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1. KOHCHEKT JEKLUI
1.1 Jlekuus 1 (2 yaca)
Tema: «BBegenue. Ilpenmer n MeTOAbI TeHETUKN»
1.1.1 Bonpocs! Jieknuu
1. 'eHeTKa — HaykKa O HACJIEICTBEHHOCTH W W3MEHYMBOCTH. IIpeameT, oOBEKTHI M 3aJaduu
TE€HETUKHU
2. 'enetnyeckas nHpopManus; e€ CBOMCTBA
3. OCHOBHBIE TUTIBI HACIIEIOBAHUS PU3HAKOB
4. Paznensl reHeTHKU. [ eHeTHKA — PYyH/IaMEHT COBPEMEHHOMN OMOI0THN
5. MeToibl TEHETHKHT
6. Kpartkas ucropus renetuku. OCOOEHHOCTH pa3BUTHS OTCYECTBEHHOW Tr€HETUKH

1.1.2 KpaTkoe conep:kaHue BONPOCOB:
1 [Ipeamer, 00bEKTHI M 321a4HM T€HETUKHU

CrocoOHOCTh K BOCHPOM3BEICHUIO C WU3MEHEHHEM — 3TO OJHO W3 OCHOBHBIX CBOWCTB
ounonornueckux cuctem. [Ipuniun @pandecko Penm — «1mogo0HOE MOPOXKAAET MOAOOHOE» —
MIPOSIBJISIETCS] HA BCEX YPOBHSAX OpPraHU3aIliy )KU3HU:

— Ha MOJICKYJIsIpHOM ypoBHE Mojekybl JJHK BocriponsBoast camu ceds;

— Ha KJIETOYHOM YPOBHE JTF00ast KJIETKa IPOUCXOINT OT KIICTKH;

— Ha OHTOTEHETHYECKOM (OPraHU3MEHHOM) YpPOBHE OpraHHM3MbI MOPOKIAIOT TMOA0OHBIC cebe
OpPTaHHU3MBIL;

— Ha TOMYJISIIIHOHHO-BUIOBOM YPOBHE TOIMYJISIIUKA KAXKJIO0TO BHJIa BOCIIPOU3BOMIAT CEOSl M JAOT
HAYaJIO MOMYJISIUSAM TOTO Ke BUJIA;

— Ha OMOTEOIEHOTHYECKOM (PKOCHCTEMHOM) YPOBHE OMOTEOIICHO3bI (YCTOWYUBBIE SKOCHCTEMBI)
— BOCIIPOU3BOJIAT 110JI0OHBIE OMOTEO1IEHO3bI;

— Ha OuocdepHOM ypoBHE Onochepa 3emMiTn BOCIPOU3BOIUT ce0sl B TEUCHUE MUJLTHAPIOB JIET.

lenetnka — 3TO Hayka O HACJICICTBEHHOCTH M W3MEHYMBOCTU JKHUBBIX OPTaHU3MOB U
METOAaxX YIpPaBICHHS WMH; 3TO HayKa, H3ydaronias HacCJICJICTBEHHOCTh W H3MEHYHBOCTb
MIPU3HAKOB.

HacnencTBeHHOCTh — CIIOCOOHOCTh OPTaHU3MOB TOPOXKIIATh ceOe MOJTOOHBIX; CBOMCTBO
OpPraHM3MOB TIepeJaBaTh CBOM MPHU3HAKKM M KA4YeCTBAa W3 IOKOJICHUS B TIOKOJCHHE, CBOMCTBO
OpPraHu3MoOB OO0ECIIeYMBATh MATePHATIBHYI0 M (YHKIIMOHATBHYIO IPEEMCTBEHHOCTh MEXITY
MTOKOJICHUSIMHU.

M3MeHYMBOCTh — TIOSBJICHUE PA3IUYMN MEXIY OpraHM3MaMu (YacTsIMH OpraHM3Ma HIIH
IpynIaMu OPraHU3MOB) TIO OTHCIBHBIM MpPH3HAKAM; JTO CYIIECTBOBAaHHE IPU3HAKOB B
pasnmuuHbIX (hopmMax (BapruaHTax).

[ToHsTHS «HACIEICTBEHHOCTY» M «MI3MEHYHBOCTEY» HEPA3PBHIBHO CBS3aHBI MEKIY COOOM.

2 I'enernyeckasi nuHopmanus; eé cBolcTBa

Uto ke Mo3BOJIAET OMOJOTMYECKUM CHCTEMaM BOCHPOU3BOJUTH MOJAOOHBIE CHUCTEMBI?
O4eBHIHO — HAJIMYME HEKOTOPOIl HHPOpMAITHH.

HNupopmanus — 310 uaeansHoe (HEMaTepuaabHOE) MOHATHE, TO €CTh WH(pOpMAaNus HE
oOnamaeT HU Maccoil, HU SHeprued. OJIHAKO BCerjga CyHIECTBYIOT MaTepuaibHbIE HOCUTENU
uH(pOopMaIu: peus (3Bykn), 0ymara, CD-nuckmu...

B 6uonoruu uHdpopmarms, KoTopasi coxpaHseTcs Py CMEHE MHOKECTBa MOKOJICHUH (TO
€CTh HACIIeJ[yeTCs1), Ha3bIBaeTCsl TeHETHYeCcKol WHQopMarmei (OT rped. genesis, geneticos —
MIPOUCXOXKICHUE; OT JIaT. genus — PoJ).

OpnHako He mo0asi HacIeICTBeHHAs! HH(POPMAIUS SBIISIETCS TCHETUIECKO.



Herenetnyeckas (mapareHeTHueckas, SMUTeHeTHYecKas) uHpopmanus — 3T0 uHbopMaIus,
Onmaromaps KOTOpOH MOJ00HOE BOCIPOM3BOAMT IOAOOHOE, HO, KaK MpPaBWIIO, 3TO MOJI00HE
JIeTepPMUHUPOBAHO (pakTOpamMu BHEWIHEH cpeabl Wi 3PQPEeKTOM MaTEepHUHCKOTO OpraHu3Ma.
MexaHu3MBbl ~TIepeiladyll  HETeHETHYeCKOW WH(POpPMALMU W3 TOKOJEHHS B  MOKOJCHUE
UCKITIOYUTEIFHO Pa3HOO0pa3Hbl, M MBI MX MTOKa paccMaTpUBaTh HE OyAeM.

I'enetnueckass mHpoOpManus — 3TO Takas HAcleICTBEHHas HH(OpMAIus, HOCUTEIEM
koropoi sBisiercst JJHK (y wactu Bupycos — PHK).

JHK — 3T0 XMMHUYecKoe BEIECTBO, KOTOPOE BXOAUT B COCTaB XPOMOCOM — OKPAIIEHHBIX
CTPYKTYp, KOTOpPbIE BO3HUKAIOT HA MECTE siApa IPH JICJICHUN KIIETKH.

MuHMManbHBIE HAa0Op XPOMOCOM W OJHOBPEMEHHO MHUHUMaNbHBIH o00beM JIHK
OTIpeIeTIEHHOT0 OMOJIOTHYECKOTO BH/Ia HA3bIBAETCA TEHOMOM (MMEH. MaJieXk, €/l. YUCIIO — TEHOM).

VYyactok JIHK, xoTopsiii HeceT MHPOPMALIUIO O HEKOTOPOM 3JIEMEHTapHOM IPH3HAKE —
deHe (MMeH. maxex, ea. 4ucio — (eH), Ha3bpIBaeTCsa reHOM (MMEH. Majek, €. YHUCI0 — TCH).
MHorue reHbl MOTYT CYIIECTBOBAaTh B BUJE JIBYX M Oojiee BapuaHTOB — ajuieneid. Hampumep, y
MBIIIEH TeH A, ONpeIesonHii 00IyI0 OKpACKy Tela, MPEACTaBIeH aJJIeIIMU.

3 OcHOBHBbIE THIIBI HACIEA0BAHMS IPU3HAKOB

CymiecTByeT MHOXECTBO THIIOB HACJIEJOBAaHUS IPU3HAKOB: MpPSAMOE, HENpsAMOe MU
CJIOKHOE.

[Tpsmoe HaciiegoBaHKe, IPU KOTOPOM BAPUAHTHI IPU3HAKOB COXPAHSIOTCS B HEU3MEHHOM
BU/JIE U3 NTOKOJIEHUS B MIOKOJIEHUE — 3TO CaMblil POCTOM TUI HaclieJOBaHUs MpU3HaKoB. [Ipsmoe
HacJie/IoBaHUE YacTO HaOJI0JaeTCsl Yy pacTeHHH, KOTOphIe pa3MHOKAKOTCSI BEreTaTUBHBIM ITyTEM
Wi o0pa3yroT ceMeHa IPU CaMOOIIBUIEHUH, PEKE — NIPU PA3MHOKEHUU JKUBOTHBIX (B Mpezaenax
OJTHOM MOpOJbl) WJIM NMEPEKPECTHOM ONBIJICHWH y pacTeHui (B mpeaenax OJHOTO copra WIH
JIUHUH).

— IIpsimoe HaciieoBaHUE IIPU BEr€TATUBHOM PAa3MHOKEHUM PACTCHUN
— IIpsimoe HaciienoBaHUE IIPU CaMOOIIBUIEHUH Y PACTECHUI

— HpSIMOG HaCJICAJOBAHUC IIPU PA3MHOXCHUHN YHUCTONOPOJHBIX XHUBOTHBIX M IICPEKPCCTHOM
OIIBUIEHUN YHCTOCOPTHBIX PACTCHUN

Henpsimoe HacnenmoBanue — 3TO 0Oojee CHOXKHBIA THUN HAaclIeIOBaHHSA, KOTOPBIH
HaOr0AaeTCs IPU Pa3MHOKEHUH JKUBOTHBIX M CEMEHHOM PAa3MHOXKEHUM Y pacTeHHH (KOTopoe
MO0 CYTHU TaKXEC SABJIACTCA HOJIOBI)IM). I[JISI HN3YUCHHUA HCIPAMOTO HACICAOBAHUA HCO6XOI[I/IM21
ruOpuan3aIns — CKpellMBaHHE OPraHU3MOB, Pa3INYAIOIIUXCs IO TEHOTHUITY.

4 Pa3enbl reHeTUKH. ['eHeTHKa — pyHIaMEHT COBPEMEHHOM OMOIOTUn

Best renermka (kak w r00as Hayka) mojpasnesiercs Ha (yHIAMEHTAIBHYIO U
MIPUKIIATHYIO.

@dyHIaMEeHTalnbHas TEeHETHKa M3ydaeT oOI[Me 3aKOHOMEPHOCTH  HACJEIOBaHUS
MIPU3HAKOB y J1a00paTOPHBIX, WM MOJIENbHBIX BUAOB: BUPYCOB (Hampumep, T-4€THBIX ¢aros),
MPOKapUOT (HampuMep, KUIIEYHOW MaJOYKH), MJIECHEBBIX U JIPOXOIKEBBIX TPUOOB, APO30(UIIHI,
MBIIIEH U HEKOTOPBIX APYTHUX.

K ¢byHnameHTanbHOM reHeTHKE OTHOCATCS CIIEIYIOIIUE pa3aesbl:

— kjaccudeckas ((popmanbHas) TCHETHKA,

— [IUTOT€HETHUKA,

— MOJIEKYJIIpHasi TeHeTHKa (B T.4., TeHETHKA (PEPMEHTOB U UMMYHOT€HETHKA),
— IeHeTHKa MyTareHesa (B T. 4., paJiallMOHHas ¥ XUMUYeCcKasi TEHETHKA),

— 9BOJIIOIMOHHAS T€HETHKA,

— '€HOMMKA U SIIUT€HOMUKA,



— TCHETHKA WHINBUyJIbHOTO PA3BUTHS U DTIUTCHETHKA,
— reHeTHKa MOBEACHMS,

— TEHETHKA TTOMYJISAIINHN,

— JKOJIOTHYECKasi TeHETHKA (B T.4., TCHETHYECKasi TOKCUKOJIOTHSA),
— MaTeMaTH4YecKas TeHEeTHKa.

5 MeToabl reHeTUKH

COBOKYNIHOCTb METOJIOB HCCIIEJIOBAaHMS HACJEACTBEHHBIX CBOWCTB oOpraHusMma (ero
TeHOTHNA) Ha3bIBa€TCA TeHETHMUeCKUi aHanu3. B 3aBucMMOCTH OT 3alau U OCOOEHHOCTEM
M3y4aeMoro OOBEKTa TeHETHUYECKHI aHajIu3 MPOBOISAT Ha MOMYJSIIHOHHOM, OPTaHU3MEHHOM,
KJIETOYHOM U MOJIEKYJISIPHOM YPOBHSIX.

OCHOBY IeHEeTHYECKOTO aHalli3a COCTABIISICT THOPUAOIOTUIECKUNA aHAJIN3, OCHOBAHHBIN
HA aHalu3€ HAaClIeJOBaHWsS MPU3HAKOB MpPHU CKPEIIMBAHUAX. [ MOPUAOIOTMYECKHM aHau3,
OCHOBBI KOTOPOTO pa3padoTal OCHOBATEIb COBpeMeHHO! reHeTuku ['. MeHzens.

[{uroreneTnueckuii MeTof. 3akKIOUYaeTcs B IIUTOJOTMYECKOM aHaIM3€ T€HETHUYECKHX
CTPYKTYp U SIBJIEHUH Ha OCHOBE THOPHUIOJOTMYECKOTO aHAJIM3a C IEJIbI0 COIMOCTABIICHUS
T€HETUYECKUX SIBJIEHUM CO CTPYKTYpPOH M MOBEAECHUEM XPOMOCOM U UX YYaCTKOB.

[Tonynsaumonss Meton. Ha ocHOBE NOMYJISIIMOHHOTO METOAA U3Yy4arOT F€HETUYECKYIO
CTPYKTYPY MOIYJISIIUI Pa3IMYHbIX OPTAaHU3MOB.

MonekysipHO-TeHETHUECKAN METOJ] MPECTaBIsIeT co00i OMoXmumMHUYeckoe u (PU3HKO-
XUMHUYECKOE U3yUEHUE CTPYKTYPHI U (YHKIIUU T€HETHUYECKOT0 MaTepuaa.

MyTannoHHBIH METOJl TO3BOJISIET YCTAaHOBUTH OCOOEHHOCTH, 3aKOHOMEPHOCTH U
MEXaHHU3Mbl MyTareHe3a, IOMOTaeT B U3yUYEeHUU CTPYKTYPHI U (QYHKIIUU T€HOB.

I'eneanornueckuit Meroa. [103BoIIsgeT MPOCIEAUTH HACIEAOBAHUE IIPU3HAKOB B CEMbSIX.

bnu3HenoBbld METON, 3aKIIOYAIOIIMICSI B aHAIM3€ M CPaBHEHUU HW3MEHUYMBOCTHU
MIPU3HAKOB B IPE/ENIax pa3InyHbIX TPy OJU3HEOB.

6 KpaTKaﬂ HCTOPUA F’CHETUKH. Oco0ennocTn pa3sBUTUA 0Te4eCTBEHHOH IeHeTUKH

B ocHOBy COBpeMEHHOW T'€HETHKH JIE[JIM 3aKOHOMEPHOCTH HACJIEICTBEHHOCTH,
oOHapyxeHHble . MeHaenem mpu CKpelMBaHUM PAa3IUYHBIX cOpTOB ropoxa (1865), a Taxxke
mytaunoHHass Teopust X. e Ppuza (1901-1903). OnHako poXAeHME TE€HETHKH IPUHATO
oTHOCUTH K 1900 1., korna X. Jle @pu3s, K. Koppenc u 3. Uepmak BTOpUUHO OTKPBLIU 3aKOHBI I
Mennens.

B 1906 r. Ha ocHOBaHHMHM KOpHsS «reH» Y. b3TcoH (AHIIUSA) TPEMTOXKHI TEPMUH
«reHetuka», a B 1909 r. B.JI. MorancceH npeayioxusl TEPMUH «TEH».

Hauano pa3BuTHs TeHEeTHKH B Halllel CTpaHe MPUXOAUTCSA Ha mepBbie roabl COBETCKOM
Brnactu. B 1919 r. B Ilerporpanckom yHUBEpcHUTeTe OblIa Co3/1aHa Kadeapa FreHETHKH, KOTOPYIO
BosrnaBun FOpuii  AnekcangpoBud @Dwmumuenko (1882-1930). B 1930 r. oTkpbuiach
Jlabopatopust reneruku Axagemun Hayk CCCP mox pykoBojactBom Hukomas MBanoBuua
Basuiosa (¢ 1933 r. — IHCTUTYT T€HETHKH).

B 1920-1930-¢ rr. Hama cTpana TuaupoBalia Mo BCEM pas3jesiaM reHeTUKH

KoneioB Hukonait KoncrantunoBuu (1872-1940) — mpezackasan cBOWCTBAa HOCUTENEH
reHeTH4YecKoi MHpopMaIny; pa3padaThiBall TEOPUIO TeHa; pa3padaThiBall YIEHHE O COIMABbHOM
TE€HETHKE (€BIEHUKE).

BasunoB Huxonaii Banosuu (1887—1943) — copMynupoBai 3aKOH TOMOJOTHYECKHUX
pAA0B, pa3paboTaj yuyeHHE O BUJE KaK CUCTEME.

Muuypun WBan BnagumupoBuu (1855-1935) — OTKpBLI BO3MOXKHOCTH YIIPaBICHUS
JTOMUHUPOBAHHUEM.
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YerepukoB Cepreii Cepreeuu (1880-1959) — B pabore «O HEKOTOPBHIX MOMEHTaX
ABOJIIOIIMOHHOTO TIPOLIEcCa ¢ TOYKU 3PEHHSI COBPEMEHHOM T€HETHUKH» JI0Ka3al T'€HETUYECKYIO
HEOJIHOPOJAHOCTH MPUPOIHBIX MOMYJISALUH.

HNyounun Hukonait I[lerpoBuu (1907—) — nokazan JAenMMOCTb TE€HA; HE3aBUCUMO OT
3arajHbIX UCCIIE0BATENeH YCTAHOBHII, YTO BaXKHYIO POJIb B 3BOJIIOIUN UTPAIOT BEPOATHOCTHEIE,
T€HETUKO-aBTOMATHYECKHE TTPOIIECCHI.



1.2 Jlexnus 2 (2 yaca)
Tema: «lutosornyeckue 0CHOBBI HACJIEICTBEHHOCTH
1.2.1 Bonpochl JJeKuuU
1. Knerouynas teopus
2. CpaBHEHUE TPOKAPHUOTUYECKHUX U DYKAPUOTUUYECKHUX KIIETOK
3. X¥MHUYECKHUI COCTaB KIETKU
4. CtpoeHue 3yKapuOoTUIYECKON KIETKH
5. 3Ha4yeHHE [IUTOJOTUH ISl CEJIbCKOTO XO3sCTBA

1.2.3 Kparkoe coaep:kaHue BONPOCOB
1 Knerounasi Teopust

Knerka — ocHOBHast CTPYKTYpPHO — (DYHKIIMOHAJIBHAS €IMHUIIA BCEX JKUBBIX OPraHU3MOB,
JJIEMEHTapHas >kuMBas cuctema. KileTka MOXET CyIIeCTBOBaTh KaK OTJEJbHBIH OpraHu3m
(Oaktepum, mpocTeilline, HEKOTOpblE BOAOPOCAM W TpUObI) WIM B COCTaBe TKaHEH
MHOTOKJICTOYHBIX JKHBOTHBIX, pacTeHui, rpuOoB. JIuimb BHpPYChl NPEACTaBISIOT COOOM
HEKJIETOYHbIE (DOPMBI )KU3HH, CIIOCOOHBIE OCYLIECTBIISATH CBOM KM3HEHHBIN IIUKJ TOJIBKO BHYTPH
KJIETOK Xo3suHa. [IpeacraBieHne o KieTke Kak 3JeMEHTapHOW CTPYKTYpEe *KHMBBIX OPraHHU3MOB,
W3BECTHOE KakK KIJIETOYHAs TEOpHsl, CIOXKUIOCh TmocTerneHHo B XIX B. B pe3ynbrare
MHUKPOCKONHUYECKUX HCCIIEeI0OBAHUH.

Kinerounas Teopusi.

Knerounas Teopust — 310 000011I€HHBIE TPEACTABICHUS O CTPOCHUHU KJIETOK KaK €IMHUIL )KUBOTO,
00 MX pa3MHOXKEHHUHU U POJU B (POPMUPOBAHUH MHOTOKJICTOYHBIX OPTaHU3MOB.

[TosBnennto u  (GOpMyTUPOBAHMIO OTHEIBHBIX MOJOXKEHUH KJIETOYHOH TEOpHUH
MPE/IIEeCTBOBAN JUIUTENbHBIA (00Jiee TPEXCOT JIeT) MEepHOJ HAKOIUICHWsS HAONIOACHUN Hal
CTPOEHUEM pa3IUYHbIX OJHOKJIETOYHBIX M MHOTOKJIETOYHBIX OpPraHU3MOB pAaCTeHUH U
KUBOTHBIX. OTOT TMEPHOJ CBSI3aH C Pa3BUTHEM U YCOBEPIIEHCTBOBAHUEM Pa3IUYHbIX
OINTUYECKUX METOJIOB UCCIIEIOBAHMSL.

Knerounas Teopus 6su1a chopmynupoBana 6orannkom M. lllneiineHom u 300morom T.
[IIBanHOM B 1838-1839 r.1. B 1858 1. P. Bupx0B 000CHOBa MPUHIIAIT MPEEMCTBEHHOCTH KJIETOK
IIyTeM JIeJIeHNs («KaXas KJIeTKa U3 KiIeTKn»). Co3laHue KIETOYHON TEOPUH CTaJI0 BaKHEHIINM
COOBITHEM B OMOJIOTUH, OTHUM M3 PEILAIOIINX 10Ka3aTeIbCTB €JMHCTBA )KUBOM MTPUPOIBI.

Kierounas Teopust moctyaupyer:

Knerka — aneMeHTapHasi €JMHULA )KUBOTO;
KneTku pa3HbIx OpraHu3MOB TOMOJIOTUYHBI IO CBOEMY CTPOEHUIO;
Pa3MHOeHME KIETOK MPOUCXOIUT MyTEM JIeIEeHUS UCXOJHOM KIIETKH;

B xierke comepXuTCs BcS TeHeTHYecKas WHGpOpManus O CTPOCHHH M (DYHKIHAX
OpraHusma.

Kietka — anemenTapHas eiMHUIA )KUBOTO.

2 CpaBHe}me NMPOKAPUOTHYECCKUX U IYKAPUOTHYECCKHUX KIICTOK

B mpupone cymiecTByer 3HauYMTENbHOE Pa3sHOOOpa3He KOHKPETHBIX KIETOYHBIX (HOpM.
BMecTe ¢ TeM YHCIIO OCHOBHBIX THIIOB KJIETOYHON OpraHHM3allid OTPaHHYCHO. BhIAEISIOT
MIPOKAPUOTUYECKUM U DYKAPUOTHUYEKUH THUIIBI C MOJAPA3JEICHUEM BTOPOIO Ha IOATHUI KJIETOK
MPOCTEHIINX OPTaHU3MOB U MOJATUI MHOTOKJICTOYHBIX.

KneTkn npokapnoTH4ecKoro THIa HMEIOT OCOOCHHO Malible pa3mepsl — He Oomnee 0,5-5,0
MKM B auamMeTpe. ColepKIUMOoe POKAPUOTHIECKOHN KIIETKU OJIETO TUIAa3MaTHUECKOW MEMOpaHOii,
UTpAIOIIE pOJIb aKTUBHOTO Oaphepa MEXAy COOCTBEHHO IUTOIIA3MOM KJICTKH W BHEITHEH
cpenoit. OOBIYHO CHAPYXH OT IJIa3MaTHICCKONH MEMOpPaHbI PAcIiOIOKEHA KIIETOYHAS CTEHKA WU
000JI0YKa — TMPOIYKT KJIETOYHOW AaKTUBHOCTH. Y HHX HET MOP(OIOrHYeckr 000COOIEHHOTO
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A1pa, Tak Kak saepHblid mMarepuan B Buje /JJHK He oTrpanmueH oT nuromiasmMsl 00OJOUYKOM.
I'enernueckuil anmapar oOpa3oBaH €AMHCTBEHHOM KOJBIEBOM XpOMOCOMOM, KOTOpas JIMIIEHa
OCHOBHBIX O€JIKOB — FTMCTOHOB (HYKJIEOH[). B KiieTke oTcyTCTBYET pa3BuTasi cucreMa MeMOpaH,
XOTSI HEKOTOpble BUABI OakTepuii (Hampumep, (HoTtoTpodHbIe MyprHypHbIE OakTepuu) OOraThl
BHYTPHKJIETOYHBIMM ~MeMOpaHHBIMH cucTeMaMHd. OuYeHb CHJIBHO ILUTOIUIA3MaTHYECKUE
MeMOpaHbl pa3BUTHl y CHHE-3€JE€HBIX BOJOpociiell. B OCHOBHOM BellecTBe (MM MaTpPUKCE)
LUTOIUIa3Mbl TPOKAPHOTHUECKUX KIETOK PACHOaraloTcsi MHOTOUUCICHHbIE pUOOCOMBI.

OyKapHOTUYECKHI THUN KJIETOYHOM OpraHu3aly NPEJCTaBIE€H JBYMS MOATUIIAMHU:
KJIETKH MPOCTEHIINX M KJIETKM MHOTOKJIETOYHBIX OPraHW3MOB (PacTHTENbHbIE M >KUBOTHBIE).
Oco0OeHHOCThI0O OPraHM3MOB HPOCTEMIINX SIBISIETCS TO, YTO OHM, HCKIIOYas KOJIOHHAJIbHBIE
(GopMBbI, B CTPYKTYpPHOM OTHOILEHHM IPEJCTABIAIOT COOON KIETKY, a B (PU3HOJIOIMYECKOM —
LBl opraHu3M. B cBA3M ¢ 3TUM B KJIETKaX HEKOTOPBIX MPOCTEUIINX MMEIOTCS MUHHUATIOPHBIE
00pa3oBaHMsl, BBIOJHSIIOMINE HA KIETOYHOM YpPOBHE (DYHKIMM OpPIaHOB, allapaToB U CUCTEM
OpPraHOB MHOTOKJIETOYHOTO OpraHu3Ma (IIUTOCTOM, IIUTO(QAPUHTC, MOPOIIUIIA, COKPATUTEIbHBIC
BaKyoOJIM, T€HEpaTUBHOE M BereTaTHUBHbIC s/pa HHOY30puil). OCHOBHBIM OTIMYUTEIbHBIM
MIPU3HAKOM SYKapUOTHYECKUX KIIETOK SIBJIIETCS HAJIMUNUE MOP(OJIOTUYECKH BBIPAXKEHHOIO S/pa.
Kpome Toro, B muromiazMe Takux KJIETOK CYILECTBYeT LeJblii Habop cHenuaibHbIX CTPYKTYP,
OpTraHeIul, BBIMOIHAIONINX OT/ACIbHbIEC crier(uyeckie QyHKIHH.

3 XuMHUYeCKU# COCTAB KJIETKH

Knetkn KuBBIX OpraHu3MOB CXOAHBI HE TOJIBKO II0O CBOCMY CTPOCHHIO, HO H II0
XUMHUYCCKOMY COCTaBY. CXOI[CTBO B CTPOCHHU H XUMHUUYCCKOM COCTABC KJICTOK CBUIACTCILCTBYCT
0 CAUHCTBEC UX MMPOUCXOKACHU.

ITo COCTaBy BXOJAIIMEC B KJICTKY BCIICCTBA ACIIATCA HA OPraHHYCCKHUC U HCOPIraHUYCCKUC.

4 CTpoeHne 3YKapUOTHYECKOM KJIeTKHU

Bce sykapuoTnueckue KISTKH UMEIOT OOIIui maH crpoeHusi. COOCTBEHHO TENO KIICTKH
U €€ COJCpKHMOE OTICIEHbl OT BHEIIHEH Cpeapl WIM OT COCeIHUX DJIIEMEHTOB Yy
MHOTOKJIETOYHBIX OPraHW3MOB IIIa3MaTHYeCKOH MeMOpaHoil. KHapyku oT 1urazmatnieckon
MeMOpaHbl pacrojio’KeHa KJeToyHasi 000JI04Ka WM CTEHKA, OCOOEHHO XOPOLIO BBIPAKEHHAs y
pacteHuii. Bce BHyTpeHHee COAEp)KMMOE KICTKH, 3a WCKIIOYEHHEM sijpa, HOCUT Ha3BaHHE
muToruia3Mel. L{uTorasmMa sykapruoOTHUECKMX KIETOK HE OJHOPOJHA MO CBOEMY CTPOCHHUIO U
COCTaBy M BKJIIOYAaeT B ceOs: THanomia3My, MEMOpaHHbIE W HEMEMOpaHHBIC KOMIIOHCHTHI.
MemOpaHHBIE  OpraHeIbl  MPEJICTABICHBI JBYMS BapHaHTaAMH: OJHOMEMOpaHHBIE U
nBymeMOpanHble. K TepBBIM  OTHOCATCS ~ OpraHEIUTBl  BAaKyOJSIPHOH ~ CHUCTEMBI  —
SHJIOTIA3MATUYECKHI PETUKYIyM, ammapaT [ oibKH, JTU30COMBI, TEPOKCUCOMBI M JpyTue
CTICIAb3UPOBAHHBIC BAaKyOJIM, a TaKXKe IUIa3MaTthudeckas MemOpana. K nBymeMOpaHHBIM
OpraHeiIaM OTHOCSATCSI MUTOXOHJIPUH U IJIACTUBI, a TaKKe KiIeTouHoe Aapo. K HemeMOpanHbIM
OpraHesIaM MpUHAIeKaT pUOOCOMBI, KJICTOYHBIH EHTpP KUBOTHBIX KJIETOK, a TAKXKE IIEMEHTHI
IUTOCKeINeTa (MUKPOTPYOOUKH ¥ MUKPO(DUITAMEHTHI).

[uTormasma.

CTpyKTypa KJIETOUYHBIX MEMOpaH.
OHjomnazMaTudeckuii petukyiym (311P).
JIN30COMBI.

MurtoxoHapHUH.

Knerounas crenka.

Pubocompr.

Knetounslii eHTp.

SAnpo.
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5. 3HayeHHe MUTOJOTMH ISl CEJILCKOI0 X035iicTBa

3HaHUA CTPYKTYphl W (YHKIUHA KIETOK pa3HbIX TKaHEH, WX CYOCTPYKTYp, HX
B3aMMOJIeiicTBausl, MPOTEKAIOIINUX B HUX MPOLIECCOB POCTA, Pa3BUTHUS, Pa3MHOXKEHHS U THOeNH,
MaTOJIOTUYECKUX HApYIICHUN WX >KU3HEACSITEIBHOCTU OMPEACISIOT KIMHUYECKUE TMPOSIBICHUS
0ose3Hell 1 UMEIOT BayKHElIIee 3HaYeHHE JITsl TUAaTHOCTHKY U JICUCHHUS.

Hampumep, ommcaHo MHOXKECTBO MYyTallMid TEHOB, KOAUPYHIOIMUX  (HEpMEHTHI
OKHUCIIUTENBHOTO  (hochopunupoBaHuss MHUTOXOHApuil. Hapymenue paboTel  QepMeHTOB
MPUBOJUT K TSDKENBIM TOpokam pa3Butus. OxuciaurenbHoe (QochopriupoBaHrue CIYXKUT
OCHOBHBIM HCTOYHUKOM 3HEpruu B kieTkax. CienoBaTenbHO, JePEKThl Ha JIOOOM 3Tare 3TOro
MyTH MOTYT MPUBOJUTH K HAPYIICHUIO PA0OTHI MBIIII] WJIK TOJOBHOTO MO3ra. JTH 3a00JIEBaHUS
UMEIOT MHOXECTBO (PEHOTUMTUYECKHUX MPOSBICHUIA, B TOM YHCIIE MUOMATHIO, SHIE(DATONATHIO U
Kapauomuonaruio.  Myranmusmu B muToxoHapuansHoit  JIHK  Takke  oOycioBieHb
HacJeICTBEHHass aTpodusi 3puTenbHBIX HepBOB Jlebepa, caxapHblii nuaber M TIIyXoTa,
JI0OpOKaueCTBEHHAs OITyXO0JIb OHKOIIUTOMA U JIpyTrHe 3a00JIeBaHusl.

3a nocneaaue 20 €T 3HaHMS, TPHOOPETCHHBIC B 00JACTH MOJICKYJIIPHON W KJICTOYHOU
OHMOJIOTHH, TIOJTHOCTHIO PEBOIOIMOHU3UPOBANIN MPEACTABICHUS O TOM, Kak (YHKIHOHUPYIOT
KIETKA M TPEJOCTABISIOT BO3MOXKHOCTH MAHUITYJIHPOBaTh UX (YHKUUAMHU. TEXHOIOTHH
pexomOuHaHTHRIX JIHK TO3BOJNISIET BBOIUTH €CTECTBEHHBIE M MOIU(MDUIIMPOBAHHBIC TCHHI B
KJIETKM Pa3jIMYHBIX OPraHU3MOB, B TOM YHCJE M 4YEJIOBEKa, YTO MUMEET JJs Bpada TITyOOKHii
CMBICI, TIOTOMY 4YTO KOPEHHBIM O0Opa3oM HW3MCHSECT HaIly CIIOCOOHOCTh IOHUMATh,
JMarHOCTUPOBATh U JIEUYUTH OOJIE3HH.
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1.3 Jlekuus 3 (2 yaca)
Tema: «MeHaean3M, NPUHIMIBLI U METOAbI FT€EHETUYECKOT0 AHAJIU3A)

1.3.1 Bonpocs! Jieknuu

1. CyuHocTh MeTO0/1a THOPUI0JIOTHYECKOTO aHaIU3a

2. OcobeHHoCcTH MeTo1a M paboThl MeHens

3. HacnenoBaHue Npu3HaKOB P MOHOTMOPUHOM CKpEIIMBAaHUU
4. AHAIM3UPYIOIIEee CKPEIIMBAHNE

1.3.2 KpaTkoe coaep:kaHue BONPOCOB

1 CymHocTh MeToAa THOPHI0I0THYECKOr0 AHAIH3A.

A.C. CepebpoBckuii nucan: "['eHeTHUECKMM aHAJIM30M MbI HAa3bIBAEM CHUCTEMY
OTBITOB, HAOMIOACHUI ¥ BBIYUCIICHHWN, HWMEIOIMIMX IIeNIbI0 Pa3lIOKEHHE CBOWCTB
(mpu3HAKOB) OpraHW3Ma Ha OTHAEJIbHBIC HACJIEICTBEHHBIC JJIEMEHTHI, "OTIEIbHBIC
MpU3HAKK'", 1 U3YYEHHE CBOMCTB COOTBETCTBYIOIINX UM T'€HOB".

C mnoMompbH TEHETUYECKOr0  aHajau3a '"UCCIENyeTcsl KayeCTBEHHBIA U
KOJIMYECTBEHHBI COCTAaB TIEHOTHUIA, MPOBOAMUTCS AaHAJIU3 €ro CTPYKTYpbl U
(GbyHKIIMOHUPOBaHUS".

MeTo/lbl TEHEeTHMUYECKOro aHalih3a pa3HOoOOpa3Hbl, HO, TJIaBHBIM 00pazoM, 3TO
CHUCTEMa BCEBO3MOXKHBIX CKPELIMBAHU, MpUYeM Jiro0asi padoTa MPOXOJUT CIEAYIOIINE
JTaIbI:

1. BeisicHsieTcs - HaciemyeTcs I MpU3HaK, UMEET JIM OH KOHTPACTHBIE (DOPMBI.

2. BrIsicHsI€TCSl YMCII0 T€HOB, KOHTPOJIUPYIOLIUX pPa3BUTHE JAHHOIO MTPU3HAKA.

3. BBIACHSIETCS - €CTh JIM B3aUMOJICCTBHE MEXKy STUMH I'€HAMMU.

4. OrmpezaeneHue TPyNIbl CHETUICHHUS (XPOMOCOMBI) M KapTUPOBaHUE T€HA B XPOMOCOME.
5. XapakTepucTruKa reHoB.

B Hacrosiiiee Bpemsi B MOHSTHE T€HETUYECKOTO aHallM3a BXOJUT KIOHHPOBAHHE
reHa, oIpelereHue mnocnenoBarenbHocTn HykieotuaoB JIHK, BesicHeHne HHTpOH-
AK30HHOU CTPYKTYpPBI I'€Ha, SIKCIIPECCUU T'€HA B OHTOT€HE3E.

CkpemuBanue 0003HAYAIOT 3HAKOM YMHOXKEHHs - X. B cxemax Ha mepBoM MecTe
NPUHATO CTaBUTh T€HOTHUII JKEHCKOTro mmoja. JKeHCKHid 1Mo 0003Ha4aroT CHMBOJIOM &
(3epkaiio Benepsl), My>KCKOii — 3HaKOM § (LIIUT 1 Kombe Mapca).

PoauTeNbCKIE OPraHu3Mbl, B3AThIE B CKpellUBaHHe, 00o3HaudaroT OykBoi P (or

ngatuHCKOro Parento - pomurenu). I'uOpuanoe mokoineHue obosHadaror Oyksoi F (ot
natuHckoro Filii - getw) ¢ 1udpoBBIM HWHIEKCOM, COOTBETCTBYIOIIMM IMOPSIAKOBOMY
HOMEpPY THOPHUIHOTO MTOKOJICHHS.

Jomunaupytonuii npuzHak MeHaenb npeaioKuil 0003HauaTh 3arjiaBHOM OyKBOM, a
pereccuBHBIC -TOH ke OYKBOM, HO CTPOYHOM.

2 OcoOennocTu MeToa u padorsl Meneus.

Jlroboe ckpemuyBaHWE HAYMHAETCS C ONpeAeNeHus npu3Haka. [Ipu3Hak - 3TO
OTpeJIeIeHHOEe OT/EJIbHOE KayecTBO OpraHu3Ma, [0 KOTOpOMY OJIHA €ro 4YacTb
OTJIIMYAETCsl OT APYro wiu ogHa ocoOb oT apyroi. Ilpusnakom (wnm denorurnom) B
T€HETUYECKOM CMBICIIE MOKHO Ha3BaTh JIOOYI0 OCOOEHHOCTb, BBISBISIEMYIO IpU
OMMCAaHUU OpraHM3Ma: BhICOTA, Bec, popMa HOca, LBET IJia3, (hopMa JUCThEB, OKpacka
I[BETKA, pa3Mep MOJEKyJbl Oelka WIM ero sjieKTpodoperndeckass MOABUKHOCTS.
[Tpu3HAaKM TOHKHBI MPOSIBISATHCS MOCTOSAHHO. YTOOBI yOeauThcs B MX KOHCTAHTHOCTH,



12

Menzens 1Ba rofa MpeaBApUTENLHO MPOBEPsUT pa3iaudHbie GopMbl ropoxa. [IpusHaku
JOJKHBI UMETh KOHTPACTHbIE MPOsABICHUS. MeHieNb BbIACINUI Y TOpoXa 7 MPU3HAKOB,
KaKJIBI U3 KOTOPBIX UMEJ 110 JIBa KOHTPACTHBIX MPOSBIICHUS, HAIPUMED, 3pPEsIble CeMEeHA
no ¢opme ObulM MO0 TIAAKUMHU JTUOO MOPUIMHUCTBIMHU, MO OKPACKE JKEITHIMU WIIH
3eJICHBIMH, OKpacKa [IBeTKa ObLIa OesIoi WiIH My pITypHO.

[locne ompeneneHus NPU3HAKOB MOKHO MPUCTYNAaTh K CKpeUIMBaHUsAM. B
CKPELIMBAHMUAX MCHOJB3YIOT T'€HETUYECKHE JIMHUM - POACTBEHHBIE OpPraHU3MBI,
BOCIIPOM3BOSIIME B PSAAY IOKOJEHUM OJHU M TE€ K€ HACJIEACTBEHHO KOHCTAHTHBIE
npu3Haky. "IIoTOMCTBO OT CKpelMBaHUs IByX 0co0€l ¢ pa3InyHOM HACJIEeICTBEHHOCTHIO
Ha3bIBAIOT THOPUIHBIM, & OTAEIBbHYIO 0COOb - THOpUAOM".

[Tocne Toro, kak Menzaenb ckpectun (OpMbI Topoxa, pasiauyvaroImecs mo 7
MpU3HAKaM, y THOPUIOB TPOSBWICSA, WM JIOMUHHUPOBAN, TOJBKO OJIWH W3 Tapbl
POJMTENIbCKUX MPU3HAKOB. PereccuBHBIN MPU3HAK Y THOPUIOB MEPBOTO MOKOJICHUS HE
nposisics. [lo3gHee 3TO sBlieHWE JOMMHHMPOBAHUS ObLIO HA3BaHO MEPBBIM 3aKOHOM
MeHnpens uim 3aKOHOM €TMHHOOpa3usi THOPUIOB TIEPBOTO MTOKOJICHUS.

Mennenb CKpecTuI MOTy4YeHHbIe THOpUABl Mexay coOoif. Kak on cam mumer: "B
9TOM NOKOJIEHMM HapsAy C JOMHUHHMPYIOIIMMHM NPU3HAKaMU BHOBb IOSIBISIIOTCS TaKKe
peUecCUBHBIE B MX IIOJHOM pAa3BUTHUM M TPUTOM B SCHO BBIPAXXEHHOM CpEIHEM
OTHOIIEHUH 3:1, TaK YTO U3 KAKJIBIX YETHIPEX PACTEHUN FTOTO MOKOJEHUS TPHU MOIYHaIOT
JOMUHUPYIOIIMM M OJTHO - peueccuBHbId nmpusHak' (Menaens, 1923, ctp. 12). Beero B
JTAHHOM OIbITe OBLIO TMOJydeHo 7324 ceMmsH, W3 KOTOPBIX TiIaAkux Oblio 5474, a
MOpIIUHUCTBIX 1850, oTKyAa BBIBOAUTCS OTHOmIeHUE 2,96:1 (Tam xe, ctp. 13). JlaHHbIE
ATOTO OIbITAa CBUACTEIBCTBYIOT O TOM, YTO PELIECCHBHBIN MPU3HAK HE TEPSETCS, U B
CJIEYIOIIEM TMOKOJEHUU OH CHOBA MPOSBIISIETCS (BBILICIUIACTCS) B YUCTOM Buue. [. 1€
®pu3 B 1900 r. Ha3zBay 3TO SIBJIEHHE 3aKOHOM pPaCUICIUICHMS, a MO3JHEE €ro Ha3Balu
BTOPBIM 3aKOHOM MeH1ens.

3 HaciegoBaHue NPpU3HAKOB P MOHOTMOPUIHOM CKPeIIUBAHUU.

Jlis o0o3HayeHus npusHakoB A u a Y Barcon B 1902 roay npeaioxuia TepMUH
"amenomopdri". B 1926 rony B. Horancen tpancpopmuposan ero B "amnens". [lapa
ayyienei xapakTepusyeT ABa KOHTPACTHBIX COCTOSTHUS T'eHA.

Koncrantasie popMsl AA 1 ad, KOTOPbIE B MOCIEAYIONIMX MOKOJEHHUAX HE JAIOT
paciemienusi, B. barcon B 1902 roay npeuioxuin Ha3blBaTh

T'OMO3HUI'OTHBIMU, a4 q)OpMLI Aa, Jaromue paCiCIuICHUA - TCTCPO3UTOTHBIMU.
Hanuune KOHCTaHTHBIX IMPU3HAKOB, KOHTPOJUPYCMbIX PAa3HbIMU aJIJICIIIMH T'CHOB,
O6H3,py>K€HI)I Y BCCX JXUBBIX OPTaHU3MOB.

4 Ananusupymonee CKpelnuBaHue.

UToOBbI IPOBEPUTH, SIBISETCS JU AAHHBIM OpPraHU3M TOMO- WJIM T€T€PO3UTOTHBIM,
MO’KHO, KaK 3TO MOpeMIOXKuI MeHelb, CKPECTUTh €ro C MCXOJHOW TOMO3UTOTOW IO
PELIECCUBHBIM aJuIeNIsIM. TaKOW TUI CKPEIMBAHUS MTOJYYWI HA3BaHUE AaHATU3UPYIOLIETO.

B pesynbpraTe aHAM3UPYIOMIETO CKPEIUBaHUs pacIeIIeHne U 1Mo (PeHOTUmy, u 1o
TEHOTHUITYy cocTaBisger 1:1, 4TO CBHAETENBCTBYET O TE€TEPO3UTOTHOCTU OJHOTO U3
pOIUTENEN, YHACTBOBABIINX B CKPEILIMBAHUU.
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1.4 Jlekuus Ne 4 (2uaca)

Tema: «MeHaeaU3M, IPUHIUIIBI U METObI TeHETHYECKOT0 AHATU32»

1.4.1 PaccmaTpuBaeMbie BONIPOCHI

1. 3aKOHOMEPHOCTH HACJIET0BAaHUS IPU3HAKOB MPU AUTUOPUIHOM CKPEIIMBAHNUN
2. [MonuruOpuaHoe CKpeluBaHue.

3. O6mue GhopMyIIbl pacIIeTICHHs! PHU HE3aBUCUMOM HACJICIOBAHUU TCHOB.

1.4.2 KpaTkoe coaep:kaHue BONPOCOB
1 3akoHOMepHOCTH HACJIeJOBAHUS NPU3HAKOB NPHU JUTMOPUAHOM CKpPeIIMBAHUMN

I'. ne ®pu3 (1900) mpeayioxun oueubpudamu Ha3bIBaTh OPraHU3MBI, IMOJTYyUYCHHbBIC
OT  CKpEelIMBaHHS  0CO0€H, OTIUYAIOIMXCS  OJHOBPEMEHHO JBYMS  MapaMu
QIBTEPHATUBHBIX TPU3HAKOB, €CJIM TPU3HAKOB TPHU Tapbl - mpueubpuoamu, MHOTUMU
MPU3HAKAMH - HOAUSUOPUOAMU.

Mennens ckpemuBan GopMbl TOpoxa, pazaudaronyiecs Mo AByM MapaM MPU3HAKOB:
¢ xenTeiMu U raaakumu ceMeHamu (AB) u ¢ senenbiMu u Mopumaucteivu (ab). B
MMOTOMCTBE OT 3TOTI0 CKpENIMBaHMUs OBbLIO IMOJy4YeHO 556 cemsiH, 3 HuX 315 ObLIO
rnaakux xenTeix, 101 Mopiuuauctoe xkenrtoe, 108 riaaakux 3eaeHbIX, 32 MOPIIMHUCTHIX
3€JIeHBIX. ['aMeThl B 3TOM CKpEIIMBAaHUU 00pa3ylOTCs B COOTBETCTBHUH C PACIICINIEHUEM
XpOMOCOM B MEHO03¢€,
COUYETaHUsSI TaMET MOTYT OBITh OINPEJIENICHbI ¢ MOMOIIbI0 pemieTku [lenHnera (cMm. puc.).
Bcero MoxxHO monyuuTh 16 KoMOMHAIMIA TaMeT, U3 HUX 9 KIIETOK, B KOTOPBIX €CTh XOTS
OBl TI0 OJTHOMY JIOMUHAHTHOMY aJUICNII0 U3 KaXXJI0M mapbl, 3 KOMOWHAIIMH, B KOTOPBIX
BcTpeuaercs A amens, a b B romosurore, ere Tpy, B KOTOPBIX TOMO3UIOTHEIM SBJISETCS

A ¥, HAKOHELI, OJIUH KJIaCC, B KOTOPOM U 4 ¥ b -roMO3HroTHL.
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MOoOXHO TIOCUMTATh OXKUIAEMOE paclIeIUieHue M dTUX 4-X (PEeHOTUITUYECKUX

knacco. A-B- 556x9/16 = 312 (moay4deno 315) A-bb 556x3/16 = 104
(mosryuyeno 101) aaB- 556x3/16 = 104 (moayueno 108) aabb 556/16 = 32

(mosryueno 34)

PeanpHOE paciuenieHue uieaabHo COOTBETCTBYET TEOPETUUECKH 0KUAAEMOMY.

Ecnan moacunrtars unciia CEMSH MO KaXAOW Mape MPU3HAKOB OTAEIBHO OT APYrou
napbl OKaKeTCs, YTO OTHOLIEHUE YHUCIA TTAIKUX CEMSH K YHUCIYy MOPUIMHUCTBIX OBLIO
423:133, a )kenThiX K 3eJeHBIM - 416:140, T.€. 11 KaXa0M Mmapbl oTHOIICHUE ObLI0 3:1.
OueBuaHO, 4YTO B JAWTHOPUAHOM CKPEUIMBAaHUM KakKJas Mapa NPU3HAKOB IMPH
paclenjeHuy B MOTOMCTBE BeJeT ce0sl Tak ke KaKk B MOHOTMOPUHOM CKpEIIMBaHUMU,
T.€. HE3aBUCUMO OT JAPYroi mapbl Mpu3HakoB. TakuM oOpa3oM, MeHaenb 0ObEKTUBHO
YCTAHOBUJI CYLIECTBOBAHME TPETHErO 3aKOHA HACIECHOBAHUS - 3AKOHA HE3A6UCUMO20
HAc1e008aHusi Npu3HAako8 U cHOpMyIMPOBaT MPUHIUI 2eHEeMUUEeCKOU peKOMOUHAYUU -
NOSIBIGHUE IOTOMCTBA C€ KOMOMHanMeld TeHOB, OTIMYHOM OT POAUTENHCKOM.
PexomOuHaius cBsizaHa ¢ HE3aBUCHMBIM PACX0XKJIEHHEM XPOMOCOM IIPHU I'aMETOreHe3e
WIH C KPOCCUHTOBEPOM.

AHanu3 MONMTMOPUIIHBIX  CKPEIMBAHMA  NPOU3BOJUTCS  TaKkKe, Kak W
OUTUOPUAHBIX, OJHAKO C KAXKIBIM YBEJIMYEHHEM 4YHCla MPU3HAKOB BO3PACTAET YHUCIIO
KOMOMHAIIUI ramMer.

Ecnu y nurnbpuna, kak Mbl BUAEIH, Nody4yaeTcs 16 koMOMHaLMA, y TpUruOpuaa ux
yxe 64, a y Terparudpuaa - 256. Knaccuueckoe pacuierienue 9:3:3:1 B gurubpugaom
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CKpELIMBAaHUM IIOJIy4aeTCsi He BCeria, JUIsl 3TOr0 HEOOXOIUMO COOJIOJCHHE MHOTHUX
YCIIOBUH.
Cnepgyer MMeTh BBUIY, YTO B MOJUTHOPUIHBIX PACIICTICHUSX TaKXKE MOXKET OBITh
HEIOJIHOE JIOMHUHUPOBAHME, IPUBOIAIIEE K CEPbE3HBIM M3MEHEHUSIM B YacTOTax
BCTPEYAEMOCTH Pa3HBIX (PEHOTHUIMMYECKUX KIIACCOB.

HeoOxoanmo Takke BBIOJIHEHUE PsAa YCIOBHH JUIS TOTO, 9TOOBI OCYIIECTBUIINCH
OKHJaEMBbI€ PaCILEIIICHU:
1. HaxoxJieHue y4uThIBAEMBIX I'€HOB B HEIOMOJIOTMYHBIX XpPOMOCOMAXx; YMCJIO UX IPH
9TOM HE MOJKET IPEBBIIIATh IaIUIOUIHOTO YUCIIa XPOMOCOM Y JaHHOTO BHJIA.
2. PaBHOBeposiTHOE 00pa3oBaHHE TraMeT BCEX COPTOB Ha OCHOBE CIIy4aiHOTIO
PACXOXKIECHUSI XPOMOCOM B MEHO3€.
3. PaBHOBepOsATHOE CO3pPEBAHUE raMET BCEX TUIIOB.
4. PaBHOBEpOSTHAsI BCTpEYa raMeT IIPHU OIUIOJOTBOPEHHUH.
5. PaBHOBepOsiTHAsA BBDKMBAEMOCTb 3UTOT U B3POCIIBIX OPraHU3MOB.

6. OtHOcuTeNbHAs CTA0MIBHOCTD Pa3BUTHS U3yYaeMbIX TPU3HAKOB.

2. ITomurudpuaHoe CKpenuBaHue.

[Ipu ananuze Tpex W Oonee mMmap albTEPHATHBHBIX MPHU3HAKOB CKpPEUIMBAHHE HA3BIBAETCS
noymruOpuaaeiM. Ecnu ponurenu OyayT OTIMUYAThCS MO TPEeM TapaMm IMPU3HAKOB U HMMETh
reHotunn AaBBCc, T.e. SBISATHCS TPUTE€TEPO3UTOTHHIMHU (T€TEPO3UTOTHBIMU IO TPEM Mapam
aIbTEPHATUBHBIX MPU3HAKOB), TO BO3MOXKHBIE BapUaHThI X rameT OynyT cienyromumu: ABC,
ABc, ABC, aBC, Agc, aBc, aBC, aBc. B 3Tom ciiydae B moToMcTBe 0Opasyercs 64 KOMOMHAIINH,
a pacuierienue OyaeT HaboaaThes B cienytonieM cootHomenuu: 27 (A-B-C-) : 9 (A-B-cc) : 9
(A-BBC-): 9 (aaB-C-): 3 (A-BBcc): 3 (aaB-cc): 3 (aaBBC-): 1 (aaBBCC).

ITpu aHanmu3e 3aKOHOMEPHOCTEH MOJUTUOPUAHOTO CKPEIMBAHUS BBISBICHO Cleyollee:

1) uucno ¢enorunuyeckux kiaccoB B F2 MoxeT ObITh BeIpaxkeHO (HopMyIsioi 2n, I7ie OCHOBAHHE
2 yKa3bIBaeT Ha MAapHOCTb JABYX aJuleJed OJHOTrO TeHa, HaXOIAIIMXCS B OJHOW mape
TOMOJIOTUYHBIX XpPOMOCOM, @ CTENEHb I - YUCIIO F€HOB B HETOMOJIOTMYHBIX XPOMOCOMax, IO
KOTOPBIM TAQ4alOTCsl CKPELIMBAEMbIE POAUTENILCKUE (OPMBI;

2) 4ucNo pa3’IMyYHBIX TUIOB raMmer, oOpa3zyembix TuOpunoM F1 Taxke MOXeT ObITh BBIPAKEHO
¢dbopmyIoit 21, A€ I - YUCIIO0 TEHOB B HErOMOJIOIMYHBIX XPOMOCOMAX, IO KOTOPBIM pa3iInvaroTcs
CKpEUIMBaeMbIe POAUTENbCKHIE (POPMBI;

3) 4ncno BO3MOXKHBIX KOMOMHAIMK raMeT BeIpakaeTcs (popmyiie 41, riae oCHOBaHHE 4 oTpaxaer
YKCII0 BO3MOXKHBIX KOMOMHALMN MYXCKHX B )KEHCKMX I'aMeT B MOHOTMOPHIHOM CKpEUIMBaHUH,
a Il - YUCJIO Nap T'eHOB;

4) 9nCII0 TEHOTUIMHYECKUX KIACCOB MOXKHO ONPEAETHUTH 1o (hopMyJie 311, Tie 1 - YUCIIO TEHOB.

3. O6mmue popmyJibl pacuienieHusi P He3aBHCMMOM HACJICJOBAHMHU I'CHOB.

dopmyna 1y HaXOXKICHUS TaMeT:
A B C

A B ¢

UYucno ramer 2"

Yucno ¢penorunos (3+1) "

Yucno rerorumnos (1+2+1)n
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1.5 Jlekuus Ne 5 (2uaca)
Tema: «HacnenoBanmne npu3HAKOB NMPHU B3aNMOAEHCTBUHU AJLJIEJIbHBIX T€HOB)»

1.5.1 PaccmaTrpuBaeMbie BONIPOCHI

1. I[TonsiTue 06 anyienbHBIX TeHaX U MHOKECTBEHHBIN aJlIeIN3M
2. Tumnbl B3auMOIEUCTBUS AJUIETBHBIX TEHOB

1.5.2 KpaTkoe coaep:kaHue BOIPOCOB

1 ITousiTue 00 a/LI€JIbHBIX T€HAX H MHOKE€CTBEHHbIH aJlj1eJIU3M

MenzeneBckoe pacuielyieHue B IOTOMCTBE THOpHAa B  ONPEAEIEHHBIX YHCIOBBIX
COOTHOILICHUSIX BO3MOXKHO IPH JIBYX OCHOBHBIX YCIOBUSX:

1) — BO - IIEPBBIX, €CJIM HEAUIEIbHBIE T€Hbl HAXOIATCA B PAa3HbIX Mapax I'OMOJIOTMYHBIX
XpOMOCOM H
2) - BO — BTOPBIX, €CJIM KaXKJIbII I'€H IEUCTBYET Ha OIPENEICHHBIN NPU3HAK WIA CBOMCTBO

OpraHu3Ma HEe3aBHUCHMO OT F'€HOB JPYIHX aJIJICJIBHBIX Iap.

Mopenbs DOBOJBHO NPOCTA: KAXKIbIM I'€H YUYUTBIBAETCSA IO JEHUCTBHUIO TOJBKO Ha OJUH
IIPU3HAK.

Tak: - ['eH «A» - *KenToil OKpacKu CEMsIH ropoxa - ONpeAessieT OKpacKy, He BIMSET Ha
Ipyroy MpU3HAK;

- I'en «B» - MopmmHUCTO# (HOPMBI CEMSIH TOpoXa JIEHCTBYEeT HE3aBHCUMO OT JEHCTBUS T'eHa

OKPAaCKH CEMSIH;

- I'en «C» - BBI3BIBAIOIIMI MPOSIBICHUE B3IyTOW (OPMBIOOOOB ropoxa JEHCTBYET Ha ATOT
IIPU3HAK HE 3aBUCUMO OT JIEHCTBUSA I'eHa «A» U reHa»B» u T.1..

OTU npuMepHI MO3BOJISIIOT BBIPA3UTh B3aMMOOTHOIIEHHS MEX/ly T€HOM M IIPU3HAKOM B BUJE

CIIEIYIOIIEH CXCMBI:
OJIUH I'€H oluH MPU3HAK
[ToaTOMy HMCXOJs W3 TAKOrO0 HECKOJIBKO YIPOIIEHHOTO OOBSICHEHHS B3aMMOCBSI3U MEXKITY

TeHaMH ¥ TIPU3HAKaMH MOXKET CJIOKHUTBHCS BIEUYATIEHHE YTO TCHOTHII IMPEJCTABISET COOOM
IPOCTYI0 COBOKYITHOCTh TI€HOB OpraHusmMa, a (EHOTHII — He CTO HMHOE KaK Mo3auka
OINPEJICIICHHBIX ITPU3HAKOB.

(reHoTHT = X I'€HOB)

OpranuszM — He MO3auKa JEHUCTBUS OT/AEIbHBIX U HE3aBHCHMBIX I'€HOB a CJIOXHAasl CUCTEMa
[OCJEIOBATENbHBIX ~OMOXUMHUYECKUX U  MOPQOJOTMYECKUX MPOLECCOB  OMPEEISIONINX
CUCTEMOM B3aMMOCBA3U TIEHOB. lcXons W3 COBpEMEHHBIX MPEACTABICHUN HAYKHM TI'€HOM
Ha3bplBaeTcsl ydacTok Mmosekynsl JIHK B kotopoM coxmepkutcst mHpOpMmanus o HEpBUYHOMN
CTPYKTYp€ OJJHOM TOJHIIENTHIHON IIeTI CHHTE3UPYEMOTo OeKa.

Camu TeHbl HENOCPEJICTBEHHOIO0 Y4acTUsl B CHUHTe3e Oesika He nmpuHuUMaroT. OHU CIly’KaT
MOJIEKYJISIPHOM MaTpuuel, Ha kotopoil (B mpucyrctBuum (epmenta PHK — mnommmepassi)
KOMIUIEMEHTAapHOIO CUHTE3UpYyroTcs MoieKyisl PHK.

I'enetnueckass mHQpOpManus, 3amMcaHHAs B XUMHYECKOHW CTPYKTYpEe T'E€HOB IIOJIHOCTBIO
konupyetcst Ha Bce BuaAbl PHK, B ToM uncne n na uPHK. [locnenuss, nepeiinst B HUTOIIa3My B
CBOIO OYEpE/Ib, CIYKUT MaTpULeH 1J1s CUHTe3a Oenka B pubdocome.

@OyHKIUSA K€ TEHOB COCTOMT B TNPOrPaMMHUpPOBAaHMM CHHTE3a OelKOB B KieTke. Mx
NEPBUYHBIM TIPOAYKTOM (B siipe) sBIsitoTcs He Oenku, a Bce Buasl PHK, kotopsie
KOHTPOJIMPYIOT CUHTE3 OenkoB B pubocomax. YUepe3 3Tu OelIKU TeHbl KOHTPOJIMPYIOT CHUHTE3
OTIpE/ICTICHHBIX MPOJIYKTOB B KIIETKE, ONPEACISAIOT BCIO €€ «paboTy» U TaKuM 00pa3oM BIIUSIOT
Ha TEUYEHUE OHTOIEHE3a OpraHu3Ma.

I'en sdABisieTcst peanbHO CYIIECTBYIOLIEH, MAaTEpPUAIBHOM €IMHUIIEH HACJIEeICTBEHHOCTH
1r000r0 OpraHu3Ma u o0JIaaeT CIeAyOIIUMU CBONCTBAMHU:

1. 3aHUMAET OTPEJICIICHHOE MECTO (JIOKYC) B XpOMOCOME.



—

SNk w

17

2. o0najaeT OINpeseIeHHbIM XUMHUUYECKUM CTpPOEHHEM (TIOCTPOEH M3 HYKJIEOTHIOB, B
MOCJIEI0BATEIBHOCTH, PACIIONIOKEHUS KOTOPBIX 3aKiIoueHa HH(opmanus o Oeske).

3. o0ajaer onpeieleHHbIMU pa3MepaMu.

4. oOiamaer ompeneneHHOW OMOXMMHUYECKON (yHKIMEeH (CHHTE3 MOJIEKYNl BCEX BHIIOB
PHK).

S. o0aaeT CocoOHOCTHIO K TOYHOMY CAMOBOCITPOU3BEACHUIO (PeAyIUINKAIINH).

6. cTabuIIeH BO BPEMEHH.

7. CIOCOOEH MEHATHCS (MyTUPOBATh).

8. ofpeieNIeT NePBUUHYIO CTPYKTYpY OENKOB.

9. OKa3bIBaeT crieln(pUIHOE BIUSHUE HAa Pa3BUTHE MPU3HAKOB U CBOMCTB OpraHU3Ma.

10. BJIMSICT HAa TEUCHHE OHTOTEHE3a B ONPECICHHBIX YCIOBUSAX CPEIBL.

B 3aBucumocTH OT BUJA M TUIA PACIIONIONKCHHS TEHOB B TOMO3WUTOTHBIX MM TOMO3HTOTHBIX
XpOMOCOMaX T'€HbI MOTYT OBITh:

1). ajuienbHBIMU

2). HeaJIeIbHBIMU

3). cuernjIeHHbIMH

2 Tumnnl B3aNMO/IEeHCTBHSA a/ieJIbHBIX T€HOB.

CoBpeMeHHast CeJIEKIUs )KUBOTHBIX OCHOBAaHA Ha KOMILUIEKCHOW OLIEHKH U 0TOOPY IO TeHO- U
denotumy. [Ipu 3TOM cienyeT yuyuThiBaTh, 4TO (PEHOTHUI HE BCETJA CIYKHUT MPSIMBIM U TOJHBIM
BBID@KCHHEM TEHOTHUIIA, HO BCErJa SIBJISETCS MPOU3BOJHBIM CJIOKHOTO B3aUMOJICUCTBUS
TeHOTHUIA U CPEJIbI.

CrnemyeT OTMETUTh, YTO TIOHUMaHUE (DEHOTHITMYECKOTO MPOSIBIICHUSI TEHOB HEOOXOUMO Kak
¢dbyHnameHTanpHas 6a3a, Ha KOTOPOM OCHOBAHO COBEPIIECHCTBOBAHME CEJIbCKOXO3SIICTBEHHBIX
KUBOTHBIX METO/IAMH Pa3BECHUSI.

Ecnu B reHoTHIIE 0COOM MPU3HAK JETEPMUHUPOBAH aJUIeIbHBIMU T€HAMHU, TO PEAIU3alUs €TO
B (heHOTHITe OOBIYHO 3aBUCHUT OT THIIA B3aUMOJICHCTBUS TCHOB.

PaznuyaroT cineayromie BUIbI B3aUMOICHCTBUS T€HOB:

—AJIUTUBHOE B3aUMOJEHUCTBUE
—He anmuTuBHOE B3anMoeiicTBIE
---a) TIOJIHOE€ JIOMUHHUPOBAHUE
---0) HE MOJIHOE TOMUHUPOBAHUE
---B) CBEpXIOMUHUPOBaHNE
---T') perpeccust
—KonomunupoBanne
—AnnenbHOe UCKITIOYEHHE
MexaiuienbHOEe KOMIUIEMEHTALUS
[InelioTporniHOE ACHCTBHE TeHA
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1.6 Jlekuust Ne 6 (2 yaca)
Tema: «HacenoBanue Npu3HAKOB NPHU B3aUMO/IeHCTBUMU HealIeJIbHbIX T€HOB»

1.6.1 Bonpocel JieKnuu:

1. IloHsATHE HEAJIETBHBIX TCHOB

2. Bunbl B3auMoIeHCTBUS HeaJICIbHBIX TEHOB: KOMIUIEMEHTAapHOE, HOBOOOPa30BaHKE, IUCTA3,
TIOJTUMEPHSI, KPUITTOMEPHSI.

3.BI/II[I)I MNOJIMMEPHHU, HUX 3HAYCHUC B IIPAKTHKE JXUBOTHOBOACTBA CYIIPECCUA KaK OCHOBa
HEaJUIeTTbHOTO B3aUMO/ICHCTBHUS TEHOB

1.6.2. KpaTkoe coaep:kaHue BONPOCOB
1 IlonsiTHe HeaJIeJIbHBIX T€HOB

BSaI/IMO,Z[eI;'ICTBHC HeaJlNIeJIbHBIX T€HOB. M3B€CTHO MHOIO IIpUMCPOB, KOT'ZIa I'CHBI BJIMAIOT HA
XapakTep IMpPOABJIICHHA ONPCACIICHHOIO HCAJUICIIBHOIO IcHa WJIM Ha CaMy BO3MOKHOCTb
MMPOABJICHHUA 3TOI'O IcHa.

2 Bujbl B3anMo/1eiicTBUSI HealJIeJIbHBIX FeHOB: KOMILJIEMEHTApHOe, HOBOOOpa30BaHue,
MMUCTA3, NOJTUMEPHs, KPUIITOMEPHSI.

KommiemenrapHoe B3alMO/ICIICTBHE. KommnemenrapasiMu Ha3bIBAIOT T'€HBI,
OyCIIOBJIMBAIOIIME TIPH COBMECTHOM COYETaHMUM B TIEHOTHUIE B TOMO3MIOTHOM WIIH
reTepO3UrOTHOM COCTOSIHUM HOBOE (PEHOTHMIMYECKOE IposBIIeHUE Mpu3Haka. Kiaccuueckum
IPUMEPOM KOMIUIEMEHTAPHOTO B3aUMOJICHCTBHS T€HOB SIBJSIETCS HacyieqoBaHue (HhopMbl rpeOHs
y Kyp (puc. 331). Ilpu ckpemBaHuu Kyp, UMEIOLUX PO30BUAHBIN U TOPOXOBUIHBIN IpeOeHb,
BCE MEPBOE NIOKOJIEHUE UMEET OPEXOBUIHBIIN rpeOeHb.

[Ipu ckpemmBanuy rUOpPHUIOB MEPBOTO MOKOJIEHUS Y TOTOMKOB HAaOIIOAAETCS paclieIyieHue
mo ¢opme TpeOHsA: 9 OpPEXOBHAHBIX: 3 PO3OBUAHBIX: 3 TOPOXOBHUIHBIX: | JIMCTOBHIIHBIN.
['eneTnyecKuii aHaM3 MoOKas3all, YTO Kypbl C PO30BHIHBIM TpeOHEM HMMEIOT reHoTun A bb, ¢
ropoxoBuaHBIM — aaB , ¢ opexoBusHbiIM — A B u ¢ nucTtoBUIHBIM — aabb, TO ecTb
pa3BUTHE PO3OBUIHOTO IpeOHS MPOMCXOIUT B TOM CIIydae, €CJIM B T€HOTHUIIE UMEETCS TOJbKO
OJIMH JIOMMHAHTHBII T'eH — A, TOPOXOBUIHOTO0 — HaJIMuue TOJBbKO reHa B, coueranue reHos A
B 00ycnoBnuBaeT nosiBICHUE OPEXOBUIHOTO I'PEOHS, a COYETAHUE PELIECCUBHBIX ajlleel 3TUX
T€HOB — JIMCTOBHJIHOTO.

[Ipu KOMIIIEMEHTApHOM B3aMMO/ICHCTBHU T'€HOB B TUTUOPUIHOM CKPEIIMBAHUH MTOTyYarOTCS
pacileryieHls TOTOMKOB OTJWYHBIE OT MeHAesneBckoro: 9:7, 9:3:4, 13:3, 12:3:1, 15:1, 10:3:3,
9:6:1. OtHaKo Bce OHU SIBJIAIOTCS BUIOM3MEHEHUSIMH 00111ei MeHaeneBckon popmyst 9:3:3:1.

Onucra3. DNMUCTATUYHBIM HA3bIBAIOT TAKOE€ B3aMMOJACHCTBHE I€HOB, IPU KOTOPOM aJuIeib
OJIHOTO T€Ha MOJABJISACT JACHCTBUE ajlleNed IPYruX IeHOB. ONHUCTATUYHOE B3aWMOJAEHUCTBHE
IIPOTUBOIOJIOKHO KOMIIEMEHTapHOMY. HekoTopble mopoabl Kyp HMEIT Oenoe OmepeHue,
IPYTHE ke — OKPAIIECHHOE.

benoe omepeHue ompexaenseTcs HECKOJbKUMH DPA3JIMYHBIMU T€HAMH, Hampumep, y OembIx
nerropaoB — reHamu CCII, a y 6enpIx mummmyTpokoB — ccii (puc. 332). JloMruHaHTHAs alienb
rena C ompenenseT CHHTE3 MpeAUIECTBEHHHKAa NUTMEHTa (XpOMOIeHa, O00ecledMBaIOLIEro
OKpacKy Iiepa), a €ro peleccuBHas ajljlellb ¢ — OTCYTCTBHE XpomoreHa. l'eH | sBusercs
nojasuresneM aeicTus reHa C, a aimienp 1 He MojAaBisier ero aeicTsus. Takum oOpa3oM, OGenast
OKpacKka y Kyp ONpEIeNsieTcs He HAJU4YMEM OCOOBIX I'€HOB, OINPEAEISIOUIMX PAa3BUTHE 3TOU
OKpacKH, a HAJTMYMEeM IeHa, OJaBJIAIOLIEro ee pa3BUTHE.

[Tpu cxpemmBanuu, Harpumep, JerropaoB (CCII) ¢ mmmyTpokamu (ccii), Bce motomcTBo F1
uMeeT Oelyl0 OKpacKy, KOTOpas OIpeleNsercss HaJMyueM B UX T€HOTHIIE TeHa-10JIaBUTENs
(Ccli). Ecnu ke rubpunoB F1 ckpecTuTh MeXIy cOO0M, TO BO BTOPOM IOKOJICHHH TMPOHCXOHUT
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paciieruieHne 1mo okpacke B oTHomeHuH 13/16 Oenbix: 3/16 okpameHHbIX. OKpalieHHBIM
OKa3bIBa€TCs Ta YaCTh IOTOMCTBA, B TEHOTUIIE KOTOPOM UMEETCSI TEH OKPACKU M OTCYTCTBYET €r0
nonasurens (C_ii).

[omumepus. CkpermBas Oenyro U MypHypHyto ¢acoinu, MeHenb CTONKHYJICS C SIBICHUEM
nonumepu. IlonrMepuelt Ha3pIBalOT OJJHO3HAYHOE BIUSHHE JBYX, TpeX U 0oJiee HealsIelbHbIX
I€HOB Ha Pa3BUTHE OJIHOTO W TOTO € MpHU3HaKa. Takue reHbl Ha3blBalOT MOJIMMEPHBIMH, WIH
MHOECTBEHHBIMHU, 1 0003HAYalOT OJHON OYKBOW C COOTBETCTBYIOIIMM HHAEKCOM, HalpHMeEp,
Al, A2, al, a2. [TonumepHbIE T€HbI KOHTPOJUPYIOT OOJIBIIMHCTBO OJIMYECTBEHHBIX MPU3HAKOB
OpPraHU3MOB: BBICOTY PAacCTEHHs, MAcCy CEMsH, MaCIMYHOCTb CEMsH, COJEp:KaHUEe caxapa B
KOPHEIUIOaX CaXapHOU CBEKIIbI, YJOMHOCTb KOPOB, SIMIIEHOCKOCTh, BEC TENA U T.1.

SIBnenue mnonumepun ObLIO OTKpbITO B 1908 r. mpu M3y4eHHH OKpPAcKd 3€pPHOBKU Y
nmeHusl Henbconom-One (puc. 333). OH mpeAmnosioXui, YTO HACJIEIOBAaHUE OKPACKH Y
3€pHOBKM TIIEHHUIIBI OOYCIOBJIEHO JABYMs WIM TpeMsl MapaMy IOJIMMEpHbIX TreHoB. [lpu
CKpEIlMBaHUU KpacHO3epHOM M Oeno3epHoi mmeHuipl B F1 Habmoganocs nmpomexyToyHOE
HaclieloBaHKUe MTPU3HAKA: Bce THOPUIBI IEPBOrO MOKOJIEHUS UMEIIN CBETIIO-KpacHoe 3epHo. B F2
MIPOUCXOIMIIO paCHICTICHUE B OTHOIIEHUH 63 KpacHO3epHBIX Ha | Geno3epHoe.

IIpryeMm KpacHO3epHbIE 3€pPHOBKH MMEIHM Pa3HYI0 MHTEHCHBHOCTb OKPAacCKd — OT TEMHO-
KpacHOW 10 cBemno-kpacHou. Mcexons wu3 Habmonenuii, HenbcoHoM-DOne ompenenui, 4To
IIPU3HAK OKPACKH 36pHOBOK 00YyCIIaBJIMBAET TPH Mapbl NOJMMEPHBIX F€HOB. Y 4elloBeKa 10 THITY
MIOJIMMEPHUH HACJIEelyeTCs, HallpUMEpP, OKPacKa KOXKH.

3 Buabl MmMoJIMMEPUHA, UX ZHAYCHHUEC B INPAKTUKE KUBOTHOBOACTBA CYINIPECCHA KaK OCHOBa
HeaJJIeJIbHOI'0 B33HMOHeﬁCTBHH Ir¢HOB

Hapsiny ¢ KOMIUIEMEHTapHBIM M JIUCTAaTHYECKUM IIPUHATO TaKK€ paccMaTpuBaTh
B3alMOJICIICTBHE T'€HOB MO TUILYy NOJUMEpPUU. B 3TOM ciyuyae pas3Hble reHbl Kak Obl AyOJIHpYIOT
JeWcTBUE pyr Ipyra, ¥ OJAHOM JOMHUHAHTHOW ajuienu 1000ro U3 B3aMMOJAEHCTBYIOLIMX I'€HOB
JOCTaTOYHO JUIsI TIPOSIBIICHHS H3y4aeMol (EHOTHIIMYECKOH XapaKTepucTuku. Tak, mpu
CKPELIMBAHUU DPACTEHHH MacTyUIbed CYMKH C TpPEYrojbHBIMHM IUIOJAaMH (CTpydyKamu) U C
oBaJbHBIMH TUIOAaMu B F1 oOpasyrorcsi pacTeHus ¢ miogamu TpeyrosibHoi ¢opmsel. Ilpu mx
camoornblieHnH B F2 HaOmogaercst pacieruieHue Ha pacTeHUsl ¢ TPEYrOJbHBIMU U OBaJbHBIMU
CTpydyKaMM B cOOTHomeHHHu 15:1. DTo o0OBsCHsE€TCs TeM, 4YTO CYIIECTBYIOT JBa TI€Ha,
JEHUCTBYIOMNX 3HO3HAYHO. B 3THX ciyyasx ux o6o3HayaroT oguHakoBo (Al u A2). Torma Bce
reHotunsl: Al - A2 -, Al - a2a2, a2a2A2- OyayT WMETh OJUHAKOBYIO (EHOTHUITUICCKYIO
XapaKTepUCTUKY - TPEYroJibHbIe CTPYUYKH, U TOJbKO pacTeHHs alala2a2 OyayT ormiuyarbes -
00pa3oBBIBATH OBAJIBHBIE CTPYYKH. JTO CIIydail TaK HA3bIBAEMbI HEKyMYJIATUBHOW MOJMMEPHH.

OpHO3HayHBlE, WIM TOJIMMEPHBIE, T€HBl MOTYT ACUCTBOBAaTH MU IO THUIYy KyMYJISATHBHON
nonumepud. Tak, mBeackuil resetuk . Hunbcon-One B 1908 r. onucan cepuio OJHO3HAYHO
JEMCTBYIOIMX I€HOB, KOTOPBIE ONPEIENISAIOT OKPACKy 3HIOCIepMa 3epeH mmeHunsl. [Ipu stom
MHTEHCUBHOCTh OKPACKM 3€pEH OKa3ajach IMPOINOPLHOHAIBHON YMCIy JOMUHAHTHBIX ajulesel
pasHbIX TE€HOB B TpPUIMOpPUIHOM cKpemuBaHuu. Haumbonee oOkpalleHHBIMM ObUIM 3€pHA
ATA1A2A2A3A3, a 3epHa alala2a2a3a3 He uMenu nuUrMeHtra. Mexay ATUMHM KpailHUMH
TUIIAMU TIpH paciueruieHud B F2 HaOmromanuck NpoMeXyTOYHbIE BapUaHThl B COOTHOIIEHUU
1:6:15:20:15:6:1.

[Io Tumy KymynsSTUBHOW IOJIMMEPUHM HACIEAYIOTCS MHOTHE KOJIMYECTBEHHBIC INPHU3HAKH,
HalpuMep LBET KOXH y YeIOBEKa; MOJIOYHOCTb, SAWIIEHOCKOCTb, Macca W JApPYyrue NpU3HAKU
CEJIbCKOXO3SIICTBEHHBIX KMBOTHBIX; JUIMHA KOJIOCA Yy 3J1aKOB, COJEp)KaHUE caxapa B
KOPHEIIJIOIaX caXxapHOoW CBEKIIbI U Jp. M3yueHneM Hacie10BaHUsl TaKUX NMPU3HAKOB 3aHUMAETCS
CHECLMAIBHBIA pa3fesl TeHETHKU - TEHETHMKa KOJIMYECTBEHHBIX IPHU3HAKOB, KOTOPAs Ba)KHA
IIPEK/IE BCETO IS CENIEKLNU U pa3pabdOTKH MPoOIeM MUKPO3BOJIOLUH.

OcHoBaTeneM TEHETHKM KOJMYECTBEHHBIX IPU3HAKOB B Hamel crpaHe Obu1 FO.A.
Oununyenko. OH M3ydan HacleAOBaHUE Pa3MEpPOB yepera KPYMHOro poraToro CKOTa, JAJIMHBI



20

KOJI0Ca MIICHUIIBI U JakKe YMCTBEHHBIX CITIOCOOHOCTEH y uenoBeka. B ogHoi u3 padot 1928 r. on
OITyOJIMKOBAJ TAHHBIC O HACJICIOBAHUY JUTMHBI KOJIOCA TIPU CKPEIIUBAHUN JBYX (DOPM TIICHHUIIBI.
B F2 on Habmronan pacnpeaeneHue mo JUIMHE KOJIoca, XOPOIOo COTJIacyIoMeecss ¢ THIOTE301 O
MOHOT€HHOM pa3JIMYuU MO 3TOMY TMpu3Haky. OAHAKO MOCIENYIOIMNA aHaJIU3 IOKa3ajl, 4YTo
HapsAly C «OCHOBHBIM» T€HOM, OMNPEACISIONIMM JJIMHY KOJIOCA, CYIIECTBYET psJi TE€HOB-
MoaudukaTopoB 3Toro mpu3Haka. [10M0OHBIN THUI HaclIeOBaHUS BCTPEYACTCS 4YacTo. Takum
oOpa3oM, (peHOTHII, KaK MPaBUJIO, MPEJACTABISACT COOOM Pe3ysbTaT CIOKHOTO B3aUMOICHCTBUS
redoB. [Ipupoga reHoB-MOaU(PUKATOPOB O CHX TOP BBI3BIBAET CIOPBI: B YACTHOCTH, HE SICHO,
CYIIECTBYIOT JIM CIICIHAIbHBIE MOIU(MUKATOPHI, PYHKIIUS KOTOPBIX 3aKIHOYACTCS B M3MCHCHHUH
JNCUCTBHSI PYTHX - «OCHOBHBIX» T€HOB WJIM MOJIUDUIIMPYIOIIee NEHCTBUE TeHA - Pe3yJbTaT €ro
MJICHOTPOTIHUH.
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1.7 Jlekuus Ne 7 (2 yaca)
Tema: «XpoMOCOMHas TEOPUs HACIIEICTBEHHOCTI

1.7.1 Bonpocsl JieKIuu:

1. CueruieHre TEHOB | CIECTUICHHOE HACIICIOBAHUE TIPU3HAKOB. [ pYIIITBI CICTIICHHUSI.

2. XapakTep pacileruIieHHs IPU HE3aBUCUMOM H CIISTUICHHOM HaclieZjoBaHud. KpoccHHTOBep Kak
MIPUYHHA HETIOJIHOTO CIUETUICHHS TCHOB.

3. 'eHeTH4eCKOE M IUTOIOTUIECKOE I0KA3aTeLCTBO KPOCCHHIOBEPA.

4. T'eHeTHYeCKOE KapTUPOBAaHHE W KapThl XpPOMOCOM. Poyib KpocCHHroBepa B YCHUJIICHUU
KOMOMHATUBHON U3MEHYHUBOCTH.

1.7.2. KpaTkoe coaep:kaHue BONPOCOB
1 CuensieHue reHOB U CUENUIEHHOE HAac/leJ0OBaHUe MPU3HAKOB. ['pynnbl cuenJienus.

Bckope mocne mepeoTkpbIiTHs 3aKOHOB Menzens Hemeukuid uuronor Teomop bosepu
(1902) mpencraBui 1oKa3aTeNbCTBA B MOJIb3Y YYAaCTHs XPOMOCOM B IPOIECCaxX HACIeICTBEHHOM
nepeaaydu, MoKazaB, YTO HOPMAIbHOE Pa3BUTHE MOPCKOTO €Xa BO3MOXKHO TOJBKO NP HATUYUHU
Bcex xpoMocoM. B 310 ke Bpems (1903 r.) amepukanckuii nuronor YuiabsiM CATTOH oOpaTHi
BHUMaHWE Ha TapauleJu3M B MOBEJICHHH XPOMOCOM B MEHO3€¢ M THIOTETHYECKUX (PAKTOPOB
HACJIEJACTBEHHOCTH, CYLIECTBOBAHUE KOTOPBIX MpeECKa3al eme caM MeHaenb.

Yunbsam CATTOH MPEANOTOXKUI, YTO B OJTHOM XPOMOCOME MOXKET HaXOAUTHCSI HECKOJIBKO
reHoB. B 3Tom cnyuyae MOMDKHO HaAOMIOMATHCS CIEIJICHHOE HacleAOBaHWE MPU3HAKOB, T.C.
HECKOJIBKO Pa3HBIX MPHU3HAKOB MOTYT HACIEIOBATHCS TaK, KaK OyJITO OHH KOHTPOJUPYIOTCS
omauM reHoM. B 1906 r. V. barcon u P. IleHHeT 0OHapyXWiIM CIEIJICHHOE HACJEAOBaHHUE Y
QyHMIACTOTO ropoika. OHU U3ydalldi COBMECTHOE HAaceAOBaHUE: OKPacKU LBETKOB (MypIrypHas
WK KpacHasi) U (GOpMBbI MBUIBLIEBHIX 3epeH (yUIMHEeHHas Wi okpyrias). Ilpu ckperuBanuu
JUTETEPO3UTOT B HMX IMOTOMCTBE HabOmogamoch pacmerienne 11,1:0,9:0,9:3,1 Bmecto
oxkugaemoro 9:3:3:1. Co3znaBanioch BreyaTiieHuE, 4TO (AKTOPbl OKpPackd U (OPMBI MBUIBIIBI
MMEIOT TEHJCHIUIO MPH PEKOMOMHAIIMU 3aJ]aTKOB OCTAaBAThCS BMECTE. DTO SIBIICHHUE aBTOPHI
HA3BaJll «B3aUMHBIM MPUTHKEHUEM (PAKTOPOBY, HO MPUPOAY €TI0 UM BBISICHUTH HE YAAIOCh.

2 Xapakrep paculelUieHUsi TP He3aBHCHMOM U CHEIUIEHHOM HAacJ/ie0BaHMM.
KpoccunroBep kak npu4nHa HeMOJHOTO CLENJIEHUS] T€HOB.

KpoccuraroBep (oT aHri. crossing-over — TepekpécT) — 3TO mpoiecc oOMeHa
TOMOJIOTUYHBIMU Y4aCTKaMU TOMOJIOTUYHBIX XPOMOCOM (XpOMATHU]).

OOBIYHO KPOCCHHIOBEP POUCXOANT B Melo3e I.

[Tpu kpoccuHTOBEpE MPOUCXOAUT OOMEH T€HETUYECKUM MaTepuajIoM (aJuIeTsiMu) MEXTY
XpOMOCOMaMH, U TOT/Ia MPOUCXOIUT PEeKOMOWHAINS — TIOSBJICHUE HOBBIX COUCTAHUH alenei,
Harpumep, AB + ab — Ab + aB.

MexaHU3M KPOCCHHTOBEPa «Pa3pbhIB—BOCCOCIMHEHUE)

CornacHo Teopun SHcceHca—/[apnMHITOHA, KPOCCHHTOBEp MPOMUCXOIUT B mpodasze
Mmeiio3a. ['oMonoruunsie XpoMocoMbl ¢ xpomatugamu AB u ab oOpasyroT 6uBaneHTsl. B ogHOM
U3 XpOMaTHU B IEPBOM XpOMOCOME IPOUCXOANT pa3phiB Ha yyacTke A—B, Torna B mpuexarieit
XpOMaTH/e BTOPOH XPOMOCOMBI MPOMCXOMUT pa3phlB Ha ydacTke a—b. Kietka crpemuTtcs
HCIPAaBUTh TOBPEXKICHUE C TIOMOIIbIO (DEPMEHTOB penapanui—peKoMONHAIIMN U IPUCOCTUHUTD
¢parmenTsl  xpomatua. OpHAKO TPU 3TOM BO3MOXKHO TPHCOEIWHEHHE KPECT—HAKpPECT
(kpoccuHTOBEp), W 00pa3yroTcs pekoMOMHaHTHBIE XpoMmaTuabsl Ab u aB. B anadase mepsoro
JeNeHUs Mei03a MPOUCXOIUT PACXOXKICHNE ABYXPOMATHIHBIX XPOMOCOM, @ BO BTOPOM JICJICHUH
— pacxoxjaeHue xXpomaTu (OJHOXPOMATHUAHBIX XPOMOCOM). XpOMAaTHUIbl, KOTOpBHIE HE
YYacTBOBAJIHM B KPOCCHHTOBEpPE, COXPAHSIOT MCXOJHBIE COUYeTaHHs ajuieneid. Takue XpomaTuabl
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(0THOXpOMATHIHBIE XPOMOCOMBI) Ha3bIBAIOTCS HEKPOCCOBEPHBIMU; C MX yUYaCTHEM Pa30BBIOTCS
HEKPOCCOBEPHBIE TaMEThl, 3UTOTBI W 0coOH. PekOMOWHAHTHBIE XpOMATHIbI, KOTOPHIC
0o0pa30BaICh B XOJ€ KPOCCHHTOBEpa, HECYT HOBBIE coueTaHus ajuienedl. Takue XpomaTwibl
(oTHOXpOMATHAHBIE XPOMOCOMBI) Ha3bIBAIOTCS KPOCCOBEPHBIMU, C UX YYaCTHEM pa30BBIOTCA
KPOCCOBEpHbIE TaMeThl, 3uUroThl U ocobu. Takum o00pa3om, BcIeACTBHE KPOCCHHTOBEpa
MPOUCXOAUT PEKOMOWHAIUS — TOSIBJICHHUE HOBBIX COUYETAHWW HACJIEACTBEHHBIX 3a/IaTKOB B
XpOMOCOMaX.

JIBOWHOW 1 MHO>KECTBEHHBIN KPOCCUHTOBEP

MopraH npeanoyioxkui, 4To0 KPOCCUHTOBEP MEXIY IBYMs I'€HaMH MOET IMPOUCXOJUTH
HE TOJIBKO B OJIHOM, HO M B JIBYX U Jlaxke OoJIbIlIeM 4ucie ToueK. YeTHOEe YMCIIO MEepEeKpecTOB
MEXIy JByMs TI'€HaMH, B KOHEYHOM CYETE, HE MNPUBOAUT K HMX MEPEMELICHUI0 U3 OIHOU
TOMOJIOTUYHOM XPOMOCOMBI B JAPYTYIO0, TMOATOMY YHCJIO KPOCCHHTOBEPOB U, CJIEIOBATEIBHO,
paccTosiHue MeXIy dTHMH T'€éHaMU, ONpeAesieHHOE B dKCIepUMEHTE, CHIKAITCA. OOBIYHO 3TO
OTHOCUTCS K JIOCTATOYHO JAJIEKO PACIOJOKEHHBIM JIPYr OT Jpyra reHam. EcTecTBeHHO, 4TO
BEPOSITHOCTh IBOMHOIO MEPEKPECTa BCET1a MEHbIIIE BEPOSATHOCTH OJIMHAPHOr0. B npuHuune oxa
OyZeT paBHA MPOU3BEACHUIO BEPOSTHOCTH JIBYX €IUHUYHBIX aKTOB pekoMOuHarmu. Hanpumep,
€CJTM OJIMHOYHBIA TIEPEKPECT OyIeT MPOUCXOIUTh ¢ YacToToi 0,2, To IBOWHON — ¢ YacToToi 0,2
x 0,2 = 0,04. B nanpHeiineM, HapsaIy ¢ ABOWHBIM KPOCCHUHIOBEPOM, OBLIO OTKPBITO U SIBICHHE
MHO>KE€CTBEHHOT'O KPOCCHHTOBEpA: TOMOJIOTHYHBIE XPOMATHIBl MOTYT OOMEHUBATHCS YYaCTKAMHU
B TPEX, YEThIpEX U O0JIee TOUKaXx.

3 I'eHeTn4ecKoe U MUTOJOTHYECKOE JOKA3ATEIbCTBO KpOCCHHTOBEpPA.

[uromornyeckoe 1OKa3aTEIbCTBO KPOCCUHTOBEPA

[IpsMble 1MTONIOTMYECKHE CBHJETENBCTBA OOMEHa dYacTell XpoMOCOM BO BpeMs
KpPOCCUHTrOBepa ObLTH 1moTyueHs! B Hayase 30-X roJ1oB y Apo30(HIIbl U KYKYPY3bl.

B nemnom kpoccuHroBep MpeincTaBiseT COOOH OJUH M3 PEryssipHbIX TI'€HETHYECKUX
IIPOLIECCOB, KOHTPOJMPYEMBIX MHOTMMH T€HaMU KaK HENOCPEJCTBEHHO, TaK U 4Yepes
(U3NOTIOTMUYECKOE COCTOSITHME MEHOTHYECKUX WJIM MUTOTHYECKUX KJIEeTOK. HacToTa pa3iuyHbIX
TUNOB peKoMOMHanuil (MeHOTHYEeCKHil, MHUTOTMYECKHII KpPOCCHUHIOBEp M CECTPHUHCKHUE
XpOMaTH/IHble OOMEHBI)  MOMET CIYyXXHMTh MEpOoW JeHCTBHS MYTareHoOB, KaHIIEPOI'€HOB,
AHTHOWMOTHUKOB H JIP.

bronornueckoe 3Ha4eHNE KPOCCHHIOBEpa

brmarogaps cUEIUIEHHOMY HACICIOBAaHUIO yAAayHbIE COYETAHUS AJICIIEH OKa3bIBAIOTCS
OTHOCUTENIPHO YCTOWYMBBIMH. B pe3ynbTare 00pa3yroTcs rpylibl F€HOB, KaXKaas M3 KOTOPBIX
IIpEJICTaBIsIET COOON KaK €UHBIN CylepreH, KOHTPOJIUPYIOUINI HECKOJIBKO NMPU3HAKOB. B TO *e
BpeMs, B X0/ieé KPOCCHHIOBEpPa BO3HUKAIOT PEKOMOMHAIIMY — T.€. HOBble KOMOMHAIMM ajliesel.
Taxum 06pa3oM, KpPOCCHHIOBEP MOBBIIIAET KOMOMHATHBHYIO H3MEHYMBOCTh OPTraHU3MOB.

OBOJIOLIMOHHOE 3HAYCHME CLEIUIEHHOTO HAcleloBaHUA. B pesynbrare cuersieHus oxHa
XpOMOCOMa MOXET COAEP)KaTh KaK OJaromnpusTHbIC ajuleny (HampuMmep, A), TaKk U HeUTpalbHbIe
WIA OTHOCUTENIbHO HeOnaronpusTHele (Hanpumep, N). Eciu HekoTopslil ranjaotun (Hanpumep,
AN) NOBBIIIIAET TPUCTIOCOOIEHHOCTh €T0 HOCHTENEH 3a CUeT HAJIMYMs OJaronpHsITHBIX ajieneit
A, TO B momynsAnuu OyAyT HakarIMBaTbCs Kak OJaronpHsTHbIE ajuledH, TaK U CLENJIEHHBIE C
HUMU HEUTpaJIbHbIE WM OTHOCUTEIBHO HeOsaronpusTHsie N.

OBOJIOMOHHOE ~ 3HAa4Y€HHE  KpPOCCHHroBepa. B pesympTare  KpoccHHroBepa
HEONaronpusTHbIE aJJIeNM, [E€PBOHAYAJIBHO CIEIUIEHHbIE C OJaronpusTHBIMH, MOTYT
IIEPEXOIUTh B IPYTyI0 XpomocoMmy. Toraa BO3HMKAarOT HOBBIE TaIlJIOTUIIBI, HE COJEpPIKalIHe
HEeOJArONpPUITHBIX aJUIeNeH, U ATH HEOJIAaroNnpHUsITHbIE AJIJIENIN AIUMUHUPYIOTCS U3 MOMYJISAUH.
3.4 T'eHeTMyeckoe KapTUpPOBAaHWE M KapTbl XpOMOCOM. Poib KpoccHHroBepa B YCHIICHHHU
KOMOMHATHBHON N3MEHYMBOCTH.

Andpen CrépreBaHT (coTpyaqHUK MopraHa) npeArnoIoxKuil, YTO YacToTa KPOCCHHIOBepa
Ha y4acTKe MEXIYy T'€HaMH, JIOKAJIM30BAHHBIMU B OJHON XPOMOCOME, MOXET CIYKUThb MEpO
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paccTossHUsST MEXIy TeHaMu. VHBIMM CllOBaMH, 4YacToTa KPOCCHHIOBEpa, BbIpaxkaeMas
OTHOLICHWEM 4YHCJIa KPOCCOBEPHBIX o0cobeld Kk ofmeMy 4HcIy  0coOel, TmpsmMo
NPOTIOPIIMOHATIbHASL PACCTOSIHUIO MEXKIy TeHamu. Torma MOXKHO HCIOJb30BaTh YacTOTYy
KPOCCHHIOBEpa JJIsi TOrO, YTOOBI OMPEACIATh B3aMMHOE PACIIONIOKEHHE TEHOB M PACCTOSHUE
MEX]y TCHAMH.

I'eneTnueckoe KapTHPOBAHUE — ATO OIpENENICHUE TOJOKEHUS KaKoro-audo reHa o
OTHOIICHUIO K JBYM (KaKk MHHUMYM) IpyruM TeHaMm. [1oCTOSIHCTBO MpOIEHTa KPOCCHHIOBEpa
MEXJy OIpe/eJIeHHBIMU I'eHaMH TMO3BOJISIET JIOKAIW30BaTh WX. ENWHUIEH PAacCTOSHUS MEXIy
reHamu ciaykuT 1 % KpoccuHroBepa; B 4eCTb MopraHa 3Ta €JUHHIIA Ha3bIBAETCS MOPTaHUION
(M).

Ecnmu XpoMOCOMBI TOCTaTOYHO JUITMHHBIC, TO YIaJCHHE T'€Ha OT HYJIEBOH TOYKH MOMKET
npeBbimath 50 M — Torja BO3HUKAeT NPOTHBOPEUYHME MEXKIy OTMEUEHHBIMH Ha Kapre
paccrosiHusiMu, mpeBblmamuMu 50%, ¥ MOCTYJTUPOBAHHBIM BBIIIE TOJIOXKEHHEM, COTJIACHO
kotopomy 50 % KpoccoBepoB, TOTYUYSHHBIX B DKCIEPUMEHTE, (PAKTHUECKH JOJDKHBI O3HAYATh
OTCYTCTBHE CIICTUICHUS, T. €. JOKAJIHM3AIMI0O TEHOB B Pa3HBIX XPOMOCOMaxX. DTO MPOTHBOPEUYHE
OOBSICHACTCSI TEM, YTO MPH COCTABICHUH T€HETHYECKUX KapT CyMMHUPYIOTCSI PACCTOSIHUS MEXKILY
IBYyMsi HawOoJiee OJM3KUMH TE€HAaMH, 4YTO TIPEBBIIIACT ADKCICPUMEHTAIBHO HAOI0IaeMbIi
MPOIIEHT KPOCCHHIOBEPA.

B menom cpaBHeHHE TeHETHYECKHX (KPOCCHHIOBEPHBIX) W IIUTOJIOTMYECKHX KapT
MOKa3bIBaeT MX COOTBETCTBHE: YeM OOJIBIIMK MPOIEHT KPOCCHHTOBEpA pa3zeisieT Mmapy r'eHOB,
TeM OoJble U (PU3NIECKOE PACCTOSTHUE MEX Ty HUMHU. OIHAKO HA HECOOTBETCTBHE PACCTOSHHIA,
OTIpEIENIIEMBIX YKa3aHHBIMU JIBYMSI METOJAaMH, MOTYT BIHSTH 1Ba (pakropa. Bo-mepBbIX, 3TO
o0yacTi, B KOTOPBIX 3aTPpyJHEH WIH OTCYTCTBYET KpPOCCHHTOBEp (Hampumep, B
reTepoOXpOMaTHUECKUX pailoHax); BO-BTOPHIX, (PU3UYECKOE pACCTOSHHE OyaeT OoJblie, Yem
TCHETHYECKOE, CITU TeHBI pa3/ielieHbl 30H0H «momdarniei» THK.

4. I'eHeTHYeCKOe KAPTHPOBAaHHE M KapThl XpomMocoM. Poib KpoccuHroBepa B yCHJIEHHH
KOMOMHATHBHOI N3MEHYHUBOCTH.

Kpoccunrosep nHOrgja mpouMCXOAMT M HAa CTAaJUM Pa3MHOXKEHHS IpU 0Opa30BaHUU
MOJIOBBIX KJIETOK, KOIJla TOHUHU €Il€ MMEKT IUIUIOMTHOE YHUCIO XpOMOcOM. B 3tToM ciydae
MPOIIEHT KPOCCOBEPHBIX TAMET MOXKET ObITh OUYEHb BHICOKHM.

YactoTa MHTOTHYECKOTO KPOCCHHIOBEpa HUXKE MEHOTHYECKOTO, OJHAKO €ro TaKxKe
MO>KHO MCIIOJIb30BaTh JUIsl FTEHETUUECKOTO KapThupoBaHHs. COMaTUYECKUI KPOCCUHIOBEP HMEET
MECTO Yy )KUBOTHBIX, PACTEHUI U YEIOBEKA.

@®axTophl, BIAMAIOIIME Ha KpoccuHroBep. Ha KpoccuHroBep MOIyT 3aMETHO BIMSTH
YCIIOBUSI BHEIIHEH cpeibl M reHoTunudeckue (aktopbl. OOHApyKEeHbI T'€HBI, BBIMOJHSAIOIINE
pOJIb 3amMpaTesneidl KpOCCUHIOBEpa, U TE€HbI, OBBIIIAIOIINE €r0 YacToTy. B TpeTheit xpomocome
Ipo30¢uIibl BRIBIEHA MyTallHsl, KOTOpas MpeKpaliaeT mporecc Kpoc-CHHroBepa BO BCEX Mapax
XxpomocoM. B kauecTBe 3ammparenedl KpOC-CHHIOBEpa MOTYT BBICTYNAaTh HEKOTOPHIE
nepecTporku XxpomocoMm. Yaie Bcero 3To ObIBaeT CBA3aHO C MHBepCcHUEll (IepeBOpauynBaHUEM)
TOTO WJIM MHOT'O y4acTKa B OJIHOM U3 TOMOJIOTHYHBIX XPOMOCOM.

Ha wyacroTy KpoccuHroBepa MOryT BIHATH paaualMsl, XUMHUYECKHE MYTAreHBbI,
KOHIIEHTpAILUsl COJIEH, TOPMOHBI, JIeKapcTBa. B OOJNBIIMHCTBE ClyyaeB MpU BO3AECUCTBUU 3TUX
(haKkTOpOB YaCcTOTa MEPEKPecTa MOBBILIACTCS.

HopmanbHblii nepekpecT XpoMOCOM MOXKET U3MEHATHCS B 3aBUCUMOCTH OT TEMIIEPaTYphl,
BO3pacTa, rnosia ocobu. Tak, y TyTOBOro MIEIKOMNpsa KPOCCUHTOBEP UAET TOJBKO Yy CaMIIOB U HE
ObiBaeT y caMOK. Y Jpo30QWIbI KPOCCHHTOBEp HAONIOJAETCS TONBKO Y CaMBK, OJIHAKO
0Ka3aJ10Ch, YTO MpPHU PEHTTEHOBCKOM OOJIYYEHHH MOXXHO BBI3BATh €r0 M Y CaMIOB. Y MBbIIIH
KPOCCHUHTOBEp OBIBAET y 000OMX IMOJIOB, HO HHTEHCHBHEE y CAMOK; y TOJIyOeit — y 000uX I0JIOB,
HO Yallle y CaMIIOB.
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B rerepoxpomaTHueckux, B YaCTHOCTH MPUIIEHTPOMEPHBIX, paiioHaX XpPOMOCOM YacToTa
NepPEeKpecTa CHU)KEHA, U UCTUHHOE PAcCTOSTHUE MEXy I'€HaMHU Ha 3TUX Yy4YacTKaX MOXET ObITbh
MU3MEHEHO.

Kapts! xpomocom

[Tocne Toro xak OblIa yCTaHOBJIEHA CBS3b M€HOB C XPOMOCOMaMHU M OOHApY’>KEHO, YTO
yacToTa KPOCCHMHTOBEpa BCErJa BIIOJHE OINpeAeieHHas s KaxJAoW mapbl TEHOB,
pacroJOKEHHBIX B OJHOM TpyIIe CIEMIeHus, BCTaJl BOMNPOC O MPOCTPAHCTBEHHOM
pacrojoKeHUH TeHOB B XpoMocoMax. Ha ocHoBe aHanm3a TreHeTH4ecKux uccienoBaHuii T.
Mopras u ero yuyeHUK A. CTepTeBaHT BBIIABUHYIIN THIOTE3Y JUHEHHOTO PACIIONOKEHHS TEHOB B
Xxpomocome. V3yueHue B3aMMOOTHOIIEHUH MEXIY TpPEMsl T€HaMU IPU HEMOJIHOM CLEIJICHUH
MOKa3ajo, YTO 4acToTa (MPOLIEHT) MepeKpecTa MEXIY MEPBbIM U BTOPHIM, BTOPBIM U TPETHUM,
NEPBBIM M TPETbUM T'€HAaMU paBHA CyMME WJIM Pa3HOCTH MEXJIy HUMHU. Tak, B OJHOM rpyIie
cuerieHus: pacrnoioxensl 3 reHa — A, B, C. Oxazanoch, 4TO MPOIEHT MEpeKpecTa MEXKIY
reHaMu AC paBeH cymMMe NpOLIEHTOB Nepekpecta Mexay renamu AB u BC, yactora nepexpecra
Mexay reHamu AB okazamace paBHoit AC — BC, a mexny remamu BC = AC — AB.
[IpuBeneHHbIE [1aHHBIE COOTBETCTBYIOT TI'€OMETPUYECKOM 3aKOHOMEPHOCTH B PACCTOSHUSIX
MEXay Tpemsi TodkaMu Ha mpsMoid. Ha »SToM ocHOBaHMM ObUI CAENaH BBIBOJ: T'EHBI
PacmojoXeHbl B XpOMOCOMaxX B JMHEHHOM MOCJIE10BAaTEIIbHOCTH Ha ONPEAEIIEHHBIX PACCTOSIHUSIX
IpyT OT Jpyra.

Ha ocHoBaHuu aHann3a 4aCcTOThl KPOCCUHTOBEPA MEK/y F€HaMH K HaCTOSIIIEMY BPEMEHU
JUIS MHOTUX BHJIOB >KMBOTHBIX M PACTEHMH MOCTPOEHBI KapThl XpomocoM. KapToii xpomocom
Ha3bIBAETCSI IJIaH PACIIOJIOKEHUSI TEHOB B XpPOMOCOME.

Kectn mpoBen OMBIT aHaIM3UPYIOLIETO TPUTHOPUAHOTO CKpEUIMBa- HHSI KPOJIHKOB C
TPOWHBIMH PELIECCUBAMM C LIEJIbIO BBISICHEHUS CLEIUICHUS MEX/1y TAKUMH I'€HaMU:

crutomHas okpacka — C, rumaiaiickast okpacka — c¢*1;

Oenblif up — Y, )KEATHIN KU — Y;

yepHas okpacka — B, kopuuneBas okpacka — 'b.

B pesynbTaTe aHamM3HpYIONMIEro CKpeuuBaHus ObUIO moiaydeHo 908 KpOJIIMKOB BOCBMH
pasHbIX (PEHOTUIIOB COOTBETCTBEHHO KOJIMYECTBY pa3HBIX COpTOB rametT (Tadm. 4). YucienHoe
COOTHOIIEHHE O0CO0e pa3HBIX (HEHOTUIMYECKUX KIJIACCOB YKa3blBaJI0 Ha OTCyTCTBHE"
HE3aBHCHMOTO HACJIEIOBAHMS 110 ATUM TpeM HapaM asuieneil. Hy>kHo Ob110 yecTaHOBUTH TOPSAOK
pacrojoXKeHUs] 3TUX TeHOB B XpoMocoMe. IIoCKOnbKy H3BECTHO, YTO YHUCIEHHOCTb TIaMeT
POIUTENBCKUX (HOPM JTOJKHA 3HAUYUTENIBHO MPEBBINIATh YUCIEHHOCTh KPOCCOBEPHBIX TaMeET, TO
MOKHO TIPUHTH K BBIBOAY, YTO poAUTENbcKkne kKomMOuHammu renoB Obutn ¢*]KB u Cyb (276 +
275 = 551). OHu coctaBmsua oT obmiero uncia 60,7 %. Jlanee npu aHaM3e UCXOAUM M3 TOTO,
YTO JIBOMHBIX IMEPEKPECTOB JOJKHO OBITh 3HAYUTENIBHO MEHBIIE, YeM OJIMHApHbIX. MeHble
Bcero O0bu10 kKoMOMHanmii c**yB u CYb (7 + 16 = = 23) — 2,5 %. ['eHOTHUIIBI 3TUX KPOJIUKOB
OTJIMYAINCh OTPOJUTENIb-CKUX TOJBKO TE€M, YTO Y M Yy MOMEHSUIMCh MecTaMU. Tak MOorIJo
MPOU3OUTH TOJIBKO TPHU JBOMHOM MEpeKpecTe, W ITO SBISIETCS MOATBEPHKIEHHUEM TOTO, UTO
pacroyio’keHre TeHOB OBUIO MEHHO TaKUM. BBIUMCIIIEM YacTOTy OJMHOYHBIX MepekpecToB. OT
OJIMHOYHOTO TIEPEKpecTa Ja TMepBOM ydacTke oOpazoBasmch rametsl CYB um chyb (puc. 15).
CnyyaeB OJMHOYHOTO TiepeKkpecTa Ha mepBoM ydactke OTeiio 101 (55 + 46), wmm 11,1 %. B
pe3yNbTaTe OJIMHOYHOTO MEepeKpecTa Ha BTOPOM ydacTke oOpazoBanuck rametsl cfiYb u Cy B u
noiy4yeHo ocobeit 233 (125 + 108), umu 25,7 %. JIng Toro yTo0b!I onpenenuTh 6oiee MpaBUIIbHO
4acTOTY OJMHOYHBIX TEPEKPECTOB, MbI JODKHBI K KaXIOMY M3 HUX NPUOABUTH BEIMYUHY
NBOMHOrO nepekpecra — 2,5 %, Tak Kak JBOMHON MepeKpecT MPOXOAWI M0 000OMM ydacTKam
XPOMOCOMBL.



25

1.8 Jlekuus 8 (2 yaca)
Tema: «'eHeTHKA IOJIa»

1.8.1 PaccmaTrpuBaeMbie BONPOCHI

1. ITox u ero posb B BOCIIPOU3BOJICTBE MTOTOMCTBA.

2. IlepBuuHbIe ¥ BTOPUYHBIE TTOJIOBBIE TTPU3HAKH, IPU3HAKU OTPAHUYCHHBIE TTOJIOM U 3aBUCUMBIE
OT I10J1A.

3. [IporamMHOe, SMUTaMHOE ¥ CHHTAaMHOE OIpeesIeHHE 1moja. TUIbl XpOMOCOMHOTO OIMpeIe/ICHUS
noJja. Mcroap30Banue CIEIIEHHOIO ¢ ITOJ0M HAcIeAOBAaHHUA B IITHIIEBOICTBE U IIIEIKOBOJCTBE.
4.banancoBasi Teopus OMNpPEACNCHUS II0JIa, XPOMOCOMHBIH H (U3HOJOTHUYSCKUN OanmaHC
(dhopmupoBaHUS TOJIA.

5. IlapTeHorenes, rHHOreHE3 U aHAporene3. HacnenoBanue npu3HaKkoB, CHETUIEHHBIX C MOJIOM.

1.8.2 KpaTkoe coaep:kaHue BONpPOCOB
1. IToJ1 1 ero posib B BOCHPOU3BOICTBE NOTOMCTBA.

Ilon, kak m mOOON IpPyroil NpU3HAK OpraHU3Ma, HACIEJCTBEHHO JIETCPMHUHHPOBAH.
Baxkneiiimas ponb B reHEeTHUECKOW AETepMHHALIMU TOJIa M B MOJJIEPKaHUU 3aKOHOMEPHOTO
COOTHOUIEHHMSI TT0JIOB ITPUHAJIEKUT XPOMOCOMHOMY arlapary.

Haubonee napeBHsaAs ¢dopMa MOJIOBOTO pa3sMHOXKEHHS — O00OEMOJOCTh, KOrAa 0co0b
CIIOCOOHA MPOU3BOIUTH U JKEHCKHE, U MYy>KCKHE raMeTbl. C BOSHUKHOBEHHEM Pa3JIeIbHOIIOIOCTH
3Ta CMOCOOHOCTH yTpaunBaercs. OnHako 0b0as 0codb OCTaéTCs MOTEHIMANIBHO ABYIIOJNOM, T.€.
COXpPaHSET TEHJCHIIMIO K PAa3BUTHIO B MY)KCKYIO U KEHCKYIO CTOPOHY. Y HEMHOTMX OpPraHHU3MOB
npeolyiajaHie KEHCKOM WM MY)KCKOW TEHIIEHIIMU Pa3BUTHUA OOYCIOBIMBAECTCS BHEUTHHUMHU
IIpUYMHAMHU. DTO TaK HA3bIBAEMOE SIUramMHOE (T.€. NMPOMUCXOJIUT IOCIE OIUIOJOTBOPEHUS)
onpeaeneHus nona. [Ipumep — Mopckoi uepBb OOHHENMS. Y OOHHENHHM OYEHb MEJIKUE CaMIIbI
OOHMTaIOT B MaTKe KPYMHBIX caMOK. Eciy TUYMHKA NPUKpEIUIsieTcs KO JHY, OHAa pa3BUBACTCS B
camky. Ecnu nmomagaeT Ha X000TOK CAMKH IO BIUSIHUEM BBIJIEISIEMBIX XOOOTKOM BEIIECTB, TO
MPEBpAILAECTCS B CaMlla, MUTPUPYIOLIETO B IOJOBBIE OpPraHbl CaMKH. Y PacTEHUU AMOHCKON
apu3eMbl HK3EMIUISIPbI, BBIPOCIIHE U3 KPYMHBIX KIyOHEW, 00pa3yroT >KEHCKHE LBETKH, U3
LIYIUIBIX KIIyOHEH — MY>KCKHE.

