUM MeMOpaHO#, a IByMeMOpPaHHBIX — ABYMsA. OTH MeMOpaHbI UMEIOT CXO/I-
HOe C IJIa3MaJIeMMOU CTPOEHUeE.

K o0nomembpannsvim opzanoudam KJIETKU OTHOCATCA: SHAOIIA3MATHUE-
CKasf ceTb, KOMILJIeKC ['0IbAKY, JTN30COMBI U BaKYyOJIH.

dumomaasmarndeckas cerb (IIIC) — sTo 3aMKHyTas cucremMa, KoTopas
COCTOUT W3 COEJUHEHHBIX MeKJy CO0O0# YIJIOIEHHBIX IIOJIOCTEHl — IIMCTEPH
¥ pa3BeTBJIEHHBIX KaHaJoB. [{uctepubl 1 KaHaabl OIIC MpOHUBLIBAIOT THAJIO-
mirasmy KJjaeTku. OHM orpaHMYeHbl MEMOPAHOW, MEPexXOoAAIell B HAPYKHYIO
membOpany saapa (puc. 39).

Paznuuaror gBa tuma IIIC — wepoxosamyw u enadxkyw. lllepoxoBarasa
IJIIC nmpexacTaBiieHA IPEUMYIIIECTBEHHO IMCTEPHAMHY, a TVIaAKaA — KaHaJIaMU.
MemOpansl 1epoxoBaTtoit 1 raankoit OIIC HemocpeACTBEHHO IIEPeXOAaT APYT
B apyra. C Hapy»KHOII MOBEPXHOCTHIO MeMOpaHbI 1epoxoBaTtoit AIIC cBasaHbl
MHOTOYMCJIEHHEBIe PUO0COMBI, KOTOPhLIE 1 HMPUAAIOT eii XapaKTEePHYIO «IIIepo-
xXoBaToCTh». Ha memOpane riagkoii IIC pu60ocoMbI OTCYTCTBYIOT.

B pubocomax mrepoxosartoii AIIC cuHTesdupyooTcsa 6enku. [laree MoJIeKy-
Jbl 0EJIKOB IOCTYHAIOT BHYTPb IIUCTEPH, I'/ie IPUOOPETAIOT OIpeeIeHHYI0
IIPOCTPAHCTBEHHYIO KOH(pUrypa-
muio. Ha membOpane riiagkoit AIIC Llepoxosatas Anpo HapyxHast
TIIPOUCXOAUT CUHTE3 Pa3JIUYHBIX
YIJIEBOJOB U JIUIIUAOB. BOJBIINUH-
CTBO BEIIECTB, CUHTE3UPOBAHHBIX
B IIepoxoBaToit u riaakoii IIIC,
HAKAIJIMBAETCA B I[UCTEPHAX U
KaHajaX dTOT0 OPTaHOMUAA. 3aTeM
MOJIEKYJIBI ~ CHUHTEe3WPOBAHHBIX
COeIMHEHUN 3aKJIOUAIOTCsSI B He-
0oJIbITTINE TY3BIPbKU, KOTOPHBIE hop-
MUPYIOTCA 13 MeEMOPAHBI 9HIOILIA3-
MaTHuuYecKoil ceru. MemOpaHHBIE
My3bIPbKU, KOTOPBIE OTHEJIUJIUCH IRHOOCOME!
ot AIIC, ZOCTABIAIOT COAEPIKAIIU- r";ﬁga" Kanan,
ecs B HUX BeIleCTBa B KOMILIEKC

saepHas, membpaHa

o

Tonsmxm. Puc. 39. Cxema CTPOEHWS SHOOMNa3MaTUYECKOn CeTu
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Mem6GpaHHbIN ny3bipek, Komnuaexke (ammapar) Toub-

J otaenvelumiics o AMC  mekm TpeacTaBJisieT cOGOH CTOIKY
/ IJIOCKUX JIUCKOBUIHBIX I[MCTEPH
= LMctepHbl g1 cBA3aHHYIO ¢ HUMHU CHCTEMY IIy-

3pIpbKOB (puc. 40). B xommiexce
Tonpm:ku BBIENAIOT ABA IIOJIOCA.
ITontoc, pacmoso:KeHHBIN OJaMIKe K
AAPY KJETKW, NPUHUMAEeT Bellle-
®opmnposanne CTB@» CHHTESNDOBAHHEIE B aIIC.
memBpanHbix  CHOZia MIOCTYHAOT MeMOpaHHBIE IIy-

Nny3bIpbKOB 3BIPbKM, KOTOPBIE OTAEJUJIUCH OT
IIIC, u HIPOUCXOAUT UX CJIAUAHNE
¢ mucTepHamMu amnnapara ['oabaKu.
BemiecTBa, mocTymuBIliie B KOM-
maekc [onbasKu, mepeMeraTesa 1o
IUCTEPHAM K ITPOTHUBOMIOJIOMKHOMY
TIOJIFOCY, OOPAIeHHOMY K ITUTOILIA3-
MaTuyeckoil memOpame. IIpu sTom
Puc. 40. Cxema cTpoeHus komnnekca onbgxu OHU IIPETEPIIEBAIOT Pas3JINUHbIe 0110~

XUMUYECKUe TPeBpaIleHns.

B mucrepHax moJoca, o0pallleHHOrO K ILIazMajieMMe, IIPOMCXOTUT pas-
IeJleHUWe U COPTHUPOBKA MOJEKYJ IO XUMHWYECKOMY COCTaBy U HasHaue-
HUp. Jlajee BelecTBa YIIaKOBBIBAIOTCA B MeMOpaHHBIE ITy3BIPBKU, KO-
TOpbIe OTAEJSIOTCS OT I[MCTEePH ammapara loabm:ku. BHyTpeHHee cojmep-
JKMO€ 9THX IIy3BIPBKOB BBIBOAWTCA M3 KJETKU IIyTEeM SK30IIMTO3a, a MUX
MeMOpaHBbI BKJIIOUAIOTCA B cocTaB IniasmajsieMMmbl (puc. 41). Tax mnpowc-
XOMUT CEKpeInus KJIeTKOW pas3IMUHBIX BEIeCTB BO BHEKJETOUHYIO CPEexy
U OOHOBJIEHWE ITMTOILIa3MaTUUYeCKoi MmeMOpaHbl. Kpome Toro, M3 HEKOTO-
PBIX TY3BIPHKOB KoMILTeKca [oJbmKu (POpMUPYIOTCA JM30COMBI U BaKYOJIH.

JIuzocomMbl — 3TO MeMOpaHHBIE NMY3LIPbKH, KOTOpPBIE COmep:KaT (hepMeH-
TBI, CIIOCOOHBIE PACINEIIATh PasJNUYHbIe OpraHmuecKue coequHeHus (0eakwu,
YIJIEBOABI, TUNUABI U Ap). MOJEKYJbl 9TUX (PEPMEHTOB M3HAUYAJIHLHO CUHTE3U-
pyiorca B pubocomax Ha MeMOpaHax 1epoxoBaToil IIIC u 3aTem mepeHOCATCA
B KoMmILieKc lonpmxu. OT Hero OTHENIAIOTCA TaK Ha3bIBaeMble NEPEUYHbLE
JU30COMb. — MeMOpaHHBIe IY3bIPbKM, coAep:Kaliue (epMeHTbI, KOTOpbIe
TIOJIBEPIVINCH, HEOOXOAUMBIM IIPEBPAIIEHUIM.

IlepBuuHbIEe TU30COMBI MOT'YT CJAHBATHCA C SHAOIUMTOSHBIMU MY3bIPHKAMU.
Takx 00pas3yloTcad 8MOpPUYHbLE JUIOCOMblL, IV NUULEEAPUMENbHblE 8AKYOJU
(cMm. puc. 41). B HUX TPOMCXOAUT TEepeBapUBAHUE MOJIEKYJ WJIU YaCTHII, IT0-
CTYNIUBIINX B KJETKY IIyTEeM 9HIOIINTO3a. [IpOAYKTHI pacHieneHns TOCTYIaioT

Mem6paHHble Ny3bIpbKy,
OTAENUBLUMECH OT UMCTEPH KOMMIekca Fonbaku
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CeKpeLus BeLlecTB
BO BHEKIETOYHYIO cpeay

SHaounTos
¥
. uTonnasmarmyeckas
OHOOUMTO3HBIN Ny3blpek HiTonniasamiiacka
/ membpaHa
BbiBegeHune
HenepeBapeHHbIX
OCTaTKOB
I ’ i ~ OK30UWTO3HBbII
i f(\ &  nysblpex
T
nar .
MepBuyHas —
BtopuyHas nusocoma nvM3ocoma LA
(nweBapuTenbHas
BaKyorb)

Komnnekc MNonbxaun
Puc. 41. Cxema (OyHKUMOHMPOBAHWUSA KOMMnekca Monbaxu n nn3ocom

B THAJIOIJIa3My UM BKJIIOUAIOTCA B IIpollecchl oOMeHa BelrlecTB. HemepeBapen-

HBbIE OCTAaTKHU OOBIYHO BBIBOJATCA M3 KJETKHU HYyTeM 5K30I1[uT03a. JIM30COMBI
YYacTBYIOT HE TOJIbKO B PACIIEIIJIEHUU BeI[eCTB, IIOCTYIUBIINX B Pe3yJbTaTe
9HAOOIIMTO3a, HO M B II€PeBapMBAHMNU CTPYKTYPHBIX KOMIIOHEHTOB KJIETKH, U
IasKe IIEJIBIX KJIETOK. Biarogaps JrsocoMaM MOT'YT YHUUYTOMKAThCA, HAIIPHU-
Mep, AedeKTHBbIe WM OTCHYKUBIIHE CBOM CPOK OPraHOUILI, ITOBPEKIEHHbIe Q
WJIN TIOTUOIe KJIEeTKH.

Bakyosu npezncTaBiasioT co60ii HaOJHEHHBIE KUAKOCTHIO U OKPYKEHHBIE
MeMOPAaHOIi ITOJIOCTH. OTU OPraHOUIbI XapaKTEePHbI IJIA KJIeTOK pacTeHuil, rpu-
00B U MHOTHMX ITPOTHCTOB.

Baxyonu pacmumevHblX KJlemoK 00pa3yoTcs U3 HeOOIbINX MeMOPAHHBIX
MMy3bIPHKOB, KOTOPBIE ABJAIOTCS mpomsBomubiMu JIIC miam xommiexkca [osb-
mxu. Ilo mepe pocTa KJIETKH BaKyOJIHM YBEJIUUYUBAIOTCA U OOBIYHO CIMBAIOTCS
B OJHY KPYIHYIO IIEHTPAJbHYIO BAKYOJIb.

Cozmep:KuMoOe BaKyOJIU — KJEMmOYHbLil COK — TIPeACcTaBjseT co60ii BOMHBIHN
pacTBOp pPasIUYHBIX BemlecTB. Tak, B COCTaB KJIETOYHOI'O COKA MOT'YT BXOAUTDH
3allacHbIe BeIl[eCTBa, HAIIPUMED YIVIEBOAbI, KapOOHOBBIE KUCJIOTHI, AaMUHOKWIC-
JoTel. IIpy HEOOXOAMMOCTY OHU BBIBOAATCS M3 BAKYOJM B I'MAJIOIJIA3MY U HC-
MOJIL3YIOTCS KJETKOH. KJIeTOUHBIN COK TaKiKe MOYKET COAep:KaThb IMUT'MEHTHI,
(hepMeHTHI MM KOHEUHBIE MPOAYKTHI MeTaboau3Ma KJIETKH. Q

Takum 06pa3oM, BAKyoJI 00eCIIeurBAaIOT HAKOIJIEHNE, XPAHEHUE U U30JIA-
I[MI0 PA3JINYHBIX BEIECTB. 34 CUET HUTMEHTOB, COAEPIKAIIUXCI B KJIETOUHOM
COKe, OHU CIIOCOOHBI IIPUJaBaTh OKPACKY PA3HBIM YaCTAM PACTeHUIl, HallpuMep
IJoZaM BHUINHMN I JIEIIECTKAM BacHJIbKa. KJIETOUYHBIN COK SABJAETCS 0oJjee
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KOHIIEHTPUPOBAHHBIM PACTBOPOM, YEM TI'MAJIONJIA3Ma, IIO3TOMY B BaKYOJIb IIY-
TeM OCcMOCa IIOCTYIIaeT Boja. 3a CUeT 9TOT0 BaKYOJb OKA3LIBAET JaBJIEHUE HA
THaJIoNIa3My U TeM CaMbIM Ha KJIETOUHYIO CTEeHKY. Tak B KJIeTKe IOAIep :Ku-
BaeTcA TYPropHOe NaBJIeHUe, KOTOpoe O0yCJIOBJIMBAET coxpaHeHUe ee (hOPMBI.
IToruomienure BOABI BAKYOJISIMU UTPAET BAYKHYIO POJIb B PACTAKEHUYN MOJIOABIX

KJIETOK IIPH MX POCTe U B PEryJAINM BOJHOTO PerKMMa pacTeHUs.
CoxpamumedavHole (nyrbcupyroujiie) 6aKYo0aUL XapaKTepPHbI, INIaBHBIM 00pa-
30M, AJI OTHOKJIETOUHBIX IIPECHOBOJHBIX IPOTUCTOB. JTU OPTaHOUIBI CIYIKAT
sl BBIBEJIEHUA U3 KJETKU m30bITKa BoAbl. Comep:KaHme PACTBOPEHHBIX Be-
1I1eCTB BHYTPU KJIETKU BBIIe, YeM B OKpPy:kaioIeil ee BogHoi cpexne. IlosTomy
3a CUET 0CMOCA B KJIETKY IIOCTOSHHO IPOHMKAIOT MOJIEKYJIbI BoAbl. VI3 ruaJo-
IIJIa3MbI OHU IIEPEMEITAaIoTCA B COKPATUTEIBHYI0 BaKYO0JIb, 1 €€ 00beM yBeJINYIU-
Baercd. [anee, 6aromaps B3auMOeICTBUIO 9JIEMEHTOB IIUTOCKEJIeTa, BAKYOIb
CcOKpalljaeTcs, 1 HaIlOJTHAOIIAsA ee JKUJKOCTb BBITAJIKUBAETCS B OKPYKAIOIIYIO
cpeny. Pabora cokpaTuTeIbHBIX BaKy0Jell CIOCOOCTBYET IOAAEPIKAHMIIO OIIpee-
JIEHHOTO 00'beMa KJIETKH, UTO IIPEIATCTBYeT ee pa3phuIBy. Kpome Toro, Bmecre ¢
BOJOI M3 KJETKH! BLEIBOIATCS PACTBOPEHHBIE B Hell IIPOAYKTELI 0OMeHa BeIleCTB.
Jeymembpannvimu opzanoudamu KIETOK ABIAIOTCA MUTOXOHIPUY U ILjIa-
ctuabl. MUTOXOHAPUU — OPTraHOUABI, B KOTOPHIX IIPOTEKaeT KUCJIOPOAHBIN
ATall KJIETOUYHOTO ALIXaHUA (9TOT Iporecc OyZeT MogpoOHO PacCMOTPEH B clie-
nyromieli riiase). B xome Kuciaoponuoro stana ¢ yuactueM O, IPOUCXOIUT pac-
IelnjeHne M OKHCJEeHNe OPraHUuYeCKUX COeJMHEHMI N0 HeOpraHMUYeCKUX Be-
) Hapyxas XECTB: IIpu sToM BBIfENAETCSA MHO-
MeMGpana IO 9HEPIHM, KOTOpPasd HCIOIb3YeTCs
IS cuHTe3a OOJIBIIIOTO KOJIWYecTBa
AT®. [TosTOMy MUTOXOHAPUN WHOTIAA
Ha3bIBAIOT «YHEPreTUYECKUMU CTaH-

BHyTpeHHHH IUAMN» KJIETKIH.

membpaHa FKasxmas MuTOXOHAPUSA orpanude-
Ha OByMA MeMOpaHaMU — HAPYICHOU
MexwvemGpaHHoe 8HYmMpeHnHell, MeXAYy KOTOPbIMU
MPOCTPAHCTBO  yaxonuTcsa MencMeMOpanHoe npo-
cmpancmeo (puc. 42). Hapyxuaa
MeMOpaHa MUTOXOHAPUU IJIankKasd,
He 00pasyeT BISUYWBAHUU U CKJIAI0K.
Matpuke OHa oThesnseT opraHouj, OT THAJIO-
Ia3MbI U 06JIafaeT BICOKOI MTPOHU-
KpucTbil 11aeMOCTBIO JIJI MOHOB U HEOOJIBITUX
MOJIeKyJ. BHyTpeHHAs wMeMmOpaHa
Puc. 42. Cxema CTPOEHWSI MUTOXOHOPUM XapaKTepusyeTcsa ropasfo MeHbIIen

Monekyna
OHK

Pubocomsbl



§ 13. MembpaHHble opraHouabl

npoHuIitaeMocTbio. OHa o6pas3yeT MHOTOUMCJIEHHBIE CKJIAIKU — KPUCMbL, KO-
TOpbIE 3HAUUTEJHHO YBEJIWUYMBAIOT IIJIOIIAlb €€ IIOBEPXHOCTH. BHYTpeHHAN
MeMOpaHa MUTOXOHAPUM COXEP:KUT OOJIbIITOe KOJIMUEecTBO OEJTKOB. B ee cocras
BXOIAT, HAIpUMeD, (pepMeHTHI, oOecrreunBaromniue cuares AT,

Cozep:kuMoOe MHUTOXOHIPHUU, OrPAaHMUYEHHOE BHYTPEHHel MeMOpaHoli, Ha-
3bIBAaETCA Mampukcom. B MaTpuKce cofep:karca pasjinuuHble HEOPraHUYECKUe
U OpraHMYecKue BeIllecTBa, B TOM UMCJe Pa3HOOOpasHbIe ()ePMEHThI, a TaKiKe
KoabIiieBsie Mosiekyasl [JTHK u Bce Buast PHK. CiemoBaTebHO, MUTOXOHIPUU
colepsKaT COOCTBEHHYIO TeHeTHMUecKylo mH(opMaiiuio. B mx maTpukce Tak-
JKe HaXOOsaTcsI PuGOCOMBI, B KOTOPBIX OCYIIIECTBJISETCA peaus3aliusa 5TOH WH-
dopmariuu, T. e. cuHTe3 6ea1K0B. MuTOXOHApUAIbHbIE PIOOCOMEI MEHbBIIIE II0
pasmepam, ueM puOOCOMBI, cOofepsKalluecs B I'MaJioljiasdMe KJeTKU. IJiaBHasd
GYHKIIUS MUTOXOHIPUIT — obeclieueHre KJIETKU sHeprueit B Buge ATO.

IInacTumpl — 5TO OpraHOWIbI, CBOMCTBEHHBIE KJIETKAM (DOTOCUHTE3UPYIO-
X SYKapUOT — pacTeHuii W BojopocJeii. B 3aBucUMOCTH OT 0COOEHHOCTEI
CTPOEHUA, OKPACKU U BBITIOJHAEMBIX (DYHKIIMI y PACTEHUH BBIJEJIAIOT TPU
OCHOBHBIX THIA IJIACTUA: XJOPOILJIACTHI, JEMKOIJIACTHI 1 XPOMOILIACTHI. BHY-
TPEeHHee COJNeP)KMMOe ILJIACTH[ HasbIBaeTcad cmpomoil. OHA OKPYyIKeHa ABYMA
MeMbOpaHamMu. MesKay HapyxcHoill U 6HYmMpeHHell MeMOpaHaMU UMeeTCS Medi-
MembpaHHoe npocmpaHcmaeo. Kak 1 y MUTOXOHAPUM, Hapy:KHasa MeMOpamHa
ILJIACTHU] POBHAs, He MMeeT CKJAJOK U 00JaJaeT BBICOKOUW ITPOHUIAEMOCTHIO
I pasIuYHBIX BellecTB. BHyTpeHHAsS MeMOpaHa MeHee ITPOHHUIIaeMa U CIIO-
cobHa 00pa30BBIBATH BISAUYMBAHUA. B cTpoMe comep:kaTcsa KOJIbIIeBble MOJIe-
kyael [JHEK, Bce Buabst PHK, a B pubocomax, moxoKmx Ha OaKTepuaJbHBIE,
OCYIIIECTBJSAETCS CUHTE3 0eJKOB. IlacTuabl pa3HbIX TUIOB CIOCOOHBI K B3au-
MOIIPEBPAIIeHUAM.

XJopomaacTbl — 3TO IJIACTUIBI, TJIABHON (PDYHKIIMEH KOTOPBLIX ABJISIETCS
OCyIIleCcTBJIEHNEe IIpoliecca (oTocuHTe3a. Y pPaCTeHUIl XJIOPOIJIACTBI OKpAalle-
HBI B 3€JIEHBLIN IIBeT OJlaromaps BBICOKOMY COIEPIKAHUIO 3€JeHBIX IUTMEHTOB
xaopoguanog. Kpome XJI0po(UIIIOB, XJOPOIJIACTBI COAEPIKAT KeJIThle, OpPaH-
JKeBble WJIM KpACHbIe MUTMEHTHI — Kapomuroudvl. B GOTOCHHTE3UPYIOIIUX
KJIETKaX pacTeHUI 0OBIYHO HAXOAUTCA IO HECKOJIbKY AECATKOB XJIOPOIIJIACTOB,
uMeromux (GopMy ABOSKOBBIIYKJION JMH3LI. ¥ Pa3HBIX BUJO0B BOJOPOCJIEH XJIO-
pOILIacThl MOTYT 3HAUMTEJBHO pas3jauuarThbcsa 10 (hopMe, pasMepaM, OKpacKe u
KOJIMYECTBY B KJETKe.

IIpu pasBuTHU XJIOPOILJIACTOB MX BHYTPEHHAS MeMOpaHa o0pasyeT BIIAYU-
BaHUs, HATIPABJIEHHBIE B cTPOMY. [lajiee OHU OTAEIAIOTCS OT BHYTPEHHEN MeM-
OpaHbI, IPeodpasysich B MuULaKoudb. — ILJIIOCKHEe OAHOMEeMOpPaHHbIe MEITOUKMH.
JrcKOBUIHbIE TUJIAKOUABI, PACIIOJIOMKEHHbIe APYT HAJ APYyroM, (hopMUPYIOT
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HapyxHas membpaHa 2panbl, HAIOMMHAIOIVE CTOIKN
MexmembpanHoe  mouet (puc. 43). OTneabHBIE IPAHBI
MPOCTPaHCTBO COeMHAIOTCA MeXKIy COB6Oi BBITH-
HYTBIMA B [IJINHY THJIAKOUIAMIU.
MeMOpaHbI THJIAKONLOB COLEPIKAT
(hoToCUHTETHUECKHE IIUTMEHTHI,
pasnuuHble OeaKu (B TOM UYHCJIeE
(hepMmenTHI, OGECIIEUMBAIOIIIE CHUH-
Te3 AT®) u apyrue BelecTsa.
JlelikomIacThI IIPEICTABJIAIOT
co0oii OecIiBeTHBIE IIJIACTHULBI, He

BHyTpeHHsIA
MeMbpaHa

paHa

Ctpoma

Pu6ocombi collepsKalue NUTMEHTOB. B HuX

CUHTE3UPYIOTCA U HAKAIJINBAIOTCS
3amacHbIe MHUTaTeJIbHbIE BeIlecTBa:
KpaxmaJi, JUIHUALI, HEKOTOpbIe OeJ-

Puc. 43. Cxema CTpoeHus xnoponnacra

KHU. HOBTOMY 0COO0EHHO MHOTO JIEMKOIIJIACTOB COAEPHUTCA B KJIETKAaX 3altacaro-

el TKaHU’.

XpoMoILIacTbl — 9TO KeJIThble, OPaHIKeBble MM KpacHbIe IJIacTUuabl. Mx
I[BeT 00YCJIOBJIEH HAJTUYUEM ITUTMEHTOB KApOmuHoudos. ITU ILIaCTUALI obecte-
YMBAIOT OKPACKY Pa3HBLIX YacTeil pacTeHuil, HalIpuMep KOPHEILJI0J0B MOPKOBH,

3peJbIX ILJIOJAOB IIMUIOBHNKA, PsAOMHBI, TOMAaTA.

Y OmHOMEMOpaHHBIMY OPraHOUIAMU SABJISIOTCS SHIOIIJIA3MaTHUYeCKas
i ." cers (IIIC), Komiiexc I'oabmku, J3ocoMbl U Bakyosu. IIIC obe-

cIIeuYrBaeT CUHTe3 0eJIKOB, YIVIEBOLOB 1 Junua0B. CHHTe3npPOBaHHEIE
B IIIC BeliecTBa TPAHCIOPTUPYIOTCA B KOMIIIEKC ['OJBIKM, Te IPOKC-
XOOAT NX OMOXMMIUECKNE IIPeBPaIlleHsI, COPTUPOBKA 11 YIIAKOBKA B MEM-
OpaHHBIEe NY3BIPbKU. JIN30COMBI coZepIKaT IMUINeBapUTeIbHbIE (hepMEHTHI
M YYaCTBYIOT B PACIIEIJIEHUY PA3JIUUYHBIX MOJEKya u yactuil. OgHoi us
BaKHENIMUX (DYHKIIUHA BaKyoJell PACTUTEJIbHBLIX KJIETOK SBJISETCS pery-
JANUA BOJHOTO PeKMMa KJIETKU W IOJAep:KaHne TYPTrOpPHOTO TaBJIEHUA.
CokparurejbHble BAKYOJIH IPOTHUCTOB BEIBOLAT 13 KJIETOK M30BITOK BOABI

W pacTBOPEHHbBIE B Hell MPOAYKTHI OOMeHa BeIlecTB.

Muroxouapuu 1 IJIACTHABI — 9TO ABYMeMOpaHHbIe opraHouanl. Iias-
Hadg PYHKIUA MATOXOHIAPUHA — cuHTe3 ATD. ¥V pacrenuii BbIIEIAIOT TPU
OCHOBHBLIX THIIA ILJIACTU[: XJIOPOILJIACTEI, JEHKOIIJIACTEI XM XPOMOILJIACTEI.
B xnopomacrax ocymrecTBiadgeTca (DOTOCUHTE3, JIEMKOIIJIACTH HAKAaIJIN-
BAIOT 3allacHble MMHUTATeJbHBIE BEI[eCTBa, a XPOMOILJIACTHI 00EeCIIeunBaOT

OKpAacKy PasHbIX YacTell pacTeHUH.



§ 14. Aaopo knetkn

7 YTto npenctaenset cobon aHgonnasmatmdeckas cetb? Kakue cyuiectsytot Buabl IlC,
® ® | KaKoBbl UX (PyHKLMN?
OxapakTepuayite cTpoeHune komnnekca fonbaxu. Kakme yHKUMM OH BbINONHAET?

Kak o6pasyoTca 1 4To copepxart NM30CoMbl? Bakyonu pacTuTenbHbIX KNeTok? KakoBbl
yHKLUMM 3TX opraHompos?

[1ns Kakmx OpraHM3mMOoB XapaKTepHbl COKpaTUTENbHbIE Bakyonn? B yem 3aktovaeTcs Ux ponb?

Kak ycTpoeHbl MUTOXOHAPUM? KakKyto OCHOBHYH (DYHKLMIO OHW BbIMOSHAOT?

Kakue Tunbl nnactva BbIGENSIOT y pacTeHnii? Yem oHu pasnuuatotca? OxapakTepuayiTte
CTPOEHME 1 (PYHKLMM XJI0POMNacToB.

[okaxwuTe cnpaBegsIMBOCTb yTBEpXAeHUs: «OnHOMeMOpaHHble opraHouabl KNeTku B3aw-
MOCBSi3aHbl M 06pa3yoT eAMHYI0 MEMOPAHHYIO CUCTEMY, KaXAbli KOMMOHEHT KOTOPOW creuunanu-
3MPOBaH Ha BbINOSIHEHWMN OMNPERENEHHbIX PYHKLNIA».

Buonorunyeckne MeM6paHbl UMEIOT O6LLMIA NflaH CTPOEHUs, HO MOrYT OTNMYaThbCsA Mo COo-
cTaBy M CBoOWCTBaM. Tak, MMENUHOBas 0605104Ka akcoHa, 06pal3oBaHHas Mnas3maneMMon KIeTok
NN, COQEPXUT OKOSO 75 % NUnmpoB 1 Tonbko 25 % 6enkos. B unutonnasmaTnyeckon membpaHe
KONMYEeCTBO IMMUAOB M GESKOB NMPUMEPHO PaBHOE, @ BO BHYTPEHHEN MeMOpaHe XJI0ponniacToB v
MWTOXOHOPUI copepxxaHne 6enkoB gocturaeT 75 %. Kak Bbl fymaete, ¢ 4eM 3TO CBA3AHO?

L Y >

‘@ I/IBVT{EHI/IE CTPOEHUSA N PA3BHOOBPA3USA IIJIACTUL E;;E?E] @
[
5 M)

Aapo — 5T0 00643aTEeNBHBIN KOMIIOHEHT JIIO00T 9YKapUOTUUYECKON KJIETKU.
B 6osIbIIMHCTBE KJIETOK MMEETCA OHO SIIPO, HO CYIIIECTBYIOT TaKIKe ABYAJepHbIe
U MHOTOSAIepHbIe KJeTKu. Hanpumep, y uudysopuu TydeabKu ABa Aapa, a B
KJIETKaX HEKOTOPBIX BOAOPOCJIEHi 11 IprubOB, B IIOIEPEUHOIIOJIOCATHIX MBIIIIEUHBIX
BOJIOKHAX — HECKOJIbKO. 3peJjible KJIeTKU CUTOBUIHBIX TPYOOK IMMOKPHITOCEMEH-
HBIX PACTEHUH U 9PUTPOIUTHI MICKOIUTAIONINX JUIIEHBI Anep. Takue KIeTKU
yTpaumBaIoT AP0 B IPOIeCCe PA3BUTUSA, TEPAA CIIOCOOHOCTH K PA3MHOYKEHUIO.
Cmpoenue sadpa. OGBIUHO AP0 UMeeT MIAPOBULHYIO UJIN AUIEBUAHYIO (hop-
MY, OMHAKO B HEKOTOPBIX KJeEeTKax ¢opMa sapa MOKeT ObITh MHOI: BepeTeHo-
BUIHOM, JUH30BUIHOIN, MOMKOBOOOPA3HOW M Op. PasMephl KJIETOUHBIX fAIep
Tak:Ke oTndyaioTcsa. TeM He MeHee, HECMOTPS HaA 3THU Pas3WYUsd, BCe sAapa
YCTPOEHBI ONMHAKOBO. SIIPO KJIETKMW COCTOUT M3 ANEPHOMN 000JIOUKM, SIePHOTO
COKa, XpOMAaTHHA U OJHOI'0 MJIM HEeCKOJbKUX aApbIimiek (puc. 44, c. 78).
SAnepHasa 060JI09YKa OTAEISAET CONEPIKUMOE AApa oT ruajgomnaasmel. OHA co-
CTOUT U3 NBYX MEMOPaH — HAPYHCHOU U BHYMPEHHEll, MeK Yy KOTOPBIMHU HAaXO0-
IUTCS MexcmemopanHoe npocmparncmao. Hapy:xuasa membpaHa siipa Helocpes-
CTBEHHO IIEPEXOIUT B MeMOpPaHY SHIOIJIa3MaTUUEeCKOI CeTH, Ha ee ITOBEPXHOCTHU
pacmosaraiorca pubocombl. Ha BHyTpeHHel MeMOpaHe pr60COMBI OTCYTCTBYIOT.
B HexkoTOpBIX MecTax ANEePHON 000JOYKU MMEIOTCA KPYTJIble CKBO3HBIE OT-
BepcTua — sdepHsle nopvt (cM. puc. 44). Braromaps mM IpoOMCXOZUT OOMEH
pPasIUUYHBIMU MaTepruajaMHu MeKIy AAPOM U TmaJiomniasMoi. Uepes saepHBIe
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ApnepHbin cok

Apnpebiwko

XpomaTuH

AnepHas obonouka:
HapyHas membpaHa
BHYTPEHHSAs1 MembpaHa

AnepHasa nopa

AnepHas

OHponnasmartyyeckas
Pn6ocoma nopa

CeTb

XpomaTuH

Puc. 44. Cxema cTpoeHus sgpa

TOPBI U3 AApa B ruajoiiaasmy BeixogaTt moaekyasl MPHE, TPHK, cy6onenumnn-
g el pubocom. M3 rumajomimasmbl B aapo moctymnaioT AT®, HyKJIeoTUIbI, pas-

JIMYHBbIE€ MOHBI, OeJKu u Apyrue BelrecTrBa.

AnxepHbIii cOK IIpeacTaBiisieT co0Oil BOOHBIA PaCTBOD, COAEP:KAIIUM pas-
JIMYHBIE OPraHnUYecKue U HeopraumuecKkue BerecTBa. I1o cocTaBy u cBoiicTBaAM
SIIEPHBIN COK CXOIeH ¢ ruajomiasmoii. OH 3aIl0JIHIeT BHYTPEHHee IMPOCTPaH-
CTBO fAApA U SBJIAETCS CPEINOil MPOTEeKAHUA BCEX BHYTPUSIEPHBIX IIPOIIECCOB.

B ApepHBIT COK IOTPYsKEHBI XPOMATUH W ANPBIIITKA.

XpoMaTHH — 3TO HUTEBUIHBIE CTPYKTYPHI dapa, oOpasoBaHHBIE JIMHE-
eiMu MoJiekynamMu [JHK m cnenumanbubiMu Oesnkamu. Benku obGecneumBaioT
yImakoBKy AJuMHHBIX MoaeKyn [THK B Gosmee KoMmaKTHBIE CTPYKTYpbl. B He-
IessaIeiicsa KJaeTKe XPOMaTHUH MOYKeT PAaBHOMEDPHO paclpenessaThbcd B 00beMe

aapa UJan pacioJiaraTbCda OTAEJIBHBIMU CI'yCTKaMU.

SAxpeinmiko mpeacTaBiseT co0OU IJIOTHOE OKPYIVIoe oO0pasoBaHUe, HE Orpa-
HUYEeHHOe coOCTBeHHOUW MeMOpaHO#i. B anpe MoxkeT OBITH OJJHO MJIM HECKOJIBKO
SIIPBIMIEK, OHU MOT'YT MOSABJSATHCA M MCUE3aTh. B SIAPBINIKE OCYINECTBIISIETC
cunates pPHEK. 3gech oHm mpuobpeTaioT ompeeeHHYIO ITPOCTPAHCTBEHHYIO
KOH(pUIypamnuo 1 COeAUHAIOTCSI C OCOOBIMU OeJKaMM, IIOCTYIIAIOIUMU K3
muromrasmMbel. Takum 00pasoM B SAPBIMIKE IIPOUCXONUT COOPKA OTAEJIbHBIX

CyO'beIMHIIL PHOOCOM.

B mauaje geseHnsa KJETKH SAPBIIIKY HCUE3alOT, dAgepHas o0oJIouKa pac-
IajaeTcs: Ha OTAeJIbHbIe (DPArMeHThI, AAePHbIA COK CMEIINBAETCS C I'MaJIOILIA3-

moii. [TosTomy B fmensiieiicss KJIeTKe sSIPO OTCYTCTBYeT.
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Dynuryuu adpa. Kierounoe axpo comepsxut mosuekyasl [THK. Cienosa-
TeJILHO, OHO OCYII[eCTBJIAET XpaHeHUe HacJeICTBEHHON MH(OPMAIIUN KJETKH.
B sape uHpopMAaIiusa 0 IePBUYHON CTPYKTypPe OEJIKOB IIE€PEHUCLIBAETCS C MO-
aeryn IHK ma mosmexynsr MPHK, KoTophble mepeHOCAT ee B IIUTOILIA3My K
MecTy cuHTe3a 0eaKoB. CyObequHUIBI PUOOCOM, B KOTOPBLIX IMPOMCXOAUT CUHTE3
6esnkoB, u MoseKyabl TPHE, yuacTByromiue B 9TOM IIpoilecce, TaKike oOpasy-
orcda B aape. Takum oOpasom, aaApo obeclieurBaeT He TOJbKO XpaHeHUe, HO U
peasusaIiuio HacjaeAcTBeHHOU nHpopMmauu. OHO yIpaBJseT BCEMU IIPoIecca-
MU KU3HeAeATEeJIbHOCTH KJIeTKH, oupeaeaasa (myrteM cuaTesa Moaexkya MmPHEK),
Kaxkue 0eJIKU 1 B KaKoe BpeMs JOJKHBI CUHTEe3UPOBAThCA B pubocomMax.

Xpomocomer. B Hauane pmeseHUsa KJETKU IIPOUCXOAUT CIUpAJIN3aIIUA
xpomaTtuHa. IIpu sToM (GOpMUPYIOTCA KOPOTKHE U IIJIOTHBIE CTPYKTYPBI —
XPOMOCOMBI, KOTOPbIE MOYKHO PACCMOTPETH C IIOMOIIBI0 MUKPOCKoIia. B cocras
xpoMocoM BxomgAaT MmoJiekyabl [IHK u 6enku, KoTopble 00eCceunBaioT ILJIOTHYIO
ymnakosry JHEK.

Ha HavaJIbHBIX CTAAWAX OEJCHUS KJIETKU XPOMOCOMBI COCTOAT U3 ABYX
ONWHAKOBBIX TSMKeN — cecmpuHcKux xpomamud, COeIUHEHHBIX B 00JIacTu
ueHmpomepvl, UIN nepsuiHoll nepemsxku (puc. 45). Kaxxmgas us cecTpuH-
CKUX XPOMATH] COIEPKUT Mo ofHoii mosekyse JJHK, mpuuem sTu MOJIEKYJIbI
abcosrroTHo mAeHTUYHBI. OHM 00pa3yloTcsa B pes3yabTaTe YABOEHUS HCXOMHON
marepuHCcKon Mosekyabl [ITHK mepen meneHmemM KJeTKU.

IlenTpomMepa AeIUT XPOMOCOMY Ha nJeiu OJWHAKOBOU MW PA3HOU JJIMHEIL.
B saBuCUMOCTH OT PACIOJIOKEHUA IEHTPOMEDHI BBIJEISIOT TPU TUIA XPOMO-
coM. ¥ pasHonjieyux XpoMOCOM IIeHTpOMepa HaXOAUTCA ITOCePeIrHe UIU IIOUTH
rnocepeauHe, MOITOMY IJIeYM IPAKTUYECKM PaBHBI 10 mJjuHe. HepagHonaeyue
XPOMOCOMBI MMEIOT IIJIeUM PA3HON AJUHBI, a Y NAJL0YKOBUOHbLLX OTHO ILIEYO
IJUHHOE, a BTOPOe OUeHb KOPOTKOe, IouTu HezaMeTHoe (puc. 46).

CecTpuHckme "r.-]
XpomaTtuabl | | |
Ul Qp
|';- | I'| ) f#\
)
1'% 1 iy
|I '.I l|| 1 .]
(h W 4
b |

s [

et

PaBHonnevas HepaBHonnevas [NanoykoBnaHasi

Puc. 45. Cxema CTPOEHUS XPOMOCOMBI Puc. 46. Tunbl XxpOMOCOM
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Kax BuI yixe 3HaeTe u3 Kypca ouosioruu 10-ro Kiacca, IJis IIOJOBBIX KJIETOK
(rameT) u cHop xapaKTepeH 00uHapHulii Habop XpoMocoM. ITOT HAOOP TaKiKe
Ha3bIBAIOT TalJIOMAHBIM 1 0003HaualoT Kak ln. B rammoumgmom mHabope HeET
MMapHBIX XPOMOCOM, KarKJas M3 HUX YHUKAJbHA U OTJIMYAETCA OT APYTUX IO
CTPOEHUIO U COAEP:KAHUIO HACJEeACTBEHHON MHMPOPMAIINH.

CoMmaTmuecKkue KJIETKU OOBIUHO COIEPsKaT 080UHOll, NI TUIIIONTHBINH, Ha-
60p xpomocom — 2n. KoamuecTBo XpomMocoM B TaKOM Habope ueTHOoe. OmuHa-
KOBBIE TIO pasMepaM ¥ OCOOEHHOCTSAM CTPOEHUS XPOMOCOMBI 00pasyOT Haphl
¥ HA3BIBAIOTCS TOMOJOTHUYHBIMHU. XPOMOCOMBI B KaKIOI ITape MMEIOT PasHoe
IIPOMCXOKAeHe: OJHA M3 TOMOJIOTUUYHBLIX XPOMOCOM yHACJIeI0BaHA OT MaTepPH,
a gpyrasa — ot oTna. Tak, ramjongHble AUIEeKJIeTKA 1 CIIEPMAaTO30M /] YeJI0OBEeKa
umeloT 1mo 23 xpomocoMsbl (1n = 23). Ilpu ux ciausuanm obpasyeTcs TUIJIOUI-
HadA 3uUroTa, comep:kaiasa 23 mapbl, T. e. 46 xpomocom (2n = 46). I3 3uroTsl
pasBUBAaETCS UYEJOBEK, B COMATHMUYECKHX KJETKAaX KOTOPOTO COAEPIKUTCH IO
46 xpomocoM (23 MaTepuHCKUX U 23 OTIIOBCKUX).

Ocobu Kakaoro Buaa 00JiagaioT OoIpeneeHHBIM HAaOOPOM XPOMOCOM, CXO.-
HBIX TI0 pasmepam, (GopMe U CTPOoeHHI0. XPOMOCOMHBINT HAbOp, XapaKTepPHbIH
IJIS COMaTHYeCKUX KJETOK TOr'0 WJM WHOTO BHIA KWBBIX OPraHW3MOB, Ha-
3pIBaeTcA KapuotumoM. [Ipu aHaIM3e KapUOTUIIA YUUTHIBAIOT KOJUYECTBO
XPOMOCOM, UX BeJIUUYUHY, (GopMy U ocobeHHOCTH cTpoeHus. Karxmgomy 61oJo-
TUYECKOMY BUY CBOMCTBEH OCOOBIN, YHUKAJBHBIN KapuoTuil. [lame y 6JIu3KO-
POJCTBEHHBIX BUJIOB XPOMOCOMHBIE HAOOPHI OTIUUYAIOTCSA, TMOITOMY KaPUOTHUII
WHOT/Ia HAa3bIBAIOT «XPOMOCOMHBIM ITACIIOPTOM» BHUJA.

KoauuecTBO XpOMOCOM He CBA3aHO C YPOBHEM OPraHU3AIUU KUBBIX Opra-
Hu3MoB. Hampumep, B KapuoTuiie ropuiasl 48 xpomocom, kapmna — 100, a y
HEKOTOpPBIX BUAOB IpotucToB — g0 1600. Comarnueckue KJIETKH IropoxXa II0-
ceBHOro cozep:kar 14 xpoMmocoM, a XBolra mojesoro — 216.

%8 SlApo KJIeTKM COCTOUT W3 ANEePHOU O0O0JIOUKHU, AJEPHOTO COKa, XPO-
ol J | MaTuHA U OZHOTO MJIM HECKOJIbKHX AApBIIIEK. Inpo oGecmeunsaer
' xpaHeHme M peasM3aINI0 HACJEACTBEHHOII MH(pOPMAIUU, YIpPaBJIA-

€T BCEMU IIPOIleCCaMU KUBHENeATEeIbHOCTN KJETKU. B Hauaje nejneHus
KJIETKY BCJIEJCTBUE CIUPAJU3aIUU XpoMaTuHa (GOPMUPYIOTCS KOMITaAKT-
HBIE XpOMOCOMBI. KasKkmaa xpomocomMa COCTOUT U3 JBYX CECTPUHCKUX XPO-
MAaTHUM, COETUHEHHBIX B 06JiacTu 1eHTpoMephbl. Habop XpoMocoM B ramMeTax
¥ criopax ramaougHbIN (1), a B coMaTuYeCKUX KJETKax, KaK IIPaBUJIO,
nurtongubIN (2n). KapuoTnnom HasbiBaeTcs HAOOP XpPOMOCOM, XapaKTep-
HBIHA IJI151 COMAaTUUECKUX KJIETOK OIPeIeJIEHHOTO BUA JKUBBIX OPTaHU3MOB.
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1) . OxapakTepuayiTe CTPOEHME KIeTOYHOro sapa.
™ = 2. Kakue npouLecchl OCYLIECTBAAIOTCS B Afpbilkax? MoyeMy SApbILIKM B AApe KNeTKu
NepuoaVHECcKM MOSBASIOTCA U 1CHE3aloT?

Kakne thyHKUMM BLINONHAET KNETo4Hoe aapo? Kak ero oTCyTCTBME MOXeT MOBAUATbL Ha
XN3HEEATENbHOCTb KNEeTKN?

KakoBO CTpOEHMe XpOMOCOM B Hadane [eneHus KneTku? Yem ramnouaHbiii HaGop xpo-
MOCOM OTAMHaeTca OT AMNNoMaHOro? [N KakMX KNeToK XapaKTepHbl AaHHbIe XPOMOCOMHbIE Ha-
60pbl? Kakie XpoMOCOMbI Ha3bIBAKOT FOMOSIOMUHHBIMU?

Yto Takoe kapuoTun? [louemy ero HasbiBaloT «XPOMOCOMHbIM NacnopTom» Buaa?

B TenmbIx MOpsAX 06UTAOT HEOBLI4HbIE 3eMeHbIe BOAOPOCN aleTabynapuu. Vix Teno npea-
CTaBnsieT COBOM OAHY MUFaHTCKYIO KIETKy, COCTOSLLYI
M3 HOXKW C pU30MAaMM, TOHKOrO cTeernbka M LNAnKM . : ’li,
(cM. puc.). CTe6enek BOCTUraeT B AnMHY 6 CM, @ LUnsnKa, B Lnanka G
NMeloLas y pasHbiX BUAOB PasnMdHylo dopMy, — 1 cM hG
B avameTtpe. ALeTabynapum XMBYT Ha MENKOBOfbe W Mo-

BpexgatTtcs npuboem. OpHako OHWM 06nafalT crnocob- /CTe6eHeK\'
HOCTbIO pereHepupoBaTb BCE 4acTu CBOEro Tena, Kpome L
AApa, KOTOPOE HAXOAMTCA B MPUKPEMIEHHOM K KaMHAM 3
HOXKE. Kakue SKCrepuMeHTbl C 3TUMI BOAOPOCSMA MOX- / Anpo

HO MPOBECTY, 4TO6LI AOKA3ATh, Y4TO UMEHHO AP0 ABMAETCS 'y e

OCHOBHbIM  XpaHuUTenem HacnefacTBEHHON VIHq:)OpMaLI.VIVI? Pusongpl

Kax BbI 3HaeTe, KIeTKU IIPOKAPHUOT, B OTJIMUME OT dYKAPUOTUUYECKUX, JIU-
IIeHbI AApa U MeMOPAHHBIX OpraHoOnAoB. IIpoKaproTaMu ABIAIOTCA OaKTepun,
a AYKapHOTAMU — MHPOTUCTHI, I'PUOLI, PACTEHUS U KUBOTHBIE.

Cmpoenue npoxapuomudeckux kaiemok. PazmMepbl KJIETOK IPOKAPUOT
00b1uHO cocraBiaioT oT 0,5 o 10 mkm. OmHaxko BCcTpeuaroTcs OAKTEpUH Kak
OOJBIINX, TAK M MEHBIINX pasmMepoB. PopMa GaKTepHAIbLHBIX KJETOK TaK-
JKe pasanuaercs. Hampumep, KJIETKH KOKKO8 MMEIOT IIapOBUAHYIO (hopMY,
6ayuns — TIAJOUYKOBUIHYIO, a Y CNUPUJLJL OHU 3aKPyUYeHbl B BUIE CIHPAJe.
Hecmorps Ha pasauunsa B pasmepax u (hopMe, BCe IPOKAPUOTHUECKUE KJIETKU
YCTPOEHBI II0 eAUHOMY IIJIAHY M COCTOST M3 MOBEPXHOCTHOI'O amIapara U I[Hu-
Tomiasmsel (puc. 47, c. 82).

B cocraB nosepxrocmrozo annapama 6aKTepraIbHON KJETKU BXOIAT ITU-
ToILJIa3sMaTuuecKas MeMOpaHa (I1asMaJjeMMa) U KJIeTOUHaA CTeHKa, MHOTga —
causucTasg Kamcysaa. ¥ HeKOTOPhIX IIPOKAPUOT IIOBEPXHOCTHBIN almapar IIo-
MUMO ILJIa3MAaJIEMMbl M KJIETOUHON CTEHKM BKJIOUAET HAPYKHYIO MeMOpamy,
IMOXO0JKYIO IO CTPOEHHUIO Ha IIJIa3MajieMMYy.

ITuronnasmaruueckas MeMOpaHa KJIETOK IPOKApPUOT MOXKEeT 00pa30BbIBATH
pasyimuHble 0 (h)opMe BOAUYMBAHUA B IuTomnaasmy. 1o cocTaBy, CTPYKType u
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CTpyKTYypbl, CTpyKTYypbl,
XapakTepHbie KOTOpble MMetloTCA
Ans Bcex 6akrepumn He y Bcex bakTepui
KnetoyHas KryTuk

CTeHka Cnusucras

kancyna
Lintonnasma-

Tuyeckas
mMembpaHa BOpCHHKM
3anacHble
nuTaTenbHble
BellecTBa

BaktepuanbHas
Xpomocoma

BnsiuneaHue

Pubocomel LuUTOMNMa3MaTm4ecKon
MembpaHbI
wanonnasma Mnasvmnga

HapyxHasi MembpaHa

Puc. 47. Cxema CTpoeHust 6aKkTepuarnbHON KneTku

BBITIOJTHAEMBIM (DYHKIIUAM IJIadMajeMMa OaKTepuil cXomHa C ITUTOIJIa3sMaTH-
YecKoil MeMOpaHOH 3yKapMOTHMUeCKUX KJETOK. jKecTKasd KJieTOUHas CTEHKa
obecreunBaeT mopaep;xanue (GopmMbl OaKTepPUAJIbLHON KJIETKU U ee 3aIIUTY OT
MexXaHNYeCKUX IoBpeskAeHuii. OHa mpegoxpaHsaeT KJETKY OT paspbiBa B pe-
3yJIbTaTe MEeHCTBUS BBICOKOTO TYPrOPHOTO AaBJEHUS, BBHISBAHHOTO IIOCTYILJIE-
HUEM BOJBI B IIUTOILJIa3My IIyTeM OCMOCA.

Y HeKOTOpBIX OaKTEepPUil MOBEPX KJIETOUHON CTEeHKU MJIM HApPY:KHOI MeMOpa-
HBI €CTh CJIUBUCTAA KANCYJld, COCTOAIIAA TVIABHBIM 00pa3oM U3 MOJINCaXapUIoB.
Kancyna zamuiaer KJIeTKy OT MeXaHUUECKUX IIOBPEKAEHUN U BBICBIXaHUA,
a y 00JIe3BHEeTBOPHBIX OAKTEpUIl — eIlle U OT AeNCTBUA MMMYHHOH CHCTEMBbI
opraHmu3Ma-x03sMHA.

Ha moBepXHOCTHY KJIETOK MHOTUX OaKTepUil UMEIOTCA TOHKME OeJIKOBbIE BbI-
pocTel — Gopcurku. OHU ciyKaT AJIsa NIPUKPEIJIEHUS K PasHbIM cyOcTpaTaMm
WU JPYTUM KJETKaM.

KyeTkn HEKOTOPHIX IPOKAPUOT UMEIOT OPraHOMbI ABUIKEHUA — HC2YMUKU.
BrIBaioT KJIETKU ¢ OJHUM, HECKOJBKUMU UJIU MHOYKECTBOM JKI'YyTHUKOB. Bakre-
PUAJILHBINA JKTYTUK IPEICTaBIAET CO00H NINHHYIO OEJIKOBYIO HUTH, BPaIlleHUe
KOTOpPO# obecrieunBaeT JBUKEHUE KJIETKU.

B nmuronnazme mpoKapmoOTUUECKON KJIETKM PACIOJIOMKEHA KOJIbIleBas MOJIe-
kyna JJTHK — 6GakrepuaabHasa xpomocoMa. B KieTKax GOJIBIIINHCTBA OaKTe-
puii, KpoMe GaKTepUAJIHLHON XPOMOCOMBI, COIEPIKATCSA HEeOObIIe KOJIbIleBbIe
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mosiekyabl JJHK — maasmumel. [lmasMuabl He ABAAIOTCA 00d3aTe€IbHBIMU
KOMIIOHEHTaM1 OaKTepuaJsbHON KJeTKu. OTHAKO OHM MOTYT COJEpKaThb Ha-
CJEeICTBEHHYI0 MHMOPMAIINIo, KOTOopasd 00ecrmeurBaeT IPOABJIEHUE Y KJETKU
CBOICTB, IIOMOTAIOINX €l BBI)KUTH B OIPEJEeJeHHBIX YCJIOBUAX OKPYKaroIlein
cpenbl. IlpumMepoM MOTYT CAY:KUTH IJIa3MUABI, 00YCJIOBIUBAIOIINE YCTOHUU-
BOCTh K TE€M WJIM WHBIM aHTUOMOTUKAM WUJIU TOKCHUHAM.

B KaK0li TPOKApUOTUYECKON KJIeTKe 00s3aTeJbHO IIPUCYTCTBYIOT pU-
00combl, KOTOPBIe, KaK BBl yiKe 3HaeTe, OTIMYAIOTCA OT pubOOCOM 3YKapuoT
MEHBINTMMU pasdMepaMu. B KiieTkax 0aKTepuil TaK;Ke MOT'YT COJep:KaThCA 3a-
nacHble IIMTaTeJbHBIE BeIeCTBa, HAIIPUMep KaIllJy JIMIUJ0B, KpaxMaJbHBIE
3epHa UJIM TPAHYJbl TMIMKOreHa. VX OTJIOKeHUWe ITPOUCXOAUT B YCIOBUAX W3-
OBITKA IMUTATEJIbHBIX BEI[eCTB, a MOTpebyieHre — IIPU UCTOIIEHUU ITHUIIEBBIX
pecypcoB.

Ocobennocmu cmpoenus kKaemok 3ykapuom. Kak yxe oTmMeuasocs,
K BYKapuoTaM OTHOCATCS IIPEJCTaBUTENU YeThIpeX mapcTB: Pacrenus, sKusor-
uble, I'pubbl u IIpoTucTel. IX KJIETKHU yCTPOEHBI CXOAHBIM ob6pasoM. Bce oHm
UMEOT AP0 U IIUTOMJIA3MY C PA3JINUYHBIMU MEMOPAHHBIMU U HEMEMOPaHHBIMU
opranougamu. OfHaKO, HAPALY CO CXOJCTBOM, MEXAY KJIETKAMU OPraHU3MOB
PasHBIX ITapCTB CYIIECTBYIOT OIPeIeeHHbIe OTINUNS.

g KJIeTOK pacTeHHH XapaKTepHO HaJWyue IJIACTUL, KPYIIHBIX
BaKyoJel, KJIeTOYHON CTeHKU. B OOJIBIITMHCTBE PACTUTENBHBIX KJETOK OTCYT-
CTBYIOT IIeHTPUOJN. Pe3epBHBIM YIJIEBOJAOM Y PACTEHUI ABJIAETCA KpaxMall.

OCHOBHBIM CTPYKTYPHBIM KOM-
IIOHEHTOM, 00eCIeunBaIOIIUM IIPOY-
HOCTH KJIETOUHOUN CTEHKU PAaCTEeHU,
SABJIAIOTCS BOJOKHA ((pOPUJLIIBI), CO-
CTOSINME W3 MOJIEKYJ IIeJIJII0JIO3bI.

vyeckas

83

Lintonnasmaru-

. ‘:&
OHU NOrpy:KeHbl B IIJaCTUYHBINA -# \ mMem6paHa

JKejieo0pas3HbIil MaTpPHUKC, 00paso-
BAHHBIN Pa3JUYHBIMHU ITOJICaXa-
puzaMyu MW HEKOTOPBIMU APYTUMU
BerectBamMu. llennonosusie ¢u-
OpUJLIBI 00Pa3yIOT MHOT'OCJIOWHBIN
JKeCTKUI KapKac, IIpUYeM B Kaik-
IOM CJIO€ KJIETOUHON CTEHKUH OHU
pacroslaraoTcsA MMapaJiiebHO IPYT

apyry (puc. 48).

KneTto4yHas cTeHka

Monucaxapwabl, dubpUNnbI

Puc. 48. Cxema CTPOEHVS KNETOYHON
06pasyioLime MaTpuke

CTEHKM pacTeHui

3 Leniiono3bi
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B KJeTKax sKMBOTHBIX OTCYTCTBYIOT IJIACTUABI 1 KJIETOUHAA CTEHKA, a HaJ-
MeMOpaHHBIN KOMILJIEKC IIPEACTABJIEH TNIMKOKAJIUKCOM. [[J1 JKMBOTHBIX KJIETOK
He XapaKTepHO HaJIuume BaKyoJeil. B 9TMX KJIeTKaX COAeps;KaTcs IeHTPUOJH,
B KauecTBe Pe3epPBHOr0 YIJIEBOAA OTKJAIBIBAETCS TUIMKOTEH.

KaeTku rpuboB mMMeIOT UepPThl CXOACTBA KaK C PACTUTENbLHBIMU, TAK U C
JKUBOTHBIMU KJIETKaMU. RaR n KJIeTKN paCTeHHﬁ, OHM HMMEIOT KPYIIHBIE Ba-
KyOoJu U KJIETOUHYIO CTEHKY, /I HUX He XapaKTepPHO HaJIUuue IeHTPUOJIe.
Y OoapIIUHCTBA I'PUOOB OCHOBHBIM CTPYKTYPHBIM KOMIIOHEHTOM KJIETOYHOM
CTEHKHU SBJIAIOTCS BOJIOKHA, 00pasoBaHHBLIE MOJIEKYJIAaMU XUTHHA. JTO Bellle-
CTBO He BCTpeUaeTcs y pacTeHMuii, HO XapaKTepHO AJIA psAga »KUBOTHBIX. Tak,
y UJEHNCTOHOTMX XWTHH — 9TO TJIABHBIM KOMIIOHEHT KYTHUKYJIbI, UTPAOIIei
POJIb HAPYKHOTO cKeJseTa. 110j00HO JKMBOTHBIM KJETKaM, KJETKU I'pu0OB He
cozep:KaT IJIaCTUJl, Pe3EePBHBIM MOJUCAXAPUAOM B HUX SBJIAETCS TVIMKOTEH.

Kierku mpoTuCcTOB OUeHb Pa3HOOOPA3HBI IO CTPOEHMIO. [[J15 OMHOKJIETOUHBIX
MIPECHOBOAHBIX IIPOTHCTOB XapPaKTEePHO HAJIUUYNE COKPATUTENLHBIX BaKyOJIei.
ITogBH:KHBIE IPOTUCTHI MOT'YT IEPEMEIaThCS C MOMOIIBIO JKIYTUKOB (XJIaMU-
ITOMOHAaa), 6arogapsa pecHUUYKaM (MHQY30pUM) UIN JOKHOHOMKKAM (aMeOb).
I[JIH Pa3HBIX BHUAO0B IIPOTHCTOB XapaKTE€PHBI Pa3JIMYHBbIE 3allaCHbIe yIJIeBOObI.

Kax Bam m3BecTHO, IPOTUCTHI, CIIOCOOHBIE OCYIIECTBIATH (POTOCUHTES, HA-
3BIBAIOTCS 8000pOCaAAMU. B MX KJIEeTKaX cofepsKaTcsa XJIOPOILIACThI, KOJTUUECTBO
KOTOPBIX MOJKET COCTaBJISTH OT OJHOTO O HECKOJBbKUX JeCATKOB. XJIOPOILIACThI
BOJIOPOCJIEH TaKsKe HA3bIBAIOT Xpomamo@opamu. ¥ PasHbIX BHUIOB OHU DPa3Jid-
yaioTcA Mo (popMe, BeJIUUNHE U COAEP;KaHni0 (POTOCUHTETUUECKUX ITUTMEHTOB.
Hanpumep, y XJIopesasl U XJaMUAOMOHAIBI XpoMaTO(OpEl YaIlleBUIHLIE, a V
CIUPOTUPHI — B (popMe CIIMPaIbHO 3aKPYUEHHBIX JIEHT. XJIOPOIIJIACTHI 3€JIEHBIX
BOJIOpOCJIEl, OOUTAIONIUX HA HEOOJBINTNX TIyOUMHAX, COIEPIKAT MUHUMAJIbHBIN
Ha00p (POTOCHMHTETHUECKUX MUIMeHTOB. Cpeau HUX IpeodJagaroT XJIOPOdMI-
JIbI, UTO 1 OOYCJIOBJIMBAET 3€JIEHYI0 OKPACKy 9THX Bomopocieii. B otimnume ot
3eJIeHBIX BOJOpOCJIeii XxpoMaTodopbl KPACHBIX U OYPBIX BOAOPOCIeil comepsKar
IOMOJIHUTEIbHBIe (hoTOCMHTeTHYeCKe TUTIMeHThI. OHIM «MAacKUPYIOT» XJIOPO-
(uITBI ¥ TPUAAIOT XJOPOILJIACTAM TIYOOKOBOJHBIX BOAOPOCTEH XapaKTepPHBIH
KpAacHBIN myu OyphIi IBET.

KaeTKu GoNBIIMHCTBA BOAOPOCJEH COmepsKaT KPYIHbIe BAKYOJIN U OrPaHU-
YeHbl KJIETOUHOM CTEHKOM, OCHOBHBIM KOMIIOHEHTOM KOTOPOI OOBIUHO SIBJISIETCS
1eJIIi0103a. J1J15 TOABMIKHBIX OJHOKJIETOUHBIX BOJOPOCIEH XapaKTepHO HaIUMe
c6eMmouy8cmaeumeibHo20 21a3Ka. biarogapsa eMy 1 opraHomuaM OBUMKEHUS 9TU
BOJIOPOCJIM MOT'YT IIEPEMEIIATHCSA B YUYACTKHY BOJOEMA C ONITUMAJIbHBIMHY JJIA ITPOTE-
KaHuA ()OTOCUHTE3A YCJIOBUAMU OCBEIIeHNA. B KIeTKax rerepoTpo(GHBIX TPOTHU-
CTOB OTCYTCTBYIOT KJIETOUHAS CTEHKA, IIJIACTUbI M CBETOUYBCTBUTEIbHBIN IIA30K.

O6o0riieHHas nHopMaIusa 00 0COGEHHOCTSIX CTPOEHUS KJIETOK IPOKAPUOT
¥ 9YKapUOT IIpeAcTaBJieHa B Tabaure 7.
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Tabnuma 7. CpaBHUTEJIbHAS XapaKTEPHUCTHKA KJETOK IIPEICTaBUTEJIEH
PA3MNYHBIX IIAPCTB

Kiaerounsie

CTPYKTYPBI
M IPOLECCHI

IloBepx-
HOCTHBIN
ammapar

SAnpo

XpaueHnue
HacJesn-
CTBEHHOI
nH(pOpManun

PezepBHbIi
YTIeBO.

ITurockener
SHIOIUTO3

I BuxeHue
IIUTOIIa3MBbl

OpHo-

MeMOpaHHbIE
OpraHOUABI

MBy-
MeMOpaHHbIE
OpraHOUABI

Pubocomsr

ITenTpuosin

Bakrepun

1. ILtasma-
JeMmMa

2. Knerounas
CTeHKa

3. Y Hekoro-
pBIX — Ha-
pysKHAA MeM-
OpaHa u (wiin)
KarmcyJsaa

OrcyTcTByeT

Koabuesas
MOJIEKYJIa
OHK — 6ax-
TepraJIbHAd
XpOMOCOMA,
ILIa3MUIbI

Pasauunble

HNwmeerca
He oTkpsIT

He o6uapy-
JKEHO

OTCyTCTBYIOT

OTCyTCTBYIOT

HNwmerores,
MEHBLIIINE, YeM
y 9yKapuoT

OTCcyTCTBYIOT

IIpoTucrer

1. IL1asma-
JeMma

2. Y 6oib-
IITHCTBA
BOZIOpPOCJIeit
KJIETOUHAS
CTEHKAa
(o6BIYHO
COZIEPIKUT
LIEeJIIIF0JI03Y)

HNwmeercs

Pacrenus

1. ILnasma-
JeMMa

2. Knerou-
HasA CTEeHKa
(comep:KUT
IeJLITI0JI03Y)

Nwmeerca

TI'pu6sI

1. ILtasma-
JeMMa
2. Knerou-
Has CTEeHKa
(comepKuUT
XUTHUH)

HNmeercs

JKuBorHsre

1. ILtasma-
JeMMma ¢
TMIMKOKA-
JIUKCOM

HNmeercs

Heckonpko (uu MHOro) auHeiHBIX Mosekya JHK —

Pasnauunbre

HNwmeetca

HWmeercs

HNmeercs

HNmeroTcs

Muroxon-
Apun, a'y
BOJIOpOCJIeit
U ILJIACTUIBI

HNmerores

HNwmerorea y
MHOT'UX

XPOMOCOM
Kpaxman T'nukoren
HNwmeercsa Nmeerca
HNmeerca HWmeercs
HNmeerca Nwmeerca
HNwmeroTca HNwmerorcsa
Muroxon-
MuTo-

IpUn 1

P XOHAPUU
IJIACTULBI
HNwmerorcsa UmeroTcs

Y 6GoJbIIMH-
CTBa OTCYT-
CTBYIOT

Y GosabInH-
CTBA OTCYT-
CTBYIOT

T'nukoren

Nmeerca

HNmeercs
HNmeercsa

NwmetoTes
(He xapak-
TEePHBI
BaKyO0JIN)

Muto-

XOHApUMU

HWmerorcst

HNwmerorcs
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&8 Ilpoxkapuoramu aBasgmTca GaxkTepuu. VX KJIeTKH He MMEIOT Aapa
bl j |z MeMOpaHHBIX opraHomjaoB. Kakmas IIpoKapmoTHYecKas KJIeTKa
'/ orpaHmMYeHa IUTOIJIA3MAaTUUYECKON MeMOpPaHO! M KJIETOUHOW CTeH-
Koi. [T KJIeTOK HEKOTOPBHIX NPOKAPUOT XapaKTEepPHO HAJMYWe CJIU3U-
CTOIi KAaICyJibl, BOPDCUHOK ¥ OPTaHOWIOB ABUKEHUS — KIyTUKOB. He-
TIOCPEICTBEHHO B ITUTOILJIa3Me MPOKAPUOTUYECKON KJIETKU PACIIOJIOKEeHa
KoabiieBada mojekyna JJHK — OGakrepuasbHas xpomocoma. B KiaeTKax
OOJIBIIIMHCTBA OAKTEpPU MMEIOTCA TaKyKe HeOOJIBIIINME KOJbIIeBble MOJIe-
Kyasl JHK — mnasmuasl. KiieTKu BceX IPOKapUOT COZeps;KaT PUOOCOMBI.
K osykapmoTaM OTHOCATCS TpeACTABUTENN dYeTbipexX IapcTB: Pacre-
Hus, sKuBotHble, 'pubbl u IIporucThl. IX KJIETKM YCTPOEHBI CXOTHBIM
0o0pasoM: OHU MUMEIOT AP0 U ITUTOILIa3My C PasJINUYHLIMU MeMOpaHHBIMU
u HeMeMOpaHHbIMU opranougaMu. OTHAKO MeXKAY KJIeTKaMU OPraHU3MOB
PasHBIX IAPCTB MMEIOTCA OTIUYMNA, CBABAHHBIE C OCOOEHHOCTAMU CTPOE-
HUSA IIOBEPXHOCTHOI'O amliapaTa, HaJW4YWeM WJINM OTCYTCTBHEM BaKYyOJIEH,
IJIACTUM U IIeHTpHroJieli. B pasHbIX 9yKapHMOTUYECKUX KJIETKAaX 3aIlacaroT-
cs pasJIuYHbIE Pe3ePBHBIE YTJIEBOIbI.

? - Kakune 13 nepeymcrneHHbIX CTPYKTYP UMELoTCa B H6akTepuanbHoW KneTke?
"_"_ HI/ITOH.TIaSMaTI/I‘IeCKaH MeM6paHa, AAPO, IMUuTOoIlJIasMa, MeM6paHHLIe opraHou-
AbI, HeM9M6paHHLIe OpraHoOuAbI.

KakoBO CTpoeHve NoBEepXHOCTHOroO annapata KNneTok npokapuoTt? Kakune yHKLMKU BbINOSI-
HAIOT CNU3nCTble Kancynbl? BopcuHKn? XKryTtukun?

Y10 NpenctaBnseT cobon bakTepuanbHas xpomocoma? lNMnasmmgbl?

KakoBO CTpOeHMe KNETOYHON CTEHKN pacTeHMn? Yem OTNnHarTCs XMBOTHAA U pacTuTesb-
Has KNneTtkn?

KakoBbl 0CO6EHHOCTU CTPOEHUS KNETOK MPOTUCTOB?

CpaBHuUTE KNEeTKW 6akTepuid, NPOTUCTOB, FPMOOB, PACTEHUIA N XMUBOTHBIX MO Pa3fIYHbIM
KpuUTepusaM. YKaxute 4epTbl CXOACTBA U Pasnnyns Mexagy HUMMW.

CpaBHuTE CTpOEHME OBYMEMOPaHHbLIX OPraHOMAOB (MUTOXOHAPWIA, XNOpOoNnacToB) 1 6aktepu-
asnbHbIX KIETOK. Kakue 4epTbl CXOACTBA OOHAPYXUBAOTCA? YeM OHU MOTYT OObACHATLCA?

B knetkax npokapvoT OTCYTCTBYKOT MeMOpaHHble OpraHouAbl, HanpuMep MUTOXOHOPUW,
nnacTuapl, Komnnekc Monboxu, sHaonnasmMatmdeckas ceTb. Kak Bbl gymaeTe, Kak npokKapuoTtu-
YecKue KneTku MOryT (OyHKLMOHMPOBaTL 6e3 3TuX opraHompoB? [loyeMy NpokapuoTbl HE MOryT
«060NTUCL» 63 pUuboCoM?

Knemounviii yuxkn. Bce HOBbIe KJIETKU 00pasyloTcsa IIyTeM JeJleHUsd yiKe
CYIIIEeCTBYIOIIMX. OTOT IIPUHIIMI, KaK y¥Ke OTMeuasioch, chopMyampoBa
P. Bupxos errie B cepeauue XIX B. JleseHne KJeTOK obeclieumBaeT HeIlPepbIB-
HOCTh CYII[eCTBOBAHUS KU3HU Ha Halllell myiaHere. MmeHHO Oiarozapsa emy



§ 16. KnetouHbin umkn. Pennukauma OHK

OCYIIECTBJIAIOTCA Pas3JIMUHbIE CIIOCOOLI 0ECII0JIOrO M II0JIOBOT'O Pa3MHOMKEHIS
OpraHu3MOB. B OCHOBe IIPOIECCOB POCTa, pPereHepanuu W WHINBUIYAJIHLHOTO
Pas3BUTHUA MHOT'OKJIETOUHBIX OPraHM3MOB TaKJiKe JIEIKUT [IeJieHle KJIETOK.

ITepuop cyriecTBOBaHUSA KJIETKU OT MOMEHTa ee 00pas3oBaHmusA U3 MaTepPUH-
CKOIl KJIETKY N0 COOCTBEHHOTO JejieHWs (BKJIOUAs 9TO JAeJIeHue) WU Tmdesu
Has3bIBaeTCsA KJIETOYHBIM I[UKJIOM.

IIpomomKuTeTbHOCTS KJIETOUHOI'O IIUMKJIA Y PA3HBIX OPraHM3MOB 1 PA3JIMU-
HBIX KJIETOK B COCTaBe OJHOTrO opranmsMa Bapbupyer. Tak, y 6axkTepuii B 6Ja-
TOIPUATHBIX YCJOBUAX OH AauTcsa mpumepHo 20 muH. KOpoTKHe KJeTOuHbIe
nukJbl (30—60 MuH) XapaKTepHBI AJid 0JacTOMEPOB PHIO M 3€eMHOBOIHBIX Ha
sTamne APoO0JIeHNs, B TO BpeMs KaK Y MJEKOIUTAIOIIUX IIPOMEKYTOK BpPeMeHU
MeXKIY JeJeHUSMHU 0J1acTOMepPoB MoKeT mocturarh 10 u um 6osee. ¥ B3POCIBIX
MBIINIeH KJIeTKU KUIIEYHOr'0 SIINUTEINA AeJIATCA Kaxabie 11—22 u, a poroBuIlsI
riiaza — OPUOJIUBUTENHLHO OAUH Pas B TPoe CYyTOK. JJIsg peryasapHo JeasaIuXCs
KJIETOK MHOTOKJIETOUHBIX OPraHM3MOB AJIHUTEJIHLHOCTD KJIETOUHOTO IIUKJIA O0BIU-
HO cocTaBjasgeT 12—36 u.

KneTouHBI!I ITUKJ COCTOUT M3 MHTepP(dasbl U JaejeHus KJaeTKu (puc. 49).
Hureppasza — »5TO UYacTh KJIETOUHOrO ITUKJA MEXKIY IABYMs IIOCJenoBa-
TeJbHBIMU JejieHuAMU. KaK mpaBmiio, OoHA 3aHHUMAaeT O0OJIbIlle BPpeMEHI, YeM
caMo [eisieHre. PaccMOTpUM OCHOBHBIE IIePHOALI WMHTep@dasbl Ha MIpuUMepe
SYKaPUOTUYECKON KJIETKMU.

IIpecunreTnueckuii, uiu G,-me-
puox (0T aHIV. gap — IIPOMEXXKY- .

TOK), HAUMHAETCA C MOMEHTa 00- —.2n2c .H
pasoBaHUs HOBOW KJIETKH B pe- )
3yJIbTaTe [eJIeHUsI MAaTePUHCKOM. \ 4
o o &
OOBLIYHO 3TO CaAMBIMA OINTEJbLHBIN S-nepvion
nepuon mHTEpdasbl WM KJIETOUHO-
PHOA po MHTepdasa

ro OUWKJIa B IeJIoM. B TeueHue G-nepuion

G;-iepuofila MoJiofas KJIeTKa WH-
TEHCUBHO PACTeT, B Hell yBeJIndu-
BaeTCs KOJMYECTBO OPraHOUIOB U
CUHTE3UPYIOTCA Pa3JINUYHbIE COemu-
HeHUsA, HeoOXONMMBbIe IJIA IIPOTe-
KaHUSA IIPOIECCOB KU3HENeATe b- ¥
HOocTH. B ToM umcie o6pasyroTcs 1 ' NESE ¥

BeIllecTBa, KOTOpbIe OYAYT HYK- D6 2r9c ondc
HBI OJIS TIOCJIeAVIOIIer0 YABOEHMUS

2n2c G,-nepviog

M-nepwvoa
(MuTO3)

moserysn JHEK. Puc. 49. OcHoBHble Nnepuoabl KNeTo4HOro Lyka

2n4c
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Bbr y:xe smaere, uTo Habop XpomMocoM 0003HAYAIOT KaK 7: HAIIPUMED,
1n — ramgoupHbIi Habop, 2n — gummougubiii. Habop monexkyn [ITHK B xiet-
Kax IPUHSATO 3allCLIBATh C IIOMOIIbI0O OYKBBI c. VI3 § 14 BaM u3BEeCTHO, UTO
KasKkIada XxpoMaTujga cogeps:kut oguy moaexyny JTHK, T. e. KoIunyecTBO MOJIEKYJI
IHK m xpomartuj B cocTaBe XpOMOCOM Bcerjga coBmajmgaeT. Takum oOpasoM,
samnucu tTumna lc, 2¢, 4c oTpaykaioT coaepsKaHre B KJIETKAaX He TOJbKO MOJIEKYJI
OHEK, HO u COOTBETCTBYIOITUX XPOMATH/I.

B nmpecunTeTnueckoM meproze KaskAasd XpOMOCOMa COCTOUT M3 OTHOI XPO-
matugbl. CiiemoBaTenbHO, B Gy-TIepuozie YMCJIO XpoMocoM (1) u xpomatug (c)
B KJeTKe ommHakoBoe. HaGop XpoMocoM u XpoMaTH] JUILJIOUIHON KJIETKHU B
G,-TIeprojie KJIETOUHOTO ITUKJIa MOKHO BBIPA3UTDH 3aIIUChI0 2n2c.

B cunTeTHMueckom, unu S-mepuome (0T aHTI. Synthesis — cuHTE3), IPO-
ucxonut yasoeHue Mmosiekya JHK — pemmukamms, a TaksKe yABOEHUE IleH-
TpUOJIel KJIETOUHOIO IeHTpa (B TexX KJeTKax, Ile OoH mmeeTcs). Ilocse 3aBep-
MIeHUA PEeIJIMKAIMY KaKAad XPOMOCOMAa COCTOMUT Y:Ke M3 NBYX UAEHTUUHBIX
CeCTPUHCKHUX XPOMATUJ, KOTOPbIE COEIUHEHBI APYT C APYyroM B 00JIaCTH IIeH-
TpoMepbl. KommuecTBo XpoMaTua B KasKAOW ITape TOMOJOTUYHBIX XPOMOCOM
CTaHOBUTCA PAaBHBIM uyeThIpeM. TakuM oOpas3omM, HaOOP XPOMOCOM M XPOMATHUJ
IUILJIONIHOI KJIETKU B KOHITe S-Tiepuoja (T. e. ITOcJie PeIINKAIluN) BIpasKaeTcs
3anuchio 2n4c.

IMocrcunTeTnueckmii, nau G,-mepuoa, MPOJOIKAETCS OT OKOHUYAHUS CUH-
tesa [JTHK (penmnukamuu) m0 Hauajga JeJeHUS KJIETKU. B 9TO BpeMsa KJeTKa
aKTUBHO 3aIlacaeT 9HEPTHUI0 U CUHTE3UPYyeT OeJKMU AJIA IPEACTOAIEr0 qeeHU
(Hanmpumep, 6eJIOK myoOysiur IJA TIOCTPOEHUSA MUKPOTPYOOUEeK, 00pasyromux
BIIOCJIE[ICTBUU BepeTeHO neiieHusa). B Teuenue Bcero G,-lieproga HaGOp XpPoMoO-
COM U XpOMAaTHUJ B KJETKe OCTaeTCs HerM3MeHHbIM — 2n4c.

Urak, nuTepdasa 00bLIUHO BKJIIOUAET TPHU IIepuofa: npecunTerudeckuit (G,),
cuHTeTMUecKui (S) u nmocrcuaTeTnyecKuil (G,) (Tadsu. 8). Ha mporaskenun Bcei
nHTep(}assl XPOMOCOMBI He crimpaJin3oBaHbl. OHU pacIoaralTcs B sape KJeT-
KU B BUJe XpOMaTHHA.

ITocne zaBepienus nHTep(dasbl HAUMHAETCA AesieHre KJaeTKU. OCHOBHBIM
CII0COOOM JleJIeHUSA KJIETOK 9YKAPUOT ABJSAETCS MUTO3, IIO3TOMY MaHHBIN STl
KJIETOUHOTO ITMKJa obo3HauatoT Kak M-mepumoxa. IIpm MuTO3€e IIPOUCXOIUT
CIIUpaau3aIus XpoMaTuHa. ITO IPUBOAUT K (POPMHUPOBAHUIO KOMITAKTHBIX
IBYXPOMATHUIHBIX XpoMocoM. Ilocyie 3TOro cecTpMHCKHE XPOMATHUIBLI KaKIOH
XPOMOCOMBI OTAEJSIOTCSA APYT OT APyTra 1 3aTeM IIOMaJaioT B PasHbIe JOUepHUe
KJIeTKU. SHAUUT, JOUepHUEe KJIETKU, 00pa30BaBIIINECS B Pe3yJabTaTe MUTO3a U
BCTYIIAIOIE B HOBBIN KJIETOUHBLIN ITUKJI, UMeIOT HaOop 2n2c.
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Tabnuia 8. OcHOBHBIE MEPUOIBI KIETOUHOTO IUKJIA

Copep:xanue
Ilepuon HACJIe[ICTBEHHOr0 MaTepuaJja
B OUILJIOMTHOM KJIEeTKe

Kparkasa
XapaKTepPUCTHKA

Pocr KJIETKHU, oGpasoBaHHe

IIpecunreTu-
. 2n2c¢ OpPraHOWIOB, MOATOTOBKA K
veckuit (Gp)
g PENIUKAIuYN
<
=y Pennmukanua THE BOe-
& | Cunreru- 2n2c¢ (B Hauase) — . 'Hu » YA
& . HUe [EeHTPUOJIeH KJIeTOYHO-
o | yeckuit (S) — 2n4c (B KoHIIE)
< ro IeHTpa
ITocTcunTeTH- Inde 3aBepIlleHre IOJTOTOBKU K
veckuit (G,) eJIEHUTO
2n4c (B MaTEePUHCKON KJETKe) —
. . Henenve KJIeTKU Ha ABe I0-
Muwuros (M) — 2n2c¢ (B KaKI0¥ mouepHei

UepHIE
KJIEeTKe) P

HexkoTopble KJIETKHM MHOTOKJIETOUHBIX OPraHM3MOB, 00pPasoBaBIIUECS IIPU
MuTose, mpoxonar pajuee G;-, S- u G,-Tiepuoasbl nHTepdAasbl U CHOBA BCTYyIIA-
IOT B MUTO3. OTO XapaKTepHO, HATIPUMeED, AJA KJIETOK ITOKPOBHBIX SIUTEJINEB
(POCTKOBOTO CJIOA SIIUAEPMUCA KOXKU, SIIUTEJIU KeJYIOUHO-KUIITeUHOT0 TPaKTa
U 1p.), KPaCHOTO KOCTHOTO MO3Ta, 00pa3oBaTebHBIX TKAHEH pacTeHu’i.

B omsimune oT HUX MHOTHE KJETKH ITOCJie IpoxXo:KaeHusa yactu G,-repuoma
BCTYIIAIOT B TaK HA3LIBAEMbLIN IepHon mokoda, uiu G,-nmepuonm. Kierkm, Ha-
xopsarmuecsa B G,-mepuojie, BBHIIOJIHAIOT CBOM (DYHKIIUM B OpraHM3Me, OTHAKO
B HUX He IIPOMCXOAUT IMOATOTOBKA K PEIJIMKAIINU. ITO CBOWCTBEHHO, IIpeKIe
BCET0, BBICOKOCIIEIINAIN3NPOBAHHBIM KJIETKAM — HeMpOHaM, KJIETKaM ceped-
HO¥ MBIIIITEI, XPyCTaJNKa IJ1asa 1 Ap. TaKkue KJIeTKU, KaK IIPaBUJIO, HaBCeraa
YTPauUBaIOT CIIOCOOHOCTH K AEJEeHUIO.

OnmHAaxko HEKOTOPBIE KJIETKY, IpebbiBaoIue B G,-neproge (Hampumep, KJIeT-
KU ITeUeHU, SHJOKPUHHBIX JKeJies, JIEHKOIUTEI), COXPAHAIOT CIIOCOOHOCTD K BBI-
X0y W3 Mepuoja MOKO0s, MPOAOIKEeHNIO KJIETOUHOT0 ITUKJIa U MOCTIeIYIoINeMy
nmenenuto. Taxkoe siBJieHMe Hab/II0aeTcs, HATIPUMeED, IPU ITOBPEKAEHNY OpraHa,
B COCTaB KOTOPOTO JaHHbIE KJIETKU BXOMAT.

Pennuxayus JHE. BcnomuuM, uto yaBoenue mosuekysa [JTHE, koropoe ocy-
IIIeCTBJISAETCA B CHHTeTHUYecKoM (S) meprofe KJIeTOYHOTO IUKJIA, HAa3hIBAETCS
pemnukanueii. B ocymectsiaernu pemmkanuu [[HK npuaumaer yuactue 1e-
JIBIT KOMILTeKC (pepMeHTOB. CHauaja ¢ ITOMOIITBIO 0COOBIX (DEPMEHTOB MPOUCXO-
IUT PacKpydYMBaHUe NCXOTHON MaTepuHCKO Mosekyabl IHK u pasbenunenue
IBYX ee ITemell 3a cueT paspblBa BOMOPOAHBIX CBsA3el MeKIYy KOMIIJIeMeHTap-
HBIMU a30TUCTBIMU OCHOBAHUSMU.
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ITocme sTOoro ¢ pasomIeAIIUMUCA IEONAMU CBA3BIBAIOTCA MOJEKYJIbI
HE-norumepasv. — T1iaBHOTO (QepmMeHTa penauranmuu. Moeryabl
JTHEK-monmepashl HAUMHAIOT IBUTATHCA BIOJb> MATEPUHCKUX IEMEeH, UCIIOJIb-
3y UX B KaUeCcTBe MAaTPUIL JJIs ITOCTPOCHUA U3 HYKJIEOTUIOB HOBBIX JTOUEPHUX
nenei (puc. 50). IIpu 9TOM HYKJIEOTHUABI BKJIIOUYAIOTCSI B paCTyIue IOUEpHIE
nenu JJTHK mo mpuHIuny KoMIijaeMeHTapHOCTH. Hampumep, ecam y4acTOK Ma-
repuHckoii renu [JTHK comep:KuT mocaemoBaTebHOCTh HyKIeoTun0B ' TAITAT,
TO B COOTBETCTBYIOIIIEM €My yYacTKe JOUYepHeH Ielrn HYyKJEeOTHIbI OyAyT pac-
nmojaratbes ciaenyiomum obpaszom: ITATI'TII. B cBsS3u ¢ 9TUM PEIIUKAIIUAIO
OTHOCSAT K peakIuAM MATPUYHOTO CHHTE3a.

HanpasneHnune asmxeHns
OHK-nonumepassbl

[o4vepHsas uenb >
&
~ CsoboaHble
HykneoTuabl
MaTtepuHckas uenb
[OHK-nonumepasa 1 - Al Nk
B A M
e T
PackpyumBanue JHK o ™
OHK-nonumepasa 1 pasbeavHeHve ee Lenen — p < il #

My

<

- [lovepHsia uenb

T o)
Y- N < |

r ol Il s
1 R
ur'rll_lrp‘
/|

.
3 il 0 B B [= £
| |a ORAGHAGI

MaTepMHCKaﬂ uenb

-
«<

HanpasneHue asmxeHuns
OHK-nonumepasebl

Puc. 50. Cxema npouecca pennukaumm OHK

B pesysabrare pennmkamnuu ob6pasyiorcsa ase mosexkyasl JHK, nuneHTUuHbIE
IPYT APYTY U MCXOAHON MaTEePUHCKOU MOJIeKyJsie. B cocTaB KasK ol M3 HUX BXO-
IUT OfHA Iellb MaTepuHCcKoi Moserkyabl JHK 1 ogHa BHOBb CHHTE3UpPOBaHHAA

IOUepPHSs Ielb.



§ 17. Mutos. AMnTOo3

¥ Ilepron KU3HM KJIETKH C MOMEHTA ee 00pa3oBaHMs M3 MATEPUHCKOM
- J | KJETKM 10 JeJIeHU:A (BKJIOYAS 9TO JieJIeHNe) Uin rubeyii Ha3bIBAETCS
' kyerounbIM IuKJIOM. OH COCTOMT M3 MHTEP(A3hl U [JeJIeHUs KJETKH.
HMuTepdasza (dacTh KIETOUYHOTO MUKJIA MEKIY AeJeHUSIME) O0BIYHO BKJIIOUA-
er Tpu nepuopa. B G;-mepuoge KJeTKa pacTeT W M'OTOBUTCA K PEILIUKAIINU,
B S-Tiepmofie TIPOUCXOMUT peIIuKamus, B G,-Tepuome 3aBepiliaeTcs IIOA-
roroBka K geneHur. Pemmkanua [JHK mpoucxommur ¢ yyacTueM pasHBIX
(hepMeHTOB, BasKHENITUM 13 KOTOpbIX aBiaderca [JHK-moarumepasa. Matpu-
mamu ansa cuuteda gouepHux nenein JHK cayskar obe 1ienu MaTeprHCKON
MOJIEKYJIBI, T. €. PeIIMKAIUA SABJIAETCS peakiiyeil MaTPUUYHOI'O CHHTE3a.
B pesyabprare pennukamnuu odpasyiorca nBe uaeHTUYHBIE MoJsieKkyabl [JJTHE.
B cocTaB Kayka0i 13 HUX BXOAUT OLHA IIEIIb MCXOTHOM MAaTEePHMHCKON MOJie-
KYJbI 1 OZHA BHOBb CHHTE3MPOBAHHAS JOUEPHSA IIEIb.

™

? YT0 Takoe KNeToyHbIA UmMkn?

OxapaKkTepu3yinTe OCHOBHblE Mepuofdbl KNETOYHOro LMKa no nnady: 1) HaseaHue K
coKkpalleHHoe 0603Ha4eHne; 2) NpoMcxodsiume npoleccsl; 3) CogepXXaHne reHeTU4ecKo-
ro martepuana B KneTke.

Yto npepctaBnseT coboit Gy-nepuoa? Kakue KneTku B HEro BCTynawT? Bce nu KneTkw,
BCTynatoLye B Nepuof Nokosl, HaBceraa yTpadmBatoT Crnoco6HOCTL K AeneHunto? OTBET NosicHUTE.

Yto Takoe pennukaums OHK? Kakum o6pa3oM OCyLLECTBASETCA 3TOT npoLecc?

Mouvemy pennukaumio OHK OTHOCAT K peakuusm mMaTpuyHOro cuHTe3a?

OpunHakoBbl v Monekynbl [JHK, BXxogsiume B cocTaB romMosorMyHbIx Xxpomocom? B coctas
cecTpuHckux xpomatua? Moyvemy?

B MHOrokneTo4HbIx opraHM3max MMeloTCst Tak HasblBaemble CTBOMOBble KNeTKn. OHU AB-
NATCSA NEPBUYHBIMM KNETKaMK, U3 KOTOPbIX B Havasie aMOpUOHaIbHOro passutus hopMUpyoTCs
opraHbl 3apofbilla, U Ha NPOTSXXEHUM BCEN XU3HU COXPaHSAOT CNOCOBHOCTL K AefieHuto. PaHbLue
CUMTASIOCh, YTO CTBOSIOBbIE KSIETKM €CTb TOMbKO Y 9MOPMOHOB, TENEPL XE OHWU BbISBMEHbI MOYTU
BO BCEX opraHax B3pocnbix ntogei. B 1999 r. xypHan «Science» npu3Han OTKpbITUE CTBOJO-
BbIX K/TETOK BaXKHEMLLUMM Hay4HbIM COObITMEM B 6MONOrMM. KakoBbl NePCreKTUBbI UCMOSb30BaHUS
CTBOJIOBbIX KJIETOK?

—
el ]

Kak BbI 3Haere, OaKTepuy PasMHOMKAIOTCA IIyTeM IIPOCTOrO JAeJIeHUS
HagBoe. Ilepen sTUM IIPOMCXOAUT PEIIMKAIINA €INHCTBEHHON 0OaKTepUaJbHON
XPOMOCOMBI — KOJIbITeBOiT MoJiekyasl JJHK. B pesynbrare mocaeayomiero aeie-
HUA B KaXKIOH U3 ABYX MOUEPHUX KJIETOK OKAa3bIBaeTCs IO OSHOI XPOoMOCOMe.

dyKapruoTHuUecKre KJIeTKH, B OTVIMUYIE OT IIPOKAPUMOTHYECKNX, IMEIOT 00JIee
CIOKHYI0 opraHmsaiuio. IlosToMy mJjig HMX XapaKTepHbI APYyTrHUe CIOCOOBI
IeJIeHus: MUTO3, aMUTO3, Melo3.
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Mumo3 — OCHOBHOI crioco0 [eJIeHUsI KJIETOK 9YKapuoT, B pe3yJbTaTe KO-
TOPOT'0 M3 OJHOM MATEPUHCKOUN KJIETKU o6pasyloTcd 0ge douepHue ¢ Marum
JHee HabopoM XPOMOCOM, KAK U 68 mamepuHckol kiemke. IIpomoKUTEILHOCTD
MUTO3a B CpeIHEM COCTaBydgeT 1—2 u. ITO HENPEepPBIBHBIN IPOIECC, HO AJA
ynobcTBa ero pa3fesaioT Ha HECKOJIBKO (a3. MuUTO30M MOTYT AEIUTHCA KJIETKHU
¢ pasJIuUYHBIMU HaboOpaMmu xXpomMocoM — ramoupguble (1n), numnaounubie (2n),
TpunongHbe (3n) m T. A. PaccMOTpUM TpOIECC MUTOTHUUYECKOTO MeJeHUS Ha
npuMepe AUIJIONTHON KJeTKH (Tabi. 9).

Tabauma 9. Muros
Cxema ®da3za u npoueccel, IPoUCXoaANINe B Heil

ApepHas obonouyka IIpodasza. B Aape KiIeTKM HAUMHAETCA CIUPAJJIU3AIUASI XPO-
MAaTHHA, UYTO IIOCTEIIEHHO IPUBOAUT K (POPMUPOBAHUIO XPO-
mocom. Kaskpas m3 HHX COCTOUT U3 ABYX CECTPUHCKUX
XpOMaTH, COeAUHEHHBIX B 00JacTu IieHTpoMepbl. 1o Mepe
(GopMUPOBAHUA XPOMOCOM HCUe3a0T AAPHIIKH. O0osouKa
Anpa pacmajaeTcsa Ha MeJKue parMeHTsl. YacTUuHO cimpa-
JIN30BaHHBIE XPOMOCOMBI OKA3bIBAIOTCS B I'MaJIOILIa3Me, pac-
moJiarasich B Hell GecmopsAgouHo (Xxaotuuecku). Habop xpomo-
COM M XPOMATHUJ B KJETKe MOYKHO BBIPA3UTDh 3aMuChio 2n4c.
Bo BpeMdA r[poq)asm ABa KJIETOUHBIX II€eHTPa (y,Z[BoeHI/Ie 3TOoro
opraHouja, KaK BbI 3HAeTe, MPOMU30IILIO0 B S-TIepuojie WHTEP-
Huti BepeTeHa fleneHust | (agel) MHUIUUPYIOT 00pasoBaHUe MUKDPOTPyOouek. VI3 HuX
HaumHaeT (GOpMUPOBATHCSA 8epemeno OeseHnus. B mpoiecce
ero o0pasoBaHUA IEHTPUOJU IIOMAPHO PACXOAATCA K IIPO-
THBOIIOJIOKHBIM II0JII0CAM KJeTKH. HuTu BepeTeHa [JeJIeHUsT
(MEUKPOTPYOOUYKH) MPUKPEIIAITCA K IEHTPOMEPaM XPOMO-
COM U CIIOCOGCTBYIOT MX IIEPEMEIleHUI0 B 9KBATOPUAIBHYIO
IJIOCKOCTh KJIETKU. B KJeTKax, He NWMEMIIUX KJETOYHOI'O
IeHTpa (4YTo XapaKTepHO, HAIIPUMED, AJA OOJBIITMHCTBA pac-

TeHUif), BepeTeHO JeleHus (opMuUpyeTcs 6e3 ydacTus IeH-
Mo3gHas npodhasa TpHOJIeH

Meradasza. 3aBepiiaercsa ¢GopMUpOBaHNe BepeTeHa JeJIeHus.

XpoOMOCOMBI [IOCTUTAIOT MAaKCUMAJbHOU CIIUPAJTU3AIUUA U

I pAacIoJIaraloTcsA B IMEHTPAIBHON YaCTH KJIETKY, IPUMEPHO Ha

2n4c PABHOM PACCTOAHUU OT IMOJIOCOB. IIpM 3TOM UX IEHTPOMEPHI
I / HaXOASATCA B 9KBATOPUAJBHOM IJIOCKOCTH KJeTku. C momo-

IBI0 HUTEH BepeTeHa MIeJIeHUs IeHTpoOMepa KaKIoh Xpo-
MOCOMBI CBSI3aHA C ABYMS IIPOTHBOIOJOKHBIMU ITOJIOCAMU

KJIETKN
MeTachasza



§ 17. Mutos. AMnTOo3

IIpodonscenue

oo ﬁ#ﬁ\\l Amnadasza. Ilenrpomepa KasKI0il XPOMOCOMBI DPAa3Ae/IAETCS
n2c

HaABOE, W CECTPUHCKNE XPOMAaTHUABI OTAEJIAITCS APYyr OT
npyra. C aToro MoMeHTa MX HA3LIBAIOT JOUYEPHUMU XPOMOCO-
| mavu. Hutu BepeTeHa [esieHUsi, TPUKPEIJIEHHbIe K I[€HTPO-
MepaM, YKOpauuBaloTCH, U JJoOUePHUEe XPOMOCOMBI PACXOLATCA
2n2c {\-:" i E,Jf K IIPOTHUBOIIOJIOYKHBIM IIOJIFOCAM KJIeTKU. B KoHIle aHa(hassl y
1'"‘-,‘-’/ KasKJOT0 IOJI0cCa KJIETKM OKasbIBaeTCs UAEHTUUYHBINA HaOOp

£ nouepHuUX xpomocoM (Moaerkyn JHK) — 2n2c¢

AHnada3za
Tenodasa. Hutu BepeTeHa [iesleHUA IOCTEIIEHHO Pa3pyIIAOT-
= cdA. BOmusu KasKaoro moJroca KJIeTKH IPOUCXOIUT AeCIIuPaIu-
= 3anusa (pacKpyuuBaHMe) JOUEPHUX XPOMOCOM ¢ 00pa3oBaHUEM
2n2c df- m::'.j xpomaTuHa. OXHOBPEMEHHO C 9TUM BOKDYT [AECIHPAJIU3YIO-
I;!. ; ﬂ mUXcA XPoMocoM (OPMUPYIOTCSA OOOJOUKM [ABYX HOBBIX
"\\ -t% & anep. [lamee B 00pasoBaBIINXCA sAAPAX BOSHUKAIOT SAPBIIII-
: e KU, U HaUuWMHAETCA pasjesieHre KJETKU Ha JBe JTOoYepHUe.

- B sxBaTOpHaIbHON MIOCKOCTU KJIETOK JKUBOTHBIX KOMIIOHEH-

#‘:—1'6:;. B THI IUTOCKeJeTa (OPMUDPYIOT KOAbUesyl nepemsaxky. OHa

5:7 t::i b yIuIy0JisieTcs, IMOKa He MPOMB0MIeT MOJHOE pasfesieHre ABYX

2n2c¢ IOYEePHUX KJEeTOK. KJeTKu pacTeHuil B CBASU C HAJIUUUEM
% é"ﬂ JKECTKOI KJIETOUHOU CTE€HKHU JeJsATCcA WHaue. B sKBaTOpw-

o aJbHOM ILJIOCKOCTH DPACTUTEJIBbHON KJIETKU U3 COAEPIKUMOro
= my3bIPbKOB KoMmILieKca [oibmpKu obpasyeTcs TaK HasbIBae-
Tenodasa Masi cpeuHHAs NAACMUHKA, KOTOPas U OTAEJAeT HOUYepHUe

KJIETKU JPYT OT Apyra

3anoMHUTb MocefoBaTeNbHOCTL a3 MUTOTUYECKOrO AENeHUsT KNeTKU MOMOXET
|| paza «[MPOdeccop METHyn AHAHac B TEJlecpoH» nnm cnoso «MpuMAT».

Kak y:xe oTMeuasioch, IpU MHUTO3€ OOpPa3yIOTCsS OBe AOUEPHUE KJETKH C
ONMHAKOBBIM Ha0OpPOM XPOMOCOM — TaKHUM ’Ke, KaK B HMCXOQHON MaTepuH-
CKOIl KJIeTKe, BCTyIaBIeil B MuTo3. OTinume 3aKJI0YAETCS JUIIh B TOM, UTO
KasKkaas XpoMocoMa JouepHel KJeTKH, BCTyHawIlell B nHTepdasy HOBOrO KJie-
TOUHOI'0O ITUKJIA, A0 PEILINKAINY IIPeACTABIeHa He ABYMS HUICHTUUYHBIMIU XPO-
MaTHULAMM, & OFHOIA.

Buonozuueckoe 3nauenue mumosa. B xone murosza moaeryabl ITHK, xo-
TOPBIE COAEP:KAJINCh B AApPe MAaTEPUHCKOM KJIETKH, TOYHO 1 PABHOMEPHO pac-
IpefeadaTcsa Me:xaAy nouepuumu. CieqoBaTesibHO, ABe HOBbIE KJIETKH II0JIyUa-
0T OAMHAKOBYIO HACJIEACTBEHHYIO NH(POPMAIIUIO 1 OKA3LIBAIOTCS FeHeTHUECKHU
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UIEHTUYHBIMU IPYT APYTY U MAaTePUHCKON KjaeTke. Takum o0pas3oM, MUTOTHU-
yecKoe JeseHue o0ecIleurBaeT TOUHYIO Iepefady reHeTHUYecKol MmH(MOpMAaIIUUT
B PAIY ITOKOJIEHUI KJIETOK ¥ 00YCJOBJIMBAET MOAAEP:KAHNEe IIOCTOAHHOT0 YNCIa
XPOMOCOM.

Brarogapsa MuTo3y B MHOTOKJIETOYHOM OpraHU3Me IIPOMCXOJUT YBeJIUYEeHUE
KOJIMUEeCTBa KJIETOK. JTO JIE’KUT B OCHOBE POCTA W PA3BUTUS BCEX MHOTOKJE-
TOUHBIX OPraHM3MOB, a TaKyKe 00ecIleurBaeT IIPOIleCcChl pereHepanuy — BOCCTa-
HOBJIEHUA HOBPEKAEHHBIX TKaHEU U opraHoB. Becrnosioe pasMHOMKeHIe MHOTUX
OpPraHu3MOB (JeJIeHWe OJHOKJIETOUHBIX IPOTUCTOB, IIOUKOBAHUE KUIIEYHOIIO-
JIOCTHBIX, BEreTaTUBHOE Pa3MHOKEHUE PACTeHWH U T. M.) TaKiKe 00yCJIOBJIEHO
MUTOTUUYECKUM JleJIeHUEM KJIETOK.

Amumos. Ilpu amuTose B KJjeTKe He (OPMHUPYeTCA BEpPeTeHO HeJIeHUHA,
B ee AJpe He IPONCXOAUT CIUPAJTU3AIIUA XPOMaTUHA, COXPAHAIOTCA ANPBIIIKY
u anepHada obosouka. OcraBasdch B COCTOAHUU, XapaKTEPHOM JJid MHTep(dasbl,
AIPO IeJnTcs HaaBoe mepeTsskkoi. IIpu strom mosekyasl [THK (Xpomocombr)
pacmpenenAaoTca MeXIy AOUYePHUMH AApaMu HepaBHOMEPHO, CAYUYalHBIM 00-
pasoM. B pazme ciayduaeB aMUTOTUUECKOe [eJIeHUE fAApa He COIIPOBOXKAAETCH
TIOCJIeAYIOIIUM pasfesieHreM KJETKU Ha [Be AouepHue. JTO IIPUBOJUT K IIO-
ABJIEHUIO ABYANEPHBIX U Ja'Ke MHOTOAJEPHBIX KJeTOK. Eciam e JouepHUe
KJIETKY BCe-TaKU 00pasyloTcs, TO KJIeTOUHbIe KOMIIOHEeHTHI, Kak u [[HK, pac-
IpelesIAI0TCA MeX 1y HUMU CJAyYaliHO M HEpaBHOMEPHO.

AMUTO3 — CpaBHUTEJIHHO PEeIKOe ABJIeHHEe. ITUM CIIOCOOOM JeJUTCH, Ha-
npumep, 6oJbIlioe AnPo WHGY30pUi. Y MHOTOKJIETOUYHBIX OPraHU3MOB aMUTO3
HabJ/rrofaeTcAa IPW PA3JIMYHBIX IATOJOTMYECKHUX IIpoleccax (POCT OmyXoJei,
BOCIIaJIEHUWE U JIp.), a TaKiKe B CTapelolnX, oOpeueHHBIX Ha Tm0esib KJIeTKax.
Kak mpaBujo, KJIeTKU, BOSHUKIIINE B Pe3yJbTaTe aMUTO3a, TEPAIOT CIIOCO0-
HOCTH BCTYHIATh B HOPMAJIbHBIA KJIETOUHBINA ITUKJ W B JaJbHEHIIIEeM IeJINThC
MUTO30M.

- MuTo3 — OCHOBHOM CIIOCO0 AeIeH!A KJIETOK dYKAPHUOT, B Pe3yJIbTaTe
b | J | KOTOPOTrO U3 OZHOM MaTEePUHCKON KJIeTKU 00pasyioTCs ABe JO0UepHIe
- ¢ TakuM sKe HaOOPOM XPOMOCOM. ¥ MHOIOKJIETOUHBIX OPraHN3MOB
MUTOTHUUYECKOE JIeJIeHIE KJIETOK 00eCIeurBaeT MPOIleCChl POCTA, PA3BUTHUS
U pereHepanuu. B ocHOBe 6eCIIOJIOr0 PasMHOMKEHNS MHOI'MX OPraHu3MOB
TaKJKe JIEXKUT MUTO3. IIpu aMuTO3€e AAPO KJIETKU HEJUTCS IePeTIKKOIM,
mosiekyssl [THK pacmpegensiorca MesKAy AOYEPHUMM SAPAMH HEPaBHO-
MEPHO U YaCTO He IIPOMCXOAUT PaslesieHUsA KJIeTKHU Ha JBe JOoUYePHUE.



§ 18. Meinos

? - Kakune crnocobbl JeneHns xapakTepHbl Afs KNEeTOK NpokapuoT? [ns aykapuotuye-
™ CKUX KNETOK?
AMuTos, MUTO3, Meiio3, IPOCTOe AeJieHue HalBoe.

Y1o Takoe MnTo3? OxapakTepuayiite hasbl MUTO3a.

B cBA3M C 4Yem [o4epHUE KNeTku, 06pa3oBaBLUMECH B pesynsrate MuTo3a, Momny4arT
OOVHAKOBYIO HACNeOCTBEHHYIO MHpopMaumio? B yem 3aknoHaeTcs 6UONOrM4eckoe 3Ha4eHe Mu-
To3a?

YcTaHOBWTE COOTBETCTBME MEXIY COMATMYECKMMU KJIeTKaMK YEenoBeKa, HaxomsLMMuUCs
B pasnuyHbIX nepuogax uHtepdasbl U MUTO3a, U KONMYECTBOM XPOMOCOM U XpOMatug B 3TUX
KNeTKax.

1) G;-mepuoz a) 23 XpoMoCOMBI, 23 XpOMAaTUIBI
2) G,-mepuon

3) Ilpodasa 0) 23 xpomocoMbI, 46 XpoMaTug
4) MeTtadasza

5) ¥V KamKmoro moJioca KJIETKU B) 46 xpomocoM, 46 xpoMaTusg

B KOHIIe aHadasbl

6) B ka'xkmoii mouepHel KJIeTKe r) 46 Xpomocom, 92 XpomMaTUIbI

B KOHIIe TeJsio(dassl

B yem 3akntoyaroTcs pasnuuus Mexmgy MMTO30M M ammTo3oM? Kak Bbl AymaeTe, novemy
MWUTO3 Ha3blBalOT HEMPSIMbIM e/IeHNEM KIIeTKM, a8 aMUTO3 — MPAMbIM?

B agpe Hepenswiencs KnNeTku HacnegcTBeHHbin matepuan (OHK) Haxogutcs B Buae
amMopgHOro paccpefoTOMEHHOr0 BellecTBa — XpomaTtuHa. epen geneHveM xpomatuH crvpa-
Nn3yeTcst U 06pasyeT KOMNaKTHblE CTPYKTYpPbl — XPOMOCOMbI, @ MOCie AefleHNsi BO3BpaLlaeTcs
B MCXOOHOE COCTOsiHME. [NA Yero KNeTKyM COBEPLUAKT Takue CROXHble BUOONU3MEHEHUS CBOEr0
HacnefcTBeHHOro marepvana?

Metio3z — oco0ObIii crtocob JeeHus 9yKapUOTUYEeCKUX KJIETOK, B Pe3yJb-
TaTe KOTOPOT'O M3 OJHOM MATEPUHCKOM KJETKH 00pasyloTcsa yembuipe 0ouep-
HUe ¢ YMeHbUleHHblM 6 2 pa3a Habopom xpomocom. Ecim B Meiio3 BcTyma-
eT IUILIOUJHAaA KJeTKa (2n4c), To o0pas3ylTCcs YeThIpe rallJIOUJHbIe KJIETKU
(1nlc). KneTku ¢ ramaougHBIM HAO0OPOM XPOMOCOM HE€ CIIOCOOHBI AEJIUTHCS
Meio30M.

Meiios mpezacraBJisieTr cO0OM ABa IIOCJIELOBATEIbHBIX AeeHus — Meios I
u meiio3 II. Basxkuo oTrmeruTsh, uTo perukanua JJHK npexgimecTByeT TOIBKO
nepBoMy MemoTuueckomy aesaeHuo. Me:xnay meiiosom I u meitosom I yaBoenmsa
HOHEK me mpoucxonur. Kammoe us AByX AejeHUil 0OBIYHO BKJIOUYaeT mpodasy,
meTtadasy, anadasy u Teaodasy. PaccmoTpuM mporiece MeoTHYECKOTO JeJIeHIA
munaougHon KJaeTKU. IlepBoe meseHue Meio3a OCYIECTBJISIETCS CJIEMYIONTUM
o6pasom (tabsa. 10, c. 96).
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Tao6auia 10. IlepBoe mexenue meito3a (meito3 I)

Cxema ®a3a ¥ MPOLECCHI, IPOUCXONALNE B HEll

IIpodaza 1. B anpe HaunHaeTca cnupaamusanus Xpo-
maruHa. I[locTenmeHHO (QOPMUPYIOTCA IBYXPOMATHU-
HBIE XpoMocoMbl. HaGop XpoMocoM U XpOMAaTUL B
KJIeTKe BbIpaskaercsa samnuchkio 2n4c. I'omosorunuynbie
XPOMOCOMBI TIOIIAPHO COJIMIKAIOTCA U COEIMHSIOTCS
IPYT C APYTOM. TOT IPOIIECC HABBIBAETCA KOHBI02AUU-
ell TOMOJIOTUYHBIX XpoMocoM. MeXxkay XpoMaTHIaMu
TOMOJIOTUYHBIX XPOMOCOM MOXKET IIPOUCXOAUTH OOMeH
COOTBETCTBYIOIIIUMHU yUYaCTKAMU — KpOCCUHz08ep.
OIHOBpEMEHHO C 3TUM B KJIETKe HauWHAeTcsa 00-
Mpodraza | pasoBaHUe BepeTeHa JesieHHs. K KoHIy mpoda-
3bl | mMcuesalT AAPBIINIKK M pacuafaeTcs sAAepHas
00010uKa

2n4c LlenTpuonu

ApnepHas
obornouka

Xpomocombl

Meradasza I. 3asepmaerca (opMupoBaHuUEe Bepe-
TeHa JesneHus. Cnupanamsanusg XPOMOCOM JOCTHUIA-
eT MakcuMyMa. Ilapbl TOMOJIOTMYHBIX XPOMOCOM,
SE\ COeIUHEHHBIX JPYr C JPYyroM, pAacCIoJiaraloTCa B
r"'ﬁ % IEeHTPaJbHON YacTu KJeTKu. IIpu sToM HUTH Bepe-
. TeHa [leJIeHUs, UAYINUe OT IIPOTUBOIOJIOXKHBIX IIO-
W/ JIIOCOB KJIETKH, NPUKPEIJIeHbl K IIeHTpOMepaM pas-
HBIX TOMOJIOTUYHBIX XpomocoMm. Taxkum oOpasom,
B KaXJOH Ilape OJHA U3 XPOMOCOM OKa3bIBaeTCs
MeTadpazal CBSI3AHHOU C OZHUM IIOJIOCOM KJETKH, a Apyras —
C IIPOTUBOIIOJIOKHBIM

Anadasa I. B ominure oT MUTO3a IEHTPOMEPBI XPO-
MOCOM He pasfejsiTcsa Haznsoe. I[losTOMy HUTH Be-
pereHa IeJIeHWA PACTATUBAIOT K IPOTUBOIIOJJOMKHBIM
MMoJocaM KJIETKU He CECTPHUHCKNE XPOMATHUABI, KaK
P MHUTO3€, a TI'OMOJIOTMYHBIE Xpomocombl. Ciezmo-
BaTeJIbHO, AUIJIOUIAHBLIN Habop 2n4c pasmeinsiercsa Ha
IBa TaIlJIONHBEIX HA00pa, KOTOPhIE BIOCIEACTBUH IIO-
magyT B pasHble JOUEpHME KJeTKH. Kaszmas Xpomo-
COMa COCTOMUT M3 IBYX XPOMATH], KOTOPLIE B Pe3yb-
TaTe KPOCCHHIOBEpA YiKe He HIASHTUYHBLI APYT APYTY.
Anadcpasal TakuMm 006pasoM, B KOHIe aHadasbl I Ha6Op XPOMOCOM
W XPOMATHJ y KaMKIOro IOJI0ca Aeslleica KJIeTKH
cocraBJjser 1n2c

1n2¢c 1n2¢c

-
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§ 18. Meinos

IIpodonscenue

Cxema da3a u npoueccel, IPOUCXoaANINe B Heil

Temodasa I. Bepereno menenusa paspymraercs. IIpo-
UCXOOUT [ecCnupaiu3anusa XPoMocoM u (hOpMUPOBa-
HUe IBYX azxep. llajmee KiyleTka pasiesidercsa Ha IBe
noueprre. OHM HMEIOT TallJIOUAHBIN HA0Op XPOMO-
COM, KaiXJad XPOMOCOMAa COCTOUT U3 ABYX XPOMATHL
(1n2¢)

Tenodasa |

IIpomesKyTOK BpeMeHU MeXKy MePBbIM U BTOPBIM JeJeHUAMU Meio3a 00bId-
HO OYeHb KOPOTKUii. B 3TOT mepuon, Kak y:Ke 0TMeUaJoch, He OCYIIEeCTBIISIETCA
pemaukanus JJHK. Kasxkgas ms AByX KJIeTOK, 00pa30BABINNXCSA B pe3yabTaTe
meiioza I, Becrymaer B meiios II. 9To mesmeHme mpoTeKaeT aHAJOTUYHO MUTO3Y
(raba. 11).

Tab6auima 11. Bropoe mexenne meitoza (meito3 II)

daza u nmpoieccsl,

Cxema .
IpPOUCXOAAINME B HEl

IIpogaza II. B pesynabrare cmupaau-
3anuy XpoMaTruHa (POPMUPYIOTCS IBY-
XpOMaTUAHBIE  XPOMOCOMBI  (HaGOp
1n2c). B aTo Ke BpeMsa HaumHAETCA 00-
pasoBaHue BepeTeHa neneHusa. Ilocie
pacmaza AnepHoii 000J0UYKY OTHEeJIbHbIE
XPOMOCOMBI GECIIOPsIJOYHO pacroJiara-
IOTCSA B THAJIOILIA3ME

Meradasza II. 3aBepmaerca popmupo-
BaHUe BepeTeHa JiesieHuA. XPOMOCOMEI,
MOCTUTIIINIE MaKCUMAaJbHOM CIUpau-
3aIlK, BBICTPAWBAIOTCA B IEHTDPAJB-
HOM uacTu KJeTKu. HuTu BepeTeHa
JleJICHUS CBASBIBAIOT IIEHTPOMEDPY KasK-
Ol XPOMOCOMBI C ABYMs IIPOTHBOIIO-
MeTadpasa Il JIOKHBIMU IIOJI0CAMU
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IIpodonscenue

da3za u nmpoueccsl,
IPOUCXONAINNE B Hel

/ﬁ'}}“\ v Amnadasa II. Ilpoucxogutr paszmeseHye
.;,,

(Temeps yoKe [JOUEpHHE XPOMOCOMBI)
PaCTATUBAIOTCA K PA3HBIM IIOJIOCAM

P 1n1
.L "‘H,_i'- I.-}:"" '...'L 1'{ _," e KJeTKu. B xomme amadaswsr II mabop
\\\_: _.-"'l' E \?/ XPOMOCOM M XPOMAaTHU[ y KaKIOro II0-
"13:" \“ﬂ-i".."—‘- Jroca cocraBiser 1nle
Anacbaza ll
1n1c .-"'.ﬂaf'ﬂ In" ‘{J:::&'; 1n1c
P & N u
| ﬁ' ® 1 .I. ﬁ 1)
| & g ¥ |
b F A I;::h 3 Texodasza II. Xpomocombl mecnupain-
T . T _
< :, 3yiorcd, (opMUPYIOTCA Apa, U IPOUC
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Taxum o6pa3oM, B pe3yJbTare IepBOro JejeHns Melo3a NCXOoAHasaA MaTepUH-
ckada KJeTka (2n4dc) pasmenniiach Ha ABe gouepHue. HaGop XpoMoOCOM B 9THX
KJIeTKAaX yiKe YMEHBIIWJICA BABOE, OTHAKO KasKIas XpOMOCOMA BCe elle IIpej-
craByieHa AByMsa xpomarugamu (1n2¢). Bropoe gesienue, mpoTeKaoliee 1o TUIY
MUTO3a, COIIPOBOMKIAETCSA PACXOKIEHMEM CEeCTPHUHCKMHX xpomaruz. IlosTomy
UTOrOM BTOPOI'O [eJIEHUS SBJISIETCS 00pa30BaHMe YeThIPeX IalJIONIHBIX KJIETOK

Q ¢ OMHOXPOMATUIHLIMU XpoMocoMamu (1nlc).

Meno3 — 6onee AnuUTenbHbIN NPoLECC, YemM MUTO3. Hanpumep, y pXXu OH NpoTekaeT 6onee

2 cyT, y penyartoro iyka — okorno 4 cyT. MenoTu4eckoe feneHne KNneTok MbILLn 3aHUMaeT npu-
MepHO Hefeno. Melos, npoTekaroLLmi nNpu o6pasoBaHM CNepmMaTo30MaoB YerloBeKa, AnmTcs

|| npubnuantensHo 25 aHeit. Camoi NPOOONXUTENLHON CTafnei meosa senseTcs npodasa .

Buonozuueckoe 3navenue meloda. Y KUBOTHBIX U UeJIOBEKa IIyTeM Meiosa
00pas3yIoTcss TaMeThl — TallIONAHLIE II0JIOBbIe KJETKH. B pesyJsbraTe IOCJIery-
IOIIEr0 OILIOAOTBOPEHUsI (POPMUPYETCS 3UTOTA C JBOMHBIM HAOGOPOM XPOMOCOM,
13 KOTOPOI pasBMBaeTCs HOBBIN opraHmsm. OH saBIsgeTcA AUIJIOUIHBIM, KaK U
€ro pPoAUTeNN, a 3HAUUT, COXPAHSIET CBOMCTBEHHBLIM TAaHHOMY BHIY OPraHH3MOB



KapuoTtun. Bes meiiosa, IIPUBOAAIIETO K YMEHBIIIE-
HUI0 Habopa XpoMOcoM B 2 pasa, MOJIOBOE Pa3MHO-
JKeHIUe COIIPOBOKAAJIOCH ObI YIBOGHMEM YHCJIa XPO-
MOCOM B KaKJOM HOBOM IIOKOJIEHUH. Y PacTeHuw,
MHOTHX BOZOPOCJel U I'PpruOOB MeH03 MPUBOIUT K
(hopMUPOBAHUIO CIIOP, C ITOMOIIBI0O KOTOPBLIX OCY-
IIeCTBJIAETCA OECIIoioe Pa3MHOKEHNE.,

Kpoccunrosep, mpoucxoaamiuii B mpodase I,
MIPUBOAUT K IIePeKOMOMHAIINY HACJIeICTBEHHOT'O
MaTepuaJja MeKIy TOMOJIOTUYHBIMU XPOMOCO-
mamu. B anadaze I romosormuHbIe XPOMOCOMBI
KaKIOM mapbl CAyYailHBIM 00pa3oM, He3aBUCUMO
OT JPYTUX Iap, PacXOAATCSI K PA3HBIM ITOJIOCAM
kJeTKku. B anadase Il To :xe camMoe mpoucXoauT ¢
CEeCTPUHCKUMU XpoMaTugaMmu. Bce aTu mpoliieccesl
SIBJIAIOTCS Ba’KHBIMU UCTOUHUKAMU KOMOUHAMUG-
HOll uameHnuugocmu (0ymeT pacCMOTpPeHa IIoapPo0-
HO B 1yiaBe 6), oOecmeunBaroIeil mMosaBIeHre pPas-
HOOOpPasHOro MOTOMCTBAa KaK IIPU IIOJIOBOM pas-
MHOKEHUU, TaK W IPU PA3MHOKEHUM CIIOPaMMU.

Mecmo metio3a u onnodomeopeHus 6 Hu3-
HEeHHOM YuKe OP2aHU3MO8. BOIBIIINHCTBY BU-
JIOB BYKAapUOTUUYECKUX OPraHM3MOB CBOMCTBEHHO
OJI0OBOE pPasdMHOMKeHre. IIpu 9TOM B :KHM3HEHHOM
IUKJEe ITPOUCXOAUT UepeJoBaHUE TaIlJOUIHBIX
(1n) u purougHBIX (2n) cTaguii PasBUTUA —
cmena s0epHbulx pas.

KatoueByio posib B cCMeHe AAepHBIX (a3 urpa-
IOT TaKWe IIPOIleCCHl, KaK Meilo3 U onnodomeope-
Hue. Biaromaps Mero3y OCYIIECTBJIIETCSA IIepe-
X0 M3 MUILJIOUJHOUW (hasbl B ramjaouaHyo. Boc-
CTAHOBJIEHVE MUILJIONJHOTO Ha0Opa XpPOMOCOM
IIPOMCXOIUT B pe3yJbTaTe OILJIONOTBOPeHUA. B 3a-
BUCHUMOCTHU OT MECTa MeH03a W OIJIOJOTBOPEHUA
B I[UKJIAX PA3BUTHUA AJUTEJIbHOCTH T'allJIOUJTHOMN
¥ OUILJIOUAHON (ha3 y PasHBIX I'PYIIIT OPTaHU3MOB
MOKET CYIIECTBEHHO Pa3JuYaThCs.

Hanpumep, y HEKOTOPBIX Bojopocieir (XJa-
MUJOMOHAA U AP.) ¥ MHOTUX I'PUOOB BCE CTAIUU
SKMBHEHHOTO IUKJIA TallJIOUIHEI, 38 UCKJIIOUeHNEeM
auroThl (puc. 51, a). IlepBoe meneHre TUIIOUIHOMK
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Puc. 51. CxemMbl XWU3HEHHbIX LIMK-

NIOB C pasnMyHOM NPOJOIHKUTENb-

HOCTbIO ranionaHoOM 1 OUNIoNaHON

has: a — UMK pasBuTUs Xnammnpo-

MoHafbl; 6 — MIEKONUTAIOLLErO;

B — nanopotHuka. M — wmenos,
O — onnopoTBOpEHME
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BUTOTHI, BOBHUKIIIE!I B pe3yJsibTaTe OIJIOJOTBOPEHUSA, OCYIIECTBIAETCA IIyTeM
Meiioza. M3 06pas3oBaBIUXCS TAIJIOUAHBIX KJIETOK — CIOP — Pas3BUBAIOTCS
opraHuaMbl, nMerIue Habop xpomocoMm 1n. O6pasoBaHue TamMeT y TAKUX opra-
HU3MOB ITPOMCXOAUT 3a cUeT MUTO3a. Jlajiee raMeThI TTOMIAPHO CJIUBAIOTCA, B 3U-
roTe BOCCTAHABJIMBAETCA AUILJIOUAHBINA HAOOP XPOMOCOM, U ITUKJ 3aMBIKAeTCAd.

JJ1d :KUBOTHBIX, HA00OPOT, XapaKTePeH KU3HEHHBIN IIUKJ, B KOTOPOM BCe
CTAIUU PA3BUTUSA AUIJIOUAHBI, ¥ JIUIIH MOJOBLIE KJIETKN MMEIOT TalJIONTHbBIH
Habop xpomocoM (puc. 51, 6). Meiio3 y "KMBOTHBIX HEIIOCPEACTBEHHO IIPeIle-
cTByeT oOpasoBaHUIO raMeT. ['aMeThl BCKOPEe CAMBAIOTCS, U U3 3UTOTHI PA3BU-
BaeTcsA 0CO0b C AUIIJIOMAHBIM HAaOOPOM XPOMOCOM.

Y pacreHuii B IUKJEe PA3BUTUA 3aKOHOMEDPHO CMEHSIOT APYT Apyra ABa
TIOKOJIEHWSI OPraHM3MOB: TAILJIOUIHOE — 2aMemo@um U TUTIOUTHOEe — CNopo-
¢gum (puc. 51, 8). TameTo(uUT — 3TO MOJIOBOE TIOKOJIEHIE, 00pPa3yIoIliee raMeThl
nyreM MuTo3a. Ilocie OILJIOMOTBOPEHUSA U3 3UT'OTHI, UMEIOIe ABOMHOII Habop
XPOMOCOM, Pa3BUBAETCS AUILJIOUAHBIN cmopoduT — Gecmosioe mokosenue. Cio-
podur myrem meiiosa (hopMHUPYeT CIIOPBI, uMerIlnue Habop 1n. M3 atux cmop
Iajee Pa3BUBAIOTCA TAILJIOUIHBIE TaMETO(MUTHI.

JunaonaHbIN Hab0p XPOMOCOM B CPABHEHUHU C TallJIOMIHBIM O0ecIieurBaeT
0oJsiee Hae)KHOE COXpaHeHre HacJeACcTBeHHOl nHpopmamuu. VI3 Kypca 610J10-
run 10-ro Kjacca BbI 3HAaeTe, UTO OPraHM3MbI, IMEIOI[1e JBOMHOI Habop XPOMO-
COM, CIIOCOOHBI JIyUIlle afalTUPOBAThCA K MEHSAIOIIUMCA YCJIOBUSAM CPEeAbI, YeM
ramrougabie. [loaTomMy B IIporiecce 9BOJIIOINY, IIPU ITEPEXOE OT MIPUMUTUBHBIX
dopMm KU3HU K 60Jiee COBEPIIIEHHBIM, CTelleHb PA3BUTUS TaIlJIOUAHON (hasbl u
ee TPOMOJIKUTEIBHOCTh B KU3HEHHOM ITMKJIE OPTaHU3MOB YMEHbBIIIAJIach, a
IUILJIONIHOI, Hao60poT, Bo3pacraJa.

