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Jleknusa 1
BHUOJIOTUS - HAYKA O J)KUBOM INPUPOE.
OOPMbI ’KNBOI'O

IIJIAH JIEKIIUU:
1. BUOJIOT'US — HAYKA O ’)KUBOH MMPUPO/IE.

2. SHAUYEHUWE BHOJIOT WM JIJISI MEIUIIUHBI.
3. CBOMCTBA KHBOTO.

4. YPOBHU OPITAHU3AILIMHU )KUBOTI'O.

5. DOPMBbI )KHBOT O.

6. BOITPOCHI I CAMOKOHTPOJIA.

BHOJIOTHUS - HAYKA O )KUBOM ITPUPO/IE.
SHAYEHUWE BUOJIOI'MM JIAA ME/IULINHBI

Buonozusa (ot nar. bios — xxu3Hb, 10g0s — yueHue) — Hayka, KOTOpas u3y-
YaeT JKU3Hb Kak 0coOyro (popMy JIBHXKEHUS MaTEpUU, 3aKOHBI €€ CYyIEeCTBOBA-
HUS U pa3BUTHSA. TepMuH «OMONIOTHs» OBbLT BOEPBBIE MPEAJIOKEH (PPAHILY3CKUM
ecrectBoucnbiTarenem JK.-b. Jlamapkom B 1802 r. nas 0603HaUEHUST HAYKH O
KU3HH, KaK 0COOOM SIBJICHUU HPUPOJIbI.

buonorus 3apogunace B antuuHoe Bpemst (I'unmnokpat, Apucrorens, ['a-
JIeH), OJIHAKO CBOE Ha3BaHUE MOJydusia Toiabko B 1802 r., Korma 3ToT TEpMUH B
COBPEMEHHOM €ro TOJIKOBAaHMHU ObLI MpemiokeH ¢paHily3ckuMm yueHbiM JK.b.
Jlamapkom n HeMenkuM uccienosarenem [.P. Tpesupanycom.

[lepBble cBeneHUs O KMBBIX CYLIECTBAaX YEJIOBEK Hauajl COOMpATh C TeX
1op, KaK BbIAEIUI ce0s U3 OKpyKarolel IpUpoabl, 0CO3HABasi CBOE OTIUYHE OT

ee 00beKTOB. M3 COXpaHUBIIMXCS JIUTEPATYPHBIX MaMATHUKOB H3BECTHO, YTO
yK€ IPEBHUE UHACHIIBI, BABUWIOHSHE, ETUIITSIHE U IPYTUe HAPOJIbl HEMAJIO 3HAIN
0 pacteHusix W kuBOTHBIX. B XIV B. B Meconoramuu crucTeMaTu3nupOBaIUCH
3HaHMS O PACTEHUAX, MOAPAACIABIIMXCSA HA JIEPEBbs, OBOILIH, JICKAPCTBEHHbBIC
TPaBBI U T. II., @ TAKXKE O IVIOTOSIAHBIX U TPABOSIHBIX )KUBOTHBIX, UTO CJICAYET

N3 JOCAMMNX A0 HAaC KIIMHOIIMCHBIX TaOJIMYEK TeX BPCMCH.
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N3yyenue xUBOM MPUPOABI JUKTOBAIOCH JABYMsI HACYIIHBIMU MOTPEOHO-
CTSIMU 4Y€JI0BEUECTBA: MOTPEOHOCTHIO MO3HAHUS PACTEHUN U KUBOTHBIX C IIEJIbIO
YIOBIIETBOPEHUSI CBOMX HYXJ B PACTUTEIBHON M KUBOTHOW THUIIE U HEOOXO0IU-
MOCTBIO MO3HAHUS Tela YeJIOBEKA C LENbI0 COBEPIICHCTBOBAHUS IPEBHEHUIIETO
HCKYCCTBA BPau€BaAHMSI.

OcHOBHOM 3amaueld OMOJIOTUU SBISIETCS U3yueHUE OOLIMX 3aKOHOMEPHO-
CTEH Pa3BUTHUA KUBOW NPUPOIBI, PACKPBITUE CYLIHOCTH KWU3HH, CUCTEMATH3a-
LU KUBBIX cyliecTB. [IpenMerom OHONIOrMU SIBIFOTCS CTPOEHUE U KU3HEIEs -
TEJIbHOCTbH KUBBIX OPTaHU3MOB, IPOUCXOKIACHUE, PA3BUTHE U PACIIPOCTPAHEHUE
KUBBIX CYIIECTB Ha 3eMJI€, X CBSI3U JPYT C IPYTOM U C HE)KUBOW MPUPOJIOM.

B pa3BuTHM OMOJIOIMH YCIOBHO BBIJEISIIOT TPH OCHOBHBIX 3Tana: Ilepsriii
3Tan — pa3padoTKa KJacCu(UKALUUA U CUCTEMATUKA KUBOTO.

Bonwmioii Bkiasg B pazsutue 6uonoruu Buec Kapin Jlunneit, npeaioxxuBimii cu-
cTeMy Kiaccuukanuu KMBOTHBIX U pacTeHuil, Kapn Makcumosuu bap (1792—
1876) B cBoux paborax cHopMyIupOBal OCHOBHBIE MOJIOKEHUSI TEOPUH TOMO-
JIOTUYHBIX OPTaHOB M 3aKOHA 3apOJBIIIEBOr0 CXOJICTBA, 3aJI0KUBILIHUE HAYYHbIC
ocHOBBI 3MOpuosiorun, B 1808 1. B padote «Punocodus 3oomorun» XKan ba-
tucT JlamMapk mocTtaBwiI BONPOC O MPUYMHAX M MEXAHU3MAaX HBOIIOLMOHHBIX
npeoOpa3zoBaHUi U U3JIOKUII TIEPBYIO IO BPEMEHU TEOPUIO IBOJIIOIIHH.

Bropoii 3Tan — cTaHOBIIEHNE 3BOIOLMOHHOrO yuyeHus. Ha ocHOBe MHOTO-
yucieHHblx HaOmonenuit Y. Jlapsun omyOnukoBai B 1859 r. cBoil 0CHOBHOM
Tpya «O MPOUCXOKACHUHM BUJOB MyTEM €CcTeCTBEHHOro otOopa mimu CoxpaHe-
HUU OJaronpHUsITCTBYEMBIX TIOPOA B OOpHOE 3a KU3HB», B KOTOPOM C(HOPMYJIIHU-
pOBaJ OCHOBHBIE MOJIOKEHUS] TEOPUHU SBOJIOLUH, MPEAIOKHUI MEXAHU3MbI 3BO-
JIIOLMH U MTyTH 3BOJIIOLIMOHHBIX MPEe0Opa30BaHUil OPraHU3MOB.

Tpertuii aTan — pazsurue Mukpooduosoruu. B XIX B. Onarogapst paboram
JIyu Ilactepa (1822—-1895), Pobepra Koxa (1843—-1910), Unbu Unbuuya Meunu-
KOBa B KAa4yeCTBE CAMOCTOSITENbHOW Hayku odopmumiach Mukpoouosorusa. K
KOHITYy XIX B. KaKk OTZEJIbHbIE HAYKH BBIIAECIWINCH APA3UTOJIOTHS U DKOJIOTHS.

XX Bek Hayajcs ¢ MepeoTKphITUA 3aKOHOB [ peropa Menaens, 4To o3Ha-
MEHOBAJIO COOOW Ha4ajo Pa3BUTHSI TEHETUKH KaK HaYyKH.

B 40-50-¢ roapr XX B. B OMOJIOTHH CTaJIM IIUPOKO HUCIIOIB30BATHCS HJICH
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M METOJIbl (PU3UKHU, XUMUU, MATEMATUKH, KHOEPHETUKHN U JPYTUX HayK, a B Ka-
YecTBe 0OBEKTOB HCCIEAOBAHUS — MUKPOOPTaHU3MbI. B pe3ynpTaTe BO3HUKIHN U
cTanu OypHO Pa3BUBATHCS KAK CaMOCTOSITENIbHbIC HAYKU Ono(du3uKa, OMOXUMHUS,
MOJIEKYJIsIpHasi OUoJIoTHA, pagualronHas Ouosnorus, Ouonuka u np. Hccnemno-
BaHUS B KOCMOCE CIOCOOCTBOBANM 3apOXKIACHHUIO M PAa3BUTHUI0O KOCMHUYECKOM
ononornn. B XX B. MOSIBUIOCH HampaBJICHHE MPHUKIAAHBIX HCCIECHOBAHUN —
OMOTEXHOJIOTHS.

B Hacrosiee BpEM: YCIIOBHO MOKHO BBIACIINTHL TPHU HAIIPABJICHUS B ouo-
JOI'uu.

IlepBoe HampaBieHUE — 3TO Kiaccuueckas ouonozus. Ee NpeacTaBisioOT
yY€HbIE-HATypaJIUCThl, U3yYalolue MHOT000Opasue KUBou Mpupoasl. OHU 00b-
€KTUBHO HAOJIIOAal0T U aHAJU3UPYIOT BCE, YTO MPOUCXOAUT B )KUBOW MPUPOJIE,
U3y4aloT KUBbIE OPraHU3MbI U KJIACCUPUIUPYIOT UX.

Btopoe HampaBienue — 3To 26oaoyuontas ouonozusn. B HacTosiee Bpe-
MsI U3YYEHUE SBOJIIOIUM YKUBBIX OPraHMW3MOB aKTHUBHO Mpojoinkaercs. CHHTE3
TEHETUKHU U 3BOJIIOLIMOHHON TEOPUU MPHUBEN K CO3/IAHUIO TAK HA3bIBAEMOMW CHH-
TETUYECKOUN TeopuHu 3BOIOIMU. Ho 1 celuac enre ecTh MHOIO HEPEIIEHHBIX BO-
MPOCOB, OTBETHI HA KOTOPHIE HUIIYT YYEHBIC-3BOIOLIMOHUCTHI.

Tperbe HampaBieHUuE — QuU3UKO-XUMUYECKAS OUONO2Us, WCCIEAYIOMIAas
CTPOCHHUE JKUBBIX OOBEKTOB TMPH MOMOIIM COBPEMEHHBIX (U3UUECKUX U XUMHU-
YECKUX METOJIOB. DTO OBICTPO pa3BUBAIOIIICECS HAMPABIEHWE OMOJIOTUH, BAXKHOE
KaK B TEOPETUYECKOM, TaK U B MPAKTUYECKOM OTHOLIEHUH. MOXHO C YBEpEHHO-
CTBIO TOBOPHUTH, YTO B (PUBUKO-XUMUYECKON OMOJIOTHH HAC KIYT HOBBIE OTKPHI-
TS, KOTOPBIE MO3BOJIST PEUIUTH MHOTHE MPOOJIEMBI, CTOSIITUE MEepe]] YeaoBeye-
CTBOM.

B nHacTosiiee Bpemsi OMOJOTUUECKHE 3HAHUS UCTIONB3YIOTCSA BO BCexX ce-
pax 4eIOBEUECKOW NIESITETbHOCTH: B MPOMBIIUICHHOCTA U CEIBCKOM XO3SIMCTBE,
MEIULIMHE U SHEPreTUKe. Upe3BbIUailHO BAKHOE 3HAYEHHUE MMEIOT SKOJIOTHYe-
ckue uccnenoBanus. llepen yemoBeyecTBOM BCTalla TpaHAMO3HAsA 3ajadya — CO-
XpaHeHne 6uochepsl ¢ 1eTbI0 MOEPKaHNs YCIOBUHN CYIIIECTBOBAHUS U Pa3BH-
THS IUBWIN3aNMH. be3 OMOIOrnYecKux 3HAHUU U CIIEUAIBHBIX UCCIIE0BaHUI

peuinTb €€ HCBO3MOXKHO.
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CoBpeMmeHHass OMOJIOTHS TPEACTABIAET COOON KOMILJIEKC €CTECTBEHHBIX
HayK, U3y4aroluX JKUBYIO Mpupoxay. Tak, OMOJOrus TECHO CBsA3aHa C XMMHUEH,
(¢u3nKoN, MaTeMaTUKOW U APYTMMHU HaykaMu. Ha cThIke HayK MONy4HIU pa3BU-
THe buoxumus, onodusnka, Gusuonorus u apyrue. buonorus spisercs Teope-
TUYECKON 0a30i MEAUITMHCKON TEeHETHKH, MUKPOOHOJIOTHH, UMMYHOJIOTHH, TIa-
Pa3UTOJIOTMH, HETOCPEACTBEHHO CBSI3AHHBIX C MEIULIMHOM.

Bce 6uonoruueckne HayKu MOKHO TOJPA3/I€aUTh Ha CIEAYIOIINE TPYIbL:

- O6HIG6I/IOJ'IOFI/I‘ICCKI/IC (HI/ITOJ'IOI‘I/I}I, I'CHCTHUKA, S3BOJIOIUMOHHOC YUCHUC U ,Z[p.);

- Mop¢onoruvYecKre AUCIUIUTMHBI (HapUMep: aHaTOMUSI, THCTOJIOTHS,
MaTOJOTUYECKasi aHATOMMUS);

- ¢usunonorndyeckue (PU3HOIOTHSA paCTCHUMN, )KUBOTHBIX, HOpMaJIbHAS
dbu3uoorus, marojgoruyeckas GU3N0Iorus);

- DKOJIOTHYECKHE (3KOoJIorus, Ouoreorpadus, mapa3uToiaorus);

- morpaHuyHble (Onoxumusi, Onopu3nKa, MOJEKyJsIpHas OUOJIOTHUS U JIp.).

3HAYEHHUWE BUOJIOI'M JJIsA MEIMIITUHbI

MHorue OHOJIOTHUYECKHE HAYKH SBIISIOTCS OCHOBOW TEOPETUYECKOH H
MPaKTUYECKONH MEIHUIMHBL. Tak, Ha OCHOBE MOP(OJIOTHYECKIX HAyK (aHATOMMUS,
TUCTOJIOTHS, IUTOJIOTHS) YCIICIITHO Pa3BUBACTCS IMATOJIOTHYCCKAs aHATOMUS, a
Ha OCHOBE (PM3HOJIOTUH, OMOXUMUHU U TEHETUKU — MATOJOTUYECKass (PU3UOIOTHSI.
ONuIeMUOJIOTHSI CBOMMU YCIleXaMu 00s13aHa 300JI0THUH, Mapa3uTOJIOTHH, OaKTe-
puosioruu, Bupycoioruu. CTaHOBJICHHE aKyIIepCcTBa ObLIO TECHO CBSI3aHO C DM-
opuosorueit. Ha ycrexax aHaroMuu, GU3HOJOTHH U OMOXMMHHU OCHOBBIBAJINCH
MHOTHE JTOCTHKCHHS Tepanuu u Xupypruu. C ydeToM 3TOro HeT HEO0OXO0IUMO-
CTH B CIICIUATILHOM OOBSICHEHUH POJIM U3yUYCHHS] OMOJOTUYECKUX HAYK B IMOJTO-
ToBKE Bpaua. [lo3HaHMe 3aKOHOMEPHOCTEW Pa3BUTHS MATOJOTHUYECKUX MPOIEC-
COB, JIMAarHOCTHKA, JIEYEHUE M MPOPUIAKTUKA 3a00J€BaHUN HEMBICIMMBI 0O€3
3HAHHUSA O CTPOCHUHU M JKU3HEACATCIIBHOCTH KJIETOK, TKAaHEH, OPraHOB U IIEJIOCT-
HOTO OpraHM3Ma 4ejiOBeKa B HOpMe, 0e3 3HaHHUsl 3aKOHOMEPHOCTEW Hacle.l-
CTBEHHOCTH M W3MCHYMBOCTH, a TAK)KE MPHUCIOCOOSIEMOCTH OpraHU3Ma YeJo-
BeKa K U3MCHSIONTUMCS YCIIOBUSIM BHEIITHEH CPE/IbI.
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B Hacrosiiiee BpeMsi COBpEMEHHass OMOJIOTHS HAXOJIUTCS Ha IOJIOCE
OTKpBITUM, 3HAYEHHE KOTOPBIX TPYIHO MEPEOLEHUTh. IDTO, MPEKAE BCETO,
YCIIEXHU, CBSI3aHHBIE C pPA3BUTHEM TEHETHKH, a HMMEHHO, pacimu@poBKa
reHoMa 4eJIOBEKa, KIIOHMPOBAaHUE, YCIEXU B MEPecajke OpraHoB U paldoThI
CO CTBO-JIOBBIMU KjeTKaMH. CeroiHs CMeI0 MOXHO YTBEP)KJATh, YTO BO
MHOTOM OT YyCIIEXOB OMONOTMHM OyIyT 3aBUCETh NMEPCIEKTHBBI OYIYyIIETro
pPa3BUTHS BCErO YEIIOBEUECTBA.

Ponw Guosoruu B cucTteMe MOATOTOBKM Bpauda ornpejaensercs GopMmu-
poBaHUEM OOIIEKYIbTYPHBIX, 00IIENpPO(ecCHOHANBHBIX U TPodeccroHab-
HBIX KOMIIETCHIIUM, CUCTEMHBIX (yHIaMEHTAIbHBIX 3HAHUM, YMEHUU U
HABBIKOB MO OOIIMM OMOJOTHYECKUM 3aKOHOMEPHOCTSIM, MPEACTABIISIIONINX
HauOOIBIINN UHTEPEC AJIA MPAKTUYECKOrO 3APABOOXPAHEHHUS], B OJTOTOBKE
CTYJICHTOB K CUCTEMHOMY BOCIPHUSATHUIO OOIIEMEIUIIMHCKUX, COLMANIbHBIX U
KIIMHUYECKUX JUCIUIUIMH U (POPMHUPOBAHUHU Y HUX €CTECTBEHHOHAYYHOIO
MHUPOBO33PEHUSA, JIOTUKHA OUOJIOTUYECKOTO MBIILUICHUS, HEOOXOAUMBIX JIJIs
NOCJIEYIONIEN MPAKTUYECKOM 1eATeIbHOCTH Bpaya

CBOICTBA )KUBOI'O

OcHosHoll 3a0aueti buoiocuU A611emcs NO3HaHue cywHocmu dHcuzuu. Bo-
MPOC ATOT CJIOKHBIA U OTBETUTH HA HETO MBITAINCH MHOTHE YUEHBIEC - €CTECTBO-
ucneitarenu, Gpuirocodsl APEeBHOCTH, HAUMHAS C APUCTOTEIS.

PaccMoTpuM ocroembie ceolicmea Heuevlx opeanuzmos, OMiudawue ux
om 00bEeKmMOos8 HeHCUBOU NPUPoObl N BBIIEISIONIME KUBOE BEIIECTBO B 0COOYIO
dbopMy CyIIeCTBOBAHUS MaTEPHH.

1. J)KuBble OpraHu3Mbl XapakTEpU3YIOTCA CIIOKHOM  YIOPSAOYEHHOU
cTpykTypoil. Co3gaHue mopsiika — Ba)KHEHIIee CBONCTBO >KMBOT0. YMHOPSAO-
YEHHOCTb B IIPOCTPAHCTBE COIIPOBOXKAACTCSA YHOPSIAOYEHHOCTHIO BO BPEMEHHU.
YpOBEHb UX OpPraHU3allyd 3HAYMTEIIBHO BBILIE, YEM B HEXHUBBIX cucremax. [lo
XUMHUUYECKOMY COCTaBy B KUBOM 98% MNpHUXOAUTCA HA YETHIPE DIIEMEHTA: yIJie-
poJ, KACIOpPOA, a30T U BOAopoA. CTpOUTENBHBIN MaTepHal CTPYKTYp KUBOTO B
OOJBIIMHCTBE COCTOUT U3 peryisipHbix nosmmepoB: [JHK u PHK, Genkos, xu-
POB U YTJIEBOJIOB.
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2. Pa3apakxuMoCTh — YHHBEPCAJIbHOE CBOMCTBO BCETO JKUBOTO, KaK pacre-
HUH, TaK W )KUBOTHBIX, CBSI3aHA C Mepenavyeit napopMaiu u3BHE B JIFOOYI0 OHO-
JIOTUYECKYI0 CHCTEMY W OTpa)kaeT PEaKIMIO 3TOM CHCTEMbI HA BHEIIHHUU pa3-
APaXKHUTENNb. DTO CBOWCTBO JIGKHUT B OCHOBE IMPUCTIOCOOJICHUSI OPTAaHU3MOB K W3-
MEHSIOIUMCS YCIIOBUSIM OKpY’KaroIel cpeapl. biarogaps pa3apakuMOCTH K-
BBIC OpPraHU3MBI CIIOCOOHBI M30HMpaTEIbHO pearnpoBaTh Ha YCIIOBHUS BHEIIHEH
Cpebl ¥ U3BJIEKATh U3 HEe TOIBKO HEOOXOAUMOE [Tl CBOETO cyliecTBoBanus. C
pa3ApaKUMOCTBIO CBSI3aHA CaMOPETYJISALUS KHUBBIX CHCTEM IO MPHUHIUIY 00-
paTHOM CBSI3U: MPOJYKTHI KU3HEACATEIBHOCTA CIIOCOOHBI OKa3bIBaTh TOPMO3S-
Iee WM CTUMYJIMPYIOIIEe BO3JCHCTBHE HA T€ (PePMEHTHI, KOTOPHIC CTOSIIH B
Havae JJIMHHOM IIeTTH XUMUYECKUX PCaKIIHIA;

3. Bce kuBble OpraHu3Mbl — OTKPBITBIE OMOJIOTHYECKUE cUCTEMBI. JKUBbIE
CUCTEMBI HE MOTYT CYILIECTBOBaTh 0€3 MPUTOKA U3 BHEIIHEH Cpelibl SJHEPTUH, B
MEPBYIO0 OYEpPEb SHEPTUHU COJTHEYHOIO CBETA M DHEPTUM XUMHUYECKUX CBA3EH
KOMITOHEHTOB MHIIHA. DHEPreTHUecKasi OTKPBITOCTh KMBOI'O MPEAINOiaraeT He-
MPEPBIBHBIN OOMEH BEIIECTB MEKY OPTaHU3MOM M OKPY>KaroIIeil Cpeoi.

4. HacneqCcTBEHHOCTh — CBOMCTBO KMBBIX OPTaHU3MOB IE€pe/laBaTh CBOU
NPU3HAKK U OCOOCHHOCTU Pa3BUTHS B Py MOKOJCHUM, KOTOPhIE 0OecreurBa-
10T IPUCTIOCOOJICHHE K cpejie OOUTaHus;

5. I3MEeHUMBOCTh — CHOCOOHOCTbH KMBBIX OPraHU3MOB MPUOOpPETaTh HO-
BbIC MPU3HAKU U CBOMCTBA B MPOLIECCE MHAWBUAYAIbHOTO Pa3BUTHS, B 3aBUCH-
MOCTHU OT YCIIOBUM cpenbl. B mepByto odepelb U3MEHUHUBOCTh CBsI3aHA C OIIHUO-
KaMU IPU PENPOAYKIIUU: U3MEHEHUS B CTPYKTYPE HYKJIIEMHOBBIX KUCIIOT IIPUBO-
JST K TIOSIBIGHHWIO HOBOW HaciencTBeHHoW uH(opmanuu. [1osBistoTcss HOBBIE
pU3HAKKU U cBoMcTBA. ECm oHM TOJIe3HBI [IJ1s1 OpraHru3Ma B JJAaHHOM cpejie 00u-
TaHUs, TO OHH TOJXBATHIBAIOTCS U 3aKPEIUIAIOTCS €CTeCTBEHHBIM 0TOOpOoM. Co-
3/1at0TCsl HOBbIE (DOPMBI U BUJBI. TakuM 00pa3oM, N3BMEHUYHMBOCTh CO3/1a€T MPE/T-
MOCBUIKU JUIsl BUA000PA30BaHUS U IBOJIIOIIHH.

6. CaMOBOCIIPOU3BEIEHNE — CITOCOOHOCTh CO3/1aBaTh ceOe MOA00HBIX, T.€.
CIIOCOOHOCTh K Pa3MHOKCHHIO W penpoayKiuu. CaMOBOCIIPOM3BEACHUE 00ec-
NEYMBACT MPEEMCTBEHHOCTh MEXTY CMEHSIOIIUMHUCS TeHepaIusIMA OHOJIOTHYC-

CKHUX CHUCTEM. JTO CBOMCTBO CBSI3aHO C MOTOKAMH MH(POPMaLIUH, 3aJI0KEHHOU B 13



CTPYKTYp€ HYKIIEHHOBBIX KHUCJIOT. B CBSI3U C 3THM JKHUBBIE CTPYKTYPBI ITOCTOSIH-
HO BOCIIPOU3BOJSTCS U OOHOBIISIFOTCSI, HE TEPsAS MPU 3TOM CXOJACTBA C MPEIbI-
OYIIUMU TOKOJICHUSIMA (HECMOTpPSI HAa HENPEPHIBHOE OOHOBJIICHUE BEIIECTBA).
HyxknenHoBble KHCIOTBI CIIOCOOHBI XpaHUTh, NEpenaBaTh U BOCIPOU3BOJIUTH
HACJIEJICTBEHHYIO HWH(GOPMAIIUIO, a TAaKXKE PEaln30BhIBATH €€ Yepe3 CUHTE3 Oel-
koB. Uudopmanus, xpanumas va JIHK, nepenocutcs Ha Mosexyny Oenka ¢ mo-
Mo1bio moJiekyn PHK.

7. CaMOOOHOBJIEHUE CBS3aHO C MOTOKOM BellecTBa M 3HEpruu. OCHOBY
oOMeHa BEIECTB COCTABISAIOT COAJAaHCHPOBAHHBIE M YETKO B3aMMOCBSI3aHHBIE
IpOIeCChl ACCUMUIIAIMU (aHa0O0IM3M, CUHTE3, 00pa30BaHUE HOBBIX BELIECTB) U
IUCCUMUIIALINY (KaTaboamu3M, pacnan). B pe3ynbraTte acCHMUIALINN TPOUCXOIST
OOHOBJICHHE CTPYKTYp OpraHu3mMa u oOpa3oBaHHE HOBBIX €ro yactell (KJIETOK,
TKaHel, yactel opraHoB). JIucCUMMIIALUS ONPEIEIISET paclllelUIeHue OpraHuyie-
CKUX COEMHEHUMN, 00ECIeUnBaeT KIETKY MJIACTUYECKUM BELIECTBOM U 3HEPIU-
eil. [lnga oOpa3oBaHUsI HOBOTO HYXEH IOCTOSIHHBIM NMPUTOK HEOOXOIMMBIX Be-
IIECTB U3BHE, a B MPOIIECCE KUZHEACATEILHOCTH (M AUCCUMUJIISIIINY, B YACTHO-
CTH) 00pa3yIOTCs MPOAYKTHI, KOTOPbIE HY>KHO BBIBECTH BO BHEIITHIOIO CPETY.

8. Cawmoperymsauus. buonorndyeckue CUCTEMBI, MOJIy4as HEOOXOAUMYIO
UH(POPMAIIMIO, OCYLIECTBIISIOT CAMOPETYIISILIMIO BCEX MPOTEKAIOUINX B HUX OHO-
JIOTHYECKHX MPOILIECCOB U ABJIEHUN. CaMOperyanus KUBbIX CUCTEM OOecreyu-
BaeT HMX I'OMEOCTa3 — OTHOCHUTEJIBHOE ITOCTOSIHCTBO XHWMHYECKOI'O COCTaBa,
CTPYKTYpPBI K CBOMCTB. B Kakux ObI yCIIOBUAX CpPeAbl HU OKA3bIBAJICS KUBOM Op-
raHU3M, Kakue Obl BEIIECTBA HU MOCTYIAIN BHYTPb KUBBIX CUCTEM, OPraHU3MbI
Bcerjaa OyayT coXpaHsATh Oiaronapsi ToMEOCTaTUYECKUM MEXaHU3MaM IOCTOsH-
CTBO COCTaBa, CTPYKTYPBI U CBOMCTB.

9. JIMCKpETHOCTh M MENOCTHOCTh.JKM3HM KaK SBJICHUIO CBOWCTBEHHBI
HEMPEPBIBHOCTH (LIETOCTHOCTh) U IPEPHIBHOCTH (IUCKPETHOCTD), MPUCYIIUE KaK
CTPYKType, Tak U QpyHkuuu. Harmpumep, MaTepuanbHblidl cyOCTpaT HacleACTBEH-
HOCTHU LIEJIOCTEH, T. K. IMPEACTABJIEH MOJEKYJIOW HYKJIEMHOBOM KHUCIOTBL. HO
HYKJIEMHOBAsi KHUCJIOTa AUCKPETHA, T.K. COCTOUT W3 JABYX IOJIUHYKJICOTHUIHBIX
Henei, TMCKPEeTHOCTh KOTOPBIX, B CBOKO OYEPE/Ib, 3aKII0YaeTCs B 00pa30BaHUU

K01 HyKieoTuaamu. [Iporiecc peanusaium HacIeICTBEHHON nH(OpMaIuu
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HCTIPCPLIBEH U B TO K€ BPCMs NJUCKPCTCH, T. K. COCTOUT U3 TPAHCKPHUIILUU U
TPaHCIIIUN.

10. Uepapxudeckass COMOJYMHEHHOCTh — IIOCJIEIOBATEIBHOE W CTPOTO
YIOPSA0YCHHOE YCIIOKHEHHE OpraHu3aIiy )KuBoro. [lox mepapxueii (ot rped.
hieros — cBsIeHHBIN, arche— BJIacTh) MOHMUMAIOT PACITOIOKCHHIE DJIEMEHTOB I1e-
JIOTO CTYIEHYATHIM PSJIOM — OT HH3IIEro K BhICIIeMy. Ha kaxjaoM HOBOM
YPOBHE OpPTaHHU3AIMH MTOSBJISIOTCS HOBBIC (AMEPKESHTHBIE) CBOHCTBA.

Tonbsko COBOKYIIHOCTb BCCX OAHHBIX CBOMCTB MOXET XApaKTCPHU30BaATh
»)kuBoe. U3 COBOKYITHOCTH 3THUX IIPHU3HAKOB BLITCKACT CJICAYIOIICC 0606IHCHHO€
OIIPCACIICHUC CYIIHOCTHU KHUBOI'O: JKU3Hb — CCTb (1)0pMa CYIICCTBOBAHUA CJIOXK-
HBIX, OTKPBITBIX CHUCTCM, CITOCOOHBIX K caMoOopranm3alui U CaMOBOCIIPON3BC-
JCHUIO.

YPOBHHU OPTAHM3AILIMU )KUBOI'O

MeTtononornueckoii OCHOBOM OHOJIOTMH SIBJISIETCS KOHUENUHUS CTPYK-
TYPHBIX YPOBHEH OpraHU3alMM >KUBOW MaTepuu (OT JIaT. 0rganizo - mpuiaro
cTpolHbIN BUA). COraacHO 3TOM KOHUENLNHU, JJIEMEHTBI, COCTABIIIFOLINE )KUBYIO
MaTepuio, 00pa3yroT CHUCTEMbI, HaXOASAIIMECS MEXIy cOOOM B HEepapXUUECKOU
3aBUCUMOCTH (CONOAYMHEHHOCTH). [Ipy 3TOM KaK]blil MpeaIecTBYIOMMI ypo-
BEHb 00pa3yeT MOJCUCTEMBI B COCTaBe Mocienyronmx. Bee xuBoe Ha miiaHere
3emiIsl CyIIECTBYET B BUAE JUCKPETHBIX €AMHUI] — OPTAHU3MOB, KaXIbIi U3 KO-
TOPBIX, C OJHOW CTOPOHBI, COCTOMT U3 €IMHMI] COMOJUYMHEHHBIX €My YpPOBHEH
OpraHu3aluu, a ¢ APYroM — caMm ABJSETCS €IWHUIICH, BXOIAIIEH B COCTaB
HAJOPTaHU3MEHHBIX MAKPOCUCTEM (TTOMYJISIINMA, OMOTEOIIeHO30B, Orochepsr).

VY CIIOBHO BBIAEISIOT CIEAYIOIINE OCHOBHBIE YPOBHU OPraHU3AIlMU KHUBON
MaTEPHUH: MOJIEKYJISIPHBIN, CYOKJIETOUHBIN (OpPraHOubl), KIETOYHBINA, TKAHEBOMH,
OpraHHBIM, OPTaHU3MEHHBbIN (OHTOTCHETHYECKHUH), MOMYISIIMOHHO-BUIOBOM,
ouoreorneHOTHYECKUM, OnocdepHbIit (puc.1.1.).

Monekynapuslit yposeHbIBISETCI HAYAIBHBIM (HanOoyiee TTyOMHHBIM)
YPOBHEM OpPTaHU3AIMH >KUBOTO, MPEJCTABICH OMOMOJICKYJIaMH, B TIEPBYIO OUe-
peab MOJIEKyJIaMu HYKJIEMHOBBIX KUCJIOT, OEITKOB, YTIAEBOAOB, JUIUIOB, CTEPO-

HUIO0B U Jp. 3HGMGHTapHOﬁ GHHHHHGIZ 9TOI'0 YPOBHA ABJIICTCS I'CH — YUAaCTOK
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monekyiasl [IHK, B koTopoM 3amucaH onpenesieHHbIM 00beM TeHEeTHYECKON MH-
dbopmanu B BUI€ TEHETUYECKOTO KO/, MEepeaaBaeMblil U3 MOKOJEHHUS K MOKO-
JICHUI0. DJIEMEHTAPHOE SIBJIEHUE — BOCIPOU3BEACHUE I'€HETHYECKOro KOJa Ha
OCHOBE peaymunkanuu (camoBocrpousBeaeHus) moaekynsl JIHK. Monexysp-
HbIi YPOBE€Hb OPTaHU3ALMH >KUBOTO SIBJISIETCS OCHOBHBIM NPEAMETOM HOBOU
OMOJIOTUYECKON HAYKU — MOJIEKYAAPHOU OUOTO2UU.

CyoKnemounslii ypoeeHs» PacCMaTPUBACTCS NMEPEXOAHBIM MEXKIY MOJIe-
KYJISIPHBIM U KJIETOYHBIM YPOBHSIMU. JIUCKPETHON €IUHUIICH YPOBHS SIBISIOTCS
HAJMOJICKYJISipHbIE 00pa30BaHUsA — MEMOpaHBI, YaCTH OPraHeNI, OpraHellyIbl ’
anmapaThl KJIETKH. JJIEMEHTapHOE sBieHWE — (DYHKUIHUU 3TUX OOpa30BaHMIA.
[Ipouiecchl KU3HENEATEILHOCTH 3TOTO YpOBHA obOecrneunBaroT pocT u audde-
PEHLMAIUIO KJIETKH, CAMOBOCCTAHOBIICHUE U CAMOPA3PYILIECHHUE KIETOK.

Knemounwtii ypogens NpeACTaBIEH KIETKAaMU KaK CaMOCTOSITEIIbHBIX Op-
raHu3MoB (0OakTepuu, MPOCTEHINNE), TaK U KIETKAMH MHOTOKJIETOYHBIX Opra-
HU3MOB. O0aast ClIOCOOHOCTHIO K MATPUYHOMY CHUHTE3Y, TUTAHUIO, IBIXaHUIO,
POCTY, Pa3BUTHIO U T. ., KJIETKA SIBJSETCS OCHOBHOM (hOpMOI OpraHU3aIuu Ku-
BOUM MaTepHH, CTPYKTYpHO-GYHKIIMOHATBHOU enuHuIiel ®u3HU. CyOKIeTOUHbIN

W KJIETOYHBIN YPOBHHU KU3HH — CHGI_II/IaJ'ILHHﬁ NpCaAMCT U3YUCHUA YyuUmojiocuu,
UIU KJIeMmOoYHOoU OUOI02UU.

Tkanegwlit ypo6eHb BO3ZHUK B XOJI€ SBOJIIOIUU B CBA3U CO CTAHOBJIECHUEM
MHOTOKJIETOYHOCTH Kak cienctBue nuddepennuanmu kietok. Ero quckpernas
CIMHHIIA — TKAaHb 0OBEIUHSICT KICTKU U UX MPOU3BOIHBIC, XapaKTEPHUIYIOIIHECS
OJTHOPOJTHOCTBIO TIPOUCXOXKIICHUS, CXOJCTBOM (YHKIIUH, PACIOJIOXKEHHUS, a B
psne ciiy4aeB U CTpoeHHs. Ha TKaHEBOM ypOBHE IPOMCXOAUT CICLMATU3ALHs
HOBOOOPA3yIONIUXCS KJIETOK. DTOT ypPOBEHb OPraHW3allid >KWU3HHU SIBIISETCS
MIPEIMETOM U3YyUECHUS HAYKU O TKAHSIX — SUCTNOI02UU.

Opzannwlii ypoeHs XapaKTEepPU3yeT CIOKHBIE MHOTOKJIETOUHBIE >KHUBBIE
cuctembl. JlMckpeTHas eAMHNIIA YPOBHS — OpraH MpPEeCTaBIsIeT cOO0H YacTh op-
raHu3Ma, UMEIOIIYIO ONpPEeEIeHHYI0 (POPMY U BBIIOJHAIONIYIO ClIEHUPUIECKUE
bysakun. Y 0Gosee BBICOKOOPTAHW30BAHHBIX JKUBBIX CYIIECTB B3aMMOCBSI3aH-
HBIC (B MEPBYIO ouepes o0mel GyHKIUEH Uiu OMOJIOTUYECKON POJIbIO B Opra-

HU3ME) Opranbl GOPMUPYIOT CUCTEMBI OpraHoB. CTpOeHHE OPraHoOB U cUcTeM 16



OpPTaHOB U3YYaeT AHAMOMUS, & TIPOILIECCHI KU3HEEATEIIBHOCTH C UX YIaCTHEM —
Quzuonocus.

Opzanu3zmennulii ypoeens NPEICTABIECH OJHOKJIETOUHBIMU U MHOTOKJIE-
TOYHBIMU OpraHU3MaMH (3JIEMEHTApHAsl €IMHMIIA — 0COOb, OPraHu3M). DJIEeMEH-
TapHOE SIBJICHHE — Pa3MHOKEHHE U OHTOTEHE3, WM WHINBUAYAIbHOE Pa3BUTHE
opranu3moB. Ha 3ToM ypoBHE MPOUCXOIUT peaju3alus HaCJIEICTBEHHOW WH-
dopmanuu, obecnednBaroliasi OHTOreHe3 — (JOPMHUPOBAHUE U pa3BUTUE (PEeHO-
TUIA OpTaHu3Ma(Bcel COBOKYITHOCTH €TI0 BHEIIHWX U BHYTPEHHUX MPHU3HAKOB).
Ha opranmzaMeHHOM YpOBHE OCYIIECTBISICTCS B3aUMOJCHCTBHE KHBOTO Opra-
HU3Ma KaK €JMHOrOo IeJI0T0 ¢ (haKTOopaMH BHEIIHEH cpenbl. B cBs3m ¢ Tem, 4yto
KU3Hb NPEJCTaBICHA Ha 3eMJI€ KUBBIMU OpraHuzMaMu (0coOSMHU, UHAUBHUIYY-
MaMH), OpTaHU3MEHHBI YPOBEHb U3y4aeTCs B Pa3HbIX aCMEeKTaX MHOTUMH OHO-
JIOTUYECKMMH HayKaMu(aHaTOMUs, (PU3HOJIOTUSI, OHTOICHETHKA, WK OUOJIOTHS
pa3BUTHUS, TEHETUKA U JIp.).

IHonynayuounstii ypoeeHs NPEICTaBICH MUHUMAJIBHBIMH TPYIIIIAMH OCO-
Ocli, BOBJICUCHHBIMH B DBOJIOIMOHHBIA MPOIECC — MOMYJAIUAMU. [ {uckpeTHas
€MHHUIIA PTOTO YPOBHS — MOMYJISLMS SIBJSICTCS SJEMEHTAPHOW SAUHUIICH ABO-
mronuu.O0beIMHEHNE OTCIBHBIX 0CO0eH B TMOIYISAIUA 00SCIIeUYnBAET UX MPHU-
criocoOsIeHUe, BEDKUBAHUE, PEPOIYKTUBHBIN YCIIEX U YCIIEX B DBOJIIOIUH B IIe-
noMm. [lomyIsSIMOHHBIN YPOBEHb HAPSAY C IPYTUMU OMOJIOTHUYECKHUMH HayKaMu
CHEIMaIbHO U3y9aeT MOJIOAAs MHTEHCUBHO Pa3BUBAONIASICS HAyKa — HONYIAYU-
OHHAs OUON02UA.

Buooeoni yposensv mpenctaBieH HAAMOMYISIUOHHBIMU OObEIUHEHUSIMU
oco0eil — OnosiornueckumMu Buaamu. Bug — peaabHo CcyliecTBYyIOIIas B IpUpo/ie
rpymnmna oco0eil. OCHOBOM CyIIECTBOBaHUS BHUJA SIBISCTCS HUYEM HE OTpPaHMU-
YEHHBIN MOJIOBOM MPOIlECC — CBOOOHOE CKpelIMBaHUE 0COOeH BHUaIa MEXKIY CO-
00l ¢ 0Opa3zoBaHUEM IIJIOJIOBUTOTO MOTOMCTBa. Hapsiny ¢ 3TuM BUI MIpeAcCTaB-
JseT co00M eaMHUITYy KIacCU(UKAIIMU JKUBBIX OpraHu3MoB. BumoBoi ypoBeHb
OpraHU3aliHd KUBBIX CUCTEM SIBIISIETCS MPEIMETOM H3YUYECHUSI CUCMEeMAmuKu,
9KON02UU W AAP. OMOJIOTUYECKUX HAYK.

Buouenomuueckuit yposensv TpeACTaBlIeH COOOIIECTBAMU B3aUMO3aBH-

CUMBIX OpPTaHU3MOB Pa3HBIX BUJOB — OnorieHo3aMu. B xoe sBomroiuu chopmu-
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pPOBaIMCh OMOT€OLIEHO3bI (IKOCHCTEMBI), B COCTAB KOTOPHIX, KpOME B3aMMO3a-
BUCHUMBIX OpPraHU3MOB, BXOJAST aOMOTHYECKHE (PAKTOPBI OKPYXKAIOIIEH CpEabl.
Mexay TeMH U IpYyTrUMU yCTAaHABIMBAETCS MOJABHXKHOE PAaBHOBECHE, XapaKTepH-
3ylolee SKOCUCTEMY B 1ieJoM. Ha OMOLIEHOTUYECKOM YPOBHE OCYIIECTBISIIOTCS
NOTOKH BELIECTB U 3HEpruu. PaccMarpuBaeMblii ypOBEHb SABIISIETCS MPEIMETOM
UCCIEeN0BaHNs OypPHO pa3BUBAIOLIEHCS OMOJOTHYECKON HAYKU — IKOJI02UMU.

Buocghepnuwrit yposens — Briciias ¢popmMa OpraHU3alUU KUBBIX CHCTEM.
JluckpetHoit emuHuIel ypoBHS siBisieTcss Ouocdepa.Ha OGuochepHoMm ypoBHE
BCe OHMOIIEHOTUYECKHE KPYTOBOPOTHI BEIIECTBA W DHEPTHUH OOBEIUHSIOTCS B
enuHblil 6uocdepHsiil (rI00anbHbBIN) KPYrOBOPOT BEILIECTBAa U dHEpruu. buo-
chepHBIl YpOBEHb OpraHU3AIMHM >KUBOTO H3Yy4alOT MHOTHE OWOJIOTHYECKUE
HAyKU M, TPEXKIE BCEro, 9Kosnozus, a Takxke cosnanHas B.W. Bepnanckum B
1926 r. nayka o buocgepe (yuenue o buocgepe).

[lenoctHOE mpeacTaBaeHUE 0 Hanboee CI0KHOM Onosioruueckou hopme
OpraHu3alud MaTEPUU MOYKHO IMOJYYUTh TOJBKO MPU KOMIUIEKCHOM HU3y4YEHUU
JKU3HU HA BCEX OTMEUEHHBIX CTPYKTYPHO-(PYHKIIMOHAIBHBIX YPOBHSX OpPTraHH-
3allMU KUBOTO.

®OPMBbI )KUBOT'O
Mup KUBOTO Upe3BBIYANHO MHOTO0Opa3eH U UMEET CIIOKHYIO CTPYKTYPY.

B Hacrosimee BpeMs Ha 3emiie 00HapyKEHO OKOJIO 3 MUJUIMOHOB Pa3HbIX BUIOB
XKUBBIX opranu3mMoB. Camoe 00JbIIOe 0 pa3sHOOOPA3UI0 BUIIOB IAPCTBO — HKH-
BOTHBIC. [Ipu 3TOM MHTEPECHO OTMETUTH, uTO 98% OroMacchl Ha 3emiie MPUXo-
JIUTCS HA PACTCHHUSL.

B Hacrosiee Bpems Ha 3eMJie IPEACTaBIEHBI CICAYIOIINE (hopMbl HCUBO-
20, KOTOPbIC IPUHSATO PA3JACISITh HA cucmemMamuyeckue Kame2opuu.
Hmnepusa: KieTouHble U HEKIIETOUHBIE OPTaHU3MBI.

K Hek1eToYHBIM OpraHu3MaM OTHOCATCS yapcmea BUPYCOB (pacTeHUN,
YKUBOTHBIX, OaKTEepHUid).

Ot HexuBOU Martepuu BUPYCOB (puc. 1.2.) oTnensier Haluyue CBOMCTB:
CIOCOOHOCTH BOCTIPOM3BOIUTH ceOe mo100HbIe (hOPMBI (PETPOAYIIUPOBATHCS),

HaCICaACTBCHHOCTb U HBMCHYHUBOCTD.
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Haxomsch B KileTKe — X035MHE, BUPYC MPEACTaBIsIET COO0H MOJIEKYTy HYK-
JIEMHOBOM KUCJIOTHL. B cBOGOJHOM COCTOSIHUM BUPYCHI HaxoJsaTcs B GopMme supu-
OHa WIIN 8UPOCNOPbl, KOTOPbIE COCTOAT U3 OEIKOBOM 000JI0UKH U HYKJIEOKAICU-/a,
B KOTOPOM cocpenotoueH reuernuecknii marepuai JHK nmu PHK.

['pymima BUpyCOB, MPUCTIOCOOMBIIASCS K MAapa3UTUPOBAHUIO B Telle OaKTe-
pUil ¥ BHE ATHX KJIETOK HE TPOSBISIONIAs CBOMCTBA JKU3HM, MMOJYIHIIa HA3BaHHE
¢aroB. MHorue ¢aru UMEIT roJIOBaCTUKOOOpasHylo GopMy, T.€. COCTOST U3
TOJIOBKH U XBocTa. daru, MpoHHUKas B OMpeAeICHHBIC BUABI OaKTepuil, pa3MHO-
’KAIOTCS ¥ BBI3BIBAIOT PACTBOPEHHE (JTM3UC) OaKTEPHATLHOU KIICTKH.

Wuorga nmpoHUKHOBEeHHE ()aroB B KIIETKY HE COMPOBOXKIACTCS JTU3UCOM
6axtepun, a JIHK dara Brirodaercs B HaCIeICTBEHHBIC CTPYKTYPHI OaKTepuil U
nepenaeTcs e€ MoTOMKaM. JTO MOXKET MPOAOKATHCS HA MPOTSHKEHUH MHOTUX
MIOKOJICHUI TTOTOMKOB OaKTepHaIbHON KJIETKH, BOCIpUHsBIINH (har. Takue O6ak-
TEPUM HA3BIBAIOTCS JM30TCHHBIMH. [lom BiIMsSHUEM BHEIIHMX (PAaKTOPOB, OCO-
OCHHO JTy4HCTOM PHEpruu, (har B JTU30TCHHBIX OAKTEPHSIX HAUYWHACT MPOSIBIATH
ce0s1, 1 OaKTepUu MOJBEPrarOTCs JTUUCY.

bakreprodaru — 3T0 BaxKHbIM OOBEKT HAYYHBIX UCCIEIOBAHUN B 00IaCTH
MOJIEKYJISIPHON OMOJIOTHH.

Knerounsle OpraHus3Mbl BKIIOYAIOT JABa Haouapcmea: 1IpokapuoTsl n
DYKapHOTBHI.

OCHOBHBIMH OTIUYHSIMHU CTPOCHUA M KUBHCACATCIIBHOCTU IMPOKAPHUOTHU-
YCCKUX KJICTOK OT 3YKaApHMOTHUYCCKUX KJICTOK ABJIAIOTCA CIICAYIOIIUC.

1. Knetka npokapuoT He uMeeT OQOpPMIIEHHOrO (OrpaHUYEHHOTO MEM-
OpaHoii) sigpa, HacHeACTBeHHAss MH(GOpMaIUs B HEH COJIEPIKUTCA B KOJIBIIEBOM
mounekysie JJHK. JIHK nHe 3a0nokupoBaHa OenkaMu, B MEPBYIO OY€peab T'MCTO-
HaMH, TIO3TOMY BCE T€HbI B HEl aKTUBHBI, T. €. IOCTOSHHO (PYHKIUOHUPYIOT. Y
HYKapUOTHUYECKUX KJIETOK UMEeTCs O(POPMIICHHOE S/IpO, a TeHETUYECKUH amma-
pat npeactaBieH monekyinamu JIHK B komriekce ¢ OenkamMu — THCTOHAMH,
ynakoBbiBarommMu JIHK B KOMIakTHbIE CTPYKTYPBI U PETYIUPYIOLIIUMU aKTUB-
HOCTb €€ I'€HOB.

2. l{uromiazma npoKapuOTHYECKOW U IYKAPUOTHUECKOU KIIETOK OKPYXKE-

Ha MeMOpaHo# (T1a3MOJIEMMOIA), OJTHAKO y OaKTepuid, pacTeHUI 1 rpuboB cHa-19



PY)KH OT IJIa3MOJIEMMbI PacIoJiaraeTcsi KJIETOYHAasl CTeHKa, oOpa3oBaHHas Be-
HIECTBOM TIOJIMCAXapUIHON TPUPOABl — MyperHOM (OakTepuu), LEIUTI0I0301
(pactenust) uiu xutuHOM (Tpudsbl). Kiietounast 0607104Ka >KUBOTHOM KIIETKU 00-
pa3oBaHa MJIa3MOJIEMMOM, TOKPHITOM CHAPYXKHU CIOEM INIMKOKAJIUKCA.

3. B nuromiasme npoKapruOTHYECKON KIETKH OTCYTCTBYIOT MEMOpaHHbIE
oprasesibl (MUTOXOHAPUH, IJIACTHABI, SHAOIJIA3MAaTHYECKasl CETh, IIACTHHYA-
Tl KOMIUIEKC, JTU30COMBI, IEPOKCUCOMBI), & OTPAaHUYEHHOE KOJIMYECTBO MEM-
OpaH MpeACTaBISIET COOOW BISTYMBAHUS TUIa3MOJIEMMBI BHYTPb LIUTOILIA3MBI.

4. CunTe3 Oenka OCyIIEeCTBISETCS CBOOOAHBIMU PHOOCOMaMU, UMEIOIIH -
MU MeHblui pazmep (70S), yueM pubOCOMBI FyKapUOTHUECKHX KIEeTOK (80S).
Bonbmias cyobenuuuiia puOb0COMbl MPOKAPUOTHUECKON KIIETKU COJAEPKUT 2 MO-
nexynbl pubocomuort PHK (pPHK), Torna kak cyobenunuiia pubocombl dyKa-
puoTnyeckou knetku — 3 moiiekysl pPPHK.

5. CrienuanpHbple OpraHesuIbl ITPOKapHUOTUYECKOM KIIETKH — JKTYTHKHU
YCTPOEHBI IIPOILE, YEM JKTYTHUKU 3YKAPUOTHYECKON KIIETKH: OHU JIMIICHBI BHYT-
PEHHEro Kapkaca U3 MUKpOTpyOOUeK U MUKPO(]HIaAMEHTOB.

6. B nuTomiasMe MHOTUX NPOKAPUOTUUECKUX KIETOK UMEIOTCS ra30Bble
BaKyOJIN.

7. B mpoKapuOTUYECKHUX KIIETKAaX OTCYTCTBYET KJIECTOYHBIA LICHTP.

8. IIpoxaproThl pa3sMHOKaIOTCS IPOCTHIM JEJIEHUEM KIETKH,yIYKAPHUOT
UMEET MECTO IOJIOBOM Ipoliecc ¢ 00pa30BaHUEM I'aMeT.

9. V¥V IMPOKAapHOTHYCCKHX KJICTOK OTCYTCTBYCT aMe6OI/II[HOG JABHKCHHC U
BHYTPHUKIICTOYHLIC IICPCMCIIICHNA TUTOILIa3MBEI.

10. Cunte3 AT® ocyiecTBIsIETCsl B MPOKAPUOTUYECKUX KIIETKaX Ha
MeMOpaHe I1a3MOJIEMMBI.

Dykapuomul TOSIBUWINCH 0KOJ0 1,5 MiipA. jeT Hazaa. OHU BKJIIOYAIOT TPU
uapcmea. I'pubsl, Pacrenus u )KUBOTHBIE, KOTOPbIE MOTYT OTHOCUTHCS K HOO-
yapcmey OTHOKIICTOYHBIE WJIM MHOTOKJIETOuHbIe. [lepBoHaYaIbHO 2YKapHOTHI
UMeEJId OJHOKJIETOYHOE CTpoeHne. MHOrokjieTouHble (hOpMBbI MOSIBUIUCH OKOJIO
600 mmH. et Ha3zaa. Okono 500 MIIH. JIE€T Ha3aa Cpelh MHOTOKJIETOUYHBIX TOSIB-
JISIFOTCST XOPJIOBBIE 'KUBOTHBIE, KOTOPHIE B MPOIIECCE TAIbHEHIIICH IBOTIOIIUN

JlaTy Havyaso mo3BoHOYHbBIM. [IpumepHo 250 MITH. JI€T Ha3aa MOSABIISIIOTCS MIle-
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KOIHUTAIOIINE, KOTOPBIE BITOCIEACTBUH JIAIM BETBb, BEAYIIYIO Yepe3 MPUMATOB K
yesoBeKy (mpumMepHo 1,8 MITH. JIeT Ha3an).

BOITPOCHI IJ51 CAMOKOHTPOJIA:

1. JlaiiTe onpezesieHue MOHATUSL «OUOJIOTHUS».
2. Kakoe 3HaueHHe UMEET OMOJIOTHUS JJIsl COBPEMEHHON MEIUIIUHBI.

3. HazoBuTe OCHOBHBIE CBOMCTBA KHUBOTO.
5. Ilepeuncnute u oxapakTepu3yTe OCHOBHBIC YPOBHH OPTaHU3AIUU KU -
BOTO.

6. Kakue BBIJICIAIOT 3JIeMEHTapHBIC CIMHUITBI U DJIEMEHTAPHBIC SIBJICHUS
Ha Ka)JI0OM YPOBHE?

7. HazoBuTe 0CHOBHBIE (DOPMBI AKUBOTO.
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Jlexnus 2

KJIETOYHBIH YPOBEHb OPTAHU3ALIMUA )KUBOTO.
CTPYKTYPHO-®OYHKIIMOHAJIBHAS OPTTAHU3AIIUA
MEMBPAHBI 1 HUTOIIVIABMBI OYKAPUOTHUYECKHUX

KJVIETOK

IIJIAH JIEKIIUU:
1. KIIETKA - 9JIEMEHTAPHASA " KUBASI CUCTEMA.

2. OCHOBHBIE ITOJIOKEHUSI COBPEMEHHOM KJIETOUYHOM
TEOPHUMN.

3. HUTOIIVIASMATHYECKAS MEMBPAHA.
4. IUTOIIJIASBMA U EE KOMIIOHEHTBI.

5. BOITPOCHI AJ51 CAMOKOHTPOJIA

KVIETKA - OJIEMEHTAPHAS ')KUBASA CUCTEMA

Knemka — ocHOBHasI CTpYKTypHasi, PyHKITMOHAIbHAS, TCHETHUECKAs S~
HHUIIa OPTaHU3aIMK KMBOTO, dJIEMEHTapHas KuBas cucteMa. Kiietka MOXKeT Cy-
IIECTBOBATh KaK OTACIBHBIN opraHnu3M (0akTepuu, MPOCTEHIIINE), UK B COCTABE
TKaHel MHOTOKJICTOYHBIX OPTaHU3MOB. TepMHUH «KJIeTKa» ObLI MPEIIOKEH aH-
TIIMHCKUM uccienoBaTenem Pooeprom I'ykom B 1665 T.

[TosiBeHnto U GOPMUPOBAHUIO OTNIEITBHBIX MOJOKEHUM KJIETOUYHON TEO-
pHUU TIPENIIecTBOBAN AIUTEIbHBIN (0osee 300 yieT) mepro/; HaKOTUJICHUS 3HaHUN

O CTPOCHUHU PA3JIMYHBIX OJHOKJIETOUYHBIX U MHOTOKJIETOUYHBIX OPraHU3MOB, pac-
TEHHI U KUBOTHBIX. DTOT MEPHO]I CBSI3aH C KOHCTPYUPOBAHUEM, TPUMEHEHUEM
U YCOBEPIIICHCTBOBAHUEM PA3JIMUHBIX CBETOONTHUYECKUX MPUOOPOB, B T. Y. MUK-
POCKOIIOB.

B 1838 r. BeIUIa B cBeT paboTa Hemelrkoro O6oranuka M. Illneiinena
«Marepuaisl K (UTOTeHE3y», B KOTOPOH OH IMOKa3all, 4TO KJIETKA SBJISCTCS OC-
HOBHOU CTPYKTYPHOU €IMHUIICH pACTEHU U TMOCTAaBUII BOMIPOC O criocobe oopa-
30BaHUS HOBBIX KJICTOK. DTH M IPYTHE PE3yJIbTAThI U3YYCHHS KIIETOK 000OIITHIT

Hemenkuid 30o0i10r T. [IIBaHH B KHUTe « MUKPOCKOTTMYECKHE UCCIEIOBAHMS O 22



COOTBETCTBUH B CTPYKTYpPE U POCTE KMBOTHBIX U pacTeHui» B 1839 rogy, koro-
PBI U CUMTAETCS TOJIOM CO3JaHUsl KJIETOYHOM TEOpHUH, a TAaKKe T'OJJOM BO3HUK-
HOBEHMS ITUTOJIOTUU KaK CAMOCTOSTEIIbHON HAYKH.

OcHoBHbIe TIONIOKEHMS KiaeTouHou Teopuu lllneinena-IlIBanHa 3akiro-
YalOTCS B CIAEAYIOLIEM:

1. Bce 0e3 uckimroueHus PaCTUTCIIBbHBIC 1 JKUBOTHBIC OPIraHU3MbI COCTOAT
H3 KIICTOK.

2. Kitetku pacteHuii ¥ )KUBOTHBIX TOMOJIOTHYHBI (OTHOPOHBI) TIO POMC-
XOXKJICHUIO U aHAJIOTUYHBI (CXOAHBI) 110 (DYHKITUH.

3. Kiterounoe cTpoeHue, OTHOPOIHOCTD IO MMPOUCXO0KICHHUIO U CXOACTBO
1o (PYHKIUHU KIETOK XapaKTepU3yIOT POCT U pa3BUTUE OPTaHU3MOB.

CymiecTBeHHBIM HENOCTaTKOM KieTouyHou Teopuu lllnmelnena-llIBanna
ABJISIETCSl OIIMOOYHOE MPU3HAHWE BO3MOXKHOCTEH BO3HHMKHOBEHUS KIIETOK W3
0ECCTPYKTYPHOI'O HEKJIETOYHOI'O BELIECTBA. TeM He MEHee Jlae B TaKOM BHJIE
KJIETOYHasl TEOpHs CTajla OJHHUM U3 TpeX BEIMYAUIIMX AOCTHKEHUH €CTECTBO-
3Hanus XIX B., mepBoit pyHIaMEHTAIbLHON Teopuel OMoJoruu, 000CHOBABIIECH
OOIIU MPUHIUI OPraHU3allMU KUBOW MPUPOJBI U JOKa3aBIIeH €UHCTBO MPO-
UCXO0XKJIEHUS KU3HU. 3aKOHOMEPHOCTHU CTPOCHHUSI, (PYHKIIUU U IBOJIOLMU KIIETKU
ABIISIIOTCS. OOIIEOMOIOTMYECKUMH U COCTaBISAIOT (PYHIAMEHT U3yUEHUsI MHOTUX
paziesoB OMOJIOTHH.

B 40-x rr. nosBunace nenas cepus UCCICAO0BAaHUM, B KOTOPBIX HA Pa3HBIX
PACTUTENIbHBIX U KUBOTHBIX 00BEKTAaX ObLIO YOSAUTEIHHO MOKAa3aHO, YTO HOBO-
00pa3oBaHUE KJIETOK MPOUCXOAUT MyTeM ux naeneHus: «Kaxmas kierka — OT
KJIETKW» — TaK MOJBITOXKUII 3TU UccieAoBaHus B 1855 rogy HeMeUKUM maTosior
P. Bupxos.

BBeneHue B LIUTOJIOTHIO COBPEMEHHBIX METOJOB HCCIEA0BaHUs, N300pe-
TteHue B 30-x romax XX BeKa 3JIEKTPOHHOTO MHUKPOCKOIIA MO3BOJIMIIO U3Y4YUTh
CTPYKTYpY U (YHKIHOHUPOBAHUE PA3JIUYHBIX KOMIOHEHTOB KjeTku. Ha ocHo-
BaHUU TOJIYYEHHBIX PE3YJIbTATOB ObUIM CHOPMYIUPOBAHBI OCHOBHBIE IMOJIOMKE-
HUsI COBPEMEHHOM KJIIETOYHOU TEOPUMU.
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OCHOBHBIE ITOJIOKEHUS
COBPEMEHHOMH KJIETOYHOM TEOPUU

1. Bce xuBbIE OPTaHU3MBbI COCTOST U3 KJIETOK. KileTka — enrHMIA cTpoe-
HUSl, QYHKIIMOHUPOBAHMS, PA3MHOKECHHS M UHAUBHUIYAIbHOTO Pa3BUTHUS KUBBIX
OpraHn3MoOB. BHE KIIETKM HET KU3HMU.

2. Knetku Bcex OpraHu3MOB CXOJIHBI MEX1y COOOM MO CTPOCHHIO U XHU-
MHUYECKOMY COCTAaBY.

3. Knetku MOI'yT O6p3,30BI>IBaTI>CH TOJIBKO M3 KJICTOK ITYTCM O CJICHUA.

4. KiaeTouHoe CTPOCHHUC BCCX HBIHC ) KUBYHIUX OPraHN3MOB — CBUACTCIIb-
CTBO CAMHCTBA ITPOUCXOKIACHHA.

Cornacnao COBPCMCHHOMY OIIPCACIICHUIO K/1€mKa — 3mo OmKposimas ouo-

Jlocuueckas cucmema, 0ZPAHUYEHHAs NOJIYNPOHUUAECMOU MEMOPAHOIll, CO-
cmoawan uz A0pa u YUmonaazmol, CROCOOHAA K CAMOPESYNAUUN U CAMOBOC-
npou3zeedeHulo.

KitlerouHoe cTpoeHHe UMEIOT JIBa TUIIA OPTaHU3MOB — IPOKAPHUOTHI (Oak-
TEPUU U CUHE-3€JIEHbIE BOJOPOCIHN) U SYKapUOTBHI.

DyKapuOTHYECKUE KIETKA COCTOSIT U3 TTOBEPXOCTHOTO arnapara (Ii1uTo-
rIa3MaTuydeckasi MeMOpaHa), IUToIIa3Mbl U siapa (puc. 2.1).

OUTOIINTIASMATUYECKAS MEMBPAHA

[{uTorutazmMaTuyeckue MEMOpPaHbI BBITIOJHSIOT PSJl BaXKHBIX (DYHKIIHIMA:
OapbepHyI0 (OTTPaHUYUBAIOIIYIO), PETYISATOPHYIO (OCYIIECTBISIOT PETYJISIHIO
METa0OJMYECKUX MMOTOKOB), TPAHCIIOPTHYIO (0OecreueHne n30uparTenbHOu Mpo-
HUIIAEMOCTH BEIIIECTB MyTEM MAaCCUBHOTO U aKTUBHOTO TPAHCIIOPTA), CTPYKTYP-
HYyI0, 0OMEHHYI0. bronornyeckne MeMOpaHbl OCTPOCHBI B OCHOBHOM M3 JIUTIH-
JI0B, OCJIKOB U YTJIEBOJIOB.

[IpennoxkeHO HECKOJIBKO MOJIEJIEN CTPOEHUS LIUTOIUIA3MATUYECKUX MEM-
OpaH (Mozenb «coHABUYAY - Mojaenb Januenu u [aycona, moaens Jlenapaa u
ap.). [lo-Buaumomy, B 3aBUCUMOCTH OT ()YHKIIMH CYIIECTBYET HECKOJIBKO THUIIOB
MeMmOpaH. B HacTosiiee BpeMs MPUHATA 32 OCHOBY KUJIKOCTHO-MO3aW4Hasi MO-
nenb, npeayioxennas Cuarepom-Huxosnconom B 1972 r. (puc. 2.2). CoryiacHo
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ATON MOJIeNIM B COCTaB MEMOpaH BXOJUT OUMOJICKYJSApHBINA cioi dhocdoaumnu-
JI0B, B KOTOPBINA MOTPYKEHBI MOJICKYJIBI OCITKOB.

®dochonmunuasl — COEIUHEHUS TIIMLEPUHA, XKUPHBIX KUCIOT M OCTaTKa
dochopHOit KUCTOTHI. ITO BOJIOHEPACTBOPUMBIE COCTUHEHHSI, KOTOPHIE COCTOST
U3 MOJISIPHOM (3apsyKEHHOM) TOJIOBKH (230T-coziepKalliasi rpymmna) U AByX JJINH-
HBIX HEMOJISIPHBIX (HE3apsHKEHHBIX) XBOCTOB (LIETMH KUPHBIX KUCIOT). Moseky-
JIbI TUMUI0B OOpAIIeHbI APYT K IPYTy HETOISIPHBIMH XBOCTaMH, a UX TOJISIPHBIC
noJitoca (TOJIOBKU) OCTAIOTCSl CHapY»KH, 00pasysl TUAPOGUIbHBIE MOBEPXHOCTU
(puc.2.3).

B OUMOJNEKYJISAPHBIA CION JIMMUIOB MOTPY>KEHBI OCIKOBHIE MOJEKYJIBI.
benku MeMOpaH MOXXHO pa3ieNuTh Ha TpU Tpymnnbl: nepudepuyeckue (Hanbo-
nee ci1abo CBSI3aHbI ¢ MEMOPAHOM), MOTPYKEHHBIE (ITOJIYUHTErpaJbHbIE) U MPO-
HU3BIBAIONINE (MHTErpaibHbIe, TPAHCMEMOpaHHbIE), POPMUPYIOIIHE TTOPHI U Ka-
Hajibl MeMOpaHbl. B (yHKIIMOHATEHOM OTHOIIEHUU OCJIKHM MeMOpaH mojipas/ie-
JSI0TCS HA PEPMEHTATUBHBIC, TPAHCIIOPTHBIE, CTPYKTYPHBIE U PETYIISTOPHbIE

(puc. 2.4).

Ha BHemIHel MOBEPXHOCTHU IJIa3MATHYECKOW MeMOpaHbl OEJIKOBBIE U JIU-
MUAHBIE MOJIEKYJIbI CBS3aHBI C YIJIEBOAHBIMU HEMSAMHU (TJIMKOMPOTEUABI U TJIU-
KOJIUIUJBI), 00pa3ysl 2IuKOKaaukce — peluenTopHbIid annapar KieTkd. [nmko-
OPOTEUIbI BBIOJHAIOT POJIb PELENTOPOB, KIETKA MPUOOPETaeT CHOCOOHOCTh
cnenu@UUecKky pearupoBaTh Ha BO3JCUCTBHS U3BHE. Tak, B3aUMOCHCTBUE
TOPMOHA CO «CBOHMM» PELENTOPOM CHApY’KU BBI3BIBAET U3MEHEHUE CTPYKTYPHI
MHTETPaJIbHOTO OeJiKa, YTO MPUBOAUT K 3aIyCKy KJIETOUYHOTO OTBeTa. B wacTHO-
CTH, TaKOW OTBET MOKET IPOSBUTHCA B OOPa30BAHUU «KAaHAJIOBY», IO KOTOPHIM
PacTBOPBI HEKOTOPBIX BEIIECTB HAUMHAIOT MOCTYIATh B KJIETKY WJIM BBIBOASTCS
u3 Hee. ['mukomunuabl 00eCcTeunBaOT OJHY U3 BaXXHBIX (QYHKUUNA MeMOpaHbl —
oOecreyeHrne MeXKIETOUYHbIX KOHTAKTOB.

[Tox mma3zmaTuyeckoil MeMOpPaHOl CO CTOPOHBI LIMTOIJIA3Mbl MMEIOTCS
O0cenkoBbie (UOPHILIBI, (POPMHUPYIOIINE OROPHO-COKPAMUMETbHLLIL annapam
KJ1lemKu.

VY pacTUTENbHBIX KIETOK KHAPYX U OT MEMOpaHbI PACIIOIOKEHA TUIOTHAS

CTPYKTypa — KJIETOYHAsI 000JI0UKA, COCTOSIIIAs U3 MOJIMCaXapuaoB (I1EJUTF0I036I). 25



OnHO M3 BaKHEMIIMX CBOMCTB LIMTOIUIA3Mbl CBSA3aHO CO CIIOCOOHOCTBIO
IPOINyCKaTh B KJIETKY WM U3 HEE pa3IMYHbIE BEIECTBA. JTO HEOOXOAUMO IS
NOAJIEP’KaHMS TIOCTOSHCTBA €€ COCTaBa. Masple MOJIEKYJIbI U MOHBI IIPOXOAAT
yepe3 MEMOpPaHbI yTEM MTACCUBHOT'O M AKTUBHOT'O TPAHCIOPTA.

[TaccuBHBII TPaHCIIOPT MPOUCXOAMUT O€3 3aTpaT SHEPTUU IMYTEM CBOOOJI-
Hoit mud¢y3uu, odnerdennoit nuddysun u ocMoca.

Huddys3us — TpaHCIOPT MOJIEKYJI U HOHOB Yepe3 MeMOpaHy U3 00JIacTH C
BBICOKOUM B 00JIACTh C HU3KOW MX KOHIICHTPAIMEH, T.€. MO TPATUCHTY KOHIICH-
Tpauuu (puc. 2.5.). Eciu BemiecTBa XOpoIio paCTBOPUMBI B KUPaAX, TO OHU MPO-
HUKAIOT B KJIETKY ITyTeM NpocToi Audy3un (KUCIOPOI, YIIIEKHUCIbIHA ra3).

Oo6uneruenHas AU Qy3us — TPAHCHIOPT BEUIECTB, HEPACTBOPUMBIX B KHpaxX

M HE NPOXOJSAIINX CKBO3b IOPHI, YEPE3 NOHHBIE KaHAJbI C TOMOLIBIO OEIKOB-
IIEPEHOCYHKOB.

TpancopT Bojbl 4yepe3 MOJyNpOHHUIIaeMble MEMOpaHbl Ha3bIBACTCS OC-
mocom (puc. 2.6). B muromnazmatudeckoii MeMOpaHe MPUCYTCTBYIOT CIEIU-
aJIbHBIC KaHAJIBI IJIs1 TPAHCTIOPTUPOBKHU BOJIBI C PACTBOPEHHBIMH B HEM HOHAMHU

n monekynamu. B 1989 rony amepukanckuii yuensii [Iutep Orp BLaenu MmeM-
OpaHHbII O€NoK, OOpa3yroIIMil BOJHBIE KaHajbl, U Ha3Bajl akeanopunom. B
TKaHSIX YesoBeka Obu1o 0OHapyxeHo 11 aHanoroB akBONMOpPWHA, MPUYEM PSIIT U3
HUX MOXET MPUBECTU K MOSBICHUIO T€X WJIM WHBIX 3a00JIeBaHUN 4YellOBEKa,
HanpuMep, K HEKOTOphIM (popmam auabera M XpOHUYECKOW CepleHHON HeNo-
CTaTOYHOCTH.

Bona mepexoaut n3 o6iacTh ¢ MEHbBIIIEH KOHIIGHTpamuel coieil B 00-
JaCTh, TJe UX KOHIIEHTpaIus Oospiie. Bo3Hukaroliee gaBjieHUe Ha MOIYIPOHHU-
IaeMyro MeMOpaHy Ha3bIBalOT OCMOTHYECKHM.

HanpsixeHnHoe cocTosiHUE KIIETOYHON 000JI0YKH, CO3]aBAEMOE 1ABICHUEM
BHYTPHUKJIETOYHOM JKUJIKOCTU, Ha3bIBAeTCS mypeopom. Typrop oOyciiaBivuBaeT-
cs Tpems (hakTopaMu: BHYTPEHHUM OCMOTHYECKHUM JABJICHUEM KJIETKU, KOTOPOE
BBI3BIBACT HAMPSDKCHUE KIETOYHON 000J0YKH, BHEITHUM OCMOTHYECKUM JaBJie-
HUEM, a TAK)KE YIPYTOCThIO KJIETOYHOU 00070uku. CHUKEHUEM Typropa Compo-
BOXK/TAFOTCS TIPOIIECCHI 00E3BOKUBAHMS, aBTONIM3a (pacmnaia), yBsJaHus U CTa-

PEHUS KIIETOK.
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AKTHUBHBII TPaHCIOPT BEILIECTB yepe3 MeMOpaHy OCYILIECTBIISIETCS IPO-
TUB IpaJueHTa KOHUEHTpaluu ¢ 3aTpatod sHeprun AT® u npu ydactuu Oen-
KOB-TIEPEHOCUYMKOB. Tak TpaHCIOPTUPYIOTCA aMUHOKHCIIOTBI, Caxap, HOHBI Ka-
TS, HATPHsl, KaJbIUs U JIp.

[IpumepoM aKTUBHOIO TpaHCIOpPTa MOXET ObITb paboTa Kaauii-
+
HaTpueBoro Hacoca (puc. 2.7). Konnentpanus K BHyTpu Kietku B 10 — 20 pa3
+ o
BbIIIIE, UeM CHapyxHu, a Na — nHaoOoport. [yt nopaep:kanusi JaHHOW KOHIIEHTpa-

[IUU TIPOUCXOAUT MEPEHOC TPEX NOHOB Na' 3 kieTkH Ha Kakzsie 1Ba HoHaK B
KJIeTKy. B aTOM miporiecce yqacTByeT 6e10K B MeMOpaHe, BBITIOTHSIIOMNNA (PyHK-
nuio epmenTa, pacueruisiioniero AT® ¢ BEICBOOOXKACHUEM YHEPTUH, HE0OX0-
JTUMOM 17151 pabOTHI Hacoca.

[IpumMepoM aKTUBHOIO TpaHCIOpPTa MOXET ObITh padoTa Kaauii-
HatpueBoro Hacoca (puc. 2.7). Konuentpauuss K BHyTpu kierku B 10-20 pa3
BBIILIE, YEM CHapYkH, a Na — HaoO0opoT. /st nmoaaepxaHus JaHHONM KOHLIEHTpa-
MY TPOUCXOIUT MEPEHOC TPpeX MOHOB Na U3 KIETKH Ha Kaxible 1Ba MoHa K B
KJIEeTKy. B 3TOM mpouecce yyacTByeT 0e0k B MeMOpaHe, BHITOIHAIOMUN (QyHK-
muto ¢epmenta, pacuierisiomero AT® ¢ BbICBOO0XKIEHUEM 3HEPTUU, HEOOXO-
IUMOM 1711 paboThI Hacoca.

[IepeHOC MaKpOMOJIEKYJI U KPYITHBIX YaCTHUIl BHYTPb KJIETKU OCYIIIECTBIIS -
€TCs 3a CUET DHJIOIUTO3a, a y/IaJIeHUue U3 KJIETKHU - IyTeM dK3011uTo3a (puc. 2.8).
[Ipu snmonMTO3e MeMOpaHa oOpa3yeT BIISTYMBAHMS WJIA BBIPOCTHI, KOTOPHIEC 3a-
TE€M OTUIHYPOBBIBASICH MPEBPAIIAIOTCS BO BHYTPHUKIECTOYHBIC MYy3bIPbKHU, COACP-
YKaIME 3aXBAYCHHBIN KJIETKOM MPOAYKT. ITOT MPOILECC MPOUCXOAUT C 3aTPaTON
sHepruu AT®. PaznuuaroT nBa BHaa sHI01UTO3a — (GaronuTo3 (MOTJIONICHUE
KJIETKOM KPYMHBIX YacTHUI]) M MUHOIMTO3 (TIOTJIONIEHUE >XUJKUX BEIIECTB).
MemOpaHa pUHUMAET y4acTHE B BBHIBEJACHUHU BEIIECTB U3 KJIETKHU B IpoIEcce
AK301IMTO3a. TakuM crocoOOM M3 KJIETKU BBIBOJATCS TOPMOHBI, OCJIKH, KUPO-
BbI€ KaIUIU U JIp.

HUTOIIVIASMA U EE KOMITIOHEHTBI

]_II/ITOHJ'Ia?,Ma — BHYTPCHHCC COACPIKUMOC KIICTKHU, COCTOUT M3
OCHOBHOI'O BEIICCTBA, OPraHCIII U BKJIFOUCHUM.
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I'manoniazma (IIMTO30JIb) — OCHOBHOE BEIIECTBO ILIMTOILIA3MBbl, 3aI0JI-
HAIOLIEE ITPOCTPAHCTBO MEXKIY KIETOUYHBIMU OpraHesiamu. Iuanoruiazma co-
nepxkut okosio 90% BOIBI W pa3IUyYHBbIC OCIKH, aMHHOKHCIIOTHI, HYKJICOTHIBI,
VMOHBI HEOPraHUYECKUX COCUHEHUM U JP.

Kpynabsie Mosekynsl Oenka o0pa3yroT KOJUIOWIHBIM pPacTBOp, KOTOPBIHA
MOXET MEePEXOAUTh U3 30151 (HEBSI3KOE COCTOSIHME) B Telb (BsA3kuil). B ruano-
m1a3Me MPOTEKAOT (EePMEHTATUBHBIE PEAKIMH, METaOOIMYECKUE IPOIIECCHI,
CHUHTE3 aMUHOKHCIOT, >KUPHBIX KHUCIOT. ['HMamomnia3ma COAEpKUT MHOMXKECTBO
OENKOBBIX HUTEH — (PHIIAMEHTOB, KOTOPHIE TIPOHU3BIBAIOT ITUTOILIA3My U 00pa-
3YIOT IIUTOCKEJIET.

Opranessl

Opranenisl (OpraHOUbl) — MOCTOSIHHBIE CTPYKTYPbI LUTOIIA3Mbl, BbI-
MOJIHAIOIINE B KJIETKE KU3HEHHO BaXkHble PyHKIMU. B 3aBUCHUMOCTH OT (yHK-
UM pa3IM4aoT OpraHOW/bl OOIIEro M crenuanbHoro HazHadeHus. K opranou-
JlaM CHEUAJIBHOIO HA3HAYEHUSI OTHOCATCSI MUKPOBOPCUHKH, PECHUYKH, KIYTH-
ku. OpraHemnipl OOLIETO Ha3HAYEHUs JENATCS Ha HemMeMOpaHHbIE (puOOCOMBI,
KJIETOYHBINA LIEHTP (LIEHTpOCcOMa), MUKPOTPYOOUKH, MPOMEKYTOUHbIE (PUITaMEH-
Thbl, MUKpO(duiIaMeHTsl) U MeMOpaHHble. K ogHOMEMOpaHHbIe opraHeiaMm OT-
HOCSITCSL SHAOIIa3MaTHYecKas ceTh (PETHKYJyMm), anmapar ['oJbKu, JIM30CO-
MBI, IEPOKCUCOMBI, Bakyoiau. K qBymMeMOpaHHbIM OpraHejiaM OTHOCSITCSI MUTO-
XOHJIPUU U TUIACTU]IbI PACTUTEIBHBIX KIIETOK.

OnHomeMOpaHHbIe OPraHOMAbl HUTOIIA3MBI

Anoonnazmamuueckas cemsv (OI1C) — 3TO crcTEeMa IUCTEPH U KAHAJIOB,
CTEHKa KOTOPBIX 00pazoBaHa MmeMOpaHol (puc. 2.9). Hepeako nucTepHbl UMEIOT
ny3bipeBuaHbIE yTOMIeHUs. DIIC npoHU3bIBaE€T HUTOIUIA3MY B Pa3HbIX HaIpaB-
JICHUSIX U JICJIUT €€ Ha U30JMPOBaHHbIC SUEHKU — KOMIapTMeHThl. KommapTMeH-
TaJau3alys CIOCOOCTBYET MPOCTPAHCTBEHHOMY pa3/IelICHUIO BEUIECTB U MPOLEC-
coB B kJeTke. DI1C BBINONHIET CHHTETUYECKYIO U TPAHCIIOPTHYIO (DYHKITUH.

Ecnu Ha moBepxHoctu MemOpan kaHaioB JOIIC pacnonararorcs pudoco-
MbI, OHa Ha3bIBAE€TCS TPAHYJSIPHOM WIIM IIEPOXOBATOM, €ciu pudOCOM HET —
rinaakoit. dyukiuu O1IC: 1) ouocuntes 6enkoB (rpanyispHas IIIC), kupoB u
yraeBoaoB (rnaakas II1C), 2) TpaHcopTUPOBKa BCEX BEILIECTB B KIETKE,
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3) KoMmapTMEHTaIu3aIus UTOIIa3Mbl (pa3/ieieHue Ha OTCEKH), 4) ydJacTue B
oOpazoBanun MemOpaH muroruasmbl. Otunensitonecss ot OIIC my3sipbku
MPEICTaBIISIOT UCXOAHBIN MaTepuall A APYTUX OJHOMEMOPAHHBIX OpraHell.

Annapam I'onvdxcu (na1acmunuamotit KOMnjeKkc) Ha3BaH B yecTh K.

["onbmxu, KOTOpBINA 00HApYXUIT opraHeuty B 1898 r. OObBIYHO paconioxkeH
OKOJIO KJIETOYHOTO s/Ipa.

OCHOBHBIM 3JIEMEHTOM OpraHeJUIbl SIBISETCA MeMOpaHa, oOpasyromias
YIUIOUIEHHBIE LUCTEPHBI — JHUCKH, KOTOPBIE pacnojiaratoTcs APYr HaJ JAPYyroM
(4-6). Kpast muctepH mepexoasT B TPyOOUKH, OT KOTOPBIX OTWICHSIOTCS IIy-
3BIPbKH, TPAHCIIOPTUPYIOIIUE 3aKIIOYCHHOE B HUX BEIIECTBO K MECTY €ro mo-
TpebsieHus: (Jiuzocomsl, Bakyosin) (puc. 2.10). [Toatomy Hanbosiee KpymnHbIE ari-
napatbl ['ONbIKU HAXOISATCS B CEKPETUPYIOUMUX KieTKaxX. [IMCKU-IIUCTEpHBI
(GopMupyroTCsS U3 My3bIPHKOB, OTIIOYKOBBIBatOLUXCs OT rinagkoil JIIC. dyHk-
[IUM: CEKpEeLUs BEIECTB, UX COPTUPOBKA U yHaKOBKa, 0Opa30BaHHE KOMILJIEKC-
HBIX COEAMHEHUN, (POPMUPOBAHUE JTU30COM.

JIuzocomwt (ot rpeu. lisis — paspyiienue, SOMa — Te0) — My3bIPbKH 00JTb-
IIMX WM MEHBUINX Pa3MepoB, 3all0JIHEHHbIE (epMeHTaMu (IpoTea3aMu, JIHIa3a-
MH, Hykieaszamu). Jlnmzocombl oOpazytorcs B OIIC m ammapare ['ompmxu (puc.
2.10). OcHoBHast (GyHKIHS JTU30COM — BHYTPHKIIETOYHOE pPaCIICIUICHUE W Tepe-
BapHBaHHE BEUIECTB, MOCTYNMUBIIMX B KJIETKY U yAaJleHHE UX W3 KJIETKH. Bbiie-
JSIOT TIEPBUYHBIE M BTOpUYHBIE JHM30cOMBI (puc. 2.11). Ily3sipbku ¢ HaAbOpOM
(hepMeHTOB, OTACIMBIIMECS OT IUCTEPH ammapaTta [ onbJKd, HA3BIBAIOTCS Hep-
suunvimu auzocomamu. OHU Y4YacCTBYIOT BO BHYTPHUKJIETOYHOM HHILEBAPEHUU.
Ecnu mepBUYHBIC JTM30COMBI CIUBAIOTCS C (arolUTAPHBIMA U MMHHOIMTAPHBIMU
BaKyOJISIMU, 00pa3yIoTCS 6mopuuHvle AU30combl. Ecii B HUX TPOUCXOIUT Tiepe-
BapHBaHME BEIECTB, MOCTYNUBIIUX B KJIETKY IyTE€M DHJIOIMTO3a, TO 3TH BTOPHY-
HBIC JIN30COMBI Ha3bIBAIOTCS HUULEBAPUM EIbHBIMU 8AKYOIAMU, €CITA TIPOUCXO-TUT
nepeBapuBaHue KOMIIOHEHTOB caMoil kietku (octatku (parmentoB OIIC,
MUTOXOHJIPHA, pUOOCOM U Jp.) TIPU UX pEreHepalfiu, TO OHU HA3bIBAIOTCS aymo-
gazupyrowumu eaxyonamu. 1IpoayKkTsl nepeBapruBaHus NOTJIOMIAIOTCS KIETKOH, a
JU30COMBI, COJIepKalllie HEPACIICTICHHBIC MaTepUall, Ha3bIBAIOTCS OCHM A oY-

HbIMU MeabYamu, KOTOPbIE yTeM YK30IUTO3a BBIBOASATCS
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Aytogarupyomnye BakyoJd B OOJNBIINX KOJIMYECTBAX BBIABISAIOTCSA IpPU
rOJIOIaHUH, UTHTOKCUKAIUAX, CTAPEHUH, TUIIOKCHU U T.1. [Ipn MexaHmdeckom
pa3pylIeHUH KIETKU (HalpuMep, IpHU TPABME), IPOUCXOIUT ayTOIU3, T.€. CaMO-
nepeBapuBaHue 1o nencTeueM pepmeHToB nu3ocoM. Takum oOpa3om, IU30Co-
MBI YYaCTBYIOT BO BHYTPHUKJIETOUHOM MHUIIEBapEeHUH, (PU3NOIOTHUECKONH U pe-
NapaTUBHOM (BOCCTAHOBUTENLHOM) pEereHepaliu, B 3allUTHBIX PEaKLHIX KIET-
K{, KOTJa TPOUCXOAMUT TepeBapUBaHUE U 00E3BPEKUBAHHUE UYKEPOJHBIX Be-
IECTB, HAIPUMEP, MUKPOOOB, TIOTJIOMICHHBIX ITyTOM (haroiuTo3a.

Ilepoxcucompl, 111 MHUKPOTENIBLA — TO OPraHOMJIbI, OCBOOOXKIAIOIINE
KJIETKH OT nepekuceil. OHu uMeroT (opMy My3bIPbKOB U COJIEPKAT JIBA OCHOB-
HBIX (pepMeHTa — KaTana3y u nepokcuaasy. I[lepekucHble coeAMHEHNs HaKaIuIn-
BAIOTCA B KJIETKE MPU pa3pylLIeHMH MEMOpPaHHBIX OPraHOUIOB BCIEJICTBUE HE-
(EepMEHTATUBHOTO OKUCJICHMS KUPHBIX KUCJIOT, BXOJASIIUX B COCTaB JIMIIHJIOB
ouomemOpaH. [lepekucu oka3pIBalOT TOKCUYHOE BO3EHCTBHE HA KIETKY, BBI3bI-
BAaIOT JICHATypaluio OeiKa, CHUKAIOT aKTUBHOCTh (PEPMEHTOB, U MOABEPratoTCs
YTUIN3ALUU IIPH Y4aCTUU IIEPOKCUCOM.

Bakyonu conepxatcsi B IUTOIUIa3Me KJIETOK pacTteHuid, 3anumas 10 90%
o6bema. OHM 00pa3yloTCa U3 MEJKHUX My3bIpbKOB, oTiIemsomuxces ot JIIC. B
BaKYyOJISX 3amacaercs BoJa, MUTaTeIbHbIE BenlecTBa (OeKu, caxapa), OTKIadbl-
BafOTCS MMUTMEHTHI. Bakyosn SBISIOTCS TJIABHBIMU TIOCTABIIUKAMHU MOJICKYJT BO-
JIbI, HEOOXOAUMBIX AJisi (POTOCUHTE3a, a TAKXKe MOJJICPKUBAIOT Typrop (maBie-
HUE) B KJIETKE. B )KMBOTHBIX KJIETKaX BCTPEUAIOTCS BPEMEHHBIC BAKyOJIHd, KOTO-
pbie 3aHUMAIOT He Oosee 5% oObeMa.

OIIC, kommieke ['oybIkH, TU30COMBI U BaKyOJU B COBOKYITHOCTH OOpa-
3YIOT €JUHYIO BaKyOJISIPHYIO CHUCTEMY KJIETKH, OTACJIBHBIE 3JIEMEHTBHI KOTOPOH
MOTYT EPEXOAUTH IPYT B ApYra.

JIBymeMOpaHHbIe OPraHOMAbI HMTOIJIA3MbI

Mumoxondpuu — 3T0 CTPYKTYPbI OKPYTJION WU MAJOUYKOBUIHON (DOPMBI.
OOBIYHO MUTOXOHJIPUM CKAaIUIMBAIOTCA B TEX ydacTKaX, TJi€ BeJIMKa MOTpeOo-
HOCTh B AT® (ckenerHbie MblIbl, cepiaie). CocTouT u3 JIByX MeMOpaH.
Hapyxnas memOpaHa riaakasi, BHyTpEeHHsS 00pa3yeT MHOTOYHCIICHHbBIE CKJIaj-

KU — KpUCTHI (puc. 2.12).
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MuToXoHApUM COAEPKAT TPU TPyIIbl (PEPMEHTOB: BO BHYTPEHHEM MarT-
pukce Haxonatca (epmeHThl nukia Kpebca, KOTopble KaTaau3upyrT OKHCIIU-
TEIbHO-BOCCTAHOBUTENIBHBIE PEAKIIUM, Ha KPUCTaX HaxoIATCS (EPMEHTHI TKa-
HEBOTO JBIXaHUS U OKUCITUTENBHOTO (hochopumupoBanus (ATD-combr). B mu-
TOXOHJPHIX MPOUCXOJUT adPOOHOE OKUCICHUE MUPOBUHOTPATHON U MOJIOYHOM
KHCJIOT, B PE3yJIbTaT€ YEro BBICBOOOXKAAETCS OOJIBIIOE KOJIMYECTBO SHEPrUU
(moctarouHoe nansi CHUHTE3a B pesynbrare (ochopunupoBaHus 36 MOIEKYT
AT®). D10 KJIIOYEBOM ITUKJI KJIETOYHOTO JbIXaHUS (IIOCKOJIbKY MPOTEKAET C MO-
TJIOHICHUEM KHUCJIOPO/ia U BBIJICJICHUEM YTJIEKUCIIOTO ra3a), KOTOPbI Ha3bIBAET-
cs nukiaoM Kpebca, i HUKIOM TpUKapOOHOBBIX KuCIOT. biaromaps stomy
CBOWCTBY MUTOXOHJPUU HA3bIBAIOT «IHEPTETUUECKUMU CTAHLIUSIMU» KIETKH.

Oueprusi AT® ucnonszyercs: 1) ana 6uocunresa Bemects (50%), 2) ais
TpancnoptupoBku (30-40%), 3) it MexaHWYEeCKOM pabOThl — COKpallleHHe
MBI, 4) TS IeTIeHUs KJIETOK, 5) pacceMBaeTCs B BUJIE TEILIa.

OOpa3oBaHre MHUTOXOHJPUI MNPOUCXOJUT IYyTEM CaAMOPENPOAYKIHH, IO-
CKOJIBKY B HUX coaepxutcsi cooctBennas JJHK B Buzge 2-10 KOJIbIIEBBIX MOJEKYI.

Ilnacmuowsl — 510 TOXKE AByMEMOpAHHBIE OPTaHEUTbl, MPUCYTCTBYIOIIUE B
pPaCTUTENIbHBIX KJIETKaX. PaznmuuaroT Tpu BUJA IUIACTHU: XJIOPOIUIACTHI (CUHTE-

3UPYIOT 3€JI€HbII MUTMEHT), XPOMOILIACThI (KPACHBIN), JIEUKOIIACThI (OecuBeET-
HbI) (puc. 2.13).

B maTpukce miacTu UMEOTCS TEJIOKOHUIbI, PACHOJIOKEHHBIE CTONKOU —
rpanbl. PaznuuaroT Tpu BUAa IJIACTUI: XJIOPOIUIACTHI (CUHTE3UPYIOT MUTMEHT
3€JICHOTO 1[B€Ta, YYAaCTBYIOT B (POTOCHHTE3E), XPOMOILIACTHI (CUHTE3UPYIOT Ka-
POTHUHOUJIBI - MUTMEHTHI KPACHOTO U JKEJITOTO I[BETA) U JICUKOIUIACThI (OecIBeT-
HBIM WJIM HEAKTUBHBIN MUTMEHT). THOT1a B pacTeHUSIX MOXKHO BUJETH Mpeolpa-
30BaHUE TIJIACTU]] U3 3C€JICHBIX B KPACHBIC U KEIThie (M3MEHEHHE OCEHBIO IIBETA
JUCTHEB Ha JIEPEBbsX), U3 OCCIBETHBIX B 3eJIcHBIC (KapTodenab Ha CBETY) U Ap.
Hamuuune B mactunax cobctBennor JIHK, xak u B MUTOXOHApHUSIX, oOecIeun-
BAET BO3MOXHOCTh CAMOPENPOAYKIIUH.

HememOpaHHbIe OpraHouabl HUTONIA3MbI PHOOCOMBI —
komruiekc pPHK u 6enka (pubonykieonporens). Ha pubdo-

COMax OCYHICCTBIIACTCA COCAMHCHNUEC aMUHOKHUCIIOT B IMOJUIICTITUAHBIC HCIIOYKH 31



((BTOpoO# ATan 6uocuHTe3a Oenka — Tpancisaius). Kaxmgas pubocoma COCTOUT U3
JBYX YacTeil: Majiol u OoJbioi cyobenuuui. O0beIMHEeHne UX TPOUCXOIUT B
npucyrcteur MPHK (puc.2.14-A).

Knemounwtii yenmp — 370 OPraHoOU] XapakTEPEH I )KUBOTHBIX KIIETOK.
Pacnonaraercs okoio sapa. COCTOUT U3 NapHBIX HEHTPHUOJIEH, PACTIOIOKEHHBIX
NEPIEeHINKYIAPHO, U LeHTpocdepsl u actpocdepnl (puc.2.14-b). Llentpuons
UMEEeT BHJI MOJIOTO IMIJIMHIpPA, CTEHKa KOTOPOTO 00pazoBaHa 27 MUKPOTPYyOOU-
kamu (9 TpumietoB). B dyHKIMIO IEHTpHOIEH BXOIUT 00pa30BaHNE HUTEH MU-
TOTHUYECKOTO BepeTeHa JIeJICHUs, KOTOphIE TaKke 00pa3oBaHbl MUKPOTPYOOUKa-
Mu. L{eHTprosm noisipu3yroT npoLecc AEIeHUsl KIETOK, 00ecneunBasl pacxox-
JIEHUE CECTPUHCKUX XPOMATH/I.

Mukpompy6ouku — ToHUalIue TPYOOUKH, CTEHKH KOTOPBIX 00pa30BaHbI
oenkom TyOoynuHoM (puc.2.14-B). Mukpogunamenmot — ToHKHE OCIKOBBIE HU-
TH, COCTOAT W3 OeNKka aKTHMHA. Y4YacTBYIOT B 00pa30BaHWM HUTEH BepeTeHa Je-
JIeHUS U UTOCcKeneTa (puc. 2.15).

Ilpomesicymounvie punamenmor (I1®O) — HUTEBUIHBIE CTPYKTYPHI U3
0COOBIX OEJIKOB, OJJUH M3 TPEX OCHOBHBIX KOMIIOHEHTOB IIMTOCKENIETa KIIETOK
sykapuot. CoziepkaTcs Kak B IUTOIUIa3Me, TaK U B sipe OOJBITUHCTBA dYKapH-
otnueckux kierok. Cpennnii quametp [P — okono 10 um (9—11 HM), MeHbI1IE,
4eM y MUKpPOTPYOodeK (0K00 25 HM) B OOJbIIE, YeM Y aKTHHOBBIX MUKpPO(DHU-
naMeHToB (5-9 HM). B sanpe uzBecTeH TONbKO oauH Tun [ — 1aMUHOBBIX,
OCTaJIbHBIE TUIbI — HHUTOIUIa3MaTUYeCcKue. B OOJBIIMHCTBE KUBOTHBIX KJIETOK
[1® o0pa3yroT «KOP3WHKY» BOKPYT s/ipa, OTKYyJa HaIlpaBlIeHbl K mepudepuu
kietok. [Id ocobeHHO MHOTO B KIIETKaX, IMOJBEPKEHHBIX MEXaHUYECKUM
Harpy3kam: B anutTenusix, rae [I® yyacTBYIOT B COCAMHEHUU KJIETOK JPYT C
JIPYyroM 4epe3 JECMOCOMbBI, B HEPBHBIX BOJIOKHAX, B KJIETKaxX TJIAJIKOW U More-
PEYHO-TIOJI0CATON MBIIICYHOW TKAHMU.

OpFaHOI/I)II)I CIICHHUAJIBHOI'O HA3HAYCHUA

Pecnuuku, sccymuku u MUKPOGOPCUHKU — OPraHEUIbl NEPEIBUKEHUS.
[IpencraBnsaoT coOOW TOHKHE HMWIMHAPUYECKUE BBIPOCTHI ITUTOIIA3MBI, MOKPHI-
ThI€ IJIa3MaTUYECKON MemMOpaHnoil (puc. 2.16). JKryTuku oTau4aroTcsi OT peCHUYEK
JUTMHOW. MUKPOBOPCHUHKH (POPMUPYIOTCS TOJIBKO Ha OJTHOM MOBEPXHOCTU KIICTKH.
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Bkniouenusa - 3T0 OTHOCUTEIBHO HEMOCTOSIHHBIE (BPEMEHHBIE) KOMIIO-
HEHTBl LUTOIJIA3MbI, KOTOPbIE HE MMEIOT MEeMOpaHbl M IPEACTaBISAIOT COOOM
MIPOJIYKTHI, MMOJUIEKAIME BBIBEJCHUIO U3 OpraHu3Ma (CEKpeTOpHbIE (Hampumep,
MHCYJIMH B KJIETKAaX IMOKEIIyJ0YHOM KeJe3bl), SKCKPETOPHbIE (HAalpuMep, Mo-
yeBas W IIaBeJIeBasi KUCJOTHI)); 3allaCHbIE MUTATEIbHbIE BEIIeCTBa (IJIMKOTEH,
Kpaxmal, O€JIKH, JKUPBI, YTIIEBObI); TUTMEHTHI (MEIaHUH, TEMOTIIO0NH).

BOITPOCHI AJ51 CAMOKOHTPOJIA:

1. Ykaxxure 0cCOOEHHOCTH CTPOEHUS 3YKAPUOTHUYECKUX KIIETOK.
2. [lepeuncnuTe OCHOBHBIE MOJIOKEHUS KIIETOYHON TEOPUH.

3. OnuiuTe XUAKOCTHO-MO3aUuYHYI0 MOJIENTb CTPOCHUS IIUTOIIa3MaTH-
YECKON MeMOpaHBbI.

4. Kak npoucX0oJIUT TPAHCTIOPT MUKPOMOJIEKYJT Yepe3 MeMOpaHy KIIETKHU?
5. Uto Takoe dHIOLMUTO3 U DK30IIUTO3?

6. OxapakTepu3yinTe CTPOCHHUE IUTOIIa3Mbl KJIETKH.

7. Uto Takoe ruajoriazma’

8. [lepeuncnure crpoeHne U PyHKIIMN KJIECTOYHBIX OPTraHEsUT B COOTBET-
CTBHUE C UX KJIacCU(pUKAIHEH.
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Jlexkuusa 3

CTPYKTYPA U ®YHKIIUU KJIETOUYHOT' O SIJIPA. KJIETOYHBIN
HUKJ U CITOCOBBI PEITPOAYKIINUA KJIETOK

IIVIAH JIEKIIUMN:
1. CTPYKTYPA 1 ®YHKIHUHU KJIETOYHOTI O AJAPA.

2. YPOBHU KOHAEHCAIIMHU THK B COCTABE XPOMATHHA
N XPOMOCOM.

3. MOP®OJIOI'USA XPOMOCOM. KAPUOTHUIL.

4. ITPOAOJIBHASA OPTAHU3AIIUA XPOMOCOM.

5. KIETOYHBLIN IIUKJ. CHOCOBbI PENPOAYKIIUU
COMATHYECKHUX U NOJOBBIX KJIETOK (MUTO3, MEHO3).
6. TAMETOI'EHE3.

7. BOITPOCHI I CAMOKOHTPOJIA.

CTPYKTYPA U ®YHKIIUU KJIETOYHOTI'O SA1PA

Anpo sBAseTcd MOCTOSAHHBIM CTPYKTYPHBIM KOMIIOHEHTOM BCEX KJIETOK
BBICIIMX PACTEHUH U KUBOTHBIX. OHO MPHUCYTCTBYET BO BCEX DYKAPUOTHUUECKHUX
KJIETKaX 33 UCKIIFOYEHUEM 3PENIBIX IPUTPOLUTOB KPOBHU YEJIOBEKA U HEKOTOPBIX
KUBOTHBIX. BHOJOTHYECKOE 3HAYEHHE SApA 3AKIIOYAETCA B PEryJIALIMU BCEX
KU3HEHHOBAXKHBIX (DYHKIMU KIETKM M B MepeAade HacleACTBEHHON MH(popma-
uuu. B snpe xpaHutcs HaclieqCTBeHHas MH(popMmanus, 3akiatoueHHas B JIHK,
KOTOpasi MpHU JIEJICHUN KIJIETKU NIEPENAETCS TOYEPHUM KIIETKaM. SIIpo onpenens-
eT crnenuUIHOCTh OCIKOB, CHHTE3UPYEMBIX TAHHOM KIIeTKOU. B simpe cuHTe3u-
pyercsa PHK.