Y  HEeMHOTMX  OpraHM3MOB  BCTpeYaeTcss HporpamMHoe  (MPOUCXOJsAIIee  JI0
OIUIOAOTBOPEHUS) OMpeielieHre nosia (depBeil, kooBpaTok). [loa 3aBUCUT OT TOTO, YTO CaMKH
MPOU3BOAT SHIA BYX COPTOB — KPYIHbIE, OOraThle IIUTOILUIa3MOM, U3 KOTOPBIX Pa3BUBAIOTCA
CaMKH, MEJIKHE — CaMLIbl.

Y OoNbIIMHCTBA Pa3eNbHOMOJBIX BOMPOC O TOM, MOJYYUTCS U3 3UTOTHI KEHCKas WU
MY’KCKasi 0CO0b, pemaeTcss B MOMEHT OIUIOOTBOpeHUs. [Ipu TakoM CHHraMHOM OIpeeIeHUH
nosia npeodaaaHue MY>KCKON MM JKEHCKOW TEHJICHIIUU Pa3BUTHS 00eCredrBaeTCsl T€HOTUTIOM
3UTOTHI M HE 3aBUCUT OT BHEUIHUX YCJIOBHII.

[Ipsimble nOKazaTenbcTBa TOTO, YTO HMMEHHO MEXaHH3M TIeTepOraMeTHOCTH U
TOMOTaMETHOCTH MMEET HENOCPEACTBEHHOE OTHOLIEHUE K ONPEECIICHUIO 10JIa ¥ PaCILEIIE HUIO
M0 TMOdy, ObUIM TOJYy4YEeHbl MPH HM3YYEHUH 3aKOHOMEPHOCTEH HACJIENOBAHHMM CIETJICHHBIX C
[I0JIOM TIPU3HAKOB U OCOOEHHOCTEH HAacleJOBaHMs TMOCJIEIHUX NPHU PpaA3IUYHBIX THUIIAX
HapyUICHHUS PacX0KJIEHUSI XPOMOCOM B Meio3e.

2 IlepBUYHbIE 1 BTOPUYHBIE M0JIOBbIE MPU3HAKH, IPU3HAKU OTPAHUYEHHbIE M0JIOM H
3aBHCHMBIE OT 10J1a.

OT ckpemuBaHus OSJIOTIIA3bIX CaMIIOB APO30(MIBI C KPACHOTIIA3bIMU CaMKaMH B IIEPBOM
MOKOJICHUU BCE MOTOMCTBO (CaMKH M caMIlbl) KpacHoraa3oe. CleoBaTeabHO, KPaCHOTIIa30CTh
JOMUHAHTHa, a 0eyasi OKpacka rJa3 pereccuBHa. B F, pOMCXOHUT paciieruieHie B OTHOUICHUN
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3 kpacHornasbix k 1 Oenormasoil Myxe, HO Oelble ra3a TOJBKO y TOJOBHHBI CaMIIOB, CAMKH BCE
KpacHOIJIa3ble. TO KaKeTCsl OTCTYIJIEHUEM OT MEHJIEJIEBCKUX 3aKOHOMEPHOCTEH.

B oOpatHOM ckpeniuBaHuM, Korja Oesoriaszas camMKa CKPEIIMBAETCS C KPacHOTIIAa3bIM
camIlOM, B IIEPBOM K€ ITOKOJIEHUH HaOIroaeTcs paciienieHue no okpacke raas 1 : 1. [pu atom
Oenoria3pIMU OKa3bIBAIOTCS TOJIBKO CaMIIbI, @ BCE CAMKHU KpacHOIJIa3ble, T.€. TOUepH HACIeAyIOT
KpacHYI0 OKpacKy TIJia3 OT OTIIOB, a CHIHOBbS — OCINIbIi IBET Tia3 oT marepeil. Takoit T
nepefayd TMPU3HAKOB OT MaTepeil CHIHOBBSIM, a OT OTIOB JIoYepsiM TOJY4YWJ Ha3BaHHE
HaCJIEJOBaHMsI KPECT-HAKPECT UM KpUcc-Kpocc. B F,3Toro ckpeimBaHus NOSBISIOTCS MyXH C
0o0oMMH MpU3HAKaMHU B PaBHOM OTHOIIIEHUH | : 1 Kak cpelu caMoK, Tak U CPeU CaMIIOB.

3aKOHOMEpHasl CBSI3b HACJIEOBaHMs MPU3HAKOB C IOJOM COOTBETCTBYET THIIOTE3E O
HACJIEIOBAaHUM TI0Ja 4Yepe3 MOJIOBble XpoMocoMbl. Ecim camka SBIS€TCS TOMO3HTOTHOHM IO
JOMUHAHTHOW aJlJIe]IM KPaCHOM OKpAacKU IUia3, HaxoJdIlencs B X-XpoMOCOMe, TO 3Ta ajuleib
BMECTE C IOJOBOH XPOMOCOMOW TepefaeTrcs ChIHOBBAM F;, W TO3TOMY OHHM OKAa3bIBAIOTCS
KpacHornassiMu. Jlouepu F; monyyaroT OJHY X-XpOMOCOMY C PEIECCHBHOM ailienbio Oesoin
OKpAacKH TJia3 OT 0TI, a BTOPYI0 X-XpOMOCOMY C JIOMHUHAHTHOM aJuleNbl0 KPacHOTO IIBETa Iiia3
OT MaTepu. B Cuily JOMHHHPOBAHUSA KpaCHOﬁ OKpaCKM OHH OKAa3bIBAIOTCA  TaKXKCE
KpPacCHOTJIa3bIMHU.

B o0OpatHOM ckpemBaHUM J0YEpU MOJMY4YarOT OT OTHa X-XpOMOCOMY, HECYIIYIO
JOMHUHAHTHYIO aJljIellb KPACHOW OKPACKH TJia3, a APYTyio X-XpoMOCOMY € PEIIECCUBHOM aJliebio
0eJoro IBeTa IJia3 OT MaTepH, MOATOMY OHHM OKAa3bIBAIOTCS KpPACHOTJa3bIMU. Tak Kak CHIHOBBA
MOJTy4al0T CBOIO EIUHCTBEHHYIO X-XpOMOCOMY C ajuleliblo OenbIX TIJa3 OT MaTepu, a Y-
XpOMOCOMY, KOTOpas HE€ COAEPXKHUT JOMMHAHTHOW ajjieM KpacHOW OKpackW, OT OTLA, TO
perieccuBHasl alieNb OebIX TJ1a3 y caMlila, HaXO/sICh B OJTHOM J103€, TEM HE MEHEe MPOSBIISETCS.
Takoe cocTossHHE TeHa IMPUHATO HA3bIBATh TCMU3UTOTHBIM, 4 OPpTaHHU3M HOI[O6HOFO I'€HoTHUuIa —
TE€MU3HUTOTOM.

3.IIporamHoe, 3NMMraMHOoe M CHHIAMHOe olpeJejleHue MoJja. Tunbl XpoMOCOMHOro
onpeaeneHus nojaa. Mcnoap3oBaHue CHENVIEHHOTO € M0JIOM HACJIeJ0OBAHUS B NTHIEBOACTBE
U 1IeJIKOBO/ICTBeE.

Haunbonee apeBHss opMa MoIOBOrO pa3MHOKEHHS — O0OEMOJIOCTh, KOTrZa 0co0b CHOcOoOHa
IPOU3BOJIUTh M JKEHCKHE, U MYyKCKue rameTbl. C BO3HMKHOBEHHEM pa3AeibHONOJIOCTH 3Ta
CHOCOOHOCTH yTpauuBaercs. OpHako mro0ast 0coOb OCTaércs MOTEHLIMAIBHO JIBYIOJIOM, T.€.
COXpaHseT TeHACHIHIO K Pa3BUTHIO B MY>KCKYIO U )KEHCKYIO CTOPOHY. Y HEMHOTUMX OpPraHM3MOB
npeobsiajaHie KEHCKOM WM MY)KCKOW TEHJEHUUHU Ppa3BUTHA OOYCIIOBIMBAETCS BHEUIHUMHU
OpUYMHAMHU. OTO TaK Ha3blBAEMOE SIMUTaMHOE (T.e. HPOMCXOIUT IOC]E OIIOAOTBOPEHMS)
onpeneneHus nojia. [Ipumep — Mopckoit yepBb OOHHENMS. Y OOHHEIMH OYEHb MEJKHE CaMIIbI
Oo0OHUTalOT B MaTKe KPYMHBIX caMOK. Eciu JTuunMHKa NpUKpernsiercs Ko JHY, OHa pa3BUBAaeTCs B
CaMKy. Ecmn nomnmagacT Ha X000TOK CaMKH 1104 BIUAHUEM BBIACIIACMBIX X000TKOM BCIICCTB, TO
IpeBpallaeTcs B camlla, MUTPUPYIOIIErO B IOJIOBbIE OpraHbl CaMKH. Y pPacTeHUH SMOHCKON
apu3eMbl DK3EMIUISPbI, BBIPOCIIME U3 KPYNHBIX KIyOHEW, oOpa3yroT >KEHCKHME LBETKH, W3
HIYIUIBIX KIIyOHEH — MYy»XCKHe.

Y  HEMHOTrMX  OpraHM3MOB  BCTpEYaeTcsi mporpamHoe  (TpoMCXOfsmiee 10
OIJIOZOTBOPEHMS) OIpeiesieH!e oJia (dyepBel, KoioBparok). [1oa 3aBUCUT OT TOTO, YTO CaMKH
IIPOU3BOJAT SHIA JBYX COPTOB — KPYIHbIE, OOraThle IIUTOIUIA3MOM, U3 KOTOPBIX Pa3BUBAIOTCA
CaMKH, MEJIKHE — CAMIIBI.

VY GONBIIMHCTBA Pa3ENBHOINOIIBIX BONPOC O TOM, MOJYYHTCS M3 3UTOTHI )KEHCKAs MIIH
MY’KCKasi 0co0b, pelaeTcss B MOMEHT OIUIOAOTBOpeHus. IIpyu TakoM CHMHraMHOM OIpeesIeHUH
noJjia rmpeodaasaHre My>KCKOM WIIHM )KEHCKOW TEHIICHIIMH Pa3BUTUS 00ECTIEYMBACTCS TEHOTUIIOM
3UTOTHI U HE 3aBUCUT OT BHEIIHUX YCIOBHH.

HpSIMI)IG A0KasarejibCTBa TOro, 4YTO0 HMMCHHO MCXAHU3M TICTCPOraMETHOCTU U
rOMOTaMETHOCTH MMEET HEeMOCPEACTBEHHOE OTHOLIEHHE K ONPEAETICHUIO M0J1a U pacIleIIe HUIO
Mo TOJIy, OBLIM TOJIy4eHBbl MPU HM3YyUYEHUHM 3aKOHOMEPHOCTEW HACJIeIOBaHUN CIICTUICHHBIX C
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[IOJIOM MPHU3HAKOB U OCOOEHHOCTEM HACIeJOBAaHUS MOCIEIHMX MpPHU pPa3IMYHbIX THUMAX
HapyILIECHUs PACXOKIECHUS XPOMOCOM B MEHO3€.

4 basiancoBasi Teopus oInpe/eJieHUs 110J1a, XpOMOCOMHBIN U pu3nonornyeckuii 6aganc
¢dopmupoBanus noJia.

Wzyuass HepacxoxaeHHe XpoMocoM, bpuikec OTKpBUT BaXHYIO poyib OajmaHca MEXIY
YHCIOM HaOOpPOB ayTOCOM M YHUCIOM X-XPOMOCOM Y JpO30(HIbI B MEXaHU3ME OIpEeICHUS
nona. Oka3anoch, 4TO MPU OTHOLIEHUH YUCIa X-XpOMOCOM K 4yuciIy HabopoB ayTtocoM (X/A)
paBHOM 1, pa3BuBaroTcsi caMku. Ecmu X/A pasHo 0,5, TO camIpl 00pa3yroTcs HE3aBUCUMO OT
npucyTcTBUs Y-xpomocombl. Korga xe orHomenue X/A mpomexyTtouHoe mexnay 0,5 u 1,
HACEKOMBIEC NPHOOPETAIOT YePThl MHTEPCEKCYaIbHOCTH. JTa KOHIICTIIUS TMOJy4YHjia Ha3BaHUE
0amaHCOBOM TEOpPHM ONpeNeNeHUs Mona. Y dYeloBeKka X-XpOMOCOMa HampaBliIeT pPa3BUTHE
OpraHM3Ma B )KEHCKYIO CTOPOHY, a Y-Xxpomocoma B MyKCKyto. [Ipu cootHomenuu X/Y paBHbIM 1
pa3BUBaeTCs HOPMANbHBIM MykunmHa, 2X — HOpMmanbpHas >keHuHa. CorjacHo OajaHCOBOI
TEOPHH OMpEeNICHHsI TI0J 0COOU ompeensercss OaJaHCOM T'€HOB, IETEPMUHHUPYIOIIUX MYKCKOH
M JKEHCKUH TOJN M JIOKAJTM30BaHHBIX B JIIOOBIX XpOMOcCOMax reHoMa. B Hacrosiiee Bpems y
yesioBeka onucaHo 6 reHos (3 B X-xpomocoMme u 3 B Y-xpomocome), B3auMOJENCTBHE KOTOPBIX
ompexaensier noa ocobu. Ilpu orcyrctBum Y-xpomocoMm U J000M uHcie X-XpoMOcoM 0co0b
orpeseNisieTcsl Kak JKeHckas. bamaHcoBas Teopusi OnpeaesieHUs 1MoJia TOKa3bIBAET TeHETUYECKH
00yCIIOBJICHHYIO0 MOTEHIMAIBbHYI0 OMCEKCYalbHOCTh BCEX PAa3AEIbHOIONBIX OPraHU3MOB U HX
ramer.

S.IlapreHoreHe3, ruHoreHes u anaporedes. Haciegosanue npusHakoB, ClieNJICHHBIX €
M0JIOM.

VYV HacekoMBbIX W3BECTHBI Cilydad MOSBIIEHUS OCOOEH, MOJOBHHA Tejla KOTOPHIX MMEET
KEHCKOE CTPOEHHE, MI0JI0BUHA — My»KcKoe. [ MHaHapoMop(dbl pa3BUBAIOTCS U3 UL, HECYILIUX JBE
X-XpOMOCOMBI, T.€. HOTEHIMAIbHBIX caMOK. Ecii Bo BpeMsi IepBOro JejaeHHs JpOoOJIEHUsI OJJHO
U3 JOYEPHUX SAep MosydaeT 00e X-XpOMOCOMBI, a Ipyroe — TOJIbKO OJIHY, TO KAPHOTHUII BTOPOTO
anapa Oynetr XO. Takue ocoOu, cormacHo 6aJaHCOBOW TEOPHH OIpPEeSICHHS 1101, JAaI0T CAMIIOB.
I'mHanzpoMopdsl  MOTYT MOJy4yaTbCs  BCIEACTBHE TOro, 4YTO TIocie Meilo3a B
HEOIUIOIOTBOPEHHOM sliflle CIydyallHO OKa3blBa€TCS HE OJHO, a JBa ralUIOMJIHBIX sjapa. Snpa
JIBYX CIIEPMATO30UJIOB CIMBAIOTCA C IByMs siipaMH siiliekineTok. OMH criepMaTo30m]i nuMeeT X-
XpoMmocomy, Aapyroi — Y. O0paszyeTcs ruHaHapoMOpd, MOJIOBHHA TeJla KOTOPOTO Pa3BUBAETCS U3
XY, npyras — u3 XX.

Y MHOrux BHJIOB X- U Y-XpOMOCOMBI PE3KO pa3iudHbl O BenuuuHe. Kak mpasuio, Y-
XpOMOCOMa HEBEJIMKA MO BEIWYMHE M COJACPKHUT OONBLIONW TeTepoXpOMAaTHHOBBIN paifoH. Y
yesoBeka 0OHapykeHo 0kojo 200 reHoB, HACIEAYIOUIUXCS B CBSI3M C X-XpOMOCOMOMW, B TOM
qucie FeHbl reMO(QUINY, TaNbTOHU3Ma, MYCKYJbHON AUCTpOopuH. I'eHbl, IOKaIn30BaHHbIE B Y-
XpOMOCOME, TEpPeNaroTCs TOJIBKO MO MYXKCKOW JIMHUHM, a TPHU3HAKH 4YelloBeKa-TuKooOpasa,
CHUHJIAKTHUMMHU, TUIIEPTPUX03a YITHON PAKOBUHBI NEpeJatoTCs MallbuuKaM. B cBs3M ¢ paznuuuem
B BEJIMYMHE XPOMOCOM M YMCIOM TIeHOB B X- M Y-XpoMocoMax 3BOJIOLUOHHO CIIOXKHIIUCH
MEXaHU3Mbl KOMIIEHCAIlMM 703 TeHOB. OJHAKO Yy 4YeJIOBEKa M MIIEKONUTAIOIIUX, C OJHOHN
CTOPOHBI, y ApPO30(WIBI — C JIPYTrOi, 3TH MEXaHW3Mbl HEOIMHAKOBBL. Y MIICKONUTAIOMINX
KOMIICHCAIUsl JTOCTUTAaeTCsl MOYTH IMOJHONW I'eHEeTHYeCKOW WHAKTUBAalMed OAHOM M3 IBYX X-
XpoMocoM. VMHakTHBamus X-XpoMOCOM OTCYTCTBYET B KJIETKaX 3apOJIbIIIEBOrO MyTH. Beibop
aKTMBHOM M HEaKTUBHOM X-XpOMOCOMBI MpPOUCXOAUT ciydaiiHo. [Ipomcxonut oHa 1o
MEXaHU3MY reTepoXpOMaTHHU3ALINH, X-xpoMocoma IpeBpalaercs B IUIOTHO
KOHJICHCUPOBAHHOE TEJIbLIE, B KOTOPOM OTCYTCTBYET I'€HETHUECKasi aKTUBHOCTb. Y AP030(UIIbI
eIMHCTBEHHAs X-XpoMOcoMa camIla HaIlpaBisieT CHHTE3 CTOJBKHX JX€ T€HHBIX IPOIYKTOB,
CKOJIbKO 00€ ()yHKIIMOHAIBbHO AKTUBHBIE X-XPOMOCOMBI CAMKH.
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Ol"paHH‘leHHHMI/I IMIOJIOM HA3BIBAIOTCA TAKHUE HACICACTBCHHBIC IIPU3HAKHU, KOTOPLIC
MPOABJIAIOTCA TOJIBKO Y OJJHOTO I10JIa WM BBIPAKCHHUA KOTOPBIX PAa3JIMIHO Y Pa3HbIX IMOJIOB. Onu
MOI'yT OIpCACIATBCA KaK ayTOCOMHBIMH, TdK W I'CHAMMH, JIC)KAIIUMHU B IIOJOBBIX XpOMOCOMaAx.
Pazauuns B MOJIOYHOCTH PAa3HBIX IMOPOA KPYIMIHOI'O poraTroro CkKoTa, a TakKXC B HleCHOCKOCTI/I
Pa3HbBIX IIOPOA KYpP O6YCJ'IOBJ'I6HI>I réHamMy, HUMCHOINHUMHCA Yy CaMOK, U Yy CaMIOB, HO
MMPOABIAIONIUMUCA, €CTCCTBCHHO, TOJIBKO Yy IICPBLIX.
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1.9 Jlekuus Ne 9 (2 yaca)
Tema: «CTpoeHue 1 peniMKauus HYKJIEHHOBBIX KHCJI0T

1.9.1 PaccmaTrpuBaeMbie BONPOCHI

1. HyknennoBbie kucnotsl (JIHK, PHK) - kak MaTtepuanbHble HOCUTENH HACICICTBEHHON
uHpOpMaINH.

2. Buposas cnemmupuunocts monekyn JIHK. IIpaBuno Yaproda, ero 3HaueHue st CHHTE3a
HYKJIEUHOBBIX KHCIIOT.

3. Crpoenune JIHK u PHK Permukanms JIHK peanuzanus HacineacTBeHHOM HHPOPMAIIUK B
cucreme JIHK PHK-6enok (TpaHCKpUMIIMS U TPaHCISALUA).

4. bunocunTtes. ' eHeTHUECKHI KO/, €r0 CBOMCTBA:

1.9.2 KpaTkoe conep:kaHue BOIPOCOB

1 HykseunoBsbie kucaotTsl (JHK, PHK) - kak maTepuajbHbie HOCHUTEIH HACJEICTBEHHOM
uHpopmanuu.

He3aBucuMo OT CTemeHW CIIOKHOCTH BCE OpraHMYecKue (OpMBI COAEpPKAT B CBOEM
MOJICKYJIIPHOM CTPOEHUHU O€JI0K U HYKJIEMHOBYIO KUCIIOTY - OMOJIOrMYECKHE MOTUMEPBHI.

benku  oOka3bpIBalOTCSI TEHETUYECKUMH  IMPOU3BOJHBIMU  HYKJIEHMHOBBIX  KHCJOT;
HaclieICTBeHHast MH(OpMaIys, BOIUIOIEHHAs B CTPYKTYpe HYKJIEMHOBBIX KHUCIIOT, OTPaXKaeTcs B
CTPYKType Oenka.

B 3aBucuMOCTH OT CTpOEHMS HYKJIEWHOBOH KHCIIOTHI OOHApYy>KUBAeTCsA ONpEAETICHHOE
4yepe10BaHue B OEIKE COCTABIAIOIINX €r0 aMHUHOKHUCIIOT.

HykienHOBBIE KHUCIOTBI - CIIOKHBIE CTPYKTYpbI, XapaKTepU3yIoLHecs CTaOMIbHOCTBIO
CBOETO COCTaBa, M IMOJBEPralOTCs Pa3pyLICHUIO JIMIIL TOTNA, KOT/Aa JIEHCTBYIOT ()epMEHTHI
HYKJIEa3Bl.

PHK - pacnanmaercs mox nedictBueM (PEpMEHTOB TOJIBKO IIOCJIE TOTO Kak MPUMYT ydacTHUE B
O6uocuntese Oenka, Torga kak JJHK oueHb MOCTOSIHHO M OHM COXpaHSIOTCS 0e3 M3MEHEHMs B
MWIIHOHAX KJIETOYHBIX IMOKOJCHUN. Takasi yCTOMYMBOCTh MOKET OBITh OOBSICHEHA TEM, YTO BCE
IpoIIeCCHl B KJIETKE B UTOre HanpasieHbl Ha coxpaHeHue JIHK (reHos).
KonnuecTBo ryanrnHa = KOJIMYECTBY LIUTO3MHA U KOJIMYECTBO aJICHUHA = KOJMYECTBY TUMHHA.
Caxap, pocopHbIil OCTaTOK U a30TUCTOE OCHOBAHUE 00Pa3yIOT HYKJICOTH.
JIHK mnocTossHHa 1O THIY KOMIUIEMEHTapHOCTH aJ€HMH HPHUCOEAMHSAET THUMMH, IUTO3MH -
T'yaHUH.
B PHK Bmecro (TuMmuHa - ypanuH) u otiandaercs ogHa JIHK ot npyroii unciom u
IIOCJIE0BATEIBHOCTBIO PACTIONOXKEHHS A30TUCTBIX OCHOBAaHUI

2 BujoBas cneuuduanocts mosiekyJ AHK. Ilpasusno Yaprodga, ero 3Hauenue 1jisi CHHTE3a
HYKJICHHOBBIX KHCJIOT.

I[Io cBoum pasmepam JIHK BBICHIMX M HU3MINX OPraHU3MOB CYIIECTBEHHO
pazIuyaroTCs.
B JHK 6axrepuit HacuutbiBaercs 10 10 mutH. HykJIeMHOBBIX map JOCTUTAET A0 MUJUTHAP/IA.

JIHK xpomocom sizpa 1 JIHK KII€TOYHBIX OpraHeul pa3iuvaroTcss MEXTy COOOi.
JIHK Bcex KHUBBIX CYIIECTB B LEJIOM YCTPO€HAa OJWHAKOBO, OJHAKO Yy PAa3HbIX BHUIOB
YCTaHOBJIEHO OTHOIIEHHE MOJIIpHON cymMMbl A+T, kK monsgpHoil cymme [+1. D10 OTHOMIEHME
HA3BIBAIOT KOOPPUITUECHTOM BUIOCTICITUDUIHOCTH.

Bunocnenuduunocts JIHK BeipaxkaeTcst mporieHTOM uiu fojieit B et 'L map. Ota
710711 HEOJIMHAKOBA y Pa3HbIX BUJOB, HO B O0IIEM MOXHO OTMETUTh TEHICHIMIO K YMEHBIICHUIO
yyucna ['l] map oT npoKapHuoT K 3yKapHuoT.
I'L] - ymeHbIIaeTCs ¢ OpraHu3anueil OpraHu3MoB.
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Berpeuatores npumutuBHbIE (HOpMBI cyIiecTB, y KoTopbix JJHK mpencraBnena ne
JIBOMHOMW, a OJMHAPHOMN CIHPAIIBIO.
Tpanckpunmus - 3anuck Ha Moiekyle M-PHK mocnegoBaTenbHOCTH OCHOBaHHUN MOJIEKYJIBI
JIHK.
Tpancnauuss - TEpeHEeceHHe IOCIEeN0BATEIbHOCTH OCHOBaHMM B  Mosekyine M-PHK
COCTABJIAIOLIMX KaTObl, HA MOCIEAOBATEIbHOCTh AMUHOKHCIOT B CUHTE3UPYEMOM HAa 3TOU M-
PHK nonunentuaHol IEIIu.
Paznuyuaror Heckonbko BuaoB PHK:
-uHpopmanmonnyto - UPHK, maTpuunas
-TpaHcnopTHyo - TPHK,
-pubocomanbhyto - pPHK, Bce onu ydacTByIOT B cCHTE3€ Oeka.

3 Ctpoenne IHK u PHK Pensimkanusa JJHK peanuzanusi HacjieacTBeHHo# nuHdopManum B
cucreme JIHK PHK-6es10k (TpaHCKpMIIIMSA ¥ TPAHCJISALUS).

[locne Toro, kak MbI BBISICHUM, YTO TE€HETHUYECKas HH(OpMAaIys BOIUIOIIEHA B
yepenoBanue HykineoTunoB JIHK, Bo3Hukaer mpoOnema s3blka WIM KOJa HAacJeICTBEHHOM
nHOPMaIINK, a TaK JKe 3a/1a4a YTCHUS KOJla ¥ CHHTEe3a Oerka.

I'en - s10 camoBocnpousBoAsmuid ydactok Mosekyiasl JIHK B koTopoMm comepxutcs
uHpOpMaLUs O IEPBUYHOIN CTPYKTYype OJHOW Ienu cuHTe3upyemoro Oenka. OOuH TeH - oJHa
MOJIUTIENTH IHAS [IETIOYKA.

Bennuunna rena cBsizaHa ¢ pa3MepaMu TOro Oeika KOTOPBI 00pa3yeTcs MoJl ero KOHTPOJIEM.

['en - ciHoXHas  MOJEKYJSpHO-OMONOTMYECKas  CTPYKTypa,  €AHHHIIA
HACJIEICTBEHHOCTH JIF0O0T0 )KMBOT'O OpraHu3Ma.

['eH wnu egUHMIIA HACIEICTBEHHONW MH(OPMALMK ASTEPMUHHUPYIOIAs MPU3HAKU U
CBOMCTBA OpraHu3Ma, UIMeeT ONpee/IEHHbIE XapaKTEPUCTUKHU:

T'eH 3alllMIIaeT OMpe/eIEeHHOE MECTO B XpPOMOCOME (JIOKYC)

UMeeT criennpruueckoe XUMUYECKOe CTPOCHUE (TMTOCTPOEH U3 HYKJICOTH/IOB)

o0JasaeT OmpeelIeHHbBIMI pa3MepaMu (3aHUMAaeT MPUMEPHO OJHY JAECATUTBHICIUYHYIO
4acTb XpOMOCOM)

B CBOEM JIEHCTBUHM reH auckpereH. OH ompezenseT OTCYyTCTBHE WM IMPHUCYTCTBUE
OMOXMMHYECKOW pEeaKIy, CTENEHH pa3BUTUS WIM TIOAABICHHS OIPEICIICHHOTO IpH3HaKa
Opranusma.

reH JCWCTBYET IpaJyajbHO; HAKOIUIEHUE JI03bl €r0 B COMATUYECKUX KIIETKaX MOKET
MIPUBOJUTH K YCUJICHUIO TIPU3HAKA.

KaXJbIi TeH crenuduueH B CBOEM JEHCTBUM T.€. OTBEYAET 3a CHHTE3 MEPBUYHOMN
CTPYKTYpBI OEITKOBON MOJIEKYJIHI.

reH MOXET HENOCPEICTBEHHO BO3JEHCTBOBaTh Ha TEUEHHE pa3HBIX pEaKUUd u
pa3BUTHE MHOTUX MIPU3HAKOB OPraHU3Ma, T.€. IEHCTBOBATh MHOKECTBEHHO (TIJICHOTPOITHO).

pasHble TEHBI, HAXOMAAIIMECS B Pa3IMYHBIX TOpPaX XPOMOCOM, MOTYT JEHCTBOBATh
OJTHO3HAYHBIM O0Opa30oM Ha pa3BUTHE OJHOTO U TOTO >K€ OpraHa WM CBOMCTBa OpraHu3Ma
YCWJIMBAsI UM OCIa0JIsIs €r0, 3TO TaK HAa3bIBAEMbIE MHO>KECTBEHHBIE TE€HBI

TeHbl BCTYMAalOT BO B3aUMOJICEUCTBUE C IPYTUMH 30HAMHU U B CHUJIY 3TOTO €ro 3Qgext
MOYKET U3MEHATHCA

MIPOSIBIIEHUE IEUCTBUS TEHOB 3aBUCUT OT (DAKTOPOB BHEIITHEH CpeIbl.

TeHbl B3aMMOJICHCTBYIOT C TEMH NpPOAYKTAMH KOTOpbIE OHHM JACTEPMUHUPYIOT WU
KOHTPOJIMPYIOT B MPOIIEcCe CUHTE3A.

TeHbl ONPEACTSIOT TIOCIEA0BATEIbHYI0 IEMb IPOIECCOB MOP(OIOTHYECKOH U
onoxuMuueckoil nuddepeHnranuy OpraHu3MoB U HEMPEPBHIBHOTO JIEHCTBYIOT Ha MPOTSIKECHUH
BCEH €ro KU3HU.
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OyHKIMS TE€HOB COCTOMT B TMPOTHO3WPOBAHMU CHHTe3a OelIKoB B KieTke ( B
NIEPBUYHOM IPOJYKTE, B siApE), ABIAIOTCA He Oenku, a Bce BUapl PHK koTopeie koHTpoImpytoT
cuHTe3 OelKoB B pubocome uepe3 3T OeNKHU, TeHbl KOHTPOJIUPYIOT CHHTE3 OMpEeeICHHBIX
MPOJYKTOB B KJIETKE OMPEIEISIOT BCIO €€ «paboTy» M TaKMM O0pa3oM BIMSIOT Ha TEUCHHE
OHTOI'€HE3a OpraHu3ma.

@®opMbl U (PYHKIIMHM BCEX OPraHU3MOB, MX MHIWBHUIYaJIbHBIE BUIUMBIEC PA3IAUMS
OTIpEeIETSI0TC KOMOMHAIIMEH YeThIpeX a30TUCThIX OCHOBaHUM Monekybl JJHK.
[TocnenoBarenbHOCTh  pacmoyiokeHHst a30TUCThIX ocHoBanmii B JIHK, onpenensromas
pa3MelieHuss aMHHOKUCIOT B CHHTE3UPYEMOM Oellke Ha3bIBaeTCsi TeHETUYECKUM KOAOM
HACJIEACTBEHHOCTH.

Jlisg myHKTyalluu TeHeTH4eckod WHGOpMaluu BO BpeMsl €€ TPAHCISIUU HMEET
3HAYEHHUE IITH KOJIOHOB.

Komonsr AVYI, PYI' - nHaspiBatoTcs yHHpUIMpOBaHHBIMH. OHH OMNPEICIAIOT TPaBUIBLHOE
HA4yaJio CUHTE3a T€HHOro NpojykTa npu TpaHcimsiuuu u-PHK. O1u xonoHsl pacrnonaratorcs Ha
TPAaHHUILIE C PETYIATOPHON U CTPYKTYPHOM YacTu reHa.

OHM yKa3pIBalOT TOYKY OT KOTOPOM HAUMHAETCS CHUHTE3 MOJMIENTUAHONW LENU IOCKOJIBKY
peryJsTOpHAas 4acTh F€HAa HE TPAHCIUPYETCH.

Eciu Te ke KOMOHBI pacHoJIOKEHbl B CTPYKTYpPHOW YacTH T€HA, OHHM TEPSIOT CBOE
MHULAAPYIOUIETO 3HAYEHUS KOAUPYIOT METUOHUH WM BaJIMH COOTBETCTBEHHO.

Kogoust VYAA; VAI; VYI'A - tepmunaropbl. OHM OHpeleNisito OKOHYAaHHWE CHHTE3a
noyMnenTuIHoM uenu. «CTon - KOJOHBD»

4 buocunTe3. I'eneTnueckmii Koa, ero CBOMCTBA

TCHETUYECKUH KOJI YHUBEPCAIBHBIN, T.€. WICHTUYCH B OCHOBHOM JUIS BCEX JKUBBIX
OpPraHHU3MOB.

TCHCTUYECKUH KOJ TPHUIUICTEH, T.€. KaXKIas aMHUHOKHCIOTa KOJTUPYETCS TpeMs
HYKJICOTH/IaMHU.

TCHCTUYECKUH KOJI HE TPEPBIBACTCS, T.C.COSAMHCHHE TPHUILICTHI HE HMEIOT OOIIMX
OCHOBAHHUM.

TCHCTUYECKUH KOJl - HE COJCPXKUT KAKUX-THOO pPa3AeNUTCIbHBIX 3HAKOB MEXKIY
OTJENBbHBIMH TPUILIETAMHU, T.€. KOJI O€3 3amsThIX.

TCHETUYECKUH KOJ - UMEET JIMHEHHBIN MOPSIOK CUMTHIBAHUS M XapaKTepU3yeTcs, T.e.
COBMAJICHUEM TIOpsAKa pacroyiokeHus konoHoB B uU-PHK ¢ mopsiikoM koaupyembix wMH
AMUHOKHCIIOT B CHHTE3UPYIOIIEeMCs Oerka.

TeHETUYECKUI KOJ SIBJIAETCS BPOXKICHHBIM, HIIM U30BITOUYHBIM , T.K. BCE aMUHOKHCIIOTHI
(32 UCKITFOUEHHEM METHOHUHA U TpUnTodaHa) UMEIOT 0oJiee OJTHOTO KOJIOHA.

TeHETUYECKUN KOJ - COCTOUT W3 TpeX HYKICOTHIOB KOJOHA MPEUMYIIECTBEHHOE
3HAYCHHE UMEIOT JIBA TICPBBIX, TPETUH MOKET BApPbUPOBATH.

B T€HETUYECKOM KOJI€ B CpPETHEM OJJHA aMUHOKHUCIIOTa KOJUPYETCS TPeMs TPUILJICTAMH.

YHUCIIO KOJIOHOB I KaXJIOH aMHHOKHUCIOTHI (KpOME aprhHWHA) KOPPEIHPYET C
94acTOTON ee BCTPEYaeMOCTH B OeJKax.

YacTtoTa HMCHOIB30BAHUS PA3THMYHBIX KOJOHOB JUIsl BKIFOUCHHS OJIHOM W TOW Ke
AMUHOKHCIIOTBI MOXET ObITh BUIOCTIEIU(DUYHOI.
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1.10 Jlexkuust Ne 10(2uaca)

Tema: « HluTonmiazmaTnyeckasi HacJjeICTBEHHOCTb)

1.10.1 PaccmaTpuBaemblie BONIPOCHI

1. IlonaTHe 0 MUTOIIA3MATUIYCCKON HACICACTBCHHOCTH.

2. [TpuHIUNIHANTBHBIC OTIWYHS B CTPYKTYPE U QYHKIIUU sIIpa U MUTOIIa3Mbl. CXemMa CTPYKTYPBI
o01Ieit HacIeICTBeHHON HH(OpMAIMU KIIETKH.

3. l'ensl: mmactu U MuToxoHApuid. [Tna3mumber u nmpodary.

4. 3Ha‘IeHI/Ie III/ITOHJIa?:MaTI/I‘-IeCKOﬁ HACJICACTBCHHOCTHU B CCIICKIIMN )KXUBOTHBIX.

3. Kparkoe coaep:xaHue BOIIPOCOB
1 [TongaTHE 0 HUTOIIAZMATHYECKON HACJIEICTBEHHOCTH.

['maBHBIE HOCHTENM HACIEACTBEHHOCTH Yy IIPO- M JYKApPUOT — TEHBl KJIETOYHOIO
sllepHOro ammapara. HacienoBaHne 3TUX T€HOB NOAYMHEHO MEHJEIEBCKAM 3aKOHOMEPHOCTSAM
pacuUICIUIEHHs] IPU3HAKOB pOAMTENEH B NMOTOMCTBE. Hapsimy ¢ 3THUM CylecTByeT BHEsEpHasd,
WIA HEMEHJIEIEeBCKasl, HaCIeICTBEHHOCTb, 00YCIIOBJIEHHAs! MOJICKYJaMH HYKJIECHHOBBIX KHUCIOT
(JAHK wmu pexe PHK), permumiupyrommxcst B IUTOIIIa3Me B BHJIE aBTOHOMHBIX CTPYKTYp JTHOO
B COCTaBE OpraHelll.

B xnerkax OakTtepuil NHUTOIIA3MATHUYECKUI TEHETHYECKUN Marepuan MpeICcTaBlIeH
CBEPXCKPYUEHHBIMH  KOBAJIECHTHO-3AMKHYTBIMM  KOJIbLIEBBIMH ~ Moiekyidamu JIHK —
IUIa3MUJIAMH,  PEIUIMLHAPYIOIIUMUCA ~ aBTOHOMHO, T.€. HE3aBUCUMO OT  peIUIMKALUU
OakrepuanbHOil XpomMocombl. CTpoeHHE M CBOMCTBA IUIa3MMJ ObUIM OXapaKTEepPU30BaHbI B
nexiyn «['eHeTHKa MUKpOOPraHu3MoBy. Tam e Ha MpUMEpe «YacTUI-YOUUID) (KKUIIIEPOBY) Y
OpoxoKen S.cerevisiae pacCMaTpUBANICs Ciydail, KOrJa IUTOILIa3MaTUYECKUE TE€Hbl HAXOIATCS B
cocraBe ayxuenouyeuHoil PHK. B stoil nexkumm OyayT npuBeneHBl JaHHBIE O BHESJEPHBIX
TEHETUYECKUX JIEMEHTAX Y APYTHUX DyKapHOT.

Hcenone3yroT crneyronye OCHOBHBIE KPUTEPUH, IO3BOJISIONIME OTIMYUTH BHESICPHYIO
HaCJIEICTBEHHOCTb OT XPOMOCOMHOM:

1. Pasnuuust B pe3ynbTarax PEUUIPOKHBIX CKpEHIMBaHWM. Y BBICIIMX PpAacTeHUH H
JKUBOTHBIX PEIUNPOKHBIE cKpemuBanusa tuma PA x da u Pa x SA 1a0T OIMHAKOBOE
MIOTOMCTBO 10 UCCIIEyEMOMY NPU3HAKY. 3a UCKIIOUEHHUEM CIy4YaeB HACJIEJOBaHMSI CLIETIIICHHBIX
C MOJIOM MapKepOB, PA3JIMYUs B PELUIIPOKHBIX CKPEIIMBAHUAX YKA3bIBAIOT HA TO, YTO OJMH U3
POJIUTENIbCKUX OPraHMW3MOB, Kak IPaBUJIO, MAaTEPUHCKUM, OKa3bIBaeT OoJiblliee BIUSHUE Ha
IIPOSIBJIEHUE TAHHOTO MPU3HAKA, YEM JIPYTOM.

2. CB43b HacleIOBaHMs ONPEACIICHHBIX IPU3HAKOB C IIEPEHOCOM B  KIETKY
murorazmMatiuuecko JIHK. V' Oakrepuit mepeHoc Imuia3Muja C IMOMOINBIO KOHBIOTALUU,
TpanchopManuu OO TPAHCAYKIHUH COMPOBOXKIACTCS IMOSIBICHHEM Y DPEUUIHEHTOB TaKHX
NPU3HAKOB, KaK JIOHOPHas CHOCOOHOCTb, YCTOMYMBOCTD K aAHTHOMOTHKAM, MPOAYKLHUSA
KOJIMIIMHOB W MHOTME JpYrHe, 4TO JOKa3blBACT HUX JECTEPMUHHUPOBAHHOCTH IIJIa3MHIHBIMU
reHamu. IlomoGHO 3TOMy, y SYKapHOT KOMIIOHEHTBI LMTOIJAa3Mbl, HAIpUMEp OT/ENbHbIE
KJICTOYHBIE OpPraHEJUIbl, MOYKHO MCKYCCTBEHHO BBOAWTH B KIIETKM IIyTEM MHUKPOMHBEKIUH,
uHpekuu u00 UMIUIAaHTaluKu. Tak, BbISIBIEHAa CBA3b ONPEAEICHHBIX IPHU3HAKOB C
BHEAJICPHBIMU T€HaMH y HEWpocropbl (IIPU3HAKU 3aMEJIEHUS POCTa U CHIKEHUS YpPOBHS
IbIXaHUs,, 00yCIIOBIIEHHbIE JIe(PEKTHOCTbIO MUTOXOHJpUH), y Hapamenuu (JleTepMUHHpYyeMas
MUTOXOHJPHSIMA ~ YCTOWYMBOCTH K  JICKQPCTBEHHBIM  Ipemaparam), y  Apo30(uibl
(eTepMUHHpPYEMOE NPUCYTCTBHEM YHIOCUMOMOHTOB COOTHOIIIEHHUE 10JIOB) U JIp.

3. XpoMocoMHBIE TE€HBI pacrojararTcs B ONpeAeIeHHbIX yyacTkax XxpomocomHoi JJHK
U KapTHpYIOTCs, OOHapyXkHBas CIEIJIEHHOCTh C JPYTUMH XPOMOCOMHBIMH T'€HaMHU.
HeB0o3MO)XHOCTh BBISIBUTH TOJOOHBIE CLEIUIEHHS T€HOB MOYKET CBUAETEIbCTBOBATH 00 UX
BHESAJICPHOM JIOKAIU3ALNH.
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4. OTCcyTCTBHE TUITUYHOTO KOJMUYECTBEHHOTO MEHJIEJIEBCKOTO pacIIeTICHUs] IPU3HAKOB B
MMOTOMCTBEC, 3aBUCHUMOI'0 OT PACXOXKIACHUA T'OMOJIOTMYHBIX XpPOMOCOM B MCI>'IO3€, YKa3bIBACT Ha
TO, YTO OHH JETEPMUHUPYIOTCS BHESICPHBIMU T'€HAMHU.

5. 3aMeHa siiep, BO3MOXHasi, HallpuMep, Y aMeObl, TOKa3bIBa€T OTHOCUTEIBHOE yYacTHe
s7Ipa ¥ MUTOIIa3Mbl B MPOSIBICHUN KaKOro-nmubo npusHaka. [lepegaua npuzHaka MIOTOMCTBY, HE
COTPOBOXK/IAIOMIASCS  TMEPEHOCOM  SJIEPHBIX T'€HOB, CBUJCTEICTBYET O  BHESJIEPHOM
HACJIEJICTBEHHOCTH.

2 IlpuHuMNMAJbHBbIE OTJIUYUS B CTPYKType W (YHKUMH siipa M uurTomiaasmbl. Cxema
CTPYKTYPbI 00111eii HAC/IeACTBeHHOH HHpOPMANH KJIETKH.

[lepBble HaOMIOEHUS O BO3MOKHOCTH HEMEHJEJIEBCKOTO HACJIEIOBaHUS y pPacTEHUM
ObulM caenmaHbl Ha HOYHOW Kpacasuue (Mirabilis jalapa) K.Koppencom (omnum U3
MepeoTKphIBaTENIeH 3aKOHOB MeHiens) U Ha JIbBUHOM 3€Be (Antirrhinum majus) 3.bayspom eiie
B Hauasie XX B. M3ydeHHWe HacieqOBaHMS MpPU3HAKA NECTPOJMCTHOCTH, BBIPAXKAIOUIETOCS B
IIUPOKOM TaMMe OTTEHKOB I[BETa JIMCTHEB OT OEJ0ro 10 TEMHO-3€JI€HOT0, BBISIBUIIO €T0 TOJHYIO
3aBUCHUMOCTBh OT TOTO, KaKO€ M3 PAaCTCHUH OBUIO KEHCKHM, T.C. OIBLISUIOCh U 00Pa30BBHIBAIIO
cemeHa. l[Ber nHcTheB ompezensercs IUTOIIA3MATHUYECKUMU OpraHelljlaMi pacTeHHH —
TUTACTHIAMH, U3 KOTOPBIX TJAaBHBIE — XJIOPOIUIACTHI, COAEPIKAIINE XJIOPOPHIUL. XIOPOIIACTHI
HAXOJATCS TOJBKO B KJeTKaX (POTOCHHTE3UPYIOUINX OPraHOB PACTeHUM (JUCTHhEB, CTEONS), U UX
YHUCJIO0 BapbUPYET OT HECKOJIBKUX COTEH (HEKOTOpbIE BOAOPOCIM) JO OJHOTO (HEKOTOpHIE
XJIaMUZIOMOHa/Ibl). B kieTke BwicHMX pacteHuil copepxutcs okosno 300 xjopomnacTtoB. Bo
BpeMs Mei03a XJOpOIUIACThl MPOHUKAIOT B IUTOIUIA3My SIMIICKICTKH, a B KJIETKaX IbUIbIIBI
OOJBIIMHCTBA BHUIOB pPACTEHUH OHHM TMPAKTUYECKH OTCYTCTBYIOT. IlomMHMo MeMOpaHHBIX
CTPYKTYp, COJEpXalluX BCE€ HEOOXOIUMbIE KOMIIOHEHTHI MJisi TPAHCIOPTAa AJIEKTPOHOB MpHU
dbotocunTede, pudbocom u PHK, xmopormacter comepkar koiblieByto JIHK mmuHO#M okomo 40
MKM ¢ M, = 10°. IMeroTcs TaHHBIE O MOJUILIOMIHOCTH XJIOPOILIACTOB, B 5-6 y4acTKax KOTOPBIX
HaxomaT 10—60 konuii koabneBbix JJHK.

3 I'enbl: miactua u MuToxouapui. [lnasmuasl nu npodaru.

MUTOXOHIpPUHM HMMEIOTCS B TMOJABISIONIEM OOJBIIMHCTBE SyKAPUOTHYECKHX KIIETOK.
[Ipoucxonsmue B HHUX MPOLECCHl adPOOHOTO JABIXaHUSI M COOTBETCTBEHHO OKHCIUTEIHHOTO
dbochopunrupoBanus TPUBOIAT K 3anacanuto sHepruu B popme ATD. B coctaBe MUTOXOHIpUI
obnapyxena JIHK, cocrosimast 3 KOBaJeHTHO-3aMKHYTBIX CBEPXCKPYUYECHHBIX KOJICI JUIMHOW OT
5 MKM y KUBOTHBIX 110 20-30 MKM y TpHOOB U BBICIIMX PacCTCHHH.

MuToxoHIpralbHble T€Hbl KOJUPYIOT B OCHOBHOM [B€ TPYIIIbI Npu3HakoB. K mepBoit
OTHOCSITCSI TIPU3HAKH, CBsI3aHHbIE C pPAOOTOM JbIXaTeIbHBIX CHCTEM, KO BTOpOH — C
YCTOMYMBOCTBIO K aHTMOMOTHKAM M JpyruMm kietodyHbiM sigam. I[lomumo JJHK muroxonapum
coJiep’kaT COOCTBEHHBIN OETOKCHHTE3UPYIOUIMI amnmapar, BkItouaroumii pudocomsl, TPHK,
amuHoanyn  TPHK-cuHTeTaspl,  oTiauyarommiics  OT  COOTBETCTBYIOLIETO  arrapara,
JETEPMUHUPYEMOTO IE€PHBIMH T€HAMU.

C myrtanmsimu B MutoxonapuansHoi JIHK mmbo ¢ yTparoii MHTOXOHIpHUI CBS3aHO
oOpa3oBaHHE MEIKUX (KapJIMKOBBIX) KOJOHMU ((peHOoTHIT «petite») B KynabType S.cerevisiae.
[ITaMMBI KapJUKOBBIX MYTaHTOB PAaCTYT OY€Hb MeIJICHHO, (popMupys Ha arape, coleprKaiemM
HEJOCTATOYHOE JJI1 HOPMAJIBHOTO POCTa KOJIMYECTBO TIJIFOKO3bI, MEJIKHE KOJIOHMU. OHU UMEIOT
neQeKTHBIM JBIXaTeNbHBIA METa0O0IM3M BCIEACTBUE HEIOCTaTKAa IUTOXPOMOB a W b, a Takke
(dbepMeHTa UTOXPOMOKCHAA3bl U HE CIIOCOOHBI K 00pa3oBaHHIO criop. YacToTa CHOHTAHHOTO
BO3HUKHOBEHUS KapJMKOBBIX MYTaHTOB cocTaBisieT npuMmepHo 0,2 % B pacuere Ha KIETKY 3a
OJIHy TeHepaluio, YTO HAMHOTO OOoJjblle, 4YeM OOBIYHBIE YACTOTHI CIIOHTAHHOTO MYTHPOBAHUSA
SJIEPHBIX T€HOB.

4 3naueHue IUTOIIA3MATHYECKOI HACJIEICTBEHHOCTH B CeJIEKIIUM *KMBOTHDIX.
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OguH W3  sApKUX [PUMEPOB  BHESIEPHOW  HACIIEACTBEHHOCTH, ONPENEIIIeMON
Ne(QEKTHOCTBIO TBUIBLIBI, OMUCAH Y CaMOONBUISIOMUXCA M  MEPeKPEeCTHOONBUISIOUINXCS
pacteHuid. JlepeKTHOCTh MbUIBLIBI MOJHOCTHIO MCKIIIOYAET BO3MOYKHOCTH CaMOOIBIOJNIEHHUS, TaK
KaK pacTeHHs CTAHOBATCS OJHOJAOMHBIMH (KEHCKHUMHU).

M.Poanc (1933) oGHapykuj, 4TO NPU3HAK MYXKCKOM CTEPMIIBHOCTH Y KYKYpy3bl —
MIEPEKPECTHOOMNBUIAIOIIETOCS PACTEHUSI — HACJIEQYeTCs [0 MATEPUHCKOW JIMHUM, 4Yepes3
LUTOIIa3My SHUEKIETKU. SepHble T€Hbl HE OTBETCTBEHHBI 3a 3TOT NpU3HAK. PacTeHue c
MY’KCKOM CTEpUIBHOCTBIO TPU OINBUICHUM MBUIBLOW OT HOPMAJIBHOTO pacTeHus oOpasyer
IMOTOMCTBO TOJIBKO CO CTEpPWIBHOM TMbUIbLOW. B cepuM MNOBTOPHBIX CKPENIMBAHUN C
UCIIOJIb30BAaHUEM B KaU€CTBE MATEPUHCKUX POJUTENIEH PACTCHMS ¢ MYXKCKOM CTEPHIBHOCTBIO, a
B KaueCTBE MYXCKUX — JIMHUM PAacTEHMH C HOPMaJIbHOM NBLIBIONW, HO MapKHUPOBAaHHBIX IO
reHaM, BXOZSIIMM B Kaxayro u3 10 map XxpoMmocoM Kykypysbl, Poanc cymen 3aMeHuTH Bce
XPOMOCOMBI HMCXOJHOM JIMHUU C MY’KCKOM CTEpUIIBHOCTBI) HAa XPOMOCOMBI HOPMAJIBHOW IO
¢deprwiibHOCTH JMHUHU. lIpu 3TOM MHOrMe pacTeHusi, NOJY4YEHHbIE B pe3yJIbTaTe 3aMEHBI
XPOMOCOMHBIX Ha0OPOB, COXPAHSAJIU NMPU3HAK MY’KCKON CTEPUJIBHOCTH. DTH OMNBITHI NOCTYKUIH
BAKHBIM JI0KA3aTEJIbCTBOM TOT'O, YTO MY)KCKasi CTEPWIBHOCTb KOHTPOJIUPYETCS LIATOILIA3MOM.
XOTsl ONKMCaHHBIN MPU3HAK Ha3BaH UTOIUIA3MAaTUYECKON MYyKcKoi ctepuibHOCThIO (LIMC), ero
IPOSIBIICHUE 3aBUCHUT TaKKe OT AJEpHBIX reHoB. Takoi BbIBOA ObLI cHeNlaH MpHU HCCIEIOBAHUU
HEeOOJIBIIOT0 KOJIMYECTBA PACTEHMM, MOJyYEHHBIX B MOTOMCTBE OT YKa3aHHBIX CKpEIMBaHUH,
MMEBILUX JIMIIb YACTUYHO CHM)KEHHYIO WJIH J1aXkKe HOPMaJIbHYIO (PepTHIBHOCTh. BO3HMKHOBEHNE
TaKUX pAacTeHHH CBSI3aHO C TeM, 4YTO HacienoBanue npusHaka [IMC y KyKypy3bl
KOHTPOJIMPYETCS CINEU(PUUHBIMU SIIEPHBIMU T€HaMH-CYIIPECCOpaMH, Ha3blBAEMBIMH TaKKe
Ire€HAMHU-BOCCTAHOBUTENSIMU. OJTH JOMMHAHTHBIE T€Hbl B COYETAHMM C LUTOIIA3MOM JIMHUM
pactenuii ¢ LIMC -o0GecnieunBatoT BOCCTaHOBJICHHE (DePTUIIBHOCTH PACTEHUH.

Hapsiny ¢ BHesiiepHO# HAcClIeICTBEHHOCTHIO, OOYCJIOBJICHHOW IUTOIUIa3MAaTUYECKUMHU
TEHETHUECKUMH 3JIEMEHTaMH, CYIIECTBYeT M Jpyras (opma saepHO-IUTOMIa3MaTHYECKUX
OTHOILIEHUH, CBsI3aHHAsl C IPUCYTCTBUEM B IIUTOILIa3ME€ HETEHETHUUECKUX (PAKTOpPOB (HampuMmep,
(bepMeHTOB, OEITKOB-PENPECCOPOB), BIUSIOMIUX Ha SKCIPECCUIO SJIEPHBIX T'eHOB. OTMEUEHO, UTO
pa3nu4us MEXIy MOTOMCTBOM PEUMIIPOKHBIX CKpPEIIMBAaHUM HE 00s3aTeIbHO OIMpPEeIsIOTCS
BHESICPHBIMU T€HETUUECKUMH 3JIEMEHTaMH, HO MOTYT OBbITh CBSI3aHbl C TaK HAa3bIBAEMbIM
«MaTepUHCKUM dPPEKTOM», T.€. BIUSTHHEM I€HOTHIIA MaTEPU HA XapaKTep pa3BUTHS MOTOMCTBA
B I}, mepeaBacMbIM 4epe3 HUTOIIa3My SIMIEKIETOK. [[puMepoM MOKET Cily>KMTh Hacllel0BaHUE
HAIpaBJIEHUS] 3aKpyUMBaHUS CHOUPAJUd PAaKOBUHBI Yy TpyAoBUKa (Limnea peregra),
JAETEPMUHUPYEMOE TEHOTUIIOM MaTepH, HO HE TeHAMHU Pa3BUBAIOIIETOCs 3apobima. Amiens S,
KOAMpPYIOIIasi MPaBO3aKpyUEHHbIE BUTKU CIHMPAIH, JOMHUHHUPYET HaJ aJljIeNIblo S, KOAUPYOIIEn
neBo3akpydeHHble BUTKH. CkpemuBanve tuna @ S'S* x & SS maer B F; moromctBo S'S ¢
IIpaBO3aKpy4eHHOM cnupaiblo. B F, BMecTo oxkupaemoro pacuienieHus 3:1 Bce MOTOMCTBO
TaKXKe MMEET IPAaBO3aKPYUEHHYIO CHHUpalb, NMOCKOJIbKY (eHoTHN SS He BbLsABigercs. Takum
00pa3oM, TOJBKO MaTepuHCKHi reHoTHi (S° S ) oOHapyuBaercs U B F;, u B F>. OqHako B
penunpokHbIx ckpemmBanusax ¢ SSx & S'ST B F; Bce MOTOMCTBO Oy/IET «IE€BO3AKPYUEHHBIMY,
HECMOTpsI Ha TeHoTun S°S, a B F> — «mpaBo3akpy4eHHbIMY. [T0CIe Iy 0N HHOPUIUHT MEXKITY
MOTOMCTBOM F, W3 TMEpBOrO0 WJIM BTOPOrO CKpEIIMBAaHUI MNPUBOAUT K 0OOPa30BaHHIO
«TIPaBO3aKPYUYEHHBIX» YJIUTOK, 3a UCKIIFOUEHUEM CKPEIINBAHUN, B KOTOPBIX MATEPUHCKUE OCOOU
UMeNU TeHOTHNl SS: B 3TOM Cllyyae Bce IMOTOMCTBO OBLIO «JI€BO3aKpyudeHHbIM». JlanbHeliee
UCCIIeIOBaHNE 3TOro (eHOMEHa I0Ka3ajo, YTO HalpaBJICeHHUE CHHPAM YIUTOK 3aBHUCHT OT
OpHMEHTAallMM BepeTeHa, oOpazyemoro B meradaze | nenenus apoGneHus. MaTepuHCKHE T'e€HbI
JNETEPMUHUPYIOT OPUEHTALIMIO BEpeTeHa (BEpXYyIIKOW BIPAaBO WIM BJIEBO), KOTOpas, B CBOIO
ouepelb, BIUSAET Ha MOCIEAYIOIIEe [EJICHHE KIETKM M B pe3ylbTaTe Ha MWCIPaBICHHE
3aKpYYEHHOCTH CIUpaIH y B3pocioil ocobu. Takum 00pa3oM, 3TOT MpPHU3HAK y TMOTOMCTBA
HEMOCPEJCTBEHHO KOHTPOJIMPYETCS MAaTePbio U HE CBA3AaH C (PYHKIMOHUPOBAHHEM T'€HOB sila,
CIIEpMUS I 3UTOTHI.
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1.11 Jlekuus Ne 11 (2uaca)
Tema: «MoanpuxkauuoHHAsE KBMEHYUBOCTh)

1.11.1 PaccmaTpuBaemMblie BOIPOCHI

1. Knaccudukanus GopM H3MEHUUBOCTH.

2. Buasl W3MEHUMBOCTH: OHTOTEHETHYECKas, MOIU(UKAIMOHHAs, KOMOWHATHBHAs W
MYTalMOHHAsi U3MEHYUBOCTb.

3. 3HaueHue MOAM(PUKAIMOHHOW WM3MEHUYMBOCTH U1 TPAKTUKU JKUBOTHOBOJCTBA.
KoppensTiBHas N3MEHUYNBOCTb.

1.11.2 KpaTkoe coaep:kaHue BONPOCOB
1 Knaccupurkanus ¢opm u3MeHUYMBOCTH.

AHanu3upysi ©3MEHYMBOCTH JIFOOOTO OpraHM3Ma, MCCIeNoBaTeNh Bcerga yoekaaeTcs B
TOM, YTO MHOTHE Pa3JIn4us MEXIy O0COOSIMHU HAXOIATCS B OOJIBIION 3aBUCUMOCTH OT YCJIOBUH
OKpy>karolen cpenbl. J{axe npu coBepIIEHHO TOXKIECTBEHHOM T'€HOTHIIE IB€ 0COOU MOTYT OBITh
(EHOTHUNUYECKH HECXOXXKHUMH, €CJIM OHM B TEUEHHE CBOErO Pa3BUTHS MO-Pa3HOMY IHUTAIUCH,
HAXOJWIIMCh TPH Pa3HOW TeMIepaType WM BIAKHOCTH, OOJIeTH pa3HBIMU OOJE3HSMU U T.II.
Takue ¢eHoTHNHUYECKHE pPa3TUuusi, BHI3bIBAEMbIC BHEIIHHUMH (DAKTOPAaMHU Yy OJMHAKOBBIX B
HACJIEICTBEHHOM OTHOIIEHUH OPTaHU3MOB, Ha3bIBAIOTCS MOAU(DUKAIISIMHU.

Wzydenne moau¢pukanuii O4eHb BaXHO M B TEOPETUYECKOM, U B TPAKTUUYECKOM
oTHoIIeHUsAX. CBeneHus: 0 MOAU(PUKAIUAX TPeOYIOTCS MPEXKEe BCEro sl MOHUMAaHMs TOTO, KaK
MPOMCXOTUT pean3alus reHeTHueckoi nHpopmanuu. Benp Habr0maemMasi COBOKYITHOCTh BCEX
Mop(honoruueckux, (HU3MOIOTHUECKUX U OWOXMMHUYECKHMX TMPU3HAKOB OpraHu3Ma, T.e. €ro
beHoTHII, OnpeenseTcss He TOIBKO TeHAMH, MOJYYSHHBIMH OT POJIUTENCH, HO B OOJIBIION Mepe
TaKk)Ke pa3HOOOPa3HBIMU BIMSIHUSIMH CPEJlbl, B KOTOPOH OpPraHu3M pPa3BUBAJICS U CYIIECTBYET.
BBISICHUTD COOTHOCHUTENBHYIO pOJIb M XapakTep B3aUMOJCHCTBUS T'€HOTMIIA U CpeAbl B
CTaHOBJEHUH (PEHOTHNA OCOOM MOXHO TOJBKO YCTAaHOBHMB, KaK OKPY’KaIOIIUE YCIOBUS
U3MEHSIOT (EHOTHMN, T.e. HCCIEAOBAaB MOAU(DUKAIIMKN, BO3HHMKAIONIIUE TOJ BO3JCHCTBUEM
pa3nuuHbIX (QakTopoB cpenbl. Jlamee, 3HaHMe XapakTepa MOIUGUKALIUA W TMPUYUH, HX
BBI3bIBAIOUINX, HY’KHO JJIs IOHUMaHHsI 3aKOHOMEPHOCTEN 3BOJIOLUH, TOCKOJIBbKY €CTECTBEHHBIH
0TOOp, MPEACTABISAIONINI €€ ABIKYIINYIO CHIIy COXpaHseT ONaromnpusiTHbIe AN OpraHu3Ma
U3MEHEHHST W OTOpachIBaeT BpPEIHBIC, PYKOBOJCTBYSCH HCKIIOUUTEIHHO (DEHOTUTIOM, T.€.
OTIEPUPYET KaK ¢ MyTAIUSIMU U UX KOMOMHAIIUSAMU, TaK U ¢ MOJAU(DUKAIISIMH.

OueBuaHO W 0OJBIIOE 3HAUCHHE MOAM(DHUKALMI U MPAKTHKH CEBCKOTO XO3SHCTBA H
MeIUIMHBL. BaxkHeilmas 3a1a4a pacTeHueBo1a, )KUBOTHOBO/IA, IPOMBIIIJIEHHOTO MUKPOOHOJIOora
3aKJIIOYAETCsl B CO3JaHMM YCIOBHUI, IPU KOTOPBIX Yy XO3SHCTBEHHO IOJE3HOTO OpraHu3Ma B
HauOonbIIel cTeneHH OyAyT pa3BUBAThCA >KelareibHble (DEHOTHNHMYECKHE TPU3HAKU H
MOJIaBJISATHCS. OTPULIATENIbHBIE, T.€. BOSHUKHYT MOAM(DUKAIIMY B HAIIPABJICHUSAX, BBITOJHBIX JUIS
YeJI0BEeKa.

2 Buabl H3MEHYNBOCTH: OHTOT€eHEeTHYeCKasi, MOAM(PUKAIHOHHAS, KOMOMHATHBHAS U
MYTAIHOHHAS U3MEHYMBOCTD.

B nopasmnsitorieM OONBIIMHCTBE CITydaeB MOIUGBUKAIMS TPEACTABISIET cO00H MOIE3HYIO,
MIPUCTIOCOOUTENIBHYIO PEaKIMI0 OpraHu3Ma Ha TOT WJIM WHOM BHEMIHUN (PakTop. ITO MOMKHO
BUJICTh HAa MPUMEpPE MOYTH BCEX MEPEUMCIICHHBIX BBIIIE M MHOXECTBE JAPYTHX MOAM(HUKanuit
MUKpPOOOB, paCTEHHI, ’KUBOTHBIX U YEJIOBEKA.

Nzydenue 3T0oro Bompoca y pa3HbIX OPTaHU3MOB ITOKA3aJio, YTO aalTUBHBIMU OBIBAIOT
TOJIBKO T€ MOJIU(UKALNK, KOTOpPbIE BBI3BIBAIOTCS OOBIYHBIMU W3MEHEHHUSIMH MPUPOTHBIX
YCIIOBHIA, MHOXKECTBO pa3 BCTPEYABLIMMHUCSA OCOOSM [TaHHOTO BHJAa Ha MPOTSHKEHUH €ro
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MPOLUION  JBONMIOUMOHHOM ucTOopuu. Ecnm ke opranusm momagaeT B HEOOBIUHBIE
0OCTOSITENBCTBA, C KOTOPHIMH HE TPUXOAWIOCH CTAIKHBATHCA €ro TpeaKaM, TO BO3ZHHKAIOT
MoaudUKaIyK, TUIIEHHbIE TPUCTIOCOOUTEIHLHOTO 3HaUeHUs. VI3MEeHeHNs He TOJIbKO KOJIHYEeCTBa,
HO M KaueCcTBa MUIIA MOTYT O0YCJIOBIMBATh BOZHUKHOBEHHE MoguduKanmid. OCOOEHHO XOpOIIO
3TO BHUJIHO TNpH aBUTaMHMHO3ax. Hemocraroxk BurtammHa A u pubodnaBuHa (BUTamMuH B,) B
KOPMOBOM palliOHE CBUHOMATOK B MEPBBIA MECALl CYIOPOCHOCTH BEAET K POXKACHUIO IOPOCST C
nedexkTaMu TIa3, pa3IBOCHHBIM HEOOM, YKOPOYEHHON HHXKHEW YeIIOCThI0O M JIPYTUMHU
nedexramu. Psim O0JIle3HEHHBIX COCTOSHHM YEIOBEKa C XapaKTEPHBIMU JUIS KaKIOTO M3 HHUX
M3MEHEHUSIMU Pa3IMYHBIX TKaHEH U OpPraHOB CBS3aH C HEIOCTATKOM B IHINE T€X WIM HHBIX
BUTAaMHMHOB (LIBIHTa NPH HeAocTaTke BuTamuHa C, Oepu-Oepu mMpu HEOOCTaTKe BUTaMUHA By,
KypHHas cJernota ¥ KcepodTanbMusl MPU HEIOCTaTKe BUTAMHMHA A, paxUT MPU HEIOCTATKe
ButamuHa D T.11.).

He umMeroT mprcnocoOuTeNbHOTO 3Ha4eHUs (2 HepelIKO MPEICTABISIOT JaXe HACTOALIUE
ypoxacTBa) MOAM(HKAINK, BbI3bIBAEMbIE (PH3MUECKUMH W XHUMHUYECKHMMHU (aKTOpaMu, C
KOTOPBIMH OPTaHU3M HE CTAIKUBAETCS B MPUPOJIC UIH KOTOPHIE MPUMEHSIOTCSA B SKCIIEPUMEHTE
C UHTCHCHBHOCTBIO, TIPEBOCXOJSIIEH  BCTPEYAIOIIYIOCS B  €CTECTBEHHBIX  YCIIOBUSX.
WNuayurpoBaHHbIe TaKUM 00pa3oM MOIU(GUKALIMK YacTO Ha3bIBAIOT MOP(O3aMH.

Hekotopeie u3 3TUX MOP(O30B OUEHBb MOXO0XKHU HAa U3MEHEHMUsI, BHI3bIBAEMbIE MYTallUSIMU
M3BECTHBIX T'€HOB.

Takue wMonudukanuy, HANOMMHAIOIIME MPOSBIEHUE HW3BECTHBIX TI'€HOB MOJIYYMIIU
Ha3BaHHE (DEHOKOMHIA.

B oTimume oT BBICOKOW KOHCTAHTHOCTH MYyTalui, MOIU(UKANUUA OOJATAr0T pa3sHON
CTENEHbI0 CTOIKOCTH. MHOTHME M3 HHMX OOpaTUMBI, T.€. BO3HHKIIEEC HW3MEHEHHE MOCTENEHHO
MCUe3aeT Ha MPOTHKEHWU >KU3HU O0COOHW, €CIM yCTpaHEHO BhI3BaBIEE €ro Bo3aeucTBHe. Tak,
3arap y 4esjoBeKa MPOXOJUT, KOTJa KOoXa MEepecTaeT MOABEepraTbCcsi WHCOMSAIMHN; 00bEM MBIIIII
YMEHBIIAETCS TOCJHE MPEKPALEHUs] TPEHUPOBKH; KOJIMYECTBO HSPUTPOLIUTOB, BO3pOCIIEE
BCIECTBUE TIpeOBbIBaHMS 4YEJOBEKa WM KMBOTHOTO BBICOKO B Tropax, I@aJaeT Tmocie
BO3BpAIICHUS B JIOJUHY; IMOTEMHEBIIAs Ha YepHOM (poHE OKpacka cajsaMaHApBl CBETJIECET MpHU
NepecesieHNH KUBOTHOTO HA TMECYaHYI0 MOYBY; BO3AYIIHBIC JHUCTbS CTPEJIOIUCTA 3aMEHSIOTCS
BOJHBIMU TIPU TOJBEME YpPOBHS BOAbl W T.I. Jpyrue moaudukanuu, TIaBHBIM 00pazom
BO3ZHUKIIIME HA PAHHUX CTagUSX OHTOTEHE3a, COXPAHSIOTCS B TEUYEHHWE BCEU KU3HU OCOOM.
Hanpumep, nuumHKa muensl NMpeBpaliaeTcsl B 3aBUCUMOCTH OT KauyecTBa CKapMJIMBAaeMOW eil
MUK MO0 B MaTKy, Ju00 B pabouyio myeny; 4elIOBEK Ha BCIO JKU3Hb OCTAETCS KPUBOHOTHM,
€CJIM B IETCKOM BO3pAacTe €ro KOCTU HEMpPaBWIBHO (JOPMHUPOBAIIUCH OT HEAOCTaTKa BUTaMuHa D
B THUIIIE.

OTHOCHUTENBHO HEMHOTHE MOJU(UKAIIMH MOTYT MPOSBIATH HEKOTOPOE TOCIEeHCTBHE,
YaCTUYHO PACHpPOCTPAHSSCh Ha ClieAylollee MOoKoJeHHe. Tak, y MIIEKOMHUTAIOIIUX MOTOMKH,
BBIHOLICHHBIE W BBIKOPMJIEHHBIE MCTOIIEHHON MaTepblo, Kak MpaBUiIO, MEIb4e M clladee
CBEPCTHUKOB, MPOUCXOIANIMX OT LBETYIIMX 3I0pPOBBEM MaTepeil; pacTeHus, BHIPOCIINE Ha
CKY/IHOH TIOYBE, 4acTO Jal0T LIYIIJIble CEMEHA, BCXO/bl U3 KOTOPBIX YCTYHAlOT, IO KpaliHell mepe
Ha TMEPBBIX MOpaxX, BCXOAaM M3 CEMSH PAcTeHUM, BBHIPOCHIMX Ha IJIOJOPOJHOH mouBe. OqHAKO
noJ00HOe BIMSHUE MATePUHCKUX MOAM(UKAIMN Ha MOTOMCTBO OOBIYHO JOBOJIEHO OBICTPO
CXOAWT HA HET, €Clid TOTOMKM HE TMOABEPraloTcs MAEeUCTBUI0O (PAKTOPOB, BBI3BABIIUX
MOAU(PUKAIINIO Y MaTEePH.

B otnnume ot myTaumii, MoauduUKauK HE TepenaroTcs Mo HacienctBy. OmHako erie
JOJITOE BpPeMsl TOCIIe TOTO, KaK MOJ0KEHHE ATO OBUIO JOKA3aHO THIATEIBHBIMH T€HETHYECKUMHU
UCCIIEIOBAaHUSIMUA, OHO C COMHEHHMEM BOCIPHHMMAIOCh MHOTMMH OHOJIOraMHu, a HEKOTOPBIMHU
Ja)e TOPSI0 OCTIapPHUBAIIOCh.

MHoxecTBO THIATCJIBHBIX OIBITOB, NMPOBCACHHBIX Ha Pa3HbIX OpraHU3Max, IMOKa3allio
HEHACIIETyeMOCTh MOJM(HKAIMA, BBI3BIBAEMBIX MPSIMBIM BO3ACHCTBHEM TMHIIH, CBETa,
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TEeMIepaTypbl, BIQKHOCTU U JPYrMX HOAOOHBIX (DaKTOPOB, a TaKXKe YNpPaKHEHHUEM U
HEYIPAKHEHUEM OPIaHOB.

OtpunarenbHble pe3yabTaThl Jaja MpoBepKa coollieHuil nocnenoateneil JIbiceHKo o
AKOOBI ~ TMOJMYYEHHOM MMM  HAcJeIOBaHWM  W3MEHEHMI, BBI3BaHHBIX  «BETCTaTHBHOMN
rudpuau3anmueny y MICKONMUTAIOIMX JKUBOTHBIX M NTHUL, 3aKIIOYaBLIEWCS B MEKBUAOBBIX U
MEXIOPOJHBIX CpallMBaHUAX ocoOel, mepecajke roHajll, NEpeIMBaHUM KPOBU WIM SIMYHOTO
Oenka. [loBTopeHue 3THX OIBITOB MPH COOMIONAEHUH Mep, HEOOXOIUMBIX Ul OIPa)IEHHUs OT
omMOOK, CBSI3aHHBIX C HCIOJIB30BAaHUEM T'€HETHYECKH HEYHCTOIOPOTHOTO HCXOIHOTO
MaTepuanga, OTCYTCTBHEM HAIJIEKAIEro KOHTPOIs W T. II. II0Ka3ajlo, YTO IPHUEMBI,
NPUMEHSBIINECS TPH TaK HA3bIBAEMOM «BETETATUBHOW THOPUAM3ALMU» Yy >KUBOTHBIX, HE
BBI3BIBAIOT Y HUX HUKAKUX HACJICJCTBEHHBIX U3MEHCHHM.

3. 3nayenne MOAUGPUKALNMOHHONW WM3MEHYMBOCTH /JIsi TNPAKTHKH KHBOTHOBOJCTBA.
KoppenssTuBHAas H3MEHYHBOCTb.

@DeHoTHIT OpraHW3Ma OTPENENSIeTCs, C OJHON CTOPOHBI, TeHETHYEeCKON WH(pOpManuei,
IIOJIyY€HHOM UM OT POJAUTENEH, T.€. €r0 FEHOTUIIOM, C APYTOM CTOPOHBI — TE€MHU KOHKPETHBIMU
YCIOBHSIMU Cpellbl, B KOTOPBIX 3Ta WH(OpPMAIMs peain3yeTcs B XOAE Pa3BUTHUS OpraHH3MA.
OTHOcHTeNbHAs POJIb TEHOTUITNYECKUX (DaKTOPOB U (HaKTOPOB Cpeibl B (OPMHUPOBAHUU Pa3HBIX
IIPU3HAKOB OpraHu3Ma MOKET OBbITh O4YEHb pa3zauyHoil. Tak, XapakTep pacHoJIOKEHUS JUCTHEB
Ha crebsie pacTeHHs (CHHpalbHOE, CYNPOTHBHOE WJIM MYTOBYATOE) M THUIl UX KUJIKOBAHMS
(mapanienbHOe, MEPUCTOE, Maab4aToOe, JIUXOTOMUYECKOE) TIOYTH HAIEI0 OO0yCIOBJIECHBI
TEHOTUIIOM M JIMIIb OYEHb HE3HAYUTENIBHO WM3MEHSIOTCS IOJ BIMSHMEM BHEUIHMX YCIIOBHIA.
®dopma IMCTOBOM IUIACTHUHKH, CTEIEHb €€ PACCEYEHHOCTH, 3a3yOPEHHOCTU KpaeB 3HAYUTENIBHO
Oosbllle 3aBUCUT OT cCpeAbl (BCIOMHUM pPACCMOTPEHHBIE BBILIE MPUMEPHI, Kacarolluecs
CTPEJIOINCTa U BOJSIHOTO JIOTHUKA), HO Yy OONBIIMHCTBA BUAOB BCE K€ OIPEHCISIIOTCS B
OCHOBHOM T'€HOTHUIIOM pacTeHHWs. 3a HWHTEHCHBHOCTb JKE€ 3€JICHOM OKpPAacKu JIMCTHEB
OTBETCTBEHHBI TJaBHBIM 00pa3oM BHEWIHHE (AKTOPHl — IUIOJOPOANE TOYBBI U OCOOCHHO
OCBEILIEHUE; POJIb HACJIEICTBEHHOCTH 3/1€Ch OTHOCUTEIBHO HEBEJIMKA. Y YEJIOBEKa MOYKHO
MIPOCJIEIUTh BCIHO TaMMY IE€PEXOJ0B OT IMPHU3HAKOB, IOJHOCTBIO OINPEACISIEMBIX T€HOTHIIOM
(KaKoBbI, HalpUMep, I'PYIIbl KPOBU WIM LBET paayKHOM OOOJOYKHM IJa3), 4yepe3 Takue, Ha
KOTOpBIE (haKTOPHI Cpebl HaJlaraloT 3aMETHBIN OTHeYaToK (KakK, HalpuMep, PocT), K MpU3HaKaM,
OYEHb CUJIBHO 3aBUCAIIMM OT BHEIIHUX YCIOBHMH (Hampumep, BeC Tejla WIN CTeNeHb pa3BUTOCTH
mpimn). Ho y Bcex opraHusmMoB XapakTtep (DEHOTHIHYECKMX W3MEHEHUH, BBI3BIBAEMBIX
BJIIMSIHUEM CpeJibl, T.€. CIIOCOOHOCTh OpraHM3Ma OTBEYATh Ha JEeHCTBHE BHEUIHUX (DAKTOPOB
MMEHHO TaKUMH, a He MHBIMH MOAN(UKAIIUSIMH, WIA HOPMa PEaKkIMi OpraHn3Ma, Bceria ObIBaeT
BPOXJIEHHOM, 00YCIIOBJIIEHHON €r0 FreHOTHIIOM.

3HaHUE PAINYMN MEXAY MyTalUsIMU U MOAU(PUKAIUSAMHI Ba)KHO KaK B TEOPETUUYECKOM,
TaK U B IPAKTUYECKOM OTHOIIEHUH. [[J1s1 MOHMMaHUS HBOJIIOLMOHHOIO MPOLEcca HY)KHO UMETh B
BHUJy, YTO €CTECTBEHHBI OTOOpP B paBHOM Mepe YUMTHIBAET KaK MYTalMOHHbIE, TaK H
MOJU(UKAIMOHHbIE U3MEHEHUs (DeHOTUIa, HO HACJIEAYyIOTCsS TOJbKO mepBble. Ilpu cenexuuun
JOMAIIHUX JKUBOTHBIX, KYJIBTYPHBIX pACTEHUH U IMOJIE3HBIX MHKPOOPTraHU3MOB CIIEIYET
IIPUHUMATh BO BHMMAHHE, YTO JKEJIATEIbHBIE NU3MEHEHUS, HOCUTEIEH KOTOPBIX OCTaBJISAIOT IS
pPa3MHOXKEHHUS, MOTYT ObITb OOYCIOBJIEHbl Kak MyTalMsMH (TOrJa O3TH HU3MEHEHHS
HacJey0TCs ), TaK U MOJU(PUKALUAMU (TOTAa OHU HE MepeJaroTcs MOTOMKaM).
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1.12 Jlekuus 12(2 gaca)
Tema: «MyTauuoHHAs U3MEHYUBOCTH)

1.12. 1 PaccmaTpuBaembie BONPOCHI

1. Knaccudukanust MyTanuii: reHOMHbIE, XPOMOCOMHBIE, T€HHBIE.
2. XpomocoMHbIe abeppariu. THUITbI XpOMOCOMHBIX abeppanuii.
3. MexaHu3Mbl TECHOMHBIX MYTalMi

1.11.2 Kparkoe coaepkaHnue BOIpoOcoOB
1. Knaccudgukanusa MyTanmnii: reHOMHbIe, XPOMOCOMHbBIE, TeHHbIE.

Tepmun «mytauus» (OT JaT. mutatio — W3MEHEHUE) JOJITr0e BPEeMsl HCIOJb30BAIICS B
Ouonoruu i 0003HAYEHUS JIOOBIX CKauyKOOOpa3HBIX H3MeHeHwid. Hampumep, Hemernkuit
naneoHTosor B. Baaren HaspiBan myTareil mepexoj; oT OAHMX UCKOMaeMbIX (OpM K JPYTUM.
MyTanueil Ha3pIBalIM TAKKE IOSBICHHE PEIKUX MPU3HAKOB, B YAaCTHOCTH, MEIAHUCTUYECKUX
dhopm cpenu 6aboUek.

CoBpeMeHHbIE TPEJCTABICHUS O MYTalUAX CIOXWIUCh K Hadamy XX CTOJETHS.
Hampumep, poccuiickuii 6otanuk Cepreit MBanoBuu Kopxkunckmii B 1899 1. paspaboran
ABOJIIOLIMOHHYIO TEOPHI0 TETEpOreHEe3nca, OCHOBAaHHYIO Ha NPEJCTaBICHUAX O Beaylleil
HBOJIIOIIMOHHON POJIM TUCKPETHBIX (MTPEPHIBUCTHIX) N3MEHEHUH.

Opnnako Haubosee U3BECTHOM CTajla MyTallMOHHAsI TEOPUS MOJUIAHJICKOTO OOTaHHKa XbIOIO
(I'yro) ne ®pwuza (1901 r.), KOTOPHIA BBET COBPEMEHHOE, TCHETUUECKOE MOHATHE MYTAIlUU IS
0003HAaYCHUS PEIKUX BapHAaHTOB MPU3HAKOB B MMOTOMCTBE POJMTENEH, KOTOPbIE HE MUMEIH 3TOTO
MpHU3HaKa.

Jle ®pu3 paszpaboTay MyTaMOHHYI) TEOPHUI0O HAa OCHOBE HAONIOACHHWN 3a MIHMPOKO
pacnpoCcTpaHEHHBIM COPHBIM PACTEHUEM — OCIMHHHUKOM ABYJETHHUM, WK dHOTepou (Oenothera
biennis). Y 2TOro pacTeHUs CYIIECTBYeT HECKOJIBKO (OopM: KPYITHOLBETKOBBIE U
MEJIKOIIBETKOBbIE, KapiukoBble u rurantckue. Jle ®dpuz cobupan cemeHa C pacTeHHS
orpeieieHHON (OPMBI, BBICEBAI UX U MONy4all B MOToMcTBE 1...2% pacTteHuid Apyroit popmsl.
B nanpHeiieM ObLIIO yCTaHOBIIEHO, UTO MOSIBJICHUE PEAKUX BapUAHTOB MPHU3HAKA Y SHOTEPHI HE
ABNSICTCA ~ MyTamMed; JaHHBIH  3¢p¢dexkT oO0ycClOBIEH OCOOCHHOCTSMH  OpraHHM3anuei
XpPOMOCOMHOI0 ammapara 3Toro pacteHus. Kpome Toro, peinkue BapuaHThl MPU3HAKOB MOTYT
OBITH OOYCIIOBIICHBI PEIKMMH COYETAaHHSAMHU aijieneil (Hampumep, Oenas OKpacka OIepeHus y
BOJIHUCTBIX TOMYTalYUKOB ONPEAETSeTCS PeKUM coueTanueM aabb).

OcCHOBHbIE TIOJIOKEHUSI MYTAllMOHHON TeopuH ¢ Ppr3a OCTarOTCs CHpPaBEIMBBIMU U TIO
ceil IeHb (C HEKOTOPBIMU COBPEMEHHBIMH YTOUHEHHSIMH ):

[Mo10:KeHNst MyTAIMOHHOI TeOPUH
CoBpeMeHHbIe YTOYHEHHUS

Jle dpu3za
1  |[MyTtaiun BO3HHKAIOT BHE3alHO, 0€3 BCAKUXCYIIECTBYET  OCOOBIA  THII ~ MYTaI[Hid,|
[IEPEXO00B. HAKaIUIMBAIOIIMXCS B TEYCHHE  Psld

MOKOJICHHIA (mporpeccupyromias
AMTUTH(UKAIMS B MHTPOHAX ).

2 |Ycmex B BBISBJICHUM MYTallii 3aBUCHUT OTPOE3 U3MEHEHHUH
HrCIIa NPOAHATU3HUPOBAHHBIX 0COOEH.

3 [MytanTHbIC (OPMBI BIIOJIHE YCTOMYHNBHI. npu  ycinoBur  100%-HOM TMEHETPAHTHOCTH]
MYTaHTHOMY  T[EHOTHIy  COOTBETCTBYET|
MyTaHTHBIH ~ enotunn) u  100%-HOH
DKCIPECCUBHOCTU (OJJHA U Ta K€ MyTallus]
NpOSIBISIETCSl Y pa3HbIX 0co0eil B paBHOM
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CTCTICHU )
4 [Myranun xapakTepus3yroTcsl JUCKPETHOCTBIOCYLIECTBYIOT JINKOBBIE MyTaluH, B
MPEPBIBUCTOCTBIO);  ATO  KAueCTBEHHBIGPE3YJIbTATe KOTOPBIX MIPOUCXOTHT]
M3MEHEHUS,  KOTOpble  HE  00pa3ylTHE3HAUYUTEIbHOE W3MEHEHHE XapaKTePHCTUK

HENPEPBIBHBIX PSIOB, HE TIPYNIUPYIOTCSKOHEYHOIO MPOIYKTa
BOKPYI' CPEAHETO TUIIA (MOBI).

5 OIIHI/I H TC K€ MyTalMU MOT'YT BO3HUKATBHBPTO KacacTcCs T'CHHBIX MYTaIII/If/'I;

[IOBTOPHO. XPOMOCOMHBIC a6eppaum1 YHUKAJIbHbI U
HCTIOBTOPUMBI

6 MYTaI_[I/II/I BO3HHUKAIOT B Ppa3sHbIX[CAMU o cebe MyTalnuunu HC HOCAT]

HalpaBJICHUAX, OHU MOIYT OBITh BpCJIHBIMP]lﬁI[&HTHBHBIfI XapakTep, TOJIBKO B XOAO

11 II0JIC3HBIMU. DBOJIIOLIMKM, B XOIC 0T6opa OIICHHUBACTCH]

(ITIOJIC3HOCTH», «HCﬁTpEU'H:HOCTB» NI

(BPEIHOCTH» MYTallMii B ONPEIEIICHHBIX
YCIOBUSIX; TIPU  3TOM  «BPEOHOCTH» M|
(IIOJIE3HOCTBY»  MyTalMd  3aBUCHUT  OT]
FeHOTUITUYECKOMN CPebl

B Hacrosiee BpeMs IPUHATO CIeAyIOIee ONpeaeIeHe My Tal|ii:

MyTanmuu — 3TO KayeCTBEHHbIE M3MEHEHHMsS T'€HETHUYECKOro Marepuaia, MPUBOISIINE K
W3MEHEHHUIO TeX WJIN UHBIX IPU3HAKOB OpraHu3Ma.

OpranumsM, BO BCEeX KIETKaX KOTOPOrO OOHapyXMBAaeTCsl MyTalus, Ha3bIBACTCS
MymaHmom. ITO TPOUCXOAUT B TOM Cllyyae, €CIM [JaHHbI OpraHu3M pa3BUBAETCS W3
MYTaHTHOH KJIE€TKU (FaMeThl, 3UTOTHI, CHOPHI). B psane ciyuaeB myTaiust 0OOHapy>KUBaeTcsi HE BO
BCEX COMATHUYECKUX KJIETKAaX OpPraHu3Ma; TaKOW OPraHU3M HAa3bIBAIOT 2€HEMuUyYecKou MO3AUKOIL.
OTO NPOUCXOUT, €CIIU MyTallUU TOSABIISIOTCS B XO€ OHTOTe€He3a — HHAUBUIYaTbHOTO Pa3BUTHUSI.
W, HakoHell, MyTallii MOTYT IPOMCXOIUTh TOJBKO B T€HEPAaTUBHBIX KJIETKAX (B ramerax, Cropax
U B KJIETKaX 3apOo/bIIIEBOro MyTH — KJIETKaX-MPEeIIIeCTBeHHUIaX CIop U ramer). B mocnennem
Cllyyae OpraHu3M He SIBJIAETCSI MyTaHTOM, HO 4acTh €ro MOTOMKOB OyZleT MyTaHTaMHU.

PaznnuatoT «HOBbIe» MyTauuu (Bo3HUKaromue de novo) um «crapbie» myrtanuu. Crapeie
MYTalH — 3TO MyTallU{, IOSABUBLIMECS B MOMYJISALUY 330JIT0 10 Hayajla UX U3y4eHHsI; OOBIYHO
O CTaphlX MyTalMsiX €leT peyb B T'€HETHKE MOMYJSIIMHA M B ABOJIOIMOHHON Teopuu. HoBbie
MyTalUK — 3TO MyTAl[MH, MOSBISAIOIMECS B IOTOMCTBE HEMYTAHTHBIX OpranusmoB (¢ A4 x J&
AA — Aa); 0OBIYHO UIMEHHO O TAaKUX MYTaLUSAX UAET pedb B TCHETHUKE MyTareHesa.

MyTtanus — 3To cilydyaiiHOe SIBJI€HHUE, T.€. HEBO3MOXKHO IpEJCKa3aTh: IJle, KOI/la U KaKkoe
M3MEHEHHE MPOU30iMIeT. MOXKHO TONBKO OIEHUTh BEPOSTHOCTh MYTAallUW B MOMYJISIMAX, 3HAS
(akTHuecKue 4YacTOThl ONpeAeieHHbIX MyTauuil. Hampumep, BepoATHOCTb MOSIBIECHHUS Yy
KHMIIEYHON MaJOYKH YCTOWYMBOCTH K TETparukiuHy pasHa 107" (ogHa xecsarumuiminapaHas),
MOCKOJIBKY JMIIb oJHa M3 10 MWIIMapAoB KIETOK OOHApyXKMBaeT yCTOMYMBOCTh K 3TOMY
aHTUOMOTHKY (3aTO BCE MMOTOMCTBO 3TOW OakTepuH OyJeT yCTOMYMBBIM K TETPALIUKIIUHY ).

VYcTaHOBIEHO, 4YTO MyTaOWJIBHOCTh TeHa (T.€. YacToTa IMOSIBIECHHUS OIpeaesIeHHON
MYTallM) 3aBUCUT OT MPHUPOJBI T€HA: CYIIECTBYIOT T€HbI, CKJIOHHBIE K MYTHPOBAHHIO, U
OTHOCHUTEIIbHO CTA0WIIbHBIE TE€HBI.

2 XpomocomHble nepecTpoiikn (adeppaunu). MoJiekyJasipHble MEXaHU3MbI XPOMOCOMHBIX
nepecTpoex

XpPOMOCOMHBIMH TIEPECTPOMKAMH, MM XPOMOCOMHBIMHU a0eppalusiMi Ha3bIBAIOTCS
BUJIUMbIE U3MEHEHHUS CTPYKTYphl XpoMmocoM. (MHOrma XpoMOCOMHBIE MEPECTPONKU HA3BIBAIOT
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XpPOMOCOMHBIMU MYTallUAMU.) XPOMOCOMHBIE a0eppaiuu (B OTIMYHE OT TEHHBIX MYyTaIuil)
BCEr/la YHUKaJbHBI, HENOBTOpPUMBI. Ilo3TOMy mpum OTCYTCTBHUM OJIM3KOPOJCTBEHHOTO
CKpEILMBaHUsI XPOMOCOMHBIE a0eppaliiil BCTPEUAIOTCS TOJIBKO B FETEPO3UTOTHOM COCTOSTHUH: B
COYETaHNH C HOPMAJIBHBIMH XPOMOCOMaMHU HJIM B KOMIIAyHJE ¢ IpyruMu abeppauusmu. [Ipu
OIM3KOPOJICTBEHHOM CKpEIIMBaHUK (MHOPUIMHIE) BO3MOXKHO 00pa30BaHUE TOMO3HTOT.

Paznuuaior BHYTpUXpOMOCOMHBIE abeppaiun ((pparMeHTauio, HEXBAaTKH, TyTUTHKAINY,
WHBEPCHH, TPAHCIIO3UIIMM) U MEXKXPOMOCOMHBbIE (TpaHciokauuu). Paccmorpum monpoGHee
OCHOBHBIE THUIIBI XPOMOCOMHBIX a0eppariuii.

@®parmeHTanus — 3T0 ApoOJEHHE XPOMOCOM C OOpa30BaHHEM MHOXKECTBA PA3TUYHBIX
¢parMeHTOB. Y HEKOTOPHIX OPTraHU3MOB CYIIECTBYIOT MOJIMIEHTPHUECKUE XPOMOCOMBI, U TPH
(dbparMeHTalMKM KaXIplid U3 (parMeHTOB MOIyYaeT LEHTPOMEPY, TOTJa OH MOXKET HOPMAaJbHO
PEIUIMLMPOBATLCSA U YYAaCTBOBATh B JICJIEHUN KIIETKH.

KonneBsie HexBaTKW, WM JAeDUINIEHCH — TMOTEPU KOHIEBBIX, TEJIOMEPHBIX YYacTKOB
xpoMocoM. B pesymbrare oOpa3yroTcs IWHEHHBIE (parMeHTHI, JIHMIICHHBIE ICHTPOMEPHI
(TMHelHbIe alleHTPUKH). AIICHTPUKU HE YYaCTBYIOT B JICJICHUU KJIETKU U YTPAUYUBAIOTCS.

Jynnukamuu — 3TO  YJIBOCHHMS YYAacCTKOB XpOMOCOM. B pe3ynbTaTte BO3HUKAIOT
TaHJEMHbIE IOCJIEeOBATEILHOCTH T€HOB, Hampumep: abcabe. [lymnukanumum — OOWH U3 MyTel
BO3HUKHOBEHUSI HOBBIX T'€HOB.

WuBepcun — MOBOPOTHI y4acTKOB XpomocoM Ha 180°. PaznuuaroT mepureHTpudecKue
MHBEpPCUM (MHBEPTHPOBAHHBIM yYaCTOK BKJIIOYAET LEHTPOMEpPY) M MapaleHTPUUYECKHE
(MHBEpTUPOBAHHBIM YYacTOK JEXKUT B OJHOM M3 IUIEY XPOMOCOMBI BHE IIEHTPOMEpHI). Y
reTepO3UroT MPU MEPEKPECTE
TpaHcnokanuu — 3TO MepeMelIeHUs] Y4acTKOB XPOMOCOMBI HIIM BCEH XPOMOCOMBI B JPYTYIO
XpoMocoMy. B HEKOTOpBIX cilydasx MPOUCXOAUT IOJIHOE CIUSHUE TOMOJIOTHYHBIX XPOMOCOM C
o0Opa3oBaHHEM JBYIEHTPOMEPHBIX CTPYKTYp — AMLEHTPUKOB. B Jpyrux cimydasx u3 JIBYX
aKpOLIEHTPUUYECKUX XPOMOCOM oOpa3yeTcs OJHOLIEHTPOMEpHas JBYyIUleuass Xxpomocoma. Takoe
CIIUSIHHE XpOMOCOM Ha3bIBaeTcd pPOOEPTCOHOBCKOM TpaHcimokanueil. PobGeprcoHoBckue
TPaHCIOKAIMH YaCTO BCTPEUYAIOTCS Y TPHI3YHOB.

3. MexaHu3Mbl TeHOMHBIX MyTalUMil

W3menenne umciia XpoMOCOM B KJIIETKe O3HayaeT m3MeHeHue renoma. ([losromy Takue
W3MEHEHHMS  YacTO  Ha3bIBAlOT TICHOMHBIMH  MyTanusMmu.)  V3BeCTHBl  pa3nuyHbIe
IIUTOTeHETHYECKNE (PEHOMEHBI, CBSI3aHHBIE C N3MEHEHHEM YHCIIa XPOMOCOM.

ABTONONUIUTONNS TIPEACTABISET COOOH MHOTOKPAaTHOE IMOBTOPEHHE OJHOTO M TOTO K
reHOMa, UJIM OCHOBHOTO YHCIIa XPOMOCOM (X).

Aneymnonans (TeTepoIOIUILIONINS) — 3TO U3MEHEHHE YMClla XPOMOCOM B KIIETKaXx,
HEKPaTHOE OCHOBHOMY XpPOMOCOMHOMY 4YHCIHy. Pa3nnyaroT HECKOJIBKO THIOB aHEYIUIOWIWU.
[Ipy MoHOCOMHUM yTpadyMBaeTCs OJHA W3 XPOMOCOM JuILIouaHOro Habopa (2n — 1). Ilpm
MOJIMCOMHUH K KapUOTHIy J00aBiseTCs OIHA WM HECKOJIBKO XPOMOCOM. YAacTHBIM Ciydaem
MOJIMCOMUHM SIBIISieTCSl TprcoMus (2n + 1), Korma BMECTO JBYX TOMOJIOTOB UX CTaHOBHTCS TPH.
[Ipu HynIMCOMHUH OTCYTCTBYIOT 00a rOMOJIOra Kakol-11u00 mapbel XpoMocoM (2n — 2).
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1.13 Jlexkuus Nel3 (2uaca)
Tema: «3akoH TrOMOJIOTHYECKHX PHAI0B B HacjeacTBeHHOW wu3menuyuBoctu H. W
BaBuioBa»

1.13.1 PaccmaTpuBaembie BONIPOCHI

1. 3aKOH rOMOJIOTUYECKUX PSIIOB B HacleAcTBeHHOM n3MeHunBoctu H.W. BaBuiosa
WHIYIUPOBAHHBIA MyTareHes, €ro TEOPETUYECKOE U MPAKTUUECKOE 3HAYCHUE.

2. duznveckue U XUMUYECKUE MyTareHsl.

1.13.2 Kpatkoe conep:xaHue BOIPOCOB

1 3aK0H roMoJI0rHYecKNX pPsI0B B HACJEACTBEHHOI H3MEHYUBOCTH

4 WIOHSA OH BBICTYNWI C JOKJIAJAOM «3aKOH TOMOJIOTMYECKHX PsJI0B B HACJIEACTBEHHOM
M3MEHYMBOCTHY». JTa OJIHA U3 T€X padOT, KOTOPbIE CUUTAIOTCS (PyHIAMEHTAIbHBIMU U SIBIISIOTCS
TEOpeTUIECKON 0a30i OMOTOTHYECKUX UCCIIETOBAHHIMA.

CymHOCTh 3aKOHAa CBOJUTCS K TOMY, YTO BUJBI U POJbI, TEHETUUECKU ONM3KUE (CBS3aHHBIE
Ipyr C JPYyroM €IWHCTBOM MPOUCXOXKJCHHUS), XapaKTEepPHU3YIOTCS CXOAHBIMH psilaMd B
HACJIEACTBEHHON U3MEHYUBOCTH.

B pa3pabGoTanHo#l B pe3yibTaTe OMBITOB TabIuUIle 3HAKOM «+» BaBHIIOB OTMETHII MyTallHH,
IIPOSIBJIEHUE KOTOPBIX OOHApY>KEHO Yy JIaHHBIX BUJOB, @ HE3AIOJIHEHHBIE MECTa IOBOPST, YTO
MoI00HBIE MYyTallMK JTOJKHBI OBITH, HO elle He oOHapykeHbl. Tabmauia ¢ mycThIMH KJIETKaMH,
KOTOpBIE MPH JabHEHIIIEM pa3BUTHH HAYKH OYAyT 3amoyHATHCS. ['1e-To ¢ mogo0HBIM MBI yXKe
BcTpeuanuch?! Koneuno, B xumuu, 3HaMeHuTas tabnuna MenaeneeBa! 3aKOHOMEPHOCTh JIBYX
3aKOHOB NOJTBepkJIeHa Haykod. «llycTele» KIEeTKM 3amojHsTCs, M 3T0 - 0asa uid
MIPAKTUYECKOMN CENEeKLHUU.

TBepaple MIIEHUIBI W3BECTHBI JIMIIb B SPOBOM (hOopMe, HO HA OCHOBE 3aKOHA JOJDKHA OBITH B
MpHUpoJie U TBEpas MiIeHuna o3umMoi popmbl. OHa IeHCTBUTENBHO ObLIa BCKOpe OOHapykeHa
Ha rpanune Mpana u Typuun.

THIKBBI U BIHU XapaKTEPU3YIOTCS MPOCTHIMU U CErMEHTUPOBAHHBIMU IUIOAAMH, OJHAKO apOy3
Takoil (opMel Bo BpemMeHa BaBuioBa He Obut ommcaH. Ho cermenTHpoBaHHBIE apOy3bl ObLTH
oOHapy»KeHbI Ha IOTO-BOCTOKE eBpoIeicKoil uactu Poccum.

@axThl NapajuIeTbHON N3MEHUYMBOCTH y OJIM3KUX M JAIEKUX BUJOB ObLIM M3BECTHHI emie Y.
Hapsuny. Hanpumep, oanHakoBas OKpacka MIEPCTH TPHI3yHOB, allbOMHU3M Yy MpeAcTaBUTENCH
pasHBIX TPYNIN >KHUBOTHOTO MHpa M 4YeloBeKa (OmMHMcaH ciydail ambOMHU3Ma Yy HETpoB),
OTCYTCTBHE OINEPEHMs Yy MTHULl, OTCYTCTBUE YEIIyH y pbIO, CXOaHAS OKpacka IUIOJOB IIOJ0BO-
ATOAHBIX KYJIBTYP, U3MEHUYMBOCTh KOPHEIUIOJAO0B U T. [I.

[IpyunHa napainenusMa B M3MEHUUBOCTH 3aKJIFOYAETCS B TOM, YTO B OCHOBE TOMOJIOTUYHBIX
MIPU3HAKOB JIKHUT HAJIMYME CXOIHBIX T€HOB: YeM T€HETHUYECKH OJIFKE BUIBI U POJIBI, TEM TIOJIHEE
CXOJCTBO B psijiax u3MeH4YnBocTU. OTCIO/a - MPUYMHA TOMOJIOTHYECKUX MYTallUui - OOIIHOCTH
IIPOMCXO0XKICHHs T€HOTUIIOB. JKMBasi MpUpoOJa B MPOLECCE IBOIIOLUN IPOTPAMMHUPOBAIACch KaK
OBl TI0 OJTHO PopMyJie, HE3aBUCHUMO OT BPEMEHH MPOUCXOKICHHUS BUIOB.
3aKOH TOMOJIOTMUYECKUX PSAOB B HacieAcTBeHHON n3meHunBocTH H. V. BaBunoBa sBuiics He
TOJIBKO MOATBEP)KJAECHUEM YyueHus JlapBuHa O MPOMCXOXKAEHUM BHUIOB, HO M pPacIIUpUI
MIPEACTABJIICHUE O HACICACTBEHHOM HW3MeHUMBOCTU. Hukonaro lBaHOBHYY BHOBB MOXHO
npoBo3riacutk: «bmaronaps lapsuny!», Ho u «lIponomxas dapsuna!»

Huxonait Bnamumuponu TumodeeB-PecoBckuii, MpeBOCXOAHBIN TEHETHK, 3HABIIWH
BaBunoBa He TOJBKO MO paboTam, HO W JIUYHO, TOBOPHJI JOBEPUTEIHHO OJIM3KUM 3HAKOMBIM:
«Hukonait ViBaHOBHY OBLT Uy/IECHBINM YEJIOBEK W BETUKOMYUYCHHK, TPEKPACHBIA PACTCHUEBO H
coOuparesnb, IyTEIIECTBEHHUK, OTBAKHEWUIIMI M BCceoOIIMH JrOOMMEl, HO €ro 3aKoH
TOMOJIOTMYECKUX PSAJIOB - 3aKOH BOBCE HE TOMOJIOTMUYECKUX, @ AHAJIOTMUECKUX PAJIOB, Ja-C!»

Uro Ttakoe romomnorus? ITO CXOJACTBO Ha OCHOBE OOIIEro MpoucxoxaeHus. Yrto Takoe
aHasiorus? CXoJCTBO BHEIIHUX MPU3HAKOB, KOTOPOE ONPEIENSIETCS CXOAHON cpefoi 0OUTaHus,
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HO He pojcTBOM. Tak kTo >xe mpaB? BaBuioB! MoXHO NUIIb BOCXUIIATHCS TIIyOMHOIO €ro
ouonornueckoro yma! V3MeHeHHe BCErOo OAHOTO TEpPMHUHA B HA3BaHUM MEHSET M CYIIHOCTbH
3akoHa. [lo 3aKOHYy TrOMOJIOTMUECKMX PSIAOB BCE JIOJM pPaBHbL, IOTOMY YTO OJHOTO
OMOJIOTUYECKOTO MPOUCXOKICHUSA, M MIPUHAISKAT K BHILYy TOMO CallMEHC, T. €. BCE OJMHAKOBO
YMHBI, CIOCOOHBI U TaJAHTJIUBHI U T. 1., HO UMEIOT BHEIIHHUE PAa3IN4usi: B pOCTE, MPOMOPIUIX
MEX/1y 4acTsIMU TeNla U T. 1.

[lo 3aKOHY aHaMOTMYECKHX PSAAOB JIOAU BHEIIHE CXOJNHBI, T. K. UMEIOT CXOAHYIO Cpely
oOWTaHus, HO pa3HOE MPOUCXOXKICHHE. A OSTO YK€ MPOCTOp IS HIOBUHU3MA, pacu3Ma,
HallMOHAJIN3Ma, BIUIOTh /10 TEHOLU/IA.

W BaBUIOBCKHMI 3aKOH TOBOPHUT, 4TO NHUrMedl Adpuku U 06ackeTOOIMCT AMEPHKH - OJHOTO
TEHETUYECKOr0 KOPHS, ¥ HEJIb3s1 CTABUTh OJHOTO HAJl APYTUM - 3TO aHTHHAYYHO!

CripaBeNIMBOCTh OTKPHITOH BaBWIIOBBIM BCeoOIIel OMOIOTHYECKONW 3aKOHOMEPHOCTH
MOATBEPKJICHA COBPEMEHHBIMH H3BICKAHUSIMU HE TOJBKO Y PACTEHHH, HO U Yy IKUBOTHBIX.
CoBpeMEHHbIE TEHETHUKH CUYMTAIOT, YTO 3aKOH pacKpbhIBa€T HEO00O03pUMBIE IE€PCIEKTUBBI
Hay4HOTO IMO3HaHMS, 00001eH s u peasuaeHus (mpodeccop M. E. JIobaHOB).

Pabora nmena ynucTo NpakTUYECKOE 3HAYEHUE - UCIIOIb30BaTh €CTECTBEHHBI HMMYHHUTET
pacTeHHid Kak HauOojiee palMOHaJIbHBIH M SKOHOMHYECKH BBITOJHBIN croco0 OopbObl ¢
BpeauTeIsIMU.  MoONOJOW  y4YeHBI co3/al OpPUTHHAIBHYIO TEOpHUI0  (PU3MOJIOTUYECKOU
HEBOCIPUUMYHMBOCTH PACTCHUN K MH(PEKIIMOHHBIM 3a00JIEBaHUSM, & OCHOBY yUEHHUS COCTABIISIIN
UCCIIeIOBaHMsI reHoTunnyeckoro unMMmyHutera. H. V. BaBuiioB u3yuan peakuuioo «Xo3sMHa» Ha
BHEJPEHUE Tapa3uTa, CHeNU(PUUHOCTb STOW pPEAKIMH, W BBISICHSI, SIBISETCS JHU BECh P
MMMYHHBIM, WJIM TOJIBKO OINpefesieHHble BUIbl 3TOro psaa. Ocoboe 3HaueHnne Hukomnaii
WBaHoBMY mpuaaBan IpynnoBOMY HMMMYHHTETY, CUMTAasl, YTO B CEJIEKUHWHU BaXXHO BBIBOJIUTH
copTa, YCTOWYMBBIE HE K OJHOM pace, a K HeJIOW MOMyJauud (PU3UOJIOTHYECKUX pac, ¥ MUCKATh
TaKue yCTOMYMBBIE BUbI HY’KHO Ha POJIMHE PACTEHUSI.

Hayka nosxe moarBepawia, 4To JUKUE BUIBI - COPOAWYM KYJIBTYPHBIX PAacTeHHUH -
UMEIOT €CTECTBEHHBI HMMMYHUTET W B MaJOH CTENEHH MOJABEPKEHbl HH(DEKIIMOHHBIM
3a0oneBaHusM. lVIMEHHO BHEIpPEHHEM TI'€HOB YCTOWYMBOCTH B pACTCHHs 3aHUMArOTCS
COBPEMEHHBIE CEJEKIMOHEphl, ucnoyb3yss Tteoputo H. . BaBunoBa u Meroasl TeHHOU
HUHXEHEPUH.

2. ®u3nyeckne ¥ XMMHYecKHe MyTarenbl. Mcnosb3oBanne HHAYHHPOBAHHOIO MyTareHe3a
B MHUKPOOHOJIOTHH, PACTEHHEBOJCTBE H ;KHBOTHOBO/ICTBeE.

XVMMHYECKHUE MYTareHTbl BBI3BIBAIOT MPEUMYLIECTBEHHO TOUYKOBBIE (IF€HHBIE) MyTallUH,
BIMSIONIME Ha (DU3MOJIOTUYECKHNE U KOJMYECTBEHHbIE NpU3HAKU. buoiormyeckne MyTareHTHI
BBI3bIBAIOT TaKX€ pa3JIMYHbIE XPOMOCOMHBIE MyTaluuu. MyTanuu KilacCUPUUUPYIOT B
pa3IMuHBIX HanpasieHusX. [Iponecc BOSHUKHOBEHMSI MyTallil Ha3bIBAECTCS MYTar€HE30M.

[lo npuyvHe BO3HMKHOBEHMSI MYyTalMil pa3inMYarOT: - €CTECTBEHHBIH (CHOHTAHHBIN)
MyTareHe3; - HHIYLMPOBaHHbIN (MCKyCCTBEHHBINH) MyTareHe3. EcTecTBeHHbI MyTareHes
BO3HHMKaeT 0e3 BHUIMMBIX KOHKPETHBIX NpuunH. Ha 3eMHyr0 Ouocdepy MOCTOSHHO NEHCTBYIOT
MOHM3UPYIOUIME H3JIy4YeHUs B BHUAEC KOCMHYECKHMX JIyded M HaxOJAUIMXCA B 3E€MHOM KOpe
paZMoOaKTUBHBIX AJIEMEHTOB - YpaHa, TOpUs, paaus, paguoakTuBHbXx u3oronos (40)K, (90)C, a
TaK)KE PA3JINYHbIE XUMUYECKUE BEIIECTBA.

Ilonq wux peWcTBHMEM Yy JKMBOTHBIX, PACTEHHMM CIIOHTAHHO IIOCTOSIHHO IPOMCXOMST
MyTaluu. VCKyCCTBEHHBIM (MHIYLMPOBAaHHBIM) HAa3bIBAlOT MYTareHe3, BO3HUKAIOLIMI MOJ
BO3/ICCTBHEM MYTareHHbIX (PaKTOpOB, HO, B OTIMYHE OT €CTECTBEHHOTO, MPU MCKYCCTBEHHOM
MYTareHe3€e pa3JMYHble MyTareHbl IPUMEHSIOT LIEJICHANPABICHHO, I MTOJIy4eHHs MyTaHTHBIX
OpPraHU3MOB C LIEJIBIO CO3/IaHHs HOBBIX COPTOB U BUJI0OB )KMBOTHBIX M PACTECHUU.

