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AJIFBI CO3

Kasakcran PecnyOnmukacbiHbiH «bimiM  Typasisl» 3aHbpIHAA KOHE OKY-TOpOHME cajachHa
OAWJIAHBICTHI 0acKa Ja Ky’KarTapia JKOFapbl OKY OPBIHAApHI KaH-KAKThI, OLTiMJI, OW-epici KeH,
MOJICHUETI XKOFaphl, JKaHAIlla oiiiayFa KabineTi 6ap MaMaHIap/abl Aaspiaybl KaXKeTTiri KopCeTilreH.

I'eneTuka — xaHa, HAKTHI FEUTBIMAAPABIH Oipl. OHBIH HETi3ri MiHIETI Tipi TAOMFATTHIH €Ki HeT13I
KAaCHETTEPIH - TYKbIM KyalaylIbUIbIK TMEH ©3reprilITikTi 3eprrey. | eHeTukanslH Oimim Oepyzeri
o/liCHAMAJIBIK POJi OHBI OKBITYFa KOWBUIATBIH €pEKIIe TaJanTapabl ajablH-ajla aHBIKTANIbI, OHIA
KaMTyIbIH KEHJIIr1, FEUIBIMU TEPEHJIr KoHe OastHIallybIHBIH KOJ KEeTIMILTIr OipiKTipiyi Kepek.

Kes-kenreH TeopusuIbIK KypcTap/bl UTepy MpaKTUKaIBIK cabaKTap apKbUIbl JKY3€Te acaTbIHbI
ce3ci3. Mynnaii cabakrap ¢akrisi aknaparrap/asl MaibIMIan TYCiHyTe, eCTe caKTayFa MyMKIHTIK Oepir,
IIBIFAPMAIIBUIBIK OMJIAY bl TaMBITAbl. [ €HeTHKa canachblH/Ia sKacajFaH MyH/1ail MPaKTUKyMAAp TYKbIM
KyaJay IIbUIBIKTBIH MaTepUAIBIK HETi3nepiH OuTy, TYKbIM KyaJdy MEH ©3TepTillITIKTi 3epTTeyae
THOPHUIONOTHSIIBIK 9JICT1 KOJMAaHy TOPi3ai HETi3Ti MIHASTTEP/II UTEPyTe MYMKIHIIK Oeperi.

binim anymisinap 3 Toxipubenepinae (SFHH, ecenTep HIbIFapy apKbUibl) FTeHEeTHKA KaHai 1a
00MMachiH KYOBUTBICTHI aJl/IbIH-aJ1a O0JbKar, OHBIH CaHJIBIK 3aH/IbUILIKTAPBIH JI] €CeTNTEyre MYMKIHIIK
OepeTiH KaraH 3aHjapFa Heri3jeNeTiHiHe Ko3 XKeTKi3ylepi KaxeT. Olap reHeTHKa 3aHIbUIBIKTapbIH
urepyi YIIiH o3 OeTiHIIe 9p TYPIIi THIITET] €CenTep i MbFapbI yHpeHyre MiHASTTi. MyHBIH COH/ai-aK
OUTiM amymIbIIapIbIH OMIAFBIIITHIFBH, AepOec i31eHy 1H, iICKepIIiri MEeH eNTLUIrH KaJIbIITacThIpyIa 1a
MaHbI3bI ©T€ 30p. | eHeTHUKaHBIH €cenTepi TEOPUSAHBIH €H HeTr13T1 TYHiHIH TYCiHIN, OHBIH MOHIH TEepeH
yFyFa, OUTIMII TpaKTHKaaa HOTHXKEI KOJJIAaHy MEH MIbIFapMAlllbUIBIK TYPFBIIAH MaijaaiaHyra
KOMEKTECE/1.

Y CHIHBUIBIN OTBIPFaH MPAKTUKYM OChI MAKCaTTap bl KAMTHIII, IIENTyTe OarbITTaJFaH.

ATanMelm TpakTUKyMFa «[ €HeTHKa» KypCHIHBIH HETI3Ti TapayJapblH KaMTUTBIH €CemTep,
OJIapABIH LISy 9/1icTepl MEH JkayanTapsl 0epiire. by mpakTukym Ky paesi TeHeTHKaNIbIK yAepicrepai
MOJICIIBCY 9ICI pEeTIHAC eCeNTep i ety 1l KeHiHeH KommaHa pl. OJ1 YIITiH €H MaHbI3AbI TAKBIPBIITAp
aTIBIHBIT, TAHJAJFaH TarchipManap (ecenTep) onapabl MIely 9AiCTePiH MBICHIKTAY YIIiH KOJJaHbLIA/bL

Y CBIHBUIBIN OTHIPFaH MPaKTUKYM « bronorus 611mim 6epy OaraapiaamMachl 0OHUbIHIIA O11iM aJIyIIIbI
MeIaroTUKAJIBIK YKOFAphl OKY OPBIHIAPBIHBIH OMONOTHS (DaKyIBETETTEPiHIH CTYICHTTEpIHE apHAIFaH,
COHBIMEH Karap Ka3ipri reHeTHKa HeTi3[epiHe KbI3BIFYUIBUIBIK TAHBITATHIH OKBIPMAHIAPIBIH KEH

ayKpIMbIHA Taiiaiel 00Ty bl My MKiH.



I. MOHOTUBPUATI BYAJAHOACTBIPY

bip-6ipinen 6ip xyn Kapama-Kapchl (aJlbTepHaTHBTI) Oenrinepi OOWBIHINA aXKbIPAThUIATHIH
ar3anapibl OyJaHIACTRIPYIbI — MOHO2Ubpudmi Oyoanoacmulpy nen ataiapl (Cypet-1). Monorubpuri
OynaHnacTepy — OyaHAaCcTHIPY/IbIH €H KapamaibiM Typi. MoHOTHOpUATI OyaHacTeIpy/ia TeH e Pl
Oip raHa ayuesb/li *KyObIHA Taay kacanajasl. MOHOTHOPHT OyAaHAaCTBIPYIBIH €CENTEPiH MICITy
OapbIChIHIa OCNTiHIH JaMybIH aHBIKTANUTHIH 9P KYIITaH TEK KaHa Oip TeH op ramerara TYCETiHI Typaybl
«TaMeTasap Ta3ajbIFbD) ePeKEeCiH OlIy KaKeT.

l'eHeTHKAIBIK ecenTepi STyl XKEHUTIETY YIIiH, TeHAep i Oenriieyie JaTblH an(aBUTIHIH
OacTanKpl 9pinTepiH KaparmaibiM TaHOA peTiH/Ie KOMIaHyFa 00ma 1bl. By TaKpIpbITIIEH TAHBICKAH KE37IE,
PELUIPOKTHI, TAJIAyIIbl )KOHE Kaiblpa OymaHIacThIpy TYpJIEpiHe ecenTep mbFapbuaasl. Ecemnrep
merFapy kesinzae I. Menaens i OipiHiri )koHe eKiHI 3aHIapbIH J9JICIISyTe, TCHACPIIH 9Cep CTYIH,
ara-aHa MCH YPIIaKThIH TCHOTHITIH aHBIKTayFa, (PEHOTHUINTIK )KOHE TEHOTUITIK CHIHBII CaHIapPbIH, T.C.C.
ecenreyre MyMKiHJIIK Oepineni, OiiM amymbuiap O0HbIHAA ICKEPITIK TIEH JaF/Ibl KAIbINTACTBIPbLUIAIbI.

I'eHeTukanblk ecentepi xkazyaa Oipkarap TaHOamap KONAaHbIIA b

P (parents) — ara-ana

F (filia, filius) — ypnaxk,

F 1,3 — TanOa ’kaHbIHA KOWBLIATHIH HHIEKC YPIAKTBIH PETTIK CAHBIH KopceTeni, Fi- Oipinmmi
ypnak, F, — exiHmi ypmak, T.C.C.

X - OymaHmacTeIpy Oenrici

Q - aHAJBIK JapaHbIH JKbIHBICTHIK Oelrici

&' - araJbIK AapaHbIH KBIHBICTBIK Oelrici

I'- rameTanap

A —IOMUHaHTTHI T€H, a - PELIECCUBTI I'eH

I'eHeTHKaNBIK ecenTepi OpHEKTey OapbIChIHIA, OipKaTap epekenepi Oury KakeT Ooiajipl
EcenTe eH OipiHmni GepiireHi, MIenryi »koHe kayaObl Jka3bUiaabl; OSpireHiHe TeHIEPAIH ocep eTyi
(xanmait 6enri — 6ackiM, KAMCHICHI — 02 CHUTBIHKBI) XKOHE ara-aHachl MEH YPTIAK TyPalibl OCHI TOPTIIIEH
a3y KaxeT. Erep reHmepiiH ocep eTyi OepinmMece, OHIIa ecell ara-aHAChl MEH YPHAKTHI jKa3ylaH
Oacrtananel Aa, cyparblHa TEHICPAIH ocep eTyiH Taly KepeKTiri »a3putanpl. EH anabIMeH eCemnTiH
OepireHiH cayaTThl a3y Kaxker. Ecenti menry GapbIchbiHIa TeHASPAIH ocep eTyiH Taly yIIiH, onapabiH
yprarbiHa Kaparn, [.MeHnenbaiH OipiHIIi HEMece SKiHIIi 3aHAapblHa CYWCHIN aHBIKTa bIHAIbI.

AJ ara-aHACBHIHBIH TCHOTHIITEP1H AHBIKTayFa YPIAKThIH peleccuBTi (0aChUIBIHKBI), JOMUHAHTTHI
(backiM) Oenrinmepi MeH caHaapbl KeMmekTeceli. Erep ypmnakra peyeccusmi 6enei KepiHce, OHIA
peyeccusmi 2en aTa-aHAHBIH €KeYiHE Jie OOJIFaHbl, ajl erep Yphakra peyeccugmi benei 6onmaca, oHaa
peyeccusmi ceH ata-aHaHBIH Oipeyinge Oommaiinel. Erep yprnakTeiH caHbl ekey Oonca, oHJa ara-
aHACKHIHBIH OipeyiHIH TeHOTUIII — TEeTEPO3UTOTAIIBI, €KIHIIIIC1 — TOMO3UTOTAIIBI OOIFaHbI, all erep 4 ypriaK
IIBIKCA, OHJIA aTa-aHACKIHBIH CKEYIHIH JIe TCHOTHIITEeP1 FeTePO3UroTalbl OOIFaHkbI, T.0.

JovuuanTTLI Deri Peneccunri deari
T\OMD'H IroTanbl

P o7,
x v
AA aa

Mendenvdin bipinwi 3aHbi
HemMmece
TOILIK JOMHHAHTTLLILIK
3aMbI N Te araii/ibl.
Aa

Tenornmni GoiisiHma:
FeTePOIHIOTAIBE

Denoruni GolibiHma:
KbI3BLT IYJgi

Cypet 1. Monorubpuati 6yzaHaacTIpyAbIH ChI30a-HYCKACH



PeneccuBTi OeNTiHIH TYKBIM Kyajlay CUIIATHIH 3€PTTEY, OChI OeTiHIH F; -11eri akbIpay bl 0O MbIHITIA
aJIbIHFAH HOTWKEJICPAIH CEeHIMAUNTIH aHBIKTay MaKCaThIH/Ia SKCIIEPUMEHTTIK KYMBICTap/bl KYPIi3y
Ke3iHIe MbIcaj peTiHae 1-kecTe KoaHbUIa b,

Kecte 1. Jlposzodwmna peHeciHmeri TYCTiH TYKbIMKyallayIbUIBIFBIHBIH CAHABIK Tajay
KOPBITBIHIBICHI (MOHOTHOPU/TI OylaHIacThIpy )

HIbIGBIH CaHBI
cyp Kapa OapJIbIFbl
PN 2:011 310 () | PP PR 0 OapIbIFhI
AN RE0) 13 19 S | VPP OapmBIFhI 0
F OapmbBIFEI 0
F,
Haxkrsr axpIpay -CTyIeHTTEH KaObUIIaHFaH 1epeKTep
() e e e 78 18 96
KYTUIETIH KATBIHAC . ..+t ve v venaeveeveeveeeeeeeeaenes 3 1 4
KyTineTiH TeopUsIbIK akbIpay(0)......ovuvevvnns... 72 24 96
AYBITKY (d) e v e e +6 -6
A2 36 36
dz
x? = 27 = 0,50 + 1,50 = 2,00;
n' = 1;,P>0,05
£
Haxkrsbr asxpIpay — TOnTarbl OapIIbIK CTYIEHTTEP/ICH aIbIHFaH
KATIBL TEPEKTEP (P)erevnnreneiinnnennnn. 1199 385 1584
KYTIETIH KaTBIHAC . .. v vvv e ae e 3 1 4
KyTizeTin TeopHsIbIK akbIpay(q).......c.covveune.... 1188 396 1584
AYBITKY (A).enieeiie i e +11 -11
A2 121 121
d2
x? = 27 = 0,10 + 0,31 = 0,41;
n = 1; P>>0,05
Fp
CTyIeHTICH AJIBIHFBIH JACPCKTCP .. vevvrvneannannnen 66 58 124
Haxkrbl OetiHy — TONTarsl 0apibIK CTYICHTTEPACH aJIbIHFAaH
KAIBI AKMAPATTAP (P)eevvvnnervneeennnnn. 504 486 990
KYTIIETIH KATBIHAC. ...t tteeeeeeeeeeee e eeeeeenne 1 1 2
KyTineTin TeopUsIbIK askKbIPaY(()...vevnennenennnn... 495 495 990
AYBITKY (A)en e e e +9 -9
A2 81 81
d2
x? = Z? = 0,16 + 0,16 = 0,32;
n = 1; P>>0,05

AJIBIHFAH HOTHKEJIEPAi CTATHCTHKAJBIK 0HeY. F, )koHe F, ToxipuOenepine anbHFaH cyp
XKOHE Kapa IIBIOBIHAAPABH KAaTHIHACKI TEOPUSUIBIK TYPFbIAaH KyTuteTiH 3:1 Hemece 1:1-men
epekmeneneni. MoceneHiH Ieyi, SsFH Oyl albIpMaIlbUIBIK HEMECE aXKbIpayJIblH TEOPUSUIbIK
TYpPFBIIaH KYTUITEHre Colikec KelMeyi Ke31eHCOK 1a, Oy TeK CTaTHCTUKAIBIK dICTEpAl KOJIIaHy
apKbUIBI MYMKiH GomaisL X? oJlici Te KapanaibiM skoHe BIHFaibl (XU-KBaapaT). by omicTi Konuany x°
IaMachlH €CETNTEYTe XKOHe OHBI Oaranmayra aeitin azasawl. Ecenrey dhopmyna 1 GoiibiHIa xKy3ere
achIPBUIAIBL:

x2=)— (1)



MyHpars ) -KOCBIHABI Oeurici, q-0enriii 6ip Oenri ToH jKeKe AapanapAblH TEOPHUTBIK Ky TUIETIH
canbl; d - opOip KiIacc YIIiH TEOPHUsUIBIK KY TUITEHHEH HAKTHI ((PaKTisii) ajJblHFaH JePEKTePAiH aybITKybl
(p-q). Ecenrey mporecinae anabIMEH SKCIEPHMEHTTIK CaHIBIK MOJIIMETTED HETI3iHIE a)kpIpay
Knactapsl OoiibIHIIa KecTe xacanaasl (p). CojaH KeiliH ipiKTeyliH KeJieMiH KypaWThIH OapJbIk
CHIHBIITAPABIH JKUITIKTEPiHIH KOCBIHBICHIHAH Op KJacC YIIiH TEOPHSUIBIK KYTUIETiH mamanap (q)
00JIKaM JTbI AKBIpAY (popMyJIaCLIHa cotikec ecenrreneni (3: 1, 1:1 xoHe T.0.). Opi Kapal, ajblHFaH
MOIIMETTEP/IiH 9P CHIHBII Y LI iH TEOPHSLIBIK KY TUIT'€HHEH ay bITKybI (0) aHBIKTaTaIbL 8p61p d aybITKyBIH

KBapaTTaiabl (d2), OHBI OCHI CHIHBIN YIMiH KYTUIETIH TEOPUSUIBIK CanFa Gote 1 (q) — CopnaH keifin

2

OapJIIbIK JKEKEJIEHTCH KOPCETKIIITepi KOChIN, GepinreH Gpopmyiiara coRKec x2mraMachit axaasl. X2

nmamMachiH Oaranay ®@umiep kecreci OOWBIHINA MBIFAPbUIAIEI (KecTe 2).

KecTe 2. X*mIaMachIHBIH 9pTYPJI €PKiH/IK AeHreiii 60HbIHIIa KecTeci (KbIcKapThUFaH, Durep
OoMbIHIIA)

EpxiHnik neHreiHiH caHbl blxrnmanneineix P
(n) 0,05 0,01
1 3,841 6,635
2 5,991 9,210
3 7,815 11,341

Kecree kopcerinren sikrumansikTap (P) 0,05 xkone 0,01. Onap Heni 6inaipeni? X? gpopMyachm:
KapacThIpFaH Ke3J1e TOXIpUOEITiK )koHEe TeOPHUSIIBIK AepeKTep Oip-0ipiHe TONBIK colikec Kejce, OHman
’arfaiina X° HeJre TeH eKeHJIiriH kepyre 6onabl. Erep X Hosire TeH 601Maca, 0Ha, 9pJaifbIM OCI
9/iCTi KOJITaHFaH Ke3/1€, CaJIBICTHIPhUIATHIH IIaM AJIap/IbIH A bIPMAIIBUIBIKTaphl Ke31eHCOK 0011a 161 (OyI1
THIOTEe3a HOJIIK jJen atanajbl). KecTegae KkopCceTireH bIKTUMAIIBIK - OYJI HOJIIK THITOTE3aHbIH
BIKTUMaJIIBIFBIHAH Oacka etreHe eMec. 0,05 BIKTUMaTIBIFBI, €TeP CaBICTHIPBUTAT BIH MOHIEP Ke3IEHCOK
epeKienence, onaa Kecrenae kopceriiren x2 moni 100-miH Tek 5 yuricinge KepiHyi MyMKiH.
Cratuctukana kaoeurmanranaai, 0,05 5koHEe oJaH a3 BIKTHMAJJIBIFBI Oap JKarmaimap ic XKys3iHme
kesnecneiini. CoHaplkraH, kecrene kopcerinmreHn 0,05 OaraHBIHAAFBI X°MOHI CaJIBICTHIPHUIATHIH
1ama’ap apachlHIaFbl albIpMaIIBIIBIKTApABI KE31EHCOK JIeTl ecenTeyre 00IMaiThIHBIH, SFHU HOJIIIK
THIIOTE3aHbl KAObUIIaMay KEPEKTIriH KepceTe/Ii.

0,01 BIKTUMaNJBIFEI OJIaH JJa CUPEK, eTep albIpMaIIbUIBIKTAp Ke31eHCOK 00Jica OHa KEeCTene
KOPCETUIreH X2 MoHiHIH Kopinyi Tek 100-ain Gipinae FaHAa MyMKIH EKH/IITIH alTa bl X% MoHI KeCTee
KOPCETUITCHHEH TEH HeMece YJIKeH OoJsica, OHIa HOJIIIK THIoTe3a KaObUIIaHOANIbl, SFHH
CaJBICTHIPBUIFaH IIaM allap/IbIH albIP M bUTBIKTAPhI KE3IEHCOK eMeC, 3aHBUIBIK ACT caHaTa/bl. backa
Karainapaa (x2 MoHi KecTeJleriieH a3) HOJIK THIOTE3aHbl KaObUIIAMIbL, SFHU abIp MaLIbUILIKIAPIb]
Ke3eicok jen canaiiipl. COHbIMEH, KeCTEeT TApMaKThl AaHBIKTAHTBIH €PKiHIK CaHbI HEeH1 Oiaipei?
Epxinngik nopesxesepiHie caHbl — Oy TOyelci3 ecenTelTeH TeOPHSIIBIK KYTUTETiH IIaMaiap/IblH CaHbL
KapacThIpbuiblll OTBIpFaH MBICAJIA €Ki TEOPHSUIBIK KYTUIETiH IaMajap ecenTeNreH (Cyp xKoHe Kapa
HIBIOBIHIAPIBIH CaHbI).

Amnaiina, erep ci3 cyp NIBIOBIHIAPIBIH CAaHBIH €CENTECEHI3, OHJ1a Kapa IIBIOBIHAAP/BIH CaHbIH
aBTOMATTHI Typ/I€ aHBbIKTayFa 00J1a/pl, OYJ1 Cyp MIBIOBIHIAPABIH KOCHIHABICH MEH CAHBIHA OaiiIaHBICTBL
Jemek, MyHIaFbl TOYENCI3 eCeNTeNreH maMaiapabH canbl 0ipre TeH. bys— epkinaik gopesxkeci. XKanms
aJIFaH/a, aXXbIpay bl TAIAAY IaFbl PKIHIIK TOPEKEIICPiHIH CAaHbI 9PKAIIIAH JKEKe Japaiap/plH opTypii
CBHIHBINITAPBIHBIH caHbiHaH 1-1i (MunHyc 1) anranra TeH. Erep ipiktey kesemi 50-1eH acca »xoHe
KIaCTapJaFbl TEOPHSIBIK TYPFBIIAH KYTiIETiH XKUiTIKTEp 5-TeH keM GosimMaca, X2 KpUTepuiii ceHiM
HOTHXe Oepei.

Kyrinerin 3:1 KaThIHACBIHA CYHEHE OTBIPBIT, TONTHIH OAPIIBIK CTY ICHTTEPI1HIH aJIFaH JKUBIHTHIK
JIepeKTepi kIHE 63 IepeKTepiHi3 (03 OceTiHMIe) OolbIHINA F,-J1eri aXkpipay HOTWKENICPIH CTATHC THKATBIK
TYPFBIZIAaH OHJCHI3. AJIBIHFAH XbIPAayJbIH TCOPHUIBIK KYTUICTIH IIamMara COHKeC KeJeTIHJIIrNH
nonenaenis. KapacTwIpbuisin oThIpran Mblcania 1 epkinik gopexeci sxone x2= 2,00 men 0,4 1, Oynap
MoHep/iH GipiHIIi TapMarbIHIaFel KopceTinren x2=3,841 xone 6,635 kopceTkimrepineH a3. by,
TOXKipubese ajablHFaH OHE TEOPHUSUIBIK KYTUIETIH IIamanap apachlHIarbl albIpMallblIbIKTapIbIH
Ke3elcok ekeHiH Ounmipeni. Tanganrad MbIOBIHAAPABH CAHAAPHI HEFYPIBIM KOoIl OONFaH CaibH,
KYTIJIETiH axbIpaynpiy 3:1 nraMackiHa colkec KeJleTiHiHe KO3 KEeTKi31Hi3. TonThIH 6apIbiK CTyAeHTTepi



anraH XUBHTHIK nepekrep (P >0,05), 6ip ctynerttiH aepextepine (P>0,05) kaparanna, KyTUTETiH KAThIHACKA
YTBIMJIBI COMKECTIK KOpPCETE/Ii.

Con cHsIKTBI, TONTBIH OapIIBIK CTY/ICHTTEPI JIFaH >KUBIHTBIK MaJTiMeTTep OoibIHIIA Fy-ars! axbIpayra
CTaTUCTHKAIBIK OHJICY/Il JKYPri3iHi3. OHBH KyTUTeTiH 1: 1 KaThIHAChIHA COMKeC KeJIETiHIH AQNIeNIeHI3.

Ecenmep

1. *AH/:[any3 TaybIKTaPhIHIa KAYIPCBIHHBIH Kapa «R» %aHe aK «I'’» TYCTI (hakTopIaps TETEPOSUTOTaIbI
Kyine «Rr» xeringip Tycrti 6epeni. Erep xerimmip TycTi aHmay3 TaybIFbIH Kapa, KOTLIIIP jKoHE aK
KayBIPCHIHJIBI aTaJIbIK 0COOBTapMeH Oy/IaHIacThIpca KaHIal yprakTap NibIKKaH Oomap ei?

2. KpI3aH eciMIirHIH KbI3bUT TYCIH IIBIFAPATbIH IeH, Caphl TYCIHE KaparaHaa 0achIM (JIOMAHAHTTHI).
['eTepo3uroTalsl KBI3BUT )KOHE Caphbl KbI3aH oCIMAIKTEepiH OyIaHIacThIpFaHIa KaHJal YPIIaK ajdbIHabI?

3.CyIbIHBIH ca0aFbIHBIH KaJIBIITHIIBIFBI JIOMHHAHTTHL, aJ1 KAJIBINTAH ThIC Y3bIHIBIFBI — PELECCUBTI
Oenri. ¥prakra TeK KaHa KaJbIIThl OWiKTIr 0ap ocoOkTap aiy YIIiH, KaHai e ciMIiKTepi OynaHaacTpy
KaxeT?

4.* JKemic MIBIOBIHBI APO30QWIIH ICHECIHIH CYp TYCi Kapa TyciHe KaparaHaa 0achiM.

a) Cyp 1IBIOBIH MEH Kapa IIBIOBIH IBI OyIaH IacThIpFaH Ke3e yprarbia 90 cyp skoHe 88 Kapa MBIObIH
IIBIKKAH. ATa-aHa TeHOTHIITEPiH aHBIKTA.

0) Exi cyp ms1OsHaap e OymanacTeIprania ypnarsmaa 1281 cyp sxone 356 Kapa ocoObTap emipre
keireH. byn skarmaiinarel ara-aHa TeHOTHNTEPIHIH KaHIal OOMFaHIaFbIChI?

5. Ipo3od w1 mbIOBHBIHBIH €Ki KAIBIITHI KAHATTHI aTa-aHa (opMaiapbiH Oy1aHIacThIpraH/a HIBIKKAH
2967 0coObTaphHBIH immiHe 222 5-HiH FaHA KAHATTAphI KAJIBIITHL, KaJFaHIAPHI ITaia KAHATTHI O OJIBITITIBIKTBL
l'engepnin ocep eTyi MeH ara-aHa GpopMalapbIHbIH T€HOTUIITEPiH aHBIKTA.

6. MITTepniH TepiciHiH KbJIIIBIFBIHBIH Kapa TYCi KOHBIp TYCiHe KaparaHja

Oacem. Kapa TycTi aHanblk KOHBIP TYCTI aTajbIKIeH OipHelie peT OyaaHIacThIphUFaH Ke3le,
ypnarsiHaa 10 kapa skoHe 12 KOHpIp KYITKTEp JIyHHEre Kemli. ATa-ana MeH YpraKrapbHbIH TeHOTHITTEPI
KaHaail OomraHbl?

7. *Angamaa OHKAMJIBIKTHIH YKOFaphl MKEMJIUJIIr CoaKalIbIKKa KaparaHia noMuHanTThL [ lermeci
corakai, 6ipaK e31 OHKail ep aam, YIII aFrachbl MEH aIlachbIHBIH €Kyl COJaKai, ajl ©31 OHKal diienre YiieH eH.
TypMBICKa MIBIKKAH oHeIIiH TeHOTHTT KaHaal 00Ty sl MyMKiH? ByJ1 HekeieH JyHHere KeJeTiH YprakrbiH
KAHIACHI CONaKal OONaThIHBIH aHbIKTayFa Oora Ma?

8.* AcOypITIaKThIH KaJBINTHI OMIKTIKTEr ©CIMJIN eprexeimiciMer OymaHaacThIpbUIFaH ke3ae Fy
KaJIBITIThI OOJIBIT MIBIKTEL Erep oChl MIBIKKaH OipiHII YpIakTel ©3apa xoHe Fi- 11 GacTankbl KaibIThl
¢dbopmamen OymaHacThIpca KaHIa yprak meiFap efi? An Fi- miH OacTankbl eprexeiln ocoObIeH
OymaHIacyblHaH KaHIall HOTIXKE KyTyre Oomanbl?

9. Y1 KoSHIapbIHBIH TEPICIHIH KBUTIIBIFGIHBIH KAJIBITTH Y3BIHIBEI 0AChIM, KICKACHI - PEIICCCHBTI
Oenri. Kpicka >KyHal aHANBIKTBIH TalKaH 0eC KOJKETIHIH - YIIEYl KbICKa JKOHE €Keyl KaJIbIINThI 5KY HAl O OB
IIBIKTHI. ATaJIBIFBIHBIH TeHOTHITI MEH ()CHOTHITIH aHBIKTA.

10. Ipi KapaHBIH TOKAJIBUIBEFBI MY HI3AUITHE O0aChIMIBIK KopceTeni. Erep roMo3urorasibl TOKaI
aHAJIBIK CUBIPJIAp/IbI MY Hi3 Il aTabIKIeH Oy 1aHiacThIpca, OipiHII YpTaK KaHai 00BN mbFaasl? by
OipiHII YpHaKThH OylaHAapbIH OJ1aH 9pi MIaFbUIBICTHIPCa, F,-e KaHaail HoTvke KyTyre Oomansl? Exinim
YpIIaKTaH aJIbIHFaH TOKAJ aTallbIKThH F;-71eri OyiaH cubIprapbIMeH MIaFbIIBICTRIPCA, ONlap/iaH KaHyak Oy3ay
Tyap eni? ExiHii ypriakrad anbIHFaH MYHi3/Ii 0COOBTapbIH ©3apa IMaFbUIBICTRIPCA, HEHICH HOTWKE KYTUTe/i?

11. Koit OymripreHHin KbI3bUT TYCTI 0COOBTapBIH ©3apa OyIaHaacTeIpca, Y priaFbIHIA TEK KbIB3bUT TYCTI,
aJ aK TYCTI @CIMAIKTepi - aK TYCTI FaHa ypnak oepemi. Ochl exi Typii ipikremenepai (copTrapisl) e3apa
OyIaHmacTeIpca YPIiaFkl KbIFBUIT TYCTI skeMicTi Oorran. CoHma TeHnepAiH ocep €Tyl Kasai Ky preHzerici?
Erep xpI3rputr TYCTI popMamapasl OyaHmacTeIpea, KaHJaid ypTiak IIbiFap ei? AJl KbI3bUT TYCTI KEMICTI
KBI3FBUIT TYCIICH, KbI3FBUIT TYCTIHI aK TYCTI JkeMmicrieH OyaaHaacTeipca me?

12. Ipi xapa MaJIBIH Kapa-ajia yHipiHe )kaHalaH OyKa KOChLIIBL byt atanpikran 27 Oy3ay aJTbHBII,
OHBIH 7-yi KbI3bUI-aj1a O OJIBII IIBIKTEL. MYHIal KbI3bUT-aj1a 0y 3ayapablH e Mipre KeJTyiHe TeK KaHa aTalbIK
"kiHomi" Me, aJyIe CHBIpIap/IbIH Ja KaThIChl Oap Ma? MyHbI Kamaii aHpIkrayra 0onajipl? Ockl skaHa aTajbIKTaH
Oonamakra Ty bUIaThH Kapa aHaIbIK Oy3aynapipiH OOWbIH 1A KayKeTCi3 KbI3bLI — ajia OeNTiHi MbIFapaThH reH
00y Bl MYMKiH Oe?

13. Ax TaybIK IleH Kapa Kopasibl OyJiaH/a CThIpFayia, OaanaHapsl aJia TYCTi OQITBIT TyFaH. AJl SKiHIII
ypHarbelHIa MbIHaIal axkpipay Oalikarran: 1 kapa: 2 ana: 1 ak. Ana TycTti OyaaHaapibl Kapa jKoHe aK
TYCTLIEpMEH MAFBUIBICTHIPCA KaHAal HOTHXKE [IBIFa b7



14. Muormnserus aypysl JOMHHAHTTBI OCIr peTiHAe TYKbIM KyalaiapL.OKecl reTepo3UroTasbl, an
memnieci cay oréachIHIa 0Chl aHOMAJMSIMEH ©MIpTe KeJISTiH OallaapAblH TybUTy MYMKIHJIIT KaHIaM?

15. Anamna TYKbIM KyaJlalThIH CaHBIPAY-MBUIKAYJIBIKTBIH Oip ()OPMAChIH TapaTaThiH I'eH, KAJIBIIThI
ecTy IeHiHe KaparaHia pereccusTi. Erep exi ara-aHaHbIH I€HOTHUIITEP] FeTepO3UIroTasl 6omnca, MyHaai
HeKeJIeH KaH/all yprak KyTyre 6onansl? CaHblpay-MbUTKay 9HMeIiH cay epKeKIIeH HEKeCIHEeH caHpIpay api
MbUIKay Oana emipre keireH. Ochl €Ki aTa-aHaHBIH TeHOTUIITEPiH aHBIKTA.

16. AMaBPOTI/IKaJII:IK JKAHYSUIBIK HAKYPBICTBUTBIKTBIH Oananapaa 6onarbH (1)OpMaCBI (T3H—Ca1<ca)
ayTOCOMIbI PELIECCHBTI O peTIHIe TYKBIM Kyaar, 6ajia 4-5 jkacka KeJreH Ke3iH/e oJ1Mre TyIiap eTei.
bip kaHys1aFpl aJFalIKeI Oana o Chl aTAIMBIII aypy/iaH eJreH Ke31H/1e, aHaChI eKiHIIICIHE KYKTLTIKTIH COHFBI
aitmapemlaa Oorrad. ExiHII TyHMEre KeneTiH OajlaHbIH OCHI aypy¥Fa YIIBIPaybIHBIH MYMKIHIIIH Kasai
aHBIKTayFa Oomasb1?

17. Ansbunnsm (Tepine, Ko3 TOpbl MEH IIAIITa TIMTMEHTTIH 00IMaybl) a1am/ia ay TOCOMIIBI PELIeCCHBTI
Oenri peTiH/ie TYKbIM Kyasait bl bipeyi ais0rHO ¢, eKiHIIIC cay jKaHys/a TYHUETe KereH €Ki dKYMBIPTKABIK
erizaepni 6ipeyi - cay, ekiHIici - ansorHoc 6orraH. Kesecine emipre kenerin Oananap/ipIH illiH/Ie Heleyi
anpOMHOC OOMyBI MyMKiH?

18. AnThl caycakrs (ITOJMIAKTIUINS ) €pKEK Oec caycakThl cay oiienre yiineHreH. by Hekesien emipre
KeJreH 4 OananbIH O9piHiH caycakTapbl antaynad OomraH. Ocbl 4 GanaspH Oipeyi Oonmamakra 5 caycakrsl
oifernre yitneHce, omapablH OananapbIHBIH aJITHI CAayCaKThI 00Ty BIHBIH MYMKIH/ITT KaHTai?

19. TeHi3 mIONIKACHHBIH XY HIHIH OyHpasibIFbl TETIiCTUIINHE JOMAHAHTTBUIBIK Kopcereni. MbiHa
TOMEH]IE KOPCETUITeH MaFbUIBICTRIPYIapAaFbl OapiiblK KaHyaplapIblH TCHOTHIITEPIH JKa3:

a) P Q Gyiipa synai x P J-reric xynni — T ypnakraps! 6yiipa sxyHzi;

0) P Q-Oyiipa x P &-reric—F/, Oyiipa: /, Teric;

B)P Q-teric x P J-reric —F reric.

20. Teimkanaap Aa reHoTrITepi BB- cyp, BB- capbl, BB - sMOpronasap! careiia eietidi 6enriti. Erep
capbl MEH CYp, capbl MEH caphbl THILIKaHAap OynaHacca KaHaai yprak mbiFasi? Ochl MarbUIbICYTIApIbIH
KalCBICBIHAH KOTI YpIAaK IIbIFaThIHBIH aJIbIH-asla Oo/pKayFa Oomaas?

21.* I'erepo3uroTaisl 1apaiap TOMO3UTOTAIbUIAP YIITIH KeHOip e1iM SKeJIeTiH aJuTesbaAepIi CaKTaiIbL.
MDBHKC MBICHIKTaphIH/IaFbl KYHPBIKCHI3IBIKIBI My TaHTTHI aiuieab (ML) Tyasipanst Byt amiens GoibHia
romo3uroTaibl (MEMY) MBICBIKTap, 9/1eTTe JKYJIBIHHBIH AybIp aKayJiapblHa OailaHbIC ThI TyFAHFa ICHIH OJIET.
MU asiesti skoHe KaJIBINThI My TallusiIaHOaraH ajuielib (M) YIIiH re Tepo3uroTaibl MBICHIKTap/1a TOJIBIK eMeC
JOMHHAHTTHUIBIK YKaFIalbIHIa Ky MPBIK KbICKa, KaJIBIH HeMece MyJiIe )oK 6omazsl. Exki MM MbIchIKraps!
HIaFbUIbICThIpFaH. OJlapbIH aMaH KaJIFaH YPIIaFbIHBIH K3 KeJITEHIHIH FeTepO3UroTabl 00Ty bIKTUMAIBELI
KaHgan?

Ecenmepoi wivizapy s conoapul

1*. AnneiMen GepumreHiH xa3ambi3. by ecente reHaepiH ocep eTyiHeH 6acKa yIII )KYIT aTa-aHa
oepinren. 1. P Q-xerinaip, &- kapa; PQ-kerinuip, J-kerinuip; 3. PQ-kerinuip,Jd-ak

OchI y1I JKynTap/biH OylaHAacybHaH NIBFATHIH YPIIaKTap cypaFad. EHII mbIFapy sKOJIBIH HeMece
IS iH JKa3blIll, OyJJaHAaCTBIPy CXEMAaChIH KYPaMbI3.

AHanbIK 0co0b (heHOTHITI OOMBIHINA KOTUIIIP, TeHOTHTI - TeTEPO3UTOT AITBI, COHJIBIKTaH €Ki THIITI raMeTa
(R >xoHe T) Oepemi. BipiHiin KyNThIH aTaTbFbIHBIH T€HOTHIT JOMUHAHTTHI OCJITiCI O OMBIHIIIA TOMO3HTOTAIbL,
connpikTan 0ip Tunti (R) ramera 6epeni. by - kaiisipa Oymanaacteipy. ['aMeTamapibiy KOCBUIYBIHbIH
HOTHKECIHIIE KalbIpa 6y,ZIaI-II[aCI“LIpy,I[bII-I (F) ypnarbm anamei3. @eHotun OoiibiHIa 1 Kermmp 1 xapa,
reroruri- 1 Rr:1RR axsipay kepinmi. Kaiisipa OymannacTeIpy TOTBIMCHI3 TOMAHAHTTBUIBIK Ke31HIE (DeHOTHITI
YKOHE TeHOTHIT O0o¥ibIHIIA ypriarbHAa 1:1 axkeIpaysrH Oeperi e, at ToIbIK Oosnca,reHoruti - 1:1, ¢pexorwmi
OoiibIHIIa aXkpIpay OepMeiai.

ExiHImi XyNTHH aHaBIFl MEH arajblFbl (PEHOTHNTEP] XAFbIHAH KOTUAIp, TeHOTHNTEpl -
reTEPO3HUrOTasIbL, COHJIBIKTAH dpKaichichl eki Typri (R skoHe ) rameranap 6epeni. Erep op6ip ara-ana exi Typri
rametanap Oeperin 6omnca, onna [leHHeT TopeIH KypambB. Beprukane 0oiibHINIA aHABIK, TOPH3OHTAIL
OarpITTa aTAIBIK FaMeTaIap/ibl, aJl TOPBIH ILI1HIE Y pIaKTapAbIH FeHOTUITEPIH ska3amMbl3. TOPIBITOITHIPHIT
anblnFaH Fp-re Tangay skacasbIHabL.

i é\g R r

R RR kapa Rr xer.
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r Rr ker rrax

®enorun 60oiibiama 1 Kapa: 2 keruiaip: 1 ak, renotuni -1RR:2Rr:1rr 6anbin axwipaiinel. EH eceniy
COHFBI CYpaFbIH, IIENIenK. Bynanmacteipy cxemachH xazamen: P Q-Rr x J-rr. Tameranap Tunrepin
AHBIKTAMBI3: aHATHIK 0COOb TEHOTUTI O OMBIHIIIA T TEPO3UTOTAIIBI, COHIBIKTAH €Ki THIIT TaMeTa - R koHe T
Oepeni, aTaJbIKThIH TeHOTHTI PEeCCHUBTI OeNri OOMBIHIIIA TOMO3UTOTABI, COHIBIKTAH Oip THIITI ramera I
Ty3emi. ['ameranap/abH, KOCBUTYBIHAH €Ki 0C00b maiia 6omapl. byt - Tanaayis! OynaHaacTeIpy. ¥PrakTsl
Tannarad kezzae Ty, ¢peHoruni Ootibmma 1 xerimmip: 1 ak, reHotutmi - 1 Rr: 1rr 6ombm axkeipaiinsl. Ecerri
TOMCHJICTIZICH €TIll OPHEKTEHMI3:

bepinzeni: Hlewyi:
R — kapa 1.PPRT X JRR
r—ax G R R
Rr — xeringip FRR Rr
1.P? Rr & RR 1 xapa : 1kerinzip
2.PQ Rrd Rr 2. PoRrx dRr
3.PQRrd'rr
Taoy kepek: JIR r
F-? F-? F,-? Q
R RR Rr
Kapa KOTUIIIP
R Rr Rr
keruip | aK
F, 1 kapa: 2 kerinuip: 1 aK
3.PQRr xdrr
G R r
Fy Rr rr
1 xerinmip: 1 aK

Omeem: 1. F- 1 xapa : 1 xerinuip
2. F;- 1 xapa : 2 xerimgip : 1 ax
3. Fy 1 kerinaip : 1 ak

4* . BepinreniHe reHAEP/IiH dcep eTyiH jka3ynaH OactaiMbz. (A — cyp, a - Kapa Tyc). ATa-aHaHbIH €Ki
TYpIi Ky OBl )KOHE OJNIApABIH YpHakTapsl OepinreH.

a) PQcyp, dxapa, FOO0 cyp: 88 kapa; 6) P Qcyp, Jcyp, F2 1291 cyp; 356 kapa. Ara-aHaHbIH €Ki
Ky OBIHBIH TEHOTUNTEPiH aHBIKTAY KEPEK.

Ecenti memy ymrin OymaHmacTeIpy CXeMacChH KypaMmb3. BipiHII )KYIITHH aHATBIFBIHBIH T¢HOTHITIH
Oip/eH Ka3blTl KeTe alTMaiMbI3, ce0eOl OHBIH MeHOTHIT JOMAHAHTTHI OeIrici OOMbIHIIIA TOMOZHTOTAIIBI HEMECEe
reTepo3urorasl 0omca fa, Gpenorurni cyp 6omaapl. COHBIKTaH OepilreHiHe aHATBIKTBIH TeHOTUTIIH TOIBIK
Xa30aliMbR3 J1a, IIeNTyiH/Ae aHbIKTaiMbI3. O YIIIiH YPITIaKTaH ajIbIMEH PEIleCCUBTI OeNTiHI B eiMi3. ¥priakra
peneccusrri 6enri (90 aa) 6ap, COHBIKTAH J]a PEIIeCCHBTI T'eH aTa-aHaHbIH eKeYiHIe /ie OOJFaHbl. ATaIBIFbIHIA
pereccuBri TeH 0ap, COHIBIKTAH aHATBIFBIHA P eIICCCHBTI TeH/II Ka3aMbl3, SFHH aHAIBIK TeHOTHTT OOMbIHIIA
reteposuroraibl Aa. By rammaynis OyraHaacTeIpy/IbH YpIarbl OOJFaHIBIKTaH, HOTIKeCIHE (eHornmi
Ooiiprama 1 cyp: 1 xapa, resotumi - 1 Aa: 1 aa axoipaybH Oepeni. A 88 men 90 canmapbH KbICKAPTCaK,
mamameH 1:1 jgereH axxpipay/ bl KOpCceTeli eKeH.

Enni exinmi cypakka sxayan oepednik. [laFpiibicy cxeMachbH KYpaMbi3.

P QA-x J'A-. Ara- ana renorunrepi 6enricis. COHIBIKTaH ypHaKTaH pelieccHBTi Oenrini i3neiiviz (356
aa). Enpi perieccuBri TeH/li aTa-aHaHBIH eKeyiHe 1€ JKazaMbl3, Oap/IbH TeHOTHITTEP] TeTepO3UroTabI (Ad)
Oonbin WHIKTHL. [IeHHeT TOpBIH KyphIn, F, anambI3, oraH Tanjaay skacailMel3.

F
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A AA Aa
cYp cYp

a Aa aa
cyp Kapa

®Oenorwumn O60iibHIIIA aKbIpay - 3 cyp: | kapa, reHotwri - 1 AA:2 Aa: 1 aa. A 1291men 356 cannapbH
KBICKapTCaK, mamMameH 3: 1 kaTbiHachH ajaMbi3. CoHal-aKara-aHaHbIH TeHOTHITiH aHBIKT ayFa F, y priarbIHBIH
caHbl 1a keMekTeceni. bapierer 4 ypriak Oepy YIIIiH aTa-aHaHBIH OPKAHCHICH 2 TaMeTaiaH Oepyi, sFHU
TeHOTHITI OOWMBIHINIA TeTEPO3UIOTAIBI OOMybl Kepek. MiHe, COWTIl, ara-aHa TeHOTHIIIH €Ki amaMeH
TaOybIMBI3Fa O0Mabl ekeH. Ecenti ToMeHerineit erin kazyra 60onajsl.

bepinzeni: Hlewyi:

A—cyp PQAa x Jdaa

a — Kapa F,90A-: 88 aa

a) PQA - J-aa GA a a

Fy 90A : 88 aa FpbAa aa

0) PQ AJA- 1 cyp :1kapa

F, 1291 A-: 356 aa PQAax dAa

Taby kepex: F, 1291 A-:356 aa
P-? 3 cyp : 1 Kapa

Kayaowr: a) PQ Aa Jaa; 6) PQ Aa JAa

7*. AnapiMeH ecenTiH OepitreHiH TaIaibIK. | eHaepnin ocep eTyiHeH 0acka, )kaHys KyparaH oHeIlTiH
YII aFachl MEH arachbl, €p aJlaMHbIH H1ernreci oepitreH. by 6epinren agamuapap oiie MeH ep aJaMHbIH
KaTapblHa )KaKIllara ®a3ambI3. Ep amamua, oiien e oHKai. OHeriiH TeHOTUIT MEH eMipre KeJIeTiH COoaKaii
YPHAKTBIH CaHbI CYpajajbl.

Isrrapy >konbiHa OyJaHIaCThIPy CXEMACHIH JKa3aMbl3. OHENIH TeHOTHITIH YIII aFachl MEH arlachiHa
Kapar aHbIKTaiiMbI3. OHBIH TYBICTApBIHBIH iIIHIE eKeyi conakaii exeH. CoHnaa Oy arailbIHABUIAPIBIH JKe-
ST eCIHIH TEHOTHITEPIHE JKaChIPHIH TYPJIE COJIAKAMITHIKTEIH TeHI OOJFaHRl HEMECe oKe-IIeIeCiHiH Oipeyi
conakaii Oornran. Erep OipiHI BapraHTIICH jkopaMaliiacak, OHIIla e IiH reHoTHi A A Hemece Aa Oomybt
MYMKiH.

AU eKiHIII BapHaHTTa, OJ1 TeK KaHa Aa 0omaapl. CoHbIMEH, 013 €Ki TY[III MIEIIIMIe KeJIeMi3: SUeIIiH
reHoTuri Aa Hemece AA 00Nybl BIKTUMaJ. AJT ep aJ]aMHBIH ITIeIIeCi coNakail OOJFaHIBIKTaH, OHBIH TelOTHI
MIHJIETTI TYP/Ii TeTepo3uroTaibl Aa 6omnapl, ce6edi KIriTTiH OHKAN OONFaHbI. O JOMAHAHTTHI T€H]II OKECIHEH
aJFaH/a, IeIeciHeH PeTIeCCHBTI TeH Il TYKBIM KyaJar ayFaH. CeiTin, ofie MeH ep aJjaMHBIH T€HOTUITTEPIH
OJIap/IBIH JKAaKbIH TYBICTAPbl MEH OKe-IIIeNIeCiHe Kapar aHbIKTa IbIK.

bepinzeni: Hlewyi:
A - oHKait 1. PRAA X PJAa
a — cojakam G A A a
PQA - (PQ aa, 2daa) FAA Aa
PJA- (P Q aa) OHKali  OHKaii
2. PQ Aax dAa
Taby kepex:
PO -?F%aa-? dl1A a
Q
A AA Aa
OHKaH OHKaH
A Aa aa
OHKait conakam
F, 3 onkaii : 1 comakaii
4-100%
1-x
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Kayaowor: 1. P YAA F100% onkait

x=100/4=25%

2. P QAa F 25 % conakait

8*. bepinrenin xazambi3. [ eHepin ocep eTyi OepiMereH, COHIBIKTAH aTa- aHAChl MEH YpIaKTaH
Gacran xazambi: 1. P Q Kanemtel, & eprexeiin; Fy-kanbinmer. 2. PQ Fy & kamsmrer 3. P @ F; deprexeii.
Ocsl )Kyn aTa-aHaHBIH MIAFBIIBICY BIHAH Malia O0NMaThiH ypraKkTapasl xkaHe Fo-Hi amynel cyparaH.

AnneiMeH mentyinae OyIaHaacTepy CXEMachH Ka3aMbi. ATa-aHa (hopMarapsl Co30€H >Ka3bUma/Ibl
PQxanemtel X Jdeprexeiin, F; kanemrel. YKorapeyia alThUIFaH epeskere CyMeHin, KaablnThl OMIKTIK -
JIOMHHAHTTBI, €PIeKEIITIK - PereCcCHBTI OeIITi eKeHiH aHBIKTaiMb3. EHTi 0CBI Oyranacy cxeMachIH T'eHOTHIT
OO¥bIHINA JKa3bII, SIFHU PEIUNPOKTHI Oyaanaacy xxyprizemis. Ecenti xa3aMsiz:

bepinceni:

1. PQ xanpInrsl, 3 eprexemni
F, xaneITel

2. PQ Kanbitel, & KaJlbIITh

3. PQ kameinTh & eprexeiin
4. PF &F

Hlewyi:

1. P Q kaneimTsl X & eprexeni
F1 KaJbIIThl

A — KaJbINTHI & — epreKeii

P QAA x Jaa

G A a

Taby kepex:
A-? a-? Fl'? F'?Fz'?

F, Aa xaeiTel
2.P QAax JAA
G Aa A
F AAAa
Kajblll. KaJjbIIl.
3.PPAa x Jaa
G Aa a
F, Aa aa
1 xanemTel. © 1 eprexeiim
4.P QAax PdAa
F, 3 kanmeinTs! © 1 eprexeii

Kayaowi: 1. A — KanbInThl, a — eprexeii F; — KaabInThl

2. F- Bce KaJbIIThI

3. Fo- 1 xaneimTel. : 1 eprexeiini
4. F, 3 kanemThL. : 1 eprexeiimn

21*. Ecenri TOMEHAETIICH €TIlT O©PHEKTEY KAXKET:

bepinzeni:

M- cay

M - KYMPBIKCBI3IBIK

MM - KyHpBIK KbBICKA, KaJbIH
HEMeCe MYJIEM JKOK

P2MM MM

Taoy kepex:
F% MM - ?

Hlewyi:

PQYMMx & MM

G MM Mt M

F, M-M:- MM MM MM
JeTanblbl  KYHPBIK KbICKA, KaJIbIH cay

bIkTUManIBIKTH ecenTey Ke3iH/e eiMIe dKeJeTiH 1apaap ecernke
aspIHO AL, OchUTaka 2/3 Kpicka KyHpbikTel MM skome 1/3
KaJBITIThI KYUPBIKTBI MM Goma bt

Kayaowvr: F% M"M: 2/3 nemece 67%

Baksbliay cypakTapsbl

1. T'eHeTHKANBIK ecenTepi MISNIyAeTi KOJIaHbUIATBIH HETi3ri epexenep KaHmaai?
2. BynannacTeIpynblH KaHaai Typiepin Oineciz? Meicas KenTipiHi3.
3. Mennenbaid OipiHIIIi )koHE EKIHII 3aHIapbIH Kanal gomienueyre 6onaup?
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4. TomnbIK KOHE TOJBIMCHI3 JOMUHAHTTHUIBIKTHIH albIPMAITBUIBIKTAPHI KaHTaH?
5. I'eHeTHKa FRUIBIMBIH]IA CTAaTUCTHKAJIBIK OHCY HE YIIiH KOMIaHbLIa bI?
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. JMTHBPUATI )KOHE NNOJIUTUBPUATI BYAAHJAACTBIPY

Jucubpuomi 6yoandacmeipy nen Oip-OipiHeH KapaMa-Kapchl €Ki Xy Oenrinepi OobHIIA
)XBIPaThUIATHIH aF3aiapibl Oyaanaacteipynsl aittaasl (Cyper 2). byn Genrinepai mbFaparsbiH TeHaep
opTYpIi XpomocomMaiapiaa opHanacanbl. [lorueubpuomi 6yoanoacmeipyoa 3 HeMece OJaH Jia Kell
Oenrinepi OOWBIHINIA aXBIPATHUIATBIH ar3anap OymaHgacTeipbuiabl. JuruOpuaTi OymaHmacTeIpyia
I"MenpaensiH Y1 3aHbIH JoJIeNIeyTe, TeHOTUIITIK )koHe (PEHOTHUTITIK CHIHBIIN CaHAaPbIH, T.0. ecenreyre
Oomazasl. J{u xoHe mommuruOpuTi OyaaHIacTRIpyIapAbIH ecenTepin keloip xaraaiina IleHner TopeH
KypMaii-ak ecenreyre 6omaasl. Erep MorornOpuaTi OyaHmacTepy Kes3iHae TeK 2 THIITI rameTa Ty3Uice,
nuruopunte 4, T.c.c. Ty3ineni. COHAbIKTaH ajuielbASp/iH TaIAayblH 2" TypiH/Ie OeriieyiMi3re OOomabl.
[lenHer TOpBIHIA TY3UI'eH YpHakTapAsl Tajinay apKbUIbl MOHOTHOPHITI OynaHIacThIpyIaFsl
(hDEHOTHITIK CHIHBIIN CaHbl 2, TCHOTUNTIK - 3 eKeHIH eCKe TYCIpCeK, OHaH 9pi ecenTep UIbIFapy Ke3iHe,
(eHOTHUNTIK CHIHBIN CaHbIH — 2"7eN, aj FeHOTHUITIK ChIHBII CaHbIH - 3" Jen aJdybIMbI3Fa OOsajbl
COHBIMEH, MMONUTUOPHUITEPIiH KAMCHICEIHA €CeI IIBIFapcak Ta, OJIApAblH TCHOTHITIK )KoHE (DEHOTHIITIK
ayBITKyJapbIH (BapHalUsJIApbIH) OHANM ecenTeyimisre Oonaapl. OpuHe, OYJI dJIicTepal KOJIaHy TeK
IIapTTHI TYP/E FaHa, cebeO1 MyH/Ial KapanalibiM 9JIicTep Kyp/eli apayiac TeHOTHIITEpl Oap Taliayiibl
OymaHIacThIpyFa ecenTep MIbIFapFaH Ke31e KOIIaHbUIMAUTHIHBIH Ja €CKepyiMi3 Kepek.

Fi

@

Favemarap

Fa

Capu AHacna Wacwa
Gyanip Teric fyanip

ey Ad a8 )
D | @ @

Cyper 2. lurubpunri OynannacTeIpyIblH chi30a-HYCKACHI )KOHE OHBIH
[TenHeT TOpBI OOMBIHIIA TaJIAy bl

@

Ecenmep

22*. Ipi kapa Majiaa TOKIIBUIBIK MYy HI3IUTIKKE KaparaHa, Kapa TYC KbI3bUI TYCKE KaparaHaa
JIOMHHAHTTHI (OYJI €Ki OeNTiHIH TeHIep1 9pTYPIIi XpOMOCOMaia OpHaIackaH). Taza TYKbIMHAH IITBIKKAH
Kapa TYCTi TOKaJ aTaJibIK KbI3bUI MY Hi3/11 aHAJIBIK CUBIPIIApMEH OyJaHJACTHIPBUICA, AJILIHATBIH OyIaHaap
kaHnai 6onmaasl? Erep ocel Oymanaap/ibl e3apa marbUIbICThIpCca, KaH1all HOTHXKe KopiHreH Oonap efi?
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23. TaysIkTapaa aiijapaslH payIanTyJ1 TOpi3/i minrinin 0epeTid R reHi, Oyprrak Topis/i alimap
IBIFapaThid B reHiMeH Karap KeJice, OHa KaHFaKTaPi3Ii mirmiHAl aifxap 6epemi. An Oyt pakroprapipH
PEICCCHBTI IreHepi Oip Me3TiIIe FTOMO3UTOTAIIBI KYHe Ke3aecce, )Kau MiIiHACT ali1ap bl IIbFapabl

Kanrax Topizai admapnel ocoOb KoM aWjgapnbel 0coObIeH OylaHIaCTBIPBUFAH Ke3Je,
HOTHXKECIH/IE JKaHFAK, payIIaHTYI, OYPIIaKTopi3i koHe koW MilliHAl aiiiapnapsl 0ap ypHaKTapibH
caHJaphl Oipyeli KarbiHacTa OonbIn KepiHreH. MyHaH 6acka KaHaai OynannacTeipy Typingae Fi-ie typa
OCBIH/AM aXbIpay aiyra 6omaapi?

24* KapObI31bIH KaOBIFBIHBIH TYC1 )KaChUT HEMECE ajla, )KEMICIHIH MiNTiHi — y3bIHIIIa HEMece
IOHreeK OOMyhl MYMKiH. ¥Y3BIHIIA KACHUI TOMO3HTOTAJBIOCIMIIK IOHIENCK aja TOMO3HIOTAIIbI
oCIMIIKIIeH OyTaHTaCTRIPBUFAH Ke3/1e, F1-1IiH )keMicTepi TOHTeIeK KaChUT OONBIN MBIKTH. F, MeH F;
(Tanmaymiel OymaHAACTHIPY) YPITaKTaphIHAa OSriiepniH KepiHyi KaHfal Oomanpl? Erep meHrenek
KaChLJI )KOHE Y3bIHIIIA KaChLI 0COOBTap OyaaHmacTeIpblica, Fy MeH F,-HiH HoTHXenepi KaHai 6onmMak?

25. TeHi3 NI0IIKACHIHBIH TEPICiHIH Kb BIFEIHBIH OYHPaNbIFbI - A, TETICTITI - a, KbICKAIIBIFHI - B,
Y3BIHJBIFHI - B; Kapa Tyci- C, aK TyCi— ¢ TeHJIepiMeH aHBIKTananbl. Erep ochl yII re Hiep/ iy auienbaepmi
OO¥BIHIIIA aXBIPATHUIATEIHTEHI3 IIOMIKAApbIH OynaHaacTeipca Fi MeH F, kannaii ypnak 6epeni? Erep
F:-niH OymaHmapbH TeTic Y3bIH KBUIIBIKTHI aK TYCTi 0COOBIIEH OyJaHaacTeipca Kanaai OympaHiap
eMipre kememi?

26*. TeHi3 MOMKaCBIHBIH Y3bIH, OyHpa KbUIIIBIKTHI Kapa TYCTI aTaJIbIFbl, Oyiipa, KbICKa, aK TYCTI
aHaJbIKIEeH MaFbUIBICTHIpbUTFaH. Ochl )KyNTaH OynaHAacTeIpy HOTHKECIHIE, 1 7 Oyiipa, KpIcKa, Kapa, 15
Oyiipa, y3bIH, Kapa, 6 Teric, KbICKa, Kapa JKoHe 7 Teric, Y3bIH, Kapa TYCTi 0coObTap ajblHFaH. ATa-
aHaJIApBIHBIH TEHOTUNTEPl KaHAal? OPTYpii CHIHBINTAPIBIH KaTbIHACTaphl KaHAal? CTaTuCTHKAIBIK
Typ¥FbIiaH NIBIKKAH aXXbIpay KYTUI'EH IlIaMara COMKec Kelie Me, COHBI JI9JIeIe.

27. AckaOaKThIH )KEMICiHIH aK TYCi capbl TycTire, MNIiHIHIH Y3bIHIIA TYPI1, ICHTEICKTIIITHe
0achIMIBIK KOpCceTesi.

AK Y3bIHINA MITHAI MEH aK JOHTeleK MITiHal 0co0bTap OymaHaacThIPEUFaH Ke3/le, YPIaKThIH

e 3/8 aK y3bIHIIA,

*  3/8 ak HOHIeEIEK,

e 1/8 capsl y3bIHIIA

e 1/8 capsl neHresnek OoFaH.

Ata-aHanapbIHBIH TEHOTUNTEPiH aHBIKTA.

28. Okeci Oyiipa mamThl (JOMHHAHTTHI OeJri), OSTIH/IE CEeKITLTi KOK, aJl [IeIIeci TeTiC MIaIThI,
CeKITLT 0eT (ZOMUHAHTTHI Oeri) OOFaH HeKeIeH JYHHEere KeNnreH Y OaraHbH OeTTepiHe ceKmim oap,
mamTapsl Oyipa OosnraH. ATa-aHa MeH OaslanapbIHBIH T€HOTUIITEPIH XKa3.

29. OenmnkeToHypHs ((eHMTaTaHUHI CIHIpe anMay ) )KoHe araMma 0 Oy TMHEMHUSTHBIH ©T€ CUPEK
KE3JICCETIH MBEUIapibIK TYpi (9AeTTe Oana OyJ KaFaaiia anTel ailJIblK IIaMara KeAreHIe oJIedi)
ayTOCOMZIBI PELeCCHBTI Oenriiep peTiHAe TYKbIM Kyamaiasl. Kaszipri kesmeri MeauIMHAHBIH
XKeTicTikTepl (eHWIaaHWHHIH aJMacybIHBbIH OY3bUTYBIHBIH ayblp 3apiantapbiH  OoIbIpMayFa
MYMKIiHJIK Oepeni.

a) Erep xaHysi/1aFbl aTa-aHaHBIH €KEY1/1e aTaJIMBIII TATOJIOTHSUILIK TeH IS P/IiH €Ki Ky O bl OO MBIHIIIA
TeTepO3UTOTaJIbI 00JIca, 0ChI OTOACHIHIA AYHHUETe KeJIeTiH cay OajlaHbIH TYy MyMKIHJIITi KaH1ai ramaia
Oomame?

0) OeHWIKETOHYpUSMEH ay BIPAThIH HAYKACTAP/IBIH Ty bUTY BIKTUMAJIIBIFBIH KOHE aTa-aHAChIHBIH
ekeyl Je eki Oeniri OoWBIHIIA TeTepO3UIoTa bl OTOACHIHAA KaHA TyFaH HOpecTelepal KyTKapy
MYMKIHITiH aHBIKTaHBI3.

30. Epecekagamnapaa miaykoma GipHele >KOJIMEH TYKbIM Kyanaiasl. bip ¢popmacsl 1oOMUHAHTTEI
AyTOCOMJ/IbI TCHMEH, CKIHIIICI aJJIbIHFBI TeHMEH TIpKeClereH ayTOCOMIbl PEeleCCHUBTI TeHMEH
AHBIKTAJIa]IbI.

a) Erep ara-aHaHbIH €Keyi Jie MaTONOTHSUILIK TeHAEPiH KOC )KYObl OOUBIHIIA TeTEPO3UTOTAIIBI
Oosca, eMipre aypy OalaHbIH Kely I1aMachl KaHjai 0omMak?

0) Erep ara-anaHbIH Oipeyi TeHIEpIiH €Ki kyObl OOUBIHINA TeTEPO3UTOTAIBI, EKIHIITICI KOpY
JKarplHaH KaJIBIITHI Opi €Ki KYI TeHaepi OOWbIHIIIAa TOMO3UIOTaBl OoNca, KaHys1a aypy OamaHbIH
eMipre Kenyi KaHaai 0omap?

31. TaysikTapma aK TYCTi KaybIPChIH, OOSJIFAaH KaybIpCHIHFA, OaNak JKYHIHIH OOJTybl OHBIH
OonmMaybIHa, OYpIIaK TOPi3Mi aiiiap — *KanbeIpak TOpi3/i aiapra KaparaHaa 0aChIMIBLIBIK KOPCETEI.

Ak Tycrti, Oamak XyHmi, OypIiak Topi3mi aimaphl 0ap TOMO3WUTOTANbl TaybIK OOsIFaH
KayBIPCHIHIBI, OaaK KYHI KOK, JKarmblpak Tapi3zi algapbl 6ap Kopa30eHOymaHAacThIpbUFaH. Ochl
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OymaHmacynaH MbIFaTeH T, YPIaKThIH aK, 0anak *KyHIi, OypIIaK Topi3i al1apibICHIHBIH KaiChIChI
OosutFaH, 0aJlaKChI3, JKaNbIpaK TOPi3Ai algapibIMeH OyaaH acThIpFaH A aXbIpay OepMeiii?

32*. TyH apysI eciMairiHiH OOWBIHBIH OWIKTIT] ajacajbiFbiHa 0aChIMIBIK KOPCETCE, KBI3BLT TYCI
aK TYCKE TOJIBIMCBI3 JOMUHAHTTBUIBIK KOPCETII, KbI3FBUIT TYCTI FreTepo3uroTaisuiapsl 6epeni. Erep
TOMO3HTOTAJIbI KbI3bII OUiK ©CIMJIIK aKkalaca eciMaiKIeH OyjaHacca, eKiHIli ypIakThiH KaHmachl -
re yKcac OoJbIn Keiesi?

33. Anamia kapa Ke3JUTKTIH TeHl KoK KO3JIUIKKE, all OHKAWIBIK CONaKalIbIKKa KaparaHia
JOMHHAHTTBUIBIK Kepcereni. bynm Oenrimepni mbFapaTslH TEHAEP OPTYPIl XpOoMocoMaapna
OpHAaJIACKAH.

a) OKeCli reTepOo3UTOTAIIBI Kapa Ke3/li CoJaKai, all Ienieci KoK Ko3/1i e TeTEPO3UTOTa bl OHKAMN
or0OacblHIa AYHHETE KeNreH OanaHblH (PEHOTUIIIH aHBIKTA.

0) Kek ke3xi conaxaii KpI3 OeH Kapa Ke37i OHKal KIriTTiH HEeKeCiHEH eMipre KeJIreH eri3 YJ MeH
KBI3/IbIH Oipeyi KoK KO3/l CONaKaii, eKiHIIiCI KOK KO3/l OHKail 00BN MBIKTHL. OChl OTOACHIHBIH OapIbIK
aZlaMJIapbIHBIH T€HOTUNTEPIH aHBIKTA.

34. Anampa kinni azy TiCTiH 00JIMaybl, a1ThICAy CAKTHUIBIK (TTONHIAKTHIINS ) YKOHE KaKbIHHAH FaHa
KOpy ayTOCOMJIBIK JJOMUHAHTTHI Oenrisep.

a) Ocpl aTajFaH ylI )XY OO MBIHIIIA TeTEPO3UTOTANIBI OTOACH HelIepiHIH HEKECIHEH OMipTe KeJIeTiH
Oananapably GEHOTHIITEP1 KaH1ai OomMak?

0) Kimri a3y TicTepi KOK JKITiT anThl cayCaKThl, JKaKbIHHAH KOPETiH KbI3Fa YiieHreH. JKiriTTin
oKecC1 0apIbIK YIIT )KYTI OO WBIHIIIA Cay N1a, aJl e eCiHIH KiIlTl a3y TiCTepi )KOK, OipaK Ta KopyiMeH caycak
CaHbI KaJbINThl OoFaH. KbI3/bIH MIemIeci anTbl cayCaKThl, 9Keci )KaKbIHHAH KOPETiH OoNraHbIMEH,
YIIiHII )Xy Oenrinepi OolbIHIIA ekeyi ae cay OomraH. OChl HEKEISH oMipTe KeJeTiH Oajtaiap/IpH
¢dbenorunTepi kauaak 6onMak? bapnbik yur sxyn reHaepi OoibiHIIA Ta3a cay OalaHbIH AYHUETE Kelyi
MYMKiH 0e?

35. Xom nicTi acoypiiak eciMairinin 6oibiHbH OuikTiri (D) eprexeitnirine (d), OypiarsHbIH
xacbu1 Tyci (P) capsl Tycine (P), TYKbIMBIHBIH Teric mintiHi (R) OyabipibirbiHa (I) 0achIMIBUIBIK
kepcereni. MbIHA cypakTap¥Fa kayan oep.

a) Erep MpIHaiali reHorurreri ara-aHanap OyjaHgacca yprak HOTHXecl KaHaail 0oimax:

PQDDPp Rrx PJddd Pp rr

PYDDPP Rr x P4 Dd Pp Rr

PQdd pp Rr x P& Dd Pp rr

P?Dd Pp rr x P4dd Pp Rr

0) T'oMo3uroransl eprexeii, *acel, Oyabp MEH TOMO3UTOTalbl OMIK, Capbl,TeTic MilIiHal
acOyplaKkThiH OynaHaacyblHaH IWIbIFaThlH F; OynmaubiHbH (eHoruni Kaunmai? Fi-miH Ty3eTH
raMmeTanapsl Kanaaii? F, men Fy-axeipay Kamaii xxypemi?

36. Koii OyimipreHHiH exi Typii ipikremenepi OynanaacTeippurad. OHBIH Oipeyi My pTTHI KoHE
TYC1 KbI3bUI, EKIHIIICI MYPTIIACKI3 XKOHE aK TycTi OormraH. by Oynannacteipynan mbelKKaH F; MypTThI
YKOHE KBI3FBUIT TYCTI )eMic Oepai. BymanmacTeIpyabH Kaid TYPiH KYPTi3id, KI3FBUIT MYPTIIACKI3 COPT
anmyra Oomasl?

37.Ne35 ecente anbiaraH F; OyaHbIH MypTIIACHI3aK TYCTi © CIMAIKIIEH Kalibipa OyAaH acThIpraH
Ke3/1€ MbIHaJlail aXXpIpay ajblHFaH: 12 My pTIIansl KbI3FUIT, 15 MypTIiais! ak, 16 MypTIackl3 ak KoHe
14 Myprmiacei3 KpI3FbUIT. A Tanmaymisl Oynanaacteipynas (F,) xanmail HoTHke KyTyre Oonaibi?
ATIBIHFaH aXKbIpay CTaTUCTUKAJIBIK KYTKEH IaMara caii keneni me? [lonene.

38. IllemeciniH KYJIarbIHBIH YIIBI OiTIK eMec (JOMUHAHTTHI O€Mri), HeTi TeTic, ajl oKeci - OITIK
KYJIAKThI JKOHE METiHIH IIYHKBIPBI O0ap (JOMHHAHTTH Oeiri) orOachlHAa TyHHETe KEJTreH YJIbIHBIH
KYJIaFbl 01TiK eMec, MeTiHIH IIYHKBIPEI 0ap, al KbI3bI Typa mretmeci Topizai Oomran. CoHa ara-aHamapsl
MeH OajajapbIHBIH TeHOTUNTEP1 KaHaai OomraHbl? bomybl MyMKiH T€HOTUIITEP/II TYTel XkKa3.

39. KbpI3aHHBIH KEMIiCiHIH KbI3BUI TYCI - R, capsl - I'; ©CIMIIKTIH 00 MBIHBIHKAIBIITHI OUiKTIT - D,
eprexeiiici - d; skeMiCiHIH MNIHIHIH JOHIeIEeKTiCi - P, Y3bIHIIABIFGI - P TEHAEPIMEH aHBIKTAJIA IbI.

KanbmThl 0016 KbI3bLI, JOHTEJICK IICH O0WBI €prekeiii, capbl TYCTI, AOHTEICK MIITIHI KbI3aH
eciMaiKTepi OyaHIaCTHIPBUFAH Ke3]le, TOMEHIeTi el axkpipay OepreH (3-kecte). AJBIHFaH HOTHKETe
TYCiHIKTeMe Oep.

Kecme-3
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Ocimoikmin Kemicmin myci Kemicmin niwini Canvt
ouikmizi
KaJIBIIITHI Capsl JIOHTEJIEK 57
KaJIBIITEI KeI3b01 JIOHTEJICK 60
eprexeii Capwl JOHTeIIeK 58
eprexein Kei3bin JIOHTETICK 61
KaJIbIITHI Capsl Y3bIHIIA 22
KaJIBIIIThI Kp13b11 Y3BIHIIA 19
eprexeini Capsbl Y3BIHIIA 20
eprexeii Kp13p11 Y3BIHIIA 21

40. Ne38 ecemnre OepureH ymI Ky TeHaepi OOMBIHIIA TeTEPO3UIOTaNbl KbI3aHAAP
OymaHIaCTHIPBUIFAH KE3/le albIHATBIH OipiHmi OynmaHHBIH (eHorunTepi KaHmaik Oomaner? By
OynaHJapabl OfaH 9pi MAFbUIBICTHIPHIN albiHFaH F;, koHEe Fy-11eri HoTHXKenepal xas.

41. lpo3oduna msIObIHBIHBIH IEHECIHIH CYP TYC1 MEH KaHATTapbIHBIH KAJIBINTH 00Ty bl 0achiM
Oenrinep. KanarTapsl KaibIThl, TYCTepi Kapa eKi IIBIOBIHBI OyJaHAaCTBIPFaH A2 aJbIHFAH YPIaKThIH
OapIBIFBIHBIH JICHEICPi Kapa, 0ipak

onmapabiH 3/4-HiH KaHATTaphl KAJBIITHI, all 1/,-HiKi KbICKa OoyFaH. ATa-aHa MEH ypIaKTapIbiH
TCHOTUNTEPiH aHBIKTA.

42. Xibek KypTBIHBIH €Ki TYPJIi TYKbIMIaphl Oy 1aHIaCTHIPLUIFaH, 0J1ap Keecien OenriepMex
epeKmenenei: 6ipeyi capbl MULTO TOKUTBIH KYJIABI3KYPTTAp/bl, al €KIHIIICI aK MiId TOKUTHIH
KOJIAKTBI KYJIBI3KY PTTap b MIbIFapaasl. bipiHii ypriakTa OapIibIK )KYJIIBI3KYPTTap JKOJIAKTHI )KOHE
capsl MULIS TOKpUFaH 00abl. EXiHII ypriakTa TOMeHAEriael axpIpayiap ansHAbL 6385 - capbl Mo
©PETIH KOJAKTBI KYJIIBI3KYpTTap, 2 147 - ak mimtani skonakrsl, 2099 - 6ip TycTi capsl niuadii, 691 —
Oip Tycti ak minani. bactankel popmanapmen OipiHIIi KoHE EKIHIII YpHaKTapiblH FTeHOTUITEPIH
aHBIKTaHBI3.

Ecenmepoi wvizapy sconoapui

22.* bepinrenin xazanbik. [enaepain ocep eryi Oepinren. Kapa Tycri TOKal aranbIKThIH Taza
TYKBIMJIBI €KSH/IIT'l €CKEPTITeH, SIFHUA OHBIH TCHOTHIT1 IOMHUHAHTTHI OeJriiepi OOMBIHIIIA TOMO3UTOTAIILI
Oomranbl. [omosuroransl ar3ajapablH OymaHIacyblHAH INBIFAaTBIH F; JKOHE OJapAaelH  ©3apa
HIaFBUIBICY BIHAH eMipre KeseTiH F, ypnakrsl Taby kepek. Ecenri miemy yiiH OyJaHIacThIpy CXeMachlH
KYPBIII, PELUNPOKTH OyaaHaacThIpynbl ska3ambiz: POAABB x Q aaBB. ATasblk 0COOBTBIH TEHOTHIT
JIOMHHAHTTHI Oenriiepi OOMBIHIIA TOMO3UTOTaNbl, COHABIKTaH Oip THUNTIi AB ramera, aHaJBIKTHIH
TeHOTHIII pelleCCUBTI Oenriiepi OONBIHIIIA TOMO3HUTOTAIIBL, 001 1a Oip THITi rameta 6epeni. [laiina Oomran
F, Aa BB ¢enorumi 6olibiHIIA Kapa TOKAJ, ajl TEHOTHI - JUTETEPO3UTOTAIIBL.

JlureTepo3uroraisl 0cOOBTap OPKAMCHICH 4 TYpii rameTagaH OepeTiH/IKTEH,

F,-H canbl 16, an henoTuni 60MBIHIIA aKBIPay bl - 9 Kapa TOKAI: 3 Kapa MyHi3[i: 3 KeI3bII TOKAT
1 kp13bUT MY Hi3 i [IeHHET TOPBIH KYphI, TOP inriHzeri 1 6 ypnakka Tannay xacaras ke3/1e 4 peHOTHITIK
JKoHE 9 TEHOTHIITIK CHIHBIN CAHIAPBIH ajlaMbI3. EHJII ecenTi jka3albIkK,

bepinzeni: Hlewyi:
A - xapa PQaasB x JAABB
a - KbI3bUI l'ameranmap aB AB
B - Toxan F.Aa BB
B - MyHi3ai Kapa TOKaJ (IUreTepO3UroTaIbl)
P Qaass JAABB PQPAaBs x JAaBs
Taoby Kepek: F>
F,-?F,-? 9 AB + kapa Tokan

3 AB V'kapa myiiismi

3 aB ” KpI3bLT TOKAT

1 aB KbI3bLT MYy Hi3 i
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I'eroTun OOMBIHIIIA aXBIpaY:
1 AABB:2 AABB:1 AABB:2 AaBB:4 AaBs:2 Aass: 1 aaBB : 2 aaBs

1 aaBB
Kayaowi: F, - kapa Tokan
F, 9 xapa Tokam: 3 Kapa MyHi3zi: 3 KbI3bUT TOKAT: | KBI3BUT MYHi3Ii.

24* BepinreHine anabIMEH TCHICPIIH ocep €TYiH jkazy Kepek. bipak renmep OepinaMereH,
COHJIBIKTaH ara-aHaChlH, YPIIAK TypaJibl JKOHE CYPAaKThI Ka3aMbI3. ATa-aHaHBIH €Ki JKYObl TypaJbl
aUTBUTFAH/IBI €CKEPYiMi3 KEPEK.

Enai ecenri misirapyra keneitik: P Qkacwin y3biHIa X Yana JeHreiek,F; ’achll 1o HIeleK.
Mennensig 1 3aHpIHA CYHEHiI, TeHAePIIiH dcep eTyiH TabambI3: A -3Kachll, a - ana, B - neHrenek, B —
y3biHma. Enpi Gynanmacy cxeMachiH reHoTuri Golibiamia xazainsik: PPAABE x daaBB. Ara-ana
raMeTajapblH aHBIKTaliMbI3. AHAJBIK IMEH arajblK OCOOBTAPIABIH I'€HOTHUNTEPI JOMUHAHTTHI KOHE
peneccuBTi Oenrinepi 0OBIHIITA TOMO3HTOTAIIBI OOJFAHIBIKTAH SPKAUCHICH Oip THIITI, SFHA aHAJBIK -
AB, aranpik -aB rameraman Oepemi. F; deHoTHi OOWBIHINA XAaCBUT JOHTEICK, TSHOTHUII -
nureteposurotansl Aa BB, Fp-ui anmy ymin F; ypnarbia e3apa OyaaHmacTeipaMbl3. AHAJIBIK 0CO0b
TCHOTHITI OOMBIHIIIA TUTSTEPO3UTOTAIIBI, COHABIKTaH 4 TurTi rameTa AB, AB, aB, aB; aranbIK 0coOObTa-
JUTeTepO3UroTasl, 01 1a Typa ocblHAal 4 TunTi rameranas 6epeni. ['ameranapasl e3apa yinaecTipir,
F,-ui anamei3. Tonteipeuran [leHHET TOpbIHA TaNay )kacaraH Ke3imizze, GeHoTH OoibIHINa 9 sKachil
JIOHTeIeK: 3 KachlI Y3bIHINA: 3 ana JeHrelek: | ana y3bIHIIA aXbIpayblH 0epai. MyHaH COH Tajiayibl
OynarmacTeIpy XKyprizemis: P QAa B x Jaa BB. AHanbIK 0c00b 4 TYpiIi, aTajslk - 1 Typii rameTaian
oeperni.

Fy -1 sacein neHresiek: 1 skachul y3bIHINA: 1 ana neHrenek: 1 ana y3sHIa, (PEHOTHNTIK 4 CHIHBIT
CaHbIH Oepei.

Enpi exinmri »xynTeIK OyaH1acy CXeMaChIH jka3aMbl3. F; airy kepek OO/FaHIbIKTaH PEIUITPOKTHI
oynannacy xyprizemiz: P QAABB x JAABB. Anbiaran F; (eHoTHII GOMBIHIIA KACHLT JOHTEIEK,
TeHOTHII - MOHOTeTepo3uroTaisl AABB.

By ocobGsrapasl e3apa Oynanaactsipsin, Fo-ni anames. P QAABB x $AABB. AHanbIK 0c00b
TCHOTHII OO MBIHIIIA MOHOT€TEPO3UTOTAIIBI, COHJIBIKTaH 2 THITI AB, AB, aTanblKk 0coObTa TypaochHIal
2 Tunti raMmeTtanan oepeni. [IeHHEeT TOPBIH TONTHIPHIN, albIHFaH F,-re Tannay xyprizemis. enorumn
OolipiHIIa—3 Kachbul AeHrenek: | skaceln y3biHma; reHorumi - 1AABB:2AABB:1AABB, axbipay
OaifKanbl, SIFHA ()EHOTUNTIK-2, TEHOTUINTIK-3 CBHIHBIN CaHAaPbIH aIbIK. COUTII, €CeNTIH CYpaKTapblHa
TONBIK >kayan Oepaik. EHai ecenti skazamsbi3.

bepinzeni: Hlewyi:
1. PQ »xachu y3bIHIIA PQsxachul y3bIHIIA X Jaa JOHreleK
P & ana nenrenek Fikachu1 meHrenek
F, »xaceu1 noHrenex A - xaceul
2. PQ skachur qoHrenex a-ama
P kachul y3pIHIIA B — nenrenex
Taoy kepek: B — Y3bIHIIA
Tennepnin ocep etyi?Fy, Fo, Fp - ? | PPAaBe x JAaBs
G aB AB

F, AaBB »xacbul JoHIeJEK
PQAaBBx d'AaBs

F

9 A-B - kacbll JoHIreJIeK

3 A-BB - KacbUI Y3bIHIIIA

3 aaB - ana neHrenek

laaBB ayia y3bIHIIA

P QAaBs x JaaBB

Fo
3 | aB

?

AB AaBsB 1 ’xacbUI JOHTEIEK
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AB AaBB 1 >kachL1 Y3bIHINIA

aB aaBB 1 ayma geHrejek
aB aaBB 1 ayja y3bIHIIIA
2.P QAABBx JAAsB
G AB AB

FLAABB ’xacbul nOHIrejiIeK
P Q-AABB x JAABB
F
1AABB :2 AABB: 1 AABB
3Kachll JOHTEIICK : 1 yKachUI Y3bIHIIA

Kayaow:1. A — xacwin a - ana

B-ngeHrenek

B-Y3bIHINA

F, 'xacbu1 meHrenex

F, 9 xacwu1 qeHrenex: 3 skachll Y3bIHIIA : 3 ana JqeHrelieK : 1 aja y3bIHIa
Fy 1 >xaceun qeHrenex : 1 skachil y3bIHINA : 1 ana meHresex : 1 ana y3bHIIA
2. F, 3 xxaceun geHrenex : 1 sxachla y3bIHIIA

26*. bepinreHin xa3ambl3. EcenTi MYKuSIT OKBIN IIBIKKAHHAH KEWiH TeHaepaiH acepi, F;
Oepinverenin Oaiikaiimbiz. EcenTi epHekTey TyciHiKci3 Oomran ke3jie, Oip HeMipre >KOrapbra
KapaiiMbI3. byliecen eTkeH ecermeH 0aiiaubICThl eKeH, sSIFHU Ne24 ecenTeH reHIepiH ocep eTyiH ajbil
’a3aMbI3. MyHaH cOH Oy/laH/IacaThbiH aTa-aHaHbl OepinreHine ka3ybIMbI3 kepek: PQA-B -cc, JA — BB-
C. Ara-ana reHOTHITIH OipJIeH TOJNBIK ’a3a aJIMaiMbI3, COHIBIKTaH JOMHHAHTTHI T€HEP JKaJIKbIIaH
skasbutaael. EHni ypnakrel skazasik: F 17 A-B-C-, 15 A — BBC-, 6 aa B — C-, 7 aa BB C-. Ara-ana
TCeHOTHITEPIH aHBIKTAY, CBIHBINTAP KATBIHACHI )KOHE CTAaTUCTUKAJIBIK KYTICTIH COMKECTLIr cypalFaH.

Ecenrin menryine 6yaanaacTeIpy cxeMachH xkazambiz:PQ-A-B-cc x 4'A -BBC-. Epesxere cylieHin
ara-aHa TEHOTHIIIH ypIIarblHa Kapan aHbIKTaiMbI3:

F 17 A-B-C-, 15 A - BBC-, 6 aaB - C-, 7 aa BBC-. AJlABIMEH PEIICCCHUBTI OeNTiyiepi i3aerMiz.
YriHmni )kyn reHi OOWBIHINIA YPIIaKTa pellecCuBTi ak 0enri - cc koK. COHABIKTaH aTa-aHa TeHOTHIT
Obuaii xkassutagsi: PYAa Bece dAa BBCC. Enti ara-ana raMeTaapbid aHbIKTaiMbI3. AHaJIBIK 0CO0b
TCHOTHI1 OOMBIHINIA TUTETEPO3UTOTANbI, COHJIBIKTaH 4 THIITI, aTaJIBIK - MOHOTE€TEPO3UTOTAIIbI, 2 THITT
rametazgaH Oepeni. [IeHHET TOPBIH CBI3BIN, YpIIaKKa Tajjaay kyprizemis. [leHHeT TopbiHAa (ESHOTHIT
Ooiipiama: 3 Oyifpa Keicka Kapa: 3 Oyiipa y3bIH Kapa: 1 Teric KpIckKa Kapa: 1 Teric y3bIH Kapa
KaTBIHACHIH1al aXkbIpaiibl. COHBIMEH (PEHOTHUIITIK CHIHBIT CAHbI 4 OOJIBIN MIBIKTHI, aXKpIpaybl 3:3:1:1
Oombl. A ecenTid OepinreHinaeri 17:15:6:7 axpipaybIHIarbl 9pOip caH bl ITIaMaMeH 6-Fa KhICKAPTCAK,
3:3:1:1 xarblHACBHIH ajnaMbl3. SIFHU, CTAaTUCTUKAJBIK TYPFbIIAH MIBIKKAH aXXbIpay, KyTUITeH HIamara
coiikec kemmi. byn 0i3ziH ara-aHa TEeHOTHITIH AYPBIC aHBIKTaFaHBIMBI3ALI KepceTemi. EHai ecerri
TOMEHIETIAEN eTIN Ka3aMbI3.

bepinzeni: Hlewyi:

A - Oyiipa PQAaBs cc x §'AassCC

a — Teric F17 A-B-C-, 15A-8BC-, 6 aaB-C-, 7 aaBBC-
B-xpicka

B — Y3BIH F,

C- kapa 3A-B-C-V Oyiipa KbICKa Kapa,
€ —aK 3 A-BBC - + Oyiipa y3bIH Kapa
PPA -B-cc, JA - BBC- 1 aaB-C- Teric KpIcKa Kapa
F17 A-B-C-, 15A-8BC-, 1 aaBBC - Teric y3bIH Kapa
6aaB-C-, 7 aaBBC-

Taoy kepek:

P 94? P 934? Combimmap

KaTbIHACKI?

CTaTHCTUKANIBIK KYTic?

Kayaoe:1) PQAa B Cc dAasCC
2) ¢enorunTik axpipay 3 :3:1:1
3) cTaTUCTHKAIBIK a)KbIpay KYTIUITeH IIamMara COMKec Kei.
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32*BbepinreHine reHACPIiH dcep €TyiHEH OacTan ka3aMbI3. A - OHiK, a -ajmaca, B - KpI3bLI, B-aK,
BB—«KpI3rbuIT.  ATa-ana (opmanapbl 6epiiren PQAABB JaaBs. AHanbIK 0COOBTBIH T'€HOTHII
JIOMUHAHTTHI, aTaJbIKTHIH TCHOTHUII peleccuBTi Oenriyiepi OOMBIHIIA TOMO3HTOTAJbBI, COHABIKIAH
aHanbIK Oip TunTi AB, aranbikra 6ip TUIITI aB TameTanan oepei. [aMeTanapabl KOChI, anbiHFaH F -Te
Taiay xyprizemis. F; peHoTHIT O0MBIHIIA ONiK OOUIBI, KBI3FBUIT TYCTi, T€HOTHIII - IUTETESPOZUTOTATIBL.
AnbiaraH OipiHII ypmaxTsl ©3apa OymangacTeipsin, F, -Hi any ymria [IeHHET TOpBIH TONTHIpaMBI3.
[TenHeT TOPHIHBIH iMIiHAETI 0OCOOBTapFa TAIIAy Ky pri3reHimizie, (eHOTHUI OOMBIHIIIAa MBIHA 1Al -3 OHIK
KBI3bLI, 6 OWiK KBI3FBUIT: 3 OUIK aK; | aylaca KbI3bLT: 2 anaca KbI3FbUIT: | anaca ak aXxsIpay Ky p/li: CKiHII
ypnakTeiH 16 0coObIHBIH anTaybl F; -nerinei, sFHU OWiK OOMIIBI, KBI3FBUIT TYCTi OOJIBIN MIBIKTHI.

CoHBIMEH €CeNTIH CypaKTapbIHa Xkayar Oepir OONIBIK, CHIl SCEeNTI Ka3yFa KOIelIiK.

bepinzeni: Hlewyi:
A — 6uik PQAABB x Jaass
a — ajaca G AB aB
B — KbI3BLI F,; AaBB Ouik OOIBI, KBI3FBUIT TYCTI
B — aK PQAa Bs x §Aa Bs
BB — KeI3FBUIT
PQ AABB {aaBs F.3 A - BB + OuiK KbI3bLT
Taoy kepex: F1-? Fy-? 3 A - BB V Ouik ak
6 A - BB*OuiK, KbI3FBIIT
1 aa BB anaca KbI3bLI
2 aa BB "ajaca KbI3FbUIT
1 aa BB anaca aK

Kayaowr: F, - O1ik, KpI3FBUIT
F, 6 mapanbik Ouik OOMWJIBI, KBI3FBLIT TYCTI

Bbaksbliay cypakTapsl

1. TuruGpunti OymaHmacTeipy Ke3iHae TYKbIM Kyaliay Kajai xypemi?

2. IuruOpuaTi skoHEe MOMMTHOPUATI OyaaHaacTeIpyiapaa MeHaebiH Hellle 3aHIbUTBIKTapbIH
naneeyre Oomaas?

3. Benrinepnin Toyeci3 TYKbIM KyaJslay IIBUIBIFBIH KaJlail qonenaeyre 0omaasl?

4. luruOpunari OynaHIac THIPY JKaFAalbIHIAFbI TOJILIMCHI3 IOMUHAHTTHUIBIK F) 1e (heHOTHIT sKoHe
TeHOTHIT OOMBIHIIIA KaHIal axkpIpaynap oepemi?