SAnpo umeeT sIepHyr0 000JI0YKY, OTACISIONIYIO €r0 OT IUTOIIa3MBbl, Ka-
puoria3my (SIepHBIN COK), XpoMaTuH. BHYTpH spa MOXHO YBHUIETh TEMHBIC
YYaCTKU — AJPHIIIKH (puc. 3.1).

SlnepHasi 060/104Ka COCTOUT U3 ABYX JIMIHUIHBIX OUCIOCB — HAPY>KHOM
sIepHO MeMOpaHbl U BHYTPEHHEH sifiepHON MeMOpaHbl. [IpocTpaHncTBO Mexy

MCM6paHaMI/I Ha3bIBACTCA NEPUHYKIIEAPHBIM NPOCMPARCME0M; OHO COCTABIIACT
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€AMHBIA KOMITAPTMEHT C MOJIOCTHIO IHAOIIA3MATHUYECKOTO peTuKyiIyMa. O0by-
HO IIMPHHA NEPUHYKIICAPHOTO MPOCTPAHCTBA COCTABIISIET 0KOJI0 20—40 HM.

Hapy>xHnas sinepHas MemOpaHa HEMOCPEICTBEHHO MEPEXOAUT B MeMOpaHy
HHJIOMIA3MATHYECKOM CETH, HO MPU 3TOM HapykHas saepHas MeMOpaHa cofep-
KHUT pa3IMyHble OCNIKM B 3HAYUTENIBHO 0OJee BBICOKMX KOHIICHTPAIUSIX, YeM
onu npucytctBytoT B JIIC.

BHyTpeHHss1 MeMOpaHa OrpaHUYMBAET KapuoIUIa3My U M3HYTPU MOKpPHITA
AJIEPHOM JIAMUHOMW, CEThIO MPOMEXKYTOUHBIX (PUIAMEHTOB, KOTOpas MOJIIEPKU-
BaeT ¢opMy syiepHONH MeMOpaHbl, 00ecreUnBaeT MPUKPEINICHUE XpOMaTHHA K
000JI0YKE si[pa U y4acTBYET B PETYJSLMH SKCIPECCUU T'€HOB. fliepHas JamMuHa
coctouT u3 6enkoB taMuHOB. XoTa DIIC u 00e MeMOpaHbl COEAMHEHBI IPYT C
JIpyroM, MHOTHE O€NKH, BXOJSIIHE B UX COCTaB, (PMKCUPOBAHBI B MeMOpaHe, a
He TupGYyHAUPYIOT CBOOOIHO B €€ Mpeeax.

CTpyKTYypHBIM KOMIIOHEHTOM SIICPHON OOOJOYKU SIBIISIETCS NOPOBBIH
KOMILTEKC. [Topbl — y4yacTKu COEAMHEHUs HAPY>KHOM M BHYTPEHHEH SIICPHBIX
meMOpas. Onu 3anumarot 10 10-15% noBepXHOCTH BCETO Spa U UMEIOT CIOXK-
HYIO TETEPOreHHYIO OCJIKOBYIO CTPYKTYpPY — OCJIKOBBIE TpaHyJibl, 00pa3yrome
KaHaJbl JJIs TPAHCIIOPTUPOBKH BelIECTB. UMCO SAEPHBIX MOP U UX pa3Mep MO-
KET CYIIECTBEHHO BapbHPOBATHh B 3aBUCUMOCTH OT pa3MepoB sijpa U QYyHKIIHO-
HAJIbHOTO COCTOSIHUSI KIETKH.

SnepHblii cok (KapuoriazmMa) — BHYTPEHHEE COACPKHMOE sapa, Ipe-
CTaBIIIET COOOM pacTBOp OCIKOB, HYKJICOTHUIOB, HOHOB, 00OJIee BA3KHMA, YeM T'Ha-
JomnazMa. B kapuorasme HaxomsATcs SAPBILIKKA M XPOMATHH. fIEpHBIA COK
obecrieunBaeT HOpMaJIbHOE (DYHKIIMOHUPOBAHUE TEHETUUECKOTO MaTepuaa.

XpoMaTuH npeAcTaBisieT cO00M Je30KCUPUOOHYKICONPOTENH. ITO KOM-
mwiexke Monekyibl JJHK ¢ ructoHoBbiMu Oenkamu. XpoMaTUH B AJIEKTPOHHBIN
MUKPOCKOIT BBISIBIISIETCS B BUJE€ TOHKUX HUTEH, TIbI0OK U rpaHyi. B mporecce
MHUTO3a XPOMATHH CHUPAIU3YETCS U 00pa3yeT XOpOILIO BUIUMBIE OKPAIIEHHbIE
CTPYKTYPBI — XpPOMOCOMBI.

SAApbIIKM — HEMOCTOSTHHBIE 00pa30BaHus, OHM MCYE3a0T MpU JIEJICHUU
KJIETOK ¥ BOCCTAHABIIMBAIOTCS MOCE OKOHYAHUs JiefieHus. B cocTaBe sphliiika
paznuyatot pudpmsipHsiid nentp (pAHK), nepudepuueckuit pubpusispHbIi
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komnoHeHT (pPHK) u rpanynspusiii komrnoneHt (PHII) (cm. puc. 3.2). T.o. B
SAPBIIIKAX MPOUCXOAUT (PopMHUpOBaHNE PUOOCOMHBIX CYOBEIMHHI], KOTOPHIC
3aTeM 4epe3 MOPHI BBIXOIAT U3 Sapa B [IUTOIIA3MY.

Y BBICIIMX 3YKApUOT (KMUBOTHBIX U PACTEHHi1) 000JI0UKa siApa pa3pylia-
ercd B mnpomeradase MUTO3a, HO3BOJSAS CHOPMHUPOBATHCS BEPETEHY JEJIEHUS.
MexaHu3M NepecTpoiikH sSAEpHOM MeMOpaHbl enie He 10 KOHLA MOHATEH. B
HacTosIee BpeMsi 00CYK1al0TCs IB€ OCHOBHBIE TUIIOTE3bI:

- IyTEM CJIMSTHUS BE3UKYII SIEPHON MEMOpaHBI;
- Onarogaps nepedopmupoke yuactkoB IIIC.

YPOBHM KOHJEHCAIIMM JTHK
B COCTABE XPOMATHHA U XPOMOCOM

JIHK, Bxoxsiias B cocTaB XpoMaTWHa, MPEJICTaBIAET COOON ABYXIIETNO-
YEUHYIO CIIUPATIbHYIO MOJIEKYITY, KOTOpasi YKOMIUIEKTOBaHAa B KOMILIEKCE ¢ Oe-
kamu. Takas CTpykTypa HazbIBaeTcs ne3okcupubonykieonporengom — JIHIIL.
Ha nomto 6enkoB mpuxoautcs 65% maccsl XxpomocoM. Bee xpomocomHubie Oenku
paszensitoTcs Ha 2 TPYMIbl: TUCTOHBI (OCHOBHBIE) — 40% U HETUCTOHOBBIE (KHUC-
aeie) Oenxu — 20%.

['ucToHbI UrparoT 0co0yr0 poib B CTpykTypHOU opranuzauuu JHIIL. ['u-
CTOHBI UMEIOT «1» 3apsiji, 9YTO 00YCIOBJICHO BHICOKHM COJIEp)KaHUEM B HUX 3—X
OCHOBHBIX aMUHOKHCJIOT: aprUHUHA, JU3UHA U TUCTUAMHA. OHU 00/1a1at0T BbI-
cokuM cpojacTBoM k Mojekyie JIHK, koTopas umeer «—» 3apsia u o0pasyer ¢
HEW MPOYHBIE CTPYKTYPHBIE KOMIUIEKCHI. JTO MPEMATCTBYET CUUTHIBAHUIO 3a-
kitoueHHor B mosiekysie JIHK Ouonorudeckoit nnpopmanuu , B 4eM 3aKiIrova-
€TCsl Ba)KHas PEryJSATOpPHAs POJb TMCTOHOB). Yncno dpakiuii HETUCTOHOBBIX
6enkoB npesbimaeT 100. Cpenu HUX — pepMenTsl cuHTe3a U npoteccunra PHK,
penymmkauuu 1 penapanuu JJHK.

JlnnHa uHTep(a3zHBIX XpOMOCOM (XpOMaTHHA) B 1 KIIETKE 4YesloBEeKa paBHa
npuMepHo 2 M (2.000.000 mxm). IIpu nepexone B metadazHoe COCTOSIHUE HUTh
JIHK ymenbiiaerca B iuHerHoM pa3mepe noutu B 8000 pas!, a nuametp yBeu-
yuBaerca B 500-600 pa3 4To CBHIETEIHCTBYET O TPOMAIHBIX MaciiTabax ¢usu-
YECKOTo MpeoOpa3oBaHuUs.
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PaccMOTpyM OCHOBHBIE 3aKOHOMEPHOCTH MONEPEUYHON U MPOJIOJIbHOU
ykiaaku xpomocoM. Beinensitor 4 yposus ykiaaku JJHK B xpomarune: 1) Hyk-
JIEOCOMHBIN; 2) HYKJICOMEPHBINA; 3) XpOMOMEpHBIN (TIeTaeBoM); 4) XpoMOHEM-
HBbIH (puc. 3.3).

Ilepeviit yposens yknaoku moaekyaot /IHK - HyKneocomuas Hume.

DTOT ypOBEHb OpPraHHM3aAIlMd XpOMAaTHHA OOECIEYMBACTCS YETHIPHMS BH-
namu ructoHoB: H2A, H2B, H3, H4. Ouu o6pa3ytot, HanoMuHaromiue mo ¢op-
Me 11aii0y, OENKOBBIE Tella — HYKIe02UCHIOHbL, T KOpbl (COr), COCTOSIINE U3
BOCBMH MOJIEKYJ (IO JIBE€ MOJIEKYJbl Ka)KJIOTO BHAA T'MCTOHOB). Bokpyr kop
nsoitnas crmpans JJHK o6pasyer okosno AByx BUTKOB. IIpu 3TOM B KOHTaKTe C
KaXIbIM KopoM oka3zeiBaeTcs ydacTok JIHK, coctosmmit u3 146 mH, obpasys
HyK1eocomy. CBOOOJHBIE OT KOHTakTa ¢ OenkoBbIMU Tenamu ydacTku JJHK
Ha3bIBAIOTCS CEA3bl8AIOMUMU VN AuHKepHbimu. OHH BKIOYaoT oT 15 go 100
nH (B cpenHeM 60 MH) B 3aBUCUMOCTH OT Tuma kjeTku. OOpa3oBaHHas TaKUM
croco0oM HykJeocoMHass HUTh umeeT auameTrp 10—13 uwm. JlnmHa MoJeKyIbl
JIHK ymensbinaercst B 5—7 pas.

Bmopoii yposensv yknaoku — HyKieomepHulii «COIEHOUON.

JlanpHeliasi KOMITaKTU3aIUsl HYKJIEOCOMHOW HUTH OOECTICUMBAETCS TH-
ctonoMm H1, koTopsiit coenunsisice ¢ nunkepHoit JIHK u nByms cocennumu Gen-
KOBBIMHU TeJaMH, COJNIMKAET UX JPYr C APYroM, YKIaAbIBaeT 3Ty (GpuOpuiny B
criupainb. B pesynbraTe oOpasyercs O0ojiee KOMITAKTHAsI CTPYKTypa, MOCTPOEH-
Hasl IO TUNY coJieHou1a. Takasi XxpomaTuHOBas (UOpHUILIa HA3bIBACTCS «IJIEMEH-
TapHOI», UMEET AUaMeTp OKojo 25 uM. OAMH BUTOK criupaiii coaepxut 6—10
HYKJIEOCOM. DTHM JIOCTUTaeTCsl YKOPOUEHUE HUTH €1lie B 6 pas.

[lepBblii 1 BTOPOM YPOBHM KOMMAKTH3alMM COOTBETCTBYIOT XPOMATHUHO-
BbIM HUTSIM, BBISBJISIEMBIM B UHTEP(DA3HOM spE.

Tpemuii yposenv yKnaoku —nemsnesoi —XpoMoMepHblil.

[Tpoucxoaut yknaaka xpoMatuHoBor (GuOpmwisl B eTiu. B ux obpaso-
BaHWM y4acTBYET HETHCTOHOBBIC Oenku. OHU y3HAIOT crienupruyeckue HyKIIeo-
TUJIHBIE TIOCJIENOBATEIbHOCTH BHEHYKJIeocoMHOU JIHK, ormanennsie apyr ot
Jpyra Ha pacCTOSIHUE B HECKOJIBKO THICSY Map HYKJICOTHUIOB. DT O€JIKU cOH-
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KAIOT YKa3aHHbIE YYACTKH ¢ 00pa30BaHUEM METEIb U3 PACIIONIOKEHHBIX MEXKITY
HUMU (pparMeHTOB XpoMaTuHOBOHN ¢GubpwLibl. 10T yuactok JHK, coorer-
cTByIoIIe onHou meriae, coaepxkut oT 20 000 go 80 000 muH. CymuTaroT, 4TO
KaKJast IeTIsl SBisieTcsl PYHKITMOHAIBHON eIMHUIICH reHoMa. JluameTp mereins
okosio 50 um. Hute JIHIT ykopauuBaetrca B 10-20 pas.

TpeTuit ypoBeHh KOMITAKTHU3AIIUN COOTBETCTBYET MPO(ha3HbIM XPOMOCOMAM.

Yemeepmulit ypo6eHd yKIaAOKU —XPOMOHEMHBLIL.

Hanbonee mpocTbiM U MpUEMIIEMbIM SIBIIIETCSl MPU3HAHUE CIUPATLHON
YVKIIQJKU KKJIOM XpOMAaTHbl. Y CaMbIX KPYITHBIX XpOMOCOM yenoBeka (1 u 2) —
14-15 Takux BUTKOB. ¥ MeNKuX — 2—4 BUTKA.

UeTBepThlii ypOBEHb KOMITAKTU3AIMH COOTBETCTBYET MeTadha3HOU XpOMO-

COMC.

MOP®OJOI'UA XPOMOCOM. KAPUOTHUII

Mertada3Hble XpOMOCOMBI — caMasi KOMIIAKTHAsI CTaJus YKJIaJKH XpOMaTH-
Ha, YTO JCJIaeT BO3MOJKHBIM HX HM3y4YE€HHE B CBETOBOM MHKPOCKOI. (DakTHYSCKH
XpOMOCOMa — 3TO yJIBOSHHBIH W KOHJEHCHUPOBAHHBIA XPOMATHH. XPOMOCOMBI CO-
CTOSIT W3 2-X XPOMATHJI, COCUHCHHBIX B O0JIACTH NECPBUYHON MEPETSHKKH - IICH-
Tpomepsl (puc. 3.4.). PaznnyaroT KOpOTKOE IJIeY0 — P U JUIMHHOE TUIeY0 — (.

B 3aBUCHMOCTH OT M€CTa MOJOKEHUSI IIEHTPOMEPHI U JUIUHBI I1JIeY, BbIJe-
JISIIOT HECKOJBKO THUIIOB XPOMOCOM: METAalleHTpUYECKue (paBHOIUICUHE, p=q);
cyOMeTalieHTpuyeckrue (HepaBHOIUIEUre, IEHTPOMEpa CABHUHYTa K OJHOMY W3
KOHIIOB, P<(); aKpOIICHTPUUYECKHE (C IICHTPOMEPOH, PaCIOIOKCHHON MPaKTHUe-
CKM Ha KOHIIE XpoMocoMbl p<<q) (puc. 3.5). TenoueHTpUUECKHE XPOMOCOMBI
XapaKTEPHU3YIOTCS MOJTHBIM OTCYTCTBHEM OJIHOTO M3 TUICY U B HOPME y YeJIOBEKa
HE BCTpedarTcs. B o0mactu meHTpoMepsl JIOKaTu3yeTcss KHHETOX0p — ATO yd4a-
CTOK, K KOTOPOMY TIPUKPEIUISIOTCS MUKPOTPYOOUKH BepeTeHa neneHus. KoHie-
BBIC YYACTKH XPOMOCOM Ha3bIBAIOTCS TEIIOMEPAMH.

XapakTepHOil OCOOCHHOCTBIO AKPOIIEHTPUYECKUX XPOMOCOM YeJIOBEKa
(13, 14 u 15, 21 u 22 napsl) gaBAsieTCd HaTUYUE BTOPUYHOU MEPETSIKKU U CITYT-
HukoB. B o6mactu Il mepersoxku nokanuzoBansl yuactku p/IHK, oTBeuaromue
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3a cunte3 pPHK. Onu Ha3biBaroTCA SAPBINIKO oOpasyromumu paiionamu (S10P).
CnyTHHK (CaTTEJHT) - 3TO KOHIICBON y4acTOK (TeJioMepa) KOPOTKHUX IIjIed aKpo-
LEHTPUYECKUX XPOMOCOM, CJIEAYIOIIMMI 32 BTOPUYHON NEPETAKKOMN.

IMPOJOJIBHAA OPTAHU3AIIUA XPOMOCOM

CymiecTByeT XUMHUUYECKasi, CTPYKTypHasi U (DyHKIIMOHAJIbHAs HEOIHOPOI-
HOCTh XPOMOCOMBI 110 €€ JUIMHE. B 3aBUCUMOCTH OT COCTOSIHHSI XPOMAaTHHA BbI-
JEJSIFOT YXPOMATHUH U T€TEPOXPOMATHH.

JyXpOMATHHOBbIE YYaCTKH MEHEE KOMIIAKTHBIE, SIBISAIOTCA (PYHKIIHO-
HQJIbHO aKTHUBHBIMH, T.€. TPAaHCKpUOUpPYEeMBbIMHU. B TeueHHe KJIETOYHOro LMKIIA
MOTYT KOMIIAKTHU30BaTbCd M JE€KOMIIAKTU30BaThbcA. I eTepoXpoMaTHHOBbIE
YYaCTKM BCErja IJIOTHO KOHJIEHCHUPOBAaHHbIE, T€HETUYECKH HE AKTHBHBI U HE
TPaHCKPUOUPYIOTCS.

PaznuuaroT ABa THMAa TeTEpOXpOMAaTHMHA: KOHCTUTYTUBHBIA (CTPYKTYp-
HBII) U (PaKyJIbTaTUBHBIN.

Koncmumymuenwiti cemepoxpomamun COAEPKUTCS B OCHOBHOM B OKOJIO-
LIEHTPOMEPHBIX U TEJIOMEPHBIX Y4aCTKaxX BCEX XPOMOCOM. Ero poib 3aKkimtoyaer-
Csl B OJAJIEP>KaHUM OOIIEH CTPYKTYpPbl XPOMOCOMBI, IPUKPEIJIEHUU XPOMaTHHA
K SIIEPHOI 000JI0UKE, pa3/iesIeHUH CTPYKTYPHBIX T€HOB.

Koncmumymusenwiii cemepoxpomamun TPUCYTCTBYET B OJHHMX U TEX Ke
palioHax 00euX TOMOJIOTMYHBIX XPOMOCOM, B OCHOBHOM, B LICHTPOMEPHBIX U T€-
JIOMEPHBIX y4acTKaX M BO BTOPUYHBIX MEPETHKKAX aKPOILIEHTPUKOB, 00pa3yro-
MUX CIyTHUKUA. Ero ponp 3akimrodaercss B MOIJAEPKaHUM OOIIEH CTPYKTYpPHI
XPOMOCOMBI, TPHUKPEIUICHUH XPOMAaTHHA K SACpPHOM 000J0YKe, pa3/eleHUuU
CTPYKTYPHBIX T'€HOB.

DakyromamuseHblil 2emepoxpomamun IPUCYTCTBYET HE B 00EUX, a TOJIbKO B
OJIHOM W3 Tapbl TOMOJOTUYHBIX XpomocoM. [Ipumepom (dakympTaTHBHOTO TeTe-
POXpOMAaTHHA y YEJIOBEKA SIBISIETCSA TeJblie bappa - MoJoBOM XpOMAaTHH, KOTOPBIU
oOpa3yeTcsl 3a cueT MHAKTUBaUuU (yTpaTta aKTUBHOCTH) OJHOM M3 X-XpPOMOCOM Y
KEHIIIMH, TOCKOJIBKY T€HBI 3TOH XPOMOCOMBI HE TPAHCKPUOUPYIOTCS.

JlunioniHbIN HAbOp XPOMOCOM COMATHUECKHUX KJIETOK JIAaHHOTO BUJA Op-
FaHU3MOB, XapaKTEPUIYIOIIUKCS ONPEACTICHHBIM YUCIOM, CTPOCHUEM U F€HETH-
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YECKHUM COCTAaBOM XPOMOCOM, Ha3bIBACTCS Kapuomunom. TepMuH ObLI BBEJICH B
1924 r. coBeTCKUM IreHeTUKOM JIEBUTCKUM. Y KaxJI0H XpOMOCOMBI UMEETCS TO-
MOJIOT, T.€. XpOMOCOMa, ¢ TaKuM e Habopom reHoB (puc. 3.6). OguH HaOOp
XPOMOCOM OpPraHW3M IMOJy4aeT OT MaTepu, APyro — ot otua. Eciu uncio xpo-
MOCOM B TarjIOUTHOM Habope (B MOJOBBIX KJIETKaX) 0003HAYUTH Kak n, TO ¢hop-
MyJia Kapuotuna Oyzaer 2n.

N3ydenne noaHoro Habopa XpoMOCOM Ha3bIBAETCSI KAPUOTUIIUPOBAHUEM.
Jlia ananu3a KapuoOTHIA CTPOUTCS HAMOTpaMMa — PUCYHOK wiu (oTtorpadus
OIIPEIEICHHOTO PACIIOIIOKEHUSA XPOMOCOM B IOPSIAKE YMEHBIICHUS pa3Mepa.

HopmaiibHbIN KaprOTUI YeJI0BEKa BKIIIOYAET 46 XpOMOCOM, WM 23 napsl,
U3 HUX 22 Mapbl — ayTOCOMBI ayTOCOMBI (OJMHAKOBBIE TI0O CTPOCHUIO U HAOOPY
TE€HOB Y IPEACTaBUTENICH pa3HOro 1oJja) U 1 mapa moJIoBbIX XPOMOCOM (Te€Tepo-
xpoMocombl): XX y keHmuH (puc. 3.7) u XY — y myxuud. Kapuotun kieTku
U3yYaroT Ha cTaauu MeTadasbl, KOrja XpOMOCOMbI MaKCUMAJIbHO KOHIACHCHUPO-
BaHbl. IMEHHO Ha 3TO#l cTaauu MOXHO HanboJiee TOYHO ONPEAEIUTh MOP(OJIIOo-
TUIO KaXJI0U XPOMOCOMBI.

KJETOYHBIN ITAK.JI

Kuaerounsnii uuka (KL) - 3To nepuos cymiecTBoBaHUs KIETKA OT oOpa-
30BaHUs JI0 clenayromiero aenenus win rudenu (puc. 3.8.). B Kl paznuyator
nBe ¢aspl: aBTOCUHTETHUYECKYI0, WM MHTep(a3y (MOAroTOBKAa KIETKH K Jeje-

HUIO) BKItovaronyw npecunmemuveckuii (G1, oT anria. Gap — NPOMEXYTOK),

cunmemuuyeckutl — (S), nocmcunmemuueckuii — (G2) MepHOABI, U JACIICHUE KIIET-
KA — Mumo3. Y OOJNBIINHCTBA KJIETOK MEPHUO POCTa COMMPOBOXKIAETCS BBIXOIOM
u3 KL (mepuon Gg) B TeyeHUE KOTOPOTO MPOMCXOAUT OKOHUaTeabHas audde-
peHimpoBka u crnenuanusanus. OO0pazyroTcs BbICOKOANGBdEpEHITMPOBAaHHBIC
KJIETKH, KOTOpBbIE OCYIIECTBIAIOT crenududeckue GyHKIUA W TOruOaroT
(Hampumep, SpUTPOLUTHI).

Cnabo nuddepeHIMpOBaHHBIC KIETKH COXPAHSIOT CIIOCOOHOCTH K JIelie-

HUIO U MPOJOJDKAIOT cienoBath o Gy, S,Go nepuoaam M 3akaHUYMBAETCS ITUKI
JeJeHUEeM (MUTO30M, UK MEHO30M).
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Ilpecunmemuueckuii (G1) nepuod. B tedeHne >Toro nepuojga B KIETKE
yCcuJIeHbl OMocuHTeTHYecKue mpoiiecchl (cuHTe3 PHK, HerucronoBbix 6enkoB) 1
npoucxoaut noAaroroBka K perumkanuu JIHK: cuntes 6enkoB-pepMeHTOB, He-
oOxonumMbIx aiia cuHte3a HykiaeotunoB JJHK, mypunoseix (A, I'), nupumunno-
BbIX (T, L) HyKJIEOTHIOB U YeThIpeX HYKJIeo3uATpudochaToB, BXOA[IIUX B CO-
ctaB moJiekynsl JIHK, JJTHK-nonnmepassl, OCyIIECTBISIIOMINN TOJIUMEPU3AILIATIO
HYKJI€oTUI0B-TpudocdatoB B mnoiaumepHyro mojekyny JHK, nakorinenue
MOHOB MarHusi, KOTOPbIE MPUHUMAIOT YYaCTHE B MPOIECCE MOTUMEPHU3AIUU.

JmrensHOCTh Tiepuoaa — 8—10 yacoB. Habop xpomMocoM B siipe KIETKH
JTUTUTOMTHBIN, KaKIash XpOMOCOMa COCTOUT M3 OJTHOM XPOMAaTHJIBI — OJHOHHUTE-
Bas XxpomMocoma (2n2c).

Cunmemuueckuii (S) nepuood.B xietke npojomkaercs Tpanckpunius PHK,
CHUHTE3UPYIOTCS TUCTOHOBBIE OCJIKH, YABAUBAIOTCS [IEHTPUOJIU KIETOYHOIO IIEHTpA.
OCHOBHOM MpoLIECC, KOTOPBIM MPOUCXOAUT B sjape — 3to pemmukauus JIHK, B
pe3yibTaTe KOTOPOTO IMPOMCXOINUT YABOCHHE TeHEeTHYeCcKoro marepuana. Habop
TeHETHYECKOro MaTepuaia 2N4C (IUIIOUIHBIN HAOOP IBYXPOMATHIHBIX XPOMOCOM
— JIBYHHUTEBBIX XPOMOCOM). [[IUTENbHOCTH 3TOTO Neproia 4—8 4acos.

Ilocmcunmemuueckuii (Gp) nepuood unu npemumomuyecKuil.

B TeueHue MPEMUTOTUUYECKOTO MEPUOAA COBEPIIAKOTCS CUHTE3bI, HE0O0XO-
auMble Ui oOecreueHuss HENmOCpPEACTBEHHO Imporecca aeneHus.IIpoucxonut
cunte3 AT®, GenkoB-TyOynMHOB AJi1 (OPMHUPOBAHUS MUTOTUYECKOTO armapa-
ta. O0e MaTepUHCKUE LEHTPUOIN OKyTaHbl (PUOPUILIAPHBIM Tajl0 U OCYIIECTB-
JISFOT COOPKY MUKPOTpYyOOUeK, mpoaokaercs cunte3 PHK.

B sTom mepuojae ycwimBaeTcs (GOpPMHUPOBAHUE JIU30COM, JAEISATCS MUTO-
XOHJIPUU U CUHTE3UPYIOTCS HOBBIC OENKH, HEOOXOAMMBIC JJI OCYIIECTBICHUS
mutosa. K koHiy mHTepdaspl XpoMaTUH KOHJEHCUPOBAH, SJIPBIIIKO XOPOIIO
BUJIHO, SiZIEpHAsi 000J0YKa HE HApYIIEHA, OpraHeiyibl He U3MEeHEeHbI. J[JIuTens-
HOCTh Teproaa cocTaBiseT 4—6 yacoB. HaGop reneTuueckoro marepuana 2n4c.
[Tocne 3aBepiieHUs: MOATOTOBKHU K JICJICHUIO HAYWHAETCS HEMOCPEACTBEHHO JIe-
JIEHUE KIIETKH.
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CIIOCOBBI PETPOAYKIINHU
COMATHUYECKHMX U MOJOBBIX KJIETOK (MUTO3, MEIO3)

K OCHOBHBIM (l)OpMaM JCICHUA KIICTOK OTHOCATCA MUTO3, KOTOpBIﬁ JCKUT

B OCHOBE 0€CIIOJIOr0 JIEJIEHUSI COMAaTHUYECKUX KIETOK, U MEWO03, TUIT AECJICHHUS
MIOJIOBBIX KJIETOK IPU KOTOPOM (POPMHUPYIOTCS TaMETHI.

OcHOBHBIE 3aKOHOMEPHOCTH MHTO03a JlelieH1e KIETOK
MyTeM MHUTO3a BKIIIOYAET cieayroue ctaauu (puc. 3.9.):

Ilpogpaza. OcHoBHBIE COOBITHS MPOUCXOAAT B APE, MPOIOIIKACTCS KOH-
neHcauuu xpomatuHa (III ypoBeHb ykiagku), pazpyumiaroTcs sapbIIKd. LleH-
TPUOJIM TIOTIAPHO PACXOAATCA K MPOTUBOIIOIOKHBIM CTOPOHAM KJIETKH, KOTOPBIE
TENephb Ha3bIBAIOT NoJrocamMu. OHOBPEMEHHO HA CATEIIMTaX LICHTPUOJIEU UAET
MHTEHCUBHAs cOOpKka MUKpoTpyOouek. Habop renetnueckoro marepuaina 2n4c.

Memadghaza. Bo Bpemsi metadaspl TU30COMBI PACTBOPSIOT SAEPHYIO 000-
Jouky. DparMeHThl pacmaBIICHCs SACpPHONM 000J0YKH (OPMHUPYIOT MEJIKHE
MeMOpaHHbIE My3bIPbKH, IUTOIUIa3Ma KJIETKU CMEIIMBAETCS C KapHOILIA3MOM.
Kowmmneke TNompmxu u OIIC pacnagatorcst Ha Menkue (GparMeHThl B BUE Iy-
3bIpbKOB. Ha 1ieHTpomMepe KakI10i XpOMOCOMBI BBISBJISIETCS CKOIUICHUE CIEIHU-
AJIbHBIX OEJIKOB —KUHEmOoXop.

C6opka MUKpOTpyOOU€K Ha MATEpUHCKUX LEHTPHOJSAX MPOAODKAETCH,
TaK 4TO B pe3y/ibTaTe€ BO3HUKAET OUIOISIPHOE MUTOTHYECKOE BEPETEHO, COCTO-
AlIee U3 3TUX MUKPOTPYOOUEK U aCCOLIMUPOBAHHBIX C HUMU OenKoB. Paznuuaror
HECKOJIBKO BUJOB MHUKPOTpyOouek. MHOrHe HUTH PACXOIATCS OT LIEHTPHOJIEH
(KaK OT MOJIFOCOB) BO BCE CTOPOHBI. YacTh ux 00pazyeT HANpaBJIEHHYIO K I0-
BEPXHOCTU KIIETKU ACMpanbHylo ayyucmocms. Jlpyras Ux 4acTh HampaBjeHa K
JKBATOPY KJIETKU — 3TO HOJApPHbIe MUKpOmpybOouku. Y HKBATOpa MOJISAPHBIE
MUKPOTPYOOUKH, CBSI3aHHBIE C Pa3HBIMU IOJIOCAMU, IEPEKPHIBAIOT IPYT APYyTa.
OT NOJIOCOB TaKkKe OTXOJAT KUHEMOXOPHble MUKPOmMPYOOuKU, KOTOpble B 00Ja-
CTH 3KBaTOpPa NPHUKPEIUIAIOTCS K KHHETOXOPAaM XpOMOCOM. B KkieTkax uenoBeka
KKl KHHETOXO0p cBsizaH ¢ 20—40 mukporpyboukamu. [Ipukpersienus Muk-
pOTpYyOOUEK K CECTPUHCKUM XPOMATHUJIaM FOMOJIOTUYHBIX XPOMOCOM IPOUCXO-
JAT B CIIy4altHOM TOpsiAKe. XPOMOCOMBI MaKCUMaIbHO KOHAeHCcHpoBanbl (1V
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YPOBEHb YKIIaJK1), PACIOJI0KEHbI B SKBATOPHAJIHHON IUIOCKOCTH BEpeTeHa Jie-
JIeHUs KIJIeTKH, 00pasys meradasHyro miacTuHky. Habop renermueckoro mare-
puana 2n4c.

Anaghaza. B S-niepuone yasausaetcs e Bcsa JJHK ogHoit Xpomocombl, a
OCTaeTCsl HEePeIUTUIIUPOBAHHBIM IIEHTPOMEPHBIA y4acToK. B Hauane anagazwvi
npoucxoaut Ovictpas perumkanusa JJHK B oO0nactu meHTpoMepsl, YTO U CITYKUT
CUTHAJIOM K Havaiy aHada3sbl. AHadaza HAUMHAETCS BHE3AITHO C PE3KOT0 pasjie-
JIeHUsI OOIIeH LIEHTPOMEPHl XPOMOCOMBI, B PE3YJIbTAaTe YETO CECTPUHCKHUE XPO-
MaTU/Abl CTAHOBATCA CAMOCTOSITEIBHBIMH XPOMOCOMaMHU. MHUKPOTPYOOUKH
HAYMHAIOT YKOPAuMBAThCA: y KWHETOXOPOB IMPOUCXOTUT WX pa3dbopka. B pe-
3yJbTaTe 3TOrO0 XPOMATH/IbI HAIIPABJISIIOTCA K ToJItocaM KieTku. O6pa3yercs aBe
O0ouepHux 36e30ul (MO0 OJTHOMY OJMHAKOBOMY Ha0Opy XpOMOCOM Ha IOJIHOCax
kietkn). HaGop renernueckoro Marepuraia B KieTke 4n4c.,

B koHnile aHadasbl 1mia3mMaTudeckas MeMOpaHa Kak Obl MHBAarMHUPYETCS
NEPHEHAUKYIIPHO K MPOJOJIBLHON OCH MUTOTHYECKOrO BepeTeHa, oOpa3ys 00-
po3ay. B aToii oOnacTu moj mia3mMalieMMON MOSBISIETCS COKPATHUMOE KOJbIIO,
COCTOSIIIIEE U3 AKTUH- U MUO3UH-COJECPKAIIUX HUTEH, KOTOPOE PaCIalaeTcs IMo-
CJie pa3/ieNeHus KIETKH.

Tenogpasza 3aBepuiaer nenenue. [1oa mmasManmeMMon aKTUBUPYIOTCS 3JI€-
MEHTBI IIUTOCKEJETa — aKTUHOBBIE MUKpO(MIaMeHThI. Pa/ioM ¢ HUMU MOJIUMe-
pU3yeTcss MUO3MH. AKTUHO-MHO3UHOBOE KOJIBIIO C)KUMAETCS, 1 BOBHUKAET Iepe-
TSOKKA TUIa3MasieMMBbl. PazzienuBiivecs: Tpynmnbl XpOMOCOM MOAXOIAT K IOJIO-
caM, TEpSIIOT XPOMOCOMHBIE MHUKPOTPYOOUKH, Pa3phIXJISIIOTCS, AEKOHICHCUPY-
I0TCSI, IEPEXOAs B XpOMAaTWH, U HaunHatOT TpaHckpubupoBarb PHK. K koniry
Tenoda3bl BOCCTAHABIMBAETCS siIEpHAst 000JI04Ka, (HOPMUPYIOTCS SIIPBIIIKH.
[TepeTtsbkka mia3MalieMMbl CTAHOBUTCSI Bce OoJiee TIIyOOKOM, U B KOHIIE KOHIIOB
OJlHA KJIeTKa paszzensercs Ha jase. O0e JovepHUE KICTKH AMILIONIHBI (2N2C).
OnHako He Bcerna JejieHue siapa CONMpPOBOXKAACTCS pasnaesieHreM kieTku. [lo-
ATOMY TOMUMO Tesio(]a3zbl (MIPU MOTHOM JICICHUH KJIETKH) U BBIACISIIOT [TUTOKHU-
He3 (meneHue 1uUTOMIIa3Mbl).M3 MeMOpaHHBIX MYy3BIPHKOB COOUPAIOTCS KOM-
riekc I'onpmxn u DIIC.

3areM CJICaycCT ACIICHUC HNUTOIJIA3MbI KJIICTKHN — MU TOKHUHEC3.
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Buojsiornyeckoe 3HaueHHe MUTO3a: B Pe3yJIbTaTe 3TOTO JIEIEHUS U3 Of-
HOW MaTEPUHCKON KJIETKU 00pa3yIoTCs JIB€ T€HETUYECKU PAaBHOIICHHBIE A0Yep-
HUE KJIETKH, WIACHTUYHBIE MaTepUHCKON. bmaromapss Muto3y mopnep>kuBaercs
MOCTOSIHCTBO KapuoTHUINa (T.€. HA0opa XpOMOCOM) B IMOKOJIEHUSAX KIETOK.

I'eneTuyecKnil KOHTPOJIb MUTO32

[Ipomecc MuTO3a HAXOAUTCS TOJT KOHTPOJIEM OCOOBIX T€HOB — ITUKIMHOB
U UUKINH-3aBUCUMBbIX KnHa3 (CDK). YcTaHOBIIEHO, YTO OMpejeieHHbIE TeHbI
KOHTPOJMPYIOT CTPOTrO OMNPEICIICHHbIE CTaUM MUTOTHYECKOro IHKJa. B mpo-

necce MIIK umerorcst konTpoasabie Touku — checkpoint (KT-Gp, KT-Go, KT-
M), Tae MpoUCXOaUT MPOBEpKa TOTOBHOCTH KIETKU K neneHuto (puc. 3.10).
CDK sBnsitorcss nHrHOMTOpaMu mipoudepanuu (0OCTaHaBIUBAIOT JICJICHUE Kile-
ToK). Ecnu B kKoHTposbHBIX Toukax CDK cBsI3bIBalOTCS ¢ MUKIMHAMU, THUITUHU-
pyeTcsl ONpeACIICHHBIN dTaM JIeJICHUS KICTKHU.

OcHoBHbBIE (OPMBI 6€CTIOJIOT0 Pa3MHOKEHHS

HGJ’IGHI/IC IIyTCM MHUTO3a JICKUT B OCHOBC OecroJioro Pa3MHOKCHHA Opra-
HHU3MOB. PaCCMOTpI/IM OCHOBHBIC (bOpMI)I Oecrnoyoro Pa3sMHOKCHUA.

JleneHue HaABOE MPUBOJIUT K BOBHUKHOBEHUIO U3 OJIHOTO POJIUTEIIHCKOIO
opranusma JiByx nodepHux. OHO siBsieTcsl mpeoOiaaaronieit popMoit y npoka-
PHOT U MPOCTEUIINX. Y MPOKAPUOT — ATO JesieHue Hykieouaa (Moiekynsl JIHK)

C IOCICAYIOIIUM ACJICHUEM KIICTKH.

Y 00HOKIEmMOUHbIX IYKAPUOM pA3IULAoOm ciedyrujue cnocoowvl 6ecnoo-
20 DA3MHONCEHUSL:

1. Ilpocmoe oenenue na osa (bunapnoe oenenue). OHO XapaKTEPHO NS
ame0, )KTYTUKOBBIX MPOCTEHIIINX, Boopocieit u ap. [lpu atom npoucxoaut mu-
TOTUYECKOE JEJICHUE s/pa, 3aTeéM LUTOKUHE3. JlouepHHE KIETKU MOTy4YaroT
paBHOE KOJHMYECTBO HaciencTBeHHoW uH(opmaiuu. OpraHouasl 0OBIYHO pac-
npenesnstoTcs paBuomepHo. [locne nenenust nouepHrue ocoou pacTyT U, JOCTUT-
HYB BEJIMYWHBI MATEPUHCKOTO OPTaHU3Ma, BHOBb JICJISTCS.

2. Muoowcecmeennoe oenenue (WMuU3020HUsA, IH0020HUA). XapaKTepHA
1S ipeacTaBuTenied kiacca CriopoBUKH (HampuMep, MAISIPUMHOTO TIa3MOIUs
U TOKCOIIa3Mbl). [Ipy 3TOM POUCXOUT MHOTOKpATHOE JeJIeHuE siapa 0e3 1u-

TOKHHE34a, a4 3aTCM BCA HUTOILJIa3Ma pasaciisi€TCsa Ha YaCTHUYKH, O6OCO6JI$IIOIHI/IC-
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cst BOKpYT sanep. Y3 ogHo# Ki1eTku 00pa3yroTcs MHOTO IOUYEPHHUX.

3. Iloukosanue 3aKi0YacTCS B TOM, YTO Ha MaTEPUHCKOW KIIETKE 00pa-
3yeTcs HeOOJbIIoW Oyropok, coaepKalluidi JouepHee siipo, oOpa3oBaBIIeecs B
pe3yiabTare MuTo3a. Ilouka pacrer, JOCTHUraeT pa3MepoB MaTEpUHCKONH 0COOHM U
3aTeM OTHEeJseTCsl OT Hee. DTa GopMma pa3sMHOKEHHS BCTpeUyaeTcsl y OaKTepHid,
JPOXOKEBBIX TPUOOB, COCYITNX HH(Y30pUH.

4. Cnopozonusa XapakTepHa Takxke JUIs Tpelic TaBuTenel kiacca Cropo-
BUKM (Hampumep, MaJIIpUHHOTO Iia3Moausi). B pesynbrare komynasuuu (Ciausi-
HUSl TaMeT) o0paszyercs 3Urora, Koropas 3aTeM MOKPBIBACTCS IUIOTHOM 000J104-
KOM M Ha3bIBACTCS OOIMCTOW. BHYTpPH OOIMCTHI MPOUCXOIUT CIIOPOTOHHUS C 00-
Pa30BaHHUEM JIOUEPHUX KJIIETOK — CIIOPO30UTOB.

@OPMbl becnonoeo PASMHONCEHUA MHOSOKIENOYHBIX OP2AHU3IMOB.

1. Bezemamuenoe pazmuoscenue. B 0CHOBHOM pacnpoCTpaHEHO Yy pac-
TeHnii. HoBeIl opranu3M o0pa3yeTcs W3 4acTH MAaTepPUHCKOIo pacTeHus (pas-
MHOXEHHE OTBOJIKAMH, OTPOCTKaMH, JIeJIEHUEM KycTa, YepeHKaMHu U T. 11.) O6-
pa3oBaHUe MOYEK, CTEOJEBBIX U KOPHEBBIX KIyOHEH, JIYKOBHII.

2. Ynopsaoouennoe denenue. PaiuanbHO-CHMMETPUYHOE (METY3bl), TIO-
nepeyHoe (KOJab4aThie YEPBH).

3. Iloukoeanue. [Toromox hopMHUpyeTCs TIEPBOHAYATHLHO KaK BHIPOCT Ha
Tesne poautens (ryOku, THApPa, KUIIEYHOTIOIOCTHBIE).

VY ry0oK U TUIPHI 32 CUET Pa3MHOKEHMS TPYIIHI KIETOK Ha Tene obpasy-
I0TCSl BBIMAYMBAHMS (MTOYKH). B MOYKYy BXOIAT KIETKH SKTO- U SHTOAECPMBI. Y
THPHI IOYKA MOCTENIEHHO YBETUYUBACTCS, HA HEW (POPMUPYIOTCS IIyTMaablia, ¥ OHA
OTIIETISIETCS. OT MAaTePUHCKOM 0coOu. PecHHYHBIE M KOJIbUATHIE YEPBU JAC-JIATCA
MEePEeTsHKKaMU Ha HECKOJIBKO 4YacTel, B KaXKJI0M M3 KOTOPBIX BOCCTaHABIM-BAIOTCS
HEJIOCTAIOIINE OPTaHbl. ¥ HEKOTOPHIX KHUIIIECYHOIOJOCTHBIX B KU3HCHHOM IIHKIIC
BCTpEYaeTCsl pa3MHOXKEHUEe crpoOumsiueit. [Ipu 3ToM MaTepuHCKUN oOpra-HU3M
MHTEHCUBHO PACTET, a 3aT€M IONEPEYHBIMU MEPETKKAMU JIETUTCS Ha JO-YEpPHHE
ocobu. B 3To BpeMs nonun HanmoMUHAET CTONKY Tapenok. OOpa3zoBaBiIn-ecs 0coOu
— MEy3bl OTPHIBAIOTCS U HAYUHAIOT CAMOCTOSTEIILHO JKHUTh.

4. Cnopooopa3oeanue Ipucylie BCEM CIOPOBBIM PACTEHUSIM — BOJAOPOC-

JISIM, MXaM, MarOPOTHUKOOOPA3HbIM, a TAK)Ke TPrUOaM U JTUTITATHIKAM.
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5. Honuamopuonusa. Ssnsercs ocoboii GopMoil BereTaTUBHOTO Pa3MHO-
xeHus. B aToM cimyuae 3aponbiil (3MOPHOH) JENUTCS HAa HECKOJIBKO 4acTeid,
KaXXJ1asi U3 KOTOPBIX Pa3BUBACTCS B CAMOCTOSATENIBHYIO 0COOb (Hampumep, pox-
JIEHUE OJHOSIMIEBBIX OJIM3HELOB Yy YEJOBEKa — B PE3YyJbTaTE OJHOTO OILIOJIO-
TBOPEHUS NOSIBISIETCS 2 WU 00JIee OPraHu3MOB).

Jlpyrue cnocoobl penpoayKuuu COMATHYECKUX KJIETOK

ITomumo MuTO3a K APpyIrum crocodam PCIPOAYKINHU COMATHYCCKUX KJIC-
TOK OTHOCATCA aMUTO3, SHAOMUTO3 U SOHAOPCAYILINKAITUAI.

Amumo3z — 310 TIpsiMOE JIeJIeHUE UHTEP(A3HOTO Sapa MyTEM MEPETHKKU.
Oco0OEHHOCTH aMUTO34;

- AIPO HAXOAUTCS B MHTEP(PA3HOM COCTOSHUMY;
- XpOMOCOMBI HE CITUPATTU3YIOTCS; - BEPETECHO
JIeJIeHHs He 00pa3yercs;

- PABHOMEPHOTO PacHpeesIeHUs] TeHETUYECKOr0 MaTepralla He IPOucC-
XOJIUT (M3 OTHOM KJIETKH 00pa3yroTCs ABE HE UACHTHUYHBIE APYT APYTY KIETKH);
- MOT'YT BO3HHUKATh JIBY- U MHOTOSIIEPHBIE KIIETKH, €CJIU MIOCJIE KAapHOKH-

HE3a HC IMTPOUCXOJUT HUTOKHNHES, - O6pa3OBaBIHI/IeCH KJICTKH HC
MOI'YT OCIIHUTHCA ITYTEM MHUTO34A.

Taxoe neneHue BcTpedaercss y OJHOKIETOUHBIX OPraHU3MOB (HaIrpuMep,
TaK JENATCs OOJbIINE TOJUIIIIOUIHBIE sapa HHPY30pHil), a TaKKE B HEKOTOPBIX
BBICOKOCTIEI[UAIM3UPOBAHHBIX € 0CIa0JEHHOMN (PU3UOJOTUYECKON aKTUBHOCTBIO,
JEreHePUPYIOIINX, OOPEUECHHBIX Ha TMOEIb KIETKaX PaCTeHUH U KUBOTHBIX JIU-
00 Mpu pa3IMYHBIX MATOJOTHYECKUX MPOLIECCAX, TAKMX KaK 3JI0KAYECTBEHHBIM
pOCT, BOCIIAJIEHUE U T. II.

AMHTO3 MOKHO HAOIOAaTh B TKAHSAX PacTyliero KiayOHs kapToderns, SH-
JIOCTIEpME CEMSIH, CTEHKaX 3aBsI3M MECTUKA U MapeHXHUME YEPEIIKOB JIUCThEB. Y
JKUBOTHBIX U YE€JOBEKAa TAKOW THUII JIEJICHUS XapaKTEPEeH I KJIETOK TEYCHH,
XpSIIIIeH, POTOBUIIHI TJIa3a, B KJIETKAX CHEIUATM3UPOBAHHBIX TKaHEW (3apojibl-
meBbie 000710YKH, (OJTUKYISIPHBIC KJIETKU SIMYHHWKA), TMPU HEOOXOAMMOCTU
OBICTPOTO BOCCTAHOBJICHUS TKaHeW (TIociie orneparuii, TpaBM U T. 1I.), B OTXKHB-
IINX CTAPEIONTUX KIETKaX U JIp.

AMHUTO3 B OTJIUYHE OT MUTO3a SIBJIISIETCSA CaMbIM DKOHOMHYHBIM CIIOCOOOM
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JIEJIeHMs], TAK KaK SHEPreTUYECKHUEe 3aTpaThl MPU 3TOM BEChbMa HE3HAUUTEIbHBI.
Anoomumos (ot rped. endon — BHyTpu U Mit0S — HUTH).B oTimuue ot

MUTO3a MPU 3HJIOMHUTO3€ HE pacrajgaeTcs siiepHas 000J04ka, HE GOpMUpPYETCS
MHUTOTHYECKHUH aIapar, HO BHYTpH siapa npoucxoaut perumkanus JJHK, B pe-
3yJlbTaTe KOTOPOTO XPOMOCOMBI CTAHOBSITCSI IByXpOMaTUIHBIMU (Habop reHe-
TUYECKOro MaTepuana 2N4C) u pa3felieHHE ITHX XPOMOCOM Ha XPOMATH/IBI
(xpoMocoMbl) B 0051aCTH LIEHTpoMephl. B pesyibrare HaOop XpoMocoM B sipe
YBEIMYMBACTCS B B Pasa.

[Tpr MOBTOPHBIX IHIAOMHUTO3aX YHCIO XPOMOCOM B SIpE MOXKET 3HAuM-
TEIbHO YBEJIWYUBATHCS MPU COOTBETCTBYIOIIEM KPATHOM JIByM HapacTaHUH CO-
nepxanus B HeM JIHK - noaunnououu (ot rpeu. poly - maoro u ploon - ckia-
IbIBaI0) U yBenuueHun oobeMa siapa (puc. 3.11). [lomumnonaus MOXeET SIBUThCA
TaK)Ke€ Pe3yJIbTaTOM HEOKOHUYEHHBIX OOBIYHBIX MUTO30B. OCHOBHOM CMBICI pa3-
BUTHS TOJMUIIONIUU 3aKII0YAETCS B YCWICHWU (PYHKIIMOHAIbHOM aKTUBHOCTHU
KJIETKU.

Hannure monmuIuionanbx - TeTpa- (4n) u okTarmionaHbIX (8N) KIETOK Xa-
PaKTEPHO IS TICYCHH, ITUTENNUS MOUYEBOTO ITy3bIPsl, KJIIETOK KOHIIEBBIX OT/ECJIOB
MOJKETTY/IOYHOM W CIIIOHHBIX JKelle3. MerakapuonuThl (TUTAHTCKUE KIIETKH
KOCTHOTO MO3Ta) HaYMHAIOT (HOPMHUPOBATH KPOBSIHBIEC TJIACTUHKU MPU JOCTHKE-
HUU OTPEIeTICHHOT0 YpOoBHS noymrionanu (16 - 32n) B pe3ysabTaTe HECKOIBKUX
SH/IOMHUTO30B.

Duoopedynaukayusn (noaumenusn) XapakTepu3yeTcsl TEM, YTO MPOUCXO-
IUT MHOTOKpPATHOE yJIBOEHHE XpoMatus 3a cueT perumkannu JJHK, Ho oHn He
pPacXoJsATCs U OCTAOTCSE 00bEIMHEHHBIMU OJTHOM LIeHTpomepou (cM. puc. 3.11).

B pe3ynbrare 00pa3yroTCsl TUTAHTCKUE TTOJIMTEHHBIE XPOMOCOMEBI: 2N2C — 2n4C —
2n8c¢ - ... - 2n1000..c. [TonuTeHus B HOpMe BCTPEUAETCS B HEKOTOPBIX 3aPOIbI-
IIEBBIX KJIETKAX, MOCKOJbKY MHOTOKPATHOE KOIMPOBAHHE OJHHUX M TEX XKE re-
HOB B COCTaB€ OJJHOH XPOMOCOMBI 00ECIIEYMBACT CUHTE3 OJHOMOMEHTHO OOJIb-
IIOTO KOJIMYECTBA HE0OX0qMMOTO0 Oenka. [ MraHTCKHe MOJIUTEHHBIE XPOMOCOMBI

— yIoOHBIN 00BEKT UCCIIEIOBAaHUSI TEHHON DKCIIPECCUH Ha CTaJuK UHTEep(hasbl,
KOT/1a OOBIYHBIN XPOMATHH HE BUIUM.
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OcHOBHBbIE 3aKOHOMEPHOCTH Mei03a

Meiio3 — 310 BUJ AECIEHUA KJIETOK, PU KOTOPOM U3 OJHOM JUTUIOUIHOU
KJIETKH 00pa3yroTcs 4 ramouaasie (puc. 3.12).

Meiio3 BKJIIOYAET ABa CICAYIOIIMX Cpa3y APYT 3a APYrom jaeneHus: 1 —
PEAYKIIMOHHOE U 2 - 3KBAIIMOHHOE (YPABHUTEIHHOE).

Ocobennocmoio unmepghasvi, MPEIIIECTBYIONIEH MeWHO03y, SBISETCS TO,
YTO B KJIETKE HE MOJHOCThIO mpoucxoauT permkamus JHK (ot 0,3 mo 2%
yuactkoB JIHK ocTatoTcs HeOoOperMuupoBaHHbIMH) W CHUHTE3 OEIKOB-
TUCTOHOB (He 00pa3yeTcs oT 7 10 25% rucToHOB). DTO SABIAETCS HEOOXOIUMBIM
YCIOBUEM I MOCIEAYIOIEeH KOHBIOTAIMN XpoMocoM B mpodase | myrem co-
€MHEHUS] KOMIUIEMEHTApPHBIX HEIOPEIUTMIHUPOBAHHBIX YYaCTKOB TOMOJIOTHY-
HBIX XpoMocoM. Habop renetrueckoro marepuana - 2n4c.

PenyknmnonHoe aenenme HaunHaeTcs ¢ npodassl |, koTopas npunyunu-
anvHo omauyaemcs ot npodaszsl muto3a. [Ipodasza | coctout u3 craguii: nenro-
TEHa, 3Ur0TeHa, MaxuTeHa, TUIJIoTeHa, quakune3. dopmyna xpomocom — 2n4c.

Jlenmomena (ctagusi TOHKUX HUTEW). XOPOIIO BUIHBI OTJEIHHBIE HUTH
OYEHb TOHKHX (c7ab0 CHUpaTN30BaHHBIX) U JUIMHHBIX (B 2-5 pa3 JJIMHHEE Me-
Taa3zHbIX) XPOMOCOM. XPOMOCOMBI B 3TO BpeMsI COCTOSIT U3 JABYX XpOMAaTui,
COCIMHEHHBIX OOIIMM YYaCTKOM — IIEHTPOMEPOWU. DTO TOBOPUT O TOM, YTO
YIBOCHHE XPOMOCOM, UX PEIYyIUIMKAIINSA, B OCHOBHOM MPOU30IILIa B HHTEPda3e,
MPEALIECTBYIOLIEN MEN03Y.

3uzomena (cTaiusi KOHBIOTUPYIOIIUX HUTEW). ['OMOJIOTHYHBIE XPOMOCO-
MBI COEAUHSIIOTCS IPYT ¢ APYroM (KOHBIOTUPYIOT), 00pa3ys OMBajeHThL. DTOT
MPOLIECC HAYMHAETCS C HEAOPEIUIMIMPOBAHHBIX YYACTKOB U 3aT€M MPOUCXOIUT
N0 THUIY «3aCTeKKU-MOJHUA» (puc. 3.13). Takoe oObEeOIUHEHHE XPOMOCOM-
TOMOJIOTOB OCYILECTBIIAETCS Oaroaaps NpUCylIeil TOIbKO MEH03y YHUKAIbHOU
CTPYKTYpE — CHHANTOHEMAJIbHOMY KOMIUIEKCY. CHHANTOHEMAIbHBIA KOMILIEKC
00€ecreunBaeT TECHbIM KOHTAKT MEXKIY T'OMOJOTHYHBIMH CETMEHTAMH XpOMa-
TUJ. DTO BaKHOE F€HETUYECKOE COOBITHE, TOCKOJIbKY KOHBIOTAlMA JENIaeT BO3-
MO>XXHBIM OOMEH y4YacTKaMU MEXJy HECECTPUMHCKHUMHU XPOMATHJIaMHU T'OMOJO-
TUYHBIX XPOMOCOM, IPUBOJSl K KQUECTBEHHOMY M3MEHEHUIO BHYTPEHHEN reHe-

TUYECKOU CTPYKTYPbI XPOMOCOM. DTOT OOMEH y4yacTKaMU MEXIy XpOMaTUuIaMH
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TOMOJIOTMYHBIX XPOMOCOM TOJY4YWJI Ha3BaHHUE «KpoccuHroep». Kaxnas mapa
KOHBIOTHPYIOIIUX TOMOJIOTUYHBIX XPOMOCOM 0Opa3yeT OuBaneHT. buBaneHr,
TakuM 00pa3oM, COCTOUT U3 YETHIPEX XPOMATHU, TOITOMY OUBAJICHT Ha3bIBAIOT
TETPaJoMn.

Ilaxumena (ctaausi TOJCTBIX HUTEH). XPOMOCOMBI HECKOJIIBKO YKOpAyuHW-
BaIOTCA U YTOJNIIAIOTCSI. MeXIy XpomMaTHAaMHd MaTepUHCKOTO U OTIIOBCKOTO
MIPOMCXOXKICHUS B HECKOJIBKMX MECTaX BO3HUKAIOT COCTUHEHHS — xuazmvl (OT
rped. chiasma — mepekpecr), wim peKOMOMHAHTHBIE Y3eIKu. OHU TPEACTABISIOT
co0oli OemKoBBIE KOMIUIEKCHI pa3Mepamu okoso 90 aHM. B obmactu kaxmoit xu-
a3Mbl MPOUCXOIUT OOMEH COOTBETCTBYIOIIUX YYaCTKOB FOMOJIOTHYHBIX XPOMO-
COM — OT OTLIOBCKOM K MAaTEpUHCKOH M HAa0OOPOT. DTOT MpOIECC Ha3blBarOT
Kkpoccuneosepom (OT aHIII. Crossing-over — nepekpect). Takum oOpa3om, Kpoc-
CHUHTOBEp 00€CTIeYNBAaET MHOTOYHMCIIEHHBIE TEHETUYECKNE PEKOMOMHAIIIH.

B xaxxgom OuBalieHTe 4esioBeka B mpodasze | kpoccuHTroBep MporCXoIUT B
CpelHeM B JABYX-TpeX yudacTkax. KoianmdecTBo peKOMOMHAHTHBIX Y3€JIKOB PaBHO
KOJIMYECTBY MEPEKPECTKOB. [0 OKOHYAHWHM KPOCCHHIOBEpa XPOMaTUIbl Pa3b-
EAUHSIOTCS, HO OCTAIOTCS CBS3aHHBIMU B 00JIACTH XUA3M.

Junnomena (ot rped. diploos —mBoiiHOWM) — cTaaus JBOWHBIX HHUTEH.
[TpomomkaeTcss CHOUpaNu3anus XPOMOCOM: IPOMCXOIUT TEPMHUHAIU3AIUSA XU-
a3M, B pe3y/IbTaTe B3aUMHOTO OTTAJIKMBAHUS TOMOJOTHYHBIX XPOMOCOM.

CuHanTOHEMaJbHbIE KOMILJIEKCHI PaclafatoTcsi, KOHbIOTMPOBABIINE XPO-
MOCOMBI Pa3ABUTAIOTCS, U TOMOJOTHYHBIE XPOMOCOMBI Ka)KIOro OHBaJeHTa
OTOJBUTAIOTCA JAPYT OT APYra, HO CBSI3b MEXJLy HUMHU COXpaHSETCs B 30HAX XU-
azM. [lpouecc oTTankuBaHHUs HAUYMHAETCS B OOJACTH IIEHTPOMEPHI M PacIpo-
CTpaHseTCsl K KOHIIaM OuBajneHTa. B 3To Bpems XOpomio BHAHO, YTO OMBaEHT
COCTOHT M3 JABYX XpOMOCOM (OTKYyJla M Ha3BaHHME CTaJANH «IBOWHBIC HUTH»). B
OuBajeHTe 000COOJIEHbI YEeThIpE XPOMAaTHbl, MOATOMY OHMBAJIEHT HA3bIBAIOT
TeTpagoii. B 3TO e Bpemsi CTAaHOBHUTCSA BHIHO, YTO TeNa JBYX TOMOJOTUYHBIX
XpoMocoM TieperieTaroTcs. OUrypsl nmepeKpeneHHbIX XpOMOCOM HAalTOMHUHAIOT
IPEUYECKyI0 OYKBY «Xu» ()), MOITOMY MECTa MEPEKpPEecTa Ha3BIM XHA3MaMHU.
Hannuwne xua3m cBsi3aHO ¢ IPOU3OMIEIIINM KpOCCHHTOBEpoM. [1o mepe mpo-

XOXKJICHUS ATOM CTaAMU XPOMOCOMBI KaK Obl PaCKpYYUBAIOTCS, MPOUCXOUT 1e-49



peMeIleHre X1a3M OT IIEHTPa K KOHIIaM XPOMOCOM (T€PMUHAIU3ALIUS XUA3M).
OT10 06ecrneynBaeT BO3MOKHOCTD JBHKEHUSI XPOMOCOM K TOJIF0caM B aHadase.

Jluakune3 (ctaausi ABWKEHUS BIAIb WIM CTaAusl PACXOXKICHUSI HUTEH).
buBaneHThI, KOTOPBIC 3aMOTHSIN BECh O0BEM siIpa, HAYMHAIOT MEePEMEIIaThCs
omke K snepHor obosouke. K KOHIlY AMakMHE3a KOHTAKT MEXKAY XpoMaTHhia-
MU COXpaHseTCs TOJIbKO Ha KOHIaX OuBajeHTa. MicuesHoBeHHE 000JIOUKH si/ipa

W SAPBINIEK U OKOHYATENIbHOE (JOPMHUPOBAHUE BEpETEHA JCIICHUS 3aBEPIIAIOT
npodasy I.

Takum o6paszom, B ipoda3zy I mpoucxoast qBa BaKHBIX COOBITUS - KOHB-
roeayusi TOMOJIOTHYHBIX XpOMOCOM (00pa3yroTcsi OMBAJICHThI) U KPOCCUH208eD -
00OMEH MEXIy TOMOJIOTUYHBIMHU y4aCTKaMHU HECECTPUHCKUX (OTIOBCKOM M Ma-
TEpPUHCKOMN) XpoMatua. PopMyiia XpoMocoMm - 2n4c.

Memadghaza I. XpoMoCOMBI yCTAaHABIMBAIOTCS B 3KBATOPUAIBHOM IJIOCKO-
CTH, 00pa3ys MeTada3Hyl0 IJIaCTUHKY. B oTiinune oT MuTO3a, XpOMOCOMHBIE
MUKpPOTPYOOUKH MPUKPEIUISIOTCS K LEHTPOMEpE JIMIIb C OJHOM CTOPOHBI (CO
CTOpPOHBI TOJIIOCA), @ LIEHTPOMEPHI F'OMOJIOTUYHBIX XPOMOCOM PACHOJIOKEHBI I10
o0eum cTtopoHam 3kBaTopa. CBfA3b MEXKIY XpOMOCOMAaMH C IOMOIIBIO XHa3M
MPOJIOIDKAET COXPAHATHCS (OMBAIEHTHI-TETPAIbl BBICTPAUBAIOTCS MO YKBATOPY TaK,
4TO0 002 YiIeHa Ka)XI0i TOMOJOTUYHOMN Maphl HAIIPABIEHBI CBOUMH LIEHTPOME-PaMU
K MPOTUBOIIOJIOKHBIM moJitocam). Habop renetnyeckoro marepuana 2n4c.

Anaghaza I. K nontocam KIETKH pacXOISITCA TOMOJOTUYHBIE XPOMOCOMBI
U3 KaXXI0ro OMBajeHTa, HO IIEHTPOMEpPHI MOKa He aensTcs. B pesynbrare pac-
XOXKJICHUSI XPOMOCOM MPOUCXOJAUT HE3aBUCUMOE COYETAHUE OTIIOBCKUX U MaTe-
PUHCKHUX KJIETOK Ha MPOTHUBOIOJIOKHBIX MOJIOCAX KJIETKH, Y KaXKJIOro IMOJroca
YUCJI0O XPOMOCOM YMEHBIIIAETCSl BABOE, T.€. MPOUCXOIUT PEIYKIIUS YUCTIa XPO-
MocoM (N2C). B 3TOT penynupoBaHHBIA TaluIOWIHBIN HAOOp mornagaeT o0s3a-
TEJIBHO MO OJHOW TOMOJOTMYHOM XpOMOCOMeE U3 Kaxkaoro OuBaneHta. HaGop
TCHETHYECKOT0 MaTepuaa B KieTke 2n4c (2xn2c).

Tenogaza 1. XpoMOCOMBI TOCTUTAIOT MOJIOCOB, Y KAXKAOTO IMOJII0CA OKa-
3BIBAETCS TAIUIOMHOE YUCIIO XPOMOCOM (UCTUHHAS peayKIusi Xxpomocom). [lo-
HOM Jecnupain3aii XpoMOCOM He TPOUCXOIUT. DOpMUPYIOTCS sijiepHast 000-

JIOYKa U SJIPBIIIKO, 00pa3yeTcs U yriryossieTrcst 60po3a AeaeHus, IPOUCXOIUT
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KapuoKuHe3. [Jumoxune3 y MHOTUX OPTaHW3MOB MPOUCXOAMT HE Cpasy TOcie
JIEJICHUS S7IEp, TaK YTO B OJHOM KJICTKE JISKAT JiBa sAApa, 00Jiee MEJIKHUX, YeM HUC-
XOJTHOE.



3areM HacTymaeT CTaausl uHmepKuHe3d, KOTOpas OTIMYAETCAd OT HHTEp-
da3el I Tem, uro B Hew He mpoucxoauT cunte3a JIHK u yaBoeHus xpomocom.
[TosToMy, BCTymasi BO BTOPO€ MEWOTUYECKOE JEJIECHUE, KIETKA COJIEPKUT Tar-
JIOUJTHBIN Ha0Op YABOEHHBIX XpomocoM. Dopmyna XpoMOcoM - N2C B KaKIOM
anpe. UHTepKuHE3 — 3TO MPOMEKYTOUHAS CTAAUS MEKIY PEIYKIIMOHHBIM U JK-
BALIMOHHBIM JICJICHUSIMU MEWO03a.

Benen 3a  MHTEpKMHE30M HAcTyllaeT BTOpOe JejleHHe Meio3a—
IKBalMOHHOe. OHO MPOXOAUT IO TUILY MUTO3a, TOJIHKO B HETO BCTYMAET KJIETKa
HE JAUIUIOUJIHBIM (2n4c), a ¢ TalNIOUIHBIM (12¢) YUCIOM XPOMOCOM, COCTOSIIITUX
U3 JIByX XpoMaTu (X yJIBOEHHUE MPOU3OILIO elle B HHTepdasy nepea Meno3om
1). DKxBalMOHHOE JeNeHNEe COCTOUT U3 TeX ke (a3, uTo U MUTO3: npoghasza I,
memadgpaza Il | anaghaza Il (XpoMaTuasl pacXoasaTcs K Moirocam), menogaza 11
(B KaXIOM sAJIpe - TarIOMHOE YMCIO OAHOHUTEBBIX XpomocoM). [locie okoH-
YaHUs Mei03a MPOUCXOANUT LIUTOKUHES3, B PE3YJIbTaTe KOTOPOro 00pa3yroTcs ue-
ThIpE TaIJIOUHBIE KJIETKU C HA0OPOM XPOMOCOM NC B KaX10H.

OcCHOBHBIE OTJINYHS MEH03a OT MUTO3a MPEICTaBICHbBI Ha puc. 3.14.
Bbuogornueckoe 3HaueHue Meio3a

B Bﬂaronapﬁ Meﬁo3y BO BCCX JKHMBBIX OPraHHU3MaXx IIPpH I1IOJIOBOM pPa3MHO-
JKCHUHU MMOAACPKUBACTCA IOCTOAHCTBO YMCJIa XpOMOCOM (KapI/IOTI/IHa) B ITOKOJIC-
HHUAX OPraHru3MOB.

B Meiio3 - MOUIHBIH (pakTOp KOMOMHATUBHOM M3MEHUYUBOCTU. MexaHu3-
Mbl KOMOMHATUBHOW U3MEHYMBOCTH:

3. braronapst KpOCCUHTOBEPY MPOUCXOIUT PEKOMOMHAIUSI TEHOB TOMOJIO-
TUYHBIX XpPOMOCOM (OTIOBCKOM M MaTepUHCKOM). B pe3ynbrare 00pa3yrorcs Ka-
YECTBEHHO HOBBIC, PCKOMOMHAHTHBIC XPOMOCOMBI.

4. B CBA3M C HE3aBUCUMBIM PACXOXKJICHUEM OTIIOBCKUX M MATEPUHCKHUX
XpoMocoM B aHadaze 1 meneHus mpOUCXOAUT PEKOMOMHAINS HA YPOBHE IEJIBIX
XPOMOCOM - PEKOMOMHAIUS OTIIOBCKUX M MATEPUHCKUX XPOMOCOM B TaMeTax.

bnarogaps TakoMmy MeXaHU3MY JOCTUTAETCS OOJIBIIOE YHUCIO HOBBIX coYeTaHui 51
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HaciencTBeHHOM uHpopmanu. OHO MOKET ObITh BhIpaXXeHO (opMyIioi 2, rie
N — YKCII0 XPOMOCOM B TraruionHoM Habope. Hanpumep, y npo3odunst n = 4 u
KOJIMYECTBO THUIIOB TaMeT, o0ecrieynBaeMoe KOMOMHAIMENH POAUTENbCKUX XPO-

4
MOCOM B HHUX, paBHO 2 = 16. Y denoBeka n = 23, u pazHooOpazue ramer, 00y-

23
CJIOBJIEHHOE 3TUM MEXaHU3MOM, COOTBETCTBYeT 2, miu 8 388 608.
11. HeszaBucuMOE COYETaHHE XPOMOCOM B 3UTOTE MPHU OTUIOAOTBOPEHUH.

I'AMETOI'EHE3

["ameTorenes — mportecc GOPMUPOBAHUS TOJOBBIX KJIETOK: MYKCKUX —
CIIEpMATOrEHE3, JKEHCKUX - OBOTECHE3.

Cunepmarorenes

CnepmaTorene3 nNpoucXOAUT B MYKCKHX IOJIOBBIX JKeJie3aX — CEMEHHHU-
kax (puc. 3.15-A). CeMeHHUK COCTOUT U3 MHOTOYHUCIIEHHBIX KaHaibleB. Ha mo-
NIEPEYHOM pa3pe3e uepe3 KaHajlell BUAHO, YTO €ro CTEHKA COCTOUT U3 HECKOJIb-
KHX CJIOEB KJIETOK, KOTOpBIE MPEACTABISIIOT COOOM MOCIEA0BATEIbHbIE CTAIUN
pa3Butus cnepmaro3ouja. HapyxHslil cioil — cnepmaTtoroHnud. CnepMaToroHuu
Pa3BUBAIOTCS M3 TEPBUYHBIX TOJOBBIX KIETOK, 0Opa3yIOlUX CEMEHHUKH Ha
PaHHUX CTAIUSIX YMOPHUOHATILHOTO Pa3BUTHA.

Korz[a OpraHu3sMm JOCTUTACT IICPHUOIa MOJIOBOU 3pCIIOCTH (y MAaJIbYUKOB —

4.Bo3pacte 13-16 neT) cnepMaTOroHUM HAYMHAIOT OBICTPO JIETUTHCS MMyTEM MU-
T03a. OTO nepuod pazmuoxcenus (1) ciepMaToroHreB, KOTOPBIH MPOIOIKACTCS
Ha TPOTSHKEHUU BCETO TEpHoja TOJIOBOM 3peiocTH MYKCKOM ocobu. YacTh
CIIEPMATOTOHHUEB MEPEMEIIAETCA B CIEIYIONIYI0 30HY — 30HY pOCTa, pacroJio-
KEHHYIO OJI)KE K MMPOCBETY CEMEHHOTO KaHaJIbIIA.

nepuoo pocma (II) npoucxoauT yBelnYeHUEe 0ObeMa ITUTOIUIA3MbI U
KJIETOUYHBIX pa3MepoB. BaKHbIM COOBITUEM 3TOTO MEPUOJA SIBISETCS peIIuKa-
s JITHK u yaBoenue xpomocoMm (Habop xpomocom 2n4cC) — criepMatouuThl |
HOpsIZIKA.

Caenyronuii epuon — nepuoo cospesanuss (111). OCHOBHBIM COOBITHEM
9TOTO MEPHOJA SIBJIACTCS MEHO3, BKIFOYAIONIMX JBA MOCICAOBATEIbHBIX JCICHHUS
(peMyKIIMOHHOE ¥ SKBAIMOHHOE). B pe3ybrare peayKIIMOHHOTO AeICHUs 00pa-

3ytoTcs ciepmaronuthl 11 mopsnka (Habop N2C), 3atem — ciepMaTHabl (XpoMo-
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COMHBIN Habop NC). CiepMaTHIbl — KJIETKH C TallJIONTHBIM HAOOPOM XPOMOCOM.

I[Nporiecc criepmaToreHesa 3aBepuiactcs nepuodom gpopmuposanusn (1V).
CriepMaTuIpl IEPEMEIAIOTCs OJIMKE K TIPOCBETY CEMEHHOTO KaHaIbIla, MEHSIET-
cs ux popma, GOpMUPYIOTCS 3peiIble CIIEPMATO30UIbI — KIETKH, CTIOCOOHBIC K
MEepEIBUKEHUI0, KOTOPBIE BBIXOJISAT B MPOCBET KAaHAJIbIIA.

Takum oOpa3om, criepMaTroreHe3 BKIIOYAET 4 IMepHoja: pa3MHOXKCHHUE,
pocT, co3peBanue U (opmupoBanue. M3 ogHOTO criepmaroroHust oopasyercs 4
3pEIbIX CIIEPMATO30H/Ia.

Mopdgoaorus cnepmMaTo3ouioB

CnepmaTo30uibl — OYEHb MaJjieHbKHE KJIETKH, 00JIaJlatoniue CIocOOHO-
CThIO K TepeaBmwkeHuto. CriepMaTo30u] UMEET TOJOBKY, HIEHKY U XBOCT (CM.
puc. 3.15-b). Ha nepenHem KOHIIE TOJIOBKH PaCIOIOKeHa aKpoCcoMa, COCTOSAIIIE-
ro U3 BUJOU3MEHEHHOTO KoMmIuiekca ['onbmku. B Hell conepxutes pepMeHT i
pacTtBopeHusi 000J104KkU siiiia. OCHOBHYIO MaccCy TOJIOBKM 3aHMMaeT siapo. B
HIEHKE HAXOAATCA LEHTPUOJIb M MHOTO MUTOXOHJpUH. OT MIEWKH OTpacTaeT
XBOCT, MPEJCTABIISIONIUNA COOOM KTYTHK — CIIEIIUATM3UPOBAHHBIN OpraHOUT JIJIs
NepEeABUKEHHUS.

OsBorenes

[Iporecc pa3BUTHS KEHCKHUX IOJIOBBIX KJIETOK (SIMIIEKJICTOK) Ha3bIBACTCS
oBoreHe3oM. OBOreHe3 MPOMCXOJUT B KEHCKUX MOJIOBBIX OpraHax — SIMYHHUKAX
(puc. 3.15). Ilepuoapl pa3BUTHS SUIEKIECTOK COMOCTABUMBI C TIEpHOAAMU CIIEp-
MAaTOT€HE3A.

OBoronuu Pa3BHUBAIOTCA U3 IICPBUYHBIX ITIOJOBLIX KJIICTOK, MUT'PHUPYIOIIIUX

6.IMYHUK Ha paHHEel craguu smoOpuorenesa. Ilepuoo pazmnorcenus (1) oBoro-
HUN y MJIGKOTIMTAIONINX U YEJIOBEKAa 3aKaH4YMBaeTcs emie a0 poxaeHus. Cdop-
MHUPOBABIINECS K 3TOMY BpeMEHH OBOIUTHI | mopsinika (2N4C) HaxoasITCs B CIie-
ITAATTBHBIX My3bIPbKax — (POJUTMKYJIaX U COXPAHSIIOTCS B SMYHUKE 0€3 N3MEHEHUS
MHorue rojapl. C HaACTyIJIeHHUEM MOJ0BOM 3penoctu (12-15 met nist neBoYeK)
oauH pa3 B 28-32 aHs 0JuH U3 (OJUIMKYJIOB HAYMHAET PACTH, OBOLIUT YBEIUYM -
BacTCS B pasMepax — 3To nepuod pocma (1), okpyxaercs GOLTUKYIIPHBIMU
KJIETKaMH, 0OCCTICUMBAIONITUMH €0 TTUTAHNE.

Hacrynaet nepuoo cospesanus (111). [Tox BiusHuEM KEHCKHX TOJOBBIX
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TOPMOHOB OBOIUT | mopsiKka MPOXOIUT peIyKIIMOHHOE JejeHne merosa. Oopa-
3yercst oauH oBolMT Il mopsimka u ogHO mossipHOE Tenble. Bropoe meroTnye-
CKOE€ JIeJIeHHE B SIMYHHUKE MPOXOIUT TOJbKO A0 crtaguu mertadassl 1. Ha stoit
ctaauu (OJTUKYII HAXOAUTCS Ha TIOBEPXHOCTH SUYHUKA, POUCXOIUT OBYIISIIUS

— BbIxo7 oBouuta Il mopsaka u3 ¢oimKkyna B OPIOMIHYIO MOJIOCTh U 3aTE€M B
MaTouHble TpyObl. JlanbHelliee co3peBaHHE OBOLIMUTA HE MPOU3OMIET 10 TeX
0P, NT0Ka HE HACTYIUT OIUIOZOTBOPEHUE — CIIUSHUE CO CIIEPMAaTO30M]I0M, KOTO-
pBIN CTUMYJIHPYET 3aBEpIICHUE ME03a B OBOLIUTE.

T.o., OBOreHe3 BKJIIOYAET 3 Mepuojia: pa3MHOKEHUE, POCT U CO3PEBAHME.
U3 ogHoro oBomwmta I mopsinka oOpasyeTcst TOJIbKO 1 3penas siiexneTka u 3 mo-
JISIPHBIX TEJbIIA.

Mopdoiorust SMneKJIeTOK

3penas sUUEKIeTKa UMeeT mapooOpa3Hylo (popMy WM ClIETKA BBITSAHY-
Tyto (opmy. OHa COAEPKUT BCE OCHOBHBIE KOMIIOHEHTHI, T.€. IUIa3MOJIEMMY,
A1po, nuToIiazMy. LluTomnasma 3amnoiaHeHa cBOOOIHOIEKAIUMU PUOOCOMAMHU.
Xoporo pa3suta JIIC, MuToX0oHApUH pa3BUThl ymMepeHHO. Komiuiekc ['onbmxu
Ha PaHHUX CTAIUSAX Pa3BUTHS SMIIEKIETKH PacoiaraeTcsi OKoJIO siipa, OKpyKas
HeHTpocoMy. B Xxozne co3peBaHusi SHLEKIETKH LEHTPOCOMA HCYE3aeT, a KOM-
wiekc ['onpmku cMmemaercs Ha nepudepuio HUToIUIa3Mbl. M3 BkItoueHuit oco-
00e BHUMaHHUE 3aCIIy’KHBACT JKEITOK — IMUTATEJbHBIM Marepuai. Sapo umeer
chepudeckyto Gopmy, COAEPKUT OJTHO HIIA HECKOIBKO SIPHIIICK.

Pa3Mepsb! AMIEKIIETOK 3HAYUTEIBHO KPYIIHEE COMATUYECKUX U 3aBUCAT OT
KOJIMYECTBA HAKAIUIMBAEMOI'O KeJTKa. PasMep AMIEKIIETKH YernoBeKa B IIOIIe-
peunuke nocturaer 130-200 MxM. Y HEKOTOPBIX BUIOB KUBOTHBIX HAKAILJIMBA-
€TCsl CTOJIBKO MUTATENBHOTO KEJITKA, YTO OHU MOTYT OBITh BUJIHBI HEBOOPYKEH -
HBIM TJ1a30M (MKPUHKH pPbIO, 3€MHOBOJAHBIX). Y cCeNbJIeBOM akyibl — 29 cMm B
IUaMeTpe. Y NTHULl CUATAETCS SAUIIOM TO, UTO B TOBCEIHEBHOM KU3HU HA3bIBACT-
ca «kentkom». uametp sina crpayca — 10,5, kypuusl — 3,6 cMm.

SIuekneTkn MoKphIThl 000JI0YKaMH, KOTOPbIE N0 MPOUCXOXKIACHHUIO Obl-
BalOT MEPBUYHBIMU, BTOPUUHBIMU U TpeTUYHbIMU. [lepBuunas obosouka odpa-
3yeTCcsl U3 IOBEPXHOCTHOTO CJIOSl, T.€. LIUTOJIEMMBI, €IE HE3PEJON IOJIOBOM
KJIETKH (OBOI[MTA) OHA TPOHMU3aHA MUKPOBOPCUHKAMU U OTPOCTKAMU (DOJIHKY-
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JSpHBIX KJIETOK. [0 3TUM CTpyKTypaM B OBOLIMT MOCTYNAIOT MUTATEJbHbBIE BE-
miectBa. Bropuunas o6onouka oOpazoBaHa (OJTUKYISIPHBIMUA KiIeTKaMu. Tpe-
TAYHBIE 000JIOYKHA (POPMHUPYIOTCS BO BpeMs IPOXOXKICHUS SHIEKIIETOK IO STid-
LIEBOJAM M3 BELIECTB, CEKPETHUPYEMBIX KEJI€3aMH CTCHOK SIUIIEBOJOB. Tpernd-
HBIMHU 000JIOUKAMU SIBIISTIOTCST OETTKOBasi, TTOJACKOPIYTIOBAsi U CKOPJIyIoBast 000-
JIOYKH SIUI] MTHI. SIAIEKICTKH TUTAIICHTAPHBIX MIIEKOMUTAIOMNUX W YeJIoBeKa
TPETUYHOI 000I0UYKU HE UMEIOT.

SiitexkneTka 4eloBeKa TakKe UMEET MEPBUYHYI0 000JI0UKY (BUTEIUIMHO-
Bas). CHapyxu OT NEpBUYHOW OOOJOYKM pACIOIAraroTcs (POJUTUKYISIPHBIE
KJIETKH, 00pa3yrolye BTOPUUHYIO 000104Ky. YacTh BTOPUYHON 00OJOYKHU, KO-
TOpasi MPEACTaBIE€Ha TOHKUMHU U MPO3PAaYHbIMU OTPOCTKAMHU, KOHTAKTUPYIOIIHU-
MH C IUTa3MOJIEMMOM, Ha3bIBACTCs CBETIION min OjecTsieii 3oH0i (Zonapelluci-
da). Kaxmoe stiiiio okpy»xeHo yanuctsiM BeHlioM (Coronaradiata). ITo Ta 4acTh
BTOPUYHON 00OJIOUKH, TJI€ CKOHIIEHTPUPOBAHKI fAJipa (POJUTUKYISAPHBIX KIIETOK.
QOJUTMKYJIAPHBIA 3MUTEIUNA NPUHUMAET Y4acTHE B INMUTAHUU SIMUEKIETKH, a
TaK>K€ BBITIOJIHSIET 3AUTHYI0, 0aphEPHYIO U TOPMOHAIBHYIO (DYHKIIUH.

[Io KOMMYECTBY JKEJITKA pa3auyaroT 3 THMa SIMUEKIETOK: alelUTalbHbIE
(XapakTepHbI 1JIs Y€JIOBEKa) U OJIMTOJICIIUTAIILHBIE (MAJOXKEITKOBBIE), ME30JIe-
LUTAJIbHBIE (CPEIHEKENTKOBBIC), MOJUJICHUTANIbHbIE (MHOTOXENTKOBBIE). Ilo
PACIOJIOKEHUIO KEJITKA SMUEKIETKH OBbIBAIOT uzoseyumanvhubiMu (KEJITKa He-
MHOT'0, OH paclpe/iejieH paBHOMEPHO, TAKOW THUIT XapaKTEepPeH IJisd HU3IINX XOp-
JIOBBIX, WIJIOKOXKUX, MJIEKONUTAIOLINX), menoleyumanbHuimy (KEITKa MHOTO,
OH COCPEIOTOYEH Ha OJJHOM U3 MOJIFOCOB, XapaKTEPEH MJIsl MTHILI, 3€MHOBOAHBIX,
penTUWINi) U yenmponeyumanohviMu (KEJITOK HaXOAUTCA B LIEHTPE KIJIETKH BO-
KPYT SIApa, BCTPEYAETCS] Y HACEKOMBIX).

6. oBOreHe3e SHUUEKIETKH MPUOOPETAIOT MOISIPHOCTh: (OPMUPYIOTCS BE-
FETaTUBHBIA M AHUMAJIBHBIN TOJIFOCA, BOZHUKAET pPA3JIUUYME COCTAaBa YYaCTKOB
UTOIUIa3Mbl. DTO SIBJIEHUE HA3bIBAECTCS OBOIUIA3MAaTUYECKOM Cerperaruei.

OcHoBHbIE (hOPMBI MIOJIOBOT0 PA3MHOKeHHUsI XOTS B
IPOIIeCCe PA3BUTHS KU3HU OECII0JIOe PAa3MHOKEHUE BOSHHUKIIO

NEPBBIM, ITOJOBOE PA3MHOKEHUE CYIIECTBYET Ha 3emiie 6osiee 3 mupa. aet. Ilo-

JIOBOE Pa3MHOXCHHUE XapaKTepU3yeTcs HATMIMEM TOJIOBOTO MpoIiecca, pH K0-55



TOPOM IMPOUCXOTUT CIAUSHUE TaruIONAHbIX (T.€. C OAWHAPHBIM HA0OPOM XPOMO-
COM) MOJIOBBIX KJIETOK (ramer). ['amMeTsl 00pa3yroTcst B pe3yabTaTe 0co00ro Bu-
J1a IENEHUs KIETOK — MEN03a.

IHos10BOM mponecc y OJHOKJIETOYHBIX IPOUCXOAUT IO THUILY KOHBIOTa-
IIUU U KOIYJIALIUU.

Konwvrozayua — 310 1IOJOBOM NPOIECC, 3AKIIOYAIONIUNACSI BO BPEMEHHOM
00beIMHEHUN JIBYX 0coOel 1 0OMEHEe YacTsIMU UX SJIEPHOTrO arapara, a TakxKe
HEOOJIBIIUM KOJIMYECTBOM HUTOIIa3Mbl. KoHbloranus nmpoucxoaut y uHpy3o0-
puil Ipu HeOJIAaronpuaATHBIX yciaoBusix (puc. 3.1). B xone kKoHbIOTallMM Makpo-
HYKJIEYC KaX101 MH(Y30puu pa3pyliaeTcs, a MUKPOHYKJIEYC IETUTCS MEH030M,
MIOCJI€ YEro TPH siipa pa3pyllaloTcs, a YETBEPTOE NEITUTCS MUTO30M, B PE3yJib-
TaTe 4ero oOpa3yroTcs JBa TaruioMAHBIX sapa. OaHO U3 HUX (CTallMOHAPHOE)
OCTaeTCsl B TeJle MAaTEPUHCKOW KJIETKU, BTOPOE (MHUTPAIMOHHOE) IO LUTOIIa3-
MaTHYECKOMY MOCTHKY TEPEXOJUT B TEJIO MapTHEpa, MOCIE YeTr0 MPOUCXOIUT
cnusiHuE OOMEHSIBIIIMXCS SIACP C OCTABITUMUCS U 00pa3yeTcs CHHKAPHOH C JTU-
IJIOUIHBEIM HA0OpOM XPOMOCOM. 3aTteM HHQY30pHH PACXOMSITCS, CHHKAPHUOH
KXJI0M 0cOoOU AECNUTCS, U 00pa3yroTCs MaKpo- U MUKpOHYKIeychl. KoHbiora-
sl HHPY30pUid — IOJIOBOM Tpoliecc 0€3 pa3MHOKEHUs, MPUBOJANINI K KOMOU-
HATUBHOW M3MEHUYHUBOCTH.

Konynayusa — 370 MOIOBOM MPOILIECC Y OJHOKJIETOYHBIX OPraHU3MOB, MPHU
KOTOpPOM JIB€ OCOOM MPHUOOPETAIOT MOJIOBBIE pa3lWyusi, T.. MPEBPAIIAIOTCA B
rarjouJIHbIE TaMEThl B pe3yjbTaTe pa3MHOXKEHUs Meno3oM. Jlamee mpoucxoauT
MOTIAPHOE CIUSHHUE TaMEeT Pa3HBIX 0cO0el ¢ 00pa3oBaHUEM AUTUIOUIHON 3UTOTHI.

O IIpoHIeCCe 3BOJIOINH CTCIICHD Pa3JIndnsid raMCT HapacTacT. B 3aBucumoctn
OT PasMCpPOB U MOABMIKHOCTH CIIMBAIOIINUXCA I'aMCT PA3JIMYArOT BUAbI KOITYJIALIUN:

a) M30TaMHUs — Pa3INIUs MEXKIy TaMeTaMU OTCYTCTBYIOT: KOMYJHUPYIOIIIHE
raMeThl TIOJIBFKHBIE U IMEIOT OJJMHAKOBBIE pa3Mephl (PaKOBHHHAS KOPHEHOXKKA
MOJIMCTOMEIIA);

b) aHn30ramMus — CAMBAIOTCS TaMEThI pa3HOTO pa3mepa (MakporameTa u
MHUKpOTaMeTa, HO TIOJIBFKHBIE (KOJIOHUATBHBIC KI'YTUKOHOCIIHI);

C) OBOTaMUsl — CIIMBAIOTCS HEMOIBM)KHASI MAKPOTaMeTa U TIOIBHKHAS
MUKporaMmeTa (BOJIbBOKC).
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ITosi0BOE pa3sMHOKeHHE MHOTOKJIETOYHBIX OPTAaHU3MOB MOXET OBITh C
OTUIOJIOTBOPEHUEM U 0€3 OIIOAOTBOPEHHUS (TTaPTEHOTECHE3).

Onnooomeopenury  TNPENIIECTBYET OCEMEHEHHE, OOecreynBaroiiee
BCTpPEUYy MYKCKHUX U )KEHCKHX rameT. OCEeMEHEHHE MOXKET ObITh HAPY)KHBIM (Xa-
PaKTEepHO VIS JKMBOTHBIX, OOMTAIOMIMX B BOJAC) W BHYTPCHHHUM (y JKUBOTHBIX,
OOUTAIOIIKX HA CYIIIE).

[Iponiecc OIIOAOTBOPEHUS CKIIAABIBAETCS M3 TPEX IOCIEI0BATEIBHBIX
¢a3: cOMmKEeHUS TaMeT, aKTHBAIUS SUIICKICTKH, CIIUSTHAE TaMeT (CHHTaMus ).

I ¢paza conusicenun zamem. COIMIKEHUIO CTICPMATO30UA C STUIICKICTKON
CIIOCOOCTBYIOT Y TIOBBIMIAIOT BEPOATHOCTh MX BCTPEUU ClEMyronue haKTOPhI:

CKOOPJIMHUPOBAHHOCTh HACTYIUIEHUSI TOTOBHOCTH K OILIOJIOTBOPEHUIO
4.camIiia ¢ CaMKOI;

MOBEJICHUE CaMI[OB M CAMOK, 00ECIIEUNBAIOIINE COBOKYIUICHUE 1 OCE-
MCHCHHUE;

M30bITOYHAS MTPOIYKLIHSI CIIEPMATO30UI0B;
KpPYITHBIE Pa3MepbI AULEKIIECTKHY;

BbIpaOaThIBa€MbIE SHUIIEKICTKON M CIIEpMATO30MIaMU XUMUYECKUE Be-
IIECTBA, CIIOCOOCTBYIONIME COMMKEHUIO M B3aUMOJICHCTBUIO TMOJOBBIX KJIETOK.
OTH BeUIeCcTBa Ha3bIBAECTCS 2amoHamu (TOPMOHBI). ['aMOHBI aKTUBUPYIOT IBU-
YKEHHUE CIIEPMATO30U/1a U UX CKIICUBAHUE.

[lepemenienune cuepmMaTo30MI0B MO MOJOBBIM ITyTSAM CaMKH (BJarajiuiie —
MaTKa — MaTO4YHbIe TPYObl), BO BpeMsI KOTOPOTO MPOUCXOJUT €r0 aKTUBALUS —
3TO JWCTAaHTHOE B3aUMOJICUCTBHE CIIEPMATO30UJIa M SUIEKICTKH. J[BUKEHUE
CIIEPMATO30UJIOB OCYIIECTBIISIETCS 3a CYET COOCTBEHHOM JBUTaTEeIbHOW aKTHB-
HOocTH (10 CM. MHH), COKpAIllEeHUs TIOJIOBBIX OPraHOB (IO THUITY «TapPMOIIKH),
JBH)KEHUSI PECHUYEK B KEHCKUX MOJIOBBIX MYTSX, HAMPABICHHOTO TOKA XKHUJKO-
CTH OT MATOYHOU TpYyOsI K Biaranuiry. CriepMaTo30U/Ibl ABUTAIOTCS B IPOTHUBO-
MOJIO’KHOM HaIlpaBJIEHUH, IPOTUB TOKA U 3TUM OINPEIECISIOT HAIIPABICHHE CBOE-
ro JBWXKEHHs. BeTpeda raMeT mporcXoIuT B BEPXHHUX OTENIaX MaTOYHBIX TPYO.
SitnexneTka coxpaHseT COoCOOHOCTh K OIJIOOTBOPEHUIO He Oosee cyTok (24
gaca), CIepMaTO30U/ bl — 10 5 THEH, €CJIM HaXOASATCS B MOJIOBBIX MYTSIX CAMKH.

Omnoa0TBOpEHKE NPOUCXOAUT MIPH ONPEICTCHHON KOHIIEHTPAIUU CIIepMaTOo30-57



u0B (0koj0 350 MiH.) 1 uX moaBKHOCTH (10 cM/MuH).

MJIEKOIIUTAIONIUX OOJBIIOE 3HAYCHUE UMEET NPeObIBaHUE CIIEPMATO30-
UJa B MOJOBBIX MYTSIX CAMKH, B pE€3YyJbTaTE YErO CIIEPMaTO30Mabl IPUOOPETAIOT
OIJIOJJOTBOPSIOLIYI0 CHOCOOHOCTh (KamauuTanus), T.€. CIOCOOHOCTh K aKpo-
COMHOM pEaKIUH.

Il ¢haza axkmuesayuu aiyexkiemku. [IpOHUKHOBEHHUE CIIEPMATO30M]Ia B
sitiexsetky (puc. 3.18). K siiniekneTke moaxoauT OJHOBPEMEHHO MHOXKECTBO
CIIEpPMATO30UJI0B, HO IPOHUKAET TOJBKO OJIMH.

B dKpOCOMC CIICpMATO30MUda JOKAJIU3YIOTCA IMPOTCOJIUTHYICCKHUC Q)epMeH—
Tbl. B MOMEHT KOHTaKTa CricpMaro3onaa € 000109KOM HﬁHCKHGTKH IMPOUCXOIUT
AKPOCOMHAS peaKyus.

1) mox eCTBHEM MPOTEOTUTUUECKUX (PEPMEHTOB SIIIIEBBIE O00IOUKU
PacTBOPSIOTCS;

2) I1a3sMaTH4CCKUC MCM6paHBI HﬁHGKHeTKH " CIICpMATO30M1a CIINBAIOTCA

5.4epe3 00pa3yIoNIUiics BCICACTBUE ATOTO IUTOIIA3MAaTHISCKUI MOCTHK IIUTO-
IJIa3Mbl 00CUX TaMEeT 00BEIUHSIIOTCS,

3) B LHUTOIUIA3My SIIla MEPEXOAUT SIAPO WM LEHTPHUOJIb CIIEPMATO30M]A,
MeMOpaHa CliepMaTo30H1a BCTpauBaeTCsid B MEMOpaHy SMIICKIETKHA, XBOCTOBAs
4acTh CIEPMATO30U/1a y OOJIBIIMHCTBA KUBOTHBIX TOXKE BXOJUT B SUILECKICTKY,
HO TOTOM OTJEJSETCS M paccachiBaeTCs, HE UTpasi KaKOW-TMOO poju B Jaib-
HEWIIIEM Pa3BUTUMU.

Takum 00pa3om, B pe3yJbTaTe KOHTAKTa CIIEPMATO30M/Ia C SIUIEKICTKON
IPOUCXOIUT €€ aKmueayus — 3TO CIOXHBbIE CTPYKTYpHbIE U (PU3HKO-
XUMHUYECKUe U3MeHeHus. biarogapst Tomy, 4TO y4acTOK MEMOpaHbl criepMaTo-
304Jla MPOHUIIAEM [IJI1 MOHOB HATPHs, MOHBl HATPUsl HAYMHAIOT MPOHUKATh
BHYTpb Siil1a, U3MEHSSI MEMOpaHHBIN MOTEHIMAT KJIETKU. 3aT€M B BHUJIE BOJIHBI,
pacpoCTPaHSIONICICS U3 TOYKH CONMPUKOCHOBEHUSI TaMET, MPOUCXOJAUT YBEJIH-
YEHHUE COJICPKaHUSI MOHOB KaJIbIIUS, BCJIC]T 32 YEM TAK)KE BOJIHOW PaCTBOPSIOTCS
KOpPTUKAJIbHBIC TpaHyJbl. Beiaensempie mpu 3ToM crueruduyueckne GepMeHTHI
CIOCOOCTBYIOT OTCJIOMKE JKETOUYHOM 000JIOUKH; OHA 3aTBEPCBACT U HA3bIBACT-

cs 0000UKOU ONI0OOMEOpeHUs. ITU TIPOLIECCHI HA3BIBAIOTCS KOPMUKAILHOLUL
peaxyuetl.
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TaKHX KNBOTHBIX, KaK MOpCKOﬁ CXK, KOCTHUCTBIC pr6BI 1 3CMHOBOJHBIC,
BCC UBMCHCHUA MUTOINIa3Mbl COIIPOBOXK/IAOTCA BUANMbBIMHA MOp(i)OHOFI/IquKI/IMI/I
HepeCTpOﬁKaMH. OTH SIBICHUS HA3BIBAIOTCS pacCIOCHUCM HIIN ceepeeauued.

AKTHUBalMA SAULEKIETKU 3aBEpIIAcTCsl HAualloM CHHTe3a Oejika Ha TpaHC-
JIsuroHHOM ypoBHe, Tak kak MPHK, TPHK, puGocomsl u sHeprus 6111 3arace-
HBI €11I€ B OBOT€HE3E.

SiinekneTka B MOMEHT BCTPEUYH CO CIIEPMATO30MI0M OOBIYHO HAXOIUTCS
Ha OJHOW W3 CTaAWi Meio03a, 3a0JJOKUPOBAHHONW C MOMOIIBIO CIIEIH(PUICCKOTO
¢dakTopa. Y GONBIIMHCTBA MO3BOHOYHBIX 3TOT OJIOK OCYIIECTBIIACTCS HA CTaIUU
Mmetadasser II; y MHOTEX 0€CITO3BOHOYHBIX, & TAKXKE Yy TPEX BUIOB MTO3BOHOYHBIX
(Jommragu, coOaku U JTMCHIIBI) OJIOK MPOUCXOIUT Ha CTAIUU JTUakuHe3a. B 601b-
IMIMHCTBE CJy4yaeB OJIOK Meio3a CHUMAETCsl IOCJe AaKTUBAIMM SHIEKICTKH
BCIICJICTBUE OIUJIOJIOTBOPEHUA. B TO BpeMs Kak B SIUIIEKIIETKE 3aBEPIIACTCS ME-
03, SIAPO CIEPMATO30Ma, IPOHUKIIEE B HEE, BUIOM3MEHAETCSl. OHO TPUHUMAET
BUJl UHTEP(A3HOTO, a 3aTeM MpodazHoro sapa. 3a 3To BpeMms yaBauBaercsa [JHK

B myorcckoti nponykieyc noiaydyaeT KOJIMYECTBO HACIEACTBEHHOIO MaTepuana —
2c¢, T.€. COAEPKUT TaIIOUTHBINA HA00p PEeayTUIUIIMPOBAHHBIX XPOMOCOM.

IIT ¢paza cuncamuu. SInpo SNUEKIETKH, 3aKOHYUBILEE MENHO03, TPEBpalia-
€TCSl BICEHCKUll NpOHYKIeyc, Takxke npuoodperas 2c. Ob6a mpoHykieyca cOmu-
KAIOTCS, 3aTeM CIHMBAIOTCA (cunkapuow), oOpasys oOmryr0 MeradasHyro mia-
CTUHKY. JTO U €CThb MOMEHT OKOHYATEIbHOI'O CIHSHUA TaMET — CUH2AMUSL.
dopMupyercst AWIUIOWAHAN KIeTka - 3urota (popMyna XpoMocoM —
nc+nc=2n2c). 3ucoma — 3TO HAYAJIBHBIN ATAll Pa3BUTHUS HOBOI'O OpPraHHU3MA.
ITepBoe MUTOTHYECKOE JIETIEHHUE 3UTOTHI MPUBOJIUT K 0OPA30BAHUIO JIBYX KIIETOK
3apoapiia (6actoMepoB) ¢ HabopoM xpomocoM 2n2c¢. [Tocnemyronue neneHus
3apo/Iplia MyTeM JIPoOJICHUS MPOAOIKAIOTCS B TeueHue 7 THeu. B 3ToT nepuon
3apOJIBIII TIEpEeMENIaeTCs MO0 MaTOYHBIM TpyOaM U MOMaaaeT B MOJOCTh MAaTKH,
r7ie IPOUCXOUT UMIUIAHTALUS: 7-AHEBHBINA 3apobliil (0JaCTOIUCT) BHEAPSIETCS
B CJIM3UCTYIO0 MATKH, T/I€ MPOUCXOAUT €ro JajdbHEelIlee pa3BUTHE.