Bpennble  TOpMO3SAT  HOPM@IBHBIM  XOA  JKU3HEIEATEIBHOCTH,  IOHWXKAIOT
KHU3HECTIOCOOHOCTh OPTaHU3Ma.
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KpynHbiMu Ha3bpIBalOT MyTallMM, BBI3BIBAIOIIME PE3KHE HACICACTBEHHBIE M3MEHEHUs, KOTOPBIE
CWJIBHO M3MCHSIIOT (PU3UOJIOTHIECKUE, MOP(OIOTHUSCKHE U JIO0BIC KOJIMYSCTBCHHBIC MPU3HAKH
OpraHU3MOB.

BHuMaHWe TEHETMKOB JIONTOE BpeMs OBLJIO  COCPEJAOTOYEHO Ha  U3YYCHUU
WCKIIFOUUTENIbHBIX, KPYIHBIX MYTAllMii, CBSI3aHHBIX C BHUJOM3MEHEHHEM pa3BUTHUS LEJbIX
OpraHoOB, TOSIBJICHHUEM PA3JIMYHOIO pojaa ypoJcTB U T. . OHHU JIETKO OOHApYKUBAIOTCS IO
OTJENBbHBIM MYTaHTHBIM 0coO0siM. [Ipumepom KpymHBIX MyTalMid CIIy>)KaT MYTallud SHOTEPHI,
onucaHHble e Opusom.

B nanbHelimem ObUIO YCTAHOBIIEHO, YTO MYyTAallMM B Pa3UYHON CTENEHU W3MEHSIOT

M000W TPHU3HAK WM CBOMCTBO OpraHu3Ma. Hapsiy ¢ KpPYNHBIMH MYyTAIHSMH, CYIIECTBYIOT
MaJible MyTalluu, KOTOPbIE MOTYT B OY€Hb HE3HAYUTEIbHOM CTENIEHN U3MEHSTH JI00bIE PU3HAKI
Y CBOMCTBA OPraHU3MOB.
Marnble MyTaluu CO3/1at0T OTPOMHYIO HACIEACTBEHHYIO U3MEHYMBOCTh X035MCTBEHHO-TI0JIE3HBIX
1 OWOJIOTMYECKUX TIPU3HAKOB M WMEIOT OOJIBIIOC 3HAUCHHUE B CENICKIIMA W JBOJIONUU. B
HACTOSIIIEE BPEMs XOPOILIO H3BECTHO, YTO KPYMHBIE MYTAllMM, 32 PEIKHUM HCKIIOUEHHEM, HE
JAIOT Hayajga HOBBIM BHJIaM, T. K. OPraHU3Mbl C TAKUMH U3MEHEHUSIMU HEAOCTATOYHO XOPOIIO
MIPUCTIOCOOJICHBI K BHEIITHUM YCJIOBUSM U HE MOTYT YCIIEIIIHO KOHKYPHUPOBATH C UCXOJAHBIMU
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1.14 Jlekuust Ne 14 (2uaca)
Tema: «J1eMeHTHI OMOMETPUYECKOT0 AHATU32)
1.14.1 Bonipocsl JieKuuu:

1. ITonsTHE O GMOMETPUH: IPEIMET, METO, COJCPKAHNE

2. I'enepanibHas 1 BEIOOPOYHAS COBOKYITHOCTH

3. OcHOBHBIE 33/1a4H, pelIaeMble B OMOMETPUU

4. OCHOBHBIE CBOWCTBA COBOKYITHOCTH U OMOMETPHUYECKHUE TTapaMeTphI,
UX XapaKTepu3yrolne

1.14.2 KpaTkoe coaepkaHnue BOIpoOcoOB
1 [lonsiTHe 0 OMOMETPHUM: TIPEAMET, METO/I, COAEPKAHUE

Wzydyenne nucuuruinHbl «['@HETHKa» Ha MPAKTUYECKHX 3aHATHSIX HAauyUHAETCs C
ouomerpun. IT0 00YCIOBICHO TEM, YTO COBPEMEHHBIH YPOBEHb Pa3BUTHS JTHO00M HAyKH CBS3aH
C UCIIOJIb30BAaHUEM B Hell (B O0bIlel WM MEHBIIEH Mepe) MaTeMaTUKH. [ 'eHeTHKa SBIIeTcs He
ONUCATENIbHOW, 2 TOYHOM HAYKOM, N3y4arollel HaCcIeCTBEHHOCTh U N3MEHYMBOCTh OPraHU3MOB.
Otu  QyHIaMEHTalbHbIE  CBONCTBA  OPraHM3MOB  NPOSBISIOTCS B KOJIWYECTBEHHBIX
3aKOHOMEPHOCTSIX HAcJIeJJOBaHMsI IPU3HAKOB M CBOMCTB, KaK y OTJEIbHBIX HHAUBUAOB, TAK U y
UX COBOKYIHOCTEH.

Buomempus (ot rpeu. bios - )KHU3HB, metron - Mepa) - Hayka O IPUMEHEHUH MaTeMaTHYECKUX
METOJIOB B OMOJIOTMYECKUX HCCIIEIOBAHUAX MPU U3YUYEHHH TPYNIOBBIX CBOWCTB OMOJIOTHYECKUX
00BEKTOB.

CopepxanrieM OMOMETpUU SIBIIIETCA 00padoTKa JaHHBIX HAOIIOACHUM U AKCIIEPUMEHTOB
B OHOJIOTMYECKUX HCCIIEJOBAHMSX, a €€ almaparoM (memooom) - TEOpUs BEPOSTHOCTEH U
MaTeMaTH4YecKas CTaTHUCTHKA.

Ilpeomem Ouomerpun (T. €. TO, YTO OHA M3y4aeT) COCTABJISIOT TE WJIH HWHBIE
BapbUpYIOUIME MO pa3Mepy (M3MEHSIoIUecs, KOJeOronuecss B OMpeAesIeHHBIX MpeJenax)
NPU3HAKH WU CBOMCTBA OOBEKTOB COBOKYIMHOCTH. BHOMETpPHIO MOYHO HCIIONB30BaTh MpPHU
IUTAHUPOBAHUM W OOpa0OTKE IUIIb TeX OMOJOTHYECKHX OJKCIEPUMEHTOB M HAOIIOJeHU,
pe3yabTaThl KOTOPBIX MOTYT OBITH MOJBEACHBI MO/ TEOPETHYECKOE MOHSATHE CTATHCTUYECKOM
coBokynmHocTU. [log 3TO MOHATHE MOXXHO TOABECTH MOAbKO T€ PE3yJbTaThl, KOTOpHIE
YAOBJIETBOPSIOT OJIHOBPEMEHHO JIBYM TPEOOBaHMSIM:

1. [TpousBeneHo HE OJIHO, @ HECKOJIbKO HaOM0IeHu. MUHUMaTbHOE YHCIIO HAOIII0IeHU
- 1Ba. B o0miem Buze 310 TpeOGoOBaHME MOYKHO BHIPA3UTh YCIOBHEM
N>2,rae N - uncino HaOmoIeHuH (MTH H3MEpEHUH ).

2. Pesynbrarel HaOMOACHWM (MM YAaCTOTHI COOBITHI) 00Jagal0T CBOMCTBOM
CTaTUCTUYECKOM YCTOWYMBOCTHU (OJHOPOIHOCTHIO).

[Ipn nmpoBeneHHMH SKCIIEpUMEHTa MEPBOE YCIOBUE BBINOJHUTH JOBOJBHO JIETKO. J[ist
ATOr0 NPU U3YYEHUU TPYMIBI KUBOTHBIX JOCTATOYHO W3MEPUTh MHTEPECYIOUIUH MPU3HAK Yy
KaKJOro MpeJCTaBUTENss TIpynnbl. Pe3ynbTaT KaKAoro M3MEpPEHHs 3alMChIBAlOT M TaKUM
00pa3oM MOJIy4aroT He OJIHO, @ HECKOJIBKO 3HAYEHUH MPU3HAKa - COBOKYITHOCTb.

2 I'eHepaJibHAsl M BLIOOPOYHASA COBOKYIHOCTH

Jlrobast uenocTHas Tpynma OHOJOTHYECKHX OOBEKTOB 00JaJaeT HEKOTOPBIMU
CBOWCTBaMH, KOTOPBIE XapaKTEPHU3YIOT €€ B LIEJIIOM, B TO BpeMs Kak JF000ii 00bEKT, BXOIAIUI B
JTaHHYIO TPYIITY, HE 00JIaJJaeT U HE MOXET 00JIaJlaTh U OJTHUM U3 TPYIIOBBIX CBOHCTB.

PesynpTar n3MmepeHuss npu3HAKa Yy OTIAENBHOIO OOBEKTAa MCCIEAOBAHMS HA3bIBAIOT
eapuanmom I oamoi U 0003HauyatT OykBamu V wnu X. HO Ha mpakTHKe MOYTH HUKOTIA He
UCCIIETYIOT BC€ OOBEKThl M3y4aeMOM KaTeropuM U HE M3MEPSAIOT MPU3HAK y BCEX OOBEKTOB;



45

BXOIIMX B M3y4yaeMylo TIpynmy. OTO O0OyCIOBIEHO TeM, YTO Tpynna MOXeT ObITh
IIPEJICTaBICHa OYEHb OOJBIIMM YHUCIOM OOBEKTOB; H3MEpEHUs TpeOyrT OOJbIIMX 3aTpar
BPEMEHU M CPEJCTB; MM CBA3aHbl C HaHECEHUEM yiuepOa 370pOBbI0 M INPOAYKTUBHOCTH
KUBOTHBIX, @ WHOTJIAa - C YHHYTOXXEHHEM OOBeKTa (Hampumep, MpH H3YYCHUH ACUCTBUS
MOHU3UPYIOUIEH pajvalui Ha >KMUBOTHBIX MM M3YyYEHMHM OCOOCHHOCTEH CTpPOCHMS M (YHKLUU
BHYTPEHHUX OpPraHOB JKMBOTHbIX). HO camoe riaBHOe 3akitoyaeTrcs B TOM, YTO B HAcTOsLIEE
BpeMs JOCTaTOYHO XOPOIIO Pa3paboTaHbl METObI, MO3BOJISAIOIINE M0 YacTU XapaKTepHU30BaTh
1enoe, Mo pe3yjpTaTaM HM3MEPEHHs IpPHU3HAKa y 4YacTH OOBEKTOB, BXOJALIMX B H3y4aeMYIO
IpyMNIly, OXapaKTepU30BaTh BCIO TPYHIy B LEJIOM C JOCTAaTOUYHOW (11 IPAaKTUYECKOTrO
UCIIOJIb30BaHUS MTOJIyYE€HHBIX JAHHBIX) CTEIICHBIO MOYHOCHU U HAOEHCHOCU BBIBOJIOB.

YT1oOBl OCBOUTH 3TH METOJbl, HEOOXOAUMO MO3HAKOMUTHCS C BaXXHEHIIMMHU MOHATUSAMU
OMOMETpHH - «TeHEepaTbHAasi COBOKYITHOCTb)» U «BBIOOPOYHASI COBOKYITHOCTH (BBIOOPKA)».

I'enepanvras cogoKynHocms - 3T0 Bce OOBEKThI U3y4yaeMOl KaTerOpHH, T.€. TaKas rpyrmrna
O00BEKTOB, KOTOPYIO HYXXKHO ONHCaTh MO TOMY WIM HHOMY Ipu3HaKy. KOHEYHOH Ienbio
UCCIIeIOBaHMsI TeHEpaJIbHOW COBOKYIHOCTH SIBIISIETCS HaXOXKJEHHE MapaMeTpoB (Iokaszaresei),
XapakTepu3yronux ee cBoicTBa. [Ipu 3ToM HE0OX0IMMO UMETh SCHOE MPEACTABIEHUE O COCTABE
TeHEePaJIbHOM COBOKYITHOCTH. DTOT0 MOKHO JJOCTHUTHYTh JABYMS CIIOCOOAMHU:
1. IlepeuncienuemM Bcex OOBEKTOB, BXOASIIMX B I'€HEPAIbHYIO COBOKYIHOCTH (MCIOJIb3YyeTCS
pEnKo).
2. YKa3aHHEeM HEKOTOPBIX OOIIMX JUISI BCEX OOBEKTOB CBOWCTB, BXOISIIMX B TEHEPATbHYIO
COBOKYITHOCTb.

3 OcHoOBHBIE 32a/1a4H, peliaeMble B 0OMOMETPUH

[lepBast 3amaua, KOTOpYIO pemiaeT OMOMETpHS: 3a/1ada YIUIOTHEHHS WHQOpMaluu, T.e.
HaX0XJIEHHE MoKa3aresel (mapaMeTpoB), KOTOpble B 0000IIEHHOHN (popMe XapaKTepu30Basin Obl
OCHOBHBIC CBOWCTBAa M3y4aeMOH COBOKYNHOCTH. B Omomerpum pa3paOoTaH UeNnbIid psin
napaMeTpoOB, XapaKTEPHU3YIOIIUX COBOKYIHOCTh: €€ 00beM /N, OOmuil ypOBEHb pPa3BUTHUS

NpHU3HAKA - Pa3IMYHbIE CPEJHKE BeNUUMHbl X , O, H v np., cTeleHb pa3Hoobpasus - lim, p, o,
Cv u T. A, TUpUYeM MapaMeTpbl TI'eHEepaJbHOW COBOKYHMHOCTH (TEHEpasibHbIE IapaMeTphl)
0003HAYaI0TCSl TEMU e OyKBaMH, YTO M MapaMmeTpbl BHIOOPOYHOM, HO C KpBIIIEYKON CBEpXY:
HampuMep, X - CpelHss apudMeTnyeckas BBIOOPOYHOH COBOKYIHOCTH, X - CPEIHSS
apudmeTrnyeckas TeHepallbHOM COBOKYITHOCTH H T. .

Bropas 3amaua OuOMETpPUHM COCTOMT B HAaxOXJIEHHM IO TapaMmeTrpaM BBIOOPKHU
COOTBETCTBYIOIIMX MTAPAMETPOB T€HEPATHHON COBOKYITHOCTH.

TpeTbst 3aaya 3aKIIO4aeTCs] B CPABHEHUHM MApaMETPOB JIBYX MJIM HECKOJBKUX TeHEpalbHBIX
COBOKYITHOCTEH IyTE€M CpaBHEHMS MeXay coOOi MmapaMmeTpoB BBIOOPOK (3a/1aya OIpe/eleHUs
JOCTOBEPHOCTH PA3HOCTH MapaMeTpoB (BHIOOPOK).

Omnpenenenne JOCTOBEPHOCTH Pa3HOCTH - KOpeHHas 3a1a4a Onomerpun. Ee pemeHne mo3Bosser
JaTh OTBET Ha OCHOBHOW BONPOC JIFOOOTO MCCIIEOBAHUS - HACKOJIBKO MOTYT OBITH 000OIIEHBI
IMMOJIYUYCHHBIC PE3YJIbTATHI.

Tak Kkak CBOICTBa COBOKYNHOCTHM PpacCMaTpHUBAIOTCS, KaK IPaBHIO, HE MO OJHOMY
MIPU3HAKY, a TI0 HECKOJIILKAM OJTHOBPEMEHHO (HaIllpuMep, MOpo/ia WIH CTaJ0 KPYITHOTO pOraToro
CKOTa - TI0 Y1010, )KUPHOMOJIOYHOCTH, XKHBOK Macce, (hopMe BEIMEHH, CKOPOCTH MOJIOKOOTAAYH,
YCTOﬁqHBOCTH K 3a00JIEBAHUSIM U T. }1.), BO3HHUKACT YCTBCPTAA 3ajJjada - OXapaKTCPU30BaAThL CBA3U
MEXIy NpHU3HAKaMH. DTa 3a/ada pPeHIaeTcsi METOAAMU KOPPENALMOHHOTO M PErpecCHOHHOTO
aHaJmM3a.

4 OCHOBHBIE CBOIICTBA COBOKYITHOCTH U OMOMeTpHYECKHEe NapaMeTpPhl, UX
Xapakrepusymwoiue
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OnuH U3 TJIaBHBIX MapaMeTPOB COBOKYIHOCTH - 3TO €€ 00BheM (YHCIEHHOCTH) - T. €.
KOJINYECTBO OOBEKTOB, BXOMAALIMX B H3YYaeMYIO COBOKYIHOCTh. XapaKTepU3yeTCs YHCIOM
HaOJIFOAeHU - N.

Pazmmuarot manyto (N < 30) u 6omnbinyto (N > 30) coBokynmHOcTH. OOBEM COBOKYITHOCTH
MMeeT 3HaueHHE TpU OMpeAeSIeHUH MapaMeTpOB T'€HEepalbHON COBOKYMHOCTH MO MapaMeTpam
BbIOOpKU. Kpome Toro, pasnuyus MexIy Majiod M OOJbIION COBOKYITHOCTHIO CKAa3bIBAIOTCS B
TeXHHKEe (TMpuemMax) pacueTa OCHOBHBIX TIapaMETPOB COBOKYNHOCTH, XOTA Haju4ue
COBPEMEHHBIX CYETHBIX MAIINH (PAKTUYIECKH JTUKBUINPOBAIIO 3Ty PA3HHUILY.

Bropoe CBOWCTBO COBOKYMHOCTH - 3TO OOIIMNA YypOBEHb Pa3BUTHS HCCIEAYEMOTO
NPU3HAKa y COCTaBJSIOMHUX ee 00beKToB. [lapamerpaMu, XapaKTepH3YIOUIMMU 3TO CBOWCTBO,
SBIIAIOTCS Pa3jM4YHbIe CpPEAHHME BEIUYMHBI, PACCUUTHIBAEMbIE B 3aBHCHUMOCTH OT MPUPOJIBI
MIPU3HAKA.

Jlis xapakTepuCTUKU OOJBIIMHCTBA XO3SWCTBEHHO IOJIE3HBIX MPU3HAKOB HCHOIB3YIOT
CPeAHIOI apu(PMETHUECKYIO BETHUUHY, ONpPEACTIIeMYIO IyTeM ACJICHUS CYMMBI BCEX 3HAUCHHM
MIPU3HAKOB (CYMMBI JaT) Ha 00beM COBOKYITHOCTH:

¥ :V1+V2+V3+ ..... VN ZZV
N N
rae X - CpeiHss apudMeTHyecKas BETUUNHA;
> (curma OosbInasi) - 3HaK CyMMHPOBAHHSI;
V - .BapuaHT, WM JaTa (3HaY€HUE MPU3HAKA Y OTACIBHOTO 00BEKTA);
N - 00BEM COBOKYMHOCTH (YUCIIO HAOIIOACHUI).

[Ipu pacyerax cpeIHUX TPUPOCTOB 32 OMPEACIICHHBIN MePHOA (UCTIONb3YETCS CPEeTHSSA

reoMeTpUYecKas:

O=RX/V1 V2 V3 ... VN ;
JInst cpeIHAX PaaryCoOB OKPY)KHOCTEH (Harmpumep, TMaMeTpOB KOJOHHIMA
MHUKPOOPTaHU3MOB) - CPEIIHSS KBAApATHUECKAs:

oo |2V _\/1/12+V22+V32 F o N2
N N ’

JUISl YCPEAHEHUS MEHSIOIIUXCS CKOPOCTEN - CPEAHsA TApMOHUYECKAs:

>

Ucnonw3yroress u npyrue cpennue BenwuuHbl: mona (X,), memuana (Xe) m 1. m. Crnemyer
MOMYEPKHYTh, YTO CPEAHHUE BEIMYMHBI XapaKTEPU3YIOT BCIO TPYHIY B IEJIOM U SIBISIFOTCS
a0CTpaKTHBIMH BEJTMYNHAMHU.
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1.15 Jlexkums 15 (2uaca)

Tema: «Tunsl pacnpeaejieHusi COBOKYITHOCTEH»

1.15.1 PaccmaTpuBaembie BONIPOCHI

1. BoluncjieHue cTeneHd U3MEeHYUBOCTH MPU3HAKOB.

2. OnpenesieHne TUNOB BAPbUPOBAHUS U CBSI3H MEKAY NMPU3HAKAMM.

3. Ucnoab30BaHne OMOMETPUYECKMX METO/IOB B H3yUeHHe H3MEHUYMBOCTH U HACJIeJOBAHUM
KOJIMYeCTBEHHBIX U KaUeCTBEHHbIX MPU3HAKOB.

1.15.2 KpaTkoe conep:xaHue BOIPOCOB
1 BoruucjieHue cTeneHd H3MEeHYHBOCTH MPU3HAKOB

Bapuayuonnwvii pso-3To NBOWHOW psiJl YUCEN, U3 KOTOPHIX OJIMH YKa3bIBAET 3HAUYCHUS
npu3Haka B kiaccax (W), a apyroil - 4mciio >KUBOTHBIX (00BEKTOB) B Kiaccax (n). Kmacce
pacronaraloT B TOpSAKE BO3pacTaHWs WIM YObIBaHHMS 3HaueHus mnpusHaka (W), mpuyem
MHTEPBaJl MEeXKAY HAMHU JJIsl BCETO BapHAIIMOHHOTO Psiia OJUH U TOT *ke. B Haiem npumepe 3To
1: oguH kiacc ot apyroro (W) otnnyaercd Ha 1 Ha BceM NPOTSHKEHUN BapUALlMOHHOTO psija.

Bapuanionsslif psj JaeT HarisgHOe MpeACTaBIEHHE O TOM, KaK 4YacTO BCTPEYArOTCS
OTJENIbHbIE BApUAHTHl B JAHHOW COBOKYIIHOCTH, B KAaKOM KOJHMYECTBE M KaK OHH
pacnpeensioTcs, T. €. JOKa3bIBaeT 3aKOHOMEPHOCTh BapbHUPOBAHUS H3yuaeMoro npusHaka. OH
3HAYUTENIBHO OOJIETYAET pacueThl BCEX OCHOBHBIX OMOMETpHYecKHX napamerpos. [IpaBuna ero
MOCTPOCHHUS 3aBUCST OT XapakTepa Mpu3HaKa.

B Ouomerpum mnpuHATO pasiauyaTh NpPU3HAKU C JUCKPETHBIM (TPEPBIBUCTBIM) U
HENPEPBIBHBIM pa3HooOpa3ueM. JIuCKpeTHbIe MpH3HAKKA XapaKTepU3YIOTCS TeM, 4YTO UX
COCETHHE 3HAYEHMsI OTIMYAIOTCA JpYyr OT JApyra Ha €IUHMILY: HallpUMep, IUIOJOBHUTOCTD,
SMIIEHOCKOCTh U Jp., 3HAUCHHE UX MOXKET OBITh M3MEPEHO TONBKO IIeNIbIM, a HEe JAPOOHBIM
yucioM. Tak, oBIBI 3a OKOT (sirHeHHWe) mpuHocat [, 2, 3, 4, 5 sruar. bonsmmm pazmaxom
pazHoo0pa3us XapaKTepU3yITCS MO MHOTOIUIONWI0O CBUHOMATKHM: Y HHMX B OJIHOM OIOpOCE
ObIBaeT oT 6 70 /5 MopocsT, a UHOTAA U OOJIBIIIE.

2. Onpeneﬂe}me THUIIOB BAPDbUPOBAHUA U CBA3U MECKAY NNPU3HAKAMM.

CrpykTypa pa3sHooOpa3us SBISETCS OJHHUM M3 BaXKHEHIIMX CBOWCTB (XapaKTEPUCTHK)
coBOKynmHOCTU. OHa MOXKeT OBIThb BCKpPHITA U OILIGHEHA TOJBKO B JIOCTATOYHO OOJBIION
COBOKYITHOCTU. CMBICII 3TOTO MOHATHS 3aKJIFOYAETCS] B TOM, YTO OT/IEIbHBIC 3HAUEHUS ITPU3HAKa
B COBOKYMHOCTH BCTPEYAIOTCS C Pa3HOM 4acTOTOM: OAMH — dyalle, Jpyrue — pexe. bonee
HarjsHO 3aBUCUMOCTh 4YacTOT OT BapbHpPOBAHUS IPU3HAKA MOYKHO BBIPA3UTh TpapuuecKu
MyTeM MOCTPOCHUsA: 1) THCTOrpaMMbl WM 2) TOJHMIOHA YacTOT (IMIUPUYECKON KpUBOM

pacrnpeenieHus).
Jlis moCTpoeHUs THCTOTpaMMBbl (CTOJIOYATHIA AMAarpaMMbl) MO OCH aOCHUCC OTKIAAbIBAIOT
rpaHuIlbl Ki1accoB W, a mo el opAuHaT — YacTOThl 7 (MM YaCTOCTU — JOJU OOBEKTOB C

JaHHBIM 3HAYCHUEM MPHU3HAKA U3 OOIIETo YKcia UX B COBOKYITHOCTH,
T. €. BeIUYHHY f).
Ha rpaduke psng uzo0paxkaeTcs B BUJIe IPSIMOYTOJIBHUKOB (CTOJIOMKOB) pa3HOM BBICOTHI.
BricoTa Ka)X0r0 U3 HUX COOTBETCTBYET YMCIICHHOCTH BApUAHTOB B KXKJIOM CITydae, — YaCTOTHI
n

n (wm yactoctd N ), M0OKHO TakKe LEHTPbI BEPXHUX CTOPOH MPAMOYTOJBHUKOB (CTOJIOIIOB)
THUCTOIPaMMBbl COEUHUTH MOCIEAO0BATEIbHO MEXIY CO00M — 3TO U OyJeT MOJIMIOH YacToT
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(oMmupHuyeckasi KpuBas pacrpejeleHUs] WIM BapualMoHHas kpusas). CreayeT MOMHHTb, YTO
MPaBUILHO H300pa)KEHHbIE THCTOTpAaMMa M BapUallMOHHAs KpuBas JOJKHBI OBITH CIpaBa U
ClIeBa JIOBEACHBI JI0 MEPECEUeHUs: ¢ OChl0 a0CIUCC, T. €. YKa3aHbl JOMOJIHUTEIBHO JIBa Kiacca
(oquH — B Hayasle, a Ipyrol — B KOHIIE psAZia) C HYJIEBBIMH YaCTOTAMHU.

U3 rpaduka BUAHO, UTO 3HAUYEHHE YACTOTHI (7) 3aBHUCHT OT TOTO, HACKOJBKO IAHHBIN
KJIacC OTJIMYaeTcsl OT cpeaHero kiacca. HaOmiogaeTcss NMpeuMyILIECTBEHHOE HAKOILJICHHUE
BapHAHTOB B IIEHTPAIbHBIX KJlaccaX M YOBbIBaHHME HX KOJIMYECTBa MO Mepe YIaJeHUs OT
cepeuHbI (LIEHTpa) BapHallMOHHOTrO psjia. Takas 3aKOHOMEPHOCTh B paclpe/IelIEeHH BApUAHTOB
0 psAY SABISETCS (XapaKTepHOM YepToil BapbUPOBAaHUS OMOJOTHYECKUX MTPU3HAKOB.

3. Ucnoab30BaHne 6I/IOMeTpI/I‘leCKI/IX ME€TO/10B B U3YUYCHHEC USMCHYHUBOCTH U HACJICTOBAHUU
KOJIUYE€CTBCHHBIX U KAY€CTBCHHLIX IPU3HAKOB.

Jlig n3ydeHusl 3aKOHOMEPHOCTEH BapbUPOBAHUS PA3IMYHBIX (MPU3HAKOB, OLEHKU CTPYKTYpPBI
pa3HooOpa3ust yaoOHee HCIOoJIb30BaTh HE aOCOJIIOTHBIE OTKJIOHEHHWsS BapUaHTOB OT CpeaHeHn
apu(METUYECKON, a TaK Ha3bIBAEMOE HOPMUPOBAHHOE OMKIOHeHue, T. €. a0COIITHOE
OTKJIOHEHHE BapuaHTa (MM cpeqHed apupMeTHYecKoW TpyINbl BAPHAHTOB), BBIPAXKEHHOE B
nomsx curmsl. @opmyna Ui pacyeTa HOPMUPOBAHHOTO OTKIIOHEHUS (f) ClIeAyIOoIas:
. V-X

o ,OTKyzla V—X= to,. e. Benu4MHa HOPMHMPOBAHHOI'O OTKJIOHEHUS II0OKA3bIBAECT, Ha
CKOJIbKO CHUTM JaHHBII BapHaHT OTKJIOHSETCS OT cpeAaHel apupmMeTrnyeckod. 3aMEeHUB
(akTHUecKue 3HAUYEHUS MpPU3HAKa Ha HopMHUpoBaHHOe OTKIIOHEHHE (f) M OTIOXHUB ! Ha OCH
abcuuce, Mbl MOJTYYHM YHCIOBOM PSIi C HYJIEBBIM 3HAYEHHEM B LEHTpE, C OTPUIATEIbHBIMU

S3HAYCHUSAMMU CJICBA U C IOJIOKUTCIIBHBIMU — OIIpaBa OT HYJIA. OTIIOKEHHBIC HA OCH ¥ YacTOThI
n

n (B Oomee obmeM Buae — dvactoctd N ) Oymyr yxke (IPEACTaBIATL COOOM HEKOTOPYIO
(YHKIMOHATBHYIO 3aBUCHMOCTb YacCTOCTEH OT COOTBETCTBYIOMIMX Oe3pa3MEpHBIX 3HAUYCHUI
NPU3HAKA, BBIPAKCHHBIX HATYPAIBbHBIM PSAAOM 4YHCElI. DTy 3aBUCHMOCTh MOXHO H300pa3uTh
AQHATMTUYECKH B BUJIC YPABHEHUST KPUBOM.

B GonpmMHCTBE OMOJOTHYECKUX HMCCIICIOBAHUN CTPYKTypa pa3HOOOpasus U3ydaeMbIX

COBOKYITHOCTEH C JOCTAaTOYHBIM NPHUOIMKEHHEM XapaKTepU3yeTcs KPHUBOM Tak Ha3bIBAEMOTO
HOPMAJILHOTO PACIPE/ICIICHHS.
HopmaneHoe pacnpesneneHne wurpaeT OOJBIIYyI0 pPOJb B TEOPHUH BEPOSTHOCTEH S B
MaTEeMaTHYECKOW CTaTUCTHKE M XOpOIIo M3ydeHo. HopmanbHasi KpuBas CTPOrO CUMMETPUYHA,
OJTHOBEPIIMHHA, UMEET KOJIOK0JI000pa3Hyto hopMy ¢ MakCUMyMoM Tpu X = (), aCHMITOTHYECKH
npuoIImKasch kK ocu X (puc. 2), T. €. He (Tmepecekasich ¢ Heil.

HopmaneHblii THD pacripeqesieHus BapuaHTOB B COBOKYITHOCTH HMMEET MECTO B TeX
Cllydasix, KOT/Ia BEJIMYMHA MpH3HAaKa 00YyCJIOBIMBACTCS BIUSHHEM Ha HEr0 MHOTHX (DakTOpOB,
9acTh M3 KOTOPBIX OJArONpHITCTBYET €0 MPOSBICHUIO, @ YaCTh — HEOJIIaronpusTCTBYET, T. €.
TOPMO3HT pazButhe. [0 Teopuu BEpOSATHOCTEH, KpallHUE CIy4aW BO3JICHUCTBHSI, TC COUCTAHUE
TONBKO  HEONArompUsATHBIX WM  TOJBKO  ONAarompusATHBIX  (DaKTOpOB,  BCTPEUAIOTCS
UCKJTFOUUTENFHO penko. [lo3ToMy W YHCIEHHOCTh KPaWHUX BapHAHTOB B COBOKYITHOCTH
(0nM3KMX K max WM min) oyeHb Mana. Yamie oObeKThl UCTIBITHIBAIOT Ha ce0€ OJJHOBPEMEHHOE
BO3JICHCTBUE M TE€X M JPYrux (aKTOPOB B Pa3IMYHOM HX COOTHOIICHWH. VX TpU3HAKU B
OOJIBIIMHCTBE CIy4YaeB MMEIOT 3HAYeHUs, OJNM3KHE K CpeIHEMY, YTO COOTBETCTBEHHO
OTpakaeTcsl U Ha TpaduKe.

HopmarneHoe pacripenenenue XapakTepHO Uisi OOJBIIMHCTBA XO3SMCTBEHHO MOJIE3HBIX
NPU3HAKOB XKMBOTHBIX: JKMBAask Macca, Macca Sll, YJIOW, KHPHOMOJOYHOCTh, CKOPOCIIEIOCTb,
SAUIEHOCKOCTh, MHOTOIUIOJUE, HACTPUT WIEPCTH M Jp., MOCKOJIbKY Ha HHX OJHOBPEMEHHO
BIMSFOT MHOTHE (akTOpbl (KIMMaT, YCIIOBHSI BBIPAIUBAHHS, KOPMJICHHUS, COJCpKaHUS,
AKCIUTyaTaIlH, UCTIONIb30BaHUs, HACIIECTBEHHBIE 0OCOOCHHOCTH U JIp.).



Ho CUMMCTPHUYHOCTD B paClIpCaACIICHUN MaTCpUuajia MOXKCT OBITE HapymcHa
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1.16 Jlexkuust Ne 16 (2uaca)
Tema: «CBOMCTBA reHeTHYECKOH MOMYJISIIIAMN

1.16.1 Bonipocsl Jiekuuu:

1. I[lonsiTue o BUAE, NOMYJNALUNA U YUCTON TUHUH.

2. 3nauenue padbot MoranceHna u ero ydeHus: 0 YUCTHIX JUHUSAX. OCHOBHBIE OCOOCHHOCTH
TreHeTUYECKUX (MAaHMUKTUYECKUX ) TOIYIISIIIUA.

1.16.2 KpaTrkoe coaepkaHnue BOIpPoOCOB
1 [lonsiTHe O BUE, MONYJAUMHA U YACTOM JIUHUH.

Jlns ynaydiieHus TUJIEMEHHBIX U MPOJYKTUBHBIX KauyeCTB >KMBOTHBIX HEOOXOIUMO 3HATh
TEHOTHUIIBI HE TOJIBKO OTAEJIBHBIX UHAWBHUIYYMOB, HO U T€HETUYECKYIO CTPYKTYpPY BCEro cTaja
WM JaXke MOpoJsl B LieJoM. BaxkHOe 3HaUeHHe JUIsl CEeNeKIMN UMEIOT 3HAaHUSI 3aKOHOMEPHOCTEH
HACJICJACTBEHHOCTH W HM3MEHYMBOCTH B OTCYTCTBHE€ U C YYETOM HCKYCCTBEHHOro OTOOpa u
nonbopa KHUBOTHBIX, (PaKTOPOB, UX omperdernstomue. VccnenoBaHusi TeHETUYECKUX MPOIIECCOB,
MPOTEKAIOIIUX B €CTECTBEHHBIX YCIOBUSAX PA3MHOXKEHUS JKUBOTHBIX, UMEIOT OO0JIBIIOE 3HAUCHUE
JUIsl JAJbHEMIIEr0 MO3HAaHUSA HBOJIIOLUU C LEJbI0 YOPABICHHS ASTUMHU Ipoleccamu Ipu
Pa3BEICHUH CEINbCKOXO3SIMCTBEHHBIX JKUBOTHBIX.

[To H.B. TumodeeBy-PecoBckoMy, TOmyJsiiis — 3TO COBOKYIMHOCTh OCOOEH JTaHHOTO
BHJa, B TEUYCHHE JUIUTEIHHOTO BpeMeHH (OONBIIOTO YHCIA TMOKOJICHWH) HAaCESIFoIIast
OTpe/ieNIeHHOE MPOCTPAHCTBO, COCTOSIIAs U3 0CO0€, MOTYIIUX CBOOOJHO CKPEIIUBATHCS JIPYT C
JIPYroM, W OTICJIICHHAs OT TaKUX K€ COCEJHUX COBOKYMHOCTEH OAHOW M3 (HOPM H3OJISIUU
(mpocTpaHCTBEHHOM, CE30HHOM, (PU3MOIOTHYECKON, TeHeTndeckoii). Hanpumep, onenn octposa
Konryes u3onmpoBaHbl OT oJjieHEH, pa3BoAMMBIX Ha MarepukoBoi vactu Kpaitnero Cesepa,
HIMPOKOM MOJIOCON MOPst

B MBOTHOBOJACTBE MOJ MOMYJISUMEH MOHUMAIOT TPYNNy >KUBOTHBIX OJHOTO BHJA,
XapaKTEPU3YIOLIUXCS OMNPEIEICHHON YHMCICHHOCTBIO W apeajioM pachpocTpaHeHus. Takas
rpynmna OTJAWYaeTcs OT JAPYruX MOMYJALHUA TEeHETUYECKOW CTPYKTYpPOH, 3KCTEPbEPHBIMH,
MHTEPbEePHBIMU U MPOAYKTUBHBIMHU KadecTBaMHu. [lomymsiiueil B ;KUBOTHOBOJCTBE MOXET OBIThH
OTJIETTLHOE CTaJI0 KUBOTHBIX, MOPOJIa WK OTPoAbe. OOBIYHO MOMYJIAIMS — 3aMKHYyTasi TpyTa.
BB0o3 B Hee wiM BBIBO3 W3 HEE MKUBOTHBIX M3 APYIMX MOMYJISUUN OrPAaHUYEH, MO3TOMY
pa3MHOXKEHHE B TMOMYJSIIUU OCYIIECTBISIETCS 3a CYET TOA00pa CaMIlOB U CaMoK,
MpUHAUISKAIMX K JaHHOW momyisiiuu. B SpocnmaBckoit oGnactu, Hampumep, pa3BOAUTCA
MOMYJISAUNS] KPYITHOTO POTaTOro CKOTA SIPOCIABCKOW IMOPOIBL.

Kaxnas momynauus — XapakTepusyeTcsl — ompeAeNieHHbIM  reHoQoHIoM, T. €.
COBOKYITHOCTBIO aJIJIEJIEH, BXOJSAIIMX B €€ COCTAB.

Hapsiny ¢ momynsumeidl B TEHETHKE CYIIECTBYET MOHSTHE «UYUCTas JUHUS» — 3TO
IMOTOMCTBO, MOJYYEHHOE TOJIBKO OT OJTHOTO POJAUTENS U MUMEIOIIEE C HUM IOJHOE CXOJCTBO IO
TE€HOTHITY

UucTble NHHUA MOTYT OBITH CO3/aHbl B PACTCHHEBOJICTBE y CaMOOMIBLISIONINXCS
pacTeHui. B oTiiMume OT MNOMyJSIIMII OHU XapaKTEPHU3YKOTCA IOJTHOW TOMO3UTOTHOCTBIO.
BcnencTBre momHOM TOMO3UTOTHOCTH OTOOpP B YUMCTOM JIMHUW HEBO3MOXEH, TaK KaK BCE 0COOH,
BXOJISIINE B HEE, UMEIOT UJICHTHUHBIH HAOOp reHOB. BEICOKOTOMO3UTOTHBIX TUHEHHBIX MBIIIEH,
KpBIC W JPYruX JaOOpPaTOPHBIX JKUBOTHBIX CO3MAIOT B IEJSX IPOBEICHUS PA3IUIHBIX
SKCIIEPUMEHTOB, HAIIpUMEp ISl IPOBEPKH HA MYTAr€HHOCTh TE€X WJIM MHBIX MIPENapaToB, OLEHKH
BaKIMH U T. ]I.

[lonynauus HaxoIWTCSA B PABHOBECHUU TOJBKO TOrJa, KOrJa B HEW HE MPOUCXOIUT
orbopa. [lpm BBIOpaKOBKE € OTICNbHBIX >KUBOTHBIX B TaKOW TMOMYJSIIUU H3MEHSAETCS
COOTHOIIIEHHE TaMeT, YTO BJIMSET Ha TEHETUYECKYI0 CTPYKTYpYy CICAYIOIIETrO IMOKOJICHHUS.
Opnnako K. Ilupcon moxasain, 4To, Kak TOJIbKO BO3HHKAET COCTOSIHME MaHMHUKCUU (CBOOOIHOE
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CKpeIllMBaHKE), COOTHOIIEHHE TeHOTUIIOB U (DEHOTHUIIOB B MOMYJISAIUHU B CIEAYIONIEM OKOJICHUH
BO3BpaIlaeTcs K TOMY, KOTOpO€ COOTBETCTBYyeT dopmyiie Xapna — BaitHOepra, HO yke mpH
OpYroM uX cooTHouleHnu. CKpeniMBaHue, BOCCTAHABIIMBAIOUIEE COOTHOIIEHHE T'€HOTHUIIOB B
MOMyYJIAIIMM, B COOTBETCTBUM C Qopmynoi Xapau — BaitHOepra mnosydmsio Ha3BaHUE
cTabunusupyroniero. M3 3toro cieayeT BBIBOJ: MPHU HCIOIb30BAHUH B MOMYJISAIMH CIy4YailHBIX,
HEOTOOpPAaHHBIX TMPOW3BOJUTENCH WM MAaTOK HaOIogaeTcs CTaOWiM3anus TPU3HAKOB
MPOJYKTUBHOCTH HAa OJHOM YpPOBHE, W IMOBBIIICHHE NPOJYKTUBHOCTH KUBOTHBIX B TaKOM
CUTyaIlul HEBO3MOXHO. TOYHO Tak e MPU OTCYTCTBUU OPAKOBKH Ie€TCPO3UTOTHBIX HOCHUTENICH
PELECCUBHBIX aHOMAJIMM YacTOTa MPOSIBICHUS aHOMAJIbHBIX KUBOTHBIX B MOMYJISILUUA OCTAETCs
HEU3MEHHOM.

2 3nayenue pador MoranceHa u ero yueHust 0 YMCTHIX JUHHUSAX.
OcHOBHBIE 0COOEHHOCTH IreHeTHYEeCKUX (MAHMHUKTHYECKHUX) MOMYJISA M.

B Xxonme anuTenbHON HBOMIONMM JKUBOTHBIX HapsAAy C IMOJE3HBIMH MYTalUsMH,
MOIXBATHIBAEMBIMHA OTOOPOM, B TOIMYJISAIUAX WM MOPOJaX HAKOMHJIICS ONPEICICHHBIA CIIEKTP
TEHHBIX U XPOMOCOMHBIX MyTauui. Kaxmoe mokoseHue MOMmyNsluu HacledyeT 3TOT Ipy3
MyTalif, ¥ B KaXJOM M3 HUX BO3HHKAIOT HOBBIE MYTAllUH, YacTh KOTOPBIX MepeaaeTcs
MOCIETYIOIUM TTOKOJCHUSM.

OueBUIHO, YTO OOJNBIIAS YACTh BPEIHBIX MYTAIlMi OTMETAETCsS €CTECTBEHHBIM OTOOPOM
WIN JIMMUHHUPYETCS B TIPOLIECCE CENEKIUH. DTO MPeX/Ie BCEro JOMUHAHTHbBIE T€HHbIE MyTalllH,
(EHOTUIUYECKH MPOSBIISIOIINECS B TETEPO3UTOTHOM COCTOSIHUM, U KOTMYECTBECHHbBIC N3MEHEHHS
HabopoB XpoMocoM. PerieccuBHO JIeHCTBYIOIINME T€HHbIE MYTAIlMM B T€TEPO3UTOTHOM COCTOSIHUU
U CTPYKTYpHBIE MEPECTPOWKH XPOMOCOM, 3aMETHO HE BJIMSIONIME Ha >KM3HECNOCOOHOCTh MX
HOcHUTeNel, MOTyT MPOXOJUTh CKBO3b CUTO celeKIMH. OHU (GOpMHPYIOT F€HETHYECKUH Ipy3
nomysaun. TakuM 00pazoMm, O TeHETHYECKUM T'Py30M MOMYJISIIUY TIOHUMAal0T COBOKYITHOCTh
BPEIHBIX T'€HHBIX U XPOMOCOMHBIX MyTauui. PazmuuaroT MyTallMOHHBIH M CerperandOHHBIH
reHerndyeckuil rpy3. IlepBslil (opmupyercs BCIeACTBHE HOBBIX MyTallMii, BTOpOH — B
pe3yJbTaTe pacileuIeHus] ¥ IepeKOMOMHUPOBAHUS ajuleNel IpU CKPELIMBAHUN T€TePO3UTOTHBIX
HOCHUTEJIEH «CTapbIX» MYTaLlUH.

YactoTa Je€TaldbHBIX, TMONYJETAIBHBIX M  CyOBUTANbHBIX MYTAaHTHBIX T'€HOB,
NEePeAAIONINXCSl U3 TIOKOJICHUS B TIOKOJIEHHE B (JOPME MYTAIIMOHHOTO T€HETHYECKOTO Tpy3a, U3-
3a TPYJHOCTH WACHTU(HUKAIMM HOCUTENCH He mojajgaercs TouHoMy ydeTy. MoprtoH u Kpoy
npeuiokmwi  (popMy pacdera YpOBHA TEHETHYECKOTO Tpy3a B KOJUYECTBE JIETAIBHBIX
SKBUBANEHTOB. OJMH JEeTaJbHBI SKBUBAJIEHT COOTBETCTBYET OJHOMY JICTaJbHOMY TIEHY,
o0ycioBiHuBaOIEMy cMepTHOCTH ¢ 10%-HO# BEpOSITHOCTBIO, ABYM JIETAILHBIM TeHaM 1pu 50%-
HOM BEpOSITHOCTU CMEPTH U T. . BennuuHa reneTnueckoro rpysa mno gpopmyne Moprona:
log eS = A + BF,
rje S— 4yacTb HOTOMCTBA, OCTABIIASICS B KHBBIX;

A — CMEpTHOCTb, HW3MepseMasi JICTAIbHBIM SKBHUBAJCHTOM B IMOMYJALUU TP YCIOBUHU
ciyuyaitubix cnapuBanuii (F= 0), miroc cMepTHOCTb, 00yCIIOBIIEHHAs BHEIIHUMH (aKTOpaMu;

B — oxumaemoe yBenmMUEeHHE CMEPTHOCTH, KOTJa TMOIMYJISAIUS CTAaHOBUTCS IOJHOCTBIO
romo3uroTtHou (F=1);

F — xoa¢¢unuienT nHOpuuHTa.
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1.17 Jlexkums 17 (2uaca)
Tema: «CBolicTBa reHeTHYECKOH MOMYJIS LI

1.17.1 PaccmaTpuBaemMbie BONPOCHI

1. OcHOBHBIE 3aKOHOMEPHOCTHM T'€HETMYECKOH CTPYKTYphl TOMYJISIMUA. 3aKkoH Xapau-
Baitn6epra.

2. 3akoH Xapau—BaiinOepra — OCHOBHOM 3aKOH MOIYJISIITAOHHOW TEHETHUKH.

3. @akTOopHl, BBI3bIBAIOIINE U3MEHEHHUS B MOMYJISALHIX.

1.17.2 KpaTkoe conep:xaHue BOIPOCOB

1. OcHOBHBbIE 3aKOHOMEPHOCTH T'e€HEeTH4YeCKOW CTPYKTYpbl mnomyasimuu. 3akoH Xapam-
BaiinGepra.

Kaxnas momynsiiust oGnagaeT coOCTBEHHOM TeHETHYeCKON CTPYKTypoil. I'eHermueckas
CTPYKTypa TOMYJISIHMA ONpenensieTcsi HCXOJHBIM COOTHOIICHHEM aJulelieid, €CTeCTBEHHBIM
O0TOOpPOM U AJIEMEHTAPHBIMU 3BOJIOLNMOHHBIMU (hakTOpaMu (MyTaIllMOHHBIN MpoIlecC U JaBIeHUE
MYTaIMi{, W30JSMUs, MOMYJISAIMOHHBIE BOJHBI, T€HETHKO-aBTOMATHYECKHE MPOLECcCHl, d(PPeKT
OCHOBATeNd, MUTpamuu u 7ap.). [ng omwcaHus TeHETUYECKOM CTPYKTYphl MOIMYJISIUN
MCTIONB3YIOTCS TIOHATHS «aJUIeT0()OHI» U «T€HOPOHI.

Amnnenodona mOMyISANMM — 3TO COBOKYMHOCTh ajulenieli B momymsiuuu. Ecnmu
paccMaTpUBAIOTCS JBa ajuIessl OJHOTO T'eHa: A M a, TO CTPYKTypa aieno(oHa ONMHCHIBACTCS
ypaBHeHHEeM: pA + qa = 1. B 3ToM ypaBHeHHH CHUMBOJOM pA 0003HA4aeTCs OTHOCUTENIbHAS
gyacToTa ajuiens A, CHMBOJIOM a — OTHOCHUTENbHAS YaCTOTa aJljIesid a.

[Tomynsitiy, B KOTOPBIX CTPYKTypa aiienodoH/ia OCTaeTCs OTHOCUTENBHO MOCTOSHHOM B
TEYEHHUE JUTUTEIILHOTO BPEMEHH, HAa3bIBAIOTCS CTAIIMOHAPHBIMHU.

Eciu paccmarpuBaioTcss Tpu ajuiens oAHoro rena: al, a2,, a3, To CTpyKTypa
aienooH/1a OMKMChIBaeTCs ypaBHeHueM: p al + q a2 +ra3 = 1. B 3ToM ypaBHEHUU CUMBOJIAMU
P, q, r 0003HAYAIOTCSI COOTBETCTBYIOLIUE YACTOTHI ajlieNei.

Ecnu paccmarpuBaroTCsi HECKOJIBKO ajuieNield HECKOJIBKUX TeHOB (a, b, ), TO CTpyKTypa
annenodoH/1a OMHUCHIBAETCS] CUCTEMOM YpaBHEHHIA:
plal +p2a2+p3a3+..+piai=1
ql bl +g2b2 +q3b3+..+qibi=1
rlcl +12¢2 + 3c3+...+rici =1

B 5TuX ypaBHEHHSIX CUMBOJIAMH pi, qi, Il 0003HaYEHbI OTHOCUTENFHBIC YaCTOTHI aJlIeTeH
pasHbIX TeHOB. OJHAKO B MPOCTEMIIMX ClyyasX pPaccMaTpUBAIOTCS TOJIBKO MOHOTEHHbIE
JMaJuIebHbIE CHCTEMBI, HanpuMep: A—a. B momynsiiun ¢ o0miei uncieHHocThio ocodeit NoOr
U M3BECTHOM UHCIEHHOCTBbIO ocoleil ¢ reHoTumamu AA, Aa, aa OTHOCHUTENbHBIE YaCTOTHI
aJIeNie pacCYUTHIBAIOTCA 1O (hOpMyTIam:
p(A)=2 1IN (AA)+N (Aa)/2 I N o6m.

q(a) =21 N (aa) + N (Aa) /2 [ N o6mr.
win g (a) =1-p(A)

Tepmun reHodoH ynotpediseTcss B pa3HbIX 3HA4eHUsAX. OCHOBOIIOJIOKHUK YUCHHS O
reHogonae u redoreorpadpun Anexcanap CepreeBud CepeOpoBCKMH HasblBall T'€HO(POHAOM
«COBOKYITHOCTh BCEX T'€HOB JAHHOTO BH/[A..., YTOOBI MOJYEPKHYTh MBICIb O TOM, YTO B JIHIIC
reHO(OHAa MBI UMEEM TaKHE K€ HallMOHAJIbHbIE OOraTcTBa, Kak M B JIMLE HAIIMX 3aIacoB yIJd,
CKPBITBIX B Hamux Heapax» (1928). OgHako 3TO BbIpak€HUE B HACTOSIIEE BPEMsSI UCTIOIb3YETCS
IUI ONpeJieNIeHUs] TeHeTHUeCKOro MoTeHIMaaa, a TeHO(OHIOM Ha3bIBAlOT COBOKYITHOCTh BCEX
T€HOTHUIIOB B IOMYJISALMY.

[lpn m3yyeHMM NPUPOAHBIX MOMYJALMHA YacTO MPUXOJUTCSA CTAJIKUBATHCA C MOJHBIM
JOMUHHPOBaHUEM: (PEHOTUITBI TOMO3UTOT AA U retepo3urotr Aa Hepasnuuumsbl. Kpome Toro, B
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MPUPOJIe LIMPOKO PACIPOCTPAHEHO TOJUTEHHOE OIpeAeNieHHe MPU3HAKOB, TMPUYEM THUIIBI
B3aMMOJICHCTBHSI HEAJUIETBHBIX T'€HOB (KOMIUIEMEHTAPHOCTb, SMHUCTA3, MOJIMMEpHUs) HE BCEraa
u3BecTHBI. [103TOMY Ha MpakTHKE 4acTo M3y4yaloT He TeHOohoHI, a ¢eHO(OH T MOMyIAIHii, TO
€CThb COOTHOIIEHUE (PEHOTHIIOB. B HacTosimiee BpeMsi pa3BUBAETCs pa3/iesl TeHETUKU OIS,
KOTOPBI Ha3bIBaeTCs (peHETUKA TTOMYJISIUH.

2 3akon Xapau—BajiinOepra — 0CHOBHOM 3aKOH NMOMYJISIIUOHHON IeHETUKH

CrpykTypa reHo(oHAa B TAHMUKTUYECKON CTAl[MOHAPHOW MOMYJISIIMK OMUCHIBAETCS OCHOBHBIM
3aKOHOM TIOMYJISIIMOHHOM Te€HETHKHM — 3aKOHOM Xapnau-BaitHOepra, KOTOpBIM TJacHT, YTO B
ueaIbHOM MOMyJISIIMY CYIIECTBYET NOCTOSSHHOE COOTHOIIEHHE OTHOCUTEBHBIX YacTOT ajieneit
Y TEHOTHUIIOB, KOTOPOE OTHCHIBAETCS] YPABHEHUEM:

(pA+qa)22=p2 AA + 2'poqAa + q2aa = 1

Ecnu M3BECTHBI OTHOCHTEIBHBIE YAaCTOTHI aJjieNiell p M M O0IIas YMCIEHHOCTh MOMYJISIHN
NoOm1, To MOXHO PAacCUUTaTh OXKHUIAEMYIO, WIM PACUETHYIO aOCONIIOTHYIO 4acTOTy (TO €CTh
YHUCICHHOCTh 0C00ei) Kaxaoro reHoTumna. J[ms 3Toro Kaxaplii 4ieH YpaBHEHUS HY)KHO
YMHOXXUTb Ha NoO1:

p2 AA - Nobm + 2-p-q Aa - NoOmr + g2 aa - Nobuy = Noobg

B naHHOM ypaBHEHMHU:

p2 AA - NobGu1 — oxxuyiaemast abCOMIOTHAsI YaCcTOTa (YUCICHHOCTD) JOMHUHAHTHBIX TOMO3ZUTOT AA
2-p-q Aa - NoOuy — oxuiaemast abCOIOTHAs YacTOTa (YMCIEHHOCTh) FeTepo3uror Aa

g2 aa - NoOu1 — oxxugaemas abCoIIOTHAs 4aCTOTa (YUCICHHOCTh) PEIIECCUBHBIX TOMO3UTOT aa

YpOBEeHb TEHETUYECKOTO TpPy3a MOXHO OIPEACTsATh Ha OCHOBAaHUHM (DEHOTHITHUYECKOTO
MPOSIBIICHUS] MyTaluil (ypoACTBa, BPOXKIACHHbIE aHOMalIUKU oOMeHa M T. J.), aHaju3a THUIa UX
HaCJIeI0BaHUs, YaCTOTHI B MOIYJISIIUH.

OTU JaHHBIE B ONpEAENICHHOW Mepe XapaKTepu3yIOT YPOBHU T'€HETHYECKOTO rpy3a Io
OTJIETTbHBIM MYTAHTHBIM I'€HaM B KOHKPETHBIX MOIMYJISIIUSAX KPYITHOT'O POTaToOTro CKOTA.

3 (I)aKTopr, BbI3bIBAIOIIIME UBMCHCHHUS B MMOITYJTAINUAX

[Ipunuun paBHoBecusi Xapau-BaitHOepra riacut, 4TO NpU HAJIMYUU OIPEJIEIECHHBIX
YCIIOBUM YacTOTa ajuleled OCTaeTCs IOCTOSHHOW W3 IOKOJEeHMs B mokoneHue. llpm stmx
YCIIOBUSX MOMYJSALUS OyJeT HaXOJUTCS B COCTOSIHUM I€HETHUYECKOTO PAaBHOBECUS U HMKAKHX
HBOJIIOLMOHHBIX WM3MEHEHHH MpoucxoauTb He Oyzaer. OnHako mnpuHuun Xapau-BaiinOepra
HOCHUT YHCTO TEOpETHUECKHH XapakTep. OueHb HEMHOI'ME MOIYJISIMM HaXOASTCS B YCIOBMSIX,
IIPU KOTOPBIX COXPAHAETCS PAaBHOBECHE.

CymiecTByeT bIX TE€HOTHUIIOB W HW3MEHSAIOT YacTOThl T€HOTUIIOB, OHM HE BBI3BIBAIOT
HUKAaKOI0 U3MEHEHUS MMEIOIINXCS aJUIesIed, TaK YTO YacTOThI ajuIeIei B MOIMYJISIUA OCTAIOTCS
MIOCTOSIHHBIMHA. MHOTHE 3BOJIIOLIMOHHBIE U3MEHEHMS, OJTHAKO, TPOUCXOSAT BCIE] 3a MOSIBICHUEM
HOBBIX aJUIEJIEH, a [NIABHBIM MCTOYHHUKOM IMOCJIEIHUX CIIyXKaT MyTallUH.

VYcnoBus, HeoOXoauMbIe Ul paBHOBecHs Xapau-BaitHOepra, HapymaroTcs ¥ B psije
IPYTHX CIIydaeB: KOTJAa CKpeUIMBaHUE HOCUT HECIy4YalHBIM XapaKTep; KOrja IOIYJIALHs Maja,
4TO BeAET K Jpeiy TeHOB; KOTJa TEHOTHUIBI 00JaNaloT Pa3IMYHON (EepTHILHOCTBIO, YTO
CO3/1aeT T'€HETHUYECKUH TIpy3; NpHU HAIMYUKM OOMEHa TIeHaMu Mexay nomyssiuusMu. Huxe
paccMaTpuBaeTCs Kaxk1as U3 3TUX CUTyaluil.

Hecny4aiiHoe ckpemuBanue

BnusHue Hecay4yaliHOrO CKpEINMBAaHMS Ha TCHOTHN M HA 4YacTOTy aJlleseH
JIEMOHCTPUPYET, HAIPUMEP, SKCIIEPUMEHTHI, MPOBEIEHHbIE Ha Apo3oduie. B kynbType myX,
COJICpIKaBIICH BHAayYaje paBHOE YKMCIIO KPAaCHOIIA3bIX M OEJOrIa3hlX CaMIIOB M CaMOK, depe3 25
MMOKOJIEHWH MCYE3NIH Bee Oenoria3nie 0coOu.
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Hpeiid reros

O npefidbe TEHOB TOBOPAT B TeX Ciy4asX, KOIJIa HM3MCHEHHS YacTOThI TEHOB B
MOMYJIANMUSX OBIBAIOT CIyYalHBIMHU M HE 3aBUCAT OT €CTeCTBEHHOro oTOOpa. CiydaiHblid aperid
reHoB, win d¢¢ekt Crrodma Paiita (Ha3BaHHBIN 10 IMEHH aMEPUKAHCKOTO TEHETHKA, KOTOPBIA
MOHSJI €r0 POJIb B DBOJIOIMH), MOXET CIYXHUTh BaXXHBIM MEXaHHU3MOM 3BOJIIOIIMOHHBIX
W3MEHEHUN B HEOOJIBIIUX WM M30JIMPOBAHHBIX MOMYJSIUAX. B HEOOMBIION MOMyISIIUH MOTYT
OBITh TIPEJCTABJICHBI HE BCE aUICNH, TUIMWYHBIC IS JaHHOTO Buja. CiydailHble COOBITHS,
HanpUMep, MPEeKIEBPEMEHHAsI THOEIh 0cOOH, OBIBIICH €TMHCTBEHHBIM 00JIa/1aTeleM KaKoro-TO
ajuielnsi, MPUBEAYT K MCYE3HOBEHUIO ATOr0 ajlielid B MONyJsiuMM. Eciu JaHHBIA aienb
BCTpEYaeTCs B MOIMYJISAIUU U3 MAJUIMOHA 0c00eH ¢ yacToToi, ckaxeM, 1% (to ectb q = 0.01), TO
uM OyayTt obmamate 10 000 ocobeit, a B momyssiiuu, coctosmeid u3 100 ocobeit, 3TOT amienb
Oy/ZeT UMEThCSl TONBKO y OJHOW 0COOM, TaK YTO BEPOSTHOCTH €r0 CIydailHOH yTpaThl B MaJOi
MOMYJISIIIAA TOPa3/I0 BhIIIE.

I'enernueckuii rpy3

Cy1iecTBOBaHHE B TOMYJISAIMA HEOJIArONMPHUATHBIX ajuielied B COCTaBE T'€TEPO3UTOTHBIX
TEHOTUIIOB HA3bIBAIOT T€HETWYECKUM TIpy3oM. Kak ormewanock B paszzgene 1.5, HEKOTOpbIe
pELIECCUBHBIC aJIeNId, BPEJOHOCHBIE B TOMO3WIOTHOM COCTOSSHHUM MOTYT COXPaHSATHCS B
TETEPO3UTOTHBIX TEHOTUIIAX U TPHU HEKOTOPBIX YCIOBUAX CPEAbl JOCTaBIATH CEIEKTUBHOE
MPEUMYILECTBO;  MPUMEPOM  CIYKUT  ajUleJib  CEPHOBUIHOKIETOYHOCTH B MeCTax
pacrpocTpaHeHUs MAJIIPUH.

IToTok reHoB

B renodonge ckpemmBaromielics BHyTpU ceOsl MOMYJSIUN MPOUCXOIUT HETPEPHIBHBIM
OOMEH aielsIMi MeXAy 0ocoOsMU. Eciy dacToTel ayuieneil He H3MEHSIOTCS B PE3ysbTare
MyTalui, MPOUCXOAsNIasi MPU TaKOM OOMEHE IMepeTacoBKa TI'€HOB BEIET K T'€HETHYECKOM
CTaOMJIBHOCTH WJIM paBHOBeCHIO TeHO(OHIa. B ciydae BOSHMKHOBEHHS MYTAHTHOTO ajuielisi OH
pacmpoCTpaHUTCs 10 BceMy TeHO(DOHy B pe3yJibTaTe CIIy4allHOTO OTUIOA0TBOPEHUSI.
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1.18 Jlekuusa 18 (2uaca)
Tema: « AMMyHOreHeTHKA U MOJIUMOPPHU3IM»

1.18.1 PaccmaTpuBaembie BONPOCHI

1. UMMyHOTeHeTHKa — HayKa O T€HETHYEeCKOM IMOJIUMOp(HU3ME aHTHUIEHHOTO COCTaBa KJIETOK
KUBOTHBIX.

2. OCOOEHHOCTH SPUTPOIMTAPHBIX AHTHUICHOB >KMBOTHBIX M METOJbl HX OIpEIeICHHUS.
NMMyHOT€HETHYECKHUIT KOHTPOJIb 32 CTPYKTYPOH MOIYJISLNH.

3. 'enernueckuii monuMopdusm OeIKoB M (PepMEHTOB KPOBH, MOJIOKA, SHIA, CIIEPMBI, U €ro
HCIIOJIb30BAHUE B CEIICKIIMH.

1.18.2. Kparkoe coaepxanue BONpPoOCcoOB

1 UMMyHOreHeTHKAa — HAYKAa 0 IeHeTHYeCKOM MOJUMOpP(U3Me aHTHUI€HHOr0 COCTABa
KJIETOK KMBOTHBIX.

NMMyHOreHeTnka — 3TO pas3fel HMMMYHOJOTHH, KOTOPBIH H3y4aeT TE€HETHYECKYIO
00yCIIOBIEHHOCTh (DaKTOPOB HMMMYHHUTETa, BHYTPHUBHIIOBOE pa3HOOOpa3ue W HaclelOoBaHHE
TKaHEBbIX AT (QHTUTCHOB), T'€HETHYECKOE U TOMYJSIMOHHOE B3aUMOJIEHCTBUE MAKpO- U
MHUKPOOPTaHU3MOB, TKAHEBYIO HECOBMECTUMOCTb.

HacnenctBeHHO ~ neTepMUHUpPOBAaHHbIE ~ OMOJIOTMYECKHME  CHCTEMBI,  Takue  Kak
MMMYHOT€HEeTHYeCKHue 00pa3oBaHMsl, B BUJAE T'PYII KPOBH U MOIUMOP(HBIX OEIKOB KPOBH U
MOJIOKa HE H3MEHSIOTCS B IPOLECCE OHTOIEHE3a U SBISAIOTCA IMOXU3HEHHOW TIE€HETHYECKOM
XapaKTePUCTUKON KaXKIOU 0COOH, HEeOOXOTUMOM ISl UCTIOJIb30BAHUS:

- OIPEIENIEHUs] OTIIOBCTBA y )KUBOTHBIX;

- 3UTOTHOCTH y OJU3HEIOB;

- ¢dpuMapTUHHU3MA Y TEIOYEK;

- pa3HOSIMIIOBBHIX OJIIM3HEIIOB;

- OLICHKHU MPOM3BOAMTENEH 110 Ka4eCTBY IOTOMCTBA;

- T[IpH OCEMEHEHMH CBUHOMATOK CIIEPMOM Pa3HBIX XPSIKOB;

- COBMECTHMMOCTH OTLOBCKHUX Iap IPH YUCTONOPOJHOM pa3BEICHHH;
- MPOTHO3UPOBAHUS MPOAYKTUBHOCTH KUBOTHBIX;

- MPOTHO3UPOBAHUS PE3UCTEHTHOCTH MPOTUB 3a00JI€BaHUM.

CoBpeMeHHass UMMYHOJIOTHSI HallpaBJIeHA Ha BBISBJICHHE MEXaHW3MOB HMMYHHOI'O OTBETa
U €ro FeHEeTHYECKOW 00yCIOBICHHOCTH.

NMMyHHUTET (HEBOCIIPUMMYHMBOCTb, CONPOTUBISAEMOCTb) — CHOCOOHOCTh OpraHu3Ma
3alMIaTh COOCTBEHHYIO IIEJIOCTHOCTh M OMOJIOTHMUYECKYl0 WHAMBHUAyanbHOCTh (BPD, cepus
buonorus, 1999).

B nonnep:kaHuM MMMyHHMTETa JKMBOTHBIX IPUHUMAIOT ydacTHe Hecrneuupuyeckue u
cnenupuUecKrue 3alIUTHBIE MexaHuW3Mbl. Hecnemmduyeckue 3amuTHBIE MEXaHH3MBI — 3TO
PE3UCTEHTHOCTb, KOTOpasi BKJIIOUAET B ce0s1 OapbepHyr0 (DYHKLHUIO SIHUTEINS KOXKH M CIU3UCTBIX
000J104YeK, OaKTepULIUAHOE ACWCTBHE MOJOYHOH KHCIOTHI U JKUPHBIX KHUCIOT B BBLICTICHUSIX
CalIbHBIX U TOTOBBIX KeJe3, OaKTepUIMIHbIE CBOWCTBA JKEJYJO0YHOTO W KHUIIEYHOTO COKOB,
JM30LUM, TPUCYTCTBYIOIINN B CIIE3HOW XKHUIKOCTH M (arouuTto3 (KIETKH KPOBH, MPOIEPAMH,
KOMIUIEMEHT, HuHTepdepoH). Cnenuduyeckre 3alMTHbIE MEXaHU3Mbl BKJIIOYAIOT KpacHbBIN
KOCTHBIH MO3T, TUMYC, (paOpUIeBy CyMKy y NTHII, CETE3eHKY, TUM(PATHIECKHE Y3IIbl, a TAKXKe
CKOIIJIEHUs TUM(ONTHON TKAHH 10 X0y MUILIEBAPUTEIbHBIX U JAbIXAaTENBbHBIX MyTed. OCHOBHBIM
3JIEMEHTOM HMMYHHOH CHUCTEMBI CIIy’KaT MONYJSALUUU JUMQPOLUTOB JIBYX OCHOBHBIX THUIIOB:
mumdorutsl THna B u T, cuMBoubI KOTOpBIX NPUHATHL B 1969 1. B-nmumdonutel popmupyrorcs B
KOCTHOM Mo3re. MX ocHOBHas (yHKIHMS COCTOMT B CHHTe3¢ aHTuTen (AT), TO €cCTb
MMMYHOTJIOOYJIMHOB, KOTOPbIE M OCYIIECTBIIAIOT cneuuduyeckyro (yHKIH0. T-TuMQOIUTHI
obpasytorcst B TuMmyce. OHM He BBIpaOaTBHIBAIOT AHTHUTENA, A BBIMOJHSIOT 3aLIUTHYIO POJIb C
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MTOMOIIBIO  PEIICTITOPOB, HAXOJMSIIUXCA Ha TOBEPXHOCTH JmMdonuTa. Pementopel — 3T0
MaKpOMOJICKYJISIpHbIE 00pa3oBaHUs Ha ToBepxHOCTH T- m B-nmMdoruTos, obecriednBaromniye
pacro3HaBaHUEe KOHKpPETHOro aHTtureHa (Ar). UMMyHOTJ00yIMHBI (aHTHUTENA) — 9TO CIIOKHBIC
O0enku (TTUKOTPOTEHIBI), KOTOPBIC CHEIM(PUICSCKH CBSI3BIBAIOTCS C UY>KEPOIHBIMU BEIICCTBAMHU
— Ar. AHTHTeNa BHIpaOATHIBAIOTCS B OpraHU3ME B OTBET HA NMPOHUKHOBEHHE AT. AHTHIEHBI —
BEIIECTBA, KOTOPBHIE BOCIPUHUMAIOTCS OPraHU3MOM, KaK 4YYy>KEpOJIHbIE U  BbBI3BIBAIOT
cnenuUIeCcKii UMMYHHBIH OTBET; CIOCOOHBI B3aUMOJICHCTBOBATh C TIPOIYKTAMHU 3TOTO OTBETA
— At. Cnenmdudeckasi CBI3bIBAIONIAS PEAKIUS AHTUTCH-aHTUTEIIO TMPUBOJIUT K 00pa30BaHHIO
MMMYHHOTO KOMILIEKCA.

Knerounyro uMMyHHYIO 3amuTy opraHu3ma oOecrieuuBaioT T- u B-mumdonuts, a
TYMOPaJIbHYI0 MMMYHHYIO 3allUTy OpraHu3Ma — CHeluUYeCKHe aHTUTeNa . B kieTouHo#
MMMYHHOM 3aIIATE BBIACISIIOT 5 KJIACCOB KIIETOK:

- A-KneTku — GarouuThl;

- T-mamdoruTer;

- B-nmumdonuTe! — rura3sMaTHYeCKUe KICTKH;

- NK — kneTkn — HOpMaJIbHbIE KWIJIEPHI, NPOSBISIONINE HUTOTOKCHUECKOE NEHCTBUE
Ha OIyXOJIEBBIE KIJIETKH;

- K — xnmetku — wim «HyJeBbIe» JTUMGOIUTHI, OCYIICCTBISIONINE ITMTOJIA3 KIIETOK-
MUIIICHEH.

2. Oco0eHHOCTH IPUTPOLUTAPHBIX AHTUIEHOB KMBOTHBIX M METOAbI MX OIpeaeeHHs.
NMMyHOreHeTHYeCKUIl KOHTPOJIb 32 CTPYKTYPOil NOMYJISIIHH.

AHTUTCHHBIMH CBOHCTBaAMH O0OJIQIAlOT IPUTPOLUTEL. Habop aHTHIEHOB y SPUTPOIUTOB
UMeeT CeNU(PUIHOCTh ¥ WHAWBUAYAIBHOCTh Y KaXXKJIOTO OpraHu3Ma. JTa WHAWBHIYaIbHOCTb
JOJDKHA YYUTBIBATBCS TIPH TIEPEITMBAHUU KPOBHU JOHOpAa B OpraHuU3M pernumueHTta. Ecim
APUTPOIMTAPHBIC AHTHTCHBI JIOHOPA W PEIMIIMEHTa HECOBMECTHMBI, TO TEPEIMBaHUE KPOBU
MIPOBOJNTD HENB3s, MHAUE TIPOU3OMIYT MATOJIOTHYECKUE TIPOIECCHI U IAXKE THOCIb PEIMITUCHTA.

JInst w3ydeHWss M TECTUPOBAHUS OSPHUTPOIUTAPHBIX AHTUTCHOB B HWMMYHOT'CHETHKE
MPUMEHSIOT  METOJBI  CEPOJIOTMYECKUX  pEaKIMi: PEeakIuu TeMOJIU3a  DPHUTPOIMTOB,
arrJIIOTUHALINY, TPCIATTUTAIINH.

OpUTpolMTApHBIE  AHTUTECHBI  TPEJCTABISIOT  COOOW  CJIOXKHBIC  OHOIOJMMEpPHBIC
MakpoMoJeKyabl. KoTopble HakarmiuBaroTcs Ha 000J04YKe (CTpOME) DPUTPOIUTOB U
COCIUHSIOTCS C MOJIEKYJIaMH BemecTB 00omouku. CTpyKTypa W XHMHYECKHH COCTaB
APUTPOIMTAPHBIX AHTUTEHOB Pa3HOOOPa3HBI U XapaKTEPHBI TS KaXI0H 0COOH.

AHTUTEHBl HMEIOT PA3NIMYHYI0 CHEIU(PUIHOCTh: BHJIOBYIO, TPYMNIOBYIO, THIIOBYIO,
MaTOJIOTUYECKYI0, OPTaHOUIHYI0, (YHKIIMOHATBHYI. AHTHICHHbIE OCOOCHHOCTH 00YCIIOBIICHBI
MOCIIE0BATEIHHOCTHIO U KAUECTBEHHBIMH PA3IMUUSIMUA aMHUHOKHCIIOT, a TaKKe 0COOCHHOCTSIMH
CTPOCHUS TIEPBUYHOW TIOJMIIENTHIHON MOJICKYJIBI aHTHreHa. Ha TOBEPXHOCTH MOJICKYJIBI
aHTHTEHA WMCIOTCSI HauOoJiee AaKTUBHBIC YYACTKH — JICTEPMHHAHTHBIC TPYIIBI, KOTOPBIC
OIIPEIEIISAIOT CIENU(UIHOCTh AHTUTCHA.

B Hacrosmiee BpeMsi co3mgaHa €IMHAS MEXKIYyHApPOJHAs CHCTEMa CTaHAApTH3AIUU
CBIBOPOTOK. [l0 yTBEpXIECHHBIM MEXIYHAPOIHBIM TPAaBUIIaM KaXJI0€ TUIEMEHHOE >KHBOTHOC
JOJDKHO WMETh TUIEMEHHOW JOKYMEHT (POJOCIIOBHYIO C YKa3aHHEM TECTUPOBAHHBIX y HETO
TPYII KPOBH).

B ocHOBe HACIIECTBEHHOCTH CHCTEM W TPYIIT KPOBH JICKHUT JCHCTBHE OJMHOYHBIX TCHOB
WIA Tpynnm crHemieHus W ux awiened. OCHOBHBIM THUIIOM HACJICIOBAHUS  SIBIISCTCS
KOJOMUHAHTHAs WM JOMWHAHTHAs Iepe/ada aHTUTCHOB OT poJuTeNeld moroMkaM. Kaxmas
0co0b HaCIIeIyeT MO0 OJHOMY M3 JIBYX aJJIeNiell OT MaTepw M OT OTIa B KaKIOW T'€HETHYECKOU
cucreme Tpynmbl KpoBH. OCOO0b C aHTUTEHAMH, KOTOPBIX HET XOTSI ObI y OJHOTO M3 POJHUTENCH,
HE MOXET OBITh IOTOMKOM TaKOW POAMTENBCKOM mapbl. Ha 3THX 0COOCHHOCTSX MOCTPOCH METOJ
OTIpe/ICTICHUS] OTI[OBCTBA Y >KMBOTHBIX. AHANU3 TPYNI KPOBU JAaeT BO3MOXKHOCTH OIPEJEITHTh
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MMPOUCXOKICHUC IMOTOMKOB KaK IIO JIMHUMM OTLHA, Ta WU IO JIMHUHW MATCPU U HUMCECT 0obIIOE
3HAYCHUC B Pa3BCACHHUU 1 CCIICKIIUU JKUBOTHBIX.

3. 'eneruyeckuii noauMop¢pusm 0eJIKoB ¥ (pepMEHTOB KPOBH, MOJIOKA, fIiiLa, ClIePMbI, H
€ro UCNoJb30BaHUE B CeJIEKINHU.

I'pynma kpoBH — 3TO OAMHOYHBIE WIM CLEIJICHO HACIEAYEMBIE B BUJIE IOCTOSHHOIO
COUYETaHUsl AHTUIE€HBI, KOTOpBIE NMEPEAAIOTCA OT POAUTENIEH IMOTOMKAM, KaK HAaCJIECACTBEHHBIC
eIMHHLBI. B cOoCcTaB KOHKPETHOM TpYNIBI KPOBH MOXET BXOJWUTb OJUH WM HECKOJIBKO
aHTUreHoB. KOHTpOIb KaX10il rpymibl KpoBU OOYCIIOBIIEH ACHCTBUEM I'€HOB OJIHOTO JIOKycCa U
€ro aJJICIISAMH.

COBOKYNHOCTh TPYINIl KPOBH, KOHTPOJIMPYEMBIX aJUIEISIMH OJHOTO JIOKyca, oOpa3yer
cucreMy KpoBH. Kax 10l cucteMe KpoBH NPUCBAUBAIOT ONpe/iesieHHOe OyKBEHHOE 0003HaYeHNE.
Uucno yxe OTKPBITBIX CUCTEM M BXOISAUIMX B KaXKIYH) aHTUI'€HOB Yy JKMBOTHBIX Pa3HbIX BHUJIOB
HEOJINHAKOBO.

BunoBble XapakTEpUCTUKU CUCTEM SPUTPOLIUTAPHBIX AHTUTCHOB Y CEIIbCKOXO03IMCTBEHHBIX
KUBOTHBIX

Bwun sxuBoTHOTO Ywucio O003HaYEHNSI CHUCTEMEI Ywucio Ywucio
CUCTEM ajieId  BO | aiuieneit
BCEX
CHCTEeMax
Kpynusiit  poratsiii 12 |A,B,C F-V,I,L, M, S, Z, | boaee 100 Bonee 500
CKOT R'-S", T,N
Jlomanm 9 A, C,D,K,P,Q, T, US 40 40
CBuHBH 17 |A,B,C,D,E F, G H, 11, |83 bonee 100
R,L,M,N,O,P,Q
OB11BI 16 |A, B, C,D,J M, R, X-Z, |41 89
Con, F30, F41, Hel, Y, T, V,
PV
Kypsb1 14 |A B, C D, E H, LY, K, Z, | 47 96
N, P, R, Vh

Cucremsl Tpynn KpOBU TOJPA3EIAIOT HA MPOCTHIE (COAEpIKaIlMe OJIMH-IBA AHTHTE€HA U
umeeT aBa amiens — L, N-cuctembl y Kpc), CIOXHBbIe (BXOIAT TpU aHTUTEHa U OoIee,
oOpa3syromme KOMIUIEKCHbIe Tpynbl — B, C- cucTeMsbl y Kpc), 3aKpbIThIe (T€HOTHITBI )KUBOTHBIX
MOXKHO BBISIBUTH IO AHTUT€HAM OJPUTPOIUTOB), OTKPHIThIE (T€HOTHN >XHUBOTHOTO MO>KHO
YCTaHOBUTH 1O (DEHOTUITY TOJIBKO Y HEKOTOPBIX TOMO3UIOT).

Kaxxnas reHetnueckas cucTemMa KpPOBH ONPENENSETCS aIeNIMHU KaKoro-iu0o OJHOTO
JIOKyCa W HACJIeAyeTCs] HE3aBUCHUMO OJHA OT Apyroil. IIpm 3TOM KakIbli aymienb ONnpenesseT
o0pa3oBaHHE OJHOTO OHPUTPOLIUTAPHOTO AaHTHUreHa. Ecnu JOKyC HMeeT [Ba aJlIeNbHbBIX
COCTOSIHUSI, TO 3TO BBI3BIBACT (POPMHUPOBAHUE JBYX WIIM TPEX T€HOTHIIOB M COOTBETCTBYIOIIEE
KOJIM4YeCTBO (DEHOTHIOB, Hampumep, cucreMa | y ckora umeer amienu [l u I2 obpasyer
renorunsl 1111, 1212, 1112. HexkoTopbie JTOKYyCHl MOTYT UMETh U OOJbIIEEe KOJIUIECTBO aJUIeNeH,
TO €CTh OHHM IOJIMAJIICIBHBI B PE3YJIbTaTe MHOKECTBEHHOTO aJlJIeNIN3Ma.
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1.19 Jlexkuusa 19 (2uaca)
Tema: «['eHeTHKA CEJILCKOX03S1iICTBEHHBIX JKMBOTHBIX)»

1.19.1 PaccmaTpuBaembie BONPOCHI

1 OcoOEHHOCTH T€HETHKH CETbCKOX03IHCTBEHHBIX KUBOTHBIX.

2. HacnectBeHHbIE 32007I€BaHMS CEITbCKOX03IHCTBEHHBIX )KUBOTHBIX U MEPHI OOPHOBI C HUMH.
3. Ucnonb3oBaHue OCTHM)KEHUS B T€HETHKE JJIS BBIBEJECHHUS HOBBIX MOPOJ (COPTOB) M HOBBIX
BHUJIOB OPTaHU3MOB.

1.19.2. Kparkoe coaep:xaHue BOIPOCOB
1 Oco0eHHOCTH reHeTHKH CeJIbCKOXO03sIiiCTBEHHBIX KUBOTHBIX.

l'enetnka O KMBOTHBIX, pa3fesl TEHETUKH, W3YYalOIUA  HACJIEICTBEHHOCTh U
W3MEHYMBOCTh MPEUMYIIECTBEHHO C.-X., a TaKkKe JOMallHUX ¢ JUKUX IKUBOTHBIX.
OcHOBBIBaeTCS Ha OOIIETCHETHUYECKUX TMPHUHIIMIIAX U TMOJOKEHUSIX U UCIHOJBb3YyeT B OCHOBHOM
Takhe METOJbI OOIIel TeHeTUKH, KaK THOPUA0IOTHUECKHA, IIUTOIOTHUYECKUMA, TOMyIAIUOHHbIH,
OHTOTCHETUYECKUH, MAaTeMaTUKO-CTATUCTUYECKHM, ONW3HEeNoBbl u ap. Yame Bcero y
KUBOTHBIX HaOJIOJaeTCsl HE3aBHCHMOE HACJEJIO0BAaHUE MPU3HAKOB, OOYCIOBJICHHOE OOJIBIINM
9HUCIIOM XpOMOCOM. Hampumep, AHUIIIOUIHOE YUCIO XpoMocoM yTok 80, y cobak u kyp mo 78,
Jomazaei 66, KpymHOTO poratoro ckora u ko3 mno 60, oen 54, kponukoB 44, ceunei 40, nucuil
38, Hopok 30. OCHOBHBIM METOJOM M3Y4YEHHMsS HAclI€JAOBAaHUS IPHU3IHAKOB  CIIYXKHT
rHOPHUI0NIOrMYECKUN aHaIu3. DTOT METO TO3BOJUII BRISICHUTH XapaKTep HACJIEeOBaHHsI MHOTUX
MOp(doorHuecKux, (HU3HOIOTHUSCKUX U OMOXUMUYCCKUX OCOOCHHOCTEH, YacTO 3aBHCSIIUX
TOJIKO OT OJIHOM WJTM HECKOJBKUX Tap T€HOB.

Bonpimoe BHUMaHHWE YIENSIETCS TEHETHKE OMOXMMHUYECKUX CBOWCTB MOJOKA, KPOBHU
KUBOTHBIX, B YaCTHOCTH UMMYHOT€HETHUKE, PE3yJIbTaThl KOTOPOUN MCIIONIB3YIOTCS ISl KOHTPOJIS
3a POJIOCJIIOBHBIMHU TUIEMEHHBIX KUBOTHBIX, YTOUYHEHUS! UX MPOUCXOXK/IECHUS B CIIOPHBIX CIIydasx
U T. A. YCTaHOBJIEHa BO3MOXXHOCTb C TIOMOIIBIO H3Y4YEHHs] TE€HOB, OOYCIOBIMBAIOIINX
OMOXMMHYECKHE CBOWMCTBA, BECTH aHAIHM3 CTPYKTYPHI MOPOJ, UX JUHUA U OTPOJUM, CYyIUTh O
CTETeHU OJHOTUITHOCTU MOpoi U T. M. [IpogomkaroTcst uccieqoBaHus KOPPENITUBHBIX CBS3el
ATUX T'€HOB C MIPOYKTUBHOCTHIO, IJIOJIOBUTOCTHIO U KU3HECTIOCOOHOCTHIO KUBOTHBIX.

2 HacaeacrBeHHble 3200/1eBaHUsI €eJIbCKOX03SIIICTBEHHBIX KUBOTHBIX H Mepbl 60pbOBI €
HHUMH.

['eneTnueckoe 00OBSICHEHUE MOJIYUYMIH BCTPEUAIOIIUECS Y )KUBOTHBIX MOP(OIOrHUECKHUE
HEJIOCTATKU U HEIOPA3BUTHE OTIEIbHBIX OPTaHOB. I3BECTHO, YTO MHOTHE U3 ITIOPOKOB PA3BUTHS
(OynBAOrOBUAHOCTb, KapiUKOBOCTh BOJSHKA TOJIOBBl Yy TEJAT, OE3HOrOCTb Y MOpPOCHT,
0€3BOJIOCOCTh Y TEINIAT U KPOJIbYAT U JP.) ONPEIEIISIOTCS T. H. JETATBHBIMU M TOTYJIeTAIbHBIMA
reHamMu. Oco0M — HOCHTENM TaKUX TEHOB, WM THOHYT, WM 0O0JaJaloT HU3KOH
KHU3HECTIOCOOHOCTHIO. [l0sIBIIEHNE KUBOTHBIX C TAKUMU HETOCTaTKaMHU OOBSCHSAETCS TEM, UTO B
CTajaXx BCTPEYalOTCA O0COOM, BHEIIHE HOPMAlbHbIE BIIOJIHE JKU3HECHOCOOHBIE, HO
TETEPO3UTOTHBIE IO TI'€HaM, ONPEICIAIOIMM 3TH HeIOCTaTKU. [Ipm CKpelmmuBaHWM TakHUX
reTepPO3UTOTHBIX 0CO0EH IPyr ¢ APYroM B MOTOMCTBE MOSBISIFOTCSA HEXHM3HECTIOCOOHBIE (POPMBI,
TOMO3UTOTHBIE 110 JIETAIBHBIM WM MOJTYyJIETaIbHBIM T'€HAM.

JletanbHOE WM MOJyJIeTalbHOE ACHCTBUE MOT'YT OKa3blBaTh U IeHbI, 00YCIOBIMBAIOIIUE
IIOJIE3HBIE B XO3SMCTBEHHOM OTHOLICHMM Ipu3Haku. Kilaccuueckuil Inpumep 3TOro —
JOMUHAHTHBIA T'€H, ONPEACIIOIUN Yy KapaKyJlIbCKUX STHAT CEPyK OKpacKy — IIUpa3H,
KOTOpBI OTHOBPEMEHHO OKa3bIBACTCS PELIECCUBHBIM B OTHOIIEHUH )KU3HECTIOCOOHOCTH 0CO0EH.

HoBBIM ¥ IEpPCHEKTUBHBIM HAINpPAaBICHUEM SBIIICTCS TE€HETHKA YCTOMUMBOCTH K
HEKOTOPHIM HMH()EKIMOHHBIM, WHBAa3MOHHBIM H T'PUOKOBBIM 3a0ojeBaHusAM. M3BeCTHBI
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TeHETUYECKH OOYCIJIOBIIEHHBIE PA3NIMYMs YCTOWYMBOCTU >KMBOTHBIX K MAcTUTy, TyOepKymésy,
ALTYpYy, MUPOIUIa3MO3y U Jp. Mayo M3ydeHbl y >KHBOTHBIX HACJIEICTBEHHBIE OOJIE3HH OOMEHa
BEIIECTB, XOTS MO aHAJOTUU C TeHETUKOW YeJoBeKa MOXKHO MperojaraTth, YTO OHHM TaKxkKe
MHOTOYHUCJICHHBI.

Pa3ButHe y >KHBOTHBIX KOJUYECTBEHHBIX MIPU3HAKOB — CKOPOCTIETIOCTH, BEIUYUHBI Y104,
COJIep’)KaHusl KUpa B MOJOKE, HAcTpura IIEpCTH, SIMIEHOCKOCTM M Jp. — 3aBUCUT OT
NEeSITeTbHOCTH MHOTHX CHCTEM OpraHu3Ma. DTHM OOBSICHSETCS CIIOXHasl TeHeTHYecKasi Mpupoaa
ATUX NPU3HAKOB. Y CTAHOBJIEHO, YTO KOJIMYECTBEHHBIC NMPHU3HAKU OINPEAEISAIOTCS COBOKYITHBIM
JeCTBHEM MHOTMX T'€HOB C OJHO3HAa4yHbIM JeiicTBueM. [lociemnue MOTryT pas3iauyaTrhCcs IO
CTENIEHU JOMUHUPOBAHUS, BIUIOTH JO CBEPXJIOMHUHAHTHBIX T'€HOB, BBI3BIBAIOIIMX T€TEPO3UC B
MEePBOM TMOKOJIEHWU ToMeced. [l u3ydeHuss KOJIMYECTBEHHBIX TPU3HAKOB TMOJIB3YIOTCS
MaTeMaTUKO-CTATUCTUYECKUMH METOJIaMH.

[Toponbl ¥ BHYTPUIIOPOAHBIE TPYMIIBI C.-X. XUBOTHBIX (JIMHWUHU, CEMEWCTBAa U T. 1.) —
BCET/Ia MOMYJIAIHNH, B KOTOPBIX MPOUCXOIUT PaCIICIUIEHUE IO MHOTUM TeHaM. [lomynsinoHHbIM
METO/]I TIO3BOJISIET MU3YUUTh PACIPOCTPAHEHHUE OTIEIbHBIX I'€HOB B MOMYJSAIUSAX >KUBOTHBIX. B
MPOCTEUIINX CIIy4yasiX, MPU PACHICTUICHUH TMOMYJSIUU O OJHOMY WM HEMHOTHMM TeHawm,
napaMeTpamu, XapaKTepU3YIOUUMHU TMOIMYJSIIHUH, CIY>KaT YacTOThl OTAEIbHBIX TeHOB. [lpu
aHaJIM3e MPU3HAKOB, 3aBUCSIIMX OT MHOTMX I'€HOB, YaCTOTHI OTJEIbHBIX F€HOB HE MOTYT OBITH
YCTaHOBJIEHBI, W TOTJA TMOJB3YIOTCI KOIPPUIMEHTOM HACIeIyeMOCTH — OTHOIICHUEM
TCHOTUITUYECKON M3MEHUYMBOCTH KOJMYECTBEHHOTO IMpPH3HAKa K €ro oOmei (eHOTHIUIecKoi
M3MEHYMBOCTU. 3HaueHus koddduumenta Haciemxyemoctu (ot 0 1o 1) 3aBUCAT OT crienuuKu
MIPU3HAKOB, JJIsI KOTOPHIX OHU YCTAHABIIMBAIOTCS, a TAKXKE OT CTENEHU BHIPABHEHHOCTH YCJIOBHI
COJIEp>)KaHUsl U KOPMJICHHMSI U OT METOJIOB pa3BeleHHsS KUBOTHBIX. 3HaueHHE KOd(duIrenta
HACJIETyEMOCTH MO3BOJIIET HATH Haubosee NOIXOAIINE METO/IbI CEIEKIIMN U TPOrHO3UPOBATh
WX PE3yJbTaTHI.

3 Hcnoab3oBaHMe JOCTH:KEHHsI B TeHeTHKe JJisi BbIBedeHHsI HOBBIX MOpoa (COpTOB) M
HOBBIX BH/I0B OPTaHU3MOB.

Cenexiust (ot mar. selectio, seligere — orOop) — 3TO Hayka O METOIaX CO3JAHUS
BBICOKOITPOYKTHUBHBIX COPTOB PACTEHUH, TOPOJI )KUBOTHBIX M IITAMMOB MUKPOOPTaHU3MOB.

CoBpeMeHHast CeJIEKIUSI — 3TO O0IMpHast 00JIaCTh YEIOBEUECKON JIeATeIbHOCTH, KOTOpast
MpeJICTaBiIsIeT cO0OM CIIaB pa3iIMuHBIX OTpacieil HayKH, MPOU3BOJICTBA CETbCKOX03HCTBEHHOM
MIPOAYKIIMH U €€ KOMIUIEKCHO! NepepadoTKH.

B xome cemekuuu TMPOUCXOIAT YCTOMUYMBBIE HACHEACTBEHHbIE MpeoOpa3oBaHUs
pasnuyHbBIX rpynn opranu3MoB. [lo oOpasnomy Beipaxkenuto H.M. BaBunosa, «...cenmekius
MIpeJICTaBIsIeT cOOOM IBOIIOIMIO, HAMIPABISIEMYIO BOJieH yenoBekay. M3BECTHO, YTO JOCTUIKECHUS
CEJICKIIMM IUPOKO wucnoib3oBasl Y. JlapBuH mnpu OOOCHOBAHMHM OCHOBHBIX TOJIOKCHHI
HBOJIIOIIMOHHON TEOPHUH.

CoBpeMeHHast ceiekius 0azupyeTcs Ha JOCTH)KEHUSX T€HETUKU U SBISIETCS OCHOBOM
3¢ (HEeKTUBHOTO BBICOKOIIPOYKTHBHOTO CEIHCKOTO XO3SHUCTBA M OMOTEXHOJIOTHH.

- Co3anue HOBBIX M COBEPIICHCTBOBAHHUE CTAPBIX COPTOB, TIOPOA M IITAMMOB C XO3IHCTBEHHO-
MOJIE3HBIMU MPU3HAKAMH.

- Co3anue TEeXHOJOTHYHBIX BBICOKOMPOIYKTHBHBIX OWOIIOTHUYECKUX CHUCTEM, MaKCHMaJIbHO
MCTIONB3YIOUINX CHIPhEBbIE U SHEPTETHUECKHUE PECYPCHI TLIaHETHI.

- TloBbIIeHUE TPOTYKTUBHOCTU MOPO, COPTOB U INTAMMOB C €IWHUIILI TUIOIIATN 32 SIUHHILY
BpPEMEHH.

- [ToBbIIeHUE TOTPEOUTEINBCKIX KAUECTB MPOTYKIIHH.

- YMeHbIlIeHHe JOJIU MOOOYHBIX MPOAYKTOB M UX KOMILIEKCHas mepepaboTka.

- YMeHbIIeHHE J0JIM IOTEPh OT BpeauTesei u 0ose3Hei.
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Y4yeHre 0 COBPEMEHHOU CeleKIMH ObLIO HAIIMM BBLAAIOIIMMCS COOTEUECTBEHHUKOM —
arpoHOMOM,  OOTaHWKOM, TreorpagoM, IyTEHIECTBEHHHMKOM, BCEMHPHO TPU3HAHHBIM
aBTOPUTETOM B 0OJACTH TEHETUKH, CEJCKIMU, PACTCHHEBOJCTBA, HMMYHHUTETa PACTCHHIA,
KPYIHBIM OpPraHU3aTOPOM CEIbCKOXO3HCTBEHHON M OMOJIOTMYECKON HAyKH B Halllel CTpaHe —
Huxonaem MBanoBuuem BaBumoBwiM (1887—1943). MHOrHe X031 CTBEHHO-TTOJIE3HBIC TTPU3HAKHI
SBJIAIOTCS TEHOTUIIMYECKU CJIOXKHBIMU, OOYCIIOBJIEHHBIMH COBMECTHBIM JEWCTBHEM MHOIHMX
T€HOB M TEHHBIX KOMIUIEKCOB. HeoOXoAuMO BBISBUTH O3TH T€HBI, YCTAaHOBUTH XapakTep
B3aUMOJICHCTBUS MEXKJIYy HUMH, MHAYE€ CEJIEKLHS MOKET BeCTHCh Bcienyr. [lTosromy H.UA.
BaBuioB yTBepxaail, YTO MIMEHHO T€HETHKA SIBJIIETCS TEOPETUUYECKOM OCHOBOM CEJIEKIUU.

H./. BaBuiioB BbLAECIIII CIEIYIOIMIMUE PA3AEIbI CEICKIIUN:

1) yuenue 006 UCXOJIHOM COPTOBOM, BHJIOBOM U POJIOBOM MOTEHIHANIAX;

2) yuyeHue O HACJIEACTBEHHON WM3MEHUMBOCTH (3aKOHOMEPHOCTH B W3MEHYHMBOCTH, YUYEHHE O
MyTaIusX);

3) yueHHe O oM Cpellbl B BBIABICHHH COPTOBBIX NMPH3HAKOB (BIHMSHHUE OTIACIBHBIX (PaKTOPOB
Cpelbl, YYEHHE O CTaausiX B Pa3BUTHUU PACTEHUHN MPUMEHHUTENIBHO K CEJIEKIINN);

4) Teopust THOpUAM3AIINY KaK B Tipeenax OJu3KkuX (popm, Tak U OTAAJTCHHBIX BUIOB;

5) Teopus CEeNEeKIIMOHHOTO TMpoiiecca (CaMOONBUIUTENH, MePEKPECTHOONBUIUTENHN, BEr€TaTUBHO
1 arloraMHO Pa3MHOKAIOLIUECS PaCTEHMUS);

6) yueHre 00 OCHOBHBIX HANpPAaBICHUSX B CEJICKIMOHHON paboTe, TaKMX, KaK CEJEKIHs Ha
UMMYHHMTET, Ha (PU3HOJIOTMYECKHE CBOMCTBA (XOJOJOCTOMKOCTb, 3aCyXOyCTOHYHMBOCTD,
dboToneproan3M), CENeKINsI Ha TEXHHUECKHUEe KauecTBa, XUMUUECKHI COCTaB;

7) 4acTHas CeJIEKIMs pAaCTEHUM, dKUBOTHBIX U MUKPOOPTaHU3MOB.

BrisiBieHre ypoBHSI OMOIOTHUECKOT0 Pa3sHOOOpa3us U €ro COXpaHEeHUe
JlJis OTBICKaHUS IIEHTPOB pa3HooOpaszust W OorarcTBa pacTUTenbHBIX ¢Gopm H.M. BaBuios
MHOTOYHUCIICHHBIC DKCIIEIUIINN, KOTophie 3a 1922...1933 rr. moOkiBanu B 60 cTpaHax mupa, a
takke B 140 palioHax Halel CTpaHbl.
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2. METOAUYECKHE YKA3AHUA 110 BBIITIOJIHEHUIO
JIABOPATOPHBIX PABOT
2.1 JIadopatopHasi padora Ne 1 (2 uaca).
Tema: «CtpoeHune KIeTKH U QyHKIUN OpraHeun

2.1.1 Hean padotei: Ha ocHOBE CTpOEHHUS MTPO- U 3YKAPHOT ONPEAETUTH OCHOBHBIE
OTJINYMS B UX CTPOEHUU U OOLIHE YEPTHI.

2.1.2 3agauu padoThI:

1. M3y4as ctpoeHre U QpyHKIMHM OpraHesl KIeTKU 0Ka3aTh, YTO OCHOBHBIE
CTPYKTYPHBIE DJIEMEHTHI KJIETKH MPEICTABIISAIOT COOOH OCHOBY HACJIEICTBEHHOCTH KOTOpast
obecreunBaeT B (GUIOreHe3€e MPEEMCTBEHHOCTh MEXy TOKOJIEHUAMHI

2.1.3 Ilepevyens npuGOpPoOB, MaTEePUAJIOB, HCI0JIb3YyeMbIX B J1a0opaTopHoii padoTe:
JlykoBu1a iqyka, pacTBOp Hoza B Hoauae Kalusi, MUKPOCKOI, METOANYECKHE YKa3aHHsI

2.1.4 Onucanue (xox) padoTpi:

Bce xuBBIE cymiecTBa COCTOAT U3 KJIETOK - MAaJICHBKUX, OKPYKEHHBIX MeMOpaHOM
MOJIOCTEH, 3alOJHEHHBIX KOHUEHTPUPOBAHHBIM BOJHBIM PAacTBOPOM XHMHMUYECKUX BELIECTB.
Kuerka — sneMeHTapHas eAMHUIIA CTPOCHUS U KU3HEACATEILHOCTA BCEX KUBBIX OPTaHU3MOB
(kpoMe BHPYCOB, O KOTOPBIX HEPEIKO TOBOPSAT KAaK O HEKIETOYHBIX QopMax >KHU3HH),
oOmagaromasi  COOCTBEHHBIM OOMEHOM  BEIECTB, CIIOCOOHAas K  CaMOCTOSITEIBHOMY
CYIIIECTBOBAHMIO, CaMOBOCIIPOM3BEACHUIO M DPAa3BUTHIO. Bce JXuMBbIE OpraHu3Mbl 0O, Kak
MHOTOKJICTOYHBIC KHBOTHBIC, PACTCHUS W TPHOBI, COCTOAT U3 MHOXECTBA KJIETOK, MO0, Kak
MHOTHE TpocTeliue u OaKkTepuH, SBISIOTCA OJHOKJIETOYHBIMH OpraHu3Mamu. Paznen
OHMOJIOTHH, 3aHUMAIONIUNCS W3YYCHHUEM CTPOCHHUS M JKU3HEICATEIBHOCTH KJIETOK, TOTYYHIT
Ha3BaHuEe LUTONOrMU. CUMTaeTcs, 4TO BCE OpPraHU3Mbl U BCE COCTABJSIONIME HMX KIETKH
MIPOM3OIILTH IBOJIONMOHHBIM TTyTeM oT obmieit mpe/[HKoBoii kineTku.

IIpumepHast uCTOPHS KJIETKH

Brauane mox geiicTBHeM pa3IMYHBIX MPUPOIHBIX (PAKTOPOB (TETIO, YIBTPAPUOIECTOBOES

U3IyYeHHE, IEKTPUUYECKUE paspsibl) MOSBUIUCH NEPBbIE OpraHMUECKUe COCTUHEHHs, KOTOphIE
MOCITYKUJIM MaTePUaIOM JIJIsl MOCTPOEHUS KUBBIX KIETOK.
KiroueBbIM MOMEHTOM B UICTOPUU Pa3BUTHS )KM3HU BUJIUMO CTaJIO MOSIBIICHUE MTEPBBIX MOJIEKYJI-
peruinkaTopoB. PernkaTop — 3To cBoeoOpa3Has MOJIEKyJa, KOTOpasl SIBISIETCS KaTalu3aToOpOM
JUI CUHTE3a CBOUX COOCTBEHHBIX KOMHUI WJIM MATPHII, YTO SIBJISIETCS MPUMUTHBHBIM aHAJIOTOM
Pa3MHOXKEHHUS B XMBOTHOM Mupe. M3 Hambosjee pacnpocTpaHEHHBIX B HACTOSIIEE BpeMs
MosekyJ, perurkaropamu spisitotes JIHK u PHK. Hanpumep, monekyna JIHK, nomeniénnas B
CTakaH ¢ HEO0OXOJAMMBIMU KOMIIOHEHTAMH, CaMOIPOU3BOJIBHO HAYMHAET CO3/aBaTh CBOU
COOCTBEHHBIE KOIMUU (XOTS W 3HAYUTENLHO MEAJIEHHee, YeéM B KIETKEe TMOoJ JAeicTBUEeM
CHCIIMATTLHBIX ()EPMEHTOB).

[losiBnenue MOJIEKYJI-PEIUIMKATOPOB 3aIyCTUJIO MEXaHU3M XUMUYECKON
(mobuonormueckoit) 3BoNOIUH. [lepBEIM CYOBEKTOM JBONIONHMH OBUIM CKOpPEE BCETO
MIPUMUTUBHBIE, COCTOSIIIUE BCErO0 W3 HECKOJIBKMX HYKIeoTHA0B, mojekyiasl PHK. Jlna stoit
CTaJMM XapaKTEepHBI (XOTSA W B OYCHb MPUMUTHUBU3UPOBAHHOM BHUJIE) BCE OCHOBHBIE UEPTHI
OMOJIOTHYECKON SBONIOIHMH: Pa3MHOXKEHHE, MyTallid, CMepTh, OopbOa 3a BBDKUBAHHUE H
€CTECTBEHHBII 0TOOP.

XUMUYeCcKOi 3BOJIONUHU criocoOcTBoBall TOT (hakt, uro PHK sBnsiercst yHuBepcanbHOM
Mosiekysio. Kpome Toro, 4ro oHa SIBJISIETCS PEIUIMKATOPOM (T.€. HOCHTENIEM HAaCIEACTBEHHOMN
nH(popMaIMK), OHAa MOXKET BBINMOIHATH (yHKIMU (epMeHTOB (Hampumep, (GEpPMEHTOB,
YCKOPSIOIINX PETUTHKAIIHIO, I ()EPMEHTOB, pa3araloiiuX KOHKYPUPYIOITHE MOJICKYJIBI).

B kaxoii-ro MomeHT 3Bomonuu Bo3Hukin PHK-depMenTsl, katanusupyromniye CuHTe3 MOJIEKYJ
TUNUI0B (T.€. KUPOB). MOJIEKyIbI JIUMUI0B 00JIaIal0T OJHUM 3aMeYaTeIbHbBIM CBOMCTBOM: OHU
MOJISIPHBIE U MUMEIOT JIMHEHHYIO CTPYKTYpYy, NPUYEM TOJIIMHA OAHOTO M3 KOHIIOB MOJIEKYJIbI
Oonpire, yem y gnpyroro. I[loaToMy MOJIEKYJIBI JIMIHIOB BO B3BECH CaMOIIPOU3BOJILHO
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cobuparorcst B 000J109KH, Osm3kue 1o ¢opme k chepuueckum. Tak uro PHK, curTe3upyromme
JUMAIB, TIONYYWIH BO3MOXKHOCTH OKpYXaTb ceOs JHUMUAHONH OO00JOYKOH, 3HAYUTEIHHO
yayunminyto ycroitunBocts PHK k BHemHNM (pakTopam.

ITocrenennoe YBEIIMUCHUE JUTUHBL PHK IIPUBOIUIIO K MIOSIBJICHUIO
MHoro¢yHkiuoHaneHbelx PHK, oraenbHble (parMeHTbl KOTOpBIX BBINOJHSAIN pa3IndHbIE
byHKIHN.

IlepBble neneHUs KIETOK MPOMCXOAMIIN, BUAMMO, MOJ JEHCTBUEM BHELIHMX (DaKTOPOB.
CuHTe3 TUNUI0B BHYTPU KJIETKU NMPUBOANI K YBEIMUEHUIO €€ pa3MepOB U K IOTEpPE MPOYHOCTH,
Tak yTo OoJbIas amop(Has 000JI0UKa pa3Aessulach Ha 4acTU MO JEeHCTBHEM MEXaHHYECKHX
BO3JIciCTBUI. B nanpHeimemM BO3HUK (DePMEHT, PETyIUPYIONIUI 3TOT MpoIiecc.

CTpoeHue KJIETOK
Bce knetounsie (opMbl )KU3HM Ha 3€MJIE MOXHO Pa3AeluTh Ha J1Ba HAALIAPCTBA HA OCHOBAHUU
CTPOEHUS COCTABIIAIOUIMX UX KIETOK — MPOKapUOTHI (JOAJEpHBIE) M 3YKapUOTHI (SEpHBIE).
[Ipokapuornueckue KieTku — 0o0Jjiee MPOCThIE IO CTPOCHHUIO, MO-BUAMMOMY, OHU BO3HUKIIU B
Ipolecce BOJIIOLUYU paHblle. DyKapuOTHYECKUE KIETKH — 0oJiee CII0KHbIE, BOZHUKIM MO3Ke.
Kiletkn, cocraBisromye TeEJIO 4YeNOBEKa, SBILIOTCS JdyKapuoThueckumu. HecMorps Ha
MHOroo0Opasue (opMm, OpraHu3anusi KJIETOK BCEX >XHBBIX OPraHU3MOB IOJAYMHEHA €IUHBIM
CTPYKTYPHBIM ITPUHIIUIIAM.

KuBoe conmepkMMO€ KIETKM — MPOTOIUIACT — OTAEICHO OT OKPYIKAIOWEH Cpenbl
I1a3MaTHYecKOl MeMOpaHoH, Wiy Maa3MaieMMoi. BHyTpH kiieTka 3amojiHeHa LIUTOIIa3MOM, B
KOTOPOM pPAacloNOXKEHbl pA3JINYHbIE OPraHOMABl M KIETOYHBIE BKIIOUEHHUS, a TaKXKe
reHeTudeckuii Marepuan B Buje Mosiekyisl JIHK. Kaxapiii 3 opraHouioB KJI€TKHA BBIIIOIHSAET
CBOIO 0CO0YIO (DYHKIIMIO, @ B COBOKYITHOCTH BCE€ OHU ONPENIEISIIOT )KU3HEIEATEIbHOCTh KIETKH B
LIEJIOM.

IIpokapuornyeckasi KjieTka
IIpokapuomer (OT Nar. pro — Teped, 10 U Tped. KAPLOV — PO, OpeX) — OPraHU3MBbl, He
obnajaromme, B OTIMYUE OT SYKAPUOT, O(OPMIIEHHBIM KIETOYHBIM SIPOM M JAPYTHMMHU
BHYTPEHHUMH MEMOpaHHBIMH OpraHOWJaMu (32 HCKIIOYEHHWEM IUIOCKMX LHUCTepH Yy
(OTOCUHTE3UPYIOIIUX BHMJOB, Hampumep, y LuaHoOakTepuil). EauHCTBeHHas KpyIHas
KoJblieBasi (y HEKOTOpPBIX BHJOB — JIMHEHHas) AByxuenouyeuyHas monekyina JHK, B kotopoii
COJIEP’KUTCSI OCHOBHAsl 4aCTh '€HETHUECKOro MaTepHaja KJIETKH (TaKk Ha3bIBaeMbIil HYKIJICOW)
He 00pa3yeT KOMIUIeKca ¢ OelKaMU-TUCTOHAMH (TaK Ha3blBaeMOro xpomaTuHa). K mpokapuoram
OTHOCATCSL OakTepuu, B TOM 4YHUCIE LUAHOOAKTEpUM (CHHE-3eJIEHBIE BOJOPOCIM), U apXeu.
[ToTroMKaMH NPOKAPUOTUYECKUX KIIETOK SIBIIAIOTCS OPraHEIUIbl JYKapUOTHUYECKHX KIIETOK —
MUTOXOHJIPUH U IIACTUBI.

VY npoKapuOTHYECKHX KJIETOK eCTh IMTOIUIa3MaThyeckass MeMmOpaHa, Takke KakK |
IyKapUOTHUYECKHUX. Y OaKkTepuii MeMOpaHa BycaoiHas (JIMITMIHBIN OUCION), y apxeit MeMOpaHa
JIOBOJIFHO YacTO ObIBaeT ONHOCIOWHOW. MemOpaHa apxeil COCTOMT M3 BEIIECTB, OTIIMYHBIX OT
TeX, U3 KOTOPbIX COCTOUT MeMmOpaHa Oakrepuil. I[IoBepXHOCTh KJIETOK MOXET OBbITh MOKPBITA
KariCyJIol, 4eXJIOM WU CITU3bI0. Y HUX MOTYT OBITh )KTYTHKH U BOPCHHKH.
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Kancyna
KneTo4Han CTEHKa
NnasMonemma

LiuTonnama

PUBOCOMEI
Nnasmuga
nunu

HKryTuk
Hykneona

(3amkHyTan OHK)
Puc.1. CtpoeHne THIMYHOM KJIETKU MPOKapuoT

Kierounoe samapo, Takoe Kak y 3ykapuot, y npokapuot orcyrctByer. JJHK naxomurcs
BHYTpH KJIETKH, YIOPSA0YEHHO CBEpHYTas U nojjaepxxkuaemas oenkamu. 1ot JIHK-0enkoBblit
KOMILIEKC Ha3bIBaeTcs HyKJeoua. Y »sybOakrepuil Oenku, KoTopble mnojaepkuaror, JIHK
OTJIMYAIOTCA OT FMCTOHOB, KOTOpbIE 00pa3ylOT HYKJI€OCOMBI (y 3yKapuot). A y apxubaxkTepuit
TMCTOHBI €CTh, U 3TUM OHM IOXOXH Ha JYKapuUOT. DHEPreTHUECKHUE MPOLECCHl y MPOKAapHOTOB
UAYT B LUTOIUIa3ME M Ha CHEIUAIbHBIX CTPYKTypax - Me30COMax (BBIPOCTaxX KIIETOYHOM
MeMOpaHbl, KOTOpbIE 3aKpy4€Hbl B CHHUpalb JUIl YBEJIUYEHHs IUIOLIaJd TOBEPXHOCTH, Ha
koTopoil npoucxoaut cuHre3 AT®). BHyTpu KI€TKM MOTYT HaXOAMUTHCS Ta30BbI€ Iy3bIPbKH,
3allacHble BEILeCTBa B BHUJE IpaHya nosunpocdaroB, rpaHys YIJIEBOAOB, JKUPOBBIX Kamelb.
MoryT npHCYTCTBOBAaTh BKJIOUEHHUs cephl (0Opasyrolieiics, HampuMmMep, B pe3yJbTare
OeckucnopoaHoro (orocuHresza). Y (QOTOCHHTETHUECKUX OaKTepuil MMEIOTCS CKJaaJarble
CTPYKTYpbI, Ha3bIBa€MbIe THJIAKOWJAMH, Ha KOTOPBIX uAeT ¢orocuHTe3. Takum oOpazom, y
IPOKapHUOT, B NPUHIMIIE, HUMEIOTCS Te K€ caMble 3JEeMEHThl, HO 0e3 meperopojok, 6e3
BHYTPEHHUX MeMOpaH. Te meperopoKu, KOTOpble UMEIOTCS, SBISIOTCS BBIPOCTAMH KIIETOYHOM
MeMOpaHBI.