5. MeHnaenbaiy YIIiHII 3aHBIH JoJICIACHI3.
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I11. TEHAEPAIH O3APA OPEKETTECYI KE3IHJAEI'l TYKBIM KYAJIAY

I'en arzasHplH OenriiepiH aHBIKTAWTHIH TYKbIM KyallaylIbUIBIK Oipiiri perinme Oenrimi Oip
(YHKIMOHAIIBIK KacHeTTepre ue. bypbhlHFbl aliThuraHaapaan Oenrin OonFaHmail, reH o3iHIH ic-
OpeKeTiHJIe AUCKPETT EKEH/IIr aHBIK; OJI OpraHU3MHIH Oerini 6ip OeNriciHiH JaMybl HEMece TexXemyl
TOYeIi 0OJAThIH KeKe OMOX UMUSIIBIK PEaKIUsHBIH 00Ty bIH HeMece 00JIMay bIH aHBIKT Al 1bl. OJ0eTTe,
erep OipHee reHep Oip KACHeTTi aHbIKTaca (a/1aMHBIH KO31HIH TYC1, OMJ1aif MACAFbIHBIH Y3bIH [bFbI
koHe T.0.), OHJIa oJlap ©3apa dPeKeTTEeCyl Kepek.

AJenbii eMec TeHAep — XPOMOCOMAJIAaPIbIH SPTYpili alMaKTapbIHIa OpHATIACKaH )KoHe Oiprei
eMec aKybI3JapAbl KOAENeHTIH TeHaep. AJUenbi eMec TeHAep I e3apa opeKeTTece anaisl. byt
XKarmaima O0ip TeH OipHerie OeNriiepIiH 1aMyblH aHBIKTAW Bl HEMece KepiciHie, 0ip Oenri OipHere
TeHJIep >KUBIHTHIFBIHBIH 9CEPIHEH KOPiHET].

Bip OeiriHiH KepiHICiH €Ki HEeMece OflaH J1a KOIl I'eH Ky OBl aHbIKTal ajlajbl (KOMILIEMEHTaPIBIK
KOHE HOJ'II/IMCpJ'IiK TYKBIM Kyanaymmnbm) JKOHE KepiciHIe, reHAepiH 0ip >kyObl OipHele OenriiepIiH
KepiHyiHe acep eTyl MYMK]H (reHz[epzuH Oipaeme opekeri). COHbBIMEH Karap, Keibip reHuaep
6acKanapz[LIH ocepiH Texeyl MyMKiH (3muctas). bys KyObbICTapbIH OapibIFbl TEHIEPAIH 03apa
OpEKeTTECy1 ACTeH JKaJIbl aray ajabl

Ke3-kenreH ar3aHbiH KacueTTepi (KOSHIAPABIH TEPICiHIH TYCI, CYIBIHBIH MacaFbIHBIH Y3bIHIBFbL,
T.0.) KenTereH reHIepMeH aHbIKTaIaabl. by skarnaiiaa opTypiii reHaepaiy auensaepi 0ip-0ipiveH
e3apa opekerreceni. HoTmwkecinae aurereposuroransiy (F,) ypnarbiHaa OipHelie Typii CaHIBIK
KaTbIHacTaFrbl (MbIcanbl: 9:3:4; 9:7; 13:3; 15:1 1.6.) axsIpaynap Oaiikanaasl. [ eHeTHKAJBIK Taaay
myHaai F, —neri penorun 6oibiaIIa axpipaynapabia 9:3:3:1 xams! opMyackIHBIH TYP-e3repictepi
EKEHJIIT1H KOPCETTi.

I'engepnin e3apa opekeTTecyiHi 4 Typi Oeirini: KOMITIEMEHTAapPIBIK, SMUCTA3, TOIUMEpUS,
Monudukanusa. ['eHaepain e3apa ocepiecyiHiH KOMIUIEMEHTApIbIK TumiHae Fp-meri Oenrinepmix
axkwipaybl -9:3:3:1;9:6: 1;9:3:4;9:7; nomuHaHTTHI 3nvicTa3aa - 13 :3; 12 : 3 : 1; peneccusri
smuctaszna - 9 : 3 @ 4 (mapa); 9 : 7 (eki eceNeHreH); KyMMYJISATHUBTI KOHE KYMMYJSITHBTI eMec
nomuMepusiaa -15:1 KareiHACTapBIH KOPCETENI.

Armenpai eMec TeHACPIIH ©3apa 9pPEKEeTTeCYiHIH €CeNTEPiH NSy HeTi31HeH Yyl Ke3eHHEH
TYpaJibl ’K9HE TeHETUKAJIBIK eCenTepli M elryAiH Oenrini 6ip epesxenepin Oty Tanamn eTeai. AJIbIMeH,
aJbTepHaTHBTI Oenriyiep >kKyOBbIHBIH JaMyblHA KaHIIIa TeH XKYObI skayan OepeTiHiH aHbIKTay kepek. O
yurin F,-re Kapan, axkelpay OoiibIHIIIa OyIaHAacThIPYIBIH TYPiH (MOHO HEMeCe U THOPUATI), COnaH
KeWiH reHIepiH 03apa opeKeTTeCyHiH THII )KOHE €H COHBIHJIA FAHA TCHIEPAiH 9Cep €TY1 aHbIKTAAIbI.

lenaepain KoMIIeMeHTaPJIBIK 63apa dpeKeTrecyi

Komnnemenmapnix nemece Kocolmuia TOMAHAHTTBI TeHaep erep renotunte(A-B-) 6ipre 6omran
Ke3Jle 9p TeHHiH jkeke oacepimeH (A-bb nemece aaB -) canbicThiprania xaHa OCMNriHIH JaMybH
anpikraiinel (Cyper 3). benriniyg gaMybIH 9p TYpIi XpoMocoMaiapia OpHalackaH 0ip eMec, €Ki Hemece
OJIaH J1a KOTI XY aJUlelibi eMec TeHep aHbIKTai anansl. Erep kem fgerenne 6ip Ky TOMO3UTOTaNIbI
pereccuBTi Kyiiae 6onca, oHaa Oeiri 1aMbIMali bl HeMece IOMUHAHTTAH 3renie OOonabl.
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AIU]EnbﬂI EMEC rEHnEPmH, ©3APA SPEKETTECYI.

AaBb

EEE |

| A_B_ A_bb aaB_ aabb

! WerFaK Topiai aiaap paywen topisal  Bypuiax rapisgiimop  WaNEpaK Topigi ainap
@ 9/16 3/16 P 3/16 1/16

- S — - n— - —

ACKABAKTAFbI HEMIC MILTHIHIH
.; T¥KbIMKYATAYbI
I p AAbb .
Hexrenex

™

F,

!

-

K.
:-.\\ .

| |

mE Ve e

Cypert 3. I'enaepaiH KOMIIEMEHTaPIBIK ©3apa OpeKeTTeCy1

BuoxuMusIIBIK TYPFBIIAH anFaHaa, Oyl KeOiHece Oenriep/iH JaMybl 9JIeTTE€ KOI CaThUIbl
npoiiecc OONFaHABIKTaH OOMybl MyMKiH, OHBIH 9p Ke3€Hi jkeke GepMeHTIIeH OaKplmana bl (hepMeHT
TypaJbl aknapar oenriii 6ip renae 6omaast). Erep kem nerenne 6ip reH peneccuBTi Kyiiae 6onca, oHma
©3repTinreH pepMeHT CUHTE3eNe/l, PeaKIys Ky pPMEH i )KOHEe COHFBI OHIM TY3UIMEN i

I'en A B C D
DepmMeHT El E2 E3 E4

! ! ! !
Peakiusmap  S1 — S2 — S3 — S4 — P (Geuri)

I'enaeprin e3apa opeKeTTECYiHIH KoMniemenmapavly TYPIHIE Keleciieil axwipay Typrepi
kepineni: 9:3:3:1; 9:6:1; 9:3:4; 9:7 (3 cyper)

Ecenmep
43.* ApriaHbIH JKachlI JOHJI ipiKTeMeci aKk JoHAUIriMeH OyaaHIacTRIPBUFaH Ke3/1€, - KaChUT
TycTi Oonran a, Fp-e Tycrepi OoibIHIIa MBIHATAN akpIpay OepreH: 89 xacwl, 28 capsl xoHe 39 ak

Tycri. Jonaepaiy Tyci Kanaii TYKbIM KyaJiaran?

21



Erep Fi - nin OygaHbIH TOMO3HIOTAJIBI capbl KOHE aK I9HII ©CIMIIKTepMeH OymaHaacTeIpca
KaHJail HOTHXKE IIbIFabl?

44, TeHi3 NIOMIKACHHBIH aK TYCTICIH KapachIMEH OyIaHIacThIpFaH/a, Y pIiarsl cyp OoraH na, Fr-
ne 9 cyp, 3 xkapa xoHe 4 aK yprak IIbIKKaH. ATa-aHACBIHBIH

TepiciHiH Tyci 6acka peHne 6omranna F; meH F,-me Typa oceiHmail axeipay OepetiHmeh
Oy aHIaCTHIPBLTY 00Ty bl MyMKiH O¢? OnapAbIH GEeHOTHUNITEPI MEH TeHOTHIITEPi KaH 1ai 00Ty bl MyMKiH?

45.* KokepcmaHud b TYKBIMBIHBIH €Ki Kapa TYCTI UTTepiH OymaHIacThIpFaHaa ypHarbHIa
TEpICIHIH TYC1 TOPT TYPIi KYLIIKTEp eMipre KeyreH: 9 kapa, 3 sxupeH, 3 KoHsIp, | akmbu-capbl. Kapa
TYCTi KOKEPCIIAHUAJIb AKIIBLI-Cap bl TYCTICIMEH Oy/1aHIaC THIPhIIFAH Ke3/I¢ YPIaKTa aKIIbUT-Capbl TYCTI
KYLIiK KapbIK kepreH. Ockl Kapa TYCTI KOKEpCHaHM3JIbJ1 T€HOTHUIIl ©3iMeH Typa Oipmeil urmeH
OynaHjacTeIpca YpHarblHaH TycTepi OOMbIHIIA KaHAal aXKpIpayabl KyTyre 6onaabl?

46. AckaOaKThIH )KEMICIHIH MIITiHI AOHIeJICK, TETEePIIiK XKoHE Y3bIHIIA OOJBIT KeTyl MyMKiH.
MyHnail mmingepais kepiHyi Oip-OipiHe TipkecmereH ajulenb[i eMec TeHJIEpHiH €Ki KyObIMeH
aHBIKTaJa/bl.

a) KEMIC1 JOHreNeK ML iH 11 €Ki-0 CIMIIKTI 6yIIaHI[aCTprFaH Ke3/1e yprarbiH/a TCK KaHa TEeTepIIK
mimiHai okemicrep maiina OomraH. Ocbl TerepImK Tsplsm xemicTepi Oap ecimiikTep e3apa
OymaHIacTRIPBUIFaH Ke3iH/ie, yprarblHaa MmiliHiHiH 3 Typize 6ap Oynannap maiina 6onran. OnapapH: 9
- Terepurik, 6 - JeHreneK, 1-y3bIHIIa mimiHail OO IIBIKTEL. ATa-aHa, OipiHII jKOHE eKIHII YpraK
OymaHIapbIHBIH TCHOTUNITEPIiH aHBIKTA.

0) Terepurik >koHe y3bIHIIA MILIIHAL XeMicTepl 6ap eciMaikTep e3apa OyJaHIACThIPbUFAH
Ke3iH/e, ypruarbHaa xkeMicTepi 1 - Terepirik, 2 JoHreNek, xaHe | y3bIHIIa MITHI1 6 CIMAIKTED naiiia
OOMBI.

BynannacThIpbUIbI OTBIPFaH ©CIMIIKTEP MEH OJNapbIH YPIAKTapbIHBIH T€HOTUIITEPiH aHBIKTA.

47.* Anamna Tya OiTKeH CaHBIpayIIbIK a )KOHE B TeH IepiIMEH aHbIKTaJa Ibl. KambImThleCTUTIH afam
OOy Bl YIIIiH OHBIH TEHOTHITIHE TOMUHAHTTHI ajUienbaepaid (AB) exeyi ge 6omysl KaxkeT. MbIHa eKi
TYpJi OTOACKIH/AFBI aTa-aHANaP/bIH TCHOTUITEPiH aHBIKTA:

a) ara-aHaHbBIH €Keyi Jie CaHbIpay, ajl oNlapblH 5 O0anachHBIH O0piHIH KYJIAFbl KAJBIIThI €CTH/II;

0) exi caHpIpay ara-aHaJaH TyFaH 3 OanaHbIH O9piHIH /1€ KyJaKTaphl eCTIMEHII.

48. Xom nicTi OypIIaK TyiHIH TYC1 aK Ta, KbI3bUI Aa 00ysl MyMKiH. ['yInepinig TycTepi ak exi
OCIMTIKTI OylaHIaCThIpFaHIa, YPIAFbl TEK KbI3bLI T'yJIi OONBINT MIbIKKAH. OChI €Ki KBI3bUT TYJI
eciMIikTep/i e3apa OyJaHIaCTBIPFaH Ke371e, Y PIIaKTaphiHa 9 KbI3bLI, 7 aK TYCTITYIIIepi 0ap eciMiKTep
anpIHABL. ATa-aHa, OipiHII )KOHE EKIHII YpIaK TeHOTHIITEPiH aHBIKTal, TeHIASPIIH 03apa 9CepIieCyiHe
curmarrama oep.

Ecenmepoi wivizapy >conoapul

43*. Bepinrenin xxazambI3. [ennepain ocep eTyi OepinMereH, COHABIKTAH ara-aHaj aH 6acrar
’Ka3yBbIMbI3 KepeK. BipiHI jkoHe eKiHIII1 YpraKTapb ka3blll, F; -1eri yprakTapIblH CaH IbIK aXKbIpaybIH
KepceTeMi3. ATa-aHaHBIH OyJTaHAacaThlH €KIHII KYOBIH ka3ambl3. [ eHIepaiH e3apa oceplecyiHiy
THIIIH, YPIAKTHI XOHE TeHACPAIH 9cep eTyiH TalybIMbI3 Kepek. EcenTi mbrapy ke3iHje >koFapbiia
aWTBUTFaH epeskere cyieHeMi3 benriHiH mbIFybIHa HEllle Ky TeH KaThbIHACcaThIHBIH O1Tyimi3 kepek. On
yuin F, -re xapam, 89:28:39 canmapsin miamameH Oenrim Oip canra (9- Fa) KpickKapthin, 9:3:4
axxpIpaybiHa Kearipemi3. CelTim, OymanaacyFa exi )KyIl TeH KarblHaca bl ekeH (MyHbI Fo-H canbl 16
OOJFaHbl KOPCETIM TYP), SFHU OYJI - TUTHOPUATI OyJaHAACTHIPY.

[TeHHeT TOPBIH TONTHIPHIN allbIHFaH F, - yprarbiHa Tanmay skacaiiMelz. Hormkecinzge 9 sxaceur 3
capsl : 4 aK KaTbIHACHIHAN aXXbIpay IBIKTHL. bys reHnepain e3apa scepiecyiniH KOMITIEMEHTapIIbIK
T, JJoMUHAHTTRI A s)oHe B renepi 6ip reHOTHIITE OOJIFaH Ke3/Ie dKaChIITYCTi Oepei ie, 0eek oanca
capsbl )KOHE aK TYCTI IIbIFapaabl CKeH.

Enni F;- nmig OymaneiH Aa-BB, capel aa BB >xoHe ak aa BB 0COOBTapMEH MIAFBUIBICTHIPY
cxeManapbiH Kypambis: 1. P9Aa B x $aaBB, 2. P9 AaBs x JaaBs. Ara-aHa raMeTaaaphbiH 5Ka3aMbl.
1. AHasnbIK 0cOOb reHOTHITI OOMBIHIIA AUTETEPO3UTOTaNIbl, COHABIKIAH 4, aTalblK - PELIECCUBTI KoHE
JIOMUHAHTTHI Oenrinepi OOMBIHIIA TOMO3UTOTANBI, COHABIKTaH | TUNTi rameranan Oepeni. [lenner
TOPBIH TONTHIPFaH Ke3/e, (eHoTUN: OOMbIHIIA 2 JKachll : 2 capbl KaTbIHACBIHJAN a)KbIpay IIBIKTHL
Exinmni skarpaiina (tanmaymsl Oyganaacteipy) Fp 1 skackur: 2 ak: 1 capbl axbIpaybl OalKabl.

EcenTiy memrinyi TeMeHeriie epHeKTenesni:
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Bepinzeni: Hlewyi: llewyi:

FQxkachu1 Jak 1.P@xacen xJ' ak
F, »xacen F, »xacbLn
F, 89 xacebun : 28 capsi : 39 ak F, 89 xacpur : 28 capwl : 39 ak
2. PQ F, & capm 9 ; 3 : 4
PP F,d ax A-XachlI a-caphl
B-6osiran B-0ostimMaran
Taoy xepex: PPAABB x Jaass
I'ennepnin ocepi? F - ? AB aB

FiAaBB (;kackun)

PQAaBB x JAaBs

F29 A-B - V3enenslii:3 A - BB + Geblii
3 aa B "- xenrerif: 1 aa BB — Oenblit

2. PQAa Be x Jaa BB

F 2 sxacein : 2 capbl

3. PQAa BB x Jaa BB

Fo 1 »xaceur : 2 ak: 1 capsl

Kayaowi: 1. BostyibIH NIBIFYbIHA KOMIUIEMEHTAPIBIK THIT OOWBIHIIIA ©3apa dceplieCeTiH TeHAEPIiH eKi
XKyOBI sxayan Oepeni:

A - xachLT; a - capsl

B - 6osran

B - OosyMaraH

2. F -2 xaceut : 2 capsl

3. F, 1 xaceun: 2 ak: 1 capsl

45.* BepinreHin xa3aibik. [eHaepain ocep eTyi OepiMereHIiKTeH ara-aHachl MEH YPIIaKThIH
OepinreHi Typassl jka3zaMbl3. ATa-aHaHBIH e€keyi Je QeHorunrTepi OOWBIHIIA Kapa. ¥ PHAaKThH
(beHOoTUNTEpIH )Ka3FaHHAH COH, CKIHIII KHE YIIIHII OyaHIacaThlH ara-aHa JKYTTapbIH )KOHE OJTapIbIH
ypIakTaphH a3y kepek. [ eHnepin e3apa ocepriecyiHiH THITIH, TCHAESPIIH 9CEPiH XKoHE YPIaKTapIbl
TaOyBIMBI3 KEPEK.

Ecenrig memyine keneiiik. Exi Kapa TycTi 0coOBTapAbH OylaHAacy CXeMachlH Ky paMbI3. OMipre
KelreH yprnakrapaby ¢eHotuni 6oiibiHma 9 Kapa, 3 ’KupeH, 3 KOHBIP JkoHe 1 aKmIbUI-capbl aKbIpaybIH
kepceTeMmi3. by nurudpuari OynanacThIpyIbIH €KiHIII YPIIaFbl, MyHbI 0COObTap CaHbIHBIH 16 60k
HIBIFY b

nonemueiini. SlFrau, OenrinepiiH IIBIFybIHA 2 KYIT TeH jkayarn Oepenmi exeH. F2-min 9:3:3:1
aXpIpay bl TeHACPIIH 63apa dcepiecy iHiH KOMIUIEMEHTapIIBLIK TUITIHE TOH. EHJI TeHaepain ocep eTyiH
’Ka3ybIMbI3 KEpeK. A - JKUpPEH, a-aKuWbUI-capsl, B - KOHBIp, B - akwbUl capbl. JJoMuHaHTTHI A oHe B
reHjepi 6eJex reHoTunTe 6onca 63 TycTepiH, Oipre OomraH xarmaiina kapa Tycti 6epeni. Enni ara-ana
ocoObTapsl OymaHIacy cXeMachlHAa TeHOTHUII OOWBIHIIA TUTETePO3UroTaIbl OOMyBl Kepek, cebeoi
YPHaKThIH caHbl 16 exeHiri Oenrii skarmai. A 16 yprnak any YIIiH aTa- aHaHbIH OpKaHChICHI 4 THIITI
rametaaaH Oepyi kaxeT. [IeHHET TOpBIH KYpBII,ajblHFaH F,-Te Tangay xyprizemis.

Enni exinmi xynteiy OyaaHmacy cxeMachlH jka3aiiblk. MyH1a Tek KaHa 1

aKIIbUI-capbl TYCT1 KYIIIKTiH ©Mipre KeJreHi alThUIFaH, SFHU OHBIH TeHOTUII aaBBOOITY bl KQXKET.
Erep aHAIBIKTBIH TEHOTHITIH TOMO3UTOTAIIBI €TIIT AJICAK, OHJAJJOMUHAHTTAY epexeci OOMbIHIIIa e Mipre
TEK KaHa Kapa Kynrikrep keneni. by cipo, Tannaymmst OynanaacTeipy 00Ny bl KEpEK, TEK KaHa OChIHIAM
JKaFaia FaHa OMipTreaKIbU-capbl KYIIiK Kete/i. ATaJbIKThIH TeHOTHITIH OileMi3 (aaBB), ajl aHABIK —
F1 nen mbikkan Oynan. Conza GymanIacTeIpy cxeMachl Obuiai sxassuiansl. PQ AaBs x & aaBB. AHaIBIK
TCHOTHII OOMBIHINA TUTETCPO3UTOTAIIBI, COHJIBIKTAH 4 THIITI; aTaJIBIFBl PEIIeCCUBTI OeNTiiepi OOMbIHIIA
TOMO3HIOTaJbl, COHABIKTaH 1 Tuntirameranan Oepexi. [lenner TopeiH Kypwin anFan F; denorwmni
OoiipiHIa-1 Kapa: 1 xupen: 1 KOHpIp: 1 aKIIBLUI-capbl KaTBIHACKIHAN aXbIpay Oepili.

Yminmi OymanmacarblH KYOTHIH TYCTEpi Kapa eKeHAIr alThurad. byn OipiHINi ypHakrbH
OyaaHbl OOJFaHABIKTAH, OHBIH T€HOTHIII JUTeTEPO3UTOTaIIbI, aJ1 Oy/1aHAacy bIHBIH HOTHKECT OacTarKpl
OipinMIi )xynTarbiai Oonaael. SIran, 9 Kapa: 3 xupen: 3 KoHbIp: | akmbul-capsl. COHIBIKTaH, 013 OyIT
OynaHJacy/iaH Typa OChIHJal axkbIpay/sl KyTeMi3. by skarnaiina [leHHeT TopbIH KaliTagaHn KypMai-aK
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¢eHorun OoWbIHINIA aXbIpayblH OipaeH jka3ambl3. COHBIMEH €CEeNTiH CypaKTapblHa kayan Oepin
OONIBIK, eHJlI OepIIreHiH jKa3yFa KOIEiK.

bepinceni:

P9kapadkapa

F,9 kapa, 3 >xupeH, 3 KOHbID,
1 akmpuI-caps

PQxapa JaKumbLI-capbl

F akmieut-capet

PYkapa Jxapa

Taby kepex:

I'ennepnin ocepi MeH e3apa
oceprnecyi?

F-?

Hlewyi
1. PQkapa x Jkapa
F, 9 xapa:3 xupen:3koHpIp: 1 aKkmIbUI-capbl (KOMITTIEMEHTAPIIBIK)
A — KUpEH a - aKIIbUI-caphl
B — KOHBIp B - aKmIbLI capel
PQ AaBex Jd AaBs
F2 V9 A-B -xapa
+3 A-BB - XUpEH
"3 aa B - KoHBIp
1 aa BB - aKUIBUI-CapbI
PQAaBex JaaBB
F.1xapa:lxupeH: IKOHbIp: laKIbUI-cap bl
PQAaBBx JaaBB
Fy 1xapa:1xxupen: 1 koHbIp: 1 aKIIBUT-CApBI
3.PPAa B xJAaBs
F, 9 A-B -:3A-BB:3 aaB -1 aaBB
Kapa  KMpPEH KOHBIP aKIIbUI-Caphl

ZKayao6wi: benriHiH MIBIFY bIHA KOMIUIEMEHTAPIIBIK THIT OO MBIHIIA ©3apa 9CEPIECETiH 2 KYII TeH JKayarl

Oepei.

A - XKUpeH, a - aKIIbLUI-Capbl
B - k0oHBIp, B - aKWIbUI-CaApbl

1

F, 9 xapa : 3 xupeH : 3 KOHBIP : | aKUIbLI-CaphI
F. 1 xapa : 1 sxupen : 1 KoHbIp : 1 akmbUI-capbl
F, 9 xapa : 3 upeH : 3 KOHBIP : | aKUIBLI-CaphI

47*. bepinreHine annbpIMEeH TeHJEP/iH dcep €TyiH *Ka3aMbI3: A - cay, a - caHbIpay; B - cay, B -
canplpay. Exi Typmi orOachiHmarbkl ara-aHaJapAblH €Keyl Je caHbpIpay ekeHairi oepinreH. bipinmi
JKYTITaFbl aTa-aHaHbIH €KeY1 JIe CaHbIpay, SFHU TeHOTUIITEpl A - BB koHe aaB-. Tyran 5 Gananbiy 69pi
ne ectuai, aFau reHoruntepi A-B-. Exinmi ara-anansix 3 Oanacel 1a canelpay - A-BB, aaB-.

Ata-aHanapablH TeHOTUNITEPIH aHBIKTAy Kepek. EcenTi ToMeHaeTiien eTin xazampi3. O yIIiH
JKOFaphiJla alTBUFAH epexesiepre cyieHemis.

bepinzeni:

A -cay

a - caHpIpay

B — cay

B - CaHbIpay

1.PQ A-BB JdTaaB
F5 A-B -

2.PQA -BB Jaa B -
F3A-8BaaB-

Hlewyi:

1. PQAABB x JaaBB
F5 AaBs

2. PQAasB x JaaBs
F 3 AasB, aaBsB

Tady kepex: P -7?

Kayaow: 1. PPAABB JaaBB

2. PQAaBs & aaBs

dnucras

BachIMabUIBIK Ke3iH 1€ Oip aiuiesibaiH SpeKeTiH coreHHiH 6acka ayuiest 6acaapt: A>a, B>b xone
T.0. Anaiina, 6ip reH ekiHIi 0acka FeHHIH opeKeTiH OacaTblH ©3apa dpekeTrecy ae O6ap, Mbicasl, A>B
Hemece B>A, a>B nemece b>A xone 1. 6. MyHnaii KyObUIbIC 2nucma3 faen araiaasl. backa reHaepmin
oCepiH TeKEHTIH TeHIep cynpeccopiap HeMece uHeubumopiap nen aranaapl Ojap JTOMHHAHTTHI Ja,

peleccuBTi J¢ OONyhl MYMKIH.

Cymnpeccopnblk TeHAep JKaHyapiapia, ©cCIMIIKTepae KoHe

MuKpoopranmmaepae oemrini. Omap anerre | Hemece S nemn GenrineHeni.
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DnucTas 9JIeTTe eKi Typre 06 TiHe/i: JOMUHAHTTHI XKOHE PEIeCCHBTI. JIOMUHAHTTHI AITUCTA3 JICT
Oip TOMUHAHTTHI TeHHIH 0acKa IOMUHAHTTBI TCHHIH OpeKeTiH 0acybIH aiTabl. JJOMHHAHTTHI S1THCTa30a
axpIpaynbiy exi Typi Oap: 12:3: 1 xxone 13: 3 (Cyper 4,5).

Dnucmas HEMece 2eHOeplin Kapama-Kapcewl apekemi el JTOMUHAHTTHI Kyieri Oip anens
Ky OBIHBIH (cymnpeccop) reHi 6acka reH xyObl OackaparbH OCTiHIH JaMyblH TEXKEHUTiH Ky ObUIBICTHI
anTaabl.

AJUIEJTBAT EMEC TEHZEPAIH ©3APA OPEKETTECYI. DITHCTA3

Taveraap (6) (A () @AE‘D

'
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Cypert 5. Jomunanttsl (12:3:1; 13:3) sxone peneccunri (9:3:4) snuctaznapaarsl axxsipayiaap
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lapa peyeccusmi snucmaszda 61p TEHHIH PEIIECCUBTI LIS TOMO3UTOTAIBI Ky H/Ie 00714 OTHIPHIIL,
0acka reHHIH JIOMUHAHTThl HEMECEe PEIeCCUBT1 aJlUleNbIePiH KopCeTyre MyMKiHAIK Oepmeiiai: BB >A
HeMece BB >aa. Axbipay 9: 3: 4 (cypert 5).

Jlapa peneccuBTI 3MUCTa3/blH CUNIATTAJFaH XKaFrAailapbiHaH 6acka, TOMO3UIOTaIbl Kyijaer
opOip TeHHIH peleccuBTi aiten 0ip Me3Tiie KOMITTIEeMEHTapIIbl TeHHIH JJOMUHAHTTHI aJUIeIIiHIH 9CepiH
penUITpOKTHI Oip Me3riiie 6acki TacTalpl SFHN aa 6acanbl B- xone BB Oacanbl A- (aa >B xone BB
>A).

Exi perieccuBTi cynpeccopablH MyHIal ©3apa SpeKeTTeCYi exi eceneHeer peyeccusmi 3nucmas
JIeT aTajajbl. I[I/Irn6p1/mT1 Oynannacyna GeHOTHINITIH aXKbIpaybl TeHIEPIiH KOMIUIEMEHTAPIIBIK ©3apa
opekeTTecyi Topi3ai 9: 7 Kypanmsl.

Jlemek, caHIBIK KaTbIHACTApHI Oipaeii aXkpIpayIbl KOMIUIEMEHTAPIIBIK ©3apa dpEKeTTeCy MeH
AMUCTA3AbIH HOTHXKECI PETIH S TYCiHIIpyTe 00raael. OHTOTeHe3/eTi OeNTiHIH OMOXUMHUSCH MCH J1aMy
(UBHONOTUSICHIH OINMMECTEH TeHJEpiH ©3apa OPEKeTTeCYiHJeri TYKbIM KyallayIbUIBIKTBIH Oip
TeHeTUKAJBbIK Tanaaybl Oysl e3apa opeKeTTecyldiH TaOUFaThIH amia aaMaiabl. bipak reHeTHKabK
Talaychi3 Oy OenriiepAid JaMybIHBIH TYKBIM KyallalThIH MEXaHU3MIH aHBIKTAy/bl TYCiHY MYMKIH
emec.

Ecenmep

49*. Jlpo3o¢mnaHblH KO3iHIH Kepyl €Ki JKYIl TeHAEpAiH dcep eTyiMeH aHbIKTajaisl. |l
XpoMocoMaia opHaiackan LObe reHiHiH JOMHHAHTTBI amiesi ko3 (acceTTepiHiH peayKIUsIChH
TYFbI3Cca, PCHECCUBTICI—KAJBINTHI JaMy bl KaMTaMachi3 ereni. [V xpoMocomana opHanackaH Eyless
TCHIHIH JOMHHAHTTBI ajUielli KaJIBIITBUIBIKTBI, PEIECCUBTICI—PEIy KIMSUIBIKTHI TyabIpaabl. COKbIp
IBIOBIHIAPABIH €Ki TYPI JIMHUSIAPH OyIaHaacThpbUFaH. FiMeHF,—HiaHbBIKTA.

50. Apna noHiHIH TYCIHIH TYKBIM Kyallaybl ©3apa TIpKECIereH eKi )Y TeHIep apKbUIbl TYKbIM
Kyajaiasl. JloMuHaHTTHI TeHAepAiH Oip >kyObl Kapa TYCTI, eKiHIIici—cyp TycTi mbirapaasl Kapa
TYCTUIIKT iIIBIFAPATBIH T€H CYP TYCKE OaChIMABIK KOpCeTeni. AJl €Ki pelecCHBTI TeHAePIiH auebaepi
aK TYCTI IIBIFapasbl.

a) Exi kapa TycTi eciMaikTepi Oyaanmactepranaa ypnaremaa 12 kapa, 3 cyp xone 1 ak Tycri
noHAepi Oap OynmaHmap ajblHFaH. BynaHIacTBIPBUIBINT OTBIPBUFAH OCIMIIKTED MEH ONapIIblH
OyJaHIapbIHBIH TCHOTUNITEPIH aHBIKTA.

0) Ax TycTi 0coOBTHI Kapa TYCTiCiMeH OylaHAacThIpFaH Ke3je YPIarbIHbIH KapThICHl Kapa,
XKAPTBICHI — CYP TYCTi OOINBIN NIBIKTHL. bymaHnacTeIpbUFaH ©CIMAIKTEPiH TeHOTUIITEPiH aHBIKTA.

51. TaybIKTapablH KaybIpCBHIHAAPBIHBIH aK TycCi Oip-OipiMeH TipKeclereH amielbIi emec
TCHJIEPAIH €Ki )KYObl apKbUIbl aHBIKTANAIbl. bip KYOBIHBIH JOMHHAHTTHI aJUIeI TYCTLTIKTI (O0SyIIbI)
msiFapazsl. Exiamni xkyObIHAA TOMHUHAHTTHI T€H OOSYIIBIH IIBIFYBIH OAChIT TaCTalIbI 12, aJl pEeLeCCHBTI
reH OosTy bl HIbIFapaabl. AK TYCTi TayBIKIIEH KOPa3/Ibl OyJaHIaCTBIPFaH Ke3/1e YpIarbIHia ajtbiarad 1570
OananmanubIy 198-1 ak TYCTi OOJBIN MBIKTEL. ATa-aHa MEH KaybIpChIHAApPhI OOSITFAH OasamasIapabH
TEHOTUNTEPIH aHBIKTA.

52* Y'ii KossHIapBIHBIH Kapa TYCTi, KaJbINThI KbUTIIBIKTBI aHAJIBIFBIH TYCI aK, KBICKA KbIIIIBIKTBI
araipifbIMEH OyIaHIACThIpFaH Ke3[e,F;-MliH KeKeKTepiHiH TYCi Kapa, KbUIIBIFBIHBIH Y3bIH]IBEbI
KaJIBITITBI OOJIBIN NIBIKTHL. EKiHINI YpHaKThIH KOKEKTepiHEeH MbIHAIal axkpipay Oaikamisl: 29 Kapa,
KanbInThr; 10 Keruiip, KadbmThl; 12 ak, KAILINTH; 9 Kapa, KbICKa; 4 KeTUIIip, KbICKa XoHE 5 aK TYCTi
KBICKA KbUIIBIKTHI. KbUIIIBIKTHIH TYCl MEH Y3bIH/IBIFBIHBIH TYKBIM KyaJlayblH, aTa- aHa TeHOTHIITEPIH
aHbBIKTA.

53. TeIMKAaHHBIH TEPICiHIH TYCi TipKeCIereH €Ki JKYI TeHJIEPIiH e3apa acepiecyimMeH
aHBIKTaJaAbl. bip KYNTHIH TOMUHAHTTHI T€HI-CYP, PELIECCHUBTI aJUielli — aK TYCTi mbFapaabl. Exinmi
KYNTBIH TOMHUHAHTTHI TeHI OOSybIH KOPiIHYiH KaMTaMachl3 €TCe, OHbIH PEHECCUBTI aJuiei TYCTIH
HIBIFYBIH OACHIT TaCTaMIbIL.

Cyp ThIIKaHIAPIBIH 63apa OyJaHmacyblHaH IMIBIKKAH 57 cyp, 18 Kapa ypHakThIH TeHOTHI
KaHJaan?

54. Koii OynumipreHHiH MypTIIAChI3 KbI3bUI JKOHE MYPTIIACHI3 aK TYCTi €Ki ipikremeci
OyJnaHIacThIpBUTFaH Ke3/e Fp-1e MpiHagai axpipay Oaiikanpl: 329 eciMiik Myprmanbl, Kei3eir, 101 —
MYpTIIAJbL, aK; 23 1 — MypTIacel3, KbI3bUI XkoHE 99 — MypTIIAchI3, aK ’keMicTi. bacranker Oynanaackan
ipiKTeMeNep/iH TeHOTHUIIH, XKeMICTEPIiH MYPTIIAJbIFBl MEH TYCTEpIHIH TYKbIM Kyajay CHIAThIH
AHBIKTA.
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55. XKyrepinig goHmepi ak TYCTi oCIMIIKTEpiH ©3apa OyJaHAacThIpFaH Ke3ze, F; — ak, F, — 137-
aK, 38-KypeH KbI3bUI TYCTIi IOHIi OOJIBIN IIBIKTHL. | eHIepaiH ©3apascepiecyinin OVIKai Typi? Ataran
0COOBTap/ABIH TeHOTUNITEPiH aHbIKTa. Tangaymel OynanmgacTeipyabiy (F,) HaTnxkeci kanmait 6oaMak?

56. Byawipnmel KeI3bUI MEH OYABIPABI aK TYAIi TYH apybl OCIMAITiHIH €Ki 0co0bl
OyJnaHJaCTHIPBUTFAH Ke3/ie, OipiHIIi ypIaK kol KbI3bUI TYJI/i O0MbIN NIBIKKAH. F; - e MeIHIal akbIpay
aNbIHFaH: 69-0yabIpITBI aK, 274 - Kol KbI3bUI, 85 - Kol ak, 212 - OYABIPIBI KbI3bUT TYIIII.

I'ynaig Tyci MeH minriHi KaHaai )KoJMeH TYKbIM KyallaFaH?

57* I'yniHiH TYC1 KBI3FBUIT, KYJITEC1 KAJIBIITHI 3BIFBIP © CIMJIIT] aK TYCT1, KAJIBIITHIKYJITEI TY piMeH
OyJIaHIaCTRIPUFaH. Fi-71e KBI3FBUIT TYCTI, KAJBINTHI KyTeiOyaanaap NblKTel. F, -ne 41 KpI3FbLIT
KAJIBINITBI, 7 KBI3FBUIT KBIPTBICTHI, 5 aK KBIPTHICTHI JkoHE 13 aK KaJbINTHI KATBIHACHIHIAN aXbIpay
Oavikamael. ['yamiH TyCi MeH KyJATEHIH MIMTiHI KaJaid TYKbIM KyaJlaraH?

Ecenmepoi wivizapy >conoapul

49*, Bepinrenin ka3ambi3. || xpomocomana Lobe reni Il Lobe - daccerrep penykuusceH,
petieccuBTi aywen +Lobe - kanpinTel ko3 namysl e, IY + Eyless - kanbimnTsl ko3, - Eyles spexykimst
IIBIFapabl el KopcereMis. MyHaH COH ara-aHajapbiH sxa3aMbi3: P Q cokpip &'coxpip. Bipinmi xkone
eKiHIII yprakTsl Ta0ysIMBI3 Kepek. Ecenti memryre kemremik. AJasiMeH OyIaHIacThIpy CXeMaChH
KYpaMbI3:

POLL" + +V x 3+ + " ee V. Ara-aHaHbIH OpKaHCHICHl TEHOTUITEP] GOMBIHIIA TOMO3UTOTAbI
OonFaHIBIKTaH 1 TUIITI TaMeTanad Oepei: aHaIbIFeI L+, araisirsl +e. ['ametanapas! yitnectipin, Fy -mi
anamei3: Fy L+ +e, ¢peHoTHni OOHBIHIIA - COKBIP, TEHOTUTI — IUTETEPO3UToTaIbL. bipiHi yprakrapipt
e3apa Oy/1aHnacTeIPHI, F)-Hi anambI3. ATa-aHaHBH, 9PKAHCHICHI TEHOTUIT OO MBIHIIIA JUTETEP O3UTOTAIIBI
OomraHnbIKTaH 4 TUNTI TamMeTanan oepeni. byn ymrin [lenHeT Topbeia Kypambi3. Topasiy imriageri F,
0co0BTapbIHa TaNIAy XKy prisreHke3ze 13 COKpIp : 3 KaJIbINTh KOPETiH OOMbIN NIBIKTHI. Byl JOMUHAHTTHI
snucTa3. MyHaa Ke3miH COKBIPIBIFBIH IIbFaparsiH L - gomuHaHTTH TeHi +E KaieinTel Ke3mi
IIBIFAPATHIH TeHre 0aChIMIBIK KOPCETII, OHBIH MIBIFYBIH Oereiini. HoTmwkecinne 13 mbIObH COKBIP
OoIbIT TYHUETE Keedi. AJl 3 KaJbIThl KOPETiH MIBIOBIHAAPABIH TeHOTHNITEp] +H+, +++e, ++e+, aFHu
OyJiapaa COKbIPIBIKTHI OepeTiH L reni oK. COHbIMEH, KO3/1iH COKBIPIBIFBIH HIBIFAPYFa €Ki KYI T'eH
KaThIHAcaJlbl J)KOHE oyiap Oip-OipiMeH reHAepAiH e3apa 9CeplieCyiHiH AOMUHAHTTHI SIUCTA3 THII
OolipiHIIIa opekeTTeceni. Ecenti TeMeHerifeh eTin epHEKTeimi3.

bepinzeni: Hlewyi:
Il Lobe- dacerrep pemyKuusce PQLL"++Y x S+ +"eelV
+ Lobe- kasbinTer k63 COKBIp COKBIp
IY + Eyless- kampinTsl ko3 G L+ +e
Eyless- dbacerrep penykumsacs F, L+l +elV coxsip
I Iy 1y PQL ++e x JL ++e
POLL++ d++ee F, 13 penyKiusbl : 3 KaabIIThI
Taoy kepex:
I'engepnin e3apa oceprecyi?
Fi, F2-?

Kayaowi: F; — coxpip. F, 13 daceTTep penyKuuschl: 3 KaJIbITH KO3

52* Bepinrenin xazambi3. ['eHAepiH ocep eTyi OepiIMereH, COHIBIKTAH aTa- aHACHIH JKa3aMbI3:
PQ kapa TyCTi, KaJbINThI KbUIIIBIKTEL, P aK TYCTi, KbICKa KbJIIBIKTBL BRI ypriak Ty pais! OepiireHin
kepceTemis. F; kapa, KameinThl; F, - 29 kapa, KaneinTel, 10 kerinaip, KaasmThl, 12 ak, KaiabInTsl, 9 Kapa,
KBICKa, 4 KOTUIIP, KBICKA XKOHE 5 aK TYCTI, KbICKa KbIIIIBIKTHL. | €HAepIiH ocepi MEH 63apa ocepiiecy iHiH
THIIIH KOHE aTa-aHa TeHOTHUITIH aHBIKTay KepPeK.

Enpni ecenti mbirapansik. Bynannacy cxemachlH KypraHHaH KeHiH )KOFapblia alThUFaH epekere
cyrieHemis.

AnbTepHaruBTi OSNTiHIH 9p )KYOBIH O6Jek ecenreiimiz. Srau, kapa— 38, kerimgip — 12, ak — 19.
MyHbI mamMaMeH 4-Ke KpICKapThil, Oenriti 6ip peTke kenripemisz — 9 kapa: 3 kerinumip: 4 ak. Engi
KBUTIIBIKTBIH MIITHIHE KeNeHiK, KanbmThichl— 51, Kpickackl — 1 8. byt canmaper 18-re kpickaptsit 3:1
KarbIHACHIH anambl3. CoOHbIMEH, OipiHINI JKYNTHIH (IFHH, TYCTiH) OENriCiH HIbFapyfa 2 Ky TEH,
eKiHIIiCiHe - | JKYIT TeH KaTbiHaca bl ekeH. 9:3:4 axpIpaybl OOUBIHIIA €CeTl Japa PEIeCCUBTI AIHCTa3
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(BB > A , BB> aa) )KOJBIMEH LIbIFapbUIaabl, cebedi, OacTankel aTa-aHa a KeTUIAIp TyC OOIFaH KOK, O
eKIHII1 YpTaKTa KepiHin Typ. ByaangacTeipyFa yIi Ky reH KaTbIHACaThIHBIKTaH, OYJ1 - YIITHOPUITI
Oynmanmacteipy. EHi reHASpIiH ocep eTyiH )ka3aMbI3; A - Kapa, a - Keriiaip, B - 00sis1, B - O0syb
6acaspl, /1 - KaJabIIThI, 11 - Kbicka. OjaH opi ara-aHaChIHTeHOTHITI OO #bIHIIA e pHeKTelMi3: PQ AABB/IJ]
x & aasBi. Llsikkan F; Aa BB/l - Kapa TYCTi, KaJbIIThI KU BIKTBI. F»-71€ MbIHA 18l 2)KbIPAY IIBIKTBL
36 xapa: 12 xerinmip: 16 ak; 48 kamepmThl: 16 KbicKa. BipiHIi axpipay KaTbIHACHIH 4-Ke KbICKAPTHII
9:3:4, exinmicine 12-re KBICKAPTBIIT 3:1 axpIpayblH amambI3. SIFHU, €CENTIH HOTHKECIHHE Typa
Oepinrenine CoKeC KeIeTiH HOTHKE aIIbIK. Byt Oi3/1iH reHnepin ocep eTyiH, e3apa ocepiecy THIIH
JKOHE ara-aHa TeHOTHUIIH TYPHIC aHBIKTAFaHBIMBI3IIBI KopceTeni. EHl ecenTi opHEKTeyTe KOIICIK:

Bepinzeni:

P9 kapa, KaJbIIThl
PJdak, KpIcka

F; Kapa, KaJIbIThI

F, 29 xapa, KanpImThl
10 xeTinmip, KaJIbIITHI

Hlewyi:
PQkapa, KanbInThl X & aK KbICKa
F, 38 xapa: 12 xeringip: 19 ax
9: 3: 4
(mapa perieccuBTi dMHCTA3)
51 xaneInThl: 18 KbICKA

12 aK, KaJbBIITH 3 : 1

9 xapa, KpICKa A —xkapa

4 Kerimip, KpICKa a - Kerurip

5 ak, KpICKa B - Oosiigs:

Tady kepek: B - Oosybl Oacabl

I'engepnin ocepi, ©3apa acepiecy THIMI?

PO d- 9

JI-KadpIThI

Il - KbICKa
PRAABBJI x & aa BB 1,1
G ABJ] aBJ

F, AaBs/ln kapa, KaIbIThI
P QAa Bs In x & Aa Be JIn

F2
4 ABJL ABn ABJ] ABnt aBJl aB 1 aB/J| aB]l
?

ABJl [AABBJJI |AABBJlx |AABB/JI |AABB/Jlx |AaBBJIJl |AaBBIn |AaBs/Jl |AaBs/lx
v v v v v 4 v v
ABn [(AABB/n |AABBan |AABBn |(AABeaag |AaBB/ln |AaBBan AaBs/ln  |AaBeaxg
v + v + v + v +
As]l |(AABBJI |[(AABBIx |AABsJl |AABsn |[AaBJI |AaBe/lx |Aas/lJl |AaBB/lx
\/ \/ N N \/ \/ N N
ABJ AABB/In AABBIg AABB/ln (AABBan |AaBellny |AaBBsan AaBs/ln [AaBBan
v + N ~ v + N ~
aBJI |AaBBIJI |(AaBBdx [AaBsllJl |AaBs/lng [|aaBBIJI [aaBB/lnx aaBeJlJl [aaBB/In
\/ \/ \/ \/ ° O o o
aBn |AaBB/In [AaBBag AaBpJln [AaBenag |aaBBJlnm [aaBBan aaBe/ln [aaBsan
v + v + . X . X
asll |AaBsJJ |AaBsln AaBs/lJI |AaBB/n aaBs/lJI [aaBB/ln aaBB/l/l |aaBB/IO
v v " " . . < <
aB AaBB/In AaBBang AaBB/lx AaBBin aaBe/ln aaBBan aaBB/l 1 aaBBIT

N4 + N ~ o X <

F,v/27 A-B-JI- Kapa KaJbIThl

+9 A-B-dd - Kapa KpICKa

"9 A-bb - D- aK KaJIBIIITHI
*9aaB-D- KOTLIIIP KaJIBIIITHI
~3A -bbdd - aK KbICKa
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x 3aa B -dd - KOTIIip KbICKa

<3 aabbD - aK KAJIBIIIThI
1 aabbdd - aK KbICKa

36 xapa : 12 xeringip : 16 ax 48 KanpInTh : 16 KpICKA
9 : 3 4 3 o1

Kayaowi:1. A — xapa, B — 6osiinbl, /] — KanbIThl, a — KOTUIIP, B - 00yl Oacalbl, 1 — KbICKA.

2. benrinig meirybHa 0ip-0ipiMeH pelecCuBTi MUCTa3 OOMBIHINA ©3apa 9CepIeCeTiH TeHAESPAIH YIII
KyOBI xKayarn Oeperi.

3. PRPAABBDD Jaa BB 11

57*. bepinrenine ara-aHacbIHaH OacTar ska3aMbI3, ce0edi reHaepaiy acep etyi oepinvered. Onan
opi OipiHIIi >koHE eKiHIII YPIaKThIH OepiIreHiH Ka3blIll, TeHIEP/iH dcep €Tyl MEH e3apa dcepliecyiHiH
THITiH aHBIKTAYbIMBI3 KaxkeT. EcenTi mibirapy yIuiH Oy1aHIacTeIpy cXeMachlH Kypambi3: P @ KbI3FbLIr
KQJIBITITHI X ' aK KaJIBIIThI. Fj - KBI3FBUIT KAJBINTHI, Fy - 41 KBI3FBUIT KAJBIITHI: 7 KBI3FBLIT KIPTHICTHL
5 ax KpIpTBICTBL: 13 aK KanbmThl. AJaeiMeH OymaHaacyfa HeIle >KYI T'eH KaTBICBHIT TYPFaHbH
aHBIKTaybIMBI3 KepeK. O yiin F, -HiH ypraKrapsiHa ansTepHATUBTI OeNriHiH op Ky Obl OoibIHIIA (TYC
JKOHE TiMniHI) Oeyiek Tannmay xkyprizemis. Hotmwkecinae 48 Kpi3rblIT: 18 aK xoHe 54 KaNbIThL: 12
KBIPTBICTBl KAaThIHACBIHIAM axpipay Kepinai. 48:18 axbipaybiH mamameH 18-re KpicKaprsim, 3:1
KaTbiHACBIH, an 54:12-ui 4-xe KpickapThinl 13:3 axbipayblH anambl3. AJKbIpayAblH CaHJIBIK
KaThIHACTaPBIHBIH HAaTHKECIHIE SCENTENICTIH OyIaH caHbl, 0i3re OyIaHIac THIPY/IBIH YIITHOPHITI CKSHIH
XKOHE TeHJIEP/iH 03apa acepiecyiHiH JoMHHAHTTHI anucTas (B>/]) exenin kepcereni. EHi renaepain
ocep eTyiH aHBIKTalMBI3: A - KbI3FBUIT, @ - aK; B - KpIPTHICTBI 0acaibl, B - KBIPTHICTHI MIbIFapaasbl J -
KBIPTBICTBI KYJITE, [T - KAJIBINTHI KyJaTe. COHBIMEH, €CENTiH CypaKTapblHa XKayar Oepim OoNabIK, eHl
OPHEKTEYTre KOMIENK:

bepinzeni: Hlewyi:

PQKBI3FBUIT KaJIBIITHI P QKBIFBUIT KaJBbIIThI X aK KaJIbIIThI
&'aK KaJbInThI F1 — KBI3FBUIT KaJIBIITEI

F1 - KBI3FBUIT KAJIBIITEI A-KBI3FBUIT

F, - 41 KBI3FBUIT KaJIBIITHI a - axK

7 KBI3FBUIT KBIPTHICTHI B-KbIpTHICTHI Oaca bl

5 aK KbIPTHICTHI B-KbIPTBICTHI IIBIFAPaIbI

13 ak KaJeIIThI J-KBIPTBICTHI

Taoy kepex: JI-KaJIBITITHI

I'ennepain ocepi MeH ©3apa PQ AABBJIJI x daasBan
oceprnecyliH TUIi? G ABJI aB[

F1 AaBB/lnm  KBI3FBUIT KaJBIITHI
PQAaBs/In x S AaBs]ln

F, 27 A-B-D KBI3FBUIT KAJIBIITHI
9 A-B-an1  KbI3FBUIT KAJIBIIITHI
9 A-B/l- KBI3FBUIT KbIPTHICTBI
3 A-BBIn KBI3FBINT KAJBIITEI

9aaB-Jl ak KaJbIITHI

3 aaBB /| aK KaJIBIIITEI

3 aaBB /| aK KbIPTBICTHI

1 aa BB I  aK KaJGLIITHI
48 xp3reUIT:16 aK;

3 :1
52 xaneinThl: 12 KBIPTHICTHI
13:3

Kayaowi: 1) A — KpI13FbUTT, @ — aK, B - KpIpTBICTBI 0acaabl, [ — KBIPTBICTHI, B - KBIPTHICTHI IIBIFAPaIbI, 1
- KaJBIIITEI
2) benrini msrapyfa JTOMHHAHTTHI dMHCTa3 OOWBIHINIA ©3apa 9CEpPIeCETiH TeHIEPAIH YII >KyObl
KaTbIHACAIbI.

I'enpepain monumeplik dcepi
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Ochl yakpITKa ACHiH KapacTHIPBUFAH FeHACPAiH ©3apa opeKeTTecy Typiepi Oanama, SFHU
canaJiblK JKarbIHaH epeKIIeIeHeTiH Oenrinepre KarblcThl Oonabl. [lommmep:ni TYKbIM Kyaiay I bUTBIKTa
Oip OenriHiH JaMybl OPTYPIi XpoMocoManapaa opHanackaH OipHelle Ky TeHepMeH OaKblUTaHabL
JIOMMHAHTTBI KYHIeTi TeHIep HeFYPIbIM KOl Oosca, OeNri COFYpIbIM aiiKbIH OO0 Ih.

JIOMMHAHTTBI TOJIMMEPITi TEHEP/IiH MIOFBIPIAHY b KE31H/IE OJIAP/IbIH dCePi KUHAKT AN b, SFHA
oJap KyMyJISITUBTI 9Ccepre He, COHABIKTaH OChl TUIITET1 ©3apa dPEKETTECY KyMYIAMUBMI NoTUMepus e
aranajpl. bipereiunikri, op Typii TeHAEpAiH ocepiHiH OIPKENKIriH aranm Ty YIIiH omap Oipmei
TaHOamapMeH OeiriieHenl, TEK op Typii caHmapAbsl Kocaubl - A;, ApxoHe T.0. KymynsaTusri
nojauMepusiza O0ip YpHaKThIH 9p TYPJi JapajiapblHbIH TeHOTUITEPIHACT CAHIBIK ©3TepMeN KacueT
TeHOTHITET] JOMUHAHTTHI TeHACP/IH Op TYpili CaHBIMEH aHbIKTana(bl. COHBIMEH, OMIai HOCLIICPIH
(Triticum) KbI3BLT kOHE aK (OOsTIMaFaH) AOHIEPMEH OyIaHIaCTBIPY Ke3iH 1€ IIBe TeHeTrri I. Hubcon-
One 1908 xbutsl Fp-nie 3:1-Te KaThICTHI 9J1eTTETi MOHOTHOPUATETIEH aKpIpayabl TalThI.

Anaiina, ocekiHIaii OenriiepMeH epeKlIesieHeTiH Kei0ip ©Oacka Oujgaid JIHMHUSIAPBH
Oynannacteiprania, Fo-ne 15/16 Gosnran : 1/16 GosiimaraH akelpaysl Oaiikanaabl. bipiHiii TonTars!
JIOHJIEPIIIH TYCi KOO KbI3bUIIaH JIaH O003FBIIT KpI3bURa NeiiiH o3repeni (CypeT 6).

Op Typui TYCTi F; 1oHIEpiHeH aNbIHFaH ©CIMAIKTEPIiH TeHeTUKATIBIK TaJIay bl aK JTOHACPICH
JKOHE €H KO0 (KBI3BUI) TYCTI JOHACPACH OCIPUITeH 6 CIMIIKTEP/IiH OJaH opi aKbIpaMaiThIH IBIKTapbIH
KOpCeTTi. ApalblK THUOTETI Tyci Oap MoHAepAeH KeHiHri ypnakrapaa OumaiinbiH Tyci OoibHIIA
aXKBIPAaThUIATBIH ©CIMIIKTEp AaMblabl. JIoHAEPIiH TYCIHIH KapKbIHABUIBIFBI TE€HOTUIITEr1 JOMHHAHTTHI
TeHJCPIiH CaHbIHA OalIaHBICTHI.

AJUTEJIB/I EMEC T'EH/IEPI(IH ©3APA OPEKETTECYI. ITOJJUMEPHA

BUJIAU/IBIH JIOH/IEPIHIH TYCIHIH TYKBIM KYAJIAVEI

AAAGA; Lo, mengnang
P ' Koo Kbiznta _ / AR
ameramap (G)

X
FI A AGe,
Knnseniar

Taverazap (G) O:_ @

Q A AGARA AnA-Acas AnnaAsAs AgmAca;
Kot Rbis “Kpisbia , Kbizhia Kbi3eby
A;A.A,a, AgAgaza, L Aa Aay A.n.a-n_,
@ Kbisbia Kbistbum . Kpisebiar AIRIK RbI3FBLIT
T
@ & &
Fg . - -
AnngAgig AgngAga, n|n.A,A, aaAsne
Kpi3sia Kpirwiir Kuosinun_ AlubIR Khl?fbl;’l\[
-
Agng\sng [ Awwiosns T T
Kbt bl AIBIK KbUFBIAT | AIIBIK RbI3FbLTI AR )
b, 3
i > L Vs
.“./ “.‘/ L
1818 LOATFAH 116 AR
lmE

Cypert 6. bunaiiipiH 1oHAEPiHIH TYCIHIH TYKBIM Kyasay bl (KyMyJIATHBTI TOITUMEPHUS

Hewmex, F, 15:1-ne Geniny OepreH OacTankpl ata-aHajlblK (Gopmanapaa A4 A1A,A, KoHE U
aiaqaza, rteHoTuntepi Oonnbl. F; ruOpuniniH reHotuni Aja;A,a, reHotumi Oomawl, an F,-ne
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JOMUHAHTTHI TeHIEPIiH CaHbl SpTYpial AoHAep maina Oomael. 1/16 ecimaikrepaeri OapiblK Tepr
JIOMHHAHTTHI A1 A1 Ay A, amienabaepiHiH 00Ny bl JOHHIH €H KapKBIHIBI TYCIH aHBIKTaN B!, 4/16 Oapibik
TOHIEPIC YIII JOMAHAHTTHI (MoceneH, A A1Aya,) amtens 6omasl, 6/16 —exi (41a145a3), 416 — 6ip
(Ayaqaza, Topizni KOHE OCHI TEHOTHUNTEPIiH OapibIFbl KAPKBIHABI KbI3bUT JKOHE aK apachIHIarbl
aypICTIaJIbl 9 TYPII apalibIK TYCTEPi aHBIKTa b, PelleccHBTI reHIEpIiH eKeyi O OMBIHIIA TOMO3UTOTaIbI
(a1a1aza,) 6apmsik nougepain 1/16 60Jabl xoHE OVII TOHIACP OOs/IMaFraH OOJBII IIBIKTHI.

Kymynamusemi emec nonumepus »armaiiblHIa TEHOTHUITETI JOMUHAHTTHI TCHIEP/IH CaHBIHA
OailTaHbICTHI OCITHIH CUIIATBIHBIH Maiiia 0oy bl e3repmeiiai. Mbican perinae taybikrapaars (Gallus
gallus). AsSKThIH KaybIPChIHAAPIHBIH O0aaKThUIBIFBIH aTyFa 00ia 16l KaybIp ChIH/IbI )KOHE KAYBIPCHIHIBI
eMec asKrapbl 0ap TYKbIMAApAbI AFbUIBICTHIPYIaH Fi-11e KaybIpCHIHIBI assKTaphl Oap OananaHaap
naiina 6omanel. Exinmn yprnakra ¢peHoTHI O0bIHIIA akbIpay xKypeai 15/16 kaybIpChIHIbI asIKTapMeH
xoHe 1/16 KaybIpCBIHCHI3, SFHU ¢Ki heHoTUNTIK Kiace Gaikamansr (Cypet 7).

) ol d

oy

a:a:aa AlAIAA:

KaybIPCBIHCBI3 asKTap
% KaybIPCHIH/BI asAKTap
.
< § i

$
ATy

Fi

9A1-A2-. 3A:- azax. 3a:aiAq- laaiazaz
KayBIPCBIH/bI adKTap KaybIPChIHChI3 asKTap
15/16 1/16

Cypert 7. TaybIKTapabIH asKTapBIHBIH 0aJaKTbUIBIFBIHBIH TYKBIM Kyasay bl
(KyMMyJSITUBT1 €MEC TIOIMMEPHSI)

JKorapbina kedripiareH eKiHINI MbIcanfa TEHOTHUIITE OIPTeKTi 9cep €TEeTiH TOMWUHAHTTHI
MOJMMEPIi TeHAEP/iH OPTY Pl CAHBIHBIH OOy bl OENTiHIH KOpiHyiH e3reprneiin. benrinin qaMybmHa
ceben Ooimy YIIiH €Ki TeHHIH Oip JOMHUHAHTTHI ajuieli >keTKimikTi. COHABIKTaH TeHJIEpiH e3apa
opeKeTTeCyiHiH OYI TYpi Kymynamuemi emec norumepusi et atajjibl.

[TonmuMepmik opekeT CaHABIK OeNrinepAiH TYKbIM KyallaybIHBIH HETi3IHIE >KaTbhlp JKOHE
HBOJFOLIMSAIA MAaHBI3/IbI POJT aTKapabl.

Mpicaibl, TepiHiH TUTMEHTAIHS IOPEIKEC] €Ki KYTITICH TeHISPMEH aHBIKT A TbI (iC YKy 31H/1e ONaH
na kerr). OCbIFaH colikec, OepiiareH Oenri OOWBIHIA aJaMIapabl MIApPTTI TYpHae S GeHOTHIIKe Oeyre
6omaner: Herpiep (AABB), kapa mynartap (AABB nemece AaBB), oprama mynarrap (AaBs, aaBB
Hemece AABB), akimibut Mynartap (Aass Hemece aaBB) xoHe ak (aaBB).

Ecenmep
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58. AaMHBIH TEPICiHIH TYCI MOMMMEPIi FeHASPAIH OIpHEIIIE )KYNTAPBIHBIH 63apa dcepiecy iHiH
HOTWIKECIHJIC aHBIKTaNnaabl. Erep reHoTHNTe TOMUHAHTHI TeHACPIiH CaHbl Kol OoJica, TepiHiH Kapa
TYCKe OOSUTYBIHBIH KapKbIHABUIBIFBIHBIH apTaTbiHbl OalikajaraH. Herp MeH ak TycTi HocupiepmiH
HEeKeCiHeH TyFaH Oana Mynar aen aranansl. Erep renorumi A;AjA,A, Herp oifen Tepici ak (a;a;aay)
epKeK MeH TYPMBIC Kypca, OChl 0TOAChIHIA Ta3a HErp, MyJaT >koHe aK OananapiblH KaHAai Tere-
TEHJIIKIICH eMipTre KellyiH KyTyimisre 0onasb?

59. XKymeipmrax eciMairiin OypIIaKKbIHBIHBIH MIIIiHI YIIOYPBIITE HEMECE JTOHIeIeK 00IbIT
keieni. Kes-kenreH OypmIaKKbIHBI YIIOYPBHIITH TOMO3WUTOTANBI OCIMIIKTI JOHIENEKTICI MEH
OynaHnacTeipca, Fy opkamana yimoypbIiTel OONBIT MBIKKaH. F, —1e MbIHA Al aXxpIpay OepeTiH ara-
aHa TeHOTHUNTEPiH aHBIKTA!

a) 15 ymOypsImTeL: 1 1eHreNeK;

0) 3 ymOypsiTh:1 1eHrenex.

60. Koiinapasiy 0ip TYKBIMBIHBIH KYHIHIH Y3BIHABIFEI OpTamia ecenmeH 40cM, eKiHmi Typi
TYKBIMIBICHI - 30 cM kepceteni. By eki Typii TYKBIMIbBI 2XKbIpaTyFa TeH Iep/liH YIII )KYObIHBIH 63apa
ocepriecyi xayar oepeni. FimenF, —ni Tar.

61. Yii KOSHAApBIHBIH €Ki TYpNi TYKBIMBI ©3apa OymaHAacThIpbUFaH. bip TYKBIMBIHBIH
KYJIaFbIHBIH Y3BIHILIFBI 30 cM Ooica, exiHmiciniki - 10 cM. MyH/Ia# aiibipMalbUIBIK €Ki KYIT TeHISPIIH
OIpTEKTi 9cep eTyiHIH HOTIKECiIH e y3ere acanbl. bipiamm (30 ¢M) TYKbIMBIHBIH TeHOTHITI A A1ALA,,
exiamiciniki (10 cm) -a;a;a,a,. F;OymaHBIHBIH KYJIaFbIHBIH Y3BIHABIFBIH JKOoHE Fp-meri OapibiK
TeHOTUNTEPiH (PEHOTHITIH aHBIKTA.

62*. Anam OOWBIHBIH OWIKTIrl MonuMepus THUM OOWBIHIIA ©3apa ocepieceTiH Oip-OipiMeH
TipKecTeTeH reHAepIiH Yl *KyObIMeH KanaranaHaasl. Keitbip nomynsiusiiapaa e Ouik agamaapibH
OOMBIHBIH OWIKTITi TEK JOMUHAHTHI TEHAEPAIH dcep eTyiHiH HOTHXKECIHe NaMuIbl 1a, onap 180 cm
KepceTce, eH anaca ajamjaapia TeK KaHa peneccuBTi renjep Oomnbin, omap 150 cM OMIKTIKTI FaHa
KepceTesi.

a) 3 sxynreniepi O0MbIHINA reTePO3UTOTAIIBI aJ1aMIap IbIH O OMBIHBIH OMIKTIKTEp1 KaHIa 0 01MaK?

0) Anaca 00Tl 9ifen opTa OOMIIEI ep aamMFa TYPMbICKa IIBIKKaH. byt or6ackma 0o iapbHbH
ouikTiktepi - 165cm, 160cM, 155cm, xone 150 cm Tepr Oama ayHUere Keyimi. Ara-aHaHBIH
TCeHOTUNTEPIMEH OONNIAPBIHBIH OMIKTIKTEPiH aHBIKTA.

63. AK TYcTi dlieJIMeH Herp epKeKTiH HEKECIHeH eMipre KeJeTiH MyJlaTTapbH (HEeHOTUITepiH
xKas.

Ecenmepoi wivizapy >conoapul

62*. Bepinrenine TeHIepliH ocep €TYiH ka3ambl3. MyH/Ia ajgaM MOMyJISIUsCHIHIaFbl anaca
00¥ITBl agaMaapAbiH OOWBIHBIH OWIKTIT PEIECCHUBTI KOHE OOUIIaHIapbIHBIH OOMBl JTOMUHAHTTHI
MOJIMMEPJTi TeHAEPAiH 3 )KyObIMEH aHBIKTAIAThIHBI AaUThUTFaH. SIFHU, OOUIIIAH aIaMHBIH TeHOTHIT AjA;
Ay Ay Az A3 =180 cm, anaca OOMIIBI agaMIapAiki —a; a; a, a azaz = 150 cm. TaOysIMBI3 Keperi reHoTrr
A; a; Ay a, Az a3 00aThIH aaMHBIH OOMBIHBIH OMIKTITI.

Exinmi tapMarbl GolbIHIIa OepiireHiHe ara-aHACHIHBIH ()EHOTHIIIH Ka3ambi3: P Qanaca, PJ
oprama 0okl ¥pHakrapsl Typaibl kepceTyimiz kepek: F 165, 160, 155, 150cm. Ata-aHachbHbIH
TEHOTHUII MEH OOMIapBIHBIH OUIKTITH aHBIKTAYBIMBI3 KaJKET.

Ecenti meirapy ymiin angpiMeH OepiiareHine cyieHin, 01p JOMUHAHTTBI T€HHIH 9Cep €Ty CUTIAThIH
AHBIKTAy BIMBI3 KepeK. MyHBI Taly YIIIiH TeNe-TeH iIK CXEMAaChIH ChI3aMbI3, SIFHU 6 JIOMUHAHTTHI T'eH 180
cMm Oepce, 1 momuHaHTTHI reH Heme cM Oepeni? Erep 6 pemeccuBTi reHnepiH >KUBIHTHIFBL 150 cM
OMIKTIKTI IIBIFapca, Oipeyi Hemre cM HIbIFapyra kayar oeperi? MyHsl Obutail e pHEKTeMI3:

6A-180cm 6a-150cm

1A-x la-x

Tene-renaikti memrin 6ip A - 30, 6ip a - 25 cm Oeperinidn Tabambi3. MyHaH COH
YUITETEPO3UToTAIBl TCHOTUNTIH ()EHOTHUIIIH aHBIKTAY YIIiH, 9P TeHHIH IIbIFaparbiH OeJriCiH Ka3bill,
SIFHU YIII IOMUHAHTTHI TeH 90cM, YIII periecCUBTi - 75 ¢M, OYIIapAbIH KOCBIHABICH - 165 cM OMIKTiKTI
KepceTeTiHiH aHbIKTaiiMbI3. CelTin ecenTiH OipiHIII TapMarblHA jkayan OepiiK, €HAl eKiHIIiciH
menientik. Anaca 6oiinsl ovtenaiy peHorumi 1 50-cM ekeHiri skorapblia aTeiFaH. JKorapbiaa alThFaH
epeske OOMBIHIIA aTa-aHAHBIH TCHOTHITIH YpIIaFblHA Kapar aHbIKTaiMbI3. Opra OOIbl ep aj1aMHBIH
¢denorumi 165 cm kepcereni, ce6e6i OHBIH OOHBIHIA 3 JTOMUHAHTBI )KHE 3 pELeCCHBTI TeHAEP OO0A/IBL
bynannacteipy cxeMachiH Kypbit, [IeHHET TOPBIH TONTHIPaMbI3. YPIAKTHIH (DEHOTHUITIH jKa3FaH Ke3Je,
Typa OepinreHIHIeH HOTHIKE aNIBIK, SIFHU OanaaapbIHbIH 00 WIapbHBIH KepceTkimmTepi - 165, 160, 155
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s)koHe 150 cm Oomabl. Bi3 6i34iH aTa-aHa reHOTHUITIH AYPBIC aHBIKTAFaHBIMBI3IBI Aonenaeiai. Exm

OPHEKTEYTE KOIIEIIiK.

bepinzeni:

A1A1A2A2A3A3 =180 cm
aja;a,a,azaz= 150 cm

a) Aja;Aa,A5a;

6) P Qanaca 6oiner & opra
OOMIIBI

F 165,160, 155, 150cMm

Taoy kepek:

Hlewyi:

A1A1A2A2A3A3 =180 cm
6A =180

1A -x

1A =180/6 =30cMm
ajaia,a,aza;= 150 cm

6a =150

la—x

la=150/6 =25 cm
a) Aja;AsasAzag = 30+25+30+25+30+25 =165 cm

a) 0oiibl AjajAjraAzas- ?
0) P, F renotunrepi - ?

6) PQ ajaia,a,a3a3 X JA1a1A,3,A523

150 cm 165 cm
G aiadsas A1A2A3 /AlAzag /A1a2A3 /Alazag; /alAzAs alAzas /3132A3 /alazag
F
Q| ajazas Poct
3
Al A2 A3 AlalAzazA3a3 165 cMm
A]_Az asz AlalAzazaga3 160 cMm
Al d) A3 A1313232A333 160 cMm
Alaz as Alalazazagag 155 cm
alAz A3 AlalAgazAgag, 160 cMm
a; Ajaj aja;1Araa3a3 155 cm
a; a, As aia;a,a,A3a;3 155 cMm
a; drajs ai;di;drarazas 150 cMm

Omeem: a) Aja;Ara,Azas = 165 cm

6) 165 cm: A131A232A333

160 cm: A131A23233a3, A1313232A3a3, A131A232A3a3
155 cM: Ajajarajrasas, a;a;A.ara3a3, a1a1a,a,A3a3
150 cMm: aja;araaza;s

Baksbliay cypakTapsl

1. Tennepnin e3apa aceprecyi TaKpIpbIObIHA €CENTEP MIbIFAPY YIIiH KaHal epeskenepi Oiny
KaxeT?

2. KoMruieMeHTapibIK ©3apa reHaepAiH 9cep €Tyl Ke3iHAeTi a)pIpayiaapabl JJeIeHI3.

3. Jlapa koHe eki ecelicHTeH Jiapa PEleCCHBTI 3MUCTA3/bIH allbIpMaIIbIIBIKTAPhl KaH Ak ?

4. JloMMHATTHI SMHUCTA3/1aFbl aXKbIpayJapabl 1SJEIICHI3.

5. KyMMynSITHBTI )koHE KyMMYJISITHBTI eMeC TIOMME pHsUTapAbIH O1p O1piHEH aifbIpMaIbUTBIKTAPHI
KaHgain?
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IV. 2KbIHBICIIEH TIPKECKEH BEJII'IVIEPAIH TYKBIM KYAJIAYbI

JKvinvicnen mipkecken Oeneinep NETEHIMI3 - KBIHBIC XpoMocoManapbiaa (X, Y) opHajgackaH
renjiep tibraparsia oerizep (Cyper-8).

BIHBIC TEHETHKACBI

i SPTYPIII AT3ATTAPTATBI A BIHBICTEI AHBIKTAY

Cay =p anam
(=)

CyperT 8. Oprypii ar3aiapaarbl )KGIHBICTBIH aHBIKTAITY bI

Erep Genrini mbFaparsia reH Y XpoMocoMa/ia OpHajacca, OHIa TYKbIM Kyaliay Ke3iHae Oy oeri
TeK KaHa ep afgamaapra oepineni. Erep ren X xpoMocoMaMeH Tipkecce, OHa OJ1 9KeCiHEeH KbI3/1aphbiHa,
aJ1 NIeNIeciHeH KbI3bl MeH YJIbIHA Oipaeit mamana 6epineni. Erep pernieccuBti ren X — xpoMocomameH
TipKecce, OHJIa OJI oleNJie TeK KaHa TOMO3UTOTaNbI TY pAe Kopineni. Ep amamna exinmri X - Xpomocoma
OONMMaNUTHIHABIKTAH, MyH/Iall TeH dpKallaH1a KOPIHIIl OThIpaIbL.

ATanbIK XKOHE aHAJbBIK KbIHBICTAPBIH abIPMAIIBUIBIFBIH KOPCETETIH XPOMOCOMAIaP->KbIHBIC
XpOMOCOMAJIaphI IETI, KOPCETIEUTIHAECPAl - ayTocoMaiap JIeIl arajabl.

JKbIHBIC XpOMOCOMaJaphl )KaFbIHAH Oip/iell TaMeTajap TY3€TiH XKbIHBIC - roMorameTasbl (XX)
JIeTI, aJl €Ki TYpiIi raMeTa Ty3€eTiHi - rereporameransl (XY ) nen aranaasi (cypet 9). Ochl ChI30aHYCKaIaH
KepreHiMiznei X xoHe Y Xxpomocomasiapkl 6ap criepmorozouarapabiy 1:1 Ty3inyi yprnarsiaaaaa 1:1
QXbIpaybIH KAMTaMachI3 eTeIi.
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Cyper 9. lpo3o¢unanarsl )KbIHBICTH aHBIKTAYIbIH ChI30a-HYCKACHI
XpOMOCOMAIIBIK JKHBIHTBIKTAP: 1-COMAIIBIK Kacy I alapAarkl; 2- CIEPMOTO30MATAPAAFbL, 3 - JKYMBIPTKA
KacyllalapblHAaFhl; 4-ypHakTapAaarsl

Ecenmep

64*. Kycrapaa R ¢hakTopbIHBIH peliecCUBTI TeHI KBIHBICTICH TIPKECKEH JKOHE OJIMIe TyIap eTei
(roMO3UTOTANBIIAPE]  JKYMBIPTKAHBIH ilIiHJAE oJin  Kananael). Eki  Typai  TONTBIH — KyCTapbl
OynannacteipelFad. KycTapaa aHaJbIK )KBIHBIC — T€TePOraMeTalbl, aTaJIbIK )KBIHBIC — TOMOTaMETaIIbI
OOIa kL.

A TOOBIHBIH KOpa3bIH OipHEIIe TaybIKTapMeH OyJaHacThIpFaH Ke3/e ansiarad 2 10 OananaHHbH
JKAPTBICHI aTaJBIK, JKAPTBHICHI aHAJBIK JKBIHBICTHI OOJBIN HIBIKTBL. Al B TOOBIHBIH KOpa3bIH OCHI
TaybIKTapMEH IIaFbUIBICTBIPFaH 12 MIbIKKAH 2 10 OananaHHbIH 70-1 aHAJIBIK KBIHBICTHI 00/ 1B1. TaybIKTap
MEH KOpa3JapiblH TeHOTUNTEPiH aHBIKTA.

65. Agamaa TYCTi IyphIC @XKbIpaTa aMay IbUIBIK (IaJETOHA3M) X - XpOMOCOMaJIa OpHaJIackaH
PELEeCCUBTI FT€HMEH aHbIKTaJa bl

OKeci JaJbTOHUK, Oipak e3i cay KbI3, 9KeCi TYCTi AYpBIC akplpara allMalThIH, ajaijia e3i
KaJIBINITBI KOPETIH JXKITiTKEe TYPMbICKA IBIKKaH. OChl HEKENICH JYHUEre KeNleTiH Oananap/bH Ke3/epiHiH
Kepyl KaHgai 6onmvak?

66.* Anmamja IIAIITBHIH €pTe TYCIN KaTybl 8 (Ta3IbiK) epKEKTEpAc JOMHUHAHTTHI, dkeepie
PELIECCUBTI KbIHBICTICH TIPKECKEH Oelri peTiHAe TYKbIM Kyalailabl.

Kapa xe3mi, mramisl KaJbIlIThl, OHKAM XKITiT, Kapa Ke3[di, CollaKai, IIanibl KaJBIITHl KbI3Fa
yinenreH. by Hekenen 2 Oaja JyHHEre Keye/i: Iambl Ta3, Kapa Ke3/li, OHKal yJI, Ialbl cay, Kapa
KO3/i, CONaKai YJI, aNIbl KaJIbIIThI, KOK KO3, OHKal KbI3. bapiblk ajaMuapibiH TeHOTUITIH aHBIKTA.

67. I'emodunusaHbIH (KaHHBIH YIbIMAYybl) PEIIECCUBTI F'eHi X-XpoMocomasa opHanackaH. Cay
JKITITKE TYPMBICKA ITBIKKAH KbI3IBIH 9KeCi reMOo G UITMSIMEH ay bIpaibl /1a,aJ1 Ieleci Oy ay py1aH MyJjieM
Ta3a JKaHYsJ1aH MIBIKKaH.
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Ocbl HekeneH eMipre KeleTiH olapAblH Oonamak yijiapsl, KbI3Aapbl, €Ki KbIHBIC OOWBIHIIA
HeMepeepi Typaisl He aiTyFra 0omanbl (erep KbI3Aaphbl MeH YJiaphl OOMbIHAA TeMOQMITMSTHBIH TeHi Oap
agaMIapMeH HEKeJIeCIICH i Tecek)?

68. Anamna Tep Ge3aepiniH OomMaybl X XpOMOCOMaMeH TipKecil TYKbIM KyalalThIH Pele CCHBTI
Oenri. JleHi cay xirit, okecinje Tep O6e3/epi KoK, aJl MeNIeCiHiH 031, OHbIH aTa-TeKTepi e cay OorFaH,
KbI3Fa yisieHreH. OChbl HEKeIeH Ty HUeTe KeJIeTiH YJI MeH KbI3/IbIH aTajiFaH ay pyMEH aypybIHBIH Ke3/Iecy
MYMKIHJIT1 KaHai 6ommak? Erep yinapbiHbIH olieniepi MeH KbI31apbIHbIH KYHeyiepi cay Oorca, exi
JKBIHBIC OOMBIHIIIA ©MIPTE KEJIETIH HEMEpeNIepAiH TaFABIPHI Typalibl KaHAail OomkaM KyTyre 6omaap1?

69. TaypIKTapma KaybIpCHIHHBIH aK KOHE ajla TYCTEPiH HIBIFaparhiH TeH X - XpOMOCOMaMeH
TipKeCKeH. AJa Tyc aK TycTire 6achIMIbIK KopceTei. TaybIKTapa aHaJbIK KBIHBIC TeTEpOTraMeTabl.

a) TaybIK epMachIH/Ia aK TAyBIKTAP/IBI ajla Kopa3aapMeH OyTaHAaCThIPy HOTIKECIH/IE TayhIK
JKoHe oTeln OananaHmapAbiH 0opi ne ana Tycti 6omein  mbIKTEL. Opan opi Fy Oymanmapsin e3apa
MIAFBUIBLICTHIPHIN 597 ana oremt xxoHe 601 ana xoHe ak TayblK OananaHaap anbHIbL. ATa-aHa, oipiHii
KOHE CKiHII YpIaK FreHOTUNTEPiH aHBIKTA.

0) Ana KopasbeH ak TaybIKTap/AbIH OymanaacybiHan 20 ana Kopas )koHe TaybIK OananaH »xoHe 18
aK Kopas3 jkKoHe TaybIK Oanananaap ajablHIbl. ATa-aHa MEH YPHIAaKThIH TCHOTUNTEPiH aHBIKTA.

70. MbIchiKTapaa "y Typii KbUIIIBIKTBICH' TEK KaHa YpFalIbuiapbl eKeH i Oenrini. MyHnait
6oy ce6e6i, Kapa JKoHe )KUPEH TYCTI KbUIIIBIKTHI IIBIFa P aT bl H TEHJIEP aJUIEINb 1 %KIHE X-XpOoMOcomMaza
OopHaNacKaH Oipak OyJapabiH Oipeyi JOMHHAHTTHIK KopceTe anMaiabl. Erep ochl kKapa jkoHE JKHpeH
TYCTEpAiH reHepi yiiecce, oHAa "yIIKbUILIBIKTE" 0COOBTap JyHHUETE Keliei EKEH.

a) Erep "yHIKpUIIBIKTE" aHAJBIKIICH Kapa arajbiFbl OyJaHIacca, YPHIaKTa YIIKbUIIIBIKTbL
0CcOOBTapABIH TYYy MYMKIHITI KaHai 0onMak?

0) Kapa aTaibIK IeH XUPEH aHAJBIKThIH OyAaHacyblHaH KaHAal ypnak KyTyre 6onaabi?

71. Tuneprpuxo3 (KYJIAKTHIH illliHE MIANITHIH 6Cyi) Y XpOMOcOMa apKbUIbl TYKBIM KyaJIalThIH
6enri. Erep okeciHiH TUTIEpTpUX03bI 00JIca, OCHI 0TOACHIH I AYHHUETE KeJIETiH OalaHbIH KalChICHIHIA
THIIEPTPUX03 OONAJbI JKOHE OJNapIbIH Tyy MYMKIHJIr KaHa 0onMak?

72. OKeCiHiH K631 TYCTi a)KbIpaTa aJIMalThIH (JaIbTOHUK) KIHE KO31HIH TYCl KOK, aJ1©31 KaJIbIIITHI
KOPETiH, Kapa Ko3/i 9iiel KaJBIITH KOPETiH KoK KO3/ JKIriTKe TYPMbICKA IIBIKKAH.

Erep xapa ke3i mbeFaparsiH I'eH ay TOCOM/IbI TOMHHAHTTHI OEJITi, aJl TYCTi aKpIpara ajJMayIbiH
reHi pereccuBTi, X - XpOMOCOMara TIpKECKeH JIeTt OepiyireH 0oJica, 0ChI JKaHYSIHBIH OTOAChIH 1A KaH Il
Oanmamap nTyHHere Keimek?

73. Amamza TicTiH KipeyKeCiHiH Kaparobl 2 TYPJli JOMUHAHTTBI T€HICPMEH TYKBIM KyanaipL O
reHepain 0ipeyi aytocomasa, exinmici X xpomocoMaza opHanackaH. EkeyiHiH e TicTepi KapairaHn
3aipITapabIH 0TOACKIHAA TYHUETE KereH Y1 MeH KbI3JIbIH TicTepi cay Oomran. Erep mrenrecinperi
TicTiH Kaparobl X XpOMOCOMara TIPKECKEH IeH apKbUIbl, all dKECiHIH Kapa TicTepiH ayTOCOMJIbI IeH
TeTepO3UIoTalbl Typine Oepce, OChbl OTOACKHIHIA Oonamakra JYHHEre KeJIETiH cay OalaHblH Tyy
MYMKIHJIIT'1H aHBIKTA.

74*. Anamna namsroHM3MII X XPOMOCOMara TIpKECKEH PElEeCCHBTI IeH IibiFapaabl. Kaxn
a3JBUIBIKTHIH O1p TYpI - TaJacceMus - JOMHHAHTTHI ayTOCOM/IBI O peTiHe TYKBIM Kyasia, eKi Tyl
JKarJana KepiHeai: TOMO3UTOTaJbUIAPBIHIA AybIP ©J1IM 9KEJICE, FeTePO3UroTANbUIAP/AA JKEHIIACY O TSl
Ke3i KaJbImThl KOPETiH, aNaii/1a TalacCeMUSHBIH )XSHLUT TYPIMEH ay bIPaThIH 9HeJI, TAIacCeMUsIaH cay,
Oipak TaJbTOHUK €PKEKIICH HEKeJIeCill, OMipre TanacCeMHUSHBIH )KEHUT TYPIMEH ay bIPaThiH, 1aJIETOHUK
VI OKeJIi.

bonamrakra emipre Keilyl MyMKiH YJIIbIH cay OOJBIIN TyYBbIHBIH MaWbI3bl KaHIaH?

75. Amamna remodums X XpoMOCOMara TIpKECill TYKbIM KyaJaWThIH PEleCCHBTI Oenri.
AnpOMHM3MII (TUTMEHTTEPIIIH OONMMayhl) ayTOCOMABI PEIECCUBTI TeH mbFapabl. Ockl eki Oenri
OolipHIIIa cay oTOACKIHA €Ki aypyablH Ja Oenrici 6ap yi1 IyHuere Kemi.

Bonamakra ocsl )kaHys1a eMipre KeJIeTiH eKiHII1 YIIBIH J1a aTajFaH eKi aypyMeH Oip Me3rinie
ayBIPYBIHBIH MYMKIHJIIT1 KaHIa#?

76. [lansToHUK 9pi caHBIpay €pKEK, K31 cay, KaJIbIIThl ECTUTIH difenre YitiieHreH. byiorbaceHna
CaHpIpay opi JAJBTOHWK YJI KOHE KAJIBINTHI €CTHUTIH, OipaK MaJILTOHUK KbI3 ayHUere kemmi. Erep
JIAIETOHU3M X- XpOMOCOMara TipKeCKEH, ajl CaHbIpayJIbIK ay TOCOMAJIBIK PEIICCCUBTI OeITiyiep peTiHae
TYKBIM KyaJIalThIH 0oJica, OChl OTOAChIHIA €Ki aypyAblH na Oenrici 0ap KeI3ABIH eMipre KeyiHiH
MYMKIHIITiHIH ITaMachIH aHBIKTA.

77*. T'uneprpuxo3 17 kacka KakplHJaraHJa IIBIFaThIH, Y XPOMOCOMara TipKECKeH Oenri.
WxTro31piH (TepiHiH KaObIpIIaKTaHybl )KoHE TaHOANAHBIN KalbIHAaybl) Oip Typi X - XpoMocomara
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TipKecil TYKbIM KyalalTelH peueccuBTi Oenri. Exi Oenri OoifbiHIIAa cay oieMEH TEK KaHa
THIEPTPUX03bI 0ap €PKEKTIH HEeKeCiHEeH MXTUO3/BIH Oenrici 6ap yJ1 eMipre Kei.

a) Ochl yi/1a THIEPTPUXO3/bIH KOPIHY MYMKIHAIT KaHal OonMak?

6) Ochl oTbackiHaa Ta3a cay OanaHbIH AYHHETe Kelyi MyMKiH 6e? Erep myHuere kejce oHma
ONap/IbIH KbIHBICTAPHI KaH 1Al 00maibl?

78. ITurmMeHTTI peTUHUT (OONAIIAKTa TONBIK COKBIPIBIKKA aJIBIIT KENETiH, TYHJE KOPMEWUTIH
COKBIPJIBIKTBIH, TYPi) YII TYpii KOJIMEH Oepidyl MYMKiH: ayTOCOMIbI JIOMHHAHTTHI, ayTOCOMIBI
peneccuBTi jkoHe X - XpOMOCOMara TIpKeCKEeH PEeCCUBTI Oeri.

Erep miemreci murMeHTTi peTHHUTIICH ay BIPBIN JKOHE aTaJFaH TeHACPAIH YII KyObl OOMBIHIIIA
TeTepO3HUTOTAIIBI, aJl OKECI cay JKOHE YIII TeH OOMBIHINA Ja KAJBINTH 00JIca, OCHI OTOACHIHIA eMipre
KeJIeTiH aypy OanajapablH TybUTy MYMKIHJITIH aHBIKTA.

79*. 1 kau 100861 6ap Rh-on oiien IV kan T00b1 6ap Rh-Tepicep amaMra TYpMBICKA HIBIFaIB1. OHeI
pe3yc-0OH avelbaepi O0HbIHIIIA TOMO3UTOTAIEI eKeHi Oenriii. byt orbaceiHma IV kaH ToOBI Oap pesyc-
OH OaJaHbIH TybUIy BIKTHUMAJIbIFBl KaHAAMN?

Ecenmepoi wivizapy sconoapul

64*. AnneiMeH OepisireHiH s)ka3aMbI3. R TeHIHIH X - XpOMOCOMara TIpKeCKeHiH KOHE PeIleCCUBTICE
eqiMre nymap ererinin kepceremiz:  XR - emip; XTI - eim.