Ilapmenozenes (ot rped. parthenos — nescrennma, genos — poskacHue) —
pa3BUTHE U3 HEOIUIOJOTBOPEHHBIX SHII, MO3BOJISIONICE OCOOM IIPOM3BOINUTH I10-
TOMKOM 0€3 OTIOA0TBOPEHUs. Pasnuuaior ecmecmeenmwiii M UCKYCCMBEHHbLIL

nAapmeHO2cEeHes.
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W ClIydae ecmecmeeHH020 TIApTCHOTCHE3a Pa3BUTHE UIET HA OCHOBE IIH-
TOTUTa3MbI U TIPOHYKJIEYCa SUIEKICTKU (pACTEeHUs, YePBH, HACEKOMBIE, PaK000-
passbie). Ocobu, popmupyronmecs U3 SUIEKICTKA, UMEIOT MO0 TarjIOUIHbIN,
100 MUTUTIOWIHBIA HA0Op XpOMOCOM, TaK KaK dallle BCEro B Havajie IpoOIeHUs
cpabaTbIBaeT OJIMH UX MEXAHW3MOB yABOCHHS YMCIa XpoMocoM. B omgHMX ciy-
gasx B XOJ€ MeH03a BBINMAIACT CTAUS PEAYKIIMU YHACTIA XPOMOCOM U STUIICKIICT-
Ka TOJTydaeTcs C AWIUIOUIHBIM MPOHYKJICYCOM. B Ipyrux ciydasx TUTIIIOWIN-
3amus MMPOUCXOTUT BO BPEMs TEPBOTO JEICHUS IPOOJICHUS, IPH KOTOPOM HE
MIPOUCXOANT ITATOTOMHH.

VY nuen, MypaBbeB BCTPEUACTCS (PaK)Ibmamuesiti TapTEHOTeHe3. Y muel
OH UCIOJIb3yeTCS KaK MEXaHU3M T€HOTUIIMYECKOTO OIpEAesIeHUs ToJia: >KEH-
ckue ocobu (paboure MYesibl U MMApUIlbl) PA3BUBAIOTCS U3 OILIOAOTBOPEHHBIX
AULIEKJIETOK, a MY>KCKUE (TpyTHH) — napTeHoreHeTuuecku. Takum oOpazoMm pe-
TYJUPYETCA YUCIEHHOE COOTHOUIEHUE MOJIOB.

Obnueamnoiii (nat. obligato — 00s13aTeILCTBO) MAPTEHOTEHE3, HAIPUMED,
HaOJII0/1aeTCs Y KaBKa3CKOM CKaibHOM simepuiibl. OH oOecrieunBaeT poCT YHC-
JICHHOCTH 0COOCH B YCJIOBHSX, 3aTPYAHSIONIMX BCTPEUy MapTHEPOB MPOTHUBOIIO-
JIOXHOTO TI0J1a.

[TapTeHoreHnes MOXET ObITh Y NITUIL. Y OJHOM U3 MOPOJI MHACEK HEKOTOPHIE
AiIa pa3BUBAIOTCS NAPTEHOTCHETUUECKHU, U3 HUX IOSBIIIIOTCS TOJIBKO CAMIIBL.

VY MHOTHX BHJIOB MApTEHOTEHE3 MPOUCXOJUT MUKINYECKH. Y TieH, nad-
HUW B JIETHEE BPEMs CYIIECTBYIOT TOJbKO CaMKH, Pa3MHOKAIOIIUECS MAPTEHO-
F€HETUYECKH, & OCEHbI0O MMEET MECTO PAa3MHOXKEHHE C OIUIOJOTBOPEHUEM.
Takoe yepenoBanue ¢hopM pa3MHOKEHHUS CBSI3aHO C OOJIBIIION THOETBI0 OCOOCH.

HckyccTBeHHBIN MapTeHorenes3 ooHapyxeH B 1886 rogy A.A. Tuxomupo-
BbIM. bonbion Bkian BHecnu b.JI. Acraypos, B.A. CTpyHHHKOB.

M €CTECTBEHHBIX YCIOBUAX (DYHKIMIO AKTUBALIMU STUIEKIETKH BBIMIOJIHSAET
CIIEpMATO30M]1 110CIIE IPOHUKHOBEHUS B AWLIEKIECTKY. B 3KcliepuMeHTe akThBa-
1Sl MOXET OBITh BbI3BaHA PA3IMYHBIMU BO3ACUCTBUAMU: XMMHUYECKUM, MeEXa-
HUYECKHUM, 3JEKTPUUECKUM, TEPMUUECKUM U T.J. DTH (PaKTOpbl U3MEHSIOT Me-
TabOJIM3M SHIEKICTKH U aKTUBUPYIOT ee. Ha TyroBoM mienkomnpsiae ObLIo MmoKa-

3aHO, 9TO C IOMOIIBIO UCKYCCTBCHHOI'O IMAPTCHOTICHE3a MOKHO PCTYJIMPOBATH
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COOTHOIIIEHHE MYKCKOTO M >KEHCKOTO T0Jia B TOIYJISINH, MOydass OOJBIION
SKOHOMMYECKUN dPPeKT.

EcTecTBeHHBIN MapTeHOreHe3 4aille BCEro ciydyaercs MpU He3aBeplIeH-
HOM OILJIOJIOTBOPEHHH, T.€. B TE€X CIydasiX, KOrja MMesia MECTO aKTHBAalUs Si-
LEKJIETKH, HO PO CIIEpMaTO30MAa HE y4acTBOBAJIO B OIUIOJOTBOPEHUHU. B ak-
TUBUPOBAHHBIX SIMIIAX HMCHOJB3yeTCcs WH(OpPMAIsS TOJBKO KEHCKOTO Ipo-
HyKjeyca. Takoll BUJ MAapTEHOTeHEe3a HasbIBaeTCs cunozenesom. llpu uckyc-
CTBEHHOM MapTEHOTEHE3€ MOXKHO YAAIUTh KEHCKHI MPOHYKIIEYC, U TOT/a pa3-
BUTHE OCYILIECTBUTHCS TOJIBKO 33 CYET MY>KCKUX INPOHYKJIIEYCOB. DTO aHopoze-
He3. B cieniMaIbHBIX OTBITaX HA MOPCKHUX €KaxX ObLTIO YCTAHOBJIEHO, YTO TTOTOM-
KU HACJEeAyIoT JIMOO TOJIBKO MPU3HAKK MAaTepu MpHU TMHOreHe3e, JIMOO TOJIBKO
NPU3HAKU OTLA — MPHU AaHAPOTEHE3€. ITO YKA3BIBAET HA TO, UTO HACIIEICTBEHHBIE
CBOMCTBa 0COOU OMPEEISIOTCS B OCHOBHOM SIZIPOM, a HE IIUTOILIa3MOM.

BOITPOCHI IJ51 CAMOKOHTPOJIA:

4) Kakoe cTpoeHne 1 GyHKIIHMH UMEET KICTOYHOE SIpo?
5) Yto Takoe KICTOYHBIM ITUKJII?
6) Kaxk npoucxoaut peryssius KJI€TOYHOTO UKIIa?

7) HazoBute u oxapakrepusyite neprobl MuTo3a. Kakue npeodpasona-
HUSI XpPOMOCOM XapaKTepHbI sl MUTO3a ((hopMyia XpoMocom)?

8) B uyewm 3akirouaeTcs OMOIOTMYECKOE 3HAYEHNE MUTO3a?
9) Yto Takoe aMHUTO3, SHJIOMUTO3 M SHIOPEAYTLIUKAIIHS ?
10) HazoBuTe u oxapakTepu3ynTe IepHoIbl Meio3a.

11) B yeM 3akirouaeTcst OMOJIOTHYECKOE 3HAUCHUE Meii03a?
12) Yro Takoe rameTorecHe3?

13) OxapakTepu3ynTe CriepMaToOreHe3 U OBOIEHE3.

14) Ilepeuncnure U 0XapaKTepU3yiTe OCHOBHBIE CIIOCOOBI OECIIOIOro U
[I0JIOBOTO PA3MHOKEHUSI OPraHU3MOB.
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Jlexuusa 4
BUOJOI'UsS HHAUBUAYAJTBHOI'O PA3SBUTUSA:
IMBPUOHAJIBHBIN U TIOCTOMBPUOHAJIBHBIN MNEPUObI

IIJIAH JIEKIIUU:
B CYIIHOCTBb M IEPUOAU3ALINA OHTOI'EHE3A

B 3MBPHUOHAJIbHBIN NEPUO PA3BBUTHUSA XOPJOBBIX

B TEOPUU OHTOI'EHE3A. KPUTUKA ITPE®@OPMU3MA N
JIIMI'EHE3A

B OCOBEHHOCTHU SMBPUOHAJIBHOI'O
PA3BUTHUSA YEJIOBEKA.

B ITPOBU3OPHBIE OPI'AHbI MUIEKOIIMTAIOIIIUX U
YEJIOBEKA

B T'EHETUYECKUIH KOHTPOJIb
IMBPUOI'EHE3A. DMBPUOHAJIBHASA UHAYKL WA

B MOJEKYJISIPHO-TEHETUYECKHWE
OCHOBBI TU®PEPEHIIUALINNA

B KPUTHUYECKHUE ITEPUO/JAbI SMBPUOI'EHE3A

B TEPUOIN3ALINS
MOCTAIMEPUOHAJILHOTO OHTOTEHE3A.

B T'MIIOTE3bI CTAPEHUA.
B CMEPTb, KAK 3AKOHOMEPHBII 3TAIl OHTOI'EHE3A

B  BOITPOCHI JJIsd CAMOKOHTPOJIA

CYIIHOCTDB N NEPUOAN3ALIUA OHTOI'EHE3A

OHTOreHe3 - 3T0 NpoUECC UHAUBUIAYAIBHOIO Pa3BUTHs OPraHU3Ma, B OC-
HOBE KOTOPOTO JIEKUT peajn3alusi HacaeJICTBEeHHON H(OpMalUy Ha BCEX CTa-
nusix pa3BuTus. OH HauMHaeTCs: 00pa30BaHUEM 3UTOTHI M 3aKaHYMBAECTCSI CMeEp-
ThI0. TepMuH «OHTOTeHE3» BBeAcH B 1866 1. D. I'ekkenem (1834-1919). B xoze
OHTOr€HE3a B KOHKPETHBIX YCJIOBHSX CPENbl PEaIN3yeTCsl HacAeACTBEHHAs MPO-
rpamma, 3akoguposanHas B JIHK cuHkaproHa 3urorsl.
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B oHTOreHese BhIIESAIOT CAEAYIOINE OCHOBHBIE nepuobl (puc. 4.1):

9. IlpenzapoapiiieBblid (TPOIMOPUOHATIBHBIN, MPEIIMOPHOHATLHBIN),
BKJTIOUYAIOIINI pa3BUTHE TOJIOBBIX KJIETOK (TaMETOTeHe3) M OII0J0TBOPECHHUE;

10. 3apoapiiieBblii (3MOpPHOHANIBHBIN), HAYMHAKOIIKKCA € OOpa30BaHUS
3U-TOTHI W 3aKaHYMBAIOMIMICA BBIXOJOM OpraHM3Ma W3 SULEBBIX WU
3apOABIIIE-BBIX 000I0YEK;

11. ITocne3apoapiiieBblil (MOCTIMOPHUOHATBHBIN), BKIIOUYAIOIIUN Pa3BUTHE C
MOMEHTA BBIXOJa U3 SUIEBBIX (3aPOJIBIIIEBLIX) 000J0YEK IO CMEPTH OpraHU3Ma.
VY maneHTapHbIX MIICKOMUTAIOIINX U YeTIOBEKA BBIJEISIOT 00pO008blil

(anmenamanvholit) 1 nociepoooswitl (nocmuamanvivili) IEPUOBI, COOTBET-

CTBYIOLIUE 3MOPHUOHAIBHOMY ¥ TOCTIMOPHOHAIIBHOMY IIEPHOIAM.

3MBPUOHAJIBHBIA MEPUO/ PABBUTHSA XOPIOBbIX

OMOpHOHANBHBIA NEPUOA PA3BUTHS MPOUCXOAMUT MO TOKPOBOM SIMIIEBBIX
o0onoyek (y MmIaneHTapHbIX — B yTpoOEe MaTEepUHCKOr0 OPraHU3Ma) U XapakTe-
pU3YyEeTCS OrPaHUYEHHBIM ONOCPEIOBAHHBIM JIEUCTBHEM (DAKTOPOB OKPYKaro-
LIl Ccpelbl Ha pa3BUBAIOIIMNCA OpraHu3M. Hadamo HOBOMy opraHus3my Jaer
OIIOAOTBOPEHHAS AMIIEKIETKA (MCKIIFOUEHHUE COCTABIISIOT Clydau MapTeHOreHe-
3a M BEreTaTUBHOro pa3MHOXeHUs). OIUIOAOTBOpEHHE MPEACTaBIAET COOOU
IPOLECC CIAUSHUS JIBYX IMOJIOBBIX KJIETOK (TaMeT) Ipyr ¢ APYyroM, B XoJe KOTO-
pPOTO OCYIIECTBIISIOTCS JBE pa3Hble (DYHKIMH: MOJI0Basi (KOMOMHHPOBAHUE Te-
HOB JIBYX POJUTEIBbCKUX 0CO0EW) U pernpoayKTHUBHAs (BOZHUKHOBEHHE HOBOTO
opranuszma). [lepBas u3 3Tux QyHKIHMI BKIIOYAaeT mnepeaadyy reHOB OT pOJAUTE-
JIeW IOTOMKaM, BTOpasi — MHULMALIMIO B IUTOIUIA3ME SIMLEKIIETKHA TEX PEaKkui u
MIEPEMEIICHUM, KOTOPBIE ITO3BOJISIIOT NPOJOJLKUTH pa3BuTHE. B pesynbrarte
OIJIOJIOTBOPEHHMSI B SUIIEKIICTKE BOCCTAHABIMBACTCS JABOMHOW (2N) HAbOp Xpo-
MocoM. LleHTpocoMa, BHECEHHAs! ClIEpMUEM, TOCIIE YABOEHUsI 00pa3yeT BepeTe-
HO JICJICHHS, U 3Ur0Ta BCTYNMAET B MEPBYIO CTAIWI0 3MOpPUOTe€HE3a — CTaIUI0
npobnenus. B pe3ynbrare MUTO3a U3 3UTOTHI 00pa3yeTcs JIBe I0UEPHUE KIIETKH

— OJ1aCTOMEDHI.

JIpobnenue — >To psl IOCIEA0BATEILHBIX MUTOTHYECKUX JCTICHUMN 3UT0-
ThI, KOTOPbIE 3aKaHUUBAIOTCS 00pa30BaHUEM MHOTOKJIETOYHOTO OJHOCIOMHOTO
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3apojpliia — 6mactynsl (puc. 4.2).

Jlenenus apoOsieHUs OTINYAIOTCS OT MOCIEIYIOMIUX JSJICHUN CIeyO0-
MU TIPU3HAKAMH:

N OtcyrcrBytot nepuojabl G1 1 G2, B MPOMEKYTKAX MEXAY ACICHUSIMU
KJIETKU HE PacTyT, TaK 4TO OOIIMH 00BEM 3apobIiia HE yBETUINBACTCS.

N OGpasyromuecs KICTKH - O1acToMepsl - He AU(GEpEHITUPYIOTCS; 3TO
03HAYaeT, YTO OHU HE MPHOOPETAIOT NMPU3HAKOB TKAHEBOW CHEIU(PUIHOCTH U
SIBIISIFOTCS. TOTUIIOTEHTHBIMH (CTBOJIOBBIC KIICTKH).

W B pesynbrate npobaeHust GopMUpyeTCs rpyIa TECHO NPUJIeTaloNuX
JpYT K APYTY KIETOK — MOpYJIa.

N B Mopyne oOpa3yeTcst OJOCTh - 01aCTOLEb.

3aBepiaercs IpobaeHue o0pa30BaHUEM OJHOCIONHOTO 3apobliia — OJia-
CTYJIbl, B KOTOPOW pa3inyaroT 06JacToleib U 0actoiepmy.

SlinekneTka XapakTepU3yeTCsi aHWMalbHO-BEr€TATUBHBIM T'PAAHCHTOM.
PaznuuaroT aHMManbHBIN MOJIOC, Y KOTOPOTO MPOWCXOJWJIO BBIJEICHHE PEayK-
LIMOHHBIX TEJEll, U BEr€TaTUBHBIN IOJIIOC, Y KOTOPOTO CKAIIMBAETCS KEITOK MHpU
HEPAaBHOMEPHOM pachpeeneHu B nurormiazme. Och, Mpoxondias OT aHUMallb-
HOTO TIOJIFOCA K BETE€TaTUBHOMY, HA3bIBAETCS aHWMAIbHO-BET€TATUBHOW OCHIO.
KonndecTBo ’kenTKka B OJUTOJEUUTANbHBIX W ME30JEUUTANbHBIX SUIEKIIETKaX
BO3paCTaeT MO HaIPaBJICHUIO OT aHUMAJIbHOTO K BET€TaTUBHOMY MOJIIOCY.

OcobeHHoCTH ApOOJICHUST 3UTOTHI 3aBUCAT OT KOJUYECTBA KEJITKA M Xa-
pakTepa ero pacrpejeieHuss B IIUTOIUIa3Me 3UTOTHI (siiiekeTku). Paznuyator
JIBa TUTIA APOOJICHHS, 3aBUCAIINE OT KOJMYESCTBA KEIITKA B SUIIE:

Y noanoe, uanu 2onodracmuueckoe, NpOoOJIEHUE, CBOMCTBEHHOE 3UTOTaM,
00pa3yromuMes U3 TOMOJIEUTANBHBIX (MM W30JE€UUTaIbHbIC, KaK Y JaHIETHU-
Ka, 1 ME30JICHUTAIbHBIX UL (CpeIHEe KOIMYECTBO SIUIl) KaK y aM(puouii;

Y Henonnoe, i mepobracmuieckoe, IpoOJIeHNE, XapaKTePHOE IJIs 3U-TOT,
o0pasyromuxcsi U3 AWIl, COACpPKAIIUX OOJIBIIOE KOJIMYECTBO JKeITKa (MOJH-
JICIUTAIbHBIC U ME30JICIIUTAIILHBIC STiI[a), KOTOPBIN TIPH IPOOTICHUH HE JETUTCS.

[ToroE (TosoGacTUYecKoe) IpoOIeHNE OBIBACT pasHOMePHbIM (JTAHIIET-
HUK) U HepasHomepHuim (aMpubun). Y mocaeaHux o0pa3yroTcs Majibie U 00Jb-

e 6J1acTOMEphI, Ha3bIBAEMbIE COOTBETCTBEHHO MUKPOMEPAMH H
Makpomepamu. 64



Cmaous opobaenus pazoensiemcs Ha 08e Gaswi:

B ¢paza cunxponnozo Opooénenus Xapakrepuszyercs OJUHAKOBOM [JIs
BCEX KJIETOK CKOPOCTBIO JICJICHUS, 00€CTICUMBAIOIEH CUHXPOHHOCTh UX Jielie-
HUS;

B ¢paza 6nacmynayuu, Ha KOTOPOU UCUYE3aE€T CUHXPOHHOCTD JIEJICHUS
KJIETOK (Y MJICKOIUTAIOIIUX TepBasi (a3a OTCYTCTBYET).

HpobnieHne xapakTepu3yeTcsl YBEIIMUCHHEM B OJlacTOMEpax Koauuecmed
JIHK no omnowenuio k Koiuvecmaeay yumoniazmol, a Takxke gedyujeti poavio yu-

monaasmel bracmomepos 6 ux cyovbe. bnactomepamu yHaclneAyroTCs pa3HbIC
YYaCTKH IUTOIIA3Mbl 3UTOThI, KOTOPBIE MO-Pa3HOMY BIIMSIOT Ha aKTUBAIIMIO Te-
HOB. [TocKkoNIbKY LIMTOIIa3Ma YHACJIEA0BAHA TOJIBKO OT SMUEKIETKH, TO pPa3BU-
THE Ha CTaJUU JPOOJICHUS MPOTEKAET KaK Obl 10 MATEPUHCKOMY ITyTH.

TI'acmpynayua — GopMupoBaHre MHOTOCIOWHOTO 3aposiiia. CyIHOCTh
CTaJNM TaCTPYJIALMH 3aKJII0YAEeTCs] B TOM, YTO OJHOCJIOMHBIN 3apojbIil — OJia-
CTyJIa — TIPEeBpaIaeTCs B MHOTOCIOWHBIN (2 WM 3-CJIOMHBIN), Ha3bIBAGMBIN 2a-
cmpynoul (puc. 4.3). Ciiou Ha3bIBAIOTCS 3apOIbIIICBEIMU JTUCTKAMHU.

Omanvl eacmpynayuu:

1 sTam — o6pazoBaHue 2-X CIOHHOTO 3aPO/IbIIIIA, COCTOSIIETO U3 IKTO U
SHTOAEPMBI.

2 atan — oOpa3oBaHHe 3-TO 3apOABILIEBOrO JUCTKA - Me30AepMbl. [lepBriii
ATal TacTPYJIALMH Y Pa3HbIX KUBOTHBIX TPOTEKAET MMO-Pa3HOMY.

Pa3nnuaroT yeTblpe OCHOBHBIX CIOCO0A: MHBArvHalWs, UMMUTPALUS, TEISIMU-
Hauusd, snuoonus. "Knaccuueckuil" BapHaHT racTpyisiiuy - 3TO TacTpyisUus
nymem ungazunayuu. B 5ToM ciydae Ha MOBEPXHOCTU OJACTYIbI (OOBIYHO - Ha
BEreTaTUBHOM TI0JIIOCE) 00pa3yercs BissunBanue. OTBepCTHE, BENYIIEE U3 ITOTO
BIISTYMBAHMS HApYXKy HaszbIBaeTcst Oyiactonop (mepBuuHas kuiika). Kpas Oma-
CTOIOpa 00pa3yloT JOPCANbHYIO, BEHTPAJIbHYIO U JBE JaTepajbHble T'yObl. Y
NEPBUYHOPOTHIX OJIACTOIOP MpeBpaaeTcs B 1e(pUHUTUHHBIA (OKOHYATEIIbHBIH )
pPOT, Y BTOPUYHOPOTHIX OH MpeoOpa3yercss B aHAIBbHOE OTBEPCTHE, a POT (op-
MHUpPYETCSl Ha MPOTUBOMOJI0KHOM KOHIIE 3apoAsia. [1o1ocTh nepBUYHON KHIII-
KU Ha3bIBACTCS racTPOLIelib, UK APXEHTEPOH.

Ipyro#i myTh - racTpyjsinus myTeM ummuzpayuu (nepemeuienue). B 65



ClIydaC UMMUIpalyy IMPOUCXOAUT BBICCIICHUC OTACIIbHBIX KJICTOK 6J'IaCTOI[epMBI

B Onacrorenb M3 OJHOTO MecTa (VHUNONAPHAS UMMUcpayus) WIA U3 Pa3HBIX
MecT (Mynbmunonsapuas ummuepayus). Oka3apiIrecss BHYTPHU MOCJIE MUTPALITU

B Gmacrorienb KJIETKH JAlOT HA4yallo SHTOJEPME, a OCTajbHbIE KJIETKH 0JacTo-
JIEpMBI TIpEBpaIIalOTCsS B 3KToAepMy. [acTporens mpu 3TOM He obOpasyercs
(KUIIEYHOTIOJIOCTHBIC).

Crnenyromuii ciocod — denamunayusn (paccnoenue). llpu nensMuHaIIN
MUTOTHYECKOE BEPETEHO B KJIETKAX 0JacTOJAepMbl OPUCHTUPYETCS TEPIICH/IUKY-
JISIPHO TIOBEPXHOCTH 0acTyJIbl, @ 00po3/a NeJIeHUs, B CBOIO O4Yepe/lb, pacioa-
raeTcsl mapajiesbHo mociennei. [locme aenennst KIeTok 0JacToIepMBbl MPOUC-
XOJIUT €€ PACCIOCHHE Ha HApY>KHbIA (IKTOAEpMa) U BHYTPEHHUU (PHTOJIEpMA)
JINCTKH.

[lacTpynsuus myreM Inudonuu — xapakTepusyeTcs oOpacTaHHEM MEJIKH-
MU KJIETKaMH aHMMAaJIbHOTO TOJIIoca 00siee KPYIHBIX U MEHEee MOJIBMXKHBIX, OT-
CTalOIINX B CKOPOCTH JIEJICHUS KJIETOK BEr€TaTUBHOIO Mojtoca. B aTom ciyuyae
pacrojararomuecs: CHapy>Kd MHUKPOMEPBI JAIOT HAYAJIO SKTOAEPME, HAXOISIIH-
ecsi BHyTPpU MaKpOMepbl POPMHUPYIOT IHTOJEPMY.

OTH crocoObl PEKO BCTPEYAIOTCS B YUCTOM BUJE, OOBIUHO racTpyJIsLUs
MPOUCXOJUT IO CMEIIAHHOMY THIy: WHBAarvHaiusi co4yeTaeTcs ¢ 3nudoauein
(3eMHOBO/IHBIE), ACISIMUHALINS C UMMHTPAlUEH (UTJIOKOXKHE).

Tperuit WM CpeaHUN 3apOJBIIIEBBIN JTUCTOK HA3BIBAETCS Me301epPMOi,
OH 00pa3yeTcsl MeXKIy OKTO- M DHTOAepMOi. PaznmnuaroT aBa crmocoba oopa3ona-
HUS ME30JIEpPMbI: TEJI00JIACTUYECKU W DHTEpOIeNbHbINA. Tenodnacmuueckuil
CHOCOO 3aKITIOYACTCS B TOM, YTO BOJIM3HU 0JIACTONOPA C IBYX CTOPOH MEPBUYHON
KHIIKK 00pa3yroTcsl IBE KPYIHBbIE KIETKU — TeloonacTel. B pesynbrare ux je-
JieHUsI 00pa3yroTcsi MEJIKME KJIETKH, PacloJiaralolfecss MEeXIy 3KTO- U JHTO-
IepMoit 1 POpMUPYIOIIHE ME30JAEPMY. IFHMEPOUETbHBLIL CROCOD XAPAKTEPU3Y-
€TCSl TeM, UTO C JABYX CTOPOH OT MEPBUYHON KHIIKH 0Opa3yrOTCs BISTYMBAHUS —
KapMaHbl — [[ETOMUYECKUE MEIIKH, KOTOPhIE 3aT€M MOJHOCTHIO OTIIHYPOBBIBA-
IOTCSl OT MIEPBUYHOM KHUIIIKUA U pa3pacTaloTCsl MKy SKTO- U DHTOJAEpMOH, ¢op-
MUPYST ME€30JIEPMY.

pe3yJIbTaTe racTpyJsliuU CO34aETC NEPBUYHBIN IJIaH CTPOEHHUS 3apO-
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IbIIlIa, BO MHOI'OM, KaK IIPaBUJIO, COBIAJAIOIINN C OCHOBHBIM ILUIAHOM CTPOECHUS
B3POCJIOrO opranusMa. IIpocnieKTuBHBIE 3apOABILIEBBIE JTUCTKH, PAHbBIIE IPAHU-
YUBIIKE JIMIIb CBOMMM KpPasMH, TEIEpPh CYIIECTBYIOT PEaJbHO U NPUXOIAT B
KOHTaKT CBOMMH IOBEPXHOCTAMH. JTO CO3JAET BO3MOKHOCTH JUISI B3aUMHBIX
BIINSIHUM, KOTOPBIE CIIY’KaT IYCKOBBIM MEXAHWU3MOM JUIS JAJIbHEWIIEro pa3BHU-
THSI — BOSHUKHOBEHUS PA3IM4YMI MEXKy pPaHEe OJMHAKOBBIMU KJIETKAMHU BHYTpHU
3apOABILIEBOTO JIUCTKA.

[locne 3aBepieHUs TaCTPYISALMY HAYMHAETCS CICAYIOIINNA dTall — HEUPY-
nsus (puc. 4.4). 3To cTaaus IEPBUYHOTO OPraHOTEHE3a, WU CTaausi 00paso-
BAaHMSI NIEPBUYHBIX OPTaHOB, BO BPEMsSI KOTOPOTO (POPMUPYIOTCSI OCEBBIE OPraHbl
(HepBHas TpyOKa, Xop/ia, KMIIIeUHas TpyOKa).

Heiipynayusa — 310 nipouiecc GopMHUPOBAHUS XOP/Ibl, HEPBHOU TPYOKHU, a
TaK)Ke JPYTMX OCEBBIX OpPraHOB XOPJOBBIX. 3apojablll U (ase HeHpyIsaIuu
Ha3bIBACTCS HelpYIon.

HepBHas TpyOka 3akiajbpIBacTCsi JOpCalbHO, T.€. HA CIIMHHOW CTOPOHE
3apojbiiia. BHavanie B OTBET Ha MHAYKIIMOHHOE BO3JICHCTBUE KIJIETOK XOpJIOME-
30JIEpMBI TIJIACT KJIETOK SKTOJEPMBI, PACIIONO0KEHHBIN Haa XOpJ0ou (HEHpPOIKTO-
nepma) 000coOIsIeTCsl B HEPBHYIO MIAaCTUHKY. Kpast HepBHOM T1acTUHKY (HEPB-
HbI€ BAJIUKH) MPUMOJIHUMAIOTCS, BO3HUKAET YIiyOJieHHe (HEpBHBIN KeI000K),
BaJIMKU CMBIKAIOTCS, 00pasysi HepeHyro mpyoKy ¢ Hespoyeiem — MOJOCTh TPyO-
k. CMBIKaHWE BaJMKOB MPOUCXOJHWT BHAUaje B CPEIHEM, 3aT€M B 3aJIHEM W,
HAKOHEII, TepeIHEM OT/IeNIax 3apObIIia.

[Tox HepBHOI TpyOKOIl pacmoiiaraeTcsi xo poa, mo O0Kam XOpJbl — cee-
MEHMUPOBAHHAST Me300epmMa (comumpl), OT KOTOPOH B JIaTCPAIILHOM U BEH-
TPaJlbHOM HAIPABJICHUAX TMPOCTHPACTCS HECETMEHTHPOBAHHAS Me300epmda
(cnaanxnomom). Comutsl AU PEepeHITUPYIOTCS HA 0epMamom, MUoOmom, cKie-
pomom. IlepexomHas 30Ha MEXIy CETMEHTUPOBAHHOW M HECETMEHTHUPOBAHHOM
Me307epMoil Ha3zBaHa Heghpomomom. Emne no pasneneHus 3a4aTka Me30epMbI
Ha COMMTBI U3 HETO BBICEISAIOTCS KJIETKH C OTpOCTKaMu. K HUM MpUCOeNHSIOT-
Csl KJIETKH, BBICEJISIOUINECS U3 IKToJIepMbl. BMecTe oHUM 00pa3yroT mezeHnxumy,
U3 KOTOPOM pa3BUBAIOTCS BCE BUbI COCAMHUTEIbHBIX TKaHEH, a TaKkKe TiajaKas
MYCKyJaTypa, KpOBEHOCHAs U JTUM(aTHUyecKas CUCTEMBI.
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T'ucmo- u opzanozenes — tnpouiecc HOPMUPOBAHMS MTOCTOSIHHBIX (Iedu-
HUTUBHBIX) OpraHoB. CIOXHbIE MPOLECCHI, MPOTEKAIOIINEe HA ATOW 3aBepuIaro-
e cragun >MOpHoreHe3a, IBISI0TCS 00bEKTOM U3YUEHHUs YaCTHOW AIMOPHOIIO-
ruu. Ha puc. 4.5 noka3zanbsl Opransl 1 TKaHHW, Pa3BUBAIOLIMECS U3 COOTBETCTBY-
IOLMX 3aPOJIBIIIEBBIX JIUCTKOB. M3 3KTOEpMBI pa3BUBAIOTCS AIUACPMHUC KOKHU

B €r0 MPOW3BOJHBIE — TEPhs, BOJOCHI, HOI'TH, KOKHBIE M MOJIOYHBIE JKEJIE3bl,
HepBHas cuctema. [lepennuii (pacmmpeHHbI) OTaeT HEPBHOU TPYOKH mpeodpa-
3yeTcsl B TOJIOBHOM MO3T, OCTalbHas €€ 4acTh (MepEeIHUM U CPEAHUN OTIEIbI) —
B CIIMHHOW MO3T. DHmMoOdepma NaeT Hadajao BHYTPEHHEW BBICTUJIKE MUIICBAPHU-
TEJIBHOM U IbIXaTEeIbHON CUCTEM, CEKPETUPYIOIIUM KJIETKaM MUILEBAPUTETbHBIX
xene3. Comumsl IPETEPHEBAIOT CIAEAYIOMNE peoOpa3oBanus: depmamomdop-
MUpYET JiepMy (TJIyOOKHI CIIOM KOXKH); CKIepomom y4acTByeT B oOpa3oBaHUU
ckenera (XpAIIEBOro 3aTeéM KOCTHOTO); MUOMOM JAeT HAadyallo CKEJNETHON My-
ckynarype. 3 neghppomoma pa3BuBarOTCS OpraHbl MOUYEBBIJICTICHUSI.

Heceamenmuposannas mezooepma (cnaanxnomom) NaeT Ha4allo TUIEBPE,

OprolmHe, NepuKapy, ydacTByeT B pa3BUTHU CEPACYHO-COCYAUCTON U numpa-
TUYECKON CUCTEM.

TEOPUU OHTOI'EHE3A.
KPUTHUKA ITPE®@OPMU3MA U SIITUT'EHE3A

NHauBHyalbHOE pa3BUTHE MPEICTABIIAECT COOON LIEIOCTHBIA HEMpPEPhIB-
HBIM MPOLECC, B KOTOPOM OT/IE€JbHBIE COOBITHS YBSI3aHbI MEXIy coOOM BO Bpe-
MEHH M IPOCTPAHCTBE. bMONOrMs MHAMBHYATbHOTO PAa3BUTHS M3Y4aeT CIOCO-
Obl TEHETUYECKOT0 KOHTPOJII Pa3BUTHUSA U OCOOEHHOCTU peas3allui reHeTHYe-
CKOM IpOrpaMMbl B 3aBUCUMOCTH OT ycioBui. [lox ycnoBusiMu MOHUMAKOT pas-
JIMYHBIE IPOLECCHl U B3aMMOJCHUCTBUA: BHYTPUKIIETOYHBIC, MEKKJIETOUYHBIE,
TKaHEBbIC, BHYTPUOPraHHbIC, OPraHU3MEHHBIC, IOIYJSILUOHHBIE, JKOJOTHYe-
CKHMe M T.A. YCWius uccieaoBareneil B o0j1acTu OMOJIOTHMM pa3BUTUSL KOHIICH-
TPUPYIOTCSI BOKPYT KIIFOUEBOM MPOOJIEMbl T€HETUYECKON MpeaonpeaeIeHHOCTH
Y JTaOUJIBHOCTH OHTOT€HETHYECKHUX MPOLIECCOB.

Cn0XHOCTh IIpOoLCCCOB, JICKAIIMX B OCHOBC OHTOI'CHC3a, pr,HHBIﬁ " IIpO-
)IOJDKI/ITCJ'IBHBII\/’I IIyTb UX U3YUCHUS CTAIAU O,Z[HOﬁ N3 IIPpUYXH IOABJICHHA, Pa3BU-
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TUSL U CYIIECTBOBAHUS MACATUCTUYECKUX TEUEHH B HMOPHOJIOTHH a 3aTEM U B
Oouonoruu pa3BuTus. EquHO#l Teopun OHTOTeHe3a 0 CUX MOp HE CYIIECTBYET.
MHorue U3 mpeIaraBmmxcs TEOpUd XapakTEPU30BATNCh METAhU3NICCKUMHU 1
UJICATUCTUYECKUMH TEHJICHIIMSMU. JTO Kacaercs, MPexkKIe BCEro, TEOpUil mpe-
dbopMm3Ma U AMHUTEHE3A.

Ilpeghopmuszm (oT 1am. «3apaHee 00pa3yw») — YyUYCHHE O HAIUYUAU

B mOJIOBBIX KJIETKaX MAaT€pUANIbHBIX CTPYKTYp, MPEAONPENCIAIONINX Pa3BU-THE
3apoJiplllia U MPU3HAKK PA3BUBAIOIIETOCS W3 HEr0 OpraHu3Ma(T.e. CTPYKTypa
OyAylIero opranm3Ma BO BCeX JETANAX MPEACTABIICHA B TIOJOBBIX KJIETKAX).

[Ipepopmusm Bo3HuK Ha 0Oasze rocmojcrBoBaBiiero B XVII-XVIII Bs.
Ipe/cTaBlIeHus O mpedopMaIllK, COTJIaCHO KOTOPOMY 3apOAbIII yKe cPopMu-
POBaH B MOJIOBBIX KJIETKAX, U €0 JaJbHEWIIIEEe Pa3BUTUE 3AKIIFOYAETCS TOJBKO B
YBEJIMYEHUH B pa3Mepax.

VuyéHpie TOTO BPEMCHH pPasACInINCh Ha aHMMAJIbKYJIHCTOB H OBHCTOB.

[IepBbiEe cunTaM, YTO 3apOMBIII COJACPKUTCS B CIEPMATO30MIAX, BTOPHIE — B
SIUIEKJIETKAX.

[Ipedopmucramu ObuIH Takue yueHble, Kak AHTOHHU JleBeHryk, Mapuemnio
Manenvru u zp.

Anuzene3 — yueHue o OCTENIEHHOM Pa3BUTUU U HOBOOOPA30BAHUM, B XO-
7€ KOTOPOrO CTPOEHUE OpraHr3Ma YCIOXKHSETCA. DTO YUEHUE Pa3BUBAJIOCh BO
Bropoit monoBune XVIII B. IL.-JI. le Moneptiou, XK.JI. brodhdpornom u K.O.
Boashom (1734-1794), onucaBmiuM pa3BUTHE 3apojbllia Kypullbl. B pabote
«Teopus 3apoxnenus», K.®. Bonbdp npoaeMOHCTpUpOBAT pa3BUTHE 3apObl-
IIEBBIX OPraHOB (KUIIEYHHUKA, HEPBHOW CUCTEMBI) U3 IPUMHUTHUBHBIX IJ1aCTOB.

3HAYUTENBHBIN BKJIaa B Teopuro snureHe3a BHec K.M. Bap (1792-1876),
KOTOphIii B pabore «Mcropusi pa3Butusi kuBOTHBIX» (1828) mokaszan mpeem-
CTBEHHOCTH TIOCJIC/IOBATEIBHBIX CTAANI Pa3BUTUSA U YCIOXKHEHUS CTPOCHHUS 3a-
poJibIlia, OOHAPYKWJI CXOJCTBO IJIaHA CTPOCHHUS 3apOBINICH, OKA3aBIIETOCS
TeM OOJIBIIIUM, YeM Ha 0oJiee paHHUX JTalax Pa3BUTHs OHU PACCMATPUBAIOTCS
(3axon «3apooviuesozo cxoocmeay K.M. Bapa). YTBepKOArOMIasICs KOHICIIIUSI
AIUTEHEe3a CIIOCOOCTBOBAJIA YCIIEITHOMY Pa3BUTHIO SMOPHUOJIOTHH.

¢ konie XIX B. B CBsI3U € ycTeXaMH IUTOJIOTHHU OKUBHIIMCH TIpedop-
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MUCTCKHE B3TJIsbI, KOTOpble 0000munu B. Py (1850-1924) u apyrue ocHoBa-
Tenu Heonpeghopmuzma. OHU YTBEPKIAIHN, YTO KAHCOBIU YUACMOK AUYEKIeMKU
npeocmaeusiem 6y0yuyro onpeoeieHHyo Yacmes Oprauusma (oprad, CUCTEMY Op-
TaHOB).

5. xorme XIX B. BO3pOAMIIOCH IMHUTCHETHUYECKOE yUeHHE B (popMme Heo-
snuzenesa. X. Jlpum (1867-1945), m3yuuBmmii pa3BUTHE MOPCKHX €XEH U3
0J1acTOMEPOB, MPHULIEI K 3aKIIOYEHHIO, YTO MPOCTPAHCTBEHHOE YIOPSJ0UYECHUE B
pa3BUBAIOIIEMCS OpTaHU3ME MPOXOAUT O] ACHCTBHEM HEMaTepuaabHOTo (hak-
Topa — sumenexuu. VI TOIBKO ¢ pa3BUTHEM TC€HETHKHA B XX B. B YMOPHOJIOTHUHU
MOJYYUJIM PACIPOCTPAHEHUE MATEPUATUCTUYECKUE TOJIKOBAHUSI 3aKOHOMEPHO-
CTEl OHTOI€HE3a, OCHOBAHHBIE HA IMPU3HAHUU KJIIOUYEBOW POJIU T'E€HETUYECKOU
uHdopmaIuu U GakTOPOB BHEIIHEH Cpe/ibl B pa3BUTUU )KHUBOTO OPraHU3Ma.

N3MeHeHus B mpoliecce OHTOTEHE3a BKIIOYAIOT M3MEHEHMS Ha Pa3HbIX
YPOBHSIX OpraHu3allui OCOOU: MOJICKYJIIPHOM, KJIETOYHOM, TKAaHEBOM, OpraH-
HOM, CUCTEMHOM. SBJSIICH JOCTATOYHO CJIOKHBIMHU, OHU UCCIEAYIOTCS YUEHBI-
MU U3 Pa3IUYHBIX OOJacTeid OMOJOTMM — T€HETUKaMu, OMOXUMUKaMu, MOpdo-
Joramu, sMOpuosioraMu u Jp. Ha cThike 3TUX U APYrux OMOJIOTHYECKUX JUCIH-
IUIMH BO3HMKJIA CAMOCTOSITENIbHAsE OMOJIOTUYECKAsl HAayKa — Ouo102us pa3eu-
mus, KOTopas cTajia IpeeMHHUIICH MEXaHUKHU pa3BUTHUS U SMOPUOJIOTHUU B cepe-
nuHe XX B. bUonorus pa3BUTHS M3y4aeT HACIEICTBEHHBIE, MOJICKYIISIPHBIE U
CTPYKTYPHO-(DYHKITMOHAJIBHBIE OCHOBBI Pa3BUTHUS OPraHU3MOB, MEXAHHU3MBI
KJIETOUYHBIX B3aUMOJICMCTBUN M PETYJSIIMU OHTOTEHE3a, O0eCcIeunBaIoNIUe
nudpepeHIUpoBKY KIETOK, TKAaHEH U OpraHOB, a TAKXKe 1ETOCTHOCTh OHTOTEHE-
3a. JlocTikeHUs OMOJIOTMM Pa3BUTHS OTKPHIBAIOT OOJIBIIINE TIEPCIIEKTUBBI JIJIs
MPAKTUKH. Y CHENIHO pa3padaThIBalOTCsI, B YaCTHOCTH, HAYYHBIC OCHOBBI YIIPaB-
JICHUS Pa3BUTUEM >KMBOTHBIX U PACTCHUM, PETYJISILIMU 10J1a U YUCICHHOCTH KH-
BOTHBIX, OITYyXOJIEBOTO POCTa U JP.
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OCOBEHHOCTHU SMBPUOHAJIBHOI'O PA3ZBUTHUSA YEJIOBEKA.
O®OPMUPOBAHMUME ITPOBU30PHbBIX OPTAHOB MJUIEKOIIUTAIOIIIUX

OMOpHoHaIbHOE Pa3BUTHE YEJIOBEKA JACIUTCA Ha HayanbHbIN nepuon (1
HEJIeTs1), 3apOABIIIECBBIN (2-8 Hemens), IITOAHBIN (C 9 HEeJeIu U 10 POXKIACHUS).

5. Ha4aJIBbHOM TEPHOJIC MPOUCXOIUT TIOTHOE HEPAaBHOMEPHOE IPOOIICHHUE C
oOpa3oBaHHEM MOpYJibl U Oiactouucta. MoxHo HaOmogaTh ctaguu: 2; 3; 5; 7;
9 u 12 6macromepoB. Ha cragum 12 GmacTomepoB HaunHaeTcs auddepeHima-
Ul Ha TeMHBIC OJJaCTOMEpHI, PACIIOararonifecs Mo Mepueprn, U CBETIIbIC —
HaxoJsmuecs B meHTpe. M3 teMapx 61actomepoB oOpasyercs TpodoOiacT, u3
CBETJIBIX — 3apPOJIBIIICBBIN y3€I0K — 3MOpH0OIacT. 3aTeM MPOUCXOIUT 00pa3o-
BaHME MOJIOCTH 0JaCTOIUCTHI — OacTorens (puc. 4.6).

Ha 6-7 nmeHb 1mocie OILIOJOTBOPEHHS 3apOJIbIII IOTPYKACTCA B CTCHKY
MaTKH (MMIUIAHTAllMs) ¥ HAYMHACT IUTAThCS CEKPETOM JKeJie3 MaTKH (MaTOYHOE
MOJIOUKO).

6. mpoliecce opraHoreHe3a MPOUCXOANT Pa3BUTHE, a YAaCTO U 3aMeHa OJ1-
HUX OpraHoB JpyrumMu. OpraHbl 3peioro OpraHu3Ma Ha3bIBAIOT JAe(PUHUTHB-
HbIMHU (OKOHYATeJbHbIMH). Ha 16 cyTKH SMOPHMOHAILHOTO Pa3BUTHS YeJIOBEKa
oOpazyercst 3a4aToK Xopibl. B koHie 3 Hexenu HaunmHaeTcs: Hepymsus. o 9
HeJeJIU UJIeT TUCTO U opraHorenes. K 9-it Hea. (63 neHb) 3a105KeHbI BCE OPTaHbl,
HACTYMAeT IJIOAHBIN niepuo. [LnoaHbINi nepuo1 XxapakTepu3yeTcs pOCTOM ILIO-
na, nanpHenmen nudhepeHIIMpoBKON U HaYaIoM (PYHKITMOHUPOBAHUS.

IMPOBU30PHBIE OPT'"AHBI MVIEKOIIMTAIOIIIUX N YEJIOBEKA

BaxHas posib B pa3BUTHU 3apOJbIIIa IO3BOHOUYHBIX PUHAJICKAT BHE3A-
POABbILIEBBIM 00010YKAM, HJIH POBU30PHbIM opranaM. OHU SBISIOTCS Bpe-
MEHHBIMHA OPTaHaMHM M y B3POCJIOr0 OpraHu3ma OTCYTCTBYIOT. lIpoBu3opHbie
opranbl 00€CIeunBaIOT BaKHEWIINE (QYHKIIUN Pa3BUBAIOIIETOCS 3apO/IbIINIa, OT-
HAaKO B COCTaB €ro Tejla HE BXOIMAT, SIBJISISICH, TEM CAMBIM, BHE3apPOJbIIIEBBIMU
opraHamu. K HUM OTHOCATCS orceimoynblil MEeuoK, AMHUOH, XOPUOH, ATLIAHIMOUC

6.n1ayenma (puc. 4.7).
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Tpodobnact, 6ypHO pa3zMHOXKAsICh, BHEPSETCS B CTEHKY MaTKu, (GOpMU-
PyS BOPCHHKH M TIPEBpAIAcTCs] B BOPCHHUYATYIO 000JI0YKY — XOpUOH. Y KUBO-
POIAIINX MIICKOIUTAIONINX XOPHUOH CTAHOBUTCS OpPraHOM, O0ECIICUHBAIOIIIM
AMOPHOH MUTATEITHLHBIMHU BEIIECTBAMH. Y CYMUYAThIX 3TO MPOUCXOAUT UCKITFOUH-
TEIHHO (MJIM MPEUMYIIECTBEHHO) 3a CUET BBIACISIEMOM CTEHKOW MaTKU IHTa-
TENBHON KHUAKOCTU — IMOpHOTpOo(da, UM MATOYHOTO MOJOYKa (CMECh CeKpeTa
MAaTOYHBIX JKEJIe3, a TAaK)KE PACIaBIIMXCSA B MOJIOCTH MATKH JICHKOIIUTOB U Ka-
neiab JKupa). Y IUIACHTAPHBIX MIIEKOMUTAIOMUX XOPHOH B TIOCIEAYIOIIEM
y4acTBYeT B (hOpMHUPOBAHUY IIAIICHTHI.

Knetku smOpuobnacta quddepeHIMpyoTcs Ha Ba My3bIpsi: aMHUOTHYE-
CKHUU U JKEJIITOUYHBIN.

Kenmounwtii meutox popMupyercs U3 SHTOAEPMbI U BHYTPEHHETO JIUCT-
Ka HECETMEHTHUPOBAHHON ME30JIepMBbI. Y 3apOJIbIIIeH pbI0, TPECMBIKAIOIITUXCS U
NTUI] OH BBIMOMHAET (QYHKIIMHU MUTAHUS U JbIXaHUS, Y BBICIINX MO3BOHOYHBIX —
GyHKIHUA KPOBETBOPEHUS M 00pa30BaHMs MEPBUYHBIX IMOJIOBBIX KJIETOK (TOHO-
OmactoB). Y MIIEKONMUTAIOMMX (DYHKIIMOHUPYIONIUN JIMIIb HECKOJBKO JHEH
JKEITOYHBIM MEIIOK BBIMOJHSAET, HAPSALY C MOCIECIHUMH, TaKKE TPOPUUECKYIO
GyHKIIHIO, CTIOCOOCTBYS BCACHIBAHUIO CEKPETA KEJEe3 MATKHU.

B oTimuue oT pri0 U 3€eMHOBOJIHBIX (aHAMHHUI) y MPECMBIKAOIINXCS,
NTULl U MJIEKOMUTAIOMINX (AMHHUOT), KPOME KEITOUYHOIO0 MEIIKA, pa3BUBACTCS
amuuon. Ilpu 3TOM BOKpYT 3MOpHOHA pa3pacTaeTcss aMHUOTUYECKAs CKIIAIKa,
BKJIIOUAIOIIIAs SKTOJIEPMY M HAPYKHBIN JTUCTOK Me30JiepMbl. Ee kpas Kymnomaoo0-
Pa3HO CMBIKAIOTCA HaJ SMOPHOHOM M CpacTaroTCs TaKuM o0pa3oM, 4TO OH OKa-
3bIBAETCS OKPYKEH ABYMs 000JI0uKaMu (Kakaasi COCTOUT U3 IKTOJIEPMBI U Me-
307IEPMBI), OTJIETIEHHBIMH APYT OT JPYyra MOJOCThbIO, HA3BIBAEMOU IK30YEIOMOM.
Bremnsisi 00osouka sBISE€TCS XOPUOHOM, BHYTPEHHSS — aMHUOHOM. AMHUOH
3all0JIHEH aMHUOTHYECKOM JKUJIKOCTBIO, YTO CO3/Ia€T BIAXKHYIO Cpely sl 3apo-
npiiia aMHAIOT. OH BBIMOJHSAET (PYHKIIMM MEXaHUYECKOW U, YaCTHYHO, OMOJIOTH-
YECKOM 3alIUThI, a TAKKE 3aIMUThI 3aPOJIbIIIA OT BHICHIXAHUS.

Ha yuactke, riie aMHMOTHYECKUI U JKEITOUYHBIN MTy3bIpU COMPUKACAKOTCS,
00pa3zyeTcst ABYCIOWHBIN 3apoablieBblid IUTOK. HrokHUM ciioit muTtka (Tumno-

0J1acT) SIBISIETCS YACThIO KENTOYHOTO Melika. Bepxuuii cnoit (snmbnacr) sBiis-
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€TCA UCTOYHUKOM 3KTOACPMBI, MC30ACPMbI, SHTOACPMBI.

Annanmouc - npeAcTaBiseT coOON BBIPOCT 3aJHETO OTJENa NEPBUYHOM
KHIIKHA, 00pa3yeMblil SHTOJIEPMON M BHYTPEHHUM JUCTKOM HECErMEHTHPOBAH-
HOM Me307iepMbl. Y MNTHUIl AIJIAHTOUC SIBISIETCS OPTaHOM MHUTAHUS, ABIXaHUS U
BBIZICJICHHS. Y MIIEKOIMTAIOUIMX AJJITAHTOHMC Pa3pacTaeTcs MEXI1y aMHUOHOM U
XOPUOHOM, 3aT€M CIIMBAETCS C XOPHOHOM, 00pa3ys XOpHMOHAJAHTOMCHYIO 000-
JI0UYKy, 00TaTyr0 KPOBEHOCHBIMH COCY/IaMH M yYacCTBYIOIIYIO B ()OPMUPOBAHUU
IUTALIEHTHL. Y 4eJIOBEKa, [0 MEpE pOCTa 3apOJbIIla, aJUIAHTOUC, KEITOYHBIN Me-
IIOK M KPOBEHOCHBIE COCYbI 00pa3yIOT IYIIOYHbIA KAHATHK (IYIIOBUHY).

AJTaHTOMC MpUJIEraeT K XOPUOHY CBOEH BHEIIHEW CTEHKOMW, a €ro cocy-
Ibl, BPAcTalOT B XOPUOH U MPOHUKAIOT B €0 BOPCUHKHU. XOPUOH BCTYNAET U
TECHYIO CBSI3b CO CTEHKOW MaTK{, B KOTOPYHO BHEIPSIOTCS €r0 BOPCHUHKH. B
TOM MECT€ MATEPUHCKHII OpPraHu3M U COOTBETCTBYIOLIUI Y4acTOK SMOpHOHA
00pa3yIoT naauenmy.

B mpouecce 3MOpPHOHAIBHOIO PA3BUTHUSL YEJOBEKAa IUIALEHTAa HAayMHAeT
dbopmupoBatbea Ha 18 aeHb (2-3 Henm.) U3 aUIAHTOMCA, XOPUOHA U CIIM3UCTOU
00osiouku Matku. [lnamenra sBnseTCs €IMHCTBEHHBIM U3 U3BECTHBIX JUUIS MHpa
KUBOTHBIX OpPraHOM, B 0Opa30BaHUU KOTOPOIrO MPUHUMAIOT Y4YacTHE KIIETKU
JBYX pa3HbIX OPraHU3MOB — MAaTEPUHCKOT0 U JouepHero (puc. 4.8). CBa3b Mex-
1y MAaTEPUHCKUM OPraHu3MOM U SMOPHOHOM y Pa3HBIX IPYIII KUBOTHBIX CYIIE-
CTBEHHO paznuyaeTcs. OHa MOKeT ObITh TaKOW CJIa00il, YTO MPU POKICHUH Ma-
TEPUHCKUN OPraHU3M U SMOPHOH pa3zesstoTcs 0e3 NoBpexIeHui (TaneHTs! 1-
ro u 2-ro TunoB). B apyrux cinydasx cpacraHue 3apojblIIEBON U MAaTEPUHCKON
yacTel TUIalleHThl HACTOJABKO MPOYHO (3-i, 4-i TUIIBI), YTO MPHU POJIAX Y4aCTBO-
BaBINIME B 00pa30BaHUM IUIALICHTHI 00JIACTH CTEHKH MATKU (Odeyudyanvras 060-
JIOYK@) OTTOPTAIOTCS BMECTE C TOCIEIOM, 00pa3ys OONIMPHYH PaHEBYIO IO-
BEPXHOCTb.

IInayenma svinonnsem paznoobpasuvie QyHKYUU:

1) obecnieunBaeT 3MOPHOH (T1J10]1) KUCIOPOJIOM, TPAHCIIOPTUPYS B 00OpaT-
HOM HaIpaBJIEHUU OOPa30BaBIIYIOCS B PE3yJbTaTe €ro ABIXaHUS YTICKUCIOTY
(razooOmeHHas QyHKIMS);

N Tpoduueckas u BbleIUTENbHAS (PYHKIMHU: OT MAaTEPUHCKOIO OpraHu3-
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Ma K IJIALEHTE MepealoTcs MUTaTelbHbIe BEIECTBA (aAMUHOKHCIIOTHI, TII0K034,
KUPHBIE KUCIIOThI), OTHOBPEMEHHO B OOpPATHOM HaIpaBJIeHUH MOCTYNaloT Mpo-
JTYKTBI pacmaja, BO3HUKAIOIINE B X0/¢ 0OMEHa BEIECTB MIo/a (HalpuMep, Mo-
YEBUHA);

3) sHAOKpuHHAs (QYHKIUSA: HE MPOIYCKAaeT MATEPUHCKHE TOJIOBBIE TOp-
MOHBI, B PE3YJIbTATE YETO I0JIOBAs CUCTEMA IIII0Ja MY’KCKOIO I10J1a pa3BUBACT-
Cs1, KaK NMPaBWJIO, HOPMAJIBHO.

4) byHKIMS OMOJIOTHYECKON 3aIMThl 3apojpima (rmioga). OmHako mia-
IIEHTa HE CIIYXKUT OapbepoM JIJIsI BUPYCOB, IIOATOMY IIPH BUPYCHOM 3a00JICBaHUHU
MaTepH (HalmpuMep, KpaCHYX0# ) OpraHoTreHe3 TUI01a OKa3bIBAeTCs MO YIPO30H.

Y 4eyioBeKa K KOHIy OE€pEMEHHOCTH 3PUTPOLUTHI IJ10/1a OOBIYHO MPOHUKAIOT U
MAaTEpUHCKYI0 KpOBb, NPHUBOAS B OTHEIBHBIX CIIydasx K OIIACHOM pe3yc-

o + - o
KOH(IMKTHOU cutyauuu (3putpodiactody Rh - mnona y Rh - marepeit).

TEHETUYECKUH KOHTPO.JIb DMBPUOTI'EHE3A

14
Opranusm 4esnoBeka 00pa3oBaH OTPOMHBIM KOJUYECTBOM (=10 ') KIETOK,
KOTOPBIE MPOUCXOAT B OHTOI'€HE3€ JIMIIb OT OJHOM KJIETKH — 3UroThl. B Teue-

o 12
Hue 285 mHE# U3 3uroThl Oyarogaps JAeaeHuro Bo3HukaeT 2 X 107 kietok. O6-
pasyronuecs KieTku (01acToMepbl) BHaYalle MOXO0XKH JIPYr Ha JaApyra, HO B
JaIbHEHIIIEM Pa3BUTHUH MEXY HUMHU BO3HUKAIOT Pa3Inyusl.

Bo3HUKHOBEHHE B X0/1¢ OHTOreHe3a OMOXMMUYECKUX, (PU3NOJIOTUYECKUX,
MOP(}OJIOrHYECKUX U APYTUX Pa3IHuuil MEXKIY MUCXOAHO OAHOPOJHBIMU KJIET-
KaMH ¥ uX 00ObeAMHEHUSIMU Ha3biBaeTcs Auddepenunanue, unu quddepenun-
poBkoil. OHM KJIETKH MPUOOPETAIOT CIOCOOHOCTh K COKpalleHUIo (MBbIIIeY-
HBIE), APYTHE — K BBIICIECHUIO CeKpeTa (KEeJIe3UCThIE), TPEThU — K MPOBEACHUIO
UMITyJIbca (HEPBHBIE) U T. 1.

JAu¢ppepeHunanmus — JETEPMUHUPOBAHHBIN, T. €. MPEIONPEACICHHBIN U
HeoOpaTuMblil nporiecc. KiieTouHblii MaTepuan CUUTalOT JETEPMUHUPOBAHHBIM,
Ha4yMHas CO CTaJHNH, Ha KOTOPOIl OH BIIEpBble OOHAPYKUBAET CIIOCOOHOCTH MPHU
nepecajKe B UyKJ0€ MeCcTO TP PepeHInpoBaThCA B OpraH, KOTOPbIA 00pasyeT-
Csl U3 HEro B HOPME.
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Y CII0BHO MOKHO BBIJICIIUTDb TPH OTalla ,ZII/I(i)(pepeHHI/IaHI/II/I KJICTOK, B XOI€
KOTOpOﬁ HN3MCHACTCA CTCIICHDb UX ACTCPMHUHUPOBAHHOCTH.

[lepBblit aTan — aman momunomenmuocmu (COXpaHeHUs] paBHOHACIIEI-
CTBEHHOCTH) KJIETOK. biiacToMepsl BUJIOB C paiMaJIbHBIM TUIIOM JPOOJIECHUS CO-
XPaHSAIOT TOTUMOTEHTHOCTh B TEYEHUE HECKOJIBKUX MOKOJICHUHN KJIETOK (y Tuj-
pomeny3bl 10 ctaaun 32 0J1aCTOMEPOB, KAXKJIbIM U3 KOTOPBIX MOXET pa3BUBATh-
Csl B MIOJIHOLCHHBIA OPTaHU3M).

Y 4enoBeka ciydyau poxKACHUS 2-7 OJHOSUIIEBBIX OJIM3HEIIOB CBUICTEIb-
CTBYIOT O TOTHUIOTEHTHOCTH KJIETOK Ha cTtaguu 1o 7 OmactomepoB. Ha Goinee
MO3IHUX CTaausIX (0nacTyia) KIETKA TePSIOT TOTUINOTEHTHOCTh, COXpaHsIs, OJl-
HAKO, CIOCOOHOCTh K MepeomnpeeNieHnI0 (TpaHCAeTepMUHAIIMN) MYTH Jajlb-
Heifmero pa3BuTus. TOTUIOTEHTHOCTh CMEHSETCSl OJJHO3HAUHOM JI€TEpMUHUPO-
BaHHOCTBIO MIOCTENEHHO.

Bropoii atan — aman 3aeucumoii oughgpepenyupoerku. Knetounnlii Mmare-

puasl cnocoOeH K TpaHCAETEPMHMHALMU. DKCIUIAHTaLUs 3a4aTka opraHa, Haxo-
JSAUIErocss Ha BTOpOM 3tane AUPQGEepeHIIUPOBKU, B HETUIUYHOE OKPYKEHUE
MPUBEIET K U3MEHEHHIO X0/a ero aud@epeHunpoBku (TpancaudepeHnnpoB-
ke). Hanpumep, mepecaxeHHBbI B 3KTOJEPMY y4aCTOK Me30AepMbl am(puOuil
pa3BUBaeTCs Jajee Kak dKTojaepMa. BrocineacTBUM BO3MOYKHOCTh PAa3BUTHS B
HECKOJIBKHUX HAIPABJICHUIX PE3KO CYXKAETCS M3-3a KaHAIN3aLUU PA3BUTHS.

Tperuii aTan — aman Hezasucumoit oughghepenyupoexu. 3aKOHOMEPHbBIC
npeoOpa3oBaHus KJICTOUYHOTO MaTrepuasa (TKaHH, OpraHa) MpoJO0JDKAOTCS Jaxe
MIPY U3MCHCHUH BHEIITHUX YCIIOBHUH.

B ocnose oughgepenyuayuu nexcam:

1) pa3auyus MUTOIIIa3Mbl pAHHUX OJIACTOMEPOB Kak CJIEACTBUEC SIBICHUS
0OTUIa3MaTUYECKON CETrPETallii; 0O0NIA3MAMU4ecKkoil cezpezayuell HA3bIBAIOT
BO3HUKHOBEHHUE JIOKAJIBHBIX Pa3JIMUdi B CBOMCTBAX IUTOIIA3MBI SUIEKIECTOK,
OCYIIECTBIISIFOIIEECS U MEPUOBI POCTA U CO3PEBAHUS OOILMTA; OHA JIC)KUT B OC-
HOBE HayaabHOU NU(PHEPEHITMPOBKU 3apOABIIIA: YIaCTKU ITUTOTUIa3MbI 3UTOTHI
(yHaclieoBaHHBIE OT SMIEKIIETKH), pa3Indaroluecs: 10 CBOMM CBOWCTBAM, I0-
MaJIaf0T B pa3InyHbIe 0JIACTOMEPHI; UX B3aUMOICHCTBUE C OJITMHAKOBBIMH I10

CBOUM TIOTEHIIHSIM SiApaM U IPUBOAMT K nuddepeHIinanbHOi aKTUBAIMN T€HOB 75



B SAPaX Pa3IMYHbBIX OJACTOMEPOB;

2) BIUSHUS COCEAHUX KICTOK — KJI1emOUHAA UHOYKUUA (IMOPUOHAIL-
Hasa UHOYKUUs1).

IMBPUOHAJIBHAA UHAYKIUA

Imopuonanvnas UHOYKYUA — MEXAHU3M CIEIUAIN3ALUN KIIETOK, KOTO-
PBIl COCTOMT BO B3aMMOJCHUCTBUM MEXIY YAacTSIMU PAa3BUBAIONIETOCS OpraHU3-
Ma. B mporiecce 3Toro B3auMOJEHCTBUS OJIHA YaCcTh Pa3BUBAIOIIEIOCS OpraHU3-
Ma (MHAYKTOp), MPUXOJs B KOHTAaKT C JAPYrod 4acThio (pearupyroliei cucre-
MOI1), onpeieNisieT HalpaBJieHUe pa3BUTHUS MTOCIIETHEN.

SIBneHue SMOpPHOHAILHON MHIYKIMU OTKPHITO B 1901 1. HEMEUKUM 3M-
opuosorom, jgaypearom HoOGeneBckoit mpemun 1935 r. X. Illnemanom (1869-
1941). X. llIneman nokasai, 4to st oOpa30BaHMsI HEPBHOM TUIACTUHKHU U3 DK-
TOJEPMBI TaCTPYJIbl Y 36MHOBOJIHBIX HEOOXOJMM KOHTAKT SKTOJEPMBI C ME30-
JepMaJIbHBIMU KJIETKAMU XOPJIbl (HHIYKTOP, UK OPraHUu3aTop).

X. llneman u ero corpyanuna X. MaHronba OTKPbUIM y 3apOJBILIEN am-
¢ubuii opranuzatop. KOHTpPOJIBHBIN SKCIEPUMEHT ObUI TpPOBEAeH XWJIbAON
Mamnronbsa B 1921 rony (puc. 4.9). Ona BeIpe3ana Kyco4ek TKaHU U3 JOpCalib-HOM
ryobl Omactoropa racTpynibl Tpebenuaroro TputoHa (Triturus cristatus) co
C1a00NMUIMEHTUPOBAHHBIM 3apOJbILIEM U IEpecajuiia €ro B BEHTPAIbHYIO 00-
JacTh JIPYroil racTpysbl ONHM3KOro BUaa, TPUTOHA oObikHOBeHHOTO (T. vulgaris),
3apOABIIT KOTOPOTO XapaKTepU3yeTcss OOWIbHOW MHUTrMEHTaluenl. JTa ecTe-
CTBEHHAs pa3HUIA B MUT'MEHTALMH TO3BOJIMIIA PA3IMYUTh B XUMEPHOM 3apO-JblIIe
TKaHW JOHOpa M pernunueHta. KieTku nopcanbHON TyObl TpH HOpPMajb-HOM
pa3BUTHH OO0pa3ylOT XOpAy M Me30JepMaibHble COMHUTHI (MuoTOMBI). Ilocme
Nepecajiku y TacTpyibl-pelMINEHTa W3 TKaHEW TpaHCIUIaHTaTa pa3BUBAIAChH
BTOpasi XopJa U MHUOTOMBI. Haa HUMHM W3 3KTOAEPMBI PEIMIMEHTa BO3HUKAIA
HOBasl JIONOJIHUTENbHAs HepBHas TpyOka. B urore 3To mpuBeno Kk oOpazoBaHUIO
OCEBOI'0 KOMIUIEKCA OPTaHOB BTOPOIO FOJIOBACTHKA HA TOM K€ 3apOBbIILIE.

VY4acTok popcanbHON I'yObl 0J1aCTONOPA, KOTOPBIN MPHU MEPECAIKE BbI3bI-
BAa€T Ha HOBOM MeCTe 00pa30BaHUE ME30JEPMbl U HEHPOIKTOAEPMBI MOTYUHII
Ha3BaHue «opranusarop lllnemanay.
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Otum omnbiToM X. [llnemana u X. MaHromab Oblla OTKpPBITA HEPEUUHAA
IMOpUOHATbHAA UHOYKYUA, T. €. TIEPBBIN 1IAT B LIENU MOCIEA0BATENIbHbBIX (BTO-
PUYHBIX, TPETUYHBIX U T. JI.) UHAYKIIMOHHBIX MPOILIECCOB B WHIAWBUYaTHLHOM
Pa3BUTUU OPTaHU3MA.

JlanpHele uccieqoBaHus MOKa3aid, YTO He TOJIBKO JopcaibHas ryba
OylacTomopa paHHEW racTpyJibl 00Ja7aeT WHAYKITMOHHBIMEA CITIOCOOHOCTSIMU. Ta-
KOW CIIOCOOHOCTHIO 00JIaaeT BCA CMMHHAS YacTh KPaeBOW 30HBI, T. €. BCS Oy-
Ayuiasi Kpblilla MepBUYHON KUIIKU. Pearupyromas cuctema, nuddepeHnupyro-
nasics MoJ BIMSHUEM HMHIYKTOPa, 4acTO cama CTaHOBUTCA WHAYKTOPOM IS
BO3HHUKAIOIIMX TO3KE 3a4aTKOB OpraHoB. Bce pa3Butue 3apojpliia, TakuM 00-
pazoM, MpeACTaBiIsieT cOOOM LEeMb CIEAYIOUUX APYT 32 APYTrOM UHIYKIIMOHHBIX
B3aumoiericTBuil. Hanpumep, npo1oarosateiii MO3r HHAYLIMPYET Pa3BUTHE CITY-
XOBOTO ITy3bIPBKA.

3M6pI/IOHaJII>HaH HWHAYKOUA — JIMIIb OJWH HW3 MCXAHH3MOB OHTOI'CHC3a4.

MHOTHUM SIBICHUSIM Pa3BUTHA Tp€6YIOTC}I HWHBIC MCXaHHU3MBI.

MOJEKYJISIPHO-TEHETUYECKUE OCHOBBI
TN ®DOEPEHIUALINN

MouieKysipHO-TEHETUYECKONH OCHOBOUM Au(depeHunanum sBIsieTcs H3-
OuparenbHas aKTUBHOCTb T'€HOB, CHENU(UUYECKHX IJIsi KaXIOro THUIA KIETOK
(11 KaX 0¥ TKAHNU).

Bce comaTtnueckne KJIETKH OpraHuM3Ma 00JIaJaloT OJMHAKOBBEIM HaboOpoM
T'CHOB, OTBETCTBEHHBIX 3a MU(PEPECHIMPOBKY B JTaHHOM HampaBicHHH. DyHK-
IIMOHUPOBAHUE TOJILKO OIPEACIICHHBIX T'€HOB MPHUBOJUT K CHHTE3y COOTBET-
CTBYIOIIUX OENKOB, ompenenstomux nuddepenunpoky. Pons gakropoB aud-
(bepeHITMPOBKU CBOAMTCS, TaKuM 0Opa3oM, K H30MpATEeNbHON AaKTHUBAIMH
(«BKJTFOYEHUIO — BBIKIIFOUEHHIO» ) STUX T€HOB.

MouiekynsspHO-TEHETUYECKUE TPOIIECChI, OMPEESAIONINe TEUCHUE IM-
OpuoreHes3a, HAYMHAIOTCA B IPE3UTOTHOM Tiepuoie. OCHOBY ATOTO Mpoliecca co-
CTaBJISIET peanu3allvs HACJICICTBEHHOW MH(POPMAIINH, TIOJYYEHHONH OT POJUTE-
nel, u BiusiHue PakTopoB cpeapl. Jis BceX MHOTOKJIETOUYHBIX OPTaHU3MOB Xa-

pakTepHa oO1asi cxema, COCTOsIIIasi U3 TPeX ATanoB: HHGOPMALIMS I UHIYK-
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M1 U PENPECCUr I'eHOB OHTOTeHe3a, MH(pOopMaIus OT I'eHOB, HH(OPMAIUSI OT
OEJIKOB.

Ha nepBom 3Tare ressl, peryaupyrolne mporecc OHTOreHe3a, MoIyqaoT
uHGOPMAIIMIO OT COCEAHHUX KJIETOK, OT TOPMOHOB U JIpyrux ¢akropos. Ha BTo-
poM stane uHdopmalus OT TeHOB, TPAHCKPUOUPYETCS U TPAHCIUPYETCS B BUJIC
OENKOB, PEryIUPYIOUINX MUTPALMIO KIETOK, METa0O0JIN3M, CTPYKTYpHbIE (PyHK-
i U 1.1. Ha Tpersem sTame moctynaeT mHpOpMalus OT yKa3aHHBIX OEJIKOB
i popMHUpOBaHUS TKaHEH U OPTaHOB.

B oBorenese, B mepuo pocta NpoMcxXoauT ycrwieHHsl cunte3 pPHK, pu-
oocom, nPHK, koTopeie moHago0ATCsI B Ha4aJbHOM IEpUOAE 3MOpUOreHes3a
(uTOOBI HE 3aBHCETh OT YCIOBUM OKpyxkatomien cpeabl). 3anacekl ”PHK B sifie-
KJIETKE MMONOJIHAOTCS MoJieKynamu PHK, nmpoHukaromyMy 1 U3 KIETOK SSUYHU-
ka. [losToMy mocne omnonoTBOpEeHUs], NEPUOA APOOJIEHUS pEryaupyercs MoJi-
HOCTBIO MHoOpMaiueit, nomydeHHon 3amacamu PHK pubGocom B siiniexineTke
(cmepmaTo30u HE UMeEeT pubOCOM), a MATEPUHCKUA U OTLIOBCKUNA I'€HOMBI B
3TOM MEPHUOAE MOIHOCTHIO MojaBieHbl. OOpasyromecs: 0JacToMepbl paBHOHA-
CJIEJICTBEHHBI, T.€. B pe3yjbTaTre IpOOJICHUS NMPOUCXOIUT MYJIbTUIUIUKAIMS Te-
HOMa M 00pa3yroTCs MHOTO KJIETOK C OJJMHAKOBOW HACIIEICTBEHHOM HH(OpMa-
nuel (TOTUIOTEHTHBI). 3aTeM HaunHaercsa nuddepernuposka. [lepBonpuunHoii
i pepeHIUPOBKH KIETOK SIBIIICTCA XUMUYECKas Pa3HOPOJHOCTh LIUTOIIa3Mbl
AULIEKIETKH (OBOIUIa3MaTUYECKasl Cerperanus), KoTopas YCHJIMBAETCA IOCIe
OIUIOJTOTBOPEHUS; XUMUYECKasA Pa3HOPOJHOCTh IUTOILIA3MBI MIEPEXOAUT B pa3-
HOPOAHOCTb IIUTOIIA3Mbl OJIACTOMED, TO3TOMY B pa3HbIX OJaCTOMEpPax UMEHOT-
Csl pa3Hble MHJYKTOPBI; pa3Hble MHAYKTOPHI BKIIOYAIOT B pabOTy pa3Hble TpaH-
CKPUITOHBI; CUHTE3UPYIOTCS pa3Hble ONKH, B TOM 4HUCIE, (EPMEHTHI; KIETKU
prUOOpETatoT MOPQOIOTUUECKYIO Pa3HOPOJIHOCTh, & Pa3HbIE KIETKU 00pa3yroT
pa3HbIE TKaHU.

['naBHbBIA MexaHU3M U PepeHIIMPOBKU — OJIOKMPOBKA U aKTUBALIMS pas3-
HBIX T€HOB Ha Ka)X/I0M ATalle OHTOI'€He3a U AJIbTE€PHATUBHBIN CIUIANCHHT.

B sapax auddepeHuupoBaHHBIX KJIETOK OOJBIIMHCTBO T€HOB PEIPECCH-
pOBaHbl, MPUYEM B Pa3HbIX TKAHSAX U OpraHax akTHBHO pabOTaeT pa3HOE YHUCIIO

CTPYKTYPHBIX T€HOB. X MOXHO mToapa3neauTh Ha 3 TPYMIbL:
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1) renbl, GYHKIIMOHUPYIOIIUE BO BCEX KJIETKax opraHu3ma (cuHte3 dep-
MEHTOB DHEPreTUYECKOTO OOMEHA, TUCTOHOB ...) — 3TO «T€HBI JOMAIIHETO XO-
3SMCTBAY;

2) reubl, GYHKIIMOHUPYIOIIKE TOJBKO B TKAHSIX OJHOTO THIMA (HampuMep,
CHUHTE3 MHO3MHA B MBIILIEYHON TKaHN);

3) TreHbl CneUaIN3UPOBAHHBIX KIETOK Ha y3KUe (PYHKIIMU (CUHTE3 re-
MOTIJIOOMHA B OPUTPOIUTAX ) — «TE€HBI POCKOIIIM.

KPUTUYECKHUE ITIEPUO/JAbI DMBPUOI'EHE3A

OKCIEPUMEHTAIBHOE U3YYEHHUE PA3BUTHUS KUBOTHBIX ITO3BOJIMIIO YCTAHO-
BUTh NEPUOABI, KOTJA 3apOJbllll Haubosiee YyBCTBUTEIEH K MOBPEKIAIOIIEMY
JEHCTBUIO Pa3HOOOpPa3HbIX (HAKTOPOB, KOTOPbIE MOTYT HapyUIUTh HOPMajbHOE
pa3BUTHE. DTH NEPUOAbl HAUMEHbIIEH YCTOMYMBOCTH 3apOJbIIIe K Hebisaro-
MPUATHBIM (PaKTOpaM BHEIIHEW Cpebl HA3bIBAIOTCS KPUTHYECKHMMM NEepPHoIa-
MH pa3BuTHs. B KpuTHdeckne nmepuoasl y 3apOJbIIIE U3MEHSETCS XapaKTep
MeTaboau3Ma, pe3Ko yCUIIMBAeTCs AblxaHue, MeHsiercsa coaepxkanue PHK, cun-
TE3UPYIOTCA HOBbIE OEJIKHM, MaJaroT TeMibl pocta. Kpurnueckue nepuoasl COB-
MaJalT C aKTUBHOM MoOpQosiornueckor nu@QepeHIupoBKOMi, C MEPEX0OM OT
OJIHOW CTAaJHMM pa3BUTHS K Apyrod. Kpurnueckue nepuoasl COOTBETCTBYIOT U3-
MEHEHMAM YCJIIOBUH pa3BUTHUS 3apOJIbIIIa.

KpumuquKue nepuodbz 6 AHmMmeHaAmajlbHO20 OHmMoceHesda.

- umnaanmayust (6-7-e CyTKH TIOCJIE OTLIOJOTBOPEHUS SIMIICKIICTKH );
- naayenmayus (OKOHYAHUE 2-i HeNleI OEPEMEHHOCTH);

- nepunamanvhslii. nepuod (polibl). DTOT MEPUOJA OTIMYACTCS PE3KUM
M3MEHEHUEM B OpraHU3ME XapakTepa KpoBOOOpaIeHus, Ta3000MeHa, TUTaHuS,
BBIICIICHUS U JIP.

Heb6maronpusiTHbie BO3EHCTBUS CPEIbl B TEUCHUE KPUTUUYCCKUX TEPHO-
JIOB Pa3BUTHsI 3apOJbIIIA MOTYT BbI3BaTh OTKJIIOHEHHS B Pa3BUTUU opraHa. la-
KHE OTKJIOHEHUS B PA3BUTHH OPTaHa, MPUBOASIINE K (PYHKITMOHAIBHBIM pac-

CTpPOMCTBAM, HA3bIBAIOTCA YPOOCMBEAMU, UNU NOPOKAMU pazeumusi. DakTopbl
cpebl, BhI3bIBAIOIINE (POPMUPOBAHUE YPOJCTB, UK MTOPOKOB Pa3BUTHs, Ha3Ba-
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Hbl mepamozenHviMuy. HemocpeACTBEHHBIM 00BEKTOM JIEUCTBUS HEOJIArONPHUsIT-
HBbIX (paKTOPOB MOTYT OBITh MOJIOBBIE KIETKU (eamemonamuu) WU e caM dM-
OpuoH (smbpuornonamuu). JIeACTBYST Ha paHHUX dTanax dMOpHOreHe3a, TepaTo-
TeH, KaK MpaBHWJIO, BBI3BIBACT TUOENb 3apojbliia. BO3HHKHOBEHHE YpOJCTB
Haubosiee BEpOSITHO B MEPHOJl OpraHOreHe3a, KOTJa HapyIIaroTcs KIETOYHBIE
B3aMMOCHCTBUS U MOpdoreHeTHueckue aBuxkeHus. [lepBble 3KCreprMeHTalb-
Hble ypojacTea noxyuuia B 1822 r. XK. Cenr-Miiep B onbITax Ha KypUHBIX 3apO-
neimax. OH cTan ocHoBareneM yudeHus o0 ypoxactBax. Hayka o0 ypoacTBax —
mepamonoz2usi — BOSHUKJIA Ha CThIKE 3MOPHOJIOTHH, MOP(OJIOTUH, (PU3UOJIOTUH,
TCHETUKU U MEAUIUHBI.

Paznnuaror HACJICACTBCHHBIC 1 HCHACJICACTBCHHBIC ITOPOKH PA3BUTUAL:

a) HaCJIEICTBEHHbIE MOPOKH PAa3BUTHUSA (T€HETUYECKON MPHUPOABI), KOTO-
pbI€ BBI3BaHbI U3MEHEHHUSIMHU HACJIEICTBEHHOI'O MaTepuaa,

0) HEHACJIE/ICTBEHHbIE MMOPOKH Pa3BUTHSI (IK30TCHHBIE), KOTOPhIE BO3HU-
KalOT B CBSI3U C JCHCTBUEM Ha 3apOJIbIII TEPATOTCHHBIX (haKTOPOB CPEIbl; HEKO-
TOpbIE U3 HEHACIIEJICTBEHHBIX MOPOKOB SBISIOTCS (DEHOKOMHUSIMU ONPEIeTICHHBIX
T€HETUYECKUX MOPOKOB.

3apoabllll MJICKOIIUTAIOIINX, B TOM YHCJIE U YEJIOBEKA, OYEHb YyBCTBUTE-
JIEH K BO3JICHCTBHIO HEOJIArompusTHHIX (DAaKTOPOB BHEIIHEH cpeanl. Ha pa3pu-
THUE 3apojiblllla BIWSIOT BEIIECTBA, KOTOPHIE OH MOJIYYaeT C KPOBBIO MAaTEpH.
Hanpumep, kaxxas BEIKypeHHass MaTepbIO CUTapeTa YMEHbIIIAeT CHa0KEeHHE 3a-
poxawima kuciopoaoMm Ha 10%. Emie He co3peBiias MedeHb IUIoJa HE MOXKET
CIIPABUTHCS C TMOCTYMAIOUIMMU B OPTaHU3M SIIOBUTHIMH BEIIECTBAMHU, U OHU
HaKaIJIMBAIOTCS B €r0 TKaHX.

AJIKOT0J1b, YIIOTPEOISIEMbIN MaTEepPbIO, KOHIIEHTPUPYETCS B KPOBH TJ10/1a

n nocturaet 70% oT coaepkaHusi €ro B KpoBu Matepu. OCOOEHHO I0XO BIIUS-
€T aJKOToJib Ha lLeHTpalibHyl0 HepBHYIO cuctemy (LIHC) Oynymero pebGeHka.
Cuwnraercs, yto [IHC B x01€ 3BOMIOIIMH BO3HUKIIA CPABHUTEIBLHO HEAABHO U €€
KJIETKM OY€Hb YYBCTBUTEJIbHBI K HEJOCTATKY KUCIOPOJa. AJKOTr0Jib TOPMO3UT
pa3BUTHE KJIETOK OOJBIINX MOJylIapuid Mmo3ra. Bot mouemy npu ynorpeOiaeHun
AJIKOTOJISI POJAUTEISIMU 0K0J10 80% HOBOPOXKICHHBIX OKA3bIBAIOTCS ¢ JepeKkTaMu

YMCTBEHHOTO pa3BuTusi. CuibHOE BO3AEMCTBHE OKA3bIBAIOT Ha 110 noctyna-80



IOl[ME B €ro KpOBb HApKOTUYECKHE BellecTBa. Emie He poauBiuecs AETH
HApKOMAHOB CTAHOBSTCS 3aBHUCHUMBIMH OT HapKOTHKOB. [locie poxxaeHuss oHu
IJI0XO Pa3BUBAIOTCA U HYXKJAIOTCS B OCOOOM MEIMIIMHCKOM HAOJIOACHUU U

yXoJe.
H36ecmHbl HeCKOIbKO pazHO8UOHOCHEN NOPOKO8 PA3GUMUSL:

1) annasus (OTCYTCTBUE OPraHa WM €r0 YacTH);
2) eunonnaszus (HEJOpPa3BUTHE OPraHa);

3) eunompogus (yMEHbIIIEHHE MACChl OpraHa);
4) eunepmpocghus (yBeIUUEHUE MacChl OpraHa),

5) eemepomonus Wiy sxmomonusi (HETUIMYHAS JTOKAJIU3allis OpraHa
WIH TPYIIIBI KJIETOK);

6) eemeponnazusa (Hapyuenue qubepeHIUpPOBKH TKaHEH ),
7) cmeno3 (CyXeHUE KaHama);
8) ampesus (OTCYTCTBUE KaHAJIA UM OTBEPCTHS);

9) nepcucmuposanue (CoOXpaHeHHE SMOPUOHAIBHBIX CTPYKTYP).

[Topoku pa3BuTHUS, BOZHUKAIOLIME MO JEHCTBUEM TEPATOTEHHBIX (PaKTo-
POB, Ha3bIBAIOTCS NepEUUHbIMU. BTOPUYHBIE MOPOKU SBISIOTCS CIEACTBHEM
nepBUYHBIX. Tak, B pe3yibTaTe aTpe3ud BOJONPOBOAA MO3ra (HEPBUYHOIO IO-
pPOKa) BO3HUKAET BOJITHKA TOJIOBHOI'O MO3Tra (BTOPUYHBII MOPOK).

AHanu3 ypojACTB BaKEH IJIi MOHUMAHMS 3aKOHOMEPHOCTEH WHIUBUIY-
anbHOro pa3BuUTHA. M3yuyeHHe NMpUYUH BO3ZHUKHOBEHHUS YPOJCTB MPU JICUCTBUU
Ha 3apOoJbIII MOBPEXKIAIOIIUX XUMUYECKUX U (PU3UUECKUX (PaKTOPOB HEOOXO-
JUMO JJ1s1 pa3pa0b0TKH 3P(HEKTUBHBIX Mep NPOPUITAKTUKH, PAHHENH THATHOCTHUKU
Y JICYECHHUS] YPOJCTB.

HEPNOIU3ALIUA U 3BAKOHOMEPHOCTH
IHOCTOIMBPUOHAJIBHOI'O OHTOI'EHE3A

[TocTamMOproHaNBHOE Pa3BUTHE HACTYIMAET TMOCIE POKIACHUS WM BBHIXOJIA
3apojpllia U3 Silla U 3aKaHYMBACTCS CMEPTHIO OpraHu3Ma. THUIBI MOCTAMOPUO-
HAJBHOTO Pa3BUTHUS PAa3HOOOPa3HbI M MPOTEKAIOT B HECKOJHKO MEpHOJ0B. B
Pa3BUTUU YEJIOBEKA BBIAECISAIOT TOPEIPOIYKTUBHBIN, PENPOTYKTUBHBIN, ITOCTpPE-

MPOAYKTUBHBIN nepuoipl. COrjlacHO ApYroi Nepruoan3aluy BhIICISIOT CAeIy-
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HOIMHUC NMEPpUOAbI ITIOCTHATAIBHOI'O OHTOI'CHE3a Y YCJIOBCKA.!

1. Tlepuoxa HOBOpoOXx)aeHHOCTH (1-10 gHEH). ITO CIOXKHBIN ITEpHO/ ajar-
TalK K COBEPIICHHO HOBBIM YCJIOBUSIM CYIIIECTBOBAHUSI.

2. T'pynnoit nepuoa(11 nueii-1 rox). PeOeHok BckapMIIMBaeTCsl MOJIOKOM
MaTepHu.

3. Ilepuwon pannero merctBa (1-3 roma). PeGeHOK yIuTCS XOAUTH, TOBOPHUTH.

4. llepssriit nepuon netctsa (4-7 ner). [lozHaHue OKpyKaroero Mupa.

5. Bropoii nepuoa nercrsa (neBouku — 8-11 ner, manpuniku — 8-12 ser).
[IIkonbHBIN IEPUO/I.

6. IloapocTkoBerit mepuon (neBouku — 12-15 ner, mampunku — 13-16
aet). [leproa mosoBoro co3peBaHusl.

7. IOwnomeckuit nepuon (neBymku — 16-20 ser, ronouu — 17-21 roxn).
[lepuo1 oKOHYAHMS POCTA, MTOJIOBOTO U (PUIUYECKOTO CO3PEBAHUS.

8. I mepmon cpemuero Bo3pacta (KeHIMHBI — 21-35 et, My>K4uHbBI — 22-
35 net). 310 onTUMAaIBHBIN NEPUO JJISl JETOPOKICHUS.

9. II mepumon cpemnero Bo3pacta (KCHIIUHBI 36-55 ner, Myx4uHbl 36-60
JIET); 3TO MEPUOJA MAKCUMAJILHOTO MpodecCHoHann3Ma; mnocie 35 jgeT oOHapyku-
BalOTCSI M3MEHEHHUS HEKOTOPHIX (DU3UOJOTHUECKHX M OMOXUMHUYCCKUX PEaKIIUH
0oOMEHa, KOTOpBIC MPEIIICCTBYIOT WHBOJIOIMHU; K KOHILy ATOT0 TEpHOJa IMPOUC-
XOJIAT U3MEHEHUs, OMPEEIAIONMe HAYalIO0 MPOIECCOB CTAPEHUS W BKIIOUYAIOTCS
MEXaHU3MBbI, 00ECTICUNBAIOIITUE TIEPECTPONKY OpPTaHU3Ma U €T0 a/IalTalltIo;

10. Ilepuon 3penoro Bo3pacta (KEHIIMHBI — 36-55 net, Mmyx4uuHbl — 36-60
net). [lepnon makcumansHOTO TMpodeccrnoHammsma. Ilocie 35 mer oOHapykuBa-
I0TCS M3MEHEHHUS] HEKOTOPBIX (PU3HOJOTUYECKUX U OMOXMMUYECKUX peakiuil 00-

MEHa, KOTOpbIEC IPEAIIECTBYIOT HHBOJIOINH, OTIPEISIIAIONIEH MPOIECC CTapeHHS.
11. Ilepuoa noxxuinoro Bo3pacra (>KEHIIUHbBI — 56-75 JIeT, My>KUYuHbI — 61-

75 ner).
12. ITepuon crapueckuit Bo3pact (75-90 ner).

13. lonroxutenu (6onee 90 net). JloxKuBarOT 10 3TOro Bo3pacTa mpe-
UMYIIIECTBEHHO JKCHITUHBI.

Kpumuuecmte nepuodbz nocmHamaibHO20 OHMOZEHe3A.”



- Nepuo0 HOBOPOIHCOCHHOCHU.

82



- nepuoo nonosoeo cospesanus (12-16 ner);

- nepuoo nonooco yesaoanus, yracanus (PyHKIIUA MOJTOBBIX JKeJe3; y
KCHIIMH B Bo3pacTte 45-55 jieT HacTymaeT MeHOMay3a, WiIH KIMMaKC.

WMuauBuayaibHOE pa3BUTHE YEIOBEKA B MMOCTHATAIBHBIN MMEPHO]] BKIIIOYA-
€T CJIOXKHBIC SIBJICHUS, XapaKTEPU3YIOIIHECs] HEe TOJIbKO YBEIHMUECHHUEM pa3MEpOB
(pocrt), HO mporieccamu gudGepeHIpoBKH U hopMooOpazoBaHus (pa3BUTHE).

Poct — 310 yBEnmMueHne pasmMepoB Tena WM ero 4acter. B ocHoBe pocra
JIEKAT CIIETYIOIINE KIETOYHBIE ITPOLECCHL:

1. yBeJIMYEHUE YUCIA KIETOK — TUIEPILIa3Us;
2. yBeJMYEHHE pa3Mepa KIETOK — runepTpodus;

3. YBCIIMYCHUC MCIKKIICTOYHOTO BCIICCTBA — aKKPCI .

[TonsaTue pa3BUTHE BKIIOYAET B CEOsl KAK MUHUMYM JIBA OCHOBHBIX aCICK-
Ta: OMOJIOTMYECKHUH, KOT/Ia pedyb UAET O Pa3BUTUU TKaHEH, CUCTEM OPraHOB U
T.J. ¥ TIOBEJICHUYECKUM, KOTJIa peOCHOK OCBAaMBAET HABBIKU OOIICHUS U TOBEIE-
HUSL.

Poct ocoOu xapakrepusyerca nuO0 uzomempueit — paBHOMEPHBIM PO-
CTOM 4YacTel U OpPraHoB Tena, JH00 aniomempueil — HEPABHOMEPHBIM POCTOM
yacTeil Tena. AjuioMeTpusi ObIBaeT OTpHUIATENbHON (HAmpuUMep, 3amMeaJICHHbIN
POCT TOJIOBHI 110 OTHOIICHUIO K TEIy PeOeHKA) U noodxcumenvhou (Hanpumep,
YCKOPEHHBI POCT POroB y >kBauHbIX). CKOPOCTh pocTa ¢ BO3PACTOM, Kak Ipa-
BUJIO, CHUXKaeTcsa. JKUBOTHBIE ¢ HEONPEICICHHBIM POCTOM pAacTyT B TEUEHHUE
BCel JKM3HU (MOJUTIOCKH, paKOOOpa3HbIe, phIObI, 3eMHOBOJIHBIE). Y KUBOTHBIX C
OTIpe/ieNIEHHBIM POCTOM K OINpEEeIEHHOMY BO3pacTy pOCT MpeKpaulaercs (Hace-
KOMbI€, NMTHULIbI, MJeKonuTawomue). OQHaKo pe3Koill IpaHu MEXy OMpeesIeH-
HBbIM M HEOIPE/IEeJICHHBIM POCTOM HE CYyLIECTBYeT. UenoBeK, MICKONUTAOIINE,
OTHULBI TTOCTIE MPEKPALEHUST POCTa BCE e MOTYT HECKOJIBKO YBEITUYMBATHCS B
pa3Mmepax.

[Ipouecchl pocTa KOHTPOIMPYIOTCS T€HOTUIIOM, OJJHOBPEMEHHO 3aBHUCS OT
yclioBUl cpenbl. Temmbl mpupocTa 4YesloBeKa OOHAPYKHMBAIOT M3MEHYUBOCTH
(BO3pacTHy10, MOJIOBYIO, TPYNIIOBYIO, BHYTPUTPYIIIOBYIO WIIM UHIUBUIYATbHYIO
U 31oxanbHyt0). Hanbosiee BbicOKasi KOHCTaHTa pOCTa OTMEYAETCS B yTPOOHOM

nepuoae. [IpupocT B nepBblid rof )KU3HU — 24 CM; €KETOJTHOE YBEJIMYEHUE PO-
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cta 10 3 met — 10 cm; ¢ 3 7o 7 et — 6-6,5 cm; B myOepTaTHBIN epuoa — 5-7 cM.

C 10 o 14 ner neBoukH pacTyT 00Jjiee UHTEHCUBHO U OOTOHSIIOT MaJIbYMKOB, HO
nocie 14 ner MabuyuKku CHOBa CTaHOBSATCS BbilIe. [Iponecc pocra 3akaHUYUBaET-
csa 'y myxuuH B 18-20 net, y sxeHiuH — B 16-18 ser.

DHIIOTEPPUTOPUATIEHBIC PA3INYHs POCTA YEIOBEKa HE BCET/a CBS3AHBI C
reorpau4ecKuM MoJI0KEHUEM U KIMMATOM: Mabli pocT (Huxke 160 cM y Myx-
YUH) UMEIOT 3CKUMOCHI, OYpsTHI, BRETHAMIIbI, 00JIBIION pocT (BhIme 170 cm) —
HIOTJAHALBI, IBEJbI, )XKUTeNn bankanckoro nosyoctpoBa. CpeqHuil pocT mur-
MeeB-0amMOyTH, )XUBYIIUX B OacceitHe peku Konro Bcero 144 cm, a appukaniien
ieMeHu TyTcu u3 Pyanasl — 176,5 cM. DnoxanbHasi '3MEHYMBOCThH pOCTa Mpo-
SBIISIETCS B HaOMoAaBIelicst B XX B. aKcelepaliui.

Hacnenyercsa Takke peakliMd Ha U3MEHEHHUE YCJIOBUHM CpPEJbl, @ KOTOPbIX
IPOUCXOJUT POCT opranusmMa. Hampumep, poct neBoyek OoJjiee yCTOMUYMB K
HEJI0€/IaHNI0, YEM POCT MabUHUKOB. JJINTEIbHOE HEAOEJAaHUE B JIETCTBE MPUBO-
JUT K YIUIMHEHHIO TYJIOBUIIA U YKOPOUYEHHUIO HOT Y SIMOHIA U K IPSIMO MPOTUBO-
IOJIOKHBIM U3MEHEHUsIM Yy kutenst Adpuxu. [Jis HOpMaJIbHOTO MPOTEKAHUSA
IPOLIECCOB, O00ECIEUUBAIOLIUX POCT OpraHu3Ma, HeoOXoauMa IOJHOLICHHAs
NUIA, cofeprKaliast OelIKH, BATAMUHbI, MUHEPAJIbHBIE COJIM U MUKPO3JIEMEHTHI.

Ha poct n pa3BuTHE OpraHu3Ma €ro reHOTHII MOYKET OKa3blBaTh TAKXKe
OMOCPEAOBAHHOE BIUSHUE, YE€pPE3 CUHTE3 OMOJOTMYECKH AaKTUBHBIX BEIIECTB —
20PMOHO8. ITO — HEUPOCEKPETHI, BhIpaOAaThIBAEMbIE HEPBHBIMU KJIETKaMH, TOp-
MOHBI SHJOKPUHHBIX XkeJe3. ['OpMOHbI MOTYT BIUSATH Kak 11a 0OMEHHbIE TPOLIEC-
cbl (OMOCHHTE3), TAK U Ha SKCIPECCUIO APYTHX FE€HOB, B CBOIO OYEpPEIb OKa3bl-
BAIOIIMX BJIMSHUE HAa POCT. Mexay BCEMU SHIOKPUHHBIMHU JKEJI€3aMH CYIIe-
CTBYET B3aUMOCBSI3b, pEryJupyeMas Mo NPUHUHUITY 00paTHbIX cBA3el. Tak, rop-
MOHBI TUNIO(H3a BIUSIOT HA YHAOKPUHHYIO (QYHKLHIO MOJOBBIX XKeJle3, IIUTO-
BUJTHOM JKeJNie3bl U HAAMOYEYHUKOB. ['Mmodu3 BepabaThIBAET COMATOTPOITHBIN
TOPMOH, HEJIOCTATOK KOTOPOTO MPHUBOJUT K KapJUKOBOCTU — HaHU3MY, a U30bI-
TOK — K TUTAHTU3MY.

K OCHOBHBIM 3aKOHOMCPHOCTAM pOCTa U pa3BUTHUA OTHOCATCA:

® HeoOPaTUMOCTh (HEBO3MOXXHOCTH BO3BPAIICHUS K MIPEABIIYIIINM CTaTUSIM);

® [IOCTENEHHOCTH (CTaUH UAYT MOCIEN0BATEIBLHO OJHA 33 JPYIrOi);

84



® TreTepOXpOHHMS (pa3HbIE CUCTEMBI OPraHU3Ma PACTYT U Pa3BUBAIOTCS
HEOJJTHOBPEMEHHO;

® SHJIOT€HHOCTH (OTPakaeT TeHETHYECKYIO MPEIONPEAEIEHHOCTh PO-
CTOBBIX MPOLIECCOB);

®  WHAWBHUAYaTHLHOE pa3HOOOpa3ue (pe3yabTaT B3aMMOICHCTBHSI T€HOTH -
a ¢ OKpYykKaroleu cpeon);

® [MUKIMYHOCTB (T.e. HEC IIJIaBHO U ITIOCTCIICHHO, a HHKHaMI/I).
3aKOHOMepHI>IM OTAIIOM MHAUBUAYAJIBHOI'O PA3BUTUS ABJIICTCA CTAPCHUC.

I'MIIOTE3bI CTAPEHUA

Crapenue — 3T0 00I1IEOMONIOTMYECKUI TPOIECC YBSAJAHUS OpraHU3Ma,
CBOWCTBEHHBIN BCEMY KMBOMY. JTO 3aKJIFOUUTENBHBIN €CTECTBEHHBIN ATAIl OH-
TOr€HE3a, 3aKaH4YMBAIOIIMICA cMepThio. Hayka o crapocTy Ha3bIBaeTCsl TepOH-
Tosiorreil. OHa U3y4yaeT OCHOBHBIE 3aKOHOMEPHOCTH CTapEHUs, MPOSBIISIOIIHE-
Cs Ha BCEX YPOBHSX OpraHu3ali — OT MOJIEKYJISPHOTO 0 OPTraHU3MEHHOTO.
Pa3znen Menuiunbl, U3ydaromuii 00J€3HU CTaphIX JIIOJEH, Ha3bIBAETCSl repUapT-
puen.

Crapueckue U3MEHEHHsI 0OHApYKUBAIOTCS BHaYalle BO BHEIIHUX MPHU3HA-
Kax: TEpSeTCs SJACTUYHOCTh KOXKU (00pa3oBaHUE MOPIIUH), U3MEHSETCS 3pe-
HUE, CIyX, OCaHKa, (popma Teja U MPOIOPIUH, TOSIBISETCS CeUHA, YXYAIIAeTCS
namsaTh. Ha opranHoM ypoBHE y TOXKHWJIBIX MOHMKAETCS (PU3NUYECKasi CUjla U BbI-
HOCJIMBOCTb, CHUKAETCS KU3HECHHAsA €MKOCTh JIETKUX, ITOBBIIIAECTCS apTepHab-
HOE JIaBJICHUE, Pa3BUBAETCS aTepockiiepo3. HabmrogaeTcss MHBOMIONUSI TTOJIOBBIX
’KeJe3, MTOHMKAeTCI MHTEHCUBHOCTh OCHOBHOTO OOMEHa.