- Meiio3 — 0co0BbIi c10co0 AesIeHr I KJIETOK 9YKapuoT, B pe3yabTaTe Ko-
] J | TOPOro 3 OHOI MaTePUHCKOM KIETKI 00pas3yIoTcs YeThIpe JoUepHIIe
*- ¢ yMeHBIIIeHHBIM B 2 pasa HabopoM xpomocoM. Melio3 MpernsaTCTBYeT
YABOEHUIO YKCJIa XPOMOCOM IIPY IIOJIOBOM PasMHOKeHuH. KpoccuHToBeD,
mpoTeKaromnuii B mpodase I, HezaBuUCUMOE PACXOKIEeHUE TOMOJIOTMYHBIX
xpomocoMm B aHadase I u cecrpmHCKMX xpomaTtuna B anadase Il ciayxar
BaXKHBIMU MCTOYHUKAMU KOMOWHATUBHON WN3MEHUYUBOCTU OPTaHU3MOB.
Meit03 u OmI0mOTBOPEHME 00ECIIeUNBAIOT CMEHY ANEePHBIX (a3 B KUBHEH-
HOM ITMKJIe OPraHM3MOB, KOTOPHIM CBOMCTBEHHO IIOJIOBOE PAa3MHOKEHUE.

‘i' CKOMbKO [OHMEpPHMX KIETOK UM C KakuM HabopoM XpomMocoM o6pasyeTcsi M3 OfHOM
& &  OUNNOMOHOW KNEeTKW B pedynbraTe: a) MMTo3a; 6) menosa?

I[Be ramnJjIougHble, ABe OJUIIJIONJHbIE, YeThIpEe IrallJionHble, YeThbIpe AUIIJIOUdHBbIE.

Y10 npepctaBnseT coboW KoHblorauus xpomocom? B kakon hase menosa npoucxogut
KpoccuHrosep? Kakoe 3HaveHve umeet 3ToT npouecc?
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Kakue cobbiTus, npoTekarLLme B Meinose, 06ecrneynsatoT yMeHbLUEHWE BABOE Habopa Xpo-
MOCOM B [O4YEPHMX KieTkax?

B 4yem 3akntovaeTcs 6UONOrMHECKOe 3HA4YEHME Meno3a?

CpaBHUTE MWUTO3 M MENO3, BbISBUTE YepTbl CXOACTBA M pasnuuus. B yem 3aknoyvaertcs
rnaBHOe OTNMYMe Mero3a OT MUTo3a?

Kak Bbl cunMTaete, no4emMy Menos xapakTepeH TONbKO A1 TeX BMOOB XMBbIX OPraHU3MOB,
KOTOPbLIM CBOMCTBEHHO MOJSIOBOE pa3MHOXeHNe? Kakylo posib B XXM3HEHHOM LMKIIE 3TUX OpraHu3-
MOB UrpaeT NpoLecc Onyiof0TBOPEHNS?

Kax yyKe oTmeuasoch, OOJBIIIAsS YACTh BUAOB SYKAPUOT 00JaJaeT CIIOCO0-
HOCTBIO K IIOJIOBOMY PAa3MHOXKEHHIO. BaM Takike M3BECTHO, UTO CIIEIHaJIA3H-
pOBaHHBIE KJIETKHU, 00eCIeunBaIolre I0J0BOe PA3MHOKEHe OPraHu3MOB, Ha-
3BIBAIOTCA IMOJOBBIMHU KJIETKAMU MM raMeramu. VX ciausauue (3a NCKIIOYEHH-
€M CJIyJaeB IIapTeHOreHe3a) MPUBOLUT K 00Pa30BAHUIO 3UTOTHI, U3 KOTOPOH B
JaJIbHEHIIeM pa3BUBAETCA HOBAA 0COOb.

st GOJBIIMHCTBA OPraHU3MOB, KPOME HEKOTOPBIX IPOTUCTOB W I'pUOOB,
XapaKTepHO o0pasoBaHUe raMeT ABYX THUIIOB — MYXKCKHX U KeHCKuxX. OHu
CYIIIECTBEHHO OTIMYAIOTCS II0 pasMepaM, CTPOCHUIO U (PU3UOJIOTUUECKUM CBOIA-
crBaM. My’KCKMe TOJIOBbIe KJIETKU OOBIYHO 3HAUYUTEJIBHO MEHbBIE KEeHCKUX
1 00JIaJa0T IIOABUIKHOCTBIO — JTO Cnepmamo3oudvl. Y CEMEHHBIX PaCTEHUMH

MY:KCKMe TaMeThl — CnepMul — HemOABM:KHBI. JKeHCKUe MOoJ0Bble KJETKU
Hal3bIBAIOTCA AUUCKICMKAMU.
l'ametorenes — 1porecc oOpasoBaHUS - Akpocoma
TIOJIOBBIX KJIETOK — Y MHOTOKJIETOUHBIX Op- = hal
raHU3MOB, KaK IIPaBUJIO, IPOTEKaeT B CIIIH- FO"OBKa\ /1
aJILHBIX opraHax. Hampumep, y }KMBOTHBIX, 34 Anpo
HCKJIIOYEHIEM CaMbIX IPHMUTHBHBIX (Hampm-  Lleika— \
Mep, KUIIIEUHOIIOJIOCTHBIX), TaMeTOreHes 0Cy-
CpenHsis Vi [Mnasmanemmva
IIECTBJIAETCA B IIOJIOBBIX Kejesax. My:KcKue . =z
4YacTb N -
TIOJIOBBIE JKeJie3bl HA3BIBAIOTCA CeMEHHUKAMU, . = LieHTpronm
JKEHCKUe — AUYHUKAMU. OB
Cmpoenue nonosvtx kaemokx. Paccmor-
PUM 0COGEHHOCTH CTPOEHHUA raMeT Ha mpuMe- KYTVK —— / MuTOXOHAPMN
XBOCT
pe TUIUYHBIX ITOJIOBBIX KJIETOK KMBOTHBIX — ( )
cIIepMaTo30uia U ANIEKJIeTKH. OceBas HUTL

CrepMaTo30MabI KMUBOTHBIX OOBIYHO CO-
CTOAT U3 TOJIOBKU, IIeHKU, CpeaHeil dacTu
W KTyTHUKa (XBocTa), 00ecIrieumnBaIoInero ak-
THBHOe IlepejBukeHUe (puc. 52). B romoBke  Puc. 52. Cxema cTpoeHus crnepMartosonpa
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HaXOAUTCA AP0, IEPel HUM pacIiojiaraeTcsa aKpocoMa — OCOObITT MeMOpaHHbIH
my3beipeK. OH comep:KuUT (DePMEHTHI, PACTBOPSIONIE 000J0UKY AUIIEKJIeTKHU IPU
OIJIONOTBOPEHUM. B y3KOM IIIeliKe cmepMaTo30maa HaXOOATCA ABe IIEHTPUOJIN.
Ot omHOUM M3 HUX OepeT HAUAJO IOABMIKHAS 0Ce8as HUMb KT'yTHUKa, 00paso-
BaHHasd MHUKpPOTpyOoukamu. HauabHBIA OTHEJ OCEBOM HUTH, IIPOXOMSIIIUI
yepes HECKOJIbKO PACIHIMPEHHYIO CPEJIHIOI YacTh CIIEPMATO30UIa, OKPY KeH
muroxouapuamu. Ouu BeipabareiBaioT AT®, HeoOXoAUMYIO IJId ABUYKEHUS
KTy TUKA.

Takum 0o0pasoM, CIIEPMATO30WUJ JIUIIIEH 3allaca IMUTATEeJbHBIX BEIeCTB U
COMIeP:KUT MUHHUMAJbHOE KOJUUYECTBO BHYTPUKJIETOUHBIX CTPYKTYP, obecrie-
YUBAIOIIUX €r0 MOJBUMKHOCTb U CIIOCOOHOCTDH K OIJIONOTBOPEHUIO AUIIEKJIETKU.
IHepruio, HeoOXOAUMYIO AJIS ABUMKEHUS, CIIePMAaTO30U ALl IIOJIYyUaloT, IIPeK/Ie
BCETO, 3a CUeT PACIIEIJIeHUs BeIleCTB, KOTOPhIe COAep:KaTcA B OKPY KaIoIei
WX CEMEHHOU »KHIKOCTH.

AitnexaeTkn OOJIBINIMHCTBA KUBOTHBIX HEIIOABUIKHBI X OOBIYHO HMEIOT
okpyrayio gopmy (puc. 53). JKeHckas mosoBaA KJeTKa COIEP:KUT KPYyHHOE
AIPO W IIUTOILIa3My C Pa3JUUYHBIMU OPTraHOMJAMH, a TaK:Ke C 3alIacoM IIuTa-
TeJBbHBIX BEINECTB JIs Pa3BUTHUA 3apojabinia. Kak mpaBujio, AUIEKJETKN Ha-
MHOTO KPyIHee CIepMAaTO30UI0B U OOJBIITMHCTBA COMAaTUUYECKUX KJIeTOK. TakK,
auaMeTp AUIMEKJeTKH dvejioBeka cocraBiadeT 150—200 MKM, B TO BpeMs Kak
OJIHA CIIEPMATO30ULA PaBHA MPUOJIU3UTEJSbHO 60 MKM IIPH MIMPHUHE I'OJOBKU
OKOJIO 3 MKM.

CaMble KpPyHHBIE KEHCKHE TI'aMeThl

PonnuKynspHole OpraHoungp! XapaKTepHbI OJIA JKUBOTHBIX, 3aPOABIIIN
KNeTku KOTOPBIX PA3BUBAIOTCA BHE MATEPUHCKOTO
opraHmamMa, — MTHUIl, IIPECMbIKAIOIINXCA,
3eMHOBOJHBIX, MHOruXx pni6. Hampumep,
pasMep AUIEKJeTKN (MKPUHKU) JATYIITKA
paBeH 2 MM, JIOCOCEBBIX PbIO — 6—9 MMm.
Y nrun guamMerp SUIEKJIETOK MOMKET I0-
CTUTaTh HECKOJbKHUX CaHTUMETPOB. Ilo-
BepX IMJIadMaJeMMbl AUNEKJeTKa MOKET
OBITH OKPYsKeHa eIlle OMHON MU HECKOJIb-
KuMu obosoukamMu. OHU BBIIOJHSIIOT
TJIaBHBIM 00pPas3oM 3alTUTHYO (GYHKIUIO.
3anacHbe IIporecc oOpasoBaHUSA MYMKCKUX IIO-
nuTaTenwhbe  JIOBBIX KJIETOK HasblBaeTCA CIepMaTo-

BellecTsa reHe3oM, KeHCKMX — OOreHe3oM. Pac-
CMOTPUM IIPOTeKaHMHe cIliepMaToreHesa u
Puc. 53. Cxema CTpoeHus AnLeKneTKu oOoreHe3a Ha IIpUMepe MJIEKONUTAIOINX.

[Mnasmanemma
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Cnepmamozene3 y maexonumarou,ux Ha4NHAETCA € IIEPHOJa II0JIOBOTO CO-
3peBaHudA. Kak Bbl 3HaeTe u3 KypcoB Oumosiornu 9-ro u 10-ro KJaccoB, oOpa-

30BaHMeE CIIEPMATO30M 0B OCYIIECTBJIAETCA B U3BUMbLLX CEMEHHbLX KAHAJbUAX

MYMXCKHX IIOJOBBIX KeJjie3 — CEeMEHHHKOB. IIo Mepe CBOero pa3BuUTUA IIpealine-

CTBEHHUKMU CIIEPMATO30UIOB ITOCTEIIEHHO CMEIAI0TCA OT IMepudepuiecKux 30H
CTEHOK KaHAJILIEB OJIMKe K UX IIPOCBeTaM. ¥ UeJOBEKAa 3TOT IIPOIeCC 3aHIMAaeT
O0K0JI0 75 cyT, mocJie 4ero cpopMrUpOBaHHbIE CIIEPMATO30UIbI BBIXOAAT B IIPOCBET

ceMeHHOTO KaHaibila. CiiepMaToreHes BKJIIOUYAET UeThipe mepumoza (tadsa. 12).

Ta6nauma 12. CmepMaroreHes y MJICKOITUTAIOIINX

IIepuox u mpoieccsl,
npoucxoasdniue B HeM

1. Ilepuoxn pasmHo:keHud. [luniongHbIe Ipes-
IIECTBEHHUKN MY3KCKUX IIOJIOBBIX KJIETOK —
CnepmMamozoHuU — MHOTOKPATHO NEeJIATCS MU-
TO30M. OTO IMPUBOAUT K CYILECTBEHHOMY yBe-
JINYEHUIO YKCJIa CIIEPMATOTOHUEB

2. Ilepuox pocra. CuepmaToroHuu, 3aBep-
IMIUBIIINEe MUTOTHUYECKUE [OeJIeHNdA, HAYMHAIOT
pactu. C 3TOro MOMEHTa OHU HAa3BIBAIOTCS
cnepmamoyumamu nepsozo nopsdka. Poct
CIIEPMATOIMTOB IePBOI'0 IOPALKA He IPUBOAUT
K 3HAQUUTEJBbHOMY YBEIMYEHUIO MX PAa3MEPOB

3. Ilepuox cospeBanus. CliepMaTOIUTHI IIEP-
BOTO IIOPAAKA OeJATCA Meio3oM. B pesysb-
TaTe IEPBOTO J[eJIeHUs Meiio3a U3 KaiKIoro
CIIEpMATOIIMTA IIEPBOTO IIOPALKA 00pasyroT-
c 2 TramJIOuAHBIX CNepMamoyuma 6mopozo
nopadka, B pesyjbTaTe BTOPOTO JeJeHUS —
4 ramyongHbIe cnepmamuobl

4. Ilepuon dopmupoBanusa. Kaxxpas cuepma-
THUgAa TpeBpaliaeTcs B cnepmamosoud. Ilpm
9TOM MeHseTCsA (hopMa KJETKH, MPOUCXOIUT
o6pasoBaHme aKPOCOMEI, JKI'yTUKA U IPYTUX
CTPYKTYD, XapaKTePHBIX AJIS 3PEeJbIX MYK-
CKUX TaMeT

O A

v
®
/ \

nOBTOprIe MUTOTUYECKNE
AeneHna

Cxema

\
©
/ \

CnepmaroroHmm

Cnepmartoumt
nepBoro nopsiaka

(2n4c)

CnepmatoumThbl /
BTOPOro nopsiaka @ @

(1n2c)

e f N\ { \

(1n1c)

Cnepmatosoungbl (1n1c)
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Oozene3 y maexonumarwux HaYWMHAETCA ellfe IO POKAeHudA. PasBurue
OyayIUX ARIEKJIETOK IIPOUCXONUT B ANYHNKAX, BHYTPH OCOOBIX ITy3hIPHKOB —
@oanrukxynros. B mporecce ooresesa BBIAEIAIOT TPU nepuozpa (tada. 13).

Tab6auma 13. OoreHes y MIeKOMUTAIOUIUX

Ilepuox u mpoiecchl, IPOUCXOASAIUE B HEM Cxema

1. Ilepuon pasmHoskeHus. Bo Bpemsa aMOpuo- @

HAJBHOTO Pas3BUTHUA KEHCKOT'O0 OpraHusMa

IUILIONAHBIE IIPEAINeCTBEHHUKU SAUIeKJe- @ @

TOK — 0020HUU — MHOT'OKPAaTHO AeJATCHA IIy-

TeM MUTO3a. BcieAcTBue 9TOro KOJIUYECTBO MoBTOPHbLIE MUTOTUYECKME
OOI'OHNEB 3HAYHUTEJIBbHO BO3pacTaeT aenenuvs

QOoroHuu

2. Ilepuox pocra, Kak U IIPEAINIECTBYIOIIUAI

eMy TIIeproJ; PasMHOKEHUs, IIPOUCXOJUT B

xo/le sMOpmoHaJbHOrO pasBuTud. Ilocie 3a-

BepIIeHUs] MUTOTHUYECKUX HeJeHUH OOrOHUU

HAUMHAIOT yBeJIWYWBATHLCA B pasmepax. Te-

meph OHU HA3BIBAIOTCA OOUUMAMU Nepe0zo

nopadka. VIX pocT IPOUCXOUT MIPEKE BCETO

6arosaps IMOCTYIJIEHUIO BeIleCTB M3 OKPY-

JKAOmMUX (OJIMKYJAPHBIX KJIETOK U KPO-

Bu. B aToT mepmox mMacca u 06beM pPacTyIIux

KJIETOK YBEeJIMYUBAIOTCA BO MHOro pas. Poct

OOILIUTOB IIEPBOI0 MOPSAAKA 3aBepIIaeTcs elle Oouur

IO POXKIEHUs, IIOCJIEe Yero OHI/.I) JoJITOe Bpe- NEpBOro Nopsiaka
Ms — [0 HACTYIJIEHUS II0JIOBOI 3PEJIOCTH — (2n40) v
COXpaHsATCcA 0e3 M3MeHeHUs

3. Ilepuox cospeBanusa. C HACTYIIJIEHUEM II0-

JIOBOI 3PEJIOCTH OOITUTHI IIEPBOTO IMOPSIIKA

epUOANYECKU [AeJATCA MehosoMm. Ilpu srom Oount
[MepBnyHOE
nonsipHoe

Tenbue
(1 n2c)

00pasyoTcsa HEOAWHAKOBBLIE II0 PasMepy I0- BTOPOro nopsigka
yepHue KJeTKu. IlepBoe [esleHme Meifosa (1n2c)

IIPUBOAUT K IIOABJIEHUIO [ABYX TallJIOUJAHBIX
KJIETOK — KPYIIHOT'O ooyuma émopozo nopﬂé-
Ka W MeJKOH KJIETKHX, KOTOPYIO HAa3bIBaIOT

nepeudHbLM NONLAPHLLM meavliem. B pesyib-
TaTre Meio3a Il m3 oomura BTOPOTO HOPAIKA

HO€ IIOJIAPHOE TeJIbIle 00BIYHO TOXKE JNEeJIUTCA H—/

HajBoe. B masbHeiiieM Bce MOJSPHBIE TEJIb- BTopu4Hble nonspHble
Q ma norubaroT U paspyIaTca Tenbua (1n1c)

obpasyercs 6oJblIas AilYeKiemKa 1 MaleHb- /
Koe 6mopuuHoe noasapHoe medvye. IlepBud- @ @ @ @

Anueknetka (1n1c)



§ 19. CtpoeHune n obpasoBaHme NONOBbIX KIETOK

Metiio3, mpoTeKamIuil B X0lle CIIepMaTOreHe3a, CONPOBOMKIAETCSA PaBHO-
MEPHBIM JeJIeHMeM I[UTOIJIa3Mbl KJIETOK. B peayibTare 5TOro M3 KaiyKIOTO
CIIepMAaTOITa TIEPBOT0 MOPAAKA 00pasyloTCs YeThbIpe OAMHAKOBbIE KJIETKH —
cIIepMaTUIbl, KOTOPLIE Aajiee mpeodpasyoTes B ciepMaTo30uabl. [Ipu oorenese
IleJleHWe KaK OOI[MTAa IIePBOro mopAnka (Meiios I), Tak u ooluTa BTOPOTO IIO-
panka (meiiosd II) He compoBOMKIaIOTCA PaBHOMEPHBIM paclIpeeieHrueM ITHUTO-
IJIa3Mbl MEKAY TOUepHUMHU KJaeTKaMu. OTaesIeHre MeJIKUX IOJSPHBIX TeJell,
KOTOpbIE BIIOCJIEACTBUM IIOTMOAIOT, oOecmeunBaeT yaajieHne M30LITOYHOTO Ha-
CJIeICTBEHHOI0 MaTepuaJja nu3 Oyayien ainexkjaeTku. IIpu sToM oHa coxpaHsaeT
MaKCHUMAJbHBIN 3allac MUTATEJIbHBIX BEIeCTB, HEOOXOAMMBIA IJIs PA3BUTUS
3apOobIIIIA.

£2 CriepMaTo30u COCTOUT U3 T'OJIOBKH, IIENKM, CPeIHEeNl YacTh U JKIY-
b f TuKa (xBocra). OH JMIEeH 3amaca MUTATEJTbHBIX BEIIECTB W WMEET
MUHUMAaJBHOE KOJIUUYECTBO BHYTPUKJIETOUHBIX CTPYKTYD, obecreun-
BAIOIUX IOABUIKHOCTH M CIIOCOOHOCTH K OIIJIOJJOTBOPEHUIO SANIEKJETKH.
SlitniekyieTka — KpymnHasi, OOBIYHO HEMOABMIKHAS KJETKA, COJAeprKalmas
Ha0OD Pa3JMUYHBIX OPraHOMIOB M IIUTATEJbHbIE BEIeCTBA [Jif Pa3BUTHUS
3apofpimia. ¥ MJIEKONMUTAOINMX U APYTUX KUBOTHBIX IIPOIECCHl o6Gpa-
30BAaHUSA MYKCKHUX U JKEHCKHUX raMeT BKJIIOUAIOT HECKOJIBKO IIEPUOJOB.
KiroueByio pojib B 9TUX IMIPOIleccax UrpaeT Meitos, IMPOTEKAIoNUil B Iie-
puorx cospeBaHusa. IIpu cuepmaroreHese Meito3 IPUBOAUT K 06pa30BAHUIO
YeThIPeX OAMHAKOBBIX MOUEPHUX KJETOK W3 ONHON MarTepuHCKOi. IIpm
ooreHese 0o0pasyeTcsd OfHA KpyMHasA ANIEKIETKA, COXPAHUBIIAS 3aIac
MUTATEJIBHBIX BEIECTB, M TPU MeJKHe KJIEeTKU, KOTOpble B NajbHeMIem
rmorubaror.

? - Kakune cnoBa npomnyLLeHbl B NPELNOXEHUAX N 3aMeEHEHbI BykBaMu (a—-B)?
Henopsu:xable MysKCKHMe raMeThl CEMEHHBIX pacTeHuil HasbiBatoTed (a). [TogBusk-
HbIe MY’KCKHe MOJIOBbIe KJieTKU — 3T0 (0). sKeHcKue rameTsl HaswiBaoTcs (8).
Kak cTpoeHve cnepmartosonga n aLeKkneTkn CBA3aHO € (OYHKLMSAMM, KOTOPbIE BbIMOSTHAIOT
3TN KNETKN?
CnepmaTo3omnbl NPakTUYECKM He codepXaT LMTonnasmMbl 1 nuTaTenbHbIX BELLECTB, OfHa-
KO ANS ABMXXEHUS UM HeO6X0AUMO 60sbLLIOe Konm4ecTBO aHeprm. OTkyda 6epeTcsa aTa aHeprus?
Kakoe MakcumasnbHOEe KOMMYeCTBO ANMLIEKNETOK M BTOPWUYHBIX MOASPHbLIX Tenel MOXeT
ChopMMpPOBATLCH Y KOLLKM U3 YETbIPEX OOLMTOB MEPBOro nopsaka?
Kakve npouecchl, MpoucXoasime B Xofe ooreHesa, o6ecneqnBatoT HakomnneHue B siile-
KneTkax 60MbLIOro KONMYecTBa NUTaTeNbHbIX BELLECTB?
CpaBHWTE CnepMaToreHe3 U OOreHes, YKaXKMTe YepTbl CXOACTBA M pasnmyus.
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MmaBa 2. Knetka — cTpykTypHas u GyHKLUMOHAJIbHAS €AMHULLA XUBbIX OPraHN3MoB

NOABEAEM UTOIn

CTpOGHI/Ie u (I)YHKI_II/IOHI/IpOBaHI/Ie KJIETOK, ITPOIEeCChl UX Pa3MHOMEHU A,

CTapeHUs 1 rubejii n3ydyaeT IUTOJIOI I, Bee KIeTKM UMEIOT eINHbBIN ITPUH-
U OPraHU3aIUU: X OCHOBHBIMY KOMIIOHEHTAMU SIBJIAIOTCS IMOBEPXHOCT-
HBIN ammapar, ITuToIIasMa u aapo (y sykapuor). IIoBepXHOCTHBIN ammapat

BKJIIOUAET ITUTOIIJIa3MaTUYEeCKYIO MeM6paHy n Ha,lIMeM6paHHI;IfI KOMIILJIEKC.

ITuTommaszMa COCTOUT M3 KUIKOM YaCTU — T'UAJIOIJIA3MBI U HOTPYKEHHBIX
B Hee IIMTOCKeJieTa W opraHouoB. HemeMOpaHHBIMU OPraHOUIAMMU SIBJIS-
IOTCS KJIETOUHBIHA IEHTP, MIO(GUOPUIIILI U prubocoMbl. K omHoMeMOpaHHBIM

opranomgaM OTHOCATCA IdHAOILJIasMaTHU4dYeCKasd CeThb, KOMIIJIEKC FOJII),ZIDKI/I,

JIT30COMBI ¥ BaKyoJau. MUTOXOHAPUHU U ILJIACTUABI — 9TO IBYMeMOpaHHbBIE
opraHou bl. S1apo KaeTku comep:kut Mmosekyabl [THK, obecneunBaromnime

XpaHeHVe U peain3alinio HacJeICTBEeHHON MH(pOopMAaIlnuu.

B cBAsm ¢ ocobeHHOCTAMU CTPOEHUA KJIETOK OPraHM3MBI JEJATCA Ha
IBe TPyOObl — NPOKAPWOTHI ¥ 3yKaApWOThI. B OoTamume OT 3yKapuoOTH-

YECKUX KJIETKU IPOKAPUOT JIMUIIEHBI AJpa W MeMOPAHHBLIX OPTraHOMUIOB.
IIpoxapuoramu ABIASIOTCA 6akTepuu. K sykapruoTaM OTHOCATCSA PACTEHH,

JKHUBOTHEIE, FpI/I6I>I 1 IIPOTUCTHI. Mem,ay KJIETKaMM OPraHmM3MOB Pa3HBIX

IIapCTB MMEIOTCA HEKOTOPhIEe Pa3INYNA.
Kinerounsrit IOUKJI COCTOUT U3 I/IHTep(l)aSBI n pgejieHusa KJIIeTKH.

B G,-mepuome nHTEep(dasbl KJIeTKa PacTeT U TOTOBUTCA K PEIIUKAIlNU, B

S-Hepnoae IIPOUCXOAUT PEIlJINKaIunud, B Gz-nepno,ue 3aBepluiaeTcda I1moAro-

TOBKa K Aesenuio. Permmukamus [JHK mpoucxoaut ¢ yuactueMm (epmeHTa

OHEK-mmostmmepassl, KOTOpPaA NUCIOJb3YET IeNN NCXOAHOU MaTePUHCKOU MO-

JIEKYJIBI B KaUecTBe MAaTPWUIL AJIA CUHTe3a JOYepHUX Iiemeil. B pesysnbrare
oOpasyrorcsa ase oguHakoBble MoJsieKyrbl [JJHE. Kaxxnaa us Hux comep:ruT
OIHY IeTIb MAaTePUHCKON MOJIEKYJLI U OJHY BHOBb CMHTE3UPOBAHHYIO IO-

YEPHIOIO IIEITh.
KaeTKku syKapuoT MOTYT MeJIUTHCSI MUTO30M, AaMUTO30M UJIU Mei030M.

B pesyabrare MuTO3a M3 MATEPUHCKON KJIETKU 00PAa3yIOTCS IBE JOUEPHUE C
TaKNUM JKe HaOOpOM XPOMOCOM, B Pe3yJbTaTe Meio3a — UYeThIpe JOUepHIE C
Ha00OpPOM, YMEHBIIIEHHBIM B 2 pa3a. ¥ KMBOTHBLIX Meli03 UTPaeT KJIIOUEBYIO
pPOJIb B IIpOIleccax CIepMaToreHesa M 0oTeHesa, obecrieunBasi o6pa3oBaHIe
ralJIONIHBIX TaMeT U3 WMCXOAHBIX AUILJIOMIHBIX KJeTOK. IIpm mMuTose u

metioze mosekyasl [JTHK paBHOMEpHO pacmpemensioTcs MeKAy JOUYepHU-

MU KJeTKaMu. IIpu aMuTO3e 9TOro He IPOUCXOIUT, T. K. KJIETOUHOE SAPO
NeJIUTCA TEePEeTAKKON 0e3 cnmpausanuu XpoMaruHa U (HopMUpOBaAHUA

BepeTeHa neJieHusd.



OOMmeH BellecTB
U npeobGpa3oBaHMe 3Heprnum
B OpraHnsme

Bam um3BecTHO, UTO KUWBBIe OPTaHU3MbI HPEACTABIAIOT COO0OH OTKPBITHIE
O0MOJIOTUUECKNEe CHUCTEeMBbI, KOTOPbIe HAXOAATCA B IIOCTOSIHHOM B3auMOIei-
CTBUU C OKPYsKamoIei cpemoit. I oCYyIeCTBJICHUSA TPOIECCOB KU3HEIes-
TEJBbHOCT WM HEOOXOAMMO IIOTJIONIATH M3 BHEIITHEN Cpenbl OIlpe/eJIeHHBIe
BelllecTBa. B opraHmaMe 5TH BeIECTBA MOABEPralOTCA XUMUUYECKOU Irepepa-
00oTKe, a o0pasoBaBINIeCs KOHEUHBLIE IMPOAYKTHI BHIBOAATCA B OKPYKAIOIIYIO
cpeny.

TakuM 00pasoM, OCHOBOU KH3HEAEATEIbHOCTH OPraHW3MOB HABJSAETCA
00MeH BeIleCTB, U MeTa00JM3M, — COBOKYITHOCTH IPOIECCOB XMMUUYECKOTO
TpeBpallleHusa BeIecTB OT MOMEHTAa WX MOCTYIIJIEHWS B OPTaHU3M 10 BbIfeJie-
HISA KOHEUHBIX IPOAYKTOB. IIpolecchl MeTabon3Ma MPOTEKAIOT IO JeHCTBIEM
dhepMeHTOB.

OOMeH BeIleCTB COIIPOBOKIaeTcsA HMpeoOpasoBaHumeM dHeprum. Tak, pac-
IellJieHre MHUTATEJIbHBIX BEIeCTB B OpraHu3Me HPUBOAUT K BBICBOOOKICHUIO
SHEPIUM, 3aKJIOUEHHO B UX XMMUUYECKUX CBA3AX. JacTh STOUM 9HEPruu pac-
cerBaeTcA B BHujIe TemJja (T. e. IpeoOpasyeTcs B TEILJIOBYIO), ApyTrasd dYacTh 3a-
nacaercs B Bumae mojiekya AT®. dorocuHTe3upyoOIue OpraHu3Mbl IIpeodopa-
3YIOT IIOTJVIOIIIEHHYIO UM CBETOBYIO SHEPIHI0 B SHEPIUI0 XUMHUUYECKUX CBI3eH
OpraHNYeCKUX COeIMHEeHUN.

BeiiecTBa, oOpasoBaHHBIE OJHUMI OPraHU3MAMM, MOT'YT HCIIOJIb30BATh-
cA OPYruMHU OJisi CUHTe3a HeoOXOAWMMBIX MM COeIUWHEHUNH WMJIM B KadecTBe
ucTouHnKa sHeprun. Takum oOpasom, mpoliecchl MeTaboamaMa U IIpeobpaso-
BaHUA SHEPTUHU JIe:KAT B OCHOBE KPYTI'OBOPOTA BEIIECTB U IMOTOKA SHEPTUU B
sKocucTeMax. M3yuyeHUIO STUX IIPOIECCOB, 00eCIeUnBAIOIIIUX CYIIIECTBOBAHIIE
KaK OTHeJbHBIX OPraHW3MOB, TaK U OMoc(ephl B IIeJIOM, MOCBAIIEHA AaHHASA
riasa.
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§ 20. O6waa xapakTepucTuka o6meHa BelLLecTB
M npeobpa3oBaHUs 3Heprum

Kak y:xe oTMeuasioch, AJs MPOTEKAHUSA IIPOIECCOB MeTaboan3Ma Heo0XO-
IUMO IIOCTYILJIEHIE B OPraHM3M M3 OKPYKAIoIeld cpeibl OIpeaeIeHHBIX Be-
mecTB. B opranmsme 5TH BelleCTBA IIOABEPralOTCS PA3INUYHBIM XNMHUYECKUIM
npespaitenusaM. OIHN 13 HUX HUCIOJb3YVIOTCS IJs1 00pasoBaHUs 0oJee CJIOMK-
HBIX COeIUWHEHWM, T. €. B KaueCcTBe CTPOUTEJHLHOTO MaTepuaJsia. [[pyrue Beiie-
cTBa, HA00OPOT, IIOABEPralOTCA PACIIEIJIEHNIO 1 OKHCJIEHNI0, B PE3yIbTATe Yero
BbIZleJIAeTCA HeoOXoamMasa opraHusmy sHeprus. Taxum oopasom, MeTadOJIU3M
CKJIaIBIBAETCS M3 PEAKIIUI IBYX MPOTUBOIOJOMKHBIX THUIIOB — CHUHTE3a U pac-
IIEIIJIEHUS BEIleCTB.

COBOKYITHOCTB ITPOIIECCOB PACIIEIJIEHUS CJA0KHBIX OPraHUYECKUX COeqHe-
HUH 10 00Jiee IPOCTHIX BEIeCTB HA3bIBAETCA KATA00JIM3MOM, JUCCHMUJIIIUEH
WM 9HEePreTuYecKuM o0MeHoM. B pesyibraTe peaKnuii KaTaboM3Ma OpraHu-
YecKHe COeqUHEHNS IIOJBEePraioTCs He TOJbKO PACILEeIIJIeHII0, HO U OKKCJICHUIO.
Bce sTo mpuBOAUT K BBICBOOOKAEHUIO 3aKJIIOUEHHON B HUX sHepruu (puc. 54).

KaTtabonusm (auccumunaums, aHepreTM4ecknim oomeH)

BbligeneHne BbliaeneHne

(BbICBOGOXAEHME) SHEPTN (BbICBODOXOEHNE) 3HEPTUN
Monucaxapwuabl, MoHocaxapuapbl,
6enku, Pacliennenve / | aMMHOKUCOTHI, Pacwennenve / |  H0, CO,,
Lol L
HYKIIEMHOBbIE | HYKIeoTuabl, P NH,
- -
KUCNOTbI, CuHTe3 | kapOOHOBLIE KMCMOTHI, CuHTes v ap.
nunNuabl 1 ap. cnupTbl 1 Ap.
MornowieHne MornoweHue
(3aTpaTbl) aHeprum (3aTpaTtbl) aHeprum

AHabonusm (accumunaumsa, NNacTMYeckun oomMeH)

Puc. 54. Cxema npoueccoB karabonuama v aHabonusma

W3 Kypca XuMHUU BBl 3HAETE, UTO I'OPEHUE OPraHWYEeCKHX BEIEeCTB TaK-
JKe COIMIPOBOMKIAETCS UX PAacIlelieHrneM, OKHCJIEeHUEeM U BbIJeJeHUeM sHep-
ruu. OfHAKO IIPU T'OPEHUU OpraHWYecKre COeINHEHUs pa3pyllaiTcs ObICTPO,
¢ OYpPHBIM BBLICBOOOXKJEHUEM SHEPIUU, IPUUYEM IIOUTHA BCSA OHA BBIAEJIAETCS
B BHUJEe TEIIOTHI. B Xome sHepreTrudyecKoro o0MeHa, HaoOOPOT, pacIellIeHue
¥ OKHCJIeHNE OPraHMYECKMX BeIlleCTB IIPOMCXOAUT CTYIIEHYATO, HPU YUACTUN
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pana ¢gpepmenToB. IlosTOMY SHEPrus BBHICBOOOMKIAETCS IIOITAIIHO, HEOOJILIIIN-
Mu moprusamMu. Ilpu stom okoso 50 % BbIgeIUBIIEHCS SHEPIUU TOCTEIEHHO
pacceuBatorcs B Bume Temaa. Ocranabubie 50 % MCMIONB3YIOTCS KJIETKAMH IS
obpasoBauua MoJieKy1 AT®, KoTophie ABJISAIOTCS IIOCTABIINKAMU SHEPIUU IJI
PasINUYHBLIX IIPOIECCOB JKMU3HEAEATEeILHOCTH (BCIOMHHTE KaKux). B cBA3M C
STUM KaTabOJM3M U HA3LIBAETCS SHEPreTUUYEeCKUM OOMEHOM.

K mpormeccam KaTtabosm3mMa OTHOCATCA KJeMmouHoe OblXaHue M OpoxceHue.
KoHeunbpIMy mpoagyKTaMu SHEPreTUUYECKOro o0MeHa ABJIAIOTCS BOLA, YIVIEKNC-
JIBII Tas, aMMUAK U AP.

Peaxnuy cuuTe3a OpraHMUYECKUX COeNUHEHHNI 13 0oJiee IMPOCTHIX BEIECTB
OTHOCATCS K aHa00Jau3My (ACCHMUIANNH, IIJIIACTUUYECKOMY 00MeHy). ITu Mpo-
Iecchl IPOTEKAOT C IOTJIOIIeHeM sHepruu (cMm. puc. 54). B pesyabraTe accu-
MUIJISIIAN U3 BEIlleCTB, IOCTYIUBIINX B KJIETKI, CHHTE3UPYIOTCA OprainuecKie
COelHeHUs, CBOMCTBeHHbIE JAaHHOMY OPraHu3My, — OeJIKU, YIJIeBOIbI, JIUIIHU-
I6I U T. . OHU UCIIOJIB3YIOTCA IJIsI IIOCTPOEHUS Y OOHOBJICHUS PA3INUYHBIX KJle-
TOUHBIX ¥ BHEKJIETOUHBIX CTPYKTYP: OPraHOUIO0B, IIUTOCKEJIEeTa, I1JI1a3MaIeMMBI,
MeKKJIETOUHOrO0 BerfecTsa 1 Ap. [IpoaAyKThI IIJIacTUUeCKOro oOMeHa MOT'yT TaKiKe
OTKJIQABIBATLCSA B KAUECTBE PE3E€PBHEIX BEIIECTB, T. €. 3allacaThCA B OPraHm3Me.

IIpumepamu mpoleccoB aHA00JM3MA MOTYT CIYMKHUTH (Qomocunmes, 0uo-
cunmes J[HK (penaukxayus), 6uocunmes PHEK, benkos, noaucaxapudos, Junu-
dos u T. 1.

B oprammusme mporiecchbl JUCCUMUIAINNA U ACCUMUJIALNYA IIPOTEKAIOT B3au-
MocBsa3aHHO. Tak, MPOAYKTHI KaTaboJM3Ma MOT'YT MCIIOJIb30BATHCSI B KAUeCTBE
CTPOUTEJNHLHOTO MaTepuaJja B peaKIusax amaboausma. IlocTaBIIUKOM SHEPruu
IS IPOTeKaHns TaKUX MporeccoB oumocuuTesa saBiaserca AT®, koropas odpa-
3yeTcs IPU SHepreTuueckKom oOMeHe. B To jKe BpeMsa peaKIMK AUCCAMUISAIAN
KaTaJusupyioTcs (pepMeHTaMM, KOTOPbIe CHHTE3UPYIOTCSA B IIPOIlECCAX ACCHMU-
aanun. ClegoBaTebHO, peaKIiny KaTaboImn3Ma He MOTYT OCYIeCTBIATLCI 0e3
peakmnuii anaboym3Ma, 1 Ha000POT.

IIpomecchl sHEPreTUYEeCKOro M IJIACTHUYECKOrOo O0OMeHa IIPOTEeKaloT B opra-
HMU3Me OJHOBPEMEHHO, HO He BCerga ¢ OAMHAKOBON MHTEHCHBHOCTHIO. Hampu-
Mep, B MOJIOJOM OpraHm3Me B IIepHOJ aKTUBHOT'O POCTa WM PasBUTHUSA IIpeob.ia-
TaoT aHaboJMUYecKre mporecchl. B crapom opranmsMe 6aJjiaHc, KaK IPaBUJIO,
cMeIlfaeTcsi B CTOPOHY Karabonmsma. Taxoe Ke sABJeHMe HAOJIIOZAeTCA IIPHU
HEeJOCTATOUHOM IIUTAHUN U (M) TIKeJIbIX (PU3NUYECKUX HATPY3KaX. ¥ JKUBOT-
HBIX U YeJIOBeKa MHTEeHCUBHOCTH IIPOIECCOB ACCUMUIAINMNYU U AUCCUMUIAIIUAU
peryiupyeTcs HEPBHON 1 SHIOKPUHHOU CHUCTEMaMMU.

Cienyer ellje pas IOQUEPKHYTb, UTO IPOIECCHI DHEPreTUUYEeCKOro M ILjia-
CTUYECKOr0 O0OMeHa TeCHO CBSI3AHBLI He TOJBKO HAa YPOBHE OTAEIHHO B3SITOT'O



110

Mmaga 3. OGMeH BelwecTB v NpeobGpa3oBaHne 3HEPrun B opraHuame

L

opranmuama. B 6mocdepe aBTOTPOGBI 13 HEOPTaHUYECKUX BEIeCTB CUHTE3UPYIOT
oprannueckue (aCCUMUJIAINSA), KOTOPhIE CIYIKAT MUINEH reTepoTPodHBIM Op-
raHusMaM, IepenaBasch IO IeIAM MUTAHUA W TPAHCHOPMUPYACh HA KaKIOM
Tpo(uuecKkoM ypoBHe. PaciienieHre sTUX COeIMHEHUN (JUCCUMUIAIINAS) IPU-
BOAUT K 00pa3soBaHUIO HEOPTaHUYECKUX BEIECTB, HEOOXOAMMBIX aBTOTPOMHBIM
opranusmam. Takum o6pa3oM, B3aMMOCBS3b IIPOIECCOB aHaboIu3Ma 1 KaTabo-
Ju3Ma JIEKUT B OCHOBE KPYTOBOPOTA BeIIeCTB, obecIieunBas CyII[eCTBOBAHNE U
CcTabUIBLHOCTEL O1ochephl.

p
‘5 = IIporieccsl oOMeHa BellecTB M MPeo0pa30oBaHUA SHEPIUU B OPraHU3-
- ! Me MIpPeICTABJIEHbl PEaKIUsIMU IBYX THUIIOB — KaraboamsMa U aHa-
oonmama. Karabosmsm (AMCCUMUIANINA, SHEPTEeTUYECKUIT OOMEH)
IIpeJCTaBJIAET COOOI pacIlellieHre CJOKHBIX OPraHNYeCKUX COeIUHEHUH
o 6ojiee MPOCTHIX BelrlecTB. IIporecchl AUCCUMUISAIINY COMMPOBOIKIAIOTCS
BBICBOOOJKICHEM SHEPIUM, HeOOXOAMMON IJIA KU3HeNesaTeJIbHOCT. AHa-
0o0si3M (aCCUMUIANNSA, IIJaCTUUYECKUII 00OMEH) — 9TO COBOKYIIHOCTH IIPO-
IIECCOB CHHTE3a OPraHNYeCKUX COeNUHEHUI m3 0oJiee IPOCTHIX BEIEeCTB.
Peaknuu acCUMUIAIINN UAYT C IIOIJIOIeHUeM sHepruu. IIporiecchl smep-
FeTUYeCKOr0 ¥ ILJIACTUYECKOro OOMEHAa IIPOTEKAIOT B OPraHu3Me OJHOBpe-
MEHHO M B3aMMOCBS3aHHO.

? 1. Kakve noHATMA nponyLieHbl B 61OMOrMYEeCKUX «ypaBHEHUAX» U 3aMeHeHbl BOMpocu-
* ™ TenbHbIMM 3HaKammn?
Anaboausm + ? = MeTaboaIU3M
AccuMuisanusa + QUCCUMUIAINSA = ?
OO0OMeH BelecTB = ? + 9HEpPreTUUYECKUit oOMeH

2. Yto Takoe kara6onuam? AHabonuam? lNpvBegute Npumepbl NPOLECCOB Katabonuama u
aHa6onuama.

3. B Kakmx crny4asx MpoLecChbl 3HepreTn4eckoro obMeHa B OpraHM3me npeob6nagarT Hapg
npoueccamy nnacTu4eckoro obmMeHa U Hao6opoT?

4. MNpveeguTte npyMepbl NPeobpa3oBaHUs SHEPrUU B XUBOM OpraHU3Mme.

5% [okaxute cnpaBegsIMBOCTb yTBEPXAEHUS: «KaTtabonnam n aHabonmam — [Be B3aMmo-
CBA3aHHble CTOPOHbI €MHOro npoLecca obMeHa BELLECTB U NPeobpas3oBaHns SHEprum».

6% CyTo4Hast Hopma yrneBodoB AJ1A B3POCOro YenoBeka coctaBnseT 5—8 r Ha 1 kr macchbl
Tena (B 3aBMCMMOCTW OT SHEPreTMHeckux 3artpar opraHuama). lpu okucneHwn 5 r yrneeogos
BblAenseTca okono 88 k[ 3Hepruu, 4To HOCTATOYHO ANA HarpesaHus 1 Kr Tena yenoseka oOT
Temnepatypsl 36,6 °C go 62 °C. MNonpobyiTe camoCTOATENIbHO MPOU3BECTN 3TOT HECNTOXHbINA pac-
YeT Ha OCHOBAHWUW 3HAHWN, MOMYYEHHbIX NPW U3YyYeHUN PU3MKKU. YUTUTE, YTO CPepHsas yaenbHas
TENNOEMKOCTb HenoBedeckoro Tena 3,47 kx/(kr - °C). K 4emy morno 6bl NpUBeCTW pa3orpeBaHne
KNEeTOK Tena 4YenoBeka [0 Takon TemnepaTypbl? Kak Bbl fymaeTte, No4eMy 3TOro Ha camoMm fene
He npomcxoguT?
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§ 21. Kneto4yHoe pgbixaHue. bpoxxeHue

Ilonamue o knemounom dvixanuu. JKUBBIM OpraHm3MaM IOCTOSHHO Tpe-
OyeTcsa SHePTrUA OJIA OCYIIECTBJIEHUS Pa3IUYHBIX ITPOIECCOB JKU3HEAEATE b
HOCTH. YHUBEPCAJbHBIM IIOCTABIIUKOM 3TOM sHeprum cay:Kut AT®, xoropasa
obpasyercsd B peaKIuAX Karabojamsma. ¥ OoJbIIHHCTBa opranmu3MoB AT
CUHTe3UpyeTcsA Mpe:kJe BCero B MpOIlecce KJIETOUHOTO MbIXxaHuA. KieTouHoe
ObIXaHUWEe — IIPOIleCC, IIPU KOTOPOM B KJIETKAX IIPOUCXOAUWT PacIIelleHue U
OKHCJIEHVE OPraHWYEeCKUX COeIUHEHUU OO HeOpraHWYEeCKUX BeIleCTB, a BBI-
CBOOOJKJaIOIasACA IPU 9TOM SHeprus 3amacaerca B Buge AT,

BoabIIUHCTBY KUBBIX OPTaHU3MOB JJIs TPOTEKAHNA KJIETOUHOTO TbIXaHUS
HeoOXoauM MOJIeKYIApHBIA Kucaopon (0,). Takme opraHM3Mbl Ha3bIBAIOTCS
aspobamu, a UX TUM ABIXaHUI — AIPOOHbIM OvlxaHuem. AspobaMu ABJIAIOTC
BCe pacTeHus, OOJBIITNHCTBO JKUBOTHBIX, I'POOB 1 TPOTUCTOB, a TaK:Ke MHOTHE
OakTepun. PaccMoTpuM, KaK IPOMCXOAUT KJIETOUHOE ALIXaHIEe B adpPOOHBIX
YCJIOBUAX, T. €. B YCJIOBUAX CBOOOJHOTIO JOCTYIIAa KUCJIOPOIA.

Imanst kiemounozo dvixanus. Ilporecc KJIeTOUHOTO AbIXaHUA BKJIIOYAET
TPU OCHOBHBIX dTara (puc. 55). IlepBbIii 3Talm — MOATOTOBUTEJIBHBIM — IIPO-
UCXOOUT B HUIEBAPUTEIbHOM TpaKTe (V KHUBOTHBIX), BTOPUUYHBIX JIM30COMAX
U THUaJoIJIadMe KJETOK. KuciIopos B peaKIUAaX 9TOTO dTala He HCIIOJIbL3yeT-
ca. Ilox melicTBueM NHUINEBAPUTENbHBIX (PEPMEHTOB HPOMCXOAUT PacIeriie-
HUe KPYIIHBIX OPTaHWUYECKUX MOJIEKYJ IO 0ojiee MPOCTBHIX coenumHeHwuii. Tak,
TMOJNCAXaPUALI PACITEIJIAIOTCA 10 MOHOCAXapUAOB, KUPHI — OO0 TJINIEPUHA
U JKUPHBIX KUCJOT, 6€JIKM — [0 aMUHOKWCJIOT, HYKJIEMHOBBIE KUCJIOTHI — IO
HYKJeoTua0B. IIpu 3TOM BBIJENAETCS CPAaBHUTEIHLHO HEOOJIBIIIOE KOJUUECTBO
SHEpPrum, KOTopasd paccenBaeTcs B Buie Temya. Takum obpasom, AT® B mon-
TOTOBUTEJHLHOM JTalle He CHHTEe3UpyeTcs.

IIpoayKTHI IEPBOTO 3Tala MOTYT BCTYIIATh B CJEAYIOIINE STalbl AbIXaHU
(T. e. momBepraThCs AaJIbHEHIIIEMY pacIIellJeHnio) 160 BOBJEKATbCA B IIPO-
meccesl anabonuama. Hampumep, aMUHOKUCJIOTHI, TTOJIyUYeHHBIE B X0/Ie TIOJITOTO-
BUTEJIHLHOTO 9TAlla, UCIOJb3YIOTCA KJICTKAMU IIPENMYIIIeCTBeHHO AJIS CHUHTe3a
0eJIKOB, a HyKJeoTuabl — s moctpoernus mosexkya JHK u PHEK.

2A00 36A0D
2H:P04 2ATO 36H,PO,  36ATO®
(G0 >{CHaOs > 2G5, T4+ [0 »{6007 76,0
[Monucaxapwabl [ntoko3a MBK
MoprotoBUTENbHLIA 3Tan BeckucnopogHbin aTan KucnopopgHbin atan
(rmukonus)

Puc. 55. Cxema 3TanoB KNETOYHOro AbiXxaHus

o
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Bropoii aTam KJIeToOuHOro NbIXaHUSI — 0€CKHCIOPOTHBIH — IIPOTEKAaeT B TUa-
JomyiasMe KJeToK 0e3 ydacTus Kucjgopoza. Bojee Toro, oH MOKeT IIpOTe-
KaTh B YCJOBUAX MOJHOTO oTcyTcTBUA O,. BBl 3HaeTe, 4TO OCHOBHBIM HCTOY-
HUKOM SHEPTUU IJs KJETOK SBJSeTCA IVIoKo3a. I1oaToMy BTOpPOI STam MbI
paccMOTpUM Ha IIPUMepe TIMKOJM3a — MHOTOCTYIeHUYaTOTo mporecca Gec-
KucjaoponHoro pacmiemenus 2aokosvl (CgH,,06) mo nuposunozpadrnoil kKuc.o-
mut (C3H,O,).

B xome ramxonmsa Kaskgas MOJIEKYJa TJIIOKO3bI IIOJ meiicTBueM (hepMeH-
TOB pacliernjsgeTcsa 1m0 2 MoJieKyJs nupoBuHorpangHou kuciyioTel (IIBK). Ilpm
5TOM BBICBOOOIKJAETCS SHEPrus, YacTh KOTOPOM paccerBaeTcs B BUE TeILa,
a ocTaBIIIasics UCIoJb3yeTca A cuHTesa AT®. CymmapHbIil SHEPreTUUYECKU i
BBIXOJ TJIMKOJIN3a B pacueTe Ha PACIEIJIeHHYI0 MOJEeKYJy TJIIOKO3BI COCTaBJIS-
eT 2 mosekyabsl AT®. IIpome)kyToUuHBIE TPOAYKTHI TVIMKOJIM3a ITOABEPTAIOTCA
OKICJIEHUI0O — OT HUX OTIINEIJISIOTCS aTOMBI BOIOPOA, KOTOPHIE CBSI3LIBAET
ocoboe BeIeCcTBO-TIEPEHOCUUK.

Urak, B pesyabpTare 6eCKUCIOPOAHOTO dTalla IPU PACIIEIJIEHUN OZHON MO-
JEeKYJbl TJII0KO3bI oOpasyiorcsa 2 moJsekyabl IIBK u 4 aroma Bomopoma (mpu-
coeMHEHHbIe K IIEPEHOCUMKY), a TaK:Ke CHUHTe3upyrTca 2 MojeKyabl AT
(cm. puc. 55).

IIpu rimKoau3e BHICBOOOKIAETCSA JIUIITb OKOJIO 5 % SHEPruu, 3aKJIIOUeHHOMN
B XUMHUUYECKUX CBA3AX MOJIEKYJ TVIIOKO3bI. [lajlee TPOAYKTHI €e PaCIellIeHns
(ITBK m aToMbl BOJOPOMA) IOCTYIAIOT B MUTOXOHIPUMU, TJE€ OCYIIECTBIAETCS
3aKJIIOUUTEJbHBIN 9TAIl NBIXaHUA — KUCJIOPOTHBII.

ITOT 9Tal, KaK CcIelyeT M3 HasBaHWUA, IPOTEKaeT IIPU YUYACTUU MOJIEKY-
asapuoro kucaopoda (0,). B xome xucaopomuoro stama IIBK mogBepraercs
(epMeHTAaTUBHOMY PACIIEIJIEHUI0 WU OKUCJIEeHUI0. ATOMBI BOIOPOJa, MOCTaB-
JIeHHbIe IIePEeHOCUMKOM, TaKyKe OKHCJIAITCA. IIpum sToM 06pasyroTcs KOHeu-
Hble mpoaykThl — CO, m H,0, a BbIeTUBITIAACA 9HEPTUA UCIOJL3YeTCS I
cuHTe3a 36 mosexkya AT® (B pacuere Ha 2 moaeryawl IIBK). CO, moctynaer
U3 MUTOXOHIPUH B TMAJIOIJIAa3My KJETKU, a 3aTeM — B OKDPYKAIOUIyIO Cpexy
(cMm. puc. 55).

TakuM o6pa3oM, MPU IIOJHOM PACIIEIJIEHNH OLHOM MOJIEKYJBI TVIIOKO3BI
KJIeTKa MOJKeT CUHTe3upoBaTh 38 mosekya AT®d — 2 mosekysasl B mpoIiecce
TInKoau3a 1 36 MOJIEKYJI B X0/le KUCJIOpoaHoro stana. CymMMapHOe ypaBHEHNe
TIOJTHOTO OKMCJIEHUS TJIIOKO3bI MOJKHO 3aIlMCaTh CJeAYIONIMM oOpasoMm (s
YIIPOINIEHNA BO BCEX YPABHEHUAX PEAKIIUIl SHEPreTHYECKOro o0MeHa He yKa-
3aHBI MOJIEKYJIBI BOJbI, oOpasyioiiuecsa npu cuarese ATD):

CeH,,05 + 60, + 38ATI® + 38H,PO, — 6CO, + 6H,0 + 38ATD.
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Bposcenue. He Bcem opranumaMaM A KU3HEAESATEIbHOCTU HEOOXOZUM
MOJIEKYJIAPHBIN Kucaopon. Kpome aspobOoB, CYIIIECTBYIOT TaKiKe aHAIPOObL —
OpPraHMU3MBI, CIIOCOOHBIE JKUTHh W pa3BuBaThcsa B orcyTcTBue O,. K aT0I rpyrmie
OTHOCSTCS MHOTHE OaKTepul, HEKOTOPbIE IIPOTUCTEI, I'PUOLI (HAaIPUMED, IPOIK-
JKH) U JKUBOTHBIE (COCAJIBIIIUKY, JIECHTOUHLIE UePBU, aCKapuAbl 1 Op.).

BoabIlInHCTBO aHAYPOOHBIX OPraHU3MOB MOJIYUYAET SHEPIUIo AJIA KU3HeAes-
TEJLHOCTH B XOJe Opo:keHUsi. BposkeHme — mpoiiecc 0ECKMUCIOPOTHOTO pac-
IeIIJIEHNS OPTaHNUYeCKUX BeIlleCTB, IPEeNMYIIeCTBEHHO YIJIEBO0B, IIPOUCXO/ -
muii mox meiictBueM (pepmeHToB. Ilpu geduiinTe KKUCJI0pPOAa OPOKeHIIe MOXKET
IPOTEKATh W B KJETKaxX adpOOHBIX OPraHM3MOB. B 3aBUCUMOCTH OT OCHOBHO-
ro KOHEUHOTO IIPOAYKTA Pas3iMyaioT MOJIOUHOKMKCJIOE, CIUPTOBOE OpoiKeHUe
(puc. 56) u T. m.

Mono4yHokucnoe 6poxeHue

2ALD
+
ZHSPUTCD »| 2C,H:0,
CgH 1206 2C;H,0, + 4H MonoyHas kucnorta
[mioko3a MNBK

»(2C,H;OH + 2CO,1]
OTtaHon

CnupTtoBoe 6poxeHune

Puc. 56. Cxema MOJIO4HOKWCIIONO M CMIMPTOBOTO GPOXEHMS

IIepBbIii ATall MOJOYHOKHUCJIIOTO OpPOskeHUA (haKTUUECKU IIPEACTaBJIAET CO-
001t Timkoau3. MoJieKysa TJII0KO3bI pacCIIelgeTca U OKUCIAseTcsa ¢ obpasoBa-
Huem 2 moJiekys IIBK um 4 aToMoB Bojopoja. dHepreTMYeCcKUil BBIXOJ 3TOTO
mpoiliecca, KakK BBI 3HaeTe, cocraBiser 2 mojekyabl AT®. Ha BTopom sTame
3a cueT atomoB Bosopozma IIBK BoccTamaBiImMBaeTCss IO MOJOYHOL KUCJOMbL
(CsHgOs5), AT® mpum sToM He cuHTe3upyeTcsa. IIporecc MOIOUHOKUCIOTO GPO-
JKeHUSI MOKHO BBIDA3UTH OOIIUM YypaBHEHUEM:

CeH,,06 + 2AJI® + 2H,PO, — 2C,H,0, + 2AT®.

ATOT BUJL OPOKEHUS OCYIIECTBJIAIOT MOJIOUHOKMCJbIe OaKkTepuu. Kpome
TOT0, MOJIOUHOKMCJI0E OPOKeHMe IIPONCXOAUT B MBIIIIEUHBIX BOJOKHAX UeJIoBe-
Ka U JKHBOTHBIX B YCJIOBHAX HeJoCTaTKa Kucjaopoxa. HakxoIlreHne MOJOUHOMR
KUCJIOTHI ABJAETCA ONHON M3 MPUUYUH PA3BUTUSA YTOMJIEHUSA MBbIIIIII.

CouproBoe OposkeHHe Ha IIEPBOM JTalle IPOTEKAeT aHAJOTUYHO MOJOUHO-
KucJjgomy. I'VIIoKo3a paciernigercsa n oxkuciaderca no IIBK um aTromoB BOgopo-
Ia, 4TO CONIPOBOKIaeTcs cuHTe3doM 2 Mojerkya AT®d. Ha Bropom srame IIBK
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pacIllenyigeTcss M BOCCTAaHABJIMBAETCSA aToMaMu Bojgopona. Ilpm stom obpasy-
IOTCA KOHEUHBIE IPOAYKTHEI — amunossiii cnupm (C,H;OH) u yriiekucabrii ras.
CymMMapHOe ypaBHEHUE CIMPTOBOTO OPOKEHUS TAaKOBO:

CeH,,06 + 2AJI® + 2H,PO, — 2C,H,OH + 2CO, + 2AT®.

CaupToBoe OpoKeHMe OCYIIEeCTBJISAIOT APOMKIKH UM HEKOTOphble OaKTepum.
Tak:ke OHO IIPOTEKaeT B KJeTKax pacrenuit npu gedurure O,.

IIpu OposxkeHUUN He IIPOUMCXOAUT MHOJHOTO OKMCJIEHUS TJIIOKO3BLI, IIO3TOMY
3HAUYUTEJbHAS YaCTh SHEPTHMU OCTAeTCA B KOHEUHBLIX IMIPOAYKTAX — MOJIOUHOI
KHCJIOTE, STUJIOBOM CIIMPTE U IP. OHEPreTUUEeCKUil BBIXO] OpOKeHUA — 2 MoJie-
Kyasl AT® (13 pacueTa Ha OOHY MOJIEKYJYy TIVIIOK03bI). IlosToMy mIpu pacimer-
JEHUY OMMWHAKOBOTO KOJMUYECTBA YTJIEBOAOB B XOJle SHEPreTUUYECKOro oOMeHa
aHAa’POOLI MOJIYUYAIOT IOPasfso MEHbIIE SHEPIUU, YeM aspPOObI.

I'1aBHBIM MCTOYHUKOM SHEPTUU IJIS *KUBBIX OPTraHU3MOB ABJISAIOTCSA YIJIEBO-
IIbI, TO9TOMY ITPOIECCHI KaTab0JIM3Ma MbI PACCMOTPEJIM Ha ITIPUMEPe PaCIIeIIeH U
rII0K03bl. OTHAKO Apyrue opraHnyecKre COeqUHeHI s, HallpUMep KU PLI U1K O0eJI-
KU, TaKJKe MOT'YT HCIOJb30BAThCS KJIETKAMHU B KaUueCTBe NCTOUYHUKOB SHEPTHUH.

Bpo:keHre ¢ ApeBHUX BpPEMEH HCIIOJNb3YETCSA UEJTOBEKOM JJIA IOJIyUeHUS
Pa3IMYHBIX TPOAYKTOB. MI3BECTHO, UTO IMBOBAPEHUEM W BUHOJEJIIEM, B OCHOBE
KOTOPBIX JIEJKUT CIIMPTOBOE OpOKeHue, JIOAN 3aHNMAJINUCh ellfe 8 ThIC. JIeT Ha-
3an. KomeuHo, B TO BpeMsl OHM He 3HAJU, UTO OTU IIPOIECCHI IPOTEKAIOT IIPU
y4acTUN MHUKPOOPTraHM3MOB.

B coBpemennoM Mupe OpoiKeHHe IHUPOKO HCIIOJNL3yeTCs B IIUINEBOU IIPO-
MBITILJIEHHOCTHU. [IpOAYKTHI 1 HATIUTKHU, ITOJYUYEHHbIE C ITOMOIIBI0O PA3JIUUHBIX
BUJOB OpPOJKEHNs, BXOIAT B COCTAB IMIPAKTHUUYECKN BCEX KYXOHBb Mupa. Cruupro-
Boe OposKeHUe MPUMEeHSeTCS IJs MOJYyUYeHns STUJIOBOTO CIIMPTa, BUHA, IIWBA,
KBaca u T. A. VMcnonb3oBaHue IPOKIKeH B XJIeOOIeUeHNN CBSI3aHO C TEM, UTO
My3bIPhKHN YIVIEKKCJIOI'O I'a3a, 00pasyoIlerocs B MPOIecce CIIIPTOBOro OposKe-
HUS, Pa3PBIXJAIOT TE€CTO, Aejias ero IIBIITHBIM.

C moMOITbI0 MOJIOUHOKMCJIOTO OPOKEeHU S OJIYUYAI0T TBOPOT, ChIPHI, CMETAHY,
HOrypThI U APYrHUe KUCJIOMOJIOUHBIE IPOAYKTHI. MoJlouHasa KHUCJIOTAa — XOPO-
I TPUPOAHBIN KoHcepBauT. OHa o0pasyeTcs, HaIpuMmep, IPU KBaIlleHUU
KamycThl, 3aCOJIKe OT'YPIIOB, MOUEHUU s0JI0OK, IMpefoTBpallias THUEHUE DdTUX
MIPOAYKTOB U ITO3BOJIAS COXPAHATH MX J0JIroe BpeMsA. B OCHOBe CUJIO0COBAHUA
KOPMOB [JIS KMBOTHBIX TaK:Ke JIEKUT IIPOIECC MOJIOUHOKMCJIOTO OpPOKeHMUS.
IIpon3BoACTBO HEKOTOPHIX TPOAYKTOB CBABAHO C COUETAHNEM PA3HBIX BUIOB OpO-
skerud. Tak, Keup moayUarOT ¢ IOMOIITHI0 MOJIOUHOKUCIBIX OaKTePUIl U TPOIK-
JKel, T. e. OH ABJIAETCSA MPOAYKTOM MOJIOUHOKHMCJIOTO ¥ CHUPTOBOTO OPOKEHMS.

CiemyeT OTMETUTD, UTO ¢ XX B. IPOIECCHl OPOKEHUA HAILIU IIPUMeHeHNe

g JJIA IIDOMBIIITJIEHHOI'O IIPOM3BOACTBA PALA XMMHUUYECKUX BEIIECTB — PAa3JIMYHBIX

§21-1

CIUPTOB 1 KapOOHOBBIX KHCJIOT, aIleTOHA, VKCYCHOI'O ajbAeruma 1 Ap.
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p
'L;,a BobIIIMHCTBO OPraHM3MOB MMOJIYyYAET SHEPTrUI0 IJIA JKU3HEeIesaTe b
™ |} HOCTH B XO/i¢ KJIETOUHOIO ABIXAHUI. ATOT MPOIleCC BKJIOUAET TPU
'/ prama: TOATOTOBUTEJILHBIN, OECKHCJIOPOAHBIM U KIUCJIOPOIHBIMN.
B pesyiabrare KIeTOUYHOrO ABIXAHUA KayKIas MOJEKYJA TUIIOKO3BLI OKIIC-
aserca no CO, u H,O, uto conpoBoskmaerca cuHTedoM 38 mosiekysa ATO.
HexoTopbie opraHusMbl IIOJAYYalOT SHEPruio B IIpolecce Opokenusd. Ilpu
9TOM HE HCIIOJIb3YeTCs KHUCJIOPOA M He HPOUCXOAUT IIOJHOT'O OKMCJIEHUS
II0KO035I. IloaTOMY SHepreTuuecKuii BbIXO OPOKEeHNA HAMHOI'O MEHbIIIE,
YeM KJIETOUHOrO AbIxaHus: 2 MoJjeKyabl AT® Ha Kamayio pacIieljeH-
HYIO MOJIEKYJIY IVIIOKO3bI. Pa3inmyaroT MOJOYHOKICJIOE, CIIMPTOBOE U APY-
rve BUJbI OPOYKeHUA.

? = 1. Kneto4yHoe fpixaHue 1 6poxeHre OTHOCATCS K npoueccamM katabonvama unm aHabo-

3 nuama? Moyemy?

2. Yto npepcTtaBnseT co60i Npouecc KNeTtoyHoro ApixaHua? OxapakTepuayiiTe aTanbl
KNEeTO4YHOro AbixaHusi no nnady: 1) Ha3BaHue 3Tana; 2) MecTo npoTekaHusi; 3) UCXOOHblE BeLle-
CTBa; 4) KOHEYHble MPOAYKTbI; 5) aHepreTudeckuii Bbixon (KonmyecTBo Mosnekyn AT®, koTopble
CMHTE3UPYHOTCS B XOf4e aTana).

3. Kak npoTtekaeT npouecc Mosio4HoKUcoro 6poxeHns? CnvptoBoro? HazoBuTe KOHe4Hble
NPOAYKTbl 3TMX BMAOB 6poxeHust. Ckonbko Monekyn AT® cuHTe3upyeTcsi B Xofe OPOXeHMst npu
pacLiensieHn OfHOM MOMEKYSIbl FKO3bI?

4. OxapaKkTepuayinTe NpakTU4ecKoe 3HaYeHVEe PasnmMyHbIX BULOB GPOXEHUS.

5. MNMoyeMy npy 6POXEHUN BbICBOOOXAAETCA MEHbLUE SHEPTUN, YEM NPU KNETOYHOM AbIXaHUn?

6% B 4eM 3ak/toyaeTcs CXOACTBO GPOXEHUA U KMNETOYHOro AbixaHusi? Yem GpoxeHue OTnu-
YaeTcs OT KNETOYHOro AblXxaHua?

7. B NOAroTOBUTESbHbIN 3Tan KNeTo4YHOro AbixaHust BCcTynaeT 81 r rnukoreHa. Kakoe makcu-
ManbHoe Konmy4ecTBo AT® (MOMb) MOXET CUHTE3MPOBATLCA B pe3ynbTaTe Mocredyowero riamko-
nm3a? B xoge K1cnopogHoro artana gpixaHus?

% VI3YYEHUWE OBIXAHUS CEMSH
MoJIOUHOKHCJIOE BPOSKEHUE
CIIUPTOBOE BPOKEHUE

§ 22. doToCHHTES

B oTiuume oT reTepoTpodoB, KOTOPHEIM HEOOXOIMMBI TOTOBLIE OPraHUYECKUe
COeIUHEHNsI, aBTOTPO(MEI CIIOCOOHBI CUHTE3NPOBATh NX N3 HEOPraHNUEeCKUX Be-
mecTB. IIporeccsl OMOCUHTE3a OTHOCATCS K ILJIACTHYECKOMY OOMeHY U, CJIefoBa-
TeJILHO, COIIPOBOKIAIOTCSA IIOTJIOIIeHeM sHeprun. V3 kypca ouostoruu 10-ro Kiac-
ca BaM M3BECTHO, YTO HEKOTOPhIe OaKkTepun (;Keae300aKTepun, OecIiBeTHbIE Cepo-
OaxTepuu, HUTPUPUIIUPYIOIIHE, BOLOPOLHbBIE) 1 00pa30BaAHUSA OPraHUUYECKUX
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COeIVTHEHUU WCIOJb3YIOT SHEPTUI0, KOTOPAsS BBIAEIAETCA IIPU OKUCIECHUU He-
opraHMYecKuX BelecTB. TaKkue OopraHm3Mbl Ha3bIBAIOTCA XeM0aA8Mompophamu.
OpHako OOJIBIITMHCTBO aBTOTPO(GHBIX OPraHM3MOB HCIIOJIb3YeT AJISA 3TOTO dHep-
ruio cBeTa. OHU COCTABJIAIOT IPYIIY ()omoasmompoqos.

Ilonamue ¢pomocunmesa. K oroaBroTpodham oTHOCATCA 3ejeHbIE pacTe-
HUSA, BOAOPOCIH, ITuaHOOaKTepuy u Ap. B mporecce oTocrHTE3a C ITIOMOIIBIO
CHelUaJbHBIX IMUTMEHTOB OHU TOTJIONIAIOT CBETOBYIO SHEPTUIO U IIpeobpasy-
IOT ee B SHEPTrUI0 XMMUUYECKUX CBA3EUM OPraHWYECKUX BeIlrnecTB. VICXOTHBIM
MaTepraJoM AJIS CUHTEe3a OPTaHMYEeCKUX COeNUHEeHUHN ABJIAIOTCS TaKue Heop-
raHuJYecKle BeIecTBa, KaK YIVIEKHUCJBIN rasd u Boja. Takum obpasom, (porto-
CHUHTE3 — 3TO IIPOoIlecC 00pa30BaHMA OPraHMYECKUX BEIECTB U3 YIVIEKUCJIOTO
rasa ¥ BOJIbI, IIPOTEKAIOIIUHA C MOTJIOIIEHEM SHEPTUH CBETa IPU ydyacTuu (Hhoro-
CUHTETUYECKUX MTUTMEHTOB.

domocunmemuueckue nuzmenmot U uxX aokaauidayus. PorocuHTETIUE-
CKHe MUTMEHThl PACTeHMH 1 OOJILIIMHCTBA BOAOPOCJIEH IIPeACTaBJICHBI 3eJe-
HBIMU XJA0POQUALAMU U KAPOMUHOUOAMU, KOTOPbIE OOBIYHO MMEIOT JKEJITYIO
WJIV OpaHKeBYyI0 oKpacKy. KpacHble Bogopocin 1 mmaHobaKTepun, KpoMe TOro,
001a1aI0T JOMOJHUTEJIbHBIMU NUTMEHTaMU, OKPAIIeHHBIMU B KPaCHBIU WJIN

Q CUHUU IIBET.

Kax BuI 3HaeTe, y pacTeHUi 1 BOLOPOCIEH (DOTOCHHTE3 IIPOUCXOANUT B XJIO-
poracTax, BHYTPEeHHSA MeMOpaHa KOTOPBIX 00pasyeT YILJIOIIeHHbIE MEeIou-
KM — TUJaKOuAbl. B MeMOpaHax THUJIAKOUIOB PACIOJOMKEHBI 0COObIe TUT'MEHT-
0eJIKOBBIE KOMILJIIEKCHI — (pomocucmembl.

WsBectHo nBa Buma ¢gorocucrem: porocucrema I (PC I) u ¢porocucrema 11
(@DC II). B cocTaB Kamx g0 13 HUX BXOIUT C6EMOCOOUPAOULASL AHMEHHA, 00pPa30-
BaHHAS MOJIEKYJIAMU IUTMEHTOB, PeAKUUOHHbLIL UeHMP U NePeHOCHUKU dLeKMPO-
Ho6 (puc. 57). [IurMeHThI, BXOJAIIINE B COCTAB CBETOCOOUPAIOITEH aHTEHHBI, 10~

TJIOIIIAOT CBET U IEePeJaloT BCI0 COOPAHHYIO

SHEPTUIO0 B PeaKIMOHHBIN 1eHTp. OH mpen-

CTaBJIEH 0CO00I MOJIEKYJION XJIOPOPUIIa —
KapotuHonge  TAK HABBIBAEMO# MOJIEKY IOl 0By IIKOIL. TTo-
CeetocobupatoLias ! TJIOTHUB SHEPrUio, MOJIEKYJIA-JIOBYIIIKA Iepe-
aHTeHHa ) Xnopodunnsl  XOAUT B BO3OYKAEHHOE COCTOSIHYE U OTAAET
)

_ OIVH W3 CBOMX 3JIEKTPOHOB CIIEIMAJIEHOMY
€ TIEPEeHOCUUKY, a caMa IIPU 3TOM OKHUCJISeTCs.
\_/ I'nmaBHOe pasnuune Me:xAy GoTocucTeMa-
Puc. 57. Cxema CTPOSHUS 11 paGoTbi MU 3aKJHYaeTcsa B TOM, 4To B coctaB @PC II
(hOTOCHCTEMBI BXOIUT OCOOBbINT (DePMEHTHBINI KOMILJIEKC,

PeakumnoHHbIn LeHTp
(monekyna-nosyLuka
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OCYIIECTBJIAIONINI Ha CBETY ()OmMOoauU3 8600bl — DPACIIEIIEHEe MOJIEKYJI BOABI C
obpasoBarueM kucaopoga (0,), saexkTponos (e7) u mportoros (HY):

2H,0 — 0, + 4e” + 4H".

ITonyuenusie ipu dToM 3meKTpoHBI PC Il mcmosb3yer myisa BoCcCTaHOBJIE-
HUS cBoeil MoJsieKyabI-ToByInKu. B @C I oTcyTeTByeT momo0HbIN (hepMEeHTHBIH
KOMILJIEKC, 1, CJIeJOBAaTEeJIbHO, OHA He CIIOCOOHA MCIIOJIH30BaTh BOAY B KaueCTBe
WCTOYHUKA 9JIEKTPOHOB [JIs1 BOCCTAHOBJIEHUS MOJIEKYJILI-TOBYIIIKH.

IIporecc (poTocuHTE3a MOYKHO Pa3eJuTh Ha ABe (Da3bl — CBETOBYIO U T€M-
HOBYIO (puc. 58). CBeroBas asa OCYIIECTBIAECTCA HA MEMOPAHAX MULAKOUAO8
U TOJILKO NPU HaAuduu céema. Peakmuy TeMHOBOI (Da3bl IPOTEKAIOT 8 CMPOMe
xJoponaacma u He mpebyom céema, OJHAKO IJIA HUX HEOOXOAUMBI IPOAYKTHI
cBeToBO# (paswl. IlosToMy TeMHOBas hasa TPOUCXOAUT MIPAKTUUYECKU OTHOBpE-
MEHHO CO CBETOBOIL.

CgeToBas TemHoBasi
& chaza asa

‘ | 6CO,
&\ /H (aTombl Bogopoaa)------

Ctpoma e € € € ‘I-F
xnoponnacra ALl® + H PO, ATp-— ___
| doTocucrtema |

doTocucrtema |

Memb6paHa
Tunakovnga

g

BHyTpeHHsAs PeaKLIMOHHble H H H Y
cpena LEeHTPbI
Tunakouga ATO-cuHTETasa

2H,0— O, +4e +4H"
doTonus Boabl

Puc. 58. Cxema npoLieccoB, NpoTeKatoLLyX B CBETOBOM U TEMHOBOM (hazax dhoTocuHTe3a

Ceemosasn ¢asa ¢pomocunmesa. Ilpomeccrl, IpoTexkalonie B CBETOBOI
(aze, MOKHO TIPEACTAaBUTDH CIEAYIOITUM O00Pa30M.

1. ITurmenTsl 00ex (POTOCHCTEM IIOIJIOIIAIOT cBeT. IlonyueHHas sHEPrus
mepenaeTcs B peaKIMOHHBIE IEHTPhI Ha MOJEKYJBI-TOBYIIIKIM, KOTOPbLIE Iepe-
XOIAT B BO30YIKJAEHHOE COCTOSIHNE M OTAAIOT 3JIEKTPOHBI IMEePEHOCUKAaM.
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Anextpor u3 ®C I TpaHCHOPTUPYETCA IEPEHOCUMKAMU Ha BHEIIHIOI CTO-
pony Tuiaaxkouga. diaeKTpoH u3 @C II ¢ moMoIbio IepeHOCYMKOB JOCTaBIAETCS
B @C I u BoccTaHABIMBAET MOJEKYJIY-IOBYIIIKY 2T0i (porocuctembl. @C II, kak
BBI yiKe 3HAeTe, BOCCTAHABJIMBAET CBOIO MOJIEKYJIY-JIOBYIIKY 3a CUET 3JIEKTPO-
HOB, TIOJIYUYEHHBIX NpU (hOTOJIU3E BOIBI.

Kucnopon, KoTopsIit o6pasyeTcs mpu (hOTOJIM3€e BOABI, BLIAEIIETCS U3 XJI0PO-
IJIacTa B THAJIOILIA3MY KJIETKH, 3aTeM B OKPYsKAaIoIlyIo cpeny, a npoTonsl (HY)
HAKaIJNBAIOTCSI BHYTPU TUJIAKOUIA.

2. HakomjeHne IPOTOHOB BHYTPU TUJIAKOWJA BeJeT K BOSHUKHOBEHUIO Ha
ero meMOpaHe TaK Ha3bIBAEMOTO 3JJEKMPOXUMULECK0z0 nomenuyuaLia. B mem-
Opane Tuiaaxouga copep:kurca ATD-cunmemasa — (HepMEHTHBINI KOMILIEKC,
npenHasHaueHHBIN 1 cuHTe3a AT®. Korma KoHIeHTpaIlsd IPOTOHOB JOCTH-
raeT OIIPeleJIEeHHOTO YPOBHS, OHU YCTPEMJISIOTCS B CTPOMY XJIOPOILJIACTA, ITPO-
X0md uepes cuernuajabHble KaHa bl AT®-cunrerassl. IIpu stom AT®-cunTeTasa
HUCIOJIL3YeT SHEePruio IBUKEHNA IPOTOHOB M cunmesa ATD.

3. Ha BHellTHel cTOpOHE TUJIAKOUAA TIPOTOHBI COEIUHAIOTCA C 3JIEKTPOHAMM:

H' +e — H.

OOpasoBaBIiuecs aToMbl BOJOPOJAA ITPUCOEAUHSET BEIEeCTBO-IIEPEHOCUUK.
IIo cTpyKType OHO CXOIHO C BEIEeCTBOM, KOTOPOE TPAHCIOPTUPYET aTOMBI BOJIO-
pojla B mIpoItecce KJIETOYHOTO JbIXaHUA.

Taxkum o0pasoM, B XOfle CBETOBOM (hashl SHEPrus CBETa IIOTJIOIIaeTCS U
npeobpasyeTcs B BHEPIrHI0 MaKpospruueckux cBsaseir AT®, mpoucxoauT pac-
IenJieHre BOABI C BBIJEJIEHMEeM KMCJIOpPOoJa M HaKOILJIeHWe aTOMOB BOAOPOA.
IIponyxramu cBeToBO# (haswl poTocuuTeda ABaATca AT®D, amomwvr 600opoda
u Kucaopood. Kucioposq — moOOUYHBIN MPOAYKT (POTOCMHTE3a, OH BBIAEIAETCS
B OKpyKamIyo cpeny. AT® u aTroMbl BOAOPOAa MCIOJB3YIOTCA B TEMHOBOM
dase (poTocuHTE3A.

Temnosasn ¢pa3a pomocunme3sa. V13 oKpy:KaroIiei cpeabl B XJIOPOIJIACTHI
TOCTYIIAET Y2JleKUCaAblil 2a3. B cTpoMe XJIOPOIJIACTOB MPOUCXOAUT €r0 BOCCTA-
HOBJIEHWE IO OPTaHMUYEeCKUX BelecTB. [Ipu aToM 00pa3yeTcss OCHOBHOI MPOAYKT
dorocuHTE3a — 2/10K03A.

B mporiecce cunTesa raoko3bl 3 CO, MCIOIB3YIOTCSA MPOAYKTHI CBETOBOM
(hassr — aToMbl BOZOPOZA, HOCTaBJIEHHBIE ITepeHocunKoM, u AT® (mocTaBIUK
sHeprum). s o0pasoBaHUA OJHON MOJIEKYJIBI TJIFOKO3LI HEOOXOMMMO paciie-
nuTh 18 monexkyn AT®. CiemoBaTebHO, B TEMHOBOI (hase (POTOCHHTE3A SHEP-
rusg MakKpospruueckux cBsazeil AT® mpeoOpasyeTcs B SHEPTUI0 XUMHUUYECKUX

§22-1 cBA3eN OpraHn4yeCKMnx BeIIleCTB.
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Ecau o0beguHUTL IIPOIIECCHI, CBeToBas ¢asa
MIPOTEKAIIe B CBETOBOI 1 TEMHO- H,0 cser > O,
BOll (pasax, MCKJIOUUB IIPOMEIKY- [IMIMEHTE } x
TOUHBIE TPOAYKTHI, U PacCTaBUTh 'i(_e}
KO2((PUIIMEHTHI, MOMKHO IIOJIYUYUTH [AT®]
cyMMapHoOe ypaBHeHUe (DOTOCUHTe- v
3a (puc. 59). CO; » CsH1206

3HaveHnue ¢gomocunmesa. Temuosan ¢asa

McxoaHble MpoayKThbl

FJIaBHBIM HNCTOYHHMKOM OJHEprmuu,
00yCJIOBJIMBAIOIINM  CYIIECTBO-
BaHMe KM3HM Ha Halreid miaaHe- 6CO,+6H,0
Te, HABJSIETCA COJIHEUHBIN CBeT.

Braropaps QOTOCHHTE3Y SHEPIUA  p,; 59 OGlas cxema U CyMMapHOe ypaBHeHue
CoJsiHIIa CTAHOBUTCSA OOCTYITHOM thoTocuHTE3A

IJIs WCHOJNBL30BAHUS BCEMU KU-

BBIMHU OpraHmsmMamMy 3eMJu (3a MCKJIIOUYEeHHEeM XeMoaBTOTPo(doB). PoTocuH-
Te3 HUrpaeT BaKHEHIIYI0 POJb B OMOC(pepHOM KpPyroBOopoTe yriepozna, obe-
cIeunBasi €ro BKJIOUEHNE B COCTaB OPraHMUYEeCKUX coennHeHmnii. BerecTsa,
CHUHTEe3UpPOBaHHbIE (DOTOABTOTPO(GAMU, MCIOJIL3YVIOTCS UMHU U reTepoTpodamMu
He TOJHKO B KauecTBe MCTOUHHKA sHepruu. OHU TaKiKe CJIY:KAT MaTepHraoM
IJIs TIOCTPOEHUS UM OOHOBJIEHUS KJIETOK M BHEKJIETOUHBLIX CTPYKTYP SKHUBBIX
OpPraHU3MOB.

Braromaps (oTocuHTE3y MOAAEP:KUBAETCS OTHOCUTEJHLHO IIOCTOSHHOE CO-
Iep)KaHue KICJIOPoAa M YIVIEKHCJOoro rasa B armocdepe Semun. ObecrneunBas
ceaspiBanue CO,, ()OTOCHHTE3 MPEIATCTBYET PA3BUTHIO IIAPHUKOBOIO 3()(eKTa.
WsBecTHO, 4TO OCGIBINAS YACTh KUCIOPOAA aTMOC(pephl mMeeT OMOreHHOe IIPOo-
HUCXOKAEHNe U SBJSEeTCS IMOOOYHBIM IIPOAYKTOM (poTrocumHTe3a. Kax BbI 3Hae-
Te U3 Kypca Omosorum 10-ro KJacca, MMEHHO 9TOT IIPOIECC, BOSHUKIINMI, IIO
OIlEHKAM YUYeHBIX, 0ojiee 3 MJDJ JieT Hasal, COesaJl BO3MOXKHBIM MOSBJICHIE
U JaJbHelIlee pasBUTIE adpPOOHBIX opraHum3amMoB. Co BpeMeHeM M3 KHCJI0pPOoAa
chopMUupOBaJICA O30HOBBIM SKpaH, 3alUINAIOIIUII oOuTaTeJell HaIllel ILIa-
HETHI OT I'yOUTEJILHOTO BO3AEMCTBUSA KOPOTKOBOJIHOBOIO YJIbTPA(pHOIETOBOIO
U3JIYUYEHUS.

TaxuMm oOpas3oM, Bce KHBOe Ha 3eMJe 00g3aHO CBOUM CYIIECTBOBAHIIEM
(oTrocuHTE3y. A UEJOBEUECTBO 3aBUCUT OT 3TOrO IPOIECCa eIlle 1 IOTOMY, UTO
WCIIOJIB3YeT AJIS PasINUYHBLIX HYMK]J SHEPrui0, KOTOpas B TeUeHHe MUJIJINOHOB
JIeT 3aIacaJiach B MOJE3HBIX MCKOIAeMbIX, 00Pa30BaBIINXCS 13 OPraHMYECKUX
BeII[eCTB APEeBHUX OpraHumsMoB. IIprmMepaMy TaKHUX MCKOIAEMBIX MOL'YT CJIY-
JKHUTh KAMEHHBIN yroJyib, He()Th, TOPIOYNE CAAHIIBI 1 T. [I.

BellecTsa

cBeT
NMUIMEHTbI

»C¢H,,06 + 60,

O

§22-1
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q

1) dorocuHTEZ — IIpomecc O6paSOBaHI/IH OpraHn4YeCKux BeIeCTB Hu3
W

bl J | YTJIEKUCIIOrO Tasa U BOABI, KOTOPHIM IPOUCXOAWUT C IOIJIOLIEHUEM

CBETOBOM 9HEPruy IIPU yUYacTUM (POTOCUHTETHUUECKHX IUTMEHTOB.
¥ pacrenuii u BomopocJieil (pOTOCMHTE3 IPOTEKAET B XJIOPOILIACTAX: CBETO-
Bada (pasa — Ha MeMOpaHaX THUJIAKOMUJOB U TOJLKO HA CBETY, TEMHOBaA —
B CTpPOMe, He3aBHCHMO OT HAJNUMA cBeTa. B cBeTOBOU (pase MPOUCXOMUT
MHOTJIOIIIeHNe CBeTa IMMUTMeHTaMu, (poroaus Boabl u cuHTe3d ATD. Ogun us
OPOAYKTOB 9TOM (has3bl — KIMCJIOPOL BBIAEISIETCS B OKPYKAIOIIYIO CPEmy.
Hpyrue nponyktel — AT® u arombl BOIOpPOAA HCIOJB3YIOTCA B TEMHO-
BOIi (pase, B XOJe KOTOPOM IIPOMCXOAUT BOCCTAHOBJIEHNE YIJIEKHCJIOTO
rasa 70 opraHmuyeckKmux BelrnecTB. CyMMapHOe ypaBHeHMe (DOTOCHHTE3a

TaKOBO:
cBeT

6002 + 6H20 I —— CGleoﬁ + 602

IIATMEHThI

Ot mporiecca OTOCHHTE3a IPSAMO MU KOCBEHHO 3aBUCAT BCE JKUBBIE
OpPraHU3MbI 3eMJIN.

[ o 1. ®oToCcKHTe3 ABNAETC MPOLIECCOM MacTUYECKOro WK 3HEepPreTMYeckoro obmeHa?

“® | Mouemy?

2. B kakux opraHoupax pacTUTENbHOW KNETKM mpoucxoguT hoTocmHTes? Yrto npegn-
cTaenset cobow dotocuctema? Kakyo yHKUMIO BbIMOMHAT (hOTOCUCTEMbI?

3. OxapaKkTepusyinte CBETOBYH M TEMHOBYIKO (pa3bl OTOCMHTE3A MO nnaHy: 1) Mecto npo-
TEKaHus; 2) UCXOOHble BELLeCTBa; 3) NPOMCXOAfALLME npouecchl; 4) KOHe4YHble npopyKTbl. Kakue
NMPOAYKTblI CBETOBOW (ha3bl POTOCHHTE3A MUCMONb3YHOTCA B TEMHOBOW hase?

4. OokaxwuTte cnpaBepnvnBoCTb yTBepxAeHus: «OT (poTOCMHTE3a HEMOCPEACTBEHHO MW KOC-
BEHHO 3aBWCUT BCE XMBOE Ha 3emne».

5% CpaBHUTE MO pas3nM4HbIM MpU3HaKam npoueccbl HOTOCMHTE3A M a3pOOHOro AbIXaHWS.
YKaxuTe 4epTbl CXOACTBA U Pa3nyuns.

6%. YenoBek 3a cyTku notpebnsaet npumepHo 430 r kucnopoaa. [depeBo cpegHen BenHmHbI
nornoLuaeT okono 30 Kr yrnekucnoro rasa B rog. CKoOnbko AepeBbeB HEOOXOAUMO, 4TOObI 06e-
Cne4YnTb OJHOMO YenoBeKa KUCOPOAOM Ha rog?

7. Wccneposatenu paspenvnn pacTeHus MLeHWUbl Ha ABe rpynnbl U BbipawwmBany mx
B nabopatopuvn B OOMHAKOBbIX YCMOBUSAX, 3@ WCKIOYEHWEM TOrO, YTO PAaCTEHWUS NMEPBOWA rpynmbl

ocBeLlann KpacHblM CBETOM, a pacTeHWss BTOPOW rpynnbl — 3eneHbIM. Y pacTeHui Kakow
rpynnbl npouecc hoTocuHTE3a npoTekan 6onee MHTEHCMBHO? Kak Bbl AymaeTe, C 4em 3TO
CBA3aHO?

-
@ W3y4YEHUE OBPASOBAHUSA KPAXMAJIA B JIUCThAX HA CBETY

18
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§ 23. NeHeTUYECKNN KOf MU ero CBOMCTBa

Kax BbI 3HaeTe, TpU3HAKMU 1 CBOMCTBA KaXKJOT'O OPraHMU3MA OIPEEIAI0TCA
mmpe:ke Bcero 0eJKaMu, KOTOPhIe CUHTE3UPYIOTCA B €r0o KJeTKaX. BeJKu BHI-
TIOJIHAIOT caMble pas3HooOpasHble GYHKIINU (BCIOMHUTE KaKue), obecrieunBas
TeM CaMbIM ITPOTEKAaHNe IIPOITeCCOB KU3HEIeATETLHOCTH. MOMKHO CKa3aTh, UTO
MMEHHO OT 9TUX OMOIIOJIMMEPOB B IIEPBYIO OUepeAb M 3aBUCUT CYIIleCTBOBAaHIE
opranmsma. OgHaKo BpeMsa QYyHKIIMOHUPOBAHMUA OEJIKOB, KAK 1 MHOTUX APYTHUX
01OMOJIEKYJI, BecbMa orpauHmuueHo. [losToMy cuHTe3 0eJIKOB B OpraHuU3Me IOJI-
JKEH OCYIIIeCTBJIATHCA HEIPEPLIBHO. OTOT IPOIIECC IPOTEKAaeT BO BCEX KJETKAaX
OMHOKJIETOUYHBIX 1M MHOT'OKJIETOUYHBIX OPraHN3MOB.

Bam Takixe M3BEeCTHO, YTO XPaHUTeJeM HacJeICTBeHHOI (reHeTHUYecKO)
uHpopMaIud, T. €. UHGOPMAIIUU O MEPBUYHOM CTPYKType OGEJIKOB, ABJIAET-
ca [ITHK. Yuactox mosexyasl [THK, comep:karmuii nHGOPMAIIUIO O TEPBUYHOM
CTPYKType omHOoro 6GesKa, MOJYyUYMJ HasBaHue reH. Kpome Toro, remamMu Ha-
sprBatoT yuactku [[HK, xpanaiiue nudopmamnuo o crpoeruu moserkysa pPHE
u TPHK.

B OuocunTese 6e1KOB, KOTOPBIA OCyIllecTBAsAeTcA B pudbocomax, ITHK mpsa-
MOro ydacTud He nmpuHuMaeT. Ilepemaua remeTuuecKkoir nH(popMAaIInM, COAepIKa-
mietica B JIHK, K MecTy cuHTe3a 0ejKa IIPOMCXOAUT C HMOMOIIBIO OCPEeTHUKA.
ITUM TOCPEeTHUKOM ABJAeTcA mampuiHas (uHgopmayuonnas) PHE (MPHE,
uPHK), KoTopas cuHTe3upyeTcs Ha OgHOU us 1emneir mosexyabl [IHK mo mpun-
Uy KOMIIJIEMEHTApPHOCTH.

B momerynax JHK u MmPHK mnubopMalusa o mepBUYHON CTPYKType OEITKOB
«3amucaHa» B BUe IOCJeNOBATEIbLHOCTH HYyKJeoTHa0B. CaMu ke OEJKU CUH-
Te3UPYIOTCA U3 aMUHOKHUCJIOT. SHAUUT, B IIPUPO/IE CYIIIECTBYET 0cobas crucTemMa
KOAMPOBaHMUA, HA OCHOBAHUY KOTOPOH MOCJIeIOBATEIHLHOCTh HYKJIEOTUIOB pac-
mu()pOBLIBAETCA B BUE IIOCJIEI0BATEIHLHOCTA aMUHOKUCIOT MOJIEKYJI OEJIKOB.
Iror «mudp» Ha3bIBaeTCsA I'eHeTHUYECKUM KomoMm. TaxuMm oOpa3om, reHeTuue-
CKUI KOJ — 3TO CHCTeMAa 3aIlicy MHPOPMAIUU O IIePBUYHOI CTPYKType OeTKOB
B BHUJe IocJieqoBareabHocTu HyKJeoTunoB [THK (MPHEK).

TeneTuueckuii Kog obJiagaeT CAeAYIONIMMU CBOMCTBAMU.

1. Kox sABiseTcA TPUILIETHBIM. JTO 3HAUUT, UTO KaKJAasd aMUHOKUCJIO-
Ta KomupyeTcsa mpunJjemom (K000OHOM) — COUETAHWEM TpPeX IIOCJIeIOBATe b-
HO PACIIOJIOKEHHBIX HYKJeoTuaoB. B cocraB momerkyn I[THK m PHK Bxomur
1Mo 4 TuIa HyKJIeoTu0B. Ecyi Obl 3a OmIpeeIeHHYI0 aMUHOKHUCIOTY «OTBeUaJI»
OOUH HYKJIEOTHI, MOXKXHO OBLJIO Obl 3aKOAMPOBAThH TOJbKO 4 u3 20 GeoxobOpa-
3YIONINX aMUHOKHUCJIOT. [ly0aeToB (II0 ABa HYKJEOTHUa) XBATUJIO OBl JIUITH HA
4? = 16 aMuHOKHCJIOT. Ko/JMuecTBO BO3MOMKHBIX TPUILIETOB (COUETAHUII Tpex
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HYKJIEOTH/I0B) cocTaBiseT 4° = 64. DToro ¢ m36BITKOM XBaTaeT AJId KOJUPOBAa-
Hus Bcex 20 BUAOB aMUHOKUCJIOT (Tabia. 14).

Tab6auima 14. I'emeruuecknii Kom, ykasausl HykJdeotuasl MPHK (uPHK)

(mepBBIli HYKJEOTU]] TPUILTIETA OepyT M3 JEBOT'O BEPTUKAJIHHOTO PANa, BTOPOH —
M3 TOPU3OHTAJBHOTO PANA, TPETUH — U3 IIPABOTO BEPTUKAJIBHOTO)

IlepBsrii Bropoit HykaeoTnn Tperuii
HYKJEOTHU]T v 1T A T HYKJIEOTHU/T
Den Cep Tup ITuc v
v Den Cep Tup ITuc 1T
Jleit Cep Cron Cron A
Jleit Cep Cron Tpno r
Jleit IIpo T'uc Apr v
Jleit IIpo T'uc Apr 1T
! Jleit IIpo Tnn Apr A
Jleit IIpo T Apr T
WUne Tpe Acu Cep Yy
A WUne Tpe Acu Cep 1T
WUne Tpe JIus Apr A
Mer Tpe JIus Apr T
Ban Auna Acno Tnn v
r Ban Auna Acno Tnn 1T
Ban Auna Ty T A
Ban Ana Ty Tnn T

O6parure BHUMaHUe, uTo 3 U3 64 KomOoHOB (B Mosiekynax MPHK — VAA,
YAT m YT'A) He KOOUPYIOT aMHUHOKHCJIOTHI. OTO TaK Ha3bIBaeMble CMon-
KO0OOHbL, OHU CJIY’KaT CUTHAJIOM OKOHUAHUA CUHTEe3a OesKa.

2. Kog omHO3HAUEeH — KaKIbIil TPUILIET KOOUPYET TOJIbKO ONHY aMUHO-
KHCJIOTY.

3. Kak yxe oTMeuasoch, YMCJIO TPUILJIETOB IIPEBBINIAET KOJIUYECTBO KOIU-
pyeMbIX aMUHOKHUCJIOT. [[09TOMYy TeHeTHYEeCKUH KOX SBJSEeTCS U30BITOUHBIM
(BBIPOKIEHHBIM) — OJHA U Ta K& aMWHOKMCJIOTAa MOYKET KOAMPOBATHCA Pas-
vHbiMu Tpumeramu. Hampumep, B MPHK mnucrenn (Iluc) mosker OBITH 3aKO-
nupoBaH tpumierom ¥ I'Y unu YI'II, tpeonun (Tpe) — ALY, AIIII, AITA
nau AIIT. HekoTopble aMUHOKUCJIOTHI, HanpuMep JeitiuH (JIeit), kogupyiorcs
MIEeCTHI0 PA3JIUYHBIMU TPUILIETAMHU, B TO Ke BpeMsa MeTuonuHy (MeTt) u Tpum-
Todany (TpI) COOTBETCTBYET TOJIBKO IO OMHOMY KOJOHY (IIPOBEPhLTE 1O TabIuIle
TEeHEeTUYEeCKOT0 KO/a).

4. Konm He mepekpsIiBaeTca — OIUWH U TOT K€ HYKJEOTHUJ He MOKeT OIHO-
BPEMEHHO BXOAWTH B COCTAB ABYX COCEIHUX TPUILIETOB.
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5. Kox HenpepsiBeH. B monuHyKJI€OTHIHON eI HYKJEOTUABI pacirojiara-
IOTCSA HEIPEePhIBHO M COCENHNE TPUILIEThI HUUEM He OTHEeJIeHBI APYr OT Apyra.
3TO 3HAYUT, YTO (l)aRTI/IIIeCRI/I JAeJIeHe Ha TPUILJIEThI YCJIOBHO — BCe€ 3aBHCHUT
OT TOr'0, C KAKOI'0 MMEHHO HYKJIEOTHJa HAauMHAeTCA UX cunThiBanue. IlosTomy
B KJIETKAX CUMTHLIBAHNE MH(pOPMAIINU, COAepsKalllelics B IeHAaX, BCErna HAYU-
HAeTCA CO CTPOr'0 OIPEeJIEHHOrO HYKJICOTHIA.

Eciu B cocTaBe reHa IIPOUCXOAUT U3MEHEHE KOJINUYECTBA HYKJIEOTHUIAO0B (MX
BBINAJIEHNE WJIM BCTABKA) Ha UMCJIO, He KPAaTHOE TPeM, HaOII0JaeTCsa TaK HA3hI-
BaeMbIit cdsuz pamku cuumuviearnus (puc. 60). OTo TPUBOAUT K CYIIIECTBEHHOMY
M3MEHEHHIO II0CJIeN0BATEILHOCT AMUHOKUCJIOT B O€JIKe, KOTOPBI KOAUPYeTCA
N3MEHEeHHBbIM I'€é HOM. B HEKOTOPBIX CJHIy4YadX COBUI' PaAaMKHN CUNTBIBAHWA IIPH-
BOAUT K BOBHMKHOBEHMIO CTOI-KOJOHOB, 1M3-32 Uero CUHTe3 0ejiKa 00phIBAeTCA.

VcxogHas MPHK: [AYTLALULUTYAYATLYITA..|

Tpunnetol: AYF WAL UFY AYA TUY ITA

canc: (3 o) imd- G-

lBCTaBKa HykneoTuaa T BbinageHve HykneoTtnaa

[AYFTUALLUTYAYATUYITA..—wPHK—|AYTUALUTFYAYATLYITA..

AYF YUA UUr YAY ArW YIT A..—Tpunnetsi—AYF ALL YA YA UYF TA...

(1e3-op) o9 up)-Cop)- o).

MpekpalueHue
cuHTe3a benka

benok

Puc. 60. Cour paMKn CHUTbIBAHUSI U €ro MOCNefcTBUs

Kak yke oTmeuasoch, IpaBUJILHOE CUMTHIBAHUE T'€eHETUYECKOU mMH(pOpMa-
Uy 00ecIeuynBaeTCsa TOJbKO TOT[A, KOT[a OHO HAUMHAETCS CO CTPOTO Ompene-
JIEHHOU TO3UIUHU. ¥ 3YKApPUoOT cmapmosvim kKodornom moaekynabl MPHK saBis-
ercsa Tpuiter AYT. IMeHHO ¢ Hero m HauMHAETCsS CUNThIBAHUE.

6. Kox yHuBepcalleH — y BCeX KMBBIX OPraHU3MOB OJHUM U TeM :Ke
TPUILJIETAM COOTBETCTBYIOT OTHU W Te K€ aMHHOKHCJOTHI. IHBIMU CJI0BaMH,
Yy BCEX OPTaHW3MOB I'€eHETMUECKUN KOJ pacin(ppoBbIBaeTCA OANHAKOBO (3a pel-
KUM HUCKJIOUEHUEeM). ITO CBUIETEIbCTBYET O €INHCTBE ITPOUCXOKIEHUA JKUBBIX
OpPraHM3MOB.
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-
'Lua Yuactor mosiekyabl [THK, comep:xamuii madopMaIinio o nepBUYHON
Mo J | CTPYKTYpP€ OIIPEe/eJIeHHOTO oeaka, pPHK uau TPHEK, HasbpiBaeTcsa

. rémom. Ilepemaua HaciieACTBEHHON MH(MOPMAILINU, COAEPIKAIIENCA B
IOHEK, k¥ pubocomaM, TIe IIPOUCXOAUT CUHTE3 0EJIKOB, OCYIIECTBJISAETCS
¢ nomomibio mocpenunka — MPHE. I'emermueckuii Kog — 3TO cucTeMa
s3anucyu MH(GOpPMAIK O IIEPBUYHOM CTPYKType OEJKOB B BHAE IIOCJIENO-
BarenpHOCcTH HYyKJeoTunoB [ITHK (MPHK). OcHoBHBIE CBOIiCTBa reHeTHUe-
CKOTO0 KOZa: TPHUILJIETHOCTh, OTHO3HAYHOCTH, M30BITOYHOCTH (BBIPOIKIEH-

HOCTB), HEeIIePEKPbIBAEMOCTDb, HEIIPEPBIBHOCTh M YHMUBEPCAJBHOCTD.

F 1. YT0 Takoe reH? Yto npeacraBnAeT co60W reHeTUHecKuii Koa?
-:_" 2. OxapaKkTtepu3yiiTe CBOWCTBA rEHETMHECKOro Koga.
3. Y70 NpencTaBnsaOT CO60M CTON-KOAOHBI? Kakyto posib urpaet cTapToBbIii KOJoH AY ?

4. TloyemMy aMWHOKMCIOTa KOOMPYETCA HE OOHUM W He OBYMS, a Tpems nocrefoBatenbHO
pacnonoXeHHbIMU HyKneoTugaMmmn?

5% Monekyna MPHK HauvMHaeTcs €O cnepyoLleit nocnenoBatenbHOCTM  HYKNeoTUOOB:
AYITYAUUYVYITUAL... C kakon nocnenoBaTtenbHOCTM aMUHOKUCIIOTHBIX OCTATKOB HayMHaeT-
ca 6enok, 3akoauMpoBaHHbln 3aTo MPHK? [Ina pelleHns ncnonb3ynte Tabnuuy reHeTUHecKoro
koga (cMm. Tabn. 14).

6% Kak Bbl gymaeTe, Kakoe 6MONorM4eckoe 3Ha4eHne UMEET CBOWCTBO BbIPOXLAEHHOCTU re-
HeTu4eckoro kopga?

7*. [leicTBME HEKOTOPbIX (PaKTOPOB (PEHTFEHOBCKMX Ny4en, ynsTpadnmoneToBoro nany4eHus,
OMpPENENEHHbIX XMMUYECKMX BELLECTB M Ap.) WM OWMOKKW, MHOTAA BO3HWMKAKOLLME MpU pensnu-
Kauum, MOryT MPUBOAWUTL K W3MEHEHW0 nocnefosatenbHOCT Hykneotmpos [HK. Mpu atom
MOXeT MPOUCXOAUTL BCTaBKa MMM BbiNadeHWe HYKNeoTUhoB NM60 3ameHa OfHMX HYK1eoTMAoB
Ha gpyrve. Kak Bbl cyMTaeTe, Kakme M3MEHEeHWs Yalle NPUBOAAT K HapyLUEHWI0 HOPMasibHOro
(PYHKUMOHMPOBAHUS KNETOK (M JaXe K UX rubenn) — BCTaBKM M BbINALEHUS WK Xe 3aMeHbl
Hykneotngos OHK? O60cHyiTe OTBET.

§ 24. Peanu3auusa HacneactseHHouM MHdopmauum

Bawm musBecTHO, uTO MHGOPMAIUSI O IEPBUYHONA CTPYKType 0eJIKOB, XpaHs-
madca B moJsiekynax JTHK, ¢ momorbio mocpegauka — MPHK — mepemaerca
K pubocomam. B sTux opraHommax u IIPOUCXOAUT cuUHTe3 0eakoB. Takum 06-
pasoM, peaJyisaliid HACJIeICTBEHHOU MH(MOPMAIIUU B KJIETKE OCYIIECTBIAETCS
B 1aBa sTama. CHauasia mH(GOPMAIUI 0 CTPYKType 6esnka Konupyerca ¢ JHK ma
MPHEK (mpanckpunuyus), a 3aTem peanusyercsa Ha pubOOCoMe B BUJe KOHEUHOT'O
nponaykra — Oesika (mpauncasyus). ITO MOKHO IPEACTABUTH B BUJIE CXEMBI:

TPaAHCIALUA

JHE 2P wPHEK — 7, Geaok
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Tpanckpunuyusa. Marpuneit nua cuaTesa mosekyasl MPHR caysxur ompe-
IeJIeHHBIN ydacToK omxHou u3 1eneir mosiekysbl [THK. CorsmacHo mpuHITHUITY
KOMILJIEMEHTAaPHOCTH IIOPAJOK HYKJIEOTHIOB B oOpasyroiieiica MPHK ctporo
ompemeseH mopaakom HykKJgeotunos B nenu [JTHEK. ITo TakoMy ke IPUHIIUITY B
KJeTKax cuHTe3upytorca u apyrue Buabl PHE. Cunres PHK ¢ ucnmosbzoBanu-
em [JHK B KauecTBe MaTpuilbl HasbiBaeTcsa TpaHcKpumiueil. Ilens MoaeKyabl
OHEK, KoTopas mpu TPAaHCKPUNIIUU SBJISETCA MaTPUIleli, HA3bIBA€TCA MPAHC-
Kpubupyemoil (B OTJINUME OT BTOPOU IeNU — HEMPAHCKPUOUDYeMOiL).

TpaHCKPUIIIIUA OCYIIIECTBJISAETCA ¢ IOMOIIbI0 (epmernta PHER-nonrumepasvl.
Kaxnerit yuacrox mostekysrsl [ITHE, Ha KOTOpOM MOXKET MIPOMCXOAUTD TPAHCKPUII-
U, UMEeT TaK Ha3bIBAEMbIN NpoMOmop. ITO 0codasi MOCIeI0BATEIbHOCTh HYK-
JIEOTHJIOB, K KoTOopoii nmpucoenuusercsa PHK-monmumepasa. Ilocae nmpucoeqnuenns
(hepmMeHTa TPOMCXOMUT JIOKAJNIbHOE pacKkpyumBaHue nBoiiHo# crimpanau [ITHEK, u ee
KOMILJIEMEHTapHbIE I Ha 3TOM yYacTKe OTAENAITCA APYT oT apyra (puc. 61).

HetpaHckpubupyemas uens AHK Packpyunsarue IHK

N pasbenHeHne ee uenen

CkpyumBanue OHK
1 coeaMHeHue ee Lenen

PHK-nonumepasa

TpaHckpubrpyemas

Lenb HK HanpaBneHme AOBWXEHUA

PHK-nonumepassl

w7

CBoboaHble HyKNeoTUAbI

HetpaHckpubupyemas uens HK

!!!!!!!

Puc. 61. Cxema npouecca TpaHCKpunumm
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O

§24-1

Hamee PHK-oinmepasa HaunHaeT nBUKeHUEe BAOJIb MoJiekyabl [JJTHEK. dep-
MEHT UCIIOJIL3YeT TPAHCKPUOUPYEMYIO IIellb B KaUeCcTBe MATPUIILI /I CUHTE3a
PHEK u3 mykseorumgos. Moaexkyaa PHE, xoropasa mpu sToM ob0pasyeTcs, KOM-
mieMeHTapHa TpaHckpubupyemomy yuactrky HTHK. Hampumep, eciu ydacTok
TpaHckpubupyemoii mmenu [[HK comep:XuT mociiemoBaTeIbHOCTh HYKJIEOTHIOB
TAITATII, To B coorBeTcTByIoIIeM eMy (hparmenTe moJseKyabl PHK mopsamok
HyKJeoTunoB Oyaer TakuM: AY 'Y I T (BcmoMHUTE, UTO B COCTAB HYKJIEOTHIOB
PHEK BmecTOo TMMmMHaA BXOAMT ypaiui). Tak B XoAe TPAHCKPUIIIUKN T'eHeTHYe-
ckaa mapopMmarusa «nepenuckiBaerca» ¢ [JTHK ma PHK.

Yuactox mosekynnsl JTHK, Ha KoTopoM ocylecTBJIgeTCS TPaHCKPUIIIIUA,
3aKaHUYUBAETCA MEPMUHAMOPOM. ITO HYKJIEOTUJHASA IOCTIEN0OBATEILHOCTD, 10~
cturHyB Kotopoit PHK-nmonumepasa saBepiaer TpaHckpunmnuio. OHa oTHoens-
erca ot mosekysabl [JTHK u ocBoGo:kmaer cunTesupoBaunyio PHE.

B KJileTke mporiecc TPAHCKPUMNIIMKU MOMKET OJHOBPEMEHHO MHPOTEKATh KaK
Ha pasHbix MoJjekyaax [JHK (xpomocomax), Tak M Ha Pas3JIMYHBIX yUYaCTKaX
OIHOM U TOH K€ MOJIEKYJIbI.

Tpancasyus. Ilpomecc cuHTe3a 6eIKa M3 AMUHOKHUCJIOT, KOTOPBIN OCYIIIECT-
BJIsAeTcA B pubocomMax, HA3bIBA€TCs TPaHCIIIUEH.

HocTaBKa aMHHOKHUCJIOT K pudocoMaM
AHTUKOLIOH OCYIIIECTBJISETCS C ITIOMOIIILIO MPAHCNOpmM-
nHoix PHE. Kak Bbl 3HaeTe, MOJIEKYJIbI
TPHK wmmeroT @Qopmy, HallOMUHAIOIIYIO
auct KaeBepa (puc. 62). OquH 13 KOHIOB
menu TPHK — akienTopHbI#I XBOCT CJIy-
SKUT AJIA IPUCOEIUHEHUS aMUHOKUCJIOTEI.
B OpoOTMBOMOJIOMKHON YACTH MOJIEKYJIBI
TPHK nmeeTcs 0coObIl TPUILIET — AHMU-
Ko0on. IlocmemoBaTeIbHOCTh HYKJIEOTH/IOB
B COCTaBe aHTUKOIOHA OIPEesseT, C Ka-
KuM umeHHo KomoHom MPHEK Oymer xKom-
IIJIEMEHTAPHO COeAUHATHCA Ta WJIW WHAS
TPHK 1 KaKkyio aMHHOKMCJIOTY OHa OyaeT
nepeHocuTh. Hanpuwmep, TPHEK, umeroras
aaTuromoH YAII, mMoxKeT cBA3aTbCA IO
MIPUHITATY KOMIIJIEMEHTAPHOCTUA TOJBKO C
AKLENTOPHBIA rpurrerom MPHEK AVYT. IlockoabKy 3TOT
xBOCT | TpurieT Koxupyetr metruoHuH (Mer), maH-
Hada TPHE cayxut nyia TpancnmopTa nMeH-

Puc. 62. Ctpoerue TPHK HO 3TOM aMUHOKUCJIOTHI.
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IIpomece TpaHCHAIMU OCYILECTBJIAETCA ciaefyiomum obpaszom. CHauasa
MPHK coenunsieTcs ¢ MaJioi cyobeguuuIeil pubocoMbl B 00JIaCTH CTAPTOBOTO
Tpurmera AYT. 9ToT TpumieT KoampyeT aMUHOKUCJIOTY MeTUOHUWH. [lasiee co
CTapTOBBIM KOIOHOM C IIOMOIIIBIO CBOEr0 aHTUKOIOHA KOMIIJIEMEHTApPHO CBSA-
spiBaeTca TPHEK, Hecymiaa metnonuH. IIocKOIbKY cuHTe3 Oejka HauMHAETCs
¢ xomona AVT, npakTuuecKu Bce 0eJKU, 00pasyIolniuecs B XOJAe TPAHCIAIUN
(3a peIKUM HCKJIOUEHWEM), HAUMHAIOTCA C OCTaTKa MeTHMOHUHAa. llo3mHee y
OOJIBIIIMHCTBA 0EJIKOB IPOUCXOIUT OTIIEIIJIEHEe 9TOT'0 OCTaTKa.

ITocne cBaspiBanua mepBoii TPHK K oOpasoBaBiieMycss KOMILJIEKCY TPU-
coequHAETCA 0OJbINaA Cy0ObeuHNIIA PUOOCOMBI. 3aTeM B PU6OCOMY IIOCTYIIAeT
Bropasa TPHEK ¢ amuuokucsoroii. Ecin autukonoH stoii TPHK KommiemenTapen
BTOpomy KomoHy MPHEK, oHa cBsasbIBaeTcsa ¢ maHHBIM TpuiliaeToMm (puc. 63, a).

Manas
6
cybbeavHuLa pubocombl

HanpaeneHune

nBwxkeHnss MPHK

a

«—
mPHK—{TTA[TTATY[F L[ VI [YIAY]: [FIAC AV LIEYIFIYIAIYIAILFIL

AMUMHOKMCIIOTa
Bonblas

cybbeanHuua pubocomsl

e m 2

[FAFANUIYTYAVALOMAYL  AVOFIFIFALYIULAVIAIA

Puc. 63. Cxema npolecca TpaHcnauum
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Hanee Mexay ABYMSA aMUHOKHUCJIOTAMU, JOCTABJIEHHBIMU B PUOOCOMY MOJIEKY-
namu TPHEK, ob6pasyercsa menTugHas CBA3b.

IlepBaa TPHK (MeTnoHmMHOBAs) O0CBOOOKIAETCA OT aMUHOKUCJIOTHI. 3aTeM
MPHEK casuraerca ma omguu tpumiaer. Bmecte ¢ MPHK cmeriarores u cBszaH-
uele ¢ meit TPHK. Ilpu stom nmepBas TPHK ormensiercss ot mosexkyasl MPHK u
nokuzaeT pudbocomy, a Bropasg TPHK, coemuHenHas ¢ QUIENTUAOM, 3aHUMAaeT
mecTo mepBoii (puc. 63, 6). Iladee B pubocomy mocrynaet chaenyroinas TPHE
C aMUHOKUCJOTOH. B pesyibraTe 00pasoBaHHBIN paHee AUIEIITHU], COeIUHIET-
cda ¢ Tperhbeli amuHOKuca0TOo. Ilocae saTtoro MmPHK choBuraercs eiie Ha oguu
tputieT. Bropas TPHK mokugaer pubocomy, Ha ee MECTO CTAHOBUTCA TPEThA.
B pubocomy moctrymaer ouepemuas TPHK ¢ amwmuoKwmcaoroii (puc. 63, 8), u
OIIMCAHHBIE BBIIIE IIPOIIECCHI ITOBTOPSIOTCSA. TaK MPOMCXOAUT HapallluBaHUe
TOJIUIEIITUAHON ITeIu.

BurocunTes 6eKa IPOIOIKAETCA IO TeX 0P, ITOKA B prub0OCOMY He TOomaaeT
onuH U3 cTOm-KomoHoB — YA A, VAT unu YTA (puc. 63, 2). B x1eTkax He cy-
miectsyioT TPHE, aHTUKOZOHBI KOTOPBIX COOTBETCTBOBAJIM ObI 3TUM KOZOHAM.
ITosToMy mpoliecc TpaHCAAIIMM IpeKpalliaeTrcd, U CyObeIMHUIIBI PUOOCOMBI
OTHENIATCA APYT OT APYyTa.

CuvHTe3 6enkoB B KJleTKax OCYLLECTBIAETCA ObICTPO, MPU yHacTum 0cobbiX PePMEH-
TOB, ¢ 3atpatamu sHeprum ATO n IO (MaKpo3Prm4eckoro COeamMHeHus, CXOLHOro Mo
CcTpykType ¢ AT®). YcTaHoBMEHO, 4TO 3a 1 MuH B pnbocomMe 06pasyoTcst NpUbnmMsnTensHO
5—6 TbIC. MENTUAHLIX CBA3EW. TakMM 06pas3oMm, BpPeMsi CMHTE3a HeOOSbLUMX GeNKOBbIX
MOJIEKYIT UCHUCNIAETCA CEeKyHOamMu, a Ha 06pa3oBaHue KPYMHbIX, coOepXaluux Mo He-
CKOJbKY ThICAY aMWUHOKMUCIIOTHBIX OCTATKOB, YXOOUT OKOJI0 MUHYTHI.

B opraHuame yenoseka maccon 70 kr copepxutca npumepHo 10 kr 6enkos. [Mpu
3TOM exenHeBHO okoslo 300—400 r 6enKoB, BXOAALMX B COCTaB K/ETOK U TKaHen, pac-
wennseTca OO aMUHOKUCIOT M MPUBNN3UTENBHO Takoe e KONMNYEeCTBO aMWHOKWUCIOT
BKJIIOHAETCA BO BHOBb CMHTE3MPOBaHHble OenKoBble MOMEKYNbl. ITO 3HAYMT, 4YTO BCE
Ul 6enkun opraHnama o6HOBNATCH B cpegHeM 3a 30 gHew.

ITo mepe mpoasu:xenuss MPHK uepes pubocomy ¢ ee 0CBOOGOAUBIITIMCS KOH-
IIOM MOJKeT CBABBIBAThCA cJenyromias pubocoma. Biaarogaps sToMy Ha OXHOI
mosekysie MPHK mMoryT omHOBpeMeHHO HAXOAUTHLCA HECKOJBKO PrOOCOM, CHUH-
Te3UPYIOIIUX C HeOOJIBIION pa30e’kKoil BO BpeMeHU HJeHTHUUYHbIE MOJIEKYJIbI
Oeaka. Takue KoMIIJIeKChl pubOCOM, CBA3aHHBIX OAHOI MoJieKyJioir MPHE, Ha-
3BIBAIOTCA NOJUCOMAMU.

Takum o6pasoMm, TreHeTuuyecKasd WHGOPMAIUA, KOTOpad COAEPIKUTCS
B [IHK, B pesyibTaTe IIPOIECCOB TPAHCKPUIIIINY U TPAHCIAIINYN PeaTn3yeTcs B
BHUIe MOJIeKyJ OenkoB. CuHTes OesKa obeclieunBaeTcs B3aMMOJeliCTBUEM pas-
anuablx BumoB PHK. Pub6ocomubie PHK sABIsSOTCA TJIABHBIM CTPYKTYPHBIM
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KomnoHeHTOM pubocom. Marpuunas PHK — #HocuTenps nHGOpPMAIIUY O TTEPBUY-
HOII cTpyKType Oenka. Tpancnoprasie PHK mocraBidiorT B pubocomMy aMUHO-
KHCJIOTHI.

Buocunres PHK (tpamckpuniius) u 0uocuHTe3 OeaKa (TpaHCIANMUA) OCY-
miecTBIAAOTCA ¢ ucnosb3opanuemM marpurn, — JHK u MmPHK cooTBeTcTBEHHO.
IlosToMy, Tak Ke KaK U PenauKayus, IPOIECChl MPAHCKPUNYUL U MPAHCLS-
Yuu ABJIAIOTCSI PeaKIUIMU MATPUYHOTO CHHTE3Aa.

p
'L—__;* Peanusamnusa Hac/ieAcTBeHHON MH(pOPMAIIUY B KJIETKE BKJIIOUAET JBA
b J | orama: TPAaHCKPUIIIUIO U TPAHCIALMIO. TpaHCKPUIIIIHAA — 9TO OMO-

*-' cunres PHK ma marpume [ITHK. 9ToT mpoiiecc mpoucXomuT ¢ yda-
ctuem PHEK-mmosimMmepasbl, KOoTopas B KauecTBe MAaTPUIbl OJII CHHTE3a
mosiekyabl PHE mcnonbsyer onpeneseHHBIN yYaCTOK TPAHCKPUOMpPYyeMOit
nernu JJHK. Tpaucaanus — 9To 6uocuHTE3 0eIKa M3 aMUHOKUCJIOT, IIPO-
ucXonAnInuii B pubocomax. B xome TpaHcasanuu marpurei cay:xut MmPHE.
IIpaBuibHOE BKJIIOUYEHWE aMWHOKHCJIOT B COCTaB OesJKa obecreunBaeT-
csA KOMILJIEMeHTapHBIM CBA3biBaHUMeM KomoHoB MPHK ¢ amTukomomamu
TPHK. Tpauckpuusa 1 TPAHCAAINA, TaK Ke KaK U PeIlInKallisd, sIB-
JIAIOTCA PeaKIUAMU MATPUYHOTO CUHTE3a.

[

= = 1. Kakune npoueccbl OTHOCATCS K peakuusm MaTpu4HOro cuHTesa?
- Bposkenue, TpaHCIAIUSA, TPAHCKPUOIUA, (POTOCUHTE3, PEIIUKAI[UA.

2. Y70 Takoe TpaHckpunuua? Kak npoTtekaeT 3ToT mpouecc?

3. Kakoii npouecc Ha3biBaeTcs TpaHcnsaumen? OxapakTepuayinTe OCHOBHbIE 3Tanbl TPaHCAALMK.

4. Tlovemy npu TpaHCNALMM B COCTaB 6enka BKO4AKTCS He JII06ble aMUHOKMCIIOTLI B CIly-
YanHOM nopsadKe, a TONbKO Te, KOTopble 3akoaupoBaHbl Tpunnetamu MPHK, npudem B cTporom
COOTBETCTBUM C MOCNENOBATESIbHOCTLIO 3TUX TpunieTos? Kak Bbl AymaeTe, CKoSibko Buaos TPHK
y4yacTByeT B CMHTE3€ GENKOB B KNETKE?

5. Peakuum maTpu4HOro cuHTe3a criefyeT OTHOCWUTb K mpoueccam acCUmunauuvM unm guc-
cumunaummn? Modemy?

6% C nomoLLpbto TabnuLbl FeHETUYECKOro KoAa (CM. Tabn. 14) onpepenvTe, Kakyto aMUHOKWMC-
noty TpaHcrnopTupyeT TPHK, nsobpaxeHHas Ha pucyHke 62.

7%, Yyactok TpaHckpubupyemon uenm OHK wmeeT crnegylowimii MOPSAOK HYKNeoTUOOB:
TAUTITAUATATTALUAATALT. YcraHoBuTE nocnenoBartesibHOCTb aMUHOKMUCAOTHBIX OCTaTKOB
nenTnga, 3akogMpoBaHHOIO 3TMM yyacTkoM. [nsa pelueHws ucnonb3yinte Tabnuuy 14.

8. YcraHoBneHo, 4To B Monekyne MPHK ageHvnosbie Hykneotuapsl coctasnsaiot 14 % ot 06-
Lero Konm4ecTsa Hykneotugos, untuaunosble — 30 %, ypuannosble — 34 %, ryaHunoBble —
22 %. OnpepenuTe MpOLEHTHOE COOTHOLUEHME HYKNEOTUMAOB B COCTaBe [ABYXLEMOYEYHO-
ro yvactka monekynsl OHK, ogHa u3 uene’ KOTOPOro sBnsfnacb MaTpuuen Ong cuHTesa
naHHon MPHK.

§24-1



Mmaga 3. OGMeH BelwecTB v NpeobGpa3oBaHne 3HEPrun B opraHuame

NOABEAEM UTOIn

OOMeH BelecTB B OpraHu3Me IIPeJCTaBJIeH OJHOBPEMEHHO IPOTeKaio-
UMY ¥ B3AUMOCBSIBAHHBIMM pEaKIUAMU KaTaboamusmMa U aHabosmsMa.