TaybIkTapga aHaibIK 0COOb TeTeporaMeTasibl €KeHIH eCKepil ara-aHaChlH JKOHE YPIIaFbiH
Ka3aMbl3:

A)P3 2R 9 XRY; F 210 = 105, XRY +§105

b) P@ Q XRY | F210=.70_XRY +$140
Ara- aHaJIapHHLIH TeHOTUNTEPIH aHBIKTAY KepeK. Ecenri mbirapyra keenik. bynangacrsipy

XR . N
cxeMachiH Kypameiz: PQ XRY x & R Ata-aHaHBIH TEHOTHIT YpIIaFblHa Kapan aHbIKTaiimMbi3: F105
AR XR
XRY-1057.

AHaJBIK 0COOB KBIHBICH OOMBIHINIA TEeTEpOTAMETaNbI, COHABIKTAH €Ki TYPJi TaMeTa, aTajbIFbl
JKBIHBICHI OOMBIHIIIA TOMOTAMETaJIbl, TCHOTHIIl - JOMWHAHTTHI Oc¢irici OOMBIHIIA TOMO3WUTOTAJEL,
COHABIKTaH Oip TuNTi ramera 6epeni. ['amMeTanapas! yiiecTipin aJblHFaH YpIaKKa TaJiay *KacanMbi.
Enni b ToOGbIHBIH OyaHAACTBIPY CXeMACHIH KYPaMbI3. ATalbIFbIHBIH T€HOTHUITIH aHBIKTAY BIMBI3 KEPEK.
On ymiH yprnakka Tajnaay xkyprizemis. ¥pmakrapasiH cadbiH 140 men 70-1i 70-ke KpIcKapThim, 2:1
aXbIpaybIH ajJaMbl3. ¥ pHaK CaHbIHBIH ylIey O0Iybl, Oipeyi SMOpHOHAIBABI CaThICHIH/IA O©JIII KaJFaH.

Con eJireH TaybIK OajallaHHBIH TeHOTHITIH Ka3bIIl, aTaJbIFBIHBIH T€HOTHITIH aHbIKTalMbI3: PY XRY
XR

Xr
AHAIBIFBI KBIHBICHI OOMBIHIIIA TETEpOTaMeTalbl, COHIBIKTAH 2 TYPI, al aTalblFbl TCHOTHII
OOMBIHIIIA TETEPO3UTOTAIIBI OOJFAHABIKTAH 2 THIITI ramMeTa Oeperni. [IeHHeT TOPBIH TOATHIPBII, YPTIAKKA
TaJjIay KyprizeMis. OJin KaJFaH Tay bk OananaHaap/sl aifkacTan ChI3bIn TacTaiivbl3. HoTwkecinae 2
aranblK, 1 aHaJBIK OajanaHaap aJbHIBL. BYJI TEHOTHIITI MypHIC aHBIKTaFaHHBIH oJieri. Eri ecenri
»Ka3aJbIK;

bepinzeni: Hlewyi:

XR— omip A) POXRY x 4 XRXR
X'— enim G XRY XR

A) P3 XRX- QXRY F1.XRY:1AJ4105 XRXR

F210=105,X*Y +J105 X*X" | poxrY 328 F210 = 709 XRY + 1403 XRX
B) PJ XFX @XRY X o
B) POXRY x & XRX

g‘aﬁ:))) Kepek: F210= .70 XRY +J3140 XRX"
- (70@X"Y eim)
Fa

3 XR Xr
?
XR XR XR
Xr
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XRQ

Y XR X'

Y Y&
d
23 ripi: 1 @ Tipi: 19 enren

Kayaovi: A) POXRY IXRXR
B) POXRY JIXRX"

66*. bepinrenin xa3asik. ['eHAEpIiH Ocep eTyiHKa3ybIMbI3 KePEK. ATaM MO MyIIUCHIHIA Kapa
KO3 UTIK TIeH OHKAMIIBIK ayTOCOMIBI JOMUHAHTTHI OeTiiep O0mbIn TaObuIa bl AJT AIITHIH EPTE TYCYl
EPKEKTEep/IC IOMHUHAHTBI, OHUEII/IC - PEIIECCUBTI XKBIHBICTICH TIpKECKEH OCIri, SFHU TCHACPIIH ocep Tyl
Oblnaii kasputaabl: < XS - Ta3, XS - AT KaILIITH ocyi, $XS - mamTsl, XS - Ta3; A - Kapa ko3, a
- KoK ko3; B - oHKali; B - cojakai.

Enpi yitnenren ara- anamen P3XY A-B- @XS X A- bb ypnakrapsissig F 3X5Y A-B; QX5 X
aa B-; & X® Y A- bb Gepinrenin xa3aMbi3. Bapiblk agamMaapablH FeHOTUIITEPIH aHBIKTAY KEPEK.

Hlemryine OyqaHaacThIpy CXeMachlH KYPBHIIL, aTa-aHaChIMEH YPIIaKTap/bl TYTel keipemi3. Ara-
aHAHBIH TCHOTHITIH YPIIaFbiHA Kapar aHBIKTaiMbI3. ¥ priakTa pereccuBTi Oeiri OOJFaHIbIKTaH, ara-
aAHAHBIH CKeyiHJe J¢ PEICCCUBTI TeH Oomnanbl. SIFHM, ara-aHa TeHOTHUI ObLIail OOJFaHIaFbICHL
PQXSX*Aabb x XY AaBb. An ypnakTs! aTa-aHacklHa Kapall aHBIKTaiMbI3. ¥ pIIak KamaHza Oip Tenmi
OKeCiHEeH, eKiHmIiciH memecineH anaabl. COHABIKTAH, OJapAblH FTeHOTUNTEp] Keeciaeh 6omaas P&

A B XSaB A s
&@E’QEZZ&“E;
bepinzeni: Hlewyi:
4 XS - rasmelk, X® — mammel | PAXSY A-B- 9X5 X A- bb
KaJIBIIITHL OCYi FAXY A-B; @XS X aaB-; & X* YA-bb
QXS — mramr, X® — ta3 PQXSXsAabb x XY AaBb.
A - Kapa Ke3iik F dXY AA(a)Bs; 9X5X%aa Bb, & XsYAA() bb.
a — KOK KO3JI1IK
B — onkaii

B — COJlaKail

PAXsY A-B- @XS XA- bb
FJAXsY A-B; @XS X aaB-; & X
Y A- bb

Taoy kepk:

['enorumnrepi - ?

Kayaosr:P QX5 Xs Aa bb IX°Y AaBb; F $X°Y AA(a)Bs; 9X® X*aa Bb, & X*YAA(a) bb.

74*. BepinreHin xxazambi3: XA - cay; Xa - 1ansToHu3M, B - Tanaccemus, B - cay.

g— oJIiM, g— JKEH1JT TaJlaCCEMHS.

P . XAX- Bs dX?YBB

Bonammakra emipre kenetin yiusie FEXAY BB (%)-cay GoMbIN TybUTy MyMKIHIINH Ta0y KEPEK.
Ecenrin memyiHne kemenik. bymaHmacTelpy cXemachlH KYpBbIN, YpITIarblHa Kapar ara-aHaChHBIH
TCHOTHITIH aHBIKTaiMbI3: P o XAX*BB X 3dX2Y BB

AHaJIBIK KbIHBICHI OOMBIHIIIA TOMOTAMETAIIBI, a1 TEHOTHIII - TUTETEPO3UrOTalbl, COHIBIKTaH 4
TYPJIi rTaMeTa, 9KECiHiH KBIHBICHI - TeTepOTaMeTallbl, COHABIKTaH 2 TYpii rameta oepeni. I[lenHeT TopeH
TONTBIPaMbI3. bapibiFel 8 yprak MBIKTH OHBIH 4 - Y1, 4 - Kbi3. LIIbIKKaH OapIblK ypriak illiHeH cay
VIUIBIH JYHHETE KeJlyl MyMKiHAITiH ecenrered kesne FJ &2-12,5%. AJ TeK yJIIapbIH FaHa 0eJiek

ecenrecek, oHaa - 25%. CoHbIMEH ecenTi NIBIFapbI OONIBIK, €H/II OPHEKTEYTe KOUIEIIK.

bepinzeni: Hlewyi:
XA - cay P o XAX®*BB x dX*Y BB
Xa - 1aJBTOHHU3M F 4 X2YBsB

B - Tamaccemus
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B - cay F
%— OJTIM; 3 X®B YB
B )
—- JKeHJI TanacceMus Q
P o XAX- Bs dX?YBB Y B
FJ3 X2YBs XAB - - XAYBgB
Taby Kepek: X6
F3XA YeB (%)-? A
(%) Xta )LAE XAY BB
X6 3710p.
X‘B
X*B —— XY B
— X6 s
X6
X2 —— XY
X°B e BB
8-100% x=100/8= 12,5 %
1-x; FSXAYBB12,5%
4 -100% x=100/4 =25%%
1-x F4 XAY BB

Kayaowr: 8-100% x=100/8=12,5 %
1-x; FSXAY BB12,5%

4 -100% x=100/4 = 25%¢

1-x F3 XAY BB

77* bepinrenin >ka3zambi3. Ecentin mapreiHaa runeprpuxo3 Y XpoMocoMachiHa TIPKECKEH JIe
xaspuwaH: YZ runeprpuxos3. Mxtros-Xt-xpoMocomameH TipkeckeH: XE-cay, X*uxruo3. bynanmacy
cb3bacen kazampis: PQ XEX- u IXB YZ Or6ackmaa nxtros 6enrinepi 6ap yiatyans FSX® YZ By
0ana THNEPTPHUXO3Fa YIIBIPANAbl, ©iTKeHl o1 Y XpomocoMachiMeH TipkeckeH. CoHpaii-ak, Oy
oT0ackIHAa €Ki aHOMAJMSACHI3 OajajapIblH TYbLUTy BIKTUMAJIIBIFBIH )KOHE OJIAP/BIH KBIHBICHI KaHIaii
OONaThIHBIH aHBIKTAY KEPEK.

bepinzeni: Hlewyi:
XB - cay PO XBX® x IXB Y2
XB - UXTHX03 FdXB Y*
PQ XBX - 3XB Y2 3 XB Y?
F3XB Y?
Taby Kepex: ?
FAX*YsB (%)-? XB WB XB YZ
XB
THIL.
cay|
X8 XB XB Y?
X6 [ uII. , uXT.
cay|
4-100 %
2-X
x=100/2=50%;
Foao= 25%92-25%

Kayaowi: 1) Jlynuere kenreH yJi0ajaa runepTpuxo3abH kepidy naitbizel 100%, ce6e6i o Oyt ay pyasl
Y — XpoMocoMa apKbUIbl OKECIHEH TYKbIM KyaJiall ajiabl.
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2) Ocwl orOackIHAa Ta3a cay OajdaHbIH AYHHUETE KeJTy MyMKIHAIT1 50% KoHe onap KbIHBICH! OOWBIHIIA
XB ~xB
TeK KaHa KbI3 6ananap. FQ 5 Q=
X6

Exinmi kp13 6ana ¢peHoTumni OoibIHIIA cay, allaiiia OHbIH T€HOTHITIH/Ie NXTHUO3]IBIH TeHI JKaChIPhIH TYpIe
CaKTasabl.

79*. Anamnapna "pesyc oH'" reHi "pesyc Tepic" reHiHe KarbIcThl 0achiM Oosapl. Rh (+) - pesyc
oH; Rh (-) - pe3yc Tepic. Anamaa KaH TOOBIHBIH TYKbIM KyaJiayblHa YIII reH skayan oepeni: 10 - |- kan
100BIHEIH TeHi; |A - ll-mi kan ToOsHBIH TeHi; IB - lll-u1i kan ToOBIHBIH reHi. AgaM TeHOTHUITIHIE
awtenbaepaid exi | A xone |B typinin 6omysr |V-mi kaH ToObHAa sKayamn 6epeni, 10 amneni | A xone 1B-
r'e KaThICTHI PEIICCCUBTI. AaMaapaarsl KaH TOOBIHBIH MYMKIH TeHOTUTITEP1:

1010 - I-mxi xaH TOOEL;

IAIO - Il-111 KaH TOOBI;

IAIA - Il-111 xaH TOOEL,

IBIO - Ill-m11 xalH TOOEL;

IBIB - I11-m11 xa" TOOBI;

IAIB - IV-11i kaH TOOBI.

Otien | KaH TOOBIMEH pe3yChI-OH KOHE dHMeNIiH pe3yc-0H aUleliHiH TOMO3UTOTaIbl eKEH/IIr
Oerim OoyraHabIKTaH, OHBIH reHotum kesecifei 6omagasr 1010Rh(+)Rh(+). IV kan To6sI 6ap pesyc-
Tepic ep agamia renorun kenecinen 0omaas: IAIBrh(-)rh(-)

byoanoacy cwizbacwi:
P: I0IORh(+)Rh(+) x [1AIBrh(-)rh(-)
I': IORh(+) IArh(-); IBrh(-)

Fi: IAIORh(+)rh(-) - 50%; IBIORh(+)rh(-) - 50%.

I'enorunTiy 2 Typi Oaikananel. ['eHorun OoiibiHIIA axbipay - 1: 1.
®eHOTHI:

IAIORh(+)rh(-) - Il kau To6siMen Rh oH - 50%;

IBIORh(+)rh(-) 1l kar ToObIMeH Rh oH - 50%.

®enorunTid 2 TYpi Oaiikanagel. @enorun OoiibiHIIA axbIpay -1: 1.

bepinceni: Hlewyi:
Rh (+) — pe3ycbI-oH P: I°I°Rh(+)Rh(+) x 1AIBrh(-)rh(-)
Rh (-) — pesyc Tepic. G: I°Rh(+) 12rh(-); IBrh(-)
P Q I°I°Rh(+)Rh(+) F: IAI°Rh(+)rh(-) pesyc — on , kan 10081 |1 - 50%;
4 IMBrh(-)rh(-) IBI°Rh(+)rh(-) pe3ycnr on, kau 10661 111 - 50%.
Taby kepex: I'enorun GoitpiHma axeipay — 1 : 1.
Oyn orOaceHmarel [V kaH TOOBI Oap
pe3yc-oH OanaHbIH TYBITY
BIKTHMaJI{bIFBI?
Kayaowr:

1) 6y orbacwkiaa kKauubiH || TOOBI Oap pe3yc-oH OananbiH xkoHe KaHHBIH |l ToOBI Oap pesyc-oH
0aNaHbIH TYBUTY I BIKTUMAIJIBUIBIFGI Oipaeli - 50%;;
2) ocer orbaceiHaa |V kan ToObI 6ap pe3yc-oH OanmaHbIH TybUTy BIKTUMaIABIFG 0,00% Kypaiiasl.

Baksliay cypakTapsl

1. XKeiHbICTIEH TipKECKEH Oenrinep Aen KaHaai Oenrinepai antaab?

2. Kpucc- xpocc Hemece KbIM- KHFalll TYKbIM Kyaliay JeTeH/Ii Kajiail Tycineci3?

3. T'oMo- koHE reTeporaMeTabl KbIHBICTAPIIBIH aHbIPMAIIBUILIKTAPBIH TYCIHIIPIHI3.

4. YKbIHBICTHI aHBIKTAYIBIH X POMOCOMAJIBIK TEOPHUSCHI MEH OalaHCTHIK TEOPHSCHIHA CHITATTaMA
OepiHi3.

5. AyTocomaisIK Oenriniep aemn KaHmai oenrinepai aiTaasi?
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V. TEHAEPIIH TIPKECYI ) KOHE KPOCCHUHI'OBEP

I'Menoenvoiy 3-wi 3aywl - OCNTIEpAIH TOYeNCi3 TYKbIM Kyajay 3aHbl - erep Oenrinmepai
HIBIFapaThIH FeHJIEp TOMOJIOTTHI €MEC XpOMOCOManapa OpHajacca FaHa jKy3ere acajpl. Tipuiiiikre
Oenrinep/iy meKci3 ken exeHi O6enrii, an XpoMocoMa caHbl mekreyn 0onanbl. COHIBIKTaH Aa Oip
XpoMocomajia GipHellie, KONTEeTeH r'eHep OpHAIACy bl MyMKiH. MyH1a# 6ip XpoMocomaia opHajiackaH
TeHJIep, MEHO03IaFbl X POMOCOMANAP/IBIH 9peKeTiHe caii, Oipre TYKpIM KyalnayFa THicTi. Erep renzep 6ip
XpOMOCOMa/Ia OpHajacca OHAA TipKecim TYKbIM Kyajaiasl. MyHnIail reHAepaiH TipKecim TYKbIM
Kyasaybl T.MopraHHBIH allIKaH 3aHIapPBIHBIH HETi31H KalaIbl.

Kypawmpiana renaepi 6ap roMoJorThl XpOMOCOMAJIAPABIH YKCAC YIeCKUIepi apKbUIbl aaMacy
yAepici XxpoMocoManapabH aliKkacybsl HEMece KpoccuHeosep et aranaibl. KpoccHHroBep TOMOIOTTHI
XpOMOCOMAaJIapaFbl TEHACPAIH JKaHA YViJleciMiH Kamramachid etemi.KpoccuHroBep KyOBUIBICH
nposodunana amrsiirad 6onareiH (Cypet 10).

Bn q B

e =
V gV !!

Hexpocosepu 83% Kpocosepu 17%
Cyper 10. Jlposogunanare! Tipkec Kpoccosepmi emec 83% e Kpoccosepmni 17%

Anaiiza reHaep YHeMi Tipkecneyi e MyMKiH. Merno3 Ke3eHIH 1€ TOMOJIOTHSIIBIK X POMOCOMaap
yKcac OesimiienepiMeH anMacalbl, HOTHKECIHAE KPOCCHUHTOBEp mpomeci xypeni. Kpoccunrosep
KOMOMHATHBTIK ©3TePrilITIKTiH K631 607611 Tabbu1aasl. bip XpoMocomaaa OpHaIACKII TIPKECIM TYKbIM
KyaJJalTBhIH TeHJEP, TipKecy TOOBIH Kypaabl. Kaumai nma OomMachkH TYP/iH TipKeCy TOOBIHBIH CaHBI
XPOMOCOMAJIAPIIBIH TallJIOUITHI (TaK) )KUBIHTBEFBIHA TCH 00JIa bl OP TeHHIH XPOMOCOMa/Ia ©3iHiH OPHBI
- IOKYCBI OO IbI.

T.Mopran reauep xpoMocomMaza 0ip i3/ OpHaIacapl, a1 KpOCCHUHTOBEP/iH KU ONap/IbIH apa
KaIlIBIKTBIFbIHA OaMIaHBICTHI €KEHIITIH aHbIKTaJbl. Erep renmep xpomocomasa Oip-OipiHe >KaKbIH
OpHajiacca KPOCCHHIOBEP CHPEK, aJl aJlbic OpHajacca xui eteni..KpoccunroBep Hemece aifkacypIH
NaibI3bl TEHACPAIH apa KAIIbIKTBIFBl MEH ONAPIBIH XPOMOCOMa/a ChI3BIK OoiibIHa OpHAJIACY bIHBIH
(byHKIHSICHI OOJIBINT €CeNTEeNeTIHIrH KopCceTe i, SFHU TeHAep apachIHAAFbl KPOCCCUHIOBEP KULIIT
XpOMOCOMAJIaFbl  OJApABl OOJII TYpaThlH apa KANIBIKTHIKKA Typa MPOTOPLHOHAIIBI KOHE OCHI
MOJIIMETTEPIIH HETI31HIe X POMO COMANAPIBIH 2eHEMUKAIbLIK KAPMAcbiH xKacayra Oomaabl. [ eHe THKaIbIK
Kapra fen 0ip Tipkecy ToObIHa O0oNaThIH THASPAIH OpHAaNacy cbi30axo0acklH aiftaasl. [ eHnepaiH apa
KaIlIBIKTBIFBI MOPTAHUIIICH OJIIeHenl. bip MopraHuake OeirinepaiH ajakTaybIHBIH Oip ManbI3bl
colikec kenesi.l eHeTHKaNBIK KapTaaa MIHISTTI TYpHe TIpKeCy TONTaphl, TCHACPAIH TOJIBIK HEMece
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KbICKapTBUFaH aTayliapbl, XpOMOCOMAaHBIH Oip JKaK IIEeTiHeH OacTaaTblH MOpPraHUAaMeH OeNriIeHeTiH
apa KambIKTHIK kepceTineni (Cyper 11).

AJnMacynbIH MeJIIIepi JkdHe TeHIepAiH XpoMocoMaaa Tiz0eKTeJlie OPHAJIACYBI

PexomOMHanmsiFa yisiparan qapadactapipl )KoHE ONApAbIH Kajllbl CAHBIH €CKEPE OTHIPHII,

KPOCCHHTOBEp (alKacy) JKHUINITIH MbIHA ()OPMYJIAMEH €CEITell bIFapyFa Oonambl:
Kpoccunrosep xwuiniri (%) % *100 2

My#nparer X- pekoMOMHALMsIFa YIIbIparad napadactap canbl;, Y-mapadacTapblH >Kallbl CaHbL
Meicansl, F; yphnarblHIA allbIHFAH IIBIOBIHIAPIBI TOMO3UTOTAIbl KOC PEIECCUBTLICPMEH KBHBIpa
OymaHIacThIpFaH/Ia MbIHAH/Ial HOTWKEJIEP aJIbIHFaH:

Ama-ananvig penommunmi:
Cyp neneuni, kanarsl Kasintsl (b vg™h) -965
Kapa neneni, kanartsl sxetinveres (bvg) -944

Pexombunammut penomunmi:

Kapa neneni, kanars! Kasintsl (bvgt) -206
Cyp nenerni, kanarsl xerinmveren (btvg) -185
Pexombunayus scuiniei: 206+185 *100=—=*100=17%
(965+944) +(206+185) 2300
\\:-"' L
e < e - T e SR =

L\‘

| net vein, | bent w
00 ﬁfﬂﬂgﬂf" 0. ;mms:m:mm&z ALrou ughota eyes | cu Mf“‘:‘ﬂy vens
R erne ™ 1,3 ¥ stareyes a2 T veinter yeins *° 1 Shaven pairs
L3 white eye. o0 ¥ por- . b groowlensmwm
30Facet eges ‘ out wings eyeless
%-g echinys eyes
13,7 T rrasasiness %g_"tzmpywmys
20 wings 59 T ciot eyes
P 13.2 T javelin bristles
0 T singea bristies
28,0‘_ | sepea eyes
207 T-lozenge eyes 265 hairy body
g}ﬂ vermilion eyes
i T miniature wngs
4,0} savre boay Z:’,zg.: _ﬂcrbaere bristies
G40 fﬂrﬂfg ﬂfﬁf "8,5 b’ﬂfk bod, ’ mp[et
5.0N: ppg cod b fesqgf\'m,,

. “Pﬂf‘ﬁ?ff eyes  sp0 | curded win
. ‘?I
Bristie short  sg2 Stubbie bristles
Bar eyes 30K light eyes  SBSMs less brisiies
ﬂé‘f-f?‘ﬂ };{gﬂﬂg y;s‘ﬁ cinnabar eyes S87T bitnorax body
bobbea hairs Pk scabrous eyes 3o ol iy
550  vestigial wings erta veins
g T Lode eyes g} %We:s Dristies

T curvea wings 737/
g3 %7 \eﬁmgb?%

1 1 rough eyes
00,5 T plexus wings 1007+ claret eyes
{'0 j? ] :_gm* b 1062~ Minute bristles

Cyper 11. [Ipo3oduia xpomMocoMaIapbIHbIH IeHETHKAIBIK KapTachl
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Ecenmep

80.* I'yamiH KyJTECiHIH TYCi €Ki YO TeHISPHiH ocep €Tyl apKpUIbl aHBIKTadaabl. Eki
JIOMUHAHTTHI T€H 0ipTe KhI3bUI TYCTI, pEIIECCHBTI TeHIEP - aK TYCT1 HIbIFapaabl. KbI3bii TycTi ipikreme
aK TycTiciMeH OyJaHJacCTHIPbUIFAH >OHE COHBIHAH TaJlaylibl OyJaHJacThIpy IKYPTi3iireH.
Harwmxecinge 2264 ak rynni, 1651 kp13but ryimi Oynannap naiina 6osnrad. ExiHini )karqanaa exi Ty pi
aK Tyl ipikremenep OymanmacTeipburaH. COHBIHAH Talaylibl OyaaHIacThIpy JKYPTi3TeH Ke3Je,
HOTWIKECIHe, 2274 aK rynai skoHe 1 62 KpI3bUI TYJIA1 ©ciMaikTep aibHabL. KpocCHHTOBEpIiH IaMackH
aHBIKTA.

81.* A, B xxone J] rernepi 0ip XxpoMocoMajia 0Chl TOPTITIIICH OpHANacKaH. A jxoHe B renepinin
apachIHIarkl alKacy (kpoccuHaroBep ) mmamackt 20%, B xone [ renaepiniy apacs - 10 %. ABJI rennepi
OOMBIHIIIA TOMO3UTOTAJIBI 0CO0b, aBI - OOHBIHIIIA TOMO3HUTOTANBI 0COOBIICH OyanackaH. Fi- 1e KaHnait
raMeTanap

. . AB80 +++ o
Ty3ineni? —— JKOHE ——— JIMHHUSAPbIHAH J nuHuMsICHIH Kanai amyra Oomanb?
as

BynanmacTeipy cXeMachlH Xka3.

82. a xone B reHepi 20 Oiprik KarbiHackIHA (Makb3eIHAA) || XpoMocomana, 11 koHe € TeHepi
V1 xpomocomana 40 Gipiik KaTbiHackIHAA opHanackaH. A,B,JI,E annemsaepi 00HBIHIIIA TOMO3UTOTAIIBI
0c00b, oChl reHaep OOMbIHIIA pelecCUBTICIMEH OyAaHAaCTHIPbUFAH.

OchI TeTpa3urora KaHiia Typii raMeTa koHe KaHJal KapbIM-KaTblHACTa TY3€TiHiH aHBIKTA.

83*. bosuran (D), 6yasipisi (S), kartel (W) sHmocrnepmi 6ap ecimaik 6osmmaran (d), Teric (S),
xymcak (W) sHIocmepMmi ociMaikneH OyqaHIacThpblUFad. AsbiHrad F; OymaHsl OosiiMaraH TeTic
KYMCaK dHI0CTIepMITi 0COOBIIEH ojlaH opi OyJaHAACTHIPHLIA b

¥prakka Tangay Ky prize OThIpbIIl, XpOMOCOMaHBIH KAPTACKIH kKaca KoHE MYH/IaFbl MY LIIEJIEPIiH
0ip-0ipiHEeH caJbICTHIPMAJIB OPHANIACYBIH KOPCET:

OosuraH, Oy IbIpIbL, KyMcak - 601,

OosIFaH, Teric, KarTol - 4,

OosimMaraH, Teric, xymcak - 2708,

OosimMaraH, Oy IbIPIIBI, KaTThi - 113,

OosiIMaraH, Teric, KarTel - 626,

OosuraH, OYIBIPIIBI, KaTThI - 2538,

OosuMaraH, OYIBIPIIBI, JKYMCaK -2,

OosinFaH, Teric, xymcak - 116.

84. Kp13aH eciMiriHiH cabarbIHBIH Y3bIH OOHIIBICHI epreXkeTicine, JOHreleK MIiHAICT aaMypT
TOpi3Ai minriare 6ackIMIBIK kopceTteni. CabakThIH OMIKTITI MEH KEMICTIH MIlIiHIH NTBIFapaThH TSHIEP
0ip-OipiHe TipkeckeH »xoHe 20 MOpraHuj KaIbIKTBIKTa OpHAlackaH. Exi Oenri OoiibHIIA
TeTEepPO3HUTOTANBI OCIMIIK €pPTeKei, alMypT MIIIiHI] KEeMICTI 6CIMIIKIEeH OyIaHIacTHPbUFaH. by
OynaHnacyiaH KaHaal HOTWXKE KyTyre 0omab?

85.Knmaccukanslk reMopmimms koHE MaJbTOHM3M X - XpPOMOCOMara TipKECKEH PelEeCCHBTI
Oenriziep peTiHae TYKbIM Kyanaiabl. ['eHaepaiH apa -KalbIKTBIFE 9,8 MOpTraHHUIKe TEH.

1. Okeci AanBTOHMK dpi TeMOUIMK, Oipak memieci Oy aypynap OOWBIHIIA Ta3a KaHYSIaH
IIBIKKAH KbI3 Cay JXKITiTKe TYpMbICKa mHibiFanbl. Ochl oTOAchiHIA JyHHEre KeJeTiH OananapibiH
(heHOTHUNTEPiH aHBIKTA.

2. lllemeci gansTOHMK, 9Keci reMo (DHUIHK KbI3 OCHI €Ki ay py OOMBIHIIIA ay BIPATHIH XKITiTKE Ky Heyre
mbIKKaH. Ochl 0TOACHIHIA €Ki aypyMeH /i€ aybIpaThiH OalaHbIH TYbUTY MaHbI3bIH aHBIKTA.

86. Anmampa pesyc-¢pakrop MEH IIUIMNTONMTO3MBIH TeHaepi Oip-OipiHeH yII MopraHW[
KaIIBIKTBIKTa Oip Xpomocomana opHajackaH. OH - Pe3yCThIK JKOHE IJUIMNTOIMTO3 JOMUHAHTTHI
TeHJICPMEH aHBIKTaNaabl. TYHI1 COKBIPIBIKIICH TaJBTOHU3MHIH reHuepi 0ip-6ipinen 50 mMopranun
KaIlIBIKTBIKTa X-XpoMocoMaaa opHanackaH. Exi Oenri 1e peneccuBTi TYKbIM Kyallailibl.

1. Ara - TekTepiHae KPOCCHUHIOBep OaiiKaimaraH, yiI Oeiri OO#bIHIIa TeTepO3uroTabl diied,
JAJBTOHUK 91 TYHI1 COKBIPJIBIKIICH aybIPaThIH EPKEKKe KyHeyre mbIKKaH. Ep agam eki ayTocomip
penieccuBTi TeHaep OoiibiHma ToMo3uroransl. Ocbl oTOachiHIA JAYHHEre KeJeTiH Oasajappiy
(GeHOTUNTEpIH aHBIKTA.

2. OH - pe3yCThl, 3pUTPOLUTIEPI KAJBINTHL, KO3i cay dleN Tepic - pe3yCThl, JIUTUITOIMTO3 JKOHe
TYHT1 COKBIPJIBIKIICH aybIPaThliH €p aJaMFa TYPMBICKA IIBIKKAH. OWEIJIiH 9Keci Tepic - pe3ycThl api
JIaNIETOHUK, aJT IENIECI TYCTI IYPBIC AKbIPATKAHBIMEH TYHI'l COKBIPIIBIKIICH ay bIpFaH. Ep aiaMHbIH okeci
SIUTMITOIUTO3/IaH, MIEMeci TYHI1 COKBIPIIBIKTaH 3ap/an ekkeH. OChl 0TOACHIH/IA TEK TEPiC - Pe3yCThl,
araiFaH aypyrapaaH cay OajajapIblH oMipre KeJly MYMKIHJIITiH aHBIKTA.
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3. Bapeik Oenrisiepi OOMBIHIIA FETEPO3UTOTAIBI dHEIT KOFaphIa alThIIFaH Oenriiep 6obIHIIA
cay Tepic - pe3yCThl EPKEKIICH 0Tay KYpFaH. OUENIIH 9KeCi Tepic pe3yCThl, AIUIUIITOIUTO30SH JKOHE
TYHT1 COKBIPIIBIKIICH aybIPFaH, alaijia TYCTi NyphIC axkpipara OinreH. Ocbl 0TOaChIH/A TYHHETE KEeNeTiH
Oananapnby GEHOTUIITEPIH AHBIKTA.

87. OciMuikTiH OosiuFaH Ty 005y ChI3bIHA, XKACKII TYC1 CAPbI TYCTLUIIriHE 0aChIMIBIK KOPCETEIi.
Exi reTepo3uroraisl eciMIiK perecCcuBTI TOMO3UTOTaIIBI JopMaMeH OyIaHac TRIPBLUIBII, HOTHIKECIHIE
MbIHAJIail ypIIaK ajbIH/IbL:

I'ynmig Tyci OciMIIKTIH TyCi 1 - ecimaix 2 - ociMIIK
Bostmran Kacein 88 23
Bosiran Capsl 12 170
Bostycniz JKacpun 8 190
bostycriz Capmr 92 17

I'eTeposuroraisl eki ©CIMAIKTEpAiH TeHOTHIITEP1 KaHaai? KpoccrHToBepIiH MaMachliH aHbIKTa.
Erep op eciMmikTi e311irineH To3aHaaHALIpCa JXoHE Oip-0OipiMeH e3apa OymaHaacTeIpca KaH1au ypriak
IIBIFagbI?

88. [posodwunanbiH Tamgaynisl OylaHIAacTHIPYBIHBIH HOTHXeNepi kenrtipinred. ['enmepmiH
opHanacy peTiH, oNapAblH apachblHAarbl KAIBIKTHIKTHI, COHJANH-aK TeTepO3UroTAIbl aTa-aHaHbBIH
TCHOTHUIIIH aHBIKTAHBI3.

ec cvtet —2125 ectcv et — 223
ectcotct — 265 ectcv ot — 2207
eccoct — 3 eccotett™ — 217
ec coct™ — 273 ectewtett* — 5

Tl'ennpik Oenriyiep: ec” - KalbIITHI K63 KbIpiaphl (haceTKu), ec - YIKSH XoHE JepeKi; CV' -
KaHaTTaFrbl KOJICHEH KOJaKTap, CV - )KOJIaKTaphbl )KOK; Ct* - KaJIbINThl KaHAaTTap, Ct — KaHaTTapIars!
KUBIHIBLIAp.

89*. Jlpo3oduiiaHbIH aHAJBIFRl YII My Tallist OOMBIHIIIA TeTEPO3UTOTaNIBL: Oapasl ke3aep (Bar),
mrana kaHarrap (miniature) sxone kapa aese (€bony). Bar qoMuHaHTTBI My Ta1Hs 0 0JIbI TaObUIAIBL Byt
AHAJIBIKTBI KAJIBIITHI KO3/IePi, MUHHATIOPAIBIK (I1aj1a) KaHATTaphl )KOHE Kapa JIeHeCi Oap arasbIKIeH
MIAFBUTLICTHIP/ABL. [IIaFBIIBICTRIPY HOTHIKENIEP] TOMEH/IC KOPCETINITCH:

* 111 miniature

* 29 xabaiibl TYpi

* 117 Bar

* 26 Bar, miniature

« 101 Bar, ebony

« 31 Bar, miniature, ebony

« 35 ebony

* 115 miniature, ebony

HlarpmbIcTBIpy HOTHKENEPIH Tannanb3. OChkl TeHAEpIl KapTara TYCipiml, TipKeCKeH IeHaep
apachIHAaFbl KAIIBIKTHIKTHI aHBIKTaHBI3.

90* JKeIHBICKA TIpKECKEH Oec pereccuBTi Apo3oduia reHi (ec, SC, V, CV xoHe Ct) colikecinme
sxuHyc (echinus),ckyremtym (scute),kunoBap (vermilion), kaHarTapmarbl KeJICHEH  Tapamuaap
(crossveinless) sxone aiipbIK (Cut) mem aranareiH Oenrigepai Tyabipaabl. DxuHyc(echinus), - yikeH
KBIpIIBI K631 mepeki myrant. CkyTeaayMm (SCUte) meHeHiH jkeke aiiMaKTapbIHAA KbLIIIBIKTAP/IBIH
OonMaysIMEH HeEMeCe a3arobIMeH Kopineni. Bepmumon (Vermilion) - ke3miH aIbIK CaprBIII-KbI3BLI TYCL
Kennmenen tapammap (Crossveinless) xamarrapblHmarsl TipeK KYPBUIBIMIAPLIHBIH JaMybIHA JKOJ
oepmeiiai. AfipbikTap (Cut) meHeHiH 6acka OeKTepiH/Ie OpTY P (MIICHOTPONTHI) dcepiepi 6ap KbIpbI
JKOHE YIIKIp KAHATTAPABIH TY31LTyiHE aJbI KEeJei.

Toxipubenepimizmiy OackiHga 013 TeHAEpmiH OpHamacy peTiH Oinvenik. Kemeci ymm
AKCTICPUMEHTTIH HOTWKeJIepi OOUBIHIIA X XPOMOCOMACHIHBIH OCHI YACCKECIHIH MCHETHKAIIBIK KapTaChIH
’KacaHbpI3. MYMKIHJIITIHIIIE OpTallla ©JIIIeHIeH MOHIePAi KOJIaHbIHBI3,
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Drcnepumenm 1. Scute, crossveinless epkex qapanapmes Oyganmackan echinus ananskTapsl Fy-
Je OapibIFel Ma >xa0ailbl THIITET] aHANBLIKTApALI XKOHe OapieIrsl ga echinus aransikrapas! oepmi. F
aHaJBIKTapBIMEH TaJ1ay Ikl OyaHAACTBIPY JKYPTi3TeH Ke3/1e TOMEH/ICTiIel HOTHXenep (OHBIH iIIiH/e
arablK Ta, aHAJBIK Ta JKbIHBICTHI YPIAKTap 0ap) aJbIHIbL:

810 echinus

89 scute

828 scute, crossveinless

62 echinus, scute

88 crossveinless

103 echinus, crossveinless

Okenepumenm 2. Echinus, cut aramsikrap crossveinless anansikrapmen Oynanmacka, Fi-meri
YPIaKTBIH arajbIKTapsl - CroSsveinless, an 6apibiK aHaIbIKTaphl - jka0aiibl TUITETT OOJIBII MIBIKTHL.. Fy
aHaJBIKTapBIMEH TalIay bl OyIaHIaCThIPY XKYPTi3reHae, TOMeHIeri el HoTKenep (OHBIH imiHae
aTayblK Ta, aHAJIBIK Ta JKBIHBICTHI ypHakTap 6ap) oepii:

2207 crossveinless

223 crossveinless, cut

2125 echinus, cut

217 echinus

273 echinus, crossveinless

5 wild type

265 cut

3 echinus, crossveinless, cut

Oxcnepumenm 3. Cut anagsikTapab Vermilion, crossveinless araapikrapMeH arbUIBIC TRIPFAH/IA,
F, —nme cut epkekrep MeH OapibIFblda jkaOakbl TUOTEr aHAJBIKTapaAbl Oepai. F; aHaIbIKTapbIMEH
TalIay sl OyoaHgac TEIPY XKy Pri3reH Ke3/1e TOMEH IETinel HoTwke e p (OHBIH il H/E aTallbIK Ta, aHAJBIK
Ta KBIHBICTBI YpIaKTap 0ap) ajbIH/IbI:

766 vermilion, crossveinless

73 vermilion

759 cut

85 crossveinless, cut

140 vermilion, cut

2 wild type

158 crossveinless

2 vermilion, crossveinless, cut

91* KpI3aHaKThIH KeJIeci Kyl Oesriiepi oenri: skemici noHrenek (O) xone kanmak (0), TyKri
(P) sxoHe TYKCI3 (p), Tysaepi xajikel (S) ®oHE T'YJI LIOFBIPBIHA XUHAIFaH (S). bapibIK yiI reH exiHmi
XpoMocoMaia opHanackaH. Tannay sl Oy1aHIaCc THIPYABIH HOTHKEJIEPiHE CYHEHE OTHIPHIT, TSHICPIIH
OopHaNacy peTiH, oJlapAbIH apachHIarbl KANTBIKTHIKTHI )KOHE 0acTarKbl TOMO3UTOTATBI © CIMIIKTEPIIH
TeHOTUNTEPiH aHBIKTAHBI3AAD.

OPS — 73 oPS-110
OPs — 348 oPs — 2

OpS—2 opS - 306

Ops — 96 ops — 63

Ecenmepoi wivizapy s conoapul

80*. AnnpiveH OepinreHin ska3zambi3. [‘enmepain acep etyi 6epinren: AB - KbI3bLI, aB- ak. ATa-
AHACBIH JXOHC YpIIaKTapAbl KGpC@TCMBZ

1) PQ 3% F2264 ax, 1651 AB, 2) PQ 4“2 F,2274 ax, 162 AB
KpoccuHrosepiy mamMachlH aHbIKTay Kepek. Ecenti mibiFapyra Kemiemis. BymaHmacteipy

AB as AB . . .
CXEMaChIH ka3amsbi3: PY A—Bg? —. Anbiarad F;— kp13sut TycTi. Tanmay s Oynanac tIpy Ky prizemis. P9
ae as
AB ae

—Xo—. AHanblk 0co0b 4 TYpIi, aranbiFel 0ip Typn rameTa Oepeni. [leHHET TOPBIH TONTHIPaAMBI.
a ae

TopnpH imiHAeTi KpI3bUT TYCTiCi - 1651, ak rynmici - 2264. KpoccoBepr rameranapaad OIbIKKaH
KpPOCCOBEpII aK I'yJii ©CIMAIKTIH CaHbIH Taly Y1LiH, F, - marsl axkpipayra cylieHemi3. MyHIarsl axxbIpay
1:1:1:1 exenairi 6enrim. [TeHHET TOpBIHAAFB KPOCCOBEPI €MEC KbI3bLI TYJIH caHbl - 1651 ,
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KpPOCCOBEpIIi eMec aK TYJIIH CaHbIHA TeH 00Ja Ibl, SFHH aK TYJIuIepaid canbl 1a 1651 exen. bapibik
aK TYJIUIepAiH caHbIHaH - 2264 -TeH 1651-ai merepcek, KpoccoBepii ak TyIiIepaiH canbl - 613
IIBIFAIBL.

KpoccunrosepainamacsiH MbiHa (popMynameH anbIKTaiivbIz: K %=a/A x 100%. A - Tangayiist
OynaHaacThIpYABIH OapiIblK YPIIAFbIHBIH CaHbl, a - KpoccoBepii ocoobTap canbl. K% =613 / 3915 x
100% = 15%.

Enni exinmii Genimine kememis: PQ j—:X Sz—iFlj—;KLBHn tycTi. Tannayuisl Oynasmacteipy PY
As
Ex
OOJFaHIBIKTAHIIBIKKAH 162 KBI3BUITYJIII1 © CIMAIKTEP KPOCCOBEPITi Oomaanl. An2274 ak ryJmis inmiHaeri
KpoccoBepIticiH Taly yIriH, kpoccoBepii ocoObrapnbia canbl (F, 1 :1 : 1: 1) e3apa TeH OoNaTbIHBI
TypaJjbl epekere cyrheHemis. SIFHU, KpOCCOBEPI aK TYJIiH caHbl 1a 162 6omanbl. KpoccuHroBepniH
mamachkiH anbIkTaimbis: K =324 /2436 x 100 % ~13%.

Enni ecenti epHEKTEyTE KOIIEIIK:

ae .« . o .
J—xyprisin, ansiaran Oyganra Taujuay xacaiMeis. F, - na kpoccoseprti rameranap AB xoue aB
aes

bepinzeni: Llewyi:
AB — xp13B11 48 as
a?— aK 1) PQ AB X 6\616.
- G AB asB

AB
1”’9@32—:

AB
F1 — KpI3BLI
F, 2264 ak, 1651 AB, as

2) PO s 6@ Tannaymsl OyqaHIacThIpy XKyprizemis PQ% xd Z—:
Ase~ aB Fb

Fb 2274 ak, 1 62 AB KI;ISBIJI — 1651

Taby Kepex: Kpoccosepri ak — 613

K% - ?

Bapnbik ak - 2264
Kpoccogeprmi emec ak - 1651
K=a/Ax 100%

a=2264-1651=613 A =3915

K% =613/3915 x 100% = 15%.
2) Enni exinmii 6eiMre KeIemis:

As aB
PQ RS 3 s
G AsaB

As

FlEg KBI3bUI
Tangayuisl OymaHaacTeIpy Kyprizemis

As as
Pg B 3 P
B F, — xpoccorepmi rameranap — AB 1 aB, ajbIHFaH KbI3BUI
TycTi 162 ociMAIKTIH KpoccoBepi Oonabl.
Kpoccunrosepiy mamachiH aHbIKTaMBI3:
a=162+162=324
A =2274+162=2436
K=324/2436 x 100 %~13%
K=324/2436 x 100 % =13%.

Kayaonr: |. K% = 15% I1. K% = 13%

81*.

bepinzeni: Hlewyi:
ABJl |, poidgaw
AB-20% BJ - 10% ABT” aed
| p QaBf qae G ABJl  aBn
' ABI~ aed Fl/ﬂl

aso ht aeo
1. P QZ)$+++
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Taoy xepex: F, G 68%

Fi ramers - ? %Z KPOCCOBEPII eMeC
Q Kpoccosepni: 20% 10% 2%
F, as+ as+ - ? A0 aBIl ABo as/l AsJ] aBo

10 10 5 5 1 1
K;=K; xK;/100%=20x 10/ 100% = 2% (xoc kabar
KPOCCHUHTOBED)

manb3bl - K% = 100% - 32% = 68%
FH+ 4+ 4+

. PQ%@? +P§2$ X & aw Kpoccosepm

rameTranap

34% 5% 10% 1%
G aBg ++H+

G ara -ana +H++aBat+et

+++

Fiaso 34% 10% 5% 1%

aBJ a ++ aB+ atn

. a .
ke3ne, Fr-neri  as+ ag+ 5 A/IaThIH yJieci 0,25% (aB +(5%)

xaB+(5%)5 X 5 / 100% = 0,25%)

ABITaeo Aso aBId ABo as/[As/{aBo
Wayaowr: |, F, 28 dc0de0aBlAB e Aol abe
34 3410 10 5 5 1 1

ILF, as+ ae+§ 0.25%

83*. AnnpiveH Oepinrenin sxazambis: D - 6osumran, d - 6osiiMaraH; S — Oy abIpIeL, S - Teric; W -

DSW _dsw dsw
KarThl, W - )KYMCaK. Pgm 8E; P? Flc?a

= DSw DsW dsw dSW dsW DSW dSw Dsw
®601’ 4 ’2708° 113 ’ 626 2538’ 2 116

XpOMOCOMaHI)IH KapTacCbIH KYPHBbIII, reHnepz[iH apa-KallbIKTBIFbIH KOPCCTY KCPCK.

. o DSW _dsw DSwW DSwW dsw
lemyine keneiik: P9— J— F;=— PQ—=x d—
S dsw dsw dsw dsw

DSw DsW dsw dSW dsW DSW dSw Dsw

lameramap —,—,—,—,—,———, —
601 " 4 ’'2708" 113’ 626 '2538' 2 116

XpOoMOCOMaHBIH KapTachlH KYpy YIIiH, KPOCCHHTOBEP/IiH MaibI3bIH aHBIKTAYBIMBI3 KaxKeT. O
yirie MeiHa Gopmyansl Konganame3. K% =a / A x 100% . A — F, - H »xanms! cadsl 6708-re TeH.
Anneiven D MeH S reHnmepiHiH apachIHIaFbl KPOCCHHTOBEP MaibI3bIH TaOybIMBI3 Kepek. O yiriH
kpoccoepii rameranapabiH(DsW, dSw,dSW, Dswcannapsin 6ip-0ipine KocambI3:

a = 4+2+113+116 = 235. Enmi S xoHe W TreHIEpiHIH apachIHAAFbl aWKaCybl
(DSw, DSw,dsW,dSw) aHBIKTalMBbI3:

a=601+626+4+2=1233. D MeH S apacbIHbIH KPOCCHUHTOBEp MaibI3bH TabambI3: K% = 235/
6708 x 100% ~ 3,5%. S nen W rennepinig apacel: K% = 1233 /6708 x 100% =~ 18,3 %.

Exi meTki reHnepnin apa-KallbIKTBIFBI KOPIIIEC YII TeHHIH apa- KalIbBIKTHIFBIH Oip-OipiHe
KOCKaHFra TeH, sirau D Men W rennepinin apa- KambIKTeIFsI 3,5% + 18,3% = 21,8%- ke TeH. MyHsI
Obutaii  momenmmey kepek: D men W reHmepiHiH apachiHOArel KPOCCOBEPII TaMeTayap
DSw, dSW,dsW,Dsw.

a=601+113 +626 +116 = 1456

DW K% = 1456 /6708 x 100% =21,7%.

DW rennepinin apa KambKTbIFBI 2 1,8 %-Ke TeH 00Ty bl KepeK, aaiifa ToxipuOeHiH HOTHKECl TeK
kaHa 21,7% kepcetin Typ, siruu 0,1% xerneiiai. Ce6e6di, 1apa KpOCCUHIOBEPMEH Karap, Oip Me3riie
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KOC Kabar KpoccwHroBep jae >kypreH. Enai oHpIH mamachklH TaOybsIMeI3 Kepek. Koc kabar

. DswW as
KPOCCUHTOBEP/IIH TaMeTallapsl T)KQHCTW; K% =K; x K; / 100%

K,=3.5x 18.3/100% = 0.64

IIpakTrkama mbIKKaH KOC Kabar KpoccuHroBepiH naiibizel — 0. 1. Kountuaenms ko urenti
C= npakT. HOTUXKECI/TeOP.KYTICKE KaThIHACHI.

C=0.1/0.64~0.15. C <1, srau unrepdepennus - oH. Murepdepenuusubin nmamacoix (1)
MbIHa (popMyna OOMbIHIITA aHBIKTANABI (3):

I=1-C 3)

DW K% =21,7% + 0,1% =21,8%.

ConbiveH, DW apa KamIbIKTBIFBIH Taly VIIiH, J1lapa KoHE KOC Kabar KpOCCHHTOBEpJIEPHiH
mamanapbi 0ip-0ipiHe Kocy Kepek.

XpOMOCOMaHbIH KapTachlH ChI3Y YILiH, TOPU30HTAIb OAFBITTA TiKE CHI3BIK CBI3bLIAJIBI 13, OHIA
TeHJIEp/IIH OpHAIACY peTi Oenrini Oip TopTinmeH xa3buiaabl. AFHu, exi meTtine D sxone W rennepi, an S
reHi D renine ®axkpIHBIpaK, 3,5 mMaibl3 KAIIBIKTHIFBIHA OpHAacaabl. EcenTiy cyparbiHa xkayar oepin
OONIBIK, CHJII O©PHEKTEYTE KOIIEMi3.

bepinzeni:
D—0osran
d - Gosmaran

Hlewyi:

DSW dsw
P osw X Casm

I'amera ISW dsw
S - Oy ABIpIBI A
S - Teric DSW
W- KkarTsl ew
W - J)KyMcak
DSW dsw
pORSW y gdsw
DSW _,dsw,, dsw dsw
POt gdow
DSW ™ dsw
F DSw DsW dsw dSW dsw
b _I _F _I _F -
dsw 601 " 4 ’2708’ 113’ 626
PQFL d—
dsw

DSW dSw Dsw
DSw DsW dsw dSW dsw

F,—,—, —,— , — 2538° 2 116

DS K% =235/6708 x 100% ~ 3.5%

SW K% =1233/6708 x 100% = 18.3%

DW K% = 1456/6708 x 100% =21.7%

K, = K; x Ki/100% (TeopHsbIK KyTic)

K,=3.5x 18.3/100% =0.64

[Ipaktukama meikkaH naiez — 0.1. Kownrnuaenmus
ko3¢ ¢unenti C=npaxt. HoTmwxeci/Teop. kytic/100%
C=0.1/0.64 =0.15 C<1, sruu unTephepeHIU - OH.
DW K% =21.7% + 0.1% = 21.8%

DSW dSw Dsw
2538° 2 116

Taoy kepek:
XpomocoMa Kaprachl - ?

D 35% S 18,3% w

21,8%
Kaya6pr: D — 3,5%-S-183%-W, D -21,8%-W.

85*. bepinreHiH xa3ambI3. [eHIepAIKoCepETYi )KOHE KPOCCUHTORED MalbBbl Oepiarel: XA - cay,
Xa - reMmopummst, XB - cay, XB -TaJIETOHU3M; 2 MEH B-HBIH apa&ﬁmafm K%=9,8%. Kp131b1H ara-

aHaCbIH IIaTaCTbIpMay YIHIH JKaKlIara aJibIll KaTapbIHA Ka3aMbI3.

X XAB X XAes
1. P9T (P9 & XAB ) POXAB. 2. P9 (PO-2 JXAB) PJXan

Bipiami  xargaliza  ayHmere  KeneTiH — OamamapiabiH  (peHOTHNH,  eKiHIIiCiHAE

0 Xas o
F/OQX—)C Xaeé aypyMeH Jie ayblparTbliH OalaHbIH NaHbI3bIH aHBIKTAY KEPEK.
as

Ecenri meirapyra kememnik. AnnbiMeH | )KynTarsl oTay KyparblH 9iiel1iH TeHOTHITIH OHBIH dKe-
IIeIIeciHe Kapar aHBIKTalMBbI3, SIFHU KBI3JbIH TEHOTHIII -

XAB
PQ —— - nurereposuroraisl. ByaaHaacTepy cXeMachIH XKa3blll, IEHHET TOPBIH TONTHIPaMBbI3. |.

XAB Xas
P 9 X_ x XAB
as T
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ITenHeT TOpBIHA TaNIAY JKacaraH Ke3/Ie KpOCCHHTOBEp Maitbi3biH (9,8%) eki KpoccoBepiti AB xKoHe
aB rameranapra 4,9% -TeH Genyimi3 Kepek. Op TOPAbIH Naiibi3biH aHbkTay yiriH 100 maib3asr
aHaJILIFBIHA - 45,1 % Kpoccopepiti eMec, 4,9% KpoccoBepIti raMeTalap/plH op KalChIChIHA XKa3aMbI3. Al
aTaJbIFBIHA KPOCCHHTOBEP KXY PMETEH, COHJILIKTaH op raMeTara S0 maiibl3/iaH xa3biiaibl. by HekeneHn
JyHHere KeJeTiH KbI3 6ananappia 69pi 100% - cay, an ynnapbHby - 72,55% - cay, 2,45% - nabTOHUK,
2,45% - remopmiHk xoHe 22,55% - 1adbTOHUK 9pi reMOo (UMK OOJBIM IIBIKTHI.

Enni ecentin ekiHIIi OeJMiH IIbFapaMbl3. OWEIIIH TeHOTUIIIH OHBIH OKe- IICIIeCiHe Kapar

. XA . . .
aHBIKTalMbI3: P9 X—;. XKiriTTiH reHoTuni Oepinrexn PIXAB
a
Exi aypy™meH nte aybpIipFaH KbI3 OCH YJIIBIH ©MipTe KeJly TalbI3bIH aHBIKTay KepeK. byaanmactepy
X4
CXeMachlH Kypambiz: P Q X—;xP 3XAB
a

[TeHHET TOPBIH TONTHIPHII, AJBIHFAHYPITAKKA TaJIay XKy prizeMi3. OMipre KeJIeTiH KbI3 OCH YIIIbIH
2,45% nansToHUK 9pi reoMo Gk 60sbin mbFagsl. (4,9 x 50/100% =2,45%) Ecentiy cypakrapbHa
xayar Oepir OOMJIBIK, €H/Il OPHEKTEYTEe KOIIeMi3.

bepinzeni:

XA — cay; X* — remoduims
XB — cay; XP — najsToHH3M
aBK% =9, 8%

1. PQ (PQ

Hlewyi:
XAB

ngab X 3XABY

F 100% - cay; 72,55% — cay, 2,45% — nansTOHUK,
2,45% — remopummk, 22,55%-1anbTOHUK KOHE
remMo K.

gxm Y) PEXA8Y

Ab
2. PO (PR3 OX® Y) PAX®Y
2. PQ—x x 3X®=Y

XaB

Taoy kepek:

1. F%-?2. F% 9 F — 2.45% remodummk xxoHe JalbTOHHK

6\Xab Y-?2

Kayaowr: 1. F — 100% - cay. F 72,55% - cay; 2,45% - nansronuk; 2,45% - remodunmk; 22,55% -
JalIETOHUK %oHe reMopmmk. 2. F — 2.45% - nansToHUK %oHE TeMOpUITHK.

89* By ecenTi mienikeH ke3nue ciz Apo30¢uia XpoOMOCOMANAPBIHBIH KapTachlH MaipanaHa
arnacei3 (cypet 11) Hemece Tanmayiibl Oy1aHIac ThIPY/IbIH HOTHXKEIIEPIH CYieHyiHi3re Oonasasl. Ebony
I1l-mri xpomocomaza (;moxycer 70.7), bar (57 0) >xone miniature (36.1) I-xpomocomaga opHaackaH, Oy
OymaHaacThIpy HOTHXKENIEpIHEH e Kopineni. Bar men miniature apachiHIaFbl KAIIBIKTHIKTBI aHBIKTAY
kepek: (57 +64)/ (226 +218 +57 +64) * 100 = 121/565 * 100 =21.4%

Kayaowr: 111 xpomocoma - Ebony

| xpomocoma Bar 214 miniature

90*. 1-wi sxcnepumenm OOMBIHIIA OCHI €CETTI TAIAANBIK,

Bepinresi: Mlenyi:
€C — DXUHYC ; ecsc+cv+ y ec+sccv
SC - KBUIIIBIKCBI3IBIK, ecsct cut _
CV — KeJIIeHEH TapaMaap
ecsc+cv+  ectsvev Gecscrcvt ectsccv
S’) J
ec sc+ cv+
F, ¢ »xabaiibl THII ;9XHUHYC Lo eCSCiF . m-
810 ec sc* cv* T eckscev’ © _
yKaOaibI 3XUHYC

828 ec* sc cv
88 ec* sc* cv
89 ec* sc cv*

€C JKoHC SC apachbIHAarbl apa-KallbIKTBIKTbI aHBIKTaWMBI3
62+88 150

0/ — _ _

62 ec sc cv* K% 810+828+88+89+62+103 *100 = o 100 =76 M

103 ec sc* cv

Tady Kepek: SC KOHE CV apachIHIarbl apa-KaIIBIKTBIKTH Ta0aMBbI3:

TeH/lep/IiH apa KAINBIKTHIFBL | K % = — ot 103t02489 |, 450 = ﬁ «100 = 17,3 M
810+828+88+89+62+103 198

(K%)?
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Kayaowr:

€C JKoHE CV apachIHAaFbl apa-KallbIKTBIKTHl aHBIKTaWMBI3;

Ko 89+103 £100 = —2 %100 =97 M

B 810+828+88+89+62+103 1980

Enai maprThel XpoMocoMaiarsl reHAepAiH OpHAACy bIH
KepceTeHik:

sc 7,6 ec 9,7 cv

° ® °
- J
NG

17,3

Okcnepument 1: sc (7.6) ec (9.7) cv

Okcnepument 2: ec (10.3) cv (8.4) ct

OkcnepumenT 3: cv (8.2) ct (15.2) v

I'enerukansik kapra: SC (7.6) ec (10.1) cv (8.3) ct (15.2) v

91*
bepinzeni:
O — xeMmici JOHTeleK
0 — >KeMiCl JKaJmaK
P — Tykri
p — TYKCi3
S — rynaepi kankpl
S — T'YJI IOFBIPHI

F, OPS-73
OPs — 348
OpS -2
Ops - 96
oPS - 110
oPs -2
opS — 306
ops — 63

Taoy kepex:

TeHJIeP/IIH OpHaJacy peTiH,
OJIap/IbIH apachIHAFbI
KanrbIKTHIKTHI (K%), ara- ana
reHotunTepi?

Hlewyi:

Tanceipmaa Tamgay sl Oy1aHIaCcTHIPY Ty paJibl Al THUTFaH/IBIKTaH,
ara-aHaJapAbH Oipi PEIECCUBTI TOMO3WUTOTANBI JKOHE OHBIH
TeHOTHII KeJiecifiel OOombIn TabbuIa bl %;

l'engepnin apa- KaIIBIKTBIFBI ~ KPOCCHUHTOBEPAIH KHUUITiMEH
AHBIKTAJIATBIHABIKTAH, OYII MbIHA (hOopMynamMeH epHekTenesi: K =
%* 100% , rae a — YUCIIO KPOCCOBEPII TapanapiblH CaHbl, A —

JapajapblH >KaJIlbl CaHbl
lennepnin apa-KanIbIKTHIFBIH aHBIKTAHMBI3!

1)L a=2496+110+2=210; K = 22 x 100 = 21%
op 1000

2) B 4 =73496+110+63=342; K = 22 x 100 = 34,2%
pS 1000

3) S a4 =7342+2+63=140; K =2 4 100 = 14%
oS 1000

Ocpinaiinia, XpoMocoMaIaFel TeHIEP KeJleci pEeTIIeH OpHAaIaca bl
R-O-S, 6ipak R oHe S reHaepiHiH apachbIHAAFbl TCOPHSIBIK
KalbIKTHIK 2 1 %+14%=35% xypaiiasl, 6ya 34,2% npakTUKaIbIK
KaIlIBIKTBIKKA ColiKec kenmeiiti. by PkoHe STenep apachiHaars!
KOC KpPOCCHHIOBEp XypreHje MyMKiH. EHAai koc kabar
KPOCCHHTOBEp/ICH Nakiaa OoriraH raMeranapabiH kuimirin P-O
xoHe O- S apaceIHZarbl 1apa KpOCCHHTOBEpiepai KeOeuTy

APKbIIbI aHBIKTAY KaXCT:
_ KpoXKos . _ 14x21

27 100% 27 100%
Ka0aT KPOCCHHTOBEP/IiH IIaMacChI.
[Ipakrukansik kpoccunrosep: K, = 35% - 34,2% = 0,8%
ConbimeH, P xone S = 34,2%+0,8%=35% rennep apachiHnarsI
apa-KambIKTBIK
XpomocoMaarel TeHICPATHOPHANACY PETI TOMEHJICTIZIH OOIbI
Oeitneneneni:

= 2,94% - ByJ1 TeopHsUIBIK KY TiCTeri Koc

P 21 O 14 S

N J
59"




35

Ara-aHa reHoTHOTEDPL: ¢ s 3 p—
Kayaow: 1) Tennepnin opHanacy petin: POS.
2) 'ennepnin apaceinaarsl KaWbIKTHIK: (PO) =21, (OS) = 14, (PS) = 35.

. POs oS
3) Ara-ana TCHOTHUIITECPI: PQ :S JKOHEC 8 p_—g
po po

Baksliay cypakTapsl

1 I'enpepnin TipKecyi koHE KPOCCHHTOBED JETeHIMI3 KaHaail KyOsubicTap?
2.KpoccunroBepiH OMOIOTHSIIBIK MaHBI3BI Here?
3.KpoccuHroBep caHbHA JKOHE canachkiHa OAMIaHBICTHI Kaslal JKiKTeei?

4 KpoCCHUHTOBEP/IiH MalbI3bIH KaJlali aHBIKTAN b1 ?
5.'eHeTHKAIIBIK KapTa Kajai >kacKraaaabl?
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VI. MoNnvJjssiusa TEHETUKACHI

THonynayus (namvlHua « LONYIAYUOY-MYPEbIH) TEPMUHIH TEHETHKA FhUIBIMBIHA 1903 KbUTHI
B.MoranceH eHri3ai. OciMIikTepaiH Ae,KaHyaplapablH Ja 3ep3arblHa Oipieil KoJIaHbLIaThIH OCHI
3aMaHFbI MOMYJILKS TCPMHHIH ObLIak TYKbIpbIMAAyFa 00J1a 16l KaH1ai 00Jica 1a CaHbl KOII Y piM-0yTaK
1IIiHAe Ko 0SI0 KOIbIMEH YPIIaK KaJIAbIpFaH, 0ip HeMece OipHelle OHOIICHO 30apAbIH OeJITiji Oip ayMarbH
WeJeHreH Oip TYp JapaKTapbIHbIH KUBIHTHIFBL. JKaJmbl MOMynsiius JEreHiMi3-Oyi Typ JKoHe
SBOJIOIUSHBIH KaparaibiM eJieM Oipiiri.

Honynsayuanely 2enemukaivlk KypolibiMbl - OapiblK Aapakrap T€HACPl ajuiebIepiHiH
apaKaThIHACHI YKOHE JKUBIHTHIFBL. [10MyISIUSHBIH FeHETUKATBIK KYPBUIBIMBIHIA TeHETUKAJIBIK CaJIMaK-
3MSTHJTBI JIIeITbACD YFBIMBI 1a KAMTBUIA/IbI, OJlapFa TAOMFH CYpPBIITATy Kepi opeKeT eTei. [ eHeTHKaNbIK
KYPBUIBIMIBI 3¢PTTEYMEH MOMYIISIHSIIBIK TCHETHKA [TV FhUTTaHAIBL.

[Tomy SIMSAIBIK TEHETHKaAa TECHOTUIITEP MEH aJUIelbICPIiH KUUITIH OpTYPII JKOIIapMeH
kepcereni. Ecenrep mbirapraHia TeHOTUNTEp MEH aiUIeIbIASPIiH JKUUICIH Oipiik OeJmireriMeH
kepceteni, mpicaibl, 0,28 He 0,00031. 'eHoTHIITEp MEH aJUIeIbACPAIH JKULICIH Oipiik OeJmiIerivMeH
caHayIbIH OipHeIlle MbICalgapbiH KapacTeIpaMbl3 (kecTe — 4).

Kecme — 4

Bipnik OeJmiekiieH kepceTimreH

T'eHOTHIT HE AJUIEBIIH KULIITIH KOPCETYIIH OPTYPIIl KOJIIAP5I S
AAH PCCTYAIR 9PTYP Aap JKMITIKTI ecenTey

3epT.T€J'IyH11 nonymsiuusaga 420 agamusly 84 —ae€ TOMUHAHTTHI 84:420=0,2
Oenri 6omabl.

[Monymsauusmapably ~ OipiHAEe  pe3yc-OH  KaHIBl  ajamiap

(penieccuBri Genri) 15 % kypaisl. LIS LU

DeHUIKETOHYPHUAMEH aybIPAThIH HayKacTap suimri 10 Tex. 10#=1:10000 =0,0001

Eyponam)'m NOMYIALMAIAPIA aXOH/POILIA3HSAHbIH Tapaybl 1000 0,02 : 1000 = 0,00002
HopecteHiH 0,02 Kypaiabl.

Anxantonypus 1 : 100 000 >xuinikre Ke3qeceni. 1:100 000 =0,00001

3eprrenymi  Oenri 30%  TONMBIMCBHI3  TIEHETPAHTTHUILIKICH 009:03=03
nonyssiusaga 0,09 KuiliKIeH Ke3aecei. D '

DBomfonusl TPOLECIH 3eprTereHzae, 0i3 MOmyIsIusna >KYPeTiH TeHETHKANBIK YpHicTepi
KapacThIpaMbl3. | eHEeTHKANBIK TYPFBIIAH 36010y Us AETeHIMI3 — OeNril MOMyISIUsIaFrsl TeHIEP
XKULUTTiHIH 03repyi. COHIBIKTaH Ja MO MY/ ISIUUIBIK TeHE TUKAaHbI 3BOJTIOIHSIIBIK TeHE TUKAHBIH O1p Oetiri
peTiHe ne Kapayra Oomaisl.

['eHEeTHKANBIK KYPbUIBIMBI JKaFbIHAH MOMYJSILUAFa KapaMma-Kapchl TYCIHIK — masa JuHUAL
O3niriHeH To3aH/1aHaThIH KeKe OCIMIIIKTIH YpTHaKTaphbl Ta3a JIMHUS OOJbITICaHaa bl

Xapou-Baiinbepe 3anbt 60WbIHIIA KapanalibIM SBOIIOIUSIIBIK IPOTIECTiH GakTopaaps! (My Taims,
CYpBINTAy, MUTPAIUs )KOHE TeHIep apelidi) KoK Ke3/ie MOMyIAIUSHBIH reHaep (aJueibaep) Kuiiir
Oenriy Tene-TeHAIKKe Te3 KETiM, OapibIK KeJeci yprakrap ap abiFblHIa e3repMeii. Xapau-Baiinoepr
3aHbBI MBIHAIAH JKaFIaimapael KepeK eTei:

u OipiHIIiIeH, MOMYJISIMSIFA KipeTiH aF3aliap CaHbl )KETKUTIKTI MeIIiepae Ko OOMybIH;
u eKIHIIIIeH, 9p TYPJi TeHOTHNTEPAIH KoOeto KabieTTimiri 6iprei OomysiH;
L YIIIHITIeH, TOMyISHsAAa Ke31eHCOK MAFbIIBICYIbIH CaKTaybIH.

Kezoeticox wazvlnvicy HeMece nanmuKcus et MOMyJIAIns KYpaMblHa eHeTIHaF3anap/biH Oip-
OipiMEH epKiH MaFbUIBICY bIH TYCIHE/1, MYH/IAFbI IIaFbUTBICYALIHO APITBIK, KOMOMHAIMSITIAPBIHBIH KU1
Oipaelt 6omanpl. XKeke amranma, MbICallbl,TeHOTHITI A4 aHANBIK ar3a TeHotwm A4, Aa Hemece aa
aTaJbIKIIeH eNIKaHIaiapTHIKIIBUIBIKCHI3 KE3JACHCOK IIarpuibica anmaabl. [[aHMHUKCHS TameTayap
JeHreliHIecaKTataIbl 1eM TYCIHY KepeK. OpOip aHAIBIK KBIHBIC )KacyIa Ke3 KeITreHCIepMaToO30H/IIeH
Oipaeit MyMKIHAIK )KUUTINIMEH YPBIKTaHaIbl IeT eCenTeei.

Xapnu-BaitaOepr 3aHp! popMyia 4 apKbLIbl ©pHEKTENei. AUTANBIK OSTii O1p Mo My I IHsIaFsI
€Ki - 4 JoHe a - aJuleNIb/iH KUUIIT1 p XKOHE (-2 TeH AEINiK

(p+g=1) (4)
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A anneni 6ap rameTanap p KUUTIKIEH Ke3ecel, ajl a ajes 6ap raMeTanapAbiH KUUTri — (.
['ameTanapabIH 3UTOTaFa KOCHUTY Bl KE3IEHCOK OTETiH O0ica, OHIa TeHOTHUIN A4 3UTOTaHbIH KU p2-
Ka, TCHOTHITI Aa 3UTOTaHBIH KHULUIIT1 2P(-Te >KOHE TeHOTHII aa 3UTOTAHBIH KHLIIT (|2-Ka SIFHA O MHOMJIBIK
bopmynaHbIH kikTeny mymrenepine (PA+qa)2 =p2AA+2pgAa+q2aa) Ten 60mabl.

Kemeci ypmakka roMO3uroraisl TEHOTHNTEp raMeTaHblH Oip THUMIH FaHa Oepeni, an
TeTePO3UTOTaJIBI TEHOTHIITED - 9P TYPIi rameTanapibiy Oipaeit canbina 6epeni. [Tomymnsmuusarst opoip
napabac opra ecenmneH raMeTaHbIH Oip/iel caHbH Oepce, OHa 9pOip raMeTaHbIH YJIeCi oMy IUSHBIH
op TYpii (GEHOTUNTEPIHIH KUUTriHe OAMIaHBICTHI OONA B, COHIBIKTAH

A-rameranblH yneci: P21/2(2pq)=p(p+q)=p

a-rameTaHbIH yieci: p2+1/2(2pq)=q(p+q)=q

Jemex, cyphInTayablH He My TALUSIHBIH 9CEP1K0K Ke31e 01p ypraKTaH KeHiHT1 epKiH [IaFbUIbICyIa
TY3ETICTIH 4 ®OHE a raMeTalapbIHBIH )KULIIr OYJ1 NOMySIUsIHBIH OacTaMachlH OepeTiH raMeTanap
JKULUTITIHE TeH Oonazabl. byJgaH reHOTHNTEp apakKaThlHACKH KEJIeCl ypIiaKkTapaa a e3repMen i aeyre
Oonanbl.

Xapnu-BaitHOepr 3aHpIHaH MbIHA Al KOPBITHIH/IBI I BIFA TbI: TIOMYJSIIASTHBIH OACTAITKBI aTaJIbIK
XKOHE aHANIBIK JapabacTapblH/a aJuiesblep KUuIri Oipaeit 6onca, oHma Ke3/IeHCOK aFbUIbICy1a Ke3
KelITeH TeHOTUNTEPIiHIH TeTe - TeHIIK KHLIIri Oip ypIiak KeJeMiHJe iCKe acabl.

Xapau-BaitnOepr (QopMynachiHBIH KOJIJAHBUTYBl apKbUIBl TMOMYJSIIUSAHBIH T€HETHKAJBIK
KYPBUIBIMBIH Tanayra Oomazbl. JloMMHAHTTHI Oenri OOWBIHIIA NOMYIANUSIAFE TOMO- JKOHE
reTepO3HUTOTaNBl TEHOTUNTEPAIH KUUNTH (EeHOTHITI aliKpIH OaiiKaJaThIH PeleCcCHUBTI TOMO3UTOTANBI
napabacrapiblH (aa) caHbl apKbUTHI Xapau-BarbOepr hopMynacklH maiiiamaHbII, ecenteyre 0oIaibl.

Ecenmep

92.* 5000 koiinan KypairaH HOMYISIUAIA 2 COKBIP KO3bI Ty bIIbI. KeMiCTiK perieccrBTI TeHHIH
ocepi eKeHiH maibIMIay KHBIH €MeC, SSFHU COKBIP KO3BUIAPABIH T€HOTHUMI - aa. Xapau-BaitnGepr
(dbopMynacel apKbUIBl OCHI TEHOTUNTIH OTapAa¥Fhl KUUITIH TabaMbI3.

g2aa = naa:N=2:5000 =0,0004.

Enpni peneccuBTi reHHiH xuiiirid Tadyra 0omaasr: (a=0,02. JIOMHHAHTTHI TEHHIH KHULUITIH
aHpIKTay YUIiH p+q=1 Tenaeyine xyriHemis:

pa=1-qa=1-0,02=0,98.

Exi amnenbain ge xwuiniri Genrim 6omrannbikTad Xapau-BaitnOepr ¢popmynackia nainanasbi,
3epITeN OTBIPFaH JIOKyC OOWBIHIIA MOMYIALUUSIHBIH TEOPHSUIBIK TC€HETHKAJIBIK KYPbUIBIMBIH
AHBIKTaMBI3:

AA =p2=0,982 =0,9604 (95,04% nemece 4802 bac)

Aa =2pg-2x0,98 x 0,02 =0,0392 (3,92% nemece 196 6ac)

aa =2 =0,022 =0,0004 (0,04% nemece 2 6ac).

Ecenreynin qomairiH Tekcepy YIIiH TeHOTHIITEP/IH KUUITH KOCYy KEpeK.

OnapnbiH KOCBIHABICH 1-Te TeH Oonica ecenTey AyphIc Aen caHanaabl. bizmiHMbIcambIMbBAA
TeHETUKAJBIK KEMICTIH reHi 6ap reTepo3uroTaibl MaJIbIH CaHbl 0acKa TEH.

Yur amens i tokyc (onapabl A1,A2,A3 nen, sKUiMKTEPiH p, ( xoHE I e Oenriieliik) OoibHIIa
TeHOTUNTEPAIH apaKaTblHAChl ObuTalillla Tapasabl:

(pAI+qA2+rA3) 2 =p2

AlAI+ g2

A2A42 +2 pAl+ qA2 +2 pAl rA3+2 qA2 rA3

MyH1aFbl TEHOTHITTEP/IIH apaKaTbiHachl Xapnu-Bairbepr 3aHpiHA P+(+r=1Hemece p+ -+ r=1
Hemece (P+ g+ r)2=1¢opmynaceiHa coiikec Kenei.

Y11 ajuresbi JTIOKy CTaFbl TeHASP KUUTITHIH aHBIKTATybIH TYCIHY YIIiH afaMHBIH ABO KaH TOOBI
JKYHECiH MbIcaiFa alaibIK,

93* AliTaNbIK, KaCHIOIp MOMYJSIMsIIa KaH TOOBIHBIH MbIHAIAH XKHUUTIKTEP1 Oaiikanabsl JeHiK:

A (II-xan T00B1. ['eHOTHNTI AA *eHe AO) = 0,43

B (II-xan 106861 I'enorun BB xone BO) = 0,17

AB ( IVkan 10081. I'enorum 4B) = 0,04

O (I-xan T00B1. 'enoTHni O0) = 0,36

A,B xxene O amnenniepiHiH XULICH p ,( %oHE I' apKpUibl Oerineitik. Onga Xapnu-Baiinoepr
3aHbIHA Colikec perieccuBTI OO TEHOTHINTIH JKHIIITI T2-Ka TeH 0oNaabl,0yaan » =V0,36=0,60.
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Y uriHmi sxoHe GipiHIIi KaH TOOBIHBIH KOCBIH/IBI JKHLIIT ( q + I )2-Ka TeH 6omybikepek. Jlemek, (
q+r)2=0,17 +0,36=0,53, 6ynan, g+r=0,53 =0,73 . Bi3 r=0,60-ka TeH ekeHiH OijeMi3, COHIBIKIAH
B amnens i skuimiri 0,13-ke (q=0,73-0,60)ten 60maasl. A, A amwtenb-airxkuiiiri p = 1-(q+r) - 1-0,73
=0,27.pA+qB+r0=0,27+0,13+0,60=1,00.

Xapnu-BaiHOepr 3aHbIHAH IIBIFATBIH TaFbl Oip KOPBITHIH/IBI - CUPEK aJUIeNbAep MOMy IIusia
HETI31HEH TOMO3UTOTaIbI KYHJIe eMec, TeTEPO3UTOTaNbI KYiiie Oonmaibl.

[MomynsnusiaFs! penecCuBTI auIeNbAePAiH TeTepO3UroTaAIapAarsl )KHUUTr 2 PQ-IiH )KapThIChHA
TEH - PQ, all TOMO3MTOTaIAP/bIH KU (°-Ka TeH. BipiHnm *uilTiKTiH eKiHIIire KarbiHacs! Pg/q2=p/d-
2e TeH. OHBIH IaMackl (-JiH MOHI a3aifraHj amamameH 1/Q-re »akpiHaaiael. COUTII, pereCCHBTI
aJieNb KUUIr a3aiifaH cailblH OHBIH T'€TepO3UTroTalbl KyHiHaeri 6eiri apra Tyceai. byran meican
peTiHe aJaM TOMYyJIUICHIHIA allbONHU3M JKOHE aJIbKAllOHYPUs aypyJapbIHBIH TapalyblH alyra
Oomnasbl.

94* An,OMHU3MHIH pelecCHuBTI reHiHiH kuiniri mamamen 0,01-re TeH.

AnpOMHU3MMEH aybIpaThH agaMaapabiH xkuiniri —q2=0,0001 srau 10 MpiHHAHOIpEY1 aybIpaIbL,
aJl TeTepO3UroTaIapAbly XKuiliri 2 pg-ee Hemece mamamer 0,02-re.

(ga= \/0,0001=0,01,pA=0, 99 6onca, Aa=2pq=2x0,99 x0,01 =0,0198) Teq 6onazpr. Jlemek,
aJbOMHM3M IeHIHIH CaHbl FeTepO3UroTagapaa ( reTepo3uroTaiap XULTriHIH )KapThIChIHA TeH: 2 p (| / 2
=0,01 ) romosuroranapaareinas (0,0001) 100 eceneii apThIK.

95* AnpKanTOHYpUSHBIH XUiri (aa rerorum) - 0,000001 (1 mwumonHan 1 agam aysipapl).
I'ereposuroranapasd xuiniri Aa = 0,002, an ongars! peneccunTi amnensaiH xuitiri 0,001-re ey
O0omanbl. JleMek, reTepo3nuroTalisl Ky Heri perecCUBTi ajuiebIiH 06JIiri TOMO3HUTOTaIIBI Ky HiHACTineH
1000 eceneii apThIK.

Xapnu-BaitHOepr 3aHbl T€HOTUIITEPIIIH KYTIETIH (HeMece TEOPUSUILIK) JKUUIITIH ecenTeyre
MYMKIiHJIiK Oepeni.

96*Mpicaist, 500 6ac amait »KbUIKBICH TeMOTIIOOHH JIOKYChl OOMBIHIIIA MBIHA AN apaKaThIHACTA
axpIpagsl germik: 255 AA :230 AB: 15 BB. 'emomioOuH THTIIHIH TYKBIM Kyaliay bIHA KOJOMHUHAHTTUIBIK
KyObUTbICHI TOH sifHu HOB owcone HOB amnenbaepi tysetin HbAA, HOAB, HbBB renoruntepi
¢denorunrepi OoiipiHIIa Oip-OipiHeH OHaM a)kpIparbiiagbl. Com ceGenTeH amenbAepAiH KUUITH
(pA,qB) dbenorunTep caHbl apKbUIbI aHBIKNAyFa OOJA b

PA=2AA+AB/2N=2x255+230/2x500=0,74

gB=2BB+AB/2N=2x15+230/2x500=0,26

Hemece gb=1- pA =1-0,74 = 0,26.

AJtenbaep KUUTTT apKbUIbI TeMOTIOOWH THINIHIH TCHOTHIITEPi OOMWBIHINA KBUIKBLIAPIBIH
TEOPHUSIIBIK KUITICIHIH TapalyblH aHBIKTaMBbI3:

AA = NxpA

2=500x0,742 = 273,86ac (54,76%)

AB = Nx2pAxqB= 500x2x0,74x0,26= 192,46ac (38,48%)

BB = Nx(2

B =500x0,676= 33,86ac (6,76%)

Bynan, KapanaifbiM 3BONIONMSUTBIK (haKTOpIapAbIH HOIMyJBIIUsIFa dcepi OonMaraH JKarmanna
Xapnu-BaitnOepr 3aHbIHa CyHeHII, Kejeci yprakrapaa reHoTunrepaid xuiniri (AA = 0,5476; AB =
0,3848 xxone BB = 0,0676) e3repicci3 Kaaabl AS KOPBITHIHIBI XKacayFa 00a b, AJl IO SIS HBIH
IBIH MOHIHAETI reHoTunTep *)uimri (44=255; AB=230; BB=15) MeH OHBIH TECOPHIBIK >XKULIITH
(AA=273; AB= 192,4; BB=33,8 0ac) xe30eH WIONy apKbUIbl CalbICTHIPY ONAPIbIH apachHIa
albIpMaIBUIBIK 0ap eKeHIH kepceTeni. JleMek, 3epTTelin OThIpFaH JIOKyC OOWBIHIIA MOMYISIIHUIA
TeHJIIK Tene-TeHiK OaliKaaMaraH.

[onmynsiumsHbIH TeHIIK Tene-TeHaikTe 0omybsiH (Xapau-BaiinOepr 3aHpiHA colikec) Hemece
O0onmMaybiH (IBOMIOUMAIBIK (DaKTOPIapAbIH ocepiHe CoWKec) HAKTHl Oy YIIIH €Ki TYpii oic
Konnanbuiael. OHBIH OipiHmrici MbIHa popMynara HeTi3/leNreH:

p2 AAXqaa

2=(2pAxqA/2)2.

Erep,

p2 AAXQ2 aa=(2pAxgA/2)2 6omnca, OHa MYHA# TOMYJISINSA TeHETHKAIBIK KYpaMbl OO WbIHIIA
FeHIIK Tele-TEHIIKTe OOIFaHEbl, all

p2

AAXQg2
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aa#(2pAxqA/2)2 Gornca, oHJA TOMYJSIUSAA 3ePTTENIN OTHIPFaH JOKYCTBIH TeHIIK Tee-TeHIrI
©3repreH.
Bi3 iy MbICaNbIMBI3ABIH MOHAEPIH OCHI (hopMyaFa KOMBIN Taiaay MbIHAHBI KOPCETE:
pz
AA=255/500=0,51;
2pAxqB=230/500=0,46;
2

q

BB=15/500=0,03 6orca,

oHma p?

AAX g?

BB =(2pAxqB/2)2=0,51x0,03=(0,46/2)2

sran 0,0153+£0,05297. Teneyniy coil Karbl OH JKarblHA TCH OONMaraHIBIKTaH OYJI ITOITYISIIMSIA
reMOIIOOMH JIOKYChl OOMBIHIIA T'eHIK TeNe-TeHIIK JKOK el CaHalabl.

OBOmMOLUSUIBIK (AaKTOpIapIblH ocepi KOK Ke3le Ke3/IeHCOK IIAFrbUIbIy apKbUIbl aJIbIHFAH
(TTaHMUKCHSUTBIK TIOTTYJISIIMSIIAH) TTOMYISIUS HBIH TEHOTUTITEPiHIH, TEOPHSUTBIK KU LTITTHIH MOHJIEPIH TeHITK
TeTe-TeH/TiK () OopMyIachiHa KOUMBIII TaJlIay KYPri3ceK, OHa MYH Il TOYIISIUSHbBIH T€HETHKAJIBIK KYPhUIGIMBI
Xapnu-BaitHOepr 3aHbIHA TONBIK COMKEC KEJIETIHIHE KO3 KETKIZyTre 00N bl

0,5476 x0,0667 = (0.3848 / 2)2 6anca, onaa 0,0370 = 0,0370, TeHIEY/IiH €Ki KaFbl Jia TCH, SFFHA MyHJTal
MOTYJISIIUSAA TEMOTIOOHH JIOKYChl OOUBIHIIIA TEH/TIK TeTe-TEeH/IIK CaKranabl.

HakTsl nOMy/SIMSIHBIH KUUTIr MEH OHBIH TEOPUSIIBIK KUUTIriHIH O1p-0ipiHe coiKec KelyiH, SFHA
IO ITYJISAIMSTHBIH 3€PTTEIIIT OTHIPFaH IT'eHETUKAJIBIK JIOKYC OOMBIHIIIA TeH TIK TeTle-TCH/ITH aHbIKTAY/IbIH CKIHIII
JKOJIBI XM-KBaJIpaT 9J1iCiHe CyHeHel.

Enni op Typni reHoTHANTEp/iH OCHIMIIIMIH €cenTey KOJIBIH TalnaibK. Oaetre oHbl W opimniMeH
Oenrineni.

97*. Meicanbl, 8000 napabactan TyparbiH OacTankpl HOMymsiusaa A aysresiniH xuiniri 0,6(p)-Fa, an
OHBIH PeIecCHBTI ayuiestiHiH xuiiiri 0,4 (0)-ke TeH aen caHaibK., AJAbIMEH, dp TYPJi TeHOTUITEPIIH
CyphINTayaaH KeiiHri caktamybH (L) ecentey kepek. by yiiH opOip reHOTHT THITI OOMBIHIIA CYpBITTay/iaH
KeHiHri mapabacTap caHbIH CYpHINTayFa JAeHiHTi Japadactap caHblHa 0Oy Kepek:

AAA =2448:2880=0,85;

AAa=2726:3840=0,71;

Aaa=678:1280=0,53.

PeniecuBri renoTunTiH mwbFLHGL (-602) rereposurotansl renorunreH (-1114) anarypmeiM a3
OOJIFFAaHBIMCH, OHBIH CaKTay JI9pekKeci TOMCH eKeHiHe Ha3ap ayaapy Kepek.

Honynayus eenomunmepiniy Oeuimoinicin ecenmey

I'enorun bapneirel AA Aa aa

[TomynsiMsHBIH CaHBI

Nxp2 Nx2pq Nxq2

CypsinTayra neiin

8000x0,36=2880 8000x2x0,6x0,4=3840 8000x0,16=1280 Bbapmers — 8000.

Cypeintaynan keiiin 2448 2726 678  bapnbirer — 5852

HIeremn -432 -1114 -602 Bapeik mibreH — 2148

Caxranyst A 0,85 0,17 0,53 0,73

Ke3 kenreH Taburu HOMyISIIMS aF bl 1apada CTap/IbH eJTiMre aymiap 00Tybl 9pKe3ze ap Typii. Mbicanbl
KyaHIIBUIBIK Ke3iHe eyiMre aymap OoiFaH aK OOKEHHIHCAHBI 9JICTTerl JKaFIaiIaFbllaH achIIl TYCEi.
[enoTurTiy OeHiMIIMIriH CHUITATTaY YIITiH 9pOip TeHOTUITIH CaKTally JopekeciHiH (A) caKratybl €H JKoFapbl
JleTeH TeHOTHUIITIH CaKTally Jopekecine Oenemi. bi3miH MbIcanbIMbI3na

WA A =0,85/0,85=1,00;

WAa = 0,71/0,85=0,83;

Waa=0,53/0,85=0,62.

CanpIcThIpMaibl OSHIMALTIKTIH MOHI CYPBINTay/IbIH OAFbITHIH, JEMEK, TSHKHUTITIHIH 03repy >KOIbH
Kepcerei. JlereHMeH, O - MOMYIAIMSHBIH JTUHAMUKACKTHCHUTIATTAN aIMaiibl, ©ITKSHI OJT CaTBICTHIPMAIIBI
MOH, COHIBIKTaH OHBIH MOHIAPKBUTBI MTOIMYIISIIHS CaHBIHBIH KOOSOl HeMeCe a3arobl Ty pajlbl CIITEHE aiTyFa
OonMaiiipl. OJiMi €H a3 reHOTUNTIH OeHiMuIiiri 1-Te TeH ekeHiHe Ha3ap aylapbHbBAAP, 0ipaK OyI1 OChI
TeHOTHI eJiiMre aymap Oonmaiael neredm Oingipmeriai. On Tek AA TeHOTHMIHIH 0acKa TeHOTHIITepre
KaparaHja eJliMre CUpeK aAyuap OOonaTbIHbIH KOPCETENl.

Benrini 6ip aywienbiH ©3iHIH aJbTEPHATHBTI aJUIeNiHEH CEeNEKIMSUIbI KAPTBIKIIBUIBIFBIH TPOICHT
apKbUIbI HeMece cyphinTay KoadduiuenTi (S) Typinne keckinaeyre 6omnanpl. Cypbinray Kod(hUIIHeHTIHIH
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CaHJIbIK MOHIH aJITEPHATUBTI aJUICNIb/iH CATBICTHIPMAIIBI KUUTIT apKbUThl aHbIKTai AbL OHbIH MaHi 0-1eH 1-
re Aeiin esrepeni: S=1-W

bi3aiy MbIcanbiMbI3aa:

SAA=1-WAA=1-1=0;

sAa=1-WAa=1-0,83=0,17,

xoHe saa=1-Waa=1-0,62=0,38

MyTarms HemMece MATP ISl HOTWKECIH/IE Takiia O0JFaH )aHa aJuleib(iH (@) KU aJFalikpl Ke3e
TeMeH Oamapl. OHBIH OacTanKp! ajuiensre (4) KaparaHaa Kaagaii ga Oip ceneKIMsUIBIK apTHIKIIBUITGEBI Takiaa
0oy bIHaH OacTar CY phITTayIbIH 9CEPiHEH jKaHa aJUIeIIBIIH KULTIT] apTa TYCel, A -aJIeiHiH KULTIT KeMda
TYCei.