B KJIeTKax CHMIKAETCS KOJHMYSCTBO BOJBI, CHIDKaeTcs cuHTe3 ATD, ak-
TUBHBIM TPAHCHOPT MOHOB, aKTUBHOCTh OKHUCIUTEILHOTO (pocdopunvpoBanus,
dbepmenToB perunkanuu u penapanuu JIHK, B comaTudeckux kiaeTkax Hakar-
JIMBAIOTCS T€HHBIE U XPOMOCOMHBIE MYTALIUH.

IIporiecc cTapeHust HAXOUTCS MO TeHETUYECKUM KOHTpoJieM. Ha cero-
JTHSIITHUN JIeHb U3BeCTHO CBbIlIe 300 reHOB CTapeHMUsI.

B reponTosioruu u3BectHo He MeHee S00 rumotes3, 0OBACHSIONINX TEPBO-
NPUYUHY U MEXaHU3MbI CTapCHHUSI.
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OcHOBHbBIE THNIOTE3bI CTapeHus

1. DHooxkpunnaa meopua cmapenus, aBTOPbl KOTOPOM IOJaraiv, 4Tro
cTapeHue 00yCIIOBJIEHO yracaHUEeM JIeATeIbHOCTH SHIOKPUHHBIX *keie3. Hauano
et B XIX B. monoxun paniysckuii puzuoinor L. bpoyn-Cekap (1817 — 1894),
CYMTABILINM, YTO TJIABEHCTBYIOIIAs POJIb B IIPOLIECCE CTAPECHMS INMPUHAIIICKUT
MOJIOBBIM jkelie3aM. OnbIThl, MPOBEAEHHBIE M03ke aBcTpuiineM I'. [l reitHaxom

N OTCYCCTBCHHBIM YYCHBIM C.A. BOpOHOBBIM I10 BBCACHUIO B CTapeIOHII/Iﬁ opra-
HH3M II0JIOBBIX TOPMOHOB, IICPCCAAKC YCITIOBCKY OT 00e3pIH CCMCHHHMKOB, IIOKa-
3aJIM, 4TO IIOCJIC 3TOIr0 HACTYIIAaCT BPCMCHHOC «OMOJIOKCHHUC), HC CKA3bIBAIOIIC-
€CiA, OIHAKO, Ha 3aKOHOMCPHOM XOJC ITponccCa CTapCHUA B IIOCIICAYIOIICM.

2. Humokcuxayuonnas 2unomesza (MeunukoB, 1903). Crapenue
HACTyMAaeT IO BIUSHUEM IIPOIYKTOB THUCHHS B TOJCTOM KHUIIIEUYHUKE, B Opra-
HU3ME MPOUCXOAUT HAKOIJIEHWE TOKCHUYHBIX MPOAYKTOB a30THUCTOro OOMEHa,
HACTyMaeT caMoOoTpaBjeHUE. B HacTosIee Bpemsi XOpoIllo U3BECTEH OMOJIAXKH-
Baro Ui 3GGeKT pasHOOOPa3HBIX JIHUET, HAIIPaBJIECHHBIX Ha OCBOOOXKIECHUE Op-
raHu3ma oT nuiakoB. OHU TEMCTBUTENIBHO CIIOCOOCTBYIOT HOpMaIu3auu (PyHK-
I MHOTUX OPT'aHOB M CHCTEM, ITOBBIIIICHUIO YMCTBEHHOW U (prznueckoit pado-
TOCIIOCOOHOCTH.

3. T'unome3a nepenanpaxcenuna I[HC (I1aBmos, 1912, Cenne, 1938).
HepBHble MOTpsiCEHUs ¥ EPSHAIIPSDKEHUE BBI3BIBAIOT MIPEKICBPEMEHHOE CTAPCHHE.

4. CoedunumenvHomkanHnasn cunomesa. Hapynenue MeXTKaHEBBIX
B3aUMOJICCTBUHU.

5. I'enemuueckan 2unomesa. 1lpoucxoauT HAKOIUIEHHWE OLIMOOK IPH
permmukanun JJHK. IIporpamMmMHbIe rAIOTE3b OCHOBBIBAIOTCS HA TE€HETUYECKOU
JETEPMUHUPOBAHHOCTH IIpOLECCa CTapeHUs (B ONpPENEICHHOE BpeMs 3aIlyCKa-
I0TCSI MEXaHU3MBbI cTapeHusi). B opranusme reHeTH4ecKu 3amporpaMMHUpPOBAHO
yucino MuTo30B (50 s pudbpodiacToB koxu). KOHTposib OCylIeCTBIAsSETCS MpU
MOMOILIM CHELHUATbHBIX T€HOB WM TE€HETUYECKUX MporpamMMm. XOTA Bpems
HACTYIUICHHUSI CTapyeCKUX H3MEHEHHMH 3aBUCUT OT TE€HETHUYECKUX (PaKTOpOB,
TUMH (PaKTOpaMH HE SBISIOTCS CHEHAbHbIC T€HbI WK IPOTrPaMMa.

6. AdanmayuoHHO-pezyIAmoOpHAs meopus CMApeHus, paccMaTpuBa-

IOI1asl CTAPEHUE PE3YJIBTATOM PACCTPOMCTBA PETYIIATOPHBIX MEXAHU3MOB BCEX
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YPOBHEN M CHHKEHHEM B CBSI3M C 3TUM aJaNTAlMOHHBIX BO3MOYKHOCTEW opra-
Hu3Ma. Pymbinckuii yuenbiii K.M. [lapxoH ycmaTpuBan NpUYUHY CTApEeHUS B
pPacCTpPOMCTBE TKAHEBOW KOPPEJSIUU, CBA3aHHOM C TOPMOHAIBHBIMHA Hapylle-
HUSIMH.

7. HUmmynonozuueckon meopuu cmapenus. C BO3pACTOM ociadeBacT
AKTUBHOCTh HUMMYHOJIOTMYECKOTO anmnapara 1o OTCEMBAaHUIO COOCTBEHHBIX CTa-
PEIOIMX U MOBPEXKACHHBIX KIETOK. VX KOJIMYECTBO BCIEACTBHE 3TOr0 BO3pac-
TaeT, YTO MPHUBOJUT K HAPYIICHUSIM U OCIAOJIEHUIO JEATEIbHOCTH Pa3INYHbIX
cucteMm opranusma. Akagemuk M.I1. [1aBnoB u ero corpynauna M.K. Ilerposa
HoKa3anau OOJIbIIOE 3HAYEHHWE COCTOSIHUS IPYrOod PEryjasiTOpHOW HMHTETPUPYIO-
11el cucTemMsl (HEpBHOI) B MIPO(PUIAKTUKE MTPEKIEBPEMEHHOTO CTAPEHUSI.

EnuHON rumoTessl 10 CUX MOp HET. B 11e10M MEXaHU3M CTapeHHUsl 3aKIII0-
YaeTcsl B CJIOKHBIX B3aMMOJICHCTBUSIX T€HETHUECKUX, PETYISITOPHBIX, Tpoduye-
CKHX M3MeHeHui. CrapeHue paccMaTpuBaeTcs Kak IMpoLecc U3HOcCa OHOIoruye-
CKUX CTPYKTYp, @ HE TE€HETHUYECKHU IIPENONPEIECIIEHHOE camopaspylieHue. bruo-
JIOTUYECKHI CMBICI CTAPEHUS 3aKJII0YAETCA B TOM, YTO OHO JIETIAeT HEM30EKHOM
CMEPTb.

PeanbHas cpeaHsisi MPOJOKUTEIBHOCTh KU3HU YEJIOBEKA 3aBUCUT HE
CTOJIBKO OT OHMOJIOTHYECKHUX, CKOJIBKO OT COIMaNIbHBIX (hakTopoB. IloaTBepxe-
HUEM dTOMY SIBIITIOTCS HcTOopuueckue dakThl. Tak, B EBpomne cpemHss mpoao-
JKUTEIBHOCTD KU3HHM cocTaBisia: B XVI B. — 21 rog; B XVII B. — 26 jeT; B
XVIII B. — 34 rona; B Havasie XX B. gocturia 50 jet; B cepenune XX B. — 70
neT. B HacTosmiee BpeMs B pa3BUTHIX CTPaHaX OHA COCTaBJIsIeT puMepHo 70 et
IJISE MYXKYUH U OKOJIO 76 JIeT 1 *EHIIWH. V3BECTHBI Cllydah JOJTOKUTEIb-
ctBa: B 1951 r. ymep Ham cooreuectBeHHUK Bacunuit Tumkun B Bo3pacte 145
aet; B 60-x rr. XIX cronetus B Ilakucrane ymep BOXAb muieMeHn Maxmman
Ad3zan B Bo3pacte 180 ner.

[Ipeamnonaraercsi, 4ToO NMPU ONTUMAIIBHBIX YCIOBHIX OKPYKAIOIICH CpesIbl
CpEIHSIs TPOIOJDKUTEILHOCTD KU3HU YeJIOBEKa MOXKET JOCTUTHYTH 85 met. s
JaNTbHEUIIIET0 €€ YBEeIWYeHUs MOTpeOyroTcss OoJiee TIIyOOKHE 3HAHWUSI M paju-
KaJIbHOE BMEIIATEILCTBO B MEXaHU3MBI cTapeHus. K HacTosieMy BpeMeHH He
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yKa3bIBatOT BeauuuHbl OT 70 10 200 net. OgHako OONBIIMHCTBO WX HUX CXOJIAT-
Cs B TOM, 4TO OMOJIOTUYECKAs TTPOIODKUTEIHFHOCTD )KU3HU YeJIOBEKa MPEBbIIIa-
et 100 ner.

CMEPTb, KAK 3AKOHOMEPHbBIN 3TAII OHTOT'EHE3A

buonoruuecknii CMBICIT CTapeHUST COCTOUT M TOM, YTO OHO JIeJIaeT HEU3-
OCXHOM CMEepTh, 3aBEpIIAIOIIMNA AdTam KU3HU. CMepmb — 3TO TpPEKpalieHue
KHU3HEICATSIbHOCTH OpraHn3Ma, THOeNb ero Kak 000Cco0JeHHON KUBOU cHCTe-
MbI. Y MHOTOKJIETOYHBIX OPraHU3MOB CMEPTh OCOOU COMPOBOXKAAETCA 00pa3o-
BaHHEM MEPTBOTO Tena (y )KHBOTHBIX — TPYMa). Y OJHOKJIETOYHBIX OPTraHU3MOB
WHUBUyalIbHAS )KU3Hb MOXKET MPEKPATUTHCS HAPSTY CO CMepThio (0Opa3oBa-
HUE TpyMa) TakKe pa3AelieHueM Ha JIBe HOBble ocoOu. Hayka o cmepTu momy4u-
Jla Ha3BaHUE MAHAMOI02UU.

Hacrosimuii nepuoa xu3Hu Ha 3eMJI€ MPEACTABICH CMEHOM OTAECIbHBIX
JTUCKPETHBIX €IUHUI] — 0coOei. OHM HENOJITOBEYHBI, U TOJIBKO Ojarojaps pas-
MHOKEHUIO 00eCTICUrBACTCs MPOI0JDKCHHE )KU3HHA BUA.

Paznnuaror CCTCCTBCHHYIO CMCPTD ((1)I/I3I/IOJIOF HIIGCKYIO), HaCTYyIIaromyro B
PEIYILTATC MIUTCIIBHOT'O IOCTCIICHHOI'O yraCaHuA >KU3HCHHBIX (bYHKIII/Iﬁ opra-
HHU3Ma B IIPOLHCCCC CTAPCHUA, U IIPCKACBPECMCHHYIO CMCPTb, BBI3BIBACMYIO 00-
JIC3HAMU, ITOPAKCHHUCM JKU3HCHHO BA’KHBIX OPIraHOB.

CMepTB Y BBICHIUX MHOI'OKJICTOYHBIX — HC OTHOMOMCHTHOC SIBJICHHC. Omna
BKJIIFOYACT ABa 3Talla: KIIMHUYCCKYIO U 6I/IOJ'IOFI/I‘-IGCKYIO CMCPTh.

[Ipu3HakamMu KAUHUYECKOU cMepmu SABISIETCS MPEKPAIICHUE BaKHEUIIINX
KU3HEHHBIX (DYHKIIMI: TOTeps CO3HAHUs, MpEKpalieHue cepamneOuenus, apxa-
HUA U T. 1. OJTHAKO B 9TO BpeMs OOJBIITUHCTBO KJIETOK M OPTAaHOB €I11€ OCTAIOTCS
YKUBBIMU, UX OOMEH BEIIECTB COXPAHSIET YIOPSIT0YECHHOCTD.

3areM B TpyIle IOCTEIIEHHO PAa3BUBACTCSA OUOIO2UUECKASA CMEPHLb, CBS-
3aHHAs C MpeKpalleHueM caMOOOHOBIIEHHUS, YTPaTOil OOMEHOM BEIIECTB yNOpsi-
JIOYEHHOCTH, HACTYIJIEHUEM B KJIETKax ayTojiu3a (caMonepeBapUBaHUs) U pa3-
noxenus. [lepBoii morudaer Kkopa roJoBHOrO MO3ra: yepe3 5-8 MUH. mocie npe-
KpalieHus: KpoBooOpalieHusi B Heil HacTymaroT HeoOpaTuMelie mpouecchl. Ciy-
CTSI HEKOTOPOE BpeMsl MOTHOAI0T KIETKU MUTEIIHNS KUIIIEYHUKA, JIETKUX, Tede-
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HH, 3aTCEM CCp,ZIC‘IHOﬁ MBbIIINbLI X1 APYIUX OPraHOB. OTOT IMpoHeCC paCTATruBacTCA
Ha MHOI'O 4aCOB. HeKOTOpOC BpEMs y Tpylla IpOoAO0JDKACTCA MEPUCTAIbTUKA KU~
MC¢YHHKA, paCTyT BOJIOCHI, HOI'TH.

[Tpo10KUTETFHOCTE MPOIECCOB YMHUPAHUS OpraHu3Ma BhI3Bajia TIOTPEO-
HOCTh BBIPAOOTKH €AMHOTO W YAOOHOTO IJIsi BpadyeOHOW MPAKTUKH KPUTEPHS
cmeptu. C 310t nenbto B 1968 r. Meauku, IOPUCTHI, CIEHHAIUCTBI B 00JIACTH
ATUKH MHOTHX CTpaH cobpanuck B ['apBapickom yHuBepcutere. MiMu ObLT BBI-
paboTaH Tak HA3BIBAEMBIA «2APEAPOCKUIL KPUMEPUID) CMEPMU: CMEPMb MO32d
(6Kk0uas cmeos Mo32a, 20e Haxo0umcs OblXameJibHblll YeHmp) A81s1emcs Ceu-
0emebCmeomM CMepmu OPeanusMd, NPoAGIAUeNCs GHeuHe 8 OCIMAHOBKe Obl-
Xauus.

KnuHnueckast cMepTh MpeAcTaBiIsieT coO0M Kak Obl MEPEXOJIHOE COCTOS-
HUE MEXIY XKU3HBIO U CMEPThIO, KOT/1a MPU3HAKH )KU3HU YK€ OTCYTCTBYIOT, HO
TKaHU enle KuBbl. OpraHu3M U3 COCTOSIHUS KIIMHUYECKOW CMEPTH MOXHO BO3-
BPaTUTh K )KU3HU — peaHUMHPOBaTh. HO BEpHYTH K KU3HU MOXHO TOJIBKO B TOM
cilydae, Korja He IMOBPEKIEHbl >KU3HEHHO Ba)KHblE OpraHbl (IIpU CMEPTU OT
KPOBOIIOTEpH, MOPAXKEHUS DIEKTPUUYECKUM TOKOM, YTOIUIeHHs). B cimyuasx
CMEpPTHU OT paka, TyOepKyJie3a, HOBPEXKIECHUN cepAlla OPraHu3M HACTOJIbKO pa3-
pYLIEH JEeTEeHEPAaTUBHBIMH 3a00JEBaHHUSIMH, YTO TOCJE OXXHUBICHHUS (KOTOpOE
TEOPETUYECKH BO3MOXHO) OH HEMUHYEMO YMpPET CHOBA. Odcugienue yenoeexka
803MOIICHO UL 6 MeYeHUe 6-7 MUHYM ¢ MOMERMA HAYA1a KTUHUYECKOU

cMepmu, TIOKa HE HA4YaJIUCh HEOOpAaTUMBbIE MPOLIECCH B KOPE FOJIOBHOIO MO3Ta.
[IprHIMIBI peaHUMaNUK MIUPOKO BHEIPEHBI B MPAKTUKY XUPYPTHH, HAIPUMED
IIPH OllepalUsX Ha CepALe.
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BOIIPOCHI IJIs1 CAMOKOHTPOJIA:

1. Ha3oBuTe OCHOBHBIE IEPUOJIBI OHTOIEHE3A.
2. OxapakrepusyiTe SMOPUOHAIBHBIN IEPUOJT PA3BUTHUS XOPIOBbIX.

3. KakoBbI OCHOBHBIC OTIMYHS CTATUN JIPOOIEHUS, TaCTPYJISAIIUH, Hel-
PYJISIITUN, TUCTO M OpraHoTreHe3a?

4. B 4eM COCTOUT CYIIHOCTh TEOpUH TpedhopMmU3Ma U AUTCHE3a?

5. HazoBurte 0cCOOEHHOCTH 3MOPHUOHAIBHOTO PA3BUTHS YEJIOBEKA.

6. Urto Takoe MpOBU30pPHBIE OPraHbl MIEKOMUTAIOLINX ?

7. T'eHeTnyeckuil KOHTPOJIb SIMOpPUOTEHE3A.

8. HazoBure kpuTHUeCcKue Nepruobl SMOpUOTeHe3a.

9. KakoBbl 0COOEHHOCTH M MEPUOABI TOCTIMOPHUOHATBHOTO OHTOreHE3a?
10. OxapakTepu3yluTe OCHOBHBIE TUIIOTE3bI CTAPEHUS.

11. YTo Takoe KIMHUYECKass ¥ OMOJIOTHIECKAs CMEPTh?
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Jlekuda 5
I'EHHBIA YPOBEHDb OPI'AHU3AIINUA
HACJIEACTBEHHOI'O MATEPHAJIA
IJIAH JIEKIIUM:
1. CTPOEHUME MOJIEKYJIbI JHK.

2. OCHOBHBIE OTJIMYUA JHK OT PHK.

3. BUAbI U ®YHKIIUU PHK.

4. BAJKHEHMIINUE ®YHKIIMU JHK: XPAHEHUE, IEPEJAYA
N PEAJIM3ALIUSI TEHETUUECKOM UH®OPMAIIUM.

5. CTPYKTYPHO-®YHKIIMOHAJIBHASA OPI'"AHU3ALIUA
I'EHOB ITPOKAPHUOT N OYKAPHUOT.

6. PEI'YJisIIUA SKCIIPECCHUU I'EHOB.
7. DIIMI'EHETHUKA

8. BOITPOCHI IJIsA CAMOKOHTPOJIA.

HccnenoBanusi, HanmpaBlICHHbIE Ha BBIICHEHUE XUMHUUYECKOW IPUPOIBI
HACJIEICTBEHHOTO MaTepuaia MoKa3aiH, YTO MaTepHaIbHBIM CyOCTpaTOM T'€HOB
ABJISAOTCS HyKJIenHoBbIe KUCnoThl — JIHK n PHK. HykiiennoBsie KUCHOTBI — 3TO
MaKpPOMOJIEKYJIBI, T.€. OTIUYAOTCS OOJBIIION MOJIEKYJIIPHON MacCO.

B cTpykTypHOU opranuzanuu mosekysbl JIHK moxHO BbIIenuTh 3
ypoBHs: [lepBuyHas CTpykTypa — NOJIMHYKIEOTUAHAA LieNb BropuyHas
CTPYKTYypa — IB€ KOMIUIEMEHTAPHBIE APYT IPYTY U AaHTHUIIA-

PAJICIIBHBIC ITOJIMHYKJIICOTUIHBIC IICTIN

TpernuHas CTpyKTypa — TpEXMEpPHasi Cliupaib

CTPOEHME MOJIEKYJIbI IHK

JAHK — 310 monumep, cOCTOSIINUN U3 MOHOMEPOB — HYKJIEOTHIOB. Kax-
JbI HYKJIEOTH]T BKJIIOYAET TPU OCHOBHBIE KOMIIOHEHTA: a30TUCTOE OCHOBAHUE
(ameHuH, TYaHUH, ITUTO3WH, TUMHH, ypaIiui), caxap (1e30kcuprndo3a mwid prubdo-
3a), ocTaTok ocopHOit KuciaoThI (puc. 5.1).
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Ilepsuunaa cmpyxmypa /[HK

CoenuHeHue HYKJICOTHUJIOB B MAaKpOMOJIEKYJY HYKJIEHMHOBOW KHCIIOTHI
MIPOUCXOJIUT ITYTEM B3auMOeHCTBUS pochaTra 0JHOrO HYKIEOTH 1A C THAPOKCH-
JIOM JIpYToTo Tak, YTO MEXAY HUMHU ycTaHaBiauBaeTcs pochoaurdupHas cBA3b.

B pesynbraTe oOpasyercs MHOJMHYKJICOTHJIHAs LEeNb. Ba)XHO OTMETUTh, 4YTO
cOOpKa MOJUMNENTUIHOW LENU OCYIIECTBISIETCSI CTPOro B OJIHOM HAIpPaBJICHUH,
a UMEHHO, IyTeM NpucoennHeHus: (pochaTHON TpyIIibl, paclol0KEHHON B 5’-
MOJIOKEHUU TOCIIEIYIONIEr0 HYKJIEOTHAAa K 3 TMAPOKCWIBHOW TPYIIIE MpEebl-
IYLIEro HyKJICOTUAA.

Bmopuunaa cmpyxmypa /IHK

B 1953 r Yorcon u Kpuk npeacraBmim MOAENb 3-X MEPHOM MOJIEKYJIbI
JHK (puc. 5.2-A). 3a 3T0 OTKpbITHE B MOCIEAYIONIEM OHU OBUIA YAOCTOCHBI
HoOeneBckoil nmpemun. YueHble nmoka3aiu, 4To oco0eHHOCThIO Il cTpykTypHOI
opranuzauuu [IHK sBiseTca 1o, 4To B €€ cOCTaB BXOIAT 2 MOJUHYKICOTHIHBIC
LEMH, CBA3aHHBIE MEXKy COOOM B COOTBETCTBUE C MpaBUIAMU KOMILJIEMEHTAp-
HOCTH W aHTUHapaJieIbHOCTU. Komniemenmapnoe COEIMHEHUE O3HAYaeT BO3-
MO>XHOCTb 00pa30BaHMs CBSI3M MEXKIY MYyPUHOM U MUPUMHUIUHOM, a UMEHHO,
AnenuH (A) moxet cBa3biBaThCs ToJbKO ¢ TumunoM (T), a ['yanun (I, anri. G)

— toiibko ¢ lurozunom (LI, anrn. C) u naoboport. [1pu atom mexxay A u T o6pa-
3YIOTCS 2 BOJOPOJHBIE CBsI3U, a Mexky ' u L] — 3. barogaps komrmiiemeHTapHo-
CTHU COEIMHEHUS B LIENb YKCIO MypuHOB B MoJiekyne JJHK Bcerna paBHo uucity
MAPUMUJIUHOB, T.€.

A+ T =T+ 11— oto mpaBuiio Yapradda (1951 r.)

XOTsI BOOOPOHBIE CBA3U MEXKIY apaMH OCHOBAHUN OTHOCUTEJIBHO CJia-
Ob1, kaxxaas mosiekyna JIHK cogepxxut npubausuteasHo 3,3 Mapa. nap, Tak 4To

0
B pusnonoruveckux ycnosusix (T, pH) nenu Hukorna e pa3pbiBaroTCs.
Caxapo-ocdartnblii ocToB HaxoauTcs o nepudepun monexynsl JJHK, a

IMYPHUHOBLIC U TMPUMHUIWHOBBIC OCHOBAHWA — BHYTpPH.

Hpyroii BaxxHoi ocobeHHocThio MoJiekynbsl JIHK sBnsiercs anmunapan-
JIeIbHOCMb JIBYX COCTABISAIOLIMX €€ IENEeH, T.€. 5’— KOHEeI| OAHOM LIeNu COeau-
HSETCA C 3’ -KOHIOM JIPYTOil.
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Tpemuunasa cmpykmypa /[HK

JlaHHBIE PEHTTeHOCTPYKTYPHOTO aHaIM3a MoKas3aid, 9ro mojekyna JIHK
o0Opa3yeT MpaBO3aKpyYCHHYIO CIHpalbh JUAMETPOM 2 HM; JUIMHOW mmara — 3,4
HM. B kaxxaeiit BuTok Bxoaut 10 m.H. (puc. 5.2.-b).

JAHK jykapuom HeoOHOpOoOHaA NO (YHKUUOHATALHOU 3HAYUMOCMU WU
MOJKET OBITh MOJpa3jiesieHa Ha 3 Kiacca:

1. TloBTopstomiyecs MOCie10BaTeIbHOCTH (HE TPAHCKPUOUPYIOTCS)
BCTPEYAIOTCS B TEHOME J10 1 MJIH. pa3.

2. YMepeHHO MOBTOPSIOUIMECS MOCIEI0BATENBHOCTH (BCTPEYAIOTCA B T'e-
HoMe 107 - 10° pa3). Oto rensl TPHK 1 GenkoB, BXOJAIIUX B COCTaB pudOCOM,
xpomatuna u pPHK.

3. YHUKaIbHbIC YYaCTKU C HEMOBTOPSIOMUMHUCS COYCTAHUSIMHU HYKJICOTHIOB.
VY yenopeka yaukanpHbie yuacTku JJTHK cocraBmsroT He 6omee 10-15% ot
oOwel ammHbl Monekyisl JJTHK.

VYuukanbnble yyactku JIHK sBsitoTCS CTPYKTYpHONH OCHOBOM OOJIBIIMH-
CTBa T'€HOB YEJIOBEKAa, B KOTOPBIX 3aKOJUPOBAHA HMH(OpMaLUs O MEPBUYHOM
CcTpyKType noaunentuna. OTcroga CienyeT, 4To JKU3HEACSITEIBHOCTD OpraHu3Ma
0o0yCJIOBJIEHa, B OCHOBHOM, (DYHKIIMOHAJIbHOM aKTUBHOCTBIO YHHKAJIbHBIX
YYaCTKOB, T.€. TCHOB.

I'nasnaa ¢ynkyua /JJHK 3akniodaeTcs B TOM, YTO OHA IMpeIHA3HAYEHA
JUTSl XpaHEHHUsI U Tepeadyd HacJleICTBEHHOM HH(POPMALIUK B KJIETKaX Mpo- U 3y-
KapuoT. Y BUpPYcoB 3Ty ¢pyHKUMIO BeinoaHseT PHK.

OCHOBHBIE OTJIMYUA JTHK OT PHK

Ha pucynke 5.3. nmoka3aHbl NPUHIUIIHAIBHBIE OTJINYUS B CTPOCHUMU HYK-
nmenHoBbIX kuciaoT — JIHK u PHK.

1. Monekyna JIHK — nByxuenoueunas, monekyina PHK - onHouenoueunasi.

2. Ilo ctpoenuro PHK cxonna ¢ onnout u3 neneu JJHK, Tonpko BmMecTo
Tumuna, Bxoasumero B coctaB Mosekyibl JIHK B monexkyne PHK mpucyrcrByer
VYpauun (V) (MUpUMUANHOBBINA HYKJICOTH).

3. Mexny JHK u PHK cymecTBytoT paznnuuns B XapakTepe yrieBoja: B

JHK- nezoxcupu6o3a, B PHK — pubo3za. B ornuune ot JIHK, conepxanue k0-93



TOPOI'0 B KJIICTKEC ITOCTOAHHO, COACPKAHUEC B HUX PHK cuasHO xojebiieTcs u 3a-
BUCHUT OT HHTCHCUBHOCTH CHHTE3a OCIKa.

BU/Ibl U ®YHKIIUU PHK

B KjeTkax MpoKapuoT M 3yKapuoT npucyrctByeT okoJio 10 Buaos PHK.
CBsi3b MEXIy HYKJICOTHIAMHU OCYILIECTBIISIETCS, KaKk U B oaHou u3 nenen [JHK,
TO €CTh 4Uepe3 yriiepoa u octaTok (ochopHoi kuciaorel. B ornuume ot JIHK,
COAEPXKAaHUE KOTOPOU B KIETKAaX OTHOCHUTEIBHO MOCTOSIHHO, conaep:kanue PHK
kojebsercs. OHO MOBBITIIACTCS B KJIETKA BO BpeMs OMOCHHTE3a OelKa.

1. Pubocomnaa PHK (pPHK) — coctapmnser 85% ot Bceit PHK B kietke.
Jt1o0 cambie kpynHble Moiekyiasl PHK, B ux coctaB Bxoaut 3-5 ThICSY HYKJIEO-
TUJIOB, MOJIEKYJIsipHast macca nocruraer 1,0-1,5 mun. pPHK cunresupyercs Ha
CIEIUATFHBIX TeHaX B AJIPBIIIKE (SAPHIIIKOBBIN OPraHU3aTOP) U B KOMIUIEKCE C
oenkamu hopmupyet cyobenuuuibl pubocom. Ha pubocomax uaet cuntes Oen-
ka. Pubocomnass PHK, Bxonsias B coctaB IUTOIIIA3MAaTUYECKUX PUOOCOM Dy-
KapuoT, Ooublie 1o pazmepam, yeM pPHK pubocom npokaprot, MUTOXOHAPUNA

n tnactua. Oyukuun pPHK 3akmrouarorcs, npexje Bcero, B OpMHUpPOBAHUU
aKTUBHOTO IIEHTpa pUOOCOMBI M OOECIICYEHUU B3aMMOJCUCTBUS PUOOCOMBI U
TPHK.

2. Hngpopmauyuonnan PHK (uPHK), i mampuunas PHK (mPHK) —

coctaBisaeT 5% ot Bcert PHK B kieTke, KOMUUECTBO 3aBUCHUT OT CTaJUHU KJIECTOU-
HOTO IMKIIa. Tak, Mpyu UHTEHCUBHOM cUHTe3e OenkoB koyimuecTBo MPHK moBbI-
maetcs. Pasmepsl nPHK pasnuunbl, B 3aBUCMMOCTH OT 00beMa KOMUPYEMOM
uHpopmarmu. Monekynsl MPHK coctosar u3 300-3000 nykneotnaoB. CUHTE3U-
pytorcst uPHK B siipe, B mpouecce TpaHCKpUIIMHK (Y POKApUOT), a TaKKe Mpo-
neccuHra u craiicunra (y sykapuot). uPHK ygacTByeT B nmepeHnoce reneruue-
ckoil mHpopmaluu o cTpykrype 6enka ot JIHK x Mecty cuHTe3a Oenka Ha pu-
OO0COMBI.

3. I'emepozennasn aoepnas PHK (2aPHK) — cmech TPaHCKPUIITOB MHO-

I'nx AACPHBIX I'CHOB, JIOKAJIW30BaHa B AAPC. HCKOTOpBIG N3 HUX ABJIAIOTCA IICP-
BUYHBIMU TPAHCKpUIITAMHW N UMCIOT TAaKYIO K€ JTJIIMHY, KaK M I'CHbl, C KOTOPbIX
OHH CKOIIMPOBAHBI, APYIUC — YaCTUYHO ITOABCPITINCH IPOLUCCCHHTY U CIJIAICUH-
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Ty U yTPaTUJIU Psii UHTPOHOB, MpeBpaTUBIIUCH B 3pesbie MPHK.

4. Manvie saoepuvie PHK (maPHK, snRNA) — xopoTKue cTaOWIIbHBIE MO-

nekynsl PHK pasmepom okoso 400 HyKI€OTHAOB, OOIBITMHCTBO KOTOPHIX B CO-
CTaBe HYKJICONMPOTEHUIHBIX YACTHUIl MPUCYTCTBYIOT B siApe. OHM 0OHAPYKECHBI B
COCTaB€ CIIACOCOM MIICKOIMUTAIOIIUX. ODTO CTPYKTYpPbI, TNI€ HJIET MPOIECC
crutaiicuara. Otu PHK naszweBator U-PHK u3-3a HEoOBIUaiiHO 60BIIOTO COMEp-
KaHUS ypanuia u ero MoauduimpoBadHsix ¢hopm. HykimeoTumaapie mocienoBa-
tenbHOCTH Beex U-PHK mo3BoHOUHBIX coBnagaroT Ha 95%.

5. Tpancnopmnas PHK (mPHK) — cocrasiaser 10 % ot Bceii PHK B
kietke (puc. 5.4). Cymectsyet 6omee 40 BunoB TPHK. Monekynst TPHK cambie
KOpPOTKHE, cocTodT u3 76 nykneornaoB. TPHK comepxarcsa B LUTOIIIa3Me KIIET-
KU U 00pa3zyloT BTOPUYHYIO CTPYKTYPY, U3BECTHYIO TOJ HA3BAHUEM «KJIEBEP-
HBIM JuCcT» (hopma TpunucTHuKa). Ha oHOM KOHIIE HAaXOAUTCS TPUILIET HYK-
JICOTUOB (aHTUKOJIOH), KOAUPYIOIIUN OMpeeICHHYI0 aMUHOKHUCIoTy. Ha npy-
rOM KOHIIE UMEETCSl TPUIUIET HYKJICOTUAOB, K KOTOPOMY MPUCOETUHSIECTCS aMu-
HOKHCIO0Ta. B pesynbrare cnenuduueckoro Bzaumoericteus TPHK u cooTet-
CTBYIOLIEH aMHHOKHUCIOTHI BO3HUKaeT amuHoauwi-TPHK — monekyna, conmep-
JKallasi akTUBUPOBAHHBI AMUHOKHUCIIOTHBIA OCTAaTOK M COOTBETCTBYIOIIMM aH-
TUKOJIOH. JIt00ass aMUHOKHUCIIOTa, YYaCTBYIOIIAsl B CUHTE3€ OeiKa, MpUCoeauHs,-
ercsi k coorBercTBytomeid TPHK BHe puOOCOMBI C MOMOIIBIO CHEIHMATBHBIX
dbepmenToB, amuuoanmi-TPHK-cunteras (koma3). I[lpu komruieMeHTapHOCTH
tpuruiera T-PHK (antuxonona) u tpurnnera nPHK (komona), amuHokucioTa 3a-
HUMAET OTMPEJICTICHHOE MECTO B MOJIEKYJie OelKa.

6. MukpoPHK (mxPHK, miRNA), pazmep KOTOpbIX cocTBayisieT 21-22
HYKJICOTHJA - 3TO SHJOTE€HHbIE CAMOKOMILIEMEHTapHbIE ogHoLenouyeunbie PHK,
KOTOPbIE€ HHTHOUPYIOT TPAHCIISINIO UIIH YAAISIOT MOJIU(A)-XBOCTHI.

7. Manvie unmepgepupyrouwyue PHK (muPH, siRNA) — nByxuemnoyeu-

Hele PHK pa3zmepom 20-25 H., H0oaBASIONINE AKTUBHOCTh TEHOB BO BPEMS U I10-
CcJie TPAHCKPUIIIINH.

8. Manwie adpvimkosvie PHK (makPHK, snoRNA) npuHUMAaIOT y4yacTHe

B xumudeckorr Moaudukammu pPHK, TPHK, MmaPHK
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9. Puboszumot (kamanumuueckue PHK, cRNA) o61anaroT KaTaauTHde-

CKMM JEUCTBUEM, paciieruisisa Bece Buasl PHK

Basicno ommemums, umo 6ce éudvt PHK cunmesupytomces no mampuye

JTHK!

BAXKHEHIIUE ®YHKIUU JJHK: XPAHEHUE, IEPEJIJAUA
N PEAJIN3ALINA TEHETUUYECKOH UH®OPMAIIUA

1. Xpanenue zenemuueckoii uHhopmayuu - OCyu,ecCmensaemcs 6 euoe
2eHemu4ecKo20 Kooa.

Monexyna JIHK - HocuTenb Bceil reHeTUUeCKO MH(OpMAIUU B KIIETKE.
Crpyxrypa IHK - nHabGop nykneotunon. CieqoBaTelibHO, CTPYKTYPHOU €UHU-
nei reHoB sBisAtOTCS HyKiIeoTuabl (ATGC). CtpykTypHOM enuHulel OelIKoB
SBJIAIOTCS. aMUHOKHUCIOTHI. [lepBbIM O€NKOM, UIsi KOTOPOro OblIa OINpeseseHa
NOCJIEIOBATENBHOCTh AMUHOKHCIIOT, ObUT Oenok mHcyauHa. B monekyne JITHK
3amudppoBaHa uHGOpMaIUS O MOCIEAOBATEILHOCTH AMUHOKUCIIOT B TMOJIMUIIEI-
TUax (Wim O6eyikax) ¢ MOMOIIBI0 OMOJIOTHYECKOTO (MJIU TeHETUHYECKOTr0) KoJia.

I'enemuueckuii K00 — 3TO ONpEIEIEHHAs MOCIEN0BATEIBHOCTh HYKJIEO-
THUJIOB, KOTOPAsi COJIEPKUT HMH(POPMAIIUIO O MOCIEI0BATETLHOCTH AMUHOKHUCIIOT

B Mousiekysie mosmmnentunaa (puc. 5.5.). Kakum xe obpasom B monekyne JJHK
3amudpoBaHa nHGOpMaIUs O CTPYKType nosnunentuaa (oenka)? OTBET HA ATOT
Bonpoc O0bu1 Aad B 1961 rogy ®pancucom Kpukom.

®. Kpuk u ero Kosuieru npeanoyioxKuiu, 4To nHpopMaius 10KkHa ObITh
BBIpaKEHA yepe3 OJIOKU — KOAOHbI. OHH MPEANON0KIINA, YTO KOJOHBI JOJKHBI
BKJIIOYATh HE MEeHee 3-X HyKJIeoTu10B. [Touemy?

B nmpupone obnapyxeno 20 pa3aIudHBIX aMHUHOKHUCIIOT, U3 KOTOPBIX KOM-
TJICKTYIOTCS Bee Oenku. JIjis Toro, utoOs! 3ammudpoBats 20 BApUaHTOB aMHHO-
KHCIIOT, TEHETHICCKUN KO JO/DKCH BKITIOUNTh KaK MUHUMYM 3 HYKJICOTH/IA,

2
T.K. U3 ABYX HYKJICOTHJIOB MOKHO CKOMOMHUPOBATH TOJILKO 4 =16 BapuaHTOB,

3
a U3 TpeX HyKJIeOoTHI0B — 4 = 64 BapuaHTa.

[Tonnas pacmmdpoBka reHETUUECKOT0 Koja mpoBeaeHa B 60-x rogax XX
Beka. OKkazanock, 4yTo U3 64 BO3MOKHBIX BApHUAHTOB TPUILIETOB 61 KoaUpyeT
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pa3IMuYHbIE AMUHOKHUCIIOTHI, a 3 SBJSAIOTCA OeccMmbiCiieHHbIMH, uiau STOP-
konoHamu: UAG, UAA, UGA kogoHaMH, Ha KOTOPBIX MPEKpalIaeTCsl CUYNThIBA-
HUE HACJICACTBEHHOW MH(POPMAITHH.

CBolicTBa reHeTHYeCKOIro Koaa

1. Tpunaemuocms:. KaxAbI KOJAOH BKJIIOYAET 3 HYKJICOTH/ A,

2. YHlxl@epCClJleOC'mb.' Y BCCX JKXHUBBIX OPraHM3MOB, CYHICCTBYIOIIMX Ha
36MJ’IC, FeHETUYCCKUU KOJ OI[I/IHaKOBblf/'I, 4TO CBUACTCIBCTBYCT O CAMHCTBC IIPO-
HCXOXICHHUA BCCTO KNBOTO. KOI[OH AGA KOOIUPYCT aMUHOKHUCJIOTY apIriHHUH U

y OakTepuii, U y 4eoBeKa, U 'y BCETO KUBOTO.

3. Boipoorcoennocmo: 61 Tpuruier Ha 20 amuHOKHCTOT. OTCIONA CIIEAYeT,
YTO HEKOTOPbIC aMHUHOKHCIIOTHI JOJKHBI MU(GPOBATHCS HECKOJBKHMH TPHUILIC-
TaMH. DTO MMEET OYCHb BKHOE 3HAYCHHE, TIOCKOJIbKY 3aMeHa HYKJICOTHIIa He
BCEr/Ia MOYKET MPUBOJNUTH K 3aMEHE aMHUHOKHCIIOTHI). Hampumep, aMHHOKHCIIO-
Ty BanuH koaupytot yetebipe Tpuruiera: GTT, GTC, GTA, GTG.

4. Cneyughuynocmu: Kax]IbIi TPUILIIET COOTBETCTBYET TOJIBKO 1 aMuHO-
kuciore: GTT- tonsko BanuH. Kogon ATG siBiisieTcst cTapTOBBIM (METHOHUH).

5. Vuusepcanonocms: y BCEX JKUBBIX OPraHU3MOB, CYIIECTBYIOIIMX Ha
3emMJie, TeCHETUYECKHUI KOJ OJWHAKOBBIN, YTO CBUIETEIBCTBYET O €IMHCTBE MPO-
UCX0XIeHUs Bcero xkuBoro. Konon AGA koaupyeT aMUHOKHUCIIOTY aprUHUH U

y OakTepuii, U y 4e0BeKa, U 'y BCETO KUBOTO.

6. Henpepuvienocms u nenepekpvieaemocms (CUATHIBAETCS O€3 TIPOITYCKOB).

2. Ilepeoaua nacnedcmeennou uHhopmayuu — 0Cyusecmenaemcs ny-
mem penauxkayuu (camoeocnpouszeoocmea) /[HK.

Aptyp KopuGepr B 1956 mpoBen yHHKalbHbIE ONBITHI. OH CHHTE3MpOBAI
JHK in vitro, T.e. B npobupke. Pemnukauus (yasoenue) JAHK mpoucxogut B S-
nepuojie kieroyHoro mukia (S - sinthesis). B pe3synabTaTe M3 0gHOM MOJIEKYJIbI
JIHK oOpa3yroTcst 1Be MACHTUYHBbIE ABOWHbIE cniupanu. Kaxnaas u3 nByx nenen
MAaTEPUHCKON MOJIEKYJIBI CITY>KUT MaTpULEH 1 «aouepein». [locne pernkanun

B 00eHX IBOMHBIX CIHpAISIX OJIHA IEMOYKa — MaTEPUHCKAs, Ipyrasi - JOUEPHSISL.
Takoi cioco6 yasoenus monekyn JIHK Ha3piBaeTCs MOTyKOHCEPBATUBHBIM.

Pennukanus JIHK nHaunHaeTcs B CTpOro ONpeiesieHHbIX TOUKax, UMEI0-
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IIUX YHHUKAJIbHBIC TMOCJIEA0BATEIBHOCTH JUIMHON okojio 300 M.H., KOTOPYIO
Y3HAIOT CICIUAIbHBIC WHUIIMUPYIONIHE OCIKU. JTH YYaCTKH HA3BIBAIOTCS TOY-
kaMu Hadaia perumukanuu - (Ori — Origine - uCToYHUK). Y MPOKapUOT UMEETCS
oxHa Touka Ori, y 9yKapruoT UX MHOTO.

JBoitHas cnupans JIHK packpyunBaeTcss u 00pasyercsl peniukamuehasl
BUTIKA.

VYyacrok monekynsl JIHK oT Toukn Havyasia OTHOW PETUIMKALMK JO TOYKHU
HayaJia Jpyrou periuKalruy Ha3bIBACTCS PEHAUKOHOM.

B mpouecce pemnukanuu JJHK npuaumaeT yuactue MHOXKECTBO pepMeH-
TOB (puc.5.6).

1. IHK-2enuxaza pa3pbIBacT BOJOPOJIHBIE CBS3H U IBOMHAS CIIUPAJb pac-
MJIETAETCA.

2. [lecmabunuzupyrowue denxu CoequHsIoTcs ¢ ogaonenoueunor JTHK u
(bUKCUPYIOT ee.

3. B pe3ynbrare packpyuuBanus nenu JJHK Bo3Hukaer cynepcnmpannsa-
uus. AHK-monouzomepaza — PpepMeHT, KOTOPBIA pa3pbIBacT OJHY W3 Ienein
JAHK u naet eif BO3MOXHOCTb CBOOOJHO BpaIllaThCsl BOKPYT APYrou nemnu. IT1o
cHUMaeT HanpsbkeHue B cnupanu JJHK.

4. Hauano peruikanuu akTUBHUpYyeTcs KopoTkumu (pparmentamu PHK
(100-200 nykneoTHI0B), KOTOpbIe Ha3biBatOTCs PHK — 3ampaskou unu PHK-

npavumepamu.

5. JIHK - noaumepasza cuntesupyert 1enb JJHK ot mecta npucoenuuenus
PHK- 3arpaBku. HoBas niens cuHTE3UpyeTCsl B HampaBlieHUH OT 5° K 3° , T.K. 5
KOHEI[ TMOCJIEeAYIONEro HyKJIeOTHaa ¢ OcTaTKOM (pocopHOM KUCIOTHI TIPHUCO-
equnasieTcss K 3’OH-koHIly (TMAPOKCHIIbHAS TPyMMa) YXKe CHHTE3HUPOBAHHOTO
yuactka JIHK.

Cunre3 JHK nponcxoaut nmonyHenpepblBHO, TOCKOJIBKY Pa3JIMYArOT U~
oupyrowyio (6edywyio yenv) u omcmarowyro yens. Ha oTcTaroiei nenu cCuHTe-

supytorces gpaemenmol Oxazaxu nmuHo 1000-2000 HyKIETHIOB.

6. AHK-nueaza coequHseT (CIIMBAET) OTAETbHBIE (parMeHThl OKa3aku.
3a onuH mutoTrdeckuid nuka JJHK KI€TKH MOJTHOCTHIO peIUIULIPYETCS

TOJBKO oauH pa3. [loka nomHocThIO HE 3akoHunTCs perukanus JIHK, ve npo-
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HUCXOOUT ACJICHUSA KIICTKH.

Perukanus JIHK u npo- um 9ykapyoT B OCHOBHBIX Y€pTax IMPOTEKAET
cxoaHo. OfHAKO CKOPOCTh pPEIUTUKALMK y 3YKapHoT cocTaBisieT okojo 100
HYKJICOTH/IOB B CEKYH/IY, UTO Ha MOPSA0K HUXKE, yeM y npokapuoT (1000 H/cek).
D10 HeoOxomumo uis Bbicokod ToyHOcTH perumkaruu JIHK (1 ommOka Ha
100.000 mykmeotunoB). Ho 6maromaps Hanmmuuio MHOXKecTBa Touek Ori periu-
karus J{THK y sykapuoT mpoucxoauT 10CTaTOYHO OBICTPO.

3. Peanuzayus nacneocmeeHHOU UHPOpMaAYUU — OCYULECM 1AM CA
nymem ouocunmesa oeka.

Bech mporiecc peanuzanuy reHeTHIECKON HHPOPMAIMK MOXHO MpeCcTa-
BHUTh B BHJIC OYCHH MPOCTOM CXEMBI, KOTOpas Mojaydnia HazBaHue «lleHTpain-
Hasi JoTMa MOJIEKYJISIpHOM Ouosnorum» (puc. 5.7):

JTHK — PHK — 6eJjiok

TPAHCKPUTNILHUS TpaHCIAIMA

Tpanckpunius — [ aTan OuocunTe3a Genka.

Tpanckpunimsi — nNepeHoc reHeTUYecKord UH(pOpMaIUU C OINpeIeNICHHbBIX
yuactkoB JJHK — renos, na PHK.

I'en — 3mo yuacmoxk monekyaot /[HK, exnwouarowuii pecyaamophsie u
CMPYKHYpHble NOCe008AMEIbHOCHU U COOMEEN CIEYIOWUIL 00HOI eOUuHUYEe
mpanckpunyuu. B zenax 3axkooupoeana ungopmayua o cmpykmype oenka
(unu monexkynvt PHK).

CTPYKTYPHO-®YHKIHNOHAJIBHAS OPT'AHU3ALIUA
I'EHOB ITPOKAPHUOT U DYKAPUOT

['eneTnueckas cuctema IPOKAPUOT Ha3bIBAETCS OMepoHOM. OIepoH co-
JEPKUAT peryisTopuyto (HemHpopmaTuBHyto) vactb (10%) U CTpyKTypHYIO
(uapopmatuBHy10) — (90%) (puc. 5.8-A).

B cTpykTypHO# 4YacTu cojiepxutcsa uHpopmanus o0 OJTHOM WA He-
CKOJIBKUX Oeskax (MOJMUIUCTPOHHAs eIuHuIa TpaHCKpUMuu). Co CTpyKTYpHOIA
yactu cuutbiBaercs uPHK.

PeryasitTopHasi yacTh BKJIIOYAET IPOMOTOP, OMEPATOP U TEPMUHATOP —
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AIIEMEHTBI, KOTOphIE YIpaBisitoT padotoii reHa. [Ipomotop (P) — Touka y3HaBa-
HUsl Havyana (MHULUAALKUK) TpaHCKpunuuu. K naHHOMY y4acTKy HMPHUKPEIUIseTcs
depment PHK-nmomumepasa, cuntesupyroumit MPHK. Omneparop (O) moxet
OBITH CBA3aH C OEIKOM-PENPeccoOpoM, TOraa TPAHCKPHUIIKA 3a0JOKUPOBaHa, HO
€CJIM orepaTop CBOOOIEH, TPAHCKPUIILIUS BO3MOXKHA.

DTarbl TPAaHCKPUIIIIUK Y TIPOKAPUOT:

1 - uHunmanus - oOHapyxenue pepmentom PHK-nommmepazoit npomo-
TOpa U COeIMHEHHE ¢ HuUM. Y npokapuor PHK-nmommmepasa coctouT u3 nsatu
OenkoBbIXx enuHul. Yacte ¢depmenta PHK-mommmepasbl Ha3bpiBaeTcs cHIrma-
¢paxTopom. Curma-daxtop He0OX0IUM JIs y3HABAHUS MPOMOTOPa — 0c000T0
y4acTKa B Ha4yaJle I'eHa, yKa3bIBaromero Mecto cesasbiBanusa PHK-nommmepaser ¢
JIHK. PHK-nonmumepassl cunresupyer Bce Buasl PHK: MPHK, TPHK, pPHK.
Jist aktuBanmu PHK-nomumepasbl HeoOX0oauMO 00JIbIIOE KOTHMYECTBO OEIKOB,
KOTOpbIE€ Ha3bIBAIOTCS (pakTopamMu TpaHckpunuuu. OO0mume (axTopbl TpaH-
CKPHUIILUN OOBEIUHSAIOTCS B KOMILJIEKCHI.

2 - snoHranus — cuHte3 u yamuaenne nPHK.

3 - TCpMUHALIUSA — OCTAHOBKA TPAHCKPHIILIUH.

Yucno reHoB y 3yKapuoT JI0 CUX TTOp TOYHO HE OMPEAEIICHO U Mo NpubiIu-
3UTEIIBHBIM OLIEHKaM cocTaBiiieT 0KoJIo 30 Teic. ['eHeTMUEeCKas cucrema dyka-
pHOT Ha3bIBaeTcs TpaHckpunToHoMm (puc. 5.8-B). Ha nomio perynstopHoi ya-
ctu npuxoautcs 90%, crpykrypHor (nHpopmaruBHoi) — (10%) (puc. 5.9). B
OTJIMYUE OT T€HOB MPOKAPUOT PEryJslus TPAHCKPUIIUU y DYKApUOT 3HAYU-
TEJBLHO CJIOXKHEe. PerynaropHas 30Ha TpaHCKPUNTOHA MPEICTaBIACT PsJ IMO-
CJI€AOBATEIBHO PACIIOIOKEHHBIX MPOMOTOPOB M TEpMUHATOPOB. Kpome Toro,
100 B COCTaBE T'€HA, HO Yallle - Ha HEKOTOPOM PACCTOSIHUU OT TPOMOTOPA Y DY-
KapUOT UMEETCSI PETYJISITOPHBINA 3JIEMEHT, B KOTOPOM JIOKAJIM3YIOTCS CIIEUAIb-
HbIE YYACTKU: SHXAHCEPHI — YCUIIMTENHN TPAHCKPHUIILINH, CAlJIEHCEPbl — FrAaCUTEIIN
TPAHCKPUTIIUHU, HHCYJISTOPHI — YYaCTKH, BBITIOJIHSAIOIINE (PYHKIIUU OTIEPATOPOB

y TPOKapHoT, T.€. BKIIOYAIONIUE WU OJOKHPYIOUIUE PEryJsiui0 TPAHCKPHII-
uuu. PerynsiTopHble 3JIEMEHTHI y 3YKApUOT MOTYT BJIMATH HA CKOPOCTh TpaH-
CKPUIILINH, TAKE €CIIM OHU PACTIOJIOKEHBI 3a THICSYM AP HYKJICOTUAOB OT IPO-

Motopa. Perynsaropnsie yuactku JJHK ciyxart Mmecramu 11l y3HaBaHus U CBS-
100
3bIBAHMSI C PETYJISITOPHBIMH Oenkamu, aktuBupyromumu PHK-nmomumepasy, a
peryasToOpHble O€NKH, B CBOIO O4Yepe/lb, MOT'YT aKTUBUPOBATHCS MTyTEM CBSI3bIBa-
HUS C TOPMOHAMU. DHXaHCep MOXKET 00J1a/1aTh TKaHe- U BUAOCTEUU(PUUHOCTBIO.

CTPYKTYpHOM 0O0JIaCTU TEHOB AYKApUOT 3aKOJIWpoBaHa HWHQopMarus
TOJBKO 00 ojlHOM Oesike. CTPYKTYpHBIM y4acTOK UMEET MO3anyHOE («IIPEPHIBU-



CTO€») CTPOEHUE, T.€. KOJAUPYIOUIUE YYACTKH — 3K30HBI YEPEAYIOTCS C HEKOAU-
PYIOIIMMHU  TIOCJIEIOBATEIBLHOCTSIMU  HYKJICOTUJIOB — HHTPOHaMH (IK30H-
WHTPOHHASI OpTaHu3aIusl).

Imanvl MPAHCKPUNYUU 2€HO8 IYKAPUONL.:

1 — uannumanus — coequHenue npomoropa ¢ PHK-nonmumepaszoit, coopka
CII0)KHOTO (DEPMEHTHOTO U OENKOBOIO KOMILUIEKCA Ha PEryNATOPHBIX ydacTKax
JIHK u nagano nporecca. PHK-monmmepass 3ykapuoT UMEIOT OOJIBIITYIO MOJIe-
KyJsipHyto maccy, yeM PHK-nonnmepassl mpokapuoT u coctoar u3 8-12 cyOsb-
€AUHUL. Y 3yKapuoT UMeeTcsl TpH pasHble nosumepasbl — PHK-nonmmnmepassr I,
IT u III, xaxas U3 KOTOPBIX TPAHCKPUOUPYET pa3Hble KaTErOpUM I'eHOB, a TaK-
xe ocoObie PHK—monrmepasbsl MUTOXOHIPUN U XJIOPOILIACTOB:

e PHK-nonumepasa [ — tpanckpubupyet rensl aist pudbocomanbHbix PHK
(pPHK);

e PHK-nonumepasa Il — renst mia cunresa 6enkos (MPHK) u renst ais
manbix PHK sapa (MssPHK);

e PHK-nonumepasa Il — tpanckpuOupyet rensl s TpancnopTHeix PHK
(TPHK), pubocomanbubix 5SS PHK, mansix PHK u np.

2 - ononramus — cuate3 npe-uPHK — nepsuunoro PHK-tpanckpumnra.
3 — IIPOIIECCHHT | CIUIAHCHHT.
N— TepMuHanns — OCTaHOBKA TPAHCKPUIILIUY.

M 3yKapuOoT B MpOIECCE TPAHCKPUIIIIMU BHAYAJIE CUHTE3UPYETCs OOoJbIIas
Monekyna npe-uPHK - nepsuunviu PHK-mpanckpunm. B HeM cOaep >XUTCS UH-

dbopmarus ¥ ¢ 9K30HOB, U C UHTPOHOB. 3aT€M B SAPE KIETKH MPOUCXOUT TOCT-
TpaHckpunimonHas mogudukanus PHK — npoyeccune.

[IporieccHT BKITIOYAET CIICAYIONINE TPEOOPa30BAHHUS:

Yy éblpe3anue NHTPOHOB.
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B cmaaticunz — coeTMHEHNE DK30HOB.

Cmnaiicuar PHK nmpoucxomut B siape mo mepe odOpaszoBanuss PHK Ha
JAHK-matpuie. B 4ncio KOMIIOHEHTOB, KaTAIM3UPYIOMIMX IPOLIECC CIIJIAaNCHH-
ra, BXomaT manste aoepusvie PHK (MsPHK) u necsatku 6enkoB, obGmagaroniux
(bepMEHTaTUBHON aKTUBHOCTHIO, HEOOXOAUMBIX JJis1 3((HEKTUBHOTO CILIaiiCHH-
ra. Otu Oenku, cBs3anHbie ¢ MIPHK, oOpa3yiotr pubonyxkieonpomeuonsvie ua-
cmuyst (MaPHK) (puc. 5.9). Mecto coenuHeHHs] WHTPOH/?K30H Yy3HAETCS
MaPHK. Ha rpanuiie ”HTpPOHOB M 3K30HOB CYIIECTBYIOT CUTHAJIBHBIE TIOCIENO-
BaTEJIbHOCTH HYKJICOTH0B ['Y B oOmacTu 5'-koHna naTpoHa u AI' B o6mactu 3’
koHua. Ctpykrypsl (MPHK cBs3anHbie ¢ Oenkom) 3aTeM coOMparoTCsi BMECTE,
o0pa3sys OoJiee KpyMHBIA KOMILIEKC, Ha3bIBAEMbBIA CHIAICOCOMOIL, KOTOpas OT-
BEYAET 3a CIUIANCUHT U yAaJIeHUe UHTPOHOB. DK30HBI «CIIMBAIOTCS», 00pa3ys B
utore 3peinyto Monekyiny MPHK, koropass Tpancnoptupyerca u3 siijpa B LIUTO-
1a3my.

B konupoeanue 5’-koHua Lenu - o0pa3oBaHUE «KOJIMAaykay ( K3Ma) Ha
'S-xonnie n”PHK myTteM mnpucoenvHeHus K mepBoMy HyKJIeoTuay Tpudocdar
HYKJICO3H/1a, COJIepIKaIlero ryanuH cBs3bio 5S'- 5" (puc. 5.10). Kan npegoxpans-
et MPHK ot neiictBus 5'-3HA0HYKII€a3, KOrJa OHA NEPEXOAUT B LUTOILIA3MY, a
Takke ooecnieunBaeT y3HaBanue MPHK manoii cyObenununein pudocomsi.

B Ilonuadenunuposanue 3’ ydactka uPHK -— npucoeannenue mnocie-
noBaTenbHOCTH, cocTosmer u3 100-200 ocTtaTkoB ageHMIOBOM KHUCIOTHI — IIO-
J1-A-XBOCT, KOTOPBIN omnpenenser crabmwibHocTh MPHK 1 Bpems ee xu3Hu B
kietke (cm. puc. 5.10). Kpome Toro, y aykapuoT mosin-A-XBOCT BO3MOXKHO CITO-
cobctByet Bhixoay MPHK u3 sigpa B mutomnasmy, a Takke HEOOXOIUM IIJIsl pe-
ryjsanuu Tpanckpunuuu MPHK.

AJNbTePHATHUBHBIN CIVIAUCUHHT

Heckoibko 3kx30H0B, coaepxkamuxca B MPHK, moryr cuimBatbcs B pas-
HBIX KOMOMHAIMSAX ¢ 00pa30BAHUEM PA3IMYHBIX MATPUYHBIX MOCIEI0BATEIBHO-
crelt (puc. 5.11). AnbTepHATUBHBINA CIUTAMCUHT TO3BOJISIET OPraHU3MY CUHTE3H-
pOBaTh pa3HbIE MO CTPYKTYpPE M CBOWCTBAM O€JIKM Ha 0aze OJHOro reHa. AJb-
TEPHATUBHBIN CIUIACUHT MOKET MPOXOJAUTH PA3HBIMU CITIOCOOAMH:

B C MCITOJIb30BAHUEM Pa3HBIX TPOMOTOPOB Ipu cuHTe3€e pazHbix MPHK Ha
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onnoi matpuiie JIHK. B aTom citydae oO6pa3yroTcst TpaHCKPHUIIThI, UMEIOIIHE
pa3HbI€ MO JIMHE 5'-KOHUBI U Pa3HOE KOJIMYECTBO SK30HOB;

B IIYyTCM U3MCHCHUA ITOJIOKCHUA TOUYKH Ha4dajla TPAHCKPUIILNUN,

B BBIOOpPOM pa3IMYHBIX FK30HOB U3 0nHaKoBbIX HPHK.

PETYJIAIIUA DKCIIPECCUU I'EHOB

OKcnpeccHs TEHOB HA4YMHAETCS ¢ MOMEHTA CBSI3bIBaHUS MPOMOTOpA C
depmentom Tpanckpunimn — PHK-nonumepasoii. [Ipy mno3uTHBHOM KOHTpOJIE
orneparop HaXOAUTCS IMepea MPOMOTOPOM, PETYISATOPHBIN OENOK, MPUCOEIUHS -
ACh K orneparopy, obserdaer cBaspiBanue ¢ HuM PHK-monnmepassl, 3amyckas,
TE€M CaMbIM, TpaHCKpUIKIO. [Ipr 3TOM perynasTopHblil OeI0OK Ha3bIBaeTCs OeJi-
KOM-allOMHAYKTOPOM. IIpy HeraTuBHOM KOHTPOJIE OIIEpaTOp HAXOIAUTCS I10-
clie MPOMOTOpA, M, B3aUMOJICHCTBYS C PEryISTOPHBIM OEJIKOM, MPEMSTCTBYET
cBaspiBaHu0 PHK-nosmmMepassl ¢ IpOMOTOPOM, OCTaHABIIMBAs TPAHCKPHUIILIHIO.

C 2TOM CJIy4ae peryJaTOPHBINA O€I0K Ha3bIBACTCS HEJTKOM-PeNpeccopoM.
PaccMoTpuM KilacCHYECKyIo CXeMy Peryssiuu paboThl (SKCIIPeccun) re-

HOB NPOKAapHOT HA npumepe He2amuenou pezyaayuu (WM HETaTUBHOIO KOH-
TPOJIsl) TAKTO3HOTO ONEpOHa y OakTepuu KuieyHo nanodku E.coli. DTa cxema
ObL1a npeyioxkeHa ppaHiry3ckumMu yueHbiMu JKakooom u Mono B 1961 1.

6. cocTaB JakTO3HOTo onepona (lac-ornepoHa) BXOAAT TPU CTPYKTYPHBIX
rera ( lac Z, lac Y, lac A). Ilpoaykramu cTpykTypHbIX TeHOB lac Y u lac Z siB-
JSIFOTCST PEPMEHTBI, 00CCIICYMBAIOIINE TPAHCIIOPTUPOBKY U PACHICIUICHHUE JIAK-
TO3BI, a MPOJYKT T'eHa lac A mpeBpamaer JakTo3y B aJUI0-JIAKTO3Y, CBS3BIBAIO-
HIYIOCS ¢ OCIIKOM-PENPECCOPOM U, CIICAOBATEIILHO, SIBIISIONLYIOCS HHIYKTOPOM
JAKTO3HOTO onepoHa (puc. 5.12).

Bbenok-penpeccop Onokupyer omepaTop, onepoH He paboraer. Eciu B
KJIETKY TOCTYyMaeT WHAYKTOp - JIaKTO3a, TO OH CBSI3BIBAET OEIOK—pErpeccop.
Omneparop ocBoOoOXkAaeTCs, MpoucxoauT cunThiBanue uHpopmanuu ¢ JJHK nHa
MPHK, 3amyckaercs Ouocunte3 Oenka — depmenTta. Hakoruienue depmenta
NPUBOIUT K Pa3pylICHUI0 MHIYKTOpa - JIAKTO3HI. bermok—penpeccop 0cBOOOXK-
JIaeTCsl, orepaTop OJIOKUPYETCs U padoTa ONepOHa OCTaHABINBACTCS.

Jlpyroii TUII peryJisuuu Mo THILY penpeccur 0OHAPYKEH MPU N3YICHUU
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TpUNTOGaHOBOI0 ONEPOHA. DTOT ONMEPOH COJEPKUT IeHbl (HEPMEHTOB, y4acT-
BYIOIIMX B OMOCHHTE3€ aMUHOKHUCIIOTH TpunTodan. B oTnuuue ot makTo3Horo,
TpUNTO(haHOBBIN OMEPOH MOAABISIECTCA TPUNITOPAHOM: MPU HATUYUH TpUNITOPa-
Ha OH M3MEHAET KoH(opMaIuio Oenka-pernpeccopa u No3BoJIsieT eMy CBI3aThCs

7.0mepaTopoM, TPAHCKPHUIIIUS UHTHOUpyeTcs (B JaHHOM ciydae TpuntodaH -
Kopenpeccop, OeJI0K-pernpeccop — anmopenpeccop); B OTCYTCTBUE TpunTohaHa
OesoK-pernpeccop pacmnaaaeTcss Ha MOHOMEPHI U CTAaHOBUTCS HE aKTHUBEH, Olepa-
Top He 3abnokupoBad, PHK-nonumepasa cBsizbiBaeTcst ¢ MpOMOTOPOM M HAUM-
HAET TPAHCKPUIIIUIO CTPYKTYPHBIX T€HOB, IPOUCXOAUT CUHTE3 TpUNTO(haHa.

Kak u y npokapuot, peryisiuusi TpPaHCKPUIIUK Y 3YKapUOT ONOCpEeI0BaHa
JIHK - OenxoBeIMU B3aMMOACHCTBUSAMU. BeJIKH NMO3MTHBHOM H HEraTHBHOM
PeryJisiliii CBsI3BIBAIOTCS co crneruduyeckumu obnactsmu JIHK u crumymnm-
pYIOT, WIH HWHTHOWPYIOT, TPAHCKPHUMIMIO. ['pymnmy Takmx OEIKOB HA3BIBAIOT
TPAHCKPUNIIMOHHBIMH (pakTOpaMu. VHIyKIMSI TEHHON SKCIPECCUU MOXKET ObITh
oOycroBiieHa BIMsSHUEM (aKTOPOB BHEITHEH Cpelbl: TEMIIepaTyphl, CBETA, a TAKKe
neicTBueM  (aKTOPOB  BHYTPEHHEH Cpelbl, TaKuX KaKk TOPMOHBL. Y
MHOTOKJIETOYHBIX 3YKApUOT OJWH THUIl KJIETOK MOXET I0JaBaTh CUTHAI JAPYTrOMY
IyTEM CEKPELUMU TOPMOHOB. ['OpMOHBI HMPKYIUPYIOT MO Tedy. Pa3zHble TOpMO-HBI
MIPOHUKAIOT B pa3HbIC KIETKHU, BCTyNass B KOHTAKT C COOTBETCTBYIOLIMMH II€-
JIEBBIMH KJICTKAMH U 3aT€M HHHUIUHPYIOT CEPHIO0 COOBITHI, KOTOPBIE PETYIUPY-IOT
DKCIIPECCUIO OMNpPECICHHBIX TKaHecTenn(PruuecKnx reHoB. B aMOpHOHaIb-HBIHA
MepUo A Pa3BUTHA OCOOCH TOPMOHBI SBIAIOTCA OMHHM H3 (akTopoB mudde-
PEHIIMPOBKH KJICTOK.

CxeMaTnyHO reHHasl SKCIPECCHs Y 3YKapHOT MOKET PETYJIMPOBATHCS HA
HECKOJIBKHAX YPOBHSX:

Perymsinusa ypoBHa komnaktuzanuu Monekynsl [JHK B Buae syxpoma-
TUHA UK retepoxpomMatrHa. Ha atom ypoBHe paboTtatoT pepMeHThI, Moaudu-
HUPYIOIIHE OEKOBBIE MOJEKYJIbI TUCTOHOB, YTO MO3BOJISIET OCYLIECTBIATH JO-
cTynl (epMEHTOB TPAHCKPUIILUHU K OINpeNeJeHHbIM IT'eHaM. B HacTosiee BpeMs
TOMY YPOBHIO IpHaaercs Bce Oosbliee 3HaueHue. [Iporieccsl Moaugpukanum
rucToHoB u MeruaupoBanus JIHK n3yyaer HoBOe HanpaBieHUE F€HETUKU —
IMUTEHETUKA (CM. HIXKE).

[IepBUYHBIA KOHTPOJIb MHULMALIMN TPAHCKPUIILUHU C YYACTUEM PETYJISA-

104



TopHbIX 3neMeHToB JIHK u 6enkoBbix hakTopoB.

Perymsimusa dopmupoBanusa matpuydot PHK - nporieccunr tpanckpuri-
ta B 3penyto MPHK. Paznuunsie popmel MPHK 06b14HO monyuatotes u3 0aHOTO

7.TOro e re’La IIyTEM aJIbTCPHATUBHOI'O CILIaMCHHTIA.

KoHnTposb ¢ ydacTreM 0COOBIX MOJEKYJ MajblX WHTep(EepUpPYIONIIX
PHK (MuPHK ot anrn. small interfering RNA wumu siPHK), cmoco6HbIx kKOM-
TUIEMEHTAPHO CBS3BIBATHCS C TIOJABIISIEMBIM T€HOM HIIH €70 TPAHCKPHUIITOM -

uHTepdepenuuonnon PHK.

PHK-unTepdepeHunss — 3T0 crnoco0 ynpaBieHHs] aKTUBHOCTbIO T'€HOB
IIOCPEACTBOM KOpOTKHX AByxuenodeunsix PHK, nx HazBanu masable unTepde-

pupyrwmue PHK (MuPHK ot anrn. small interfering RNA wiu siPHK). Tlpu
ATOM MPOUCXOAUT BBHIOOPOUHAS JIeTpajlaliis WM UHTUOMPOBAHHUE TPAHCISAIUU
onpeneneHubix MPHK, kommnementapusix MUPHK. MuPHK sBnsitoTcst KOopoT-
KUMU ABycnupainbHbiMu Mosiekyinamu PHK, cocrosmmmu u3 21-23 napsl ocHo-
Banuil. [lonanas B kietky monekynsl MUPHK narot curnan pabote psiga dep-
MEHTOB, KOTOPBIE Pa3pe3ar0T KOMIUIEMEHTAapHYK oaHouenodeuynyro MPHK Ha
OT/IeJIbHbIC (DparMEHTHl U yNAJAIOT U3 Hee MOJyIeKallue JUKBUIAINN YYACTKH.
Copnepskarniasics B 9TUX y4acTkax uHdopmaius He nepenaercs pudocomam. PHK

— uHTephEPEeHINS MOXKET pa3pyllaTh FreHETUYECKUM MaTepral TOMaIaloliuX B
KJIETKY BUPYCOB, YHUUTOKAET MMOJBHKHBIEC SJIEMEHTBI €r0 TEHOMA U yYaCTBYET B
peryisiuu sKkcnpeccun GyHKIUOHAIBHBIX T€HOB, OJOKHpYs ux padoty. Tem
CaMbIM OCYIIIECTBIIACTCS OCOOBIN BUJI BHYTPUKIECTOYHOTO UMMYHHUTETA C TIOMO-
o MoJiekyn PHK. Taxxe MmuPHK MmoryT cBA3bIBaThCS ¢ KOMILUIEMEHTAPHBIMU
yuyactkamu JIHK u u3MeHATh CTpyKTypy XpoMaTHHa.

KonTposis Ha ypoBHE TpaHCcasiuuu nyteM peaakTuposanuss MPHK.

KOHTpOoIb HA TOCTTPAHCIALMOHHOM YPOBHE.
Tpancassuus

TpaHcisius — BAXKHEHIINWN dTall peau3alid F'€HETUYECKON IPOrpaMMBbl
KJIETOK, B TPOIECCe KOTOPOro HHGOpMalus, 3aKOJUPOBaHHAs B IMEPBUYHON
CTPYKTYp€ HYKJICUHOBBIX KHUCJIOT, IIEPEBOAUTCS B aMUHOKHUCIIOTHYIO IIOCJIENO-
BaTEJIbHOCTh CUHTE3UPYEMbIX OEJIKOB, TaK K€ OTHOCHUTCS K peakUusM MaTpHy-

HOTO cuHTe3a. TpaHcisanus (cuHTe3 O6enka) y 9yKapruoT MPOUCXOIUT BHE KIle-
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TOYHOTO siipa B pubocomMax B LIUTOILIA3ME.

Tpancsmus BkarovaeT 3 (as3pl: HHALUAIMS, SJIOHTAMs ¥ TEPMHHALIHS
CUHTE3a OeKa.

Nuaunuanus — dasza Hayana cuHTe3a nojumnentuaa (puc. 5.13-A). Pubo-
coMa B TIPOIIECCe TPAHCIISAIMH BBITTOTHIET Pl (OYHKITHIA:
R cBa3bIBaeT U ynepxusaeT MPHK;

R B3aumozeictByet ¢ amuHoamia-TPHK, ocymecTsiser cunTes nentu-
HOM CBSI3H;

‘R yepKuUBaeT pacTylluid MNOJHUIENTHA, y4acTByeT B ruaposuze ['TD
(ryanusuntpudocdara) u npoasuraercs no MPHK, B3aumozneiictByer ¢ OGenka-
MU — (aKTOpaMH TPAHCISLUU.

B npucyrctBun uPHK npoucxonut obbenunenue cybuactuil pudbocom,
dopMmupyetcst pubocoma, B COCTaBe KOTOPOil paznuyaroT nentuauiabHbiid (I1) u
aMUHOAWIbHBIA (A) 1eHTphl. B amuHoanuiabHOM A-ydacTKe pacrojaraercs
amuHoanwI-TPHK, Hecymas onpeneneHHyr0 aMMHOKHUCIIOTY. B nentuauibHOM
[T-yugactke pacnonaraercss TPHK, koTopas HarpyxeHa 1EermoYkol aMUHOKHUCIIOT,
COEIMHEHHBIX NMENTUAHBIMU CBs3siMU. [Iponcxoaut npucoeanHeHue K pudoco-
Me niepor amuHoaruin-TPHK.

@epMEHTOM, YYaCTBYIOIIHUM B PEAKIIUU IPUCOEIUHEHUS AMUHOKHCIIOTHI K
TPHK B nnronnasme, seinserca kogasa (T-PHK cunterasa). IIponecc y3Haa-
Hus MoJiekysion TPHK cBoeli aMMHOKHCIIOTHI HAa3bIBAETCS PEKOTrHULH .

VY sykapuor MPHK mmeer TonbkO OAMH ydacTOK Hadana TPAHCISALMMU.
[lepBbiii OT 5'-koHIIAa AYI'-KOJIOH OKa3bIBa€TCA MHULMHUPYIOMKUM. OH KOAUPYET
CTapTOBYIO AMUHOKHUCJIOTY — METHOHHH. EJMHCTBEHHBIM OOILENPHUHSITHIM U
YHUBEPCAIbHBIM CHUTHAJIOM WHULWALWAU SIBJIAETCS K3N-CTPYKTypa. OCHOBHYIO
pOJIb B MOMCKE U 3aKPEIUICHUHU Maylol CyObeAMHUIIBI Ha MHUIMHUPYIOIIEM KO-
JIOHE UTPAIOT dYKAPUOTHUECKUE MHULIMHUPYIOUUE (PaKkTopbl, KOTOpbIe 00pa3yroT
OEJIKOBBI KOMILIEKC, CBSI3BIBAIOIIMI Malyl0 CyOBEAMHUILY PUOOCOMBI C KO-
crpykrypoir MPHK.

DuIoHranus — yJjimHenne noiaunentuaa (puc. 5.13-b).

BuyTtpu Oonbuioit cyO4yacTHibl puOOCOMBI OJJHOBPEMEHHO HaXOSTCS
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okosio 30 nykneorunoB MPHK u Tonbko 2 MHpOpMATUBHBIX TpUILIETA-KOJOHA!
oauH — B A-yuactke, apyroii — B [I-yuactke. Monekyna TPHK ¢ amunokucno-
TOM BHayase MoaxoauT K A—1eHTpy puOocombl. B ToM ciydae, eciy aHTUKOAOH
T-PHK komnnementapen kogony nPHK, mpoucxoautr BpeMeHHOE MpUCOEaUHE-
nue TPHK x xomony nuPHK. ITocne satoro pubocoma nepeasuraercs Ha 1 Ko10H
no nPHK, a TPHK ¢ amunoxucnoroii nepememaercs B [I-ydacrok. K ocBobo-
nuBIIEMYcst A—y4acTKy mpuxoauT HoBast aMmuHoauwi-TPHK ¢ amuHokucioroin

M BHOBb OCTAHABJIMBAETCS TaM B TOM cily4ae, eciid aHTukoa0H TPHK komruie-
MeHTapeH koaony nPHK.

OcHOBHBIM (hepMEHTOM, YYaCTBYIOIIMM B OOpa30BaHUU IMENTUIHON CBs-
34, ABJISIETCSA NMenTUAMITPaHcpepasa. Mexny aMUHOKUCIOTONM W MOJIUIEITH-
JIOM B MIPUCYTCTBUHU 00pa3zyeTcs MENTHIHAS CBS3b M OJTHOBPEMEHHO pa3pyllaeT-
cs cBA3b Mexay amuHokucioron u ee TPHK, a takxe mexny TPHK n nPHK.
OcBoOoauBmiasicss or amuHOKUCIOT TPHK BhIXOAMT M3 puOOCOMBI B LIUTO-
mnasmy. Pubocoma cHoBa nepemenaercst Ha 1 TpuILier.

Tepmunanus — 3aBeplleHue cuHTe3a noaunentuaa (puc. 5.13-B).

Korga na pubocome mnosiBisiercst onuH u3 Cromn-kogoHoB MPHK (VAA,
YAT umu YT'A) cunre3 Oenka mpekpamaerca. CTON-KOJOHBI COSAUHSIOTCS C
ocoObIMU OenkaMu — penusuHr-gakropamu. K mocienHell aMHUHOKHCIOTE
c(OpMHUPOBABIIETOCS TMOJUMNENTHAA TPUCOECIUHSAETCA BOAA U €€ KapOOKCHJIIb-
HbIM KoHel otaensgercss oT TPHK. B pe3ynbraTe nentuanas uens TepsieT CB3b C
prubocomoii, U BCst CTpyKTypa pubocombl pacnagaercs. CUHTE3UpoOBasiach MOJIH-
NenTUAHAs 1eNb — MepBUYHAs CTPYKTYpa Oerka.

CHHTE3 OJJHOTHITHOTO IMOJUIICHITHAA B OOJIBIIIOM KOJIUYECTBE IPOUCXOIUT
Ha roprbdocomax (puc. 5.14).

Hocrrpancasiunonnas moaupukanusa o0eaxa. Hexkoropsie cunresupo-

BaHHbIE OEJTKM HEaKTUBHBI 0€3 MOCIEIYIOLEro «CO3pEeBaHUI» — MOAUPHUKALIUH.
B mporiecce «co3peBanusy OEIKOBBIE MOJIEKYJIBI MOTYT TE€PSATh KOHIIEBBIC aMU-
HOKHUCIIOTHI, TIPU y4acTHH (PepMEHTa — IK30MeNTHAA3bI, TPEoOPa30BaTHCA BO
BTOPUYHYIO U TPETUYHYIO OENKOBBIE CTPYKTYphl (puc. 5.15). Ecau monumern-
TUHBIC IETIOYKN 00BETUHSAIOTCS, MOTYT 00Pa30BBIBATHCS YETBEPTUUHBIC
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CTPYKTYpbl. CHHTE3UPOBAaHHBIE MAKPOMOJIEKYJIbI MOTYT OOBbEIUHSTHCS C YIJie-
BOJaMU U JIMIIUJIAMHU, BCTpauBasch B OMOMEMOpaHHbI.

Y pe3ynbTare NOCTPAHCIAIMOHHON MOAU(PUKALIMK OCIKUA MPUOOpETaIoOT
crenu(puIeckre CBONCTBA U (PYHKIIMOHAIBHYIO aKTUBHOCTb.

Knaccudpuxanusi reHos

Bce renbl no GyHKIMSIM NOIpa3aeisioTcsa Ha CTPYKTYpHBIE U (PyHKIIHO-
HaJbHEIE.

Y  CTpyKTypHBIE FeHbl HECYT HH(POpPMALHIO O Oenkax-(hepMeHTax U
TUCTOHAX, O MOCIEA0BATEIbHOCTY HYKJIEOTHIOB B pa3nu4HbIX Buaax PHK.

Y Cpenn pyHKUUOHAJIBHBIX T€HOB BBIICIISIOT:

2) reHbI-MOAYJISITOPbI, YCHUINBAIOIIUE WIM OCTA0JSIONNE IeHCTBUE
CTPYKTYpPHBIX T€HOB (Cynmpeccopbl (MHTHOUTOPBI), AKTUBATOPbI, MOAU(PUKA-
TOPHI);

3) T'eHbI, PETYJIUPYIONTUE padOTy CTPYKTYPHBIX T€HOB (PeryJasiTopbl U
orneparTopsbl).

Bce kneTku MHOTOKJIETOYHOTO OpraHu3Ma, BO3HUKAs M3 3UTOTHI MyTEM
MUTO3a, MOJY4YaloT MOJHOIEHHBIM Ha0op reHeTndeckon nndopmanuu. Hecmor-
ps Ha 3TO, OHU OTJIMYAIOTCS APYT OT JApyra 1o MopQosoruu, ONOXUMHUYECKUM U
GyHKIMOHATIBHBIM CBOMCTBAM. B OCHOBE ATHX pa3invuuil JIEKUT aKTUBHOE
GyHKIIMOHUPOBAHUE B Pa3HbIX KIETKAaX HEOJWHAKOBBIX yacTedl reHoma. boib-
masi 4acTh FEHOMA HAaXOJUTCA B KJIETKAX OpraHM3Ma B HEAKTUBHOM, penpeccu-
POBAHHOM, COCTOSIHUH, U TOJIbKO /-10% TeHOB axmuémsi, T. €. TPAaHCKPUOUPY-
1orcs. CriekTp GyHKIMOHUPYIOMIMX TE€HOB 3aBUCUT OT TKAHEBOUW MPUHAIICKHO-
CTU KJIETKH, OT MEPUOAA €€ >KU3HEHHOTO LMKJIA W CTAaJIUH WHIWBUYaJIbHOTO
pa3BUTHUA OpraHu3Ma.

KoHcTUTYyTHMBHBIE TCHBI, WM TEHBI «JIOMAITHETO XO3SMCTBa» (OT aHT.
housekeeping), obecnieunBarOT (HYHKIIMH, CBOMCTBEHHBIC BCEM THIIAM KJIETOK.
OTU TeHBl KOAUPYIOT OCNKU 0O0Iero Ha3HavyeHHs (THCTOHBI, OEIKH pUOOCOM,
TyOynuHb! U ap.), TPHK, pPHK.

NuayuudenbHble TeHBI WM T'€HBI «POCKOImM» (aHri. luxury) reHsl,
obecrieynBaroIIye Crenualn3upoBaHHble (YHKIIMKA PA3IHMIHBIM THIIAM KIIETOK.

N3meHeHue YCJ'IOBI/Iﬁ MOJKCT IIPUBCCTHU K dKTHUBALIMU «MOJIYAIIUX» I'CHOB 1 PC-
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npeccuu akTUBHBIX. JuddepeHipoBannas s3Kcnpeccus 0JHOr0 TeHOMa y Mile-
KOIMUTAIOIIKUX 00YCIIOBIMBAET PA3BUTHE OIPOMHOTO MHOYKECTBA TUIOB KJIETOK.

SJIIMI'EHETUKA

JNUreHeTMKa TPEJCTaBIsAeT CO0OW H3ydYeHHE 3aKOHOMEPHO-CTel
HACJIEJOBAaHUs, KOTOpPBIE CBS3aHBl C MEXAHU3MAMH, HE 3aTParvBarOIUMHU
n3MeHenue nocienoarenbHoctd JIHK. DOnurenernueckre M3MEHEHUs COXpa-
HAIOTCA B PAAE KIETOYHBIX JICJICHUM IIPU MUTO3€, & TAKKE€ MOTYT IIEPEAaBaAThCS
CIEQYIOIINM TOKOJIEHUAM Ipu Meio3e. [Ipu 3ToM, OHM HE BBI3BIBAIOT KAKHX-
nn6o u3meHeHuit B nocnenosarenbHoctu JJHK u npuBoast k auddepenunans-
HOI 3Kcnpeccud reHoB. OIMH TeHOTHII, CIEA0BATEIbHO, MOXKET MPOSIBUTHCSA B
BUJIE Pa3HbIX (PEHOTHIOB B 3aBHUCHUMOCTH OT <(OIUTCHETUYECKOTO CTaTyCca»
ONPEAEICHHOTO y4acTKa UiIn HeCKOJIbKkuX ydyactkoB JIHK.

DONuUreHeTuKa M3ydyaeT MEXaHW3Mbl, MPU MOMOIIM KOTOPBIX, HA OCHOBE
reHEeTUYEeCKON MH(OpMaInK, 3aKIIIOUEHHON B OJTHOM KJIETKE (3UroTe), 3a CuUeT
Pa3JIMYHON HKCIPECCHU T'€HOB B PA3JIMYHBIX THUIIAX KJIETOK, MOXKET OCYIECTB-
JSATHCA PA3BUTUE MHOTOKJIETOYHOI'O OpraHU3Ma, COCTOSIIEro u3 auddepeHiiu-
POBaHHBIX KJIETOK. Bce KiIeTKM opraHu3ma B Hayaje pa3BUTHUSI TOTUIIOTCHTHBI,
CIIOCOOHBI Pa3BUBATHCS B JIIOOYIO KJIIETKY Teja, MOCKOJIbKY T€HETUYECKU WJICH-
TUYHBL. B X0/1€ pa3BUTHs OHU PUOOPETAIOT pa3HbIE CBOMCTBA, HAIIPUMED, OJTHU
CTAHOBSITCSl KapAHOLIMTaMU, IPYyrue — HEHpPOHAMU. ITO MPOUCXOIUT B PE3YJIIb-
TaTe aKTUBAllUM Pa3IMYHBIX HaOOpPOB I€HOB B pa3HbIX KieTkax. B nuddepen-
IIUPOBAHHBIX KJIETKAX AKCHPECCUPYIOTCS TOJBKO T'€HbI, HEOOXOJIUMBbIC IS UX
crienuduyecko aesTeabHOCTU. KieTku mosiydaroT Ha OMNpEeeSICHHBIX dTarax
pa3BUTHUSI pa3Hble (TOPMOHAIBHBIE U JIP.) CUTHAJIBI, KOTOPBIE HAMPABJISIIOT UX Ha
TOT WIA WHOW IMUTCHETUYECKUN «Mapuipyt». [IpuMepaMu sMUTreHETUUECKUX
n3MeHeHut sBisitoTes JJHK MetunupoBanne HyKICOTHMIOB W A€alETUIMPOBA-
HUE TUCTOHOB. DTH MEXAHW3MBbI CIY)KAT JJIs MOJABIICHHUS WIM YCUJICHHS DKC-
IIPECCUU TE€HOB.

Metunuposanue IHK

Metunuposanue JIHK — 310 no6aBineHue METHIIBHBIX TPYII K CrieU(u-

yeckuM ydactkam Ha JIHK, oObIuHO K IUTO3MHY, 32 KOTOPHIM CIEAYET I'yaHHH.
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[Toutn 10% 1MTO3MHA Y BBICHIMX OPTaHU3MOB METHUIIMPYETCS, OH IPUCYTCTBYET

B8 LI- u I'- mapax, o6o3nauaembix CpG (LIMTO3UH U TyaHHH, CBsi3aHHbIE (ocda-
toMm). B mponecce yuactByror JJHK-metuntpanchepaspr. OOHapyx eHbl Ok,
cnocobnbie cBsa3biBaThesa ¢ JJHK, conepikaiieid MeTunupoBaHHbIE HYKICOTHIBI
CpG (MeCPs). Otu Oesku BOBJIEKAIOT B MPOLECC PENPECCOPHBIE KOMILIEKCHI,
CBSI3BIBAIOIINECS C METUIMPOBAHHBIMU MPOMOTOPHBIMU Y4acTKaMH. MeTuanpo-
Banue J[HK BeneT k momaBieHnIO SKCIIPECCHU reHa 0e3 U3MEHEHHS MOCieI0Ba-
TEJIBHOCTH HYKJICOTHUIOB B HEH.

Mytanuu rena yenoeka JIHMT3B, (DNmt3b), komupyromero JIHK-
MeTuiITpancdepasy, BbI3BIBAIOT 3aboneBaHue, HaszbiBaeMoe cuHapom [CF
(Immunodeficiency, Centromeric instability, and Facial abnormalities - cun-

JPOM UMMYHOJI€(PUIIMTA, HECTAOUIBLHOCTH IIEHTPOMEPHOTO YYaCTKa U JIULEBBIX
anomanuit.) B pesynbrate myrtanuu reHa MeCP2, pacnonoxeHHoro Ha X-
XPOMOCOME, Y YEJIOBEKAa HApYIIAETCS COCTOSTHUE IeTepOXpOMATHHA U pPa3BUBA-
eTcsi CUHJIpOM PeTTa — NCUXOHEBPOJIOrHYecKoe 3a00eBaHuE, BCTPEUAIOLIeecs
IIOYTU UCKIIFOYUTEIIBHO Y JE€BOYEK.

Oo0paTumMble H3MEHEHUA B CTPYKType XpOMaTHHA
2) ByXpOMaTHUHE T'€HbI JOCTYIHBI JJIsl TPAHCKPUIILINH, B TETEPOXPOMATHHE

— HeT. JIokayibHasi CTPYKTypa XpOMaTHHA MOXKET 0O0paTUMO U3MEHSThCS C TO-
MOILBIK PA3JIMYHBIX MEXAHU3MOB, HA3bIBAEMBIX «PEMOJEIUPOBAHUE XPOMATH-
Hay. PemonenupoBanne XpoMaThHA SBISIETCSI aKTUBHBIM OOpAaTUMBIM TPOILIEC-
COM, C MOMOILBIO KOTOPOT0 TUCTOHBI, CBsi3aHHbIe ¢ MoJiekyinamu JJHK nepeme-
HIAIOTCS, Jeias T€HbI JOCTYIHBIMU JJi1 TpaHCKpumiuu. HeoOxoaumas sHeprus
obecrieunBaercs myteM ruaposn3a AT® B OOJBIIMX PEMOICTUPYIOMIUX KOM-
IJICKCax.

Moaudpukanus THCTOHOB

KaroueBeIM COOBITHEM B pPEMOACIUPOBAHNN XpOMATHHA ABJIACTCA MOIH-

dbukarms rucronoB H3 u H4. Metunuposanue (no6aBnenne CH3z-rpymmsi), are-
TUIIMpOBaHue (M00aBIeHUE alleTUIIbHBIX Tpyn) U ¢ochopunrpoBaHue (100aB-
neHue (pochaTHBIX TPYIIN) SBIASIOTCS OCHOBHBIMU TUIIAMU MOJU(UKAIIUHU, KOTO-
pbIM noaseprarorcs ructonsl H3 u H4 o onpeneneHHbIM aMUHOKUCIOTaM B N-
KOHLIEBBIX YYaCTKax (XBOCTax). DTO MPUBOAUT K U3MEHEHUIO CBOMCTB THCTOHOB
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Y, COOTBETCTBEHHO, K KOHJICHCALIUH WM JEKOHACHCAIIMU XPOMAaTHHA.
I'eHOMHBIA UMIIPUHTHHT

JYKapHOT YacTO TOJIBKO OJUH aJUIENIb ONPEJAEICHHOIO I'eHa IKCIIPECCU-
pyercsl, B TO BpeMsl KaKk Jpyrod — IIOCTOSIHHO pernpeccupoBaH. CocTosiHuE dKC-
IIPECCUU 3aBUCHUT OT TOr0, KAKOW U3 POAMTENIEH AACT TOT WIA MHOU alljIeib, TO
€CTb UMEET JIU OH MaTEPUHCKOE WM OTLOBCKOE NPOUCXOKICHHUE (POIUTEIIBCKO-
cnernuduueckasi SKCIpeccusi). ITo SBICHHE HA3bIBACTCS T€HOMHBIH MMIIPHUH-
THHI. VIMIOpUHTHHI OCyIIECTBISAETCS MocpeacTsoM MetwinupoBanus JJHK B
IPOMOTOpPHON 00JacTu B pe3ysbTaTe 4ero 3KCrpeccus reHa oiokupyercs. [e-
HOMHBI MMIIPUHTHUHT SBJISETCS BAXKHBIM M3MEHEHHEM B KJIETKaX MJIEKOIHTA-
roux. EcrecTBeHHBIN 0TOOpP JEHCTBYET O-pa3HOMY Ha T€HOMBI MATEPUHCKOIO

B OTIIOBCKOTO IMPOUCXOKICHUA.

HeB03MOKHOCTh YCTaHOBUTh HOPMAJIbHBIN 00pa3el] UMIPUHTHUHTA H3-3a
T€HHOM MEepPEeCTPOUKHU BBI3BIBAET BAKHYIO FE€TEPOreHHYIO TPYyMIy OoJie3HEH M-
NPUHTHHTA.

boneznu umnpunmunea BBI3BIBAIOTCS Pa3IMYHBIMU MEXaHU3MaMH, MOpa-
YKAIOIIMMU OJIMH WM HECKOJIBKO aKTMBHBIX I'€HOB, HOPMAJIBHO JKCIIpECCUpye-
MBIX TOJIBKO B OJHOM POJIUTENBCKOM ajuiene. Hanbosee n3BECTHBIMU SIBIISIOTCS
cunapoM Ilpagepa—Bumm u cuHapoM AHreiabmaHa, 0OyCIIOBJIEHHBIE MOJaB-
JICHUM DKCIPECCUM WM Jenernuend reHoB 15 xpomocomsel. Cunapom Ilpanepa—
Bunnu, BhI3BaHBIA M3MEHEHUSAMHU B OTIIOBCKOM XPOMOCOME, XapaKTEpPU3YETCs
CHIDKEHHMEM MBIIIEYHOIO TOHYCA, 3aJEPKKOM NMCUXUYECKOIO Pa3BUTHUA, KOCO-
riasueM u oxupenuem. g cuHapoma AHrenbmaHa XapakTepHO Oosiee BbIpa-
JKEHHAs 3aJep’KKa IICUXUYECKOIO0 pPAa3BUTHSA, HAPYLIEHHE CHA, XaOTUYHOCTH
nBukeHus. Pa3BuTHe naHHOTO CHUHApOMa OOYCJIOBJIEHO U3MEHEHMSIMH TEX K€
I€HOB B XPOMOCOME MaTepH.

111



BOIIPOCHI IJ1 CAMOKOHTPOJIA:

4) Ha30BUTE OCHOBHBIC IPUHITUITBI OPraHU3AIMHA HYKJICHHOBBIX KUCIIOT.
5) Uem monexyna JIHK otmmuaaercs ot PHK?
6) Onwumute ocHOBHBIC BUbI M pyHKIMKH PHK.

7) Ilepeuncnute U 0XapakTepU3ylWTE OCHOBHBIE CBOMCTBA T€HETHUYECKOTO
KOZa.

- Kakum o6pa3zom ocymiecTBiseTcs nepeaada HacaeACTBEHHON HH(POP-
manuu? Kakue hepmenTsl yyacTByroT B peruukanuu JTHK?

- KakoBbI cX0ACTBa U pa3nuuvsl B CTPYKTYPHOM OpraHU3aluy F€HOB
IIPOKApHUOT U SYKAPUOT?

- Kak ocymecTBisieTcst peryJisinus 3KCIIPECCUU T'€HOB ITPOKapHOT U 3Y-
Kapuor?
- Uro Takoe LieHTpajibHas 10IMa MOJIEKYJISIpHOM Onosnorun?

- HaszoBuTe OCHOBHBIE 3Tallbl TPAHCKPUIILIMU U TpaHcisiuuu. [lepeyuc-
JIUTE U OXAPAKTEPU3YHUTE CXOJCTBA U OTINYHS Y POKAPUOT U FYKAPHOT.

- Yro Takoe rrmMreHeTuka’?
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Jlekuusa 6
OCHOBHBIE 3AKOHOMEPHOCTHU
HE3ABUCHUMOI'O HACJIEJIOBAHUSA 'EHOB U IIPU3SHAKOB

IIJIAH JTIEKIIUUA:
n HNCTOPUA POPMHUPOBAHUSA 'EHETUKHU KAK HAYKU.

n OCHOBHBIE TEPMHWHBI 'TEHETUKMN.

n 3AKOHBI HE3ABUCHUMOI'O HACJIEAOBAHUA
INPU3HAKOB (I'MEH/EJIbB).

n AHAJIM3UPYIOUIEE CKPEILIUBAHUE.
n BUJIBI B3AUMOJIEVMCTBUS AJUIEJIbHBIX TEHOB.
n BUJbI B3BAUMOJIEACTBUSI HEAJLJIEJBHBIX TEHOB.

n  BOHPOCHI JJIA CAMOKOHTPOJIAL.

NCTOPUA ®POPMHUPOBAHUA 'EHETUKHN KAK HAYKH

l'enemuxa uzyuaem 3aKOHOMEPHOCMU HACAEOCMBEHHOCMU U USMEHYUBO-
cmu - 08a OCHOBHBIX CEOUCMBA HCUBOU Mamepuu 8cex opeanusmos. TepMuH
«reHetrka» ObuT ipensioxker B 1906 . (batcon). B 1909 r. mosBminch NOHATHS
«reny, «reHotur, «penorum» (Morancen).

HcTopus pa3BUTHS T€HETUKU BKJIIOYAET JIBA OCHOBHBIX nepuona: I — mo-
MEHJIEJIEBCKUI 1 MEHIEJIEBCKUIA.

JlomeHaesieBCKMH MEPUOI

10) 'unmokpat nucan «O ceMeHu u npupoje pedbeHka». 3HaueHue pado-
Thl — UCTOKU SMOpHOJOTHUU. BBIIBUHY BIEpBbIE MPEATOIOKEHUE O HACIENT-
CTBEHHOU NPEIPACIIONIOKEHHOCTH K TeMO(MUITUN U STHJICTICHH.

11) ITmaton — npeyrarai moa0MpaTh CYNPYKECKHE IMapbl — UCTOKU «EBIe-
HUKH.
12) Anamc, Bpau-nemuatp (1756-1818). ABtop pabote: «Tpakrar o

MPEANOIaraéMbplX CBONCTBAaX HACJIEICTBEHHBIX OOJE3HE» - CBOEOOpa3HBIN
CIIPaBOYHMK JIJISI MEIUKO-TEHETUYECKOTO KOHCYJIbTUPOBAHMUS.
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14, ®. I'anwpron (1883). M3yuan HacienoBaHue TajlaHTa U XapakTepa. SB-
JISIETCS POJIOHAYAIEHUKOM €BTeHHKH. J[am ompeiesieHne eBreHuke, Kak Hayke 00
yiyuiieHun notoMmctBa. [lucan o mpeumyiiecTBe oHOM packl (0oJsiee oapeH-
HOI1) HaJl APYTOM.

15. dnopeHckuit mucan 0 COBEPIICHCTBOBAHUU M BBIPOXKIICHUU YeJIOBe-
yeckoro poxaa (1881). O yka3zan Ha HeXeIaTeJIbHOCTh KPOBHOPOACTBEHHBIX
OpaKoB.

16. JIeBeHTyK OOHAPYKIIT CIIEPMATO30UAbI (CAUTAIIOCH, YTO JIJISl 3aPOJIbI-
114 TJIaBHOE — MY»KCKO€ HavaJio).

MeHaesneBCKHUil EPUOI

B 1865 roay Ha 3acemanuu o0IecTBa JOOUTENICH €CTECTBO3HAHUS B
ropoae bpuo (Uexus) on caenan cooOleHUe 0 CBOMX HccienoBanusix. B 1866
rony B padore «OmbIThl HaJl pacCTUTEIBHBIMU THOPUAAMI, CTABIIECH BIOCIIE-
CTBHMHM KJIACCHYECKOM, MeHenp onucan pe3yJibTaTbl CBOMX dKCIIEpUMEHTOB. Ho

- TO BpPCMA €TI0 pa60Ta HC IIPUBJICKJIa BHUMAaHHUA COBPCMCHHHUKOB.

JIums B 1900 r., ciiycts 34 roaa, Te ke 3aKOHOMEPHOCTH BHOBB yCTa-
HOBWJIM He3aBUCUMO JpyT ot aApyra ['m [le ®pus B ['omranauu, Koppenc B I'ep-
Manuu U Yepmak B ABcTpuu. Bekope ObUIO MOKa3aHO, YTO 3aKOHOMEPHOCTH,
OTKpBbITbIE MEHIeeM, CBOMCTBEHHBI KaK PACTEHUSAM, TaK U )KMBOTHBIM. [l03TO-
My 1900 rox MOKHO CUATATH TOJOM BTOPOTO POKIACHHUS T€HETUKH.

Yenoeno mooicno svioenums credyrowue smanvl Menoenesckoeo nepuooa
PA3BUMUSA 2EHEMUKI.

I aran (1900-1920) — moaTBepkacHHE 3aKOHOB MeHIeNs Ha pa3HbIX 00b-
extax. buoxumuk ["apposiba mucanm O pacnpoCTPAHEHHOCTH aJIKaNTOHYpUU U
U3YYWII XUMUYECKHE 0COOEHHOCTUATOM Oosie3Hu. [Ipu 3TOM OH mpojieMOHCTpH-
poBai AeiicTBue 3akoHOB Mennens (MenaeneBckue 001€3HU, MEHIETUPYIOLIKE
IPU3HAKM), BIIEPBbIE HA XMMUYECKOM YPOBHE MTOKa3aj OJIOK reHa.