IIporeccnl kaTabouama (KJIeTOUHOE IbIXaHWE U OpPOKeHUe) IIpeicTaB-
JISTIOT cOOOM pacIlellieHne CJIOKHBIX OPraHNUYecKUX COeIUHeHUuH n0 6ojee
IIPOCTBIX BEIECTB. OHEPrus, KOTOpasa IPU 3TOM BBIAEJAETCH, HCIIOJb3Y-
ercsa mis cunresda AT®. Pacienienre oJHOM MOJIEKYJbI TVIFOKO3ELI B XOJ€
KJIETOUHOT'O IBbIXaHUS COIIPOBOXKAAETCA cuHTe3oM 38 Mojerya ATD, a B
Xoze OposKeHusaA — TOJBKO 2 MoJyieKysa1 AT®. 9To cBA3aHO ¢ TeM, UTO HPHU
OpO'KeHUH, B OTJINYME OT KJIETOUHOI'O AbIXaHUsA, He HMPOUCXOAUT IIOJTHOT'O
okucaeHus rIoko3bl 1o CO, u H,0.

IIporeccs aHab6osmuaMa ((PoTOCUHTE3, TPAHCKPUIIIMUSA, TPAHCIAAIUA U
IP.) COIPOBOKAAIOTCS CUHTE30M CJIOKHBIX COeNUHEHUN M3 CPABHUTEJIHHO
IIPOCTBIX BEIECTB W IIPOTEKAIOT C IIOIJIOIeHneM sHepruu. B pesyabrare
dorocuuTesa us CO, u H,0 o6pasyiorcss opraHuyecKue BeIlecTBa. JTOT
MIPOIleCC IPOUCXOAUT C IIOIJIOIEHWEM CBETOBOI 9HEPIUU MIPU YUACTUU
dorocuHTeTUUYECKUX TUTMeHTOB. OT (poTOCHMHTE3a HMPAMO MU KOCBEHHO
3aBHCUT BCe KMBOe Ha 3eM.JIe.

TpaHCKPUOIUSA U TPAHCASIINSA — 9TAObl peasnsaliii HacJaeICTBeHHOMN
nHpopmanuu, xpaudiieiica B JJHK. B xoxe TpaHCKpunmuum Ha MaTpPHUIlE
I HEK o6pasytorcs pasauunbie Buabl PHK. Tpancasiusa mpeacTaBiasieT co-
0oi1 cuuTe3 6eJIKOB B pubOCOMax, PoJib MATPUIILI B 9TOM IIPOIECCe UTPAeT
MPHEK. Cucrema 3anmcu MHMOpMAIMK O HEPBUUYHOI CTPYKType OeIKOB B
Buje mocaegoBaresbHocT HyKJeotunoB [JHK (MPHK) nassiBaeTca rene-
TUYECKUM KOIOM.




HekneTo4yHble
¢dopMbl XKU3HN — BUPYChI

N

Knerounasa Teopus TJIacUT: KJETKAa — CTPYKTYpHasd U (QYHKIIMOHAJIbHAS
eIUHUITA KU3HU. ['0BOPA MO-IPYyTrOMY, BCe JKUBOe COCTOUT u3 KJjaeToK. OgHaKO
B IIPUPOJie CYIIECTBYIOT U (DOPMBI JKU3HU, HE MMEIOIINe KJIETOUHOT'O CTPOe-
HUS, — BUPYCHI.

Wx mayuyeHmMe 0Kas3aJioCh HEIPOCTON 3aaueil, pemneHne KOTOPOM CTAaJI0 BO3-
MOXKHBIM TOJIBKO OJiaromapA mporpeccy (puauku, XumMuu u Owmosioruu. Tpyna-
HOCTHU B MCCJI€JOBAHUM DTOM YACTU KUBOM IPUPOALI 3aKJIIOYAIOTCA HE TOJBKO
B KpaiiHe MaJbIX pasMepax BUPYCOB — MeHee OJHOT0 MHKPOMEeTpa, HO U B
CJIO}KHOCTSX TOJYUEeHUs MaTepuaJjia AJs UCCIeJoOBaHUA. B oTauyme oT Apyrux
MHKDPOCKOIMYECKUX JKUBBIX OOBEKTOB BBIPAIUBATH 3TU (DOPMBI KMBHU HA
MUTATEJbHBIX Cpefax HeBO3MO:KHO. OHHM DPa3MHOMKAIOTCS TOJBHKO B KJETKAaX
JKUBBIX OPTaHU3MOB, T. €. ABJIAIOTCSA BHYTPUKJIETOUHBIMU ITapasuTaMU.

§ 25. CtpoeHue, MHOroo6pasme U pasmMHOXeHue BUPYCOB

B 1892 r. poccutickuii yuensiii 1. V1. BaHOBCKMII BIIepBbIe OIIMCAJI 3aPAa3HbIE
CBOMCTBA "KUAKOCTH, IOJYUEHHON 13 PACTEPTHIX JUCTHEB TabaKa, ITOPaKeHHOro
MO3auYHON 00Jie3HBIO (prc. 64). Ta JKUAKOCTh COXPAHAIA CIIOCOOHOCTH BBIBHI-
BaTh 3a60JIeBaHUe JasKe IOCJe TOTO, KaK Oblja IPOIYIeHa Yepes Clellna bHbIH
duasTp, Bamep:KuUBAONINNA OaKTepuabHbIE
KJeTKH. ITO IIOCIYIKUJO IEePBLIM YKa3aHUEeM
Ha TO, UTO CYII[eCTBYIOT BO30yauTeIu 0OJIe3Hel,
MMeIoIl[ie MeHBIIIe Pa3Mephbl, ueM y OaKTepuil.

B 1898 r. mpuuacTHOCTH (PUILTPYIOMIUXCS
areHTOB K Pas3BUTHUIO 3a00JIEBAHUIN He TOJBHKO
pacTeHuil, HO U KUBOTHBIX ObLIA IOATBEPIKIE-
Ha OAPyruMu yuyeHbIMu. [[Jisg HasBaHUA TaKUX
He BUANMBIX B CBETOBbIE MUKPOCKOIBI BO30Y-

. Puc. 64. Jlnctba pacTteHuii Tabaka,
OUTeJIeN CTAJU IIPUMEHATHh Ha3BaHUE «BUPYC», MOPaXEHHbIE BIPYCOM

YTO B IIepeBOJEe C JJATUHCKOI'O O3HAUAET «dAm». TabayHoON MO3anKK
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[eHeTnyeckun annapat

[eHeTu4eckumn
annapar

Kancug

a 6

Puc. 65. CTpoeHne BMPUOHOB: & — MPOCTOW (BMPYC Taba4yHOW MO3aunKm),
6 — CnoXHbIN (BMPYC repreca)

B mepsoii uerBepTu XX B. HOLOOHBIE CBEAEHUS OBIIN IIOJYUYEHBI AJIA TAKUX
3a00JieBaHUIT UeJOBEKA W JKUBOTHBIX, KaK OEIIeHCTBO, HOJUOMUEIUT, T'PUIIII
u 1p. Brljio mokasaHo, UTO He TOJBKO MO3anuyHas 60Je3Hb Tabaka, HO 1 MHOTHTE
Ipyrue 3abojieBaHUs PACTEHUH CBA3AHBI C BUPYCAMU.

Cmpoenue éupycos. Bupycel IpecTaBIAIOT CO00HM YaCTUIIBI Pa3MepPOM OT
10 go 400 um. PopMy M CTPYKTYPY BHPUOHOB — BUPYCHBIX YACTHUIL yAAJOCH
M3YUYUTHh TOJBKO TOCJIe M300peTeH’s 3JeKTPOHHOTO MUKPOCKOIIa. BUPHOHBI
HEKOTOPBIX BUPYCOB HATIOMUHAIOT IAJOYKN UJIU HUTU. ¥ APYTUX BUPYCOB OHU
NMEIOT BUJ IIPABUJIbHBIX MHOIOIPAHHUKOB J100 OJM3KU II0 (pOpMeE K IIapy.

OCHOBHBIMU KOMIIOHEHTAMHU BUPyCa ABJIAIOTCSI HYKJEUHOBAs KUCJIOTA U
OKpy:Kalolas ee OemkoBas obosouka — kancud (puc. 65). ¥ omHUX BUPYCOB
BuyTpu Kamncuga Haxomurcsa THK, y apyrux — PHEK. 9to zenom (zenemu-
yeckuil annapam) BUpyca. B 3aBUCHUMOCTU OT THUIIAa HYKJEWHOBON KUCJIOTHI
Bupychl paszaensaiorT Ha [THK-cogep:xamume u PHEK-cogepixkamue. Ilpu sTom
mosteryssl [JHK (mu6o PHK) y pasHbIX BUIOB

£ %=, Tonoeka BUPYCOB MOTYT OBITh OIHOIEIIOUYEUHBLIMU WJIU

(fé’fémlm IBYXIleNouYeyHbIMU. KoJM4ecTBO MOJEKya Hy-

annapar) KJIEMHOBBIX KHUCJIOT B COCTaBe IeHOMa BUPYCOB
BapbUPyeT OT ONHOI A0 HECKOJLKUX.

BupuroHnsl, mpeicTaBJIeHHBIE TOJIBKO TeHe-

e TUYECKUM allllapaToM ¥ KaIlCuAO0M, Ha3bIBa-

_"/OCTTGF»KHG)BM.ElHbll7I IOT IIPOCTBHIMU. Y CJOMKHBIX BUPHOHOB IIOBEPX

pocTok Kamcuga uMeeTcs cyneprkancud — 000JI0UKa,

HUTK cocToAINaA U3 JUINA0B 1 0eJIKOB (cM. puc. 65).

HexoTropble BUPYCHI MMEIOT BUPHUOHLI, CO-
CTOAIME W3 I'OJIOBKU B ()OPMe MHOTOIPDAHHUKA
U CTEP;KHEBUIHOIO oTpocTKa. Takoe cTpoeHue
XapaKTePHO I HEKOTOPLIX BUPYCOB OaKTepUi
Puc. 66. Ctpoenne 6aktepuodbara (puc. 66). Onu 611U OTKPHITHEI B 1915—1917 rr.

basanbHasn
nracTuHka
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¥ HasBaHBI 0akTepuodaramu. Ecii B IpoOUPKY ¢ UyBCTBUTEJIHLHBIMU K TAKOMY
BUPYCY 6aKTepUAMHU BHECTU HECKOJIBLKO COTEH BUPUOHOB GaKTeprodaros, uepes
HECKOJIbKO YacOB ITOUTHU Bce OaKTepuu MOruOHyT. V3yueHme TaKOTO AEHCTBUSA
BUPYCOB IIPUBEJIO K OTKPBITUIO XapaKTEPHOTI'O AJIA HUX CII0c00a Pa3MHOMKEHU .

B 1 mn mopckow Bofbl Y MOBEPXHOCTM OKeaHa copepxutcs okoro 100 mMnH 6akTtepuno-
haros. TeopeTUHeCKN paccHMTaHHOE KONMYECTBO BUPYCOB GakTepuii Ha nnaHete 3emns
oueHmsaeTcst umdpamu 10%° — 103!, C yueTom Toro 4to Macca oHON BUPYCHOM YacTuLIb
cocTasnsieT npumepHo 107 r, obLias mMacca Tonbko 6aKTeprModaros NPUGIN3UTENLHO B
TbicA4y pa3 60rbLUe MacChbl BCEX OOMTAOLMX Ha MraHeTe CrnoHoB. Ecnun pacnonoxutb
B OAHY NvHMIO Bce 6akTepuodharm 3emnu, ee gnuvHa coctaswna 6bl NPUGAU3UTENBHO
102" kM v 100 MnH cBETOBbIX NeT!

Cnoco6 cywecmeo6anus u pa3mHONCeHUA 6UPYco6. XNUMUIECKUH COCTaB
BHUPHOHOB YKAa3bIBAET HA TO, UTO BUPYCHI OTHOCATCA K JKHUBOM mmpupoge. OgHako
OHH He IIPOABJIAIOT MHOIMX IIPU3HAKOB JKUBBIX OPraHN3MOB (BCIIOMHUTE IIPU-
3HAKM yKUBOro). Tak, BUPYChl He MMEIOT KJIETOYHOI'O CTPOEHMs, He 00JIafaioT
MOJBUYKHOCTHIO U PA3APa’KUMOCTBIO, He CIHOCOOHBI PACTH, AJIA HUX He Xapak-
TepeH 00MeH BelrecTB. Ho BUDPYCHI MOTYT pA3MHOMCAMbCA U 00/IaHaI0T TAKUMU
CBOMCTBAMMU JKHBOI'0, KaK HACLEOCMBEHHOCMb U U3MEHYUBOCD.

Bupychsl pasMHOXKAIOTCA TOJBKO B KJIETKAX APYTrUX OpraHusMoB. VMHaue
TOBOPS, BCE BUPYCHI ABJIAIOTCA 00A3aTeIbHBIMI BHYTPUKJIETOUHLIMY IapPasuTa-
mu. MI3BeCTHO, UTO IMapasuTUUECKUA CIIOCO0 CYINECTBOBAHUS XapPaKTepPUu3yeTCs
BBICOKOM CTENEHbBIO CIIEMN(IUUYHOCTH — KaKIOMY BUIY IapasUTOB HYKHBI CBOU
BUABLI-X03s1eBa. Ha mpumepe BUPYCOB 9TO CBOMCTBO IapasUTU3Ma IPOABIISIETCA
0COOEHHO SAPKO.

KoHKpeTHBIE BUPYCHI CIIOCOOHBI CYIIIECTBOBATh B KJIETKAX CTPOrO OIpee-
JIEHHBIX BHJI0B MUBBIX OPraHM3MOB. HpI/I 9TOM XO3deBaMHu [OJd Pa3JIMYHBbIX
BUPYCOB MOI'YT OBITh IIPEACTABUTEIN BCEX IAPCTB »KUBOI mpupoabl. Cunraercs,
4TO AJISI BCeX BUJOB OaKTepUil, IPOTHUCTOB, PACTEHUI, I'PUOOB M KUBOTHBIX
CYIIIECTBYIOT BUPYChI, IIPHUCIOCO0IEHHBIE IaPa3UTHPOBATh B UX KJeTKax. Boiee
TOTO, B KJIETKAX OPraHMW3MOB OJHOTO BUA MOTYT OOMTATh Pa3JUUYHBIE BUDPYCHI.
Ianexo He Bce BUALI BUPYCOB HA CErOAHAIIHNI JeHb W3BECTHBI Hayke. Bos-
MOMHO, UTO UX KOJIHNYECTBO IIPEBBIIIAET YHKCJIO OCTAJIBHBIX BHUI0B 61/100(1)ep51.

HecmoTpsa Ha Takoe pasHooOpasue, AJIA BCeX BHUPYCOB XapaKTepeH OOImuii
IIPUHIUII CYIIeCTBOBAHMN. BHE KJETKH X03sd1HA JII000U BUPYC IIPECTaBJIA-
eT co00M COBOKYIIHOCTH OPraHMUYECKUX MOJIEKYJ 0e3 KaKuUX-Inb0 IIPHU3HAKOB
skusHu. Ho eciu BUPYCHBIE YACTHUIBI OKA3BIBAIOTCA HA IMOBEPXHOCTU KJIETOK
X03AMHA, OHU MPOSBJAIOT ONPEIeJeHHYI0 aKTUBHOCTL., ONHMN BHPYCHI BBOLAT
CBOIO HYKJIEMHOBYIO KHCJIOTY B IIUTOILIA3MY KJETKH, IIPK 9TOM KAIICHUJ BUPYC-
HOM YacCTHUIbI OCTAETCA CHAPY KM. [Ipyrue BUPYCHI IPOHUKAIOT B KJIETKY KaK
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IIeJIOCTHBIE BUPUOHBI. Ilociie momagaHms TaKOr0 BUPHUOHA B IIUTOILIA3MY €ro
Karcuj paspyliiaeTcsa IJis 0CBOOOKIAEHUA BUPYCHOM HYKJIEMHOBOM KUCJIOTHI.

Ha cragum B3amMomeiicTBUsI BUPHUOHOB C IIOBEPXHOCTHIO KJIETOK XO3AWHA
BasKHEHUIITYI0 POJIb UTPAIOT CIeIUabHbIe PelelnTopHble 0eJKM BUPYCHBIX ua-
cruil. IX cTpoeHne omnpeeseT BO3MOMKHOCTD MM, HAa000OPOT, HEBO3MOMKHOCTh
crenuGuUUecKOro CBSA3BIBAHUS BUPHUOHOB C KJETKOM TOT'0 WMJIM WHOTO TUIA U
cIoco0 3apaKeHusa KJETKU.

Yepes HEKOTOPOE BpeMs IIOCJe MPOHNKHOBEHUS BUPYCa B 3apaKeHHOMN KJeT-
Ke HauMHaeTCs peasms3aliud HacJeICTBEHHOI MH(OpMAIlUHU, comeprKalleiicsa B
ero remome. KakK BBI y:Ke 3HaeTe U3 IVIaBbl 3, peajusaliusa MeHEeTUUECKOH WH-
(opmaruy 3aKJIOUAETCA B CUHTE3€ ONpeAesIeHHbIX 0enKoB. [lJid 9TOro BUpYC
ucnosns3yeT TPHK, aMIHOKMCIOTHI 1 PUOOCOMBI KJIETKHU X03AnHA. OCHOBHBIMU
OeskaMu, HEOOXOAUMBIMY IJI PA3MHOMKEHUA BUpyca (T. e. IJida GopMUPOBAHUA
BUPUOHOB HOBOTO TTOKOJEHUS), ABJIAIOTCA OeqKu Karncuza. B pubocomax sapa-
JKEeHHOM KJIETKU 9TU OeJIKM CUHTEe3UPYIOTCS B KOJWUYECTBE, JOCTATOUHOM [IJIs
cOOPKY HECKOJBKUX NeCATKOB MM JaKe COTeH HOBBIX KAIICHUIOB.

OIHOBPEMEHHO C 3THM B KJETKE YBEJINUYNBAETCH KOJUYECTBO MOJIEKYJ BU-
PYCHOM HYKJIEMHOBOM KUCJOTBHI. VIX CHHTE3 TaKiKe OCYIIeCTBJSETCA 3a CUET
pPecypcoB KJETKM X03AWHA — (PEePMEeHTOB, HYKJeoTunoB, AT® u ap. BHOBBL
o0pasoBaBIIIecs HYKJENHOBBIE KMCJIOTHI BUPYCA CAMOIIPOU3BOJIBLHO YIIAKOBBI-
BaroTcs B popMupyromniuecs Kamncuabl. TakuMm o6pasoM BHYTPHU KJIETKU ITOSB-
JISIeTCSI MHOYKECTBO HOBBIX BUPHOHOB.

151 BBIXOZA BUPUOHOB HOBOI'O MOKOJIEHUSA M3 3apasKeHHON KJIETKU Pa3HbIe
BUPYCHI MCIOJB3YIOT Pa3JUUYHbIE cIIocoObl. OMMH M3 HUX — BTO IOJHOE Pas-
pylleHre KJIeTKU II0f BO3AeHCTBIEM CIIeI[MAIbHBIX BUPYCHBIX 0€JIKOB, KOTOPbIE
CUHTEe3UpPYIOTCA B KOHIIE Ipollecca pasMHOMKEHUA BUpyca. B aToMm cayuae Bce
BHOBb 00pPa30BaBIIIECS BUPYCHbIE YACTUIILI OCBOOOMKIAIOTCSA OJHOBPEMEHO.

IIpu mpyrom cmocobe KasKALIM BHPHOH MOKHAAET KJIETKY XO3AWHA CaMO-
CTOATEJIbHO. ITO MPOUCXOAUT CaeAyomuM obpasom. CHauasa BUpPycHAA YacTH-
114 TPUKPEIJISeTcs K IasMaJjieMMe usHyTpu. llajiee 9TOT yU4acTOK MeMOpaHbI
BBINIAYNBAETCS HAPYIKY U OTHEJIAETCS OT KJIETKU. B peaysabraTe aTOro BUPyCHAsA
yacTuIla OpuoOpeTaeT CymepKaIlCHUJ — JOIOJHUTEJIbHYI0 000JOUKY W3 MeM-
OpaHBI KJETKH XO03AMHA, 00pas3soBaHHYIO JuIugamMu u Oejxamwu. IIpum Taxom
crocobe 0CBOOOKAEHNMST BUPDUOHOB KJIETKA X03sSMHA OCTAETCA JKUBOM, a IIpoIece
BBIXOZIa BUPYCOB U3 Hee OKasbIBaeTcA 0oJiee AJIUTEIbHBIM.

OcBOOOAMBIIIECS BUPUOHEI TP IIOMIAJaHUY Ha IIOBEPXHOCTH UYBCTBUTEI b
HBIX K HUM KJIETOK XO3SMHA CIIOCOOHBI MIOBTOPUTh XapPaKTEePHBIN IJIsf JaHHOT'O
BUJIa BUPYCOB IIPOIECC PA3MHOMKEHUS.
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HexoTopble BUPYCHI IIOCJIe IPOHUKHOBEHUSA B KJIETKY XO3SWHA CIOCOOHBI
TIEPEXOAUTH B COCTOAHME npogupyca. Ilpu aToM HyKJeMHOBasA KUCJIOTA BUPYyCa
(unm ee Konus) BcrpauBaeTcsa B JJHK kieTku xo3smHa. B Takom Buze BUpPYyC
MOJKeT AJINTEeJIbHOEe BpeMsA COXPAaHATHLCA B KJIETKe, He BBIBLIBAs 00pa3oBaHUA
HOBBIX BUPYCHBIX UYaCTHUIl. 3apasKeHHas KJeTKa He M3MeHseT XapaKTepHOI'o
15 Hee oOMeHa BeIleCTB 0O TeX IIOp, IIOKa Kakoe-I1ub0 Bo3naeiicTBUE He BHI3O-
BeT IIepexoJ IPOBUPYCA B AKTUBHOE COCTOSHUE M He HAYHETCS Pa3MHOKEHLe
BUpYyCA.

TIpoao/ KU TeIbHOCTh IIPOIIECCOB PAa3MHOKEHN BUPYCOB PA3HBIX BUJOB HE
onmHakKoBa. Hampumep, y OosbIimHCTBA 0aKkTeprodaroB BpeMs OT MOMEHTAa
MIPOHUKHOBEHUSA BUPyca B KJETKY OO0 BBIXOJa HOBBIX BUPYCHBIX YACTHUIL CO-
CTaBJIAET MeHee yaca. ¥ HeKOTOPBIX BUPYCOB UeJIOBEKA IIPOIECC PA3SMHOMKEHU
B 3apasKeHHOU KJIeTKe MOXKeT 3aHMMATh HECKOJIbKO CYTOK U 0oJee.

B mocaenmeiir uerBepTu XX B. OBLIN OTKPBITHI eIrle 0oJiee IIPOCTO YCTPO-
eHHbIe BO30yauTes i 3a00JieBaHUI pacTeHuii, ueM BuUpycbl. OHU HA3LIBAIOTCH
BUPOUABI U IIPEJCTABJIAIOT CO00I 3aMKHYTBIE B KOJIBIIO OJHOIIEITIOYEYHEIE MO-
nekyiasl PHK. Kancuga y BupouioB Her.

p
'{; B Bupycuasa vyacTuma (BUPMOH) COCTOUT U3 HYKJIEMHOBOW KHCJIOTHI, 3a-
b f KJIIOUEHHOI B 0eJIKOBYIO O00JIOUKY — KaIllCuj. ¥ HEKOTOPBIX BUPYCOB

UMeeTCs CyNepKaIlcua — MOIOJHUTENIbHAs 000JI0YKa U3 JIUIUIO0B 1
0esiKOB. Bupychl — BHYTPUKJIETOUHBIE ITAapasUThI, OHU Pa3MHOKAIOTCS
TOJBLKO B KJIETKAX OpraHM3Ma-xo3duHa. ['eHeTmueckasa mHpopMaIus, 3a-
KJIIOUEHHAsI B HYKJIEMHOBOM KUCJIOTe BUPYCa, PEAJN3yeTCsa ¢ UCI0JIb30Ba~
HIEM BeIIleCTB M SHEPTUU 3apasKeHHOH KJeTKU. HyKJenHOBbIe KUCJIOTHI
u 0eJIKM BUPYyCa CUHTE3UPYIOTCA B KJIETKE Pas3lesbHO, a 3aTeM COOMPAIOT-
csA B HOBBbIE BUPHOHBI. B OHOII KJeTKe MOKeT 00pa3soBaThbCcAd MHOYKECTBO
BUPUOHOB. BrImIenInie u3 KJETKU XO03sdMHA BUPHOHBI 3apasKalOT HOBBIE
KJeTKu. Muoroobpasre BUPYCOB OTPOMHO. Bupychl GaKTepuii HasbIBa-
oTca 6akTepuodaramu. Bojsiee MpoCcTHIMU, YeM BUPYCHI, HEKJIETOUYHBIMU
dopMaMu KUSHU SABJIAIOTCA BUPOUIHI.

? 1. Kakvie 13 HuxenepedmcrieHHbIX CBOMCTB XMBbIX OPraHM3MOB XapakTepHbl AN BUPY-
= = COB, a Kakune HeT?
Kiaerounoe CTpoeHnue, poCT, pasMHOYXeEHUe, IIOABUIKHOCTH, pa3apaKMMOCThb,
HacCJIeJCTBEHHOCTb.

2. KakoBbl paamepbl 1 hopma BUPYCHbIX YacTuy? Kakow MUKPOCKOMN MCMONb3YIOT AN U3y4e-
HUA hOPMbI U CTPYKTYpPbl BUPYCOB?

o

§25-1

§25-1
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3. Javite onpefeneHuns NOHATUSAM «BUPUOH», «BakTepuodar», «Bupong», «rnposupyc».

4. /13 Kaknx XMMUYECKMX BELLECTB COCTOAT BMPYChI?

5. OxapakTepusyinte CTpoeHue MPOCTbIX U CIOXHbIX BUPUOHOB. Kak (hopMMpYIOTCS CNOXHbIE
BMPUOHbI? Kak ycTpoeHbl 6akTepuodarn?

6. [oe n Kak NpoNCXoauT pas3mMHOXEHNE BUPYCOB?

7*. CpaBHWUTe BUPYCbl 1 60ONE3HETBOPHbIE 6akTepuy NO PasfMyHbIM MpU3HaKaM. YkaxuTe
4YepTbl CXOACTBA W Pasnmnyus.

8% Kak Bbl gymaeTe, TpebyeT nn (hakT CyLLEeCTBOBAHWS BMPYCOB MepecmMoTpa OJHOro M3
OCHOBHbIX MOSIOXKEHNIA KNETOYHON TEeopuu, KOTOpOe rNacuT, YTO 3NIEMEHTAPHON CTPYKTYPHOM
1 PYHKUMOHANTbHON eOVHMLEN BCEro XMBOro ABNSETCA Knetka?

§ 26. BupycHble 3a6oneBaHus U Ux npodmnakTuka

Kak BBI y:Ke 3HaeTe, TUI OMOTUUECKUX OTHOIIEHUH, BOSHUKAIOIIUX MEXKIY
BUPYCOM U €r0 XO03SMHOM, OTHOCAT K mapasutuamy. OcHOBaHUEM [AJIs 9TOTO
SABJSETCA TO, UTO IOAABJSIONIEe OOJILIIIMHCTBO BUPYCOB B XOZie CBOETrO pas-
MHOKEHUS HAaHOCUT BPeJl OPTaHMU3MYy XO3AMWHA.

IIpu mopasKkeHUU BUPYCOM KJIETKA TPATUT CBOM PeCypChl He Ha COOCTBEHHbIE
HYK[IBI, a HA BOCIIPOU3BOACTBO BUPYCHBIX YACTUIL, UTO yiKe ABJIAETCS HebIaro-
OPUATHBIM Bo3aelicTBueM. MHOTHe BUPYChI B IEPUOJ, PA3MHOMKEHUSA C IIOMOIIIHIO
CHEeINAJbHBIX OEJIKOB OrPaHMYUBAIOT OMOCHHTE3 pAja COOCTBEHHBIX OEJIKOB
KJIETKM, UTO eIrfe OOJIbIlle BPEAUT XO3AMHY. BOJBITMHCTBO MH(MUIIUPOBAHHBIX
KJIeTOK THUOHeT b0 MpU OCBOOOIKIEHUM HOBBIX BUPYCHBIX UYaCTHUIl, JUOO B
pesyJiibTaTe UCUEePIaHUs CBOMX pecypcoB. Bce 9TO mIPpWBOAUT K Pa3BUTHUIO TEX
WJIN UHBIX 3a00JIeBaHUM HA yPOBHE MHOT'OKJETOYHOTO OPraHM3Ma.

BrisbiBaemble BupycamMu 00J€3HU CETbCKOXO03ANCTBEHHBIX PACTEHUN U JKU-
BOTHBIX HAHOCAT YeJIOBEUECTBY CYIIIeCTBEHHbBIN MaTepruaJbHBINA yIep0. Bupychl
MOTYT BBI3BIBATH Tbeb MUKDPOOPTaHU3MOB, MCIIOJb3yEeMbIX B OMOTEXHOJIOTH-
YeCKUX IIpoIleccax, HapyIlllasg TeM CaMbIM ITPOM3BOJICTBO NPOAYKTOB MUTAHUA,
a TakyKe aHTUOMOTUKOB, BUTAMUHOB U APYTUX OMOJIOTMUYECKU aKTUBHBIX Be-
miectB. Oco60oe BHMMAaHUE IMIPUXOAUTCA YAEJATH BUPYyCaM, ITapasUTUPYOIIIAM
B KJIETKAaX YeJIOBeKa.

Bupychuvie 3ab6oneéanusn wenoéexa. BonesHu, BeI3bIBa€Mble BUPyCaMMU, OT-
HOCATCA K KaTeropuu HamboJjee OMAaCHBIX MH(PEKIIMOHHBIX 3a00JI€BAHUN YeJo-
BeKa. MHorue nHQEKIIMOHHBIE O0JIE3HU XapaKTEePU3YIOTCS CIIOCOOHOCTHIO IT0pa-
JKaTh OOJIBIIIOE KOJUYECTBO JIIOAEH OZHOBPEMEHHO, UTO CYIIIECTBEHHO CHUKAET
BOBMOJKHOCTU OKa3aHUA HEOOXOMMMOM MeIUIIMHCKOUN momoInu. Ho BUpycHbIE
3aboJsieBaHMs 3aHUMAIOT 0ocoboe moJiokerue. Ecau npoTuB nuH(GEKIINi, BEI3HIBA-
€MbIX ITapasuTUYeCKUMU 0aKTepuamMu, Megunuua B XX B. HaIwIa 3¢ GeKTUBHO
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IefiCTBYIOIIIUE JieueOHbIe MpermapaThl — aHTUOMOTUKU, TO ITPOTHUBOBUPYCHBIX
CpeJiCTB B apceHaJie Bpauell CYyIeCTBEHHO MeHbIIIe.

Ileso B TOM, UTO CYTh J€UEHUA IPU NWHPEKIITMOHHOM 3a00JIeBaAHUY CBOAUTCS
K OTpaHMYEHUI0 PA3MHOKEHNA BhI3BaBIIIEro 00Je3HbL MUKPOOPTraHu3Ma. B 3aBu-
CHMOCTH OT XMMHYECKOM IPUPOABI AHTHUOMOTUKY CIIOCOOHEI BO3IefiCTBOBAThL Ha
oIrpefieJIeHHbIE CTPYKTYPHI KJIETOK 0AaKTEepUil 1 HAPyIIaTh TEM CAMbBIM ITPOIIECCHI
UX JKU3HemesaTeJ bHOCTU. IlomeiicTBOBATh TOAOOHBIM 00pa30M Ha HAXOAIIHECS
BHE KJIETKU BUPYCHBIE YACTUIIHI IPAKTUYECKU HEBOBMOYKHO, T. K. IJI HUX CO0-
CTBEHHBIN OOMEH BeIecTB He xapakTepeH. [ mpemoTBpallieHUAa PasMHOMKe-
HUS BUpyca HeOOXOAMMO HAMTH TaKle BeIlleCTBa, KOTOpPble ObI HAPYIIAJINA TOT
WM WHOI 5Tall B ero PasMHOMKEHHU, HO IIPU 9TOM He OKa3bIBaJH IIary0HOIro
BJIUAHUSA Ha KUBHENEATEIHLHOCTD KJIETKU-X03AnHA. CesiaTh 9TO ropasio TPyI-
Hee, IIOCKOJIbKY BUPYC HCIIOJIb3YeT AJIS CBOETrO PA3MHOMKEHUS UMEHHO CUCTEeMbI
JKUBHEIeATeIbHOCTH KJaeTKHU. [loaToMy B 60phbe ¢ BUPYCHBIMU 3200/ IeBaHUAMU
BaYKHEHIITYIO POJIb UTPAET NPpoPuLiaKmuKa — TpefoTBpaIleHre 3apakeHunsd.

IIpodunakTuyecKre Mepbl B COBPEMEHHOU CUCTEME 3[PABOOXPAHEHUS IIPEY-
cMaTpUBAaIOT COOJIOeHNe CAHUTAPHO-TUTMEHNYECKUX HOPM M IIPaBUJI IIOBee-
HUS, a TaK:Ke co3MaHre aKTUBHOTO MMMYHUTETA Y IITUPOKUX CJIOEB HaceJeHUs.

IIpodpunaxTuka HA YpPOBHE CAHUTAPUIU U I'MTMEHbI HAlIpaBJjeHa Ha IPemoT-
BpallleHUe TIONMaJaHuAa BUPYCOB B OPraHM3M uejioBeKa. [[J1sa KasKgoro BUIa BU-
PYCOB IMEIOTCS TaK Ha3bIBaeMble «BXOMHBLIE BOPOTa». ITO Te TKAHU OpraHusMa,
e HaXOASATCS UYBCTBUTEJbHBIE K BHUPYCY KJETKU. Ecam BUpPyC cyMeeT IIpH-
KPeIUThCA K UX IMOBEPXHOCTH U IPOHMKHYTh BHYTPb, HAUHETCS IIPOIECC €ro
pasMHO:KeHUsi. Kak BBI y:Ke 3HaeTe, OfHA 3apaskeHHasd KJETKa CTAaHOBUTCS
MCTOYHUKOM MHOKECTBa HOBBIX BUPYCHBIX YacTull. 1103TOMYy KOJMYECTBO IIO-
pPakeHHBIX BHUPYCOM KJIETOK OyZeT CTPEMUTEeJIbHO HapacTaTb, UTO W IPUBEIET
K HOSBJIEHUIO CUMIITOMOB 0OOJIE3HU.

BxomgHbIMU BOpOTaMU AJIA MHOTUX BUPYCOB SBJISAIOTCS CJIU3UCTHIE 000JOUKK
IBIXaTeJIbHOI, IUINeBaPUTEJIbHOM, BEIAEJINTEILHONI 1 MOJIOBOI cucTeM. MMero-
masicsA Ha HUX CJAU3b MPEMATCTBYeT BO3AEHCTBUIO BUPYCOB HA KJaeTKu. [loaTomy
CYIIIECTBEHHYIO POJIb UTPAET KOJUUYECTBO BUPYCHBIX UACTHIl, N3HAUAJIbHO IIOIA-
IaloUX Ha CJAUBUCTYIO0 000JI0uKy. UeM MeHbIlle ux O0yaeT, TeM MeHee BepPOsTHO
HavyaJ0 UHQEKIIMOHHOr0 IIpoIecca.

OOBIYHO MCTOYHMKOM BUPYCHBIX YACTHUI ABJIAIOTCA Oojeromiue gogu. 11os-
TOMY KOHTAKTBI C HUMH, a TaKyKe ¢ IpeaMeTaMu Oo0MXo/a, Ha KOTOPbIe MOTJIN
IOIIaCTh BHPYChI OT 0OJBLHOI'0, HEOOXOLMMO CBeCTU K MuHHMyMy. IIpu 3a60-
JIeBaHUAX ObIXaTeJbHON CHUCTEeMBI BasKHOU MEPOU IPOPUIAKTHUKU SABJISAETCSA
WCIIOJIb30BaHME 3AIUTHBIX MACOK, 3aKPBHIBAIOIIMX POT 1 Hoc. HazeBaTh Taxkue
MacKH! cjeayeT KakK OOJICIOITUM JIIOAAM, TaK M KOHTAKTUDPYIOIIUM C HUMMU.
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Homrerre Macku B MecTaX MacCOBOT'O CKOIIJIEHUA JIOJiel (00IIIeCTBeHHBIN TPaHC-
TIOPT, MaraswHbI, MecTa y4eObl MM PaboThI U T. II.) B mepuof, 00bABIEHHBIX
SIUIAEMUM CYIIIEeCTBEHHO YMEHBIITaeT pacIpocTpaHeHre BUPYCOB.

MpIThe PYK C MBLJIOM U UX 00paboTKa Ae3MH(MUIIUPYIOINIUMU CPEeACTBAMU
CIIOCOOCTBYET 3allluTe OT BCeX I'PYII BUPYCOB, IMOCKOJBKY Uepes3 MHQMUIIUPO-
BaHHbIe PYKU BUPYC IOMNAZaeT Ha MUIY, IPeaIMeThl 00MXo[a U Jajiee B COOT-
BETCTBYIOIIIE€ BXOAHbBIE BOPOTA.

Ocoboe mecTo sanuMmaer mpoduaaktuka BH Y-ungexyuu. Bo3byaurenb
aTOT0 3a00J€BaHUSI — BUPYyC mMMyHomepuiura deaoBexa (BUY) mepemaercs
IpU TIOTIaJaHUY KPOBU 3apasKeHHOTO UeJO0BeKa BO BHYTPEHHIOO cpely WU Ha
CJIUBUCThIE 000JIOYKHM 3J0POBLIX Jiofei. IlosaToMy He ciefyeT MCIOJIb30BaTh pe-
JKYIIMe U KOJIIONINe TPeIMEeTHI (UIVIBI, IIMPUIlbl, MAHUKIOPHBIE NHCTPYMEHTHI,
mpubOpPEI AJsA HaHECEeHUS TATYTUPOBKHU U T. II.), HA KOTOPBHIX MOIJIA OCTAThCHA
KPOBB Apyroro uesnoBexa. Coaeps:KaliuMu BUPYC BbIAEJIEHUIME YeJIOBEeKa MOT'YT
OBITH TaKJKe CeMeHHasd M BarmHaJbHAA KuUAKOCTU. C yUeToM 3TOT0 PEKOMEHI0-
BAHO BCTYIIATh B HE3aIIUINIEHHBIE MOJOBbIE KOHTAKTHI TOJHKO C IIapTHEPaMH,
KOTOPBIM BBI JOBepseTe, JuOO MCIIOJIb30BaTh IIpe3epBaTuBbl. K mpoduaakTu-
YeCKMM MepaM OTHOCUTCS M JOOPOBOJIbHOE TeCTHPOBaHUE Ha HaJUdYWe 3apa-
JKEeHUs.

BN Y-uH(pernmusa OTHOCUTCSI K MeAJIEHHOTEeKYIIUM MHQEKIINMOHHBIM 3a00Je-
BaHUsAM. HecMOTPS Ha TO UTO IMOJTHOCTHIO U3JIEUUTD 3apaskennoro BUY uesose-
Ka COBpeMeHHas MeIWIINHA He B COCTOAHUMU, CAEPKUBATH PA3BUTHE MH(PEKITU-
OHHOTO IIpoItecca Bo3MOKHO. CyIecTByeT psaa MeIUITMHCKUX IIPerapaToB, Ipu-
MeHeHVe KOTOPBIX YMEHBIIaeT TeMIIbI PA3MHOMKEHHUA BUpyca. JleueHrne TaKUMuU
mmpemnapaTaMu MO3BOJIAET OTAAJIUTDL HA TOABI HACTYILJIEHNE CMEPTEIbHO OIIaCHOT'0
srama B MH(DEKIIMOHHOM IIpoIlecce, KOTOPBIN Ha3bIBaeTCSI CUHOPOM npuodpe-
menHoz0 ummyrnodedpuyuma (CIIH]]). CMepTesbHasA OIACHOCTh CBA3aHA C TEM,
uyTo opraHusM BUY-uuH(GUIIMPOBAHHOTO UeJOBEKA IIE€PEeCTaeT 3aIUIaThCA OT
Bo30OymuTesieii 3abosieBanuii. HecmepreabHbIe IJI 3MOPOBBLIX JIIOAEH 0O0JIe3HU
CTAHOBATCA MPUUYNHON rubenu 3apaskeHHBIX BY.

OmnucanHble BBHIIIIE PEKOMEHAAIINN He 00sS3aTeJbHBI AJIA UCIOJHEHUS, UX
BBITIOJTHEHYE 3aBUCHUT OT JUUHOTO KeJaHUsd KasKIoro yesjoBeka. Ho mpu ompe-
IeJIeHHBIX YCJIOBUAX CAHUTAPHO-TUTHEHUUECKNEe MepPhl IPOPUIAKTUKYI TOJIIK-
HBI OCYIIECTBJATHCA B 00s3aTEJILHOM HOPAAKEe M IO KOHTPOJIeM PaboTHH-
KOB STUAEeMUOJOTHUYECKUX cay:KO0. IIpu 0cob60 omacHBIX MHOPEKIIUAX MOYKET
OBITH O0'BABJIEH KAPAHMUH — KOMILJIEKC IIPOTUBOSMUAEMUUYECKUX U JeUeOHO-
MTPOPUIAKTUUECKUX MEPOIPUATUI, HAaIIPABJIEHHBIX HAa IIPeNoTBPAIlleHue SIIN-
memuu. HapyireHusa KapaHTUHHOTO PeyKUMAa IPECJeIYIOTCS 0 3aKOHY.
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HexkoTopble BUPYCHI TIOMIAAAIOT B OPTaHU3M YeJoBeKa IIPU YKycaxX KPOBOCO-
COCYIIUX UJEHUCTOHOTUX (KOMAapoB, KJelei, BIei). B aTom ciayuae mpodu-
JaKTHKa 3aKJI0UYaeTCcs B OTPAHUUYEHUY KOHTAKTa C MEePEHOCUMKAMU BUPYCOB.

Bupyc 6ewerncmea crocobeH BHI3BATh 3a00JieBaHUE HE TOJHKO Y UeJOBEKa,
HO U y pAJAa BUJOB YKUBOTHBIX, B TOM YHCJIe ¥ JOMAITHUX (co0aku, KommKu). OH
TmopaskaeT HepBHBIE KJIETKHU, UTO JejiaeT IoBeJleHre JKUBOTHBIX 0oJjiee arpecCcuB-
HBIM. YKYChbI, HaHECeHHBIe 3a00JIEBIITUM KUBOTHBIM UeJOBEKY, MOTYT IIPUBO-
IUTh K ero 3apaskeHuto. IloaTomy, ecau Bac yKYyCUJIO *KUBOTHOE, CIENyeT 00s-
3aTeJIbHO 00paTUTHCA K Bpauy AJA MOJYUYeHUA TPOPUIAKTUUECKONA ITOMOIITH.

B mauame XXI B. K yKe M3BECTHBIM MEIUIIMHE BUPYCHBIM 3a00JI€BAHUIM
YeJI0BEeKa N00aBUIIACh KOPOHABUPYCHAA UHperyus. Bo3byaurens aToi 60s1e3HN
BeZIeT CBOe IIPOMCXOKIeHNEe OT KOPOHABUPYCOB, OOUTABIIINX B OPraHu3Me JIeTy-
yuX MbIleii. B pesyabrare MPpUPOAHBIX TeHETUUECKUX M3MEHEHUN MOSABUINCH
BapMaHTHLI KOPOHABUPYCA, CIIOCOOHBIE PA3MHOKAThCS B KJIEeTKaX uejJoBeKa. Kak
U IpyTrue Bo30yauTeiu 3a00JIeBAHUN IbIXaTeJIbHON cUCTeMbI (HalIlpuMep, BUPY-
CBI T'PUIITA), KOPOHABUPYCHI IIEPENAIOTCS OT UeJIOBEKA K UeJOBEKY BO3AYIIIHO-
KaIlleJbHBIM IYTEM, II09TOMY OCHOBHOI MEPO IMPOPUIAKTUKYN ABJIAETCA Orpa-
HUYeHWEe KOHTAKTOB MEKIY JIIOJbMU U 3aIl[UTa OPTaHOB IBIXaHUA OT IIOIaza-
HUS BUPYCOB C TIOMOIIBIO 3aKPBIBAIOIINX POT U HOC MACOK.

Onucanuble MepPbl IPOPMIAKTHKI IIOMOTAaI0T O0OPOThHCA ¢ 00JIe3HETBOPHBI-
MU BUPyCaMHU, HO He perraT IpobyieMy OKOHUaTe bHO. [loHOCThI0 N30aBUTH
YeJI0BEUECTBO OT TOM MM MHOM BUPYCHOM MHMEKIINU MOYKHO IYTEM CO3TaHUA
y JIofiell UCKYCCTBEHHOTO aKTHUBHOTO UMMYHUTeTa. KaKk BbI HOMHUTE U3 Kypca
ouosoruu 9-ro KJacca, mTaHHasA (popMa UMMYHUTETa BO3HUKAET B pe3yJbTaTe
BaKIuHANMM (IPUBUBKN).

IIpopuiakTUKA ¢ IIOMOIILIO BAKIIMH TpeOyeT 3HAUNTEIbHO OOJBIINX MaTe-
pUaJbHBIX 1 (DMHAHCOBBIX 3aTpaT, HO JaeT OUeHb XOopoIllue pe3yabrarbl. Mac-
COBO€ TIPMBUBAHNE HACEJeHHS BO MHOTMX CTpaHax MHpa B TeueHMe XX B.
MIPUBEJIO K 3HAUUTEJIbHOMY COKPAIIeHUIO YNCJIa CIydaeB 3a00IeBaHUS TAKUMU
BUPYCHBIMHI 0O0JIE3HAMM, KaK OCIAa, HOJHNOMUEJINT, renatuT B u ap. B 1977 r.
Bcemupnas opranusanusa sapaBoBoxpauenusa (BO3) o6baBmua 06 OKOHUATEb-
HOI 1mobefie HaJ BUPYCOM HATypPaJbHOII OCIIBI M OTMeHe 00A3aTeIbHON BaKIIU-
HaAIu¥ IIPOTUB STOT0 paHee IMIMPOKO PACIPOCTPAHEHHOI'0 3a00JIeBaHUs.

O0bscHeHUE TaKoro s(@deKTa MacCOBOrO IPUBUBAHUA KPOETCA B BBICOKOM
cuernuduuHocTU BO30yauTeneit. IIocKOIBKY BUPYyC ABJIAETCA 00sg3aTeIbHBIM
mapasuToOM 4YeJioBeKa (T. e. HUTAE, KPOMe KJIETOK UeJOBEYeCKOro OpraHmsMa,
pasMHOXKAThCA HE MOYKET), IPUBUBAHUE OOJIBIITMHCTBA JIOeH (hpaKTUUeCKU JIu-
1IaeT ero cpeabl oOuUTaHMUsA. YMCIEHHOCTh BUpPYyCa HaJaeT HACTOJLKO CHUJIBHO,
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YTO OH MOJKET HMOJHOCTBHIO MUCUEe3HYTh. B 8TOM ciydyae mpobiieMa CBSI3aHHOTO C
HUM 3a00JIeBaHUA PeITaeTcA MOJHOCTHIO U OKOHUATEJIbHO.

IIpoTuB BupyCcOB, 00JaaIONIUX BBICOKMM YPOBHEM WH3MEHUWBOCTH, IIPUXO-
OUTCSA IPUMEHSTh OCOOBIM BapuMaHT BaKIMHOIPODPUIAKTUKIN. B aToM ciyuae
HUCIIOJIB3YIOTCS IIpenapaThl, IPeICTaBIIAoNIe co00l coueTaHWe BaKIIUH TPOTUB
HECKOJIbKMX BapUaHTOB Bupyca. Hampumep, mAas TpopUIaKTHUKU IPUIIA IIPO-
BOJIUITCA €:KEerofHasd BaKIIMHAIIUS IPOTUB TPex Hambojee PacIpPOCTPAHEHHBIX B
TEKYIIeM IOy IIITaMMOB BO30yIUTe . OTO TO3BOJIAET HE JOMYCKATh B IMOCJIEeTHIE
IecATUJIeTU SIINAEeMUI IPUIIIIa, KOTOPLIE ere 15 jieT Hasal esKeromgHo BO3HUKA-
Ju B OOJIBINIMHCTBE CTPaH. B HacToAllee BpeMsa BeJeTCA MHTEHCUBHAA padora 1o
CO3IAHUIO MOJOOHBIX MOJUBAKIIUH IIPOTUB KOPOHABUPYCHON MHMEKIIUH.

OpHaKo M5 JOCTUKEHUS IMONOOHBIX PE3yJIbTaTOB HYKHA HE TOJBKO OT'POM-
Has MHOTOJIETHAS paboTa yUYeHBIX, MEJUIIMHCKUX PAaOOTHUKOB, co3paTeseil u
Ipou3BOAUTEell BAKIIMH. BasKHEHNIIel coCcTaBAAONIE TAKOM NPO(pUuIaKTUKA
SABJSAETCA IPAaBUJIbHOE OTHOIIIEHNE K BAKI[MHAIINY KaKI0ro ueaoBeka. Ecau mo
COCTOSHUIO 3TOPOBbA BaAKIIMHAIIMA BaM He ITPOTHBOIIOKA3aHAa, TO YKJIOHATHCS
oT 00s3aTebHBIX ITPUBUBOK — 3HAUUT IIPENSATCTBOBATL OOPHOE uesoBeYecTBA
¢ Bo30yauTesemM Oosie3HU. BasKHO M TO, UTO, MPUBUBAACH, MBI HE TOJBKO CO-
XpaHaeM cOOCTBEHHOE 3JJ0POBbe, HO U 3aIUIIAeM OKPYIKaIomuXx Jiogeit. Yem
0oJIbIlle JITONIell TIPUBUTO, TEM MEHBIIIE BEPOSATHOCTH 3apasKeHUs TeX, KTO He
MOT OBITH ITPUBUT.

p
'[55 Bupycsl HaHOCAT CYIIECTBEHHBIN BpEJ] CEJIbCKOMY XO3AWUCTBY U
b ‘p MUKPOOMOJIOTUYECKOMY IIPOU3BOJACTBY. JleueHre BUPYCHBIX 3a00-
JeBaHUHN dYeJOBEKa OCJIOKHEHO OTHOCHUTEJIbHO CJIa00W U3YUYEeHHO-
CTHI0O BUPYCOB U OTCYTCTBUEM BBICOKOA((HEKTUBHBIX IPOTUBOBUPYCHBIX
mpenaparoB. IIpodumakTuKa BUPYCHBIX 0O0JI€3HENI UYeJOBEKA BKJIOUAET
CAHUTAPHO-TUTMEHWUYECKHEe MEePOIPUATHUA U CO3JaHUe WCKYCCTBEHHOTO
AKTWBHOTO MMMYyHHUTeTa. lIpuBMBaHme IITMPOKUX CJIOEB HACEJEHUA —
Haubosee 3G GEKTUBHBINA IYTh 60PLOLI ¢ BUPYCHBIMY MH(MEKIIUAMU.

? 1. lNo4emy BupycHble 3a6onesaHNs YenioBeka B LiefIoM 60siee onacHbl, 4em GOSbLLIMH-
CTBO 6aKTepuanbHbIX?
2. Kakve npasuna cnegyet cobnofatb, 4ToObl HE 3apasuTbCs BMPYCHbIM 3abonesa-
Huem? OT 4Yero 3aBMCUT BbIGOP KOHKPETHbIX MEP MPEJOCTOPOXHOCTU? Kakne Mepbl UCMONb3yoT
MeOMLMHCKUE CryX6bl AN OrpaHN4eHnst pacrnpocTpaHeHns 60Ne3HETBOPHbLIX BUPYCOB Yenoeeka?
3. B 4em 3akno4vaeTcs npounakTUka 3apaxeHus BUPYCOM MMMYyHoAedmumMTa 4esioBeka
(BU4Y)?
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4. Kakvm nyTeM MOXHO MOSIHOCTbIO M36aBWUTb HYENI0BEYECTBO OT KOHKPETHOW BMPYCHOW 60-
ne3nn? Kakyto paboTy Heo6xoaMMo MNpoAenatb y4eHbIM M MegUUMHCKUM paboTHUMKam Ans [o-
CTVXXEHWS Xenaemown uenn?

5. KakoBa ponib Kaxporo 4yenoBeka B 60pbbe YenoBevecTBa C NaToreHHbIMU BUpycamu?

6% Kak ybepeyb OoMalLHEE XMBOTHOE OT BUPYCHbIX 3a60NeBaHnin?

7*. Kak Bbl AymaeTe, B 4eM 3aK/o4aloTcs TPYAHOCTU paspadoTKn NPOTUBOBUPYCHBIX BaKLMH?

NOABEAEM UTOIn

Bupycbl — oco0bie (hopMbI :KM3HU, He UMEOIHe KJIeTOUYHOTO CTPOeHUA.
Bupycusbie yactuibl (BupuoHbl) uMetoT pasmepsl oT 10 7o 400 am. OcHOB-
HBIMH KOMIIOHEHTaMU BHPHOHA ABJISAIOTCA HyKJemHoBasa Kucjora ([[HEK
niau PHEK) u okpy:karoiias ee 6ekoBas 000JI0UKa — KaIICH[.

[ 51 BUpYyCcOB He XapaKTepHbI MHOTUE NMPU3HAKYU KUBBIX OPTaHMU3MOB,
OIHAKO OHU 00JIaaIOT HACJIEICTBEHHOCTHIO, UBMEHUYNBOCTHIO M CIIOCOOHO-
CTHIO PA3MHOKATHCA. OTU MPU3HAKYU JKUBOTO IPOABJIAIOTCA TOJBKO TOTAA,
KOTr[a BUPHUOHBI (MU TOJBKO MOJEKYJbI X HYKJEMHOBBLIX KHUCJOT) IOIAa-
IaloT B KJIETKU UyBCTBUTEJBHBIX K HUM OPraHU3MOB. BUDYyChI — BHYTpU-
KJIETOUHBIE ITapa3uThl, MCIOJBb3YIONINe AJIA PA3MHOXKEHUA PEecypchl 3apa-
JKeHHOUM MMM KJeTKu. IIpoliecc pa3MHOMKEHUs BUPYCOB BKJIIOUAET CUHTE3
BUPYCHBIX 0EJIKOB 1 HYKJEWHOBBIX KUCJIOT B KJIeTKe Xo3AuHa. [lasee oHU
00beIUHAIOTCA B BUPHUOHBI, KOTOPbIe OCBOOOXKIAIOTCA M3 KJeTKu. OmHa
3apakeHHasd BUPYCOM KJETKAa CJIYKUT MeCTOM 00pasoBaHWUs MHOYKECTBA
HOBBIX BUPUOHOB.

Kaxapiii BuJi BUPYCOB MCIIOJB3YeT IJs PA3MHOKEHUS KJETKU OIpe-
IeJeHHbIX BUJOB JKUBBIX OPraHM3MOB. PasMHOXKeHUe BUPYCOB HapYyIIAeT
IIPOIIECCHI KUBHENEeATETLHOCTY KJIETOK XO3AWHA, YTO IIPUBOJUT K Pas3BU-
Tiio 3abogeBanud. JIydimum cnoco6oM OOpHOBI ¢ BUPYCHBIMHU 00JIE€3HAMU
YeJIOBeKA U JKUBOTHBIX ABJIAETCA BaKIIMHAIMA.
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Ponb perynauumn

U MMMYHHOW CUCTEMBbI

B noaaep>XXaHUn NoCTOAHCTBA
BHYTPeHHen cpeabl opraHn3sma

Kax BbI y:Ke 3HaeTe, OCHOBY JKU3HEIEATEILHOCTH JI000TO *KUBOTO OPraHmU3-
Ma COCTABJSAIOT OMOXMMUUECKIE PeaKIlNi, IPOUCXOAAINe BHYTPU KJIeToK. Mx
MpOTEeKaHVe 3aBUCUT OT HAJUUUA B KJETKe KOHKPEeTHBIX OenKoB. [loaBieHue
KasKJI0T0 BHYTPUKJIETOUHOTO OeJIKa OlpeaesAeTcs TPaHCKPUIIITuel TreHa, KOIu-
pyrolero gaHHbIi 6esmok. TaKkuM 06pasoM, yIpaBJeHUe »KU3HeAesATeIbHOCThIO
Ha YpOBHE OJHOM KJETKHU 3aKJIUYAETCS B PeryJUPOBAHUU MOPSAAKA TPAHCKPU-
O0MpoOBaHUA T€HOB. JTOT MOPAJOK MEHAETCS B TeUeHUe KU3HU KJIETKU B 3aBU-
CUMOCTH OT COCTOSHHUS CAMOM KJIETKU U OKPYKaloIllell ee cpelbl.

OnHOKJIETOUHBIE OPraHU3MbI IIOCTOSHHO HCIIBITHIBAIOT HEIIOCPEACTBEHHOE
BO3elicTBre (PaKTOPOB cpeabl. OHU BBIHYIKAEHBI CAMOCTOATENBLHO IIepecTpau-
BaTh CBOIT OOMEH BeIleCTB IIPH KOJIe0aHUAX 9TUX (PAKTOPOB, UTO OrPAHUUYNBAET
BO3MOYKHOCTH WX CYIIIeCTBOBAHUSA B IITMPOKOM AUATIA30HE YCJIOBUM.

MHOTOKJIETOUHBIE OPTaHMU3MbI CIIOCOOHBI CO3aBaTh AJISI CBOUX KJIETOK OITHU-
MaJIbHBIE YCJIOBHUS. OTO JOCTUTAeTCSA 3a CUET COBMECTHOH AeATeJbHOCTU KJe-
TOK, TKaHell, OpraHOB U CHUCTEM OPraHoB. TakKas AesATeJbHOCTh MOJI;KHA OBITH
KoopAuHupoBaHa. I10sTOMY y MHOTOKJIETOUYHBIX OPraHM3MOB K PEryJIAINN HA
YPOBHE aKTHUBHOCTH I'€HOB N00aBJIsIETCA PEryJsAlus Ha YPOBHE OpraHusMa.

T'aBHBIM TPEMMYIIIECTBOM JKUB3HU KJIETOK B MHOTOKJIETOYHOM OPTraHU3-
Me II0 CPaBHEHUIO C OJWHOUYHBLIM CYIIIeCTBOBAHUEM SBJSAETCS YMEHbIIEHUe
He0JIAaTONPUATHOTO BO3IeHCTBUA (PAKTOPOB OKpY Kaloleill cpenbl. IIpo:xuBas
COBMECTHO, KJIETKHU 3a CUET CBOEIl COBOKYITHOH KU3HENesATEeIbLHOCTH CO3TAaI0T
s ceba ocoOyio cpeny oburanus. CosmaHue u moajepsKaHue OJIaromIpHUsaT-
HOM IJIA JKWUSHU CPeAbl JOCTUTAETCA TeM, UTO B MHOTOKJIETOUYHOM OPraHU3Me
KJIETKHU CIIeINaIU3UPYIOTCS JJIs BBITTOJTHEHUA OIpeesieHHbIX GhyHKIuil. Takue
(byHKIIUY He 00A3aTeJbHBI IJIA CYIIIeCTBOBAHUA KaKI0H KOHKPETHON KJEeTKH,
HO BasKHBI JJIs BBIXKMBAHUA OpraHmsaMa B IiejioM. HacKoJIbKO BBICOK yPOBEHb
TaKOH CIlenuaJnsanuyu MOMKHO YBUIETH, CPABHUBAA KJETKH PAa3HBIX TKaHeMH
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omHOro opranusma. CpaBHUTE, HAIIPUMED, SPUTPOIUTLI 1 HEHPOHBI UeJIOBeKa.
9T KJETKU OUYeHb CUJILHO OTJIMYAIOTCSA II0 CTPOEHUI0, pa3dMepaM, 0COOEHHOCTAM
IIPOIIECCOB JKU3HEAeATebHOCTY. Kammaa Takasa crerrajn3upoBaHHaa KJIeTKa
B OTJIeJIBHOCTH CYIIIECTBOBAThH He MOKeT. OmHaKO MeHCTBYs COBMECTHO, TaKue
KJIETKU CO3LAIOT 6HYMPEHHI0 cpedy MHOZOKLEMOYH020 OPZAHU3MA, KOTOpAs
ropaso Jy4llle IPUCIOCO0JIeHa I JKUSHU KJIETOK, YeM CPejla, OKPY Kaloas
OpraHu3M B IIEJIOM.

IIpu sTOoM HeoOXomMMBIE AJIS JKM3HU KJETOK (DAKTOPHLI BO BHEIIIHEI cpene
00MTaHUA OPraHu3Ma MOI'YT K0JIe0aThCsA B IIIMPOKUX IIPeAeiax, HO BO BHYTPEH-
Hel cpele OHM OyAyT OCTaBaThCSA HEM3MEHHBLIMU. TaKoe IIOCTOSHCTBO BHYTPEH-
Hell cpeibl Ha3bIBAeTCS TOMEOCTa3MCOM.

Pezynayusa scusnennolx pynxyull y pacmenuti. OCHOBHBIM YCJIOBUEM CY-
IIeCTBOBAHUSA PACTUTEJbHBIX KJIETOK fABJAETCA HAJIUUUE CBETa, YIJIEKUCJIOTO
rasa, BOIBbI U MOHOB coJieii. BereratuBHbIE OpraHbl PacTeHUU YCTPOEHBI TaK,
4yTOOBI HAXOAAIMECA B HAa3eMHO-BO3YIITHOU cpefie KJIETKHU IIOJydYau BCe He-
o0xonumoe. KileTKu OCHOBHOII TKaHU JINCTHEB, KOTOPBIE JIYUYIIlE BCET'O OCBEIlle-
HbI, IIOJYYaloT HeOOXOAMMYIO BOAY W HMOHBI cojieii Ojaromaps BcacbhbIBarolmei
(GYHKIIUY KOPHA U IPOBOAAIIEH (PYHKIHU cTedsd. Uepes ycThUIla K OTUM JKe
KJIeTKaM IIOCTYIIaeT YIVIEKHCJbBIA ras. B peayibrare mpoiecca (pOTOCUHTE3a B
KJETKaX JINCTheB oOpasdyeTcss 0OJIbIIIOE KOJIMUYEeCTBO OOraToro sHeprueil opra-
HHUYECKOro BelllecTBa. KEro xBaTaeT He TOJBKO IJfA JKUSHENEATEJIbHOCTU ITUX
KJeToK. Ilo mpoBopsIeil TKaHU OoraTble SHepruell yIJIeBOABI JOCTABJIAIOTCS
U TeM KJeTKaM pacTeHUii, Ha KOTOopble CBeT He momazaeT. Biiaromapsa sToMy
KJIETKU KOPHEHN 1 BHYTPeHHell YacTu cTebJiell MOAAePKBAIOT CBOIO KU3HeIesd-
TeJbHOCTb U BBIMOJHAIOT (hYHKIINN, HEOOXOAUMbIE BCEMY PACTEHUIO.

Yro0ObI BCce OIMMCAaHHOE HPOUCXOAMJIO HAWJIYUIINM 00pasoM, HeoOXomuma
Peryasanusa oOINX KU3HEeHHBIX IIPOIIeCCOB OpranmsMa. B pacTeHusaxX OHa OCy-
IIecTBJIAETCs OJlaromaps HaIIpaBJIeHHOMY POCTy opraHoB. KopHu pacTyT Tak,
YTOOBI MX KJETKU MOIVIM IOTJIOTUTHL HamOOJIbIllee KOJUUYECTBO BOALI M MUHE-
pPaJbHBIX BelllecTB. PocT u BeTBJIeHUE cTe0Jiell HalpaBJIeHbI HA BBIHOC JIUCTHEB
K cBeTy. I'eHepaTuBHBIE OpraHbl PACTEHHI TaK:Ke BBIHOCATCS B HAUJIYUIIINE
YCJIOBHUA IJIsI OCYIIECTBJIEHUS IIPOIECCOB PAa3MHOMKEHMA.

Bce 5T0 BO3MOKHO IMOTOMY, UTO B Pa3JIMUYHBIX YaCTAX OpPraHM3Ma pacTe-
HHUA HUMeIOTcs oOpasoBaTeibHbIe TKaHMU. VX KJIETKU IIOCTOSHHO CIIOCOOHBI K
IeJIEHUI0, HO JIeJIATCSA TOJBKO TOT/A, KOrJa Ha HUX JeHCTBYIOT cIellurajibHbIe
BelllecTBa. JTHU BelllecTBa HasbIBaloTCs puroropmonamu. Ilox meiictBuem ¢u-
TOTOPMOHOB YCKOPSAETCS WJM 3aMeIJiseTcs AeJieHre KJeTOK U uxX audepeH-
IUpoBKa. biaromaps sToMy B 3aBUCHUMOCTHY OT YCJOBUU OKPY:KaIOIIell Cpebl
MPOUCXOAAT CE30HHBIEe M3MEHEHUs B JKU3HU pacTeHuii. IIpu GraronpuAaTHBIX
YCJIOBHAX OpPraHbI PACTyT U pasBuBamTcA. [Ipm yxyAleHnn ycJIOBUN pacTeHne
ePEexXoIUT B COCTOSAHME ITOKOS.
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CocTtaB 1 Konn4ecTBO (HMTOFOPMOHOB MEHSIETCA B 3aBUCUMOCTM OT COCTOSIHUSA W
NOoJNIoXXeHns opraHoB Ha pacTeHUwu. Harﬂﬂ,D,HblM npuMepomMm ABNAETCA perynnpoBaHune
hOpPMMPOBaHNSA KPOHbI Y APEBECHbIX pacTeHU. B 3aBMCMMOCTM OT OCBELLEHHOCTU TOW
NN MHOW 4acTu pacTeHus PerynmpyeTcs pocT ero 60KOBbIX Mo6eroB. Beigensembie
BEPXYLUEYHbIMW y4acTkamn cTebns UTOropMoOHbl MepepacnpenensaTcs BHYTpU pac-
TEeHUs Tak, 4ToObl POCT noberoB obecrneymBan MakCMMasbHY0 OCBELLEHHOCTb JINCTO-
BOW MOBEPXHOCTW. [Mpn 3TOM 4acTb CTE6MEBbIX MOYEK MO AEWCTBMEM 3TMX FOPMOHOB
nepexoauT B COCTOSIHME MNOKos. Ecnv akTMBHO pacTywime no6ern nospexparorcs (Ha-
npuMep, Npu obpeske yoansaiTCcsa UX BepXyLUEYHble 4acTu), OTCYTCTBUE BbIOENABLUNXCA
UMM FOPMOHOB MPUBOAUT K PasBUTUIO NMOOEroB M3 MOKOALLMXCHA MOYEK. Takum obpa-
30M pacTeHne cHoBa CHOPMUPYET KPOHY, KOTopas MO3BOMAMT eMY Haumyywnum o6pas3oMm
1l POTOCUHTE3NPOBATL.

Pezynayus scusnennvix pynryuil y scueomustx. CTpoeHue u QyHKITMOHU-
pOBaHMe CUCTEeM KHU3HeoOecIeueHns B OpraHu3Me KMBOTHBIX 0oJiee CIIOMKHOe.
Y HUX nJ14 moAep:KaHUA ToMeocTasuca TpedyeTcsa KOOpANHUPOBaHHAA pabdoTa
MIUIIeBaPUTENbHOM, AbIXaTeJIbHOM, KPOBEHOCHOM U BBIAEJIUTENBLHON CHCTEM.
st obeceueHNUsA CJAKEHHOI PabOTHI STUX CUCTEM B OpraHM3Me KWBOTHBIX,
B OTJIMUME OT PACTEHUM, CYIIIeCTBYIOT IB€ CIeINAIN3NPOBAHHbIe PETYIATOPHbIE
CHCTEMBI — DHJOKPUHHAS U HEPBHAS.

Perynamnua paboTsl OpraHoB, OCYIIECTBIAEMAaA IHTOKPUHHONA CUCTEMOM, 110
OCHOBHOMY IIPUHIIUIY CXOAHA C PeryJsdAiiueil y pacrernuii. OnpeneseHHbIe Belle-
CTBA — 20PMOHbL — IEMCTBYIOT HEIIOCPEACTBEHHO HA KJETKMU, UYTO MPUBOAUT K
M3MEHEHUIO0 BHYTPUKJIETOUHBIX ITPOIECCOB. OPMOHBI CMHTE3UPYIOTCA KJETKAa-
MU CIIeIIUAJbHBIX OPraHOB — JKeJie3 BHYTPEeHHe! U CMeIlTaHHOl CeKpeIluu. OTu
BEIIeCTBa PACIPEAESIAIOTCS CUCTEMOM KPOBOOOPAIIEHUS IO BCEMY OpPraHu3MYy,
HO JelcTBYIOT usbupareabHo. Ilog ux meiicTBUe MOIALAIOT TOJBKO Te€ KJIETKIH,
Y KOTOPBIX €CTh PEeIeNTOPhl K 3TUM ropMoHam. Takasa peryadanus HasbIBaeTCA
rymopaJabHoii. OHA TTO3BOJIAET UBMEHUTHh AaKTUBHOCTH KJIETOK CPa3y BO MHOTHX
TKaHAX U OpraHax.

HepBHaa cuctema paboTaeT mo APYTroMy IPUHIINOY. 3AeCh CUTHAJ Iepe-
IaeTcs OT YIIPABJAIONIETO0 OpraHa — HEPBHOI'O ITeHTPa K KOHKDPETHOMY pe-
TyJIupPyeMOMY OpPraHy. 9TO JOCTUTAETCA 3a CUYET MHOTOYMCJIEHHBIX HEPBOB,
COeIUHSAIOIINX BCe OPTaHbl ¢ IeHTpaJJabHO HepBHOU cuctemoit (ITHC). B ITHC
TI0 YYBCTBUTEJIHLHBIM BOJIOKHAM HEPBOB IOCTyMaeT MHGOPMAIUSI O COCTOSHUU
KasKJIoro opraHa. 37ech OHA COMOCTAaBJIAETCA ¢ MHGOpPMAIlMell O COCTOSHUU
OKDYJKaloIllell OpraHuMa3M CpeJbl, KOTOpasd IIOCTYIIaeT OT OpPraHOB UYBCTB.
PesynbraToMm TaKo#l OeATEIBLHOCTH SBJISIOTCA PETYJIITOPHBIE CUTHAJNBI —
HepeHble UMNYAbCbL, KOTOPhIE IIepefaloTcs K OpraHaM II0 ABUTATEJIbHBIM BO-
JOKHaM. B 3aBUCMMOCTHU OT 9THX CUTHAJOB paboTa OPraHOB IIe€pecTpanBaeTcs.

HepBHasa peryndamnmsa ocyIlecTBIAETCA BO MHOTO pasd ObICTpee, YeM TI'yMO-
panbHasd. OHa MO3BOJIAET OPraHM3MY pearupoBaTh Ha OUeHb He3HAUUTEJIbHbIe
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KosebaHUsA (paKTOPOB BHEITHElI M BHyTpeHHel cpenbl. Ho mpoBenenue peryss-
TOPHBIX CUT'HAJIOB II0 HEPBHBIM KJETKaM OCYIIIECTBJISETCA C OIpPeAeIeHHbIMU
SHepreTMUecKUMU 3arparamu. Ilocje mpoBemeHUA HEPBHOTO UMIYJIbCa HEHPO-
HaM IIPUXOAUTCS BOCCTAHABJIMBATH ONTUMAJLHOE IJA HUX KOJUUYECTBO MOJIe-
Kya AT®. TTosTomy B 11eJI0M AJIA HEPBHOUM CHUCTEMBI XapaKTepHa YTOMJISEMOCTD,
CBUIETEJILCTBOM KOTOPOI ABJSETCS MEPUOAUYECKY HACTYIIAIOIee CHUYKEHNE ee
aKTHUBHOCTHU. B UacTHOCTM, OpraHU3M UYeJOBEeKa eKeCyTOUYHO BBIHYIKIEH Iepe-
XOIUTH B COCTOSHME CHa. Bo BpeMsA CHA HepBHAS PETyJdAIUA He IIpeKpalaer-
cs TOJIHOCTBIO, a OCYIIECTBJsIeTCsA Ha 6oJjiee HU3KOM YPOBHE IO CPABHEHUIO C
nepuosoM 6oapcTBOBaHUA. I1osIHOE JIMIIIeHe BO3MOYKHOCTH 3aCHYTH IIPUBOUT
K HapyIIeHusAM B paboTe HEPBHOM CHCTEMbI, a IJIUTEJbHOEe OTCYTCTBHE CHA
CTAHOBUTCSA CMEPTEJIHbHO OMACHBIM.

C oaHOI CTOPOHBI, 3TO ITOAUYEPKHBAET 3HAUMMOCTH HEPBHOM PEryJAIluu,
a ¢ APYrol — II03BOJISIET IIOHATH, IOUEMY IPU HAJUYUU BBICOKOTOUHON u
OBICTPOZEMCTBYIOIEll HEPBHOUM CHCTEMBI B OpraHU3Me KHBOTHBIX COXPaHAET-
cA W TyMopajsibHas peryaanud. lleficTBue TOPMOHOB JaeT BO3MOMKHOCTBH IIPU
3HAUUTEJHbHO MEHBIIINX SHEPreTUUEeCKUX 3aTpaTax MOAJepP:KUBATh IJIUTETHHO
TeKyIlue *KU3HEeHHO BasKHBIe IIpoliecchl. IIpe:kme Bcero peus uzetr o6 oOMeme
BEIIeCTB, KOTOPBIA AOJKEH MPOUCXOAUTH B OPraHM3Me IIOCTOSAHHO B TeUeHUe
Bceil sxusHu. KpoMe TOro, AIUTEIbHO IPOTEKAIOIINE IPOIIECCHl POCTA 1 PA3BU-
TUA TaKKe IOABEPKEHBbI KOHTPOJIIO CO CTOPOHEI JKeJie3 BHYTPEeHHeH U cMelllaH-
HOIT cekpernuu. CBA3aHHBbIE C HAPYIIEHUAME PA0OTHI ATUX JKeJie3 3a00IeBaHmsA
(o HUX BBI 3HaeTe U3 Kypca Omosioruu 9-ro KJjacca) HATJIATHO MOATBEPKIAIOT
POJIb T'yMOPAJIbHOI Peryasaiiui.

Emre ogHMM IpUMEPOM 3HAUYMMOCTH T'yMOPAJBLHOM DPEryJasaIuU SBJISIOTCS
CUTyalluu, TIPU KOTOPBLIX B AKTHUBHOE COCTOSHUE HEOOXOAMMO OJHOBPEMEHHO
mepeBecTr OOJBIIIMHCTBO CHUCTEM oOpranmsaMa. M3BecTHas KaKIOMY U3 HAaC
MOOMJIM3AIlA BCEX PECYpPCOB OpraHm3Ma IIPU OIIYIIeHWU OIIacHOCTH (uc-
yT) oIlpelesigseTcsa BO MHOT'OM OBICTPHIM BBIOPOCOM TOPMOHOB, B UAaCTHOCTU
ampeHaJHA.

ITOT IpUMeEpP AEMOHCTPUPYET B3aMMOCBA3h HEPBHOUW U I'yMOPaJIbHOMN pery-
aamuu. Bece sHIOKPUHHBIE jKeje3bl W JKeJe3bl CMeITaHHOU CeKperuu WHHeP-
BUPOBAHLI, T. €. HAXOAATCA IIOJ KOHTPOJIEM HEPBHOI CHCTEMbBI. JTO, C OJHOM
CTOPOHBI, TTO3BOJIAET B OIIPEIEJIEHHBIX CUTYaIlUAX YCUJIUTh WJIU OCJIa0UTH ce-
KPEeTOPHYIO0 aKTHUBHOCTh 3THUX OPraHOB B 3aBUCHUMOCTH OT ITOJIYUYaeMbIX HEPBHOI
cucrtemoit curaajoB. C IpyToil CTOPOHBI, UMEET MECTO BIUAHNE KOHIIEHTPAI[UU
HEKOTOPBIX TOPMOHOB Ha (DYHKIIMOHUPOBAaHIE HEPBHOU cucTeMEbl. IloaTOMYy roBO-
PAT, YTO JeATEeJbHOCTH OPIraHOB, CUCTEM OPTraHOB U BCET'0 OPTaHU3MAa KUBOTHBIX
HaXOMUTCA IIOJ, KOHTPOJIEM TaK Ha3bIBa€MOU HEHpPOryMOpaJJbHOH PeryJsiiuu.

145



146

[naea 5. Ponb perynsauum 1 UMMYHHO CUCTEMBbI

Ilonamue o camopezynayuu. JuBble KIETKU IOCTOSHHO HUCIOJBL3YIOT Be-
ITeCTBA, MOTPEOIAIOT 9HEPTUIO W BBIAEJIAIOT HPOAYKTHI KU3HEIEeATEIHLHOCTH.
ITosTomy oKpy:KatoIias KJIETKHU cpeJia Bce BpeMs M3MeHsaeTcsa. A 3To 03HAYaeT,
YTO PETyAAINUsS MOJIPKHA IPOUCXOAUTH MOCTOSHHO U HenmpepbIBHO. IIpu Jr00BIX
OTKJIOHEHUAX OT OIITHMAJIbHBIX AJIA KJIETOK yC.HOBI/Iﬁ B TOM MJIM MHOM OpraHe
OpraHM3Ma OCYIIECTBJIAIOTCS MPOIECChl, KOTOPhIe BO3BPAIIAOT OTKJIOHUBIITHH-
cd (paKTOp K 3HAUEHUIO OIITUMYyMaA.

IIpu sToM He BasKHO, UTO BBIZBAJIO HApYIIIeHME IOMEOCTA31MCa — BHEIITHee
UM BHYTPEHHee BoaneicTBre. PaKTUUECKU OPraHU3M pearupyeT MMeHHO Ha
U3MeHeHUs B CBOell BHYTPEHHEH cpefie 1 caM Ke, 3a CUeT U3MEHeHUS JeATelb-
HOCTU CBOMX OPraHOB, MEHSET cBoe cocTosHme. [[09TOMy TaKyio Peryasainunio B
O0MOJIOTMYM HA3BIBAIOT CAMOPETryYJISI[He.

Taxum o0pasoMm, JIO0OH »KUBOM OPraHM3M IIpPeAcTaBJsSeT co00il camMopery-
JUPYIOUIYIOCSI OTKPBITYIO CUCTEMY. ITO IIPOSBJSETCS KaK HA YPOBHE KaiKIOMU
KJETKH, TaK ¥ Ha YPOBHE MHOTOKJIETOUHOT'O OopraHmsMa B IejioM. KoHeuHas
meJb TaKOW PEeryiadliiud — COo3JaHue ONTUMAJIbHBIX YCJIOBUI AJIA ITPOTEKalo-
IMUX B KJETKaX OMOXMMHUECKUX PeakIiuii. ¥ MHOTOKJETOUHBLIX OPraHn3MOB
9TO JOCTUTAETCH ITyTEeM PEryJIMPOBaAHUSA aKTUBHOCTU CJIAMKEHHO AENCTBYIONINX
OpPraHOB U CHCTEM.

&2 Bce :KuBBIe OpraHM3MBI CIIOCOOHBI PETryJIHPOBATH ITPOIIECCHI CBOEI
™} | ®usHenesTenbHOCTH. MHOIOKJIETOYHbBIE OPraHUSMBL CIIOCOOHBI CO3-
IaBaTh AJIA CBOMX KJETOK ONTUMAJILHBIE YCJIOBUS CYIIECTBOBAHUS.
ITO JoCTHraeTcs 3a CUeT KOOPAUHMPOBAHHOU JeATEeJIbHOCTH UX OPraHOB.
VY pacreHuii Takad [OeATEIbHOCTH PETYIUPYETCS 3a cUeT 00pa3oBaHUA
oIpesleIEeHHBIX BEIECTB — (DUTOTOPMOHOB. B opraHmsme JKMBOTHBIX CY-
IIIeCTBYIOT CHEeIUAJbHbIE PEryJsATOPHBbIE CHUCTEeMbI — HepPBHAsS U SHJIO-
KpUHHAaA. ITU CUCTEMBI JENCTBYIOT COBMECTHO. bBarogaps uM OCyIIEeCT-
BJIIETCA HEHPOTyMoOpaJbHAA PETryIaus, Pe3yabTaToM KOTOPOI ABJSAETCA
TOMeOCTa3UC — IIOCTOSHCTBO BHYTPEHHEH cpelbl OpraHu3Ma.

™

1 .~ 1. B 4em 3aKno4aeTcs OCHOBHOE MPEUMYLLIECTBO XM3HU KIIETOK B MHOMOK/IETO4HOM Op-
" * ranuawve?
Kak Ha3blBaeTCsi NOCTOSHCTBO BHYTPEHHE! cpefbl opraHuama?
Kak ocyLlecTBnseTca perynaums XusHeOedaTeIbHOCTN Y pacTeHnin?
Kakue npouecchbl KOHTPONMPYIOTCA 3HOOKPVHHOW CUCTEMOW B OPraHnu3me XMBOTHbIX?
KakoBa ponb HepBHOM CUCTEMbI B MOAJAEPXXaHUN NOCTOSHCTBA BHYTPEHHeN cpefbl opraHmama?
Moyemy perynaums Xu3HefeaTenbHOCTU Y XUBOTHbIX 60flee CRoXHas, YeM y pacTeHun?
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s mopmepsKaHUA IOCTOSHCTBA BHYTPEHHEH Cpelbl "KUBOTHBIM HEO0X0I1-
MO 3aIUIATh ee OT MPOHUKHOBEHUS IPYTUX OPraHu3MoB. [[JIsd 9TOT0 MMEITCs
oco0ObIe mpucmocobseHuA. Jlydiiie Bcero OHM Pa3BUTHI Y CAMBIX CJOMKHBIX TIO
CTPOEHUIO KMBOTHBIX. PacCMOTpeTh WX MOMKHO Ha IpuUMepe IpenCcTaBUTEeNs
KJacca Miekonuratomiue — YesoBeKa pasyMHOTO.

Koscnoie nokposst u carusucmoie 000104KU Yel06eKa BBIIOJTHAIOT Oapbep-
HyI0 GYHKIUP. KoJ)Hble NOKPO8b. TTPENATCTBYIOT ITPOHUKHOBEHUIO MHUKDPOOD-
TaHU3MOB 34 CUET MOCTOSHHOTO OTMUPAHUSA U CAYIITUBAHUSA KJIETOK BEPXHUX
cJIOeB snuaepMuca. BmecTe ¢ HUMU yAAJISIOTCS U IIONABINNE HA ITOBEPXHOCTH
TeJia MUKPOOPraHU3MBI. [JIfd BBIEJIAEMOTO HA IIOBEPXHOCTDH SMUIEPMUCA IOTA
xXapaKTepHa cJaboKucaas cpefa. 9TO Co3LaeT HeOIarompuaTHLIe YCIOBUA IJIs
pasmMHO:KeHUsa OaxkTepuii. Haxomsimasacs Mo suuaepMucoM mepMa (COOCTBEHHO
KO0’Ka) IpeJcTaBJIsIeT cO00M MJIOTHBIM MeXaHuWYecKuil 0apbep Ha MyTU MUKPO-
opranmuamoB. Ho mIpy BBICKIXaHUM KOXKA MOKET PACTPECKUBATHCA M yTPAUMBATh
CBOIO 0apbepHYIo HYHKIINIO. BRICEIXaHUIO KOMKU IIPEIISITCTBYET CEKPET CaJbHBIX
JKeJjie3, IMOATOMY €ro TaKiKe MOYKHO OTHECTH K BaIllUTHBIM KUIKOCTIM.

T'panurieii Me:xay BHYTPEHHEH UM OKPYKAIOINEN Cpemoil ABJISAIOTCS CJAU3U-
cmule 0007104KU IbIXaTeJIbHOMN, TUINEeBAPUTEIbHOMN, BhIAEJINUTEIBHON U IT0J0BOM
cucteM. VIx OaphepHas PyHKIUA OIIpeeasaeTcsa BbICOKON pereHepaTruBHON CIIO-
COOHOCTBIO M TIOCTOSAHHO BBIJIEJIAEMOM CJIM3bI0. JTa CJIN3b OJarogaps BsI3KO-
CTU IPEHsITCTBYeT BO3AEHCTBUIO MUKDPOOPTaHU3MOB Ha KJeTKHU. Ee ynaseHue,
HAIIpUMep, IPU KalllJle WJIU YMXaHbe CIIOCOOCTBYET OUYUINEHWIO OPraHW3Ma.
B cocraB ciusu BXOAAT OaKTepUIIUIHEIE BEIlleCcTBa. [ JIaBHBIM U3 HUX ABJIAETCS
JU30UUM, KOTOPBIA paspylllaeT KJETOUHYIO cTeHKY Oakrepuit. Ilpu mubeKIu-
OHHBIX 3a00JIeBAHUAX KOJUUYECTBO CIAM3U YBEJIMUYUBAETCS U COIepsKaHue O0ak-
TEPUIIUIHBIX BEIeCTB B HEH BO3pacTaer.

JIuzonuM TPUCYTCTBYET TaK:Ke B COCTaBe CJAE3HOIH JKUMAKOCTH U CJIIOHBI.
B nuineBapuTesbHOM TpaKTe MOMHMO CJIM3U obeszapaskuBalollee neiicTBue
OKAa3bIBAIOT CONAHASL KUCLOMA KeJTYIOUYHOTO COKA, KOMNOHEHMbL JHeaYl U BCe
nuwesapumeJibHvle PepmeHmot.

Bocnanenue. Eciiu 11eJI0CTHOCTH TOKPOBOB HapyIIlaeTcs, Pa3BUBAETCS CIIe-
nuajbHasd 3allUTHasA peaKiuA — BocmajeHue (puc. 67, c. 148). B ee pea-
JUBalUU IPUHUMAET yJacTue KPOoBeHOCHad cucrtema. CuUrHaJsioM IJid Hadaja
BOCIIAJIEHUS CJIYKUT CIIeI[uajibHOe BelecTBO — zucmamuH. OH BBIIeIAETCS
IpU paspylleHnr KJEeTOK JIIOObIX TKaHell, a TaKiKe MPUKU3HEHHO OCOOBIMU
Jaetikoruramu. Ilo BAUAHNEM IUCTAMUHA YCUINBAETCA IPUTOK KPOBU K MECTY
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TOBPEYKIEHUA W TOBBIIIIAETCA IIPO-
HUIIAEMOCTb CTEHOK KaIlUJJIAPOB.
B pesynbraTe sTOrO0 M3 KpOBU B
oyar BOCIIQJIEHUS ITOCTYIIAIOT CIIe-
uajbHbIe BalUTHBIE OEJIKU U
JIEAKOIIUTEI.

JIeKOIMTHI IIOTJIOMIAIOT OCTAT-
KW TOBPEKAEHHBIX KJIETOK U TIO-
maBIlIe BO BHYTPEHHIOIO Cpeny
MUKPOOpPraHuaMbl. Taxkasa gesareab-
HOCTh JIEMKOIIMTOB HAal3bIBAETCA
¢aromurozom. ParoruTo’ ABIAET-
Puc. 67. YcnosHas cxema BOCManMTeSNIbHOW Pe-  cg oTHeIbHON 3AIMUTHON peaKIiu-
aKuMM: @ — MNPOHWKHOBEHWE B paHy GaKTepui;
6 — cBepTbiBaHNE KPOBW B MeECTe paHeHus;
B — BblfeneHne rucTammHa; r — BbIXOA Jeko-
LMTOB W3 KPOBEHOCHOrO cocyaa; 4 — charouutos; HAJIEHUS OH IIDOSABJISETCS B HaW-
€ — BbleneHne BelLLecTs, NpUBNeKalLLMX KneTku OOJIBIIIeHl CTeleHH.

VMMYHHO CMUCTEMbI B O4ar BocrasieHus IlpuHeceHHBIe KPOBBIO 3aIlUT-

Hble 0eJIKM TaK)Ke BCTYIAIOT B

nericrBue. I'IaBHBIMU 13 HUX ABJSIOTCS OCJIKH cHCTeMbI KoMmmaeMenta. Oxu

AKTUBUPYIOTCA U IMIPUCOETUHAIOTCA K MeMOpaHe Yy KePOJHBIX KJETOK, HaIlPU-

mep GakTepuii. B pesynbraTe KJIETKM MUKDPOOPTraHM3MOB paspyirnaiorcd. Ux
OCTaTKY TaKiKe (ParonuTUPYIOTCA JIEHKOIIUTaAMU.

B samuTe oT BUPYCOB BasKHYIO POJIb UTPAIOT ApyTue 0eJKku — uHTepdepo-
HbI. OHU 00pas3yTCA B MOPAKEHHBIX KJIETKAX U MPEIATCTBYIOT PABMHOMKEHUIO
B HUX Bupyca. IIpu aToM 3apakeHHbIe KJIETKU BBIAEIAIOT MHTEP(HEPOHBI B TKA-
HEBYIO "KUAKOCTb. IIprcoegnHAACH K COOTBETCTBYIOIIIMM PEIleNITOPaM Ha eIlle He
3apa’KeHHBIX KJIETKaX, MOJIEKYJIbl MHTeP(PEPOHOB CTUMYJIUPYIOT ITPOTUBOBUPYC-
HBIN OTBET. JTO OTPAHUUYMBAET PACIIPOCTPAHEHNE BUPYCOB BO BHYTPEHHEN cpeie.

JJig JrydImero ocyIecTBJIEHUA 3alIUTHBIX PeaKIWil B odyare BOCIIaJEHUA
oA JepsKuBaeTcsa OoJiee BBICOKasA, YeM OOBIUHO, TeMIleparypa. OTO OIIpenesis-
eTcs CIelUaJbHBIMU BellleCTBaMU, BhIIEeJISAEeMBIME B X0/le BocHaenusa. [[pyrue
cneruaJbHBIE BEIeCTBa NPUBOAAT K BOSHUKHOBEHUIO 0OJIEBBIX OIYIIEHUM.
Bosap orpanmumBaeT mcnosabp30BaHMe BOCIAJEHHOI'O OpraHa, YTO CIIOCOOCTBYET
0oJsiee OBICTPOMY YCTPAHEHUIO IIOBPEIKAEHUH.

3aKaHUMBAETCSA BOCHAJIeHWEe IIOCJe IIOJIHOTO YHUUTOMKEHUS IIOHaBIITNX
BO BHYTPEHHIOIO CPelly MHUKPOOPraHM3MOB. XapaKTepHbIe IJIA BOCIIAJIEHHOTO
y4YacTKa CHUMNOTOMBI (IOKPACHEHWE, OTEYHOCTDb, MOBBIIIEHHAA TeMIIepaTypa,
00JIb) TIOCTETIEHHO MCUe3aloT, a MOBPEesKAeHHbIE TKAHU BOCCTAHABJIMBAIOTCS.

KpoBeHOCHbIN cocy,

eli U MOKeT OCYIIEeCTBJIATHLCA 0e3
BocrayieHusa. OgHakKo B ouare BOC-
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B mporiecce BocmajieHus 3alIATHBIE PEAKIINU OCYIIECTBIAIOTCA OPraHu3MOM
coBmecTHO. IIpu sTOM Kaxgas U3 HUX CIIOCOOCTBYET JIYUIIIEMY OCYII[eCTBJIECHUIO
IPyTuX.

O0beguHAeT 3TU 3AlIUTHLIE PeaKIINKU HECKOJbKO O0Mm[uX uepT. Bce oHU
OTHOCATCS K TaK Ha3bIBA€MOMY IIEPBOMY YPOBHIO 3aIuThl. OpraHusM IroToB K
UX OCYIIIECTBJICHUIO IMOCTOAHHO. IIpOABIAIOTCA OHU OBICTPO — B TeUeHIe He-
CKOJIBKMX MUHYT mjau dacoB. Kaskmas m3 HUX ¥ BCe OHM KOMILIEKCHO MOI'YT
IIPOABJIATHCA KAaK OTBET Ha Pas/IMUHbIE IMOBpeskaalomre pakropel. Hampumep,
BOCIIAJIeHNEe Pa3BMBAETCA CXOAHBLIM 00pas3oM B OTBET Ha TepMHUUYeCcKoe (0iKor),
MexaHuWYecKoe (TTopes mju IlapanuHa), Ouosorunueckoe (BosmelicTBrue OaKTepuii
¥ T. II.) IIOBPEsKAeHNsI. Bece 9TO IM03BOJIsIEeT pacCMAaTPUBaTh 3aI[UTHLIE CBOMCTBA
MOKPOBOB, (paronuTos, GPyHKIMOHNPOBAHIE 0EJIKOB CHCTEMbI KOMILIEMEHTa U
uHTEepP()EepPoHOB KaK odwue (Hecneuyuguyueckue) (paxKmopvl 3auiumaot.

9ty HaKTOPLI PA3BUJINCH B IIPOIIECCE DBOJIIOIUY BUIA U IEPEJAIOTCS II0
HacJeACTBY. Biarogaps nx HAJINUNIO KasKaAasa 0co0b 001ajaeT BUTOBBIM (BPOIK-
IeHHBIM) UMMyHuTeToOM. Hampumep, yesioBeK He 0ojeeT YyMKON cobakK, Ky-
PUHOIT XOJIePOi U ellle MHOXKECTBOM 0oJjiesHell Apyrux BumoB. Ho ecTh BUIBI
BO30yauTEel, KOTOphIe CIIOCOOHBI MPEOA0JIEBATL 3AIlUTy IIEPBOTO YPOBHS.
Torma nmeiicTBue OOIMMX HECIEIIU(PUUECKUX 3AIUTHBLIX (PAKTOPOB y KaKIOr0
KOHKPETHOI'0 4YeJIOBeKAa MOIOJIHSAETCS 3aIlfUTOM BTOPOrO YPOBHSA. OTO IIPHBO-
OIUT K Pa3BUTHUI0 HMHANBUAYAJHLHOro (IPUOOPETEHHOro) MMMYHHTeTa. Kak
MMEHHO Peajin3yeTcs 3alllITa BTOPOr0 YPOBHSA, Bbl y3HAeTe M3 CJEYIOIIEero
naparpada.

%9 KoxHbIe TTOKPOBBI U CJIM3UCTHIE 000JOUKU KUBOTHBIX ITPEIATCTBY-
b J | IOT IPOHWKHOBEHWIO BPEAHBIX BEIECTB U MUKPOOPraHWU3MOB. OJIU-
IepMUC KOYKU TOCTOSITHHO OTMUPAET U CJYIIUBAETCA, YTO MPUBOIUT
K yIaJIeHnI0 MUKpoopranmn3mMoB. COOCTBEHHO KOKa (epMa) IpeACcTaBIsIeT
co00¥i TPOYHBINT MeXaHUUYeCKU O0apbep Ha IMyTH MUKPOOPTaHU3MOB. BhI-
IeaseMas CJAUBUCTBHIMHM OOOJIOUKAMMU BA3KASA KUIKOCTHb IIPEINATCTBYET
BO3JeMiCTBUIO BpPeIHBIX areHTOB Ha KJIETKHU duurenud. B causu copep-
JKaTcAa O0aKTepuUIIMHBIE BellecTBa. IIpu HapyiieHUU O0aphbepHBIX TKaHEH
pa3BmBaeTCca BoclajeHre. K MecTy BocmajieHUsS IIepeMeLIaroTcs JIeHKO-
nutel. OHU ocylecTBIAIOT (haromuTtos. B ouare BocrnaseHus NefiCTBYIOT
cIlenaJIbHbIEe 3AIUTHBIE 0EJIKU — CHUCTeMa KoMILIeMeHTa. VX nmeiicTBue
IPUBOAUT K PaspylIeHNI0 KJIETOK MUKPOOpPraHu3MoB. Benku nuTEepdhepo-
HBI 3aIIUINAIOT OPraHU3M OT BUPYcOB. Bce aT0 obecnieunBaeT Hecneruhu-
YeCKYI0 3alIUTy — BUJIOBON MMMYHUTET.

L
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‘i' B yem 3akntovaeTcsa 3awmTHas yHKLMS KOXHbIX NMOKPOBOB?
"""_-' Kak cnuancTble 060M04KM NPEenATCTBYOT NPOHUKHOBEHMIO MUKPOOPraHW3MOB BO BHY-
TPeHHIO cpeny?
KakoBa ponb BocnaneHvs B 3aliute opraHnaMa?
Y10 Takoe charoumTo3? Kakmne KNeTkn ero ocyLLecTBAsoT?
Ot Kakux B036yauTeneln 3abonesaHuii 3awmLLaloT MHTepdEPOHbI?
Kak OevicTByloT 6€MKU CUCTEMbI KOMMNeMeHTa?
Mepeuncnute OCHOBHbIE (haKTOPbl 3aLuUTbl, 06ecnevmBaroLLme BUOOBON UMMYHUTET.

Kaxk BbI yike 3HaeTe, Hecleliu(pruecKas 3aliuTa OpraHu3Ma OIIpenessieTcsa
COBMECTHBIM JIeMICTBUEM KOYKHBIX ITIOKPOBOB, CIU3UCTHIX 000JI0UEK M HEKOTOPBIX
KJieTOK KpoBu. OHa paboTaeT IMOCTOSIHHO U €€ BhIpakKeHWe He CUJIBHO 3aBUCHUT
OT TOro, KaKOU HelKeJlaTeJbHBIA (paKTOp AeiicTByer. [omosHAMONIAA ee cIe-
nmuduryueckasa s3amnuTa HaIpaBJeHa IMTPOTUB KOHKPETHOTO UYKEPOJIHOTO areHTa
U He JgelicTByeT mpoTuB Apyrux. OHa pasBuBaeTCs MOCTEIIEHHO 1 HA3hIBAETCS
UMMYHHBbLM OMEEemoM.

Iyist ommcaHUs UMMYHHBIX OTBETOB IPUXOAUTCSA WCIIOJb30BATh CIIEIIUAJIb-
HBIT TepMUH — aHmuzern. Tak Ha3bIBAIOT JI000E BEIIeCTBO, CIIOCOOHOE BHI3BATh
NMMYHHBIA OTBeT. B MenguIiHe II0J] aHTUTEHOM MOTYT IIOHMMAaTh KOHKPETHOI'O
BO30yauTe s 00JIe3HHN, HAIpuUMep BUPYC ujiu 0arTepuio. C TOUKU 3PEHUT UM-
MYHOJIOTUH 9TO CJO}CHblLEe AHMUZEHblL, T. K. OHH COCTOAT M3 MHOKECTBa pPas-
JUYHBIX MOJIEKYJ — TPOCTBIX aHTUTEHOB.

Hmmynnasa cucmema. PazBuTrie UMMYHHBIX OTBETOB HAa aHTUTEHBI B OP-
raHU3Me OCYIIeCTBJIAETCS Oaarogaps AeATeTbHOCTH HUMMYHHO# cuctembl. OHA
IpeCcTaBJIEHA CIEINAJTU3UPOBAHHBIMY OPTaHAMM, KJIETKAMU U BBIAEJIAEMbIMU
STUMU KJIETKaMHU BeIeCTBAMU.

OpranaMy UMMYHHOM CUCTEMBbI ABJIAIOTCA KPACHBLIL KOCMHbBLIL M032, MUMYC
(Bunoukosas xienesa), ceie3eHKka, aumpamuieckue ysavl, MuHdaauHbvl. 1o
3HAYMMOCTHU UX Pa3[eAI0T Ha IIePBUYHBIE (IIeHTPaJbHbIe) U BTOPUUHEIE (TTepu-
(epuueckue). K mepBuYHBIM OpraHaM MMMYHHOM CHCTEMBI OTHOCSTCS KPACHBIN
KOCTHBIA MO3T ¥ TUMYyC. B HUX (opMUPYIOTCA KJIETKU MMMYHHOW CUCTEMBI —
JIEAKOIIUTHI.

Hexkoropble JeMKOIUTHI 00ecmeunBaIOT Hecreln(puUuecKyo 3allluTy opra-
Hu3Ma. OHU 3a0ycKalOT U HOAJAEPKUBAIOT BOCIIaJIeHNEe, a TaKiKe OCYIIeCTBJIA-
T arommuTod. s crenudryecKoil 3alUThl OpraHM3Ma BaKHBI OTIEJIbHBIE
TPYIObI JIEHKOIIUTOB: MOHOIIUTHI ¥ JIMM(OIIUTHI.
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MoHnoyumst 00pa3yioTcsa B KPACHOM KOCTHOM MO3Te U TOHagaioT B KPOBO-
TOK. Uepes HECKOJBKO YacOB OHM BBIXOIAT Yepes3 CTEHKU KaIlUJJIAPOB B pas-
JIUYHBIE TKAHU U IIPEBPAIIAIOTCA B MKAHEBble MAKPOPazU.

O0OpazoBaHUe BCeX JAUMPOUUMO8 TaK:Ke HAUMHAETCA B KPACHOM KOCTHOM
mogre. [lyia onpeneseHHON rpynnbl AUMMOIUTOB (B-1um@ouumos) oH ABJIAET-
cAd OCHOBHBIM MeCTOM co3peBaHUA. [[pyrue JuMQMOIUTHI CO3PEBAIOT B TUMYCE
(T-rumghoyumeot).

TraneBbie Makpodaru, T-mumdoruTs: u B-mum@oruTs ABIAIOTCA TEMU KJIET-
KaM1 IMMYHHOH CUCTEMbI, KOTOPBIE 00eCIIeuBAIOT PA3BUTHE UMMYHHOT'O OTBETA.

Pazséumue nepéuinozo ummyHH020 omeema pPa3[essai0T Ha HECKOJBbKO
aramoB. Ha mepBoM sTalie MPOUCXOAUT IIOTJIOIIeHMe MakpodaraMu 4dy:Kepos-
HBIX YaCTHUII, IIOMaBIINX BO BHYTPEHHIO cpeny opranusma. [lajsee maxkpodaru
nepemeniamTcA B IuMGpaTHUeCKe KaIUJIJIAPHL ¥ C TOKOM JIUMMBbI IIOMaJAaloT BO
BTOPUUYHBIE OpPraHbl UMMYHHOU CHCTEMBI, HAaIpUMeD B JuUM@MaTUIeCKue y3JIbI.
31ech OCYIIECTBJSETCSI BTOPOU ATAIl B PA3BUTUU CIIEITU(MUUECKON 3aIUTHI.

Bo BTOpMUYHBIE OpraHbl UMMYHHOI CHUCTEMbBI 13 KPOBEHOCHBIX KaIUJJIAPOB
noctogHHO mocTtymnaioT T-numdornurel. Makpodaru KOHTAKTHUPYIOT C HUMH,
HaxomaT T-TuM@OIUTHI HYKHOM CHEUPUUYHOCTH WM AKTHUBUPYIOT UX HA pas-
MHOKeHUe. B pesyabTaTe B opraHmusMe IIOSBJSETCS MHOMKECTBO KJETOK, He-
00XOAUMBIX I OOPHOLI MMEHHO C 9TUM AHTUT'CHOM.

31ech BaXKHO OTMETUTD, UTO T-TuMMOIUTHI pa3jndalTcd He TOJBKO II0 cIie-
MUPUUHOCTHY K auTureny. Ilpu cospeBauuu B TuMmyce T-TuM@MOIUTHI Pa3aeaioT-
ca Ha T-xenmneps! u T-Kusiepsl. T-xeanepot (OT aHIII. helper — TIOMOIITHUK) caMU
He BCTYIIAIOT B 00pPbOY C UyKepOAHBIM areHTOM, a MOMOTal0T aKTHUBUPOBATHCS
B-nmumdonuram. [I1a 5TOro oHM yepe3 KPOBOTOK IEPEXOAAT U3 OJHOTO BTOPUY-
HOT'O OpraHa MMMYHHOM CUCTEeMBI B APYTOH, 3aTeM B CJIEAYIOIIUHA U TaK JaJjiee.

B-mum@donuTh TaKKe UMEIOT PEIEeNnTOPhI AJIA aHTUTreHOB. TaKUMU PerernTo-
paMu ABJIAIOTCA 3aKpeIJIeHHbIe B MeMOpane B-iumponura anturena. Anmume-
Jla — 9TO 6GeJIKOBbIE MOJIEKYJIBI, KOTOPhIE MOT'YT CHEIIUMPUUECKHN COeTUHATHCS C
aaTuresom. g B-mumdonuTos, Kak u ajda T-1uM@OIUTOB, XapaKTePHO OT'POM-
HOe pasHooOpasue 1o CIeUPUIYHOCTA B OTHOIIIEHUY aHTUTEeHOB. B-mumdornuTol
TaK)Ke HOCTOSHHO IIepeMeNIaloTCs M3 OJHOTO BTOPUYHOIO OpraHa MMMYHHOM
CUCTEMBI B IPYTOi. ITO YBEJIUUYNBAET BEPOSATHOCTH BCTPEUU ITOSABUBIIHUXCS HA
BTOpOM dTrare T-xeanepoB ¢ B-mum@orurom HYXHOU crenmu(PUIHOCTU.

Korzma rakas BcTpeua ocyiecTBiidgeTcs, B-mumdonut monydaer ot T-xesmepa
CUTHAJI aKTUBAIlUU ¥ HauMHaeT neauTbcsa. IIpu aToM Bce ero MOTOMKM coxpa-
HSIOT OPUCYIIYI0 MCXOTHON KJETKe CIenu(pUIHOCTL perenTopoB. To ecTs u
Ha TPEeThEM dTalle PA3BUTHUA CIENU(MUUECKON 3alUTHI OPraHU3M BO MHOT'O pas
YBEeJINUUBAET KOJMYECTBO HYXKHBIX KJIETOK.
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Bonblinas yacTh pasMHOMKUBIINXCSA B-TuM@OIUTOB IpeBpaIaeTcs B naa3ma-
muyeckue kaemku (naa3moyumast). Tak HazbIBatoTCA B-TuM(OIUTHI, KOTOPHIE
13 BTOPUYHBIX OPraHOB MMMYHHOI CHUCTEMBI IIePexXoAAT B mIa3My KpoBu. OHuU
CUHTE3UPYIOT U BBIJEJSAIOT B KPOBb OIPOMHOE KOJMUYECTBO aHTUTEJ. ITU aHTU-
TeJla UMEIOT TY JKe CIeIn(pUIHOCTD, UTO 1 PeIlenTOPhbl UCXOHOTO B-1uMdoriuTa.
AHTHuTeNa CBA3LIBAIOTCA C AaHTUTEHOM, UTO CIOCOOCTBYET €ro OLICTPOMY YHUY-
ToKeHUuo (arornuTupyomumu Kietkamu. ChopmMupoBaHHasa TaKUM 00pasoM
cunenudruecKasa 3aI(uTa HA3bIBA€TCA T'yMOPAJIbHBIM UMMYHHBIM OTBETOM.

CrnernuduyecKkas 3amiuTa ¢ yuactueM T-Ku/1epog pa3BUBAETC B T€X CAyUAIX,
Korza Bo30yauTes b 00JIe3HN yiKe yCIleJl MPOHUKHYTH B KJIeTKU opranuaMma. Kak
BBI yiKe 3HaeTe 13 IVIaBbl 4, TAKMMU BO30OYIUTEIAMY YaIlle BCETO ABJIAIOTCS BUPY-
cbl. B cBsI3M ¢ TeM UTO BUPYCHI Pa3MHOKAIOTCSA BHYTPHU KJIETOK, HA HUX HE MOT'YT
moJieicTBOBATh aHTUTeNA. T-KUJjIepsl yOMBAIOT ITOPaKeHHbIE BUPYCOM KJIETKHU
¥ TeM CaMbIM CIIOCOOCTBYIOT 60ph0e ¢ BupycoMm. Takas 3aluTa OCyIeCTBIIeT-
cs 0e3 yuacTus aHTUTEN U Ha3bIBAETCA MMMYHHBIM OTBETOM KJIETOYHOTO THIIA.

NmMmyuHbIe OTBeThI pasdBuBaioTca B Teuenue 7—10 gueit. OHU coueTaroTcs
C TIPOAOJIXKAIOIIUMHU AeiCTBOBATh (haKTOpaMM HeCcIelU(PUUECKOH 3aIlUThl —
BOCIIaJieHuEeM, (haroruTo30M, PabOTO CUCTEMBI KOMILJIEMEHTA W ApP. ITO U II0-
3BOJIAET TMOJHOCTHIO OUUCTUTh BHYTPEHHIOIO CPey OPraHm3Ma OT UyKePOIHbBIX
areHTOB, IIPOIIe TOBOPA — YeJOBEK BBI3IOPABJIMBAET.

Ho camoe riaBHOE TO, UTO MOCJIe Pa3sBUTUSA CHEIUPUUECKUX BAITUTHBIX
peakuuii (Pa3BUTUA NEPEUYHO20 UMMYHHO20 OMéEema) B OpraHN3Me BO3HUKAET
MHINBUAYAJBHBIN (IPMOOPETEHHBIN) MMMYHUTET K JaHHOMY BO30YIUTEJIIO.
9TO BO3MOKHO IIOTOMY, UTO, KpOMe IIePBUYHLIX MMMYHHBIX OTBETOB, B Opra-
HU3Me Pa3BUBAIOTCA BTOPUUHLIE.

Bmopuunbvlii ummynHnblli oméem. Ero pa3sBuTue 0OCHOBbIBAeTCA Ha TOM, UTO
yacTs T- u B-muM@ouToB, KOTOphle PasMHOKAJINCHh B Xome (hOPMUPOBAHUA
MIEPBUYHOI0 UMMYHHOT'O OTBETA, CTAHOBATCA NOJTOKUBYIITUMH KiIeTKamu. OHU
COXPaHSIOT KM3HECTIOCOOHOCTh B TeUeHe HeCKOJbKUX JIeT, B OTJIMUME OT O0BIU-
HBIX JUMQOIIUTOB, KOTOPHIE "KUBYT HECKOJIBKO MecAlleB. Ecu B opraHusM CHOBaA
morajaeT TaKou JKe aHTUTeH, UMMYHHBIN OTBET Ha Hero pasBUBAETCS B TeUeHUe
HECKOJbKUX JacoB. TaK MPOUCXOAUT MIOTOMY, UTO KJIETOK C HY:KHOU crieruduy-
HOCTBIO PEIlerITOPOB BO MHOTO Pas 00JbIle, YeM Iepe]] IePBUUYHBIM UMMYHHBIM
oTBeTOM. TaKOi1 OBICTPHIM MMMYHHBIA OTBET HAa3bIBAETCA 8MOPULHbLM. Pa3zBuTue
BTOPUYHOTO MMMYHHOTO OTBETA HE I03BOJIAET BO30OYAUTENI0 0OOJIE3HU PAa3MHO-
JKUTHCA IO TAKOTO KOJMUYECTBa, IPU KOTOPOM OH OBI MOT YCHEIITHO aTaKOBATh
OpTraHM3M X03AuHa. I10sTOMY MBI fasKe He 3aMedeM, UTO ObLIN WH(MUIIMPOBAHEI.

Takum 06pa3oM, TpruOOPETEHHBIN NHANBUAYAJbHBI MMMYHUTET 0a3upyeTcsa
Ha T- m B-mum@oriurax, oCTalONINXCA OT HEPBUYHOTO MMMYHHOTO OTBeTA.
Baarogaps Mx HaJIWYWIO OPraHU3M, YCJIOBHO T'OBOPS, «IOMHUT» O KaiKIOM
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YyIKEpPOJHOM areHTe, KOTOPBIA BbIZBAJ MMMYHHBIN oTBeT. llosaTomy Takme
KJIETKUW HA3BIBAIOT KJIeMKAMU UMMYHOJL02ULECKOlU namamu.

Annepzus. OgHol 13 cuTyamnuii, Korga UMMYHHAA CUCTEMAa CO3JaeT OIrpesie-
JIeHHBIe TPO0JIeMbI, SBJISETCS Pa3BUTHE Y JIIOJel 0COObIX peaKIinii Ha HEKOTO-
pbIe BeIIecTBa. OTU PEAKI[UU HA3hIBAIOTCA AJJIEPTUUYECKUMU, a BHI3BIBAIOIIHE
UX BEIleCTBA — QJJAEPZEHAMU.

V¥ desioBeKa, MMEIOINETO ITOBBIIMMEHHYIO YYBCTBUTEJIBHOCTD K TOMY WUJIW MHO-
MYy aJliepreHy, IIpU KOHTAKTaX ¢ HUM HAOJIOAIOTCS (PU3UOJOTUUYECKUE OT-
KJIOHEHUA OT HOpMbI. CTeneHb BHIPAKEHHOCTH TAKUX OTKJIOHEHUHA BapbUPYeT
OT JIETKOT'O TOKPACHEHUA YyYacCTKOB KOXKU (quaTe3 y [eTell) IO CMEpPTeJIbHO
OIACHBIX 3aTPYAHEHUN OBIXaHUS.

Hawubosee pacmpocTpaHeHHBIMU (DOpMaMU aJJIEPTUU SABJISAIOTCA MHUIIeBaA
aJLJIepTUd U aJIIeprud Ha ObLILIY pacTeHmii. HecMoTpsa Ha TO UTO BBI3BIBATH
aJLJIePTUI0 MOT'YT MHOT'HE BeIlecTBa, IPoMUIaKTHKA ¥ OKa3aHVe IIOMOIITU IIPU
CHJIBHO BBIPAYKEHHBIX PEeaKI[UAX nMeeT oOmiuii xapaxrep. IIpoduaakTuyecKue
Mephl 3aKJIOUAIOTCSA B OTPAHUYEHUU, IO BOSMOIKHOCTU, KOHTaKTa C aJjljepre-
HOM. B ciyuae nuineBbIX aJjiepruii U3 pamyuoHa YeJoBeKa UCKJIOUAIOT COMAEp-
JKarme aJijlepreH OPOAYKTHI. IIpy peakmum HA IBIIBIY BO BpPeMA I[BETEHUSA
MHOTMX pacTeHuli (BeCHa W TepBas MOJOBWHA JieTa) OTPAHUYMBAETCA IIPEeOHI-
BaHME B MeCTaX BO3BMOYKHOT'O KOHTAKTA C ITBLIBIION.

OxasaHme IOMOIIY 3aKJIIYaeTCA B UCIIOJIb30BAHUY CIEIUAJIBHBIX TPOTUBO-
aJJIepruYecKux mpenaparoB. X nelicTBUe HaAIPaBJIEHO HA CHATHE OCHOBHBIX
CUMIITOMOB, KOTODbIE SBJAIOTCA CJIEACTBUEM OOpasoBaHUA THCTAMUHA IIPU
KOHTaKTe ¢ ajiepreHoM. Kak BbI 3HaeTe m3 mpenbIAyIero naparpada, rucra-
MUH CIIOCOOCTBYeT PasBUTHIO BocmaJsieHus. [Ipyn BocmajieHUM PE3KO M3MeHs-
eTcsa paboTa KPOBEHOCHO# cucTeMbl. V1 eciu HeOOJbIIIOE BOCIIAJIEHNE B MeCTe
TOBPEXKIEHNA TTOKPOBOB IMPUHOCUT YK€ M3BECTHYIO BaM IIOJIb3Y, TO pPeaKIusd
opranmsMa Ha OOJBIIYIO O3y aJljiepreHa (ajijieprudyecKasi peakuus, WJIu
aJIIeprus) CUJILHO HapyIlaeT HOPMAaJbHOE (hM3MOJIOTUYECKOEe COCTOSHUE.

CiegyeT MIOMHUTD, UTO IPOTUBOAJIJIEPTUYECKYE TTPelapaThl He U3JIeUUBAIOT
ot asumepruu. OHU IpegHABHAYEHBI /I CHATUSA CUMIITOMOB, TIO9TOMY UX HYMK-
HO IPUMEHATH U060 B IEPUOJ] IPOSIBIEHUS PeaKInu, 160 TPOPUIaKTUIECKU
mepeq IIpeArioJaraeMbIM KOHTAKTOM C aJjijiepreHomM. Hampumep, cTpagarolum
aJIJIeprueil Ha ObLIBIIY PACTEHUI aHTUTUCTAMUHHBIE (TPOTHUBOAJIIEPTUYECKUE)
mpermapaTbl MOYKHO IIPUHATH HEIOCPEACTBEHHO IMepel] BBIE3IOM Ha IPUPOLY.

UccnenoBanmda NpUUYWH Pa3BUTHUA aJJIEPIMUYECKUX PeaKIUil SABIAIOTCA
OOHUM U3 IIPUOPUTETHHIX HATIPABJIEHW! B COBPEMEHHOW MMMYHOJIOTUW W Me-
munuHe. Ha Gumixaiimme AecATUIETUS ITPOTHO3UPYETCA pasdpaboTKa MEeTOIOB
J€UEeHUs CKJIOHHBIX K aJIJIEPTUU JIIOAeH.
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Crnemnmupuueckyio 3amiuTy OpraHM3Ma — UMMYHHBIH OTBET — OCY-

mIecTBIAIOT Makpodaru, T-mumpornutel u B-tuMmdornursl. B pesynb-
i | TaTe WX TOCJIeOBATEeJIbHOI'0 B3aMMOAEUCTBUA B TeUeHUE HECKOJIb-
KUX THEW B OpraHuaMe yBeJUYmBaeTcsa KoamuecTBo T- m B-mumdoruTos,
HEeOOXOAMMBIX MJisd OOpPbObI C OIIPENEeIeHHBIM YY)KEPOJHBIM AareHTOM.
B-mumdonmmThl npoaynupyoT aHTHUTENa, KOTOPhIe CHerU()NUEeCKU CBA3BI-
BaIOTCA C 9TUM areHTOM UM YCKOPAIOT ero yHuuToxXeHue. Ilociie mepBUUHO-
ro UMMYHHOTO OTBETa B OpPraHW3ME B Te€UeHWE HECKOJIBKUX JIeT COXPaHdA-
forca T- m B-mum@onuThl faHHON CHEITU(PUUHOCTH — KJIETKH MMMYHOJIO-
TUYeCcKOl maMsaTu. ITO obecreunBaeT MPUOOPEeTeHHbIH (MHAUBUAYATbLHDIN)
UMMYHUTET. AJIeprud dABJIAeTCS OJHUM W3 IPOABJIEHUHN [eATeJIbHOCTU
UMMYHHOU cucTembl. JlioguW, CKJIOHHBIE K aJlJIepruM, OOJXKHBI m3berarb
KOHTAKTa C aJlJIePreHOM W IPUMEHATH IPOTUBOAJIJIEPrUUecKye IIpernaparh.

&
L]
"=

? . YTto Takoe aHTUreH?
L M3 4ero coctomtT UMMyHHas cuctema yenoseka?
Kakune knetkn ob6ecneqmBaroT cneumngmyeckyio 3almuty opraHuama?
KakoBa ponb makpocharoB B pa3BUTUM UMMYHHOrO oTBeTa?
Yem oTnmyaeTca ryMopasbHbIi UMMYHHbI OTBET OT UMMYHHOIO OTBETa KJIETOYHOro Tuna?
Ha 4yem ocHoBaH nHOMBMAYaNbHbIN (MPUOBPETEHHDBIN) UMMYHUTET?
B Kakmx crnydasx fesTenbHOCTb UMMYHHOW CUCTEMbI MOXET MPUBOAUTL K HEXeNaTenbHbIM
nocnencTenam?

NOABEAEM UTOIn

MHOTOKJIeTOUHbIE OPTaHMU3MbI CIIOCOOHBI CO3aBaTh JJIS CBOUX KJIETOK
OIITUMAaJIbHBIE YCJIOBUS CYIIIECTBOBAHUA. OTHU YCJIOBUA MOAIEPKUBAIOTCA B
TeueHUe BCeH JKM3HU OPTaHM3Ma 3a CUeT COBMECTHOI JAesATeJIbHOCTHU BCEX €T0
OPraHOB U CUCTEM. ¥ PACTEHUN TaKas JesaTeJIbHOCTD PEryJIUPYeTCs C IIOMOIIBIO
(UTOrOPMOHOB. ¥ *KUBOTHBIX IIOCTOSHCTBO BHYTPEHHEHN cpebl IOAAeP:KUBa-
eTCs CIeINaJbHBIMU CUCTEeMaMU — HEPBHOM U 9HIOKPUHHOIM. OTU CUCTEMBI
JIEeNCTBYIOT COBMECTHO, UTO 00eCIIeYnBaeT HeHPOryMOPAJIbHYIO PETYIIAINIO.

Oco06y1o poJib B IIOAAEP:KAaHUN TOMEOCTa3KCca ¥ MO3BOHOUYHBIX JKMBOTHBIX
urpaet uMmMmyHHasa cucrema. OHa obecreunBaeT KaK 3alllUTy BHYTPEHHEN
cpenbl OpraHM3Ma OT IIPOHUKHOBEHUs BO30yauTesell 0ojesHell U uysKe-
POIHBIX BEIECTB, TAK U OCBOOOKAEHNE OT HUX B CJyUYae IPOHUKHOBEHUS.
KieTkr nMMyHHOM CUCTEMBI — JIEHKOIIUTHI — OCYIIECTBIIAIOT Hecrerudu-
YecKUe U CIenu(ruuecKye 3aluTHbIe PEaKIINY, Oiarogapsa KOTOPBIM Y KU~
BOTHBIX MMEETCs BUJOBOII (BPOKIEHHBIN) UMMYHUTET, 4 B TeUEHUE "KU3HU
dopMupyeTcsa MHAUBUAYAIBHBIN (IPUOOPETEHHBIN) UMMYHUTET.



MmaBa

HacnepncrBeHHOCTb
N U3MEH4YUNBOCTb OPraHU3MoB

OnHUM M3 BasKHEMINMNX CBOMCTB BCEro JKMBOI'O ABJISIETCS HACJIEICTBEH-
HOCTh — CIIOCOOHOCTH OPraHM3MOB COXPAHSATL CBOM IPU3HAKU U IIepeJaBaTh
UX TIPU PasMHOMKEHUU CJIeAYIOIUM IOKOJeHusaM. IIpoiecc mepemauu Hacem-
CTBEeHHOII (TeHeTHUYeCKoi) MHMPOPMAIIMY OT OJHOI'O0 MOKOJEHUS APYyroMy Ha-
3bIBAaETCA HacjemoBaHuMeM. BaM m3BeCTHO, UTO OOJIBIITMHCTBY BUJIOB 9yKAPUOT
CBOIICTBEHHO ITOJIOBOE Pa3MHOKeHMe. ¥ TaKUX OPraHU3MOB KJIOUEBYIO POJIb B
HacJIeOBaHUU UTPAIOT Meilo3 u onJsodomeoperue. Ilpu mMeiiose y Kam o ocobu
OCYIIIECTBJISAETCS IePEeKOMOMHAIINA TeHeTUYeCKOTr0 MaTepuajia U ero pacipe-
IeJleHre MeXKIy MOJOBBIMU KJETKaMH’. B pesysbTrare IOCJeYIOMEero OIJI0I0-
TBOPEHUSA IPOUCXOIUT O0beJUHEHVE HACJeACTBeHHOU mH(popManuu (MOJIEKYJI
IOHEK), comep:kairieiica B raMeTax o00OMX POAWTEeseH, ¥ M3 3UTOTHl HAUMHAET
pasBUBATHCA HOBBINI OPraHU3M.

BeomomuuM, uto yuactku Mmoiekyabl [THK, xpamsaiime muHGOpPMAIIUIO O
CTPYKType ompenejeHHbIX O0eakoB (a Taxsxke pPHK um TPHK), HasbiBaroTcs
reHamu. torom peasmsainuy HacJeICTBEHHOW MHMOPMAINU, cofep:Karieincsa
B T'eHAaX, SBJSETCS CUHTE3 COOTBETCTBYIOIMUX Oesik08. Kaskabiii 6eJI0K BBITIOJ-
HsIeT OIpeAeNIeHHYI0 (GPYHKIIHMIO, UTO BeJeT K IIPOSBJIEHUIO TOTO WMJIN MHOTO
npus3naxka opraHusMa.

HacencTBeHHOCTS 06eCIIeUBAET IIPEEMCTBEHHOCTh MEXKAY TMOKOJeHUSIMH,
Osaromapsa ueMy BBl *KUBBIX OPTaHU3MOB B TeUeHUE IJUTEIbHOTO BPEMEHU
COXPAaHSIOT IpuUcCyIue uM 4epThl. OHAKO HapSaAy ¢ HACJIeACTBEeHHOCTDIO KMBbIe
OpraHM3MbI 00J1aJaI0T TAKKe H3MEHYUBOCTHI) — CIIOCOOHOCTBIO IIPHOOPETATh
HOBbIe TPU3HAKU, OTIMUYAIOIINE UX OT POAUTEILCKUX (opMm. V3MeHUYHMBOCTDH
o0yciioBIMBaeT pasHooOpasue ocobeil B mpeaesiax KasKIOTo BUAa. ITO PACIIIH-
pAeT BO3MOKHOCTHU aJallTallMM BUJIOB JKUBBIX OPTAaHU3MOB K MEHAIOITUMCS
YCJIOBUSIM OKPY:KaIOIel cpeabl.

Takum o0pasoM, HaCJEJCTBEHHOCTh M M3MEHUYUBOCTL OOeCIIeumMBAIOT CTa-
OMJIBLHOCTL ¥ HEIPEePBIBHOCTH CYIIECTBOBAHUSA KU3HU Ha 3emue. V3ydueHUIo
STUX CBOMCTB KUBBLIX OPraHM3MOB IIOCBAINEHA HaHHAsS IJaBa.



156

[maBa 6. HacneacTBEHHOCTb U UBMEHYUNBOCTb OpraHnu3mos

§ 30. MoHOrM6pMaHOE CKpeLiuBaHue.
MepBbiM U BTOPOWN 3aKOHbI MeHpens

3aKOHOMEPHOCTH HACJIEACTBEHHOCTH 1 M3MEHUYMBOCTI OPraHM3MOB H3yda-
eT TeHeTHuKa. ApCceHaJl 9TOM HAyK! BKJIIOUAET PAa3HOOOpa3HbIe METOJbI UCCJe-
IOBaHUII, OMHUM M3 KOTOPBIX ABJseTCA zubpudonozuieckuil. OH oCHOBaH Ha
CKPeIMBAHUIN OPraHM3MOB, Pa3INMYAIONINXCS II0 aJbTePHATHUBHBLIM IIPHU3HA-
KaM, C IIOCJEAYIONINM aHAJN30M dTUX NPUSHAKOB Y MOJYYEHHOTO ITOTOMCTBA.
AnvmepHamu6éHbLMU HA3BIBAIOT IPU3HAKM, KOTOPhIE BBAMMHO UCKJIIOYAIOT APYT
Ipyra ¥ B HOpMe He MOT'YT IIPUCYTCTBOBATh Y OpraHM3Ma OJHOBPEeMeHHO (pesyc-
MOJIOXKUTEJBHOCTD U PE3yC-OTPUIIATEIbHOCTD ¥ UeJOBEeKAa, KeaTasd U 3ejeHas
OKpacka ceMsH ropoxa u T. 1.). CKpelluBaHre OpraHU3MOB Ha3bIBaeTCA THOpu-
IU3aIuei, a TOTOMKY OT CKPEIUBAHUA POAUTEIbCKUX 0CO0EH, OTINYAIOIITNXCS
10 OHOI myiu OoJiee mapaM aJbTePHATUBHBIX IPU3HAKOB, — THOPHIAMH.