Pa3mep paznuuHbIX MpencTaBuTeNeld NPOKapHOTOB MpeACTaBieH Ha cxeMme Hibke. Camas
MaJleHbKasi 0aKTepus — 3TO Mapa3uTHUECKask MUKOIUIa3Ma (OHA JKUBET BHYTPHU KJIETOK 3yKapuoT).
Ona wumeer pasmep 0,1 Mxm. Camble OoJbLIME MPEACTABUTENM IPOKAPUOT BUHBI
HEBOOPY>KEHHBIM I'71a30M (rpaHuna Bugumoctd — 70-80 MkMm). O1a criupoxera umeer JuHy 250
MKM. THUIIUYHBIN e NpeacTaBUTENb NMPOKapuoT umeeT pasmep 0,5 MKM B IIMPUHY U 2 MKM B
mupuHy. /(s cpaBHEHMs NPUBENEHBI pa3Mephl BUpyca repreca — OJHOTO M3 CaMbIX KPYIHBIX
BHUPYCOB (MMEET pa3Mep, CPaBHUMBIA C pa3MepaMM MapasUTHUECKONM MHKOIIA3Mbl), U BHpyca
KEJITOM JIMXOPAaJKH — OIAHOIO M3 CaMbIX MAJIEHBKHX BHUPYCOB, B IISITh pa3 MEHBLIE BHpyca
reprieca; a TaKke pasMepbl MOJIEKYJT TIIOOYIISIPHBIX OEIIKOB M yKapUOTHIECKUX OJHOKIETOUYHBIX
OpraHu3MoB (pa3Mepbl Y HUX HAMHOTO OOJbIlIe, YeM Y MPOKAPHOT).

dopma NPOKAPHOTUYECKUX KJIETOK HE TaK YK U pa3HooOpasHa. Kpyrible KieTku
Ha3bIBAIOTCS KOKKU. Takyto popMy MOT'YT UMETh KaK apXxeH, Tak U syoakTepuu. CTpenTOKOKKH —
3TO KOKKH, BBITSHYTbIE B IeMOYKYy. CTaUIOKOKKHM — 3TO «TPO3AW» KOKKOB, JUIIIOKOKKH —
KOKKH, OOBEIMHEHHbIE TO JBE KJIETKH, TETpaabl - MO YeThIpe, W CapLUUHBl — IO BOCEMb.
[TanoukooOpa3Hple OakTepuu Ha3BIBAIOTCA OammutamMd. J[Be TaJIOYKH — JTUIUIOOAIMILTEI,
BBITAHYTbIE B ILIEMOYKYy — cTpenTobaumiisl. Eme Bbinensior kopuHedopMHblEe OakTepun (cC
paciiipeHHeM Ha KOHIAX, MOXO0XHM Ha OyiaBy), CIUPWILIbI (AJMHHBIE 3aBUTHIE KIIETKH),
BUOPHOHBI (KOPOTEHbKHE 3arHyThle KJIETKH) M CIIUPOXETHI (3aBUBAIOTCS HE TaK, KaK CIIUPUILIBI).
Huxe npowuirocTpupoBaHO BcCe BhIIIE CKa3aHHOE U IPUBEJIEHBI JBa IPEJCTaBUTEINA
apxeOakTepuil. XoTd U apxeu, U OaKTepUU OTHOCATCS K MPOKAPHMOTHUECKUM (Oe3siiepHbIM)
OpraHu3Mam, CTPOCHHE UX KJIETOK MMEeT HEKOTOphIe CyliecTBeHHbIe oTimums. Kak yxe ObLI1o
OTMEUEHO BbIIIe, OaKTepPUU UMEIOT JIMITUAHBIN Oucol (koraa ruapodoOHbIe KOHIBI TOTPY KEHBI
B MeMOpaHy, a 3apsOKEHHbBIE TOJOBKH TOpYAT C JBYX CTOPOH HapyXy), a apXew MOTYT HMETh
MOHOCJIOWHYI0 MeMOpaHy (3apsKeHHbIE TOJIOBKH MMEIOTCS C JIByX CTOPOH, a BHYTPU eIuHas
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nenas MoOJeKyJja, 3Ta CTPYKTypa MoXeT ObITh Oosee xkecTkoil, uem Oucinoif). Hioke
MPEJICTAaBICHO CTPOSHHE KIETOYHON MeMOpaHbI apXeOaKTepuH.

bakrepun u apxem omimMuaroTcs ctpoeHueM M pasmepoMm PHK-mommmepsr. B cocrtas
6akrepuanpabix PHK-nionnMepas BxonuT 4-8 0elNKOBBIX CyObEIHHHUIL, B COTaB YYKAPUOTHIECKUX
PHK-nonmumepas Bxoaut 10-14 GenkoBbIX CyOBeAMHULL, a y apXell pazMep MPOMeXyTOUHBIH: 5-
11 cyopenuuaui. PubocoMsr GakTepuii MeHbIIE pUOOCOM SYKapuOT W MEHbIIE, YeM PHUOOCOMBI
apxeil (KoTopple TaKKe MMEIOT NPOMEXYyTouHble pa3Mmepbl). Ilo o0pa3zy »u3HM apxeu
OTJIIMYAIOTCA OT OaKTEepUi TEM, YTO CPEIU HUX HET MapasuTUPYIOUINX OpraHn3MoB. Kpome Toro,
apXeM 4acTo XXMBYT B DKCTPEMaJIbHBIX YCIOBUAX. Huke mpencrasiieH nuana3oH TeMIepaTyp, B
KOTOpBIX MOTYT cyllecTBoBaTh mpokapuoTel (ot -10C mo 110C). B 3aBucuMocTH OT
ONTUMAJILHOM TEMIIEPaTyphl POCTa BBIIEJAIOT NCUXPOGMIOB (JIroduTenelt xononaa), Me3o(puion
(cpenHuil AMana3oH TEMIIEPATyp; K HUM OTHOCSTCS BCE€ CUMOMOHTBI M MApa3uThl YEIIOBEKa) M
TepMOUIIOB (JIF0OUTENIEH TeTuIa).

JyKapHOTHYeCKas KJIeTKa

Dykapuomul (3BKapHOTHI) (OT Irped. £V — XOPOIIO, MOTHOCTHIO B KAPDOV — AP0, Opex)
— OpraHM3Mbl, OOJIaZaloNIie, B OTIMYHE OT MPOKApUOT, OPOPMIICHHBIM KIETOYHBIM SIAPOM,
OTrpaHMYEHHBIM OT LIUTOIUIA3MBbI siIEpHOI 000moukoi. ['eHeTHUeckuit Matepuan 3aKiOuéH B
HECKOJIbKMX JIMHEWHBIX AByXLenouHblx moiaekynax JJHK (B 3aBucuMocT OT BHIa OpraHu3MoB
UX YHCJIO HA SIIPO MOKET Koje0aThbes OT JIBYX J0 HECKOJIBKHX COTEH), MPUKPEIIEHHBIX U3HYTPH
K MeMmOpaHe KJIETOYHOTO sJpa M 00pa3ylolmux y MOJaBIAIOMEr0 OONBIIMHCTBA (Kpome
IUHOQUIAreuIAT) KOMIUIEKC ¢ OelKaMU-TUCTOHAMM, Ha3blBAEMBIH XpOMaTHHOM. B KieTkax
SYKapHOT MMEETCS CHUCTeMa BHYTPEHHHX MeMOpaH, 00pa3yromux, MOMUMO sIpa, P Ipyrux
OpraHouioB (PHJOIUIa3MaTH4ecKas ceTh, amnmapaT lompmku u  1p.). Kpome Toro, y
MOJABJIAIONIETO OOJNBIIMHCTBA HMEIOTCSI TIOCTOSIHHBIE BHYTPUKJIETOYHBIE CHMOHMOHTHI -
IIPOKAPUOTH — MHUTOXOHJAPHUH, a Y BOJOPOCIIEN U PACTEHUM — TAK)KE€ U TUIACTHIBI.

KuBoTHas KiIeTKa

CrpoeHue KJIETKH XKMBOTHOIO OazupyeTcs Ha TPEX OCHOBHBIX COCTaBISIOIIUX — AIpO,
[UTOIUIa3Ma M KJeToyHas oOoyouka. BmecTte ¢ sapom mmromiazma oOpasyeT MpOTOILIa3My.
Knerounas o6onouka — 3T0 Oumosjoruueckas mMeMmOpaHa (Ieperopojka), KOTopas OTIensieT
KJIETKY OT BHEUIHEW Cpebl, CIIY)KUT 000JIOYKOHN JIJIsl KIIETOYHBIX OPraHOMAOB M sipa, oOpa3yer
LUTOIIJIa3MaTUYECKUE OTCEKU. EcaM MOMECTHTh mpemnapaTr IOJ MHUKPOCKOI, TO CTPOEHHE
KUBOTHOH KJIETKH JIETKO MOXHO YBHUIETh. KieTouHas o0oyiouka coAepKUT TpH ciiosi. BHenHuit
U BHYTPEHHHI CJIOM OEIKOBBIC, a MPOMEXKYTOUHBIM — AUMUIHBIA. [Ipu 3TOM MuUOUAHBIN croii
JETUTCS eIle Ha JBa CJos — CJIOM Truapo(OOHBIX MOJEKYNI U CIOW THAPOPHIBHBIX MOJIEKYI,
KOTOpBIE pacloJlaratloTcsi B OINpeJieIeHHOM nopsiike. Ha moBepXHOCTH KJIETOYHOM MeMOpaHbI
pacrionaraercsi 0ocobast CTPYKTypa — TJIHKOKAJIHKC, KOTOpas OOecleYnBaeT H30MpaTeIbHYIO
CIOCOOHOCTh MeMOpaHbl. O60104Ka MPOIMYCKaeT He0OXOANMBIE BEIeCTBA U 3a/E€PKUBAET Te,
KOTOpBIE TPUHOCST BPEI. .

Bakyonb JNz0CoMa
AOPEILLKD

LeHTPMoNb |
e e/
MWTOXOHAPUA__ Vi prBocoma
) TN ff __Besnkyna

T LUepOK CBaTHIN N
3HAONNE3METNHECKE

PETUKYAYM

T annapaT Fons oK

___KNeToNHaR CTeHKa

rna K
3HA0MNa3Ma TN e CKi
peTUKYIYM

Puc.2. Ctpoenune >KUBOTHOM KIIETKH
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CtpoeHue KXKUBOTHOW KJIETKM HAIIEJICHO Ha OOCCTICUCHHME 3alTUTHOW (YHKIHUHU YK€ Ha
3TOM ypoBHE. [IpOHUKHOBEHHE BEIIECTB Yepe3 000J0UKY MPOUCXOAUT MPU HETIOCPEACTBEHHOM
y4acTHHM IUTOIUIa3MaTHYecKol MeMOpaHbl. [loBepXHOCTh 3TOW MeMOpaHBI JOCTATOYHO
3HAUMUTEIbHA 3a CYET M3rMOO0B, BBIPOCTOB, CKIAJOK W BOPCHHOK. lluTormnasmaruueckas
MeMOpaHa MPOMyCKaeT KaKk MeIbYallline YacTUIIbI, Tak U Oonee KpymHbie. CTPOCHHE KUBOTHOM
KJIETKH XapaKTepU3yeTCs HAIMYUEM IUTOIUIa3Mbl, B OOJIBIIMHCTBE CBOEM COCTOSIIEH U3 BOJBIL.
[{uTomnasma — ToO BMECTHIIMILIE /111 OPTaHOUIOB U BKJIFOUEHUM.

Kpome »sroro muromiazmMa COACPKHUT U IUTOCKENET — OCIKOBBIE HHTH, KOTOPHIC
YYacTBYIOT B MpOLIECCE ACICHUS KJIETKH, OTTPAHUYMUBAIOT BHYTPUKIETOYHOE MPOCTPAHCTBO M
MOJIJICPKUBAIOT KIETOYHYI0 (opMy, CIIOCOOHOCTH COKpamaThCs. BakHas cocTaBIstomas
LIUTOIJIa3Mbl — THAaJoIUIa3Ma, KOTOpas OMNpPEACNSIET BA3KOCTh M 3JACTUYHOCTH KIJIETOYHOM
CTPYKTYpHI. B 3aBUCIMOCTH OT BHEIIHUX W BHYTPCHHHUX (DAKTOPOB THAJIONIIa3Ma MOXKET MCHSITh
CBOIO BSI3KOCTh — CTAHOBHUTBCS KHAKOW WM reneoOpasHoi. M3ydas cTpoeHHE KUBOTHOM
KIIETKH, HEJb3s HE OOpaTUTh BHUMAaHWE Ha KJICTOYHBIN amnmapaT — OPraHOWIIbI, KOTOPHIC
HaxoJATCs B KJIETKe. Bce opraHomapl MMEIOT COOCTBEHHOE CHEIU(UYECKOe CTPOCHHUE, KOTOPOe
00yCIIOBJICHO BBITTOJTHICMBIMHU (YHKITHSIMH.

Slnpo — mueHTpanbHas KIETOYHAA €AWHUIIA, KOTOpas COAEPKUT HACIEICTBEHHYIO
WH(GOPMAIIMIO W Yy4acTBYeT B OOMEHE BEIIECTB B camMoil KieTke. K KIETOYHBIM OpraHouIaM
OTHOCATCS JHOIUIA3MaTHYECKasl CETh, KIIETOYHBIA IIEHTP, MUTOXOHIPUH, PUOOCOMBI, KOMILJIEKC
[Nonbmxu, mnacTuabl, TM30COMbI, Bakyoiau. [1oj00HbIe OpraHOUIBI €CTh B JIFOOOW KIIETKE, HO, B
3aBUCUMOCTH OT (YHKIMHM, CTPOCHHE >KUBOTHOM KJIETKH MOKET OTJIWYAThCAd HAIHYUEM
crienu(pUIeCKuX CTPYKTYP.

DYHKIIMKM  KJIETOYHBIX OPraHOUIOB: - MHUTOXOHJAPUM OKHUCIISIIOT OpraHUYECKue
COCITMHCHHSI M aKKyMYJIHUPYIOT XUMUYECKYI0 DHEPTHIO; - SHJOIUIa3MaTHIecKasl ceTh Onaromaps
HaJUYHIO CIICIIHAIBHBIX (DEPMEHTOB CHHTE3UPYET JKUPBI U YIJICBOJIBI, €€ KaHAJIbl CIIOCOOCTBYIOT
TPAHCIIOPTY BEIIECTB BHYTPH KIIETKH; - PHOOCOMBI CHHTE3UPYIOT O€OK; - KOMIUIEKC [ 0JbKu
KOHIIGHTpUPYET O€JNOoK, VIUIOTHSET CHHTE3UPOBAHHBIC JKHUPBI, TOJUCaxapuibl, o0Opasyer
JIN30COMBI M TOTOBUT BEUIECTBA K BBIBEACHUIO HMX M3 KIETKH WIH HENOCPEIACTBEHHOMY
WCIIOJIb30BAaHUIO BHYTPH HEE, - JIM30COMBI PACHICIUIAIOT YIJICBOJIbI, OCIKH, HYKICHHOBBHIC
KHUCJIOTBI U KUPBI, 110 CyTH, MEpEBaprBasi MOCTYNAOIINE B KIETKY NMUTATEIbHBIE BEILECTBA; -
KJICTOYHBIN IIEHTP y4acTBYET B Ipoliecce JCICHHs KJICTKH; - BaKyOJH, Oiarogaps CoaepKaHuIo
KJIETOYHOTO COKa, MOJJICPKUBAIOT TYProp KJIETKU (BHYTPEHHEE 1aBJICHUE).

CTpoeHHe KJIETKH KHUBOTO YPE3BBIYANHO CIO0XHO - Ha KJIETOYHOM YPOBHE MPOTEKAET
MHOXECTBO OMOXMMHMUYECKHX TPOILIECCOB, KOTOpPhIE B COBOKYMHOCTH OOECIIEUMBAIOT
KUZHEJEATEIIBHOCTh OpraHU3Ma.
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2.2 JIabopatopHasi pa6ora Ne2 (2 yaca).
Tema: «Mopdonorudeckoe cTpoeHHe XpoMocoM. KaproTumsl C.-X. )KUBOTHBIX M PACTCHUID
2.2.1 Heasn padorei: 1. O3HaKOMIIEHHE C METOJUKON KapUOTUIIPOBAHUS U
MOP(}OIIOTHYECKHM CTPOSCHHEM XPOMOCOM
2.2.2 3agauu padoThI:
1.Hay4uuTcs BBISBIATH KAPHOTHITHI )KUBOTHBIX
2. IIpoananu3upoBaTh ¥ KAPUOTUIIBI U COCTABUTh KAPHOIPAMMBI

2.2.3 Ilepevyensb npudOpPoOB, MaTEePUAJIOB, HCII0JIb3YeMbIX B J1a0opaTopHoii padoTe:
1.KaproTuribl ’KUBOTHBIX
2. [1naxaThl ¥ pUCYHKH C XPOMOCOMAaMHU U KapHOrpaMMaMU >KMBOTHBIX

2.2.4 Onucanme (xoa) padoThbi:

[Ipn MHUKpOCKONMYECKOM aHaJN3€ XPOMOCOM IPEXKIE BCETO0 BUJHBI PANIMYMSA HUX I10
¢dopme u BenmnurHe. CTpoeHHE Kax 10l XpOMOCOMBI cyry00 HHAMBHyadbHOE. MOKHO 3aMETHTh
TaKXe, YTO XPOMOCOMBI 001a1at0T 00mMMU MOp(doIoTHYeCKUMU TTpu3HakaMu. OHU COCTOST U3
JBYX HUTEH — XpOMAaTHJ, PACIHOJI0XKEHHBIX MapajulebHO U COEIMHEHHBIX MEXAy co0oil B
OJIHOM TOYKE, HA3BAHHOW LIEHTPOMEPOU MM IEPBUYHOM NepeTshKKOW. Ha HEeKOTOpBIX XpOMOco-
Max MOYKHO BHUIECTb M BTOPUYHYIO HepeTshikKy. OHa SBISETCS XapaKTEPHBIM IPU3HAKOM,
MO3BOJISIOMIMM  MACHTU(UIIMPOBATh OTIEIbHBIE XPOMOCOMBI B KJeTke. Eciam BTopuuHas
NEePeTsHKKA PacHoIokeHa ONM3KO K KOHILy XPOMOCOMBI, TO JUCTaJlbHBIM Yy4acTOK, OrpaHUYEH -
HBIH €10, Ha3bIBalOT CIyTHUKOM. XPOMOCOMBI, COJEprKallle CIyTHUK, 0003HayatoTcsi kak AT-
XpoMocoMbl. Ha HEKOTOPBIX U3 HUX B TeNO-(a3e MPOUCXOAUT 00pa30BaHUE SAPBILIEK.

KoH1eBrpie yqacTku XpOMOCOM HMEIOT 0COOYIO CTPYKTYpPY M Ha3bIBAIOTCS TEIOMEPAMHU.
TenomepHble paifoHbl 00NaJalOT OMNpPENENEHHONW MOJIAPHOCTBIO, NPENATCTBYIOMIEH HX
COEIMHEHMIO JIPYT C JPYrOM IPHU pa3pbiBax UM CO CBOOOJAHBIMU KOHLIAMH XPOMOCOM. YYacTOK
XpOMa-THIbl (XPOMOCOMBI) OT TEJIIOMEPBI 10 LEHTPOMEPHI Ha3bIBAIOT IUICYOM XPOMOCOMBI.
Kaxxgas xpomocoma nmMeeT ABa jeda. B 3aBUCMMOCTH OT COOTHOUIEHMSI JUIMH IUIEY BBIJICISIIOT
TPH THIIA XPOMOCOM:

1) meTa-1ieHTpUUYeCcKre (paBHOIUIEYHE);

2) cyOMeTarieHTprueckue (HepaBHOIUICUHE);

3) akpoLEHTpUYECKHE, Y KOTOPHIX OJHO IUIEYO OYEHb KOPOTKOE M HE BCEr/a YETKO
pa3IM4uMOo.

Ha TIlapwxckoil  KoHpepeHIMM 1O  CTaHJAPTH3AlMM  KapHOTHIIOB  BMECTO
MOP(OJIOTrHUECKUX TEPMUHOB «METALIEHTPUKNY» WM «aKpO-LEHTPUKN» B CBSI3M C pa3pabOTKOM
HOBBIX METOJIOB IOJIYYEHHUS «I10JIOCATBIX» XPOMOCOM IPEAIOKEHA CUMBOJIMKA, B KOTOPOH BCEM
XpoMocoMaM Habopa NpUCBauBaeTCs paHr (MOPSIKOBBIH HOMEp) IO MOPSAAKY YOBIBaHUS
BEJIMYMHBI U B 000MX IJIeYaxX KakJI0M XpOMOCOMBI (p — KOPOTKOE IUIEHO, — JUTMHHOE IIJIEYO)
HYMEPYIOTCSl YYaCTKM IIJIEY U TOJOCHI B KaKIOM Y4YacTKE IO HAIpPAaBICHUIO OT LEHTPOMEPHI.
Takas cucrema 0003HaYCHU TIO3BOJISIET ICTATBHO OMMCHIBATH AaHOMAJIUU XPOMOCOM.

Hapsiny ¢ pacnonoxeHueM LHEHTPOMEPBI, HATMYAEM BTOPUYHON NEPETSKKU U CITyTHHKA
BAKHOE 3HAUEHHWE [JIs ONpPEAENCHHUsS OTACNIbHBIX XPOMOCOM HMMeEeT MX AjauHa. s xaxmoin
XPOMOCOMBI OTIPE/IETIEHHOr0 Habopa JJIMHA €€ OCTAeTCsl OTHOCUTENILHO MOCTOSIHHOM. VI3MepeHune
XpOMOCOM HEOOXOJUMO ISl M3YYEHHUs MX M3MEHYMBOCTH B OHTOTE€HE3€ B CBS3M C 0OJIE3HSAMU,
aHOMAaJIUSIMU, HapyIIEHHEM BOCIIPOU3BOAUTENbHOM (PyHKIIUH.

Huddepennnanbuas oxpacka XpoMmocoM. B mocnemnue roasl ans Oosiee TOYHOM
UACHTUQUKAIIMA XPOMOCOM MPUMEHSIOT CIelUalbHble METOAbl 00pa0OTKHM M OKpaIlWBaHUS
xpomocoM. Kaxxas xpomocoma rpH 3ToM NpuoOpeTaeT cBOM crennpuyeckuii pucyHok 1

YepenoBaHue CBETIIBIX M TEMHBIX IOJIOC, OTPAXKAIOIIUX PA3IUYHYIO (DYHKIHMOHAIBHYIO
aKTUBHOCTb OTJEJIbHBIX pallOHOB XpoMocoM. OKpallleHHbIE YYaCTKM — 3TO HU3KOAKTHUBHBIE B
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TEeHETUYECKOM OTHOIICHWU TeTEePOXPOMATHUHOBBIE PAMOHBI XPOMOCOM, a HEOKpalleHHbIE —
CUJIbHOAKTUBHBIE SyXpOMAaTHUHOBBIE  pPaMOHBI. I'erepoxpomatuH, KaKk  II0Ka3aJo
nuddepeHnraibHoe OKpalIiBaHue, CYIIeCTBYET B IBYX (popmax:

1) KOHCTUTYTUBHON — MOCTOSIHHO JIEHCTBYIOIIEH B XPOMOCOME U

2) (hakyIbTaTUBHOM, KOTOPAs BBISBISETCS JIUIIH B YACTH KIETOYHOTO IIUKJIA WU B OJTHOM
U3 Map XpOMOCOM.
Pa3paboTano HecKoIbKO METOI0B AU(PEepeHIInaATbHON OKPACKH

TI1TY
Ty
vuney

26

10 rxm
e

10MKM

Puc. 3. KomOuHrpoBaHHas okpacka XpoMocoM KpynHoro poraroro ckota (mo C. I'. Kynukoaoit)
xpomocom: G, C,R,Q,NORwu np. (puc. 2, 3).

Kaxxnplii 3 HUX MMeeT cBoe Ha3HaueHue. Tak, nonockl, okpamusaeMble pu C-ok-packe,
UACHTU(DULIUPYIOT CO CTPYKTYPHBIM, WJIM KOHCTUTYTUBHBIM, retepoxpoMatuHoM.NOR-Oxpacka
no3BoJsieT  BbIABUTH  szapbilllko-oOpasytomue — paifonsl  xpomocoM. C  HOMOIIbIO
g epeHnnaIbHOR OKpackl MOKHO HE TOJBKO HIACHTU(PHUIHUPOBATH OTIEIbHBIE XPOMOCOMBI,
HO M, 4yTO O0Jiee BaXKHO, BBISIBUTh HE3aMETHBIC IIPU OOBIYHOM OKpacKe MOJIOMKH U MEPEeCTPONKH



68

XPOMOCOM; YCTaHOBUTb, Kakhe XPpOMOCOMBI B U30BITKE WIIM HEJJOCTATKE; U3YUUTh U3MEHUUBOCTh
M0 TEeTePOXPOMATHHOBBIM pailoHaM ¥ T. 1. M CBs3b HUX C MOP(HOIOTHUYECKUMH U
(GYHKIMOHATIBHBIMH NTPU3HAKAMH.

ToHkoe cTpoeHHE XpOMOCOM. XHMHUYECKHMH aHAIN3 CTPYKTYpbl XPOMOCOM IOKa3all
HaJIMYME B HUX JIByX OCHOBHBIX KOMIIOHEHTOB:A€30KcHpHOOHYyKIenHoBOM kucinoThl (JJHK) u
O€JIKOB TUIA T'MCTOHOB M NMPOTAaMHHOB (B MOJIOBBIX KieTkax). MccnenoBanus TOHKOM cyOMore-
KYJISIPHOM CTPYKTYPBI XPOMOCOM ITPUBEJIN YYEHBIX K BBIBOJY, YTO KaXKAasi XpOMAaTUIA COAEPKUT
OJIHyY HHUTb — XpomoHeMy. Kaxnas xpo-moHema coctour u3 onHou Monekynsl JIHK.
CTpyKTYpHOI OCHOBOM XpOMaTH/Ibl SABJISIETCS T OCJIKOBOM MpUpPOAbI. XpOMOHEMa yJIOKEHa B
xpomatuzie B (opmy, Onm3Kkyro K crnmpaid. JlokazaTenbCTBa 3TOTO IMPEINOJIOXKEHUs ObLTH
MOJy4YEeHbl, B YAaCTHOCTH, HPU M3YYEHUU MeNbyYalIiuX OOMEHHBIX 4YacTUI[ CECTPUHCKHX

XpoMaTu, KOTOPBIC pacCriojiarajivcChb MMornepeK XpoMOCOMBI.
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2.3 JlabopaTtopnas pab6ora Ne 3 ( 2 yaca).
Tema: «KapuotunupoBanue 1 HASHTHDUKAINT XPOMOCOM»

2.3.1 Hean padorbi: O3HaKOMJIEHHE ¢ METOJAMHU KapUOTUIIMPOBAHUS U UJIEHTU(PUKALIUU
XpOMOCOM

2.3.2 3agauu padoThI:

1. Pacuer abCOMOTHOTO ¥ OTHOCHTEIFHOTO pa3MEPOB XPOMOCOM

2. AHanu3 1aHHBIX KApUOTUITHUPOBAHUS M UIACHTU(DHUKAIIMH XPOMOCOM

2.1.3 Ilepevyens npuGOpPoOB, MaTEePUAJIOB, HCI0JIb3YyeMbIX B J1a0opaTopHoii padoTe:
1. JlaHHBIE O KapuoTHUIIaX
2. XpOMOCOMHBIE HA0OPBI JKUBOTHBIX

2.3.4 Onucanmue (xoa) padoThbI:

KapuoTun - 3T0 COBOKYIHOCTh NMPU3HAKOB MOJHOTO HA0Opa XpPOMOCOM COMATHUECKUX
KJIeTOK opranusMa Ha ctaguu metadassl (111 daza geneHus kieTku) — UX KOJIUYECTBO, pa3Mep,
¢dopma, ocobeHHOCTH cTpoeHHs. lccinenoBanue KapuoTHUIIAa TPOBOIAT METOAOM CBETOBOMA
MHUKPOCKOIIUU C IIETBI0 BBISABICHUS MATOJOTUU XpomMocoM. Yaiie Bcero 3TO HCCleI0BaHHE
MIPOBOJIAT Yy JETEH JUIsl BBISIBJICHUS 3a00J€BaHUi, 00YCIOBJICHHBIX HAPYIICHUSIMU B XPOMOCOMAX
U y CyNpyroB mpu O€CIIONUU WM MPUBBIYHOM HEBHIHAIIMBAHWU OepeMEHHOCTH. BrisBieHHe
XPOMOCOMHBIX TIEPECTPOEK B 3TOM Cllydae IMO3BOJISIET YCTAHOBUTH MPUYHMHY OECIUIONUS U
MIPOTHO3UPOBATh PUCK POXKACHUS B JAHHOU CEMbE JIeTel ¢ XpOMOCOMHOM MaToNoTHeH.

Bue nporecca geneHus KIETKM XpOMOCOMBI B €€ sJIp€ PpACIOJOXKEHBI B BHJIE
«pacnakoBaHHOW» Monekynbsl JIHK, u oHM TpyAHO OOCTYyHHBI I OCMOTpa B CBETOBOM
MHUKpOCKoIIe. [[71s1 Toro, 4ToObI XpOMOCOMBI M UX CTPYKTypa CTaJIH XOPOIIO BUIHBI UCTIOIB3YIOT
CHelHaNbHbIe KpPACUTENH, MO3BOJSIOUINE BBISBISATh T€TEPOr€HHbIE (HEOJHOPOAHBIE) YYACTKU
XpOMOCOM M TPOBOAWTH HMX aHAJU3 — OMNPEACNSTh KapUOTUIL. XPOMOCOMBI B CBETOBOM
MHUKpOCKOIIe Ha cTaguu Mmeradasbl MpeacTaBisioT coboit monekynsl JIHK, ymakoBanHble mpu
MOMOIIU OCOOBIX OEIKOB B IUIOTHBIE CBEPXCIUPATH30BAHHBIE MAJIOYKOBUIHBIE CTPYKTYPHI.
Taxum 00pa3oM, OOJIBIIOE YHUCIO XPOMOCOM YIIAKOBBIBACTCS B MalleHbKUN 00BEM U MOMEIIaeTcs
B OTHOCHUTEJIBHO HEOOJBIIOM 00BEME sjipa KIETKU. PacnosiolkeHue XpomMocoM, BUIMMOE B
MUKpockorie, GoTorpadupyroT U U3 HECKOJIbKUX (oTorpaduii coOMparoT cucTeMaTH3UPOBAHHBII
KapUOTHUI - HYMEPOBAaHHBIN HA0OP XpOMOCOMHBIX TTap TOMOJIOTMYHBIX XpoMocoM. M300paskenus
XpOMOCOM TIPU 3TOM OPHEHTUPYIOT BEPTUKAIBLHO, KOPOTKUMH TJIEYaMH BBEPX, a UX HyMEPaIIUIO
MPOU3BOAT B TOPAJIKE YObIBaHUSI pa3MepoB. [lapy moJIOBBIX XpPOMOCOM MOMEIIAIOT B CaMOM
KOHIIE H300paskeHus: Habopa XpOMOCOM.

CoBpeMeHHbIEe METO/IbI KAPMOTHUIIMPOBAHUA O0ECIIEUUBAIOT JIETAIbHOE OOHAPYKEHHE
XpOMOCOMHBIX  abeppauuii  (BHYTPUXPOMOCOMHBIX M  MEXKXPOMOCOMHBIX TMEpPECTPOeK),
HApYIICHUS TIOPSIKA PACIONIOKECHHUS (ParMEHTOB XPOMOCOM - JICNICIUH, JTyTUTUKAIWH,
WHBEPCHH, TPAaHCIOKAIMU. Takoe MCClelOBaHUE KAapUOTHUIMA MO3BOJSET TUATHOCTHPOBATH P
XPOMOCOMHBIX ~ 3a00JIeBaHUM, BBI3BAHHBIX KAaK TIpPyObIMH HApPYIICHUSMH KapHOTHUIIOB
(HapylIeHHEe 4YHuClIa XpOMOCOM), TaK M HapylIeHHMEM XpPOMOCOMHOW CTPYKTYpPBHl WIJIH
MHOECTBEHHOCTBIO KJIETOYHBIX KAPUOTHUIIOB B OpraHU3ME.

Hapyumiennss HOpMaJILHOTO KAPHOTHINA Y YENOBEKAa BO3HUKAIOT HA PAaHHUX CTaJUAX
pa3BuTHsl opranm3ma. ECIH 3TO TPOUCXOAWT B TOJIOBBIX KJIETOK OYIyIIUX poauTencit (B
Mpolecce TraMeToreHesa), TO KapHOTHUI 3UTOThl (CM.), 0Opa3oBaBIICiicsS MpU CIUSHUU
POUTENBCKUX KJIETOK, TaKXe OKa3bIBaeTCs HapylieHHbIM. [Ipu manbHeiiieM IejIeHUH TaKkou
3UrOTHl BCE KJIETKM SMOPHOHA M PA3BMUBILETOCS M3 HEr0 OpraHu3Ma OKaXyTCs C OJWHAKOBO
AHOMAJIbHBIM KapuoTunoMm. OIHAKO, HAPYIICHUsS] KApUOTUIIA MOTYT BO3HMKHYTh M HAa PAaHHUX
CTausAX OpoOJieHusl 3UrOoThl. Pa3BUBIIMICSA M3 TaKOW 3UTOTHI OPTaHU3M COAEPKHUT HECKOJIBKO
JUHUN KIETOK (KJIETOYHBIX KIIOHOB) C pa3HBIMU KapuoTunamu. Takoe MHorooOpasue
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KapUOTUIIOB BO BCEM OpraHM3Me WM TOJBKO B HEKOTOPBIX €ro OpraHax Ha3bIBalOT
MO3aUIU3MOM.

Kaxk npaBuito, HapyIieHusI KapHOTHIIA Y YeJIOBEKa COMPOBOXKIAIOTCS PAa3IMYHBIMHU, B TOM
YHUCJIIC KOMIUJICKCHBIMU, ITOPOKAMU PAa3BUTHSA, U OOJIBIIMHCTBO TaKHUX aHOMAaJHH HECOBMECTHUMO C
’KHM3HBIO. DTO MPUBOJIUT K CAMOINPOU3BOJBHBIM a0OpTaM Ha PAaHHHUX CTaJUsAX OEPEeMEHHOCTH.
Opnako JOCTaToO4yHO OO0JbIIOE YMCIO II0A0B (~2,5%) C aHOMaJdbHBIMU KapUOTHUIIAMU
JOHAIIMBAIOT JI0 OKOHYaHUS OEPEMEHHOCTH.

Huxe MMpUBCIACHA Ta6J'II/II_Ia, B KOTOpOﬁ npCaCTaBJICHBI 33.6OJ'IeBaHI/I$I, O6YCJ'IOBJ'I6HHBIG

HapyLICHUsAMH B KAPUOTHIIE.

KapuoTtunsl

bomnesnn

KommenTapun

47 XXY; 48 XXXY

Cunpnpom Knaiingensrepa

IHonucomus o X-
XPOMOCOME Yy MY>KUHH

45X0; 45X0/46XX;
45,X/46,XY; 46,X iso (Xq)

Cunnpom llepemeBckoro -
TepHepa

Monocomusa no X-
XpOMOCOME, B T. 4. U
MO3auIN3M

47,XXX; 48, XXXX;
49, XXXXX

[Tomucomun no X xpomocome

Haubonee gacto - Tpucomust
X

47,XX,+21; 47,XY,+21

bosnesns [layna

Tpucomus no 21-i

XPOMOCOME

47 XX,+18; 47,XY,+18 Cunapom DaBapaca Tpucomus no 18-it
XPOMOCOME

47 XX,+13; 47,XY,+13 Cunnpowm IlaTtay Tpucomust no 13-i
XPOMOCOME

46,XX, 5p-

CI/IH,Z[pOM KOIIIa4YbCeTrO KpHUKa

Jenenus KOpoTKOro mieyas-
1 XpOMOCOMBI
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2.4 JlabopaTtopHasi pa6ota Ne4 ( 2 yaca).
Tema: «MUTOTHYECKUHN TUKIT U MUTO3)
2.4.1 Hean padorbi: O3HAKOMUTHCS C 3aKOHOMEPHOCTSMU MUTO34.

2.4.2 3agauu padoThI:
1. O3HaKOMHUTBCSI C OCHOBHBIMU (pa3zamMu MUTO32
2. O3HAaKOMUTKCS U HAaY4YUTHCA ONIPCACIATH MHUTOTHYECKHAHU HUHIOCKC

2.4.3 Tlepeyenb npuGOPOB, MATEPUAJIOB, HCIOJIb3yeMbIX B JIA0OpaTOpHOIi padoTe:
1. da3p1 MuTO32

2. MeTtoauka pacueTa MUTOTHYECKOTO MHJEKCA

2.4.4 Onucanue (xo1) padoThbi:

da3n1 IIpouecc, MpoucxXoAsinuii B KJIeTKe
IIpecunmemuueckuti Cunre3  Oenka. Ha  gecnupain3oBaHHBIX

HNurepdasza | nepuoo (G1) mojiekynax JJHK cuntesupyercs PHK
Cunmemuueckuu Cunre3 [IHK - camoynsoenue monexynsr JIHK.
nepuoo (S) [Toctpoenne BTOpOW XpOMaTHIBl, B KOTOPYIO

MepeXoIuT BHOBh oOpa3oBaBmascs moisekyna JHK:
MOJIYYaIOTCs IBYXPOMATUIHBIE XPOMOCOMBI

Tocmcunmemuueckuti Cunte3 0erka, HAKOTUICHHE YHEPTUH, MTOATOTOBKA
nepuoo (G2) K JICJICHUIO
Dasvl JIByXpoMaTUIHBIE XPOMOCOMBI CIHPATU3YIOTCS,
Mumosa IMpodasza SIPBIIIKA  PACTBOPSIIOTCS, [EHTPUOJIU PAaCXOJISTCS,

sqiepHasi 000J04YKa pacTBOpsieTcs, 00pa3yloTCss HUTH
BepeTeHa JCJICHHS

Hutu BCPCTCHA MOCJIICHUA IMPHUCOCIUHAIOTCA K

Merada3sa [IEHTpOMEpPaM XPOMOCOM, JIByXPOMATHIHBIE
XpOMOCOMBI ~ COCPENOTOYMBAIOTCA Ha  JIKBAaTOpE
KIIETKH
LlenTpOMEPEI JenATCA, OJIHOXPOMATHUIHBIE
AHa(I)a:*.a XpOMOCOMBI  pPacTATHBAKOTCA HUTAMH  BCPETCHA
JICJICHMS K ITOJIFOCAM KIICTKH
OnHoXxpoMaTHIHbIE XPOMOCOMBI
Tesaogasza JeCIIUpPaIU3yOTCsl, C(HOPMHUPOBBIBACTCS SIIPBIIIKO,

BOCCTAHABJIMBACTCS AACPHAA 06onqua, Ha 3KBaTope
HAaYUHACT 3aKJIaJblBATbCA MEPCropoaka MCEKIAY
KJICTKaMM, paCTBOPAIOTCA HUTH BCPCTCHA ACJIICHUA

B menoghaze XpomMOCOMBI pacKpydMBAIOTCS, JeCTHpanu3yroTcs. M3 memOpaHHBIX
CTPYKTYp LHMTOIIa3Mbl oOpa3yercsi sjepHass oOojouka. B 3To Bpems BoccTaHaBIMBaeTCA
sapeimko. Ha aTom 3aBepmaercst aeneHue siapa (KapuoKHHE3), 3aTeM IMPOUCXOIUT JCTICHHUE Tella
KJIeTKH (Wi 1uTokuHe3). Ilpu neneHuu KMBOTHBIX KJIETOK Ha UX MOBEPXHOCTH B IUIOCKOCTH
AKBATOpa MOSIBISIETCS OOPO3/a, MOCTENEHHO YIayOustomascs U pa3fessionas KIeTKy Ha JBe
MIOJIOBUHBI - JOYEPHHUE KIIETKH, B KOKJIOW MX KOTOPBIX UMEETCS IO sApy. Y pacTeHHH JeneHue
MIPOUCXOAUT IMyTeM oOpa30oBaHUS TaK Ha3bIBAEMOW KIIETOUHOM IJIACTUHKH, pa3Aessioueit
IIUTOIUIa3My: OHAa BO3HMKAET B HKBATOPHAJIBHOM 00JaCTH BEpeTeHa, a 3aTeM pacTeT BO BCe
CTOPOHBI, TOCTUTasl KJICTOYHOW CTCHKH (T.€. pacTeT M3HYTpH KHapyku). KieTouHas ruracTiHKa
dbopmupyeTcss U3 Marepuana, MOCTaBJIIEMOr0 HHIOMIA3MAaTUYECKON CEeThl0. 3aTeM KakJas W3
JIOUYEPHUX KJIETOK o0pa3yeT Ha CBOEH CTOpPOHE KJIETOUHYIO MeMOpaHy ¥, HaKOHEI, Ha 00euX
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CTOPOHAX IIACTUHKU 00Pa3yIOTCs LEJUIIOJI03HbIE KIIeTOYHbIE CTeHKH. OCOOEHHOCTH NMPOTEKaHUs
MUTO3a Y )KMBOTHBIX U PAaCTECHUH NPUBEACHbI B TaOIHIIE 2.

Tabimua 2. Oco0eHHOCTH MUTO32 Y PACTEHUH U Y KUBOTHBIX

PacTuTesibHas KJI€TKa /KuBoTHas1 KjleTKa

IlenTpuonein HeT I{enTproau nuMeroTcst

3Be3/bl HE 00pa3yroTcs 3Be3/bl 00pa3yroTCs

OO6pa3yercs Ki1eToyHas MJacTUHKA Knerounas ninactuHka He oOpa3yercs
[Tpu nuTokeHe3e 6opo3aa He oOpa3yercs [Tpu muTokuHE3e 0Opazyercst 6opo3aa
MHUTO3BI IPEUMYIIIECTBEHHO MHUTO3BI IPOUCXOIAT

POHMCXOJIST B MEPUCTEMAX B Pa3JIMYHBIX TKAHAX OpPraHu3Ma

Tak u3 ogHOW KJIETKM (QOPMUPYIOTCS [BE JOYEPHHUE, B KOTOPBIX HACIEICTBEHHAs
uHpOpMaLUs TOYHO KOMHMPYeT HH(POPMALMIO, COAEPIKABLIYIOCSA B MATEPUHCKON KIIETKE.
Haunnas ¢ mepBoro MUTOTHYECKOTO JAEJIEHUS OIUIOJOTBOPEHHON SIMIIEKJIETKU (3UTOTHI) BCE
J0YepHHE KIETKH, 0Opa3oBaBILMECS B pe3yJibTaTeé MUTO3a, COJAepXkaT OJAWHAKOBBIA HabOp
XpOMOCOM M OJHMU U Te ke TeHbl. ClieoBaTeIbHO, MUTO3 — 3TO CIOCOO JAENEHUs KIETOK,
3aKJIIOYAIOLIUICS B TOYHOM pACIPENEICHUM TI'€HETUYECKOr0 MaTepuanga MeXay I0YEepHUMH
KiIeTkamMu. B pe3ynbprare MuTOo3a 00€ JOYEpHHE KIIETKH IMOJYy4aloT IUIUIOWIHBIN Habop
XpOMOCOM.

Bech mpouecc MuTo3a 3aHMMaeT B OOJBIIMHCTBE ciayyaeB OoT 1 1o 2 vacoB. Yacrtora
MUTO3a B Pa3HbIX TKaHAX M Yy Pa3HbIX BUIOB pasinyHa. Hampumep, B KpaCHOM KOCTHOM MO3Tre
4esioBeKa, I71e Kaxaylo ceKyHay oOpa3yercs 10 MJIH 3pUTPOLIUTOB, B KXY CEKYHIY JOJKHO
IPOUCXOAUTh 10 MIIH. MMTO30B. A B HEpBHOM TKaHM MUTO3bI KpaliHE PEJKU: TaK, B IEHTPaIbHOU
HepBHOfI CUCTEMC KIICTKM B OCHOBHOM IICPECTAIOT ACIHUTHCA YKE B IICPBBIC MCCALBI IMOCJIC
POXKIEHMSI; @ B KPaCHOM KOCTHOM MO3r€, B SIUTEIUAIbHON BBICTHIKE IHILEBAPUTEIBLHOTO
TPaKTa U B SIIUTCIIMU TOYCYHBIX KaHAJIBLCB OHU ACJIATCA N0 KOHLA )KU3HH.

Pery.lmuml MHUTO3a, BOIIPOC O MYCKOBOM MEXaHU3ME€ MUTO3A.

®daxTopspl, MOOYX AAOIIKME KJIETKY K MUTO3y TOYHO HE H3BecTHbl. Ho momarator, 4to
OoNbLIYI0 pOJb UrpaeT (pakTop COOTHOIIEHUS OOBEMOB fAapa W LUTOIUIA3MbI (SIEpHO-
IU1a3MEHHOe cOooTHolieHue). [1o HeKOTOphIM JaHHBIM, OTMHUpAIOIIME KJIETKH MPOIYLHUPYIOT
BEIIIECTBA, CIIOCOOHBIE CTUMYJIMPOBATh JAEJICHUE KICTKH. belkoBble (akTopbl, OTBEUaroLIMe 3a
nepexos B ga3zy M, nepBoHayanbHO ObLIM MAECHTU(ULIUPOBAHBI HA OCHOBE HKCIEPUMEHTOB I10
cnusHUIO KieTok. ClMsHUe KIETKH, HaxoJsIleicss B Jt000i cTajuu KJIETOYHOrO LHUKJA, C
KJIETKOU Haxozsmieics B M (aze, IprUBOAUT K BXOXKIACHHIO s/ipa MEepBOi KJIeTKH B M ¢azy. IT1o
O3Ha4yaeT, 4To B KJIETKe Haxopsueics B M (ase cymecTByeT nuromiaazMaTuyeckuii (Gaxkrop
criocoOHbIl akTuBUpoBaTh M (asy. Ilo3anee sToT (akTOop OBUI BTOPUYHO OOHApPYKEH B
JKCIIEPUMEHTAX II0 IMEPEHOCY LMTOIUIa3Mbl MEXKIY OOLUTAMH JIATYIIKH, HAXOIALIMMMCS Ha
pa3IMuYHBIX CTaAMUSIX pa3BUTUS, W Obul HazBaH "¢akropom cospeBanus" MPF (maturation
promoting factor). JlanpHeiimee uzydenue MPF mokasamo, 4ro STOT OETKOBBIM KOMILIEKC
neTepMUHUPYET Bce coObITust M-(as3el. Ha pucyHke mokasaHo, 4to pacnaj saepHOM MEMOpaHHI,
KOHJIEHCAllUsl XpOMOCOM, COOpKa BepeTeHa, IMTOKUHE3 peryaupyrorcs MPF.

MnTo3 TOPMO3UTCS BBICOKOM TEMIEPATypOi, BBICOKMMH J03aMU HOHU3HUPYIOUIEH
paavanuu, ACUCTBUEM pacTUTENbHBIX A70B. OOUH U3 TakuX 0B Ha3bIBAC€TCS KOJIXULMH.
C ero nomMouib0 MOXHO OCTAaHOBUTHh MUTO3 Ha CTauu MeTadazHOH MIACTUHKH, YTO [TO3BOJISIET
MIOJICYUTATH YUCIO XPOMOCOM U JaTh KaKJOW M3 HUX WHJIMBUIYAIbHYIO XapaKTEPUCTHUKY, T. €.
IIPOBECTU KapHUOTUIIUPOBAHUE.
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AMHTO3 (OT rped. a — OTPUIL. YACTHLA M MHUTO3) - NpSIMOE JieJIeHue HHTep(pa3HOTO
s]ipa IyTeM NEepelIHypOoBbIBaHUs 03 peobdpa3oBaHust XxpoMocoM. [Ipu amuTo3e He MPOUCXOIUT
paBHOMEpPHOE pACXOXKJEHHEe XpoMaTHa K mnomocaM. M 3To neneHue He obecrneyuBaeT
o0pa3oBaHNe TCHETHUYECKH PABHOLIEHHBIX sJep M KIeToK. Ilo cpaBHEHHIO ¢ MHUTO30M aMHUTO3
Ooslee KpaTKOBPEMEHHbBI M 5SKOHOMUYHBIM mporecc. AMHUTOTHYECKOE JIEJIEHHE MOXKET
OCYIIECTBIIATHCS HECKOJIBKUMU criocodamu. Hanbomnee pacrpocTpaHEHHBIN TUI aMUTO3a — 3TO
NIEPEIIHYPOBBIBAHNE Spa HA JIBE YaCTU. JDTOT MIPOLECC HAYMHAETCA C Pa3JEICHHs sAIpbIIIKA.
Ileperskka yrayOnsiercs, U sapo paszaensercs Hazasoe. [locie 3Toro HauMHaeTcs pasjeieHHe
LUTOIIJIa3Mbl, OAHAKO O3TO IMPOMCXOIUT HE Bcerga. Ecim aMUTO3 OrpaHUYMBAETCS TOJBKO
JIEJIEHUEM $]pa, TO 3TO MPUBOAMUT K 00pa30BaHUIO JIBY- U MHOTOSIIEPHBIX KieToK. [Tpu amuroze
MOJKET TaKXke MIPOUCXOIUTh MOYKOBAaHHUE U ()parMeHTalMs sep.

Knetka, nperepnesias aMiTO3, B IOCIEAYIOLUIEM HE CIIOCOOHA BCTYIIUTh B HOPMAaJIbHBIN
MUTOTHYECKUH ITUKIIL.

AMHTO3 BCTpeYaeTcs B KJIETKaX Pa3IMYHbIX TKAHEH pacTeHUH W )KMBOTHBIX. Y pacTeHUM
aMUTOTUYECKOE JIEJICHUE JTOBOJIBHO YaCTO BCTPEYAETCS B DHAOCIEPME, B CIIELHATU3UPYIOIIUXCS
KJIETKaX KOPEHIKOB M B KJETKaX 3alacalolluX TKaHed. AMHUTO3 Takxke HaOnogaercs B
BBICOKOCTICIIUAIU3UPOBAHHBIX ~ KJIETKAX C  OCJNAa0JIEHHOM  KU3HECIIOCOOHOCTBIO  WIIU
JETCHEPUPYIOLIUX, TPU PA3JIMYHBIX IATOJOTMYECKUX IPOLECCax, TAKMX KaK 3JJ0KaYECTBEHHBIN
pOCT, BOCIIAJICHUE H T. II.

KpoMe muTo3a B KJIETKaX HEKOTOPBIX OPIaHOB PACTEHUM M KUBOTHBIX BCTPEUYAIOTCS U
ApyTUe TUIBI JEJIEHUs: SHAOMUTO3 U nonuTeHus. Ilpu 3naomuTo3e He GopMupyercs BepeTeHO
JICJICHUsl U COXpaHseTcs sJepHas 000JO0YKa, BCIEACTBHE YEro 00pas3yloTcs MOJIUILIONIHBIE
KJIIETKU C YBEJIMYEHHBIM 4UCIIOM XpoMocoM. IlomnTenust paccMaTpuBaeTCs KaKk YaCTHBIN CiTydai
SHJIOMUTO3a, MOCKOJbKY MOCie€ MHOrokpatHod permukanuu JIHK Bce XpomaTWHOBBIE HUTH
(Xpomatupl) IUIOTHO MPHIIETalOT APYr K APYry M COEIUHEHbI OOlIel IIeHTpoMepoid, o0pasys
TUTAHTCKUE TIOJIUTEHHBIE XPOMOCOMBI.
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2.5 JIabopaTtopnast pa6ora NeS (2 uaca).
Tema: «['eHeTHUECKAasE CYNTHOCTh MUTO3a U MEHO03a»

2.5.1 lleanb padoTsi: O3HAKOMUTHLCS C OCHOBHBIMH (pazaMu Meio3a

2.5.2 3agauu padoThI:

1. OcBouTh Mei03, ee OMOIOTHUECKYI0O U MaTEMAaTHUECKYO CYIIIHOCTh

2.5.3 Ilepevyens npuGOpoOB, MaTEePUAJIOB, HCI0JIb3YyeMbIX B J1a0opaTopHoii padoTe:
1. ®oTo marepuaisl (pa3 meiio3a

2.5.4 Onucanue (xox) padorTpi:
3. Meiio3 u ero 3HauyeHue

[Ipu obOpazoBaHUU TrameT, T.€. IMOJIOBBIX KJIETOK — CIEPMATO30HIOB M SIMIIEKIETOK —
IIPOUCXOJUT JEJeHUE KIETKH, Ha3zbiBaeMoe Meiio3om. Meiio3 (oT rpeuy. meiosis —
YMeHbIIIeHHe) - 3TO OCOOBI croco® AeneHHs] KIETOK, B pe3yibTare KOTOPOro MPOHCXOIUT
penykius (YMEHBIICHHE) YUCIIa XPOMOCOM M TIEPEXO0/] KJIIETOK U3 AUILIOMIHOTO COCTOSHUS 2n B
raruIonIHOE N. DTOT BUJ JCJCHHS ObLI BIIEpBbIC onmucaH B. Puemuneom ¢ 1882 2. y KUBOTHBIX U
3. Cmpacbypeepom 6 1888 2. y pactenuil. Meiio3 BKIIOUAET JBa MOCJIEI0BATEIbHBIX JIEICHUS:
nepeoe (pedykyuonroe) u emopoe (3KsayuonHoe). B KaxaoM JeIeHUU BBIACIAIOT 4 ¢asbl:
npogaza, memagpaza, anagaza, menogaza. Bce ¢dazpl mepBOro MEHOTHYECKOTO JCICHUS
obo3nauvaroT uugpoii I, a Bce ¢aszwpl Broporo nenenus — mubpoi Il. Meiiozy npeamiecTByer
uHTepdasza, B mporecce Kotopoi npoucxoaut ynoerne JJHK u kieTku BCTymaioT B Melo3 ¢
XPOMOCOMHBIM Ha60poM 2n4¢ (n — XPOMOCOMBI, C — XPOMATH/IbI).

Mpoda3za I meiio3za oTaMyaeTcs 3HAYUTEIBbHONW MPOAOJIKUTEIBHOCTBIO U CIIOAKHOCTBIO.
Ee ycnoBHO pa3fensioT Ha MATh MOCIEA0BATENbHBIX CTAIUN: 1enmomena, 3u2omend, naxumenda,
ouniomena u Ouakune3. Kaxmas W3 O3TUX craguil 007aaeT CBOMMH OTJIMYUTEIHHBIMH
0COOCHHOCTSIMH.

Jlenmomena (cmaousi moukux Humeti). J{ist 3TON cTaauy XapakKTepHO HAJIMYME TOHKUX U
JUIMHHBIX XPOMOCOMHBIX HHUTEH. UHCIO XpPOMOCOMHBIX HHUTEH COOTBETCTBYET TUILIOMIHOMY
qucity XpomocoM. Kaknmas XpoMOCOMHasi HUTh COCTOMT W3 JIBYX XPOMATH], COCIUHCHHBIX
OOIIMM y4acTKOM — LIEHTpOMepoi. XpoMaTuasl O4eHb OJU3KO COMMKEHBI, U TIOITOMY Kakas
XpOMOCOMa KayKe€TCsl OIMHOYHOM.

3ucomena (cmaousi coedunenuss Humeti). MOMEHTOM TIepexoja JICITOTCHBI B 3UTOTCHY
CUMTAIOT Havayio cuHarnca. Cumanc — TPOLECC TECHOM KOHBIOTAIMU JBYX TOMOJIOTHYHBIX
xpomocoM. [logoOHas KOHBIOTAIMS OTIMYAETCS BBHICOKOW TOYHOCTHIO. KoHbIOTamms dacrto
HAYMHACTCS C TOTO, YTO TOMOJIOTHYHBIC KOHIIBI JIBYX XPOMOCOM COJIMKAIOTCS Ha SIIACPHOM
MeMOpaHe, a 3aTeM IPOLIeCC COCTUHEHHs] TOMOJIOTOB PACHPOCTPAHSAETCS BIOJIb XPOMOCOM OT
000MX KOHIOB. B Ipyrux ciy4asx CHHAIC MOXKET HAa4aThCs BO BHYTPEHHHUX yYaCTKaX XPOMOCOM
U TPOAODKATHCA IO HAMPaBICHHIO K WX KOHIAM. B pe3ynpTaTe KaXKIblii TeH BXOIHUT C
CONIPUKOCHOBEHUE C TOMOJIOTMYHBIM €MY T'€HOM TOW K€ XpOMOCOMBI. TakOW TECHBIA KOHTaKT
MeX1y TOMOJIOTHYHBIMU y4acTKaMu XpOMaTH obecrnieunBaeTcs onmarogaps
CHEIUATN3UPOBAHHON CTPYKTYpe — cuHanmouemaibHomy kromniexkcy. CHHANTOHEMAabHbBIN
KOMIUIEKC MpeACTaBiIseT coboil IIMHHOE OeNKoBOe 00pa3oBaHKe, HATOMHUHAIOIIEE BEPEBOYHYIO
JIECTHHILY, K TIPOTHBOIIOJIOXKHBIM CTOPOHAM KOTOPOTO IJIOTHO MPUJICTAIOT JIBA TOMOJIOTA.

Iaxumena (cmaousi moacmuix Humeti). Kak TONbKO 3aBepIIaeTCs CHHAIC MO BCEH JTTUHE
XpOMOCOM, KJIETKH BCTYNAIOT B CTAJUI0 TAXWUTEHBI, HAa KOTOPOH OHU MOTYT OCTaBaThCS
HECKOJIbKO cyToK. CoeJMHEHHE TOMOJOTOB CTAaHOBUTCS CTOJIb TECHBIM, 4YTO YK€ TPYJIHO
OTJIMYUTH JIBE OTACIbHBIE XPOMOCOMBI. OJHAKO 3TO Maphl XPOMOCOM, KOTOpPHIE HA3BIBAIOT
busanenmamu. B 3T0M cTaguy MPOUCXOUT KPOCCUH208ED, UTU NEPEKPeCct XPOMOCOM.

Kpoccuneosep (0T aHri1. crossingover - epeceueHre, CKpeliBaHie) - B3aUMHBIH 0OMEH
TOMOJIOTUYHBIMU ~Y4acTKaMH TOMOJIOTMYHBIX XpoMocoM. B pesynbpTate KpocCHHTOBEpa
XPOMOCOMBI HECYT KOMOWHAIIMU TEHOB B HOBOM codeTaHuHW. Hampumep, peOCHOK poauTeneH,
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OJIMH W3 KOTOPBIX HMMEET TEMHBIE BOJOCHI M KapHe IJa3a, a JAPYrod - CBETIIOBOJIOCHIA H
roiay0ormnasslid, MOKET UIMETh Kapue I1a3a U CBETIIbIE BOJIOCHI.

Junnomena (cmaousi osouinvix numet). CTagus TUIUIOTEHBI HAYWHAETCS C pa3/elieHUs
KOHBIOTMPOBABIIMX XpoMocoM. [Iporecc oTTankuBaHus HauyMHAETCS B 00JIACTU LEHTPOMEPHI U
pacmpocTpaHsieTcsl K KoHIaM. B 3To BpeMsi XOpolIo BHAHO, YTO OWMBaJEHT COCTOUT U3 JIBYX
XpOMOCOM (OTKy/1a U Ha3BaHUE CTaJUU «ABOWHBIE HUTW»), U UTO KaX/as XpOMOCOMa COCTOUT U3
IBYX Xpomartug. Bcero B OuBasieHTe CTPYKTYpPHO 000OCOOJIEHBI YEThIpE XPOMATHU[BI, MOITOMY
OMBaJICHT Ha3bIBAIOT TeTpamoil. B 3TO ke BpeMs CTaHOBHUTCS BHJIHO, YTO Tela JIBYX
TOMOJIOTUYHBIX XPOMOCOM IeperuieTaroTcsi. GUrypel NepeKpeiieHHbIX XpPOMOCOM HAallOMHHAKOT
rpeueckyto OyKBY «Xu» ()), IOITOMY MECTa TMepeKpecTa Ha3zBalu xuasmamu. Hanuuue xuam
CBA3aHO C MPOM3OLIEAIINM KpOCCUHIoBepoM. [1o Mepe nmpoxokaeHus: 3Tol CTaAuu XPOMOCOMBI
Kak OBl pacKpy4MBAaIOTCS, MIPOUCXOAUT TEPEMEIICHHE XHa3M OT IIEHTpa K KOHIIaM XPOMOCOM
(TepMuHaNM3aNMA XUa3M). DTO 0OecredrBaeT BO3MOKHOCTD JIBHIKEHHUSI XPOMOCOM K TOJFOCaM B
aHadase.

Jluakunes. JIUMIOTEHAa HE3aMETHO NEPEXOAUT B JIUAKHHE3, 3aBEPILAIONIYI0 CTaJHIO
npodassl I. Ha 310l cragum OMBaneHThbI, KOTOPHIE 3alONHSUIM BECb O0BEM Spa, HAYMHAIOT
nepeMeniaThes ommxe K aaepHoit odonouke. K KOHIYy THaknHe3a KOHTAKT MEXKIY XpOMaTUAAMHU
COXpaHseTcsl Ha OJJHOM Wi 000MX KOHIAX. Vcue3HOBEeHHE 000JI0OUKH Spa U SAPBIIICK, a TAKKE
OKOHYaTeNlbHOE (POPMHUPOBAHUE BepeTeHa JIeTIeHHs 3aBepiatoT nmpodasy I.

Meradasza I. B meradaze | OuBaneHTBl pacmonaraioTcs B dKBaTOPHAILHOW TUIOCKOCTH
KJIeTKH. HUuTH BepeTeHa NpUKpeIIstoTes K HEHTPOMEpPaM FOMOJIOTUYHBIX XPOMOCOM.

Anagaza 1. B anadaze | k momrocam OTXOIIT HE XPOMATHIBI, Kak MPHU MHUTO3E, a
TOMOJIOTUYHBIE XPOMOCOMBI U3 Ka)/I0T0 OuBajeHta. B 3ToM mpuHIMNHaIbHOE OTIUYHE Meiio3a
oT muTo3a. [Ipn 3TOM pacxokaeHNE TOMOJIOTUYHBIX XPOMOCOM HOCUT CIYyYaHBIN XapakKTep.

Tesopaza I odenp kopoTkas, B mpoiecce ee HaeT (popMHpOBaHHE HOBBIX SIEP.
XpOMOCOMBI JIEKOHACHCUPYIOTCSI U JIECHUPAIU3yOTCs. Tak 3akaHYMBaeTCsl PEeAyKLIHOHHOE
JielieHue, W KJIeTKa IMepeXOJUT B KOPOTKYI0 HHTep(daszy, mocie KOTOPOW HACTyMaeT BTOpOe
MeioTrueckoe nenenue. Ot oObIYHON MHTEp]A3HI 3Ta HHTEp(ha3a OTIMYACTCSA TEM, YTO B HEH He
npoucxoaut cunteza JIHK wu pymnmmkamum xpomocoMm, xoTs cunre3 PHK, Oenka u nmpyrux
BEIIECTB MOXET MMPOUCXOIUTh.

[{uToxknHE3 y MHOTUX OpPraHW3MOB IIPOUCXOJMUT HE Cpa3y MOCIe JEIEHUS ep, TaK YTO B
OJIHOM KJIETKE JIeKaT JBa sijipa 00Jjiee MEJIKMX, YEM UCXOHOE.

3areM HacCTyIaeT BTOPOE JeJIeHNE Meiio3a, CXOJHOE C OOBIYHBIM MUTO30M.

IIpodaza II ouenr koporkas. OHa XapakTepusyeTcs CHHpalIM3alled XpoMOCOoM,
MCYE3HOBEHUEM SJICPHOI 000JI0UKH, SAPHIIIKA, (OpMUpPOBAaHHEM BepeTeHa JICTICHHUS.

Mertagaza II. XpoMOocoMBl pacnoyiararoTcsa B 3KBATOPUAIBHOM  IIOCKOCTH.
LlenTpomepbl, COeAMHSIONMNE Mapbl XpOMAaTHM, AeiSATcs (B MEpBBIM U €IUHCTBEHHBIN pa3 B
TEYCHHE Mel03a), YTO CBUCTEILCTBYET 0 Havaie aHadassl 1.

B anagaze II xpomatuabl pacxonsTcss M OBICTPO YBJIEKAIOTCS HHUTSAMH BEpETEHA OT
IUIOCKOCTH 3KBaTOpa K MPOTUBOIIOJIOKHBIM TOJIOCAM.

Tenodaza II. Iy 510l cTaguu XapakTEpPHO IECMUpaTM3alds XPOMOCOM, 00pa3oBaHUE
sanep, TMTokuHe3. B utore u3 AByx kietok Meiios3a I B renodase I 006pa3yroTcs 4eThipe KISTKH C
FarIONIHBIM YUCIOM XpoMocoM. ONHUCAaHHBIN MPOIECC THUMHYEH Ui 00pa30BaHUs MYKCKHX
MIOJIOBBIX KJIETOK. OOpa3oBaHME KEHCKUX MOJIOBBIX KJIETOK UET aHAaJOTUYHO, HO IIPU OBOTE€HE3E
pa3BUBaeTCA JIMIIL OJHA AUIIEKIIETKA, a TPU MEJIKUX HaMpaBUTEIbHBIX (PEIyKIIMOHHBIX) TEIbIa
BIIOCJIEICTBUM OTMHUpaIOT. HampaBuTenbHbBIE TeNblla HECYT IOJHOLIEHHBIE XPOMOCOMHBIE
HAOOPBI, HO MPAKTUYECKH JIMIIEHBI IUTOIIa3Mbl U BCKOpe morubaroT. buonornueckuii cMbici
o0pa3oBaHMsI JTUX TeJell 3aKIIoYaeTcss B HEOOXOMUMOCTH COXpPAaHEHHS B IIMTOIIa3Me
SUIEKIIETKY MaKCUMAJIbHOTO KOJMYECTBAa JKENTKa, MOTPEOHOro Al pa3BUTHA OyAyIIero
3apoJIbIIIA.

Takum oOpazom, Ans Melo3a XapaKTepHO JABa JAENEHHUS: B XOJ€ MEPBOTO PacXOIATCs
XpOMOCOMBI, B X0OZIE€ BTOPOT'O - XpPOMaTH/IbI.
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Pasnosuonocmu metiosa. B 3aBUCUMOCTH OT MecTa B JKU3HEHHOM IIMKJIE OpraHH3Ma
BBIICTISIIOT TPU OCHOBHBIX THUIIA MEHO03a: 3UCOMHbI, UMY HAYATbHBIU, CHOPOBbIU, UIU
NPOMENCYMOUHDBIL, AMEMHbLU, UTU KOHeYHblll. 3UTOTHBIN TUII POUCXOAUT B 3UTOTE Cpa3y MOCIIe
OILJIOJIOTBOPEHUS] M MPHUBOJAUT K 0Opa30BaHUIO TaIlJIOWJHOTO MMLEIUS WIN TalllIoMa, a 3aTeM
CHOp M rameT. DTOT THUIl XapaKTepeH JUIsi MHOTUX TPHOOB M BOJOpOCIEH. Y BBICIIUX PACTCHHIA
HaOJII0JIaeTCsl CIIOPOBBIM TUI MeH03a, KOTOPBIM MPOXOIUT IEpes] LBETEHUEM U IPUBOAMUT K
oOpazoBaHuio ramiouaHoro ramerodura. Ilozanee B ramerodure oOpasyroTcs ramertsl. [ns
BCEX MHOTOKJIETOYHBIX XMBOTHBIX U Psa HUBIIUX PACTCHUN CBONCTBEHEH TaMETHBIN, WIH
KOHEYHBIH, TUT Meiio3a. [IpoTekaeT OH B MOJIOBBIX OpraHax M MPUBOJAUT K 00pa30BaHUIO TaMeT.

buonocuuecroe 3nauenue metiosa 3aKnro4aercs B TOM, 4TO:

MOJAJICPKUBACTCA  MOCTOSAHHBIA  KapuUOTHN B psAAy IOKOJIEHHM  OpPraHu3MOB,
Pa3MHOKAIOIIUXCSI TIOJIOBBIM MyTeM (II0cTie OIJIOOTBOPEHHsI 00pa3yeTcsi 3Urora, colepskarias
XapaKTepHbIN AJIs JaHHOTO BUJa HA0Op XPOMOCOM).

o0ecrieuyrBaeTcs MepeKoOMOWHAIUS TeHETUYECKOTr0 MaTepualia Kak Ha YpOBHE IIEJNbIX
XpOMOCOM (HOBbIE KOMOMHAIIMHA XPOMOCOM), TaK U Ha YPOBHE yYaCTKOB XpPOMOCOM.

Kpamkuii 0630p 3manoe zamemozenesa

TI'amemozenes monpasnensercss Ha  cnepmamozeHe3  (mpouecc  o0Opa3oBaHUS
CIIEpMaTO30UIOB Yy CaMIIOB) U 0o2eHe3 (Iipoliecc oOpa3oBaHus silekiaeTku). [lo Tomy, uTo
npoucxoaut ¢ JJHK, 3tu nponecchl npakTH4ecky He OTIIMYAIOTCSA: OJJHA UCXOHAs TUILUIOUAHAS
KJIETKa JaeT 4eTblpe ramiougHbie. OgHako, Mo TOMY, YTO MPOMCXOAUT C LIUTOILUIa3MOM, 3TH
MIPOLECCHI KAPAUHAIBHO Pa3INyaroTCs.

B giiniekneTke HaKaruIMBAarOTCS MHUTATENbHBIE BEIIECTBA, HEOOXOAMMBIE B JalbHEHUIIEM
JUIA pa3BUTHS 3apOJblllla, MO3TOMY SIHIEKIETKa — 3TO OYEHb KpyIHas KJIEeTKa, U KOrja OHa
JeNUTCS, 1ellb — COXPAaHUTh MHTATelbHBbIE BelecTBa sl OyAyIIero 3apoAbllia, MO3TOMY
JeTICHUEe ATOIIa3Mbl HECUMMETPUYHO. J{J1s1 TOTO 94TOOBI COXPAaHUTH BCE 3aMachl MUTOILUIA3MbI U
IIPH 3TOM U30aBUTHCS OT HEHY)KHOTO T€HETHMYECKOTO MaTepuania, OT IUTOIIa3Mbl OTIENSIOTCS
MOJIIPHBIE TEJblla, KOTOPBIE COJAEPXKAT OYEHb Majo LUTOIIa3Mbl, HO TMO3BOJSIOT MOJEIUTH
XpoMocoMHbIN Habop. [lonspHbie Tenblia OTAEISIOTCS MpU IEPBOM U BTOPOM JIEJICHUU Meio3a.

Hcxonnas knerka, U3 KOTOpOM B ToOCIEACTBUM oOpa3yercs 3penas AHlLEeKIeTKa,
HA3bIBAETCSI 0OLMTOM NepBoro nopsiaka (¢asa neaenus). [locrne nenenus 3 Hero oopasyercs
O0OLIMT BTOpPOro nopsiaka (pasza pocra) u nepBoe NOJISIpHOE Teblie. 3aTeM NIPOUCXOTUT BTOPOE
JelieHne Melo3a, B pesysibTrare oOpaszyeTcsl TalIOMIHBIM OOTHA W BTOPOE MOJIAPHOE TEIbIIE
(paza cozpeBanmus). [lepBoe mosIpHOE TENBIE 3@ ITO BPEMS TOKE YCIIEBAET MOJEIUTHCS, TAKUM
o0pa3oM, BCero NOJy4yaeTcsl TpU TaIUIOMAHBIX TMOJSPHBIX Tejblla. B ooTuae mNpoucXoasT
HEKOTOpbIE MPOIIECCH CO3PEBAHUS M OH IpeBpalaeTcs B AiLekiIeTky. OHa coaepkaiias mo4YTH
BCIO LIUTOIJIa3MYy HCXOJHOTO OOIMTA, HO TAalTIOMIHBIM HA0OpP XPOMOCOM. DTH XPOMOCOMBI YXKe
MPOILIH PEKOMOMHAIINIO, T.€. €CIIM UCXOIHO KIETKH COJEpKaT OJHY XPOMOCOMY OT Mambl, OJHY
OT Mamnbl, TO B 3pEJION SIMIEKIETKE B KAKIOH XpPOMOCOME YEpPEayIOTCs KYCKH, IMOITYYEHHBIE OT
OJIHOTO U BTOPOT'O POAUTEIIS.

[Ipu cnepmaroreHe3e uUUTOMIIa3Ma HMCXOJHOTO CHEPMAMOUUMA NEPEO20 NOPAOKA
nenutcs (mepBoe JeleHrne Melo3a) MOPOBHY MEXIY KJIETKaMHM, J1aBas CIIepMaTOLUThl BTOPOTO
nopsiaka. Bropoe aenenue meiio3a MpUBOAWT K 0OpPa30BaHHIO TAIUIOUAHBIX CHEPMAMOUUMOE
6mopo20 nopaoka. 3aTeM TPOUCXOJUT CO3peBaHUE Oe3 JeJeHMs] KIETKH, Oojbllas 4YacTb
[UTOIIa3MbI OTOPACHIBACTCS, M TIOJTYYAIOTCSl CIIEPMATO30H/IbI, COJepIKAIINEe TaIUIOUAHBIN HAOOP
XpOMOCOM OYE€Hb MAJIO LIUTOIIA3MBI.

Om1010TBOPEHHOE SHII0 HA3bIBAIOT 3UTOTOM (OT rped. 3UroToC — COSIUHEHHBIN BMeECTe).
AM(UMHKCHC — OOBIYHBIN THI TOJIOBOTO MPOIIECcCa, MPU KOTOPOM MPOUCXOIUT CIHUSHUE SIAEP
KEHCKUX U MY)KCKMX TalUIOMIHBIX TamMeT M 00pa3oBaHUE TUILUIOMJHON 3UTOTHI, U3 KOTOPOW
pasBuBaeTcs 3apopliil. [Tocne onno10TBOpeHHs MPOUCXOAUT AeNIEHUE KIETKH, BOCCTAHOBUBILIEH
JOUTUTONIHBIA HAOOp XpPOMOCOM, MEPBOE M HECKOJBKO TMOCIEAYIOUIMX JeIeHUN SHIeKIeTKH
MPOUCXOIAT 0€3 YBEIMYeHHs pa3Mepa KIETOK, MOITOMY IPOIECC Ha3bIBaeTCs APOOJICHUEM
SINIEKIIETKU
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Hepeeynapnvie munvt nonosoco pasmHodicenuy ANOMHMKCHC — DPa3BUTHE 3apojbllla
HOBOTO OpraHu3Ma 0€3 CIHSHHUS TIOJIOBBIX KJIETOK (raMeT): TapTeHOreHe3 — pPa3BHUTHE
AWNEKIeTKH 0e3 OIUIOOTBOPEHHUS: 2HHO2eHe3 — W3 HEOIUIOAOTBOPEHHON SIMIIEKIIETKH,
anopozene3 — U3 S1Ep CIEPMUEB, anozamemus (anozamus) — U3 JIPYTUX KIETOK KEHCKOTO
ramerouTa (CHHEPrU, aHTUIION); ANOCHOPUA — U3 HEPEAYLIUPOBAHHBIX COMAaTHYECKUX KIIETOK
criopoduTa WIK MAaTEPUHCKOMN CIOPbI; A08EHMUBHAA IMOPUOHUA — U3 COMATUYECKUX KIIETOK
HYIIEJUTyCa WM BHYTPEHHETO UHTETYMEHTA CEMSIIOUEK.

[Tpouecc meiio3a J€KUT B OCHOBE IMOJIOBOTO PAa3MHOXKEHHUS, MOCKOJBKY HPUBOAUT K
ralyIoONIHOMY YHCIYy XpPOMOCOM B ramerax. Y JAMIUIOMJIHBIX OPraHU3MOB TI'€HETHYECKas
uHbOpMallUs XPAaHUTCS B MAPHBIX TOMOJIOTMYHBIX XpOMOCOMAax, MpPHYEM OJHWH TOMOJIOT
MPOUCXOJUT OT Marepu, a APYrod — OT orua. B pesyinbrate Meio3a raruiouJHbIE TaMETbl
coJiep’kaT Kak MaTepUHCKHE, TaK U OTLIOBCKHE XpPOMOCOMBIL. biarogapsi KpoCCUHIOBEpY MEXKIY
TUMHU roMoJioraMu B nipodase I meiio3a, reHeTuyeckast U3AMEHUYMBOCTh FaMeT CTAaHOBUTCS Ooliee
BBICOKOM.

Oco0eHHO BaXHYIO pOJIb UTpaeT MeHo3 B KM3HEHHOM LIMKJIEe TPHOOB M pacTeHuil. Y
MHOTHX TpUOOB (HampuMmep, APosxKel) mpeodmanaroniei pa3oil )KU3HEHHOTO IUKJIa CYUTAIOTCS
BEreTATUBHBIE TAIUVIONIHBIE KJIETKH, KOTOPHIE Pa3MHOXKAIOTCS ITyTEM MHUTO3a.

Y MHOTOKJETOYHBIX pAacTEeHHH uepenyloTcss AUIUIONIHAs cTaaus crnopodura u
rarion/IHast CTaaus raMeTopuTa. Y pasHbIX CUCTEMAaTHYECKUX TPYII MPEo0IalaeT Ta WIH HHAS
cTaaus, a Meio3 C TMOCHeIyIONMM OIUIOJOTBOPEHUEM SHULEKIETKH CIYXKHUT «MOCTOMY,
COEAMHSIOUINM MOKOJICHUS CIIOPOPUTOB U TaMeTO(PHUTOB.

[Ipy moi0BOM pa3MHOKEHUH B KU3HEHHOM IIMKJIE BBICHIMX PACTEHUM M >KUBOTHBIX
npeoOiiamaer IUIUIOMAHAs cTragus  (cmopoduT), TalUIOWAHOE COCTOsIHHE (ramMeTodur)
CBOMCTBEHHO TOJIBKO MOJIOBBIM KJIETKaM.
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6.1 JlaGopaTopnas padora Ne6 ( 2 yaca).
Tema: «IlonHoe nomuHupoBanue. HenomHoe JOMUHUPOBAHUE)

2.6.1 Lleab padoTbi: O3HAKOMUTHCS C OCHOBHBIMH 3aKOHAMU TTOJIHOTO U HE MOJTHOTO
JOMUHHPOBaHUS

2.6.2 3agayu padoThI:
1. 3HaTh TEPMUHOJIOTHIO B THOPHIOJOTHUECKOM aHAIIM3€ TIPU PEIICHUH 3a/1a4
2. YMeTh peniaTh TCHETHUSCKHE 3aJa4H 110 TTOJTHOMY U HE TIOJTHOMY JIOMUHUPOBAHHUIO

2.6.3 Ilepeyenb npubOpPOB, MATEPHUAJIOB, HCIIOJIL3YEMBbIX B JIa00pPaTOPHOI padore:
1. JlaHHBIE MSCHOHN NPOTYKTUBHOCTH Pa3HBIX BUIOB KUBOTHBIX

2.6.4 Onucanmue (xoa) padoThbI:

N3yuenune HacneqoBaHus MPU3HAKOB B THOPUIHOM MOTOMCTBE, TIOJYUYEHHOM TpU
BHYTPUBHJIOBOM CKPEIIUBAHUH, HA3BIBAIOT 2UOPUOOIOSULECKUM AHATUZOM.

MeTo THOPHUIONIOrHYECKOro aHaiu3a ObUl pa3paboTaH YemICKUM Yy4eHbIM [
Mengenem (1865) m B HacTosIlee BpeMs SBISETCS OCHOBHBIM B TE€HETHYECKUX
uccienoBaHusx. Meroa ruOpuI0IOTUYECKOTO aHAIA3a CKIIAIBIBAETCS U3 TAIOB:

1. [TonGop pOAMTENBCKUX TAP, PA3AYAIONIUXCS TIO0 ATBTEPHATHBHBIM TPU3HAKAM,
T.€. KOHTPACTHBIM (KPaCHBIN - O€JIbIH; KENThIH - 3EJCHBIA U T.1.).

2. [IpoBepka wucxoaHbix ¢GopM B TeueHHWe 2-3 TMOKOJIEHHH Ha YHUCTOTY
-TOMO3UTOTHOCTb.

3. CkpemuBanue.  Pa3znuyaroT:  MOHOTMOpPHAHOE, [U- U NOJUTHOpUAHOE
ckpemBanue. IIpu CKpemmBaHMM TOMO3HUIOTHBIX POJMTENEH IIOIY4YarOT IIEPBOE
nokosieHue. [lomydenHple THOpPUABI TEPBOTO  TMOKOJIEHUS  PA3MHOXKAIOT  JHOO
CaMOOTIbIJICHHEM, JIMOO «CECTPUHCKUMU» CKPEHIMBAHUSIMH M TOJY4YalOT BTOPOE
MOKOJICHUE.

4. B kax710M MOKOJIEHHH NPOBOAUTCS CTPOTMH KOJIMYECTBEHHBIN y4€T PaCTECHUU II0
M3y4aeMbIM MPU3HAKAM U JIEJIAIOTCA BBIBOABI O XapaKTEPE PACUIEIIIICHHUS.

[Ipn aHanu3e pe3yJbTaTOB CKPEIIMBAHUS MOJIb3YIOTCS OOIICTIPUHSATHIMH CHMBOJAMHU U
YCIIOBHBIMH 0003HAUYEHUSIMHU.

CkpenrBaHue MPUHITO 0003HAYATh 3HAKOM YMHOXEHUS - X, MATEPUHCKYIO 0COOb
3HaKOM - 9, oOTHOBcKyr - S- MarepuHckas 0ocoOb MUIIUTCS Ha IEPBOM MECTE,
OTIIOBCKast - Ha BTopoM (9 x §). Poaurenbckue ocoOu, B3sThIe AJIs CKPEIIUBAHMUS,
0003HayaroT JTaTUHCKOM OykBOH «P» (parentes - poaurenu). [lonydeHHOE TOTOMCTBO OT
CKpEILIMBAHUS POAUTEIBCKUX (POpPM, HA3BIBAIOT THOPHUIAMH, & COBOKYITHOCTh THOPUJIOB -
THOPUIIHBIM TIOKOJIEHWEM WM THOPUAHBIM TIOTOMCTBOM, KOTOpoe 0003HadaeTcs
natuHckoit OykBoit F (filii - getn). Hudpoit Bo3ne 6yksrl F 0603HauaeTCs mokoyieHue:
nepsoe - F; , Bropoe -F2 u T.1.

AJIbTEpHATUBHBIE TPU3HAKK JETEPMHUHUPYIOTCS T€HAMH, JIOKAJM30BAHHBIMU B
OJIMHAKOBBIX JIOKycaxX (ydacTKax) TOMOJIOTMUHBIX xpoMocoM. B. Ho-rancen (1926)
MPEAJIOKUI TeHbI, 00yCIaBIMBAIONINE albTEPHATUBHBIC NMPU3HAKU HA3BaTh AJJICIISIMU.
Annenb, 0O0yCIaBIMBAIOUIUMK JTOMUHAHTHBIA MPU3HAK, HA3bIBAIOT JOMHUHAHTHBIM
ajiesieM, KOTOpbIi 0003HavYaeTCs 3aryiaBHOM OyKBOM JlaTMHCKOTO andasura - A, B, C, R
U T.J., KaKk 3T0 Obwuto mpemioxeHo I'. Menaenem. JlOMMHAHTHBIM TpPH3HAK - OTO
peo0IaTaroIuii, 1O1aBIISIOIIHA.
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PenieccuBHBIN amenb oOyClIaBIMBaeT MPOSBICHUE PEIECCUBHOTO IMPU3HAKA U
o0o3Ha4yaeTcsi CTpOoYyHOM OyKBOW - a, B, ¢, T WU T.A. PENECCUBHBIN MPU3HAK - ATO
MTOAABJISIEMBIH, CKPBITBIN, HEMTPOSBIISIOIIMIICS.

JIOMUHAHTHBIN W PEIECCUBHBIA aJlIeIM HAaXOIATCA B OJIMHAKOBBIX JIOKyCax
TOMOJIOTUYECKUX XPOMOCOM M B MeEHO03€ TOMOJIOTMYHBIE XPOMOCOMBI PacXoJsiTcs B
JIOUYEpHUE KIJIETKH, KaXKJas raMeTa MpU 3TOM MOJIYy4YaeT TOJbKO OJWH alllesib «A» WU
«ay». [Ipu ormI00TBOPEHNH TaMeThl CIIMBAIOTCS, BOCCTAHABIMBACTCS JUIUIOUIHBINA HaOOP
XPOMOCOM M Ka)KJasi coMaThyeckas KieTka OyJIeT cojepkaTh JiBa ajuieis OJHOrO I'eHa -
AA, Aa unu aa.

Ecnu B yder npu ckpemmBaHuu OepeTcsl He OJUH MpU3HaK, a 2 win Oosee, TO U
KakJ1asi coMmaTH4ecKas KieTka OyaeT coaepxarh 4 amnens - AABB; eciau 3, To umeer 6 -
AABBCC, nonoBas Kj1eTka COOTBETCTBeHHO 2 aens - AB; 3 amens - ABC.

PeweHue 3apa4y Ha MOHOrMOpUAHOE CKpelmBaHue

Monoeubpuonoe ckpewuganue - 3TO TaKO€ CKpEUIMBaHHE, INPU KOTOPOM
POJUTENBCKUE MAphl PA3NIMYAIOTCA IO OJHOM Iape albTEPHATUBHBIX (KOHTPACTHBIX)
MPU3HAKOB.

I'. Menaens npu ckpemmBaHuu ropoxa (Pisum sativum) y4uThIBan ajabTEpHATHBHbBIC
MIPU3HAKU 110 OKpPacke CeMsH ropoxa («A» - jKenTas OKpacka M «a» - 3€JIeHas OKpackKa
CEMSIH).

[Ipy ckpemmBaHUM TOMO3UTOTHOM OCOOM IO NPHU3HAKY KEITOM OKpacku «AA» c
TOMO3UTOTHOM 0COOBIO TIO 3elieHO# okpacke «aa» [.Mennens Habm0a)1 eMHOO0Opa3ue
10 (peHOTUNY W FeHOTUILY B MEPBOM MOKOJEHUHU. Tak Kak rOMO3UroTa, 00pa3oBaBILasiCs
OT CIUSHUS TaMeT HECYIIUX OJIMHAKOBBIE T'€HBI «A» WM «a» U TE€TepO3Urora - 3TO
3UroTa, 00pa3oBaBIIAsICS OT CIUSHUS TaMET HECYUIUX pa3lInyHbIe T€HBI «A» U «a», TO
TOMO3UTOTHBIE pOAMTENU OyAayT OOpa3oBbIBATH TOJBKO OJWH THI TaMET: MEpPBbIA
JTOMUHAHTHBIN POJAUTEND «A», a BTOPOl PEIIECCUBHBIN «a».

['uOpuabl nepBOro MOKoJIeHUs «Aa» ObUIM MeTEPO3UTrOTHBI U UMENIU BCE CEMEHa
KENTON OKpACKH, T.€. JKENTask OKpacka OKaszallach MpeoOsaaroNieid, a 3eJieHast OKpacka
HE NPOSIBUIIACK, T.€. ObLIA PELECCUBHOM.

B 1909 romy B. Horancen BBen TMOHATUS TEHOTHUI, (EHOTHUIL. [enomun
-COBOKYMHOCTh T'eHOB. (COBOKYMHOCTb T€HOB MOXET ObITh TOMO3UTOTHOM WM
reTepO3UroTHON. Pernomun - COBOKYMHOCTh (DEHOB WJIM BHEILIHUX IPU3HAKOB.

Tak B TepBOM TOKOJEHUU TPU CKPEIIMBAHHUM TOMO3HUTOTHBIX OCO0€H 110
JIOMUHAHTHBIM M PEIIECCUBHBIM QJIJIENSIM THOPUJIBI UIMENIM OJIUH T€HOTHII, OJIUH (DEHOTHTI,
T. €. IOTOMCTBO ObLIO earHOo00pa3HbM ['. MenzeneM Obu10 chOpMYyIUPOBAHO MPABUIIO O
eAMHOO0pa3ud WIM JOMHHMPOBAaHMM THUOPHIIOB TNEPBOro IMOKOJIeHHA. Bo BTOpoMm
MOKOJICHWH, TOJIyYeHHOM OT cKpeliuBaHusa rudbpugoB Fi mexnay coboil, HaOm0qa510Ch
pacuierienue. [ aHanuza pacuieruieHus yao0Ho mojib30BaThes pemérkoi [lennera (P.
[leHHeT mpeasioAKUI TUIIBI TaAMET MaTePH PACIOJIONKHUTh 110 BEPTUKAIU, TUIIBI TAMET 0TI
10 TOPU3OHTAIN), OOpa30BaBIIEECs] MOTOMCTBO OT CIHSHHS COOTBETCTBYIOIIUX THIIOB
raMeT pacroJlaraeTcsi BHYTPH PEIIETKU.

OOpa3oBaBiinecs OT TAKOTO CKPELIMBAHUS FaMEThl CIIMBAIOTCS TaK: rameTa «A»
CIIMBAETCA C TaMeTol «A», PaBHO BEPOSITHO, KaK U TaMEThl «A» C «a» U «a» C «ay.
CrnenoBaTenbHO, B TOTOMCTBE OyIyT 00pa3oBbIBaThcs TeHOTHIBI AA, Aa, Aa, aa, T.e. Ha
OJIHYy TOMO3UrOoTy AA - B€ T€TepO3UroThl Aa U OJHa TOMO3UI0OTa aa, T.€. pacUIeIICHUE
B F, mo renotuny cootBerctByeT 1:2:1, mo ¢enorumy - 3 gactu x€nTOoCEMEHHBIX H |
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qyacTh 3eI€HOCeMeHHBIX pacteHuid (3:1). OmHako, Takoe pacuIerieHne BO3MOXKHO JUIIIb
TIPU HOTHOM OOMUHUPOBAHUU.

[Ipu menonnom Oomunuposanuu TreTepo3urora AA€T MposBIeHHE B (EHOTHUIIE
MIPOMEKYTOYHOTO pU3HaKa. Hampumep: CKpEIIUBAIOTCS TOMO3UTOTHbBIE
KpPacCHOIIBETKOBBIC M OEJIOIBETKOBBIE PACTCHUS HOYHOW KpacaBUIIBI, B MOTOMCTBE Fi
00pa3yloTcsi PO30BOLIBETKOBBIE pacTeHUs. Bo BTOpOM MOKOJEHHH pPACIICIUICHHUE TI0
(dbeHoTHITy U TIO TEHOTHUITYy COBMaAaeT U cooTBeTcTBYeT 1:2:1, To ecTh mo geHotumny Ha 1
4acTh KPACHOLBETKOBBIX 2 YaCTH PO30BOLBETKOBBIX M | 4YacTh OEJIOLBETKOBBIX; IO
reHotuny Ha | yacte roMo3uroT no gomuHaHTy (RR) mpuxonutcs 2 rerepo3urotst (Rr)
Y OJIHA YaCTh TOMO3HUTOT MO PEIECCUBY (IT).

Jns  ananuza ruOpugoB mepBoro mokojeHus [. MeHaenb  TpoOBOAMII
aHATM3UPYIOLIEE CKPEIIMBAHUE - 3TO TaKOE€ CKPEIIMBAHHE, MPH KOTOPOM THOPHUIBI
MIEPBOTO MOKOJICHUS BO3BPATHO CKPEIIMBAIOTCS C PEIIECCUBHBIM POIUTEIEM U TOTOMCTBO
o0o3Hayaetcs b,.

B notomctBe F, (B rerepo3urore) MOryT OJHOBPEMEHHO MPOSIBISATHCS MPU3HAKU
oboux poauTenell. DTOT TUI HACIEAOBAHUS MOYYHISI Ha3BaHUE KO-O0OMuHuposanus. Ero
MPUMEPOM CITY’KUT HaclieJJOBaHHE TPYIIbl KPOBH y YEJIOBEKa M KUBOTHBIX, OKpacka
HIEPCTH Yy KPYITHOTO pOTaToro CKOTa.

3amanue

1. VY ToMara HOpMaibHas BbICOTA PACTEHUU A JOMHHHUPYET HaJl KapJIMKOBOCTHIO d.
Onpenenuth GEHOTHUIT, TCHOTHI B TUII TAMET, CICAYIONUX pacTeHuii: A4, Aa, aa.

2. Y Tomara reH OKpyriod (opmbl AOMUHUPYET Haj TrpyueBuaHoW. KakoBbl
TEHOTHUIIBl POJUTEIIbCKUX PACTEHHM, €CJIM B IIOTOMCTBE IOJYYUJIIOCh PACTEHUU C
OKPYTJIBIMH U TPYIIEBUIHBIMU TUI0JJaMU [TIOPOBHY.

3. JlypMaH, uMEOIIMKA MypIypHbIE LBETHI, N MpPU camMoomnbuieHUU 10 MOTOMKOB C
MypHypHbIMU U 3 ¢ OenbiMu 11BeTKamMu. Kakue BbIBOJBI MOKHO CJiefiaTh O HACIeOBAHUU
OKpackd IIBETOB y pacteHui storo Buaa? Kakas yacte noromctBa F, He pmact
pacuienyieHus: Ipu caMOOTbIIICHUN?

4. Y MOpCKHMX CBHHOK T'eH MOXHaToi mepctu (R) moMuHHMpyeT Hajg reHOM Tiagkon
mepcetu (r). MoxHaTasi CBUHKA IIPU CKPEIIMBAHUK CO CBUHKOM TIIaJIKOW mIepcTH Aana 18
MOXHAThIX U 20 TJIaJKUX MTOTOMKOB. KakoB reHoTHIT pouTeneid u moroMcta? Moriau Ob1
Y 3TUX CBUHOK POAMUTHCS TOJIBKO IJajKue ocoou?
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7.1 JlabopaTopHnas padora Ne7 ( 2 yaca).
Tema: «AHanusupytolee ckpenuBanie. Bo3BpaTHoe CKpeluBaHmue»

2.7.1 Hean padotbi: O3HAKOMUTHCS C OCHOBHBIMU 3aKOHOMEPHOCTSIMU TIPU
aHAIM3NPYIOIIEM CKPEIMBAHUH

2.72 3apauu padoThI:
. 3HaTh TCPMHHOJIOTHUIO B I‘I/I6pI/IZ[OJIOFI/ItIeCKOM AHAJIN3C IIPU PCIICHUHU 3aaa4
2. YMeTh pemiath reHeTUYECKUe 3a]aui 0 MOJTHOMY U HE TIOJTHOMY IOMHUHHPOBAHHIO

2.7.3 Ilepeyenb npubOpPOB, MATEPHUAJIOB, HCIIOJIL3YyEMbIX B JIa00paTOPHOI padore:
1. 3amayHuK MO reHETHKE

2.7.4 Onucanmue (xoa) padoThbi:

[1epBbIii 3aK0H /TpaBUIIO/ HACIEIOBAHUS TPU3HAKOB.

[Ipn ckpemmBaHUM pOAHTENEH, OTIMYAIOUIMXCS IPOTHBOIMOJIOXKHBIMA MpPU3HAKAMH,
NepBoOe TMOKOJCHHE YHACHeayeT NMpPU3HAKU OJHOro pomutens. [Ipu3Haku, mposBisionmecs B
MIEPBOM TIOKOJICHUH, HA3bIBAIOTCS IOMUHAHTHBIMH, a T€ KOTOpPBIC HE TPOSBIAIOTCS B IEPBOM
MOKOJICHUH pelecCUBHBIMU. JlOMUHAHTHBIE (AKTOpbl 0003HAUAIOT 3ariaBHBIMH OyKBaMuU
JaTUHCKOTO andaBUTa, peIeCCUBHBIC TIPOITUCHBIMHU.

Hamnpumep, sxentast okpacka - AA, 3eneHas - aa.
CxeMa CKpeluBaHus:
P. AA x aa

[TepBoe MOKOJICHHE TMOJYYUTCS IO BHEIIHEMY BHUAY BCE OJMHAKOBBIM, XKEJITHIM, a IO
HACJICJICTBEHHBIM  ()aKTOpaM  HEOJWHAKOBBIM - Aa, Ha3bIBAEMBIM T€TEPO3UTOTHBIM,
poauTenbckue (GOpMBI ¢ OJAMHAKOBBIMU  HACJICICTBEHHBIMU  (DaKTOpaMHM  Ha3bIBAOTCS
TOMO3HUTOTHBIMU - AA 1 aa.

Bropoii 3ak0oH /mpaBuiio/ HaciaeI0BaHUS TPU3HAKOB

[Ipu ckpemmBanuy ruOpUI0B NEPBOTrO MOKOJIEHUS MEXAY COO0H BO BTOPOM IOKOJIEHUU
MPOMCXOIUT paclieNieHHe MPU3HAKOB Ha POJUTENbCKHE (POPMBI B OTHOLIEHUU:
3 TOMMHAHTHBIX : | pereccuBHBIN

OTO TPOMCXOJUT MOTOMY, YTO (DAKTOpPBI /TeHBI/ y KaXKAOTO OpraHM3Ma HaXOISATCS B
nBOMHOM no3e. Tak, y poauTeneld YUCThIX JUHUN - AA, aa, y THOPUIOB MEPBOTO MOKOJICHHS -
Aa. OTu napel TeHOB Ha3bIBAIOTCS AJIJIENIIMU, @ MECTA B XPOMOCOMAX, IJIE OHU PaclOJIOKEHBI -
nokycaMu. Cxema CKpeluBaHus THOPUIOB MEPBOTO MOKOJIEHUS MEXAY CO0O0M TakoBa:

P. Aa x Aa

Tametrst A a A a
Fi AA:Aa: Aa:aa

B pesynbrare mnomyumnoch 25% ocoOelf TOMO3MIOTHBIX JOMHHAHTHBIX, 50%
reTePO3UTOTHBIX, U 25% rOMO3UTOTHBIX O PELIECCUBHBIM I'€HaM.

['uGpunsl mepBoro moxkojeHus — Aa - JalOT JiBa COPTA YUCTHIX MOJIOBBIX KJIETOK: C TEHOM
- A u ¢ reHoM — a. B mporecce ckpemuBaHus y THOPHIIOB OHM HE CMEUIMBAETCS. DTO CO37aeT
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BO3MOXHOCTb JUISl pACIIEIUVIEHHs] BO BTOPOM IIOKOJEHHWM Ha POJIUTEIbCKHE TpPHU3HAKU B
otHomeHuu 3 : 1 nmo ¢penoruny u [ : 2 : 1 - mo renorumry. COBOKyIHOCTh BHEIIHUX NPU3HAKOB
Ha3bIBAETCs (PEHOTUIIOM, COBOKYITHOCTh HACJIEICTBEHHBIX 33JJaTKOB - TEHOTHIIOM.

BO3BPATHHE CKPEIIMIBAHUA:
a) aHAJIM3UPYIOIIee CKPELIUBaHNe
Jlis moka3aTenbCTBa TOTO, YTO TMOPHI MEPBOrO MOKOJIEHUS JIaeT JBa COpTa IMOJIOBBIX
kinetok, [.MeHnenp mNpoBen aHAIU3UPYIOLIEE CKPELIMBAHUE, OKPECTHB THMOpUJ TEPBOTO
MIOKOJIEHUS C POJUTEIEM, UMEIOIIUM PELIECCUBHBIE TIPU3HAKU.
P. Aa x aa

T"ameTnl A a a a

F, Aa: Aa: aa: aa
JKENThIE 3eJIEHbIE

B nokoneHun nosiBUIINCH MOTOMKH C IByMsI TPU3HAKAMU: XKEITHIC U 3€JICHBIE.

OTO pe3yabTaT TOro, 4yto Aa Jaj JBa copTa MOJIOBBIX KJIETOK. M3 3Toro ckpeumBanusi, ObLIO,
BBIBEJICHO MpPaBWJIO "4acTOThl raMeT, Ha3blBa€MOE HHOIJA TPEThUM 3aKOHOM HACIIEOBaHUS
NpU3HAKOB JlaHHOE CKpeIlMBaHUE TPHUMEHSETCS Ui OIpENeNIeHUS] TOMO3WUTOTHOCTH U
reTepo3UTOTHOCTH ocobelt. Hampumep, eciu Mbl COMHEBaeMCsl B TOMO WJIM T'€T€PO3UTOTHOCTH
oco0u, He00X0IMMO TIPOBECTH aHAIM3HUPYIOIIEe CKPEUIMBAHNE, T.€. CKPECTHTDh JaHHYI0 0COOb C
3apaHee pELECCUBHbIM poauTeneM. Eciu XOTb OAMH HOTOMOK OKaXeTCs C PELeCCHUBHBIM
MIPU3HAKOM, 3HAYHT, TIOZ[03peBaeMasl 0COOb T€TepPO3UTOTHA.

0) CxpenuBanue ¢ JOMUHAHTHBIM POJIUTENIEM
[Ipn ckpemmBaHuu o0coOEl W3 TMEPBOTO TIOKOJEHUS C POTUTEIIEM, HWMEIOIUM
JOMUHAHTHBIN MPHU3HAK, BO BTOPOM TOKOJICHHH TIOJyYaeTcs 10 (PEeHOTHIY - BCE OJMHAKOBBIC
0co0m KenThle, Mo reHoTuIty: 50% - roMo3UroTHBIX, 50% - TeTEePO3UTOTHBIX TI0 CXEME:

P. Aa x AA

T"ameTnl A a A A
F, AA : AA: Aa:Aa

2 AA 2 Aa

Ilo 3akonam /mpaBunam/ I.Menaens Hacnemyercs psii TNPHU3HAKOB Y IKHUBOTHBIX:
KOMOJIOCTb, MAaCTh U JIp. 9KCTEPhEPHBIC MPU3HAKH U aHOMAJIHH.
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8.1 JIaGopaTtopnasi pa6ora Ne8 ( 2 yaca).

Tema: «/lu- n rubpugHOE CKpenMBanue, pemerka [leanera»
2.8.1 Heapb pa6oThl: 1. 3HATH TEPMHUHOJIOTHIO TIPU I M TTOJUTUOPUIHOM CKpPEIINBAHUH
2. YMeTb pemiath reHeTHYeCKUe 3a/1a9u

2.8.2 3apauu padoThI:
1. HayuuThcs pematb reHeTHYecKue 3a/1auu

2.8.3 Ilepevyens npudOpoB, MaTEePUAJIOB, HCI0JIb3YEeMBbIX B J1a0opaTopHoii padoTe:
1. 3amayHuK MO T€HETUKE

2.8.4 Onucanue (xox) padorThi:

JurnOpuHBIM HA3bBIBACTCS TAKOE CKpEIMBAHHE, KOTJa B CKpeEIMBaBaHUE OepyT
poauTenel ¢ IByMs TapamMHu Npu3HaKamMu. Hampumep, oawH cOpPT ropoxa UMeEeT TIaJKue U
KEIIThIC CEMEHA, BTOPOH MOPIIMHUCTBIC, HO 3eeHble. O0mas cxemMa CKpEUUBAaHUS BBITIISIUT
TakK:

P. AABB X aaBB

JUTOMO3UT0Ta
(110 TOMUHAHTHBIM T'€HaM)

F, AaBB

JMTOMO3UTOTa
(TI0 pereccuBHBIM T'eHaM)

I"'ameTn1

VY 4uCTBIX JTMHUI 00pa3yeTcs 0 OJHOMY COPTY T'aMeT, IIPU CIUSHUU
KOTOPBIX 00pa3zyeTcs qurerepo3urora -AaBB.

[To ¢enotuny mnepBoe mOKoJeHHE OyIeT JKENThIM, TIJaJKUM, IO TE€HOTHUIlYy -
JIUTeTEepPO3UrOTHBIM. Eciu CKpecTUTh THOpHUIOB NEPBOrO IOKOJIEHUS MEXAY CO000H, TO B
MIOTOMCTBE BTOPOT'O IIOKOJIEHUs OyeT HaOmonaThes pacuerienue. [lpuaeM, kpome MOTOMKOB C
POIUTENbCKIMHU TPHU3HAKAMH - TOSIBATCS J1Ba (DEHOTUNA C KOMOMHMPOBAHHBIMH TpPU3HAKAMU
oboux poaurtenel, T.e. Bo3HUKaeT 4 ¢deHoruna. DTo pe3yibTaT TOro, 4TO THOPH] MEPBOTO
MOKOJIEeHUs! JlaeT 4 copra ramer, oOecnedyMBaIOIIMX pa3HOOOpa3He IMOTOMKOB BO BTOPOM
MOKOJIEHUH. TUMBI TaMeT ¥ IOTOMKOB BTOPOT'O TIOKOJIEHUS 3alUChIBAIOTCA B peuleTky [lenHera:

¢ | AB A aB aB
J
AB " AABB AABB AaBB AaBB
JKEJITBIN TIIQAKAM | KENTHIN TIagKui JKEJITBIN TIIaIKHi JKEIITBIN TIIaIKHi
AB AABB AABB JkenTeld | AaBB AaBB JKEIITBIN
JKEJITHIN TJIAJIKUM | MOPITMHUCTBIN JKEJITBIN TJIaIKUN MOPUIMHUCTBIN
aB AaBB AaBB aaBB aaBB
SKEJITBIN TIIAIKUH | JKEJITHIN TIIaaKUuNi 3eJICHBIN INIaIKU | 3€JI€HBIN IIaIKui
aB AaBB AaBB JKEeIThIN | aaBB AaBB 3eJICHBIN
YKEJITBIN TJIaJIKUM | MOPUTMHUCTBIN 3€JICHBIN TJIAJIKUH | MOPIIMHUCTHIN

[To ¢enotuny pacmierienue OyAeT TaKUM:

MOPHINHUCTBIX, 3 3eleHbBIX TJIaaKux, 1 3eneHbIi MOpIIIHHHCTBIfI.

9  KeNTHIX TJIaaKux,

3 KENTBIX
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Ecnu nate aHanu3 HacleAOBaHUS MO OTICNIBHBIM IMPHU3HAKaM, TO TMOJYYHTCSA, YTO BO
BTOPOM TOKOJIEHUM OKaxkeTcsl - 12 xentvix: 4 3eneHsix (3:1), 12 — rmaaxkux: 4MOPIIMHHUCTHIX
(3:1), To ecTb OKpacka He OKa3bIBa€T BIUSHUS HA HacleJoOBaHUE (POPM CEMsIH, TO €CTh MPU3HAKU
BeAyT ce0s HeaBrcuMo. OTcro/1a ObUT BBISIBIICH 3aKOH HE3aBUCHMOTO HACJIEIOBAHMUS TTPU3HAKOB.
[Ipu3Haku HacleayloTcs HE3aBHCHMO, MOTOMY YTO TEHBl HMX OIpPENEeNSIONIMe HaXOASATCS B
pa3HbIX XpOMOCOMaXx.

[Io reHoTumy BO BTOpPOM TOKOJEHUU pACUICTNIEHHE CIOKHEE M BbIpa)kaeTcs
cooTHouieHuem: 1:2: 2:4:1:2: 1: 2: 1.

[Tpu ananuzupytomem ckpemmBanuu P. AaBB x aaBB, B moToMcTBe nosydaercs 25%
KENTHIX THaAKux: 25% IKENThIX MOPHIMHHUCTBIX: 25% 3eneHbIX rnaakux: 25% 3eseHbIx
MOPUIMHHUCTHIX.

[To renorumny: 25% AaBB: 25% aaBB: 25% AaBB: 25% aaBs.

3ajauu 1o TeMe AUTUOPUIHOMY CKPEIIUBAHUIO:

VY KpOJIMKOB TOHOpPCTaeBasi OKpacka Mexa JOMHHUpPYET Haja Oelod, a KOpOTKas IIEpCTh
(myx) — Haxg januHHOW. ['eHBl o00euMX TMPU3HAKOB HE CHEMIeHbl. [ OMO3WUTOTHBIM
JUIMHHOILIEPCTHBIN TOPHOCTAEBON OKPACKH KPOJIMK CHapUBAETCS ¢ OEIBIMU FE€TEPO3UTOTHBIMU 10
reHy KOpOTKOM mepetu camkaMu. Onpenenure TeHOTHIT U (PeHOTHIT TOTOMCTBA.

2.V oBern ren 6enoit Mactu (B) momuHupyeT HaJl TeHOM YepHOUM MacTH (B), HAIMYUE CEPEKEK
Ha mee (S) — Haja ux orcyTcTBUeM (s). OT CKpelrBaHUs YEPHBIX OBEIl C CepekKaMu Ha I1ee C
OenmpiM OapaHoM 0e3 cepexeKk Moidydaid THOpHIoB ¢ reHotunoMm BbSs. Ilpu ckpernmuBanum
MeXay coboit ruopuaoB F1 nmomydanu 16 motomkoB F,. Onpenenure paciiernyieHue 1mo reHOTHITY
u Genoturry y rudpunos Fo.

VY oBen ren Oenoit mactu (B) nomuHupyer Haj yepHO# (B), a TeH AMUMHHBIX yied U — Han
0e3yxocTpio (u). ['eTepo3uroTHble MO 3TOMY MPHU3HAKY >KUBOTHBIE HMMEIOT KOPOTKHE YIIIH.
I'omo3uroTHbIli  Oenblif  JIMHHOYXUH OapaH CKpelIMBAJICA C TETEPO3UTOTHBIMH OENbIMU
KOpPOTKOYXUMH oBLeMaTKaMu. bbuto momydeHo 40 srasr. CKONBbKO pa3HbIX T€HOTHIIOB MOKET
OBITh MOJIYYEHO B pe3ysbTaTe 3TOro ckpeniuBaHus? CKOJIBKO OyAeT STHSIT TOMO3UTOTHBIX I10
o6enm npu3HakaM? CKOJIBKO STHAT OyJIeT UMETh KOPOTKHUE YIIn?
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9.1 JlaGopaTtopnas padora Ne9 ( 2 yaca).
Tema: «IlonurubpuaHoe CKpeluBaHmue»
2.9.1 Heab padotrbi: O3HAKOMHUTHCS C TUTTAMHU POJIOCITOBHBIX

2.9.2 3agayu padoThI:
1. HayunThcs pemiaTb reHETHUECKHE 3a/1a4U

2.9.3 Ilepevyens npudOpPOB, MaTEePUAJIOB, HCI0JIb3YEeMBbIX B J1a0opaTopHoii padoTe:
1. 3amayHuK 1O T€HETUKE

2.9.4 Onucanue (xox) padoTpi:
[TonmuruGpumaHOE CKpelMBaHNUE

Oco0Owu, paznuyaromuecs Mo TpeM MapaM MPU3HAKOB, HA3bIBAIOTCS TPUTUOPUIHBIMHU, a
0osee yeM 1o TpeM - moUruopuaAbiuMU. COOTBETCTBEHHO M CKpEIIMBAHUS HABUBAIOTCS TPH H
MOJTUTHOPHUIHBIMH.

Hanpumep, Menaens ckpenBai ABa COpTa ropoxa, pasinyaronecs 1o OKpacke ceMsH,
(dbopMe U OKpacke KOXKypbl CEMSH IO CXEME:

P. AABBCC X aaBBCC
T'ameTnl
F, AaBBCc

B nmepBoM moOKoneHHMM Bce 0COOM OBUIM OJAWHAKOBHIMH TIO (DEHOTHILYy TpeMs
JTOMUHAHTHBIMH Tpu3Hakamu. [ ubpun (Tpurerepo3urora) nepBoro nokosnenus AaBeCc maer 8
COPTOB TOJIOBBIX KJIETOK, MOTOMY YTO TPH CKPEIIMBAHUM WX MEXKJIy €000 B TOTOMCTBE
HaOmroaeTcs pacueruieHue Ha 8 penotumnoB B cootHomenunn: 27 ABC: 9 ABC: 9 aBC: 9 aBC: 3
Agc: 3 aBc: 3 aBC: 1 aBc.