2 artan (1920-1940). Co3nanue XpoMOCOMHOM TEOPUHU HACJIEACTBEHHOCTH
Mopranom u ero yuenukamu (bpumxec, Memep, CtepeBaHT). 3al0KEeHbI OC-
HOBBI MOMYJIAIIMOHHON TeHETHKH (3-H Xapau-BaitnOepra).

4.3tan (1940-1960). Pazputre OMOXUMHUYECKON T€HETUKH, MOJICKYJISIPHON

T'CHCTHUKMU.
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C B 1944 r. Mak-Kaptu onpenenun: JIHK — xumuaeckuii cyocTpar
HAaCJIEJICTBEHHOCTH;

C buan, Tarym npeaioxXuiu TrnoTe3y «OuH I'eH — OAUH (pepMeHT»

C B 1953 r. Ixk.Yorcon u ®.Kpuk coznanm moaens JTHK (aByxieno-
YyeyHas CIupalib); oHuelle pas3 gokazanu, 4ro JJHK — cybcTpat HacineacTBeHHo-
CTH U U3MEHYUBOCTH.

C Kpuk, bpennep onvcany reHETU4ECKAN KOJ.

stan (1960-1970) — pa3BuTHE KIMHAYECKON ITUTOreHETHKH. [Ipemioxe-
Hbl JleaBepckas u Ilapwkckas kmaccudukarus xpomocom. OOOCHOBAHBI IIATO-
reHeTH4ecKrue OCHOBBI cuHpoMa Jlayna u Knaiitndenbrepa.

V sran (1980 — 2003). Pa3BuTHe MOJIEKYIAPHON IeHETHUKH.

- B 1980 r. mpeyoxeH MeTo1 MOJIMMEPA3HOM IEMHON PEAKIUH. -
B 1991 r. crapryer nporpamma «l'€HOM 4eIOBEKay.

- 2001 — renom uenoBeka pacmudpoBaH B uepHoBOM BapuaHTe (90%). -
2003 — 3aBepmiena nporpamma «I'eHoM yenoBekay. PacumdpoBano

99% reHoMa 4yenoBeKa ¢ TOYHOCTHIO 99,9%.

VI stan — ¢ 2003 r. pa3BuBaercsa (PyHKIIMOHAIbHAS T€HOMHKA, MTPO-
TEOMHUKA, META0OJIOMHUKA, TPAHCKPUIITOMUKA U APYTHE «OMUKI.

OCHOBHBIE TEPMHWHBI 'EHETUKHA

Hacneocmeennocms — 3T0 CBOMCTBO KUBBIX CUCTEM NEpeIaBaTh U3 MOKO-
JIEHUSI B TIOKOJICHHE O0COOCHHOCTU MOP(hOIOTHH, (HU3HOJIOTUNA U WHIUBUTYaITb-
HOTO Pa3BUTHUS B OMPENEICHHBIX yCIOBHUSIX CPEbl, CBOMCTBO OPTaHMW3MOB TIO-
BTOPSATH B PSly MOKOJICHUH CXO/AHBIE MPU3HAKK. brarogaps HaclieqCTBEHHOCTH
POJIUTENN ¥ TIOTOMKH MMEIOT CXOJICTBO B XMMHUYECKOM COCTaBe TKaHEH, Xxapak-
Tepe oOMeHa BelecTB, MOP(POJIIOrMUECKUX MPU3HAKAX U APYTUX OCOOCHHOCTSIX.
BcnenctBue 5T0oro KakIplii BUA OpraHU3MOB BOCTIPOM3BOANUT ceOe MOAOOHBIX U3
MOKOJICHUSI B TOKOJICHHE. MaTepHalbHBIMH HOCHUTENSIMUA HACJIeJICTBEHHOCTH
uH(pOpPMaLIUU SBJISIOTCS T€HBI.

I'en - 310 yuactok mosiekyibsl JIHK, accounnpoBanHblii ¢ peryisiTOpHbIMUA
AJIEMEHTaMH M COOTBETCTBYIOIMI OJHON €AUHULE TPAHCKPUIILIMY (OAHH ITOJIH-
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NenTUl Wik oauH 0enok). ['eH - 370 PyHKIMOHANbHAS €WHUIIA HACJIEACTBEH-
HOCTH, OTIPEICIISIONIasl Pa3BUTHE KaKOro-I100 IMPU3HAKA.

I'erom - COBOKYITHOCTh BCEX TCHOB TaIUIOMIHOTO HabOpa XpOMOCOM JaH-
HOT'O BHIa 0COO€Ei.

o[ ‘enomun - COBOKYITHOCTB BCCX I'CHOB JUIINIOUIHOI'O Ha60pa XpOMOCOM.

*@enomun — BHEIIHEE IMPOABIICHUC I'CHOTHIIA, PCAIN3alUsd I'CHOTHUIIA B
OIIPCACIICHHBIX YCJIOBHUAX CpCI[I)I.reHI)I HaXOJATCA B XpOMOCOMaAX.

T'omonocuunvie Xpomocomslr - 3TO XpOMOCOMBI OAMHAKOBOI'O pasM<cpa U
MOp(I)OJIOFPIH, KOTOPBIC COCTOAT M3 OJHHUX TCX JKC I'CHOB, IIPHW 3TOM OJIHA U3 IId-
PbI TOMOJIOTHYHBIX XPOMOCOM ABJISICTCA OTHOBCKOﬁ, Aapyras- MaTepHHCKOﬁ.

Jlokyc — TepMuH, 0003HAaYAIOMH MECTOIOJIO0KEHNE KOHKPETHOTO T'€Ha B
xpoMocome. OHO MOCTOSIHHO IS KaX/I10r0 FeHa.

Bl Annens — 3TO BapUaHThI OJJHOTO U TOTO XK€ I'eHa, 00YCIOBICHHbIE U3Me-
HEHUSIMH HYKJIEOTHUJIHBIX MOCJIEN0BAaTEIbHOCTEW (M.0. OJIMHAKOBBIMH WM pa3-
HBIMU - aJIbTEPHATUBHBIMHU ).

Bl 'omo3uecoma — MUILIOWAHBIA OPTraHU3M, COJEPXKAIIUNA OJMHAKOBBIE all-
JIeNIM JAHHOTO TeHa B UACHTHUYHBIX JIOKYCaX TOMOJIOTHYHBIX XpOMOCOM (Hampu-
mep, DD, 44, rr, aa).

Bl [ 'emepo3ucoma — TATUIOUIHBIN OPTAHU3M, COJICPKAIINN Pa3HbIE AJlIEIn
JTAHHOT'O T'€HA B UJICHTUYHBIX JIOKYCaX TOMOJIOTUYHBIX XPOMOCOM (Hampumep,

Aa, Gg).

Lomunanmuwlii annensy OnpenensieT NPU3HAK, MPOSBISIIOIIMKACS Kak B
roMO-, TAK U B T€TEPO3UTOTHOM COCTOSIHUU (Hampumep, AA u Aa — KenThlid
IIBET).

Peyeccusnvlii annenv onpenenser NMPU3HAK, MPOSBIISTFOITUICS TOJBKO B
TOMO3UTOTHOM COCTOSIHMH (HampHMep, aa — 3CJCHBINA MBET).A1bmepHamusHbie
aeau - pa3Hple COCTOSHUS OJHOTO M TOrO K€ reHa (Hampumep, aieiab A —
KOHTPOJUPYET BBHIPAOOTKY MUTMEHTA >KEITOrO IBETA, TOT/Ia KaK ajuielb a - 3€-
JIEHOTO).

OCHOBHBIE 3aKOHOMEPHOCTH HACJIECIOBAHUS CBOWMCTB M MPU3HAKOB B IO-
KOJIEHUsIX ObUTH OTKPBITHI ['. MeHenem B onbiTax Ha ropoxe. ['opox — camo-

ombUIIeMOe pacTeHue. B cBoux onbiTax MeHAe/Ib UCII0JIH30Bal THOPUI0JI0TU-
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YecKuil MeTo (CKpemuBai 0co0ei ¢ pa3IMuHbIMUA T€HOTUTIAMM ). [ ubpuousayust
— 9TO CKpeIuBaHue 0co0eli ¢ pa3TuIHBIMU TeHOTHITAMU. MoHo2ubpuonoe
CKpewueaHue — CKpeluBaHue 0co0ei, pa3Inyaronuxcs

110 OI[HOfI nape aJibTCPHATUBHBIX ITPU3HAKOB.

Jlueubpuonoe ckpewusanue — CKpeuBaHue 0Co0eH, pa3IMIarOIIUXCs 10
JIBYM TIapaM aJlbTePHATUBHBIX MPU3HAKOB.

Tonueubpuonoe ckpewusanue — CKpelmBaHue 0co0ei, pa3InyaroIIuXcs
M0 MHOTHM TIapaM aJIbTePHATUBHBIX MMPHU3HAKOB.

3AKOHBI HE3ABUCHUMOTO HACJEJOBAHMS IIPU3HAKOB
(T.MEH/EJIb)

B cBoux skcniepuMenTax I'.MeHenb HCoab30Ball THOPUI0IOTUUECKHIMA
METO/, KOTOPBIN XapaKTEepHU30BaJICS CIECAYIOIIMMU OCOOEHHOCTSIMMU:

n Bce OKCIICPUMCHTDI MGHIIGJIL Ha4dnHaJI TOJIBKO C YUCTBIMH JIMHUAMH.
YQucmuie nunuu - 310 OCO6I/I, HC Haromue pacCiiCrijiCHUA 110 NU3y4aCMbIM

MPU3HAKAM, U UMEIOUIME TOJBKO OJWH THUIl rameT. [IpuMepoM 4YHCTBhIX JIMHUN
SIBJIIAIOTCSI OCOOM C TOMO3WUIOTHBIMU TeHothnamMu: AA; BB; aaBB; AAss;
aass.MeHieNnb n3ydall HACJIEOBAHUE MO OTACJIbHBIM MPU3HAKAM, & HE TI0 BCEMY
KOMIUIEKCY reHOB. Tak, 4iCThI€ JIMHUU rOopoxa MpU MOHOTHOPUIHOM CKpEIH-
BaHUM OTJIMYAJIUCH TOJIBKO MO I[BETY (MKETHIN U 3€JICHBIN), MPpU TUTUOPUTHOM —
0 ABYM IIPU3HAKaM — [0 LIBETY U (popMe U T.]I.

n  Menaenp NpOBOIWI TOYHBIA KOJTMYECTBEHHBIA YUET HACIEAOBAHUS
KaXJI0ro MprU3HaKa B psSIAy NOKOJICHUM.

n H3ydan xapaktep MOTOMCTBA Ka)XJ0ro ruOpuia B OTAEIBHOCTH, T.€.
YCTaHaBJIMBAJ T€HOTUI KaXXJ0W OCOOM TPHU MPOSIBIEHUU JIOMUHAHTHOTO MpH-
3HAaKa C MOMOIIBIO aHATU3UPYIOIIETO CKPEIIMBAHUS.

MoHoru0puaHoe CKpelMBaHue

Ha puc. 6.1. noka3ansl 7 npu3HakoB, U3y4eHHbIX [ .MeHieneM npu MOHO-
TUOPUIHOM CKPEITMBAHUU TOpPOXa.

I 3axon Menoensa — 3akon eounooopaszus cuopuoos I nokonenus (unu
npasuno oomunupoeanus) (puc. 6.2). Ilpu ckpewusanuu 20M0O3U20MHBIX OCO-
Oetl, ananuzupyemulx o 0OHOU nape anbmepHaAmueHblX NPUHAKO8, HAbI00a-
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emcs eOunooopazue 2ubpuoos I noxonenus (F1).
(EauHOOOpasue 00ycCIoBICHO JOMUHUPOBAHUEM aJlIeis A HaJl aJuIesieM a).
3arem Mennenb ckpecTus ruopuaoB | mokosieHUs MEXTy COOOi.
8. 3axon Menoens — 3axon pacwenienus (cM. puc. 6.2).

Ilpu ckpewusanuu 20Mo3u20mMHvIX 0COOEl, AHATUSUPYEMBIX HO OOHOU Na-
pe anbmepHAmueHbiX NPU3HAKO8, 80 6MOPOM HOKOJEHUU HabIodaemcs pac-
wennenue 8 coomuouwenuu 3:1 no penomuny u 1 : 2 : 1 — no cenomuny.

Ocobu, coaepxkaiiue XOoTs Obl OJAWH JOMUHAHTHBIA annenb (A), uMenu
KENTYI0 OKPACKy CEeMsIH (SIBJICHUE JOMHUHUPOBAHUA), a 00a pEIIECCUBHBIX ajlie-
ast (aa) - 3enenyro. To ecTh BO BTOPOM TOKOJICHUU TOSIBHINCH ()OPMBI, CBOM-
CTBEHHBIE TTPAPOIUTEIISIM.

Bnocnencteuu, B 1902 r., nocne oTkpsiTUs Meio3a, BATCOH 11si 00Bsic-
HeHus Il 3akona Menzaens npeaioxkuil HUTOJIOTHYECKOe 0OOCHOBAHUE U 2UNO-
me3y «uucmomul» 2amem (puc. 6.3). annenvhvle 2eHbl 6 2emepo3USOMHOM CO-
CMOAHUU He USMEHAIOmM Opy2 Opyaa U He cmewugaromcs. B eanioudnou cameme
Modcem Oblmb AUUb 0OUH AleNb U3 NAPLL ANIETbHBIX 2eHO8, NOIMOMY 2AMeEMbl
ocmaiomcst «uucmuimuy).l'amera 4yucra, T.K. B HEd HaXOJUTCS TOJBKO OJHA
XpOMOCOMa.

BCJ'IGI[CTBI/IG HC3aBHUCUMOI'0 PACXOKICHHUA TOMOJIOTHYHBIX XPOMOCOM

12. XpomaTua B MEMO03€ U3 KaXKJI0W Mapbl AJUIEIIEH B TaMETy MONaAacT TOIbKO
OJIVH T'EH.

AnnenbHbIC TEHBI HaxoasATCsa B IETCPO3UTOTHOM COCTOSAHHU.

['ameTshl, HECyIIIME TOMUHAHTHBIN WA PEUECCUBHBIA AJUIEIH, IIPH
OTLIOJIOTBOPEHUHN CBOOOIHO M HE3aBUCUMO KOMOMHHUPYIOTCHI.

JuruOpuaHoe v NOJUruOpuIHoOe cCKpemuBanue 1M3yuus
HACJIEIOBAHUE TI0 OJHOMY IIpu3HaKy, [ .MeHnnens pemmn npo-

aHAJM3MPOBATh XapaKTep HACIIEIOBAHUS JBYX MPU3HAKOB OJHOBPEMEHHO. [l
ATOTO OH MCHOJIb30BaJl TOMO3UI'OTHBIE PACTEHUS TOPOXa, Pa3INYaAOIIMUECS 110 2-
M IapaM aJbTEePHATUBHBIX MPU3HAKOB: LBETY (KCITHIE U 3€JCHbIE) U (popme
(rmaakue U MopIIMHUCTEIE). B pesynbpTaTe B [ MOKOJIEHUM OH MOTY4YUiI BCe pac-
TEHUS C KEIATHIMU TTIaJIKUMH CEMEHAaMHU, T.€. ObUIO MIOKa3aHO, YTO 3aKOH €IMHO-

obpa3zust ruOpuoB | MoKOJIEHUS MPOSBISETCS U IPH MOTUTUOPUIHOM CKPETIIH -
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BaHHU.

3aTeM OH OMATh CKPECTHI THOPHUILI | ToKoIeHUsI Mexay coboii. B
IOTOMCTBE 0Ka3aJ10Ch 16 KOMOMHAIIMNA TeHOTUIIOB: 9/16 — XKEINTHIE TIIAIKUE

(renotund_B_)

3/16 — sxénThie MopiIMHHUCTHIC (TeHOTUIIA  bb) — HOBas KoMOMHaIMs
npu3HaKkoB 3/16 — 3enéHble rnaakue (TeHOTUI aa B ) — HOBast KOMOWHAITUS
npu3HakoB 1/16 — 3e1¢HbIe MOPIIUHUCTBIC (TEHOTHIT aabb)

Otot paaukai (9:3:3:1) cayXUT OCHOBOM JIJIsl aHaIM3a BCEX BUJIOB pac-
IIEIUICHUS U B3aUMOJIEUCTBHSA aJlJIeJIEH.

OTtcroa BBITEKAET

U 3axkon Menodensa — 3aKoH He3a6UCUMO20 HAC1€006AHUA U KOMOUHU-
poeanus. (puc. 6.4).

Hpu CKpeuusarnuu cOMO3UCOMHbIX OPSAHUIMOE, AHATIUSUPYEMDBIX NO 06)/.71/[

(unu 6oree) napam arbmepHAmueHbIX NPU3HAKOS, 80 6MOpoMm noxoaeHuu (F?)
HAbn00aemcs. He3asUCUMoe HACLed08aHue U KOMOUHUPOBAHUE HNPUSHAKO8 8
nomomcmee om 08YX pooumeiiel, eclu 2eHvl, onpeoerdiowue 3mu NPUIHaKu
PACNONOHCEHBL 8 PA3HBIX NAPAX 20MONOCUYHBIX XPOMOCOM, M.e. He CYENNEHbl.

Mennens 0OHapyX Wi, 4YTO IPU3HAKHU LIBETA U (OPMBI HaCaedyiomcesi He3a-

BUCHMO JPYT OT JpyTra, a MMEHHO: B TIOKOJIeHUH Fo: sxenthix cemsH — (9+3=12);
senenbix (3+1=4); T.e. 12:4=3:1. Takoe >xe pacmpeneiieHue HaOIIOAIOCH IO
dopme cemsiH: Tnaakux — (9+3=12); mopmmHucThiX — (3+1=4). 12:4=3:1. T.e., u

10 LBETY, ¥ TI0 (JOPME COOTHOIICHUE COXPAHSIETCS TAKUM Ke, KaK U MPU 00bI4-
HOM MOHOTHOPUJIHOM CKPEIIMBAHUH.

HezaBucumoe xombOunuposanue Npu3HAKOB MPOSBIIAETCS B TOM, 4TO 002
MPU3HAKA MOTYT COYETATHCS B 3UTOTE HE3ABUCUMO APYT OT apyra: 9:3:3:1.

9 — 06a mpu3Haka JOMUHaHTHBIE: A Bé

3 — OZIMH NMPU3HAK JTOMUHAHTHBIN: A _bb

3 — aIpyroi mpu3HaK JOMUHAHTHBIN: aaB_
1 — oba nmpu3Haka perieccuBHbIe: aabb

To4HBIM KOJIMYECTBEHHBIN YUET NPU3HAKOB MO3BOJIMI MEHIENI0 BBISIBUTh
CTaTHUCTHYECKHE 3aKOHOMEPHOCTH TP MOJMTHOPHTHOM CKPEIIMBAHNH

n
M  KonudecTBO BO3MOXKHBIX FaMET paBHO 2 , TZI€ N — KOJINYECTBO TeTe-
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posurot. Hampumep, no 3-m npusnakam renotun 44BbCc

2
T.x. n =2 ( rerepo3urotsl Bb u Cc ), TO KOJIUYECTBO ramer 2 = 4,

[Tpu MmoHOrMOpUIHOM CKpermmBanuu: A4, N= 0 (reTepo3uroT HeT). 20 =1
(OnuH THI TamMeT A).

AabbcecDDKKN = 1 (reTepo3uroTHBINA TeHOTUI OAUH —Aa); N =1, 21 = 2.

[Tomygaem jaBa THIa Tamert (A 1 a).
nl,,n2
Yucno BO3MOXKHBIX 3UTOT paBHO 2~ *2° | rae N1 — uncno reTepo3urot

B mepBoro poaurensi, N2 — y BTOPOro.

HpI/I CKpCIINMBAHUU I'CTCPO3HUI'OTHBIX OCO6GI>1, OT/IMYAIOMINXCs IIO HEC-
CKOJIBKUM ITapaM aJIbTCPHATUBHLIX ITPHU3HAKOB, B IOTOMCTBC Ha6J'HOI[aCTCH

n
pacuerienue no ¢peroruny (3+1) , rae n — YucI0 aHATU3UPYEMBIX

npu3HakoB. [Ipyu TUruOpuAHOM CKpELIMBAHUH (3+1)2 = 9+3+3+1.

Ha ocHoBe cBOMX 9KCIICPUMCHTOB MCHI[GHI) BIICPBBIC IIOKAa34JI:

\endash HACJIEJICTBCHHBIC 3aJIATKU — JUCKPETHBIC €IMHULIBI

\endash 3a KKJIbI MPU3HAK OTBEYAET HE OJIMH, a Iapa
HacJIeICTBEHHBIX 3a-

JAaTKOB.

\endash B a0l mape oguH U3 reHOB MOXKET OBITh TOMHUHAHTHBIM,
JIPYTOW — PELIECCUBHBIM.

\endash  HacnencTBeHHbIC 3aJaTKU Y IOTOMKOB MOTYT HACJICIOBAThCS
Y KOM-OMHUPOBATHCS] HE3ABUCUMO JPYT OT Apyra.

B 4yesioBeka u3BecTHO Oojyee 1000 mpu3HAaKOB, KOTOpPbIE HACIEAYIOTCA B
COOTBETCTBUM C 3aKOHaMU MeHjiens (Tak Ha3bIBaeMble, MEHICIUPYIOUIUE TPH-
3HaKkn). K JTOMUHUPYIOIKM MIPU3HAKAM y YEJIOBEKA OTHOCSITCS Kapui LBET IJ1a3;
TEMHasl MUTMEHTAIMs KOXKH, PhDKUN I[BET BOJIOC U HAJIMYME BECHYILIEK, TPEe0o-
Jajnaomas pyka; abCoMIOTHBINA MYy3bIKaIbHBIN CIIyX, KypUyaBble BOJIOCH. MeHe-
JIEBCKOE HACJIEIOBAHWE YCTAHOBIICHO JJIA TPYNI KPOBH YEJIOBEKA MO CHCTEME
ABO, pesyc-(hakTopa, MOHOTEHHBIX 3a001€BaHui U T.1. (puc. 6.5.).

AHAJIM3UPYIOIIEE CKPEIIIMBAHUE



Ha npaktuke 175 ycTaHOBJIEHUSI TEHOTHIA POJIUTENBCKONW 0COOH, TPOSIB-
JSIFOIIEeH TOMUHAHTHBIN (PeHOTHN (KOTOpasi MOKET ObITh KaKk TOMO-, TaK U TeTe-
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PO3UTOTOM), €€ CKPEIIMBAIOT ¢ perieccuBHOM dopmoii. Ecinu oT Takoro ckpemu-
BaHUS BCE MOTOMCTBO OKa)XETCS OJHOPOAHBIM, 3HAUUT aHAJIU3Upyemas 0coOb
rOMO3UroTHa (eAMHOOOpa3ue ruOpuAoB 1 MOKOJIEHUs), €CIU MPOU30UIET pac-
LIEIJIEHNE, TO OHA T€TEPO3UTOTHA.

OpHako HaJIeKo HE BCe MPU3HAKU HACIEAYIOTCS B TOYHOM COOTBETCTBUU C
3akoHaMu Mennens. [IpyunHON OTKIIOHEHHsI OT 3aKOHOB MeHIens sABISIOTCS
JiemansHble 2envl. HanpumMep, y KapakylIbCKUX OBEI] '€H OKPAaCKH IIepCcTU 00-
JanacT HaelomponHuIM JTEUCTBHEM (MHOXECTBEHHBIH 3 (EKT reHa); JoMH-
HaHTHBIA amienb (4) reHa oOYyCIOBIMBAET CEPYI0 OKpAacKy IIEPCTH, B TO Ke
BpeMsi 00YCIIOBIMBAET aHOMAJIHIO MHUIICBOA, & PEIIECCUBHBIN aJljieNb TeHa (a) —
YEpHYIO0 OKpACKy HIEPCTH U HOpMaJIbHOE pa3BuTHE nuieBoja. [loatomy ocobu

4. reHoTUunioM AA TUOHYT (JeTaabHbIA T'€HOTHI), a 0COOM C TeHoThnamMu Aa
(ce-pwie) U aa (4epHbIC) — KU3HECTIOCOOHBI. B pe3ynbTaTe rudenu sMOpHOHOB C
re-HOTUIIOM AA BO BTOPOM TMOKOJICHUHU (TPU CKpeIMBaHUK THOPpUAOB | mokoJie-
HUSI) B NMOTOMCTBE HAOJIOAAETCS OTKJIOHEHHE OT OXKHMJIAEMOI'0 PAaCIIECIICHUS.
Bwmecto oxumaemoro pacuieruienus 3:1 Habmrogaemoe pacuieruienue mno GpeHo-
THUITY COCTaBUT 2:1.

Opnako Haubosiee 4yacTOM MPUYMHOM OTKIIOHEHHUSI OT 3aKOHOB MeHens

SIBIISIETCS. B3aMMOJICUCTBHE T'eHOB. Pa3inuaroT B3aWMMOJICHCTBHE aJUIEILHBIX W
HeaJJIEIbHBIX TEHOB.

BUJIbI B3AUMO/JEVCTBUA AJUIEJIBHBIX TEHOB

4. Iloanoe oomunuposanue: AA (xenrbiid UBeT) = Aa (KeJIThHIH LBET).

JlomuHaHTHBIN ayuienb (A) MOTHOCTHIO TIOJIABIISET JEHCTBUE PEIIECCUBHO-

ro ayens (a). Ilpu 3ToM roMO3UTOThI MO0 JOMUHAHTHOMY MPU3HAKY U T€TEPO3U-

roTbl (EHOTUIMYECKU HE OTIUYUMBI (KENTHINA Topox). B Fo nabmomaercs pac-
mieruienue o ¢penotuny 3 : 1, mo renotuny —1: 2 : 1.

n Henoanoe oomunuposanue: AA (kpacHblii uBeT) > Aa (po30Bblii
1BET).

JloMuHaHTHBIN aJjienb (4) He MOJHOCTHIO TOIABIISAET PEIIECCUBHBIN all-
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aenb (a) (puc. 6.6), T.e. B IPUCYTCTBHH PEIIECCHBHOIO ajlIeisl HAOI01aeTCs
ocnabiieHue NeUCTBUS JOMUHAHTHOTO ajuiens. eHoTur ocodei ¢ TEeHOTUTIOM

B U Aa pa3ubiii. Hanpumep, npu CKpelIMBaHUM PACTEHU HOYHOM KpacaBHIIbI,
UMEIOIEH MyprypHbie MBETKH (AA), C pacTeHUEM, UMEIOMUM OeJble IBETKU
(aa), Bce pacTeHus MEPBOTO MOKOJICHUS OyAyT MMETh IMPOMEKYTOUHYIO PO30-
BYIO OKpacKy. TO HE MPOTUBOPEUUT MPaBUILy €IUHOOOpa3usi THOPHUIOB MEPBO-
ro nokojenus I'. Menaens: Beap ACHUCTBUTEIIBHO B MEPBOM MOKOJEHHUHU BCE
BETKHU po3oBble. [Ipu ckpenmBannu AByX 0cOOEH HOYHOM KpacaBHIIBI U3 IEp-
BOT'0 TTOKOJIEHUS BO BTOPOM IMOKOJIEHUU MPOUCXOAUT paculerjieHue, HO HE B CO-
oTHomeHuu 3:1, a B cooTHommeHuu 1:2:1, T.e. 0JJHa YacTh pacTCHUI UMEIOT Oe-
JIble BETKU (aa), ABE 4acTh — Po30BbIe (Aa) U 0JHa YacTh MyprypHbie (AA4).

Takum 00pa3om, B cilyyae HEMOJHOTO JOMUHHUPOBAHUS PacCIICIIEHUE 10
reHotuny 1:2:1 coBmamaer c¢ pacueryienueMm no genoruny 1: 2: 1 ( KpacHsle,
pO30BbIE, OEbIC.

10. Ceéepxoomunuposanue: AA < Aa.

JIOMMHAHTHBIA aJlJIelb B TE€TEPO3UTOTHOM COCTOSIHUM MPOSABIISAET CeOs
CUJIbHEE, YEM B TOMO3UTOTHOM. Hampumep, y apo30(]uiibl UMeeTcsl pereccuB-
HBIN JIETalbHBIA T'€H, T€TEPO3UTOTHI M0 KOTOPOMY 00JIaIat0T OOJbIIEH >KU3HE-
CIIOCOOHOCTBIO, YEM JIOMHUHAHTHBIE TOMO3HMIOTHI (puc. 6.7). CBEpXIOMUHAHT-
HOCTh — 3TO JIy4YIllasi IPHUCIIOCOOJIEHHOCTh U 00Jiee BBICOKAsl CEJIEKTUBHAS LEH-
HOCTh (OTOOpPHOE MPEUMYIIECTBO) O0COOEH C TETEPO3UTOTHBIM T€HOTUIIOM OT
MOHOTHOPUIHOTO CKpeluBanus (Aa) o CpaBHEHHUIO ¢ 000MMHU TUITAMH TOMO3H-
roT (44 u aa). CBepXIOMUHUPOBAHUE MOXKHO OINPEACIUTh KaK BOSHUKIIUHN MPU
MOHOTHOPHUIHOM cKpemmuBaHuu. Hanbosee M3BeCTHBI NpUMEpP CBEPXTIOMUHU-
POBaHUs B3aMMOOTHOIIICHUS MEXITY HOPMAIbHBIM (S) U MyTaHTHBIM (S) ajuiens-
MU T€Ha, KOHTPOJIHUPYIOUIEro CTPYKTYpPy TeMOrIoOnHa denoBeka. Jlronu, romo-
3UTOTHBIC 110 MYTAHTHOMW aJuIeNu (SS), CTPaIatoT TSHKEIBIM 3a00JIEBAaHHEM KPOBH

— CEpIIOBHUIHOKJIETOYHON aHEMHUEH, OT KOTOPOTro THOHYT B JIETCKOM BO3pacTe
(3pUTPOLUTHI OOJILHOTO UMEIOT CEPIIOBUAHYIO (hOPMY U COJIepKaT Te€MOTI00uH,
CTPYKTYypa KOTOPOTO HE3HAYMTEJIbHO U3MEHEHA B pe3ynbTrare myTaiuu). OnHa-
KO B Tponuueckor Adpuke u Ipyrux paioHax, IJie pacrpocTpaHeHa Majspusl, B

MOMYJISIIIUY YEJIOBEKA MOCTOSIHHO MPUCYTCTBYIOT BCE TPU reHOTHNA — SS, SS, SS
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(20 — 40% HaceneHus: UMEIOT TETEPO3UTOTHBIN TeHOTHIT). OKa3a10Ch, YTO CO-
XpaHEHHE B MOMYJISIIMKU YeJIOBEKa JETAIbHON aJljieNu (S) 00YCIOBIEHO TEM, YTO
reTepo3uroTsl (SS) 0ojiee yCTOWYWBHI K MaJSIPUHM, Ye€M TOMO3UTOTHI (SS) 1Mo
HOpMaJIbHOMY T'€HY, CIeI0OBATENIbHO, 00J1aat0T OTOOPHBIM MPEUMYIIIECTBOM.

HpI/IMepI)I CBCPXIAOMHWHUPOBAHWA MHOI'OYMCIICHHBI KaK B JKUBOTHOM, TdK

y B pacTUTeIbHOM Mupe. Tak, MpH CKPEIIUBAHUU YHUCTHIX JUHHUIA JBYX COPTOB
KYKYpYy3bl (A4 X aa) reTepo3uroTHoe MmoToMcTBO (Aa) OKa3bIBanoch O6osee BbI-
HOCIIUBBIM U TPOAYKTUBHBIM, YEM HCXOJHBIE TOMO3UTOTHBIC POAUTEIHCKUE

(bopMBI.

OnHako Mpu JaJbHEUIIIEM CaMOONBUIEHUHU O MEpe MEPEX0/1a KYKypy3hl B
TOMO3UTOTHOE COCTOSTHUE ATH TOJIOKUTEIbHbIE KauyecTBa TMOPHUIOB yTpadynBa-
JUCh. SIBNeHNE «THOPUIHON MOITHOCTHY, WX MPEBOCXOICTBA THOPHUJIOB T10 psi-
Ty IPU3HAKOB M CBOMCTB HAJ pOAUTENbCKUMHU (popMamu, Ha3BaHo [[x. [llemmom
B 1914 r. «reTepo3ucomy.

I'emepo3uc (rubpujiHasi MOIIHOCTb, THOpHAHAs Cuia), MPEBOCXOJCTBO
TUOPUIOB TIEPBOIO TMOKOJEHUS HAJ POAUTEIHCKUMHU (PopMamMu MO >KU3HECHO-
COOHOCTH, YPOXKAUHOCTHU, TUIOJJOBUTOCTU U PALY APYTrUX mpu3HakoB. [[is momy-
yeHus 3¢ dexra rubpuIHON MOITHOCTH BaXKHO B KaU€CTBE POJUTEIICH BHIOMPATh
HEPOJICTBEHHBIE (OPMBI, MPECTABISAIONINE PA3IUYHbIC JIMHUH, MTOPOJIBI, Jaxe
BUbl. Ha mpakTuke Haumydme poauTelbCKue Maphl, Jaollue Haubosiee 1eH-
HbI€ THUOPUJIBI, OTOMPAIOTCS B pPE3yJIbTaTe MHOTOYHUCICHHBIX CKPEIIMBAHUMH,
MO3BOJISIIONIUX BBISIBUTH HanOoJiee YIa4yHYI0 COUYETaeMOCTh PA3NIMYHBIX JIMHUM.
[Ipu ckpenBanuu MeX1y COO0M CIEAYIOMMX MOKOJICHUH TeTepo3nuc ocaadbeBa-
€T U 3aTyXaer.

1. OCHOBE TeTepo3uca JISKHUT PE3KOE MOBHIIIICHUE TEeTEPO3UTOTHOCTH Y TH-
OpHIOB TIEPBOTO MOKOJICHUS U MMPEBOCXOCTBO 2emepo3ucont o ONpeaeISHHBIM
reHaM HaJ[ COOTBETCTBYIOIIMMH 2omo3zucomamu. Takum oOpa3oMm, SBIICHUE TH-
OpHIHOM MOIIMHOCTH TIPOTHUBOIOJOXKHO Pe3yJbTaTy OJM3KOPOJACTBEHHOTO
CKpCIIUBAHUS — UHOpUOUHed, WMEIOIIEMY JUIsl TTOTOMCTBAa HEOJaronpHusATHBIC
nocaeAcTBUs. ['eHeTHUecKuii MexXaHnu3M rereposrca (OH J0 KOHIIAa HEe BBISCHEH)
CBSI3BIBAIOT TAKXKE C HATMYUEM Y THOPHUIA 0 CPABHEHUIO C POJUTEIISIMU 0OJTh-

IIET0 YUCJIa JOMUHAHTHBIX T€HOB, B3aUMOJICHCTBYIOIINX MEXy cOO0M B Oiia-
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TONPUSITHOM HaIlpaBJICHUH. ['€Tepo3uc MMUPOKO UCIIOJIB3YETCS B IPAKTUKE CEIIb-
CKOTr'0 XO3SIICTBA ISl MOBBILIEHUS YPOKANHOCTH CEIIbCKOXO35MCTBEHHBIX KYJIb-
TYp U OPOJYKTUBHOCTHU CEJILCKOXO3IMCTBEHHBIX KUBOTHBIX. OJIHA M3 BaXKHBIX
3a/1a4 cenekyuy — TIIOUCKU IyTEN «3aKPEIUICHUS» TeTEPO3UCaA, T. €. COXPAHEHUS
€ro B Py MOKOJICHUH.

y Kooomunuposanue: AI1+A2=C

OTOT THN B3aMMOJAEHCTBUS AJUIEIbHBIX T'€HOB, IIPU KOTOPOM JBa JOMH-
HAHTHBIX aJUIeJsl MPOSIBISIIOT aKTUBHOCTh, BHOCS PaBHOIEHHBIA BKJaA B (op-
mupoBanue geHoruna. Hannuue B reHooOHIE OTHOBPEMEHHO Pa3IMYHBIX all-
JIeJiel TeHa Ha3bIBAIOT MHOMCECMBEHHbIM ANNEAUSMOM, IPUIUHON KOTOPOIO SIB-
JSIOTCS CIy4YallHble M3MEHEHUsl CTPYKTYpbl I'eHa (MyTalliu), COXpaHsIeMble B
IPOLIECCE ECTECTBEHHOT0 0TOOPA B reHO(OHAE MOMYJISALUH.

[IpumMepoM MHOKECTBEHHBIX aJUIeJIC SIBISIETCS HACIEAOBAHUE IPYII KPOBU
yenoreka no cucteme ABO (puc. 6.8.). @opmupoBaHue YeThIpEX TPYII KPOBU 1O
cucteme ABO 00ycnoBIIEHO HaclleOBaHUEM TpPEX ajljIeled OAHOrO0 U TOro Ke

rexa: J O, JA, JB. Annens JA (asnens II (A) rpymibel KpoBH) 00YCIOBIN-BAET CUHTE3
aHTureHa A Ha MeMOpaHax SPUTPOILUTOB, AJJIENb J 8 (amnens III (B) rpynmsl

KpPOBH) — CHHTE3 aHTHIreHa B, a amiens J , KOTOpBI MO OTHONIICHHUIO K HUM
SIBJISIETCSI PELIECCUBHBIM ajuiesieM, OOyCJIOBIMBAE€T OTCYTCTBHE Ha MeMOpa-Hax

0
SPpUTPOLUTOB I3TUX AHTHUITCHOB. CJICI[OB&TCJIBHO, redorum J J XapaKTCPpHU-3yCTCs

AA A0
OTCYTCTBHEM aHTUTeHOB U onpenaenseT 1(O) rpynny kposu, reHotunsl J' J ulJ J

XapaKTepU3yTCd MPUCYTCTBUEM HA JIPUTPOLUTAX AHTUTEHA A W ONPENETSIOT

B.O
II(A) rpynmy xpoBH, reHoTunbl J J- u J ) XapakTepusyroTcs MpU-CYTCTBHEM Ha
sputporuTax antureHa B u onpenenstot 11I(B) rpynmy kpoBu, reTepo3UroTHbIH 1O

JOMUHAHTHBIM aJuIeJIsiM TeHOTHM J J~ XapakTepusyeTcs Hau4heM Ha MeMOpaHe
DPUTPOIUTOB OJTHOBpEMEHHO aHTUTeHOB A U B (3-pekT KoqoOMHUHUPOBAHNUS), YTO
onpenensiet [V (AB) rpynmy kpoBu. Ocodu, umetomue 11 (44) u 11l (BB) rpynms
KPOBU F'OMO3UT'OTHBI, OJJHAKO y UX I€TE€PO-3UTOTHBIX MOTOMKOB M3-3a OJINHAKOBOIO
NpOsIBIICHHsI (SKCIIPECCHH) TEHOB Oy-IeT OoTMedarbesi 4eTrBepras (AB) rpymma
KpPOBH.

HacnenoBanue amienerl cepur MHOXKECTBEHHBIX ayUIeed MOMYUHSIETCS
MEH/ICJICEBCKUM 3aKOHOMEPHOCTAM. KaKibIi YJIeH CEpUM MHOKECTBEHHBIX aJl-
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Jesie MOXKeT MyTHUPOBAaTh B MPSIMOM U OOPaTHOM HAMPABIIEHUU U UMEET CBOIO
4acTOTY MyTUPOBAHUS.

3CZKOHOM€pHOCWlu MHOHCECMBEHHOCO AJlleiusma.

y Jns MHOKECTBCHHBIX auleliell Takke XapaKTepPHbI (OPMbI B3aMMO-
AecTBUA aieneil (IMoJIHOe JOMHHHPOBAHHME, HEMOJHOE TOMHUHHPOBAHHE, KO-
A 0. .B 0. A B
aoMuHUpoBaHMe U T.0.) (J >J7; )" >J7; ) =J").

\ B renotumne JUTUIONIHOT'O OpraHn3Ma MOI'yT HaXOAUTCs TOJIBKO JIBa

. 0.0 A.A A.O
aJiessl U3 CepUu MHOKECTBEHHBIX auteneit: J - J - — [ rpynma; J J ,J " J~ — I

rpymmna; J B JB, JB JO — III rpynna; JA JB — IV rpynna (KoqoOMUHUPOBAHHUE).

y Kaxnplii ajiens U3 cepuy MHOKECTBEHHBIX aJlIeJIed MOXKET 00yCIO0B-
JIMBATh PA3BUTHUE TOJBKO OJHOIO U3 AJIbTEPHATUBHBIX IPU3HAKOB WJIK OJHOBpE-
MEHHO MOXET HMETh MHOXKECTBEHHBIH 3(PdeKT (MmIeloTpornHoe IehCTBUE).
Hampumep, moau ¢ 1 rpyrmmoi kpoBU B /iBa pasa yaiie 00JICIOT SI3BeHHOM 00J1e3-
HbIO |2-TIepCTHOM KUIIKU M JKEIIyAKa, YeM JIFOAU C APYTMMHU TpynnaMu KpOBH,
KpPOME TOr0, OHM HE YCTOWYUBBI K uyMme. JIroau co Il rpymnmoit kpoBu HE yCTOM-
YUBBI K ocne U paky, c¢ Il — cepaeuno-cocyaucTsiM 3a00JIeBaHUSM, paKy, ca-
XapHOMY 1Ha0eTy U JIp.

Takum 00pazom, gaxe mporecc GOPMUPOBAHUS AIEMEHTAPHOTO MPU3HA-
Ka — CHHTE3 TIOJUNENTH A C ONPEIeJICHHOMN MOCIeI0BATEIbHOCTHI0 aMIUHOKHC-

JIOT — 3aBUCHUT, KaK MPABUJIO, OT B3aMMOJAECHUCTBUS MO MEHBIIEH MeEpe JABYX all-
JIETIbHBIX T€HOB U KOHEYHBIN PE3YyJIbTaT ONMPEACIICTCS KOHKPETHBIM COUYECTAHUEM
WX B TEHOTHUIIE.

B  MeowcannenbHas KomniemeHmauus.

OTHOCUTCSL K PEAKUM CHOoco0aM B3aUMOJICHCTBUS aJIeIbHBIX T€HOB. B
JaHHOW CHUTYyaI[Ml TOMO3WTOTHBIN MO PEIIECCUBHBIM, HO PA3IUYHBIM MEXKIY CO-
00, anensiM TeHOTHIT (PEHOTUITUIECKH TPOSBISETCS KaK T€TePO3UTOTHBIHN, TO
€CTh IPOUCXOANT HOPMaJIbHOE (hOPMUPOBAHKE TIPU3HAKA JaKe MPU OTCYTCTBUU
JOMUHAHTHOTO ajuiens. [IpuyrHa B TOM, YTO MPOIYKTHI PELIECCUBHBIX T'€HOB,
B3aUMOJCUCTBYS, U JOMONHSS APYr Apyra, GOPMUPYIOT MPU3HAK HICHTUYHBIN
JesTeIbHOCTH JIOMUHAHTHOTrO ayuiens. [Ipu MexamnnenbHONH KOMILJIEMEHTAlUU
Ha0JII0/1aeTCsl U3MEHEHNE CBOMCTB MYJBbTUMEPHBIX OCJIKOB B pe3yJibTaTe 00b-
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EAVMHEHUS JIBYX WJIM HECKOJBKUX MYTAHTHBIX NOJMUIEITUAHBIX LENEU, KOAUPY-
€MBIX Pa3HBIMU AJJIEISIMU; AKTUBHOCTh TAKOTO T€TEPOMYJIbTUMEPA MOKET OBIThH
NOBBIIICHHON (IIOJIOKUTENbHASI MEXaleJUIbHAsl KOMIUIEMEHTALMS), TTOHUKEH-
HOU (OTpHLATENIbHASI MEXAJUIEIbHAS KOMIUIEMEHTALMS) WIM BO3BPAIICHHOW K
nukomy tuiy. CrokHbIN (hepMEHT COCTOUT U3 HECKOJIBKO IOMEHOB M, COOTBET-
CTBEHHO, (PYHKIIMOHAJIBHBIX IIEHTPOB — JJIs CBSI3bIBAHUS cyOcTparta, JJIs B3au-
MOJEUCTBUS C KODEPMEHTOM, C PETYIATOPHBIMH MOJIEKYJaMHU, C MeMOpaHaMu
KJIETOK. KpoMe TOro, OH MOKET BKIIIOYaTh HECKOJIBKO ITOJUIIENITUAHBIX LENen
OJIHOTO M TOTO K€ CTPOEHUsI, 00bETUHEHHBIX BMECTE B YETBEPTHUUHYIO CTPYKTY-

py. Kaxplil 13 MyTaHTOB (Hanmpumep, a1 WIK a2) UMEET MOBPEXKICHUE KaKOTO-
TO ONPEIEICHHOTO JOMEHA B IIpEeAeIIax MONUIENTHIHOM neny. CodyeTaHne IByX
MYTAHTHBIX OEJIKOB, UMEIOIIUX MOBPEXKICHUS B PA3IUYHBIX JOMEHAaX, MOXKET
IPUBECTU K B3aUMHOW KOMIIEHCAIlMU MOBPEKIEHHBIX Y4acTKOB. [Ipu aTom BOC-
CTaHOBJICHHE (DEPMEHTATUBHOW aKTUBHOCTU Y TAKUX KOMIUIEKCOB HE MPEBBIIIA-
eT, KaKk npaswio, 20 — 30 % OoT ypoBHS, XapaKTEpHOI'O I TOMO3HUIOT JUKOTO
tuna (AA). OnHako 3TOro ObIBAE€T AOCTATOYHO ISl TIPOSIBIICHUS] HOPMAIbHOTO
(deHoTuna.

Paccmotpum npumep:
d1dq — MyTanms moymnenTHaa A — HEIOJHOIICHHBIN OEJIOK.
dody — MyTanms mosmmenTuaa B — HEMOTHOLIEHHBIH OEJIOK.

Ho! mpu renotune d1do OyayT cuHTE3upOoBaThCsA 00a MOJUIICHITHIA U
HOPMAJIbHBIN OEJIOK.
B Annenvnoe ucknrouenue (puc. 6.9).

4. JAaHHOM CJIy4ae MEXaJUIEJIbHOTO B3aUMOJEHUCTBUS B PA3HBIX KIIETKAX Y
OJIHOM 0COOM TPOSBIIAIOTCS pa3Hbie ajuienud. Hampumep, npu MHAKTUBAIIMHU OJT-
HOU U3 ajuienerd X-XpOMOCOMBI B PE3YJIbTATE y KEHIIWH HAa HEKOTOPBIX y4acT-
KaxX KO OTCYTCTBYIOT MOTOBBIE keJe3bl: X — HOPMAIBHOE PA3BUTHE MOTOBBIX
xenes; X* - MmyTanust X-XpoOMOCOMBI, MPUBOSIIAS K OTCYTCTBHIO TTOTOBBIX JKE-
ne3. Torma B 4acTu KIIETOK, TA€ WHAKTUBUPYETCS HOPMaJbHAs X-XpOMOCOMA,
MOTOBBIE KeJe3bl OYAYT OTCYTCTBOBATh: X*X - OTCYTCTBUE IMOTOBBIX Keje3. A B
TeX KJIeTKaXx, rjae Oy/1eT MHAaKTUBUPOBATHCSI MyTaHTHasE XpoMocoMa X*, MoTo-

BbIE JKeJie3bl OyIyT PYHKIIMOHUPOBATH HOPMAJIbHO: X*X — HOpMa.
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®opMupoBaHUE CIIOKHBIX MPHU3HAKOB TPEAINOIaraeT HEOOXOIUMOCTh
B3aUMO/ICHCTBHS HEaJUIEIbHBIX T'€HOB, T.€. aJjieNiel, PacloI0KEHHBIX B Pa3HbIX
XpOMOCOMAX.

BUJIbI B3BAUMOJIENCTBUS HEAJLIEJIBHBIX TEHOB

BBI,ZICHSI}OT TPpH THUIIA BBaHMOHGﬁCTBHH HCAJJICIIBHBIX T'CHOB: KOMIIJICMCH -
TAPHOCTD, 3IIUCTA3 U ITOJIMMCPHUSL.

Komnnemenmaprnocms — 5T0 BUJI B3aUMOJICUCTBUS HEAJIEIBHBIX T€HOB,
KOI/ia Py OAHOBPEMEHHOM NPHUCYTCTBUH B F€HOTUIIE OCOOM JOMHHAHTHBIX all-
Jieniel pa3HbIX TeHOB (POPMUPYETCS HOBBII MPU3HAK.

BapuaHTel pacuienienuii no (eHOTUIy BO BTOPOM IMOKOJEHUU MPU KOM-
IJIEMEHTAPHOM B3aMMOJICVICTBUA HEAJJIEIIENbHBIX T€HOB.

B Bapuanm pacwennenus 9 : 3 : 3 : 1. Kaxaplil JOMUHAHTHBIN aJuIeIb
UMEET CBOE MPOSBICHHE, TOTJa KaK JBa JOMHUHAHTHBIX ajJieisl B COYETAaHUU
dopmupytoT HOBBI mpusHak. [Ipumepom sBisercs (OPMUPOBAHUS PA3HBIX
dbopm rpebHel y Kyp M meTyxoB. Asielib P KOHTpoiHupyeT pa3BUTHE TOPOXO-
BHUJIHOTO IpeOHs y neTyxoB (reHotun P_rr), amiens R — po3oBuaHOro (reHOTHI
PPR_), Ipu OTCYTCTBUU JOMHHAHTHBIX aJUICIeH Pa3BHBACTCS MPOCTOM (JIUCTO-
BUJIHBIN) TpeOeHb (TeHOTUI PPIT), IPU HAJTUYUKH 000UX JIOMUHAHTHBIX ajienei
dopmupyeTcst opexoBHIHBIN TpedeHb (reHoTun P_R ).

B Bapuamm pacwennenua 9 : 3 : 4. Ilpumepom sBII€TCS HaCJEIOBAHUE
OKpAacCKH MIEPCTU y MbIIIeH (cephlid, YepHbIi, Oenblit). JlomuHanTHbIN amiens (C)
KOHTPOJIUPYET CUHTE3 YEPHOI'O MUTMEHTA, PELECCUBHBIN ajuleb 3TOTO T'eHa (c) He
CUHTE3UPYET UYEpHBIM MUTMEHT (MbImM Oejbie), JOMHUHAHTHBIN amiens (B) He-
QJIJIEIBHOTO TeHa OO0YCIOBIMBAET 30HAIBHOE PACIPEAEICHUE 3TOT0 YEPHOTrO
MUTMEHTa 1O BOJIOCKY (HAa KOHYMKE U Y OCHOBAHMs BOJIOCKA), IOATOMY IIPU I€HO-
turie C_B_ — MBIIIU Cephie, PEIECCUBHBIN ajljienb 3Toro rexa (D) oOycrnosiuBaer
PaBHOMEPHOE paclpeAe/ieHNe MUIMEHTa IO BOJOCKY, CJIEOBATEIbHO MPHU TE€HO-
tune C_bb Mpiin OyayT uepHbIMU. [Ipu renoTunax ccB_ u ccbb mpim Oenble.

B Bapuanm pacwennenus 9 : 6 : 1. [lpumepom siBnsieTcss (popMUpoBa-
Hue GOpMBbI TIJI0JIOB THIKBBI (OKpYTias, AMCKOBUIHAS, YIIIMHEHHAS (DOPMBI).

[Tpu HaIMYMY B TEHOTHUIIE THIKBBI JOMHUHAHTHBIX aJIJIEIeH pa3HbIX reHoB dhopma 127



TBIKBBI TUCKOBUIHAS (TEHOTHIT A B ), IpW HATMYUH TOMUHAHTHOTO aJUIENSI O1-
HOTO M3 TeHOB (hopMHUpYyETCs OKpyrias gopma ThIKBbI (TeHOTUNBI A bb wnu
aaB ), mpu perecCuBHOM roMO3UTOTHOM reHoturne (aabb) — ynnmaennas dop-
Ma THIKBBI.

4  Bapuanm pacwennenus 9 : 7. Hanpumep, popMupoBaHue ciyxa y de-
JOBEeKa 0OYCIIOBJICHO HAIMYUEM B T€HOTHUIIE JJOMUHAHTHBIX aJlieJiel pa3HbIX re-
HOB (D — pa3Butee ynutku u E — pa3zButue ciayxoBoro Hepsa), a Mpu OTCYT-
CTBUU B TCHOTHUIIE OJJHOTO M3 ITUX JOMHUHAHTHBIX ayened (renotunsl D_ee u
ddE_) u mpu perieccuBHOM TOMO3UTOTHOM TeHoTHre (aabb) madmonaercs riry-
XOHEMOTA.

Anucmas — 310 BUJ B3aUMOJICUCTBUS aJUIEIEH Pa3HBIX T€HOB, XapaKTepHU-
3YIOUIUNICA TOJABJICHUEM IIPOSBIICHUS IPU3HAKA B IIPUCYTCTBUM CYIPECCOPA.
Pa3nu4aroT TOMUHAHTHBIM U PELIECCUBHBIN AIINCTA3.

[Ipu domunanmuom snucmase TOMUHAHTHBINA aJUIeNb OJHOTO TeHa (AMH-
CTaTHYECKOT0) TMOAABISAET MPOSBICHUE ITOMHUHAHTHOTO alljieNii JPYroro TeHa
(runoctarudeckoro). JlomycTum, 4To Ipu HaAIU4YUKU ayuiens A oOpasyercs dep-
MEHT, pa3pylIaloluil MUTMEHT, CUHTE3UPOBAHHBIN alljiesieM JIpyroro rexHa B.
Torna npu couerannu A_B_ nipusHak He popMupyercs.

BapuanTs! paciernsienuii no GeHoTuny Bo BTOPOM IMOKOJIEHUU TIPH J10-
MUHAHTHOM 3MUCTA3e.

y Bapuamm pacwennenus 13 : 3. [lpumepoM sIBIS€TCS HacleJOBaHUE
OKpacku omnepenus y Kyp. JHomunanTtHbii amiens (C) reHa AETEPMUHHPYET
NUTMEHTAIMIO ONEPEHUsI Y Kyp, PELIECCUBHBIN ajuienb (¢) He JaeT MUTMEHTa-
0. JlomruHaHTHBIN amiens (1) HeanenpHOTO TeHa SBJISIETCS CYIIPECCOPOM, T.€.
nojasisieT aericreue amens C, perneccuBHbIN ayienb (1) — HedTpanbHbIid. [o-
stoMy Kypsbl ¢ TeHotunamu C_|_, ccl  u ccii OynayT 6enpIiMu, MATMEHTAINS OTie-
penus Habmoaercs nmpu redorunax C_ii.

Yy Bapuanm pacwennenus 12 : 3 : 1. B kauecTBe npuMepa TOMUHAHTHO-
r'o 3MHUCTa3a MOXKHO PacCMOTPETh HaclieqoBaHue Mactu Jyomanaei. Eciu C — ce-
past macTh (cympeccop), B — depHas, To jomiaau ¢ renorunamu C_B , C _bb Oy-
YT CePBIMH, YepHas MacTh (POPMHUPYETCS IIPH TEHOTHUIAX ccB , IpH PEIecCuB-

HOM TOMO3UTOTHOM TeHoTure (cchb) nomaan OyayT pLKAMH.
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[Ipu peyeccusnom anucma3ze periecCUBHbBIE aJlJIeNIM OJTHOTO reHa, Oyaydn

B TOMO3UTOTHOM COCTOSIHMHU, TIOAABJISAIOT JOMUHAHTHBIN aJUlellb JPYroro rexa.
[IprmMepoM pEeCCUBHOTO AIKACTA3a Y YEJIOBEKA MOYKET CIYKUTh, TaK Ha3bIBae-
MBIH, OoMOeiickuii (peHOMEH, KOT/1a MHIUBH/I, UMEIOIIUNA TOMUHAHTHBINA aJlIelb

A B
rpynmnsl KpoBu cuctemMbl ABO (Hampumep, | wmm |7), nnentudunupyercs Kak
yenoBek ¢ | rpynmoil. 910 00yClIOBIEHO AMUCTATUYECKUM JAEUCTBUEM peliec-
CHBHBIX ayutenedl hh ayrocomHOro rena-cympeccopa, KOTOpbIE IMOAABISIOT Pa3-
BUTHUE aHTUT'€HOB IpynN KpoBU. B 3TOM citydae, Hanpumep, 0CoOU C T€HOTUIIOM

1*1°hh OyayT umeTh | rpynmy KpoBH.

OTtcyTcTBUE HEOOXOAUMBIX JAaHHBIX O POJIM MEPBUYHBIX MPOJTYKTOB MHO-
I'MX T€HOB B ()OPMUPOBAHUU CIIOKHBIX NMPU3HAKOB YAaCTO HE IMO3BOJISIET TOYHO
YCTAaHOBUTH XAPAKTEP B3aUMOCHCTBUSA HEAIJIEIbHBIX JIOKYCOB, YY4aCTBYIOIIUX B
OMOXMMMUYECKUX MPOLECCaX U COCTABISIOUIMX OCHOBY OOPa30BaHUSAX 3TUX MpPHU-
3HaKOB. B 0IHUX Cily4asx pa3BUTHUE NPU3HAKA IIPU HAIMYUU ABYX aJUIeIIEH pas3-
HBbIX T'€HOB B JJOMUHAHTHOM COCTOSIHMM PaCCMATPUBAIOT KaK KOMIUIEMEHTApHOE
B3aMMO/JICHCTBHUE, B APYTUX — OTCYTCTBUE NPU3HAKA, ONPEAEIIEMOT0 OJTHUM U3
ajuiesIed IpU OTCYTCTBUHU JAPYIOro ajulesiss B JOMUHAHTHOM COCTOSIHMM, paclie-
HUBAIOT KaK PELECCUBHBIN 3MUCTA3; €CIIM JKE€ PU3HAK PAa3BUBAETCA IIPU OTCYT-
CTBUM JOMUHAHTHOI'O aJUIEJIsl HEAJJIEIBbHOTO I'€Ha, a B €ro IIPUCYTCTBUU HE pa3-
BHBAETCS1, TOBOPAT O JOMMHAHTHOM 3mrcTase. C 3TON TOUKHU 3pEHUS pa3JecHUe
B3aMMOJEHCTBUS AJJIEJIEM HA KOMIUJIEMEHTAPHOE U 3MUCTATUYECKOE HECKOJIBKO
HCKYCCTBEHHO, MO0 BO BCEX 3TUX CIIydasX CJIOKHBIM MPU3HAK SIBJISETCS PE3yJib-
TaTOM COYETaHUs B I'€HOTHUIIC ONPEACIICHHBIX AJJIEIEH COOTBETCTBYIOIIUX Ie-
HOB, KOTOpbIE 00ECNIEYNBAIOT CUHTE3 MPOAYKTOB, YYAaCTBYIOUIUX B LIEMH OMOXU-
MUYECKHX MpeoOpa3oBaHUWil Ha pPa3HbIX YPOBHSIX (OPMHUPOBAHUS CIOKHOTO
MIPU3HAKA.

IIwzumepu}l — 3TO BUJ BBaHMOﬂCﬁCTBHH HCAJJICIIBHBIX I'CHOB, IIPH KOTO-
POM JOMHMHAHTHBIC aJUICIIM PA3HBIX I'CHOB OTBCYAIOT 3d IIPOABJIICHHA OOHOI'O U
TOI'O KC IIPpHU3HAKaA.

[TonmumepHOe B3aMMOAEHCTBUE MOXKET OBITh KAUeCMBEHHbIM — HEeKYMYJisl-
mugHas noaumepusi (Hamm4Iue XoTs Obl OTHOTO JOMUHAHTHOTO aJljielisl PUBO-
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numepus (CTETICHb MPOSIBJIICHUS MPHU3HAKa 3aBUCUT OT KOJIMYECTBA JIOMUHAHT-
HBIX aJljiesien).

ITo Tuny KymyJsTUBHOM IMOJMMEPUU y YEJIOBEKA HACJIETyEeTCs] UHTEHCHUB-
HOCTb IWUIMEHTAalMU KOXH: CTENEHb NUIMEHTAlMU MpPsSMO MNPONOPLUUOHAIBHA
KOJMYECTBY MEJIaHWHA M KOJMYECTBY JIOMUHAHTHBIX ajuienied. Yerbipe mnapbl

JOMHUHAHTHBIX ajuiene — reHoTun A14142A4A24343A44A4, 06yCIOBINBAIOT YEPHBII
I[BET KOXH; YEThIPE JOMUHAHTHBIX aieJsl — TEMHO-KOPUYHEBBIM, TPU JIOMHU-
HAHTHBIX aJIJIeNIsI — KOPUYHEBBIN; JBa W OJUH JOMUHAHTHBIX aJUIeNsd — CMYTJIBIH;
OTCYTCTBHE JOMHHAHTHBIX aJUICNICH a1a1aoa aza3asds — CBETias OKpacka KOXH).

KYMYHHTI/IBHaH NOJIMMCEpHUA JIC)KUT B OCHOBC ONPCACIICHUSA KOJIUMYCCTBCHHBIX
IMPHU3HAKOB (pOCT, Macca, BOBMOKXHO, YPOBCHDb pa3BUTHA I/IHTeJ'IJ'IeKTa).

Pacuennenue no GeHOTUIY MPU MOJTUMEPHOM B3aUMOJACHCTBUU T'€HOB BO

BTOPOM MOKOJIeHHH Fp AUrnOpuaHoOro ckpemmBaHus BbIpakaercs kak 15 : 1.
TakoW THUII pACIICIUIEHUS COOTBETCTBYET NPOSBIICHUIO IpU3HAKA JaXe IpHU
HAJIMYUU XOTs Obl OJHOTO JOMUHAHTHOro amiens (15 wacteii), Torga kak npu
OTCYTCTBUM JOMUHAHTHBIX ajulesiel Mpu3HaK He nposiBisiercd (1 yacte ¢ roMo-

SUTI'OTHBIM II0 PCUOCCCUBHBLIM AJUICJISIM I'CHOTUIIOM alalagagm).

OcoOblii BUJ TPENICTaBISAECT B3aUMOJICHCTBUE, OOYCIOBICHHOE MECTOM
MOJIOKEHUSI T€HA B CHUCTEME T€HOTUIA — 3¢hhekm nononcenusn. Henocpen-
CTBEHHOE OKPYXEHHE, B KOTOPOM HAXOJUTCS T'€H, MOXKET CKa3blBaThCA Ha Xa-
pakTepe ero skcmpeccuu. M3MeHeHHe aKTUBHOCTU TeHa, HaOIojaeMoe MpH
XPOMOCOMHBIX TNEPECTPOUKAX, HEPEIKO CBS3aHO C MEPEMEIICHHEM €r0 B ApYy-
TYIO TPYIIITY CUETUICHHS TPU TPAHCIOKAIUAX UM U3MEHEHHUEM €T0 MOJI0KEHHUS

B CBOeH XxpoMocome Tipu uHBepcHsX. OcoOblil cirydaii, 04eBUIHO, IPEACTABISIET
V3MEHEHUE SKCIPECCUU TE€HOB B PE3YJIBTATE ACSITEIBHOCTH MOJBUKHBIX T€HETH-
YECKUX DJJIEMEHTOB, AKTUBHUPYIOIIMX WJIM YTHETAIOWIUX IMPOSBICHUE T'€HOB,
BOJIM3U KOTOPBIX OHU BCTPAUBAIOTCS.

Hakonen, 6oibliioe 3HayeHue B 00bEIMHEHUH T€HOB B €UHYIO0 CUCTEMY
TEHOTUIIA UMEIOT pecyAmopHble 83auMooeiicmsusi, 00ecednBaroe peryJis-
LU0 T€HHOM aKTUBHOCTH. [IpOayKThI F€HOB-PETYIATOPOB — OEIKU-PETYISTOPHI

— 005a7ar0T COCOOHOCTHIO y3HABATh OMPEEICHHBIC MOCIEIOBATEILHOCTH
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JHK, coenuHATHCS ¢ HUMH, 00€cTieurBasi, TaKUM 00pa3oM, TPAaHCKPUOUPOBaHUE
WHPOPMAIIUU CO CTPYKTYPHBIX TEHOB WIIM TPETISITCTBYSI TPAHCKPHITIIUH.

BOITPOCHI AJ51 CAMOKOHTPOJIA:

1. Ilepeuucnute OCHOBHBIE 3TAIlbl Pa3BUTHUS TEHETUKU B TOMEH/ICIJICB-
CKUU U MEHJICTICBCKUM TTEPUO/I.

2. Ilouemy 3axk0HBI MeHAENS HA3BIBAIOTCS 3aKOHAMU HE3aBUCHUMOTO
HACJIEI0BAHUSI IPU3HAKOB?

3. OxapakrtepusyiiTe 1 nosicHuTe Ha ipuMepax 1, 2 u 3 3akonbl Menpens.

4. Ha30BUTE OCHOBHBIC BHUbI B3aHMOHCﬁCTBHH AJIJICJIBbHBIX M HCAJIJICJIb-
HBIX TCHOB.

5. Urto Takoe aHaIU3HPYIOIIEee CKpEIMBaHUE?
6. JlaiiTe onpenenieHuEe MHOKECTBEHHOMY aJlJIEIU3MY.

7. UYto Takoe mIEHOTPOITHOE AEUCTBUE TEHOB?
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Jlekuusa 7

OCHOBHBIE 3AKOHOMEPHOCTH CHEINVIEHHOI'O
HACJIEAOBAHUA. 'TEHETHUKA ITOJIA

IIVIAH JIEKIIUMN:

1. CHEIVIEHHOE HACJIEJOBAHHUE I'EHOB 1
ITPU3HAKOB. KPOCCHHI'OBEP KAK MEXAHU3M,
OIIPEJAEJIAIOIINU HAPYHIEHUE CHEIVIEHUA I'EHOB

2. OCHOBHBIE NOJOXXEHUSAA XPOMOCOMHOM TEOPUU
HACJIEACTBEHHOCTH (XTH)

3. 'EHHBIE KAPTbBI XPOMOCOM
4. TEHETHUKA I1OJIA
5. OCHOBHBIE MEXAHUW3MbI OITPEJAEJIEHHUS ITOJIA

6. INPDPEPEHIIMPOBKA ITOJIA B IIPOLNECCE
PA3BUTHUA YEJIOBEKA

7. COOTHOWEHME I1OJIOB Y YEJTOBEKA

8. BOITPOCHI AJIA CAMOKOHTPOJIA

CHEIIVIEHHOE HACJIEJOBAHUE I'EHOB U IIPU3HAKOB.
KPOCCUHI'OBEP KAK MEXAHU3M, ONPEJEJSIONINNA
HAPYHIEHUE CHEIIVIEHUA 'EHOB

[Ipn n3ydyeHun 3aKOHOMEPHOCTEW HACIEAOBaHUA, OTKPBITBIX MeHaeneM,
MBI IO{YEPKUBAJIN, YTO T€HBI HAXOIATCS B PA3HBIX XPOMOCOMAaxX U HaCIEAYIOTCS
He3aBUCHMO. Ho reHOB M MPU3HAKOB B OPraHU3Me HAMHOTO OOJIbIIIE, YEM YHCIIO
xpomocoM. Tak, y denoBeka 23 mapbl XpOMOCOM, HO T€HOB OKOJO 30 ThICAY.
CrnenoBatellbHO, B KOKJI0M XpOMOCOME HAaXOMSTCS THICAYM pa3HbIX reHoB. Kak
K€ HACJIeyIOTCS FE€HbI, HaXOIAIIMECS B OHOW XpOMOCOMeE?

3aKOHOMEPHOCTH CIEIUICHHOTO HACJIEeIOBaHUS T'€HOB ObLTH M3yueHBI B 20-X
rogax XX B. mkosioit T.Moprana Ha Mymikax apo3odmiax. Y npo3opuis 8 xpo-
MOCOM (6 ayToCcOM | 2 MON0BBIE XpOMOCOMBI: XY — y caMIloB, XX — y CaMOK).
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Mopras usydain cieayromne Ipu3HaKu:

B — cepast okpacka Tena b
— yepHas okpacka tena V
— JUTMHHBIE KPBUIbS

V — 3a4aTOYHBIE KPbLIbSI.

[Ipu ckpemmBaHUY TOMO3UTOTHON JOMHUHAHTHONH 0COOM C TOMO3UTOTHOM

peIieCCUBHON OCOOBIO B TIEPBOM ITOKOJICHUH BCE THOPHUABI UMEIH OJUHAKOBBIC
Npu3HaKu (eIUHOOOpa3ue TuOpuI0B | MoKoJIeHHs ), a UMEHHO, BCE MYXHU OBLIH
cepble C JUIMHHBIMH KPBUIBSIMHU, YTO COOTBETCTBOBAIO 3aKkoHaM Mennaemns. On-
HAKO MPHU CKPEIIMBAHWU ABYX JUTETEPO3UTOTHBIX 0cobeid Mopran HaOroman
CYIIECTBEHHOE OTKJIOHEHHE OT 3 3akoHa MeH 1e1s1 He3aBUCUMOTO HACJIeIOBAaHUS

M KOMOMHUPOBAHMS IPU3HAKOB U HE Moyuni pacuierienus 9:3:3:1. J{ns toro,
YTOOBI BBISICHUTH MPUYHHY 3TOT0, Mopran mpoBes aHaIM3UPYIOIIee CKpeInBa-
HUE€ FeTepO3UTOTHON 0COOU C PELECCMBHON FOMO3UTOTHOW 0co0b0. CoriacHo
3aKkoHaM MeH/Iens B 3TOM cliy4yae MpH HEe3aBHCHMOM HAaCJEIOBAaHUU MPU3HAKOB
OKUJAJIOCH TOJTYYUTh 4 pa3HBIX 0COOU C PaBHBIMU YaCTOTAMH — PACIICIVICHHUE
1:1:1:1. Ho, Bonpexkn 0KUIAHUIO, IPU CKPEIIMBAHUN T'€TEPO3UTOTHBIX CAMIIOB
Ipo30¢puiIbl C PELECCUBHBIMU CaMKaMM PACLIEIUIEHHE OKa3ajloch paBHbIM 1:1,
T.€. UMEJIOCh BCero 2 BapuaHTa ¢ paBHOU dacTtoTort (50% u 50%) (puc. 7.1-A).
[IprunHOM 3TOr0 MOIJIO OBITH TOJIBKO MOJHOE CLEIMJICHHE T'€HOB, KOIZa OHU
HacJIeyloTCs B Mape, Kak OJUH TeH. [leficTBUTeNnbHO, Y caMUOB Jpo30(uiIbl
CLIETJIEHUE T€HOB BCErja IMOJHOE, T.K. KPOCCUHIoBep (0OMEH rOMOJOTHYHBIMU
y4acTKaMu) HE MPOUCXOTUT.

[Tpu ckpemmBaHUM TETEPO3UTOTHOW CAaMKH C PEIIECCHBHBIM CaMIIOM B
MOTOMCTBE TIOJIyYMJIM BCE OXKHMJaeMble 4 BapuaHTa, MPU STOM POAUTEIHCKUE
dbopmbl cymiecTBEHHO Tpeodiiananu nmo yacrore: (41,5%: 41,5%: 8,5%: 8,5%)
(puc. 7.1-b). B nanHOM ciydae npeo0iiaJaHue UCXOIHBIX POJIUTEIBCKUX (PopM
yKa3bIBaeT Ha TO, 4TO reHbl BV u bv neiictButensHo crerniensl. C apyroit cro-
POHBI, MOSIBJICHHE M€HETUYECKON peKOMOMHALMK M HOBBIX (hopM (cepoe Teo u
KOPOTKHE KPbUIbs, YEPHOE TEJIO U JUIMHHBIE KPbLIbs) TOBOPUT O TOM, UTO B 3TUX
CJIydasix IPOMU30IIEN pa3phlB CLEIJICHUS. DTO SBISETCS Pe3yIbTaTOM KOHbIOTa-

MY XpOMOCOM BO BpeMs rpodassl [ Meiio3a u oOMeHa ydyacTKaMu MEXTy romo-133



JIOTHMYHBIMHU XpOMOCOMaMH, T.C. KPOCCHHITOBCPA.

B pe3ysnbraTre KpOCCHHrOBepa ¢ 00Jiee BBICOKOH YacTOTOH 00pa3yroTcs
HEKPOCCOBEPHBIC TaMEThI U PEXKe — KPOCCOBEPHBIE raMeThl. B Hamiem mpumepe
HekpoccoBepHble TameThl — BV u bv (83%), kxpoccoBepubie Tamersr — Bv u bV
(17%).

Ha ocHoBanuu PE3YJIILTATOB CBOHUX OIILITOB MopraH " €TI0 YUYCHUKU IIpU-
NI K 3aKJIIIOYCHUIO, YTO I'CHbI HAXOJATCA B XpOMOCOMAX H C(bOpMYJ'II/IpOBaJIH
XPOMOCOMHYIO meopuro HACIeOCMBEEHHOCIU.

OcHoesnble nonodHcerus XpOMOCOMHOIZ meopuu HACIeOCMBEHHOCMU.

1. T'eHbl HaxoxmaTcs B XxpoMocomax. Kaxknas xpomocoma HpeacTaBisieT
co0O0l rpymiy cUEmIeHus TeHOB. Yucao Trpynn CUEMJIEHUs y KaXKJA0ro BHIA
PABHO TaIIOUIHOMY YHCIIY XPOMOCOM.

2. Kaxnaplil reH B XpoMOCOME 3aHUMAET OMPEACICHHOE MECTO (JIOKYC).
['eHbl B XpoMOCOMax pacroioKeHbl JIMHEHHO.

3. Mexay roMOJIOTHYHBIMH XPOMOCOMaMHU MOXET MPOUCXOIUTh OOMEH
aJJIeIbHBIMU T'€HaMHU (KPOCCUHTOBEP ), MPUBOISAIINI K PEKOMOMHAIIMHN T'€HOB.

4. PaccTosiHME MEX]ly TeHaMH B XpOMOCOME IPOMOPLIMOHAIBHO MPOLEH-
Ty KPOCCHUHIOBEpa MEX]1y HUMHU.

3Hauenue XxpomMoCcoMHOU Mmeopuu Hacie0CMBEeHHOCMU:

1. BpUIO YCTaHOBJIEHO, YTO MAaTEPUAIIbHBIE HOCUTEIN HACIEACTBEHHOM
uH(OpPMAIUU — F€HbI — PACTIOIO0KEHBI B XPOMOCOMAX.

2. Hauanuch MHTCHCUBHBIC HCCICAOBAHMA HAa KIICTOYHOM YPOBHC.
3. bel1M coCTaBlICHBI TC€HHbBIC KapThbl XpPOMOCOM.

CornacHo | ¥ 2 MONOXEHUSAM XPOMOCOMHOW TEOPHUM HACIEACTBEHHOCTH
T'€Hbl, JIOKAJU30BaHHBIE B OJHOM XpOMOCOME, HacleAyITCs CLEIUIEHHO M 00pa-
3yIOT Ipynmy cuemieHus. Yucino rpynn CuensieHHs paBHO TaluIOMJIHOMY YHUCITY
XpoMocoM. Y 4YesioBeKa y >KeHUIUH 23 rpynmnsl cueruienus (22 mapsl aytocom + X-
XPOMOCOMBI), Y MY>KUUH — 24 rpynisbl cieruienus (22 napsl aytocoM + X +Y).

CoryacHO mocaeaHeMy TOJI0KEHUI0 XPOMOCOMHOM TEOpHUH HACIIEICTBEH-
HOCTH 4aCcTOTa T€HETUYECKON pexoMOnHaIHK (0003HaYaeTCs TPEYECKOM OyKBOM

0 (TerTa)) BeIpaXkaeTCsi OTHOLIEHUEM YHCJIa KPOCCOBEPHBIX TaMeT K 00IIeMy

YHCIIy 0COOEH M XapaKTepu3yeT PaCCTOSHUE MEXKYy T€HAMHU.
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Paccrosinue mexay reHamu BbIpakaeTcs B % KPOCCHUHIOBEpa UM B MOP-
ranugax (M):

1%=1 M =1 cM (canTumopranua) = 1 MJIH Iap OCHOBaHUHN

Uem Onmxke pacrojararoTcsi ABa T'€Ha, TEM MEHbIIE BEPOSITHOCTh KPOC-
CUHTOBepa MeXJy HUMU. [Ipu clieryieHHOM HacJIeI0BAHUM PACCTOSHUE MEXY
r€HaMHU MOKHO YCTAHOBUTH MO MPOIEHTY KPOCCOBEPHBIX 0COOEH, MOTYyUYECHHBIX
MpU aHAJIM3UPYIOLIEM CKpelIMBaHUU. B HameM mpumepe pacCTOSHHE MEXIY
reHamu B u V paBHo 8,5%+8,5%=17%=17M. Eciu paccTosinue Mexay reHamu
6omee 50% KpoccHHTOBEpA, TO OHU HACIEAYIOTCS KaK HECICTITICHHBIC TEHBI.

KpOCCI/IHFOBep HMCCT BA’JKHOC 3HAUCHUC JJISA 9BOJIIOLIMHU, ITIOCKOJIBKY B PC-
3YyJbTaTC IICPCKPCCTA «IIOJIC3HBIC) A OpraHu3Ma aJuliCIn MOT'YT OBITH OTACIIC-
HbBI OT «BPCIAHBIX», CICAOBATCIBbHO, MOI'YT BO3HUKHYTDH Oonee BBII'OAHBIC I
CymcCTBOBaHUs BUA KOM6I/IHaHI/II/I. OTO0 UMeeT CYmCCTBCHHOC 3HAYCHHUC JIA
HpOFpeCCHBHOI;’I O9BOJIIOIIUH MU aAallTallkiu.

CymiecTBoBaHME KPOCCHUHIOBEpa Mo3BoIIIO mmikojie T.Moprana pa3pabo-
Ttath B 1911 — 1914 rr. npuHUIUI NOCTPOEHUS TEHHBIX KapT XPOMOCOM, T.€. CXe-
MbI B3aMMHOT'O PACIOJIOKEHUS T'€HOB B OJHOU TpyIIie cueruieHus. B ocHOBY
ATOTO MPUHIUIA MOJ0KEHO MPEACTABICHUE O PACHOJIOKEHUN T'€HOB MO JJIMHE
XPOMOCOMBI B INHEWHOM MOPSJIKE.

I'EHHBIE KAPTBI XPOMOCOM

['enHble KapThl OBLIM COCTABJIEHBI TIPHU WCIOJIB30BAHUU THOPHUIOIOTHYE-
CKOTO METOJIa aHAJM3UPYIOIIUM CKpeIUMBaHUEM. I UX COCTaBJIEHHUS MpUME-
HAKOT METOJ «TPEX TOUEK» IO AHAJIU3Yy PE3yJIbTAaTOB TPEX AaHAIU3ZUPYIOLIUX
ckpenuBanuii (puc. 7.2). B xauecTBe mpuMepa pacCMOTPHUM OIPENETIEHUE MECT
nokanu3zauuu reHoB A, B u C, oTHOCSAIIMXCS K OJTHOM TPYIIIE CLETUICHUSI.

1. OmnpenensieM paccTosiHue MeXIy TeHaMu A u B myTem ckpeluBanus
AaBb X aabb. Tlomyunnm HeKpoccoBepHBIX ocobeit AaBb u aabb — 85%, kpoc-
coBepHbIX — Aabb n aaBb — 15%. CnenoBarenbHo, paccrosHue Mexny A u B
paBHO 15% KpoccuHrosepa.

2. Omnpenensem paccTostHue Mexay reHamu B u C myTeM CKpelyBaHus

BbCc x bbce. ITycth oHO paBHO 7% KpPOCCHHrOBEpA.
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3. OmpenenseM paccrossHue Mexay TeHaMu A v C IyTeM CKpeInBaHus
AaCc X aacc.

Ecnu paccrositnue mexnay renamu A u C paBHO 8% KpOCCHUHTOBEpa, TO
cXeMa B3aMMHOTO PACIIOJIOKEHHS TCHOB BBITJISIIUT TaK:

A 8% C 7% B.

15% (mexny A u B)

Ecnu paccrosinue mexy renamu A u C 6yner paBHo 22%, To cxeMa B3a-
UMHOTO PACMOJI0KEHUS T€HOB BBITJIAIUT MO-IPYTrOMY:

A 15% B 7% C.

22% (mexay A u C)

I'EHETHUKA ITOJIA

ITos — 310 BakHas (heHOTHNHMUECKas XapaKTEPUCTHKA 0COOM, BKIHOYAIO-
asi COBOKYIHOCTb MOP(]OIOrHUecKHuX, (PU3MOJOTUUECKUX, OMOXMMHUYECKUX,
NOBE/ICHYECKUX NPU3HAKOB OpraHU3Ma, 00ECIEeYMBAIOUINX BOCIPOU3BEACHUE
NOTOMCTBA U IepeAavy eMmy HacieAcTBeHHoW uH@opmanuu. IlpusHaku mosna
IPUCYIIA BCEM JKHMBBIM OpraHM3MaM, Jaxe cambIM IpocTeHIuM (OakTepuu
UMEIOT MPU3HAKY T10J1a).

[Ipu3Haku mojia MOAPa3ESAIOTCS Ha JIBE TPYIIIbI: MEPBUYHBIC (HApYX-
HbIC U BHYTPEHHUE OPTaHbl Pa3MHOXKCHHUS) M BTOPHYHBIE (OCOOEHHOCTH TEJIO-
CJIOKEHUSI, TeMOp Trosoca, pa3BUTHE BOJIOCSHOTO TIOKPOBA U T.J1.).

BaxxHbIM 10Ka3aTENBCTBOM TOTO, YTO TOJI ONPEAEINSIETCS] HACIEACTBEH-
HbIMU (haKTOpaMH, SBJISIETCS HaOJI0/1aeMoe y OOJIBIIMHCTBA BUJIOB COOTHOIIIE-
Hue 1:1, yTo MOXkeT ObITh O0YCJIOBJIEHO OOpa30BaHUEM JIBYX BHUIOB raMeT y
IpeICTaBUTENICH TE€TEPOraMEeTHOIO I0JIa U OJJHOTO BUAA raMeT — y JIPYroro mo-
aa.

Y yeJoBeKa JBE IOJIOBBIE XPOMOCOMBI — X U Y, TETEPOTraMETHBIM ABJIAECT-
Cs MYXKCKOU 1ol — XY, TOMOTaMETHBIM — KEHCKUU — XX.
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MopdoJ1orus moJI0BbIX XPOMOCOM YeJT0BEKA

[To mMopdosioru B MOJIOBBIX XPOMOCOMAaX YeJOBEKa MOYKHO BBIICIIUTH
niceBaoayrocoMubie peruoHsl (PAR) 1 u 2. [1o 3TUM ydacTkaMm MPOUCXOJUT KO-
HBIOTallMsl MOJIOBBIX XPOMOCOM Y 0CO0€ MYXCKOIo MoJja, COAEpKAIero rere-
poxpomocoMsl (X 1 Y).

C X-xpomocomoii cuermieHo okojio 400 reHoB, B TOM UYHCIIE TEHBI, IETep-
MUHUPYIOUIUE PA3BUTHE KEHCKUX TIOJOBBIX MPU3HAKOB, TE€HBI TeMOQUINH,
JaJIbTOHU3MA, MBIIIIEYHOU qucTpoduu u T.4. (puc. 7.3-A).

C Y-XpOMOCOMO¥ CIIETIEHO HECKOIBKO JECATKOB '€HOB, B TOM YHCII€ T€H
SRY (sex region Y-chromosome), AeTepMUHUPYIOIIHI pa3BUTHE MYKCKHX I10-
JIOBBIX MPU3HAKOB, F€HbI, JETEPMUHHUPYIOIINE PAa3BUTHE UXTHO3a, TUIEPTPUXO-
3a, MIEPENOHOK MEXy nanblaMu Hor (puc. 6.3-b). bonbmas yacte Y xpomoco-
MBI TIPEJCTaBICHAa BBICOKO KOHACHCHPOBAHHBIMHU YyUYaCTKaMHU, COJAEpKAIIAMHU
00JIBIIIOE KOJUYECTBO MOBTOPSIIOMIMXCS TOCIEAOBATEIBHOCTEH, YTO MPETsT-
CTBYET KPOCCHHTOBEPY MeXAy X U Y XpPOMOCOMAaMH.

HpI/I3HaKH, KOTOPLIC HACJICAYIOTCA 4CPC3 Y-XpOMOCOMy, Ha3bIBAIOTCA cO-
Jzaﬂdpuqecmmu. Onu IIPOABIIAIOTCA TOJIBKO Y JIMI[ MYJKCKOTI'O I10JIa U IICPCAAr0T-
CiA TOJIBKO IIO MYX(CKOﬁ JIMHHU.

IIpu3Haku, KOTOpBIE HACIEAYIOTCSA Yepe3 X-XpPOMOCOMY, Ha3bIBAaIOTCS
CLEIUIEHHBIMH C X-XpOMOCOMOM. OHM BCTpPEYarOTCS KAK y KEHIIWH, TaK U y
My>X4uH. [Ipyu 3TOM JKEHIMHBI MOTYT OBITh KaK TOMO3UTOTHBIMH, TaK U FE€TEPO-
3UTOTHBIMH T10 T€HAM, JIOKaJIM30BaHHBIM B X-XpOMOCOME. PereccuBHbIE amienu

Yy KEHILIWH MPOSBJISIOTCA TOJBKO B TOMO3MIOTHOM COCTOSIHUM, HO Y MY>KUYHMH
PELIECCUBHBIE T'€HbI MPOSBIIIOTCS BCErAa, T.K. HAXOISITCA B T€MU3UTOTHOM CO-
CTOSIHUM M HE UMEIOT aJUIEJIbHBIX T€HOB B TOMOJIOTMYHOM Xpomocome. Kitaccu-
YECKUM MPUMEPOM TaKOTO HaceJO0BaHUs siBIsieTcsa reModunus A — 3a0oJieBa-
HUE, XAPAKTEPU3YIOLIEECs HAPYLIEHUEM CBEPTHIBAHUS KPOBU U KPOBOTOYMBO-
cThi0. [IOCKOJIBKY B JaHHOM Cilydae MaT€pU-HOCUTEIW MYTaHTHOTO PELECCUB-
HOTO T€Ha MepearoT 00Je3Hh CBOMM CHIHOBBSIM, TO TaKOE HACJICIOBAaHUE Ha3bl-
BAETCA KPECT-HAKPECT.
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OCHOBHBIE MEXAHMUW3MbI OITPEJEJIEHUS I1OJIA

1. Ilpozamnas oemepmunayusa noJja NPOUCXOTUT B MPOIIECCE CO3PEBA-
HUS SUIIEKIETOK U 00YCJIOBJIEHa HEPABHOMEPHBIM paCIpEeICHUEM IIUTOILIA3-
MBI TIpU POPMUPOBAHUU OBOIIMTOB: (POPMUPYIOTCS OOJIBIINE U MAJIbIE OBOLIMTHI,
UMEIOIINE OJMHAKOBBIN HaOop XxpoMocoM. [locie omnogoTBopeHus: u3 OOIBIIMX
OBOIIMTOB Pa3BUBAIOTCSI CAMKH, M3 MaJbIX — caMIllbl. Takoi TUI JA€TepMUHALIUU
XapaKTEPEH JUJISl IEPBUYHBIX KOJIBYELIOB, TJIEH, KOJOBPATOK.

KonoBpatku 00pa3ytoT sIULEKIETKA ABYX COPTOB: KPYIHBIE, C JIBYMS
HabOpaMu XpOMOCOM (IUTUIOUIHBIC) U OOIBIIMM 00BEMOM IUTOIIIIA3MBI U MEJI-
KH€, C OJHUM HAa0OpOM XPOMOCOM — raruioujHble. M3 ramiouHeiX HEOIU10/0-
TBOPCHHBIX STUI[ Pa3BUBAIOTCS TAIJIOUIHBIE CaMIIbl, TPOYIIUPYIOIINE TarIOnI-
Hble TameThl. Eciii Tenepp rariouaHblii camel OTUIOJOTBOPUT TaIIOUIHOE SIii-
110, TO Pa30BbETCS caMmKa. M3 KpymHBIX NUIUIOWIHBIX SIWIl TAKKE Pa3BUBAIOTCS
CaMKH, HO B 3TOM CJIy4a€ OHU MOSIBJISIIOTCS HE B PE3YJIbTATE OIIOAOTBOPEHHS, a
NapTEeHOr€HETUYECKHU, TO €CTh 0€3 OorIoA0TBOpeHus. TakuM oOpa3om, Mo 0co-
Ou, pa3BUBAIONICHCS W3 AUIUIOWAHOTO SHIA, OMpPENeNseTcs €II¢ Ha CTaJauu
dbopmMupoBaHUs SIMIEKIETKY (HA 3TOM dTale 3aKIagbIBA€TCs €€ TUILIOUTHOCTD),

a 1oJ1 ocoOu, pa3BUBAIOIIEHCS U3 MEJIKOTO SIiIIa, 3aBUCUT OT TOTO, OYJIET OHO
OIJIOJIOTBOPEHO WJIU HET.

2. Cunzamnaa OemepmMuHAUUA NOJIA XAPAKTEPU3YETCS TEM, YTO MOJI
OTIpeIESETCS B MOMEHT OIUIOAOTBOPEeHUS. [laHHBIN THUIT XapakTepeH ajisi 00JIb-
IIIMHCTBA MJICKOIUTAIOIMNX U 4dejoBeka. [lom HacmemyeTcss Kak OOBIYHBIN MEH-
JETUPYIONTUH TTPU3HAK (T.€. B COOTBETCTBHH C 3aKOHaMH MEHIeNIs1) ¢ BEpOSTHO-
cTbi0 50% 111 000UX ITOJIOB.

3. Dnuzamnas oemepmunayusa noaa. Ilon onpenensercs mocie oro-

JIOTBOPEHHUS M 3aBUCUT OT (PaKTOpOB BHEIIHEH cpespl. Kinaccuueckum mpume-
POM 3MUTAMHOTO OTPENICICHHUS MMOJa SBIIeTCs MOpCKoi yepBb Bonellia viridis.
Camku KpyIHBIC, JOCTUTAIOT JUTHHBI 7-10 ¢cM M UMEIOT X000TOK JIMHHOHN 10 1
M. Camibl Menkue (0KoJIo 3 MM), BEAyT Mapa3suTUYECKUil 00pa3 KU3HHU Ha XO-
00TKe caMku. B ToM ciiydae, eciu JTMYMHKA OKaXETCs Ha XOOOTKE CaMKH, IMOJT
BJIMSTHUEM TOPMOHOB M3 3UTOTHI MOT'YT pa3BUBaThCs caMilbl. Ho eciu nuunHKa
OyJeT pa3BUBaThCS BAAJIM OT CAMKH, TO U3 Hee chopMUpyeTcs camka.
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4. Dycunzamnas demepmMuHayua no1a — TaruIoAUTUIONIHBIA THIT OTIpe-

JeJIeHU 1ojia. XapakTepeH AJisl 0co0el, pa3MHOXKAIOIIUXCS MapTEeHOTeHEeTHYe-
cku. Tak, y myen ocoOu KEHCKOTO TOJIa Pa3BUBAIOTCS U3 OIUIOJOTBOPEHHBIX
JTUTUTOUTHBIX UL, MY>KCKOTO — M3 HEOIIOJI0TBOPEHHBIX (TAIJIONIHBIX).

Yy HCKOTOPBIX BUIOB B XOIC OOBIYHOTO OHTOTIE€HE3a IIpru ONpCACICHHBIX
YCIIOBHAX IIPOUCXOAUT ecmecCmeernHHoe nepeonpedeﬂeuue noaa. B Tuxom oke-

aHe oOMTaIOT cenbiAeBble phIOKU Buaa Labroides dimidiatus, xuByriue craika-
MU U3 MHOXKECTBA CAMOK M OJHOTr0 camiia. Bce caMku OCTOSIHHO MpeObIBaIOT B
COCTOSIHUU CTpecca, UICTOYHUKOM KOTOPOTO siBNsgeTCs camell. [Ipu 3ToM ypoBeHb
HaMpsHKEHHOCTH MEXKy CaMKaMU pa3invaeTcsl, TaK, YTO MOXKHO BBIJICIUTh allb-
da, 6erTa, ramma-caMoK | T.1. B ciydae rubenu camua anbda-camka (rjaaBHas
caMka) cOpachlBaeT HaNpsKEHUE W MPEBpallaeTcs B MOJHOIEHHOTO camiia. Ta-
KO€ IMepeorpeieieHue MoJjia 3aBUCUT OT YPOBHSI B OpraHn3Me FOPMOHOB, BbIJIE-
JIIEMBIX KJIETKaMH HAJMOYEYHUKOB. Y HEKOTOPBIX PENTHIIMM, TaKUX KakK depe-
naxu U KPOKOJWJIBI, ACTEPMUHHUPYIOMIUM (HaKTOPOM CIY>)KUT TeMIeparypa B
ONIPEAECIICHHBIN NEPUO pa3BUTHs AnLa. Tak, y KaHMaHOBOU Yepenaxu IIpu TeM-

0
neparype Hke +27 C U3 SuIl pa3BUBAIOTCS CaMIlbl, IIPH TEMIICPATYPE BBIIIEC
0
+30 C — camkmu.

JANOPEPEHLIUPOBKA I10OJIA B IPOLHECCE
PA3ZBUTHUSA YEJTIOBEKA

[Tpouecc nepBuuHO AU dHepeHIMPOBKYU T0JIa Y YeJIOBeKa CBA3aH C Iie-
puoaom sMmOpuoHanbHOro passutud. [lon Oyayiiero peOeHka ompenenseTcs B
MOMEHT OIUJIOJIOTBOPEHUSI U 3aBHCHUT OT COYETAHUSI IMOJIOBBIX XPOMOCOM (CHH-
ramMHoe onpejeneHue noiua). GopmupoBaHue 3aKIaJ0K MOJOBBIX KEJIE3 MPOUC-
XOJUT 110 4-1 HeJlean SMOPHOHAIILHOTO Pa3BUTHUSL U 00€CTIEUNBAETCS TOJIBKO X-
xpoMocoMoi. [1o3ToMy nepBHUYHBIE TOHAABI — MOJOBBIE KEJNE3bl — OUCEKCyallb-
HBbI, T.€. COCTOSIT U3 OJIMHAKOBBIX 3aYaTKOB HE3aBUCHUMO OT Moja OyAyIIero op-
ranusma (puc. 7.4).

OcHoBHas AuddepeHIupPOBKa 3aKJIaJOK B TMOJOBbIE KEJIE3bl U IMOJIOBbIE
opraHsl y SMOpHOHa YeIoBeKa MPOUCXOANT Ha 4-12 Hepene SMOPHOHATILHOTO
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pa3Butus. Ha 3ToM 3Tane oHa MOJHOCTBIO 3aBUCHUT OT BTOPOM IMOJOBOM XpPOMO-
combl. IIpu Hamuuuu Y-xpomocombl M reHa SRY (GopMUpPYIOTCS CEMEHHUKH,
KOTOpbIE HAYMHAIOT MPOAYIIMPOBATh TECTOCTEPOH, ONpeAestomui auddepeH-
IUPOBKY BHYTPEHHHUX HAPYKHBIX IMOJIOBBIX OPTaHOB MO MYXKCKOMY TUny. Ecimu
Y-XpOMOCOMBI HET, TO IKCIPECCUPYIOTCS T'€Hbl X XPOMOCOMBI M TEPBUYHBIC
roHanbl AU EepeHITUPYIOTCS B SIMYHUKH, (QOPMUPYIOTCS )KCHCKHWE BHYTPEHHUE
Y HAPYXKHBIE MOJIOBBIE OPTaHBL.

[Tpu3naku nonoBoro AuMopdusMa (T.e. PEHOTUIHUUECKUE PA3TUIHS MEX-
Jly CaMKaM¥ U CaMIlaM{) MPUHSTO JETUTh Ha NMepBUYHbIe U BTopuuHbie. K mep-
BUYHBIM TOJIOBBIM IMPHU3HAKAM OTHOCSTCS Hapy>KHbIE M BHYTPEHHHE IOJIOBBIC
opransl, copMUpOBaHHBIE K MOMEHTY pOxkIeHHs. Ko BTOPUYHBIM MOJOBHIM
NpU3HAKaM OTHOCSTCS MPU3HAKH, POPMUPYIOLIHECS B MIEPHUOJ TIOJIOBOTO CO3pe-
BaHUs, KOI'Jla FOHAJbl HAUYMHAIOT MPOAYLHMPOBAaTh MOJOBBIE TOPMOHBI. Tak, y
MY>KYMH TOJ| BIMSIHUEM TECTOCTEPOHAa HAUYMHAETCS CIepMaroreHes u (opmm-
PYIOTCSI MY>KCKHE BTOPUYHBIE TOJIOBBIE NPU3HAKH: YBEJIWYUBAIOTCS Pa3MeEphI
Hapy>KHbIX TIOJIOBBIX OPIaHOB, MOSIBISIETCS BTOPUYHOE OBOJIOCEHUE 110 MY>KCKO-
My THITy, MPOUCXOJUT CHEIU(PUYIECKOE pa3BUTHE CKeleTa W  MBIIIII,
YIJUHSIOTCS TOJOCOBBIE CBsI3KU. [10o/ BIMSHUEM KEHCKUX MOJOBBIX TOPMOHOB
(3CTpOreH M MpOrecTepoH) HAUYMHAETCS OBOTE€HE3, (OPMHUPYIOTCS KEHCKUE
BTOPUYHBIC TO-JIOBBIE TPHU3HAKU: MOSBISIIOTCS MEHCTpyauuu, (HOpMUPYETCs
BTOPUYHOE OBOJIO-CEHHE IO >KEHCKOMY THITY, MPOUCXOAUT POCT MOJIOYHBIX
Kele3, YBEIMYUBAIOTCS KUPOBBIE OTIOKECHHUS.

Pa3BuTHe BTOPUYHBIX MOJOBBIX MPU3HAKOB KOHTPOJIHPYETCA MYKCKUMH H
KEHCKMMH TOJOBBIMU TOPMOHAaMH. Y JKEHIIWH MPU HAJWYUU KIETOYHBIX pe-
LENTOPOB K 3CTPOTr€HaM TOPMOHBI IPOHUKAIOT B CIIEHU(UUECKHE KIETKU Opra-HOB-
MUIIIEHEN (HampuMep, MOJOYHBIX >KeJie3), T/I€ BBICTYIAIOT B POJM HHIYyK-TOPOB
AKCIIPECCHUU TEHOB, KOHTPOJHUPYIOMIMX MPONH(Epanio KIETOK M pa3pac-TaHHe
TKaHU. Y MY>KYUH [IPYU HAIWYUU PELENTOPOB K TECTOCTEPOHY T'OPMOH IIPOHUKAET B
KJIETKM OpTraHOB-MHILICHEW (HampuMep, TOJOCOBBIE CBSI3KH), TA€ HWH-AYLUPYET
AKCTIPECCHI0 TEHOB, KOHTPOJIMPYIOUTUX MPOUdepaIinio TOi TKaHU.

B psane cinyuaeB y denoBeka HabIt01aeTcsa HApyIICHUE MOJOBOM mudde-

peHIpoBKU. [IpuMepoM MOXET CIyXUTb cunopom Moppuca (cunopom mecmu-
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KYJSAPHOU (hemunu3ayuu) - POSIBICHUE )KEHCKOTO (PeHOTHUIIA TIPU MY>KCKOM T'e-
Hoturne 46, XY (puc. 7.5). [IpuunHa pa3BUTHS TaHHOTO CUHAPOMA 3aKJIFOYaeTCs

B cienytomieM. I'eHbl Y-XpoMOCOMBI onpeaensitoT 1uddepeHIIMpoBKY MOI0BBIX
JKEJe3 MO MYKCKOMY THITy U CHHTE3 dTUMHM KEJIE€3aMU TOPMOHA TECTOCTEPOHA.
OpHako /Ui MPOHUKHOBEHUSI TECTOCTEPOHA B KJIETKH OPraHOB-MHUIIIEHEH HE00-
XOJIUM O€JIOK-pPelenTop, KOTOPBIM SIBISETCS MPOAYKTOM JAPYTOro IeHa, pacro-
JI0’KEHHOTO B X-XpoMoOcoMe. B ciydae myranuuy reHa-penentopa KIeTKd CTaHo-
BSITCSI HEBOCTIPUMMYMBBIMU K JEUCTBUIO TeCTOCTEpOHA. B pesynbraTe y ocodei
¢ MyxckuM reHotunom XY reH SRY crumynupyer nuddepeHIpOBKY CEMEH-
HUKOB, KOTOpPbIE HAaYMHAIOT BbIPAOATHIBATh TECTOCTEPOH. OJHAKO KIETKH HE
BOCIIPMMMYHMBBI K JTAHHOMY TOPMOHY, ITO3TOMY HAapy’>KHBIE I10JIOBBIE OpPraHBbI
TP PepeHIUPYIOTCS MO JKEHCKOMY THUILy. Y OOJBHBIX ¢ CHHJIpoMoM Moppuca
SUYKA MOTYT pacrojaraTbCsi BHYTPUOPIOUIMHHO, B TAXOBOM KaHaJle, U B IO-
noBbIX rybax. Takue MHIUBUABI OECIIONHBI, HO MO TEJIOCIOXKEHUIO, TICHXO-
CEKCyaJIbHOM OpPHEHTAaluu U JIPYIMM BTOPHYHBIM IIOJIOBBIM INpU3HAaKaM OoJiee
CXOXHU C )XeHIIMHaMU. boabHbIM ¢ cunapoMoM Moppuca 3¢p(heKTUBHO Ha3HAue-
HHE PAHHEW 3aMECTUTENBHON TOPMOHAJIBHOM TEPAIIUU.