TinTi MOy HEIH A ajeln a ajuiebre TONBIK aybICYhI 1a MYMKIH. AJUIEIb )KULTITIHIH e3repy
KBUITaM/IBIFBI S-HBIH MOHIHE Ty pa [P OMIOPIHOHATBIBI SIFHH CYPBINTAy KO UIMEHTIHIH >KOFapbl MOHIHIC
YKaHa aJlIeIbIIH KULTITHiH apTyBI TE31PEK 0 TS|, a1 TOMEH CYPhITay KO3(h(hHITUCHTIHIe My HIlald e3repic Oasty
Kypeni.

Kemneci Ty#ini co3nep MeH YFBIMAAP/IBIH MAFBIHACHIH AIlIBIHBI3: TTOMYJSIIASITHIK TeHETHKA, Ta3a JIMHIS,
nHOpenTi nenpeccst, Xapau-BaiHOepr 3aHbL, Ke3IeHCOK MAFBIIBICY, TAHMUKCHS, 3BQTIOIMSITBIK ()akToprap,
MY TaIUsUIBIK TPOIIeCC, MUTPAIus, CYpHINTay, TeHep Apelidi, Tabufu cyphInTany, JapBUHIIK HeMece
CaJBICThIPMAIIBl OCHIMITIIIK.

Ecenmepoi wivizapy sconoapot

98.* [lonymsIuMsAHBI TaJIAdy ay TOCOMBI PeIIecCHBTI OeJrici Oap amammapabiH ke3aecy xkuimiri 0,04
SKEeHJIITH KopCeTTi. Byl monysiusiarsl reTepO3UroTTapAbIH Ke3AeCy KU KaHaamn?

bepinzeni: Hlewyi:

0,04 =¢? ptq=1

p*+2pq +g°= 1

1) q=Vq?=v0,04 =0,2
Taoy kepex: 2)p=1-9g=1-0,2=0,8
2pq 3)2pg=2x0,8x0,2=0,32

Kayaow: 2pq=0,32

99*. Cyubiia anbOMHI3M ay TOCOMIIBI PETISCCUBTI OCJITi peTiHAe TYKBIM  Kyallaiiibl. 3eprreireH
yraeckigeri 84000 ecimaikTiy inrined 210 anbOMHOC NIBIKTHI.

CyJb11arbl 2JIbOUHU3M IeHIHIH Ke3/1eCy JKUUTITIH aHBIKTaHBI3IaP.

Hlewyi: Cynbiiars! anbOHMHM3M ayTOCOMIIBI PELIECCUBTI Oeri peTiHAe TYKbIM KyaJlaThIHIBIKIaH
OapIbIK aTbOMHOC-OCIMIIKTED PEIECCHBTI TeH OOWBIHITIA TOMO3ZUTOTAIBI OONaAbl, SFHU —aa. OmapipH
NoMyJSIysIarsl Kesaecy kuimiri 2=210/84000=1/400=0.0025. PereccuBri reHHIH Ke3/eCy KUTr (=
0,0025=0,05

XKaya6s1:0=0.05

bepinzeni: Hlewyi:
A-cay q?=210/84000=1/400=0,0025
a -aIbONHI3M q=0,0025=0,05

Oapneire: 84000 ecimuik
aa =210 anpbuHOC

Taoy kepek:

g-?

Kayaow1:q=0.05

100. XKyrepizneri ans0WHU3M pereccuBTI OeNTi peTiiHAe TYKbIM Kyalaimsl. KyrepiHiH keioip
ipikremenepinne ecimuaik-ansouaocTap 25:10000 xuinikneH Ke3aecemi.

Ochl xyTepi ipikTeMesepiHeri aTbOMHI3M IeHIHIH Ke3/1eCy JKHUIIITiH aHBIKTaHBI3ap.

101. ApanmapmeH Gipeyinane 10000 TysKi aTbuiapl, onapasH 9991 sxupeH sxoHe 9 ak TYCTI 1apakrap
OorbIn WHIKTHL. JKUpEeH KOHBIP TYC aK TYCKe KaparaHaa 0achIMIBUIBIKKA HE.
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JKvip €H rOMO3HIOTaHbIH, XKHPEH Te TEPO3UTOT AHBTH )KOHE aK TYJIKLICPIIH KE3/IECY KHLTITTHIH MAHbI3IBIK
apaKaThbIHACHIH aHBIKTAHBI3.

102.* Ipi kapa MaJBIH MIOPTTOPH TYKBIMBIHBIH TEPiCiHACT] JKYHiHIH KBI3bUI TYCI aK TYCIHE TOJBIK
OachIMIBUIBIK KO pceTe aiMaiiibl. KpI3bul xkoHe aK TYCTI Aapakrapasl OyaaHIacThIpFaHHAH aJIbIHATBIH OyiaH
ana TycCTi OOMBIT MIBFa/IB. ApHAIBI IIOPTTOpPH ecipeTin aiiMakTa 4 169 kp3b01,3 180 ana xxone 756 ak Tycri
XKaHyapiap TipKeIreH.

Bepinren alimMakrarbl MaIbIH XY HiHiH KbI3bLI )KOHE aK TYCTLUIITH IIbIFApaThIH TEHICPIiH Ke3lecy
JKUUTITIH aHBIKTaHBI3AP.

Kayabwi:

Erep >xaHyapap/iarbl >KyHHIH KbI3bUT TYCIH IIBIFAPATHIH TeH Il A JieTt OeNTjieceK, aK TyCTUTIKTIH TeHiH-
a, IeMeK KbI3bUI TY CTi )KaHyapiappH reHotrri A A (omap 4 169)0anansl, ana Tycri(amap 3780),ak TycTi aa
(omap 756).bapneire 8705 skaHyapiap TipkeITeH. [ OMO3UTOTATBI KBI3BUT HEMECE aK KaHypIlapIIbH Ke3Iecy
JKULUTITIH O1pJTiK yJIeciHae ecenreyre 0oaapl. Mbicalibl, aK KaHyapIap/plH Ke3aecy xuiir 756:8705=0.09
6oma e Corcebenter2=0,09.a perieCCHBTI re HHIH Keaecy xuiiri g=V0,09=0.3.6omapL A reHiHiHKe3aecy
xwimiri p=1-q 6omaner. Connpikran, p=1-0,3=0,7.

103. JKamel as0MHU3M (Tepine MeJTaHHHHIH 0 0IMaybl) PEIIECCHBTI ayTOCOMIBI O PETIHIE TYKbIM
Kyanaiasl. byn aypy 1:20 000 xuiniriMeH ke3zueceni.

[onymamusars! TeTepo3UToTaIapIblH CAHBIH aHBIKTAHBI3IAP.

104. AnbKONITOHYpUS CiHIP YJITACHIHBIH OOSUTYbI KOHE 39p TYCIHIH KapaybITybIMEH CUTIATTANIA]IBL.
Kapraiiranma Oyn aHoManusiaH apTpuT AaMUAIbLAYTOCOMIbI PELIECCHMBII OENTi PETHAEC TYKbIM
Kyanaiinel. Aypy 1:100 000 >xuiniriaae ke3aecei.

105*. AnOrHI3M PEeIecCHBTI )KOMMEH TYKbIM Kyasaist. 1/20 000 pern KepceTiin TypraH mama- 0y
(2. CommpIKraH a renisin ke3necy sxuimiri q =" 1/20 000)=1/141 GamaasLA reninis ke3necy xuinmri P = 1 —
q; p=1-1/141 = 140/141 Gonazs.

[Monynsnusarsl TeTepo3uroTanap Ke3aecy KUlri 2pQ-fa TeH.

2pq = 2x140/141 x1/141 = 1/70

by cannp! maitpizra maxkkauaa 1,4% -1l anaMens.

106*. Kunn OoiibiHIIa KaH TOOBIHBIH Kyieci exi reaMen anbikramaapLIk? IkP-ra xaparanma
0achIMIBUTBIKKA H€, aJT OJIap/Ibl TAaChIMAJIIAYIIIbI TYpIiep OH-Ku1 Oombi kenei.Kpakosa xaskp! apachiHza Ik?
reHiHiH ke3aecy xuiiri 0,458-re TeH.OH-Ku 1 MoHAI afamIapibiH Herpiep apacbiaa Kesaecy xuitiri 80%.

Kunn xyhieci Oolibiamia KpakoBa skoHe Herpriep MOMYJSIMSACHIH T€HETHKAIBIK KYPBUIBIMBIH
aHBIKTaHBI3/1ap.

Kayabui:

Ecentin mapremaa KpakoBa TyprelHIapel apachHaarel Kuam kaH ToOBI Kylieci OoibIHIIA
0achIMJIBUIBIK TEHIHIH KEe3/IECy JKUIUITH aHbIkTay Oepinrer: P = 0,458.0H1a pereccuBri reHHIH Ke3lecy
xwuimiri =1-0,458=0,542. [lonyAImMsHBIH T€HETHUKAIBK KYPBUIBIMBI: JJOMHHAHTTHl T€H OOMBIHIIA
TOMO3HUTOTAIIBF P2,Te TEPO3UT OTATBI-2(] JKOHE PEIIECCUBTI T'eH OOMBIHIIA rOMO3HUroTais 0. Jemex, p2=0,2098;
2pq=0,4965;02=0,2937. OckI maMaHbI MaibBFa alHAIBIPCa,0H1a KpaKkoBaiarel FTe HOTUIITEPIIH KE3IeCy
KUUTITIH TOMEH IeTiaeH etim kepcetyre 6omaasl: Ikalka 20,98%,lkalkb 49,65%,lkblkb 29,37% .

EcenTiH mapThiHIa HErpiep yIiiH TeHOTHITTePIiH Ke3necy sxuitiri oepisren.l enotuminze 1ka 6amarsim
amamuap: Ikalka >xone Ikalkb,srrn p?+2pg=80%-ra TeH Hemece Gipiik yiecinae 0,8.Ockl e praeH reHoTHI
Ikb1kb 6onarsm Tepic-Kumari anaMaapipiH ke3/aecy )KHUTIrH OHaii ecernreyre 6omapl 2= 100% - 80%—=
20% nemece Oy 6iprnik ynecinge:1-0,8=0,2.

Enni Ikb perteccuBri reHiHiH Ke31eCy KHUTITNH ecernreyre 00abl. q=\/0,2=0,45. OHa TOMVHAHTTEI
renniy |kakesnecy sxwuismiri p=1-0,45=0,55-ke TeH.JJOMUHAHTTHI T'eH O OMBIHITIA TOMO3UTOTATBUTAP IBIH KE3IECY
xuiniri (p2), 0,3-ke Hemece 30%- ra en I ereposurotanapapir 1kalkb (2pQ) kesnecy xwuiniri 0,495 Hemece
mamamet 50%.

107*. Tya OiTKeH OpTaH KUIKTIH HIBIFYbl 0aCBIMIBUIBIK apKbUIBI TYKBIM KyallaiibLopraiia
HneHeTPaHThUIBIK 25%.Aypy 6:10 000 >xuiniriMeH ke3aeceni.

PenieccuBTi reH OOMBIHINIA TOMO3UTOTANIBI IapaKTAPIbIH Ke3/1eCy KULIITIH aHBIKTaHbI3Iap.

Kayabuoi:

Tya OiTKeH OopTaH XKIMKTIH NIBIFYbIHAH 3apall MIeTeTiH aJaMaapibiH TeHoTHni A4 Hemece Aa
(IOMHHAHT TYKBIM Kyanaymsuibik). Cay agaMuapiaplH TeHOTHI aa. P2+2pq+g’=1 ¢opmysacemad
KOpiHIeH/iell pelieccHBTi r'eH GOMBIHIIA TOMO3MIOTaIbl AapanapibH (aa) Kesjecy xuidiri 2=1-p>-
2pq.Anaiiza ecerrre Gepiiares aypynapiasid ke3necy xuimri (6 : 10 000) p?+2pq emec Tek kaHa A reHiHid 25%
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p2+2pq

TaCbIMAIIAAYIIbIJIAPbLATHNU

GOIBIHIITA TOMO3UIOTalbI Aapanap/biH Ke3aecy Kuitri g2 = 1- -

Con cebenren ne, p2+2pg= axe 22 OHJa peLeccuBri TeHi
’ ’ 10000 108%)' p

= =99,76%.
10000 10000

108*. [lomarpa reHHiH TOMUHAHTTHI 2y TOCOM/IBI aJIIeNIiMEH aHBIKTANAIbL, Oipak oieniep/ie OHbIH
neHeHTpaHTThUIBERI 0%, an epkekrepae 20% kypaiinbsl Erep 10000 TypFbIHHBIH inIiHIE MogarpaMeH
aybIparblH mamameH 190 agam 6osica, MOMYIAMUSHBIH TeHETUKAIBIK KYPBUIBIMBIH AaHBIKTAHBI3.

bepinzeni:

A — moparpa

a — cay

[enenTpanTTHUILIK & = 20%
[TenenTpanTThuIbIK ¢ = 0%
Typseiaaap cansi= 10 000 anam

[TomarpaMeH ay bIpaThlH TYPFBIHAAP CAHbI=
190 agam

Taby kepek:
[TonmynAMsIHBIH T€HETUKAJIBIK KYpaMbl:

Hlewyi:

1)OchbI HONy SIS IAFbI IIOATPAHBIH KOPIHY MalbI3bIH TA0aMBbI3:
190 /10 000 = 0,019 nemece 1,9%

2)Ep apmampapma Oy OeiriHiH TNeHETpaHTTBUIBEBL  20%
oomraHabIkTad, 6y 1,9% x 5 =9,5% Gonamsl.

3) Epkex rien o#ien KbHbICH 50% TYKpIM KyaJalTBIHIBIKTaH, AA
’KoHe Aa reHorunrtepi 6ap agamaapablH CaHbI:

9,5% x2=19%

4) aa reHOTHII Oap amaMaapblH CAHBIH aHBIKTAMMBI3:
100% - 19%=81%nemece 0,81 (Oy1 (% mamaceina caii kernei)
5) q xoHe p TabambI3:

q=V0,81=0,9

p=1-q=1-0,9=0,1

6) JomuHanTtel AA 0He Aa (EHOTHNTEPIHIH Ke3mecy
KUUTIKTEPiH ecenTenMis:

AA (p?) =(0,12)2=0,01 = 1%
Aa(2pq)=2x0,1%x0,9=0,18 =18%

Kayan: bepireH momymsusiia TeHOTUIITEp KeJleciiel xuinikrepmeH kesneceni: AA-1%; Aa— 18%; aa—

81%.

109.I'omo3uroTanbl capsl XKoHE CYp ApO30Qwia jkeMic IMBIOBHIAPEH OyJaHIaCTHIPFaH Ke3/e

TOMEHJICT1ICH HOTHKENep aJIBIH]IBI:

Arta -aHanapsl

Ypnakrapsl

Cyp aHaibIK X Cappl aTalblK

Boapi cyp

Capsl anaisik X Cyp araisik

BaprbIK aramsIKTap - capbl
Bapinbik aHaibIKTap —cyp

Tomenoeei marimoemenepoiy Kaucovicovl Oypoic?

A. JICHEHIH CYp JXKOHE Caphbl TYCTEPIH aHBIKTANTHIH aJUIebep KOJOMHUHAHTTHI

B. neHeHIH Cyp TYCiH aHBIKTAUTBIH aJuie)ib X XpPOMOCOMAChIMEH TIPKECKSH KOHE PEICCCUBTI
C. eHeHiH capbl TYCIH aHBIKTAHTHIH JUIeNb X XPOMOCOMAChIMEH TIPKECKEH JKOHE JOMUHAHTTHI.
D. neHeHiH cyp TYCIH aHBIKTAHTBIH aJuiesb X XPOMOCOMAChIMEH TIPKECKEH XKOHE JJOMUHAHTTHI.
E. neHeHiH capbl TYCiH aHBIKTAHTBIH aJUle)lb Ay TOCOMAaJia OPHANIACKAH KOHE PeIeCCHUBTI.
110. Ky3en ecipymeH aliHaibicarblH ajiaM OJapfa epkiH OymaHmacyra MyMKiHIIK Oepxi. On

KY3€HIepiHiH opTara ecerrer 9% -H/1a KaTThl )KYH 0ap eKeHiH aHbIKTa/IbI, OYJI caTy Ke3iH/Ie a3 TaObIC SKeIIi.
CoHapIKTaH, OJ1 )KyMCaK KYHTe Ha3ap ayIapy/bl ’KoH Ko pi KoHe KaTThl KYHII KY3eHAep/IiH Oy1aHmacybHa
o 6epmeni. KarTel )kyHHIH O€Tici ay TOCOMITBI PEIIECCHBTI aJlIeNb PETiH/E TYKBIM Kyanaist. O kereci
ypIIaKTa KaTThl XKYH/I KY3eH/Iep/IiH KaHIIIa MaibI3bIH aJ1a ajia bl (TeoprsibIK TyprbiiaH)? (MKayaosr :5,3%0)

Baksbliay cypakTapsl

1. Xapnu- BaitHOepr 3aHbI )koHE OHBIH MaHBI3bI

2. [TomynsUsiHBIH TeHETUKAIIBIK KYPBUIBIMBI

3. IMonmymsAnusIbIK TeHETHKAAFbl TEHOTUTITED MEH aJUIEIIbICPIIH KHLIITI.

4. I'eHeTHKAJBIK TYPFBIIAFBI 260110y — OCNTLI MOy IaFsl TeHACP KUUITHIH e3repyi

5. Xapaw-BaitHOepr ¢opMyIackIHBIH KOJMIAHBUTYbl apKbUIBI TOMYJISLMSHBIH TeHETUKAIBIK
KYPBUIBIMBIH TaJI/Iay.
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V1. AIAM I'EHETUKACBI

Adam eenemukacel — iprei )KoHe KomIaH0abl FEUTHIM. | @HeTHKa FhUTBIMBI KAPaCThIPATHIH TYKbIM
Kyallay IIbIIBIK TIEH ©3TePTIlITIKTIH OapiblK 3aHbUIBIKTApbI aJ1amMFa Ja ToH Oomnbin ecenteneni. Ce6ebdi
o ja tipuritikTig 6ip Typine (Homo Sapiens) skaraabl. TYKbIM KyaslayIIbUIbIFBl MEH ©3TepTillITir
KarbIHaH aJJaMHBIH 0acKa ®aHyapiap/aH alTapibIKTai ©3relieiiri )oK, bopiHye /e TYKbIM KyalaiTbH
KacueT YpIaKTaH-ypriakka XpoMocoMa KypamblHaa OOJaThiH TEeHIEp apKbUIbI OSpililn OTHIpaJpL
A TaMHBIH JKaHyapiapaaH albIPMaTbUIBIFGl — OHBIH CAHABUIBIFBI MGH €KIHIII CUTHAJIBIK XY HECIHIH
OONaThIHABIFBIH/A, COFAH OAIAHBICTHI OHBIH CHIPTKBI OpTara OeHimMae sy MyMKIHIITT 1€ MO OOJbII
keseni. JKammel agamzar KoFaMmaa eMip CYPEeTIHAIKTEH OHBIH ABONIONMSUIBIK JaMybIH/IA JIEYMETTIK
(haxTopnapnpiy 1a pei 6ap. A JaMHBIH TeHETUKAIIBIK HEICAH PETIH/IET1 €PEeKIIeNiri — OHBIH T€HE THKACHIH
3epTTEy/Al KABIHIATaThIH KONTETeH KA bIIBIKTapAbIH 00y bIHIa. OJapFa: )KbIHBICTHIK JKaFbIHAH Kelll
MICIM-)KETIICTIHAIT1, 9p 0TOAChIHAH TapalThIH YPIIaK CAHBIHBIH a3/bIFbl; OapiIbIK YPIAKTBIH TipIIiIK
OPTACHIH TEHECTIPY/AiH MYMKIH €MECTIl1, XpOMOCOMa CAHBIHBIH KO OONATBIHABIFBI, aJJaMFa TOKIpUOe
Kacayra OOIMAaNTBHIHABIFBI XKoHE OacThl Oip KAWIIBUIBIK — aJaMHBIH KeHOIp TYKbIM KyaJdaWThIH
KacHeTTEPiHiH, MbICaJbl, KAOieTi MEH MiHe3-KYJIKbIHBIH JaMbIT KAJIBIITACYybIHA KEAEPTi KeNTIpeTiH
YATIIBUTABIK, HOCUIIIIIIK CUSKTBI 9JIEYMETTIK €peKIIeMKTepAiH OONaTbIHIbIFbIL.

AJaMHBIH TYKBIM KyaJaylIbLILIFbIH 3epTTey dicTepi

AJlaM TEHETHKAChIHBIH TYKbIM KyaJayIIbUIBIFBIH 3€PTTEY OdICTEepiHE: TEeHEONOTHSIIBIK,
IIUTOTECHE TUKAIIBIK, €T13/1IK, OHTOr€HETHKAJIBIK, TIOMYJISIUSUIIBIK )KOHE OMOX UMHUSLIIBIK JIICTEP YKaTalbl.

T'eneonoeusnvix 20ic. byn oMicTiH HETi3iHAE agaMa O0IaThIH TY Pili Oerijep MEH KaCUSTTEPIIH
HeMece aypyJaplblH TYKbIM KyajayblH OHBIH IIBIKKAH TETIHE Kapai 3eprTey jkarajbl. by yiriH
MIHJIETT1 TYypae IIeXipenik chl30aHycKa xacayablH cuMBongapbiH Oimy kaxeT (Cypet 12). Ocbl
MakcaTTa 3epTTeNeTiH Oenri O0MBIHIIaoKECT )KOHE IIeTIeci JKaFbIHAH OipHere Oy bIH 00 Wbl MaJTIMETTED
YKMHAKTAJIBII, COHBIH HETi31H Ie eXipenik chi30a-HycKa xacanaabl. Keiioip Oenrinep MeH KacueTrep
Ke3 KeJITeH ypIaKkka Oepisie anaibl, sFHH JOMUHAHTThUIBIK JKOJIMEH TYKBIM KyaJiar, MeH1eJb 3aH1apbiHa
OarprHaIBL. ONapFa: NONMUMAAKTHINS (CayCaKTap/IbIH apTHIK 00Ty bl), OSTTIH CEKITiJI, KaTapaKTa, IAIIThIH
KapallbIFbl JKoHE T.0. karaJibl. [ €HEONOTHSIIBIK 9/IICTICH aIaMHBIH KeHOIp KaOUIeTTepiHiH, MBICAIIBL,
My3bIKara, IIEMIeH ceieyre KaOUIeTTUTNK OWTil KOMIO3UTOp baxrapnblH oyneriHae OorFaH.
['eHEONOTHSITBIK OICTICH KONTETEH ay PyJIapbIH TYKBIM KyaJlaiTHIH/BIFb] aHBIKTAJFaH.
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Cyper 12. [llexipenik cpi30a-HYCKa jKacay >KoHE OHBI TalJlayFa apHaJFaH HEeTi3Ti MIapTThl

Comnbly 6ipi — remo¢pmms. Ocel aypy OOWBIHIIA aFbUIIIBIH KOpOJieBachl BUKTOpuUS oyneTiHiH
HIeXIPEIK ChI30aHyCKACH )KacajFaH. BUKTOPHS MEH OHBIH 3alBIOBI MyH/IAl aypyMeH aybIpMaraH.
Omnapnply ap¥bl TeriHae Ae emKiM remodumusaan 3apgan meknereH. bipak Buxkropusaeiy ara-
aHACBHIHBIH OIpeyiHiH >KbIHBIC KacyIlllachlHJa MyTalus naiina OonraH Oomybl kepek. OcbiFaH opait
KopoJeBa Buktopus remoUIMSAHBIH TeHIH TachIMaliay ikl OOJbIT, ©31HIH KONTETeH YpHaKTapbHa
TaparkaH, SsFHU BUKTOpHsIIaH My TaHTTHI TeHi 6ap X XpOMOCOMAHBI ajiFaH OapiibIK ep KBIHBICTHI YPIIAK

oenrinep
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remo punusiMeH aysiprad. Llexipe oaiciHiH HEeTi3r1 MaKcaThl — KUHAIFAH JepeKTep OOMbIHIIA IexKipe
YJITiCiH KypacThIpy jkoHe OHbI Tayiay. [lexipe KypacThIpyabl 0acTaii ThIH a1aMIbl TP 0OaH 1 ST aTalIbL.
OHbIH iHI-KapbIHAACTAPBIH CHOCTEP e OerieHIi.

Lumozenemuxanvix 20ic. byn onicreH cay Hemece aypy aJaMHBbIH KapHUOTHUIIIHE HeMece
XPOMOCOMA >KUBIHTBIFbIHA IUTOT'€HE TUKAJIBIK TaJI1ay skacaia ibl. OChl 9/1iCTi MaiiJaaHbIN TYHFBII PET
1956 xputbl [Ix. Tuiio xone A.JleBaH KaJbINThI JKaFaaia alaMHbBIH JeHE JKacyllanapelHaa 22 skym
ayTocoMasap ’aHe 0ip KYIT — )KbIHBICTBIK X pPOMO COMaIap 00J1aTbIH IbE bIH AHBIKTaIbl. BY pPBIHFBI )KBIHBIC
TeHETHKACHI TAKBIPHIOBIH/IA AU THUTFAHAAH €p aJjamM/1a )KBIHBICTHIK XpoMocoma retepoMop prel (XVY), an
oitert amamma romoMopThI (X X) OONBIT KeNEeTIHIT 1aenaeHai. by oicTi KongaHy ajgaMHBIH JeHe
’KOHE JKBIHBIC JKacyIlaJlapblH/a Maiaa OoNaThlH XpOMOCOMAJIBIK e3repicTepai OalikayFa MYMKIHIIK
TyabIpAsl. MyHnail es3repicTep TYpii aypylapAblH TyybiHa cebenkep Oomanpl. COHJIBIKIaH
[IUTOTEHETUKAIIBIK dJIICTI MEIUIIMHAIA TUATHOCTHKAJIBIK MaKcaTTa KOJIaHa Ibl.

E2i30ix 20ic. Eriz 6onbin Tyy agam OanacbiHaa >kui Ke3neceTiH Kyobuibic. OnapasiH exi Typi
0omnasbl: 61p )KYMBIPTKAJIBIK KOHE €Ki KYMBIPTKAIIBIK eri3fep. bip ®KyMBIPTKaIBIK €Ti31ep AeTeHIMI3 —
0ip )KYMBIPTKA KacyIIachIHLIH Oip cIIepMaTO30MIIIeH YPHIKTaHYBIHAH €Ki 3UTOTaHbIH JaMybl. MyHai
erizaep Oip-OipiHe aliHpIMacTall ykcac Oonaabl, ce6e0i omapablH TeHOTHIT Oip.

AN eki JKYMBIPTKa KacylIaJapblHBIH €Ki TYpJi CHepMaro30MATapMeH Oip Mesriiie
YpBIKTaHYBIHAH JIaMbIFaH eri3aep Oip-OipiHe oHmIa ykcamaysl MyMKiH. Cebeli op Typii >KYMBIPTKA
’KacyIajgapbl MEH CTIEPMaTO30 MATapAarbl TeHACPAIH YitieciMi Ty pairre O ombi kesei. OChIHBIH iIiHfe
01p YKYMBIPTKAJIBIK €Ti3JIep aca MaHbBI3 bl KaJITbl OMOOTHSIIBIK MOCEJICHI HeMece OeTri-Kacue TTEPIIiH
JaMBIIT KAJIBINTACY bl YIIIH TYKbIM KyaJlay IIbUTBIK TICH CBHIPTKBI OPTAHBIH 9CEPIiH 3€PTTEY/IC bIHFAIIIBI
Marepuan 0ol TaOBLIaAbl. MpICalbl, aJaMHBIH OOWBIHIAFRI Tya OITKCH KaOlIeTTi JaMBITHII,
KJIBIITACTHIPY YIIiH OKYy MCH TOpOUMCHIH KaH/1ail MaHBI3BI 0ap €KeHIIr aHbIKTal anagabl. COHBIMEH
KaTap, eri3AiK 9Jic aJaMHBIH KeiOip TYKbpIM KyalaWThIH aypylapfa (IIu3o(peHws], SHUIeTICHs,
remo uist sxoHe T.6.) OeMiMAUTITIH aJbIH ajla aHBIKTayFa KOMEKTeCe/Ii.

Onmoczenemuxanvix 20ic. By apictieH agaMHBIH OHTOTEHE31 HEMeCe KeKe JaMybl OapbIChIH/A
TYKBIM KyaJlaThIH ©3repicTepaiH Oap-»KOFbl aHbIKTala bl KeliOip TYKbIM KyaJlalThIH ay pyJap/abl COFaH
JKayanThl PELEeCCHBTI TeHIEpAeH TYpaTblH TOMO3WTOTAajbl ar3ajaplaH FaHa emec, a3 jJa Oosnca
reTepo3uroTaisiapaan na Oaiikayra Oomazapl. Meicansl, mu30(ppeHust aypyblH PELEcCUBTI TeH
aHBIKTAN/IBI, )KOHE OJ1 aypy aJaM aTaaHaCBIHBIH €KEyiHEH ¢ COHIal reH/i auca, sSIFHM PeIeCCHBTI
romo3urora (aa) 6osca raHa OiniHeni. AJ reTepo3uroTaibl (Aa) xKaraaiiia o agam aypy OoiamMayFa THiC.
bipak keiifie oHTOTeHE3 OaphICHIHAA OHIal ajaM Oip KalFBUILI JKaFaaiiFa YIrsIparn, cTpecc 6osnca ot
aypyablH MBIFYbl MyMKiH. COHBIMEH, OHTOTCHETHKAJIBIK OICTIH MaHBI3bl — OHTOTCHE3 OaphIChHIA
Oenrin Oip aypyasl TachIMaIIANRTBIH PEIIECCUBTI TeH P/l aHBIKTAY apKbUIbI OOMalIaK YPIaKThI aybIp
3apanTtap/aH ajblH aja caKTaHAbIpY.

Honynayusnvig 20ic. By oflicTieH TYpIi TYKbIM KyaJlaiThIH ©3TepicTepIiH a1aM MOy IUChHA
Tapaly JXUUITi 3epTTeeni. AIaMHBIH OpTYPIi MOMYJSIUSIAPBIH/IA TYKBIM KyalalThIH TeHOTHIITIK
e3repicTepliH Tapanybl TYpii Memiepae oonansl. Mpeicanbl, MapuaH xoHe ['yam apammapbiHaarst
KEPTUTKT1 TYPFBIHIAAP/BIH KYJIbIH KaCyIaChIHBIH CKJIEPO3bl ay pybIHAH Ka3a 00y bl 6acka engepMeH
cansicteipranga 100 ece xker. Concusakrel LBeiinapusna Pore o3eniniy 199 xxaranaybsiaaa opHaJackaH
6ip aysuraeiH 2000 Ty preHbIHBIHITTIHAE 50 a1am caHbIpay -MbUIKay, 200 agam caHpIpay OOJIBII IIBIKKAH.
Ce0ebi, kelIi-KOHHBIH OONMaybIHaH JKEKEJIEreH OTOachUlap MEH TYBICTAap KON Tapalsin KeOeile
aJIMaiJIbl, COHBIKTaH KeWOIp TYKbIM KyaJIATBIH aypyJapibl TaChIMAIIANUTBIH T€H MOJIIIEePi apThiT
KeTesi.

Buoxumusineix 20ic. Byn oj1ic ajiaMm reHeTUKACHIH 3epPTTEeY/Ie COHFbI Ke3Iepi KeHiHeH KOJIaHbUIbII
KYp. Anamaa 60naThIH TYPIi TYKbIM KyaJJalThIH @3repicTep *acyafarsl 3aT aJaMacy/IblH Oy3blTybHa
Tikenel GaitnanpicThl. Onap col KacyllaHbIH KypaMbIHa KIpETiH aKybI3iap, HyKIeUH KbIIIKbUIIAPHL,
KeMipcynap, Maiiiap skoHe T.0. Tikelnei 6ainanbicTol. Altansik, JJHK Monekynackiama e3repic 6osica,
oHjia reH e3repai gereH ce3. Cedebi rennin o3i con JIHK-nan typanel. An oHpail e3repic TYKbIM
KyaJlaiiipl. BHOX UMHATIBIK 9 TICTIH YJIKEeH TOKipnOemik MaHbI3bl 0ap. Meicansl, JIHK-Fa Tannay sxacay
apKpUIbI OaJlaHBIH ara-aHAChIH JIOJI aHBIKTanm Talyra Oonanel. By omic Kasip apXeonorHsubK
3eprreyaepe e KOMIaHbUIbII XYP.
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Ecenmep

111* IIpob6ano (OHBIH TYCBIHA CTPEJIKAa KOWBUFaH)TYHT1 COKBIPIBIKTaH 3apaan mereni (Cyper
13). Onbiy exi aracwl na aypy. [IpoOaHITHIH oKeci )KaFblHAH emIKiMae Oyl aypyMeH ayblpMaraH.
[TpoGanaThIH aHACKI aypy, Oipak OHBIH €Ki dIIKeci MeH €Ki arachl Ia cay JKoHe oJapiblH Oananapsl 1a
cay OoiraH. AHACHI JKaFbIHAH HaFaIllbl 9Kecl aypy, arachl cay; oxeciHiH Oip anackl aypy, 6ipak ekiHIi
aracel cay; 9KeCIHIH 9KecCl aypy oHE OHBIH arachl MEH aFachl 1a aypy OosFaH. OXKeCiHiH apFbl arachl
J1a aypy KOHE OHBIH aypy aFaChIHBIH TYHT'1 COKBIPIBIKTAH 3ap/all IEeKKEeH O01p KbI3bI MEH €Ki YJIbI OOJFaH.
[TpoGaHATHIH oiferi koHEe OHBIH aTa- aHACHl MEH TYBICTAphI cay OTOAChIHAH IIBIKKAH.

[IpoGanaTeiH oTOACHHAA aypy YPHAKTBHIH OMIipre Keily MYMKIHAITIHIH BIKTHMAJIbUIBIFBIH
aHBIKTaHBI3/1AP.

Ecenti wewy aramvenmn MoTiHTe OepiareH mIexXipendik chi30a-HYCKara Tajjiay jkacaylaH
Oacrananel (cyper 13). Ilexipenik chi30aHyCcKara Tajmay jxacay OapbICHIHIA aTajJMBIII TYHTI
COKBIPJIBIKTBIH 2y TOCOMAIIBIK JJOMUHAHTHI Oenri ekeHiH kopemi3z —A. Con cebenTeH Je mpoOaHAThIH
reHoTuni —Aa (OHBIH oKeci cay, reHoTumi aa). IIpoOGaHAThH olienm cay, TeHoTwmi - aa. Epmi-
3aiBINTHUIAPABIH TEHOTUIITEPiH OIITeHHEH COH, OChI 0TOACKIHIA Cay JKOHE ay Py YPIAaKThIH OMipTe Kelty
BIKTUMAIIBIFBI ©T€ JK0Faphl (50%) exeHIirid aHbIKTaiMbI3.
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Cyper 13. 111* ecenrin mexipe cbi30a- HYCKACHI

112. [TpoGana manbIHEIHMaH 1 YCTiH/e aK TYCTI OpaM alibl 00Ty bIMeH epekieneHe . OHbIH
arachlHIa MyHAall aK mamTel opail koK. [IpoGaHATBIH oKeci >kaFblHAaH MYHJal aHOMaJMsI
OatikaiMaras.[IpobaHATHIH aHACKIH 1A OYIT Opaii 0ap; aHACBIHBIH YIII CIHJTCiHIH eKkeyiHae Oy opait 6ap
na, an oipeyinge xok. [IpoOaHATEIH HaFalbl ananapbl )KarbiHaH O1p arnachIHBIH YJIBIHIA aK opaii Oap ,
OipaK KbI3bIHJIA JKOK, aJ1 €KIHII anackIHBIH Oip yI1 ,01p KpI3bIH/IA aK AT opai 6ap 1a, an 6ipak Oip
KBI3bIH/Ia J)KOK. AHACHI JKaFbIHAH YIIIHII aK [IAITbI )KOK alfachlHBIH €Ki YJIbI MeH Oip KbI3BIHJIA J1a aK
opaii oK. [ IpobaHAThIH HaFaIIblaTaC BIHBIH KOHE OHBIH €Ki aFaChIHBIH AK IIAIITHI Opaiibl 0ap 1a, CoHai
aK onapablH 0acka exi IHUIepiHiH aK MIalIThl Opaiiapbl )KOK OOJFaH. ApFbl aTachbl MEH OZIaH J1a SKOFaphbl
ap¥hl aTaJapbIHBIH MAHIa TYCHI MIANITAPBIHIA aK Opailiapbl OoFaH.

Erep ne npo6an ak mramrsl opaiibl 0ap ©3iHiH TybIC KapBIHIACHIMEH HEKE KYpaTbiH O0JIca, OHIa
0CBI 0TOACHIH/IA AK IIAIITHI Opaiibl Oap OasamapIpiH eMipre Kely bIKTUMaJIIBIFbIH aHBIKTAHBI3IAP JKOHS
OCBI MOTIHT€e IEXIpeiK ChI30aHyCKa KYPBIHBI3AAP.

113. Kac xy0Oaiinapnbiy ekeyi e OH KOJIbl. OHeNIiH 0TOAChIH A TaFbIIa €Ki armachl — OH KOJIbI
KOHE YIII coNakail arachl OOFaH. OWENIiH aHAChl — OH KOJJbI, 9Keci — colakail. OKeCiHiH coiakai
OTIKeC1 MEH aFachl )OHE OH KOJJIbI TIKECI MEH €Ki arachl 0ap. OKeci JKaFbIHaH aTachl - OH KOJJIBI, d3Keci
— coMaKaii. ONeIIiH aHACHIHBIH €Ki aFachl MEH JIKeci Oap — OapibIFsl 1a OH Kokl KylieyiniH aHackl
— OH KOMJBI, d9Keci - comakail. KyiieyiHniH aHacbl MeH 9KeCiHIH KaKTapbIHaH OONATHIH dXKeJepi MeH
aranapsbl 1a — oH Koibl. Ockl oTOAaCkIHAA conakail 0anamapablH TYbUTY BIKTHMAJIBIFBIH aHBIKTAHBI3.

114. Epni-3afibINTHIHBIH €Keyl Ae anpOuHu3M Oenrici OoiipiHIIa reTepo3uroraisl. Onapaan
SPTYPIIL KYMBIPTKAJIBI €Ti3 Oamanmap mayHuere keiareH. OnapablH eKeyiHiH J1e aJbOMHOC OO0y BIHBIH
BIKTUMAJIBIFBI Kanmaii? A) 25 % B) 50 % C) 75 % D) 100 % E) 12,5 %
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115. I'eteposuroranst opranm3maep (Aa, Cc, Br). Kanpmait Tuni rameranap tyzeni? A) 1 B) 2 C)
3204D)4E)6

116. Amamaa antbl caycakThiH OONMyBl JIOMUHAHTTHI TE€HHIH, ai Oec caycaKTblH OOIybH
peLEeCcCUBTI T€HHIH aHBIKTaUThIHBI Oenriti. bec caycakTsl oiiel1, reTepO3UroTabl ajlThl cay CaKThl €p
aJlaMFa TYPMBICKA MbIKKaH. OTOAachIH/Ia alThl caycakThl 0ana 0oy bIHBIH BIKTUMAJIBIFRI KaHAai? A)
25% B) 50% C) 75% D) 100% E) 12,5%

117. Epni-3adibINThIIapAbIH €KEYi Ji&¢ TOMO3HUTOTAJIBI aJIThI cay CaKThl OTOACHIHIA Oec cayCaKTbl
OananapaeiH Tyybl MyMKiH 0e? A) uo B) xok C) xaprbuiait Mymkin D) sxapreuiaii Mymkin emec E)
IYpBIC KayaObl KOK

118. Bip >xyMbIpTKaIaH maiina OoraH eKi KbI3, ©310epi CUAKTHI €T3 €Ki JKIriTKe TYPMBICKA IBIKCA,
oNlapJlaH TyaThIH Oajianap e37epi CUIKTHI 0ip-0Oipine ykcac 6omansl Ma? A) no B) ok C) kapThiiait
mymkiH D) skapreuiait Mymkin emec E) nypbic sxayaObl )KOK

119. Kapa ke3ai KiriT Kek ke3/i KpI3fa yijeHreH. Kapa xe37i ke ke3ai OeirineH 0achm.
Omnapnan kapa ke3i 8 6ana tyajsl. Ockl oTOaCkHIA OananapAbIH reHoTHITiH aHblkTa. A) AA B) Aa C)
aa D) Aaaa E) AA AA

120. Koii ke3/1i oHKall epkeK KoK ko371 OHKal oienre yinenai. Onapabig 6ipinmii 6amachl Kok
ko311 conakaii 6ommsl. Ockl 0anansiy reqorui Kaugaii? A) AaBs B) AAss C) aaBB 205 D) aaBs E)
aaBB

121. Anamua runogocgoremus reHi X-xpomocomana opHamackad. OCcbl aypyMeH aybIparbH
epKek cay oifenre yitneneni. OnapablH YIIapbIHBIH KaHIIACHl ayblpanbl? A) ekeyiniH Oipeyi B)
tepreyinig 6ipeyi C) Oipeyi D) yieyinig 6ipeyi E) aybsipmaiiabt

122. TykpIM KyaJJalThIH ay pyMeH aybIpaThIH €pKeK cay oiienre yineHeni. Onapapiy 8 6anmackr 4
KBI3BI J)oHe 4 yiIb1 0onaanl. KbI3mapbIHBIH OapIibIFsl ay py, YIAAPhI cay OoiFaH. Aypy Oenri Kainai TYKbIM
Kyanaiaer? A) ayTocombl pereccusri B) aytocomast qomuHanTThl C) X-XpoMocomameH Tipkecker D)
JIOMMHAHTTBI X-XpoMocoMaMeH TipkeckeH E) penieccuBTi X-XxpoMocoMaMeH TipKeCKEeH

123. Anamna TyHIe KOPMEUTIH aypy IOMUHAHTTHI OEITi peTiHe TYKpIM Kyamiaiibl. [lemeci cay,
oKeci aypy orbachiHIa aypy Oana TyybHBIH BIKTUMAIIBIFbI Kaunai? A) 25 % B) 50 % C) 75 % D) 100
%E)12,5%

124. Anamna TyHIe KOPMEHTIH aypy JOMUHAHTTHI OSJTi peTiH/e TYKbIM Kyataiisl. Erep memnreci
cay, oKeci Je ochl aypy OoibIHIIA repero 3urotamsl Oonca orOackiHAa aypy Oana TyyBIHBIH
BIKTUMAIIBIFI KaHmai? A) 25% B) 50% C) 75% D) 100% E) 12,5% 206

125. banaHbIH )oHE OHBIH dMKECIHIH KaH TOOBI — TOPTIHIII. ATa-aHaNapbIHBIH KAH TONTAPbIH
anbIkTaHb3. A) | sxone |, B) | xone 1V, C) Il xone 111, D) | xone 1, E) I xone 1V.

126. byn omictiH Heri3iHae agaMaa OONAThIH TYpJi Oeiriiep MEH KAaCHUETTEpIiH HeMece
aypyJapbIH TYKbIM KyaJjaybIH OHBIH IIBIKKAH TEriHE Kapail 3epTTey *karaabl: A) FeHeONOTHSIIBIK dJIiC
B) eriznik omic C) momymsiusiibIK d1ic D) nuToreHeTukaibiK 91ic E) OMOX UMHSIIBIK 9/1iC

127. MenuiuHanbIK KeHO1p JOPLTiK MpenaparTap/sl MaialaHFaH 12 aJaMaap/IbH TeHe THKATIBIK
OeliiMaisirine OalIaHBICTHI JAMUTBHIH aypyJapibl 3epTTEHTIH TeHETHKAHBIH XKaHa OeJiMi: A) kaHa
reHeTrka B) ¢papmakoreneruka C) nopinik reHetuka D) sxoreneTrka E) naparuntik reHeTuka

128. Tlcopuas >koHe AMAOCTTIH TCHETUKAJBIK HETi3iHIH Oalikamybl: A) aypyAblH KHLIC
MOHO3UTOTAJIBI €Ti3IepAe AUTeTEPOUTOTANIAPFa KaparaHia aHaFYPIIbIM KOFapbl B) aypyabIH KHLTr
JIUTETEPO3UTOTaIIBI €Ti3Aepe TUTeTepO3UToTaIapFa KaparaHaa aHaFy piIbiM xKorapbl C) MOHO3UTOTAIIBI
eri3zepae TUCKOPIAHTTBUIBIK XoFapbl D) mu3uroransl eri3aepne KOHKOPAAHTTHUIBIK oFapbl E)
MOHO3UTOTAJIBI €Ti3JIep/e KOHKOPIAHTTHIIBIK TOMCH.

129. IIpoban Tya GiTkeH KarapakTameH aybipasl. Ol ieHi cay ofie/re YHICHICH JKOHE HayKac
KbI3bl MEH JIeH1 cay yJibl Gap HpOGaHIlTbIH OKeCl KaTapakTaMeH aybIpajibl, aJ1 aHACHI cay. HpoGaHzrrLIH
aHACBIHBIH JICHI cay SIIKEeCi )KOHE JIeHI cay ara-aHachl Oap. OKeCiHIH aTackl aybIpajpl, ajl kKeci cay.
[TpoGanATHIH oKecCi )KaFbIHAH JICHI cay Kekeci MeH Tateci 6ap. Kekeci aeHi cay oiiesre yiieHIreH.
Omapasiy ym yisl (MpoOaHATHIH 9KecCl jKaFbIHAaH HeMmepe aranaphl) cay. [IpoOaHATHIH KbI3bIHBIH
or0ackIHa aypy HEMEpEIEePiHiH eMipre Kesly bIKTUMAIIBIFBI KaHAal, erep 01 OChl TUIITET KaTapakra
OOWBIHIIIA TETEPO3UTOTAJIBI €p aJJaMFa TYPMBICKA IIBIKCA?

130. Cizain anabHbI3Ia Oearii 0ip aypyFa MaIbIKKaH 01p 0TOACKIHBIH Mexipeci Oepinren. by
aypy TOJBIK IEHEHTPAHTTHUIBIKTBI KOPCETE1 )KOHE TOMYIIIUSIHBIH 25%-1a Ke3aecei.
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DTO . Boterai xex qypy QHen B meman cay oHel
D D . BonsHon Myx aypy epKeK Bl HyXuM Cay epKeK

O @0 O
[H®
] ®

Ocuol mexipe Typaisl J¥YPBIC xone J¥PbIC EMEC moniMaemenep/i kopceTiHi3
A) Bbepinren mexipe X-ke Tipkecin TYKpIM Kyamnaiiel JIE

B) 4 Hemipri ar3aHbIH T€HOTHUII TeTEPO3UTOTaNBI J]

B) 5 Hemipri ar3aHbIH TackIMaIIay bl 001y MyMKiHAIr %3 JIE

I') 1 HeMipmi aF3aHbIH TachIMaAAY I 00Ty MYMKIHAIr %5 J1

O

Baksbliay cypakTapsbl

1. AnaMHBIH TeHETUKAJIBIK HBICAH PETIHJET] epeKIIeNTiKTepi.

2. AamMHBIH TYKBIM KyalaybUIBIFBIH 3€PTTEYIiH 9iCTepi.

3. TeHeaNoTUANBIK 9ICTIH HETi31 - aJaMIarsl TYKbIM Kyamayabl OHBIH IIBIKKAH TETiHe Kapai
3eprrey.

4. AnaMmarsl ki K€3[1€CETiH TYKBIM KyaJlalThIH aypyJap.

5. AJlaM reHeTHKAChIH 3ePTTEY/IiH KETICTIKTEPI.
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INMIOCCAPUH

Aiikac OynaHaacTeIpy — TOMOJIOTTH XpoMocoManap MeHo3IbIK 0eiHy Ke3iHae Oip-OipMeH
alKachII, coliKec yJecKilepMeH anMacy mporieci.

AJuTeibAi TeHiep — XpoMocoMaiapJarsl THICT1 yUacKiIepiHe OpHANACKaH Oip TeHHIH opTY I
TYpIepi.

AyTocomMa — OVJI )KbIHBICTBIK XPOMOCOMANapIaH0eIeK Ke3-KeIreH XPOMOCOMa.

Buosorusasik ajgra 6acy (mporpecc) — Oyn Oenriii Oip yakpIT ilIiHAEC OWOJOTHSIIBIK
ar3ajapiblH, TYpJiep MCH MOMYJISIUSIAPABIH 63repyl MCH kKaKcapy mporlieci.

BbuonorusiblKk Kepi KeTy (perpecc) — ar3ajap MEH Typlep ©3JACpiHIH OeitiMaeny
CHMaTTaMallapbiH JKOFANTHIN, HEFYPIIbIM KapamaibiM (GopManapra KaTa opajaThlH OHONOTHSIBIK
MpoTpeckKe Kepi mporecc.

I'ameTranap — xaHa aF3aHbl KAIBIITACTBIPY YIIiH KOOSO JKOHE KOCBHUTY MPOIECiHE KAThICATHIH
apHaiibl kacymauap.

l'emoduiusa — KaH KeTy[diH TEHETHUKAJbIK OV3bUIybI, OVJI KaH KeTyre OCHIMIUTIKTIH
JKOFapbUIay bIHA OKEIeT.

I'en — opraHu3MHIH TYKbIM KyaJaylIbUIBIK KACHETTEPI Typajbl akmaparTsl koaraiTeiH JJHK
(1e30KCUPUOOHYKIICUH KBIIITKBIIBIHBIH) YUacKeci.

I'engik kop (remodoHn) — Oy MOMyIAIUANAFEI HEMECE YpIIaKTaH-YpIakka OepiieTiH
TypJaepzeri 6apiblk reHeTHKANBIK MaTepHaNAapAblH (TCHOTUNTEPAIH) KUBIHTBIFI.

I'enoM — OYJT aFr3aHbIH KacyIalapbIHAAFEl TCHETUKANBIK aKIapaTThIH TOJBIK JKHBIHTBIFBL.

Il'enoTun — ar3afbIH JKacyIlalapblHIarbl TCHETHKAIIBIK aKIMapart, O OHBIH TYKbIM KyajlalThH
OeJriziepi MeH cunarTaMajapbiH aHBIKTAIbL.

I'eTepo3urorThl a¥3a — Ocriii Oip OeJriHiH reHaepi eKi TY I aJUIeIbMEH YChIHBUFaH OpraHu3M.

T'etepo3uc — OipiHII YpraK YpHaKTapbHBIH aTa-aHACKIMEH CAIIBICTHIPFaHAa TO3IMIIIT MEH
KYIIiHIH )KOFapbUIaybIMEH CHUTIATTANIATHIH OPTaHU3MACPIiH KaCHETI.

I'udpuaoa0rusIBIK 91ic — OYJI TCHETHKA MCH CEJICKITVSIIa Al IalaHbUIATBIH d]1iC, 01 THOPHIITI
ypIax ajy VIIiH €Ki Typili TeHOTUIITI HeMece Typiepi OymaHaacThIpy OOJNBIT TaObUTa b,

T'omo3uroTTBI a¥3a — Ocriii Oip TeHHIH eKi alutelt Oipueil ar3a.

ToMoJIOTHSIIIBIK XPOMOCOMIAP — NIaMaMeH Y3bIH/IBIFbI, IICHTPOMEPAHBIH OpHAJIACY bl Oipiei
JKoHE OOsUTFaH Ke3ze Oipaei yiri 0epeTiH XpoMocoMa Ky OBbI.

Jurn6puari oynangacreipy — Oy exi xKym OanaMa OenriiepMeH jKoHEe COMKECiHIIe, eKi XKYIT
aJuIe)IbJll TEHACPMEH €pEKILIEICHETIH JapaKrapablH OyaaHIacybl.

JIOMHUHAHTTBI FeH — OYJI TOMO-)K9HE TeTePO3UTOTANIBI Ky HeTi OeJriHiH KOPIHICiH aHBIKTalThIH
aiens. by sxarnaiina 6enri JOMHHAHTTHI (0aChIM) JIETT aTanajibl.

7KBIHBICTBIK XPOMOCOMAJIAP — aF3aHBIH)XBIHBICHIH aHBIKTANUTBIH O1p KXY XpPOMOCOMA.

KomoMuHAHTTBUIBIK (TOyesICi3 KOpiHiC) — TeTepo3wrorajbl OpraHu3Mie OCINTiHiH
KaJIBIITACYbIHA €Ki aJlIebIIH JIe KaThICYbl.

Konbroranusa — 0yikeiidip OakTeprsuiap MEH TP OTUCTep e O0aThIH I'eHe THKAJIBIK ITP OLIeCC, OYIT
OJIapABIH e HETUKAJIBIK MAaTePHAJIIBI ©3apa aMacy biIHa My MKiHTiK Oepei. Konbrorarus mporecinae exi
opraau3m JIHK TaceiManmaHaThiH MAIYC JEM aTalaThlH YaKbITIIa KYPBUIBIMABI Ky panbl.

Monorudpuari Oynangacteipy — Oip-OipiHeH Oanamansl OenrinepmiH Oip >kKyObIMEH FaHa
EpeKIIeNICHETIH TapaKTapabl OyAaHIacThIPY.

MyTanusi — Oy opraHu3MHiH (EeHOTHUITIHE (CBHIPTKBI CHUITaTTaMa apbl MEH (DY HKIHSIIAPBI) ocep
€Tyl MYMKIH T¢HETHUKAJBIK KYPBUIBIMBIHIAFbI ©3repic.

O3reprimTik — opraHU3MIEpIiH kaHa Oenriiepre ue 6omy KadieTi.

HoaurudpunTtioyrangacteipy — Oy 6ipHerre Oanama OeiriiepMeH )KoHe CoMKeciHIIe OipHele
aJUIesb/li TEHACPMEH EPEKIICIICHETIH JapakTapablH Oy/TaHIacybl.

PenponykTHBTIJIIK — aF3a1apabiH Ke 010 oHE 0JapablH e HE TUKANIBIK €PEKIIETIKTEPiH Y pIakKka
Oepy kabineTi.

Ta3za quHus (ipikTeMesep, KOATYKbIMAAD, IITAMMAJIAP) — TCHACPIIH Oip HeMece OipHele
aJes OOWBIHIIIA TOMO3HTOTTHI JKUBIHTBIFBL, © CIMAIKTEP/IIH 63/iriHEH HeMece e3apa To3aHaHFaHIa
OenriaepAiy blabIpaybl OalKalaabl.

ToabIK TOMHUHAHTTBLIBIK — OVJI TOMUHAHTTHI T€H PEIICCCUBTI T€HHIH JKYMBICHIH TOJIBIFBIMEH
TEXKET, HOTUXKECIHIC IOMUHAHTTHI KACUCTTIH JaMyHl.

ToabIMCBHI3 JOMUHAHTTAY — OYJI JOMUHAHTTHI TeH PEIICCCUBTI I'EHHIH JKYMBICHIH TOJIBIFBIMCH
TE)KEMeH, HOTHIKECIH/IC apaliblK KACHETTIH JaMybl.
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TyKbIMKYaJIay — aTa-aHaJaH YPIIaKka TeHeTHKAIBIK aKapaTThiH Oepimyl. TyKbIM Kyaaay I bUIbIK
XpoMOCOMaNap apKbUIBI JKY3€Te acaabl, OJAapAblH KypaMbIHIa TeHaep — Oeariai Oip OcaoKTapmsl
KOATAUTHIH )KoHE (PU3HKAJIBIK )KOHE OMOJIOTHAJIBIK KacueTTepiMiz i anbikTaiThiH JJHK OemiMaepi Oap.

DeHOTHII — OHTOTEHE3 (FKEKE J1aMy ) HOTIDKECiH/Ie TTaiiia O0IFaH OpraHU3MHIH CHIPTKBI JKOHE IIIIKI
OenrinepiHiH KUBIHTHIFBL.

Xpomarun — JJHK-nan, sopysnaapnan xone PHK-nan Typsin xpoMocoMamapasl KypanThH
KEIICH/1 KYPBUIBIM.

XpoMmoruiactap — OyJKypaMmblHIa NUTMEHTTEpI Oap JkoHE OCIMIIK JKacyllajapbHaa
MUTMEHTTEPIIiH CHHTE31 MEH JKHHAJy bIHA JKayarl OepeTiH IIacTUATEPIH Oip TYpi HEMece OpraHelva.
Omnap eciMAIKTEepAiH TYC TY3UIyiH/IE )KOHE TYCIH CaKTayaa MaHbI3bI POJI aTKapaibl.

Xpomocoma — reHiepaid 0enriii 0ip >KUBIHTBIFBIH KAMTHTBIH JKacy11a AP0 CHIHBIH KY PBUTBIMIBIK
AIIEMEHTI.

HuTtonorusi — Oy >kacymanapasl, OJapAblH KYPBUIBIMBIH, KbI3METTEP1 MEH 1IIiHJE KYPETiH
MPOTIECTEPiH 3ePTTEUTIH FHUIBIM.

HuToniazma — mua3mMaibiKk MeMOpaHa MEH AP0 apachlHIa OpHAJacKaH >Kacy IaHbIH MaHBIIbI
OeJriri.

OMOpHOJIOTUSI — SMOPUOHHBIH J1aMybIH 3€PTTEHTIH FBUIBIM (KYMBIPTKA >KaCyIIachIHBIH
YpBIKTaHFaHHAH KEHiH aF3aHbIH JaMybIHBIH O0aCTaIKbl KE3€Hi).

JyKapHOTTAap — TeHETHKAJIBIK aKIaparhl siIpolaopHaIacKaH JKacylaiapel 0ap opraHu3MIeD.

SAnpo — JHK typinzmeri ’kacymaHblH T€HETHKAIBIK aKMapaTblHAH TYPAThIH MEMOpaHAaJBbIK
OpTaHOM/I.

SIAPOMIBIK — SIIPOILIiH/IE OpHANACKAH I aFbIH KYPBUIbIM. OJ1aKybI3 CHHTE31 IPOLIECiH/e STy
peJ aTKaparblH KillIKeHTal opraHesanap—pudocoManapablH CHHTE31HE xKayar Oeperi.

66



YraybaeBa A.Y.

I'EHETUKA

(mpakTHKYM)

Ypaabck, 2023
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HPEANCIOBHUE

3akoH Pecnyormiku Kaszaxcran « O6 oOpa3oBaHMM» U JpyTUe TOKYMEHTBI, OTHOCALIUECH K cdepe
00pa3oBaHMs, YKa3bIBalOT Ha HEOOXOIMMOCTb IMOJATOTOBKM BBICHIMMHU Yy4E€OHBIMH 3aBEJEHUSIMH
CHEIMAIMCTOB, 00JIaIA0NMX BCECTOPOHHUMH 3HAHHUSIMH, IIIMP OKUM KPyTO030pOM, BBICOKO! KYJIBTYpOI,
YMEHHEM MBICIHTH IT0-HOBOMY.

I'eneTuka — omHa M3 HOBBIX TOUHBIX HayK. E€ ocHOBHas 3aaua — M3ydYeHHE IBYX OCHOBHBIX
CBOMCTB )KUBO#1 PUPOJIbI — HACICACTBEHHOCTH U M3MEHUMBOCTH. METOOTIOrHYECcKast POJlb TeHETHUKH
B 00pa3oBaHMU MpenonpenessieT ocodble TpeOOBaHUA K €€ NMPEeNnoAaBaHUI0, B KOTOPOH JTOKHBI
coyeTarbcs UPOTa 0XBaTa, HayyHas NIyOMHA U JOCTYNHOCTH U3JI0KEHUS.

YcBoeHue moObIX TEOPETUIECKUX Ky PCOB, HECOMHEHHO, OCYIIECTBISCTCS Yepe3 MPaKTUIECKIe
3aHATHA. Takue 3aHATHS MO3BOJSIOT MOHATH M 3aIOMHUTH (PaKTUIECKYI0 HH(OPMAITUIO U Pa3BUBATH
TBOpYeckoe  MblmuieHne.  OBlajeHHe  OCHOBaMH  HACJIEJCTBEHHOCTH,  HCIIOIB30BaHKE
THOPHUIIOIOTHYECKOTO METO/Ia B M3y YCHHUH HACIICICTBEHHOCTH M K3MEHYUBOCTH SIBJITIOTCS O CHOBHBIMH
3aJlauaMy y4eOHbBIX MOCOOMIA, CO3/JaBaEMbIX B 00JIaCTH T€HETHUKH.

B cBoux skcniepuMeHTax (T. €. My TeM peIleHus 3a/1a4) CTyJEHTbI U y HallMecs TOJDKHbI yOeIuThCs,
YTO FeHEeTHKA OCHOBAHA Ha CTPOTMX 3aKOHAX, KOTOPBIE ITO3BOJIAIOT UM TP €IBUIE T KaKOe-JIM0 0 SIBJICHNE
¥ TOYHO BBIYHCISTH €T0 KOIMYECTBEHHBIE 3aKOHOMEPHOCTH. OHH JTOJDKHBI HAY YMTHCS CAMOCTOS TEIIHHO
pemiars pa3jMYHbIe TUMBI 3a/1a4, YTOOBl MO OBIIAJIETh 3aKOHAMH T€HETHKUA. DTO TaKKEe MMEeT
Oompimoe 3HayeHWEe B (GOpPMHpPOBAaHMM Yy OOyYalOUIMXCS MBIIUICHUS  CaMOCTOSITEIILHOM
MCCJIIOBATEIIbCKOM ICSITSIILHOCTH, P SANPUUMINBOCTH U JIOBKOCTH. 3a/1a4H MO TEHETHUKE MOMOTAIOT
pazobparbcest B caMoM 0a30BOM y3Iie TEOPHH, IITyOKe MOHSATH €€ Cy ITHOCTh, TPOAYKTHBHO P UMEHHUTh 1
TBOPYECKHU HCTIONb30BATh 3HAHUS HA MPaKTHUKE.

IIpeanaraeMelil NpakTHKYM IO TEHETUKE HAPABIIEH Ha JOCTW)KEHHAE 3THX LETEH.

B naHHBIN MpaKTUKYM BKIIFOYCHBI 331291, OX BaTHIBAIOII e OCHOBHBIC TIIaBBI Kypca « I eHeTHkay,
a TaKkKe METOAbl MX PCIICHUS W OTBETHL. Kak MeTom MOACIMpPOBaHUS CIOKHBIX T€HETHYECKUX
IPOLIECCOB B 3TOM MOCOOUM HIUPOKO UCIIOIb3YyeTCs peleHus 3aaad. s 3roro oroOpaHsl Hanboee
3HAUYMMBbIE TEMbI, T000paHHBIC 3a]Ja4l PUBEIEHBI /I OTPAOOTKH MPUEMOB UX PELICHHUS.

[TpakTukym «I'eHeTnka» pa3paboTaH Uil yduTeneil OMoI0Tuu, CTYACHTOB U MarucTpPaHTOB

BY30B, YUaIuXcs cpeaHeit o0meo0pa3oBareIbHOM KO
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I. MOHOI'HBPUJIHOE CKPEHLIUBAHUE

CkpemuBanne GopM, OTIMYAIONIMXCS APYT OT Jpyra MO OAHOW Tape allbTepHaTHUBHBIX
MPU3HAKOB, HA3BIBACTCS MOHOUOPUOHBLIM CKpewjusaruem (puc. 1). MOHOTHOPHUIHOE CKpEIIIMBaHHC —
caMblii IpOoCTON THH CKpeIuBaHus. [Ipr MOHOTHOPUIHOM CKpEIMBAHUY aHAJIM3UPYETCS TOIBKO OHA
aJuleNbHas mapa reHoB. i ycrenHoro peimeHus 3a/1a4 Ha MOHOTHOPUTHOE CKpP eHIMBAaHHE HEOOXOIIMO
TaKKe YE€TKO 3HATh MPaBUIIO «YaCTOTHI FAMET», COIIACHO KOTOPOMY B KaKIYH0 FaMeTy MOMaJaeT TOJIbKO
OJIMH T'€H W3 KaXI0¥ napsl, ONPEAEIIOIUN pa3BUTHE NTPU3HAKA.

Y1oOBl yHIpOCTHTH pEUICHHE TeHETHYECKHX 3a/ad, Uil 0003HAaYeHUsS T€HOB HCIIOIB3YIOT
CUMBOJIBI, COCTOSIIINE M3 HAYaIbHBIX Oy KB JTJATHHCKOTO ajaButa. [Ipr 3HAKOMCTBE ¢ TEMOM PeIIaroTCs
3aa4d Ha BO3BParTHOE, aHAIM3WpPYIOLUIee M PEUUNPOKHOE CKpeuuBaHus. [lpu pemenun 3amad
NPENOCTABISIETCS BOBMOXKHOCTh JOKa3aTh MEePBbI U BTOpOUl 3akoHbI [ peropst Menaens, onpeneimrh
JIeiCTBUE TeHOB, TEHOTHUIT POJUTENEH U TIOTOMCTBA, paccyuTarh (QEHOTUIHYECKHE U TeHOTUTUIECKIE
K1acchl U T. A. TakuMm oOpasoM, y oOydaroruxcs GopMHUPYIOTCsl HEOOXOJUMBIE TPEIMETHbBIE HaBbIKH.

[Tpu HanMcaHUM reHETUYECKUX 3a7a4 HCIOIb3YIOTCS PSAJl CUMBOJIOB:

P (parents) — ponutens

F (filia, filius) — moxonenue, F uHIeKC, MOMEIIEHHBIN PsIIOM ¢ CUMBOJIOM 1,2,3, yKa3bIBaeT
MOPSIAKOBBIA HOMEDP MOTOMCTBA, F; — mepBoe mokoneHue, F, - BTopoe nokojaeHue u. 1.

X - CUMBOJI CKpEIIMBaHUs

Q - MaTepuHCKas 0CO0b

&' - Myxckas

G - rameTsl

A —IOMUHAHTHBIN IeH, a — pelleCCUBHBIN T'eH

Odopmienune 3aga4u HaduHaeTcs ¢ 3anucu JlaHo (aeficTBre reHOB (KaKoW MPpU3HAK SBISETCS
JIOMHHAHTHBIM, a KAKOH - peLIeCCUBHBIM), BCE O pOIUTEIISIX U oToMCTBE. Eciu eficTBre reHoB He J1aHo,
TO 3aJ1a4ya HAYMHAETCS C 3allCH POJUTENICH U IOTOMCTBA ), IaJiee 3allChIBAIOT YTO HeoOxomMo Haiiry,
MOTOM MEPEXOMAST K PELISHHUIO U B KOHIIE 3alIUChIBAETCS OTBET. YTOOBI ONIpeenTh eiicTBHE TE€HOB B
Mpo1ecce peLeHus 3a1a4, He00X0AUMO IIOCMOTPETh Ha MX TIOTOMCTBO M OTIPEAEIUTh Ha OCHOBAHUU
IIEpBOTO WJIM BTOPOTO 3ak0HOB I. MeHaemns.

Jis onpezienieHrst TeHOTUIIOB POJIUTENEeH TOMOTAI0T PELIECCUBHBIEC M JOMUHAHTHBIC IPU3HAKA U
KONIMYECTBO TMOTOMCTBa. Ecin peyeccugnulii npusnax IposiBIsIETCS y IOTOMCTBA, TO peyecCUGHbIL 2eH
MPUCYTCTBYET Y 000MX PONUTENEH, & €CIIN peyeccu8Hblll NPU3HAK HEe TPOSBIAETCS y TIOTOMCTBA, TO
peyeccusnulii 2eH OTCYTCTBYET Y OJJHOTO U3 pouTesneil. Ecim komiyecTBO HOTOMKOB - IBOE, TO T€HOTHUIT
OZTHOTO M3 POAMTENEH ObLI reTepO3UTOTHBIM, APYTOro — TOMO3UIOTHBIM, a €CJIM [TOTOMCTBA OblIN — 4,
TO T€HOTHITBI 000UX POAMUTENEH OB TeTEPO3UTOTHBIMH U T. [I.

JIOMMHAHTHBIA NPU3HAK PeneccnBHbId NpU3HAK
T'oMo3HIroTHBIA

e

P

['enoTam:

I'eTeposuroTHEI

3akoH equHO0Opa3HA THOPH/IOB

o NEePBOro MOKoJeHns (nepBbiil

Aa 3akoH MemnjeJst)

KPacHbIN 1BETOK

Pucynok 1. Cxema MOHOTHOPHTHOTO CKpEIIMBAHUS
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IIpy mpoBeneHWH 3KCIIEPUMEHTATBHBIX PabOT MO M3YyUEHHUIO XapakTepa HacieJOBaHUs
pPELeCCUBHOIO IPHU3HAKA, IS ONPENEIECHHs TO0CTOBEPHOCTH PE3YJIBTATOB 110 PACIICIUICHUIO 3TOI0
npusHaka B F,, B kauecTBe mpuMepa ucmoabzyercs Tadbnuna 1.

Tabnuma 1. Pe3yabTaThl KOJIMYECTBEHHOTO aHAIM3a HCCIICO0BAHUS OKPACKHU TeJlay IPO30(hHIbI
(MOHOTHOpPHTHOE CKpEIUBAHUE)

Hucno Myx
Cepsix | Yepnsix | Beero
MaTEPUHCKAS JIMHMS . .. e vveeetanaeeneenenaeseneennnennes 0 Bce
(0491 (0): 10 e:F: B 0705170 QP Bce 0
F Bce 0
F
dakTnyeckoe paciierieHue-IaHHbIe, TOTyYCHHBIE CTYICHTOM
() SRR RR 78 18 96
OXKUTAEMOE OTHOIIIEHHTE ... e .vvueenveneseneeseenannnnenns 3 1 4
TeopuTuuecku oxugacMoe paciemieHue (0).............. 72 24 96
OTKIOHEHHE (0)... vt e e +6 -6
A2 36 36
dz
x? = 27 = 0,50+ 1,50 = 2,00;
n' = 1;,P>0,05
F
daxTryeckoe pacuierieHue-CyMMapHbIe TaHHbBIE, IOy YCHHBIC
BCEMH CTYJACHTAMHU TPYIIIBI (P)... . vvvreennnee. 1199 385 1584
(053479 1S Y (ISl 0 (0)11(5) 1 (T 3 1 4
TeopuTuuecku oxugacmoe paciiemieHie (0).............. 1188 396 1584
OTkImoHEHHE(A) ..ot +11 -11
A2 e 121 121
d2
x? = Z— =0,10+ 0,31 =0,41;
q
n' = 1; P>>0,05
Fy
JlaHHBIC, TTOTYUCHHBIC CTYACHTOM .. .vvrenranranrannannsns. 66 58 124
dakTryeckoe pacuieieHue-CyMMapHbIe TaHHbIE, Oy YCHHbIC
BCEMU CTYACHTAMH IPYMIIHI (P)............ 504 486 990
(024701 : 1S V(e N NE (0 11(5) 51 (SHP 1 1 2
TeopeTHUeCKH 0KUAAEMOE PACIICIUICHUE (). ... ...uveees 495 495 990
OTKITOHEHUE (0)... v iinie e e +9 -9
A2, 81 81
d2
x?= 27 =0,16+ 0,16 = 0,32;
n = 1; P>>0,05

CrarucTuyeckasi 00padoTKa moJydYeHHbIX pe3yasTaroB. [lonydyenHoe B ombite B F, 1 Fy
COOTHOIIIEHHE CEPBIX U YEPHBIX MyX OTIIMUAETCS OT TeopeThudecku oxkugaeMoro 3 : 1 wmm 1:1. Pemenue
BOIIPOCA O TOM, CIy4YaiHO JM 3TO pa3iMyue WM pacIlenyeHue He COOTBETCTBYET TEOPETHUECKH
0XKHAEMOMY, BO3MOKHO TOJIBKO € TIOMOIIBIO CTAaTUCTHYECKUX METOI0B. OUeHB MPOCT U yA00CH METoN
X? (xu-xBajpar). IIpuMeHeHne 3TOr0 METOla CBOAMTCA K PAcUeTy BEJIUYMHBI X° M €€ OlleHKe. Pacuer
ocymecTBisieTcs mo popmyne 1:

Zzﬁ 1
x? = 2 (1)
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rme 2— 3HaK CyMMbI, (| — TEOPETHYCCKH OKHIAEMOE YHUCJIO OCOOCH C OIpeesiCHHbIM
npusHakoM; d — OTKJIOHEHHE (aKTHYCSCKHU MOy YeHHBIX TaHHBIX OT TEOPETHICCKU OXKHUIACMBIX s
Kakaoro kiacca (p — (). B mporecce pacueToB CHavajga COCTABISIFOT TAOMMIly MO Kiaccam
pacuieIuieHHs HA OCHOBAHUH OTIBITHBIX YUCJIOBBIX JaHHBIX (p). 3aT€M U3 CyMMBbI 4aCTOT BCEX KJIACCOB,
COCTaBJIAIONICH 00bEM BEIOOPKH, BBIYHCIISIFOT TCOPETUICSCKU OXKHMIAEMbIC BEJIMIHHBI () IS KasKI0T0
KJacca COOTBETCTBEHHO mpenmnonaraemoit popmyne pacmemtenus (3 : 1, 1 : 1 u T m.). Janee
OTpeestoT OTKIOHeHHE (0) MOy Y€ HHBIX TAHHBIX OT TEOPETUIECKH 0XKH/1aEMbIX JIJISI KaXKI0T0 KITacca.
Kaxnoe orknonenue d Bo3BoaaT B kaapar (02), 1e1sT ero Ha TeopeTHUeCKH OKHIaeMOoe YHCIIO (7f) s
JAHHOTO KJlacca. 3areM BCE YaCTHBIC CYMMHUPYIOT M TTOMYyYalOT BEJIMYHHY COIIACHO MPUBEICHHON
dhopmyre. OnieHKa BEJIMIUHBI POU3BONHTCS 110 Tabmuie dumepa (Tadm. 2).

Ta6mina 2. Ta6muua 3HaueHWil X° OpM pasHBIX cTemeHsx cBobonsl (mo ®umiepy, ¢
COKpaIlleHuEM)

Yuco cremneHeii cBo6os (N') BepositHocTh P
0,05 0,01
1 3, 841 6, 635
2 5,991 9,210
3 7,815 11, 341

B rabmuue o603nauensl BepositHocTH (P) 0,05 1 0,01. Uto onu o3nauarot? [1pu paccmotpennn
(OpMYJIBI BUITHO, ITO MIPH MOIHOM COOTBETCTBHH OIBITHBIX U TEOPETHYECKUX TAHHBIX X° PABCH HYJIO.
Eciu X2 He paBeH HyIIO, TO BCEra MpH MPUMEHECHUH STOT0 METO/a MPEIIOIaraoT, 4TO PasJdus
CpaBHMBACMBIX BEJIMUMH CITyYaifHbI (3Ta TUIIOTE3a Ha3bIBACTCS HYJICBOH). BeposSTHOCTD, yKa3aHHas B
Tabnuile, U eCTh HE YTO MHOE, KaK BEPOSITHOCTH 3TOH HyseBo# runotesbl. BepositHocts 0,05 roBopHT 0
TOM, YTO €CJIM CPaBHUBAEMBIC BEJIMYUHBI OTIIMYAIOTCS CITy YaiHO, TO 3HAYCHHUE X2, yKa3aHHOE B TAOIIHIIE,
MOKET TOSIBUTHCS TOJBKO B 5 BeIOOpKax u3 100 momo6HbIX. B crarucTuke e NpuHATO CYUTATH, YTO
coObITHS, UMEroIHe BeposTHOCTH (0,05 1 MEHBIIIE, MPAKTUIESCKH HE BCTPEYAFOTCS. SHAYHT, YKa3aHHOE B
tabmuie 3HaueHue X° B komoHke 0,05 TOBOPUT O TOM, YTO Pa3iUYds MEXKIAY CPAaBHHUBACMBIMU
BEJMYMHAMHI HEJb3sl CUMTATh CIy4alHBIMH, T. €. HYJIEBYIO THIIOTE3y HEOOXOIMMO OTBEpPTHYTb.
BepositHocTs 0,01 TOBOPUT O TOM %€, TOJIBKO TOSBICHHE 3HAYCHHS YKa3aHHOTO B TaOJHIIE, BO3ZMOKHO
b oAuH pas Ha 100, ecim pa3nuuus cityyaiiHel, T. €. emle 6onee peako. Bor nouemy npu 3HadeHHH
PaBHOM HITH OOJIBIIIEM, YEM YKa3aHO B TaOMNHIIe, HyJIeBas TUIIOTE3a OTBEPTACTCS, T. €. CHUTAIOT Pa3IIIus
CPaBHMBAEMBIX BEJIMUMH HE CIy4allHBIMU, a 3aKOHOMEPHBIMH. B OCTalbHBIX Cilyyasx (Koraa x2 MeHblIe
TaOMIMYHOTO) IPUHUMAIOT HYJIEBYI0 THIIOTE3Y, T. €. CUUTAIOT pa3Iuuus cilydaiiHeiMu. 1 HakoHel, 410
3HAYUT YUCJIO CTETIeHEeH CBOOOIBI, KOTOpOE OTIpe/eNsieT CTPOKY B Tabmuie? Uucio creneneid cBOOOIbI
— 3TO YHCJIO HE3aBUCHMO PACCUYMTAHHBIX TEOPETUUECKU 0XKUIAEMbIX BeJIMUMH. B paccmarpusaemom
MPHUMEPE PACCUUTAHBI ABE TEOPETUUECKH 0XKUTAEMBIE BEJIUMHBI (TUCIIO CEPhIX M YePHBIX My X ). O 1HAKO
€CJIM PACCUUTATh YHCIIO CEPHIX MyX, TO YHCIIO YEPHBIX MOJKHO OIPEIEIUTH YK€ aBTOMATHY€CKH, OHO
3aBHCHUT OT CyMMBI M YUCJIA cephix MyX. Clie0BaTebHO, YHCIIO HE3aBUCUMO PACCUNTAHHBIX BEJTHUHH
3/1eCh PaBHO €IMHHULE. DTO M €CTh CTENeHb CBOOOABL. B 0011eM Buie yncio cTeneHeid cBoOOIbI Ipr
aHaJM3e PacCIIeIUICHUS BCETIa PaBHO YHCITy Pa3IMYHbIX KIIaccoB ocobeii munyc 1. Kpurepuii x? maer
HaJIC)KHBIC PE3YJIBTaThl, €CIIM 00beM BBIOOpKH Oosiee 50, a TEOpETHYECKH OXKUAEMbIC YaCTOTHI B
K1accax He MeHee 5. [IpoBenuTe cTaTUCTUUECKYIO0 00pabOTKy pe3yiasTartoB pacuierienus F, mo
COOCTBEHHBIM JIaHHBIM (CAMOCTOSITEIBHO ) U T10 CyMMapHbBIM JAHHBIM, TOJTy YE€HHBIM BCEMH CTY/ICHTaMH
TPYIIBI, HUCXONd M3 OXujgaemMoro orHomeHus 3:1. Jlokaxure, YTO TMOMy4YEHHOE paclleTlieHHue
COOTBETCTBYET TEOPETUUECKU OKUTAaE€MOMY OTHOIIEHHUIO. B paccmarpuBaemom mpumepe 1 cTemneHp
cBoboapi ux?=2,0010,41,4T0 MEHBIIIE, YeM YKa3aHHBIE B IEPBOii cTpOKe 3HAYeHUsA x =3,84 11 6,635.
DTO 3HAYHT, UTO PA3ITUIHS MEKIY MOy YCHHBIMH B OTIBITE M TEOPETUIECKU 0XKHJACMBIMH BEJTHY MHAMA
CIy4aiiHbl. YOEIUTECh, UTO PACILICIUICHUE COOTBETCTBYET OXKuAaeMoMy 3 : 1 Tem TouHee, ueM Oosbiiee
KOJIMYECTBO MyX MpoaHam3upoBaHo. CyMMapHbIC JaHHbIC, IOy Y€HHBIC BCEMH CTYICHTAMH TPy TIIIbL,
JIafoT Jy4llee COBMaJieHHe ¢ okuaaeMbiM oTHomenueM (P>>0,05), yem nanHble OMHOTO CTYy/EHTA
(P>0,05). AnanoruuHbpIM 00pa30M MPOBEIUTE CTATUCTHYECKYI0 00paboTKy pacineruieHus B F, 1o
CYMMAapHBIM JaHHBIM, [IOTy4YE€HHBIM BCEMU CTyJI€HTaMH Ipymiibl. JloKaXuTe, YTO OHO COOTBETCTBYET
OXXugaeMoMy OTHoIeHuto 1:1.

3aoauu
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1.* ¥V anpanysckux Kyp (axTopsl depHOTO omepeHus «R» u Oeioro omepeHus «I» B
reTepO3UIOTHOM COCTOSIHUU J1al0T roflyOyro okpacky. Kakoe moromMcTBo maeT roiybas aHaaily3cKast
KypHLia IpY CKPEIMBAHUU ¢ 0COOSIMU, UMEIOIIMMH CJIENYIOIIee ONIepeHue: YepHoe, roiayooe, Oeoe.

2. Y ToMaroB reH, 00yCIIOBIUBAIOIINN KPACHBIA IIBET IIOI0B, IOMUHUPYET HAJl TEHOM >KEITON
okpacku. Kakume 1o 1BeTy MJIOAbI OKaXyTCs Y pPACTEHHH, MOMYYEHHBIX OT CKpELIUBAHKS
TeTePO3UTOTHBIX KPACHOTUIONHBIX PACTEHHH C )KEATOIUIOHBIMU?

3. 'uranTckuii pocT pacTeHus: OBca ABIAETCS PELECCUBHBIM PU3HAKOM, HOPMaJIbHBIN POCT —
JOMHHAHTHBIM. Kakue pacTeHust HaJJo CKPECTUTh, YTOOBI MOy YUTH OHOPOAHOE TI0 POCTY HOTOMCTBO?

4.* Cepblii UBET Tea MyXH IPO30(HIBI JOMUHUPYET HaZ YEPHBIM.

a) B cepun onbITOB HO CKpEIIMBAHUIO Cepoi MyXH ¢ yepHoi nomydeno 90 cepwix ocobeii u 88
yepHbIX. OnpenenuTe reHOTUIBl POAUTENbCKUX HOPM.

0) Ilpu ckpemmBaHuu cephiXx MyX B MOTOMCTBE Oka3ajoch 1281 ocobu ceporo nsera u 356
oco0eil uepHoro npera. OnpenenuTe TeHOTUIBI POIUTENLCKUX GOPM.

5. IIpu ckpemuBaHUN MyX Ip030 (UL, UMEIOIUX HOPMaJIbHbIE KPbUIbS, OIY4€HO IOTOMCTBO B
yucie 2967 ocobeit. Cpenu HUX My X ¢ HOpMaJIbHBIMH KP BUTHSIME OBIJIO TOJBKO 2225, 0cTaIbHBIC MM
3arHyThle KpbUibs. ONpenenuTe TeHOTUIIBI POIUTEIbCKUX GOPM.

6. Y cobak yepHbIil IIBET MIEPCTH JOMUHUPYET HaJl KOPHYHEBHIM. YepHas caMKa HECKOJIBKO pa3
CKpeIHBajach C KOPUUHEBBIM camiioM. Beero 0b110 momydeno 10 yepHbIX 1 12 KOpHYHEBBIX I1IEHKOB.
Onpenenure reHOTUITBI POAUTENEH U TOTOMCTBA.

7.* Y denoBeka yMEHHE BIAJETh IPEUMY IECTBEHHO MPABOW PYKOU JOMUHUPYET HaJ yMEHUEM
BJIaJIETh MPEUMYILECTBEHHO JIEBOH pyKoil. My>K4rHa paBIlia, MaTh KOTOPOro ObLiIa JIEBIIOM, JKEHWICS
Ha JKEHIIWHE TpaBllie, IMEBIEH TpeX OparbeB U cecTep, ABOE U3 KOTOPHIX - JeBmu. Onpenemre
BO3MOKHBIE TEHOTHUIIBI JKEHIIIMHEI U BEPOATHOCTH TOTO, YTO JIETH, POAMBIIHECS OT 3TOTO Opaka, OyayT
JIeBIIAMH.

8.* HopmasibHOE pacTeHne ropoxa CKpelieHo ¢ KapauKoBeIM. F; —HOpManbHOe. Onpenermre,
Kakoe OyJeT OTOMCTBO: OT caMOONbUIeHHS F;, oT ckpemuBanus F; ¢ MCXOMHBIM HOPMaJbHBIM, OT
cKpemuBanus F; ¢ HCXOIHBIM KapJIMKOBBIM PACTECHUEM.

9.V KpOIMKOB IEPCTh HOPMAIILHOM JUTMHBI JOMUHAHTHA, KOPOTKAsi — PELECCHBHA. Y KP OJBIUXU
C KOPOTKOU MIEPCThIO POAMINCH 5 Kponmbdar — 3 KOPOTKOLIEPCTHHIX U 2 HapMaJbHOIIEPCTHBIX.
Ormpenenute TeHOTHI U (HEHOTHI OTIIA.

10. ¥V kpymHOTO pOraroro ckotra reH KOMOJOCTH JJOMUHUPYET HaJl reHoM poraroctu. Kaxoe Oyzner
nepBoe nokosienue (F;) OyaeT oT CKpemuBaHUS POraroro Oblka ¢ TOMO3WUTOTHBIMH KOMOJIBIMH
kopoBamu? Kakoe Oyner (F,) or ckpemuBanus Takux ruOpumoB? Kakue Tensita MOTYT OBITH OT
CKpEIIMBAaHUS KOMOJIOTO ObIKa 3 F, ¢ THOpuIHOM KOpoBOM M3 F1 M OT CKpemmMBaHus MeKITy cOO0M ABYX
porarbix ocobeii u3 F, ?

11. PacTeHus KpacHOTUIOJHOW 3eMIITHUKM TIPU CKPEIIUBAHUM MEXTy COOOM BCerja marorT
MOTOMCTBO C KPAaCHBIMH SITOJJaMH, & pacTeHHs OEIOTUIONHOM 3eMITHUKY — ¢ OenbiMu. B pesynbrare
CKpELIMBAHUS 3TUX COPTOB APYT C APYTOM MOy 4YaI0TCs PO30BBIE SIT0/bL Kakoe BO3HUKHET ITOTOMCTBO
MPU CKPEIMBAHUU MEXY COO0M THOPHUIOB C PO30BBIMH sirofamu? Kak mpoucxoauT aelcTBre reHoB?
U 4uto Oyzert, ecim CKpeCTUTh KpaCcHbIA THOpU] (PPYKTOB C PO30BBIM, a PO30BBIi C OesbIM?

12. B crazie 4epHO-TIECTPOro CKOTa HOBBIM ObIK. OT HETO MONTyUeHO 27 TEJAT, U3 HUX 7 OKa3aiCh
KpacHO-TieCcTpbIMU. TOILKO OBIK B 3TOM «BHHOBAT» WM U KOpOBbI Toxke? Kak 310 BhIscHUTH? Kakopa
BEPOSATHOCTB TOTO, UTO JII00Asi M3 YEPHBIX TEJOK, MOTyYESHHBIX OT HOBOTO OBIKa, OyAeT HOCHUTEIEM
HEXeJIaTeJIbHOrO0 TeHa KPacHOW OKpacku?

13. Ilpu ckpemmBaHUU YEPHOTO MeTyXa ¢ 0eJol KypHIleH IBIIIATa Kparmdarbsie, a BO BTOPOM
MOKOJICHUH TTPOHCXOINT paciieruienue: 1 uepHslii k 2 kpamdarsiM 1 1 Gesomy. Kakoe Gymer moromcTBo
OT CKpEIIMBAaHUA KPaM4aThlX C YEPHBIMU U OeIbIMU?

14. Muomnnerusi (mepuoANYECKUE Napajnyin) MepeAaacTca 10 HACIEACTBY KaK JOMHUHAHTHBIA
npusHak. OnpenenuTe BEpOATHOCTh pOXKICHHUS IeTeH ¢ aHOMAIMSMH B CEMbeE, TJI€ OTEll FeTepO3UTOTEH,
a MaThb HE CTpaJaeT MUOIUIETHEH.

15. I'eH Iy XOHEMOTBI PEIIECCUBEH 110 OTHOLIEHUIO K TeHY HOPMAaJIbHOTO CTyXa.

Kaxoe moToMcTBO MOXKHO OKHJATh OT Opaka, eCJIM T€HOTHUITB 000MX POJMTEINEH TeTep 03UTOTHBI?
Ot Gpaka Ty XOHEMO M KEHIITUHBI CO 370p OBBIM MYXXYHHOM pOIHIICS Iy XOHEMO# pebeHOK. Onpenermre
TeHOTHUIIBI 3THUX JIBYX POAMTEICH.

16. Jlerckas ¢opma amaBpormueckoit cemeiiHoil mamorun (Trs-Cakca) HaciemyeTcs Kak
ayTOCOMHBIA PEIeCCUBHBIN NMPU3HAK U 3aKaHIMBAETCS 0OBIYHO CMEPTENHHBIM UCXOJIOM K 4-5 Tomam.
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[IepBrlil peOCHOK B CEMbE YMEp OT aHaJIM3UPYyeMOU OONE3HH B TO BpeMs, KOTJAa AODKCH POIUTCS
BrOpoii. OnpenenuTs, KakoBa BEPOSITHOCTh TOTO, YTO BTOpOW pebeHOK OyaeT cTpajarb ToM ke
00e3Hb10.

17. Anb6uHM3M (OTCYTCTBUE NUTMEHTA B KOXKE, CETUATKE U BOJIOCAX ) HACIEAYETCS y YeJIOBeKa
KaK ayTOCOMHBIH pelecCUBHBIN MpU3HAK. B cembe, Ie oauH W3 CyNnpyroB albOMHOC, a Jpyroi
HOpMaJeH, pPOAWJIMCH IBYSHIIEBbIC OMM3HEIBI, OAMH U3 KOTOPBIX HOPMaJeH B OTHOIIEHHH
aHaIM3UpyeMOii O0JIe3HH, a Ipyroi ansouHoc. KakoBa BEpOsSTHOCTH pOXKICHYS CIIENYIOMIETO peOeHKa
anpOnHOCOM?

18. MyxunHa ¢ TOMMAAKTHINEH )KEHUIICS HAa HOPMaJIbHOU KEHIIMHE, OHU UMETOT 4 JIeTel, 1 Bce
— ¢ nomumaktwimeit. O WH U3 CHIHOBEH KCHIIICS Ha HOPMallbHOH *eHIrHe. KakoBa BEp OsITHOCTh
POXKACHUS Y HUX JeTel ¢ aHOMamen?