Kak 1 mpu auruOpuaHOM CKpEUIMBAHWM TPU TPU - U MOJUTHOPUIHOM CKpEIIMBAHUN
MIPUBUBKHU BEyT ceOsl HE3aBUCUMO.

CormacHO yCTaHOBIIGHHBIM MeHelneM TpaBUjaM MOXKHO OIPEACIIUTh YHUCIO TaMeT,
(EHOTUIIOB U TEHOTHUIIOB B JIFOOOH CKpermmBaHuu. Ecmu 0003HAYWTH N-YMCIIO Map MPU3HAKOB,
KOTOPBIMH OTJIMYAETCS HEKOTOpbie (hopmbl, TO 1 F duciio ocobeii OyaeT mpr MOHOTHOPHIHOM
ckpeumBanuu 4' =4, muruGpuaaom 4> =16, Tpurubpuanom 4° =84, monmuruOpugHOoM 4",

Yucio ramer - 2'=2; 2*=4; 23=6; 2"=n.
Yucno penorunos (3+1)', (3+1)%, (3+1)°, (3+1)"
Yucno renorunos (14+2+1)", (142+1)% (1+2+1)%, (1+2+1)"

33,[[3‘11/1 10 TEMC HOJ'II/IFI/I6pI/II[HOMy CKPCIIUBAHUIO:

1. V cBuHeil reH Oeioil MacTH TOMUHHUPYET HaJ YEPHOW, a CPOCTHOMAIOCTh — Ha
JBYHAJIOCTBIO.

Nmerotes mBa Oenbix xpska-pomsBogutens (Xek NelS u [Ipauyn Nel9) co cpocTHOmanbiMu
Horamu. Xpsik Xek Ne 15 npu ckpenyBaHuy ¢ JIIOOBIMM CBUHOMATKaMHU JaeT Oeoe MoTOMCTBO, HO
IIPU CKPELIMBAaHUM C ABYNAIbIMM MAaTKaMHU IIOJIOBMHA IMOTOMCTBA OKAa3bIBA€TCS CPOCTHONAJIBIC,
nojoBuHa — ABynaibeiM. JlpauyHn Ne 19 mpu ckpenwBaHuMM € YEpHBIMH CBMHOMAarkamy JIaeT
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MOJIOBHUHY 0€JI0r0 U TMOJIOBHUHY YEPHOTO TIOTOMCTBA, a MPU CKPEIIMBAaHUH C ABYNAJIbIMH MaTKaMH,
TOJIBKO CPOCTHOIAJIBIX MMOTOMKOB. Onpesie/inTe TeHOTUIIBI XPSKOB M CBUHOMATOK, COCTaBbTE CXEMBI
CKpELIBaHUS.

2. 'omo3urotHas ppbkasi ABynajasi CBUHOMAaTKa IPHU CKPEIIMBAHUU C YEPHBIM OJHONAIBIM
XPSKOM-TIPOU3BOJIUTENEM Jajia JIMIIL YEpHOE OJHOMAjoe MOTOMCTBO. BO3BpaTHOE CKpelBaHue
rubpunoB F1 ¢ perkumu qBynanbiMy XpsikaMu Jano 10 4epHbIX OHONAIBIX, 9 PhIKUX OTHONANBIX, 11
YepHbIX AByNaiblX U 10 ppokuX ABynanbix nopocar. OnpenenuTe TeHOTUIBI XPSKOB U MaTOK.
Kak nacnemyercs olHOMANOCTh, YepHAs U pbhKas MacTH?

3. Tlomocateie Kypbl TOPOABI IUIUMYTPOK C HeomepeHHbIMH TuTtocHamu (BBff) Obum
CKPEILIEHBI C TETYXOM MOPO/IbI JISTTOPH C YEPHBIM OTIEpeHUEM U ornepeHHbIMU TuTrocHamu (BBPP). Bee
MOTOMCTBO F1 OBIJIO YepHBIM C ONEpeHHBIMHU ILTOCHaMU. OmpenenuTe (EHOTHIBI U TeHOTUIIBI Y
ruopuaoB B F.

VY xyp ren onepenubix Hor (F) nomuaupyet Han romsivu (f), a TeH TOpoxoBUIHOTO TpedHS (P)
— HaJl IpoCThIM (p).

4. IBe xypuisl «C» u «/I» ckpemensl ¢ neryxamu «A» u «By». Bee dersipe nTUIBI UMEIOT
OIEpEHHbIE HOTY U TOPOXOBUHBIN rpedeHsb. Iletyx «A» ¢ 00emMu KypaMu 1aeT IOTOMCTBO TOJIBKO
C ONEpPEHHBIMHM HOTaMHU U TOpOXOBUIHBIM rpebHeM. [letyx «By» ¢ kypurie «C» naeT Kak OrepeHHbIX,
TaK ¥ TOJIOHOTUX LIBIIUIAT, HO C TOPOXOBUIHBIMU T'PEOHSAMHU; MPU CKPELIMBAaHUU C Kypuuei «/I» on
JaeT UBIUIAT TOJBKO C ONEPEHHBIMH HOTaMH, HEKOTOpbIE W3 HHUX HMMEIOT TOPOXOBHIHBIC, a
HEKOTOpbIE MTPOCTHIE TPEOHMU.

Hauepture cxembl ckpenmBanus Kyp. Onpeennre TeHOTHITBI Bcex 0cobeil: «A», «By, «C» u

«I».
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10.1 JIa6opaTopHasi padora Nel( ( 2 yaca).
Tema: «KogomuHupoBanue v INIEHOTPOITHOE ACHCTBUE TEHOB)
2.10.1 Hean padoThI:
1. 3HaTh TEPMUHOJIOTHIO B THOPHIOJOTHUECKOM aHAIIN3€ TIPU PEIICHUH 3a/1a4
2. HayuuThcs pemiatb reHeTHYeCKUe 3a1aun
2.10.2 3apaumn pa6oThI:
1. HayunTscs pemats reHeTH4ecKue 3a1aun

2.10.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJIb3yEMbIX B JIA00PaTOPHOI
pabore:
1. 3amayHuK MO T€HETUKE

2.10.4 Onucanme (xoa) padoThi:

Hekoropble NMPOTUBOMOJIOKHBIE NPU3HAKM HAXOAATCA HE B OTHOLICHWHM IOJHOTO
JOMHUHUPOBAaHUA (KOT/Ia OJUH BCErja IOJAABIAET IPYrodl y IeTepo3UroTHBIX 0co0eil), a B
OTHOUIEHUU HEMOJHOTO JIOMUHHpOBaHusA. Hanpumep, npHu CKpeUMBaHUM YHUCTBIX JIMHUU
JBBUHOTO 3€Ba C MYyPHYPHBIMH M OENbIMM LIBETKAMH OCOOM NEPBOrO MOKOJEHUS HMEIOT
po3oBble IBETKU. [Ipu CKpelUMBaHUU UYMCTBHIX JIMHUN aHIATY3CKHUX Kyp 4€pHOl u Oenoit
OKpacKM B IIEPBOM IIOKOJICHMM POXAAOTCS Kypbl cepoil okpacku. [lpm HemoiaHOM
JTOMUHUPOBAHUM TE€TEPO3UTOTHl MMEIT IMPU3HAKH, MPOMEKYTOUHBIE MEXIY IMpU3HAKAMHU
PELIECCUBHOW U IOMMHAHTHON TOMO3HUTOT.

[Ipn KOIOMHUHHUPOBAHUH, B OTIMYHE OT HEMOJHOTO JOMHHHMPOBAHUSA, Yy TE€TEPO3UTOT
MIPU3HAKHU MPOSIBIIAIOTCS OJJHOBPEMEHHO (CMeUIaHHO). TUNMUYHBINA puMeEp KOJTOMUHUPOBAHUS
— HaclseoBaHue rpymni kposu cucteMbl ABO y yenoBeka, rae A 1 B — 1OMUHaHTHBIE T€HBI,
a 0 — peueccuBHbld. [lo 3T0it cucreme renotun 00 onpenenseTr NepByIo rpymniy KpoBu, AA
n A0 — Bropyto, BB u B0 — tpeThio, a AB Oyzaer onpenensiTh 4eTBETPTYIO TPYMITY KPOBH.
T.o. Bc€ moToMcTBO mozel ¢ reHotunamMu AA (Bropas rpymnmna) u BB (tpetss rpynna) Oyzaer
uMeTh reHotunn AB (detBepras rpymnmna). Mx dbeHoTumn He SBISETCS MPOMEKYTOUHBIM MEKIY
dbeHOTHIIaMU poAMTENeH, TaK Kak Ha MOBEPXHOCTH OHPUTPOLMTOB TPUCYTCTBYIOT o00a
arrmotuHorena (A u B).

SIBneHHs KOJOMMHHPOBAHHS W HEMOJHOIO JOMHUHHPOBAHUS IPU3HAKOB CIIETKa
BUJIOM3MEHSIET MEepBbIi 3akoH Menaens: «['MOpuabl mepBoro MOKOJEHHUS] OT CKPEIIMBaHUs
YUCTHIX JIMHUI 0cO0€i C MPOTHUBOIIOJIOKHBIMU IpPHU3HAKAMH BCEr/la OJMHAKOBHI MO 3TOMY
MIPU3HAKY: MPOSBIISIIOT JOMUHUPYIOMIMI NPU3HAK, €CIM NPU3HAKH HAaXOJATCA B OTHOLLIECHUU
JOMUHUPOBAHMS, WU CMEIIAHHBIA (TIPOMEXYTOUYHBIN) MPU3HAK, €CIM OHM HAXOJIATCA B
OTHOIIIEHUU KOJOMUHUPOBAHUS (HETIOJTHOTO JOMUHUPOBAHUSA ).

KonoMuHrpoBaHye B TeHHBIX alensax

B ciyyae kKoJOMHHHUpPOBAaHMS Y T€TEPO3UTOT MOJHOCTHIO MPOSIBISIIOTCS 00a ajuiens.
Haubonee sipkuii mpumep KOJTOMHHUPOBAHUS - HaclenoBanue rpymni kposu ABO y dyenoBeka.
I'pynmer kpoBu O (1), A (I1), B (III), AB (IV) nerepmunupyrotcs reHoM / (11 0003HAYCHUS
TCHOB TPHUHAT KypCcHUBHBIM MmpUQT). M3BeCTHBI TP OCHOBHBIX aJlJIeNsi 3TOTO I'eHa, JBa W3
kotopbix IA u IB nomunantHbie, a oauH [0 — peneccuBubiid. [Ipu romosurornoctu 1AIA
SPUTPOIUTHI UMEIOT TOJIBKO MOBEPXHOCTHBIN aHTUTEH A (TpyIina KpoBu A).

[Tpu romMo3uroTHoCTH IBIB 3pUTpOIMTHI HECYT APYTroi aHTUTeH - B (rpymma kposu B).
B ciyuae romosurotaoctr 1010 spuTponuTh! JmmieHsl 000ux aHTHTeHOB (rpynma kposu O).
V¥ rereposurotr IAIO wim IBI0 B COOTBETCTBUM ¢ MMEIOIIMMCS aHTUTEHOM Tpymia KpoBu A
nu B. ¥V rereposurot IAIB sputpouuts! HecyT 00a anTurena A u B (rpynna kposu AB).

Kak nmnpaBwio, Ha ypoBHE CHHTE3a MOJIMIENTHUIOB aJUIEIM TETEPO3UTOT
KOJIOMHHAaHTHBI. Tak y TeTepo3uroT N0 CEepIOBHIHOKICTOUHOH aHemun HbA/HDS,
remornoounsl HbS cocraBmstor 35-42%, HbA 60-65%. Ilonnas kiamHHuYEcKas KapTHHA
3a0osneBaHusi  (TpOMOO3BI ~ MENKHUX  COCYIOB, HWH(APKTBI  BHYTPEHHUX  OPraHOB,
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reMOJIUTHYECKAsT ~aHEMUs, THUMepIUIa3us KOCTHOTO MO3ra, HapyImIeHHS MO3TOBOTO
KpoBooOparieHusi; cMepTb B Bo3pacte 3-10 neT, MHOrga MOo3)Ke) MPOSIBISETCS TOJBKO B
ciy4yae romo3urotHoctr mo HbS. YV romosuror MytantHsiii remornoous Hb cocrout u3 aByx
HOPMAJIbHBIX IIeTIe W JBYX MYTaHTHBIX Oera-mieriell, B 6-M TIIOJIO)KEHHH KOTOPBIX
IJTyTAMUHOBAS KMCJIOTa 3aMEHEHA BaJIMHOM.

3a0osieBaHrEe HacleAyeTcsi IO ayTOCOMHO-PEIIECCUBHOMY THUITy, HaJIU4YUe ¥y
reTepo3uror a0 65% HOPMalIbHOTO TEMOIVIOOMHA TO3BOJISIET OOJNBIIMHCTBY M3 HHX
qyBCTBOBATH ce0s1 370poBbIMU. OJTHAKO B XOJIOAHOE BPEMsI T0Jia, ITPH MOBHIIIEHHON HAarpy3Ke,
a TaKKe MPH TOJIETax Ha caMoJIeTe y HUX IMOSBISIOTCSA OONHM B CycTaBax, cepie, OpIONIHOM
MOJIOCTH, B OOJACTH CEJEe3eHKH, 4YTO CBUAETEILCTBYET O HEMOJHOH JIOMUHAHTHOCTH
HOpManbHOTO ayutens HbA B 9KCTpeManbHBIX YCIOBUSIX y HOCHTENEH MYTaHTHOTO alIeys
HbS. Takum 006pa3zoM, KOZOMHHAHTHOCTH Yy rerepo3uroT HbA/HDbS mposBisercss TonbKo Ha
YpOBHE CHHTE3a MOJNHUIENTHUAHBIX IIeTeil remMorioOuHa, a 3aboiieBaHME C  TIOJHON
KJIMHUYECKON KapTUHON HacJeIyeTcs TI0 ayTOCOMHO-PEIIECCHBHOMY THITY.

IlieiioTponHoe AeiicTBHE T€HOB

[IneiioTponHOE 1EHCTBUE IEHOB - 3TO 3aBUCUMOCTh HECKOJIBKMX MPU3HAKOB OT OJIHOTO
T€Ha, TO €CTh MHOXXECTBEHHOE JACHCTBHE OJHOTO I'€Ha.

VY npo3oduisl reH 0enoro 1BeTa ria3 OJHOBPEMEHHO BIMSAET HA I[BET TeNa, JUIHHBI,
KpPBUIBEB, CTPOCHHME IIOJIOBOTO  ammapara, CHMKAaeT  IUIOAOBHUTOCTb,  yYMEHBIIAET
IPOJODKUTEIBHOCT  JKM3HM. Y  4YelloBeKa M3BECTHA HACJEJICTBEHHass OoJie3Hb -
apaxHojakTwius ('mayybd Majblbl'-O4eHb TOHKHE W JJIMHHBIC Majbllbl), WIM OOJE3Hb
Mapdana. I'en, orBewaromuii 3a 3Ty O0O0J€3Hb, BBI3BIBACT HApPYyIICHHE Pa3BUTHS
COCIUHUTEILHOM TKaHU M OJHOBPEMEHHO BIMSET HA Pa3BUTHE HECKOJIBKHX IPU3HAKOB!
HapylLIeHUE CTPOEHUS XpyCTalMKa I1a3a, aHOMaJIMU B CEPIE€YHO-COCYAUCTON CUCTEME.

[InefiorponHOe JeiicTBUE T'eHa MOXKET OBITh MMEPBUYHBIM W BTOPUYHBIM. [Ipum
MEPBUYHON TUICHOTPONHMK TeH MPOSBISET CBOM MHOXKecTBeHHbIH 3¢ddexr. Hanmpumep, npu
Oosie3Hn XapTHyna MyTalusi TéHa NPUBOAMT K HApYyIICHUIO BCACBIBAHUS aMMHOKHCIIOTBI
TpunrodaHa B KHIIEYHMKE M €ro peadcopOLuMy B MOYEUHBIX KaHaiblax. I[lpu 3Tom
MOPaXKAIOTCSI OJHOBPEMEHHO MEMOpaHbl SMHUTEIHAIbHBIX KIETOK KHIIEYHUKA U MOYECUHBIX
KAHAJIBLIEB C paCCTPOMCTBAMU IUIIECBAPUTEIIBHON U BBIJEIUTEIBHON CUCTEM.

[Tpu BrOpHUHOM MIEHOTPONIUHU €CTh OJMH NEPBUYHBIN (PEHOTUITHUM NMPOSBICHUE I'eHa,
BCJIE/I 32 KOTOPHIM Pa3BUBAETCS CTYNEHYATHIN MPOILECC BTOPUYHBIX U3MEHEHUH, IPUBOASIINX
K MHOXXECTBEHHbIM >(pdekTaM. Tak, mpHU CEpHOBUAHO KJIETOUHOW AHEMHUH y TOMO3UTOT
HA0JII0JIaeTCSl HECKOJIBKO MAaTOJOIMYECKMX IPU3HAKOB: aHEMMsl, YBEJIMYEHHas CEJIe3CHKa,
MOpaXCHUE KOXKH, CEepAla, Modyek W Mosra. [IoaToMy romMo3urorsl ¢ T'€éHOM CEpPIOBHIHO
KJIETOYHOW aHeMuu THOHYT, KaK MpaBWJIO, B JIETCKOM Bo3pacte. Bce 3tu (enorunHbie
IIPOSIBJIEHUS] TE€HAa COCTAaBJSIIOT HEPApXHUI0 BTOPUYHBIX MposiBieHUi. IlepBonpuunHOi,
HETIOCPEJCTBEHHBIM (DEHOTHITHUM TIPOSIBICHHEM AE(PEKTHOTO T'eHa SBISIETCS aHOMAaJbHBIN
IeMOIJIO0MH W JPUTPOLMTHI CEpHOBUAHOW (opmbl. BenencTBue 3TOro MnpoucxonusT
MIOCJIEZI0BATENbHO  JIPYrHMe€ IaTOJIOTMYECKHME MPOLECCHl: CIUMAaHWE U pa3pylLICHHE
SPUTPOLIUTOB, aHEMHUsI, JePEKThl B MOYKaX, CEpALE, MO3re - ITH MAaTOJIOIHYECKHe MPU3HAKH
BTOPUYHBI.

[Tpu mneioTponuu, reH, BO3ACHCTBYS Ha KAKOW TO OJUH OCHOBHOW NPU3HAK, MOXKET
TaK)K€ MEHSATb, MOAU(PHUIMPOBATH MPOSBICHUE JPYIMX TE€HOB, B CBSI3M C YEM BBEJEHO
MOHATHE O TreHax-Moaudukatopax. llociegHue ycuiaMBaOT WM OCJIAOIAIOT pPa3BUTHE
MIPU3HAKOB, KOJUPYEMBIX "OCHOBHBIM' T'€HOM.

[Toka3zarensiMu 3aBHCUMOCTH (YHKLIMOHUPOBAHUS HACJIEICTBEHHBIX 3aJaTKOB OT
XapaKTEpUCTUK T'€HOTHUIIA SIBJISIETCS] IEHETPAHTHOCTh U SKCIIPECCUBHOCTb.

PaccmarpuBass fgelicTBME T€HOB, UX auleJed HEoOXOIUMO  YYMTHIBaTb U
Moau(puLMpyIolllee BIUSHUE Cpenbl, B KOTOPOl po3BUBaeTcs opranu3Mm. Ecim pacteHus
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MPUMYJIbI CKpemuBaTh npu temnepatype 15-20 ° C, to B F1 coryiacHo MEHIETMBCKOM CXEMe,
BCE MOKOJICHUsI OyIyT UMETh PO30BbIC IIBETHI. HO KOT/1a Takoe CKpEIIUBaHUE MPOBOIUTH TIPH
temneparype 35 °C, To Bce ruOpuasl OyAyT HMMeTh LBETHl Oenoro 1Bera. Ecmu xe
OCYIIECTBJISTh CKpelmBaHusi npu Temneparype okoigo 30 ° C, TO BO3HUKAET pa3HOE
cootHoutenue (ot 3:1 qo 100%) pacTeHwuii ¢ GenbIMH IBETAMHU.

Takoe koneOaHME KIAcCOB NMPH PACHICITICHWH B 3aBHCUMOCTH OT YCIOBHU CpEJbI
MOJly4nsIO Ha3BaHWE T[EHETPAHTHOCTh - cuja (QeHoTunHoro mposiBieHus. Urak,
MEHETPAaHTHOCTh - 3TO YacTOTa MPOSBJICHUS TE€HA, SBJIICHUE TMOSIBICHUS WU OTCYTCTBUS
MpHU3HAKa y OPraHU3MOB, OJMHAKOBBIX 110 TEHOTHITY.

[TeHeTpaHTHOCTh 3HAYMTEIHHO KOJEONETCS KaK Cpeau JOMUHAHTHBIX, TaK U CPEIu
perieccuBHbIX TeHOB. OHa MOeT OBbITh MOJIHOM, Korja reH nposiBiasercs B 100% ciydaes,
WJIM HETIOJTHOM, KOT/Ia TeH MPOSBIISIETCS HE y BCEX 0CO0eH, COAEpIKaIHX €ro.

VY 4enoBek JOMHUHAHTHAs MyTallMsl apaxXHOMAKTUINH («aydbH MalbLIb») MPUBOIUT K
OJTHOBPEMEHHOMY HapyIICHHIO B XpyCTaJMKe Iiaza. Y Bomocbopa (Aquilegia) omuH TeH
OmpesieNsieT KpPacHYK OKpacKy I[BETOB, AHTOLMAHOBYIO OKpacky OOEuX CTOpPOH JIUCTa,
yAJMHEHUE cTe0Isd, IPO3PaYHOCTh CEMEHHOM 000JI0UKH, YBEIMUEHUE BECA CEMSH.

Hapsiny ¢ reHamu, (GEHOTHUI KOTOPBIX TMOSIBISIETCS TOJBKO TPU COYETAHHUH
OTpENEICHHBIX  YCIOBHM W  JOCTAaTOYHO PEIKUX BHENIHUX  YCIOBUM  (BBICOKas
MEHETPAHTHOCTD), Y YeNOBEKa €CTh TeHbl, (DEHOTHITHOE MPOSBICHHE KOTOPBIX MPOUCXOIUT
mpu  JTFOOBIX COCMWHEHUSX BHEIIHUX YCIOBHW (HHM3Kas TICHETPAHTHOCTH). HemomHas
MEHETPAHTHOCTh MPUBOJUT K OTKIIOHEHUSAM OT MEHJIEIEBCKUX (POPMYIT paciierieHus.

[TeHeTpaHTHOCTBIO M3MEPSETCS TPOIICHTOM OPTraHU3MOB C (DEHOTHITHBIM MPU3HAKOM
0T 00IIero KOMMYecTBa 00CIe0BAHHBIX HOCUTEIEH COOTBETCTBYIONINX AJIEIICH.



90

11.1 JIaGopatopHas padora Nell ( 2 yaca).
Tema: «HoBooOpa3oBanue, KOMIIEMEHTAPHOE AEHCTBHE TCHOB
2.11.1 Hean padoThI:
1. 3HaTh TEPMUHOJIOTHIO B THOPUIOJIOTHYECKOM aHAIU3€E MPH PEIICHUH 33124
2. HayuuTscs pemaTb reHETHUECKHE 3a/1a4U

2.11.2 3apaum pa6oThI:
11. Hayuutbest pemiath TeHETHUECKUE 3a/1a41

2.11.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJIb3yEMbIX B JIA00PaTOPHOI
pabore:
1. 3amayHuK MO T€HETUKE

2.11.4 Onucanme (xoa) padoThi:

VY CcenbCKOX03HiCTBEHHBIX KUBOTHBIX W MITHIIBI BBISIBICHBI Bce ()OPMBI B3aUMOICHCTBHUS
HeaJJIeNbHBIX TeHOB (HOBOOOpa3oBaHKe, KOMIJIEMEHTAPHOCTh, MOAU(HUIIMpYIOIIee IeHCTBUE,
AIUCTA3, MOJTUMEPHS).

Cxembl 3alUCH pe3yNbTaTOB THOPUIOJIOTHYECKOrO aHalM3a MPH BCEX OSTUX THMAX
B3aUMOJICHCTBUSAX HEAUICNbHBIX T€HOB HHUYEM HE OTIMYAITCA OT 3alicCh WX TpHU
JUTHOPUTHOM WM TOTUTUOPUIHOM CKpemrBaHuU. CXOIHBI U PE3yIbTaThl CKPEUIUBAHUS 110
TUNIAM TaMeT Ha pa3JIMYHbIX »JTalax CKPEIMBaHUS, 1O THUIIAM H KOJHMYECTBEHHOMY
COOTHOIICHUIO TE€HOTUNOB. EIWHCTBEHHOE paszauuue — B TUNAX M KOJIMYECTBEHHOM
cooTHOIEHNH (HeHOTUTIOB. J[JIs KasKJ0T0 U3 ATUX CKPEIIMBAHUHA OHH CHIEIIM(DUIHBI, © UMEHHO
10 TOMY TIOKa3aTeI0 ONMPEIENIeTCs caM THIT B3aUMOICHCTBUSI.

HoBooOpa3oBanueM Ha3bIBa€TCS TAKOH THI B3aUMOJICHCTBUS HEAUICNBbHBIX TEHOB,
KOrja MpH UX COYETaHWHW B OJHOM OpraHHW3ME pa3BUBAETCS COBEPIUICHHO HOBas (opma
MIpU3HAKA.

Hanpumep, y Kyp Te€Hbl PO30BHAHOTO M CTPYYKOBUAHOTO TpEOHS HE SBISIOTCS
ayienbHBIMU. CTPYUYKOBHIHBINA ¥ PO30BHUIHBIN TPeOHN TOMHHUPYIOT HAJl JIUCTOBUAHBIM. [IpH
CKpEIIMBaHUU Kyp TOPOJbI BUAHIOT, UMEIOIIUX po30BHUIHBIN rpedeHs (RRcc) ¢ meryxamu
noposbl 6pama co crpyukoBugHbIM rpedHeM (rrCC) y moromkoB F, (RrCc) B pesynbrare
B3aMMOJICHCTBHS JBYX NOMHHAHTHbIX reHOB R u C pa3BuBaercss HoBas ¢opma rpeOHI —
opexosuaHas. CkpenBanue nNoToMkoB F; Mexmy coboii BeneT k monydenuto B F, (puc. 1)
YeThIpeX pa3HbIX ()EHOTHUIIOB B COOTHOIICHUU: 9 — ¢ rpedHeM opexoBuHO# popmer (R-C-),
3 — ¢ rpebHem po3oBuaHON Popmel (R-cc), 3 — co crpyukoBuaabM TpedbHeM (rrC-)u 1 — ¢
nucToBUAHBIM (TTCc). Pacmemnenue no gpenorumy 9:3:3:1.

BsaumoneiictBue nHeamnenbHeIx TeHOB R u C o0ycrioBnuBaeT oOpa3oBaHHE HOBOM
¢dbopMbI TpeOHSA, B TO BpeMs KakK KaKAbIH U3 3TUX T'€HOB B OTAEIBHOCTH TPOSIBISET CBOM
cooctBeHHBIH (] dexr. Ocodb ¢ TUCTOBUIHBIM TpeOHEM SBISETCS ABOWHBIM PEIECCHBOM
(rrce).

P PO30BUAHBIMN CTPYUYKOBBIN
QRRcc X 3rrCC

'ameTsr

F, l @eXOBI/mHHﬁ

RrCc

o 5®@%@ @@
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F,
a ? RC Re rC re
“opexoBHIHBII PEXOBUIHBIN OpPEXOBUHBIN OpPEXOBUHBIN

RC RRCC RRCc RrCC RrCc
OPEXOBUIHBIN OPEXOBUIHBIN

Rc RRCc po30BHAHBIN RRec |RrCe po3oBuaHBIN Rrce
OPEXOBUIHBIN CTPYYKOBUJIHBIA | CTPYUKOBUIHBIN

rC RrCC pexoBuaHbINA RrCe |rrCC rrCc
OpPEXOBUHBIN CTPYYKOBH/IHBII

rc RrCc po30BUOHLIN Rrce  [rrCc JIMCTOBUIHEBIN ITCC

HacnepnoBaHue popMbl rpebHsa y Kyp Npu B3anMoLeNCcTBMM OBYX Nap
reHoB (HoBoobpa3oBaHue).

KommiieMeHTapHBIMA HA3bIBAIOTCS HEAJUICTbHBIE TEHBI, KOTOPHIE IMPH COBMECTHOM
B3aUMOJICHICTBUHM B TOMO3MIOTHOM WJIM TE€TEPO3UTOTHOM COCTOSHHM BBI3BIBAIOT PA3BUTHE
HOBOTO TpH3HAKa, OTCYTCTBYIOWIETO y poauteei. Hampumep, mpu ckpemmBaHuU OeibIx
MHUHOPOK C O€JIbIMU IIEIKOBUCTHIMU KypamMu NOTOMKH F, moydwarorcs okpamieHHbIMH. Jlist
pa3BUTHA OKpPackh HEOOXOJMMO, YTOOBI B OpraHM3ME CHHTE3MPOBAIUCH THPO3HH
(mpeniecTBEHHUK MEJIaHWHA) U (epMEHT THPO3HHIHIPOKCHIa3a, 6€3 KOTOPOro MUIrMEeHT He
oOpa3zyercsi.

OOBIYHO CMOCOOHOCTH CHHTE3MPOBATh KaKOe-JIMOO BELIECTBO JOMUHHUPYET HaJ
HECITOCOOHOCTHIO K €ro 00pa30BaHHUIO.

benbie munopku umeror reHotun CCoo. OHHM CIOCOOHBI CHHTE3MPOBATh THPO3UH,
HEOOXOMUMBIA [UIsi O0O0pa30BaHHs IMUTMEHTa, HO HE CIOCOOHBI CHUHTE3UPOBATH (PepMEHT
TUPO3UHTUAPOKCHUIIA3y, MPEBpAIlAOMIUN 3TO BELIECTBO B IHUIMEHT. belnble IIeTKOBHCTHIC
Kypbl uMeroT reHotun ¢cOO. OHM He crOoCOOHBI CHHTE3UPOBAaTh THPO3UH, HO 00JadaroT
CIOCOOHOCTBIO CUHTE3UpOBaTh GpepMeHT. Ilpu cnapuBanuu Takux Kyp Mexay coboit (CCoo x
ccO0O) F; (CcOo) momyuaeTcsi OKpamieHHBIM. B 3ToM ciiydae mpou3onuio oOpa3zoBaHue
IUTMEHTa B pe3yJibTaTe BKIIOUEHHs B reHoTun ntull F (oboux noMuHaHTHBIX reHoB — C
(oOycnoBnuBaromiero cuuTe3 TuposuHa) U O (oOycnornuBatomero cuaTe3 gepmenta). B F,
noiy4aeM (puc. 2) 9 okpamennsix ntun (C-O-), a 7 — 6enbix (3 — C-00, 3 — ccO-, u 1 —
CC00).

Oerble MUHOPKU Oeble IIEIKOBUCTHIE
P CCoo X decO0

['ameTnl @

F, OKpaIllCHHbIE CcOo
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F,

CoO Co cO co

3
\OKpaI_HeHHBIe OKpaH_IeHHBIe OKpaIHeHHI)Ie OKpaIHeHHBIe

co CCOO CCOo CcOO CcOo
OKpallleHHbIE OKpallleHHbIE

Co CCOo oenpie CCoo CcOo oennie Ccoo
OKpaIleHHbIC OKpaIlICHHBIC

cO CcOO CcOo oemnbie ccOO oenbie ccOo
OKpaIlleHHBIC

co CcOo 6emnpie Ccoo 6embie ccOo 6eapie CCOO
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12.1 JIaGopatopHas padora Nel2 ( 2 yaca).
Tema: «3nucra3, MOIMMEpH»
2.12.1 Hean padoThI:
1. 3HaTh TEPMUHOJIOTHIO B THOPUIOJIOTHYECKOM aHAIU3€E MPH PEIICHUH 33124
2. HayuuTscs pemaTb reHETHUECKHE 3a/1a4U

2.12.2 3apaum pa6oThI:
1. HayunThcs pemiath reHeTHIeCKHe 3a1auu

2.12.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJIb3yEMbIX B JIA00PaTOPHOI
pabore:
1. 3amayHuK MO T€HETUKE

2.12.4 Onucanme (xoa) padoThi:

Onucrta3 — TUI B3aUMOJICHCTBUSI HEAJUICNIbHBIX T'€HOB, MPU KOTOPOM OJHMH T€H
MOJIaBIIsIeT JeHCTBHIE APYTroro HeamnenbHoro reHa (A > B wnu A < B). ['eHbl, nogasistoniye
JCHCTBHE IPYTHX TCHOB, HA3BIBAIOTCS MHTUOMTOpaMHU (CYNpEeccoOpaMmu, SMUCTATUYHBIMHU), a
MOJIaBIsieMble — TUMOCTATUYHBIMU. [IpM JOMHHAHTHOM SIUCTa3e B KayecTBE MHrudaTtopa
(AMHUCTAaTUYHOTO) BBICTYNAET JAOMHMHAHTHBIA TE€H, a NPHU PEIECCUBHOM JIHUCTa3e —
penieccuBHblil. [Ipy JgOMUHAHTHOM »SmuCTa3e y MOTOMKOB F, Moryt ObITh [Ba TuIa
pacmeruienusi: 12:3:1 v 13 : 3; a mpu perieccuBHOM snuctaze — 9 @ 7 wim 9:3:4.

Hanpumep, y momazeil cepas JOMUHUpYIOIIAs MacTh, CBSI3aHHAs C paHHUM
MIOCE/IEHUEM, MEPEKPBIBAET BCce Apyrue MacTu. llpu ckpemunBaHuy cepoi Jomaan reHoTUna
CCBB c¢ psikeit, renotuna ccbb, B F, Bce motomku OyayTt ceppiMu ¢ reHotunioM CcBb. Tlpu
ckpenuBanud 1MoToMkoB F, mexmy coboir B F, (puc. 3) HaOmromaeTcsi paciierjieHue Mo
dbenoTuny; 12 ceppix

(C---) 3 Boponsix (ccB) u 1 pwixast (ccbb). Amnens cepoit Mmactu (C) mepexpbIBaeT
JeicTBHE APYTUX HE3aBHCHMBIX T€HOB OKpacku. Bce jiomanu, uMeromiye B TeHOTUIE ajlieib
C, oyayt cepbimu. Ecnu amiens C OTCyTCTBYET, IPU HAJTUYKMK B TEHOTUIIE ayiens B nomans
Oyznet BopoHoit (ccBB, ccBb), u nomaas ¢ TeHOTHUIIOM CCBB, IBOMHBIM PEIECCHBOM, OyJIeT
pPBIKEN OKpaCKH.

cepas pbbKas
P Q2CCBB X Jdccbb
T"ameTnl
F1 cepast
CcBb
F1 xF1

P QCcBb X 4 CcBb
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F>
Q CB Cb cB cb
d
CC |cepas CCBB cepas CCBb cepas CcBB cepas CcBb
cepasg CCBb cepas CO* cepasa CcBb cepas Ccbb
Cb
cepas CcBB cepas CcBb BopoHas ccBB BopoHas ccBb
CB
cepas CcBb cepas Ccbb BopoHas ccBb peDKas ccbb
cb

Onucra3 nIpy HacJlIeI0BaHUM CEPOM, BOPOHOW U PbLKEW MacTH y Jouanen

[Tonmnmepuell Ha3pIBaeTCA TaKOE SIBJICHME, KOTAA Pa3BUTHE TOIO WJIM MHOTO NPU3HAKa
opranu3ma OOYyCIIOBJICHO B3aUMOJIEHCTBHEM JBYX WM 0ojiee map TE€HOB, OKa3bIBAIOLIMX
CXOJHOE BO3ACUCTBHE HA Pa3BUTHE 3TOTO NPU3HAKA.

[Tonumepust MOXKET MPOXOAUTH MO AAJAUTUBHOMY (KOTJa JEHCTBHE MOJMMEPHBIX T€HOB
CYMMHpPYETCSl) WIM O MYJIbTaTUBHOMY THUIY (IEHCTBUE TIOJUMEPHBIX TI'€HOB Kak Obl
MEPEMHOXKAETCS).

Ilo Tumy nonuMepuu HACIEAYIOTCS BCE KOJMYECTBEHHBIE NPU3HAKM (KHUBas macca,
MPUPOCT, YO, >KUPHOMOJIOYHOCTb, HACTPUI WIEPCTH, SHMIEHOCKOCTh M ap.). Ilpu
MOJIMMEPHOM HAcClIeZIOBAaHUM Pa3BUTHE MPU3HAKA 0OYCIIOBIMBACTCS JIBYMS WJIM HECKOJIbKUMHU
napaMy OJHO3HA4YHO JEHCTBYIOIUX IreHOB. YeM 0oJblle JOMMHAHTHBIX NOJUMEPHBIX I'€HOB
COJIEpKaT OPTaHU3M, TEM CHJIbHEE BBIPAXKEH ITPU3HAK.

[TonumepHble TeHbI 0003HAYAIOTCSI OJUHAKOBBIMU OyKBaMH C COOTBETCTBYIOIIUM
uHAekcoM. Hampumep, Tpu mapbl NOJMMEPHBIX T€HOB MOXHO 03HA4UMTh A A 1AAxA3zA; uinun
djajazazasas.

PaccmoTpum npumMep HacieloBaHUS OKPACKHM 3€pPEH MIIEHULbI IIPY B3aUMOJICHCTBUH 2-
X TMap MOJMMEPHBIX IeHOB. Pa3nuyaroT /1Beé OCHOBHBIE OKPAcKH 3€pEH: KpacHylo U Oemnyro.
Hcxons w3 3TOro, reHOTHI MIIEHUIBI C TEMMHO-KPacHBIM 3epHOM, Oyner A A A2A,, a ¢
OenbIM — a;a,2,8,. TeMHO-KpacHas okpacka — 4A, kpacHas — 3A, cBeTI0-KpacHass — 2 A,
6nenHo-kpacHas — 1A, Oenas — 4a.

[Ipu ckpemuyBaHWKM TIIEHUIBI C TEMHO-KPaCHOM OKpackodl 3epHa cC OejepHOU
MIIEHALEN TOIyYnM:

TEMHO-KPAaCHOE 3€pPHO 6eroe 3epHO
P 9 A]A]AzAz X 6 ajadiaas,
T"'ameTn! e e
F, CBETJIO-KpAacHOe

3epHO Aja1Axa;

F1 X F1
F2 QAlalAzaz X (?AlalAzaz
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F, nonyunnu pacuiernienne no genorury (puc. 4): 1 9acTh pacTeHH TEMHO-KPAaCHBIM
3epHoM (A1ATAZA,); 4 — c xpacHbIM (A1A1Aa,, AlalA,A,, alalAxA,); 6 — co cBeto-
KpacHbIM (A a1Ara:, A,Aaa;, AlalAyA»); 4 — ¢ OnegHO-KpacHbIM (Aja1aa,, a1a1A0a,); 1 —

c 6enbim 3epHOM (alalasa,)) —:4:6:4: 1.
6\ 9 A1A2 A1a2 a1A2 ajdy
AlA; TeMHO-KpacHOe KpacHOe KpacHOe CBETJIO-KpAacHOE
A1A1A2A2 A1A1A232 A1a1A2A2 A131A232
A KpacHoe AjA1Aza, |CBETJIO-KpacHOE CBETJIO-KPAcHOE 0JIeTHO-KpacHOe
AA a2, AaAsa; A1A 1A,
A, KpacHoe Aja;AsA,  |CBETJIO-KpacHOE CBETJIO-KPAcHOE 0J1eTHO-KpacHOe
AjaiAray aja1AA, a:1a1A%a,
aja; CBETJIO-KPAacHOE 0JIeTHO-KpacHOe 0JIeTHO-KpacHOE Oeoe 3epHo
AlalAzaz AlAlAzaz alalAzaz ajdid,ar
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13.1 JlaGopaTopHasi padora Nel3 ( 2 yaca).
Tema: «Cremnenue reHoB. I1oaHoe 1 HE TTOTHOE CHCIITICHUES)
2.13.1 LHean padoThI:
1. 3HaTh TEPMUHOJIOTHIO B THOPHIOJOTHUECKOM aHAIIN3€ TIPU PEIICHUH 3a/1a4
2. HayuuThcs pemiath reHeTHIECKUE 3a1a9u

2.13.2 3apaum padoThI:
1. HayunThcs pemiatb reHETHUECKHE 3a/1a4U

2.13.3 [lepeuenb npudOPoOB, MATEPHAJIOB, HCIIOJIb3YEMbIX B J1a00PaTOPHOi
padore:
1. 3amayHuK MO reHETHKE

2.13.4 Onucanue (xoa) padoThi:

[IpusHaku, paciienyieHrue o KOTOPBIM P CKPEIIMBAHNUYU CBSA3aHO C I0JIOM, Ha3bIBAKOTCS
CLIEIUVICHHBIMU C TIOJIOM. OTH TPHU3HAKU OOYCIIOBIHMBAIOTCA Te€HAMHU, JIOKAJIM30BAHHBIMU B
IOJIOBBIX XpPOMOCOMAX.

B cooTBercTBHM € XPOMOCOMHOH TeOopuell ompeneneHusi Mojia MYKCKHE U KEHCKUE
OpraHM3MBbI PA3IMYAIOTCS MEXITY COOOM JIMIIL OJJHOM Mapoi XpOMOCOM, KOTOpasi y OJHOTO MoJja
MpeiCTaBlIeHa TOMOJIOTUYHBIMH, Y JIPYroro — HErOMOJIOTHYHBIMH XPOMOCOMaMH. JTy Mapy
XpOMOCOM HPUHSTO Ha3bIBaTh MOJOBBIMU XPOMOCOMAaMH, & OPTaHU3MBbI, HECYIIIE OJJUHAKOBHIE
MOJIOBBIE XPOMOCOMBI — FOMOTaMETHBIMH, Pa3HbIe — reTepOraMeTHBIMH.

Y  MJIEKONUTAIONIUX, HEKOTOPBIX OECIO3BOHOYHBIX, YaCTH HACEKOMBIX (Hampumep,
Ipo30(hHIT) TOMOTaMETHBIM SIBIISIETCS KEHCKHUI T0JI, €r0 MOJOBBIE XPOMOCOMBI 0003HAYAIOTCS
XX, rereporaMeTHbIM — MYXCKOH (XY). ¥V mruil, ppi0, HEKOTOPBIX HACEKOMBIX TOMOTaMETHBIMU
SIBIISTFOTCSL CaMITbl (ZZ), TeTeporaMeTHbIMA — caMku ZW).

HcknroueHne COCTaBISIOT IMYENbl U HEKOTOPbIE ApPYTHe >KUBOTHBIE, Y KOTOPBIX IOJ
orpenensercs 4uciaoM xpoMocoM. JKeHckuil mon ompezessieTcss 32 ayTocOMaMmH, MY>KCKHUE
oco0u myen (TpyTHH) UMEIOT 16 ayTocom.

VY caMII0B MJIEKOMMTAIOMIKX, APO30GII M Y CAMOK NTHUI] T'€HbI, JOKAIW30BaHHBIE B X-
XpOMOCOME, HE HMEIOT JIOMMHAaHTHBIX WIM pPELECCUBHBIX MapTHEpOB (amwieneil) Ha Y-
xpoMocome. PelieccuBHBIE TeHbl y HUX TPOSBISIIOT CBOE JIEHCTBHE Y€ B OAWHAPHOM 103€
(TeMH3UTOTHOM COCTOSTHUM) 110 TUITY JOMUHAHTHOTO.

['en, Haxomsmmiicss B X-XpOMOCOME T€TepOraMeTHOTO OpraHM3Ma B OJIMHAPHON J103€ U
TIPOSIBIISTFONIMI  Ce0sl  TTOJTHOCTBIO, HA3bIBACTCSI TEMU3WTOTHBIM, a OCOOb — TeMHU3UTOTHOM.
[Ipu3Haky, TeHbl KOTOPBIX HAaXoAsATcs B X-XpomMocoMme (y 4YeloBeKa TeHbl TreMo(uiny,
JATbTOHU3MA, Y JPO30(QMIbl TeH Oenoria3us U JAp.), HNPOSBISIOTCS IMOJHOCTBIO MO OJHOM
aJlJIeNu.

Cam1ibl 1po30(UITBI B CAMKH Kyp SBISIOTCS TeMH3UTOTHBIMH (hemi — monioBuHa).

[Tpu3Haky, TeHbl KOTOPBIX JIOKAJIM30BaHbI B TIOJOBBIX XPOMOCOMAaX, HAa3bIBAIOTCS
CLIETIJICHHBIMHU C MTOJIOM.

Y-xpomMocomMa uMeeT HeOONbIIMEe  pa3Mepbl, COCTOUT TPEUMYIIECTBEHHO U3
reTepoXpOMaTHHA U SIBJISIETCS T€HETUYECKH MHEPTHOM, 32 UCKIIIOYEHH EM, BEPOSITHO, HEKOTOPBIX
T€HOB, KOHTPOJIUPYIOIINX BOCIIPOM3BOIUTENBHYIO (DYHKITHIO M PU3HAKHU T10JIA.

[Ipu ananuse HacienoBaHMs NMPU3HAKOB, CLEIJICHHBIX C I0JIOM, HEOOXOJMMO MOMHHUTD,
YTo0 y OpraHm3MoB ¢ XX- U XY-TUIIOM OINpEJeNieHUs] Tojia € JOYepH MOIy4aloT OAHY X-
XpOMOCOMY OT MaTepH, APYryl0 X-XpoMocoM OT OTHA. ChIHOBbSI X-XpPOMOCOMBI IOJIY4arOT
TOJILKO OT MaTeph. Y OpraHu3MoB ¢ ZZ- u ZW-TUIIOM OIpPEICIICHUsI T0JIa HaOJI0IaeTCs
oOpaTHast KapTHHA.

Jlnst aHanm3a HacIe10BaHUs MPU3HAKOB, CLETUIEHHBIX C MOJIOM, HCHONIB3YETCS PELIMITPOKHBIE
CHapUBaHUs U CKPEIUBAHMUS.
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Pewenue munosoii 3a0auu

VY denmoBeka MambTOHU3M (IIBETOBAsi CJIENOTa) OOYCIIOBJICHA pEleCCUBHBIM TeHOM (d),
JIOKaJIM30BaHHOM B X-XpOMOCOME, HOpMAJIbHOE 3peHre — JOMUHAHTHBIMU (D).

JeBynika, umeromas HOpMAJIbHOE 3PEHHUE, OTELl KOTOPOM CTpajal LBETOBOW CIENOTOM,
BBIXOJUT 3aMy’K 32 HOPMAJbHOTO MY’)KUMHY, OTEI[ KOTOPOrO TaKKe CTpajall I[BETOBOM
cienortoit. Kakoe 3peHne MOXKHO 0>XKHIaTh OT 3TOTO Opaka?

Janpronn3m — d/X,

I'ameTn!
JIEBOYKa C MaJIbYUK C JIEeBOYKA C MaJIbYMK - HOPM, 3pE€HUEM HOPM,
3pEHHEM HOPM, 3PEHUEM JIaJIbTOH.
DD \Y% DJ. A—
XX XY XX XY

YenoBek. Hacienosanue gajiprTOHU3MA. TATLTOHUK

JaJIbTOHHUK JaJIbTOHUK

O

HOpPM.3pEHHE ? HOpPM.3pEHHE

Pewenue

N3BecTHO, 4YTO JadbTOHWU3M - PELECCHUBHBIA MPU3HAK, CUCIJICHHBIA C TIOJIOM,
KOHTPOJIMPYEMBbId OAHMM TEeHOM. BBemem o0Oo3HaueHuwe amieneit: D-HopMm. 3peH., d -
AT TOHU3M.

[Tpu3HaK, CHEIUVICHHBI C TOJIOM, O0S3aTENbHO MPOSABIAETCS Yy MYKYHH, T.K. OHHU
TeMHU3UTOTHBI IO TOMY Ipu3HaKy. Clie0BaTeIbHO, MOYKHO 3allicaTh TeHOTHUIHI d
BCCX MYKUYHMH: OTUBI-AAJIbTOHUKN UMCIOT 'CHOTHII, MY>KYHMHa C HOpMaJIbHbIM D
3PpCHUCM . >K6HIJ_II/IH8. HMECT HOPMAJIbHOC 3pCHHUEC, CIICAOBATCIBHO, B €€ TCHOTUIIC CCTh
amienb D. Ilockonbky oaHy X-XpOMOCOMY KEHIIMHA BCErJa IOJy4YaeT OT OTUA, OHA

TeTepO3UroTHA, €€ IeHOTUT d, OHAa SBJSICTCS HOCHTEIBHUICH NanbroHM3Ma. O0a pomuTens
MOTYT 00pa3oBaTh JIBa TUIIA FaMET:

IS [Os

(whlwilw)
e (o |g

CrnemoBaTellbHO, OT 3TOrO Opaka MOTYT POJMUTHCS JEBOYKH C HOPMAaJIbHBIM 3pPEHHEM,
MpUYEeM TOJIOBUHA M3 HHUX - HOCHUTEIBHUIIBI JATbTOHHM3MA; CPEIU MAJIbUYMKOB IOJIOBHHA



OKaXCTCsA AaJJbTOHHUKaAMM.
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14.1 JlaGopaTopHasi padora Nel4 ( 2 yaca).

Tema: «Hacnemopanue, CIICINICHHOE C ITOJIOM)
2.14.1 LHean padoThI:
1. 3HaTh TEPMUHOJIOTHIO B THOPHIOJOTHUECKOM aHAIIN3€ TIPU PEIICHUH 3a/1a4
2. HayuuThcs pemiath reHeTHIECKUE 3a1a9u

2.14.2 3anaum padoThI:
1. HayunThcs pemiatb reHETHUECKHE 3a/1a4U

2.14.3 [lepeyenb npudoOPoOB, MATEPHAJIOB, HCIIOJb3YyEMbIX B J1a00paTOPHOii
padore:
1. 3amayHuK MO reHETHKE

2.14.4 Onucanue (xoa) padoThi:

[Tpu3Haku, TreHbl KOTOPHIX HAXOAMUTCA B TIOJOBBIX XPOMOCOMAax, Ha3bIBAETCS
CIIEIUIEHHBIE C NOJOM. B y - Xpomocome I'eHOB MOYTH HET, MOITOMY €CIM TOBOPAT, YTO
MPHU3HAK CIEIUICH C MOJIOM, 3HAYUT T€H HaXOJUTCS B X - XpoMocome. Eciiu reH pacrnosniokeH B
y - XpOMOCOME, TO 3TO OOBIYHO OroBapuBaercs. Y ueioBeka M3BecTHO okoio 300 reHos,
HAXOJSIIUKCSA B X - XpPOMOCOME U BBI3BIBAIONIMX HaclieJCTBEeHHbIE Oose3Hu. [loutn Bce oHM
penieccuBHbl. Hanbosee n3BecTHBI: TeMO(UIIHS, TaTbTOHU3M, MyCKyJIbHas quctpodus. Eciu
peliecCUBHBIN T'eH 00JIe3HU CIEIUICH C X - XpPOMOCOMOM, TO HOCUTEJIEM SIBJISIETCS JKeHITMHA, a
00JICIOT MY>XYHMHBI, T.K. Y HAX 3TOT T€H HAaXOAMTCS B OJUHAPHON 03€ WJIM TOMO3UTOTHOM
COCTOSIHMM. J[OMUHAHTHBI X - CILEIJICHHBIX 3a00JIeBaHUN M3BECTHO Mallo, B TOM 4YHCIIE
HEKOTOpBIe (HOPMBI PaxuTa, HAPYIICHUE CETMEHTAIH KOXKH.

CuuTtaercs, 4To MyTallus B X - XpOMOCOME Halle MPOUCXOAUT B CliepMaTOreHese, T.e.
y OTLA U 3Ty X-XpOMOCOMY HOJIY4HT fouka. HacinenoBanue, clielIeHHOE C Y - XpOMOCOMOIL: B
y - XpOMOCOME HaXOJIUTCS OKOJIO 35 TeHOB, B TOM YHcIie 7 BBI3bIBAIOT O0JI€3HH (THIIEPTPUKO3,
HapylLIeHHEe clrepmaroresesa). T.K. OTell MEpPelaeT y - XPOMOCOMY TOJBKO CBIHY, TaKHe
00JIe3HN HaCIeAYIOTCSA 1O MY>KCKOW JIMHUM M Ha3bIBA€TCS TOJOHIAPHUYECKUMHU. Y KUBOTHBIX
M3BECTHO TOJIBKO X - CIICTIJICHHOE PELECCHMBHOE Haclie[IOBaHHWE, B TOM YHCIE reMOpUIns y
co0ak, OecCHIepCTHOCTh y TeNST, OTCYTCTBHUE 3yO0OB, AedopMaius MepeHUuX HOT y TeJsT,
KapJIMKOBOCTh Y KYyP.

[Tpumep:

PaccmoTpuM citydaii, Koraa >KEHIIMHA SIBJISIETCS HOCUTENEM TeHa JanbToHu3Ma. OHa
MOXKET U HE 3HaTh, YTO MMEET ATOT JAe(PEeKTHHIH T'eH B CBOeM reHome. Mbl 0003HAUMM ee
HOpMalIbHYI0 X-XxpoMmocoMy kak X-C, a XpoMocoMy, B KOTOpOH HaxXOIUTCs Je(PEeKTHBIH TeH,
— X-c. Ee maptHep nmeet HopManbHyH0 X-XxpomocoMmy (X-C) u Y-xpomocomy (puc. 1).

JansToHnsm

X-xpoMmocoma Y-xpomocoma

Mars, — HopManksHOE 3peHHe OTen — HOpMANEHOE 3pEHAC

3 ( + )
& 4 t r
& 1 T
# '
F £ %
i [
) .
Hedexrueiii ren /\

Hous Cein
% «(‘ﬂ % '; ‘*i ; ; "
> 4 » 4 B £ §y 4
4 % % F % %
i i | ] )
4 % B -
Hopmanereii  Hocurens Hopmanessi#i  JlansToHAK

Puc. 1. Hacanenosanue nansronusma. Hocureiiem 3a00iieBaHus ABIISETCS MATh
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l'enotun XX cooTBeTcTBYeT HOpMaiabHOW >keHUIMHe, XX-C — HOpMaJbHON
KEHIIUHE, KoTopas sABisgercs HocureneM. ['eHotun XY— HopManbHOMY My)kuuHe, a X-CY
— MY>XYHHE-1aJbTOHUKY. Bl MokeTe camu HapucoBath pemieTky [lenHera, 4ToObl YBUIETD
pe3yabTaThl CKPEIIMBAHUS MEXAY HOPMAIbHOW KEHIIMHOM M MYKUYMHOM-TaIbTOHUKOM, KaK
3TO MOKa3aHO Ha puc. 2.

Bce moTtomMcTBO MykCKOro moiia OyleT HOpPMaldbHBIM, a BCE MOTOMCTBO EHCKOTO
noJia OyZIeT HeCTH TeH JalbTOHU3MA.

X Y
X XX XY
XC XXC XCY
HalbToOHH3M

4
£ £

X-xpomocoma  Y-xpoMmocoma

Mare — HOpManbHOe 3peHne  OTell — JANETOHHK

/3

Jedexrhlii ren

Jlous Crin
& il R
\ ¢ Y ¢
f ‘ F
¥
Hocwurens HopmansHe1i

Puc. 2. Hacnegosanue nansronmnsma. Hocurenem 3a00neBaHus IBISIETCS OTELL

[Ipu3HaKu, CHETUICHHBIE C MTOJIOM, HACJICAYIOTCS HE3aBUCUMO OT MPU3HAKOB, OMPEICIISIFOITIX
nost. CyliecTByeT MHOTIO MPU3HAKOB, KOTOPBIE IMO-Pa3HOMY MPOSIBISIIOTCA Yy MYXYUH H
KEHIMH, JaKe €CIM HWHIWUBUIY yMbl HMEIOT TOYTH TaKOW jKe€ TEeHOTUIl. Hawrydimmm
NPUMEPOM  SIBISIeTCS  OOJbIceHHe. My)KUMHBI, TETEpPO3UTOTHBIE IO 3TOMY IPH3HAKY,
CTaHOBSTCS JILICBIMH B paHHEM BO3pacTe, B TO BpeMs KaK y >KCHIIMH BOJIOCHI Ha TOJIOBE
COXPaHSIOTCS BIUIOTH /IO MEHOMAay3bl. POCT uenoBeka Takxe ONpeaesisieTcs oJI0oM.
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15.1 Jla6opaTopHasi padora Nel5 ( 2 yaca).
Tema: «I[locTpoeHne reHeTHYECKUX KapT»

2.15.1 Hean padorbl: O3HAKOMUTHCS C METOJIMKON TOCTPOCHUS TEHETUYECKUX KapT
XpOMOCOM

2.15.2 3apaumn pa6oThI:
1. Hay4uThCsl CTPOUTH TEHETUYECKUE KAPThl XPOMOCOM

2.15.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJIb3yEMbIX B JIA00PaTOPHOI
pabore:
1. 3amayHuK MO T€HETUKE

2.15.4 Onucanme (xoa) padoThi:

CHKBEHC TeHOMa - 3TO BCETO JIUIIbH MOCIEI0BATEIBHOCTh U3 OJHUX U TEX e YeThIpex
OykB B OECKOHEUHOW BapHaluu. B3risiHyB Ha Hee, HUIKTO HE CMOYKET MTHOBEHHO BBIYHCIIHTH
ee ¢ynkiuio. OmHaKO, BCTaBUB IOCJIEOBATEILHOCTh OCHOBAHUN Ha MPaBHIIBHOE MECTO B
TeHOME, MOXHO TOJIyYUTh KIIFOY K pasrazke ee ¢pyHkunu. Kapra reHoma - 310 Tpaduueckas
cXeMa, MO3BOJIAIOIIAs HCCIIEIOBaTeNsIM OPUEHTUPOBATHCA B T'€HOME, UCKAThb B HEM MeECTa,
KOTOpPBIE MOTYT OBITh BayKHBI M HHTEPECHBI. B mpocTeiiiem Buae KapTa reHoMa MpeicTaBIseT
co00if TMHUIO, TIO BCEH JTMHE KOTOPOU PACIIONIOKEHBI pa3iINyHble OPUEHTHPHI, TOMEUEHHbBIE
OykBamu ¥ 1MdpamMu, JalOMME BO3MOXHOCTh HCCIICIOBATENI0 HWIACHTU(DUIIUPOBATH
OTIeNbHbIe Npu3Haku. KapTa He OIHO U TO ke, YTO U TMOCJIEN0BaTeIbHOCTh OCHOBAHUMN
reHOMaA.

PacnonoskeHne TeHOB Ha KapTeé MOXKHO BBIUMCIHTH 0Oe€3  OmpenereHHs
MOCJIEIOBATEIbHOCTH OCHOBaHMHU. [IpuONMM3UTENbHAS JOKAIM3alMs T€HOB, HApYIICHUS B
KOTOPBIX CBSI3aHBI C PSJAOM HACIEACTBEHHBIX 3a00JeBaHMM, Oblla yCTaHOBJIEHA 3aJ0JT0 0
CEeKBEHHPOBAHMSI TEHOMAa 4YEJIOBeKa TIPH HCCIECIOBAaHMM HACTEIOBAHUS Pa3IHUHBIX
CIIETJIEHHBIX MPU3HAKOB. MeTO/Ibl, KOTOPBIE UCIIONIB3YIOTCS MPHU 3TOM, MOAPOOHO U3TararoTcs
B Kypce «l'eHeTnka». 31ech ke Mbl 3aTPOHEM JIMIIb OOIIHE 3aKOHOMEPHOCTH YacTH U3 HUX.
Kak npoBouTCs mocTpoeHre reHeTHUecKue KapThl?

[IpennonoxumM, 4T0 HEOOXOAWMO BBISICHUTH PACIIOJIOKEHHE OIPESIIEHHOTO T'eHa,
BBI3bIBAIONIETO 3a00JIeBaHHE, KOTOPOE BBIPAXKAETCS OINpeAeNeHHBIMUA (EHOTUITHIECKUMU
MIPU3HAKAMHU.

CHayana  oOCHeIylOT HECKOJbKO  CEeMEW, TMPEICTaBICHHBIX  HECKOJIbKHUMH
MOKOJICHUSIMH, YICHBI KOTOPBIX CTPAJar0T 3TUM 3a00JE€BaHUEM, YTOOBI Y3HATh, C KaKUMH
IPYTMMU TEHETUYECKUMH TMpU3HAKaMM CBsi3aHa d9Ta Oone3Hb. ['eHbl NIOOBIX MPU3HAKOB,
MMEIOIIMX TEHJCHIIMIO HACJIENOBAThCS BMECTE C IPEIPACIONOKEHHOCThIO K OO0JIe3HH, C
00JIBIIION /0JIel BEPOSITHOCTH MOTYT OBITh JIOKAM30BaHBl Ha OJHONH XPOMOCOME PSIOM C
T€HaMHU, BBI3BIBAIOIIMMH 00J1e3Hb. X BEIOMPAIOT B Ka4eCTBE MAPKEPOB JIJIsl HICKOMOTO TeHa.

OnpenenvB HECKOIBKO MapKepOB C HM3BECTHBIM PACIOJIOKEHHEM Ha XPOMOCOME,
MO>KHO C OOJIBIIION TOYHOCTHIO (/10 HECKOIBKUX MUJIJTHOHOB 11.0. ) YCTAHOBUTH PACIIONIOKEHHUE
TeHa, BBI3BIBAIOLIETO OO0Je3Hb. 3aTeM uccieqoBaHus (OKYCHPYIOTCS HAa YacTH TEHOMa,
HECYIeW YKa3aHHBIN I'€H, U IIOMCKAX I'€Ha, KOTOPBIA UMEET PA3IMYHYIO OCIEA0BATEIIBHOCTD
OCHOBaHUH y 30pOBBIX M OOJBHBIX JIIOJEH, WM TeHa, (QYHKIMH KOTOPOrO MOTYT OBITh
CBsI3aHBI ¢ 00JIe3HBI0. FIMEHHO Tak ObLIN MISHTU()UIIUPOBAHBI T€HBI, CBA3aHHBIE ¢ PHOPO30M
MOYEBOT0 My3bIps ¥ 00Je3HbI0 ["aHTUHTTOHA.

OpHako MyTh 3TOT JOJIOT W TPYJOEMOK, MOITOMY II€NbI0 TE€HETUKOB OCTAETCS
pa3paboTka Ooiiee JETANbHBIX KapT T'€HOMOB, KOTOPBIE IMO3BOJST C TOYHOCTHIO HAXOIHUThH
MOCJIEIOBATEIbHOCTH, HYXHBIE B KaXJIOM KOHKpeTHOM ciydae. CyIiecTByeT JIBa THIIA
TeHETUYECKUX KapT - KapThl TEHETHYECKOro cleryieHus M ¢uznyeckue KapThl. KapTsl
TEHETHYECKOTO CIETJICHHUS TOKAa3bIBAIOT MOPSAIOK PACIHOJIO0KEHHS T€HOB Ha XpOMOCOME MU
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OTHOCHUTEJIbHBIE PACCTOSTHUS MEXly HUMU. BriepBrie Takylo KapTy cocTaBuiu B Hauaie XX B.
B saboparopun KomymOuiickoro yHuBepcutera, Bo3riasisemoir Tomacom I'. Mopranom
(nmaypeatr HoGeneBckoii npeMuu 1o Gu3HoI0oruy U meauimae, 1933 r.).

OOBEKTOM JTHX KJIACCHYECKUX TEHETHMYECKHX WCCIEIOBaHU OBl  HM30paHbI
wiogoBbie Mymiku Drosophila melanogaster, Menkue pa3Mepsl U HEIPUXOTIUBOCTh KOTOPBIX
MO3BOJISJIM  IIPOBOAMTH JKCIEPUMEHTHI C COTHAMH MyX. Kpome Toro, oHu OBICTpO
Pa3MHOXKaJINCh M OKa3aJMCh YPE3BBIYAIHO TJIOJOBUTHIMH - HOBOE IMOKOJICHHE MOSIBIISLIOCH
yepe3 Kaxaeie 12 cyT, u camka otkiaasiBaia 10 1 000 suyex.

[TnogoBble MyHmIKM MMEIOT 4 Tapbl XpOMOCOM, BKJIIOYas Mapy MOJOBbIX. Mopran
3aMeTWJI, YTO €CIIM camia ¢ OENbIMM TIJIa3aMHM CKPECTHTh C KpacHOIVIa30HM CaMKOM, TO y
MOTOMCTBa Tja3a OyAyT KpacHBIMH; HO TpPHU CKpEIIMBAaHUM IOTOMCTBA JAPYr C JAPYTrOM
«0eInorIa30CcTh» MPOSBISETCS BHOBb, HO TOJBKO Y CaMIIOB. MopraH c/ienai BBIBOJ, YTO 3TOT
MpU3HAK U JIPYTHe «OTpaHUYEHHBbIE MOJOM» MPHU3HAKH, HANpUMeEp, JaJbTOHU3M Y IIOJEH,
KOTOPBIA MOpa)kaeT TOJNBKO MY’KUMH, JOJDKHBI pacrosiaraTbcsi Ha X-XpomMocome. JTo Oblia
nepBasi MyTalMs, CBs3aHHas C ONPEIEICHHON XpoMocoMoil. B TeueHHe HECKOIbKUX
MOCTIEYIONIUX JIeT ObUTH HUACHTU(UIIPOBaHbI Ooiee 40 MyTanuii y MI0JOBBIX MYIIEK, YacTh
U3 KOTOPBIX OKA3aJIUCh CLETICHHBIMU JIpyT ¢ ApyroMm. Ceiyac pa3nu4aroT 4eThIpe OCHOBHBIX
BHJIa HACJICIOBAHMSI: ayTOCOMHO-TOMUHAHTHBIM, ayTOCOMHO-PEIIECCUBHBIN (OTHOCUTCS K 22-
M MapaM HEMOJOBBIX XPOMOCOM), a TaKke X-CIEMJICHHbIH JOMUHAHTHBIA U X-CHEIUICHHBIH
PELIECCUBHBIN.

Cxema skcniepuMeHTa Moprana c¢ Oejoriia3siIMu MyIIKaMy TpHuBeAeHa Ha puc. 3.1.
OTOT HKCIEPUMEHT JIEMOHCTPUpPYET ciydaid X-CIEIUIEHHOTO PEeleCCUBHOTO HACJIEeIOBaHMUS.
WTak, reHbl CLEIUICHHBIX PU3HAKOB PACIONOKEHBI Ha OJJHOU XpoMocoMe. [l onpeeneHus
CLIETUIEHUS] TeHOB Ipynna MopraHa CKpeliyBaja MyTaHTOB C HOPMAJbHBIMHU MYIIKaMU U
MOJTy4eHHOE TIOTOMCTBO CHOBA M CHOBA, IIOKa HE MOJYYalH JOCTATOYHOE KOJIHMYECTBO MYIIEK
C COXpaHEHUEM MYTAallUM Ha ONpeJesIeHHON XpoMocoMe. [10CKoIbKy X pacnoioskeHue OblIo
W3BECTHO, TaKWE MYTallMd CIY)KUJIM MapKepaMmu. 3aTeM CcaMIlOB C HOBOW MyTaluei
CKpEILMBaJIM C CaMKaMH, HECYIIMMHU 3TH MapKepHble MyTauuu. Kak yxe ObUIO OTMEUYEHO,
Oenble 171a3a ObLTH pe3yIbTaTOM MyTaluu Ha X-xpomocome. Eciu HoBast MyTalusi HOCTOSTHHO
MposBIIsIach y Oenoria3plx MyX, 3TO O3HAyajao, YTO U OHA paclojoXkeHa Ha X-XpOoMOCOME.
Pe3ynpTaTthl ckpemuBaHus Oe€NOriIa3plx MyIIEK C KpPacHOINa3biM caMIoM. YepHbIMHU
TPEYroJbHUKAMHU TOMEYEHbl X-XPOMOCOMBI, HECYIIME TOMHHHUPYIOIINUN NPU3HAK KPACHBIX
rnas. benbiMu mepeBepHYTHIMH TPEYrOJbHUKAMU O0O03HAU€HBI X-XPOMOCOMBI, HECYIIHE
periecCuBHbBIN NpU3HAK OembIX riaa3. Cepble TPeyrojJbHUKH - Y -XpoMocoMbl Puc. 1.

Kpacunornazaa  besoraasbiil

caMKa camel|
Siinexierka A V CnepmaTto3zonjp)

b

K ( ’
piglsjolgg azas ‘V A .. y Kpa“&ﬁgﬂgblﬁ

Kpacnornaseie camxn  KpacHoraaseiii  besoriaseiit
camen caMent

PGSyJ'II)TaTBI CKpCIIuBaHuA OeJornasbIxX MYIICK C KpaCHOIJIa3bIM CaMIIOM. qepHI)IMI/I
TPEYTOJIbHUKAMU IMOMCUYCHBI X—XpOMOCOMbI, HECyHmue ,Z[OMI/IHI/IpyIOH_[I/Iﬁ MMPU3HAK KPACHBIX
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rna3. benbiMu mepeBepHYTHIMH TPEYrOJbHUKAMU O0O3HAU€HBl X-XPOMOCOMBI, HECYIIHE
perieccuBHbI Mpu3HaK Oenbix Ta3. Cepble TPEYroabHUKU - Y-XpOMOCOMBbI OJHAKO
BCTpeUaINCh MPU3HAKU, KOTOPBIE MEePEIaBalluCh BMECTe, HO HE BCET/a, HalpUMep, MPU3HAKU
0eroro rmmasa W PyJUMEHTAPHOTO KpbuUld. ITOT IPPEKT OOBACHACTCS MPOUCXOJSAIINM BO
BpeMs Meilo3a KpOCCHHTOBEpoM (0OOMEHOM MeXAy T€HHBIMH y4YacTKamu XpoMocoM). Ecmu
MHTEPECYIOIINE HAaC T€Hbl HAXOJATCS Ha OAHOM M TOHM K€ XpOMOCOME, HO pacrojararorcs
Jaeko Ipyr oT Ipyra, B pe3yJbTaTe KPOCCHHTOBEpa MpHU 00pa30BaHUU MOJOBBIX KJIETOK OHU
¢ OO0JIBIIION BEPOSITHOCTBIO MIONAYT B Pa3HbIE KIETKH.

bnusko pacnosnokeHHbIe TeHbl He OYyIOyT pasfenaTbes Mpu KpoccuHroBepe. Takum
00pa3oM, MO>KHO YCTaHOBHUTbH HE TOJIBKO HAXOXKJCHHE I'eHa Ha OIPEIeNIEHHONH XpOMOCOME, HO
U MPUOIU3UTENBHO OIMpPENeINTh B3aMMHOE PACIOIOXKEHHEe TeHOB Ha HEil, €Clii y4ecTbh, Kak
4acTO OHM THPOSBISIOTCS B IIOTOMCTBE B pe3ysbTaTe ckpemmBaHuid. [lonb3ysch
MOJTy4YeHHBIMH PE3yJIbTaTaMH, COTPYAHUKH JTabopaTopuu MopraHa mocTpOWIN MEPBYIO KapTy
X-XpOMOCOMBI IIJI0IOBOM MYIIKH (puUC. 2).

Kénroe Beanie Kpacnbie MuuunatiopHoe PyaumentapHoe
TEJI0 rjiasa rJaaza KPbLIO KPBLIO

—_—

[To3aHee ObLTM MOCTPOEHBI MEPBbIE T'€HETHUECKUE KapThl U Apyrux 3 xpomocoM. [lo
CyTH, OHHU SBJISIIOTCS TPOTOTHUIIOM COBPEMEHHBIX T€HEeTHYeCKuX KapT. [lpumepHsiii BuA
MIEpBOM T'EHETUYECKON KapThl, IIOKAa3bIBAIOLIEH pACIOJIOKEHUE MSITH IPU3HAKOB Ha
XpOMOCOME I1J10/10BOM My1IKH Puc. 2.

[IpuMepHbIid BU NEPBOM T€HETUYECKOM KapThl, MOKA3bIBAIOIIECH PACIIONOKEHUE MIATH
NPU3HAKOB Ha XpOMOCOME IUI0Z0BOM Mymku Kaptel Moprana ObIIM MOCTPOEHBI Ha
TeHETUYECKUX MpU3HAKaX, PU3NUECKH BUIUMBIX y UCCIeAyeMbIX mylnek. CeroHs ropasio
Oosee CIOXHBIE KapThl CLEIUIGHUS TEHOB CTPOATCS HA OIpPEICICHUH HacleI0BaHHA
cnenuduueckux nociuenosarenbHocteid JJHK. B wactHOCTH, /U1 3TOrO HCIONIB3YETCS METO/,
OCHOBAaHHBI Ha MONMUMOpPGU3ME JIMHBI PECTPUKIUOHHBIX (parmentoB (IIJIPD). lns
BO3HUKHOBEHUS ajuieieil JOCTAaTOYHO, YTOOBI JIBa TOMOJIOTMYHBIX T'€Ha OTJIMYAIHUCh BCETO
OJIHUM HYKJICOTHUJIOM.

Ecnu BeposiTHOCTH MOSIBIIEHUSI TakoW 3aMeHbl (MyTanuu) 6omnbiie 1 %, TO roBopsrT,
YTO MMEET MECTO T'€HETHUYECKUI MoIuMOop(u3M. 3aMeHa BCETO OJHOTO HYKJICOTHIa MOXKET
BbI3BaTh 3HAUUTEIBHOE H3MEHEHHE CBOWCTB KOJIUPYyeMOro Oenka, [0 CPaBHEHHUIO C
HOpMabHBIM. OJIHAKO MHOXECTBO OJHOHYKJICOTHJHBIX 3aMEH HE IPUBOAUT K CHHTE3Y
M3MEHEHHBIX T€HHBIX ITPOTYKTOB.

Bonee Toro, 3ameHbl, IPOUCXOIAIINE B HEKOJUPYIOLIUX 001acTAX (a B 4YEJIOBEUECKOM
r€HOME OHHU COCTaBsAlOT okojo 90 %), He mnpuUBOAAIIME HU K KaKUM H3MEHEHUSM,
pacripesiesieHbl 0 BCeH JJTMHE XPOMOCOMBI M MPEICTaBISIOT c000i MOIMMOpP(HBIE CAWTHI,
KOTOpPbIE HCIIOJIB3YIOTCSI B KadeCTBE MAapKEpOB Il I€HETUYECKOTo MapkupoBanus. Ho
CHayaJia 3TU MOJIUMOP(HBIE CAUTHI HY>KHO OOHAPYKUTh.

Meron cocroutr B ciuenyronieM. JJHK pacmemistor ¢ momoiibio OnpenesieHHOM
pecTpukTa3sl 1O cnenupuyeckuM MecTam. Ecnum B caldTe pecTpUKUUM HAXOIUTCS
OJIHOHYKJICOTHUJIHAsl 3aMEHA, PECTPUKTAa3a €ro He Y3HAeT U PACIICIICHUSI HE MPOUCXOAUT. B
TO 7K€ BPEMsI OHA MO-IIPEKHEMY y3HAET U PACILEIIACT HHTAKTHBINA CAalT B JPYTrOM XPOMOCOME.
Takum oOpa3zom, B pe3ynbraTe 00pabOTKM PECTPUKTA30M JBYX ITUX alljiesied MOydaercs
HaOop pa3HbIX MpoayKToB (dpparmenToB JJHK pasHo#t 1iMHBI), KOTOpPBIE 3aTEM OIO3HAIOTCS C
MOMOUIbI0 THOPHAM3ALMU CO CHEHU(PHUUHBIM 30HAOM. SIBJIEHHE BCTpEYalOIIerocs B
MO JISIUM U3MEHEHHOTO CaiiTa PECTPUKIMH, IPUBOJIIEe K 00pa30BaHUIO CEU()UIECKOTO
Habopa ¢parmentoB JIHK, Ha3biBaeTcs mnoauMopdu3MoM ATUHBI  PECTPUKIIMOHHBIX
(bparMeHToB.
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[TonumopdHbIe cailTbl pecTpUKIMKM 00pa3ytoT MapKepHbIE JIOKYChI Ha TOM XpOMOCOME,
r7le OHU TMPHUCYTCTBYIOT. B HacTosiee Bpems uaeHTUGHUIMpoBaHbl Thicsun [1/IPd-n10kycos,
Onarosapst 4eMy 3HAUMTENIBHO YBEJIMYMUIIOCH YUCIIO ajjiesiedl, KOTOpble MOKHO MCIIOJIb30BaTh
JUISI TEHETUYECKUX UCCIIEIOBAHNM.
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16.1 JlabopaTopHasi padora Nel6 ( 2 yaca).
Tema: «CTpoeHue 1 peruiiKanus HyKJIEHHOBBIX KHUCIIOT»
2.16.1 Hean padotrbi: O3HAKOMHUTHCS C CTPOCHUEM HYKJIEMHOBBIX KHCIIOT.

2.16.2 3apauu padoThI:
1. Hayuutscs coctaisats konuu JJHK PHK

2.16.3 [lepeyenb npudOPOB, MATEPUATIOB, HCIIOJIb3YEMbIX B J1a00paTOPHOM
padore:
1. 3amayHuK MO reHETHKE

2.16.4 Onucanue (xoa) padoThI:

JHK — mnonuMep, MOHOMEpaMU KOTOPOW SIBISIOTCA J€30KCUPUOOHYKICOTHIBI.
Mogens npocTpaHcTBeHHOro ctpoeHus monekynsl JIHK B Buzme nBoifHO# cnmpanu Oblia
npemoxkena B 1953 r. Jhx. Yorconom u @. Kpukom (a1 mocTpoeHUs 3TOM MOJAEIN OHU
HCIIONBb30BaIu paboTel M. Yunkunca, P. ®panknun, 3. Yapradda).

Moaekyaa JIHK oOpa3zoBana JIByMs MOJHUHYKICOTHAHBIMU IEIMSMHU, CIHAPATHLHO
3aKpYUYEHHBIMH JIPYT OKOJIO JIpyra U BMECTE BOKPYI BOOOpa)kaeMoOM OcH, T.€. IpPEeACTaBIIsIeT
coboii nBoiHYIO crimpains (uckimtoueHue — Hekotopbie JIHK-conmepikamue BHUPYCH HMEIOT
onuouenoueynyro JIHK). Juamerp nBoitHoit crupanu JIHK — 2 HM, paccTosHHEe MEXITY
coceqHuMH Hykieotugamu — 0,34 HM, Ha oguH oOopoT crnmpanu npuxoautrca 10 map
HYKJICOTHIOB. /JInMHa  MOJEKyJIbl MOXXET JOCTHraTh  HECKOJIbKHX  CAaHTUMETPOB.
MonexynsipHbIi Bec — JECITKH U cOTHU MUUTMOHOB. Cymmaphas nnuHa JIHK sapa xkietku
4esoBeka — 0KoJio 2 M. B sykapuornueckux knerkax JJHK oOpasyer kommiekcsl ¢ GenkaMu
Y UIMEET CTICIU(PHUECKYIO MPOCTPAHCTBEHHYIO KOH(OPMAIIHIO.

Monomep JHK — nykiieorns (1e30KCHPUOOHYKJIEOTH) — COCTOUT U3 OCTaTKOB
TpeX BELIECTB: 1) a30THUCTOr0 OCHOBaHUS, 2) MATUYIJIIEPOJHOTO MOHOCaxapuaa (IIEHTO3bl) U
3) dbocdopHOil KUCTOTBI. A30THUCTbIE OCHOBAHUSI HYKJIEMHOBBIX KUCIOT OTHOCATCS K KJlaccam
nupUMHUIMHOB U nypuHOB. IlupumuannoBbie ocHoBanus JIHK (umeroT B cocraBe cBoeit
MOJIEKYJIbI OJIHO KOJIbII0) — TUMUH, LUTO3UH. IlypuHOBBIe OCHOBaHUsI (MMEIOT JIBA KOJIbLIA)
— aJICHHH W TyaHUH.
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Momnocaxapun Hykineoruna JJHK npencraBinen 1e30kcupud030ii.
Ha3BaHne HykiieoTua BIISIETCS IPOU3BOAHBIM OT Ha3BAHMS COOTBETCTBYIOLIETO OCHOBAHMS.
Hykneotuabl ¥ a30THCThIE OCHOBaHUSI 0003HAYAIOTCA 3arJIaBHBIMU OyKBaMHU.
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A3oTucToe ocHoBanue Haszpanue HYRJICOTHIA O0o03HauyeHue

AnleHuH A TIeHUIOBBIA A (A)
I'yanun I'yanunoBsbrit I' Q)
Tumun TumMuauIOBBIN T (T)
uto3un Hutnannoselit I (C)

[TonuuykineoTuaHas 1enb oOpa3yeTcs B pe3yJbTaTe peakuuid KOHJEHCAINH
HyKseoTu0B. [Ipu 3TOM Mexay 3'-yriaepoaoM octaTka Je30KCHPHOO03bl OJJHOTO HYKJICOTHIA
1 ocTtaTKoM (ocPOpHON KHUCIOTHI APYroro Bo3HUKAET (pochorpupHasi cBA3b (OTHOCUTCS K
KAaTeropuM IMpPOYHBIX KOBAJEHTHBIX CBsA3ei). OJIMH KOHEL MNOJMHYKICOTHIHOW IenH
3aKaH4YMBaeTcs S5'-yriepoioM (ero Has3bIBarOT S5'-KOHIOM), apyrod — 3'-yriepoaom (3'-
KOHIIOM).

[IpoTuB OAHOW LiEMM HYKJIEOTHIOB paCIOIaraeTcs BTopas Lenb. PacronoxeHue
HYKJICOTHJIOB B JTHX JBYX LIEISIX HE CIIy4allHOE, a CTPOrO OIpPEACIICHHOE: NPOTUB aJICHUHA
OJIHOM LIeNU B APYrod LeNH BCErAa paclrojaraercs TUMUH, a MPOTHB I'yaHHMHAa — BCEraa
LUTO3UH, MEXAYy aJCHUHOM M THUMHUHOM BO3HMKAalOT JBE BOJOPOJHBIE CBSI3H, MEXKIY
TYaHMHOM M LIUTO3MHOM — TPHU BOJOPOJHBIE CBS3M. 3aKOHOMEPHOCTb, COIJIACHO KOTOPOU
HykaeoTu bl pasubix nerneid JJHK ctporo ynopsiioueHHo pacnosnaraiorcst (aleHUH — TUMUH,
TYaHUH — IIUTO3UH) U U30MPATENbHO COCTUHSIOTCS APYT C APYTrOM, Ha3bIBA€TCS MPUHLIMIIOM
KoMIuieMeHTapHocTH. Crnenyer ormerutb, uyto Jx. Yorcon m @. Kpux npunwm x
MOHMMAHUIO TIPUHIUINA KOMIUIEMEHTapHOCTH TIOCi€ O3HAKOMJIEHHS ¢ pabotamu O.
Yapradda. D. Yapradd, u3yduB OrpoOMHOE KOJIMYECTBO OOpA3IOB TKAaHEH W OPraHoB
pa3IMYHBIX OPraHU3MOB, YCTAaHOBHI, 4TO B Jr000M (pparmente JIHK comepikaHue ocTaTkoB
IryaHWHa BCErjJa TOYHO COOTBETCTBYET COAECPXKAHUIO IUTO3MHA, a aJCHWHA — TUMUHY
(«nmpaBusio Yapradgga»), Ho 0OBSICHUTH ITOT (HAKT OH HE CMOT.

W3 npuHIMna KOMIUIEMEHTAPHOCTU CIEAYET, YTO IMOCIIEI0BATEIbHOCTh HYKJIEOTHI0B
OJIHOM LIeNU ONpeeNsieT NOCIEA0BAaTEIbHOCTh HYKJIEOTHIO0B IPYToi.

Hermu JJHK antunapamiensHsl (pa3HOHANPABIICHBI), T.€. HYKJICOTHU]IBI Pa3HbIX Ienei
pacrosiararoTcsi B IpOTUBOIOJIOKHBIX HAMPABIECHUAX, U, CIEA0BATEIBHO, HAPOTUB 3'-KOHIIA
OJIHOM Lenu Haxonutcs S'-xkoHen apyroi. Monekyny JIHK uHOrzna cpaBHMBarOT ¢ BUHTOBOU
nectauuel. «Ilepuna» 3Toi necTHUIBI — caxapodochaTHbIN OCTOB (UepenyIoIrecs: OCTaTKU
ne30Kcupr0036l M (POCHOPHON KHUCIOTHI); «CTYNMEHW» — KOMILJIEMEHTapHBIE a30THUCTHIE
OCHOBAHHMSI.

®Oyuxuusa JJTHK — xpanenue u nepegaya HaclIeICTBEHHOW HHPOpMAIINH.

I'eneTnueckuii xoxq

@®.Kpuk B CBOEH THUIOTE3€ IOCIEAOBATENIBHOCTH IOKAa3aJl, 4YTO IOCIEH0-
BATEJIBHOCTh JJIEMEHTOB T'€HA OIPEIEISAET IOCIEI0BATENBHOCT AMUHOKHUCIOTHBIX
OCTaTKOB B monunentujgHod umenu. ClenoBarenbHO, B T€HE 3aKOJMpPOBaHA
uHpopmalmsi o CTpykType Oeinka. ['eH B COBpeMEHHOM NOHHMMAaHHUU 3TO Y4YaCTOK
OonbIoil  camoBocmpousBosmieiics wmonekynsl  JIHK, xonTpomupyrommii  mo-
CJIEIOBATEIBHOCTh AaMUHOKHUCIIOT B OJJHOM MOJUIENTHIHON LIENH OETKOBON MOJIEKYJIbI
U SIBJISIETCS AUCKPETHON €MHMIICH HAcTeCTBeHHON nHpopmanuu. ['eH KOHTpompyeT
OTpeJIeNIEHHYI0 CTeneHbh OOMEHa BEeIeCTB B OpPraHM3Me M OKa3blBa€T TEM CaMbIM
cneruduyeckoe NEHCTBUE HA Pa3BUTHE OJHOTO WM HECKOJBKHUX NpPHU3HAKOB. ['eH -
JNEIUM, W3MEHSIEM, HWMEET OIPEACIICHHYI0 BEIMYHHY, BBIPAXECHHYI0 YHCIOM
HYKJICOTHIOB U MOJIEKYJIIPHOU MacCOM.
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KomupoBanue  renermdeckoit  umHbopmamuu O  CTPYKType  Oenka
OCYILIECTBIIAETCS TOCPEACTBAM I'€HETUYECKOTO KOAA.

l'enemuueckuti ko0 - 3TO TMOCJIEIOBATEIBHOCTh PACIOJIOKEHUS a30THUCTHIX
ocHopanunii B JIHK, omnpenensdromas mocienoBaTeIbHOCTh aMHHOKHCIOT B
CHUHTE3HPYEMOM OeJKe.

OnmHako oOgHa W TaXke HACIEACTBEHHas wWHGOpManus 3aKOAWPOBaHA B
HYKJIEMHOBBIX KHCJIOTaX YeThIPbMsI a30THUCTHIMU OCHOBAHUSAMH, a B OeJKax -1BaauaTh
TUIIOB aMUHOKHCIIOT. Heo0xoaumo ObUI0 YCTAaHOBUTH KaKoe )K€ MUHMMAJIbHOE YUCIIO0
HYKJIEOTUIOB MOKET ONPENENATh (KOAUPOBATh) 00pa30BaHNWE OAHONW aMUHOKHUCIOTBI.
Ecam Ob1 kaxmas aMUHOKHCIIOTA OMpeAeisiach | HyK-JI€0THIOM 47 a aMUHOKHCJIOT
20 TUMIOB, COYETaHME U3 2 HYKIEOTHIOB TaKKE HE JOCTaTO4YHO, T. K. 4 MOXKeET
KOJIMPOBAaTh TOJIbKO 16 aMHUHOKHCIIOT, COYETaHHE TPEX HYKJIEOTUJIOB naeT 4 - 64
COUYETaHMM, YTO JoctatoyHo i1 20 aMHHOKMCIOT. Takoe codeTaHue Tpex
HYKJIEOTUIOB Ha3bIBAETCS TPUILIETHBIM KOJ0M. CleaoBaTeibHO, T€HETUYECKUN KO
TPUIUIETEH - KaXJasi AMUHOKHUCIIOTA OIPENeIAeTCs TpoikaMu ocHoBaHui. Hanpumep,
Tpu OCHOBaHUS Y Y'Y KOIUPYeT aMUHOKHUCIIOTY (heHHUIIATaHUH.
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17.1 JlabopaTtopuasi pa6ota Nel7 ( 2 yaca).

Tema: «MoaenupoBaHue CHHTE3a OeIKa»

2.17.1 Heas padotrbi: O3HAKOMUTHCS C METOJIMKON MOJICIIMPOBAHUS U CUHTE3a Oelka
2.17.2 3apauu padoThI:

1. Hayuuthbcst MOAeIupoBaTh OCIKOBBIE KOMIOHEHTHI

2.17.3 [lepeyensb NpudOPOB, MATEPUAJIOB, HCIOJIb3YeMbIX B JIa00paTopHOii padoTe:
1. 3amayHuK 1O T€HETUKE

2.17.4 Onucanue (xox) padoThi:

Tpanckpunius — 6uocuaTe3 PHK Ha marpuunoit nermm JIHK mo xommiemenTapHoMy
MEXaHM3MY, IIepenuchiBaeT nHpopmMaluto, 3anucainyto B JJHK.

1) nmna obpazoBanusi sgepubix PHK  TpanckpuOupyercs  numb — 4acTb
nocnenoarenbHocren JTHK;

2) TONBKO MEHbBIIas 4YacTh HYKJICOTHAHBIX MocienoBaTensHoctel snepHoit PHK
OCTaeTcs II0CJe IPOLECCUHIA, KOTOPBIM MpeamecTByeT skcnopry Moaekyn PHK B
LUATOIUIA3MYy.

[Tomumepasa Icunresupyer npe- pPHK,II- npe- MPHK,III- npe-T-PHK.

Tpanckpuniusi HauumHaercs, korga Mousekyina PHK-mommmepassl cBsi3biBaeTcst ¢
nocnenoBarenbHOCThI0 npoMoTopa B JAHK. B xome manimmanun ase nenu JIHK nokansHO
pacxoasTcs, o0pa3ys OTKPBITBI KOMIUIEKC, B KOTOPOM MaTpUYHAas UMb OKa3bIBACTCS
sKcroHupoBaHHOU. [locne 0Opa3oBaHus 3TOro KOMILIEKCA MOJUMEpPa3a HaUYMHAET JBUKECHHE
Bnoabr JHK, ymmunass pactymyro uens PHK B nHampaBnennu ot 5' k. 3'. mytem
MOCJIEIOBATENBHOTO To0aBIeHus: puboHyKaeo3unTprudocdaros. Tak IPOUCXOANUT A0 TEX TOP,
Moka He OyJeT JNOCTHTHYT CHUTHAll OCTAaHOBKHU (TEpMHUHAINH), TJI€ BHOBb CHHTE3MpPOBAHHAs
nens PHK u monmumepasa orcoenunstorest ot JJHK. Takum, obpazom, kaxnas monekyna PHK
- 3TO OJIHOLIENIOYEYHass KOMUs HyKJIeoTuaHoi nocnenoatenbHocTu JAHK, npencrasnstomeit
OTHOCUTEJIBHO KOPOTKHH Yy4aCTOK '€HOMa.

VY Bcex OpraHM3MOB pa3IM4YHBbIE T€HbI TPAHCKPUOUPYIOTCS C pa3HOil ckopocThio. Ha
HEKOTOPBIX ITpoMoTopax HoBas uenb PHK nHunmupyercs kaxaple 0JHy-ABE CEKyH/bl, TOTAA
Kak Ha Jpyrux s Hadana cuHte3a PHK Ttpebyercs wac. OObIYHO ypOBeHb TPaHCKPUIILIUU
KaKIOr0 TeHa OIpeAeNseTcsl Oenkamu-pe2yiamopamu — 2eHemu4eckou aKmueHOCmU,
BIUSIOUIMMH Ha WHUIMALMIO TPAHCKPUMIUU. B 1ienom, neicTBue 3Tux OENKOB OCHOBAHO Ha
YCKOPEHUU WIH 3aMEJJICHUH OJTHOM min 0oJiee CTaauil.

N y npoxxed, u y demoBeka umeercss Tpu tuna PHK-momumepas, kaxnaeiii us
KOTOPBIX OTBETCTBEHEH 3a TPAHCKPHIIIMIO pa3HBIX TeHOB. CTpyKTypa 3THX (DepMEHTOB,
o6o3naueHHbix kak PHK-momumepassr I IIulll, Omm3ka, HEKOTOpbIE HUX CYOBETHMHHIIBI
OJIMHAKOBBbI, @ HEKOTOpblE OTJIMYAIOTCS M Kak I[oJsaratoT, coaepxkar 10 wim Oonee
MoJNMNenTnaAHbIX nene. Y sykapuor PHK-nommmepassl mpucoequHSAIOTCS K IPOMOTOpaM
TOJIBKO B TPUCYTCTBUHU JOTOJIHUTENBbHBIX OEIKOBBIX (hakTOpoB. BbUIO ycTaHOBIEHO, 4YTO
tonbkoPHK-nonmumepasza Iltpanckpubupyer rensl, PHK koTopbix 3arem TpaHcimpyeTcs B
Oenxu. JIe npyrue mommmepasbl CHHTE3UPYIOT JUTh Te PHK KOoTOpBIE MMEIOT CTPYKTYpHBIE
i karanutudeckue Gynkuu: PHK-nmonmuvepasalcunresupyer 6onbmue pudocomubie PHK,
PHK-nonmumepasalllpaznooOpasusie  kopotkue crabwibabie PHK.  Brimowas wmanmyro
pubocomuyto 5S-PHKwu tpancnoprasie PHK.

B krnerkax miexonuTaromux oObMHO coaepkutcs okono 40000 monexyn PHK-
nosmmMepassl [1, mpumepHo Takoe e uncio PHK-momumepassr In npubmmusutensao 20000
Mouekys PHK-nmonmumepassilll.

PHK-nonmMepasbl 3ykapuoT HE y3HAIOT CBOII IPOMOTOPHI HA OYMIIIEHHBIX MOJIEKYJIaX
JHK. Jlna y3naBanuii mpomotopoB ¢ JIHK nomxHbl cBsizaThCs OAMH WM Oojiee cauT-
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cnenupuuecknx OenkoB. Takue Oenku HaszpiBarOT (pakropamu Tpanckpuniuu (TF)
[Tonumepassil, HulllTpeOyror IIPUCYTCTBUS pa3sHbIX ¢dakxTopoB TPaHCKPUIILIHH,
o6o3naueHHbIX TFI, TFIIkTFIlIcooTBeTcTBEeHHO. JlaTnHCKast OykBa, KOTOpass OOBIYHO CIEAYyeT
3a pUMCKO# 1udpoii B Ha3BaHWU (aKTOpa TPAHCKPHUIIIINHU, YKa3bIBAET KAaKUM 1O CUETy OBbLI
BhIZIcNieH naHHbI (akrop. Hampumep, TFIIIA- 310 mepBwIii 0XapakTepu30BaHHBIA (DakTop
TPaHCKPHUIILIUK, KOTOPBIA NEHCTBYET HaceH, TpaHCKpuOupyembldi mnonumepaszoulll(ren 5S-
pPHK)

BaxHpIM (akTOpOM TpaHCKPHUIIMHU Ui MHOTHX MpomMotopoB PHK-mommumepass
[lcnyxutTFIID(TBP). On npeacraBiseT co0oit OONbIIONW OCIKOBBIM KOMILIEKC, KOTOPBIN
00bryHO Ha3bBaloT TATA-dakTop, Tak Kak OH MOXET CBS3BIBAThCS ¢ KOHCepBaTHBHON AT-
Ooraroii mociaen0BaTeNbHOCTHIO, Ha3piBaeMoi TATA-Ookc, KoTopast pacrojioskeHa IpUMEpPHO
3a 27 HyKJIEOTHIOB JI0 caiiTa - Hauana TpaHckpunuuu. Mexanusm neiictBust TATA-¢pakropa
- CTUMYJIUPYET TPAaHCKPUIILMIO nojaumepaszoit 11.

Tpanckpuntel, cuHTe3upoBanHele B saape PHK-nmommmepasoir II, HaseiBaror
rereporerdon suepHoit PHK (rsPHK), mockonbky BakHEHIIMM MpU3HAKOM, OTIWYAIOLIAM
9TU MOJIEKYJIbI OT Apyrux suepHeix PHK, ciykut rereporeHHocTs MX pazMepoB. MHorue
TETEPOreHHbIE SIIEPHBbIE TPAHCKPUNTHI BMIOCIEACTBUU IMOKHUHYT SAPO, MPEBPATUBUIMCH B
Moutekyibl nHpopmannonHoi wiu MatpuaHoit PHK (MPHK). OnHako npekie uemM BBIUTH U3
anpa, moiekynsl MPHK mepetepnieBaioT cepuio KOBaJCeHTHBIX MOJIM(DUKAIINN, HAJECISIOMNUX
3TH MOJIEKYJIBl CBONCTBaMH, KOTOpbIE OTJIMYAIOT UX OT TPAHCKPUITOB, CHHTE3MPOBAHHBIX
BcemMu apyrumu PHK-nmomumepazamu. OTu mMoaudukanuym OKaxyTcss UM HEOOXOIUMBIMH
nosxe, npu GpyHkronnposanuu B kauectse MPHK B nmTornasme.

¢ S'-xonery moniekyisl PHK (koHel, cuHTe3upyeMblil MpH TPaHCKPUIIIMH TEPBHIM)
MIPEKIE BCErO KInupyemcs, T.€. JIOCTpAUBAeTCsl C OOpa30BaHHEM OCOOOW CTPYKTYpHI,
OTBETCTBEHHOM 3a nocienymoiiee cBs3piBanre Mojekyisl MPHK ¢ pubocomoii. Kanuposanue
(mobGaBnenne metwiaupoBaHHOTOG-HyKIeoTHaa) TmON;TyaHnHa (K3ma) JUiss  3amluThl
MatpuyHoii PHK oT 1uTo301pHBIX HyKII€a3 U mpucoeanHenue e€ k pudocome. [lpoucxoaur
IouTH cpasy nociie cuHTe3a nepsbix 50 HykineornaoB PHK. ITomumo BaxkHOM posu, KOTOPYIO
urpaer 5'-Kdm B MHUIMAIUHU OEJNKOBOTO CHHTE3a, €ro (YHKIUS COCTOUT B TOM, YTOOBI
sammmate TpaHckpunT PHK ot nerpamanuu.

¢ 3'-koHer] OOJBIIMHCTBA TPAaHCKpHUNTOB, cUHTe3upyembix PHK-mommmepazoit II.
oOpa3yercs HE B pe3yibTare TEPMUHAIUN TPAHCKPHUIIHHA (COOTBETCTBYIOIIUN CaMT
pacmojokeH Janbliie), a B pe3yJbTaTe BTOPUYHOW MOIUGUKALINU, PU KOTOPOM pacTyIIHii
TPAHCKPUIIT pACIICIISIETCSl B OINPEAEICHHOM MecTeé M K 3'-KOHI[y B TOYKE paspesa
crienManbpHas monuMepasa jnobdasnserpolyA-nocnenoBarenbHOCTh. CUTHATIOM K pa3pe3aHuio
ciayxut nosiBinenne Ha uenu PHK yuactkaAAUAAA(3a 10-30 HykieoTHIOB 110 caiita
pacmieruiennsi). CraenaB paspes, pepMmeHTpoiyA-noaumepasza npucoenuuser ot 100 mo 200
OCTaTKOB a/ICHUJIOBOM KHUCIIOTHI ( Tak Ha3blBaeMbli polyA-«xBoct») k 3' -koH1y nenu PHK,
yeMm 3aBepiaeT oOpazoBanue nepBuuyHoro TtpaHckpunta PHK. A Ttem Bpemenem PHK-
IoJiuMepasa MpoJI0JDKAET TPAHCKPUIILMIO U JAENAeT 3TO J0 TeX IOop, MOKa HE BCTPETUT Ha
CBOEM IyTH cailT TepmuHanuu. [Ipu 3TomM nonomuutensHeie GparmeHTsl Tpanckpunta PHK
JMILIEHBI K3I1a U, BEPOSITHO, MOATOMY OBICTpPO pacnafarorcs, GpyHkuus polyA-«XBocTa» 10
CUX IOp HE OYeHb sicHa. COorinacHoO OJTHOM M3 TMIIOTE3, 3Ta MOCIEI0BATEIbHOCTh YYACTBYET B
tpancnopre 3pesnoi MPHK u3 sapa. Mmerorcs Takxke JaHHBIE, CBUIETENBCTBYIOLIUE O TOM,
yTOopolyA-KOHEll 3aMeuIsieT Aerpajaliio B LUTOIUIa3Me HEKoTopbix MosekylIMPHK, uto
CHOCOOCTBYET MX CTAOMIM3ALMHN U COXPAHSIET UX IIEIOCTHOCTD.

[TocnenoBarenbHocTH, npucytcTBytomue B JIHK, Ho He BXomsmmue B coctaB MPHK
ObUTM Ha3BaHbl HUTPOHAMH, a IOCIENOBATEIBHOCTH NpUCYTCTBYytome B 3penoid MPHK -
9K30HAMHU.

N3BectHO, uTo nepBruuHbli TpaHckpunTt PHK- 310 TouHas konus rena, coxepxkaas
KaK 5K30HbI, TaK HMHTPOHBI. [loCIenoBaTeNTbHOCTH MHTPOHOB BBIPE3AIOTCS U3 CEPEAUHBI
tpanckpunta PHK, B pesynprate uero oOpasyercs Mmoisekyna MPHK HemocpenctBeHHO
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kogupytomiast Oenok. IlOCKONBbKY KOIUPYIOIIUE TOCIEAOBATENbHOCTH C O0EUX CTOPOH
WHTPOHA TOCJE €ro yAAJCHUS COCIUHSIOTCS APYr C JPYyroM, 3Ty PEaKIHi0 Ha3BaIH
criaiicuaroM PHK  Cronaiicunr PHK- mnponiecc  ynaieHuss HWHTPOHOB TP YYaCTUH
(EepMEHTHOTO KOMIUIEKCA, HA3BAHHOTO CIUTaicocoMOi. KOMITOHEHTBI 3TOro KOMIUIeKca
MIPEJICTaBICHb MaJbIMU MOJIEKYJaMHU SIEPHBIX U PHUOOHYKICONMPOTEHHOB 0003HAUYEHHBIMU
U1U6, koTopsie crieupUIecKu COCTUHSIOTCS ¢ IeHTposisiMu. [Iporiecc pa3BepThIBacTCs B
CJIeIyIOILUE FTAIbI:

1. [Ipucoenunenue k cainty GUkoHna 5'-uHTpoHa HykieonporenHall.

2. Ilpucoenunenue pubonykieonporenHa U2 K crnenuasbHOMY HYKICOTUAY A,
HaxosmeMycst BOau3u AGyyacTka KoHIIa 3'-UHTpOHA.

3. [Ipucoenunenue pudonykineonporenna U4,USU6 u oOpazoBaHue NETIN U3 y4acTKa
MHTpPOHA. DTU HyKJeonpoTeuHsl coenuustores cUl nU2.

4) npuccommanus puboHykinoonporeHHa U4 U3 3TOro KoMmIiekca HameueHa
AKTUBHOCTBIO CIUIAICOCOMBI.

Ob6pazyetcs dhochopHOaUIbUPHAS CBSI3b MEXKAY ABYMsI KOHIIAMU HUTPOHOB, UHTPOH
LUKIUPYETCS U yAaIseTcsl B BUAE TN WK Jacco. Mexay koHuom 3-OH nepBoro sK30Ha U
5'BTOp o 3K30HA 0Opaszyercs dochopHOIMIPHUPHAS CBSA3b ¢ 00pa30BaHHEM HEMPEPHIBHOTO
ydacTka reHeTnyeckoil nadopmaru B 3penoit u-PHK.

IlocienoBaTe ILHOCTH HUTPOHOB YAAJAIOTCS B Buae Jjacco-nogodHbix PHK-
CTPYKTYP.

Jlnuaa HutpoHoB Bapeupyer oT 80 go 1000 m OGomee HykiaeoTHa0B HMHTPOHBI
MPUHIUTTHATBHO OTJIMYAIOTCS OT DK30HOB TEM, YTO JUIsl HHUX, MO-BUJIMMOMY, HE TaK Ba)KHa
CTpPOro OMpeJeieHHass MOCIeA0BaTeIbHOCTh HYKJIEOTHI0B. B Xome »BomonMHM B HHX
HAKaIUIMBAalOTCS MYTAaIlMU; YacTO YAAeTCsl M3MEHUTH OOJIBIIYI0 YacTh MOCIEI0BATEIHLHOCTH
HUTPOHA, HE 3aTparuBas aKTUBHOCTH reHa. Ha OCHOBaHMHU 3THX JaHHBIX OBLIO BHICKA3aHO
MIPEIITOJIOKEHUE, YTO MOCIIEA0BATEIFHOCTH HUTPOHOB (DYHKITMOHATHLHO HEAKTHBHBI U CITYXKAT
TJIaBHBIM 00pa30M IFeHETUYECKUMU «CBSA3KaMu». EMMHCTBEHHBIMU BBICOKOKOHCEPBATUBHBIMU
00acTSIMH B HHTPOHAX SIBJISIFOTCSI TIOCJIEIOBATEILHOCTH, HEOOXOIUMBIC [T UX yaaneHus. Ha
KaKIOM KOHIIE, HHTPOHA HMMEIOTCSI KOHCEHCYCHBbIE O0JIaCTH, KOTOpble BO BCEX HHTpPOHAX
MOYTH OJIMHAKOBBL. M3MEeHEHHe ATUX MOCIIeI0OBATEIFHOCTEH BIUSET Ha MPOIIECC CIUIaiiCuHTa,
B pe3ysbTaTe KOTOpPOro u3 nepsuyHoro tpanckpunrta PHK ynanstoTcs nocnegoBaTenbHOCTH
uHTpoHOB. OOs3arenpubie auHyKIeoTHbl GUMAGHa kaxaoM KOHIE MHTpoHa. Peakius
paspsiBa u BoccoequHenusi PHK nomkna mpoucxoauTs abCONIOTHO TOYHO, TaK Kak OHIMOKa
Jake B OJIMH HYKJICOTHJ CMECTUT PaMKy CUHMTHIBaHMs B oOpaszoBasiieiics monekysne PHK u
cienaeT 0ECCMBICICHHON 3aKOJUPOBAHHYIO B HEM HH(OPMAILIUIO.

MexaHusM yJaJeHusi HUTPOHOB W3 TEPBUYHBIX TPAHCKPUITOB MPEIOIaraeT HaIudue
onpeaeneHubix 6enkoB (U1,U2,U5 uU4/6), kotopsie coequnstorces ¢ PHK ¢ o6pazoBannem
MHOTOKOMITOHEHTHOT'O PHOOHYKIICOTPOTCHHOBOTO KOMILIEKCA MITH CIIACOCOMBI.

Ilpocmoit - npyu KOTOPOM yAalIeHbl BCE HUTPOHBI.
Anvmepnamugnulii - HEKOTOPbIEe HUTPOHBIBXOJAT B COCTAaB 3K30HOB, B
pe3yiabTaTe 4ero u3 oJHOro utoro xe pro-u-PHK obpasyercs Oosbiiie TUIIOB
u-PHK.
Komobunamuenwiit (Tpancciuiaiicunr) - mosekyna u-PHK obpasyercs B
pe3yabTaTe COeANHEHHS 9K30HOB HECKOJIBKUX I'€HOB. DTO XapaKTEpHO JUIs U-
PHK, xogupytomieit HUMMyHOTJ100YIUHBI.
ITocne npoueccunra PHK Moryt ObITh 00aBieHBI, 3aMEHEHbI, yJaJleHbl HEKOTOPbIE
HYKJIEOTH/IbI. DTOT (PEHOMEH MTPOUCXOJUT B siZipe ''c yyacTHeM
HEKOTOpBIX crenuduuecknx gepmentos. B pesynbrare nHdopmamus moinekyiasl u-PHK ne
coBnagaet ¢ coorsercrryromen u3z JJHK.
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PubocomHbie TeHBbI TPAHCKPUOUPYIOTCS B. SAPBIIIKE, B BHJE €IUHOTO MEPBUYHOTO
Tpanckpunta B 45S. 3arem mnpum paspesanuu oOpasyrorcs ¢pakmun  5,8S, 18S,
288.Tpanckpunuus peanusyercsa ¢ nomoinbio PHK-nonumepassr 1.

I'en p-PHK 5Su 1-PHK Tpanckpubupyrorcs B HykieomnazMe ¢ nomoupio PHK-
nonumepassilll. XapakTepHbIM U HUX SBISETCS TO, YTO MPOMOTOP COJEPKUTCS YACTUYHO B
30HE TPAHCKPUILIHH.
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18.1 JIabopaTtopuasi pa6ora Ne-18 ( 2 yaca).
Tema: «MopenupoBaHye TeHHBIX MYTaIHI»
2.18.1 Lean padorbi: O3HAKOMHUTHCS C METOJIMKON MOJIEIUPOBAHMSI T€HHBIX MYTaIHii

2.18.2 3apaum padoThI:
1.IToHATH M UMETH 3HAHUS O TEHHBIX MYTAIIUAX

2.18.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJIb3YEMBbIX B J1a00OpaTOPHOI padore:
1. 3amayHuK MO reHETHKE

2.18.4 Onucanue (xoa) padoThi:

I'enHble MyTauMU TMPEACTABISAIOT COOOM H3MEHEHHS] B MOJICKYJISIPHON CTPYKType
reHa U MPUBOJAAT B KOHEUHOM UTOT€ K MOSBJICHHUIO HOBBIX CBOWMCTB B KJIETKE U B OpraHU3MeE B
1esIoM. BHeIHre mposiBIeHUsT MyTalluii MOTYT KacaTbcs pa3MepoB U (hOpMBI Tena, OKPACcKH,
MOBe/IeHUs, (PU3UOJIOTMYECKUX U OMOXUMHUYECKHX OCOOCHHOCTEH opraHu3Ma.

Jnist XapakTepUCTUKU MYTaIlii BayKHO 3HATh Ty CTAJMIO B Pa3BUTHH OCOOH, KOTJa OHH
BO3HUKAIOT. EciM MyTanmu BO3HHMKAIOT B 3apOBIIIEBBIX KIETKAX, TO OHU IMEPEAaAr0TCs
0co0siM cremyromiero mokosieHus. OnHaKO MyTalMd MOTYT BO3HHUKAaTh U B COMAaTHYECKHUX
KJIETKaX Ha pa3HbIX JTamax pa3BuUTUa ocobu. Takue MyTanuu BeIyT K TOSBICHHUIO
TEHOTUITUYECKOTO Pa3HOOOpa3usi TKaHEH BHYTPH OCOOM M YacTo HE TepelarTcs IO
HACJIEJICTBY.

CTpyKTypHBIe MyTallMd XPOMOCOM BBIPAXKAIOTCS B HAIMYMU MEKXPOMOCOMHBIX U
BHYTPUXPOMOCOMHBIX U3MeHeHHH. K BHYTPUXPOMOCOMHBIM MYTAIMsIM OTHOCSITCS:

a) MOTEpH TOTO MM MHOTO y4acTKa XpOMOCOM, HauWHas OT OJHOIO T'€Ha M KOHYas
OJIOKOM T€HOB Pa3HOU BETUYHHBI.