COOTHOHEHME TOJIOB Y YEJIOBEKA

TeopeTnyeckd COOTHOIIEHUE TIOJIOB Y YeJIOBeKa JOHKHO ObITh 1:1
(50%:50%), T.K. BcTpeua SUIEKIETKH CO CIIEPMATO30MI0M, COIEPKAIIUM X UIH
Y xpomocomy paBHOBeposaTHa. OaHAKO Mpu OOCIEIOBAHUM Yy YeJIOBEKa ycCTa-
HOBJIEHO, 4To Ha 100 xeHckux 3urot obpazyercs 140-160 myxckux. ITo mep-
BUYHOE COOTHOIIIEHUE T0JIOB (puc. 7.6).

K momeHnty poxnaenus Ha 100 neBouek npuxoautca 103-105 manpunkoB
— 3TO BTOPUYHOE COOTHOILIEHUE TOJIOB.

K 20-tu ronam cooTHolieHue ypaBHuBaeTcs - Ha 100 neByIiex mpuxo-
autcest 100 roHOmENH. 9TO TPETUYHOE COOTHOILICHHUE TTOJIOB.

K 50-tu romam = 100 sxeH. : 85 Myx.

K 85 rogam = 100 xeH. : 50 Myx.
Hoaroxurenu = 100 xeH. : 21 Myx.

OTcroaa cienyeT BbIBOJ O O0JIbIIEH )KU3HECTIOCOOHOCTH JKEHCKOTO Opra-
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Hu3Ma. [IpuunHa 3T0ro eHOMEHa 10 cux nop He sicHa. CylluecTByeT MHOXe-
CTBO THIIOTE3 U MpeanoyokeHnid. OJHOW U3 NPUYMH HAOJII0aeMOM IHCIIPO-
MOPIUU MOXET OBITH TO, UTO Y JKEHCKHX OPTaHU3MOB, B OTIMYHUE OT MYKCKHX,
reHpl X-XpOMOCOMBI IPUCYTCTBYIOT B IBOMHOM J103€, TO3TOMY T'€TEPO3UTOTHBIE
10 BO3MOKHBIM MYTAallMSIM AJUIENIH Y KEHILIWH HE MPOSBIISIIOTCS.

BOIIPOCHI IJ1 CAMOKOHTPOJIA:

1. Kro pa3zpaboTa OCHOBHBIE ITOJIOKEHHSI CLIEIIICHHOTO HACJIEIOBAHUS?
2. B udewm 3akitouaercs CymHOCTb 3KcnepuMeHToB T.Moprana?
3. Uro Takoe KpocCHUHroBep?

4. llepeuncnuTe U OXapaKTEPU3YUTE OCHOBHBIE MTOJOKEHUS XPOMOCOM-
HOW TEOPUH HACTIECICTBEHHOCTH.

5. Kak cocTaBISIFOTCS TEHHBIE KAPThl XPOMOCOM

6. Ilepedncianre OCHOBHBIE MEXAHU3MBbI OIIPEEIICHHUS 10J1a

7. Kak npoucxomut nudepeHpoBKa MoJia B MpoLecce pa3BUTUS Ye-
JIOBEKA

8. Kak MeHsAeTCs COOTHOIICHUE TTOJIOB Yy YEJIOBEKA B Pa3HbIC BO3PACTHBIC
MePUOJIbI?
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Jleknuga 8

OOPMbI UIBSMEHYUBOCTU. MOAUPUKALIMOHHASA U

I'EHOTHUHIIMYECKAS USMEHYUBOCTD

IIJIAH JIEKIIUMH:

1.

POJIb HACJIEACTBEHHBIX U CPEJJOBBIX ®AKTOPOB B

OOPMUPOBAHNU OPEHOTHUIIA

2.

3.

MOJANP®UKALIMOHHAA U3SMEHUYUBOCTD.

HOPMA PEAKIIUUA ITPU3HAKA. OKCITPECCUBHOCTDb "

IHHEHETPAHTHOCTD.

4,

8.

9.

PEHOKOIIMA U TEHOKOIINA
I'EHOTUIIMYECKAS UBMEHYUBOCTb
MYTAI'EHHBIE ®AKTOPBI

I'EHHBIE MYTAIIUN
XPOMOCOMHBIE MYTALIUAU

XPOMOCOMHBIE BOJIE3HU YEJIOBEKA

10. '’TEHOMHBIE MYTALIMHU

11. BOITPOCHI I CAMOKOHTPOJIA

POJIb HACJIEACTBEHHbBIX U CPEJOBBIX ®AKTOPOB

I'eneTuka HU3y4dacT HC TOJIbLKO HACJIICACTBCHHOCTb, HO U UIBMCHYHUBOCTb OpP-
rann3MoB. MI3MEeHYHMBOCTBIO HA3BIBAIOT CIIOCOOHOCTH JKHBBIX OpraHu3MoB IIpH-

B POPMUPOBAHUU PEHOTHUITA

O6pCTaTB HOBBLIC IMPU3HAKHU U CBOMCTBA. Bnaro;lapﬂ HN3MCHYNBOCTH, OPraHU3MbI

MOT'YT HpI/ICHOCa6HI/IBaTBC$I K U3MCHAIOMMUMCA YCIIOBUAM CPCIAbI obouranus. Pas-

JIMYAT ABa THIIA HU3MCHYHMNBOCTH! HeHClCJle()CI/I’lGeHHny, 500051 MOI[I/I(i)I/IKaHI/IOH'

HYIO, T.€. U3BMEHUYHUBOCTb, IPU KOTOPON M3MEHEHHUM I'€HOTHUIIA HE MPOUCXOJIUT, U

HaCJzedcmeeHHyio, HJIM TCHOTHUITNUYCCKYTO.

MOJNO®UKALINOHHASA UBSMEHYUBOCTD

Kaxxapiit oprann3m pa3BUBaEeTCsl U OOUTAET B ONPENEICHHON Cpele, Uc-
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NBIThIBas Ha cebe nelicTBue ee (PaKTopoB, CIIOCOOHBIX M3MEHATh MOpdoIoTHYe-
CKkre M (PU3MOJOTHYECKHE CBOMCTBA OpraHU3MOB, T.€. X (peHoTun. HamoMuum,
4YTO henomun — 3TO COBOKYITHOCTH BCEX MPU3HAKOB U CBOMCTB OpraHU3Ma, pea-
JU3YEMBIX B OIPEACICHHBIX YCIOBHSIX Cpefbl. M3MEHYMBOCTH OpPraHU3MOB,
BO3HHKAIOIIAS IO/ BIUSHUEM (paKTOPOB BHEIIHEH CpeIbl U HE 3aTparuBaroIias
TE€HOTHITA, Ha3bIBaeTCA MOIU(PUKANTUMOHHON. DEHOTHIMHMYESCKUE N3MEHEHUS, BBI-
3pIBaeMbIe (DaKTOpaMU OKPYIKAIOIICH CPEIbl, HA3bIBAIOTCS MOTU(DUKAITUSIMU.

OcHogHble ceolicmea M0()u¢ul<auuorm0ﬁ Umenvuuesocmu

1. MoaudukanmoHHass W3MEHYMBOCTh HA3bIBACTCS (PEHOTHITMUCCKOM,
TaK KaK IO/ BIUSHUEM BHEIIHEH Cpelbl IPOUCXOAUT U3MEHEeHHE (eHOTHa, Te-
HOTHII OCTAeTCs HEM3MEHHBIM, MOTU(PUKAIIUN He Hacaedyromcea. KnaccuiueckuM
IIPUMEPOM HU3MEHUYMBOCTH MIPU3HAKOB IO IEHCTBUEM (paKTOPOB BHEIITHEH Cpe-
JIbl SIBJISIETCA PA3HOJUCTHOCTh y CTPEJIOIUCTA: IOTPYKEHHBIE B BOAY JIUCThSI
UMEIOT JICHTOBUIHYIO (DOpPMY, JIMUCThS, TUIABAIOIIME HAa IMOBEPXHOCTH BOJBI -
OKPYTJIYIO, @ HAXOASAIIUECA B BO3AYIIHOW CpeJie - CTpEoBUIHbIE. Eciin ke Bce
pAacTEHUE OKa3bIBACTCS ITOJHOCTHIO MOTPYKEHHBIM B BOJY, €r0 JIUCThS TOJBKO
JICHTOBHJIHBIC.

[lox neiicTBuEM ynbTpaHOIETOBBIX Jy4yed y JroAeHd (€CiIu OHM HE ajb-
OMHOCHI) BO3HUKAET 3arap B pe3yJibTaTe HaKOIUICHUS B KOKE€ MEJIaHWHA, IPUYEM

Y Pa3HbIX JIOJIeH MHTEHCUBHOCTh OKPACKU KOXXHM pa3iudHa. Eciu ke denoBek
JIMIIEeH JEHCTBUS yIbTPadUOIETOBBIX JTyuel, N3MEHEHUE OKPACKU KOXKHU y HETro
HE MPOUCXOAUT. Jlake opraHu3Mbl, UMEIOIINE OJUH U TOT K€ T€HOTHUII, MOTYT
CYIIIECTBEHHO OTJINYAThCS APYT OT JAPyra B 3aBUCUMOCTH OT YCJIOBHUH pa3BUTHUS
U CYyIIECTBOBaHUS (HampuMmep, OJHOsMIEBbIe Oyn3Helnbl). Bee 310 3acTaBiser
paccMaTpuBaTh Pa3BUTHE OpraHW3Ma KakK CJICACTBUE B3aMMOJICHCTBUS JBYX
BOKHEUITUX (PAKTOPOB — peanu3alnuyd TCeHETHYECKOW MPOrpaMMbl W BIUSHUS
dakTopoB cpeabl. [Ipyrumu cioBaMu, reHeTHYecKass MHGOPMAIHS ONpeaeseT
BO3MOYKHOCTh Pa3BUTHUS CBOWCTB W TMPU3HAKOB OPTraHW3Ma, KOTOPBIC peam3y-
IOTCSI B KOHKPETHBIX YCIOBUSX CPEJIBI.

2. MomudukanoHHas U3MEHUYUBOCTb HOCUM ZPYHNOGOU WU MACCO-
68blil Xapaxkmep, TO €CTh BCE 0COOU OJHOTO BUA, TOMEIIEHHBIE B OJIMHAKOBbHIE

yCJIOBHSI, MPUOOPETAIOT CXOIHbIE Mpu3Haku. Hampumep, eciiu cocy ¢ 3BriieHa-
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MU 3€JICHBIMU [TOMECTUThH B TEMHOTY, TO BCE OHU YTPATST 3€JIEHYI0 OKPAaCKy, ec-
JIM %K€ BHOBb BBICTABUTH HA CBET - BCE OISTh CTAHYT 3€JEHBIMU. 3arap o]l BJIU-
sHUeM yibTpaduonera oopasyercs y Beex JroAeil. Ha xomoae cocyasl cyxaroT-
Csl, Ha KOXKE MOSABJISIOTCS «MYPAILIKN.

3. MoaudukanmonHas HW3MEHUUBOCTh AGIAEMCA ONPeOeNeHHOu, T.C.
BCEI/Ia COOTBETCTBYET (paKkTOopaMm, KOTOpbIE €€ BBI3bIBAIOT. Tak, ymbTpaduose-
TOBBIE JIyYH U3MEHSIOT OKPAacKy KO>KHM YeJOBEKa (TaK KaK YCHUJIMBAETCS CHHTE3
NUTMEHTa), HO HE H3MEHSIOT MPOMOPIHMI Tena, a yCWIEHHBbIE (u3nueckue
Harpy3Ky BJIMSIIOT Ha CTENEHb Pa3BUTHUS MBI, a HE HA I[BET KOXKH. T.0. MOJU-
(duKalMOHHbIE U3MEHEHHUSI aJIeKBAaTHBI BO3JIEUCTBUSIM OKpYXaIOILEH Cpelibl, T.€.
UMEIOT MPUCTIOCOOUTENIHOE 3HAUYCHHE JJIsl alallTallud OPraHu3Ma K YCIOBHSIM
Cpenbl.

4. BOonpIIMHCTBO MOIU(DUKALUN A61AI0MCA KPAMKOSPEMEHHBIMU, T.C.
MCYE3al0T MpU yCTpaHEHHH (akTopa, BbI3bIBarOIIEro ux. Ecnu Qakrop, BbI-
3BaBUIMM JTAHHOE M3MEHEHHE, MepecTaeT NeHCTBOBATh, TO M3MEHEHHUE (HaIpH-
Mep, 3arap, NOSIBISIOIIUNCS MO IPKUMU JIy9aMH COJTHIA) MOKET UCUE3HYTh.

5. Bce monudukaium o6ycnoenensvt 2eHOmunom.

Bo3HukHOBeHHE MOI[I/I(i)I/IKaHI/If/'I CBs3aHO C BO3II€I>1CTBPICM YCJIOBI/Iﬁ CpCabl
Ha (bepMeHTaTI/IBHLIe pCaKkunm, IPOTCKAOIINEC B OPIraHU3MC:

I'e#—» Oelok— OHOXMMHMYECKAS peaKkuusi —+NPHU3HAK

f

Ycnoeus cpeowt

Opnako He cienyeT 3a0bIBaTh, YTO Pa3BUTHUE JHOOOr0 MpHU3HAKA OIpese-
JsieTcs, MPEXJe BCEro, reHOTUNOM. BMmecTe ¢ TeM, reHbl ONpenessiioT BO3MOX-
HOCTh Pa3BUTHsI MIPU3HAKA, & €r0 MOSBJICHUE U CTENEHb BBIPAXKEHHOCTH BO MHO-
TOM ONPEAEISIETCS YCIOBUIMU Ccpenbl. Tak, 3eeHas OKpacka pacTeHUN 3aBUCUT
HE TOJBKO OT T€HOB, KOHTPOJMPYIOIIUX CUHTE3 XJIOPO(UIIa, HO U OT HAJTUYHS
ceta. [Ipu oTcyTcTBHM CBETa XJIOPOPHUILI HE CUHTE3UPYETCS.

He Bce nmpu3sHaku MOTyT MEHATHCS IIOJ BIMSHUEM YCIOBUU cpeabl. B 3a-
BUCUMOCTH OT 3TOrO BHEIIHWE NPU3HAKU OBIBAIOT miacmuyHbiMu (KOJIUYe-
CTBEHHbIE IPU3HAKH, TAKHE KaK I[BET KOXKHU, BEC, CKOPOCTh (DEPMEHTATHUBHBIX
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peakuuil) u HenracmuynviMu (KaueCTBEHHbIC MPU3HAKU: IIBET BOJIOC, LIBET IJia3,
pOCT, rpyIila KpOBHU U T.J.).

Hamnpumep, nepeBbst pa3inuyaroTcs 0 BBICOTE, pa3Mepy KPOHBI U T. 1. DTO
CBSA3aHO C TEM, YTO PACTEHUS CO CXOJHBIM F'€HOTUIIOM PA3BUBAIOTCS B YCIOBHUAX
pa3HOM BIIAXXHOCTH, OCBELIEHHOCTH, COCTaBa IMOYBKI. Bee TMCThS 0IHOTO JIepeBa
UMEIOT OJIMHAKOBBIA F€HOTHI, OJJHAKO OHU OTJIMYAIOTCS MO (PEHOTHILY, HAIpH-
Mep 1o pazmepam. HacTtoTa BCTPEYaeMOCTH JUCTHEB Pa3HOrO pa3Mepa HEOINHA-
koBa. Kak mokazanu HaOmoeHusi, Hanbojee 4acTO BCTPEUAIOTCS JIUCTBS CO
CPEIHHUM BBIpaK€HUEM Ipu3HaKa. OOBICHAETCA 3TO TEM, YTO JUCThS Pa3BUBa-
IOTCSL B Pa3JIMYHBIX YCIOBUAX. MenKue JUCThbs (POPMHUPYIOTCS B HEOIArOnpHsIT-
HBIX YCJIOBUSIX, HAIIPUMEP MPH IJIOXON OCBEIIEHHOCTH U HEIOCTATOYHOM BIIaXK-
HOCTH U T.1. CaMble KpyIHBIE JIUCThs PA3BUBAIOTCS B HAanOoOJIee OIaronpusiTHbIX
YCIIOBHSIX.

HOPMA PEAKIINUA ITPU3HAKA.
IKCIIPECCUBHOCTDB U IIEHETPAHTHOCTD

HecMoTpst Ha TO, 4TO MO/ BIMSHUEM YCJIOBHUM BHEIIHEW Cpelbl MIIacTHY-
HbIC MPU3HAKUA MOTYT U3MEHSThCS, 3Ta U3MEHYUBOCTh HE OecnpesenbHa. Jlaxe B
Clly4ae HOPMaJbHOTO Pa3BUTHUS MIPU3HAKA CTEIIEHb €r0 BHIPAXKEHHOCTU Pa3iiny-
Ha. Tak, Ha MoJie MIIEHUIBI MOXHO OOHAPYKUTh PACTEHUS C KPYITHBIMHU KOJO-
cesamu (20 cm u 6oJee) U oueHb MEIKUMHU (3-4 cM). ITO OOBICHSIETCS TEM, YTO
TCHOTHUIT OTPENETISIeT ONpEeTICHHbIC TPAHUIIBI, B TpeleaX KOTOPHIX MOXKET
IPOUCXOAUTh M3MEHEHHE TNpu3Haka. Cmenewvb 8apbUupo8aHusi NPUHAKA, UIU
npeoenvl MOOUDUKAYUOHHOU UBSMEHUUBOCMU, HA3LIBAIOMCS HOPMOU PeaKkuyuu.
Kak mpaBuito, miiacTHUHbBIE TPU3HAKK UMEIOT 00Jiee IMPOKYI0 HOPMY PEaKIIH,
HEXENMM KAa4eCTBEHHBIC MPU3HAKW. UeM Iupe HOpMa pPeaKIuu NpHh3HaKa, TeM
O0JbIIIe Y OpraHu3Ma BO3MOYKHOCTEH 71l IPUCIIOCOOJICHUS K YCIOBHUSAM CPE/IbI
oOUTaHUsI.

YueHue 0 HopMe peakiui UMEET B BUJLY, UTO XOTSI MIPOSIBJICHUS T€HOTHUIIA
3aBUCAT OT YCJIOBUM CpENbl, TEM HE MEHEE, OHHM MPOUCXOJAT JUIIb B ONpEe-
JICHHBIX TIpejieaX, OTPaHUYEHHBIX BO3MOXXHOCTSIMH JIaHHOTO TeHOTHuma (T.€.
HOpMa peakiMy 3aBUCUT OT reHoTuIa). [[puMepoM MOXKET CIYKUTh OMBIT C YU-
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CTOIIOPOAHBIMU KpOJIbYAaTaMU OJHOIO IOMETa (F€HOTHUIl Y BCEX OJMHAKOBBIN).
Yacte KpospyaT KOPMST OOWIJIBHO, JPYIHE IMOJIy4al0T MUHUMAJbHBIA pPallMOH.
Bripocimmx KUBOTHBIX pa3iuyaroT mo BenuuuHe. Ho kak Obl OOMIBHO HE KOp-
MUJIM KPOJIMKOB | Tpynimbl, OHU OCTaroTCs HE OOJIbIIE ONPENEIEHHON BETUYNHBI.
HampotuB, kak Obl IJI0XO HE KOPMUJIM KPOJIUKOB Il rpymribl, €Ciii OHU BBIKH-
BYT, OHU TOK€ OyIyT HE MEHbILIE ONpe/IeIeHHON BennunHbl. KpaiiHue Bennyu-
HBI POCTa U BECa 3aBUCAT OT HOPMBI PEAKIIUN TOTO T€HOTHIA, KOTOPBIM MOJIy4eH
OT poauTeNed. JTO CBOMCTBO HCIIONB3YETCS, HAIPUMEp, IpH OTOOpE AETEil B
rpynmnsl Bojieiibosa uinu 6acker0o1a, Korja y4uThIBAlOT POCT POAUTENEH.

3HaHWEe HOPMBI pEaKIUU HMEET OOJbIIOe 3HAUYCHHUE ISl MpakTUKU. Mo-
IuUKaAIMOHHAs U3MEHYMBOCTh MHOTHMX IPU3HAKOB PACTEHUM, KUBOTHBIX M 4e-
JIOBeKa MOMYMHSETCS OOLIUM 3aKOHOMEPHOCTSAM. OTH 3aKOHOMEPHOCTH BBISIB-
JSIOTCSL HA OCHOBAHMM aHAIM3a MPOSBICHHS MpU3HAKA y TPYIIBI U3 N ocolel,
KOTOpasi Ha3bIBaeTCs 6bl00pOUHOU cO80KynHocmblo. Kaxnoe KOHKPETHOE 3Ha-
YEeHUE HW3y4aeMoro NpHU3HAKa HA3bIBAIOT GapuaHmot W 0003HA4aloT OYyKBOU V.
YacTtoTa BCTpEYaeMOCTHU OTHENbHBIX BapuaHT o0o3Hauaerca OykBou p. Konwnue-
CTBEHHbIE MPHU3HAKU MOXHO U3MEPUTh U MOCTPOUTH 8APUAYUOHHBIU Psi0, B KOTO-
POM 0COOM pacroiararoTcsa Mo BO3PACTaHUIO IMOKAa3aTessd M3ydyaeMOro IMpHU3HaKa.
Ha ocHOBaHuu BapHallMOHHOTO Psifia CTPOUTCSL 8ApUAYUOHHA Kpudas - Tpaduye-
CKO€ 0TOOpa)KEHHE YaCTOThI BCTPEYAEMOCTH Kak10M BapuaHThl (puc. 8.1).

3HaHHE 3aKOHOMEPHOCTEW MOAW(UKAIIMOHHON HW3MEHYMBOCTH HMEET
00JIbIIOE MPAKTUUECKOE 3HAUEHUE, MTOCKOJBKY MO3BOJISIET NPEABUACTh U 3apa-
Hee IUIAHUPOBATh CTENEHb BBIPAKEHHOCTHM MHOTMX IIPU3HAKOB OPraHU3MOB B
3aBUCHUMOCTH OT YCJIOBUM BHEIIHEN CPEBI.

Nrak, HeoOXxoauMo ele pa3 nog4epKHYTh:

¢ HOpMa pCaKIMH OpraHnu3Ma OIPCACIIACTCA I'CHOTHUIIOM,

¢ PA3JIMYHBIC IIPU3HAKH OTIIMYAOTCA IIPCACIaMH U3MCHYNBOCTH 110
BINSIHHUCM BHCIITHHX YCHOBHﬁ;

e MoauduKaMOHHAS U3MEHUYUBOCTH B €CTECTBCHHBIX YCIIOBUSX HOCHT
MPUCTIOCOOUTEHHBINA XapaKTep.

Takum 06pa3zom, J11000i1 npu3HaK 00yCIOBIEH TEHOTUIIOM, HO €ro (peHOo-
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TUIIAYECKOE MPOSIBJICHUE MOXKET U3MEHSATHCS MOJ BIMSHUEM YCJIOBUUN Cpelibl B
npeaesax HOPMbI PEaKUUU MO ATOMY Mpu3Haky. CmeneHvb heHomunuueckozo
NpOosBAEHUs NPUSHAKA NPU OAHHOM 2eHOMUNE HA3bI8Aemcsl IKCHPECCUGHOCHBIO.

Brnusinue cpenoBbix (DaKTOPOB Ha SKCIPECCHUBHOCTH MPU3HAKA MOMKHO
IPOJEMOHCTPUPOBATh HA MPUMEPE YCUJICHUS NMUTMEHTALMM KOXKU y YEJIOBEKa
npu Y D-o6myuenuu. [pyroit mpumep — TSKECTh T€UCHHs (IKCIPECCUBHOCTD)
OOJBIIMHCTBA HACJIEICTBEHHBIX 0OJIe3HEH, HAanpuUMep, (HEHUIKETOHYPUH, CYIIIe-
CTBEHHO 3aBHCHUT OT YCIIOBUI yX0/a 32 0OJbHBIM uenoBekoM. [Ipu agexkBaTHOM
JICUEHUH, XOPOIIEeM MUTAaHUU U T.O. JtoOas OOJE3Hb MpOTEKaeT Ooliee JIETKO.
[TpumMepoM MOXET CIYKUTh JIETKOE TE€UeHHE (PEHHJIKETOHYPHUH IpPU CBOEBpE-
MEHHOW NOCTaHOBKE JAMArHo3a U MpUMeHEeHHEe Oe3(eHUIaJIaHMHOBOM OeIKOBOM
UM (3KCIPECCUBHOCTh NIPU3HAKA CHUYKEHA OJaronapsi CO3JaHUIO OIpe/IeIeH-
HBIX YCJIOBUN).

CrnenoBarelibHO, U3MEHEHUE YCIOBUH CPEJIbl MOXKET BIUATH Ha (PEHOTHII.
Hanpumep, npu coOI0eHUM HOPM KOPMIICHHS U COJEp)KaHUS >KUBOTHBIX
MOYHO YBEJIUYUTh UX MPOJYKTUBHOCTD, IMOJIYUYUTh OT HUX OOJIBIIIE IIEPCTH, M-
ca, MOJIOKAa. 3a CYeT JOMOJHHUTEIBHOTO OCBEIICHUS PACTCHUM B TEIUIMIIAX,
YIY4IIEHUs] MUHEPaJIbHOTO MUTAHUS, BOJOCHAOKEHUS MOYKHO IOBBICHUTH YpO-
’Kau OBOIIIEH.

Hpyrum mokazareneM (EHOTHUITHMYECKOTO TPOSIBIICHUS SIBIECTCS HeHe-
MPAHMHOCMb — MO YACMOMA (PEHOMUNUYECKO20 NPOABNEHUs NPUSHAKA NpU
oanHom ceHomune. 1IeHETPAaHTHOCTh — 3TO MPOLEHT 0CO0EH, Y KOTOPBIX T'€HO-
THUI TIPOSIBUWICS B (DEHOTHIIE, MO OTHOIICHUIO K OOIIeMY YHUCITy 0CO0€, y KOTO-
PBIX TaHHBIN TeHOTUN MOT OblI posiBUThCs. [IeHeTpanTHOCTH (P) paccunthiBaet-
Csl KaK OTHOLIEHUE npakTuueckor BepoaTHocTu (I1B) k TeopeTrnyeckoit BeposiT-
HocTu (TB) 1 00b14HO BhIpaXkaeTcsi B mpolieHTax. Hampumep, ecinu u3 100 yeno-
BEK C Kakoi-To MmyTtamueil 3aboneBanue mpossisercs y Bcex 100, To mene-
TpanTHOoCTh paBHa 100% (P=(renotun mpossuics/renotun umencs)*100%. B
OCTaJbHBIX CIy4astX TOBOPST O HEMOJIHOW MEHETPAHTHOCTH MU YKa3bIBAIOT €€
npouieHT Hampumep, neHETpaHTHOCTh MOAArpsl s skeHIMUH — 0% (KeHIIMHbI
He 0oseroT), a g MykunH — 20% (T.e. U3 BCeX MYXYHMH C HATHMYUEM JAHHOTO
reHoTHuna 3a00Jer0T moaarpou Toiabko 20%).
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TepMUHBI «3KCIPECCUBHOCTH» U «IIEHETPAHTHOCTH» BBeNEHbI B 1927 T.
COBETCKUM Y4eHBbIM-TeHEeTUKOM TumodeeBbiM-PeccoBckum. O6e 3aKOHOMEPHO-
CTH HEOOXOJMMO MMETh B BHJIy NMPHU U3YUYECHUU HACIICJICTBEHHOCTH Yy YeJIOBEKA.
Crnenyer MOMHHUTB, YTO T€HbI, KOHTPOJUPYIOIIHE NATOJOTHMYECKHE MPU3HAKH,
MOTYT UMETh PA3JIMYHYIO IEHETPAHTHOCTh U 3KCIPECCUBHOCTD, T.€. MPOSBIIATH-
Csl HE Y BCEX HOCHUTEJIEH aHOMAaJIbHOIO F€HOTHUIIA, a Y OOJICIONINX CTENEHb TSXKE-
CTH 00JIE3HU MOKET OBITh PAa3JIMYHOIN B 3aBUCUMOCTH OT YCJIOBHUH.

M3 paccMOTpEHHBIX MTPUMEPOB CTAHOBHUTCS SICHO, YTO 3KCIPECCUBHOCTH U
MIEHETPAHTHOCTh UMEIOT OOJIBIIIOE 3HAYCHHE JUISI MEAMIIMHBI, IIOCKOJIBKY OTSTO-
IIICHHAS HACJICJICTBEHHAS MPEAPACIIONOKEHHOCTh HE 0053aTEIBHO JIOJDKHA TTPO-
SIBUTHCS, YTO OCOOCHHO XapaKTEPHO IT MHOIO(aKTOPHBIX 3a00JIeBaHUI, KOTO-
PBIX OOJIBITUHCTBO. 3HAYUT, MHOTHE OOJIC3HH MOYKHO JINOO MPEayNpeInuTh, THOO
HE JIOIYCTUTh TSHKEIIOTO TEUCHUs 3a00sieBaHUA. DTO — IMEPBOCTCIICHHAS 3a/a4a
Bpauci. T.0. HACIEACTBEHHOCTh U CPEJia UTPAIOT OOJIBIIYIO POJIb B IIATOTCHE3E
JIF000T0 3a00/1€BaHUS YEIOBEKA.

PEHOKOIIMA U TEHOKOIINA

[Tox neiictBuem (hakTOPOB BHEIIHEN Cpeibl MPU3HAK MOXKET MEHSTHCS U
KOMUPOBATh MPU3HAKH, XapaKTepHbIE JUIsl APYroro reHOTUIIA, YTO 0003HAYAETCS
TEPMUHOM (hernokonus. [Ipumepom GHEeHOKOMUI SBISIOTCS BPOKICHHBIE TIOPOKHU
passutus (BIIP).

B 3aBMCHMMOCTH OT MpHUYKMHBI BO3HUKHOBEHHS Bce BIIP moapaznenstorces
Ha HacieAcTBeHHbIE (45%) u sk3oreHHbie (55%). HacnencTBeHHBIMU HA3bIBAIOT
MOPOKH, BEI3BAHHBIE U3MEHEHUEM T€HOB WJIM XPOMOCOM B TaMeTaxX pOJIUTENCH, B
pe3yJIbTaTe Yero 3Urora ¢ CamMoro BO3HMKHOBEHHS HECET MyTaluio. ['eHeTnye-
ckue (aKTOpbl HAUMHAIOT MPOSIBISATHCS HA OMPEACIICHHBIX dTanax SMOPHUOHAIb-
HOTO Pa3BUTHS IMyTEM HApPYUIEHUS] OMOXUMHYECKUX, KJICTOUHBIX, TKAHEBBIX U
OpPTaHHBIX MPOLIECCOB.

DK30r€HHbIMUA HA3bIBAIOT MOPOKH Pa3BUTHS, BO3HUKIIUE TOJ BIHSHUEM
TepaToreHHbIX (PakTopoB (oT jaT. Teparoc — MmI0a), KOTOpHIE NEHCTBOBAIN HA
TUIOJT BO BPEeMsi IMOPHOHAIBHOTO PA3BUTHUS U HAPYIIAIA PA3BUTHE OPTAHOB U

TkaHeil. Takumu akTopamMu MOTYT OBITh JICKAPCTBA, MUIIEBBIC 10OaBKU, BUpy-149



Chl, XMMUYECKHE COEAMHEHUS, HUKOTHH, aJIKOTOJb U JIp. BripaxkeHHOE Teparto-
TeHHOE JICMCTBUE MOKa3aHO AJid BUpyca KpacHyXu. OUeHb CTpaIIHOE COObITHE
npouzonuio B 1959-1961 rr. B psane cTtpan 3anaaa, Korja mocyie NpUMEHEHUS
OepeMEeHHBIMHU JKEHIIMHAMHU TaiauaoMuaa (00e300auBaronuii mpernapar) poJiu-
JIOCh HECKOJIBKO JIECATKOB ThIcSY JeTel ¢ TsokenbiMu BITP. (puc. 8.2).

[TockonbKy CpeloBbIE€ SK30T€HHbIE (DAKTOPBI, KaK U MyTal[l, B KOHEUHOM
cueTe MPUBOAAT K HApYLUIEHUI0 OMOXMMHMUYECKHUX IMPOLIECCOB, MEXAHU3MbI BO3-
HukHOBeHUs1 BIIP npu nelicTBUM TepaTOreHHbIX PaKkTOPOB TaKUe ke, Kak U IpU
IeHETUYECKUX HapylIeHUsAX. B pe3ynbrare nosBIIsiOTCA IE€TU CO CXOOHBIMU (e-
HoTUNMYecKuMU TiposBieHussMu BIIP — ¢enokonuu. [loatomy mpu poxxaeHuu
pedenka ¢ BIIP Oe3 crnenuaibHBIX MCCIEAOBAHMI HEBO3MOYKHO Cpa3zy YCTaHO-
BUTh UCTUHHYIO IPUYUHY MaTOJIOTUH.

I'enokonuu — 310 OJUHAKOBbIE (PEHOTUIUYECKUE MPOSBICHHUS MyTalUl
pa3HbIX reHOB. [IpuMepOM reHOKOMNMII MOTYT CIY>KHTh Pa3IMYHbIE BUIbI FEMO-
¢umuu. Knunuyecku reMouiausi MpOSIBISETCS CHUKEHHEM CBEPThIBAEMOCTU
KpOBHU, HO MPUYMHON 3TOr0 MOTYT OBITh MYTallMM B pa3HbIX reHax ((axropa
VIII (remodunus A) unu ¢dakropa IX (remodpunus b)). dpyroii npumep — Mbl-
nieyHast auctpodus JromenHa u bekkepa, KoTopsle 00yCIIOBIEHBI MyTallUsIMU B
pa3HbIX T€Hax, HO KJIMHUYECKas KapTUHA 3a00J1€BaHUM OYE€Hb CXOHAsL.

I'EHOTUIIMYECKASA UBSMEHYUBOCTD
['eHoTumnuueckasi (HacieICTBEHHAs1)) U3MEHYMBOCTH TMOPA3ACIACTCS Ha
KOMOUHAMUBHYIO U MYMAYUOHHYIO.
KomOuHaTUBHAS U3MEHYUBOCTD

Komobunamuenaa naciedcmeenHHas W3MEHUUBOCTh OOYCIIOBJICHA TOSIB-
JICHHEM HOBBIX KOMOMHAIIM{ T'€HOB B T'€HOTHUIIE JOUYEpPHEro opranusMa. PazHo-
oOpa3Hbie COUYETaHUsI TEHOB MPUBOIAT K MOSBJICHUIO Y TOTOMCTBA HOBBIX (heHO-
THUIIOB TI0 CPABHEHUIO C ()eHOTUIIAMU 000UX POJUTEIIEH.

MexaHuzmbvl KOMOUHAMUBHOU USMEHYUBOCTIU.

1) Onarojapsi KPOCCHHTOBEPY HPOMCXOIUT PEKOMOWHAIMS Ha YPOBHE
reHOB (OTIIOBCKMX M MAaTEPUHCKUX) U 00pa3oBaHNE KaueCTBEHHO HOBBIX XPOMO-
COM (pEKOMOMHAITUS TEHOB B XPOMOCOMAX );
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ee B CBS3M C HE3aBUCHUMBIM PACXOXKICHUEM OTLUOBCKUX W MATEPUHCKHUX
XpoMocoM B aHadaze 1 meneHus mpoucXoIUT peKOMOWHAIMS HAa YPOBHE IIEINIBIX
XpPOMOCOM (PEKOMOHMHAITMS OTIIOBCKMX M MAaTEPUHCKHX XPOMOCOM B TraMeTax).
brnaronmapst Takomy MeXaHU3MY JOCTUTAETCS OOJBIIIOE YMCIO HOBBIX COYETaHUIN
HACJIEICTBEHHOW HH(OpMAITUH.



ee HC3aBUCHMOC COUCTAHUE XPOMOCOM B 3UI'OTC IIPHU OIINIOJOTBOPCHHUM. C
KOMOHMHATHBHOM M3MEHUYNBOCTBIO CBSI3aHO SBJICHHUE reTrepo3uca, T.c.

NOBBILIEHHONM TMOPUAHON CHJIBI, KOTOPOE IIMPOKO HCIOIB3YETCS B CEIBCKOM
xo3siicTBe. ['eTepo3uc Hab/01aeTCss B MEPBOM MOKOJEHUU IPU TMOpUIN3aLuU
MEXly pa3HbIMHM COPTaMH PacTeHUN. Y rMOpUIOB YBEINUUBAETCS POCT, KU3HE-
CTOMKOCTb, YPO’KaWHOCTb. SIpKO BBIpaKEH Ie€TEepO3UC y KyKypys3bl. I'ereposuc
MO>XHO OOBSICHUTH TEM, UTO y THOPUIOB YBEIMYHUBAETCS YUCIO JTOMUHAHTHBIX
TE€HOB, KOTOPBIE B COYETAHUHU JAPYT C IPYTrOM OKa3bIBAIOT MOJIOKUTEIBHOE BIIMS -
HUE Ha MPOSIBICHUE MPU3HAKOB (KOMILUIEMEHTAPHOCTb, MOJIUMEPHOE IEHCTBHE
reHoB). Hampumep, JOMUHAHTHBIE aJUIEU pa3HbIX reHOB A n B BIusOT Ha po-
cta pacteHus. [Ipu ckpemuBaHuu poaUTENbCKUX (POpM C TeHOTHUNaMu AaBB U
aaBB nossisitorcst ruOpuisl AaBB — 6osiee BEICOKHE U MOIIIHBIEC.

MYTaIII/IOHHaH HU3MECHYMBOCTD

Mymauyuen (ot nat. mutatio — mepemMeHa) Ha3bIBAIOT BHE3AITHOE, CKAYKO-
oOpa3Hoe U3MEHEHHE TeHEeTUUECKOro MaTeprala, BOZHUKAIOEe CIOHTAHHO WITH
MoJ BJIUSHUEM BHEUIHUX BO3JICUCTBUM HAa OPraHU3M, IMEpPEaoIIeecs II0
HaciencTBy. Tepmun —myTtanusil 6611 BriepBbie BBeeH 1€ Dpuzom.

Knaccnuxanusa myranuii

MyTanun MOXHO OOBEAMHSATH, B IPYIIbI-KIaCCU(DUIMPOBATH O Xapak-
TEpy MPOSIBJICHHS, TI0 MECTY WJIH, [0 YPOBHIO UX BO3HHKHOBEHHUs. MyTaIiu 1o
XapakTepy MPOSBICHUS ObIBAIOT OOMUHAHMHBIMU U PeyecCusHbiMu. JJOMUHAHT-
HbIC MyTaIlMH TPOSBJISAIOTCSA B PeHOTHUIIE B 1-M TOKOJICHUH. Ecin qoMUHAHTHBIE
MyTalliy HEOJIaronpHusTHBIC, TO OPraHU3Mbl MOTYT OKa3aThCs HEKHU3HECIIOCO0-
HBIMH HJTH HEIUTOZOBHUTHIMH. Takue MyTalluu SJTMMHHAPYIOT. BOJBIIMHCTBO My-
Talli SIBJISFOTCSl PEIIECCHBHBIMM, T.C. HE MPOSBISIOTCS Y TETEPO3HIOT M CIIO-
COOHBI HaKaIUTMBAThCS B IMOKOJCHUSAX, YKJIOHSSICH OT JIEHCTBHS €CTECTBEHHOIO
orbopa.
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MyTtanun HepeaKo MOHMKAIT KU3HECHOCOOHOCTh WM IUIOJOBUTOCTb.
MyTtanuu, pe3Ko CHHKAoIUE KU3HECTIOCOOHOCTh, YaCTUYHO WJIM MOJHOCTBIO
OCTAHABJIMBAIOIINE Pa3BUTHE, HA3BIBAIOT NOAYAEMAIbHLIMY A HECOBMECTUMBIE C
KHU3HBIO — Jemanvhbimu. HetimpanvHvle MyTauud GOPMHUPYIOT MOIUMOPPH3-
MBI — TE€HETUYECKOE pa3HooOpa3ue MHAMBHIYYMOB. [IprMepoM HEWTpaslbHBIX
MyTalMil y 4eJ0BEKa MOTYT OBbITh pa3HbIE TPYNIbl KPOBH, Pa3HbIA LIBET BOJIOC
WM 11a3. MHOTME HEUTpAJIbHBIE MYTAIlMU 3aTPAruBalOT HEKOAUPYIOLIME Yy4acT-
KU T€HOMA U HE MPOSBIAIOTCA (DEHOTUITMYECKU.

briBaroT cityyau, Koraa HEKOTOPBIE BPEIHBIE PELIECCUBHBIE MyTallud MOTYT
0Ka3aThCs IMOJE3HBIMHU I OPTAaHU3MOB M I€TE€PO3UTOTHBIE HOCHTENIA TaKUX MY-
Tanuii OyayT MMeTh MPEeMMYIEeCTBO MpHU ecTecTBeHHOM otOope. Hampumep, cep-
MOBUAHO-KJIETOUHAS] aHEMUSI COMTPOBOXKIACTCS U3MEHEHHEM (DOPMBI SPUTPOLIU-TOB,
B PE3YJIbTATE F€TEPO3UTOTHBIE HOCUTEIN MyTAllUA YCTOMYUBBI K MAJIIPUH.

MyTanuu noapasfaessitoT 10 MeCTy UX BOZHHUKHOBEHUS WM 110 TUILY MY-
TUPOBABIIUX KJIETOK. MyTaliys, BO3HUKIIAS B MOJIOBBIX KJIETKaX, HE BIUSAET HA
IPU3HAKU JAHHOTO OpraHU3Ma, a IPOSBIIIETCS TOJIBKO B CIECAYIOLIEM IOKOJE-
HuM. Takue MyTallMM Ha3bIBAIOT 2eHepamuHuiMu. ECIN W3MEHSIOTCS TE€Hbl B
COMATHUYECKUX KJIETKaX, TAKWE MYTAllUH MPOSIBIAIOTCS y JaHHOIO OpraHu3Ma u
HE MepEeAAr0TCs MOTOMCTBY IPH MOJOBOM pa3MHOXKEHUH. Takue MyTaluu Ha3bl-
BalOT comamuyeckumu. COMaTHYECKUE MYTAllMM BO3HUKAIOT OYEHb YacTO U B
OOJBIIMHCTBE CIIy4aeB OCTAIOTCS HE3aMEUEHHBIMU i opraHu3ma. Ho B Heko-
TOPBIX CIy4asiX MyTallud COMaTHYECKUX KJIETOK JIal0T HA4ajo 3JI0Ka4eCTBEHHOU
TpaHchHOpMALKU U PA3BUTHIO OMYXOJIH.

IIpouecc BOZHUKHOBEHMSI MYyTAalMi HA3bIBAIOT Mymazene3om. Opranusm,
KOTOPBbIA NpHOOpENl HOBBIM MpPU3HAK B pe3yjbTaTe MYTAllMH, HA3bIBAETCS M)-
MAarHmoM.

Mymayuu xapaxmepuzyromcs ci1edyouumu C60UCMEaAMu.

B Bo3HHMKAIOT BHE3AITHO, T.€. CKAYKOOOPa3HO.

B MYTaHI/II/I 3aTparuBarOT I'CHbI, CJICA0BATCIbHO, OHU HACJICACTBCHHEI,
T.C. ICPCAAIOTCA U3 ITOKOJICHHA B IIOKOJICHHUC.

B HewnanpasiieHsl, T.e. MyTallMi MOT'YT BO3HUKATh B JTIOOOM JIOKYCE.

B OI[HI/I H TC )KC MyTallH MOT'YT BO3BHHKATh IIOBTOPHO B «T'OPAYHUX»
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TOYKax — HecTaOmiIbHbIX yuacTkax JJHK.
Daxmopul, cnocobHble 8bI3bIEAMb MYMAYUU, HA3LIBAIOMCS MYMALEHHBIMU.

MYTAI'EHHBIE ®AKTOPbI (MYTAI'EHbBI)

[lo npuurHamM BO3HMKHOBEHHUS MYTAIlUd MOTYT ObITb CHOHMAHHLIMU U
unoyyupoeantoimy. VHIyIIMPOBAHHBIE MYyTalldd BO3HUKAIOT TOJI JEUCTBHEM
MyTareHHbIX (PaKTOPOB, KOTOPHIE MOXKHO MOJAPA3ACIUTh Ha 3 OOJBIIUE TPYIIIIbI:
busnueckne, XMMUYECKUE U OMOJIOTUYECKHE.

YY puzuueckum mymazenam OTHOCATCS Pa3IMYHBIC BUIbI U3TyUYCHUN,
TeMIlepaTypa, BIaXKHOCTb, IITyM, BUOpaIus u T.1I.

Mexanusm deticmsus ghuzuvueckux MymaceHos:
1. HapymeHnune cTpyKTypbl F€HOB B XpOMOCOM.
2. Obpa3zoBaHUE CIIMBOK — THMHUHOBBIX AUMEPOB (puc. 8.3).

3. O6pa3oBanue cBOOOHBIX PATUKAIOB, KOTOPHIE BCTYIAIOT B XUMHUYE-
ckue B3aumozercteusa ¢ JJHK.

4. Pa3pbIB HUTEH aXxpOMAaTUHOBOI'O BEPETEHA JCIICHUS.

/7 Xumuuyeckum mMymazeHam OTHOCITCH:

a) MPUPOJIHBIC OPTraHUYECKUE U HCOPTaHUYECKUE COCIUHCHHS (HUTPHUTHI,
HUTPAThI, TOPMOHBI, aJTKOJOUABI, O€H301, (DEHOJ U T.1.)

0) MPOAYKTHI MPOMBIIIVICHHON TEepPepadOTKH MPUPOIHBIX COCAUHEHHN —
yrisi, HedTu (apoMaTUYECKUE YTIIeBOJOPO/Ibl, OCH3MUPEH U T.1.)

B) CHHTETUUYCCKHE BEIIECTBa, paHee HE BCTPEUYABIIMECS B MIPHUPOJIEC — KCe-
HOOMOTHKHU (TTECTUIUABI, MHCEKTUIIM/IbI, HUKOTHH, THUIIEBBIC JOOABKH, KOHCEP-
BaHTBHI, JICKAPCTBECHHBIC BEIISCTBA U T.JI.)

T') HEKOTOpBhIE METabOIUTHI OpraHru3Ma desoBeka (xjaopodopm — QocreH,
napareTamol — siji, TOBPEXKIAFOIIHIA MeUYeHb U TTOYKH | T.1.).

Mexanuzm oeticmeust XumMuueckux Mymacernoes.

B IesamuHUpOBaHUE;
B ankwiupoBaHue;
B 3amMeHBI a30TUCTBHIX OCHOBAHUM;

B YITHCTCHUC CUHTC3ad HYKJICMHOBBIX KUCJIOT.



Buonozuueckue mymacennvie haxmopwvt — BUPYChl (BCTpauMBAIOTCS B
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JIHK xo3si1uHa — yenoBeka), 6akTepuu (MPOAYKTHI UX METa00IM3Ma JISUCTBYIOT
KaK XUMUYECKHE MyTareHhbI).

M COOTBETCTBHUH C YPOBHAMM OpraHmu3alilvii HACJICACTBCHHOI'O MaTCpHaja
pas3iin4arOT r€HHBIC, XPOMOCOMHBIC 1 TCHOMHBIC MyTallUK:

I'ennvie - U3MEHEHUS CTPYKTYPBI TEHOB — 3aMEHBI, JEJIELNN, NHCEPLINH,
VHBEPCHUH.

XpomocomHble - W3MEHEHHsI CTPYKTYpPhl XPOMOCOM — XPOMOCOMHBIE
abeppanuu; [ enomHble - N3MEHEHUSI YMCIa XPOMOCOM — TOJIUIUJIOUIMU U TeTe-
POTLIOUANH.

I'EHHBIE MYTAIIUU

- TEHHBIM MYTAalUsIM OTHOCSTCSI U3MEHEHUS CTPYKTYpPbI IT'€Ha, BOCIIPOU3-
BOJMMBIE B MOCIEN0BaTeNbHbIX HUKIax permukanuu JJHK u nepenarommecs
ITOTOMCTBY B BHUJI€ HOBBIX BAPHAHTOB MPU3HAKOB. [ eHHble Mymayuu 3aTparupa-
IOT CTPYKTYpy camoro reHa. [[oCKONbKy TeH SIBIAETCS 3JIEMEHTAPHON €ITMHULIECH
(GyHKIIUU HACJIEACTBEHHOTO MaTepHalia U OTBEYAET 3a OINPEJIeNICHHbIA TPU3HAK,
€ro U3MEHEHUS NPUBOJIAT K HOBBIM BapuaHTaM npu3Haka. [103ToMy ren siBisiet-
CA 3JIEMEHTAPHOW €MHULIEN N3MEHUYNBOCTH.

['eHHBIE MyTalMM XapaKTEPU3YIOTCA HAPYLIEHUEM IIOCIEI0BATEIBLHOCTH
HyKJIeoTu10B B Mojekyie JIHK, uto mMoxxeTr ObITh CBSI3aHO C 3aMeHOU OJHHUX
HYKJICOTUI0B Ha Jpyrue (coctaBisitoT 20% CIOHTAaHHO BO3HUKAIOIIMX T€HHBIX
HapylieHui), BctaBkamu B coctaB JJHK HOBBIX HYKJI€OTUIOB (uHCepyuu) Niau

BhbITIaJieHreM psiia Hykineotuaos u3 JIHK (dereyuu), mnoBopotom Ha 1800 y4acT-
ka mousiekynbl JIHK (unsepcuu) (puc. 8.4).

Takum 06pazom, usmenenus ctpykrypsl JJHK moxxHo pazaenuts Ha Tpu
IPYIIBL: 3aMEHbI, MYTAl[MX CO CIBUTOM PAMKHU CUUTBIBAHUS U UHBEPCHUH.

1. Mymayuu no muny 3ameHsl a30MUCHbIX OCHOBAHUIL:

- Tpan3uyua — 3aMeHa OCHOBAaHUM IyPUHOBOI'O HA IIYPUHOBOE, WU IH-
puMHAMHOBOTO Ha nupumuanHoBoe: A <> I', Ll«<> T. IIpu aTomM uzmeHnsercs Tot
KOJIOH, BKOTOPOM IIPOMU30IIIA TPAH3ULIUS.

- Ipanceep3us —3aMeHa IIyPUHOBOIO OCHOBAHHUS Ha INHUPHUMHMIMHOBOE

WY UpuMUIMHOBOrO Ha mypuHoBoe. Hanpumep: A <1, I' <> T; uzmensiercs
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TOT KOAOH, BKOTOPOM ITPpOMU3011JIa TPAHCBCP3H.

OTH MyTallMu MPOUCXOMAAT B CHIIY psila KOHKPETHBIX NMpuurH. OIHOU U3
HUX MOXET OBITh BO3HUKAIOIIEE CTyYaHO WJIH IO BIUSHUEM KOHKPETHBIX XU-
MHUYECKUX areHTOB W3MEHEHHE CTPYKTYpbl OCHOBAaHMS, YK€ BKJIIOYEHHOIO B
cmupasib JIHK. Ecnm Takast m3menenHas (oopma OCHOBaHHS OCTAeTCs HE 3aMe-
YeHHOW (pepMEHTaMH peraparyu, TO Mpu OJIMKANUIIEM ITUKIIC PETUTHKAIIMA OHA
MOXET MPHUCOCIUHATD K cebe Apyroi HykieoTua. [IpuMepoM MOXKET CIIyKHUTh
J€3aMUHHPOBAaHNE IIUTO3MHA, MIPEBPAIIAIOIIETOCS B YPALMII CaMOMPOU3BOJIBHO
WJIU TI0J] BIIUSTHUEM a30TUCTON KUCIOTHL. OOpa3yronuics npu 3T OM ypailui, He
3ameueHHbl pepmenToM JIHK-rnmmko3una3on, npu perimKalnud COeIMHIETCS ¢
aJICHUHOM, KOTOPBIN BIIOCIEICTBUH MPUCOSAUHIET TUMHUIUIOBBIN HYKICOTHI.

B pesynbrare napa I — I' 3amemaerca B JIHK mapoit T — A. JlezamuHupoBaHue
METWIMPOBAHHOI'O [IUTO3MHA MPEBPAILAET €r0 B TAMUH. TUMUIUIIOBBIA HYKJIEO-
THU]I, SIBISIACH ecTecTBeHHbIM KoMroHeHToM JIHK, He oOHapykuBaetcs hepMeH-
TaMU perapanuy Kak U3MEHEHHUE U MPU CIEAYIOIIEH PENIMKAlUA IPUCOSIUHSIET
aJICHUJIOBBIN HyKIeoTua. B pesynbrate BmecTo napsl L[ — I' B monekyne JJHK
TaKke nosipisiercs napa T — A.

Jpyroii mpu4MHON 3aMEHbl OCHOBAHUWA MOXET OBITh OIIMOOYHOE BKIIIO-
yeHue B cuHTesupyemyro nens JIHK Hykneotuna, Hecymero XuMm4ecku u3me-
HEHHYI0 ()OpMY OCHOBAaHMS WM €ro aHayor. Eciu 3Ta ommbOka ocrtaercs He 3a-
MEYEHHON (epMEeHTaMU peIUIMKAallMd U penapanuy, M3MEHEHHOE OCHOBAaHHE
BKJIFOYAETC B IIPOLIECC PEIUIMKALMU, YTO HEPEIKO IIPUBOAUT K 3aMEHE OJHOMN
napel Ha Apyryro. IIpuMepoM 3TOro MOKET CIIyKUTb IPUCOCAWHEHUE B XOJHE
peIUIMKaIMy K aJeHUHY MAaTepUHCKOM Ienu HyKJIeoTuaa ¢ S-Opomypanuna (5-
bY), ananornuHoro TUMUIWIOBOMY HyKIeoTuay. Ilpum mnocnenyromen pe-
mmkanuu 5-bY oxoTHee npucoenuHseT K ceOe HEe aJleHHH, a TyaHuH. [ 'yanuH B
X0/ AAJIbHEUILIET0 YABOCHUSI 00pa3yeT KOMIUJIEMEHTAPHYO Mapy C LIUTO3HHOM.

B urore mapa A — T 3amensierca B monekyisie JIHK nmapou [ — 1.

W3 mnpuBeneHHBIX TPUMEPOB BHUIHO, YTO W3MEHEHHS] CTPYKTYpBI
mosekyiibl JIHK no Tumy 3aMeHbl OCHOBaHUM BO3HHUKAIOT JIMOO 110, JIMOO B MPO-
LIECCE PEIUIMKALMUA TEPBOHAYAIBHO B OJHOW IOJMHYKICOTUIHOW uenu. Eciu

TAaKUEC U3MCHCHUS HC HCIIPABJIAIOTCA B XOAC plliapalun, TO IIpU HOCJ'ICI[YIOIHCI\/JI
155



perUIMKaluYd OHU CTAHOBSITCS ocTosiHueM obeux neneit JJHK.
2. Mymauyuu co co6uzom pamkKu c4HumuovléaHusl.

OTOT TUN MyTalMi COCTABIISIET 3HAYUTENIbHYIO JIOJII0 CTIOHTAHHBIX MyTa-
uuid. OHM NPOUCXOMST BCIECACTBUE BBINAJICHUS (Oeneyuss) Ui BCTaBKU (uHcep-
yusl) B HYKICOTHIHYIO mocienoBaTeibHocTh JIHK omHO#M Mitn HECKOJIBKHX Tap
KOMIUIEMEHTAPHBIX HYKJICOTUI0B (puc. 8.4). bosbiias yacTh U3y4eHHBIX MyTa-
ITUH, BBI3BIBAIONINX CIBUT PaMKH, OOHApYKeHa B TIOCIEIOBATEIIBHOCTAX, COCTO-
SIIUX U3 OJIMHAKOBBIX HYKJICOTHIOB.

bonpiioe uwmcio MYTaHI/Iﬁ I[I0 TUIIY BCTABOK IIPOHUCXOAWUT BCJICACTBHC
BKIIIOYCHHUA B IOCIICAOBATCIBHOCTD HYKICOTHAOB IMOABMIKHBIX I'CHCTHUYCCKUX
RJIEMEHTOB. [lo0suoicnvie cenemuyeckue d1emMeHmovl — 3TO A0CTATOYHO IIPOTA-
KCHHBIC HYKIICOTHAHBIC IIOCIICAOBATCIIBHOCTH, BCTPOCHHBLIC B I'CHOMLBI 3y- H
IMPOKAPHUOTHYCCKUX KIICTOK, CITOCOOHEIC CaMOIIPpOU3BOJIBHO MCHATH CBOC IIOJIO-
KCHUC.

OHpeIIeJIGHHOI;’I BCPOATHOCTBIO HHCCPIUHU U ACIICHNHN MOT'YT BOSHUKATD

7. PE3yiIbTaTe [0)1115(810) 3 peKOM6HHaI_[I/II/I IIpU HCPAaBHOICHHOM BHYTPUI'CHHOM
KPOCCHUHTOBCPC.

Mymayuu no muny uneepcuu HyKji1eomuoHslX HOC1e008amMeNbHO-
cmeil 6 2eHe (BHYMPUZEHHAA UHBEPCU).

JIaHHBIN TUI MyTalMil MPOMCXOAMT BCliecTBUE MoBopoTa yyactka JJHK Ha
180°. OOb4HO STOMY mMpeIecTByeT oOpasoBanue Mmosekynoi JIHK mernu, B
npeJenax KOTOpOo peruiuKaius uaeT B HallpaBJIeHUH, 00OpaTHOM MPABUIILHOMY.

10. mpenenax MHBEPTUPOBAHHOIO YUacTKa HAPYIIACTCS CUYMTHIBAHUC
nHpopMa-11K, B pe3yabTaTe U3MEHICTCS aMUHOKHUCIOTHAS
[MOCJIEI0BATEILHOCTD O€EJIKA.

CrnencTBueM Takux MEXaHW3MOB M€HHBIX MyTallui sBjsieTcsa 00pa3oBaHUE
HOBOI'O TpHUILIETa B HYKJIEOTUAHOUW mocnenoBarensbHoctn JIHK, xomupyromen
MOCJICI0BATEIPHOCTh AMHUHOKKMCIIOT B TMENTHUAHOW IENH (MucyeHc-mymayuu).
DTO MOXKET U HE OTPA3UTHCS HA CTPYKTYpPE MENTHJIA B TOM CJIy4dae, €CJIM HOBBIN
TPUILIET OyAeT «CHHOHUMOM» TMIPEKHETO0, T. €. OyJIeT KOJAUPOBATh Ty K€ aMUHO-
kucnoTy. Hanmpumep, aMmuHoKuCIOTa 8aiur UPPYETCS YETHIPbMSI TPUILIETAMHU:
CAA, CAG, CAT, CAC. 3ameHa TpeThero OCHOBaHUS B JIFOOOM M3 dTUX TPH-

IJICTOB HE M3MEHHUT €r0 CMBICHIA (BBIPOKIACHHOCTh TEHETHYSCKOTO
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11. ToM ciyyae, KOrJa BHOBb BO3HUKIIMK TPUIUIET MHUPPYET APYTyro
aMU-HOKHUCJIOTY, U3MEHSIOTCSA CTPYKTypa MENTHIHON IIETH U CBOWCTBA COOTBET-
cTBymoIIEro Oenka. B 3aBucumMocTr OT Xapakrepa U MecTa CIy4HBILEHCS 3aMe-
HBI crieluruecKre CBOMCTBA OelKa M3MEHSIOTCS B pa3HOil cTeneHu. M3BecTHBI
cllydad, KOTJla 3aMeHa JIMIIb OJTHOM aMHHOKHCIIOTHI B MENTUIE CYIIECTBEHHO
BIMSET HAa CBOMCTBa Oelika, YTO MPOSBISIETCS B M3MEHEHMM OO0Jiee CIOKHBIX
MpU3HAKOB. [IpuMepoM MOXKET CIIy)KUTh U3MEHEHHE CBOMCTB TeMOTJIO0WHA Ye-
JIOBEKA MPU CEPIIOBUTHO-KIETOUHON aHeMuu. B Takom remornooune — (HbS) (B
oTiiMyue oT HopMajabHOrOo HbA) — B [3-llensax B 1IECTOM MOJOXKEHUU TIIyTaMU-
HOBAasi KMCJIOTa 3aMEHEHA BAJIMHOM. DTO SIBISETCS CJIEICTBUEM 3aMEHBI OJHOTO
W3 OCHOBaHUU B Tpuruiere, mudpytomeM erymamunogyro kuciomy (CTT unum
CTC). B pesynbrate mosiBisiercst Tpuruiet, mudpyrommuit earun (CAT wumum
CAC). B nanHom ciyuyae 3aMeHa OJHOM aMUHOKHCIJIOTHI B MENTHU/IE CYIIECTBEH-

HO M3MEHSET CBOMCTBA reMOrjI001MHa (CHH)K&GTCSI €ro CItoCOOHOCTBH CBSI3BIBATh-
ciac 02), Y 4CJI0OBCKA Pa3BUBAIOTCS IIPU3HAKH CGpHOBHI[HO-KJ'ICTO‘IHOﬁ AdHCMHU.

12. HEKOTOPBIX ClydyasX I'€HHbIE MyTallMd MOTYT IPUBECTHU K IMOSBICHUIO
onHoro u3 Houcenc-mpuniemos (ATT, ATC, ACT wiu (UAA, UAG, UGA), e
MUQPYOIIEr0 HUKAKOW aMUHOKHUCIOTHL. CleAcTBMEM TakoOM 3aMeHbl OyJeT
IIPEPBIBAHNE CHHTE3Aa MENTUIHON LIETIH.

Takum oOpa3zom, MyTalli MOTYT BO3HHMKATh KaK B pe3yJbTaTe CIIOHTaH-
HBIX U3MEHEHUUN CTPYKTYpPbl OCHOBAHUS B OJTHOU U3 LIENEN YK€ CyLIECTBYIOLIEU
norHou cnupamu IHK, Tak u B Xoae pernsmkanuyd BO BHOBb CHHTE3UPYEMOU
uenu. B ToM cityyae, eciii 3TH U3MEHEHHUs HE UCIPABIISIIOTCS B MPOIECCE perna-
pauuu (Wi, Ha00OPOT, BO3HUKAIOT B XOJAE penapaiuu), OHu (PUKCUPYIOTCS B
obenx 1ensx u gajee OyIyT BOCIPOU3ZBOAUTHCSA B CICAYIOMIMX ITUKIIAX PEIIU-
karuu. Clie1oBaTesIbHO, BAXKHBIM UCTOUHMKOM BO3HUKHOBEHHUS TaKUX MyTallui
SIBJISIFOTCSI HAPYIIEHHUS TPOLIECCOB PETUIMKALIMU U perapalni.

13. pe3ynbTaTe TEHHBIX MYyTalluii U3MEHSIETCS CHHTE3 COOTBETCTBYIOIIHNX
OCJIKOB, YTO MOYKET MPUBECTH JIMOO K MOBBIIIEHUIO aKTUBHOCTH, JINOO K €¢ I10-
Tepe, HO MOXKET U He HAONIOJaThCd M3MEHEHHMS IMpu3HaKa. BoJbIIMHCTBO I'eH-
HBIX MyTaIlui Jaf0T OTPUIIATEIbHBIN () PEKT 1 00yCIOBINBAIOT BHITIAICHHUE Ka-

KoU-1100 hepMeHTaTUBHOM akTUBHOCTU. CTeneHb NMposiBIeHUs Aedekra MoxeT 157



OBITh Pa3aMYHON. Y TUIUIONAOB MYyTallud BO3HUKAIOT TOJBKO B OJTHOM U3 ABYX
ajjeneld, B pe3ysibTaTeé 4Yero BO3HUKAIOT TE€TEPO3UTOTHI, (PEHOTHI KOTOPBIX
ONPENEIISIETCS B3aUMOJACHCTBUEM AJIIENIEH.

M HacTosIlee BpeMs U3BECTHO, uTO simepHas [JHK nepenaer He BCro reHe-
tudeckyto nHpopmanuto. JJHK takke coaepKuTcss B MUTOXOHIPHUSIX U IJIACTH-
Jax, B 4acTHOCTHU B xJoporuiactax. Otu JJHK moaBep:keHbl MyTanusm, KOTOpbIe
IPUBOJAT K M3MEHEHMSIM IOCIEAOBATEIbHOCTH AMUHOKHUCIOT B CTPYKTYPHBIX
oenkax. M3MeHeHne mpU3HaKa MOKET MPOUCXOAUTh U B LUTOIUIA3ME KIIETKH U
nepenaBaThCsl JOUYEpHUM (K TpUMEpy, Mepeaaya Kamma-4acTull y uHdy3zopuu
Tydenbku npu KoHbloranun). llepenaya napopmanum yepes MUTOIIA3MYy KIIET-
KM Ha3bIBACTCS LUTOIIA3MAaTUYECKON HACIEIACTBEHHOCThIO. [Ipy momomm ot-
BOJKOB U IPUBHUBOK YJA€TCA COXPAHUTHh BO3ZHUKIINE WU3MEHEHUS Y PACTCHUU U
OHHU OKa3bIBAIOTCSI CTOMKMMH, HACJICACTBEHHBIMHU. DOJIBIIMHCTBO MyTauuu pe-
LECCUBHBI.

YacTtoTa BOZHUKHOBCHUS OTACJIABbHBIX CIIOHTAHHBIX MYTaI_[I/Iﬁ BbIPaXKacTCA
YHUCJIOM IaMCT OAHOI'0 IMOKOJICHHA, HCCYHMIUX OIIPCACIICHHYIO MyTaluio, 110 OT-
HOIIICHUIO K o61ueMy YUCIIy IaMCT. B MNPUPOAHBIX YCIOBHAX MyTalUsl KaXK10T'O
OTACJIbHOI0 I'CHa IMPOUCXOOHUT OYCHBb PCIKO. v opraHn3Ma MMECTCA HCCKOJIBKO
TBICAY I'€CHOB, TaK 4YTO o6mee YHUCJI0 MyTaHI/Iﬁ OKa3bIBACTCS 3HAUMTEIbHBIM. Ya-
CTOTHI, OIIPCACICHHBIC IJIsI HCKOTOPBIX BUAOB paCTeHHﬁ, JKUBOTHBIX 1 MHUKPOOP-
IraHM3MOB, OKa3bIBaIlOTCs OJIM3KMMH 110 BEJIMYMHE U COCTABIISIOT B CPCOHCM OT

-4 -9

10 " 1m0 10 ™ (t.e. oT 1 u3 100 ThIC. M1 1 U3 10 MApa ramMeT HECeT BHOBH BO3-
HUKIIYI0O MYTallMIO B OMPEIEIICHHOM JIoKyce). YactoTa MyTammii 1jis pa3iud-
HBIX TCHOB HEOJMHAKOBA: HAIIPUMEP, Y OTJICTbHBIX TEHOB PaCTCHUN OHA IOCTH -

raer 10_2. OO6mas yactora MyTaluid KoeOieTcs y pa3HbIX BUJOB OPTaHU3MOB OT
HECKOJIBKUX MPOIEHTOB (OJHOKJIETOUYHBIE BOJOPOCIH, HU3IINE TPUOBI, OaKTe-pun)
1m0 25% (apo3oduna) Bcex rameT OJHOTO MOKOJICHHs. Takas 4acToTa My-Talluid
CBOMCTBEHHA CIOHTAHHBIM MYTalUAM. ODKCHEPUMEHTAIBHO YacTOTY My-TallHii
MOXXHO YBETUYHTh. B MPUPOIHBIX YCIOBHSIX MYTallUd MPOUCXOASAT MPH PE3KHUX
U3MEHECHHSIX TEMIIEpaTyphl, MO BIUSHUEM yJIbTPa(UOTIETOBOTO M3ITY-UYCHHUS U TI0
npyruM npuauHaMm. OgHaKo B OOJIBITMHCTBE CTy4aeB HCTUHHBIC

MIPUYMHBI MyTaIluid OCTAIOTCSl HEM3BECTHBIMU. B HacTosee Bpems pazpadboTa-
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HbI METO/IbI, ITO3BOJISIFOLIME YBEIUYUTh YHACIO MYTallMil HCKYCCTBEHHBIMU CPEI-
cTBaMu. BriepBble pe3KO€ MOBBIIIEHUE YWCIa BO3HUKAIOIIMX HACIEACTBEHHBIX
M3MEHEHMI ObLIO MOJIy4eHO MOoJ BiMsHUEM Jiydell Pentrena. B skcnepumen-
TAJIBHBIX YCIOBUSAX YMCIIO MYTallMi YBEIMYMBAIOT 3a CUET U3MEHEHHUs TeMIlepa-
TypBI B IIPEAEIIAX, IEPEHOCUMBIX OPraHU3MOM; IPU JEHCTBUU HA PENPOITYKTUB-
HbIE KJIETKH PAJIOM XMMUYECKUX BEIIECTB (HalpuMep, NECTUIUAOB) U pa3jIhy-
HBIX BHJIOB 0OiydeHus (iyuyu PeHTreHa, sMeKTpOHBI, yIbTpa(HOIETOBBIE U
ramMmma-Jy4u, HEMTPOHBI).

[Tockonbky Oonpmias vacte JIHK B reHome dyenoBeka NpencTaBlIeHA
HEKOJUPYIOIUMH MOCIEA0BATEIIbHOCTAMH, TO U OOJBIIMHCTBO T'€HHBIX MYTa-
11, KOTOpBIE 3aTparuBarOT 3T 00JaCTH, HE UMEIOT (DEHOTUIHMYECKOTO MPOSIB-
JIEHUS U SIBIISAIOTCA HEUTpajibHBIMU. B cilydae BOZHMKHOBEHUS B I€HaX IMOCIIE-
CTBUS MYTAllMi 3aBUCAT OT MX JIOKAIA3ALUU: 3K30HHBIE MyTallUU MPUBOIAT K
HapymeHuto crpyktypsl MPHK u Oenka, WHTpOHHBIE — 4YacTo SBISIOTCA
HENTpaibHBIMU, HO MOTYT IPUBOJUTh K HAPYLIEHUIO CIUIaiiCMHra), IpoMOTOp-
HBIE — MOT'YT IIPUBOJUTH K HAPYIICHHUIO TPAHCKPUIILIUH.

['eHHbIe MyTallUU MPUBOJIAT K MOSBICHUIO MOHOTEHHBIX HACIIEJICTBEHHBIX
0oJie3Hel, KOTOpble HACIEeNyIOTCd B COOTBETCTBUM C 3aKOHAMU MeHpens: pe-
IIECCUBHBIC MYTAITUU JOCTAIOTCS JACTSAM OT JABYX 3JI0POBBIX POIUTEIICH — reTepo-
3UTOTHBIX HOCUTEJIEH. Y 4YesioBeKa M3BeCTHO okoJio 10 Teic. 3a0osieBaHui, 00y-
CIIOBIICHHBIX TEHHBIMU MyTalusiMH. B kadecTBe mpumepa Ha puc. 8.5 Moka3aHbI
BO3MOJKHBIE MYTalliid B T€HE (paHMITATaHWHTHAPOKCHUIIA3H YEIOBEKa, KOTOPHIE
MIPUBOIAT K HAPYIICHUIO (PYHKITUU COOTBETCTBYIOMIECTO (PePMEHTA B PA3BUTHIO Y
YeJI0BeKa MOHOTE€HHOTO ayTOCOMHO-PEIECCHBHOTO HACJIEICTBEHHOTO 3a00eBa-
HUS — PEHWIKETOHYPHH.

[TomynAnuyu 4YenoBeKa XapaKTEPHU3YIOTCA OIPEACICHHONM YacTOTOM U
CIIEKTPOM PA3JIUYHBIX MyTallMid. ITO XapaKTepU3yeT 2eHemuyeckuil 2py3 nomy-
JSLUUA — T.€. YaCTh HACJIEACTBEHHOW M3MEHUYHMBOCTH, XapaKTEPU3YIOIIYIOCS IO-
SBJICHHEM MEHee MPUCIOCOOIEeHHBIX ocoOel (OO0IbHBIE HACIIEICTBEHHBIMU 3a-
00JIeBaHUSMH WJIM HOCUTENIM MYTAHTHBIX T€HOB), KOTOpas MPU OMPEAETCHHBIX
YCIIOBUSX TMOABEPraeTcs H30UpaTeIbHOMY JEUCTBUIO €CTECTBEHHOTO OTOOpA.

[To oOpa3zHOMY BBIpaKEHUIO akaJieMuKa XouieiHa «I eHeTUYeCKUi Tpy3 — 3TO
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IIEHA, KOTOPYIO BBIHYXKJEHA IUIATUTH MOMYJISIUSA 3a MPaBO ABOJIOLMOHUPO-
BaTh». ECTECTBEHHO, TEHETUYECKUH TPY3 BKIIIOYAET KAK YK€ [IUPKYIUPYIOIIUE B
MOMYJISIIIUY MyTalllK, MEPEAA0IIUECcsS U3 MOKOJICHHS B MIOKOJICHHS, TAK U HOBBIE
myTanuu. [lo onenkam oredecTBeHHBIX TeHeTHKOB (boukos H.II., 1995) Benu-
YiHAa TeHETUYECKOTo Ipy3a B €BPOIEUCKUX MOMyJSIUsIX U B Poccun cocrapiser
5,5%, u3 koTopbix 1% - MOHOTE€HHBIE HaclleICTBEHHbIE OoJie3HH, 0,5% - Xxpomo-
coMHbIe Oosie3Hu, 3-4% - MHOro(hakTOpHBIC O0JIE3HU C BHIPAKEHHBIM I'eHETHYE-
CKHM KOMIIOHEHTOM.

BaXHO OTMETUTH, YTO CHEKTP W YACTOTHI PA3JIMYHBIX MYyTallui, a TaKKe
HEUTPAIBbHBIX MOTUMOP(OU3IMOB, XapPaKTEPUIYIOTCS BBIPAKEHHON MOIYJISIIIUOH-
HOM crnen(pUYHOCThIO. T.€. OHM XapakTEpHbI JJIs HACENEHUs ONpEe/eICHHOTO
pPErrMoHa WIK 3THOCA U CYIIECTBEHHO OTJIMYAIOTCA OT aHAJIOTMYHBIX XapaKTEpH-
CTHUK B JIpyTUX reorpa)uuecknx peruoHax.

XPOMOCOMHBIE MYTALIUAU

B XpOMOCOMHBIM MYTalHsAM OTHOCSITCS MYTAaIlMH, CBS3aHHBIC C pPa3phiBa-
MU 1 TIOCJICTYIONTUMHU HApPYIIEHUEM CTPYKTYPhl XpOMOCOM. Pa3pbIBbI XpoMocoMm
MPOUCXOASAT 3aKOHOMEPHO B XO0JI€ KPOCCHHTOBEpa, KOTJa MPOUCXOAUT OOMEH
COOTBETCTBYIOIIMMH YYaCTKAMH MEXAY TOMOJOTHUYHBIMH XPOMOCOMAaMH.
Hapymenne kpoccuHTOBEpa, P KOTOPOM XPOMOCOMBI OOMEHHMBAIOTCS HEpaB-
HOIICHHBIM T€HETUYCCKUM MAaTepHajOM, TPUBOANT K TOSIBICHUIO HOBBIX TPYIII
CUEIUICHUS, TJIe OT/AETbHbIC YYaCTKU BBINAAI0T UK yBauBatoTcs. Kpome Toro,
pa3pbiBa XpOMOCOM MOTYT BO3HHKATbH MOJ| BIUSHUEM DPA3JTUYHBIX MYyTareHHBIX
(bakTopoB, TJIaBHBIM 00pa3oM (Pu3nyecKux (MOHUBHUPYIOIIETO U APYTHX BUIOB
U3ITyYEHHUs ), HEKOTOPBIX XUMUUYECKUX COCTUHEHU, BUPYCOB.

Pa3nuuaroT crnenyromume THUIBI XPOMOCOMHBIX HApPYIICHHWH: JeJelHH
(yTpaTta 4acT XpOMOCOMBI), AyIUTMKAIUK (yABOEHUE Y4YacTKa XPOMOCOMBI),
TpaHCIOKaMK (MepecTpoiiku), UHBEPCUU (IMMOBOPOT ydacTKa XPOMOCOMBI Ha
180°), uncepunu (BctaBku) (puc. 8.6).

XPpOMOCOMHBIE MYTallUd MOTYT OBITh BHYTPUXPOMOCOMHBIMHU U MEXKXPO-
MOCOMHBIMU.

BHyTpuXpoMoOCcOMHBIE MyTAIlUM (XPOMOCOMHBIE a0eppanun):

160



5. Jleneyusa — BblllaieHWe 4acTu XpoMocombl. [lpu nenenuu Teiaomep
000ouX TIeY XPOMOCOMBI YacTO HAOJI0/IaeTCs CIWITAHWE KOHIIOB M 3aMBIKAHHE
OCTABIIEKCS CTPYKTYPBI B KOJIBLIO C O0Opa30BaHUEM Koabyesbix XpoMocoM. [Ipu
BBITNIAJICHUN LEHTPOMEPHOTO ydacTKa 0OpasyloTcsi deyeHmpuueckue XpoMoCo-
MBEI.

6. /Jlynaukayus — yJBOCHUE ydacTKa XpOMOCOMBI. PesynbratoM Ayru-
Kalluki BO BTOPOM XPOMOCOME MYXU JAPO30(PHUIIbI MOXKET CIYKUTh TOSIBICHHE
MOJIOCKOBU/THBIX IJ1a3.

7. Hueepcus — noBopotT yyactka xpomocoMsl Ha 180°. IIpu sTom HabIrO0-
JaeTcs HapylleHUEe MOpsAIKa pachoioKeHus reHoB. B 3aBucumoctu OT TOTO,
BKJIIOYAET JIM JAHHBIN Y4acTOK 00JaCTh IIEHTPOMEPHI WIIH HET, pa3U4aloT, CO-

OTBETCTBEHHO, NepuyeHmpuieckue u napayeHmpudeckKue UH8epCcun.
Medswcxpomocomnvle abeppayuu NPOUCX00SM MeHCOY He2OMOIOCUYHBIMU

xpomocomamu. OOMEH ydacTKaMy MEXIy HETOMOJIOTHYHBIMU XPOMOCOMaMHU
Ha3bIBACTCS mpanciokayueit (cM. puc. 8.6).

Paznnuaror CJICAYIOMNEC BUAbI TpaHCHOKaL[I/Ifli

peuunpokHsle — IBC ITOBPCKIACHHBIC HCTOMOJIOTHYHBIC XPOMOCOMBI
B3aMMHO OOMEHHBAIOTCS OTOPBABHIMMHUCA YHACTKAMU,

HepeyunpokHvle — CETMEHTHI OJTHOM XPOMOCOMBI TIEPEHOCATCS B IPYTYIO;

mpancno3uyuy — IpucoeuHeHue pparMeHTa K CBOei ke XpoMocoMme,
HO B HOBOM MECTE.

OcoOyr0 KaTeropuro XpOMOCOMHBIX MyTalUi MPEACTAaBISIOT adeppaluu,
CBSA3aHHBIE C IEHTPUYECKUM CIUSHUEM WM Pa3JI€IEHUEM XPOMOCOM, KOI'/1a JIBE
HETOMOJIOTUYHBIE CTPYKTYPhl OOBEAUHSIOTCS B OJHY. Takue HapyleHus: Ha3bl-

BAarOTCs pO6€leCOHO@CKMMu mpaHcCiIoKayusimMu.

[Ipu nenenuu TETOMEPHBIX YYaCTKOB JIByX HETOMOJIOTUYHBIX XPOMOCOM
MIPOUCXOJIUT UX COCIMHEHNE C 00Pa30BAHUEM OUYEHMPUYECKUX XPOMOCOM.

XPpOMOCOMHBIE IIEPECTPOUKHU, KaK MPABUIIO, IIPOSABIISIIOTCA B U3MEHEHUU
MOP(OJOTUH XPOMOCOM, YTO MOKHO HaOIIOAaTh B CBETOBOM MUKpOCKOm. Me-
TAlEHTPUYECKUE XPOMOCOMBI MIPEBPAILAIOTCS B CyOMETALICHTPUUYECKUE U aKPO-
LHEHTPUYECKUE U HA00OPOT, MOSABISAIOTCS KOJIbLIEBbIE U MOJIUIIEHTPUUECKHE
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XPOMOCOMBI.

XpOMOCOMHBIE MYTAllMM YacTO BIEKYT 3a COOON HapylIeHUE J03bl U
(GYHKIIMM T€HOB B XpOMOCOME, a TaK)Ke MPUBOJAT K HApYIICHUIO HACTEICTBEH-
HBIX CBOWMCTB OpraHU3Ma, a MHOTJIa BBI3BIBAIOT €r0 THOEb.

XPOMOCOMHBIE BOJIE3HU YEJIOBEKA

XpOMOCOMHBIE O0JIE3HH Y€IOBEKa MOT'YT BO3HUKAThH IOJ BIUSHUEM pa3-
HBIX BHEIIHUX U BHYTPEHHHUX (akTOpoB. B pesynbrare UnMCICHHBIX WM CTPYK-
TYPHBIX U3MEHEHUI OTEIBbHBIX XPOMOCOM BO3HUKAIOT XPOMOCOMHBIE OOJIE3HHU.

XpoMmocoMHbIE OO0JIE3HH BO3HHMKAIOT B PE3yJbTaTe MyTallil B MOJOBBIX
KJIETKaX OJHOTO W3 poauTeNei. XpOMOCOMHAs MaTOJOTHUSL SABJISETCS OJHUM W3
OCHOBHBIX (PAKTOPOB (POPMHUPOBAHUS MHOKECTBEHHBIX [TIOPOKOB Pa3BUTHS U CO-
ctaBisitoT 30% OT oOmiero 4uciia BCceX MOPOKOB Y HOBOPOXAEHHBIX. XPOMO-
COMHBIMHM HapylIeHUsIMU 00ycioBieHbl 0KoJ0 50% crnoHTaHHbIX abopTOB, 7%
Bcex MepTBopoxkaeHui, 10% Oecruiogus. Cpenyn HEAOHOUIEHHBIX JIETEH XPOMO-
COMHasl IATOJIOTHSI BBISBIISIETCS C 4acTOTOW OKOJIO 3%. Y nereil ¢ yMCTBEHHOMN
OTCTAJIOCTBIO M TIOPOKAMHU Pa3BUTHUS AaHOMAJIMU XPOMOCOM BCTPEYAIOTCS B CPE.I-
HeM B 15% ciiyuyaeB. AHOMaNUM MOJOBBIX XpPOMOCOM BCTpedaroTcsl Haubosiee
4acTO M COCTABIIAIOT OKOJIO 2/3 BCEX XpOMOCOMHBIX HapyuieHuil. Bo3moixkHo,
3TO CBSI3aHO C OOJBIIEH KU3HECTIOCOOHOCTHIO MHAMBHUIOB C aHOMAIHUSIMU TOJI0-
BBIX XPOMOCOM, [10 CPABHEHHUIO C aHOMAJIMSIMHU ayTOCOM.

BonpmmHCTBO HEcOaTaHCUPOBAHHBIX AyTOCOMHBIX abeppaluii IpUBOIUT

12. MHOXECTBEHHBIM U TSIKEJIBIM MOPOKAM Pa3BUTHS, KOTOPBIE 3aTPATUBAIOT
TAaK-)X€ LUEHTPAIbHYI0O HEPBHYIO CHUCTEMY, BBI3bIBAs TSKEIYKO YMCTBEHHYIO
OTCTa-IOCTb. 3MEeHeHWe 4Yucia ayTocoM HMEIT 0oJjiee  cepbe3HbIe
MIOCJIEACTBUS, YEM B CIIy4ae aHOMAJIMU I10 TOJIOBBIM XPOMOCOMaM.

OcHoBHbIE (DEHOTHNMHMYECKHUE TPOSIBICHUS ayTOCOMHBIX —abeppariuii.
HauGoiee 3ameTHONM 0COOCHHOCTHIO (PEHOTHUIOB MPU ayTOCOMHBIX a0eppalusx
SIBJISIETCSI OYEHb YaCTOE COBIAJIEHUE MHOTUX MPU3HAKOB U CUMITOMOB. OCHOB-
Hble MPU3HAKU: HU3KUHM BEC NMPU POXKACHUU; pe3Kas 3aJep>KKa pa3BUTHUS; yM-
CTBEHHAs OTCTAJIOCTh (OOBIYHO TsDKENAs ); HU3KUM pOCT; aHOMAJIUU TOJIOBHI U

nuna (MuKpoiedanus, HermoaHas occuukanus (OKOCTEHEHUE), MUKPOTHATHS,
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aHOMAaJIbHOE PACIOJIOKEHUE TJI1a3, «JIAU3MOp(HUUECKOe JIMII0», HU3KO PaCIoJio-
KEHHbIE U JAe(POPMUPOBAHHBIE YIIHbIE PAKOBUHBI); aHOMAIUK JE€PMATOTIU(H-
YECKOT0 PUCYHKA; MTOPOKHU Pa3BUTUSI BHYTPEHHUX OPraHOB (BPOXKACHHBIN MOPOK
cepAala u (Win) KpYIHBIX COCYJI0OB, TOJIOBHOTO MO3ra, MOYETOJIOBOM CUCTEMBI).

OnnuM 13 HaumboJee SIPKUX MPUMEPOB XPOMOCOMHOTO 3a00JIeBaHMsl, BbI-
3BaHHOT'O XPOMOCOMHOW MYTALIMEH, SIBISETCA CUHOPOM —Kouiaubveco Kpukal,
BO3HUKAIOIIUN BCIEJACTBUE ACJICIIMU KOPOTKOTO IjIeda XpoMOCOMEBI 5 (puc. 8.7).
Tunuuneie ciiydan XapakTepusyroTcs MUKpoledanueil 1 cBoeoOpa3HbIM JIULIOM
Kpyriaon gopmsl. [a3za y 3TUX GOJBHBIX MIMPOKO PACCTABICHHBIE C SITUKAHTOM,
AHTUMOHTOJIOUJIHBIM Pa3pe30M, YMEHBIIEHHbIM MOJ0OPOJAKOM. OJTH MPU3HAKU
OTMEYAIOTCS B JETCKOM BO3pacTe. HacTo BCTpEHarOTCs KOCOIJIa3ue, aHOMaJluu
panyXku, aTpodust 3pUTEIBHOIO HEpBa. XapakTepHbl 1e(OpMUPOBAHHbIE, HU3-
KO paclojOXEHHbIE YIIH, KOpOTKas wies, aegopmanus kucreid. meror mecto
IOPOKH CEPILA, MOYEK U APYTUX BHYTPEHHHUX OPIaHOB, HU3KHUE ITOKA3ATENH PO-
CTa M Beca. XapakTepHbli —Komaunid Kpukl HaOmogaeTcst B TeUeHHE MEPBBIX
HE/IeNb JKU3HU, 00YCIIOBJIEH CY)KEHHEM T'OpPTaHU U MOCTENeHHO ucuesaer. [1po-
JOJDKUTENBHOCTD )KM3HU PE3KO HE CHUYKEHA. Y MCTBEHHAs! OTCTANIOCTh MPU 3TOM
MOPAKEHUU Bcerna riryookas. /[uarHo3 MokeT ObITh YyCTAaHOBJIEH KIMHUYECKH,
HO TpeOyeTcs MOATBEPKICHUE UCCIEA0BAaHUEM KapUOTHIIA.

Cpenau pyrux XpOMOCOMHBIX O0je3HEH, OO0YyCIOBICHHBIX CTPYKTYPHBIMU
XPOMOCOMHBIMU HapyUIEHUSIMU, HAauOOJIee pacpOCTPAaHEHHBIMU SBIISIFOTCSL TpaHC-

JoKanuoHHbBIe opmbl Oosie3nu JlayHa (46, D+21 ) (puc. 8.8), cunapom Ilaray (46,
D+13 ), cuHApOoM DaBapaca (46, tr+18), CHHJIPOM KOIIa4bero Kpuka (46, 5p ).

I'EHOMHBIE MYTALIMHU

T€HOMHBIM MyTalUsM OTHOCATCS HApyLIEHUs KapUOTUIIA, CBA3AHHBIC C
HapyLIEHUSIMH 4nciia XpoOMOCOM. CyIleCTBYIOT pa3Hble IPUYHHBI, TPUBOISAILINE

5. T€HOMHBIM MYyTalUsAM.

HepBBIM 1 HauOoJiee Ba)KHBIM MEXaHU3MOM SIBJISIETCS HapymeHue HOP-
MaJbHOI'0 PACX0KACHUA XPOMOCOM. XpOMOCOMBI, KOTOPLIC B HOPMC JOJIKHBI
PasaCInuTbCA BO BPEMA KIICTOYHOI'O ACJICHHA, OCTAIOTCA COCAMHCHHBIMU BMCCTC

7.8 aHaasze OTXOJAT K OJTHOMY TOJTIOCY. ITO MOXKET MIPOU30NUTH B XO€ MUTO-
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THYCCKOT'O JCJIICHUSA, HO Yallc H8.6J'IIO,Z[8.CTC}I BO BpCMA Meno3a. Y 4eJloBeKa 1o
HCU3BCCTHBIM IIpHUYXMHAM HMCHHO AKpPOLCHTPUYCCKHUE XPOMOCOMBI MMCIOT TCH-
ACHIWIO YalllC BOBJICKATHCS B HCPACXOKIACHHC.

MeiioTryeckoe HepacxoXkIeHHue ObLII0 OTKPBITO bpumxecoMm y apo3odu-
abl. Ha kaxayro ramery ¢ oqHOW 100aBOYHON XpOMOCOMOM MPUXOJIUTCA Ipyras
6e3 omgHOI XpoMocombl. [Tocie omTo10TBOPEHHS TaMETON ¢ HOPMaTbHBIM Ha00-
POM XpPOMOCOM 3UT0Ta OKa3bIBAETCS 10 OJHON M3 XPOMOCOM JIMOO TPUCOMHOI,
1100 MoHOCOMHOM. COMaTHYECKOE HEPACX0KIEHNE B MUTOTUYECKHU JCIIAIINXCS
KJIETKaX BO BPEMSI PAHHETO Pa3BUTHUS MOXET MPUBOANTH K MO3aULIU3MY C HAJIU-
YUEM HOPMAJIbHBIX KJIETOK, TPUCOMHH 1 MOHOCOMMH.

BropeiM MexaHW3MOM, 00YCIIaBIMBAIOIINM T€HOMHBIC MYyTalluH, SBIISCT-
Csl yTpaTa OTIENBbHONW XpPOMOCOMBI BCIIE/ICTBHE «aHA(AZHOI0 OTCTABAHUS): BO
BpeMs aHa(a3zHOTO ABIKEHUS OIHA XPOMOCOMa MOYKET OTCTAaTh OT BCEX APYTHUX.

TperbM MexaHU3MOM SIBIIsieTCA MoJMIuionau3amus. [Ipu sTom B Kax-
JIOM KJIETKE TE€HOM IIEJIMKOM TIPEICTABIICH O0Jiee, YeM JBaXK/bl. Y delioBeKa 00-
Hapy>KeHa TOJIbKO TPUIUIOUIHS, IPU KOTOPOM YUCIIO XpOMOCOM paBHO 3N=69.

I'CHOMHBIM MyTallUsAM OTHOCATCS ITOJIUINIONANK U I'CTCPOILIONANHN. 1lo-
JUNIOUOUA — YBCIMYCHUC YHUCJId XPOMOCOM, KPATHOC I'alllIOMIHOMY Ha60py.

8. COOTBETCTBUM C 3TUM Yy PACTEHHUM pazinyaroT TPUILIOWABI (371), TETPAILIOUbI
(4n) m 1. 1. B pacrenueBoacTBe m3BecTHO Oosiee 500 moymruionmoB (caxapHas
CBEKJIa, BHHOTPAJ, Tpeuuxa, MsATa, peauc, JyK U JAp.). Bce OoHM BBIIECISIOTCS
OO0NBIION BEreTaTUBHOW MAaccoil M MMEIOT OONBIIYI0 XO3SMCTBEHHYIO LEHHOCTb.
Bonbiioe MHOrOOOpa3ue MOJUILIONIOB HAOMIOJaeTCs B IIBETOBOJCTBE: €CIU OJIHA
ucxoHas GopMma B TarjIONIHOM Habope uMelna 9 XpoMOCOM, TO KyJIbTUBHPYE-MbIC
pacTeHus 3TOro Bujaa Moryt umMerthb 18, 36, 54 u no 198 xpomocom. [loaun-nonast
MO>XHO TOJYYUTh UCKYCCTBEHHO IpPHU BO3JCUCTBUM HAa PACTEHHUsS TEMIIepa-TYphl,
WOHM3UPYIOIIEH paaualui, XUMHYECKHX BEIIeCTB (KOJXHUIMH), KOTOPHIC
Pa3pyLIAOT BEPETEHO AEIEHUS KIETKHA. Y TAKUX PACTECHUM raMeThl TUIUIOWIHBI, a
IIPU CJIUSHUU C TAIUIOMIHBIMU MOJOBBIMU KJIETKAMH MapTHEPA B 3UTOTE BO3HUKA-ET
TPUILUIOUAHBIA HAOOp XpomocoM (2n + n = 3n). PacTeHUA-TPUILIONABI OOBIYHO
BBICOKOYPO>KalHbI, OJJTHAKO OHU OECIUIOHBI, T.K. HE 00Pa3yIOT CEMSH.

HecMmoTps Ha TO, 4TO MOMUTUTONINS SBIISIETCA JIETAIBHOM MYTaIlUEH TS
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4eJloBEKa, B HACTosllee BpeMsl 3apeructpupoBaHo okono 100 ciaydaeB poxae-
HUS JieTed ¢ Tpumonuei (69 XxpoMocoM) U HECKOJIBKO CIIy4aeB € TETPaIlIOn-
nuent (92 xpomocomsl). OgHaKoO BBUAY I'pyObIX MOPOKOB pa3BUTHS, 3aTparuBa-
IOIMX OCHOBHBIE OpraHbl U CUCTEMBI, IPOJOJKUTEILHOCTD KU3HU TaKUX JETEH
COCTABJISIET OT HECKOJIBKHUX YacOB JI0 HECKOJIBKUX JTHEH.

I'emeponnoudus — W3MEHEHUE YUCIA XPOMOCOM HE KpAaTHOE TaIljIOH]I-
HOMY Habopy. [Ipu 3ToM HaGop XPOMOCOM B KJIIETKE MOKET OBITh YBEJIIMUCH Ha
OJIHYy, JIB€, TP XpOMOCOMBI (2n + 1; 2n + 2; 2n + 3) uiu yMeHBIIIEH HA OJIHY
xpomocoMy (2n-1). I'ereporuioniuu y 4eiaoBeKa COMPOBOXKIAIOTCA PACCTPOM-
CTBOM 3JI0POBbsI, HAPYIICHUEM TICUXHKH W TEIOCIOKCHHSI, CHIDKCHHEM JKU3HE-
crocoOHoOCTH U JIp. (puc. 8.9).

Tpucomusa — yBenMUYEHUE YMCIIA OTHAEJIBHBIX XpomocoM. Jljis yeroBeka
onucansl Tpucomuu 1o 8, 9, 13, 14, 18, 21, 22, X u Y xpomocomaM. Tpucomuu
10 JIPYyTUM ayTOCOMaM HECOBMECTUMBI C KM3HBIO U SBIISIIOTCS JICTAIBHBIMUA MY-
TalUsIMU, TTPUBOSAITUMHU K THOEIIN SMOPHOHOB.

Tpucomus 13 — cungpowm Ilaray

Tpucomus 18 — cunapom DaBapca.

Tpucomus 21 — 6onesns JlayHa.

Tpucomus X — cunapom Knaitnpensrepa, Tpucomun X.

Monocomusi — yMEHBIIIEHHE YHCIIa OTACIBHBIX XpoMocoM. Habiroa-
€TCS TOJIBKO IO MOJIOBOK X-XPOMOCOME.

CI/IH)IpOMI)I, CBA3AHHBIC C AHOMAJIUSIMH YUC/IA AYTOCOM

Hetu ¢ cunopomom /layna (puc. 8.10) oTnmvaroTcs XapaKTEPHBIM BHEIII-
HUM BHJIOM: OKPYTJBIA Yeper CO CKOIICHHBIM 3aTBIIKOM, KOCOW pa3pe3 TJas,
IIMPOKUH TUIOCKUN HOC, N00ABOYHOE BEKO, CBETIO-CEphIe IMSATHA Ha pagdyKHOU
o0osiouke, —rotuyeckoel HEOO, Mal€HbKHUE YIIH, MOTYOTKPBITHIH POT C BBICYHY-
TBIM TOJICTBIM SI3BIKOM. VIMEIOT MUpPOKHE KOPOTKHE KOCTH, WHOTJIA WCKPUBJICH-
HBIE; MOKET HAOMOIaThCsl CMHAAKTIIINA. C BO3pAacTOM BBISBIISIIOTCSI OTKIIOHE-HUS
B 3PCHHUH, DHJIOKPUHHBIC HAPYIICHUS, MATOJOTHH KOXKHBIX ITOKPOBOB, HOT-TEH,
BOJIOC, CHIDKCHHBIN MBIIIICUYHBIA TOHYC. [IpOIOIDKUTEILHOCTD dKU3HU Orpa-HUYCHA
30-40 romamu: yMHUpPArOT BCIIEJCTBHE MOPOKOB Pa3BUTHS BHYTPEHHUX
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OpraHoB U JeKoMIleHcauuu ux GyHkuuit. O0nagatoT paHUMOM MCUXUKOU. BEAYT
MaJIOTIOJBMKHBIN 00pa3 *KU3HU. DMOIMU OTHOCHUTENIBHO COXpaHHbl. CTeneHb
HEJIOPa3BUTHS MHTEIUICKTA BAPHUPYET OT JOMIBHOCTH JI0 TITyOOKON MIHOTHH.

N3 poxxaaromuxcsi ¢ TPUCOMUSIMU ONUCaHbl cunopom Ilamay (Tpucomus
no 13 mape ayrocom), XapakTepHU3yIOLIUNUCS OTCYTCTBUEM IIEH, Pa3TUYHBIMU
YPOACTBAMHU Ha JIMIIE, HECIOCOOHOCTBIO K BBIPAOOTKE YCIOBHBIX PEQIIEKCOB U
cunopom osapoca (tTpucomus o 18 mape ayrocom), It KOTOPOTO TUITHYHBI-
MU TpPU3HAKAMU SIBJSIIOTCA KPYIHBIE pa3Mephbl 4Yepera U BCIyYEHHBIH KUBOT
(puc. 8.11). Takue 607bHBIC YMUPAIOT B PAHHEM JCTCTBE.

BosbIIMHCTBO TPUCOMUM IO APYTUM Mapam ayTOCOM BBI3BIBAIOT HACTOJIb-
KO Cepbe3HbIC MATOJOTHH dSMOPHOTreHe3a, YTo BeAyT K CIIOHTAaHHBIM abopTaM B
NEPUO]I BHYTPUYTPOOHOTO pa3BUTHS.

Haubonee pacnpocTpaHeHHBIE XPOMOCOMHBIE CHHIPOMBI CBSI3aHBI C
HApYUIEHUSIMU YUCIIA U CTPYKTYPHI MOJOBBIX XPOMOCOM (TOHOCOM).

Cl/IH)IpOMI)I, CBA3aHHBIC ¢ AHOMAJIUAMHA YHUCJIA ITI0JTOBBLIX XPOMOCOM

OnHolt U3 0cOOEHHOCTEN aHOMAaIHH MOJOBBIX XPOMOCOM (TOHOCOM), 00y -
CITaBIHMBAIONINX KIMHUYECKYIO M CONUAIBHYI0 3HAYUMOCTD, SIBJISICTCS CPaBHU-
TEJIBHO JIETKOE TeUeHUe 3a00JIeBaHuUs PU OTCYTCTBUH Y OOJBHBIX MHOXKECTBEH-
HBIX BPOKJIEHHBIX MTOPOKOB Pa3BUTHs U BHIPAXKEHHOW YMCTBEHHOW OTCTaJIOCTH.
YpoBeHb YMCTBEHHOT'O Pa3BUTHUSI MOKET OBITh HUXKE HOPMBI, HO BBIPAXKAETCS HE
CTOJIb OTYETJIUBO, KaK B CIy4yasx aHOMalIui ayrocom. Kak mpaBuio, XpoMocom-
HBIE CHHPOMBI MPU aHOMAJIHUSIX TOHOCOM TPOSBIISIIOTCS B IMyOEPTaHTHOM BO3-
pacTe IpH MOSBICHUNA BTOPUYHBIX MOJIOBBIX TPU3HAKOB.

Bce anomanuu roHOCOM MOTYT IPOSIBJISITHCS IMOJHBIMA M MO3aWYHBIMU
dbopmamu. Hanbosiee pacnpocTpaHEHHBIMU CPEJIA YMCIICHHBIX aHOMAJIMH TOJIO-
BBIX XPOMOCOM SIBJISIFOTCS CJIETYIOIIHE:

47, XXX — mpucomus X (puc. 8.12). Yacrora 1:800, 1:1000. denotumn
XKEeHCKH. B GosblMHCTBE cilydyaeB 3a00/1€BaHUE PA3BUBAETCS MAPAKIMHUYECKU
(T.€. 6€3 SBHBIX KIIMHUYECKUX CUMIITOMOB) U YacTO MEPBBIE MPOSIBICHUS OOHA-
PYKHUBAIOTCA B MEPUO/I TIOJIOBOTO CO3PEBAHMS MPU HAPYIIEHUH MEHCTPYAJIbHOTO
[MKJIa, TM00 Aake Mocjie BCTyIuieHus B Opak npu Oecruionuu. Hemopassutue
SUYHUKOB B OTIEIBHBIX CIydasX MOKET MPUBOJIUTH HE TOJIBKO K OECILIONHIO,
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HO Y K HEJIOPa3BUTHUIO MEPBUYHBIX U BTOPUYHBIX IMOJOBBIX MPU3HAKOB. MHTEI-
JIEKT CTpajiaeT peako. /IlmarHocTMyeckui NMpu3HaK — JiBa Tenblia bappa B KieT-
KaX DIIUTENS CIIU3UCTOM IIEKH.