19. Y MopcKo# CBUHKH KypuaBasi IIepCTh JOMUHUPYET HaJl IMIaKoi. Harmumure reHOTHITBI Beex
HUBOTHBIX B CJICIYIOIIHUX CKPEUIUBAHUSAX:

a) P Q@ ¢ xypuasoii mepcrhio X P J'c mankoii —F Bce MOTOMKH ¢ KypuaBoi HIEPCTHIO;

0) P Q¢ kypuasoii mepethio X P d'¢ maakoi —F 1/,0TOMKOB ¢ KypuaBoi IEpCThIO, Y,C II1aIKOM;

B) P 9¢ maakoii x P d'c mmagkoit —F motoMku Bcerma TompKo [JIaJAKOLIEPCTHBIE.

20. MpImm reHoTuma BB — cepbie. BB — kenreie, BB — ruOnyT Ha SMOpHOHANBHOMN CTaHH.
KakoBo OymeT MOTOMCTBO CIIETYIOMHUX POAMUTENCH: JKEIThIA X cepast; KeNThIid X kenras? B kakom
CKpEILIMBaHUK MOKHO OXHJATh O0Nee MHOTOYMCIICHHOTO oMeTa?

21*. TeTepOo3UTOTHBIE 0COOHM COXPAHSIOT HEKOTOPHIC aJlIei, KOTOPhIE MMEIOT JIeTaJbHbIC
HOCJIEACTBUS JIUII TOMO3UTOTHBIX 0co0eii. [IpuMepoM MOXKET CIIyKUTh MyTaHTHbIA amiens (ML),
CBSI3aHHBII ¢ OECXBOCTOCTHIO Y MOHCKHX KomIek. Komrku, roMo3urotHeie mo sromy amwemo (M-MY),
00BIYHO YMHPAIOT J0 POXKIEHUS U3-3a CEPbE3HBIX J1e()eKTOB CIIMHHOTO Mo3ra. B ciyuae HemomHoro
JOMHHUPOBAHUS Y KOIICK, FETEPO3UTOTHBIX [0 aJUTeto M- 1 HOpMaibHOMY HEMy THPOBaHHOMY aJLIEITO
(M), XBOCT KOPOTKHH, KOPEHACTBIH MM BOOOIIIE OTCYyTCTBYET. JIBe Komku MM criapuBarorcst. Kakosa
BEPOSATHOCTH TOTO, UTO JIFOOOH M3 MX BBDKUBIIUX KOTAT OyAET IeTepO3UTOTHBIM?

Pewenue 3aoau

1*. Crauana numiem nano. B 310l 3agaue moMUMO JE€WCTBHSI T€HOB MPECTARICHBI TPH MApPbI
ponuteneii. 1. P Q-romy6oii, J- uepnsiii; 2. PQ-romy6oii, J-romy6oii; 3. PQ-rony6oii, 3-6eblii.

Hy»Ho onpenenuTs NOTOMCTBO, MOy YEHHOE B pe3y/IbTaTe CKpeIMBaHUs 3THX Tpex nap. Ternepb
MBI 3aMUIIEM CIOCOOBI PEIICHHE U COCTABIISIEM CXEMbI CKPEIIUBaHHUS.

MarepuHckast 0co0b 10 (PEHOTHITY TOTyOOTO IIBETA, & TIO TCHOTHITY - T'€TEPO3UIOTHAS, TTOITOMY
naet nBa tuna ramet (R u r). CaMen nepBoii napbl 10 T€HOTUITY TOMO3UIOTEH MO JIOMUHAHTHOMY
NpPU3HAKY, IO3TOMY JaeT rameTsl onHoro tuna (R). D10 Bo3BparHOE CKpeniuBaHue. B pe3ynsrare
CJIMSTHYSI TAMET MBI IOy 9aeM IIOTOMCTBO OT BO3BpaTHOTO CKpermmBanus. [1o ¢penotumy Habmonanoch
pacmemnenue: 1 romy6oit : 1 uepnsiif, no renorumy: 1Rr:1RR. Bo3sparnoe ckpeumuBanue npu
HEIOJHOM JIOMHHUPOBAHHUH B MOTOMCTBE JaeT pacuieruieHue no ¢peHoruny u reHoruny 1:1, a npu
MOJIHOM JOMHHHAPOBAaHUY HE JaeT paculelvieHneno (eHorumy, a no renorumny — 1:1.

Camka u camen] BTOpPOH mapbl (EHOTHNUYECKH UMEIOT TOIy0Oi IBET, MX TEHOTHIIBI
reTePO3UIOTHBIL, M KK/l U3 HUX JaeT o aBe pasubie (R u r) rameTsl. Ecii kaxaplid poquTes aact
TI0 JIBE pa3HbIe FAMEThI, TO cocTaBisieMperieTky [lennera. BepTukansHo numryTest >keHCKUE raMeThl, a
MYKCKHE€ TaMeThl - TOPHU30HTAIbHO, BHYTPU PEIIETKH IMUIIEM TCHOTHIBI MOTOMCTBAa. AHAIM3

MIPOM3BOIUTCS Ha F, 3aIMOTHEHHOM peIIeTKe.
F

[N r
RR uepnsiii | Rr roixyboi
r Rr romy6oii | rr

OeJIbIi

Pacmennenus F, mo ¢penoruny: 1 wepHsIii : 2romy6oii : 1 6enbiit, norenotuny: 1 RR:2Rr:1rr.
Teneps pemuMm mocnenHuii BONPOC 3ajayu. 3anumieM cxemy ckpemuBamus:P @-Rr x  J-rr.
OmnpenesnsieM TUITBI TaMeT: TeHOTUIT CAMKH - TeTEPO3UrOTEH, M B UTOTE 1aeT ABa TUMaramer — R u r,
TeHOTHII CaMIIa 110 PELECCUBHOMY MPHU3HAKY TOMO3HUIOTEH, TOATOMY AT TOIBKO OIMH TUI TaMeT - I.
B pesynbrare cnmsHus raMeT BOSHUKIIN JIBE 0COOM. DTO aHAIM3Upyoliee ckpenmanue. [Ipu anamse
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moroMcTBa 1Mo Qenoruny: F, 1 romyboit : 1 Gemsrit, mo renorumy: 1Rr:1lrr. Odopmiusem 3amady
CIIEAYIOIINM 00pa3oM:

Mano: Pewenue:
R — yepHbIit 1.PPRT x JRR
I — OeJbIit G R R
Rr — roiyboit FRR Rr
1. PQ Rr & RR 1 yepHsblii : 1romy0oii
2.PQ2 Rr & Rr 2. PoRr x  dRr
3.P2 Rr & rr
Haamu: JIR r
F-? F2-? Fb -? Q
R RR Rr
YepHBIA | TOmyOOH
R Rr Rr
rony0oii | Oesbiit
F, 1 yepHbIii: 2 Tomyboii: 1 Oenbrit
3.PQRr xJdrr
G R r
Fy Rr rr
1 romy0oit : 1 Genbrit

Omegem: 1. F- 1 uepHslii : 1 romy6oit
2. F;- 1 gepnsrii : 2 romy6oii : 1 Genbiii;
3. Fy, lromy6oii : 1 Genblit

4. CHavana nuiiem ieiicTBrue reHoB (A — cepbil, a - uepHbIi ). JlaHbl 1Be pa3HbIe apbl pouTesici
¥ MX NOTOMCTBO: a) PQcepwiii, Juepnbiii, F 90 cepsiit: 88 uepwsiit; 6) P Qcepwiit, d'cepiit, F, 1291
cepsiif; 356 yepHbIii. HeoOXoanMo ompenemmTs TeHOTHUITBI 00eHX Tap POIUTENeH.

Tenepp Mbl 3anuIiIeM COCOOBI PEIIEHHE U COCTABIIAEM CXEMBbI CKpEIIUBaHUS. MBI HE MOXeM
cpa3sy 3amMcarb FeHOTUI CAMKH [IEPBOIi Maphl, IOTOMY 4TO, €€ (PeHOTHI OyIeT CepPhIM, AaXe €CIIH €€
TEHOTHUI TOMO3UTOTEH WM FeTEPO3UTOTEH 110 TOMUHAHTHOMY MpHU3HaKy. [[03ToMy MBI He 3aruchiBaeM
MOJIHBII T€HOTUI CAMKH, a ONIPEAEIIIEM €T0 B pellleHnu 3a4a4u. 151 3TOro cHavasia MIeM pelieCCUBHBII
npusHak B mnotoMcTBe. [lotomcTBO uMeeT peueccuBHbl mpusHak (90 aa), clieqoBaTesbHO,
pelecCUBHBIN TeH MPUCYTCTBOBANT Y 000uX ponuteneii. Camell MeeT pelleCCHBHBIN I'eH, TT03TOMY
3aMMIIeM PELEeCCUBHBII IeH CaMKe, TO €CTh OHa reTepo3urotHas (Aa) no renoruny. IlockonbKy 310
aHAJM3HPYIOIlee CKPelMBaHue, pe3ybTar OyeT 1Mo paciiermieHre o ¢peHotuny: 1 uepHsiii | 1 cepblit
u no redoruny 1Aa : laa. A ecim cokparuts uncia 88 u 90, To momyduTCcs MPUOITU3UTEIHHO
pacmemnenue 1:1.

Teneps orBeTHM Ha BTOpOi Bompoc. CocTaBisieM cXeMy CKpEIIUBaHUSI.

P QA- x dA-. I'eHOTHUIIBI POAMTENEH HEM3BECTHEL [103TOMY MIEM peLECCHBHBIN MPU3HAK B
notoMcTBe (356 aa). 3anmiieM pelEeCCHBHBIN TeH 000UM POAUTEISIM, UX TEHOTHIBI OKa3aJncCh
rerepo3uroTHeIMU (Aa). CocraBuM pemretky Ilennera, nomy4yum F, u npoBeneM aHaJIM3 IOTOMCTBA.
F

\3 A a

A AA Aa
cephlil cephlil

a Aa aa
cepbld YEpHBII

Pacmennenus no ¢enoruny: 3 cepbix : 1 depHbId, no reHorumy: 1AA:2Aa:l aa. A ecim
cokparuth uncna 1291 u 356, To momyuutcsa coorHouieHue npumMepHo 3:1. Takke KOIUYecTBO
MOTOMCTBA F, TTOMOTaeT onpenenmuTh TeHOTUN poauTeneit. s Toro 4To0s! 1aTh Bcero 4 OTOMCTBA,
KaXIbIi POUTEIIH JOIDKEH JAaTh IO 2 THUIA TAMET, TO €CTh OBITh T€TePO3UTOTHBIM 110 TeHOTHITY. M TaK,
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MBI MOXXEM HAWTH TCHOTHIT POJUTEIICH IBYMs CriocoOamu. 3aaqy MOXHO O(OPMHUTH CJICTY OIIAM
obpazom.

Hano: Pewenue:
A—cepulii PPAa x Jaa

a — YepHBIH F, 90A-: 88 aa
a)PQA - J-aa GA a a

Fr90A : 88 aa FrAa aa

6) PQ AZA- 1 cepwlii :1uepHbIit
F, 1291 A-: 356 aa PQAa x dAa
Haiimu: F, 1291 A-:356 aa
P-? 3 cepsiil : 1 uepHBIit

Omeem: a) PQ Aa Jaa; 6) PQ Aa JAa

7*. Cravasa pasz0epeM maHo 3amaqyu. [loMumMo AeHCTBUS TEHOB JaHBI TPU Opara U cecrpa
KEHIIIMHBI CO3/1aBILEH CEMbIO U MaTh My>KYMHBI. MBI UIIEM 3TUX JaHHBIX JIHOAEH B CKOOKaX psoMe
MY)KYMHOHM W >KEHIIWHBI, KOTOpPbIE BCTyHaloT B Opak. MyXunHau KeHIIMHA — TpaBiii. HyxHo
OTIPENENUTh T€HOTHUII KESHIUHBI ¥ BEPOITHOCTH POXKCHHUS JICBIIH B IOTOMCTRBE.

B cTpoke penrenue 3anuiieM cxeMy CKpelnuaHus. Mbl onpesiesisieM TeHOTHIT JKSHIIUHBI, TIBIST
Ha Tpex ee OparbeB U cecTep. [[Boe ee pOoICTBEHHUKOB JIEBIITH. DTO 03HAYAET, YTO Y OparbeB v cecrep
OBUI TEH JICBIIN, PHUHAJIC)KABITUHI K TEHOTUIIAM MX POAMTENEH, KOTOPhIE HAXOAMINCh B CKPBITOM
COCTOSIHUY WJIH OJIMH U3 X POAUTEIeH ObuI IeBIIOi. ECim mpenmnonokuTh mepBhlid BApUAHT, TEHOTHIT
JKEHIIUHBI MOXKET ObITh AA 1 Aa.

A BO BTOpOM BapuaHTe 310 Oy1eT Tonbko Aa. Takum 006pa3om, Mbl IPUXOAUM K ABYM Pa3IHIHbIM
pelIeHUSIM: TeHOTHUII )KSHIITMHBI, CKopee Bcero, OyzneT Aa mim AA. A Tak Kak MaTh My>KYHHBI JICBIIIA, TO
€ro TeHOTHII 00sI3aTeNIbHO Oy/1eT TeTepO3UrOTHRIM Aa, TIOTOMY YTO TapeHb nmpasiina. OH yHacleq0Bal
JIOMUHAHTHBIN T€H OT OTIIa U PEIIECCUBHBIN T€H OT Marepu. Takum 00pa3oM, MbI OTIP €/IEHIIN TeHOTHIIBI
KEHIIUHBI U MYKYWHBI 110 UX ONU3KUM POACTBEHHUKAM U POIUTEISIM.

Hano: Pewenue:
A - mpaBma 1. PRAA X PJAa
a - JieBIIa G A A a
PPA - (PQ aa, 23aa) F AA Aa
PJA- (P Q aa) npaBIlia mpasiia
2.PQ Aax dAa
Haiumu:
PQ -? F%aa - ? d1A a
¢
A AA Aa
npaBiia npasiia
A Aa aa
npasiia JeBIIa
F, 3 npaBmu : 11eBmia
4 -100%
1-x
x=100/4=25%

Omeem: 1. P QAA F100%nmnpasriieii
2. P QAa F 25 % nepmreii

8. Cuauana numeM jaaHo. JleificTBue TeHOB HE /JaHO, MOSTOMY Cpasy IHIIEM POAMTENCH U
noromctia: 1. P Q HopmansHoe, & kapmukoBoe; Fi-Hopmanshoe. 2. PQ F; & Hopmamshoe. 3.P Q F;
J'xapmikoBoe. Hy»KHO MOmy4uTh MOTOMCTBO U Fp, KOTOpbIE BO3HUKAIOT B PE3YJIBTATE CKPEIIUBAHKE
ponuTteneil.
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CHauasa 3anuiieM B pelieHne cxeMy CKpemuBanms. Pogurenbckue popMbl MUY TCS CIIOBaMIL
PQuopmanbHoe X JdkapmikoBoe, FiHopmansnoe. Ha OCHOBaHMM TPHMBENEHHOTO BBILIE INPaBHIA
ompesenseM, YTO HOPMallbHBIA pPOCT SABISETCA JOMHHAHTHBIM IMPU3HAKOM, & KapiMKOBOCTh —
peLEeCcCUBHBIM MIPU3HAKOM. Tenephb 3anuieM 3Ty CXeMy CKpPELIMBAHUS MO0 FE€HOTHUITY, TO €CTh OyaemM
MPOBOJIUTH PELMIIPOKHOE cKkpemuBanue. OdopmisieM 3agauy.

Hano: Pewenue:

1. PQuopMansHOE, JKapIMKoBOE 1. P QuopMm. x JKapimk.
FiHOpMasHOE F, HopManbpHOE

2. PQuopmansHoe, G HOPMAIbHOE A — HOpMaJIbHOE, a — KapIMKOBOE
3. PQ nopmanbHOE, ' KapauKoBOE P QAA x Jaa

4. P Q F]_ 6\ F]_ G A a

Haiumu: F, Aa HopmasibHOE

A-? a-? F-? F-?7F,-? 2.P QAa x JAA

G A a A
F AAAa
HOPM. HOPM.
3.PQAa x Jaa
G Aa a
F, Aa aa
1 vopman. : | xapiuk.

4.P QAax PdAa
F, 3 HopmaibHOE : 1 KapiIMKOBOE

Omegem: 1. A — HOpMasbHOE, a — KapiauKoBoe, F; — HopmaipHOE

2. F- Bce HOpMaIbHBIE

3. Fp- 1 HopMm. : 1 Kaprnuk.

4. F;, 3 Hopw™. : 1 xapiuk.

21. OdbopmuM 3aa9y CIICHYIOIIUM 00pa3oM

Mano:

M- HOpMaJBbHBIN

Mt - GecxBOCTOCTH

MM - XBOCT  KOpOTKWH,
KOPEHACTBII WIN OTCYCTBYET

PO2MM & M-M
Hauamu:
F% MMM - ?

Ortset: F% M'"M: 2/3 wm 67%

Pewenue:
PoM"M x s MM

G MM , M- M
F M-M- MM MM MM
JETaIbHBIA  XBOCT KOPOTKHH, HOPMaJIbHBIN

KOPEHACTHIN U
ero HeT
[Ipu BBIYMCIICHUN BEPOSTHOCTH HE YUUTHIBAIOTCS JICTAbHBIC
ocobu, Takum obpasom 2/3 koporkoxBocTeix MM u 173 ¢
HOpMaJIbHBIM XBoCcTOM MM

KoHTponbHBIE BONIPOCHI

1. Kakve ocHOBHBIC MpaBuiIa MPUMEHSIOTCS IPU PEIISHUN TEHETHYCCKUX 3a7ad?
2. Kakue Tunsl ckpeniuBanus BaM u3BecThl? [IpuBeauTe mpumepsl.

3. Kak noka3zars nepBblii 1 BTOpoil 3akoHBl MeHaens?

4. KakoBbl pa3nuuus MeXAy MOJHOW U HETIOMHON JJOMUHAHTHOCTbIO?

5. Jlnst 4yero ucmonb3yeTcst CTaTUCTUIecKast 00paboTKa B TEHETHKE?
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1. IMT'MBPUJAHOE U HOJIUT'UBPUJHOE CKPELHLIUBAHHUE

Hueubpuonoe ckpewusanue — CKpEIIUBAaHUE OPTaHU3MOB, OTIMYAIOIIMXCS IO JIBYM Iapam
aJbTepHATUBHBIX MIPU3HAKOB (pUC. 2). ['eHbl mp oy IUPYIOIHE 3TH NPU3HAKH PACTIONIOKEHBI HA Pa3HBIX
xpomocomax. [Ipu nonucubpuorHom cKpewusaHuy CKpeBaoTCs OpraHu3Mbl, OTIMYAIONHMECc 10 3 U
Oomnee mpuzHakaM. [Ipy momuruOpUIHOM CKpEIIMBAHUHA MOXHO JIOKa3arh Tpu 3akoHa I. MeHnpers,
BBIYUCIIUTH YUCIIO TCHOTUMNYECKUX U (DEHOTUITMYECKUX KIACCOB U . 3a/1a4H IU- U TOJIUTUOP UIHBIX
CKpEIIMBAHNHI B HEKOTOPHIX CIydasXx MOTYT OBITH pacCUMTaHBI 0€3 MOCTPOCHHs pemeTku [lennera.
Ecmi mpu MOHOTHOPHIHOM CKpEIMBAHUN 00Pa3yeTCs TOIBKO 2 TaMEThI, B AUTHOPHUIHOM 0Opasyercs 4
u T. 1. CaemoBaTenbHO, MBI MOKEM 0003HAYNTEL aHAIN3 aJuieaeil kak 2".

Ecmi BCTIOMHUTB, 9TO YHCIIO (PEHOTHITMYECKOTO Kjacca MPH MOHOTHOPUIHOM CKpPEIIHMBAHAN
PaBHO — 2, a YHCJI0 TCHOTHITMYECKOTO Klacca PaBHO — 3, TO aHAJIM3HUPYsI TOKOJICHHUSI, 00pa30BaBIIIECS
B peuietke IleHHeTra, Mpl MO)XXeM NPUHATH HOMEp (EeHOTHHHUYECKOro kiacca — 2", a Homep
TreHOTUNHMYecKoTo Kiacca — 3". Tak, kakoii Obl U3 MOIUTHOPH 0B MBI HE OTIP €ICIISIIIN, MBI JIETKO MOKEM
HAlTH UX TEHOTUIIMYECKHE U (EHOTUNMHUYIECKUE OTKIOHeHH (Bapuanuu). KoHeuHo, Hcmonb30BaHne
3TUX METOJOB YCJIOBHO, BEb HAJ0 YUWUTHIBATh, UTO TaKUE MPOCTHIC METOAbI HEPUMEHUMBI TPH
pelIeHnH 3a71ad AHAIM3UPYIONIET0 CKPEIIMBAHUE CO CIIOKHBIMH KOMOMHUPOBAHHBIMU T€HOTHITAMH.

d 3eneHblil MOPLUMHUCTBIN

>KenTwid rnagkuii Q
aabb

AABB
p X

NS

F1 YKenTelit rnagkvin AaBb

6

HMenteit rnagemia | XKenteiid rnagrwia | KenTeiid rnagkuia | Kenteid rnagkui

+O

—
)
=
o]
=
-

AABB AABb AaBB AaBb
MKenTeii rnapgkuit HKenToin _ | *enTuiia tnankuit HenToik )
MOPLUMHWCT BN MOPLUMHACTbIF

AABb AAbb AaBb Aabb

Hentein rnagkvn

Henteid rnagknin

SeneHbin rnagrnn

3eneHsin ragxknn

AaBb

Aabb

.aaBb

AaBB AaBb aaBB aaBb
Hentein rnapkunia Heprui . 3eneHslii rnagkuin Senebi =
MOPLUMHMCT bii MOPWMHACTbIR

aabb

F2

Pucynok 2. Cxema quruOpuaHOTO CKpEIMBAHUE U ee aHaiu3 Ha pemérke [lennera
3aoauu

22. *YepHbIil KOMOJBIH OBIK — TPENCTABHTENIb YUCTON JMHUHM CKPEUIUBACTCS C KPaCHBIMI
porarbeivu kopoBamu. Kakumu OynyT ru6opuas? Kakoe okakeTcs caenyromiee IoKoJICHHE, IOy YeHHOe
OT CKpEUIMBAHUS 3TUX THOPUAOB MEXAY COOOM, €ClIM M3BECTHO, YTO KOMOJOCTHh JOMHUHHUPYET Haj
pOTaToCThIO, @ YEPHBIA IBET IIEPCTH HAJ KPACHBIM, IPHYEM IeHbl 000X NMPHU3HAKOB HAXOSATCS B
Pa3HBIX XpOMOCOMax ?

23. Ecm y xyp daktop po3oBuaHOro rpebHsi R mpucyTcTByeT OMHOBPEMEHHO ¢ (haKTOpOM
rOpoXoBUIHOrO IrpebHs B, rpebeHb uMeeT OpexoBHIHYIO (GOpMy; €ClIM ke OJHOBPEMEHHO
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MPUCYTCTBYIOT B TOMO3WTOTHOM COCTOSIHHM 00a pELeCcCCUBHBIX ajuiesioMopda 3TUX (aKTOpOB,
pasBuBaeTrcs npoctoil mpedeHb. Ocodb ¢ OpEeXOBUAHBIM IpeOHEM, CKpeIlleHHas C MPOCTOH, JaeT
OPEXOBHIHBIX, PO30BUIHBIX, TOPOXOBHIHBIX H MPOCTHIX TIOTOMKOB B OJJMHAKOBBIX COOTHOIICHUX. B
KaKOM JIpyI'OM CKpEIIMBaHUU MOXKET MOTy4YHUThCs MOJ0OHOE paciiemnienue B F;?

24.* Y mionoB apOy3a KOpka MOXKET OBITh 3€JIeHas WM ojlocarast, popMa IJ10/1a — JITHHHAS W
Kpymiasi. [OMO3UrOTHOE pacTeHHe C JJIMHHBIMH 3€JICHBIMH IUIOJJAMH CKPELICHO C TOMO3UTOTHBIM
pacTeHueM, IMEIOIINM KpyTible onocarsie mioAsl. B F; mmoas! kpymisie 3enensie. Kakue OynyT F,?
Uto moBmusieT B F, Ha ¢opMy ¢ IIMHHBIME MONOCaTHIMU TIonamu? Uto momyuutes B F; u F, mipu
CKPEIIMBAHUU COPTOB C KPYIIBIMH 3€JICHBIMH U JNTMHHBIMH 3€JICHBIMHU TUIOaMH?

25. Y MOpCKO# CBUHKH KypuaBas IIepPCTh ONPEesIeTcs TeHOM A, majkas — a; KopoTkas — B,
JJIMHHAS — B; YepHas okpacka mepcru— C, 6enast — c. Kakoe Oyner F; u F, mpu ckpeniuBaHuy CBHHOK,
pas3IMYaIoNIMXCS TI0 aUIeisIM BCeX Tpex reHoB? UTo monyduTces Mpu CKpelnuBaHuu Tmopuna F; ¢
IAJIKO- ¥ JITMHHOIIEPCTHOM 0ot CBUHKO?

26.* Camernr MOPCKOW CBUHKH, HMEIOUIUH JIMHHYIO YEPHYIO Kyp4aByl HIEPCTh CKPEIEH C
CaMKOH, IEpPCTh KOTOPOH KypuaBasi KOpoTKas u OeJiasi. B HeCKONbKHUX IMOMeTax 3TO# mapsl moirydeHo 17
Kyp4aBbIX KOPOTKOIIEPCTHBIX M YEPHBIX CBUHOK, 15 Kyp4aBbIX JJIMHHONIEPCTHBIX YEPHBIX, 6 TIIaIKUX
KOPOTKOIIEPCTHBIX Y€PHBIX M 7 TIAJKUX JIIMHHOIIEPCTHBIX YepHBIX. KaKOBbI T€HOTHUIIBI poguTeNei?
Kakoé& oxumgaeTcst OTHOIIGHNE Pa3IMIHbIX KiIaccoB? J0Ka)kKUTe CTaTUCTUYECKH, COOTBETCTBYET JIH
paciiemieHle OKUAaeMOMY OTHOIIEHHIO.

27.Y ¢urypHOii THIKBEI Oeasi OKpacka Iuiofa JOMUHUPYET HaJl XKEJTOMH, a TUCKOBUAHAS (popma
HaJ mapoBuAHON. benoe quckoBUIHOE pacTeHUe, CKPEIIeHHOE ¢ OeIbIM MIapOBHUIHBIM, JAET:

* 3/8 GeNbIX JUCKOBHIHBIX,

* 3/8 OenbIX MIapOBUIHBIX,

* 1/8 KeATHIX JUCKOBHUIHEIX,

* 1/8 ®enTeIx MapOBUIHBIX.

Onpenenure reHOTHITBI POIUTEINEH.

28. Orern ¢ KypuyaBbIMU BOJIOCAMH (JJOMHHAHTHBIN IPU3HAK) ¥ 0€3 BECHYIIEK M MaTh C TP SMBIMA
BOJIOCAMH U C BECHYIIKaMH (AOMMHAHTHBIN IPU3HAK) UIMEIOT TPOUX JeTel. Bce netn nmeroT BecHyKu
Y KypuaBble BOJOCHL. HanmnmunTe reHOTUIBl ponuTeNe U NeTen.

29. ®eHmkeTOHYpHS (HECTIOCOOHOCTh YCBOCHUS (CHHMIIAIAHWHA) U OHA U3 PEeIKuX (opm
araMManioOyIMHEMHH IIBEHIIapCcKOro Trma (0OBIYHO BEIET K CMEPTHU 10 MIECTUMECIYHOIO BO3pacTa)
HACJIEAYIOTCS KaK ay TOCOMHBIE PElIeCCUBHBIC PU3HAKU. YCIIEXH COBPEMEHHOM MEAUIIMHBI TIO3BOJBIIOT
CHSATB TSDKEJIbIC TIOCIICACTBHS HapyIeHHs 0OMeHa (peHMIaIaHuHa.

a) KakoBa BeposSTHOCTB pOXKI€HNUS 310POBBIX J1€TEH B CeMbe, 1€ 00a pOAUTESI T€TEPO3UTOTHBI
1o 06enM napam NnarolIoTUHIECKUX T'eHOB?

0) OnpenenuTe BEpOSTHOCTh POXKICHUS OONBHBIX (DEHUIKETOHYPHUEH U HAJIEHKIIBI HA CTIaCcEeHUE
HOBOPOXIIEHHBIX B CEMbE, I7Ie 00a POAHUTENS TeTePO3UTOTHBI 0 00eUM Mmapam MpU3HAKOB.

30. I'mayxoma B3pOCIBIX HacieqyeTcs HeCKOMbKMMH myTsaMu. OmHa ¢opma ompenemnsercs
JIOMHHAHTHBIM 2y TOCOMHBIM T€HOM, JIpyTasi — PeIleCCUBHBIM, TOXE ayTOCOMHBIM, HE CIICTIICHHBIM C
MPEABITY UM TCHOM.

a) KakoBa BepOSATHOCTh pOXKICHUSI peOCHKA ¢ aHOMalMed B Ciydae, eciii 00a poauTens
reTepO3UTOTHBI 110 00CHM TapaM MaToJIOrMYECKUX TeHOB?

0) KakoBa BepOATHOCTh POXKICHHS JIETCH C aHOMAJIMEH B CEMbe, INIe OJIHMH M3 POMUTEICH
reTepO3UIOTeH M0 00erM MapaMm NaTolIoTHYECKUX FeHOB, a IPYroi HOpMAJIeH B OTHOIIEHUHN 3pEHUS U
TOMO3UTOTEH N0 00enM rnapam reHos?

31. ¥V kyp Oenoe omepeHne JOMUHUPYET HaJ OKPalICHHBIM, ONIEPEHHOCTh TOJICHU — HaJ
TOJOHOTOCTHIO, TOPOXOBUIHBIN rpeOEeHb — Ha/l TUCTOBUIHBIM.

CkpernieHa roMO3UTroTHast 0ejas ¢ ONepEeHHBIMU HOTAMU M TOPOXOBHIHBIM TpeOHEM Ky pHIA C
OKpAaIIeHHBIM TOJIOHOTHM C JINCTOBUAHBIM IpeOHeM meTyxoM. Kakas gacTh O€JbIX ONMEepeHHBIX ¢
TOPOXOBUIHBIM IpeOHEM NOTOMKOB F, OT 3TOro ckpemmuBaHus HEe JAacT pacllelyIeHHus MpH
CKpEIIMBAHUU C OKPALICHHBIMHU F'OJIOHOTUMHU C JIUCTOBUIAHBIM IpeOHEM NTUIAMU?

32.* Okpacka IIBETKOB HOUHOW KpacaBUIIbl HACIECAYETCS MO MTPOMEIKY TOUHOMY THITY (KpacHbIE
IBETKU JOMUHHUPYIOT HaJ OEJIbIMH, Y TE€TEPO3UTOT IIBETKH PO30BBIC), @ BEICOKUH CTEOEb TOMUHHUPYET
HaJI KapIMKOBBIM. ECIT TOMO3HTOTHOE KpaCcHOE BBICOKOE PACTEHHE CKPECTHTH C OCIIbIM KapJIMKOBBIM
pacTeHueMm, CKOJIbKO U3 BTOPOTO TMOKOJeHUs OyeT moxoxe Ha F;?
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33. ¥V dYenoBeka reH Kapux Ia3 JOMUHHMPYET HaJ rolyObIMH IWIa3aMH, a YMEHHE BIAJCTh
NPEUMYIIECTBEHHO MPaBOil pyKOW — HaJ JIEBOPYKOCThI0. O0e maphl TEHOB PACIIONOKEHBI B Pa3HBIX
XPOMOCOMaX.

a) Onpenenure GpeHoTun pedeHkKa, OTel] KOTOPOro reTepo3UroTHbIN YepHOmIa3blii IeBlla, a Marb
rony0Ooma3as U TeTepo3UroTHas mpasIla.

0) OnuH M3 MalbYMKOB U JIEBOUCK-OIM3HEIIOB, POXKICHHBIX OT Opaka roiy0oIia3oH JeBIIH U
YEPHOIIA30TO TIPABIIK, OKA3aJICS TONYOOIIa3biM JICBIIOW, a JPYyrol Toly0OIIa3biM IPaBIIOH.
OmnpenennTte TEHOTHUITHI BCEX JIIOMEH 3TOTO CeMercTRa.

34. TMomunaktuins (IIECTHUIAIOCTD), OMM30PYKOCTh U OTCYTCTBHE MaJIbIX KOPEHHBIX 3yOOB
NepenaroTcs Kak JOMUHAHTHBIE ayTOCOMHBIE TIPH3HAKH.

a) Kaxumu OynyT peHOTUTIBI e TEH, POSKACHHBIX OT Opaka reTepo3UroTHBIX WICHOB CEMbHU Y 3THX
Tpex nap?

0) MyxunHa 6e3 KOpEHHBIX 3y0OB XKeHAT Ha O30 PyKOH JeBYIIKE C MIECThIO MaigbiaMu. OTery
MaJIbYHMKa 37J0pOB BO BCEX TPEX Mapax, a y MaTepu HET HIXKHUX KOPEHHBIX 3yOOB, HO 3PEHHE U MaJIbLIbI
B HOpMe. XOTsl y Marepu JIEBOYKH ObLJIO IECTh NaNbIIEB, a y 0TIa ObL1a OIM30PyKOCTh, 002 OHU OBU
3JI0POBHI IO TPEThel Mnape npu3HakoB. KakoBwl Oymy T peHOTUITHI TeTel oT 3ToTo Opaka? Bo3MoxHO
UMETb 310pOBOT0 peOeHKa CO BCEMH TpeMsl MapaMu reHoB?

35. ¥V aymucToro ropoika Beicokuit pocT (D) momuuupyer Haj kKapiukoBbiM (d), 3eneHas
okpacka 00008 (P) — nan xenroii (p), a kpyriast popma cemsid (R) — Hag MopimHuCTO# (T). OTBeTETE
Ha BOTIPOCHI:

a) Kakoe OyzmeT mOTOMCTBO CIEAYIOMIMX CKPEIIMBAHUN (ZaHbl TCHOTHUIIBI POAUTENEH):

PYDDPp Rrx P&dd Pp rr

PQDDPP Rr x P4 Dd Pp Rr

PQdd pp Rr x P4 Dd Pp rr

P?Dd Pp rr x P4dd Pp Rr

6) KakoB Oynet ¢peHotun rubpuioB F; 0T ckpenuBanms rOMO3UTOTHOTO KAPIIMKOBOTO Ty I CTOTO
TOpOIIKAa C 3€JICHBIMA MOPIIMHHUCTHIMH CEMEHAaMH C TOMO3HTOTHBIM BBICOKHM >KEJITO3EPHBIM
KpynHO3epHbIM TopomrkoM? Kakue rametsl OynyT obpa3oBbiBathes y Tubpuaa F;? Kakoso Oyner
pacmemieHue B F, n oboux Fy?

36. OT ckpeIuBaHus JBYX COPTOB 36 MISIHUKH, OJIMH U3 KOTOPBIX UMEET YChI M KPACHBIC SITOIp],
a 'y BTOPOTO SITOJIBI OEJIbIC ¥ YCBI OTCY TCTBYIOT, pacTeHus F; UMEIOT yChbI ¥ pO30BBIE ITObI. MOXKHO JIH
BBIBECTH COPT C PO30BBIMHU SATOJAMH U O€3yChIi?

37. Ilpu Bo3BparHOM cKpemmBanuu rudpuaa F; u3 3agaunm Ne 35 ¢ Ge3ychIM pacTeHHeM,
UMEIOLTUM OeJible STOJIbI, MOy YMIIOCh CIIeAyIolee paciieruieHue: 12 pacTeHnit ycaTbix ¢ pO30BbIMU
arofamu, 15 ycarsix ¢ G6ensivMu sironam, 16 6e3ychix ¢ Oenbivu sirogamu U 14 6e3yChIX ¢ pO30BBIMH
aromamu. Kakoe BBl oxujaere oTHomeHue K F,? JIOKakuTe CTaTHCTHUYECKH, COOTBETCTBYET JI
HOJIyYeHHOE PaCIICTICHHE STOMY OTHOIIEHHIO.

38 Marb nMeeT cBOOOIHY 0 MOUYKY yXa (JIOMHHAHTHBIN MTPU3HAK) U TIIaIKUI TOAOO0POJIOK, a OTel]
— HECBOOOIHYIO MOYKY yXa M TPEYTOJbHYIO SIMKYy Ha TOA00OpOAKe (JIOMUHAHTHBIN TpHu3HaK). ChH
uMeeT CBOOOHY IO MOYKY yXa ¥ TPEyTOJIbHY O SIMKY Ha MTOA0O0POIKE, & JI0Yb MMEET TE e MPU3HAKH, YTO
y Marepu. Hanumure Bo3MOXXHbIE T€HOTUIIBI POAUTENEH U AeTeH.

39. V TomMaroB KpacHasi OKpacka IJIo/ia OnpenensieTcss JOMHHAHTHBIM reHoM — R, skenras — T,
HOpMaJIbHBIN pocT pactenus — D, kapmukoBseiid — d, a guckoBuaHas ¢popma — P, mmapoBugHas — p.

Bricokoe kpacHO- 1 KpyIIOIUIOAHOE PACTEHUE TOMATa, CKPEIIeHHOE ¢ KapIUKOBBIM JKEJTO- U
KPYIIOTUIOMHBIM, J1aJI0 B MOTOMCTBE ClieAyromiee paciiemwieHue (Tadn. 3). OObscHUTE MOy YCHHbIC
pe3yIbTarThl.

Tabnuya — 3
Pocm pacmenusn Okpacka nioooe Dopma nnooos Konuuecmeo
HOpPMaJbHOE JKenTast Kpyras 57
HOpMaJIbHOE KpacHas Kpymias 60
KapIIMKOBOE Kenras Kpymias 58
KapIIMKOBOE KpacHas Kpyas 61
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HOPMaJIbHOE Kenrast JUTHHHAS 22
HOPMAaJIbHOE KpacHas JUTMHHAS 19
KapIIMKOBOE JKenTas JUTMHHASA 20
KapIIMKOBOE KpacHas JUTAHHAS 21

40. KakoBbl ()EHOTHIIBI TIEPBOTO MOKOJCHHS, MOTyYSHHOTO MPH CKPEIMBAHUU TOMATOB,
reTepO3UTrOTHBIX [0 TPEM IapaM I'eHOB, IPUBEEHHBIX B 3a1ade Ne 387

3anumuTe pesyasrarsl F, u Fy, KoTopble B nanbHENIIEM CKPECTUIIN C 3TUMU TOKOJICHUSMH.

41.Y myx apo30¢ui cepblii IBET Tela U HOpMaIIbHbIE KPbUThsl 00y CIIOBJICHBI JOMHHAHTHBIMA
OCHOBHBIMH IIPU3HAKaMH. BB CKpeIeHbl IBE MyXH C HOPMAJIbHBIMH KPBUIbSIMUA U Y€PHOTO IIBETA, U
BCE MOy Y€HHOE IMOTOMCTBO UMEJIO YEepPHBIE TeJa, HO 3/4 M3 HUX WMENH HOpMaJlbHbIe KpbUIhs, a 1/4 —
Kopotkue. OnpeaenmTe TeHOTUIIBI POIUTENEH 1 MTOTOMCTBA.

42. JlBe pasHble MOPOJBI MICJIKOBUYHOTO YEpPBS MPEACTABISLIOT COOOW IMOKOJICHUS,
pasnuYaroIpecs CIeAYIOMINMI XapakTePUCTHKAMU: OTHA IIPOU3BOAUT YEPBEH C KEITHIMU KOKOHAM,
a japyras — OenbIX MOJIOCAThIX YyepBel. B mepBOM MOKOJICHWH BCe MICTKOBHYHBIC YEPBH OBLIH
MOJIOCATHIMU U UMEJTH JKEJIThIA KOKOH. BO BTOpOM IOKOJICHHIA ITOJIY4EHBI CJISIYIOIIEE PaCIleTICHUE:
6385 — nmonocaTkle YepBH, IIIETYIIHE KeJThie KOKOHBI, 2 147 — monocarsie ¢ 6eabiMu KOKoHaMH, 2099
— OJTHOI[BETHBIE KENThIe KOKOHBL, 691 — 0 JHOIBETHBIE Oeibie KOKOHBI. OTpeeNnuTe reHOTHIIBI TIEPBOTO
¥ BTOPOTO MOKOJICHUH ¢ MepBUYHBIMH (pOpMaMH.

Pewenue 3aoau

22*. 3anumem naHo. [IpuBeneHsl AeicTBHE reHOB. OTMEUEHO, YTO YSPHBIH KOMOJBIA camel]
YUCTOTOPOHBIHI, TO €CTh €T0 T€HOTHII TOMO3UTOTEH 10 IOMUHAHTHBIM Npu3HakaMm. HeoOxonrmo Haitr
noxosieHue F, B pesynsrare CKpeImBaHus TOMO3UTOTHBIX OpPraHU3MOB U NOKoJieHue F, B pesyisrare nx
B3aUMHOI'O CKpellMBaHMs. I pelieHus 3aadyd CcO3JaJuUM CXEMy CKPELIUBaHMsS W 3alylIeM
petunpokrnoe ckpemusamie: POAABB x QaaBs. ['eHOTUN MyXCKOW 0COOHM TOMO3UIOTEH IO
JIOMUHAHTHBIM [TPU3HAKAM, TI0 3TOW IPUYHHE JAET OJHOTHUITHYIO TaMeTy AB, a reHOTHTI )KeHCKOH 0co0on
TOMO3UTOTEH IO PEIIECCHUBHBIM IMPU3HAKaM, YTO TAKKE JaeT OHOTUIIHYIO raMeTy aB. OOpasy Iommiics
B pesynbrare Gpenorun F; Aa BB — uepHBIit KOMOIIBI, a €r0 TEHOTHUIT — AUTeTep 03UTOTHBIA. [10CKONBKY
y IUTeTEPO3UTOTHBIE 0COOHU at0T 4 pa3HBIX TUIIA TAMET, TO KomruecTBo F, paBHo 16, paciierienys no
¢denorumny B F, mpeacTaBasroT co0oit 9 depHbIN KOMOJIBIH : 3 YepHBINA POrarhlii : 3 KpacHbIM KOMOJBIH
1 kpacHblit poratsiil. [Ipu coznanuu pemetku [lenneTa n anammze 16 MOKONICHUI BHYTPU CETKU MBI
noinydaeMm 4 peHOTHUECKUX U 9 reHOTUYEeCKuX KiaccoB. Tenepb odopmisieM 3a1ady.

Mano: Pewenue:

A — uepHbIii PQaass x JAABB

a — KpacHBIN G aB AB

B — xomomnbIit

B — pOrarbli F.Aa Bs

P QaaBB JAABB YepHbiil KOMOJBIHI

Haimu:

Fi-?2,F-? PQAaBB x JAaBs
F2

9 AB + depHbIil KOMOJBII
3 AB V 4epHBIl porarblii
3 aB " xpacHBIN KOMOJIBIA
1 aB KpacHBbIl poraTslii

Pacumiernienue no reHoTuy:

1 AABB:2 AABB: 1 AABB:2 AaBB:4 AaBB:2 Aapp: 1 aaBB:2aaBs

: 1 aaBB

OrtgeTt: F; Aa BB —uepHbIii koMoublit, F, 9 uepHBII KOMOIBIH : 3 YepHBINA pOTaThIi : 3 KpacHBIH KOMOJIBIA
: 1 KpacHbIl porarblii
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24*. B naHo He0OX0OIMMO CHaYajIa 3alncarh AeiicTBue reHoB. Ho TeHbI He JaHbl, TO3TOMY ITHUIIIEM
PO POAUTENEH, TOTOMCTBO U YTO HalWTU. CleAyeT y4ecTh, 4TO CKa3aHHO O JIBYX IMapax poauTeneil.
[MpuctynuM K peleHuro 3aga4du: P ¢ 3eleHblil JMHHBIA X § monocarblii Kpymiblid, Fy 3eneHbi
Kpymiblidl. Ha ocHoBaHMu 1-ro 3axoHa MeHerns HaxonuM ieiicTBHE T€HOB: A — 3€JIEHbII, a — [10JI0CaThIi],
B — kpymibiii, B — qumHHBIHA. Tenepb HapucyeM cxeMy CKpelMBaHus 1o reHotuiy: PQ AABB x J'aaBB.
Mb1 uaeHTUDUIHUPYEM raMeThl pouTesieil. B ¢BA3H ¢ TeM, YTO T€HOTHUITBI KEHCKUX U MY)KCKUX 0Co0eiH
TOMO3HUT'OTHBI 110 JOMUHAHTHBIM U PELIECCUBHBIM NPU3HAKAM, KaJKABIA U3 HUX JAA€T OAMH TUII FAMET, TO
€CTb KEHCKYI0 — AB, MyXCKyI0 — rameTy aB. F; mo ¢eHoTumy 3eneHslii Kpymislii , IO TEHOTUITY —
nureTepo3uroTHeii Aa Be. UTtoOBI monmyuuth Fp, MBI ckpeluBaeM Mexny coOoil mokoneHue Fi.
XKenckast 0coOb TUTeTEPO3UTOTHA 10 TEHOTHILY, TI03ToMy 0o0pasyeT 4 Tuna ramet AB, AB, aB, aB;
MYyKCKasi 0cOOb IUTeTEPO3UrOTHA, OH TaKke 00paszyeT 4 Tuna raMer.

O6benunsem raMeTsl U nonydaem F,. [IpoaHamm3upoBaB 3amoNHEHHYIO PEUIETKY MEHHETa,
MOJTy4aeM pacllenyienue no GpeHorumny: 9 3eaeHbIX KpymibiX : 3 3€/eHbIX JUIMHHBIX | 3 MOJ0CaThIX
KpyDIbIX : 1 momnocarslii mpogonrosarsiit. [Tocie 3Toro mpoBoauM aHaIMTHYECKOe CKpenmBanue: P QAa
B x Jaa BB. CamMka 06pa3yeT 4 pasHble TaMeThl, caMel] — | THII TaMeTHL.

Fy, — 1 3eseHbIi KpyTiblid: 1 3esieHbI IUTMHABIH © 1 orocaThlid KpyibiH © 1 1Moo caThlil JTMHHBIH,
JaeT 9ucio 4 (EeHOTUIHYECKUX KIIACCOB.

Teneps HanuIIEeM CXeMy BTOPOU Mapbl CKpeluIMBaHuA. Tak Kak Hy>KHO MOMy4uTh F;, MpoBOIUM
perunpokroe ckpermsanue: P Y AABB x 3 AAsB. [Tony4ennsiii F; o GeHOTHITY — 3€TI€HBIH KPY IIIbIH,
a [0 TeHOTHITYy — MOHOTeTepo3uroTHeii AABB.

CxpemuBaeM 3THX 0cobeil Mexkay co6oi u nonydaem F,. P QAABB X JAABB. XKenckast ocodb
MOHOTETEPO3HUIOTHA 10 TEHOTHUITY, CIIEA0BaTEeNbHO, faeT 2 Tuna ramet — AB, AB; My)xckast 0c0o0b J1aeT
TOYHO TaKHe e raMeThl. 3aloIHAEM pelLeTKy NeHHeTa U aHAIM3UupyeM noiydeHHy1o F,. [To ¢penorury
— 3 3eNeHbIX KpyDibIX : 1 3eneHslil IIUHHBIN; a o reHotuny — 1 AABB:2 AABB:1 AABB, 3amedeHo
pacIuIeIieHHe, TO €CTh MbI IOy YMIIM IO (peHOTUITY — 2, @ 10 TeHOTHITY — 3 Ki1acca. Takium 00pa3om, Mbl
MOHOCTHIO OTBETHJIM Ha BOTIPOCHI 3a/1aun. Terneps Oyaem mucarhb pelieHue.

/ano: Pewienue:
1. PQ 3eneHblii JTHMHHBIH 1.PQ 3eneHbli JUIMHHBINA X < MONOCATHINA Kpy IIIBIA
P & monocarbiit kpy kIt F1 3eneHslii KpyIbIit
F, 3esienblil kpymiblit A - 3eneHbII
a - IIoJIOCaThIN

2. PQ 3eneHblii KpymibIid B - xpymibrit

P& seneHblit MIMHHBTH B - JUIMHHBINA
Haiimu: PQAABB x JaaBB
HetictBue renos Fy, F,, Fy G Asm aB

F1 AaBB 3eneHblil KpyDIbId
PPAaBB x 4AaBs

F

9 A-B - 3eneHblil KpyDIbIid
3 A-BB 3€JICHBINH ITMHHBINA

3 aaB - monocarslit Kpymiblit
1 aaBB monocarslii JJIMHHBIN

P QAaBs x Jaass
G AB AsaBas as

Fy
3| aB
?
AB AaBB 1 3eseHBIN KPYTIBIH
AB AaBB 1 3eneHbIN OIMHHBIA
aB aaBB 1 momocarelil Kpy b
aB aaBB lronocarslil JUIMHHBII

2.P YAABB x SAAsBB
TameTsr AB AB
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F1 AABB 3eneHbli Kpy Db

P 9-AABB x JAABB

F

3 3eneHbIN KpyDIbIiA: 1 3eNeHblil NITMHHBIHI

1AABB:2 AABB: 1 AABB
Omeem:1. A — 3eneHblil, a — mojocareiif, B — KpyTibslil, B — JIWHHBINA
F1 3esieHbIi KpyIbIiA
F, 9 3emenHblit Kpymiblii: 3 3€JIeHBIN AMHHBIN: 3 MONTOCATHIA KPyIIbIii: 1 momocarslii JIMHHBIA
F. 1 3enensiii kpymiblii : 1 3eneHblid AnuHHBIA: 1 monocarsiil Kpymiblid: 1 monocarblil IIMHHBIA
2. F, 3 3enenblit Kpyisiid : 1 3eNeHbIH JIIMHHBIHA

25*, [Iumem gaHo. BHUMarenpHO MPOYMTAaB 3a/1a4y, 3aMedaeM, 4T0 ICHCTBUE TeHOB, F; He qaHo.
Ota 3ajada cBs3aHa C MPEAbINyIIeil 3a1a4eil, T. €. Mbl 3alichiBaeM JelCTBUE TeHOB U3 3a1a4u Ne 24.
[Tocie 5TOTO HYKHO 3amucarhb AaHHoe npo poautenei: PYA-B -cc, §A — BB-C . Mbl He MOXeEM cpasy
HaITUCATh MOJHBIN TEHOTHIT POIUTEINEH, U, TOATOMY, IOMHHAHTHBIE T€HBI IMUTITYTCs 03 Maphl. A Terephb
numrem moromctBo F 17 A-B-C-, 15 A — BBC-, 6aa B —C-, 7 aa BB C-. TpeOoBanoch onpeneimrh
POIUTENBCKUE T€HOTHIIbI, COOTHOIIEHHS KJIACCOB U COOTBETCTBUS CTAaTUCTHYECKUX OXKUAAHHUM.

3anuineM cxeMy CKpeIluBaHus JUIs pernenns 3agaun: PQ-A-B-cc x JA -8BC-. Ha ocHoBanmm
MpaBWiI ONpeaessieM FeHOTUI POAUTEIIEH, IIsIAsl Ha TIOTOMCTBO:

F17 A-B-C-, 15 A - BBC-, 6 aaB - C-, 7 aa BBC-. Bo-niepBbIX, MBI HII[€M PEIICCCUBHBIC TIPU3HAKIL
ITo TpeTbeil mape reHOB B MOKOJCHUH HET PELIECCUBHOM Oesoi MeTku - cc. [loaToMy poauTesckuit
renorun 3anuceiBaetcaTak: P Aa Bscc ' Aass CC. Teneps onpeneuM raMeThl poauTeneii. JKenckas
0Cc00b TUTETEPO3UTOTHA IO TCHOTHUITY, TOTOMY JIaeT 4 THITa TaMET, 8 My)KCKasi MOHOTETePO3UTOTa, JIaeT
2 TWMa raMer.

3anonHseM penieTky [lenHera n ananm3upyeM Moy 4eHHble moToMcTBa. B pemeTke [1enHera o
(heHOTHITY pacIleHIUIEHUE: 3 KYAPSABBIX KOPOTKUX YEPHBIX : 3 KyJIPSBBIX JUIMHHBIX UePHBIX : | IaaKuit
KOPOTKHH 4epHbIid : | magkuil NaMHHBIN depHbId. MTak, KommdecTBO (PEHOTHNHYECKHUX KIIACCOB
okazainock 4, pacmemnenne 3:3:1:1. A ecim kaxgoe yucio B pacuieruiennn 17:15:6:7 pa3zgemrs
npuUMepHO Ha 6, To moayuutes coorHomenue 3:3:1:1. To ecTs paciuenienrue co CTaTUCTUYECKOM TOUKU
3pEeHHS COOTBETCTBOBAJ OXKUAAEMOMY 3HAYEHHIO. JTO MOKA3BbIBAET, YTO MBI IPABUIILHO OTIPEIECITIA
reHoTun poauteneil. Teneps opopmum 3aady crieqy oMM 06pazom.

ano: Pewenue:

A — KyapsBbli PQPAaBB cc x 4 AassCC

a — DIaJgKul F17 A-B-C-, 15A-8BC-, 6 aaB-C-, 7 aaBBC-
B — xoporkuit

B — JIIMHHBII F2

C- uepHpiii 3A-B-C-v' KyapsBblil KOPOTKHiT YePHBIH,
¢ — OeJbIii 3 A-BBC - + KyApsIBBIii JUTMHHBINA YepPHBIiT
PQA -B-cc, JA - BBC- 1 aaB-C- maakuii KOPOTKHI YepHBIH
F17 A-B-C-, 15A-BC-, 1 aaBBC - mIAAKUI JJIMHHBIA YepHbIT
6aaB-C-, 7 aaBBC-

Haiumu:

P 934? CoorHomenune kmaccos?

Craructuyeckoe oxugaHue?

Omeem:1) P9Aa Be Cc  $AaBsCC
2) penorunmueckoe pacmieruienne 3 13 :1:1
3) cTarucTUYECKOE pacIleIUICHHE COOTBETCTBOBAJIO OXKU/IaEMOW BEJIMYUHE.

32*. B nano numieM aeicTBusi reHOB: A — BRICOKHUH, & — HU3KWA, B — kpacHsIii, B — Oenbii, BB —
po30BbIid. Pogurensckue popmel nansl: PPAABB Jaass.

I'eHoTHIT CAMKH JIOMMHAHTHBIN, TEHOTHUI CaMIla TOMO3UTOTEH IO PEleCCHUBHBIM MPU3HAKAM,
MOATOMY CaMKa JIaeT OJIMH THII TamMeT — AB, 1 camer| Takxke JaeT ofuH TUI TameT — aB. [Ipu cmstHim
ramet oOpasyercs Fy, npoBogaum anam3. 1o peHotrmy F; BEICOKHIA, pO30BOTO I[BETA, IO TEHOTHITY —
JIATETEPO3UTOTHBIA. CKpeluBaeM MOJNYYCHHOE MEPBOEC MOTOMCTBO MEXAY cO0O0OW M 3amojHseM
pemetky IleHHera, 4ToObI oy yuTh F,. Korma Mbl aHamu3upoBaam 0codeii BHyTpH peieTku [1eHHeTa,
pacuieruieHue mo (peHoTHIry ObUIO CIICMYIOMIMM — 3 BBICOKMX KPAacHBIX : 6 BBICOKHX PO30BBIX : 3
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BBICOKUX OCJIBIX : | HU3KUI KPACHBIN : 2 HU3KUX PO30BBIX : | HU3KuMit Oenbrit. M3 16 ocobeii ot F, 6

OKa3aJMCh TaKUMH JKe, Kak B Fi, T.e. Boicokumu, po3osoro usera (%/15 ). Temeps mpHCTyIHM K
o(opMIICHHIO 3a1a9H.

Mano: Pewenue:

A — BBICOKHit PQPAABB x Jaass

a — HU3KUH G AB aB

B — xpacHsIit F, AaBB BbicOKuil, pO30BBII
B — Oenblil PQAa Bs x JAa Bs

BB — po3oBbIit
PQ AABB Jaass
Haumu: F-? F,-?

F23 A - BB + Bbicokuii kpacHbIH
3 A - BB v/ BBICOKHIi OeltbIit

6 A - BB*BBICOKUI, PO30BBIN

1 aa BB Hu3kuii KpacHBIi

2 aa BB "Hu3KuUil pO30BBIH

1 aa BB HU3KHI OeJIbIi

Omeem: F; - BBICOKHI, PO30BBIT
F, 6 0co0b BeICOKAs, pO30BOTO I[BETA

KoHTpoJbHbIe BOIPOCHI

1. Kak mpoucxonut HaclieJOBaHUE TIPU TUTHOPHUIHOM CKPEITUBAHUU?

2. Ckompko 3aKOHOB MeHJenss MOXHO J0Ka3aThb B JUTHOPUIHOM M IOJUTHOPHIHOM
ckpemuBanuax? [laiiTe onpenesaeHrne Kaxaoro 3aK0Ha.

3. Kak noka3arp 3aKOH HE3aBUCHUMOTO HACJEIOBaHUs ap MPU3HAKOB?

4. Kakue pacuieruieHds o (EHOTUITYy U TEHOTHILy [JaeT HEMOJHOE IOMUHUpOBaHHE B F;
JTUTHOPUIHOM CKpeIIBaHUH?

5. lokaxkute TpeTuil 3akoH MeHpaens.
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I11. HACJIEJOBAHUE ITPU B3AUMOJENCTBAU 'EHOB

l'en Kak equHUIIA HAACJENCTBEHHOCTH, JETEPMUHUPYIONIAs NMPHU3HAKA OpraHWU3Ma, HMMEET
onpeiesieHHbIe Py HKIIMOHAIbHBIE CBOMCTBA. V3 M3I0KEHHOro paHee ICHO, YTO B CBOEM JI€HCTBHM TeH
JUCKPETEH; OH OIpeessieT NPUCYTCTBUE WM OTCYTCTBHE OTAEILHOW OMOXUMHYECKOH peakIiy, OT
KOTOPO# 3aBUCUT pa3BUTHE WIH MOJABJICHUE OTPENEICHHOTO MpU3HaKa opranusMa. OueBHIHO, €CIH
HECKOJIBKO T€HOB OMPEHEIIOT Kakoe-TM00 OHO CBOMCTBO (OKpacka Iia3 4eJoBeKa, JJIMHA KOJoca
MIIICHUIIBI ¥ T.I1.), OHH JIOJDKHBI B3aMOJICHCTBOBATh MEXITY COOOM.

Heannenvnvie 2enbi — 3TO TEHBI PACIIOIOKECHHBIE B PA3IMYHBIX yJ9acTKax XpPOMOCOM H
KoZlMpyolue pa3nble 6enku. HeanenbHble TeHbI TAKKE MOTY T B3aUMO/IEHCTBOBATh MEX 1y co0oi. [Ipu
3TOM JMOO OJTMH T'eH 00y CIIOBIMBACT Pa3BUTHE HECKOIBLKUX TMPH3HAKOB, TMO0, HA000P 0T, OHH MPU3HAK
MPOSIBIISICTCS TIO/T IEHCTBUEM COBOKYITHOCTH HECKOJIBKUX T'CHOB.

[IposiBieHHEe OAHOTO MpHU3HAKaA MOXKET ONpeNeAThCcs IBYyMs M Oonee MapaMu TI'€HOB
(kOMITIEMEHTapHOCTH U TIOIMMEPHOE HACIIEIOBaHKE) ¥, HA0OOPOT, O/IHA MTapa FTeHOB MOJKET BIIHATH HA
MPOSIBIICHHE HECKOIBKUX MPHU3HAKOB (MHOXKECTBEHHOE JieiicTBHE reHOB). Kpome Toro, 01H1 reHbI MOTyT
MOJIABILITH JIEUCTBHUE PYTHX (3MUCcTa3). Bee 3T siBJieHUs Moy uriiv 0O11iee Ha3BaHNE B3aMMO/ICHCTBIE
T€HOB.

[Ipu B3anMoneicTBIM JBYX Map reHOB BEPOSTHOCTD MOSIBICHHS OPTaHI3MOB KaKI0r0 (heHOTHIA
OTIpeIeIsIeTCS pa3IMYHBIMH COYCTAHMSIMU ABYX ITap TEHOB, YYACTBYIOIMX B Pa3BUTHH MpU3HaKa. Tak
Ke, KaK U B Cclydae JUTHOPUIHOTO CKPEIINBAHUSL, 3TH COYETAHUS MOXKHO OILICHUBATH C ITOMOIIBIO
pemetku [lennera. B OonbInuHCTBE CilydaeB pa3IMuHble COOTHOIICHHUS ()EHOTHIIOB PH CKPELIMBAHNN
JUTeTepO3UroT 00pa3oBaHbl U3 COOTHOLIEHUS 9:3:3:1 myTeM CIOXKEHUS OTAENbHBIX 2JIEMEHTOB,
HarpuMep, paciiernienue 9:7 npy KOMIUIEMEHTapHOM HacJIe0BaHUN MOXKET ObITh MPEACTABICHO KaK
9:(3+3+1).

[Tpu pemenuu 3a7ad TAaKOro THUHA ClEAyeT OOpamiarb BHUMaHHE HA TO, CKOJBKO KJIacCOB
()EHOTHIIOB U B KaKOM KOJIMYECTBEHHOM COOTHOIICHHMH O0Opa3yeTcs MpU CKpelUBaHUU 0COOEH ¢
Pa3NIMYHBIMHA T€HOTHUIIAMH.

Pemrenwne 3a1a4 Ha B3aUMO/IEHCTBIE HEAIUIEILHBIX TEHOB TPeOyeT 3HAHMS OTIP €1CTICHHBIX 1pasU
peuieHuss TCHETUIECKUX 3a/1a4, KOTOPBIH COCTOUT B OCHOBHOM M3 Tpex 3ramoB. CHayaia HYKHO
OTIPEETUTh CKOJIBKO Map TeHOB OTBEUAIOT 33 Pa3BUTHE aJITEPHATUBHBIX Map MpU3HaKoB. it 31010
HY>KHO ITIOCMOTPETb Ha F, ¥ Ha OCHOBAHMU PaCILEIUICHUS OTPEAEIUTh TUI CKPEIINBAHUS (MOHO- HJH
Ju- THOPUIHOE), 3aTeM THII B3aUMOJICHCTBISI TEHOB U TOJBKO B KOHIIE ONpPEAEIsieM JeHCTBUE TeHOB.

CaoiicTBa mo00oro opraHu3ma (I[BET MIEPCTH Y KPOJIHMKOB, JJIMHA KOJIOCKAa OBCa W AP.)
OTIpEEISIIOTCSl MHOTUMHU reHaMu. [1pu 3ToM atesn pasHbIX T€HOB B3aUMOJICHCTBYIOT IPYT C IPYTOM.
B pesynbrare B moromcTBe auretepo3urorsl (F,) HaOmomaroTcs paciieryieHHe ¢ HECKOIbKUMH
pa3IM4YHBIME COOTHOIIEHMAMH (Hanpumep: 9 :3 : 4;9:7;13:3; 15: 1 u np.). [enernyeckuii anam3
MOKA3bIBACT, YTO OTH HEOOBIUHBIC pacinemicHuss mo ¢eHotuny B F, mnpeacTaBisioT coboi
BHJIOM3MEHEHNEe 00melt ¢popmyist 9: 3 : 3 ¢ 1.

PazmmuatoT yeTsIpe THIa B3aMMO/ICHCTBHUS TEHOB: KOMIUIEMEHTapHOCTh, SIUCTA3, HOTUMEPHIO U
MonupuIupyonee nedcTBUe TeHOB. lIpM KOMIUIEMEHTapHOM THIIE B3aUMOJEHCTBUS TI'€HOB
pacuerieHue npu3HakoB B F, coctaBmsier—9:3:3:1;9:6:1;9:3:4;9 : 7; npu AOMUHAHTHOM
snuctasze - 13 : 3; 12 : 3 : 1; npu peueccuBHOM anuctaze -9 : 3 : 4; 9 : 7; npu KyMyJIATUBHOHN U
HEKyMYJISTUBHOM momamepuu -15 : 1.

KOMI'[.]IeMeHTapHOQ B3aUMoO/ieiicTBHE FeHOB

Komnaemenmapuvimu v 0ononnumenbHviMu Ha3bIBAIOT TAKWE IOMAHAHTHBIC TCHBI, KOTOPHIC
Ip¥ COBMECTHOM HaxokIeHuHU B reHoTure (A-B-) 00ycioBmmBaOT pa3BuTHe HOBOTO MPHU3HAKA 10
CPaBHEHHIO C IEHCTBUEM KaXI0TO I'eHa B 0TeabHOCTH (A-bb i aaB-). [Tpu KoMIuieMeHTap HOM THIIE
B3aMMOJICMICTBUY T€HOB Pa3IMyYaloT CIEAYIOIIEe OCHOBHBIE TUIIBI paciueruienue: 9:3:3:1;9:6:1; 9:3:4;
9:7 (puc. 3).
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BBAI/’IMDDEMCTBME HEAJSINESNbHENX TEHOB.
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Pucynox 3. KommieMeHTapHOE B3aUMOAEHCTBHE TEHOB

Pa3BuTne mpu3Haka MOXKET OTIPENEISITHCSA HE OJTHOM, a ABYMs Win OoJiee mapaMi HeaJuleIbHbIX
TeHOB, PACIONAaraloIMMUCS B pPa3HBIX XpoMmocomax. Ecmm Xors Obl OfHa Tapa HaXOAHWTCS B
TOMO3UTOTHOM PELIECCUBHOM COCTOSIHHHM, TO IPU3HAK HE PA3BUBACTCS MJIM OTIWYEH OT JOMUHAHTHOTO.

C OMOXMMHYECKOU TOUKU 3PEHHSI 3a4aCTYIO 5TO MOXET OBITh CBSI3aHO C TE€M, YTO pa3BUTHE
MPU3HAKOB OOBIYHO MpeacTaBisieT co00i MHOTOCTAaIUNHBIA MPOIECC, KKABIA STall KOTOPOTO
KOHTPOJHUPYETCS OTEIbHBIM hepMeHTOM (MHpOopMaIys 0 pepMEHTE HAXOUTCS B OTIPEIEICHHOM I'eHe).
Ecm xors OBl OJWH I'€H HAXOAMTCS B PELECCUBHOM COCTOSHUM, TO CHUHTE3UPYETCS M3MEHEHHBIH
(bepMeHT, peakiys He UET, U KOHEUHBIH IPOYyKT He oOpasyercs:

I'en A B C D
depMeHT El E2 E3 E4

I ! ! I
Peakmmy S1 — S2 — S3 — S4 — P (mpusHak)

PacrienieHue npu cKp eMBaHuU TUT€TEPO3UTOT P H KOMITJIEMEHTAap HOM HACJIEIOBAHUH O OBIMHO
ObiBacT B mponopiwu 9:7, 9:3:4, umm 9:3:3:1, 9:6:1 (4acTh 0cobelt ¢ MUHUMATIBHBIM BbIpa)KEHUEM
npusHaka 7/16, 4/16 u 1/16).

3aoauu

43.* 3es1eHO3EPHBIN COPT PIKK MPH CKPEIIIMBAHUHU ¢ OSI03epHBIM aacT B Fy 3elieHbIe ceMeHa, a B
F,—pacmennenue no okpacke: 89 cemsH 3eNeHbIX, 28 kenThix 1 39 Oenbix. Kak HachemyeTcst okpacka
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cemeHn? UTO MONYyYHUTCS, €CIIM CKPECTUTh TMOpPUABI F; C TOMO3HTOTHBIMU KENTO3EPHBIMU U
0e03epHBIMHA pPaCTCHHUSIMU?

44 * TTpu ckpeumBaHin OeJIbIX MOPCKAX CBUHOK C Y€PHBIMHU ITOTOMCTBO Oy 4aeTcsi Cepoe, a B
F, 9 ceprix, 3 uepHbIX 1 4 Oenbix. MOXHO 1 TOUHO Takue ke F; u F, momydnTts oT ponureneii ¢ MHOM
okpackoii mepctu? KakoBel OynyT UX T€HOTHIBI U ()EHOTHUITHI?

45.* TTpu ckpelmrBaHUH JBYX YEPHBIX MTOPOI KOKEPCIIaHUETEH POAMIIMCH YEThIPE IIEHKA Pa3HOTo
OKpaca KOXu: 9 yepHbIX, 3 pbDKHX, 3 KOPUUHEBBIX, 1 cBeTIO-keNThId. [Ipu ckpelrBaHuM YepHOTro
KOKEpCIaHUENsl CO CBETIO-XKEIThIM DPOAWICS CBETIO-KENThI mieHOK. Ecmm 310T0 9epHOro
KOKEpCIIaHUENsl CKPECTUTh C COOAaKOM TOYHO TAKOTO € T'€HOTHIIA, KAKOTO PacLIEIICHHUs MOXHO
OKUIAaTh B IOTOMCTBE?

46. ®opma 1UI0/1a THIKBBI MOXKET OBITH KPYyIIIOW, THUCKOBUIHOW M Tpononarosaroi. [losBieHne
Takux QopM ompenesieTcs IByMs apaMu HeawleIbHBIX TeHOB, HE CLUEIUICHHBIX IPYT C APYTOM.

a) MPU CKPEUIWBAHUU JIBYX PACTEHUH C KPYDIIBIMHU IJI0/IaMU B TTOTOMCTBE MOSIBUIIUCH TOJBKO
Kpymible iosl. [Ipu B3auMHOM CKpeIBaHUU paCTEeHUH ¢ AUCKOBUIHBIMU IUIOJJaMU B [TOTOMCTBE
MOSIBUIMCH TUOPUABI ¢ 3 Tunamu Gopmbl. Cpenut HUX: 9 - TUCKOBUIHBIC, 6 - KpyTIIbIe, | - YAITMHEHHbIE.

Omnpenenure reHOTHUIBI poAUTeNeH, THOPUIO0B EPBOTO M BTOPOTO MOKOJICHHUS.

0) IIpu ckpenuBaHUM PACTEHUH C TUCKOBUIHBIMU U MPOJOITOBATHIMU TUIOAAMU B TIOTOMCTBE
MOSIBUIICH PACTEHUS C JUCKOBUIHBIMU — 1, KpyIIIbIMU — 2 ¥ TIPOZIOATOBATHIMH TuToAamu — 1.

Ornpenenure reHOTUIIBI PACTEHUI U UX MOTOMCTBA.

47.* Y denoBeka BpOXKACHHAS DIyXOTa OMpeaesiercs FTeHaMu a U B. 11 HOpMaJbHOTO cllyxa
HE0OXOIMMO HaJW4Yue B TEHOTHIE 00ernx JOMUHAHTHBIX ajmened (AB). OmpeaenuTe reHOTHIIBI
ponureneil B ABYX pa3HbIX CEMbSIX:

a) o0a poauTeNs NIyXH, a UX 5 JeTel NUMEIOT HOPMAJILHBIN CIYX;

0) y myxux poauteneil 3 Tyxux peOeHKa.

48. 1IBeT AyIMCTOTO rOpOIIKa MOXKET ObITh Kak OeJbIM, Tak M KpacHbIM. Korna ckpecTuim 1ga
OCJIOIBETKOBBIX COPTA PAcCTEHH, MOTOMCTBO MHOJYYaJOCh TOJBKO C KpacHBIMH LBeTKaMH. [Ipu
CKPEIIMBAHNH ITHX JIBYX KPACHOIIBETKOBBIX PACTCHUH MEXK Ty COOO0I, B TOTOMCTBE OBUIH MOy YEHBI 9
KPacCHOIIBETKOBBIX M 7 OeOIBETKOBBIE pacTeHUH. OnpenenTe reHOTHITBI POAUTENHCKIX 0CO0eH,
MEPBOTO U BTOPOTO MOKOJIEHUS U 1aliTe XapaKTepUCTUKY B3aUMOAEIHCTBUS T€HOB.

Pewenue 3aoau

43*. JlelicTBHe T€HOB HE JaHO, MOSTOMY Mbl HAdYWHAEM 3alKCHIBATH AAHO C POAUTEJEH.
3anuceIiBaeM EPBOE M BTOPOE MOKOJICHUS U MTOKA3bIBAEM KOJIMYECTBEHHOE pacIlielIeHNE TTOKOJICHH B
F,. 3amuceiBaem BTOpyIO mapy ponuTesel, KoTopele OynyT ckpemmBarbea. HykHO HaiTH THI
B3aMMOJIEHCTBUS T€HOB, IOTOMCTBA U IcHCTBHE reHOB. HaM Hy»KHO 3HATh, CKOJIBKO [Tap T€HOB OTBEYAOT
3a pa3BUTHS Npu3HAKOB. J1J1st 3TOr0 cMOTpUM Ha F>, cokparraem yucina 89:28:39 u nomyyaem npuMepHO
9:3:4. Takum 00Opa3oM, TOTYYaSTCsA, YTO K THOPHITU3AINHI OTHOCSTCS JIBE TAPHI TEHOB (3TO IMOKa3hIBACT,
4T0 yucio F,cocrasmsier 16), To ecTh 3T0 TUTHOPUAHOE CKPEIINBaHHE.

[IpoBenem aHanu3 MOMYYEHHOTO MOKoieHUs F,, 3amonmHenHoro mo pemietke [lennera. B
pe3ynbrare Noixy YHIIOCh 9 3eNIeHBIX : 3 )KENTHIX : 4 O6eJIbIX. ITO KOMIUIEMEHTaP HbIN THIT B3aHMO]1ECTBUS
reHoB. Oka3bIBaeTcsl, JOMUHAHTHBIC TeHbI A U B 1atoT 3eseHblii IBET, KOTia OHU HAXOATCS B OTHOM
TCHOTHIIE, €CJIM OHU Pa3/IeJICHbI, TO JKEITHIH 1 OCJIbIN 1[BET.

Teneps cocTaBiseM CXeMbI CKpellBanus rTHOpuIoB F; ¢ Aa BB, xenThix aa BB u 6enbix aa BB:
1. P9Aa Be x JaaBB, 2. P?AaBs x Jaass. [Tumem poaurensckue raMeTsl. 1. MarepuHckas 0coob
JIUTETEPO3UTOTHA TI0 TEHOTHITY, IO3TOMY JaeT 4 TUIa raMeT, camMel] TOMO3UTOTEH 0 PELIECCUBHOMY U
JOMUHAHTHOMY NpPH3HAKaM U, CJEAOBaTENbHO, AaeT raMety 1 Ttuma. Ilpu 3amomHeHun pemierku
[lenHneTa mpoOMCXOAUT paciienyieHue Mo (PEHOTUITY B COOTHOLICHHUH: 2 3eJICHBIX : 2 XKeNThIX. Bo BTOpOoM
ciayuae (aHaJIM3HMPYIOIee CKpellnBaHue) HaOmonanock pacuemienue F, 1 3eneHsiii: 2 Oenbiid: 1
xenTeiid. Perenue 3anaan opopmisieTcs caeay oM 00pa3oMm.

Mano: Pewenue:
FQ senenslit &6eblii 1. FQ 3enenblii 36enblii
F. 3eneHsri F. 3enensblit
F, 89 3enensriii : 28 xenrwiii : 39 Oenwiii | F, 89 3enensriit : 28 kenrsiii : 39 Genbrit
2. PQ Fy & xenrblii 9 : 3 : 4
PQ F, & 6Geblit A - 3eneHbIl, a — KEATHIN
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Haumu: B — okpamien, B — He OKpalieH
HetictBue resos? F - ?
PQAABB x JaaBB
AB aB
FiAaBB (3cieHbIi)

PQAaBs x §AaBs

PQAaBs x §AaBs

F

9 A-B - v 3eneHblii:3 A - BB + Oeblii
3 aa B "- xentrlii: 1 aa BB — OeIblit
2. PQAa BB x Jaa BB

3. PQAa BB x Jaa BB

F 2 3emensIif : 2 KenThIid

Fp 1 3emeHbIi : 2 Oelblit: 1 KeNThIi
Omeem: 1. 3aTIpOSIBIICHAE OKPACKH OTBEYAIOT JIBE MAP bl B3aAUMOJICHC TBY FOILMX 1O KOMILIEMEHTapHOMY
THITYy TCHOB:

A — 3eneHbIN

a — JKENTHIN

B — oxpatenssIit

B — HEOKpAIUEHHBII

F, 9 senensix : 3 OenbIxX : 3 xeATHIX : 1 Oenbli

2. F - 2 3emeHsIxX : 2 XeNTBIX

3. Fy 1 3emensrii : 2 OenbIx : 1 sKenTeIid

45*. Tlumem ycioBus 3aaa4u. JledcTBHs TeHOB HE J1aHO, TO3TOMY IHILEM PO POIUTEINeH U
noroMcTBO. O0a ponuTens o ¢peHorumny-uepHslie. [locie 3anucu GeHOTUIOB IOTOMCTBA HEOOXOIMMO
3amUcarh BTOPYIO M TPEThIO CKPEIMBAIOIIMECS POAMTENLCKAE Mapbl M HUX MOTOMCTBO. HykHO
OIIPENEIUTh THUIl B3aUMOEICTBUA I'€HOB, I€HCTBUE T€HOB U IIOTOMCTBA.

[Tepeiinem k pemennto 3a1aun. Co3naeM cxeMy CKpeluBaHHe ABYX 0Cc00ei uepHoro okpaca. B
MOTOMCTBE TONYyYHJIOCH pacllellIeHre 1Mo (eHOTUITy-9 4epHBIX, 3 PBDKUX, 3 KOPHYHEBBIX U |
PBDKEBATO-KENTHIX. DTO BTOPOE MOKOJICHUE OT TUTHOPHIHOrO CKpEIIMBAaHHUE, 3TO JOKa3biBaeT 16
MOJIyYEHHOE KOJMMYECTBO 0COOei. 3HAauMT, 3a TOSBJICHHE INPU3HAKOB OTBEYAIOT 2 Mapbl I'€HOB.
Pacmennenne F; 9: 3: 3: 1 xapakTepHO JJ11 KOMIZIEMEHTAPHOTO THIIA B3aUMOACHCTBIS reHOB. Terepn
HaM HY)KHO 3aIllucarb JeHCTBUE TeHOB: A-pPBDKHIA, a-OJIeIHO-XKeNThIi, B - Kopu4HEBHIi, B - OneqHo-
xenTeiid. Ecn qomuHaHTHBIE TeHBIA Y B HaxosTCs B OT/1€IbHOM T'€HOTHIIE, TO TP OSIBIISIIOT CBOM I1BETA,
a €CJIM B OJJHOM I'€HOTHIIE, TO MOSBIIAETCS YepHBIH IBeT. Tenepb poaUTeIbCKUe 0COOHU TOKHBI ObITh
JUT€TEPO3UTOTHBIMU T10 T€HOTHILY B CXEME CKpPEIIMBAaHU, IOCKOIBKY M3BECTHO, YTO KOJINYECTBO
MOTOMKOB cocTaBisieT 16 ocobeit. A 4T0OBI MOMYUYUTh 16 MOTOMKOB, KaXKbIi U3 POIHUTEINEH JOMKEH
nasarb 1o 4 tuna ramet. [loctpoum pemerky [lennera u mpoBeaem aHanu3 NOITy4YEeHHOTO Fs.

Teneps HanMIIEM CXeMY CKpelleBaHusi BTOpoi mapbl OT JaHHOTO CKP €LLMBAHUS P OJIICS TOJBKO
OJIVH IEHOK OJIeTHO-XKEIITOTO I[BETA, 3HAYHT, €T0 TeHOTHII TOJDKEH OBITH aaBB. ECim mpHHATH reHoTHIT
CaMK{ TOMO3UT'OTHBIM, TO IO TIPaBUITy JOMUHUPOBAHUS POMSTCS TONBKO YepHble meHKH. CKopee Beero,
3TO JTOKHO OBITh aHATM3UPYIOIIEE CKPEIIMBAHUE U TOJILKO B 3TOM CJIy4ae Ha POXKIaeTCs HIEHOK SPKO-
KeJToro 1BeTa. M3BecTHo reHoTun camua (aasB), a camka — 310 rudpun F;. Torna cxema ckperyBanye
OyzmeT 3anucana cnenyromum oopasom. PQ AaBs x ¢ aass. CaMKa AUTeTepO3UIOTHA [0 TEHOTHUITY U
MI03TOMY JaeT 4 ThIla raMeT caMell FTOMO3UIOTEH I10 PELECCUBHBIM IIPU3HAKAM U, CJIEN0BATENbHO, IAET
1 tum ramet. B pemetke [lenHeTa pacmieruienue mo (eHOTHUITY MOMYYHIOCh-1 uepHbiit: 1 peokuit: 1
KOPUYHEBBIN: 1 CBETIIO-)KENTOE IOTOMCTBO.

L[BeTa TpeTheil cKpemmBarompecs napel ObU YepHBIMHA. [10CKONMBKY 3TO THOPHI TIEPBOTO
TIOKOJICHHSI, €T0 TEHOTHI JUTeTePO3UTOTEH, U PE3yJbTaT CKpeInBaHue OyJIeT TakhM ke, KaKk W B
UCXOAHOM nepBoii mape. To ecTs 9 yepHbIX: 3 phDKUX: 3 KOpUUHEBBIX: 1 OnexHO-xenThii. [lo3ToMy MBI
0XHJAeM OT JAaHHOTIO CKpEUIMBaHMSA MMEHHO TAKOIrO pacuieIuieHue. B 3tom ciydae Mbl cpasy ke
3alKChIBaEM paclleINIeHHe 10 (PeHOTHITY, He co3/1aBast CHOBa pemieTky [lenneTa. tak, Mbl OTBETWH
Ha BOIIPOCHI 3aJlaui, TEHepb NEePEXoIuM K 0(hOPMICHHIO 3a/1au.
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Hano: Pewenue:

PQuepHblit X JuepHsbIit 1. PQuepHnslii x d4epHblii

F,9 uepnsiit, 3 peokuii, 3 F; 9 uepnslii:3 peokuii:3 KopuuHEBHIA: 1 OneTHO-KEATHIN
KOpPWUYHEBBIH, 1 OremHo- (KOMILTIEeMEHTap HbIH)

JKETHIN A — pBDKHIA 2 — ONETHO-KENThIHA

PQuepHbIi ¢ CBETIIO-KETHIH B — KopHU4HEBBI B — ONEAHO-KEJTHIH

F Gnenno-xenThIit

PQuepHnbiii JuepHsbIit PP AaBex Jd AaBs

F2 /9 A-B - depHblii
+ 3 A-BB - pbDKUi
I'ennepain ocepi MeH eo3apa | “3 aa B - kopu4HeBbIi

oceprnecyi? 1 aa BB - OJeMHO-KENTHIA
F-?

PQAaBB x JaaBB

F. 1uepnsrit: 1 ppoxuii: | KopuaHEBbIi: | O THO-KENTBIH
PQAaBBx JaaBB

Fy 1uepnbrii: 1 ppokuii: | kopruHeBbIi: 1 61e1HO -KeNT I

3.PQAaBs xZAaBs

F, 9 A-B- :3A-88B: 3 aaB-:1aaBB

YEPHBIA PBDKUHA KOPHYHEBBIH OJICTHO-KEJITHII

Omeem: 3a TpPOSABIECHHWE NpPU3HAKA OTBEYAIOT JBE Maphl TEHOB, B3aUMOJIEHCTBYIOIIUX IO
KOMILJIEMEHTAPHOMY THITY.

A - pBDKHiA, a — OIeTHO-KEATHIN

B - kopu4dHEBHI, B — OJIeAHO-KENTHINA

F, 9 yepHblii : 3 pebKUi : 3 KOpUYHEBBIH : 1 OIETHO-KENTHIH

Fy 1 wepHslii : 1 peokuii : 1 KopuuHeBbIH 1 OneIHO-KENTHIHA

F, 9 yepHbIi : 3 pbbKUl : 3 KOPUYHEBBIH : 1 OJICTHO-XKEITHII

47*. CHauana B JaHO MHUIIIEM JAEHCTBUS TEHOB: A — 3JI0POBBIi, a — TyX0Ta; B — 370pOBbIi, B —
nryxora. O0a ponuTess B IByX pa3HbIX ceMbix nryxue. O0a pomurens B IEpBOM Mape NIyXHe, 3SHaIUT
UX reHOTUINBl A-BB U aaB-. Bce 5 pokIeHHBIX 1eTel chblIar, T. €. FeHOTUNbl A-B -. Y BTOpoii naps! 3
pebeHka mmyxue - A-BB, aaB-.

Heob6xonumo onpenenuTs TeHOTHUIBI POUTENCH. 3aruiieM 3aady ClaeayonmmM oopasom. s
3TOTO MPUAECPKUBAEMCS MTPABUJI, U3JIO)KEHHBIX BHIIIIE.

Hano: Pewenue:

A — 310pOBBIit 1. PRAABB x JaaBB
a — nIyxoi F, Aa Bs

B — 310poBBbIi 2. PQAass x JaaBB
B — NIy XOi F, AasB, aaBB

1. PQ A-BB JaaB-

F, A-B -

2. PQA - BB Jaa B-

F, A - BB, aa B-

Haimu:

P-?

Omeem: 1. PQAABB JaaBB
2. PQAass & aaBs

Onucras

[Ipu noMUHUPOBaHNUY JIEHCTBUE OTHON aJUIEIN MOJIaBISIETCS APYTOH aJUTeNbIO 3TOTO e reHa: A
>a, B >bwut.a. Ho cymecTByerB3anmMoeiicTBrE, PU KOTOPOM OJTMH I'eH MOIARISACT ICHCTBHIE IPYTOI0,
Harpumep A > B wm B > A, a > B wm b > A u T.a. Takoe siBlieHHe Ha3bIBAIOT 9nucmazom. | eHbl,
MOABIISIOIINE JEHCTBUE APYTHX T€HOB, HA3BIBAIOT Cynpeccopamu Wim uneubumopamu. OHA MOTYT
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OBITH KaK JIOMHHAHTHBIMH, TAK U PEIECCUBHBIMU. | €HBI-CYTIPECCOPBI U3BECTHHI Y )KUBOTHBIX, PACTCHHII
1 MUKpooprann3MoB. OObrdHO OHU 0003Havatorcs | wm S.

OmnucTa3 NpUHITO ASNUTh Ha JBa THUIMA: JOMHHAHTHBINA U peneccuBHbIN. [log domunanmmsim
onucma3zom MOHUMAIOT TOAABJICHUE OAHUM JOMHHAHTHBIM T€HOM JeicTBuUs npyroro reHa. [lpu
JIOMAHAHTHOM 3ITHCTa3e pas3anyaroT ABa Tumna paciiemienus: 12:3:1 u 13:3 (puc. 4, 5).

DNUCTA30M, WIH 1P OMUBONOLONCHBIM OeUCEUeM 2eH08, Ha3bIBaeTCS IBIICHHUE, IPY KOTOPOM TeH
OTHOYW aJUIeNbHOW maphl (Cympeccop) B JOMHHAHTHOM COCTOSSHUM MOXKET TIONABIISITH Pa3BUTHE
NIpU3HAaKa, KOHTPOIMPYEMOTO IPYTOM NMapou reHOB.

BSAVMOOENCTBUE HEATIMENbHBIX FEHOB. SFAVCTAS

HACMEODOBAHWE OKPACKIA W KW

HACMNEOODBAHKE OKPACKL MNOO0R VY ThiKBEI |

Fy

€ — wameaua
nHrMenTa

© — OTCYTETRHE
IHrMEnTa

I — noaasaner

4 oxpACRY

1 — me nopanaaer
aXpacKY

Fy

TameTs (G)

Pamers (G)

A — seatuit geer naoza
8 — seneHnil UBCT 1LA038
I — uepavaner onpacey
i — monomanmasr onpacky

gaii
LRV

Ei{é“'ﬂf h h fﬁi‘ﬂ‘

l"l al-ii 'HJ} b LA 1B
'| e mrlrn ] I "' BB R

i
2y s i Bk

LNy

L 1
LT i LI

Lalh
e

‘ @ 4

ST
llr|,.-;||: LI DR

ViR 4.

313

Pucynox 5. Pactmennenue npu qomuHanTHOM (12:3:1; 13:3) u penteccuBuoM (9:3:4) smucrase
[pu oounapmnom peyeccusnom smmcrase, pelecCHBHAas ajuiellb OIHOTO TeHa, OyaydH B
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TOMO3HUTOTHOM COCTOSIHUH, HE 1aeT BO3MO)KHOCTH P OSIBUTHCS TOMUHAHTHON HJTH PELIECCHUBHON aJlieNu
Jpyroro reHa: BB > A wm BB > aa. Pacmemenne 9:3:4 (puc. 5).

Kpome onucaHHBIX CiTydyaeB OAMHAPHOTO PELIECCUBHOIO AUCTAa3a, CYIIECTBYIOT U TaKue, Korja
pelieccuBHas ajulellb Ka)XJ0Tr0 IeéHa B TOMO3ZUIOTHOM COCTOSIHUM OJHOBPEMEHHO PELUIPOKHO
MOAABIIET JeHCTBUE TOMHUHAHTHOM aJljIesiM KOMIUIEMEHTApHOT 0 IeHa, T.€. aa 3[ucTaTupyer HaJ B-, BB
Hag A (aa>B u BB >A). Takoe B3auMOIeiCTBHE IBYX PETICCCHBHBIX IIOIaBUTEIICH HA3BIBAIOT QBOUHbIU
peyeccusubimM dnucmazom. B TurnOpuIHOM CKpeMBaHu pacIleruieHue o peHoTuIy — 9:7, Kak u B
Clyyae KOMIJIEMEHTapHOTO B3aUMO/ECICTBUS T€HOB.

CrnenoBarenbHO, OOHO W TO K€ pacUISIUICHHE MOXXHO TPAaKTOBaTh Kak pe3yiasTar u
KOMIUIEMEHTApHOTO B3auMOAEHcTBUS, U snucTa3a. OANH reHeTHYeCKUH aHaIn3 HacleqoBaHUsS IPU
B3aUMOJIECTBUH IeHOB 0e3 3HaHUSI OMOXUMUU U (PU3NOJIOTHH PAa3BUTHUS PU3HAKA B OHTOTEHE3e HE
MOXXET PACKPBITH MPUPOJBI ITOTO B3auMoieicTBUs. Ho 6e3 reHeTHueckoro aHajin3a Hellb3s MOHSTh
MEXaHU3M HaCJIeICTBEHHOM eTepMUHALINU PAa3BUTHS STHX MPHU3HAKOB.