Ecnu, HanpuMep, 0003HaUNTh HUCXOJHYIO XPOMOCOMY B BHJI€ LIEMOYKU IreHoB - 1 234567 8
910 To0 mocie motepu 4-ro reHa xpomocoma oyaer umetb Bua 12356789 10 , mocne
notepu yyactka 6 7 8 9 - Bun 1234510 urt.n;

0) nobaBiieHrEe OTACIBHBIX TEHOB MM OJI0OKa T€HOB K OCHOBHOMY Habopy. Hampumep,
12345678910456 ;

B) MOBTOp OJIOKA T€HOB BHYTPH XpPOMOCOM ¢ moBoporoM Ha 180° - uHBepcus.
Hanpumep, 12398765410

K MexXpoMOCOMHBIM MyTallMsIM OTHOCHUTCS SIBJICHHE KPOCCHHIOBepa (crossingover -

MIEPEKPECT, CKPEUIMBAHUE), KOTOPOE 3aKI0YaeTcs B OOMEHE Yy4aCTKOB MEXJy XpOMOCOMaMu
BO BpeMsl Meio3a, 4YTO MNPHUBOJUT K 00pa3oBaHHIO ABYX HOBBIX XpoMocoM. Ha puc.2.3, a
0eJI0i 1 YepHOH MOJIOCKaMH TOKa3aHbl HCXOAHbIE (“pOAUTENBCKHE”) XPOMOCOMEI, a OyKBaMH
0003HAYEHbl YYacTKH, Ha KOTOPBIX pacHojiokeHbl reHbl - A, B u a,b cooTBeTCTBEHHO
Craaus kpoccuHroBepa nzodpaxeHna Ha puc.2.3, 0, a XpOMOCOMBI, IOJyUYEHHbIE B pe3yJIbTaTe
ckpentuBanus (“rIoToMku”), - Ha puc. 2.3, B.
IIpouecc, mokazaHHbIM Ha puc.2.3, TIe UMEET MECTO CLEIUIEHUE POAUTEIBCKUX XPOMOCOM B
eAMHCTBEHHOW Touke O, MOMy4YMJl Ha3BaHHE OIMHOYHOTO KpoccuHrosepa. I[lpu Hammuuun
IBYX, TPEX WM OOJiee TOUEK CLEIUIEHUS] MOKHO TOBOPHUTH O JIBOMHOH, TpoWHOW W Oojee
BBICOKOM KpPaTHOCTH KPOCCHHIOBEpa, MPU KOTOPOM COOTBETCTBEHHO MPOUCXOIUT OOMEH
OOJNIBIIMM KOJMYECTBOM Y4YacTKOB XPOMOCOM, M CJI€JOBaTEeNIbHO, OoJiee THIaTeIbHOE
nepeMenInBaHue reHeTHYecKor HHGOopMaIuH, HacJIeI0BaHHONW OT POIUTENEH.
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MyTanuu 4ucjia XpoMOCOM CBOJIATCS K MOSBICHUIO JTUIIHUX UM yTepe HEKOTOPBIX

XxpomMocoM. Takoro poaa M3MEHEHUS B XPOMOCOMHOM COCTaBE€ MPOMCXOJAT B CHIIy KaKUX-
00 MPUYMH HOPMAJIBHOTO XOJa Meio3a, KOTJa MpH JEJIEHWH B OAHOW JOUepHEH KIIETKE
OKa3bIBaeTCs HE O/IHA, a JIBe XpoMOcoMbl. [lomoOHBIe HapylIeHUs OOBIYHO OTPHIIATEIHLHO
CKa3bIBAIOTCS HA JKU3HECIIOCOOHOCTU opraHu3Ma. Jlpyroil THMm HacleACTBEHHBIX U3MEHEHHH -
KpaTHOE YBEJIMYEHHUE YHMCIIa XPOMOCOM, KOI'Zla P MUTO3E Pa3AeIUBLIMECS XPOMOCOMBI HE
pacxomsTcs, a OCTaloTCs B TOM ke siape. [Ipu 3ToM BO3HHUKAET KieTKa, coAepiKallas He JBe, a
YEThIPE XPOMOCOMBI. AHAJOTMYHBIN IPOLIECC MOXKET pa3BUBaThcs U IpuU Meiose. Takue
MYTalli{ JOBOJILHO YacTO BCTPEYaroTCsl B Mpupone y pacTteHuil. OHU MPUBOAAT OOBIYHO K
YBEJIMUEHUIO UX POCTA, Pa3MEPOB, MACChl CEMSH M IUIOJOB, YTO IIMPOKO MCIIOJIB3YETCs Ha
MPAKTUKE TPU CO3AaHUU BBICOKOIIPOIYKTHUBHBIX COPTOB 3€PHOBBIX U OBOILEH.
Takum 00pa3zoM, HACIEICTBEHHOCTh M M3MEHUYMBOCTH IMPEICTABISAIOT COOOW JIBE CTOPOHBI
Mpolecca pa3BUTHS WM BOJIONUH KU3HU. HaclieIcCTBEeHHOCTh TapaHTHPYET KOHCEPBATHU3M,
MIPEEMCTBEHHOCTb, COOJIOZCHUE JKECTKO 3aJJaHHOM Ha T€HETHYECKOM YPOBHE IMPOrpaMMbl
pa3Butusi opraHuzMa. V3MEHUYMBOCTH CBsi3aHAa TJIABHBIM O0pa3oM €O CIIy4aiHOCTbIO,
HEOIPEeICHHOCThI0 BHEIIHEH cpenbl W 00ecleurnBaeT BapHATUBHOCTh, BO3MOYKHOCTHh
MOSIBJIEHUSI HOBBIX CBOWMCTB M MPHU3HAKOB y 0COOEW BHYTPU TOW WM MHOW momyssiiuu. [lox
NomnyJsinMeil TOHUMAETCsl COBOKYITHOCTh POJICTBEHHBIX (T.€. HMEIOLIUX CXOAHBINA T€HOTHUII)
0co0eii, pa3MHOXKAIOLINXCSA U COBMECTHO MPOXKUBAIOIINX B ONPEIETICHHON Cpee.

Kakne u3 HOBBIX CBOWCTB M TPU3HAKOB (WJIM HHIAUBUAYAIbHBIX pA3JINYMiL),
MOSIBUBLIMXCS B pe3yJibTaTe MyTalllH, 3aKPENATCsS B JAaHHOM MOKOJEHUH U B MOCIETYIOINX
nokoneHusix ? Kakume ocoOu (MHOMBHIYYMBI) HUMEIOT OOJIbIIE€ IIAHCOB BBDKUTH B
KOHKPETHBIX YyCoBUsAX ? OTBET Ha 3TH BONPOCHI JIA€T TEOpPHUS €CTEeCTBEHHOI0 0TOOpa
Y.[lapBuHa, COIJIACHO KOTOPOl HaWOONBIIMIA IIAaHC BBDKUTH M OCTAaBUTH TOcie cels
MOTOMCTBO HMMEIOT T€ HMHIUBUAYYMbI, KOTOpPbIE HAWIYYIIMM OOpa3oM MPUCHOCOOTIEHBI K
KOHKPETHBIM YCJIOBHSIM TPOXXUBAHMS, JIydIlle JPYTUX aJalTUPOBAIUCH K OKpYKAroUIeH uxX
cpene. Beipaxasich KpaTKo, TEUCTBYET MPUHIINII:

”BbepkuBaeT Hanbosee npucnocoOaeHHbii ~ (aHri. - “Survivesthefittest”™).

[Ipouecc ectecTtBeHHOrO 0TOOpPa, coryiacHo JlapBUHY, MPOTEKAeT B BHJIE Pa3IMUHBIX
(dhopM 6OpHOEI 32 CyIIIECTBOBaHHE, K KOTOPBIM OTHOCSTCSI:

- BHyTpHUBHOBas 0opp0Oa 3a cymecTBoBaHHe (T.€. O0pbOa MEXIy OCOOSIMH OJHOM
MOMYJISIIAH JTI0OO0TO BHJIA);

MEXBHJIOBass Oopb0a 3a cymiecTBOBaHHE (T.e. OOppOda MEXIy TMOMyJISIUIMA
Pa3IUYHBIX BUJIOB);
- 0opb0a ¢ HEOIAroNMPUATHHIMUA BHEIIIHUMH YCJIOBUSIMU CPEJIbI.
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19.1 JIabopaTtopuasi pa6ota Ne 19 ( 2 yaca).

Tema: «lluromnazmarnyeckasi HaCJICACTBEHHOCTh

2.19.1 Heas padoTbi: O3HAKOMUTHCS C 0OCOOCHHOCTBIO ITUTOIIA3MATHYECKOM
HACJIEICTBEHHOCTHIO

2.19.2 3apauu padoThI:
1. 3HaTh 0COOEHHOCTH HACIEA0BAHUS TPU3HAKOB IIPU HUTOIIIa3MaTHUYECKON
HaCJIeICTBEHHOCTH

2.19.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJIb3YyEMBbIX B J1a00OpaTOPHOI padore:
1. 3agadyHUK MO TEHETUKE

2.19.4 Onucanue (xoa) padoThI:

[Tox siBneHreM HacIeACTBEHHOCTH Mbl TOHMMAEM IMUPOKUI OMOJIOTHYECKUN Tpoliecc
MaTepualbHOU U HAIMOHAJIBHOM MPEEMCTBEHHOCTH MEX]1y TTOKOJICHUSMH.

OCHOBY 3TOW NPEEMCTBEHHOCTH COCTAaBJISIET MEXAHU3M KIJIETOYHOTO JIEJICHMS KakK B
clly4ae TMOJIOBBIX, TaK U COMAaTHUYECKHUX KJIEeTOK. OUeBHUIIHO, YTO JIFOOBIE CTPYKTYPHI KIIETKH,
KOTOpBbIE BOCIPOU3BOAATCS W PACHPENEISIOTCS NPU JCICHUM B JIOYEPHUE KIIETKH, MOTYT
nepenaBaTh HacJleICTBEHHYI0 HH(OpMalMio, CIeAO0BaTelIbHO, 3ajadya HcclefoBareiel u
3aKIII0YAeTCsl, YTOOBl HM3YyYUTh 3HAYCHHWE BCEX CTPYKTYPHBIX DJIEMEHTOB KIIETKH OOIIei
CUCTEME €€ JCSITEIIbHOCTU U BOCIIPOU3BEACHUSI.

VYke NaBHO TEHETHKH BCTPEYAIUCh C MHOTOUYMCICHHBIMH (pakTaMu, KOTOpHIE HE
YKJIQJbIBAIMCh B PAMKH XPOMOCOMHOM TEOPUHU HACIEACTBEHHOCTH. M31aBHAa M3BECTHO, UYTO
pasiauuue ruOpuoB OT PELMIIPOKHBIX CKPELIMBAHUI NMPHU OTHAJICHHONW TMOpHUIM3allUU J1aeT
OCHOBAaHHME TOBOPUTh HEPABHOM YYacCTUU MKEHCKMX M MYXKCKHX TIOJIOBBIX KIETOK B
o0pa3zoBaHNM THOPHIHOTO OPraHMW3Ma, M HauboJee MpaBaoo100HO STH pa3IMyKs OTHECTH 32
CYEeT HEpAaBHOI'O KOJIMYECTBA LUTOIUIA3MBbI B SIMLEKIIETKE U CIIEPMATO30HU/IE.

[Ipu3Haku, 3a HaclelIOBaHHE KOTOPBIX OTBETCTBEHHBI DJJIEMEHTBHI IUTOILIA3MBI,
JOJDKHBI  TIepefaBaThCsl TJIaBHBIM 00pa3oM 1o MartepuHckol nuHuu. [loatomy st
YCTaHOBJIEHMS (paKTa HACIETOBAaHUU KaKOro-JIM00 MPU3HAKA Yepe3 LUTOIIIa3My HEOOXO0IMMO
BBISIBIICHUE PA3NMYMNA B PELMIPOKHBIX CKPEUIMBAHMUAX. IJTO MepBbId dtamn. Crieayromum
JTAallOM  aHAJIW3a  LUTOIUIA3MAaTUYECKOW  HACJIEACTBEHHOCTH  SBJISIFOTCA  BO3BPATAT
CKpeIlMBaHusl THOpH/IA C OTLIOBCKOM (popMOIi 7Sl 3aMEIIeHUs] BCEX MAaTEPUHCKUX XPOMOCOM
OTIOBCKMMU. Ecny ¥ mpu 3TOM COXpaHUTCS Iepenada MpU3HaKa N0 MATEPUHCKOW JIMHUH,
LIUTOIUIA3MAaTUYECKUN XapaKTep HACIEIOBaHUS €r0 MOYKHO CUUTATh JOKa3aHHBIM.

[lon siBneHnem nurTomIasMaTudeckoi HacjaeacrsenHoctu (LIH) cnenyer nonumars
HAacJeJ0BaHUE TPU3HAKOB M CBOMCTB OpraHuM3Ma, JACTEPMHUHHPOBAHHBIX 3JIEMEHTAMH
LUTOIUIA3MBbI U €€ OPraHOUJaMHU.

OCHOBONOJIOKHUKAMH M3yUYEHHUS [IUTOIJIA3MATHUECKOW HACIEICTBEHHOCTH SIBJIIIOTCS
HeMmenkue renetuku K. Koppenc u 3. bayap.

[Ipexxne wem mepeiith k aHanu3y (AKTOB COOCTBEHHO IIMTOILIa3MaTHYECKOM
HACJIEICTBEHHOCTH, HEOO0XOAMMO, BO-NEPBBIX, YCTAHOBUTb COOTHOLIEHHE pOJIM SApa U
LMATOIUIa3Mbl B HACJIEJICTBEHHOCTHU H, BO-BTOPBIX, PACCMOTPETh P SBICHHUHA, KOTOPHIE
MMUTHPYIOT IUTOINIA3MAaTUYECKYK0 HACJIEICTBEHHOCTh II0 CBOEMY IPOSIBICHUIO, HO HE
OTHOCSITCSI K TAKOBOM: ATO CIlyuyau HAcJEJOBaHUS uyepe3 pazIuvHble WH(EKIMH ITUTOILIa3MBl,
SIBJICHUS JJIUTEJIbHBIX MOAU(DUKAINN U ITpeleTepMUHALIMN TUTOIIa3MBbl U Jp.

Jns Toro 4TtoOBl B3BECUTh 3HAUEHUE OTHAEIBHBIX DJIEMEHTOB IUTOIUIa3Mbl B
HACJIEICTBEHHOCTU IIPH I0JIOBOM Pa3MHOXKEHHMH, HEOOXOIUMO, BO-IIEPBBIX, ONPEAEIUTh TeE
CBOMCTBa, KOTOPHIMU OHM JOJDKHBI 00JIaaTh, YTOOBI OCYIIECTBIATH (YHKIMIO Tepeaadu
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MHPOPMALIUU OT OJHOIO KJIETOYHOTO IOKOJIEHHsS K JPYrOMYy, BO-BTOPBIX, OHNPEIEIUTH Te
CTPYKTYpBI LIUTOIJIA3MBbI, KOTOPbIE 00JIaJal0T ITUMU CBONCTBaMH.

Jns Toro 4roObl IMTOIJIA3Ma U €€ CTPYKTYpHBIE 3JIEMEHThl 00jajlanu CBOHCTBOM
nepeaayn HGOpMAIMK B IOKOJICHUSIX, OHHU JIOJIKHBI:

. OTHOCHUTBHCS K COCTaBHBIM, KU3HECHHO HEOOXOIUMBIM JIJISI KIIETKH CTPYKTypaM,

. o0JazaTh CIOCOOHOCTHIO K PEMPOTYKIIUH,

. pacmpenensaTbes Mpu KIETOYHOM JISJICHUH,

. UMETh CIIOCOOHOCTh M3MEHSTHCS W YCTOMYMBO TepeAaBaTh OSTH HW3MCHCHUS B
IMOKOJICHUSX.

Posb opranonioB HUTOIIA3MBI

B nuromnazMe KIETKM HMMEIOTCS pas3IM4HbIE OPraHOMJbI: LIEHTPHUONIH, IUIACTUIBI,

MUTOXOHJIPUHU U PUOOCOMBI.
TpyaHOCTSIMM B M3y4EHMM I€HETHYECKOI'O 3HAYEHUS CTPYKTYPHBIX 3JIEMEHTOB LIMTOILIA3MbI
SIBJIIOTCS, BO-TIEPBBIX, CJIOKHOCTh YCTAHOBJIEHUS MOP(OIOrHYECKON HHAMBUAYATBHOCTH UX
B KIJETKE, BO-BTOPBIX, OTCYTCTBHE [UIl HUX KaKuUX-TMOO MapKepoB, MOJOOHBIX I'€HaM B
xpomocomax. Ponb OTHENbHBIX OPraHOMJOB ULUTOIIa3Mbl B HACJIEIOBAaHUM 3aBUCUT OT
XapakTepa HUX JUCKPETHOCTH U CIIOCOOHOCTH CBOOOAHO KOMOWMHHPOBATBCA M CTPOTO
pacnpenensaTbes P KIETOYHOM JIETICHUU.

LlenTpHonb umeeTcs B KJIETKAX KUBOTHBIX M HU3IIUX PACTEHUH, y BBICIIUX PACTEHUN
ee HeT. Llentpuons conepxxkur JAHK, oGmamaer cBOWCTBOM JAEIUTHCS B Mpodasze MUTO3a U
Meiio3a, cie1oBaTeNbHO, €€ CTPYKTypa CIOCOOHa penponayuupoBathes. LleHTpuons mmeer
IpsIMOE OTHOUIEHHE K O0Opa3oBaHUIO ammapara BepeTeHa JeJieHus, HO B Ieperaue
MHGOPMALIUU B Psily KICTOYHBIX JIEJIEHUH €€ pojib He SCHAa M XapaKTep €€ M3MEHYMBOCTH
HEU3BECTEH.

Mutoxonapuu coctost u3 Oenkos, cneunpuueckux PHK u IHK u docdonaunuaos.
Kpome TOro, MUTOXOHIpPHM COJEpKAaT KOMIUIEKC (EPMEHTOB, CIIOCOOHBIX paCIICIUISATh
YIJIE€BOJbI, JKUPHBIE KHCIOTHI W aMHUHOKHUCIIOTBI J10 YIJIEKMCIOTHI M BoAbl. OHM wyaimie
COCPEIOTOYMBAIOTCS B MECTaXx C Hambojee WHTECHCHUBHBIM OOMEHOM BEIIECTB B KIIETKE.
[Ipennonaraercsi, YTO B PAcTUTENBHBIX KIETKaX OHHU CBS3aHbI ¢ OOpa3oBaHMEM IUIACTHUIL.
W3onupoBaHHbIE U3 KJIETOK IIyT€M FOMOI€HU3ALMM MUTOXOHIPUU COXPAHSIOT CIIOCOOHOCTH
paclIemyIsTh YIJIEBO/bI, KUPHBIE KUCIOTHI U aMHUHOKUCJIOTHL. MexaHu3M HX 00pa3oBaHus
HEU3BECTEH, HO IOKa3aHO, YTO BBICOKAas UX OMOXMMHYECKAash aKTUBHOCTh TECHO CBs3aHa C
neiictBueM reHoB. MccnenoBaHus mnocienHUX JeT Bce Ooublie yOexXIalOT B TOM, YTO
MUTOXOHJIPUM TNPUHUMAIOT y4YyacTHE B HACJIECICTBEHHOW Iepenaye HEKOTOPbIX (YHKIIHM
KJIIETKH, B YaCTHOCTHU JBIXAHMUS.

PuGocombl Berpeuarorcss Bo Bcex KieTkaX. OHM OTBETCTBEHHBI 3a CHHTE3 OEJIKOB
IIEPBUYHOI CTPYKTYPBI.

Haunbonee n3yueHHbIMH B TEHETUYECKOM IJIaHE OPraHOMaMH LIUTOILIa3Mbl SIBIISIFOTCS
IUIACTH/IBL, TpeAcTaBisomue coboil cBoeoOpasHble JlabopaTopuu CHHTE3a YIIIEBOAOB
PacTUTEIBLHOIO OpraHU3Ma.

JUis  yCcTaHOBIEHUS HCTUHHOM pPOJM CTPYKTYpPHBIX 3JEMEHTOB LUTOILIAa3Mbl B
neperaye HacleJICTBEHHOW HMH(OpMAlMM Ba)XXHO 3HATh, BOCIPOM3BOAATCA JIM OHHU IPHU
KJIETOYHOM JEJIEHUH IIyTEM aBTOHOMHOM PENpPOAYKLHHU TaK K€, KaK XPOMOCOMBI, WIH OHH
BO3HUKAIOT 3aHOBO B IPOLECCE KU3HEIEATENBHOCTH KJIETKH IOJ KOHTPOJEeM sjapa, T. €.
regotuna. OJJHaKo 10 CUX IOp 3TU BOIPOCHI €111€ OYEHb MaJIO UCCIIEJOBAHBI.

[InacTuiHass HACIEICTBEHHOCTh

[Mnactuner cocrosat u3 cnenuduueckux 6enkos, JJHK u PHK.

B 3aBucumocTtu ot copepkaluxcs B HUX NTUTMEHTOB IUIACTH/bI TOAPA3AEISIOTCS Ha
XJIOPOILIACThl (3€JE€HBI MUTMEHT), XPU30IUIACThl (KENTHIH U KOPUYHEBBIN), (PEoIuiacThl
(Oypsrit), ponomacTsl (KpacHbIi) U JeWKoIacTsl (OeCBETHBIE).
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KonnuecTBo miactuj Ha KJIETKY y pa3HbIX BUIOB BBICIIMX M HU3IIUX PAacTeHUU Kosebiercs
or 1 1o 100 u Oosee. Bunpl ¢ ogHON MIacTUION B KJIETKE BCTPEYAIOTCS Yy JKTYTUKOBBIX U
MXOB, C IByMs IUTACTUAAMH — CPEIU JTUATOMOBBIX BOJIOPOCIIEH.

BHyTpeHHSS CTpyKTypa IJIacTh CIIOKHAs — B HUX HalJeHBI MeMOpaHHas cucTemMa
TUTA SHAOIUIA3MATHUECKOTO peTHKylTymMa U pubocoMmbl. B miactumax conepxkatcs PHK u
JHK. JHK mmactug no cocraBy ocHoBanuii orimuaercs ot JHK xpomocom, a PHK
IUTACTUIHBIX prubocoM — oT pubocomanbHoit PHK muTomnina3zmel.

HexoTtopbie aBTOpBI CYMTAIOT, YTO T€HETHYECKass MHPOPMALIUS TIACTH 3aKII0YeHa B
nx JJHK.

Y CTaHOBIIEHO, YTO TIACTUABI PA3MHOMKAIOTCS JICJICHUEM M PAcXOJIATCS B JIOUEPHUE
KJIETKH BO Bpemsi muTo3a. Haitnmensl mpumepsl (B poae Cylindrocystis), korma B xoje
OTLIOZOTBOPEHMS CIIMBAIOTCS JIBE KJIETKH, KaKAas M3 KOTOPHIX HECET IO JBE IJIACTHIBI, B
pe3ynbTate 4ero odpasyercs 3urota ¢ 4 mnactunamu. [locne Meiio3a kaxkaasi U3 rariouIHbBIX
KJIETOK TOJyyaeT IO OJHOM IUIacTHIe, KOTopas AETUTCS elle OAMH pa3. B pesynbrate
oOpa3yrolascs rameTa COJEPKUT JABe IutacTuabl. JlaHHas KapTWHA MPEACTaBIseT COOOM

CBOCOOpa3HYIO PEIYKIIMIO YUCIIA IIACTHI, TPUYPOUYCHHYIO K MPOoIeccy Meio3a.
Jugoma

|

Cxema penykumm uyucia tactua y Cylindrocystis, cBsi3aHHOW C MeEWO30M U
OILIOZOTBOPEHUEM

KneTtku, yTpaTuBIIME TUIaCTHABI, HE CIOCOOHBI MX 0O0pa3oOBbIBaTh 3aHOBO. Tak,
omHoknerouHnass Euglena rnesmily mmeer okomo 70—100 xjoporuractoB, HO eciu ee
coJiep’kaTh B TEMHOTE, TO PEMPOAYKIHUS XJIOPOIIACTOB 3aTOPMO3UTCS, U MO Mepe JEeICHUs
KJIETOK MOTYT BO3HHUKHYTH OCOOM, COBEPIICHHO JMIIEHHBbIE TacTui. OHU HE CIOCOOHBI
o0pa3oBaTh 3aHOBO IUIACTHbI; B KYJIbTYpe OHHU TOJICPKHUBAIOTCS HAa HCKYCCTBEHHOU
MATATENILHOM Cpee.

['eHeTnueckune cBOICTBA IJIACTHU] OBLIM YCTaHOBIEHBI yxke JaBHO. COBOKYIHOCTb
TUTACTH]T KJIETKH KaK CTPYKTYp, CHOCOOHBIX TepenaBaTh HACIEICTBEHHYIO HH(OPMAIHIO,
obuta Ha3BaHa O. Pennepom miactupoMoMm. M3 BceX CTPYKTYPHBIX 3JIEMEHTOB ITHUTOILIA3Mbl
pacTeHuid, ¢ KOTOPBIMH MOXHO CBS3bIBaTh Tepeady HEKOTOPHIX CBOWCTB WM TIPU3HAKOB
MaTEPUHCKOTO OpraHM3Ma IMOTOMCTBY, IJIACTH/IBI Hanbolee yIOOHBI Ui aHAJIU3a, TaK KakK B
OOJIBIIMHCTBE CIIy4aeB OHM SBIISIOTCS YETKO Pa3IMUUMBIMU CTPYKTYPaMH, OOJIaJaroIuMH
HEeNbIM  psaoM  Mopdosorudeckux ocoOeHHocTed. OHU CIOCOOHBI K CKauKoOOpa3HBIM
W3MEHEHUSM — TUTACTUIHBIM MYTalUsIM, KOTOPBIC B JAIbHEHIIIEM YETKO BOCITPOU3BOISATCS.

O nepBbIX (haKTax IACTUIHOM HacieacTBeHHOCTH coobnmmm D. bayp u K. Koppenc emnie Ha
3ape pa3Butus reHetuku (B 1908 r.). 3. bayp uzyuan HacienoBanue 6em0il NECTPOIUCTHOCTH
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y repanu Pelargonium zonale. OH ycTaHOBMJ, YTO TECTPOJIUCTHBIC PACTEHHUS SIBISIOTCS
XMMEPHBIMH IO CBOEMY CTPOCHHIO.

XuMepsl 00pa3yroTcst TpeX TUIIOB:

1) codueranne pa3HOKAYE€CTBEHHBIX TKAHEH

2) HanuYue pa3HOKAYECTBEHHBIX IPYII KJIETOK B Mpe/ieaxX OJHOM U TOH e TKaHHU U

3) coueTaHue pa3IMYAIOIINXCS OPTaHOUOB BHYTPH OJHOW KJIETKH M HEpAaBHOMEPHOE
pacnpezielieHue UX Mpy KJIETOYHOM JICTICHUU.

VY repaHu W3BECTHHI MECTPOJIUCTHBIE PACTEHUS, KOTOPBIE HMEIOT B AMHICPMAIBHOM U
CyOdmuIepMalIbHOM CJIOSX TOYEK pOocTa TPYIIbI KJIETOK C IUIACTUAAMM, HE CIIOCOOHBIMHU K
00pa3zoBaHMIO XJIOPO(pUILIIA, TOTJAa KaK B EHTPAIBHBIX CIIOSX KIETKH J0AepKaT HOPMaJIbHbIE
iacTuapl. BcenencTtBue 3TOro HMHOTIA Ha PACTEHUU OOPa3ylOTCs YHCTO 3€JICHbIe WU
CoBepIIeHHO Oelnbie BeTBU. CeMeHa, MOpYYCHHBIE C OETbIX BETBEH, TAIOT HEIKU3HECITOCOOHBIS
CESTHIIBI.

[Ipu onBUIEHNH IBETKOB C MECTPOJIMCTHBIX BETBEH MBUIBIIONH OT LBETKOB C 3€JIEHBIX
BETBEU U MPU PEIUIPOKHOM CKPEIIUBAHUY PE3yIbTAaThl MOTYUYaAIOTCs pa3IuyHbIMU. B mepBom
ciydae (mecTpoiaucTHoe X 3€JI€HO€) TMOpUHbIE pacTEeHUs] pa3BUBAIOTCS MECTPOIMCTHBIMM,
3eleHbIMH W OenmbiMu  (TMOHYT). Ilpu  penunmpoxkHOM cKpemuBaHuHM  (3eneHoe X
MIECTPOJIMCTHOE) B IOTOMCTBE BCE PACTEHHUSI OKa3bIBAIOTCS 3€JI€HBIMH. Ha OCHOBaHMM 3TOTO
ObUT clelaH BBIBOJ O TOM, YTO HAclieJJOBaHHE MECTPOJIUCTHOCTH CBSA3aHO C Mepeiadeit u
pacripesielieHieM TpU  KJIETOYHBIX JENEHUsX JBYX THIIOB IUIACTHA — 3€JIEHBIX U
HEOKpaIllleHHBIX.  JlaHHBIE  CKpeIIMBaHWM  MOKa3bIBAIOT, YTO Iepenada  IUIACTU]
OCYILECTBIISICTCS Yepe3 AULIEKIETKH.

PazButue e OenbIX WM 3€JIEeHbIX 4YacTel pacTeHH W3 3UrOThI, COJEpKallei
TUTACTHIBI O0OMX THUIIOB, OMPEAEISIETCS CKOPOCTBIO M CIIOCOOOM BOCIPOM3BEICHUS STHX
Pa3HBIX IUIACTU U UX pacHpeeIeHneM — OTMENIMBAaHUEM B X0J1€ KJICTOYHBIX JICTCHUN.

I — ofpa3zoBaHie JNBPYX KIETOK, M3 HOTOPHX OOHAa (a) macT Oeawfi yuacTow,
a gpyrada (&) — necrpuift; 2 — ofpazopanHe JBYE HISTOK, Ha KOTOPEIX OmHa ()
AacT 3efleHmfl yuacTOM,a gpvrad () — nectphifl,

Cxema ciyyailHOro pacnpeneneHusi OenbIX U 3eleHbIX IUIACTHI NPH KIECTOYHOM
JCJICHUHN
KneTtkun, nomyuuBIIMe NpHU TaKOM OTMEIIMBAHMU TOJIBKO 3€JIEHBIE IUIACTHBI, JAIOT Jajee
3CJICHBIC YYaCTKH TKaHeﬁ, a KIICTKH, MOJYUYMBHIMC TOJBKO HCOKPAUICHHBIC IIIACTHUAbLI, —
Oenble yuacTku. Ecim npu AeneHun KJIETKU KJIeTO4YHas 000s104Ka nmpoiaeT no auHuu AB, To
o0pa3yroTcs JBe KJIETKH, KOTOpbIe JaayT JABa ydyacTka (Oenblif — a u mectpblii — 0), npu
paszznenenuu no quHun BI' — 3enensie u nectpsie (B, T). [Ipu 3TOM rpanuiia Mexxay OenbIMu 1
3eJICHBIMU 30HaMH TKaHEW pacTeHusl He pe3kasi, MO0 HEKOTOpbIe KIETKH coepkaT 00a Thma
wiactTua. Takol ke THN HacleJOBaHUS NECTPOIMCTHOCTH, Kak y Pelargonium zonale,
M3BECTEH U Y psAJa APYTUX PACTEHUI: PKHU, JIbBUHOTO 3€Ba, KyKypy3bl, IPUMYJIbI U JIp.
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K. KoppeHnc omnucan npyroif Tum HaclieOBaHHs MECTPOIMCTHOCTH. OOBEKTOM €ro
pabot Obita HouHast KpacaBuiia Mirabilis jalapa. Cpenu Mirabilis ecTh pacTeHHs, KOTOpBIE
MOTYT MMETh YUCTO 3eJIeHble, Oenble W TECTPOJUCTHBIE BETBH, NPHUUYEM TpaHULA MEXIY
3eJICHOH M OeJol 30HaMH B OTIIMYME OT TepaHu BCerja pe3kas. ITo 0OBACHIETCS TEM» UTO B
Kakaou kietke Mirabilis MOTyT OBITh MIACTHABI TOJBKO OJHOTO THMA — JIMOO 3€lIeHBIE,
m00 HeoKpamieHHble. B cuily 3TOro OTMENIMBaHME IUIACTUA TPU KIETOYHOM JEeJICHHH,
KOTOPBIM MOKHO OOBSCHHUTH MECTPOJIMCTHOCTh y T€PAHU, B IaHHOM ClIyyae HE MOXET UMETh
Mmecta. KoppeHC TpOM3BOIMI ONBUICHHE IBETKOB C OEJBIX, 3€JIEHBIX U MECTPOIMCTHBIX
BETBEH MBUIBION OT IIBETKOB BCEX TPEX TUIIOB.

B KayecTBe MaTepHHCKOR GoOpMEl BIATH DACTEHHS: | — C IBNeHMMH JHCTRAMH, J — NECTpo-
nHCcTHOE; § — Gemoe,

HacnenoBanme mectponmuctHocTH THma status albomaculatus (6e1onsTHUCTOCTB) Y
Mirabilis jalapa

Y ruOpuIHBIX pacTCHHUN OH OOHAPYXKHII TPU THIIA OKPACKH JINCTHEB: OCIbIe, 3eJICHBIC
U TeCTpble. AHaIN3 ATUX JaHHBIX MOKAa3all, YTO HACJIEJOBAHHE MECTPOJIMCTHOCTH Yy STOTO
pPacTeHHS OCYIIECTBIISICTCS MTOJTHOCTHIO TI0 MATCPUHCKOH JIMHUH.

OueBuaHo, y Mirabilis Hanuune 3eNeHBIX WM HEOKPAIICHHBIX IUIACTU] B KIIETKE
00yCIIOBJICHO KaKUMH-TO PA3JIMYHBIMUA COCTOSHHMSIMH IIMTOIUIA3MBI. Y YHCTO OJbIX H
MOJIHOCTBIO 3€JIEHBIX PACTEHUN O5THU pa3NUYHbIE COCTOSIHHSI ILUTOIIIA3MBI OKa3bIBAIOTCS
YCTOMYMBBIMA. B KJI€TKax MECTPOJIMCTHBIX PACTEHUM LMTOIUIA3Ma XapaKTEPU3YeTCs
nabUIBHBIM COCTOSIHUEM. B X0/1€ pa3BuTus pacTeHus UTOIUIa3Ma KJIETOK MOXKET MEPEXOIUTh
B JIt000€ M3 JIBYX YCTOMYUBBIX COCTOSIHWM, JaBasi YUCTO OeJble MM YHCTO 3€JICHBIC BETBH,
WM OCTaBaThCs TAOMIBHOM, naBas [lecTponucTHbIe BETBU.

[TecTponMCTHOCTD, MEpPENAOIIAsCS TOJBKO SIMIIEKIETKAMH, HO HE MBUIBIOW, ObLIa
HazBaHa K. Koppencom status albomaculatus (OenonsitTHucTOCTBIO). CXOAHBIE SIBIECHUS
oOHapyKEeHBI TAKXKE Y JILBUHOTO 3€Ba, TIOJIOPOKHUKA, XMEJIS U APYTUX PACTCHHIA.

Y HEKOTOpBhIX pacTeHUil HaOmromaeTcss 3aKOHOMEpHas: W3MEHYUBOCTH MPOSBICHUS
MECTPOJINCTHOCTA B XOJIe¢ OHTOreHe3a. Hampumep, y TECTPOJIMCTHBIX PACTCHHHA XMeJs
(Humulus japonica) cemsmonu Bcerna ObIBaIOT YHCTO 3€JE€HBIMU, a Ha Pa3BUBAIOIIMXCS
JTUCTHSIX Tto0era IMeCcTPOIMCTHOCTh TEM CHWIIbHEe, deM mo3aHee (opmupyercs nuct. Ha
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OOKOBBIX ToOOerax TMposIBJIEHHE JTOr0 TpU3HAKa  XapaKTepu3yeTcs Takoh ke
MI0CJIEZI0BATEIBHOCTBIO.

Pa3BuTHe mecTpoNMCTHOCTH y MOJAOPOXKHUKA B 3HAUMUTEIBHOM CTENEHU 3aBUCHUT OT
TeMIlepaTypbl W, BO3MOXHO, OT CBETOBOro pexuma. I[lpm HUBKHUX Temmeparypax
MECTPOJIMCTHOCTh PA3BUBAETCS 3HAUYUTEIBHO CUIIBHEE, 4 TOBBIIICHUE TEMIIEPATYPbl TPUBOIUT
K €€ 0CJIa0JIEHUIO WIN JJa)Ke MTOJIHOMY MCUYE3HOBEHUIO.

N3MeHYMBOCTh NECTPOIUCTHOCTH B  WHIAUBUIYAJIbHOM  PpPa3BUTUU  IO3BOJISET
MPOU3BECTH OHTOTCHETUYECKUU aHAIM3 pPAa3BUTUA TPU3HAKOB, HACIEJOBAaHUE KOTOPHIX
CBSI3aHO C IUIa3MOHOM M TUIACTHAOMOM. Takoi aHanmu3 mpeicTaBiseT co0oil meton amns
YCTAHOBJICHUSI 3aKOHOMEPHOCTEH B PpACIpENCICHUH IUTOIUIa3MaTHYECKUX CTPYKTYP,
MepealoIX HACIEICTBEHHYIO HH(POPMAIIHIO, U B CITOCOOE UX JIeUCTBUS.

VYcraHoBeHO, UYTO, KaK MPaBUIIO, CBOMCTBA TUIACTU]T ONIPEETISIOTCS HEMOCPEICTBEHHO
SIEPHBIMM TE€HAMHU U HAcCJIEI0BAaHWE MECTPOJUCTHOCTH MPU HTOM OCYIIECTBISAETCA B
COOTBETCTBHUM C YCTAHOBJICHHBIMH 3aKOHOMEPHOCTSMHM SIIEPHOM HACIIEICTBEHHOCTH, HO
M3MEHEHHBIE IUIACTUBI IEPENAIOTCA BMECTE C LIUTOIIIA3MOM.

M3BecTHBI Takke (akThl, Korja 3a0o0JieBaHHE IUIACTUI BBI3BIBACTCS PA3TUUYHBIMU
Bupycamu. llepenaya mnecTpOIMCTHOCTH B TOCIEAOBATENIBHBIX IOKOJEHUSAX MPHU HTOM
UMUTHPYET  [UTOINIa3MAaTHYECKYIO  HACJICICTBEHHOCTh. OpHAaKOo Takue  HWHQEKIUU
MIPEJICTABIISIIOT COBEPIICHHO 0COOYIO TPYMITY SIBJICHHIA.

[uromnnazmaruyueckast My>KcKasi CTEpHIBHOCTh
OmgHuM M3 caMbIX  SIPKUX  [PUMEPOB  LUTOIUIA3MAaTUYECKOW  HACIIEICTBEHHOCTHU
MPEACTABISIETCS.  SIBJICHME  IIUTOIUIa3MaTHdeckol  Myxkckodt  crepwibHoctd  (LIMC),
oOHapyKEHHOE Y MHOTUX PAaCTeHHI, — y KYKYpPY3bl, JIyKa, CBEKJIbI, COPTo, TbHA U .
[urorazmatuyeckas My>KCKasi CTEPUIBHOCTh y KYKYpy3bl OblIa OTKpPBITA B TPHJLATHIX
rogax B CCCP M. U. XamxnuoseM 1 B CIHIA — M. Poxacom.

[uromnnazmarruueckast My>KCKasi CTEpUILHOCTh HAU00JIEE TIOJTHO U3y4YeHa Y KYKYPY3bl.
Kykypy3a sBnsieTcsi OJHOJOMHBIM pAacTEHHEM, XEHCKHE ILBETKHM KOTOPOTO COOpaHbI B
MOYaTOK, MY>KCKHE — B METEIKY. Y HEKOTOPBIX COPTOB KYKYpy3bl ObLIM OOHApY>KEHBI
pacTeHusi, UMEBIIME B METEJIKaX HEIOPa3BUTHIC IMBUIBHUKH, YacTO COBEPIICHHO ITyCThIE, a
MHOT/1a ¢ HEJJOPa3BUTOM CTEPUIILHOM IBLIBLION.

Hopwmanbhas (cneBa) u ctepuibHas (ClipaBa) METEIKU KyKypy3bl

Kak oxazanoch, STOT NpU3HAK ONpEAESIeTCS OCOOEHHOCTSIMHM  LIUTOILIA3MBbI.
OnblneHre pacTeHUuil ¢ MyCKOM CTEpUIBHOCTHI0 HOPMAJIBHOM IBUIBLON C APYTUX pacTeHUN
B OOJBIIMHCTBE CJIy4yaeB JaeT B IOTOMCTBE PACTEHHS CO CTEPWIbHOW MBUIBION. [lpm
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MMOBTOPEHUH JTOr0 CKPEIIMBAHMS B TEYEHHE psAda IIOKOJICHUU MPU3HAK MYKCKOU
CTEPWJILHOCTH COXPaHSETCs, IIepeaaBasch 1o MaTepUHCKOM JinHuu. [laxe Toraa, koraa Bce 10
rap XpOMOCOM TaKHMX CTE€PWIBbHBIX MO MbUIbIIE PACTEHUN 3aMEIIAIOTCA XPOMOCOMamHu OT
pacTeHHid C HOPManbHOW (EPTUIBHOW, THUIBIION, MNPU3HAK MYKCKOH CTEPHIIBHOCTH
COXpaHsEeTCH.
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20.1 JlaGopaTopHas padora Ne20 ( 2 yaca).

Tema: «OHTOreHeTHUECKas!, MOAU(PUKAIIMOHHAS, KOMOMHATUBHAS H3MEHYMUBOCTD)
2.20.1 Hean padoTbi: O3HAKOMUTHCSI C OCOOCHHOCTSIMU OHTOT'€HETHUECKOM,
MOAU(PUKAIIMOHHOM, KOMOMHATUBHON U3MEHYHBOCTH

2.20.2 3agaum padboThI:

1. 3HaTh 0OCOOEHHOCTHU HAClIEOBAHUS MPU3HAKOB IIPU OHTOT€HETUYECKOH,
MOAN(PUKAIIMOHHON, KOMOMHATUBHON M3MEHUYUBOCTH

2.20.3 Ilepeyenb npudOPOB, MATEPHAJIOB, HCIIOJIb3yeMbIX B J1a0opaTopHOii padore:
1. 3amayHuK MO T€HETUKE

2.20.4 Onucanue (xox) padoThi:

1) Onroreneruveckasi (MHAMBUAYyadbHast). OHTONEHETHYECKON (MM BO3PACTHOMN)
M3MEHYMBOCTHIO HA3BIBAIOT 3aKOHOMEPHBIC M3MEHEHHUS! OpraHU3Ma, MPOU3OIIEIIINE B XOE
€ro OHTOT€HEe3a — WHAMBHIyaIbHOTO Pa3BUTHS B TeYeHHE >KWU3HU. [Ipu OHTOTreHeTHdecKou
W3MEHYMBOCTH TE€HOTUIT OCTAeTCsl HeU3MeHHBbIM. [loaToMy Takyr0 M3MEHUMBOCTH OTHOCAT K
HeHacleCTBeHHOW. OJHaKO Bce OHTOTEHETHUYECKHE H3MEHEHHs  IpelomnpeesieHbI
HACJICJACTBEHHBIMH CBOMCTBaMHU (T€HOTUIIOM), KOTOpBIE YacTO M3MEHSAIOTCS B XOJ€
OHTOTEHe3a (Ha CTaJNH 3UTOTHI, JeJeHHs, AeTepMUHaUuU U nuddepeHimanu opraion). B
pe3yJbTaTe MOSBISIIOTCS HOBBIE CBOMCTBA B T€HOTHUIIE. DTO MPUOIMKAET OHTOTCHETUYECKYIO
W3MEHYMBOCTh K HaciencTBeHHOU. [loaToMy OHTOreHeTrmdeckass W3MEHUYHMBOCTH 3aHUMAET
MIPOMEXKYTOUYHOE TTOJIOKEHUE MEXKTY HACIECACTBEHHON 1 HEHACIIEICTBEHHON N3MEHYMBOCTHIO.

2) HenacaeacrBennasi (MomudukanuonHas). OcoOeHHOCTH MOAUGPUKAIIMOHHON

W3MEHYMBOCTH — HE TIEPeaeTcs MO HACIEACTBY, TaK KaK HE 3aTparvBacT T'€Hbl U F€HOTHII,
MMeeT MaccOBBbII XapakTep (IpOSBISAETCS OJAMHAKOBO y BceX ocobeil Buaa), oOparuma —
M3MEHEHHE MCYE3aeT, €CIIM BBI3BABIIMI ero (akTop mpekpamaer aeicTBoBats. Hanpuwmep, y
BCEX PACTEHUH MIIEHUIIbl MPU BHECEHUU YIOOPEHMH YIy4IIaeTCs POCT U yBEIMYUBACTCS
Macca; MpU 3aHATUSIX CIOPTOM Macca MBI Yy YeJlOBEKAa YBEIWYMBAETCA, a C HX
MPEeKpalIeHNeM YMEHbIIIAeTCsl.
Hopma peakuuu — mnpegensl MoAU(PUKAIMOHHONM HM3MEHYMBOCTH mNpusHaka. CTeneHb
W3MEHYMBOCTU TNpu3HakoB. lllupokas HOpma peakiuu: OOJbIIME H3MEHEHHS MPU3HAKOB,
HalpuMep, HaJ0eB MOJOKa y KOpPOB, KO3, MAacChl XMBOTHBIX. Y3Kasi HOpMa peaKIuu —
HeOOJbIINEe WM3MEHEHHsI TMPHU3HAKOB, HANMpPHUMEP, XHUPHOCTH MOJIOKA, OKPACKH MIEPCTH.
3aBUCUMOCTh MOJU(PHUKAIIMOHHOM W3MEHYMBOCTH OT HOpPMBI peakuuu. Hacnenosanwue
OpPraHU3MOM HOPMBI PEaKIUH.

AanTUBHBIA XapakTep MOIUGPUKAIMOHHONW H3MEHUYHMBOCTH — TPUCIOCOOUTEIhHAS
peaxiusi OpraHu3MOB Ha U3MEHEHUS YCIIOBHM Cpe/ibl.

3aKOHOMEPHOCTH MOIM(PUKAITMOHHON W3MEHYHMBOCTH: €€ TPOSBICHHE Y OOJBIIOTO
yrcna ocobeil. Hanbonee yacTo BCTpeyaroTcss 0COOM CO CPETHUM MPOSIBICHUEM MpPU3HAKA,
pexe — C KpallHUMU mpenenamMud (MakCUMalbHbIE WIM MHHUMAJIbHBIC BEJIUYMHBI).
Hanpumep, B konoce nienuiibl ot 14 10 20 xonockoB. Yarie BcTpeyaroTcst Kojochs ¢ 16—18
Kosnockamu, pexe ¢ 14 u 20. [IpuunHa: oHU YCIOBHSI Cpelbl OKa3bIBAIOT OJIArONpHUsTHOE
BO3/ICIICTBIE Ha pa3BUTHE MPHU3HAKa, a Ipyrue — HebmaronpusatHoe. B 1enoMm xe neiicTue
YCIIOBUW YCPEIHSETCS: YeM Pa3HOOOpa3Hee YCJIOBHSI CPENbl, TEM MUPE MOIU(DUKAIIMOHHAS
W3MEHYMBOCTD MMPU3HAKOB.

3) HacieacrBeHHasi:

a) KomOuHaTuBHAs — B pe3yJIbTaTe pa3iNuHbIX COUETAaHUI MAaTEPUHCKUX M OTI[OBCKUX
XpOM-M y TIOTOMCTBA, a TaKXKe B PE3yJIbTaTe KPOCCUHTOBEPA.
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B ocHOBe KOMOMHAaTMBHOW M3MEHUYMBOCTH JIEKHT II0JIOBOE Pa3MHOXEHHE OPraHU3MOB,
BCJIE/ICTBUE KOTOPOIO BO3HMKAa€T OrPOMHOE pa3HooOpasue reHotunoB. [IpakTuuecku
HEOrpaHMYEHHBIMH UCTOYHUKAMU T'€HETHYECKOW N3MEHUMBOCTH CITy’KaT TPH Ipolecca:

1. He3aBucumoe pacxokIeHHE TOMOJOTMYHBIX XPOMOCOM B MEPBOM MEHOTHYECKOM
neneHud. VIMeHHO He3aBHCHMOE KOMOMHHUPOBAHUE XPOMOCOM IPH MeHo03¢e SBISETCS OCHOBOM
Tperbero 3akoHa Menpens. [losBrneHne 3eMeHBIX TIAIKUX U HKEITHIX MOPLIIMHUCTBIX CEMSH
ropoxa BO BTOPOM ITOKOJIEHUHU OT CKPEILIMBAHUSA PACTEHUH C JKEJITBIMU TTIaJIKUMHU U 3€JICHBIMU
MOPIIMHUCTBIMHA CEMEHaMHU — MPUMEp KOMOMHATHBHON M3MEHYHBOCTH.

2. B3anMHbIit 0OMEH yyacTKaMy T'OMOJIOTMYHBIX XPOMOCOM, MJTH KPOCCHHTOBED.

OH co3maeT HOBBIE TPYIIBI CHEIUICHUS, T. €. CIYXUT BaXXHBIM HCTOYHHUKOM
TeHEeTHYECKOW pexoMOuHauuu anieneil. PekoMOMHaHTHbIE XPOMOCOMBI, OKAa3aBIIUCh B
3UTOTE, CIOCOOCTBYIOT MOSBICHHUIO MTPU3HAKOB, HETUITMYHBIX JUIS KAXKIO0TO U3 POTUTEIICH.

3. Cny4aiiHoe coyeTaHue raMeT IpH OIUIOA0TBOPEHUH.

OTH WCTOYHUKM KOMOWHATHBHOM WM3MEHYMBOCTH JICHCTBYIOT HE3aBUCHMO U
OJTHOBPEMEHHO, 00ecrieunBasi Ipy 3TOM MOCTOSIHHYIO «I1€PETACOBKY» I'€HOB, YTO MIPUBOJAUT K
MOSIBIICHUIO OPTaHU3MOB C JIPYTMMHU T'€HOTHIIOM M (EHOTHIIOM (CaMU TeHbI NPU ITOM HE
nu3MeHstoTes). OHAaKo HOBblE KOMOMHAIMM TE€HOB JOBOJIBHO JIETKO paclajgaroTcs Ipu
nepeaaye U3 MOKOJICHUS B IIOKOJICHUE.

KomOuHaTtuBHas M3MEHYMBOCTb  SIBJISIETCS  BAXKHEWIIMM  MCTOYHUKOM  BCETO
KOJIOCCAJIbHOTO HACJIEICTBEHHOI'O Pa3HOOOpa3usi, XapaKTEPHOTO JI YKUBBIX OpPraHU3MOB.
OnHako mNepevuciIeHHble MCTOYHMKM W3MEHUMBOCTU HE IMOPOXKAAIOT CYIIECTBEHHBIX JUIS
BBDKMBAHMS CTAOWJIBHBIX HM3MEHEHHWH B TEHOTHIIE, KOTOpble HEOOXOIUMBI, COTJIACHO
HBOJIIOLIMOHHON TEOPHUH, AJIs1 BOSHUKHOBEHHUS HOBBIX BUJOB. Takue U3MEHEHUsS] BO3HUKAIOT B
pe3yJibTaTe MyTalWi.

0) KoppenatuBHas — Bce NpU3HAKM B OpPraHUM3Me B3aMMOCBSI3aHBI, T.€. €CIH

MU3MEHHTCS OJTUH, TO U3MEHSTCA U IpyTHe, CBSI3aHHbIE ¢ HUM/
Poccuiickuit yuensiii akagemuk J[. K. benseB, palGoras ¢ pa3BOAMMBIMH B HEBOJE
cepeOpHUCTO-YepHBIMU JICaMU (CEMEHCTBO cO00adYbMX), OOHAPYXKHJ WHTEPECHOE SIBJICHUE.
J)KuBOTHBIE OYEHBb pa3IMYAIUCh MEXIy COOOW MO CBOEMY MOBEACHHUIO M IO peakluu Ha
yenoseka. J[. K. benseB Bbyaenun cpenr HuUX Tpu rpynmsl: arpecCHBHBIX, CTPEMSIIUXCS
HaacTh Ha 4EJOBEKa, TPYCIHMBO-arPEeCCHBHBIX, OOSIIMXCA 4YEIOBEKa M B TO K€ BpeMs
KETAoIMX Ha HEro HamacTh, W OTHOCHUTENBHO CIOKOWHBIX C  BBIPAXKEHHBIM
HCCIIeI0BAaTEIbCKUM MHCTUHKTOM. Cpeiy 3ToM mocieaHel Irpynibl yYeHbli IpoBoguI 0TO0Op
10 TIOBEJCHYECKUM PEAKLUSAM: OCTABIISUI TSl Pa3MHOKEHUST 0oJiee CIIOKOMHBIX )KUBOTHBIX, Y
KOTOPBIX HHTEpPEC K OKpy’KarolleMy Mpeobnajan HaJ peakluuedl crpaxa M 3amuThl. B
pesynbTare oTOOpa B psAJe MOKOJIEHUH yAanoch MOJIYYUTh 0COOEH, KOTOpBIE BEIH ce0sl Kak
JIOMaIllHUe cOOaKU: JIETKO BCTYNAIM B KOHTAKT C YEJIOBEKOM, pPafioBaIMCh Jlacke U T. 1. Camoe
MOpa3UTeIbHOE, YTO TPU OTOOpE MO MOBEACHYECKUM INPH3HAKAM Yy JKUBOTHBIX W3MEHHIIUCH
Mopdooruueckue M (U3NOJOTHYECKUE TPU3HAKU: OIYCTWINCh YIIM, XBOCT 3arHyJcs
KpPIOUKOM (KaK y CHOMpPCKHX JIaeK), Ha JIOy MOSIBUJIACh 3BE370YKa, CTOJIb XapaKTepHas IJis
JOMAIIHUX (HEYUCTONOPOJHBIX) cobak. Ecimu nukue nMchl pa3MHOMKAIOTCS pa3 B IO, TO
OJIOMaITHEHHbIE — J[Ba pa3a. MI3MEHWIHMCh U HEKOTOPBIE IPyTrHe MPU3HAKH.

B omnucanHomM mnpumepe o0OHapy)KMBaeTCsl B3aUMOCBS3b MEXIY HW3MEHEHUSIMHU
CTPOCHUS U TOBEICHUS KUBOTHBIX. Takylo B3anMOCBS3b 3aMeTHII emle /lapBuH M Ha3Baj ee
KOPPENATUBHOM, WM COOTHOCHTEJIbHOM, M3MEHYMBOCThIO. Hampumep, pa3BuTHe poros y
OBEIl U KO3 COYETACTCSI C JUTMHOM MIEPCTH. Y KOMOJBIX XUBOTHBIX IMIEPCTh KOpoTkast. Cobaku
OecIIepCTHBIX MOPOA OOBIYHO MMEIOT OTKJIOHEHUS B CTpOeHHM 3yOoB. Pa3BuThe Xoxiaa Ha
roJIOBE Kyp M Tyced coueTaeTcsi ¢ M3MEHEHHEeM uepera. Y KOIIEK NMUTMEHTAIHs IIEPCTH
CBsi3aHa C (YHKIMOHMPOBAHWEM OpPraHOB YyBCTB: Oenble roiyOoriasble KOIIKM BCerna
riyxue. KoppensTuBHas N3MEHUYMBOCTh OCHOBaHA Ha MJICHOTPOITHOM JICHCTBUU T€HOB.

B) MyTanuoHHast — cBsi3aHa ¢ U3MEHEHHEM MeHETHYECKOro MaTepuaia.
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MyTalMoHHON Ha3bIBa€TCsl U3MEHUYMBOCTh CAMOrO N€HOTHNAa. MyTaluu — 3TO BHE3aIHbIE
HacJIeTyeMble U3MEHEHHs] TEHETUYECKOro MaTepuaia, MPUBOJIALINE K U3MEHEHUIO TEX WIH
WHBIX IPU3HAKOB OpPraHU3Ma.

OcHOBHBIE MOJIOXKEHUSI MYTallMOHHOM Teopuu paspadoransl I'. [le ®puzom B 1901—
1903 rT. ¥ CBOASTCS K CIEAYIOIIEMY:

1. MyTranuu BO3HMKAaIOT BHE3alHO, CKauKOOOpa3HO, KAaK JUCKPETHbIE HM3MEHEHMSI
MIPU3HAKOB.

2. B oTnuume OT HEHACNIEICTBEHHBIX W3MEHCHUU MYyTAIlMHM TPEICTABISIOT COOOM
KaueCTBEHHbIC U3MEHEHUS, KOTOPBIE NIEPEIAOTCS U3 MOKOJIEHUS B TOKOJICHHE.

3. Myranuu NOposBIAIOTCS MMO-pa3HOMY M MOTYT OBITh KakK IOJE€3HBIMHU, TaK U
BpPEIHBIMH, KaK TOMUHAHTHBIMH, TaK U PELIECCUBHBIMH.

4. BeposTHOCTh OOHApYKEHHsI MyTallMi 3aBUCUT OT YMCIIA UCCIIEI0BAaHHBIX OCOOEH.

5. CxonHble MyTalMu MOTYT BO3HUKAaTh TOBTOPHO.

6. MyTanuu HeHanpaBJICHHBI (CTIOHTAHHBI), T. €. MYTHPOBAaTh MOXKET JHO00M yd4acTok
XpPOMOCOMBI, BbI3bIBas W3MEHEHUS KaK HE3HAYUTEIbHBIX, TaK U JKU3HEHHO Ba)KHBIX
MIPU3HAKOB.

[Toutn m060e M3MEHEHHE B CTPYKTYpE WM KOJIUYECTBE XPOMOCOM, MPU KOTOPOM
KJIETKa COXPaHSET CIOCOOHOCTh K CAMOBOCIIPOM3BEACHUIO, 00YCIOBIMBAET HACIEICTBEHHOE
M3MEHEHUE TNPHU3HAKOB opranu3ma. [lo xapakrepy M3MeHEHHs T'€HOMa, T. €. COBOKYIHOCTH
I€HOB, 3aKJIFOUEHHBIX B FaIUIOWIHOM HAOOpe XpOMOCOM, pa3IndaroT FT€HHbIE, XPOMOCOMHBIE U
T€HOMHBIE MyTal1H.

l'ennble, WM TOYKOBBIE, MYTAallMM— PE3YyJbTaT W3MEHEHUS HYKICOTHIHOU
nocnenoBarenbHocTH B Monekyne JJHK B npenenax ogHoro rena. Takoe W3MeHEHUE B T€HE
BOCIIPOM3BOAMUTCS IIPU TpaHCKpunuuu B cTpykrype MPHK; OHO mpuBOIUT K M3MEHEHMIO
MOCNIE0OBATEIPHOCTH aMHUHOKHMCIOT B TOJUIENTHAHON 1enu, oOpa3yromieiics Mpu
TpaHCIALMU Ha pubocomax. B pesymbraTe CUHTE3MpyeTCsl ApYyroi OENOK, YTO BeleT K
M3MEHEHHUIO COOTBETCTBYIOIIETO MpHU3HAKA OpraHuzMa. JTo Haubosiee pacnpoCcTpaHEHHBIN
BUJ] MyTallMi ¥ BAXKHEHIINN UCTOYHUK HACIIEICTBEHHON M3MEHYMBOCTH OPTraHU3MOB.

CymiecTBYIOT pa3Hble THUIBI TEHHBIX MYyTallMi, CBS3aHHBIX C J00aBIIEHUEM,
BbINIA/ICHUEM WIH NEPEeCTaHOBKOM HYKJIEOTHIOB B T€HE. OTO AYIJIMKAUUHU (IIOBTOPEHHE
y4acTKa reHa), BCTaBKH (IIOSIBJICHHE B IOCIIEOBATEIBLHOCTH JIMIIHEH Mapbl HYKJICOTUIOB),
nenenuu ("BbIMaieHUe OMHOW WM OoJjiee Map HYKJICOTHIOB), 3aMEHBI HYKJICOTHIHBIX Map,
WHBepcuu (TIepeBOPOT yuacTka reHa Ha 180°).
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21.1 JIabopaTopHasi padora Ne21 ( 2 yaca).
Tema: «Knaccudukanus MyTanuii: reHOMHBIE, XPOMOCOMHBIE, TEHHBIE»
2.21.1 Heas padothi: O3HAKOMUTHCS € KIacCU(UKAIIEeH My TaIuii

2.21.2 3apaumn padboThI:
1.33HaTh KIacCUpUKAITUIO MyTaIlui

2.21.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJIb3YEMBbIX B J1a00OpaTOPHOI padore:
1. 3amayHuK MO reHETHKE

2.21.4 Onucaunue (xoa) padoThi:

MyTtarnmonHasi U3MEHYMBOCTh BO3HHUKAET B CIydyae IMOSBICHUS MyTallMil - CTOMKHUX
W3MEHEHUH TeHOTHNa (T.€. MOJIEKYJ THK), KOTOpbIE MOTYT 3aTparuBaTh IeJIbIe XPOMOCOMBI,
WX YaCTU WUJIU OTJICJIbHBIC TE€HBI.

Mytanuu MoOryT OBITh MOJE3HBIMU, BPEAHBIMU WJIM HEUTpanbHbIMH. COIJIacHO
COBPEMEHHOM KJIACCU(PUKAIIUU MYTaIllMU IPUHATO JICTUTH Ha CJICTYIOIINUE TPYIIITHL.

1. 'eHoMHbIEe MYyTalUM - CBS3aHHbIE C W3MEHEHHEM 4uciaa XpomocoMm. OcoObiit
unrepec npencrasiser [TOJIMTIJIOMIUSA - xpaTHoe yBeIWYEeHHE YHCIIa XPOMOCOM, T.€.
BMECTO 2n XpOMOCOMHOT0o HabOopa BO3HHKaeT HaOop 3n,4n,5n u OGonee. Bo3HHKHOBeHHE
MOJIMIUIOUANKM CBSI3AHHO C HapyIlIEHHEM MeXaHu3Ma JIeJieHus KJIeToK. B dyacTHocTH,
HEPaCcXOXJAECHUE TOMOJIOTMYHBIX XPOMOCOM BO BPEMsI MEPBOTO JIEJIEHUSI MEW03a MPUBOJIUT K
MOSIBJICHUIO TaMET ¢ 2n HAOOPOM XPOMOCOM.

[lomumonauss IMMPOKO PACHPOCTPAHEHA Y PACTEHUH M 3HAYUTENIBHO pEXE Yy
KUBOTHBIX (acCKapu, MICJIKOMpPsIa, HEKOTOPHIX 36MHOBOHBIX). [loMUIIIIONIHBIE OPTAaHU3MB,
KaK TPaBUIIO, XapaKTepU3YIOTCS Ooljiee KPYMHBIMH pa3MepaMH, YCHUJICHHBIM CHHTE30M
OpPraHWYECKUX BEIIECTB, UTO JIETAeT WX OCOOCHHO IIEHHBIMHU TSI CEJICKITMOHHBIX PaboT.

M3MeHeHne 4yuciaa XpOMOCOM, CBS3aHHOE C J00aBJIEHHEM WM MOTepel OTIENbHBIX
XpPOMOCOM, Ha3bIBaeTCs aHEyIUonane. MyTaluio aHeyIuIOuIUU MOKHO 3aIucath Kak 2n-1,
2n+1, 2n-2 u T.4. AHEYIUIOWIHUS CBOMCTBEHHA BCEM JKMBOTHBIM M PACTCHUSIM. Y 4YeJOBEKa
psin 3a0o0JieBaHMl CBsi3aH MMEHHO ¢ aHeyruioumaued. Hampumep, 6one3ns JlayHa cBszaHa c
HaJIMYMEM JIMIIIHEH XpoMOCOMBI B 2 1-i1 mape.

2. XpoMOCOMHBbIE€ MYTALIMHU - 3TO MIEPECTPONUKH XPOMOCOM, U3MEHEHUE UX CTPOCHHUS.
OTtaenbHbIE YYACTKH XPOMOCOM MOTYT TE€PSTHCS, yIBAUBATHCS, MEHATH CBOE MOJIOKEHUE.

CxemMaTHYHO 3TO MOXHO IOKa3aTh CIEAYIOINUM 00pa3oMm:

ABCDE HOopManbHbIN MOPSIOK T€HOB

ABBCDE ynBoenue ygactka XpoMOCOMBI

ABDE noteps olHOT0 yyacTka

ABEDC noBopot yuactka Ha 180 rpamycos

ABCFG o0MeH y4acTKaMy ¢ HErOMOJIOTHYHOW XPOMOCOMO#

Kak u reHoMHbIE MyTalMH, XpPOMOCOMHBIE MYyTallMd UTPAIOT OTPOMHYIO POJIb B
3BOJIFOLIMOHHBIX MTPOIIECCAX.

3. I'eHHble MyTalMM CBSI3aHBl C M3MEHEHHWEM COCTaBa WJIHM TMOCIEI0BATEIILHOCTU
nykineotunoB JIHK B mpenenax rena. I'eHHble MyTauuu Hambosee BaKHBI Cpeld BCEX
KaTeropuii MyTaluu.

CuHre3 Oenka OCHOBaH Ha COOTBETCTBUU PACIOJOKEHUS HYKJICOTHUAOB B T€HE H
MOPSIZIKOM aMHUHOKHUCIIOT B MOJIEKyJie Oeika. BO3HMKHOBEHHME T€HHBIX MyTalui (M3MEHEHUE
COCTaBa M MOCIEA0BATEIHLHOCTH HYKJICOTHUIOB) U3MEHSIET COCTaB COOTBETCTBYIOIIUX OEIKOB-
(GEepMEHTOB U B UTOTe K ()EHOTUITMICCKUM HM3MCHECHHSM. MyTalul MOTYT 3aTparuBath BCE
ocobeHHOCTH ~ Mopdoioruu, (pu3noIoruM U OMOXUMHHM  OpPraHu3MoB.  MHoOrue
HaCJIEJCTBEHHBIC 00JIE3HU YEJIOBEKA TaKKe 00YCIOBICHBI MyTAIIUSIMU T€HOB.
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MyTanuu B €CTECTBEHHBIX YCIOBHUSX CIydaloTCid pEAKO - OJHA MyTalus
onpenenenHoro rena Ha 1000-100000 knerok. Ho MyTallMoHHBIN MpoliecC UIIET MOCTOSIHHO,
UJET MOCTOSHHOE HAKOIUIEHHWE MYyTallMii B TEHOTHMAax. A €ClId y4YeCTb, YTO YHCJIO T€HOB B
OpraHHU3Me BEJIMKO, TO MOYKHO CKa3aTb, YTO B F€HOTHIAX BCEX JKUBBIX OPraHU3MOB MMEETCS
3HAYUTENbHOE YUCIIO TeHHBIX MyTallni.

MyTanuu - 3To KpyImHeHImuii 6nonorudeckuii pakTop, 00yCIaBIMBAIOIIUI OTPOMHYIO
HACJIEICTBEHHYIO H3MEHUYHUBOCTh OPTAaHU3MOB, UTO JaeT MaTepua Jisl SBOTIOIIH.

[IpyunHamMu MyTaruii MOryT OBITh €CTECTBEHHBIE HAPYLIEHUS B METa00JIN3ME KIETOK
(cTioHTaHHBIE MyTallMM), TaK W JEWCTBUE pa3NUYHbIX (HAaKTOPOB BHEIIHEH Cpeibl
(uHIyUMpoBaHHbIE MyTanuu). DakTOphl, BHI3BIBAIOLIME MYTAlMU HAa3bIBAIOT MyTarcHamH.
MyTareHamu MOTYT OBITh (U3HMUECKHe PAKTOPHI - paauallys, TeMIepaTypa

K Oumonormueckum MyTrareHa OTHOCSAT BUPYCHI, CIIOCOOHBIE OCYIIECTBISITH MEPEHOC
T€HOB MEX/y OpTaHW3MaMH HE TOJIBKO OJU3KHX, HO JaIEKUX CHCTEMaTHYECKUX TPyIII.

Xo3siiiCTBEHHas  JICSITEIbHOCTh  4YeJOBEKa TpHHecia B Ouocdepy OrpoMHOE
KOJIMYECTBO MYTareHOB.

BonbmmHCcTBO MyTanuii HEOIArOMPUATHBI ISl KHU3HH OCOOM, HO WHOTZIa BO3HUKAIOT
Takhe MYyTalliH, KOTOpPble MOTYT MPEACTaBISATh WHTEpEC Uil YYCHBIX-CEleKIMoHepoB. B
HACTOSALIEE BPEMs CO37aHbl METO/Ibl HAIIPABJIEHHOTO MyTareHesa.

1. Ilo xapakTtepy u3MeHeHHs (EHOTHUIIA MYTallMd MOTYT OBbITh OMOXMMHUYECKUMH,
(U3NOTOTHYECKUMH, aHATOMO-MOP(OTOrHYECKIMH.

2. Ilo cremeHu mMpUCIIOCOOUTENHHOCTH MYyTAllMM JIENSTCS Ha TMOJIE3HBIE M BpPEIHBIC.
Bpeanbsle — Moryt OBITh JIETAJBbHBIMM U BbI3bIBaTh T'MOEIb OpraHu3Ma €ue B
SMOpPUOHATIEHOM Pa3BUTHUHU.

Yamie MyTanuy BpeaHbl, TaK KaK IPU3HAKK B HOPME SBIISIOTCS pe3yJIbTaToOM 0TOOpa U
aIalTUPYIOT OPraHu3M K cpeje oOuTaHus. MyTtanus Bcerja u3MeHsieT agantanuio. CreneHb
ee IOJIE3HOCTH WM Oecrone3sHocTu ompeneisercs BpemeHeM. Ecmm wmyrtamus gaet
BO3MOXXHOCTh OPraHU3My Jydllle MPHUCIIOCOOUTHCS, NACT HOBBIM IIAHC BBDKUTH, TO OHA
"moIXBaThIBaeTCs" 0TOOPOM U 3aKPEIUISAETCS B IOMYJISIINH.

3. Myrtauuu ObIBatOT mpsMble U oOpatHbie. [locnennue BCTpeyaroTcsi ropa3fao pexe.
OObIuHO TpsiMasi MyTamusi cBsi3aHa ¢ JedekToM (QyHKIMHM reHa. BeposTHOCTH BTOPUYHOM
MyTaluy B 00paTHYIO CTOPOHY B TOM e TOUKE OYeHb Majia, Yyalle MyTHPYIOT IPYTHE TeHBI.
MyTanuu yamie pelecCHUBHbIE, TaK KaK JOMUHAHTHBIE IPOSIBISIOTCS Cpas3y K€ M JIETKO
"oTOpackIBatOTCA" OTOOPOM.

4. Tlo xapakTepy U3MEHEHHUs T€HOTUIIA MYTAllUU JENATCS Ha FeHHbIE, XPOMOCOMHBIE U
Te€HOMHBIE.

'ennble, UaM TOYKOBBIE, MyTallMM — W3MEHEHHE HYKJIEOTH/Ia B OJHOM IE€HE B
monekyne JIHK, mpuBoxsimiee k o00pa3oBaHHI0 aHOMABHOTO T€HA, a ClelI0BaTelbHO,
aHOMAJILHOW CTPYKTYpPHI O€lIKa U Pa3BUTHIO aHOMAJIBHOTO TMpU3HaKa. | eHHas MyTalus — 3TO
pesyabTaT "ommoku" npu perumkanun JJHK.

PesynpTaTroM reHHOW MyTaluMu Yy YeEJIOBEKa SIBISIIOTCS Takue 3a00JeBaHUs, Kak
CEpIIOBUAHOKIIE-TOYHAS aHeMus, (EHUIKETOHYpHS, NalbTOHU3M, reModunus. Bcenenctsue
TE€HHON MyTallui BO3HUKAIOT HOBBIE AJJIEIM T€HOB, YTO UMEET 3HAUYEHHUE JJIs SBOJIFOLIMOHHOTO
mporecca.

XpOMOCOMHBIE MYyTallUd — UW3MEHEHUS! CTPYKTYpbl XPOMOCOM, XpPOMOCOMHbIE
nepecTporku. MOKHO BBIJIEIUTH OCHOBHBIE THUITBI XPOMOCOMHBIX MYyTallUH:

a) Jienenus — MnoTepsl yyacTka XpOMOCOMBI;

0) TpaHCIOKaIUsi — TMEPEeHOC YacTH XPOMOCOM Ha JAPYTYyI0 HEroMOJIOTUYHYIO
XpOMOCOMY, KaK pe3yJIbTaT — U3MEHEHHUE IPYIIIbI CLEIIEHUS T€HOB;

B) MHBEPCHUS — IMOBOPOT y4acTKa XpoMocombl Ha 180°;

I) OJyTUIMKALUs — yJIBOEHUE T€HOB B OIIPEJICTICHHOM YYacTKE XPOMOCOMBI.

XpOMOCOMHBIE MYTallUd TPUBOJAT K H3MEHEHUI0 (YHKIMOHMPOBAHHS TEHOB U
UMEIOT 3HaYE€HHE B SBOJIIOLIMU BH/JIA.
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['eHOMHBIE MyTallMM — W3MEHEHHUS YHCJIa XPOMOCOM B KIIETKE, IOSBICHHUE JIMIIHEH
WIM TIOTEPS XPOMOCOMBI KaK pe3yibTaT HapylleHus B Melo3e. KpaTHoe yBennueHue udncia
XpOMOCOM Ha3bIBaeTca noiumiaonaued (3m, 4/r m 1. aA.). OTOT BUA MyTalUM 4YacTo
BCTpEUYaeTCsl y pacTeHU. MHOrue KyJlbTypHbIE PacT€HUs MOJUIUIOMIHBI [0 OTHOIIEHHUIO K
JUKUM TIpeAKaM. YBEJIMYEHUE XPOMOCOM Ha OJIHY-IIB€ Y KMBOTHBIX IMPUBOJIUT K aHOMAJIUAM
pa3BuTus UM rudenu opranusma. [lpumep: cunapom /layna y uenoexka — Ttpucomus mo 21-
i mape, Bcero B kietke 47 XxpomMocoM. MyTanuu MOTyT ObITh HOJYYEHbl MCKYCCTBEHHO C
MOMOIIIBIO paJualiy, PEHTTeHOBCKHUX Jy4ed, yabTpaduonera, XUMHUUYECKUMH areHTaMH,
TEIUIOBBIM BO3AECHCTBHEM.

3akoH romonormueckux psgoB H.M. Baeunosa. Pycckuit yuensiii-Ounomor H.H.
BaBuioB ycTaHOBMII XapakTep BO3HMKHOBEHHMsS MyTalud Yy OJM3KOPOJICTBEHHBIX BHUJOB!
"Pomel W BUABI, TEHETHUYECKH OJM3KHE, XapaKTepPU3YIOTCS CXOAHBIMH  PSIaMH
HACJIe/ICTBEHHON M3MEHUYMBOCTU C TaKOW MPaBUIBHOCTBIO, UTO, 3Has psia (GopM B mpenenax
OJTHOTO BHJIa, MOXXHO TPEJBHUICTh HAXOXKACHUE MapauIeNbHBIX (OpPM Yy JIPYTHX BHIOB U
ponoB".

OTkpbITHE 3aKOHAa OOJETrYMJ0 TIOMCKM HACJEACTBEHHBIX OTKJIOHEHHWH. 3Has
MU3MEHYMBOCTb U MYTAllUN y OAHOTO BUJA, MOXHO IIPEIBUIAETh BO3MOKHOCTD UX IOSBICHUS U
Y POJACTBEHHBIX BUJIOB, YTO UMEET 3HAUYECHUE B CEJIEKIIMH.
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22.1 JlaGopaTopHas pa6ora Ne22 ( 2 yaca).
Tema: «HaAyIMPOBaHHBIN MyTareHes, €ro TEOPETUUECKOE U MPAKTUYECKOE 3HAUCHUE»
2.22.1 Heasn padotrbl: O3HAKOMUTHCSI C OCOOCHHOCTSIMU MHIYLIUPOBAHHOTO MyTareHesa

2.22.2 3apaum padboThI:
1. 3HaTh OCOOCHHOCTH UHIyIIMPOBAHHOT'O MyTareHe3a

2.22.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJIb3YyEMBbIX B J1a00paTOPHOI padore:
1. 3amayHuK MO reHETHKE

2.22.4 Onucanue (xoa) padoThi:

MVYTAT'EHE3 - nporecchl-peakini B TEHHOM armapaTe OHMOJIOrMYecKoro 0ObeKTa,
MIPU KOTOPBIX MPOUCXOASAT U3MEHEHUS B CTPOCHUHM TE€HOB, MEPEAAONIMecss MO HACIENCTBY.
Takue wu3MEHEHMsI MOTYT 3aTparuBaTb OTAEIbHBIE HYKJIECOTHJIbI WM TpPYIIBl UX,
COIPOBOXkAAICh B HEKOTOPBIX CIy4yasX U3MEHEHUSMHU B Mop(osioruu XxpoMocoM. 3MeHeHus
y>K€ OJIHOTO HYKJIEOTHJA, BXOJSIIET0 B COCTAB TPHUILIETA, MPUBOAAT K 0Opa30BaHUIO MHOMN
aMUHOKHCIIOTBI, BXOJfIIe B cocTaB Oenka, W MOTYT TPHUBECTH K HW3MEHEHHUIO
COOTBETCTBYIOILIErO IPU3HAKA.

MyTaresne3 MOXHO YCIOBHO JETUTh Ha CHOHTaHHBINA, KOTJa MyTallil BO3HUKAIOT B
"HOpMaJBHBIX" YCIOBUSAX POCTA, W MHIYLIMPOBAHHBIN BCIIEACTBUE NMPUMEHEHUS (PU3UIECKUX
WIN XUMHUYECKUX MyTareHoB. [Ipy CHOHTAaHHOM MyTareHe3e MOTYT IIPOUCXOAUTH BCE THIIBI
HACJIEICTBEHHBIX IEPEMEH, KOTOpble HAOJI0AI0TCAd NpPU HMHIYLIHPOBAHHOM MYyTareHese:
3aMeHa TMap aJeHUH-TUMUH WIH 4Yalle TyaHWH-IUTO3HMH, OIIMOOYHOE CIapHUBaHHUE JBYX
IIypPUHOB WM JBYX NUPUMHUAMHOB, J€JELMH, BKIIOYEHUS U JIpyrue u3MeHeHus. Kaxnpiii
OHMONIOTHUeCKU OOBEKT XapaKTepu3yeTcs OoIpeAeNeHHbIM (POHOM CIOHTAHHBIX MYTallui,
KOTOpBIE C pa3HOM YacTOTOW 3aTparMBarOT T€ WM WHbIE T€HETHYeCKue Nnpu3Haku. [lpu aTom
OJTHU BHJIbI 0071a/1a10T O0JIbIel MyTabeTbHOCTHIO, YeM Jpyrue. YacToTa MyTaluii Ha reH Ha
MIOKOJIEHHE Y IPO30(QHIIBI BAPLUPYET B O0BIYHBIX ycnoBusax oT 107 no 10°.

YacToTa CIOHTAHHBIX MyTallMil pa3IMYHBIX T€HOB YejoBeka cocTaBiser 107°-107 na
IeH Ha IOKOJEHHE. B CBA3M ¢ TeM, uTo y uenoBeka npuMepHo 2,5¢10* renos, oOmas gactora
ero MyTauui ompesensercs 1 Ha KaxJA0ro WHIAMBUAYYMa B KaXKIOM IOKOJIEHUHU, TO €CTh Y
KaX/IOTO YeJIOBeKa €CTh OAMH MYTHUPOBABIINN T€H, KOTOPOTO HE OBIJIO Y €r0 pOTUTETICH.
Jlonroe BpeMsi OOBSCHSIM CHOHTAHHBIN MyTareHe3 JCHCTBHEM KOCMHUYECKHX JIy4ed u
€CTeCTBEHHOTO paJMOAKTHBHOTO (oHa. OIHAKO TPU HSKCIEPUMEHTAIHFHOW TpPOBEpKE U
MPOBEJICHUN COOTBETCTBYIOIIMX BBIUYMCICHUN, HCXOAS U3 CIOHTAHHONH MYyTaOMIBHOCTH
npo30¢wiel, OBUIO OmpenenacHo, 4To Toiabko 1/500-1/1200 momnst BceX CIIOHTAHHBIX MYTAIlHA
MOXKET IMPOUCXOIUTh B pe3yibTare AeWCTBUS 1103 paauanuu. [lomararor, 4to oaHON U3
IIPUYUH CIIOHTAHHBIX M3MEHEHUH SIBISIOTCS JIOKAJIbHbIE (UIIOKTYallud TEIUIOBOTO JABM)KEHUS
aTOMOB. 3aBUCHMOCTh 4YacTOThl CIIOHTaHHBIX MYTalMid OT BPEMEHHU MOJUUHSACTCS
HKCIOHEHIIMATBHOMY 3aKOHY, TO €CTh JIorapu(M MPUPAIICHUS J0JIA U3MEHUBIIUXCS 0co0ei
MPOTOPIMOHANIEH BpeMEHHU. J[eHCTBUTENbHO, MPU CTAPEHUU KIETOK B HUX HAKAITUBAIOTCS
MyTallMOHHBIE HM3MEHeHHWs. TakuMm 00pa3oM, CIIOHTAHHBII MYTAalMOHHBIA  TPOIIECC
XapakTepeH sl KaKJI0ro OMOJIOTHYECKOro OObEeKTa, a BO3HHUKAIOUINE MYTAllUU SBIISIOTCS
MaTepUajoB sl ECTECTBEHHOTO 0TOOpa.

OcHOBHBIE TIOJIOKEHUSI COBPEMEHHOW MYTAallMOHHON TEOPUU CIIEAYIOIIHE.

1. BO3HUKHOBEHHUE BCAKOIO HACJIECTBEHHOIO U3MEHEHHUS CKauKOOOpa3Ho.

2. V3meHeHus xapakTepu3yroTcs 'pazmaxoM' ckayka, MNpU ATOM PE3KHUE CKaYKH
YJIaBJIMBAIOTCA Yallle, YeM MEJKUE, KOTOpbIE ObIBAOT 00JI€€ MHOTOUHCIEHHBIMHU.
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3. MyTauuoHHBI MpOLECC HE HAmNpaBleH, TO €CTh BCE MNPU3HAKU MOTYT OBIThH
M3MEHSEMBI, PUYEM KaXKJIbIi MTPU3HAK MOKET ObITh U3MEHEH B Pa3HBIX HAINPABJICHUSAX, HO HE
B JTIOOBIX, TaK KaK CTPYKTypa MpU3HAKA SBOIIOIMOHHO 3aKperieHa.

4. MyTanuu MOTYT BO3HMKATh Ha BCEX CTAAMSIX Pa3BUTHS.

5. MyTanun BO3HHKAIOT KaK B IMOJOBBIX, TAK U B COMAaTUYECKHUX KIIETKaX.

6. Temn MyTanuii MOXXET OBITh PA3JINYEH, IPUUEM:

a) pa3JMyHbIe TeHBl Y OJHOTO BUJAa MYTUPYIOT C pa3HON 4acTOTOM,

0) CXO/IHBIE TeHBI B PA3HBIX T€HOTUIIAX MYTUPYIOT C PA3IMUYHON CKOPOCTHIO,

B) OJIHU BUBI 00J1a/1a10T GoJiee BHICOKON MYTallMOHHON M3MEHYHBOCTBIO, YEM JIPYTHE,
YTO 3aBUCUT OT FT€HOTHUITMYECKOTO CTPOCHHUS, CTEIICHU aJJaNTalliy K BHEIIHEH cpefie u T. 1.

7. MpyTaHTHbIE TEHBI COXPaHSAIOT CBOWCTBA PENPOAYKIIMH, BCIEACTBHE YETrO
MyTaIllMOHHBIE U3MEHEHUS HACTIEAYIOTCS.

8. Kaxnaplii TeH MOXXET MYyTHPOBaTh B HECKOJBKO COCTOSHUM, 00pa3ysi cepuio
MHOKECTBEHHBIX aJICIICH.

9. CrioHTaHHBIM MYyTallMOHHBIN Tpoliecc 00yCIOBIMBAECTCS CBOMCTBOM CaMoOro reHa,
CUCTEMOH TCHOTHUINA, (PU3NOJIOTUICCKUM COCTOSHHUEM OpraHm3Ma U KoyieOaHuem (hakTopoB
BHEIIHEHN CpeJIbl.

10. MyTtauuu y pa3iuyHBIX BHJIOB OPraHU3MOB O0pa3ylOT TOMOJIOTHUECKHE PsiIbl
HACJIEICTBEHHBIX HM3MEHEHHWH, TO €CTh Y PpOJACTBEHHBIX BHJOB, HMEIONMX oOIIee
MPOUCXO0K/ICHHE, BO3HUKAIOT M CXOJIHbIE MyTalMu (3aKOH romoJiormueckux psjgos; H. U.
Baswuios, 1935).

N3yueHne MHAYUMPOBAHHOIO MyTareHe3a BKJIIOYAET pa3IMYHbIC HAMpPaBIICHUS,
uMerole o0eOnoIornYecKoe Wil MpUKIaJAHoe 3HaueHue. LleHTpanbHOe MecTo 3aHUMaeT
mpoOsieMa ymnpaBieHUs NPOLECCAMHM HACIEACTBEHHOCTH. OTO HANpPAaBJIEHUE BKIIOYACT
UCCIIEIOBaHMsI CIEeU(UIHOCTH JNEUCTBUS MYTareHOB, BJMSHHS Ha MYTareHe3 paziIUYHbIX
MPOIIECCOB, MPOTEKAIONIUX B KJIETKE, MECTa B HACJIEICTBEHHBIX CTPYKTypax M BpPEMEHHU
BO3HHUKHOBEHUSI MyTallUH.

MyTarensl UCHOJIB3YIOT B CENEKIIMH MUKPOOPTAaHU3MOB, PACTCHUM U KUBOTHBIX JIJIsI
noJTydeHus mone3Hsix popm. Tak, obIiee yucio aHTHOMOTHKOB, TPOMBIIITICHHBIN OMOCHHTE3
KOTOPBIX CTal BO3MOXHBIM Onaromapsi MyrtareHam, mnpuOmmxaercs k 300. Boxee 500
BapHAHTOB pacTeHuil (IMIIeHWIa, TOPOX, KYyKypy3a U Jp.), MOJYyYEHHBIX METOJaMU
MyTareHesa, NepPCIeKTUBHBI JJIs CENEKIIUH.

Eciu yuectb, 4TO y 1ol TOJMBKO YACTh CIOHTAHHBIX MYTAllUi BbI3bIBACTCA
"ecTecTBEHHOU" pajuaiueii, To OCTAIbHbBIC SIBISIIOTCS CJIEICTBUEM BO3JICUCTBHS XUMUYECKUX
MyTareHoB. JleiicTButenbHO, Onu3kuii KOHTAKT yenoBeka ¢ XUMUYECKHMMH BEILIECTBaMH,
IIUPOKOE YIOTPEOJECHUE XUMUYECKUX, B YaCTHOCTH JIEKAPCTBEHHBIX, BEIIECTB, MHOTHE W3
KOTOPBIX OKa3aJUCh MYTareHaMmH, SIBJISIFOTCSI COJEp>KaHUEM CIEIYIONIeT0 HampaBiIeHHUs
HCCeIOBaHUM  MyTareHe3a. KaHileporeHHass AaKkTUBHOCTh HEKOTOPBIX MYTareHoB C
n30upaTenbHON JIOKaIM3aluell OmyXolied Yy OKCHePUMEHTANBbHBIX JKUBOTHBIX TaKXke
COCTaBJISIET CaMOCTOATENbHBIA acCleKT MHAYUMPOBAHHOI0 MyTareHe3a. OTOT acIHeKT
HEPa3pbIBHO CBS3aH C KAHLEPOJIUTHUUECKUM JIEHCTBUEM, HAIISAIINM IMPOKOE MPUMEHEHHUE B
nedeOHOM TpPAKTHKE ¢ (U3MYSCKUMU MYTareHHBIMH areHTaMH, a B TIOCIEIAHEE BpeMs
anpooupyeTcs cO MHOTMMU XUMHUYECKUMHU COeTMHEHUSIMHU.

J1st  yHUYTOXKEHUsT BPEAHBIX HACEKOMBIX OBUIM TakKe MNPUMEHEHBI METObI
HHAYUMPOBAHHOIO MyTareHe3a. Tak, cheuuanbHO pPa3MHOKEHHBbIE HACEKOMbBIE TMPH
00paboOTKe XMMHYECKUMH MYyTareHaMH TEPSIOT CIIOCOOHOCTh K Pa3sMHOXKCHHIO W TIpU
CKpEIIMBAaHUU C HOPMAJIbHBIMH HACEKOMBIMH HE OCTaBJISIOT MOTOMCTBA. Takue
"cTepunn3oBaHHbIE"  HAaCEKOMBIE  CIIOCOOHBI  COKPaTUTh  IUIOJOBUTOCTh  HPHPOJHBIX
nomysiiuit Ha 95-99%. Takum mytem B CLIA Obuta pemieHa mpo6iieMa YHUUTOKEHHUS] MyXd
KQJJTUTPOTH, BBI3BIBAIONICH MHA3 MEIKOro porartoro CKOTa, OT KOTOpPOro morudasno
MHO>KECTBO KUBOTHBIX. B TeueHue 6 mecsIeB eXeHeAeTbHO Ha KXY KBaIpPaTHYI MU0
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Beimyckanin 400 cTepUIM30BaHHBIX HACEKOMBIX, uYepe3 3 Mecsua (CpoK >KHM3HH Tpex
MTOKOJIEHUI) KaJITUTpora Oblia UCTpeOsIeHa MOJHOCTbIO.

B camom Havase n3ydeHus XMMMUYECKOIO0 MyTareHe3a B ONbITax Ha Apo30¢uie ObUIo
YCTaHOBJIEHO, YTO MYTallMOHHbBIE U3MEHEHUS PEaTU3yIOTCs HE cpa3y. DTO BbIPaXKajloCh B TOM,
4T0 Ipu 00paboTKe MyTareHaMH MyTallMd 4YacTO BO3HUKAJIM HE B CAMUX CIEPMHSX, a
MO3/IHEE - HA pa3HBIX CTaIUsAX pPAa3BUTUS JUYMHKUA. B CBA3M C ATMM OBUTH BBIICICHBI
IIpEeIMyTAaHTHAs CTaaus, MyTalys FeHa U MyTanus KieTku. Ha kaxaom srane onpeneseHHas
pOJb B pealu3alyd HACIEACTBEHHOTO W3MEHEHHUS OTBOJIUTCS TeMIleparype, OOIydEeHHUIO
BUJMMBIM CBETOM, META0OIUTaM M aHTMMETaboJIuTaM U APYTrUM (pakTopam, KOTOpPbIE MOTYT
YCHIIUBATh WM OCTA0ISITh MyTAalIMOHHBIN 2P deKT.

Ha mnpoTsbkeHMM BCero MyTalMOHHOTO TIpOLiecca IPOSBISETCS  ONpPEIEICHHAS
ceun(UIHOCTh JEHCTBUS MYTareHOB, 3aBHCALIas OT MHOTrMX ¢akTopoB. Ha srame
IIPOHUKHOBEHUSI MyTarcHa B KJIETKYy OH pearupyeT cO MHOTMMH MOJIEKYJaMH, BCIEACTBHE
4ero AaxkTUBHOCTh MyTaréHa MOKET YacTUYHO TepsThes. [loaTOMy MHOIrME MyTareHsl,
IPUMEHEHHbIE M OJHMX W TeX JK€ KOHIEHTpalus,X IO0-pasHOMY 3(QQEeKTUBHBI U3-3a
HEOJIMHAKOBOM KOHILIEHTpalluM, B KOTOPOM OHM B KOHEYHOM HTOr€ JOCTHTalOT
HACJIe/ICTBEHHOT0 MaTepHaia pa3HbIX 00beKTOB. J[pyras aibTepHaTHBa MyTareHa Ha IyTH K
HACJIE/ICTBEHHOMY MaTepHualy - 0O0pa3oBaHHME MPOHM3BOJHOTO, OoJiee CreU(HIECKOro, 4eM
MCXOJIHBIA MyTareH (Hampumep, peBpalleHre a30TUCTOTo unpuTa B popmansaerun). Kpome
TOTO, XMMHUYECKOE BEIIECTBO MOXET BOOOIIE OBITh cIaOblM MyTareHoM, HO Omarojaps
JEUCTBUIO Ha KaKOH-1100 (hepMEHT OJIOKMPOBAaHHME €ro BHI3BIBAET CKOIUIEHHUE MYTareHHBIX
MPOAYKTOB (Hampumep, LUAHMCTBIM KaJuii OJOKUpYeT Karaja3dy, KOTopas B OOBIYHBIX
YCIIOBMSIX pazjaraeT NepeKnucH, 00Jalaloniie MyTareHHbIM IEHCTBHEM).

OmnpeieneHHy10 poJib B peakluy ¢ MyTareHaMH UIparoT O€JKH, YTO CKa3bIBACTCS MPU
cpaBHEeHMHU 3(deKTa 1eHCTBUS Ha YUCThIe HYKIEHHOBBIE KMCIOTHI M 1enblid BUpyc. Tak, npu
neiictBum azotuctoi kuciotsl Ha PHK Bupyca TabauHoif MO3auku J1€3aMUHUPYIOTCS aJICHUH,
IUTO3MH M ryaHuH. B nenom Bupyce, korga PHK cBs3ana c Genkom, ne3aMHHHPYIOTCS
TOJIbKO aJIEHMH W LWTO3UH. B3ammoneilcTBME MyTareHa M HYKJIEHMHOBBIX KHCJIOT 4YacTo
TpeOyeT CTabMIN3aIum, Uil KOTOPOH B OJTHUX ClIydasx HE0OXOAMMa peryIvKalus, B APyTux -
BpeMs JIJIs TIepexo0/1a METaCTa0MIBHOTO COCTOSTHHSI B CTaOMIIBHOE, B-TPETHUX - CUHTE3 OelKa.
OTHOCHUTENBHO y4yacTus B npolecce MyTauuil odenx mnu oanoit Hutu JJHK cymectByror nse
runote3sl. CornacHo oAHOM MyTanus 3arparuBaet oaHy HUTh JIHK, koropas Bmocienctsuu
JlaeT Ha4yajo MyTaHTHBIM (popMam; pyras HUTh JaeT Hadano HopMmaybHOW nouepHeit IHK u
BITOCTICICTBUM OOBIYHOW (opme. ABTOPBI BTOPOM THIIOTE3bI CYHMTAIOT, YTO MPOUCXOAMT
OJTHOBPEMEHHOE BO3HMKHOBeHMe MyTauuii B 1aByx HuTiax JIHK Onaromapst yuactuio
perapainuoHHbIX (PEPMEHTOB.

NupayunpoBanHblii  MyTareHe3 -  IIPOLECC, HMEKOIUN  ONPEICIICHHYIO
ceun(UIHOCTh, KOTOpas 3aBUCHT KaK OT CBOWCTB MyTareHOB, TaK M OCOOEHHOCTEH
TEHOTUIIOB OHMOJIOIMYECKMX OOBEKTOB. YikKe€ TMepBbleé paboThl MO HHAYLUPOBAHHOMY
MyTareHesy TpUBEIM  HCCIEIOBaTelied K  paBHO3HAYHBIM  TPEACTaBJICHUSM 00
YHUBEPCAIBHOCTU JECUCTBUS OJHUX MYTAarcHOB U OIPaHUYEHHOCTH JAEHCTBUS Apyrux. Mnput
U €ro IPOM3BOJHBIC BHI3bIBAIM MYTALUU y BCEX HUCHBITYEMBIX OPIaHHW3MOB, B TO BpeMs Kak
MEPEKUCh BOOPO/a U TUa30MeTaH ObUTM CIIOCOOHBI MHAYLUPOBATh MyTallUl Y HACEKOMBIX U
MHUKPOOPTaHU3MOB, HO HE y pacTeHUil. YpeTaH, (peHONIBl U HUTPO30AMUHBI MyTareHHbI IS
pacTeHHi, HO HE HMHIAYLUHMPYIOT MyTallMM y Heupocnopbl. PopmanbIeru HHAYLUPYET
MYTallU{ TOJIBKO y CaMIIOB Ha PaHHUX CTaJAMSIX CIIEpMATOr€He3a U HE MyTareHeH AJIs CaMOK.
EcrecTBeHHO, 4TO cCHeUM(UYHOCTb JEHCTBHS MYTareHOB OIPENENseTCs] XUMHUYECKUMHU
0COOEHHOCTSIMM pEaKIMid C TeHHbIM MaTepuasioM. llpeamomararor, 4YTO MOBBIIICHHAS
MYTabeIbHOCTh OTJENBHBIX JIOKYCOB MOXKET 3aBHCETh OT OOJIBLIETO CKOIUIEHUS OAHUX WIIH
APYTUX a30THCTBIX OCHOBAaHUH, C KOTOPbIMH [aHHBI MyTareH HamOoyiee peaKTOTeHEH.
Bmecre ¢ TeM NOBTOPSIEMOCTh A30THCTBIX OCHOBAaHMM B ILIEMM HYKIEHHOBBIX KHCIIOT
OOBSICHSICT MPUUUHY U3MEHUMBOCTH MO JEHCTBUEM MYTareHOB Pa3HBIX T€HOB.
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PaznuuatoT cienyromue GopMbl crelupUUHOCTH B 3aBUCUMOCTH OT pa3peliaroieit
TOYHOCTH NPUMEHSIEMBIX METO/I0B.

1. PervonanpHas crnemu(pHUUHOCTb, OIpeaeNseMas Ha XPOMOCOMHOM YpPOBHE,
3aKIII0YAeTCsl B BBISIBICHUH PAilOHOB, TJe HauOOJiee YacTO MPOUCXOAAT Pa3pbIBBI XPOMOCOM.
Ota crienupUUHOCTh ObljIa U3y4YeHa Ha PACTEHUAX, IPO30(HIIe U KIETKaX KyJbTypbl TKaHEH.

2. MexIoKycHasi Crienu(pUIHOCTh CBSI3aHa C OIpPECIIEHUEM YacTOThI MYTHPOBAaHUS
OTAENbHBIX T€HOB (BEepHEe, KOHKPETHBIX aienel). Takoro poja crnenu@uuHOCTb HAXOAUTCS
[0/l KOHTPOJIEM BCErO0 TI'EHOTUIIA U YacTO 3aBUCUT OT (PU3MUOJIIOTHUYECKOTO COCTOSHUS
Ouosorndeckoro oobekTa. Hammpumep, U3BeCTeH MTaMM KUIIEYHOM MalOUKU C MOBBIIICHHOM
4acTOTON MyTHPOBAaHMSI K CTPENTOMULIMHYCTOMYHUBOCTH, YTO CBS3aHO C IPUCYTCTBUEM B 3TOM
HITaMMe T€Ha-MyTaTopa, PacloJ0KEeHHOro B MosioBoM Qaktope. IIpu mepenade mosoBoro
¢dakTopa OpyruM INTaMMaM OHM TaKXe MPHUOOPETaIOT CBOWCTBO MYTHPOBATh C BBICOKOM
YacTOTOM K CTPENTOMHUIMHYCTOHYMBOCTU. OKa3aloch, YTO TE€H-MyTaTOp MOXKET SBJIATHCA
cTpyKTypHBIM TeHOM JIHK-nonumepassl.

3. BHyTpuiokycHas cneun(uYHOCTb BKIIIOYAET MCCIEJOBAHUE KaK MPSMBIX MYTaIUi
(onpenenenne "ropsyux TOoYek"), Tak M 0OpaTHBIX (aymenbenenuduuHocTh). M3yuenue
MyTaOeJIbHOCTH Ha ypoBHE 2-3 HyKJIeoTHn0B npoBoami bensep (S. Benzer, 1955, 1959) Ha
obmnactu rll 6akrepuodara T4.

4. Cneun(pu4HOCTb, OTpaXKAIOLIAs CTPYKTYPHBIN XapaKTep U3MEHEHHs T€HEeTUYECKOTrO
MaTepHala, Kak OTHOUICHHWE YHCIIa TeHHBIX MYTAIMi K YMCITy XPOMOCOMHBIX abepparuii. 1o
COOTHOILICHHE BapbUPyeT B 3aBUCUMOCTH OT MyTareHa: HalpuMep, STOKCUKO(PEUH BbI3bIBACT
TOJIBKO XpPOMOCOMHBIE Pa3pbIBbl, a HEOYJISAPUH MHAYLHUPYET reHHble MyTauuu. OJHAKO 3TOT
3pGEeKT MOXKET 3aBUCETh TaKXKe OT OpraHu3Ma: S5-OpOMAEC30KCHYpPUAMH HHAYLHUPYET Yy
MHUKpPOOPTraHU3MOB TOJIBKO TE€HHbIE MYTallid, a B KyJbType KJIETOK 4EJIOBEKa CIOCOOEH
BBI3BIBATh PA3pPbIBbI XPOMOCOM.

[Ipu cpaBHEHMM KU3HECTIOCOOHOCTH MHIYLIMPOBAHHBIX BAPUAHTOB, MOJYUYEHHBIX NPU
JNEUCTBUM XUMHMYECKMX M (DU3MYECKMX MyTareHHbIX areHTOB, Takke Oblla OOHapy)KeHa
onpezaeneHHass cnenupuuHocTb. Tak, Moj AEWCTBUEM PEHTTEHOBBIX Jy4ed M OBICTPBIX
HEHUTPOHOB BO3HUKAIOT 4-5% KU3HECTIOCOOHBIX MYTallMi sTUMEHS, a MOJ JACHCTBHEM OKHCH
stuieHa - 9% u stunenumuHa - 20%. VCKITIOYMTENbHOE TONI0KEHUE TI0 CIEU(PUIHOCTH B
3TOM OTHOIIEHUM 3aHUMAOT HUTPO30AIKHIMOYEBHHBI, KOTOPbIE, B OTJIMYME OT JPYIHX
XUMHUYECKUX U (PU3NYECKMX areHToB, JAal0T B ONbITax Ha pacTeHusx a0 30-60%
KHM3HECIIOCOOHBIX HACIEICTBEHHBIX U3MEHEHUI.

CrienmupuuHOCTh ACUCTBUSI MYTareéHOB B 3aBUCHUMOCTH OT T€HOTHUIIA MPOSBIISIETCS Ha
pa3HOOOpa3HbIX OOBekTax. B ombplTax Ha BBICIIMX PACTEHUSX YCTaHOBJIEHA pa3JIM4Has
CTENEHb YCTOMYMBOCTU M MyTaO€IbHOCTH HE TOJIBKO B IpEJeNax BUAA, CEMENCTBA, HO Jaxe
copra.

Takue ke 3aKOHOMEPHOCTH OBUIM BBISIBIICHBI HAa MHKpoopraHusmax. OCOOEHHO SIPKO
3aBUCUMOCTh MYTareHHOro s¢¢exra OT BMJa IOKa3zaHa Ha akTHHoMuueTax. [Ipu sTOM
pa3iauuHble BUABl AKTUHOMMIIETOB W WX IITaMMbl HEOJUHAKOBBI M 1O CBOEH
YyBCTBUTEIBHOCTH K MyTareHam, M IO MyTareHHoMy »3@dQekTy. bonbiioe 3HaueHue B
Pa3IMYHON YCTOWYMBOCTH MPUIAETCS perapaTUBHBIM IPOLIECCaM.
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23.1 JlaGopaTopHas pa6ora Ne23 ( 2 yaca).

Tema: «OcobeHHOCTH pacTipeieNIeHNs] COBOKYITHOCTEH MPH MaJIbIX BBIOOPKAX»

2.23.1 Lean padorbi: O3HAKOMHUTHCS METOAUKON pacIpeieeHUs] COBOKYITHOCTEHN IpU
MaJIbIX BEIOOpKax

2.23.2 3apauu padoThI:
1. YMeTh npoBOIUTH pacyeThl IPU MaJIbIX BEIOOPKaAX

2.23.3 Ilepeyenb npudOPOB, MATEPHAJIOB, HCIIOJIb3yeMbIX B J1a0opaTopHOii padore:
1. 3amayHuK MO T€HETUKE

2.23.4 Onucanue (xox) padorTpi:

[Ipu wucnosb30BaHUM  OOJIBIIMX  BBIOOPOK, C(HOPMHUPOBAHHBIX U3  OONBIIHX
TeHEPAJIbHBIX COBOKYITHOCTEH, BEIUYMHA OIMIMOKM BBIOOPKH IMOMYHHSAETCS HOPMAIBHOMY
3aKOHY, KOTOPBII YCTAaHABIIMBACT CBS3b MEXKJy BEITMUNHON BEPOSTHOCTU U 3HAYCHHEM t.
Plg—xlst pi=Fl)

Ecnu ananusupyemas BbIOOpKa Majioro o0Obema, TO pacHpelesieHHe OMMOOK BBIOOPKU He
MOTUMHSAETCS HOPMAJIbHOMY 3aKOHY pacrpenesneHus. [loatomy npobiema Manoil BBIOOpKH
JUTUTENTFHOE BPEMsI OCTaBaJIaCh HEPEIICHHO.

[Ipo6nema mainoii BBIOOPKHU ObLIa pelieHa aHTTTUHCKUM MaTeMaTHKOM M CTaTUCTUKOM
no ¢amwmimu ['occeT, KOTOPBII BOIIET B UCTOPHIO MO ICEBIOHUMOM CTBIOJICHT.

1908 r — nokasai, 4To pacipenesieHue OUMOOK B YCIOBHUSIX Majioil BEIOOPKU MOJYMHSAETCS
0co0OMy 3aKOHY paclpefelieHHs, KOTOPBIi M TMONY4YHII €r0 WM — f-pacnpedesienue
Cmorooenma.

Pacnpenenenne CthrofieHTa, KaKk W HOPMalbHOE paclpeneieHne, CHMMETPUYHO,
OJTHAKO BETBU KpuBOH pacmpeneneHuss CTbloJIeHTa MeEAJICHHEE NPUOIIKAIOTCS K OCH
abcmuce. To ecTh BEpOATHOCTH MOSBICHHUS OOJBIIMX OTKIOHEHHH OT CpEeJHEH BEMYMHBI B
pacrnipenenenu CTbIOJICHTA BbIILIE, YEM B HOPMAJILHOM PACIpe/IeICHHH.

Y A

!

SN

¥

x

Io t-pacnpenenenuio CThIOIEHTa COCTaBIIEHBI TaOJIUIBI, B KOTOPHIX (B OTJIMYHUU OT
HOPMAJILHOTO pachpesieNieHHs) BEPOSTHOCTh CBS3aHAa HE TOJBKO C BEIMYMHOW t, HO M C
YUCJIOM CTEHEHEN cBOOOIbI, KOTOPOE ONPEEISAEeTCS
d.f.=n—1 (n— 00beM COBOKYITHOCTH)
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[Ipu o6beme BeIOOPKH N > 100 3HaUeHMS B TaOIMIIaX HOPMAJIBHOTO paclpe/IeieHUs U
pacnpenenenuss CTploieHTa NOJHOCTHIO coBnagaroT, npu 30 < n < 100 - pacxoxaeHus
He3HaYHuTeNbHbIe, TP N < 30 - CyIIeCTBEHHbBIE PACXOXKICHUS.

Bbe3ycioBHO MaJjioii BbIOOPKO#H cuuTacTcs BhIOOpPKAa 00beMOM MeHbIe 30 eauHuII.
[TosToMy mpu paboTe ¢ BBIOOPKAMHM TakHMX O0BEMOB B (opMyse NpeAeTbHONH OMMOKU
BBIOOPKU HCTIONB3yeTCs BeNu4rHa t U3 Tabnuisl t-pacnpenencHust CThIOEHTA.

B dopmyrne pacuera cpeaHeii ommOKH BEIOOPKH MBI HE MOKEM UTHOPHPOBATH COMHOXKUTEITb,
KOPPEKTUPYIOIINH BETHUUNHY BHIOOPOYHON JUCTIEPCUH.

i

g =5

r—i-B YCIJIOBUSIX MaJIO BBIOOPKHU

S - BeIOOpOYHAS TUCTIEpCHS.
To ectb nucniepcus 1enUTCs HE HA 00BEM BBIOOPKH, @ HA YHCIIO CTETICHEH CBOOO/IBI.
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24.1 JlabopaTopHasi padora Ne24 ( 2 yaca).

Tema: «OcobeHHOCTH pacTipeieNIeHNs] COBOKYITHOCTEH MpH OOJBIINX BBIOOPKAX»

2.24.1 lean padorbi: O3HAKOMUTHCSI C METOJIMKOM pacIipe/iesIeHHs] COBOKYITHOCTEHN npu
OOJIBITTNX BBIOOpKaX

2.24.2 3apauu padoThI:
1. YMeTh npoBOIUTH pacyeThl NpU OOIBIINX BIOOPKAX

2.24.3 Ilepeyenb npudOPOB, MATEPHAJIOB, HCIIOJIb3yeMbIX B J1a0opaTopHOii padore:
1. 3amayHuK MO T€HETUKE

2.24.4 Onucanme (xoa) padoThbI:
B mukpopaiione npoxuaet 2500 cemeid. /{151 ycTaHOBIEHHS CPEAHETO YHCIIa IETe B

ceMbe ObuIa TpoBeieHa 2%-Hasi cilydaiiHas OecrioBTOpHas BEIOOpKa cemeil. B pesynbrare
o0crne1oBaHMsI OBUIN TIOJTyYEHBI CIEAYIOIINE JaHHBIE!

YHCIIO JEeTEH B CEMbE

YHCII0 CeMeH

C BepositHOCTBIO 0,997 TpeOyercst onpeaesuTh TPaHullbl, B KOTOPBIX OyIeT
HaxXOJIUThCS CPEHEE YHCIIO IETEH B CEMbE B TCHEPATbHON COBOKYITHOCTH (B MUKPOpaiioHe).

Pemenue.
UToOb! ONpeIeTuTh TPAHMIIBI TEHEPATLHOM CpeTHel, HEOOXOAMMO PACCYUTATh BHIOOPOUHYIO

CPEIHIOI0 1 OIMOKY BRIOOPOYHOM cpefHell. Paccuntaem cpemHee 4uciio ASTei B CEMbE B
BBEIOOPOYHOIN COBOKYITHOCTH U JIUCIIEPCHIO BEIOOPOYHOM COBOKYITHOCTH:

Yuciio gerel B cEMbE KommaecTBo cemei Y‘ f 1{_%— —~— M _— Z
¥ 7 J[5X () | (-7
-1,4 1,96 19,6
-0,4 0,16 3,36
0,6 0,36 4,32
1,6 2,56 10,24
2,6 6,76 13,52
3,6 12,96 12,96
Hroro
2
H - - ﬁ;
o Sxf 70 , Y{x=-F)7 64 ,
X = = = Zﬁt— S e }_-28 = {T

) Zf 50 qe., Zf ZSQ:

[IpenenpHas ommbka BEIOOPOUHOM cpeTHEN TP OECTIOBTOPHOM 0TOOpE C
BeposaTHOCTHIO 0,997 paBHa:
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- ' Is 5 =
AR ~ t- ‘3—{1— ”Jz.’fw L2828 1 ias
n N 50 L 2500/

qeal.

OHpeI[CJ'II/IM MMpEaciibl, B KOTOPBIX HAXOAUTCA CPCAHEC YUCIIO }IGTCI\/II B CEMBC B
MHUKpPOpanoHe:

¥ —AY“X=<5 - AX,
14-05=x=<14+05
0.9<x=19

o —

C BepositHOCTBIO 0,997 MOXKHO éTBCp)KI[aTI), 4TO C§CI[H€€ YHUCIIO AETEN B CEMBE B

s =
MHUKPOPAWOHEC HAXOAUTCS B MPEACIax - = — "T — &

i
W=—,
Bri0opounas noist paBHa N raef#l —uncno equnnu BHIOOpKE,
001a1al0IUX NU3y9aeMbIM TIPU3HAKOM, H —o6mem BBEIOODKH.

Cpenusis cranaapTHas omrOka BEBIOOPOYHOH J10JIM IPU IIOBTOPHOM OTOOpE paBHA

p{l - p) wil - w)
ﬂ-l:r — { - == ( - .

i i

TaK KaK, TeHepaJlbHas J0JIs p HEU3BECTHA, TO IIPU JI0CTATOYHO OOJIBIIOM 00BbEME BHIOOPKHU

Aw=1H

3aMCHACM €€ BLI60pO‘{HOI>'I JoJei W HpeHeHBHaH OIIMOKA J0JIH

Cpennss onmbka BBIOOPOYHOI 107 TpH OECTIOBTOPHOM OTOOpE paBHA

H . f'lir — IJ 7l s, f’bfx H N, J

L L

riae 1’1‘1;- 00BeM reHepasbHOU COBOKyHHOCTI/I,H- 00BEM BBIOOPKH.