Cunopomvr mempa-X, nenma-X BcTpeyarorcsi ropasno pexe. C yBenu-
YeHHEM YHCIIa TOTIOJHUTEIBHBIX X-XpOMOCOM KIMHMYECKUE MPOSBICHUS 3a00-
JIeBaHUSI CTAHOBSTCS Oojiee BBIPAKEHHBIMH. BOJbHBIE MMEIOT HU3KUUA POCT U
MHOKECTBO CTUTM JAU33MOpHOTeHe3a (OTKIIOHEHHSI OT HOPMbI): aHOMAJIUH YIIIEH,
HapyILIeHUs] IpHUKyca, —roTuueckoel He00, KOPOTKHUE MCKPUBICHHBIC MAJbIIBI,
HEIOJIHASI CUHIAKTUIUS (IIECTUIAIOCTh) U Ap. Moryr HaOmoaaTbCcsi MOPOKU
pa3BUTHs BHYTPEHHUX OopraHoB. [Ipu cuaapomax terpa-X u neHra-X CUHIPOMBI
OTATOILIEHBl YMCTBEHHON OTCTAJIOCTBIO INTyOOKOH U CpeiHEN CTETIECHH.

47, XXY; 48, XXXY — cunnpom Knaitndensrepa (puc. 8.13). Hactora —
1:400, 1:500. ®enoTrnn MyKCKOM. TEI0CIOKEHNE 110 KEHCKOMY THITY: Y3KHE
€YU, MUPOKUE Oe/Ipa, MPEUMYIIECTBEHHOE OTJIOKEHHUE KUpa Ha Oeapax u
ATOJIUIAX. XapaKTEePEH BbICOKHM pocT. MHTemnekT carxkeH. [ u Il mosoBsie
MIPU3HAKU HEIOPA3BUTHI.

47, XYY — paznoBumHocTh cuaapoMa KnaitHdenprepa, cuaapom Jkeko0-ca
(puc. 8.8). 1:1000 HOBOPOXIEHHBIX MaJIbUMKOB. XapaKTEPEH BBICOKHI POCT.
TUNAYHBI TICUXOJIOTUYECKUE CBOMCTBA: arpeCcCHUBHOCTb, JKECTOKOCTh, HEaJlalTHUB-
HOCTh, CKJIOHHOCTh K aCOIMaJbHBIM ACUCTBUSAM. Cpeau OCYKIECHHBIX KaxXIbIN
nBanuateii uMeeT kapuotun XY Y. Pacnpenenenue 1Q ciaBunyTo K 00j1ee HU3-KUM
3HA4YCHUSIM, IPUMEPHO MOJIOBUHA HOCUTEJIEH CTpajiaeT ouroppeHueii.

45, X0 — monocomus X - cunapom Illepermesckoro-TepHepa (puc. 8.14).
Onna u3 yacteix npuuuH (95%) cioHTaHHBIX a0OPTOB M BBIKUGINIECH. YacToTa
CUHIpOMA COCTaBISET 1:2-3 ThIC HOBOPOXKAEHHBIX. DeHoTUI keHCKkuil. Hemo-
pa3BUTHE SIMYHUKOB MPUBOJUT K OECIUIOAMIO, HEJOPA3BUTHUIO MEPBUYHBIX M
BTOPHUYHBIX MOJIOBBIX MPHU3HAKOB. MHTEIEKT cTpanaet penko. boibHble HU3KO-
ro pocra. XapakTrepHasi OCOOCHHOCTh — KPbUIOBHUJHAs KOXKHas CKJajKa OT 3a-
TBUIKA K Tuiedy. /ImarHocTHYecKui mpus3HaKk — OTCyTcTBUE Tenen bappa B kier-
Kax SMUTENUs CIU3UCTON Ieku. D(H(HEeKTUBHO paHHEE TOPMOHAIBHOE JICUCHHE
(ropMoOHaIbHas KOPPEKIHs).

[Tpu reTeporuIonIusgx pa3IndyaroT MOJHBIE U MO3ardHbIC (POPMBI (pHC.
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8.15). Ilpu nosHO# dopMe XPOMOCOMHBIE HApyIIEHUS XapaKTEpHbI ISl BCEX
KJIETOK opranu3ma. Mo3anunbie (popMbl XapaKTEPU3YIOTCSI HATUUUEM, HapsILy C
HOPMAJIbHBIMH, MATOJOTMYECKHUX KIJIETOK B pa3HbIX Nponopuusax. Kimanueckoe
COTIOCTAaBJICHUE TOJHBIX M MO3AaUYHBIX ()OPM TMOKA3bIBAET, YTO MO3aMYHBIC
dbopMBI TIPOTEKAIOT Jierye, 4YTO, BEPOSITHO, OOYCIIOBICHO MPUCYTCTBUEM HOP-
MaJbHBIX KJIETOK, KOMIIEHCUPYIOIINX F€HETUYECKUI ArcOaaHC.

BOIIPOCHI IJ1 CAMOKOHTPOJIA:

7. HazoBuTe OCHOBHBIE CBOWCTBA MOIU(DUKAITMOHHONW W3MEHUYHBOCTH.
8. Uro Takoe HOpMa peaKuuyu Ipu3HaKa?

9. YeM OTNIMYAOTCSI TEPMUHBI 3KCIIPECCUBHOCTH U IIEHETPAHTHOCTH?
10. Kak paccunTsIBacTCS IEHETPAHTHOCTD IPU3HAKa?

11. JlaiiTe KIacCU(PUKALUIO TEHOTUITNYECKONH N3MEHYUBOCTH.

12. Kakue (hakTopsl SBISIOTCA MyTareHHbIMU?

13. OOBICHUTE MEXaHW3M BO3HUKHOBEHUSI MYTAIMil HA pa3HBIX YPOBHAX
OpraHM3alliy HACJIEICTBEHHOIO MaTepuaa.

14. Ha3zoBuTe XapaKTEepHBIE YEPTHI T€HHBIX, XPOMOCOMHBIX ¥ T€HOMHBIX
MyTalun

15. JlaiiTe Ki1accuPUKaLMIO U KPATKO OXapaKTEPU3yHTe MOHOT€HHbIE U
XPOMOCOMHBIE 00JIE3HU YeIOBEKA.
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Jlexusa 9

YEJIOBEK KAK OFBEKT TEHETUYECKUX UCCJEJTOBAHUMN.
METO/AbI U3YYEHUA 'EHETUKHN YEJIOBEKA

IIJIAH JIEKIIUMH:
o BHOCOHUAJIBHASA CYIIHOCTD YEJTOBEKA

o METO/JbI U3YYEHUSI TEHETUKHU YEJIOBEKA

o TEHEAJOTMYECKHIA METO]

o BJM3HELOBBII METO/I

o BHOXUMHUYECKHI1I METO/

o METOJbI PEKOMBUHAHTHOW JHK

o METOJ TEHETUKH COMATUYECKHUX KJIETOK
o BHOJIOTMYECKOE MOJIEJTUPOBAHUE

o MONMYJSIHMOHHO-CTATUCTUYECKHUIA METO/]
o JEPMATOIIM®UYECKHI METO/

o IMATOTEHETUYECKWIA METO]

o MOJIEKYJISIPHO-TEHETUYECKHWI METO/I

o TIPUHIIMI METOJA MOJIMMEPA3HOM HEMHOM
PEAKIIMH (TILIP)

o BOIPOCHI JJIA CAMOKOHTPOJIA

OnHuM U3 pa3eioB TE€HETUKU SBIISICTCS T€HETHKA YesIoBeKa (aHTporore-
HETHKA), U3ydaroiias 3aKOHOMEPHOCTH HACJIEACTBEHHOCTH M U3MEHYUBOCTU Y
YyeJloBeKa B HOPME U MpH NaTooruu. Pa3znenom aHTpONOTeHETUKH SBIIIETCS Me-
JTUIAHCKAs T€HETHKa, M3ydarollasi 3aKOHOMEPHOCTH HACIEICTBEHHOCTH U W3-
MEHYUBOCTH TIPU MATOJOTHUU Y YEJIOBEKa, T.€. MPUYNHBI BO3HUKHOBEHUS 3200-
JIeBaHUH, XapaKTep HacleaoBaHus 3a00JeBaHUI B CEMbE, paclpoOCTpaHEHUE 3a-
0OJIEeBaHUS B MOIYJISIIHH.



['eHeTHKa 4denoBeka — OJIHA U3 BAXKHEMIIMX OCHOB TEOPETUYECKON MEIIH-
muHabl. OQHUM M3 OCHOBOIIOJIOKHUKOB MEQUIIMHCKON T€HETUKU ABJISIETCS BbIIA-
rommuiicst coBerckuid HeBpomnarojoru C.H. JlaBunenkos (1880-1961). On Brep-
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BbI€ IPUMEHWII METO/Ibl TEHETUKH B KIIMHUYECKOW MPAKTHKE JJIs aHaJIu3a psijia
HACJIEICTBEHHBIX 3a00JI€BaHUM, 4acTb M3 KOTOPBIX OblIa ONHCaHa BIIEPBBIE.
Baxmnoit 3aciayroit C.H. /laBunenkoBa siBnsieTcst pa3paboTka METOJOB MOJIEKY-
JSIPHO-T€HETUYECKOr0 KOHCYJIBTUPOBAHUS W MEPBOE MPUMEHEHUE MX B HAIIEH
CTpaHe.

BUOCOLUNAJIBHAA CYIIHOCTD YEJIOBEKA

OOBEeKTOM U3yUEHHUs aHTPONOTCHETHKH SIBIISIETCA 4YesIOBEK. BaxkHoi oco-
OCHHOCTBIO YEJIOBEKa, KaK MPEACTABUTENS XUBOTHOTO MHpA, SIBISETCS €r0 HE
TOJBKO OMOJIOTHYECKAs, HO U COIMalibHAsI CYIIHOCTh (OMoconuanbHas). buoso-
TUYECKasl CYITHOCTh YEJIOBEKa OIMPEACNIICTCS MECTOM YejOBEeKa B JKUBOW TPH-

pore.

Coyuanvrasi, T.. 00IIECTBEHHAS CYIIHOCTh, ONPEAEISIETCS YETOBEYECKUM
CO3HAaHUEM, IMOBEJECHUEM B OOIIECTBE, KYJbTYpOH, T.€. XapaKT€pU3yeTCs OCO-
OCHHOCTSIMHM B3aUMOCBSI3H JItoJIel Mexay co0oi. CouaibHyI0 CYIIHOCTh Y€eJIo-
BEKa U3y4aeT CaMOCTOSTENbHASI HAyKa — COL[UOJIOTHSI.

OcCHOBHBIE 3aKOHOMEPHOCTH HACJIEICTBEHHOCTH, YCTAaHOBJICHHBIC IS
JKUBBIX OPraHU3MOB, YHUBEPCAJIbHBI U B IOJIHOW MEpe CIPABEIJIMBBI U IS Ye-
JoBeka. BmecTe ¢ TeM Kak 0OBbEKT FreHETUYECKUX MCCIIeIOBAHUN YEJIOBEK UMEET
CBOM TMPEUMYIIECTBA U HEJAOCTATKH, CBSI3aHHbIE ¢ OMOJOTUYECKON U COLMAIIb-
HOU CYLIHOCTBIO.

5. Ceazannwie c ouonocuueckumu ocooennocmamu:

6. J[ns mooeti HeO3MONCHO NIAHUPOBAMb UCKYccmeenHble bpaku. Oni-

HAKO 3Ta TPYAHOCTh NMPEOA0IrMMa Oaroaaps NpuleIbHON BEIOOPKE U3 OO0JbILIO-
T0 Yuciia OpayHbIX Tap TeX, KOTOPbIE COOTBETCTBYIOT IIEJISIM JTaHHOTO TeHeTHYe-
CKOT'O HUCCJIEJIOBAHUSI.

7. Cnooichblil kapuomun - 601bULOE YUCTO XpoMOocom — 2n=46 u 2eHos

(30-40 mwic.). Ho pa3pabotka HOBeMmux metomoB padotsl ¢ JJHK, meroma ru-
OpuaM3aIii COMAaTHYSCKUX KIETOK M HEKOTOPBIX APYTHX METOJOB YCTpaHSET
3Ty TPYAHOCTb.

8. Huzxas nnodosumocmos u3-3a HeOOIbUIO20 YUCIA NOMOMKO8 (8 00lb-
wuHcmae cemell podcoaemcsi no 2 — 3 peberka). Ho B G0OIBIIUX MOMYJISIIUSIX
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MOHO BBIOpAaTh CEMbH C MHTEPECYIOIIUMH UccieoBartess npusHakamu. Kpome
TOr0, B HEKOTOPBIX CEMbSIX ONPEAECICHHbIC MPU3HAKU MPOCICKEHBI HA MPOTS-
YKCHUW MHOTHX IMOKOJICHWW. B Takux ciydasix BO3MOXKEH F'€HETUYECKUAN aHaJIn3.

Eu;e 00HA mpydﬁocmb C853aHA C ONIUMENIbHOCHbIO CMEHbl NOKOJIeHULL

B uenogexa. OnHo oKosieHHE y YenoBeka 3anuMaet B cpeanem 30 net. U, cie-
J0BaTEIbHO, TEHETUK HE MOKET HaOII0aTh 00Jiee OJHOTO-/IBYX MTOKOJICHUH.

Ilo30nee nonosoe cospesanue (14-15 ner)
s uenosexa xapaxmepen 601bUWOU 2eHOMUNUYECKUL U heHomunu-

yeckuti noaumopgusm. I1posiBlieHre MHOTUX MPU3HAKOB U O0JIE3HEW B CUIIBHOM
CTETIEHU 3aBUCAT OT YCIIOBUHM BHEIIHEN cpebl. [IoHsTHE «cpenay Iiis yenoBeKa
0oJiee MIUPOKOE MO CPABHEHUIO C PACTEHUSMH U *KUBOTHbIMU. Hapsiny ¢ nuta-
HUEM, KJIMMaToM M JPYTMMH aOUOTHYECKUMU U OMOTHUECKUMU (haKTOpaMmu,
Cpeloi sl 4eoBeKa SIBIIIOTCS M COIMAIbHBIE (DaKTOPBI, TPYIHO U3MEHSIEMbIC
0 >KEJIaHUIO uccienoBaresnsa. Bmecte ¢ TeM, yenoBeka Kak FreHeTUYECKUH 00b-
€KT MIMPOKO HM3Y4YalT Bpayd BCEX CIEHHAIBHOCTEH, YTO HEPEAKO IMOMOTaeT
YCTAHOBUTH PA3JIUYHBIC HACJIECICTBEHHbBIE OTKIIOHEHUS.

Hesoszmoorcnocmov cozoanus noinocmvio 00UHAKOBbIX yCJZ06MZZ onst
IHCU3HU 6Ceco nomomemaea.

Céazannvle ¢ COUUAIbHOU CYUWHOCMBIO:

HeB03M0XHO TTPOBOJUTH YKCTIEPUMEHTHI.

[Io >TuM TpUYMHAM HEBO3MOXKHO TMPOU3BECTU THUOPHUIOIOTUUECKUN
aHaJIns3.

Heob6xonumo cumTaThes ¢ OCOOCHHOCTSIMHU KYJIBTYPHl U TPaIULMSIMU
HapoJia, X 0ObIYasiMU. (HampuMep: KacTOBbIC MPEAPACCYIKH OOTaThIX KEHUTh-
cs1 Ha OeTHOM, HAIMOHAJIBLHBIC U T.1.)

Takum 00pa3oMm, 4EJIOBEK - OTHOCUTEIIBHO HEYJOOHBIM OOBEKT JIJIsi TeHEe-

THYCCKUX HCCJI@)IOB&HHfI. HO, HCCMOTPA Ha BCC OTU TPYAHOCTH, TCHCTHUKA YCJIO-
BCKa Ha CCTOJHA N3ydYCHA JIYUlIC, YEM I'CHECTUKA MHOI'UX JPYTIUX OPraHu3MoOB.
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METO/bI N3YYEHUS 'EHETUKHU YEJIOBEKA

12. 'eHeanornyeckum.

13. ban3HenoBEI.

14. bBuoxuMHU4eCKuil.

15. Metonbl pekomOunanTHou JJHK.

16. JlepmaTornuduueckuii.

17. [IuToreHeTHYeCKUM.

18. IlonmynssuMOHHO-CTaTUCTUYECKHUN.

19. MonekynsapHo-renetnyeckuii (Meroa anamuza JJHK).
20. 'eHeTHKM COMAaTUYECKUX KJICTOK.

21. bHOJIOTHYECKOTO MOJECIUPOBAHUA.

22. MaTeMaTH4eCcKOro MoJieupoBanust (OMoMHpOpMaTHKA).

W Hacrositiee BpeMsl MHTEpEC W BHUMAHHE K M3YYCHHIO TEHETUKH YeIOBEKa
aKTUBHO Bo3pacTaeT. [ nobanpHas MeXIyHapoaHas mporpamma «l'eHom dyenoBe-
Ka» UMEET CBOEH 3a/laueil M3yuyeHHE reHOMa 4YeJOBeKa Ha MOJIEKYJIIPHOM ypOBHE.
Jl71st ee perieHus UCTIOIb3YIOTCS COBPEMEHHBIC METObI TCHETHUKU U MEIUITUHBI.

I'eHeTrka 4denoBeKa M3y4yaeT SIBIICHUS HACJIEACTBEHHOCTH U W3MEHYHUBO-
CTU B TOMYJIAIUAX JIIOJIeH, 0OCOOCHHOCTH HACIEAOBAHHS MPU3HAKOB B HOPME H
WX U3MEHEHHS MOJ JEUCTBHUEM YCIIOBHM OKpYyKaromen cpenbl. Llensro menu-
IIMHCKOW TEHETHKHU SIBIIAECTCS pa3paboTKa METOJIOB TUATHOCTUKH, JICYCHUS U
NpO(HUIAKTUKY HACTIEACTBEHHOM MATOJIOTUHU YeJIOBEKa.

3az1aan1/1 T€HETHUKHU YeJI0BEeKAa ABJIAKTCH.

N  ompeneneHue NoaHOU HyKJI€OTUIHOU nocienoarenbHocty JJHK re-
HOMa YeJIOBeKa, JIOKAJIM3allMi 'eHOB U CO3/IaHue UX OaHKa;

N paHHSS TMarHOCTHKA HACJIEICTBEHHOMN MATOJIOTHU ITyTEM COBEPIILICH-
CTBOBaHUS METOJIOB MIPEHATAIILHON (JOPOJIOBOM) U IKCIPECC-TUATHOCTUKHY;

7 IMMAPOKOC BHCAPCHUC MCANUKO-TCHCTUICCKOI'O KOHCYJIbTUPOBAHUA

N  pa3paboTka METOAOB '€HHOM Tepanuu HacAeACTBEHHBIX 3a001eBaHUN
HA OCHOBE I'€HHOUN MH)KEHEPUU;



M BbIsSBICHHE T€HETUYECKH ONACHBIX ()aKTOPOB BHEIIHEN Cpebl U pa3-
paboTKa METOJOB UX HEUTpaAIA3ALUU.
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TEHEAJIOTMYECKHUI METO/]

910 MCTOJ COCTAaBJICHHUA pOI[OCJ'IOBHOﬁ. I/IsyqaeT HaCJICACTBCHHBIC IIPU-
3HAaKH B pAOY MOKOoJeHUM. ['eHeanorus — 3,to pOoaoCIIOBHAsA 4YCJIOBCKaA.

['eneanornueckuit MeTo]1 ObLIT BBEICH B HayKy B Hadasie XIX Beka
®.I'anpToHOM.

Bosmoorcnocmu ceneanocuueckoco memooa:
MGTOIL IMO3BOJIACT YCTAHOBUTD:

Y SIBnsgeTcs nv JaHHBIN TPU3HAK HACIIEICTBEHHBIM.

Y OnpenenuTs TAMN U XapaKTep HACICIOBAHMS.

Y  BBISBUTH r€T€pO3UTOTHOE HOCUTEIBCTRO.

Y IleHeTpaHTHOCTH M SKCIPECCUBHOCTb.

Y BizaumopeiictBue renoB. CrienieHue I'eHOB.

Y HN3ydyeHrne HHTEHCUBHOCTH MYTallMOHHOTO MPOIIECCa.

Y  B03MOXHOCTbh MIPOTHO3UPOBATH IOTOMCTBO.
Imanvl 2eHeano2u4ecKo20 aHau3a:

B CO6op naHHbIX 000 BCEX POJACTBEHHUKAX 00CIEAYyEeMOro — mpobaHa.
B IlocTtpoeHue poIOCIOBHOM.
B AnHanu3 poJI0CIIOBHOM.

B 3aximroueHune.

[Ipu cocTtaBiieHUN POAOCIOBHOW UCXOJHBIM SIBISICTCS YEJIOBEK, KOTOPBIN
oOpaTwiicsi B KOHCYJBTAIMIO, JUIsl KOTOPOTO M3y4alOT POJOCIOBHYIO — 3TO MPO-
6ano. OOBIYHO 3TO OONBHON WM HOCUTENh OMpenesieHHOro npu3Haka. [Ipu co-

CTaBJICHUH POJIOCIOBHOM HCIOJB3YIOT YCIOBHBIE 0003HAYECHHUS, MTPETI0KECHHBIE
KOctom B 1931 1 (puc. 9.1).

IIpasuna cocmasnenus poooci08HOU:

B UseHbl OIHOTO TOKOJICHUS JOJKHBI OBITh HA OJTHOM TOPU30HTATIBHOMN

qepre.



B K&)K,Z[Oﬁ CeMbe CHOCHI pacnojiararoTCa CJI€Ba HallpaBO B MOPAAKE POXK-
JaCMOCTH. YsieHsl OJHOI'O ITOKOJICHHUA 0003HAYarOTCs apa6CKI/IMI/I III/I(bpaMI/I

(1,2,3).

B [lnst cocTaBieHus poJOCIOBHON HeoOXoauMa nH(popmanus Kak MUHH-
MyM 0 3-X nokosieHusx. [Tokonenus 0003Ha4ar0TCsl pUMCKUMU ITU(BPaMH.
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OcHOBHbBIE THIIBI HACJIETOBAHUS Y 4e¢J10BE€Ka

Aymocomno-0omunanmualii TANI Hacyie0oBaHus (puc. 9.2) xapakTepusy-
€TCs CAEAYIOIMMH MPU3HAKAMU:

B

B

0OJIbHBIC B KQXKIOM ITOKOJICHUH,

00JEHOM peOEHOK y OOJIBHBIX POAUTEIICH;

OO0JICIOT B paBHOM CTCIICHU MY)KUHHBI U KCHIIUHBI;
HaCJICIOBAaHKE HJIET 10 BEPTHKAIN U TI0 TOPU3OHTAIIH,

BeposATHOCTH HacyenoBanus 100%, 75% u 50%.

CrnenyeTr noI4epKHYTh, YTO BBILICIIEPEUUCICHHBIC MPU3HAKU ayTOCOMHO-
JIOMUHAHTHOTO THIA HACJEIOBAaHMS OYIyT MPOSBIATHCS TOJIBKO MPHU TOJTHOM
JOMUHUPOBaHUU. Tak HacleayeTcs y YeloBeKa MOJUAAKTUIINS (IIIeCTUITAIOCTh),
BECHYIIIKH, KypUaBbl€ BOJIOCHI, KapHil LBET a3 u Ap. [Ipu HEMOJIHOM JOMUHU-
pPOBaHUU y THOPUIIOB OyAET MPOSBISITHCS MPOMEXKYTOUHAs (popma HacieaoBa-
Hus. [Ipy HemoMHON NMEHETPAHTHOCTU T€HA OOJIbHBIE MOTYT OBITh HE B KaXKJIOM
MOKOJICHUH.

Aymocomno-peueccusnotit mun naciedosanusn (puc. 9.3) xapakrepusy-
€TCsl CJICIYIONTUMU TTPU3HAKAMMU:

B 0oabHBIC HE B Ka)KJIOM IOKOJICHUH;

B y 310p0BbIX poauTesneit 00JIbHOM PeOEHOK;

B OoJeroT B paBHOM CTEICHH MY>KYHHBI 1 KEHITUHBI;

B HaciemoBaHUE UIET MPEUMYIICCTBCHHO 110 TOPU30HTAJIN,

B BeposgTHoCcTh HacnenoBanus 25%, 50% u 100%.

Yame Bcero BepoOSATHOCTh HACICAOBAHHWS OOJIE3HM  ayTOCOMHO-
PEIEeCCUBHOTO THIA COoCcTaBIseT 25% , Tak KakK BCIICICTBHE TSHKECTH 3a00JIeBa-
HUS Takue OOJIbHBIC OO HE JOKHMBAIOT JI0 JACTOPOIHOTO BO3pacTa, THOO HE
BCTynaroT B Opak. Tak Hacimeayercs y 4yenoBeka (heHUIKETOHYPHUsI, CEPITOBUIHO-
KJIETOYHAsI aHEMH I, TOJTyOO 1BET ri1a3 U Jp.

Cuennennbstii ¢ nojaom (¢ X-xpomocomoit) peyeccusHlii mun HaAc1€00-
sanus (puc. 9.4) xapakTepusyeTcs CIeAYIOUUMH TPU3HAKAMH:

¢ OoJIbHEIE HE B Ka>XJ10M ITIOKOJICHHH,

C Yy 3JI0pPOBBIX poJUTeNIel 00IbHON PeOCHOK;



c OOJNEIT MPEUMYIIECTBEHHO MY KIHHBI;
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7. HacJIea0BaHUE UAET B OCHOBHOM I10 TOpU30HTAJIN,

8. BepoATHOCTh HacienoBanus 25% ot Bcex aerel U 50% y MaJlbuuKOB.
Tak HacienyroTcs y yenmoBeka reMo(uins, 1aJbTOHI3M, HACIEICTBEHHAS

aHEMUsI, MBIIIICYHAsT JUCTPODUS U JIp.
Cuennennbstii ¢ nojaom (¢ X-xpomocomoit) 00MuHaHmHwLIL MUn Hacje-

0osanus (puc. 9.5) cxoJieH ¢ ayTOCOMHO-IOMHUHAHTHBIM, 32 UCKIIFOYCHHEM TOTO,
YTO MYXKUYMHA TMEpPEeacT 3TOT MPU3HAK BCEM J10YEPSM (CHIHOBBS MOIYYalOT OT
oTia Y-XpoMocoMy, OHH 3710pOBbI). [IpumepoM Takoro 3a0oneBaHus SIBISETCS
ocobas (hopma paxuTa, yCTOMUMUBAs K JCUCHUIO BUTAMUHOM D.

TI'onanodpuueckuii mun Hacn1e006aHUA XAPAKTEPU3YETCS CIEIYIONIUMU
npu3Hakamu (puc. 9.6):

8. 00JIbHBIE BO BCEX MOKOJICHUSX;
9. 0OJICIOT TOJIBKO MY>KUHHBI;
10. y 60J1bHOTO OTIIa OOJILHBI BCE €TI0 CHIHOBBS,

11. BepositHOCTB HacnenoBanus 100% y MaabpYuKOB.

[Nonanapuyeckne TpPU3HAKKM HE HMEIOT CYIIECTBEHHOTO 3HAYCHHS B
HACJICICTBEHHOW MaToJOTuu 4yejoBeka. [1o romanapudyeckoMy THIY Y MYXYUH
HACJIENYIOTCA MXTHUO3 (IIENYIICHUE KOXH), TUNEPTPUX03 (M30BITOYHBIA POCT
BOJIOC Ha YIIHBIX PAKOBHUHAX M HAPYKHBIX CIYXOBBIX MPOXO/axX), NMEPETOHKH
MEX Iy TajbllaMy Ha HOTax | Jip.

BJIN3HEIIOBBI METO/I

Merton BBelieH B MeaUUUHCKYIO TpakTuky @. ['anbronom B 1876 r. OH
MO3BOJIIET OLIEHUTH JOJIF0 HACIEACTBEHHOCTH U CPEAbl B MIPOSIBIICHUU MTPU3HAKA.
CyTh MeToAa 3aKjIo4yaeTcsi B CPABHEHUU MPOSBICHUS MPU3HAKOB B Pa3HBIX
rpymmnax OJU3HEI0B IPHU yUeTe CXOACTBA U PA3INUUSI MEKIAY HUMHU.

PaznuyatoT MOHO- M JAM3UTOTHBIX OJM3HEII0OB. MOHO3UTOTHBIE (OJHOSH-
1[eBbI€) OJIM3HEIBI PAa3BUBAIOTCS U3 OJHOM OIJIOJIOTBOPEHHOM siflIeKIeTKU. Mo-
HO3UTOTHBIE OJIM3HEIBI UMEIOT COBEPIIEHHO OJIMHAKOBBIA T€HOTUI U, €CJIU OHU
OTJINYAIOTCA (PEHOTUMUYECKH, TO ATO OOYCJIOBJICHO BO3JeHCTBHEM (DAKTOPOB
BHEIIHEN CPEJIbI.

JusurotHele (ABYsHIIEBBIC) OJU3HEIBI Pa3BUBAIOTCS MOCIE OIIOA0TBO-
175



PEHHS CIIEpPMATO30UIaMH HECKOJIBKUX OJHOBPEMEHHO CO3PEBIIMX SIMUIEKIETOK.
bnusnenpl OyayT UMETh pa3Hbli TEHOTUI U UX (DEHOTUIIMYECKHUE pa3inyusi 00y-
CJIOBJIEHBI KaK FT€HOTHUIIOM, TaK U (DAKTOpaMH BHEIIHEW CPEBI.

MOHO3UTOTHBIE OJIM3HEIBI UMEIOT OOJIBIIYIO CTETICHh CXOJCTBA IO MPH-
3HaKaM, KOTOPBIE OMPEJETSAIOTCI B OCHOBHOM reHOTUnoM. Hanpumep, MoHO3U-
TOTHBIC OJIM3HELBI BCEr/a OJHOIOJBI, Y HUX OJWHAKOBBIC TPYIIBI KPOBHU IO
pa3zabiM cuctremaMm (ABO, RH, MN u n1p.), 0luHAaKOBBII LBET a3, OJHOTUITHBI
nepMaTorTupUIeCKre TOKa3aTeNId Ha MabIax U JIAIOHAX U Ap. OTH (peHoTUmum-
YECKKE MPU3HAKHU U HUCTIONB3YIOTCA B KAUECTBE KPUTEPHUEB JUATHOCTUKU 3UTOT-
HOCTH OJIM3HEIIOB.

[TponieHT cxoxcTBa OJIM3HELOB MO M3y4aeMOMY IpPHU3HAKY Ha3bIBAETCS
KOHKOPAAHTHOCTBIO, a MPOLEHT Pa3INuus — JUCKOPAAHTHOCTHIO. Tak KaKk MOHO-
3UTOTHBIE OJM3HEIBI UMEIOT OJMHAKOBBIN I'€HOTHUI, TO KOHKOPAAHTHOCTb HX
BBIIIIE, YEM Y TU3UTOTHBIX.

I'eHeTH4Yeckass IpeapacloiOKEHHOCTh K HACICACTBEHHBIM M MHOTO(daK-
TOPHBIM 3a00JICBAaHUSAM OIPEICIACTCS C IMTOMOIIBIO OJIM3HEIIOBOIO METOJa Clie-
ayromuM oopaszoMm (puc. 9.7):

8. Ecnu 3aboneBanue 00yCIOBIEHO TOJBKO HACICACTBECHHBIMH (haKTO-
pamu, To KMb=100%, K16=25-50%.

9. Ilpm M®3 — Hu3kuii ypoBeHb KOHKOpAaHTHOCTH 1t M3b u /13b.

10. KMb=K/Ib — Beaymas poJib Cpepl.

JIns1 OLIeHKH POJIM HACIIEICTBEHHOCTH U CPEAbl B Pa3BUTUU TOT'O WUJIA UHO-
ro MpU3HaKa UCTOB3YIOT (popMyiry XoJIbIIMHTEpa:

H=(KMB-KJIB)/(1-KMB)
rac H- J0JIs1 HAaCJICACTBCHHOCTH,

KMBb — KOHKOpJIaHTHOCTh MOHO3UTOTHBIX OJIM3HEIIOB,
KJIb — KOHKOpJITaHTHOCTh TU3UTOTHBIX OJIM3HEIIOB.

ITokazarenu HacieTyeMOCTH HEKOTOPBIX MPU3HAKOB y 4YEJIOBEKA IpHUBE-
nenbl Ha puc. 9.8. Ilpu H=1 (100%) npuszHak MNOJHOCTBIO OMpPEAEISIETCS
HacneacTBeHHbIM KoMioHeHToM. [Ipu H=0 — cpeposeim. IIpu H=0,5 (50%) -
OJMHAKOBAa POJIb HACIEACTBEHHOCTH U cpeanl (MD3).
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B 3aBHCHMOCTH OT 3Ha4€HUs H CyIsT O BIUSHUU TCHETUYECKUX U CPEJIo-
BbIX (paKTOpPOB Ha pa3BuUTUU Npu3Haka. Ecnu 3nauenne H 6mm3ko k 0, CYUTAIOT,
YTO pa3BUTHE MPHU3HAKA OOYCIOBIEHO TOJBKO (hakTopamu cpensl. [lpu 3Have-
Hur H ot 70 mo 100% — macnencTBeHHBIC (DAKTOPHI UMEIOT JOMHHHPYIOIIEE
3HAYEHHUE B Pa3BUTHUU NPU3HAKa WM 00Je3HHU, a cpeaHee 3HaueHue H ot 40 o
70% cBUIETENBCTBYET O TOM, UTO IIPU3HAK PA3BUBACTCA MO ACUCTBUEM (PAKTO-
pPOB BHEIIHEH Cpeapl MPH HATUYMA TEHETHYECKOH MpeapacroyioKeHHOCTH
(HampumMep, B ciaydae ¢ MHOTO()aKTOPHBIMH 3a00JICBAHUSIMHU ).

BUOXUMHUYECKHU METO/I

buoxumuueckue memoost MO3BOJAIOT AUATHOCTUPOBATH HACIEICTBECHHBIC
0osne3Hn (0osie3HM 0OMEHa BELIECTB), OOYCIOBIEHHbBIE TEHHBIMU MYTalUSIMH U
OCHOBaHbI Ha W3YyYEHHHM aKTUBHOCTU (DEPMEHTHBIX CHUCTEM (JIUOO MO aKTUBHO-
cTH camoro ¢epMeHTa, JTUOO IO KOJUYECTBY KOHEYHBIX IMPOJYKTOB PEaKIIUH,
KaTaIM3UPyeMOil TaHHBIM (DEPMEHTOM).

JedexTsl hepMEeHTOB yCTaHABIMBAIOT MTyTEM OMpPEACIICHUs B OHoIoruye-
CKHUX cpenax (Hampumep, B MOY€ U KPOBHU) MPOIYKTOB METAOOIU3MA, SBIISIO-
MUXCS MPOAYKTOM (DYHKIIMOHUPOBaHUSI AaHHOTO Oenka. JlehuuT KOHEYHOTO
IPOJIYKTa, COMPOBOKIAIOIIMIICS HAKOIUICHUEM IMPOMEXKYTOUHBIX M MPOIYKTOB
HapYUIEHHOTO METa0oJIM3Ma, CBUACTEIBCTBYET O JedekTe (hepMeHTa UIH €ro
nedunuTe B OpraHu3Me.

OObekTamMyu OMOXMMUYECKOTO aHAJIU3a MOTYT CIIY>)KUTh MOYa, KPOBb, TOT,
IU1a3Ma U ChIBOPOTKAa KPOBH, (POPMEHHBIEC 3JIEMEHTHI KPOBH, KYJIbTYpPbl KIETOK
(pubpobmacThl, TUMQPOLUTHI).

bruoxuMuueckyro AMarHoCTUKY MpPOBOJAT B ABa 3Tana. Ha mepBom 3tare
OTOMpPAIOT MPEANOJIOKUTENbHBIE Cllydan 3a00JieBaHUsI (OCOOEHHO Yy HOBOPOXK-
JCHHBIX JIeTe — HEOHATAJNbHBIM CKPUHUHT); TIPOBOAAT KAYECTBEHHBIC M KOJH-
YECTBEHHBIE TECTHl C MOYON M KPOBBIO Ha OEJOK, KETOKUCIOTHI, IIUCTUH U TO-
MOIIMCTHH, KPEaTUHUH U JpyTrHe mokaszarenn. Ha BTopom dTamne yTOUHSIOT Aua-
THO3 3a00JI€BaHUS; IPUMEHSIOT 00JIee TOUHBIE U CIOKHBIE METObI, TO3BOJISIIO-
e OOHApYKUTh OOJIbLINE TPYIIBI OMOXUMHUYECKUX aHOMAJIHIA.

HeonaTtanbHblii CKPUHUHT (CHH. CKPUHUHT HOBOPOXIEHHBIX, OT aHri1. 177



SCreen — mpocemBaTh) — MEIUIIMHCKAS THATHOCTUYECKAsT TEXHOJIOTHS CILTOIIHO-
ro 0e3BBIOOPOYHOro JIAOOPATOPHOTO OOCIICIOBAHMS BCEX HOBOPOXKJICHHBIX Ha
HEKOTOpbIe 3a00JieBaHUsI OOMEHA BEIIECTB, MPU3BaHHAS 00ECIIEUNTH CBOEBpE-
MEHHOE BBISIBJICHHE W HA4aJIO JIeYCHUSI OONBHBIX JIETEH C IEbI0 MPeI0TBpAIIle-
HUS WX MHBanuaAu3anuu. B Poccun mpoBoAWTCSI HEOHATATBHBIN CKPUHUHTA IBYX
3a00eBaHUi: (PCHIIKETOHYPUHU U BPOXKICHHOTO TUIOTHPO3a. Bo MHOTHX cTpa-
HBI OCYIIECTBIISICTCS CIUIONTHOE OOCJIeI0BaHNE HOBOPOKIECHHBIX Ha 00JIee M-
POKHUH CIIEKTp 3a00JIEBAHMI: MYKOBUCIIUI03, TATAKTO3EMHUIO, aJPECHOTCHUTAIIb-
HBIH CHUHApPOM, 00JIe3Hb KJIICHOBOTO CHpoINa, ACHHUIIUT OMOTHHHUIA3bI, TEMOTJIO-
OMHOIIATHH.

OOcnenoBaHre BCEX HOBOPOXKACHHBIX JETEH SIBISIETCS JOPOrOCTOSIINM,
[O3TOMY JUIsl HEOHATaJbHOIO CKPUHMHIA BbIOpaHbl MMEHHO T€ 3a00JI€BaHUA,
KOTOpBIE OTBEYAIOT OINpPEAEICHHBIM KpUTEpUsM. Bo-nepBbiX, U (EHUIKETOHY-
pusi, U BPOXKJIEHHBIA T'MIIOTUPO3 0€3 CBOEBPEMEHHOTO Hayajua JICYEHUS OJIHO-
3HaYHO TPUBOAAT pebdeHKa K TIyOOKOM HMHBaIMIHOCTU. BO-BTOpBIX, 1Is
IpEeIOTBPALICHHS] MHBAIMIN3ALUN peOCHKA BCIEACTBHE 3TUX 0OJIe3HEN UMEIOT-
cs 3¢ (HEeKTUBHBIE METO/IBI JI€UeHUs. B-TpeTbuX, 3TH 3a001€BaHUs BCTPEUAOTCS
HE TaK YX peIKo — ux yactora Bbeime, yem | Ha 10000 HOBOpOXKIEHHBIX. U
HaKOHeEM, Uil (PEHUIIKETOHYPUU U BPOKIECHHOTO TUIIOTUPO3a pa3paboTaHbl TOY-
Hble OMOXMMHYECKHE METOJAbl JIA0OPATOPHOW JOKIMHUYECKOW JMArHOCTUKH,
T.€. €llle JO BOSHUKHOBEHHSI BHEIIHUX, KIIMHUYECKUX ITPOSBICHHUI 3a00JI€BaHHUS.

B pomunmsHOM moMme Ha 3 — 5-i ICHB KU3HU y BCEX HOBOPOXKIACHHBIX IPO-
W3BOJIUTCS B3SITUE KPOBH JIJISI MCCIIEMOBAHUS W JOCTAaBKa €€ B CIICIIHAIA3UPO-
BaHHYI0 J1abopatoputo. KpoBb y Mambiiia 0oObI9HO OepeTcs U3 MATOYKH U HAHO-
CUTCSl Ha CHEIHANIbHBIA OyMakKHBIM TeCT-OJaHK, HA KOTOPOM UMEIOTCS Tpadbl,
KyJa 3anuckiBaeTcss nHGopmMalus o pedenke: pamuins Matepu, TOMAITHUN af-
pec cembH, JaTa U HOMEp POJIOB, Ha3BaHUE POJOBCIOMOIATEIILHOTO YUpexKie-
HUS U T.J. Takol TecT-0JaHK C BHICYIICHHBIMH TSTHBIIIKAMU KPOBH IMEPEChLIa-
€TCs 10 TIOUTE B CHEIUATBHYI0 OMOXUMHUYECKYI0 TabopaToputo. Takue mabopa-
TOpPUM PACTIONATAIOTCS Ha 0a3e MEIMKO-TEHETHMUECKHX KOHCYJbTallui U IICH-
TPOB.

W3 nATeH KpOBH OJHOTO M TOT'O )K€ TeCT-OJaHKa MPOBOIUTCS 00Cie10Ba-
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HUE peOeHKa W Ha (EHWIKETOHYPHUIO, U Ha BPOXKIECHHBIA THIOTHPO3. TOIBKO B
NEPBOM CJIydae B KpPOBHU OIpeNesseTCs] KOHIEHTpamus (peHusalaHuHa, a BO
BTOPOM — THPOTPOITHOTO TOpMOHa. Eciii KOHIIEHTpaIus dTUX BEIIECTB B Ipeie-
Jax HOPMBI, TO Ha 3TOM OOCJeJOBaHUE 3aBeplIaeTcs, a WHGOpMaLUig O HOp-
MaJbHBIX pe3yibTaTaX TECTHPOBAHUS HUKY/AA HE Tiepenaercs. B cioydae ke mpe-
BBIIIICHUSI HOPMAJIBHBIX MMOKa3aTeJeH, pOAUTENsIM peOeHKa, TI0 aapecy, yYKa3aH-
HOMY Ha TeCT-OJIaHKe, BBICBUIACTCS MUCHMO C MPOCHOOH 00eCIeunuTh MOBTOP-
HOE, YTOUHSIIOIIEE NCCIIeIOBAaHIE KPOBU MAJIbIIIIA.

Ecnu npu yrounstoneM oOcCiae0BaHUM MOBTOPHO OOHAPYKEHO MPEBbILIE-
HUE KOHIIEHTpauuu (EeHUJATaHWHA WIM TUPEOTPOMHOTO TOPMOHA B KPOBH pe-
OeHKa, TO 3TO C O4YEHb OOJILIIONW BEPOSITHOCTHIO YKA3bIBAET HA HAJMYHME COOTBET-
CTBEHHO JHOO (HEHUIKETOHYpUU, JTUOO BPOXKIECHHOrO rumotrupo3a. B mepBom
Clly4ae pOIUTENN ¢ PeOCHKOM CPOYHO BBI3BIBAIOTCS HA MPUEM K Bpady-TCHETHKY,
I7I€ B MPOLIECCE MEIUKO-TEHETHUECKOr0 KOHCYJIbTUPOBAHUS YTOUYHSETCS AMATHO3
3a0oyieBaHusl U Ha3zHayaercs JiedueHue. Bo BTOpoM cityuae poautenu uHpopmu-
pYyIOTCS O HEOOXOJUMOCTH CPOYHO JOCTaBUTh peOCHKAa K Bpady-3HAOKPUHOJIOTY
JUIsl yTOUHEHHUSI TMarHo3a U Ha3HAYEHUs] COOTBETCTBYIOLIEH Tepanuu

JInst TOUHOM AMArHOCTUKU 00Jie3HEe 0OMEeHa BEIlleCTB MPUMEHSIOT 0ojiee
CJIOHBIE MeTO1bl. Harmpumep, ¢ TOMOIIBI0 TOHKOCIOMHOM XpoMaTorpaduu Mo-
Yl ¥ KPOBU MOXKHO JMArHOCTUPOBATh HAPYIIEHUS OOMEHAa aMUHOKHCIIOT, OJIM-
rocaxapuioB U INIMKO3aMHHOITIMKAHOB (MYKOIIOJIMCAaXapuIoB); ra3oBasi Xpoma-
Torpadusi NpUMEHsETCs AJIs BbIBICHUS O0JIe3HEW 0OMEHAa OpraHU4eCKUX KHC-
JIOT; C MOMOIIBIO 31EKTpodope3a reMorIo0MHOB TUarHOCTUPYETCSl BCs rpymma
remoryioonHonaTuii. [IpuMeHstoTcsi COBpeMEeHHbIE BBICOKOTOYHBIE TEXHOJIOTHH,
MO3BOJIAIONTNE UICHTH(PUIIUPOBATH JTIOOBIE METaOOIUTHI, CreluPuIecKue s
KOHKPETHON HacJeACTBEHHOM OO0JIE3HU: KUIKOCTHasi Xpomarorpadus, macc-
CIEKTOMETPHSl, MarHuTHash pPE30HAHCHasi CHEKTPOCKOMus, OomMOapaupoBKa
OBICTPBIMH HEUTPOHAMMU.

ITokazanusammu JJI1 IPUMCHCHH A OMOXMMHYECKHUX MCTOJA0B JHUAIrHOCTHUKH Y
HOBOPOKXACHHBIX SABJIIIOTCA TAKHMEC CUMIITOMBI: CyaAO0pOIH, KOMa, pBOTa, I'MII0TO-
HH, KCIITYyXa, CHCHI/I(i)I/I‘ICCKI/Iﬁ 3alax MO4YH U I0Ta, HAPYIICHUA KHUCJIOTHO-

OCHOBHOTO COCTOSIHUSI, OCTAHOBKA POCTA.
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M TIOMOIIBI0O OMOXMMUYECKUX HArpy30UHbBIX TECTOB MOYHO BBISIBIISITD T'€-
TEPO3UTOTHBIX HOCHUTENICH MATOJOTWUYECKHX TEHOB, Hampumep, (EHUIKETOHY-
puun. HMcciaegyemomy 4enoBeKY BBOJAT BHYTPHUBEHHO OIPEIEICHHOE KOJIUYE-
CTBO aMHHOKHUCIIOTHI (DEHIJIAJIaHWHA W 4Yepe3 paBHBIC MPOMEKYTKH BPEMEHU
ONPEIENSAI0T €ro KOHUEHTPAIUIO B KpOBU. ECiM 4emoBeK TOMO3UIOTEH IO JA0-
MUHAHTHOMY TeHY (AA), To KOHIEeHTpanus (eHUJIaTaHnHA B KPOBU JTOBOJIBHO
OBICTPO BO3BPAIIAETCS K KOHTPOJIBHOMY YPOBHIO (ONpENeNsieTcsl 10 BBEICHUS
dbeHunanaHuHa), a el OH reTepo3uroTeH (Aa), TO CHIXKEHHE KOHLIEHTpaIluu
dbeHunanaHHa UJIET BIBOE MEJICHHEE.

AHaIOrUYHO MPOBOJASATCS TECTHI, BBISABISIONINE TPEIPACITIONIONKEHHOCTD K
caxapHOMy 1Ua0eTy, TUIIEPTOHUU U Jp. OOJIE3HSIM.

METO/JIbl PEKOMBUHAHTHOM THK

OTU METOJIbI MO3BOJISIIOT aHanu3upoBaTh Pparmentsl [IHK, Haxomuts u
U30JIMPOBATh OT/AC/IbHBIC T€Hbl U CETMEHTHI T€HOB U YCTAaHABIMBATh B HUX I10-
CJIEI0BATEIbHOCTh HYKJIEOTUIOB.

Memoo knonuposanusa /[HK 103BONS€T U30IUPOBATh OTIEIbHBIE T€HBI
WIM UX YaCTH, TPAHCKPUOMPOBATH (CO3/1aBaTh UX KONMHU) U TPAHCIUPOBAThH HU30-
JMPOBAHHBIE T€HBI.

DTO CTaNo BO3MOXHBIM OJlarofaps OTKPHITHIO (HepMEHTOB-PECTPUKTA3.
OTu QepMEeHTHI OMO3HAIOT CHEUU(UUYECKYIO0 OJMTOHYKICOTHIHYIO MOCIEI0Ba-
TenbHOCTh B AByXHHUTeBOW JIHK u paspesator ee B qanHoM caiite (mecre). Pa3-
HbIE PECTPUKTA3bl PACMO3HAIOT pa3IMyHbIEe MOCIEI0BATEILHOCTH HYKJICOTHIOB
u paspesaror JJHK B pa3nbIx canrax.

T'ubpuouszayua nykieunogvlx Kuciom. Ilpu 3T0M MeTOI€ TUHEUHBIE OT-
pe3ku asyxuenoveunor JIHK moasepraror TemaoBoil 00pabOTKe U MOIy4aroT
oJIHOLIEeTIOueuHble (pparmeHThl (AeHaTypupoBanue). JlenarypupoBannyto JJHK
WHKYOUPYIOT Npu Takux ycioBusix (t- — 37°C), korga npoucxoauT THOpUaAN3a-
s, T.€. B3aUMHOE pAaCIO3HABaHHWE JIBYX KOMIUIEMEHTAPHBIX HUTEH MOCPE.-
CTBOM CIIapUBaHUs a30TUCThIX OCHOBAaHUHN. HacTo 1 uaeHTUPUKAUN TOpsiaKa
HYKJIEOTHJIOB HCIIOJNB3YIOT B KAa4ECTBE «30HIA» OJHY PaJMOAKTUBHYIO HHUTh
JIHK. MoxHO naeHTu(GuuupoBaTh Kak NOJHOCTHIO, TAK U YACTHYHO TOMOJIO-
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TUYHbIE TocheaoBaTesibHOCTU. Crienn(UuHOCT, THOPUAM3ALUMU HYKJIEHMHOBBIX
KHUCJIOT TO3BOJISIET OOHAPYXKUTh €IWHCTBEHHBIA I'€H CPEeAM JECATKOB THICSY.
Paznmuunbie MoaudUKaIKA 3TOT0 METO/Ia TTO3BOJISIOT B KIIMHUKE aHATU3UPOBATH
oueHb Masbie konndectBa JIHK, B3siThie y O0sbHOTO.

JI71st IMpPOKOTro MPUMEHEHHUS B TPAKTUYECKOM 3/IpaBOOXPAHEHUU METO0B
pexkoMOuHanTHOM JIHK HeoOxommmo co3naHue OHUONMMOTEK pPaguOaKTHUBHBIX
30H10B Bcex nocneaobareabHocTel JIHK renoma uenoseka.

METOJA 'EHETUKHN COMATHYECKHUX KJIETOK

JlaeT BO3MOXKHOCTh U3y4aThb MHOTME BONPOCHI FEHETUKH YEJIOBEKA B KC-
nepumenTe. Ui KyJIbTUBUPOBAHMS YAILlEe UCTIONb3YIOT KIIETKH COETMHUTEIbHON
TKaHu (pudpodaacTsl) U TUMOPOUUTH KpoBU. Ha HCKYyCCTBEHHBIX MUTATENbHBIX
Cpelax UX MOXHO KIIOHMPOBATh, T.€. MOJy4aTh MOTOMKOB OJHOM KieTku. Bce
OHM OYZyT UMETh OJIMHAKOBBIM r€HOTUN (KaK MOHO3UTOTHBIE OJIM3HELBI) U, CIIe-
JOBATEJIBHO, HA KJIETOYHOM YPOBHE MOKHO M3y4aTh pOJIb T€HOTHIIA U CPENbI B
IPOSIBIICHUH ITPU3HAKOB.

MO>XHO MPOBOJIUTH CENEKIINIO KJIETOK — OTOOP KIIETOK C 3apaHee 3ajaH-
HbIMU CBOMCTBaMU. J[Ji1 3TOrO MCHOJIB3YIOT CEIIEKTUBHBIE MUTATEIBHBIE CPEIBI.
Hampumep, eciiu B muTaTenbHyI0 cpeny J00aBUTh HE JIaKTO3Y, a APyTrHue caxapa,
TO U3 OOJBIIOrO YHUCIIA KJIETOK HaWJETCs HECKOJbKO, KOTOPHIE CMOTYT CYIIIEe-
CTBOBATh 0€3 JIAKTO3bI, U B IAJIbHEHIIIEM MOKHO TIOJYUYUTh KJIOH TaKUX KIIETOK.

HauGonbimmii ©HTEpEC ISl TEHETUKU YeJIOBEKa MPEICTABIISIET METO| TH-
Opunu3anuu comaTudeckux Kietok (puc. 9.9). B 1960 r. ¢paniy3ckuii yueHbIit
XK. bapckwuii, BeIpanuBas B KyJIbType KJICTKH JIBE JIMHUM MbIIIEH, OOHAPYKUJ,
YTO HEKOTOPHIE M3 HUX 1O CBOMM MOP(OIOTHUECKUM U OMOXUMUYECKUM CBOMA-
CTBaM OKa3aJIUCh MPOMEKYTOYHBIMU MEXTY UCXOTHBIMH POAUTEIHCKAMHU KIIET-
KaM#. DTO ObUIM TMOPUIHBIE KIETKH.

Takoe CHOHTaHHOE CIMSHUE COMAaTUYECKUX KIETOK B KyJbType TKaHH
MIPOUCXOJIUT JIOBOJIBHO penko. B nmanbHeieM ObUIO yCTaHOBIIEHO, YTO MpPU BBE-
neHun B KyubTypy kinetok PHK-copepskamero Bupyca maparpunma Cenpai,
WHAKTUBUPOBAHHOTO TPHU OOIyYeHHUH YyIbTpaduOIeTOM, YacToTa THOpUAM3alNN
KJIETOK 3HAYUTEIBHO MOBBIIIAETCS, U B CMEUIAHHOW KYyJIbTYyp€e pa3HbIX TUIOB KJie-
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TOK 00pa3yloTcs reTepoKapuoHbl — KIETKH, COIEPIKAIUE IBA SJIpa Pa3HbIX KIIE-TOK
B OJHOHM muToruiazme. YacTh TakUX KJIETOK CIIOCOOHA pPa3MHOXKAThCS MHUTO-30M.
[Tocne muTo3a M3 ABYSAEPHOrO reTepoKaproHa OOpa3yrOTCs JBE OTHOSACp-HbIC
KJIETKH, KaXklas W3 KOTOPBIX NPEACTaBiIsAeT COOOM CHHKAPUOH — HACTOSIIYIO
THOPUIIHYIO KJIETKY, COJAEPHKAIILYI0 XPOMOCOMBI 00EMX UCXOAHBIX KIIETOK.

['ubpuanzanust BO3MOKHA HE TOJIBKO MEXIY KIETKaMH OPTaHU3MOB pa3-
HbIX BUJ0B. CUHKapHOHBI OOBIYHO YJA€TCs MOJIy4daTh MPU THOPUIU3AINU KIle-
TOK Pa3HbIX BHUJOB, OTHOCAIIUXCA K OJHOMY Kjaccy. B Takux cuHkapuoHax
MIPOUCXOIUT 00BETMHEHNE TEHOMOB JIBYX BUI0B. Hampumep, ruOpuaHbie KiIeT-
KM 4€JIOBEKAa M MBIIIM UMEIOT 43 mapbl XpoMocoM: 23 — oT yenoBeka u 20 — ot
MbIIIM. B fmanpHEleM mpoucXoJUT MOCTENEHHOE YAalIeHHEe XPOMOCOM TOTO
OopraHu3Ma, KJIE€TKA KOTOPOro UMEIOT 0oJiee MEJIJICHHBIM TEMI pa3MHOXKEHUsS. Y
TUOPUTHBIX KJIETOK YEJIIOBEK—MBIIIb yIAJISIOTCSI XPOMOCOMBI YEI0BEKa.

3) TuOpUAHBIX KJIETKaX GYHKIIUMOHUPYIOT XPOMOCOMBI KaK YEJIOBEKa, TaK

Y MBIIIH, T€HbI KOTOPBIX JETEPMUHUPYIOT CUHTE3 COOTBETCTBYIOIIMX OEIKOB.
Mopdonoruuecku MOKHO OTIUYUTH KXY U3 XpoMocoM (auddepeHnmans-
HOE OKpAILMBAHUE).

Eciu B rubpumHoil KiIeTKe OTCYTCTBYET Kakas-IM0o XpoMocoMa U He
MIPOUCXOJIUT CUHTE3 KAKUX-TO OEJIKOB, TO MOKHO MPEANOIOKUTh, YTO TE€HBI, Je-
TEPMUHUPYIOIINE CHUHTE3 3TUX OEJIKOB, JOKAIM30BAaHBI B JIAHHONW XPOMOCOME.
Takum 00pa3om, METOJ MO3BOJISICT YCTAHABIMBATH TPYMIBI CHETIIICHUS y Yeso-
BEKAa, a MCMOJIb3Yysl HEXBATKU U TPAHCJIOKAIMU BBISICHATH U MOCIEA0BATEIbHOCTD
pacIoI0KEeHUSI TEHOB, T.€. CTPOUTh T€HETUYECKHUE KAPThl XPOMOCOM YEJIOBEKA.

BNOJIOTHYECKOE MOJAEJIMPOBAHUE

buonornyeckoe MOAEIUPOBAHUE OIPEACICHHBIX HACIEACTBEHHBIX aHO-
MaJnil YyeJoBeKa MOXKHO TIPOBOJUTH HA MYTAHTHBIX JIMHUSIX KUBOTHBIX, UMEIO-
X CXOJHbIe HapymieHus. Hanpumep, y cobak BcTpeuaercs remodumusi, o0y-
CJIOBJICHHAs PELIECCUBHBIM CUEIUJIEHHBIM C X-XpOMOCOMOMW (C MOJIOM) T€HOM.
[IpoucxoxieHne pacuieauHbl ryobl 1 HeOa Yy MBIIIEH CXOJIHO C aHAJIOTUYHBIMU
aHOMAJIUSIMM YEJIOBEKAa, Y XOMSKOB M KpPbIC BCTPEUAIOTCS CaxapHbId JHA0ET,
aXOHPOIIa3us, MbIlIeuHas JucTpodust u 1p. XOTs MyTaHTHBIE JIMHUU KUBOT-
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HBIX HE JIal0T TOYHYIO KapTHHY HACJIEICTBEHHBIX 00JIE3HEN YeoBeKa, Jake ya-
CTUYHOE BOCHPOM3BEJCHUE UX (PArMEHTOB B pAJE CIydaeB MO3BOJISIET U3YyUUTh
MEXaHU3MbI [IEPBUYHOTO OTKJIOHEHHSI OT HOPMBI. 3aKOH TOMOJIOTHYHBIX PSIJIOB
H. Y. BaBunoBa (BuABI U pOJIbI TEHETUYECKH OJIM3KHE 00Ia1al0T CXOIHBIMH PSi-
JlaMU HacJIEICTBEHHONW M3MEHUYMBOCTH) MO3BOJISIET C ONPEAECICHHBIMA OTPaHU-
YEHUAMH IKCTPAIIOIUPOBATh IKCIIEPUMEHTAIIBHBIC JaHHBIE HA YEIOBEKA.

JTEPMATOTJIMOUYECKAN METO/I

JepMaTornudpukuii METOl OCHOBAH HAa U3yYeHUH pelibeda KOXKHU Ha Malb-
1ax, JAJ0HSAX U MOJOIIBEHHBIX MOBEPXHOCTAX CTOI, I'/I€ UMEIOTCS AMUACPMAIIb-
HbIE BBICTYIIBI — IpeOHU, 0Opa3yIOIIHE CIOXHBIE y30pbl. M3ydeHue KOKHOTO
PHUCYHKa KOHIEBBIX (pajlaHr MajblieB PyK HA3bIBAECTCS OAKMUIOCKONuUel, u3yde-
HUE KOKHOTO PUCYHKAa HA JAJOHAX — NAIbMOCKONUs, W3YYEHHE KOXKHOIO pH-
CYHKa Ha IOJIOIIBEHHOU IOBEPXHOCTH CTOIN - NIAHIMOCKONUAL.

Jlakmunockonusa. Y30pbl 00bIYHO M3YYalOT Ha OTIEYATKaX, CIETaHHBIX
Ha Oymare mociie cMa3bIBaHUSI KOKU TUMOrpadCcKoi kpackoil. JleranbHoe U3y-
YEHUS y30pa MPOBOAAT C TOMOIIBIO JTYTIBI.

[NanuisipHble JTMHUKM HA MAJBLEBBIX MOJYIIEYKaxX OOpa3yloT TOKH pas-
JUYHOTO HANPABJICHUSI U OHU HUKOT/Ia HE TIEPECEKAIOTCS, HO MOTYT COJMKAThCS
B OTIPEJICJICHHBIX MTyHKTaX, 00pa3yst TPUPaJANYChl, WU JACIbTHI.

HecmoTtps Ha MHIUBUAYAbHYIO HEIIOBTOPHMOCTD Y30POB, BBICIISIIOT TPH
OCHOBHBIX MIX THIIA: TYTH, TICTJIN, 3aBUTKOBBIC Y30pHhI (3aBUTOK) (puc. 9.10).

Jlyeoswie y30pbl BeTpedaroTcs pexe octanbHbix (6%). B aToM y30pe nme-
€TCsl JIMIIb OJIMH IMOTOK MaNWUISPHbIX JUHUN. HaunHasCck ¢ OMHOTO Kpas y30pa,
JUHUYU TIPUTIOAHUMAIOTCS K JIPYroMy, MPOTUBOIOJIOKHOMY Kparo, 00paszys ay-
TOBOM, IIATPOBBIH, Y30pP, U3TUO KOTOPOTO OBIBAET TO KPYTHIM, TO OTJIOTHM.

Ilemnesvie y30pvl SBASIOTCS HamOOJEe PacCHPOCTPAHEHHBIMH (OKOJIO
60%). DT0 3aMKHYTBIA C OJAHOW CTOPOHBI Y30p: TPEOHM HAYMHAIOTCS TAKXKE y
Kpasi y30pa, HO, HE JOXOJs J0 MPOTUBOIOJIOKHOTO Kpasi, U3rudaroTcsi B BUIC
METJM U BO3BPAILIAIOTCS K TOMY K€ Kparo, OT KOTOPOIro Ha4aJIucCh. [leTnu umeror
OJIHY JienbTy. Eciu metiis oTKphIBaeTCA B CTOPOHY Jy4€BOM KOCTH, OHA Ha3bIBa-
€TCs paluaIbHOM, ECIIA B CTOPOHY JIOKTEBOU KOCTH, — YIIbHAPHOU.
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3aeumkosble y30pbl 3aHUMAIOT CPEIHEE MECTO IO PACIPOCTPAHEHHOCTU
(31%). OHu UMEIOT BUJ KOHLIEHTPUYECKUX KPYTrOB, OBAJIOB, CIUpAJieH, CHU3Y U
CBEpXY IIEHTpaIbHas YacTh y30pa OKalMIICHA ABYMS MOTOKAMU JIMHUN. 3aBUTKU
HUMEIOT JBE€ JICTbTHI.

Cnooicnble, unu cocmasHule, y30pbl UMEIOT JBa Tpupaauyca u Oonee. Takue
y30pbl 4acTO OBIBAIOT COCTaBJICHBI ABYMS METJISIMH, OTKPBITBIMH B pa3HbIE CTO-
pPOHBI. AHANU3 TAKUX Y30POB MPOBOJIUTCS OTACIBbHO (A KaxA0ro yeiaoseka). [lpu
TPYIIOBBIX 00CIEIOBAHUIX CIOKHBIE Y30Pbl CYMMHUPYIOTCS C 3aBUTKaMHU.

KpomMe OCHOBHBIX THUIIOB y30pOB MOTYT BCTpEYaThCs Pa3jMyYHbIC Iepe-
XOJIHbIE POPMBI OT OJIHOTO THUIIA K JIPYTOMY.

Jlenbmosvlil cuem onpeAeseTCs CyMMapHbIM KOJIMYECTBOM TPUPAJINYCOB
Ha Bcex JecatH nanbiax — oT 0 1o 20 (mojacyer yncia TpUpaauycoB Ha oOeux
pyKax Jaer mpejcTaBieHre 00 HHTEHCUBHOCTH y30pa).

I'pebnesorii cuem. Jlns onpeneneHus 3TOTO IMOKazaTessl MEXIy TOUYKOH
TpUpaANyca U LIEHTPOM y30pa Ha OTIEYaTKe MPOBOJAT KapaHJAIIOM MPSMYIO
4YepTy U MOACUUTHIBAIOT YUCIO I'peOHEN, KOTOphle OHa nepecekia. ['peOHeBbIi
CUeT ompenesieTcs I KaXAOoro Majblla OTACIBHO W CyMMAapHO HJsl TSATH
najableB Kaxaou pyku. O0mas cymma rpeOHEBBIX CUETOB 00EMX PYK Ha3bIBAET-
csl «obmmM rpeOHeBbIM cueTom» U 0obo3Hadaercss TRC (total ridge count). [1pu
HAJIMYUH 3aBUTKOB U CJIOXKHBIX Y30pOB B OOIINI IPeOHEBBIN CUET BXOAUT TONb-
KO YMCJIO TpeOHEH ¢ TOW CTOPOHBI Manblia, rae ux Oosblie. Jlonmyckaercs moj-
cyeT rpedHei ¢ 00enx cTOpoH. I'peOHEBBIN CUET BapbUPYETCS y Pa3HBIX JIIOACH

Y Ha passbix nanbiax ot 0 10 300 (na 10 manbiax). 'peOHEBBIN cueT HE CBsI3aH
C MOJIOM, HO TIOJIOBBIE XPOMOCOMBI OKa3bIBAIOT BJIMSHUE HA 3TOT MPU3HAK, MPU-
YeM BIUSHUE X-XpPOMOCOMBI 00JIe€ CHIIBHOE, YeM BIHUSIHUE Y -XPOMOCOMBI.

npaBIel 0oJiee CIIOKHBIE Y30Phl BCTPEUAIOTCS HA MPABOM PyKe, Y JIEB-
IIEN — HA JIEBOM.

JKCHIIWH 9aCTOTAa 3aBUTKOBBIX Y30POB HMXKC, YEM Y MYKYHMH, MCHBIIC
I‘pG6HCBBII>i CUCT, 4 4aCTOTa ICTJICBBIX U AYT'OBBIX BBIIIIC.

B cpennem Ha omHoM manbre ObiBaeT 15-20 rpeOHEH, HA BCeX ACCATH
najgbliax y My>K4uH 3Ta nmudpa paBaa 144,98 + 51,08, a 115 >KeHITUH —

127,23 £ 52,51.
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VYcTaHOBIEHO, YTO y pOAMTENIEH C BBICOKUM TPEOHEBBIM CUETOM JAETH
TaK)K€ XapaKTepU3yITCs BBICOKMM IPEOHEBBIM CUETOM, U, HA00OPOT. Y CTaHOB-
JICHO TaKXe, YTO THUIIBI Y30pOB HUMEIOT MOJHUIeHHOE HacienoBaHue. Hambonee
BBICOKAsl CTEMEHb HACJIEAYEMOCTH METJIEBbIX Y30p0oB — 95,2%, 3aBUTKOB —
84,1%, nyr — 38,9%. Cuunrtaercs, 4To KaKJblii U3 T€HOB HACJIEAYyETCs] HE3aBUCH-
MO W JoMHUHaHTHO. l[IpenmonoxurenbHas JOKaJIM3alusi T€HOB 3aBUTKOB - B
rpynne xpomocoMm D, ayr — B rpynne E, nerens — B rpymie G.

JInst pa3nu4HbIX 3THUYECKUX TPYII HNalWUISPHBIE Y30pbl, KaK MPaBUIIO,
CHeU(PUIHBI: KOPEHHOTO XUTeNs JJoHa MOKHO OTJIMYUTH OT KOPEHHOTO JKUTE-
a1 lansHero Bocroka. ¥V xurenen [loHa Ha BTOPOM M YETBEPTOM MAJIBLAX PYK
JOJDKHBI OBITH TETJIEBBIE Y30pbl, a y kutens JlampHero BocToka — 3aBUTOK
JOJDKEH OBbITh IpeobsanatonumM y3opom. s xuteneit EBpomnbl, cTpagaromumx
mu30(ppeHne, NpocaeKUBaeTCs yBEINUECHUE YUCIIA 3aBUTKOB.

Ianomockonua. JlanoHHbIN penbed CIOXKHBIN, B HEM BBIJIEISIIOT Pl MO-
JIEW, MOAYIIECUEK U JIAJOHHBIX JIMHUU. LIeHTpaabHy0 JaJOHHYIO SIMKY OKpYy»XKa-
IOT IIECTh BO3BBIIICHUN — MOJyIIeUeK. Y OCHOBAHHS OOJIBIIOTO TMajblia — me-
Hap, y IPOTUBOIIOJIOXKHOIO Kpas JaJOHU — eunomeHap, POTUB MEKITAIbLEBBIX
IIPOMEKYTKOB YETBHIPE MEKIAIbLEBbIE MOAyIIeuKu. Y ocHoBanus 11, III, IV u V
MAJIBIIEB HAXOJATCS MaJbLEBbIE TPUPAANYCHI — TOUKH, TJI€ CXOAATCS TPU Pa3HO-
HAIPaBJICHHBIX TOKA MANWUIAPHBIX JIMHUKA — a, b, ¢, d. Bonm3u OpacierHoit
CKJIQJIKH, OTJCIAIOMIAN KACTh OT NPEAIIEYbs, 110 MPOAOJILHON JTUHUH, UAYIICH
ot IV mscTHO# KocTH, pacnonaraercs IJaBHbIA (OCEBOMW) JIAIOHHBIA TPUPATNYC
t. Eciiu mpoBecTy HMM OT TpupaauycoB a u d k t, To oOpa3yercs J1aaOHHBIH
yrox atd, B HopMe OH He mpeBbiaeT 57°. UeM mpokcuMaibHEE PacrojiokKeH
Tpupaauyc t, Tem octpee yron atd u, Ha060POT, AUCTAIBHOE €TI0 PACIIOJIOKEHHUE
IIPUBOJMT K YBEJIMYEHUIO 3TOTO YIJa.

Ha nmagonu paznmuuaror Tpu riaBHble (riekcopHbie (crubatenbHbie) 00-
PO3IBL: 60p030bl HoMBLUIO2O Nanbya, Kocas u nopnepeynas. VIHorna xocas 60-
po37a CIIMBAETCs C MOMEPEYHON B OJHY YeThIpeXmnaiblieByl0 Oopo3ay. Yactora

BCTPEUAEMOCTH B HOpME He TpeBbimaet 5%. Yron >60" — 6one3ns [layHna, yromn

0 .
<40 — cunnpom Knaitndenbrepa.

COBOKYITHOCTh pagualibHBIX NeTeab Ha [V u V nanbiax, 4eTeipexmnaiblie-
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BOM OOpO3/bI M TJIABHOTO JIAJOHHOTO yria cBbiie 60 — 80° CBUACTENBCTBYET O
BpPOKJCHHOM KOMIIOHEHTE HAacJeJCTBEHHOro 3aboieBanus (cuHiapom J[layHa,
[IepemeBckoro-Tepuepa u ap.).

4) HacTosIIee BpEMs, B CBS3U C Pa3BUTHEM U BHEIPEHHEM B MpaKTHUe-
CKYIO MEJHUIIMHY COBPEMEHHBIX BHICOKOMH()OPMATHUBHBIX METOJIOB TUAarHOCTUKU
HACJICACTBEHHOM IATOJOTUH, JUIA LENE MEIUIMHCKOW TEeHETUKH AepMaTOTIIN -
¢udecknii MeTo/l MOYTH HE UCIOJIb3yeTcs. B To e Bpemsi, JaKTUIOCKOMUYe-
CKMM aHajgu3 NPHUMEHSAETCS B HEBPOJOTMM JUIA NOATBEPKICHUS JUAarHo3a
HEBPOJIOTMYECKOr0 3a00JIeBaHus, a TaKXKe B Cy/leOHON MEIUWUMHE U KpUMHHA-
JUCTHUKE C UEIbI0 UIEHTU(UKALUN TUYHOCTH.

NONYJAIIUOHHO-CTATUCTUYECKUA METO/]
ATO METOJ U3yYEHUS TEHETUYECKON CTPYKTYPhI OMYJIALINH.
Bosmooicnocmu memooa:

B MeTon MO3BOJISIET OLEHUTH PACIPOCTPAHEHHOCTh HACIIEICTBEHHBIX
3a00JIeBaHUI B MOMYJISILUU, PACCUUTATHh YACTOTHI ajulesied U T€HOTHUIIOB, ONpe-
JIEUTh YaCTOTY FE€TEPO3UTOTHBIX HOCUTENIEH MyTalUH.

B /JlaeT BO3MOXXHOCTb OXapaKTEepU30BaTh MYTALMOHHBIN IPOLIECC, OLie-
HUTb POJIb HACJIEJACTBEHHOCTH U Cpe/bl B (DOPMUPOBAHUN T€HETHUECKOU CTPYK-
TypHbI TOIMYJISIUU, B BOSBHUKHOBEHUU O0JIE3HEH.

B Ilo3BonsieTr oxapakTtepus3oBaTh JeMorpaduyeckre mpoLecchl B MOMy-
JSUUSAX YEJIOBEKA, BBISIBUTh HCTOYHUKU MPOUCXOXKACHUS MyTaluil (10 rpajreH-
Ty 4YacTOT), ONPEIEIUTh OCHOBHBIE HANpPAaBICHUS MHUIpalUil HaceJIeHHUs IO
CIIEKTPY MYyTalUH.

B Ha ocHOBe u3ydeHHUs pacpOCTpaHEHHUSI TEHOB CPEAN HACEIICHUS pa3-
JMYHBIX reorpaduuecKkux peruoHoB (reHoreorpadusi) 1aeT BO3MOXKHOCTh ycTa-
HOBUTbH LIEHTPHI MPOUCXOKICHUS PA3IMUYHBIX STHUYECKUX TPYNIl U UX MUTpa-
MM, ONPEAECIUTh CTEIIEHb PUCKA MOSBJIECHUS TOW WM WHOM HACIIEICTBEHHOU
MaTOJIOTUY B KOHKPETHOM PETHOHE.

Ilonynayua — 3T0 COBOKYITHOCTb 0COO€W OJJHOTO BUIA, JUIMTEIHHO Hace-
JAIOIMUX OJHY TEPPUTOPHUIO, OTHOCUTEIBHO U30JMPOBAHHBIX APYTUX IPYIII

0co0eil JTaHHOTO BH/Ia, CBOOOTHO CKPEIIMBAIOIIMXCS MEXILy COOON U TAIOIINUX
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IIJIOAOBHUTOC ITIOTOMCTBO.

COBOKYITHOCTb BCEX A/LIEAbHbIX 8APUAHMOE TEHOB TIOMYJISIIUN Ha3bIBACT-
sl 2eHOPOHOOM.

[To yncneHHOCTH OCOOEl MOMYJISALUU MOTYT OBITh OOJBIIME M Majble.
Bonvuwue yenoBedeckre NOMysIIMK BKIItOYaroT Oonee 4 Toic. yen. Manvie noj-
pa3nesAaroTCs Ha JIeMbl U U30JATHL. /lembl — UMEIOT YUCIEHHOCTh oT 1,5 1o 4
TBIC. Yell. M30715mbl — HAUMEHBIINE MOMYJISIIUU JOJAEH YUCIEHHOCThIO 10 1,5
ThIC. 4eJl. B HMX 4acTo BCTpe4aroTCs KPOBHO-POJICTBEHHbIE OpakH, Ha JOJIIO
BHYTPUTPYNHOBBIX OpakoB npuxoautcs oosee 90%. IIputok reHoB U3 BHE —
meHee 1%.

CyliecTBEHHBIM ~ MOMEHTOM TIPU  HUCIIOJIb30BaHUU  MOMYJISIIUOHHO-
CTaTUCTUYECKOTO METOJA SBJISIETCS TEHETUYECKHM aHanu3 nonynsuuid. OH
HAYMHAETCS C HU3YUYCHUS] PACIPOCTPAHEHHOCTH B MOMYJSLMU TOTO WU HUHOTO
Mpu3HaKa (HaclieICTBEHHOTO 3a0oJieBaHus, (DeHOTHUIA, TEHOTHUIIA, aJIJIeNsl U T.]1.).
YacToTa mnpu3HaKa, T.€. KOJUYECTBO OcCO0O€H, oO0jajaromux JaHHBIM IIpH-
3HAKOM, T10 OTHOIIIEHUIO K O0IIEMY YHCITy 0COOEH, BhIpa)kaeTcs B JIOJIAX €IUHU-
ubl win B %. Hanpumep: @KV BrisiBneno y 7 u3 7000 HoBopoxkaeHHbIX. Clieso-
BaTeJIbHO, yacToTa 3aboneBanus cocrapiser 7:7000 wim 0,0001, wmm 1 cioydaii
Ha 10 ThIC. H/p.

OCHOBOI U151 BBISICHEHUS] TEHETUUECKOW CTPYKTYPbI IMTOMYJISILNAN SIBIISIETCS
3akoH Xapau-BaitnOepra (1908) wim 3akoH mojaep:kaHusi TeHETUYECKOTO paB-
HoBecusi B momymsnuu. T.Xapnu (Adrmuiickuii Maremartuk), C.BaitnGepr
(memenxuii Bpau). OHM cHOPMYIUPOBAIN 3aKOH MOJJEPKAHUS T€HETHYECKOTO
paBHOBecus B nonyJsituu (puc 9.11).

3axon Xapau-BaiinOepra:

6 UOeabHOI nonyjiayuu 4acmombsl 2eH06 U CeEHOMUNnoe6 Haxooamcs
6 pasrnoeecuu U He USMEHAIOmMCA 3p}10y NOKOJIeHUIL.

OcHoBHBIE M0J10:KeHNsI 3aK0Ha Xapau-BaiinOepra:

B  Yacmoma anneneit B nonyisnuy — BeJdrnunHa nmoctosiHHas. p+0=1 (100%)

B Yacmoma zenomunoe Taxxe BEJINYHHA IIOCTOSHHASA U MOKET OBIThH
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o 2 2 2
BeIpakeHa Gopmyioit: (p+q)” = p +2pg+q =1, wm A4A+2Aa+aa=1. Ita hopmy-
Ja JaeT BO3MOXKHOCTh PACCUYMTATh YACTOTY BCTPEUAEMOCTH B KOHKPETHOH IIO-
MYJISIIIAU TeTEPO3UTOTHBIX HOCUTETICH PEIIECCHBHBIX aJlIeIeH.

Hampumep: wactora ®KVY 1:10000 HOBpOXIEHHBIX (YacTOTa Tr€HOTHIMA

aa). CaenoBaTeibHO, q2 = 1/10000, q=1/100. T.k. p+g=1, To p=1-q = 99/100.
Yacrora rerepo3uroTHeIXx HocuTener = 2pg = 2 x 1/100 x 99/100 = 1/50. B
JAHHOU IOIYJSINUU KaX bl 50 — HOCUTENb MyTalluy T'eHa.

3axon Xapou-Batinbepea vlnonnsemcs 8 ciedyowux ycaousx:

8) Tlomymnsius qomKHA OBITH OOJBINON (T.€. OJU3KOM K UACATHHON).

9) HNmeroTcs ycnoBus JUisl CIIy4ailHOM BCTPEYH FaMET, T.€. IMOJTHAas
NaHMHUKCHUS — OTCYTCTBUE OIPaHUYEHUI B BHIOOpE MapTHEpA.

10) OTcyTCTBYET MYTallMOHHBIN MpOIIECC.
11) HeT npuToka reHOB (MMMUTPAIIUN).

12) Het otbopa.

Hapymenue ycnoBuii paBHOBecusi Xapau-BaiiHOepra nmpuBoguT K 3BO-
mouuu nomyssiuu. CoOBITHSL M TIPOIIECCHI, MPUBOSIINE K U3MEHEHUIO T€HO-
(GOHIOB MOMYJISALNHA, HA3BIBAIOT 3JI€EMEHTAPHBIMH JIBOJIIHOHHBIMU (haKToO-
pamu. [IpuHATO BBIACIUTH CIEAYIOMIME DJIEMEHTApHBIE (hAKTOPHI SBOJIOLUU

(puc. 9.12):

- TONYJISILUOHHBIE BOJIHBI,
- MYTalMOHHBIN POLECC;

- HM30JIAIUS;

- Apeid reHoB (ciydaiiHble KOJI€OaHHUs YaCTOT T€HOB);

- €CTECTBEHHBIH 0TOOP.

31U 5 PaKTOpPOB — OCHOBHBIE JIBUXKYIIME CUJIBI 3BOMIONUU. [TocKONIbKY B
OOJBIIMX MOMYJISIUAX 3TU (PAKTOPbl HE3HAYUTEIILHO MEHSIOT YaCTOThl T€HOB, B
HUX COXpaHsieTcs 3akoH Xapau-BaiinOepra.

n HonyﬂﬂMMOHHble 60JIHbl UJIN B60JIHbBL HCU3HU — TICPUOANYCCKUC 100
HCTICPUOANICCKHUC KOJIEOAHMSI YMCICHHOCTH 0COOEH B IMPHUPOJHBIX IOIIYJIAIUAX,
IMPUBOAAIINC K CﬂyqaﬁHBIM KOJIEOAHHSIM YaCcTOT I'€HOB. HpI/I‘-II/IHaMI/I PE3KUX HC-
IMECPHUOJNUICCKHUX CHIDKCHUM YMCIICHHOCTHU MOMmyJisiinuu MOTyT OBITh CTUXHMITHBIE



6CI[CTBI/IHZ 3aCyXH, IIOXKapbl, HABOJHCHM. HOHYJI}IHI/IOHHI)IC BOJIHBI HI'PArOT
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OOJIBIIYIO POJIb B X0/1€ MUKpOdBOMOIMU. C BO3pacTaHUEM YHMCIEHHOCTH IOITY-
JSIMW YBEJIMYUBAETCS BEPOSITHOCTh MOSIBJICHUS HOBBIX MyTalluid M UX KOMOU-
Hanuii. Ecnu B cpemHeM oauH MyTaHT mosiBisieTcss Ha 10 ThIC. ocobOeit, To mpu
BO3paCTaHWU YUCIEHHOCTH nomyisinuu B 100 pa3 o01iee 4yucio MyTaHTOB yBe-
JUYUATCS BO CTOJBKO ke pa3. [locie craga BOTHBI YUCIEHHOCTH TeHO(OH TO0-
IYJISIMANA MOKET YK€ OKa3aTbCs MHBIM: 4aCThb MyTallud MOKET CIIy4alHO UCYE3-
HYTh HU3-3a THOEIM HECYHIUX UX 0COOEH, a 4acTOTa BCTPEUYAEMOCTH JIPYTUX MY-
Talil MOXKET MOBBICUTHCA. TakuM 00pa3oM, MOMYJISIIMOHHBIE BOJHBI CAMH TIO
cebe He BBI3BIBAIOT HACIEACTBEHHYI0 M3MEHUMBOCTH, a TOJBKO CIIOCOOCTBYIOT
U3MEHEHUIO YacTOT aJUIEN€d U T€HOTHIIOB; OHU SIBISIFOTCS MOCTABIIMKOM HC-
XOJTHOTO MaTepuaia Juisl IeUCTBUs €CTECTBEHHOTO 0TOOpa.

CJ]y‘-I&ﬁHLIM KOJICOAHHSIM YacTOT T'€HOB B IMOITYJIALUAX CHOCO6CTBYI-0T
muzpayuu. I/IMMI/IFpa]_II/IH ITOCTABJIAICT HOBBIC aJlJICIIU U KOM6HHaIII/II/I T'CHOTHUIIOB

13) MMOIIYJIALHUIO, OMMUI'PAUA BCACT K SJIMMHHAIIMU U3 IIOITYJIINHUH HCKOTOPBIX
ajuieJe U reHOTHUIIOB B IMOIIYJIALIMH, YTO IIPUBOIAUT K U3MCHCHHIO UX COOTHO-
MICHUA.

Mymayuonnstii npoyecc. Mytauuy U3MEHSIOT 4YaCTOTY T€HOB B MOMY-
nsuud. JloMMHaHTHBIE MYTallUU MPOSIBISIIOTCS YK€ B IEPBOM MOKOJICHUH U Cpa-
3y K€ MMOJBEPraroTcs NEUCTBUIO0 €CTECTBEHHOr0 0TOOpa. PeneccuBHble MyTaluu
CHayaJla HaKaIUIMBAIOTCA B MOIMYJISINUU (T.K. HE IPOSBIIAIOTCS B T€TEPO3UTOTHOM
COCTOSIHUM) U TOJIBKO C MOSIBJIEGHUEM PELECCUBHBIX FOMO3UIOT IMOABEPraroTCs
JeNCTBUIO ecTecTBeHHOro otOopa. HackllieHHOCTh NOmynsuuii MyTaluusMu
Ha3bIBACTCS 2EHEMUUECKUM ZPY3OM.

H3o0nayua — 310 orpaHuyeHre cBoOO bl cKkpeluBanus. Paznnyator He-
CKOJIbKO THIOB HM30JISIUU: Teorpaduueckas (ropbl, peKd, MPOJUBBI, OOJbIINE
paccTosiHusl), TeHeThuueckas (HEeMOJIHOIICHHOCTh THOPUIOB), JKOJOTHYECKas
(oOuTaHue B pa3NUYHBIX SKOJIOTMUECKMX HHUILIAX MPU Pa3HbIX TeMIEparypax),
Mopoduznonornyeckue (pazauuusi B CTPOCHUU IMOJIOBBIX OPraHOB), COLIUAIb-
Has (MIPUHAJICKHOCTh K ONPEEICHHOMY CJIOI0 O0IIECTBA, HAIIMOHAJIbHBIE TPa-
UMK ), 3TOJIOTHYecKas (peIMruo3Hble MOTUBBI OrpaHUYeHHsl OpakoB) U T.4. B
MaJIbIX TOMYJISLIUAX YaCTO HAOIIOAAETCS #UHOPUOUH2 — KPOBHO-POJICTBEHHbIE

Opaku Mexay poacTtBeHHukamu 2 u 3 crenenu (1-50%, 2-25%, 3-12,5%, 189



4-6,3%). OTu Opaku HeXelaTeabHbl, T.K. OHU MPUBOAIT K MHOpEIHOMN Aenpec-
CHUH, TIOCKOJIbKY Y POJICTBEHHHUKOB BBICOKAsI CTETIEHb BEPOSTHOCTH T€TEPO3UTOT-
HOCTH 110 OJTHOMY H TOMY JK€ PEIIECCHBHOMY TMATOJOTUYECKOMY TCHY.

17. Jlpeiigh cenoe u cenemuko-agmomamuyieckue npoyeccovl, XapakTepu-

3YIOTCS CIYYailHBIM PE3KHM YBEIIMYEHUEM YacTOT KaKUX-JIMOO TEHOB B MaJIbIX
nonysuax (u3onsatax). Dddext apeiida reHoB HAOTIOMACTCS MPU PE3KOM
YBEJIIMYCHUHN YHCICHHOCTH KaKON-JIMOO HEOOJBIIONW TPYMIBbl 0COOCH, YacTOTHI
T'€HOB B KOTOPOH CYIIECTBEHHO OTJIMYAIOTCS OT MCXOTHOW momysnud. [Ipume-
poM apeticda reHoB ABISIFOTCS 3G (PEeKT OyTHUIOYHOTO ropJibiiika U 3hPekT OCHO-
BaTeIsI.

Appexm 6ymwvinounoeo copaviuka (puc. 9.13) - cokpaiieHue reHopoHaa

(T.e. TEHETUYECKOTO Pa3HOOOpa3usl) MOMYJISIUA BCIAEICTBUE MPOXOKIACHHUS TIe-
proa, BO BpeMs KOTOPOTO IO Pa3TuYHBIM MPUIHNHAM TMPOUCXOIUT KPUTHIECKOE
YMEHBIIIEHUE, a B JAIIbHEUIIIEM - BOCCTAHOBIIEHHOE e¢ uncienHoctu. Cokpaire-
HUE TEHETHYECKOTO pa3HooOpasusi, 0€3yclIOBHO, MPUBOJIUT K U3MEHEHHUIO Ya-
CTOT aJujleNiel ¥ TeHOTHUIIOB.

Dghexm ocnosamens - SIBICHUE CHUKEHUSI U CMELICHUS] T€HETUYECKOIO
pa3HOOOpa3us NPU 3aCEICHUU MaJIbIM KOJIMYECTBOM IIPEACTABUTENEH paccMar-
pUBAaEMOro BHa HOBOHM reorpaduueckoil Tepputopuu. llpu Takom 3aceneHuu
MaJlo€ KOJIMYECTBO MCXOJHBIX 0COOEH, MMEIOIIMX YacTOThl ajuiened (Wi apy-
TUX TEHETUYECKUX MAPKEPOB) CIyYailHO OTKJIOHSIOLIUECS OT XapaKTEPHBIX IS
JAHHOTO BUJIA B CPEHEM, JAIOT Hayajio HOBbIM nomyisiuusM. B oOpazoBaBmimx-
Csl MOMYJIALMAX YaCTOThl PacCMATPUBAEMBIX ajuieNiel OyIyT Tak K€ CMEIICHBI,
KaK U B UCXOJHOM rpytire ocooeil. DPpdeKkT ocHOBATENs UMEET OOJIBIIOE 3HAYE-
HUE 711 (PUIIOTEHETUKU MOIMYJISIUM — HU3Y4YeHHs CTETIEHU POACTBA MEXAY IO-
OyJasuus MU U MyTed pacceneHusi BUIOB. B uwactHocTH, 3¢ ekt ocHoBarens
MMEET 3HAaYEHUE I OLIEHKH ITyTEeM paccereHusl APEBHUX JIIOACH, a TaKKe CTe-
IIEHU POJCTBA MEXIY COBPEMEHHBIMH MOIYJISILUAMU UM HAPOAAMMU.

18. Ecmecmeennstii omoop. DIUMUHUPYET U3 TOMYJSIIUM MEHEe
yaa4Hble KOMOWHAIIMM T€HOB W I'€HOTHUIIOB M M30UpaTeIbHO COXpaHseT Haubosee
BBITOJ-HBIC [IJISl CYIIECTBOBAaHHS KOMOWHAIIMK, TE€M CaMbIM HM3MEHSAS YacTOTY
T'€HOB.

MHTEeHCUBHOCTh €CTECTBEHHOI'O 0T60pa JaKC€ B COBPCMCHHBIX YCIIOBCUYCCKUX
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NOMYJISIIUAX JOBOJBHO BBICOKAs. JTO OOBSACHSETCS BBICOKOW YACTOTOW CIIOH-
TaHHBIX a0opTOB — OKoJI0 50% Bcex 3auaTuil, MepTBOpOXIeHU — 3%, paHHen
nerckoit cmeptHocTH — 2%. Kpome Toro, okono 20% mronieid He BCTyHaroT B
opak u mpumepHo 10% OpakoB Oecrionubl. Takum 06pazom, okono 75% roaei
HE BHOCST BKJIaJl B TeHO(POH T Oy TyIIHUX TTOKOJICHHM.

HUTOITEHETUYECKUA METO/I

OT0 METOJl U3yYeHUsI XPOMOCOM. XPOMOCOMHBIE CTPYKTYPBI MOKHO U3Y-
4yaTh B UHTEP(a3HBIX SApax U Ha Mpernaparax MeTa(azHbIX XPOMOCOM.

Jia ananu3a uHTEp(a3HBIX AAep OOBIYHO HCIONB3YIOTCS KIETKU SIUTE-
JUsl CIIU3UCTOM IIEKH, B sApaxX KOTOPBIX, OKPAIIEHHBIX OPCEMHOM, MAEHTU(U-
LHUPYETCs nonogou xpomamun (Tenblle bappa). AHaJIU3 MOJOBOrO XpoMaTHHA
TaK)K€ MOJYKET MPOBOAMUTHCS B KIETKAX CIM3UCTON Biarajiuiia, BOJOCAHBIX Jy-
KOBHII, CIIEPMbI, CETMEHTOSAEPHBIX JIUM(POLUTAX.

- HacTosiiee BpeMs Haubojee HMIMPOKO HCIOJIb3YEeMbIM IIUTOTC€HETHYE-
CKUM METOJIOM SIBJISIETCSI AHAIU3 MemAaghasHbiX XPOMOCOM, KOTOPBIM MPOBOIUT-
Csl C 1IeJIbI0 aHAIM3a KapUOTHUIIA, UACHTU(DUKAIIMN YKClIa U MOP(DOJIOTHU XPOMO-
coM. B MeAMIIMHCKON ITUTOTEHETUKE TJIaBHAS 3a/ladya KapUOTHUIIUPOBAHUSA — OT-
BETUTh Ha BOIPOCHI: HOPMAJIECH JIM XPOMOCOMHBIA HAa0Op U B UYE€M COCTOUT
HalJICHHOE OTKJIOHECHHE.

Cy1iecTBYIOT NMpsSMbIE U HEMPSIMbIE METOABI LIUTOreHeTUKU. [Ipu mpsimom
METO/I€ JJIS UCCIENOBaHUS OepyT KIETKH, aKTUBHO JAEJAIIMECs B OpPraHu3Me
(aMOproOHaNIbHBIE TKAaHHW, KOCTHBIA MO3T, (PMOPOOIACThl KOKHU U Ap.). DTOT Me-
TOJI UMEET CPABHUTENIBHO Y3KO€ MPUMEHEHHUE, TPEUMYILECTBEHHO B LIUTOT€HE-
TUYECKUX UCCIIEI0BAHUIX HOBOOOPA30BaHUN KPOBETBOPHOW CUCTEMBI.

Kapuorunuposanue

OTnpaBHBIM MOMEHTOM B U3YUYE€HUW KAPUOTHUIMA CIYKUT HEMPSAMON Me-
TOJ, KOTOPBIA 3AKJIIOYAETCS B MOJYYCHUHU KJIECTOYHOW MOMYJISIIMA C BBICOKOH
MUTOTUYECKON aKTUBHOCTBIO - KyIbmusuposanue. Jjisi 5Toro Hanbojee 4acTo
UCIIOIB3YIOTCS JIMMGPOIUTHI TIeprPEePUISCKON BEHO3HON KPOBH, TAKKE MOXKHO
KyJIbTUBUPOBATH KJIETKH TKaHEH SMOPHOHOB YeIOBEKa, aMHUOTUYECKON JKUTKO-
CTH, oryxoJsiel. HenpsiMble METOBI CBA3aHBI C MPEABAPUTEIIBHBIM KYJIbTUBUPO-
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BAaHHEM BBIACIICHHBIX U3 OpraHu3Ma KJICTOK B MMUTATEIbHOU cpeac in vitro B

0
tepmoctare (nakyoaTope) pu 37 C B TeueHue 48-72 4acos.
Dmanvl npUcOMoBeHUss NPenapamos Memag)asHvlx XpoOMoCoOM:

- KynbTuBHpoBaHHE KJIETOK KPOBH YellOBeKa (daie JUMEGOIUTOBR
BE-HO3HOM KPOBM) HA MMUTATEJBHBIX CpeAax.

- Crumyssiius MUTO30B (putoreMarritoThHUHOM (DI'A).

- JloGaBrieHue KOIXHIMHA (pa3pylllaeT HUTU BepeTeHa JIeJICHNs )
JUTsI OCTAHOBKHM MHUTO3a Ha CTauu MeTadasbl.

- OOpaboTKa KJIETOK TMITIOTOHUYECKUM PacTBOPOM (XpOMOCOMBI
pacxo-IATcs U JIexaT OTACIBHO ApYT OT Ipyra).

- IlpurorosieHue npenapaToB Ha IIPEAMETHBIX CTEKIIAX.
- OkpammBaHHE XPOMOCOM.

- HI/ITOF CHETUUYECKUM aHaIu3 XPOMOCOMHBIX ITPCIIapaTOB.

[IepBoii MaHUITYJIAIUEN C PA3MHOMKAIOIIUMUCS KIETKAMU MPU PUTOTOB-
JICHUHU TPENapaToB XpOMOCOM SIBJISIETCS BO3JICMCTBUE HA KIIETKU KOJIXUYUHOM,
KOTOPBIM OCTaHABJIMBACT MUTOTHYECKOE JeJeHHWE Ha cTaauu meradasbl, obec-
MIeYnBasi, TEM CaMbIM, HaKOTUICHHE MeTa(a3HbIX IJIACTUHOK U CIIOCOOCTBYS I10-
cIeAyIoIIEeMy pa3dopocy XpOMOCOM Ha MPEAMETHOM CTEKJIe Oarojaps Jie3opra-
HU3ALMU MUTOTHYECKOTO BEPETEHA JICJICHUSI U YKOPOUYEHUIO XpoMocoM. OnTu-
MaJIbHas MPOJIOJKUTEIBHOCTh BO3JACUCTBUS KOJIXUIIMHA coCcTaBiser 1,5-2 4.

Bropas o0s3arenbHas MaHUMYJSUMS NPU MPUTOTOBICHUHM MPENapaToB
XPOMOCOM — BO3JICUCTBUE HA KIIETKU CUNOMOHUYECKUM PACMEOPOM C UEIBIO
pazo0uIeHust XpoMocoM Habopa. J{Jist 3TOro KCoab3yI0TCs pa3Hble IO COCTAaBY

5. KOHLIEHTpaluu CoJied pacTBOpbl, 00padOTKYy UMHU KyJIbTYp MNPOBOAST IMpHU

KOMHATHON TeMmeparype WiId IpHu +37°C. Yawe Bcero npumensitor 0,55%
(0,07M) pacTBOp XJIOpHIa KaJIusi, B KOTOPOM JTUM(DOITUTHE HHKYOUPYIOT B TE€UE-
Hue 5-10 MuH.

Crnenyroieit npoueaypor siBnsercss guxcayus. OOs3aTeIbHBIM KOMIIO-
HEHTOM MPUMEHSIOMUXCS PUKCATOPOB CIYKUT JIeAsHAsl YKCyCHasi KUCJIOTa, KO-
TOPYIO CMEIIMBAIOT C METHJIOBBIM WM 3THJIOBBIM (aOCOIIOTHBIM) CHUPTOM B
cootHomenuu 1:3. Camy npouenypy pukcanyy NpoBOAsST B pa3HbIX BapUaHTaX,

IIPU 3TOM Ba)KHO MPOBEJEHUE KIETOK Yepe3 HECKOJIBKO CMEH (PUKcaTopa.
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OTBETCTBEHHOM MaHUIYJISIUMENH, OT KOTOPOM 3aBUCHUT KauecTBO Mpenapara,
SBIIIETCS HAHECEHHE B3BECH (PMKCHUPOBAHHBIX KJIETOK Ha MpeIMeTHoe cTekio. Ee
OCHOBHOE€ Ha3HAUY€HUE — MOJIyYUTh Ha IPEIMETHOM CTEKJIE XOpOILIUi pa3dopoc, Tak
YTOOBI BCE XPOMOCOMBI MeTa(a3HOM MIACTUHKY JIeXKAII Pa3AeIbHO.

MeTtoabl OKpPACKH XPOMOCOM:

PyrunHas okpacka

Jlnst paBHOMEpHOM (PYTHHHOM) OKPAacKHd XPOMOCOM MO JIJIMHE MCIONb3Y-
IOT OCHOBHBIE KPAaCHUTENU: a3yp-203WH, OCHOBHOW (DyKCHH, OpceuH u Ap. (puc.
9.14-A). Jlo okpacku BBICYIIEHHBIE MperapaThl MOXKHO XpaHUTh HEOTPAHUYCH-
HO nosiroe Bpems. Yaine Bcero mpUMEHSIOT KpacuTeiab PomaHoBckoro-I'mm3bl
WIM a3yp-703UH. DTU KPACUTEIU JAI0T MHTEHCUBHOE OKpAIIMBAHHE XPOMOCOM.
PyTunHas okpacka Mo3BOJISIET OXapaKTEPU30BaATh YUCIO U MOP(HOIOTHIO XPOMO-
COM, BBISIBUTH HEKOTOPBIE CTPYKTYpPHBIE HAPYLIEHHUS, B YACTHOCTH, MOJIOMKH,
MEKXPOMOCOMHBIE OOMEHBI C O00pa30BaHHEM JUIICHTPUYECKUX XPOMOCOM,
KPYITHBIC TPAHCIOKAIIUH.

JAu¢ppepeHunanbHas OKpacKa

OxkoJ10 4eTBepTH BEKa Ha3aJ B MPAKTUKY XPOMOCOMHOIO aHajau3a CTalv
IIMPOKO BXOJIUTh METOJbI TU(PPEpEeHIIMATIBEHOTO OKPAIIUBAHUS XPOMOCOM (pHC.
9.14-b). BnepBeie meton ObLT mpemiokeH KacmepccoHoMm, KOTOpBIM MoKazal,
4YTO Npu 00pabOTKE MPEnapaToB MUTOTHYECKUX XPOMOCOM C MOMOIIBIO (hIyo-
poXpoMa aKpUXHHHUIPUTA BO (DIyOPECHEHTHOM MHUKPOCKONE BUIHBI MOIEpey-
HbIE CBETAIIMECS TOJIOCH (O3H/BI), PACIONOKEHUE KOTOPBIX XapakKTEPHO IS
KaXJIOW XPOMOCOMBI. DTOT MPUEM IUTOJOTMYECKOTO aHAJIW3a B COUYETAHHM C
IeHETUYECKUMHU HAOII0ICHUSMHU YK€ B HACTOsIILIee BpeMs MO3BOJIMI HAa4yaTh CO-
CTaBJIEHUE XPOMOCOMHBIX KapT YEJIOBEKA, TO €CTh HAXOJUTh MECTA PACIIOJIOXKE-
HUS TEHOB Ha OIPEAEIIEHHBIX YYaCTKaX XpOMOCOM. MOJIEKYJISIpHbIE MEXAHU3MBI
Takol criennuyeckoil OKpacku 10 CUX MOp €Ile HE SICHbI, MHOTHE HCCle0Ba-
TEJIU CIIOCOOHOCTh OTJEIbHBIX YYAaCTKOB XPOMOCOM K OKpAalIMBaHUIO CBSA3BIBA-
I0T C UX XUMUYECKUMH Pa3IMYUsIMU U HEPAaBHOMEPHOM KOHIEHCALIMEN Pa3HbIX
YYaCTKOB MO JIJIMHE XPOMOCOMBI.