3aoauu

49.* 3penue apo30¢puIIb ONpeesiercs BIMSHIEM JBYX ap TeHOB. [lOMUHAHTHBIN aJUieb TeHa
Lobe, pacnonoxennsiii Ha || XxpomMocome, BBI3BIBAST PENYKIHIO IIA3HBIX (PACETOK, PELECCUBHBIC -
obecrieunBaeT HOpMalbHOE pas3BuThe. JloMHUHAHTHBIA aienb reHa Eyless, pacmomnoxeHHblid Ha
xpomocome |V, orBewaer 3a pa3BUTHE HOPMAJbHBIX (PACETOK, PELECCHUBHBIE — PEMYKIIHIO.
CKpelmmBaroTcs € pa3Hble JMHUM clienbix Myx. Onpenenure Fy u F,.

50. ¥V oBca et 3&peH onpeaenseTcs AByMs IapaMu HECLIETUIEHHbBIX Mek1y co0oii reHoB. OauH
JIOMUHAHTHBIA TeH oOyclaBiuMBaeT YEPHBIA LBET, APYyrod — cepblid. O0a pernecCUBHBIX alIes
00y CIaBIMBAIOT OENYIO OKPACKY.

a) [Tpu ckpenuBaHUK YepHO3EPHOTO OBCA MEXTY COOO B TOTOMCTBE 0Ka3aJI0Ch PACIIICIUICHHS
Ha 12 9epHO3EpHBIX, 3 cepo3epHbIX U 1 6eno3epHbIX. OnpeenTe FeHOTUITBI CKPEIIMBAEMBIX 0CO0CH 1
UX TIOTOMCTBA.

0) [Ipu ckpemmBanuy 6€7I03EPHOrO OBCA C YEPHO3EPHBIM MOy UMIIACH MTOJOBIUHA PACTEHUN C
YepHBIMHU 3€PHAMH, MTOJIOBUHA C cepbiMU. OTpeaenTe reHOTUIIBI CKPEIUBAEMbIX 0COO0CH.

51. benoe onepeHue Kyp omnpenesnsieTcs AByMs apaMu HECLIETICHHBIX HeaJUIeJIbHBIX TeHOB. B
OIIHOM Mape JOMMHAHTHBIN I'€H ONpEAEsieT OKPALIEHHOE OTIEpEHNUE, PEIIECCUBHBII reH — Oesoe. B
JpyToii nape JOMUHAHTHBIN I'e€H MO1aBIISIET OKPACKY, a PELIECCUBHBIN IeH He TO1aBIsieT okpacky. [Ipu
CKpeIMBaHUU OCIIBIX KYp MOMydeHo motoMcTBO u3 1570 wnpmusat. Y3 Hux 198 npimnst okaszaimch
6espiMu. OTipeenuTe TeHOTUIBI POIUTENEH U OKPAIICHHBIX [BITUIAT.

52.* Tlpu ckpellMBaHWHM 4YEPHON KPONBYMXHM C HOPMAILHOW MIEPCTBHIO ¢  OeibiM
KOPOTKOILIEPCTHBIM KPOJIMKOM B IIE€PBOM IOKOJIEHHMHM BCE KpOJpyara UMEIM YEPHYO HOPMaJbHYIO
IEPCTh, @ BO BTOPOM MOKOJIEHWH MPOU30IIIO paciieruieHue: 29 dyepHbIX HOpMaJbHOLEPCTHBIH, 10
royObIX HOPMaJIbHOIIEPCTHBIX, 12 OeNbIX HOPMabHOIIEPCTHHIX, 9 YepHBIX KOPOTKOMIEPCTHBIX, 4
TOITyOBIX KOPOTKOIIEPCTHBIX, 5 OEJIBIX KOPOTKOMIEPCTHBIX. OnpenenuTe THI HACIeI0BaHUs OKPACKu U
JJIMHBI IIEPCTH, HAIUIIIUTE CXEMY CKpEIlMBaHHUS.

53. Oxpacka Ml onpeeseTcs JByMs apaMi HeCIeTUICHHBIX TeHOB. JJOMUHAHTHBIN TeH
OJTHO Y Napbl 00y CIIABIIMBAET CEPBIH IIBET, €TO PEIeCCHBHBIHN allieNb — 0enblil. JloMIHAHTHBIN TeH ApyTroi
napbl ClIOCOOCTBYET MPOSIBICHUIO OKPACKH, €T0 PELIECCUBHAS aJllelb MOAABIISIET OKPACKY.

[Ipu ckpemuBaHuH cepbIX MBIIIEH MEXTY COOO0H MOy YeHO MOTOMCTBO U3 57 cepbiX, 18 depHbIX
Mplei. OnpenenuTe reHOTHITbl TOTOMCTBA.

54. CkpemmuBaroTCcs ABa COPTa 3eMITHUKH — Oe3ycas ¢ KpacHOU sAroqoil u 6esycas ¢ Oenoit
arogoil. B F, pacmerenne: 231 6e3ychix KpacHbIX, 99 Oe3ychix Oenbix, 329 ycarbix kpacHbIX, 101
ycarbIx 0enbIx. OnpeenuTe reHOTUIIBI HCXOIHBIX COPTOB, XapaKTep HACJIEI0BAHUS y CAaTOCTH M OKPACKH
IUIOZIOB.

55. Tlpu ckpemuBaHuM IBYX O€JIO3EpHBIX COpPTa PACTEHHU KyKypy3bl THOpHUIbLI TEPBOTO
MOKOJICHUS TaKke ObUIN 0eJI03epHBIMHU, 2 BO BTOPOM IMOKOJIEHUH OBIJIO TIoTydeHo 137 Gesio3epHbix U 38
pacTeHuil ¢ mypiypHsIMU 3epHaMu. OTIpeeNnTe THIT HACJIEI0BaHUS U TEHOTUIIBI yKa3aHHBIX 0COOCH.
Kakoe moToMcTBO Oy/ieT B aHAIM3UPYIONIEM CKPEITUBAHUH?

56. Ilpu ckpemuBaHUM BYX SK3EMIUIPOB PACTEHHUS NPHUMYINBI BEUEPHEH C MaxXpOBBIMA
KPaCHBIMU U MAXPOBBIMU OEJIBIMU LIBETKAMH IIEPBOE MOKOJICHUE JABAIO MIPOCThIE KpacHbIE IBETKU. B
F, monyueno paciierieHue: 69 — MaxpoBble 0eibie, 274 — pOoCThIe KpacHbIe, 85 — mpocThie Oenbie, 212
— MaxpoOBBI€ KpacHEIE.
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Kak HacmenyroTcs okpacka u ¢hopma mBeTka?

57.* CkpemuBatotcst 2 copra JibHa, OAMH U3 KOTOPBIX UMEET PO30BYIO OKPACKY IIBETKOB U
HOpMaJIbHBIC JICTICCTKH, & APYToi — OCNyt0 OKpacKy I[BETKOB M HOpPMaJIbHBIC JICTIECTKU. B mepBom
MOKOJICHUH y BCEX PACTEHUH LIBETKM PO30BBIE, JIENIECTKM HOpMajbHblEe. BO BTOpOM MOKOIEHHH
noiydyeHo pacuierieHue: 41 pacTeHuil ¢ po30BbIMU LIBETKAMH M HOpPMAaJbHBIMH JIeTIECTKaMH, 7
pacTeHuil ¢ po30BbIMH IIBETKaMH U TO(QPHUPOBAHHBIMH JIEIECTKAMH, 5 pacTeHHIA C OEJIBIMH [IBETKaMH 1
ro(pupoBaHHBIMHU JieTiecTKaMHu, 13 pacTeHnit ¢ OelbIMH IBETKAMH M HOPMAJIbHBIMH JICTIECTKAMH.
OmnpenenuTts THM HACIEAOBAHHUS OKPACKH IIBETKA M THIA JIETIECTKOB.

Pewenue 3aoau

49.* anumiem gano. Ha xpomocome |l Mbi ykasbiBaeM, uto ren Lobe npoussoaur penyxkiro |l
Lobe - dhaceTok, peneccuBHblii ajuiens +Lobe - HopmanbHOE passuTHe miasa, IY +Eyless - HopmanbHbIi
mia3, - Eyless npoussoaut penykuuro. Janee numem poaureneit: P cienoii &'cienoit. Mbl JODKHEI
HalTH IepBO€ U BTOpoe MnokoieHue. Pemaem 3agauy. CHagana MOCTPOUM CXEMY CKpEIIHBAHUS:

PQLL" ++V x 4+ + "ee V. Kaxnplii u3 ponureseit, OyIydr FOMO3UTOTHBIM [0 T€HOTHUIIAM, JAET
ramety | Tuma: camxa L+, camen +e. [Ipu cnusaum ramert, monyuyum F;: F; L+ +€, mo ¢enorumny —
CJICTION, TEHOTUT — TUTETEPO3UTOTHBIN. CKpeIrBaeM MeXKIy cOO0H IepBbie MOKOJICHHS U Moy daeMm F.
Ponurens, kaxXnplil U3 KOTOPBIX JUTETEPO3UTOTEH 110 TEHOTHUITY, JaeT4 Tuma ramer. s 3toro co3naamm
pemretky [Tennera. [Tpu npoBenenn anamsa ocobdeii F, BHy Tpu pemetk 13 ciienbx : 3 ¢ HOpMabHbIM
3peHreM. DTO JOMUHAHTHBIN dNKCTAa3. 31ech L — TOMUHAHTHBIN TeH, P OAYyIHUPY IOLHIN CIETIOTY I71a3a,
nozpamisieT neictue +E, mpoaynupytomeMy HopMajdbHOE 3peHue, ONoKHUpys ero skcmpeccuto. B
pe3ynsrare 13 MyX poxmarorcs clienbiMd. A 3 T€eHOTUINAa MyX ¢ HOPMaJIbHBIM 3peHueM++++, ++ + e,
++e+, T e. y HMX HeT reHa L, Bb3bBaromiero ciemnory. Takum o0pa3om, JBe Mapbl I'€HOB
B3aMMOJIEHCTBYIOT IPYT C IPYTOM IO THUIYy JOMMHAHTHOTO 3IHCTa3a YTOOBI BHI3BATH CIIETIOTY IVIA3.
Odopmisiem 3amaqy.

Hano: Pewenue:
Il Lobe- penykiust pacertoB PQ LL" ++Y x J++ee'V
+ Lobe- HopmabHBIi 1123 cJenoi cuenoit
IY + Eyless- HopmabHbIi 113 G L+ +e
Eyless- penykuus daceros F, L+l + elV cnenoii
I Iy 1y PPL++e x JL ++e
PYLL++ J++ee F, 13 penyKIMoHHBIX : 3 HOPMaJIbHBIX
Haumu:
BsaumoneiicTBue reHos?
Fl, Fz'?

Omeem: F | — cnenoi, F, 13 peaykius ¢aceToB : 3 HOpMabHBIN 11a3

52. 3amumiem gaHo. JIeHCTBHS TE€HOB HE JaHO, MOSTOMY MHUIEM pomuTeneii: PQ  dephas,
HOpMalbHOIEpCcTHAs, P4 Gelblii, KOpOTKOIEPCTHBIA. Teneph muieM mpo noxkonenus. F; Bce yepHbie
HOpMaJIbHOIIEPCTHBIE; F, — 29 YepHBIX HOPMATBHOMIEPCTHBIX, 10 romyObIX HOPMaIFHOIIEPCTHBIX, 12
0eJbIX HOpMaJIbHOLLIEPCTHBIX, 9 YePHBIX KOPOTKOLIEPCTHBIX, 4 TOMYOBIX KOPOTKOLIEPCTHBIX U 5 OeNbIX
KOPOTKOMIEPCTHRIX. HeoOxoaumMo ompenermTh NeHCTBHE T€HOB, TUI B3aMMOJACHCTBUS T€HOB U
POAUTENbCKAN T€HOTHIL.

Teneps pemraem 3agavy.

BrrancisieM Kaxxayio mapy aasTepHAaTHUBHBIX MPHU3HAKOB OTAENbHO. To ecTh 38 uepHbIx, 12
ronyosix, 19 6enpix. Cokparum 3T0 IpUMEpPHO B 4 pa3a U MpHUBeJEM B ONpenesieHHbIH TopsyIoK — 9
YepHBIX : 3 royObIX : 4 6enbix. Teneps nepeiiieM k popme mepcrTu: HopMabHasi— 5 1, kopoTkas — 18.
Coxkparus 3TH yncia noiaydum cooTHomieHue 3:1. Mtak, nomyyaercs, 4To 3a MpOSBICHUE MPHU3HAKA
MepBOH Mapsl (T. €. [IBeTa) OTBEYAIOT 2 TIapbl TEHOB, KO BTOpol — 1 maparenos. 1o pacmeruienuto 9:3:4
3aJ1aua penraeTes My TeM OQUHAPHOTO PELeCCHBHOI0 3nKcTas3a (BB> A , BB > aa), TaK KaKk y IepBOIo
ponurens He ObUIO TOMYOOro IIBETA, YTO BUJHO BO BTOPOM MOKOJIEHUH. [I0CKONBKY B CKpEIIMBaHUN
Y9acTBYIOT TPH aPBITEHOB, 3TO TPUTHOPUIHOE CKPEITUBAHHUE. 3AIUIIIEM ISHCTBIE TEHOB: A — YEPHBIH,
a —romy6oi, B — okpamuBaer, B — mopasisieT OKpammnBanus, [ — HopMansHBIiA, 1 — kopoTkuid. [Jaree
numeM poxutesieir mo redormmy: P Q@ AABBIJ x & aaeBun. F, AaBs/lng — YEpHbIE
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HOpMaJTbHOTIIEPCTHEIE. B F, BBIIIIO crienytomiee pacierierue:; 36 9epHbIX : 12 romyosix : 16 6esbix u
48 HOpMAITLHBIX : 16 KopoTKuX. COKpaTUB TaHHBIC COOTHOIICHUS, MBI TIOJTydaeM paciuericHus 9:3:4 B
nepBoM ciyuae u 3:1 —Bo BTopoM. To ecTh MbI IIOJTy YHIIH PE3YIIBTAT, KOTOPBIN COOTBETCTBYET TOMY, UTO
OBLJIO JJAHO B TEKCTE 3a1a4M. DTO MOKA3BIBALT, YTO MBI MPABUIBHO OTIPEIEIINIIN ASHCTBUS TEHOB, THIT
B3aUMOJICHCTBUS U POAUTEILCKAN TeHOTHIL. Teneps nepexoanM K 0(hOpMIICHHUIO 3a/1a4H:

Pewenue:

P Quepnas, HopMaibHas X J§ OeJIbIi, KOPOTKHIA

F, 38 wepnpix : 12 romyosix : 19 Oempix

NUm 9 : 3 : 4 — oguHapHBIN pelleCCUBHBIN AMHUCTA3
51 HopManbHBIX : 18 KOpOTKUX

Mano:

PQ depHasi, HOpMaIbHASL

P3'6enblii, KOpOTKHiA

F, uepHbIe, HOPMAJILHOIICPCTHBIC

F, 29 yepHBIX, HOPMATBHOIIEPCTHBIX

10 romy0ObIX, HOpMaILHOIIEPCTHBIX 3:1
12 GenbIx, HOPMAJIBHOIIEPCTHBIX A — depHBIH
9 yepHBIX, KOPOTKOIIEPCTHBIX a — romy0oii

B — okpammuBaer
B — [IOJABJSIET OKpalluBaHUE

4 ToyOBIX, KOPOTKOIIEPCTHBIX
5 0eJbIX, KOPOTKOIIEPCTHBIX

Haumu: /I — HOpManbHOIEPCTHOCTH
JIeiCTBHUE TCHOB, TUT B3aUMOJICHCTBUS T€HOB? | I — KOPOTKOIIEPCTHOCTh
PQ & -7 PQAABBJIJI x & aa BB a1
G ABJ] aBJ
F, AaBs/ln 4epHBIli HOpMaIBHBIN
P QAa B JIn x & Aa B JIn
Fa
JIABI ABn1 ABJ] ABI aBJl aBn aB/] BT
?
ABJ/lI [(AABBJJ |AABB/In |AABB/J (AABB/ln |AaBBJJ [AaBB/nx |AaBs/l/J] |AaBs/n
v v v v v v v v
ABn |AABBJ/In |AABBan |AABs[n |AABean (AaBBJIn |AaBBag AaBe/ln |AaBBoa
v + v + v + v +
As]l |(AABBIJI |[(AABsIx |AABsJl |AABsn |[AaBsJl |AaBe/lx |Aas/lJl |AaBB/lx
/ / VAN AN / / A N
Asn  |AABBln [AABBua AABB/ln (AABBan |AaBellmy |AaBBsan AaBs/ln [AaBBan
v + " ~ v + & ~
aBJ/I |AaBBIJI |(AaBBdx [AaBsllJl |AaBs/n |aaBBIJI [aaBBlnx aaBeJlJl [aaBB/In
‘/ ‘/ ‘/ ‘/ ° 0 g g
aBn |AaBB/ln [AaBBan AaBpJln [AaBenag |aaBBJlnm [aaBBan aaBe/ln [aaBsan
v + v + . X . X
as/l [AaBeJI [AaBs/n Aase/[Jl |AaB/ln [|aaBB/Jl [aaBs/lx aaB/l/l |aaBB/IO
V4 V4 N N . U < <
aBJ AaBs/ln AaBBang AaB/ln AaBBin aaBe/ln aaBBan aaBB/l 1 aaBBI T
V4 + A ~ . X <

F,v 27 A-B-]I- 4epHblii, HOpMaJIbHBIN
+9 A-B-nn - yepHsbIil, KOpOTKHi

A9 A-BB - JI- Genblif, HOpMaJbHBIHI

* 9 aa B - /I- romy0oii, HOpMaIbHBIN
~3A - BB/ - OCJIBINA, KOPOTKUN

x 3aa B - a1 - roiny0oii, KopoTKui

<3 aa bbD - Genbiit, HOpMaTBHBIH

1 aa BB a1 - OenbIi, KOPOTKUH

36 uepHslii : 12 romy6oii : 16 Genblil, 48 HOpManbHBIHN : 16 KOpOTKUA

9:3:4,3:1

Omeem: 1. A — 4epHbIl, a — Toy0O#, B — He MojaBIsieT OKpacku, B — MOJABIsIeT okpacky, [ —
HOPMaJbHOIIEPCTHOCTH, J — KOPOTKOIEPCTHOCTD.
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2. 3a pa3BUTHS NPHU3HAKOB OTBEYAIOT TPH MApPhl T€HOB, B3aUMOAECHCTBYIOIUX APYT C IPYrOM IO
OJIMHAPHOMY PELECCHBHOMY JIIHCTA3Y.
3. PRAABBJJI Jaa BB a1

57. Tak xak JneWcTBUs T€HOB HE JaHO, 3allMCh HauyWHaeM ¢ poautesei. [lanee HeoOxoammo
3amMcarbh JaHHBIE IEPBOTO U BTOPOTO MOKOJICHHUS U OMPEACNUTH IEHCTBUSA U TUI B3aUMOICHCTBUI
reHoB. [l penreHus 3a1a4u COCTaBMM CXEMy CKpeIIuBanus: PQ po30BbIi HOpMAIbHbIN X & OelbIii
HOPMaJIbHBIN. F; — p030BbIE HOpMasbHbIE, F;, — 41 PO30BBIX HOPMAJIbHBIX, 7 PO30BBIX IO (PHP OBAHHBIX,
5 Genmpix rodpupoBaHHBIX U 13 GenbIx HOpManbHBIX. CHauaia HaM HY>KHO OTIPEIENHTh, CKOJIBKO Map
TCHOB YYacCTBYIOT B CKpeELIMBaHUU. [lJIs1 3TOTO MpoBeAeM aHalu3 MOTOMKOB F, 1Mo Kakaoi mape
aJbTePHATUBHOTO MPU3HAKa OTAEILHO (IBET U opma). B pesynbsrare momyuusaoch paciiericaue 438
po30BbIX : 18 Oenbix, 54 HoOpMabHBIX : 12 rogpuposaHHbix. COKpaTHUB JAHHBIE COOTHOIICHUS, MBI
nomyuuM pacuieruieHust 3:1 u 13:3. Yucno map, BbIUMCISIEMOE B pE3yNbTare KONUYECTBEHHBIX
COOTHOIIEHUH pacIlelyIeHns, MOKa3blBaeT HaM, 4YTO CKPEIIMBAHUS TPEXTMOPHIHBIE M THI
B3aUMOJICHCTBUS TCHOB SIBISICTCS JOMHUHAHTHBIM 3rtucTazoM (B>]1). OnpenensieM aeficTBIE TEHOB: A —
PO30BbIH, a — Oeublif, B — nogaBisier rohpupoBaHHOCTE, B — HE TOAABISIET T'o(PpHUpOBaHHOCTS, J] —
ro()pupOBaHHBIH JIETIECTOK, [T — HOPMAJILHBIH JieecTOK. MITak, Mbl OTBETHJIM Ha BOTIPOCHI 33]1a4H, a
Ternephb NPUCTYIUM K 0O PMICHHUIO:

Hano:

P% po30BbIif, HOpMaTbHBIN

Pewenue:
PQpo30BbIii, HOpMAJIbHBIH X ¢ GENblii HOpMATBHBINH

& Genbrit, HOpMaJbHBII
F; — po30BbIii, HOpMaIbHEIHA
F, - 41 po30BbIii, HOpMaTLHBIN
7 po30BbI, TO(PPHUPOBAHHKIHA
5 Genblit, TOPUPOBAHHBIN
13 Gexblit, HOpMATBHBII
F1- po30BBIii, HOpMaJBHBIH
F, 41po30BbIii, HOpMaJIbHBIH:
7 po30BbIi, TO(QpHUPOBAHHBIHI
5 Oenslii, TOGMOPUPOBAHHBIIL
OebIil, HOpaTLHBIN
48 po3oBelii : 18 Oensrit (3:1)
S54n0pMaNbHBI :12 rodprupoBaHHbIIT

(13:3)

13

Haiumu:
IEUCTBHUE T'€HOB u
B3aUMOIEHUCTBUSA - ?

THII

Omeem: 1) A - po3oBwId, a - Oenblii; B

F; — po30BbIii, HOpMaIbHEIHA

A - po30BBIi, a - Oenblif; B - moasmnsier rogprpoBaHHOCTh, B — HE
MoAaBIsAeT ropUPOBaHHOCTH, JI- TODpHUPOBAHHBIN JTEMIECTOK, -
HOpPMAaJIbHBII J1E€NECTOK

PQ AABBJIJI x daaBBan

G AB/J] aBJ(

F, AaBB/ln  p030BBIA, HOpMAaTEHBIN

PQAaBs/In x dAaBs]ln

F, 27 A-B-D PO30BBIi, HOpMaJIbHBIN
9 A-B-n1n1  po30BBIif, HOpMaJIbHBIN
9 A-BB/I- PO30BBIH, TOOPUPOBAHHBIN
3 A-BBII PO30BBIN, HOpMaTbHBIN
9aaB-J[ Oenblif, HOpMATbHBIHA
3aaBB /] Oeblif, HOpMaJIbHBIHI
3aaBB /] Oenblif, roprupOBaHHBIN
1 aa BB o1 OenbIil, HOpMaJTbHBINA

48 po30BbIX : 16 6enbix, 52 HOpMaIBHBIX : 12 roQpPUPOBAHHBIX
mm3:1nl3:3

IoaaBJICT FOd)pI/IpOBaHHOCTI), B — HC IIOAABJIICT

ro@pupoBaHHOCTB, J[- TOQpHpOBaHHBIN JETIECTOK, I-HOPMAJILHBIN JIETIECTOK; 2 ) THIT B3aUMOJICHCTBIE
I'CHOB - JOMHHAHTHBIH smmcTas (B>]1).

Moaumepus

PaccMoTpeHHBIe [0 CHX 0P TUIBI B3aUMOJCHCTBUSA FEHOB OTHOCHIINCS K .16/ EePHAMUBHbIM, TE.
KA4ecmeeHHo pasiudaroyuMcs NPUHAKAM.

IIpy monvMepHOM HacleTOBaHUU pa3BUTHE OAHOTO MPHU3HAKA KOHTPOIMPYETCS HECKOIbKUMA
napaMu reHOB, PACIONIOKEHHBIX B pa3HbIX XpoMocoMax. YeM OobIiie TeHOB HAaXOUTCS B JOMUHAHTHOM
COCTOSIHUH, TEM sIpU€ BBIPAXKEH NPU3HAK.

IIpu HaKOMJIEHUH JOMUHAHTHBIX [TOJIMMEPHBIX TEHOB UX AEHCTBUE CYMMUPYETCS], T.€. OHU UMEEOT

KyMYJISTUBHBIN 2 (hEeKT, TOITOMY B3aUMOICHCTBHE TAKOTO TUTIA HA3BIBAIOT KYMLAMUGHOU N OIUMEPUELL.
Y1oObI MOMYEPKHYTh OAHO3HAYHOCTh, OJIMHAKOBOCTH JCHCTBHS Pa3HBbIX T€HOB, X 0003HAYAIOT O HUMH
Y TEMH K€ CUMBOJIAMH, 100aBJIsis JIMIIb pasHble UGB - A;, Ay 1 T.1. [Ipn KyMyIsITHBHO# TOMMepyn
KOJIMYE€CTBEHHO BapbUPYIOMINI MPU3HAK Yy Pa3HBIX 0COOEH OAHOTO W TOTO K€ MOKOJICHHH OyneT
OTIPENeNATHCS Pa3HbIM YHUCIIOM JOMUHAHTHBIX TEHOB B TeHOTHIIE. TaK, MpH CKPELMBAHUH PAC MIICHHI]
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(Triticum) ¢ kpacHbIMH ¥ OeJbIME (HEOKpAIICHHBIMH ) 36pHAMU MIBeACKui reHeTHK . Hubcon-Orie B
1908 . o6Hapyxkun B F, 00bprvHOE MOHOTHOpHIHOE pacllelieHrne B oTHOmeHnu 3:1.

OHAKO MPU CKPEIIMBAaHUN HEKOTOPBIX IPYTHX JTUHUH IMIIESHUII, Pa3JIHYalOIIXCS IT0 TAKAM K
npusHakam, B F, HaOmonaeTcs paciemienne B otHomeHun 15/16 oxpamrennbix : 1/16 Genbix. Oxpacka
3epEeH U3 IEePBOM TPYIIIBI BAPBUPYET OT TEMHO — 10 ONEIHO — KpacHbIX (pHc. 6).

leHeTnyecknii aHanmM3 pacTeHWid M3 ceMsiH F, pa3HBIX OKpacOK MOKasall, YTO PAaCTEHHS,
BBIpAIICHHBIC U3 OCIBIX 3€PEH U M3 3ePCH C Hanbosee TEMHOM (KpacHO) OKpacKoii, B labHEHIIeM He
JaroT pacmervieHus. M3 3epeH ¢ 0Kpackoi mpoMe Ky TOYHOTO THUIIA Pa3BIIHCh PACTEHNUs, JaBIIve B
MOCIIEAYFOIUX TOKOJICHHUSX PACIIEIUICHHE TI0 OKpacke 3epHa. IHTEeHCHBHOCTH OKPACKH 3€PEH 3aBHCUT
OT YHca JIOMUHAHTHBIX TEHOB B T€HOTHIIE.

HaCneEODBRAHKWIE O PACK L1 ZEFEH MLLIEHEIL |

%,ﬂ.ﬁ_..ﬁt R e L]
P SO HER £ PO e i Eanos
Famoaas (3 ) 4:-.:{79 @
F, Ay fadg
Peannos
M | A A Az Agag AsA Aoy Ao,
Tcum KR H o Kpaceoes: Fopa oo Tosorce
_.I'!._._.H. g - T . :‘L|E|£\:E: :'-LI-E-I'H-:E.-Q:E
G_'Ej' Ko Poao s BT A proan B
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HAC K= oD e RO e Ly e B e Tl e

.-"'_ ju.
A7
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Pucynok 6. HacrienoBanue okpacku 3epHa y MIICHUIBI (KyMYIATHBHAS TOIMMEPHS)

CriemoBaresibHO, UCXOJHBIC POAUTENLCKIE (hOPMEI, aBIIUE pacliemieHue B F, 15:1, umenn
reHoTunsl AqAq Ay A, M aja; aa,. [ubpua F; o6nanan reHoTunom Aq a; A,a,, a B F, osBUIIMCH 3epHa
C pa3HbIM YHCJIOM IOMUHAHTHBIX T€éHOB. Hanmuue Bcex yeThipex JOMUHAHTHBIX ajteneit Aj A Ay Ay y
1/16 pacTenwuii onpenesieT caMmy0 HHTCHCHBHYIO OKpackKy 3epHa; 4/16 Bcex 3epeH HMeId TpU
JIOMMHAHTHBIX ayuiesis (tuna A;A; A,A,), 6/16 — aBe (A1 a;Aza5), 4/16 — onny (A1 a;a,a,), Bce 9TH
TeHOTHITHI OTPEACIBUT Pa3IMIHBIC MPOMEKYTOUHBIE OKPACKH, MEPEXOMHBIE MEXKITy HWHTEHCHBHO-
KpacHOU u 6eJtoil. [OMO3UTOTHOM 0 000MM PELIeCCUBHBIM I'¢HAM 3, 31 a,a, ABJSIACh 1/16 Bcex 3epeH,
U 3TH 3epHa OKa3alllCh HEOKPAIICHHBIMH.

[Ipu ciydae HexymynssmugHoU noiuMmepuy Xapakrep MOsBICHHE NPU3HAKA HE MEHSETCS B
3aBHCHMOCTH OT YMCIIa JOMUHAHTHBIX TCHOB B reHOTHIe. [IpMepOM MOXKET CITy)KUTh HACJIe]0BaHHE
onepennoctu Hor y kyp (Gallus gallus). Ot ckpemwuBanus mopoja, MMEHONUX OINEPEHHBIC H
HEOIEPECHHBIC HOTH, B F| TOSBISIOTCS IBILIATA C ONEPESHHBIMH HOraMd. BO BTOPOM MOKOJICHHH
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MPOUCXOIUT paciieruieHue mo (enorumny B orHomeHud 15/16 ¢ omepenusiMu Horamu u 1/16 ¢
HEOIEPECHHBIMY, T.€. HaOmonaeTcst 1Ba (EHOTHITHYECKUX Kiacca (puc. 7).

'._ﬁ_ o

- A
T

AlAIATAY
OTepeHHEIE HOTH

P

araraza:z
HeOIlepeHHBIC HOTH

F.

AratAzaz
OMEepeHHEBIC HOTH

OA-A- 3Ar- asaz, JmatAs- 1a:aiasas
OnepeHHBIe HOTH HEONepeHHbIE HOTH
15/16 1/16

Pucynok 7. HacnenoBanue onepeHHOCTH HOT Y Kyp (HEKyMYJISITUBHASI TTIOJIIMEPHs)

B nByxX mpuBEACHHBIX MpHUMEpPax HAJIMYHE B TEHOTHIIE Pa3HOTO KOJMYECTBA JTOMHUHAHTHBIX
MOJMMEPHBIX TEHOB OJHO3HAYHOI'O IEHCTBHUS HE U3MEHSET BhIPaKEHHOCTH MpHu3HakKa. [locTarouHo
OHOY JOMUHAHTHOH ajuieN JI0O0To U3 ABYX T€HOB, YTOOBI BBI3BATh pa3BUTHE Mpu3HaKa. [loatomy
TaKo! THUI B3aUMOZACIHCTBYSI T€HOB ObLI HA3BaH HEKYMVIAMUBHOU NOAUMEPUEH.

[TonmumepHoOe JelcTBHE JIEXKUT B OCHOBE HACJICOBAHUS KOIMYECTBEHHBIX IPU3HAKOB U UTPacT
BaXKHYIO POJIb B 3BOJIOLIH.

Hampumep, cTeneHb NUIMEHTAIMK KOXKH OIpeessieTcs ABYMs napamu (Ha caMoOM Jelie —
OOJIBIIMM KOJMYECTBOM) T€HOB. B COOTBETCTBUY C 3THM MO TaHHOMY MPH3HAKY JIFOAEH MOJKHO Y CITIOBHO
pasnenuth Ha 5 ¢enorunos: Herpbl (AABB), Temubie mynarsl (AABb um AaBB), cpentue Mynarbt
(AaBb, aaBB wm AADbb), cBemibie mynarel (Aabb nmm aaBb) u 6enbie (aabb).

3aoauu

58. LIBeT KUK YeoBeKa ONMPEIeIeTCs B3aUMOCHCTBHEM HECKOJBKHX TTap TEHOB IO THITY
KyMYJIATUBHOM MOJMMEPHH, T.€. [[BET KOXKH TeM TeMHee, YeM OOITbIIe JOMUHAHTHBIX TEHOB B TCHOTHIIE.
[Toromka Herpa m Oesioro Ha3bIBaroT MyiaroM. Ecmu Herputsauka (A;A;AA; ) u Oenblit My)X4uHHA
(a;a12,8;) UMEIOT IeTEH, TO B KAKOH MPOTMOPIIMHA MOXKHO OXKUIATh IMOSBJICHHUS JCTEH MOJHBIX HETPOB,
MyJaTtoB U Oenbix?

59.V macrymibeii CyMKH MOXKET OBITh TPEYTOIBHBIN U OKPYTJIBIA cTpyHdoK. [Ipu ckpemmBanim
10001 TOMO3UTOTHON (HOPMBI C TPEYTOIBHBIM CTPYUYKOM C PACTCHHEM, UM EFOIIIMM OKPYTJIBIA CTPYUOK,
B F, Bcerna tpeyrosbHble CTpy4Ykd. OnpeaenuTe reHOTUIIBl PACTEHUH B CKPEIIUBAHUAX, JAOMIHX
cieaymlee pacuieriesue B F; :

a) 15 pacTeHuii ¢ TpeyTrONBHBIMU CTPYUKaMH, | C OKPYTIIBIMH;

0) 3 pacTeHHs ¢ TPEYTOJIbHBIMU CTPYUYKaMH, | C OKPYTJIBIMU.

60. OBl OgHOY MOPOABI UMEIOT JJIHMHY IepcTu B cpeanem 40 cm, a apyroit — 10 cm.
[IpennonoxuM, 4To pa3aIuuus MEKAY 3TUMU IOPOJaMHU 3aBUCST OT ABYX Iap T€HOB C OJIHO3HAYHBIM
neiicteueM. Kakossl 0ynyt Fyu F,?
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61. Y xpoxukoB nopo st 6apan 30 cM utiHEL y Apyrux mopox 10 cMm. [Ipeanonoxim, 9to
pas3nu4us B JUIMHE yIICH 3aBUCST OT ABYX Iap TEHOB C OJIHO3HAYHBIM JieiicTBHeM. [ eHOTHIT OapaHOB
A1A;A2A;, OOBITHBIX KPOJTUKOB - 8;8;8,8; . OnipenienuTe JUIMHY ylieil KpoidukoB F; 1 BceX BO3MOKHBIX
reHoTHIoB B F,.

62.* PocT 4enoBeka KOHTPOIHUPYETCS HECKOJILKAMHE MMapaMH HECIIETUICHHBIX TEHOB, KOTOPBIE
B3aMMO/JICHCTBYIOT 110 THUIy mosuMepun. Ecnu npenedpeyub U OTpaHUYUTHCS UMb TPEMs HapaMu
T€HOB, TO MOKHO JIOTYCTHTb, YTO B KAKOH — TO TOMYJIALUU CaMble HU3KOPOCIBIE JTIOIN UMEIOT BCE
petnieccuBHBIC TeHHI U pocT 150 cM, cambie BRICOKHE — BCE JOMHUHAHTHBIE TeHBI U pocT 180 cMm.

a) Ompenenure pocT JIIO/ICH, TETEPO3UTOTHBIX TI0 BCEM TPEM ITapaM IreHOB POCTa.

0) Huskopocias ’KeHIIMHA BBIIIA 3aMY K 32 MY KIUHY CPETHETO pOCcTa. Y HUX OBUIO 4ETBEPO
neTei, KoTopbie uMesu poct 165 cMm, 160 cMm, 155 cmu 150 cM. Onpenenure TeHOTHUITBI POTUTEIICH 1 UX
pocr.

63. Hanumwure QeHOTUNBI MYJIaTOB, POXKICHHBIX OT Opaka OT MYX4YHMHBI Herpa ¢ Oenoi
KEHITUHOM.

Pewienue 3aoau

62. B naHo numnieM aeficTBre TeHOB. B TekcTe 3a/1auu cka3aHo, YTO POCT HU3KOPOCIIBIX JIFOICH B
MOMYJISIIIM OTIPEAEIIAIOTCS 3 TapaMu PELIECCUBHBIX T€HOB, @ CAMBbIE BBICOKHE — 3 TapaMu JJOMHUHAHTHBIX
reHoB. EclI TeHOTHIN caMbIxX BBICOKHX JItojei Oymer AjA; A, A, As As= 180 cM, a reHOTHI
HU3KOPOCJBIX - 81 a3 4, a; a3 a3= 150 cM. Hy>kHO onpenenuTs pocT uenoBeka ¢ TEHOTUIIOM A; a3 A a;
A3 as.

Bo BTOpOM IyHKTE aHHOM 3a1auu, nunieM GeHOTUI poauTeieii cnopamu: PQ muskopocnas, P3
cpenHepocnbiil. Mbl 10JDKHBI yKa3ath motromMctBo: F 165, 160, 155, 150 cm. HyxHo omnpenenuts
TEHOTUII U POCT POJUTEIICH.

s pemienue 3a1a4m, CHadYa1a Hy>KHO OTIPENEIUTH AEHCTBHE OJHOTO JOMUHAHTHOrO TeHa. [
3TOTO COCTABIIIEM CXEMY MPOTIOPITUH, TO €CTh €CJIN 6 TOMUHAHTHBIX TeHOB AT 180 cM, TO CKOIBKO
cM gact | fomuHaHTHBIN reH? Ecm coBOKYTHOCTH 6 peieCCUBHBIX TeHOB AaeTpocT 150 cM, TO CKONBKO
CM ompeJensieT OJuH U3 HuX? IT0 Mbl 0pOPMIISIEM TaK:

6 A-180cm 6a-150cMm
1A —x la—-x

Ucnonb3ys nmpomnopiuio, HaXoauM, 4To JeicTBre oHoro A paBeH 30, a 0THOTO a paBeH 25 cMm.
[Tocne aToro 114 onpeneneHys GeHOTUIA TPOHHOTO TeTePO3UTOTHOIO TEHOTHUNA 3alUChIBAEM MPU3HAK,
MPOU3BOIUMBIH Ka>KIBIM T€HOM, TO €CTh OTIPENeIisieM, YTO 3 TOMUHAHTHBIX T'€Ha MOKa3bIBAIOT POCT —
90 cMm, TpH periecCUBHBIX — 75 ¢M, a X cymMmMa — 165 cm. M Tak, Ha IepBBIN MyHKT 3a]1a9H MBI O TBETWIH,
Teneph peIIM BTOPoi. Brimie Ob110 cka3aHo, 9To eHOTUIT HEBBICOKOH skeHIUHBI 150 cM. CormacHo
MPUBEIECHHOMY BBIII€ MPaBHIY, MBI ONpeIesieM F€HOTHII POAMTEINCH, T4 Ha MX MOTOMCTBO.
deHOoTHI MY KUKUHBI CpEeIHETO pocTa 165 cM, TOTOMY YTO Y HET0 3 TOMHHAHTHBIX M 3 PELeCCHBHBIX
reHa. Mbl cO31aIMM CXEMY CKpellMBaHuS | 3arnojHuM peuieTky [lennera. denorun moTomcrsa
MOKa3aJl, YTO pe3yibTaThl pelleHusl 3aJja4i U IPUBeIeHHbIE TaHHbIE POCTOBBIX MoOKa3areneil nerei
uaeHTHuHsl — 165, 160, 155 1 150 cM. DT0 moKa3bIBaeT, YTO MBI IPABUIILHO OMPE/IEININ T€HO THITHI
ponutenei. Odopmisem 3anady:

Hano: Pewenue:

A1A1A2A2A3A3 =180 cMm A1A1A2A2A3A3 =180 c™m

aja;1a,a2aza3;= 150 cm 6A =180

a) A, alA2a2A3a3 1A -x

0)P Quuskoro pocradcpemrero | 1A =180/6 =30cm

pocTta 6a—150cMm | a;ajaraa3a3= 150 cm

F 165,160, 155, 150cm 6a =150

Haiumu: la—x

a) pocT Aja;Ara,Azas- ? la=150/6 =25 cMm

0) renotunsl Pu F - ? a) AjaiAzazAzag = 30+25+30+25+30+25 =165 cm
0) PQ aja1a,a5a3a3 X G A1a1A7a,A5a,
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150 cm 165 cm
G aijdras A1A2A3 /A1A2a3/A132A3 /Alagag /alAzAg alAzag /alazAg /318233
F
9| arazas Poct
3
Al A2 A3 A1a1A2a2A3a3 165 cMm
A1A2 as A131A2323333 160 cMm
Al ds A3 A1313232A3a3 160 cMm
Alaz as Alalazagagag, 155 cm
alAz A3 A1a1A2a2A3a3 160 cMm
ai Azag a1a1A2a2a3a3 155 cmMm
a; dy A3 alalazazAgag 155 cMm
a; aras a1a1a,a,a3a3 150 c™m

Omeem: a) pocT Aja;Ajra,Azaz =165 cm

0) 165 cm: Aja;Aza,Aza3

160 cm: AjaiAraraszas, Ajaia,a,Azas, AraiAjrarAszag
155 cm: Aja;a5a5a3a3, a121A5a,a33a3, 2131273,A3a3
150 cMm: aja;aa5a3a;3

KoHTposbsHbIE BOPOCHI

. Kaxue npaBuiia He00X0IMMO 3HATh JUJI pELICHHS 3a/1a4 Ha TEMY B3aUMOJCHCTBUS TeHOB?
. Jokaxure paciuemnyieHust NpU3HAKOB IPU KOMIIJIEMEHTAapHbBIM B3aUMOJIEHCTBUS T€HOB.

. B uem pasznmuuus Mexxay OnMHapHBIM U ABOMHBIM PELIECCUBHBIM 3UCTA30M?

. JlokakuTe THUIBI pacIieIUICHNs B JOMUHAHTHOM JITUCTA3e.

. B uem pazmuuns Mexay KyMMYJISTHUBHBIM U HEKYMMYJIATUBHBIMU MTOJIUMEPUSIMH?

DA WN -
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1IV. HACJIEAOBAHUE INPU3HAKOB, CHEIVIEHHOE C ITIOJIOM

Cyennennpie ¢ nO1OM NPU3HAKU — ITO TPU3HAKH, IPOLY IUPYEMbIC TeHAMH, PACIOI0KEHHBIMI
B TIOJIOBBIX Xpomocomax (X, Y), (puc. 8).

OMPEOENEHVIE MONA ¥ PASHDBIX OPrAHVIZMOB

P Hemopnma -
nocmMTeAMEHne

X Y

Anasroumaua X X
(XX
|
S l 0
XY
B2OPOBAR Heoneunn — Jroposud
o HOCHTeAMMIIA My mcuHnA o'
(X% AAICIR AMALTONNIMA X"

(XX

Pucynoxk 8. Onpesesnenre mona y pa3HblX OpraHu3MOB

Ecnu reH, npou3Bosnuil MIpU3HAK, pACIIONOKEH B Y ~XpOMOCOME, TO ITPU HACJIE€JOBaHUH 3TOT
IIPU3HAK [IEpENAETCs TONBKO My KunHaM. Eciiu reH npukperseH Kk X-XpoMocoMe, TO OH IIepeaercs B
PaBHOM CTENEHU OT OTLA K 10YEPsIM, @ OT MATEPH K 10YEpH U ChIHY. ECiM periecCuBHBIN I'€H CLEIUIEH C
X-XpOMOCOMOH, TO OH 3KCIPECCUPYETCS TOJIBKO B )KEHCKOW TOMO3UTOTHON (hopMme. [Tockonbky y
MY KYUHBI HET BTOPOil X - XpOMOCOMBI, YTOOBI TAKOH I'eH BCET/1a MPOSBIISIET CeOs.

XPpOMOCOMBI, KOTOPbIE HOKA3bIBAIOT PA3IMU U MEXKIY MY KCKUM M )KEHCKUM I10JI0M, Ha3bIBAIOTCS
MOJIOBBIMH XPOMOCOMAaMHU, @ T€, KOTOPbIE HE MOKA3bIBAIOT, HA3bIBAIOTCA ayTOCOMAaMHU.

[Toun, narommuii 0 TMHAKOBBIE IO HAOOPY IOJIOBBIX XPOMOCOM I'aM €Thl, HA3bIBAETCS TOMOTaMETHBIM
(XX),aToT, 4T0 0Opa3yer ABE pa3HbIC raMeThl, Ha3biBacTCATeTeporaMme THeIM (X V) (puc. 9). Kak BumHO
W3 3TOW aumarpaMmmebl, oOpaszoBanue 1:1 cnepmato3ouaoB ¢ X- U Y-XpoMocoMamu 0OecrednBaeT
paszpenenue noromcrsa 1:1.
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Pucynox 9. Cxema onpeeaeHus mojia y Ipo30Quiibl.
XpomMocoMHBIC HA0OPHI: 1 — COMAaTHYECKHUX KIETKAX; 2 — CIIEPMaTO30H1aB; 3 — SUIICKIETOK;
4 — MOTOMCTBA,;

3aoauu

64.* Y Kkyp creruieHHbIH ¢ ToJioM reH R oOnamaer perieCCUBHBIM JIETaIbHBIM JICHCTBHEM,
BBI3BIBAIOIIMM THOEIbh LBIUIAT 10 BBUTYIUICHHUS (TOMO3UTOTHBIE YMHPAIOT 10 BhUTyIUieHus). Ot
CKpeLIMBaHUA [IeTyXa rpynnsl A ¢ Kypamu Obuio nmostyueHo 210 UbIisiT, NOoJIOBUHA KOTOPBIX —
METYIIKA U TIOJOBUHA — KyPOUKH.

[Tpu cxkpemuBaHUK IETYXa TPy NIl b ¢ TemMu ke Kypamu ObutH 1oJrydeHb! 2 10 [BIIIST, U3 HAX
KypOUeK 0Ka3ajaoch Tobko 70. OmnpeaennTe TeHOTHI 000X METyXOB U Kyp.

65. YV yenoBeka (AaMbTOHHU3M) OMPEACISICTCS PEIECCUBHBIM TEHOM, PACIOJIOKEHHBIM B X-
xpomocome. Ee oTen gaipTOHNK, a OHA 30pOBast JICBYIIKA, 3aMyXeM 33 MY KYUHOW ¢ HOPMaJIbHBIM
3peHueM, y KOTOporo oTell He pa3nnyaet 1peta. Kakum Oyner 3peHue qetei, poskaeHHbIX OT 3TOro
Opaka?

66.* YV denopeka npexkaeBpEMEHHOE BBITIAJICHUE BOJIOC HACIIEAYETCS CIETUICHHBIN C MOJIOM
npu3HaK S (00JIbICEHNE), JOMUHAHTHBIA Y MY>KYHH U PEIIECCUBHBIN y JKCHIIMH.

Kapernasslii npasia ¢ HOpMaTBHBIME BOJIOCAMH JKEHAT HA Kaperia3oi JIEBIe C HOPMAaIbHBIMU
Bosiocamu. OT 3TOTO Opaka pOoAMIOCH 2 NIEeTeH: CBIH C JIBICHHOM, Kaperiasblii, MpaBiia, ChIH CO
3J10POBBIMHU BOJIOCAMH, KapeTIa3blid, IEBIIA M J0Yb C HOPMaJTbHBIMHI BOJIOCAM U, TOJTYOOTJIa3ast, IpasIIia.
OrnpenenuTe reHOTHUIBI BCEX JIOACH.

67. PerieccuBHBIN reH reMo Gprumin (HeCBEPTIBAGMOCTH KPOBH ) HAXOHTCS B X -XpoMocome. Orery
JIEBYIIKH CTpagaer reModuinel, Toraa Kak MaTh €€ B 3TOM OTHOIICHUY 3J10POBa M MPOUCXOJUT U3
CeMbH, 6J1aronoTyqHOM 1o 3ToMy 3aboneBaHuIo. JIeByIlka BEIXOUT 3aMyXK 3a 3J0pOBOro roHou1y. Uto
MOYKHO CKa3aTh 00 X OYAyIINX CHIHOBBSIX, TOUEPSX, BHYKaX 00OUX IMOJIOB (€CJIM JOYEePH 1 CHIHOBBSI HE
BCTYMAIOT B OpaK C JIIOABMH, Y KOTOPBIX €CTh T€H TeMOQUITHH)?
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68. OTcyTcTBHE MOTOBBIX JKelie3 y JIOACH — PEIeCCHBHBIA NMPU3HAK, CUEIUICHHBIA ¢ X-
XPOMOCOMOH. 30POBBIA MYy KUMHA, )KSHUJICS Ha KEHILUHE, Y OTIA KOTOPOH OTCYTCTBYIOT IOTOBbIC
’KeJIe3bl, a MaTh U €€ NPEAKH IPOUCXOIAT U3 0J1aronorydHoi cembu. KakoBa BEpOsSTHOCTb pPOK/ICHUS B
3TOM ceMbe JIeTe ¢ o 100HOoM aHoManuei? Ecin )keHbl CBIHOBEH M MY Kbl Io4epeit 0y 1y T 3710 POBbIMH,
TO KaKue IMPOTHO3bI MOXKHO JaTh O CyJb0€ BHYKOB U BHy4YeK?

69. Y Kyp TeH, OTBETCTBEHHBIN 32 MOSBICHUE OCIBIX U TOJIOCATHIX MEPHEB, CIETUICH ¢ X-
xpomocoMmoii. [TonocaTast okpacka npeobsanaer Haj 6eyoi. Y Kyp caMKa — reTeporaMeTHa.

a) B pesynbrare ckpemmuBaHus OENbIX Kyp C HOJOCATHIMU IMETyXaMH Ha NTHIEdepMe Bce
LBIIJIATA Ky POUKHY U IETY LIKK OKa3aJIUCh IostocateiMu. [Ipu ckpenmBannu F; Mexay coboil morydeHo
597 nonocatsix neTymkoB U 601 monmocateix u 6eabIx Kypouek. OnpeaeuTe reHOTUIIBI PO JUTENeH,
MEPBOTO U BTOPOTO MOKOJICHUS.

6) OT ckpelmBaHusI OJIOCATHIX IETYXO0B U OIBIX Kyp MoJiydeHo 2() moJIocaThIX NETYIIKOB U
Kypouek u 18 GenbIx meTymkoB 1 Kypouek. Onpeaenure reHoTUIbl poauTeNei U MOTOMCTBA.

70. 13BecTHO, 4TO «TPEXIIEPCTHBIE» KOIIIKH — BCETr/Ia CAMKU. DTO 00YCJIOBICHO TEM, YTO IEHbI
YEPHOTO U PBDKETO I[BETa MIEPCTH aJIJICbHBI M HAXOAATCSA B X — XpOMOCOME, HO HU OJMH U3 HUX He
JOMUHHPYET, a IPU COYETAHUN PBDKET0 U YEPHOTO IBETa POPMHUPYIOTCS «TPEXLIEPCTHBIE» 0COOM.

a) KakoBa BepOATHOCTH MOJIy4EHUsS] B MOTOMCTBE TPEXIIEPCTHBIX KOTAT OT CKpPEIIWBAHHA
TPEXIIEPCTHON KOLIKU C YEPHBIM KOTOM?

0) Kakoe moTOMCTBO MO’KHO OKUAATH OT CKPEUIUBAHHUI YEPHOTO KOTA C PHIKEH KOMIKON?

71. I'unepTpuxo3 (BBIpacTaHWE BOJIOC Ha Kpaw YIIHOW PaKOBUHBI) mepenaercs yepes Y —
XpPOMOCOMY, a MOTUAAKTWINA (IECTUNATOCTh) — KaK IOMHUHAHTHBIA ayTOCOMHBIN reH. B cembe, 1e
OTeIl UMeJ TUNEePTPUX03, a MaTh — MOJHUAAKTUIHIO, POJNIaCh HOPMaJIbHAI B OTHOLIEHWHA 000MX
HNPHU3HAKOB 104b. KakoBa BEpOSTHOCTH TOTO, UTO CJIEAYIOIHI peOEHOK B 3TOH cembe Oyer Tarke 6e3
obenx aHoMayui?

72. YKenuuHa npaBiia ¢ KApUMHU I71a3aMU ¥ HOPMAJIbHBIM 3PEHUEM BBIXOUT 3aMYK 32 My KUMHY
MpaBlly, TOy00TrIa30To U HabTOHUKA (IIBETOBAS ClEernoTa). ¥ HUX POJMIAch TONyOoriasas J04b
JeBIIa ¥ JaJbTOHHK.

KaxoBa BepOSTHOCTH TOTO, YTO CIIEAYIOMHNA peOSHOK B 3TO ceMbe OyaeT JeBIIOH U CTpasarh
JaJIETOHU3MOM, €CJIM U3BECTHO, YTO KapHid LBET IV1a3 U YMEHHE BJaJeTh MPEUMYIIECTBEHHO [IPaBOH
PYKOWi — JOMHHAHTHBIE ayTOCOMHBIE HECLEIUICHHBIE MEXIY COOOW MPU3HAKH, a NaJBTOHU3M —
pelLeccuBHbIN, cleruieHHbINH ¢ X — XpoMocomoi npusHak? Kakoil uBeT ma3 BO3MOXKEH Y OONbHBIX
nerei?

73 [ToTemHeHmne 3yOOB MOXKET OMPEICIIATHCS IBYMS TOMHUHAHTHBIMH T€HAM U, OJTUH U3 KOTOPBIX
pacIoJIoKeH B ayTocoMax, Ipyroil B X — xpomocome. B ceMbe poauTeneit, UMEIOUX TEMHBIE 3yObl,
pPOAMIACH I0Yb U ChIH C HOPMAJIBHBIM LIBETOM 3y0OB.

Omnpenenure BEpOATHOCTb POKACHHS B 3TOM CEMbE ClIeIyIolIero pedeHka Toxe 6€3 aHoManui,
€CJIM Y 1aJIOCh YCTaHOBHTH, YTO TEMHBIE 3y OBl MaTepH 00YCIIOBIEHBI JIMIITb TEHOM, CIIETUIEHHBIM € X —
XPOMOCOMOH, @ TEMHBIE 3yOBl OTIIAa — Ay TOCOMHBIM T€HOM, 10 KOTOPOMY OH I€TE€pPO3UTOTEH.

74.* Y yenoBeka NaTbTOHU3M (0HA U3 (POPM IIBETOBOH CIIETIOTHI) 00YCIOBIIEH CLIEIUICHHBIM C X
— XpOMOCOMOM pereccuBHbIM reHoM. OIMH U3 BHIOB aHEMHHU — TaJaCCEMHsI — HAaCJIEeOyercs Kak
ayTOCOMHBIA JOMUHAHTHBIN NPU3HAK U HaOmtogaercs B AByX (GopMax: y TOMO3HIOT TSDKEIast, 4acTo
CMepTeJbHasl, y TeTEpO3UTOT MeHee Tshkenas. JKeHIHa ¢ HopMaJlbHBIM 3pEHUEM, HO C JIeTKOH (popmoit
TajiacceMuu B Opake co 3J10pOBBIM MYKYHHOH, HO JaTbTOHUKOM, UIMEET ChIHA TaIbTOHHUKA C JIETKOU
¢dbopmoii TamaceMun.

KakoBa BeposSTHOCTH POXKICHHUSI CICAYIONIETO ChIHA 0€3 aHOMaTuii?

75. Y denoBeka Kiacchuueckasi TeMouIns HaclenyeTesl Kak CIeTICHHBIH ¢ X — XPOMOCOMOM
peleccCuBHBIA TpU3HAK. ANBOWMHH3M (OTCYTCTBHE TMTMEHTAIMK) OOYCIOBIEH ayTOCOMHBIM
PpELECCUBHBIM TEHOM. Y OJHOM CYNPYXKECKOU Iapbl, HOPMAIBHOM 110 3TUM JIBYM NPHWU3HAKaM, POAWICS
CBIH ¢ 00€MMH aHOMAJTHSIMH.

KakoBa BepoATHOCTb TOTO, YTO Y BTOPOTO CBbIHA B 3TOH CEMbE MPOSABATCS TAKKE 00€ aHOMAIUK
OJTHOBPEMEHHO ?

76. My>x4umnHa, CTpaJaronMil JaTbTOHU3MOM (I[BETOBAs CIEMOTA) U TIYXOTOW JKCHHWICS HA
JKEHIIMHE, HOPMAJIBHO M 110 3PEHHUIO U XOPOILO CIBIIAIIEH. Y HUX POIUIICS ChIH TIyXOW U T1aJIbTOHHK U
JI0Yb — TaJIETOHUK, HO C XOPOIIHM ciiyxoM. OmpeieinTe BEpOSTHOCTD POXKICHHUS B 3TOM CEMBE JI0Uepr
¢ o0enMu aHOMAaIHSIMU, €CJIM U3BECTHO, UTO JAJIBTOHU3M U ITTyX0Ta MEePeJatoTCsl KaK pelieCCHUBHbIE
MIPU3HAKHU, HO JAaJbTOHU3M CIEIIeH ¢ X — XpOMOCOMOM, a ITyX0Ta — ayTOCOMHBIN MPU3HAK.
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77.* T'umeptpuxo3 (BeIpacTaHWe BOJIOC HAa KpalO YIIHOW PaKOBHHBI) HACIEIyeTCs Kak
CLICTJICHHBIN ¢ Y — XpOMOCOMOM PHU3HAK, KOTOPBIH posBiseTcsa K 17 rogam xu3zHu. OnHa u3 hopm
MUXTHO03a (YelyH4aToCTh U IISITHUCTOE Y TOJIIICHUE KOYKU ) HACT ey TCsI KaK Pl CCUBHBIN, CIICTICHHBIN
¢ X —xpoMocoMoii npu3Hak. B cembe, re xeHIuHa HopMaibHa 110 000UM IPU3HAKaM, a MY XK SIBJISETCS
obnanareneM TOIBKO TUIEPTPUX03a, POAMICS MAIbYUK C IPU3HAKAMU UXTHO3A.

a) Onpenenure BepOSATHOCTH MPOSBICHHUS Y 3TOT0 MajbYUKa TUIIEPTPUX03a;

0) OnpenenuTe BEpOATHOCTH POXKICHUS B 9TOH ceMbe JieTel 6e3 00ernx aHoMauel U KaKoro OHU
OynyT mona.

78. IIurMeHTHBI pEeTHHUT (TP OTPECCUPYIOIIEE CY KeHHE MTOJIS 3P €HHS M Y CHITUBATOIIASCS HOUHAS
CJIETIOTA, HE PENKO MPUBOASIIAS K MOJHOW CIENOTE) MOXKET HACIEA0BATHCS TPEeMS MyTsIMU: Kak
ayTOCOMHBIA JOMHWHAHTHBIM NPU3HAK, KaK ayTOCOMHBIM PENECCUBHBIN M KaK pPELEeCCUBHBIY,
CLETUIEHHBIA ¢ X — XpOMOCOMOM.

Omnpenenure BEpOSTHOCT POKICHHUS OOJBHBIX JIeTEH B CEMbe, Tlie MaTh OOJIbHA TTUTMEHTHBIM
PETUHHUTOM U SIBIISIETCSI T€TEPO3UTOTHOM 110 BCEM TPEM IapaM I'€HOB, a OTEIl 3A0POB U HOPMaJIEH 10
BCEM TpEeM IpU3HAKaM.

79.* Pesyc-monoxuTenbHas JKeHIIMHA ¢ | Tpymnmoil KpoBH BBIXOJUT 3aMyX 3a pe3yc-
OTPHUUATENBHOrO MyX4uHy ¢ [V rpynmoit kpoBu. M3BECTHO, UTO KEHIIMHA TOMO3UI'OTHA IO aJUIENN
pe3yc-TIoJOKUTENsHOCTH. KakoBa BEpOATHOCTh POXKICHUS B JAHHON CEMbE Pe3yC-TIOJIOKHUTEIBHOTO
pebenka c IV rpynmoit kpou?

Pewenue 3a0au

64. CrauananumreM gaHo. Ilokaxem, uto reH R crieren ¢ X- XpoMOMOMOW B pEIISCCUBHBIM I
00J1a/1aeT JIeTATBHBIM [IeCTBHEM, BBI3BIBAIOLINM T'HOEITb IBIIUIAT 10 BEUTYILTUBAHMS: X - u3Hb; X' -
CMEpPTh.

Y4YuThIBas reTeporaMeTHOCTD KEHCKOH 0CO0HU Y Kyp, 3allUIIeM POIUTENIeH U TOTOMCTBO:

A) Pd XRX- @XRY; F 210 = 105.XRY +J105 XRX

B) P& XRX- @XRY | F 210= 70 XRY +3140 XRX

Heo6X0MMO ONpenenuTh FeHOTHITBI POAUTENER. 3anumeM cxeMy ckpermbanu: PXRY x PJ
XRXR

OmnpenenseM reHOTUI POIMTENEH, Tsas Ha UX HoToMcTBO: F105:XRY +;105 XRX Kenckas
0co0b reTeporaMerHa o Iojy, Mo3ToMy AaeT ABE pa3Hble FaMeThl, My>CKasi 0COOb [0 MOJy —
rOMOTaMETHa, [10 TeHOTHITy — TOMO3UI0THA 110 JOMUHAHTHOMY IIPU3HAKY, I0O3TOMY Ja€T OJUH THIl
ramer. bynem aHanu3upoBaTh NOTOMCTBO, IIOJIYYE€HHOE [P COBMELLEHUU I'aMeET.

Teneps no rpynne b coznaagum cxemy ckpemyBanusi. Hy>XKHO onpeneamuTb FEHOTUI MY AKCKOTO
mona. /s sToro mpoanamsupyem moTomctBo. CokpatuB ynciio moToMkoB 140 u 70, MBI momydnM
pacuieruienne 2:1. Yucino mOTOMKOB Tpoe€, OAMH MOTUO B SMOPUOHAJIBHOW CTaJHU. 3ariChIBAEM
TE€HOTHIT TOTO TIOTMONIETO NTEHIA M OMpeeNseM FTEHOTUII My kKCcKoro mona: PYXRY x 4 XRXE,
XKenckast ocoOb reTeporameTa 1o 1oy, Io3ToMy JaeT 2 TUIIA TaMET, & MYXCKas 0CO0b reTEPO3UTOTeH
M0 TEHOTHITY, TAKXKe JaeT 2 TUIA raMeT. 3amnoiHseM pemetky [leHHera u aHanu3upyeM mOTOMCTBO.
BrruepkuBaeM MepTBBIX NTEHLOB. B pe3yipTare ObUIO MOTYUYEHO 2 IbIINIEHKAa-MyKCKOTO Toj1a u 1-
KEHCKOTO 1oJja. DTO SABIAETCS J0Ka3aTeIbCTBOM TOTO, YTO T€HOTHIT ObUT ONpEeNieH MPaBWIBHO.
Teneps odopmisieM 3anauy:

Hano: Pewenue:

XR— KH3Hb A) POXRY x & XRXR
X'— cmepTh G XRY XR

A) Pd XRX- QXRY F1.XRY:1AJ3105 XRXR

F210.=105,X7Y +3105 XX | poXR 3%, F210 = 709XR + 140877
RY- R AR XR
B) Pd XTX &XTY B) POXRY x & XRX'

I]:Ifzgmu: F 210= .70 XRY +J140 XRX
/ (709X"Y neranbHbIE)
F,

3 XR Xr
?
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XR | XR XR

XRO Xr

Y XR X'
Y YJ&
J

238 xuB : 1 Q xuB : 19 ymepmu

Omeem: A) PQXRY IXRXR
B) POXRY JXRX"

66. [Tumnrem nano. HyxHo 3amucars qelicTBUE TeHOB. B ueioBedeckoii monysSiuy Kapue masa u
MPaBOPYKOCTh SBISIFOTCSI ay TOCOMHO-JOMHHAHTHBIME Npu3HaKaMu. [IpexaeBpeMeHHOE BhITaIeHNS
BOJIOC SIBJISIETCSl JIOMMHAHTHBIM Y MYKYHH W PELUECCHUBHBIM y JKCHIIWH, T.€. JEHCTBUE T'€HOB
3aMUCHIBAETCS CIIEMY FormM 06paszom: & XS - o6mbicenne, X® - HopManbHbI pocT Bosoc, Y XS —Bonockl,
X® - IBICHI; A —Kapemia3ocTh, a — roMy0omia3ocTh; B — mpaBopyKOCTh, B — JIEBOPYKOCTbD.

Teneps numem pogureneii: PAX Y A-B- P@XS X- A-bb u notometso F 3X° Y A-B; X5 X
aa B-; & X Y A- bb. HyxHo onpenenurs TeHOTHIIBI BCEX JIFOIE.

CocTaBuM cXeMy CKpEIIMBAaHHS C POAUTEISIMU ¥ HAMWIIIEM PO MOTOMCTBO. MBI ompernernsiem
TCHOTHUIN POAMTEIICH, TSIl HAa UX TOTOMCTBO. [T0CKONIBKY y TIOTOMCTBA €CTh PEleCCUBHBIN MPU3HAK,
00a pOIUTEIst UMEIOT PEelIeCCHBHBIN TeH. TO €CTh POIUTENbCKUI TeHOTHIT BRI ANT Tak: P Y X5X® Aabb
PAXsY AaBb. A motoMcTBO onipenensiem, s s Ha poguTeneit. [IoToMCTBO BCeraHacIenyeT oMt TeH
OT OoTHa, a Apyroii — or Marepu. CrenosarensHo, ux resorunsl: F dXY AA(a)Bs; $X5X%aa Bb, &
X5YAA(a) bb.

Hano: Pewienue:

4 XS - ob6meicenme, X - | PAX®Y A-B- XS X A-hb

HOPMAaJILHBIA POCT BOJOC FJIXSY A-B; X5 X aaB-; & X* YA-bb

QXS — Bonochl, X® — JIBICHIH PQXSX*Aabb x IXYAaBb.

A —KapemazocTh F XY AA(a)Bs; @X5X*aa Bb, & X*YAA(a) bb.

a — roy0orIa3ocTh

B — npaBopykocTh

B — JIEBOPYKOCTh

PAXsY A-B- @XS X A- bb
FAXY A-B; @X5 X aaB-; & X®
Y A- bb

Haiumu:

I'enorurer - ?

Omeem:P X3 X5 Aa bb 3X° Y AaBb; F 4X° Y AA(a)Be; $X° X*aa Bb, & X°YAA(a) bb.

74. Tlumem nano: X — 3mopoBbIil; X* — MaisTOHH3M, B — Tamaccemust, B — 310pOBbIi, BB —
JIeTallbHOCTh, BB — Jlerkast TamacceMus

P . XAX- Bs dX?YBB, F & X*YBs.

HyHO omnpeneMTs BEpOSTHOCTh POKICHHS MajibunKa 6e3 anomamu FJ XA YBB. Pemrenne
3agadn. [locTponM cxeMy CKpEeIMBaHUS U OTIPESIIM T€HOTHUTI pOAUTEIIEH, ITOCMOTPEB Ha TIOTOMCTBO:
PYXAX*BB x 4X*YBB.

MarepuHCKHIA TI0JI TOMOTaMeTeH, a TCHOTHIT TUTCTEPO3UTOTEH, TI0ATOMY J1aeT 4 pa3HbIC TaMEThI,
OTIIOBCKHIA TIOJT TETEPOTAMETEH M, CJICOBATEIIbHO, JaeT 2 THUIIA raMeT. 3anonHseM pemeTky [lennera.
Bcero Boinuio 8 moroMcTBa, u3 HUX 4 mManpuuka U 4 neBouku. [Ipu pacuere BEpOSTHOCTH POXKIICHUS
3JI0pOBOr0 MaJIbuMKa U3 Beex MOTOMKOBFAXAYBB — 12,5%. A ecim OTAENBHO TOJIBKO Malb4UKOB
CUHTATh, TO — 25%. MTak, Mbl 3aKOHUMJIM PEIIEHUE, TEMEPh MEPEXOTUM K 0(OPMIICHHUIO.

Hano: Pewienue:
XA - 310pOBBIii P o XAX®Bgs x 4X*Y BB
Xa - JaNsTOHU3M F 4 X2YBs
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B - Tamaccemus
B - 3I0pPOBBIN F
g— JeTaIbHOCTD, 3 X*B YB
5- JeTKas! TaJacCeMHs Q
P o XAX- Bs dX?YBB YAB
FJ X*YBs X'B == X"YBs
Haiamu: XB
FAX*YBB (%)-? XA g XAY BB
X"s —-
X2B 310D.
XaB
X*B —— XY Bs
- X?B
a
X“B X—E XY BB
X2B
8-100% x=100/8=12,5 %
1-x; FSXAYBB12,5%
4 -100% x=100/4 =25%3
1-x F3 XAY BB

Omeem: 8-100% x=100/8=12,5 %
1-x; FSXAY BB12,5%

4 -100% x=100/4 =25%3

1-x F&4 XAY BB

77.* Ilumem nano. B ycnoBuu 3a/1a4u HAIMCAHO, YTO TUTIEPTPHUX03 CIETUICH ¢ Y XPOMOCOMOIL:
Y? runeprpuxos. Uxtno3— cremies ¢ X® — xpomocomoii: X2 - Hopma, X® — nuxTro3. Harmumem cxemy
ckpemuBanus: PQ XBX- u dXP Y2
B ceMbe poaaeTcs ChlH ¢ mpu3HaKaMu uxTHo3a FAX® Y2, YV 31010 Majipurka v OyIeT TUIIEPTPHXO3,
MOTOMY YTO OH clieTieH ¢ Y xpoMocoMoil. Hy)XHO Taxoke onpeneniTh BEpOSITHOCTb POXKICHHS B 3TON
ceMbe JieTel 0e3 00enx aHOMaMel U KaKoTo OHU OyyT ToJa.

Hano: Pewienue:
XB - 310poBbIii PQ XBX®x 4XBY?
XB - HXTUXO03 F3XB YZ
PO XBX - IXB Y2 & XB YZ
F3Xs Y?
Haiimu: o
F(?XA Y BB (%)-7 @ E XB YZ
IXB
THIL.
370p
XB XB XB Y?
XB ['umn., mxT.
370p
4-100%
2-x
x=100/2=50%;
Fo22= 25992259

Omeem: a) Y pOAUBIIMXCS MaJIBYMKOB ITPOLICHT MPOSBICHUS rutiepTpuxo3a coctapisieT 100%, Tak Kak
OH HaCJeNyeTcs OT OTIa Mo Y — XPOMOCOME.
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0) BepoaTrHOCTh pokIIeHUS 30pOBOro peOeHKa B 3TOM cembe cocTaBisieT S0%, U OHU SBIISTIOTCS

WCKITFOUHUTEINILHO IEBOYKAMH TI0 TTOTY.
FO xB 9@
XB ' xB
Bropas neBouka 370poBa 1o (peHOTHITY, OJHAKO B €€ T€HOTHUIIE B CKPHITOM BHJI€ COXpaHsETCs I'eH
UXTHO3a U OHA SBJISETCS HOCUTEIbHUIIEH TaHHOTO I'eHa.

79.* YV momeit "pesyc-NONOXKUTEIBHBIN' TeH mpeobnajaeT Mo OTHOUICHUIO K 'pesyc-
orpunarensHomy" TreHy. Rh (+) — pesyc-nonoxwurensueiii; Rh (-) — pesyc-orpunarenbbiii. 3a
HACJIeNOBaHKE IPYTIBI KPOBH Y YeslOBeKa oTBeuaror Tpurena: [° — rew |- rpymmst kposu; 14— rew |-
rpymist kpoBy; |8 — ren |11-it rpynmer kposu. Hamrdue 1ByX THIIOB ajuiesieil B TEHOTHUIIE YeI0BeKa
OTBEYaET 3a IPyIry KpoBH, npudeM awieis 1% peneccusen no ornomienuto k 14 u 1B, BozmoxHsie
TeHOTHUIIBI TPYTITIBI KPOBHU Y JIFOICH:

1°1° — 1-s1 rpymima;

I41° — 11-51 rpymma;

IAI* = 11-s rpymima;
IB1° — 11-st rpymima;
IB1B — I1l-5 rpymma;
IA1® — V-5t rpymima.

[TockombKy KeHIIMHA Pe3yC-TIOI0KUATEIbHA C TPy IOl KpoBH | 1, Kak M3BECTHO, TOMO3HTOTHA
0 PEe3yC-MOIOKUTEIHLHOMY aJUIENT0, €€ TeHOTHIT BRIDLAUT clenytommm oopasom: I°I°Rh(+)Rh(+).Y
pe3yc-oTpunaresibHoTo Myx4uHb! ¢ 1V rpymmoii kposu reHorun Oyaet caenyromum: 1418rh(-)rh(-)

Cxema ckpewuganus:

P: I°I°Rh(+)Rh(+) x IA8rh(-)rh(-)

[': I°Rh(+) 14rh(-); 1Brh(-)

F: IAI°Rh(+)rh(-) - 50%; IBI°Rh(+)rh(-) - 50%.

HaGmonaercs 2 Tuna reHoruna. Pacimumienue no renorumny — 1 : 1.

®eHoTHI:

I*1°Rh(+)rh(-) - Pe3syc - nonoxurenbHblii ¢ rpymmoit kposu 11-50%;

IBI°Rh(+)rh(-) Pe3yc - nonoxuresnbsHblii ¢ rpymmoit kposu [11-50%.

Hab6nronaercs 2 tuna penoruna. Pacunnenue no ¢penoruny — 1 : 1.

Mano: Pewenue:

Rh (+) — pe3yc-nonoxuTesbHbIH P: I°I°Rh(+)Rh(+) x 1*1Brh(-)rh(-)

Rh (-) — pe3yc-orpunaresHblii G: I°Rh(+) 12rh(-); IBrh(-)

P Q I°I°Rh(+)Rh(+) F: I*I°Rh(+)rh(-) pesyc - nonoxurebHblii ¢ rpynmnoi kposu |l
S 1A1Brh(-)rh(-) - 50%;

Haiimu: IBI°Rh(+)rh(-) pe3yc - monoxkurensHbI ¢ rpymmoi kposu 11T -
BEPOATHOCTHL POKACHUSA B TaHHOM cembe | 50%.

pesyc-noyiokuTensHoro peberka ¢ [V | Pacmunnenne mo renorumy — 1 : 1.

TPYIION KpOBHU?

OTBeT: 1) BEpOSATHOCTh POXKICHUS PE3YC-TIONIOKUTEIHLHOr0 pedeHka co |l rpymmoit kpoBu u pesyc-
MOJIOKUTENLHOTO peberka ¢ |l rpynmoii kpoBH B 3TOH ceMbe OUHAKOBA; 2) BEPOSTHOCTh POXKIICHHS
pe3yc-ToNoKuTeNsHOTo pedenka ¢ |V rpynmoit kpoBu B 3101 ceMbe coctasiseT 0%.

KoHTponbHBIE BONIPOCHI

1. Kakue npr3HaKy OTHOCSTCSA K MPU3HAKAM, CLETJICHHBIM C MOJIoM?

2. YUto Takoe «KpUCC — KpOocc» HacyeqoBaHue?

3. O0bsicHUTE pa3IUYHSI MEKITY TOMO - U TeTepOraMeTHBIMH MOJIAMH.

4. JlaiiTe XapaKTe€pHUCTUKY XpPOMOCOMHOI 1 OalaHCOBOM TEOPUH ONpEAeSICHHS M0Ja.
5. Kakue npu3HaKy Ha3bIBAIOTCS Ay TOCOMHBIMH?
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V. CUEIIJIEHUE TrEHOB U KPOCCHUHI'OBEP

Tpemuii 3axon Ipecops Mendenss — 3aKOH HE3aBHCHMOTO HACJICMOBAHUS IMap MPHU3HAKOB,
peamu3yercs TOJIBKO B TOM CJIydae, €CJIM I'eHbl, IPOAYLMPYIOIIUE IPU3HAKH, PACIIONOKEHBI Ha
HETOMOJIOTUYHBIX XpoMocoMax. MI3BeCTHO, 4TO MPU3HAKOB B KNU3HU OECKOHEYHO MHOTO, @ KOJIMYECTBO
XpoMocoM orpaHudeHo. [IosroMy Ha OIHOM XpOMOCOME MOXKET paclojararbcs HECKOJIbKO, MHOTO
reHOB. ['eHbl, pacIiooKEHHBIE HA OJJHOM TAKOH XpOMOCOME, COITIACHO IMOBEIEHUIO XPOMOCOM B MEHO03€,
JIOJDKHBI HAaclieoBaTbCsi BMecTe. ECiu reHpl pacnonoeHbl Ha OAHOI XpOMOCOME, TO OHH HACJIEHYIOTCS
B KoMOuHamy. CoyeTaHue TaKuX T€HOB MOJIOXKMIIO HAYaJI0 3aKOHaM, KOoTopble oTKpblT Tomac Mopras.

[Ipouecc oOMeHa uepe3 aHATOTUYHBIE JOIM TOMOJIOTUYHBIX XPOMOCOM, COAEPIKALIUX T€HBIL,
HA3BIBAETCS CKPEIIMBAHUE XPOMOCOM HIIM KpoccHHroBepoM. KpoccuHrosep oOecrieurnBaeT HOBYIO
KOMOUMHAIMIO TEHOB B TOMOJIOTHYHBIX XpOMOCOMax. SIBieHHE KpOCCHHIoBepa ObUI0 0OHAPYKEHO Y
nposoduisl (puc. 10).

Hexpc

Hexpoccorepst 83% °° Kpoccosepst 17%
Pucynoxk 10. CreruieHHOE HacIeMOBaHUE M KPOCCHHTOBED Y TP O30 HIIBI

OnHako reHbl MOTYT HE COYeTarbesi MOCTOSIHHO. Ha sTane meiio3a roMosoruuHble XpoMOCOMbl
00MEHHMBAIOTCS MOXOKUMH YUaCTKaMH, 4TO MPUBOAUT K IMpolieccy KpoccuHrosepa. Kpoccunrosep
SIBIISIETCS ICTOYHUKOM KOMOMHATHBHON M3MEHUMBO CTHU. Hacnemyemple reHpl, pacnoiosKeHHbIE Ha OHON
XpoMocoMe, 00pa3yloT rpynmy ciusHui. Uucino rpynn cUeIUIeHHs KaKoro-imOo BHUIA DPaBHO
rariouIHOMY Ha0opy XpomocoM. Kakaplil TeH MeeT CBO€ MECTO — JIOKYC Ha XpPOMOCOME.

T. Mopran oOHapyXuj, 4TO TeHbl pPacHOJaraloTCs Ha XPOMOCOME JMHEHHO, a yYacTora
KPOCCHHIOBEPA 3aBUCUT OT PACCTOSHUA MEKAy HUMH. KpOCCHHIOBEp peAKO MPOXOAUT, €CIIH T'E€HbI
pacronokeHsl OIM3KO JAPYr K JIpyry Ha XPOMOCOME, U 4YacTO, €CIM OHHU PACIOJOKEHBI JaJIeKo.
Kpoccunrosep, Wi npoLeHT NepeKpecTa, yKa3blBaeT Ha TO, YTO PACCTOSHUE MEXIy IeHaMU M HX
pacIonoXeHue BAOJb JIMHAU HAa XPOMOCOME CUnTaeTcs (PyHKIMEH, TO eCTh 9acToTa KPOCCHHIOBEpa
ME3KIy TeHaMH MPSIMO MPOTIOPIIMOHATIBEHA PACCTOSHUIO, KOTOPBIE OHU Pa3eisIioT Ha XpOMOCOME, M Ha
OCHOBE 9TUX JaHHBIX MOKHO CO3JaTh TeHETHUECKYIO KapTy XpoMocoM. [ eHeTnuueckoe KapTupOBaHHe
OTHOCHTCSI K CXeME PacIOJI0KEHHs TeHOB, IPUCY TCTBYIOLIMX B OHOM rpynie cuerieHust. Paccrosmie
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MEXIY TI'€HaMU HU3BMEPACTCA B MOpPIraHUAC. O,Z[HOfI MOpraHugc COOTBECTCTBYECT OAWH IIPOLCHT
KpOCCHUHI'OBCpaA. Ha renetnyeckoii KapTe 00s13aTeILHO YKa3bIBAOTCA I'PYIIbI CUCIIJICHU A, ITIOJIHBIC NJIM
COKpalICHHbIC Ha3BaAHHA I'CHOB, PaCCTOSHUC, o0o03HauaeMoe MOpFaHPI)IOﬁ, HAYMHAIONICHCS C OTHOIO

Kpast XpoMOCOMsI (puc. 11).

HpOIIeHT KPOCCHHTOBEpPA U JIMHeliHoe PacCIo/IOKEHHE T'€HOB HA XPOMOCOME

YyursiBas peKOMOMHHPOBAHHBIE 0COOM W MX 00IIee KOIMIECTBO, YACTOTY KPOCCHHTOBEpA
(mepekpecTa) MOXKHO paccauTars o popmyse 2:
Yactora kpoccunrosepa (%) = 2 %100 2

I'ne X — xomM4uecTBO 0COOCH, MOABEPTIITUXCS peKOM6I/IHaIII/II/I; Y — o01ee KOIMIeCTBO 0COOCH.
Hampumep, npu CKpelIMBaHUA MyX, MOTYy4YCHHBIX B MOKOJCHUH F;, ¢ TOMO3UTOTHBIMHU J1BOWHBIMH
PEIECCUBHBIMU TOJYUCHBI CICAYIONIUE PE3yIIbTaThl:

Pooumenvckuti henomun:

Cepoe Teio, HopMmasbHble Kpblibs (bt vg™h) -965
YepHoe Telo, 3a4arounbie Kpbuibst (bvQ) -944

Pexombunammulii penomun:

YepHoe Teso, HOpMaibHbie KpbUtbst (bvg™) -206
Cepoe Teno, 3auarounbie Kpbuibs (bTvQ) -185
Yacmoma pexombunayuu. 2004185 OO— 91 *100 17%
(965+944) +(206+185)
,..._\\_.‘h ;
I

‘,i
ﬁ’r

o —
| | net veins | bent wing
00 i:;:fﬁ%y 00,/ arestziess anteans . rou (ghotd eyes | cubitus veins
g St & 13F stareges 02; -.,,emm veins %0 shaven hairs
I phite eyes 40 pera- - b gmowfew scutellum
30 \Facet eges out wings
;.g ECHLnUS Eyes
13.7 fﬁ?ﬁég‘fgﬁ fé}g T awnpy wings
20 wings 155 T clot eyes ;
g R C4E whngs 1.2 T favelin bristles
e singed bristies
28,0 epa eyes
287 T lozenge eyes hairy body

vermilion eyes
miniature wngs
i ; 3
o 2‘,{; : _Btfhaerc' bristies
arret eges 487 | black bod, %407
4 SLOM pagt cod b¥isHeES 48 AN %fﬂ ¥
5659/ parpfe eges 50,0 \Seurted wings

36,7 |- forkea prestres Bpistie m Stubbie bristies
gz" bar eyes ight e %2 less bresties
fused veins 515 | 'cinnabar eya- 58 ‘3;mm body -
N carration eyes; ﬂSZ 52 .92?1 boa.
bobbed hatrs g, (-""ﬂ‘b_""?“-f eyes eyesy
W0 vestigial wings, Hta Velns
;?: 1 Lode eyes irless bristles

T curved wings 79771
P %71 |\ardinat ages

.93'.I~-ma_¢b eyes

00,5 T plexus wings 1007+ claret eyes
{'0 j? . if}ua b 1062 Minute bristles

Pucynok 11. 'eneTnyeckas Kapra XpoMOCOM JIPO30 (HHITBI
3aoauu
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80.* OxpackaBeTKa OTpeneNsIeTCs ICHCTBIEM IBY X Tap TSHOB. J[Ba TOMHUHAHTHBIX TeHa BMECTE
JIal0T KpacHBIN I[BET, a PELIECCUBHBIC I'eHBI — OeJbiid 1BET. KpacHONIBETKOBBIN COPT OBLT CKpEIIeH C
OCJIOIBETKOBBIM, 3aTéM OBUIO NMPOBEJEHO aHAJIM3UpYIOLlee CKpeuuBaHue. B pesynsrare Oblio
noiay4yeHo 2264 OGenonBeTKOBBIX 1 1651 KpacHOUBETKOBbIX THOpHIOB. Bo BTOpoMm ciiydae Obun
CKpEIIICHBI JIBa Pa3HBIX cOpTa OeJbIX IBETOB. 3aTeM, MPOBEIH aHAIM3UPYIOLIee CKpELIUBaHNE, B
pe3ynkrare KOToporo moiay4yeHo 2274 pacteHus: ¢ OeJbIMUA BETKaMHU M 162 pacTeHUs C KpacHBIMA
uBeTkamu. Ornpenenure BeIMIUHY KPOCCHHIOBEPA.

81.* T'ennt A, B 1 /] pacmonoxeHbl B 5TOM MOPSAKE Ha 0JJHOM XpoMocome. BesmuuHa repekpecra
(xpoccunroBepa) Mexmy reHaMu A u B coctasmsiet 20%, mexay renamu B u [[ - 10 %. T'omo3urorsas
o reram oco6s ABJI, ckpermmBaeTcsi ¢ roMO3UTOTHOM 0co0bI0 1o aBJ. Kakue ramets oOpazyrorcs B
F;-? Kak nonyunts smauio [ u3 +++/+++ u apn/asn?

Hanumure cxeMy cCKpelinBaHusl.

82. I'ensl a U B pacnonokeHbl B cooTHomeHuu 20 enuHut (po1ieHToB) Ha XpomMocome |1, rers!
u ¢ B coorHomennu 40 enunun Ha xpomocome VI. TomosurorHas ocobp mo amiensim A,B,JLE
CKPEIIUBACTCS C PEIECCHBHOM (POPMOT TIO ITHM T'eHaM.

Omnpenenure, CKOIBLKO pa3HBIX raMeT 00pa3yeT 3Ta TETPA3UIOTa M B KAKUX COOTHOIICHHSX.

83.* Pactenue ¢ oxpamenabiM (D), mopmuaucteiM (S), TBepasiM (W) sHIOCTEpMOM
CKpCIMBACTCS C pacTeHUeM ¢ HeokpameHHbM (d), magkum (S), MIrkum (W) SHIOCTIEPMOM.
[Tomy4ennstii rtuOpun F; ganee CKpemmuBaroT ¢ pacCTeHUEM, IMEBIIIMM HEOKpAI CHHBIA TIa KA MSATKII
saugocnepM. CocTaBsTe KapTy XPOMOCOMBI, TPOBEIIS aHAJIN3 TOTOMCTBA, U TOKAXHUTE OTHOCHTENEHOE
pacIoNoXeHUe TEHOB JIPYT OT JIpyra:

OKpalleHHBIA, MOPITUHUCTHIN, MsiTKuid — 601,

OKpalleHHBIN, TAJKUHU, TBEPAbIH — 4,

HEOKpalIeHHBIN, TaaKui, Markuit — 2708,

HEOKpaIeHHBIH, MOPITUHUCTBIHN, TBepAbId — 113,

HEOKpalIeHHBIN, TIAJKUH, TBEPIbIH — 626,

OKpalIeHHbIH, pudeHsli, TBepabIii — 2538,

HEOKpalleHHbIC, MOPIIMHUCTHIN, MATKUH — 2,

OKpalleHHBIN, TaAKU#, MATKuil — 116.

84.Y ToMaToB BBHICOKHH POCT CTEOMS IOMUHHUPYET HaJl KapJIMKOBBIM, IIapoBUaHAs (popma rmiona
HaJ| TPy IIEBUAHON. [ €HBI BEICOTHI cTEOMS ¥ OPMBI IJI0/1a  CLICTIIICHBI M HAXOJATCS APYT OT Apyra Ha
paccrostauu 20 Mopranua. ['eTepo3urorHoe no 060MM NpHU3HaKaM pacTeHHE CKPEILEHO C KapiIUKOBbIM,
MMEIOLIUM IpyLIeBUAHbIE M0l Kakoe MOTOMCTBO clieAyeT OKHAATh OT 3TOTO CKPEIIMBAHUSA?

85.* Knaccudeckas reMopuiiis M JaJIBTOHU3M HACIENYIOTCS KaK PEleCCUBHBIC TPU3HAKH,
cueruieHHsle ¢ X — xpoMocoMoil. PaccTosiHre Mexy reHamu onpeeseHo B 9,8 MopraHubl.

1. JleBymika, oTerr KOTOPO JaJbTOHMK M TeMO(WINK, HO MaTh 30pOBa M MPOUCXOIUT U3
0J1aroTOy YHOM IO STUM 3a00JICBAHHUSIM CEMBH, BBIXOIUT 3aMYX 32 3J10pOBOTO MyurHY. Onipesenmre
BEpOSATHBIC ()EHOTHUIIBI IETEH OT ITOTO OpaKa.

2. KenmuHa, MaTh KOTOPO¥ CTpasaia JajdbTOHU3MOM, a OTEIl reMO (G UIIMEH, BBIIILIA 3aMyXK 3a
MYKUHHY, CTpaaarouum obonmu 3aboneBanusiMu. OnpeaenuTe BEpOITHOCTh POXKIEHUS IeTeld B 3TOH
CeMbe OJTHOBPEMEHHO C 00EMMH aHOMAJIHSMH.

86. Y uenoBeka reHsl pesyc-(hakropa U 3UIMITOLMTO3a PACHIOIOKEHbI HA OJHOM XpOMOCOME Ha
paccTostHUM 3 MOpPraHUI APYT OoT Apyra. IlonoxuTensHbI pe3yc U JUIMOTOLMTO3 OTPENEISIOTCS
JIOMMHAHTHBIMU FeHaMu. | €H HOUHOM CJICTIOTHI M TeH AaJI-TOHU3MA PacTIOIOKEHBI Ha X-XpOMOCOME Ha
paccrostaun 50 Mopranuj Apyr oT apyra. O6a nmpHu3HaKa HaCcIEeAYIOTCS MO PELEeCCUBHOMY THILY.