Jia 3anucy CKpeluBaHU IPUMEHSEeTCA CIAeNyIolas CUMBOJIUKA:

P — popurenu (ot jat. parentale — pOOUTENbCKUIL);

Q — sKeHCKaa 0cobb; 4 — MysKcKas 0cobb; G — ramersi;

F — moromcTso (ot Jaar. filiale — mouepHMii) ¢ COOTBETCTBYIOIIMMU UHIEK-
camm nokoJienuii: Fy, Fy, F; u T. 1;

3HAUOK «x» 0003HAYAET CKPeIUBaHUeE.

H3syuenue nacnedcmeennocmu I'. Mendenem. OCHOBHBIE 3aKOHOMEPHOCTH
HacJeqOBaHUA IIPU3HAKOB BIIEPBbIE YCTAHOBUJI BBIIAIOITUNC aBCTPUUCKUI UC-
caenoBaresib I. Mengean B cepeamie XIX B. I[1a Toro 4To0bl BBISICHUTH, KaK
HaCJeAyIOTCS OTAeJIbHBbIe Iaphl aJbTePHATHUBHBLIX IPU3HAKOB, OH IPHMEHHJI
rubpugosorudyeckuii merorn. CiaenyeT oTMeTUTh yaauHblii BeIOop I. Mengeaem
00BbeKTa rccaemoBaHui. VM cTaj TopoX IMOCEeBHON — HEeIPUXOTINBOE PaCTeHue,
KOTOpOe JIETKO KYJLTUBUPYETCA W MPUHOCHT MHOIOUYMCJIEHHOE IIOTOMCTBO. V3
MHO’KecTBa copToB ropoxa I. MeHzesnb BbIOpaJ Te, KOTOPbIe YETKO pPasjmya-
JIUCH II0 CeMU TapaM aJbTepPHATHBHBIX HNpPU3HAKOB (puc. 68).

Topox — camoombLISIOIIEECA PacTeHIe, IMO3TOMY 0COOM PasMHOMKAIOTCHA
«B UHACTOTE» — HE CKPEeIIMBAIOTCSA C IpyruMu ocobsmu. Baxxuo To, uto I. Men-
IeJIb IPOBEPSAJ «UHCTOTY» KAayKIOr0 COPTa M KCIOJL30BAJI IJA IIPOBEIEHIS
CKpeIIuBaHUI TOJBKO Te€ PACTEHUS, KOTOPbIE B PAMLY IIOKOJIEHUIN COXPAaHIJIN
OpusHaKu poauTeabckux (GopMm. Taxue rpynnbl OpraHU3MOB HNPUHATO HA3BI-
BaTh YUCMbLMU JUHUAMU.

Emte ogHoli BasKkHOIT 0cobeHHOCTRIO nccaenoBauuii I. Mengeasa Ob170 TO, UTO
OH BeJI TOYHBIA yUeT 4mcjia IOTOMKOB, YHACJIENOBABIINX Te MU HHBIE POLI-
TeJIbCKMe IPU3HAKU. ITO M03Boau0 I. MeHIe/ 10 YCTaHOBUTh KOJMUYEeCTBEHHbIE
3aKOHOMEPHOCTU HACJIeJOBAHUS IIPU3HAKOB.
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Puc. 68. CeMb nap ansTepHaTVBHbLIX MPU3HAKOB ropoxa,
HacnegoBaHve KoTopbix udydan . MeHgenb

Monozubpudnoe ckpewuéanue. 3axkon edunoobpasus zubpudoé nepeozo
nokonenua. B xone uccaenopanuii I. Mengesb cHauajia CKpeIIuBaJj pacTeHUA
YUCTBHIX JUHUM, KOTOPbIe Pa3JINYaJINCh 10 OJHOM ITape aJbTepPHATUBHBIX IIPU-
3HAKOB, 3aTeM IO ABYM u T. A. CKpelmBaHme, IPU KOTOPOM POIUTEJILCKIE
OpraHu3Mbl OTJINYAIOTCSA APYT OT APYyra IO OAHOU ITape aJbTepPHATUBHBIX IIPHU-
3HAKOB, HA3bIBAETCSI MOHOTUOPUIHBIM.

B oxnom u3 skcmepumenToB I. MeHzens usyuas HacJaeqoBaHUE OKPACKU Ce-
MsaH ropoxa. OH CKpeIrBaJ PacTeHUsI, BEIPOCIIINE U3 CEMSIH JKeJITOTO I[BeTa, C
PacTeHUAMH, BEIPOCITNMHU U3 3€JIEHBIX IO~ %
portuH. [yig TOoro 4ToOBI IPEIOTBPATUTDH \J ‘
camoonblieHue, I. MeHnenap y pacTeHmUi i
OJ(HOrO COPTA YAAAN B IBETKAX THIYMH™ . J \)

KU, Y APYTOro — MEeCTUKU U TPOBOAMII T'U-

OpUIM3AINIO Iy TEM UCKYCCTBEHHOTO OIIbI-

JeHus. BolgcHUIOCH, YTO BCe TMOPUAHBIE  F \J \) \J ‘
pacTeHus MePBOro MOKOJIEHUS MMEJN Ce-

MeHa KejrToro 1sera (puc. 69). IIpu sTom Puc. 69. Cxema MOHOrMGPHAHOTO
OKa3aJIOCh HEBAYXHO, NCIIOJb30BAJHNCH CKpeLLmBaHus
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JI POOUTEJIbCKUE PACTEHUS, BEIPOCIIINE U3 JKEJITHIX I'OPOIINH, B Ka4ecTBe Ma-
TePUHCKUX WJIN OTIOBCKUX. ['MOPMIBI II€PBOr0 IIOKOJIEHUS B JIOO0M ciydae
ObLIV eMUHOOOPA3HBIMH II0 JKEJITO OKPACKEe CeMSIH:

P: Q senTwle ceMeHa X ¢ 3eJIeHbIe CeMeHa

(unu Q@ 3esieHBIE ceMeHa X ) JKeJIThle CeMeHa)

F,: Bce pacTeHUsA MMEIOT *KeJThle CeMeHa.

CkperuBas pacTeHus, OTINYAIONIUECS TI0 IPYTUM IapaM ajJbTepPHATUBHBIX
IPU3HAKOB, HAIIpuMep Io (hopMe IIJIO0B MJM OKpackKe IIBETKOB, I. Menmennb
00HAPYIKMUJ, YTO BO BCEX CIyUaAAX y TMOPUIOB IIEPBOT0 MMOKOJEHUA MPOABIAIC
TOJBKO OAUWH M3 ABYX AJbTePHATUBHBIX NPU3HAKOB. {IBJeHme ImpeobJamaHusd
OIHUX ITPUBHAKOB HAJl APYT'MMHU ObLJIO HA3BAHO JOMHMHUPOBAHUEM, a ITpeoldJia-
Jarolue IPUsHAKY — JOMHUHAHTHBIMH. [IpusHaku, KOTophle He IIPOABIAINCH
y TuOpPUI0B IEPBOTO MOKOJIEHUS, MPUHATO HA3bIBATH PelleCCUBHBIMM.

OrkpeiTaa I. MengeneM 3aKOHOMEPHOCTH HOCHUT Ha3BaHUE 3aKOHA €IHMHO-
o0pa3usg THOPHMIOB IEPBOr0 IOKOJEHUA WM IEepBOro 3axKoHa MeHaeJid.
CorylacHO 9TOMY 3aKOHY IPH CKpPel[MBAHUU 0CO0eil YMCTBHIX JUHHUI, OTIH-
YAIOIUXCA IO OXHON Mape ajJbTePHATHBHBIX IMPU3HAKOB, THOPHIBI IIEPBOTO
IMOKOJIEHNA OyIyT eIMHOOOPAa3HBIMHM 0 IOMUHAHTHOMY IPU3HAKY.

3axon pacuennenusn. [Iyrem camMoonblIeHUA IIOPHIOB IIEPBOIO ITOKOJIEHUS

I. Meugenp moJIiyums BTOPOE IMOKOJIeHNE, B KOTOPOM % PacTeHU UMeJIn KeJ-
TbIe ceMeHa U i — geJjeHble (cMm. puc. 69). IloaBjaeHNe B IIOTOMCTBe 0Ocobeii,

Pa3IMYAIOIUXCS 10 aJIbTePHATUBHBLIM IIPU3HAKAM, HA3LIBAETCA PacCIIeILIeHH-
eMm. B manmnom ciyuae HabOJ0ZaI0Ch paciiernienue 3 : 1:

F;: Q sKenThble ceMeHa X () sKeJIThle CeMeHa
F,: 3 :xentTnie cemeHa : 1 3esieHble ceMeHA.

AmnajornyHoe pacirenjeHnue 6b1J0 0OHAPYKEHO U IIPU UCCJIEIOBAHUU IPY-
TUX Iap aJbTePHATUBHBIX IPU3HAKOB: BO BTOPOM IIOKOJIEHUU y 75 % pacTeHui
MIPOSABJIANNCH, JOMUHAHTHBIE HIPU3HAKU, a ¥ 25 % — peleccuBHble. TakuMm
00pas3oM, pellecCUBHBIE TPU3HAKY, KOTOPhIEe He HaOII0aINCh B IIEPBOM IIOKOJIe-
HUH, BHOBb MPOSBIIAINCE Y - TUOPUIOB BTOPOTO MOKOJEHUA. OTO 3HAUUT, UTO

AaHHBbIE€ IIPDU3HAKHN Y I‘I/I6pI/I,Z[OB Fl 6BIJII/I IIoOgaBJIEHBI 1 COXPaHAJINCH B CKPBITOM
COCTOSTHUU, a He MCUe3aJIU IIOJTHOCTHIO.

CymiHOCTh 3aKOHA paculeNJIeHusd, UM BTOPOro 3aKoHa MeHeJs, 3aKJI0-
YaeTcsa B TOM, UTO IPH CKPEIIMBAHUU TMOPHIOB IEPBOT0 IMOKOJEHUS MEKIY
c0o00i1 BO BTOPOM IMOKOJIEHHMM HAO0JIOmaeTcsA paciierjieHue 1Mo ajJbTePHATHB-
HBIM IPU3HAKAM B COOTHOIIEHUU: 3 YACTU 0CO0eil ¢ JOMUHAHTHBIM IPHU3HA-
KoM K 1 yacTu ocobeii ¢ perecCHBHBIM IIPU3HAKOM.
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Pesyabrarel ncciaenoBauuii I. Meupgesns Oblaim omyOJuKoBaHLI B 1866 r.,
OJHAKO yUYeHbIe TOTO BPeMeHU He YAeJUIN UM IOJKHOT0 BHUMAHUA. TOIBKO
B 1900 r. Tpoe ucciemoBaTesieil 3 pPasHbIX CTPAH HE3aBUCHUMO IPYT OT Apyra
BBIABUJIYM Y Pa3HBIX BUJAOB PACTEHUU Te Ke 3aKOHOMEPHOCTH HACJIeIOBaAHUS
npusHaKoB, uto u I. Mengeasb. Ilosske cipaBesInBOCTh 3aKOHOB MeHe ia ObLIa
MOATBEPKIeHA HA KUBOTHBIX U APYTUX opranusMax. TakuMm o0pasoM BBLISCHU-
JIOCh, UTO 3aKOHOMEPHOCTH, OOHapy:KeHHBIe I. MeHeaeM, HOCAT YHUBEPCAb-
HBIT xapakTep. [lepeoTKphITIIe 3aKOHOB MeHae s BbI3BAJIO TIYOOKUIT MHTEpeC
K M3YUYEeHUIO HACJIeIOBAHUSA IPHU3HAKOB JKUBBIX OPraHM3MOB U CIIOCOOCTBOBAJIO
OLICTPOMY Pa3BUTHUIO T'€HETUKHU.

p
|

W

TemeTuka m3ydyaeT HACJEJCTBEHHOCTh M M3MEHUYNBOCTL OPraHMU3MOB.
J | OcHOBHBIE 3aKOHOMEDPHOCTH HACJIEOBAHUA IIPU3HAKOB BIIEDBbIE BbI-

asuia I. Meugens B cepenune XIX B. syuas macjemoBaHue OSHON
mapsl aJbTEPHATUBHBIX NPU3HAKOB U MCHOJb3ys THUOPHUIOJIOTUUYECKUN
MEeTOJ[, OH YCTAHOBHJ, UTO HIPH CKPEIMBAHUKN OCO0eH UHCTBHIX JIMHUMA,
OTJIMYAOIIMNXCSA II0 OJHOUM IIape aJbTePHATHUBHBIX IIPU3HAKOB, I'MOPUILI
IIEPBOTO MOKOJIEHUSA eIWHOOOPA3HBI 10 JOMUHAHTHOMY IIPU3HAKY (3aKOH
ennHOOOpasusi ruOpPHL0B EePBOro MOKOJCHNUA, NN IEePBhIN 3aKoH MeHe-
as). Ilpu ckpemmuBanuy ruGpUIOB EPBOTO ITOKOJEHUA MEXKAY COO0OW BO
BTOPOM MHOKOJIEHUM IIPOUCXOAUT PAaCIellJIeHNe II0 aJIbTePHATUBHBIM IIPU-
3HAKAM B COOTHOIIIEHUU: 3 YACTH OCO0eil ¢ JOMHUHAHTHBIM HPU3HAKOM K
1 gacTu ocobeii ¢ pelecCUBHBIM ITPUBHAKOM (3aKOH DPACIIEIJIeHUd, WUJIU
BTOpPOU 3aK0oH Menness).

L
(]

? 1. Kakue cBoMCTBa XUBbIX opraHnM3moB n3y4aet reHeTmka?

— .
- 2. Ha 4em ocHoBaH rmépuaonornyeckmin MeTog reHeTukn? Yto Takoe rmbpuansaumns?
Kakne opraHvambl HasblBalTCA rubpugamm?

3. Bb|6epv|Te napbl aibTeEPHATUBHbLIX NPU3HAKOB 4YenoBekKa.

Kapwue riiaza — rosy0snle riiasa, CBeTJIble BOJOCHI — KypuaBble BOJIOCHI, HOPMAJIbHBIHN
CJIyX — BPOJKJEHHadA IIyX0Ta, IPaBOPYKOCTh (IpaBIiiia) — JIEBOPYKOCTH (JIeBIl1a), KPOBb
epBOIl IPYINBI — Pe3yCc-OTPUIATESIbHOCTD.

4. Kakune rpynnbl OpraHu3MoB Ha3bIBaKT YUCTbIMU NIMHUAMU?

5. Yto npepcTaBnseT coboi MOHOrM6praHoe ckpelmBaHne? Kakne 3aKkOHOMEPHOCTY BbISBUI
I. MeHzenb Ha ocHOBE MOHOrMOPUAHOrO CKpelumBaHusa? CcopmynmpyiTte mx.

6% Kakum 06pa3oM MOXHO YCTaHOBWUTb, KAKOM M3 OBYX afbTEPHATMBHbLIX NPU3HAKOB ABMAET-
CA OOMUHAHTHbBIM, & KakOW — peLecCUBHbIM?
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F,:

F3:

§ 31. LluTonornyeckue ocHoBbl HacnepoBaHUs NMPU3HAKOB
npy MOHOrMO6PUAHOM CKpeLUMBaHUU

Ilonamue o domunanmuvlx U peyeccuéHvLx zenax. B cBoux manbHen-
mux uccaenoBanuax I. MeHgenb permnui BEICHUTH, KaK OyLyT HACIELOBATHCS
IIPU3HAKU B TPEThEM M NOCJIeAYIOMUX IOKOJIeHUAX rubpupos. [ad aToro oH
IIPeOCTaBUJI TMOPUAAM BTOPOI'O IIOKOJIEHUS BOZMOYKHOCTH CAMOOIBLIATHCA U
MOTy4IUJ TPeThe THOpPUIHOE IIOKOJIEHNUeE.

DBbL10 ycTaHOBIIEHO, UTO BCe IIOTOMKY PACTEHUH, IIOJYUYeHHBIX U3 3€JIEHBIX
TOpOIINH, OBLIN eSUHOOOPa3HBIMU M HACJIEJOBAJM 3eJeHYI0 OKPacKy CeMdH.
OnHako B IOTOMCTBE pacTeHWil, BBIPAIEHHBIX U3 KEJTBIX CeMAH, IIOZOOHOM

KapTUHBI He HA0JII01aJ10Ch. JINIIL é ocobeli, IMMOJYUYEeHHBIX U3 KeJITBIX CeMSH,

MIPOM3BOAMJIA €INHOOOPa3HOe IIOTOMCTBO C JKEJITHLIMU TopolluHaMu. B TO ke
BpeMs % ocobeil maBajii B IIOTOMCTBE PACIIEILJIEHNE B CJIEIYIOIIEM COOTHOIIIE-

HuM: 3 yacTu — JKeJThle 1 1 yacts — 3eseHbie (puc. 70).

Hnsi 00bACHEHUS MOJYYEeHHBIX pe3ysbTaToB I. MeHIenb BBIABUHYJ IIPE.-
MOJIOKEeHWe O TOM, UTO IIPU3HAKU OPraHM3Ma KOHTPOJUPYIOTCA OCOOBIMHU Ha-
caenctBeHHBIMU (akTopamu. CorsacHo rumotese I. MeHgesns, JOMUHAHTHBIN
MPU3HAK ONpeAeAeTCA JOMUHAHTHBIM (PAKTOPOM, a PEIleCCUBHBIN ITPU3HAK —
pelrecCuBHBIM (haKTOpPOM. OTU (haKTOPhI HACTIEACTBEHHOCTH IIE€PEJAI0OTCA OT PO-
OUTEJbCKUX 0CO0el IIOTOMCTBY uepes II0JIOBbIe KJIEeTKH. B JajbHenIeM Ha-
cJefcTBeHHBIE (DAKTOPHI, 00YCJIOBJIUBAIOIIE IPOSIBIEHNE TeX UJIU MHBIX IIPU-
3HAKOB, CTaJIn Ha3bIBATh T€eHaAMMHU. I,I_IOMI/IHaHTHbIe I'€Hbl IIPMHATO 0603Haqa'r1>
OpONUCHBIMU OyKBaMu (Hampumep, A), perecCuBHbIe — CTPOYHBIMHU (a).

I. Meugenp mpemqmoJiOMKUI, UTO KaXKIOMY IIPU3HAKY KOHKPETHOHN 0co0u
COOTBETCTBYIOT JBa (haKTOpa, OAMH M3 KOTOPBIX IIOJYUYEH OT OTI[OBCKOTO Op-
raHmsMa, a APYroii oT MarepuHCKoro. IlosTomMy B pesysbTaTe MOHOTHOPHI-

HOTO CKPEITMBAHUSA, IPU KOTOPOM

‘ poAUTEeNN OTINYAJIUCH, HAaIIPUMep,
lj Nt ) i IIBETOM CEMSH, BCe THOPUIBI ITIEPBO-

v O IIOKOJIEHUA MMeJU KaK Hacjem-

cTBeHHBIN (hakTop A (0OycaoBIU-

\J \) BAIOUIUI JKEJITYI0 OKPAacKy), TaK

Eqmvo-  Pacwennetve 3 : 1 Eqmo- ¥ DAKTOp @ (OTBeTCTBEHHBIN 3a
obpasaue obpasve 3eJIEHBIN IBeT ceMsiH). II0CKOIBKY

aKTop A moMmHHUPYyeT HaJ (ak-

Puc. 70. Cxema HacnefoBaHusi OKpPacku CemsiH ® p gy F ® )
ropoxa npwv nony4yeHuu rubépugos TOpOM @, y BCEX I'MOPUAOEB [ TIPO
TPETHErO MOKOMNEHMS ABUMJIACH JKeJITasd OKpacKa CeMsH.
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I. MeHzeab TaksKe mojaraj, 4TO KaKAbIli I'MOPU/ IePBOT0 IIOKOJIEHUSI 00-
pasyeT Ba THUIIA IIOJIOBBIX KJIETOK: IIOJOBUHA raMeT COomep:KuT haxTop A, npy-
rasg moJoBUHA — a. TakmuMm oOpasoM, IapHble HACJIeACTBEHHBIE (haKTOPHI IIPU
00pa3oBaHUY IIOJOBBIX KJIETOK Pa3JesdioTCA U B KaKAYI0 TaMeTy IIoIajgaeT
TOJIBKO OIUH U3 HUX.

Ilonamue 06 annenvroix zenax. [fumonozuuweckue ocHo6bL Hacied08aHUs
nPU3HAK06 Npu MOHOZUOPUIHOM CKpewuéaruu. JIums mocsue Toro, Kaxk ObLIN
OTKPBITBHI XPOMOCOMBI, OIKCAHO UX ITOBeJeHNe IPU MUTO3€ U Meilo3e U JOoKa-
3aHO, UTO T'€HBI PaCIoJaraloTcs B XpOMOCOMax, mpexamnosoykenus I. Menpgens
HaIJIX Hay4YHOEe IOATBepP:KIeHIe.

T'enbl, KOHTPOJIUPYIOIINE Pa3IUYHbIE (aJbTepPHATUBHBIE) (DOPMBI ITPOABIIE-
HUSA IPU3HAKA, HA3BIBAIOTCA AJIJIeJIbHBIMH I'€HAMU MV aJIJIeJIAMHU. YCTaHOBJIE-
HO, YTO aJIJIeJIbHbIE TeHbI PACIIOJaraloTca B OMHAKOBBIX YUYAaCTKAX (JIOKycax)
TOMOJOTHYHBIX XpomocoM. CiiefoBaTeIbHO, Y JIIOOOT0 AUIJIIOMIHOTO OPraHU3Ma
MIPOsABJIEHWE TOT'O WJIM WHOTO IPH3HaKa OompefesseTcsd KaK MUHUMYM 08YmMs
aJIIeIbHBIMU TeHaMMU.

COBOKYIHOCTh BCE€X I'€HOB OpraHM3Ma HA3bIBAIOT T€HOTUNOM. lIpmmeHU-
TeJIBFHO K OTIEeJbHOMY IIPU3HAKY CJIOBOM «T'€HOTHII» 0003HAUAIOT KOMOWHAIIIIO
aJIJIeJbHBIX TeHOB, KOHTPOJMPYIONIUX AaHHBLIN mpusHaK. OpraHusMbl, UMeO-
1Ie OJUHAKOBBIE aJljieJIbHbIe TeHbI, HA3LIBAIOTCA TOMO3UroTaMu. Pazinuaior
TOMWHAHTHBIE TOMOBUTOTHI (MX T€HOTHUII MOYKHO 3alIncaTh KaKk AA) 1 peleccus-
HBIe TOMO3UTOTHI (aa). Ocobu, mMeroIre pas3Hble ajjieJIbHble TeHbl, Ha3hIBAIOT-
CS TeTEePO3UTOTAMH, X T€HOTHUI MOYKHO 0003HAUUTH KaK Ad.

TameTnl 06pasyioTcsa B pesyibTaTe Meiio3a 1 coAep:KaT TallJIONIHBIN Habop
xpomocoM. BecmomauM, uTO B aHadase I roMosiornyHbIe XPOMOCOMBI, COZEPIKA-
1Ive aJljIeIbHBIE TeHBI, PACXOAATCA K IIPOTUBOIIOIOKHBIM IIOJTIOCAM JeJIAIIeics
KJIETKY ¥ B KOHEUHOM HTOTe IIOIIaaioT B pPasHble raMeTs! (puc. 71). Takum 06-
pasom, OABa aJIJIeJIbHBIX T'eHa He MOT'YT OKal3aThbCA B OOHOM U TOU Ke II0JIOBOM
KJeTKe. B KajKayI0 ramMeTy momajaeT JIUIb ONUH U3 HUX.

MamveTtbl
MeTtacpasa | AHadbasza | MeTtadcpasa Il AHadaza ll - -
“n ) A [ | { 1

EAR 40, A AL AT AP AN,

—> i — B b — —| et | Sel | | - —

. ¥ % i - .
A ¥ & A N a Wl -1

J - w & LAl ML al |

[eHbl A TeHbl a

Puc. 71. Cxema npoLeccoB, NPOUCXOOALLMX MPU Meio3e U nexalyx B OCHOBE
MOHOTMOPUAHOMO CKpeLLyBaHuWs
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T'omo3uUTOTHBIE OPTaHU3MBI UMEIOT OJTUHAKOBBIE aJIJIeJIbHbIE TeHbI, II09TOMY
y HUX (DOpMUPYETCS TOJLKO 00UH TUII raMeT. ¥ ocobeii ¢ reHoTumom AA Bce 110-
JIOBBIE KJIETKH COIEPsKaT I'eH A, Y OpraHU3MOB C T€HOTUIIOM Gd BCEe TaMeThI CO-
Iep:kar reH a. ['eTeposurorusie ocobu (Aa) o0pasyioT 08a TUIla raMeT B PABHOM
cooruornennn: 50 % II0JOBBIX KJIETOK comepskar ajieab A, 50 % — aiaens a.

IIpu omyIog0TBOPEHUM TallJIONIHbIE TAMEThI POAUTEJIel CIMBAIOTCS ¢ 00pas30-
BaHUEM QUILJIOUIHON 3UTOTHI. B 3UT0TE XpOMOCOMEI BHOBb CTAHOBSATCS ITAPHBI-
mMu. B Kamx 10l mape roMOJIOTUYHBIX XPOMOCOM OfHA ABJIAETCS MATEPUHCKOM, a
Ipyras — OTIIOBCKOI. 3HAUUT, y KaKJIOr0 ITIOTOMKA Pa3BUTHE TOTO WUJIU WHOT'O
mpus3HaKa OyIeT OIpeeadaThbcAd ABYMSA aJlIeIbHBIMU MeHaMU, IPUYeM OIUH U3
HUX yHacJiefoBaH OT MaTepHu, a APYroii — OT OTIiA.

Bepuemcs K sxcriepumenTy, B KoTopoMm I. MeHmens m3yuas HacJieJOBaHUE
OKpacKku ceMsH ropoxa. O0o3HauMM JOMHUHAHTHBIA T'e€H, 00yCJIOBJIMBAIOIIUI
JKeJTYIO OKpPackKy, OyKBOW A, M PeIeCCUBHBLIN TI'eH, OIPeNessIoIIuil 3eJIEHYIO
okpacky, — a. IlockoabKy I. MeHAe b UCIIOIB30BAJ B KAUECTBE POAUTEIbCKUX
dopM ocobell YUCTHIX JUHUI, UX T€HOTUIILI CJIeAyeT 3amucaTh Kak AA u aa.
O6a pomuTesss — TOMO3UTOTHI, KAMKIBIA M3 HUX HPOU3BOIUT IaMeThl JIUIIb
ONHOTO THUIIA: y 0cobu ¢ reHoTunoM AA (QopMUPYIOTCA TOJBKO TamMeThl A, Yy
0co0U ¢ TeHOTUIIOM aa — TaMeTHI d.

CrusHme TaMeT IIPUBEJI0 K 00pasoBaHUIO 3UTOT, U3 KOTOPBIX PA3BUJINCH
rubpuabl IIepPBOro MoKoJgeHus. OueBUIHO, UYTO BCe OHU MMEJHW T'eHOTHuN Aa u
JKEJITYI0 OKPAaCKy CeMsH (IOMUHAHTHBIM I'eH ITOJHOCTHIO ITOAAaBUJI IIPOSBJIEHIIE
PEeIeccuBHOTO).

3anuiieM gaHHOe MOHOrmOpmaHoe ckpelrimuBanme. HamboJsee pacmpocTpa-
HEHHBIMU (hOPMaMU 3aIUCU CKPEITUBAHUN ABJIAIOTC 2CHHASL U XPOMOCOMHASL.
B mepBoM ciyuae reHbl 3allMCHLIBAIOT «B CTPOUKY», 0e3 YKa3aHMUSI XPOMOCOM
(manpumep, Aa). Bo BTopoMm ciydae TIpu 3alKCU TE€HOTHUIIOB aJljieJIbHBIE T'€HbI
pasmerniaioT ApyT Hang Apyrom. Ilpm sToM AByMs uepToOUKaMu 0003HAUAIOT I'O-
MOJIOTUYHBIE XPOMOCOMbBI, B KOTOPBIX 3T T'eHbl PACIIOJIOMKEHbI (Halpumep, %).

31ech U gajiee UCIOJb3YHTE OOHY U3 (popM 3amucu (II0 YKA3aHUI0 YUUTES).

leHHas chopma
3anucu cKpeLwmBaHus

P: Q@ AA x d aa

xXentble 3eleHble
G: @ @
Fi: Aa

XenTtble

XpomocomHas chopma
3anucu cKpeLwmBaHus

A
Q% x J3

XenTtble 3elieHble

G:

. A
F1 - E
XenTble
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COBOKYITHOCTh TIPU3HAKOB M CBOMCTB OpraHM3Ma Ha3bIBAIOT (DEHOTHUIIOM.
Ecau peub neT 0 KOHKPETHOM CKPEIMBAHUY, IOHATHEM «(eHOTUI» 0003HaUa-
IOT TOT IPU3HAK (MU IPU3HAKM), KOTOPBIN B 3TOM CKPEIBAHUU UCCJIeIYEeTCs.
Hampumep, B pacCMOTPEHHOM CJIydae MOKHO CKa3aTh, UTO M'MOPUIBI IIEPBOTO
TOKOJIEHUSA MMEeJN ONUHAKOBBIN (DEHOTUII — KEeJITBHIN I[BET CEeMSIH.

T'uGpuabl IepPBOro IMOKOJEHNS — TeTepo3uroTs! (Aa), y HuX o6pasyioTcs aBa
Tuma ramMet (A u a) B paBHOM cooTHoITeHuu. CausHre raMeT HOCUT CJIydaiiHbIN
XapakxTep, II09TOMY IIPU OILJIOAOTBOPEHUU (DOPMUPYIOTCA Pa3HbIe TUIBI 3UTOT:
AA, Aa n aa.

Yro6bl HATJIAAHO NOKA3aTh BCEe BApPUAHTHI CAUAHUSA raMeT WM PaCCUUTATh
BEPOATHOCTDH ITOSIBJEHUS IMOTOMKOB C PA3HBIMHM TeHOTHUIIaMU U (DEeHOTUIIaMHU,
MOKHO IIOCTPOUTH TAOJIUITy, HA3hIBAeMYIO peutemkoii Ilennema (BIepBble Ta-
Kue TaOJuIlbl IPEeAJIOKHNJI MCIOJIb30BaTh aHIINiCKU remeturk P. Ilemuer).
B pemrerxke IlemHeTa IO TrOpMBOHTAJNU 3a-

MHUCBHIBAIOT TaMeThl OJHOI'O POAMUTEJA, IIO Fy: QAa X JAa
BEPTUKAJU — TaMeThl APYT'OTO POAUTEJIA. g
B kJeTkax Ha ImepeceueHUM CTPOK W CTOJIO- Q @ @
II0OB YKasbIBAIOT T'€HOTHUNBI U (PEeHOTUNHI AA Aa
0006eﬁ, KOTOpbhI€ BO3HHMKAIOT IIPHU CJIHNA- @ KenTble XenTble
HUU COOTBETCTByMOIIUX ramer (puc. 72).

Kak BMAHO M3 ITOCTPOEHHOM DEIeTKH, V @ )Keﬁfble 3eniib|e
TeTepPO3UTOTHBIX POAUTENLCKUX (OopM o0pa-
3YIOTCS IMIOTOMKHM C TPEMs TeHOTHUIIAMU B CO- Puc. 72. PeweTka MenHeta

orHomenun: 1AA : 2Aa : laa. CiegoBarein-
HO, pacurerjieHue mo reHotuiy cocrapiser 1 : 2 : 1. BepoATHOCTS MOABIEHUA
IIOTOMKOB Ka’K/JI0r'0 THIA MOYKHO BRIPA3UTh U B IIporeHTax: 25 % AA, 50 % Aa,
25 % aa.

Pacienyienne 1mo mcciaenyeMoOMy IIPHU3HAKY TaKOBO: % ocolell ¢ KeJThI-

mu cemenamu (75 %) u % — ¢ sesqeHbIiMu (25 %). 3HAUUT, pacierjeHue Io

¢denoTumny cocrasiaser 3 : 1.

A A
Fi: Q Aa x O Aa Fi: Q 2 x d5
XenTble KEnTble XenTble KenTble
@@ ®.@|«®, ,
: . A A A a
Fr: AA Aa Aa aa F: Y 5 5 =
XernTble seneHble XenTble 3ereHble
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L

XoTs pacTeHUs C KeJITHLIMU CEMeHaMU BHEITHE BBITJIAMAT OAUHAKOBO, Te-
HeTUYEeCKM OHU HeomHOPOAHBI (AA u Aa). CTaHOBATCS MOHATHBIMHU IIPUYHU-
HBI PAs3HOTO «MOBEIeHUSI» MX IIOTOMCTBA B TPEThEeM U IIOCIEAYIOIUX IOKO-
JeHusax. [Ipy caMOONbBIIEHUN CPeaU ITOTOMKOB JOMHHAHTHBIX TOMO3UTOT AA
He OymeT HaOJJIOZAThCA pAaCIellJieHWsd, KaK U Cpelu IIOTOMKOB peIlecCHB-
HBIX TOMO3UTOT aa. I'erepos3urorHeie ocodu Aa OyAyT maBaTh B IIOTOMCTBE
pacierienue 3 : 1.

TakuM 06pas3oM, IMTUTOJOTUUYECKUMU OCHOBAMHU II€PBOTO U BTOPOTO 3aKOHOB
MeHgens ABAAIOTCA PACXOXKIeHNE TOMOJOTUUYHBIX XPOMOCOM B aHadase I meiio-
3a U cayudaiiHoe causHUE (CoueTaHIe) TaMeT IPU OILJIOZOTBOPEHUU.

p
'[53 Tennl, ompezenAolie Pa3BUTHE aJbTEPHATHUBHBIX IPU3HAKOB, Ha-
™ J | sbIBalOTCA aJleNbHBIMU. [eHOTHI — BTO COBOKYITHOCTL T'€HOB, (e-

HOTUII — COBOKYITHOCTH IIPU3HAKOB W CBOMCTB TOM WJU WHOI OCO-
6u. Kaskaslii mpusHaK JUIIJIOUTIHOTO OPraHu3Ma KOHTPOJUPYETCS ABYMS
aJNJeJbHBIMU TeHaMM’, MMpUYeM OAWH M3 HUX YHaAcJeIOBaH OT MAaTepH,
a apyroii — ot orma. Ocobu, mMeroIe OAMHAKOBLIE aJlJIeJbHbIE T'eHBbI,
HasbIBaioTCca romosuroraMu. OHU 00pa3yioOT raMeThl TOJIBKO OZHOI'O THIIA.
OpranusMbl, KOTOpPbIe UMEIOT pasHbIe aJjljieid, Ha3bIBAIOTCA I'€TEePO3UTO-
ramu. OHU GOPMUPYIOT ABa TUIIA TaMeT B PABHOM COOTHOIIIEHUM. B ocHO-
B€ 3aKOHOMEDHOCTEH MOHOTMOPWIHOTO CKPEIMBAHWUSA, YCTAHOBJIEHHBIX
T. Menpgenem, JeKUT pacxoKIeHNe TOMOJIOTUYHBIX XPOMOCOM B Melio3e U
cIyJaiiHOe CIUAHNE TaMeT IPU OIJIOZOTBOPEHUU.

[y = 1. Kakve reHbl HasblBaroTCa annenbHbIMM? [oe pacnonaratoTcs annefbHble reHbl?
® = 2. [aiite onpepeneHnsi MOHATUA «(PEHOTUM», «FEHOTMM», «TOMO3WUroTa», «reTepo-
3uroTar.

3. Moyemy TOT MM MHOM NPU3HAK OpraHn3Ma B G6OMbLUMHCTBE CyyYaesB onpeaensercs AByms
annesnbHbIMK reHamMun? Moyemy npu 06pa3oBaHUM raMeT B Kaxdyto nonapaeT Nulb OAWH annesb-
HbI FeH M3 napbl?

4. Kakue UMTONOMMYECKME SBMIEHWS NeXaT B OCHOBE 3aKOHOMEPHOCTEW, OB6Hapy>XEHHbIX
. MeHaenem?

5% Y yenoBeka Kapvi LBET rnas nofHOCTbIO JOMUHMPYET Hag rony6biM. Bo3MOXHO nn pox-
IeHune ronybornasoro pebeHka B Cembe, rae oba poautens kapernasbie? Ecnn Bo3MOXHO, TO B
KakoM cry4ae u C Kakoi BepOATHOCTbIO? ECiM HEBO3MOXHO, TO novemy?

6% [lBe cepble KpbICbl GbinM CKpeLLeHbl ¢ 6enbiM caMmuom. B notomcTee nepBon camkum —
7 cepbiX OeTeHbILWeR, B NOTOMCTBE BTOPON — 5 6efbIX U 4 cepbiX. Kakon LBET LepCTU AOMUHK-
pyet? 3anumTe 06a CKpeLLimBaHus.
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§ 32. Bsaumopencrteme annenbHbIX reHoB.

AHanusupylowiee cKpelmBaHue

B3aumoodeticmeue annenvhovlx 2eH06. BBl 3HaeTe, UTO IreHbl, KOHTPOJIUPYIO-
e aJbTepHATUBHBIE (DOPMBI ITPOSBJIEHUS OIIPeIeIEHHOTO IPU3HAKa, HasbIBa-
OTCA aJyebHbIMY. VI3BEeCTHO HECKOJBKO THUIIOB B3aMMOAEUCTBUA aJIEJTbHBIX

T'€HOB.

ITonHOEe MOMUHUPOBAHUE — B3aUMOJIENCTBUE, TPU KOTOPOM JOMUHAHTHBINA
aJLyIeIb MIOJTHOCTHIO IIOJABJIAET IIPOABJEHE PEIleCCUBHOTO ajiensa. Beaencraue
STOTO MOMUWHAHTHBIN MPUBHAK IPOSABIAETCA KaK y TOMO3UTOT AA, Tak m y
rereposuror Aa. IlonHoe moMmHUpPOBaHWE — HamboJiee pacIpPOCTPAHEHHBIH

TUII B3aWMOIENCTBUA aJJIeJbHBIX TeHoB. Ha-
IpUMep, V TOPOXa JKEeJTBIN IBET CEeMAH IIOJHO-
CThIO JOMUHUPYET HaJ B3€JeHbIM, a IJagKas
TIOBEPXHOCTh — HAJ MOPIIUHUCTOI. ¥ UesoBe-
Ka Kapuil IBeT IJila3 MOJHOCTHIO JTOMHHUPYET
HaJ TroJIyObIM, Pe3yc-TIOJIOKUTEILHOCTh — Haj
pesyc-OTPUITaTeIbHOCTHIO, ITPABOPYKOCTh — HAaJl
JIEBOPYKOCTBIO, IIECTUIAJNIOCT, — HaJ IATHUIIA-
JOCTHIO (HOPMAJBHBIM KOJUUYECTBOM HAaJbIIEB
PYK) U T. II.

Hexotopbie aJyenbHBbIe TE€HBI B3auMMOIEi-
CTBYIOT TI0 TUITy HEMOJHOTO JOMUHHPOBAHUA.
B sTom cayuae mOMMHAHTHBIN IIPU3HAK IIPO-
SIBJISETCS TOJBKO IPW HAJUUYUU ABYX JOMU-
HAHTHBIX aJjuieseii B reHorune (AA). Ecau xe
OpraHm3M retreposurorex (Aa), T. e. UMeeT JUIIb
OIVH TOMWHAHTHBIN aJijiesb, B (peHOTHUIE IIPO-
SABJISIETCA TPUBHAK, NPOMENCYMOUHLLI MEXKIY
JTOMUHAHTHBIM U PEIeCCUBHBIM.

Hemonnoe moMuHMpOBaHWE HAaOJIOZAETCHA,
HAIIpUMep, IIPU HACJIeJOBAHNY OKPACKH ILIOKOB
3eMJIAHUKU. ¥ JTOTO PAcTEeHUA TOMO3UTOTHBIE
ocobu umeroT aub0 Kpacuble (AA), 1ubo Oesbie
(aa) naoxwr (puc. 73). Eciu ckpecTuTh Takue

Fz:

O,

PacwenneHne 1:2:1

Puc. 73. HenonHoe
OOMWHUPOBAHME Ha Npumepe
HacnefoBaHUsi OKpackun nnoaos
3EeMNSFHUKM

! U3 xypca 6mosorun 7-ro Kjaacca BaM HM3BECTHO, UTO MeJKUe ILIONUKY 3eMIAHUKY, Pas-
BUBIIIMECS W3 3aBs3eil, HAXOQATCS Ha IIOBEPXHOCTU PaspocIerocs IseTosoxka. OHO He sB-
JISIeTCST HACTOSIIIAM ILJIOJIOM, HO 3[1eCh JJIS YIPOIIEHUS YCJIOBUMCS Ha3bIBATb Ty CTPYKTYDPY

MJIOOM.
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pacTeHus, y BceX I'OpHUIOB IIEPBOTO MOKOJIEHUA ITPOSBUTCA ITPOMEKYTOUHBIN
IPU3HAK — PO30Basl OKPACKa IIJIOHOB.

IIpu HEMmOJTHOM MOMWHWPOBAHUU HPU3HAK TeTEPO3UTOTHBIX OCO0E OTJIu-
YaeTcsa OT IPUBHAKOB 00eMX TOMO3UIOT. V3-3a 3TOr0 BO BTOPOM IIOKOJIEHUH
HabJrrolaeTcA paciienJienue mo Geroruny He 3 : 1, Kak IpU MOJTHOM JTOMUHU-
poBanuu, a 1 : 2 : 1. Takum o6pa3oM, B ciydyae HEIOJHOTO HOMUHUPOBAHUA
paciteniene o GeHOTUIIY COBIIAJAEeT C PacIellJieHueM II0 T'eHOTHUITy. B Hatem
IIpuMepe OfHA YaCTh I'MOPUI0B BTOPOT'O ITOKOJIEHUS HACJeAyeT KPACHBIN I[BET
mionoB (AA), nBe yacTu — PO30BBIA (Aa) 1 ogHA yacTh — OeJsibli (aa).

CnepyeT OTMETUTb, YTO MPU HEMOMHOM AOMUHWPOBAHUWN MOHATUS «OAOMWHAHTHbIN
reH (Mpu3Hak)» N «peLecCHBHBIA reH (MPU3HaK)» ABAAKOTCA YCNOBHbIMU. X MOXHO uc-
nonb30BaTb MCKIIYUTENBHO paan yoobcTtea. Tak, Ans pacCMOTPEHHOMO Bbille npumMepa
MOXHO cKasaTb, YTO y 3eMMISHWKM KpacHas okpacka niofoB He MOMHOCTLI JOMUHUPYET
Hapf 6enow, NMM60o Hao6opOoT — 6enas He MOMHOCTLI0 AOMUHUPYET Haf KpPacHOMN.

Ilo Tumy HEmOoJIHOTO AOMWHWPOBAHUA HACIEAYIOTCSA U APYyTue IPU3HAKU
JKUBBIX opraHu3MoB. HekoTopble U3 HUX IIpeAcTaBJieHbl B Tabsuile 15 (He mia
3aIIOMUHAHUA).

Ta6aumna 15. HekoTopsle mpu3HAKH,
IIPU HACJEeTOBAHUHM KOTOPBIX HAOIIOTAeTCs HEIOJHOe TOMHUHUPOBaHUE

IIpusHak rerepo3uror

Opraausm IIpusHakm roMo3uroT .
(IpoMesKyTOUHBIIT)

YesoBek KypuaBble unu mpsaMbie BOJIOCHI BosHucThIE BOSTOCH
Kypumna YepHoe uiu 6ejoe omepeHue Cepoe omepenue
Penuc JIuHHBIE UJIU KPYTJIble KOPHEILJIOABI OBaJibHBbIE KOPHEILJIOABI
Hounasa
KpacaBuia Kpacubie niau Gesble BETKU PosoBbie 11BeTKHU
(pacreHue)

Eirie omHUM TUIIOM B3aMMOJENCTBUA AJIJIEJIbHBIX M'eHOB ABJIAETCA KOIOMM-
HUPOBaHUE. B ciiyuyae KOJOMUWHUPOBAHUS y TeTEPOSUTOTHBIX 0CO0OEl ITOJIHO-
CTBIO IPOABJIAIOTCA 00a aJlJIeJbHBIX I'eHa. KilaccuuecKuM ITpUMepoOM KOJOMU-
HUPOBAHUA ABJAETCA B3AUMOJENCTBYE I'€HOB Y UYeJIOBEKA C KPOBBIO UYETBEPTOM
rpynnsl (mo cucreme ABO).

I'pynnsr xpoBu 0, A, B u AB onpenensaiorca reaom I. VIsBecTHBI Tpu pas-
HOBUAHOCTH 3TOrO TeHa: I*, IB, I°. Annenbuble rens! I* u IP moMHOCTBIO JOMU-
Hupylor Haz I, a Mesxay coboil B3amMOoeiCTBYIOT 10 TUITY KOZOMUHUPOBAHK.
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Ter I* o6ycIoBIMBaeT HAIHMYNe HA MeMOpPaHAX SPUTPOIUTOB AHTUTEHA A,
rex I® ompegmenser Haaumuume Apyroro aHTureHa — B. CiegoBareibHO, y JIIO-
neit ¢ regorunamu I*I* u I*I° 5pUTPOIUTE HECYT TOJLKO aHTUTeH A — 3TO
KpOBb 6mopoii (A) rpynmsl. ¥ mogeit ¢ resorunamu I°1° u IPI° kpacHbIe KpoBa-
HbIe KJIETKHU COAepP:KaT TOJbKO aHTUTeH B — 310 KpoBb mpemueil (B) rpymsl.
Yegosek ¢ resorunom I°I° umeer KpoBb nepeoii (0) TPYIILI — HA MOBEPXHOCTH
€ro 9PUTPOIUTOB OTCYTCTBYIOT aHTUTEHBI A u B.

V rereposurot ¢ resorunoM 121 rens! I* u I He MOZABIAIOT IPOABIEHNE
IPYyT Ipyra, a KOOOMUHUPYIOT. KasKAblii M3 HUX B IOJHOM Mepe BBITIOJHAET
CBOIO (BYHKIIMIO, TI09TOMY SPUTPOIUTHI comep:xkaT oba anturena (A u B). B pe-
3yJIbTAaTE 9TOI'0 BOSHUKAET KAUeCTBEHHO HOBBII IIPM3HAK — KPOBBb Yemeepmoil
TPYIIIIBL.

Mmnoscecmeennuvili annenudm. OKpacKa ceMsSH ropoxa, HacJie[JOBaHVE KOTO-
poii uayuana I. MeHzaenb, onpenenseTcsa AByMA aJljIeIIMU — AOMUHAHTHBIM U
pereccuBHbIM. OTHAKO MHOI'ME I'€HbI ITPeACTABJIEHbI He IBYMs, a OOJBIIINM UKC-
JoMm aJsgeneit. Hampumep, TeH, onpeeadoniuil y yeJoBeKa I'PYIIIbl KPOBH (IO
cucreme ABO0), Kak y»Ke 0TMeuaJsoch, CyIeCTByeT B Tpex (opmax — I*, I® | I°.

SfBnenue cyiiecTBoOBaHUA TeHa 60Jiee YeM B BYX aJLJIEJBHBIX (hopMaxX HasbI-
BaeTCsA MHOKECTBeHHBIM aJjureausmMoMm. IIpu sTom y 106010 opraHusma, coMa-
THUYEeCKHe KJIETKN KOTOPOT'0 COMEPKaT AUIJIOUAHBIN HaOOP XPOMOCOM, NMEETCsI
He OoJlee IBYX aJjujiejiell KasKIoro reHa.

MHOKecTBeHHBIE aJljIeJId HepeaKo o0pasyloT Cepuu, B KOTOPOH KaKIbIi
MPeABIAYINUN aJIjeJb JOMUHAHTEH 10 OTHOINIEHHWIO K mocjenyomuM. Tak, reH,
OIIPEAESIAIONINII I[BET IIIEPCTU KPOJIMKA, MPENCTABJIEH HECKOJLKUMU aJlJIejb-
HbeIMU (opMmamu (puc. 74). Ilpu sTom annens C, oOyCIOBIUBAIONININ UEPHYIO
OKpAacKy, ZJOMHHHUDPYeT HaJ aJIeJdMH IIHHIIUII0BoM (c'), ruManaiickoi (cV)
u Gejoii (c*) okpacku. I'eH, KOHTPOJUPYIOMINI INUHINUJIJIOBYIO OKPACKY, I0-
MUHUDPYET HaJ TeHaMU, OIPeAesIA0NINMI T'MMaaficKyio u 6eayio. VI HaKkoHelI,

a 6 8 2

Puc. 74. Okpacka LIepCcTu KPOSIMKOB:
a — 4YepHas; 6 — LUMHLIWANOBAN; B — rumManaickas; r — 6enas
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aJLIeTh ¢ JOMUHAHTEH II0 OTHOIIEHHUIO K aJLIeNIo ¢, DTO MOKHO BLIDA3UTH B
Buge: C > ¢ > ¢! > ¢, Ilogo6HBIM 06pa3oM B3aMMOAEHCTBYIOT Te€HBI, KOHTPO-
JUPYIOIHEe OKPACKY TJIasd y ILJIOAOBOM MYIIKK AP0o30GUabl (KpacHas > KopaJ-
JoBas > BUIITHEBaA > a0pPUKOCOBAsS W T. . N0 0esoii), GopMy OeJsbIX MATEeH Ha
JIUCTbAX KJeBepa MOoJI3ydYero u Ap.

Ananusupyrowee ckpewuéanue. lIpy mOTHOM HOMUHMPOBAHUU OJHOTO
aJyiesis HaJ APYTUM OpPraHW3Mbl, UMEIONNe AOMHHAHTHBIA (PEHOTHUI, MOTYT
UMeTh pasHble TreHoTuInbl — AA niu Aa. Kak omnpeneninTs reHOTHUI 0co0U, 00-
JajaroIneii JOMUHAHTHBIM HOPU3HAKOM? 9TO MOYKHO CIeJaTh II0 Pe3yabTaTaM
CKpeIlUBaHUA HCCIeAyeMoli ocobu c perieccuBHOI romosuroroii (aa). Taxoe
CKpellluBaHUe Ha3bIBAETCA AHAJTU3UPYIOLIUM.

Hanpumep, y TOMaTOB reH, KOTOPBIH OIIpeesIsieT MosBIeHe KPYTJILIX ILI0-
OB, IIOJIHOCTHIO JOMUHUPYET HaJ Te€HOM, OOYCJIOBIMBAIOININM T'PYIIEBUIHYIO
dbopmy. HomycTum, UTO HYKHO YCTAHOBUTL T'€HOTHUI PACTEHUA C KPYTJIBIMU
miogaMu. BeemeM 0003HAUEHUSA COOTBETCTBYIOIIUX T€HOB: A — KPYTIJIble ILIO-
Ibl, a — rpylieBunubie. VceaemyeMoe pacTeHre MOMKET MMeTh TeHOTUn AA
6o Aa. B aToM ciyuae 3aIUCHIBAIOT (heHomMuUnuieckuil padurxaj — Ty 4acThb
TeHOTHUIIa, KOTopas ompefesseT (heHOTHUH opraHmuaMa. B HaiieM ciydae (eHo-
TUTTMYECKUH paJuKaJ cJeAyeT 3amucaTh B Bujge A—.

CkpecTuM wmccaeIyeMyi0 O0COOb C PelecCuBHOM TOMO3UT'OTOI, T. €. C pac-
TEeHNeM, UMEIOIUM I'PYIIEeBUHLIE ILIOMBI:

P: A— x aa
KPYTJble TPYIIeBUIHBIE

PaccmoTrpuM nBa BapraHTa aHAIM3UPYIOIIETO CKpeluBaHus (puc. 75), uc-
IIOJIb3YA JBa BO3MOXKHBIX T'€HOTHIIA HMccaeqyeMoro pacrenusa (AA u Aa). Ilo-
TOMCTBO, TIOJYUEeHHOEe IIPU aHaJU3UPYIOIeM CKpPeninBaHUY, IPUHATO 0003HA-
yarh Kak F,. O6parure BHUMaHUe,
YTO B IIEPBOM CJIyuyae B HMOTOMCTBE

P X P X HabJ0faeTca efuHOOOpasue rudpu-
TI0B, & BO BTOPOM — DpacIIeIlJIeHne
AA aa

Aa aa 1:1
HNrak, ecam mOTOMCTBO, IIO-
G: @@ @ JyYeHHOe IIPU aHaJU3UPYIOIeM

CKpeIuBaHNN, eOUHO00PA3HO TIO

G

. e F. e IOMUHAHTHOMY TIPU3HAKy, TO
o « aHajgusupyemMasi 0CO0b SABJIAETCH
Aa Aa aa romoauroTHour (AA). Eciu ke B
EpnHooGpasune Pacwennenue 1: 1 IIOTOMCTBe HabJogaeTcsa pacuie-
rmépugoB

nJjexnue, PICCJIeJ.IyeMLIfI OpraHm3M

Puc. 75. AHanuaupyioliiee CKpelumBaHue ABJIAETCS TeTePOBUTOTHBIM (Aa).
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CilemoBaTesIbHO, aHAJU3UPYIOLIEe CKPEIIUBAaHNE — DTO CKpeIfuBaHme ocobu,
UMeIOIell TOMUHAHTHBIN (PeHOTUII, C TOMO3UTOTHOM PEeIleCCUBHOM 0COOBIO AJIsA
BBISIBJIEHUA T€HOTHUIA aHAJM3UPYEMOU 0COOH!.

Ha nmpumepe aHaIU3UPYIONIET0 CKPEITUBAHUA BBl YOEIUINUCH, UTO HA OCHO-
BaHUM ITPUBHAKOB IMOJYUEHHOT'O IIOTOMCTBA MOKHO YCTaHABJIUBATH T€HOTUIIHI
poauTenbcKux opM. B pAge ciydyaeB pesyabTaThl IPOBEEHHBIX CKPEITUBAHUM
TIO3BOJISIIOT TaKJKe OIPENEeJIUTh TUI B3aMMOJENCTBUA I'eHOB, 0COOEHHOCTU UX
(heHOTMIIMUECKOTO HNPOSABICHUSA U T. A. (Taba. 16).

Ta6nauma 16. BeiBoabl, KOTOpbIE MOYKHO CHEJIATHh
HAa OCHOBAHUU Pe3yJbTATOB MOHOTHOPHIHOTO CKPEI[MBaAHUA

ABaenue, HNuadopmanusa o poguTeIbCKUX 0CO0AX
Ha0J0gaeMoe B IIOTOMCTBE M 0COOEHHOCTAX B3aMMOJENCTBUI I'eHOB
Enunoobpasue rubpumioB Pomurenn — romosurorsl, Hanpumep AA x aa,
0 JOMUHAHTHOMY IIPUBHAKY MOJIHOE JOMUHUPOBaHUE
Enunoobpasue rubpumgos Popgurenu — romosurorsl, Haupumep AA x aa,
110 IIPOMEKYTOUHOMY IIPU3HAKY HEeMOJIHOe JOMUHUPOBAHIE

Pomurenu — rereposurorsl, Hanpumep Aa x Aa,

Pacmrenienne 3 : 1
II0OJIHOE€ NOMUHHPOBaHUE

Pacmrenienne 1 : 2 : 1
(50 % moToMKOB
C IIPOMEXYTOUYHBIM HpI/I3HaKOM)

Pogurenu — rereposurorsi, Hanpumep Aa x Aa,
HeII0JIHOe JOMUHUPOBAHUE

OnuH 13 poguTesell reTepO3UTOTeH, APYToil TOMO3H-
Pacmensnenne 1 : 1 roreH, Hampumep Aa x aa (IpU HEIIOJHOM JOMUHU-
poBaHUU Tak:Ke Aa x AA)

p
"5:;. OCHOBHBIMI THUIIAMHU B3aMMOJENCTBUSA aJIJIEIbHBIX T'€HOB SBJISIOTCS
i J | mOJHOE JOMUHMPOBaHUe, HEIIOJHOe JOMUHUPOBAHYE U KOLOMUHUPO-

Bauue. I[Ipy MOJIHOM HJOMHUHMPOBAHUYU JOMUHAHTHBIA aJIjIejb IIOJIHO-
CTBIO TIOMABJISIET IIPOSBJIEHNE PEIeCCUBHOTO, M3-3a YEro T'eTepPO3UTOTHI
001a1a10T JOMUHAHTHBIM IPU3HAKOM. B cyuae HeIoJHOIo JOMUHUPOBA-
HUS y TEeTEPO3UTOT MPOABJIAETCA NPU3HAK, MPOMEKYTOUHBIH MEXKIY T0-
MUHAHTHBIM W PelecCUBHBLIM. IIpy KOJOMUHHPOBAHUU aJljiejibHble I'€HbI
PaBHOLIEHHO YYacTBYIOT B ()OPMHUPOBAHUY KAUEeCTBEHHO HOBOI'O IPH3HAKA
y reTepo3uroTHOi ocobu. CyIiecTBOBaHMe reHa 6oJiee UeM B IBYX aJljIellb-
HBIX (popMax Ha3bIBAIOT MHOMKECTBEHHBIM aJIjIeIU3MOM. AHAJIN3UPYIOIee
CKpeIllBaHNe — 3TO CKpeluBaHNe 0co0M, MMeIoIIell JOMIHAHTHBINA (heHo-
THUII, C TOMO3UTOTHOM pPellecCUBHOM 0co0bio0. ITo pesyabTaraM aHaAJIHU3UPYIO-
II[eT0 CKPEeIMBAHNS MOXXHO YCTAHOBUTEL T'€HOTUII aHAJIU3UPYEeMOii 0CcOoOU.
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T 1. Kakve Tvnbl B3aMmMofdeicTBrs annenbHbIX FeHOB BaM M3BECTHbI?
® % 2. YeM nosHoOe JOMUHMPOBAHME OTANYAETCS OT HernonHoro? MpuseuTe NpUMepbI.
3. Honyctm, 4TO y ONpefeneHHoro Bmaa PacTeHUn LUMPOKME NNCTbs AOMUHUPYIOT
Hag y3kumu. CKpecTunn ABa reTepo3uroTHbIX pacteHus. [MOTOMCTBO C Kakvmu peHoTMnammn u B
KakoM COOTHOLLEHWUW CefyeT OXWAATb, €CNN FeHbl, KOHTPONMPYIOLLME LUMPUHY NINCTLEB, B3aUMO-
LENCTBYIOT NO TUNY MOSIHOMO AOMMHMPOBaHMA? o TNy HemonHOro JOMUHMPOBAHWA?

4. Y70 Takoe KOLOMMHMPOBaHME? Kakon Tun B3auMOOencTBMs HabNofaeTcs Mexay reHamu
B u I°, onpemenstowmmMm rpynmny Kposu Yenoseka? Mexay reHamu / u 82

5. Kakoe fiBfeHve Ha3biBalOT MHOXECTBEHHbIM annenvMamom? MOXET N1 y KOHKPETHOro Ye-
noBeka 6bITb TPW pa3HbIX annens, onpedensowmx rpynny kKpoeu (no cucteme ABO)? Moyemy?

6. YTo npencrtaenseT cobor aHanusupylollee ckpelmBaHne? Kak no pesynsratam aHanw-
3MPYIOLLEr0 CKPELLMBAHNS MOXHO YCTAHOBWUTb MEHOTWMN 0COo6M, obnaparoLllert QOMUHAHTHBIM de-
HOTUNOM?

7. 'Y VBaHa n Mapwuu 4eTBepo deTeil. Bce oHu mumetoT pasHble rpynnbl kposu: |, I, 1l n V.
OnpepenuTe rpynnbl KpoBM 1 reHotunsl ViBana n Mapuw.

8% Okpacka onepeHusi y Kyp HacnepyeTcsa no TuMy HEMNOSHOro LOMUHMPOBAHUS (4epHoe
oriepeHne AOMUHMPYET Hag 6enbiM, MPOMEXYTOYHbIN NpU3HaK — cepoe oneperune). Cepbix Kyp
CKPecTunu ¢ cepbiMu netyxamu. VI3BecTHO, YTO elle A0 ONnogoTBOpeHns norndaeT 70 % ramer,
HECYLLUMX peLeccuBHbIn annenb, n 30 % rameT, HECYLUMX OOMWHAHTHbIN annens. Onpepenute
NPOLEHTHOE COOTHOLLEHNE MOTOMKOB CO BCEMW BO3MOXHbIMU PEHOTUNaMM.

§ 33. lurnépuaHoe cKpeLumBaHue.
Tpetun 3akoH MeHpgens

Juzubpudnoe ckpewuéanue. 3aK0H He3a46UCUMO20 HACNE006AHUAL NPU-
3nako6. CKpelmuBaHue, IPU KOTOPOM POAUTEJIbCKHE 0COOUM Pas3audaroTcA II0
IBYM TapaM aJbTePHATUBHBIX NPU3HAKOB, HA3BIBAIOT AUTHOPUIHBIM. Ecau
POAUTEIN OTJINUAIOTCS II0 MHOTUM ITapaM aJIbTEePHATUBHBIX IIPU3HAKOB, CKPe-
IIMBaHVE HA3LIBAETCS MOJUTHOPUTHBIM.

YcTaHOBUB 3aKOHOMEDPHOCTU HACJIENOBAHMA OTHEJLHBIX Hap aJbTepPHATUB-
HBIX IIPU3HAKOB C ITIOMOIIILI0 MOHOTMOPUIHOTO CKpeluBaHusd, I. Meugeab mpu-
CTYIIUJ K OIBITAM IO AUTHUOPUAHOMY CKpermBaHuio. OH IPOBEJI CEPUIO DK CIIe-
PUMEHTOB, B KOTOPBIX MOABEPraJl ruOpuaU3aIiu YNCThIe JUHUU I'OPoXa, OTJIN-
yaroIimecs 1Mo JBYM ITapaM Ipu3HAKOB. TaK, B OZHOM M3 OIBITOB POAUTEIbCKUIE
ocobu pasjMyaiiCh II0 OKPacKe ceMAH W (popMe mX moBepxHocTu (puc. 76).
OnHYM pacTeHUA UM JKeJIThIe TIaTKIe CeMeHa, IPyTue — 3eJIeHble MOPIIUHY-
cTeie. B mepBoM mokosieHUu HabJII01a/I0Ch efnHOOOpas3re THOPUI0B — BCE OHU
UMeJIU JKeJIThle TVIaJKUe ceMeHa. 3HAUUT, y Topoxa JKeJaTas OKpacKa II0JIHO-
CTBHIO JOMUHUPYET HaJ 3€JIeHOMH, a IIaJKas I0BePXHOCTh — HAaJ MOPIITUHUCTOM.

ITyTem camoomnblieHs THOPUIOB IEPBOTO MoKoaeHus I. MeHae b Moy
BTOpOE ITOKOJIeHWe. B COOTBETCTBUY C 3aKOHOM pACIIeIlIeHus y rudbpugos F,
IIPOABUJINICH HE TOJBKO JOMUHAHTHBIE, HO U PElleCCUBHLIE Tpu3HaKu. IIpu aTom
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Puc. 76. OurnbpnaHoe CKpeLuvBaHWe pacTeHWin ropoxa, OTIMYaLLMXCS LIBETOM
N MOBEPXHOCTBIO CeMsH (A — XenTble, a — 3eneHble, B — rnagkve, b — MOPLUMHNCTLIE)

Ha0J0aJ/ICh BCe BO3MOIKHBIE COUCTAHNS IIPU3HAKOB CEMAH: KeJIThle TVIaJKue,
JKeJIThble MOPIIMHUICTBIE, 3eJIeHbIe TJIaJKle U 3eJeHble MOPIIUHUICTHIE B COOT-
gomenyu 9 : 3 : 3 : 1.

Takum o0pazoM, OBIJIO MOJYYEHO MOTOMCTBO UETHIPpeX (DEHOTUHINUYECKUX
9
16
IPU3HAKY U PelleCCUBHBIE II0 BTOPOMY — 16 peliecCUBHEIE II0 IIEPBOMY U JOMU-
%, pelieccuBHEBIE TI0 000UM IIPU3HAKAM — % YacTh.

IIpoamanusupyem HacjefoBaHIe KakKIOW Iapbl aJbTepPHATHUBHBIX IIPU-
3HAKOB B OTHEJIbHOCTH. JHeaTwIil mBeT nmesnu 12 yacreil ceMsaH, 3€JIeHBI —
4 ygactu. CiegoBaTebHO, pacilelljieHle II0 OKpacKe ceMsH cocTaBjser 3 : 1,
KaK U IIpU MOHOTMOPHIHOM CKpelimBaHuU. Takas 'Ke KapTuHa HabJIomaeTcs
U IPU aHAJM3e pacIlelieHns mo (opMe IMOBEPXHOCTH ceMsaAH — 12 riaagrux

KJIaCCOB: IOMHMHAHTHBIE IIO oboum IIpu3HaKaM — 5 AJOMMHaAHTHBIE II0 IIEPBOMY

HaHTHBIE€ IIO BTOPOMY —
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u 4 MOPIIMHUCTBIX, T. €. 3 : 1. 9TO TOBOPUT O TOM, UTO IIPU AUTHOPUIAHOM
CKPeIMBAHUU PacIiellJieHre M0 KaKIoi Iape ajJbTepPHATUBHBIX IPU3HAKOB
IIPOUCXOAUT He3a8UCUMO. SHAUNUT, TUTUOPUAHOE CKPeIlluBaHue, 110 CYTH, IIPe.-
cTaBJIsIeT cO00I ABa HE3aBUCHUMBIX MOHOTMOPUIHBIX.

B mocaenyromux onbiTax I. MeHIe b YyCTaHOBUII, YTO HE3aBUCUMOE HACJIEI0-
BaHUe MIPU3HAKOB HAOJI0aeTcA U IPU MOJUTHOPUIHOM CKpeluBaHuu. JJanHas
3aKOHOMEPHOCTh ObliIa HasBaHa 3aKOHOM HE3aBMCHMMOTO HACJIETOBAHUSA IPH-
3HAKOB UJIU TPETHhUM 3aKOHOM MeHeast. OTOT 3aKOH 3BYUUT CJIEYIOIUM 00-
pasoM: MpH CKpelfuBaHUU 0CO0€ei, Pa3IMJarouuXxcs Mo ABYyM M 0oJee mapam
QJIbTePHATUBHBIX NMPU3HAKOB, T€HHI U COOTBETCTBYIOIIME MM NPHU3HAKU HAa-
cJIenyITCA He3aBMCMMO M KOMOMHHUPYIOTCS BO BCEX BO3SMOMKHBIX COUCTAHUIX.

IHumonozuuweckue 0CHO6bL 3AKOHA HE3ABUCUMO20 HACLE008AHUA NPUHA-
Ko06. B paccmorpenHoMm skcriepumenTe I. MeHae b n3ydas HacJie[OBaHUE IBYX
mmap aJbTePHATUBHBIX MPU3HAKOB. OUeBUIHO, UTO IIBET CeMsH 1 )opMa UX II0-
BEPXHOCTHU OIIPENEIAIOTCA ABYMS PA3HLIMU nmapaMu rexoB. O603HAUNM aJIjIeNb
JKeJITOM OKpacKu A, 3eJIeHOU — a, Tyiagkou hopmbl — B, mopiuHuCTOl — b.

T'enbl, KOHTpPOJMPYIOIIEe pasHble Maphbl IPU3HAKOB (T. €. HeaJIbTEePHATUB-
HbIe ITPU3HAKM), HA3bIBAIOTCA HeaJlmeabHbIMU. OHU PaCIoIaraloTCsa B Pas3HbIX
mapax XpoMOCOM WJIM B Pa3HBIX yYacTKaX (JIOKycaX) TOMOJOTHMUYHBIX XPO-
MocoM. B mjaHHOM ciyduae I'eHbI, OIIpedeJisdiolire oKpacky (A u a), HeaJljlesb-
HBI II0 OTHOIIIEHUIO K I'eHaM, 00YyCJIOBJIMBAIOIINM (DOPMY HOBEPXHOCTH CEMSAH
(B u b). IIpeamomo:XuM, UTO 9T IIaphbl aJIjeell HaXOAATCA B HeTOMOJIOTHUHBIX
XpOMOCOMAaX, T. €. B Pa3HBIX ITapaX XPOMOCOM.

Ponurensckue pacrenua umeroT reHotunbl AABB u aabb. Opranusmsbl, ro-
MO3UTOTHBIE TIO0 ABYM IIapaM I'€HOB, Ha3bIBaloTCA Juzomosuzomamu. B rameTsl
TIOTIalaeT N0 00HOMY 2eHY U3 Kadx 00l napvl. 3HAUUT, ¥ TUTOMO3UTOTHBLIX POLN-
Teseit hopMUPyeTCA JUITh OUH TUII raMeT: Vv ogHoro — AB, y apyroro — ab.
B pesysibTaTe omJIOJ0TBOPEHUS PA3BUBAETCA IEPBOe MIOKOJIeHNe THOpuaoB. Bee
OHHU MMEIOT JKeJIThIe IVIaJKUe ceMeHa, uTo o0ycaoBjieHo reaorunom AaBb. Oco-
01, reTepO3UTOTHBIE TI0 JBYM IIapaM T'€HOB, Ha3bIBAIOTCA OuUzemepo3uzomamil.
CKOJIBKO THIIOB raMeT 00pas3yioT JUTeTepPO3UTrOTHBIE 0co0m?

Bawm usBecTHO, uTO B aHadase I Meiio3a roMoOJIOTHYHBIE XPOMOCOMBI PaCTs-
TUBAIOTCS K PA3HBIM ITOJIf0caM KJEeTKHU. [Ipu 9ToM pacxo:kaeHue KasKaoi maphl
XPOMOCOM ITPOUCXOAUT HE3aBUCUMO OT IPyrux mnap. Heromosoruyubie XpoMo-
COMBI PACcXOAATCS K MOJIIOCAM CAyUYailHBIM 06pasoM, 00pasys pasnuHble KOM-
omnanum (puc. 77). CiiemoBaTesabHO, TeH A MOYKET 0Ka3aThCs B OJHOI ITOJIOBOM
KJIeTKe ¢ TeHOM B muu ¢ reroM b. TouHO Tak »Ke TeH @ MOJKET IIOIIacTh B OJHY Ta-
MeTy ¢ reHoM B au6o ¢ renom b. BeseacTBue aTOr0 AUTETEPO3UTOTHBIE 0CO0U 006-
pasyioT ueTbipe Tuma ramet: AB, Ab, aB, ab B paBHOM COOTHOIIIEHUH — 110 25 %.
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Puc. 77. Cxema He3aBUCMMOrO PacXoXAEHUsI FOMOSOrMYHbIX XPOMOCOM
1 06pa3oBaHus raMeT y OMreTepo3uroTHOM ocoom

Cayuaiinoe CJAMSHNE IIOJIOBBIX KJIETOK IIPU OIJIOLOTBOPEHUU BemeT K 00-
PAa30BaHUIO PA3JIWYHBIX THUIIOB 3UTOT, a 3HAYMUT, M HOTOMKOB. Hcmonb3ys Qe-
HOTHUIIMYECKNE PaguKaJjbl, paclilellieHre 10 (peHOTHUIIYy BO BTOPOM I'MOPHHOM
moxkoJsieHun (IPHU YCJIOBUU, UTO aJLIeJIN KAMKION Hapbl B3aMMOIEHCTBYIOT IIO
TUITY IIOJIHOTO JOMWHWPOBAHUA) MOMKHO 3allUCaTh B BUJE:

: laabb.

Taxum 006pa3oM, B OCHOBE HE3aBUCUMOI'0 HACJIEJOBAHUSA JICHKUT:

1) cryuaiitHoe pacxo:kaAeHNe HerOMOJIOTUYHBIX XpoMocoM B aHadase I meiio-
3a, KOTOpOe MPUBOAUT K 00Pa30BaHUIO TaMeT C PA3JIMUYHBIMU KOMOMHAIIUAMU
TEeHOB;

2) cayuaiinoe cJIUAHWE TaMeT IPU OILJIOJOTBOPEHUU, UTO OOYCJOBJIUBAET
(opmMupoBaHUe PasHBIX TUIIOB 3UTOT.

HoxasaTh, YTO y AMTeTEPO3UTOTHOI 0cOO0M 00pasyIOTCs IIOJIOBBIE KJIETKU
YeThIpeX TUIIOB, IPUYEM B PABHOM COOTHOIIIEHUY, MOKHO C IIOMOIITHIO aHaJIU3U-
pYyIOIero ckpernBanusd. [[JIsg 9TOro AMreTepO3UTOTHBIN TOPOX, MMEIOITU JKeJI-
ThIE TJIaJKNe CeMeHa, CKPECTUM C PeIleCCUBHOM AUTOMO3UTOTON. B moTomcTBe
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OyaerT HaOMIOAATHCSA YeThbIpe (PEHOTUINUYECKUX (M TeHOTUIINYECKUX) Kjacca B
coorHomenuu 1 : 1 :1:1, 7. e. mo 25 %. ITO CBUAETEIBCTBYET O PaBHOBEPO-
ATHOM (DOPMUPOBAHUM UETHIPEX THUIOB raMeT y aHAJIU3UPYEeMOTO POLUTEJI.

Fi: Q AaBb G aabb
XenTtble rmagkue 3ereHble MOPLLMHUCTbIE
G
Fa: AaBb Aabb aaBb aabb
Xentble XenTtble 3eneHble 3eneHble
rnagkue MOPLUNHUCTbIE rmapgkve MOPLUMHUCTbIE

e Y

s

T'eHbI, KOHTPOJIMPYIOIINE Pa3BUTHE Pa3JUUYHBLIX (HeaJIbTepHATHB-
| | HBIX) IPU3HAKOB, HA3bIBAIOTCA HeasleNbHbIMU. OHU MOTrYT pacro-
*-! jmaraTbCs B pPasHBIX Iapax XpPOMOCOM (B HEIOMOJIOTMYHBIX XPOMOCO-
Max) Jin00 B Pas3HBIX JIOKyCAX TOMOJOTMYHBIX XpoMocoM. Ecau HeasIeb-
HbI€e I'€HbI HaXOAATCA B HEITOMOJIOTHMYHBIX XpOMOCOMax, TO B XOoIe Meﬁosa
TeHbl KasKJOW maphbl CaydailHBIM 00pasoM, He3aBMCHUMO OT APYTHUX IIap,
pacupenedioTea MeKIy ramMeTaMu. OTO BeleT K (DOPMUPOBAHUIO II0JIO-
BBIX KJIETOK C PasHBIMHU coueTaHUAMU reHoB. CayuaiiHoe CIuSHIE TaMeT
IIPU OILJIOMOTBOPEHUYM NTPUBOAUT K 00PA30BAHUIO PA3HBIX TUIIOB 3UTOT.
9Tu ABJIEHUS JEKAT B OCHOBEe He3aBHUCHMOI'0 HACJIEIOBAHUS TPU3HAKOB,
KoTopoe HaoOsmoman I. MeHgenb B ombITax II0 AUTMOPUIHOMY UM IOJIUATU-
OpungHOMYy cKkperiuBanmnio. OH YCTAHOBUJI, UTO IIPU CKPEIUBAHUU 0CO0ei,
pasInvaloniuxcsA Mo ABYM M 0ojiee mapaM aJIbTePHATHUBHBIX IIPU3HAKOB,
TeHbl ¥ COOTBETCTBYIOII[ME UM NPU3HAKU HACIEAYIOTCSI HEe3aBUCUMO U
KOMOUHUPYIOTCSA BO BCEX BO3MOJKHBIX COUETAHHAX. JTa 3aKOHOMEPHOCTD
Has3BaHa 3aKOHOM HE3aBHCHMOI'0 HACJeJOBAHUSA IMIPU3HAKOB UJIU TPETHUM
3akonoM Mengess.

[

1. Y70 NpepcTaBnseT cobon aurnbpuaHoe ckpewmsanune? MNonurnbpugHoe?

& & 2. B 4em 3akrioyaeTtcs CyTb 3aKOHa He3aBUCKUMOro HacnenosaHua? Kakue uytonoruye-

CKMe OCHOBbI 0BYCNOBMMBAIOT HE3aBUCUMOE HacliefoBaHWe FeHOB U COOTBETCTBYHOLLMX

UM NPU3HAKOB?

3. Kakoe pactuenneHve no reHotuny 1 no eHoTuny 6yaeT HabnoaaTsCs B NOTOMCTBE, €CNn
OMreTepo3nroTHyt0 0CO6b MOABEPrHYTb aHanM3upyoLeMy ckpelumBaHuio? Kakoe pacluennexHue
no eHoTUNy HabniofaeTca B pesynbrate CKPELUMBaHUS OUreTePO3UroT Mexay Co6on?

4. BbinuwinTe BCE TUMbI raMeT, KOTopble 06pasytoT ocobu ¢ reHotunamu: AAbb, AaBb, aaBb,
AaBbDd.
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5% Okpacka LBETKOB HOYHOW KpacaBuLbl HAcNenyeTcs no TUMy HEMOSIHOrO AOMUHMPOBAHUS
(KpacHble LBETKM OOMMUHMPYIOT Hag 6enbiMu, Yy reTepo3uroT LBETKM PO30BbLIE), & BbICOKMIA CTe-
6enb MOMHOCTLIO JOMUHMPYET HaL KapnvkoBbiM. CKpeLLMBatoT ABa AMIreTepOo3nroTHLIX PacTeHUS.
CKOnbKO MPOLIEHTOB pacTeHUA NEPBOro MOKOMEHNS YHACNEQYIOT: @) KapuKOBbIN CTEGENb U PO30-
Bble LBETKW; 6) BbICOKMIA cTEGENb U KpacHble LUBETKM; B) Kap/IMKOBbIA cTebeslb 1 6efble LBETKY;
r) BbICOKUIA CTEOENb U PO30BbIE LBETKN?

6% Y 4YenoBeka TeMHbI LIBET BOJSIOC MOJSIHOCTbLIO JOMUHMPYET Hafh CBET/bIM, @ HOpMallbHbINA
CNyX — Hapj BPOXIEHHOW TMyXOTOW. Y CBETNIOBOIOCOrO MYXXYMHbI, FMyXOro C POXAEHWS, eCTb
TEMHOBOJSIOCHIN CblH C HOPMaJsibHbIM CITlyXOM W [O4b CO CBET/IbIMM BOSIOCAMM, Y KOTOPOWN MpPOsiBM-
nacb HacnencTBeHHas rnyxota. YCTaHOBUTE reHOTUN matepu 3Tux geteir. KakoBa BEpOATHOCTb
POXAEHWS B 3TON cembe pebeHka ¢ PeHoTUnoM martepu?

§ 34. XpomocomHasa Teopus HacCNe[CcTBEHHOCTH

Kax y:xe ormeuasoch, I. Mengeb, yCTaHOBUBIIINI BarKHEHNIIIEe 3aKOHOMED-
HOCTHU HAaCJIeIOBaHUS, BBIABUHYJ MIPEAIIOJOKEHNUEe O CYIIeCTBOBAHUU OCOOBIX
HACJEeJCTBEHHBIX (PaKTOPOB, KOHTPOJIUPYIOINX MPUSHAKY KUBBIX OPTraHU3MOB.
OpHaxko MaTepuabHAsA MPUPOJA dTUX (PAKTOPOB, BIOCIEICTBUU HA3BAHHBIX
TeHaMHu, JOJITOe BpeMs OcTaBaJjach HeBbIsCHeHHOH. JIump B mauage XX B.,
IocJje IEePeoOTKPBITHA 3aK0oHOB I. MeHgess, MMUTOJOrM O0OpaTHM/IM BHUMAHIE
HaA CBA3b T'MIIOTETUYECKUX HACJEACTBEHHBIX (PaKTOPOB C IOBEIEHHEM XPOMO-
coM mpu Meiiose u omaomoTBoperHuu. B 1902—1903 rr. memenkuii sMOGpPHUOIOT
T. BoBepu u amepukaHcKui rmutToaor Y. CartoH (haMuIuy TIPUBENEHBI He I
3aTIOMUHAHNA) HE3aBUCUMO APYT OT APyTra MPUIILIN K BEIBOAY, UTO UMEHHO XPO-
MOCOMBI ¥ SBJISIOTCSA HOCUTEJIAMU MeHeJeBCKuX (haKTopoB. ONHAKO yUeHbIe
He CMOTJIM IIPEJOCTAaBUTh UeTKUX MOKA3aTeJbCTB CBOEH MpPaBOTHI, IIOITOMY UX
MIPeAIIoIoKeHe B TeUeHe HeCKOJIbKUX JIeT TAK ¥ O0CTABAJIOCh «XPOMOCOMHOIA
TUIOTE301».

XpomocomHnasn meopus nacredcmeennocmu. Cyennennoe Hacnedoéanue.
Yb6enurenbHBIE JOKA3aTEJIBCTBA TOT'0, UTO T€HBI PACIIOJIATAIOTCA B XPOMOCOMAX,
ObLIu mosryuerHbl B 1910 r. aMepuKaHCKUM TeHeTHUKOM, OYAYIIUM JiaypeaToM
HobGenesckoit mpemunu (1933 r.) T. Moprarom. MHOToUYMC/IeHHbIE dKCIIEPUMEH-
Tl Moprana m ero COTPyAHUKOB IPUBEJU K PANY Ba'KHEHININX OTKPBITUMH,
KOTOpBIE JIETVIM B OCHOBY XPOMOCOMHON TeOpHMH HacjeacTBeHHocTH. OmHO U3
TIOJIOJKEHUIT 9TOI TeOPUU MOKHO ChOPMYJINPOBATE CIAEAYIOIUM 00pa30M: T€HbI
PacIoIoKeHbI B XpPOMOCOMAX B JIMHEHHOM MOPSAIKEe M 3aHNMAIOT OIpeaesIeH-
HbIe YYaCTKH — JIOKYCHI, IIPUYEM aJljieJIbHbIe TeHbl HaX0OATCA B OMUHAKOBBIX
JIOKycaX TOMOJOTHYHBIX XPOMOCOM.

3aKOH He3aBHCHMOI'O HacJieJJoBaHUsA (TpeTuil 3aKoH MeHaesis1) ciipaBeiuB
TOJILKO B TOM CJIy4yae, eCJau HeaJlJeJbHbIe TeHbl HaXONATCA B PA3HBIX Ilapax
xpomocoM. OmHAKO KOJHMUYECTBO I'€HOB y JKMBBIX OPraHU3MOB 3HAUMUTEJIHLHO

o

§33-1
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OoJibitie umcjaa Xxpomocom. Hampumep, v UejioBeKa OKOJIO 25 ThIC. I'€HOB, a KO-
JandecTBO XpomocoM — 23 mapbl (2n = 46), y ILJIOJOBOM MYIIIKU APO30(UJIbI
npubausuTeabHO 14 ThIC. TEHOB U Bcero 4 mapbl xpomocoMm (2n = 8). Cuemo-
BaTeJbHO, KaKJas XpPOMOCOMAa COAEP;KUT MHOYKECTBO I'€HOB. BynyT Ju TeHbI,
JIOKaJIM30BaHHbBIE B OJHOM XpOMOCOMe, HacJiefoBaTbes HesaBucumo? OueBuIHO,
YTO HET.

I'ensl, pacmosioskeHHBIE B OTHOI XpPOMOCOMe, 00pa3yIoT IPYIITy CIEeIJIeHU S
M HacJeayroTcs Bmecte. Takoe coBmecTHOe HacenoBaunme reaoB T. Moprau Ha-
3BaJI CHEILJIEHHBIM HacJegoBaHUEeM (B OTJINYME OT He3aBUCUMOro). 'omooruy-
HBbIE XPOMOCOMBI KA O Iaphl COAEPKAT I'eHbl, KOHTPOJIUPYIOIIE OJHNA U Te
JKe IMIPU3HAKY, [I09TOMY KOJHYECTBO IPYII CIEIIEHUI PABHO YHCIY IIap Xpo-
mocom. Hampumep, y yesioBeKa 23 I'PYIIIILI CIEIJIEHNUS, a ¥ AP030(puaIbl — 4.

BaM M3BECTHO, YTO IIPM HEe3aBHMCHMMOM HAaCJ/JIeJOBAaHMM OUI€TEPO3UTIOTHAA

A B
0co0b, HAIIPUME 0 o0pasyeT ueThIpe THUIIA TaMEeT B PABHOM COOTHOIIIEHUMU,
T. e. Mo 25 %: A B, Ab, a Bu a b. 9To 00yCJIOBJIEHO TeM, UTO HeaJlJeJIbHbIe
TeHbl HAXOASATCSA B PasHBIX ITapaxX xpomocoM. Eciu Ke OHM pacCHoJIOKeHbI B

AB
T'OMOJIOTHMYHBIX XPOMOCOMAaX, CJIeaoBaJIO OBl OXuUunmaThb, YTO AUTIE€TEepO3UroTa ﬁ

OyzeT MPOM3BOAUTL JUIL aBa Tuma ramet: 50 % AB u 50 % ab. Obparure
BHUMAaHMEe HA TO, YTO CIleIJIEHHBIE T'e€HbI 3alUCHIBAIOTCA B OJJHY XPOMOCOMY.
Opguako T. Mopran o0HApPysKuJ, YTO B OOJILIIIMHCTBE CJIyYaeB NUTETEePO3U-
roTHBIE 0co0u 00pasyIoT He [Ba TUIIA raMeT, a ueTbipe. Kpome oxxunaembix A B
u ab, popMUpPyIOTCA TaK:Ke raMeThl ¢ HOBBIMU KOMOMHAIIUSAMY T'eHoB: Ab u a B,
HO B MEHBIIIEM ITPOLIEHTHOM COOTHOIIIEHUU,
_ Q .-ﬁ'i X d i\ yeM IIpW He3aBUCUMOM HAacJIeJJOBAaHUU.
P ol PaccmoTpuM ofMH M3 OIBITOB, B KOTOPOM
T. MopraH usyd4aJ HacJIeJOBaHI€e CIIeIJIeH-
HBIX T'€HOB y APO30(MJIbI.

>
vy

2b

>
v y)

ab
YHucTyo JUHUIO APO30(MII, MMEIOIINX
cepoe TeJIo0 ¥ HoOpMaJIbHbIe (IJINHHBIE) KPhI-
Jbsl, CKPEeCTUJIX C YUCTON JmHHMei, ocobu
_'_ﬁ.; KOTOPOIi UMeJIN UYePHOe TEeJIO U 3aUaTOUYHbIe
0 KpbLaba (puc. 78). IlomyueHHbIe THOPUIDI
IIEPBOro IIOKOJIEHISI B COOTBETCTBUU C IIeP-

B
BBIM 3aKOHOM MeHae/sa OblIn eJnH000pas-
HBIMHU — CEPLIMHU C HOPMAJBHO PA3BUTHIMU

®

Fi:

>

o

a

Puc. 78. CKpeumBanme KpbLIbaMu. ClegoBaTesbHO, ¥ APO30(MUIIEI

YUCTBIX TUHUIA APO30UIIbI cepoe Teso (A) IOJHOCTHIO JOMUHUPYET
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HaJ YePHBIM (@), a HOpMaJbHBIE KPbI-
abda (B) — Hajn 3auatounbiMu (b). Bee
TUOPHUIBI IIEPBOTO MTOKOJIEHUS — IU-
TeTepPO3UTOTHI.

3aremM OBLJIO IIPOBEIEHO AaHAJMI-
s3upylolee ckpernuBanue (puc. 79).
JnreTepo3suroTHyI0 CaMKy U3 THU-
OPUIHOTO TIOKOJIEHUS CKPECTHUJIHN
C PeIeCCUBHBLIM IUTOMO3UTOTHBIM
caMIloM (UepHOe TeJI0 M 3avyaTOYHBIE
KPBLIbs). B moToMcTBe OBIIO TTOJTyUe-
HO 10 41,5 % o0co0eii ¢ cepsIM TeJIoM,
HOPMAJIbHBIMU KPBLIbIMU U YePHBIM
TEJIOM, 3aYaTOUHBIMU KPBLIbIMHU, a
TaK:Ke 1Mo 8,5 % MyX ¢ CepbIM TeJIOM,
3aYaTOYHBIMU KPBLIBAMU U UYEPHBIM
TEJIOM, HOPMAJIbHBIMU KPBLIIbIMIU.

Ecau OblI remnl, ompenessioiine

Fe:

- QK *O’i\
-

ab

QQ@Q @
& @ %

AB
ab ab ab ab

415% 415% 85%
— -

8,5 %

~—

HekpoccoBepHble KpoccoBepHble
ocobu (83 %) ocobu (17 %)

Puc. 79. AnanusupyioLiee ckpelymsaHune

IIBeT TeJjla U Pa3BUTUE KPbBIIbLEB, HA- OMreTepo3vroTHON camKkn Apo3odunsbl
XOAUJNCh B PA3HBIX MHapax XPOMO-

COM, COOTHOIIeHNE (PEHOTUINUYECKNX KJIACCOB OBIJIO ObI PaBHBIM — 1O 25 %.
Ho sToro ne Hab0na/10Ch, 3HAUNT, M'€Hbl HAXOAATCSI B TOMOJIOTMYHBIX XPOMO-

coMax M HACJIeAYIOTCS CIIeIJIeHHO.
AB
HecMmoTpsa Ha clienieHre TeHOB, caMKa ~,p TPOMBBOJMIIA He [Ba, a UeTIPe

THUIla raMer. OﬂHaRO raMeT C MCXOAHBIMM COUYETAHUAMNI CIEIIJICHHBbIX I'€HOB
(opmuposBasocsy HamuOro 6osbiie (AB u ab Bmecre cocraBuiu 83 %), uem c
HOBBIMHU UX KoMmOmHanuamu (cymma Ab u a B pasua 17 %).

Bbiyio BBISICHEHO, UTO MPUYUHON IOSBJIEHUS XPOMOCOM C HOBBIMHU KOMOM-
HAIIMAMU POAUTEJLCKUX IM'eHOB ABJISAETCA KPOCCHHrosep. Bul 3HaeTe, 4TO 3TOT
IIpoIlecc IPOUCXOAUT B npodase I meitosa u mpezncrasisger co00ii 0OMEH COOT-
BETCTBYIOIIIMMHN yYaCTKaAMM MeEXAY TI'OMOJIOTMYHBIMM XPOMOCOMAaMM. TaKI/IM
00pazoM, KPOCCUHTOBEP MPENMATCTBYEeT MOJTHOMY (a0COJIOTHOMY) CIIEIIJIEHUIO
reHoB. ['amMeTbl, KOTOpPbIe 00Pas3yOTCsA B Pe3yabTaTe KPOCCUHTOBEPa, U 0co0u,
KOTOpbIe PAa3BUBAIOTCA IPU YUYACTUU TaKUX TraMeT, HAa3bIBAIOTCI KPOCCo8ep-
HbLMU WU PeKOMOUHAHMHbLMU. B pacCMOTPEHHOM sKCIleprMeHTe rameTsl Ab

u aB ABIAINCHL KPOCCOBEPHBIMU, a ramMeThl AB 1 ab — HEKPOCCOBEPHBIMU Q

(cm. puc. 79).
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Kpoccuurosep Mesxay CIIEIIJIEHHBIMM M'eHaMM IIPOMCXOAUT C OIIPeaeIeHHOMN
BEPOSITHOCTBIO (uacToroii). s pacuera uacToThl Kpoccuurosepa (rf, oT aHr.

recombination frequency — dYacToTa PEeKOMOMHAIINN) MOYKHO ITOJIH30BATHCS
ciaenymomieir hopMyJIoii:
cymma KpoccoseprvLx zamem (ocobeil
pf = CYnarpoccooep (0¢00¢%) " 100 %.

obuee koauwecmaeo zamem (ocooeil)

Taxum oOpasom, MexxaAy reHamMu A u B, KOHTPOJUPYIOIIMME I[BET TeJjia U1
IJINHY KPBLIBEB AP030(UIbl, KPOCCUHI'OBED IMPOUCXOIUT C YACTOTOM: 'fyp=17 %.

HanbpHelIIe nccaefoBanus, IpoBeaenubie T. MopramoMm u coOTpyAHUKAMEI
ero JjiabopaTopuu, MOKas3aJju, UTO YaCTOTa KPOCCUHTOBEPa MPOMOPIMOHAIbHA
PACCTOAHHMIO MKy TeHaMHu, PACHOJOKEeHHBIMH B OTHOW XpomMocome. Uem
0oJbULe PACCTOAHUE MEKIY CIEIJIEHHBIMU TeHaMU, TeM uauie MeXKIy HUMU
IPOUCXOAUT KpoccuHToBep. VI Hao00poT, ueM O.iuce OPYT K APYTY PACIOIOMKe-
HBI T€HbI, TeM MeHblle YACTOTa KPOCCUHTOBEPA MEXAY HUMU. deM 00bACHAETCS
9Ta 3aKOHOMEPHOCTH?

B npodasze I meiiosa mpu KOHBIOTAINMK T'OMOJOTHMYHBIX XPOMOCOM B3aIIM-
HBIIT OOMEH yYacTKaMH MeKIy XPOMaTHAaMH! OCYIIeCTBJISEeTCS TPOU3BOJBHO,
B JI1000I1 nx Touke. Paccmorpum pucyuok 80.

PaccrtosiHue mexay reHamu A n B Paccrtosinne mexay reHamu A u D
HeborbLUOoe, MO3TOMY KPOCCUHIOBEP HaMHOro 6orblue, MO3TOMY KPOCCUHIOBEP
MeXay HUMMU NPOUCXOAUT OTHOCUTENBHO PeaKo MeXay HUMMU NPOUCXOAMUT ropasao yatle

Puc. 80. CxeMbl pas3nunyHbiX BapuMaHTOB KPOCCUHroBepa MexXmay roMOfOorU4HbIMM XPOMOCOMaMu
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Teubt1 A u B (unu a u b) HAXOAATCA CPABHUTEJIHHO OJUBKO APYT K APYTY.
BeposiTHOCTE TOrO, UTO OOMEH IIPOM30IIeT UMEHHO Ha YUacTKe, pasaesaioIieM
9TU TeHbl, HeBeJuKa. 'eHsl A 1 D (uau a u d) pacmojiaraloTcsa Ha SHAUUTEb-
HOM pacCTOSAHUU APYT OoT Apyra. IloaToMy BepOATHOCTH TOTO, YTO XPOMATUIBI
coBepIaT o0MeH B KaKOH-Ir00 TOUKEe MEXIAY STUMU reHaMU, HaMHOI'O BBIIIIE.
3HAUYUT, ueM 0OJIbIIIE PACCTOSHIE MEKAY IeHaMil, TeM Jallle OHN Pa3AeJIsioTCs
IIPU KPOCCUHTOBEPE.

Takum 00pasoM, Y4acTOTA KPOCCHUHTOBEPA II03BOJISET CYAUTL O PACCTOSIHUU
me:xay reaamu. B vects T. Moprana equHNIIa N3MEePEHNA PACCTOSHUA MEKIY Te-
HaMU IOJyYnJIa HasBaHUe MOP2aHUOA WU, UTO TO Ke camMoe, canmumopzar (cM).

Mopraruna (canTumopra, cM) — 3TO reHeTHYECKOEe PACCTOTHHE, Ha KO-
TOPOM KPOCCHHTOBEP IIPOUCXOTUT ¢ BepoATHOCTHIO 1 %.

KpoccurroBep urpaetr oueHb BasKHYIO OMOJIOTMUYECKYIO POJib. B pesyibrare
STOr0 IIPOIlecca y MOTOMKOB BO3SHMKAIOT HOBBIE KOMOMHAIIMKN POAUTEIbCKUX
TeHOB, YTO ITOBBIIIAET FeHeTUUYEeCKOe pasHooOpasme OpraHu3MOB U PACIIUPSAET
BO3MOYKHOCTH MX QJAIITAIUU K PA3JIUYHBIM YCJIOBUAM OKPYIKAIOIIEH Cpembl.

T'enemuueckue kapmui. Kax nmorkasanm skcepuMeHTHl T. MopraHa, pesyiib-
TaThl AHAJUSUPYIOIIETO CKPEITNBAHUSA Jal0T BOBMOKHOCTD OIIPEIeISTh YACTOTY
KPOCCUHTOBEPA MEKIY CIENJIEHHBIMU T'€HaMU U CYAUTHh O PACCTOSAHUU MEKIY
HuMu. Mcmoiab3oBaHME NAHHBIX, IIOJYUYEHHBIX OT MHOYKECTBA aHAJU3UPYIO-
IUX CKPEIIMBAHUN C Pa3IUUYHBIMU KOMOMHAIMAMU CIEILJIEHHBIX TeHOB, II0-
3BOJIAET YUEHBIM COCTABJATH TAK HAa3bIBaeMble TeHEeTHUYECKUe KapThl (puc. 81).
Tenemuyeckas kapma XpomMoOCOMb. — BTO CXe€Ma B3aWMHOTO PACIOJIOKEHUS
TeHOB, HAXOAAIUXCA B ONHOUW TPYIIE CIENJeHUs, MOCTPOeHHAA C yUYeTOM

Cepoe HopmanbHsbie
Teno KpbIrbs
OnumHuble  KpacHble . - Kpachble . .- . Tpamble KpacHble
YCUKN rnasa g masa _ B KpbIMbs rmasa

B ¥
AN 254 - @iy V. re iy

0 16,5 48,5 56,5 65,5 75,5 104,5

Ey €2 - € ¥ e Y

Kopotkne  Bopposble 4 I'Iypnyprle m M30rHyTble KopwnyHeBble
YCUKHN rmasa masa KPbInbst rnasa
YepHoe 3avaTtoyHble
Teno KpbInbs

Puc. 81. YnpolleHHasa cxema reHeTUHeckon KapTbl BTOPOM XPOMOCOMbI ApO30dusibI
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paccrosgHMHE Mexk 1y HuMu. TaKkue KapThl yKe COCTaBJIEHBI AJIA YeJIOBeKa I MHOTHX
IPYTUX BUIOB JKUBBIX OPraHM3MOB, HAIIPUMED JJIA MBIIIN, APO30(UILI, TOPO-
Xa, OINEeHUIIbI, KYKypys3hbl, TOMaTa, TPOKKEH U T. 1.

leHeTmuecKme KapThl HAXOJAT IIIUPOKOE IPUMEHEHNe B HayUYHBIX HCCJEN0-
BaHUAX U MPAKTUYECKON IeATeTbHOCTU YeJoBeKa. SHaAHNE TeHeTUUECKUX KapT
TIO3BOJIAET IIPEACKA3LIBATh XapaKTep HACIEIOBAHUS TeX WJIN UHBIX IPU3HAKOB.
Hcnonb3oBaHme 9TUX JAHHBIX B CEJIEKIIUU U TeHETUUYECKON MHIKEHEPUU CII0CO0-
CTBYeT ILJIAHUPOBAHUIO PAOOTHI IO ITOJYUEHUIO OPraHM3MOB C ONPeHeIeHHBIMU
coueTaHUAMU Npu3HaKoB. CpaBHEHNE TeHeTUUECKUX KapT Pa3HbIX BUOB Opra-
HU3MOB IaeT BO3MOKHOCTh YCTaHABJIMBATDL CTEIEHDb UX POJACTBA, CYAUTH O BO3-
MOYKHBIX ITYTSAX SBOJIOIMOHHBIX ITPEe00Pa3oBaHMI HACIECTBEHHOTO MaTepuaJa.

f

X Uccaemosauusa T. Moprasa u ero COTPyAHUKOB JIETJIK B OCHOBY XPO-
o , MOCOMHOfI Teopun HAaCJIeACTBEHHOCTH, OCHOBHBIMM IIOJIOMKEHMAMMN
¥/ KOTOpOU SIBJISAIOTCA CJIEYIOIIHUE.

1. TeHbl B XpoMOCOMAaX PACIIOJIOKEHBI JUHENHO, B OIpeeIeHHOH o-
CJIeI0OBaTeIbHOCTHU. AJIJIebHbIE TeHbl HAXOAATCS B OAUHAKOBBIX JIOKYCaX
TOMOJIOTMYHBIX XPOMOCOM.

2. Teubl, pacmoyioKeHHBIE B OIHOM XpOMOCOMeE, 00pasyloT TpYIITy
CIIEeTIJIEHUSA M HAcJeAyITCAa BMecTe. KoIuduecTBO IPyIIN CIIENJIeHUS PaBHO
YHCJY IIap XPOMOCOM.

3. CremnieHrie TeHOB MOKeT HapyIIaThCAd B Pe3yJbTaTe KPOCCUHTOBE-
pa, ITPOUCXOMAIIETO MPU KOHBIOTAIIUU TOMOJIOTMUYHBIX XPOMOCOM B ITPO-
(dase I meiioza.

4. YacToTa KPOCCUHTOBEPAa MPOIIOPIIMOHATLHA PACCTOSIHUIO MEKAY TeHa-
MI: ueM 00JIbIIIe PACCTOSHIE, TEM BhIIIIE YACTOTA KPOCCHHTOBEPA 1 HA000POT.

5. 3a efWHUITY PACCTOAHUS MEMKIY CIEIIJICHHBIMU TeHaMU IPUHSATA
1 moprauuzga (1 carTumopras, cM). 9To paccTosgHme, Ha KOTOPOM KpOC-
CUHT'OBEDP IIPOUCXOAUT C BEePOATHOCTBIO 1 %.

CxeMBbl B3aMMHOI'O PACIIOJIOMKEHHS T'e€HOB, HAXOAAIIMXCSI B OFHOI
TPYIIIe CIENJIEHUSA, MOCTPOEHHBIE C YUYETOM PACCTOAHUU MeKIy HUMHU,
HA3BIBAIOT FeHETUUYECKUMH KapTaMu XpomMocoM. Taxue KapThl HCIOJIb3Y-
I0TCA B HAyYHBIX WCCJIEJOBAHUAX W PA3JUUYHBIX chepax IPaKTUUIEeCKON
IeATeJbHOCTU YeJIOBEKa.

? 1. Bcerpga nu co6nonaetcsa lll 3akoH . Menmena? B kakux criyqasx reHbl Hacrneayorcs
™ ™ Hes3aBMCMMO, a B KaKUX — CLieneHHo?
2. Mo4emy yacToTa KpOCCMHroBepa Mexay CuenfieHHbIMU reHaMu 3aBUCUT OT PaccTost-
HUS MeXAY HUMK?
3. YT0 NpeacTaBnsaOT CO6ON reHeTudeckme KapTbl XpoMocoM? [1na Yero OHW MCMonb3yoTcs?
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4. CopMynmpyinTe OCHOBHbIE MOMOXEHWUS XPOMOCOMHOW TEOPUWN HACNEACTBEHHOCTM.
5. Kakue Tunbl raMeT U B KakOM MPOLEHTHOM COOTHOLLEHUM GyayT (hOpMMpOoBaThH AureTe-

PO3MroTHbIE 0COBYU A:B n g, €CNM U3BECTHO, YTO paccTosHWe Mexay reHamm A u B coctaenser
20 mopraHug? ab aB

6% Cepblli UBET Tena y Apo30dusibl JOMUHMPYET HaL, XENTbIM, KpacHble rnasa — Hap rpa-
HaToBbIMW. [EHbI, OTBEYatloLme 3a 3T NPU3HaKW, JIoKanM3oBaHbl B MEepPBOM Mape XPOMOCOM U
HaxoasTca Ha paccTosHuM 44 mopraHuabl. CKPecTunm Y1cTble NIMHUKM CEPOTESbIX MyX C rpaHaTo-
BbIMU Tna3aMn N XentoTesibiX C KpaCHbIMU rnasamu. N3 nony4eHHbIX FI/I6pI/ID,OB Bbl6paJ'IVI CamMKy
1 MOABEPINN ee aHanM3unpytoLLemMy CKpelumBaHuio. Kakum 6yaeTt npoueHTHOe COOTHOLLEHUE de-
HOTUMMUYECKMX KNaccoB B MOTOMCTBE?

§ 35. NeHeTuKa nona

Ilonamue nona u nonoéwvix npudrnaxos. C He3aIaMATHBIX BpPEeMeH JIIOAM
3a/1aBaJICh BOIPOCOM: ITOUEMY yV OMHUX M TeX Ke POAUuTeJeN MOSBIAIOTCS
TIOTOMKM PA3HOTO II0JIa M B CBSSU C YeM Yy OOJBIIHMHCTBA Pa3AeIbHOIIOJIBIX
OpPraHM3MOB HAOJIOJAETCS MPUMEPHO OJMHAKOBOE COOTHOIIIEHWE MYMKCKUX U
JKEeHCKUX ocobeit? BrigBurajsoch MHOKECTBO I'MIIOTE3, HO TOJBKO B XX B. 0ja-
rojaps UCCJIeLOBAHUAM B 00JIACTH IIUTOJOIUY 1 I'eHeTUKU yAaJI0Ch YCTaHOBUTH
MeXaHU3M OIIpeNeIeHUs 1 HaCJIeOBAaHUSA MOJA.

ITox — 5TO COBOKYIHOCTH MOP(OJJOTUUYECKUX, (PU3UOJOTUUECKUX, OMOXU-
MHUYECKUX UM APYTUX NPU3HAKOB OpraHm3Ma, 00ecIIeunBalOIIX BOCIPOU3BE-
neune cebe IMOMOOHBIX. PasjnuaioT IMepBUYHbIE M BTOPHUYHBLIE IIOJIOBBIE IIPU-
sHaku. Hanuuwme y ocobeil crenuaau3pPOBAHHBIX OPraHOB, MPUHUMAIOIIUX
HeIloCPeCTBEHHOE YUYACTHE B PA3MHOMKEHHUM (IOJOBBIX KeJjie3 OIpeaesIeHHOTO
THUNA U APYTUX PEMPOAYKTUBHBIX OPTraHOB), OTHOCAT K NePE8UYHbLM TIOJIOBBIM
nmpusHakaM. BmopuuHbsle TOJOBble MPU3HAKU — 95TO (heHOTUIUUYECKUEe pas-
JIUYUSA MYKCKUX U JKEHCKUX ocobeil, HATPAMYIO He CBS3aHHBIE C IIPOIIECCOM
pasmMHO:KeHUs. Hampumep, y gyeoBeKa U pAfa IPYTUX MJEKOIUTAIOIINX 0CO0uU
PasHOTO TOJa OTJIUYAIOTCS IO PasMepaM U IIPOIIOPIIUSAM Tejia, 0COOeHHOCTIM
BOJIOCSIHOT'O TIOKPOBa, TeMOpy rojioca u T. 4. Kak BbI 3Haere, Ipu3HaAKU (B TOM
YucJie 1 II0JIOBbIe) KOHTPOJUPyoTea renamu. CiiegoBaTesbHO, TIOJ OpraHusMa
IOJI3KEH OITPeNeAThCA TeHeTHUEeCKH.

Xpomocomnoe onpedenenue nona. VlccienoBanre KapuoTUIIOB MHOTUX BU-
JIOB JKMBOTHBIX U YeJOBEKA IMOKA3aJI0, YTO y MYJKCKHUX U KEHCKUX 0c00eil ume-
IOTCSA Pas3jMursd B OGHOU IIape XpoMocoM. B maibmeliriieM OBLIO yCTaHOBJIEHO,
YTO T XPOMOCOMBI M OIPEAEJIAIT IMOJ OPraHu3Ma, IIO9TOMY OHU IIOJIYUNJIN
Has3BaHM’e IOJOBBIX XpoMocoM. Bce ocTaibHBIE ITapbl XPOMOCOM, OLUHAKOBEIE
y ocobeil My:KCKOT'0 1 »KEeHCKOTO I10Jia, ObIIN Ha3BaHBI ayTOCOMAMM.
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B comatuueckmxX KJEeTKaxX YeJIOBEKA COZEPIKUTCA 23 mapbl XPOMOCOM:
22 mapsl ayTocoM ¢ 1 mmapa ImoJioBeIX xpoMocoM (puc. 82). B KiaeTKax My»KCKOT0
opraHm3Ma II0JIOBbIe XPOMOCOMBI PE3KO OTJIMYAIOTCS II0 PasMepy U CTPOEHUIO
(puc. 83). OmHa M3 HUX KPyNHAasA, HepaBHOILJIeYad, COAEPKUT OOJIBIIIOE KO-
JUYECTBO TE€HOB — 3dT0 X-xpomocoma (ukc). I[pyrasd xpomocoma MeJKas,
MAaJIOYKOBUIHAS, COJAEP’KUT CPABHUTEJbHO MaJjio reHoB. OHa Oblja Has3BaHA
Y-xpomocomoii (uzpek). B KieTKax KEHCKOTO OpraHM3Ma YeJIOBeKa II0JIOBBIE
XPOMOCOMBI OIUHAKOBbIEe — ABe X-XPOMOCOMBI.

AyTOoCcOoMbI (22 napbil)

WhE we S
Hﬁﬁﬂnﬁﬁﬂxuﬂuﬁ X X
fHI nn m :; -'m ﬁh O’ﬂn

13 14 15 16 17 18 XY
A% Ax AA  &A
19 20 24 22

Puc. 82. XpoMOCOMHbI Habop Yenoseka

O6o3HauMB ayTOCOMBI OYKBOM A, MOKHO 3ammcaTbh XPOMOCOMHBII HaOO0p
sKeHIUHBI B Buae: 44A + XX, myxuuabsl — 44A + XY. IIpu obGpasoBanuu
ramMeT B KasKIYyI0 M3 HUX IIONAJAeT IIOJIOBUHA ayTOCOM ¥ OHA M3 TOJOBBIX
XpOMOCOM. SHAUUT, B KEHCKOM OpraHuU3Me o0pasyeTcs 00uH TUIl SHIEeKJIEeTOK:
BCe OHUM MMeIoT Habop xpomocoM 22A + X. Y My:KuuH (GOpMUPYIOTCS 08a TUTA
CIIepMAaTO30UJ0B B paBHOM cooTHoIeHuu: 224 + X
u 22A +Y.

Eciu afneKJeTKy OILJIOAOTBOPSET CIIePMAaTo-
301, coliepsKaIuii X-XpoMOCOMY, U3 3UTOTHI pas-
BUBaeTCA ‘KeHCKuil opranusm. Eciu B onionoTso-
PeHNU yYaCTBYET CHePMATO30UI C Y-XPOMOCOMOII,
U3 3UTOTHI PasBUBaeTCsa PeOEHOK MYIKCKOTO IIOJia.
CiemoBaTesibHO, ¥ UeJOBEKa IOJ pPeGeHKa 3aBUCUT
OT TUIa ciepMmaros3ouza oria. ITockoabKy 00a Truma
MY:KCKUX TaMeT o0pasyloTCs C OOUHAKOBOIN BEpO-
SITHOCTBHIO, B IIOTOMCTBE HAOJIIOLAeTCs paclmerLie-

Puc. 83. MNonoBble XpOMOCOMbI
yenoseka Hue 1o moay 1 : 1.
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Tak Ke KakK y 4eJOBeKa, IPOUCXOIUT OIIpee-
JleHUe ToJia y GOJBINMHCTBA APYTUX MJIEKOIIUTAIO-
IUX, HEKOTOPBIX HACEKOMBIX (HAampuMep, y AP030-
(pmab1), MHOTUX ABYAOMHBIX pacteHuii. Hanpuwmep,
B COMATHMUYECKUX KJIETKax JIP030(hUJIbI MMeeTCs
4 mappl XpomMocoM: 3 mapbl ayTocoM M 1 mapa Iio-
JIOBBIX xXpomocoM (puc. 84). XpOMOCOMHBIA HAOOD
caMoK aposoduiabl: 64 + XX, camiioB — 64 + XY.

Ilon, umerouii OfVMHAKOBBIE IIOJIOBBIE XPOMO-
COMBI M, COOTBETCTBEHHO, 00pasyiomiuii 00uH THUI
ramMeT, IPUHATO Ha3bIBAaTh roMoraMeTHbIM. [lo,
dbopmupyiomuii dsa TUIla TaMeT, Ha3bIBAETCHA
rereporamMeTHbIM. IIpu XY-tume omnpeneneHus
mojia KEeHCKUWM IIOJI ABJAETCA TOMOraMeTHBIM,
a MYJKCKOII — rereporaMeTHbIM (puc. 85).

Yenosek (XY-Tun)

-

L=

i &

Puc. 84. XpoMOCOMHbI Habop
Apo3odmnbl

Kypuua (ZW-tun)

W W

P: Q44A+XX  x  FA44A+XY P: Q76A+ZW x JT6A+2ZZ

G TR e ThD e

)

— e~

Q44A + XX T 44A + XY Fi: 3 76A+22 Q76A + ZW

Puc. 85. OCHOBHble TUMblI XPOMOCOMHOrO OMNpegeneHns nona

VY nTull, HeKOTOPBIX IIPECMbIKAIOIINXCA, 3eMHOBOIHBIX, PhIO 1 0abouek Ha-
OJIromaeTcsa MPOTUBOIIOJIOMKHEIN MeXaHU3M OIIpeeseHn IMoja: MYKCKIe 0co0u
SABJISIOTCS TOMOTaMeTHBIMH, a YKeHCKIe — reTeporaMeTHLIME. IIpi 3TOM I0JI0BbIe
XPOMOCOMBI 0003HAUAIOT OyKBaMu Z 1 W, 4TOOBI BBIAEJINUTH JAHHEIHN THII OIIpeese-
HUS T10JIa. Y CaMIIOB II0JIOBBIE XPOMOCOMBI 3aIUCHIBAIOT KaK ZZ, a'y caMoK — ZW.
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Ocobennocmu Hacnedo6anus nPu3HAK0E, cyenieHHbLx ¢ noaom. IlomoBsie
XPOMOCOMBI COZIEPsKaT He TOJBKO I'eHbI, OIPeAesIS0INe II0JI OpraHnu3Ma, HO U
Ipyrue, He MMEIOIe OTHOIIIeHUA K mory. Hanpumep, B X-XpoMocoMe ueioBeKa
PacCIoJI0KeHbl TeHbl, KOHTPOJIUPYIOII[NEe CBePThIBAHIIE KPOBH, I[BETOOIIYIIEHIIe
(cmocoOHOCTH pas3anyaTh OCHOBHBIE ITBETA), PA3BUTHE 3PUTEJIHHOTO HEPBa U Ip.
Y-xpoMocoMa 3TUX TEeHOB He codepicum.

Y-xpomocoma 4efnioBeka MMeeT HebosblUMe pa3mepbl U, COOTBETCTBEHHO, COAEPXUT
MeHbLUe reHoB, 4Yem X-xpomocoma. OgHako, MOMUMO FeHOB, OMpedensLmnx passuTne
MY>KCKMX MOJIOBbIX MPU3HAKOB, B HeN MMetoTcs 1 gpyrue. VIMeHHo B Y-xpomocome Ha-
XOAATCSH reHbl, ONPefensioLme Hanmyime XecTkMxX BOIOC Ha YLUHbIX pakoBUHAX, KPYMHbIX
3y60B M HEKOTOPbIX OPYrux npuaHakoB. MOCKOMbKY X-XpoMOcOoMa He COOEpPXWUT Takux
reHOB, AaHHble NPU3HAKM MOTYT NMPOSABAATECA NULLIL Y MY>XYMH.

IIpusHaKu, KOTOPhIE OIPEAEIAIOTCS TeHaMU, PACIIONIOKEHHBIMU B ITOJIOBBIX
XpoMOCOMaX, Ha3bIBAIOTCS MPU3HAKaMHU, CIEeIJIeHHBIMU ¢ moJoM. Hacaemosa-
HUe 3TUX IIPU3HAKOB MMeeT CBOM OCOOEHHOCTH. PaccMOoTpuM WX Ha IIpUMepe
HaCJEeACTBEHHOT'O 3a00JIeBaHUSA UEJIOBEKA — 2eMOPUAUL.

VY 6osbHBIX TeMOGUINE HapyIIIeH IIPOIlecC CBePThIBAHUA KPOBU, IIOITOMY
B pesyJabTaTe TPaBM WJIN XUPYPTrUUECKOTO BMEIATeJbCTBA MOTYT BO3HUKATH
KPOBOTEUEHUs, IPEeACTABIAIONINE YIPo3y A Kusuu. Kpome Toro, y remodu-
JUKOB HEPEAKO IMPOUMCXOAAT CIIOHTAHHBLIE KPOBOUSJIUAHUSA B CYCTABBI U BHY-
TpeHHUEe OPTaHbI.

dra 0o0Jie3Hb OOYCJIOBJEHA PEIeCCUBHLIM TI'€HOM /., CIEIJICHHBIM C
X-xpomocomoii. [lomrHauTHBIN TeH H omnpenenser y desioBeKa HOPMaJbHOE
CBepThIBaHME KPOBU. ¥ JKEHIMUH ABe X-XPOMOCOMBI, IIO9TOMY II0 IPU3HA-
Ky CBEpPTHIBAEMOCTU KPOBU, KaK U II0 APYTUM IIPU3HAKAM, CIIEIIJIEHHBIM C
X-XpoMOCOMO#, BOBMOKHBI TPY BapuaHTa T'€HOTUIIA:

H
Q o (upu rerHOI dopme samucu — ¢ X7 XH) — 3popoBas :xeHIIIHA;

H

Q —7 (umu @ X7 X") — snopoBas :KeHIIMHA, HOCUTEILHUIIA TeHa TeMOMUIIY;
h hyh

Q > (mmu @ X"X") — xeHmuHA-TeMODUIUK.

[eBouyku, 605bHbIE reMounment, poxXaarTcsa Ype3BblHaiHO peako: ogHa Ha 100 MiH
HOBOPOXAEHHbIX (Cpean Manb4MKoB ITOT MoKasaTeflb HaMHOro Bbile, B CPeAHeEM
1:10 000). PaHblLUe MHOrve OeBOYKM-reMOUNNKMA yMMpanu B MOAPOCTKOBOM BO3pacTe B
CBfI3M C Ha4asioM MeHCTpyaLun. XoTa reMounmns 1 Ha CerogHALLHNA eHb CHUTaETCA He-
N3reYnMon 60NEe3HbIO, ee TeYeHNe KOHTPONMPYETCS C NMOMOLLbIO MHBEKLNIA HeJoCTatoLLe-
ro dpaktopa cBepTbiBaHUSA KPOBU. Takum 06pa3oM COBpPEMEHHAs MEQULMHA CYLLIECTBEHHO
|| npoanesaeT NPOAOMKUTENIBHOCTb XMU3HM BOMbHbIX FreMOpUINEN.
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IIpu xpomocomHOI (hopMe 3amUCU CKPEIUBAHUN Y-XpPOMOCOMY 00O3Ha-
YaT YepToll ¢ KPIOYKOM: —. B oTHomeHuu reHoB H wiam h OHa SABJISETCH
«mycToit». IloaToMy y MysKUMHBI MMEEeTCA TOJBKO ONWH T'€H, ONpenesAroIui
CBepPTHIBAEMOCTh KPOBH. OTOT I'eH HAXOAUTCSA B X-XpOMOCOME U BCerga IIpo-
ABJIseTCS B (peHOTHUIIE HEe3aBHUCHUMO OT TOI'O, SBJIAETCS JU OH JOMHUHAHTHBIM
nIn pereccuBHbIM. TakuMm oOpasoM, y MYKUYMH MOTYT OBITH CJIeAYIOIHe
TeHOTUIIBI:

3 E, (umu 3 X7Y) — 3mopoBbIit My:KunHAa;
4 _ﬁ’ (umu & X"Y) — Mmy:KumHA-TeMODUINK.
Kak BumHO M3 3ammceil TeHOTUIIOB, MYKUYHHBI HE MOT'YT OBITH HOCUTEJIA-

MU I'€eHa I‘eMO(I)I/IJII/II/I 1 OPpyrux HacJeaCTBEHHBIX 38_60JIeBaHHfl, CIIeIlJIEHHBbIX C
X-XxpoMoCcOMOTi.

OmpenennM, KaKoe IIOTOMCTBO MOKET ITOSBUTHCS Y *KEHITTNHBI-HOCUTEIbHUITBI
reHa reMO(UINN U MYKUYMHBI C HOPMaJbHON CBEPTHIBAEMOCTHIO KPOBU:

leHHas cdopma 3anucu XpomocomMHas chopma 3anucu
H
P Qxnx x  Jxiy P: @5 x gH
HocuTenbHMLA 30pOBbIVi HocuTenbHULa 300pPOBbIV
reHa remodunum MY>X4UHa reHa remocpunmu MY>X4YMHA
& .00 ©.0 |@ @O ®. .
H H H h
Fo Qe Qxxe Oy Oxy | QL @5 gH JL
3goposast A0Yb- 300pPOBbIA  CblH- 370poBast [o4b- 300pOBbIA  CbIH-
O0Yb  HOcUTEnbHMLUA CblH  remMounuK A0Yb  HOCcUTenbHMLUA CblH  reMounuk
reHa remounun reHa remounum

Urak, cpenu ChIHOBell HaOJr0maeTcs paciiellieHre II0 TeHOoTuny u heHo-
TUIY: ITOJIOBUHA — 3I0POBbBIE, MOJIOBMHA — remModuaniku. Cpexau mouepeil Ha-
OJrofaeTcs pacileljieHre Mo TeHOTUITY: BCe OHUM 3[0POBBI, HO MOJOBUHA SABJIS-
eTcA HOCUTeJbHUIIaMU TeHa remoduianu. IlomobHaA 3aKOHOMEPHOCTh Xapak-
TepHa U IJIA OIPYTUX PEIeCCUBHBIX IMPU3HAKOB, CIIEIIJIEHHBIX ¢ X-XPOMOCOMOIA.
K HUM oTHOCATCSA, HATIPUMED, TaKMe HACJIeCTBEHHbIe 3a00IeBaHUd, KaK 0aab-
MOHU3M, AMPOPUS 3PUMENbHO20 HepP8a, OMCYMCmaue Nomosulx HeJes.

Jast Toro 4T0o0BI POAMIACE HEBOUKA C PEIIECCUBHBIM IPU3HAKOM, CIIEIJIeH-
HBIM ¢ X-XpPOMOCOMOM, HeOOXOAUMO O0BeNUHEHNE B 3UT0Te J8YX PEIlecCHUB-
HBIX T€HOB — OT MaTepu U OT OTHa. [lJid IPOABJEHUSA TAKOTO Ke MpU3HAKa
y MaJbuMKa JOCTATOYHO 00H020 PEIleCCUBHOTO T'eHa, MOJYYEeHHOTO OT MarTe-
pu (T. K. OoTell IlepefaeT ChIHY TOJBKO Y-xpomocomy). ITosToMy pelieccuBHBIE
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cuenjeHHble ¢ X-XPOMOCOMOM IPU3HAKU UYaIlle BCTPEUYAIOTCA CPEIU MYKUMH.
Hamnpumep, B EBpone manbronusmom cTpajgaer 6osee 6 % MysKCKOTo HaceJe-
HUSA, B TO BpeMsdA KaK CPeaU JKEHIITNH 9T0 3a00jeBaHMe HAOIIOAAeTCs C YaCTOTOM
npubausureasuo 0,5 %.

I'enomun kax yenocmunas cucmema. VI3yuas 3aKOHOMEPHOCTH HAacCJIe[O-
BaHUA IIPU3HAKOB Yy OPraHU3MOB, Bbl MO3HAKOMUJIKCH C PA3HBIMH THUIAMU
B3aUMOJIefiCTBUA aJlJIeJIbHBIX T'eHOB. B psge ciydaeB pe3yjbTaToOM TaKOT'O
B3aMMOJEHCTBUA MOYKET OBITh IOSBJIEHNE IPU3HAKA, IIPOMEKYTOUYHOTO MEKIY
IOMUHAHTHBIM ¥ PEIEeCCUBHBIM, UM K€ KaueCTBEHHO HOBOTO IIPHU3HAKAa, He
OIIpeieJIABIIEroCs HA OOHUM U3 T'eHOB B OTHEJHHOCTU (BCIIOMHUTE, HAIIPUMED,
yeMm o0ycsoBjyieHa IV rpymnma KpoBH y 4eJOBEKa).

OpHaKo y JKUBBIX OPraHU3MOB M3BECTHO MHOKECTBO IPU3HAKOB, KOTOPbHIE
KOHTPOJIMPYIOTCA He OFHOM, a IByMsA u 6oJiee mapamu reHOB. BaaumozericTBueM
HeaJlJIeJIbHBIX T'€HOB OIPEeNessIIOTCS, HAIPUMepP, POCT, TUIl TEJIOCJIOKEHUSA U
IIBET KOYKHU Y YeJIOBeKa, OKPacKa IIepCTH U OIePEeHUs Y MHOTMX MJIEKOIHUTA0-
X W IOTHUI, (h)opMa, BeJIWUNHAa, OKpacKa TJIOJOB M CEMSIH pPaCTeHWI W T. 1.
Berpeuaerca u mpoTUBOIOIOMKHOE ABJIEHNE, KOTZIa OJHA Iapa aJleJbHbIX I'eHOB
BJIMSIET CPa3y Ha HECKOJbKO IPU3HAKOB OpraHU3Ma.