JloBepUTENbHBIA HHTEPBAJ AJISI TCHEPATIBHOM 10 MOYXHO 3aUCaTh KakK:
w— Aw £ p=w— Aw,
w — f L pEwA4f

4, =p u,
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25.1 JlaGopaTopHas pa6ora Ne25 ( 2 yaca).
Tema: «Ilokazatenn U3MEHUUBOCTH
2.25.1 Heas padoTbl: O3HAKOMUTHCS C MOKA3aTEIIMU U3MEHYUBOCTH

2.25.2 3apaum padboThI:
1. YMeTh NpOBOJMTE pacyeThl MOKa3aTeIeH N3MEHYUBOCTH

2.25.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJIb3YyEMBbIX B J1a00OpaTOPHOI padore:
1. 3amayHuK MO reHETHKE

2.25.4 Onucanue (xo1) padboThbI:

OnHO W3 OCHOBHBIX CBOMCTB JXHMBBIX OPraHM3MOB - HU3MEHYHMBOCTh. (OCOOEHHO
BBICOKOM M3MEHUMBOCTBIO OTJIMYAIOTCS MHOTHME TPU3HAKU TPOAYKTUBHBIX KadyecTB
KUBOTHBIX, HMX KJIMHUYECKHE TMokazarenu. CroenuamucTy B 00JIaCTH >KMBOTHOBOJCTBA
HEO0OXOUMO 3HAaThb OCOOEHHOCTM HW3MEHYMBOCTU NPHU3HAKOB, UYTOOBI TPABUIBHO BECTH
CEJICKIIMOHHYI0 paboTy, CBOEBPEMEHHO OMNPEIEIUTh OTKIOHEHUS OT (PUIUOJOTHUECKOU
HOPMBI, IPAaBWJIBHO IMOCTaBUTh AMArHO3 M T.I. s CyXA€HHS O CTENEHH W3MEHYMBOCTHU
MIPU3HAKOB B OMOMETPUH Yallle BCETO MCTONB3YIOT CISAYIONIUE TOKa3aTelNu:

JMMUT WU pazMax u3mMeHuuBoctH (lim),

curmy (0) uiu cpeHee KBaApaTHIEeCKOe OTKIIOHEHHE,

KOX(PPUITUEHT H3MEHUMBOCTH Wi Bapuanuu (Cv),

HOPMHPOBAHHOE OTKJIOHECHHE (t).

Jlumur (lim). Cpenaue BenWYMHBI HE cojepxar uHpopManmuu 00 M3MEHUYHUBOCTH
nokazatens. [Ipy ouHAKOBBIX CPEIHUX U3ydaeMble MPU3HAKU MOTYT CHIIBHO OTJIMYAThCS IO
BEIMYMHE u3MeH4YMBOCTU. [losToMy nansi Oosee MOJNHOM XapaKTEpUCTUKU COBOKYITHOCTH
Hapsly CO cpelHed BeNIMYMHONW HEOOXOAMMO BBIYHCIATH MOKa3aTrenu Bapuanuu. Hambonee
IIPOCTO ONPEAEIUTh U3MEHYUBOCTD I10 JINMUTY, TO €CTh 10 PA3HULIE MEXTY MaKCUMAJIbHBIM U
MUHUMAJbHBIM 3Ha4eHUsIMH Tpu3Haka. OJHAKO B CBSI3U C TEM, YTO JHMMHT 3aBUCUT OT
KpallHUX 3Hau€HUl, OH MOXXET CWIbHO H3MEHATbCA IpPH YJAIEHWH OSTUX ocoledl u3
COBOKYITHOCTH.

Hampumep, B crazie KpyImHOro poraroro cKOTa UMeeTcsl KpynHasi kopoBa maccoil 750
Kr U kuBoTHoe Maccod 350 kr. Torma pa3mMax HW3MEHYMBOCTH, O00O3HAYAEMBINA, JTUMUTOM
OyJeT BBITJISICTh:

lim =750 - 350 = 400 (xr)

JlonycTuM, 4TO 3TH XKMBOTHBIE UMEIOT HU3KYI0 MOJIOYHYIO MPOJAYKTUBHOCTb U HX
BBIOpakoBanu. [locie aToro mokaszarenb HanbobIIEeH Maccel OyaeT 600 1 HanmenbIei - 400
K. B 3TOM cilydae TMMUT COCTaBUT:

lim = 600 - 400 = 200 (kr)

B srom cnyuae, TUMHUT yMEHBIIMJICS B JiBa pa3a, XOTS CTaJ0 NPAKTHUUECKU HeE
U3MeHWI0Ch. [loaToMy MMMHMTOM, Kak MoOKa3aTelieM W3MEHYMBOCTHU, CIEIYET IMOJIb30BAThCS
OCTOPOKHO, TOJIBKO ISl IPEABAPUTEIBHOTO IPEICTaBIECHNS 00 N3MEHUYMBOCTH.

Cpennee KBaapaTn4ecKoe OTKJIOHeHHe (0)- 5TO CTaATUCTUYECKAs BEIMYMHA, KOTOpast
MIOKAa3bIBAET, HA CKOJIBKO B CPEJIHEM KaK[asi U3 BapHAHT OTKJIOHAETCS OT CPEIHEro 3HauY€HUs
npu3Haka. Curma - IMEHOBaHHAs BEJIMUMHA, OHA UMEET TO K€ HAaMMEHOBaHUE, UTO U €INHHIIA
U3MepeHusl mpu3Haka (Kr, cM, MT. u T.7.). YeM BbIIe 3HaA4YeHHE O, TeM Ooyiee M3MCHUUB
npu3Hak. CrnocoObl BBIUKCICHHUS CpPETHETO KBaJAPAaTHUECKOTO OTKJIOHEHHUS HECKOJIbKO
pa3nuyaroTes I Maoi U O0NbIION BRIOOPOK. J{Jst Masoi BRIOOPKH CHTMY BBIYHCISIIOT TIO

dhopmyie:

, Taec V - 3HaueHus BapHUaHTOB,
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M - cpenHee 3HaYECHUE MMPHU3HAKA,

n - 00beM BBIOOPKHU

Jlns mpuMmepa OmpeneNuM  3THM  CIIOCOOOM  HM3MEHYMBOCTH MHOTOIUIONHS Y
CBHHOMATOK KPYITHOW O€JI0i OPOAKI 10 CIEAYIOIINM JaHHBIM, (TOJ):
810129911141098n=10

CxeMa BBIUHCICHUS CpECaAHET0 KBAAPATUICCKOr0 OTKIIOHCHUA 1A MaJIon BBIGO]I)KI/I

MHuorormionue, OTKJIOHEHHE OT KBanpatbl oTKIIOHEHUI

rOJIOB CPEIHETO 3HAYCHUSI (V-M)
(V-M)

8 -2 4

10 0 0

12 2 4

9 -1 1

9 -1 1

11 1 1

14 4 16

10 0 0

9 -1 1

8 -2 4

YV=100*Y(V-M)= 32

> V100
M= = =10 (romn);
nl0

Pacuer MOKa3bIBACT, YTO IPU CPCAHCM MHOTOINIOAUHN 10 mopocAT OT CBUHOMATKHU
Ka)KJIbIF 13 BAPUAHTOB B ATOM BBIOOPKE OTKJIOHSETCS OT CPEeIHEro 3HadeHus Ha 1,9 .
Jlnst GoJbIION BBIOOPKH, KOT/IA CTPOUTCS BApUAIMOHHBIA psiJl, CUTMYy BBIYUCISIOT II0
cnenytomei hopmyie:

; TJIe O - cpellHee KBapaTHIecKoe OTKIOHEHUE,

p - 4acTOTHI,

i- KJTACCOBBIN MMPOMEXKYTOK,

a - yCII. OTKIIOHEHHUE,

n - 00beM BBIOOPKH.

B kauecTBe mpumepa ompenenuM cpeiaHee KBaApaTHUeCKOe OTKIOHEHHWE IS YAOs
KOPOB CHMMEHTAITLCKOH TIOPO/IBI, 11 (Ta0I.6):

28,6 32,3 29,8 32,1 48,6 47,4 48,0 39,0 42,3 40,8 36,9 36,7

35,5 30,3 32,8 30,8 44,4 39,7 32,4 34,4 32,5 29,9 28,3 40,2

31,336,443,551,1 30,8 30,5 35,5 36,4 32,5 38,7 36,3 36,2

40,3 32,9 55,3 53,4n=40

CtpouM BapHaIlMOHHBINA Psi.

max= 55,3;min= 28,3;lim= 55,3 - 28,3 =27,0

Ywucno knaccoB - 6

lim 27,0

1= = =45 ().
YHUCJIO KJIACCOB 6

CxeMa BBIYHCIICHUS CpCAHCI0 KBAAPATUICCKOI'0 OTKIIOHCHUSA IJIA OOJIBIIION BLI60pKI/I
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I'paHuIIBl KITaCCOB Yacrora OTknoHeHust | pa pa’
() (a)

28,3 -32,7 14 -2 -28 56
32,8 -37,2 11 -1 -11 11
A 37,3-41,7 6 0 0 0
41,8 -46,2 3 1 3 3
46,3 — 50,7 3 2 6 12
50,8 — 55,3 3 3 9 27

Y pa=-21 Ypa’= 109

JUist BBIYMCIIEHHS. CPEIHETO KBAAPATHYECKOTO OTKJIOHEHHMS 10 DTOM CXEME HAXOIUM
BEJIMYKMHY pa YMHOKEHHUEM 9acTOT IO KjaccaM (p) Ha yCIOBHBIE OTKJIOHEHHUE (@) U BENTUUYUHY
pa’ ~ YMHOXEHMEM 4YaCTOT Ha KBaapaT MX YCJIOBHBIX OTKJIOHEHWH (@), TOJydYeHHBIE
pe3ysbTaTel CyMMHEpyeM. B Hamem npumepe:

(1)
I[JISI KA4CCTBCHHBIX HpI/I3HaKOB TAaKXKXEC MOXHO OHPGI[GJII/ITB 3HAYCHHUC cpez[Hero
KBaI[paTI/I‘{eCKOI‘O OTKJIOHCHMU. B 9TOM cnyqae €I'O BBIYUCIIAROT 110 (bOpMYJ'ICZ

OpnHako ciefyeT y4ecTb, YTO MCIIOJIb30BAaTh CpeHee KBaJIpaTHUYECKOEe OTKIOHEHHE
IUIsL OLICHKH W3MEHYMBOCTHU JIBYX TPYII MOKHO TOJBKO B TOM CIIydae, €CJIM Mbl CPABHUBAEM
OIMH M TOT € MpHU3HAK M €CIM CPEJHHUE 3HAYCHHs STOro IMpH3HAKA OJUHAKOBBI WIIH
OTJIMYAIOTCA HE3HAUUTEIHHO.

Koapdunnent nzmenunBoctu (C,) - 3TO OTHOLICHHE CPEIHET0 KBaIPaTUYECKOTO
OTKJIOHEHHS K CpeTHEMY 3HAUEHHIO MPU3HAKA, BEIPAKEHHOE B MPOIICHTAX.

0
Cy=——100%

M

DTOT MOKa3aTeslb MCIOJIB3YIOT Ui OLIEHKHM HM3MEHYMBOCTH MPU3HAKOB C PAa3HBIMH
CpPEIHUMH BEIMYMHAMH, a TaKKe JUIsl CPAaBHEHUS W3MEHYMBOCTH PA3HBIX MPU3HAKOB. YeM
BbIIE  KOX(PPHUIMEHT W3MEHYMBOCTH, TeM Ooiplle  BapuabelIbHOCTh  MNpPU3HAKA.
OpueHTUPOBOYHO cuuTaroT, uto ecinu C,< 5% -u3meHunBocth Hu3kas, npu C,ot 5 no 10% -
cpennss u ipu C,> 10% - Boicokas. B tabmune 7 npuBeneHsl K03()GUITMEHTH H3MEHYHUBOCTH

OCHOBHBIX IIPOAYKTHBHBIX U KIIMHUYCCKHUX IMPHU3HAKOB Y KPYIIHOI'O pOraTtoro CKora.
M3MeHYMBOCTD OCHOBHBIX IPHU3HAKOB Y KPYITHOTO POTaToro CKOTa

[TpusHaku M 0 Cy
JKusast macca, Kr 520 42.6 8,2
Vnoii 3a TakTanmio, Kr 3000 560 18,7
Kupnomonounocts, % 3,7 0,17 4,6
Yacrora mysbca, ya./MUH 65 8,1 12,5
Temmnepatypa tena, °C 38,5 0,8 2,1

Kak BHIHO W3 TPUBEACHHBIX JaHHBIX, BBICOKOW HM3MEHYHMBOCTBIO XapaKTEPU3YIOTCS
yAOH W dYacToTa TMyJbCa, CPETHEH OTIMYaeTCs >XKUBas Macca, a TaKue NPH3HAKH, Kak
COJIepKaHUE J)KUPa B MOJIOKE U, OCOOCHHO, TeMIIepaTypa Tejla, MaJio BapuaOeIbHBI.

HopMmupoBanHoe oTKjI0HeHHe (t) - 5TO BENMYMHA, KOTOpPasi YKa3bIBa€T HA CKOJBKO
J0JIeH CHTMbI OTKJIOHSICTCS KaXKIIbIii M3 BAPUAHTOB OT CpeIHEH apu(METHUCCKON BEINYHHBI.
HopMupoBaHHOE OTKIIOHEHHE BBEIYUCIISETCS 110 hopMyIie:

V - M rzie t - HOpMHUPOBAHHOE OTKIIOHEHHUE,
t = ——; V - Bapuanra,

0 M - cp.3HaucHHE,

0 - cpeqHee KBAAPAaTUIECKOS OTKIIOHCHHE
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Kak u xo3¢dduiveHT HM3MEHYMBOCTH, 3Ta BEJIWYMHA OTHOCHUTENbHAs, HO €CIH
KOO QHIMEHT HW3MEHYMBOCTH XapaKTepH3yeT BBHIOOPKY B IEJIOM, TO HOPMHPOBAHHOE
OTKJIOHEHHE - KaXKAYI0 BapUaHTY B OTAeIbHOCTH. HopMupOBaHHOE OTKIOHEHHE MTPUMEHSETCS
JUTSL pEIIeHUs] KOHKPETHBIX 3a7[ay CeJEeKIIMOHHON PabOTHI.

[TpogemoHcTpupyeM 3TO Ha mpumepe. JlomycTum, HaM HaJ0 CPaBHUTH MO HACTPUTY
1iepcTy AByX OapaHoOB pa3HOro Bospacta. OT OJHOrO M3 HUX, B Bo3pacTe | roxa, moiydeH
Hactpur V = 10 kr npu cpeaHeM Hactpure y cBepctHukoB M = 5,0 kr u 6 = 1,8 kr. Ot
npyroro 6apaHa, B Bo3pacte 3 roja, HacTpuriau V = 12,0 Kr mepcTw nmpu CpeTHEM HACTPUTE Y
cBepctHukoB M = 7,0 xr u 6 = 2,0 kr. Hafgo onpenenuts, Kakoe >KUBOTHOE MOTEHIIUATHHO
Oosiee MpoAyKTUBHO. [1J1s1 3TOTO HaliieM HOPMHUPOBAHHBIE OTKIOHEHHS:

10,0 -5,012,0-7,0
ti=———— =28 (6) ttm=———=2,5(0)
1,82,0

PesynbraThl BBIYMCIEHUI TOKa3bIBAIOT, YTO MOTEHIMAIbHAS MPOAYKTUBHOCTH
nepBoro GapaHa BbIIIIE, TaK Kak MMOKa3aTeilb HOPMHUPOBAHHOTO OTKJIOHEHUsS y Hero 2,80, a y
BTOpOTO - 2,56. OCOOEHHO BaXK€H 3TOT MOKAa3aTeNb MpPU MPOBEIECHHH OOHUTHPOBOK, KOTIA
OLICHUBAIOT U PEIIAIOT CYIb0Y KaXKI0r0 KOHKPETHOTO dKHUBOTHOTO.
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26.1 JlaGopaTopHas pa6ora Ne26 ( 2 yaca).

Tema: «BapuanioHHble KPUBBIC U UX aHATIN3»

2.26.1 Ilean padoTbl: MeTOMKY COCTAaBICHHUS BapUALIMOHHBIX KPUBBIX
2.26.2 3apauu padoThI:

1. OcBOUTH METOJTUKY COCTABJICHHUSI BAPUAITMOHHBIX KPUBBIX.

2.26.3 Ilepeyenb npudOPOB, MATEPHAJIOB, HCIIOJIb3yeMbIX B J1a0opaTopHOii padore:
1. 3amayHuK 1O T€HETUKE

2.26.4 Onucanue (xox) padoThi:

BapuanuoHHblii psig — psii U3BMEHYUMBOCTH MPU3HAKA, CIArarOlIUACS U3 OTIAEIbHBIX
BapHuaHT, PACIOJOXCHHBIX B TOPAAKE OT MCHBIINX BCIUWYHUH K 60HLH_II/IM — B TIOPAAKC
HapacTaHusl.

Bapuannonnasa kpuBasi — rpaduueckoe BbIpa)KEHHE HW3MEHYMBOCTH IIPHU3HAKa,
OTpakarolllee Kak pa3Max BapHalui, TaK U YaCTOThl BCTPEYaEMOCTH OT/AEIbHBIX BapUAHT.

Hanpumep, Takue yciaoBHa cpenbl, KaKk BIaXHOCTb, TeMIlepaTypa, OCBEUICHHOCTH,
(du3HYecKre CBOMCTBA MOYBHI U €€ TUIOJ0POIUE, TITyOrHA 3aIe)IKH CEMSH, B3aUMOJICHCTBUC U
KOHKYPEHIIMS PAaCTeHUH C APYTUMHU COOOUTATENIMU, HUKOTJAa HEe ObIBAIOT TOXIECTBEHHBIMU
naxke Ha ojaHoM 1mosie. [loaToMy jUIMHA KOJIOCHEB IIIIEHWIIBI HAa OJHOM IIOJIE€ MOXKET
Kosnebatecst OoT 6 10 14 cM, a pa3mepbl JUCTHEB OJHOTO JIepeBa WHOTAA BapbUPYIOT B €IIe
0ojee MIMPOKUX TpejesiaX, XOTsS TEHOTHN WX OJWHAKOB. ECIW JIMCThS WJIH KOJOCHS
pacrlojoKuTh B TOPSAOKE HapacTaHWs WM YOBIBaHMS MX JUIMHBI, TO TOJIydYaeTcs
BApUALIMOHHBIN PsAJT M3MEHYMBOCTH JIAHHOTO TIPU3HAKa, CIArarolIuics U3 OTHIEIbHBIX
BapHaHT, TO €CTh YHWCJA JIUCThEB JIEpeBa MU KOJIOCKOB B KOJIOCE MIICHHUIbI, MMEIOIIUX
OJIMHAKOBBIE ITOKA3aTEIH.

Kak mnoxa3pIBalOT MOJCYETHI, YacTOTAa BCTPEUYAEMOCTH OTAEIbHBIX BapUaHT B
BapHAIlMOHHOM DSy HEOJWHAKOBa. Yale Bcero BCTpevaeTcs cpeHee 3HaueHue MpU3HaKa, a
K 000MM KOHIIaM BapHAllMOHHOTO Psa 4acTOTa BCTPEYAEMOCTH 3aKOHOMEPHO CHIDKAETCS.
PaccmoTpum 3T0 Ha mpuMepe U3MEHUHMBOCTH YHCIIa KOJIOCKOB B KOJIOCE MIIEHULbI. Bo3bMeM
pou3BOIbHO (He BeIOMpas) 100 KOIOCKEB OAHOTO COPTA M MOJCYMTAEM B KAKJIOM U3 HHX
gyucno kojiockoB. [lomydyenHble mu@pbl (BapuaHTbl) PACIONIOKHUM B TOPSJIKE HapacTaHUA
MpU3HAaKa U MOJICYUTAEM, CKOJBKO pa3 KakJas BapuaHTa V BCTPEUAECTCS B KaXKIOM psdy D,
3aTeM CrpyNIUPYeM UX, T. €. COCTABUM BapUallMOHHBIN pAI:

Yucno sonockos e kodoce(v): 14, 15, 16, 17, 18 19, 20
Kommuecisowonocees(p): 2, 7, 22, 32, 24, 8 35

Pacnpenenenue BapuaHT B 3TOM psy MOXHO BBIPa3UTh HArisAHO Ha rpaduke .J{ms
3TOTO HA OCH a0CIMCC OTKIIABIBAIOT 3HAYCHUSI BAPUAHT V B MOPSIKE UX YBEIIMUYEHUS, HA OCH
OpAMHAT — YacTOTY BCTPEUAEMOCTH P KaXKIOW BapHAHTHI.

I'padmueckoe BbIpakeHHE WM3MEHYMBOCTH NpPH3HAKA, OTpakarollee Kak pa3Max
BapHalUii, TaK U YaCTOTHl BCTPEYAEMOCTH OTAEIbHBIX BAPHAHT, HA3BIBAIOT BapUAIlMOHHOMN
KPHUBOH. YCTaHOBIEHO, YTO MOAM(HUKAINOHHAS W3MEHYMBOCTh Yy PACTCHUH, KUBOTHBIX H
YeJI0BEeKa UMeeT OOIIMe YePTHI.
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BHE

B3 M~iO

14 15 1 17 18 13 20
PI/ICYHOK. 1 BapI/IaI_[I/IOHHaSI KpHBas 4rcjia KOJOCKOB B KOJIOCE IIIIICHUIIBI.

KpuBas Ha rpaduke, Kak mpaBwio, ObIBa€T CHUMMETPHUYHOH, OCOOEHHO Korja
u3ydaeTcs OONbIIOE YUCIO OcoOed. DTO 3HAYMT, YTO BapualMM, Kak OoJsiblIMe, Tak M
MEHBIINE, OTIUYAIOIINECs OT CpeAHEero apupMETHUYEeCKOro Ha OJHY M Ty JK€ BEJIUYHHY,
BCTPEYAIOTC OAMHAKOBO 4acTo. OTCroja cieqyeT, YTO MHUHUMAJbHbIE U MaKCHUMaJbHbIE
BEJIMYMHBI JTOJKHBI BCTPEUaThCSl OUYEHb PEJKO, HO C OAMHAKOBOM 4acTOTOM.
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27.1 JlaGopaTopHas pa6ora Ne27 ( 2 yaca).
Tema: «JlucniepcOHHBIN aHATU3»
2.27.1 Heas padotbl: OCBOUTH METOJIMKY pacdeTa Mpu JUCTIEPCHOHHOM aHaIN3e

2.27.2 3apaum padboThI:
1. OCBOUTH METOJUKY JTHCIIEPCUOHHOTO aHAJIN3a

2.27.3 Ilepevyenb NpudOPOB, MATEPUAJIOB, HCIOJIb3YyEMBbIX B J1Ia00OpaTOpPHOI padore:
1. 3amayHuK MO reHETHKE

2.27.4 Onucanue (xoa) padoThi:

CryneHToB 1-ro Kypca ompammMBald C LENbIO BBIBICHHS 3aHATUNA, KOTOPHIM OHU
MOCBALIAIOT CcBOe CBOOOJMHOE Bpems. IIpoBepbTe, pa3nuyaroTCs JM  pachpeseieHue
BEepOATBbHBIX U HEBEPOAIBbHBIX IPEANOYTEHUH CTYAEHTOB.

Pemenne npoBoIuM C MCIIOJIB30BAHUEM KaJIBKYIATOPA.

Haxonum rpynmnossie cpenHue:

X = %
5

N I, 1,
1 12 17
D 18 19
3 D3 D5
n 10 7
5 15 17
Koo 15.6 17

O0603Ha4YNM P - KOJHYECTBO ypoBHEH (akTopa (p=2). Unca0 U3MEpEeHUil Ha KaXI0M

YPOBHE OJMHAKOBO M PABHO =3.

B nocienHeit cTpoke MOMEIEHbI TPYIIIOBBIE CPEIHIE T KA I0r0 ypOBHs (hakTopa.

OO011yI0 CPeHIOI0 MOXHO MOJIYYUTh KaK CpeHee apU()METHISCKOE IPYIIIOBBIX CPEIHUX:

r=
£ (1)

Ha pa30poc rpymnmoBbIX CpeIHHX MPOIIEHTa OTKa3a OTHOCHTENBHO OOIIed cpemHei
BJIMSIOT KaK H3MEHEHHs YPOBHS pacCMaTpUBAeMOro (akTopa, Tak M CIIydaiHble (aKTOpHI.
JInst Toro 4toObl yd4ecTh BJMSHHE JAHHOTO (akTopa, 00IIas BBHIOOPOYHAS THCIICPCHS
pa3OuBaeTcs Ha JBE 4YaCTH, IEPBas M3 KOTOPBIX Has3bIBaeTcs (pakTOpHOU S’y a BTOpas -
OCTAaTOYHOM Socr.

C menmpro ydera 3THX COCTABIIIONIMX BHA4aje PacCYMTBHIBACTCSA OOIMas CyMMa KBaJparoB

OTKJIOHEHMI BapUaHT OT 00IIel cpeaHeil:

Rosy = 2.2 (%= )

u (akTopHas cymMMa KBaJpaTOB OTKJIOHEHHUH TPYyNIOBBIX CPEJHHX OT OOILIe CpemaHeH,
KOTOpask M XapaKTEPU3yeT BIMIHKUE JJAHHOTO (haKTopa:

Ry =a2.(x;~7)

[TocnenHee BBIpaKEHHUE IOJIYYEHO ITyTEM 3aMEHBI KaXXIOM BapHaHTBHI B BBIPAXKCHHUU
Rosw TPYNIIOBOI CpeHEN A1t JaHHOTO (hakTopa.
Ocraro4Has cymma KBaJpaTOB OTKJIOHEHUN MOJy4aeTCsl KaK Pa3HOCTh:

Roc‘r = R06u1 - R(i)
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Jns onpenenenus obmeit BRIOOPOUHOI qucnepcuu HE0OX0oauMO Rey pasaenuTs Ha
YUCJI0 U3MEPEHUH Pq:

OELIE
Pd
a JUId TOJIy4eHHUs HECMELEHHOW o0Iel BHIOOPOYHOW IHCIEPCUU 3TO BBIPAXKEHHE HYMHHO
YMHOXHTb Ha p%(pq-l):
oELIL

Do =

2
Sﬂﬁm = ]
Pe -
COOTBETCTBEHHO, JJI1 HECMEIIICHHOH (DaKTOPHOM BEIOOPOUYHOMN AUCTICPCHUH:
2
Sy =—2
p-1

rae p-1 - yrcno creneHeil cBo0O Ik HECMEIICHHON (PaKTOPHOU BRIOOPOUHOM TUCTICPCHH.
C menpl0 OLEHKM BIUSHHA (aKTOpa HAa M3MEHEHHS paccCMaTpUBAcMOro IapameTpa
PacCUUTHIBACTCS BEJIMYMHA:

2
Fun =2
rabn T 2
Sﬂm
Tak kak OTHOLIEHHE ABYX BBIOOPOYHBIX IMCIIEpCHU S%, U S’ pacIpemeneHo Io
3akony @umepa-CHenekopa, TO TOMYyYEHHOE 3HAYEHUE fuusn CPABHUBAIOT CO
3HaYeHHEM byHKIUN pacnpeneneHus

]
ey
2
Sﬂm
B KPUTHYECKOH TOUKE fy,, COOTBETCTBYIONICH BRIOPAHHOMY YPOBHIO 3HAYMMOCTH a.
ECHI/I fHaﬁn>pr, TO (baKTOp OKa3bIBacT CyH_[eCTBeHHOC BO3,[[CI>’ICTBPIC U ero cne):[yeT qu/ITBIBaTB, B

IIPOTUBHOM CIIy4ae OH OKa3bIBAaCT HE3HAYUTENILHOE BIHUSIHUE, KOTOPHIM MOKHO IpeHEeOpeyb.
Jnst pacueta Ryusq ¥ Ry MOTYT OBITH HCIIONIB30BaHbI TAKXKE (POPMYIIBI:

2

Ky =G’ZI_§‘GF(5)

Haxomaum o6myto cpenutoro mo gpopmyne (1):
JLst pacuera Ro6mr o dhopmysie (4) coctaBisgieM TaOIUIYy 2 KBaJApaTOB BAPUAHT:

N 1, I1°,

1 144 289

D 324 361

3 529 625

4 100 49

5 225 289
1322 1613

OO6mas cpemusist Beraucisiercs mo gpopmyne (1):

xzﬁzlﬁﬁ
2

Roow = 1322+ 1613 -5+2+16.3°=278.1

Haxomum Ry o popmyie (5):

Ry=5(15.6>+17%)-2+163*=4.9

ITomyuyaeM Rocr: Roer = Rosw - Ry =278.1 -4.9=273.2
OmnpenensieM GaKTOPHYIO U OCTATOYHYIO TUCTICPCUU:
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S;=—¢=ﬁ=4.9

77 273.2
SR e o C T -3415
plg-1) 205-1)

Ecnu cpenHue 3Ha4YeHUs CIy4ailHOM BEJIMYMHBI, BBIYMCIEHHBIE IO OTAEJIbHBIM
BBLIOOpPKAM OJIMHAKOBBI, TO OIIGHKH (DAKTOPHOW U OCTAaTOYHOW MAHMCIIEPCHH SBISIOTCS
HECMEILEHHBIMU OLICHKAMH F€HEPAIIBHON JUCIIEPCUH U Pa3JIMYAIOTCS HECYILIECTBEHHO.

Torma comocraBieHUE OLEHOK 3ITHUX JAHMCHEPCUM MO Kpurepuro duiiepa TOIKHO
MoKa3aTh, YTO HYJEBYIO THUIIOTE3Y O paBEHCTBE (PAKTOPHOW M OCTATOYHOM AMCTICPCHUIA
OTBEPrHYTh HET OCHOBAHUM.

Onenka (hakTOPHOM AUCTIEPCHH MEHBINE OIEHKU OCTATOYHOW HCIIEPCUH, MOITOMY
MOXHO Cpa3y yTBEpXKIaTh  CIPAaBEJIMBOCTb  HYJEBOW THUIOTE3BI O  PABEHCTBE
MaTeMaTUYECKUX OKHJIAHHUH 1O CIOSIM BBIOOPKH.

WNuadve roBops, B 1anHOM nipumMepe (aktop © He OKa3bIBaeT CYIIECTBEHHOTO BIUSHUS
Ha CIIy4alHYI0 BEJINYUHY.

[IpoBepum HyneByto runore3y Hy: paBEHCTBO CpeTHUX 3HAYEHUH X.

Haxomum fia6x 49

- 014
Fus 24,15

st ypoBHst 3Hauumoctu 0=0.05, gucen creneneir cBoboael 1 m 8 Haxomgum f, u3

TabauIel pacupenenenus Pumepa-CHenekopa.
fp(0.05; 1; 8) =5.32
B cBs3u ¢ TeM, 4TO fuwen < fip, HyJIEBYIO THIIOTE3y O CYIIECTBEHHOM BIHMSHHH (DakTOpa Ha
pe3yJIbTaThl SKCIIEPUMEHTOB OTKIIOHSIEM.
JlpyruM cnoBamH, pacmpeselieHne BepOalbHbIX U HEeBEpOATbHBIX MPEINOUYTEHUI CTYJICHTOB
pa3ianyaroTcs.

3aganue. Ha 3aBoje ycCTaHOBIEHO YeThIpe JIMHUU IO BBIMYCKY OOJIMIIOBOYHOM
wUTKH. C KaKI0W JIMHUY CIy4aiiHbIM 00pa3oM B T€YEHHE CMEHbI 0TOOpaHo 1o 10 rumTok u
clenaHbl 3aMepbl UX TOMMIMHBI (MM). OTKJIOHEHHS] OT HOMHUHAJIBHOTO pa3Mepa MpUBEICHBI B
tabnuie. TpebGyercst Ha ypoBHe 3HaumMocTH a = 0,05 yCTaHOBUTH HaJIU4HMe 3aBHCHUMOCTU
BBIMYCKA KaUe€CTBEHHBIX TUIUTOK OT JIMHUHU BhIMycKa ((haktop A).

3apnanmne. Ha ypoBHe 3naunmoctu a = 0,05 uccienoBaTh BIMSHHUE [IBETa KPACKH Ha
CPOK CITYObI TOKPBITHSL.
[Tpumep Nel. IlpousseneHo 13 ucnblTanuii, U3 HUX — 4 HA TIEPBOM YpOBHE (pakTopa, 4 — Ha
BTOPOM, 3 — Ha TPEThEM U 2 Ha YETBEPTOM. METOJOM AUCIIEPCUOHHOTO aHallu3a NMPU YPOBHE
3Hauumoctu 0,05 mnpoBepuTh HYJIEBYIO THUIIOTE3Y O pPAaBEHCTBE TIPYNIOBBIX CPEIHUX.
[Ipenmonaraercs, 4To BEIOOPKH M3BIEUYEHBI U3 HOPMAJBHBIX COBOKYITHOCTEH C OJIMHAKOBBIMHU
aucrnepcusiMu. Pe3ynbraThl HCHIBITAaHUM TPUBEEHBI B TaOIHUIIE.

Pemenne:

Haxonum rpynmossie cpenHue:
H oy
J

i q;

N IT, I, 115 I,

1 1.38 1.41 1.32 1.31
2 1.38 1.42 1.33 1.33
3 1.42 1.44 1.34 -

4 1.42 1.45 - -

> 5.6 5.72 3.99 2.64
Xep 1.4 1.43 1.33 1.32
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O003Ha4YMM p - KOJTUYECTBO ypoBHEW (akTopa (p=4). Unciao u3MepeHuil Ha KaxIoM
ypoBHE paBHO: 4,4,3,2

B nocienHeit cTpoke moMeIeHbl TPYIOBBIE CPETHHE TS KaXKI0TO YPOBHS (hakTopa.

OO0mmas cpeaHsist BEIYUCISIETCS 110 PopMyJie:

T = ”':8 =1.37

Jlst pacuera Sobur o hopmyiie (4) cocrapisieM TabnuIly 2 KBaIpaToB BapHaHT:

N 1%, 1%, 1% 1%,
1 1.9 1.99 1.74 1.72
2 1.9 2.02 1.77 1.77
3 2.02 2.07 1.8 -

4 2.02 2.1 - -

> 7.84 8.18 5.31 3.49

OO1u1yro cyMMy KBaJIpaToB OTKJIOHEHUH HAXOJAT 1o popmyie:

S obm = ZQ;_ }!{ZTIJE
Haxomuwm S, o hopmyie:
ITosrydaeM Socr: Soer = Sosu - S = 0.0293 - 0.0263 = 0.003
OmnpenensieM hakTOPHYIO TUCTIEPCHIO:
s3 =1 = 002683 _ gog76
p—1 4-1
U OCTAaTOYHYIO ngcnepcmo:
; oem _ 0003

88em = n—p 13—4 = 0.000333

Ecnu cpenHue 3HayeHUs CIy4alHOM BEJIMYMHBI, BBIYKMCIICHHBIE 110 OTACIBHBIM

BbIOOpKaM OJMHAKOBBI, TO OLEHKU (PaKTOPHOM M OCTATOYHOM TUCHEPCUH SIBIISIFOTCS

HECMELIECHHBIMU OLICHKaMU M€HEPAIBHON JUCIIEPCUM U PA3JIMYatOTCs HECYIECTBEHHO.

Torma comocraBieHHe OIEHOK 3THX JUCHEPCHM MO Kpureputro Pumiepa TO0IKHO
MoKa3aTh, YTO HYJEBYIO THIIOT€3Yy O paBEHCTBE (PAKTOPHOW M OCTATOYHOM AMCIIEpCUit
OTBEPTrHYTh HET OCHOBAHH.

Onenka QaxkTopHOH nucnepcuu OOJIbIIE OLEHKH OCTATOYHOW TUCIIEPCHH, MOITOMY
MOXHO Cpa3y YTBEp)KIaTb HE CIHPABEMJIMBOCTh HYJEBOW THUIIOTE3bl O PaBEHCTBE
MaTeMaTHYECKUX OKUIAHUH 1O CIOSIM BEIOOPKH.

WNuave rosops, B AaHHOM mpumepe ¢akrtop @ oka3pIBaeT CYUIECTBEHHOE BIMSHHS Ha
CIIy4alHYI0 BEJIUYHHY.
[TpoBepum HyJieBytO runote3y Ho: paBeHCTBO CpeHUX 3HAYCHUH X.

HaxomnMm fi.6.
_ DDO8T6

Fnan = 0000333 el
s yposast 3Hauumoctu o=0.05, uncen creneneid cBo6oap! 3 u 12 Haxonum f,, U3 TaOIUIIBI
pacnpenenenus Oumepa-CHenexopa.
£(0.05; 3; 12) = 3.49

B cBs3u ¢ TeMm, UTO fuuen > fip, HYJIEBYIO THTIOTE3Y O CYIIECTBEHHOM BIMSHUM (haKTOpa
Ha pe3yJbTaThl IKCIIEPUMEHTOB NPUHUMAEM (HYJEBYIO THUIIOTE3Y O PABEHCTBE TPYIIOBBIX
CpemHuX oTBepraeM). JlpyrumMu cioBamH, TPYIIOBBIE CpPEIHHWE B IIEJIOM Pa3IHYarOTCS
3HAYHMO.
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28.1 JlaGopaTopHas pa6ora Ne28 ( 2 yaca).
Tema: «/lucriepCMOHHBIN aHAITA3»
2.28.1 Heas padotbl: OCBOUTH METOJIMKY pacdeTa Mpu JUCTIEPCUOHHOM aHaIN3e

2.28.2 3axaumn padboThI:
1. OCBOUTH METOJUKY JTHCIIEPCUOHHOTO aHAJIN3a

2.28.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJIb3YyEMBbIX B J1a00OpaTOPHOI padore:
1. 3amayHuK MO reHETHKE

2.28.4 Onucanue (xox) padoTni:
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29.1 JlaGopaTopHas pa6ora Ne29 ( 2 yaca).

Tema: «[IpakTuueckoe wucnonabzoBanue Qopmyasl Xapau-BaiiHOepra B CENEKIIMOHHO-
TEHETUYECKOU MPAKTUKE)»

2.29.1 Hean padotbl: O3HAKOMHUTHCS C 3aKOHOM Xapau-BaitnOepra

2.29.2 3apauu padoThI:
1 Hayuutbcs mnpumeHaTh 3akoH Xapau-BaliHOepra B H3y4eHMM BOIPOCOB TI'€HETHKHU
MOy JISIANA

2.29.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJIb3YyEMBbIX B J1a00OpaTOpPHOI padore:
1. 3amayHuK MO reHETHKE

2.29.4 Onucanue (xoa) padoThi:

B npenenax reHodoHaa momymsiMy A0Js TEHOTUIIOB, COJIEPKAIMX Pa3HbIe alllesin
OJTHOTO TE€Ha; MpHU COOJIOJCHUM HEKOTOPHIX YCIOBUH M3 TOKOJEHHUS B IOKOJCHHE HE
M3MEHSIETCSl. DTU YCIIOBHUSL OMMCHIBAIOTCS OCHOBHBIM 3aKOHOM TMOIYJISIIIMOHHOM TE€HETHKH,
chopmynupoBaHHbIM B 1908 r. aHrmHMiickuM MaTeMaTUKOM J[K. Xapau 1 HEMEIIKUM BpavuoM-
reHetukoM ['. BaitHOeprom. «B momynauum n3 OeCKOHEYHO OOJBIIOrO YHcia CBOOOIHO
CKPEIIMBAOIINXCSI 0CO0EH B OTCYTCTBHE MYTalluii, H30UpaTeNbHOM MUTPAIIUN OPTaHU3MOB C
pa3IMYHBIME TEHOTHUIIAMU W JABJICHUS ECTECTBEHHOTO OTOOpa IMEepPBOHAYAIBHBIC YaCTOTHI
aysenel COXpaHsIOTCs U3 MOKOJICHUS B IIOKOJICHUEY.

Ypasuenue Xapou-Baiinoepea é pewienuu 2enemuueckux zaoau

XO0poII0 M3BECTHO, YTO ATOT 3aKOH MPUMEHUM JUIIb JAJS UACATBHBIX MOIYJISIIHIMA:
JIOCTATOYHO BBICOKAs YHCICHHOCTh OCOOEH B TOMYJISIIIAM, TOMYJSIHUS JOJKHA OBITh
MAaHMUKCHOM, KOIJla HET OrpaHH4YeHHs K CBOOOAHOMY BBIOOpPY TMOJIOBOTO NapTHEPA;
MPaKTUYECKH JIOJDKHO OTCYTCTBOBAaTh MYTHMPOBAHHE H3y4aeMOro MpU3HAKA; OTCYTCTBYET
MIPUTOK U OTTOK T€HOB U HET €CTECTBEHHOT0 0TOOpA.

3akon Xapau-BaiinGepra ¢gopmympyercs ciaeayomumM odpa3om:

B H1eAJIbHOI NMONYJSIMU COOTHOLIIEHHE YACTOT aJjljiejiell reHOB M TeHOTHIIOB U3
NMOKOJIEHUS1 B TIOKOJIEHHE $BJIsIeTCS BeJWYMHOH TOCTOSIHHOW U COOTBETCTBYET
YPaBHEHHUIO:
pP2pg+q’=1
20e p° — 0011 20M03U20M RO 00HOMY U3 aleNell; P — YACHIOmMA IN020 ALnens; q° —
001 20MO03U20M RO ATbMEPHAMUBHOMY ALIENI0; ( — YACHOMA COOMEEMCHIBYIOULE0
annens; 2pq — 0014 zemepo3uzom.

UTo 3HAUUT ‘““COOTHONIECHHE YaCTOT ajulesieil TeHOB” U “‘COOTHOIICHHE T'eHOTHUIIOB™ —
BEJIMYMHBI TOCTOSIHHBIE? UeMy paBHBI 3TH BEJTUUYUHBI?

IIycTh 4acTOTa BCTPEYAEMOCTH KAKOI0-iU00 reHa B JIOMHHAHTHOM COCTOSIHUM
(A) paBHa p, a pelleCCUBHOIO aJlleisi (2) ITOro e reHa paBHa q (MOXXHO M Ha00OpOT, a
MOKHO M BOOOIIe OAHON OyKBOH, BHIpa3uB OJTHO 00O3HAYEHHE U3 PYroro) M MOHUMasl, YTo
CyMMa 4acTOT JIOMUHAHTHOTO U PELIECCUBHOTO aJljieJiel OAHOro reHa B MOMYJISIUU paBHA 1,
MBI [TOJIYYUM MIEPBOE YpaBHEHUE:

Dp+tq=1

Otkyna Oepercs camo ypaBHeHHe Xapau-BaitnOepra? Bbpl momuute, 4to mnpu
MOHOTHOPUIHOM CKPeNIMBAHUM TI'eTePO3UIrOTHLIX OPraHM3MOB C TeHOTHNaMu Aa X Aa
0 BTOPOMY 3aKOHY MeH/e/isi B IOTOMCTBe MblI Oy/AeM HA0/1101aTh NMOSIBJIeHHE Pa3HbIX
reHOTHUIIOB B COOTHoIIeHnH 1AA : 2 Aa: laa.

[TockonpKy YacToTa BCTPEYAEMOCTH JIOMHUHAHTHOTO aJUIENbHOTO TeHa A 'y Hac
obo3HaueHa OyKBOH p, a pEIEeCCHMBHOTO auienss a OykBOH (¢, TO CyMMa YacToT
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BCTPEYAEMOCTH CAMHUX TIe€HOTHIIOB OPraHm3MoB (AA, 2Aa W aa), UMEKIIUX 3TH Ke
aJulesIbHBI TeHbI A M a, OyJeT To:ke paBHa 1, To:

2) p’AA +2pqAa+qiaa=1

B 3agavax mo nomyisimoOHHON FeHETUKE, KaK MpaBuiIo, TpeOyeTcs:

a) HaWTH YacCTOThl BCTPEUYAEMOCTH KaXKIOTO W3 aJUICNbHBIX T'€HOB MO H3BECTHOMY
COOTHOUIEHHIO YaCTOT F€HOTUIIOB 0CO0EH;

0) WM Ha0OOPOT, HAWTH YACTOTY BCTPEYAEMOCTH KaKOTO-THMO0 M3 TEHOTUIIOB 0COOCH
[0 HW3BECTHOM YacTOT€ BCTPEYAEMOCTH JOMHMHAHTHOTO WM PELECCHUBHOIO  ajuIeis
M3y4aeMOoro Inpu3HaKa.

Tak BOT, MOJCTaBIIsIsl M3BECTHOE 3HAYEHHME YacTOThl BCTPEUAEMOCTH KAKOTO-TO W3
anseneid TeHa B MepByr GopMylly M HaWs 3HAYEHHE YacTOThl BCTPEUYAEMOCTH BTOPOTO
aljens, Mbl BCErJla CMOXEM 10 YypaBHeHMIO Xapau-BaiiHOepra HaliTH 4acTOTBhI
BCTPEUAEMOCTH CaMUX Pa3IMYHBIX TEHOTHIIOB TOTOMCTBA.

OOBIYHO HEKOTOpBIE EHCTBUS (M3-3a UX OUYEBUIHOCTH) pemiaioTcs B yme. Ho, uToOsl
ObUIO SICHO TO, YTO M TaK OYEBHUJHO, HAJO XOPOIIO MOHHUMATh, YTO COOOW MPEACTaBISIOT
OykBeHHBIE 0003HaueHus B (hopmysie Xapau-BaiinOepra.

Monoxenuss 3axkona Xapau-BaiinOepra npuMeHMMbl W K MHOKECTBEHHBIM
ajteasm. Tak, ecjim ayTOCOMHBIN reH NpeacTaBjieH Tpems auienassmu (A, al u a2), To
¢opmyibl 3akoHa MPUOOPETAIOT CJAEAYIOIIUH BH/:

PA +qal +ra2 =1;

p’AA+ g’alal + r’a2a2 + 2pqAal + 2prAa2 + 2qrala2 = 1.

«B nomnynsmu U3 beckoneuno 6016UI020 YUCIA C80O00HO CKPEWUBAOUWUXCS 0coOell B
omcymcmeue mMymayutl, u3oupamenbHol Muepayuy OpraHu3MOB C Pa3TUYHBIMU T€HOTUIIAMU
U 0asleHusi ecmecmeenHo20 ombopa TEpBOHAYaJIbHbIE YaCTOTHI ajuIele COXpaHSIOTCA U3
MTOKOJICHUS B TIOKOJICHHEY.

JlonmycTiM, 94TO B TeHO(OH IE TOIYJISAIIUH, YIOBICTBOPSIONIEH OMUCAHHBIM YCIOBUSIM,
HEKUW TeH MpelCTaBjleH ajuielasiMu A; U A,, 00OHapy>KUBaeMbIMH C 4acTOTOH p U . Tak Kak
JPYTHUX aJljieNiell B JAHHOM TeHOQOH e He BcTpedaercs, To p+q = 1. [Ipu atom q = 1—p.

CooTBeTcTBEHHO OCOOM JaHHOW MOMYJSIIMM OOpa3yloT p rameT c amieneM A; U q
ramer ¢ amieneMm A,. Eciau ckpelmuBaHUS HPOUCXOAAT CIydyallHBIM 00pazoM, TO JOJsS
MOJIOBBIX KJIETOK, COCIAMHSIIONIMXCS C rameramMu A;, paBHa p, a JOJS MOJIOBBIX KIIETOK,
COEUHSIONINXCA ¢ rametamMu A,, — (. Bo3Hukaromiee B pe3ysbTaTe ONUCAHHOTO IMKJIA
pa3sMHOXKeHHUs ToKoneHue F; oOpazoBaHo reHotumamu AjA;, AiA;, AA,, KOJIUYECTBO
KOTOpBIX cooTHOcHTCs Kak (p + q) (p + q) = p* + 2pq + q° (puc. 10.2). ITo mocTvwkeHuu
oJIOBOM 3pentocTr ocoou AlAi u ATA2 o0pa3yloT 1Mo OAHOMY THITY TaMeT — A Wi A, — ¢
4acTOTOM, MPOMOPLUUOHAIBHOM YHCIY OpPraHU3MOB yKa3aHHBIX reHoTunoB (p u q). Ocobu
A1A; oOpasyroT 0ba THMa raMeT ¢ paBHOM 4acToTou 2pq/2.

A A,
4acTOTa P 4acToTa q

Cnepmato- AJA, AA,
30HIB
Ay p? Pq
qacroTa p
A, AA, AA,
YacToTa q pq q?

Puc. 3akoHOMEpHOE pacHpelelleHue TI'€HOTHIIOB B pAAY IIOKOJEHUH B 3aBUCUMOCTH OT
4acTOThl 00pa30BaHUs raMeT pa3HbIX TUIIOB (3aKOoH Xapau—DBaiinoepra)
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Taxum obpaszom, 1ons ramer A, B mokosienuu F; cocrasur p? + 2pq/2 = p* + p(1—p) =
p, a moss ramet A, Oyner pasHa q° +2pg/2 = q> + + q(I-q) = q.

Tak kak 4acTOThl TaMeT C pa3HBIMU ajUleJsIMH B TMOKOJeHUH fi B cpaBHEHHH C
POIHUTENHCKIM MTOKOJICHNEM HEe U3MEHEHBI, okojIeHne F2 Oyner mpeacTaBieHo opraHu3MaMu
¢ renortunaMu AjA;, AjA; n AyA, B TOM ke cooTHomeHuH p° + 2pq + q° Bnaromaps stomy
OouepeHON IHUKI PA3MHOXKEHHUS TPOU3OUIET MpU HAIMYUM P ramer A; U q ramer A..
AHaNOrHyYHbIe pacyeThl MOKHO MTPOBECTH IS JIOKYCOB C JIFOOBIM 4KCIOM ajuieneil. B ocHoBe
COXPAHEHUS 4acTOT ajljIeiel JIeKaT CTATUCTUYECKHE 3aKOHOMEPHOCTH CIIy4alHbIX COOBITHI B
OOJIBITTNX BBIOOpPKAX.

VYpasHenune Xapaun—BaiiHOepra B TOM BHJE, B KOTOPOM OHO PacCMOTPEHO BBIIIIE,
CHpaBEUIMBO JUIsl ayTOCOMHBIX T'€HOB. [[si T€HOB, CIETJIEHHBIX C MOJIOM, PaBHOBECHBIC
YaCTOTHI FeHOTUIIOB AjA |, A1A; 1 AyA, COBIIANAIOT ¢ TAKOBBIMM JUI yTOCOMHBIX T€HOB: p* +
2pq + . Jlua cammoB (B cilydae TeTEpOraMETHOrO MONA) B CHIYy MX T€MHU3UTOTHOCTH
BO3MOJXKHBI JIMIIb JIBa reHoTuna A;— uian A, —, KOTOpbIE BOCIIPOU3BOJATCS C YacTOTOM,
PaBHOI YaCTOTE COOTBETCTBYIOLIMX aJUleNiel y CaMOK B MIPEIIIECTBYIONIEM TTOKOJICHUU: P U (.
W3 storo ciemyer, 4TO (EHOTHIIBI, ONpeeIsIieMble PELECCUBHBIMH AJJISNIIMU CLEIUICHHBIX C
XpOMOCOMO# X T€HOB, Y CaMIIOB BCTPEUAIOTCS Yallle, YeM y CaMOK.

Tak, mpu wacrore aymens remodwmnn, pasaoit 0,0001, 3To 3a0oneBaHne y MyXKUUH
naHHOM momyssiuu Haomoaaercs B 10 000 pa3 vame, yem y sxeHntuH (1 Ha 10 ThIC. y TepBBIX
u 1 Ha 100 MTH. y BTOpPBIX).

Eme onno cnexctBue oOmiero mopsiika 3akiioyaeTcs B TOM, UYTO B Ciydae
HEPAaBEHCTBA YAaCTOTHI aJUIENIsl Y CAMIIOB M CAMOK Pa3HOCTbh MEXJy YaCTOTaMH B CIIEIYIOIIEM
MOKOJICHUM YMEHBINIAETCs BJIBOE, TPUUEM MEHSETCS 3HaK 3Toi pa3HuIlbl. OObIuHO TpebyeTcs
HECKOJIBKO MTOKOJIEHUH ISl TOTO, YTOOBI BO3HUKIIO PAaBHOBECHOE COCTOSIHME YacTOT y 000MX
MOJIOB. YKa3aHHOE COCTOSHUE JIJIsl Ay TOCOMHBIX T€HOB JIOCTHUTAETCs 32 OJTHO MOKOJICHUE.

3akoH Xapau — BaiiHOepra ONUCBHIBAE€T YCJIOBHS 2eHemuuecKkol cmaduibHOCmu
nonynayuu. Tlomynsmuio, reHoQOH KOTOPOil HEe M3MEHSETCS B PSAAY MOKOJICHUH, Ha3bIBAIOT
MeHOenegckou. l'eHeTnueckas CTaOWJIBHOCTb MEHJAEIEBCKUX MOMYJISUM CTaBUT HMX BHE
mpolecca HBOJIOIMM, TaK KaKk B TaKUX YCJIOBHMSIX TPUOCTAHABIMBACTCS JCiCTBHE
€CTECTBEHHOT0 0TOOpa. Bhinenenne MeHIeneBCKUX MOMYJIALNUNA UMEET YHUCTO TEOPETUUECKOE
3HaueHue. B mpupoae 3TH momynsAlMU HE BCTpedaroTcs. B 3axone Xapmu — BaitnOepra
MIEPEYHCIICHBI YCIOBHS, 3aKOHOMEPHO M3MEHsroImue reHoGoH el nomysiiuit. K ykasannomy
pe3ynbTaTy NPUBOAST, Hampumep, (aKTOpbl, OrpaHUYHMBAIONIMNE CBOOOJHOE CKpEUIMBAHUE
(MaHMUKCHIO), TaKHe, KaK KOHEYHAs] YUCIICHHOCTh OPTraHU3MOB B MOMYJISIIIUH, U30JISIITUOHHBIC
Oapbepbl, MPEMITCTBYIONINE CIyYaiiHOMY Mmo100py OpadyHbIX map. [ eHeTHnueckas HHEPTHOCTh
MIPEO0JIEBACTCS TAKKE Oslarojapsi MyTalUsM, NIPUTOKY B MHOIMYJISIIMIO WM OTTOKY W3 HEe
ocobeii ¢ onpeaeneHHbIMUA TeHOTUIIaMH, 0TOODY.



30.1 JlaGopaTopHas padora Ne30 ( 2 yaca).
Tema: «PakTOpsI BIMAIONINE HA TEHETUYECKYIO CTPYKTYPY HOIYJIALUI)

2.30.1 Heab padorbi: O3HAKOMUTHECS C (paKTOpaMH BIHSIONIMX HAa U3MEHEHHE T€HETUYECKON
CTPYKTYPBI OIS

2.30.2 3axaum padoTHI:
1. HayuuThcst mpuMeHsTh 3aKoH Xapau-BaiinOepra B U3y4yeHHH BOIIPOCOB T€HETUKU MO

2.30.3 [Iepeyensb MpudOPOB, MATEPUAJIOB, HCIOJIb3YEMBIX B JIa0opaTopHOi padore:
1. 3amayHuK MO reHeTHKE

2.30.4 Onucanue (xox) padoThI:

[Tomynsityst — COBOKYNMHOCTh OCOOE€M JTaHHOTO BH[A, B TE€UEHUE IJIUTEIHLHOTO BpEMEHU
HaceJIsIoIIasl ONpeesiéHHOe TMPOCTPAHCTBO (apeai), COCTOSIIUMX M3 0co0ei, KOT CBOOOAHO
CKpPEUIMBAIOTCS Ap. C JAPYrOM M OTHAIEHHAs OT JAPYyrux mnomyysanuii. OcHoBHbIE DaKTOpBI:
MYTallM, €CTECTBEHHBIH M MCKYCCTBEHHBIH OTOOp, Apeiid reHoB, murpauuu. CroOHTaHHbIE
MYTallU{ Ka)KIO0ro IeHa MPOUCXOJAT C HU3KOM yacToTo. MyTanuu, BO3HUKAIOUIUE B MOJOBBIX
KJIETKAX POJUTEIBCKOrO TIIOKOJIEHUS, INPUBOAAT K M3MEHEHHIO T'€HETUYECKOM CTPYKTYpBI
MoToMCTBA. ['eHeTHueckast CTpyKTypa MOMyJ ISl U3MEHSETCs MO/ IeUCTBUEM €CTECTBEHHOIO U
HCKYCCTBEHHOT'O 0TOODA.

JleiicTBHE ecTeCTBEHHOT0 0TOOpa COCTOUT B TOM, YTO NMPEUMYIIECTBEHHOE Pa3MHOKEHUE
UMEIOT 0COOU C BBICOKOH >KU3HECTIOCOOHOCTBIO, TIOIOBUTOCTHIO, T.€. O0JIee MPUCIIOCOOICHHbIE
K YCJIOBHSIM OKPY’KaOIEH Cpebl.

[Ipu uckyccTBeHHOM OTOOpE 3HAUEHHE MMEIOT NMPHU3HAKH MPOAYKTUBHOCTH, U MPU3HAKU
MPUCTIOCOOICHHOCTH K YCIIOBUSAM OKpPYJKaIoIIeH cpenbl. PacmpocTpaHneHne MyTalii MOXET
NPOM30OUTH B pe3yibTare Murpauuid. Korga uMmopTHbIE MPOU3BOIMTENN MOIMYJISAIUA ObLTH
HOCHUTEJISIMH MYTallMi U PacCHpOCTPAHSUIM T€HETHYECKHEe aHOMAaJIMM MPU HCIOJB30BAaHUU IPHU
BOCIIPOM3BOJACTBE MECTHBIX MNOMYJSALMi. ['eHeTHueckas CTpPyKTypa MONYJSALUHA MOMKET
U3MEHUTHCS B CHJIy CIydyalHBIX T'€HETHKO-aBTOMATHYECKUX TMpoleccoB (Apeida reHoB) —
CllydallHOE HEHAIIpaBJICHHOE W3MEHEHUE YacTOT auleJell B MNOmy/siiMM. B HEKoTOpbIX
MOMYJISIUSIX MYTaHTHBIM alljielib MOJIHOCThIO BBITECHAET HOPMaJbHBIMN — pe3yibTar Jpeiida
TEHOB.

['eHeTHYECKOE 310POBBE MOMYJIANNN
Pe3ynbpTaThl NMOMYJSAIMOHHBIX HMCCIEAOBAHMN HMMEIOT OTPOMHOE IPAKTHYECKOE 3HaueHue. B
Wrtanuu, Hanpumep, 4YacToTa BCTPEYAEMOCTH  OINpPEACTCHHBIX  ajllefied-MyTaHTOB B
reTepO3UrOTHOM COCTOSIHMM JIOCTaTOYHO BEJIMKA, [O3TOMY TaM IPOBOAMUTCS IPEHATalbHAs
muarHoctuka @KVY 18 cBOEBpEMEHHOIO0 MEAMIMHCKOTO BMEMIATENbCTBA. B asmarckmx
MOMYJISIMSIX 4YacTOTa BCTPEYAEMOCTH MyTaHTHBIX amiened B 10-20 pa3 Humxke, 4em B
€BPOIEHCKUX, T03TOMY B CTpaHaX 3TOr0 PETMOHA OCYLIECTBIIEHUE PEHATAIbHOTO CKPUHHUHTA HE
ABJIAETCS IEPBOOYEPENHOM 3a1aueil.

Takum o00pa3oM, reHeTHYecKas CTPYKTypa HOMYJSIMA — OJUH W3 BaKHEHIINX
(bakTOpOB, OMpeAeAIINX OCOOCHHOCTH TMepelauyd IO HaClEeACTBY pPa3IUYHBIX MPU3HAKOB.
[Ipumep ®KVY (xak u MHOrMe Apyrue (QaxThl) IMOKa3bIBAaeT, 4TO chenupuka H3ydyaeMoi
MOMYJISIMM JTOJKHA YUUTBIBATHCS MPHU MCCIENOBAHUU MEXAHMW3MOB IEpPENAYd IO HACIEICTBY
000TO TIPU3HAKA YeTIOBEKa.

[Momynsauy yenoBeka moJ00HbI KHUBBIM OpraHU3MaM, KOTOPbIE TOHKO PearnpyroT Ha BCe
M3MEHEHHS! CBOEr0 BHYTPEHHEI0 COCTOSHUS U HAaXOJATCS MOJI MOCTOSHHBIM BIMSIHUEM BHEITHUX
¢akTopoB. MBI HaYHEM Hallle KPaTKOe 3HAKOMCTBO C OCHOBHBIMU MOHSATHSIMM MOIYJISIIUOHHON
TEHETUKH C OINpPEAEJICHHOrO YMNPOIIEHHUs: Mbl Kak Obl Ha HEKOTOpPOE BPEMs BBIKIIOYMM BCE
MHOT'OYHCJICHHBIE BHEIIHUE U BHYTpEHHHE (DaKTOPBI, BIHUSIOIIME HA €CTECTBEHHBIE MOMYJISAINY,
U Mpe/ICTaBUM ceOe HEKOTOPYIO MOIYJIALNI0 B COCTOSHUU MOKOSI. 3aT€M MbI OyZeM «BKJIIOYAThH)




oMuH (akTop 3a JPYruM, J00aBlisii MX B CIOXKHYIO CHCTEMY, OIpPENENSIONIYI0 COCTOSHUE
€CTECTBEHHBIX NOMYJSIIUNA, M paccMaTpuBaTh XapakTep HUX CHEHUPUYECKUX BIMSHUHA. ITO
[IO3BOJIUT HaM IIOJIyYUThb IPEACTABICHUE O MHOIOMEPHOM peaJbHOCTH CYIIECTBOBaHUSA
MTOMYJIALIMNA YEI0BEKA.

B mnonynsnuoHHONW T'€HETHKE CYLIECTBYET MHOXKECTBO YIPOLIAKOIIUX MOJEICH.
Hamnpumep, reHernyeckne M3MEHEHUs Ha NOIMYJSLMOHHOM YPOBHE NPHUHSATO aHAJIU3UPOBAaTh B
paMKax JIByX OCHOBHBIX MAaT€MaTHMYeCKUMX IOAXOJO0B -  JETEPMUHUCTHYECKOTO H
croxactuyeckoro. CorinacHO JIE€TEPMUHUCTUYECKOM MOJENIH, W3MEHEHUs 4YacTOT ajlUlesied B
MONYJIALUAX IIPU NIEPEXOAE OT IMTOKOJICHHS K ITOKOJICHUIO IIPOUCXOMAAT 110 OIIPEIEICHHON CXEME U
MOTYT OBITh MIpe/ICKa3aHbl, €CIIN:

1) pa3mepsl oMUY HEOTPAaHUYEHHBI,

2) cpela HEM3MEHHAa BO BPEMEHH WJIHM CPEIOBBIE W3MEHEHUS MPOUCXOIAT COIVIACHO
OIIPEJICTICHHBIM 3aKOHAM.

CymiecTBOBaHHE NOMYJSIIANA 4YEJIOBEKAa HE BMEIIAETCS B PAaMKH JIAHHBIX YCJIOBHIA,
MO3TOMY JIeTEPMUHUCTHYECKast MOJIENIb B CBOEH KpaifHell ¢opme mpezacrasiseT aOcTpakiuio. B
pEaNbHOCTH YacTOThl aJUIeNied B MOMYJSUUSIX HW3MEHSIOTCS W TOJ JCHCTBHEM CIy4ailHBIX
IIPOLIECCOB.

W3ydenue cinyyallHBIX MpOLECCOB TpeOyeT NpPUMEHEHHs APYroro MaTeMaTHueCcKOIo
MI0JIX0JJa — CTOXacTHYecKoro. COorlacHO CTOXaCTUYECKOM MOJENN, U3MEHEHHE YacTOT ajlienen
B MONYJALMIX MPOUCXOAUT MO BEPOSTHOCTHBIM 3aKOHaM, T.€. JaXKE€ €CIU HCXOJHBIE YCIOBUS
MONYJIALIMY IIPAPOAUTEIIEH U3BECTHBI, YaCTOTHI BCTPEUYAEMOCTH aJUIeNIel B JOYEPHEN NOMYIIALUN
OJIHO3HAYHO Mpe/cKa3aTh Henb3s. MoryT ObITh IpeaCKa3aHbl TOJBKO BEPOSTHOCTH IMOSBICHUS
OIPEJIEIICHHBIX aJlIeIIed C ONPEAEICHHON YaCTOTOM.

O4eBHIHO, YTO CTOXACTHUYECKHUE MOJIEIH ONMKe K PEaIbHOCTU U, C ATOW TOYKU 3pEHMUS,
ABNSAIOTCS  Oojiee ajaekBaTHbIMU. OJHAKO MaTeMaTH4YeCKHe OIlepald HaMHOTO JIerde
MIPOU3BOJAUTh B pPAMKAX JETEPMUHUCTUYECKHX MOJENEH, KpPOME TOro, B ONPEIEICHHBIX
CUTYyallUsIX OHM MPEACTABIAIOT COOOM BCE-TaKH JOCTATOUHO TOYHOE MPUOIMKEHHE K PeabHBIM
npoueccam. [loaToMy mOMyNnsSIMOHHAsT TEOPHUsl €CTECTBEHHOTO OTOOpa, KOTOPYIO MBI
pPaccMOTpPUM Jajiee, U3J105KEeHA B paMKaXxX J€TEPMUHUCTUYECKON MOJIEIIN.
3akon Xapau-BaiiHOepra omuchiBaeT MOMYJISIIIMM B COCTOSHUHU TOKOs. B 3TOM cwmbicie oH
aHAJIOTMYEH TNepBOMY 3aKoHy HpIOTOHa B MeXaHHKE, COIVIACHO KOTOpOMY JIt00oe Telo
COXpaHsAET COCTOSIHME IIOKOSI WJIM PABHOMEPHOIO MPSAMOJMHEHHOTO [JBHWKEHHS, II0Ka
JEUCTBYIOIME HA HETO CUJIbI HE U3MEHST 3TO COCTOSHUE.

3akon Xapau-BaitHOepra riacut: mpu OTCYTCTBUM BO3MYUIAIOIIMX IMPOLIECCOB YaCTOThI
I€HOB B TOMNYJIALMN HE U3MEHSIOTCSA. ONHAKO B peajbHON YKU3HU I'€Hbl IOCTOSHHO HaXOAATCA
IO/ BO3JIEHCTBHEM IPOLECCOB, M3MEHSIOINX MX 4YacTOThl. be3 TakuxX IpoLeccOB HBOJIFOLUS
IpOCTO HE Mpoucxojwia Obl. IMEHHO B 3TOM cMbIcie 3akoH Xapau-BaiinOepra anamoruueH
nepBoMy 3akoHy HpOTOHa — OH 3ajaerT TOYKy OTCYEeTa, IO OTHOWIEHHIO K KOTOPOH
aHAJIM3UPYIOTCSI M3MEHEHMs, BBI3BAaHHBIE HBOJIIOLMOHHBIMU Ipoueccamu. K mocieaHum
OTHOCSITCSI MyTalll, MUTPALlUU U Ipeii( reHoB.

MyTaimmu B nonyndanusax MyTanuu Cily’KaT OCHOBHBIM HCTOYHHKOM T'€HETHYECKON
W3MEHYMBOCTH, HO HMX 4YacToTa KpailHe HH3Ka. MyTHUpOBaHHWE — TIPOILECC YPE3BBIYAWHO
MEJICHHBIH, MO3TOMY €CJIM MYTHPOBaHHME MPOUCXOAMIIO ObI camo 1Mo cede, a He B KOHTEKCTE
NEeHCTBUS IPYTUX MOMYJISIUOHHBIX (DaKTOpOB (Hampumep, Jpeiiga reHoB WM MUTpALUH), TO
HBOJIIOIMS ITPOTEKasia Obl HEBOOOPA3UMO MEIJICHHO.

Murpanus

Murpanueil Ha3pIBaeTCs Mpoliecc NepeMeIeHust 0co0eil U3 0HON MOMYJIALUU B IPYTYIO
U TOCIEQYHOUIee CKPEIIMBAaHWE NPEACTABUTENEH JTUX [JBYX MNONyJsiuuil. Murpanus
o0ecreynBaeT «IOTOK TIEHOB», T.€. HM3MEHEHHE TE€HETHMYECKOro COCTaBa IOMYJIALUH,
00yCIIOBJIIEHHOE TIOCTYIJIEHUEM HOBBIX T€HOB. MUrpaius He BIMSET Ha YacTOTy ajuiesiell y Buaa
B ICJIOM, OJHAKO B JIOKAJIBHBIX IOIYJISAUUAX IIOTOK I'€HOB MOXET CYIIECTBEHHO H3MEHUTH



OTHOCHUTEJIbHBIE YacTOThl AJUIENEH TpU YCIOBUH, UYTO Y «CTAPOXKWIOB» M «MUIPAHTOB)
VICXOJIHBIE YACTOTHI AJIJIEJIEH Pa3INYHBI.

I'enetnueckuii cinen murpanuu. B CLIA NOTOMCTBO OT CMEIIaHHBIX OpakoB MeEXIy
OenbIMM M YEPHBIMU MPHUHATO OTHOCUTH K YepHOMY HacesneHuio. CienoBaTesIbHO, CMEIIaHHbIe
Opaku MOKHO pacCMaTpUBaTh Kak MOTOK FeHOB U3 OeJ0i MomyJssiuy B YepHyto. YacTora ayiens
R, xonTponmpytomero pesyc-pakTop KpoBH, cocTaBisieT cpeau Oenbix nmpumepHo P= 0,028. B
appUKaHCKUX MOMYJIALUAX, OTJATCHHBIMHU TOTOMKaMH KOTOPBIX SBJISIOTCSI COBPEMEHHBIE UJICHBI
yepHoil onyssimuu CIIIA, wactora 3Toro amiens paBHa p0 = 0,630. IIpenku coBpeMeHHOTO
yepHoro HaceneHust CILIA Obutn BoiBe3eHb! U3 Adpuku npumepHo 300 et Hazax (T.e. IpOLLIO
npumepHo 10-12 nokosneHwuit).

Hpeii¢ renos

Jlrobast mpuponHas TMOMYJSALUS XapaKTepu3yeTcsi TeM, YTO OHa HMeEEeT KOHEYHOe
(orpaHMYeHHOE) YHCIO OCOOEH, BXOASIIMX B €€ COCTaB. DTOT (PAKT MPOSBISAETCS B YHCTO
CIIy4alHbIX, CTaTUCTUYECKUX (IyKTyallMsxXx YacTOT TE€HOB U TEHOTHIOB B Ipolieccax
o0pa3oBaHMsI BHIOOPKH raMeT, U3 KOTOpoil popMupyeTcs cienyroliee MoKoJieHHe (OCKOJIbKY He
KaXzaasi 0co0b B MOMYJSIIMM TPOU3BOAUT TOTOMCTBO); OOBEIMHEHUS TaMeT B 3UTOTHI;
peanu3alMyi  «COIHMAJIBHBIX» IPOLECCOB (THOETN HOCHTENEH OINpe/eleHHBIX TE€HOTHIIOB B
pe3ynbTaTe BOMH, O€/ICTBUM, CMEPTEN 10 PETPOyKTUBHOTO BO3pacTa); BIUSHUS MYTal[HOHHOTO
Y MUTPALMOHHOTO MPOIIECCOB M €CTECTBEHHOT0 0TO0pa. OUeBUIHO, YTO B OOJIBIINX MOMYJIISALMAX
BIMSIHUE TIOJOOHBIX TPOIECCOB 3HAYUTENIBHO cilabee, 4yeM B MalleHbkuX. CiyJaifHbie,
CTaTUCTUYECKHE (UIYKTYallMM YacTOT TeHOB W TEHOTHIIOB HAa3bIBAIOTCS MOMYJSIHOHHBIMU
BoJIHaMU. J{1s1 0003HayeHWs pojiM CioydalHBIX (AKTOPOB B H3MEHEHHMM YacTOT TE€HOB B
nomysinun C. Paiit BBen nmoustue «apeid reHoB» (ciyuaiusiil apeiid renos), a H.I1. lyounun
nu J.JI. PomamoB — TOHATHE «TE€HETHKO-aBTOMAaTHUYECKHE IMpoueccel». Mbl  Oyaem
UCTOJIb30BaTh MOHATHE «CIYYalHBIN Apeiid reHoBY.

Cry4aiftHpIM JIpeiihoM TEHOB Ha3bIBACTCS U3MEHEHHE YaCcTOT aJIENICH B PsITy TTOKOJICHHH,
SABJIAIOLIEECS] PE3YyJIbTATOM JEHUCTBUS CIIy4allHbIX NPHUYUH, HAIPUMEP, PE3KHUM COKpalllEHUEM
pa3Mepa TOMYJISIIUKM B pe3yJibTaTe BOWHBI WM rononaa. [Ipenmnonoxum, 4To B HEKOTOPOU
MOIYJISILIMM YacTOThI IByX ajuieneil a u a pasHsbl 0,3 u 0,7 coorBeTcTBeHHO. Torna B cienyromnem
MOKOJIEHUH YacTOTa aJljiesis a MOKeT ObITh OoJible WK MeHblie, yeM 0,3, mpocTo B pe3yibTare
TOTO, YTO B Habope 3UroT, U3 KOTOPHIX (popMupyeTcs cieayroliee MOKoJeHHe, ero yactoTa B
CHITY KaKHX-TO IIPUYMH OKa3a1ach OTIMYHOU OT OKHJIABIICHCS.

OO1ee MpaBUIIO CIy4YalHBIX MPOLIECCOB TAKOBO: BEJIMYMHA CTAHJAPTHOI'O OTKIOHEHMS
94acTOT T€HOB B MOMYJISIIUU BCEr/la HaXOAUTCS B 0OpaTHOM 3aBUCHMOCTH OT BEJIMYMHBI BEIOOPKH
— yeM Oosbliie BHIOOPKA, TEM MEHbIIE OTKIOHEHHE. B KOHTEKCTe T'€HeTHKH MOMyJSALUN 3TO
03HAuYaeT, 4TO, YeM MEHbIIE YUCIO CKPEHIMBAIOMIMXCA OCOOed B MOMYJISAIMH, TeM OoJiblie
BapUaTUBHOCTh YaCTOT aJljiesiel B MOKOJICHUAX MOMYJISIMU. B HEOOIBIINX MOMyIALUAX YaCTOTa
OJIHOTO I'€Ha MOJKET CIy4alHO OKa3aThCsl OUYEHb BBICOKOM.



31.1 JlaGopatopHas padora Ne31 ( 2 yaca).

Tema: «DakTopbl BIUAIOIINE HA MOITYJISLUIO»

2.31.1 Heab padotbi: O3HaKOMUTHCS € (aKTOpaMU BIMSIIOIMIMX HA U3MEHEHUE TeHEeTHYeCKOM
CTPYKTYpPBI NONYJIALUN

2.31.2 3apaum padoThI:
1. HayuuThcst mpuMeHsTh 3aKoH Xapau-BaiinOepra B U3y4yeHHH BOIIPOCOB T€HETUKU MO

2.31.3 [lepeyensb MpudOpPOB, MATEPUAJIOB, HCIIOJIb3YEMBIX B JJa0opaTopHOi padore:
1. 3amayHuK MO reHeTHKE

2.31.4 Onucanue (xox) padoThI:

Bes coBokynmHOCTH (DaKTOPOB Cpebl B MPHUPOJE MOCTOSHHO HM3MEHSAETCS U CO3/aeT
oTpe/ieTICHHbIE YCIIOBUS [ TOMYJISLINY, BbI3bIBas KOJI€OaHUs €€ UNCICHHOCTH.

Ecnmu xopmoBas ©0aza i MNOMy/sIIMM  HE OrpaHWYeHa, TO €€ YHCIEHHOCTb
MEepBOHAYAJIbHO PACTeT MO HE JHMMHUTUPOBAHHOMY THITy, HO NpPHU JOCTHKEHHH BBICOKOM
IUIOTHOCTU B TIOMYJIALIMK BO3HUKAIOT SMHUAEMUH, KOTOPHIE NPUBOAAT K PE3KOMY CHUKECHHIO
YHICJIEHHOCTHU JI0 MaJIbIX BEJIMYUH. BpDKUBIINE 0cOOU 3aTeM HaYMHAIOT OBICTPO pa3MHOXKAThCS U
BCE NOBTOpsETCS CHOBA. Takoil THI NWHAMHUKM YHUCIEHHOCTH C PE3KUMHU €€ KOJIeOaHUSIMHU
MOJTy4nJ1 Ha3BaHHWE TpUITepHas AUMHaMHKa. B mpupose oH BcTpedaercs IOBOJBHO PEIKO, B
OCHOBHOM B NOMYJISLUAX HU3KOOPTaHU30BAaHHBIX 0COOEH.

Ecnu xopmoBasi 6a3a orpaHuueHa, TO YHUCICHHOCTh MOIMYJISIMKM NEPBOHAYAIBHO PAaCTET
[0 JIMMUTUPOBAaHHOMY THIy W, JOCTHTHYB eMkocTH cpeasl (K), oHa nomkHa Oblna Obl
OCTaHOBUTHCS, HO B JIEHCTBUTEILHOCTH IPOUCXOAMUT MPOCKOK YMCICHHOCTH BbIle K, a 3aTem
MIOCTENIEHHOE CHIDKeHWe. [IpuumHa B TOM, 4YTO KaXKIBIH IMKJI PasMHOXKEHUS TpedyeT
OTIpEIETIEHHOTO MMPOMEXKYTKa BPEMEHH, U KOT/Ia MPH IOCTHKEHUU €MKOCTH CpeJibl pa3MHOKEHHE
IpeKpalaeTcs, 0cooM elle MPoJODKAIOT POXKAATHCS. DTO M BBI3BIBACT NMPOCKOK YMCICHHOCTH.
OHn 00ycnoBieH 3aepKKoi pazMHOKeHUs. Korja n3-3a 601b1110i YMCIEHHOCTH KOpMoBas 0aza
OKa3bIBaeTCs HCUepIiaHa, B MOMYJIIMU HAOJIOJaeTcs MaJeHHe UYMCIEHHOCTH HU)KE E€MKOCTH
Cpeabl, MOCJIe Yero CO3/al0TCs YCIOBUS AJIsl BOCCTAHOBJIEHUS KOPMOBOM 0a3bl, U YMCICHHOCTb
HA4YMHAET PacTH, 3aTEM IOBTOPSETCS odepeAHOM LUKI. [Ipu MOCTOSHHOW €MKOCTH Cpelbl ITH
KoJ1e0aHUsl HOCAT PEryJIIpHbIA XapakTep M Ha3bIBAIOTCS LUKINYECKUMHU, WK OocHmuIssnusimMu. B
IIPUPOJI€ TaKOW THUIl TUHAMHUKU YUCIEHHOCTH BCTpEYaeTCs KpalHE peKo, MOCKOJIbKY €MKOCTb
Cpe.bl MOCTOSSHHO MEHSETCS.

EMKOCTB cpeibl MOKET MEHATHCS KaK B 3aBUCUMOCTH OT CE€30HA, TAK U B 3aBUCUMOCTH OT
rojia, B pe3yibTare B MOMYJISIMHU HAOMIOJAIOTCS HEpEryJsipHble KoyeOaHUsl YUCIEHHOCTH, TaK
KaK KaXIbl pa3 MPOCKOK YHUCIEHHOCTH IMPOUCXOAUT OTHOCHTEIBHOIO JApyroro 3HadeHus K.
Takue HeperysspHble KoJieOaHUs YUCIEHHOCTH Ha3bIBAIOTCSA (DIYKTyalusIMU.

B npupone paznuyaroT ce3oHHbIE U TOJUYHbIe QIyKTyaluu. B cBoro ouepenb roandHble
GIIyKTyal MOXKHO pa3AeauTh Ha BE TPYIIIIbI:

1) GpuykTyanuu, KOHTPOIUPYEMble TOAUYHBIMH Pa3IMYUsIMUA BHEIIHUX (DaKTOPOB;

2) ¢ayKTyanuu, cBsi3aHHbIE C CaMOW JUHAMUKOW MOMYJISIIHH.

W3 Bcex mpHuuH, BBI3BIBAIOIIMX KOJIE€OaHMS YHCICHHOCTH, HEKOTOpBIE HCCIIEAOBATEIH
[JIABHYIO pOJIb OTBOAST KIMMATHYECKHM YCIOBUSIM, cyuTas OuoTHYECKHE (PaKTOpHI
BTOPOCTENEHHBIMU. 110 MHEHUIO IPYTUX, TOIBKO T€ (PaKTOPbI, KOTOPBIE 3aBUCST OT IUIOTHOCTH,
BBI3BIBAIOT KOJIEOAHUSI YUCIEHHOCTH. MHOTHE YUeHbIE IPU3HAIOT POJIb TEX U JAPYTHUX.

B skocuctemMax ¢ HM3KMM YpOBHEM BHJIOBOTO Pa3HOOOpa3usi YMCIEHHOCTH IMOIYJISALUI
MOJIBEpKEHA CUJIBHOMY BO3ICHCTBHIO (DU3MYECKUX CTPECCOPOB M 3aBUCUT OT MOTOJBI,
XMMHMUYECKOTO COCTaBa Cpellbl U CTENEHM €€ 3arpsi3HeHus. B skocucTeMax ¢ BHICOKUM YPOBHEM



BUJIOBOTO pa3zHO0Opa3usi KOJIeOAHUSI YHMCICHHOCTH MOIYJSAIUI B OCHOBHOM KOHTPOJIUPYIOTCS
OMOTHYECKUMHU (PaKTOpaMH.

Bce skonoruueckue ¢pakTopsl B 3aBUCUMOCTH OT XapaKTepa UX BIMSHUS HA YUCIEHHOCTb
MOTMYJISIIUM MOYKHO Pa3/IeIUTh Ha JIBE TPYIIIIbI:

1) daxTOpbI, HE3aBUCUMBIE OT IJIOTHOCTH;

2) (hakTopbl, 3aBUCUMBIE OT IJIOTHOCTH.

K mepBoit rpynme oTHOCATCA (DaKTOpBI, ACUCTBYIOUIME HA MOIMYJSIUHM IMOCTOSIHHO H
M3MEHAIOIINE UX YMCICHHOCTh OJHOHAIPABICHHO, HE3aBUCUMO OT BEJIMYMHBI MOMyJsSuu. Tak
JEUCTBYIOT a0MOTHUYECKHE (AKTOPbl M MpPEXKIEe BCEro KIMMaTHdecKue (aKkTophl, a TaKkKe
aHTPOIOTeHHbIE (DAKTOPHI, 3a MCKIIOYEHHEM IPHUPOJOOXPAHHBIX (akTopoB. JleiicTBue ux He
BCerja NposiBIIsieTCs cpa3y. DTU (HaKTOpHI elle Ha3bIBAlOT MOAM(PUIMPYIOIIUMH, TOCKOJIBKY OHU
He 00EeCTIeunBalOT PETYIISIUN YUCIEHHOCTH, a JIUIIb BHI3BIBAIOT €€ U3MEHEHHMS.

Yactp nonyssiuuu OyiiBosoB murpupyer. @oro: Wajahat Mahmood
Ko BtOpo#i rpymnme oTHOCATCS (akTOphl, JEHCTBHE KOTOPHIX Ha MOIMYJISILIMIO MOXKET OBITh
IPSMBIM, T.€. YCHJIUBATbCA MO0 Mepe MPUOIIKEHHUsS] K BEpXHEMY Mpeery, UM UHBEPCHBIM, T.€.
ocnabeBaTh M0 Mepe yBEIUYEHHS TUIOTHOCTU. DTU (PaKTOPhl U3MEHSIOT YUCICHHOCTh B CTOPOHY
ONTUMAJIBHOIO YPOBHS M INPENOTBPALLAIOT NEpeHaceleHne, nostoMy B.Bukrtopos mpemnoxun
Ha3pIBaTh WX perynupyromumu ¢akropamu. K HUM oTHOcATcs OuoTHuUeckue (GakTopbl U
IPUPOJOOXPAHHBIE AHTPONOrCHHBIE (aKTOPHl. 3aBHCHMBIE OT IUIOTHOCTH (DaKTOpBI, Kak
MPaBWJIO, BIUSIOT Ha CKOPOCTh POCTa YHCIEHHOCTH TMOMYJSIIMM IyTeM HW3MEHEHUs ee
POKIAEMOCTH WJIM CMEPTHOCTH.

buoTtnueckue ¢akTophl, 3aBUCHMBIE OT IUIOTHOCTH, [0 XapakTepy BIUSHHUS Ha
YHUCJIEHHOCTD MOIMYJISILUY MTOAPA3AENIAIOTCS Ha JBE TPYIIIBL:

1) BHyTpUBHUIOBBIE;

2) MEXBH/IOBBIE.

Paccmotpum xapaktep neWcTBusi BHYTpUBUIOBBIX (hakTopoB. K.Bunu-Oasapac B 1962
roAy MPEATOKHII IBa MEXaHU3Ma CTaOWIM3alliU TUIOTHOCTH HHMYKE YPOBHS HACBILICHHUS 32 CUET
BHYTPUBUJIOBBIX (PAKTOPOB:

1) TeppuTOpHATBEHOE TOBEACHHUE;

2) rpynnoBoe MoBeJeHHE.

TepputopuanbHoe moBefeHHE. TeppUTOpHUaNIbHOE IOBEACHUE BBIPAOOTAIOCh B XOJ€
ABOJIIOLIMU U siBJIsieTcsl HanOouiee 3 (HEeKTUBHBIM MEXaHU3MOM CAECPKUBAHUS POCTA YUCIEHHOCTH
MOMYJISAUH. AKTUBHOCTb 0COO€H HITH TPYIIBI 0CO0ei 0OBIYHO OrpaHUYMBACTCS OINPEICICHHBIM
MIPOCTPAHCTBOM, KOTOPOE HA3bIBAIOT MHJIWBUIYAIbHBIM WIM ceMEHBbIM yyacTkoM. M eciau oH
METHUTCS, OXpaHsSEeTCd M HE IEpPEKpPhIBACTCA C JPYIMMHM Y4YacTKaMH, TO €ro Ha3bIBAIOT
«Tepputopueity. BriepBbie TepMHUH «TeppuTOpus» ObUT ucnoab30BaH B 1920 roay 3.1'oBapaom.
TeppuropuanbHOE NOBEJAEHUE COCTOMT B MEUEHHMM TPAaHULl YyyacTKa (IIEHHEM, MOYOii,
SKCKpEMEHTaMH M T.1.) U ero oxpaHe. OHO XapaKTEepHU3yeTCSd U CIIOKHBIM PENPOTyKTUBHBIM
MOBEJICHUEM - CTPOMTEIbCTBO THE3J, OTKJIAJbIBAHUE SHII, 3200Ta O MOTOMCTBE U €r0 3aluTa U
T.I.

TepputopuanbHOe TOBEJCHHE XHBOTHBIX, BbIpabOTaBIIceCs B XOJI€ JBOJIONMU Kak
CUCTeMa MHCTUHKTOB - Haubosiee >QPEKTUBHBIN MEXaHU3M CAECPKUBAHUS POCTA YHCICHHOCTH
nomyysinuii. MeueHne M OxXpaHa y4YacTKOB, HEAOIYCKaHHE Pa3sMHOXKEHHMS Ha HHUX «UYKHX»
ocobeil TPHUBOJUT K pPAlMOHAIBHOMY HCHOJb30BaHUIO Teppuropuu. Ilomarator, uTO
TEPPUTOPUAIBHOE TOBEJCHUE TMO3BOJIAET M30€rath JaBJCHUS XHUIIHUKOB M MPEAOTBpAIIAET
pacmpocTpaHeHrue Ooje3Hel BCJEACTBHE MPOCTPAHCTBEHHOTO pa3odmenus ocobeir. OHO
CIOCOOCTBYET PAa3JIEIEHUI0 U COXPAHEHUIO PecypcoB M o0serdaer BCTpedy ocoOeil JaHHOTro
BUJIA MIPU PA3MHOXKEHHH.

[Ipu HapylIeHnU rpaHUI] 3a CYET YBEIMUYCHUS TUIOTHOCTU HAOI0JAI0TCs pa3Hble (OPMBI
BHYTPUBUIOBOW KOHKYPEHLUU:



1) xkoHkypeHumsi 3a pecypcesl. [Ipu HemocTaTke JKM3HEHHO HEOOXOJMMBIX PECypCcOB
4acTh XKUBOTHBIX NOTMOAeT, a y pacTeHWi HaOJI0/laeTCsi CaMOU3PEKUBAHME W H3MEHEHHE
BEreTaTHBHON MOIIHOCTH;

2) mpsAAIMOM AHTAroHW3M - OWOJOTUYECKass W XHUMHUYECKas «BOWHA» B TIPHUPOJE.
buonoruueckas «BoiHa» - 3TO YMEPILUBIEHUE KOHKYPEHTOB BHYTPHU MOMYJISLUHN ITyTEM MPSMOTO
HamnaJIeHus. XUMHUYecKas «BOMHA» - 3TO BBbIJIEJICHHE XMMHUYECKHX BEIIECTB, 3aJI€P’KHUBAIOIINX
POCT U pa3BUTHE WM YOHBAIOIIUX MOJIOJBIX 0COOEH (pacTeHusi, BOAHbIC )KUBOTHBIE).

TepputopuanbHoe MOBEACHUE MOXET BIUATh U Ha TEHETUYECKYIO MPHUCIOCOOIEHHOCTh
(BepOATHOCTH OCTaBJIATH MOTOMCTBO). Ecin ocoOu He oOecriedeHbl He0OX0IMMON TeppUTOpHUEH,
TO OHUM HE pa3MHOXAKTCA 10 TeX MOop, MOKa IUIOTHOCTh MOMYJISIIMM HE CHHU3UTCS 10
HEO0OXOIUMOTO YPOBHHI.

[Ipy yBenuMYeHHWH TMJIOTHOCTH Yy o0Oco0eil MoryT HaOmIoAaTbCs TaKhe HW3MEHEHUs
(U3MOTIOTHH U MOBEJICHHsI, KOTOpble, B KOHEYHOM CYETE, MPUBOJAAT K IOSBJICHUI0 MHCTHHKTA
MAacCOBOM MUTpaIUH.

[loBbllIeHHe MIOTHOCTH MOMYJSALUUM MOXET UMETh pPe(IEKTOPHOE WM CUTHAIbHOE
3HayeHue. Takasi cUrHaJIM3alus MPUBOIUT PEPIICKTOPHBIM IyTEM K COKPAILIEHUIO YUCICHHOCTH
MOIYJISILMM, a TIPU MAJIOW TUIOTHOCTH - K YCUJIEHHOMY POCTY M Pa3MHOXEHHIO. Y 36MHOBOJHBIX
u kpbic, kak yctaHoBui C.C.11IBapiy, oHa MeeT XUMUYECKYIO TTPUPO/TY.

BaxxHBIM MEXaHM3MOM pETYJSLIMA YHCIECHHOCTH B TNEPEYIUIOTHEHHBIX MOIYJISIIMAX
ABIIAETCS cTpecc-peakius. [oBpllIeHNe TUIOTHOCTU MPUBOJIUT K YBEJIWYEHHUIO YacTOThI BCTPEU
MEXJIy OCOOSMH, BBI3BIBAIOLINX Y HUX TaKue H3MEHEHHsS (U3MOJOTHH, KOTOpPbIE BEAyT K
CHIDKEHUIO DPOXJIAEMOCTH W YBEIUYEHHUIO CMEPTHOCTH. Y MIIEKOMHUTAIOIIUX 3TO SBJICHUE
Ha3BaHO CTpeccoM M BIepBble ObUIO ommcaHo B 1936 roxy I'.Cenbe nnst yenoseka. [lpum
Pa3BUTUU CTpecca CUTHAJBI OT BHEUTHUX pa3Apa)xuTesiel MOCTynatoT B KOPY FOJIOBHOTO MO3ra U
MEHSAIOT aKTUBHOCThH TMIIOTaJlaMyca - LIEHTPAJIbHOTO 3BEHA BETE€TaTUBHOW HEPBHOM CHCTEMBI.
JlesiTenpHOCTh THUIOTalaMyca H3MEHseT (DYHKIMOHMPOBAHHE TUMO(PU3APHOHAANOYEUHUKOBOI
TOPMOHAJIBHOW CUCTEMBI. B COCTOSHHMM cTpecca y JKMBOTHBIX YBEJIMYMBAETCSI Kopa
HAAMOYEUYHUKOB M TMOBBIIIACTCS KOHLEHTpPalUs KOPTUKOCTEPOMIOB B KPOBHU, a TaKkKe
NPOUCXOTUT Psii JPYTUX H3MEHEHUH B TOPMOHAJIBHOM Mpoduie, KOTOpble MNPHUBOIAT K
CJIEYIOIINUM MOCIIEIACTBUIM:

1) HapylIeHre OBYJISLIMH U IIPOIecca OBOTE€HE3a - )KEHCKoe OecIioue;

2) HapylIEHHE CIIEpMAaTOreHe3a - My»CKoe 0ecIuIoue;

3) pe3opOirst SMOPUOHOB WU BBIKHIBIIIIN;

4) yMeHbIlIeHHE Yncia MOKOJICHUH B TOJ] M KOJIMYECTBa 0c0Oei B 0JHOM MOKOJICHHH;

5) yUIMHEHHE CPOKOB IIOJIOBOTO CO3PEBAHMS;

6) pexAeBpEMEHHOE MTPEKpallleHUE JIAKTaLlUH;

7) ocnabieHre UMMYHUTETA M CHIKCHHE YCTOMYMBOCTU K HEOIAronpusTHBIM yCIOBUSIM
Cpelbl;

8) yracaHue HHCTUHKTA 3a00THI O TOTOMCTRBE;

9) wu3MeHeHue TmOBeACHMS (TIOBBIIIAETCS ArpecCHUBHOCTb, MOXET HaOJI0IAThCS

KaHHHOAIN3M, MEHSIETCS] peakus Ha 0cO00ei MPOTUBOIOJIOKHOTO 10J1a, MOJIOJIHSK U T.1.).



32.1 JlaGopaTtopHas padora Ne32 ( 2 yaca).
Tema: «/IMMyHOTreHeTHUECKass HOMEHKIJIATypa U OJIUMOP(U3M»Y
2.32.1 Heas padorbi: OCBOUTH UMMYHOT€HETHYECKYIO TEPMUHOIOTHIO

2.32.2 3axaum padoThI:
1. Hayuntbcs BeCTH y4eT MaTepHMHCTBA M OTLIOBCTBA IO MOJIMMOP(GHBIM CUCTEMaM U TpyInam
KPOBH JKHBOTHBIX
2.32.3 Ilepeyenbs npudOpPOB, MATEPHAJIOB, HCIIOJb3yEeMBbIX B J1a0opaTopHoOi padore:
1. 3amayHuK MO reHeTHKe

2.32.4 Onucanue (xoa) padoThbI:

l.IMMyHOreHeTHKa — HayKa O TE€HETHYECKOM MOJIMMOpGU3ME AHTUTEHHOIO COCTaBa
KJIeTOK *HUBOTHOr0. OTKphITHE JlanamTaiinepom B 1900 r. rpynn kpoBu y yenoseka (A B O ) u
oObscaennst B 1924 r. bepHmTeitHoOM THNa WX HAcIEJOBaHUSI CTajl0 OTIPABHON TOYKOW ISt
IIPOBEJEHUS] MMMYHOI€HETHUYECKHUX UCCIIEIOBAHNM.

OcHOBOM ISl JAHHBIX MCCIEAOBAHUN CIy’KaT HACJIEICTBEHHBIC Ppa3IUuUsI MEX]Y
OpraHu3MaMM BBIPAKEHHBIC B TE€HETHYECKOM MOJUMOp(HU3ME OEITKOB HUMMYHHBIX CHCTEM.
I'enernyeckuii moauMoppus3M — 3TO HAJUYME B MOMYJSIUH OJHOBPEMEHHO HECKOJIbKUX
aJUIETIbHBIX COCTOSIHUM TeHa KOHKPETHOTO JIOKYCa, OINpeNeNsiomero (popMUpoBaHHE pa3HBIX
¢dbeHoTUIIOB JaHHOrO mpu3Haka. TepMuH « mnomumopdusm» BBEN Dopa B 1945 .
MPUMEHHUTENBHO K Pa3IMYHBbIM IpU3HAKaM 00YCIOBICHHBIX HACIECTBEHHOCTHIO.

W3ydyeHne reHeTHYecKoro mnoauMopdusma OCYILIECTBISETCS B JBYX HaIlpaBJICHUAX:
UCTIOJIb30BaHUE UMMYHOJIOTHUECKUX METOJIOB MPHUBENO K (POPMUPOBAHUIO HMMYHOTEHETUKHU ( B
y3KOM 3HAa4Y€HHH); HCIIOJIb30BAHWE OMOXMMHYECKUX METOJOB MpHUBEIO K (POPMHPOBAHUIO
pas3zena TeHeTHKH — OuoXuMHueckuil momumopdusm OenkoB u (epmentoB. M 1o u npyroe
HaIpPaBJIEHUE OTPaKalOT OCOOEHHOCTH aJIEIbHOIO COCTOSTHUS TeHa, 00yCIIaBIMBAIOIIET0 CHHTE3
0esKa, 4TO MPUBOIUT K (POPMUPOBAHHIO OIPENEIEHHOI0 TeHOTHIAa 0CO0EH MO MOIUMOP(PHBIM
cucreMaM. CoOOCTBEHHO HMMMYHOTE€HETHMKa M3Yy4yaeT HAaclIeJICTBEHHYI0 OOYyCJIOBIEHHOCTb
B3alMOOTHOIIIEHUH aHTUTE€H — aHTUTEJIO JUISl BBIABICHUS Y )KUBOTHBIX PA3JIMYHBIX CUCTEM IPYyMII
KpPOBH B 3aBHCHMOCTH OT aHTUT€HHOTO COCTaBa 3PUTPOIMTOB, JEHKOLUTOB W HAIUYUS OCIIKOB
AHTUI€HOB B IJIa3M€ KPOBH, a TaK K€ TKAHEBOM HECOBMECTHMOCTH, CBSI3aHHOM C aHTUT€HAMU
KJIETOK. YKa3aHHbIE MCCIIEA0BAaHUS MIMPOKO MCIOIB3YIOTCS JJIsl U3yUYEHHUS: UMMYHOJIOTHUECKOM
COBMECTUMOCTH KPOBH MEXAYy JOHOPOM M PELUIUEHTOM IIpU IMEpPECaJKE OPraHoOB, TKaHEH,
3UroT; UMMYHHOM COBMECTHMOCTH TaMeT MpH OIUIOJOTBOPEHHUH; YCTAHOBJICHUS H3MEHEHH
MMMYHHUTETA B IIPOIECCE OHTOI'€HE3a; TOJIEPAHTHOCTHU; MATOJIOTHYECKOr0 00pa3oBaHUSI aHTUTEN
MPOTUB CBOMUX AHTUTCHOB; AHTUITE€HHOTO KOHTPOJISI 3a MPAaBHIBHOCTBIO IPOUCXOXKIACHUS,
UCIIOJIb30BAaHUSl AHTUTE€HOB KaK TE€HETUYECKMX MapKepoB JUIsl PaHHEro IpPOrHO3MPOBAHMS
MPOAYKTUBHOCTH )KMBOTHBIX.

2I'pynnsl  kpoBu. HMMyHOT€HETMYECKHII KOHTpOJIb 3a CTPYKTYpPOW IOIYJISALUY.
N3ydeHue rpyni KpoBH Y CEIbCKOXO3IMCTBEHHBIX KUBOTHBIX BEJIETCS MO JIBKM HalpaBICHUSIM.
ITon BausHUMeM OTKpBITHHM JlanamreliHepa /Ui yCTAQHOBJICHHMS AHTHUTEHHBIX (aKTOPOB
MPUMEHSJIUCh CHayajga ecCTeCTBEHHbIE AaHTUTENa, a 3aTeM HUMMYyHHble. [l omnpeneneHus
AHTUTEHHBIX Pa3InYui Ha 0a3e eCTECTBEHHBIX aHTUTEIN ObLJIO MPOBEICHO MHOTO MCCIIEOBAHU,
ObUIO YCTAHOBJIEHO, YTO pEaKiUsl Ha €CTECTBEHHbIE aHTUTENa ciabas, U He J1aeT BO3MOKHOCTU
IPOBOJUTHh TOYHYIO Kiaccu(uKanuio ocoOell, mepenuii K UMMMYHHBIM aHTHTEIaM, HCIIOJIb3Ys
METOJIbl HM30 — W TEeTePOMMMYHHU3allMU Ui M3TOTOBJIEHUS CHEIHaJbHBIX CHIBOPOTOK. B
OpraHMU3Me >KMBOTHOT'O IIPUCYTCTBYET OTPOMHOE KOJIMUECTBO AHTUT'€HOB, KaXKJIbI U3 HUX UMEET
TFEeHETUYECKYI0 OOYCIIOBIEHHOCTh M CBSI3aH C JIEUCTBUEM OTHEIBHOIO Te€HAa. AHTHUIEHBI
00pa3yroTcst Ha spuTporuTax ( Mel OyJeM U3ydyaThb TOJBKO MX) B AMOPHOHAJIBHBIN MEPUOI U HE
U3MEHAIOTCS B TEUYEHHE BCEM JKM3HHM, TMOITOMY OHM CIIy>KaT IOXH3HEHHBIM II0Ka3aTejaeM



T€HETUYECKON CTPYKTYphl OpraHu3Ma M0 TOMY WJIM HUHOMY JIOKYCY. AHTUT€HBI HaCJIEIyIOTCA
KOJJOMHUHAHTHO, YTO TIO3BOJISIET TIO0 (DEHOTHUITY CYyAWTHh O T€HOTHIIE, 3TO OoOJerdaeT HaOI0eHUE
3a mepemayeii aHTUreHa OT POAMTENEeH MOTOMKY. AHTUTEHBI, IO KOTOPBIM OCOOM OJHOTO BUAA
pazIuyaroTCsa MEXAy COO0OM Ha3bIBAIOTCS AIJIOAHTHUTEHAMHU. AHTUTEHBI TOJPAa3JeisIoTC Ha
BUJOBBIE (HecmenuduUeckrue) W TpynmnoBble (crnenupuveckue), MPUCYIIUE OTACIbHBIM
KUBOTHBIM JaHHOTO BUJA. IMMYHOT€HETHKA M3ydaeT CIeNU(PUICCKHE AaHTHTEHBI, HA OCHOBE
KOTOPBIX (OPMHUDPYIOTCS OMpeNelIEHHbIE CUCTEMbl W TPYyMmbl KpoBH. Kakaplii aHTUTEH
00yCJIOBJICH JIEWCTBHEM OJIHOTO T€Ha, HO HEKOTOPBIC aHTUTCHBI MPECTaBICHBI TpynmnamMu ( 1mo 2
u Oonee) u HachmeayroTcs creruieHo. OJIWHOYHBIE WM CIEIUICHO HaclieyeMble B BUJEC
MMOCTOSTHHOTO COYETAaHWsI AHTUTEHBI, KOTOPBIC MEPENAIOTCI OT POJUTEIEH MOTOMKaM Kak
HACJEACTBEHHbIE EAMHMIIBI, HAa3bIBAlOTCA rpynnamMu KpoBU. (COBOKYNMHOCTh AHTUTECHOB
(bakTOpOB KpOBU), KOHTPOJHUPYEMBIX OJHHUM JIOKYCOM, Ha3bIBAaIOT T€HETUYECKOW CHCTEMOMU
Tpynm KpPOBH, a CyMMYy BCeX Tpyln KpPOBH OJHOW ocobu - TumoMm KpoBu. Exumnas
MEXIyHapoaHas HOMEHKJIaTypa aHTUTEHOB W TPYNN KPOBU JO CHUX TOp HE pa3paboTaHa.
['eHeT4ecKue CHCTEMBI TPYII KPOBU M aHTUTEHBI 0003HAYAIOTCS MPOMUCHBIMH WU CTPOUYHBIMH
OyKBaMH JJAaTUHCKOTO ayipaBUTa, MHOTJA AOMOJHSAS OYKBbI MOJACTPOUHBIMH apaOCKUMH U pamMu
WM arocTpodamu.

Anienun TEHETHYECKWX CHCTEM TPYNI KPOBH  HACIHEAYIOTCS TIO  TMPUHIUITY
KOJOMUHUPOBaHUs. BecbMa peaKo BCTpEUaroTCs pPEIeCCHBHBIE auiein Moao0Hbie amiento O
cucteMbl A B O y denoBeka, 3TO Ja€T BO3MOXHOCTh MPOBOJMTH AHAIN3 YacCTOThI ajljIenei
pa3HBIX JIOKYCOB B MOMYJISIUSX BO BPEMEHU U MPOCTPAHCTBE, OMUCHIBATH T'€HETHUECKYIO
CTPYKTYpPY MOMYJISIIUKM U JTydIlle TOHUMaTh 3BOJIIOIIMOHHBIN TIpoliecc. Bee n3BecTHBIE CUCTEMBI
TPyIIl KPOBU Yy JKUBOTHBIX JIOKAJU30BaHbI B ayTOCOMax. AHTHIE€Hbl HEKOTOPBIX CHCTEM
HACJIEAYIOTCS B OMpeneNéHHbIX KoMOMHanuax — ¢enorpynmnax. Hanmpumep, crnoxxnas cucrema E
y cBuHed Brmouaer 16 anturenoB. ®PeHorpynma Ebdg, ompenensieTcss mpucyTCTBHEM
anTureHnbx (axropos Eb; Ed; Eg. B stom cinyuae amnens 3ammceiBaetcea E ° . B cioxkHBIX
cucremax ( y KPC B u C cucrembl) anTureHHble (PakTOpbl KOHTPOIUPYIOTCS HECKOJIBKUMU
TECHO CIICTUIEHHBIMHU CyOJIOKycaMHu. MO>KHO BBIJICIUTh TPH OCHOBHBIX NMpaBHJIa HACIEIOBAHUS
TPYII KPOBU:

- KaXJas oco0b HacleIyeT MO OJHOMY M3 JIBYX ajlUIeJIed OT MaTepH MU OTIA B KaxIOU
CUCTEME TpyII KPOBU;

- 0co0Ob ¢ aHTUTeHaMH, He OOHAPYKEHHBIMU XOTS OBl Y OJHOTO U3 POJUTEKIICH, HE MOXKET
OBITh TOTOMKOM JIAHHOW POJUTENLCKON Taphl;

- TOMO3UTOTHAsI 0COOb MO OJTHOMY aHTUTEHY HE MOXET OBITh TOTOMKOM T'OMO3WUTOTHOMN
0CcOo0U ¢ TPOTUBOMOJIOKHBIM aHTUTCHOM;

NmMmMyHoorndeckas crieniu(uaHOCTh OSIKOBBIX aHTUTCHOB ONPEICIISICTCS:

- IOCTEA0BATEIbHOCTIO AMUHOKHUCIIOT B MOJIUNENTHAHON LIETIH;

- KOHIICBBIMU aMUHOKHCIIOTAMH TICTIH;

- BTOPUYHOM CTPYKTYpO# O€IKOBOI MOJICKYJIBI;

- HamboJiee aKTHBHBIMHU TOBEPXHOCTHO PACIOJNOKCHHBIMH YYaCTKaMH TMOJUTIETITHIHON
LIETIM — aHTUT€HHBIMU JIETEPMUHAHTaAMU;

AHTHUTEHBI BBISBISIOTCS TIPU TIOMOIM pEaKlUU aHTHreH — aHTuTeno. OCHOBOM
B3aUMOJICUCTBUSL aHTUreH — aHTUTeNno cinyxut y KPC u oBen peakuusi remoisinsa, y CBUHEH —
peaknusl  arrflOTHHAIMK WM~ TeMoju3a. Peaknuu mpoBOMSIT € MCHOJb30BaHUEM
MOHOCTIEITU(PUIECKIX CHIBOPOTOK.

B nacrosimee Bpemst y KPC otkpeiTo 12 cuctem rpymnn KpoBH, y cBUHEH — 17, y oBell —
16, nomaneit — 9, y nrunsl — 14. M3 Bcex cuctem Hamboliee CIOKHOU siBisieTcs B cucrema y
KPC, Bxmrouaromast 6osee 40 aHTUTeHOB, KOTOPBIE B Pa3IUYHBIX KOMOWHAIUAX 00pasyroT Oosee
500 amneneii. Ecnu B cucreme Gonee 3-X ameneil — cucreMa Ha3bIBaeTcs MoiuaienbHoi. K
uuM y KPC otrocsat cucremnr C, S, A; y ceuneit E, L, M, yosenn B, A, C.



KoHTponb 3a  J1OCTOBEpHOCTBIO  INPOUCXOXKJICHHUS SKMBOTHBIX BO3MOXKEH OJsaromaps:
KOJOMHUHAHTHOMY THITy HaclleZJOBaHUS aHTUTE€HHBIX ()aKTOPOB; X HEU3MEHSIEMOCTH B T€UEHHE
OHTOTeHE3a; OTPOMHOMY YHCIy KOMOUWHAIMNA TPy KPOBU.

KoHTposb JOCTOBEPHOCTH MPOUCXOXKIACHHUS HEOOXOIUM: MPU HCHBITAHUU CBHHOMATOK,
IPY OCEMEHEHHMH HMX CMELIAHHOM CIEepMOi; MpH HCHBITAHUM MPOMU3BOJHUTENEH MO KayecTBY
MMOTOMCTBA; MPU YCTAHOBJIEHUU MOHO WJIM JU3UTOTHOCTU JBOEH; YCTAHOBJICHHUIO MEXIOPOIHOM
U BHYTpPHY TOPOAHON U dEpeHIIMPOBKH.

CBsi3p Ipynn KpOBH C NPOAYKTHBHBIMH KauyeCTBaAaMH U PE3UCTEHTHOCTHIO K OOJIE3HIM
OCHOBaHA Ha: TUIEOTPOITHOM JICHCTBUU T'€HOB; CIEIJICHUH MEXYy JIOKyCaMH TPYI KPOBU MIIH
OMOXMMHUYECKUX TONUMOPGHBIX CHCTEM M JIOKyCaMH BIHSAIONIMIMH Ha MPOAYKTUBHOCTH M
PE3UCTEHTHOCTh K OOJE3HSIM; IeTepo3uce, KOrja TreTepo3UroTHOCTh MO TpylnaM KpPOBH U
MOJIMMOP(HBIM CHCTEMaM MOBBILIAET MPOTYKTUBHOCTh U PE3UCTEHTHOCTh; UMMYHOJIOTHYECKOM
HECOBMECTHUMOCTH MaTepu WU IuloAa. H-rpynma KpoBM HCHOJB3YyeTCS IS OINpENEICHUS
YyBCTBUTEIHHOCTH CBUHEH K CTpeccy.

Buoxumuueckuit noauMopdusM 6eKoB U PEepPMEHTOB U HCIIOJIB30BAaHUE €T0 B CEJICKLIUH.
B pesynbrare myTanuii reHbl M3MEHSIOTCS, MOATOMY B TOIMYJALMAX OHU BCTPEYAIOTCA BO
MHOTHX ¢opmMax ( MHOXXECTBEHHBIH amnenusM). buoxumudeckuit noaumopdusm - 3TO
OJIHOBPEMEHHOE TMPHUCYTCTBUE JBYX M OoJjiee TeHETUYeCKUX (OpM OJHOTO BHUAA B TaKOM
YHUCJICHHOM COOTHOIIEHWHM YTO WX HEJIb3s OTHECTH K TMOBTOPHBIM MyTauusMm. Jloms
MOJIMMOP(HBIX JIOKYCOB TOYHO HEU3BECTHA, IOJIaratoT, YTO B MOMYJSALUSAX MHOTHUX BUJOB OHA
nocturaer 25 — 50%. OCHOBHBIMH METOJAMH H3y4YeHHS MoJuMOpHU3Ma  SBISIETCS
anektpodopes. Y c¢-X KHUBOTHBIX H3yueHo Oosiee 150 moammop¢HBIX JIOKyCOB OEIKOB KPOBH,
MOJIOKA, CIIEPMBI, TKAHEH PACIIONIOKEHHBIX B ayTOCOMax. 3aMELIEHNE aMUHOKHUCIIOT B MOJIEKYJIE
Oenmka MOXKET BbI3BaTh (DYHKUMOHANBHBIE pazauuus noauMopdusix ¢opm. Hampumep, y
YeJoBeKa KpOME HOpPMaJbHOIO TreMoryiobnHa u3BecTHO Oosiee 50 martojoruueckux ¢Gopm
remorjaoOuHa. XoOpomio u3y4YeH NoauMoppu3M TpaHchepuHa, IepyIia3MuHa, Ka3euHa.
Hcnonb3oBaHue MoJMMOpGHBIX CUCTEM OCJIKOB M (JEpMEHTOB B CEJICKIIMH TAKOE YKe KaK U TPy
KpPOBH.