1. T'eTepo3urotHas Mo TpeM NpU3HAKAM KEHIIMHA, Y HPEIKOB KOTOPON KPOCCHUHIOBEpa HE
0TMEYaJIOCh, BBIXOAUT 3aMyX 3a My>KYMHY, CTPaJAOLIETO OTHOBPEMEHHO IBETOBOM M HOYHO W CJIETIOTON
¥ TOMO3HTOTHOTO 10 000MM ayTOCOMHBIM PEIeCCUBHBIM reHaM. Ompenenure BeposTHbIEC ()EHOTHUIIBI
JIeTeH, POKICHHBIX B ATOM CEMBE.

2. Pe3yc-monoxuTebHast )KSHIUHA ¢ HOPMAJILHOW (POPMOM SPUTPOIMTOB U C HOPMAJILHBIM
3pEeHHMEM BBIXOAHT 3aMYXK 32 Pe3yC-OTPHULIATEIIbHOTO MY>KUHHY, C DIUTMITOIUTO30M U CTPaIAIOIIEro
HOYHO cienotoil. I3BecTHO, 4TO OTEIN KEeHIIMHBI 0BT pe3y C-OTPHUIIATEIHHBIM U TAIETOHUKOM, a Marb
pasnuyaa BeTa HOpMaJIbHO, HO CTpajiajla HOUHOU CIENOTON. Y MyKUMHBI CTpazal UM TOLUTO30M
JIMIIb OTEIl, @ MaTh CTpaJiajia HOYHOH cienotoil. OnpenenuTe BEpOSTHOCTh POXKICHUS B 3TON CceMbe
pe3yc-oTpHIaTebHbBIX IeTel 6e3 IpyriuX aHOMaJHH.
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3. 'erepo3uroTHasi Mo BceM MpU3HAKaM JKEHIWHA BBIXOAUT 3aMyXK 32 Pe3yC-OTPHIIATEIIHHOTO
MY>KYHHY, HOPMaJIbHOTO 110 OCTaJbHBIM aHAJIM3UPYEMbIM TIpU3HaKaM. 1I3BeCTHO, 4TO OTeIl KSHIITUHBI
OBLT pe3yc-OTpUIaTeIbHBIM, UMEJ AJUIMITOLUTO3, CTPaJal HOUHOW CIIETIOTOM, HO LBETa pasinyal
HopMasbHO. OmnpenenanTe BeposSsTHbIE (EHOTHUIIBI 1€TEH B ITOH ceMbe.

87. YV pacTeHus OKpalleHHbIH [IBETOK JOMUHUPYET HaJl HEOKPAIICHHBIM, a YKEeJITash OKpacka
pacTeHus pereccuBHa K 3eJeHOH. /[Ba reTepOo3UroTHBIX pacTeHus ObLIN CKPEIIEHBI C PeleCCHBHON
TOMO3UTOTHOH (pOPMOi, B pe3ybTare MoIMydeHo CIeNyIOlIee IOTOMCTBA:

Oxpacka IBeTKa OKpacka pacTCHHS Pacrenus 1 Pacrenus 2
OKpalIeHHBIH 3eneHas 88 23
OKpalIeHHBIH Kenras 12 170
HeoxpareHHbrit 3enenas 8 190
Heoxpamennasii Kenras 92 17

Kakne reHOTHIIBI 000WX TETEPO3UTOTHRIX pacTeHnii? PaccunTaiite BEIMIMHY KPOCCHUHTOBEpA.
Kaxoe noy4unocs ObI TOTOMCTBO OT CaMOOIBUICHHSI KAXKI0TO U3 PACTEHUHN U TIPH CKPEIIMBAHUN UX
JIpyT ¢ Apyrom?

88. [IpuBeneHbl pe3ynbTraThl aHATM3UPY IOIET0 CKpeIUBaHus ipo30huiibl. OnpenaenuTe IopsioK
TCHOB M PACCTOSTHUE MEXK/y HUMH, a TAK)KEe TeHOTHUII TeTePO3UTOTHOTO poauTeis. O003HaueH s TEHOB:
eC* - HopMallbHbIE TIa3HbIe aCeTKH, EC - KPYTHBIE U TPpyObie; CV* - €CTh MonepeuHast )KUIIKa Ha KPbUTE,
CV — XHJIKa OTCYTCTBYeT; Cl" - HOpMaJbHBIEC KPBUIbs, Ct — BRIPE3KH HA KPBUIbSX.

ec cv'ct— 2125 ectcv ct-223
ectcvict — 265 ec* cv ctt - 2207
eccvcet—3 ec cv'ctt - 217
eccv ctt- 273 ec*cvrct* -5

89. Camka 1p030(HiIbl reTepO3UTOTHA IO TPEM My TallusiM: OapHbM I1a3aM (Bar), MUHHATIOpHBIM
KpbuThsiM (Miniature) u uepromy Teny (ebony). O6parure BHUMaHue, uto Bar- 310 jgoMuHAHTHas
MyTanus. JJaHHyI0 CaMKy CKPECTUIIH C CAMIIOM C HOPMaJIbHBIMH [VIa3aMH, MUHHATIOPHBIMU KPbUTbSIMA
Y YEPHBIM TEJIOM. Pe3ynbrarsl CKpeluBaHus MOKa3aHbl B HIKE:

* 111 miniature

* 29 QUKUH THII

« 117 Bar

* 26 Bar, miniature

101 Bar, ebony

« 31 Bar, miniature, ebony

* 35 ebony

* 115 miniature, ebony

[Ipoananu3upyiire pe3yasrarsl ckpemuBanus. [locTpoiire kKapTy 3THUX Te€HOB U OIpEaeIHTe
pPacCTOSHHE MEXy CLEIUICHHBIMHA T'€HaMU.

90.* [14Th CLIETJICHHBIX C IOJIOM PEIIECCUBHBIX TeHOB AP030¢uIIb (EC, SC, V, CV 1 Ct) BBI3BIBAIOT

NpPU3HAKKM, Ha3blBa€Mble AXUHYCOM, IIUTKOM, KHHOBApbIO, OCCIKMIKOBOCTBIO M BBIPE3aHHEM
COOTBETCTBEHHO. DXUHYC — MYTAaHT, Y KOTOPOTO rpyOble mia3za ¢ O6ompmumu pacetrkamu. [nTokx
HPOSIBIISICTCS] OTCYTCTBUEM HJIM YMEHBIICHHEM KOJIMUYECTBA IETHHOK HAa OTACIBHBIX Y4acTKaxX Tela.
Bepmumion — sipkuil opamkeBO-KpacHbI HBeT mia3. llomepedHas 0e3KUIKOBOCTH MPETSTCTBYET
Pa3BHUTHIO OTIOPHBIX CTPYKTYP B KpbUIbiX. [Ipu pa3zpese oOpa3yrorcs GpecToHIaThie U 320CTPEHHBIC
KPBUIbs ¢ Pa3HOOOpa3HbIMH (TUICHOTPOTHBIMK) 3 (heKTaMu B APYTHUX YaCTIX Teja. B Hauase Hammx
AKCIIEPUMEHTOB Mbl HE 3HAJM MOPSAO0K reHoB. [10 pe3ynsraram clenyronmx TpeX SKCIePHUMEHTOB
MOCTPOUTE TEHETUUECKYIO KapTy 3TOro ydacTka X-XpOMOCOMBI. [10 BO3MOXKHOCTH HMCTIONb3YHTE
CPEIHEB3BELICHHBIC 3HAYCHHUSI.
Oxrenepumenm 1. Camku 3xuHyca (€ChiNUS), CKpelleHHbIe ¢ MUTKOBBIMUA OCCHKUIIKOBBIMU (SCUtE,
crossveinless) camuamu, 1anu BCeX CaMOK JUKOTO THIIA M BCeX camioB axuHyca (echinus) B F;. Tlpu
aHAJIMUPYIOLIEM CKpEIIMBaHUM caMOK F; pesynerarsl (BKJIOYas MOTOMCTBO KaK MYKCKOTO, TaK M
’KEHCKOTO TI0JIa) OBUTH CJICTY FOLIIIMH:

810 echinus 62 echinus, scute
88 crossveinless 103 echinus, crossveinless
89 scute 828 scute, crossveinless
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Oxrenepumenm 2. Camku Crossveinless ckperiennsie ¢ echinus,cut cammamu 1amm Bcex caMOK JTHKOTO
THIIA U Bcex caMIioB Crossveinless B Fy. Ilpu aHanm3upyromieM CKpeIIMBaHuA CaMOK F; pe3yisrarbt
(BKIIOYAsI TIOTOMCTBO KaK MY»KCKOTO, TaK U >KEHCKOTO ToJia) OBLTH CJIeTy FOLUMH:

2207 crossveinless 273 echinus, crossveinless
5 wild type 265 cut

3 echinus, crossveinless, cut 223 crossveinless, cut
2125 echinus, cut 217 echinus

Oxenepumenm 3. CkperBanue cUt camok ¢ vermilion, crossveinless camiiamu B HOTOMCTBE JaJIH BCEX
CaMOK JTUKOTO TUMa U CUt camioB B F;. [Ipu aHanu3upyomeM CKpeIMBaHiu caMoK F; pesysbrars
(BKITFOYAs! IIOTOMCTBO KaK MY)KCKOTO, TaK M )KCHCKOTO T0J1a) OBLIH CIICAY FOIIUMHU:

766 vermilion, crossveinless 73 vermilion

759 cut 85 crossveinless, cut

140 vermilion, cut 2 wild type

158 crossveinless 2 vermilion, crossveinless, cut

91. YV ToMaToB M3BECTHHI CIAEAYIOUINE MAaphl MPU3HAKOB: 101 OKpymiblid (O) u muockuit (0),
OTyIICHHBIH (p) 1 HeomymeHHbIH (P), iBeTKH onuHOouYHbIe (S) 1 coOpaHHbIe B colBeTHe (S). Bee Tpu
reHa HaXxoJsATcs BO BTOpoii xpomocoMe. Ha 0cHOBaHMHM pe3y/bTaToB aHAIM3HUPY IOLIETO CKP CIIBAHKS
OTpeaeNnTe TOPSIOK I'eHOB U PAaCCTOSHHUE MEXKAY HHUMH, T€HOTHIBI HCXOJHBIX TOMO3HMTOTHBIX
pacTeHui.

OPS — 73 oPS - 110 OPs — 348 oPs — 2 OpS — 2 opS - 306 Ops — 96 ops — 63

Pewenue 3aoau

80* Cuauana nmumiem nano. /lano aeiicteus reHos: AB — kpacHbIif, aB — Oeubiid. [Toka3siBaem
pOAUTENEH U TOTOMKOB:

1) PQ g = F,2264 Gemsit, 1651 AB, 2) PQ 2—2 = F, 2274 Gemsiii, 162 AB
Hy)KHO OHpe,Z[eHI/ITI) BCJ'II/ILII/IHy KpOCCI/IHFOBepa. HepeXOZ[I/IM K peHIeHI/IIO 3ada4u. HaHI/IIHeM

AB _ _aB . — AB
cxeMy CKpemruBanus : P9 TR Jd—. Tonyuennsiii F; —kpacuoro nsera. [[poBeneM aHaIM3UpyIOIIEee
aB aB

AB aB
CKpEUIHBaHUE. PQ—B X d—. MarepuHcKas 0cO0b JaeT 4 pa3HbIe THIBI TAMET, CAMEL] — OJIHOTHITHBIE
al aB

rameTsl. 3anonsseM pewerky [lennera. Pactenuii ¢ kpacHbIMU LIBETKaMU BHYTPH peleTku — 1651, ¢
Oempivu iBeTKaMH — 22 64. YToOBI HAMTH KOIMYECTBO PACTEHHIA C KPOCCOBEPHBIMU OCIIBIMH I[BETKAMH,
MPOUCXOIALINX U3 KPOCCOBEPHBIX TaMeT, Mbl IojlaraeMcsi Ha paciieruieHue B F,. M3BecTHO, 4ytO
cootHouenne paBHo 1 :1: 1 : 1. KomnuecTBO HEKpOCCOBEPHBIX KPAaCHOLBETKOBBIX B perieTke [lennera
paBHO 1651, KOIMYECTBO HEKPOCCOBEPHBIX OCJIOIBETKOBBIX PaBHO 1651, TO €cTh KOMMYECTBO OEJIbIX
IIBETKOB Takke paBHO 1651. M3 umcma Bcex OenmbIx NBETKOB 2264 oTHATH — 1651, KOMM4YECTBO
KPOCCOBEPHBIX OCJIbIX IIBETKOB OyaeT — 613.

OmnpenensieM BenMUuHy KpoccuHrosepa no gopmyse: K% = a/A x 100%. A — konmu4ecTBO Beex
MIOTOMKOB aHAJIM3UPYFOLIETO CKPEIMBAHUSL, @ — KOMIMYECTBO KpoccoBepHbIX ocodeit. K % =613/3915
x 100% = 15%.

aB A_

o AB B
Tenepp mepexoarM KO BTOpO# yacTu: PP = X Op Fy 5 KpacHoro nsera. [IpoBoanm
B a a

AB aB
aHaM3Mpyollee cKkpeuuBanue PY 3 X 3 . Mle7aeM aHajM3 MoNyYeHHOTo rubpuna. B F, —
KpoccoBepHble raMeTsl — AB u aB, ux mnomydeHHbIX 162 pacTeHus ¢ KpacHBIMH LIBETKaMU OyIyT
KpOcCcOBepHBIMHA. UTOOBI HAUTH KPOCCOBEPHBIX cpenu 2274 GenouBETKOBBIX, MBI [IOJIATaeMCsl Ha
MpaBuJIo, I7ie KOMMUECcTBO 0co0eil KpoccoBepHsIX Beerna paBHbl (Fy, 1 :1:1: 1) Mexny coboii. To ecth
KOJIM4YECTBO KPOCCOBEPHBIX OeJbIX 11BETOB OyneT— 162. OnpenensieM BeMuuHy KpoccuHroepa: K=
324/2436 x 100 % =13%.
Teneps nepeiiemM kK 0pOpMICHHIO pEIICHNUS 3a/1a4H:

Mano: Pewenue:

o AB aB
AB — xpacHblii PR =x J=.
aB — OenbIit AB “as

G AB aB
P a®
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F, 2264 Geretit, 1651 AB,

Ab aB
2)PQ I

Fp 2274 6enprit, 162 AB

Haumu:
K% - ?

Otser: |. K% = 15% Il. K% = 13%

81*
Mano:
ABJ
AB-20% BJI - 10%
|, p QIS4 paoa

AB/l ~ aBf
+++

1. P 9:—23E

Haumu:
F, rameTs - ?

Q
F, aB+aB+a— ?

AB
F, — xpacHoro 1Bera.
aB

[IpoBenem aHanM3UpyrOLIEE CKPEIIMBAHUE. PQ% X 6:—2.
Fo

Kpacusrit — 1651

Kpoccosepubriit Oenbiii — 613

Bcero Genpbix - 2264

Beipie He kpoccoBepHbIe - 1651

K=a/Ax 100%

a=2264 - 1651 =613

A =3915
K%=613/3915 x 100% = 15%.
2) Tenepp nepexonuM KO BTOPOU YaCTH:

AB aB
PQ R 35,
G AB aB

AB

F1£ KpacHOTO IIBeTa.
[IpoBoguM aHaM3MpYIOlIee CKpeIlnBaHue

AB aB
PQ — x 3=

aB aB
B F, — xpoccoBepHbie ramersl — AB 1 aB, 13 monyueHHbx 162
pacTeHUs C KpaCHBIMHU IIBETKaMU OyIyT KpPOCCOBEPHBIMU.
OmnpenensieM BeJIMUMHY KPOCCHHIOBEpa:
a=162+162=324
A =2274+162=2436
K=324/2436 x 100 %~13%
K=324/2436 x 100 % ~13%.

Pewienue:

AB/l ,aBf
l.P 9 AB[[g aBJ
G AB/] aBJ

L

aBz

F. G 68%

ABJ|
—4 HE KpoCCOBepHbie

Kpoccosepansie: 20% 10% 2%
AspnaB/l ABpas/l A/l aBp,
10 10 5 5 1 1
K;=K; xK;/100% =20 x 10/ 100% = 2% (nBoiiHo#
KPOCCHUHTOBED)
Ecom  npumste Bce rTameter 3a 100%, mporeHT
HEKPOCCOBEPHBIX OyZeT -
K% =100% - 32% = 68%

F++ +++ F++
1. szz—iﬁ Q PQ asa X & aBx ramMeThI

KPOCCOBEPHBIE
34% 5% 10% 1%

G aBg +++

G ponutreneir +npate+
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Tt
Fiasn 34%10% 5% 1%

aBJl attaBt+at I

HpI/I CIIMAHUN POAUTECIIBCKUX I'aME€T U 3allIOJTHECHUHN PCIICTKUA

Q
Ilenuera BF, aB + aB + 571071 TOJTy 4aeMBIX 0,25% (aB +

(5%) x aB +(5%) 5 X 5 / 100% = 0,25%)

AB/laBn ABnaBJl ABp aB/l AB/laBn,
OTser: |. Fl—a———ﬂ——ﬂ—ﬂ—
34 34 10 10 5 5 1 1

Il.LF, aB+ aB +§ 0.25%

83. CHauana 3anumiem naHo: D — okpameHHslid, d — HEOKpallleHHBII; S —MOPIIMHUCTHIH, S —
o o o DSW ,dsw, dsw
mmaakuit; W — KpaXMaticThlid, W — BOCKOBHIHBIN. P 9— Q

DSW ~ dsw
DSw DsW dsw dSW dswW DSW dSw Dsw

601’ 4

1

dsw

T )

2708" 113’ 626’ 2538° 2 ’116
HeobxomuMo TMOCTPOUTH KapTy XPOMOCOMBI U TTOKa3aTh MECTOTIOIOKESHHUE TSHOB.
[puctynuMm K perieHuto 3anadu: P QM dow Dw P QMX dow
pucty p A ’ W~ dsw Ydasw dsw dsw
DSw DsW dsw dSW dsW DSW dSw Dsw
T'ameTer —, , —, —, —, ——, ——, ——
601’ 4 ’ 2708’ 113’ 626’ 2538 2 ’ 116

YT0oOBI MOCTPOUTH KAPTY XPOMOCOMBI, HAM HYXXHO OTIPEIEIUTh MPOIEHT KpoccuHroBepa. Jlms
3TOTO BOcmonb3yemes popmynoit: K % = a/A x 100% A — o6mias cymma F, papao 6708. CHavyara Ham
HYXXHO HaiTH MPOIEHT KPOCCHHTOBepa Mexy TeHamu D m S. s 3TOro cymMMupyeM KOJIM4ecTBa
kpoccoBepubix ramet(DsW, dSw, dSW, Dsw): a = 4+2+113+116 = 235. Teneps omnpeneinm
Kkpoccunrosep mexay remamu S u W (DSw, DSw, dsW, dSw):

a=601+626+4+2=1233. OnpexaensgeM MpOIEHT KpoccuHTOBepa Mexay reHamu D u S: K% =
235/6708 x 100% = 3,5%. IIpouient kpoccuurosepa reHoB Su W : K% = 1233/6708 x 100% ~ 18,3 %.

Paccrosinue mMexny OByMsl KpallHUMU TeHAMH PABHO PACCTOSHHUIO MEXKAY TPEMS COCETHUMU
TeHaMH, TO €CTh paccTosiHue Mexay reHamu D u W pasno 3,5% + 18,3% =21,8%. 310 10omKHO OBITH
JI0OKa3aHO CJIEIYIOIIMM 00pa3oM: KpOCCOBEpHBIe TaMeThl Mex a1y reHamu D u W. DSw, dSW, dsW, Dsw.

a=601+113 +626 +116 =1456

DW K% =1456 /6708 x 100% =21,7%.

Paccrosaue mexny renamun DW nomkHOo OBITH paBHO 21,8%, omHAaKO pe3ysibTar SKCIIEpUMEHTa
Mmokas3eiBaeT Toibko 21,7%, To ecth He xBaraeT emie 0,1%. D10 cBsA3aHO ¢ TeM, UYTO HapSAY C

OAWHAPHBIMHU KPOCCHUHIOBEpaMn OAHOBPEMCHHO ITPOXOANII U ﬂBOﬁHOﬁ KPOCCHHTICP. Ter[epl, HaM HYXHO
DsW  dSw

n T, Kz% :( Kl X
K1)/ 100% TeopeTuueckas oxxunaeMocThb qBoiHOro kpoccunrosepa: K,%=(3,5%x18.,3 %) / 100%
0,6%. Bemmuuna ¢pakruueckoro kpoccunrosepa pasna 0,1%. Paccrosuue mexny reramu DW K%
21,7% + 0,1% = 21,8%. /i1 KONMMYECTBEHHBIX OIICHOK YPOBHS MHTEP(PEPECHIMU HCIIOIb3YETCS
k03¢ prunmenT KoM IeHIMN — C, KOTOPBIN PaBEeH OTHOMICHHUIO PEaTbHOW YaCTOTHI IBOMHBIX 0 OMEHOB
K TEOPETUYECCKHU OKUTAEMOM 4acToTe (T. €. IPH YCIOBHH, YTO OOMEHBI B COCETHAX yIaCTKaX X POMOCOM
saBistoTCs HezaBucuMbiMK). C=0,1/0,6~0,17, 1. e. C < 1. Besmuuny unreppepenimu (1) onpenensror

mo dopmyrne 3:

HaWTH ero BeIM4uHy. KpoccoBepBble raMeTsl OT JBOWHOIO KPOCCHHIOBEpa

I=1-C (3)
Ecmu C< 1, T0 unmepghepenyus nonosicumenvras, T. €. OMTMHOUHBIN 0OMEH MPEMATCTBYET 0OMeHyY
Ha coceiHeM ydacTke Xxpomocomsl. Ecim C > 1, To unmepepenyus ompuyamenwvhas, T.€. ONUH 0OMeH
Kak OBl CTHMYyJIHMpYeT JIOTOJHUTEIIbHbIE OOMEHBI Ha COCEIHMX y4acTKaX. B JeicTBuTENBHOCTH
CyIIECTBYET TOJBKO TIOJIOXKUTENIbHAS HWHTEPPEpeHLMs NPU PEUUNPOKHONH pPEKOMOMHALMM —
KPOCCHHIOBEpE, a KaXKyIl[eecs HeCllyYailHbIM COBIIaJIeHHE IByX U Ooliee 0OMEHOB, XapaKTepHOE ki
0YEeHb KOPOTKUX PACCTOSHUM, PE3yabTaT He PEIUIPOKHBIX COOBITHHA MPU PEKOMOMHAIINH.
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YtoObl HapwWcOBaTh KapTy XPOMOCOMBI, TPOBOJUTCS TpsiMas JIMHUS B TOPHU30HTAIBHOM
HanpaBJIeHUH, Ha KOTOPOIl OTMEYaeTCs pacloNOKeHHE TeHOB B OTIpeIeICHHOM Hopsiake. To ecTh reHsl
D u W pacnonoxeHsl Ha 000MX KOHIIaX, a TeH S pacmnoiokeH oirxe k reny D, Ha pacctosauu 3,5 %
(v Mopranuna). OTBETUB Ha BONIPOCHI 3aJ1a4H, IEPEXOANM K €€ 0(pOPMIICHHIO.

Mano: Pewenue:
D- okpaiueHHsIHA po2SW . gdsw

- I DSwW dsw
Csj HEOKPATICHHBIH I'amera JISWdsw

- MOPIIUHUCTBIN
S - maJKuI DSW
W- kpaxmanmmicThii i Fy dsw
W - BOCKOBHUIHBIN
PQDSW dsw,, PQ DSW dﬂ/

DSW ~ dsw dsw dsw
POF1 @dsw FTﬂV’M’dS_W"iS_W’“_W
601’ 4 ’2708’ 113’ 626

= DSw DsW dsw dSW dsw DSW dSw Dsw

1601’ 4’2708’ 113" 626 2538’ 2 '116
DSW dSw Dsw DS K% =235/6708 x 100% = 3.5%

=38’ , SW K% =1233/6708 x 100% = 18.3%
2538 2 116 DW K% = 1456/6708 x 100% = 21.7%

= DW K% =21.7%+0.1% =21.8%
Haiimu:
-9
Kapra xpoMocoMHI - * 21.8%
D S w
3.5% 18.3%

Omeem: D -35%-S-18,3%-W,D -21,8%-W.

85. [laHbl [e#icTBUS T€HOB M BEJIMYKMHA KpOCCHHIOBepa: X*— 310poBbIit, X*— remo s, X2 —
310poBbIii, X — nansroansm; K% = 9,8% mesxy a u B. Poqureneil )eHIIUHBI 6epeM B CKOOKH U ITHIIIEM
B psiji, YTOOBI HE TIEPEyTaTh.

X x48 AB AB X XAP AB ab
1. P2 (PR3 & X2PY) PAXAPY 2. PO (P77 XA Y) PAX® Y
B NEPBOM Cclydae HEOOXOIHMMO OMpEeAeUTh ()EHOTHI POAMBIIHUXCS JETEH, BO BTOPOM
F%;— X X® MpoLEHT JIeTel, KOTopble Takke OyayT cTpagarh X2,

[Ipuctynaem k pemrenuto 3aga4un. CHavasaa onpeesseM reHOTHUIT KEHILHbI, HA OCHOBE JaHHbIX
AB

PO €€ pOAUTENEH, U TaK, TE€HOTHII >KCHIIHUHBI - PQ JUTeTEepO3UroTHBIN. [Inmem cxemy

xab
XAB
CKpelrBaHus U 3anonHsieM penietky [lennera. |. P EE < X XABY. Tlpu ananmu3e perieTkd [IeHHeT MbI

JIOJDKHBI pa3/leNIuTh BeMYUHy KpoccuHToBepa (9,8%) Ha nBa kpoccoBepHbie: AB U aB rameTs! 1o
4,9%. UToOBI OTIpENeIUTh MPOLCHT KX 0K KieTkH, 3amumieM 100 mpomeHToB: 1t camok — 45,1% He
KpoccoBepHbIe, uireM 4,9% 11 KaKaoi U3 KPOCCOBEPHBIX TaMeT. A y camila KpOCCHHTOBED He
MPOUCXOIUT, OITOMY 3alMChIBaeTCs MO 50 MPOIEHTOB HA KAXyI0 raMeTy. J[eBouKu, posKaeHHBIE OT
atoro Opaka, okazamuch Ha 100% 310pOBBIMU, & CHIHOBBS — Ha 72,55% 310poBbMH, Ha 2,45% -
JlanbTOHUKaMu, Ha 2,45% - reModummkamu v Ha 22,55% - 1anbTOHUKAMHU ¥ TeMO(QUITHKAMH.

Teneps pemraemM BTOPYIO 4acTh 3aiadd. Mbl onpenesisieM IeHOTUI JKEHIIMHBI, DI Ha ee
Ab

X
M z AB
ponureseii: P9 Yab" I'eHoTn My>X4YWHBI JaH PAXABY. Heobxoqumo OINPEAECIUTh MPOLECHT
pOXIaeMOCTH neBoqu W MaJIBYUKOB, KOTOPHIE CTpaIatoT 00oumu 3a0oieBanusimMu. [locTponm cxemy
CKpEIMBAHNU: PQ = X JXABY

3anonHsiemMm pemeTKy [TenHeTa 1 MPOBOIMM aHAJIH3 IOy YE€HHOTO moTomMcTBa. 2,45% (4,9 x 50 /
100% = 2,45%) poxxaaeMbIX IE€BOYCK U MAJIBIMKOB OKaXyTCS NaJbTOHUKAMH U TeOMO(PUIHKAMIL
OTBeTWIIM Ha BOMIPOCHI 3a1a49H, TEIEPh NEPEXOANM K 0(OPMICHHIO.
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/ano: Pewenue:

XA — 3510poBBIif; X* — reMopumst XAB AB

XB — 3n0poBbiif; X° — nansronnk P Qs X XY

aB K % =9,8% . .
X X AB F 100% - 3mopoBebiit; 72,55% — 310poBbiii, 2,45%

1. PQ; (PQ@ IXLY) PAXEY — JaNeTOHUK, 2,45% — remodummk, 22,55% -

JIaJIETOHUK U TeMO (P UITHK.

X XAb
2. POX (POXT IX Y) PAX®Y "
2. PQX_aBX X @EY

Haumu:
xab . F — 2.45% remohuimk u 1ambTOHUK
1.F%-7?2. F%Qﬁ IX®Y-?

Omeem: 1. F — 100% - 3nopsriid. F 72,55% - 3noposeiit; 2,45% - nansronuk; 2,45% - remounux;
22,55% - nansToHuK ¥ reMopmmK. 2. F — 2.45% - 1ansTOHUK U TeMO (PUITHK.

89* Pemenue:

1. B peniennn gaHHOM 3a7]a41 MOXXHO HCIIONBb30BaTh KAPTY XPOMOCOMBI Ip030(misl (puc. 11)
WM [TPOaHAIM3UPOBATh PE3yNBTaThl OT aHAJIM3UpYyolIero ckpernuBanus. Ebony naxomurcs B 111-i
xpomocome — (sokyc 70,7), bar (57,0) u miniature (63,1), Ha apyroii (I XxpoMocome), 3T0 BUIHO U 110
pe3ynbraraM CKpelnuBaHusl.

_ 57 +64 121
2. Onpenensiem paccrosiHie Mexxay bar u miniature;:———————% 100 = —* 100 = 21,4%
226+218+57+64 565
Omeem: xpomocoma Xpomocoma Il — ebony
xpomocoma | — Bar 214 miniature

90* OdopmuM perieHUe JaHHOM 3a7a4 CICAYIONUM 00pa3oM:

Hano: Pewenue:
ec — 3XI/IHyC P ecsct+cv+ ect+sccv
? ecscxrcvr ¢
SC - 6e3 IMETHHOK -
OV HeT OeReSHOf MU | 6 5o v e sc v
0 —
Fecsctcvt © tevi v
Fi oIMKUii THIT 39X HHYC F,  Sescreve s SVEReV
816 ec sc* cv* : 1% ectscev ©
R JUKAN TUI DXHHYC
828 ec* sc cv N )
.ot Haiinem paccrosgane Mexay €C u SC:
88 ec*sc* cv 62+88 150
+ + K= *100 = *100=7,6 M
89 ec” sc cv 810+828+88+89+62+103 1980 ’
62 ec sc cv* Haiinem paccrositHue Mexay SC u CV:
103 ec sc* cv Ko%= 88+103+62+89 £100 = 3% 4 100 = 173 M
Haiimu: _ 810+828+88+89+62+103 1980
P : Haiizem paccrosiHie Mexay €C U CV:
aCCTOSTHUE ME reHaMu 89+103 192
A ad K= 100 = —2 %100 = 9,7 M
(9)~ 810+828+88+89+62+103 1980
Tenepp OTMETUM NOPALOK FEHOB HA YCJIOBHOM XPOMOCOME:
sc 7,6 ec 9,7 cv
[ @ ®
“ 7
h'd
17,3
Omeem:
DkcrnepuMeHT 1: sc (7.6) ec (9.7) cv
DKCTIepUMEHT 2: ec (10.3) cv (8.4) ct
DKCIIEPUMEHT 3: cv (8.2)ct(15.2) v
leHeTHueckas kapra: sc (7.6) ec (10.1) cv (8.3) ct (15.2) v

91*. Pemenue 3aaa4u 0pOPMIIETCS CISTYIONTUM 00pa3oM:
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Hano:

O — 1o OXpyDIBIN

0 — M. TUTOCKUH

P — omymieHHsbIi

P — HEOIIyLLIEHHBIN

S — OMHOYHEBIE [[BETKHU

S — coOpaHbI B COIBETUS
OPS-73

OPs — 348
OpS-2
Ops — 96
oPS - 110
oPs -2
opS — 306
ops — 63

aHAJM3UPYIOIIEe CKPEIIBaHUE

Haumu:

[Topsimok TeHOB U paccTosHUE
mexay HumHu (K%), reHoTursr
poautenei

Pewenue:
Taxk kak B 3a1a4e TOBOpHUTCS 00 aHAIU3UPYIOIIEM CKp eTlIMBaHUH,
CJIeOBATENbHO, OIMH W3 POJUTENCH SBISIETCS pelecCUBHOM

. ops
TOMO3HUI'OTOH U €TI0 T'C€HOTHII o8
ops

PaccTtosHme Mexny TeHaMH XapakKTepU3yercsd 4acTOTOM
o a
KPOCCHHTOBEPA, KOTOPOe BhIpaxkaercs Ghopmynoit K = T* 100% ,

IJI€ a — YHCII0 KPOCCOBEPHBIX 0c00ei, A — 0011Iee YuciIo 0coOei.
HaiineMm paccrosgHre MeX1y F€HAMU:

1)L a=2496+110+2=210; K = 22 % 100 = 21%
op 1000

2) 5 2 =73496+110+63=342; K = = x 100 = 34,2%
ps 1000

3) 8 4 =734242+63=140; K = —2 % 100 = 14%
0S8 1000

Taxum 006pa3oM reHbl B XpOMOCOME PACTIONOKEHBI B CIIELY FOLIEM
nopsake P—O—S. Ho TeopeTnueckoe paccTosiHAE MeX Ty TeHaMU
P u S pasao 21%+14%=35%, uTt0o HE COOTBETCTBYET
IpakTHYeckoMy paccTostHUI0 34,2 %. IT0 BOZMOKHO TP JBOHHOM
KpoccHHTOBepe Mexny reHamu P um S. Temeps HeoOxomumo
OTIPENENIUTh YacTOTy TaMeT, 00pa30BaBIIMXCS IMPH JJIBOWHOM

KPOCCHHTOBEpE, Iy TeM MIPOM3BEICHIS OJTMHOYHBIX
KpoccuHroBepoMm Mexay P—Ou O —S:
_ KpoxKps . _ 14x21

2 Ko = = 2,94% - TeopeTUICCKH 0XKUACMBII

_ 100% 100%
JIBOMHOM KPOCCHHTOBED.
[Mpakruueckuii kpoccunrosep: K, = 35% - 34,2% = 0,8%
Torna, paccrosaue mMexny reaamu P u S = 34,2%+0,8%=35%
[Topsimok TreHOB B XpOMOCOME H300pa)kaercs CIEAyONIM

oOpazom:

P 21 O 14°S

@ L 4 L J

N _

35 Y
[enorunsl poaurenei: ¢ % U %z
Otger: 1) ITopsaaok renos: POS. 2) Paccrosiaue mexay renamu: (PO)=21, (OS) = 14, (PS) = 35. 3)

p_OS
pos

. POs
['eHOTHIIBI poauTECiH: —H
po

KOHTpO.]IbeIe BOIIPOCHI

1. Yto Takoe clericHre reHOB U KPOCCUHTOBEp?

2. KakoBo OHONOTHYECKOE 3HAYCHUE KPOCCHHTOBEpa?

3. Kak kmaccupuuupyercss KpOCCHHIOBEP B 3aBUCMMOCTH OT KOJIMYECTBA U KadyecTBa?
4. Kak ompenenmTh NpONeHT KPOCCUHTOBepa?

5. Kak mocTpouT reHeTHYeCKyo KapTy?
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VI. MONYJISAHNOHHASA TEHETUKA

THonynayus (0T Nar. «IOMYJSIIIOY» - PE3UACHT ) — TEPMUH OB BBEJIEH B TCHETHUECKYIO HAYKy B
1903 rony B. Morancenom. COBpeMEHHBIH TEPMHH MOMYIANS, KOTOPBIH OIMHAKOBO MPUMEHNM K
00bEeKTaM KaK paCTeHUH, TAK U JKUBOTHBIX , MOXKHO C(HOPMYIIPOBATH TaK: COBOKYITHOCTHOCOOei O1HOTO
BU/1a, 3aHUMAIOIIUX OTNPEEICHHYI0 TEPPUTOPHIO OHOTO MM HECKOJIbKUX OHMOIIEHO30B, CBOOOTHO
CKPEIIMBAIONIMXCS MEXKITy COO0H M JAIOMIMX IJIO0BUTOE TOTOMCTBO. [lomyrsiiyst — 910 BUA U IpocTast
€IMHULA U3MEPEHUS IBOJIIOLIUH.

T'enemuuyeckas cmpykmypa nonyiayuu — 370 COOTHOIIEHHE ¥ Ha0Op asuiesieil TeHOB BceX 0COOSH.
I'eHeTnyeckass CTpyKTypa MOMYJSIMHA TaKKe BKIIOYAEeT MOHATHE T'€HETHYECKOIO BeCa BPEIHBIX
ajyiesiel, Ha KOTOpPBIE €CTECTBEHHBIH OTOOP AEHWCTBYET OTpHULATENbHO. M3ydueHHEeM TeHeTHUEeCKOH
CTPYKTYPBI 3aHUMAETCSI MOMYJSIIIMOHHAS TeHETHKA.

B momynsanuoHHON TeHeTHKe YacToTa TeHOTUIIOB M ajlielie BhIpa)kaeTcs mo-pasHomy. llpu
pelIeHNH 3a/1a4 YacTOTa ITEHOTHUIIOB U aJuleiel BhIpakaeTcs eIMHUYHOM ApoObto, Hanpumep, 0,28 nm
0,00031. PaccMoTpUM HECKOIBKO MPUMEPOB pacueTa YacTOThl T€HOTHUIIOB U ajuieiel eIUMHUYHON
JIpoOBIo B Tabmmie 4.

Tabnuya — 4
Pasznuunvie cnocobvl onpedenenus 4acmomol 2eHOMUNA UlU AA1els Pacuem yacmomol,
BLIPANCEHHOU — eOUHUHHOU
0pobbvio
N3 420 yenoBek B HcclieyeMo i OMyIISIUN 84 UMeIH JOMUHAHTHBINA 84:420=0, 2

MIPU3HAK.

B omHOW W3 momymsmMiA JOOU C Pe3yC-TONOKUTENBHOW KPOBBIO 15:100=0,15
(perecCHBHBIN TPU3HAK) COCTABIIOT 15%.

Yacrtora 00NIbHLIX (heHUIKETOHYpHei pasHa 107, 10“#=1:10000 = 0,0001

PacmpocTpaHeHHOCTh aXOHAPOIUIA3UN B €BPOMEHCKUX MOMYIISIHSIX 0,02 : 1000 =0,00002
coctanysieT 0,02 Ha 1000 HOBOPOXKICHHBIX.

Aunkanronypus Bctpedaercs ¢ yacroroit 1: 100000. 1:100 000 =0,00001

HWccnenyemsrii mpusHak BeTpedaeTcs ¢ gactoroi 0,09 B momymsiim ¢ 0,09:0,3=0,3
30% HemomHOM NeHETPAHTHOCTHIO.

Korma Mpl wu3ydaem IpolecC 3BOMIOLMHM, Mbl CMOTPUM HAa TIE€HETHMYECKHE TEHACHIMH,
MIPOUCXOIALIKE B NOMYJILMY. | eHeTHYecKas 3BOIOLNS - 3TO U3MEHEHUE YACTOThl TEHOB B U3BECTHOM
nonymsiuuu. IlosToMy mNONYIALMOHHYIO T€HETHUKY TaKKe MOXHO paccMarpuBaTh KakK 4YacTb
9BOJIOIIMOHHOM T'€HETUKHU.

Konuenuusi, npoTuBONONOKHAS MOMYISALNN 110 TeHETUYECKOU CTPYKTYPE, - 3TO YUCTasl JIUHUSL
IToTOMCTBO CaMOOMNBUIIEMOTO OTAEIBHOTO PACTEHUS CUUTAETCS YUCTOM JIMHUCH.

CormacHo 3akoHy Xapnu-BaitnOepra, mpu oTCyTCTBHU (PaKTOPOB MPOCTOTO ABOIFOIMOHHOTO
npotiecca (MyTarum, 0To0pa, MUTPaIliy U ipetiha reHOB) 4aCTOTaTreHOB (aJIeliel) IMOMyISIUY OBICTPO
JIOCTUTAEeT U3BECTHOTO PABHOBECHS U HE U3MEHSIETCS B TEUEHUE BCEX MO CIEAY IOIIMX MOKOJICHHUH. 3aKoH
Xapnu-BaiinOepra TpeOyeT cienyonux ycioBuii:

+ BO-TIEPBBIX, KOJIUYECTBO OPTaHU3MOB, BXOJAIIMX B MOMYJALHUIO, JODKHO OBITH
JIOCTATOYHO BEJIMKO;

+ BO-BTOPBIX, YTOOBI pa3HbIE TEHOTHUIBI HMEIH OIWHAKOBYIO DPEIpPOIyKTHBHYIO
CIOCOOHOCTB;

+ B-TPETHUX, COXPAHEHHUE CIAyYaHHOTO CKPELIWBAHUS B MOMYJIALIUH.

[lon ciayyalHBIM CKpEIIMBAHMEM WM NAaHMHKCHEH MOHMMAaeTcs CBOOOAHOE CKPEIIMBAHHE
OPTaHM3MOB, BXOIAIIMX B MOMYJHIHIO, TII€ YacToTa BceX KOMOWHAIUI OTpaskeHUH onuHakopa. B
WHANBUAYAILHOM MOPSJIKE, HAMPUMEpP, TeHOTUIT AA  MaTepHUHCKOTO OpraHU3Ma MOXKET CJTyqaiiHbIM
00pa3oM CKpelMBarbcs camioM ¢ reHorunamu Aa, aa uin AA 6e3 Kakux-1mbo MpeuMyIecTB.
CrnenyeTt nonumars, 4to ITaHMUKCHUS coXpaHseTCsl HA YpPOBHE raMer.

3akon Xapnu-BaitnOepra Beipaxaetcs Gpopmyoii 4. [Ipennoiaokum, 4To 4acToTa AByx-a u A-
aJuleJiel B ONPENEICHHOM MOMYJISIUY PaBHa ( U .

p+g=1 4)
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l'ameTsI ¢ anesieM A BCTpeUaroTesi ¢ 4acTOTOH P, TOTJa KaK raMeThl ¢ ajlieJieM a UMEIOT YaCToTy
g. Ecnu cimsHue ramet ¢ 00pa3oBaHUEM 3UTOTHI TPOUCKXOIUT CIIyHalHBIM 00pazoM, To reHoTun AA
4acTOTa 3UTOTHI paBHA P2, TeHOTHIT Aa 4acToTa 3UTr0THI paBHa 2P(, @ TEHOTHIT aa 4YaCTOTa 3UTOThI PaBHA
Q% T. e. wieHsbl KIaccuukanuu OnHOMHUAILHON hopmyisl (PA+a)? =p?AA+2pgAa+q2aa).

['OMO3HUTrOTHBIE T€HOTHUITBI CIIEAY FOILETO MOKOJIEHUS JAOT TOIBKO OMH TUII TAMET, B TO BpeMsl KaK
reTepO3UTOTHBIC TEHOTHUITBI JA0T OTHO M TO e KOJIMYEeCTBO pa3HbIX ramer. Ecim kaxnas ocoOb B
MONYJSILMU 1aeT B CPEIHEM OAMHAKOBOE KOJIMUECTBO TAMET, TO JAOJI Ka)KIOH raMeThl 3aBUCHUT OT
4aCTOTHI PAa3IMYHBIX (PEHOTHUIIOB MOIYJISIINH, TIOTOMY

A-nomst rametsr: p? x 1/2(2pq)=p(p+q)=p

a-nmomst rametsr: (2+1/2 (2pq)=q (p+q)=q

CrnenoBarenbHO, 4acTOTa raMeT A U a, KOTopasi KOPPEKTUPYETCs B CBOOOIHOM CKpEIMBAHUN
MOCJIe OJTHOTO MOKOJIEHUs, KoTa HeT 3 dexra or0opa Wi MyTalliy, paBHA 4acTOTE TaMeT, YTO JaeT
Hayano 3Tod mnomymsiuuu. M3 3TOro crenyer, 4TO COOTHOILIEHHE F€HOTHIIOB HE MEHSETCA U B
MOCIIEAYFOIUX TOKOJIEHUSX.

N3 3akona Xapnu-BaitHOepra cregyeT BBIBOI: €CJIM HCXOJHBIE MYKCKHE W KEHCKUE 0COOU
MOMYJSIIIMY UMEIOT OJMHAKOBYIO YaCTOTy aJUlesiel, TO MPHU CIydyaHOM CKPEIIMBAHUN PaBHOBECHAS
94acTOTa JIOOBIX TEHOTUIIOB PEaM3yeTcsl B 00beMe OHOTO TMOKOJICHHUS.

Ucnons3yst popmyny Xapau-BaitnOepra, MOXXHO TIpOaHAIN3UPOBATh TEHETUYECKY O CTPYKTYPY
nomyysiuuu. YacToTy TOMO- ¥ T€T€pO3UTOTHBIX TEHOTHUIIOB B MOIYJISIIIUY 110 TOMUHAHTHOMY IPHU3HAKY
MOYXHO PaCCUMTATh C TOMOTILI0 popMysbl Xapau-BaitHOepra, uCmonb3ys KOIMYIECTBO PEIeCCHBHBIX
TOMO3HTOTHBIX 0c00eii (aa), GEHOTHIT KOTOPBIX SIBHO 3aMETEH.

3aoauu

92.* Hanpumep, B omyssitiuu u3 5000 oBe1 poawmch 2 clenbIX sTHeHKa. HeTpyiHo 1oTaarscs,
970 1e(HeKT — 3T0 AP PEKT pernecCHBHOrO TeHa, TO €CTh TEHOTHII CIICTIBIX ATHAT — aa. [1o hopmyne Xapmr-
BaitnOepra HaxoUM 4acTOTy 3TOrO I€HOTHUIIA B CTae.

g%aa = naa:N=2:5000 = 0,0004.

Tenepb MOXXHO HAWTH 4acCTOTy pellecCHBHOTO TeHa: (a = 0,02. s ompeneseHus] 4acToThl
JIOMMHAHTHOTO reHa o0paruMmcst K ypaBHeHHo p+q = 1:

pa=1-ga=1-0,02=0,98.

[Tockonpky yacToTa 000MX ajuiesei U3BECTHA, Mbl ONIPEACIIIEM TEOPETHYECKY IO TEHETUUECKYIO
CTPYKTYpY HOIYJISALUH 10 JIOKYCY, KOTOPBII MbI H3y4daeM, UCTonb3yst popmyiry Xapau-Baiinbepra:

AA =p?=0,982=0,9604 (95,04% wmm 4802 rojaoBsI)

Aa=2pg-2x0,98x0,02=0,0392 (3,92% nm 196 ronos)

aa=0?=0,022 =0,0004 (0,04% wnm 2 ronoBs).

Yr1oObI MPOBEPHUTH TOYHOCTH pacdeTa, HE0OXOMUMO JOOABHTH YACTOTY T€HOTHIIOB.

PacyeT cumraercs mpaBWIBHBIM, €CJIM UX CyMMa paBHa 1. B Hamem mpumepe KOJIM4YecTBO
reTepO3UrOTHBIX KHUBOTHBIX C T€HOM FeHeTHYeCKoro aedekra paBHo 196.

CoOTHOIIIEHHE TEHOTHUITOB TI0 TPEM aJUIETBHBIM JIOKycaM (Ha3oBeM UX Aj,A,,Az, 0003HaINM
4acTOTHI P, ( U I) pacrpeaesieTcs CiIeayonum oopa3om:

(pA1+ qA2+ I‘A3)2 = pz AA T q2 AL,A, +2 pAlqu +2 pAer3+2 QAerg;

CooTHOIIIeHNE TEHOTHIIOB 3/IECh COOTBETCTBYET 3aKOHY Xapau-BaiinOepra p+q+r=1 wm p+ g+
r=1 wm (p+ g+ r)?=1.

YT1oOBI MOHATH ONPEACIICHIE YaCTOTHI TEHOB B TPEX aJUICIbHBIX JIOKYyCaX, BO3bMEM B Ka4eCTBE
npumMepa cuctemy rpynn kposu ABO uenoBeka.

93*. lonmycTuM, B KaKOH-TMO0 MOMyISIIMA HAOMIONATKCE CIEAY IOIIUE YACTOThI TPYTIBI KPOBH:

A (ll-rpynna kposu. I'enorun AA n AO) = 0,43

B (II-rpymmna kposu. I'enorun BB u BO) = 0,17

AB (IV rpymmna. I'enorunn AB) = 0,04

O (I-rpynma kposu. I'enorun OO) = 0,36

O603naunm gactoty amwieneid A, B u O gepe3 p, g u r. Torna no 3akony Xapau-BaiiaOepra
gacrora perneccuBaoro OO reHoruma OyeT paBHa 2, OTCrona I =70,36=0,6.

CymmapHasi 9acTtora TpeTheil U MepBOil IPyIIBl KPOBU JOMKHA ObITh paBHa (Q + r )2
Cnenosarensro, (g + r)2 = 0,17 + 0,36 = 0,53, orcrona, q + r = 0,53 = 0,73. Msi 3Haem, uto I = 0,6,
nosTtoMy 4actora ayuiesist B Oyner pasua 0,13 (9 =0,73 - 0,6). A wacroraawiens A, p = 1-(q+r) - 1-0,73
=0,27. pA+qB+r0=0,27+0,13+0,6= 1.
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Eme onuu BeIBOA M3 3akoHa Xapau-BaitHOepra 3aximtodaercs B TOM, YTO pPEAKUE aJlJIen
MPHUCYTCTBYIOT B MOIYJISIIUY TIIaBHBIM 00Pa30M B TeTEPO3UTOTHOM, & HE B TOMO3HI'OTHOM COCTOSIHHH.
YacToTa pereccuBHOTO ajuielisl B MOTMYJISIIIMY PaBHA (, YaCTOTa PEIIECCUBHBIX aJUIeiel B TeTEPO3UIOTaxX
cocrasnset pPq (mososuHa oT 2p(), a B roMo3urotax — 2. COOTHOIIEHHe NEPBOI 4aCTOTHI KO BTOPOi
paBHO PQ/q?=p/q. DTa BenuUMHA TIPH MAJBIX 3HAYCHUSX ( MPUOIH3UTENHHO cocTaBiser 1/q .Takum
00pa3oM, 4eM HIKE YaCcTOTa aJlJielis, TeM OO0JIbIIas 101 3TOTO aJlIesisi HPUCYTCTBYET B MOMYJISIMH B
TeTepO3UTOTHOM COCTOSHUH. [IpuMepoM 3TOro SBISETCS PAaCIPOCTPAHEHHOCTh AIBOMHHM3MA H
AJKANTOHYPHUU B YEJIOBEYECKOM MOTYIISIIIHH.

94.* YacTora pereccuBHOro reHa ayibouamMa coctapisier npumepHo 0,01. HactoTa mroneit ¢
ans6uHn3MoM q?= 0,0001, T.e. oxuH Ha 10 THICSY, a YACTOTA reTepO3UroT 2 pq uiu okono 0,02.

(qa =~0,0001=0,01, pA=0,99, Aa =2 pq =2 x 0,99 x 0,01 =0,0198).

CrenoBaTtesbHO, 9aCTOTA BCTPEUACMOCTH I'eHa allbOMHHM3MA Y TeTePO3UroT (PaBHOE TOJIOBHHE
4acTOThI TeTepo3uroT: 2pq/2 = 0,01) B 100 pa3 6oabmie, yem y romo3zurot (0,0001).

95.* Yacrota nrojiet, cTpaiaronyx aabKkanronypueii (aa renorui), pasaa — 0, 000001, T.e. 1 na
1 mnu. YacToTa rereposurotr paBHa Aa = 0,002, a wacrora peneccuBHoro asiens papaa — 0,001,
CrietoBaTesbHO, YHCIIO TEHOB AJIbKANTOHYpHH B TeTepo3urotax npumepHo B 1000 pa3 6oibiire, ueM B
TOMO3HIOTaX.

3akon Xapaun-BaiinOepra mo3BoJsier pacCUnTaTh OKUIAEMYIO (MIH TE€OPETUIECKYIO) HaCTOTY
TeHOTHIIOB.

96* Hdomyctum, uto 500 amaiickux Jomraaei ObM paciieIUIeHbl IO JOKYCy reMOonoOrnHa B
caenyromem cootHomeHnn: 255AA 1 230 AB : 15 BB. braromaps siBneHUI0 KOJJOMUHAaHTHOCTH B
HaCJIeOBaHNK T'eéMOTIIOOMHOBOrO THIa, T0 ecTh rerHorursl HOAA, HbAB u HbBB, o6pa3oBanHbie
amwensiva HbB u HbB, serko ommuuth apyr ot japyra no ¢enorunam. CiaenoBaresibHO, 4acToTy
amteneit (PA, qB) MOXHO onpeneauTs Mo KOMMYECTBY (DEHOTHUIOB:

PA=2AA+AB/2N=2x255+230/2x500=0,74

gB=2BB+AB/2N=2x15+230/2x500=0,26

wm B =1- pA =1-0,74 =0,26.

ITo wgacroTe ajuenei ompepenseM TEOPETHUUECKOE pACHpPENENEHNE YacTOT JIOIMaAed Io
TEeHOTUIIAM TEMOTJIOOMHOBOTO THIIA:

A4 =Nx pA

2=1500x 0,742 = 273,8 ocobeii (54,76%)

AB =Nx2pAxgB=500x2x0,74 x 0,26= 192,4 ocobeii (38,48%)

BB =Nx ¢?

B =500x0,0676= 33,8 ocobei (6,76%)

OTcroma MOKHO CIeaTh BBIBO, YTO UCXOAS U3 3aKoHA Xapau-BaitnOepra, eciii Ha OISO
HE BIIUSIOT IPOCTHIE SBOTIOIMOHHBIE (PaKTOPhI, yacToTa reHoTuroB (AA =0,5476; AB =0,3848 u BB
= 0,0676) B ceayrONMX MOKOJICHUSIX OCTAHETCS] HEM3MEHHOW. Bru3yanbHoe cpaBHeHNE (PaKTHUECKOM
yacToThl reHoTHNA nommysinnd (AA =255; AB=230; BB =15) u ero Teopetnueckoii uactotsl (AA =
273,8; AB=192,4; BB =33,8 ocoleii) mOKa3bIBACT, YTO PA3HUIIA MEXKTY HUMH eCTh. CI1eI0BATENBHO,
TeHETUYECKOE PaBHOBECHE B TIOMYJISIMU IO U3y4aeMOMY JIOKYCY He HaOII0anoch.

Jns onpeaesieHus TOTO, HAXOIUTCS JU TOIYJISIHS B TEHETHYECKOM PaBHOBECHH (COTIIACHO
3akoHy Xapau-BaitHOepra) nin HeT (COTIaCHO BIMSHUIO SBOJIIOLMOHHBIX (PAKTOPOB), HCIIOJIB3YIOTCS
JiBa pa3HbIX MeTo1a. [lepBhiii OCHOBaAH Ha cieytomiel popmye:

p®> AA X gqaa

2 = (2pAx qA/2)%.

Ecma, p?AAX g%aa=(2pAx A/2)? To Takas MOMyJISIHsS HAXOIUTCS B FEHETHY CKOM PAaBHO BECHH,
a p?Aax g?aa# (2pAx gA/2)?, To B IONYISIUK H3MEHEH IEHHBIN 0aJaHC M3y4aeMOoTo JIOKyca.

AHanu3 3HaYSHHUI HAIIIETO NMPUMEpa B 3TOU (popMyJie MoKa3hIBaeT:

pZ

AA =255/500 =0,51;

2pAx gB =230/500 = 0,46;

2

q

eciu BB = 15/500 = 0,03,

TO P?

AAX g?

BB = (2pA x qB/2)?=0,51 x 0,03=(0,46/2)?
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T0 ecTh 0,0153 #0,05297. [TockoIbKy JieBast 4acTh yPaBHESHUS HE paBHA MIPABOM, CUMTAETCS, 9TO
TeHETUYECKOE PABHOBECHE B JIOKYCE TeMOTIIOOMHA B 3TO MOMYJISIUU OTCYTCTBYET.

Ecnmu mpoaHamM3upoBaTh 3HAYCHUS TEOPETHYECKOH YacTOTHI TEHOTHUIIOB TOITYJISINH,
MOJIyYEHHOM ITyTeM CIIy4YaiHOro CKpeuBaHus (M3 MaHMHUKCHPOBAHHOM MOMYJISALUH) B OTCYTCTBUE
BJIMSIHUS 3BOJIIOLIMOHHBIX (PAKTOPOB, TO MOXKHO yOEIMUTBHCS, YTO T€HETHYEeCKas CTPYKTypa TaKoi
MOTYJISIIIAH MTOJTHOCTBIO COOTBETCTBYET 3aKoHy Xapau-BaitHOepra:

Ecnu 0,5476 x 0,0667 =(0,3848/2)%, 10 0,0370=0,0370, 06€ uacTn ypaBHEHHUS PaBHBL, TO €CTh
B TAKOH MOMYJISIINN COXPAHSIETCS TEHETHIECKOE PaBHOBECHE TI0 JIOKYCY reMOoTI00HHa.

Bropoit cmocob ompeneneHus COBMANCHUS YacTOTHl (DAKTHUECKOW MOMYJISAIUN H ee
TEOPETUIECKOW YacTOThI, TO €CTh TI'CHETHYECKOE PaBHOBECHE MOMYJSAIUH IO H3y4aeMOMY
TeHETUYECKOMY JIOKYCY, OCHOBAH Ha METOJIC XU-K8AOpAM.

97* Hampumep, mpe/nosnoum B ucxoaHo momyssitnu 13 8000 ocobeit, wactoTaanness A paBHa
0,6 (p), auacroraero pereccuBHoro aniesst pasHa 0,4 (q). Bo-nepBbix, cieryer paccunTaTh y A€ pAaHue
(\) pa3HBIX T€HOTHUIIOB MOCJE celeKIuu. J[J1s 7TOro HeoOXOAMMO KOJTMYECTBO 0C00ei mocie oTtoopa
pa3IeauTh Ha KOJIUYECTBO 0co0eil 10 0TOOpa Mo KaKAOMYy THUIY T€HOTHIIA!

AAA =2448:2880=0,85;

AAa=2726:3840=0,71;

haa=678:1280=0,53.

Xot4 norepu pereccuBHOro renoruna (-602) HaMHOro MeHbIIIe, Y€M I TEPO3UTOTHOTO T€HOTHIIA
(-1114), cnenyeT OTMETHTD, YTO CTEIICHb €0 COXPAHCHHS HU3KAsL.

Pacuem npucnocobnennocmu 2eHomunog nonyiayuu

Bce renorunsi: AA Aa aa

Yucno nomyasiuuu

Nxp? Nx2pq Nxg?

o or6opa 8000x 0,36=2880, 8000x 2 x 0,6 x 0,4=3840,8000 x 0,16=1280  Bcero - 8000

[Tocne orGopa 2448 2726 678 Bcero -5852

[oreps -432 -1114  -602 Bcero moreps -2148

Coxpannocts A 0,85 0,17 0,53 0,73

CMepTHOCTB 0co0eili B 110001 MPUPOTHOM MOy JISIIK Bceraa pa3Has. Hampumep, KoJTH4ecTBo
OeJIbIX aHTHJION, TOTHOIIMX BO BpeMs 3aCyXH TpEeBbIIIaeT 0ObIYHbIC yciIoBUsA. UTOOBI omucarh
NPHUCIIOCOONIEHHOCTh TEHOTHIIA, CTETIEHb COXpaHeHMs (A) KaKAOTO TEHOTHIIA JIEJSAT Ha CTEIeHb
COXPaHEHUS TEHOTHIIA, KOTOPAs SIBJISIETCSI CAMOM BHICOKOM.

B namewm npumepe:

WA A =0,85/0,85=1,00;

WAa = 0,71/0,85=0,83;

Waa=0,53/0,85=0,62.

3HaueHHE OTHOCUTEIBbHON NPHUCIOCOONCHHOCTH YyKa3blBaeT HampaBlieHHe oTrbopa W,
CJIeOBAaTENbHO, CITIOCO0 M3MEHEHUS YaCTOTHI TeHOB. TeM He MeHee, OH HE MOXKET OINUCATh THHAMUKY
MOTYJISIIAH, TIOTOMY YTO 3TO OTHOCHTEJIbHOE 3HAYCHHE, ¥ TI0 €T0 3HAYSHUIO HIYETO Helb3s CKa3ark 00
YBEJIMYCHUN WM YMEHBIICHUH YHUCJICHHOCTH Tomyasnuu.O0patuTe BHUMaHWE, YTO HaWMEHee
JIeTaJbHBIA TEHOTHIT UMEET CKIIOHHOCTH |, HO 3TO HE 03HAYaEeT, YTO ITOT TEHOTHUI HE MOTHOHET. ITO
MOKa3bIBAECT, YTO TOJHKO TEHOTHUII AA peke MOrudaet, 4em APyrue reHOTHIIbI.

CeneKkTUBHOE TPEUMYIIECTBO ONPEICICHHOT O aJlJIeJIs HaJl €70 aIbTepHATUBHBIM aJUIesIeM MOKeT
OBITh BBIP@KCHO B TMPOICHTaX WM B BHIE Kodpduimenta (S)ordopa. UucioBoe 3HaUCHHE
Kod(uimenTa oTdéopa omnpeaesieTcs OTHOCUTEIBHON YacTOTOW albTEpHATHBHOTO aiielns. Ero
3HaueHue Bapbupyercs ot 0 go 1: s=1-W

B namem mpumepe:

SAA=1-WAA=1-1=0;

sAa=1-WAa=1-0,83=0,17;

saa=1-Waa=1-0,62=0,38

Yactora HOBOTO ayuens (a), o0pa3yromerocs B pe3yJbTare MyTallid I MUTpaIid OyneT
M3HAYAJIBHO HIKE. Tak KaK OHa UMEET HEKOTOPOE CEJIECKTUBHOE MPEHMYIIECTBO TePe]] UCXOTHBIM
amteneM (A), 4acToTa HOBOTO aJuleNs yBEJIMYMBAETCA, @ YACTOTA ajljiesisl A yMeHbIIaercs 3a cyer
otOopa.llomynsamst 1ake MOXKET MOJTHOCTHIO EPEKITIOUMTRCS ¢ aienst A Ha amienb a. CKopocTh
M3MEHEHUS 4acTOThI aJulesiei IpsIMO MPONOPLUOHATBHA 3HAYEHHIO S, TO €CTh IIPU BEICOKOM 3HAYEHHH
Kod(puimeHTa 0TOOpa yBeJIIMUEHHE YacTOTHl HOBOTO aJUIeIIsl MPOUCXOIHUT OBICTpEE, & IPH HU3KOM
KO3 UITUEHTE MTPOUCXOJIUT MEICHHO.
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Onpenenure clenyoIye KIIOYEBBIE CIOBA U TOHATH: MOMYJISIIIMOHHAS T€HETHUKA, YHCTas
NYHUS, WHOpeaHas nenpeccus, 3akoH Xapau-BalinOepra, ciiydaifHoe CKpellMBaHHUE, MTAHMHKCHS,
ABOJIIOIMOHHBIC (PAKTOPBI, MYTAllMOHHBINA MPOIIECC, MUTpaIusi, 0TOOp, Apeiid TeHOB, eCTECTBEHHbIN
0TOOP, TapBUHOBCKAS WIIU CPABHUTEIbHAS IPUCTIOCOOICHHOCTD.

Pewenue 3aoau

98.* AnHanmu3 HOmy/ALMM IIOKa3ajl, 4TO BCTPEUAECMOCTb JIOACH, 00IagaroIiuX ayToCOMHBIM
periecCUBHBIM Ipu3HakoM, paBHa 0,04. KakoBa gactora reTepO3UTOT B 3TOH IOy ?

Hcnonms3yewm 3axkoH Xapau-BaitaOepra:

ptq=1

p*t2pg +0?=1

1) q=V92=0,04=0,2

2)p=1-9g=1-0,2=0,8

3)2pg=2x0,8x0,2=0,32

/ano: Pewenue:

0,04 =¢g? ptg=1

Haiimu: p*+2pg +0°=1

2pq 1) q="g2=+0,04=0,2

2)p=1-9q=1-0,2=0,8
3)2pq=2x0,8x0,2=0,32

OTteert: 2pg=0,32

99* AnpOMHM3M Yy OBca HacJIeAyeTCsl KaK ayTOCOMHBIN peIleCCUBHBIN npu3Hak. Ha yyacTke m3
84000 pacrenwuii 210 oxazamich anmpomHOCAaMH. ONPEACIUTH YaCTOTy TeHa abOMHN3MA Y OBCa.

Pewenue: B cBs31 ¢ TeM, 4TO aJbOMHHU3M y OBCA HACJIEAYeTCS KaK ay TOCOMHBIN PEIeCCUBHBIA
MPHU3HAK, BCE PACTEHHS aJIbOMHOCHI Oy/Iy T TOMO3HTOTHBI IO PEIIECCHBHOMY T'eHy — aa. YacTora ux B

nonysiun (q2) pasaa 210/84000 = 1/400 = 0,0025. YacToTa periecCUBHOTO reHa a OyjeT paBHa
70,0025. CrenosarenbHo, g =0,05.

ano: Pewenue:
A-310pOBBIif 0%=210/84000=1/400=0,0025
a -aIpOMHU3M g=0,0025=0,05

Bcero: 84000 pactenuit
aa =210 aapOuHOC
Hauamu:

g-?

OTtget: =0,05

100. AnpOWHM3M y KyKypy3bl HaclieyeTcsl KaK ayTOCOMHBIM pelecCUBHBIA MpU3HAK. Y
HEKOTOPBIX COPTOB KyKYyPYy3bl pacTeHUSI-ATbOMHOCKHI BcTpedatorces ¢ uactoroi 25:10000. Onpenenmre
4acTOTy ajuielst anbOMHU3MA Y 3THX COPTOB KYKYpPY3bl.

101. Ha ogsHOM 13 0cTpoBOB 06110 oTcTpensiHo 10000 sucnt, u3 HUX okazanock 9991 peokast u 9
Oenbix ocobeil. Peokuii BeT noMuHMpYeT HaI OenbiM. OnpenennTe MpOoLUeHTHOE COOTHOICHUE PBDKUX
TOMO3HTOTHBIX, PBDKUX T€TEPO3UTOTHBIX U OCJIBIX JIUCHII.

102* ¥ xpymHOTO pOraTtoro CKOTa KpacHas MacTh HEIMOJIHOCTHIO JOMUHHPYET HaJ Oernoi
(TuOpUIBI UMEIOT YaTylo OKpacky). B paitone oonapy:xensl: 4169 kpacubix, 756 0enbix u 3780 gambix
XHUBOTHBIX. OTpeieIuTe 4acToTy ajuiesiell KpacHOU u O0eol OKpacKH CKOTa B IaHHOM paiioHe.

Pewenue:

Ecnu ren kpacHoO# MacTH KUBOTHBIX 0003HAUUTH Yepe3 A, a TeH 0enoil — a, TO Yy KpacHbIX
KUBOTHBIX TreHOTHUN Oyner AA (4169), y uwameix Aa (3780), y Oemsix — aa (756). Bcero
3aperucTPUPOBAHO KUBOTHBIX 8705. MOXKHO paccuuTaTh 4aCTOTY TOMO3UIOTHBIX KPACHBIX U OENbIX
JKHBOTHBIX B JOJIAX €AHMHUIIBL. YacToTa GeIbiX sKUBOTHBIX 0y eT 756 : 8705=10,09. CiietoBatebHO ¢
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= 0,09. Yacrora peuecCUBHOro reHa q = 70,09=0,3. Yacrorarena A oyner p =1 - q. CnenoBareipHO,
p=1-0,3=0,7.

OtBet: p =0,7,q=0,3.

103. AnpOnHM3M (OTCYTCTBHE MEJIaHWHA B KOXKE) HACJIETYETCs KaK pelleCCUBHBINA ay TOCOMHBIH
npusHak. 3abosieBanue BcTpedaetcs ¢ yactoroi 1:20000. Beraucnure KoTM4ecTBO reTEPO3UTroT B
MO JISHH.

104. AnkanToHypusl XapakTepu3yeTcs OKpalluBaHUEM XPSIIEBBIX TKaHEH W  OBICTPHIM
MOTEeMHEeHHEM Mo4HW. Hacrieayercs kak ayTOCOMHBIA PEICCCHMBHBIM TPHU3HAK WM 3a00JieBaHHE
BcTpeuaercs ¢ yactoror 1:100000. Beraucnure 9acToTy TOMO3UTOTHBIX HOCUTENIEH TOMUHAHTHOTO
aJIeNis B 9TOW MOy JISIHH.

105*. V genoBeka anp0MHN3M — 2y TOCOMHBIH peIleCCUBHBIN MpH3HAK. 3a001€BaHUE BCTPEYACTCS
¢ gactoroi 1/20000. OnpeaennuTe 9acTOTY TeTEePO3UTOTHRIX HOCUTENICH 3a00JIeBaHUS B pailoHE.

AnpOMHN3M HacJenyercs PELIECCUBHO. Bennunna 1/20000-
310 G2 CIIe0BaTeNbHO, 4acToTa reHa a 6yzer: q = V1/20000 = 1/141. Yacrorarena p 6yzer: p =1 - q;
p=1-1/141 =140/141. Koau4ecTBO reTEPO3UTOT B MOMYJISIIUN PABHO 2p(.

2pq =2 x (140/141) x (1/141) = 1/70 nnu 1,4%.

106*. I'pymmna kpoBu Kuan onpenensercs apyms renamu: Ik®u IkP. Jluna, necymue ren Ik?
sBisitoTess Kunn — nonoxwurensHbivi. Yactora rena 1k? cpeaum Hacenenust Kpakosa paBna 0,458,
Yacrora Kuan — momoxuTeIbHBIX JTtofeH cpenn adpukanies pasHa 80%. OnpenenTe re HeTHIECKYI0
CTpYKTYpy nomysisiiau T. KpakoBa u HerpoB o cucteme Ku.

Pewenue:

B ycnoBusx 3ajaum JaHa 4yacTOTa JOMMHAHTHOIO I'€Ha 10 CHUCTEME IPYNIbl KPOBU Cpeau
xuteneit Kpakosa: p =0,458. Torma yactora perieccuBHoro rena q =1 — 0,458 =0,542. I'eneTrueckas
CTPYKTYpa MOTYJISAIMA COCTOUT U3 TOMO3HUIOT IO JIOMUHAHTHOMY T€HY — p?, TeTepO3Urot — 2pq u
rOMO3HIOT IO pPeleccUBHOMY TreHy - 2. Orcrona p? = 0,2098; 2pq = 0,4965; g2 = 0,2937.

IlepecunTas 310 B %, MOKEM CKa3arh, YTO B momyswiiuu Juil ¢ reHorurom 1k? 1k#20,98%; 1k
1kP49,65%; 1k° 1k 29,37%.

J1nst HerpoB B YCIIOBUSX 3a]1a41 JAHO YHCIIO KU -TIOJIOKUTEJIbHBIX JIUII, HMEIOIIHX B TCHOTHIIS
nomunanTHbii ren 1k? 1k? u Ik?kP, T. e. p? + 2pq = 80 %, wim B momsax eqununsl 0,8. OTcrona Jerko
BBICUMTATH YACTOTY KUJII-OTPHIATEILHBIX, MMEoIuX reHoTuil kk: 42 = 100% - 80% = 20%, wm B
nonsax equannbl ;1 - 0,8 =0,2.

Teneps MOKHO BBICYMTATH 4aCTOTy peleccuBHOTO rena Ik, q=\/0,2=0,45. Torna yacTtora
nomuHanTHOTO reHa Ik? Oymer p=1— 0,45 =0,55. YacTora rOMO3HUIOT I10 JIOMHHAHTHOMY I'eHy (p?)
pasua 0,3 wm 30%. Yactora rereposuror Ik? Ik (2pq) pasua 0,495, wim npubmusuresnsao 50%.

107. Bpoxxa€HHBIN BBIBUX Oenpa HAcIeAyeTCs JOMUHAHTHO, CPEXHSS IEHETPAHTHOCTH 25%.
3aboneBanue BcTpedaetcs ¢ yactoroid 6:10000 (, 1968).Onpenemire 4rciio TOMO3UTOTHBIX 0CO0H 110
peLEeCcCCUBHOMY T'eHY.

Pewenue:

['eHOTHITBI JTNII, IMEIOLIIMX BPOXKACHHBIN BBIBUX Oenpa, AA 1 Aa (IOMMHAHTHOE HACJICIOBAHHE).
310 pOBBIE JIMIAa KMEIOT reHOTHIT aa. M3 Gpopmyist p? +2pq + g% = 1 sICHO, YTO YKCIIO TOMO3UTOTHBIX T10
pelieccuBHOMY reHy ocobeii (aa) 2 = 1 - (p? + 2pQ). OqHako npUBenEHHOE B 3a1a4e YHCII0 OOJbHBIX (6

: 10 000) npecTaBisier coboi He P2 +2p(, a b 25% HocuTesei reHa A, a HCTHHHOE YUCJIO JIFOIEH,
o p2+2pq 2 _4x6 _ 24
MMEIOIINX JaHHBIN TeH, B YEThIpE pa3a Ooiblie, T0 ecTh —— . [lostoMy, p°+2pg=———= .
4 04 440000 10000
—= =99,76%.
10000 10000

Torna g? (4MCI0 FOMO3UTOTHBIX IO PELIECCHBHOMY reHy 0cobeii) paBHo (° =1-

108. ITomarpa onpeaenseTcs JOMAHAHTHBIM ay TOCOMHBIM ajuiesieM reHa. [leHeTpaHTHOCTh reHa
y myxduH cocrtaBisieT 20%, a y xeHmuH paBHa 0%. Omnpenenure TeHETUYECKYIO CTPYKTYpPY
nomymsaiuy, eciu cpenu 10000 xxuteneit momarpy uMeroT npumepHo 190 denosexk.

Mano: Pewenue:

A — noparpa 1) HaxomuM TpOIICHT MPOSIBICHUS TMOAAarphl B JTaHHON
a — HOpMaJIbHBIH HOTYJISLNH:

[TenenrpantHocTs y & = 20% 190 /10 000 =0,019 wm 1,9%

[enenrpantHocTh y @ = 0% 2) IlockonbKy IEHETPAaHTHOCTD 3TOTO MPU3HAKA Y MYKUUH
KomnuecTso xutenerd = 10 000 uenoBek | cOCTaBIsSIET
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KomuuecTBo JKUTEJIeH, OOILHBIX
nogarpoit = 190 yengoBek

Haumu:
G-?

20%, 10 1,9% % 5=9,5%

3) IToCKONMBbKY MY>KCKOM M KCHCKHHA TIOJ HACJCAYIOTCS TIO
50%, TO KOJIMYECTRBO JIIONCH, MMCIOIIMX IeHOTUILI AA 1 Aa,
COCTAaBHT:

9,5% %2 =19%

4) OmnpenenseM KOIMYECTBO JIFONEH ¢ TEHOTUIIOM aa:
100%- 19% = 81% nmm 0,81 (3T0 COOTBETCTBYET BEIMYMHE

9%)
5) Haxomgum g u p:
q=V0,81=0,9

p=1-q=1-0,9=0,1

6) IMogcumThiBaeM 4aCTOTHl BCTPEYAEMOCTH TOMHHAHTHBIX
¢deHorunoB AA u Aa:

AA (p?) =(0,12)2=0,01 = 1%
Aa(2pq)=2x0,1%x0,9=0,18 =18%

OTBeT: B JaHHOU MOMYJISIIIMY T€HOTHITHI BCTPEHAIOTCA clieayonmM oopasom: AA — 1%; Aa— 18%; aa

- 81%.

109. Tpu ckpenMBaHUU TOMO3UTOTHBIX JKEITBIX M CEpPbIX IUIOAOBBIX Myinek Drosophila

IMOJIY4YCHBI CJICAYIOIINC PC3YJIbTAThI:

Ponurenun

IToromMku

Cepas camMKa X JKEITBIN camell

Bce cepblie

Kenras camxa X cepblil camer]

Bce camipi—kxenTeie
Bce caMku — cepbie

Kaxkoe u3z crnedyrowux ymsepoicoenuii npasuivtoe ?
A. Amnenu, onipeieNISIoNnne Cepyro U JKENTYI0 OKPacKy Teja KOIOMUHAHTHBI

B. Annens, onpeensionui cepyro OKpacKy Tella — CLEMIeH ¢ X XpOMOCOMOMW U PEIeCCUBHBIN
C. Annens, onpenelsIFoIIHiA )KeITY 0 OKPacKy Tefa, CIEIJIeH ¢ X-XpOMOCOMOM B JIOMAHAHTHBIH
D. Annens, onpeaessitonnii cepyro OKpacKy Tena, CIEIUIeH ¢ X-XpOMOCOMOMW U JIOMUHAHTHBIH
E. Annenp, onpenesnsomii keITy 10 OKpacKy Telia, JIOKaJU30BaH B ayTOCOME U PELeCCUBHBII
110. YenoBek, 3aHUMAIOIIHUICS pa3BeIeHIEM HOPOK, TIO3BOJIHII KM CBOOOIHO criapuBarhes. OH

00HaPYXKUII, YTO B CpenHEM, 9% ero HOPOK UMEJH )KECTKUHI MeX, YTO IPH MPOAaKe MPUHOCUIIO MEHbIIIE
noxona. IToaroMy oH pemrmi coKycHpoBaTh BHUIMaHHE Ha MSTKOM MEXE M HE pa3pelIrl HOPKaM C
JKECTKUM MeXoM criapuBarhes. [Ipu3Hak »kecTKOro Mexa HacJjeayeTcs Kak ay TOCOMHBIN peleCcCHBHBIA
amnens. Kakoil MpoLeHT (TEOPEeTHUEeCKH) HOPOK C JKECTKHMM MEXOM OH MOJyYHUT B CIEAYIOIeM

nokonerun? (Oteet: 5,3%)

KOHTpOJILHbIe BOIIPOCHI

1. 3akon Xapnu-BaiinOepra u ero 3HaueHHe.

2. 'eHeTuuecKas CTpyKTypa MOMYJIALHH.

3. YUacToTa TeHOTHITIOB | aJUIeNiei B MOMYSIIIMOHHON TeHETHKE.

4. DBomonyus B T€HETUYECKOM OTHOIIEHHHM — M3MEHEHHE YacTOThl T€HOB B OTPEIECIICHHON

MMOIYJIAIHH.

5. AHanu3 TeHETHYECKOW CTPYKTyphl MOMYJIANMH C HCIOJIb30BaHUEM (QopMmynsl Xapau-

BatinGepra.
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VII. TEHETUKA YEJIOBEKA

l'enemuxa uenosexa — (QyHmamMeHTalbHAs W TPHUKIaJAHAsS Hayka. Bce 3aKoHOMEpHOCTH
HaCJIeICTBEHHOCTH U U3BMEHYHMBOCTH, PACCMAaTPUBAEMbIE HAYKON T€HETUKH, TAKKE TPUCY LU YETIOBEKY,
Homo Sapiens. [lo HacnencTBEHHOCTH U U3MEHUYHMBOCTH YEJIOBEK CyIECTBEHHO HE OTIMYAETCS OT
JIPYTUX )KUBOTHBIX. Bo Bcex ciydasix HacJIenCTBEHHAs YepTa MepeaaeTcs U3 MOKOJICHHS B IIOKOJICHHE
Yyepe3 TeHbl, HaXoaAmuecs B xpomocome. Ommyune 4yenoBeKa OT KUBOTHBIX COCTOUT B TOM, YTO OH
00a/1aeT CO3HATEILHOCTHIO U BTOPUYHON CUTHAILHOW CHCTEMOM, B CBSI3U C Y€M €T0 CIIOCOOHOCTh
aJanTUPOBATHCS K BHEIITHEW CPEJIe TAKKE SIBJIAECTCSI O ONBIIION BEP OSITHOCTHIO. [T0CKONMbKY YeToBeuecTBO
B IIEJIOM KHMBET B OOIIECTBE, CONMABHBIC (PAKTOPHI TAKKE HIPAIOT POJIb B €r0 DBOOIUOHHOM
pazButun. OcoOEHHOCTh YeJIOBEKA KaK TCHETUUECKOTO 00BEKTa 3aKITF0YAETCS B HAMINH MHOXKECTBA
NPOTUBOPEUUH, 3aTPYAHAIONIMX U3y YCHUE €0 TeHETHUKU. K HUM OTHOCATCS: MO3/IHSIS TOJIOBO3PEJIOCTb,
HeOOJBIII0e KOMMYECTBO TTOTOMKOB KaXKI0¥ ceMbe, HEBO3MOKHOCThH YPaBHOBECHTH CPEy OOUTaHMs
BCEX TIOTOMKOB, HAIWYHUE OOJBIIOT0 KOIMYECTBA XPOMOCOM, HEBO3MOKHOCTD 3KCIIEPUMEHTHPOBATH C
YeJI0BEKOM, U NIABHOE MPOTUBOPEYHE 3aKITFOYACTCS B TOM, UTO CYIIIECTBYIOT COIIMAJIbHBIE 0COOEHHOCTH,
TaKye KaK HallMOHAJIM3M, Pacu3M, KOTOPbIE P EMATCTBYIOT Pa3BUTHIO HEKOTOPBIX HACIIEACTBEHHBIX YepT
YeJI0BEKa, TAKUX KaK CIIOCOOHOCTH U IIOBEIEHHUE.

MeToabl Hccaeq0BaAHUS HACJIEACTBEHHOCTH YeJioBeKa

K MeTomaM m3ydeHUs HACIENCTBCHHOCTH FT€HETUKN YE€JI0BEKa OTHOCSTCS: TCHEAI0 THIECKHUM,
IUTOTCHETUICCKUH, OJTM3HETIO BBIM, OHTOTCHETHY € CKHMA, TIOTY/ISIIMOHHBIA 1 OMOXUMHYECKAE METOJIHI.

T'eneanocuueckuti memod. B ocHOBE 3TOTO METO/A JIEKHUT U3YUCHHUE HACIIEIOBAHIS PA3IMYHBIX
MPU3HAKOB, YePT UJIK 3200JIeBaHU, KOTOPHIE €CTh y YeNOBEKa, HCXOJS K3 €r0 MPOUCKOKICHHS . UTOObI
COCTaBUTH POJOCIOBHY IO HEOOXOIMMO 3HATH CHMBOJIBI TeHeanoTndeckoro apesa (puc. 12). Jlns atoro
cobupaeTcs nH(MOPMAIIHS 110 H3YyYaEMOMY MTPU3HAKY B T€UEHHE HECKOILKUX MMOKOJIICHUH C OTIIOBCKOM U
MaTepUHCKON CTOPOHBI M Ha €€ OCHOBE COCTaBIISICTCS TeHeanornueckas cxema. Hekoropwie cBolicTea u
MPU3HAKUA MOTYT MEePeaaBaThes JITOOOMY TIOKOJICHHUIO, TO €CTh HACJICAYOTCS 10 IOMUHAHTHOMY THITY U
MOTUUHSIOTCS 3akoHaM MeHnensi. K HUM OTHOCSATCS: MOMMAAKTIIINS (JHIITHUE MTAJBIE), JAIECBHIE
BECHYIIIKH, KarapakTa, YepHbIe BONOCH U JAp. COmacHO TeHEeaJoTHUYECKOMY METOMY, HEKOTOphIE
CITOCOOHOCTH YeJIOBEKa, HATpUMep YMEHHE My3HIIUPOBATh U KPACHOPEUMBO TOBOPHUTH, OBIIIH B CEMbE
u3BecTHOro kommnosutopa U. baxa.

O-—mcmgtu-la [:]n MYACIMHA
. -~ Goisine

O-]—D uwin - 6par
O==1-=D- poAcTBeHiET Gpan

Di npoSana
~ AETH, POXACHHEE OT
. onﬁgrp;ﬁpana‘(gﬂcppu
1 1 N\_/4 nokaisibai0T NOpAAOK
poxaenna)

O""EI_'E]" BUEGPAUHLIA CLIH

m— oAHOHAA ense GAHIHER

m— aApyafgessie Gnnaneys
reTEPONTOTHHIE

G) HiTH o []— HOCHMTENH NAH He-
MOANLIA KAMHUYEC-

. - MEpTBOpOMK—~ KIf CHHAPOM
AeHHLIE

@_ obyree KonnuecTeo Aetedi [rpoe) 6Ges

pasamuHA nola uTA NoA HeCH3BECTeH

E E{— YMEP/IH B NOCTHATaALHBIA MepBon

PI/IcyHOK 12. OcHOBHEIE CUMBOJIbI, IPUHATBIC OJI1 COCTABJICHUA U aHaJM3a pOJO0CJIOBHBIX
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I'eHeanornveckM METOIOM y CTAHOBJIEHO, YTO MHOTHE 320 0JI€BaH sl HACTIEAYIOTCS U3 TOKOJICHUS
B TIOKOJICHUS W OJHMM W3 HHUX siBIsgeTcs — remodwius. [lo stomy 3a0oneBaHWIO COCTaBICHA
reHeaJornyeckas cxema JUHACTUN aHIIMICKOW KoposneBbl Bukropuu. Buktopus u ee cymnpyr, a Takxke
Mo WX MpeaKaM HUKTO He cTpajan remoduiueid. Ho y ogHoro u3 poauteneii Bukropuu, 70mKHO ObITh,
Obl1a MyTaIlusl B 3apOJIBIIIEBON KIIeTKe. B CBs3U ¢ 3TUM KopolnieBa BuKTOpUs cTana HOCUTENbHULEH
reHa reMoWIMU U Tepeiaia ero MHOTUM CBOMM MOTOMKaM, TO €CTh BCE IMOTOMKH MY)KCKOTO T10J1a,
MOMyYHBIIHE X-XPOMOCOMY C MyTaHTHBIM T'€HOM OT Bukropuu, ctpanam remopumeit. OcHOBHOM
IEJIBI0 TEHEaJIOTMY €CKOTO METOIA SIBIISIETCS CO3/IaHME TeHEeaJIOTNU eCKO I MOJIEN Ha OCHOBE COOpaHHBIX
JAHHBIX U €€ aHaJm3. YenoBeka, KOTO Pl HAUMHAST TeHEaJIOrHI0, Ha3bIBAIOT poOanoM. Ero/ee Oparbs
U CECTPHI Ha3bIBAIOTCA CHOCAMU.

Lumozenemuuecxkuii memoo. C TOMOIIBIO 3TOTO METO/1a IPOBOIUTCS TUTOTEHETHYECKUI aHATI3
KapHOTHIIa UM Habopa XpOMOCOM 3J0POBOTr0 MM OONMBHOTO YesioBeKa. BriepBbie ¢ TOMOIIBIO 3TOTO
Metona B 1956 rony [bx. Tuiio u A.JleBaH 0OHAPYKWIH, YTO B HOPMAIILHBIX yCJIOBUSX KIETKU TEJa
YyeJloBeKa coAeprkar 22 mapbl ayToCOM U OAHY Mapy MOJOBBIX XpoMocoM. bbUlo moka3aHo, 41O y
MY>K4YMHBI I10JI0Basi XpoMOcoMa siBjsieTcst rerepomMophHoit (XVY), a y skeHInHbI — roMoMop hHO# (XX),
KaK YTIOMUHAJIOCh paHee B TeMe 0 TeHeTUKe oJa. McTons30BaHe 3TOro MeTo/1a O3BOJHIIO0 Habmonark
XPOMOCOMHBIE M3MEHEHHUsI, POUCXO/ISAIINE B KIETKaX Tella U TOJOBBIX KIETOK ueloBeka. Takue
W3MEHEHHUs] CTAHOBITCA NPWYMHOW MOSBICHUS Ha CBET palM4HbIX 3aboneBanuii. [losTomy
LHUTOTE€HETUYECKUH METOJ] UCTIONB3YETCA B MEIULIMHE B JUATHOCTUYECKHUX LIETISIX.

Brnusneyoesoiii memoo. ban3Helsl — 0OBIYHOE SIBICHHE Cpeau Jroaeii. OHM OBIBAIOT ABYX THIIA!
MOHO3HUTOTHBIE ¥ TU3UTOTHBIC ONMM3HEIbl. MOHO3ZUTOTHBIC OM3HEIBI — 3TO Pa3BUTHE JBYX 3UTOT B
pe3ynbrare OIIoIOTBOPEHUS OHOM SUIIEKICTKHA OJHUM CIIEPMaro30uaoM. Takue ONM3HeIsl Beeria
WIEHTUYHBI, IOTOMY YTO y HUX OJWH M TOT >X€ F€HOTHUN. bim3Henpl, pa3BUBIINECS B pe3yibTare
OJTHOBPEMEHHOTO OTIJIONOTBOPEHHS IBYX SUIEKIIETOK IBYMsI pa3HBIMH CIIEPMaTO30UaM1, MOTYT OBITh
HE OYCHb TIOXOXH JIPYT Ha Jpyra. TO CBSA3AHO C TEM, UTO KOMOWHAIIMS TEHOB B Pa3HBIX SHICKICTKAX U
criepMaro3ouaax pazmaHa. Cpeau HUX OHOSHIIEBBIE OMM3HEIB SBIAIOTCS YAOOHBIM MaTeprajIoM it
W3YUYCHUS BaXKHEHTIIEH 001IeONOIOTHUSCKOM PO OJICMBI WITH BIMSTHUS HACJICICTBEHHOCTH U BHEIITHEH
cpenbl Ha pa3BUTHE MPpU3HAKOB. Harmprmep, JaHHBIA METO MOJKET OTNIPENENIUTh 3HAYCHNE BOCTIMTAHKS
1 0o0ydeHHs Uil pa3BUTHSA U (HOPMHPOBAHUS BPOXKIACHHON CITOCOOHOCTH YesloBeka. Kpome ToTtO,
OJM3HEIOBBI METOJ] TIOMOTAaeT MPENONpPENeNUuTh NPEAPaCcOIOKEHHOCTh YeI0BeKa K HEKOTOPhIM
HACJIEZICTBEHHBIM 3a00NIeBaHUAM (IIHU30(PpEeHUH, STHICTICUH, TeMO(QWINH | JIp.).