Taxum 06pa3oM, reHbl TECHO CBSI3aHbI U B3aUMOIEHUCTBYIOT APYT C APYTOM.
TIosTOMy TeHOTHII JT1000T0 OpraHU3Ma HEeJb3sA PACCMAaTPUBATH KaK IMIPOCTYI0 CYMMY
OTIEJLHBIX T€HOB. '€HOTHUIT — 3TO 1eJI0CTHASA CUCTEMA B3BaUMOIEUCTBYIOITUX T€HOB.

p
I[i:" Y OOJIBIITUHCTBA PA3AeIbHOIOBIX OPraHM3MOB MYMKCKHUE U KEHCKIe
= | | ocobu MMeIOT pasnnuyuua B OAHON Iape XpOMOCOM. ITH XPOMOCOMBI Ha-
3BIBAIOTCSA IIOJIOBBIMHU, T. K. UX COUETAHNE OIIPEIessaeT II0JI OpraHusMa.
OcraibHBIE XPOMOCOMBI IIPHUHSTO HA3LIBATHL ayTocoMaMu. I10JI, MMeOIri
JIB€ OIMHAKOBBIE TIOJIOBbIE XPOMOCOMBI, HA3hIBAETCA IOMOTaMETHBIM, a MMe-
IOIUH pPasHble TMOJIOBbIe XPOMOCOMBI, — TeTepOraMeTHBIM. ¥ OOJIBIITMHCTBA
MJIEKOITUTAIOIINX, B TOM YHCJE Yy UeJIOBEeKa, W pAAa APYTUX OPraHU3MOB
TOMOTaMEeTHBIM ITOJIOM SBJISETCSA KeHCKUH (HAbop ITOJIOBBIX XPOMOCOM —
XX), a rereporaMeTHBIM — MYKCKOI (XY). ¥V ITUIT M1 HEKOTOPBIX APYTUX
JKMBOTHBIX, HA00OOPOT, TOMOTaMETHBIMU SBJIAIOTCS caMIibl (ZZ), a reTepo-
rameTHBIMU — caMKu (ZW). IlocKoIbKY rOMOTaMeTHBI# TI0JI B OTHOIIIEHUY
TIOJIOBBIX XPOMOCOM (DOPMUPYET OAWH THUII TaMeT, a TeTeporaMeTHBIN — [IBa,
B moToMcTBe HabJriojaerca paciiernieHue no moay 1 : 1. IlpusHaku, KoTo-
pble OIpPeNeNAoTCs TeHaM’, PACHOJOKEHHBLIMU B TOJIOBBIX XPOMOCOMAX,
Ha3bIBAIOTCA NPU3HAKAMU, CIEIJIEHHBIMU C IIOJIOM. ['€HOTHUII OpraHm3Ma
IIpeAcTaBasaeT cobO0li MEJIOCTHYIO CUCTEMY B3aUMOAEHCTBYIOIINX T'e€HOB.
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T 1. Kakov Habop MosioBbIX XPOMOCOM XapakTepeH Afis COMaTU4ECKMX KNeTOK MY>XX4MHbI?
= & KeHwwHbl? MeTyxa? Kypuubi?

7 zZZ, ZzZW, WW, XX, XY, YY.

2. Mouemy y 60NbLUMHCTBA Pa3LenbHOMOIbIX XMBOTHBIX MOSBASETCSH MPUMEPHO OAMHAKOBOE
KONMMYECTBO MOTOMKOB MY>XCKOMO W XEHCKOro nona?

3. Anueknetka kowku comepxut 18 aytocom. CKOMbKMMU XpOMOCOMaMu MpencTaBrieH Ka-
puoTUM KOLLKN?

4. Kak HasblBalOTCA MPU3HaKK, KOTOPbIE KOHTPONMPYIOTCS reHaMu, PacrosioKeHHbIMW B Mo-
NOBbIX XpoMocoMax? KakoBbl 0COOEHHOCTW HacnenoBaHUs 3TUX NPU3HAKOB?

5. [lokaxuTe, 4YTO reHOTWN XMBOrO OpraHM3ma npeacTaBnseT CoO60M LENOCTHYIO CUCTEMY.

6. [JansTOHM3M — peLieCCUBHbBIN NPU3HAK, CLEMNNEHHbIN ¢ X-XpOMOCOMOW. B cembe, roe matb
o6nafaeT HopmasbHbIM LIBETOOLLYLLEHVEM, POAUNACH AOYb-HaNETOHMK. YCTAHOBWTE reHOTUNbI PO-
autenen. KakoBa BepOSTHOCTb POXAEHWS Y HUX 300POBOro ChiHa?

7%. 'Y NONsIpPHON COBbl OMEPEHHbIE HOMVM AOMUHUPYIOT HaA, rofbiMn. DTOT MPU3HAK KOHTPOMU-
pyeTcs ayTOCOMHbIMU reHaMu. [nMHHbIE KOrT — JOMUHAHTHBIA NPU3HAaK, KOTOPLIV OnpepenseTcs
FEeHOM, JIOKanu30BaHHbIM B Z-XxpomMocome. CamKy C OMepeHHbIMU Horamu CKPeCTMNIM C camLoM,
MMEIOLLIMM LNIMHHBbIE KOFTU 1 OMEPEHHble HOrW. B pesynkrarte nosy4unm noToMCTBO C PasfivyHbIM
coyeTaHveM BCex (DEeHOTUNUYECKUX MPU3HAKOB. KakoBa BEPOSTHOCTb (%) MOSBNEHWsA cpepu no-
TOMCTBa camua C rofibIMv Horamu ¥ KOPOTKUMU KOrTMK?

§ 36. MoandmkayumoHHass USMEHYNBOCTb

Ponv zenomuna u ycnosuil cpedvl 6 popmupoéanuu npu3naxos. Bam us-
BECTHO, UTO IIPU3HAKHU OIIPENEIAIOTCA T'eHaMU, T. €. (DEHOTUII OpraHu3Ma 3aBU-
cut ot rerotuna. OqHAKO 0co0U, MMEIOIINe OMNHAKOBBIN TeHOTUII (HAIIPUMeED,
JOouepHUe pacTeHUs, PasBUBIINECS W3 MAaTEPUHCKOTO IIyTEeM BereTaTHUBHOI'O
Pa3MHOKEHUs), HO BBHIPOCIINE B PA3HBIX YCJIOBUAX, MOTYT CYII[€CTBEHHO OT-
JuYaTbca APYT OT ApyTa.

Ecnu BBICAAUTDH KJIYOHU, TIOJYUEHHBIE OT OZHOTO PacTeHUs KapTodesis, TO
cpeau BBIPOCIINX MOYEPHUX 0CO0eH MBI He CMOKEM HaNTU MBYX COBEPIIIEHHO
OIVHAKOBBIX. HecMOTpSA HAa MAEHTUUYHBINA Te€HOTHUII, OHU OyAyT Pas3aInudaTbCs
o BBICOTE cTebJieli, KYCTUCTOCTH, CTEIEHN PA3BUTUA KOPHEBOU CHUCTEMBI, KO-
JIUYECTBY U PasdMepaM JUCThEB, KIYOHeN u pAxy APYrux IIpusHakoB (puc. 86,
c. 188). OueBuHO, UTO PA3INUUSA MEKAY STUMU PACTEHUIMU O0YCJIOBJIEHBI He
pasHBIM HA60POM T'eHOB, a JeicTBUEeM (PaKTOPOB OKpYsKalolleil cpenbl. PasHble
KJIyOHU He MOIJIA Pa3BUBATHLCA B aO0COJIIOTHO OLMHAKOBBIX ycJOBUAX. OcobeH-
HOCTH MeXaHNUECKOT0 U XMMUYEeCKOT'0 COCTaBa MOUBhI, €€ BJIAKHOCTD, TJIyOMHA
3a/leJIKY, HAJIUUYWe BpequTesiell, KOHKYPEHIIUA ¢ APYTUMHU PACTEHUAMU — BTU
U MHOTme apyrue (aKTOphbl BIUAJUA Ha pPasBUTHE (DEHOTUIIA O0COOeii.

Emre ogauM npumMmepoM BO3AefCTBUSA YCJIOBUI cpeAbl Ha (hopMUpOBaHUE
MIPU3HAKOB OPraHMB3MOB MOMKET CJY:KUTb WHAWBUAYAJbHOE PA3BUTHE MOHO3U-
TOTHBIX (OmHOSAIIEBBIX) On3HENoB. OHU UAEHTUYHBI 0 N'eHOTUIY, TOCKOJIb-
Ky PasBUJINCH M3 OMHOM B3UTOTHI, AaBIIeil Ha aTame APOOJEHUs HAvaJo ABYM
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Puc. 86. ®eHOTUNNYECKME pasnnyns Mexmay pacTeHusmu kaptodens,
BbIPOCLUMMW M3 KIy6HEN OQHOr0 MaTepyHCKOro pacTeHus

uau 0oJiee 3aponbliiaM. B paHHeM Bo3pacTe Takie OJIM3HEeIbl IIOX0XKU APYT Ha
Ipyra Kak JBe KaIllJId BOAbI, IOPOM Jaske POLUTEISAM CJIO0MKHO PA3INUYUTh MUX
(puc. 87). OgHaKO C BO3PACTOM MEKAY MOHO3UTOTHBIMU OJIM3HEIIAMU BO3SHUKAIOT
ortanunda. OHM MOI'yT, HAIIPUMED, UMETh PA3JUUYHLII POCT, MAaCCy TeJia 1 I'yCTOTY
BOJIOC, PA3HYIO CTEIIeHb PA3BUTUS CKEJIETHON MYCKYJIATyphl 1 T. 4. IlosaBieHnue
STUX OTJIMYUN CBA3AHO IPEXKE BCEro C BIUAHNEM YCJIOBUU KM3HMU: O0COOEH-
HOCTEll MUTAHUS, 3aHATUN CIIOPTOM, XapaKTepa TPYAOBOM AesTeJIbHOCTH U LP.

Puc. 87. MoHo3urotHele 6113Helbl B Bo3pacte 6 n 30 net
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Taxum obpasom, Ha (hopMUPOBAHME IPU3HAKOB OPraHU3MAa BIUAIOT HE TOJb-
KO T'eHbl, HO U pasJnyHble BHellrHUe (aKkTopbl. UHBIMU ciaoBamMu, (DEeHOTUII
KaKJJON 0coOM — 5TO Pe3yJabTaT IPOSABJIEHUS €€ T'eHOTUIA B OIPeHeSIeHHBIX
YCJIOBUAX OKPYKAIOIIEN Cpenbl.

Dopmvr uzmenwusocmu. Modugpukayuonnaa U3mMeHLU80CMsb U ee 3HA-
yeHue. BcmtoMHUM, UTO CIOCOOHOCTD KMBBIX OPraHU3MOB IIPUOOPETATHh HOBBIE
MPU3HAKU U CBOICTBa (a 3HAUUT, UBMEHSTHh CBOHM (PEHOTHN) HaA3LIBAETCS H3-
MEHYMBOCTHIO. [IpuHATO pasniunyaTe HeHacaedcmeenHyw (MoOupuKayuoHHY0)
U HacaedcmeenHy1o (2eHomunuiecky) N3MeHINBOCTb.

MonuduranmuoHHasgd U3MEHYNBOCTh — DTO U3MeHeHUe (PeHOTHUIa moj, Jneii-
CTBUEM YCJIOBUIT OKPYIKaIOIIell Cpelbl, IIPOUCXOAAIIee 0e3 N3MEHEeHUA TeHOTH-
na. BodHuKaloIme B 3TOM caydyae U3MEHEeHUs IIPU3HAKOB HAa3bIBAIOT MOOUDU-
rayuamu. OHU 00yCJIOBJIEHBI IIPEXK e BCEro TeM, UTO (haKTOPhI CPEIbl CIIOCOOHBI
BJIMATH Ha XapaKTep IPOABJIEHUSA T'€HOB, T. €. Ha CUHTE3 COOTBETCTBYIOIIUX
O6enkoB m (M) Ha pabOTy HAHHBIX OeaKoB. CiieloBaTEJIbHO, YCJIIOBUSA OKPY-
JKaroIeil cpeabl MOT'YT B OIpeAesIeHHONH Mepe M3MEHATh MHTEHCUBHOCTD U XO[
IPOTEKaHUA IIPOIECCOB OOMEHAa BEIEeCTB B OpraHU3Me.

Paccmorpum caenyromiuii mpumep. Bapocible cmaMcKue KOIITKU HNMEIOT
CBeTJIO-0esKeBbIil OKpac 3a MCKJIIOUeHNEM TepeIHell YaCTH T'OJIOBRI, YIlel, XBoCcTa
¥ HOT, T7le BEIPacTaeT IepCTh TeMHO-KOPHUYHEBOr0 IIBeTa. B To Ke BpeMs KOTATa
DTOIi TIOPObI IMOSABISIOTCS Ha CBET OUeHDb CBETJIBIMU, IIOUTU OeabiMu (puc. 88).
IToremueHMe 1IEPCTH, 0OYCJIOBJIIEHHOE CUHTE30M MEJIaHUHA B COOTBETCTBYIOITUX
yJyacTKax KOXKHU, IIPOMCXOMUT Y HUX IOo3nHee. 3a oOpasoBaHUe MeJaHUHA OT-
BeuaeT (DepMEeHT, AaKTUBHOCTh KOTOPOTO ¥ CHaMCKHUX KOIIIeK 3aBUCHUT OT TEMIIe-
paTypsl ciaenyomuM obpasom. B yuacTrax
KOYKM, UMEIOIIINX CTAHAAPTHYIO IS Teja
Komku temueparypy (38—39 °C), axkTtus-
HOCThb (bepMeHTA OoueHb HUu3Ka. lloaTomy
3/lech BhIpabaThIBaeTCA MUHMMAaJbHOE KO-
JUYECTBO MeJIAHWHA, W IIIEePCTh OCTAETCH
cBeTsIoi. BricTymarinue vactu Teja (ro-
JIOBa, XBOCT, KOHUUKHU HOT) IIOABEPTaiOTCA
OosbIieMy oXJaskAeHUio. [leficTBue HU3-
KO TeMIIepaTyphbl MOBBIIIAET aKTUBHOCTH
(hepmeHTa, CUHTE3UPYIONIETO MeJIaHNH, 13-
3a Yero IepcTb B OTUX MeCTaX TEMHeer.
Ecam cumamckoii KoIirke cOpUTH CBETIYIO

Puc. 88. Okpacka LepcTu y B3pOCnon
mepeTh Ha OOKy Tesia, TO HOBas, OTPACTal0- CUaMCKOV KOLLKM 1 HOBOPOXAEHHbIX

miasd Ha 3TOM ydYacTKe, OymeT 0ojiee TEMHOI. KOTAT
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ToabKO uepe3 HECKOJBKO MECSIleB B Pe3yJbTaTe JUHLKU I[BET IIIePCTH Bep-
HeTcsA K ucxomHomy. CTaHOBUTCS IIOHSITHO, IIOUEMY CHAMCKHNE KOTSTA POXK-
IAlOTCs CBETJBIMM, PaBHOMEDPHO OKpalleHHbIMH. VX pasBuTme B opra-
HU3Me MaTepPu IPOUCXOAMJIO IIPW BBICOKOW M IIOCTOAHHOM TeMIepaTrype.

Basxmoii 0c06eHHOCTHI0 MOANU(PUKAIIMOHHON M3MEHUUBOCTH SIBJSETCS TO,
YTO IO AeHCTBUEM YCJIOBUM Cpelbl IPU3HAKN OPraHN3MOB MOT'YT U3MEHATHCS
JIUIIB 8 onpedefienHblx npedesax. Tak, y oqOMaITHEHHOTO IIEpeneia Macca AUl
00b1yHO cocraBisger 10—12 r. YcuiieHHOe KOPMJIeHWE IITHUI] IPUBOJUT K ITOBBI-
IIEHUIO 9TOro moKasares. OgHAKO IIpu JII000OM paIliioHe Macca IIepelenHoro
ANIa He ObIBaeT MeHbIIIe 6 T uau 6oJbire 18 r. CuaMcKue KOIIKM, O0OUTAIOIIIIE
Jaske B OUEHDb JKAPKOM KJIHMAaTe, HUKOIJa He CTAHOBATCS IIOJHOCTHIO OeJIBLIMIU.
B 10 ke Bpemsa y ocobeli, JKUBYIIIUX B XOJOZHBIX YCJIOBUSX, IIIEPCTHh Ha BbI-
CTYIAIOIINX YaCTIX TeJjia He OyAeT abCOJIOTHO UepPHOM.

Juamnazon MoAM(MUKAIIMOHHON M3MEHUYMWBOCTH IIPM3HAKA HA3BIBAIOT €Tr0
HOpMOU peaknuu. OgHN NpU3HAKU, HaIpuMep (opMa 1 pasMep IIBETKOB pac-
TeHUl, JUAMeTP SPUTPOIUTOB UIN JKHUPHOCTH MOJOKA JKHMBOTHBIX, 00JIaJai0T
CPaBHUTEJBHO Y3KOII HOPMOI peakKnuu. TaKuM IpusHaKaM, KakK, HaIIPUMeED,
IJINHA U KOJIMYEeCTBO JIMCThEB, BhICOTA CTEe0JIell pacTeHuil, Macca Teja JKUBOT-
HBIX, CBOMCTBEHHA IITUPOKasd HopMa peaxkiuu. OqHAKO 3HaUeHUe IPU3HAKa IIPU
MOAU(MDUKAIIMOHHON M3MEHUMBOCTU HE MOJKET BBIXOANTH 34 IPeesbl HOPMBI
peakIuu, Kaxkoi Obl pasMax OHA He WMMejia. OTO CBA3AHO C TEM, UTO HOPMA
pearxyuu onpedensemcs 2eHOMUNOM OpraHU3Ma.

OgHUM 13 BasKHBIX CBOMCTB MOAM(MPUKAIIMOHHON M3MEHUUBOCTU SABJISAETCS
ee onpedesleHHOCMb: AeliCTBUE TOT'0 UJIM WHOTO (paKTOpa Cpeabl BHISHIBAET KOH-
KpeTHbIe, B OOJBIINHCTBE CAyUYaeB MpeAcKas3yeMble N3MeHeHNA IIPU3HAKOB Op-
ranmusMa. IIpu sToOM cTemeHb BBIPAKEHHOCTY MOAU(PUKAIINI IIPOIOPIIOHAIbLHA
cuJie M IPOAOJIKUTEJIBHOCTU JefiCTBUSA BbI3BaBINlero ux (axropa. Hampumep,
CTeIleHb PA3BUTHUS CKEJETHOM MYCKYJIaTyPhl UeJO0BEKA HAIPAMYIO 3aBUCHUT OT
MHTEHCUBHOCTHU U YaCTOThI TPEHNPOBOK, a KOJUUECTBO MeJaHNHA B KOYKe — OT
BpeMeHHU, IIPOBEJAEHHOr0 10/ MPAMBIMHU COJTHEUHBIMHU JIYUYAMU.

Mogudukamum HOCAT MACCO8bLIL Xxapakmep. ITO O3HAUAET, UTO IIOf meii-
CTBHEM M3MEHUBIIINXCS YCJIOBHUU Cpeabl ¥ BceX 0co0eil, CXOMHBIX T€HOTUIINYe-
CKHU, IPU3HAKU MEHAIOTCS B OJHOM HampaBJjieHuu. Tak, OCEHBIO C IOHMKEeHUEeM
TeMIepaTypPhl ¥ BCeX PACTEHUN OJyBaHUNKA HAUMHAIOT (DOPMUPOBATHCSA JIUCThS
¢ TIIy0OKMMU BbIpe3aMM, a y 3aileB-0eJSIKOB YCKOPSAETCsS IIPOIlecC JUHBLKH,
IPUBOIAIINII K CMeHe JIeTHEH IIepPCTH Ceporo oKpaca Ha 0elyio 3MMHIO.

W3menenusa ¢eHOTHUNA, BOSHUKAIOIIYE IPK MOAU(PHUKAIIMOHHON N3MEeHUYNBO-
CTU, YACTO SABJIAIOTCS oopamumbimu. Hampumep, B yCIOBUAX M30OBITKA KOpMAa
y KMBOTHBIX yYBEJIMUYNBAETCS Macca TeJja, a IPU HeJOoCTATKe — YMEHbIIAeTCs.
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JaurenbHOe TpeObIBaHE SBIJIEHBI 3€JIEHOH (OAHOKJIETOUHO BOJOPOCJIH) B MaJIO-
OCBEIIIEHHBIX MEeCTaX IIPUBOAUT K ee 00ecIBeUnBaHNI0. XJIOPO(UJII B XJIOPOILIA-
CTax 9BIVIEHBI IIOCTEIIEHHO PaspyIllaeTcs, 1 OHA IEePEeXOIUT Ha IreTepoTpodHOe IIH-
raHue. [Ipu BO3BpaIlleHU! B YCJIOBUSI HOPMAJHLHOTO OCBEIIIeHUS 3eJieHas OKpacKa
SBIJIEHBI BOCCTAHABJIMWBAETCH, B KJIETKE BOBOOHOBJIAETCA IIpoIiece (hOTOCHHTESA.

Kax mpaBuso, mMomuduKamuu MMEIOT NPuUcnocooumesvHblii xapaxmep,
T. €. CIIOCOOCTBYIOT aJallTallii OPraHN3Ma K M3MEHUBIIINMCS YCJIOBUAM CPEIbI.
Tak, mepecejeHre OBeIl U3 TEILILIX PErMOHOB B OoJiee XOJIOAHBIE MPUBOAUT K
TIOBBIIIIEHUIO TYCTOTHI UX ITePCTH. ¥ UeJIOBEeKa, KUBIIETO Ha paBHUHE, Iepees
B BBICOKOT'OPHYIO MECTHOCTbD, TZie BO3AyX OoJiee paspeskeH, BHISLIBAET yBeJmUe-
HIe KOJMYECTBa SPUTPOIIUTOB B KPOBMU.

ITockonbKy mpu MOAM(MUKAIIMOHHON M3MEHUYNBOCTU MEHSEeTCS JIHUIIL (e-
HOTUII OpTaHu3Ma, HO He TeHOTHUI, MOTUPUKAIIUYN He nepedaomcs no Hacneod-
cmey. Hacienyercsa TOJIBKO HOPMa peaKIIUY IPU3HAKOB, T. K. OHA KOHTPOJIN-
pyeTcs Te€HOTHUIIOM.

3uaueHre MOAN(PUKAIIMOHHON N3MEHUNBOCTYU 3aKJII0UYAETCS B TOM, UTO OHA
MIO3BOJISIET *KUBLIM OPraHM3MaM B XOJe OHTOTeHe3a IIPUCIIocabInBaThCAa K pas-
JIMYHBIM BHEIIHUM (paKTopaM, He H3MeHssd mpu 3ToM rexorun. CrocoOCTBys
ajamTanuu ocobeii, Moagu(pUKAIIMOHHAS N3MEHUYNBOCTL O0YCJI0BINBAET UX BbI-
JKMBaHNE B MEHAIOIUXCA YCJIOBUAX OKPYIKAIOIIeil cpejbl.

Cmamucmuueckue 3aKOHOMepHOCMU MOOUPUKAYUOHHOU U3MEHLUBOCTU.
PasauuaiorT KauecTBeHHBbIE M KOJUUYECTBEHHBIe MpUsHaAKU. K KauecmaeeHHbLM
IpU3HAKAM OTHOCSTCS, HAIpUMep, OKpacKa ITBETKOB u (popMa IIJIOIOB pac-
TEeHUI, MacThb KMBOTHBIX, I[BET IJIa3 UeJOBeKa U T. J. TaKkue IPUsHAKU, KaK
pasmep JINCThEeB U BbICOTA cTe0Jell pacTeHuil, AHIeHOCKOCTb KYP, MOJOUHOCTD
KOpPOB, Macca TeJia UejloBeKa, SABJIAIOTCA KOJAULecmBeHHblMU. [ BIABICHUS
3aKOHOMEPHOCTell M3MEHUUBOCTU KOJMYECTBEHHBIX HPU3HAKOB HCHOJIBL3YIOT
pasauuYHbIE CTATUCTUUYECKUE METOAbI, B YACTHOCTU — IIOCTPOEHUE Bapualiu-
OHHOI'0 PsALA M BapUAI[MOHHOI KPHBOH. PaccMOTpuM MX Ha IIpHMeEpe aHaJIu3a
MJIOAOBUTOCTHY CBUHEH KPYIITHOM 0eJIoN IMOpPObI.

IToacunTaem KoOIMYECTBO TTOpocAT B mpuiiaofe v 100 mpounsBoabHO BhIOpAH-
HBIX CBUHOMATOK WM PACIIOJIOKUM IIOJYUYEHHBIE 3HAUCHUS IIJIOJOBUTOCTH B IIO-
pAnKe ux BoadpacrtaHusA. [lomydmTcsa TaK Ha3bIBaeMbIi BAPUAIIMOHHBIA P
M3MEHUYMBOCTHY IIPU3HAKAa:

KosmuecTBO mIOpOCAT B IIPUILIOAE, U 8 9 10 11 12 13 14

Yucsio CBUHOMATOK, P 5 12 23 28 20 9 3
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™

pA Kaxk BugHO 13 BapUAITMOHHOTO PAZA, Y CBU-
30+ Hell TaHHOU IOPOABI 3HAUEeHUE IIJIOJOBUTOCTH
251 BapbuUpPyeT OT 8 IMOPOCAT B IpUILIome 0 14.
9TO0 — HOpMA peaxyuu UCCIeIyeMoro Ipus3Ha-

207 Ka. Mo:XHO 3aMeTHUTh, UTO OCOOM CO CPESHUM
15+ noxkasareJsieM miogoButocTu (10—12 mopocar)
10k BCTPEYAIOTCS Yallle, YeM ¢ HUSKUMU WU BBI-
COKMMHU B3HAUEHMAMU IIpuU3HaKa. 4dacrory

ST MIPOSABJEHUA KOHKDPETHBIX 3HAUEHUHN mIpu-
o l+—+——+——+——+——++» BHAKA MOXHO n300pasuTh U rpaduiyecKu —
8 9 10 1 12 13 14V g puje papuauuoHHOW KpuBOii (puc. 89).
‘Hopma peakuuu |'|p|/|3HaK; 3HaHUe 3aKOHOMepHOCTefI mMopuduKa-

oTpaxatoLlas MnofoBUTOCTb CBUHEN

KpynHow 6enon nopofabl

UX IIOTEeHI[rAaJ.

?

E-,a DeHOTHUII opranm3mMa 3aBHCHUT H€ TOJIBKO OT I'€éHOTHuIia, HO U OT
-

| | yCIOBUII OKpy’Kaioliedl cpeAbl. PasinuaiorT HACIEACTBEHHYIO U He-

'/ Hac/leACTBEHHYI0O M3MEHUYMBOCTHL. K HeHacCJeJCTBEHHOH OTHOCHUTCS
Momu(pUKaAIMOHHAS M3MeHUYnBOoCcTh. OHA IIpeacTaBaAeT co00il M3MeHeHNe
(emoTuma oprammsMa o AedicTBueM (haKTOPOB CpeAbl, IIPOUCXOIAIINee
0e3 M3MeHeHMs TeHOTHIIa B IIpefesjax HOPMbBI peakiiuu. Momudpurainuu
XapaKTepU3yITCA OIPEIeIEHHOCTHIO (IIPeICKa3yeMOCThI0), MUMEIOT Mac-
COBBIIl XapakxTep, B OOJBIIMHCTBE CIyYaeB SBJISIOTCA OOPATUMBIMU U
CIOCOOCTBYIOT aJamlTaluu ocobeli K M3MEHAIOIIUMCS YCJIOBUSAM CPEIBI.
IIns1 BBIABIEHUS B3aKOHOMEPHOCTeN MOAM(PUKAIMOHHON WM3MEHUYNBOCTU
HUCIIOJIB3YIOT CTATUCTHUYECKNE METOMbI, HAIIPUMED IIOCTPOEeHNEe Bapuallu-
OHHOT'O PsAfa W BapUAIIMOHHON KPUBOM.

1. Kakune hopmbl M3MEHYMBOCTM BbIAeNAT? Y10 npeActasnser co6om MoanduKaLmoH-

/= = Has N3MEeHYNBOCTL?

2. [dokaxuTe Ha npumepax, 4To (POPMUPOBAHME MPU3HAKOB OPraHM3MOB 3aBUCUT He

TONbKO OT WX reHoTuna, HO N OT yCJ'IOBVIIZ Opr)KaPOLLleVI cpepnbl.

3. Yro Takoe Hopma peakumm? OT Yero 3aBUCUT HOpMa peakumm TOro UM MHOMO MpU3Haka y
KOHKpEeTHOM ocobun? MpreeanTe NprMepbl MPU3HAKOB, MMEIOLLIMX LUMPOKYIO U Y3KYH HOPMY PeakLuu.

IIAOHHON MN3MEHUMBOCTH MKMeeT O0JbIIIoe
Puc. 89. BapnauunoHHas Kpueas, sHauvenre. OHO I0O3BOJIAET IIPOrHO3MPOBATH
M 3apaHee IJIAHUPOBATh MHOTME IIOKasaTe-
an. Oco0eHHO BasKHO 9TO B TAKUX OTPACJAX
IesTeJIbHOCTH YeJI0BEeKa, KaK PacTeHHEeBOJACTBO U JKUBOTHOBOACTBO. Co3manue
OIITUMAJILHBIX YCJOBUII OJIA peaju3aluy IeHOTHIIA JaeT BO3MOXKHOCTHL JOOM-
BaTbCA BBICOKON MPOAYKTUBHOCTU COPTOB U MOPOI, MaKCUMAaJbHO UCIIOJIH30BATh
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4. OxapakTepu3yinTe OCHOBHble CBOMCTBA MOAMMUKaLMA, NpUBEAUTE NPUMEPBI.

5. Kakne ctatuctnyeckne metofbl NPUMEHAIOTCA AN aHanu3a U3MeHYMBOCTU KOSIMYECTBEH-
HbIX NPU3HaKoB? Kakoe npakTn4eckoe 3Ha4YeHne MMeeT 3HaHWe 3aKOHOMEPHOCTEN MoguduKaum-
OHHOW M3MEHYMBOCTU MPU3HAKOB XMBbIX OPraHM3MoB?

6% Ecnn npumyny, kotopas B 00bI4HbIX YCIOBUSAX MMEET KpacHble LiBETKW, MEPEHECTU B OpaH-
xepeto ¢ Temnepatyport 30—35 °C v NOBbILLEHHOW BMNAXHOCTbIO, HOBbIE LIBETKM Ha 3TOM pacTe-
HUK BYRyT yxe 6enbimu. ECnin 3TO pacTeHne BepHyTb B YCNOBUSA OTHOCUTESIBHO HU3KOW Temnepa-
Typbl (15—20 °C), OHO BHOBb Ha4vHaeT LBECTU KPaCHbIMM LiBETKaMMW. YeM 3TO MOXHO O6BbACHUTL?

7*. Kak Bbl gymaeTe, no4yemy Ha ntuuedabpukax CBETOBOM AeHb Y Kyp-HEeCyLLeK UCKYCCTBEH-
HO mpopgnesatoT 0o 20 4, a y NeTyLKOB-OPOMNEPOB — COKpaLlarT A0 6 4 B CyTKn?

% W3YYEHNE MOTUOUKAIIMOHHON M3MEHUYNBOCTHI
- KOMHATHBIX PACTEHUI

§ 37. NleHoTUNU4YeckKkaas U3SMEHYUBOCTDb

Boigensior nBa BuAa TeHOTUIIMYECKOU (HacaeICTBEHHOI) M3MEHUUBOCTH:
KOMOMHATUBHYIO U MYTAaIlMOHHYIO.

Komb6unamuenas usmenvusocms. I3 Kypca 6uosoruu 10-ro Kjiacca Bam
M3BECTHO, UTO [MJIsI IIOJIOBOT'O PAa3MHOKEHUS XapaKTEepHO IOSBJEHUE Y POAU-
TeJbCKUX 0co0eil pa3uooOpas3uHoro moromcTBa. OpraHu3Mbl HOBOI'O IIOKOJICHIS
OTJINYAIOTCA KaK OT POAUTENbCKUX (hOPM, TaK U APYT oT Apyra. I'maBHasA npu-
YMHA 9TUX PA3JUUYMHA 3aKJIOUYAETCA B TOM, UYTO HPH HOJOBOM Pa3MHOMKEHUU
KaKIbIil IOTOMOK HacjeayeT YHUKaJbHOE coueTaHle I'eHOB CBOUX POJIUTEJIel.
HN3menunBOCTh, 00YCIOBICHHYIO BOSHUKHOBEHEM Yy IIOTOMCTBA HOBBIX COUeTa-
HUH (KOMOMHAIINI) POAUTENbCKUX T'eHOB, HA3LIBAIOT KOMOMHATHBHOM. CTPYK-
Typa caMUX TeHOB IIPU 9TOM He M3MeHSeTCs.

HUcrounmkaMu KOMOMHATHUBHONM W3MEHUWBOCTU ABJAIOTCSA CJIEAYIOINe
IIPOIIECCHI.

e Kpoccunrosep, mpoucxonamniuii B mpodase I meiiosa.

e HesaBucumoe pacxosKeHre TOMOJIOTHYHBIX XpomMocoM B aHadase I meiiosa
U CeCTPUHCKUX XpoMaTuj (mouepHUX XpomocoMm) B aHadasze II.

e CinyuaiiHoe CIUSHUE TaMeT IIPU OIJIOJOTBOPEHUH.

ITepBrie gBa mportecca obecreumBailOT (QOPMUPOBAHUE TaMeET C PA3HBIMU
KoMOmHanuAMHu reHoB. CaydyaiiHOe CJIUSHUE IIOJIOBBIX KJIETOK HPUBOJIUT K
00pa30BaHUIO 3UTOT C PA3JINYHBIMU COUETAHUSAMU TE€HOB O0OMX POAUTEJEH.
B pesyinbraTe y IIOTOMKOB IIOABJISIOTCA HOBble KOMOWHAIIMYN POIUTEIbCKUX
NPU3HAKOB, a TaK:Ke HOBble IPU3HAKU, KOTOPBIX HE OBLIJIO Y POAUTEJEH.

IIpumepamMu KOMOMHATHUBHON M3MEHUMBOCTU MOT'YT CHIYKUTDH POKICHUE Ie-
Tel ¢ KpoBbIO I mau IV rpynmnsl y reTepo3UTroTHBIX POAUTEJIEl, MMEIOINX KPOBb
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II mu III rpynm, wau roayboriasoro pebeHKa y KaperyasblX TeTepO3UTOTHBIX
oTma m marepu. IIpm 5TOM y IIOTOMKOB BO3HUKAIOT HOBbI€ NMPU3HAKI, OTJIMU-
HBIe OT POAUTENLCKUX. EIlle ONHIM HPUMEPOM MOXKET OBbITH MOSBJIEHIE MYX C
CEePBIM TEJIOM M 3a4YaTOYHBIMHK KPBIIIBAMM, C YEPHBIM TEJIOM M HOPMAaJIbHBIMU
KPBLIBSAMHU TIPU CKPEIUBAHUU IUTETEPO3UTOTHON APO30(uUIbI (cepoe TeJio,
HOpPMAJIbHBIE KPBIJbs) C YEPHBIM CAMIIOM, MMEIOINM 3aYaTOUHBbIE KPBIIbS
(cm. puc. 79 Ha c. 177). B manHoM ciiyuae y IOTOMCTBa BCJIEACTBUE KPOCCUH-
roBepa MOABJIAIOTCS HOBBLIE COUETAHUS MPU3HAKOB POIUTEJIEI.

Takum o6pas3oM, KOMOMHATHUBHAS M3MEHUYMBOCTH SIBJSETCS BAaKHBIM IIO-
CTABIIIMKOM Pa3HOOOPAa3Usi KUBBIX OPraHU3MOB.

Mymayuornnaa udmeniugocms. IIpuunHO 9TOro TUNa N3MEHUYUBOCTHU SB-
JISIOTCS MyTaIlluM — HacJeayeMble NU3MeHeH!Us reHeTUYeCcKoro MaTepruaJja opra-
HU3MOB: CTPYKTYPBI OTAEIbHBIX I'€HOB, CTPOEHUS MU KOJNUECTBA XPOMOCOM.
IIpomecc BOSHUKHOBEHUA MYyTaIlUil HA3BIBAETCS MYMA2EHE30M, a OPTaHU3MBI,
u3MeHUBINNE (PEHOTUN BCIENCTBUE MyTaIllUU, — MYMAHMAMU.

TepMUH «MyTalisi» BIIePBbIe OBbLI MPEIJIOKEeH HUAEPJAHIACKUM YUeHBIM
X. ne ®pusom. OH oxapaKTepHr30BaJ BaKHeHIIIIe CBOICTBA MyTallii B TpyZe,
Koropslii Beimres B 1903 r. mox massanueMm «Myraimumonuasa Teopusa». Cupasen-
JUBOCTHL OCHOBHBIX MOJIOMKeHUiT Teopuu ne Ppusa Oblja BIOCIEICTBUU IIOI-
TBEPsKJAEHA MHOTOUYUCJIEHHBIMHY MCCJIEIOBAHUAMU TeHETUKOB.

CoryiacHO COBPEMEHHBIM IPEACTABJIEHUAM MyTalun (B OTIMYIE OT MOSU(PI-
Kamuil) He pasBUBAIOTCA IIOCTEIIEHHO, a 803HUKaom enezanno. OHU He o0pa-
3y1om HenpepvLeHbLX PAO008 USMEHYUBOCMU W He UMelom HOPMbL PeaKuyul.
MyTanum He HOCAT MAaCCOBBIM XapaKTep, a MPOABIAIOTCA UHOUBUOYAJLHO.
BakHeHIIIUM CBOMCTBOM MYTAIlWil ABJISAETCA UX HeOnpedeseHHOoCmb. ITO 3Ha-
YUT, YTO IPU MyTareHese MOXKET M3MEHUTBLCS JI000i 5JeMeHT HacJielCTBeH-
HOTO Marepuajia KJeTKH (TeH, XpoMOCOMa, XPOMOCOMHBINI HaA00P), IpuUUeM
HeJIb3s MOCTOBEPHO IIpeacKasaTh, KaKue MMEHHO TeHeTHUeCKHe CTPYKTYPhI
OyAyT 3aTPOHYTHI, KAKUM 00pa3oM MHPOU3OUAYT M3MEHEHHS M K KaKUM IIO-
caencTBUAM 9TO mpuBeneT. IIOCKOMBKY MyTalluud COIPOBOMKAAIOTCS M3MEHe-
HUEeM TeHOTHUIIA OPTaHW3MOB, OHU CIIOCOOHBI nepedagamucs no Hacaedcmay.

DaKTOphI, BLI3LIBAIOIINE IIOSBJICHNE MYTAIUH, HAa3bIBAIOT MYTAT€HHBIMH
darxTopamMu 1M MyTareHaMu. B 3aBUCMMOCTH OT IPUPOBI PA3JINYAIOT (PU3U-
YyecKue, XUMUUecKre 1 OMOoJoTnYecKre MyTareHbl. PusuyecKumu MyTareHaMu
SABJISIOTCS Pa3JUYHbIE BUALI U3JIYUEHUN (fraMMa-, PEHTTeHOBCKOe, VIbTpaduo-
JIeTOBOE U NIP.), OUE€Hb BBICOKAA WJIM HU3Kad TeMmIieparypa u T. 0. K xumuue-
CKUM MyTareHaM OTHOCSTCS PasHoOOpasHbIe BeIllecTBa, HATTPUMED KOJXUIINH,
dopmanbaeruns, HATPUTHI, KOMIIOHEHTBI Ta0AUHOT'O ObIMa, HEKOTOPbIE MHUIIe-
BbIe J00aBKHU, IIECTUIINIBI U JIEKAPCTBeHHBIe ITpenaparsl. IIpuMmepamu 6uo0.102u-
YeCKUX MYTareHOB MOTYT ObITh BHPYCHI.
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CyIIecTBYIOT pasjuuHbIe MOAXOALI K KJaccupuramum myTanuii. Paccmo-
TPUM HEKOTOpble M3 HUX.

e [To Tumy MyTHMPOBABIINX KJETOK BBIAEJSIIOT I'eHEepaTHWBHBIE U COMATHU-
yecKkre MyTanuu. 'eHepaTMBHBIMHM HAa3bIBAIOT MYTallMi, BO3HUKAIOIIUE B
TOJIOBBIX KJIETKaX. OTH MYTAIlUU IepPearoTcs MOTOMCTBY HPHU IOJOBOM pas-
MHOKeHUUu. CoMaTMyecKue MyTalluy IPOUCXONAT B COMATHUECKUX KJETKaX.
Takwme MyTalmuu MOTYT IIepelaBaThCA IO HACJEICTBY IIyTEM BeTeTaTHUBHOTO
Pa3MHOKEHUA U MPOSABIATBCA y caMoil ocobu-mytauTa. Ilpu geneHum MmMy-
TUPOBABIIEN KJETKM COMaTUUYeCKas MyTallus mepegaeTcs gouepHuM. Ilo-
9TOMY UeM paHbIlle B XOJ€ WHAUBUAYAJHLHOTO Pa3BUTHUSA BO3HUKAET TaKasd
MyTalusd, TeM OOJIBIIYI0 YacTh OpraHm3Ma OHa 3arparuBaer. Pesyibrara-
MU TIPOABJIEHUS COMATUYECKUX MYTAIlMi MOTYT OBbITb, HAIIpUMep, HaJMUUe
mpsameil BoJioc 60e3 MejlaHMHA WMJIKM PasHbIl IBeT a3 y uejgoBeka (puc. 90),
mosiBJIeHMe mobera ¢ GeJbIMH SAToJaMu Ha KYCTe YEePHOM CMOPOAWMHBI M T. II.

e [lo ypoBHIO M3MEHEHUS T'€HETUUYECKOTO
MaTepuaJja MyTanuu ObIBAIOT T€HHBIMH, XPO-
MOCOMHBIMY ¥ T€HOMHBIMU.

I'ennple MyTamuu — 3TO U3MEHEHUSA HY-
KJeoTumHON mocaenoBarenbuHocTu JIHK B
mmpejesiaX OLHOTO T'eHa BCJEICTBUE 3AMEHbL,
8blnadenHus NIu 6CMABKU HYKJIeoTuAoB. ['eH-
Hble MyTaIlMM — CaMbIil pacIpoCTPaHEHHBIN
TUIN MYTAIAA ¥ UCTOYHUK HOSBJICHUS HOBBIX
anyeneii. IsMeHeHUs IOPAAKA HYKJIEOTUIOB B
cocTaBe TeHOB BOCITPOMBBOJATCS B CTPYKTYpe
coorBercTByiomux MPHK u B GosbIiuHCTBE
cJIyuaeB BeNyT K HM3MEHEHUI0 aMUHOKMCJIOT-
HOHM IIOCJIe0BATEJILHOCTU 0€JIKOB, KOAUpYe-
MBIX JAHHBIMU I'€HAMMH.

Tak, y uejioBeKa 3aMeHa OIPeIeIEHHOTO
HYKJEOTHIa B IreHe, KOOUPYIOIEM Iellb Te-
MOTJIOOMHA, MIPUBOAUT K 3aMeHe B 3TOM 0eJ-
Ke OJHOII aMWHOKMCJOTHI (TJIyTaMHHOBOIT) Ha
apyryio (Bajauu). I3aMeHeHUe CTPYKTYpPbI Ie-
MOTJIOOMHA BeJeT K TOMY, UTO SPUTPOIUTHI
BMECTO IUCKOBUIHOI (hOopMBI IIPUOGPETAOT
CEPIIOBUAHYIO U TEPAIOT CIIOCOOHOCTh K TPaHC-
nopTy KucJjopoga (puc. 91). 9ro zaboneBaHue Puc. 91. SpuTpouTHI Yenoseka
Ha3bIBAETCSA CePROBUIHOKIEMOYHON AHeMUell. HOPMANbHOM U CeproBUaHON OPMbI

Puc. 90. Tnasa pasHoro userta
y 4yernoseka
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leH, onpepenstowmini hopmMy 3pUTPOLUTOB Y 6OJbHBIX CEPMNOBUAHOKIETOYHOM aHEMU-
en, apnsetcs peueccuBHbiM. OH KOAMPYET 0Cco6bIi, aHOMasbHbIN TUM remMornobvHa — Tak
Ha3blBaeMblii FeMOrno6uH S. YV reTepo3nroTHbIX HOCUTENEN reHa CeproBUOHOKIIETOYHOW
aHeMun B 3pUTpoLmMTax NPUCYTCTBYET Kak HOPMasbHbIA reMOrfnobvH, Tak 1 reMornobuH S.
3abonesaHune npu 3TOM He pasBuBaeTcs. IHTEpecHO TO, YTO remMorfiobuH S 06ycnoBnu-
BaeT YCTOMYMBOCTb SPUTPOLIMTOB K 3apakeHWo ManspuiHbiM nnasmoguem. Moatomy B
pervoHax 3emnu, rae pacnpocTpaHeHa Manspus, reTepo3nroTHbIE HOCUTENW AePEeKTHOro
reHa UMeroT onpeaesieHHOe NPenMyLLECTBO Nepen roMo3UroTHbIMU NlogbMu. B otnnyne ot
PELIECCMBHbLIX FOMO3UrOTHbIX JIOAEN OHU HE CTPafaloT CEPrNOBUAHOKIIETOYHON aHEMMEN 1
OOHOBPEMEHHO SIBNSIOTCA HEBOCMPUUMYMBLIMU K Manspuu, KOTOPO MOryT 601eTb NOau,
Ul romMo3uroTHble MO 4OMWUHAHTHOMY FeHYy.

XpoMOCOMHBIE MYTAllMH — 9TO U3MeHEHUA CTPOEHUsA XpomocoMm. Vzme-
HEHUsI HOPMAJBHOM CTPYKTYPBI OJHON XPOMOCOMBI (MJIN ABYX I'OMOJIOI'MYHBIX)
OTHOCAT K BHYTPUXPOMOCOMHBLIM MyTaluaM. IlepecTpoiiKu, B KOTOPbIE OBLIU
BOBJIEUEHBI HETOMOJIOTMYHBIE XPOMOCOMBI, HA3bIBAIOT MEKXPOMOCOMHBIMU MY-
TaIUAMUA.

IIpumepamu 6HYMPUXPOMOCOMHBLX MYTALIII MOT'YT OBITH: BbIIAJAeHNIe YIaCT-
Ka XpOMOCOMBI — Oesleyus, OBYKPATHBIM MJM MHOTOKPATHBIN IOBTOpP (par-
MeHTa XPOMOCOMBI — OYnJAuKAyuUs, TOBOPOT yUacTKa XpoMocoMbl Ha 180° —
unsepcus. K mexrcxpomocomubLym MyTAIIUAM OTHOCUTCS OOMEH yUacTKaMU MeK-
Iy OABYMs HETOMOJIOTUYHBIMU XpOMOcOMaMu — mpaHcrokayus (puc. 92).
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Deneuus Oynnukaums WHBepcus @ENTTIETTEED
TpaHcnokaums

Puc. 92. CxeMbl XpPOMOCOMHbIX MyTaLmi

I'enoMHBIE MyTamuu TOPUBOAAT K M3MEHEHHUIO KOJUYECTBA XPOMOCOM
B KJeTKax. Cpeam mMyTainuii TAKOTO TUIIA MOMKHO BBIJEJIUTH T'eTEPOIIJIOUIUIO
u noJsunouauio (puc. 93).

T'emeponaoudus — 9TO M3MeHEHUE YMCJIa XPOMOCOM, He KpaTHOe TallJouI-
HOMY Habopy. B pesyibTaTe TaKUX MyTalluii MOMKeT HAOJIIOIaThCA, HATTPUMED,
OTCYTCTBHE B KAPUOTHUIIE OJHONA U3 XPOMOCOM — MOHOcOoMUS (2n — 1) uiu mapsl
TOMOJIOTUYHBIX XPOMOCOM — HYyJAJaucomus (2n — 2), mau Hajmyue B Habope
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AX XX xx

HopmanbHbIi kapyoTun (2n)

FeTeponnoungus Monunnongus
AXKxx  AAXKXxx|| AAR XXX xxx
MoHocomusa (2n — 1) Tpucomusa (2n + 1) Tpunnovgusa (3n)
MK ARXKXX XX | KAAK KXXK xxxX
Hynnucomus (2n —2) Tetpacomus (2n + 2) Tetpannovaus (4n)

Puc. 93. CxeMbl reHOMHbIX MyTaLumi

JUIMHUX TOMOJIOTUYHBIX XPOMOCOM — noJucomus. IlpuMmepamMu ImocjemHein
MOTYT CIYIKUTb mpucomus (2n + 1), mempacomus (2n + 2), nenmacomus
@Cn+3)ur o

Ioaunnoudus — 3TO yBeJMUYEHNE KOJMYECTBA XPOMOCOM, KPATHOE IaILiIo-
uaHoMy Habopy. B 3aBHCHMOCTH OT TOrO, CKOJIBKO I'allJIOMIHBIX HaOOPOB XPO-
MOCOM COAEPIKUTCA B KJIETKaX, pasauuaiorT mpunJaoudur (3n), mempanou-
Jurw (4n), nenmanaouduio (bn), zexcanaoudurw (6n) u . a. Ilomunaounusa pac-
IIpoCTPaHeHa IPEeNMYIIeCTBEeHHO cpeau pacteHuil. IlosumnaongHble pacTeHUs
00BIUHO MMeIOT OoJiee KPYHHBIE BereTaTHWBHBIE U TeHepaTUBHbIE OPTaHbI, UeM
Y OUILJIOUIHBIX (DOPM, OTIUYAIOTCA TOBBIIIIEHHON YCTOWYMBOCTHIO K HebOJIaro-
OPUATHBIM (PaKTOpPaM Cpebl.

3naueHue zenomunuieckoll usmendusocmu. HaciencTtBenHasa (TeHOTH-
nuvecKas) U3MEeHUYNBOCTD SBJIAETCSA IVIABHOI IIPUYMHOI IIOPa3UTEJIbHOIO Pas-
HOOOpasus KUBBIX oprammaMoB Ha 3emJe. CIocoOCTBYsA MOSBJICHUIO HOBBIX
HAaCJIEACTBEHHBIX IIPU3HAKOB 1M X CO‘{eTaHI/Iﬁ, MyTanmrOHHaA U KOM6HHaTI/IBHaH
M3MEHUYNBOCTL OOYCJIOBJIMBAIOT BO3HMKHOBEHNE WHIWBUAYAJIBHBIX OTJIUYNI
MEXIY 0CO0saIMM. IOTO JIEXKUT B OCHOBE BBIKMBAHUA W PA3MHOMKEHUSA OJHUX
OpraHu3MoB, 00Jiee aJalTUPOBAHHBLIX K YCJIOBUSIM OKDYIKAaIOIlleil Cpeabl, U T'U-
Oesin IPyrux, MeHee IIPHCIIOCOOJIEHHBIX. VHBIMHU CJIOBAMMU, HaCJIeACTBEHHAS
M3MEHUYHMBOCTh IIOCTABJISIET MaTepuaJl IJisd eCTeCTBEHHOro oT6opa, obecreunBas
SBOJIIOIUIO JKUBOM ITPUPOJIHI.

B To ke BpemMs MyTAI[MOHHAS ¥ KOMOMHATHWBHAS M3MEHUYMBOCTEH CIIOCOO-
CTBYIOT BO3HUKHOBEHUIO Y OPraHM3MOB TAKMX MPU3HAKOB M UX KOMOMHAIMII,
KOTOpPbIE MCIOJIb3YIOTCS YEJIOBEKOM IIPU BBIBEJEHUU HOBBLIX IOPOJ KMBOTHBIX,
COPTOB pacTeHHIl M IIITAMMOB MUKpoopranmamoB. CjemoBaTe/IbHO, I'e€HOTHIIN-
yecKas U3MEHUYMBOCTh UTI'PAET UCKJIIOUNTEIbHO BAKHYIO POJIb B CEJIEKITNOHHOMN
pabore.
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52 K remorunuueckoil (HacJIeICTBEHHON) HN3MEHUYNBOCTH OTHOCSATCS
L

-l ', KoMOMHATUBHAA W MyTaluoHHasd. KoMOmHATHMBHAA N3MEHUYMBOCTDH

00ycJIOBJIeHa BOBHUKHOBEHUEM Y ITOTOMCTBA HOBBIX COUETAHUIN POAU-
TeJILCKUX reHOB. VICTOUHNKaMU KOMOMHATUBHONM N3MEHUYNBOCTHU SBJIAIOTCSA
KPOCCHUHTOBED U HE3AaBUCUMOE PACXOKIEHNE XPOMOCOM B Melio3e, ciydaii-
HOEe CJAMAHNE raMeT NPU OILIoNOoTBOopeHmuu. IIpmunHOl MyTaInMOHHON W3-
MEHUYUBOCTHU SABJIAIOTCA HacjieAyeMble N3MEHEHUsT TeHEeTUUECKOr0 MaTepu-
aJia opraHuaMoB — MyTarnuu. OHM BOBHUKAIOT BHE3AITHO, He 00pasyIoT He-
MIPEPBLIBHBIX PANTOB UBMEHUYMBOCTHY, HE UMEIOT HOPMBI PEaKIUU, ABIAIOTC
HeoIpeeIeHHBIMY (HeITpecKa3yeMbIMU) U MPOABIAIOTCA UHAUBUAYAD-
HO. Ilo Ty MyTHMPOBABIINX KJETOK Pa3JMUYalOT T€eHEepaTUBHBLIE W COMAa-
TUYeCKUe MYTalli!, II0 YPOBHIO N3MEHEHUA I'eHeTUUEeCKOTro MaTepuajia —
TeHHbIe, XPOMOCOMHBIE U TeHOMHBbIe. HacyencTBeHHaA M3MEHUYNBOCTD I10-
CTaBJSAET MaTepuaJ IJs eCTeCTBEHHOTo 0TO0pa, obeclieunBas SBOJIOIIUIO
SKMBOU ITPUPOJBI, M UTPAET BAKHEHUITYIO POJIb B CEJIEKITNMOHHON IPAaKTUKE.

? 1. Y70 npencTtaenseT cobon KoMOMHATMBHAA U3MeH4YMBOCTL? MNpuBeamTe npumepsl. Ha-
= = 30BUTE UCTOYHWKM KOMOGWUHATUBHOWN U3MEHHYMBOCTY.

- ' 2. [aniTe onpepgeneHve NOHATUN «MyTauus», «MyTareHes», «MyTareH». Ha kakue rpynnbl
NPVHATO JenuTb MyTareHbl? [puBeauTe npumepsl.

3. Yem comartunyeckme myTaumm OTIIMHAIOTCA OT reHepaTuMBHbIX?

4. OxapaKkTepun3ynTe OCHOBHbIE TUMbl MEHHbIX, XPOMOCOMHbIX M FEHOMHbIX MyTaLui.

5. B 4em 3akno4aeTcs CXOACTBO KOMOWHATUBHOW M MyTaLMOHHOW U3MeHYMBOCTM? B yem
COCTOMUT pasfinyve Mexgy 3TUMU BUAaMu U3MeH4YMBOCTU? YeM MyTauuoHHas U3MEHYMBOCTb OT-
nm4aeTcs OT MoAaMUKaLMOHHON?

6. V nLeHnLbl-0QHO3EPHAHKM rameTbl COAepXar no 7 XxpoMocoM. CKOMbKO XpOMOCOM COAEPXKUT-
CSl B COMATUYECKMX KIIETKaX MyTaHTOB MLUIEHMLbI-OBHO3EPHSAHKM, €CNN K BO3HUKHOBEHWIO MyTaHTHOWM
chopmbl nprsena Hynamcomua? MoHocomusa? Tpunnongms? Tpucomma? Tetpannovgua? TeTpacomus?

7*. YepHas okpacka LLepCTLN Y KOLLEK JOMUHUPYET Haf PbIKEN, FeTEPO3UrOTHbIE KOLLIKM 06napatoT
YyepenaxoBoy OKPACKON — YepHble NATHA YepeayoTCs C PbKMMU. [eHbl, KOHTPOUPYIOLLIME LiBET LLep-
CTW, pacnonoXxeHbl B X-XxpoMocome. TeopeTU4eckmn KOTOB, T. €. CaMLIOB, C YepenaxoBov OKPackomn He
JOJSKHO 6bITb (MoYemy?), 0QHAKO MHOTAA OHM poxaatoTes. Kak 06bACHUTL 3T0 fBneHne? Kak Bbl cuu-
TaeTe, Kakme eLle 0CO6EHHOCTH, KPOME HEOBLIHHOM OKPacKu, XapakTepHb! 41 YepenaxoBblX KOTOB?

§ 38. N3yyeHne HacneaCTBEHHOCTU
M U3MEH4YMBOCTMU YelioBeKa

OcHOBHBIE 3aKOHOMEPHOCTH HACJIEICTBEHHOCTH W M3MEHUNBOCTHU, YCTAHOB-
JIEHHBIE IJIs KUBBIX OPraHN3MOB, HOCAT YHUBEPCAJbHBINA XapaKTep, a 3HAUUT,
IPUMEHUMBI U K uesioBeKy. OfHAaKO KaK 00'beKT I'eHeTUUYECKUX HCCJIeIOBaAHMIA
YeJIOBEK MMeeT CBOIo cuenmudukry. Tak, 1 yeJoBeKa XxapaKTepPHBI MeJIeHHAasS



§ 38. M3y4yeHne HacneaCTBEHHOCTM M M3MEHYNBOCTI Ye0BeEKa

199

CMeHa IIOKOJIEHUH, HeOOJIbIII0e KOJHUYECTBO IMOTOMKOB B CEMbSX U CJIOMKHBIN
KapHUOTHIl, BKJIIOUAOIuil 23 IPyIIIbl cliellyienuda. Kpome Toro, y Jioeil Helb3sd
SKCIIEPMMEHTAJIbHO BBI3BLIBATH MYTAI[WN, MPUMEHSATh K HUM I'MOPUIOJIOTHYE-
cKkuii meTon (T. €. OCYIIEeCTBJIATHL HAIIpaBJE€HHBIE CKPEIUBAHUA). OTU U APY-
rue 0COOEHHOCTHU 3aTPYAHSIOT M3yUeHUe HAaCJeICTBEHHOCTH U M3MEHUYUBOCTHU
yeJIoBeKa.

Tem He MeHee B CBA3U C HCKJIIOUUTEIbHON IPAKTHUUECKON 3HAYUMOCTHIO,
0saromapsa UCIOJIb30BAHUIO PA3HOOOPA3HBIX METOMIOB MCCIENOBAHMIT, TeHETUKA
YeJI0BeKAa Ha CEerOAHAIIHUN MeHb JOCTUIJIA CYIIIeCTBEHHBIX yCIexoB. BaixkHeli-
IIIUMHU METOAaMU M3yUeHUs HACJIeJCTBEHHOCTU M U3MEHUYMBOCTH YeJIOBeKa SAB-
JISIOTCA CJIeAYIOIIUe.

Bru3neyosulii memod 3aKII0UYAETCA B CDABHUTEJIHHOM U3YUYEHUU IIPU3HA-
KOB y 6yim3HeIloB. PazimuaiorT JU3UTOTHBIX (Pa3HOAUIIEBBIX) U MOHOBUTOTHBIX
(omHOAMIEBBIX) OJM3HEIIOB.

Eciu B opranusme KeHIIUHBLI OZHOBPEMEHHO CO3pPeJU IBe ANIEKJIeTKH,
KOTOphIe Aajiee ObLIM OIJIONOTBOPEHBLI PA3HBIMHU CIEPMAaTO30MAaMU, M3 00pa-
30BaBIINXCSA 3UTOT Pa3BUBAIOTCA Jusuzomuole 0ausHenbl. OH1 00JIa7aI0T Pas-
JUYHBIMU TeHOoTUNIaMu. [losTOMy pasHOsAIIEBbIe OJM3HEIBI MOXOMKHU APYT Ha
Ipyra He 0ojiee ueM OOBIUHBIE OpaThs WJIN CECTPHI, IIPUUYEM OHU MOTYT OBITH
KaK OIHOI'0 II0JIa, TaK Y PA3HOIOJIBIMH.

Mono3uzomHtble OIU3HEIbI, KAK Bbl y)Ke 3HaeTe, Pa3sBUBAIOTCA W3 OMHOI
3UTOTEI, KOTOpas B XOJe APOOJIeHMs JaeT HadaJio ABYM MJIU OoJiee sMOpPHO-
umam. CiaemoBaTesibHO, 9TH OJIM3HEIbI MMEIT OJWHAKOBBIN reHoTur. IlosTo-
My OHM BCerjia OJHOI'O II0Jia, 00JlafaloT HOPa3UTeJbHBIM BHEITHUM CXOJ-
CTBOM, MMEIOT OJMHAKOBBIE OTIIEUATKU IIAJbIIeB, KPOBb OMTHOM M TOM IKe
TPYIIBI U T. 1.

B uenoBeueCKMX MOMYJANUAX OJU3HEIBI POMKAAIOTCA C YACTOTOM OKOJIO

1 %, U3 HUX IPUMEPHO é COCTaBJIAIOT OXHOAMIIEeBbIe. [[Jid N3yUeHUA Hace.-

CTBEHHOCTH 1 M3MEHUNBOCTH UeJIOBEKa MOHO3UTOTHBIE OJIM3HEeIlbl IPeACTaBIIA-
IOT 0c0o0BIi nHTEepec. CXOACTBO OMHOAMNIIEBRIX OJIM3HEIIOB 00YCI0BIEHO UAeHTHY-
HOCTBIO T'€HOTHUIIOB. B TO iXe BpeMs OTIMUMS, KOTOPhIE IIPOSIBJSIOTCS MEMXKIY
HUMHU B XOZle OHTOreHe3a, CBA3AaHbI IIPEXK/e BCEro ¢ Pa3HbIMU YCJIOBUAMU JKUSHU
(muranue, npodeccuoHaJbHAA NEeATEeIbHOCTh, 00pas JKWU3HU, KJIUMAT U Ip.).
Takum oOpaszoM, M3ydyeHUe MOHO3UTOTHBIX OJM3HEIIOB IO3BOJISET OIIPEAeINTh
pOJIb TeHOTHIA U YCJOBUH OKPY:KaIoOIeil cpedbl B Pa3BUTHUU Te€X WU HUHBIX
MPU3HAKOB UeJOBEeKa.
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I'eneanozuueckuti memod OCHOBAH Ha IIOCTPOCHUN W M3YUYEHUU POIO-
CJIOBHBIX, OTPAKAIOIIUX IIPOSBJIEHIE OIIPeAeJIeHHBIX IIPU3HAKOB UYeJ0BEKa
B pany nokosenuil (puc. 94). Biaarogaps sToMy MeToay MOKHO YCTAHOBHUTD,
HacJeAyeTcs JU M3yUYaeMbIdl IIpU3HAK, ONPEeNeJUTh TUIl HACJTeIOBAHUS U Be-
POATHOCTDH IIPOSABJIEHNS IPU3HAKA B IIOCJHEAYIOMINX ITOKOJeHuAX. C IMOMOIIbIO
reHeaJIOrMYecKOro MeTo[a OIIpe[esieH XapaKTep HacJaeJOBaHUA MHOTUX IIPHU-
3HAKOB UeJIOBeKAa, B UaCTHOCTU PsAga HacJaeICTBEHHBIX 3a0oJjieBaHUl, 00yCJI0B-
JIEHHBIX TeHHBIMU MYTaluAMU. BbIJEJISIOT YeThbIpe OCHOBHBLIX THUIIA HACJIEIO-
BaHUSA: ayTOCOMHO-TOMUHAHTHBIN, ayTOCOMHO-PEIleCCUBHBIN, CIEIJIeHHBIH C
X-XpoMoCOMOM JOMUHAHTHBIA ¥ CIECIIJIEHHBIN ¢ X-XpPOMOCOMOIl pereCcCUuBHBIN.

O KeHuwmHa PoguTtenu
OunsnroTHble
OnnsHeLbl
etn
I:' My>xumnHa A

MOHO3UIroTHbIE
Q I:I O6napatenu 6nmaHeL
n3y4yaemoro npusHaka

Puc. 94. HekoTopble ycnoBHble 0603HAYEHNS, UCTIONb3YeMble
MPW COCTaBNIEHWMMN POLOCIIOBHBIX YerioBeka

B cayuae mosHOTO JOMUHUPOBAHUS HAaCJECTBEHHAA 00JIe38HDb, 00YCJIOBJIEH-
Has 0OMUHAHMHBLM TeHOM, OyAeT HMPOABIATHCS B KasKIOM MHOKoJeHuu. Ilpu
9TOM B HEKOTODBIX CEMbAX, Te 00a poauTesid O0JIbHBI, BOBMOYKHO POKAEHUE
3I0POBLIX AeTeli (momyMaiTe, IPKM KaKUX IeHOTHUIAX POAUTEeell M C KaKou
BEPOSATHOCTHIO).

Eciu mamnoe 3aboseBaHue cuyenJeno ¢ X-Xpomocomoii, oHO OyneT HaOJIo-
IaThbCs IPEUMYIIeCTBEHHO V *KEHIITUH. OTO CBA3AHO C TE€M, UTO y AEBOUKU JaH-
Has 0OJIe3Hb IPOSABJSIETCS B pe3yJbTaTe IOJYUYeHUS JOMUHAHTHOTO Je()eKT-
HOTO TeHa OT Jiroboro m3 ee popuTesieii. MajlbumK Ke MOYKET YHACJeJOBaThb
IOMHUHAHTHOE 3a00JieBaHUe, CIelJeHHoe ¢ X-XpOMOCOMOIi, TOJIBKO OT 0OJbHOI
marepu. Ilpu crensenHOM ¢ X-XpOMOCOMOI JOMWHAHTHOM THIIE HacJemIoBa-
HUA y O0IBHBIX My:kuuH (XY) Bce mouepu okasbIBalOTCA 00IbHBIMU (X4X ).
ITpuuwmHa B TOM, UTO, HE3ABUCHUMO OT T'€HOTHIIA MAaTepu, Y HUX B JIIOOOM CJIy-
Yyae IPOABJAETCS NOMHHAHTHBIN T'eH, IOJYUYEHHBINI ¢ X-XPOMOCOMOI OTIIa.
W maoboporT, y 3m0opoBeIx skeHITUH (X*X?) Bce CbIHOBBS 0yayT 3mopoBeiMu (X°Y),
TIOCKOJIbKY OHU HACJEIYIOT CBOIO €IMHCTBEHHYIO X-XpPOMOCOMY OT MaTepu. Eciu
BBHITIIeyKa3aHHble 3aKOHOMEPHOCTH He COOJII0AAa0TCs, TO JOMUHAHTHAA 00JIe3Hb
ABIAeTCA aymocomHoll (puc. 95).
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HacnencrBenunie 3aboJsieBaHUA,
ompesiesisieMble pelyecCu8HbLMU TeHa-

MU, MOT'YT IPOABJIATHCA HE B KaXKIOM
nokoJieHnu. Kpome TOro, B HEKOTOPBIX @
ceMbsX, Ime o0a PoauTessd 3I0POBHI,
BO3MOJKHO POKIeHIe OOJIbHBIX JeTell.

PeneccuBHbIMU 00JIE3HAMU, CUEN
JeHnbimu ¢ X-xpomocomoil, dUalie
CTPAJAoT MYKUMUHBI (BCIIOMHUTE TIO-
yemy). Ilpm TakomM Tume HacJemoBa-
HUS y GOMbHBIX :KeHIuH (XX Bce
CBIHOBbS ABJAIOTCS 60abHBIMU (X°Y),

a y 370poBEIX MyxumH (X4Y) Bce mo-
Yyepu OKAa3bIBAIOTCA (DEHOTUIINUYECKU m
smopoBeIMu (X4X 7). B ciayuae Heco-
OJIOeHUsT DTUX B3aKOHOMEPHOCTEeMH

MOXMHO CAeJjiaThb BBIBOJ O TOM, UTO pe-

IeccuBHOe 3a00JieBaHIe KOHTPOIUDPY-  Puc. 96. Mpumep poaocnoBHONM ¢ ayTOCOMHO-
eTcsa aymocomHbLmu reHamu (puc. 96).  PELECCUBHBIM TUMOM HacnefoBaHus npuaHaka

Puc. 95. Mpumep podocrioBHON € ayTOCOMHO-
JOMWHAHTHBIM TUNOM HacrnefoBaHWa Npu3Haka

Kpome 4eTbipex OCHOBHbIX TUMOB HaclefoBaHUsi, OXapakTepuU3oBaHHbLIX BbILLE, CYy-
LLEeCTBYET TaKXe CLEernyIeHHoe ¢ Y-XpoMocoMovi HacneposaHuve. MNMpuaHaku, cuenneHHble
C Y-XpOMOCOMOW, HabnoJalTCA TOMbKO Y MYX4YMH U MepefarTcs OT OTLOB BCEM UX
CbIHOBbSIM. [TpUMepoM HacnefaCcTBEHHOro 3aboneBaHms, 06YCOBIEHHOO FEHOM, pPacrnoso-
XEHHbIM B Y-XpOMOCOME, MOXET CIY>XMWTb CpalleHe BTOPOro 1 TPETbEro nasbLleB HOr.

Iumozenemuueckui memod CBA3aH C MUKDPOCKOIMYECKUM WN3yUEeHUEM
CTPYKTYPBI M KoJimdyecTBa xpomocoM. B 1956 r. 6b1JI0 yCTaHOBJIEHO, UTO B CO-
MaTHUYEeCKUX KJIETKAX UejIoBeKa comep)kuTrca 46 xpomocom: 22 mapbl ayTOCOM
¥ OJHa Iapa II0JO0BbIX xpoMocoM. C 9TOro BpeMeHU HaA4YaJoCh AEeTAaJbHOE WC-
cJeJoBaHMEe KapHUOTUIIa UejoBeKa. KasKIoll mape ayTocoM ObIJ IPUCBOEH IIO-
PAIKOBBIM HOMep oT 1 (caMble KPYyIIHbIe XPOMOCOMBI) 0 22 (caMble MEJIKHE).
ITosioBBIE XpPOMOCOMBI MOJIYyUMIN OYyKBeHHbIe 00Oo3HaueHuA: X u Y.

B xomme 1960-x rr. Oblim paspaboTaHbl MeTOAbI Au(@epeHIInaIbHOr0o
OKpaImBaHusA XpomocoM. IIpy TaKOM OKpaIlMBAaHUU B XPOMOCOMAaX ITPOSB-
JIAIOTCS CBETJIbIE W TeMHBbIe y4acTKU. WX KOJIMYEeCTBO, MPOTAKEHHOCTb U IIO-
CJIEIOBATEJILHOCTD PACIOJIOKEHUA CIeIM(PUUHBI IJId KasKIOU Iapbl XPOMOCOM
(puc. 97, c. 202). Nzyuenue cTpoenus qudepeHIInaaIbHo OKPAIIIeHHBIX XPOMOCOM
(pasmepbl, COOTHOIIEHE IIJIeY, UYepeloBaHNe TEMHBIX M CBETJILIX (DPAarMEHTOB)
TI03BOJISIET TOYHO UACHTU(GUIIMPOBATE KaKIYI0 XPOMOCOMY, OIIPENEIUTE €€ MECTO
B Kapuoture. I{uToreHeTnUeCcKUii METO IITUPOKO IPUMEHSIETCS IJIA BHIABIEHU
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XPOMOCOMHBIX 1 I'€HOMHBIX MYTaHHfI,
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q Q OIWarHOCTUKU HEKOTOPBIX HacJemI-

- ey CTBEHHBIX 3a00JIeBAHUN U OIIpeneJie-

32 0 ox2 2 a E .} HuA surotHocTH O6aM3HenNOoB. OH TaK-
Iy 2o fw = un JKe IPUMEHAJICA IIPU YCTaHOBJIEHUU
19 20 21 22 X Y OTIIOBCTBA, B CyNeOHOW MeTUIIMHE U

KPUMUHAJIUCTUKE AJA UAeHTUPUKA-
Uy JUYHOCTH. B HacrosInee BpeMs
HCIIOJIb30BAHNE 3TOTO0 METOAAa CTAaJIOo
0oJiee OrpaHUYEHHBLIM B CBSA3U C IIOSIBJIEHIEM HOBBIX, 00JI€e COBEPIIEHHBIX Me-
TOIOB, HAIPUMEDP OMOXUMUYECKUX.

Muorue HaciaencTBeHHBIE 3a00JI€BaHUA UeJOBEeKa OO0YCJIOBJIEHBI M€HHBIMU
MYTAIlUAMU, B PE3YJILTATe KOTOPLIX U3MEHAETCS CTPYKTYPA COOTBETCTBYIOIIMX
O6eaKoB. B OoJbIInHCTBE clydaeB TaKue OeJKM OKa3LIBAIOTCS HECIIOCOOHBIMU
B IIOJIHOM Mepe BBITIOJHSTH CBOU (DYHKITHU JIOO ITOJHOCTHIO YTPAUNBAIOT OMO-
JIOTUYECKYIO0 aKTUBHOCTh. OTO MIPUBOAUT K PA3JUUYHBIM HAPYIIEHUAM OoOMeHa
BeIIeCTB U OTPaKaeTcs He TOJbKO Ha XMMHUUYECKOM COCTAaBe OTHEJbHBIX KJie-
TOK U TKaHel, HO 1 Ha OMOXMMHUUYECKUX ITOKA3aTeJsIX KPOBU, CIIMHHOMO3TOBOI
SKUIKOCTH, MOYM, IIOTA U T. J.

CremoBaTesbHO, T€HHbBIE MYTAIIUYA MOXKHO BBISIBJIATH C IIOMOIIBIO OULOXUMU-
yeckux memodos. OHI OCHOBAHBI HA KQUECTBEHHOM M KOJMYECTBEHHOM aHAaJIU-
3e OIIpeeIeHHBIX BEIleCTB, IIPeKIe Bcero (DepMeHTOB U IPOAYKTOB KaTaJIN3HU-
pyeMbIX MMH peakiiuii. VcImoab30BaHre COBPEMEHHBIX OMOXMMUUYECKUX METO-

Puc. 97. XpoMocoMbl YenoBeka
nocne guddepeHumanbHOro okpalumBaHus
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Mo JUBAIOIIUX CICNU(PUKY METOHOB M3YUEHUsS ero HACIeJCTBEHHOCTHU

JIOB TIO3BOJISIET ONPENEIATH JII00bIe creruuiecKrie MeTaboJUThI, XapaKTepHbIe
IJIS TOW MJIM MHOM HACJIeNCTBEHHOI 0oJie3HH. BuoxmMmuecKre MeTOLbl JAIOT
BO3MOYKHOCTh HE€ TOJIBKO AUATHOCTUPOBATH 3a00J€BAHUSA U CJEIUTH 324 XOI0M
UX JIEUeHUS, HO U BBIABJATH I'eTEPO3UIOTHBIX HOCHUTeJ el Me(peKTHLIX I'eHOB,
OIIpeIesIsATh HACeACTBeHHYIO MTPeAPACIIONIOKEHHOCTD K PA3JUUYHBIM 0O0JIE3HAM.
B psage cayuaeB 9TO BO3MOXKHO OCYILIECTBUTH €Ille M0 POMKIEHUS UeIOBeKa, Ha
aTamne SMOPHUOHAJIBHOTO PA3BUTHUI.

IL-:.- s YesoBeK KaK O00BEKT I'eHETHUKM MMeeT PslJ 0COOeHHOCTel, 00yCJIOB-

¢ | M1 U3MEHUYMBOCTH. DBJM3HEIOBBI METOJ, OCHOBAHHBLIM Ha CpPaBHU-
TeJbHOM M3yUYeHHHN OJIM3HEIOB, II03BOJISIET BBIABJIATH BKJAJ T€HOTHUIIA U
YCJOBUM cpenbl B pasdBuTue (pexHorumna. I'eHeaslornuecKU MeTON CBS3aH C
IIOCTPOEHIEM W AHAJM30M POAOCJOBHBIX. C IIOMOIIBIO 9TOTO METOHA MOJK-
HO OIIpeAeJisTh THUI HaCJeJOBAHUSA HNPU3HAKOB (JOMHUHAHTHBIA WU perec-
CUBHBIN, CIIEIIJIEHHBIN C IIOJIOM MJIN ayTOCOMHBIN) 11 BEPOSATHOCTb MX IIPO-
ABJIEHUS B TIOCJIEAVIOIIUX IIOKOJIEHUAX. [ BBIABIEHUA XPOMOCOMHBIX
¥ T€HOMHBIX MYTAIUi IMNPOKO MCIOJb3yeTCS IIUTONeHEeTHYEeCKHIN MeTOo[
(MUKPOCKOIIYECKOEe WCCJeMOBAHUEe XPOMOCOM), AJIS BBIABJEHUS TEHHBIX
MyTanuii — OMOXMMHNUYECKMEe MeTOAbl. B IreHeTHKe UYeJOBEKa TaK)Ke Ha-
XOAUT IIPUMeHeHue AepMaTorauduuecKuili (n3ydueHue pesbeda KOXKKU Ha
maabliaxX, JaJOHAX U IOAOIIBAX) U HEKOTOPhIE APYyTHe METOMbI.

? -~ 1. Kakne 0co6eHHOCTM YerioBeKa Kak 00beKTa FeHEeTUKM OCIOXHSOT M3y4YeHne ero Ha-
™ ™ | cnepCcTBEHHOCTN 1 N3MEHYNBOCTI?

2. O6BLACHUTE, NOYEeMY CPaBHUTESIbLHOE U3YYeHVe MOHO3WUIOTHbIX 6JIM3HELOB NO3BONAET

BbIIBUTb POJSib FEHOTUNA U YCIOBUIA cpefbl B (hOPMMPOBAHNN KOHKPETHBIX NMPU3HAKOB OpraHvM3ma.

3. Kakum 06pa3om Ha OCHOBaHUW POAOCIIOBHOW, OTpaXxatoLLer HacnefoBaHue onpeneneHHo-
ro MpW3HakKa, MOXHO YCTaHOBWTb, SBASETCA N OAHHbIA MNPU3HAK JOMUHAHTHBIM WU PeLecCuB-
HbIM? CLenfIeHHbIM C MOMOM WK ayTOCOMHbIM?

4. B 4em 3aknoyaeTcs cyTb fepmarornmduyeckoro metoga? [Ona 4ero OH MOXET WCMOosb-
30BarbCA?

5. C noMoLlblo KakMx METOAOB FEHETUKM YeNoBeKa MOXHO BbISBMATb FeHHble MyTauumn?
XPpOMOCOMHbIE ¥ FEHOMHbIE MyTaumumn?

6% B opHOM ceMbe Manb4uk Obl1 HECMOCOOEH 3arnbaTh A3bIK Ha3ad, Tak Xe Kak 1 ero crap-
wasa cectpa. K nx 60nbLLIOMY OropyeHuo Mnaguias cectpa morna ato genatb. Kpome Toro, mx
poguTenu 6biny CnocobHbl 3arnbaTth A3blk Hasag, Kak U TeTd CO CTOPOHbl oTua. A BOT AfAsA CO
CTOPOHbI Matepun He mor. CocTaBbTe POAOCIIOBHYIO 3TOW CEMbU W ONPEQENNTE TUN HacnefoBaHus
CMOCOBHOCTM 3arnbaTb A3blK Ha3ag.

Wy
)@ COCTABJIEHUE U AHAJIU3 POOOCJIOBHBIX YEJIOBEKA
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§ 39. HacnepctBeHHble 6051e3HU YenoBeKa

B macrosiiee BpeMsi U3BECTHO HECKOJBLKO THICAY HACJIEACTBEHHBIX 00JIe3Hel
yesjoBeKa. VIX BBIABJIEHUEM, U3YUeHUEM, Pa3pabOTKOM MEeTOA0B IPOPUIAKTUKYI
U JIeUeHUS 3aHUMAETCA MeOUUUHCKAs 2eHemUKa.

I'ennvle 60ne3nu — OOIIMPHAS IPYIIa 3a00JieBaHMA, 00yCJIOBICHHBIX I'€H-
HBIMU MyTanusaMu, T. €. noBpe:xgenueM [[HK Ha ypoBHe OTHeJbHBIX T'€HOB.
Takue MyTanuy IPUBOAAT K N3MEHEHUIO CTPYKTYPhI U QPYHKI[UA COOTBETCTBY-
OITUX OEJIKOB, UTO U JIEKUT B OCHOBE (DEHOTUIIMUYECKOTO MPOABICHUSA T€HHBIX
O0osesHeii. B OGOJBIIIMHCTBE CJIy4YaeB T'eHHbIe 3a00JeBaHUSA KOHTPOJIUPYIOTCS
OHOI Tapoil aJjieJIbHBIX I'€HOB U HacJeAyloTcsa corjacHo 3akoHam I. Menpe-
as. O0Ias yacToTa UX IIPOSBJIEHUSA B UEJIOBEUECKUX IIOMYJISAIINUAX COCTABIIAET
2—4 %.

T'ennble 0oJsie3HHM Uallle BCEro CBA3aHLI C HapyIlleHHeM oOMeHa olpene-
JIEHHBIX BeIIeCTB — aMHHOKUCJIOT, YIJIEBOJAOB, JUINI0B U T. 4. Kpome Toro,
TeHHbIe MYTAIlUM MOTYT OBITH HPUUYKWHON HEIPAaBUJIbHOTO PA3BUTHUA U (PYHK-
IUOHUPOBAHUS TeX WU WHBIX TKaHel 1 opraHoB. Tak, meeKTHLIMU TeHaMu
00YCJIOBJIEHBI HACAEOCMBEHHAA 2]yxXxoma, ampopus 3pumesibHoz0 Hepaa, ule-
CMUNaLocmsb, KOPOMKONAJLOCMb U MHOTHE NPYTHe IaTOJOTNYeCKre IPU3HaKU.

O,Z(HI/IM N3 CaMbIX DPAaCIIPOCTPaHEHHBIX H HaI/I6OJIee N3Y4YEHHBIX TI'€HHBIX
3a0oseBaHuil ABasgeTcAa (peHuaxkeronypusa (PKY). Bosesns Haciaemyerca mo
ayTOCOMHO-PEIeCCUBHOMY TUIY U BCTpeuaeTcsa B cpeaueM y oguoro us 8000 HoBo-
POKIEHHBIX (JAaHHBIE O YaCTOTE BCTPEUAEMOCTH 3JeCh U Jajiee IPUBENeHbI He
naa 3anomuHaHusa). PKY obycioBieHa medeKToOM r'eHa, KOTOPBIN KOAUPYET
(depMeHT, IpeBpAIAIONINil aMUHOKKICJIOTY (DeHMJIAJAaHUH B APYTYI0 aMUHO-
KUCJIOTYy — TUpPo3uH. [leTn ¢ (eHMIKEeTOHYypUeH POKAAIOTCA BHEITHE 30PO-
BBIMY, OJHAKO NAHHBIA (hpepMeHT y HUX HeaKTuBeH. IlosTomy (heHmMIamanmu
HaKaIJIIBaeTCsI B OpraHu3Me U IIpeBpalllaeTcs B PAJ TOKCUYHBIX BeIECTB,
TMOBPEXKAAIONINX HEPBHYIO cucTeMy pebGeHKa. BeiencTBue 9TOro pasBUBaIOTCS
HAPYIIIEHNS MBIIIIEYHOr0 TOHYyca U pedJIeKCOB, CYLOPOry, MO3Ke IIPHUCOeINHS-
€TCda OTCTaBaHNEe B YMCTBEHHOM Pa3BUTHUU.

CBoeBpeMeHHasI IIOCTAHOBKA AMAarHosa (Ha caMbIX PAHHUX STAMlax KUSHIM)
¥ IepeBoj pebeHKa Ha CIEHMUAJIbHYI0 OUETY ¢ HU3KUM cofepKaHnueM (heHII-
aJIaHMHA II03BOJIAIOT MPEeNOTBPATUTEL pasBuTue 0oses3uu. CTrporad guera He 005-
3aTeJbHA B TeUeHIe BCeH JKM3HU, T. K. HEPBHASA CHCTEMA B3POCJIOrO UeJIOBEKa
0oJiee ycTOMUMBA K TOKCUUYHBIM ITPOAYKTAM oOMeHa (heHHJIATaHUHA.

Hexoropsle HaceACTBEHHLIE 00JIe3HN 00YCJIOBJIEHBI MYTAIlUSIMU I'€HOB, Pac-
MOJIOJKEHHBIX B ITOJIOBBIX XpomocoMax. Kak BbI yiKe 3HaeTe, K dTOH I'pyIIIle
3a001€BaHNIT OTHOCUTCS reMO(pUIUd — HacCJeICTBEHHOe HapYIIIeHne CBEPTHI-
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BaeMOCTH KPOBHU. ITO PEIeCCUBHOE CIleIJIEHHOe ¢ X-XpOMOCOMOM 3a0oJjieBaHme
CBS3aHO CO CHHJKEHHEM WJIM HapPYIIeHMEeM CHHTe3a OIpeneJeHHOTo (aKTopa
cBepThIBaHUA KpoBU. lIpu Takesmoi popme reMopuanm KPOBOTEUEHUA, OIIaC-
HBbIE VIS JKU3HU GOJILHOT'O, MOTYT OBITH BBI3BAHBI JarKe HE3HAUUTEJIbHON Ha
TIePBBIN B3TJIAL TpaBMoi. JleueHue GOJIBHBIX reMo(uiIneil OCHOBAHO Ha BBeje-
HUU HeAocTaioero hakTopa cBepThIBAaHUA.

XpomocomHbie 60ne3HU O0YCIOBIEHBI XPOMOCOMHBIMU ¥ T€HOMHBIMU MY-
TalUAMU, T. €. CBI3aHBI C U3MEHEHNEM CTPYKTYPhI UK KOJUUECTBA XPOMOCOM.
Cpeznn HUX MOJKHO BBIIEJIUTH CIMPYKMYPHbLE HAPYULEHUS XPOMOCOM, MPUCOMUL
n0 aymocomam M 4UCJ08ble AHOMAJLUL NOLOBbLX XPOMOCOM.

IIpumepom 3ab60eBaHNS, BRISBAHHOTO HAPYIIIEHUEM CTPYKTYPBI XPOMOCOM,
MOJKeT ObITh CHHIPOM «KOIIauybero KPMKa», 00yCJOBJIEHHBIN Jesernueil gpar-
MeHTa 5-if XpoMOoCcOMbI. XapaKTePHBIM IPU3HAKOM 3TOU TAMKeJI0l 00JIe3HU SIB-
JasgeTcs cuenuuyecKnil mIay MJIageHIla, CBA3aHHbIN ¢ aHOMAJUSIMU Pa3BUTUI
TOpTaHU U HATOMUHAIONNI MAYKaHbe KOIIKU. [[eTy ¢ CHHIPOMOM «KOIIIaubero
KPUKa» POKIAIOTCSA C HU3KOI Maccou TeJjia M HeJOPA3BUTUEM I'OJIOBHOT'O MO3Ta.
OHU OTCTAIOT OT 3[0POBBIX CBEPCTHUKOB B (PM3UUYECKOM M YMCTBEHHOM DAa3BU-
tun. JIuires Masiasa yacTb 00JbHBIX (0K0J0 14 %) mo:kuBaet mo Bodpacta 10 jer.

IIpuunHO#I TAKOH IMUPOKO M3BECTHO M PACIIPOCTPAaHEHHOI XPOMOCOMHOM
00JIe3HY YeJ0BEKA, KaK cuHapoMm JlayHa, ABasgerca Tpucomud mo 21-if xpomo-
come. Hacrora 3a001€BaHUA B CPEJHEM COCTaBJAET oAMH ciaydaid Ha 700 HOBO-
pPOKIeHHBIX. [lyd atomeil ¢ cuHApoMoM JlayHa XapaKTepHbl YMCTBEHHAsA OT-
CTaJIOCTh, HU3KUI POCT, YILJIOIIeHHOE JUII0, MOHTOJOUIHBLIN paspes rjas,
ne)opMHPOBAHHBIE YVIIIHbIe paKoBUHEI (puc. 98). HacTo Hab/I0gaI0TCs KOCO-
ryiasue, MOPOKHU CePAeUHO-COCYANUCTOM CUCTEMbI, OPTAHOB MUIIIEBAPEHUA U IP.

W3BecTHBI TaKKe 3a00JeBaHUA, 00YCJIO-
BJIEHHBIE Tprucomueii mo 13-it u 18-i1 xpomo-
comaM. JleTy ¢ TaAKMMU aHOMAaJUAMU 00bIY-
HO YMHpAIOT B PaHHEM BO3pacTe B CBA3U
C MHOKECTBEHHBIMHU ITOPOKAMU Pa3BUTHUS.

Hekoroprsle XpoMocCOMHBIE 00JIe3HU
YyeJIOBEKA CBA3aHBLI C M3MEHEeHWeM HOop-
MaJBHOTO KOJIMUYECTBA IIOJIOBBIX XPO-
mocoMm. Tak, y meBOUeK ¢ MOHOCOMIeEI
mo X-xpomocome (Habop 444 + X0, my-
JeM 0003HAUAIOT OTCYTCTBHE XPOMOCO-
MbI) pasBuBaeTcs cuHApom Illepemnies-
ckoro — Tepuepa. Yacrtora BCcTpeuae- Puc. 98. Pe6eHoK
MOCTH 3a00JIeBaHUSA COCTABJSAET OKOJIO ¢ cuHapomom [ayHa
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Puc. 99. [deBo4ka
12 neT ¢ CMHAPOMOM
LLlepeluesckoro —
TepHepa

oguoro cayuasgs Ha 3000 HOBOPOKIEHHBIX [IEBOUEK.
BoabHbIe OTIMYAIOTCS HUSKUM POCTOM, HEIOPAa3BUTHEM
TIEPBUYHBIX ¥ BTOPUUHBIX IIOJOBBIX IPU3HAKOB, OECILIO-
nueM. IIpuMepHO y TOJOBUHBI EBOUEK C 9THUM CHUHAPO-
MOM YKOpOYeHa Ies, OT 3aThLJIKa K IIJIeYyaM IIPOXOAAT
KDBLJIOBUAHBIE CKJIAIKU KOXKU (puc. 99).

CuHApOM MOJNCOMUHU MO X-XPOMOCOMeE Y KEeHIITUH
HabaogaeTcsa ¢ yuactoroil mopagka 1 : 700. Yaire Bcero
OH 00ycJioBJeH Tpucommeir (Habop 444 + XXX), pexe
BcTpeuatoreda Terpacomudd (44A + XX XX) u neHTacoMus
(44A + XXXXX). B GOJBIITMHCTBE CIyYaeB CUHIPOM He
COIIPOBOXKIaeTCA BBIPAKEHHBIMU (PEHOTUIUUYECKUMU
MIPOABJIEHUAMU. ¥ HEKOTOPBIX JKEHIIUH MOYKET ITPOSB-
JATbCA HeOOJbINIasaA YMCTBEHHAS OTCTAJOCTD, MHOTAA OT-
MeuaeTcs OecIionue.

Cungpom Kasitndeasrepa BcTpeuaeTca B cpeHeM y oxHoro usd 500 myox-
yuH. 3aboJieBaHMWE CBA3AHO C HAJUUYUEM JUIIMHEH X-XpOMOCOMBI (KapHUOTUII
44A + XXY) u mposABJseTCA B IePUOJ IIOJIOBOTO co3peBaHmusA. [ OOJTbHBIX
XapaKTepHBI HeJOPa3BUTHE HAPY KHBIX IIOJOBBIX OPTaHOB U AUYEK, HAPyIIleHUe

Puc. 100. HOHowa

C CVHAPOMOM
Knanudenstepa

mpoliecca ciepMaToreHesa M, KakK CJeICTBUE 3TOro, Oec-
mironue. My:kumHbI ¢ cuaApoMoM KisiiHdeabTepa o0bIy-
HO 00J1aJal0T BBICOKMM POCTOM, YKEHOIIOLOOHBIM TeJIO-
CJI0KeHUeM, Y HUX OTMEeUYaloTCs YBeJnUYeHe MOJIOUHBIX
JKeJsie3 U cyiabblil pocT BoJioc Ha Juite (puc. 100).

3abonesanusn ¢ HacnedcmeeHHOU nPedpPacnonLodicer-
HOCMbI0 COCTABJISIOT OCOOYIO I'PYIIITy OoJe3Heli uejioBe-
Ka. K HUM OTHOCATCsS, HAIIPUMEDP, TUIEPTOHUYECKA
00J1e3Hb, OpOHXMAJILHAS acTMa, UIlleMuuecKas 00JIe3Hb
cepAiia, IIUPPO3 IIeUeHU, SA3BeHHasd 00Je3Hb KeayaKa
u ap. I'1aBHOe oTinume 9TUX 3a00JIeBAHUNA OT T€HHBIX U
XPOMOCOMHBIX 3aKJIIOUaeTCA B 3HAUYUTEJIbBHOM BJINAHWN
YCJIOBUH OKPY’KaIoIlleil cpenbl M oOpasa KU3HU YeJoBe-
Ka Ha pasBUTHeE U OpoTexkanue OoJsiesHu. OnpegereHHoe
coueTaHre HeOJIAronpUsATHBIX (PAKTOPOB MOXKET CIIOCO0-
CTBOBaTh PAHHEMY IIPOSBJIEHIIO 00JIE3HI C HACJIEICTBEH-
HOH IIpeapacHoJIOsKeHHOCThIo. Tak, 3JioymoTpebJieHne
aJIKOTOJIEM MOKET CIIPOBOIIMPOBATH Pa3BUTHE IIUPPO3a
TeYeHu, SI3BblI JKeNyAKa, pama APYrux 3aboJeBaHUM, a
KypeHue IIPUBEeCT! K BOSHMKHOBEHUIO T'MIIEPTOHNYECKO
0oJie3HU, OPOHXMAJBHOI aCTMBI 1 T. II.
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Huaznocmuka, neveHue u npoguraxmuxka HacredcmeennHvlx 6ones-
Hel. Bo MHOrux crpaHax mMupa, B ToM umcie u B Pecnybaumke Bemapych,
CYIIIECTBYEeT CeTh YUPEKIEeHUI, OCYIINEeCTBIAIINUX MeOUKO-2eHemuyecKoe
KOHCYLbMUpoB8aHue HacejieHUA. [JIaBHOHM IIeJIbI0 TAKOTO KOHCYJIBTUPOBA-
HUSA SABJISETCA NOPENyIpesKIeHne pOKIEHUS JeTeil C HacCJeICTBEHHBIMU
3a00JIeBAHUSIMU.

Pogurenu Oymyiero pebeHKa, Yy KOTOPBIX €CTh POACTBEHHUKHN C HacJe.I-
CTBEHHBIMU OOJIE3HAMU JIMOO KOTOPbIE yiKe MMEIOT HeTell C BPOMKICHHOM IIa-
TOJIOTHEN, MOJMKHBI 00paliaThbCad B MeIUKO-TEHETHUECKYIO KOHCYJIbTAIIUIO B
mepByio ouepenb. MeanKo-reHeTHUYeCKOe KOHCYJIbTHPOBAHNE TaKiKe I0Kasa-
HO B cJaydae, ecju OyAyIias MaThb crapiie 35 jeT (IpU 9TOM CYIIeCTBEHHO
BO3pacTaeT BEPOSTHOCTH MOSABJEHUS AeTell ¢ HacJIeJCTBEeHHBIMH aHOMAJIUI-
MHU), U CEMbAM, B KOTOPBIX CYIIPYTH ABJIAIOTCSA KPOBHBIMU POJCTBEHHUKAMU.
Cunraercsi, YTO KaXKIbIil UeJOBEK SBJIAETCS HOCUTEJEM XOTS ObI HECKOJNBKUX
BPEIHBIX PEIleCCUBHBLIX MyTamuii. B 0JM3KOPOACTBEHHBIX OpaKaxX 3HAUUTEIb-
HO TIOBBIIIIEHA BEPOSITHOCTH T'€TE€PO3UTOTHOCTH CYIPYTOB IO OAHUM U TEM Ke
perieccuBHBIM reHaM. [losTomMy y poauTeseil, COCTOAIIUX B KPOBHOM POJICTBE,
YacToTa POMKAEHUS JeTell ¢ PeleCCUBHBLIMU HACJIeACTBEHHBIMU 0OJE3HSIMU BO
MHOTO pas BbIIIle, YeM B HEPOACTBEHHBIX OpakKax.

Hcmonb3oBanme pasHOOOpa3HbIX METOAOB (TeHeaJoTMYecKOoro, IMUTOTeHeTH-
YEeCKOro, OMOXMMHUYECKUX U AP.) TO3BOJAET BpauyaM-TEHETUKAM OIIPENeUTh
BEPOATHOCTb POXKJAeHUA pebeHKa ¢ HACJIeACTBEHHOI IaTOJIOTMEel, Ha PaHHUX
sTamax OHTOreHe3a BLISABUTH 00JI€3Hb 1 BOBPEeMS HA3HAUNTH COOTBETCTBYIOIIEE
JeueHue.

B saBucumocTu oT crenuuKY HACJIEACTBEHHOTO 3a00JIeBaHUA €0 JIeUueHue
MOJKeT BKJIIOUATh COOJII0/IeHIe 0C000H UeThl (HaIpuMep, B ciaydyae (DeHMIKETOH-
ypuu), BBeJeHIe OIIpeJeeHHLIX TOPMOHOB MK APYyrux BAB, cmenmajabHBIX
JeKapCTBEHHBIX mpemapaToB. Tak, cTpamaiomiM HacJaeICTBEHHON (hopMOI ca-
xapHoro nmabera HasHAUYAIOT WHBEKIMU WHCYJWHA, TeMOPUINKAM — HeIO0-
craroriero axkrTopa ceeprTbiBanuA KpoBu. Ilpu cuuapomax IlleperieBckoro —
Tepuepa, KnsitadeabTepa 1 HEKOTOPBIX APYTUX IIPUMEHAIOT BBeLeHIe B opra-
HU3M IIOJIOBBIX TOPMOHOB. Tak:ke B mocaeHYE MeCATUIETHA aKTUBHO paspada-
TBIBAIOTCSA METOABI 2EHOMEPANUU, PeUb O KOTOPBIX TIOWIET B CJAEIVIOIIEH IIaBe.

WsBecTHO, uTO 60JIE3HB, B TOM YHCJIE ¥ HACJIEJCTBEHHYIO, Jierue Ipeayipe-
IUTh, UYeM JeUYnuTh. KpoMe TOro, Ha CErogHANIHUNA IeHb 5(PPeKTUBHLIE METO-
IBI JIUEHUS CYIIIeCTBYIOT HAJIeKO He AJIA BCeX HAacJIeACTBEHHBIX 3a00JIeBaHUIA.
ITosToMy BasKHBIM CpemcTBOM OOPLOBI ¢ HUMHU SBJSAETCS MpoduiIakTura. bBy-
IYIIUM POAUTEIAM HEOOXOJMMO YUUTHIBATh, UTO KypeHUe, yrnorpebeHue aJ-
KOT'0JIsI 1 0COOEHHO HAPKOTHMKOB PE3KO0 YBEJINUUBAIOT BEPOSATHOCTDL POKICHUS
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[maBa 6. HacneacTBEHHOCTb U UBMEHYNBOCTb OpraHnu3mos

LF..E CpeﬂI/I HacCJIeACTBEHHBIX 3a00JIeBAHUITI UeJIOBEKA pas3an4darT I'eHHbIe
L

pebGeHKa ¢ HACJIeACTBEHHBIMM aHOMAJIUAMUA. BayXHBIMU YCJIOBUSIMU CHUMKECHIUS
YACTOTHI TIOSBJIEHUWS HACJEICTBEHHBIX 0OJIe3HEHM ABJIAIOTCS TaKiKe 3a0oTa O
YMCTOTE OKPYIKAIOIeil cpeabl, IPOBePKa Ha T'eHEeTHUUECKYI0 0e30I1acHOCTD Jie-
KapCTBEHHBIX M KOCMETHUYECKHX CPEJACTB, MIUINEBBIX N00ABOK, IIPErapaToB
OBITOBOII XMMMWU, CBOEBPEMEHHOe o0pallleHne ceMell B MeAUKO-TeHeTHUeCKUe
KOHCYJIbTAIIUN U IP.

f

I f ' 1 xpomocomHble GosesHu. I'eHnble 3a0oseBanus (PeHUIKETOHYPUS,

"' remo@uiusa u ap.) o0yCIOBJIEHBI M€HHBIMU MyTAlluAMHA. [IprmunHOi
XPOMOCOMHBIX 00JIe3Hell SIBJIAIOTCA XPOMOCOMHBIE M M'e€HOMHBIE MYTAIlUH.
XpoMocoMHBIe 3a00I€BAHUSA MOT'YT OBITH CBSA3aHBI CO CTPYKTYPHBIMU Ha-
PYIIIEHUAMU XPOMOCOM (CHHIPOM <«KOIIIaYbero KpPUKa»), ayTOCOMHBIMU
TpucomusAMu (cuuapoMm [layHa), YNCIOBBIMU AHOMAJUAMHU IIOJIOBBIX XPO-
mocoM (cuuapombl Kiasiiageabrepa, IllepemteBckoro — Tepuepa, mojuco-
Muu 1o X-xpomocoMme y KeHIuH). Oco0y TPyIIly COCTABIAIOT 00JIe3HU
C HACJEeICTBEHHOH IIPeIpacIIooKeHHOCTHIO, PA3BUTHE U IIPOTEKaHNe KO-
TOPBLIX B OOJIBIIIOIN CTeIEeHU 3aBUCUT OT YCJIOBUII cpedbl U o0pasa KU3HU
yesgoBeKa. CyIecTBYIOT pa3janyHble METOABLI JUATHOCTUKY U JEeUeHUS Ha-
CJIeJCTBEHHBIX 00JIe3HeH, OJMHAKO IIePBOCTEIIeHHYIO PoJb B Oophbe c Ha-
CJIeCTBEHHBIMU HeAyraMU UTrpaeT MX IPOPUIAKTUKA.

T = 1. B 4em 3akntoyaeTcs NpuHUMNMAanbHOE pasnnyve Mexay reHHbIMU U XPOMOCOMHBIMU
™ = Gonesnamn?
2. OxapaKTepusyinTe U3BECTHblE BaM FeHHble U XPOMOCOMHbIE 3a60neBaHns YenoBeka.

3. B 4yem cocTouT rnaBHOe OTNMYME GONe3Hel C HacneacTBEHHONM MpenpacnonoXeHHOCTLIO
OT MeHHbIX M XPOMOCOMHbIX? Kakune hakTopbl MOryT CMOCOOGCTBOBATL Pa3BUTMIO 3a60MeBaHuin ¢
HacneacTBEHHOW NpeapacnonoXeHHOCTb0?

4. B 4eM 3aK/to4aeTCcs OCHOBHAS LieSlb MEAMKO-TeHETMHECKOrO KOHCYBTUPOBaHWSA? B kakux cny-
yasx obpalleHvie B MEOUKO-TEHETUHECKYIO KOHCYbTALMIO ABMSETCA COBEPLLUEHHO HEOBXOAUMBIM?

5. MNoyemy B cembsix, Toe Cynpyrn SBMASIOTCH KPOBHbIMU POACTBEHHMKAMM, 3HAYUTESIBHO MO-
BblILLEH PUCK poXAeHusa p,eTe|7| C HacneacCcTBeHHbIMU aHomManuMammn?

6. [Ins nogen ¢ KakMMU HacneacTBEHHbIMK 3a60MEBAHMAMN BO3MOXHO NMPUMEHEHWE rOPMO-
HanbHOro neveHna? Ouetotepanuun?

7. HazoBuTe OCHOBHble Mepbl MPOMUNAKTUKA BO3HUKHOBEHUS HACNEACTBEHHbIX GOne3Hewn
YyenoBeka.

8% PoxJeHue [eTen C KakKMMU XPOMOCOMHBbIMU 6ONE3HAMM BO3MOXHO, ECMN Yy OTLa Meio3
npoTekaeT HOpPMarnbHO, @ Y MaTepu NonoBble XPOMOCOMbI HE PacxofsaTca (06e nepemeLLatoTcs K
OHOMY M3 ABYX NOMOCOB KNeTkun)? JInbo, ecnm y Matepn Meio3 npoTekaeT HopMasibHO, a y oTua
HabnogaeTcs HepacxoXaeHWe MosIoBbIX XPOMOCOM?
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NMOABEAEM UTOI'N

I/IsyquHeM HaACJIeJCTBEHHOCTH MW M3MEHUYMNBOCTH OPraHM3MOB 3aHU-
mMaerca reHeTrra. OCHOBOIIOJOKHUKOM 3TOM HayKu saBiserca I. Men-
neab. B cepeamue XIX B. ¢ IIOMOIIbIO I'MOPHUAOJOIMUYECKOTO METOIAa OH
BBISIBUJI Ba’KHeEHIIMe 3aKOHOMEPHOCTH HACJIeJOBAHUSA ITPU3HAKOB, W3-
BeCTHBIE HBIHE KaK 3aKOHBI MeHesasd. ITO 3aKOH enmHOOOpasusa rudpu-
OB TIEPBOTO TOKOJIEHUS, 3aKOH PACIIeNJeHUSA W 3aKOH He3aBUCUMOTO
HacJieIOBaHUA.

OrpomHBIII BKJIaJ B pasBUTHE T'eHETUKU TaK:ke BHec T. Moprau, mc-
cJeJOBaHUA KOTOPOTO JIETJIM B OCHOBY XPOMOCOMHOI TEOPUYU HACJECTBEH-
"HocTtu. T. Mopran ycTaHOBUJI, UTO T'eHbI pacroJjaraloTcsa B XpoMocoMax B
OIIpe/ieIeHHOIT II0CJIe[OBATEeIbHOCTH, IIPUUYEM aJlIeIbHbIe TeHbl HaX0IATCs
B OAMHAKOBBIX JIOKyCaX TOMOJIOTMYHBIX XpOMocoM. HeaJyienabHble TeHbI
MOTYT PACIIOJaraThCsi B HETOMOJOTHUYHBLIX XPOMOCOMAX JHOO B PA3HBIX
JIOKyCcax T'OMOJIOTMYHBIX XPOMOCOM. B IIepBOM ciiyuae OHU HAaCJEeIYyIOTCS
HEe3aBUCKUMO, a BO BTOpOM — cllelsieHHo. CIiemyieHre TeHOB MOMKET Hapy-
MIaThCA M3-3a KPOCCUHTOBEPA, IIPUUYEM €r'0 BePOATHOCTE IIPOIOPIIMOHAIbLHA
PACCTOAHUIO MeKJy TeHaMMU.

OCHOBHBIMU THUIIAMU B3aUMOJAENCTBUA aJIJIEJbHBIX TeHOB SABJISIOTCH:
MIOJIHOE JOMUHUPOBAHME, HETIOJHOE JOMUHUPOBAHNE U KOJOMUHUPOBAHUE.

Y GONBIIMHCTBA Pa3[eJIbHOMIONBIX OPTaHU3MOB ITOJI OIIPEJEIAETCS CO-
yeTaHWeM IIOJIOBBIX XpoMocoM. Oco6u ToMoraMeTHOTO II0Jia MMEIOT IBe
OQVHAKOBBLIE IIOJIOBbIE XPOMOCOMBI M 00pasyioT OAWH THUHO TaMeT. lere-
poraMeTHBIN MOJI MMeeT Pas3HbIe IOJIOBBIE XPOMOCOMBI M (pOPMUPYET IBa
Trma ramMer. [109ToOMy B ITIOTOMCTBE y TAaKUX OPraHU3MOB HAOJIIOAAeTCs pac-
mrerienue mo noay 1 : 1. IlpusHaxu, KOTOpble KOHTPOJIUDPYIOTCSA TeHaAMMU,
JIOKAJIM30BAHHBIMHI B IIOJIOBBIX XPOMOCOMAaX, Ha3bIBAIOTCA IIPHM3HAKaMMU,
CIIeIlJIECHHBbIMM C IIOJIOM.

DeHOTUTI OpraHu3Ma 3aBUCUT KaK OT TeHOTUIIA, TAK U OT YCJIOBUH OKDY-
JKamInen cpeabl. PazinyaioT HEHACJIEACTBEHHYIO (MOAU(PUKAIIMOHHYIO)
W HaCJeACTBEHHYIO (KOMOMHATHUBHYIO M MYTAIlMOHHYIO) M3MEHUUBOCTD.

Ja nsydeHusa HaCJEJCTBEHHOCTU M U3MEHUYMBOCTU YEJIOBEKA UCIIOJIb-
3YIOTCA TaKWe METONbI, KaK OJM3HEIOBbIN, IeHeaJJOTUUECKUH, ITUTOreHe-
TUYECKUU, OnoxummuecKkue u ap. HaciiencTBeHHBIE 3a00/I€BAHNA YeJIOBEKA
00ycJIoBJIeHbI MyTanuAMu. [IpuuymHOl TeHHBIX OOJIe3HEN ABJAIOTCSA T'€H-
Hble MyTaluu. B OCHOBe BOBHUKHOBEHUS XPOMOCOMHBIX 0OJIe3HEIT JierKaT
XPOMOCOMHBIE ¥ T€HOMHbBIE MYTAI[HH.




Cenekuus
n buoTexHonorusa

N @

YesoBeK pasyMHBIN, KaK M JPYTue BUABI JKUBBIX OPTaHU3MOB, OKa3bIBa-
eT BO3JefiCTBME Ha OKpPYsKamIylo cpexy. OmHako, MMeHHO Ojaromaps CBOei
pPasyMHOCTHU, YeJIOBEK IleJIeHATIPABJIEHHO U3MEHAeT He TOJhKO HEeXKUBYIO IIPU-
pony, HO U IIPeACTAaBUTEJIeHl NPYrux BUAOB. UTOOBI 3aMETUTH 9TO, HOCTATOY-
HO CPaBHUTH JOMAIITHUX JKUBOTHBIX W KYJbTYPHbIE PACTEHUS C UX AUKUMU
coponmuamu. Hampumep, KyJIbBTYPHBIHA KapTo(esb, SAIOIMUN KJIYOHM MAacCOi
300—400 r, 1 fUKOpACTYIUHA ¢ KIYOHAMU Maccoi okoJjo 2 r. Vau omeHuTsH
BO3MOKHOCTHU Ky AUIEHOCHBIX TOPO, JAIOIUX AUII0 e:KeTHEBHO, U UX TUKUX
MIPEIKOB, OTKJIAABIBAIOIINX SAIla TOJIBKO B Ce30H pasMHOKeHuA. O ToM, Kak
YeJIOBEKY yIAJIOCh MOCTUYh TaKWX PE3yJIbTAaTOB, Bbl y3HAeTe M3 9TOU TJIaBHI.

§ 40. Cenekuusa n ee ponb B XU3HWU 4YenoBeYyecTBa

Bosnuknosenue cenexyuu. VI3 uctopuu Bel 3HaeTe, UTO IEPBOOBITHBIE JIIOAM
Ha OIIpeeJIEHHOM dTalle CBOETO CYIIEeCTBOBAHUSA IEPEIIU OT OXOTHI U coOupa-
TeJLCTBA K BHIPAIIIMBAHUIO PACTEHUI U pas3BeleHNI0 KUBOTHBIX.

3aKpenieHnio TAKOTo 00pasa KM3HU CIIOCOOCTBOBAJ IIepelaBaeMblii U3 I10-
KOJIEHUS B ITOKOJIEHIE ONBIT BeJIeHUs CeJbCKOro xo3dicTBa. CyTh ero 3akJo-
yajach He TOJBKO B COXPAHEHWUM CBEJEHUH O OJATONMPUSATHBIX YCIOBUAX IJIS
Pa3BUTUA BRIPAIMBAEMBIX PACTEHUHN U JKUBOTHBIX. [JIABHBIM B TAKOM OIILITE
OBLLJIO cJIeAyIOIIee: OCTABJIATDL AJIA PA3MHOMKEHUS Te OpraHu3Mbl, KOTOPLIE B
HaMOOJIBITIEl CTEIIeHW OTBEYAJIM 3aIIPOCAM UYeJIOBEKA. JTO IIPUBEJIO K TOMY, UTO
CO BpeMeHeM BhIpall[iBaeMble YeJJOBEKOM PACTEeHUSA U YKMBOTHBIE CTAJIN CUJIBHO
OTJINYATHCS OT OOMTAIIUX B AUKOI Ipupoe.

OnurcanHasa BBINIE MeATEIbHOCTD JIIOEl He Oblja CIelrajJbHO HaITpaBJeHa
Ha co3aHNe OPraHU3MOB C U3MEHEeHHBIMI CBOMCTBAMU, TeM He MeHee OHAa IIPU-
Bejla K IIOSBJIEHUIO KYJbTYPHBIX PACTEHUN M JOMAIIHUX KHUBOTHBIX. C pas-
BUTHEM YeJIOBEUECKOTO OOIIfecTBa 9Ta AeATEeNbLHOCTh He TOJbKO He yracia, HO
U TOJyuYmnJa gajbHelIee pasBuTue. II0ABUJIOCH MHOMKECTBO JEKOPATHUBHBIX
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pacTeHuil M MOMAIIHUX KUBOTHBIX, YIOBJIETBOPSIOIINX HE TOJHBKO MaTepu-
aJIbHbIE, HO U SCTeTHUUEeCKNe ITOTPeOHOCTH uegoBeKa. [[Jis MX BBIBEIEHUS WC-
OJB30BAJICA BCE TOT K€ OTOOP, HO B 9TOM CJyYae OH YKe€ OCYIIECTBJIAJCS
meaeHanpaniienHo. KoHKpeTHBIe 0cO0M OTOMPAJINCH B 3aBHUCHUMOCTH OT IIPE.-
mouTeHuil xos3deB. Tak MOABUINCH OTPOMHBIE CeHOepHApPbl ¥ MUHUATIOPHBIE
yuxyaxya (puc. 101), mouToBble TOMyOM U HeCIIOCOOHBIE HOPMAJBHO JETAaTh
rOJIyOM-IYTHIIIN, TIOJLIAHLI 1 UPHUCHI C JEIEeCTKAMU BCEBO3MOXKHBIX I[BETOB
U T. 1.

'

CeHbepHap BenbLu-kopru Yuxyaxya

Puc. 101. PesynbraThl cenekumm cobak

IlocTenenHo BbIBeleHUE KYJIBTYPHBIX PACTEHUU M JAOMAITHUX JKUBOTHBIX
IIPEeBPATUJIOCH B 0COOYIO MPAKTUUECKYIO NeATeIbHOCTD, ITOJMYUYNBIITYI0 Ha3BaHIe
«CEJIEKITU Y.

Ilpaxmuueckue pesynvmamut cenexyuu. B xorme XIX — mauame XX B.
Osaromapsi PasBUTUIO €CTECTBEHHBIX HAYK CeJIeKIIUs odopMuack B ocoboe
HayuyHOe HaIlpaBJieHHe. B COBpeMeHHOI TPaKTOBKE CeJeKIMSI — 3TO HayKa O
CO3JaHUU HOBBIX U YCOBEPIIIEHCTBOBAHUU YiKe CYII[ECTBYIOIUX IIOPOJ KUBOT-
HBIX, COPTOB paCTeHI/Iﬁ 1 IIITaMMOB MUKPOOPraHM3MOB.

ITopoaa, copT, IITAMM — 3TO CIEIHAJbHO BLIBEJEHHbIE IPYIIIIbl OPraHm3-
MOB, oOJiafjaiolime IOJIE3HBIMU MIJIA UYeJIOBeKa IpusHakaMu. TaKue TpyMITbl
IeJieHaIIPaBJIeHHO MOAMEP:KUBAIOTCSA MTYTEM KOHTPOJIUPYEMOTO YeJIOBEeKOM pas-
MHOKEHUS.

SpxuM mpuMepoM SABJISeTCS pasBemeHme co0aK pasIMYHBIX Iopox. s
MOJYYeHUs TOTOMCTBA, 00J1aJai0Iero MOPOAHBIMY KauecTBaMU, JIIOAU CIIEI[H-
aJIbHO TOAOWPAIOT POAUTEIbCKUE Iaphbl, UTO M obeclieurBaeT COXpaHeHUe II0-
pozabl. IIpu oTcyTCTBUM KOHTPOJIA 34 CKPEIUBAHUEM IIPU3HAKU MOPOILI, KaK
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Mmasa 7. Cenekunsa n 6UOTEXHONOrna

IpaBUJIO, HE COXPaHAOTCA. BosHUKAOIEe B pe3yabTaTe CBOOOIHOTO Pa3MHO-
JKEeHUA TMOTOMKM MB3BECTHBI BCEM KaK OecropoaHble cobaku — naBopHaru. Ha
STOM MHpPUMepe BUIHO, UYTO OCYIIECTBIISEMBIN UeJJOBEKOM 0TOOP — 9TO He TOJBLKO
MeTOJ IIOJIyUYeHUs IIOPOAbI, HO M CIIOCO0 ee MOAMEP:KAHUA M COXPaHEeHUS.

ITomo6GHBIM 00pasoM, 3a CUeT BHYTPUIIOPOAHOTO CKPEIUBAHUSA, OAAePKIU-
BaIOTCA TOPOABI U APYTHX PasBOAMMBIX UEJIOBEKOM KMBOTHBIX. CopTa pac-
TeHUI B OOJIBIIIMHCTBE CJAYYaeB MOJIeP:KUBAIOTCS 3a CUET BEreTaTUBHOTO Pas-
MHOKeHUA. KaKk BaM M3BECTHO, IPU TAKOM PA3MHOYKEHUM MOTOMKU ITOJTHOCTHIO
COXPAaHSIOT IpU3HAKY pomuTessa. IIlTaMMbl MUKPOOPTaHU3MOB TaKyKe COXPaHs-
oTcs Garomapsa XapakTepHOMY AJISA HUX 0eCIoIoMYy PasMHOKEHUIO.

Hrak, MCKyCCTBEHHBII OTOOP — BBIOOD UEJIOBEKOM HamboJiee IEHHBLIX B
XO03AMCTBEHHOM MJIY AEKOPATHBHOM OTHOIIIEHUU 0CO0el AJIA MOJTYUeHUA OT HUX
IOTOMCTBA C »KeJlaeMBLIMI IIPU3HAKAMU U cBoicTBaMu. VICKyCCTBEHHEBIN 0TOOD
SABJISAETCS OCHOBHBIM METOJIOM ITOJIYUEHUS COPTOB, ITOPOJ U IIITAMMOB.

Memodust cenexyuonnol pabomsr XX 6. B 3aBucuMoCcTH OT CBOMCTB IIOA-
BEpramwInxcs NCKYCCTBEHHOMY OTOOPY OPraHM3MOB Pa3INvaioT ero BapruaHThI.
Tak, 115 BRIBEIEHUSA IIOPOJ KUBOTHBIX OCHOBHBIM BapUAHTOM SABJIAETCS UHOU-
sudyaavnblit omoop. Ero cyTh 3aKJI0UaeTCAa B CKPEIINBAHNY MEXKIY CO00¥ 0co-
0eii, KOTOpbIe O0JIaIalOT HYKHBIMU CeJIEKITNOHepy nIpusHakaMmu. [lonyueHHbIe B
TaKUX CKPEIMBAHUAX ITOTOMKU aHAJM3UPYIOTCA HA HACJIeJOBAHE JKeJIaeMbIX
MPU3HAKOB, U CPeAU HUX OTOMPAIOTCS Maphl AJIA MOCAEeAYONINX CKPeI[MBAHTIA.

B cenmexkmnum pacrenuii, KpoMe HHINBUAYAJBHOTO OTOOPA, HMPUMEHSIOT
maccoswtit omoop. B aTom ciyuae ceMeHa, IMOJyUeHHbIE TIOCJE UCKYCCTBEHHOTO
OIIBLJIEHUS PaCTeHUH, BHIOPAHHBIX IPU MHAWBUAYAJIHLHOM 0TOOpPE, BBICEBAIOT HA
OTIEJbHBIX AeJNAHKAaX. 3aTeM CPABHUBAIOT BBIPAKEHHOCTH OIIPEIeJIEHHOTO TIPU-
3HaKa (Hammpumep, YPOrKaHOCTD) Y PACTeHN, ITOJYUEHHBIX IIOCJIE PA3JIUUHBIX
cKpeinuBaHuii. [[J1d caeayroIiero sTamna ceJeKIINN UCIOJNb3YIOT ceMeHa yiKe He
OTIEJbHBIX PACTEHUI, a BCEX DK3EMILISAPOB, BHIPAIIIEHHBIX HA JaHHOU NMeJdHKe.

B cenexmumonnoil padoTe IIIMPOKO HCIOJBL3YIOTCSA OIpPeAeIeHHbIe MEeTOLbI
cKkpelnuBaHUuA (2ubpudusayuu) opranusMoB. Ha mmepBoHaUYaJBLHBIX dTAllaX BBI-
BeJIEHUSI COPTOB MJIN IOPOJ OCYIECTBISIOT MEKIIOPOAHYIO (I MEXXCOPTOBYIO)
rubpuausamnuio. OHa Ha3bIBaeTCda ayTOpuauHTOM. Korja HacTymaeT aTar 3aKper-
JIEHUSA TIOJIYUeHHBIX HOBBIX MMPU3HAKOB B IIOTOMCTBE, IEPEXOIAT K MHOPUIUHTY —
CKPeIMBAHUI0O BHYTPU MOJYUYEHHOH HeOOJbINON rpynnbl. MHOPUAUHT IIpUMe-
HsIeTCA U JJIsI COXPAHEHUS BLIBEIEHHOI'0 COPTa MJIN IIOPOMILI.

AyTOpuAUHT U MHOPUAUHT HIPEACTABJISIIOT COO0M BapUAHTLI MrIOPUAU3aIINT
OPraHM3MOB, KOTOPbIe IPUHAJIEKAT K ogHOMY BUYy. OgHAKO B pAE CAyUYaeB
BO3MOJKHO U IIOJIYUYEeHMEe IIOTOMCTBA IPU CKPEIMBAHUHN 0CO0EeH pasIMUHBIX
BUOB. TaKme CKpenuBaHUs HAa3LIBAIOT OTHAJEHHON T'HOpHIU3aIHe.

ITonyueHnHoOe B pesyabTaTe OTAAJEHHOM I'MOPUAN3aIlU IIOTOMCTBO, KaK Ipa-
BILJIO, OKA3bIBaeTCs OECILIONHBIM. OTO CBSI3AHO C TEM, UTO B KJETKaxX rubpuia



§ 40. Cenekumsi n ee posib B XMU3HU YenloBevyecTsa

213

MIPUCYTCTBYIOT ABa TaIlJIONJHBIX HAOOpa XpOMOCOM PasHbIX BUOB sKUBBLIX Opra-
HU3MOB, & He COCTOSAININH 13 TOMOJIOTHYHBIX XPOMOCOM AUILJIONAHBIN HAOOP XPO-
MOCOM OJHOr'0 Bua. V3-3a 9TOro B IepBOM JeJIeHIN Meit03a HapyIIaeTcs IIPOIece
KOH'BIOTAIINY XPOoMOcoM (BcrroMmHUTe § 18), UTO 1 IPUBOAUT B UTOTE K GECIJIOLUIO.

OmHAKO B CeJIeKIIUU PACTEHUU CYIIECTBYET Memod npeodojenHus 0ecno-
Jdus mexncsudosvix zubpudos. Kak BaM y:Ke M3BECTHO, Y pacTeHUil, B OTJIU-
4yue OT KMBOTHBIX, IIOJIUIIJIONOHBIE (I)OprI HEe TOJIBKO HCI/I3HeCHOCO6HbI, HO 1,
Kak IIPaBUJIO, 00JIafafOT IIOBBIIIIEHHON CKOPOCTHIO PA3BUTHUS U POCTA, UMEIOT
OOJIbIIINE pasMephl U YPOKAMHOCTE. II09TOMY CYyTh MeTO[a 3aKJIIOUAeTCI B WC-
KYCCTBEHHOM YIBOEHUN XPOMOCOMHBIX HAOOPOB B KJIETKAX MOJYUYEHHOI'O IOCIe
OTAAJIEHHON I'MOPUIMN3AINY PACTEHUA. ITO OCYII[ECTBJIAETCS IIyTeM 00paboTKM;
pacTeHuss 0COOBIMM MyTareHaMu. B pesyabTare IOJYydYaloT MOJUIIJIOWM MEXK-
BUIOBOr0O rubpuza. B ero KjaeTkax Meio3 mIpoxXomguT 0e3 HaApPYIIIEeHU, TaK Kak
KasKJas M3 XpPOMOCOM HaxoauT cebe mapy mpu KoHbioramuu. OgHAKO I II0-
IaBJISIOIEr0 OOJILIITNHCTBA KUBOTHBIX VIBOEHIE XPOMOCOMHOI0 Habopa sIBJIs-
eTcs JieTaJibHOM MyTalrueii. [losToMy moaydeHre IMOPOJ KMBOTHBIX HA OCHOBE
OTHaJIeHHOM TMOPUAU3AIIUY HEeBO3MOIKHO.

13 riaBel 6 BBl 3HAETe, UTO OCHOBY HEOOXOAUMOM IJI NCKYCCTBEHHOTO OT0O-
pa HacJaeACTBEHHO M3MEHUMBOCTU COCTABJAIOT MyTaIlluu. B IPUPOIHBIX YCJIO-
BUAX MYTaIlUU BCTPEUAIOTCS C HU3KOM YAaCTOTOMH, HO C IIOMOIIbI0 MYTareHOB
MOXXHO IIOBBICUTDH YACTOTY X BOBHHUKHOBeHUS. [I09TOMY OZHUM M3 OCHOBHBIX
METOJIOB CeJIEKIIMOHHOM pPaboThl ¢ 0AKTepUAMU W TI'pubaMu CTaJl UHIYIHPO-
BaHHBIN MyTareHe3. ETo cyThb cocTOUT B 00pabOTKe MyTareHaMHU HCXOTHBIX
IIITAMMOB ¥ IIPOBEPKE BBLIPAYKEHHOCTU XO3AUCTBEHHO IIOJIE3HBIX IPU3HAKOB Yy
MMOJIYYEHHBIX IOCJEe TAKOTO BO3AEHCTBUSA IIOTOMKOB.

IIpu npaBmIbHO MOZOOPAHHBIX M03aX W BPEMEHU AEMCTBUA MYTareHOB B
00paboTaHHBIX KJETKAaX BO3SHUKAET MHOXKECTBO PasJMUHbIX myTamuii. Coot-
BETCTBEHHO, BO3PACTAeT U BEPOSATHOCTh MYTAIIMOHHBIX M3MEHEeHWH, BIUSIONUX
HA WHTEPECYIoIUH CeJIeKIIMOHepoB Ipu3Hak. Hampumep, 6e3 MmyTareunesa ajs
O0HAPYKEeHNsI MHKPOOPTaHM3MOB, 00pas3yIOIUX OOJIbIlle aHTHOMOTHKA, UYeM
yoKe UCIIOJIb3yeMbIe IIITaMMBbI, HEO0XOINMO IIPOBEPUTH HECKOJIbKO MUJIJINAPIOB
Kosionuii. Ilocse ymauHO IIPOBENEHHOTO MyTareHe3a MOMKHO OOHAPYIKUTH WC-
KOMYIO KOJIOHUIO CPeI HeCKOJbKUX ThICAY MPOAHAIN3NPOBAHHLIX BAPHUAHTOB.