['maBHOE Ha3HaueHue AU depeHInanbHON OKpPACKU — TOYHAs UACHTH(U-
KaIsl BCEX XPOMOCOM KapHOTHIIA.
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PaznuyaroT cnemyroniue cnocoObl AudGepeHInaIbHON OKPacKH XpOMO-
coM (puc. 9.15-A):

Q-okpacka - pryopecuieHTHast OKpacka ¢ UCIOJIb30BaHUEM (DIFOOPOXPOMOB.
BonbmuHCTBO (DII0OPOXPOMOB UMUTHPYET 3€JIEHOE, @ MHOTIa OPAaH)KEBOE U JIaxke
KpacHoe cBeueHue. s ucciieJoBaHUSI XPOMOCOM B 3THUX CIIy4asiX MPUMEHSIOT
MOIIHBIE PYTUHHO-KBapLeBble Jammbl. 13 (aroopoxpoMoB yaiiie BCEro MCMIonb3y-
10T TIPOM3BOJIHBIE aKpUMHA (AKPUXUH U aKpUXUH-UIPUT). aKpUXUHA unpura). Pu-
CYHOK KaXXIOW XPOMOCOMBI, OKpamieHHOW Q-MeTomoM, crnenuduyeH Mo YUCTy,
pasMepaM U MOJIOKEHHUIO MO-Pa3HOMY CBETSIINXCS CErMEHTOB, YTO U OOecreunBa-
eT TOYHYIO MJIEHTH(PHUKAIUIO BCeX XpoMocoM. (Q-oKpacka SIBISIETCSI MHIUKATOPOM
XpOMaTHHA C TOBBILIEHHBIM cojaepxkaHueM AT-map ocHOBaHUM, MOCKOJBKY OHH
WHTEHCUBHEE (DIIOOPECIUPYET B COOTBETCTBYIOLIUX YYACTKAX XPOMOCOMBI.

G-okpacka. Metonuku, ¢ TMOMOIIBIO KOTOPBIX Moiy4yatoT G-OKpacky
XpOMOCOM, pazHoo0Opa3Hbl. OOIIUM 7151 BCEX HUX SIBIISETCS:

Bo-niepBbIX, ompesneneHHas mpeaBapuTebHas o0paboTka MpenapaTos
XpPOMOCOM I€pe]l OKPAIMBAHUEM; YaIlle BCETO MPUMEHSIETCS MPEABAPUTEIIbHAS
00paboTKa TPUTICUHOM.

Bo-BTOpBIX, MCHOJMB30BaHUE MJI OKpAIMBaHUS HEDIIOOPECIUPYIOUTUX
OCHOBHBIX Kpacutenel (a3ypbl, METUIEHOBBIN CUHUN);

[To yucny, BeIMYMHE W PACIOIOKEHUIO BBISBISIONIMXCS CEIMEHTOB PH-
cyHOK (GG-OKpacku aHallorTM4eH pucyHKy mnpu Q-okpacke. Ha G-okpalieHHBIX
XpoMocoMax HaOII0JAI0TCS M3MEHEHUS PUCYHKA JIMHEWHOW auddepeHunpo-
BAaHHOCTH XPOMOCOM, CBSI3aHHBIE CO CTEMEHbI0 MUTOTHMYECKOW KOHJICHCAIlUU
XPOMOCOMBI.

R-okpacka. Pucynok npu R-okpacke MpoTHUBOMOJIOXKEH PUCYHKY Tipu G—

okpacke. KiiroueBbIM MOMEHTOM BBITIOTHEHUS R-OKpacku sIBJISIETCS HarpeBaHUe
o 0

IpernapaToB XpoMocoM mpu Beicokoi Temmeparype (+80-90°C). OkpammBanue

MPENnapaToB MOKHO MPOBOJIMTH KaK CMEChIO Kpacureneil PomanoBckoro-I umMssi,
TaK U aKPUJIUHOBBIM OPAH>KEBBIM.

HN30upaTenbHas okpacka

[Tomumo auddepeHmanbHON OKPACKH B IIATOTEHETUKE MCIOIb3YIOT W3-
OMpaTeIbHYI0 OKPACKy XPOMOCOM, T.€. Clielu(pruueckoe OKpalIuBaHue OTAeIb-
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HBIX paﬁOHOB WHIWBUAYAJIbHBIX XpPOMOCOM.

C-okpacka. MeToll OCHOBaH Ha KpaTKOBPEMEHHOM BO3JIEHCTBUM Ha IIpe-
napatbl XpOMOCOM IIeN0ubl0. B oTnuume ot mpenpiaymux Tpex TunoB nudde-
pEHIMAIBHON OKpacku Ipu C-OKpacke B KaXKJI0M XpOMOCOME YeJIOBEKa Kpacu-
T€JIb BOCIPUHUMAET JIMIIb LIEHTPOMEPHBIN U OKOJIOLIEHTPOMEPHBIN PaliOHbI BO
BCEX XpPOMOCOMAX M JIIMHHOE IIJIEY0 Y -XpOMOCOMBI. [Io nokanu3anuu BbLIEIs-
10T 4 tuna C-reTepoxpoMaTHHA: COOCTBEHHO LIEHTPOMEPHBIHN, MPUCYIIUN BCEM
XpOMOCOMaM, OKOJIOLIEHTPOMEPHBIA reTepOXpOMaTUH XpoMocoMm 1, 9 u 16, re-
TEPOXPOMATHH KOPOTKHUX IUI€Y aKPOLUEHTPUYECKUX AYTOCOM, I'€TEPOXPOMATHUH
JUIMHHOTO Iieda Y XpoMocoMbl. Meron C-OKpacKy MO3BOJISIET JIydlle, YEM Ka-
KOI-TMOO0 Apyroil MeTo1, OLEHUBATh XPOMOCOMHBIN nosmMopdusm. Hcmnonb3y-
eTCsl JUIsl yTOUHEHHUSI XapaKTepa XPOMOCOMHBIX MEPECTPOEK, OCOOEHHO IOMOras
B WICHTU(UKALIMY [TEPULIEHTPOMEPHBIX MHBEPCUH.

Jlnst BeISIBIACHUS sSiApbIITKOOOpasyromux paitonoB (SOP), pacnonoxeH-
HbIX B KOPOTKHMX IUIEYaX AKPOLIEHTPUUYECKUX XPOMOCOM, B HACTOSIIEE BpEMS
IPUMEHSIOT METO/JI, OCHOBAaHHBIN Ha UCIIOJIB30BAaHUU HUTpaATa cepedpa u mpoBe-
JICHUU TIpolelypbl cepedpenus npu HarpeBanuu (puc. 9.15-b). HazpiBaroT aTy
poOy AJ-0Kpackoii, 4To OTpakaeT UCIOJIb30BAaHUE cOequHEeHuM cepebpa. Ha
YIAQUHBIX MpernapaTrax XpPOMOCOMBI OKpAII€Hbl B KENThIM LBET. B KOpPOTKHX
IJIe4ax aKpOLCHTPUUYECKUX XPOMOCOM YETKO BBISBISIOTCS TEMHO-KOPHUYHEBBIC
WJIM YEpHbIE TOYEUHbIE 00pa30BaHUs — IpaHysbl cepedpa. XOoTs TOHKHUE MeXa-
HU3MbI OKPACKH SIIPBIIIKOOOPA3YIOMINX PailOHOB XPOMOCOM IOKa HE U3BECTHBI,
OJIHAKO YCTAHOBJIEHO, YTO OKpAIIMBAIOLIUMCS CyOCTpaTOM IpU Ag-OKpacKe siB-
nstorest He JIHK pubocomubix renoB u He pPHK, a kucneie Genku, mo-
BUJIMMOMY, BXOJSIINE B CTPYKTYPY siapbinika U cBsizanHble ¢ pPHK (pubonyk-
neonpoteuanl). [losTomy Meron cepeOpeHHs MO3BOJISET BHIIBUTH HE BCAKUUN
SOP, a numb QYHKIIMOHUPYIOUIUN B MPEIIIECTBYIONIEH MHUTO3Y HHTepdase.
IIpu 3TOM mpennonaraeTcs, YTO MHTEHCUBHOCTh UX OKPAIlIMBAHUSI COOTBETCTBY-
€T UHTEHCUBHOCTH (PYHKITMOHUPOBAHMUSI.

FISH-okpacka

B OUTOI'CHCTHUKEC MIJICKOIIUTAOIMMNX IIOCJICAHUEC TIOJbl O3HAMCHOBAHBI
CTPECMUTCIIBHBIM Pa3BUTUCM HOBBIX MCTOJ0B HCCHCHOB&HHﬁ, B OCHOBC KOTOPBIX
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JexuT BiayopectieHTHas in Situ rudpuan3anus HykienHoBbIX kuciaotT (FISH)
(puc. 9.16).

Meron FISH oka3zancs kpaiine 3¢ (eKTUBHBIM HHCTPYMEHTOM U3Y4YCHUS
F€HOMa Y€JIOBEKa U JPYTUX BUJ0B MIIEKOMHUTAIONINX, PEOPTaHU3AUN XPOMOCOM

C X0/1¢ BOJIIONNHN, aHAJIM3a XPOMOCOMHBIX IEPECTPOCK KakK MPH MaJUTHU3AIIUN
KJICTOK, TaK W MPH BPOXKJICHHBIX MaTtoyiorusx. [ mopuan3anus in Situ naira Hava-
JI0O OTPOMHOMY YHCITy METOJIMYECKHUX Pa3pabOTOK, KOTOPBIC YK€ HAILIM IIHPO-
KO€ MMPUMEHEHNE B MPAKTUYECKON MEAUIIMHE, 2 COBPEMEHHAsI XpPOMOCOMHAS JTH -
arHOCTHKA TPOJBUHYJIACH 3HAYUTEIHHO JIAJIbIIE CAMBIX CMENbIX (DaHTa3uil 11-
TOJI0rOB 80-X TOIOB.

3HAUUTENBHYIO POJIb B pa3BUTHUU HOBBIX BapuaHToB FISH ceirpan npuxon
HOBBIX METOJIOB PErMCTpalil MUKPOCKONMUYECKUX HU300pakeHuil. 3ameHna ¢o-
toHacagok CCD-kamepamu (CCD-kamepamu ¢ BBICOKUM YPOBHEM pa3pelIeHUs,
oxnaxaaempiMu CCD-kamepamu ¢ JJIMTEIbHBIM BPEMEHEM HAKOILJICHUSI CUTHA-
Ja ¥ T.O.) C COOTBETCTBYIOIIMM KOMITBIOTEPHBIM OOECTI€UeHHEM HE MPOCTO
YIPOCTHIIA U YCKOPHIIA MPOIIECC PETUCTPAIIMU MUKPOCKOIIMUYECKUX H300paxe-
HUI, HO ¥ TPEIOCTaBUIA HKCIIEPUMEHTATOPY MPUHIIUITHATBHO HOBBIE BO3MOXK-
HOCTH 00pabOTKM H300pakeHHi, 3amucaHHbIX B IuppoBoM (opmare. Takoi
METO]T XPOMOCOMHOTO aHaJln3a MO3BOJSET BBISBIATh U UACHTU(DUIIUPOBATH JITO-
Oble TpaHCIOKAIIMK MaTepraiga HErOMOJOTHYHBIX XpoMmocoMm. OKpacka Xpomo-
COMBI Oolilee YeM OJHHMM I[BETOM CBUACTEIHCTBYET O HAIMYUHU TPAHCIOKAIUH.
[IBeT XpOMOCOMHBIX PaiiOHOB MO3BOJISIET OJTHO3HAYHO OMPEICIIUTH XPOMOCOMBI,
KOTOpbIE€ ObUIM BOBJICUEHBI B JJaHHBIE XPOMOCOMHBIE NepecTpoiiku. MmeroTcs B
HAJIMYUA KOMMEpYEeCKH NocTyrHble Habopsl MeueHbix JIHK mpo6 u HeoOxomnu-
MBIX CHUCTEM JeTeKIUU. MeTo] Mo3BOIsSIeT MPOBOJIUTH OBICTPYIO MACHTU(UKA-
IO 3HAYUTEILHON YacTH BHYTPHU- U MEXXPOMOCOMHBIX MEPECTPOEK.

Knaccuduxkauusa xpomocom

Jyist Toro, 4ToOBl OBLIO JieTye pa3o0paThCs B CI0KHOM KOMILUIEKCE XPO-
MOCOM YeJIOBEKa, MPeaaraioch MHOXKECTBO CIIOCOO0B WX KiacCU(pUKAIMH (110
dbopme, no pasmepam u T.4.). B 1960 r. B r. JlenBepe (CIIIA) Obina mpunsTa
ennHas Kiaccu(uKaIys XpoMoCOM YeJI0BeKa, KOTOPOH JI0 CHX TOp MOJb3YIOTCS

Bce uurorenetuku. Cornacuo /Jensepckoii knaccugukayuu (puc. 9.17-A)
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XPOMOCOMBI TPYNIIUPYIOTCS MOMAapHO (TOMOJIOTH) B MOPSAAKE YMEHBILICHHS pa3-
Mepa U JIesITesa Ha 7 TpyNIl, KOTopble 0003HaYaloT OyKBaMHM JIATUHCKOTO ajda-
Buta oT A 10 G. Kak BuHO Ha Kapuorpamme, moyioBasi X-XpoMOCOMbI OTHOCHUT-
ca k rpymre C, Y-xpoMmocoma — k rpymre G.

Jlnst ananmza nuddepeHImaibHO OKPAIICHHBIX XPOMOCOM HCITOJIB3YETCS,
Tak HaswbiBaemasi, Iapuowcckaa nomenknamypa, npunsras B [lapuwxe B 1979
roxy. braarogapsi cnenupuyueckoil OKpacke pa3HbIX pPaiOHOB IO JJTMHE XPOMO-
COMBI TOSIBIIIETCS BO3MOYKHOCTh TOYHOW HIECHTU(UKAITUN KaKIOW XPOMOCOMBI
(puc. 9.17-b).

MOJIEKYJSAPHO-TEHETUYECKHWIN METO/]

Hapyienuss akTUBHOCTH (PEPMEHTOB TPH HACJIEACTBEHHBIX 3a00JEBaHUSIX
BBISIBJISIFOTCSL TIPU MOMOIIM OMOXMMHUYECKUMX MeToA0B. Jlokanu3auus COOTBET-
CTBYIOILIMX NOBPEXACHUN B CAMOM HACIIEICTBEHHOM MaTepualle, T.€. B CTPYKTYy-pe
JIHK, MoxeT ObITh BBISBIECHA MOJICKYJISPHO-TEHETUYECKUMU METOAAMH. ITO
nuccinenoBanne mpoBoauTcs Ha ooOpasmax JIHK. Panee nmma  monekymspHo-
TeHETUYECKOr0 aHaJIM3a HWCIOJB30BaJCs METOJ THUOPUIN3AIUN HYKICHHOBBIX
KHCIIOT (KOMIUIEMEHTapHOE coeauHeHue ¢ MedeHbiMu (parmentamu JIHK -
«3ouagamm». JJTHK-30810M MOKeT ObITh O1HA pangnoakTuBHas HUTH JIHK, HECy-1mas
myTtanuio). CrneunduyHOCTh THOPUAM3AIMKM HYKJIEHHOBBIX KHUCJIOT I03BO-JISIET
OOHapy>XUTh €IWHCTBEHHBIH TE€H Cpeau JECATKOB ThICAY. [l IIMpPOKOro
npuMeHeHus: MetoqoB pekomouHantHou JJHK Heobxommmo co3manune 6uOIuoTex
pPaaroaKkTUBHBIX 30HA0B Beex nociienoBarenbHocter JJHK renoma uenoseka.

Hanbonee mupokoe mpuUMEHEHHE HaIleJl METOJl MOJUMEpPa3sHOM IemHOM
peakiuu cunre3a JIHK (TTLP).

HHoaumepasnas nennas peakuusi cuaresa JHK

Ucmopus omxpvimus memooa [II[P. TlpuHuun meTona MmoiauMepasHoOM
nenHout peakiuu (I1LP) Ob11 pazpadboran K. Mromnucom B 1983 romy. OTKpbI-
tue [P ctano ogquuM u3 Hanbosee BHIAIOMINXCS COOBITUM B 00J1aCTH MOJIEKY -
nspHOM Omosorun 3a mocienuue 20 ner. 3a pazpabotky I[II[P-anamuza K.
Mrommc B 1993 roay 6wt ynocroen HoGeneBckoit mpemMun B 00J1aCTH XUMUH.
M3sHOCTh, MPOCTOTA UCHIOJIHEHU S, HEMTPEB30MICHHBIE TTOKA3aTEIN YyBCTBU -
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TEJIBbHOCTH U CIIEUU(PUUHOCTH MPUHECTH HOBOMY METO/1y HEOBIBAIYIO TOMYJISIp-
HOCTb. 3a KopoTkoe BpeMs [11IP-ananu3 pacnpocTpaHuics o BCeEMy MUpY.

I[P — uccneoosanue sxmouaem 3 cmaouu (puc. 9.18):

1.Beinenenue JTHK. O6pasnsr JJHK moxHO monyuuTs u3 nepudepuye-
CKOM BEHO3HOW KpOBU (JIUMQOILMTHI), TKaHEH (BOPCHHBI XOPHUOHA, OIYXOJIH,
KOCTHBIN MO3T), CIEPMBI, BOJIOC, KOCTEH U JIFOOBIX IPYTUX OMOIOTHIECKUX CPEeT

KJIETOK, COJEpKalMX sapa. Takod aHaau3 BO3MOXKEH U Ha JKUBBIX OpPraHU3-
Max, ¥ Ha TPYITHOM MaTepuaje JIro0oil TaBHOCTH, J1ake Ha CaMbIX JIPEBHUX HUC-
KOIMAeMbIX OCTaHKaX.

2. Ammndukanus, T.6. MHOTOKpaTHOE KOMUPOBAHUE ONPEICTIEHHOTO UH-
tepecyromero ¢pparmenta JJHK pazmepom 2-1000 map ocHOBaHUIA.

I[CTGKI_[I/ISI PE3YJIbTAaTOB (HpOI/I3BO,ZII/ITCSI IIyTCM Z)JIGKTpO(l)Ope?)a aMIlJIn-
(bHKaTOB B B arapO3HoOM HJIH ITOJIHAKPHUJIAMHUJIHOM I'CJIC U I[p)

MPUHIIATI METOJA TIOJUMEPA3HOM HEMHOW PEAKIIUA

[Tonmumepasnas nennas peakiust (I1L[P) - meron ammmdukanuu JTHK in
Vitro, ¢ TOMOIIBI0 KOTOPOTO B T€UEHUE HECKOJIBKUX YaCOB MOXHO BBIJICIHUTH U
Pa3MHOXUTH OMNpeNeNieHHY0 mocienoBarensHocts JJHK B Mummuapabr pas.
B03MOXHOCTB MOTy4eHNsT OTPOMHOTO KOJMYECTBA KOTIHI OJHOTO CTPOTO OIpe-
JIEIICHHOTO yJacTKa TeHOMa 3HAYUTEIBHO YIIPOIIAET UCCIEIOBAaHNE NMEIOIIIETO-
cs1 oopasua JJHK.

ocHoBe Meroza [IL[P nexuT npupoaHbIi IpoLecc - KOMIUIEMEHTAPHOE
noctpauBanue JIHK matpuiiel, ocymiectsisiemoe ¢ nomoibio pepmenta JIHK-
MTOJIMMEPA3HL.

Jli1st mpoBeieHUsT aMILTU(UKAIUH HEOOXO0IUMBI CIICIYIONUE KOMIIOHEHTBI
(puc. 9.19):

JTHK-mampuya (JJHK wnu ee gacTe, copeprkaiiiasi ICKOMbIN crienuduye-
CKHMI parMeHT);

KowmriieMeHnTapHoe nocTpavBaHHE T HAYMHACTCS HE B JIFOOOM TOYKE
nocienoBatenpbHocT JJHK, a Tonbko B onpeneneHHbIX CTapTOBBIX OJI0KaX - KO-
POTKUX JTBYHUTEBBIX yudacTkax. [Ipu mpucoennHeHHH TakuX OJIOKOB K CIICIIU-
¢dbuueckum ygactkam JIHK MOKHO HampaBUTh MPOIECC CUHTE3a HOBOM 11ETH
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TOJIBKO B 3TOM y4acTke, a He 1o Bceut qiuue JIHK nenu. st cozganus crapro-
BbIX 0JIOKOB B 3aJlaHHBIX yuacTkax JIHK ucmonb3ytoT ABe OJUTrOHYKICOTHIHBIC
3aTpPaBKH, HA3bIBAEMBIC MPANMEPaAMHU.

Ilpaiimepur - cunTeTnueckue onUroHkyneotuasl nmuHon 20-30 map oc-
HOBaHUI, KOMIUIEMEHTapHbIe mnocienoarenpbHocTsIM JIHK Ha rpanunax ompe-
aenseMoro cnenuduueckoro ¢pparmenta. Beibop cnenuduueckoro ¢pparmeHta

B moabop mpaiiMepoB UrpaeT BaXXKHEHUITYIO POJIb B CIEHU(PUUHOCTH MPOBEACHUS
aMITMUKAIMKM, 9TO CKa3bIBAaCTCS HA KauyecTBE MpoOBEAcHUs aHanu3a. [Ipaiime-
pbl KOMIUIEMEHTapHBI ntocnenoBarenbHocTsaM JIHK Ha neBoi u nmpaBou rpaHu-
nax crenuduieckoro (parMeHTa U OPUEHTUPOBAHBI TaKUM OOpa3oM, 4TO JI0-
ctpanBanue HoBou nenu JIHK npoTekaer TOJbKO MEXKy HUMH.

Cmecov oOeszokcunykneomuompughocpamos (OHT®D) (cMech UETHIpEX
THT®, sBastommxcs MaTepralioM IS CHHTE3a HOBBIX KOMIIJIEMEHTAPHBIX IIe-

nei [JTHK);

Depmenm Taqg-nonumepaza - tepmocradbunbHas JIHK-nonumepasa, ka-
TaIU3UPYIOIIAsl YIUIMHEHHUE LIETIed MpaiiMepoB IyTEM MOCIEA0BATENBHOTO MPH-
COCAMHEHNs HYKJICOTHUIAHBIX OCHOBAHMM K pPACTyIIEHM LENH CUHTE3UPYEMOMU
JAHK;

bygepnuiit pacmeop (peakimonHnas cpeja, coaeprkaiias HoHsl M2+,
HEO0OXOIUMBbIE IS TTOJJICPKAHUS aKTUBHOCTH (PEpMEHTA).

Kaxxapiii UK aMIuduKauy BKIIIOYaeT 3 dTamna, NpoTeKaroluX B pas-
JUYHBIX TEMIEPATYPHBIX pexkuMax (puc. 9.20).:

sman. Jlenarypauus JJHK (pacrnerenue nBoiiHoi cnimpanu). [Ipoteka-

et npu +93-95°C B Teuenue 1 mMuH.

sman: Ilpucoeaunenue npaiimepoB (oTxkur). [Ipucoeaunenue npaiime-
POB IPOUCXOAUT KOMIJIEMEHTAPHO K COOTBETCTBYIOLINUM I10CIIEI0BATEIBHOCTIM
Ha TpoTuBONONOXKHBIX Ienmax JIHK Ha rpanumax cnenuduyeckoro ydacrka.
JIns Kaxaou mapel IpaiMepoB CYLIECTBYET CBOSI TEMIEpaTypa OTXKUIa, paBHas

okosio 55-65 C. Bpems oTxura — 1 MuH.

oman: JloctpanBanue uenen JJHK. Komruiemenrapnoe nocrpaunBanue
nenei JIHK nporcxoauT ot 5’-KOHIA K 3’-KOHIY LIETIH B IPOTUBONOJI0KHBIX

HaIpaBJICHUSX, HAUMHAS C YYaCTKOB MIPUCOEAUHEHUS npaiimepoB. MaTtepuanaom 199



st cuHaTe3a HOBBIX meneit JIHK ciyxar mo0aBrsiemble B pacTBOp JIE€30KCHUPH-
oonykineoruarpudocdarer (THTD). Ilpouecc cunTeza katanuszupyercs dep-
MeHTOM TepmoctadbunbHoi JIHK-momumepasoii (Taq-moaumepasoii) U MpoXoauT

IIpY TeMIIepaType +7O—720C. Bpewms npotekanus cuHTe3a — 1 MUH.

JI1s oTydeHusl JOCTATOYHOTO0 KOJUYECTBA KOMUM MCKOMOTo ¢hparMeHTa
JHK amrnmudukanms BKIro9aeT HeCKOJIbKO 0K0JI0 40 IUKIIOB.

OOpa3oBaBuuecss B mepBoM Iukie amimudukanuu Hosble nenu JIHK
CIIy’)KaT MaTpHUIlaMH JIJIsl BTOPOTO LUKJIA aMIUIM(UKAIMKU, B KOTOPOM MPOUCXO-
IuT oOpaszoBaHue uckomoro crenudpudeckoro pparmenra JIHK (amminkona).
[Ipy MHOrOKpaTHOM IMOBTOPEHHHM LHMKJIOB CHUHTE3a MPOUCXOAUT SKCIOHEHIIM-
allbHOE yBeJIMUYEHHUE uncia konui cneruduueckoro ¢pparmenta JJHK, uro mos-
BOJISIET U3 HEOOJBIIOrO KOJIMYECTBA aHATM3UPYEMOTO MaTepuala, KOTOPbIA MO-
XKET coJiepKaTh €IMHUYHBIE KJIETKH MUKPOOPTaHW3MOB MOJYYUTh JOCTATOYHOE
konmuectBo JIHK komnuii 1ist uaeHTHPUKAIIMN X METOIOM dJeKTpodopesa.

Takum oOpaszom, IILIP npencraBisger coO0 MHOTOKPATHOE YBEIUYECHHE
yucna konuil (ammmudukanus) crneuuduydeckoro ydyactka JIHK karanusupye-
moe pepmentom JIHK-monmmepasoii. HakorneHne aMIIMKOHOB MPOUCXOJUT B

reOMEeTpUYECKOll mporpeccuu mo ¢opmyiie 2n, I7le N-4UCIIO0 LMKIOB aMIuU(u-
karuu. IloaTomy, naxke eciu B UCXOHOM pacTBOpE NEPBOHAYAIBHO HAXOAUIACh
TOJIBKO OJHa AByxuenouyeyHas mosiekyna JIHK, to 3a 40 nukinoB B pacTBOpe
HakaruBaercst okosio 108 MoJsieKysl aMIUTMKOHA. DTOro KOJIMYECTBA JIOCTATOY-
HO JUIsl TOCTOBEPHOM BHU3YaJbHOM JETEKLUHUHU ATOrO (PparMeHTa METOJOM 3JIeK-
Tpodopesa (puc. 9.21).

[IpeumymectBa metona I[P kak meToma JUAarHOCTUKU WH(EKIIMOHHBIX
3a00JIeBaHUI:

n Ilpsamoe onpeodenenue nedexra JHK wunu namuuus BO3OyIuTENEH.
MHorue TpagulMOHHBIE METOJbl JMATHOCTHKH, HAIpUMEp UMMYHO(PEPMEHT-
HBIM aHalu3, BBISBISIOT O€IKHU-MapKephl, SBIAIOMINECS NPOAYKTaAMH >KU3HEACs -
TEJIbHOCTH MH(PEKIMOHHBIX areHTOB, YTO JAET JIMIIb OMOCPEIOBAHHOE CBHU/IE-
TeNbCTBO Hanuuusi uHdekuu. Beissnenue crneuuduyeckoro yyactka JJHK Bo3-
oyaurens metogom [P naet npsimoe ykazanue Ha NpuUCyTCTBHE BO3OYIUTEINS

UHpEeKIHH.
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2. Bovicoxas cneyuguunocms. Bpicokas crnenuduunocts meroma I[P
oOyCJIOBJIeHA TE€M, YTO B MCCIEAYyeMOM MaTepualie BBISBIACTCS YHHUKATbHBIN,
XapaKTEePHBIA TOJMBKO aia AaHHoro Bo3oOymutens ¢pparment JJHK. Cnemuduu-
HOCTbH 33/1a€TCSI HYKJICOTHIHON TOCIIE0BATEIbHOCTHIO MMPAaiMEPOB, YTO HCKITIO-
YaeT BO3MOXXHOCTb TOJIYYCHHS JIOKHBIX PE3yJIbTaTOB, B OTJIMUKME OT METO/AA



UMMYHO(EPMEHTHOTO aHajin3a, TJie HEPEeIKU OLIMOKH B CBSI3U C MEPEKPECTHO-
pearupyromuyuMyi aHTUTCHaMU.

3. Buvicoxas uyscmeumenvrocms. Meton I1LIP 103BOJISIET BBISIBIISITE JaXKe
€IMHUYHbIE KJIeTKU OakTepuid nian Bupycos. [II[P-nuarnoctuka oOHapy uBaeT
HalIuuue BOo30yauTenell MH(EKIUOHHBIX 3a00JIeBaHUN B TEX Cllydasx, Korja
JPYTUMU METOJaMU (MMMYHOJOTHUYECKUMH, OaKTEPUOJOTHYECKHUMH, MHUKPO-
CKOIIMYECKUMH) ITO CHENATh HEBO3MOXKHO. B TeueHHe HECKOJBKHX 4acoB € IO-
motpto TP u3 onnoro ¢parmenta monekynsl JJHK moxxHo momyuuts Gomee
50 MIIpA. MAGHTUYHBIX MOJIEKyNl. Takum 00pa3oM, MOXKHO M3YyYHUThb T'€HETHYe-
CKMM MaTepHall, IPUCYTCTBYIOIINK B KPOIIEYHBIX KOJIMYECTBAX. UyBCTBUTEIb-
HoCcTh [II[P-amamm3a coctaBiser 10-100 xieTok B mpoOe (UyBCTBUTEIHHOCTH
UMMYHOJOTHYECKUX B MUKpockonrueckux TectoB -1000-100000 kneTok).

4. YHusepcanvnocms TPOUEAYPHI BBISBICHHS Pa3IMYHBIX BO30OyAHUTENEH
Marepuanom mist uccnenaopanus merogom I[P cuyxutr JHK Bo30ymuTens.
Meton ocHoBaH Ha BbisiBiieHun ¢parmenta JJHK unu PHK, sBnsromerocs cne-
IU(PUIHBIM 1J1s1 KOHKPETHOTO opranu3Ma. CX0JICTBO XUMHYECKOI'0 COCTaBa BCEX
HYKJIEMHOBBIX KHUCJIOT MO3BOJISIET MPUMEHATh YHU(PUIIUPOBAHHBIE METOJIBI TIPO-
BEJICHUS JTAOOPATOPHBIX MCCIEAOBAHUNA. DTO JAET BO3MOXKHOCThH JUArHOCTUPO-
BaTh HECKOJILKO BO30YyIUTENIeH U3 OHONU OMONpoOsl. B KauecTBe HccienyeMoro
Marepuajia MOTYT HCHOJb30BaThCS pPa3IMyHbIe OHOJIOTUYECKUE BBIJICICHUS
(cnu3b, MOYa, MOKPOTa), COCKOOBI AMTUTENUANIbHBIX KIIETOK, KPOBb, CHIBOPOTKA.

Yacto mna anammsa JIHK HegocTaTouHO TONBKO aMIUIM(PUKAIIMN UHTEPE-
cyrorero ¢pparmenTa. JlJis BISIBIICHUSI, HAIIPUMED, OJTHOHYKIJICOTHIHBIX 3aMEH

(single nucleotide polymorphism, SNP-nomumopdusma) mocne IILIP-

aMIUTM(UKALMY POBOAMUTCS PECTPUKLMS aMIUIMPHUKaTa ¢ TOMOIIBIO (pepMeH-
TOB - YH/IOHYKJI€a3 PECTPUKIMHU (4aCTO HA3BIBAIOTCS PECTPUKTA3AMM) C OCIE-

IyIOIEeH BH3yalIu3alued pe3ynbTaToB. DTOT MeToj, coueraroruii TTI[P-201



aMITM(UKALMIO U pecTpuKIuio, Ha3piBaeTcs [IJ[PD-ananuz. [lpuHiunuansHas
cxema [[/I[P®-ananuza npuBeaeHa Ha puc. 9.22.

BOIIPOCHI IJIs1 CAMOKOHTPOJIA:

1. B uem 3akmtoyaeTcst OMoconuanbHas CylHOCTh YeJloBeKa?

2. IlepeunciauTe OCHOBHBIE METO]IbI U3yUYECHHSI TEHETUKH YEJIOBEKA.

3. JlaiiTe XapaKTEpUCTUKY I'€HEAIOTHYECKOT0 METOIA.

4. KakoBbl OCHOBHBIE TUIIBI HACIEOBAHUS Y YEIOBEKA?

5. Jlus yero ucnosib3yercst OJU3HELOBBINA METO/I.

6. CymHOCTh OMOXUMHYECKUN METO/I.

7. Oxapakrepusyiite Metoasl pekomouHantHoi JJHK.

8. B dem 3akmroyaercs METOJI TEHETUKU COMAaTUYECKUX KIETOK?

9. Yro Takoe OMOJOTHYECKOE MOACITHUPOBAHUE?

10. OnmmmTe NonyJISIIUOHHO-CTaTUCTUYECKUN METO/.

11. OxapakTepu3yiTe BO3MOKHOCTH JI€pMaTOrIU(UIECKOro METOAA.

12. JIns yero UCnoJib3yeTcsl HUTON€HETUYECKUN METO?

13. KakoBbI npenMyIiecTBa U HEAOCTATKH MOJIEKYJISIPHO-TEHETUYECKOTO
merona?

14. TTosicHUTE NPUHITMIT METOAA TToIuMepa3zHoi nenHor peakuuu (ITL[P).
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Jlexknusa 10

MEAUKO-TEHETHYECKOE KOHCYJIbTUPOBAHMUE.
ITPEHATAJIBHASA JIUAT'HOCTHUKA
HACJIEJCTBEHHBIX 3ABOJIEBAHUI

IIJIAH JIEKIIUU:

1. CYIIHOCTb ME/IUKO-TEHETHYECKOI'O
KOHCYJIbTUPOBAHMUSA

2. OIEHKA PUCKA HACJIEJACTBEHHOHN U
BPOKJIEHHOHN NATOJIOIUA

3. IPEHATAJIBHAA JIUTHOCTHUKA
4. HEITPSIMBIE METO/Ibl IPEHATAJIBHOU TUATHOCTUKHA

5. UIHBA3ZUBHBIE (OIIEPATUBHBIE) METO/IbI
INPEHATAJIBHOU JTUAT'THOCTUKHA

6. S TUYECKHUE ITPUHIUIIBI ME/IUKO-
I'EHETHYECKOI'O KOHCYJIbTUPOBAHUA

7. BOITPOCHBI JJ51 CAMOKOHTPOJIA

CYINHOCTb MEAUKO-TEHETHYECKOI'O
KOHCYJIbTUPOBAHUA

Meouko-2enemuueckoe KOHCYIbMUPOBaAHUeE - 3T0 CIEHUATU3NPOBAHHBIN
BHJI MEIUIIMHCKON moMoIu. CMBICT ero — npog)ecCHOHAJIbHAS OIICHKA pHCKa
POXJICHUSI B KOHKPETHOW CeMbe peOeHKa C HACJIEIACTBEHHOW OOJIE3HBIO WIIU
BPOXJICHHBIM ypoJCTBOM. OIIEHUTh TaKOM PUCK MHOTAA JOCTATOYHO CJIOXKHO,
HO BCErJa - OYEHb BAXXHO, TIOTOMY YTO MHOTHE U3 HACJIEACTBEHHBIX U BPOXK/ICH-
HBIX 00JIe3HEH IPUBOAAT K MHBATUIHOCTH MIIH JaKEe K CMEPTH.

[To manasiMm BO3 okom0 2,5% HOBOPOXACHHBIX MOSBISIOTCA HA CBET C
pasIUYHBIMH TOpoKaMu paszBuTus. [lpu stom 1,5-2% wu3 HUX 00YyCIOBICHBI
MIPEUMYIIIECTBEHHO HEOJIaronpUsATHBIMA K30T€HHBIMU (PAaKTOpaMH (TaK Ha3bl-
BA€MbIMH, TEPATOT€HAMM), a OCTaJbHbIE UMEIOT MPEUMYIIECTBEHHO I'€HEeTHYe-
cKyro npupoy. Cpeau S5K30T€HHBIX IPUYUH TOPOKOB pa3BUTHUSA (T.€. BOZHHUKA-
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IOLIUX MOl BIUSHUEM TE€PATOr€HHBIX (PAKTOPOB) CENyET YIOMSAHYTh OHMOJIOTH-
yeckue (MHPEKUMOHHbIE 3a00J1€BaHMsl: KpacHyXa, repIec, TOKCOIIa3Mo3, Xja-
MUANIHAS UHPEKIHUs, ITUTOMEeraloBUpycHas undekuus), ¢pusnueckue (Bce BU-
JIbl HOHU3HUPYIOLIErO U3JIYyYeHUS], PAJUOHYKIH]Ib) U XUMHUYECKHE (3arps3HEHUS
BO3]lyXa, BOJBI, IUILEBbIE T00aBKH, JIEKapCTBA, FOPMOHAIbHbIE IPENapaThl, HU-
KOTHH, HAPKOTHYECKHE BEIIECTBA U MHOTHE APYTHE) (DAKTOPHI.

['enetnyeckue GakToOpbl OTPaXKAIOT, TAK Ha3bIBAEMbIN, OOIINN TeHETHYE-
CKHI Tpy3 MOMYJIALMH, KOTOPBIN NposBisgeTcs 0omnee yeM y 5% HaceneHus Imia-
HeThl. [IpumepHo 1% reHeTnueckoro rpysa NpHUXOAMTCS HAa F€HHbIE MYyTalUH,
0,5% - Ha XpOMOCOMHBIC MyTalluu, OKOJo 3-3,5% COOTBETCTBYET OOJIE3HIM C
BBIPKEHHBIM HACIIEJICTBEHHBIM KOMIIOHEHTOM (A1abeT, aTepoCKIepo3, UILIEeMHU-
yeckas 00Jie3Hb cep/lla, HEKOTOpbIe OMyX0Ju U T.1.). Ecinu k aToMy 106aBUTS,
yT0 oKoJi0 40-50% paHHel MiajeHYecKol (IeprUHATaIbHON) CMEPTHOCTH U WH-
BaJIMJIHOCTH C JIETCTBA 00YCIIOBJICHBI HACIEACTBEHHBIMU (PaKTOpaMU U MpUMEp-
HO 30% KOE€K B AETCKMX CTAallMOHApaX 3aHATHI JETbMU C HACJIEICTBEHHON MaTo-
JIOTHEH, CTAaHOBUTCS TMOHSATHOW O€3yciioBHAs HEOOXOAMMOCTh MPAaBUIBHOM U
palMOHAIBHO OPTaHW30BAHHOW paHHEN AMArHOCTUKH BPOXKICHHBIX M HACIEN-
CTBEHHBIX OoJie3Hel. Pemaromas posib B 3TOM NPUHAIIEKUT UHCTUTYTaM Me-
JMKO-TEHETHYECKOU CITy:KObI, 1 B MEPBYI0 OYEpEIb TEM €€ MOAPA3ICICHUSIM,
KOTOpbIE 00ECIIEUNBAIOT MPEHATAIBHYIO TUATHOCTUKY, O3BOJISIONIYIO HE TOJIb-
KO YCTaHOBUTH JIMArHO3 €IIE 10 POKICHUS, HO U MPEAOTBPATUTh MOSBICHHUE Ha
CBET JI€TEH C TSHKEJIbIMU MOPOKaMH Pa3BUTHS, C COLUAIBLHO 3HAYMMBIMU CMEp-
TEJIbHBIMU T'€HHBIMU U XPOMOCOMHBIMU OOJIE3HAMH.

KoHcynpTanuio Bpaya-reHeTuKa MOKHO MOJYYUTh B MEIMKO-TEHETUYECKHUX
KOHCYJIBTAIMSIX - MEXPETHOHAIIBHBIX, 00IaCTHBIX, Topockux. Kpome Toro, cyte-
ctBytoT Takxke denepanbusie eHTpbl (Mocka, Cankt-IletepOypr, Tomck, HoBo-
CUOMPCK), TJIe OKa3bIBACTCS ATOT BUJ MEIUIIMHCKON momomnu. B psge ropomos
UMEIOTCSI KOHCYJIbTAaTUBHBIC MEJIMKO-TEHETUYECKHE KAOMHETHI (B COCTaBE IOJIH-
KJIMHUK, dKEHCKUX KOHCYJIbTALIUMA, TUATHOCTUYECKUX IIEHTPOB).

Ilenvto rTeHETUYECKOTO KOHCYJIBTUPOBAHUA B OOIIECTONYJIALMOHHOM
CMBICIIE SIBJIIETCS] CHUIKEHHE TPy3a NaTOJIOTUYECKON HACIEACTBEHHOCTH, a 1IEJIb
OTZIEJIBbHON KOHCYJIbTAllH — IIOMOIIb CEMbE B IPUHSATUN NIPABUIBHOTO PELIEHUS
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I10 BOIIpOCaM INIAaHUPOBAHUA CCMbH.

Menuko-reHeTnyeckoe KOHCYIbTUpOBaHUe Hanbosee 3p(HEeKTUBHO, KOT1a
OHO IIPOBOJUTCS KAK HNPOCNEKMUEHOE KOHCYAbMUpOBaHue, KOTNa CEMbs €Ie
TOJIBKO IUIAaHUPYET POKIAeHUE nepBeHua. Ilpu 3ToM puck poxaeHus O00JIbHOTO
peOeHKa oIpeaesaeTcs 10 HaCTyIUIEHUs! OEpEeMEHHOCTH UJIM B PaHHUE €€ CPOKHU.

Pempocnexmuenoe roncynomupoeanue TPOBOAUTCS TOCIE POXKICHUS
001pHOTO pedeHKa (BPOXKACHHBIE MOPOKH Pa3BUTHUSA, 3aJepiKKa (HU3HUECKOTrO
pPa3BUTHUS U YMCTBEHHAsl OTCTAJIOCTh) OTHOCUTEIBHO 3/I0POBBS OYAYIIHNX JACTEH.

OOpatuTtbes 3a KOHCYJIbTAlUEd MOXHO M BO BpeMsl OEpEeMEHHOCTH, HO
3TOT BAPHAHT HECKOJIBKO XYK€, 0COOEHHO — €CIIM CeMbsl 0OpalaeTcst He B Iep-
BOM, a BO BTOPOM TPUMECTPE TEKYIIeH OepeMEHHOCTH.

B HEKOTOpBIX ciy4asX IOJIE3HBIM OKa3bIBAETCS 000pauHoe MEIUKO-
TF€HETUYECKOE KOHCYJIbTUPOBAHUE — HANPUMEpP, IPH HAJIIMYUU B CEMbE HACIIE]I-
CTBEHHBIX 00JIe3HEH, MK O0JIe3HEN C CEMEWHBIM HAKOTIJICHUEM.

KoHcynbTHpOBaHHE BCEX CEMEW MOXHO NMPU3HATh ONTHUMAJIBHBIM ITOJXO-
JIOM, ITOCKOJIBKY B psiJIe CTpaH Takas MPAKTHKA IO3BOJIMJIA 3HAYUTEIbHO CHHU-
3UTh KOJIMYECTBO HMHBAIMIU3UPYIOLIUX OOJNE3HEH, a 3HAYUT — Mpeaynpeauia
MHO>XECTBO uelioBedeckux Tpareauid. Ho "toranbHOE" MEIMKO-TEHETHYECKOE
KOHCYJIbTUPOBAHHUE — YpE3BbIUAHAS peaKocTh. B abCcoMtOTHOM OOJIBIIMHCTBE
CTpaH ce€MbH OOpaIIAOTCs K Bpady N€HETUKY TOJBKO IPHU HaIU4YMH (HaKTOPOB
pUCKa — OCOOEHHOCTEN CeMEMHOW MCTOpUH, 00pas3a >KU3HHU CyNpyroB, COCTOS-
HUS UX 310pOBbsi. CTaTHCTUKA CBUJIETEIBCTBYET: TAKUX "CcEMEl pucka' — OKOJIO
10%.Takue mupokue mokasaHusi 0OYCJIOBJIECHBI (PAKTOM: PUCK POXKIACHUS pe-
O€HKa C HacJeICTBEHHOM 00JIE3HbIO HIIM BPOXKACHHBIM IIOPOKOM PA3BUTHS €CTh

y 000 CyTIPyKEeCKOMU Maphl P KaXK10i 66peMEHHOCTH. DTOT PUCK CKJIAIbI-
BAETCS U3 MHOTUX COCTABJIAIOIINX:

- HACJIEICTBEHHOTO IPy3a, JOCTABIIETOCsA OT MHOTHX MMOKOJIEHUI MPEIKOB; -
HOBBIX MyTanui, npoucxoaamux B JIHK siiniexnerok u cnepmMaTto3ouios; -
HEOJIaronpusTHBIX (PU3NYECKUX, XUMUUECKUX U JIp. BIUSHUN BHEITHEN

CpeIlbl Ha OPTaHU3M PAa3BUBAIONIETOCS SMOPHOHA; - HEOIATOMPUSITHBIX BIUSHUN
Ha YMOPUOH CO CTOPOHBI MATEPUHCKOTO Op-

ranu3Ma (MH(EKITMOHHBIC, YHAOKPUHHBIC U Ip. OOJIE3HU MaTEPH ).
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JIr000i1 uenmoBeK MMeeT BhITIeniepeunciaeHHbIe (pakTophl pucka. [TosTomy

W HYXKHa KOJIMYECTBEHHAsI OLIEHKAa MX OMACHOCTH JUIS MOTOMCTBA KOHKPETHOM
cembt. K cyacTblo, B O0JIBIIMHCTBE CIy4aeB PUCK POKICHUS peOeHKa C Hace -
CTBEHHOW 00JIE3HBIO HM30K — He mpeBbImaeT 5%. Ho ybenutbcs B 3TOM 1103BO-
JISIET TOJIBKO MEJMKO-TEHETUUECKOE KOHCYIbTUPOBAHHUE.

B psize e ciaydaeB Takol pUCK UCUUCISAETCS B Oosiee BHICOKUX IUudpax —
B CEMbSIX, UMEIOIIUX OTATOLIEHHYIO HACIEACTBEHHOCTh, TPU BHICOKOBEPOSITHOM
JNEUCTBUM HA OpPraHU3M CYIPYTOB BpPEIHBIX (DaKTOPOB OKpYKaroUleh Cpenbl,
HAJIMYUM Y SKEHIIMHBI HEKOTOphIX 3a0osieBanuil. [lpum Takux cuTyanusx
MEJMKO-TEHETUUECKOE KOHCYJIBTHUPOBAHUE €IIe aKTyajbHee, IMOCKOJbKY
MO3BOJIIET U3-0€KaTh MHOTUX TPAaruueCKuX JJIsi CEMbU MOCIEACTBUM.

OLIEHKA PUCKA
HACJEJACTBEHHOM U BPOKJIEHHOM ITATOJIOTUH

Ha npueme y Bpaua-reHeTHKa "B3BEIIMBAIOTCA" BCE OCHOBHBIE COCTABIIS-
IOIIME BBIIIEYKA3aHHOTO pucka. Hambomnee Tpymoemkuii mpoiecc — oyexka ce-
2pe2ayuoHH020 eeHemu4ecKko2o 2py3a, T.e. TOW HeOJaronpusiTHON HACJIEICTBEH-
HOCTH, KOTOpasi 10CTAIACh HAM OT COTE€H MOKOJICHUH MPeIKOB. Takou rpy3 ume-
€TCSd y KaXJOro uyejoBeKa — BeAb ObUIO OBl HAMBHBIM IOJIAraTh, 4YTO
BE3/IECYIINI MYTAIIMOHHBIM TMPOIIECC COBEPIICHHO HE 3aTPOHYJ T'€HbI BalllUX
IpapoauTeNIed. DTO MOKHO PACLEHUTh KAaK IMPETEH3UI0 Ha craryc '"YenoBeka
NneansHoro". Ha camoM Jene, xaowowlii uyenogexk A61Aemcsi Hocumenem 6
cpeonem 3-4 eenos naciedcmeenHvix Ooaeznell. ITO KpaitHe MPUOITU3UTETHHBIN
nojacueT, mo (akTy K€ KOJWYECTBO IMATOJIOTHYECKUX MYyTalluid B TEHOME
J1000T0 YesioBeKa CyIe-CTBEHHO OOJIbIIIe.

OneHka cerperaloHHOro rpy3a B CEMbE HAUMHAETCS C COCTABIICHHS PO-
JIOCJIOBHOM ceMbHu. POIOCIOBHAs MO3BOJSET OLIEHUTh, C KAKUM KOJUYECTBOM
POJICTBEHHUKOB TIPEACTOUT '"paboTarh" Bpady-reHETUKY, ONPEAeIUTh THII
HacjenoBaHus 0OJIe3HEH B 3TOM cembe (€Clid TaKOBbIE MMEIOTCS) M JIaTh €IIle
MHOTO TI0JIe3HOU nH(opMaluu. B 0CHOBY poAOCTIOBHOM JIOKUTCS UCTOPHS 00-
JIe3HEN BCEX M3BECTHBIX POJICTBEHHUKOB W MpeakoB. Bpaua mHTEpecyloT Bce
CJIy4yad TSDKEJBIX 00Jie3HEH, TOBTOPSIOMINXCS U3 TTOKOJIEHUS B TIOKOJICHUE, a TaK
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e OJIM3KOPOJCTBEHHbIE OpaKU B CEMbE.

OO0s13aTENIBHO YTOUHSETCS, ObUIO JIM OECIIOUE, BBIKUJIBIIIN, POXKICHUE
JeTeld C NMOPOKaMHU pPa3BUTHS, WM YMCTBEHHOW OTCTanocThro. Ilosromy, ot-
MPaBJISASACh HA IPUEM, HEOOXOAMMO MOTOBOPUTH C POJCTBEHHUKAMU U YTOYHUTH
BCE HESCHOCTH.

Ecnmu B cembe BBISBIISIETCSl HACIEACTBEHHOE 3a00JIC€BaHKE, TO TI0 COCTaB-
JICHHOM POJIOCIIOBHOM CIEIHAIKCT ONPEIEIIUT, KAKUM 00pa30oM OHO TepenaeTCst

M KaKOB MPOIEHT PHUCKa €ro nepeaayd NoToMcTBy. Eciiu ecTh puck Hacienoa-
HUSI peOCHKOM I'€HETHYECKOM MaTOJIOTMH, TO Bpad PacCKaXeT O BO3MOKHBIX Me-
ToAaxX 00CIeOBaHUS A0 3a4aThs U BO BpeMsi OEpEMEHHOCTH.

Meouko-2enemuueckan KOHCYibmauusa cocmoum u3 mpex simanoe.

I sTan. YTouHeHHE AuarHosa.
II sTan. IIporuo3upoBaHue — OMPEICIICHUE TEHETUYECKOTO PUCKA;
lIl »Tamn. 3akao4eHue U COBETHI POJAUTESIM.

Ha | a3Tane xoHCyIbTHpPOBaHUSI BCET/Ia HAYMHAIOT C YMOYHEHUA OUACHO-
3a HAc1e0CmeeHHoul 001e3HuU, TIOCKOJIbKY TOYHBIA JIUarHO3 SBJISETCS HE00XO-
JTUMOM TIPETOCHIIKOM JIF0OOM KOHCYJIBTAIUH.

YTouHeHue AuarHo3a B Me,Z[I/IKO-FeHeTI/I‘-IGCKOI\/JI KOHCYJIbTalluUH ITPOBOIUT-
CiA C IIOMOIIIBIO eeHemuuyecKkoco arnaiusd.

[Ipu »TOM BO Bcex 0€3 MCKIIFOUCHUS CIydasiX MPUMEHSCTCS eeHealocuye-
cKutl memoo ucciedogarus. IIpu yCcIoOBUM TIIATEIEHOTO COCTABJICHHS POJIO-
CIIOBHOW OH JaeT IICHHYI HH(OPMAIIUIO TSI TTOCTAHOBKM JWAarHO3a HACIe[-
CTBEHHOU OOJIE3HH.

He menee uem B 10% cnydyaeB MpUMEHSETCS yumozenemuueckoe uccie-
0oganue. ITO HEOOXOIUMO JIsi TIPOTHO3A MPHU YCTAHOBJIICHHOM JUArHo3€ Xpo-
MOCOMHOM 00JIe3HU M YTOUHEHUHU JUarHo3a B HESICHBIX CIydasiX MPU BPOXKIACH-
HBIX MIOPOKAX Pa3BUTHSI.

Buoxumuueckuii u ummyHonocuueckuii Mmemoowvl HE SIBJSIOTCS crienugpuy-
HBIMU JIJIs TEHETUYECKON KOHCYJIbTAllMK, HO IPUMEHSIFOTCS TaK K€ IIHUPOKO, KaK
U TIpU IUArHOCTUKE HE HACJICICTBEHHBIX 3a00JICBAaHUM.

KpOMe TOr0, B IMPOUECCEC TCHECTHYCCKOTO KOHCYJIIbTUPOBAHWA HHOI' Ia BO3-

HUKAET MOTPEOHOCTh OONOJHUMENbHO20 NAPAKIUHUYECKO20 00Ocnedosanus. B
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TaKuX CJIy4daiax OOJILHOTO WJIN €ro POACTBCHHHWKOB HAIIPABJISAIOT B COOTBETCTBY -
IOIHUEC CIICHUAIIN3UPOBAHHBIC YUPCIKIACHHA.

Ha Il 3tane onpenensitor npozrnos 01sa nomomcmea.

T'enemuueckuti puck MOXET OBITh OTIPEICIICH JIMOO IMyTEeM TEOPETUUECKUX
pacyueToB ¢ UCIOJIb30BAHUEM METO/IOB FT€HETHYECKOI0 aHAJIN3a U BapUAITMOHHOM
CTaTUCTHUKH, JTUOO C TOMOIIBIO AMIIMPUUECKUX JTAHHBIX (HA OCHOBE TAaOJIUIl AM-
NUPUYECKOTO PUCKA).

[Ipy MOHOTEHHBIX, MEHICIUPYIOMUX OOJE3HAX MPOTHO3 OCHOBBIBACTCS
Ha pacyeTe BEPOSATHOCTU IOSBJIICHUS ITOTOMCTBA B COOTBETCTBUM C I'€HETHYE-
CKMMH 3aKOHOMEpHOCTAMH. [Ipn 3TOM, ecnu M3BECTEH THUIl HACIEeNOBaHUS JaH-
HOT0 3a00JIEBaHMs U 110 POJOCIOBHOM yAA€TCA YCTAHOBUTH T€HOTHUI POJUTENEH,
OLICHKA PHUCKAa CBOJAUTCS K aHAJIIM3Y MEHJCIEBCKOro pacmeruienus. Eciu y mpo-
0aH/a yCTaHOBJIEHa BHOBb BO3HMKIIAs MYTallUsl, TO PUCK POXKIEHUSA PEOCHKA C
TaKOM JK€ MaTOJIOTUEN HE3HAUUTEIICH.

[Ipu XpoMOCOMHBIX OOJE3HSX ONPENEICHHE PUCKA MOBTOPHOTO POXKIAE-
HUS TIOTOMCTBA C XpOMOCOMHBIMU aHOMAJIMSIMU 3aBUCUT OT TOT0, KAKOBbI KapH-
OTHUIIBI poUTENEN (MO3auLIU3M, CTPYKTYpHBIE aHOMAJIMK XpoMocoM). B ciyuae
OTCYTCTBHSI HapylICHHH B KApUOTHUIE POAMTENIEH BEPOSTHOCTH IOBTOPHOTO
poXXIeHHsl peOeHKa ¢ XPOMOCOMHON aHOMajuell OLIEHHWBAETCSA MO SMIUpUYE-
CKUM JaHHBIM ISl Ka)KJI0TO BHJIa aHOMAJIMH C YYETOM BO3pacTa pOaUTEIEH.

[Ipu mynpTH(daKTOpUATBEHBIX 3200JI€BAaHUSX OCHOBOM OIEHKH PUCKA SIB-
JITFOTCS] AMIIUPUYECKUE TAHHBIE O MOMYJISIMUOHHOW U CEMEUHOM 4acTOTE KaXKI0-
r0 U3 HUX.

Cneyugpuyeckuil ceHemu4ecKuti puck npuHsImo Cuumamay.

- 10 5% — HU3KUM;
- 10 10% — MOBBIIIICHHBIM B JIETKOM CTEICHHU;

- 10 20% — cpenHum;
BblIIe 20% — BBICOKHUM.

I'enemuueckuii puck cpeoHeti cmeneny paclieHUBAIOT KaK MPOTUBOIIOKA3a-
HUE K 3a4aTHIO WU TTOKa3aHUE K MPEPHIBAaHUIO YKE NMEIOIIEHCS OEpeMEHHOCTH.

Bo3moxHOCTH IIPOBCACHUA HpeHaTaHBHOﬁ JAUArHOCTHKH SABJIACTCA OIIPC-
I[CJ'I?[IOH_[eﬁ I IIPUHATHSA ITOJIOKUTCIIBHOTO PCIICHKUA B OTHOIMICHWH 3aBCPIIC-
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HUsl OEpEMEHHOCTH.
Il 3Ttan. Ilpedocmaesnenue 3axnrouenus.

3aKJIIOUNTENbHBIE 3TAllbl KOHCYJIBTUPOBAHUS TPEOYIOT CaMOr0 MPUCTAIIb-
HOro BHUMaHH. Henb3st momyuuTh mpaBHiIbHBIN 3G (GEKT KOHCYIbTUPOBAHUA,
€CJIM MAIUEHTHI HEMPABUILHO MOUMYT OOBSICHEHHSI Bpada-TeHETHKA.

Jns mOCTWXKEHUS 1eIM KOHCYJBbTHUPOBaHUSI NpU Oecelle ¢ MalMeHTaMHu
CIeyeT yYUTHIBATh YPOBEHb MX OOpa30BaHUS, COMMAIBHO-IKOHOMHUYECKOE TI0-
JI0)KEHUE CEMbH, CTPYKTYPY JINUHOCTH U B3aUMOOTHOIICHUS B CEMBE.

TonkoBaHWe pHICKa JOJDKHO OBITH MPUCIIOCOOJEHO K KAXKJAOMY CIy4aro
WHJIUBUIYAJIBHO.

Kpome Toro, posib Bpaua He HOKHA CBOAUTHCA TOJBKO K OOBSICHEHUIO
CMBICIIa PUCKA — 8pAy 00IHCEH NOMOYb 8 NPUHANUU PEULeHUS.

MenuuuHCcKHE 3a1a4¥ KOHCYJIbTUPOBAHUSL PEIIAKOTCS JIErde, 4YeM COLM-
albHO-ITHYECKUE MpoOieMbl. He BBI3BIBAET COMHEHMS, YTO YeM TsKesee
HacJe/ACTBEHHAass OOJIe3Hb, TEM HACTOSATEIbHEE Bpad JOJKEH PEKOMEHIOBATh
OTKa3aTbCs OT AeTopoxacHUsA. OHAaKO MPU OJHON U TOU ke OOJIe3HU, HPU O1-
HOU U TOH K€ BEPOATHOCTH POXKJEHHUS O0JIHHOTO pebeHKa pa3Has 0OCTaHOBKA B
ceMbe TPeOyeT pa3IMYHbIX MOAX0J0B B OOBSICHEHUHN PHUCKA.

B siro00M cilydae MPUHATHE OKOHYATEIBHOTO PEIICHUS O ACTOPOKICHUN
OCTaETCH 32 CEMBEM.

O} dexkTUBHOCTh METUKO-TEHETUUYECKOTO KOHCYJIBTUPOBAHUS 3HAYUTEIb-
HO BO3pacTaeT 0yiaroapsi UCIOIb30BAHUIO COBPEMEHHBIX METOAOB MPEHATAIb-
HOM (10po/10BOM) nuarHOCTUKU. OHA MO3BOISET 3aJ0JIr0 10 POKACHUS OIpeie-
JUTH 3a00JIEBaHUE U, €CIIM HEOOXO0IUMO, MpepBaTh OepeMeHHOCTh. [1o pesyrb-
TaTaM MEJIMKO-TEHETHYECKOTO KOHCYJIbTUPOBAHUS JKCHIIIMHBI HAMPABIISIOTCS Ha
MPEHATATBHYIO TUaTHOCTHKY.

HNPEHATAJIBHASA TUT'HOCTHUKA

[IpeHaranbpHas AMAarHOCTUKA — 3TO IMATHOCTHKA BPOKICHHOW U HACJE-
CTBEHHOM NAaTOJIOTUH IJI0/Ia HA ATarle BHYTPUYTPOOHOTO pa3BUTHSL.

Ob6vexmomnpeHaTAIbHOW TUAarHOCTUKY SIBJISIETCS 3apO/IBIIT YeI0OBEeKa Ha
Pa3HBIX ATalax BHYTPUYTPOOHOTO pa3BUTUs. UeaoBeUECKHT 3apObII CEroIHS
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AOCTYIICH AJId CaMbIX paSHOO6paSHBIX I/ICCJ'ICILOBaHI/Iﬁ U JUArHoCTHUKHU IIPaKTHUC-
CKU Ha 110001 CTaAuH PAa3BUTHA.

B xone IMPCHATAJIbBHOT'O MCINKO-TCHCTHYCCKOI'O KOHCYJIbTHUPOBAHUS Bpad-
TCHCTHUK OIIPCACIIACT:

- IOKa3aHUsI, METOJI U CPOKH MPOBEICHNS NHBA3WBHON MaHUITYJISIITAN
(coBMecTHO ¢ BpauoMm 3kcniepToM Y3UN);

- MCTOJAbI J'Ia60paTOpHOI?I AUArHOCTHKH IIJIOIHOT'O MaTCpHaia (COBM€CTHO

C BpauyoM J1aDOpaHTOM-TEHETUKOM).

3aBepIaercs JaHHBIA 3Tall MEAUKO-TEHETUYECKOTO KOHCYJIbTUPOBAHUS
oopmieHrneM HH(GOPMHUPOBAHHOTO JAOOPOBOJIBHOTO COTJacus WM OTKaza Oe-
PEMEHHON Ha WMHBA3UBHYIO mpouenypy (Manumyisnuio). [Ipu stom OnaHk co-
IJIacHsl WM OTKa3a 3aIloJIHAETCS JIMYHO OepeMEHHON U C JIMYHOM ee MOJIMHUCHIO
BKJICHBaeTCs B aMOyJIaTOPHYIO KapTy.

Bpau-renetuk uH(pOpMHUpyeT OEPEMEHHYIO JKEHIUMHY O pe3yibTaTax
MPOBEICHHOIO0 HEMHBA3UBHOTO CKPUHUHIA M KIIMHUYECKOW KapTUHE BO3MOKHO-
r0 BPOXJAEHHOTO HACIIEICTBEHHOIO 3a00J€BaHUs; OOBSICHSAET CMBICH U 3HaYEHUE
WH/IMBHUIYaJIbHOTO PHUCKA I MPUHATHUS PEIICHUS O TOMOIHUTEILHOM 00CIen0-
BaHUH, YTOUHSIOLIEM JMarHo3 Oyayliero peOeHKa; pa3bsiCHSET 1IeNd, 3a7a4uu U
CyTh MpeajaraéMoro JOIMOJHUTENBHOIO o0cienoBaHus, (B T.4. MHBa3UBHOIO),
JUTsl TIOCTAHOBKHU JHMarHo3a BPOXACHHBIX MOpokoB paszsutusi (BIIP) u xpomo-
COMHBIX aHoMmanuii (XA) y mioja.

OcCHOBHBIC OKAa3aHUS JJIA HaITpaBJICHU A 66DGMGHHOI71 Ha IMPpCHATAJIbHYVYIO
AUAIrHOCTHKY BO BCCM MHUPC IIPUMCPHO OJNMHAKOBBI:

1) Bo3pacT xxeHiuHbI ctapiie 35 et (B Poccuu no npukazy Munszapasa
1993 rona - crapmie 39 ner);

2) HanIM4YMe HE MEHEe JBYX CaMOIPOU3BOJIBHBIX BBIKUBIIIEN (A00PTOB)
Ha PaHHHUX CPOKax OEpeMEHHOCTH;

3) Hanmuuue B ceMbe peOCHKA WIIH T1J10/1a OT MPEBIIYIIeH OepeMEHHOCTH

c 6one3nnio JlayHa, ApYyruMU XpOMOCOMHBIMU OOJIE3HSIMU, C MHOYKE€CTBEHHBIMU
BPOXKJACHHBIMHU MTOPOKAMHU, CEMEIHOE HOCUTEIHCTBO XPOMOCOMHBIX TIEPECTPOCK;

4) MHOT'MC MOHOI'CHHBIC 32160J'I€BaHI/I$[, paHCC NTHUAIrHOCTHUPOBAHHBIC B CC-

Mb€ WIH y OJIMKANUIINX POJICTBEHHUKOB;
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5) mpuMeHeHue Nepel U Ha paHHHUX CpoKax OepeMeHHOCTH psifa dapma-
KOJIOTUYECKUX IIPENapaTos;

6) mepeHeceHHbIC BUPYCHBIC MH(PEKIINA (TeTaTHT, KpacHyXa, TOKCOIIa3-
MO3 U JIp.);

7) o0ydeHne Koro-HuOyab U3 CYNpPyToB JI0 3a4aTHsl.

[IpenaTanbHasi AMArHOCTUKA HACIEACTBEHHBIX 0OJIE3HEW — KOMILIEKCHAS,
OBICTPOpA3BUBAIOIIASICS 00JIACTh MEIUIIMHBI, UCIIONB3YIONIAasl YIbTPa3BYKOBYIO
JMATHOCTUKY, XUPYPTUYECKYI0O TEXHUKY U J1abOpaTopHble METObl. MeTojpl,
NpUMEHSIEMbIE JJI NMPEHATATbHOW JTUArHOCTUKH, 1EIecOo00pa3Ho pas/eiuTh Ha
HEeMnpsIMbIe, KOTJa 0ObEKTOM HCCIIEOBAHUS SBISICTCS O€peMEHHas KEeHIIWHA, U
npsiMble, Koraa uccieayerca caM Iiof. [IpsMble MeTonbl MpeHaTaabHOW Iua-
THOCTHKHU MOTYT OBITh MHBA3WBHBIMH (OTIEPATUBHBIMU) M HEWHBAa3UBHBIMU. [[71s1
KaXJIOTO METOJa €CTh CBOM MOKa3aHWS M MPOTHUBOIIOKA3aHUS, pa3peliaroniue
BO3MOKHOCTH M OCJIOXKHEHUs. TakTuka MpeHaTalbHOW AMArHOCTUKH JOJIKHA
OBITH CTPOrO MHAMBHIyaJIM3UPOBaHA B COOTBETCTBUM C KOHKPETHOM CUTyaluei
U COCTOSIHUEM OEpEMEHHOI.

HENPSAMBIE METObI IPEHATAJIBHOM TUATHOCTHUKHA

Crenyer OTMETUTB, YTO OCHOBHOE HA3HAYEHUE HEMPSIMBIX METOJOB - OT-
OOp JKEHILMH TPy BBICOKOTO PUCKA JUIS JAIbHEHIIET0o YriyOJIE€HHOTO HA0I0-
nenusi. Hapsamy ¢ 0akTeproIOorn4ecKiMU UCCIIEIOBAaHUAMH Ha CKPBIThIE MH(]EK-
A U aKyLIIEPCKO-TUHEKOJIOTMYECKUM OCMOTPOM Ba)KHasl POJIb ITPUHAIIICKUT
MEIMKO-TEHETUYECKOMY KOHCYJbTUPOBaHMIO. [Ipu 3TOM yKe Ha ypOBHE KEH-
CKHUX KOHCYJIbTAIIUH KEHIMHA MOXKET TOJy4YUTh HHPOPMAIIHIO O TOM, OTHOCHUT-
Csl OHA WJIM HET K TPYIIaM BBICOKOTO PUCKA POXKIACHUS OOJIHLHOTO peOeHKa.

Cpenu HemnpsiMbIX METOJIOB MPEHATAIbHON JUATHOCTUKH OCOOEHHO BaXK-
Hasl POJIb MPUHAIICKUT UCCIICIOBAHUIO MAaPKEPHBIX IMOPHOHAIBHBIX OCIKOB B
CBIBOPOTKE KPOBH MaTEPHU:

1) CBIBOPOTOYHBIE MapKepbl KPOBHU MaTepu — TPOUHON TecT (anbda-
¢deronporenn (ADII), xopuanbHblii roHagoTponuH (XI'YH), HEKOHBIOTHPOBAH-
HbIH AcTpaauno (HD)).

2) HOBBIE CHIBOPOTOYHBIC MapKephl: OeTa-koposwiid Ppparment XI'Y (B
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moue), 6enok 6epemenHbix PAPP-A.

3) kieTku mioaa (3pUTpooIacTsl, TMMQOLUTEI) B KPOBIHOM PYCJI€ MaTepH.
Bce BblmenepeyucieHHbie OeNKu ABISI0TCS YMOPUOHCTICHU(UIHBIMY, TO

€CTh MPOAYIHUPYIOTCS KJIECTKaMU CaMOTo IJI0/Ia WM TUIAICHTHI U MOCTYMAaloT B
KPOBOTOK MaTepH, MPUUYEM MX KOHIIEHTPAILUS B CHIBOPOTKE KPOBU OEpPEMEHHBIX
MEHSIETCS] B 3aBUCMMOCTH OT CpOKa OEpEMEHHOCTH U COCTOSIHMS TutoAa. B vacT-
HocTH, coaepkanne ADII Bo3pacTaeT mpu OTKPHITHIX Ae(eKkTax HEPBHOU TpyO-
ki (PK3eHledanus, MO3TOBBbIC TPBIKH), He3apallleHUW TMepeaHer OpromHON
CTEHKH, aHOMAJIUAX MOoYeK. B MUpOBO# uTepaType HAKOIIIEH OOIIUPHBIN (ak-
TUYECKUI MaTepran 00 U3MEHEHUHU 3TUX CHIBOPOTOUYHBIX OCJIIKOB B HOPME U MpHU
Pa3IMYHON MATOJIOTUH, U TTPAKTUYECKHU BO BCEX PA3BUTHIX CTPaHAX MPOBOJUTCS
CKPUHHPOBAHUE BCEX OEPEMEHHBIX JKEHIIMH Ha COJIEpKaHUE 3TUX OEJKOB C Lie-
JIbIO BBISIBIICHUS KEHILIKH C BBICOKUM PUCKOM POXKACHMS E€TEH ¢ BPOKICHHBIMU

M HacIeACTBEHHBIMHU Mopokamu. [IpoBeneHHoe B ontumaibHbie cpoku (15-16-
HEJEIbHOW OEPEMEHHOCTH) C UCIIOJIb30BAHUEM TPEX TECT-CUCTEM UCCIIEI0BAHUE
103BoJIsIET BBIABUTH 10 80% 1m1onoB ¢ nedeKTaMu pa3BUTUSL BHYTPEHHHUX Opra-
HOB U J10 65% - ¢ XpOMOCOMHBIMU 00JIe3HAMH (Hampumep, ¢ 6ose3Hwto [layHa,
NONYJISIITUOHHAs YacToTa KOTopol coctanisieT 1 Ha 600-650 HOBOPOKIECHHBIX).
EcTecTBEHHO, YTO CTOJIb BBICOKAsA 3(PPEKTUBHOCTh U1 COOTBETCTBEHHO 3KOHOMH-
yeckasi peHTa0eIbHOCTh (CTOMMOCTh COJIEpKaHMsI OJTHOTO pedeHKa ¢ 00JIE3HbIO
JlayHa B TeueHHE rofa B aMEPUKAHCKOM CTIel]. MHTepHaTe oneHuBaeTcs B 40-50
ThIC. A0Jul. CIIIA) ckpuHHUPYIOIIMX TPOrPaMM MOTYT OBITh IOCTUTHYTHI TOJIBKO
IpU YCJIOBHH MAacCOBOTO CKPHUHUHITA BCEX OEPEMEHHBIX C HCIIOJIb30BAaHUEM
KOMIIBIOTEPHBIX MporpamMm mnojacuera pucka. CkpunupoBanue ADII u XI'Y Bo
BpeMsi OCpEeMEHHOCTH BEJETCS M BO MHOTHX MEIMKO-TEHETHMYECKHX IEHTpax
Poccun.

K cokaneHuto, CpaBHUTEIbHO BBICOKAsk CTOMMOCTh UMMYHO(GEPMEHTHOTO
aHajau3a, OTCYTCTBUE OT€UECTBEHHBIX HAOOPOB HEOOXOAUMOIO KaueCcTBa MPUBO-
JAT K TOMY, 4TO Ja)xe B TaKuX ropojax, kak Mocksa u Caunkr-IletepOypr, me-
HEe TMOJIOBUHBI O€pEeMEHHBIX MOABEpraroTcs CKpuHuHry. IIpudem B OOJBIINH-
CTBE clily4aeB OH orpaHnyeH ToJabko ADII, 4To pe3ko CHUKAET €ro JUarHoCTU-

YECKHUEC BOZMOKHOCTH IO CPABHCHHUIO CO CTAHAAPTHBIMU IIpOorpaMmMamMu, OCHO-
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BaHHBIMH Ha TECTHPOBAHUH CPa3y HECKOJIbKUX MapKEPHBIX OCITKOB.
YiabTpa3ByKOBO€E CKAHHUPOBAHHE

Haubonee pacrpocTpaHeHHBIM U caMbIM 3()(PEKTUBHBIM MPSIMbIM HEUHBA-
3UBHBIM METOJIOM MCCIIEIOBAHUS IUIO/A SIBISETCS YIbTPa3BYKOBOE 0OCien0Ba-
HUE (CKaHUPOBAHUE) - YIbTPA3BYKOBas JAUArHOCTHKA, KOTOpas MO3BOJISET BbI-
aBUTb 10 70% miogoB ¢ aHaTtomuyeckumu nopokamu (puc. 10.1). Janubiii Me-
TOJ CETOHS SBJIIETCS CAaMBIM TIPOCTHIM U 3 (PEKTUBHBIM CITOCOOOM TUATHOCTHU-
KM aHATOMUYECKUX MOPOKOB.

OnTuManbHBIM MOJXOJAOM SBJISIETCS OpPraHu3alusl JIBYXATAlHOro Y3-
CKpPUHMHTA: «aKyIIEPCKOro» (BBIABICHUE IPYObIX MOPOKOB U aHOMAJIUN pa3BU-
THS MPOBU30PHBIX OPTaHOB IUIOJIa B POJOBCIIOMOTaTEIbHBIX YUPEKACHUAX) U
«TeHeTHu4ecKoro» (mpuienbHasi nauarHoctuka BIIP B pamkax wmeauko-
T€HETUYECKOT0 KOHCYJIbTUPOBAHHS ).

BrisBisierca okosno 70% BcexX COCTOSHUM ILIOAA, COMPOBOXKIAKOIINAXCS
BPOXXJICHHBIMU TOPOKaMHM Pa3BUTHS, KaK HM30JMPOBAHHBIX, TaK U B COCTaBE
XPOMOCOMHBIX W HACJIE€ACTBEHHBIX CUHJIPOMOB.

Vavmpazeykoevle npuznaku Hamuyusi 6PO#COEHHBHIX NOPOKO8 PA3EUMUSL
(BII)P y nnooa:

OIICPCIKCHUC HUJIKM OTCTAaBaHHUC IIJIOA B POCTC,

- un3MeHeHHble DXO-KOHTYpPBI YaCTEW TeJla U BHYTPEHHUX OPTaHOB;

HapymCHUA ITOJIOKCHU S, TPCIJICIKAHNA U ITOABUKHOCTH 111044,

- IUCIPOIOPLHS YacTeu Tena Iioaa.

Vaempaszeyxoevie npusnaxu nanuuus BIIP y niooa no npo8u3ophvim op-
2aHam:

- TIOJH-, OJINTOTUIAPOAMHUOH
- TUIOIIA3Us IUIALICHTHI

- TUIO- WJIM TUIIEPILIa3us MyTOBUHBI

- arias’us OJHOW U3 apTepUil MyNOBUHBI
- aMHUOTHYECKHUE TSHKU

- KHUCTBbI IJTALECHTHI

- TIOPOKHM Pa3BUTHs MOCIIENA



- HapyleHus (eTo-TaleHTapHOro0 KPOBOOOpAIICHUS

213



Baxno MNOAYCPKHYTb, YTO METOA aHpO6I/IpOBaH YKE Ha JCCATKax, €CJIU HEC
COTHAX MHJIJIMOHOB 6ep€M€HHBIX 1 ero abcomoTHas 6€3BpeI[HOCTI> L MaTepu

b muiona TBepao nokazana. K coxanenuto, ¥Y3-auarHoctTuka MajJouH()OpMaTHUB-
Ha MPU XPOMOCOMHBIX 1 OCOOCHHO MOHOTE€HHBIX 3a00JICBaHUSX, /ISl BHISBICHUS
KOTOPBIX HEOOXOJUMO MCIOJIb30BATh KJIETKA CaMOro IJI0/a WK €ro MpoBU30P-
HBIX OPTaHOB (TUIAIIEHTHI, 000JI0YEK), MOTYyIaeMbIX OTICPATUBHBIMA METOAMHU.

NHBA3UBHBIE (OIEPATUBHBIE) METO/bI
NPEHATAJIBHOM TUATHOCTHUKHA

JlocTarouHo monHas WH(OpMAIUs O KapHOTHIIE 3apojpbllia, OHMOXUMHUYE-
CKUX M TEHOTUITUYECKHX OCOOCHHOCTSIX €ro KJIETOK MOXET OBbITh MOJyYeHa TOIb-KO
Ha OCHOBAHHMH COOTBETCTBYIOIIUX MCCIIEAOBAHUI HETIOCPEICTBEHHO TKAHEH CaMOro
IUIOAA WM €ro IPOBU3OPHBIX OpPraHoB (IUIAlleHTHI, XxopuoHa). Pa3pabora-Hbl u
HMIMPOKO MPUMEHSIOTCSl pa3IUYHbIE NHBA3UBHBIE METO/IbI, TIO3BOJISIOLINE MOTyYaTh
AMOpPHOHATIBHBIN MaTepua Ha JI000M CpOKe OEPEMEHHOCTH.

Bce nHBa3uBHbIE MaHUMYJISIUU TPOBOASTCS MOJ YJIbTPa3BYKOBBIM KOH-
TPOJIEM B CTallMOHApPE OJHOTO JHS ONBITHBIM BpayoM. Ilocne mpouenypst Oepe-
MEHHas >KCHILMHA B TEYEHHE YEThIPEX — MSATH YacCOB HAXOJUTHCS MO HaOo1e-
HUEM CHEeIUaIuCTOB. UTOOBI M30€XKaTh BO3MOMKHBIX OCJIOKHEHUH IMALIMEHTKE
IPO(PHIAKTUYECKH HA3HAYAIOTCS MPENnapaThl 0 U MOCHE MPOLEAYPHI.

buoncusa eéopcun xopuona u naayenmoodouoncua — nonxydeHue HeOOJb-
IIIOT0 KOJIMYECTBA BOPCHH XOPHOHA MU KYCOYKOB TIJIAIIEHTHI B TIEPHO ¢ 8- 11O
16-10 menento Gepemennoctu (puc. 10.2). IlpuHIMIIHATHEHON Pa3HUIBI MEXITY
MOKa3aHUSIMU K TIPUMEHEHUIO ATUX JABYX crocoOoB Ouorncuu HeT. [Ipouemypa
OCYIIECTBISETCS TPAaHCAOJOMUHAIBLHO WIIM TPAHCIEPBUKAIBHO O] KOHTPOJIEM
VY3U. O6pasipl XopuoHa mojajiexaT 1abopaTOpHON AUArHOCTUKE: ITUTOTEHETH -
YECKOM; OMOXMMHUYECKOM; MOJEKYyJIIpHO-TeHeThnueckoi. Kakux-nmubo Hapyte-
HUW TUIALEHTHI, POCTa IUIO/A, TOSIBICHHS BPOXKICHHBIX MOPOKOB Pa3BUTHSA U
YBEJIMYCHHUS TTPEHATAIBHOW CMEPTHOCTH TOCJIE XOPUOHOMOIICUY HE HAOII0AaeT-
cs1. OgHAKO PUCK OCIIOXHEHHUM MPU XOpUOHOMOIICUU OOJIbIe, YeM MPU aMHHUO-
1enre3e. Bo3MoxHbI crioHTaHHBIe a00pTHI (2,5 — 3%), HeOoIbIIOe KPOBOTEUE-

Hue (y 10% >KeHIMH Ipu TPaHCIEPBUKAIBHOM CIIOCO0€), COKPAIIEHUS MYCKY-
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natypsl Matku (y 2,5% KeHIIMH Mpu TpaHCAOJOMUHAIBHOM CIOCOOE), OYEHb
PENKO - MaTOYHAsT UH(EKIIHSL.

Amuuoyenmes — acnupanysi aMHUOTHYECKOM JKUJKOCTU ITyTEM IPOKOJIA
MaTKH 4epe3 MEepeHIO OpIolIHyI0 cTeHKY). [IpousBoaurcs B 16 — 18 Henenb
o koHuTpoaeM Y3U. (puc. 10.2). Cynpyro npeaynpekaarT, 4TO PUCK BBIKU-
neima 1 — 2%. UcciaenoBanne aMHUOTHYECKOM >KUIKOCTH IO3BOJIIET JUArHO-
CTHpPOBATh MOJ IJIOJA, HAIWMYHE XPOMOCOMHOM MaTtoioruu, Oone3neir oOMeHa
Bemects, nopoku passutuga LHHC. Luronormyeckoe uccieqoBaHUE KIETOK C
onpeneneHrueM X U Y XpOMOCOM B aMHUOTHYECKOMN KUJKOCTH JOTOJHSIOT IU-
TOT€HETUYECKUM (BBIBICHUE XPOMOCOMHOM MATOJIOTUU TUI0AA) U OMOXUMUYe-
CKUM (ompeneneHue (pepMEeHTOB AJisl BBISBICHUS OoJjie3HEH OOMEHa y Iioja,
Hanp. MyKonoaucaxapuao3sa). IIlpu BeisBIeHNH y TJ10[ja aHOMAJIBHOTO KapHOTH -
na, WIK 3HaYUTEIbHOIO U3MEHEHUS B COJEpKaHUM (DepMEHTA MOKa3aHO Mpepbl-
BaHUE OEPEMEHHOCTH.

Kopooyenmes - nyHkiysg mynoBUHHON KpoBu mioaa (puc. 10.3). Onrtu-
MaJIbHBIA CPOK BBIMIOJHEHUS KOpIOIeHTe3a — 22-25 Henenb 6epemeHHocTu. O0-
pasiibl KPOBU SIBIISIIOTCSI OOBEKTOM JJISI ITUTOTEHETHYECKHUX (KYJIbTUBUPYIOTCS
TUMOIUTHI), MOJEKYJSIPHO-TEHETUUECKMX M OMOXUMUYECKUX METOJOB JHa-
THOCTUKH HACIEJCTBEHHBIX O0Je3Hel. [Ipu 3TOM BO3MOXKHO BBISIBICHHE XPOMO-
COMHBIX Oo0Jie3HEH, UMMYHOJIE(PUIIUTOB, TeMaTOJIOIMYECKUX HACJECICTBEHHBIX
Oone3neil. IlpenMyniecTBOM KOpAOLIEHTE3a SBISETCA TO, YTO KpPOBb Oojee
yAOOHBIA OOBEKT AJI MCCIETOBAHUM, YEM KJIETKH aMHUOTHYECKOU KHUIKOCTH.
JIuM@oUTHI KyJIbTUBUPYIOTCS ObICTpEe (2 — 3 JHS) U HAJIE)KHEE, YeM aMHUOLIU-
Thl. YacToTa OCIOKHEHHUI NIPU KOPJIOLEHTE3€ He MpeBbIaeT 2%.

Buoncus mkaneii ni1oda xak 1MarHOCTUYECKas MPOLETypa OCYLECTBIIS-
ercs Bo Il TpumecTpe 6epemeHHOCTH 1o KOHTpoieMm Y 3U.

JInsi TMarHOCTUKM TSKENBIX MOPAXKEHUH KOXKU (MXTHUO3, SMHUIAECPMOIIN3)
JIeNat0T OMOTNCHIO KOXKU TUIOAA C MPOBEACHUEM B JanbHeilieM naToMopgoio-
TUYECKOI0 UCCIIEIOBAHUS.

Buoncuto mvtumy ninooda npousBOIAT Il TUATHOCTUKHU Auctpoduu [ro-
meHa. buonrar uccneayroT UMMYHODITFOOPECIIEHTHBIM METOIOM.

Takue MeToAbl B YKa3aHHBIX U B pAJIe IPYTUX CIydaeB AaroT Oosiee mpa-
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BHUJIBHBIC PE3YJILTATEI, YTO IMO3BOJISICT IOCTABUTD TOYHBIN AWAardo3 njin yBEpCH-
HO OTBCPIrHYTbH €I0.

HpeI/IMHJIaHTaIII/IOHHaH AHArHOCTHKA

B cepeaunnl 80-X IT. IPOBOJATCS MCCIICAOBAaHUS B HAIPABICHUHU HpeUM-
naanmauuonHou ouaznocmuku. Ilpu >ToM B KauecTBe OObEKTa NJis AUArHO-
CTUKHU HaCJIEACTBEHHBIX 3a00JI€BaHUM MPEIOIaracTcsi UCIOIb30BaTh 3aPObIIII
Ha paHHUX CTaausAX pa3BUTHUA. Takasi JUAarHOCTUKA OTHOCUTCSI K METOJaM Iep-
BUYHON MPOQHUIAKTUKH HACIIEACTBEHHBIX Oose3Heil. biaromaps et MOXXHO u3-
0eXXaTh MOBTOPHBIX A0OPTOB B CEMbSAX C BHICOKMUM PUCKOM HACJIEACTBEHHOU Ma-
TOJIOTHH.

HOHy‘-ICHI/IC IMPCUMIITIAHTAIIMOHHBIX 3M6pHOHOB BO3MOKHO IABYM:A IIYT:A-
MU HCXUPYPTHICCKUM MATOYHBIM JIaBA’KEM N OILIOAOTBOPCHHUCM B HpO6I/IpK€

(puc. 10.4).

ITpu mamounom nagadice MOKHO NOJIYUUTH €€ HE UMILUIAHTUPOBABILINI-
¢ 3apoabil B nepuog 90 — 130 gacos nocne omnonorsopenus. K atomy Bpeme-
HU 3apObILI CITyCKAaeTCsl U3 MaTOYHOU TPYOBl B MaTKYy.

Oto nporeaypa 6e36oae3HeHHas u 6e3omacHas. COOTBETCTBYIOIINUE MPHU-
crioco01eHus (yIaBIUBaTEIb, IPOBOJIHUK U KaTeTep) YKe OMpOoOOBaHEI.

[Ipouenypa He BIMSET HA MOCIENYIOUIME OBapUAIbHBIE IUKIIBI U HE Tpe-
MATCTBYET OYyIIUM OEpEMEHHOCTSIM.

DxcmpakopnopaivHoe onio0omeopeHue u OpooieHue 3u2omvl XOPOIIOo
M3BECTHO M JAaBHO MPUMEHSETCS B aKyIIEPCKOW MPAKTHKE B CIIydasx Mpeoiosie-
HUS OecIuioaus, 00yCIOBISHHOTO HEPOXOAMMOCTBI0O MATOUHBIX TPYO.

OT noy4eHHOr0 3apo/ibllia MyTEM MUKPOXUPYPrUYECKUX MAHUITYJIAIUN
MOKHO OTIEJIHUTh 1-2 KIIETKH, KOTOPBIE M TMOJBEPTAIOT HCCIEAOBAHUIO. 3apo-
JIBIIT K€, TIOKA TIPOBOJISIT aHAJIU3 KJIETOK, COXPAHSIOT B YCIOBUSIX TIIyOOKOH 3a-
MOPO3KH WJIM OH MPOJIOJIKAET Pa3BUBAThCS B MCKYCCTBEHHBIX ycioBusx. [lon-
cajiKka IMocJjie 3aMOPO3KH MOKET OBITh CieaHa BO BpeMsl JII000ro Apyroro opa-
PHAIBHOTO IUKJIA.

JlnarHocTHKa Ha yPOBHE OJHOM KJIETKH B HACTOSIIEE BPEMS pealIbHA JJIst
HEKOTOPBIX 00JIe3HEH. AHATU3UPYS MOJICKYJIIPHBIMU WJIA IIUTOTCHETHUECKUMU

METOJIaMH TIOJISIPHBIC TENbIla WX U30JIUPOBAaHHBIE KIIETKH (0J1acTOMEpHI) IpO-
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OsiMXcs 3apoAblleH, MOJYyYEHHBIX B pe3yibTaTe UCKYCCTBEHHOTO OIIOAOTBO-
pEeHUsl BHE OpraHM3Ma MaTepu, MOXHO C JOCTATOYHOM YBEPEHHOCTBIO OIpeje-
JUTH TOJI 171012 (YTO BaKHO IIPU HAJIMYUU B CEMbE 3a00JI€BaHUM, CLUEIIJIEHHBIX C
X-XpOMOCOMOI), a TaKKe€ MPOBECTU MOJIEKYJSPHYIO THATHOCTUKY HEKOTOPBIX
pacpoCTpaHEHHBIX HACJCACTBEHHBIX 3a00JeBaHUN (MYKOBHUCIHI03, reModu-
Tusi, CMHApOM (paruibHOi X-XxpoMocoMmsl) (puc. 10.4).

Nmerorcst coobiienust 00 yCHenrHod AMarHOCTHUKE, Ha MPEeUMIUIaHTAallM-
OHHOU CTaauu Takux Oose3Hei, Kak: cuHIApoM MapdaHa; MUOTHYECKAS JTHC-
Tpodus; MyKOBUCITU03; TalacCeMHUs; Xopes [ eHTHHITOHA; MBIIIIEYHAs TUCTPO-
¢us dromena.

B mepenoBBIX 3amaJHbIX LEHTpax Takas JOMMILIAHTAlMOHHAs JIHArHO-
CTHKA YK€ IPOBOJUTCS U 3apETMCTPUPOBAHBI CIIy4aW POXKICHHS 3J0POBBIX -
TEH mociie Takou npouenypsl. OQHAKO U B 3TUX LEHTPax AOWMILIAHTALMOHHAS
JIMarHOCTUKa HAaXOJUTCsS IOKa B CTaJuU HaydHbIX pa3paboTtok. B Poccun u
ctpaHax CHI' noummiaHTallMOHHAs JMAarHOCTUKA HAclEACTBEHHBIX OOJe3Hel
[IOKa OTCYTCTBYET. BMecTe ¢ TéeM BO MHOI'MX MEIMKO-T€HETHYECKUX LIEHTPax
CTPaHbI IHUPOKO MPUMEHSIOTCS UHBA3UBHBIE METObI NOJYUYECHHS ILUIOJHOIO Ma-
TepHasia Kak B IEPBOM, TaK U BO BTOPOM TPUMECTPE OEPEMEHHOCTH.

MoskHO HagCAThCA, YTO B OmKanIee BpEMsA MCTOJAUYCCKHEC BO3MOZKHO-
CTH HpGHMHHaHTaHHOHHOﬁ AUArHOCTUKU PACHIMPATCA KaK B o0JacTn InoJryvce-
HHA JTUArHOCTUYCCKOIro MaTtcpurajiad, TaKk U B 00J1aCTH aHATUTHYECKUX MECTOOOB.

B Haweii cmpane ycnewino ucnonv3yromces ciedyowue memoovl NpeHa-
MAanbHOU OUACHOCTMUKU!

N sddextuBnoe Y3U-ckpruHupoBaHue 6€pEeMEHHBIX;
N  mpobnemy 3ab60opa MIOAHOTO MaTepuaia Ha BCEX CPOKax OEPEMEHHOCTH;

N addexTrBHOE BRISBICHUE KCHIIWH I'PYTI BEICOKOT'O PHUCKa POKICHUS
nerei ¢ BIIP.

N >¢dexTrBHBIC IUTOTEHETUUYECKHUE U MOJIEKYJIIPHO-TEHETUYECKHE Me-
TOJbI IMAaTHOCTUKH XPOMOCOMHBIX M T€HHBIX 00JIe3HEH Yy M10/a.

Axmyanouvivu 014 Poccuu agnaiomces creoyoujue npoobiemsi:
B orcyTrcTBHE porpamMm U HaOOPOB JIJIs MACCOBOTO CKPUHUHTA MapKep-

HBIX YMOPHUOHATBHBIX OEJIKOB B CBIBOPOTKE KPOBU OEPEMEHHBIX;
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OTCYTCTBHE OTICPATHBHBIX KOMITBIOTCPU3UPOBAHHBIX PETUCTPOB
HACJIEJCTBEHHBIX OO0JIE3HEMH;

cnabas MEIMKO-T€HETUYECKask OArOTOBKA Bpayveii;
HEOPPEKTUBHOE METUKO-TEHETUUECKOE KOHCYJIbTUPOBAHUE;

ioxast ”HQOPMHPOBAHHOCTD Bpauel U HACETIECHUS O PEaTbHBIX BO3-
MOYHOCTSIX COBPEMEHHBIX METOJ0B MPEHATAIBHON TUATHOCTHUKHU.

ITUYECKUME HPUHIUIIBI ME/IUKO-TEHETUYECKOI'O
KOHCYJIbTUPOBAHUA

B HACTOAIICC BPEMA OTUCTIIMBO IIPOCIICIKUBACTCA CBA3b HAYUYHBIX
I[OCTI/I)KCHI/Iﬁ ICHCTHKHN YCJIOBCKA C S TUYCCKUMH BOIIPOCAMMU.

K mosiBJeHHI0 HOBBIX B3aMMOOTHOIIICHUIN MCXKAY BpauOM H ITaDUCHTOM,
BpaduoOM H O6IHGCTBOM IIPpUBCIIN:

- MAacCOBO€ BHEAPEHUE B MEIUIMHCKYIO NMPAKTUKY NPUHUUIIAAIBHO HO-
BBIX T€HETUYECKUX TEXHOJOTHM — MCKYCCTBEHHOE OIUIOJOTBOPEHHE, Cypporar-
HOE MaTE€PUHCTBO, T€HOTEpANusl, FEHETUIECKOE TECTUPOBAHUE;

- KOMMEPIUAIA3ALNS MEIUKO-TEHETUYECKON TOMOIIY U T€HETUYECKUX
TEXHOJIOTHH;

- MacIITaOHOCTh HAYYHBIX UCCJICIOBAHNM, 3aTPArMBaOIINX HHTEPECHI
oO1ecrna.

MGI[I/II_[I/IHCKaH ICHCTHKA, KaK HayKa, JOCTUIJIa TaAKOTO IIporpecca, 4ro ro-
TOBAa IPCAOCTABUTH YCIIOBCKY BO3MOXHOCTL PCIIaTb CBOIO 6I/IOHOFI/I‘ICCKYIO
C}’I[B6y. PCaJ'II/I?)aL[I/IH 9TOro OIpOMHOTIO IOTCHIHMAJIA BO3MOXHA MOJIbKO Rpu

cmpozcom CcoOnI00eHUU IMUYECKUX HOopMm.

HOCKOHBKy MCAMIMHCKasA ICHECTHKa UMCCT ACJIO C OOJIBHBIM YEJIOBEKOM
HnJIn €ro CCMI)GIZ, OHa JOJDKHA OIMUPAThCA Ha BI)Ipa6OTaHHBIe H YK€ ITPOBCPCH-

HbI€ BEKaMU HPUHUUNBL MEOUUUHCKOU 0eonmonozuu. COBPEMEHHbIE MOPaJIb-
HbIE TPUHITUIIBI 00SI3BbIBAIOT UCKATh KOMIIPOMHUCC MEXKAY MHTEpecaMu oOI1ecTBa

HMHAWMBUAA. bonee TOI'O, HHTCPCCHI ITIAalTMCHTA CTABATCS BBIIIC HHTCPCCOB 00-
mecTBa.

He menee AKTYaJICH 60npoc COXpanenui a6moHoOMUU JIHUYHOCMU. OTOT
IIPUHIOUIT IPUMCHHUTCIIBHO K Me,HHHHHCKOﬁ ICHCTHUKEC MOJKECT JICTKO HAPYIIAaThCA
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BpadyoM MU UCCICOOBATCIICEM IIPHU MAHUITYJISAIHAX C I[HK, ITyTEM COXpPAHCHHA U
Pa3MHOKCHUS KICTOK, KIOHUPOBAHHU. HpI/IHHI/IH ABTOHOMUNH JIMYHOCTHU JOJI?KCH
pacupocCcTpaHATbCA Ha IIOTOMKOB 06cnenyeM0r0 TaK KC, KaK COXPaHsACTCs IIPaBO
HaCJICJOBAHUS UMYIICCTBA.

Enie onuH BaKHBIM NPUHLMUII — HPUHUUN CHPAEEONUEOCHIU — YIUTHIBACT
PABHYIO JOCTYITHOCTb PECYPCOB MEAULIMHCKON ITOMOIIIH.

[TpoGiemMa cOCTOMT B TOM, YTO KOMMEpPLMATU3aLUs 3IPaBOOXpPAHEHUS
npuBejga K MOpaJIbHOW ONPAaBJAHHOCTH HEPABEHCTBA YPOBHS MEIUKO-
TeHETUYECKON OMOIIM B YACTHOM 3/IpaBOOXPAaHEHUH, 00YCIIOBICHHOTO PHIHOY-
HBIMHU OTHOIICHHSIMHU.

[TpuHIMTT CTIpaBEIIMBOCTH OTHOCHUTCS M K PAaCIPEACIICHUIO OOIIECTBEH-
HBIX PECypCOB MEXKIy MOKOJeHUsSIMUA. C MEIMKO-TCHETHYECKOW TOYKH 3PEHUS
00111eCTBO JOJDKHO 00ecreunTh 3a00Ty O 3A0pOBbe Oymyniux rnokojeHuit. Of-
HAKO BO3MOJKEH «IOKOJICHYECKHUM STOM3M», TO €CTh U3BITHE PECYPCOB Y IO-
TOMKOB. B TO k€ BpeMs HEBO3MOKEH IMOJIHBIA MPUOPUTET MpPaB U UHTEPECOB
Oyyliero yejaoBeKka nepej mpaBaMyu U MHTEpECaMu yKe KUBYIIHUX JIOJCH.

Hap;my C BBIIICHU3JIO’KCHHBIM B COBpGMGHHOfI OMODPTHKE CymcCTBYCT
npaeuio Kondmdeuuuajlbuocmu, HMCIOIICC IIPAMOC OTHOHNICHHC K MCIHUKO-
IT'CHCTHYCCKHUM HCCICAOBAHUAM. CO6JHOI[€HI/I€ 9TOI'0 IIpaBHJIa Tpe6yeT, YTOOBI
nepcaada HOHY‘IGHHOIZ I[P I'CHCTHUYCCKOM HCCICAOBAHUN I/IH(bOpMaHHI/I oCy-
MECCTBJIAJIACH C ITIOJIHOI'O COIrjIaCHus IaliMCHTA.

OnHako B pamMKax pOAOCIOBHOM OBIBAIOT TPYAHBIE CIy4dau COOIOACHUS
KOHUACHIHaIbHOCTU. [Ipy 3TOM BO3HMKAET BONPOC — MOXKET JIM MALMEHT I0-
JYy4UTh UHQOPMALIMIO OT Bpaya O F€HETUYECKOM 3/I0pPOBbE CBOUX POJCTBEHHHU-
KOB, €CJIH OHH Ha TO HE COIJIACHBI, @ POJCTBEHHUKU O T€HETUYECKOM 310POBBE
nanveHTa. M1 B TOM ¥ B Ipyrom ciiy4ae 3TO MOYKET 3aTparuBaTb MOpaJJbHbIE HH-
TEpEChl KaKI0M CTOPOHBI.

Takum oOpa3om, Bce NPUHIUIBI U MPAaBUJIA HE MOTYT OBbITh MPUMEHHMBI
a0COJIIOTHO TOYHO M 0JHO3HauHO. Kaxknast cutyanusi TpedyeT MHAUBUAYATbHOM
OlleHKHU. /{151 mpUHATHS pelieHusl Bpayy B CIOKHBIX CIIydasX TpeOyroTcs MOJ-
JEpHKKa U 3aKIIOYEHHE dTUYECKOT0 KOMUTETA.
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BOIIPOCHI IJ1 CAMOKOHTPOJIA:

C xakoi LCIbIO IIPOBOJUTCA MECAUKO-TCHECTUICCKOC I(OHCY.]'II)TI/IpOBaHI/Ie‘.7

KakoBbl OCHOBHBIE MTOKA3aHUSI 1711 MEIMKO-T€HETUYECKOTO
KOHCYJIb-TUPOBaHUs?

Kakue BoIpochl pemaroTcest B polecce MEAUro-reHeTHIeCKOro KoH-
CYJIbTUPOBAHUA?

Kak npon3BoaUTCA OLIEHKA PUCKA MOSIBIICHUS B TIOTOMCTBE
HAaCJIEJI-CTBEHHOU U BPOXKJEHHOMN MaToJI0Tun?

Yro Takoe IMpCHAaTaJIbHAA ,Z[I/II‘HOCTI/IKa? KaKOBbI OCHOBHBIC
CITOCOOBI HpeHaTaHBHOﬁ I[I/IaFHOCTI/IKI/I?

Ha3oBure 1 oxapakTepu3ynTe HENPSIMbIE METOABI PEHATAIBHOU
JNa-THOCTUKH.

HazoBure n oxapaKTepH:«;yﬁTe HMHBA3WBHBIC MCTO/IbI
HpeHaTaJILHOﬁ AUAarHOCTHUKU.

KakoBbI aTHUECKHE IMPUHOUIIBI MCAUKO-TCHCTHYCCKOT'O KOHCYJIIBbTUPO-

BaHUA
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