33.1 JlaGopaTtopHas padora Ne33 ( 2 yaca).

Tema: «CemMeitHO-TeHETUYECKUN aHATTU3)

2.33.1 Heap padorbi: O3HAKOMJIEHWE C OCHOBHBIMM ITOKa3aTENIIMM, XapaKTEPHU3YHOUIUMU
CEMENHO-TeHETUYECKUI aHaIIu3

2.33.2 3apaum padoThI:
1. HayunThCs BECTH yUET pOJUTENEH U IOTOMKOB 10 T€HEAJTOT U

2.33.3 [lepeyenb nMpudOpPoOB, MATEPUAJIOB, HCIIOJIb3YEMBIX B JIa0opaTopHOi padore:
1. 3amayHuK MO reHeTHKE

2.33.4 Onucanue (xox) padoThI:

CemeilHbIli TeHeTHYECKHII AaHAJIMU3 ClHeIVIeHUs. OTa Tpylla METOJOB YacTo
UCTIONB3YeTCsI B MEJUIMHCKOM T'eHETUKE JJIsi BBIABICHHUS CBS3M (CLEIUICHHUS) MEXIy
CUMITOMaMHu 3a00JIeBaHUS, BBI3BIBAEMOTIO MyTallMell B HEU3BECTHOM Te€HEe, U JPYIUMH
TFeHETUYECKUMU MapKepaMu. B TaHHOM ciyyae B KaueCTBE OJHOTO U3 F€HETHMUYECKUX MAPKEPOB
BBICTYNAIOT CaMHM CHUMITOMBI 3a0ojieBaHusi. B reHoMme uenoBeka OOHapy>keHO OOJbIIOE
KOJIMYECTBO noaumopgusmos, B Tom gucie [1J][PD

[TJIP® pacnpeneneHsl 60ee WM MEHEE PAaBHOMEPHO B TCHOME UEJIOBEKa Ha paCCTOSTHUU
~5-10 ¢cM napyr ot apyra. Yem Onuke WHAWBUIYAIbHbBIE TOTUMOP(GHBIE JIOKYCHI PACHOIOKEHbI
K TEeHy, OTBETCTBEHHOMY 3a 3a00JieBaHUE, TE€M MEHbIIE BEPOSTHOCTh MX pa3JeeHUus MpH
PEeKOMOMHAIIMY B MEHO03€ U TEM Yallle OHU OyayT BCTpeyaThbcs BMECTe y OOJBHOIO MHAWBUAYYMa
1 BMECTE NepeaBaThCsl OT pouTeNiel MOTOMCTBY. KiloHUpOBaB NpoTsyKEHHBIH y4acTOK FeHOMa,
BKJIIOYAOIIUI COOTBETCTBYIOIIMNA MOTUMOP(HBIN Mapkep (ero oTOOp U3 KIOHOTEKH M€HOMHOM
JIHK mpoBOAT C MOMOINBIO 30H/a), MOXXHO OJHOBPEMEHHO BMECT€ C HHUM C OOJBIION
BEPOSATHOCTHIO BBIACTHUTD I'€H, BHI3BIBAIOIINI HACIIEICTBEHHOE 3a00IeBaHHE.

Takue nmoaxoap! OblIH, B YACTHOCTH, YCIEUIHO MPUMEHEHBI /Ul TPOBEICHHUS CEMEHHOTO0
aHajgM3a W BBIIEJCHUS COOTBETCTBYIOIIMX T€HOB MpPU MbIIIEYHOM auctpoduu JlroieHHa,
KUCTO3HOM  (¢ubpo3ze  mouek  (MYKOBHCHIHJ03€) M  MHOTOHMYECKOH  JTUCTPOGUU.
WudopmatuBHocTs  oTaenbHbix IIJIP® renHoma uyenmoBeka 3aBUCHT OT YPOBHS — HX
reTepo3UroTHOCTH B HccieayeMor mnomynsuuu. Mepoit undopmaruBaoctu [I/IP®  kax
TeHEeTHUYECKOro Mapkepa mo mnpemioxenuto J[. bormreitna u coaBtopoB (1980 r.) mpunsTo
CUHMTATh 3HAUCHUE coodepicanusi noaumopgrou ungopmayuu PIC (polymorphism information
content), KOTOpOE MPeJICTaBIsAET COOON OTHOILIEHHE YUCIIa CKPEIIMBAHHUM, B KOTOPBIX XOTS OBI y
OJIHOTO M3 pOJUTeNIel HCCieTyeMblii MOJIMMOP(HBIA MapKep HAaXOIUTCS B TeTEPO3UTOTHOM
COCTOSIHMH, KO BCEM CKPEILMBAHUSM.



34.1 JlabopaTopHasi padora Ne34 ( 2 yaca).

Tema: «I'eHeTHKa KPyITHOTO pOraToro CKOTa»

2.34.1 Heap padorbl: O3HAKOMJIEHME C OCHOBHBIMU I10Ka3aTENsIMH, T'€HETUKH KpPYIIHOTO
poraroro ckoTa

2.34.2 3apauu padoThI:
1. 3HaTh reHeTUYEeCKHue OCOOCHHOCTH KPYITHOTO POraToro CKoTa

2.34.3 Ilepeyenbs npudOpPOB, MATEPHAJIOB, HCIIOJIb3yEeMbIX B J1a0opaTopHoOi padore:
1. 3amayHuK MO reHeTHKe

2.34.4 Onucaunue (xoa) padoThI:

CoBpeMeHHass TeHETWKa pacroiaraeT TOYHBIMH (akTamMu 00 HW3MEHYHMBOCTH H
HACJIEICTBEHHOCTU PA3JIMYHbIX MPU3HAKOB. BBISBICHBI 3aKOHOMEPHOCTH HACJIEJOBaHHUSI MHOTUX
NIPU3HAKOB, YCTAHOBJICHBI (EHOTHIIMYECKHE M TEHETHUYECKHEe CBA3M Mexay HuMu. Crano
BO3MOXXHBIM HCIIOJIb30BaHHWE METOJIOB TE€HETUKH B CEJIEKIMH MPOCTHIX KayeCTBEHHBIX
IIPU3HAKOB, ONPEIENIAEMbIX OJHUM I'€HOM WM TPYIION CUEIUIEHUS TE€HOB JUIsl MCKIHOYECHMS
JeTalield M MOJyJIeTalIe. Y CTaHOBJIEHO, YTO KMBOTHBIE, TOMO3UTOTHBIE 10 HEKOTOPBHIM I'€HaM,
HE)KU3HECTIOCOOHBI M XapaKTEPU3YIOTCSI MOHM)KEHHOW >KU3HECTIOCOOHOCTHIO, HAPYLICHUSMHU
Mop(oreHnesza, oOMeHa BEIIECTB, OTAEIbHBIX OMOXUMHUECKUX (QyHKIUHN. Takue KUBOTHBIE, €CITU
U KMBYT, S)KOHOMUYECKH HE ONpaBAbIBAIOT 3aTpaT Ha KopMmileHHe M cojepkanue. K Hanbonee
pacnpoCTpaHEHHBIM B CKOTOBOJCTBE MOHOTEHHBIM JIETAIBHBIM IMPU3HAKaM MOYKHO OTHECTH
KapJIMKOBOCTh (JOMHHAHTHasT W peliecCuBHas), OeCIIepCTHOCTh, aKpOTEPHUO3, OTCYTCTBUE
KOHEYHOCTEH, Tmapanud 3aJHUX KOHEYHOCTEH, KOHTPAKTYpPY MBI, YKOPOYEHHOCTh
MIO3BOHOYHHKA, BPOXKJICHHYIO BOSHKY, YKOPOUCHHE HWKHEW YeNIOCTH, aHKHIO03, TMOpPHUpHUI0
(momynerans). BOABIIMHCTBO M3 HUX SBJSIOTCS PELIECCUBHBIMM, T. €. IPHU OOBIYHBIX METOJaX
pa3BeleHUs B IMOIYJSALUN MOXXET MHTEHCUBHO HAKaIUIMBAaTbCS BPEIHBIM T'€HETUYECKHUM Tpy3.
Tak, mapanu4 3agHUX KOHEYHOCTEW Yy CKOTa KpacHOW JaTCKOW TOpOJbI, BIIEPBBIE
3aperucTpupoBanHbiii B 1924 1., k 1950 1. mosyunn mMpoKoe pacnpOoCTpaHEHUE, B YACTHOCTH
26% OBIKOB, 3aMCAHHBIX B IJIEMEHHbIE KHUTH JIBYX MPOBUHIMN [laHNH, OKa3aIuCh HOCUTEISIMU
sTOro rexa. Yamie BcTpeyaroTcs cyOseTanbHble JeeKThl — OecCIIepCTHOCTh Y CKOTa YEpHO-
IIECTPOI MOPOIbI, BOJSHKA MO3ra y CKOTa alllllupcKoil mopoas! U 1ap. B emie Gomnplieil creneHu
pacrpocTpaHeHbl MYTallMM, HE TMPOSABISIONIMECS SPKO, a OKa3bIBAIOIIME WHIHOMpYyoIee
NeiicTBre Ha TeueHue GU3N0IOTUYECKUX MPOLIECCOB.

B cBs3u ¢ mMpOKMM NPUMEHEHHUEM HCKYCCTBEHHOI'O OCEMEHEHHMs CTaj0 3HAUYUTEIBHO
0osiee MHTEHCUBHBIM HCIIOJIb30BaHHUE MJIEMEHHBIX OBIKOB-Tpon3BoauTeNeH. OT MHOTUX M3 HUX
MIOJIy4aroT THICSIYM U JECITKH THICAY MOTOMKOB. B 3THX yCIOBHSX CKOPOCTH paclpOCTpaHEHUsI
pa3IMuYHBIX HApYyIIEHWH TIeHOTUIIA CUJIBHO BoO3pacTaeT. MHOrue MNOmyJslud MOTYT CTaTh
HOCHUTEJISIMHU PELIECCUBHBIX JIeTajel U nosyseraneid. [103ToMmy o4eHb BaKHO BBIIBUTH HOCUTEIEH
3THX TeHoB. [Ipexae Bcero, cienyer n3y4uTh FreHeTUYECKYH0 CUTYallIoO B OTHOIICHUH JIeTajeil u
NoJTyJieTanel B COBPEMEHHBIX CTa/1aX, HANAIUTh TOYHbIN yUeT TeJsT, POAUBLIMXCS C Je(eKTaMu.
B CIIA accouuanus no pa3BeJeHHIO TONILITHHO-()PU3CKOTO CKOTa BeleT peryJsipHbii yueT 10
HaCJIe/ICTBEHHBIX Je(eKkToB. MeToaMy BBISABICHHS HOCHUTENEH JIETaJbHBIX U IOJYJIETATbHBIX
T€HOB SBJISIFOTCS TECHBIM WHOPUAMHI M METOJ| MPOBEPKU OBIKOB, IMpEIHA3HAYEHHBIX JUIS
UCIIOJIb30BAaHUS B IIJIEMEHHOM CETH, Ha TpPYyNNax MAaTOK, FE€TEPO3UTOTHBIX IO JIETAIBHBIM H
MOJTyJIETAIbHBIM T€HaM.

[Ipu momHOM JOMUHHpPOBaHHWU B (DEHOTHIIE >KMBOTHOTO HaWOOJEee 4YacTO MPOSBISAETCS
TOJIBKO TPHU3HAK OJHOIO W3 POAMTENEH, a pelecCHBHBIM MPU3HAK HE BIMAET Ha (DEHOTHIL
Onnako Takast opMa Hacjael0OBaHUsI HE €JMHCTBEHHAs, €CTh U Jpyrue (GopMbl B3aUMOACHCTBUS
MEX/1y aJllIeIbHBIMU F€HaMH.
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MoxHO MNPUBCCTH  MHOTI'OYUCIICHHBIC TPHUMEPBI TaK HA3bIBACMOTI'O  HCIIOJIHOI'O
AOMHUHHUPOBAaHUA, KOTJa ITIOTOMCTBY HEpPEAacTCA B OOoNbIIEH CTENCHH IMPU3HAK OAHOI'0 M3

poauTenei.
UccnenoBanusi B 00JaCTH TEHETUKH TPUBEIM K OTKPBITHIO €II€ OJHOTO THIIA
B3aUMOJICHCTBUSL aJIJICNIbHBIX TE€HOB — CBEPXJIOMUHUPOBAHUS, IMPU KOTOPOM TMPHU3HAK Yy

MMOTOMCTBA BBIPAKCH B 00JI€€ CHIIBHOM CTEICHU, YeM y MCXOIHBIX POJIUTEIBCKHX (opM. DTa
dbopMa B3aUMOJICHCTBUS JICKUT B OCHOBE TeTepO3UCa, KOTJa TeTepO3UTOTHBIE OCOOU B
OTIPEJICTICHHBIX YCIOBHSX CpPEIbl IMPEBOCXOMAT POJUTEIICH IO KPEIMOCTH KOHCTUTYIMH H
KHM3HECTIOCOOHOCTH.

B cBs3M ¢ pa3sBUTHEM MMMYHOTCHETHKH CTaJl U3BECTEH M TAKOW THIT B3aUMOJICHCTBUS
QJIJIENBHBIX TEHOB, KaK KOJOMUHUPOBaHUE. B 3TOM ciyyae Kaxblil U3 aJIeNbHBIX TEHOB BIUSET
Ha pa3BUTHE COOTBETCTBYIOIIETO NMPU3HAKA.

Takum o0pazoMm, nake TpU aHAU3E XapakTepa HAcleAOBaHUS TPOCTHIX KauyeCTBEHHBIX
MPU3HAKOB OBLIO OTMEYEHO OO0JBIIOE MHOT0OOpa3ue CHUCTEM B3aWMOJICHCTBUS aJlJICIHHBIX
T'€HOB.

JlanmpHeiimee W3y4deHHWE MPOIECCOB HACIEAOBAHHS TPU3HAKOB MPHUBEIO K OTKPBITHIO
CIICTVICHHOTO HACJIEIOBaHMUS pa3HbIX TPU3HAKOB, T. €. KOIJIa HEKOTOphbIe TPU3HAKH,
orpesieNisieMble CLEMJICHHBIMU T'€HaMM, HacienyroTcss BMmecre. IlokazaHo, yTO OOJBLIIMHCTBO
MPU3HAKOB OOYCIIOBJICHO HE OJIHUM, a OJHOBPEMEHHO HECKOIbKMMH reHamu. llpu uzydeHun
BJIUSTHUSL HECKOJIBKUX TIap TCHOB Ha Pa3BUTHUE OMPEJICIICHHOTO NMPU3HAKa B ()EHOTHUIIC BBISBIICHO
HECKOJIbKO  BUJOB  B3aMMOJCWCTBHS  HEAJICNBHBIX TEHOB —  HOBOOOpa3oOBaHUS,
KOMILUIEMEHTapHOE JIEHCTBUE, SMTUCTA3 U TIOJTHMMEPHS.

[Ipn m3ydyeHun HacleJOBaHUS Psiia TMPU3HAKOB OBLJIO BBISIBICHO, YTO HEKOTOPHIC T'CHBI
OKa3bIBAIOT OJHOBPEMEHHOE BIHSHHE HAa Pa3BUTHE HECKOJIBKHX TPU3HAKOB. DTO SBICHUE
MOJTyYHJIO HA3BaHUE TICHOTPOITHH.

Ouenp pacripocTpaHeHHas (popMa B3aHMMOJCHCTBHSI TEHOB — COBMECTHOE JCHUCTBHE Ha
pa3BUTHE OJAHOTO M TOTO K€ Mpu3HaKa. [Ipu3Haku, KOTOpbIe pa3BUBAIOTCS MPH OJHOBPEMEHHOM
BO3JICHCTBMM HAa HHUX HECKOJIGKMX WM MHOTHX T'€HOB, HA3BIBAIOTCS IOJIMTCHHBIMU WIIH
nonuMepHbpIMU. K HUM OTHOCHTCS OONBIIMHCTBO KOJMYECTBEHHBIX MPHU3HAKOB, MO KOTOPHIM
BEIyT  CENEKIHI0  KPYMHOrO  poraroro  ckota  (MOJIOYHOCTb,  KMPHOMOJOYHOCTE,
0EITKOBOMOJIOYHOCTh, Macca, MSCHbIe KadecTBa WU T. 1.). lIpu 3TOM yCTaHOBHUTH XapakTep
BIIUSTHUS OTJICJIBHBIX T'€HOB HA Pa3BUTHE TaKWUX MPU3HAKOB B (PCHOTHUIIC 3HAUYHUTEIHHO TPYIHEE,
4eM ]IS PU3HAKOB, 00YCIIOBJICHHBIX OJIHOM Mapoii alyieTbHBIX TEHOB.

JlocTaTouHO CKa3aTh, YTO TaKOW MPHU3HAK, KaK BEJIMYUHA YOS, 3aBHCHUT HE TOJIBKO OT
MOp(hHOoPU3HOIOTHUECKUX OCOOCHHOCTEH OpraHa MOJIOKOOOpa30BaHUS (BBIMS), HO U OT Pa3BUTHS
IpYyTUX CHCTEM OpraHm3Ma (CepAeYHO-COCYINCTasi, THIICBAPUTEIbHAS, BBIICITUTEIHHAS).
HenocraTtouHoe pa3BuTHe JTI000H M3 TUX CUCTEM BBI3BIBAET YMCHbBIIICHUE BEIIMYMHBI MPU3HAKA
(MoI0YHas POAYKTHBHOCTE). B ompesieleHHO CTeIeHN pa3BUTHE BCEX ITHUX CHCTEM 3aBHCHT
OT TeHOTHIIA.

M3ydyeHne W OICHKAa T'€HETHYSCKH OOYCIIOBJICHHBIX KOJMYSCTBCHHBIX IPHU3HAKOB B
CWJIBHOM CTETEeHU OCIOXKHSIOTCS M3-32 BIMSHUS 1[EIOr0 KOMIUIEKCa (JaKTOPOB BHEIIHEH CPEIIbI
Ha WX W3MEHYMBOCTH. Ha ypoBEHb yJI0sI M JPyTHE CEICKIMOHHPYEMbIE MPU3HAKA KPYITHOTO
poraToro ckora OOJBIIOE BIHMSHHE OKa3bIBAIOT BO3PACT KHMBOTHOTO, BO3PACT MEPBOrO OTena,
YPOBEHBb W THUI KOPMJICHHS, (DH3HOJOTHIECKOE COCTOSHUE U JIp. B 3THX yCIOBHSIX BBISBIISCTCS
OTIpeIeTICHHBI YPOBEHh HW3MEHYMBOCTU CEIIEKIIMOHUPYEMBIX KOJIUYECTBCHHBIX MPU3HAKOB
KPYITHOTO POTATOr0 CKOTa. JTa HM3MEHYMBOCTH OOYCIIOBIMBACTCS DPA3UYUSIMH B TEHOTHIIE
KUBOTHBIX M (aKTOpaMu BHEIIHEH Cpebl, OKa3bIBAIOIIMMHU HEOJWHAKOBOE BIHMSHHE Ha
pa3BHTHE TPHU3HAKA Y Pa3HBIX 0co0el. B CBS3M ¢ 3THUM CTEleHh U3MEHYMBOCTH YJIOS M JIPYTHX
MPU3HAKOB HEOJMHAKOBA B pPa3HBIX CTalaXx M MOMYJIHUSIX KPYIMHOTO pPOraTtoro CKoTa.
KoaduimeHT n3MeHUNBOCTH Y105 KOPOB B pa3HbIX cTaznax kojebdnercs ot 15 no 30%.

JlaHHBIE TO PSIIy XO3SHCTB MOKA3bIBAIOT, UYTO CTENEHb BapHAOCIBHOCTH COACPXKAHHS KUpa B
MOJIOKE 3HAYUTEIIFHO HIKE, YeM Y051, U KoJjieonercs ot 2,6 1o 7,4%.



KoadduumeHT u3MeHIMBOCTH cozepkKaHusl OeJika B MOJIOKE KOPOB pasHbIX JMHUNA KoyeOseTcs
ot 5,8 10 9,3%, conepxkanue xupa — ot 4,5 10 8,7%. CnenoBaTenbHo, ypOBHU BapraOeIbHOCTH
OEJIKOBOCTH U KHPHOCTH MOJIOKA OJIM3KH.

Bbicokol cTeneHbl0 M3MEHUMBOCTH XapaKTEPU3YIOTCS U JPYTrHe CEIeKIUOHHPYEeMbIe
IIPU3HAKU KPYIHOTO pOraroro ckora (KUBas Macca, IOKa3aTeNM TEJOCI0KEHNs, MSICHbBIE
KadecTBa).

MOXHO JONMYCTHTb, 4YTO BBICOKMH ypOBEHb BapHalelbHOCTH OyAeT CHocoOCTBOBATh
3¢ (deKTUBHOCTH 0TOOpa, B JEUCTBUTEIBHOCTH K€ 3Ta B3aMMOCBSI3b HE IMPOSBISETCS B TaKOM
4yeTkoi hopme.

AHanu3 NoKa3bIBaeT, YTO YETKON 3aBUCHMOCTH MEXIY BEJIMUMHON BapruabelbHOCTH Y05

1 3(ppexkTuBHOCTHIO 0TOOpPA MO JaHHOMY NPU3HAKy He HaOmonaetcs. B pane ciaydaeB or6op ObLn
s¢(deKkTUBHEE B CTa1aX C MEHBIIUM KO3(PPUIIMEHTOM U3MEHYUBOCTH.
[Ipy 1OBOJILHO 3HAYMTEIBHON BEIMYMHE CENEKIHMOHHOrO auddepeHnnana B psae crax ¢
BBICOKOM OOIIe HM3MEHUMBOCTbIO MpPHU3HAKA CEJIEKIMOHHBIM CIBUT B IOTOMCTBE YacTo
OKa3bIBac€TCs HECYIIECTBEHHBIM. Bce 3TO CBUIETENBCTBYET O TOM, YTO 3HAUUTENIbHAs JOJS B
o0miel aMIUIMTYyA€ W3MEHYMBOCTH OOYCIIOBJIEHA JEHCTBHEM HETE€HETHMYECKHUX (PaKTOpOB —
BJIMSIHAEM (aKTOPOB BHEIIHEH CpeJIbl.

OnTuManbHbIl ypOBeHb HPOTEMHOBOIO IHUTAaHUS KOPOB CHOCOOCTBYET MOBBIIICHUIO
COJIEP/KAHUS KUPA B MOJIOKE. Y CTAaHOBIJIEHO, YTO YBEJIIMYEHHE B PALIMOHE YIJIEBOJIUCTBIX KOPMOB
IpU JOCTATOYHO BBICOKOM YPOBHE MpPOTEHMHA TaK)K€ IMOBBIIIAET >KUPHOMOJIOYHOCTH KOPOB.
CkapmiuBaHHE KOPOBaM PAllMOHOB, BKIIOYAIONIUX HEOONBIIOE KOJIMYECTBO I'PyOBIX KOPMOB U
00JIbIION MPOIEHT KOHUEHTPAaTOB, NPUBOAUT K PpE3KOMY TaJCHUI0 >KUPHOCTH MOJIOKAa.
AHaorn4Hble ABJICHUS HAOIIOAAI0TCS U TPH CKapMITMBAaHUU TPYOBIX KOPMOB B BHJIE TPaHYyII.
[IpaBWJIbBHO OIICHUTH TE€HOTHUI KOPOBBI MO JKHUPHOMOJOYHOCTH M CPAaBHUTh TE€HETHYECKH
MOTEHIMAJ IO 3TOMY IMPH3HAKY pPAa3HBIX >KMBOTHBIX MOXHO TOJIBKO TPU OJMHAKOBOM HUX
KopmiieHud. B 3ToM ciywyae Oombiioe 3Haue€HHE HMEET HE TOJIBKO YPOBEHb, HO W THII
KOPMJICHUS.



35.1 JlaGopatopnas padora Ne3S ( 2 yaca).

Tema: «I'eHeTuka oBel U KO3»

2.35.1 Hean padotbl: O3HaKOMIICHHE C OCHOBHBIMH TTOKA3aTEISIMU, TCHETUKHU OBEI] M KO3
2.35.2 3apaum padoThbI:

1. 3HaTh TEHETHUECKHE OCOOEHHOCTH KPYITHOTO POTAaTOTO CKOTA

2.35.3 [lepeyennb MpudOpPOB, MATEPUAJIOB, HCIOJIb3YEMBIX B JIa0opaTopHOi padore:
1. 3amayHuK MO reHEeTHKE

2.35.4 Onucanue (xox) padoThI:

['enetuka okpaca y K03 o0ycioBiieHa OCHOBHBIMH 4-ms jokycamu: A, B, S u M, Ho
JIOKYCOB TOpa3zio OoJIbIIe.

Jlokyc A (AryTH) — caMblii ”3BMEHUYMBBIN U Pa3HOOOPA3HBIN JIOKYC Y K03 uMeeT Ooiee 21

TEHOB.
OTOT JIOKYyC KOHTPOJIMPYET pacipeaeiacHue peyMenaHuHa U dyMeJIaHuHA B CaMOM BOJIOCE.
B3aumooTHOIIEHNE MEXIy aJIeNSIMU JIOKyca A TaKoe€:

Awt> Asb > Abm > Acr > A+ > Ab > Ats > Asc > Arp > Apk > Asg > Ag > Aga > Asm > Aeb
> At > Afsh > Als > Am > Arc > Aa

[lepeuncnum anenu B THOpSAAKE JOMHHAHTHOCTH OT HauOoJsiee JTOMHHAHTHBIX /0 Haubosee
PELIECCUBHBIX.

I'enernka oBubl. Kapuotun oBen mnpexacraBieH 54 XpoMocoMaMH, M3 HUX 26 map
ayTOCOM U OJIHA Mapa MOJIOBBIX XxpomocoM (XX i XY). B coctaB ayTocoM BXOAAT TpH Hapsl
00JIBIINX METACHTPUKOB U 23 Maphl aKPOLUEHTPUYECKUX XPOMOCOM pa3HOW BelMYuHbL. Pa3zmep
xpoMmocoM kojebiaercs or 1 g0 7 MkM. YHcao XpoMocoM y JAPYrHMX BHAOB 3TOr0 poja
cnenyromiee: y cairaka- 60, ko3- 60, apxapa- 54, oBueObika- 48.

Y oBen, Kak U Yy JAPYIHMX BUJOB CEIbCKOXO3SHCTBEHHBIX JKUBOTHBIX, BBISBJICHBI
paznuyHble BUABI MyTanuid. YactoTa XpOMOCOMHBIX aHOMAJIMH y OBEIl 3aBHCUT OT BO3pacTa.
Haumenpmmii ypoBeHb XPOMOCOMHBIX HapyLIEHMH OTMEUYEH y OBEL B Bo3pacre 2-3 JeT, y
HOBOPOXJEHHBIX ATHAT U OBEll 6-7- JIETHEr0 BO3pacTa KOJIMYECTBO MyTanuil Beie. Hapymenus
CpeIy IMOJIOBBIX XPOMOCOM INPUBOJAT K NOTEPE MIOJOBUTOCTH OBell. Cpenn OBell BCTPEUarOTCs
unTepcekchl THna XXY, mozauku XX/XXY, XX/XYY u npyrue. Y Takux oBel| OTCYTCTBYIOT
CTIIEPMHHU WJIM 3TU KIETKU UMEIOT Pa3IndHbIe TEPEKTHI.

Brisiiennsie y oBell (pakThl XpOMOCOMHBIX aHOMAJUI YKa3bIBaIOT HAa HEOOXOAMMOCTh
LUTOT€HETUYECKOIO0 KOHTPOJIA, 4YTO IO3BOJIMT HCKIIOYNUTH U3 PAa3BEICHUS KUBOTHBIX, B
KapHUOTHUIIE KOTOPBIX UMEIOTCS MAaTOJIOTHH.

I'maBHBIM KauyeCTBEHHBIM IPU3HAKOM OBELl sBIAETCA MacTh. [lpakTudeckuil omeIT U
WCCIIE0BAHUS YUYEHBIX MOKa3ajd, 4YTO YEepHas OKpacka OBEll JOMHHAHTHA K MHOTMM JPYTHMM
OKpackam, 3a UCKJIroueHueM cepoil. Cepblii IIBET 0Opa3yeTcst B pe3ybTaTe HaJIM4Ks B IEPCTHOM
MTOKPOBE YEPHBIX U OEJIBIX BOJIOC, @ PO30BbII 00YCIIOBJIEH CMEIIEHHEM OebIX U KOPUYHEBBIX. Y
OBEIl KapaKyJbCKOW IOPOABI BCTPEUAETCA OKPACKa Cyp, KOTOpas XapaKTepU3yeTCs 30HAJIbHBIM
pacroyio’)keHHeM NUIMEHTa BJOJNb BOJIOC. B pesynpTare CeneKIUMOHHONM paboThl yAanoch
MIOJIyYUTh MHOT'O Pa3HOBUIHOCTEH CYPOBOM OKPACKH OBEII.

HacnenoBaHnue KoJM4eCTBEHHBIX MPU3HAKOB Yy OBell OoJjee cioxHo. Hanbonee BaxxHbIMU
CEJICKLIMOHHBIMY NPU3HAKAMH OBELl TOHKOPYHHBIX IIOPOJ SBJSIOTCS: HACTPUI ILEPCTH, BBIXO
YUCTOW IIEPCTH, IJIMHA U TOJIIMHA €€ BOJIOKOH, I'yCTOTa IIEPCTH, IUIOJJOBUTOCTb, )KABAsl Macca U
npyrue. Hacnenyroorcs 3TH NPU3HAKU 110 TUILY MOJUMEPHUH, T.€. KaXAbIM U3 HUX OINPEHCIIeTCs
001bIIMM 4HcTIOM TeHOB. CyasT O CTeneHH HacjelOBaHUS KOJMYECTBEHHBIX IMPHU3HAKOB IO
BesuunHe Kodpduuuenta nacnenyemoctu (h®). Yem Bbllle 3Ta BENWYKMHA, TEM YCIEIIHEE
cenekuus. Ha BenununHy kKoad¢uimeHTa HacleayeMOCTH OKa3bIBaIOT BIMSHHUE HW3MEHUYMBOCTD
NpU3HAaKa, TOPOAHbIE W HWHAWBUAYalbHbIE OCOOEHHOCTH JKMBOTHBIX. Koadouiment
HAacCJEeAyeMOCTH BBIXOJAa MBITOM IIEPCTH y OBELl TOHKOPYHHBIX Iopoj coctasiser 0,3-0,6;




rycrotel mepctu- 0,4-0,6; mmunasl mepctu- 0,25-0,8; nactpura mepctu- 0,20-0,60; xuBoit
macchel- 0,3-0,5 u muoromromusa- 0,10-0,15.

Jlis ycrmenrHoro MpoBEEHUs] CENEKIIMOHHOW pabOThl HYXKHO 3HATh KOPPENSIMOHHBIC

CBSI3U MEXKJy OCHOBHBIMH TMPOJYKTHMBHBIMH KadecTBaMH. Tak, KOA(D(PHUIMEHT KOppeIsuu
MEXJy HACTpUIOM WIEpCTH U KUBOM Maccou oBer coctasisier 0,37-0,69; Mexay HacTpUrom
mepcty U €€ ryctoroi - 0,44-0,50. OTMeueHa MONIOKUTENIbHAs KOPPEJSIU HAaCTpUra IEepCTH ¢
JumHON BoJokoH- 0,21-0,37; ¢ ux TonmuHo#i- 0,28-0,44 u cknagyaTocTbio kKoxku- 0,25-0,37.
VY oBell 3aperucTpUpoOBaHO HECKOIBKO JECATKOB HACIEJICTBEHHBIX aHOMAJMK W 3a00JIeBaHUM.
[loutn Bce OHM HMEIOT pEUECCUMBHBIM THUMN HacieAoBaHUs. K HHMM OTHOCST: MBIIICUHYIO
nucTpoduro, mapanud KOHEYHOCTEW, KapJIUKOBOCTh, BPOXKIEHHYIO BOJSHKY, AehOpMaIlfio
CKeJleTa, HEMpOXOJAMMOCTh NHIIEBOJA, OTCYTCTBHE aHyca, Kpuntopxusm u japyrue. A.I.
['memMOoIIKMM yCTaHOBIIEHA CBSI3b MEXKAY IOSBICHHEM KPUIITOPXHU3Ma M KOMOJIOCTBHIO Y OBEIl
nopoabl mpekoc. Oka3anoch, YTO MPOBEICHUE CEJICKIMU Ha YCTpaHEHUE POraToCTH OapaHOB
MIPUBOANT K TIOBBIIICHUIO YHCTIA CIIy4aeB KPUIITOPXU3Ma B CTAJIC.

l'enernyeckass 0OYCIOBICHHOCTh YCTOMYMBOCTH OBEIl BBHISIBICHA B OTHOIICHUU
WH(EKIIMOHHOTO JIETOYHOTO aJieHOMaTo3a M TpuxocTpoHrmwie3a. B Anrnum u ®panuuu gaBHO
W3BECTHO 3aboJieBaHHe ckpennu. DTO 3a00JeBaHHE MPOSIBISIETCS B Bo3pacte 2-3 JeT u
XapaKTEepHU3yeTCcsl CIa0OCThIO0 JKUBOTHBIX, TOTEPEH KOOPAMHAIIMU JIBIDKCHMsSI, pacuecaMu |
ucxyganueMm. CUYHTAIOT, YTO CKpENNH HMEET HACJIEICTBEHHYI0 NpPHUPOLy M OO0yCIOBIIeHA
JeMCTBHEM pELECCUBHOIO reHa. 3aboseBaHue MPOSIBISIETCS Y TOMO3UTOTHBIX 0co0el reHOTHIa
ss. Jlmst ycTpaHeHus: 3Toro 3aboseBaHus MPUMEHSIOT CEJICKIIMOHHBIE METOMbI: BHIOpPAKOBKA U3
cTasia 00JIbHBIX JKUBOTHBIX, UX OOKOBBIX POJCTBEHHUKOB (OpaThEB U CeCTEp) U POAUTENEH.

Jlis yBenuueHus: MpOyKTHBHOCTH OBEI] UcTIoNb3yeTcs 3 dekT rereposuca. [IposBienne
reTepo3nca B OBIIEBOJCTRBE, TJI€ CEJICKIINS BEACTCS 10 MHOXKECTBY MPU3HAKOB, BECbMa Pa3IMYHO.
[lo omHMM mpHU3HAKaAM TETEPO3UC NPOSBISETCS CUiIbHee, Mo ApyruMm ciabee. [ereposuc
MIPOSIBJISIETCS. B TAKOM TOCIEA0BATEIIBHOCTH: KU3HECTIOCOOHOCTD, TJI0JIOBUTOCTh, MOJIOYHOCTD,
Macca Teja, CKOpOCTh POCTa, OIiaTa KopMa MPOIyKUIKEH, EpCTHASI TPOAYKTUBHOCTD.

ITo nanusiM C.B. ByitnoBa, B 38 BapuaHTax CKpeNIMBAHUI TOHKOPYHHBIX U TOHKOPYHHO-
rpyOOIIepCTHRIX OBEI] C OapaHaMH MSCO- IIEPCTHBIX MOPOJ MOMECHBIE OBIIBI MPEBOCXOIUIU
MaTEepUHCKYI0 TOPOJYy MO >Ku3HecmocoOHocTH Ha 1,2-5,7%; mmomoButocTH- Ha 9,6-37,5%;
HACTpUTy LIepcTH- Ha 5,6-49,4%.



36.1 JlaGopaTtopHas padora Ne36 ( 2 yaca).

Tema: «I'eHeTHKA JIONIA/ICH ¥ CBUHEN»

2.36.1 Leab padorbi: O3HAKOMIICHHME C OCHOBHBIMU TOKa3aTEIsIMHU, TEHETHUKH JIOMIaJe W
CBUHEU

2.36.2 3axaum padoThI:
1. 3HaTh reHeTHYECKUE OCOOCHHOCTH JIOIIAaAel U CBUHEN

2.36.3 Ilepeyenb nMpudOpPoOB, MATEPUAJIOB, HCIOJIb3YEMBIX B JIa0opaTopHOi padore:
1. 3amayHuK MO reHeTHKE

2.36.4 Onucanue (xoa) padoThbI:

I'eneTuka cBuHbM. [I0 3HAUMMOCTHM CBHMHOBOJCTBO B HAll€il CTpaHE 3aHUMAET BTOPOE
MECTO II0CJE€ KPYIHOIO POraroro ckora. Jlis CBUHEW XapaKTEpHBI: BBICOKAas IIJIOJOBUTOCTD,
ObICTpass CMEHa TIIOKOJICHUH, BBICOKAsh HHTEHCHBHOCTh pOCTa M XOPOIIHE MsICO-CallbHbIE
KauecTBa.

Kaprotun gomamiHel CBUHBM IPEACTABIECH 38 XpOMOCOMaMH. Y €BPONEHCKHX TUKHX
cBuHeil 36 xpomocoM. llpu cmapuBaHuM AOMalIHMX CBUHEH C JUKUMH YAAeTCd IMOIYYHUTb
ruOpuaHoe MoToMcTBO C¢ 37 Xxpomocomamu. [lo pacmosokeHuro0 HEeHTPOMEpPHI XPOMOCOMBI
CBUHBHU IMOJIPA3JEIAIOT HA IATH Map METAlleHTPUKOB, BOCEMb Map CyOMETalleHTPUKOB M IIECTh
Imap aKkpoUeHTPUKOB. IlonOBBIE XpOMOCOMBI OTHOCAT K METAllEHTPUKaM, IPUYEM pasmep X-
XPOMOCOMBI 00JIbIIIE, YeM Y- XPOMOCOMBI.

Kak u y npyrux >KMBOTHBIX, Y CBUHEH BBIABIICHBI pa3inuHble MyTauuu. [lomummonaus
KJIETOK KOCTHOTO MO3ra M JUM(OIMTOB KPOBU Y B3pOCIHBIX >KMBOTHBIX cocTaBiseT 0,5-1,5%,
4acToTa CIIOHTaHHBIX XPOMOCOMHBIX MyTauuid kojiebnercs ot 1 mo 10 %. Berpeuarores y
CBHUHEW M PEILUIPOKTHBIC TPAHCIOKAIMH, KOTOPbIE MPUBOIAT K SMOPHOHAIBHOW CMEPTHOCTH U
CHUKEHUIO IIJIOJIOBUTOCTH.

3HaHWE 3aKOHOMEPHOCTEH HAaCJEIOBAaHUE MaCTH y CBHHEH MHCIIONB3YeTCs B
MpakTHueckod pabdore. JlydmmMu MO KadyecTBY CUUTAIOTCS OKOpOKa M JApyTHe callbHble U
MSICHBIE TIPOJIYKTBI OT KUBOTHBIX C O€J0H ImeTHHOM. M3BecTHO, UTO 0HOpOoIHAs Oerast OKpacka
CBUHEW O00yCIIOBJICHAa JOMHMHAHTHBIM TeHOM [. DTa OKpacka SBISE€TCS JIOMHWHAHTHOW TIO
OTHOLICHUIO K YEepHOH, pbikel U mecTpoil. I1oaTomMy, 4TOOBI MOMY4YHUTH OENBIX OTKOPMOUYHBIX
MOPOCSIT, B CXeMaxX CKpeIMBaHUN MOCIEAHUMHU HY>KHO HCIIOJIb30BaTh MOPObI 00 MacTu.
Bucsuue ymm y cBuHEH, HapuMep y IOPOJIbl JaHApac, JOMUHUPYIOT HaJl CTOSYMMU, YACTUIHOE
OTCYTCTBHE IIETUHBI (TUIOTPUXO03) HEMOJIHO JOMUHUPYET HaJ T'YCTOW IIETHHOW, HOPMAaJIbHBIN
[BET IJ1a3 JIOMUHHUPYET HaJl KPACHBIM (aJIbOMHU3M).

BONBIIMHCTBO ~ KOJIMYECTBEHHBIX IPU3HAKOB CBHHEHW HWMEET IOJIUTEHHBIM  THII

HacnenoBaHuda. [lo cremeHM TreHeTHMYECKOW OOYCIOBICHHOCTH M W3MEHUMBOCTU I0J]

BIMsIHMEM (DaKTOPOB Cpeibl OCHOBHbBIE CEIEKI[MOHHBbIE MPHU3HAKU CBHHEW CYIIECTBEHHO

pasnuyarorcss Mexay coboi. KoadduimeHnTsl HacneayeMOCTH HEKOTOPHIX MPU3HAKOB

CBUHEH MpUBECHBI B TaOIUIIE.

HacJieyeMoCTh OCHOBHBIX pHU3HaKoB cBuHel (h?)

[Tpu3Hak (h?) ITpu3Hak (h?)

MHuorormioaue Momnounocts | 0,05-0,19 HJmuna tymm Conepxkanue | 0,40-0,60
Yucao cockoB | 0,20-0,30 Mica B Ttyme Tommmuna | 0,30-0,70
KpynHomnoaHocTh 0,11-0,42 LIIHUKA [Tnomans | 0,20-0,40
CpellHeCyTOYHbIN npupoct | 0,11-0,23 “MBIIIIEYHOTO rnaska” | 0,45-0,55




OrmnaTa Kkopma 0,2-0,5 0,2- | [IpoueHT OKOpOKa 0,40-0,50
0,6

Huzkue 3HAYCHUS HacJeayeMOCTH UMEIOT IIPU3HAKH, OIpeAesoIe
BOCIPOM3BOAUTEIbHBIE CIIOCOOHOCTH CBHHEH; CpeJHECYTOUHBIM MHPUPOCT MU OIUlaTa KopMma
XapaKTepU3yIOTCsa 0ojiee BHICOKMMH 3HaueHusMU h’ . TIpu3HaKM MSICHBIX KadeCTB, TAKHME Kak
JUIMHA TYLIW W COJACpP)KAaHWE B HEW Msca, J0Js OKOPOKOB U IUIOWIA[b ‘‘MBIIIEYHOrO Ija3ka’,
UMEIOT JIOCTaTOYHO BBICOKHE KOA(PPHUIMEHTH HACIEAYEMOCTH, CIIEI0BaTEeIbHO, MaccoBas
CeJIEKIIMS 110 3TUM IpU3HaKaM OoJiee yCrelHa.

VY CBHHEW W3y4EHBl KOPPEISATUBHBIC CBSI3M MEXKIY pa3IW4YHbIMM INpHU3HAKaMH. Tak,
MOJIO’KUTENIbHBIE CBSI3U OOHApYKEHbI MEXY >KMBOW MacCoil CBUHEH M TONIIUHOW IIMUKa (I =
0,6), MOJIOYHOCTBIO CBUHOMATOK M MHoromioguem (r = 0,3-0,4), )xuBoil Mmaccoil U nmpoMepamu
®UBOTHBIX (1 = 0,7-0,9). OTpHUIIaTeTbHBIMU CBSI3IMH XapaKTEPU3YIOTCS CIICIYIONINE MTPU3HAKU:
MHOTOIUIOINE U KPYIHOIUIOAHOCTh Hopocsrt (r = -0,3), cpenHecyTO4YHbI NMPUPOCT U OIUIaTa
KopMma npoaykuuen (r = -,05-0,7), conepkanue Msca u cana B tyme (r = -0,7) u apyrue.

VY cBuHeill onmcano Oonee 60 aHOMAaNWii, KOTOPBIE 3aTParuBarOT WX MOpdoIorHuecKoe
CTpoeHHE U pAn QyHKuMA. MHOTHE M3 HUX HNPUBOJAT K JIETAILHOMY UCXoAy. B momymsiusix
CBHUHEW 4acTOTa BPOXKACHHBIX aHOMaMi coctaBisieT 1-1,4%, oJlHaKO B HEKOTOPBIX CTajax U B
MIOTOMCTBE OTJICJIbHBIX MPOU3BOAUTENCH YacTOTa HACIEICTBEHHBIX aHOMAUH MOXXET OBITh B
HECKOJIBKO pa3 BbIlIe. V3 aHOManuil y CBUHEH 4allle BCETO PErUCTPUPYIOTCA: MO3rOBas IpblXka,
MOJIMAAKTHIINSA, paculeryieHue Heba, KPUNTOPXU3M, ruiponedanus, albOMHU3M, KPAaTEPHOCTD
COCKOB U JpyTHE.

Tunu4yHONM HACIEACTBEHHOW aHOMAIMEH Y CBUHEH SBISICTCS KPUIITOPXU3M. DTOT ACPEKT
CBSI3aH C HEOITyCKaHUEM OJTHOTO MM O0OMX CEMEHHHUKOB B MOIIOHKY. B pe3yibTare Hapymaercs
MPOLIECC CriepMaTOreHe3a M XPsIKU OKa3bIBAIOTCSl YACTHUHO WIIU MOJHOCTHIO OecrutonubiMu. 1o
nanabpiM @punuHa u HetomeHna, B KaHnaie oHO- ¥ IBYCTOPOHHUN KPUNTOPXU3M HaOIIOIaeTCS
exerogHo y 1-2% Bcex XpsuKOB, IOCTYHAKOUIUX HA PHIHOK.

Hannuaue kpaTepHBIX COCKOB - TakKe CEpbe3HbIH Ne()EeKT y CBHHOMATOK, MOCKOJIBKY
MOPOCSTA HE MOJYyYaloT U3 HUX MOJIOKA. YHCII0 KpaTepHBIX COCKOB Y CBUHOMATOK KOJIEOIeTcs OT
OJTHOTO 110 BochMU. [lopocsTa, KOTOPBIM JOCTAINCH KPATEPHBIE COCKHU, TOTHOAl0T. ITOT MPU3HAK
00yCIIOBJIEH OJIHUM ayTOCOMHO-PELECCUBHBIM F€HOM.

MacTth — KauyeCTBEHHBIM IPU3HAK JKUBOTHOTO, KOTOPBIA JIETKO PETHCTPUPYETCS U
pacno3Haercs. B mporuiecce pa3BeieHus Jjoimaaeid HaKOIUIeH OoJbIIoN (akTHYeCKUi MaTepua,
KOTOpPBIA TMO3BOJIMJI C TMO3UIMA TEHETUKH BBIIBUTH 3aKOHOMEPHOCTH HACJIEAOBAHHUS 3TOTO
npu3Haka. B mocinenHue ronpl, Korjga JoOWAaib U3 «IEPEBEHCKOTO KUTENS» IOCTEHEHHO
NPEBPAIACTCs B (OKUTENS TOPOJIOBY», €€ MacTh B psfe CIy4yaeB cTaja NpPHUBJIEKaTh 0coboe
BHHMaHHE CeJICKITMOHEepoB U nroouteneit. Tak, B CIIIA Obuta 3apeructpupoBaHa HOBas MOpoja
JoLIaieH MoJ Ha3BaHUEM «allllaly3a», CTaHJapT KOTOPOM IpeaycMaTpUBaeT yybapyro mMacThb ¢
PUCYHKOM M3 MSTEH, KPanMHOK pa3iu4yHON (GopMmbl, pa3MepoB U OoTTeHKOB. K ciioBy 3ameTum,
YTO HaM MPUXOJUIIOCH BUAETh y HW3BO3uMKOB Jlenu (B Muaum) Iomanei, pacnucaHHBIX
BCEBO3MOXXHBIMU LBeTOukamu. B CIIIA Benercs mieMeHHas KHUTa JIOWIAJAEH «IaJOMHUHO», KO-
TOPBIX OTOMPAIOT U PETUCTPUPYIOT TOIBKO MO COJIOBOM MacTu. B ['epmanuu manenbkas ropHas
yTsDKETIEHHAs JIOIIA b MOPOIbl «Ta(IUHT» CTAaHIAPTU3UPYETCS M0 PhKe-UTPEHEBOM MacTH.

B nepBbIil mepuoa CymiecTBOBaHHUS HOBOM IMOPOABI CTAaHAAPTH3ALUS 110 MAacTH HUMEET
CYILIECTBEHHOE 3HAY€HUE /I €€ MPU3HAHMS U IIHMPOKOTO paclpocTpaHeHus. TurnuyHas MacTh
CITY)KUT HAJC)KHOU «(haOpHUIHON MapKOii».

Jis u3ydeHus: KOppessiliud MEXIY MacThlo U pabOyuMHU KadecTBaMH JIOIIaJeil ObuIH
HCIIOJIb30BaHbl pa3jIMUHblE METOJbl HCCleNoBaHMs. B pe3ynpTaTe HU IOJOKUTENBHBIX, HU
OTpHUIIATETIFHBIX CBs3e He oOHapyxkeHo. OgHaKo MacTh (OKpacka) S>KMBOTHBIX, TO €CTb
CIOCOOHOCTh 0Opa30BBIBATh NMUTMEHT, HE SBJSIETCS OMOJIOTHYECKH Oe3pa3zinyHbIM (aKTOPOM.
CoBepilleHHO TOYHO YCTAHOBJIEHO, YTO JIOLIAJAMU TOJBKO CEPOi MAcTH, OCOOCHHO Te, KOTOphIe




paHo OeJeroT, CTpaJaroT 3JO0KAYeCTBEHHBIM 3a00JIeBaHUEM — MENSTHOCAPKOMOM, WIN
YEpPHOBHKAMH. OTMeuyajace MMOHM)KEHHAS IUIOTOBUTOCTH y CEePBIX JIoIIaaen
OpuaeprukcOOPrcKoro 3aBojaa. Y JIOMIAJEH cephlXx MacTed HaOMroJaeTcss MOBBIIICHHAS
YyBCTBUTEIBHOCTh K HEKOTOPHIM KOPMOBBIM Cpe/icTBaM. Hampumep, npu moesaHuy TpearImHon
COJIOMBI Y HUX TOSIBJISIETCSI CBINb MO BceMy Kopiycy. Horu ¢ 6enbiMu OTMETHHAMU Y JIolnaaen
Yarie mopakxaroTcsi MOKpEIaMHu.

CornacHo 3TOW TeopuH, MepBasi CTalus OKUCIECHUS XpOMOreHa JaeT OypoBaTO-phIKUE
NUTMEHTHbIE 3epHa, OO0yClIOBIMBalOUIMEe o00Opa3oBaHue pbDKeH Mactu. Btopas wmacte B
AMUCTATUYECKOM psiAy BopoHas. OHa He MOKeT 00pa3oBbIBaThCS 0€3 MUIMEHTa M I03TOMY
SMHMCTAaTUYHA (COMOIYMHEHA) 110 OTHOIICHHUIO K phIXkel MacTH. ['eneTnueckas ¢popmyrna BOpOHOMH
Mactu PPBB, PPBs, unu npocto BB u Bg, cuuTtas, 4To y BCEX JIOMIAAC €CTh 3aJJaTOK PbIKEH
OKpackd. 3a BOPOHOH B SMHCTATMYECKOM psAy CTOUT THeaas MacTh (). Y rHemol jomanu
KOpIIyC OKpalleH B pa3iW4Hble TOHA KOPUYHEBATO-BUIIHEBOTO IBETA, a TPUBA, XBOCT U HU3bI
HOI — B 4YepHbIH. B naHHOM ciywae neicTByeT 3aJaToK, 3aTOPMaXHBAIOIIUHM IMONHOE (10
YEepHOTO 1IBETa) OKUCIIEHNE MUTMEHTa KPOIOIIIMX BOJIOC HA TOJIOBE U KOpITyce Jiomaau. JleficTBue
3alaTKa THEIOM MacCTU MOXET IPOSBUTHCSA JIUIIb B IMPUCYTCTBUU 3aJaTKa BOPOHOM MACTH.
dopmyna THemoW MacTu MoxeT Ovith BBIT, Bel2, BBI2, Bell. OT THeaplx momanei
reseTrueckoi Gopmynel BBIT MOXHO TOJy4aTh TOJBKO THEAbIX Jomaned. Jlomanu ¢ ¢op-
MyJIOW THEAOW MacTh BBIl2, TO €CThb TeTepO3WUTrOTHBIE II0 THEIOMY 3aJaTKy, MOTYT JaBaTh
THEJIBIX U BOPOHBIX JieTel U He crocoOHBI AaBaTh pbbkUX. [Ipu renerudeckoit popmyne Bel T
THeJble JIOMIagu JAlOT THEIBbIX W PBDKUX M HE CIOCOOHBI JlaBaTh BOPOHBIX. ['Henwle,
reTEepPO3UTOTHBIE IO 3aJaTKaM THEIBIX M BOPOHBIX, CIIOCOOHBI /1aBaTh THEABIX, BOPOHBIX M
peDKUX Aeted. bynansle nomanu (5) UMEIOT HECKOIBKO reHeTnueckux gopmyn; 1) BBITHE —

rOMO3HMroTHasi OynaHasi, aeT TOJIbKO OynaHwlx; 2) BBITH6 — rerepo3uroTHas mno OyiaHoU
OKpacke, criocoOHa naBaTh OylaHbIX W THeAbIX; 3) BBI2bb — reTepo3urotHas Mo 3aiaTKy
THEJOW MacTu, CrocOoOHa JaBaTh OyJNaHBIX M BOPOHBIX; 4) BBI2b6 — reTepo3UroTHas 1o

rHeoil u OylaHoil MacTH, crocoOHa aaBaTh OyJaHbIX, THEJBIX U BOPOHBIX; 5) BelTHb —
reTepo3UroTHas 10 BOPOHOHM OKpacke, CIIOCOOHAa JaBaTh TOJBKO OyJlaHBIX M COJNOBBIX. [lo
MueHnio B. O. Butra, mpu cCoBMECTHOM JeHCTBUM KOMILJIEKCA 3aJaTKOB OyJaHOW W THEIOU
MacTH, TpU BBINAJCHUU 3aJaTKa BOPOHOW MacTH IMOJydaeTcs coyioBasi MacTh; 6) Bel2BO —
TeTePO3UroTHAs MO OyJIaHOW U BOPOHOM OKpacKe, CIIocOOHa MaBaTh OYyJIaHBIX, THENIBIX, COJTOBBIX
U peKkuX; 7) Belebb — reTepo3uroTHas Mo BOPOHOM M THEJIONW MacTH, CIOCOOHAa /1aBaTh
OyJIaHBIX, BOPOHBIX, COJIOBBIX M PHDKUX U §) Bl 2B6 — reTepo3uroTHas 1o 3a/aTkaM BCEX Ma-
CTeH, criocoOHa AaBaTh OyJIaHBIX, THEJBIX, BOPOHBIX, COJIOBBIX U PHDKHX.

MHorue MacTi CTOSAT BHE ONMCAHHOIO 3MMUCTATUYECKOrO Psifia U Pa3BUBAIOTCA HA OCHOBE
OJTHOTO HACJIEJICTBEHHOTO 3aJaTKa: cepas, 4anas, reras, udyOapas, caBpacas. Cepass MacTb
JOMUHHUPYET HaJl BCEMH MACTSAMH, IIOJIYYUTh CEpBIX JIOIIAJEH MOXKHO TOJBKO OT CEpBIX.
XapakTepHasi 0COOEHHOCTh UX 3aKJIIOYAETCs B TOM, YTO C BO3PACTOM OHH O€Ner0T, TaK Kak 3aj]a-
TOK CEpOM MacCTH BbI3BIBACT IOCEAEHUE BOJIOC. Haas MacTh TakKe JTOMUHAHTHA 10 OTHOILLEHUIO
KO BceM macTsaM. OTin4daercs OHa OT CEpOM TEM, UYTO B TEYEHHE KU3HHM OKpAacKa HE MEHSETCH,
TaKk Kak IIOCEJCHHME C BO3pacTOM He mporpeccupyer. lleras macTb XapakTepHa HaJIUM4UeM
00JbIIKX OeNbIX MATEH Ha Kopmyce Jiomaau. OnucaHo aBe GopMblI ErocTd — JOMUHAHTHAs U
pelieccuBHasl; IpU JOMUHAHTHOW MEroCTH OeJble OTMETHHBI PACIOJIOXKEHBI M0 BepXy KopIyca
JomIagy, a IpU PeUecCMBHOM — mno Hu3y. YyOapas MacTb Hacleqyercsl Tak XKe, Kak
JOMUHaHTHas nerocts. CaBpacasg MacTb XapaKTEPU3yeTCs 30HAJIBHBIM paclpeieieHueM
MATMEHTA IT0 KPOILIEMY BOJIOCY M IPSASIMU CEIBIX BOJIOC B TpUBE U XBocTe. Onpenensercs oHa
OJIHMM JOMMHAHTHBIM 33JaTKOM. MpIlactas MacTh OINpEAeNsIeTCs ABYMs HacCJIEICTBCHHBIMU
3aJjlaTKaMy — 3aJ]aTKOM JTUKOM OKpacku (JOMUHAHTHOM) U 3a/1aTKOM BOPOHON MacTH.



Bropyto Teopuro HaciemoBaHHs MacTel paspaboTanu 3apyOexHbIe HCCIEI0BATENH,
miaBHeIM 0oOpazom Kacn. CornmacHo 3TOi Teopuu, y Bcex Jjomaned wumeercas reH C —
JOMUHAHTHBIN, OMpPEENSIFONINA CIIOCOOHOCTh 00pa30BBIBAaTh MUTMEHT. BTopoii reH B Bo37cii-
CTBYEeT Ha o0Opa3oBaHWE YEpHOTO MHUTMeHTa. Tpetuid TeH A (TeH aryTh) — pachpeaeinuTelb
YEPHOI'0 MUTMEHTA, TO €CTh I'€H OKPACKU JUKUX KUBOTHBIX. DTOT I'EH Y JIOLIaAeH mpeacTaBieH
YEThIPbMS AJUIEISIMUA, TO €CTh YEThIPbMS PAa3HBIMU T'€HAMH, PACIIOJI0KEHHBIMU B OJTHOM JIOKYCE
XpPOMOCOMBI, @ UMEHHO: A' —MacTh JAMKUX MPEAKOB, MacTh Jjomanu llpxeBanbckoro; 4 —
MACTh JIOMAlllHEH TEMHO-THEJIOM Jomaau; s ' — MacTb TEMHO-KapaKoBOM JIOWIAaW; a —
peleccuBHAsl BOPOHAs; YE€TBEPThI r'eH E — yIpaBisieT MOJHBIM pPaclpOCTPAHEHHUEM YEPHOTO
NUrMeHTa (WM KOPUIHEBOTO) KaK y JUKHUX JIOMIAACH, TaK M y JOMAIHUX THEIOH, PbIKEH U
BOPOHOI; PELIECCUBHBIN T'€H e BBI3BIBACT OrPAaHUYCHHE TEMHOTO MHUTMEHTa MepudepudecKuMu
y4acTKaMH IIEPCTHOTO MOKPOBA, OCTABJIAS LEHTPAIBHYIO YacTh Teja KEJITOKPACHOW, W pasiiv-
ype MEXIy TeMHO-THenoi (ABE) u cBetno-rHenoit (ABee) oxpackoi. 'en EP (1OMHHAaHTHBIM
Te€H PAacHpOCTPAaHCHHUS TWTMEHTA) SBISETCA MyTanued reHa £, BBI3BIBACT BOPOHYIO
HEBBITOPAIONLYI0 MacTh. lIAThIi reH D (reH pa3z0aBiieHHs) OOBIUHBIA y Jomiajaed, MeHee
3¢ (PEKTUBHBIN B TETEPOZUTOTHOM COCTOSTHUH.

CornacHo Kaciy, B pe3ynbprare pa3inyHbIX COYETaHWl TeHOB A, B, E, D pa3BuBarOTCA
Mactu ['nenas, Poixkast, Cepas u Boponast.

Kpome macreii, oOycrnoBieHHbIX koMmOuHamue reHoB 4, B, E u D, Kacn ommceiBaeT psin
JOMHUHAHTHBIX OJHO(AKTOPHBIX 3a/1aTKOB MacTei. ['eHbl U COOTBETCTBYIOIIME UM (DEHOTHUIIBI, B
JTAHHOM CJIydae MacTH, cliefyrome: W — Bosioc Oemblid, I71a3a OKpamleHHbIE (B TOMO3UTOTHOM
COCTOSIHMM, TO €CTh KOIJIa 33/IaTOK IOJIy4eH OT O0OOMX pojauTeNnei, BeposiTHO, (opmupyer
HE)KM3HECTIOCOOHBI OpraHu3M, JeTajeH); S — cepeOpsHbIi; R — daiblil, BbBI3BIBAET
BPOXXJICHHYIO HEMEHSIOIIYIOCS C BO3PaCTOM CEAMHY, BEpPOSTHO, JIETaJ€H B TOMO3UTOTHOM
COCTOSIHUM MOJ00HO reHy W, L — cepblif, BBI3bIBACT MPOrpEecCHpyoliee MoceaeHne, 00bIYHO
s010kaMu, Oy1aroapst He3aBUCUMOMY MOAU(UKATOpY; P — meruii, 4y6apblii, reH MSITHUCTOCTH.

Kacn nonaraer, kak U MHOTHE Jpyrue HCCIeAO0BaTeNIM, YTO albOMHOCOB Cpenu JIoLIaJel He
BCTpeYaeTcs.

BbISIBUTE 3aKOHOMEPHOCTH HacJIeJOBaHMsI OCOOCHHOCTEH AIKCTepbepa KpalHE CIO0XKHO,
TaK KaK Ha UX pa3BUTUE OYEHb CUJILHO BIUSIOT Cpeia, YCIOBUS BbIpallMBaHusi MojoaHska. [Ipu
HEOJaroNpUsITHBIX YCIOBHSX Y JIOIIael HapyliaeTcs HOpMalibHas (YHKIMS HACJIEICTBEHHBIX
3aJJaTKOB, B pe3yJbTaTe POPMHUPYIOTCS JIOMIAN OOIBIIETOIOBBIC U TPYyOOTONOBEIE, ¢ KOPOTKUMHU
TOHKHWMHU HICAMH, C HEAOCTATOYHO Pa3BHUTBIM KOPITYyCOM (YKOqueHHI)IC, ¢ HeOOJIBIINM 00XBAaTOM
TPy/AH), CO CBUCIBIM KPYIIOM, Y3KOU TpyAbI0, pA3METOM HOT, COMMXEHHOCTHIO B CKaKaTEIbHBIX
cycTaBax, O€IHOKOCTHBIE, C IUIOXO Pa3BUTBIMHM CyCTaBaMH, CKJIOHHBIMU K Pa3IMYHOTO poja
pa3pamieHusIM.

HpI/I HOPpMaJIbHBIX YCIIOBUAX BbIpaliuBaHUA KOHCKOTI'O MOJIOOHSIKA MHOTUMHU
UCCIIEIOBATENSIMU  BBISIBJICHBI 3aKOHOMEPHOCTH HACJIEIOBAaHUS HEKOTOPHIX OCOOCHHOCTEH
TEJIOCI0KEHUS Y JIOIIAJICH:

1. CunbHO BBIpaXKEHHBIE MIETKM JOMHUHUPYIOT HaJ Cllad0 BBIpOKEHHBIMU. Pa3BUTHE MIETOK
OIpeaAcIACTCA, MO-BUANMOMY, HCCKOJIBKMMU q)aKTOpaMI/I HCIIOJIHOI'O TOMUHHUPOBAHUA.

2. Ilpu ckpemuBaHUM JIONMIAJIEH WIATOBBIX TOPOJ C JIOMIAJABMHU OBICTPOAUTIOPHBIX TOPO/T
OoOHaApyKUBAETCS HETMOJIIHOE IOMUHHPOBAHHUE MPU3HAKOB TSHKEIOBO30B, & MMEHHO: TIOMECH, KakK
MpaBUJIO0, UMEIOT TPYyOYIO0 TOJIOBY, MACCUBHBINH KOPIYC, YaCTO Pa3JIBOCHHBIA KPYyI, KOPOTKYIO
MSICUCTYIO IIIEI0; IIUPOKOTENIOCTh, BHIPAXKEHHAS! B OTHOIIICHUH 00XBaTa IPyAH K BBICOTE B XOJIKE,
JTOMUHHUPYET HaJ[ Y3KOTEIOCThI0. OTHAKO TaKOW THI HACIEIOBAHUS MOXHO HAOJI01aTh TOJIBKO B
TOM CiIy4ae, KOrja MaTepu MPUHAANEKAT K THKEIOBO3HOW, a OTIBI — K OBICTPOAJLTIOPHOM
nopozae. IIpu penunpokHOM CKpEIIMBaHUM, TO €CTh KOrJa MaTepH Y3KOTeNble, a OTIbI



IIMPOKOTENbIe, TAaKOW YETKOW 3aKOHOMEPHOCTHM He Habmomaercs. B srtom cimywyae oOHapy-
KHUBACTCSI MPEUMYIIECTBEHHOE BIIMSHUE MATEPUHCKOIO OpraHu3Ma, YCHUJIEHHOE BIHUSHHEM
(akTopa JOMUHUPOBAHUS MTPUCTIOCOOICHHOTO THIIA.

Bo Bcex ciyyasx Habr01aeTCsl JOMUHUPOBAHUE ITUHHOHOTOCTH HaJl KOPOTKOHOTOCTBIO.

3. Pa3Mepsl )KMBOTHBIX (BBICOTA B XOJIKE, 0OXBAT TPYIH, BEC) OTHOCATCS K KaTErOpHH
KOJIMYECTBEHHBIX MPU3HAKOB. Y JIOMIAJAEH OHU HAClIeQyIOTCs MNPOMEKyTOUHO. Pa3mepsl
IIOTOMCTBA B Macc€ COOTBETCTBYIOT CPEIHUM paszMepam pojuteneid. OTKIOHEHHE B Ty WIH
IPYTYI0 CTOPOHY MOKET OBbITh HE3HAUUTENbHBIM 3a CYET HEMOJIHOIO JIOMUHUPOBAHUS
IIUPOKOTENIOT0 TUMA U JIMHHOHOTOCTH, a TaKXe TOMHHHUPOBAHHS MPHUCIOCOOTICHHOTO THUIA H
BIIUSTHUSI MATEPUHCKOTO OpraHu3Ma.

Jlaxxe mpu CKpelIMBaHUKM KOOBLIBI MOHU C >KepeOIlOM MOPOABI MIaip MOTOMCTBO MMEET
MPUOIU3UTENLHO MPOMEXKYTOUHBIE Pa3MEPBI.

4. Bo Bcex HacTaBlI€HMSX IO KOHEBOJCTBY W KOHHO3aBOJICTBY CUHUTAIOTCA
HACJIEICTBEHHBIMU TaKHE TOPOKH JKCTepbepa, Kak KypOa, kalOka, mmar u popep. bbum
MPEJIOKEHBI M CXEMBbl HACJIEIOBAaHUS ITUX MOPOKOB, KaK MPABWIO, MO OJHO(PAKTOPUATHHOMY
perieccuBHOMY Tumy. OHAKO MO3AHEWIINE KCCIEIOBAaHUS MOKa3ald, YTO HaclleJOBaHHE ITHX
MIOPOKOB OCYILECTBIIIETCS OoJiee CIIOKHBIM IyTeM. Jlomanu ¢ mopokom mmar He poasrcs. OH
nosiBisieTcss B Bo3pacte |'/2 et u crapiie BCJEICTBUE TNEepEeHANpsHKEHUS CKaKaTelbHBIX
CYyCTaBOB M HapYyIICHUs IIEJIOCTHOCTH CYCTaBHBIX MOBepxHOcTed. Ci1abocTh CYXOXKHIBHO-
CBSI30YHOIO anmapara, HeOJaronpusTHOE MEXaHWYECKOe CTPOEHUE CYCTaBOB M KOHEYHOCTEH
TA30BOTO T0SICa, HEMPOYHOCTh KOCTSIKA OJIarONMpHATCTBYIOT pa3BUTHIO mopoka. lllmat wvarie
BCTpeuaeTcs y Jiomaaeil colpoil (pbIXJIoi) KOHCTUTYLIMH, CKJIOHHBIX K KOCTHBIM pa3pallieHusM, ¢
HEIMPaBUJIBbHBIM CTPOEHUEM CKAKATEIbHOTO CyCTaBa. AHAJIOTMYHO HACJIEyeTCsl U TaKOM MOPOK,
KaK jka0Ka.

Kypba — mopok CyXOXKMIBHO-CBSI30YHOTO ammapara. Hacrmemyercs oHa B BHIE
MpepacloiokKeHus; dvamle HaOmonaercss y Jomajaed HelIopa3BUTBIX, € HKCOOpa3HOM
MMOCTAHOBKON W Ca0JMCTOCTBIO 33aJHUX HOT, MpU cIabo Pa3BUTHIX M CHIPBIX CKaKaTEIbHBIX
cycraBax. Kyp0a y nomaau nmpu3Hak o0I1eit ciiaboCTH CyXOKHIIUNA U CBSI30K.

JlaHHBIX O HacleAOBaHUU POpepa, WIM CBUCTSIIETO YIYIIbs, y JIOMIAJEed HET, TaK Kak
3TOT TMOPOK BCTpEYaeTcss HE dYacTo U OOBIUHO «XPUIYHOB» HE HCHOJB3YIOT JUIS
BOCIIPOM3BOICTBA.

VY nomazeil onucanbl HacaeACTBEHHbIE Ne(eKThl, 00yCIOBICHHbIE JIETAIbHBIMU [€HAMH,
KOTOPBI€ BBI3BIBAIOT TMOETh KUBOTHOTO HAa Pa3HBIX CTAAMIX POCTa W Pa3BUTUA (IO MOJOBOTO
co3peBaHus). BoT ux mepeueHb: KpuBas IIes, OTCYTCTBUE MEPEIHUX HOT WM U3YypOJOBAHHBIE
(mebhopmMupoBaHHBIE) TIEPETHUE HOTH, TMOJTHOE OTCYTCTBHE BOJOC (KPOIOMIMX M 3alIUTHBIX) ,
YaCTUYHOE OTCYTCTBHE KOXH, HEMPOXOJUMOCTh TPSMON KHIIIKHA, aTaKCHUsl JKEepeosT,
BBIpaXKaroliasicst B CyJoporax u mapannyax. JKepebsra, OTAromeHHbIC TETATbHBIMH 33/1aTKAMU
ATUX TIPU3HAKOB, WU POJIATCS MEPTBBIMH, WJIM THOHYT B IMEpBbIe JHU XU3HU. [lo obmemy
MHEHUIO UCCIIeZIoBaTeIeH, KOKIBIA U3 JIeTaIbHBIX e(heKTOB 00YCIOBICH OJHUM PELECCUBHBIM
T€HOM U MPOSIBISIETCS TOJIBKO IPU TOMO3UTOTHOCTH T10 3TOMY 33J1aTKY.

Bonee wacto yem neTanpHBIE BCTPEUYAIOTCS HENTATbHBIE HACIECICTBEHHBIC IAC(PEKTHI Y
JolIaiel, Takue Kak YKOpOUYEHHas HUXKHSS, a MHOTAA BEpXHsS 4eatocTH (00yCIOBIEHBI OJHUM
pEIeCCUBHBIM  33/IaTKOM), OTCYTCTBHE paayXHOH OOOJIOYKM TJaza, IUIOCKOE KOTBITO
(oOycnoBiieHbl OJAHMM JOMMHAHTHBIM 3a/1aTKOM), SIPKO BBIpaXXEHHasi KOPOTKOHOTOCTb.
[Tocnenuuii mpu3HaKk ObUT ONMUCAH B TIOTOMCTBE OPJOBCKOTO PHICHCTOrO *epebua Berporona 2.
10, 2, poxn. 1927 r. (bop — Bambkupus). B 1946 1. oT Hero m pycckoil prICUCTON KOOBLIBI
Jlectb, 1942 r. (Tpamsut — Jluxas), B AJEKCAaHAPOBCKOM KOHHOM 3aBOJIE POIMICS
KOPOTKOHOTHI rHenoil xepedunk Jlanots. [lpu ckpenmBanum Jlants ¢ kabapIMHCKON KOOBLION
HOPMAJIBHOTO CIIOKEHUS TONy4eH Takke KOpoTKoHorui xkepebuuk Jlamote II. JleranmbHbie M
HeleTajdbHble JeQEeKThl OpraHu3Ma, OOYCIIOBJIEHHbBIE OJHUM PELECCUBHBIM 3aJaTKOM, MpO-
SIBJISIFOTCSL TOJIBKO B TEX CIy4dasiX, KOr/ia 3TOT 33J]aTOK HAXOJAUTCA B TOMO3UTOTHOM COCTOSIHUU.



3. METOAUYECKHUE YKA3ZAHUA
O MPOBEJEHUIO MIPAKTUYECKHNX 3AHATUI

3.1 lIpakTuyeckoe 3ansitue Nel (2 yaca).

Tema: «OneMenThl OMOMeTpHUecKoro aHanuza. OCHOBBI BapHALIMOHHOW CTATUCTUKH.
N3mepenne napaMeTpoB CENbCKOXO3SIIICTBEHHBIX JKUBOTHBIX U ITPAKTHYECKOE UX
UCIIOJIb30BaHUE

3.33.1 Leas padorbi: O3HaKOMIIEHHE C OCHOBHBIMHU MOKA3aTENIIMU, BAPHAIIIOHHOM CTATUCTUKU

2.33.2 3apaum padoThI:
1. HayuuTbcs puUCHONB30BaTh BapUAIMOHHYIO CTAaTUCTUKY M OHOMETPHUYECKUH aHaiu3 B
IMPAKTHUKE )KUBOTHOBOACTBA

2.33.3 Ilepeyenb npudOpPOB, MATEPHATOB, HCII0JIb3yeMbIX B J1a00paTOPHOIi padoTe:
1. 3amayHuK MO reHEeTHKE

2.33.4 Onucanue (xox) padoThI:

Buomerpuss kak Hayka. HaydHO-TEXHMYECKMH Iporpecc, IpeBpallcHUE HAYKH B
HEMOCPEACTBEHHYI0 TPOU3BOAUTENIbHYIO CHJIy OOIIecTBa NPEABSBISAIOT K IMOATOTOBKE
CHEIMATUCTOB Bce Ooiiee BbIcOKHe TpeOoBaHMs. COBpeMEHHBIH OHOJIOT, arpoOHOM, 300TEXHUK
WIM Bpady, WHKEHEDP, YUYUTENb WIM IICUXOJIOT JODKHBI HE TOJBKO XOpOLIO 3HAThb CBOIO
CHENHMATBHOCTh, HO M MPUOOIIATHCA K UCCIEA0BATEIbCKON paboTe, BHOCUTH MOCHIBHBIN BKJIaJ B
COKpPOBUIIHMILY 3HAaHUH O IIPUPOJIE.

3HaHUS O MPUPOJIC TPHOOPETAIOTCS TMyTeM HAOJIIOACHUS, CpaBHEHHS U omnbiTa. [Ipudyem mox
HaOJI0IGHHEM B IIMPOKOM CMBICIE MOJpPa3yMEBarOT IMPOLECC IJIAHOMEPHOTo OOBIBAaHUS M
HAKOIUIeHUs1 ()aKTOB HE3aBHUCHMO OT TOTO, KaK OHO OCYIIECTBISIETCS — B JKCIEPUMEHTE WIH
HEINOCPEACTBEHHBIM OIMCAaHUEM M3ydaeMoro mnpeamera. «lcTHHasg Hayka, — IO CJIOBaM
TumupsizeBa, — OCHOBBIBaeTCS TOJBKO Ha (pakTax M Ha JIOTMKE U MOCTOSHHO MPOJIBUTAETCS IO
ITyTH JOCTOBEPHOCTH CBOETO 3HaHUA». «PaKThl — 3TO BO31yX yueHoro, — nucan M. I1. ITaBnos.
— be3 Hux Bamm «reopun» — MycThle MOTYru». TOJIBKO OMMpasch HAa MPOYHBIN (QyHIAMEHT
(aKkTOB MOKHO PACCUUTHIBATH HA ycIieX B padore.

Ho ¢daxter — 310 eme He Hayka. Kak rpyaa cTpOUTENbHBIX MaTepuUajoB HE SBISETCS
3JaHMeM, TaK M Macca HAKOIUICHHBIX (aKTOB HE COCTABISET COJepKaHuWE HayKH. ToJbKO
CBEJICHHBIE B HEKYIO CUCTEMY (PaKThl MPUOOPETAIOT OIpeIeICHHBIN CMBICI, TO3BOJISIIOT U3BJICYb
3aKIIOYEHHYI0 B HUX HMH(popmamuio. Jta pabora TpeOyeT OT HcCCieqoBaTeNs HE TOJIBKO
po(ecCHOHATFHOTO MAacTepCTBAa, HO M YMEHMS NPAaBWIBHO IUIAHUPOBATh SKCIIEPUMEHTHI,
aHAJTM3UPOBATh UX PE3yJIbTaThl, JefnaTh U3 (PaKTOB HAyYHO OOOCHOBaHHbBIE BHIBOJBI. CHcTema
TaKUX 3HAHUI M COCTABIISET COJIEp)KaHUE Ouomempuu — HAYKH, MPU3BAHHON HUrpaTh XOTA U
BCIIOMOTATeNbHYI0, HO BEChbMa BaXKHYIO POJIb B OMOJIOTHUECKUX UCCIICAOBAHUSIX.

Cnennduxa dmomerpum, ee MecTo B cucremMe Ouosornyeckux Hayk. C ¢opmanbHoOi
TOYKA 3peHUss OUOMETpHUS MPEACTABISET COBOKYMHOCTh MAaTEMAaTUYECKMX  METOJIOB,
MIPUMEHSEMbIX B OMOJIOTUHU U 3aMMCTBOBAHHBIX TJIABHBIM 00pa3oM M3 00JaCTH MaTeMaTHYeCKOi
CTaTUCTHKH U TEOpHU BeposiTHOcTei. Hanbonee TecHO OGMOMETpHs CBsi3aHa ¢ MAaTEeMaTHYECKOM
CTaTUCTUKOM, BBIBOJIaMU KOTOPOIl OHA MPEUMYIIECTBEHHO IMOJIb3YETCS, HO U OMOMETPHsI BIUSET
Ha pa3BUTHE MaTeMaTHYECKOW CTAaTHUCTUKU. B3aumozeicTBys Mexay coOOH, OHM B3aWMHO
oOoramaroT apyr apyra. OHaKO OTOXJIECTBIATh OMOMETPHUIO C MAaTEMaTHYECKOM CTaTUCTHUKOM
U TEOpUEU BEPOSATHOCTEMN HEJIb3S.

buomerpus wumeer cBow crneuupuKy, CBOUM OTJIMYUTENIbHbIE 4YEepThl W 3aHUMAeT
OIpeJIeIEHHOE MECTO B CUCTeMe OHosiornyeckux Hayk. CoBpeMeHHass OMOMETpuUsi — 3TO pasJien
OMOJIOrHH, CoAepXKaHUEeM KOTOPOTro SIBJSETCS IUIaHWPOBAHWE HAOMIOACHUN U CTaTUCTHUYECKas



00paboTKa UX pe3yibTAaTOB; MaTeMAaTUYECKas CTATUCTHUKA M TEOPHUS BEPOSTHOCTEH — paz/elibl
MaTeMaTHKH, TEOpeTUUYeCKue, PyHIaMeHTallbHbIE HayKH, paCCMaTPUBAIOIINE MAaCCOBBIE SIBJICHUS
0€30THOCUTEIBHO K CelU(pUKE COCTABISAIOUINX HX 3JIEMEHTOB.

buomerpus — mpukianHas Hayka, Hccienyloniass KOHKpPETHbIe OHOJIOTHYECKHE OOBEKTHI C
PUMEHEHHEM MaTeMaTHYeCKMX METOJOB'. BHOMeTpus BO3HMKIA W3 MOTpEeOHOCTEH OMOJOTHH.
buomeTpus omnupaercss NPEeUMYLIECTBEHHO Ha UHOYKMUBHBIL METOH, OTIPaBISSCh OT
KOHKPETHBIX (DAaKTOB, KOTOPBIE OHA AHATU3UPYET C MOMOIIBIO MAaTEMAaTHUYECKUX METOJIOB.
XapakTepHOil 0COOEHHOCThIO OMOMETPUU SABJISETCS TAKXKE TE€, UTO €€ METOJIbl MPUMEHSIOT MPU
aHaJM3e He OTIENbHBIX (PaKTOB, a UX COBOKYIHOCTEH, T. €. SIBICHHH MacCOBOTO XapakTepa, B
chepe KOTOpPBIX OOHAapy>KMBAIOTCA 3aKOHOMEPHOCTH, HE CBOMCTBEHHbIE E€JUHUYHBIM
HaOJIOACHUSM.

3HaueHne OHOMETPUM B HCC/IEAOBATE]bCKOH padore U npodeccnoHATbHON
NOAr0TOBKE CINENHMAJUCTOB OHoJormyeckoro npoguisi. CBa3u COBpeMEHHOH Ouojoruu ¢
MaTeMaTHUKOW MHOTOCTOPOHHM, OHU Bce OoJiee paclIupsioTcss U yriayoussioTcs. B HacTosmee
BpeMs TPYAHO YKa3aThb OOJIACTh 3HAHUSA, B KOTOPOW HE NPUMEHSIMCH Obl MaTeMaTHYecKHe
MeTobl. Jlaxke B Tako#, Ka3ajJoch ObI, OYCHb JAJICKOW OT MaTEMAaTHKH OOJACTH, KaK aHATOMUS
YeJIoBeKa, He 00XoaTcs 0e3 npuMeHeHus: onometpun. [IpuMepom ToMy MOXKET CIyKHUTh paboTa
E. M. Mapropuna, n3y4aBIiero BO3pacTHyt0 U3MEHUNBOCTb OPraHoB y desoBeka. OH nucan: «B
ujeasne Ui ONpeeeHUs] BO3PACTHBIX pa3Inuuil HaJj0 ObUIO ObI M3yYaTh OJMH U TOT XK€ OpraH B
€ro MHAUBHIYAJIbHOM Pa3BUTHM, T. €. Y OJHOIO M TOrO XK€ 4esnoBeka... Ho mpakTtuuecku 3710
OrpaHUYEHO TpejeiaMHd aHAaTOMUH, U3y4yaeMON Ha JKMBOM OpraHM3Me, J1la U TpeOyeT MHOTro
BpeMeHH A1 HaOmoaeHui. [loaToMy K penieHnio Bompoca MpUXOAUTCS MOAXOAUTh KOCBEHHBIM
IIyTEM, CPAaBHMBAs OJMH M TOT )K€ OpraH B pa3Hble BO3PACTHBIE MEPHOABI y pa3HbIX aull. Ho
TOr/la Ha CLEHY BBICTYIIA€T HOBAas 3aKOHOMEPHOCTb — HWHJMBHyalbHAas W3MEHYHMBOCTb,
HaKJIa/IbIBAIOIAs CYIECTBEHHBIH OTIEYAaTOK HA BECH XOJ M3YYEHHs BO3PACTHBIX Pa3IUUM»'.
[IoHATHO, 4TO B TaKMX CIy4asX JOCTOBEPHBIEC BBIBOJBI, Kak cumTaeT E. M. MapropuH, MOXHO
MOJyYUTh HE Ha 2—6 HaAOIIOACHUAX, a HA ropas3lo OONbLIEM MX YHCiIe; TYT 0e3 MpUMEHEHUs
OMoMeTprr HEe 0OOUTHUCH.

bruomerpus HeoOXouMa U MTPU U3yUYEHUH HACIIEAYEM OCTH U TIOBTOPSIEMOCTH XO35HCTBEHHO
BaXHBIX MPHU3HAKOB, H3MEPEHUHM CBSA3€ MeXIy HUMH U BO MHOTHX JIPYTHMX CIIydasx.
[IpumeHeHne OMOMETPUM OKa3ajloCh MOJE3HBIM BO MHOTHX 00JacTAX MPUKIAJAHON OHONOTHU.
Tak, Omaromapst OMOMETPUYECKOMY aHAJM3y MAacCOBBIX AaHTPOMOJOTMYECKUX H3MEpEeHUN
aHTPOIIOJIOTaM YJAJOCh MOJOUTH K JTOBOJIBHO TOYHOMY OOOCHOBAHHIO NPHHILMIIOB PACKpPOsS U
CTaHJapTU3allMK OO0YBU M OJAEKIbI, U3TOTOBIIAEMOI JIIsi MaccoBOro norpedieHusi. buomerpu-
YeCcKHe MoKa3aTesH JIETJIH B OCHOBY KOJMYECTBEHHOM OIEHKH (PU3MYECKOTO Pa3BUTHUS YETIOBEKaA,
€ro CIIOPTUBHBIX U TPYAOBBIX AOCTIKeHHH. HecoMHeHHO, YTO 3HaUeHHe OMOMETpUHU Ui Hayk,
U3yyaloluX Ouosoruueckue oOBEKThI, OyneT Bo3pacTaTh TeM Oojiee ueM YCIellrHee
MPUMEHSIOTCS IOCTHKEHUS CUETHO-BBIYMCITUTENbHON TEXHUKH.

KoHeuHo, He BCsSKOe HCCIIeIOBaHHE ONMHMpaeTcs Ha Ouomerpuio. B Ouomoruu c ycmexom
MPUMEHSIOT M YHCTO ONHCATElIbHbIE METO/bI, He TpeOyroliue KOJUYECTBEHHBIX OLEHOK
II0JIyd4aeMbIX pe3ynbTraroB. Ho Tam, rae uccinenoBanus NpoBOAAT C UCIOJIB30BAHUEM CUETA WIIH
Mepbl, MpUMEHEeHHEe OMOMETPUM CTAHOBUTCS COBEPIIEHHO HEOOXOAMMBIM. B Takux ciyuasx
npeHeOpekeHrne MeTofaMu OWOMETPUM WM HENpaBUIbHOE WX NPUMEHEHHE NPUBOIUT K
HEeoIpaBJaHHbIM 3aTpaTaM TPyJa U BPEMEHH, a TJIaBHOE — K Majio yOeIUTENbHbIM, a HEPEAKO U
OLIMOOYHBIM BBIBOJAM.

B kauectBe mnprmMepa MOXKHO TIPUBECTH OJHY H3 IIONBITOK OINPOBEPIHYTHh 3aKOH
pacmieruienus, OTKpbIThI . Menmenem. B 1939 r. Opumm omyOnukoBaHsl ombiTel H. E.
EpmomnaeBoii, U3 KOTOPBIX SIKOOBI CIIEIOBAjO, YTO YacTOTa BCTPEUYAEMOCTH JIOMHHAHTHOTO
NpU3HAKa BO BTOPOM IIOKOJICHMM THOpPUIOB HE COBMAJAaeT C OXKUAAeMOW BenuuuHou 3/4.
Otcioga ObLI cheslaH BBIBOJ O HECOCTOSATEIBHOCTH YHNOMSIHYTOTO 3akoHa Mennens.
3aunTepecoBaBuch padoroit H.E. Epmonaesoii, akaa. A. H. KonMoropos mojBepr ee paHHbIe
CTaTUCTUYECKOMY aHajJu3y W MpHIIET K OpsSIMO IPOTHBONOJIOKHOMY BBIBOAY. B craThbe,



oIy OJIMKOBaHHOW B OJIHOM U3 HOMepoB xypHaina «/loknaasr Axkagemun Hayk CCCP» (1940), on
nucain: «Marepuan 3TOT, Bompeku comHeHuro camor H. E. EpmonaeBoi, oxa3bpiBaercs
OnecTAMM TOATBEpKJIeHHEM 3akoHOB Menzaens». Ommbka H.E. EpmonaeBoii sBuiach
CIIEICTBHEM MPEHEOPEKUTEIBHOIO OTHOLIEHUS] K OMOMETpUH, HEJOOLEHKHM €€ poJih B
uccienoBaTenbcko  pabore. [IpuBeneHHBI NpUMep  IOKa3blBaeT, BO-IEPBBIX, YTO
npeHeOpexxeHue OUOMETPUYECKUMH METOJaMHU NpHU H3YUYEHUHM BapbUPYIOLIUX OOBEKTOB
NPUBOAUT K HEYyOEIUTENbHBIM M Ja’ke OLIMOOYHBIM BBIBOJIAM, a BO-BTOPBIX, UYTO HEYMEJIOE,
¢dbopManbHOE NpPUMEHEHHE OHOMETPUM CO3/aeT JHUIIb BUAUMOCTh CTPOrod HAy4HOCTH, a B
JEMCTBUTEIBLHOCTH IPUHOCUT HE TOJIB3Y, a BPE.

buomeTpus npusBaHa BOOpYKaTh HCCieIOBaTeNlell METOJaMU CTaTUCTUYECKOrO aHalu3a,
BOCIIMTHIBATh Yy HUX CTaTUCTHYECKOE MBILIUICHHE, PACKPbIBAs NEPE] HUMH IUAIECKTHKY CBS3U
MEX/1y 4acTbiO U LEJbIM, IPUYMHON U CIEACTBUEM, CIy4YailHBIM U HEOOXOIHMMBIM B SBIICHUSX
KHUBOM npupozbl. [loncTrHe TpyAHO NEpeoLeHUTh 3HaUeHue OMOMETPHH B MOJATOTOBKE HAyYHO-
MeAarorn4eckux KaJpos.

JTanbl HCTOPUHM. bUOMETPHUS Kak OTHOCUTEIIBHO CaMOCTOSITENIbHAs Hay4dHas JUCLUILUIMHA
cioxuiack Bo BTOpoil mosoBuHe XIX B. OgHako ee MCTOKM BOCXOAAT K 0Oojee paHHEMY
NEepUoJly B HCTOPUU E€CTECTBO3ZHAHMA: K TOMY BpPEMEHHM, KOTJla M3MEPEHHUs OHMOJIOTHYECKHX
OOBEKTOB CTalld paccMaTpuBaThb KaK MmemoO HayuHozco nosHanus. [lpuiieniiee Ha cMeHY
¢deonanmuzma OypikyazHoe OOIIECTBO HYXJAJIOCh B Pa3sBUTHM TOYHBIX 3HAHWM O MPUPOJE;
aKTyaJIbHBIM JUJIsl 3TOro BpemeHu crai adopusm . Tanunes (1564—1642): «13mepsii Bce usme-
pUMOE U clieNail HEeU3MEPUMOE U3MEPUMBIM.

B 1614 r. nosBunace kuura Cantapuo (1561—1636) «O cratuueckoii Meguiae». B 1680
r. Belluia B cBer kHura bopemmun (1608— 1679) «O nBukeHUM XKUBOTHBIX». B 1768 T.
(bpaniy3ckuil runmosior bypxkens uzman cBor Tpya «IKCTepbep jomanany. B 3Toi kaure mpu-
BEJICH HabOp M3MepeHHi, HeOOXOAUMBIX Ul ONpeeNICHUs MPUTOJHOCTH JIomaael K Tol win
UHOM cityx0e. XapakTepHo, 4TO B 3TO ke Bpems, T. €. B XVIII cronetun, pasBuBaercs soennas
aHmMponoo2us, ONUPAIOIIASACSA HA PE3yJIbTaThl U3MEPEHNUS TEJIa MY>KUUH NPU3BIBHOTO BO3pacTa B
Hensix oTO0opa MPUTOAHBIX K HECEHHMIO BOEHHOM CitykObl. OCHOBaHMEM Ui KOJMYECTBEHHOU
OLICHKM CTPOEHUS TeNla KMBOTHBIX M YEJOBEKA CIYXHJ, OYEBHJHO, TOT ()aKT, YTO BHELIHHE
napaMeTphsl Teja UBOTHBIX, a TAKKE€ M CTPOCHHME Teljla YEJIOBEKAa HAXOMATCSA B OMNpEIesIEHHOM
CBSI3U C UX (PU3MUECKUMH M TICUXMUYECKUMH CBOHMCTBaMHU. UTOOBI TOUHEE BBIPA3UTH ITY CBSA3b;
BHU3YaJbHYIO OLICHKY CBOMCTB Teljla KMUBOTHBIX U JIIOJEH MO WX BHEUIHEMY BUAY (IKCTEpbepy)
CTaJIM JOTIOJIHATH €r0 U3MEPEHUSMU. A TaK KakK pe3ysbTaTbl U3MEPEHUH BapbUpOBANM, HY’KHO
OBLJIO HWCCenoBaTh STy W3MeH4YMBOCTh. B 1718 r. B JloHmoHe BbIIIIa B CBET KHHUTA
¢bpaniryzckoro maremaTtka A. ge Myaspa (1667—1754) «Yuenue o cnyyasx». 3mepus pocT y
1375 B3pocCiHbIX KEHIIUH W PACIOJOXKUB pe3ylbTaThl U3MEPEHHH B pPsAA, OH OOHAPYKUI
3aKOHOMEPHOCTb, COOTBETCTBYIOLYI0 H3BECTHOMY B TEOPUU BEPOSTHOCTEN  3aKOHY
HOpMANbHO20 pacnpedenenus. Bo3HHKIA HEOOXOIMMOCTh HMHTErpallid METOJ0B OWOJIOTHH C
METOJIaMU TEOPUH BEPOSITHOCTEN M MAaTEMaTUYECKON CTATUCTUKH.

[lepBbIM, KTO yAauyHO OOBEIUHHI METOJbl AHTPOMOJOTHM M COIMATbHOM CTATHUCTHKHU C
BBIBOJIJAMU TEOPUHM BEPOSITHOCTEH H MaTEeMAaTUYECKOM CTAaTUCTHKH, ObUT OenbruicKuit
antpornoior u craructuk A. Kerne (1796—1874). B 1835 r. B bproccene Bbima kHura A.
Kerne «O 4yenoBeke M pa3BUTHH €r0 CIOCOOHOCTEH WIIM OMBIT COLMAIbHOM (hu3ukm». BTopoe
W3/1aHue 3TOW KHUTH TOsiBUIIOCh B 1869 1. mopa 3armaBuem «CorumanbHas (U3MKa WIH OIBIT
HCCIIEIOBAaHMS O PA3BUTHH YEJIOBEUECKUX criocoOHocTei». Ha GombioM hakTnueckom marepua-
ne A. Kerse BnepBble MMOKazaj, YTO caMble paziuyHble (U3MUECKHe OCOOCHHOCTH YeJIOBeKa U
Jake €ero TIOBEACHUE TMOMYMHAIOTCS B OOLIEM 3aKOHY paclpeiesieHus BepOsTHOCTEH,
onuckiBaeMoMy (opmynoit ["aycca-Jlamiaca. B npyrom tpyne, «O conuanbHON cCUCTEME U 3aKO0-
HaX, ynpasisgomux ewo» (1848), A. Kerne omucan yenoBeueckoe OOIIECTBO HE KaK CyMMY
WHAWBUIOB WJIH COOOILECTBO JIOJCH, MPOXKHUBAIOIIUX HAa OIpEIEICeHHONW TEPPUTOPHUH, a Kak
HEKYIO CUCTEMY, NMOAUNHSIONLYIOCS CTPOTMM 3aKOHAM IPUPOJIbl, HE 3aBUCSIIMM OT BOJIM JIIOJEH.
Hakonen, B Tpynme «Amntpomonorus» (1871) A. Kerne mokazan, dYTO OTKPBHITBIE UM



CTaTUCTUYECKHE 3aKOHOMEPHOCTH PaCIPOCTPAHSIOTCS HE TOJIBKO Ha YeJIOBEYECKOEe OOIIEeCTBO,
HO U Ha BCE JIPYTHUE KUBbIE CYIIECTBA.

N3 pabot A. Kerne cienoBano, 4To 3ajaya CTATUCTHKHU 3aKJIIOYACTCS HE B OJHOM JIMIIb
cobope u KiIaccuUKaIMM CTATUCTUYECKUX JAaHHBIX, a B UX aHaJHU3€, LEJNbI0 KOTOPOTO JOJKHO
OBITh OTKPBITHE 3aKOHOMEPHOCTEH, JIEHCTBYIOMIMX B C(epe MACCOBBIX SIBICHUH. 3HaHUE ATHUX
3aKOHOMEPHOCTEH U JOJHKHO ObUIO MPEBPATHTh CTATUCTHKY B MCTOYHUK HAay4YHOTO TO3HAHUSA
COLIMAJIBHBIX U OMOJIOTUYECKUX SIBICHUI.

Uccnenoanus Kerne sSBUINCH TOBOPOTHBIM IYHKTOM B MCTOPUU CTaTUCTHUECKON HAyKH.
Kerne onHuM U3 mepBbIX yOeAMTENBHO MOKa3al, YTO CIy4alHOCTH, HaOIIOlaeMble B KMBOH
MIPUpOJIe, BCIEACTBUE MX MOBTOPSEMOCTH OOHApPYKUBAIOT BHYTPEHHIOIO TEHIEHINIO, KOTOPYIO
MO>KHO MCCIIEZ0BATh U ONUCATh TOYHBIMU MaTEMATUYECKUMU METOIAMHU.

A. Ketne 3anoxun ocHoBbl Onomerpuu. Co3gaHue e MaTeMaTHuYecKOro ammapara 3Ton
HAYKH TPUHAJUICKUT aHTTUICKON miKone 6uomerpukoB XIX B., BO IjaBe KOTOpoil crosuin O.
lameron (1822— 1911) u K. Ilupcon (1857—1936). Dta mkona BO3HUKIA TOJ BIWSHUEM
reHnanbHeIX TpyaoB Y. [apBuna (1809—1882), coBepumBIIero nepeBopoT B OMOIOTHYECKOM
Hayke. OnpoBepTrHyB roCIOACTBYIOIIEE TOTIa MPEACTABICHINE 0 HEU3MEHHOCTH OMOIOIMYECKUX
BHUJ0B, JlapBHH MPOTUBONOCTaBUJI €MY 3BOJIOLHMOHHOE YYEHME, IIOJIOKUB B OCHOBY NPUHIMI
€CTECTBEHHOT0 0TOOpa. DTOT MPUHUUI Oa3upyeTcss Ha CTATUCTUYECKOM XapaKTepe MPUYHHHO-
CIIEJCTBEHHBIX OTHOLICHHWH, CKJIAJbIBAIOLUIMXCA B JKMBOM IIPUpPOJAE; OH TOATBEP)KIACT
TerejIeBCKYI0 KOHIICTIIHIO O BHYTPEHHEH CBSI3W MEXIy CIy4alHOCTbIO M HEOOXOJMMOCTHIO,
MEX/1y IPUIMHOM U CIEACTBUEM, YaCThIO U LIEIBIM.

PeBomronust, coBepiienHast JJlapBiuHoM B OMOJIOTHYECKOM HayKe, TOCTaBUIIa Mepesl YICHBIMU
LENbI psii OOJBIIMX M HEOTVIOKHBIX 3ajJjad, CpeAM KOTOPHIX Ha NEpBOM IUJIaHE OKa3aslach
npo0sieMa U3MEHUYHMBOCTH M HACIIEJCTBEHHOCTH OpraHU3MOB. Perienue 3Toil npo0iemMsl SBUIOCH
MOIIHBIM CTUMYJIOM K Pa3BUTHUIO HKCIEPUMEHTAIbHBIX METOJOB U, KaK CIEACTBHE, K Pa3BUTHIO
OroMeTpuu.

OnHuM M3 TeX, KTO WUCHbITal Ha cebe BIUSHME TeHUANbHOro Tpyaa JlapBuna
«IIpoucxoxnenue BumoB» (1859), O6bu1 ero aBoropomubiii Opat @. lampron. CunpHOE
BIleYaTIIeHUe Mpou3Benu Ha ["anbroHa u Tpyasl Kerne, ocoberno ero «ConuanbHas GU3NKa» U
«AHTpononorusi». [loaTOMy HeynHWBHUTENBHO, YTO WMEHHO ['ambTOHY NPUHAIICKUT MepBas
MOTBITKA TPUMEHHUTh CTATUCTUYECKHE METO/bl K PELICHHIO0 MpOOJIeMbl HACIEACTBEHHOCTH U
M3MEHYMBOCTH opranu3moB. Haumnas ¢ 1865 r. 'anbroH omyOnukoBanm psl OpUTHHAIBHBIX
paboT Mo aHTpOHoJOruM M reHeruke. Ha GomnbiioM (akTHuecKoM MaTepHuaie OH MOATBEpPAMI
BbIBOI KeTie o ToM, 4To He TONBKO (U3NYECKUE, HO M YMCTBEHHBIE CIIOCOOHOCTH YeIOBEKa
pacripesieNaroTCs 0 3aKOHY BEPOSITHOCTEH, onuchiBaeMoMy (hopmyioii ["'aycca—IJlamaca.

JIOCTOMHBIM TpojoipKaTeneM uccienoBannii ['anpToHa siBuicsa ero yueHuk K. [Impcon —
npodeccop Jlonnonckoro ynuepcureta. [lomyuus B 1884 r. kadenpy npukiaaHoi MaTeMaTHKU
u MexaHuku, [IMpcoH 3aHsuIcs M3ydYeHHEeM NpoOJieMbl HACIEACTBEHHOCTH U HM3MEHUYHMBOCTHU
opranu3moB. OH co3/1aJl MaTeMaTHYECKUi anmnapaTr OMOMETPUHU; Pa3BUII YUEHHE O PAa3HBIX THIAX
KpUBBIX pacrpejaesieHus, pa3dpadboran metroq MOMeHTOB (1894) m kpurepuil coriacus «Xwu-
kBaapat» (1990). ITupcoH BBen B OMOMETPHIO TaKWe MOKA3ATENH, KaK cpedHee Keaopamuieckoe
omknonenue  (1894) wu  kosgpgpuyuenm  sapuayuu  (1896). Emy  mpuHAIIECKUT
YCOBEPIICHCTBOBAHUE METO/I0B Koppessiuu u perpeccuu ['anprona (1896, 1898). Bmecte ¢ /.
lanpTo-HOM U VYanpnonoMm [lupcoH opranuzoBan BbIMyck kypHana «buomerpuxa» (1901),
PENAKTOPOM KOTOPOTO OH OCTABAJICA 10 KOHIIA CBOEM M3HU. DTOT JKypHaJ ChIIpajl BaXKHYIO
poJib B Iponaraxje OMOMETpUYECKHX METOJIOB, B CO3JJaHIH AHTJIMHCKON MIKOJIBI OMOMETPHKOB.

Pazpabotannsie I'ansronom u [IupcoHom OnoMeTpudeckre MeTO bl BOIIUIM B 30JI0TOH (OHA
MaTemMaTHyeckoil ctaTucTuky. OIHAaKO MOMNBITKY [ 'anbTOHA MPUMEHUTH 3TU METOJIbI K PEIICHHUIO
npoOJeMbl HACIEeICTBEHHOCTH OpPraHM3MOB OKa3aluch HeyaadHbIMH. [ambToH M Ilupcon
oJlarajid, 4To 1o BHEIIHEMY CXOJCTBY MEX]y POJCTBEHHHKAMH MOXHO CYJIWUTh O CTEHNEHH HX
poacTtea. Dto ObuIO OMIMOKOHM, Ha KOTOpYIO yKa3zan narckuil yueHslid B. Morancen (1857—
1927). B onbiTax ¢ daconpto Morancen npuiiien K BaXXHOMY BBIBOJLY O TOM, YTO OMOJIOTUYECKHE



npo0JIeMbl JOJDKHBI PEHIaThesl ¢ MOMOIIbI0 MAaTEMAaTHKH, HO HE KaK MaTeMaTHYeCKHe 3a/laui.
«Cratuctuke,—mucan MoranceH,—Bcerna J0DKeH MPEAIecTBOBATh OMOJOTHYECKUNM aHAIN3,
MHaue pe3ysibTaThl MOTYT OBITh «CTATHCTUYECKOH JIOKbIO». MaTemaTuka JOJDKHA OKa3bIBaTh
MOMOIIb, & HE CIY)XHTh B Ka4€CTBE PYKOBOJAIIEH Haew»'. ITO ObUT HOBBIN, pPEaTMCTHUYCCKUN
MOJIXO0/1 K OLIEHKE POJIM MAaTeMaTHYECKUX METOI0B B OMOJIOTHUECKUX UCCIIEIOBAHUSIX.

3HavueHHEe OMOMETPUU B HCCIEIOBATEIBCKONM padoTe OHMOJOTOB CTA0 OYECBUIAHBIM YIKE
TOT/a, KOrjla ObUIM OTKPBITHI CTAaTHUCTUUECKUE 3aKOHBI, JCHCTBYIOLIME B c(epe MacCOBBIX
spiieHni. Ho 6uonoru He cpasy OLIEHUIIN BCIO BaXHOCTh 3TUX OTKPBITUM: BO-TIEPBBIX, IOTOMY,
YTO CTATHUCTUYECKHUE METO/bl 0a3UpOBAIMCh HAa OONBLIMX KOJUYECTBAaX HAOIIOAECHUHM, a BO-
BTOPBIX, OHU TpeOOBaIH OOJILIION BEIUUCIUTENLHON padoThI, K 4UeMy Y OMOJIOTOB, MPUBBIKIINX K
paboTe Ha MaJIOYMCIIEHHBIX BBIOOPKaX, He ObUIO HAaBbIKA.

[TonoxkeHue cTano MEHSTHCS MOCJe TOro, Kak Obljla 000CHOBaHA meopusi MAoll 6blOOPKY.
PazButue Teopus mainoii BeIOOpKH monyumia B Tpynaax ITupcona u ocobenno P. @umepa (1890
—1962), BHecmiero OTPOMHBIM BKJIaJ B OHOMETpHIO, OOOTaTHB €€ HOBBIMH METOJIaMHU
CTaTUCTUYECKOTO aHAIN3a.

VYaauHo coeuHssl B CBOEM JIMIle OMOJIora-aKCIepuMeHTaTopa U "MaTeMaTrnKa-CTaTUCTHKA,
@umiep npuBHEC B OMOMETPHUIO HE TOJBKO HOBBIE METO/BI, HO M HOBbIE Hjaeu. OH 3al0XKui
OCHOBBI NJIAHUPOBAHUS IKCHEpUMeHmo8 — TEOpUU, KOTOpask B HACTOsIee BpeMs IMOydusia
JanbpHellee pa3BUTHE U CTajla OTHOCUTEIBHO CaMOCTOSATENIbHBIM pa3ienioM ouomerpun. duiep
BBEJl B OMOMETPHIO LIEJIbINA psAJl HOBBIX TEPMUHOB U MOHATUI U yOeAUTEIbHO MOKa3all, 4To IJia-
HUPOBAHHUE SKCIEPUMEHTOB U 00paboTKa MX Pe3yJbTaTOB — ATO JBE HEPa3pbIBHO CBS3aHHBIC
3aaun craTucTudeckoro aanuza. Kimaccuueckue Tpyapl duiiepa sSBWINCH HOBOM BEXOM B
ucropun 6uomerpun. OHM JOKa3aja, YTO OMOMETpUsS — HE MPOCTO HACTABJIIEHUE K MCIIOJb-
30BaHUIO0 PA3IMYHBIX TEXHUYECKHUX IPUEMOB, MPUMEHSEMbIX IpHU 00pabOTKe pe3yibTaToOB
HaOmrofieHuii, a Heuro OoJjbllliee — HayKa, 3aHUMAIOIIASACS CTATHCTUYECKUM aHaJIH30M
MacCOBBIX SIBJICHUN B OMOJIOTHH.

PaccmarpuBas ucTopuio OMOMETPHHU, HEJIb3sI HE OTMETUTh TOT OIPOMHBIN BKJIa/l B pa3BUTHE
TEOPUH BEPOATHOCTEH W MAaTEMATHUYECKOW CTAaTUCTHUKH, KOTOPBIM BHECIN TaKHWE y4YE€HbIC HaIEH
ctpanbl, kak C. H. bepumreiin (1880—1968), A. f. Xunuun (1894—1958),E.E. Cnyukwuii
(1880—1948), A. . Xorumckuit (1892—1939), b. C. SAcrpemckuit (1877—1962), B. U.
Pomanosckwuii (1879—1954), B. C. HemunnoB (1894--1964) u muorue apyrue, ocobento A. H.
Konmoropos u ero mikosa, moxy4uBIINe MUPOBOE IPU3HAHUE.

IlepBbIii yueOHUK 1O Teopuu BeposiTHOcTel OblT m3naH B Poccuum B 1846 r. akan. B, S
bynskosrkum (1804—1889).

Bospacratomas posb OMHOMETpUH B UCCIIEAOBATENBCKONW paboTe €CTeCTBEHHO cKa3ajlach Ha
MOATOTOBKE CIEIHAIUCTOB Ouosiormueckoro mpodwis. [lepeiM, k1O eme B 1919 1. Hauvan
YUTaTh CTyIeHTaM MOCKOBCKOTO YHHUBEPCUTETA Kypc OMOMETPHUU C OCHOBAMHU T'eHeTHKH, ObL C.
C. YerBepukon (1880—1959). B 1924 r. on uyuTan yxe caMOCTOSTENbHBIN Kypc «BBeneHue B
ouomerpuio». B nanpHeiimem kypc 6uomerpun B MI'Y uuranu B. B. Annaros, M. B. Urnatses
u Jp.

OcHoBarenem JleHuHrpaackoi mkonbl OuomerpukoB Obul FO. A. dunumnuenko (1882—
1930), opranuzoBaBmIMi npu JIGHMHTpaJCKOM YHUBEpPCHUTETE MEPBYIO Kadeapy TIeHETHKH.
@OUANITYEHKO HE TOJBKO YMEJIO HMPUMEHsT OMOMETPUIO B HCCIIEAOBATENLCKOM paboTe, HO H
npomnarasaupoBai ee. Hanmucannoe uM pykoBOJICTBO M0 6GnoMeTpuu «VI3MeHYMBOCTh ¥ METO/IbI
€€ U3yUEeHUs» elle NPH )KU3HU aBTOpPa BbLAEp ka0 ueThlpe u3nanusd (1923, 1925, 1927, 1929).

Wtak, 6oMeTpus B CBOEM HCTOPUYECKOM Pa3BUTUU MPOILIA JOJITHH U CIOXKHBIM MyTh —
OT YHCTO CJIOBECHOTO OINHUCaHUA OHOJOTHYECKUX OOBEKTOB K MX H3MEPEHHUsIM, OT
CTaTUCTUYECKUX CBOJIOK M TAOJIMII K CTATUCTUYECKOMY aHaJN3y MAacCOBBIX siBJIeHUN. B ucropuu
OMOMETPUM MOXKHO OTMETHTh HECKOJBKO TMEPUOJIOB, WM JTanoB. [lepsviii nepuoo,
omucatenbHbIi, 6eper cBoe Hadano B XVII cromerun. B 3T0 BpeMsi MPOUCXOIUT MEPEXoa OT
CJIOBECHOT'O OIMCAHUS U 3JEMEHTApHOTO KOJMUYECTBEHHOTO y4yeTa OMOJOrMYeCKHX OOBEKTOB K



UX YHUCJIOBBIM XapaKTepucTHKaM. M3MepeHus paccMaTpUBarOTCs KaK METOJ HAyUYHOTO NO3HAHMS
YKUBOU MPHUPO/IBI.

Bmopoii nepuoo, nauaBmmiics B nepBoil monoBuHe XIX B., 03HaMeHOBaH paboramu A.
Ketne. B 310 BpeMs 3akiiafibIBalOTCsl OCHOBBI OMOMETPHUH KaK HAayKH, LIETbI0 KOTOPOU SIBJIsIETCS
HE OIMCAaHME SIBJICHUIN, a WX AaHajiu3, HANpPaBJIICHHbII Ha OTKPBITHE CTATUCTUYECKUX 3a-
KOHOMEpHOCTEH, KOTopble JeicTByloT B cdepe MaccoBbIX sBleHUH. buomerpuro
paccMaTpuBarOT OJTHOBPEMEHHO M KaK HayKy, M KaK METOJl HAyYHOTO ITO3HAHUS.

Tpemuii nepuood, (QOpMAIUCTUYECKHUM, XapaKTepU3yeTcs BO3HUKHOBEHHEM U Pa3BUTHEM
aHTIMICKOM OrmoMeTpuueckoil mkonsl Bo rinaBe ¢ @. ['anpToHoMm 1 K. [TupcoHom. B 310 Bpems
CO3/1al0T MaTeMaTHYECKUH anmnapat OMOMEeTpUU U MPEANPUHUMAIOT HOMBITKH MPUMEHUTh €T0 K
M3YUYEHHIO MPOOJIEMbl HACIEACTBEHHOCTH U U3MEHUYUBOCTH OPTraHU3MOB.

Yemesepmoiti nepuod, panvOHATUCTUYECCKUN, HaumHaeTcss ¢ 1902 r. KiIacCMYeCKUMU
uccieoBaHusAMU loranceHa, Mokas3aBIIero, 4To B 00JacTh OMOJOTHMYECKUX MCCIIEOBAHUM
MIEPBOE MECTO JIOJKHO MPHUHAJIEKATh OMOJIOrMYECKOMY IKCIIEPUMEHTY, a He MaTemaTuke. Ma-
TEMaTU4eCKHe METOJIbl JIOJKHBI MPUMEHATHCS KaK BCIIOMOTATeNbHBIN ammapar npu oopaboTke
AKCIEPUMEHTAIbHBIX JJAHHBIX.

IIamulii nepuoo B pa3BUTHNA OMOMETPUH OTKPBIBAIOT Kiaccuueckue padotsl CThiogeHTa u P.
Oumepa. B 310 BpeMsi co3maioTcs OCHOBBI TEOPHHM Masloil BBIOOPKH, TEOPHH IUIAHWPOBAHUS
HKCIIEPUMEHTOB, BBOJSTCS B COJep)KaHHEe OMOMETpPUM HOBBIE TEPMUHBI M MOHATHA. Bce 3Tm
HOBIIIECTBA CBSI3aHBI C PEBOJIOIMEI B OMOJIOTHH, C IOMKOW YCTapeBIINX MPUHLHUIIOB U MOHATHH
B 00JIACTH HCCIIEZIOBAaTENLCKOW PabOThl, C yCUJICHHEM Ipoliecca MaTeMaTH3aluu OHOJIOTHU.
[Ipoucxoautr Bce Oojee 3aMeTHas cHenUaau3anusg OUOMETpUH, MPUMEHEHUS €€ METOJOB B
CaMbIX PA3TUYHBIX 00JIACTSX OMOIOTHUH, MEUIIUHBI, AHTPOIIOJIOTUU U IPYTUX CMEXHBIX HayKax.
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