Hocmuscenua cenexyuu XX 6. BOBHUKHYB Ha 3ape 4eJIOBEYECKOH ITUBU-
JAU3AIUU KaK YKUCTO IPAKTUUYECKAas AesATeJbHOCTb, CeJeKI[Us IIpeBpaTHjIach
B HayKYy, OJiarogapsa KOTOPOM UeJIOBEYEeCTBO YCIEIITHO PEeIaio IPOJOBOJIbCTBEH-
HYIO IIpo0JIeMy B TeueHMe IIOCJeJHUX BeKoB. Bojee Toro, MHTEHCUBHOE Pa3BU-
THE CeJIbCKOT'0 X03ANCTBA CTAJI0 OJHOM M3 TVIABHBIX OCHOB YBEJIUUYEHUSA UNUCJIEH-
HocTHu HacejeHus 3emuu ¢ 1 mapa B 1804 r. 7o 6 muapa B 1999 r. Ilpuuem BO
BTOpOI mojioBuHe XX B. CeJIbCKOE X03ANCTBO MUpPa Pa3BUBAJIOCH IIPENMYIIe-
CTBE€HHO 3a CUeT BHeAPEeHHUA B IIPAKTHUKY HOBBIX COPTOB M IIOPOL.
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(7 )
ILH:' CeneKIusI — HayKa O CO3JaHUY HOBBIX 1 YCOBEPIIIEHCTBOBAHUU YiKe
W .
~ CYIIECTBYIOIIUX IIOPOJ JKMBOTHBLIX, COPTOB PACTEHHII M IIITAMMOB
MUKpoopranusmoB. Ilopoga, copT, IITaMM — 39TO BbIBEJEHHLIE U

B macrosiniee Bpemsa OypHBIII POCT HaceJIeHUS IIPOJOJIMKAETCSI — YiKe B
2011 r. HaceseHMe 3eMHOT'O IIapa AOCTHUIVIO ( MJPA udejioBeK. O TOM, CMOMKET
JIM CIIPaBUTHCA COBPEMEHHAaA CeJIeKIINsA C PelleHneM HOBOH IIPOJOBOJILCTBEHHOI
mpo0JieMbl, Bbl Y3HAETE U3 CJAEAYIOIUX Imaparpados.

OO JePsKMBAEMbIe UEJIOBEKOM I'DYIIBI OPraHM3MOB, 00JIaJalolue II0JIes-
HBIMU [IJId YeJioBeKa ImpudHakamMu. OCHOBHBIM METOIOM CO3JaHUS IIOPOJ,
COPTOB U IIITAMMOB SIBJISETCS MCKYCCTBEHHBIN 0TOOpP. Ero cyTh 3akJioua-
eTcAd B IIPOBOAUMOM B PAAY IIOKOJEHUI BBIOOpPE U PA3MHOMKEHHUU TOJBKO
TeX OPraHW3MOB, Y KOTOPHIX JKeJlaeMble CBOMCTBA BBIPAKEHBI B HAMOOJIb-
meit crenenu. HoBble copTa M mOpPOABI CO3AIOTCA MYTEM CKPEIUBAHUA
(rubpugmsariuy) pacTeHUH WM KUBOTHBIX C PA3JMYHBIMH CBOMCTBaAMM.
Hid cosmaHmsa MITaMMOB MUKPOOPTAHM3MOB IIIUPOKO HCIIOJNB3YEeTCA WH-
OYIUPOBAHHBINA MyTareHes.

? .= 1. Yem oTnnyaloTCa KynsTypHbIE PACTEHNS U AOMALLHME XUBOTHbIE OT X AMKUX NpeaKos?
[™ ™ 2. Kak nogepxvBaeTcs Y4McToTa noposl Npy passefeHni AOMaLIHNX XMUBOTHbLIX?
3. B 4em 3aknoyaeTcs CyTb MHAMBUAOYANbHOrO MCKYCCTBEHHOMO oT6opa? Maccosoro?

4. Y70 Takoe ayTopuaMHI U MH6pMAMHI? Korga v ons Yero OHW MPUMEHSIOTCA?

5. Moyemy oTaaneHHas rubpyvansaumsa pearko NpUBOANT K CO3OaHUI0 HOBbLIX MOPOA U COPTOB?
Kak ypaetcsa npeononetb 6ecnnoame MexsuaoBbIX rMopnaos?

6. [Ins 4ero B CenekUmMoHHON paboTe NMPUMEHSAETCA UHAYLIMPOBAHHbIA MyTareHes3?

7% Bo BTOpow nonosuHe XX B. pag cTpaH (B 4acTtHocT, Mekcuka n MHOWs) cymenu yee-
nNYnTb 3PPEKTUBHOCTL CBOErO CENbCKOro xo3sanctea B 3—5 pas 3a 15—20 net. 370 aABneHne
Has3Basnu 3eneHon pesonoument. YTo MIMEHHO CTano OCHOBHbIM B OCYLLECTBIIEHUM 3€MEHON PEBO-
mounn? Vicnonb3ynTte QONONHUTENBHBIE UCTOYHMKN MHGOPMaLmK.

§ 41. bnorexHonorus n ee posib B pasBUTUMN
yenoseyectBa B XXI| B. TpaHCreHHble pacTeHUsA

Bo Bropoii mosoBure XX B. A/ IMOJYUYeHUS HEOOXOAMMBIX UEJIOBEKY Be-
IIIeCTB B MIMPOKUX MacIITabax CTAaJN IPUMEHATHCA MUKPOOpraunusmMel. Ilosasu-
Jach MUKPOOUOJIOTHUECKAaA ITPOMBIIIIIIEHHOCTD, ITPOAYKTHI KOTOPOA — aHTUOMO-
TUKU, KOPMOBbIe 0OOAaBKM, aMUHOKUCJIOTHI, BUTaAMUHBI 1 Apyrue BAB — crain
IIPOM3BOAUTLCA BO BCe OOJIBINNX KOJUUecTBaX. 110 cBOell MHTEHCUBHOCTHU IIPO-
M3BOJICTBO IITPOAYKTOB Ha OCHOBE WCIIOJIb30BAHUSA JKUBBIX OPraHMU3MOB CTaJIO
OpUOIMIKATHCA K YMCTO TEXHOJOTMYECKUM IIpolieccaM. B COBOKYITHOCTU 3TO
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TIPUBEJIO K ITOSBJIEHUIO HOBOTO CJIOBA — «OmoTexHOoJ0TUA». COBpeMeHHass 61o-
TEXHOJOTHA — 9TO IIOJyUeHNe KaKNUX-JIM00 IIPOAYKTOB HAa OCHOBE MCIIOJIbh30Ba-
HUS JKUBBIX OPraHU3MOB, KYJIbTYDP KJIETOK U MOJYUYEHHBIX 13 HUX (PepMEHTOB.

I'enemuueckasa undiceHepUus KAK OCHO6A COBPeMEHHOU OGUOMEXHONLOZUL.
B 70-x rogax XX B. Ha BOOPYKEHUU OMOJIOTOB Y K€ MMEJNCh METOHAbl 00bemi-
HeHua moJiekysn IJITHK B mabopaTopHbIX ycaoBusx. C MOMOIIBIO CIIEIIUMAJTbHBIX
(bepMeHTOB MOKHO paspes3daTb mosekyiabl [THK ma ormenbHbIe (hparMeHTHI U
3aTeM COeIMHATHL B BLIOPAHHOM UeJIOBeKOM mopsanke. Takoii crmocod paboThl
¢ mosekynamu JJHK monyumsn HasBaHue reHeTmueckoil mH:keHepuu. Camoe
TJIaBHOE, UTO TaKle MCKYCCTBEHHO COCTaBJIEHHbBIE M3 OTAEJbHBIX (DPAarMEeHTOB
MOJIEKYJIBI TIOCJI€ WX BBENEHUSA B KJETKHU HCIIOJL3YIOTCS UMM KaK OOLIUHBIE
moseryabl JITHK. To ecTh 3akogupoBaHHaA B HUX reHeTHUEeCKasd MHAOPMAIUA
peanusyeTcs IyTeM TPAHCKPUIIINN U TPAHCIAINN.

OpraumsMbl, T€HOM KOTOPBLIX OBbIJI M3MEHEH C IIOMOIILI0 METOHOB I'€HEeTH-
YEeCKON WMHIKEHEePUU U COMEePIKUT XOTA ObI OAUH aKTUBHO (PYHKITMOHUDYIOIITUH
T'eH JPYyToro opraumsMa, Ha3bIBAIOT TPAHCTEeHHBIMHU (TeHeTHYeCK:u Moauduiim-
poBauubivMu, uau I'MO).

Tpanczennvle pacmenus Kakx 0CHO6a cenbckozo xo3aiicmeéa XXI 6. B nio-
ciaenHeil yerBepTu XX B. CeJIEKI[MOHHAasA paboTa B 00JIaCTH pPacTeHHEBOICTBA
BBIIILJIA HA IPUHITUIIAAJIBHO HOBBIN YPOBEHb. ITOMY CIIOCOOCTBOBAJIO OTKPBITHE
0co00ro crocoba MmapasuTUPOBAHUSA, KOTOPBIN MCIONL3YIOT OAKTEPUN U3 POLA
ArpobaxTepuym. Taxkoil cmocod mapasuTHPOBAHNS CYIIIECTBEHHO OTIMUYAETCS
oT 00BIYHBIX. OOBIUHBIE IIAPA3UTEI, IIOCEIASICH B X03AUHE, IPOCTO HCIIOJIb3YIOT
TO, UTO MMeeTCs y XO3sAMHA M3HAUaJbHO. ATrpo0aKTepUN Ke TeHeTUUYEeCKH M3-
MEeHSIOT CBOEro X03sMHa, IepeaaBas eMy COOCTBeHHBIE T'eHBI.

ITocsie OTKPBITHSA STOTO ABJEHUA OLLIU Pa3pabOTaHbI MPUHITUIUAIBLHO HO-
BbIe METOZbI MOJIyueHUus copToB. C IMOMOIIbIO TeHHO-MHIKEHEPHBIX METOJ0B B
IHEK, xoTopy:o arpobakTepun nepesaioT B pacTeHne, 3aMeHAI0T HYyKHbIe arpo-
OaKTepusM T'eHBI Ha TeHbI, Hy:KHBIe cesiekiuonepaM. 3atem oty I[[HK BosBpa-
IIaI0T B KJETKHU arpodaxrepuii. IIpu 00paboTKe pacTUTEJIbHBIX KJIETOK TAKHUMU
0aKTepusaMHU OHU IEPEeHOCAT B HUX codfgaHHyIo uyeaoBekoM [IHK kak cBoro
CcOOCTBEHHYIO.

9TO MO3BOJIAET CO3MaBATh TPAHCI'€HHLIE COPTA, IIOJyUYeHe KOTOPLIX METOIa-
MU TPaAUIIMOHHON CeJeKI[MU HeBO3MO:KHO. Hampumep, MJid IpUIAHUA YCTOI-
YHUBOCTH K HACEKOMBIM-BPEAUTE/ISIM PACTEHUSIM MepeaaloT Oonpee/ieHHbIe I'eHbl
0aKTepuii, BbIBLIBAIOIIINX 00JE3HN HACEKOMBIX. B KJIeTKax TaKuX pacTeHuil OyaeT
CHHTE3MPOBAThCS 0€JI0K, TOKCUUYHBIN AJIA HaceKoMbIX. Chemas JINIIIL HeOOJILIIIoe
KOJIMYECTBO TKAHEW PACTEeHUU BTOr0 COPTa, HACEKOMBIE-BPEAUTEIU IIOTHOAIOT.
ITosTomy mJis GOPHOBI C HUMU HET HEeOOXOAMMOCTU IIPUMEHSITH JOPOrOCTOSIIIE
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Puc. 102. PesynbTatbl UCNbITAHUA TPAHCrEHHOro

KapTodens, yCTOMYMBOIO K KONOPaACKOMY >XYKY:

a — TpaHCreHHbIN COpT B NEepuofa MaccoBoro pas-

MHOXEHUS KOMOPaACKOro Xyka; 6 — OOblYHbIN
COPT B TEX XE YCNoBUsX

U BPeIHBIE [IJIS YeJIOBeKa U OKPYIKa-
IOITell cpelbl XUMUUYECKNe CPeACcTBa
sauThl pacrenuit (puc. 102).
Wcmonbayss pasinyHbIe Te€HEI,
COBpPEMEHHbIE CeJEeKIIMOHEPLI Me-
TOZaMHU T€HEeTUUYEeCKON WHIKeHepuu
HOJIYYaIOT COPTa PACTEeHUM, YCTOI-
YHMBBIE K 3aCyXe, 3aMOPO3KaM U JIpY-
TUM HeOJarompPUSATHBIM YCJIOBUSIM.
9TO MO3BOJIAET PACIIUPATH B0HBI
YCIIEIITHOTO 3eMJIefeJIuA U PasBo-
pauuBaTh MPOAYKTUBHOE CEIHLCKOEe
X03AHMCTBO B TeX PeruoHax MHUpa,
rie OHO JI0 CHX IIOP OTCYTCTBOBAJIO.

Vaensercsa cepbesHoe BHUMAaHUE U U3MEHEHUIO TUTATEIbHBIX CBOMCTB CEJIb-
CKOXO03AMCTBEeHHBIX pacTeHuil. Hampumep, MmosydyeHB TpaHCTEHHBIE cOpTa KY-
KYPyB3bI, COM U APYTUX KOPMOBBIX KYJBTYP, B KOTOPBIX COAep:KaHUe OesKa u
He3aMeHUMBbIX aMHHOKMCJIOT BBIIIIE II0 CPABHEHUIO CO CTAPHIMU COPTAMMU.

C moMOIIbI0 TEHEeTUYECKON WHIKEHEePUU PACTeHHU PeItarTcs HEeKOTOPHIe
MemZuIMHCKUE TpobieMbl. Tak, B SIMOHNY 3aKOHUYEHBI NCIILITAHUSA COPTOB PUCA,
norpebiieHre KOTOPBIX IO3BOJIUT IIOMOYB JIIOAAM, CTPAJAIONIUM aJIIeprueil Ha

OBLJIBITY XBOMHBIX PACTEHUH.

MeTogamu reHeTUHECKON MHXEHEPUUN AN MOJSIyHEHNs BbICOKOLIEHHBLIX MPOAYKTOB M-
TaHus BbiBeOeHbl 0cobble copTa pacteHni. OgHMM 13 NPUMEPOB ABNAETCA Tak Ha3blBae-
MbIA «30/10TON pUC». Ero oTNMYNTENbHOM YepTon ABAsSIeTCA obpa3oBaHmne 3HAYUTESNIbHOMO
KonunyecTBa npoButammHa A — kapoTuHa. [Npu HexBaTke B NMpoAyKTax MUTaHWsi 9TOro
BeLLecTBa y Nioger passuBaloTca 60M1e3HN rnas, KoTopble Npu AANTENBHOM MMNOBUTAMM-
HO3e MOryT NPUBOOUTL K NMOMHOM cnenoTe. B Lenom psge asvaTckux CTpaH COTHU TbICAY
noJen cTpagaroT OT Takmx 6onesHen. B 06b1MHOM puce, KOTOPbIM NUTAETCS 60MbLUMHCTBO
6eQHOro HaceseHusi, KapoTUH MpaKTU4Yeckn oTcyTcTByeT. [103TOMy B pacTeHus puca
ObININ NepeHeceHbl reHbl U3 pacTeHUn, B KOTOPbIX KapoTuHa obpasyeTcs MHoro. o pac-
YyeTam CneumanncToB, 3a CHET BBEAEHMS B PALMOH NUTaHUS TPAHCTEHHOro 30510TOr0 puca
MeOMLMHCKYIO Npo6nemy, CBA3aHHyo ¢ eduumntomMm nposutaMmmHa A B NULLEBOM paumoHe
YyesrioBeka, MOXHO 6yAeT pelnTb B 6nmxaniume OecaTuneTums.
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Ha ocHOBe TpaHCreHHBIX PACTEHUII BO3MOKHO TaKyKe MOJydeHUEe OEeIKOB
IPYyrux opranmsMoB. Takue Ge/IKU IPUMEHAIOTCS, HAIIPUMeD, B BeTePpUHAPUU U
MeAUIIMHE. YCJIOBHO 3TU PACTEHUs HABHIBAIOTCA PACMEHUAMU-OUOPEAKMOPAMU.

Bnarogapsi reHeTU4eCcKoOM MHXEHepUN MNOJyyYeHbl AeKOopaTUBHbIE PacTeHUsl, CNoco6-
Hble CBETUTbCS MNPV Crnabom Be4epHEM OCBELLEHMM 3a CYET MepeHoca B HUX FEHOB U3
CBETALLMXCSH MOPCKUX 6akTepuii. C NOMOLLIbIO NepeHoca reHoB hmanky B KNETKM LLMMOB-
HMKa Nony4eHbl rofly6ble Po3bl, BLIBECTU KOTOPbIE CENEKLMOHEPLI 6E3YCMNELLHO NbITan1ch
B TEYEHWNE HECKOJIbKNX BEKOB.

IlIpo6nema 6uobesonacnocmu. Illupokoe BHeAPEHNE B IPAKTUKY TPAHCTEH-
HBIX PACTEHMI BBHI3BAJIO ONIpeAeJIEHHbIE COIMAJIbHbIE UBMEHEHUS B OOIIECTBE.
OCHOBHOM BOJIHYIOIIEH YUEHBIX ITPOOJIEMON CTa U OITaCeHMusA, YTO CO3JaBaeMble
YeJIOBEKOM TPaHCTeHHbIE PACTEHUS MOTYT BBIUTHU M3-TIOJ] KOHTPOJIS YEJIOBEKA U
BHEJIPUTHCS B €CTECTBEHHBIE dKOCHUCTEMbI. ITO, B CBOIO OUepenb, MOKET IIPU-
BECTH K MCUE3HOBEHUIO u3 0mochephbl HEKOTOPHIX BUAOB PACTEHUH, KUBOTHBIX
¥ MUKPOOPTaHU3MOB. XOTA BEPOSATHOCTDL dTUX COOBITUIH OUeHb MaJja, HaydHas
00IIIeCTBEHHOCTh HEe OCTAaBMJIA 3TU TeOpeTUYecKre onaceHus B cTropoue. [loaTo-
MY Ha CIIeIMaJbHBIX KOH(MEPEeHIIUAX U CUMIIO3nyMax Oblau paspaboTaHbI IIpa-
BUJIA CO3JaHUsA, UCIBITAHUA W WCIIOJb30BAHUA TPAHCTEHHBIX PACTEHUM.

Y yacTu HaceJIeHUA 9TU ONACEHUS YUEHBIX TPaHC(HOPMUPOBAJINCH B HEIIPU-
ATHe TPAHCTEeHHBIX PACTeHU U IMPOM3BOAUMBIX M3 HUX NPOAYKTOB. IIpu aTom
TIPUPOAOOXPAHHBIN ACIEeKT IJisT OOBLIYHBIX JIIOJefl OTOIeJ Ha BTOPOM IIJIaH.
T'naBHoe, uero 6osATCA JIIOAM, He OIMACHBI JIU TPAHCTeHHBIE PACTeHUS U APYTHe
reHeTUUYeCKU MOAM(MUIIMPOBAHHBIE OPTaHU3MBI AJIA 3J0POBbs UesJOoBeKa. YUu-
TBIBAsA 9TO, BCe CO3[JaBaeMble METOJaMU TN'eHeTUUEeCKON WH)KEeHEePUU PacTeHUd
IOJIXKHBI ITPOXOAUTH 00A3aTEeJIbHYIO IIPOBEPKY Ha 0€3BPEIHOCTH /IS YeJIOBeKa
U CeJIbCKOXO3ANCTBEHHBIX *KUBOTHBIX. B PecriyOnimke Besmapych NpuHAT 3aKOH
«0 6e30ITaCHOCTY TeHHO-UHIKEHEPHO! TeATeILHOCTAY, KOTOPBIN ABJISAETCA OCHOB-
HOl HOPMATHBHO-TIPABOBOM 06a30if HAIIMOHAJIBHONU CHUCTEMbI 0M00E30ITaCHOCTH.
J1s KoopaAuHAIINY eATeIbHOCTY MPAaBOBLIX CTPYKTYP U HacejaeHus B PecnyOsmke
Benapycr cosman u ycmermnHo paboraer HarmoHaIbHBIA KOOPAMHAIIMOHHBIN
IeHTp 61m00e30IacHOCTH.

IlepBbIe mecATMIETUA HBIHENTHETO BEKa IOATBEPKIAOT MTPABUJIBHOCTD BBI-
OpaHHOIO IIyTH WHTEHCUBHOTO PasBUTUA OMOTEXHOJIOTUHU. MOMKHO ¢ YBEPEHHO-
CTBIO YTBEPKIATh, UTO JaJIbHENIIee pasBUTHE YeJIOBEUeCTBA OyIeT OnpeaeaThb-
cd Bce OoJiee IMUPOKUM BHEIPEHUEM AOCTHIKEHUI OMOJOTUU B IPAKTUUECKYIO
IeATeJbHOCTD Jofel. IIoaToMy cOBpeMeHHBIN I'PAMOTHBIN UeJIOBEK He HOJIMKeH
00AThLCA TeHeTHuYeCK! MOLU(UIIMPOBAHHBIX OPraHu3MoB. K mX co3gaHuio u
IPUMEHEHNIO CJelyeT OTHOCUTHCA KaK K OZHOMY M3 OCHOBHBIX IIOJIEBHBIX pe-
3YyJIBTATOB Pa3BUTHUA COBPEMEHHOUN HAYKU U TEXHOJIOTUU.



Mmasa 7. Cenekunsa n 6UOTEXHONOrna

o

L

p
'{ga CoBpemMeHHAsT OMOTEXHOJIOTHUS — HTO MOJYyUYeHNe KaKUX-THu00 IIpo-
™ | | BYKTOB Ha OCHOBE WCIOJb3OBAHUS JKUBBIX OPraHU3MOB, KYJIBTYD

"/ KieTOK u mOJyYeHHBIX M3 HUX (hepMeHTOB. BmorexHosorus 6asu-
pyeTrcs Ha HOCTUMIKEHUAX TeHEeTUUYECKOU MHIKEHEePUHU, ¢ IIOMOIIBI0 KOTOPOI
CO3AIOTCS OPraHW3MBLI C paHee He CYII[eCTBOBABIINMU KOMOMHAIIMSIMU
IPU3HAKOB. B ceJleKIuu pacTeHuil HOBBIE COPTA CO3MAIOTCA IYTEM Iiepe-
Jauyd B PACTUTEJbHBbIE KJETKM I'eHOB JPYIHUX OpraHmsMoB. PaspaboTKa,
NCIIBITAHUA M HCIIOJIb30BaHVE€ T'€HEeTHUUYEeCKHU MO,Z[I/I(l)I/II_LI/IpOBaHHI:IX opra-
HU3MOB HAXOIATCA IIOJ HOCTOSHHBIM KOHTPOJIEM.

? 1. Yto Takoe 6uoTexHonorma?

= & 2. 470 Takoe reHeTu4eckas UHxeHepusa?
- ' 3. Kakue 6akTepuvt UCMONb3YOTCA AN BBEAEHWS HYXHbIX YESIOBEKY FEHOB B KIETKM
pacTeHnin?

4. Kakyto nonb3y NMpUHOCAT TPAHCrEHHbIE PaCTEHUS CENbCKOMY XO3ANCTBY?

5. Mo4eMy ncnonb3oBaHne TPaHCreHHbIX PACTEHWIA ClepyeT paccMaTpuBaTh Kak OfHY 13 Mep
3alnThl OKpyXXatoLlen cpegpl?

6. Cnepyet nn 609TbCA TPAHCrEHHbIX PACTEHUI WU U3TOTOBJIEHHBIX M3 HUX MPoadykToB? Kakas
cmctema 61o6e3onacHOCTU CyLLEeCTBYET B MUpe?

7% TlpencTaBbTe cebe, HTO Bbl MOSY4UIN BO3MOXHOCTb CaMOCTOSATENIbHO NfaHMpoBaTh Mo-
Nny4YeHne HOBbIX COPTOB TPAHCTEHHbIX pacTeHW. PacTeHne ¢ Kakumy CBOMCTBaMW Bbl XOTENW Obl
€o3[aTb, 4YTOObl MPUHECTM MakCUMarnbHyl0 Nonb3y cebe u 4enoseyecTBy?

§ 42. bnorexHonorus u ee posib B pasBUTUMN
yenoseyectBa B XXI| B. TpaHCreHHble MUKPOOpPraHU3mbl
M XuBOTHble. Kneto4yHas MHXeHepus

Ilonywenue u npumenenue mpanczeHHbvLX MUKPOOP2aHu3mos. C pasBUTH-
eM TeHeTUUYeCKOH MHKeHepUu MMEeHHO OaKTepUu CTAJHU MEePBBIMH O0heKTaMu’
IJIs1 BHEAPEHUS B UX KJIETKU He CBOMCTBEHHOM MM M3HAUAJLHO IMeHEeTUUYECKOM
uH(popMmaluu.

Bl y:xe 3HaeTe, UTO C IIOMOII[bIO CIIEIIHAJIBHEIX (PEePMEHTOB MOMKHO COEIU-
HATH B oxuoil MoJsiekyse [JHK rensl pasauuHbIX opraHnu3MoB. TaKye MOJIeKYIbl
HCIIOJIB3YIOT IJIS CO3MAHMNSA FreHeTUUYeCKH MOAU(pUIIMPOBAHHBIX MUKPOOPTaHI3-
MOB B IIpoOIlecce IIOJIYUEHUs IIITaMMOB C 3aJaHHBIMU cBoicTBamMu. V3 riaBbl 2
BaM M3BECTHO, UTO B OaKTepHAJbHBIX KJETKAX IIPUCYTCTBYIOT HEOOJbIIINE
KoabIieBble Mosiekyabl JIHK — mmasmupasl. [Inasmugnyio [[THK BeIgendror us
KJIETOK, coequHAT ¢ (hparmenramu [JTHK, HecymuMu HYKHble T€HbI, 1 BBOIAT
ATy TeHHO-UHKEeHEPHYI0 KOHCTPYKIINIO B KJIETKN MUKpoopranuamoB (puc. 103).
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Bbipesanue cdparmenTa JHK,

Bblpoenenve OHK HeCYLLIero HyXXHbIW reH,
13 KNeTKn Yenoseka C MoMoLLbIo hepmeHTa
) s Pa3mMHOXeHWe TpaHCreHHbIX
D :/:\ 6akTepuii — nony4yeHve WwramMma,

npoayuumpyroliero 6enok YyenoBseka

|
O6beanHeHve OHK yenoseka ﬁ §5|@O
‘beanHEHN YeroBek :>‘ O
n nnasmugHon OHK 6aktepun @ O G
BeeneHve nonyyeHHon % g\ ﬁ | O
reHHO-UHXXEHEPHON KOHCTPYKLUK l@ O P
v B KNeTkn 6aktepuii IQQ |@ O
|@ O ) Paspesatue nnasmugHon JHK

C NMomoLLblo hepMeHTa

Bbiaenenne nnasmuaHon OHK
13 baktepun

Puc. 103. Cxema nonyyeHus 6akTepuanbHOro npopyLeHTa 6enka 4enoseka

C mcnosib3oBaHMEM TAaKOTO MeTOJa IOJydaloT 0aKTepuu, CUHTE3UPYIOIne
O6esqku yesoBeKa. OMHUM M3 MEPBBIX YCIEIIHO peaU30BAHHBIX IPOEKTOB, JO-
KasaBIIUX II0JIE3HOCTH TAKOTO OMOTEXHOJIOTMYECKOTO HAIlpaBJIeHUs, OBLIO II0-
JydeHre OaKTepuil, IPOAYIIUPYIOIIUX WHCYJINH UeI0BeKa.

Benok MHCYNMH HeobxoanMm AN1A oKasaHusa NOMOLLM MIOAAM, CTpafalLwwmM caxapHbimM
AnabeTtom. [10 BOSHUKHOBEHUS FTEHETUHECKOWN NHXEeHepUn ANst STOro UCnosnb30Basnun UHCY-
NMH KopoB mnun ceuHen. OJHaKo Npy BBEAEHUN BO BHYTPEHHIO CPeay YenoBeka 6enkos
Opyroro BMaa Ha HUX passmBaeTcsi UMMYHHbIV OTBeT. [o3ToMy 3h(PEeKTUBHOCTL AeNCTBUA
TakKoro MHCynnHa nagaeT u NPUXOANTCA yBenM4mMBaTb BBOAUMbIE [03bl, YTO BfeYeT 3a CO-
60 HexenaTtenbHble NO604Hble APPEKTbI. 3ameHa NHCYNNHA XXMBOTHBIX Ha MOTYyYEHHbIN
FEeHHO-UHXEHEPHbIM MYyTEM WHCYSIVH YefioBeKa No3BONuia CHU3UTb YPOBEHb MMMYHHbIX
oTBeTOB. B HacToswee Bpems 6onee 70 % AMabeTUKOB MuMpa MONyYarT MHBLEKLUN WH-
CyfnuHa YenoBeka, NPOM3BOAMMOro Ha OCHOBE LLUTaMMOB 6aKTEpPUN N OPOXXKEN, KOTOpble
nosny4eHbl MeTofamMn reHeTUYECKON NHXEHEPUN.

Eie ogauM OMOTEXHOJOIMUYECKNM HAIIPABJIEHUEM SBJIAETCS UCNOLb308AHUE
(pepmenmos Mmukrpoopearudmos. s sToro takue (pepMeHTHI 0COOBIM 06pasoM
BBIIEJIAIOT 13 BBIPAIIEHHBIX IPOKIKEN Wiy OaKTepuii m o0pabaThIBAIOT MMU
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COOTBETCTBYIOITHE CyOcTpaThl. B uacTHOCTH, (hepMEeHTHI OaKTEepPHuaIbHOT0 UK TPUO-
HOT'O IIPOMCXOMKICHNUS TIPUMEHSIOTCS IJIs HOJYUYeHUA TII0K03bI 13 KpaxMaJia 1 IeJl-
Jr0J10361. OnpesiesieHHbIe (DEPMEHTHI MUKPOOPTaHU3MOB JOOABJIAIOT B COBDEMEHHBIE
cpezcTBa A CTUPKU 0esbdA. [loyueHHbIe U3 TPAHCTEHHBIX IIITaMMOB-TIPOAYIIEHTOB
MMUIIeBapPUTEIbHBIE (PEPMEHTHI BXOAAT B COCTAB IPENapaToB AJS YIYUIIeHU
MUIIEBAPEHNA U YCBOSAEMOCTH KOPMOB CEJIBCKOXO3AWCTBEHHBIMU KUBOTHBIMMU.

ITonyuwenue u npumeneHue MpPAHCZEHHBLX HUBOMHbLX. ['eHeTMUeCKAs
WHKEeHepus JKUBOTHBIX — HawuboJiee CI0KHOE M3 BCEX OMOTEeXHOJOTMUYECKUX
HaIpaBJIEHNH. JTO CBABAHO C OTCYTCTBUEM y BCEeX IO3BOHOUHBIX KMBOTHBIX
0ecmoJIoro pa3MHOYKEHUA, a Y MJIEKOIMUTAIIINX — eIle M ¢ HEBOBMOYKHOCTBIO
pasBUTHUA TIOTOMCTBA BHE MAaTEPUHCKOro opraHmama. OgHAKO OMOTEXHOJIOTHUA
XXI B. cymesia IpeomoieTh 9THU TPYLHOCTH.

B macrosamiee BpemdA paspaboTaHbl METOIbI BBEAEHUS IJOIOJHUTEIbHOU
TeHeTUYeCcKoll WH(OpMAanuyM B KJETKU MPAKTUUYECKH JIIOOBIX OpPraHW3MOB.
Ho monyunts TpaHcreHHOE MJIEKOIIUTAOINEee YIAeTCs TOJIbKO C MCIO0JIb30BaHU-
€M CJIOJKHBIX METOJOJIOTMYECKUX IoAxonoB. Hawmbosiee yCIEIIHBIM ABJIAETCHA
Memod MUKPOUHBEKUUIL 8 MYNHCCKOU NPOHYK.LEYC.

1 oCyIecTBIeHUsI MUKPOUHBEKIIUN UCIIONb3YIOT KJIETKU, MOJYUYEeHHBIe
cpagy Iocjie CIUAHUA AHUNEeKJeTKU U cIlepMaTo3ouja. ¥ MJIEKOIMTAIIUX
IocJie CJAUSHUS MOJIOBBIX KJIETOK B TeUeHMe HEeCKOJLKUX YacoB sapa cliepma-
TO30UA W AUIEKJETKU (MYKCKON U JKEHCKUU ITPOHYKJIEYChI COOTBETCTBEHHO)
OCTaIOTCS He CAUBIITUMUCSA. B MY:KCKOH ITPOHYKJIEYC ¢ TOMOIILIO CIIeITaIbHOT0
npubopa BBoaaT mosekyabl IHK, comep:karive HyKHbIe TreHbI. Uepe3 HEKOTO-
poe BpeMs IIPOUCXOMUT CAUIHUE IPOHYKJIEYCOB, U 3UTOTA HAUMHAET JeJIUTHCH.
Takue 3UTOTHI BBOASATCSA B MATKY CIIeIaJbHO IIOATOTOBJIEHHOW caMKu (Cyppo-
raTHO! Marepu). Uepes IOJIOKEHHBIH IJid BEIHAIIIMBAHUA IIJIOLA CPOK POXKAA-
eTcA TPAHCTeHHBIN JAETEHBINI. TaKUM CIT0COO0M MOIKHO ITOJIYUYUTh TPAHCTEHHOE
KMBOTHOE TTPAKTUUECKHU JI00OTO BUAA MJIEKOIUTAIOIINX.

TpaHCreHHBIX "KUBOTHBIX IIOJYUYaIOT IJIA HAYYHBIX U MPAKTUUECKUX IIeJIeH.
B vacTtHOCTHM, HA 1a60PATOPHBIX TPAHCTEHHBIX MBIIIAX CO3JaHbI MOJEJHU IIEJIOT0
pAna HacJeACTBeHHBIX 3a00JieBaHUI uejioBeKa. Ha Takux »KHUBOTHBIX OTpada-
THIBAIOTCS BOBMOJKHBIE ITYTH IIPEIOTBPAIIeHNA STUX 3a00/IeBaHuil 1 OKa3aHU
MeIUITMHCKOM IIOMOIIM OOJICIOIIIIM.

Hexkoropbie Oesiky uesioBeKa He ymaeTcsa HapabaThIBATh C UCIIOJb30BAHUEM
OaxTepuii, rpubOB UM KYJIbTYP KJETOK KMBOTHBIX. B aTOM ciiyuae MeTOa0M
MUKPOMHBEKIIUI MOKHO ITOJIYUUTE JKUBOTHOE, B MOJIOKE KOTOPOTO OyIeT comep-
JKaTbCcsa 0eJIOK MEJUIIMHCKOrO HasdHaueHuA. [IpruMepoM MOMKET CIYKUTh OLUH
u3 (PaKTOPOB CBEPTHIBAHUA KPOBU UEJIOBEKA, KOTOPBLIN HEOOXOAMMO TIEPUOIU-
YeCcKU BBOAUTH 00JbHBIM remoduaueii. [lo pacueTam y4eHBIX, CTaJ0 TPAHCTEH-
HBIX JKMBOTHBIX (HAIIPUMED, OBEIl) ¢ YUCJIEHHOCTHIO OKOJIO COTHU 0cobeil GymeT
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CcII0COOHO 00eceunTh HEOOXOAUMBIM O0eJIKOM BCeX TeMOPUINKOB Mupa. TaKkux
SKMBOTHBIX Ha3BIBAIOT HCUBOMHULMU-OUOPEAKMOPAMU.

B pamMKkax reHeTHYECKON MHIKEHEPUU KUBOTHBIX BEIyTCS PAOOTHI HE TOJb-
KO 1o MJeKomuTaiomuM. PaspabaTeiBaiorca 6osee s GeKTUBHBIE METOIbI II0-
JYYEeHUA TPAHCTEeHHBIX TITHUIL U PBIO.

B cesexninonHoii paboTe ¢ CeIbCKOX03AUCTBEHHON IITUIeHl OCHOBHBIMU Ha-
OPaBJIEHUAMU SABJIAIOTCA MOJYUYEeHUE TOPOJ C YIYUIIEeHHBIM COCTAaBOM MfACA U
SAUI, a TaK/Ke YCTOMUYMBBHIX K MH(pEKIMOHHBIM 3aboseBaHUAM. IIpoBoasaTcs
SKCIEPUMEHTHI TI0 CO3JaHUI0 NTUI-0MOPEaKTOPOB, B ANIAX KOTOPBHIX 0EJIOK
OTUYNHA aab0yMuH OBbLI ObI YACTUYHO 3aMeHeH Ha 0eJIOK MEeTUITMHCKOI'O WU
BETEPUHAPHOTO HAa3HAUECHUS.

I1s BBIBeJEHUA ITOPOJ PHIO TaKiKe MCIIOJIb3YIOTCA METOAbI TeHEeTUUYeCKOi
uHKeHepuu. Tak, B reHOM aTJIAaHTUYECKOTO JIOCOCS OBbLI BBEAEH I'€H I'OPMO-
Ha poOCTa OJHOTO M3 BUAOB TUXOOKEAHCKOTO JIOCOCSA. Pe3ysibTaToM CTaJio CO3-
IaHue JIOCOCs, pacTyllero B 2 pasa ObICTpee, UeM PBIObI MCXOIHOM IIOPOIBI
(puc. 104). Emte ofHUM OOCTHKEHNEM TeHEeTUUYEeCKON WMHIKEHEePUU PhIO CTaJIo
CO3/JaHMe TTOPOJ CBETAIIMXCA B TEMHOTE aKBaPUYyMHBIX PHIOOK. [lJid 8TOr0 OBLIN
WCIIOJIb30BAaHbBI T€HBI Mey3 U KOPAJIJIOB, KOTOPhIe KOAUPYIOT CBeTAIecs 0eJ-
KM pasHbIX 11BeToB (puc. 105).

I'enomepanus. CoBpemeHHAs
MOJIEKYJIAPHAA OMOJIOTHA CO3IaeT
OCHOBBI [IJIsl YCHEIITHOTO peIleHUsd
mpobJyieMbl HacCJIeACTBEHHBIX 3a-
OoJsieBaHUiT uesioBeKa. CBegeHUs O
MYTAaHTHBIX T'€HaX, ONPeAeIA0ITIX
HacJIeICTBEHHBIE 00JIE3HU, TIOCTOSH-
HO HaKallIMBAIOTCA B COOTBETCTBY- Puc. 104. Ocobu nococs 0fHOro Bo3pacTa
oIMUX 0asax JaHHBIX. OTO MO3BOJIA- MCXOOHOW M TPaHCreHHOW Mnopop
eT ¢ UCII0JIb30BaAHMEM TPAHCTeHHBIX
1a00PaTOPHBIX KUBOTHBIX MOJIEJIU-
poBaTh HAacJIeICTBEHHbIe 3aboJie-
BaHUA JIIOJEefl W Ha OCHOBE B3TOTO
paspabaTbiBaTh METOAbI OKa3aHUs
nomortiu. CyTh TaK Has3bIBaeMOU
26HOMepanuy 3aKJII0YaeTCcAa B 3aMe-
He ne(eKTHOro reHa, MPUBOAAIIETO
K 0oJie3HU, HA HOpMAaJbHBIN. [l
ATOT0 MOJKHO WCIIOJB30BaTh J[Ba
OCHOBHBIX IIOAXOZA. Puc. 105. TpaHCreHHble akBapuyMHbIE PbIOKK

§42-1
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i) .
bl J | faMy TeHeTUYeCKON HHIKEHEPUN WCIOIb3YIOTCA JJIA IOJNYIeHUA
L

B nmepBom cayuae [[HK, HecyIyio HOpMaJIbHBIN T'€H, BBOIAT HEIIOCPEICTBEH-
HO B TKAHU OIIPeeJeHHBIX OPTaHOB YeJIOBEKAa, CTPAAAIOIIero HacCJIelCTBeHHOM
nartosorueii. Bo BTOpoM ciydyae m3 ITaTOJOTHUYECKM M3MEHEHHOI'0 opraHa ue-
JIOBEKA XUPYPrUYeCKU M3BJIEKAIOT HEeOOJbIIIOE KOJIUUYECTBO KJIETOK. BBemeHue
OHK ¢ HOpMaJabHBIM T€HOM OCYIIECTBJIAIOT B JIAOOPATOPHBIX YCJOBUAX, pas-
MHOJKAIOT IIOJIYUUBIIINE HOPMAJbHBINA I'eH KJIETKU HA MUTATEJbHBIX Cpegax U
3aTeM BBOAAT 9TU KJETKHU B COOTBETCTBYIOIIUII OPraH MAIlMeHTa.

0O6a moxxosa IPUMEHUMBI TOJIBKO K T€M OpraHaM, B KOTOPBIX ITPOUCXOIUT
TIOCTOSTHHOE BO3OOHOBJIEHNE KJIETOK. YCIEX JIEUeHUA 3aBUCUT OT TOT'0, HACKOJIb-
KO 9((eKTUBHO OyAeT IPOUCXOAUTH 3aMeHA MCXOTHBIX Ae()eKTHBIX KJIETOK Ha
KJIeTKHU, HecyIlue HOPMAaJbHBIN I'eH.

Knemounasa unjceHepusa — HaIIpaBJIeHVE COBPeMEHHOM OMOTEXHOJIOTHY,
KOTOpPOEe 3aKJI0UAeTCsA B MOJYUEHUN OPTaHU3MOB C HOBBIMM CBOMCTBAMU IIyTEM
KOMOMHUPOBAHUA OTAEJIbHBIX KOMIIOHEHTOB KJIeTOK. TaK, HaIpuMep, MOYKHO
IIEPEeHOCUTh M3 KJETOK OJHOTO OPraHm3Ma B KJETKU APYroro ompeaeseHHbIe
OpPraHOUbI UJIV 3aMEHATH B KJIETKaX Aapa.

K xaeTouHOU MHIKEHEPUU OTHOCUTCSA U COMAMUYEcKas eudbpududayus, T. e.
CIUSHUE COMAaTUUYECKUX KJIETOK B JIaOOPaTOPHBIX ycaoBUaAX. C ITOMOIIBIO AaH-
HOTO MeToJja CO3Mal0T, HAITpUuMep, MeKBUIOBbIe TUOPUALI PACTeHUH, KOTOPHIE
HeJIb3s MOJYUYUTH IYTeM OOBIYHOTO CKpeIuBaHUs.

7151 5TOr0 MB0JIUPOBAHHBIE PACTUTENbHBIE KJIETKU 00pabaThIiBalOT (pepMeH-
TaMu, KOTOPbIe Pa3pyIaioT KJIETOUHYIO CTEHKY. 3aTeM CMeIlnBaioT 00paboTaH-
HBbIe TAaKUM 00pas3oM KJIETKM ABYX PasJIUYHBIX BHUIOB pacTeHuii. Jo6aBiasioT
BEIIeCTBA, CIIOCOOCTBYIOIINE CAUSHUIO KJETOK, U CO3MAIOT YCJIOBUS JJs BOC-
CTAHOBJIEHUA KJETOUHBLIX CTEHOK. B majbHENIIeM W3 OTAeJIbHBIX T'MOPUIHBIX
KJIETOK Ha CIeIMAaJbHBIX MATATEJIbHBIX CpelaX BhIPAIIMBAIOT TMOPUIHBIE pac-
TeHusA. TaKUM IIyTeM OBLIN ITOJYUYeHbI, HalIpUMep, TUOPUIbI CAUBLI U UePeITHH,
BUIITHU U YEPeITHu U IP.

(
4&; COBPEMeHHBIe OMOTEeXHOJIOTUYECKHe MeTOoAbl B COUeTaHMU C METO-

BBICOKO?()(EKTUBHBIX INITaAMMOB OaKTepuii M TpuOoB. ['eHeTHmue-
CKas WHIKeHepus OTKPHIBAeT BO3MOMKHOCTU AJISA CO3JAAHUSA TPAHCTEHHBIX
JKMBOTHBIX, UTO IIO3BOJIAET MOBBICUTH 9()P(EKTUBHOCTD KMBOTHOBOJACTBA.
HccrnenyoTcss BO3MOMKHOCTH IIOJYUYEHHSA HEOOXOOAUMMBIX OJISI MEIUITHHEI
0eJIKOB UeJIoBeKa C IOMOIIBIO JKMBOTHBIX-0MOpeaKTOpoB. B Meauiinue Ha
OCHOBE MOJIEKYJIAPHO-OMOJIOTMYECKUX METOMOB YCIIeIITHO pa3pabaTbiBaioT-
cd TOAXOIBI K JIEUEHUIO HACJIeCTBEHHBIX 3a00J€BaHUI YesloBeKa.
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? 1. Kak nonyyatoT WTammMbl 6aKTEPUIA, CUHTE3UPYIOLLMX Benkn Yenoseka?
';_-' 2. C KaknuMmu LensaMu npoBoamMTCS MONyHYeHWe TPaHCTEHHbIX MUKPOOPraHU3moB?
3. OxapakTepuayinTe OCHOBHON METOL MOMy4EHUS TPAHCTEHHbIX MIIEKOMUTAIOLLWMX.

4. Y7o npepnctaBnseT coboi reHotepanvs? OnuMTE OCHOBHblE METOAbl FeHoTepanuu Ha-
CNefCTBEHHbIX 60Me3HeN.

5. YTo Takoe comarmyeckas rmbpvansaums’?

6% Kak Bbl cuMTaeTe, B 4eM 3aKJIHOHAOTCSA CINOXHOCTU NOSlyYeHUs COPTOB Ha OCHOBE COMa-
TUYeckou rmépuamnsaumm?

7%. B 2007 r. Hobenesckas npemus no u3vonoruv v meguumHe 6bina BpydeHa 3a mony-
YeHue TpaHCreHHbIX nabopatopHbIx Mbilen. Kak Bbl gymaeTte, A4S 4ero MoryT MCronb30BaThCs
TPaHCreHHble MbILIN?

NOABEAEM UTOIn

HckyccTBeHHBIN OTOOD *KUBOTHBIX M PACTEHUH CHITPAJl BAKHYIO POJIb
B pa3BuTuu yejsioBeuecTBa. CO CTAaHOBJIEHWEM HayKU c(hOPMUPOBAJIACH Ce-
JIEKIUA — Hay4YHO-TIpaKTUYecKasd AesaTeJbHOCTD JIIoel, HalpaBJIeHHaA Ha
TOJIyUYeHe M COBEPIIIeHCTBOBAHME COPTOB PACTEHUM, TMOPOM KUBOTHBIX U
IITaMMOB MUKPOOpPranmaMoB. Bo BTopoii mojoBuHe XX B. c(hopMHUPOBAIACH
0MOTEeXHOJIOTUA, OCHOBAHHAS HA JOCTMIKEHUAX MOJEKYJIAPHON OMOJIOTMH
U TeHeTHuUYecKoll mHyKeHepuu. [JIaBHBIN pes3ysIbTaT Pa3BUTUS OMOTEXHOJIO-
ruu — Oojiee ObIicTpoe U 3hGEeKTUBHOE MOJyUeHNe HeOOXOAUMBIX UeJIoBe-
YeCTBY IIPOJYKTOB HA OCHOBE M3MEHEHHBIX YeJIOBEKOM JKUBBIX OPraHU3MOB.
IITupoxoe BHeApeHVE B MPAKTUKY TPAHCTEHHBIX MUKPOOPTAaHU3MOB, pac-
TEeHUH U JKUBOTHBIX HAXOOUTCA IIOf MEXKAYHapOAHBIM KOHTpOJeM. Buo-
TEeXHOJIOTUS — OIHO M3 OCHOBHBIX HAIIPABJIECHUN PA3BUTUS UEJOBEUECKOTO
obmrectBa B XXI B.
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opraHm4yeckoro mmpa

W3syuasa ImMIKOJbHBIN KypC OMOJOTUU, BBl IMO3SHAKOMUJIUCH C IIOPA3UTENb-
HBIM MHOrooOpasueM MHpa KUBOM HPUPOAbI, YOeIUINCH B TOM, UTO HA HAIIIEH
IJIaHeTe CPABHUTEJLHO IPUMUTUBHLIE (DOPMBI JKU3HU CYIIECTBYIOT BMECTE C
BBICOKOOPraHM30BAHHLIMU. BbI TaK:Ke 3HaeTe, UTO BCe ;KMBoe Ha 3emJie obJia-
IaeT PAAOM OOIMX HMPU3HAKOB U CBOMCTB. IIpm sTOM O KasKIOr0 OpraHu3-
Ma XapaKTepHO HaJu4mne agamnTalinii, 00ecIieunBaIONINX ero CyIlecTBOBaHUE B
oIIpeeIeHHBIX YCJIOBUSAX OKPYIKAIOIeil cpelbl.

Kax Bo3HUKJIO orpoMHOe pasHooOpasue ouoJsiornveckux BunoB? Ilouemy Ha-
PALY ¢ OTHOCUTEJIBHO ITPOCTO YCTPOSHHBIMY OPTraHU3MAaMU CYIIIECTBYIOT CJIOMK-
HooprauHmuzoBauHble? [leficTBUe KAKUX CUJ O0YCJIOBIMBAET IPUCIOCOOJIEHHOCTD
JKUBBIX OPraHU3MOB K cpeje ux oburtanua? KakoBo mporcxosxaeHne ueIoBeKa 1
KaKoe MeCTO B CHCTeMe KIBOI IPUPOALI OH 3aHnMaeT? OTBETUTh HA 9TU 1 MHOI'HE
IpyTue BOIPOCHI ¢ HAYUHOU TOYKU 3PEHUS ITO3BOJIAET IBOJIOIUOHHOE YUECHHe.

TepMmuH 2801104 UsA ObLI BBeAEH B HAyKy HIBeinapckuM 3oojorom 111, Bonxe
B cepenuue XVIII B. Buosornueckoi 3BOJIONUEN HA3LIBAIOT 3aKOHOMEPHBIH,
HeoOpaTUMBbII IPOIEeCC UCTOPUUECKOTO PA3BUTHUSA KUBOU IIPUPOLLI (Opranmye-
CKOT'0 MMpa), HallPaBJEHHBIN Ha IIOBBIIIIEHNE ITPUCIIOCO0JIEHHOCTY OPraHN3MOB
K MEHSOIIUMCSA YCJIOBUSIM OKPYIKAIOIleil cpeabl. B aToli r1aBe OyaAyT paccMo-
TPEeHbl OCHOBHBIE THIIOTE3bl BOBHUKHOBEHUS JKM3HU Ha 3eMJie, MCTOPUSA pPas-
BUTHUS SBOJIIOIMOHHBIX B3IJISIOB, BasKHEHWIIINE 3aKOHOMEPHOCTH IIPOTEeKaAHUS
SBOJIIOIUY KUBBIX OPraHM3MOB (B TOM UMCJIEe UeJO0BEeKa) M Pe3ybTaThl DTOTO
mpoliecca.

§ 43. OcHOBHblIe rMnoTe3bl NPOUCXOXKAEHNA XKXU3HU

IIpo6eMa IPOUCXOKAEHUA JKU3HU BOJIHYET YeJIOBEUECTBO C IPEBHUX BPEMeEH.
B mombiTKax 00bACHUTH, KAKMM 00pa3oM Ha HAIllell MJIaHeTe MOTJIM BO3HUK-
HYTD JKUBBIe OPTaHU3MBI, BBIIBUTAJIOCH MHOKECTBO IIPEAIOJNIOKeH . B moab3y
HEKOTOPBIX M3 HUX CBUIETEJIbCTBYIOT OIpelesieHHble HaydHble (haKThl W pe-
3yJIBTATHI 9KCIIEPUMEHTOB. [[pyrue rumoressl, HATPOTUB, OBLIN OIIPOBEPTHYTHI.



§ 43. OCHOBHbIE rMNOTE3bl NPOUCXOXAEHUS XU3HU

OnHako U Ha CEerOAHAINTHUI JeHb BOIPOC O BOBHMKHOBEHUU KM3HU HaA 3eMJie
HEJIb3A CUUTATH MOJHOCTHIO PEITeHHBIM.

Kpeauuonusm. B cooTBeTcTBUY € 9TOH peaurnosHoil u GpuirocodcKoil KoH-
neniuei mpupoaa Oblia cosmana Borom (TBopitom), B ToM Umcjae U BCe KUBBIE
opraHuaMbl. [loaToMy TuUIIOTE3hI KpeanuoHu3dmMa (0T JaT. creatio — TBOPUTB)
elfe Ha3bIBAIOT rumnore3amMmu boxcecmeennozo comeopenus mupa. Ilosdunuii Kpe-
aIMoHM3MAa IPUAEPKUBAIOTCA CTOPOHHUKHN IIPAKTUUYECKH BCeX PaCIIPOCTPaHeH-
HBIX PEJUTUO3HBIX YUEHUU. BOJBITMHCTBO PEJIUTUI ONUCHIBAET CO3TaHNe MUPa
¥ JKUBBIX OPTraHM3MOB B TO# (popme, KOTOpadA JOCTYMHHA AJIA MOHUMAHUA IIIU-
POKUM cJioaM HaceJdeHUudA. OTHAKO Y KPeallMOHUCTOB HET eINHON TOUYKU 3PEHUA
Ha IpOoIecC COTBOPEHUS MUpA: B PA3HBIX PENUTUO3HBIX YUEHUAX CYIIECTBYIOT
pasJauuYHbIE €r0 TPAaKTOBKHM M HEPEeIKO OHU IIPOTUBOpedaTr ApyTr Apyry. Ilpum
5TOM aKT BOXXeCcTBEHHOrO TBOPEHUA PACCMaTPUBAETCSA KAK MHPOM3OIMIENITTNN
JIUIIb OfHAaXKJb! B npomwioM. CienoBaTelbHO, OH HEJIOCTYIIEH AJIA HCCJIeN0Ba-
HUs. B ¢cBA3UW ¢ 5TUM T'MIIOTE3HI KpealmoHU3Ma HEeBO3ZMOYKHO HU JOKAa3aTh, HU
OIIPOBEPTHYTH C HAYYHON TOUKMU 3peHudA. Ilo-Bugmmomy, oHU OYAYT CYIIIECTBO-
BaTh IIOKA CYIIECTBYET CaMO YeJOBEUYECTBO.

I'unome3svl. 6He3eMH020 NPOUCX0NHCOEHUR HCUSHU CBOSATCA K TOMY, UTO
JKUBHDb Ha IJTaHeTe 3eMJisA He BO3HUKAJAa, a Oblja 3aHeceHa ua3 Kocmoca. Cto-
POHHUKHU STUX THUIIOTE3 II0JIATAIOT, UTO «CIIOPHI JKM3HW» MOIJVIM TOIACTh HA
HaIy IJIaHEeTy BMEeCTe C MeTeOpPUTaMU, KOMeTaMU, KOCMUUeCKOIi IbLIbIO, OBITH
TIepeHeCeHHBIMU C TOMOIIBIO CBeTa UJIM JasKe MHOIJIaHeTSHAMMU.

JlaGopaTopHble UCCJIeTOBAHUA ITOKA3aJ1, UTO CIIOPHI HEKOTOPBIX OaKTepuil u
pacTeHU MOTYT BBIAEPKUBATH AJUTEJIHLHOE IIPeObIBAHNE B BAKYyyMe IPU TeMIIe-
parypax, 6Ju3KuX K abcoaioTHOMY HYyJ0 (—273,15 °C), 6e3 morepu :KU3HECIIO-
cobHOCcTU. KpOoMe TOTrO, OHU IIPOSBJSIOT YCTORNUYUBOCTDH K YIBTPA(UOIETOBOMY
MBJIYUYEeHUIO ¥ UOHUBUPYIOIIEN pagualuu, T. €. K YCJIOBUAM OTKPBITOTO KOCMO-
ca. meroTcs TaKkiKe JaHHBIE 00 O0HAPYKEHUU CJI€JOB OPTAaHUYECKUX BEIeCTB
B coCTaBe KOMeT 1 MeTeopuToB. OgHaKO I'MIIOTe3bl BHE3EMHOTO IIPOUCXOKICHU S
He IalOoT OTBeTa Ha BOIPOC 00 M3HAYAJIHLHOM BOBHUKHOBEHUH Ku3HU. [lo cyTH,
OHU TIEPEHOCAT NaHHYIO ITPOOJIeMyY ¢ MJIaHEeThI 3eMJIsA B MHYIO YacTh BcesleHHO.

T'unome3s. camonpou3éonvbHozo 3ap0rcIeHUA CYIIECTBOBATIU C IPEBHUX
BpeMeH U IOpasyMeBaii BOZMOKHOCTH CAMO3apPOKIACHUA JKUBBIX OPTraHU3-
MOB M3 Pa3JIMYHBIX O0BEKTOB HeKuBou mpupoxabl. Emre B IIpeBHeii ['peruu
MHOTrTe (PuI0co(dbI IoJIarajam, YTo JKUBbIE OPraHU3MBI CIIOCOOHBI BOBHUKATD U3
TIOYBHI, WJia, BOABLI, HABO3a, THUIONIEr0 Msca U T. II. Hampumep, ApucToTesb
yTBEep:KIaJ, UTO JATYIIKU, HAaCeKOMbIe W PACTEHUS MOTYT Pa3BUBATLCS U3
CBIPOM MOYBHI, a JOKIEBbIe UePBU — U3 WJa, KOTOPHIN HaKaIlJIUBAETCA Ha JTHE
npynoB. «TakoBBI (haKTHI — KMBOE MOYKET BOBHUKATDH B pPe3yJIbTaTe He TOJIHKO
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CIapuBaHUA JKUBOTHBIX, HO ¥ PA3JIOYKEHU IIOYBEL... TaK ke 00CTOUT JeJio U Y
pacTeHuii: HEKOTOPbIe PA3BUBAIOTCA M3 CEMSH, a APYTrHe... CaMO3apOKIaI0TCs
oM, JeliCTBUEM CHJI IPUPOILI U3 pasjaraioiieiicsa 3eMJIn».

IIpeacraBieHyrss 0 CIIOHTAHHOM 3apPOsKIeHUN OPraHM3MOB M3 TeJI HEeXKUBOM
OPUPOLBI OBLIM pacipocTpaHeHbl BILIOTH 0 XIX B. Bensruiickuii mccieno-
BareJsib §1. BaH 'esibMOHT ((paMuins mpuBeAeHAa He IJis 3alIOMUHAHUA) B IIep-
Boi mosioBuHe XVII B. ommcas «3KCIIEPUMEHT», B KOTOPOM OH 3a TPU HeIeJau
AKOOBI coadmaJ Mmbliei. aa sToro BaH I'eIbMOHTY IIOHALOOMJINCH TEMHBIN
mKad), TOPCTh 3epHa U I'pA3HaA pybamika. OH cuuTaj, YTO aKTHUBHBIM Hada-
JIOM, CTUMYJINPYIOIIUM 3apOXKIeHIIe MbIIITEl, CIYKUT YyeJoBeuecKuii mot. B To
BpeMs HONOOHBIE «9KCIEPHMEHTBI» IPOBOAUJIN MHOTHE €CTECTBOMCIIBITATEIN
U ujes O BOSHHKHOBEHUU JKM3HU N3 HEKWBOU MaTepUU HAXOMUJA IINPOKYIO
TOAJEPIKKY.

OmHAKO OajieKo He BCe YYeHbIe Pa3fesisjn dTU B3rIALbl. CIOPBI MeXIy
CTOPOHHUKAMM M IPOTHBHHKAMMN CAMOIIPOM3BOJILHOIO 3apPOsKIeHUA OPraHm3-
MOB IIPOAOJIKAJNCH foJiroe BpeMsa. ToabKo B cepeauae XIX B. BbIgaioieMycs
dpanysckomy Mukpobuosiory Jlyu Ilactepy yamaigoch yoequTeabHO AOKA3aTh,
YTO 8 COBPEeMEHHbLX YCAOBUAX KU3HDb MOKET BOSHUKHYTH TOJBKO W3 IIPE.I-
IIeCTBYIOIIeN Ku3Hu. TakuM oOpasoM, KOHIIEIIIUS caMO3apoKIeHusA Oblja
OKOHYATEJILHO OIIPOBEPrHYyTA.

B 1860 r. J1. MNacTep HaHeC COKpyLUMUTESbHLIV YAAp MO KOHLENUMU caMonpon3BosibHOro
3apoXAeHus XnN3HW. NyTem KUNAYeHns OH CTepunnaosan B Konbe nuTtartesibHyto cpeny, B
KOTOPOW MOIMN pa3BmBaTbCa 6aKkTepuu, 1 Npuaasan roprbiKy Kofnbbl S-o6pasHyto dop-
my. Mpu 3TOM BO3AYyX MOr cBOGOAHO NOCTynatb B KON6y, HO Ansa 6aKTepUn N Ux cnop mnsa-
rMobl FOPJbILLIKA CIY>XUNW NOBYLLKON. [MTaTenbHas cpefa B Takmx cocygax Josiroe Bpems
ocTaBanacb CTEPUIIbHON M NPO3PaYHON, B HEWN He HabMN4anocb camo3apoXaeHNss MUKPO-
opraHnamoB. Ho ctouno yganute S-o06pa3Hoe ropbIlLKO — W XXUOKOCTb ObICTPO MyTHena
n3-3a pa3MHOXEHUS NonaBLUnX B Hee 6akTepuii. To e camoe NPOMCXOAMIO 1 B Cryyae,
ecnu Konby HaKMOHANW Tak, 4YToObl codepXallascs B Hel XWOKOCTb nonana B u3rnb
ropsibiLlKa, CMbila HaXoAALMXCA B HEM 6aKTepuin, a 3aTeM BepHynacb 06patHO B KONoby.

S
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Crepunusaums MuTtatenbHas cpena Ypanenve Poct
| nuTaTernbHON cpedbl  OCTAETCS CTEPUITbHOMN S-o6pasHoro ropsbiLlka MUWKPOOPraHu3MoB




§ 43. OCHOBHbIE rMNOTE3bl NPOUCXOXAEHUS XU3HU

Buoxumuueckue 2zunome3sb. OCHOBBLIBAIOTCS HA TOM, YTO KU3Hb Ha 3eMJie
BOBHUKJIA M3 HEKUBON MaTepUMW B Pe3yJIbTaTe IIPOIeCCOB, MOAUMHSIIONTNXCS
XUMHUUYECKUM ¥ (pusmuecKuM 3aKoHaM. Kak yike oTMedasioch, B HACTOsIIEe
BpeMsA caMO3apoKIeHNe KUBBIX OPraHU3MOB M3 HEXKWBOU IPUPOILI HE IIPe.-
cTaBJisgeTCcA BO3MOMKHBIM. OJHAKO He HCKJIIOYEeHA BO3MOKHOCTH TOTO, UTO B
IaJeKOM ITPOIIJIOM, B YCJOBUAX ApPeBHell 3eMJM KU3HL MOIVIA BO3HUKHYTH
13 XUMHUUYECKUX coenmHeHuil. IHBIMU CJI0BAMU, IIOABJIEHUIO MEPBBIX JKUBBIX
OPraHM3MOB MOT IPEAIIEeCTBOBATDH MJIUTENbHBIN 9Tal XUMUUYECKOI 9BOJIIOINN.

Cpenu OMOXMMHUYECKUX THUIIOTE3 IPOUCXOMKAEHUA KU3HU II€PBOOUYEPE-
HOTO BHUMAHUSA 3aCJIy;KMBaeT KoallepBaTHAs THIOTe3a, KoTopyio B 1924 .
npemaokua pycckuii omoxumuik A. M. Omapuu. HeckoJsbKO I03:Ke, He3aBU-
CUMO OT Hero, aHaJIOTMYHOE IIPEAIIOJIOKEHNe BBIABUHYJ OPUTAHCKUIT OMOJIOT
. Xonpetin. Coryacuo runmorede Omapuaa — XoJjgeliHa B IIPOIlecce BOBHUK-
HOBEHUS KU3HU Ha 3eMJie MOKHO BBIJEJUTH TPU OCHOBHBLIX dTalla.

1. Cunmes HU3KOMOJLEKYAAPHbBLX OPZAHUULECKUX COeOUHEeHUTL U3 HeopzaHuye-
cKux geujecme. ACTPOHOMEBI U T€0JIOTH OIIeHUBAIOT BO3PACT 3eMJIM IPUMEPHO B
4,5 mupg ser. Ha paHHUX sTamax pasBUTHUA HaIllell MJIaHeThl TeMIepaTypa ee
IIOBEPXHOCTH ObLJIa OUEeHb BBICOKOIi. IIo Mepe ocThIBaAHMSA 00pa30Baach 3eMHAasd
Kopa. ATmocdepa apeBHell 3eMJH, ITO-BUANMOMY, He COoJepsKaJja KUCJIopoga U
COCTOsJIa M3 BOAAHOTO Tapa, aMMUaKa, YIJIEKUCJIOTO ra3a, MeTaHa U JPYTUX
raszoo0pasHbIx coequHerHmnii. Co BpeMeHeM OCThIBaHUe IIJIaHEeThl IPUBEJIO K KOH-
JMeHCAIlNU TIapoB BOALI U (DOPMUPOBAHUIO IIEPBUYHOTO OKeaHa.

B To Bpemsa Hala miaHeTa He MMeJia 030HOBOTO 9KpaHa, O3TOMY Ha ee II0-
BEPXHOCTH IOCTYIIaJ MHTEHCUBHBIN ITOTOK YJIBTPA]DHIOJIETOBOTO COTHEUHOT'O M3~
aydeHus. IMeHHO OHO, 1T0 MHeHUI0 OnapurHa, Cay:KuUJjI0 IJIaBHBIM UCTOUHUKOM
SHEPruu AJIA CUHTEe3a OPraHNUYecKUX BEIEeCTB N3 HeopraHmuecKkux. Kpome Toro,
o0pasoBaHNe OPraHMUYECKUX COEIMHEHHNII MOIVIO IMPOMCXOAUTEL IO HeHCTBUEM
BJIEKTPUUECKUX PAa3PANIOB — MOJIHUI, BBICOKOUM TeMIlepaTyphI (BCIEACTBUE BBI-
OpOCOB B IEPBUYHBINA OKeaH U aTMoc(epy PacKaJIeHHBIX IPOAYKTOB BYJIKAHU-
YECKOU JeATeJbHOCTH), PAAUOAKTUBHBIX U3JIyUeHU U T. . CUHTe3UPYIOLecs
opraHMyecKue BellecTBa (AMHUHOKUCJIOTHI, MOHOCAXaPUIbI, CIIUPTHI, KapOOHO-
BBbI€ KHCJIOTHI W AP.) J0Jr0e BpeMsa HaKaIlJIUBaJUCh B IEPBUYHOM OKeaHe. JTO
IIPUBEJIO K 00pPasoBaHUIO TaK HA3BIBAEMOI'O NEPEULH020 OYJbOHA, B KOTOPOM
BIIOCJIEICTBUY U 3aPOANJIACH KU3Hb.

2. O6pasosanue 6uonoaumepos. Ilpenmnonaraercs, 4To Ha 3TOM dTalle B IIep-
BUYHOM OYJIbOHE M3 HU3KOMOJEKYJIAPHBIX OPTaHUUYECKUX BEIECTB, TAKUX KaK
AMHWHOKWCJIOTHI, HYKJEOTUILI ¥ MOHOCAXapPUIbl, CHHTE3UPOBAJIUCH COOTBET-
CTBYIOIIIEe OMOTOJIUMEPhl — OeJIKU, HYKJIENHOBbIe KUCJIOTHI U ITOJNCAXapUIbI.
OmnapuH mojaraJi, YTO IJIABHAA POJb B BOBHUKHOBEHUU IIEPBBIX JKUBBIX Opra-
HMU3MOB IIPpUHAJJIeKaja OeJKkaM. B pacTBopax 6ejiku cIiocoOOHBI 00Pa30BbIBATH
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MHOTOMOJIEKYJIAPHBIE KOMILIEKChI, 000COOJEHHBIE OT OKPYIKAIOIIeH MX BOMBI.
Takue KOMIIJIEKCHI MOTYT CJIWBATLCA APYT C APYroM, (OPMUPYSA CTYCTKH —
KoalepBaTsl (0T JIaT. coacervus — CTYCTOK).

KoarnepBarsl 0061a/1a/111 CITOCOOHOCTBIO ITTOTJIONIATh U3 OKPYKAIOIIET0 PaCTBO-
pa pasInMYHBIE BEIeCTBA U 3a CUET 3TOTO YBeJIUUYNBATLCA B pasMepax (momodue
numarnus u pocma). Kpymuble KoalepBaTbl MOTJIN APOOUTHCA ¢ 00pas3oBaHUEM
MEeJIKUX CTYCTKOB (TTofobue pasmuoxceHus). OmHAKO KoallepBaThl ObLIY JIUIITEHbI
OMOJIOTMUYECKUX MeMOpaH U He MMeJM I'eHeTHUYeCKOr'o alapara, MO3TOMY MX
He IPUHSATO CUUTATH MEPBLIMU KUBBIMU OPraHU3MaMMU.

3. Dopmuposanue nepevLX HUBLLX OPZAHU3MOE — npomooduonmos. K rugpo-
(pUIBHBIM TOJIOBKAM JIMIIKALOB, IMOKPBIBABIINX B BHUJE IIJIEHKH HOBEPXHOCTH
BOJIbI, CITOCOOHBI MTPUTATUBATHCA MOJIEKYJIbI 0eK0B. IIpu mopeiBax BeTpa Kai-
JU BOABI C COAEPKAIIMMUCI B HUX KoallepBaTaM¥ MOTJIA OTPBIBATHCA OT IIO-
BEPXHOCTH 1 CHOBA IIaJaTh B IePBUUHLIN O0yaboH. Tax, BeposaTHO, 00pa30BAJIICE
JUTHUIHO-0eJIKOBbIe MEMOPaHbBI, KOTOPhIe 00J1aKain 1301 paTeIbHOM IPOHUITae-
MOCTBIO ¥ IIPUAABAJIM KoallepBaTaM CTa0MJIbHOCTD.

HanbHeliee o6 befUHEHNE KOAllePBATOB ¢ HYKJIEMHOBBIMY KHUCJIOTAMMU, TI0-
BUAMMOMY, U IIPUBEJIO K (DOPMUPOBAHUIO HPOTOOHOHTOB — IIE€PBBIX KUBBIX OP-
TaHU3MOB, CIIOCOOHBIX K CAMOpeYyaiyul U camosocnpousgedenuro. Cunraercs,
YTO IPOTOOMOHTHI MOTIJIU JeJUThCA (6ecnosoe pa3mHoN}ceHUe) 1 N30MPaTebHO
TIOTJIOIATh M3 MEePBUYHOTO OyJIbOHA Pa3JMUYHBbIe BEIeCTBa, B TOM UYUCJIEe opra-
HUYecKkue (cemepompogroe numanue). HacTb OpraHNYECKUX COEIUHEHUI OHU
HCIIOJIB30BAJIM B IIPOIleccax ILJIaCTUYEeCKOro ooMeHa (T. e. IJid pocma), opyrue
pAacCIIenIsaan B X0e SHepreTuuecKoro ooMeHa (aHaapooHoe dvixaHue).

¥ OCHOBHBLIMI T'MIIOTE€3aMU BO3HUKHOBEHUA »KU3HU ABJIAIOTCA I'AIIOTE-
b | 8b1 BorkecTBEHHOrO COTBOPEHUS (KpeanoHN3M), BHE3EMHOI'O IIPOKC-
L xommeHusa KU3HU U OmoxuMuueckre. KOHIEIIINA caMOIPOU3BOJIL-
HOT'0 3apOKIEHUS JKUBBIX OPraHU3MOB N3 00'BEKTOB HEyKMBOI IIPUPOILI
Ha CErogHAIIHWN OeHb OTBEPruyTa. B COBpPEeMEHHBIX YCJIOBUAX JKI3HD
MOJKeT BOBHUKHYTD TOJbKO U3 IIPeAIlecTBYIOIel Kusuu. OqHAKO B yCJIO-
BUAX JPeBHEN 3eMJIM IIPOMCXOMKAEHMEe JKUBBIX OPraHI3MOB B pPe3yJbTa-
Te IJUTEJbHON 3YBOJIONUMN XWUMHUYECKUX COeIUHEHUH IIPeICcTaBJIAeTCS
BO3MOJKHBIM. B 9TOM 3aKJiouaeTcs CyTh KoallepBaTHOI rumoresbl Oma-
puua — XoiznerHa. CoryiacHO el B Ipollecce BO3HUKHOBEHUS JKU3HU Ha
3eMJjie MOXKHO BBIJEJUTL TPH dTalla: CUHTE3 HU3KOMOJIEKYIAPHBIX Opra-
HUYECKUX BeIecTB M3 HeOpraHMUYeCKUX, 00pas3oBaHUEe OMOIOJIMMEPOB U
¢dopMupoOBaHLE IPOTOOMOHTOB — IIEPBBIX JKMBBIX OPraHM3MOB.



§ 44. Nctopusi pasBnUTUS 3BOIIOLMOHHbBIX B3rNSA08B

B 4em 3aksoyaeTcs CyTb KOHLENUMU KpeaumnoHuama?
1 = 2. Kakum 06pa3oM CTOPOHHUKM FMMNOTE3 BHE3EMHOIO MPOUCXOXAEHUS XMU3HU OGBACHSIOT
= ™ | BO3HWKHOBEHME XMBbIX OPraHN3MOB Ha 3emne? Kakie AaHHble MOTYT CBUAETENbCTBO-
BaTb B MOSb3y 3TUX r1notes?

B 4em cocTosina uaes CoHTAHHOTO 3apOXAEHUS XMBbIX OpraHuamoB? Novemy oHa Obina
oTBeprHyTa?

Ha 4Yem oCHOBbIBAKOTCS GUOXMMMYECKME TUMOTE3bl BO3HWKHOBEHWS XM3HWU? OxapakTe-
puU3yiiTe OCHOBHblE 3Tarbl MPOUCXOXAEHWS XM3HU B COOTBETCTBUM C KOALEpBaTHOW rMnoTe3ow
OnapvHa — XonpeiHa.

Kak Bbl flymaeTe, No4YeMy B YCIIOBUSIX COBPEMEHHOW 3eMnv BO3HUKHOBEHWE XXU3HU CO-
rnacHo runotese OnapuHa — XongenHa CYUTaeTcsi HEBO3MOXHBIM? Ha30BWTE HECKOMBKO MPUYMH.

Wnen o envHCTBE U MCTOPUYECKOM PA3BUTUU KUBOUM IIPUPOABLI BHICKA3bIBA-
au ere puaocodsr IpesHero mupa. Ogaaxko 70 XIX B. GOJBIIMHCTBO HATypa-
JINCTOB IIPUIEPKUBAJIOCH IIPEACTABJIEHU, OCHOBAHHBIX Ha MO3UIIUAX CpeIHEeBe-
KOBOT'0O KpealoHM3Ma: Bce K1UBoe co3JaHo TBOPIIOM U OCTaeTcsa HEM3MEHHBIM.
Tem He MeHee IO Mepe Pa3BUTUA €CTECTBOSHAHUS MUCCJIEI0BATEIN TPOJOJIKAIA
HaKaIlJINBaTh CBEJEeHUA, KOTOPbIe IPOTUBOPEUUJIN B3IVIALAM O IIOCTOAHCTBE U
HEU3MEHHOCTH KWBBIX OPraHU3MOB.

Jeonoyuonnas meopua HAtana-Bamucma Jlamapra. B Hauame XIX B.
dpaumnysckuii yuensiii ¢K.-B. Jlamapk BHepBble BLIABUHYJ IEJIOCTHYIO 9BOJIO-
IIUOHHYIO KOoHIenuio. Onupasach Ha MHOTOYUCJIEHHBIE (DAKTHI, JOKA3bIBAOIIIE
U3MEeHUYMBOCTh JKMBOTHBIX W PACTeHWUI, OH paspaboTas yueHue o6 MCTOpUUe-
CKOM Pas3BUTUHU OPraHWYECKOT'O0 MUpa IIOf AeliCTBMEM eCTeCTBEHHBLIX MPUUYNH.
vKusup nmo Jlamapky BOSHHKJIA ITyTEM CaMO3apOKAEHUA MPUMHUTUBHBIX Opra-
HU3MOB 13 HEKWBOI MaTepUM U Jajiee pasBUBAJIACh OT IPOCTHIX POopM K OoJee
CJIOKHBIM.

JlamapK BBIEJINJ IBa OCHOBHBIX HaIllpaBJeHUs dBoapIiuu. CryrneHuaTroe
TIOBBINIIEHNE YPOBHA OpraHusdanuu (IPUHIUIHAJILHOE YCJIO0MKHEeHNEe) KUBBIX
OpPraHM3MOB OH Has3BaJ zpadayueii. Tak, HanpuMep, IyTeM Irpagaliiyd MOJUMIbI
mpeobOpasyioTcsa B UepBeii, Te B CBOIO ouepelb B HACEKOMBIX M TakK gajee o
BBICITIEH CTYIIEHW — IITHUIL ¥ MJEKOIUTAIONNX. KpoMe TOro, opraHmusMbl, 3aHU-
MaroIue pasHble CTYIIeHU, UCIBITHLIBAIOT BO3IEHUCTBYE OIPeeIeHHbIX BHEIITHUX
(haxTOpPOB U IpUCIIOCAOSIUBAIOTCA K HUM, T. €. IPOUCXOIUT A0Anmayus JXUBbIX
CYIIIECTB K YCJIOBUSAM OKPYsKaloIlell cpenbl. Baarogaps sToMmy Ha KasKIOU CTY-
TMEHY SBOJIIOIIMY BO3HUKAET PasHOOOpasue OpPraHm3MOB, IPUCIOCOOJEHHBIX K
YCJIOBUSAM CPEeJbl UX OOMTAHMA.

Takum obpaszom, Jlamapk IPeAJIOKUJI €IUHYI KOHIIEIIIUI0 PasBUTUA
JKUBOM TIPUPOABI, OIMCAJ BO3MOMKHBIE ITYTU 9BOJIIOIIMOHHOIO IIPoIlecca U ero
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pes3yJbTaThl, YKasaj Ha TEeCHYI0 CBSA3b OPraHU3MOB C OKPYKAIOIIel Cpemoil.
OmHaKoO eMy He yIaJioCch IMIPaBUJIBHO O0BACHUTEL MPUYUHBI U JBUKYIIIUE CUJIBI
sBosfoniuM. Tak, yUEeHBIN CUNTAJ, UTO I'JIABHOU IIPUYNHON 9BOJIIOIIMOHHBIX M3-
MEHEHUU ABJAETCI CMpemMJeHue K CO8ePULeHCMB08GHUI0, KOOI IIPUCYIIee
BceMy KuBOMY. Kpome Toro, Jlamapk mojiaraJi, 4To IIOf AeiicTBHEM YCJIOBUI
cpennbl OpPTaHU3MBI MEHSAIOTCS MOJAbKO 8 NOJAe3HYl0 0N cebs CMOpPOHY W TIPU
9TOM 00s3aTesbHO nepedarm no Hacaedcmey éce «0aazonpuodpemeHHbLe»
npu3naxKu.

Hanpumep, BOSHUKHOBEHME TTOJIE3HBIX M3MEHEHUH Y OOJIbIITUHCTBA KUBOT-
HBIX JlaMapK OO0BACHAN MEeMCTBUEM «3AKOHA» YNPANCHEHUS U HeYNnPAdCHeHUs
opzanos. Tak, ITHUILI, KOTOPBIE XOAAT BAOJH OeperoB BOMOEMOB B ITOMCKAX
MUINA, BBIHYKAEHBI TOCTOSHHO JOCTaBaTh HOTU W3 WJa, YTOOBI He yBA3-
HYTHh B HeM. Biarogaps TaKUM yIpaskKHEHUAM AJUHA UX HOT YBEJIUUYNBAETCS
(puc. 106). 9To mMoOJE3HOE M3MEHEHWe HACJEAYIOT MOTOMKM, KOTOPbIe TaKiKe
YIOPasKHAIOT CBOU HOTH. TaKuM 00pasoM B PAAY ITOKOJIEHUH IITHUI] ITPOUCXOTUT
TOCTelleHHOe yAJUHeHne Hor. Y Hao60pOoT, Ipu HEYIPaKHEHUM Te WJIN WHbIe
OpraHbl IIOABEPTaloTCa peOYyKUUlU, T. €. YMEHBIIIEHUIO0 U YIIPOIeHNIO CTPOEHN A,
BILJIOTH JO ITOJIHOTO Mcuye3HoBeHuA. C mosunuii yuenus Jlamapka Tak 00'bsICHs-
eTcs, HAIpUMeED, PeAyKIua miasd y Kpora (cm. puc. 106).

OueBUAHO, YTO JIOOBbIe M3MEHEHUs OPTaHOB, BOBHUKAIOIINE IO HeHCTBUEM
UX YIPasKHEHUA WJIW HEeYIPasKHeHUsA, ABJIAIOTCA TPOABJIEHUEM MOAUPUKA-
IUOHHON M3MEHYUBOCTH, & 3HAUUT, He MOT'YT HacJefoBaThbcA. Henb3sa Taxixe
YTBEPKIAaTh, UTO II0 HACJEACTBY IlepemaloTCs JIUIIh
moJie3Hble MpusHaKku. TaKuM 00pasoM, IpeacTaBIeHUA
Jlamapka o MexaHM3MaXx BSBOJIIOIIMOHHOTO ITPOIlecca
OKa3aJIVCh OIINO0YHBIMU.

Jeonioyuonnan meopusa Yapnsa Japeuna. Cos-
JlaTeJieM SBOJIIOIIMOHHON Teopuu, KoTopas crajia QyH-
TaMEHTOM JJIf Pa3BUTUS COBPEMEHHOU OMOJIOTHH, OKa-
3aJ1a 3HAUUTEJILHOE BIUSAHME Ha PyTrUe eCTeCTBEeHHBIE
HayKM W MUPOBO33PEHUE MHOTUX JIONel, ABJSIETCS
BbIJaOINUiicsa aHraniickuil yueHbidn Y. Mapsun. On-
HUM M3 CaMBbIX Ba’KHBIX COOBITHI B JKm3HU llapBu-
Ha CTaJI0 KPYTOCBEeTHOE IIyTeIllecTBHME Ha KopabJie
«Burm», B KoTOopoe OH OBIJ IIPUIJIAIIIEH B KadyecTBe
HaTypaJncTa.

Puc. 106. Pe3ynbtatbl YNpaxXHEHWs W HEYNpaXKHEeHUs OpraHoB
COrnacHo y4eHuto Jlamapka: AnvHHbIE HOTW Y Lannu U oTCyTCTBUE
pasBuTbIX a3 y kpota




§ 44. Nctopusi pasBnUTUS 3BOIIOLMOHHbBIX B3rNSA08B

Bo Bpema myTerniecTBus [lapBUH M3ydaJs PACTUTENbHBIN M JKUBOTHBIN MUD
IOCEIaeMbIX 3eMeJIb, WCCJEeN0BaJ MCKOIAaeMble OCTATKU OPraHW3MOB, COXpa-
HUBIIIMECS B T€0JIOTMUYECKUX ILJIacTax, coopaj MHOKECTBO KOJLJIEeKIIuii. B aToT
IIepUo/; Y MOJIOJOI'0 YUeHOI'o U ¢c(hOpMUPOBAIUCEH IIPeICTaBIeHN I, KOTOPbIe BIIO-
CJIeICTBUM JIETJIU B OCHOBY €TI0 BBOJIOIIMOHHON Teopuu. Ilocie Bo3BpallieHuA B
Anrnmio [lapBuH Ha OPOTAMKEHUU AOJTUX JIET U3ydas MaTepuatl, cCOOpaHHBIN
BO BpeMs ITyTeINIeCTBUS, aHAJW3WPOBAJ TPYAbl APYTUX YUYEHBIX, WCCJIEIOBaJ
TIpOoIlecChl M3MEHEHUS KUBOTHBIX W PACTeHUU IOJA BIUSHUEM OJOMAIITHUBA-
HUSA, ITPOBOINJ PA3JIUYHbIE HAYyUHBIE SKCIEPUMEHTHI. ITOroM 3TOII MHOT'OJIET-
Hell paboOThI CTaJIO CO3JaHUE SBOJIOIMOHHOTO YUEeHUs, B KOpHE H3MeHUBIIIe-
ro TIpeJACTaBJIeHVE UeJIOBeUecTBa O KUBOIM mpupoae. CaMblii 3HAUUMBIA TPY.
HapBuHa «IIpoucxoxkaeHre BUAOB IIyTEM €CTECTBEHHOTO O0TOOpa», B KOTOPOM
OH WM3JIOXKWJ CBOW B3IJVIAABLI HA HBOJIIOIMIO OPraHUYECKOr0 MHUpa, ObLI M3AaH
B 1859 r.

OCHOBHBIMU TIOJIOKEHUAME Teopuu sBosionuu Y. [lapBuHa ABIAIOTCS CJe-
LyIoIue.

1. Bce BuAbI "KMBBIX OPraHM3MOB, HACEJAONINX 3eMJI0, He OBLIN KeM-TO
CO3[IaHbI, & B03HUKJU eCMeCmeEeHHblM 00pa30M.

2. Buabl mocTeneHHO M3MEHSAIOTCS U COBEPIIEHCTBYIOTCSA B COOTBETCTBUU
¢ ycaosuamu okpydcaruieil cpedvi. B ocHOBe 3THMX HpPeoOpPa30BAaHUU JIEKUT
HACJeACTBeHHASI M3MEHUYUBOCTh, KOTOpPAs ABJSIETCA IJIABHON npednocuvlikoil
DBOJIIOIUU.

3. DBOJIONIUA IIPOTEKAET IOJ IefiCTBIEM €CTeCTBEHHOrO 0TOOpa, KOTOPHIH
SIBJISIETCS CJIEACTBHEM OOpPHOBI 3a CylIeCTBOBaHME. OTO — O08uUMCyUue CUJbl
SBOJIIOIUU.

4. Pe3yavmamamu 3BOJIONUY ABJISIOTCS HPUCITOCOOJIEHHOCTH KUBBIX Opra-
HUBMOB K YCJIOBUAM CPeJbl UX O0MTAHUA M MHOroOOpasue BUIOB B IIPUPO/IE.

Bcem XuBBHIM opraHmsMaM CBOWMCTBEHHA M3MEHUYMBOCTh. lapBWH moHU-
MaJl, YTO AJIS SBOJIIOIMOHHOI'O IIpollecca BasKHBI TOJIBKO Te M3MeHEHUs, KO-
TOpBle MOI'YT IlepelaBaThcsA U3 IIOKOJIEHUs B IIOKoJeHUe. IlosTomMy mMeHHO
HacaedcmeeHHOl M3MEHUYWBOCTH, KOTOPYyIo [lapBuH HasbIBaJ HeonpeodeJeH-
HOil, YUeHBIIl TPUAaBaJl 0co00e 3HaUeHUe, pacCMaTpUBasa ee KaK IPeAIOCHIIKY
SBOJIIOIIUU.

Corsnacuo yuenuio JlapBuHa HeolpeAesieHHAS U3MEHUNBOCTH IPOABIIAETCS
B BOBHMKHOBEHUM y 0c0o0ell MHAWBUAYAJbHBIX N3MEHEHU, KOTOPhIE OTIMYAOT
UX OT JPYTUX 0co0eill TOro JKe BUIA U mepefaloTcsA o HacjencTBy. IIpumepom
MOJKET CJIYMKHUTH IOABJEHUE ATHEHKA C CUJIbHO YKOPOUEHHBLIMM HOTaMU B IIO-
TOMCTBE OBell, UMeIOINX HOTY HOPMAaJIbHOU IJIUHBI, UJIU DK3EeMILIAPOB pacTe-
HU, IMEPIIUX HEeCTAHAAPTHYIO AJIA CBOEr0 BUAA OKPACKY IIBETKOB.
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HaciencrBenHas M3MeHUYMBOCTD caMa IO cebe He HOCUT IPUCIIOCOOUTENIb-
HOro xapakrtepa. OHa JUIlb 00yCJOBJIMBAET pasHooOpasre 0co0ell Mo MHOMKe-
CTBY IIPU3HAKOB, CIIOCOOHBIX IlepemaBaThCcA WX moToMKaMm. Ilostomy [MapBuH
[oJraraJji, 94To B IIPUPOZE CYIINECTBYIOT 0COObIe MeXaHU3MbI, HAIIPABJISIOIINE XO/I
SBOJIIOIMY HA IIOBBIIIEHNE IIPUCIIOCOOJEHHOCTH OPraHu3MOB K YCJIOBUAM Cpe-
abl. TakuMu MexaHM3MaMU — ABUMKYIIUMU CUJIAMHI 9BOJIIOIUN — SABJISIOTCS
6opn0a 3a CyIlleCTBOBAHME M €CTeCTBEHHBII 0TOOD.

JKuBble OprammsMbl BCJIEACTBHE PA3MHOMKEHUS CIIOCOOHBI YBEJINUYUBATH
CBOIO UKCJIEHHOCTh B I'eOMeTPUUYECKOoi mporpeccuu. [[Jid mprMepa MOMKHO B3ATh
CJIOHOB. OTH KUBOTHBIE OTJIMYAIOTCA HU3KOIH MJIOJOBUTOCTHIO. CaMKa 3a BCIO
JKUBHDb (HECKOJBbKO IECATKOB JeT) po:kaaeT B cpenueM 6 merensbimieii. Tem He
MeHee, MO0 pacueraMm lapBuHAa, IPU YCJIOBUU BBLIXKMBAHUSA BCEX IIOTOMKOB 3a
750 seT omgHa Imapa CJIOHOB MOXKeT JaTh Hauago 19 mum ocobGeii!

OpHaxko MOJOOHOTO YBEeJIWUEHHUS UNCJIeHHOCTH 0co0ell B IIpUpoie He HpOo-
ucxonut. Ilo paAny npuumH (HeXBaTKa HEOOXOOMMBIX PECypCOB, AeliCTBUE He-
61arOIIPUATHBIX a0MOTHUYEeCKUX (DAKTOPOB, ITapa3uTOB, XUIITHUKOB U JP.) YaCTh
IIOTOMCTBA MOTrubaeT, TAK M He BocHpousdBens cebe momobOHbIX. Ha ocHoBaHUU
storo Y. [lapBUH mpuIileJ K BLIBOAY, UTO JI000I OpraHu3M, HOSBUBIIUICST HaA
CBeT, BCTyIaeT B O0pbOY 3a CBOE CYII[eCTBOBaHIE.

ITox 60pwOOIl 3a cymecTrBoBaHue [[apBMH MOHMMAJ COBOKYITHOCTH B3au-
MOJEHCTBUH KUBBIX OPraHM3MOB MEXKIY CO00i 1 ¢ PasJUUYHBIMHU (PaKTOpPaAMU
HEXXUBOU IIPUPOJBI, ONMPENEIAONNX YCIeX WX Heynady 0co0ei B BbIXKMBAHNN
u pasmHokeHuu. OH BbIeaus TpU (hOPMBI OOPLOBI 3a CYIIIECTBOBAHUE: BHYMPU-
8udosyio, mexneudosyio U 60pvOY ¢ He6LAZONPUAMHBLMU YCLOBUAMU HEHUBOI
npupodst (60pbsOY 3a BEIXKMBaHIE B YCJIOBUAX OUEHb BBICOKUX WJIM HUBKUX TE€M-
meparyp, 3acyxXxu u T. 11.). [Ipu 9TOM yueHbIil moquepKHUBaJI, 4TO Hanbojee 0CTPO
O0opb0a mpoTeKaeT MeKAy OCOO0AMM OJHOI'O BHIA, T. K. OHU 00JIafaloT IPaKTH-
YeCKM ONWHAKOBBIMHU IIOTPEOHOCTAMU M BO3MOMKHOCTAMU. BaKHO OTMETUTD,
uTo JlapBUH HCIIOJB30BAJ MOHATHE «00pbOa 3a CYIeCTBOBAHNE» B IIIMPOKOM,
0o0pasHOM CMBICJE, TTopasyMeBas MO Hell He TOJIBKO npsamoe g3aumoodeilcmeue
JKUBBIX OPraHMU3MOB, HO U JIi00ble (DOPMBI KOHKYPEHUUU MEKAY HUMU.

Kax y:xe ormeuasoch, 0Jarogaps HACJEACTBEHHONH M3MEHUNBOCTU 0COOU
JII000r0 BUJA OTJIMYAIOTCA APYT OT Apyra II0 PAAY IPU3HAKOB, KOTOPHIE IIO-
TEeHIIMAJbHO MOT'YT IIepelaBaThbCA CJAENYIOINIUM IIOKOJeHUuIM. VI3-3a TaKoil He-
OIHOPOJHOCTH OCOOM C OIpeHesIeHHBIM HAaOOPOM MHPU3HAKOB, ITOBBIIIAIOIIIX
UX MIPUCIOCOOJIEHHOCTS K (paKTOpaM cpelbl, UMEIOT OOJILIIe IITaHCOB BBIXKUTDH
Y OCTaBUTh IIOTOMCTBO, UeM Ipyrue ocobu. MHbIMU ciioBamMu, HamboJjee IIPu-
crmocobJiIeHHbIe MHANBUAYYMbI IIOJYYAlOT IPENMYIecTBO B O0phbe 3a cyiie-
CTBOBaHUE.
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CnencrBueM GOpPHOBI 3a CYIIIECTBOBAHUE SABJISETCA €CTECTBEHHBIH OTOOP.
Tax Y. JlapBuH Ha3bIBAJ NPOUECC BbIHCUBAHUS U PA3MHONCCHUS 0cobell, Hau-
00J1ee NPUCNOCOONIEHHBLX K YCA0BUAM OKPYdHcatouiell cpedul, u ubeab MeHee npu-
cnocobaenHvLx. BIKUBIIIIE 0COOM OCTABJIAIOT IOTOMCTBO, U IIOJI€3HBIE HACTE -
CTBEHHBIE M3MEHEHUS IIePealoTCsa CJEeAVIONEMY IOKOJIeHUI0. EcTecTBEeHHBIN
0TOOpP IIPOUCXOAUT B IIPUPOJE HEIIPEPLIBHO, B 6ECKOHEUHOM DPAAY MOKOJEHUM.
ITpu sTOM B KasKJAOM TOKOJIEHUU COXPAHSAIOTCS IIPENMYIIECTBEHHO Te (DOPMBI,
KOTOpble HamboJiee aJanTUPOBAHBI K CJAOMKUBIIUMCS YCJI0BUAM cpenbl. Ciaemo-
BaTeJbHO, OJHUM W3 PE3yJbTATOB SBOJIIOIUUN ABJSAETCA MPHCIOCOOJIEHHOCTH
OpraHu3MOB K cpefie UX OOUTaHUA.

Jpyrum pesyabTaToM 9BOJIIOIMOHHOTO IIPoIlecca, coriaacHo Teopuu IlapBu-
Ha, ABJSIeTCA MHOT000pas3ue BHIOB JKMBBIX OPTaHNU3MOB. YUEHBIH CUUTAJ, UTO
o[, IeiCTBUEM eCTEeCTBEHHOI'0 0TOopa 0co0U OMHOTO BUIA, *KUBYII[HE B PA3HBIX
YCJIOBUAX, MIPUOOPETAIOT Pa3IUYHbIE TPUCIIOCOOIeHUs (IPU3HAKU). DBOJIIOIIU-
OHHOE PACXOKIeHNe IPU3HAKOB y POJACTBEHHBLIX OPraHMW3MOB, OOUTAIOIIUX B
Pa3JIMYHBIX YCJIOBUAX, [[apBH Ha3BaJ AUBepreHnuei. B pesyibraTe nuBepreH-
1muu Ha 6a3e OJHOTO MCXOMHOTO BUA CO BpeMeHEeM MOJKeT BOBHUKHYTH JBa MU
HECKOJIbKO HOBBIX. IIpoIiecchl BUA000PA30BAHUSA ABJIAIOTCA MPUUNHON MHOTO-
o0pasus BUIOB B IPUPOZE.

Kpusuc dapsunusma u co3danue cuHmemuieckol meopuu 3IGONIOYUU.
Bo BTOpoOit moroBure XIX B. sBosrronnoHHbIe unen Y. JlapBuHA MOJIYUYUIN ITU-
POKoOe pacmpocTpaHeHUe M IOAAEP:KKY Cpeau YUeHBIX Bcero mupa. Teopus
JlapBuHa ObljIa 3HAUMTEJIBHO PACIIMPEeHa U JOIIOJHEeHA TPYAaMU €r0 MHOTOUKC-
JIEHHBIX TIOCJIefioBaTesiell — copMUpOBaJICSI TaK HA3LIBAEMbBIA KJAACCUYECKULL
Odapsunusm. OmHaKo OypHOE pasBUTHE T'eHEeTUKM! B Hauvaje XX B. IPUBEJIO K
TOMY, UTO MHOTHE CIeIIMAJJUCThI B dTON 00JaCTH HAUaJIu KPUTHUKOBATDH yUEHUe
Hapsuna. He cymeB mpaBUJIbHO OIEHUTH 3HAUEHNE CBOUX OTKPBITUMN IJIA JaJib-
HEHIIIero pasBUTHUA SBOJIOIMOHHON T€OPUU, OHU IPOTUBOIIOCTABJAIN €€ TeHe-
THUKe, OTPUIAJINA TBOPUECKYIO POJIb €CTECTBEHHOI'0 0TOOpa B BUA000PA30BAHUMN.
ITO TOCTYKUIIO IPUUYNHON KpU3Uca KJIACCUUECKOTO JapBUHU3MA.

BosHukIimee MeXay HapBUHU3MOM M Te€HETHUKOW NPOTHBOpPEYMHE IIPEOJo-
Jejia cuHTeTu4YecKkas teopus spoaronuu (CTI). Haspanue «cuHTeTUUECKAS»
00yCJIOBJIEHO TeM, UTO pas3paboTKa STOM Teopuu CTaJjia Pe3yJTbTaToOM CHUHTE3a
ITapBUHU3MA U JOCTUIKEHUU IEJOTO pAja OMOJIOTMYECKUX HAyK — TeHEeTUKMU,
SKOJIOTUHU, ITUTOJOTUU, MOJIEKYJIAPHOI Ouojoruu u Ap. Biaromaps cosmaHUIo
CUHTETHUYECKOII Teopuu sBoJONNK yueHue Y. JlapBuHa 006peso MPOUHBIN Ha-
yunbiii pyagament. CTO, oCHOBHBIE ITOJIOMKEHISI KOTOPOH ObLIN COPMYJIU-
poBaHBI B cepenuHe XX B., B HACTOSAIlee BPEeMsA IPOJOJIKAET Pa3BUBATHCA U
oboraIarbca HOBBIMY HAYUYHBIMU JaHHBIMU.
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p
'[ﬁ,;r IlepByio 1eJTOCTHYIO SBOJIIOIIMOHHYIO KOHIIEIIIMIO BBIABUHYJI
o ! JK.-B. Jlamapk. OH ommcas IyTH 5BOJIIOIIMOHHOTO Hpoliecca (Tpana-
IUIO U aJallTal[iui0), ero pe3yJbTaThl, YKas3aJ Ha CBA3b OPraHU3MOB
C OKpYJKaloIlleil cpeaoii, HO He CMOI' IPABUJIBHO OOBACHUTL IIPUUYMHBI 1
IBUKYINYE CUJbI sBojionuu. CosmaTesieM SBOJIOIMOHHON TeOpUM, KOTO-
pas craja QpyHIAMEHTOM IJs Pa3BUTHA COBPEMEHHOM OWOJIOTHI, SBJIA-
erca Y. [MapBuH. CorsiacHO ero y4eHWIO IPEAIOCHIIKON SBOJIIOIUU AB-
JsIeTcsA HacJaeACTBeHHAs M3MEHUYMBOCTb, ABM)KYIIUMU cujIaMu — Oophba
3a CYIIIeCTBOBAHME W €CTeCTBEHHLIN 0TOOp, pes3yjabTaTaMU — IIPHCIIOCO-
0JIEHHOCTh OPraHM3MOB K YCJOBHUAM CpPenbl M MHOroodpasue BHLOB. Pe-
3yJIBTATOM CHHTe3a Teopuu JlapBuHA C TEHETUKOM, SKOJOTUEN U APYTUMU
HayKaMm cTaJjo co3paHue B XX B. CHHTETUYECKON TeOPUU DBOJIIOIIUU.

? 1. OxapakTepuayiTe OCHOBHbIE Maeu y4eHus XK.-b. Jlamapka. B 4ewm, Ha Ball B3rnaj, 3a-
[™ ™ KknyaeTcs JOCTOMHCTBO 3BOSIOLMOHHOM KOHLIENUMM JlamapKa 1 KakoBbl ee HedocTaTKu?
2. CchopmynupymTe OCHOBHbIE MOJNIOXEHNS 3BOJIOLMOHHON Teopun Y. [apBuHa.

3. Kakyto hopmy mameHuBoCcTv [apBuH cumtan npeanochinkon asonouum? Movemy?

4. Yro, cornacHo y4eHuto [lapeuHa, npeactaenset cobor 6opbba 3a cyllectBoBaHue? Ecte-
CTBEHHbIN 0TO6OP? [OKaXuTe, YTO €CTECTBEHHLIA OTOOP ABMSETCA CNEACTBMEM OOpbOLI 3a CyLle-
ctBoBaHue. MNMoyemy [apBuH cuutan 3t ABa akTopa ABVXYLLMMU CUnaMmn 3BonoLmn?

5. YT0o Takoe guBepreHums? Yem c no3uvumii 3BOMOLMOHHON Teopun [dapBuHa 06bSACHAETCA
MHOroo6pasve BMgoB B npupone?

6. Yem 6b11 06YCNOBMIEH KPU3NC KITACCUYECKOro fapBMHM3Ma B Hadvane XX crtonetms? llo-
4yemy TEOPUIO IBOSIOUMK, padpaboTaHHyto B XX B., HA3bIBAOT CUHTETUYECKON?

7% TlonbITanTecb 06BLACHUTL (haKTbl HANMYMA X060Ta y CIIOHA U OTCYTCTBUSI KOHEYHOCTEN Y
3mMen ¢ no3uumi ydenns: a) XK.-b. Jlamapka; 6) Y. OapsuHa.

§ 45. OCHOBHbIE MOJIOXXEHUA CUHTETUYECKOW Teopuu
agonouun. MNMonynauua — anemMeHTapHasa eauMHULA
asgonouun. MNMpepnocbisikKu 3BONIOLUN

Ocnoénble nonosxcenus cunmemuieckoil meopuu 3gonroyuu (CTI) MoKHO
MIPEJCTaBUTh CJIEAYIOIIUM 00PasoM.

1. Bug npeacraBisier co00ii IEJOCTHYIO 2eHeMUYeCKU 3AKPbLMYI0 CUCTEMY.
OH COCTOUT M3 MOILYAAIMN — 2eHeMmuiLecKu OMKPbLMbLX CUCTEM, MEKIY KOTO-
PBIME BCJIEACTBME MUTI'PAIIMU 0CO0eil IIPOMCXOAUT OOMEH TeHaMMU.

2. dnemenmapHoil eQuHUYell dBOJIONUN ABJSETCSA MOMYITIUA.

3. dnemenmapHvle IB0NINUUOHHbLE (aKmopvl (MyTAIIMOHHASA W KOMOWHA-
TUBHASA N3MEHYHUBOCTH, ITOTOK U apeiid) reHOB, MONMYJIAIMOHHbIEe BOJHbBI, H30-
NAUA) — 5TO NPeOnocullKly dBOJIIOINN.



§ 45. OCHOBHbIE MONOXEHUS CUHTETUYECKON TEOPUIN SBOJIOLMM

4. T'maBHaaA 0suixcyu,as CuL@ dBOJIONUY — €CTeCTBEHHBIH 0TOOpP, IpOTe-
KaloIuii Ha OCHOBe O0OPBHOBI 3a CyIIeCTBOBAHHUE.

5. ITox meiicTBHEM ecTeCTBEHHOTO 0TOOPa MPOMCXOAUT (pOpMUPOBAHIIE aXATI-
Tanuii 1 00pa3oBaHue BHIOB. ITO OCHOBHBIE Pe3Ylbmambsl dBOJIOIUN.

6. Bugoo6pasoBaHue OCYIIeCTBIAETCA IJINUTEIHHO U MOCTEIIEHHO, Yepes P
npoMeNcymouHvlX (opM — pac U IMOJBUMAOB.

Ilonynayus — anemenmapHasn eduHuya 3éonoyuu. Is xypca 6uosoruu
10-ro KJacca BBl 3HaeTe, UTO OCOOM JIIOOOTO BMIA II0 PAAY IPUUMNH He pac-
IpeJesIA0TCA B Ipefesax apeaJjia PaBHOMEDHO, a 00pasyoT 6ojiee MU MeHee
000co0bJieHHBIe APYT OT apyra rpymnmnbl — monyiadanuu. C mosunuii CTO nmenHo
MOMYJISIIUS IIPEJICTABISAET CO00 leMeHmapry0 eOUHUYY SBOJIOIIMOHHOTO IIPO-
mecca. OBOJIIOIMOHHBIE U3MEeHeHUsT 00yCJIOBJIEHBI Tepemaueil Hac/JelCTBEeHHbBIX
MIPU3HAKOB B PAAY IMOKoJeHUH. [ToaToMy 0c00b He MOKeT paccMaTPUBATHCI KaK
€IMHUIIA SBOJIIOIMN: OHA CMEPTHA U €€ T€HOTHUI B TE€UEHUE KUBHU COXPAHAETC
IpaKTUYECKU HEeM3MeHHBIM. POJIb OTAeJIHHOTO OpPraHu3Ma B 9BOJIIOIIMOHHOM
mpolecce 3aKJIOUaeTcsa B Iiepefjlaue TeHOB CBOEMY IIOTOMCTBY, M €CJIM STOTO He
IIPOMCXOAUT, 0COOb He MMeeT 3HAUEHUs [JIs SBOJIOIUU.

IBOJIOIMOHHbBIE U3MEHEHUST BO3MOKHBI JIUIIb B AJUTEIBHO CYIIECTBYIOITNX
TpyIIaxXx OpraHmu3MOB, U HAUMEHbIEH M3 TAKUX T'PYIIIl ABJIAETCA MOMYJIAIINAI.
Kaknaa momyasamus 3aHUMaeT TOT UJIM WHOM YUaCTOK apeaJjia ¢ OmnpeesieHHbI-
MU YCJIOBUAMU CPEIbI U CIIOCOOHA K CYIIIECTBOBAHUIO B TEUEHUE MPOHOIIKUTENb-
HOT'0 BpeMeHH. Barogaps HacaeICTBEHHOM N3MEHUYNBOCTY 0COOU B IIOMYJIAIIUN
pa3JIMUaIOTCSa IO TeHOTUIAM, T. €. MONYJIAIUA SIBJIAETCSI TeHeTUYEeCKU Pa3HO-
ponHOU cTPYKTYypoii. COBOKYIIHOCTh I'€HOTHUIIOB BCEX 0CO0el MOIMyIANNN Ha3bl-
BaercA ee reHogonaoM. B monynamuu uaet 6ops0a 3a cyIiecTBOBaHUE, TENCTBY-
eT eCTecTBeHHBIH oTOOp. BeieacTBue 9TOro B KasKAOM MOKOJIEHUU BBIXKHUBAIOT
¥ OCTaBJSIOT IIOTOMCTBO IIPEUMYIIIECTBEHHO Te 0cO0M, KOTOphle 00JaJatoT Ha-
CJIEZICTBEHHBIMU M3MEHEHUSIMMU, TTOJIE3HBIMU B JAHHBIX YCJIOBUAX OKPYIKAIOIIEH
cpenbl. OTH YCJOBUSA HEMOCTOSHHBI, C T€UEeHWEeM BPEMEeHU OHUW M3MEeHSIIOTCSH.
Besten 3a HUMUM TIOZ JeMCTBMEM €CTECTBEHHOTO O0TOOpA HAIpaBJIEHHO M3MEHS-
erTcs renoou g nonyaanuu. HampasienHoe nusMenenre reHoGoH1a MOMY AN
B PAOY TOKOJIEHUII HA3bIBAIOT JJI€MEHTAPHBIM JBOJIIOIMOHHBIM SIBJICHHEM.

PasHble OyIAUY OJHOTO BUIA, AarKe CYIIECTBYIOIINE IO COCEJCTBY, 3a-
HUMAIOT Pas3jInYHble yUyacTKu apeaJsa. CieoBaTeIbHO, YCIOBUS CPEIbl HE MOT'YT
OBITH JJIsT HUX COBEPIIIEHHO OMMHAKOBBIMHU. Il0aTOMY KasKAas IMOMyJIAINUA 00-
JajaeT YHUKAJbHBIM TeHO(GOHIOM U 9BOJIIOIMOHUPYET B 0COO0M HaIIpaBJIEHUN,
HEe3aBUCUMO OT APYTUX IOIYJAIUHA TOTO Ke Buma. MHBIMU cjoBaMu, Jrobas
TMONYJIAINSA UMEET CBOIO COOCTBEHHYIO SBOJIIOIMOHHYIO cyAbOy. Bud ke mpen-
cTaBJsfgeT co00l COBOKYITHOCTD IOMyJaAIinii. I109ToOMy OH He 9BOJIIOIIMOHUPYET
KaK eIuHOe I1eJI0e U He MOJKET CUMTAThCS 9JIeMeHTapHO efUHUIIel 9BOJIOINH.
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InemenmapHbvle IGONIOUUOHHBLE PAKMOPbL — NPednoCHLLAKU I60AI0UUU.
Kax y:xe ormeuasoch, corimacuo CTO npednocviikamu 9BOJIONUU ABISIOTCS
TaK Ha3bIBaeMble dJeMeHMapHble I80JI0YUOHHbLe (pakmopsl. K HUM oTHOCATCSA
MyTaIlIOHHAsA WM KOMOMHATHBHAS M3MEHUMBOCTDH, IIOTOK T'€HOB, MHOIIYJISI[HMOH-
HBIe BOJIHBI, Apeli(h TeHOB U MIOJAIUI. DBOJIOIMNOHHASA POJIb dTUX (PAKTOPOB
HeogunHaKoBa. Bece haKTOPHI, 3a MCKJIIOUEHUEM H30JAIUN, U3MEHIIOT YaCTOTY
BCTPEUYAEMOCTH I'€HOB U I'€HOTHUIIOB B IOMYJIAIUIX, 00YCJIOBINBAIOT T€HOTUIIN-
YyecKoe pasHooOpasue 0co0eii, TOCTaBJIAA TEM CAMBIM MaTepuaJ JIJs eCTeCTBEeH-
HOTO oTOopa. M3osasamnusa cama 1Mo cebe He MPUBOAUT K M3MEHEHUI0 TeHO(OHIA
nonyasanuii. [IpensaTcTBysa cBOOOSHOMY CKpeIInBaHuIo 0Co0eli, OHA 3aKPeIJIsieT
reHeTHYeCKHe Pa3IMUUsa MeXKAY M30JUPOBAHHBIMU IIONYJIANUAMN WMJIN WX
yacTAMHU. TeM caMbIM M30JISAIIUS CIIOCOOCTBYET PACXOMKIEHUIO NPU3HAKOB
(DuBepreHIy) B mpefesax BUAa U IOCIEAYIOINeMY BUI000pa30BaHUIO.

PaccmoTpum mospoGHee poJab KasKJOro SJEMEHTAPHOTO 3BOJIIOI[MOHHOTO
dakTopa. MyTanmuoHHAA M3MEHUYUBOCTHh SBJIAETCS OCHOBHBIM IIOCTaBITUKOM
TeHeTHUUEeCKOT0 pPasHooOpasus ocobeil B MONyaANUsaX. BaM M3BeCTHO, UTO TeH-
HbIe MyTaI[M BOSHUKAIOT ¥ OPraHM3MOB I'Opasio ualle, YeM XPOMOCOMHBIE MJIN
reHoMHBIe. ['eHHBIe MyTaIll IPEACTABJIIIOT COOON HEMCCAKAeMBINl MCTOUHUK
HOBBIX ()OPM aJLIeIbHBIX TeHOB. Kak ciemcTBre, MOMYISAIINY HACKIIIIEHbI CAMBbI-
MU PasHOOOPaSHBIMU MYTAaHTHBIMYU reHaMu. Ilpu sToM domMunHaHmHbvle MyTa-
WU CPasy Ke MIPOABIAIOTCA B (DEHOTUIIE 0cO0eH 1, CJieloBaTeIbHO, MONAAIO0T
IO, JeficTBLE eCTeCTBEHHOro oToopa. Peyeccusrnble MyTanun, HAIIPOTUB, MOT'YT
IOJITOe BpeMs He MPOSABIATHLCA B MOIMYJISAINAX, IPeObiBasd B TeTePO3UTOTHOM
cocrosanu. OGpPasHO TOBOPS, HMOMYJIANNSA CIIOCOOHA KaK I'yOKa BINTHIBATEL pe-
IIeCCUBHBIE MYTAIlU1, OCTABaACh B TE€UEHUE OIIPEJIEJIEHHOTO BpeMeHu (heHOTUII-
YyecKU OgHOpPoaHOM. ToJIBKO IIOCjie HAKOIJICHN 9TUX MYTAaIlui B 3HAUNTEILHOM
KOJIMYECTBE B IMOMNYJISINN IOSBJISIOTCSA PEIleCCUBHBIE I'OMO3UTOTHBIE 0COOMU,
KOTOpble HAUMHAIOT MOABEPraThCA AEUCTBUIO €CTECTBEHHOro orbopa. Takum
00pas3oM, pPelecCuBHLIE MYTAIIUY CIAYKAT CKPbLMbLM Pe3eP8OM HACLedCMEeHHOIl
U3MEHYUBOCTU.

MyTamuonHas M3MEHUYNBOCTh HOCUT HEHAIMPaBJECHHBINA XapakKTep, aejas
oco0Ou TOM MJIM MHOI IIONYJSAIINKM HEePaBHO3HAUHBIMU B OOphOe 3a CYIIeCTBO-
Banme. Tak, MyTaius, KOTopas IOBBINIAET MPUCIOCOOJEHHOCTh OpraHu3Ma K
IaHHBIM YCJIOBUSM Cpenbl, OyAeT IIOAAeP:KNBATHLCSI €CTeCTBEHHBIM OTOOPOM.
B pesyabrare mpemMyIIeCTBEHHOTO BBIKMBAHUA U PAa3SMHOMKEHUS ocobeii ¢
TaKUMU IIOJIE3HBIMU MYTAIUAMM YacTOTA UX BCTPEUAEMOCTH W3 ITOKOJECHUS
B IIOKOJIEHIIe BO3pacTaeT. Ecau Ke BHOBb BOSHUKINAS MYTAIlUA IIPUBOIUT
K CHIIKEHUIO JKM3HECIIOCOOHOCTU MJIX IIJIOJOBHTOCTM CBOMX O0JajgaTeseii, ee
YyacToTa B PAAY HMOKOJIEHUM OyaeT HEYKJOHHO CHUIKATHCA BILJIOTH IO ITOJTHOTO
WCUYE3HOBEHUS STOH MyTaIluU U3 MOMYJIAINU.
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KoM0OuHaTUBHAS H3MEHUYMBOCTh BLIPAXKAETCS B IIOSABJICHUN Y YKUBBLIX Opra-
HI3MOB PasH000Pa3HOro IIOTOMCTBA BCJIEICTBIE BOSHUKHOBEHUS Y KaXK 0 HOBOI
0c0o01 YHUKAJBHOTO COUETAHUS POAUTEIbCKUX IreHoB. TakuM o6pasomM, KOMOU-
HATUBHASA U3MEHUYNBOCTEL, KAK 1 MYTAIIMOHHAMA, CHYKUT BAKHBIM NCTOUHNKOM
TeHOTUNNYECKOro n (PeHOTUINUYECKOr0 PasHooOpasus oco0eil B IOMYJIAIUaX,
IpenoCcTaBJIAA OOIIMPHBIA MaTepPUaJI AJs JeHCTBUSI eCTeCTBEHHOro orbopa. Uro
JKe KacaeTcsa MOOUPUKAUUOHHOU U3MEHYUBOCMU, TO, TIPOSIBIIAACH B X0Ie UHIU-
BUAYAJbHOI'O PA3BUTHUSA KUBLIX OPraHM3MOB, OHA CIIOCOOCTBYET MX IIPHCIIOCO-
O0JIeHNIO K MEHSIIOIMMCS yCJa0BuAM cpenbl. CiemoBaTe/bHO, JaHHAA (hopMa 13-
MEHYMBOCTHU yBeJNUNBAET IITaHCHI 0c00eil HAa BbIXKMBAHNE U PABMHOMKEHIE U TeM
CcaMbIM BHOCHUT OIpeeJIeHHBIN BKJIAJ B 9BOJIIOINOHHEIN mpoiecc. OnHaKo MOaU-
duKaIMoOHHAa U3MEHUYNBOCTD He U3MeHsAeT reHO(MOH ] MOIYyIAIINi 11 He HacJaeny-
etrcs. ITosToMy OHA He MOMKET pacCMaTPHUBATLCA KaK IIPEIIIOCHLIKA 9BOJIIOIUN.

IlepeHoc TeHOB, KOTOPBIM OCYIIECTBIAETCSA B pe3yJbTaTe MHUTPAIIUU OCO-
Oeil (TmepeMelleHrs CeMSH, TbLIBIBI W T. M.) U3 OJHOM IOMYJSAIIUN B APYTYIO,
Ha3LIBAIOT IMMOTOKOM TI'eHOB. Biiaromaps HOTOKY T'€HOB IPOUCXOAUT OOHOBJIE-
HUe TeHO(OHIA HOMYJIANNI, N3MeHeHe B HUX YacTOT BCTPEUAEMOCTU TeX WJIU
nHBIX ajjeseii. Tak, BcesieHMe B IOMYJIAIIMAI0 HOBLIX 0CO0€il MOKeT 000raTuTh
reHO(POH I 9TOM MOIMYJIAIMY HOBBEIMHU reHaMu. Kpome TOro, m3MeHsaeTCs COOTHO-
IIIeHNe MeX Iy aJlJIeIsAMU, IIPUCYTCTBOBABIINMY B IOIYJISAIINN paHee. Beicese-
HUe oco0eii 13 MOMYJISIINHI TaKKe COIPOBOKIAeTCI N3MeHeHIeM ee TeHo(oHIa.
TeneTuueckoe pasHooOpasme MOMYJIAINN IIPKU dTOM CHUMKAETCS.

Kax Bam msBecTHO 13 Kypca 6umosoruu 10-ro KJjacca, YHMCJIEHHOCTD IIOIY-
JAUni mogBepikeHa KoJsebanuaM. Ilox meficTBHMeM pasIMUYHBIX (PAaKTOPOB KO-
JUYECTBO ocobell B MONYJIAIMMUSAX TO BO3PACTAeT, TO, HA000POT, YMEHbIIAeTC .
Takune KomebaHMA YNCJIEHHOCTH, NMeIOIe 00Jiee NI MeHee BbIPaKeHHbBIN pe-
TYJIAPHBIA XapaKTep, HasdbIBAIOTCA MOMYIANUOHHBIMY BOJHAMY WY BOJTHAMU
sKU3HHU. VX 9BOJIIOIMOHHAS POJIb 3aKJII0UAETCS IIPeXK/e BCero B CAyUYaliHOM U
3aYacTyI0 Pe3KOM M3MEHEHUU YaCTOT BCTPEUAEMOCTH aJljiesiell B IOMYJIAIUIX.

B nepuoj CHMMKeHUA YMCICHHOCTH HEKOTOPbIE M'eHbl, 4 3HAUNT 1 I'eHOTHIILI,
CJAyYaiiHO M HEe3aBMCHUMO OT CBOEH SBOJIIOIIMOHHOM IEHHOCTHU (CTEIeH! II0JIe3HO-
CTH B JAHHBIX YCJIOBUAX CPEIbI) MOT'YT IIOJHOCTHIO MCUE3HYTh M3 TeHOMOH A I10-
nyaanuu. JIpyrue aiirean TaKUM Ke CIydaliHbIM 00pasoM coxpaHsaoTca. Pas-
MHOKeHUre 0co0eli, 00JIaJaloIX STUMHU aJIJIeJIIMI, MOYKET B JaJIbHEHIeM Ipu-
BECTH K 3HAUUTEJBHOMY YBEJNUYEHUIO MX YACTOTHI B momyJasanuu. Hampumep,
BECHOU YMCJIEHHOCTD MOMYJISAIINHA MHOTX HACEKOMBIX BO MHOTO Pa3 MEHbIIe, UeM
0CeHbIO0 (0OJBIITMHCTBO 0cO0el morubaer B 3auMHuui nepuon). Ciayuaiinoe BbIKU-
BaHMe U IIOCJeAyIollee pasMHOMKeHIe 0co0eil, MMeIOINX PeIKlie I'eHbl, MOI'YT
MIOBJIEYD 3a OO0 BO3pacTaHme YacTOT TAKUX M'eHOB B IOMYJIAIUY B THICAUYM Pas.
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Cayuaiinoe HeHAIIpaBJieHHOe (He 3aBUCSINEe OT eCTECTBEHHOr0 0TOOpa) m3-
MeHeHUe YacTOT aJjijiesiei B TeHO(MOHIe MHOMyJaIlnii HOCUT HasBaHue apeitd
reHoB. [Ipuuwnmoii gpeiiha T€HOB MOTYT OBITH CTUXUIHBIE OeMCTBUS (HaBOIHE-
HUS, TOKAaphbl, OMOJIBHU U T. II.) W JIIOObIe Apyrue caydaiHble COOBITHSA, Ha-
IPUMED OTCTPEJ OXOTHHKAMM YACTH IOMYJSIINN KaKOro-JIn00 IIPOMBICIOBOTO
BUJA JKMBOTHBIX. [[peii(h TeHOB 0COOEHHO CHJILHO BJIUAET HA TeHO(OHI MAaJo-
YUCJIeHHBIX HOMYJAANNI. B TaKMX HNONYAANUAX BO3AeHCTBME PA3JIUUYHBIX CJIY-
yalHBIX ()AKTOPOB YACTO MPUBOIUT K PE3KOMY YBEJIMUYEHUIO YaCTOThI BCTpeUae-
MOCTH OJHHUX T'€HOB M CHIKEHHIO APYTUX, BIJIOTH A0 IIOJHOTO HMCUE3HOBEHUS
u3 rexodouga. [TocaencTsus geiicTBus Apeiidha reHOB Ha MOMYJIAINMU, 0COOEH-
HO HeOoJbINe, HempencKasyemMbl. OH MOKET KaK IIOBBICUTH IIPHCIIOCOOJIEH-
HOCTH 0CO0€eH K YCJIOBUAM OKDYKAIOIElH Cpelbl, TAK U IIPUBECTU IOMYJIAIIUIO
K rubeJiu.

HN3oaamua — (aKTop, KOTOPHIA 3aTPYyAHSAET UJIU JejIaeT HEeBO3MOMKHBIM
CBOOOSHOE CKpeIlluBaHMe 0co0eil, TeM caMbIM IIPENATCTBYA OOMEHY TreHaMu
MEXKIY MOMyJANUAMYA WJIA UX YacTAMHU. PaszamuaioT reorpaduyuecKyo u O0mo-
JoruyecKkyio usonaamnuio (puc. 107).

FeorpaqmquKaﬂ naonauua Buonornyeckas nsonaums

Puc. 107. Cxema pevicTBus reorpaduyeckor 1 61onorm4eckon n3onsaumm
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T'eozpaguueckasn usonsayus o0ycaoBIeHA HATNUYNEM KaKUX-TN0O TPOCTPaH-
CTBEHHBLIX 0apbepoB (TOPHBIX XPeOTOB, MYCTLIHD, IIPOJINBOB, PEK U T. I.), Ipe-
MSATCTBYIOIIX BCTPeue 0cobOeil TOro MM MHOTO BUJa. BOBHMKHOBEHNE TAKUX
mperpaj MOKeT ObITh BBHI3BAHO abMoTuYecKuMU (haKkTopamMu (TropoobpasoBaHue,
IelicCTBUE JIETHUKA U AP.), JeATEJIbHOCTHIO UejoBeKa (HarrpuMep, co3aHue BO-
IOXPaHUJNINA) UJINA CBSI3aHO ¢ MUTpAIIUIMU ocobeil Ha OOJbIINE PACCTOSIHUS
U paciIdpeHHeM apeajia BHIA.

Buonozuueckas u3onauus He IPEISITCTBYeT BeTpeue ocobeii. Ilpu aToit dop-
Me MBOJAIUU 0coOM He CKPEeIUBAITCA (im0 CKPEeIUBAIOTCS, HO HE AAOT
MIOJIHOIIEHHOE TIOTOMCTBO) I13-3a CYII[ECTBOBAHUS MEXKIAY HUMU OIpeesIeHHBIX
pasanuunii. B 3aBHCHMOCTH OT IIPUPOABI TAKMUX PA3JIUUNH BBIAEIIIOT HECKOJIBKO
BUJIOB OMOJIOTMYECKOUN W30JAIUU: STOJOTUUYECKYI0, dKOJOTHUUECKYIo, MOp(do-
(pM3HMOJIOrTUECKYI0, TeHETHUUECKYIO.

IIpu smonozuueckoil u3onayuu, KOTopas MOMKeT HAOGIIOAATHCSA TOJBKO Y
JKMBOTHBIX, OCO0OM He CKPEeIMBAIOTCA 13-3a Pas3jUunii B MOBEAEHUM, IIPEKIe
BCero — B OpPaAYHBIX PUTyaJIaX. JKON02UYECKAS U30NAUUSL MOKET OBITH 00y-
CJIOBJIEHA TEM, YTO 0COOM OJHOTO BUIA, *KUBYIIHE Ha 00Iell TeppUTOPUM, IIpeI-
IOYMUTAIOT 3aCeIATh Pa3JHNUYHbIE €€ YUYACTKMU IIOCTOSHHO HJIM MHUIPHUPOBATH B
pasHble MeCTOOOMTAHNS TOJLKO Ha IIepuoj pasMHOKeHHusA. Hampumep, Myxu
MeCTPOKPBLIKM, OOUTAIOIe Ha A0JI0HEe, He CKPEIINBAIOTCSI C 0COOAMU CBOETrO
BUJA, MIPEAIIOUNTAIONIMMU KUTh U MMUTAThCA Ha BUINHE. [[pyroil MpUYHHON
SKOJIOTUYECKOMN M30JIAIINN MOKEeT OLITH HeCcOBITaJeHre CPOKOB PA3MHOMKEHUS.
Tak, HEKOTOPBIE BUALI JIOCOCEBBIX PHIO HepPeCcTATCS He KasKIbIN I'ojl, a pas B ABa
rozga. ITosTomy pBIOBI, KOTOPBIE PABMHOMKAIOTCS B UETHBIE TOAbI, HE MOT'YT CKpe-
IITUBATHCS C MIPEACTABUTEIAMU CBOET0 BUA, IPUXOAAIIUMU B Te Ke caMble He-
PeCTHIUINA TT0 HeUeTHBIM rofgaMm. Mop@opuiuonozuveckas u3onsyls CBA3aHa C
CYIIIeCTBEHHLIMH OTJINUYUSIMHU B pasMepax Teja 0co0eil Mau HeCOOTBeTCTBUAMU
B CTPOEHUU U (PYHKIIMOHUPOBAHUU WX IIOJIOBBIX OPraHOB. I'eHemuyeckas u3o-
aayus obycJaoBeHa Pa3JIUUYNAMU B CTPYKTYpe WU KOJHUYECTBE XPOMOCOM.
PesyabTaToM 9TOr0 MOKET OBITH HECOBMECTHMMOCTH ramMeT (0cO0M crapuBaioT-
cs, HO OILJIOJOTBOPEHNEe He MPOUCXOAUT), I'M0eb SMOPMOHOB, IOSBJIeHUE Oec-
MJIOJHOT'O IIOTOMCTBA JIM0O IIOTOMCTBA C IIOHMIKEHHOM »KM3HECIOCOOHOCTBIO.

Kaxk y:Ke oTMeuaIoch, IMOMYJIAIMHI TOI'0 MM MHOTO BUAA IIPKUCIIOCADJIMBAIOT-
cA K YCJIOBUAM OKPYJKaIOIell cpenbl He3aBUCUMO APYT OT Apyra. B Kaskmoi us
HUX TIOJ JefICTBUEM eCTEeCTBEHHOrO 0TOOpa BO3HUKAET CBOe 0co00e HaIlpaBJeHIe
SBOJIIOIIMOHHOTO TIpoIiecca. M30aA1us mMpensaTcTByeT 00MeHy reHaMu MeKAY I10-
OYJAAIAAMEA WA UX YaCTAMM, UTO CIIOCOOCTBYET 3aKPEeIlJIEHNI0 I'eHeTUUYeCKIX
pasamuyuii Me:xay HuMH. TakumM oOpasoM, M30JAIUSA CO3MaeT YCJIOBUSA IJIsd
nuBeprernuu (cm. puc. 107) u, Kak cJeACTBUE 3TOTO, IJIA 8UA000PA308AHUSL.
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EX -] CormtacHo cuHTeTnueckoit Teopuu (CTI) sBosronum sjaeMeHTApPHOMN
i eIUHUIIEeH SBOJIIOIIMOHHOTO IIpolecca ABJdeTcsa monyadnus. Ilpen-
MIOCBLIKY BBOJIOIIMYM — 3TO MYTAIMOHHASA ¥ KOMOWHATUBHAA W3-
MEHUYUNBOCTD, IIOTOK U Apeii(h) TeHOB, HOMYIAIINOHHbIE BOJIHBI U U30JIAITNA.
Bce daxTopnl, 3a MCKIIOUEHUEM UBOJAINM, O0YCJIOBIMBAIOT M3MEHEHUE
reHo(oHAA TOMYJIAINU, CAYKAT TMOCTABITUKAMHU 9BOJIIOIIMOHHOTO MaTe-
puaJia i ecTecTBeHHOro orbopa. M3omAnmsa 3aKpenseT reHeTUuYecKue
pasauuusA MeXKIY MOMYJISIUAMU, CIIOCOOCTBYSA MUBEPTEHIINN B Ipeesax
BUJA U IIOCJENYIONIEMY BHI000pPa30BaHUIO.

? s CdhopmynupyiiTe OCHOBHbIE MOSNIOXEHNS CUHTETUHECKOWA TEOPUM SBOJTHOLIMN.
e Mo4yemy anemeHTapHOM eAuHULEN 3BOMIOLUN SABMSETCA He 0COOb, He BUA, @ UMEHHO
nonynaums?

B 4yem 3akntovaeTcs 3BOMOLMOHHAS POSib KOMOUHATUBHON U3MEHYMBOCTN? MyTaLMOHHON?
Moyemy peLecCuBHbIE MyTaLuW Ha3bIBAKOT «CKPbITbIM PE3EPBOM M3MEHUYMBOCTM»? 10 Kakon npu-
YMHE MOOMMPUKALMOHHYIO N3MEHYMBOCTb HE OTHOCAT K MPeanochiikaMm 3BONoumMmn?

Y10 Takoe NOTOK reHoB? Yem oH 06ycnoBfieH? [loyemy NOTOK reHOB SBASETCS SfeMeHTap-
HbIM 3BOJIIOLMOHHBLIM (haKTOPOM?

OxapakTepu3yinTe 3BOMOLMOHHOE 3HAYEHWNE MONYNALMOHHBLIX BOJH.

Y1o npepctaenser cobon Apend reHos? YTO MOXET ABNATLCA ero npuunHon? odemy
LencTBue apenda reHoB B MasioymCiieHHbIX NONynsumax BbIpaXeHo CUSbHEE, YeM B MONynsumsax
C BbICOKOW YMCIIEHHOCTbIO 0CO0En?

Y1o Takoe nzonauma? Kakve hopmbl M3onaumm Bblgensiot? HYem oHn o6ycnoBneHbl?

O6bsicHuTe BblpaxeHue: «MyTaumoHHas U KOMOUHATVBHAS U3MEHYMBOCTb, MOMYNALMOH-
Hble BOJIHbI, MOTOK M Opend reHoB co3dalT maTtepuan Ajs eCTECTBEHHOrO 0T6opa, a n3onauus
3aKpennseT pesynbrar ero AeNCTBus».

IleficTBUEe dJI€eMEHTapPHBIX SBOJIIOIIMOHHBIX (PAKTOPOB, PACCMOTPEHHBIX B
npenbiayieM maparpade, HOCUT CIydYalHBIN, HEHANPaBJIEHHBIN XapaKTep
(T. e. OHO He HaIIPaBJIEHO HA MOBLIIIEHNE IIPUCIIOCO0JIEHHOCTH 0CO0eil K YCJIOBU-
AM OKpY.KaroIieil cpenbr). BmecTe ¢ TeM 9BOJIONMA — TPOIlECC 3aKOHOMEPHBI,
OPUBOIANINI K BO3SHHKHOBEHHIO y *KHMBBIX OPraHH3MOB aJalTalliii, 00paso-
BAHUIO HOBBIX, 0OJIee COBEPIIIEHHBIX BHUJIOB U HAJBUJIOBBLIX CHCTEMATHUYECKUX
rpymm. I'maBHON CuJIONH, HATPABJIAIOMIEH SBOJIOIIMOHHBIA HPOIECC, ABJISAETCS
€CTeCTBEeHHBII 0TOOP, KOTOPhIN, KaK BBl 3HaeTe, IIPOTEKaeT Ha OCHOBE 0OPHOBI
3a cymecTBoBaHUe. [[Ba 9Tux aKTOpa IPEACTABIAIOT CO00I dguicyuiue cuabl
28010UUL.
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Bopvba 3a cyuecmeosanue, coriacHo yuenuio 4. lapBuna, 00ycJOBIIe-
Ha pas3MHOKeHUeM oco0eii B reoMeTpuuecKoil mporpeccuu. OHa BO3HUKAET
u3-3a AeduIiuTa MU, TEPPUTOPUH, CBETA U APYTUX (PAaKTOPOB, HEOOXOMMMBIX
JKUBBIM OPraHM3MaM, M MOYKET BBIPasKaThCA KaK B IPAMOM «CTOJKHOBEHUW»
oco0eil, TaK M B UX «COPEBHOBaHUU» 3a o0Ime pecypchbl. OMHAKO OTHOIEHUA
OpPraHW3MOB B IIPUPOJe HE CBOAATCS JIUIIb K B3BAMMHOMY WJIN OJHOCTOPOHHE-
My HaHeceHUio ypoHa. CyIleCTBYIOT B3aMMOIENCTBUS, IIOJE3HBIE IJIA 0Co0eil
OIHOTO BHJA, HO HEMTpPaJbHBIE AJSA IPYTOro, a TaKsKe B3BAMOBBITOMHBIE U AD.
BcecoomuMTE pasiaumuHble THUObBI OMOTUYECKUX OTHOIIIEHUI, U3yUYeHHbIe B Kypce
ouosiornu 10-ro Kiaacca. CorsiacHO COBpeMEHHBIM ITPEACTABICHUSAM 00 DBOJIO-
nuyu 00oprda 3a CYHIECTBOBAHUE BKJIIOUAET J1100ble OMHOULEHUS OP2AHU3MO8
Mmexncdy coboil u ¢ paxmopamu Hexcusgoi npupodvl. TakuM o6pasoM, ¢ ITO3UITUH
CTO 60pnba 3a cyIecTBOBaHME pacCMaTpUBAeTCsa B OoJiee IITUPOKOM CMBICJE,
yeM 31O Aesan apBuH. PasiauuaroT aBe OCHOBHBIE (DOPMBI OOPHOBI 3a CyIIe-
CTBOBAHME: MPSIMYIO U KOCBEHHYIO.

Ilpamas 6opvba compoBOKIaeTcA 0ojee MJIN MeHee BBIPAKEHHBIM (husu-
YeCKUM KOHTaKTOM ocolOeii. OHa MOMKeT IIPOMCXOIUTH MEXKIY OCOOSIMU OIHOrO
nan pasHbix BuAoOB (puc. 108). Tak, MPOSABICHUSMHU IPSIMOMA BHYTPUBUIOBOI
0OpPBOBI ABJIAIOTCA CXBaTKa BOJKOB 3a AOOBIUY, CpaskKeHIe CaMIOB 3a CAMKY
B OpauHBIH TEpuoJ, BHIKAPMJIMNBAHWE AETEHbIINeld u T. A. IlpuMepamMu mps-
MO MEXBHUAOBOI O0PHLOBI MOTYT CHIYKUThH: BEIOpPACchIBaHNE MTEHIIOM KYKYIIKNI
IPYTUX MTEHIIOB M3 THe3[ja IPUEMHBIX POAUTEJell, BBANMOOTHOIIIEHUS MEXKIY
IIapasuTaMy 1 MX X03deBaMM, XUINMHUKAMKI 1 XePTBaMM, PaCTEHUAMUN MW KU~
BOTHBIMU, KOTOPBIE UX OMBLIAIOT UJIU PACIPOCTPAHAIOT IIJIOABLI X CEMEHA.

Puc. 108. Mpamas 6opbba 3a CyllecTBOBaHWE: & — BHYTPMBUAOBAs; 6 — MEeXBUOOBas
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Kocsennas 6opvba mpoucxonut 6e3 HEIIOCPEACTBEHHOTO KOHTaKTa 0CO0ei.
OHa Tak:Ke MOXKeT OBbITb BHYTPUBUAOBOI (KOHKYPEHIIUA MEXKIY COCHAMU B
TYCTOM COCHOBOM JIeCy, CAaMIIaMU IIeBYMX IITHUI] OMHOTO BUa B II€PUOJ I'HE3/10Ba-
HUS) U MEKBUIOBOI (MeKIy KYJbTYPHBIMU M COPHBIMU PACTEHUSIMU Ha ToJe,
03epHOII U IPYAOBOU JATYIIKaAMU, KUBYIIUMHA B OZHOM BomoeMe). Kpome Toro,
OHAa MOJKeT BhIpasKaThCA B BUJE OOPHOBI ¢ HEGJIATOMPUATHBIMU A0MOTUUYECKUMU
daxropamu. Tak, B Iepuos 3acyxXu OLHM PACTEHHs MOru0aioT, a APYIrue BbI-
skmBaioT. To Ke camMoe MOKHO CKa3aTh O ;KMBOTHBIX, HAIPUMED, B YCIOBUAX
CYPOBOM 3UMBI.

Ecmecmeéennuiii ombop u ezo ¢popmul. B pesynbraTe 60pb0ObI 3a CyIeCTBO-
BaHMe BBI:KUBAIOT U OCTABJAIOT IOTOMCTBO IPEUMYIIECTBEHHO Te 0co0u, heHo-
TUIBI KOTOPBIX HAWJIYYIIUM 06Pa30M COOTBETCTBYIOT YCJIOBUAM OKPYKAIOIIEH
cpensl. CiaemoBaTebHO, OTOOP MAET mo (eHOTHIIaM. BmMecTe ¢ IOJE3HBIMU B
TaHHBIX YCJIOBUAX (aJaTITUBHBIMU) (DEHOTUIIAMU OTOMPAIOTCA W 00YCJIOBIUBATO-
e uX reHoTunbl. PEeHOTUNBI ¥ TEHOTUITBI, KOTOPbIE HE CIIOCOOCTBYIOT ajall-
Talu K YCJIOBUSAM CPEeIbl, IIOJ AeHCTBUEM eCTeCTBEHHOIr'o oTGopa, HaoOOpPOT,
yeTpaHAoTea us nonyaanuii. Takum odopasom, corsiacao CTO, ecrecTBeHHBINH
0TOOp IIpeAcTaBIIAET COOOU npouecc u3dUPaAmesbH0z0 COXPAHEHUS U 80CNPOU3-
8edenus a0anmuBHuLX 26HOMUNO0E U (PeHOMUN08 8 NONYAAUUSX.

B saBucumocTH OT ycsoBUIl BHeINIHeil cpeabl 0TOOP MOMKET MefCTBOBATH B
PasHBIX HAIIPABJIEHUAX W IPUBOAUTL K PA3JTUYHBIM 3BOJIIOIMOHHBIM Pe3yJIb-
TaTaM. BBIZIEIAIOT HECKOJIBKO (POPM eCTEeCTBEHHOTI'O 0TOOpPa, OCHOBHBIMHU U3 KO-
TOPBIX ABJIAIOTCA CTAOUIUBUPYIOIUN U ABUMKYIIUIN.

Cmabunusupyrouwiuit omoop mpowuc-

XOAUT B O60Jiee UM MeHee MMOCTOAHHBIX

ycaoBuAX cpenabl. Irta (opma ecre-

CTBEHHOI'0 OTOOpa HamIpaBJeHa IIPO-

TUB KpaWHUX BapUAHTOB U3MEHUYMBO-

CTU U GJIATONPUATCTBYET COXPAHEHUIO

[asneHune B HONYJANUUN CPEeIHUX 3HAUYEHUIN Tex
otbopa IV WHBIX TpusHakos (puc. 109). ITog
= JIeficTBUEeM CTaOMIMBUPYIOIIEro O0TOO-
pa YHUUYTOKAIOTCA 0OCOOU, HMPU3HAKU
KOTOPBIX HamboJiee OTKJIOHAIOTCA OT
PaHee yCTaHOBUBIIIEHCA HOPMBI, OITU-
min max MaJILHOYW IJIA AaHHBIX ycjoBuii. Opra-
CTeneHb BbIP@KeHHOCTH npuaHaka HUBMBI C IPU3HAKAMY, 3HAUeHHEe KOTO-

PBIX OJIM3KO K CpemgHEMY, TUIHNUHOMY

Puc. 109. Cxema peiicTeus ISl TIOMYJIAINY, Hao00pOT, BHIXKMBA-
cTabunuampytoLlero otbopa IOT W OCTaBJIAIOT IIOTOMCTBO. Takum

»
y

[asneHune
oTbopa

=

Konuyectso ocobeit

C JaHHOW BbIPaXXE€HHOCTbIO NpU3HakKa

»
>
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o0pa3oM, CTaOMJIUBUPYIOI[NIT OTOOP HPUBOAUT K CYKEHHIO HOPMBI PeaKI[Uuu
MPU3HAKOB U IOAJEP:KUBAET (HDEeHOTUIINUECKYI0 CTa0UJIBHOCTD IOMYJIAIUUA U3
TIOKOJIEHUSA B ITOKOJIEHUE.

Tak, Ipu yCJIOBUU OTHOCUTEIHLHOM CTAOMIBHOCTY BHEIITHUX (DAKTOPOB B II0-
TYyJAANUSIX MJIEKOIMUTAIOINX BBIXKUBAIOT, TVIABHBIM 00pa30M, HOBOPOKIEHHBIE
€O cpeqHel Maccoi Tesa. JleTeHbIy ¢ HU3KO Maccoil MeHee KU3HeCIIOCOOHBI,
a KPYIHBIX TPYAHEe BOCIIPOM3BECTH Ha CBET U CJIOYKHee BBIKOPMUTH. II0KpoBU-
TeJIbCTBEHHAS OKPaCKa KMBOTHBIX, OOMTAIOIINX B CPABHUTENHHO MMOCTOSHHBIX
YCJIOBUSAX CPENbI, TaK:Ke IOANeP:KUBAETCS CTAOMIN3UPYIOIUM OTOOPOM, ITO-
CKOJIBKY J1I000€ M3MeHeHNe TaKOM OKPACKU BeeT K CHUKeHUIO 3G (HeKTUBHOCTH
MacKUPOBKU. Biarogapsa cTabMIN3UpyoOIeMy 0T60py, HAIpUMep, Y HaceKoMO-
ONIBLISIEMBIX PACTEHUN U3 ITOKOJIEHUA B IIOKOJIEHIE COXPaHAIoTCca ¢opMa U pas-
Mep IIBETKOB, OIITMMAJbHO COOTBETCTBYIOIINE OIBIINTEJISIM.

Jleunxcyuwiuii omoOop BCTyIaeT B AeHCTBUE, KOTJA YCJIOBUA OKPYIKAIOIIel cpe-
Ibl HAUMHAIOT MEHATHCA B OIpeAeleHHOM HampaBieHuu. Takas ¢gopma ecre-
CTBEHHOI'0 0TOOpa 06JIaTOIPUATCTBYET OJHOMY U3 KPallHUX 3HAUEHUI IpU3HAKa
(Tomy, KoTOpoe 6ojiee COOTBETCTBYET U3MEHUBIIIUMCS YCJIOBUSIM) U HaIlpaBJIeHA
OpoTUB Apyroro Kpatiuero 3Hauvenus (puc. 110). IToxka momynsAmmusa mpucioca-
O0BaeTCsA K HOBBIM YCJIOBUSAM, ABMIKYIIIHI OTOGOP CMeIllaeT B ONMPeHeIeHHYIO
CTOPOHY KaK CpeJHee 3HAUEHUWE NPU3HAKA, TAK W BCIO €r0 HOPMY DPeaKIINH.
B saBucumocTH OoT HampaBJieHUA WU3MEHEHUSA YCJIOBUU CPEJbI CABUT HOPMBI
peakIIuy MOJYKET IIPOUCXOJUTH KaK B CTOPOHY 0OOJIbIlIell BhIpaskKeHHOCTH (ycu-
JIeHUs) JAHHOTO IMPHU3HaKa, TaK 1, Ha000pOoT, B CTOPOHY ocJiabaeHusa. CiaemoBa-
TeJIbHO, MBUKYIITUI 0TOOP IPUBOAUT K (GOPMUPOBAHUIO HOBOI HOPMBI PeaKI[Uuu
MPU3HAKOB W 3aKPEIJICHWI0 B IOMYJIAIUSIX HOBBIX (DEHOTUIIOB (BMeECTe C CO-
OTBETCTBYIOIIUMU TeHoTunamu). iMmernHo aty ¢opmy orbopa Y. JlapBun pac-
cMaTpUBaJ B KauecTBe BaKHEHIIIero
darTopa, mpuBOAAIIETO K 00paso-
BaHWIO HOBBIX BHJOB. Korma cpen-
Hee 3HaUeHMWEe NpPU3HAKa JOCTUTAET
OIITMAaJbHOTO COOTBETCTBUS H3Me-
HUBIIUMCSA YCJIOBUSIM CpeIbI, HaH-
HBIII OpPU3HAK IIEPeXOAUT IIOJ KOH-
TPOJIb CTAOMJIMBUPYIOIIEro oToopa.

Ilox meiicTBMEM AOBUIKYIIETO OT-
0opa pasBuBaeTcsA, HAIPUMED, YCTOH-
YUBOCTH OAKTEepUil K aHTUOMOTUKAM,
a JKMBOTHBIX-BDEUTeJEH CeqbCKo- min max
ro Xo3dAuCTBa — K AAOXMMHKAaTaM CTeneHb BbIPaXXEHHOCTU Npu3Haka
(T. K. B KaKJOM IIOKOJIEHUU BBI-

JKUBAIOT W Pa3MHOMKAIOTCA (DOPMBI,  Pyc. 110. Cxema [eicTBMS ABUXYLLEro oTéopa

»

A

[aeneHune
oTbopa

-

KonnyecTtBo ocobei

C AaHHOW BbIpaXXeHHOCTbIO MpU3Haka

»
>
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HanMeHee BOCHPHUUMUMBBIE K JAaHHBIM BelfecTBaM). Biarogaps sToii (popme oT-
0opa B X0/ie SBOJIIOINY Y ITapa3UTOB COBEPIIEHCTBYIOTCS IPUCIOCOOJIeHnA K Ia-
pasuTHU3MYy, a Y XUIHUKOB — K IIOMMKe CBOUX KepPTB. B TO jKe BpeMs y X035€B
IIapa3uTOB U Y KEPTB XUITHNKOB Pa3BUBAIOTCA COOTBETCTBYIOIIE€ MEeXaHN3MBbI
samuThl. JIBuaKyIas ¢opMa oT60pa MOKET IIPUBOAUTDL KaK K (DOPMHUPOBAHUIO
HOBBIX IPU3HAKOB, TAK M K OCJa0J€HUIO 1 MCUE3HOBEHUIO MMEBIIINXCS paHee,
HO YTPaTUBIINX CBOIO aJJalTUBHYIO POJib. TaK, HAaIpPUMepP, Y HEKOTOPBHIX BUIOB
HACEeKOMBIX U ITHUIL B MPOIECCe SBOJIOIUU ITOABEPIINCH PEAYKIINYU KPBIIbs, a
VY pdAnga mneimepHbIX M IIOYBEHHBIX XMBOTHBIX — OpPraHbl 3PEHUA.

%8 Bopsba 3a cylliecTBOBaHME U €CTECTBEHHBINI OTOOD — JIBUIKYIIUE
b CHUJIBbI 9BOJIONUM. BBIZEIAIT NPAMYIO0 1 KOCBEHHYIO O00OpHOy 3a Ccy-
f mrectBoBanue. Coriacao CTO ecTecTBeHHBIII O0TOOP — 3TO MpPOIECC

n30MPaTeIbHOTO COXPAHEHUSA 1 BOCIPOU3BEIeHUA aJalITUBHBIX T€HOTHUIIOB
U (peHOTHUIIOB B HMOMyaAnuAX. OCHOBHLIMU (hOpMaMI €CTeCTBEHHOI0 0TOOpa
ABJISIOTCS CTAOMJIMBUPYIONIUNA U JABUKYIITAA.

— YKaxuTe OBMXYLLME CUITbl SBOMIOLMM.
ik ITonynsaliMOHHBIE BOJIHBI, €CTECTBEHHbBIN O0TOOP, Apeii(h reHos, KOMOMHATUBHASSA
N3MEHUYUBOCTD, U30JIAIUA, IIOTOK I'eHOB, Oopb0a 3a CylllecTBOBAHUE, MYTAIlU-
OHHAaA M3MEHYMNBOCTbH.
Yem coBpeMeHHble MpedcTaBneHus o 60pbbe 3a CyLecTBOBaHWE OTNMHalTCA OT npeg-
cTasneHui Y. dapsuHa?
B 4yem 3akntovaeTca oTnmume nNpsMor 60pbObl 3a CyLLECTBOBaHWE OT KOCBEHHOM? [Mpu-
BeauTe NpMMepbl MPSAMON N KOCBEHHON 60PLObI.
Yro, cornacHo CT3, npeactaBnseT coboi ecTeCTBEHHbI 0TO6OP? MNoyYemy roBopsiT, YTO ecTe-
CTBEHHbI OTOOP AEACTBYET HE HA OTAESIbHbIE FEHbI U MPU3HAKWM, & HA FTEHOTUMbI M (DEHOTUMbI B LIESIOM?
OxapakTepuaynte OCHOBHblE (DOPMbl ECTECTBEHHOrO 0TOOPA, NpVMBEaMTE COOTBETCTBYIO-
LLiMe npumepsbl.
Kak Bbl MOXeTe 0ObACHUTb BbIpaxeHue: «ECTecTBEeHHbI O0TOOP ABNAETCA TBOPYECKOM
CUJTON 3BOJIOLMOHHOIO MnpoLleccar?

Adanmayuu u ux omnocumenvruvlll xapaxmep. Kax yxe oTMedasocs,
OJ JefiCTBMEM eCTEeCTBEHHOI'0 OTOOpa B MOMYJAIIMSIX H30upaTeabHO COXpa-
HSIOTCSA U BOCIPOU3BOASATCS TeHOTUNBI U (DEHOTUIILI, 00YCJIOBINBAIOIINE TIPU-
CIOCOOJIEHHOCTh OPraHM3MOB K YCJIOBUSM, B KOTOPBLIX OHHU KHUBYT. IlosTomMy
3aKOHOMEPHBIM pPe3yabmamony BOJIIOIMOHHOTO IIPOIlecca SABJSETCA BO3HUK-
HOBEHNEe aJanTaluii — [IPUCIOCO0JIeHN, CIOCOOCTBYIOIINX BBIMKMBAHUIO U
PasMHOKEHIIO OPraHI3MOB B UX cpeje oouranusda. Cpean HuX MOMKHO BBIIEJIUTH
Mop@oJiorunuecKkmre, (pu3noJoruuecKre, 3TOJOTNUYeCKre 1 Ip.
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Puc. 111. TOKpOBUTENBCTBEHHAA OKpacka Ky3Heuuka u Turpa

Oco6GeHHOCTH BHEIITHET'O CTPOEHUS KUBBIX OPTaHNU3MOB, 00YCJIOBIMBAIOIITIE
WX TPUCHOCOOJIEHHOCTh K (haKToOpaM Cpeabl, HAa3bIBAIOT MOPPOL0ZULECKUMU
amanrtanuaMu. IIpyMepaMu MOTYT CAY:KUTH Pas3JUUHBbIE IPUCIOCOOJEHU,
obecrieynBaIoOIIye MepeIBUKeHNEe U PacIpOCTpaHeHNe OPraHM3MOB (IIJIaBHU-
KW, KPBLIbs, oOTeKaeMas )opMa Tejia, BHIPOCTHI Ha IIOBEPXHOCTU ILJIONOB U
ceMsH, CIOCOOCTBYIOITNE UX MEePEHOCY BETPOM), HOObIBaHME MUINHU (IITyIaablia
KHUIITEYHOIIOJIOCTHBIX M T'OJIOBOHOI'UX MOJIJIIOCKOB, KJIIOBBI paSJII/IIIHOfI (bOpMBI
y orui). CymrecTByoT MOPGOJOTHYECKHEe aJalTallui, KOTOPhIe CIOCOOCTBYIOT
Pa3MHOKEHUIO (BHEIITHUE PA3JIUYMUA CAMIIOB U CAMOK — MOJIOBOM AUMOP(U3M,
COOTBETCTBUE CTPOEHUA [IBETKOB X ONBLINTEIAM) UJIU 00€CIIeYNBAIOT 3aIIUTY.
Tak, 3aIUTHBIMHU IPUCIIOCOOJIEHUAMU SABJISIOTCA MAHIMPU UJEHUCTOHOTUX U
yeperax, PAKOBUHBI MOJIJTIOCKOB, KOJIOUKY PACTEHUI, TOKPOBUTEILCTBEHHAA
(puc. 111) unu mpenympe:kaarInas oKpacKka *KUBOTHBIX (puc. 112) u ap.

Du3uonozuieckue aganTaluy CBA3AHEI C IIPOIleCCaMU KU3HEIeATeILHOCTH
(pa3iMyHBIe MEXaHU3MBbI TEPMOPETYJIAIUN Y TEIJIOKPOBHBIX JKUBOTHBIX, 9X0JIO-
KanudA y AeJb(UHOB U JIETYUYUX MBIIIei, OCEHHUN JUCTOIA Y MHOTUX PACTEHUN
" IIp.), amoJioeuieckue — ¢ 0COOEHHOCTSAMY ITOBeJieH!A (COOPY KeHNe YKPBITHUIH,
HaIIpUMep HOp WJMW THe3], 3allacaHue KopMa Ha HeOJIarONmpUATHBINA MIEePUOJ
rofla, Ce30HHbIe MUTPAIlNU, OpauHble PUTYAJbI, HACHMIKWBaAHUE SAUI W T. I.).

Puc. 112. MpepynpexaaroLas okpacka 60Xbet KOPOBKM U LLEPLLHS
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MHTepecHon hopmon agantauumn aBnseTcs MUMUKPUS — nogpaxka-
HVe OopraHM3MOB OfHOro Bupa npefcTaBuTensM Opyroro Buaa, 6onee
3awmieHHoro. MuMmkpus o6blMHO NPOSIBASETCA B CXOACTBE BHELLHEro
CTPOEHMSA, HO MHOrda W noBegeHus. Tak, HEeKOTopble BMAbl HEAOOBUTbLIX
3MeN BHELUHe O4eHb MOXOXM Ha agoBuTbiXx. OguH U3 BUOOB TapakaHoB
pasmepamu, opMor Tena 1 oKpackom cxofeH ¢ 60XKberl KOPOBKOW, a He-
KOTOpbIE UMKagbl U CBEPYKM MO BHELLHEMY BUOY HAaNOMMUHAIOT MypaBbeB. 3BECTHbI BMApI
6a604eK U MyX, KOTOpbIE MOAPAXKAIOT NYenam, LUMensM, ocam nnu wwepLuHaM. CpasHute,
|| Hanpumep, 6e3061aHYI0 6a604KY-CTEKIAHHNLY (CM. PUC.) N SAOBUTOIO LUEPLLHS.

Biarogaps Haanumnio pasHOOOPa3HEIX aJalTaIllUil JKHUBbIe OPraHU3MbI XOPO-
III0 IIPHCIIOCO0JICHBI K YCJIOBUAM cpeabl oomTaHusa. OgHaxo BayKHO OTMETHUTD,
YTO JII0OBIe IPHCIOCO0JEHN A, CKOJIb ObI COBEPIICHHBIMY OHM HU Ka3aJIlCh, sB-
JISIIOTCS OMHOCUMEeJIbHbLMU. ITO 03HAUAET, UTO BCE aJallTAIIUU NMO0Je3HblL JULULD
8 onpedeseHHbLX Ycaosuax cpedvl. Ilpu nsMeHeHUN dTUX YCJIOBUH Jifobasa agai-
TaIlusa MOKET OKa3aThCsA 0eCIIOIe3HOM U JaJske BPemHOI.

Hanpumep, sumuaa Oesass okpacka IIIepCcTH 3aiilia-0ejldKa IIOMOTaeT eMy
CTaTh MeHee 3aMEeTHLIM AJIA XUIMHUKOB Ha (poHe cHera, a B 0€CCHEKHYIO 31IMY,
Ha000poOT, HesaeT yaA3BUMBIM. IIaHIIMPh HA3eMHBLIX uUeperax CAYKHUT MM Ha-
IeKHOM 3aIUTON OT MHOrUX BparoB. OMHAKO HEKOTOPbIE BUABI XUITHBIX IITHUI]
B IIPOIleCCe 9BOJIOIUN «HAYUYMJINCH» MOSHMMATH Yepelax B BO3AYX U OpocaTh
0 3eMJII0, pacKaJjblBas MAaHIUPKU. HempephIBHBIA POCT PE3IOB Y I'PLIZYHOB U
3ai11e00pasHbIX IOJe3eH TOJbKO IIPU MUTAHUU TBEpAoi muiieii. Ecin sxe Kop-
MHUTBb 9THUX MXUBOTHBIX MATKHMMM KOPMaMM, P€3Ibl IIEPEeCTarT CTauyuBaATHCA
U JOCTUTAIOT TAKUX PasMepoB, UTO CAMOCTOATEIbHOEe MUTAHNEe CTAHOBUTCS He-
BO3MOKHBIM (puc. 113).

Budoobpasosanue. Ilonynsamum  TOTO
WJIX MHOTO BHAA CYINECTBYIOT B HEOAMHAKO-
BBIX YCJIOBHUSAX CpeAbl. B KasKAON u3 HUX II0-
PasHOMY MHPOSABJIAIOTCS MYTAILMOHHAS W KOM-
OMHATUBHAS N3MEHUUBOCTDb, MOMYJIAI[MOHHBIE
BOJIHBI U Ipei( reHoB. ITO BeleT K TOMY, UTO
TOM IeliCTBMEM eCTeCTBEHHOTO OTOOpa pasHbIe
MONYJIAIIAN JBOJIOIMOHUPYIOT B Pa3JINUYHBIX
HaIlpaBJIE€HUAX. Bmec're C TeM IIOIIYJAIMNN AB-
JISIOTCS 2eHemuiecKu OMmKpbLMbLMU CUCTEMa-
MU, T. K. B Pe3yJIbTaTe MUT'PAIIMU 0COOEIl MesK-
Iy HUMU OCYIIIECTBJIAETCS IIOTOK I'eHOB. IToka

Puc. 113. Pe3ubl Kponuka,
AVLLEHHOFO BO3MOXHOCTM MuTanmss  OTOT IOTOK CYIIECTBYET, BUJ OCTAETCA €JNHBIM

TBEPAON MULLEi u mnesgocTHbBIM. OTHAKO BO3HHUKHOBEHME JI000I
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(opmbl n3oaAnuy (reorpaduuecKoil Uan OMOJOTMYEeCKON) IPUBOAUT K pa3o0iie-
HUIO HOMYJAINI NN UX YacTel 1 YCUJICHUIO TeHeTUUeCKIX Pa3Jnunii MexXIy
HuMH. BceilecTBUE 5TOT0 M30JMPOBAHHBIE IMOMYJIAINUN IIOCTEIIEHHO CTAHOBSAT-
ca pacamu, a 3areMm — nodsudamu. Co BpeMeHEM MEKAY IMOJBUJAMHU MOTYT
BOBHUKATDL CYIIECTBEHHBLIE PA3MUUs B CTPOCHUUM XPOMOCOM UJIHU MasKe B UX
KosmyecTBe. V3-3a 9TOr0 0co6M yTPauyWBaiOT BOZMOYKHOCTE AAaBaTh JKU3HECIIO-
co0HOe U IIJIOJJOBUTOE IIOTOMCTBO JaKe B CJIydae CKPeIUBaHUs APYT C IPYTOM,
T. €. IPU MCUYE3HOBEHUU IIPEKHEN MB0JANUHN. JTO 03HAYUAET, YTO ITPOUBOIILIO
BUI000pa30BaHMe, U TOABUIBI IPEBPATUINCEH B 2eHEMUUECKU 3AKPbLMble CUCTe-
MBI — CaMOCTOSATEJIbHbIE 8UObL.

Takum 00pa3oM, BUA00Opa3OBaHHE — IMO IBOJIUUOHHOE NpespauLeHue
2eHemuuecKU OMKPbLMbLX CUCMeM — NONYLAUUL 8 2eHemuiecKu 3aKpblmble
cucmemv. — Hosbre 8udvl. C mosuriuit CTO cOBOKYITHOCTD 9BOIOIMOHHBIX IIPO-
IIeCCOB, KOTOpPhIE IMPOTEKAIOT B MONYJIAIMAX, CONPOBOMKAAIOTCA M3MEHEHUEM
ux TeHO(OHJa U B KOHEYHOM KTOTe MOTYT HMPUBECTH K 00pPa3sOBAHUIO HOBBIX
BUJIOB, PAacCMATPUBAIOT KaK MHKPO3BoJIONuio. CienoBaTesbHO, 00pa308anue
8U008 AB8/AEMCS OCHOBHLLM DPe3yJbmamom Mukpodgontoyuu. Ilpeamnocrlika-
MU BUJ000pa3OBaHUA, KAK U SBOJIIOIUU B IEJOM, SBJIAIOTCA 3JE€MEHTapHBIE
SBOJIIOIIMOHHBIE (haKTOPHI, ABMKYIIIUMU cUJaMu — 0Oopb0a 3a CyIlleCTBOBAaHUE
M ecTecTBeHHBIN 0TOOpP. Ilo Takomy ke mpuHIHIY (IIOJ HefiCTBUEM TeX iKe
MPEATIOCHIIIOK M ABUIKYIIIMX CUJI) HAa OCHOBE BHJIOB BOSHUKAIOT HAJBUJIOBBLIE
cucTeMaTUuYecKre TPYIIbl — POAbI, CEMEWCTBAa U T. A. ITOT IIPOIleCC Ha3bIBa-
eTcs MaKPOIBOJIOIMEH.

B zaBUCUMOCTU OT UCXOAHOI (DOPMBI UBOJIAINY, IIPUBEAIIIEN K PA30OIIIEHUIO
TMONYJIAINUHA, PasinuvaioT ABa crmocoba BUA000pa3OBaHUA: aJJIONATPUUYECKOe U
CUMIIATPUUYECKOe.

Aanonampuyeckoe (rped. allos — pasHbIl, patris — poguHa) 8udoobpaso-
8aHue OCYIIEeCTBJISETCA Ha OCHOBE reorpadmuecKoil U30JaAIUA, T. €. IPOCTPAH-
CTBEHHOT'O pasolireHus momyasainuii. CiaegoBaTenbHo, GOPMUPOBAHUE U3 STUX
TMOMYJIAINHA pac U HOABUAOB IPOMCXOJUT HA PA3HBIX TeppuTopmax. IlosTomy
KOrJa aJIIoIaTpruiecKoe BUI000pasoBaHue 3aBepIaeTcs, BHOBb 00pa3oBaBIIILe-
csA BUABI 3aHMMAIOT PA3HBIE apeaJibl.

IIpuMepoM ajIomaTPUUECKOTO BUA00OPA30BAHUSA MOKET CIAYKUTH BOSHUK-
HOBEHUe POACTBEHHBIX BUAOB JAHABIIIA U3 OAHOTO MCXOMHOTO, IIPOU3PacTaBIIIe-
ro B jiecax EBpasuu HECKOJIBKO MUJIJIMOHOB JIET Has3aa. BeaencTBre nuaMeHeHU A
KJITMaTa apeaJjl 3TOTo BuAa ObLI JJIUTEJbHOEe BpeMs pasfielieH JeTHUKAMU Ha
HECKOJILKO YacTell, YTO U IIPUBEJIO B UTOTe K (POPMUPOBAHUIO HOBBHIX BUIOB.
CxomHbIM 00pasoM, BCJENCTBHE reorpauuecKoll M30JAIUU, B Pa3JIMYHBIX
paiionax CeBepHoii AMepuKu 00pas3soBaNCh TPU IOABUAA IATHUCTON HESCHITH
(nruma cemeiictBa CoBUHBIE) U [Ba MOABUIA AMEPUKAHCKOM OEIKH.
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Cumnampuueckoe (Tped. syn — BMeCTe, patris — poamHa) 6udoobpa3osanue
00yCJIOBJIEHO OMOJIOTMYECKOM M30JAIMell (BCIIOMHUTE, KaKle ee BUIbl BaM W3-
BecTHBI). IIpu TakoMm cmmocobe BUI000pasoBaHUsS BO3HUKHOBEHME HOBBIX pac u
TIOIBUIOB ITPOMCXOAUT Ha 00IIeli Tepputopuu. IlosToMmy apeasibl 00pa3yiOIuXCs
BUOB M3HAYAJBHO IIEPEKPBIBAIOTCS UM IIOJHOCTBIO COoBIIagaoT. Tak, obuTas B
ONHUX U TeX JKe JiecaX, 0CO0M OJHUX MOMYJISAIINI YePHOro AP03aa MPeaIounTa-
IOT TJIyXUe yYacTKHU, a APYTUxX, Hao00poT, AepsKarcsa OJuKe K OKpauHaM Jeca.
9TO MOCIYKUIO IPUUUHON TOrO, YTO B HACTOSAIIEE BPEMs BUJ YEPHBIN APO3JI
pacmajgaercsa Ha aBa moaBuga. M3-3a pasinBoB BoJiru B MOMEHHBIX JIyTax 3TOH
pexu o0pasoBaINCh II0 ABA BUAA *KUTHAKA, METUHHNKA 1 HEKOTOPBIX APYTHUX
3JaKOB. ¥ OJHUX BHUJOB I[BeTE€HME U ILJIOJOHOIIEHNE IIPOMCXOAUT [0 PasiinBa,
y OPyruxX — IIOCJIe Hero.

™ J uumii — OAWMH U3 Pe3YJbTATOB SBOJIOLNUM. ANANTALUUA HUMEIOT OT-
HOCHUTEJbHLIN XapaKTep, T. €. SABIAITCS IOJe3HBIMU JUIIL B
oIIpeeIeHHBIX YCJIOBUAX. Pas3anuaioT aABa YPOBHS SBOJIIOIIMOHHOTO IIPO-
mecca — MUKPOIBOJIOIUIO M MaKPO0sBOIIONni0. OCHOBHBIM Pe3yJabTaTOM
MUKPOSBOJIIOINN SBJIAETCA 00pa3oBaHUe BUI0B. AJLIOIATPUUYECKOE BUIO0-
oOpasoBaHMe 00yCJIOBJIEHO reorpaduuecKoi 130Annell, CUMIaTPUYecKoe
IIPOTEKAET HA OCHOBE OMOJIOTMYECKOH M30JISI[HN.

? — Mcnonb3ysa 3HaHuA, noslydeHHble BaMun Mpu M3dydeHumn éuonorum B 6—10-m Knaccax,
“ ® npuvBeauTe npuMepbl, AOKa3bIBAIOLME MPUCMOCOGNEHHOCT OPraHW3MOB K cpefe
obuTaHus.

[Moyemy nosiBneHve aganTaumin y XuUBbIX OPraHM3MOB ABMSETCA 3aKOHOMEPHbIM pesynbTa-
TOM 3BOJOLMOHHOIO npouecca? Kakve Tunbl agantaumin Bam U3BECTHbI?

[lokaxuTte Ha npumepax, YTo afantaumm UMelT OTHOCUTENbHbIA XapakTep.

Moyemy momynsuMKM NPeACTaBASIOT COOOW MEHETUHECKWU OTKPbITble CUCTEMbI, a BUObl —
reHeTUHeCKN 3akpbITble?

Y10 Takoe MUKPO3IBOMIOLMSA U MAKPOIBOMOLMA?

Kakne cnocobbl BMAo06pa3oBaHMst BaM M3BECTHbI? YemM OHM MpUHUMMIMAabHO pasnuya-
toTcA?

Kakyto ponb B 06pa3oBaHnM HOBbIX BMAOB MIpaloT MyTaLMOHHAs M KOMOGWHATMBHAA 13-
MeH4MBOCTL? [TonynALMOHHbIE BOSHLI U Apeid reHos? M3onauma? Bopbba 3a cyllecTBoBaHve U
€CTECTBEHHbIA 0TOOP?

B npvipoge ogHu BuAbl ANMTENbHOE BPEMSI COXPaHSAIOTCA B MOYTW HEM3MEHHOM BuAe, a
LpYyrue cpaBHUTENBHO GbICTPO IBOMIOLIMOHMPYIOT U Jal0T Ha4ano HoBbIM BuaaMm. Kak Bbl gymaerte,
C YeM 3TO MOXET ObITb CBA3AHO?
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§ 48. OcHOBHbIEe fOKa3aTenbCTBa 3BOJIIOLUN

CoBpemeHHas HayKa o0JialaeT MHOYKECTBOM JAAaHHBIX, JOKA3bIBAIOIINX 9BO-
JIIOIIOHHOE Pa3BUTUE JKUBOI mpupoabl. OHU CBUIETENIHCTBYIOT O IIPOUCXOKIE-
HUU BCEX JKUBBIX CYIIIECTB OT OOIIMX MPEIKOB, MMO3BOJAIOT YCTaAHABIUBATD X0
@uaozene3a — MCTOPUUECKOT'O PA3BUTUS PA3JIUUYHBIX T'PYII OPraHM3MOB, KaK
HBIHE CYIIeCTBYIOIIUX, TAK U BBLIMEPIINX, BBIABIATH CTEIEHb UX 9BOJIIOIMOH-
HOro pozacTBa. Ha ceromuHAIIHUN AeHb JOKA3aTeJbCTBA SBOJTIOINYU HAKOIJIEHBI
B paMKax IIeJIOTO PAZa OMOJIOTMYECKUX MUCIIUIIINH. PaccMOTpUM BasKHEUIITe
U3 3TUX J0Ka3aTeJIbCTB.

Cpasnumenvrno-anamomuieckue doxadamenvcmeéa 3éonroyuu. Cpas-
HUTEeJbHAs aHATOMUS 3aHMMAETCSA BBISABJIEHUEM OOIUX YEePT U Pas3auduil B
CTPOEHUU OPTaHM3MOB. BhICOKasA CTEleHb CXOMCTBA MCCIEMNYyEeMbIX OPTaHU3MOB
yKasbIBaeT Ha OOIIHOCTH MX IPOUCXOMKAEHUSA U OJIM3KOE SBOJIOIMOHHOE POJ-
cTBo. Hampumep, mepeiHre KOHEYHOCTHY PA3JIUYHBIX ITO3BOHOUHBIX JKMBOTHBIX
yCTpOeHbI o eguHOMY ILTaHy (puc. 114). OHU cocTOAT U3 TPeX OTHEeJOB: IJjaeua,
BKJIIOYAIOITETO TIJIEUEBYI0 KOCTbh, MPEAIIIeUbA C JIOKTEBOU U JIyUeBOM KOCTAMU
U KUCTHU, B KOTOPOH BBINEJSAIOT 3alSCThe, IACTh U (PaJaHTU HAJbIIEB.

IIpu aTOM y pasHBIX MO3BOHOUYHBLIX KMBOTHBIX TEpeIHNE KOHEUHOCTU MO-
TYT BBITIOJHATH OJUHAKOBBIE MU Pa3JUYHbIe QYHKIIUU, BBITJIAIETH CXOAHBIM

Puc. 114. ToMonornyHble opraHbl — nepefHMe KOHEYHOCTU MO3BOHOYHbBIX XUBOTHbIX:
a — NArylwKn; 6 — KATa; B — SILLEpULbl; I — KPOKOAWNa; 4 — NeTy4er Mbllin; € — KpoTa;
XX — YenioBeKa; 3 — MTuULbI
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00pas3oM MM B 3HAUUTEJNHLHOI CTEeEeHU OTINYAThCA 10 BHEIITHeMY Buay. Te uin
WHBIE KOCTH B X COCTaBe MOTYT UMETh Pas3Hy0 ()OPMY U OTHOCUTEJIbHBIE pasMe-
PBI, cpacTaTbCA UJIU JajKe OTCYTCTBOBaTh. OMHAKO CXOACTBO CTPOECHUSA IEPEIHUX
KOHEYHOCTEH MTO3BOHOUHBIX, 00YCJIOBJIEHHOE €IMHCTBOM UX ITPOUCXOMKAEHUA, OUe-
BugHO. OpraHbl, KOTOPbLIE HE3ABUCUMO OT BHITOMHAEMBIX (GYHKIIUNA (OHU MOTYT
OBITH OAMHAKOBBIMU WJIN PA3HBIMI) UMEIOT eIUHBIN IIJIaH CTPOEHUA U 06uULee npo-
ucxodxcOeHue, Ha3bIBAIOTCSI roMoJiornuHbIMu. CiiefoBaTeIbHO, IIepefHne KOHed-
HOCTU TTIO3BOHOUYHBIX JKMBOTHBIX IIPEACTABIAIOT COOOM TOMOJIOTUUYHBIE OPTaHbBI.

IIpumepaM¥y TOMOJIOTHYHBIX OPTraHOB MOTYT CJHIYKUTH STOBUTHIE KeJIe3bI
3Mell U CJIIOHHBIE JKeJIe3hbl APYTUX IT03BOHOUYHBIX. JKaJji0 myes bl TOMOJOTHUYHO
AUTIEKJIANy KYy3HEUNKA U HEKOTOPBIX APYTUX HACEKOMBIX. ['OMOJIOTMUHBIMHY I10
OTHOIIIEHUIO IPYT K APYTY SBJISIOTCS MSICUCTBIN cTebesbh KaKTyca U JOHIIE JYKO-
BUIIHI PEITUaTOro JIyKa (3TO BUIOM3MEHEHHbIE CTe0JI), YCUKK ropoXa U JIOBUUE
armmapaTbl HaCeKOMOSATHOTO PACTEHUA POCAHKY (BUAOU3MEHEHHBIE JIUCThS) U T. [I.

Hanuuywme roMOJIOTMUYHBIX OPraHOB YKAa3bIBAeT Ha 9BOJIIOIIMOHHOE POACTBO
OPraHM3MOB, UX IIPOUCXOKIEHYE OT OOINX MPEAKOB. Pasiuumsa MeKay TroMo-
JIOTUYHBIMH OpraHaMu, KOTOPBLIE MOT'YT IPOSIBIATHCA BO BHEIITHEM BHUJE U BbI-
MOJTHAEMBIX (PYHKIIMAX, CBUAETEJIHCTBYIOT O NUBEPTEHIITNN — 3BOJIIOIMOHHOM
pacxo:KIeHNU IPU3HAKOB Y POACTBEHHBIX OPTaHU3MOB, IPUCIIOCAOIUBAIOIITUXCS
K Pa3HBIM YCJIOBUAM CPE[bI.

AHaJOTMYHBIMHM HA3BIBAIOT OPTaHbl, MMEIOINE BHEIITHEe CXOJICTBO U BBI-
TIOJIHAIONIVE OOWHAKOBBIe (DYHKIIMU, HO PA3JIUYHbLe NO npoucxoxcldeHnuro. Ha-
IpUMep, Pa3HOe IPOUCXOKAeHNE UMEIOT KPBLIbA ITUIL (IepefHre KOHEYHOCTI)
Y HACEeKOMBIX (BBIPOCTBHI XMTHHOBOTO IOKPOBA), KOPHEBbIE IHUIIKU TeOpruHa
(BumousMeHeHHBbIe KOPHM) U KJIYyOHU Kaprodeind (BUAOM3MEHEHHBIE mMo0eru).
Komrouxku 6apbapuca 1Mo IPOUCXOKIEHNIO ABIAIOTCA JUCThAMU, a IIUIbI eKe-
BUKH — BBIPOCTAMH IIOKPOBHOU TKaHU (pmc. 115). AHaJOrmUHBI APYT APYTY
KomaTeJbHbIe KOHEUHOCTY KPOTa U MeJIBeIKM, PAKOBUHA BUHOTPATHOU YIUTKU
¥ TMAaHIUPDb uepenaxu (cMm. puc. 115).

DaKTHl HAJUUNSA aHAJOTUYHBIX OPTaHOB Y PAasHBIX OPraHW3MOB He CBUJE-
TeJILCTBYIOT 00 WX 9BOJIOIMOHHOM pozacTBe. OQHAKO OHM yKa3bIBAIOT HAa TO,
YTO B XO€ 9BOJIIOINY § PA3JINUYHBIX I'PYIIII OPTaHU3MOB, JKUBYIIIUX B CXOIHBIX
YCJIOBUSX CPeabl M BeAYIUX CXOMHBIN 00pas KU3HU, IO AeHCTBUEM eCTEeCTBEeH-
HOT'0 0TOOpa Pa3BUBAJINCH IIOXOYKIME IPUCIIOCOOIEHMS.

PymuMeHTBI — 9TO OpraHbl, KOTOPbIE OBLJIM XOPOIIIO PAa3BUTHI y IIPEIKOB
TeX WJW WHBIX OPTraHM3MOB, HO B XOf€ 9BOJIIOIUN YTPATUJIU CBOE€ OCHOBHOE
3HAUEeHNE W COXPAHWJINCH Y COBPEMEHHBLIX BUJOB B 3aYaTOUYHOM COCTOSHUMU.
3akJjiaika TAKUX OPTaHOB ITPOMCXOAUT B SMOPHMOHAJIBHOM IIEPUO/Ie OHTOTeHe3a,
OIHAKO TOJHOCTBHIO OHM HEe Pa3BUBAIOTCHA, OCTABAasCh B TeUeHHE BCeH KU3HU
HeJIOpPa3BUTHIMHU.
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Puc. 115. TMpyMepbl aHaNOMMYHbIX OPraHoB Yy pacTeHW (KOMYKM 6apbapmca U LUKMbl EXXEBUKMN)
M XXMBOTHbIX (PaKOBWMHA BMHOTPaLHOW YIUTKM U NaHUMpb Yepenaxw)

Tak, pyAuMeHTaM! ABJIAIOTCA 3a4aTKU TA30BBIX KOCTEHM Y KUTOOOPA3HBIX
u pazxa 3Med, pegyIUPOBaHHBIE IVIa3a Y HEKOTOPBIX O0OMTaTesedl Ielep U II0-
YBBI, HAIIPUMED Y KPOTa, HeJOPA3BUThIE KPBLIbA Y HeJIETAIOIIeN IITUIIHI KUBU
U KYsKIKaJblla (BTOpas Ilapa KPBLIbEB) Y ABYKPBIIBIX HAaCEKOMBIX. BoJiee
90 pyAMMEHTOB HACUUTHIBAIOT y UeJOBEKa. JTO KOIMUYUK, ANIMEHAUKC, TPEThe
BEKO, MBIIIIbI, HOAHNMAIOIINE BOJIOCHI, IBUTAIOIINe YIITHbIe PAKOBUHEI U T. 1.
Hasnmuue pyquMeHTapHBIX OPraHOB YKAa3bIBAeT Ha POJICTBO COBPEMEHHBIX BUIOB
C UX 9BOJIIOIIMOHHBIMM IIPpeAKaAMM, Y KOTOPBIX HaHHBbIE OPIraHBbI 6I)I.HI/I XOpoI11Io
PasBUTHI U B IIOJIHOM Mepe BBINOJIHAJJU CBOMCTBeHHbIe MM (pyHKIuu. Ilocre-
IIeHHAA PeLYKIMA 3TUX OPraHOB B XO[le 9BOJIIOIUM CJIYIKUT JOKA3aTeIbCTBOM
IefiCTBUS ABUIKYIIEN (pOPMBI eCTECTBEHHOTO OTOOpA.

IIposiBneHUMe y OTHOEJBHBIX O0OCO0Eil TOro MM WHOTO BUAA INIPU3HAKA,
CBOMCTBEHHOT'0 OTHAJIEHHBIM ITPeAKaM, HO YTPAueHHOT'O 3TUM BUJOM B XOJe
9BOJIIOIINN, HA3BIBAIOT aTaBU3MOM. ATaBI/ISM]:I CBUOETEJIBCTBYIOT O POACTBEHHBIX
CBABAX HBIHE CYIIECTBYIOIMX BUJOB C UX IIPEJKaMU ¥ YKa3bIBAIOT HA TO, UTO
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Y COBPEMEHHBIX OPraHM3MOB COXPAHUJNCHL I'€HBI IIPEIKOB, KOHTPOJIUPYIOIIe
naHuble mpusHaku. OgHaKO B HOpMe IeHCTBUe 9TUX I'eHOB mnogaBieHo. Takum
00pa3oM, aTaBU3MbI, B OTJINYUE OT PYANMEHTOB, IIPEICTABIAIOT COOOM OTKJIOHE-
HUA OT HOPMEL. IIprMepaMu aTaBU3MOB MOTYT CJIYIKUTH: HAJIUUNE JO0OABOUHBIX
maJblleB Ha Horax y Joraaei (puc. 116), pasBUTBHIX 3aJHUX KOHEUHOCTEH Yy
Ienb(UHOB, «PBIOBUX» YENTyH HA OTHAEJbHBIX YYACTKaX KOMKM Y COBPEMEHHBIX
3eMHOBOJIHBIX. ¥ UeJIOBEKa aTaBU3MaMU ABJIAIOTCA HaJUUYWE XBOCTA, JOTIOJIHU-
TeJBHBIX COCKOB, I'YCTOTO BOJIOCSHOTO ITOKpPOBa Tejya (cM. puc. 116).

[ ‘ jﬁ

a

o '
Sl ¥ E
[Byxnanoctb [lononHuTesbHbIe COCKM yCTOI BOMOCAHOM MOKPOB
y nowagu y YenoBeka Tena y yeroseka

Puc. 116. MNpumepsl ataBnu3moBs

Ilaneonmonozuueckue doxazamenvcmea 3gonroyuu. Ilarieonmonozus 3a-
HUMaeTCs U3yUYeHNeM HMCKOIIaeMbIX OCTATKOB BBIMEPIIINX OPraHM3MOB, BOCCTA-
HOBJIEHIEM X OO0JIMKA, BBIIBJICHHEM CXOACTBAa U PA3JINUYNil APEBHUX U COBpPE-
MeHHBIX BUAO0B. ComoCTaBJIeHNE TAJIEOHTOJOTUUECKUX HAXOMOK, MOJYUeHHBIX
M3 Te0JIOTMUYECKUX IIJIACTOB PA3HBIX JII0X, JAET BOSMOYKHOCTb IPOCTEIUTDH 3BO-
JIIOITMIO OPTaHUYEeCKOr0 MUpPa BO BpeMeHU, YCTAHOBUTD CBA3UW BHIMEPITUX (hOpM
C HBIHE CYIIECTBYIOIIUMMU.

Baxxuenininmu JOoKa3aTeJbCTBaMM 9BOJIIOIINN, IIO3BOJIAIOIIIVMMNM BBIABUTDH
IIPEEeMCTBEHHOCTDH MEXXKAY PA3JIMYHBIMU CHUCTEMAaTUUYECKMMU I'PYIIIIaMU OPTraHM3-
MOB, ABJIAIOTCA HUCKONMaeMble nepexonusie (popmbl. TaKk HaA3BIBAIOTCA BBIMED-
II11e OPraHu3Mbl, KOTOPBbIE COUETaJIN B ce6e IIPM3HAKHN OJPEBHUX N NCTOPUYECKHU
6osiee Mmosonbix rpynn (puc. 117). Hampumep, msyueHue 36epo3ydblx AuLepos
(ogHa M3 TPYII UCKOITaeMbIX PENTUJINi), 00/1aJaBINX YePTAMU CXOICTBA KaK C
60J1ee IIPUMHXTHUBHBIMU PEIITUINAMHN, TAK 1 CO 3BEPAMMU, IIO3BOJINJIO IIPDOACHUTH
pPAm JeTaJseii, KacaloluXCcsa SBOJIOIUMOHHOTO0 IIepexoia OT IPECMBIKAOIIUXCA K
MJIeKomuTapIuM. IlepexonHoi (hopMoii OT APEeBHUX KUCTEIEPhIX PhI0 K COBpe-
MEHHBIM 36 MHOBOJHBIM SABJIAIOTCSA BbIMepIue ampuodunu cmezouegavt. Viccue-
JIIOBaHVE MCKOIIAeMbIX PACTEHUIN PUHUOPUMOE NAJI0 BOBMOKHOCTH YCTAHOBUTH
SBOJIIOIIMOHHYIO CBA3h MEKAY BOAOPOCJIAMU U CIOPOBBIMU PACTEHUSIMMU.
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3Bepo3y6bii sLep Crerouedan PuHunoduTel

Puc. 117. Vickonaemble nepexofHble opmbl

B HEKOTOPBIX cIyUyadax U3yUEHUE MAJEOHTOJOTUYECKUX HAXOMOK ITO3BOJIAET
CBS3BIBATH OINPeEJeJIeHHBIE MCKoIaeMble (hOPMBI IPYT ¢ APYTOM M C COBPEMEH-
HBIMU BUJAMU B eJUHBIE (puIoreHeTHYecKne paabl. OHU IPeACTaBISAIOT COOOI
TIOCJIEIOBATEIbHOCTH MCKOMAEeMbIX (POPM, OTpasKaroIlue X0 UCTOPUUECKOTO
pasBuTusa (pusoreHesa) BUAOB, CYIIECTBYIOIIMX B HacTosAllee Bpems. Takue
PAIBI TOCTPOEHBI JJisi MHOTMX BUJIOB ITO3BOHOUHBIX W OECIIO3BOHOUYHBIX KU-
BOTHBIX. OJHUM 13 IPHUMEPOB MOJKET ABJIATHCA (PUIOTEHETHUUYECKUH PSS CO-
BpeMeHHO# Jomanu (puc. 118), HazBaHMS SBOJIIOIIMOHHBIX ITPEIKOB KOTOPOM
IpUBEIEeHbI He JJIA 3alIOMUHAHUA.

W
Sorunnyc Mesorunnyc Mepurunnyc Mnvnornnnyc Jlowaab
(50 mnH (35 mnH (10 mnH net (5 MnH net (HacTosWwee
net Ha3ag) neT Hasazd) Ha3an) Hasag) Bpemsi)

Puc. 118. ®unoreHeTV4eckuin psip COBPEMEHHON foLwaam
(nokasaHbl M3MEHEHUS1 BHELLHEro BUAA U CTPOEHUSI KOHEYHOCTEW)

Imbpuonozuieckue doKazamenbcmaea I6ONI0OYUL. YOeIUTEJIbHbIE TOKA3a-
TeJILCTBA NCTOPUUECKOI0 PA3BUTUS KUBOM IIPUPOLLI 1 CYII[€CTBOBAHMS DBOJIIO-
IMOHHBIX CBSA3EHM MeKAy PasJIMUYHBIMU I'PYIIIaMU OPraHM3MOB IIPEIOCTABISAET
smOpuoJiorusi. Kak BbI yike 3HaeTe, oTa HayKa U3ydyaeT SMOPHOHAJILHOE PA3BU-
Tie oprauu3MoB. Tak, JaHHBIe SMOPHUOJIOTHUN CBUAETEIbCTBYIOT O CXOACTBE 3a-
POABIIIEBOIO PA3BUTHUA KUBOTHEIX. Bce OHM B Hauajie CBOEro MHAMBULYAJILHOIO
PasBUTHUS IMPOXOLAT I9Tal APOOJEHMUS 3UTOThI, CTAAUI0 OJHOCJIONHOIO
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3apoAbIilia — 0JIaCTyJIbI, a 3aTeM ABYXCJIOMHON TacTPyJbl. ¥ BCEX, 32 MCKJIO-
YyeHneM T'yOOK M KHUIITeUHOIIOJIOCTHBIX, (hOpMHUPYyeTCcAa TPeTUil 3apOAbIIIEBBIH
JIUCTOK — MesozepMa u T. . OCOOEHHO UYeTKO ITPOCIEKUBAETCI CXOACTBO pas-
BUTUA 3apo/:[1,1mefx'1 B IIpegesiaX OTAEJBbHBIX THUIIOB M KJIAaCCOB XMBOTHBIX.
BrepBbie 5Ty 3aKOHOMEPHOCTL OOHAPY KU poccuiickuii smopuosor K. Bap
B HauaJsie XIX B. [leTasmbHO MCCIEIOBAB 3apOIBLIIIIEBOE PA3BUTIE TTO3BOHOUHBIX
JKUBOTHBIX, IIPUHAAJIEKAIINX K PA3HBIM KJAaccaM, OH BBICHUJI, YTO HA paH-
HUX 3TallaX OHTOTeHe3a 3apOAbIIIN PA3JIUYHBIX OPTaHU3MOB PAa3BHBAIOTCA
CXOIHO U JINIIb Ha 0oJiee MO3THUX CTAAUAX MEKAY HUMHU IOABJIIIOTCA pas-
amuns (puc. 119). 9To 06001IeHIE BIIOCIEACTBUY OBIJIO HA3BAHO 3AKOHOM 3apOo-
IBIIIEBOTo cxomcTBa. CXOACTBO pasBUTHUA SMOPUOHOB PA3JIUUYHBIX sKUBOTHBIX,
HabJofaeMoe Ha PAaHHUX CTaAUAX, CBUIETEILCTBYET 00 OOIIHOCTU UX IIPOUC-
XOKIeHUs. Bo3HUKAIOIINE BIIOCJIEACTBUU OTINYUS YKA3bIBAIOT HAa AWBEPreH-
I[AI0, KOTOPAasi OCYIIECTBJIAJIACE B XOJ€ SBOJIONNK U IIPUBEJA K IIOSBJIEHUIO

Pa3JInYHBIX CUCTEMAaTUYECKUX I'PYIIIL.
@ @
3
Kponuk

3
:
18938

Pbiba Canamangpa Yepenaxa Kypvua Yenosek

Puc. 119. Pa3suTve 3apofpllleit MO3BOHOYHbIX XUBOTHbIX (2, 6, B — NocnefoBartefbHble CTagun)

Monexynapno-zenemuueckue dokxa3amenvcmea 36onryuu. JHuBble Op-
TaHU3MBI UMEIOT YAWBUTEJIbHO CXOMHBIA XMMHWUYECKHI cocTaB. ¥ Bcex (opm
JKUB3HM, 3a HUCKJIIOUEHNEM HEeKOTOPBIX BHPYCOB, XpaHHUTEJeM HacJeICTBEHHON
uapopmaruu aeiasercsa [JTHK. Kogupyemble eio 6eJKM UTPAOT HMEPBOCTEIIEH-
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HYIO DOJIb B OCYILIECTBJIEHUM Pa3JUUYHBIX IIPOIIECCOB KU3HENEATEIHLHOCTH.
ITocTaBITMKOM SHEPTUM IJIA IMIPOTEKAHUSA STUX IIPOIECCOB CJIYIKHUT, TJIAaBHBIM
obpasom, AT®. [lyna cuHTe3a GMOMOJIEKYJ JKUBbIE OPraHU3Mbl UCIIOJIb3YIOT IIpe-
UMYIIECTBEHHO OAHU U Te K€ CTPYKTYpHble KoMIoHeHTh. Hampumep, [THK
IIOCTPOEHAa U3 YeThIPEX OCHOBHBIX TUIIOB HYKJIEOTUIOB, a 6enku — us 20 BuIOB
aMUHOKHUCJIOT.

Bricokasi cTemeHb CXOACTBA IIPOSBJSIETCSA HE TOJIBKO B CTPOCHUM OMOJIOTH-
YeCKUX MOJIEKYJI, HO U B UX (PYHKIIMOHUPOBaHUU. TaK, y JKUBBIX OPTaHU3MOB
CXOIHBIM 00pPasoM IIPOTEKAIOT IIPOIIECCHl SHEPTeTUUYECKOr0 O0OMeHa 1 peaKIuu
MaTPUYHOT'O CUHTe3a. Peasmsanusa Hacae[CTBeHHON mH(poOpManmuu, 3amudpo-
BaHHOU C IIOMOIIBI0 YHUBEPCAJIBHOI'O TEHETUUYECKOTO KO/Ia, Y BCEX OPTaHM3MOB
OCyIllecTBJIsAETCA Gaarogapsa TPAHCKPUIIIUY U TPaHCAAINY, ¢ yuactuem MPHEK,
TPHK u pPHK. 9Tt 1 MmHOrMe apyrue (paKThl HOKa3bIBAIOT POJACTBO JKUBBIX
OPraHU3MOB ¥ €IUHCTBO IPOMCXOMKAEHUA KU3HU Ha 3eMJe.

¥ Ha cerogmamuuii feHb HayKa 00JaJaeT MHOXKECTBOM [JAHHBIX,
o] f JOKAa3bIBAIOINX KMCTOPUUYECKOe pPAa3BUTHE OPraHUYeCKOro Mupa.
K cpaBHUTE/NIbHO-aHATOMUYECKUM OOKAa3aTEIbCTBAM SBOJIIOIHN OT-
HOCAT HaJUUYMe Y JKUBBIX OPraHN3MOB I'OMOJIOTMUYHBIX M aHAJOIMUYHBIX
OpraHoB, PYANMEHTOB M aTaBU3MOB. I[Ial€e0HTOJIOTNUECKUMHU NOKAa3aTe b-
CTBaAMU ABJAIOTCA UCKOIIaeMble IMepexoJHbie (DOPMEI 1 (pUJIOTeHEeTHUEeCK e
pAnbl. 3aKOH 3apOBIIIIEBOTO CXOACTBA — BasKHelIee 0000IeHne B 00J1a-
CTU SMOPHOJIOTUH, HOKA3LIBAIOIIEEe DBOJIIOIMIO JKMUBOI IIpupoabl. OOIIue
YepThl JKUBBIX OPraHM3MOB, CBA3aHHBIE CO CXOACTBOM HMX XUMHUYECKOI'O
cocraBa, CTPOeHUA U (PYHKIIMOHMPOBAHNSI OMOMOJIEKYJI, IIPOILECCOB Xpa-
HeHUA U peau3aluy eHeTHYecKol mudopMaluu U T. I. paccMaTpHUBa-
IOTCSA KaK MOJIEKY/IAPHO-TeHeTHYEeCKIe JOKAa3aTeJILCTBA 9BOJIOIUN.

{ = Y1o npepcTaBnsloT cO60M romMONorMyHble opraHbl? AHanoruyHbie? Mpueegute npw-
“ = mepbl. O 4eMm CBMAETENLCTBYET HANMYME Y XMBLIX OPraHM3MOB FOMONOMMYHbLIX OPraHoB?
AHanornyHbix?

MpuBepnTe NpUMepbl PyAMMEHTOB M aTaBn3MOB Y PasfiMyHbIX OpraHn3moB. B yem 3aknio-
YarTCsH NPUHLUMNMANBHBIE Pa3NMyYna MeXay pyauMeHTaMm n atasmamamun? MNoyemy u Te, n gpyrve
SBNAOTCA JoKa3aTeNnbCTBamy 3BONOLMN?

Y10 udyyaet naneoHtonorna? Kakoe Hay4Hoe 3HayYeHVe MMeeT uccrnefoBaHue uckonae-
MbIX MepexofHbIx hopM? HTo npeacTaBnaoT co60i dunoreHeTnyeckne psaapl?

CdhopmynupyitTe 3aKOH 3apofbILLEBOro cxofcTea. ovyemMy OH CHMTAeTCs OOHWM U3 BaXx-
Henwmx 0606LLEHNI, [OKA3bIBAKOLLMX 3BOSIIOLMIO OpraHM4yeckoro mupa?

Kakne hakTbl MOryT paccMarpuBaTbCs B Ka4eCTBe MONEKYNAPHO-reHeTUYeCKMX Aokasa-
TenbCTB 3BOMOLMOHHOIO npouecca?
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Kak Bbl flymaeTe, sl 4ero B COBPEMEHHOI Hayke MOXEeT UCMOJb30BaThCs METOf CpaBHe-
HUSI @MUHOKWUCIIOTHOrO COCTaBa OMpefesieHHbIX 6eSIKOB (reMOrnobuHa, UHCYNMHA U T. 1) U HyKIe-
OTMIHbIX MOC/ef0BaTeNbHOCTEN COOTBETCTBYIOLLMX FEHOB Y Pa3HbIX BUOOB XMBLIX OPraHU3MoB?

Y 3apopbilleri MIeKONMTAIOLWMX HA PaHHUX 3Tanax pasBuTUs OPMUPYOTCS XabepHble
Wwenu v xabepHble Mellku. OfHako BMOCNEACTBUM OHU MpeobpasyloTcs He B Xabpbl, a B Takue
CTPYKTYpbI, KaK CIyXOBble TpyGbl, MUHAANUHBI, BUMIOYKOBYHO Xenesy (Tumyc) u ap. Monpobyiite
06bACHUTL aHHble (haKTbl C TOUKM 3PEHUSI IBOMOLIMOHHON TEOPUU.

IIpozpecc u pezpecc 6 ssonroyuu. Kax BbI y:Ke 3HaeTe, BOSHUKHOBEHUE
HAJBUIOBBIX CHCTEMATUUYECKUX T'PymIil (POLOB, CEMEHCTB U T. J.) B XOJe HCTO-
PHUYECKOT0 PA3BUTUSA JKUBOI IPUPOILI HA3LIBAIOT MaKPO3BOJIIOIEH.

Ananus MaKposBOJIIOIMOHHBIX IIPOIIECCOB ITOKA3LIBAET, UTO PA3BUTHE OP-
TaHNYECKOI'0O MHpa IIPOMCXOAMJIO OT HUH3MIINX CpOpM JKHU3HU K BBICIIIUM, T. €.
OT IPUMHUTUBHBLIX OPraHW3MOB K CJIOKHOOpPraHusoBaHHbIM. OTHAKO B COBpe-
MEHHOM MWpe HapAAy C OpraHm3MaMU’, UMEIIIUMU BBICOKUI ypPOBEHBb opra-
HUBAIUU, TAKUMU KaK MJIEKOIIUTAOINe, IITUILI, I[BEeTKOBbIe PAaCTeHUA U IP.,
IIAPOKO PACIIPOCTPAHEHBLI X CPABHUTEJIHHO IIPOCTO YCTPOEHHBIE, HAIIPUMED,
0aKTepru W HPOTUCTHI. B TO Ke BpeMs MHOTHE T'PYIIILI JOBOJHBHO BBICOKO-
OpPraHMB0BAHHBIX OPTaHU3MOB (3BEPO3yObIe AINEPHI, JUHO3aBPhI, CEMEHHBIE T1a-
TIOPOTHUKM, PUHUOMUTHI U T. [I.) UCUESTIU C JUIla 3eMJIu. ITO JaeT OCHOBAHIE
BBIJIEJINTh ABA OCHOBHBLIX HAIIPABJIEHUS SBOJIIOIIMOHHOIO IIPOIlecca — OMOJIOTH-
YeCcKU mporpecc u OMOJIOTUUECKUII perpecc.

Buonornueckuii mporpecc — HaIIpaBJIEHWE BBOJIOIUU, KOTOPOE COIPOBO-
JKJaeTcs MOBBIIIIeHNEeM IIPHUCIOCO0JIeHHOCTH OPraHM3MOB TOI MM MHOM IPYIIHbI
K YCJOBUAM OKpPYJKaloIlell cpeabl. Pe3ybTaToM STOTr0 ABJSAETCA yBeJIndeHNe
YUCJIEHHOCTH 0CO0el BHUIOB, BXOAAIIMX B COCTAB JAaHHOHN CHUCTEeMATHUYECKOI
IpyOObl, UX paccejieHre B HOBble MECTOOOMTAHMS, UTO BeAeT K PaCIINPEHUIO
apeaJioB U cIioco0cTByeT BUgooOpasoBaHMo. Co BpeMeHeM Ha OCHOBe 00paso-
BaBIINXCS BHU0B BO3SHUKAIOT HOBBLIE POABI, ceMericTBa u T. A. Takum obGpasom,
OMOJIOTMUYECKU I TPOTPEeCcC SIBJISETCS CJIEACTBUEM 9BOJIIOIIMOHHOIO ycIexa olpe-
JA€JIEHHBIX TI'DYIIII OPraHM3MOB M BEIOET 9THU I'PYIIIIBI K IIPOIIBETAHMIO.

Buosoruueckuii perpecc, Ha000pOT, XapaKTepU3yeTcs CHUMKEHUEeM MIpu-
CIIOCO0JIEHHOCTH OPraHM3MOB OIPeIeIeHHON CUCTeMaTUYeCKOIl IPYIIILL K cpefe
oburauusa. OH IPOSABJISIETCSA B YMEHBIITEHUN YNCJIEHHOCTH 0co0ei, COKpaIleHnn
apeaJjioB M JasKe IOJIHOM IMCUYe3HOBeHHHN BUI0B. CHUIKeHUe OMOJIOrHMYecKOro
pasHooOpasus B IIpeaeaxX TOM MM WHOH CHCTEeMAaTHUYeCKOIl IPYINbI, KOTOPOEe
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Ha0JI0aeTCcs IpPU OMOJOTMUYECKOM perpecce, HepPeaKO CTAHOBUTCS IIPUUYMHON
BBIMUPAHUA JAHHOW I'PYINbI OPraHu3MOB.

BaxHO OTMETHUTDH, UTO B COBPEMEHHOM MUPe OMOJIOTMUECKUI IIPOTrpece UJIu
perpecc ompeeasieTcs He TOJIbKO CIIOCOOHOCTHIO OPTaHM3MOB aJalTUPOBATHCS
K M3MEHEHUI0 a0MOTUYECKUX 1 OMOTHUYEeCKUX (PpaKTOPOB, HO 1 aHTPOIOIreHHBIM
BO3elicTBrEeM. JlesATeILHOCTh UeJIOBeKa, CBA3aHHAA KaK ¢ MPAMBIM ucTpebJie-
HUEeM OPraHn3MOB, TAK U C HAPYIIeHNeM CPeLbl UX O0OUTAHNA, CTAJIA IIPUUMHON
BBIMHPAHUA IeJIOr0 PsAga BumoB. MHOrue BUAbI, CYIIIECTBYIOIME B HAIIIe BpeMsd,
CTaJ W PeIKMMU WJIW HaXOASATCS IOJ Yyrpo30i HCUe3HOBeHUs. BmecTe ¢ Tem
YeJIOBEK SBJISAETCSA MOIITHBIM (haKTOPOM, 00YCJIOBIMBAIOIIUM OHMOJOTHUYECKUH
mporpecc AOMANIHUX JXUBOTHBIX, KYJBTYPHBIX PACTeHUNI W B TO Ke BpeMsdA
COPHBIX pacTeHuii, BpequTeJIel CeJbCKOr0 X03ANCTBa U IP.

CraenyeT oTinyaTh OMOJIOTMUYECKUI IIPOrPecc U perpecc oT Mopdodusmosio-
TYecKoro mporpecca u perpecca. MopdodnsnosoruuyecKkuii mporpecc — 35TO
IIOBBIIII€HNE YPOBHA OPpraHu3any XHUBbIX OPraHM3MOB B XO[€ 3BOJIIOIIMH, T. €.
IPUHIUNKAJIbHOE YCIOKHEHe UX CTPOCHUA U MPOIEeCCOB JKU3HeAesATeIbHOCTH.
ITox mopdoduzunosiornuecKuM perpeccoM MOHNMAIOT YIIPOIeHNe OpraHu3aumn
JKUBBIX Opramms3MoB. Takoe sBjeHue HaOJIOLAeTCd, IVIABHBIM 00pasoM, IIPHU
UX Tepexofie K MaJIONOABU:KHOMY WU cugAdeMy (Y *KHUBOTHBIX) JiubOO Iapa-
3UTHYECKOMY 00pasy Kusuu. Mopdodusuosoruueckuii mporpecc He Bceraa
BeZleT K OMOJIOTMYECKOMY: MHOTHE CJ0KHOOPTaHM30BaAHHBIE OPTaHU3MbI B XO/e
DBOJIIOIIY BBIMEPJIM MJIK cefiuac HaXOAATCA Ha I'paHU HCUYe3HOBeHus. Heab3sa
TOBOPUTh M O TOM, UTO MOP(GOQPU3MOJOIMUECKUIl perpecc CBI3aH C OMOJIOTH-
yeckuM perpeccoM. HaoOGopor, MmHOrme BUIBI 1 0Ojiee KPYIHbBIE CHCTEMAaTHye-
CKUe T'PYIIIbI, KOTOPhIe B XOJ€ JBOJIIOIIUU IIOIBEPIVIMCH YIITPOIIEHNIO OpTaH’-
3aIl11, Ha CEerOAHANIHUN OeHb ABJAIOTCS IIPOI[BETAIOIIMII.

ITymu docmuicenus 6uonozuveckozo npozpecca. B mporiecce sBoonun
OMOJIOTUUYECKUI ITPOrPeCcC MOYKET JOCTUTAThCA TPEMSA OCHOBHBIMU ITYTAMU. JTO
aporeHes, aJjjoreHes m xKarareumesd. KaXaplii u3 HIX 00YyCJIOBJIEH BO3HHUKHOBE-
HIEM Yy KUBBIX OPraHM3MOB OIIPDEOEJIEHHBIX aaanTauHﬁ.

Aporenes — myTh JOCTUKEHIUS OMOJIOTMYECKOT'O IIPOrpecca, CBA3AHHLIN C
dopMupoBaHEeM KPYHHBIX, IPUHIIUIIAAIBLHO HOBBIX ITPUCIIOCOOJIEHUI, CyIle-
CTB€HHO IIOBBIIIAIOINNX YPOBEHb OPraHM3allli MXMBBIX OPraHN3MOB. Nupivu
CJIOBAMH, 9TO IYTh SBOJIIOIIMOHHOIO Pa3BUTHUSA, IPU KOTOPOM OMOJOTMUECKUI
IpoTpecc JOCTUTAETCS 3a cueT MOP(O(pU3MOJIOTTUYecKOT0 Iporpecca. AporeHes
OIPUBOAUT K MOABJIEHUIO KPYIHBIX CUCTEMATUUYECKUX I'PYIII — IapPCTB, OTAEJIOB
(TMTIOB), KJIACCOB.

Apanrainuu, o0yCcJa0BINBAIOIINE apOreHes TOM WM MHOU CUCTeMaTUYeCKO
Ipynnbl, HasbIiBaioTcAa apomMopgosamu. OHu He ABJIAIOTCA IPUCIOCOOICHUAMM
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K KaKUM-In00 KOHKPETHBIM (paKTOpaM Cpelbl, a HOCAT YHHBEPCAJbHBIA Xa-
paxTep. ApoMop(d03bI MPEJOCTABJIAIOT *KUBBIM OPraHU3MaM BO3MOXKHOCTH WIC-
TOJb30BAHUA PA3HOOOPA3SHBIX YCJIOBUU OKPYIKAIOIIEHN CPeibl U B PAJE CAYUAeB
TO3BOJIAIOT OCBOUTH HOBYIO IJIsI HUX cpeny :KusHu. HekoTopble IpuMepsl apo-
reHes3a ¥ COOTBETCTBYIOIIMX apoMop(O30B IIpUBeZeHbl B Tabauie 17.

Ta6auma 17. Ilpumepsl aporeHe3sa u apomMopg o308

IIpumepsr aporenesa CooTtBercrBytoniue apoMopdo3s1

PasBuTre TpeThero 3apoALINIeBOT0 JHUCTKa (Me30[epMbl);
IBYCTOPOHHSAS CHMMETPHUs Teja; (POPMUPOBAHNE HEPBHBIX
y3J10B (TAHIJINEB); HAJIUUYME KOMKHO-MYCKYJIHLHOTO MeIKa U
crcTeM OpraHoB (MHUINEBAPUTEIbHOM, BBIAEJIUTEIbHOM, II0-
JIOBBIX) U JP.

BosaukHOBeHUE
TJIOCKUX YepBeit

PasBuras Kopa 6GOJBIINX MOJYIIapUil; YeThIpeXKaMepHOoe

BosHukHOBeHHE cepAlle; TEIJIOKPOBHOCTD; aJIbBEOJIAPHBIE JIETKIe; BEIKapM-

MJIEKOIINTAIOMUX JIUBaHWE [EeTEHBINIeH MOJIOKOM; AuddepeHIupoBaHHbIE
3y0BI U OD.

BosHukHOBEHE IIOKPHITO- Hannuuwre mBerka m mioja; IBOHHOe OIJIONOTBOpeHNE; Ha-

CeMeHHBIX pacTeHui JINYYie COCYZOB B IPOBOAAINEN TKAHU U AP.

Anorenes — 5TO IYTH HBOJIIOIIMOHHOTO PA3BUTHUA, IIPU KOTOPOM OPraHMU3-
MBI IPUOOPETAIOT YAaCTHBIE aJalTalluy, He U3MEHAMINe UX OOIUIA ypPOBEHb
opranusanuu. Takue aganTanuy HasbIBaoTcA ajaomopdosamu (puc. 120).
B oTiimume ot apomop(030B, CBA3aHHBIX C IVI0OAJBHOII MEPECTPOHRKON CTPYK-
TYpbl 1 QYHKIIMOHUPOBAHUSA OPraHU3Ma, aJIJIoMopdO3bl IIPEACTABIAIOT COOOI
MeJIKVe 9BOJIIOIMOHHbBIE n3MeHeHus (Tabsa. 18). Biaarogapsa um :KuBble OpraHms-
MBI IIPHCIIOCAOJIMBAIOTCA K KOHKPETHBIM BHEIITHUM YCJIOBUAM, 3aHUMAsA B CBOEM
cpene obuTaHuA PasHOOOPas3HBbIE dKOJOTMUYecKue Huinu. IlyTem aJioreHesa B
COCTaBe KPYIHBIX CUCTEMATUYECKUX I'PYIII BOSHUKAIOT 0oJiee MeJK1e — HOBBIE
BUIBI, POJIbI, CEMENCTBA, MOPAIKU (OTPAIBI).

2 =P/ W]

Puc. 120. Mpumepsl annoMopd030B: KIOBbI Pa3nnyHON PopMbl Y MTUL,
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Tabauma 18. Ilpumeps! ajoreHesa u ajaaoMop@do30B

IIpumeps! annoreHesa CooTBeTcTByIOIINE AXIOMOP(GO3BI

Pasinunas ¢popMa U CTEIeHb Pa3BUTUS KPbLLIbEB; pas-
HBbI€ THUIIBI XOAUJIbHBIX HOT' M POTOBBIX aIlllapaToB; pas-
JIMYHBIE BAaPUAHTHI ITOKPOBUTENHCTBEHHON U IIpeayIpe-
JKAAIOIIell OKPAaCK! U IP.

BosHuKHOBEHUE PAa3IUUYHBIX
BUJOB, POJIOB, CEMEICTB U OT-
PAIOB HAaCEKOMBIX

BosHukHOBeHWE PA3JIUUHBIX Pasgnuunble TUOBI KJIOBA; pasHas CTENeHb DPa3BUTUS
BUIOB, POJZIOB, CEMEICTB U OT- Ien, HOT U KPBLIBEB, PasHOOGpasHas OKpacKa olepe-
PSIOB IITHII HUS; pasHbie GOPMbI OPAUHOrO MOBEACHUS U IP.

Pasznuunas opma, OKpacka U CTpOEHUE I[BETKOB; pas-
HBIE THUIIBI COLBETUI; JIUCThA DPA3JUUHOH (OPMBI U
pasMepoB; pa3HOOOPAa3HBIE IPUCIOCOOJIEHUA AJIA pac-
IIPOCTPAHEHUA IIJIONOB U CEMAH U [JP.

BosHuUKHOBEHUE PaBIUYHBIX
BUJIOB, POJIOB U CEMEICTB IIO-
KPBITOCEMEHHBIX PACTeHU

Kararenes mpeacraBiseT co00ii IIyTh 9BOJIOIUM, IPKU KOTOPOM OMOJIOTHYe-
CKUI IPOrpecc OPraHm3MOB JOCTUTAETCS 34 CUET YIIPOIIEHUA UX OpraHu3aIiun
(mopdodusmomoruueckoro perpecca). Kak y»xe ormMeuasioch, CHUKEHNE YPOBHS
OpraHM3aIy XapaKTepHO, IIPeKe BCero, AJA MapasuTuUYecKux (OopM, MaJo-
TOABUKHBIX UJU CUAAUYNX KUBOTHBIX, T. €. IJIA OPraHU3MOB, KOTOPhIE B XO/€e
SBOJIIOLAY IIPUCIIOCAGINBAJINCE K 00JIee IPOCTOMY, II0 CPABHEHUIO C IIPEIKAMMU,
o0pasy KusHH, K 0ojiee IOCTOAHHBLIM YCJIOBUAM CPeabl. B TaKHX yCJI0BHUIX
HEKOTOpbIe OPraHbl 1 (DYHKIIMHU OPTaHU3Ma, KOTOPhIe ObLIN HeOoOXOAUMbI IIPe/I-
KaM, yTpPauyMBaIOT CBOE IIePBOHAYAJbHOE OMOJOTMUYECKOe 3HAUEHUEe U IIOABep-
ramTcs pPefyKIMU BIJIOTH OO0 IIOJHOI'O MCUe3HOBeHUs. Tak, y cugauux (opm
PenyIuPyIOTCS OPraHbl MePeABUKEHN, V IapasuTUUYeCKUX KUBOTHBIX — Op-
raHbI UYYBCTB, YIIPOIAETCS CTPOoeHre 1 (GPYHKIIMOHUPOBAHE OCHOBHBIX CHCTEM
opranmsMa (3a MCKJIIUEeHNEM MOJIOBBIX), V PACTEHUI-TIapa3UTOB II0IBEPTraiOTCA
PEeNYKIINY JUCThs U ApP. Takme agamnTaiium, CBI3aHHLIE C YIIPOIIEHNEM CTPOe-
HUSA U IPOIECCOB JKUBHEAEATELHOCTA OPraHN3MOB, Ha3bIBaOTCA KaTamopdo-
3amu (Ta6a. 19). HecmoTps Ha ymOpollleHMe CBOell opraHm3aliil, OpraHU3MEI,
UAYIUe 10 MYyTH KaTareHesa, CTAHOBATCA 0oJiee MPUCIOCOOJEHHBIMUA K YCJIO-
BUSAM CpeJbl OOMTAHMUS, UTO WM 00YCJIOBJINBAET UX OMOJIOTHYECKUH IIporpecc.

Tab6namima 19. Ilpumeps! kaTareHesa u KaTamMmop(do30B

IIpumeps! kKaTarenesa CoorBercTBylomue KataMmopdo3s1

Tlepexon AByCTBOPYATHIX MOJI- VTpara roJoBHOrO OTZEjIa Tesia ¥ HEKOTOPHIX FaHIJINEB;
JIIOCKOB K MAaJIOIOABUIKHOMY YIIPOII[eHVe CTPOEHUS MUIEeBAPUTEIBHON CUCTEMEI, Op-
TOHHOMY 00pasy KU3HU TaHOB YYBCTB U JP.
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IIpodonscenue

IIpumeps1 KaTarenesa CooTrBeTcTByIOIHE KATaMOP(DO3bI

YupoireHue CTpoeHns MYCKYJIaTypbl, HEPBHOI U BBIJE-

Ilepexop psAzxa yepBeii K mapa- .
JINTEJbHOU CHCTEM; PEAYKI[MA OPraHOB YYBCTB; yTpara

3UTU3MY . o

MHUIIEeBaPUTEIbHOM CCTEeMEI (Y IEHTOUHBIX YepBeii) 1 Ap.
Ilepexon HEKOTOPBIX pacTe- Penyknusa BereTaTuBHBIX OPraHOB (JIMCTHEB, KOPHEN)
HUUA K IapasuTusMy u Ip.

Cnocob6svl. ocywecmeénenus 360nI0YUOHH020 npoyecca. OCHOBHBIM CIIO-
co00OM OCYIIECTBJICHUS SBOJIIOIMOHHOTO IIPOIlecCa SABJIAETCS AUBEPTreHI[MA.
BemomHMM, UTO TaK Ha3bIBAIOT HPOIECC SBOJIOIIMOHHOTO PACXOKICHUS IIPU-
3HAKOB Y POACTBEHHBIX OPraHU3MOB, OOUTAOIINX B PA3JIUYHBIX YCJIOBUAX. Eirle
Y. JlapBuH yKasbiBaJ Ha BaKHOe 3HAUEHUe NUBEPTreHINHU AJA 00pasoBaHUSA
HOBBIX BuoB. CorytacHo CTO muBepreHIusa oCcyInecTBIAETCA IPU HAJUUYNYU N30~
JAg1uny 0aromapsa eCTeCTBEHHOMY OTOODY, AEHCTBYIONEMY Ha M30JUPOBAHHbBIE
TPYIIILI OPraHW3MOB B PA3HBLIX HAIMIPABJIEHHUAX. B Xome NUBEPTreHIINHU OIpee-
JIEHHBIE OPTaHbl U CTPYKTYPHI TeJia POACTBEHHBIX OPraHMU3MOB, UMEIOIINe eIu-
HOe TTPOUCXOKAeHre 1 OOIUI IPUHITUAI CTPOCHUS, MOTYT BUJOU3MEHATHCS IJIs
BBIIIOJTHEHUST PasJANUYHbIX (pyHKIni. CiremoBaTe bHO, TUBEPTEHIINA IPUBOLUT
K (pOpMUPOBAHUIO TOMOJOTUYHBIX OPTaHOB.

B pesysnbTraTe JuBepreHINN POACTBEHHBIE OPraHU3MbI IIPUOOPETAIOT OIIpee-
JeHHBIe Pa3JInuus, O0yCJIOBJIEHHBIE aJanTaliuell K PasHbIM YCJIOBUSAM CpPeIbl.
B T0 ke Bpemsa guBeprupymoiiie (OPMbI COXPAHAIOT ¥ UYEPTHI CXOACTBA, UTO
00'bSICHSIETCSI UX DBOJIOIMOHHBIM POACTBOM (OOIITHOCTBHIO IIPOMCXOMKICHMS).

OprauusMbl, OTHOCAIIHECS K PA3JIUYHBIM KPYIHBIM CHCTEeMATUUYECKUM
TpyImaM, HaIpuMep TUIIaM WX KJaccaM, HO KUBYIIE B CXOAHBIX YCJIOBUSX,
B XO/le BBOJIIOIIMOHHOTO PA3BUTUA MOTYT IIPHUOOpPETaTh MOX0KKE YepThl. B aToM
cJydae TOBOPAT O TAKOM CIIOCO0e OCYIIeCTBJIEHHUS SBOJIOIIMOHHOIO IpOoIecca
KaK KOHBEpPreHIu.

KouBeprenmusa — He3aBUCUMOE ITOSBJIEHUE CXOOHBIX ITPU3HAKOB (CXOMKIe-
HUe TPU3HAKOB) Y HEPOACTBEHHBIX OPTaHU3MOB, OOUTAIOIIUX B OMAWHAKOBBIX
WJIN OYEeHb OJIMBKUX YCJOBUAX cpenbl. TaK, MOXOXKUU BHENIHUI BUJ NMEIOT
akyina (kjacc XpsIeBble PbIObI) U AeJb(UH — IIPeAcTaBUTENb Kjacca Muiie-
komuratomiue (puc. 121). OueBuAHO, YTO AAHHOE CXOACTBO BBISBAHO ITPUCIIO-
cobJieHreM K KU3HU B BOAHOU cpene. CXOACTBO B CTPOEHUM KOIATEJIbHBIX KO-
HEUYHOCTEeH KpoTa (MJIEKOIHTAIoINee) 1 MeABeIKU (HaceKoMOe) ABJISAETCSA CJIe[-
CTBHMEM POIOIero obpasa ;KM3HU STUX JKUBOTHBIX. Hajlnune KpbIIbeB Yy IITHUIL
M HACEKOMBIX — Pe3yJIbTAaT OCBOEHUS BO3AyXa KaK CPeAbl AJA IepeIBUKeHU .
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Puc. 121. KOHBEPreHTHOE CXOACTBO BO BHELLUHEM BuAe akynbl U AenbguHa

IIpu sTOM OpraHbl, KOTOPHLIE BCJIEJACTBHE KOHBEPreHIIMM HAUAJM BBIIIOJHATH
ONMHAKOBLIE (PYHKI[MK, NMEIOT COBEPIIEHHO PAa3HOe IIPOMCXOKAeHNre. SHAUNT,
KOHBEPIr'eHIIMA IPUBOAUT K PA3BUTUIO AHAJOTUYHBIX OPraHOB.

TakuM 0o0pa3oM, KOHBEPreHTHOE CXOACTBO OPraHU3MOB OOLACHAETCA MX
ajanTanueil K CXOLHBIM SKOJOTMUYECKUM YCJIOBUAM, a CYINECTBOBAHUE PA3JIH-
UMl — pa3HBIM IIPOUCXOMKICHIEM.

p
-l_[ E Broigensror aBa IVIaBHBIX HAIIPABJIEHHWS SBOJIIOIUN — OMOJIOTHYE-
b % ’ CKHUII IIporpecc M OHoJOrmuecKuii perpecc. Buojormueckuii mpo-

rpecc XapaKTepru3yeTcs HOBBIIIIEHNEM IIPUCIIOCO0IEHHOCTH OPTraHu3-
MOB K YCJIOBHUSIM CpeIbl, a perpecc — cumxeHrneM. OCHOBHBIMU IIYTSIMU
IOCTHKEHNsI OMOJOTMUECKOro IIPorpecca ABJIAIOTCS aporeHes, aJlJIoreHes
1 KarareHes. AporeHes COIIPOBOXKJAETCSA IIOBBIIIIEHWEM YPOBHS OPTraHU-
3aI[Y KUBBIX OPraHU3MOB, T. €. MOP(POPUINOJOrNUECKUM IIPOTPECCOM.
Annorenes — myTh ()OPMUPOBAHUS UACTHBIX aJallTalliii, HE N3MEHSIO-
IMUX YPOBeHL opranmsamuu. IIpy KarareHese HAOJIOLAETCA YIIPOIIIEHE
OpraHM3aIy KUBBIX OPraHu3MOB, T. €. MOP(O(PMU3MOJOTHUYECKUA pe-
rpecc. OCHOBHOMH CITOCOO OCYIIIECTBJIEHMWS SBOJIOIIMOHHOIO IIPOIlecca —
IUBEPreHIns. OTO PACXOXKIeHNe IIPU3HAKOB Y POJACTBEHHBLIX OpraHus-
MOB, JKUBYIIUX B PA3JIMUYHBIX YCJIOBUAX. EIe OMHUM CII0COO0OM SABJISIETCS
KOHBEPIeHIIUA — CXOXKJeHNe MPU3HAKOB Y HEPOACTBEHHBLIX OPraHMU3MOB,
O0OHUTAIOIMX B CXOAHBIX YCIOBUSX CPEIbI.

?_. = 1. Yto Takoe Guonorunyecknini mporpecc? buonornyeckuin perpecc? Kakue npusHakm
[ ™™ | cBMOETENLCTBYIOT O TOM, YTO 3BOSIOLUMS TOWM WM MHOW CUCTEMATMYECKOM pymMbl Ha-
npaefieHa Ha 6uonornyeckuii nporpecc? Ha 6uonorunyeckuii perpecc?
2. Yto npepcrasnseT co6on mopdodrnanonorniecknin nporpecc n perpecc? Hasosute rnas-
Hble MPUYUHBI MOPOCN3NONOrMHECKOrO Perpecca XmBbIX OPraHn3MoB.
3. OxapaKkTtepunayinTe OCHOBHblE MYTV JOCTUXEHUA GUOSTOrMYECcKOoro Nporpecca n COOTBETCTBY-

lolwme UM agantauun. MpuvBeauTe nprmepbl apoMopdo30B, annoMopdo30B M KaTamopdo3os.

o
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OnuwmTe M3BeCTHble BaM CNocobbl OCYLLECTBMIEHNS 3BOMIOLMOHHOIO Mmpouecca, npvBe-
aute npumepbl. O6bACHWTE, NMOYEMY OMBEPreHUMs NPUBOAMT K (DOPMUPOBAHMIO FOMOSOTMYHbIX
OpraHoB, a KOHBEPreHUMsi — aHanornyHbIX.

Mcnonb3ya 3HaHusA, MosydYeHHble Bamy MpU M3y4eHUrM OMonornm, O6bSACHWUTE, BO3HMK-
HOBEHWE KaknMx apomMopo30B B XOAE 3BOJIOLMOHHOMO Pa3BUTUS XXUBOW MPUPOAbI 06YCroBU-
110 OCBOEHWE HAa3eMHO-BO3OYLUHOW Cpefpbl: @) pacTeHusmu; 6) 6eCrno3BOHOYHBIMU >XUBOTHLIMU;
B) MO3BOHOYHBLIMU XXMBOTHbLIMW.

B pesysbraTe 6mosiornyecKoi SBOJIIONNY Ha 3eMJie BOSHUKJIO YAUBUTEJIbLHOE
MHOrooOpasue opraHm3MoB. Ilo olleHKaM pAla YUeHBIX, B HACTOAIEE BPEMsd
Ha miaaHeTe obuTtaioT 6osee 10 maH BumoB. K aTOMy KOJHUYECTBY CJEIyeT MI0-
0aBUTHh COTHU MUJLIMOHOB BHUJOB, KOTOPBIE CYIIIECTBOBAJM B IIPOIILJIOM, HO B
XOJle BBOJIIOIIUY BbIMepJu. [lJiAd mM3ydyeHUSA TAKOrO OIPOMHOI0 pasHOOOpasus
OPraHMW3MOB OUE€Hb BajKHO UX KJAACCUPUUUPOBAMYb, T. €. PACTIPEAEIATD II0 IPYII-
IaM B COOTBETCTBUH C OIIpeJeIeHHLIMU ITpusHakamMu. Kiaccupuramuein opra-
HUB3MOB, U3YUEHUEM UX MHOT000pasusd, MPOUCXOMKACHUA U (DUIOTEHETUUECKUX
(poZICTBEHHBIX) OTHOIIIEHUH 3aHMMAETCsI CHCTeMaTHKA.

IlepByro Hay4YHYIO CECTEMY JKMBOM IPUPOALI Pa3padoTasI IIBEICKUI YUeHbIN
Kapa Jluuneit B cepegquae XVIII cr. OH KaaccuduiinpoBas KUBble OpraHU3-
MbI Ha OCHOBAHMUU HEOOJBIITIOr0 KOJUUYECTBA IPON3BOJbHO BEIOPAHHBIX IIPHU3HA-
kKoB. Tak, HampuMmep, ITUIBI ObLIU pasgeneHbl K. JInnHeem Ha cucTemMaTmue-
CKUe TPYIIIbl B 3aBUCUMOCTHY OT (DOPMBI KJIIOBA, a IIBETKOBBIE PACTEHUSA — Ha
OCHOBaHUU KOJMYECTBA THIUMHOK U IECTUKOB. JIMHHEN ObLI KPearuoHUCTOM,
O3TOMY €ero KJiacCU(pUKAIMA He OCHOBBIBAJIACH HA aHAJM3€ ITPOUCXOKICHUS
¥ POJCTBA OPraHM3MOB. BMecTe ¢ TeM OHa OKasaJjiach CaMOU yIauyHOW cpemu
cucteM Toro Bpemenu. Cucrema mpupoabl, paspaboranuaa K. Jiunueem, Oblia
IIIUPOKO IPUHATA €CTeCTBOUCILITATENIAMHI W CTajJla OCHOBOH MIJIs COBPEMEHHOI
KJaccupuKanuy OpraHu3MOB.

OcHoBHbIM coudmHeHreM K. JTMHHes, NOCBALLEHHbIM KnaccudmKaLmm XXmnBbIX OpraHns-
MOB, 6bin Tpya «Cuctema npupogpl». MNepeoe nagaHue 3Ton KHUrK 6bI10 Ony6IMKOBaHO
B 1735 r. n copgepxano Bcero 11 cTtpaHuu. A B ABeHaguaTtom uapaHum (1766 — 1768 rr.),
Bbiwewem nop astopctBoM K. JIMHHes nocnefHuM, 6bino yxe okono 2400 cTpaHuu.
OHo copepxano onucanve 6onee 7500 BuaoB pacteHuii 1 cebiwe 4000 BUOOB XUBOTHbIX.

CoBpeMeHHaA CUCTEMAaTUKA IJd KJIacCu(PpuKamuy OpraHu3MOB UCIIOIb3YeT Ie-
JIBIFT KOMILJIEKC IIPU3HAKOB. YUNTHIBAIOTCS, HAIIPUMED, X BHEIIIHee 1 BHYTPEH-
Hee CTPOeHNe, MCTOPUS 9BOJIIOIMOHHOI0 PA3BUTHA Ha OCHOBE ITaJI€OHTOJIOTHYe-
CKUX JAHHBIX, IIPOIIECCHI KU3HEAeATeIbHOCTY U OMOXUMUUYECKe 0COOeHHOCTH
(coctaB 6GenKOB, 3allacHble HMHUTATEJIbHBIE BeIleCTBA U Ap.), SMOPHOHAJILHOE
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pasBUTHE, O0COOEHHOCTU CTPOEHUA KJIETOK, KAPUOTHII, PACIPOCTPaHEHWe Ha
IJIaHeTe. OTO HO3BOJIAET KJacCU(PUIIMPOBATH OPraHM3MbBI HA OCHOBAHUU WX
260JLI0UUOHHO020 POOCMEA, a He TOJHKO CXOACTBA IO TOMY WJIM MHOMY IIPU3HAKY.

OTzmenbHBIE IPU3HAKY HEPOJICTBEHHBIX OPIaHU3MOB MOI'YT OBITH OUEHbB II0XO0-
JKUMU B pe3yJibTaTe IMIPUCIOCO0IeHNA K OMUHAKOBBIM WU OJIU3KUM YCJIOBUAM
cpennl (BCIOMHUTE, KaK HA3BIBAETCS CIIOCO0 OCYIIECTBJIEHUS SBOJIIOIMOHHOTO
mporiecca, IIPUBOAAIINYN K IIOSABJIEHUIO TAKUX IIPU3HAKOB). B TO ke Bpema gaske
0JIMBKOPOACTBEHHBIE BUALI MOI'YT 3aMEeTHO pasymuarbesd. [loaTomy oueHb Bask-
HO, UYTO B COBPEMEHHOIl CHCTEMATUKe OPTaHU3MBI PACIPENEJIAIOT 0 IPYIIIaM C
Y4eToOM MX IMPOUCXOKIEeHUA, NCTOPUUECKOTO PA3BUTUSI W POJACTBA.

Ilpunyunwsr cucmemamuru. B ocHOBe KiaccubuKauy OpraHu3MoB JIeKaT ABa
TVIABHBIX IPUHITATIA: NePAPXUIHOCTH (COIOAUMHEHHOCTH) 1 OMHAPHON HOMEHKJIATY-
pbl. OHu 6bLyIu BBemeHE! ertie K. JImHHeeM u ocTaloTCA aKTyaJIbHBIMHU II0 Ceil TeHb.

Knaccupuinupys opraHU3MBI, YUeHBbIE PACIIPEeJA0T UX Mo rpynnam. Ta-
KHe T'PYINbl HA3BIBAIOTCS cucmemamuieckumu (MmaxKcoHomuyecKkumu) eOuHu-
yamu nau makcornamu. IIpyHIUT MEePapPXUYHOCTH 3aKJIIOUYAETCA B TOM, UTO
cUCTeMaTUUeCKNe eINHUIIBI ITOCTIEN0BATEIbHO «IIOTUUHAIOTCI» APYT APYTY, T. €.
KPYyIIHbIe TAKCOHEI IeJIATCA Ha 0ojiee MeJIKUe, Te B CBOIO OUepenb Ha elrle 6osee
MeJIKHe W T. J. BBIAENA0T ceMb OCHOBHBIX CHCTEMATHUUYECKUX eIUHUIl, HaU-
MeHbIIell 13 KOTOPBIX SABJAETCA 6ud. PoAcTBeHHBIE BUABI 00BEIUHAIOT B POObL.
Tak, HamrpuMep, Ha TEPPUTOPUM HAIIeW CTpaHbl OOMTAIOT TPpU BUa poaa sHaba
(puc. 122). Biuskue poabl 00HLEIUHAIOT B ceMelicmea, ceMeicTBa — B nopadxu,
TIOPAAKY — B KJACCHbL, KJIACChl — B omdeJivl, a OTHEJBI — B yapcmea. BasxHo
OTMETHUTD, UTO AJA KJIacCu(pUKAIINN JKUBOTHBIX TPAIUIIMOHHO BMECTO TaKCOHA
nops0ox WMCIOJb3yeTca ompsad, a BMecTo omdena — mun. JIro6oi opraHusm
HE3aBUCHUMO OT TOTO, CYIIIECTBYeT OH HbIHE OO CYIIIECTBOBAJ B IIPOIILJIIOM,
IOJIKEeH IIOCJeoBaTeJbHO NMPUHALJIEKATh KO BCEM CeMH OCHOBHBIM CHCTEMa-
TudeckuM enuHUIaM. OCHOBHBIE TAKCOHBI, MCIIOJBL3YIOIIECA B CUCTEMAaTHUKe,
U IIPpUMePHI KJaaccuuranuy npuBenerbl B Tabauie 20 Ha cTpanuie 264.

YKaba cepas YKaba 3eneHas YKaba kamblwoBas

Puc. 122. Bupgpl popa XKaba
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Ta6numma 20. OcHOBHBIE TAKCOHBI U MPUMeEPHI Kiaaccupuraium

OcHOBHBIE TAKCOHBI IIpumeps! KiIaccupurammu
ITapcTBO ITapctBo Pacrenusa ITapcTBo JKuBoTHBIE
OTnen
A Otnen ITokpbITOCEMEHHBIE Tun Xopnossie

()11 SJKUBOTHBIX — THII)

Kumacc Knace [IBymonbHBIE Knace Maekomnuraroriue
Topanok Ilopsimox BykorBeTHbIE Orpsapg XuiiHbie
(B1A KUBOTHBIX — OTPAL)
CeMmeiicTBO CemeticTBo BepesoBrnie CemeiicTBo Bosrubu
Pop, Pon Bepesa Pon JIucuma
Bupg Bupn Bepesa nmoBuciasa Bup JIncuma oObIKHOBEHHAS

Kpome OCHOBHBIX TAaKCOHOB, B COBPEMEHHOH CHCTE€MATHUKE IIPUHSITO BbI-
IeJATh W JONOJHUTEJbHBIe. Hallle BCero IJisi 9TOT0 HCIOJb3YIOT IIPUCTAaBKU
Had- 1 nod-, HaIpuMep IMIOATHII, HAIKJIACC, ITOAKJIACC, HAACEMelCTBO, TOABU/I
u 1. 1. Tak, JIucuiia oObIKHOBEHHAS NPUHALJIEKUT K MoATUNY I103BOHOUHEIE,
noxakJiaccy Hacrosamue 3Bepu (KuBoponsiiue).

B cooTBeTcTBUY ¢ MIPUHITAIIOM OMHAPHOM HOMEHKJIATYPHI KaKIOMY BUIY
mprcBavBaeTcs HasBaHWEe Ha JIATUHCKOM $3bIKE, COCTOAINee M3 JBYX CJIOB.
ITepBoe cii0BO — 9TO Has38aHue poda, K KOTOPOMY HPUHAJIEKUT TaHHBIA BU],
BTOpOe — 8udosoil snumem. Hanpumep, Homo sapiens (HesioBeK pasyMHBIH),
Trifolium pratense (Kiesep JiyroBoii). YueHble BO BCEM MHPE UCIIOJL3YIOT Ha-
3BAHUSA OPraHM3MOB Ha JIATUHCKOM fA3bIKe. JTO IT03BOJseT m36e)KaTh ITyTa-
HUIIBI, 00YCJIOBJIEHHOM CYII[eCTBOBAHMEM MECTHBIX BapPUAHTOB OOIETPUHATHIX
HaumeHoBauuii. Tak, pacrenue Ficus carica TOIbKO Ha PYCCKOM S3bIKE MMEET
HECKOJIbKO IITMPOKO PACIpPOCTPAaHEHHBIX HA3BAHUI: MHIKUD, CMOKOBHUIA, (DU-
TOBO€ JIepeBo, ¢ura.

Cogpemennasn b6uonozuieckas cucmema SBIAETCA OTPAKEHUEM WCTOPU-
YeCKOr'o PasBUTHUA JKUBOI mpupozbl. [[oaroe Bpems Bce OPraHU3MBI JEJTUIN
JUIIb Ha aBa mapcrBa — JKuBorHble 1 Pactenus. OcCHOBHOe pasjinyumne MeKIy
HUMU CBOAUJIOCH K THUIy MUTAHUA W CIOCOOHOCTU AKTUBHO IIePeIBUTATHCA.
OpHako 0 Mepe pacIIupeHusa 3HAHUU O IPUPOJE MOAXOAbI K KJacCu(puKaum
OpPraHM3MOB M3MEHSJINCh U COBepIIeHCTBOoBaauch. Tak, HampuMep, U3ydeHUe
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0COOEHHOCTE!l CTPOEHUSA KJIETOK W UX XUMHUYECKOTO COCTAaBa IIOKA3aJI0, UTO
KJIETKU Ipu0OB MMEIOT UePThI CXOACTBA KAaK C PACTUTEJIBHBIMU, TaK U C JKU-
BOTHBIMU KJeTKaMu. Ha ocHOBaHUM 3TOTO I'PUOBI OBLIU BHIIEJEHBI B OTAEJIBHOE
1IapCTBO.

Bo Bropoi#i mosioBmHe XX B. ObliIa IIPEAJOKEHA OMOJIOTMYECKAS CUCTEe-
Ma, COIVIACHO KOTOpPOM KJIeTOUHBIE (POPMBI KU3HU JeJATCA HA IMATH IapCTB:
Bakrepuu, IIpoructel, I'pubnl, Pacrerusa u KuBoTHBIE. OTa cucTeMa IIOJY-
Yyujaa IIAPOKOE PACIPOCTPaHeHUWe CPelud yUeHbIX, OAHAKO HEKOTOpbie Oumo-
JIOTH BBIJEJIAIOT OOJIbIllee KoJmdecTBO mapctB. CieiyeT OTMETUTb, UTO HU
onHa m3 OMOJOTUYECKUX CHUCTEM, CYIIECTBYIOIIMX HA CETONHSITHUHA JeHb,
He sSBJseTCS coBepiileHHOUW. HakomeHume 6uojoraMu HOBBIX HAaHHBIX CIIO-
COOCTBYeT PasBUTUIO CHUCTEMATUKU U COBEPIIEHCTBOBAHUIO KJACCUMUKAIIUU
OpraHU3MOB.

CucremaTuka 3aHMMAaeTcd KJaccuuKalmeil OpraHu3MOB, HU3yda-
it J | erT ux pasHOOOpasue, IMPOWCXOXKAeHWE U (PUJIOreHeTHYeCKHe OTHO-
0 menns. K. Jlunaeit paszpaboTaJ mepBYyI0 HAYUHYIO CHCTEMY KHBOI
mpuponbl. OJHAKO OHA He OCHOBBIBAJaCh HA aHaJuM3e IIPOUCXOKICHUS
OpPraHM3MOB U UX POACTBa. B coBpeMeHHON cucTeMaTHKe IIPpU KJaccudu-
KaIllud OPraHM3MOB YUHTHIBAETCA MUX MCTOPUUECKOE Pas3BUTHE U POACTBO.
B ocHoBe cucTemMaTHMKU JEKAT MPUHIINMIOBI MEPAPXUYHOCTH U OMHAPHON
HOMEHKJIaTypbl. B HacTosIlee BpeMs IITMPOKOE PACIPOCTPaHEHUe IIOJY-
yuja OMOJIOTUYECKAasd CUCTEMA, COTJIACHO KOTOPOM BBIAENAIOT MIATH I[aPCTB
OpPraHM3MOB, MMEIOINX KJEeTOUHOe cTpoeHue: Bakrtepum, IIpoTucts,
I'pu6si, Pacrenua u dKuBoTHbBIE.

? Bbi6epute 13 npefcTaBieHHbIX HUXKE TakCOHOB Te, KOTOpPble UCMOSb3YIOTCA ANs Knac-
CUUKaLmmn XMBOTHBLIX, U PaCMONOXUTE UX B MEPapXMHECKOM NopsdKke, HauvHas ¢ Haw-

MEHbLLIEro.
Pon, cemeiicTBO, THI, IAPCTBO, OTAEJ, OTPAL, BIAJ, KJIACC, IOPALOK.

Yem 3aHMMaeTcs cuctemaTmka? Kro aBnsieTcs aBTopoM NepBOn HayYHOM CUCTEMBI MPUPOAbI?

B yeMm 3akniovaeTcs BaxHenwee pasnuyine Mexay cuctematnkon JIMHHes 1 CoBpeMeHHOM
cuctemaTmkon? Yem oHo o6ycnoBnieHo?

OxapaKkTepu3yriTe OCHOBHbIE MPUHLWMbBI CUCTEMATUKN.

Kakue uapcTBa OpraHnM3MoB TPUHATO BbIOENSATb B COBPEMEHHON 6GMONOrn4eckomn
cucteme?

MpennoxuTe CBOV BapuaHT AeNeHNs XMBOTHbIX (UM pacTeHui) Ha rpynmnbl Ha OCHOBaHWM
O[HOr0 MPOW3BOSbHO B3ATOrO Npu3Haka. [JokaxuTe, 4TO AaHHas kKnaccuduvkauma He oTpaxaert
3BOJOLMOHHOE POACTBO OPraHN3MoB.

e
gl
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Bompoc 0 mpoucxo:KAeHUM CTaJl BOJHOBATH UYEJIOBEUECTBO, BEPOATHO, C TeX
TaJeKuX BPeMeH, KOTZa JIOAW TOJHLKO HauyaJl OCMBICIMBATH OKPY KAOIUI
MUP, 0CO3HABATH ce0s 1 CBOe MecTO B HeM. IIporecc BOBHUKHOBEHUA U dBOJIIO-
IIMOHHOT'O Pa3BUTUS UeJOBEKA HA3LIBAETCA AHTPOIIOTEHE30M.

Dopmuposarnue npedcmasnenuil 06 anmponozenede. Bo MHOTUX IPEBHUX
IJIeMeHaX JIIOAY BEPUJIN B CBOE ITPOUCXOMKIEHIE OT OIpeieIeHHBIX JKMBOTHBIX,
HaIpUMep KPOKOJWJIOB, MeABelel, JIeTyuux MbIrieir uam obesbsaH. Kamkmoe
TJIeMs TOYTHUTEIbHO OTHOCHUJIOCH K CBOEMY «IIPEeAKYy», ero OXPaHSAJIU, eMy II0-
KJIOHAJIUCH. B 510Xy AHTUYHOCTU HEKOTOPBIe (UI0COPHI TaK:Ke BhICKA3hIBAIN
ugen MPUPOSHOTO MPOUCXOKAEHUA uesoBeka. OOHAKO JaJjiee B CBIA3U C yCTa-
HOBJIEHUEM T'OCIIO/ICTBA IIEPKBYU B CO3HAHUU OOJBIITMHCTBA JIOAei YTBEPIUINCH
MIO3UIINY KpeallMoHM3Ma: JesioBeKa coanaj Bor mo cBoemMy o6pasy u Mmomo0uio.

Cosparesns Hayunoii cucrematruku K. Jlunneit B cepenuue XVIII B. BKIIO-
yu yejgoBeKa B orpaz [Ipumarei. IIpu 3TOM OH OCHOBBIBAJICA JIUIITH HA CXOMICTBE
Jofen ¢ o0e3bsIHaAMI 1 OTPUIIAJ POACTBO MeKAy HuMu. B Hauase XIX B. aBTOp
TepBOTO 9BOJIIOITMOHHOTO yueHusa #K.-B. JJamapKk pacmpocTpaHUI CBOU B3TJIAIbI
00 MCTOPUYECKOM PAa3BUTHUM KUBOUM IIPUPOALI B TOM UMCJIe WM Ha uejoBeKa. OH
BBICKA3aJ MPEATIONOKEeHUS O IMIPOUCXOMKICHUN JIOAel OT 00e3bAHOMOMO0HBIX
IPEKOB, O POICTBE OPAHT'yTaHA U UeJIOBEKa.

BaxkHy1o posib B co3maHum yueHUs o0 aHTpororeHese ceirpaj 4. JlapBuH.
B 1871 r. Oop11a usmana ero kuura «IIpoucxoskaeHue uejioBeKa U II0JOBOI OT-
0op». B aTom Tpyne [lapBuH IpuBes BECKUE apryMEHTHI B TIOJIb3y €CTECTBEHHOT'O
npoucxokaenua Jgmofeit. OH ykasas Ha 3HAYMMOCTL B SBOJIIOIMU YeJOBEKa
TakuxX OuoJornyecKux (PaKTOPOB, KAK HacJeICTBeHHaA M3MEHUUBOCTb, OOPB-
0a 3a CyIIecTBOBAaHME U €CTECTBEHHBIN 0TOOpP, 060CHOBAJ UX POJIb B IIPOIEcce
aHTpomoreHe3a. Ha ocHOBaHMM CPaBHUTEJIbHO-aHATOMUYECKUX U 3MOPUOJIO-
TMYeCKUX NaHHBIX, YKAa3bIBAIOIUX Ha YAWBUTEJIHHOE CXOICTBO UYeJIOBEKA U
YeJIOBeK0OOpas3HbIX 00e3bsaH, Y. [[apBUH TPUBEJ MOKAs3aTeJabCTBa UX POACTBA
U OOIITHOCTY MPOUCXOKAEHUSI OT IPEBHEr0 MCXOIHOTO IIPeaKa.

ITocme TapBuHa yueHue 06 aHTPOIIOTeHe3e oYUYo JaTbHelIee pasBuTHe.
B 9xBaropuanbHoii AppuKe (IpeaIoaraeMoii ponHe YeJ0BeUeCcTBa) U IPYTUX
peruoHax mIJaHeThl TPOBOAUJINCH MHOTOUMCIEHHBIE PACKOIIKN. JDTO IIPUBEJIO K
OTKPBITUIO MCKOITAeMbIX OCTATKOB JPEBHUX 00e3bsaH U Jiojei. Boliu paspabo-
TaHbl HAaJe:KHbIEe METOJbI OIIPeIeeHns UX BO3PacTa, KOTOpPhbIe MOKAa3aJu, UTO
YeJI0BEUEeCTBO BO3HUKJIO HAMHOI'O PAaHbIIIE, YeM IIPEAII0Iarajoch A0 3Toro. s
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U3YUYEHUSA SBOJIIOIMOHHOTO PA3BUTUSA YEJOBEKA CTAJU WMCIOJb30BATHCSI METO-
OBl MOJIEKYJIAPHOM OMOJIOTHMY, T€eHETUKY, OMOXMMUN 1 IPYyIrux HayK. Haxomku
IIPeIMEeTOB, CAeJAaHHbIX IPEeBHUMH JIOALMU (OPYAUIl TPy, IOCYAbI, CKYIbITYP
U 1Ip.), JaJy BO3MOKHOCTh AHAJU3UPOBATh Pa3BUTHE KYJIbTYPhI UeJIOBEKA.

Mecmo uenoeexa 6 30ono0zuueckou cucmeme. Ilomoxxenue YesaoBekra
pPasyMHOT0 KakK OMOJIOTMYECKOT'O0 BHJa B CHUCTeMe >KUBOM IIPUPOABLI IpeacTaB-
JeHo B Tabaure 21.

Tab6auima 21. MecTo yeIoBeKa B 300JIOTMYECKOM CHCTEMeE

HpH3HaKI/I, Ha OCHOBAHMM KOTOPBIX BHU

Taxcon .
YenoBeK pa3yMHBIH OTHOCHUTCS K JAHHOMY TAKCOHY
Iaperso T'erepoTpodHOoe muTaHUe; aKTHUBHOEe IlepelBUKEHUE; PesepBHmﬁ
YTJIeBOJ] — IJIMKOTeH; OTCYTCTBUE B KJIETKaX KJIETOYHOI CTEHKU U
JKusBorubIe .
IJIaCTU[; OrPAHUYEHHBIN POCT U AP.
JIByCTODOHHASA CHUMMETPUA Teja; HAJWUYWe Yy 3apOAbINIa XOPJIEL,
Tun JKaOepHBIX IIeJieil, HEPBHOI TPYOKM HA CIMHHON CTOPOHE Teja U
XoproBbie MIUIIEeBAPUTEIbHON TPYOKY Ha OPIOIITHOM CTOPOHE TeJsa; 3aMKHYTas
KPOBEHOCHAA CHCTeMa U Jp.
IlogTun WmeroTcss MO3BOHOYHUK, YePel, I'OJIOBHONM M CIMHHON MOS3T; €CTh
ITosBoHOUYHEBIE cepAlie, PACIOJIOKEHHOe Ha OPIOIITHOI CTOPOHE TeJsa, U AP.
BrikapMinBaHUE TOTOMCTBA MOJIOKOM (HAJIWYW€e MOJIOUHBIX Ke-
Jie3); pasBUTasa Kopa OOJIBIIINX IOJYIIaphil ¢ 60po3LaMu U U3BU-
Knacce JIMHAMU; YeThIPEXKaMepPHOe Cep/lie; TEeIJIOKPOBHOCTD; aJIbBEOJIAD-
Miekonuraromie HBIE JIETKUE; eCTh Auadparma; KO)Ka MMeeT BOJIOCSAHOIH ITOKPOB,
(3Bepn) COEP’KUT TIOTOBBIE U CaJIbHBIE JKeJse3bl; auddepeHInpoBaHHbIE
3y0bl; MMeeTCs YIIHAs PAKOBUHA; B CPEJHEM yX€ TPU CJIYXOBBIE
KOCTOYKH U JP.
ITogxmace
Hanuuwe maTku (BHYyTPUYTPOOHOE BHIHAIIIMBAHUE); IUTAHUE 3P0~
Hacroamiue 3Bepu
(FKuBopoaTIe) IBIITIA Yepes IIAIEHTY U JD.
BepxHue KOHEUHOCTH MATHUNAJBIE, XBAaTATEJIbHOTO TUIMA, OOJIBIIION
Orpax raJrery, npoq;uBonoc'raBJIeH YeThIPEeM OCTAJIbHBIM; HaJMunWe HOI'TeH
(a He KOTrTell); XOPOIIO Pa3BUTHIE KJIIOUUIIHI ITI03BOJIAIOT COBEPIIATH
IIpumaTst

pas3HoOOpasHble U CJIOJKHBIE IBUIKEHUS BEPXHUX KOHEUHOCTEM;
O[lHa Iapa MOJIOUHBIX JKeJjie3; OMHOKYJIsIDHOe 3peHue U Ip.

CemetictBo I'oMuHMIBL
Pon Yenoser (Homo)
Bup Yesosex pasywmusiil (Homo sapiens)
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KauecmeenHnvle omauuus wenoéexa. IBOJIIOINOHHOE DPOJCTBO JIIONEH U
JKMBOTHBIX JOKA3bIBAIOT MHOTHE IIPU3HAKU, HAIIPUMED CXOACTBO d3MOPUOHAIb-
HOT'O Pa3BUTUS, CTPOEHU Teja, HaJIudyrue PYIUMEHTOB, ITOSIBJIeHNEe aTaBU3MOB.
Opuako Buj YeoBeK pasyMHBIN MMeeT P BasKHBIX 0COOEHHOCTEIl, KOTOPbhIe
OTJIMYAIOT €r0 OT JPYTUX MJEKOIMUTAIONINX, B TOM YHCJE U OT OCTAJbHBIX Ue-
JIOBEKOOOPAa3HBIX MPUMATOB (OpaHTyTaHa, TOPUJIIBI, IITMMIIAH3e U Ap.). OTH
OTJIMYMSA CBA3AHBI, IPEXKIE BCETO, C IPAMOXOKIECHNEM, PA3BUTUEM MBIIIJIEHUA
W peuu, TPYAOBOH NeATeIbHOCTHIO.

IIpamoxoskmenue uesoBeKka 00yCIOBUIIO PAL OCOOEHHOCTE B CTPOEHUY OIIOPHO-
JIBUTATEJILHOTO ammapara. Tak, 00JbIIoe 3aTHIIOYHOE OTBEPCTHE PACIIOJIOMKEHO Y
JIIOfiel BHU3Y uepelia, B IIEHTPE ero OCHOBAHWsA, a He €3aAM, KaK Y OCTAJIbHBIX
maexkonuTaomux (puc. 123). Ito obecreumBaeT ycTOHUMBOCTEL depemna. 11o3Bo-
HOYHUWK y YeJIOBEKa, 0 CPABHEHWIO C APYTMMU MJIEKOIUTAIOIIMMU, YKOPOUEH,
YTO CHOCOOCTBYET IOANEP/KAHUI0 BEPTUKAJBHOTO IMOJOKeHUuA Tena. OH mMeeT
S-00pasuyio (opMy M3-3a HAJIUUUSA UeThIpeX M3TrnO0B (BCIOMHUTE, KaK OHM Ha-
3bIBAIOTCs). VI3rmObl TOBBOHOUHUKA CMATYAIOT TOJUKU U YAAPHI IIPU IBUMKEHUMN,
00ecIreunBaOT COXPaHEeHNEe PABHOBECUA TeJsa. ¥ OOJBIITMHCTBA MJIEKOIUTAOIINX
MMO3BOHOYHUK mMeeT (opmy ayru (puc. 124). Kax BbI 3HaeTe m3 Kypca OMOJIOTHUU
9-ro KJacca, y JIIOfieli pa3Mephl ITO3BOHKOB IIOCJIEJOBATEIHLHO YBEJIUUNBAIOTCA OT
LIeHHOrO OTHAesIa K KPeCTIly B CBA3SM C BO3PACTAHMEM HATPYSKU HA HUX. Y IIPO-
YUX YeJIOBEKOOOPAa3HBIX MPUMATOB ITO3BOHKU IIPHMMEPHO OTMHAKOBBI II0 PAa3Mepy.

Yepen yenoseka Yepen wmnmnaH3e L-Iepenﬂllaonka
L
ﬁ\. D |! " .
R o
i-‘z oY £ .E:L 2%
L, i L led = B
i N ! A =51
Y O (A1)

B - {
el L |

B, F,  ELE

BonbLuoe 3aTbinoyHoe oTBepcTune

Puc. 123. TonoxeHne 60MbLLOr0 3aTbIIOYHOrO OTBEPCTUSA Yepena (BUA CHU3Y)

B cBasu ¢ npamMoxokAeHNEM IPyAHAA KJIETKA YeJIOBEeKA IITUPOKAA U YILJIOIeH-
Has, a y IPYTUX MJIEKOIUTAIONINX OHA UMeeT BUJ KoHyca. Tas y Jiofeii paciiupen
u uMeeT OPMY UalllH, IOANEPKUBATOIEl CHI3Y BHYTPEeHHIE opraHbl. Tas y 60yb-
IITTHCTBA MJEKOIUTAIONTNX Y3KUH, BRITAHYTHIN B AauHy (cM. puc. 124). HuxxHue
KOHEUHOCTHU YeJIOBeKa JIMHHee BepxHuX. CuiIbHee, UeM y JPYTUX IPUMATOB, Pas-
BUTBI MBIIIIIILI HOT ¥ CIIMHBI, 00eclieunBalolle NoAAep:KaHne BepTUKAJIbLHOTO 10~
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Jgokenud Tesa. CToma yesoBeKa yTpaTuja XBaTaTeIbHY0 QYHKIINI0 — OOJbIION
rmaJjiel] He OTBeJeH B CTOPOHY, KaK Y IPOYNX IPUMATOB, & PACIIOJIOMKEH IMapasliesib-
HO ocTaybHBIM. Kpome Toro, croma 4yesioBeKa B XO[€ SBOJIIOIUM IIpHoOpea CBOL,
obecrieunBAIOITUIT AaMOPTUIAIINIO IPU IBU:KeHUU (cM. puc. 124).

S-06pasHbii
—
MO3BOHOYHUK

[lyroobpasHbin
MO3BOHOYHMK

LLinpokuia Y3kun
YaweobpasHbll  yONUHEHHbIV

Bce nanbubl  Bonbluom

cTonbl naney
napannenbHbl cTonbl
oTBeaeH
CTtona nmeet ceop, B CTOPOHY CTtona nnockas

Puc. 124. CTpoeHve CKeneToB YesioBeka U ropuisbl

ITapangenbHO C pPasBUTHEM MBINLJIEHUA ¥ PeYH yBeJIuuyuBajicad 00beM
TFOJIOBHOI'O MO3Tra UYejOBeKa. ¥ COBPEMEHHBIX JIOAell OH OOBIYHO COCTABJIAET
1200 — 1600 cm?®, a y apyrux nmpumaros He npessimaer 600 cv®. TooBHOM
MO3T YeJIOBeKa OTJIMUAeTCs BBHICOKOI CTEIEHbIO0 PA3BUTUA KOPBI GOJBIITNX IIOJY-
IIapuii, TIe COCPeIOTOUCHBI IIEHTPhI PEUH, JIOTUYECKOr0 MBIIIIJICHU A, KOHCTPYK-
TUBHOH IEeSTEJbHOCTU 1 MHOrme Apyrue. ToJabKO IJId JIoAel XapaKTepHO HaJII-
Y1e BTOPOU CUTHAJBbHOM CHCTEMbI, KOTOPAas 00eclieunBaeT peub 1 abCTPaKTHOe
mblnienne. CI0BO IMO3BOJIsIeT 0000IATh HaKOIJIeHHbIe (aKThl W IIepenaBaTh
nHGOPMAINI0 OT OJHOrO UejioBeKa K Apyromy. Takum oOpasom, Ojaromaps
peun YeJIOBeK MCIOJb3YeT B :KU3HU He TOJHKO CBOM JUUYHBIA OIBIT, HO 1 OIBIT
OPYTUX JIIOJIEH.
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B cBsi3u ¢ yBesmmueHreM 00'beMa OJIOBHOI'O MO3Ta Y UeJIOBEKa MO3I'OBOI OT-
JieJ1 depelia mpeobJazaeT Hakg JUIEBBIM B cooTHOIIeHun 4 : 1. Y GOJbIINHCTBA
IPUMATOB STO COOTHOIIEHMe O0au3Ko K 1 : 1, a y Ipounx MJIEKOIMUTAIOIIIX
CYII[eCTBEHHO IIpeobJiasaeT JUIEBON OTHEJ.

YerxoMy ¥ OBICTPOMY IIPOM3HOIIEHHIO 3BYKOB CIIOCOOCTBYET TO, UTO HIMK-
HSIs YeJIIOCTh UejloBeKa mMeeT (hOopMYy IIOAKOBBI C MOAOOPOJOUYHBIM BBICTYIIOM.
ITO CBA3AHO C PA3BUTHEM MYCKYJIATYyphI A3bIKa. Kpome Toro, y Jmojeii He0OIb-
e KJbIKHM, He BRICTYIIAOINe 3a JUHUIO IPYyTUX 3y00B, 3yOHOU Ps POBHBIM,
0e3 IPOMEXKYTKOB, CJIOHO YCTPOEHA TOPTAaHbL. ¥ UeJIOBEKOOOPa3HBIX 00€3bAH
HUMKHAA YeJIOCTh mMeeT ()OPMY IYTH, KJIBIKM KPYIIHbIE, BBICTyHAaloOIIle BIIe-
pen, TopTaHb YCTPOEHA CPABHUTEIBHO IPOCTO.

BepxHue KOHEUHOCTH YeJIOBEKA YTPATUAN (PYHKIUIO OIOPEI U UCIOJIb3YIOT-
cA JJIs TPYIOBOM AeATEJIbHOCTU. B CBA3M ¢ 9THM pyKa UeoBeKa M0 CPABHEHUIO

C IPYTUMU TpUMAaTaAMHU OTJINYAETCA HeOOJIBIITNM

| . pasMepoM, HO 0OJIbIIell TOABUKHOCTRIO (puc. 125).
. JauHHBIe TOHKWE TaJbIlhl ¥ HAJMUYKMe MHOMKECTBA
ﬁ“ MEeJIKUX MBIIII] Jal0T BO3MOYKHOCTh MaHUITYJINUPO-

BaTh JaKe OUeHb MAJeHbKUMU IIpeaMeTaMu. BbI-
COKasd CTeleHb ITPOTUBOIIOCTABJIEHUS OOJIBIIIOTO
majblia 00ecIeuynBaeT CUJIY WM TOUHOCTH 3aXBaTa
Pa3HBIX 00'BEKTOB.

BakHelmnM KaueCTBEHHBIM OTJIHMUYMEM YeJOBeKa OT APYTUX KUBOTHBIX
TaKKe SBJISIETCA CIIOCOOHOCTH K OCO3BHAHHOMY W IIeJIEHAIIPABJIEHHOMY W3TO-
TOBJIEHUIO OPYAWUM TPyaa.

Puc. 125. Pyku Yenoseka
M LIMMnaH3e

p
:[f?.; AmTpororeres — 9TO IIPOIECC BOSHUKHOBEHUSA U SBOJIOIMOHHOTO
b ! pasBuTHA UeJioBeKa. BayKHYIO PoJib B CO3JaHUM yueHUA 00 aHTPO-

noreHese chirpay Y. [lapsuH. OH IpuBeJ AOKa3aTeJIbCTBa POACTBA
yeJiloBeKa M 00e3bAH, OOIIIHOCTU MX ITPOUCXOKIEHUA OT JPEBHETO UCXO/I-
HOTO TIpeaKa, 0o0OCHOBAJ POJIb B aHTPOIIOTeHe3e TaKuX (haKTOpOB, KaK
HacJIe[ICTBeHHAaA UBMEHUYNBOCTD, O0pbba 3a CyIIleCTBOBaHUE U €CTECTBEH-
HBIH 0TOOP. YesioBeK pas3syMHBIN 3aHMMAaeT OIpelesieHHOe MOJOoKeHUe B
cucTeMe JKUBOM NpUpPOAbI. MHOTrouMcIeHHBbIE IPU3HAKK JAOKAa3bIBAIOT
SBOJIIOIIOHHOE POLCTBO JIIOAeH M KUBOTHBIX. OmHAKO PsL OCOOEHHO-
CTell OTJIMYaeT UYeJIOBEKa OT OCTaJIbHBIX IIpeacTaBuTeseli mapcrea sKu-
BOTHBIE€, B TOM YMCJI€e 1 OT APYTUX IIPHUMAaTOB. STI/I pas3immnunda CBA3AaHBI C
OPAMOXOMKJEHNEM, Pa3BUTHUEM MBIIIJIEHUA W PEYU, TPYAOBOH TeATesb-
HOCTBIO.
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T 1. Kakue B3rnsigbl O MPOMCXOXKAEHUM YenoBeKa CyLeCTBOBaNM B PasfiMyHble 3MOXM?
/= = Kakoli BKNaj B pasBuTMe NpeacTaBneHnii o6 aHTporioreHese eHec XK.-B. Jlamapk?

Y. OapsuH?

2. OxapakTepuayiTe nNonoxeHne Braa YenoBek pasymHbli B cuctemMe XnBon npupogsl. MNe-
peuncnnTe NpU3HaKkyW, Ha OCHOBAHWWM KOTOPbIX YenoBek pasyMHbIi OTHOCUTCS K COOTBETCTBYIO-
LLIMM TaKCOHaM.

3. Kakve npv3Haku foKasbiBatoT 3BOMIOLMOHHOE POACTBO YenoBeka C ApyrMMu npuMartamm?

4. HasoBuTe Ka4yeCTBEHHble OT/IMYMA YenoBeka OT APYrMX MIIEKOMUTaKOLLMX, CBA3aHHbIE C
NPSMOXOXAEHUEM.

5. Kakve 0cobeHHOCTU YenoBeka CBf3aHbl C PasBUTVEM MbIWeHns U peun? C Tpynosown
LeATeNbHOCTb0?

6% Kak Bbl gymaeTe, Kakve NOSIOXMTENbHbIE U OTpULATeNlbHbIE NOCNEeACTBUSA ANA YerioBeka
BbI3BaN Mepexof ero 3BOMIOLMOHHLIX NMPENKOB OT MepefBVXEeHUs C UCMOMb30BAaHNEM YeTbipex
KOHEYHOCTeW K npsmoxoxaeHuto? OTBeT 060CHyMTE.

§ 52. Jtanbl U HanpasneHUA 3BOJIIOLMU YerloBeKa

ITo omeHKaM y4YeHBIX, IEPBbIe IPUMATHI MOABUIUCHL Ha 3eMJye Oosiee 60 MiIH
Jger Haszan. OHU BeJu IApeBecHBI 00pa3 *KuM3HU. Biaromaps ecTeCTBEHHOMY
0TOOPY y MPUMATOB MOAJEePIKUBAJINCH TAKNE HACJEICTBeHHbIe N3MEHEeHU, KO-
TOpBIE CIIOCOOCTBOBAJIM JIa3aHBIO U IPBITAHBIO IO BETBAM JEPEBBEB C IIOMO-
IIbI0 XBATAaTEJbHBIX ABM)KeHHni. Tak, 00JbINe MMAJbIIbl KUCTEH X CTOII CTaJun
IIPOTUBOIOCTABIATHCSA OCTAJbHBIM, PA3BUTHE ILJIEUEBOTO II0siCa C AJIMHHBIMU
KJIIOUMUIAMU 00eCIIeUNJIO BO3SMOXKHOCTb COBEPIIIAaTh PA3HOOOPa3HbIE IBUIKEHU
mepegHUX KOHeUHOCTeli. PazBuTue OMHOKYJISPHOTO 3PEHUA CIOCOOCTBOBAJIO
TOYHOMY OIIPEAEIEHNIO PACCTOSHUMN IPU MPBIKKAX.

CunTaercsa, 4YTO OJMIMKAWIIMMUK OOIMUMU HpeIKaMu
IIMMIIaH3e, TOPUJIJI U YesioBeKa ObLIu Opuonumérku (OT
rped. Jpuoc — IepeBo U numexoc — 00e3bAHa). ITU Ue-
JIOBEK0OOOpa3HbIe 00e3bAHbBI JKUJIN HA IePeBbIX, IUTAJIUCDH
pacTUTEeNHLHON muIleil, 00JaJaJu XOPOIIO PAa3BUTHIMU
XBaTaTeJbHBIMU KOHeuHOCTAMU. OmZHAKO IIOXOJIOZAHIE
KJHMAara, IpuBeAIliee K COKPAIIEHUIO IJIOIaAN TPOIIuye-
CKUX JIECOB, BRIHYUJIO APUOIUTEKOB IIEPENTH K OCBOEHUIO
OTKPBITHIX IIPOCTPAHCTB.

Ilpedwecmeennukamu nepévix niodeil, BePOATHO,
ObLIM aBCTPAJONUTEKH (OT JaT. australis — IOMKHBIN),
IepBbIe MCKOIAaeMble OCTAHKM KOTOPBLIX OBLIN HalgeHbI B
IO:xnO0#t Adppure. Uccaemoparesiu mojaraior, YTo aBCTpa-
JIOMUTEKN TOABUJINCH 0ojslee b MJH JeT Haszan. OHu co-
JeTasu B cebe MPU3HAKU UejIoBeKa U 00e3bsAH (puc. 126). Puc. 126.
Poct aBcrpasonurexos cocrasiaa 100—150 cm. Yepen ABcTparnonurek
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LinmnaHse AscTpanonutek CoBpeMeHHbIN

Yyenosek

Puc. 127. CkeneT HMXXHUX KOHEYHOCTEW
LUMMMNaH3e, aBcTpanonuTeka
N COBPEMEHHOIO YesioBeka

aBCTPAJIONIUTEKOB OBLI IIOXO0XK Ha ue-
pell muMIIaH3€e, CO CILJIOIIITHBIMHW Haml-
OPOBHBLIMHU JOyraMW, CHUJIBHO BBICTY-
IIAIOIIMMMA YEeJIIOCTAMU WM KPYIITHBIMKX
sybamu. O0beM TOJIOBHOI'O MO3Tra [I0-
cturan 600 cm®, Kak y COBpEMEHHBIX
ropuJit u mumnanse. I1o cpaBHEHUIO ¢
IpyTuMU 00e3bIHAMU BOJIOCSHOM IT0-
KPOB TeJia aBCTPAJIONUTEKOB OBII 60-
see peaxum. CTpoeHme Tasa U CKeJe-
Ta CBOOOMHBIX HUMKHHUX KOHEUHOCTEM
aBCTPAJIONIUTEKOB CBUIETEIBbCTBYET O
npaMoxoxxaenuu (puc. 127), Ho xoxu-
JIN OHU MEJAJIEHHO U HEeYKJIIOMKe.
ABCTpajIONUTEeKN  JKHUJIH, II0-
BUIUMOMY, CTaJaMHU HA OTKPBITHIX
[IPOCTPAHCTBAX, ObLIM BCEIIHBIMU, HO
OCHOBY WX pAaIlMOHa COCTaBJsJja pac-
TUTeJbHAA MUllla. B CBA3U C IepeaBu-
JKeHHeM Ha JBYX HOTaX OCBOOOAMJINCH

mepefHre KOHEUHOCTH, KOTOPhbIe yiKe OBbLIM IOXOXKHM Ha uesjoBeUecKue. YueHble
CUMTAIOT, UTO aBCTPAJIONUTEKHN MOTJIA OpaTh PyKaMu KaMHU, MAJKH WU KOCTU
JKMBOTHBIX M MCIIOJb30BATh STHU IPEIMEThI [JIs 3aIl[UThl OT XUIITHUKOB 1 JOOLIBA-
Hua ouiy. OTHAKO HACTOSAIUX OPYAUM TPyLa OHU He U3roTaBiauBaau. IIpemmoo-

Puc. 128. HYenosek ymensblii

JKUTEJIBHO, OT OJHOM M3 I'PYIIII aBCTpAa-
JIOIIUTEKOB 1 ITPOMU3OIILIN IIePBbIe JIIOIM.

Jpeenetimwue nrodu. Ilo mEeHNIO
MHOTUX WUCCJefoBaTesieli, IePBBIM
mpeAcTaBuTesieM poma YesloBeK OBLI
Yeqoserk ymeabri (puc. 128), cyie-
CTBOBAaBIIINN 0K0J0 2,3 — 1,5 MJIH JIeT
Hazan. PparmeHTHI cKesleTa UesioBeka
YMeJIOTO BIIEPBbIE ObLIU OOHAPYKEHBI
B IleurpansHoit Adpure. Poct mep-
BBIX JIIoZieli He mpeBwIman 150 cwm.
Yepen YesoBexa yMeJaoro BO MHOT'OM
OBIJI CXOJIeH C UepernoM aBCTPaJIOIUTe-
kKa. OgHaKo B CBA3UW C BO3pacTaHUEM
ob6beMa rosioBHOro Mosra mo 800 cm?®
MOBT'OBOM OTHEJI uepera yBeJUUYMnJiC,
700 crasm OoJjiee BBITYKJBIM. Kpome
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TOTO, B CPABHEHUU C aBCTPAJIOIUTEKOM YepeIr CTaJl Jierde, 0COOEHHO JIMIEBOI
OTaeJI, YMEHBIIINJICA pa3Mep ueatocTeir u 3y0oB. O0bscHAETCSI 3TO, CKOpee Bce-
ro, TeM, UYTO B paluoHe YesloBeKa yMeEJOTO CTaJO0 OOJbIe JKMBOTHOM ITHIIH.
711 ee IPUTOTOBJIEHNUS, BEPOATHO, MCIIOJIb30BAJICS OTOHb — TaKas MUINA JierTue
ycBamBaJiach OPraHU3MOM, a JJIs ee IlepesKeBhIBAaHUS He TPeOoBaJIUCh MOIITHbIE
JaurneBble MbIIIBI. HuKHAA destocTh YejloBeKa yMeJsoro mMesa xXapaKTep-
HYI0O KPUBU3HY, YTO YKa3bIBaeT Ha BO3HUKHOBEHUE 3aYaTKOB peuH, KOoTopasd,
HO-BUAMMOMY, TIpeJCTaBJisjia co00 OTAeJbHbIe BBIKPUKMU IJIACHBIX 3BYKOB.

Croma YesioBeka yMeJoro He MMeJa BBIPaKeHHOI'0 CBOJIa, HO OOJIBIIION IIa-
JIerl ysKe ObLJI HaIpaBJieH IIapaJliiesIbHO OCTaJbHBIM U He OTBOAUJICS B CTOPOHY.
ITO CBUETEJIHLCTBYET O IIPOTPECCUBHOM PA3BUTHUU MPAMOXOMKIECHUS.

YesioBeK yMeJsblii ObLJ TMEPBBIM M3 HAIUX IPEIKOB, KOTOPBIN CTAJ pery-
JISIPHO U IleJIeHANpaBJIEHHO M3TOTABJIWBATL OPYAUA TPyda. ITO ObIIN IPUMU-
TUBHBIE MHCTPYMEHTHI M3 PACKOJOTOM TaJbKM, C IIOMOIIBI0 KOTOPBIX MOMKHO
OBIJI0, HAIPUMED, OOCTPYTraTh M 3a0CTPUTH MePEeBIHHOE KOIIbe MU OTPe3aTh
KYCOK Msca. B CBsA3H ¢ TPYLOBOI AeATeJbHOCTHIO V¥ UesioBeKa yMeJoro ObLIun
IOCTaTOYHO XOPOIIIO PasBUTHI PYKH, ITOcjeaHMe (haJaHTH IaJbIeB CTAJH IIJIO-
CKUMU U IITUPOKUMU.

Crenyromias CTyIIeHb SBOJIIOIIUY TPEeBHENIINX Jiioell — BuUI UeJI0BeK mps-
MoxomAmuii. BriepBrble ero oKaMeHeBIIIe KOCTU ObLIM 00HapPYy’KEeHBbI Ha OCTPO-
Be fIBa (MupoHesus). YueHbIe IIoJiara-

IOT, YTO JAHHBIN BHUJ BO3HHUK IIPHMEPHO 3
1,56 miaH Jet Hasanm, a okoiao 500 TwIc.
JeT Hasal HauaJ BBITECHATHCA OoJjee J
1
} J

OIPOTrPECCUBHBIMU IOTOMKaM®W. eJso- ‘
BEK IPAMOXONAIIUN OBLI KPYIIHEe CBO- ||I'"
UX MPEeAKOB, ero pocT pocturaa 170 cm
(puc. 129). [danbHelilllee COBEPIIIEHCTBO-
BaHUEe MPSIMOXOXKIEHUSA IPUBEJO K IIPO-
TPECCUBHBIM M3MEHEHUAM CcKejera. Tak,
y YesoBeKa MPAMOXOAAIIETO ITOSBUJINCH
u3ruObl IIO3BOHOUYHMKA — OH IIpHoOpes
S-ob0pasuyio ¢opmy, chopMupPOBAJICA
c¢BoJ cTombl. O0beM I'OJIOBHOTO MO3Ta [I0-
ctur 1000 cm?, HO yepeIr COXpaHAI YePTHI
IPUMUTUBHOCTH, TaKVe KaK HUSKUU JI00,
pas3BuUTHIe HAAOPOBHBIE NYI'Y, MAaCCUBHAS
HUKHAA YeJICTh 6e3 IT0A00POJOYHOTO

BBICTYIIA. Puc. 129. Yenosek npsmoxogsLLmn
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6;-‘ - Jlrongu, oTHOCAIIHMECS K BUAY UeJOBEK mIpPd-
MOXOLAINUM, TaK Ke KaK U UX IIPeIKH, BeJau
= _»  cramHBIK o00pas Kms3Hu. OHM 3aHUMAJHUCL CO-
OMpaTeJbCTBOM M OXOTOH, IpHUUYeM Haske Ha
TAKMX KPYIHBIX JKHBOTHBIX, KaK HOCOPOI'H
u cjaoubsl. Opyaus Tpyza crajum 06ojee COBep-
Puc. 130. HekoTopble opyaus MIeHHBIMU ¥ TPUOOpesn CTAaHZAPTHYIO (POpMY
Tpyna Henoseka npamoxoAawlero  (ppc. 130). UYesoBeK mpAMOXOAAIINii, Kak u Ue-
JIOBEK yMeJIbIH, BJajes] 3avyaTKamMu peun. s
o0orpeBa, OTIIYyTUBAHUS XUIHUKOB U IIPUTOTOBJIEHUA TUIIU IITUPOKO HUCIIOJIb-
30BaJICS OTOHb, XOTs MOOBIBATH €0 JIIOJAU, BEPOATHO, elle He ymean. OHu MorIn
MOJyYaTh Or'OHb, HAIIPUMED, OT JIECHBIX IIOXKApPOB, & 3aT€M COXPAHAJJU U TOJI-
Iep:KUBaAJM €ro Joarue rogbl. [lasmeoHTosornueckue HaX0AKU CBUAETEILCTBYIOT
0 TOM, 4TO HeJIOBEeK HMPAMOXOIAIINI IIINPOKO pacceauncda mo Appukre, EBpome
u Asun.

K dopesnum nrodam oTHOCAT HeaHIEPTAJIbIEB, KOTOPbIe, II0 MHEHUIO MHO-
rMX yYeHBIX, OLLJIM IIEPBLIMH IIPEACTABUTEIAMU BHAA UeJIOBEK Pa3yMHBIM.
Opma u3 mepBBIX HAXOJOK (D)parMeHTOB CKeJieTa HeaHAepTaJblleB Oblia caesaHa
B IIelliepe, pacliojiosKeHHoir B moamHe peku Heanpep (I'epmanus), oTcrooma u
IPOMBOIILI0 MX HazBaume. [[peBHue soau Kuiau npumepro ot 300 go 35 Trwic.
JeT Hasajd Ha Teppuropuu EBponbl u Asuu. PocT HeaHIepTaJIbIIEB COCTABJIAI
okoJsio 160 cMm, oHu o6Jiazajii MOIIHBIM CKeJe-
TOM U OUeHb PA3BUTOH MYCKYJIaTypoOil. ITO OBLIN
CHUJbHBIE JIIOON, aJalTUPOBAHHBIE K OOJBIINM
¢usmyeckuM HarpyskaMm. [asa HUX XapaKTepHBI
CPaBHUTEJNBHO KOPOTKVE KOHEUHOCTH, PasBUTASA
rpyaHas KJeTKa, Inupoxue ieun (puc. 131).
BeposaTHO, 3TM 0COOGEHHOCTU HeaHIEePTAaJbIEB
c(OPMHUPOBAJIUCH TOJ BIAUAHUEM TAKEJICHIITNX
YCJIOBUM JIEZHUKOBOTO IIEPUOAA.

O06beM T'OJIOBHOT'O MO3Ta APEBHUX JIIOJell MOT
nocturats 1700 cm®, B Kope 60OIBIINX TOSyIIIAPUTE
PasBUIINCH [EHTPHI JJOTHUYECKOT0 MbIIenusa. On-
HAKO uepell Bce elre ObLJ YCTPOeH MPUMUTHUBHO.
06 5TOM CBHAETEJbCTBYIOT TAKKE IPU3HAKI, KAK
HaJnure HaAOPOBHBIX AYT, OTCYTCTBIUE IIOA00PO-
ITOYHOTO BBICTYIIA, HUSKHUIL JI00.

HeanmepraabIlbl KUK IPYIIaMU, CEININCH
Puc. 131. Heanpeptaneu B IIeIepax WM CTPOUIN IPUMUTUBHBIE XNIKUHBEI,
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3aHUMAJIMCh OXOTON U cobupaTeabcTBOM. ONeKA0N APEBHUM JIIOMAM CIYKUJIN
MIKYPBI YOUTBHIX *KMBOTHBIX. HeaHAepTaJbIlbl YMEJIU HE TOJbKO IIONIEePIKU-
BaTh, HO U NOOBIBATh OroHb. OHM M3rOTAaBJIWBAJIN U WCIOJH30BAJU HECKOJIb-
KO JIeCATKOB BUJOB pas3HOOOpasHbIX opynui Tpyzma. [lomararor, uTo peunb He-
aHAepTaJbIeB, B OTJMYNE OT APEBHEHINHNX Jofell, cTaja 4JeHOpa3aeIbHOI.
VYV npeBHUX JIOfell BOSHUKJIU TaKue 5JI€MEHTHI KYJIbTYpPbhl, KAK OXOTHUYbS Ma-
rus, morpebaJbHbIe 00PAABI U YXOI 3a GOJBHBIMIU.

Hcronaemoimu n100bmU COEPEMEHHO20 MUNA SIBJIAIOTCA KPOMaHBOHIIBI.
ITo HasBaHMWe MPOUCXOMUT OT (ppaHIy3cKoro rpora Kpo-MaHBOH, B KOTOPOM
ObLIM OOHApY’KEeHBI MX CKeJIeTHI, OPYAUusa Tpyla U yKpaleHus. Ilo BHemIHEMY
BUY KPOMaHBOHIIBI IIOUTU HE OTJIMYAJINCH OT COBPEMEHHOTO YeJIOBEKa — UX POCT
mocturaa 180 cm, 106 OBLT BBICOKUM U IPAMBIM (0€3 HaAOPOBHBIX AYT), ITOSBUII-
¢S MOIOOPOAOUHBIHN BEICTYII. CUMTAETCS, UTO IEePBbIe JIIOIU COBPEMEHHOTO TUIIA
noaBuanchk B Adgpure 6osee 100 Toic. JeT Hasan. B maabHeliIeM ux apeaJi 3Ha-
YUTEJTHbHO PACIITUPUJICS, JIIOJU 3aCEJTUIN BCe KOHTUHEHTHI, KpoMe AHTAPKTUIbI.

Mosr KpoMaHBOHIEB OBIJI COIOCTABUM IO 00EMY C MO3TOM HeaHIepTaJb-
1IeB, OJJHAKO YBEJUYMUJINCH Pa3MePhl JIOOHBIX A0Jiel 00abIuX moayapuii. Kpo-
MAaHBOHIIBI BJIAJIEJIN YJIEHOPA3/eJbHOU peubio. CoBepIllieHHee CTaJIM CIIOCOOBI
M3TOTOBJIEHUSA OPYIAUU TPyAa, UX aCCOPTUMEHT 3HAUUTEIHBHO PACIITUPUJICH.

JItoim cCOBPEMEHHOTO THUIA KUJIN POJAOBBLIMU OOIIMHAMU, OCBOWJIN T'OHYAD-
HOe [1eJI0, 3eMJieflesirie U CKOTOBOJCTBO (KPOMaHbBOHIILI IEPBBIMY HaUaJ U IIPU-
pyYaTh JKUBOTHBIX). OHU yMeJU IITUTH OJEKAY U CTPOUTH KUJIUIIA U3 CTBOJIOB
IepeBbeB, KOCTEH U ITKYDP KUBOTHBIX, KAMEHHBIX TIJIUT.

BaKHBIM COOBITHIEM B JKU3HU JIIOJeH ObLJI0 BOSHMKHOBEHNE UCKyccTBa. Kpo-
MaHBOHIIBI M3TOTABJIUBAJIN YKpallleH!us (0:Kepesibda, KOJblla, OpacjeTsl u ap.),
Ieayu PUCYHKHU JIOAEH M KUBOTHBIX, CTATYdTKU (puc. 132), IpUMUTHUBHBIE

Puc. 132. CkynbnTypbl «BeHep», co3gaHHble KpOMaHbOHLaMu
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MY3bIKaJbHbIE MHCTPYMEHTHI. SHAUUTENbHYIO POJIb B KU3HU KPOMAHBLOHIIEB
Urpaau pasjinudHbIe PUTyaJbl U o0pAnbl. Tak, Hampumep, IPU MorpedbeHUU
YMEPIINX KPOMAaHBOHIILI KJIAJW B MOTHUJIBI KOIIbsA, KAMEHHBIe HOKW W MHOTO-
YuCcJIeHHbIe YKpaIlleHud.

MpepnonaraeTtcs, YTO NepBble My3blKasbHbIE MHCTPYMEHTbI MOSBUANCH 0KOJ0 40 ThiC.
net Hasag. B newepax lepmanmm n ®paHumm 6binv HanMgeHbl OCTaTKU OPEBHUX (ONEWNT,
cOenaHHbIX KPOMaHbOHLAMW M3 KOCTEeW MTUL M mnekonuTawwmx. Ha crtosHke MeauH
(YkpanHa) obHapy>eH Lenbin aHcambs1b YAapHbIX My3blKaslbHbIX MHCTPYMEHTOB, CO3[aH-
HbIX U3 KOCTEN MaMOHTa.

& IlpenmiecTBeHHUKaAMU JIIOAEeH OBbLIM AaBCTPAJIOIUTEKIN, KOTOPLIE
e J | KMJIM HA OTKPBITBIX IpocTpaHcTBax Adpuku. IlepssiM npexcrasu-
TesieM poga Yemosek Obiy YesmoBeK ymesablii. OH BIepBhIe CTAJI IeJje-
HAIIpaBJIEHHO M3TOTaBJIUBATH OPYAUS TPyZAa, BJajes 3avaTKaMU pPeuu W,
BEPOATHO, MCIIOJIB30BaJ OroHb. CJeyIONIell CTYIeHBIO SBOJIIOIUU JIIOIEH
aBisgercsa YesioBek mpsaMoxoxsariuii. s Hero xapakTepHo (hOPMUPOBA-
HUe pAga ajamnTanuili K IPIMOXOMKIEHUIO U HCIIOJb30BaHMe 0ojee Co-
BepIIIEHHBIX opyAamit Tpyzna. llepBbIMu mpeicTaBUTeSAMU BHUIa UeJIOBEK
PasyMHBIN CUMTAIOT HeaHAepTaJblleB. OHM HAyYHJIUCH OHOOBIBATH OTOHb,
coBepIIaJn morpebasbHble 00PAAbI, YXaXKUBAJAU 3a OOJbHBIMU, BJIALEJIN
JIeHOPa3aeIbHOM peubio. KpoMaHBbOHIIE (MCKOIaeMble JIOAU COBPEMEHHO-
ro TI/Il'[a) II0 BHEIITHEMY BHAY IIOUYTH HE OTVIMYAJIMCH OT COBPEMEHHOI'O 4Ye-
goBeka. OHM OCBOWMJIM 3eMJeesne, CKOTOBOACTBO, TOHYAPHOE JEeJI0 U JIP.
BaskHBIM COOBITHEM CTAJIO 3aPOKIeHNE ¥ KPOMAHLOHIIEB MCKYCCTBA.

? = Pacnonoxure npenctaBJieHHbIX HUXe nogen n nx npenLwecTBeHHNUKOB B Nopsake 3BO-
-

JIOLMOHHOMO BO3HUKHOBEHMUS.
YesoBeK HpHMOXOlIHIlII/IfI, KpOMaHBOHEIl, aBCTPaJIOIIUNTEK, HeaHJgepTaJelr,
Yes0BEK yMEJIBIN.

HazoBuTe 0co6eHHOCTV APVMOMUTEKOB U aBCTPasioNMTEKOB. B 4eM 3aknoyatoTcs BaXHeW-

LUME OTIIMYKS MeXOY HUMMK?

Koro oTHOCAT K ApeBHenwnmM nogam? OxapakTtepusyinte 0COBEHHOCTN UX CTPOEHNUS U 06-
pasa XMW3HMW.
Kakune 0co6eHHOCTU HeaHZepTanbLeB CBUAETENLCTBYIOT O 601ee BbICOKOM YPOBHE UX pas-

BUTUSA MO CPaBHEHUIO C APEBHENLLMMU NHOLBMU?

CpaBHuTe HeaHaepTanbLEB Y KPOMaHbOHLEB, BbISBUTE YepTbl CXOACTBA U Pa3nnyms Mex-

Ly HAMM.

Kak Bbl flymaeTe, Ha OCHOBaHWM KaKWUX MPUHLMMNASTIbHBIX OTANYUIA NEPBLIM NpeacTaBuTe-
nem popga Yenosek cunTaloT Yenoseka ymenoro, a He aBcTpasnonuTeka unm Yenoeka npsMoxo-
asuiero?



§ 53. dakTopbl 9BOMIOLMM YenoBeka. YenoBedeckune pachl

Buonozuueckue u coyuanvhvle paxmopsv. anmponozeneda. Kax BBHI yixe
3Haere, Bo BTopoit momoBuHe XIX B. Y. [lapBuH HayuYHO 000CHOBAJ POJIb TAKUX
ouosornuecKkux (hakKTOPOB AHTPOIMOTEHe3a, KaK HACJAe0CMEeHHAS U3MeHYU-
6ocmb, 6opvba 3a cyujecmeoeanue U ecmecmeenubvLii omoop. I1lo coBpeMeHHBIM
IIpeICTaBJIeHUAM, K OMOJOTMUYECKUM (PaKTopaM 9BOJIIOIIUU YeJIOBEKA TaKiKe
OTHOCAT NONYLAYUOHHbLE B0JHbL, NOMOK U Opeil) 2eH06, USOAAYUID.

IloxonomaHue KJauMaTa, KOTOPO€ IIPUBEJIO K BBITECHEHUIO TPOIMUYECKUX
JecoB AQPUKY CTENAMU U CaBaHHAMU, BRIHYAMUJIO HAIIINX IPEIKOB OCBAanMBaTh
OTKPBITHIE IIPOCTPaHCTBA. Ilepexonm mpenIecTBEHHUKOB YeJOBEKa OT JpeBec-
HOTO o0pasa KM3HU K Ha3eMHOMY CIOCOOCTBOBAJI PA3BUTHUIO IIPIMOXOKIECHU.
BepTukanbHOe TOJIOKEHME Tejia MTO3BOJISAJIO MOJYyYaTh 0OJIbIle MHMOPMAIINN.
IIpeumyiecTBo B 60ph0e 3a cyIecTBOBaHME OBIIO Y TEX 0c0o0eii, KOTOPhbIe MOT-
JIA JIy4Ille ee aHAJU3UPOBaTh. B CBABU C 3TUM IOJ MeHCTBUEM €CTECTBEHHOTO
oTbopa IPOUCXOAUIIO IIPOTPECCUBHOE Pa3BUTHE TOJIOBHOTO Mo3ra. llepenmme
KOHEUHOCTU OCBOOOAUIUCH OT (PYHKIINU HepeaBu:KeHnss. OHU CTaJu MCIOJIb30-
BaThCA IJIS OCYINECTBJICHUS MAHUIYIAIUNA C PA3JIUYHBIMU IIPeIMeTaMU.

HacaencTBenHbIe U3MEHEHU, CBI3aHHBIE C COBEPIIIEHCTBOBAHUEM IIPAMO-
XOMKIeHU s, TOJIOBHOT'O MO3Ta, PYK, JaBaJIi IpenuMyIiiecTBa B 60pbbe 3a CyIIecTBO-
BaHUeE U COXPAHAJINCHh €CTeCTBEHHBIM 0TOOpPOM. Takum 00pasom, moj AelCTBUEM
OroJiormuecKkux (PaKTOPOB B XO/le aHTPOIOTeHe3a MMPOUCXOAUIIO (hOPMUPOBAHIIE
mpeXk e Bcero MopGoJOTMUeCKUX U (PHU3MOIOTNUECKUX 0COOEHHOCTEH UeloBeKa.

OmHaKO OOBACHUTH 9BOJIIOIMIO UEJOBEKA HCKJIIUUTEJTHHO OMOJIOTUYECKU-
MU 3aKOHOMEDHOCTSIMM HEBO3MOXKHO. UesJ0BeK 3aHMMaeT 0co0oe ITOJIOMKEHUe
B TIPUPOJie, TOCKOJBKY SBJSETCA OJHOBPEMEHHO KaK OUO0I0ZUYECKUM, TaK U
COUUAJbHbLM CYIIIeCTBOM. 3HAUeHNe COIMAJBHBIX ()aKTOPOB AHTPOIOreHe3a
packpslr @. JHresbec B pabore «Poab Tpyma B IIpoliecce IpeBpallleHus obe-
3bSHBI B UejJOBeKa». K aTuM (daxTopaM OTHOCAT mpyd, peub, MblUlLIeHUE U
o0uLecmaeHHbLiL 00pa3 HU3HU.

I yCIIeITHOTO BBIMKMBAHUSA, OCBOCHUSA HOBBIX MECT OOMTaHUA, IMOWCKA
MUIMYA W 3aIUTHI OT XUIMHUKOB HPEIKU UeJIoOBeKa O0BbeIUHSAINCH B TPYIIIHI.
BosHuKa HE0OX0AUMOCTH OOITEHUS IJIA COTJIACOBAHUSA JEeICTBUU UJIEHOB TAKUX
rpynn. BepoaTHo, epBoi hopMoil 00IeHus Obljia sKecTukryasanus. Ho mocre-
TIeHHO TOPTAaHb W POTOBOU aIIiapar JIIoJieil B pe3yJibTaTe HaCJIeICTBEHHON N3MeH-
YUBOCTH U €CTECTBEHHOT'O O0TOOpa IIpeo0pa30oBLIBAJINCH — PAa3BUBAJIACh Pedb.

OcBoOosKkaeHe PYK OT (PYHKIMM OIIOPBI II03BOJIMJIO MKCIOJbB30BATH MX
IJIs1 U3TOTOBJIEHUSI OPYAUM TPyZa U TPYAOBOH mesaTeabHocTH. IIpnMeHeHUe
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HCKYCCTBEHHO CO3JAHHBIX OPYAUN OJSA OXOTHI IIO3BOJIIJIO UYEJOBEKY moda-
BUTH B PAI[MOH MUINY KHUBOTHOTO IIPOUCXOXKIEHUS, 0ojee KAJOPUNHYIO U
comepsKaIyio 0oJibilie 0eJIKOB, UYeM pacTUTeNbHasd. Biaromapsa Tpyay deso-
BE€K CTaJl He TOJIBKO JIyUYIlle aJalTHPOBATLCSI K cpele OOMTAHUS, HO U IIO-
CTEIIEHHO M3MEHSATh ee B HYKHOM mJs cebs HampaBiaenuu. C coBepliieH-
CTBOBAHHEM TPYIOBOU AESATEJbHOCTH M PEYM CBA3AHO PA3BUTHE MBINIICHUS
U TOJIOBHOTO MO3Tra. BciiecTBHME eCTeCTBEHHOTO 0oTOopa y JIIoAel Ipomso-
IIIJI0 3HAUNTEJbHOE yBeJnYeHHe ero o0beMa M YCJOKHEHIEe KOPbI OOJBIINX
HOJTyIITapUit.

C pasBuTHeM TPYIOBOI OeATEILHOCTU IIPOMCXOAMNJIO YKpPeILJIeHUe CO-
IUAaJbHBIX CBs3el. JIIoAM KOJJIEKTUBHO OXOTHUJINCH, BAI[UIAJNCHL OT XMUIII-
HUKOB U BOCHIUTBhIBaau gereii. CramHblili o6pas KUSHU, KOTOPBIN OBII Xa-
paKTepeH OJs IIPeNIleCTBEeHHMKOB UeJOBeKa, OJjiarogaps PasBUTHIO MBIIII-
JeHUsI, PeYr ¥ COBMECTHOMY TPYAY JIofeli, cTajl OOIIeCTBEeHHBIM 00pasoMm
JKU3HHU.

Mopposornueckre n (PuU3HNOJOrNUECKe 0COOEHHOCTH UeI0BeKa IepemaroT-
cda 1o HacseacTBY. OZHAKO OUeHb BaKHYIO POJIb B 9BOJIIOIMU JIIOAElH HUTpaeT
mepenaua m3 IIOKOJICHHUS B IOKOJIeHWE 3HAHWI, YMEHUN, TPaIAUInii, KOTOPLIE
He HacJjenyioTcsa. VX IpeeMCTBEHHOCTb OCYIIECTBJISIETCSA TOJbKO B OOIIleCTBe
Osaromapsi oOy4YeHHnIo 1 BoCIIUTaHMUIO. TaKoli HereHeTUUEeCKHUH crrocob mepeaaun
nHMOPMAIINU CTAJ BOSMOXKHBIM B Pe3yJIbTaTe Pa3BUTHUSA PEUM, a BIIOCJIEICTBUU
U IUCHhMEHHOCTH.

Ha mauagbHBIX sTamax aHTPOIOreHe3a BeAYIIYIO POJIb MIpaju OMOJIOTH-
yeckue (PaKTOPbI, KOTOPbIe CIIOCOOCTBOBaIN (hOPMUPOBAHUIO MOP(HOohU310JI0-
TMYeCcKUX 0coOeHHOCcTell yesoBeKa. Ho IocTeleHHO MX AelcTBHe ocjadeBaJio,
TaK KaK B pe3yjbTaTe TPYAOBOU AeATENIbHOCTH YMEHBIINJIACH 3aBHUCHUMOCTDH
JIOAell OT YCJOBUM OKpy:KaloImein cpeabl. UeJOBEeK HAYUYUJCSI HNCIOJIb30-
BaThb OTOHb, CTPOUTH KUJUIINA, U3TOTABJIUBATL OfeKAy U T. A. HelicTBue co-
MUAJbHBIX (PaKTOPOB, HANpPAaBJEHHOE HAa COBEPIINEHCTBOBAHNE OTHOIIIEHUI
MeXKIY JIOAbBMU, Ha000OPOT, YCUJIMBAJIOCh U CO BpPeMeHeM BBIIILIO Ha IePBbIH
IJIaH.

Yenoeeweckue pacwvl, ux npoucxodxcdernue u eduncmeo. Bce coBpeMeHHBIE
JIIOAU IIPUHALIEKAT K OJHOMY Buay — YeJOBeK pasyMHLI, B Ipeaeax Ko-
TOPOTO BBIAEJAIOT TP OCHOBHBIE PAChl: €BPOIIEOUIHY0, MOHT'OJOUIHYIO 1 HEr-
pounuyio (puc. 133). YemoBeueckass paca — 9TO UCTOPUYECKHU CJIOMKUBIIIAICS
rpynna Jmogeil ¢ o0IuMy HacJaeACTBEHHO 3aKPelJeHHBIMU MOP(OIOrnyecKi-
MU IIpu3HakKaMu. Pasjinumsa MeKIy pacaMy He3HAUUTeJIbHbI, OHM CBOIATCS
K OCOOEHHOCTAM I[BeTa KOKH, IIa3 M BOJIOC, (DOPMBI HOCA, I'y0 M HEKOTOPBHIM
IPYyTUM IIPU3HAKAM.
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Puc. 133. MpencTtaButenn 0CHOBHbLIX Y€NI0BEYECKMX pac:
a — esporieons; 6 — MOHronong; B — Herpous

dopmupoBanue pac YesioBeKa pasyMHOr0 ObLIO OOYCJIOBJCHO IMHPOKKIM
paccejieHmeM KPOMAaHBLOHIIEB M BO3HHKIIIEH BCJIEICTBHE 3TOr0 reorpaduue-
ckoil maosanueii. OcBauBasg pasIMUYHbLICE PErMOHbI IJIAHETHI, IOMYJIAINN Ye-
JIOBEKa TOoIIaJaJii B PasHble KJINMaTUUYECKHe YCJOBUS U IOCTEIeHHO HaKam-
JuBajau pasanuns. IIpusHaxky, xapaKTepHbIe IS OCHOBHBIX pac uejoBeKa,
mmpeAcTaBJIeHbI B Tabauie 22.

Tab6auma 22. IIpusHaKU OCHOBHBIX YeJIOBEUECKHUX pac

Paca
MonromxougHasa Herpougunasa
Hpusnak EBponeounnas 5 poux
. (asuarcko- (aBcTpao-
(eBpasmuiickasn)
aMepUKaHCKa ) HerpouHas)
CBeTJIbIll ¥ CeBEPHBIX .
v P . CMyTuIBIii,
TPYIIN, CMYTJIBII .
IIBeT KOXKU C JKeJITOBATBIM TeMHBII
Y IOKHBIX
OTTEHKOM
¥ BOCTOUHBIX
Msarkwue,
yare npsaMbie HKecrrue
IHe 1p Kecrkue, mpameie, ’
Bousocsr WJIN BOJIHUCTHIE, KypuaBble,
TEeMHBIE
IIBET BapbUPYET OT TeMHBIE
CBETJIOTO 10 TEMHOTO
Poct ycoB
u 6GOPO/IBI OOUIbHBIA Cu1a0bIit Cu1abblit
Y MYsKUMH
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o

BBICTYIIAIOT

IIpodonscenue
Paca
MoHroJsiougHa st Herpounuas
Npusnak EBponeounnasa . POYI
. (asuarcko- (aBcTpaJio-
(eBpasmuiickasn)
aMepHKAHCKAasd) HerpouaHasI)
IITupokoe, ymaoIeHHOe,

OcoberHoCcTH V3Koe, ueaocTi CUJIBHO BBICTYIIAIOT V3Koe, BRICTyIIAET
Juia He BBICTYIAIOT CKYJIBbI, YEJIOCTU He YeJIFOCTHAA YacTh

Dopa Hoca V3Kuit, CpenHeli MIVMPUHBI, ITupoxwuii, caabo
P BBICTY A0 ¢J1a00 BBICTYIIAIOIIHIA BBICTYIIAOITUAN
Tosmuaa TouKkuMe nam cpemHen . TouscThle,
CpenHeli TOJIITUHBI
ry0 TOJIIIINHBL B3IYTHIE

OT cBeTI0-TOJIy60TO

IIBet ras Temubre TemubIe
10 TIOYTY YEPHOT'O

Paspes rias IMuporuit Vakuit IMuporuit

nuKaHTyCc*

He xapakTepen

CuiabHO pasBUT

He xapakTepen

HEero BEeKa.

* JnuKaHTyC — 0cobas CKJAJKa y BHYTPEHHEro yIJja riasa, o0pasoBaHHAas KOKeil Bepx-

Mmorue pacoBble IPUSHAKY ABJIAIOTCS IPUCIOCOOuTeNbHBIMU. TaK, HATIPU-
Mep, HerpougHas paca chopMupoBasach B TPOIMUECKUX Jecax M CaBaHHAX
Adpuku, T. e. B yCIOBUAX KAPKOT0 KauMaTa. TeMHBIH IIBET KOKU HerpOUIOB
CIYKUT 3aIllUTON OT M30bITKA YJIbTPA(pUOJETOBLIX JIyUei, a KypuaBble BOJIO-
ChbI, CO3JAIOIIle TEeIJOM30JUPYIONINIA CJI0H, MPEeJOXPAHIIOT I'OJIOBY OT Iepe-
rpeBa. O61acTbI0 BOSHUKHOBEHUS €BPOIIEOUTHON packl, BEPOsATHO, Oblyia EBpo-
na. EBpomeounabl IpucIocadanBaanch K BbIXKMBAHUIO B XOJOAHOM M BJIAYKHOM
kaumare. FIX cBeT/iasdg KOKa CIOCOOCTBYET IIOIVIOIIEHHIO YJIBTPa(HOJIETOBBIX
Jayueil, HeOOXOAMMBIX IJIsI CMHTe3a BuUTaMmHa D. Y3Kuii BBICTYHNAOIIUI HOC

Puc. 134. OnukaHTyc
(ykasaH ourypHor cko6Kon)

€BPOIIEOUJOB XOPOIIIO COTrPeBaeT BIAbIXaeMbIH
BO3nyX. MOHroJougHasi paca BO3HUKJIA, IIO-
BUIMMOMY, B YCJIOBUAX CTeHell M MOJIyIYCTHIHb
Asun. MoOHTOJIONIBI agAlITIPOBAJINCE K CYXOMY
KOHTHHEHTAJbHOMY KJINMATy — XOJOIHBIM 3U-

MaM U JKapKOMY JIETy C IeCUYaHBLIMU OypPsSMIU.
Vskuii paspes Ias M HaJIWuyMe SIKUKAHTyca

(puc. 134), BepoATHO, obeclieunBaJIN 3AITUTy UX
rJ1a3 OT IOoMaJaHUsA LI,
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B HacrosIee BpeMsa pacoBbie 0COOEHHOCTU He UMEIOT CYIIIeCTBEHHOTO 3HaUe-
HUS IJIA JKU3HeesATeIbHOCTH Jiofei. Ilo pany IpusHaKkoB, TAKUX, HAIPUMED,
KakK o0beM M CTPOEeHIe T'OJIOBHOT'O MO3ra, CTPOEHIe MOPTaHMW, KUCTU U CTOIIBI,
¢dopMa MO3BOHOUHMKA, PACHI MPAKTHUUYECKU He pasamuaroTcd. Mexay mpencra-
BUTEJISAMHU PA3HBIX Pac HET HUKAKUX MPUHIIUIHNAJIbHBIX OTJIUYUN B YMCTBEH-
HBIX CIIOCOOHOCTSX, T. €. CIIOCOOHOCTAX K IIO3HAHNIO, TBOPUECKOHM M TPYAOBOI
IeAaTeabHOCTH. EMMHCTBO pac JOKA3bIBAETCA TAKIKE OTCYTCTBUEM MEMKIY HUMU
FeHeTUYECKON M30JIANUMU, O YeM CBUAETEJbCTBYET POIKICHUE MIOJIHOIEHHOT'O
IIOTOMCTBa B MEXKPAacoBbIX Opakax. Takum oOpasom, Bce pachl HaXOAATCSA HaA
OIHOM U TOM K€ YPOBHE 9BOJIIOIIIOHHOI0 PA3BUTUS U SABJIAIOTCS PABHOLIEHHBIMMU.

PacuaM — COBOKYIIHOCTH AHTHHAYUYHBIX KOHIIEMIINI, B OCHOBE KOTOPBIX JIe-
JKaT IMOJIOKEHUs 0 (PM3UUYECKOH U IICUXWYECKOH HepaBHOIIEHHOCTU YeJIOBEUECKUX
pac u o pelIaileM BAUSHUMN PACOBBIX PA3JIUYUil Ha MCTOPUIO U KYJLTYpPY Ue-
JIOBEUYECKOro o0IecTBa. PacucThl He NMPU3HAIOT €IMHCTBA IIPOUCXOKICHUS pac,
pAacoBBIe PA3INYMsA PACIIEHUBAIOT KaK BUIOBbIe. [lJid pacuaMa xapaKTepHa uies
0 pasfeJieHuH JIIOell Ha «BBICIIINE» U «HU3IIne» packl. [IprueM «BbICIIITE» STKOOBI
ABJIAIOTCA €IJMHCTBEHHBIMM CO3OaTeJIAMM IMUBUJIN3allM, IIPM3BAaHHBIMU K I'OCIIO/-
CTBY, & «HUBIINE» He CIIOCOOHBI K CO3JAHUIO M YCBOGHUIO BBICOKOH KYJIBTYPHI U
00peueHbI ObITH 00'BEKTAMU SKCILIyaTanuu. Vifen o AejleHnun pac Ha «BbICIINE» U
«HU3IITe» HAIPABJIEHBI HA ONpaBIaHUE BONH, KOJOHUAJIBLHON IMOJUTUKU U Paco-
Boi auckpuMuHanuu. OHM He IMeIOT 0 OO0 HMKAKOro HayYHOro 000CHOBAHMS.

OcobGennocmu 360110UUU Lel0eKa HA cO8peMeHHOM dmane. [Ina coBpe-
MEHHOTO 9Tama SBOJIIOINU UYeJIOBeKa XapaKTepHO CYIIeCTBEHHOe ocJiabJieHue
IeHCTBUS eCTeCTBEHHOro oroopa. YesoBeK 3aluTu ceds oT MHOrmx HebJa-
TFOIIPUATHBIX (PAKTOPOB CPEIbl, IIO3TOMY HEOOXOAMMOCTH IIOSBJIEHUS HOBOTO,
0ojiee COBEPIIIEHHOTO BHAA, oTnaJsia. Co BpeMeHH IMOSBJIEHUS KPOMAaHBLOHIIEB
00JIMK JITOMIell TTOUTH He UBMEHUJICA — OH HOAAEeP:KUBaeTCA CTaOUIM3UPYIOIei
(dopmoit ectecTBerHOr0 oT6opa. CiaeaoBaTeibHO, B OTHOIIIEHUN UeJIOBEKa ecTe-
CTBEHHBIN O0TOOP yTPaTUJ BUI000PaA3YIOIIYIO POJIb.

OnHaKo B IIpefiesiax BUA 9BOJIONUA TPOAOJIKAETCA U B HAcTosAIIee BpeMaA. Tak,
IBUIKYINUEA 0TOOP HAIIPABJIEH HA COBEPIIEHCTBOBAHNE MMMYHUTETA UeJIOBEeKAa, Ha
3aMe/JIeHIIe TIPOIeCCOB CTAPEHN U yBeJIUUeHre IPOJ0IKUTEeILHOCTH Kusun. Ha-
O/rrofaeTcsl yBeJIMUeHNe POCTa, YMEHBIIIeHe MACCUBHOCTH CKeJIeTa U IOBBIIIIeHIe
CTPOMHOCTH JIIOfEl, YCKOPAIOTCS TEMIIbI UX (PU3UUECKOr0 UM II0JIOBOTO PA3BUTH.

Ha narmeii miaHeTe HOUYTH He OCTAJIOCh MAJIOUNCJIEHHBIX ¥ M30JINPOBAHHBIX
YeJIOBeUECKUX MHONyJaAnuil. B cBasu ¢ sTum geiicTBue apeiipa IeHOB M BOJH
JKM3HU HA TOMYJISINY YeJIOBEeKa CYIIeCTBEHHO CHU3UJIOCh. M30A1us, KoTopas
nrpajia BaXKHYIO POJIb B AHTPOIOreHe3e U IIpuBeJa K (JOpMUPOBAHUIO pac, B Ha-
CTOsIIIee BpeMs MMPAKTUUYEeCKU YTPATUJIA SBOJIIOIMOHHOE 3HAUSHNE B OTHOIIICHUN
yeJsioBeka. Hao0opoT, B COBpeMEHHOM MUPE pacTeT Pojb Murpamuii. Beseacrsue
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ATOT0 MEKY UeJIOBEUeCKUMU MONYJIANUAMY YCUIUJICA ITIOTOK I'€HOB, UYTO BEJET
K CMEIIIeHUI0 HAPOAOB U Pac. ITOMY CIIOCOOCTBYET TaKJKe MCUE3HOBEHME COCJIOB-
HBbIX, HAIIMOHAJIBHBIX, PACOBBIX M APYI'HUX COIIMaAJIbHBIX 6apbepOB.

MyramuonHass USMEHYNBOCTDb HA COBPEMEHHOM JTalle COXPAHAET CBOe 3HAUCHUe
B aHTpoImorenese. MyTranuu o00oraiaioT IOMY/ISIUY JOHeil HOBLIMU IIPU3HAKAMH,
MHOrue (M He TOJIbKO I0JIe3HbIE) ITePeJaroTCs CIeAYIONNM I0KoJIeHuAM. B mocsen-
HUe TOABI B Ps/ie PETMOHOB HAOJIIOAAETCS POCT MyTarenesa. OTO CBA3AHO, IPEKIe
BCEro, C XMMHUYECKUM W PAJUOAKTUBHBLIM 3arpsS3HEHHEM OKPYIKAIOIel Cpembl.

Kak y:Ke oTMeuaJsioch, Ha COBPEMEHHOM 3Talle BEAYIIYI0 POJb B Pa3BUTHUU
YeJI0OBEeYEeCTBa WIPAIOT COIMaJIbHbIE (PaKkTophl. IleiicTBue MHOTHX OGHOJOTHYE-
cKkux (axTopoB (60pHOBI 3a CyIIleCTBOBaHWE, €CTECTBEHHOTO OTOOpa, Apeida
reHOB, IOMYJIAIIMOHHBIX BOJIH, U30JAINN) B SHAUNTEJIBHOM CTEIIeHHU 0cJIadelo.
OmHaKo MyTaluu U IOTOK TEHOB OKAa3hIBAIOT B HAIlle BPeMs CYIIEeCTBEHHOE
BIAWSHUE Ha reHOMOH momyaanuii YeaoBeka pasyMHOrO.

¥ Ha mavaspHBIX dTanax aHTPOIOTeHEe3a BEAYIIYIO POJb B 9BOJIONUHI
- -" yeJIOBEeKa HUT'pajim Oumojiormuyeckre (PaKTopbl, KOTOPBIE CIIOCOOCTBO-
BaJ (pOPMHUPOBAHUIO €ro MOP(POPU3NOIOTNUECKIX OCOOEHHOCTEIH.
BwMmecTe ¢ Tem ycuamBaJiOCh U CO BpeMeHEM BBIIIJIO Ha IIEePBBIN IIJIaH Jei-
CTBHUE COIIMAJIBHBIX (IJaI-CTOpOB, HaIIpaBJIEHHBIX Ha COBEPIIIEHCTBOBaHNIE
OTHOIIIEHNY MeKIy JIoAbMu. Bce HbIHe JKUBYIIUE JIOAN IPUHAILIEKAT K
Buay YesiOBeK pa3syMHLIN, B IPeeiaX KOTOPOTrO BLIAEJIAIOT TPU OCHOBHBIE
pachbl: eBPOIIEOUTHY0, MOHTOJIOUIHYI0 U HErPOUAHYIO. Pasiuuusa Mexmy
pacaMu He3HAUMWTEJbHBLI, OHM C(OPMUPOBAJNCHE B XOMEe AHTPOIIOTeHe3a
BCJIEICTBUE reorpaduuecKod M30JAIuu. Bce pachkl HaAXOAATCA HA OTHOM
YPOBHE BBOJIIOIIMOHHOTO PA3BUTUA U ABJAIOTCA paBHOIeHHBIMU. Ha coBpe-
MEHHOM 39Talle 9BOJIIOINA YeJIOBeKa He HallpaBJieHa Ha IIOSBJIEHE HOBOT'O
BUJIa, BEIYIIYIO POJIb B aHTPOIIOTEHE3e WMI'PAIOT COIUAJIbHBIE (DAKTODHI.

T Mepeuncnute 6uonorvyeckre akTopbl aHTponoreHesa. Ha3oBuTe coumasnbHbie
= &= (baKTOpbl 3BOMOLMN YENOBEKA.
Kakyto ponb wrpanu 6uonorv4eckMe u coumanbHble (DakTopbl Ha pasHbiX 3Tanax
aHTpornoreHesa?

OxapakTepunayinTe 0CHOBHbIE HYeI0BEYECKME packl. HTO ABMIOCH NPUHUHON NX BO3HUKHOBEHWA?

MpuBenuTe pokasaTenbCTBa €AMHCTBA pac YenoBeka.

B uem 3akntoyaetca cyTb pacuama? [JokaxuTe HeCOCTOATENbHOCTb 3TUX NPEACTaBNEHNA.

KakoBbl 0COGEHHOCTM 3BOMIOLMM YeSloBEKa Ha COBpPeMEHHOM aTane? Pomnb kakmx ghakTo-
pOB B XOfe aHTponoreHesa nocteneHHo ycunusanack? Ocnabesana?

Kak Bbl MOXeTe 06bACHUTb BbipaxeHne ®. OHrenbca: «Pyka SBNSeTCH He TONbKO OpraHoM
TPyZa, OHa TakXe W NPOAYKT ero»?
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NMOABEAEM UTOI'N

OCHOBHBIMH T'MIIOT€3aMU BO3HUKHOBEHUSA KU3HU HA 3eMJie SBJISIOTCA
TUTIOTEe3bl KPealiuoHN3Ma, BHe3EeMHOTO TPOUCXOKIeHUA U OMOX UM YECKHe.
Cpenu nocienuux HaubOJbIllee HAYUHOE MPU3HAHNE TTOJYYMIa KOallepBar-
Haa runoresa Omapuaa — XoJjgeiHa.

ITepBoe sBosOIIMOHHOE yueHue paspadorasa +K.-B. Jlamapk. Cosmare-
JIEM 9BOJIIOIIMOHHOI TeOpUU, KOTopasa cTasa (GyHIaMEeHTOM JJis Pa3BUTUS
coBpeMeHHOU Omosoruu, ABasgercda Y. [apeuH. B XX B. Ha ocHOBaHUU
yueHus JlapBuHa, a TaK:Ke JOCTUKEHUHN B 00JIaCTH T€HeTUKU, SKOJOTUHN U
IPYyTUX HayK Obljaa paspabdoTaHa cuHTeTHdYecKas Teopus sposrornuu (CTI).
Corytacao CTO sjieMeHTAPHON eUHUIEI 9BOJIIOIMN ABJIAETCS IOMYJIAIII,
MIPEIIOCHIIKAMU SBOJIOIUY — MYTAI[MOHHAA U KOMOMHATUBHASI U3MEHUN-
BOCTB, IOTOK U Apeiih TeHoB, MOMYJISIINOHHBIE BOJHBI U U30JAAIIUA. [[BU-
JKYIIFe CUJIbI 9BOJIIOIIMOHHOIO IIpoIecca — 3T0 O0pbba 3a CyIllecCTBOBaHIIE
¥ eCTeCTBEHHBIN 0TO0p. OCHOBHBIE PE3YJIbTATHI SBOJIIOIINY — BO3HUKHOBE-
HUe ajanTaluii y »KUBBIX OPTraHU3MOB U BUI000pa30BaHUE.

BroigenAoT ABa TJIaBHBIX HAIIPABJIEHUSA SBOJIOIUU — OMOJIOTHUECKU
mporpecc u GuosioruuecKkuii perpecc. OCHOBHbBIE IIYTU AOCTUIKEHUA OMO-
JIOTMYECKOr'0 IIporpecca — 3TO aporeHes, ajijoreHe3 u KarareHes. Cmoco-
6aMu OCYITIECTBJIEHUS SBOJIIOIMOHHOIO IIPOIlecCa ABJISIOTCS AUBEPTeHITU
u xouBepreumnus. CoBpeMeHHAss HayKa o0JiaJaeT MHOMKECTBOM OTAaHHBIX,
MOKAa3bIBAIOIINX HBOJIIOIIMOHHOE PA3BUTHE OPraHUUYECKOr'0 MUpA.

Kraaccupuranueir opranusMoB, U3yUeHNEM UX MHOT000pasus, IIPOUC-
XOKIEHUS U POACTBEHHBIX OTHOIIIEHWN 3aHUMaeTcs cucremaruka. CoBpe-
MEeHHAas CUCTeMAaTHKa SABJISeTCS OTPaskeHreM KCTOPUYECKOTO PAa3BUTHUS
JKUBOU ITPUPOMHIL.

IIporiecc BOBHMKHOBEHUS W 9BOJIIOIMOHHOTO PasBUTUS UeJOoBeKa Ha-
3bIBaeTCS aHTpPOIOreHe3oM. POACTBO Jofell ¢ *KUBOTHBIMU JOKA3bIBAIOT
MHOTYTEe IPU3HAKMU, HO PN OCOOEHHOCTEHN OTIMUYAeT UeJOBeKa OT OCTAaJIb-
HBIX JKUBOTHBIX. TU Pa3JIUUYUs CBA3AHBI C IPAMOXOKIEHUEM, PA3BUTUEM
MBIIIIJIEHUS W PeU’, TPYAOBOI HeATelbHOCThbI0. Ha paHHMX sTamax aH-
TpOIOTeHe3a IJIaBHYIO POJIb B SBOJIONUU JIOAeHl Urpau OMOJIOrnYecKIe
daxTopbl. OgHAKO CO BpeMeHeM YCUJIMBAJIOCH W BBIIILJIO HA IIEPBBIA ILJIaH
IeficTBHUE COIMANBHBIX (haKTOPOB. Bece coBpeMeHHbIe JIIOAU IPUHAAJIEKAT
K Buay YesioBEK pasyMHBIH.
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Mpumepsbl pelieHns 3agad

Mpumepsbl pewieHnsa 3agad

§ 3. B mabopaTopuy CHHTE3UPOBAJIM TPUIENTHUI, B COCTAB KOTOPOTO
BOIILIX OCTATKY OJHOM M TOM sKe aMUHOKKCJIOTEHI. Ompeennre MOJEKYIAPHY O
MacCy HCIOJHL30BAHHOM aMUHOKHCJIOTHI, €CJIM MOJIEKYJIApHAs Macca TPUIIeT-
Tuna pasua 405.

Pemenue. 1. Tpumnerntug o0pasoBal TpeMs aMIHOKNCJIOTHLIMI OCTATKAMH,
cJIe0BaTeIbHO, OH CONEPKUT ABe MeNTHUAHBbIe cBA3U. IIpn 00pasoBaHUU KaiK-
IOl 13 HUX BBIJAEJINJIACh MOJIEKYJa BOMIBI:

3 amMmmHOKMCJIOTHI — Tpunentun + 2H,0.
CyMMapHas MOJIEKYJIAPHAS Macca IPOAYKTOB PEaKIMU COCTABJISAET:
M(rpunentuzna) + M(2H,0) = 405 + 2 - 18 = 441.

2. CorsiacHO 3aKOHY COXPaHEHHUS MacChl CyMMapHas MOJIEKYJIApHAas Macca
UCXOIHBIX BEIeCTB (TpeX OAMHAKOBBIX MOJIEKYJ aMHHOKMCJIOT) TaKiKe paBHA
441. 3HauuT, MOJIEKYJApPHAA Macca HCIOJb30BAHHON aMWHOKWCJIOTHI paBHA:
M(amuuOKUCTIOTHI) = 441 : 3 = 147.

OTBeT: MOJIeKyIApPHAA Macca MCIIOJb30BAHHONI aMMHOKHUCJIOTEI paBHa 147.

§ 7. e ®parmenT moserkyasl ITHK (mBoiiHON cnmpaiy) uMeeT JJIUHY 68 HM
u comep:kuT 120 ameHnI0BBIX HYKJIEOTHUAOB (A). PaccumraiiTe mpomeHTHOE CO-
IepsKaHue BCeX TUIOB HYKJIEOTHUIOB, BXOAAIINUX B COCTaB JAaHHOTO (pparmMeHTa
IOHEK.

Pemenue. 1. Haiizem o01riee KoJaIn4ecTBO HYKJIEOTHUIOB B JAHHOM (hparMeH-
te [IHK. Ogun Butok apoitHou cnupanau [JTHK cogep:xuT 10 map HyKJI€0THUIOB U
umeer gauny 3,4 um. CiegosBarebHO, OGHA Hapa HYKJIEOTHIOB 3aHUMAET yua-
crox [IHK nmwunoii 0,34 am. 3HauuT, JaHHBIA (hparMeHT comep:kut: 68 : 0,34 =
=200 map #yKJIeoTuA0B = 400 HYKJIEOTHUIOB.

2. IlpomenTHOE comep:KaHNe aJeHUJOBLIX HYKJEOTHAOB B 9TOM (hparmMeH-
Te paBHO: A = 120 : 400 - 100 % = 30 %. Cornacuo mpaBuny Yapradda B
moserysne JTHK A =T, T = II. CremoBarensro, A =T = 30 %. Ha ocranbubie
nyrjaeoruns! (I' u IT) mpuxomuresa: 100 % — 30 % — 30 % =40 %. ' =11 =
=40 % : 2 =20 %.

OtBer: A =30 %, T =30 %, I =20 %, IT = 20 %.
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§ 19. e KapuoTum BoJKa IIpeAcTaBJIeH 78 xpomocoMaMu. YeMy paBHO KO-
JUYECTBO XpoMocoM (1) u xpomaTtup (c):

a) B cOMaTUUYECKOIl KJeTKe BOJIKA BO BpeMsA IIOCTCUHTETHUUECKOr0 IIepuoma
uHTepdassbl;

0) B cmepMaTO30u/ie BOJIKA;

B) YV KasKJOTO IOJIIOca KJIETKU KUINEUHUKA B KOHIle aHadas3bl MUTO34;

T) B JOUEPHUX KJETKAX, 00pasoBaBIINXCS Mocje Meiiosa 1?

Pemrenue. 1. KieTku Tejia BoJIKa COmep KaT TUIIJIOMIHBIN HaO0pP XPOMOCOM.
CaemoBaTe/IbHO, KapUOTHUII BoJKa 2n = 78.

2. Comatmueckue KJjeTKu B Gy-mepmoge copepskaTr Habop 2ndc, uTo s
BOJIKA COCTaBJIgeT 78 xpomocoM, 156 xpomarun. CiepMaTo30uabl 00pasyoTes
B pe3yJIbTaTe Meiiosa, 3HauuT, ux Habop 1nlc — 39 xpomocom u 39 xpomaruzg
(XpoMaTHUAbI IPEACTABIAIOT cO00# JouepHUE XpoMocoMbl). KieTka KuIeuH!-
Ka — coMaTuuecKas, B KOHIe aHa(dashbl MUTO3a Y KaKIOr'0 IIOJI0CA HAXOMUT-
ca 2n2c, T. e. 718 xpomocoMm u 78 xpomaruz. Habop mouepHHX KJIETOK IOCJIE
meiiosa I cocraBaser 1n2c niaum 39 xpomocom, 78 xpomaTu/.

OrBer: a) n=78,c=156;0)n=389,c=39;B)n=T78,c=78;r) n=389, c="T8.

§ 21. ¢ CKOJIbKO TPAaMMOB KHCJIOPOa HEOOXOAMMO JJIS IIOJTHOT'O OKUCJIEHUS
360 r rmioko3wI? Kaxkoe xommuecTBo AT® (MOJIb) TOTYUYUT OPTaHU3M IPU TaKOM
OKVICJIEHUU?

Pemenmne. 1. Haiimem KoInuecTBO IVIFOKO3BI (MOJIB), IIOIBEPTIIIEHCA TTOTHOMY
OKUCJIEHUIO.

M(Cs¢H,,04) =126 +1- 12 + 16 - 6 = 180 r/mob.
n(C¢H506) = m : M = 360 r : 180 r/Moab = 2 MOJIB.
2. CymmapHOe ypaBHEHUE adpOOHOTO JbIXaHUA:

CoH,,05 + 60, + 38AIID + 38H,PO, — 6CO, + 6IL,0 + 38AT®D.

151 TTOJTHOTO OKMCJIeHusT 1 MOJIb TUIFOKO3BI Heo0XoauMo 6 MOJIb KHMCJI0POa,
nopu 3ToM opramsMm moaydaer 38 mosb AT®. CiemoBaTesbHO, IJSA IIOJIHOIO
OKMCJIeHUS 2 MOJIb TJIIOKO3bI MOHamoO0uTca 12 MOJb KUCJIOPOAa, dHepreTmye-
CKHUU BBIXOJl IPU 3TOM cocTaBUT 76 Mo ATD.

3. PaccunuTaem Maccy KHCJIOPOZA.

M(O,) = 16 * 2 = 32 r/™moJIBb.
m(O,) =n+ M =12 mounsb *+ 32 /Mosb = 384 T.

OtBet: HE0OX0AUMO 384 T KHCJIOPOAa, OPraHU3M MoayduT 76 moab ATD.
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§ 22. ¢ CKOIBKO YIVIEKMCJOTO rasa (Kr) ObLIO IOIVIOIIEHO PACTEHHAMU B
nporecce (POTOCHHTE3a, €CJIM U3BECTHO, UYTO UMH ObLIO cuHTe3upoBaHo 900 r
TUIFOKO3BI?

Pemrenue. 1. Hatizem KoamuecTBO (MOJIb) CHHTE3UPOBAHHON TJIFOKO3bI.
M(C¢H,06) =126 + 112 + 16 + 6 = 180 r/mob.
n(CgH1,06) = m : M =900 r : 180 r/mMosab = 5 MOJb.

2. O6iee ypaBHenue dorocuaresa: 6CO, + 6H,0 —» C;H;,04 + 60,.

Haa cuaresa 1 Moap rirroKo3bl Heobxogumo 6 moab CO,. 3Haunt, nysa 06-
pasoBaHUA 5 MOJIb TUIFOK03bI HY:KHO 5 * 6 = 30 mosans CO,.

3. Onpenenum maccy mnorvomeHHOro CO,.

M(CO,) =12 + 16 + 2 = 44 r/™MOJIB.
m(CO,) = n +- M = 30 mous * 44 r/moab = 1320 r = 1,32 r.

Oreer: pacrenus morioTuau 1,32 KI YIVIEKHCJIOI'O rasa.

§ 24. e YcraHoBUTe IOCJeLOBATeJIbHOCThL aHTUKOZOHOB TPHK, yua-
CTBYIOIIUX B CHHTE3e INEeNTHA, €CJIU COOTBETCTBYIOIIAsd HETPAaHCKPUOU-
pyemas menb mosekyabsl [JHK comep:XKuT mocienoBaTeIbHOCTh HYKJIEOTHUIOB
TATHOIITATIIITIITAT. C nmomorso TabJIUIIBI TEHETUUYECKOTO KOZA OIpee-

JINTE II0CJIeJO0BaATEJIbHOCTh aMHMHOKMCJJIIOTHBIX OCTATKOB OJAaHHOTO IIEIITHOA.

Pemenne. 1. Ilo npuHIUNDY KOMIJIEMEHTAPHOCTH YCTAHOBUM IIOCJIENOBA-
TeJIBLHOCTHL HYKJIEOTHUIOB TpaHCKpubupyemoii mmenu JJTHK u cooTBeTcTBYyIOIIEI
marpuuHoit PHK (yuurwiBas, uro B moserysne PHK Bmecto TumMumHa comep-
JKUTCA ypaiui). 3aTeM ¢ MOMOIIbI0 Ta0JUIlbl TeHEeTUYEeCKOT0 KOla YCTAHOBUM
CTPYKTYPY 3aKOJUPOBAHHOTO TIEIITH/IA.

Herpauckpubupyemasa mens JHK: ITAT ILIIT ATTD IOTIT TAT
Tpauckpubupyemasa mens [[HK: T'TA I'TA TAIT TAT ATII
mMPHK (uPHK): ITAY IIIIYy AVYTD oyl VAT

ITenTun: T'mc — IIpo — Mer — Jlen CcTOII
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2. 3amuiiieM aHTUKOZOHBI cooTBeTcTByoIux TPHK. Ilpu satom He 3a0bI-
BaeM, uTo MoJjeKkysJ TPHE, aHTUKOZOHBI KOTOPHIX COOTBETCTBOBAJIU OBI CTOII-
KOJOHAM, He CYIIeCTBYeT.

Anrurkonons TPHE: T'VA I'TA VATI] TAT —

OrBeT: nocienoBarenbHOCTh aHTUKONOHOB TPHEK: I'VA, I'T'A, YAII, TAT.
ITociemoBaTeIbHOCTP AMHHOKMCJIOTHBIX OCTATKOB memnTuza: I'uc—IIpo—
Mer—Jleii.

§ 31. oY uesioBeKa yMeHHe JIydllle BJaJeTh IPABOH PyKoil (IIPAaBOPYKOCTB)
TIOJIHOCTBIO JOMUHUPYET HaJ| JIEBOPYKOCTHIO. JHeHIImHa-TIpaBIna, oTer KOTOPOi
OBLLJI JIEBODYKUM, BBIIILJIA 3aMY:K 3a MY:KUHHY-JIeBITy. KaxoBa BepOsSTHOCTH
POKIEHUS B 3TOM ceMbe peOeHKa-JIeBIIN?

Pemenne. 1. Beemem o0003HaueHUsI I'eHOB:
A — TpaBOpPYKOCTH (IIpaBIia);
a — JIeBOPYKOCTH (JIeBIIia).

2. OnpeneanM reHOTUIBI POAUTENIEl U 3aIuilleM XOJ cKpelruBanud. JKen-
IIUHAa IpaBIlia, 3HAYUT, OHA MOKeT mMeTh reHoTunr AA uiaum Aa. B yciaoBuu
TaKk:Ke CKasaHo, UTO ee OTell ObLJI JIeBIIOW (TeHOTHN aa), 3HAYUT, AOUYL yHa-
ciemoBajia oT Hero red a. CiaenoBaTe/IbHO, T€HOTHII JKeHIUHLI Aa. ['enorumn ee
MyJKa aa, T. K. II0 YCJIOBUIO 3a7auu oH JeBia. CKpellnBaHre MOYKHO 3aIIUCaTh
JI00BIM cIoco6oM (Ha BBIOOD):

FeHHas c¢phopma 3anucu XpomocomHas chopma 3anucu
A a
P: P: = =
Q Aa x Jaa Q = x d -
« W@ @ & (a).
Fi: Aa aa Fi: A a
npasLua nesLa npaéllsl.ua ne:Lua
o, o,
50 % 50 % 50 % 50 %

3. Urak, pacierienue mo peHOTHUNY (U II0 TeHOTHUIIY) B IOTOMCTBE COCTa-
Buyo 1 : 1.
OTBeT: BEepPOATHOCTh POMKIeHUS pebenka-tesiu — 50 %.
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§ 32. ¢ Bce mOTOMKM, IIOJIy4eHHBIE OT CKPEIUBAHNAA PACTCHUN JIBBIHOI'O
3eBa C IIMPOKMMU U Y3KUMU JHUCTbAMU, UMEIOT CPeIHIE MO0 IINPUHE JIKUCTbhSI.
B pesysabTaTe cKpeluBaHUsS PacTeHUM, NMEIOIINX CPeSHIEe JUCThS, IOJIYUEeHO
80 pacreHui#l abBUHOrO 3eBa. CKOJBKO M3 HUX UMEIOT y3KHE JIUCThSA, €CJIH
paciielljieHie COOTBETCTBYET TeopeTHuecKu oxkumaemomy? Kak macaemyercs
IIUPUHA JUCTHEB y JIBBUHOTO 3eBa?

Pemtenue. 1. 'eHsbl, ompemeasionine IMUPUHY JUCThEB JILBUHOTO 3€Ba, B3au-
MOJAEMCTBYIOT II0 TUIY HEIOJHOTO MTOMUHUPOBAHUS, MOCKOJBKY Y THOPUIOB
MIPOABJIAETCSA MIPOMEKYTOUHBIN TPU3HAK — CPEIHUE JIUCThA. SHAUUT, PACTEHUA
CO CPEeIHUMU JUCTbAMU — T'€TEPO3UTOTHI.

2. U3 ycyoBusa 3amaum HEOUEBUHO, KAKON IPUSHAK SBJISAETCS AOMUHAHT-
HBIM (IITUPOKHUE JUCThSA WU Y3KUeE), a KaKOW — pelecCuBHBIM. IIpu HEmoHOM
JTOMUHUPOBAHUU TO HE BAIKHO, IOHATUS «TOMUHAHTHBIN» U «PEIECCUBHBIN» B
JTaHHOM CJyuYae MCIOJB3YIOTCSI TOJIbKO paau ymoOCcTBa (B OTJIMUYME OT IIOJTHOTO
TOMUHUPOBaHUA). [JomyCcTHM, TOMUHAHTHBINA I'eH ONpeiesseT IITNPOKUe JINCThS,
a pellecCUBHBIN — y3KHe (MOKHO 0003HAUUTEL I'eHbl «HA000POT», OTBET 3aJaun
OT 9TOr0 He M3MeHuTCHA). BBemem 0003HAUEHUSA T€HOB, YKasKeM (DEHOTHUII TeTe-
POBUTOTHBIX PACTEHUIA:

A — IUpPOKUE JUCTHS;
a — y3Kue JIUCTH;
Aa — cpenHue JUCTHA.

3. 3amnuiiieM XoJf CKPeIUBaHNA PACTEHUIH CO CPeIHUMMU JINCThAMN:

FeHHas hopma 3anucu XpomMmocomHas chopma 3anucu
=3 Q Aa x d Aa P: Q % x d %
& M@ @@ « @O OO
Fi: AA Aa Aa aa 1t A = = =
LUMpOKKne cpenHve y3Kune LUMpPOKME cpeaHvie y3Kue
25% 50 % 25% 25 % 50 % 25 %

4. B moromcTBe Habaogaercs paciernienre 1 : 2 : 1. OO6iee KOJUYECTBO
noToMKoB — 80, IIpKM 3TOM y3KHe JUCThA HacaenyooT 25 %. 3HauuT, Koauye-
CTBO pacreHuii ¢ yskumu juctbamu: 80 - 25 % : 100 % = 20.

OTtBer: IMIMPUHA JUCTHEB ¥ JHbBUHOTO 3€Ba HACJEAYEeTCs II0 THUIY HEITOJHOTO
JTOMHUHHPOBaHUA. ¥Y3KUe JUCTbI nMeroT 20 pacTeHuii.
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e MysxumHa ¢ KpoBbio I rpynmbl KeHUJCA Ha JKEHIUHe, TMeIINeil KPOBb
IV rpynnsi. KakoBa BEpOATHOCTD POKIEHUSA B 3TON ceMbe pefeHKa ¢ KPOBBIO:
a) I rpynnwi? 6) 11?7 B) I11? 1) IV?

Pemrenue. 1. I'pynnbel KpoBu mo cucteMe ABO KOHTPOJIUPYIOTCA TPEeMs Ie-
HaMM, OBa M3 KOTOPBIX B3aMMOAEHCTBYIOT IO THUIY KOAOMWHUPOBAHUSA, UTO
IPUBOAUT K TMOABJeHUI0 KpoBu IV rpymnmbl. BBemem o6Go3HaueHUs, yKaKeM
COOTBETCTBYIOINE Ipu3HaKu (He 3abbiBasg o IV rpymnmne KpoBu):

I° — I rpynma xposu;

I* — 1I rpymna KpoBw;

I® — III rpynma KpoBwu;

I*I® — IV rpynma KpoBmu.

2. Temorun wesoBexa c¢ IV rpynmoit kposu — Tobko IAIE, ¢ I — Tombko
I°I°, npyrue BapuaHTBI UCKJIOUEHBI. SalUIeM XOJ CKpellMBaHUI:

FeHHas cpopma 3anucu XpomocomHas chopma 3anucu
" °
P Q re x dre P: e «x d =
e (1. e (.05
s A
Fi: nPe B° Fi: 7 il
Il rpynna Il rpynna Il rpynna Il rpynna
50 % 50 % 50 % 50 %

3. Pacmrensienue B motoMcTBe 1 : 1. BepoATHOCTL po:kaeHUs pedeHKa C
KpoBbio II rpynnsr — 50 %, III — 50 %. IlosaBaenue mereit ¢ KpoBbio I mian
IV rpynn B aToii ceMbe HEBO3MOIYKHO.

OtBert: a) 0 %; 6) 50 %; B) 50 %; 1) 0 %.

§ 33. ¢V uesoBeKa pe3yc-IMOJIOKUTENbHOCTD IIOJHOCTHI0 JOMUHUPYET HaJ
pesyc-oTpuIlaTe IbHOCThIO. B ceMbe, e 06a poauTessi pesyc-IoJI0OKUTeIbHbBIE,
y MaTepu KpoBb I rpymnsl, a y orita — III, poguicsa pesyc-oTpuiiaTeIbHBIN pe-
0eHOK ¢ KpoBbio I rpymnnbel. KakoBa BePOSTHOCTD POMKAEHUA Y OTUX POAUTEJIEH
pes3yc-ToJIoKUTeIHbHOTO pebeHKa ¢ KpoBbio 111 rpynnbi?

Pemrenue. 1. Beegem 0003HAUEHUSA I'€HOB:

I° — I rpynna xposu;

I* — 1I rpynna KpoBu;

I® — III rpynna KpoBu;

I*I® — IV rpynna KpoBu;

D — pesyc-noaoxurensbrocts (Rh');

d — pesyc-orpunareabHocTs (Rh7).
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2. ¥YcraHOBUM TeHOTHUHOBI poxuteseii. Ilo yciaoBuio 3amgaum y peayc-
HOJIOHCHTGJIBHOfI Marepm KPOBBb I T'PYIIIbI, YTO IIO3BOJIAET 3aIlllicaTh 4YacCThb

ee reHoTmna ((PEeHOTUIIMYECKUH paAWKaJ) cieqyiomuM obpasom: I°I°D—

°D
(mnu :0:). Y pesyc-TIoJIoKUTETbHOTO OoTia KpoBb III rpynmbl — sanwuiinem
I
. 7B
YacThb €ro reforuna B Bupe: I"—D— (uiam 77) B ycaoBuu ckasaHo, 4TO y

OTUX POLUTEJEil eCTh Pe3yC-OTPUIATETbHbIN PeOeHOK ¢ KPOBbIO I TPyIIbI —
IO
ero resorun I°I°dd (I/IJII/I ) V pebeHKa B KasKIO0i aJlJIeJIbHOH Iape OAUH U3

TeHOB IIOJIYYeH OT MaTepu, APYIOM — OT OTIla. SHAUUT, ¥ 000X POAUTEJEH B
TeHOTHIIe UMeeTcs Kak reH I°, Tak u reH d. JOHOJHUM T'eHOTUIIBI POAUTENeH

COOTBETCTBYIOIIMMM I'€HAMM M 3alIUIIIEeM CKPeEINBaHUe:

FeHHaa cphopma 3anucu Xpomocomuaﬂ c¢opma 3anucu

P  Q I°Dd x d Prpd P: 9 = x d 5 ’—BQ

JCICCICICICINT CC CITICIo

3. IToctpoum perietrky Ilennera, B AUeiiKaxX KOTOPOM YKasKeM I'€HOTHUIIBI U

denoruns! gereti (F,):

BI°DD | Bl°Dd | I°I°DD | 1°I°Dd ED | ED | I°D | I°D
IRh* | NRh* | IRh* | IRh* D | Pd | PD | Pd
NRh* | IRh* | IRh* | IRK*

BlPDd | Bldd | I°I°Dd | I°I°dd
MRh* | Rh™ | IRh* | IRK" ED | Fd | °PD | I°d
Pd | Pd | Pd| Pd
NRh* | Rh- | IRh* | IRNh

4. PaccunraeM BE€POATHOCTL POMKICHUA PE3yC-IIOJIOKUTEIBHOr0 pefeHKa ¢

KpoBbio III rpymmsr: g - 100 % = 37,5 %.

OTBeT: BEPOSITHOCTD POKICHUS PE3yC-IOJOMKUTEJILHOI0 peGeHKa ¢ KPOBBIO
III rpynnsr pasua 37,5 %.
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§ 35. e [lansTOHN3M 00YCJIOBJIEH PeleCCUBHLIM I'€HOM, JIOKAJIN30BAHHBIM B
X-xpomocome. B omHOI ceMbe MaTh CTPAAAeT AaJbTOHU3MOM, a OTEI] HOPMAJBHO
pasaudaeT 1Beta. KakoBa BepOSATHOCTh POKIEHUS B 9TOUM ceMbe: a) pebeHKa,
HOPMAaJIbHO Pa3JUYaloiero mpeTa; 0) JaJIbTOHUKA CPeau ChIHOBEI?

Pemrenue. 1. Beenem 0003HAUEHUS I'e€HOB:

A — HOpMAaJIbHOE I[BEeTOOIIyIlleHre (HopMa);

a — JaJIbTOHU3M.

2. TemoTtun marepu, cTpajaloliell majJbTOHU3MOM, — X“X“ (B XpoMocoM-

a
Hoil (popme samucu ;). 'eHorun 3noposoro orma — X4y (é). 3amuIineM Xom
CKpeIuBaHUA:

FeHHas chopma 3anucu XpomocomHas ¢phopma 3anucu
p: Q xoxe x d xy p: o x gA
g (). G: @.
. Aya a - A a
Fy: XAX XY Fy: ) 2
3gopoeas oo4b CbIH OaNlbTOHUK 300pOoBast AOYb CbIH AANETOHMK
(HocuTenk) 50 % 50 % (HocuTenb) 50 % 50 %

3. BepoaTHOCTh pOKAeHNS pe0eHKa ¢ HOPMAJIbLHBIM I[BETOOIIYIIEHIEeM —
50 %, mpuueM 5TO TOJBKO JEBOUKM, X BCE OHH OyAYyT HOCHUTEJILHHUIIAMU T'eHa
IajabTOHM3MAa. Bce CHLIHOBBSI B 9TOM CeMbe — JAJBTOHHKM, IIO9TOMY BEPOSIT-
HOCTBb POXKIEHUS NaJbTOHMKA cpemu cbiHOBeilt — 100 %.

OTEBeT: a) BEPOATHOCTD POKICHIA PeOeHKa, HOPMAJIBHO Pa3IMYaloIero Irse-
ta, — 50 %}; 0) BEpPOSATHOCTD POKAEHU AAJbTOHUKA cpenu cbinoBeir — 100 %.
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Anrkamouabl — OMOJIOTMUYECKU aKTUBHbBIE OPTaHUUYECKUE COEJMHEHUA ITPENUMY-
IIIECTBEHHO PACTUTEJbHOI'0 Mpoucxo:KaeHus. OcHoBHAA (PYHKIIMA — 3a-

muTa paCTeHI/Iﬁ OT IoegaHnusdad XUBOTHBIMU. HeKOTOpBIe aJIKaJIouabl IIPH-
MEHATCA B MEQUIIMTHE.

AnjensHbIe TEHBI (AJJIeJiN) — TeHBI, OIPeAesAIoNnIre Pa3JInyHble (aJbTepHa-
TUBHBIE) (DOPMBI ITPOSABJIEHUS OJJHOTO U TOTO ;Ke Ipu3HaKa. PacmosmaraioTcs
B OAMHAKOBBIX yUacCTKax (JIOKycax) I'OMOJIOTUYHBIX XPOMOCOM.

Annorenes — IyTh AOCTUXKEHUS OMOJOIMUYECKOTO IIPOrpecca, IPU KOTOPOM
OpraHM3MBbI IIPHUOOPETAIOT AJIIOMOP(O3LI — UYACTHBIE aJalTalluu, He W3-
MeHsIoIre OOIMUH YPOBeHb OpraHM3aIuu, HO IIO3BOJIAIOIE OCBAWBATHL B
CBOeM cpefie OOMTAHUSA PA3JIUUYHBIE SKOJOTUUYECKUE HUIITH.

AnprepHaTUBHBIE IPU3HAKN — TPU3HAKU, KOTOPhIE BBAMMHO NCKJIIOUAOT JPYT
Ipyra u B HOpMe He MOT'YT IPHCYTCTBOBATH Y OPraHU3Ma OJJHOBPEMEHHO.

Ananusupyroilee CKpelluBaHue — CKPeIUBaHNe 0COOM, MMEIOIell IOMMU-
HAHTHBIN (DeHOTUII (aHaJIusupyemMas 0co0b), C TOMO3SUTOTHOM PeIlecCUBHOM
0co6bio0. ITo (heHOTHIIAM MOJTYUYEHHOI'O HOTOMCTBA MOYKXHO YCTAHOBUTH I'€HO-
TUII AaHAJIU3UPYEMOIi 0COOH.

AHamornuasie opraHbl — OpraHbl, KOTOPbI€e MMEIOT BHEIIIHEEe CXOACTBO U BbI-
IIOJTHAIOT OAJMHAKOBEIE (I)YHHI_II/II/I, HO PAa3/JINYarmTCdA II0 IIPOUCXOMAEHUIO.

AHTHOMOTUKEN — OMOJIOTMYECKW aKTUBHBIE BeIlleCTBa MPUPOJHOTO WU CUH-
TEeTUYECKOT0 IIPOUCXOKIEHUS, KOTOPhIE BLI3BIBAIOT I'MOEIb JKUBBIX KJIETOK
MW YTHETAIOT WX POCT W Pa3BUTHE.

AHTUTEHBI — UYKepOAHbIE /I OpPraHW3Ma BeIleCTBa M O00'BEKTHI, CIIOCOOHBIE
BBI3BATb UMMYHHBII OTBET.

Aurukomon — yuyacToK mMojexkyabl TPHE, KOTOPBIN cOCTOUT U3 TpexX HYKJIEO-
THUAOB U B IIpoIlecce CUHTe3a 0eka KOMIIJIEMEHTAPHO CBSI3LIBAETCS C COOT-
BeTcTByMOIMUM Komouom MPHEK.

AntuTena (MMMYHOTJIOOYJIUMHBI) — 3aIUTHBIE OEJIKU, CIIOCOOHBIE CIieruduyie-
CKHU CBSBBIBATHCA C OIPeleIeHHLIMU aHTUTeHAMU M HeHTpaJn30BaTh WX,
00pa3yss KOMILJIEKCHI «aHTUTE€H-aHTUTEJIO».
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AHTpOHOI‘EHe-’,’, — IIPOIleCC BOSHMKHOBEHHUA M 9BOJIIOIITMOHHOI'O Pa3BUTHUA UYe-
JIOBEKa.

Aporenes — IyThb JOCTUKEHUS OMOJIOTHUECKOTO IIPOrpecca, CBA3aHHbBIN C (hop-
MUPOBaHUEM apoMOp(O30B — KPYHHBIX, IPUHIINNINAJIHLHO HOBBIX ajamnTa-
Ui, KOTOPbhIE CYIIECTBEHHO IIOBLIIIAIOT YPOBEHDb OPraHU3aIlN JKUBBIX OP-
TaHU3MOB, ITO3BOJIASA MM HCIIOJIb30BATh PA3JIMYHBIE YCJIOBUA OKPYIKAIOIIEH
cpenbl NN OCBOUTH HOBYIO CPENy KU3HMU.

ATaBuU3MBI — MPUBHAKU OTHAJIEHHBIX SBOJIIOIIMOHHBIX IPEIKOB, KOTOPbIE OBIIN
yTpadeHbl BHAOM B XO€ SBOJIIOINN 1 IIPOABJSAIOTCS ¥ OTAEJbLHBLIX 0co0eit
KaK OTKJIOHEHWE OT HOPMBI.

AyTOpuauHT — METOJ CeJeKIIUU, CKPeIuBaHue 0co0ei OJHOTO BUAa, IPUHAI-
JIeXKaIUX K PasHbIM IIOPOAAM HJIN COPTAM.

AyTocoMbI — HEIIOJIOBbIE XPOMOCOMBI; BCE XPOMOCOMBI, 32 MCKJIIOUEHUEM IIO-
JIOBBIX.

b

Bakrepuodaru — BUpPYCHI, TOpPaXKaOIe KJISTKH GaKTepHUil.

Buonxornueckas 3Boa0NNA — 3aKOHOMEPHBIH, HEOOPATUMBII ITPOIIECC UCTOPU-
YEeCKOr'0 Pa3BUTHUA JKUBOM IIPUPOLI, HAIIPABJIEHHBIN HA IOBBIIIIEHNUE IIPUCIIO-
CcO0JIEHHOCTH OPraHM3MOB K MEHSAIOITUMCSA YCJIOBUAM OKPYIKAIOIIeH cpesbl.

BuorexHosorusa — 00JaCTh HAYKU U IPAKTUYECKON MeATeIbHOCTH, CBSI3aHHAS
¢ IOJIyYeHHEeM PA3JINYHBIX IPOLYKTOB IIPK HOMOINY KUBBIX OPraHU3MOB,
KYJbTUBUPYEMBIX KJIETOK U IOJYYEHHBIX U3 HUX (DEPMEHTOB.

Bopsroa 3a cymecTBoBaHe — COBOKYITHOCTH MHOT'0O00OPa3HBIX B3aMMOAECTBUIA
OPraHM3MOB MEXKIy CO00i 1 ¢ (paKTOPAMU HEKUBOM IIPUPOILI, OIIPEeIISI0-
IUX yCIleX UMW Heygady ocobeil B BBIXKUBAHUU U Pa3MHOMKEHUU.

Bposkenue — QepMeHTATHBHOE OECKUCIOPOLHOE PACIIEIlJIeHNe OPraHnUYecKuX
BEIIeCTB, IIPEeNMYIIEeCTBeHHO YIJIEBOMOB. XapaKTePHO AJs KJIETOK aHAasPo-
00B, MOXKeT IIPOTEKATh U B KJIETKaX aspo00B IpPU HEJOCTATKE KIUCJIOPOIa.

B

BI/IpI/IOH — IIOJTHOCTBIO C(l)OpMI/IpOBaHHaﬂ BHUDyCHasd 4YaCTHUIia, croco0Has K 3a-
PaKEeHNI0 KJIEeTKM XO03AWHa.

Bupouasr — nHQEKIINOHHLIE areHThI, IPEACTABJIAIOIINE COO0N KOJILIEBYIO MO-
gerkyay PHK 06e3 xamcuzga.
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I

TI'en — yuacrork mosaeryabsl [IHK (y PHE-cogepskarmux BupycoB — PHE), co-
JepeKaImii mHPOPMAIINIO O IEPBUYHON CTPYKTYpe OIpelesieHHOro OenKa,
pPHK uau TPHEK.

I'eneTuka — HayKa, M3ydalollas 3aKOHOMEPHOCTH HACJEICTBEHHOCTH U U3-
MEHUYUBOCTH JKUBBIX OPTaHU3MOB.

l'eneTnueckass HKeHEePUA — COBOKYIIHOCTbL METOJOB M TEXHOJIOTUH, CBA3AH-
HBIX C BBIZIEJIEHEM I'eHOB U3 KJIETOK JKUBBIX OPraHU3MOB, OCYIIIECTBJICHUEM
Pa3JIMYHBIX MAHUIYJIAINNA ¢ HUMU U BHEJPEHUEM UX B APYTUe OPTaHU3MBEL.

l'eneTnueckuii kKo — YHUBepcAJbHAS AJA JKUBBIX OPraHM3MOB CHCTEMAa 3a-
mucyu UHGOPMAIIUY O IePBUYHOIN CTPYKType OeJTKOB B BUE IIOCJIeI0BATE I b-
Hoctu HyKJeotumoB [[THK (MPHEK).

I'eHOM — COBOKYITHOCTH HACJIEJCTBEHHOTO (TeHeTUYeCKOr0) MaTepraa, 3aKJIo-
YEeHHOT'O B KJETKEe OPraHMW3Ma WJIM B BUPYCHOI YaCTHIIE.

I'eHOTHUIT — COBOKYITHOCTH T'€HOB KaKOT0-Ir00 OpraHu3Ma.

I'enodoHI — COBOKYIITHOCTH I'e€HOTHUIIOB KaKOU-I100 IPyHIbl 0co0eil (Hampumep,
TMONYJIAINUY WU BUIA).

I'ereposurorHas 0co0b (reTepo3urora) — OPraHU3M, B KJIETKaX KOTOPOTO CO-
IepsKaTca pasHble aJlleJbHBbIe TeHbI, HampuMep Aa, Bb, IAIE.

T'uanonnazMa — JKUAKaAA YaCTh IUTOILIA3MBI, B KOTOPYIO IIOIPYKEHBI BCe
BHYTPUKJIETOUHBIE CTPYKTYPHI.

T'mopuausanusa — cKpeluBaHue ocobeil oqHOTO Buaa (BHYTPUBUI0BAS II0OPU-
IW3alins) WJIN PasHBIX BUAOB (OTHaeHHAS THOPUAM3AIINA).

I'nukokanuke — HagMeMOPaHHBIM KOMIIJIEKC KJIETOK JKUBOTHBIX, 00pa3oBaH-
HBIA MOJIEKYJaMU YIJIEBOJOB, KOTOPbI€ CBA3AHLI C OeIKaMN 1 JUINIAMU
IATOILJIa3MaTUUECKON MeMOpaHbl. BBIMONHAET PEIenToOpHYIo (QYHKIIUIO,
obecreunBaeT y3HaBaHUe KJIETKaMU APYT APyra.

I'nmuxonns — MHOTOCTYIIEHUYATHIN Ipoliece (hepMEeHTaTUBHOTO 6€CKMUCIOPOIHOTO
paclenjieHns TJII0K03bl 10 MUPOBUHOTPANHOM KUCJIOTHI, IPOTEKAIONINN B
ruaJioniasMe KJETOK.

T'omeocTasuc (romeoctaz) — CHOCOOHOCTDL KUBBLIX OPraHU3MOB COXPAHATH
OTHOCUTEJILHOE ITOCTOSIHCTBO COCTaBa M CBOWCTB BHYTPEHHEN CPEbI.

T'omozuroTHas o0co0b (rOMO3UT0TA) — OPTaHMW3M, B KJETKAaX KOTOPOTO COIep-
MaTca OfUHAKOBBIE ajljlelbHbBIe I'eHbI, HampuMep AA, aa, I°I5.

T'omonormuHbie OPTaHbl — OPTaHbl, KOTOPLIe UMEIOT €INHBIN IIJIaH CTPOCHUS
u ofIIiee ITPOUCXOKICHUE.
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T'omosornuyHbIe XPOMOCOMBI — TapHbIE XPOMOCOMBI. VIMEIOT OmMHaKOBOE
CTPOEHUE U Cofep:KaT OJNHAKOBBIN Ha0Op IeHOB (MOTYT PasindaTbCs JUITh
aJnjaeabHBIMU (popMaMu T'eHOB). B Xoze Meiio3a MOTyT 0OMEHUBATHCS yUACT-
Kamu (ABJeHHe KPOCCHUHTOBEPA).

il

Nenarypanus — yTpara IIPUPOTHON CTPYKTYPHI MOJEKYJIaMU OMOIIOJINMEDPOB
(6es1KOB, HYKJIEMHOBBIX KIMCJIOT) HOJ AEMCTBUEM (PU3MUYECKUX MU XUMUUe-
CKUX (paKTOpoB 6e3 paspyllleHUsA IEePBUYHON CTPYKTYPHL.

JIuBepreumus — 9BOJIIOIIOHHOE PACXOXKIeHIEe ITPU3HAKOB Y POJCTBEHHEIX OP-
TaHM3MOB, OOMTAIOI[UX B PA3JIHUUYHLIX YCJIOBUSAX CPEIbI.

JNipeiid renos — ciayuaiiHoe HeHAIIPABJIEHHOE M3MEHEH!Ee YacTOThI ajljiejieil B
reHo()OH/Ie IIOIYJIAIIVMI.

E

EcrecTBeHHBINH 0TOOP (COIIACHO CUHTETUUECKON TEOPUU DBOJIIOIINN) — HAIpaB-
JIEHHBIN IIpoIlecc M30MpPaTeJbHOr0 COXPAaHEHUS W BOCIPOM3BEAeHUS alall-
TUBHBIX T€HOTUIIOB U (DEHOTUIIOB B IIOMYJISAIIUAX.

n

N3MeHYNBOCTE — CHOCOOHOCTH OPraHH3MOB IPHOOpPETATh HOBbIE IIPU3HAKU
U CBOICTBA, OTJIMUYAIONINE UX OT POAUTENbCKUX (hopMm. PasimuaroT HeHa-
CJIECTBEHHYIO (MOAM(PUKAIIMOHHYIO) U HACTIEICTBeHHYIO (TeHOTUIINUECKYIO0)
M3MEHUYMBOCTh. K HacJIeICTBEHHON OTHOCUTCA KOMOWHATUBHAA W MYyTallu-
OHHAS M3MEHUYNBOCTb.

N3zonamus — WCKJIOUEHWEe WU 3aTPyAHEeHNe CBOOOTHOTO CKpPeIWBAHUS OCO-
Oeii. dIeMeHTaPHBIN 9BOJIIOIIMOHHBIA (PAKTOP, KOTOPHIN IPEnATCTBYeT 0OMe-
HY TeHaM’ MeKAY MONYJANUAMN UJIN WX YaCTIMH, CO3JaBas T€M CaMbIM
YCJIOBUA IJIs BUJO0OPasOBaHUS.

NmvmvyHOTI00YINHBI — cM. AHTHUTEJA.

NHOpUIUHT — MeTOJ CeJeKIINU, KOTOPBLIH IIpefcTaBJisgeT coboil OJM3KOPO-
CTBEHHOEe CKpeluBaHUe. [IpuMeHseTca AJIA TOrO, YTOOBI IIepeBecTu 6OJIb-
IIIMHCTBO I'€HOB IIOPOALI MJIM COPTA B TOMO3UI'OTHOE COCTOSHME 1 N30eKaTh
pacIienyieHus Mo X03sHCTBEHHO IeHHBIM HMPU3HAKAM B PAAY IOKOJEHUH.

HNurepdasza — yacTb KJIETOYHOTO IUKJIA MEXKAY ABYMS IIOCJIEL0BATEIbLHBIMI
menenusMu. Kak mpaBuiio, BKJIIOYAET TPU IIepuoja: mpecuuTetruyeckui (G,),
cuHTeTnYecKu# (S) u mocrcuHTeTHuecKuii (Gy).
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Hurepdeponsl — 3aliuTHBIE 01K, 00/1aaI0I11ie IPOTHBOBUPYCHLIME 1 IIPO-
THBOOIIYX0JE€BbIMU CBOIICTBaMIU.

HUckyceTBeHHBIN 0TOOP — BBIOOD UeJIOBEKOM HauboJiee IeHHBIX B X03SAHCTBEH-
HOM WUJIN eKOPATHUBHOM OTHOIIIEHUU 0CO6e s MOJYUeHUs OT HUX IIOTOM-
CTBa C JKeJaeMbIMU IPU3HAKAMHU W CBOMCTBAMU.

R

Kamcun — GenkoBas 000J10UuKa BUPYCHOIT YaCTUIIBI.

Kapuorun — Habop XpOMOCOM, XapaKTePHBIHN /I COMAaTUYECKUX KJIETOK OIlpe-
JIeJIEHHOT'O BUA YKUBBIX OPraHMU3MOB.

Kararenes — 0cOOBIH IyTh 9BOJIIOIUY, IIPY KOTOPOM OMOJIOTMUYECKUH IIPOrpece
OPraHM3MOB JOCTHUTAETCA 3a CUET YIIPOIIeHUA UX opraHusdamuu — Mopdo-
(pusmosIOTMUECKOTO perpecca.

Knerounas mHsKeHepHss — COBOKYITHOCTb METOIOB OMOTEXHOJIOTUH, TI03BOJISIO-
X CO3JaBaTh ¥ KYJHTHUBUPOBATH KJETKH, 00Jiafaliolre HOBBIMU CBOM-
CTBaMU.

Kaerounoe mpixanue — MHOTOCTAAUMHBIN IIpoIlecc, IPKU KOTOPOM B KJIETKaX
IIPOMCXOAUT PACIIEILIEHNE U OKUCJIEeHNE OPraHNYeCKUX COeNUHEHU, a BbI-
CBOOOJKIAOINASCST 9HEPrUus MX XWMHUUYECKUX CBA3eH 3amacaeTcs B BUe
AT®. ¥ GonbIIMHCTBA OPraHM3MOB KJIETOUHOE ObIXaHHe IIPOTEeKaeT C IC-
MOJIb30BAHMEM KUCJI0POAa (aspobHOe NbIXaHME), y HEKOTOPBIX — 0e3 yua-
CTUA KHCJIOPOAA (aHa’poOHOEe AbIXaHUe).

KneTouHbrii MUK — IMEPUOJ CYIIECTBOBAHUS KJIETKM OT MOMEHTa ee 00paso-
BaHUA M3 MATEPUHCKOMN KJETKHU IO COOCTBEHHOIO JAejieHUA (BKJIOUasd HTO
IeJeHure) Uau TUOesIu.

Komoun — yuactox JJHK maum MPHK, KOTOpBIiT COCTOUT M3 TpeX HYKJIEOTHIOB
U KOAUPYET OIPeAeJeHHYI0 aMUHOKUCIOTY (IM6O0 CIAYKUT CUTHAJIOM OKOH-
YaHUSA CUHTEe3a 0ejiKa — CTOI-KOIOH).

KommniaemeHTapHOCTH, — B3aWMHOE COOTBETCTBUE B CTPOEHUU B3aUMOAEHCTBYIO-
X MOJIEKYJI UJIM UX CTPYKTYPHBIX KOMIIOHEeHTOB. Tak, B moaekyme [[THK
HaOJOgaeTcA CTPOTOEe COOTBETCTBUE IMAPHBIX HYKJEOTUIOB APYT APYTY.
KomMmiiemenTapHbIe Iapbl 00pa3yioT a30THCThIe OCHOBAHUA: AJeHUH U TH-
MUH, I'YAHUH U [{UTO3WH.

Kongeprenmusa — He3aBuCHMOe (POPMHPOBAHNE B XOIE€ SBOJIOIHUU CXOLHBIX
MIPU3HAKOB Yy HEPOACTBEHHBIX OPraHU3MOB, OOMUTAIOIINX B OMUHAKOBBIX WJIN
OUeHb OJIUBKUX YCJIOBUAX CPEIbI.
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Kpeannonuam — pesmrnossHas u pusocopcras KOHIENINA, COTTIACHO KOTOPOT
mpupona (B TOM YMCe U BCe JKMBbIe OPraHM3MEbI) Oblia codzaHa TBopiiom
(Borowm).

Kpoccuarosep — 00MeH y4acTKaMMU MEXKAY TOMOJOTMYHBIMU XPOMOCOMaMU B
mmporecce Meiiosa.

JI

JInzomuM — BaAIUTHBIN 0€JIOK, paspyLIAoIuil KJIETOUHbIe CTEHKM OaKTepHii.
ComepsKuTes B CIIOHE, CEKpPeTax CJMBUCTBIX 000/I0UeK AbIXaTeJIbHOM, IUIIeBa-
PUTEIbHON, BBIAEJIUTEIBLHOM, II0JIOBEIX CUCTEM, MOJIOKE MJIEKOIUTAIOITUX 1 AP.

JIokyc — y4YaCTOK XPOMOCOMBI, 3aHUMAEMbBIN T€M WJN WHBIM TI'€HOM.

M

Metaboau3m — 0OOMEH BeIeCTB; COBOKYITHOCTH IIPOIIECCOB XMMMUECKOT'0 IIpe-
BpAaIlleHUs BEIeCTB B JKUBBLIX OPraHM3MaxX OT MOMEHTA MX IOCTYILJIEHUA B
OpraHuW3M [0 BBIJEJEeHUA KOHEUHBIX IIPOAYKTOB. BKJIOUaeT peaKkIMU CUH-
Te3a (aHA00JM3M) U pacIiellJIeHusA BellecTB (KaTabou3m).

MHosKeCTBeHHBIN ajlIeIn3M — CYIlleCTBOBaHME I'eHa 6ojiee 4eM B IBYX aJ-
JeabHBIX (hopmax. Hampumep, nis TeHa, OMPEAEsAOIEero IPyIlnbl KPOBU
JyeJI0OBEeKA, U3BECTHHI TP ajjesabHbIe (opmer: 2, I u I°.

MyTamuu — HacjJegyeMble U3MEeHEHNUA TeHeTUYeCKOT0 MaTepraJja OpraHu3MOoB.

H

Hacnemoranume — Ipoliecc mepemaun HACJeACTBEHHON (reHeTuuecKoii) mudop-
MaIli¥ OT OLHOTO MOKOJIEHUS OPTaHU3MOB APYTOMY IOKOJIEHUIO.

HacaencTBeHHOCTh — CBOMCTBO JKUBBIX OPraHN3MOB COXPAHATDL U II€pefaBaTh
MOTOMKaAM CBOM IIPM3HAKHU W CBOMCTBA.

HeannenbHble TeHBI — T'€HBI, PACIIOJOMKEHHBIE B HETOMOJIOTMYHBIX XPOMOCO-
Max (B 9TOM cJydae OHU HACJeAYIOTCS HE3aBHUCHMO) UJIHU B PA3HBIX JIOKYyCax
TOMOJIOTUYHBIX XPOMOCOM (B 3TOM CJIy4yae OHU HACJEOYVIOTCA CIIeIIJIeHHO).

Hopma peaxknum — amamasoH MOAU(PDUKAINOHHON M3MEHUMBOCTHU IIPHU3HAKA.
HopMma peakiiuu ompefiesisieTcs TeHOTHUIIOM U IIE€peNaeTcs 0 HacJaeICTBY.

0)

Opranouasl (OpraHesbl) — IOCTOSHHBIE CIIEIINAJU3UPOBAHHBIE CTPYKTYPHI
IUTOIJIa3Mbl, OCYIIEeCTBJIAIOIINE OIpeJeeHHbIe GhyHKIUU. PagimuaroT He-
MeMOpaHHbIe, OfHOMeMOpaHHbIe 1 AByMeMOpaHHbIE OPraHOUbI.
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Ocmoc — auddysus MOJEKYJI PACTBOPUTEA (HAIIPUMeD, BOABI) uepe3 nu3dumpa-
TeJILHO MHPOHUIIAEMYI0 MeMOpaHy (HampuMmep, IIJIadMaeMMy), pasmesisio-
IIYIO0 PACTBOPLI C PA3JINUYHON KOHIIEHTPAIIIe PacTBOPEHHBIX BelrecTs. Ilpu
STOM MOJIEKYJIBI PACTBOPUTEJISA IIEPEMENTAIOTCA U3 MeHee KOHIIEHTPUPOBAaH-
HOTO pacTBopa B 6ojiee KOHIIEHTPUPOBAHHBII.

OrnasieHHass THOPUAMSBAIIUI — METOJ CeJeKIMH, CKPellBaHlie OPraHu3MOB,
MPUHAIIEKAIINX K PA3HBIM BHIaM.

II

IlxasvMuasl — BHEXPOMOCOMHBIE (DAKTOPEI HACJIEACTBEHHOCTH; HEOOJIBIIIE MO-
aexkyabl [[THK, crocoGHBIE CyIIleCcCTBOBATH B KJIETKE B aBTOHOMHOM (HE CBS-
3aHHOM C XPOMOCOMAaMM) COCTOSTHNM, CAMOCTOSATENHLHO yABAaUBATLCA U IIPU
IeJIeHUU TiepenaBaThCA JOUEPHUM KJIETKAM.

ITopoga — COBOKYIIHOCTH AOMAIIHHNX KMBOTHBIX OJHOTO BHAA, KOTOPAsS WC-
KYCCTBEHHO CO3LAaHA UEJIOBEKOM M XapPaKTePU3YeTCs OIpPemeeHHBLIMU MOP-
(hosormueckumu, (PU3NOJIOIMUYECKIMHI U XO3ANCTBEHHBIMU OCOOCHHOCTAMU.

IloToK reHOB — mIEepPeHOC I'eHOB 13 OJHOI MOIIYJISAIINN B APYTYI0, KOTOPBIHA IIPO-
HCXOAUT BCJEACTBUE MUTPAIIUU OCO0EH, ImepeMeIleHnsT CeMSH, ITBLIBIILI U
T. 1.

IIpokapuoTsl — OpPraHM3Mbl, KJIETKKU KOTOPBIX HEe MMEIT 0()OPMJIEHHOI0 Aapa
U MeMOpaHHBIX OPraHOMIOB. IIpoKkapuoTaMu ABJISIOTCA OaKTEPUU.

P

Peaxmnusi MaTpuuHOr0 CHHTE3a — IIPOIECC CMHTE3a U3 MOHOMEDPOB MOJIEKYJIBI
OouomosmMepa, CTPOeHNe KOTOPOTO IIOJHOCTBHIO OIIPEeNessaeTcs CTPYKTYpPOit
MOJIEKYJIBI-MaTPUIIHI (TPOAYKT PeakIIny MAaTPUYHOTO CHHTE3a IIPEeCTaBIIeT
co0OI «OTIIeUaTOK» MJIU «CJIEIIOK» MATpuilbl). OCHOBHBIE peaKIly MaTpPUY-
HOT'O CMHTE3a: PEeIIMKAIUsA, TPAHCKPUIIIINA U TPAHCIAIUI.

Penmmuxkanusa [JHK — yaBoenme mosiekynbl [[THK, ogHa s peakmuii MmaTpud-
Horo cuHTe3a. BuocunTes AByx mouepHux memneit [JHK ocyriecTBisercsa c
HUCIIOJb30BAaHUEM MCXOAHBIX (MATEPWHCKUX) Ilerlell B KauecTBe MATPHII.

Py}II/IMeHTLI — OpraHbl, KOTOPBIE B IIPOIlECCE SBOJIIOIIMN yTPATUJIMN CBOE€ OCHOB-
HO€ 3HaAUYEeHNE N COXPAHUJINCh Y COBPEMEHHBIX BHJOB B 3a4aTOYHOM COCTOA-
HUU, XOTA OBLIN XOPOIIIO PAa3BUTHI y IIPEOAKOB.
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C

Cenexriusa — HayKa O CO3JAaHUM HOBBIX M YCOBEPIIIEHCTBOBAHUM YK€ CYIIIeCTBY-
IOIIX COPTOB PACTEHUIT, TOPOJ JKUBOTHBIX U IIITAMMOB MUKPOOPTaHU3MOB.

Cucremaruka — HayKa, KOTopas M3ydaeT MHOrooOpasue, IIPOUCXOKAEHUE,
(pusroreHeTYECKME CBA3YU OPraHM3MOB U 3aHUMAaeTCA UX KJaccupuKaiien.

Comaruueckass TUOPUANBANUA — CJAUSHNE PA3HBIX THUIIOB COMATUUYECKUX
KJIETOK OJHOTO OpPraHm3Ma HJIN OPraHu3MOB, IPHUHAMIEKAIIUX K PasHbIM
BUIAM.

Copt — cosmaHHasA B pe3yJbTaTe CEeJEKIIUY COBOKYITHOCTb KYJBTYPHBIX pac-
TeHUH OJHOT'O BUIA, YCTONUYMBO 00JIAZAIOINMUX B KOHKPETHBIX YCJIOBUAX
BO3eJIBIBAHUSA OIPeNeJeHHBIMU MOP(POIOTUUECKIMU, (PU3UOJOTTUECKUMU
U XO3AUCTBEHHBIMU IIPU3HAKAMU.

Cyneprkancug — 000JI09Ka M3 JIUIIUIOB 1 0€JIKOB, IMIOKPHIBAIONIAA KAICHU] He-
KOTOPBIX BUPYCOB.

T

Tpauckpunius — 6uocuuTes PHK Ha coOTBeTCTBYIOIINX yUYacTKaX OTHOUM M3
nemneit [JHK (TpamcKkpubupyemoii) — ofHA U3 PeaKIUi MAaTPUUYHOTO CUHTEe3a
(MaTpurieli cay:Kut TpaucKkpudbupyemas mens [IHEK).

Tpaucaanua — GMOCHUHTe3 OesiKa 13 AMUHOKUCJIOT, IPOUCXONAIINI B puboco-
Max, — OJHAa M3 PeaKIlnii MaTPUUYHOTO cuHTe3a (Marpuiiei cay:xut MmPHEK).

TypropHoe maBjeHue — naBJeHUE BHYTPEHHETO COAEPIKUMOTr0O KJIETKU HaA ee
000JI0UKY.

D

®deHOTUTT — COBOKYHHOCTH ITPU3HAKOB U CBOMCTB OpPraHMW3Ma.

deHOTUNINYECKUN PAANKAJI — YacTbh I'eHOTHUIIA 0CO0M, OIpenedoInasa ee ge-
HOTHuI. Hampumep, Ajd ocobu, ¥y KOTOPOU IPOSBUJNCH ABA JOMUHAHTHBIX
npusHaka: A—B—.

depMeHThI — 0eJIKM, YCKOPSIOIIe IIPOTeKAaHIe XUMIUYeCKUX PeaKIIUHA B KUBBIX
OpraHM3Max, T. €. BBIMOJHAIONHEe (PYHKI[NIO OMOJOrMYeCKIX KaTaI3aTOPOB.

®epoMOoHBI — OMOJOTMYECKU aKTUBHBIE BEII[eCTBA, KOTOPhIe BHIPAa0AThIBAIOTCS
CTIEIUAN3UPOBAHHBIMY JKejiedaMu (UM KJIEeTKaMM) KUBOTHBIX, BBIJEJS-
IOTCS BO BHEIITHIOI CPeAy M OKa3bIBAIOT BO3JEUCTBUE HA MOBeNeHNE, (P1U3MO-
JIOTTYECKOEe COCTOSIHME WJIM Pas3BUTHE ocobeil TOro »xe BuUIa.
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dDunorenes — IPOIECC UCTOPUUECKOTO PA3BUTUA KAK OPraHUYECKOro MUpa B
1IeJIOM, TaK W OTAEJBHBIX TPYIII OPraHU3MOB.

®orocuHTE3 — IIPOIlECC 00Pa30BaHUS OPraHUUYECKUX BEIleCTB U3 YIJIEKUC-
JIOTO ra3a W BOXBI, IIPOTEKAIOIINI C HOTJIOIIEHEM CBETOBOM SHEPruu IIPu
yuacTuyu (POTOCUHTETUYECKUX IIUTMEHTOB B KJETKAX 3€JIeHbIX PaCTeHU,
BOJOPOCJIENl M HEKOTOPHIX OaKTepuii.

X

XpoMaTuH — OCHOBHOU KOMIIOHEHT KJIETOYHOT'O APa, COCTOAIINH IIPeuMYyIIe-
crBernHo u3 moJieKys [ITHK u 6enxoB. B Hauasie nejeHus KJIeTKU XPOMaTUH
cnupaausyercsa (KOMOaKTU3UPYeTCs), 00pasys XPOMOCOMBI.

I

ITuromorua — HayKa, U3ydalomias cTpoeHnne, GyHKIITMOHUPOBaHNE, PA3MHOMKe-
HUe, cTapeHue U rubesib KJIEeTOK.

IMuTomnaszmMa — BHYTPEHHee COAEPKUMOe KJIEeTKM, 3a HCKJIUeHHeM sapa,
OrpaHUUYEHHOE IJIasMaJjeMMoii. B cocTaB mMuTomaa3sMbl BXOIAT T'MAJIOINJIA3-
Ma, ITUTOCKeJeT ¥ OPTraHOUIbI.

Ilurockemer — BHYTPUKJETOUHBIN CKeJieT; TpexMepHas ceTh, 00pasoBaHHAA
OesJiKkaMi ¥ IMPOHUBLIBAIOINAS T'MAJIONIA3My KJIETKHU. BBIMOJIHSIET OIIOPHYIO
(pyHKIIMIO, 00eceuynBaeT BHYTPUKJIETOUHLIE ABUKEHUSI U IP.

111

IllTamMmM — MCKYCCTBEHHO CO3aHHAaA YEJJOBEKOM COBOKYIIHOCTH MUKPOOPTaHM3-
MOB OJHOT'O BHla, UMEMIUX OIIpefeeHHbIe HACJeACTBEHHO 3aKPelJIeHHbIe
OPU3HAKU W CBOMCTBA, a TaK:Ke OJHOTHUIIHYIO PeaKIIUio Ha JercTBue (hakK-
TOPOB OKPYsKaIoIeil cpembl.

9

IK301IMTO3 — BBIBEJIeHIE BEIeCTB, 3aKJIOUEHHBIX B MEMOPAHHYIO VIIAKOBKY,
U3 KJIETKU BO BHEKJIETOUHYIO CPENy.

IJHIOIUTO3 — TIOTJIOINEeHNe KJEeTKON TBepAbIX uacTul ((paromuros) Uam pac-
TBOPOB (IMHOIUTO3) IIyTeM (hOPMUPOBAHUA MeMOPAHHBIX MY3bIPHKOB, 00-
Pa30BaHHLIX IIJIa3MAaJIEMMOI.

JyKapuoThl — OPraHM3MBI, B KJIETKAX KOTOPBIX MMeeTCs O(POpMICHHOE AP0,
a Tak'Ke MeMOpaHHBIE 1 HeMeMOpaHHbIe opraHouabl. K sykapmoram OTHO-
CATCSA IMPOTHUCTHI, IPHUOBI, PACTEHUA U »KUBOTHLIE.
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