Onmocenemuueckuti memoo. C TIOMOIIBIO ATOTO METOJA OMPEJEISIOT, UMEIOT JIM MECTO
Haclle/[CTBEHHbIE U3MEHEHHUS B X0JI€ OHTOT€HEe3a WM JIMYHOCTHOTO Pa3BUTHUA desoBeka. Hekotoprie
HACJICZICTBEHHbIC 3a00lIeBaHUsI MOTYT HAOIOIarhCsi HE TOJNHKO Y TOMO3HMIOTHBIX OPTaHU3MOB C
OTBETCTBEHHBIMH 32 HUX PEIeCCUBHBIMU I'€HAMH, HO U 'y Te€TEepO3UTOTHBIX. Hampumep, 3a0oneBanme
30 pEeHNe OTPENeIsIeTCS PEECCUBHBIM TEHOM, B O HEM M3BECTHO TOJBKO B TOM Cllydae, eCi
OONILHOM MOy YaeT TaKoi TeH OT 000MX POIUTENEH, T. €. IBISIETCS PElleCCHBHON TOMO3UTOTOM (aa). A B
cllydae TeTepO3UTOTHOCTH (Aa) 3TOT YeNoBeK He Jo/bkeH Oonerh. Ho MHOTIA B OHTOTEHE3e Tako
YeJI0BEK CTAJKHBAETCS C TPArMieCKOM CUTyalluel, U P CTPECCE Y HETO MOXKET Pa3BUTHCS OOJE3Hb.
Takum 00pas3om, 3Ha4YE€HHE OHTOTEHETUYECKOr0 METO/Ia COCTOUT B TOM, YTOOBI 32aCTPAXOBATh OYIIyIIIre
MOKOJICHUS OT TSKEJIBIX TIOCIIE/ICTBHIA Iy TEM BBISIBIICHUS PEIECCHBHBIX T€HOB, HECYIIIUX B OHTOTEHE3e
ompeseseHHoe 3a00eBaHue.

Honynayuonnvii memoo. C TIOMOIIBIO 3TOTO METOJa M3y4aeTCs 4acToTa PacIpOCTpaHCHS
pPa3IMYHBIX HACIENICTBEHHBIX W3MEHEHWH B TOMYyJIAINH 4YelloBeKa. PacmpocTpaHEeHHOCTh
HACJIEICTBEHHBIX TCHOTUITUYCCKUX M3MEHEHHI B Pa3HBIX MOIMYJIAIUAX YeJoBeKa pa3nryHa. Hamprmep,
Ha MapuaHCKUX OCTpOBax u ['yame CMEpTHOCTH OT paccessHHOro ckiepo3a B 100 pa3 Beimie, 4eM B
Ipyrux crpaHax. TouHo Tak xxe u3 2000 xuTeneH AepeBHH, pacloiIoKeHHOM Ha Oepery peku Ponbr 199
B llIBeimapun, 50 myxoHeMsix, 200 mIyXux. DTO CBI3aHO C TEM, YTO H3-3a OTCYTCTBHS MUTPALUN
OT/ICNIbHBIE CEMBU W POJCTBEHHUKHM HE MOTYT PAaCHpOCTPAHATHCS U Pa3MHOXKATHCS, MOITOMY
yBENMYMBAETCSl KOIMYECTBO T€HOB, HECYLTUX HEKOTOPhIC HACIE/CTBEHHBIC 3a00ICBaHNS.

Buoxumuueckuii memoo. ITOT METOI B TIOCIIEJTHEE BPEMSI IIUPOKO HCIIONB3YETCS PH U3y YCHAN
TeHETHUKH YeNloBeka. Pa3imMuHble HaclieICTBEHHBIC U3MEHEHHUS y YeJIOBEKa HAMpsIMYIO CBSI3aHbBI C
HapylIeHUEM KIETOYHOTO METa0oIM3Ma. ITo OSJIKH, HY KIICHHOBBIE KHCIIOTHI, YIJICBOIBL, KUPHI U T. 1.,
KOTOpBIE SIBJSIIOTCSI YacCThIO 3TOM KJIETKH, MMEKLIUe NpsMoe oTHouieHue. Hanpumep, ecnu ecthb
u3meHenue B mosekyie JIHK, 3nauut, usmenuics red. [loromy 4To caM ren coctout u3 atoit JIHK u
TaKOe U3MEHEHUE ABIISICTCS HACJICACTBEHHBIM. bruoxummueckuii MeTon nMeeT O0bIIoe IpaKkTHIeCKoe
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3HaueHue. Harmpumep, ponuTenei pedbeHKa MOXKHO TOUHO oTpeAenuTh mo anamm3y JJHK. Otor meTon
TEIephb TaKKe HCIOIb3YETCS B apXCOMOTHUCCKUX HCCIICIOBAHUSIX.

3agaun

111* ITpo6any (ykazaHo CTpENKoi) cTpajaer HouHOM cienioTol. Ero nBa Opara Taxke 0O0NbHBL
[To muuum orma npoOaHaa CTpaJAlONINX HOYHOM cienotoi He ObuI10. Mars nmpobanna OonbHa, 1Be
cecTphl M iBa Opara Marepu podaH;1a 310poBbl. OHU UIMEIOT TOJILKO 310POBBIX JeTel. [1o MareprHCKoi
JIMHWYW JTAJIbIIE U3BeCTHO; 0a0yIka O0bHA, 1A 310pOB; OHA cecTpa 0a0yIIky OONbHA, a Jipyras —
3I0pOBa; Mpajenymka (oTer 0a0yIKN) CTpagat HOYHOHN CICTIOTOH, cecTpa ¥ Opar mpaaeayIiKu ObU
OOMNBHBI, MpanpaeayIka 00JIeH, ero Opat, UMEIONH OOIBHYIO T0Yb U IByX OOIBHBIX CHIHOBEH, TAlOKe
0oneH. JXKena nmpoOaH/a, €€ POIUTENM U POACTBEHHUKH 370POBHI.

Omnpenenute BEPOSATHOCTH POXKIACHUS OONBHBIX JIETEH B ceMbe MPOOaHa.

JapaiiTe pemum 3adauy U CO31a UM JIJIsl Hee TeHEaIOTHIECKYIO CXEMY.

Pemenue 3agaun IpOU3BOAUTCS IIyTEM COCTABICHHUS CXEMBI POJIOCIOBHOTO AepeBa (puc. 13) u
€ro aHaJm3a. AHAIIN3 POJIOCIIOBHO M ITOKA3bIBACT, YTO TaHHAS (JOpMa HOUHOH CIICTIOTHI HACIIEYETCS KaK
JIOMHMHAHTHBIN a2y TOCOMHBIN pu3HaKk — A. CremoBarensHO, IPo0aHI MMeeT TeHOTUT — Aa (ero oren
3I0pOB, TEHOTHUI OTHa aa). JKeHa mpoOaHma 3[0pOBa, €¢ TEHOTHIT aa. 3HAs TEHOTHUIIBI CYTPYTOB,
HETPYIHO PEIIUTh, UTO BEPOSITHOCTh POXKICHHUS 3MOPOBBIX U OOJBHBIX JCTEH B CeMbe MpoOaHIa
pasHoBemka — 50%.
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Pucynok 13. PogocinoBHoe aepeBo k 3agade 111*

112*. IIpoGana umeeT OelIblii JOKOHB BoJIocax Haao JiooM. bpar npobana 6e3 tokoHa. [1o ymarm
oTia npoOaH/a aHOMaJIMK He OTMedeHO0. Matb npobansa ¢ 6enbiM jokoHOM. OHa UMEET Tpex cecTep.
JIBe cecTphl ¢ TOKOHOM, OffHA Oe3 JIOKOHA. Y OJHOW M3 TETOK MpoOaH/Ia cO CTOPOHBI MaTepHU ChIH C
JIOKOHOM U J104b O€3 JIOKOHA, y BTOPOH — CBIH U JI0Yb C JIOKOHOM U JI04b 0e3 JIOKOHA. TpeThs TeTKa
po0aH/1a co CTOPOHBI MaTEPH 0€3 JOKOHA MIMEET ABYX CHIHOBEH 1 O HY 104k 0e3 JoKoHa. Jlen mpobaxaa
110 JTMHUH MaTepH U JBOE €ro OpaTbeB MMEJIH Oelibie JIOKOHEI, a elie ABoe ObUIH 0e3 J0KOoHOB. I1panen u
mparnpajen TaKke UMesu OeJblii IOKOH HaJ0 J00M.

Ompenenute BEpOSTHOCTh POXKICHUS JeTei ¢ OelbM JIOKOHOM Hajo JIOOM B cllydae, ecii
mpobOaHa BCTYMUT B Opak co CBOECH JBOIOPOJHOM CECTPOH, UMEIOIIEH

113. MonogoxeHbl HOPMaJabHO BJaJCIOT MPABOH pyKol. B ceMbe JKCHINMHBI OBLTIO €IS JBE
CecTpbl, HOPMAJIBHO BIACIONME TPaBOH PYKO#, U Tpu Opara— neBIIy. MaTh >KeHITUHBI — TP aBILIa, OTel]
—JieBia. Y oTIa ecTh cecTpau Opar IeBIIM U cecTpa U J1Ba Opara mpasiy. Jle o TMHUY OT1a TPaBIIa,
0abka — neBia. Y Marepu >KeHIIMHBI €CTh JABa Opara u cecTpa — Bce MpaBiind. Marb My»ka - MpaBllia,
orel — neBma. babku 1 epl CO CTOPOHBI MaTePH M OTLIA My’ka HOPMAJIbHO BJIaJI€TM MPAaBOM PyKOM.
Ornpenenure BEPOSATHOCTb POXKACHUS B 3TOM CeMbe J1€TeH, BIAJCIOLIUX JIEBON PyKOH.

114. O6a cympyra reTepo3uroTHsl 1o ans0uMHN3MY. OT HUX POAIIICH Pa3HOSHIIEBBIC OIM3HEIBL
KakoBa BepOsITHOCTB TOTO, 4TO OHH 00a anmpouHocki? A) 25 % B) 50 % B) 75 % I') 100 % 1) 12,5 %.

115. Teteposurornsie opraausmel (Aa, Cc, Bb). Cxonpko ramer obpasyroresa? A) 1 B) 2 B) 3204

4.6
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116. U3BecTHO, 4TO HAJIMYKE IECTH NAJIBIICB Y YEIOBEKa OMPEIeIeTCs TOMIHAHTHBIM TeHOM, &
HaJlM4ie IATH TalbIeB - PEIECCUBHBIM TIeHOM. IlsgTumanas S>KEHIMHA BBIILJIA 3aMyX 34
TeTePO3UTOTHOTO MIECTUIAIOTO My>K4rHYy. KakoBa BEepOsSITHOCTh TOTO, YTO B CEMbE €CTh PEOESHOK C
mrecthio manmpamu? A) 25 % B) 50 % B) 75 % I') 100 % J1) 12,5 %

117. Bo3MOXHO JI1 UMETh AETeH ¢ MATHIO IajbliaMK B CEMbE I7i¢ 00a CyIpyra FOMO3HUTOTHBI IO
nonuaakTwiauu? A) na b) Het B) yacTuuHO Bo3MOXKHO I7) 4acTHUHO HEBO3MOXKHO /1) HET TP aBHIILHOIO
oTBETa

118. Ecnu 1B OHOSUTIEBBIC JEBYIIKH, BEITY T 3aMYXK 3a IBYX MYXUYHH — OJTU3HEIIOB, OYIyT JIH
POXXIECHHBIE OT HUX JIETH MOXOXKUMH APpyT Ha nipyra? A) ma b) ver B) wactiano Bo3moxHO ') gactuuro
HEBO3MOXHO /[) HET mpaBUILHOTO OTBETA

119. Kaperna3slii My»4HHa )KCHWICS Ha TOIy00rIa3oi aesymike. Kapenia3ocTs TOMAHHUPYFOLIHI
npusHak. OT HUX poasaTcs 8 Kapemiassix aereit. OnpenenuTe reHOTHUI IeTel B 910l cembe. A) AA B)
AaB)aal) Aaaa l) AA AA

120. Kapema3sblii mpaBiia }XKeHHUJICS Ha roTy0omia3oit mpasiie. X nmepsblii peOeHOK ObI JIEBIOH
¢ roinyObiMu Ta3amu. Kakop renorun storo pedenka? A) AaBs b) AAse B) aaBBI') aaBs /]) aaBs

121. YV genoseka red runodochoreMur pactoiokeH Ha X-XpoMocoMe. My»XUHHa, CTp aIatoHiz
9TUM 3a00JIeBaHUCM, KCHUTCS Ha 310p0BOI skeHIMHE. CKOIbKO UX CHIHOBEH 00jeeT? A) ONMH U3 ABYX
B) onun u3 weteipex B) ogun ') ogun u3 Tpex /1) He Goneror

122. Myx4WHa ¢ HACJICICTBEHHBIM 3a00ICBAHUEM YKCHUTCS Ha 3JI0POBOM XKEHIIUHE. Y HUX €CTh
8 nmereit: 4 mouepu u 4 cwiHa. Bee godepu ObUIM OONBHEI, a CHIHOBBS 310POBEL Kak HaclemyeTcs
3a0oneBaHrue? A) ayTOCOMHO-PEIECCHBHBIA b) ayToCOMHO-IOMUHAHTHBIA B) cremneHHbld ¢ X-
xpomocomoii ') 1oOMUHAHTHOM CLIETUICHHBIN ¢ X-XpoMocoMoii JI) pelecCHBHOM ClEIICHHBIN ¢ X-
XPOMOCOMOM.

123. YV 4yenoBeka 0oJie3Hb HOUYHOM CIICIIOTHI IIEPEIACTCs 0 HACJIEACTBY KaK JOMHHAHTHBIA
npu3Hak. Kakopa BepOsSTHOCTE pOXKIeHUS OOILHOTO peOEHKA B CEMBE CO 3/I0POBOM MaTEPhIO U O OJTbHBIM
oriom? A) 25% b) 50% B) 75% I') 100% HO) 12,5%

124. Bone3Hp HOYHOM CJICHOTHI y 4YeJIOBEKA IEPEIACTCs 0 HACJIECACTBY KaK JTOMHHAHTHBIA
npusHak. Ecim Mars 310poBa, a oTel reTepO3UIroTeH 110 JaHHOMY 3a00JIeBaHNI0, KAKOBA BEPOSTHOCTh
pOXIEeHNS B ceMbe OonbpHOTO pebenka? A) 25% B) 50% B) 75% I') 100% 1) 12,5% 206

125. I'pynma kpoBU pebEHKa U €T0 cecTphl — uyeTBepras. Onpenenure rpynnbl KPOBH HX
pomuteneit. A) lu ll, B) lu IV, B) 1w I, T) 1w 111, 1) 1l u IV

126. DToT METONl OCHOBAH HA M3YUYCHUHU HACJIEIOBAHHUS PA3IMYHBIX MTPU3HAKOB U CBOMCTB WK
3a00/IeBaHNil Y YEIOBEKa B 3aBHCHMOCTH OT MX IPOMCXOXKICHHUSA: A) T€HEONIoTHYeCKuii MeTon b)
Omm3HenoBeIl Meton B) momymsuuonHbIH MeTon I7) muroreHeTndeckuii Meton /1) OHMOXHMMUYECKuit
METOJ

127. HoBas orpacip TICHETHKH, H3ydamlnas OOIC3HHM, pPa3BHBAIOIIUECS BCIICACTBHE
TeHETHYECKON MPEAPacCIIONIOKCHHOCTH JTIONEH TPU TNPUMEHEHHUH TE€X WIM WHBIX JIEKapCTBECHHBIX
cpencts: A) HoBas reHetuka b) dhapmakorenernka B) memuiuHckas renetuka ) skoreHeruka JI)
MapaTunuyeckas reHeTHKa

128. HaGnmroneHnre 3a TeHETHYSCKOW OCHOBOM IcopHa3a M caxapHOTo nuabera: A) dacTtora
3a005eBaHNs 3HAYUTEIBHO BBIIIIE Y MOHO3UTOTHBIX OJIM3HEIIOB, YEM Y IUTETEPO3UTOTHRIX b) uactora
3a00JIeBaHUsl 3HAYUTEIILHO BBIINIC y JAUTCTEPO3UTOTHBIX OJNM3HEIIOB, YeM Yy MOHO3HMIOTHBIX B)
JIUCKOPIAHTHOCTh BBICOKA y MOHO3WTOTHBIX OMM3HENOB [') KOHKOPIAHTHOCTHh BBICOKAS Y
JIATETEPO3UTOTHHIX ONMM3HENOB; /I) KOHKOPAAHTHOCTh HU3KAash y MOHO3HUTOTHBIX ONM3HEIIOB.

129. IIpoGany GoneH BpoXIeHHOM KatapakToil. OH COCTOUT B Opake co 3A0pOBOH KECHIIMHOHN 1
uMeeT OONBHYIO J1I04b U 310poBoro cbiHa. Orten npobanaa OoneH KarapakToi, a Marh 340poBa. Marp
npobaHzauMeeT 3J0POBYIO CECTPY M 310POBBIX ponurenei. Jlenyka no qmHuu oria 6oseH, a 0abymixa
3noposa. [IpobGang nMeeT 1Mo TMHUM OTIA 30POBBIX POIHBIX TETIO U AsAT0. A1 )keHaT Ha 310 POBOH
xeHmuue. Ix Tpu ceiHa (ABOIOpoaHBIE Oparhsi mpoOaHIa Mo JMHMM OTHA) 310poBbl. Kakopa
BEpOSITHOCTh MOSBIICHMS B ceMbe JouepHu poOaH/a OOIBHBIX BHYKOB, €CIIM OHA BBIAAET 3aMyXK 32
TeTEPO3UTOTHOTO TI0 KaTapakTe 3TOTO TUMA MY>KYHHY ?

130. ITepen BamMu reHeaIoTHS CEMBH, TIOPHKEHHO W OTIpeneNieHHON 00J1e3HbI0. DTo 3a00IeBaHNe
MPOSBISIET TIOJHYIO TICHETPAHTHOCTh U BCTpedaeTcs y 25% HaceneHusl.
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1 E’TO
O
O . [j O -’TO . BONbHAR KEHIWHHA O JA0DOBAA MEHLWNHA
s G n

Vkaxure BEPHBIE 1 HEBEPHBIE yTBepxaeHus 00 3TOi reHeaIoTHH.

A) JlaHHas reHeayoT s HACJCAyeTCs IyTeM CICIUICHHs ¢ X-xpomocomoii H

b) I'enorum opraausma HoMmep 4 reTepo3uroreH B

B) BeposTHOCTE TOTO, 4TO OpTraHU3M HOMED 5 SABISIETCS HOCUTENEeM, cocTaBisieT 73 H
1) BeposiTHOCTH TOTO, 4TO OpTaHU3M HOMED | SIBIIsIeTCSI HOCHTEJIEM, COCTAaBIAET 73 B

KoHTposbHBIE BOTIPOCHI

1. OcobOeHHOCTH YeI0OBeKa KaK T€HETUUYECKOTO 00beKTa.

2. MeToasl U3y4eHHUsI HACIENCTBEHHOCTH YEJIOBEKA.

3. B ocHOBe reHeajoru4ecKkoro MeToja JIEKHUT W3yUYeHUE HACIEeICTBEHHOCTH YeJOBEKa TI0
MPU3HAKY €T0 TIPOUCXOXKICHIS.

4. PacripocTpaHEHHBIC HACIIC/ICTBCHHBIC 3a00JICBAHUS YEIIOBEKA.

5. JloCTIKEeHUS HCCISTOBAaHUHA B 00IAaCTH TEHETHKH YeJI0OBEKa.
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IDIOCCAPUM

AJuTeJIbHBIE TeHBl — 3TO pa3indyHbIe (OPMBI OJJHOTO U TOTO K€ I'eHa, PACIIONOXKCHHBIE Ha
COOTBETCTBYIOLIUX MECTax B XpOMOCOMAX.

AyTocoMa — 370 J100asi XpoMocoMa, KOTopasi He SIBIISIETCS TOJIOBON XPOMOCOMOHA.

Buonornyeckuii mporpecc —-3TO TMpoIecC W3MEHEHHS U YIYUYIIECHUS OHOIOTHYECKUX
OPraHHU3MOB, BUJOB U MOMYJSILUI B TEIEHUE BPEMEHHU.

Buosornyeckuii perpecc — 310 0OpaTHBIHN MpoIece K OMOIOTHISCKOMY TIPOTPECCY, KOTa
OpraHM3Mbl W BHIbl TEPSIOT CBOM AaJaNTUBHBIE XapaKTEPHCTMKH M BO3BpaIalOTCca K Ooree
MPUMHUTHBHBIM (popmMam.

BocnpousBoaumocTe — 3T0 CMOCOOHOCTh OPTaHM3MOB PAa3MHOXKAThCSI U TEepeAaBarb CBOU
TCHETUYECKUE XapaKTEPUCTUKU TTOTOMKAM.

I'aMeThI UM OJIOBBIE KJIETKH — 3TO CIIELUAIM3UPOBaHHbIE KIETKU, KOTOPBIE yYacTBYIOT B
npoLecce pa3MHOKEHHSI U CIUSHUS JIJ11 00pa30BaHKUs HOBOTO OpraHM3Ma.

I'eModunimmsa — 3T0 reHeTHYECKOe HapylIeHUE CBEPThIBAEMOCTH KPOBHU, KOTOPOE MPHUBOIHUT K
MOBBILIEHHON CKJIOHHOCTH K KPOBOTEUEHUSIM.

I'en — o310 yuactox [JHK (me3oxkcupubOHYKIEHHOBON KHCIOTHI), KOTOPBIM KOXHPYET
MH(OPMAIIUIO O HACJIEICTBEHHBIX CBOMCTBAX OpTaHU3MA.

I'eHoM — 3TO MONTHBINM HAOOP TEHETHYECKON HH( OPMAIIHH, COIEPHKAIICHCS B KIIETKaX OpTaHN3Ma.

I'enoTun — 310 TeHeTHUecKas HHGOPMALUS, COAEPKAIIAICT B KIIETKaX OpraHU3Ma, KOTopas
OTIPEJIETISIET €r0 HACIIEACTBEHHBIE YePThI U XapaKTePUCTUKH.

I'eHOo(0oH T —3TO COBOKYITHOCTb BCEX FT€HETUUECKUX MaTEpUasioB(IT€HOTHUIIOB) B TOMYJIS LU W
BUJAX, KOTOpBIE NIEPEJAIOTCS OT IIOKONEHUS K NOKOJICHHUIO.

I'eTepo3uroTHBIN 0PraHu3M — 3TO OPraHu3M, y KOTOPOTO IeHBI IJIs1 OTIPEEICHHOTO [TPU3HAKA
MPEICTABJICHB JBYMS PA3HBIMU aJUICIIIMHU.

I'eTepo3uc — 310 CBOMCTBO OPraHU3MOB, KOTOPOE XapaKTEPU3YETCs [TOBBIILIEHUEM BBIHO CJIMBOCTU
U CHJIBl Y ITIOTOMKOB IIEPBOTO TOKOJIEHUSI B CPABHEHUU C POJUTEIISIMU.

I'népugonoruyecKuii METOI — 3TO METOJI, HCTIOIBb3yeMbIil B TCHETUKE U CEICKITUHU, KOTOPBIA
3aKITI0YAETCs] B CKPEIIMBAHNH ABYX Pa3IMUHBIX TCHOTUIIOB MM BUJOB JJISI MONY4YEHUS THOPUIHBIX
MOTOMKOB.

TI'oMo3uroTHBI OPraHu3mM — 3TO OpPraHu3M, Y KOTOpOro 00a ajuiessi OnpeaesIeHHOTO TeHa
OJUHAKOBBI.

T'omosiornyHbIle XpPOMOCOMBI — Iapa XpPOMOCOM MPHUOIM3UTENLHO PaBHOW [UIMHBL C
OJMHAKOBBIM IOJIOKEHUEM LIEHTPOMEPHI U JAIOLIKE OAUHAKOBYIO KAPTUHY IPU OKpaIlUBaHUU.

JMrudpuaHoe CKpeuuBaH e — 3TO CKPEIINBAaHUE POAUTENHCKUX 0CO0CH, pa3IMIarommxcs 1o
JIBYM TapaM aJbTePHATUBHBIX MPU3HAKOB U, COOTBETCTBEHHO, MO IBYM MapaM aJUIeJIbHBIX T€HOB.

JIOMMHAHTHBIH IeH — Takas ajviellb, KOTopas OonpeaesseT NposBICHUE TPU3HAKa B TOMO- U
reTEePO3UTOTHOM COCTOsSIHMU. [Ipu3HaK, B 3TOM cilydae, Ha3bIBAIOT JOMHUHAHTHBIM.

HN3MeHYMBOCTH — CITIOCOOHOCTH OPTAHU3MOB MPUOOPETAaTh HOBBIE IPU3HAKH.

KonomunupoBanue (He3aBHCHMOE TNpPOsIBJIeHHMEe) — SIBIEHHE, Korna B (opmupoBaHHM
NpHU3HAKA Y TE€TEPO3UTOTHOIO OPTaHU3Ma y4acTBYIOT 00e aulesy.

Konbloranus — 310 reéHeTH4eCKH Mpo1iecc, KOTOPbIA MPOUCXOAUT y HEKOTOPBIX OaKTepuii U
MPOTHCTOB, MO3BOJISIIONIUN UM OOMEHHBATh T€HETUYECKUN MaTepuan Mexay coboi. B mporecce
KOHBIOTAIMH JIBA OpraHu3Ma 00pa3ytoT BPEeMEHHYIO CTPYKTY Py, HA3bIBAEMY O ITHITY COM, Yepe3 KOTOPYIO
npoucxoaut nepenada JTHK.

MonorudpuaHoe cKpemuBaHue — 3TO CKPEILIMBaHUE 0COOEH, KOTOPBIE OTIINYAIOTCS APYT OT
JIpyTa TOJIBKO OJHOM MapoW aJIbTEPHAaTUBHBIX NPHU3HAKOB.

MyTanusi — 3T0 U3MEHEHHE B TCHETUUECKOU CTPYKTYPE OpraHu3Ma, KOTOPOE MOKET BIIHSITh HA
ero (peHOTUN (BHEIIHNE XapaKTEPUCTUKU U (YHKIIUN).

HacaencTBeHHOCT — 3TO Nepeaya reHeTHYeckoi HH(opMaIuy OT poauTesieil K MOTOMKaM.
HacnenctBeHHOCTh OCYLIECTBISIETCS YEPE3 XPOMOCOMBI, KOTOPBIE cozeprkar reHsl — yuactku JHK,
KOJIUPYIOIITME OTPEIeIICHHbIC OCTIKH ¥ OTIP ICIISTONINE HAIIIH (PU3HYeCKUE U OMOJIOTHYECKHE CBOWCTRA.

HenonHoe noMnHupoBaHue — sIBJIICHUE, KOT/1a JOMUHAHTHBIM ['e€H HE MOJHOCTHIO OAABILIET
paboTy perecCUBHOTO TeHa, B Pe3yJbTaTe YeTro pa3BUBACTCS MPOMEKY TOUHBIN MPU3HAK.

IlepexpecTHass ruGpuau3amMs — 5T0 IPOIECC, MPU KOTOPOM T'OMOJOTHYHBIE XPOMOCOMBI
MepeceKaroTcs APYT C IPYTOM BO BpeMsi MEHOTHYECKOT0 JIEJICHUS M 0OMEHUBAIOTCSl COOTBETCTBY FOLIMMA
AaHAJIOTAMH.
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IommrudpuaHoe cKkpemMBaHUe — 3TO CKPEIMBAHIE 0CO0EH, pa3INYaIOIIIXCsI IO HECKOJIBKUM
napaM ajsTepPHATUBHBIX MMPU3HAKOB U, COOTBETCTBEHHO, M0 HECKOJBKUM MapaM alieJbHBIX TEHOB.

IToaHoe ToMUHMPOBAHMEe—IBJICHUE, KOT/Ia JOMIUHAHTHBIN T'€H MOJHOCTHIO NOAABIAET padory
PELIECCUBHOIO T€HA, B pe3yJbTare Yero pa3BUBaETCs JOMUHAHTHBIN IPU3HAK.

ITosi0BBIE XPOMOCOMBI — 3TO IIapa XPOMOCOM, KOTOpasi OIPEAEIsET 101 OpraHu3Ma.

®eHOTHII—COBOKYITHOCTh BHEIIHUX M BHYTPEHHHX IPU3HAKOB OpTaHU3Ma, IPUOOPETEHHBIX B
pe3ynbrare OHTOreHe3a (MHANBUAYaIbHOTO Pa3BUTHS).

XpoMaTHH—D3TO KOMIUIEKCHAsI CTpyKTypa, cocrosimas n3 JHK, OenkoB m PHK, koropas
o0pa3yeT XpOMOCOMBI.

XpomonJiacTap — 3TO THII [JIACTUAWIA OPTaHeIUIbl, KOTOPasi COAEPKUT MUTMEHTHI M OTBEYACT
3a CHHTE3 W HAKOIUICHWE MUTMEHTOB B KiIeTKax pacTeHuid. OHM UIpalT BaXKHYIO POJb B
11BeTO00pa30BaHUM U MOJJICPKAHUM [IBETA Y PACTEHUI.

XpomocoMa — 3TO CTPYKTYPHBIM JIEMEHT KJIETOYHOTO sApa, CoAeprKallas OIpEnesICHHbIA
Ha0bOP TEHOB.

LuTos0orust — 570 HayKa, N3yYaIoUIast KIETKH, UX CTPYKTYpPY, Gy HKIMH U TIPOLECChl BHYTPH HHX.

HuTonaa3zma—o0s3arenbHast 4acTh KICTKHU, 3aKTF0OYESHHAS MEXKTY TUIa3MaTid eCKoi MeMOpaHoi
U SIIPOM.

Yucras quHus (ceJeKUUH, THOPUABL, IITAMMBI) — 3TO TOMO3HIOTHBIH HA0Op T€HOB IO
OJTHOMY WJIM HECKOJBKHM AJUIEIISIM; IIPU CaMOOTIBUICHHH WM NEPEKPECTHOM OINBUICHHH PaCTEHHI
MIPOUCXOUT PACIIEIICHHE TPU3HAKOB.

OMOpHOJOTHA — ITO HayKa, U3ydarollas pa3BuTre SMOprUoHa (Ha4aibHOUW CTaluU PA3BUTHS
OopraHu3Ma I0CJIe OIJIOOTBOPEHHUS SHLIEKICTKN).

JyKapHOTbI — 3TO OPraHU3Mbl, KOTOPbIE UMEIOT KJIETKH C SIAPOM, B KOTOPOM COIEPHHUTICT
reHeTu4eckas nHpopMaIusl.

Slnpo — 310 MeMOpaHHBII OPTaHOU]I, KOTOPBIA COAEPKUT TeHETUIECKYIO MH(POPMAITUIO KIICTKH
B Buae JJHK.

Anpsimko — 310 HeOoMbIIAS CTPYKTYPa, KOTOpas HaX0AUTCA BHYTpH siapa. OHO oTBeJaer 3a
CHHTE3 pUO0COM, MaJIeHbKUX OPraHesll, KOTOPbIE UTPAIOT KIIIOYEBYIO POJIb B IPOIIECCE CHHTE3a OCJIKOB.
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INTRODUCTION

The Law on Education of the Republic of Kazakhstan and other documents related to education
indicate the need for higheracademic institutions to educate specialists with comprehensive knowledge,
broad outlook, high culture, ability to think in a new way.

Genetics is one of the new exact sciences. Its main task is to study two basic properties of living
nature - heredity and variability. The mastering of any theoretical courses is undoubtedly carried out
through practical classes. Such classes allow to understand and memorize factual information and
develop creative thinking.These learning guides created in the field of genetics allow to learn basic
genetics problemssuch as: material basis of heredity, hybridologic method in the study of heredity and
variability.

The mastering of any theoretical courses is undoubtedly carried out through practical classes.
Such classes allow you to understand and remember factual information and develop creative thinking.
Such textbooksthat were createdin the field of geneticsallow youto masterthe main genetics problems,
such as mastering the material foundations of heredity, using the hybridological method in the study of
heredity and variability.

In their experiments (i.e. by solving problems), students should make sure that genetics is based
on strict laws that allow them to anticipate any phenomenon and accurately calculate its quantitative
patterns. They must learn to solve various types of genetics problems independently so that they can
master the laws of genetics. It is also of great importance in the formation of students' thinking of
independent research activity, entrepreneurship and dexterity. Genetics problems in genetics help to
understand the most basic node of the theory, to understand its essence more deeply, to apply
productively and use knowledge in practice creatively.

The practicum on genetics is aimed at achieving these goals.

This practicum includes genetics problems covering the main chapters of the course "Genetics",
as well as their solution methods and answers. In this practicum, problem solving as a method of
modeling complex genetic processes is widely used. For this purpose, the practicum has the most
significant topics, the given genetics problems help to work out the methods of their solution.

This practicum is for Biology teachers, university students and undergraduates, secondary school

students.
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I. MONOHYBRID CROSS

The crossing of forms that differ from each other by one pair of alternative characteristicsis called
monohybrid crossing (Figure 1). Monohybrid crossing is the simplest type of crossing. In monohybrid
crossing, only one allele pair of genes is analyzed. To successfully solve the problems of monohybrid
crossing, itis also necessary to clearly know the rule of "purity of gametes”, according to which only
one gene from each pair enters each gamete, which determines the development of the trait.

To simplify the solution of genetic problems, you can use simple symbols from the initial letters
of the Latin alphabet to designate genes. Genetics problems for such typesas recurrent, analyzing and
reciprocal crossing are solved when getting acquainted with this topic. Itis possible to prove the first
and second laws of Gregor Mendel, determine theaction of genes, the genotype of parents and offspring,
calculate phenotypic and genotypic classes, etc. whensolving problems. Thus, students develop business
qualities and skills.

A number of symbols are used during the writing of genetic problems:

P (parental) - parents

F (filia, filius) — generation, F index placed next to the symbol 1, 2, 3 indicates the serial number
of the offspring, F, — first generation, F, - second generation, etc.

X - symbol crossing

Q- female

J4- male

G- gametes

A - dominant gene, a — recessive gene

It is necessary to know a number of rules when making genetic genetics problems. First you
should record whatis given, the solution and the answer in the genetics problems. Itis necessaryto write
in this order about the action of genes (which trait is dominant and which is recessive), as well as about
parents and offspring. If the action of genes is not given, then the task begins with the recording of
parents and offspring, and the question indicates that it is necessary to find the action of genes. First of
all, it is necessary to write the task correctly. To determine the effect of genes in the process of solving
the task, it is necessary to look at their offspring according to the first or second laws of G. Mendel.

Recessive and dominant traits and the number of offspring help to determine the genotypes of
parents. If the recessive traitis manifested in the offspring, then the recessive gene is present in both
parents, and if the recessive trait is not manifested in the offspring, then the recessive gene is absent in
one of the parents. If the number of descendants is two, then the genotype of one of the parents was
heterozygous, the other was homozygous, and if there were 4 offspring, then the genotypes of both
parents were heterozygous, etc.

dominant trait recessive trait

homozygous

X ?‘b
Aok aa

P

Genotype:
Heterozygous

Law of uniformity of
Phenotype: first-generation hybrids
red flower Aa (Mendel's first law)

Figure 1. Monohybrid cross scheme
When conducting experimental work to study the nature of inheritance of a recessive trait, to
determine the reliability of the results of splitting this trait into F,, Table 1 is used as an example.
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Table 1.The results of quantitative analysis of the study of Drosophil’s body color (monohybrid
Cross)

Fly number
Grey | Black Total
Maternal lineage..........cceviiiii i 0 All
Paternal liN€age..........ooveiieii i e All 0
F All 0
Fy
Actual splitting- student obtained data (p)............cccvveee.... 78 18 96
EXpected ratio........ccoovvveiie i e 3 1 4
Theoretically expected splitting (4).......coevueninnnnnnn.. 72 24 96
Deviation (A).....cveuvie i +6 -6
A2, 36 36
dZ
x? = Z? = 0,50+ 1,50 = 2,00;
n’' = 1; P>0,05
Fy
Actual splitting- total data obtained by all group students
() 1199 | 385 1584
EXpected ratio........ooevvveiie i e e 3 1 4
Theoretically expected splitting(Q).......ccceovvevieenannnn.. 1188 [ 396 1584
Deviation(d) ... ...ouoeeie e +11 -11
A2, 121 121
dZ
x? = 27 = 0,10+ 0,31 = 0,41;
n’' = 1; P>>0,05
Fp
Student obtained data..........cc.ooeiiiiiiiii s 66 58 124
Actual splitting- total data obtained by all group
STUAENTS(D) v veevtee ettt 504 486 990
Expected ratio.........coevuviiniiiiiiiie e 1 1 2
Theoretically expected splitting (4).......oeveiieinanenn.. 495 495 990
Deviation (d).......coooiiiiii e, +9 -9
A2 81 81
d2
x? = Z? =0,16+0,16 = 0,32;
n’ = 1; P>>0,05

Statistical analysis of the results. The ratio of grey and black flies in the experiment in F, and
Fy differs from the theoretically expected one 3:1 or 1:1. The question of whether this difference is
random or splitting does not correspond to the theoretically expected one can be solved only with the
help of statistical methods. The x? (chi-square) methodis very simpleand convenient. Application of this
method is reduced to calculation of value x? and its estimation. The calculation is carried out according
to the formula 1:

dZ
x> =X—

1)

Where X'- total number of individuals , g — expected number of individuals with a certain trait;
d — deviation of actually obtained data from theoretically expected data for each class (p - ). During
calculation, first a table of splitting classes is compiled based on experienced numerical data (p). Then,
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from the sum of all class frequencies which constitutes the sample volume, the theoretically expected
values (q) for each class are calculated according to the assumed splitting formula (3:1, 1:1 etc). Next,
the deviation (d) of the obtained data from the theoretically expected values for each classis determined.
Each deviation d is squared (d?), divided by the theoretically expected number (q) for the given class.
After all parts are summarized and the value is obtained according to the above mentioned formula.
Value is estimated using the Fisher table (Table 2).

Table 2.Values table of x?with various degress of freedom (by Fisher, with contractions)

Degrees of freedom (n’) Probability P

0,05 0,01
1 3,841 6, 635
2 5,991 9,210
3 7,815 11, 341

The probabilities (P) 0.05and 0.01are labelledin the table. What do they mean? When examining
the formula we can see that x? is equal to zero if the experimental and theoretical data are in perfect
correspondence. If x? is notequal to zero, it is always assumed that the differences of the compared
values are random (this hypothesis is called the null hypothesis) when applying this method. The
probability indicated in the table is nothing else but the probability of this null hypothesis. The
probability of 0.05 indicates that if the compared quantities differ randomly, then the x2 value which was
indicated in the table may appear only in 5 samplesout of 100 similar ones. In statistics it is accepted
that events with probability of 0.05 and less almost do not occur. So, x? value mentioned in the table
with equivalent0.05 indicates thedifferences betweencompared values cannot be considered by chance,
i.e. the null hypothesis should be rejected. The probability of 0.01 presents the same thing, only the
occurrence of the value indicated in the table is possible only once in 100, if the differences are random,
i.e. even more rare. That is why the null hypothesisis rejected when the value is equal or greater than
that indicated in the table, i.e. the differences between the compared values are considered to be not
random, but regular. In other cases (when x? is less than in the table), the null hypothesis is accepted, i.e.
the differencesareconsidered random. Finally, what is the number of degrees of freedomthat determines
the row in the table? The number of degrees of freedom is the number of independently calculated
theoretically expected values. In the given example, two theoretically expected values (the number of
grey flies and the number of black flies) have been calculated. However, if we calculate the number of
grey flies, the number of black flies can be determined automatically, it depends on the sum and the
number of grey flies. Therefore, the number of independently calculated values here is equal to one.
This is the degree of freedom. In general, the number of degrees of freedom in a split analysis is always
equal to the number of different classes of individuals minus 1. The x? criterium gives reliable results if
the sample size is more than 50 and the theoretically expected frequencies in the classes are at least 5.
Perform statistical processing of the resultsof F2 spliton your own data (independently) and on the total
data obtained by all students of the group, based on the expected ratio of 3:1. Prove that the obtained
splitting corresponds to the theoretically expected ratio. In the considered example there is 1 degree of
freedom and x?=2.00 and 0.41, which is less than the values x>= 3.841 and 6.635 indicated in the first
line. This meansthat the differences between the values obtained in the experiment and the theoretically
expected values are random. Verify that the split corresponds the expected 3:1 the more accurately the
larger the number of flies analyzed. Summarized data obtained by all students in a group give a better
match to the expected ratio (P>>0.05) than data from a single student (P>0.05). Similarly, perform a
statistical treatment of the splitin F, on the summarized data obtained by all students in the group. Prove
that it corresponds to the expected 1:1 ratio.

Genetics problems

1.* In Andalusian hens, the factor of black plumage "R" and white plumage "r" in the
heterozygous state give blue coloring. What offspring will be produced by a blue Andalusian hen when
crossed with individuals having the following plumage: black, blue, white.

2. In tomatoes, the gene that causesthe red color of the fruit is dominant over the gene for yellow
coloring. What color will be plant fruits obtained from crossing heterozygous red-fruited plants with
yellow-fruited plants?
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3. The giant stature of an oat plant is a recessive trait, normal stature is a dominant trait. Which
plants must be crossed to produce a uniformly tall offspring?

4.* The grey body color of a Drosophila fly is dominant over black.

a) In a series of experiments on crossing a grey fly with a black fly, 90 grey individuals and 88
black individuals were obtained. Determine the genotypes of the parental forms.

b) When crossing grey flies in the offspring were 1281 individuals of grey color and 356
individuals of black color. Determine the genotypes of the parental forms.

5. When crossing Drosophila flies with normal wings, 2967 offspring were obtained. Among them
flieswith normal wings were only 2225, theresthad bentwings. Determine the genotypes of the parental
forms.

6. In dogs, black coat color is dominant over brown. A black female was crossed several times
with a brown male. Atotal of 10 black and 12 brown puppies were produced. Determine the genotypes
of the parents and offspring.

7.* In humans, the ability to possess predominantly by right hand dominates over the ability to
use left hand. Aright-handed man whose mother was left-handed married a right-handed woman who
had three siblings, two of whom were left-handed. Determine the possible genotypes of the woman and
the probability that the children born from this marriage will be left-handed.

8.* Anormal pea plant crossed with a dwarf pea plant. F; is normal. Determine what the offspring
will be: from self-pollination of F;, from crossing of F, with the original normal plant, from crossing of
F,with the original dwarf plant.

9. In rabbits, a coat of normal length is dominant; a short coat is recessive. A rabbit with short hair
gave birth to 5 rabbits - 3 short-haired and 2 normal-haired. Determine the genotype and phenotype of
the father.

10. In cattle, the comolality gene is dominant over the horniness gene. What will be the first
generation (F,) from a cross between a horny bull and homozygous comolous cows? What will be the
first generation (F,) from crossing such hybrids? What kind of calves can be produced by crossing an
F, homozygous comolous bull with an F; hybrid cow and by crossing two F, horned individuals with
each other?

11. Red-fruited wild strawberry plants always give offspring with red berries when crossed with
each other, while white-fruited strawberry plants always give offspring with white berries. When these
varieties are crossed with each other pink berries are produced. What kind of offspring will result when
hybrids with pink berries are crossed with each other? So how does the effect of genes occur? What
offspring would be produced if pinkish forms were crossed? What would happen if red hybrids of fruit
crossed with pink fruit, and pink fruit crossed with white fruit?

12. There is a new bull in a herd of black-breed cattle. In the result 27 calvesare received, 7 of
them are red-mottled. Is only the bull "guilty™ of this or the cows too? How to find out? What is the
probability that any of the black heifers from the new bull will carry the undesirable red color gene?

13. When a black roosteris crossed with a white hen, the chicks are mottled, and in the second
generation there is a split: 1 black to two mottled and 1 white. What will be the offspring from crossing
mottled individuals with black and white ones?

14. Myoplegia (periodic paralysis) is inherited as a dominant trait. Determine the probability of
having children with anomalies in a family where the father is heterozygous and the mother is not
myoplegic.

15. The gene for deaf-mute is recessive with respect to the gene for normal hearing.

What offspring can be expected from such marriage if the genotypes of both parents are
heterozygous? The marriage of a deaf-mute woman to a healthy man produced a deaf-mute child.
Determine the genotypes of the two parents.

16. The pediatric form of amaurotic familial idiocy (Tay-Sachs) is inherited as an autosomal
recessive traitandis usually fatal by the age of 4-5years. The firstchild in the family died of the analyzed
disease at the time when the second child is to be born. Determine the probability that the second child
will suffer from the same disease.

17. Albinism (absence of pigment in the skin, retina, and hair) is inherited in humans as an
autosomal recessive trait. In a family where one spouse is albino and the other is normal, fraternal twins
are born, one is normal for the disease being analyzed and the other is albino. What is the probability of
the next child being born an albino?
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18. Aman with polydactyly married a normal woman, they have 4 children, all with polydactyly.
One of the sons married a normal woman. What is the probability that they will have children with the
abnormality?

19. A guinea pig has a dominant curly coat over a smooth coat. Write the genotypes of all the
animals in the following crosses:

a) P @ with curly coat x P & with smooth coat —F all offspring with curly coat;

b) P © with curly coat x P & with smooth coat —F 1/2 offspring with curly coat, 1/2 with smooth
coat;

c) P Q with smooth coat x P & with smooth coat —F offspring are always only smooth-haired.

20. Mice of bb genotype are grey. Bz are yellow, BB die at the embryonic stage. What will be the
offspring of the following parents: yellow x grey; yellow x yellow? In which cross can we expecta more
numerous litter?

21*. Heterozygous individuals retain some alleles that have lethal consequences for homozygous
individuals. An example is the mutant allele (MY) associated with taillessness in Manx cats. Cats
homozygous for this allele (M-M"), usually die before birth due to serious spinal cord defects. In the
case of incomplete dominance in cats heterozygous for the M*-allele and the normal unmotivated allele
(M), the tail is short, stocky or absent altogether. Two MM cats are mating. What is the probability that
any of their surviving kittens will be heterozygous?

Tasks solutions

1.* First we write the given data. In this task, in addition to the influence of genes, three pairs of
parents are given.

1. P 9-blue, J-black;

2. PQ-blue, 3-blue;

3. PQ-blue,d-white.

We need to determine the offspring resulting from crossing these three pairs. Now we will write
down the solution methods and draw up the crossbreeding diagrams.

The motherisblue in phenotype and heterozygousin genotype, so shegivestwo types of gametes
(R and r). The male of the first pair is genotypically homozygous for the dominant trait, so it gives
gametes of the same type (R). This is reciprocal crossing. As a result of gamete fusion we get the
offspring from reciprocal crossing. In phenotype we observed a split: 1 blue:1 black, in genotype:
1Aa:1AA. Reciprocal crossing at incomplete dominance in the offspring gives split on phenotype and
genotype 1:1, and at complete dominance does not give split on phenotype, and on genotype - 1:1.

The female and maleofthe second pairare phenotypically blue, their genotypes are heterozygous,
and they each give two different (R and r) gametes. If each parent gives two different gametes, we make
a Punnett Square. Female gametes are written vertically and male gametes are written horizontally; the
genotypesofthe offspringare writteninsidethe square. Theanalysisis performedon the F; filled square.

F
J1R R
?
R RR black Rr blue
r Rr blue rr
white

F, splits by phenotype: 1 black:2 blue:1 white, by genotype: 1RR:2Rr:1rr. Now let's solve the last
question of the task. Let's write down the crossing scheme: P Q-Rr x J-rr. We determine the types of
gametes: the female genotype is heterozygous, and as a result gives two types of gametes - R and r, the
male genotype is homozygous for the recessive trait, so it gives only one type of gametes - r. The fusion
of gametes results in two individuals. This is an analyzing cross. When analyzing the offspring by
phenotype: F, 1 blue:1 white, by genotype: 1Rr:1rr. We design the task as follows:

Given: Solution:

R - black 1.PPRT x JRR
r - white G R R
Rr — blue F RR Rr
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1.PQ Rr & RR 1 black : 1 blue

2.P? Rr & Rr 2. PoRr x  JRr
3.P2 Rr drr
Find: J1R r
F-? F-? F, -? Q
R RR Rr
black blue
r Rr Rr
blue white

F, 1 black: 2 blue: 1 white

3.PQRr x Jdrr
G R r r
Fy Rr rr

1 blue: 1 white

Answer: 1. F- 1 black: 1 blue
2. F,- 1 black: 2 blue : 1 white;
3. F, 1 blue : 1 white

4.* First we write the action of genes (A - grey, a - black). Two different pairs of parentsand their
offspring are given: a) PQ grey, & black, F 90 grey: 88 black; b) P @ grey, & grey, F, 1291 gray; 356 black.
The genotypes of both parent pairs must be determined.

We will now write down ways of solving and make crossbreeding diagrams. We cannot immediately
record the genotype of the female of the first pair because, her phenotype will be grey even if her genotype
is homozygous or heterozygous for the dominant trait. Therefore, we do not write down the full genotype
of the female, but determine it in the solution to the problem. To do this, we first look for the recessive trait
in the offspring.

The offspring has a recessive trait (90 aa), consequently the recessive gene was present in both
parents. The male has the recessive gene, so let us write the recessive gene in the female, i.e. she is
heterozygous(Aa) for the genotype. Since this isatestcross, the resultwill be on phenotype: 1 grey:1black
and genotype 1Aa:laa. And if we reduce the numbers 90 and 88, we geta 1:1 split.

Now let's answer the second question. We make a crossing diagram.

P QA- xJA-. Parents genotypes are unknown. Therefore, we are looking for a recessive trait in the
offspring (356 aa). Let's write the recessive gene to both parents whose genotypes turned out to be
heterozygous (Aa). Let us create a Punnett square, obtain F, and analyze it.

F2
d
A A
?
AA Aa
A grey grey
a Aa aa
grey black

Splits by phenotype: 3 grey:1 black, by genotype: LAA:2Aa:1aa. And if you reduce the numbers
1291and356, yougetaratio ofabout3:1. Also, the number of F, offspring helps determine the genotype
of the parents. In order to give only 4 offspring, each parent must give 2 types of gametes, i.e. be
heterozygous for the genotype. So, we can find the genotype of the parents in two ways. The calculation
can be written a follows.

Given: Solution:

A — grey PQAax Jaa

a — black F. 90A-: 88 aa
a) PQA - J-aa G:A a a
F90A: 88 aa F,Aa aa
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6) PQA-JA- ’ 1 grey :1 black
F, 1291 A-: 356 aa PQAa x dAa
Find: F, 1291 A-:356 aa
P-? 3 grey : 1 black

Answer:a) PQ Aa Jaa
0) PQ Aa JAa

7*. First, let's analyze what the task supposes. Besides to gene action, there are three brothers and
a woman’s sister who createsa family and a man’s mother. We write these people in brackets next to
married man andwoman. The manandthe womanare right-handed. We need to determine the woman’s
genotype and the probability of having a left-handed.

On the solution line, write the crossbreeding scheme. We determine the woman'’s genotype by
looking atherthree siblings. Two of them are left-handed. This means that the siblings had a left-handed
gene that belonged to their parents' genotypes that were in a latent state or one of their parents was left-
handed. Assuming the first option, the woman's genotype could be AA or Aa.

In the second option, it would only be Aa. So we have two different solutions: the woman's
genotype is likely to be Aa or AA. And since the man's mother is left-handed, his genotype will
necessarily be heterozygous Aa, because the guy is right-handed. He inherited the dominant gene from
his father and the recessive gene from his mother. Thus, we have determined the genotypes of a woman
and a man by their close relatives and parents.

Given: Solution:
A —right-handed 1. PRAA X PZAa
PJA- /P Q aa/ G A A a
Find: F AA Aa
P? -?F%aa-"? Right-handed Right-handed
2. PQ Aa x JAa
4 A a
?
A AA Aa
Right- Right-
handed handed
A Aa aa
Right- left-
handed handed
F, 3 right-handed : 1left-handed
4 -100%
1-x
x=100/4=25%

Answer: . PQ AA
F100% right-handed
Il. PPAa

F 25 % left-handed

8.* First we write what the task supposes. The action of genes is not given, so we write parents
and offspringat once: 1. P Q@ normal, & dwarf; F1- normal. 2. PQ F; & normal; 3. 2. P @ F,& dwarf.
We need to obtain the offspring and F, that result from parents crossing.

First let's write the crossbreeding scheme in the solution. The parental forms are written in words.
P normal x & dwarf, F;normal. Based on the ruleabove, we determinethatnormal height is a dominant
traitand dwarfism is a recessivetrait. Now let us write down this crossing scheme according to genotype,
i.e. we will carry out reciprocal crossing. Let's design the task.

Given: Solution:
1. P9normal, Jdwarf 1. P @ normalx Jdwarf.
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F1 normal
2. P@normal,dnormal

F.normal
A —normal, a - dwarf

3. PQ normal,ddwarf P QAA x Jaa
4.PQFL 3F1 G A a
Find: F1 Aanormal

A-?a-?F1- ?F-?F2-?
F, 3 normal : 1 dwarf
2.P QAa x JAA
G A a A

F AAAa

Normal normal
3.PQ2Aa x Jaa
G A a a
F, Aa aa

1 normal : 1 dwarf
4.P QAax P4Aa
F, 3 normal :1 dwarf

Answer:

1. A —normal, a — dwarf, F;— normal
2. F- normal

3. F,- 1 normal. : 1 dwarf.

4. F, 3 normal: 1 dwarf.

21.* Let's formalize the problem as follows

Given: Solution:

M - normal PoMMx s MM

M-* - tailless

MM - the tail is short, stockyor |G Mt M, M- M

absent

PMM & MM F M-M- MM MM MM

Find: the lethal tail is short, normal stocky or not

F% MM - ? When calculating the probability, lethal individuals are not
taken into account, thus 2/3 of short-tailed M-M and 1/3 with a
normal tail MM

Answer: F% M'"M: 2/3 nwu

Control questions

1. What are the basic rules applied when solving genetic genetics problems?
2. What types of crossing do you know? Give examples.

3. How to prove the first and second Mendel's laws?

4. What are the differences between full and incomplete dominance?

5. What is statistical processing used for in genetic
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Il. DIHYBRID AND POLYHYBRID CROSS

Dihybrid crossing is the crossing of organisms that differ in two pairs of alternative traits (Figure
2). The genes producing these traits are located on different chromosomes. In polyhybrid crossing,
organisms differing in 3 or more traits are crossed. In polyhybrid crossing it is possible to prove three
laws of G. Mendel, calculate the number of genotypic and phenotypic classes, etc. The problems of di-
and polyhybrid crosses in some cases can be calculated without constructing Punnett square. If a
monohybrid cross produces only 2 gametes, a dihybrid cross produces 4, etc. Hence, we can denote the
analysis of alleles as 2".

If we remember that the number of phenotypic class in monohybrid crossing is -2 and the number
of genotypicclass is -3, then analyzing the generations formed in Punnett square, we cantake the number
of phenotypic classas 2" and the number of genotypic class as 3". So, whichever of the polyhybrids we
calculate, we can easily calculate their genotypic and phenotypic deviations (variations). Of course, the
use of these methods is conditional, because we should also take into account the fact that such simple
methods are not applicable when solving problems of backcrossing with complex mixed genotypes.

AA BB aabb
P —>» {' }
Gametes |7 AP
. I.’.' N ‘/
R == 1 YAaBb
e RS T
il i
Gametes AE? Ab ab ab
v ) e
AABB | AABb | AaBB | AaBb
AB| 7 PN SHTN 5
[ | { | | | |
\.___/f \ e p I‘"" — ] ! “‘w.r‘J
AABb | AAbb | AaBb | Aabb
Ab| @ | & | B | S
( _,. II:.__ -}J ( ) | GiB I)
F > N - R o
AaBB | AaBb | aaBB | aaBb
l\_ _ . J
AaBb | Aabb | aaBb | aabb
ab| A\ | 43\
| | . |

Figure 2. Dihybrid cross scheme and its analysis on Punnett square
Genetics problems

22.*Ablack polled bull, a representative of a pure line, is crossed with red horned cows. What
will the hybrids be like? What will be the next generation produced from crossing these hybrids with
each other, if itis known that comeliness dominates over horniness, and black coat coloroverred, and
the genes of both traits are in different chromosomes?

23. If in hens the factor of a rose-shaped comb R is present simultaneously with the factor of a
pea-shaped comb B, the comb has a nut-shaped form; if both recessive allelomorphs of these factors are
present simultaneously in the homozygous state, a simple comb develops. An individual with a nut-
shaped comb crossed with a simple one gives nut-shaped, rose-shaped, pea-shaped, and simple progeny
in equal proportions. What other cross could produce a similar split in F;?

24.* A watermelon fruit may have a green or striped rind and a long or round fruit shape. A
homozygous plant with long green fruit is crossed with a homozygous plant with round striped fruit. In
F,, the fruits are round green. What will the F, be like? What will be the effect in F, (testcross) on the
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form with long striped fruits? What will be obtained in F, and F, by crossing varieties with round green
and long green fruits?

25. Aguinea pig curly hair determined by gene A, smooth hair by gene a; short coat by gene B,
long hair by gene b; black hair color by gene C, white hair color by gene c. What will be F; and F, when
crossing pigs that differ in alleles of all three genes? What would be the result of crossingan F, u F,
hybrid with a smooth- and a long-haired white pig?

26.* Amale guinea pig with long black curly hair is crossed with a female whose curly hair is
shortand white. Several litters of this pair have produced 17 curly short-haired and black-haired guinea
pigs, 15 curly long-haired blacks, 6 smooth short-haired blacks, and 7 smooth long-haired blacks. What
are the genotypes of the parents? What is the expected ratio of the different classes? Prove statistically
whether the splitting corresponds to the expected ratio.

27. Inthe shaped pumpkin, white color of the fruitdominates over yellow color and the disc shape
over the circular shape. A white disk-shaped plant crossed with a white circular plant gives:

- 3/8 white disc-shaped,

- 3/8 white circular,

- 1/8 yellow disc-shaped,

- 1/8 yellow circular.

Determine the parents genotypes.

28. A father with curly hair (dominant trait) and no freckles and a mother with straight hair and
freckles (dominanttrait) havethree children. All the childrenhave frecklesand curly hair. Write parents’
and children genotypes.

29.Phenylketonuria (inability to metabolize phenylalanine) and one of the rare forms of
agammaglobulinemia of the Swiss type (usually leading to death before six months of age) are inherited
as autosomal recessive traits. Advances in modern medicine are reversing the severe effects of
phenylalanine metabolism disorders.

Whatis the probability of having healthy childrenin a family whereboth parents are heterozygous
for both pairs of abnormal genes?

Determine the probability of giving birth to phenylketonuria patients and the hope of saving
newborns in a family where both parents are heterozygous for both pairs of traits.

30. Adultglaucomais inheritedin several ways. Oneform is determined by a dominant autosomal
gene and the other is determined by a recessive autosomal unlinked gene.

A) What is the probability of having a child with an abnormality if both parents are heterozygous
for both pairs of abnormal genes?

B) What is the probability of having a child with an abnormality in a family where one parent is
heterozygous for both pairs ofabnormal genes and the other parent is normal with respect to vision and
homozygous for both pairs of genes?

31. In chickens, white plumage is dominant over colored plumage, shin plumage over bare-
footedness, and pea-shaped crest over leaf-shaped crest.

A homozygous white plumed legged and pea-shaped comb hen is crossed with a colored bare-
footed with leaf-shaped comb rooster. What number of the white pea-footed white offspring of F, from
this cross will not produce a split when crossed with a colored bare-footed, leaf-crested bird?

32.* The flower color of night beauty is inherited by intermediate type (red flowers are dominant
over white, heterozygotes have pink flowers), and the tall stem is dominant over the dwarf stem. If a
homozygous red tall plant is crossed with a white dwarf plant, how many of the second generation will
be F;-like?

33. In humans, the gene for brown eyes is dominant over blue eyes, and the ability to be
predominantly right-handed is dominant over left-handedness. Both pairs of genes are located on
different chromosomes.

a) Determine the phenotype of a child whose father is heterozygous black-eyed left-handed and
whose mother is blue-eyed and heterozygous right-handed.

b) One of the twin boys and girls born from the marriage of a blue-eyed left-handed girl and a
black-eyed right-handed man is blue-eyed left-handed and the other is blue-eyed right-handed .
Determine the genotypes of all the individuals in this family.

34. Polydactyly, myopia, and absence of small molars are transmitted as dominant autosomal
traits.

a) What will be the phenotypes of children born from the marriage of heterozygous family
members to these three couples?
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b) A manwith no molars is married to a myopicgirl with six fingers. The boy's father is healthy in all three
pairs and the mother has no lower molars, but her vision and fingers are normal. Although the girl's mother had
six fingers and the father was myopic, both were healthy in the third pair of traits. VWWhat would be the phenotypes
of the children from this marriage? Is it possible to have a healthy child with all three pairs of genes?

35. In the sweet pea, tall stature (D) dominates over dwarf stature (d), green coloring of beans (P) over
yellow (p), and round seed shape (R) over wrinkled (r). Answer the questions:

(@) Whatwill be the offspring of the following crosses (the genotypes of the parents are given

PYDDPp Rr x PAdd Pp 1r

PYDDPP Rrx P34 Dd Pp Rr

PQdd pp Rr x P4 Dd Pp i

PQDd Pp r x P4dd Pp Rr

b) What will be the phenotype of F, hybrids from crossing a homozygous dwarf sweet pea with green
wrinkled seeds with a homozygous tall yellow-grained coarse-grained pea? What gametes will be formed in the
F1 hybrid? What will be the split in F, and both R,?

36. From a cross between two Vvarieties of strawberries, one of which has runners and red berries and the
other has white berries and no runners, F; plants have runners and pink berries. Is it possible to breed avariety with
pink berries and no runners?

37. A backcross of the F; hybrid from Task 35 with a runnerless plant with white berries produced the
following split: 12 plants with runners and pink berries, 15 plants with runners and white berries, 16 runnerless
plants with white berries, and 14 runnerless plants with pink berries. What would you expect the relationship to F,
to be? Prove statistically whether the resulting split corresponds to this relation.

38. A mother has a loose earlobe (dominant trait) and a smooth chin, while the father has a loose earlobe
and atriangular dimple on his chin (dominant trait). The son has a loose earlobe and a triangular dimple on his
chin, and the daughter has the same traits as the mother. Write the possible genotypes of the parents and children.

39. In tomatoes, the red color of the fruit is determined by the dominant gene R, yellow by r; normal plant
growth by D, dwarf by d; and disk-shaped form by P spherical by p.

Adtall red- and round-fruited tomato plant crossed with adwarf yellow- and round-fruited tomato plant gave
the following split in the offspring (Table 3) Explain given results.

Table 3
Plant height Fruit color Fruit shape Number
Normal yellow circular 57
Normal red circular 60
Dwarf yellow circular 58
Dwarf red circular 61
Normal yellow Long 22
Normal red Long 19
Dwarf yellow Long 20
Dwarf red Long 21

40. What are the phenotypes of the first generation obtained by crossing tomatoes heterozygous for the
three pairs of genes given in Task Ne38?

Write down the results of F, and F,, which were subsequently crossed with these generations.

41. In Drosophila flies, grey body color and normal wings are due to dominant basic traits. Two flies with
normal wings and black color were crossed, and all the resulting offspring had black bodies, but 3/4 of them had
normal wings and 1/4 had short wings. Determine the genotypes of the parents and the offspring.

42. Two different breeds of silkworm present generations that differ in the following characteristics: one
produces worms with yellow cocoons and the other produces white striped worms. In the first generation, all
silkworms were striped and had yellow cocoons. In the second generation, the following selections were obtained:
6,385 were striped worms weaving yellow cocoons, 2,147 were striped with white cocoons, 2,099 were unicolored
yellow cocoons, and 691 were unicolored white cocoons. Determine the first and second generation genotypes
with the primary forms.
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Tasks solutions

22* Write down what the task supposes. The gene actions are given. It is noted that the black polled male
is purebred, that is, his genotype is homozygous for dominant traits. It is necessary to find F, generation as a result
of crossing homozygous organisms and F, generation as a result of their mutual crossing. To solve the task, let us
create a mating scheme and write down the reciprocal crossing: PFAABB X @ aabb. The genotype of the male is
homozygous for dominant traits, and for this reason gives a single-type gamete AB, and the genotype of the female
is homozygous for recessive traits, which also gives a single-type gamete ab. The resulting F;, phenotype AaBb is
black homless and its genotype is diheterozygous. Since diheterozygous individuals give 4 different types of
gametes, the number of F, is 16, the splits by phenotype in F, are 9 black homless: 3 black homy: 3 red homnless:
1 red homy. When creating a Punnett square and analyzing 16 generations within the square, we get 4 phenotic
and 9 genotic class numbers. Now we design the task.

Given: Solution:
A —black PQaabb x SAABB
a-red Gab AB
B - homless F,AaBb
b - homed Black homless
P Qaabb JAABB
Find: PQAaBb x AaBb
F.-?F,-? F2
9 AB + black homless
3 Abv black homed
3 aB " red homless
1 ab red homed
Split by genotype:
1 AABB:2 AABb:1AAbb:2 AaBB:4 AaBb:2 Aabb: 1
aaBB :2 aaBb: 1 aabb

Answer: F, -black homless
F, 9 black homless: 3 black homed: 3 red homless: 1 red homless

24*, 1t is necessary to write the gene action first. But genes are not given, so we write about parents,
offspring and the question. It should be taken into account that it is said about two pairs of parents. Lets start
solving the problem: P © greenlong x ¢ striped round, F; green round. According to Mendel's 1st law we find the
gene action: A - green, a - striped, B - round, b - long. Now let us draw a crossing scheme based on genotype:
PQAAbb x JaaBB. We identify the gametes of the parents. Because the female and male genotypes are
homozygous for dominant and recessive traits, each gives onetype of gamete, i.e. female gamete is Ab and male
gamete is aB. F;, by phenotype is green round , by genotype is diheterozygous Aa Bb. To get F,, we cross the F;
generation with each other. The female is diheterozygous by genotype, so she forms 4 types of gametes AB, Ab,
aB, ab; the male is diheterozygous, he also forms 4 types of gametes.

We combine the gametes and get F,. Analyzing the filled Punnett square, we get a split by phenotype: 9
green round: 3 green long: 3 striped round and 1 striped long. We then perform analytical crossing: P $Aa Bb x
Jaa bb. The female forms 4 different gametes, the male forms 1 type of gamete.

R, - 1 green round: 1 green long: 1 green long: 1 striped round: 1 striped long, gives the number of 4
phenotypic classes.

Now let uswrite the scheme of the second pair of crosses. Since we need to obtain F;, we perform reciprocal
crossing: P QAABB x JAAbb. The resulting F, is phenotypically green round and genotypically
monoheterozygous AABD.

We cross these individuals with each other and obtain F,. P QAABb x JAABb. The female is
monoheterozygous in genotype, hence gives 2 types of gametes, AB, Ab; and the male gives exactly the same
gametes. Ve fill in the Punnett square and analyze the obtained F,. According to phenotype - 3 green round: 1
green long; and according to genotype - 1AABB:2AABD:1AAbD, splitting is noticed, i.e. we got 2 according to
phenotype and 3 number of class according to genotype. Thus, we have completely answered the questions of the
task. Now we will write the solution.
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Given: Solution

1. PQ green long 1.PQ green long x & striped round
P & striped round F.green round
F, green round A-green
2. P9Q green round a - striped
P& green long B - round
b-long
Find: PQAaBb x AaBb
Gene impact? F, F,, F, - ? F

9 A-B —green round

3 A-bb green long

3 aaB —striped round

1 aabb striped long

P QAaBb x Jaabb

B- round

b-long

PQAADbD x JaaBB

GAb aB

F1 AaBb green round

Fb

Ab

AaBb 1 green round
Ab Aabb 1 green long
aB aaBb 1 striped round
ab aabb 1 striped long

2.P QAABB x JAAbb
GAB Ab

F. AABb green round

P Q-AABb x JAABD

F

3 green round: 1 green long
1AABB :2 AABDb : 1 AAbb

Answer: 1. A - green

a -striped

B-round

b-long

F, green round

F, 9 greenround: 3 green long: 3 striped round: 1 striped long
F. 1 green round : 1 green long: 1 striped round: 1 striped long
2. F, 3green round : 1 green long

25* Wiite down what the task supposes. After reading the problem carefully, we notice that the action of
genes, F; is not given. When it is not clear how to solve the problem, we look one above. This problem is related
to the previous one, i.e. we write down the gene action from problem 24. After that we need to write down the
given data about parents: PQ A-B-cc, $A-bb-C. We cannot write the full genotype of the parents at once, and,
therefore, the dominant genes are written one by one. Now we write the offspring F 17 A-B-C-, 15 A-bb-C-, 6 aa
B-C-, 7 aa bb C-. Determination of parental genotypes, class ratio and statistical expectation matching was
required.

Let us write down the crossing scheme for solving the problem: P9-A-B-cc x JA-bb C-. Based on the
rules, we determine the genotype of the parents by looking at the offspring: F17 A-B-C-, 15 A-bb C-, 6 aaB -C-
, 7aa bb C-. First, we look for recessive traits. According to the third pair of genes in the generation, there is no
recessive white marker - cc. Therefore, the parental genotype is written as follows: P?AaBbcc JAabbCC. Now
let us determine the parents gametes. The female is diheterozygous in genotype, so gives 4-type gametes, and the
male is monoheterozygous, gives 2-type gametes.
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W fill in the Punnett square and analyze the offspring. In the Punnett's square by phenotype of split: 3 curly
short black: 3 curly long black: 1 smooth short black: 1 smooth long black. So, the number of phenotypic classes
turned out to be 4, the split is 3:3:1:1. And if each number in the 17:15:6:7 split is reduced by about 6, we get a
ratio of 3:3:1:1. That is, the split from a statistical point of view matched the expected result. This shows that we
have correctly determined the genotype of the parents. Now let's write the task as follows.

Given: Solution:
A—curly PPAaBs cc x JAaseCC
a—smooth F 17 A-B-C-, 15A-88C-, 6 aaB-C-, 7 aaBC-
B - short
b—long F
C- black 3A-B-C-v curly short black,
¢ —white 3 A-bbC - + curly long black
PQA - B- cc, JA - bbC- 1 aaB-C- smooth short black
F 17 A-B-C-, 15A-bbC-, 1 aabbC — smooth long black
6aaB-C-, 7 aabbC-
Find:
P 93? Class ratio?
Statistical expectation?

Answer:1) P?Aa Be Cc §AabbCC

2) Phenotypes 3:3:1:1

3) statistical split corresponds expected value

32* We write the gene action: A - tall, a - low, B - red, b - white, Bb - pink. Parental forms are given by:
PQAABB Jaabb.

The female genotype is dominant, the male genotype is homozygous for recessive traits, so the female
gives one type of gamete AB, and the male also gives one type of gamete ab. At fusion of gametes F; is formed,
we analyze. According to phenotype F; is tall, pink, according to genotype it is diheterozygous. We cross the
resulting first offspring between each other and fill in the Punnett square to get F,. When we analyzed the
individuals within the Punnett square, the phenotype was as follows - 3 tall red, 6 tall pink: 3 tall white: 1 low red:
2 low pink: 1 low white split. Of the 16 individuals from F, six were the same asin F;, i.e. tall pink (/s ).

Now let us proceed to write the solution to the problem.

Given: Solution:
A-tall PQAABB x Jaabb
a - short GAB ab
B-red F.Aa Bb tall, pink
b —white PQAa Bb x JAa Bb
Bb - pink F.3 A -BB +all red
PQ AABB Jaabb 3 A - bbv tall white
Find: 6 A - Bbetall, pink
F-? B2 1 aa BB short red
2 aa Bb”\short pink
1 aa bb short white
Answer:
F, -tall, pink

F, 6 tall pink individual
Control questions:

1. How does inheritance occur during dihybrid crossing?

2. How many Mendel's laws can be proved in dihybrid and polyhybrid crosses? Define each law.
3. How to prove the law of independent inheritance of pairs of signs?

4. What splits by phenotype and genotype gives incomplete dominance in F, dihybrid crossing?
5. Prove Mendel's third law.
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I11. GENE INTERACTION INHERITANCE

A gene as a unit of heredity that determines the characteristics of an organism has certain
functional properties. It is clear from the above that the gene is discrete in its action; it determines the
presence or absence of a separate biochemical reaction, on which the development or suppression of a
certain trait of the organism depends. Obviously, if several genes determine any one property (the color
of a person’'s eyes, the length of a wheat ear, etc.), they must interact with each other.

Non-allelic genes are genes located in different parts of chromosomes and encoding different
proteins. Non-allelic genes can also interact with each other. At the same time, either one gene causes
the development of several traits, or, conversely, one trait manifests itself under the influence of a
combination of several genes.

The manifestation of one trait can be determined by two or more pairs of genes (complementarity
and polymer inheritance) and, conversely, one pair of genes can influence the manifestation of several
traits (multiple action of genes). In addition, some genes can suppress the action of others (epistasis).
All these phenomena have received the general name of gene interaction.

When two pairs of genes interact, the probability of the appearance of organisms of each
phenotype is determined by different combinations of two pairs of genes involved in the development
of the trait. Just as in the case of dihybrid crossing, these combinations can be evaluated using a Pennet
square. In most cases, different ratios of phenotypes when crossing digeterozygotes are formed from a
ratio of 9:3:3:1 by adding individual elements, for example, splitting 9:7 with complementary
inheritance can be represented as 9:(3+3+1).

When solving genetics problems of this type, you should pay attention to how many classes of
phenotypes and in what quantitative ratio are formed when crossing individuals with different
genotypes.

Solving genetics problems for the interaction of non-allelic genes requires knowledge of certain
rules for solving genetic genetics problems, which consists mainly of three stages. First you need to
determine how many pairs of genes are responsible for the development of alternative pairs of traits. To
do this, you needto look at F, and, based on the splitting, determine the type of crossing (mono- or dr
hybrid), then the type of gene interaction and only at the end determine the action of the genes.

The properties of any organism (the color of the coat of rabbits, the length of the ears of oats, etc.)
are determinedby manygenes. Inthis case, allelesof differentgenes interact with each other. Asaresult,
splits with several different ratios are observed in the progeny of the digeterozygote (G2) (for example:
9:3:4;9:7;13:3;15: 1 etc.). Genetic analysis shows that these unusual phenotype splitsin F,
represent a modification of the general formula 9: 3 :3: 1.

There are four types of gene interaction: complementarity, epistasis, polymerization and the
modifying effect of genes. With a complementary type of gene interaction, the splitting of traits in F; is
-9:3:3:1;9:6:1;9:3:4;9:7;with dominant epistasis - 13 : 3; 12 : 3 : 1; with recessive epistasis
-9:3:4;9:7; with cumulative and non-cumulative polymerization - 15 : 1.

Complementary gene interaction

Complementary gene is not noticed by itself, but if it occurs in genotype with others (A-B-), it
affects to the development of a new feature, compared to the action of each gene separately (A-bb or
aaB-). With the complementary type of gene interaction, the following main types of the ratio are
distinguished: - 9:3:3:1; 9:6:1; 9:3:4; 9:7 (fig. 3). The development of a trait can be determined not by
one, but by two or more pairs of non-allelic genes located on different chromosomes. If at least one pair
is in a homozygous recessive state, then the trait does not develop or is different from the dominant one.
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INTERACTION OF NON-ALLELIC GENES.

COMPLEMENTARY INTERACTION
INHERITANCE OF COMB SHAPE IN CHICKENS
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Figure 3. Complementary gene interaction

From a biochemical point of view, this can often be due to the fact that the development of traits
is usually a multi-stage process, each stage of which is controlled by a separate enzyme (information
about the enzyme is located in a specific gene). If at least one gene is in a recessive state, then an altered
enzyme is synthesized, the reaction does not proceed, and the final product is not formed:

Gene A B C D
Enzyme El E2 E3 E4

I ! ! !
Reactions S1 — S2 — S3 — S4 — P (feature)

Splitting when crossing digeterozygotes with complementary inheritance usually occurs in the
proportion9:7, 9:3:4, or 9:3:3:1, 9:6:1 (part of individuals with the minimum expression of the trait
7/16, 4/16 and 1/16).

Genetics problems

43.* Agreen-grained variety of rye crossed with a white-grained variety of rye produces green
seeds in F;, and in F, a splitin color: 89 seeds are green, 28 are yellow, and 39 are white. How is seed
color inherited? What will result if F; hybrids are crossed with homozygous yellow-grained and white-
grained plants?

44. When white guinea pigsare crossed with black guinea pigs, the offspring are grey, and in F,
3 black and 4 white out of grey 9. Is it possible to get exactly the same F; and F, from parents with a
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different fur color? What would be their genotypes and phenotypes?

45.* A cross between two black Cockerspaniel breeds produced four puppies of different skin
color: 9 black, 3 brown, 3 brown, 1 light yellow. When a black cockerspaniel was crossed with a light
yellow cockerspaniel, a light yellow puppy was born. If this black cockerspaniel is crossed with a dog
of exactly the same genotype, what offspring split can be expected?

46. The shape of a pumpkin fruit can be round, disk-shaped, and long. The presence of these
shapes is determined by two pairs of non-allelic genes that are not linked to each other.

a) When two plants with round fruits were crossed, only round fruits appeared in the offspring.
When reciprocal crossing of plants with disk-shaped fruits in the offspring produced hybrids with 3
types of shape. Among them: 9 - disc-shaped, 6 - round, 1 - elongated.

Determine the parents genotypes, first and second generation hybrids.

b) When plants with disc-shaped and long fruits were crossed, the offspring produced plants with
1 disc-shaped, 2 round and 1 elongated fruit.

Identify the plants genotypes and their offspring.

47.* In humans, congenital deafness is determined by genes a and b. Both dominant alleles (AB)
are required in the genotype for normal hearing. Determine the genotypes of the parents in two different
families:

a) both parents are deaf and their 5 children have normal hearing;

b) deaf parents have 3 deaf children.

48. The color of a sweet pea can be either white or red. When two white-flowered varieties of
plants were crossed, the offspring produced only those with red flowers. When these two red-flowered
plants were crossed with each other, the offspring produced 9 red-flowered and 7 white-flowered plants.
Determine the parents genotypes, first and second generation and characterize the gene interactions.

Tasks solutions

43*.Write the given data. The action of genes is not given, so we start with the parents. We write
the first and second generations and show the quantitative splitting of generations in F, Let's write the
second pair of parents that will interbreed. We need to find the type of interaction between genes,
offspring, and gene action. When summarizing the results, we will proceed from the rule above. We
need to know how many pairs of genes are responsible for the development of traits. To do this, we look
atF, reduce the numbers 89:28:39 to about a certain number (9) and bring it to 9:3:4. Thus, it tums out
thattwo pairs of genes belongto hybridization (this shows that the number of F, is 16), i.e. itisadihybrid
crossing.

Let us analyze the resulting F, generation filled in Punnett square. The resultis 9 green : 3 yellow
. 4 white. This is a complementary type of gene interaction. It turns out that dominant genes A and B
give green color whenthey are in the same genotype, if they are separated, then there are yellow and
white colors.

Now we draw up crossing schemes for F; hybrids with Aa Bb, yellow aa BB and white aa BB: 1.
PQAa Bb x Jaa BB, 2. P?AaBb x Jaabb. Write the parental gametes. 1.The mother is diheterozygous
for the genotype, hence gives 4 types of gametes, the male is homozygous for recessive and dominant
traits and hence gives 1 type of gamete. When filling in the Punnett square, there is a split in phenotype
in the ratio: 2 green : 2 yellow. In the second case (analyzing cross), the splitF, 1 green : 2 white : 1
yellow was observed.

Given: Solution:

FQ green dwhite 1. FQ green Jdwhite

F, green F, green

F, 89 green : 28 yellow : 39 white F, 89 green : 28 yellow : 39 white
2. PQ F, 3 yellow 9 , 3 : 4
PQ F, & white A- green a-yellow

Find: B- coloured b- uncoloured

Gene action? F-?
PQAABB x Jaabb
G AB ab
F.AaBb  (green)
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PQAaBb x JAaBb

PQAaBb x JAaBb
F2
9 A-B - / green:3 A - bb + white
3 aaB ~- yellow: 1 aa bb — white
2.PQAa Bb x Jaa BB
3.PQAa Bb x Jdaabb

F 2 green : 2 yellow

Fp 1 green : 2 white: 1 yellow

Answer: |. Two pairs of complementary genes interacting are responsible for the color presence:
A —green

a — yellow

B - coloured

B — uncoloured

F,9 green:3white: 3 yellow:1 white

Il. F-2green : 2 yellow

I1l. Ry, 1 green : 2 white: 1 yellow

45* We write the conditions of the problem. The action of genes is not given, so we write about
parents and offspring. Both parents are black by phenotype. After recording the phenotypes of the
offspring, it is necessary to record the second and third crossing parent pairs and their offspring. It is
necessary to determine the type of interaction of genes, the action of genes and offspring.

Let's move on to solving the problem. We create a scheme for crossing two individuals of black
color. In the offspring, there was a splitting according to the phenotype-9 black, 3 red, 3 brown and 1
reddish-yellow. This is the second generation from the dihybrid crossing, this provesthe 16 received
number of individuals. So, 2 pairs of genes are responsible for the appearance of signs. F, cleavage
9:3:3:1ischaracteristicofthe complementary type of geneinteraction. Nowwe need to record the action
of the genes: A- reddish, a-pale yellow, B - brown, b - pale yellow. If the dominant genesAand B are in
a separate genotype, then they show their colors, and if in the same genotype, then black appears. Now
the parental individuals must be digeterozygous by genotype in the crossing scheme, since it is known
that the number of descendants is 16 individuals. And to get 16 offspring, each parent must give 4 types
of gametes. Let's construct a Pennet square and analyze the resulting F,.

Now let's write a scheme for crossing the second pair. Only one pale yellow puppy was born from
this crossing, which means that its genotype should be aabb. If we accept the female genotype as
homozygous, then according to the rule of dominance, only black puppies will be born. Most likely, it
should be an analyzing crossing and only in this case a bright yellow puppy is born. The genotype of
the male (aabb) is known, and the female is an F; hybrid. Then the crossing scheme will be written as
follows. PQ AaBb x & aabb. The female is digeterozygous by genotype and therefore gives 4 types of
gametes, the male is homozygous by recessive traits and, therefore, gives 1 type of gametes. In the
Pennet square, splitting by phenotype turned out to be 1 black: 1 reddish: 1 brown: 1 light yellow
offspring.

The colors of the third crossing pair were black. Since this is a hybrid of the first generation, its
genotype is digeterozygous, and the result of crossing will be the same as in the original first pair. That
is, 9 black: 3 red: 3 brown: 1 pale yellow.. Therefore, we expect this kind of splitting from this crossing.
In this case, we immediately record the splitting by phenotype without creating the Pennet lattice again.
So, we have answered the questions of the task, now we turn to the design of the tasks.

Given: Solution:
PQ black x & black | 1. PQ black x & black
F,9 black, 3 reddish, | F, 9 black:3 reddish:3 brown:1 light yellow (complementary)

3 brown, 1 light A —reddish a - light yellow
yellow B — brown B - light yellow
PQ black & light PQ AaBex Jd AaBs
yellow F2 v 9 A-B - black

F light yellow + 3 A-BB - reddish

P2 black & black
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Find: 73 aa B - brown

The influence and | 1 aa BB - light yellow

interaction of genes? | P9 AaBex JaaBB

F-? Fplblack:1reddish:1brown:1light-yellow
3.PPAaBs x3AaBs

F, 9 A-B- :3A-8B8: 3 aaB-:1aaBB

black reddish brown light-yellow

Answer: Two pairs of genes interacting in acomplementary type are responsible for the manifestation
of the trait.

A - red, a — light yellow

B - brown, b — light yellow

F, 9 black : 3 reddish : 3 brown : 1 light yellow

F, 1 black : 1 reddish : 1 brown : 1 light yellow

F, 9 black : 3 reddish : 3 brown : 1 light yellow

47. First, we write the gene actions: A-healthy, a-deafness; B-healthy, b-deafness. Both parents in
two different families are deaf. Both parentsin the first pair are deaf, so their genotypes are A-bb- and
aaB-. All 5 children are hearing, i.e. genotypes A-B -. In the second couple 3 children are deaf A-bb,
aaB-.

It is necessary to determine the parents genotypes. Let's write down the problem as follows. For
this purpose we follow the rules stated above.

Given: Solution:

A - healthy 1. PRAAbb x ZaaBB
a - deafness Fs Aa Bb

B - healthy 2. PQAabb x JaaBb
b - deafness F; Aabb, aaBb

1.PQ A-bb JaaB-

F5 A‘B =

2.PQA - bb Jaa B-

F; A - BB, aa B-

Find:

P-?

Anawer: 1. PPAAbb JaaBB, 2. PQAabb & aaBb
Epistasis

When dominant, the action of one allele is suppressed by another allele of the same gene: A>3,
B > b, etc. Butthere is an interaction in which one gene suppresses the action of another, for example
A>B or B>A, a>B or b>A, etc. This phenomenon is called epistasis. Genes that suppress the action of
other genes are called suppressors or inhibitors. They can be both dominant and recessive. Suppressor
genes are known in animals, plants and microorganisms. Usually they are designated as | or S.

They are Epistasis is usually divided into two types: dominant and recessive. Dominant epistasis
is understood as the suppression by one dominant gene of the action of another gene. In dominant
epistasis, two types of split are distinguished: 12:3:1 and 13:3 (Fig.4,5).

Epistasis, or the opposite effect of genes, is a phenomenon in which a gene of one allelic pair
(suppressor) in the dominant state can suppress the development of a trait controlled by another pair of
genes.
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INTERACTION OF NON-ALLELIC GENES. EPISTASIS

INHERITANCE OF FRUIT COLOR IN PUMPKIN INHERITANCE OF COLOR IN CHICKENS
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Figure 4. Splitting in dominant epistasis (12:3:1; 13:3)
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Figure 5. Splitting in dominant (12:3:1; 13:3) and recessive epistasis (9:3:4;)

In single recessive epistasis, the recessive allele of one gene, being in a homozygous state, does
not allow the dominant or recessive allele of another gene to manifest: bb > A or bb > aa. Splitting
9:3:4 (Fig.8).

In addition to the described cases of single recessive epistasis, there are also cases when the
recessive allele of each gene in the homozygous state simultaneously reciprocally suppresses the action
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of the dominant allele of the complementary gene, i.e. aa epistates over B-, bb over A (aa > B and bb >
A). This interaction of two recessive suppressors is called double recessive epistasis. In a dihybrid
crossing, the splitting by phenotype is 9:7, as in the case of complementary gene interaction.

Consequently, the same splitting can be interpreted as the result of both complementary
interaction and epistasis. One genetic analysis of inheritance in the interaction of genes without
knowledgeofthe biochemistryand physiology ofthe development of a trait in ontogenesis cannot reveal
the nature of this interaction. But without genetic analysis, it is impossible to understand the mechanism
of hereditary determination of the development of these traits.

Genetics problems

49.* Drosophila vision is determined by the influence of two pairs of genes. The dominant allele
of the Lobe gene, located on chromosome 11, causes reduction of eye facets, while the recessive allele
ensures normal development. The dominant allele of the Eyless gene, located on chromosome 1V, is
responsible for the development of normal facets, while recessives cause reduction. Two different lines
of blind flies are crossed. Identify F, and F,.

50. In oats, the grains color is determined by two pairs of unlinked genes. One dominant gene
causes black color, the other causes grey colour. Both recessive alleles cause white coloration. A) When
black-grained oats were crossed with each other, in the offspring there is a split into 12 black-grained, 3
gray-grained, and 1 white-grained. Determine the genotypes of the crossed individuals and their
offspring.B) Across betweenwhite-grained oatsand black-grained oats produced half of the plants with
black grains and half with grey grains. Determine the genotypes of the crossed individuals.

51. The white plumage of chickens is determined by two pairs of unlinked non-allelic genes. In
one pair, the dominant gene determines coloured plumage, while the recessive gene determines white
plumage. In the other pair, the dominant gene suppressescolour andthe recessive gene does not suppress
colour. A cross between white chickens produced an offspring of 1570 chickens. Of these, 198 chickens
turned out to be white. Determine the parents genotypes and coloured chickens.

52.* When a black rabbit with normal fur was crossed with a white short-haired rabbit in the first
generation, all the rabbits had black normal fur, and in second generation there was a split: 29 black
normal-haired, 10 blue normal-haired, 12 white normal-haired, 9 black short-haired, 4 blueshort-haired,
5 white short-haired. Determine the type of color inheritance and coat length, write a crossing scheme.

53. The mice coloration is determined by two pairs of unlinked genes. The dominant gene of one
pair causes grey color, its recessive allele causes white color. The dominant gene of the other pair
promotes coloration, its recessive allele suppresses coloration.

When grey mice are crossed with each other, an offspring of 57 grey, 18 black mice is obtained.
Determine the genotypes of the offspring.

54.Two varieties of wild strawberries are crossed - a runnerless strawberry with red berries and
a runnerless strawberry with white berries. In split F,: 231 runnerless red; 99 runnerless white, 329 red
with runners, 101 white with runners. Determine the genotypes of the original varieties, the character of
inheritance of runners and fruit coloration.

55. When two white-grained varieties of maize plants were crossed, the hybrids of the first
generation were also white-grained, and in the second generation 137 white-grained and 38 plants with
purple grains were obtained. Determine the type of inheritance and genotypes of the indicated
individuals. What will be the offspring in the analyzing cross?

56. When crossing two specimens of the plant primrose evening with terry red and terry white
flowers, the first generation gave simple red flowers. In F, splits were obtained: 69 - terry white, 274 -
simple red, 85 - simple white, 212-terry red.

How are flower color and shape inherited?

57. 2 varieties of flax are crossed, one of which has a pink color of flowers and normal petals, and
the other has a white color of flowers and normal petals. In the first generation, all plants have pink
flowers, normal petals. Inthe second generation, splitting was obtained: 41 plants with pink flowers and
normal petals, 7 plants with pink flowers and corrugated petals, 5 plants with white flowers and
corrugated petals, 13 plants with white flowers and normal petals. Determine the type of inheritance of
the color of the flower and the type of petals.

Tasks solutions
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49. Let's write down what the task supposes. On chromosome 11, we indicate that the Lobe gene
produces a reduction of the Il Lobe facets, the recessive allele + Lobe is normal development of the eye,
I'Y + Eyless is normal eye, - Eyless produces a reduction. Next, we write parents: P blind & blind. We
have to find the first and second generation. Solving the problem. First, let's build a crossing scheme:

PQLL" + +V x 3+ +" ee'V. Each of the parents, being homozygous for genotypes, gives a 1 type
of gamete: female L+, male +e. When merging gametes, we getF;: F, L + +e, by phenotypeis blind,
genotype isdigeterozygous. We cross the firstgenerationstogether and get F,. The parent, each of which
is digeterozygous by genotype, gives 4 types of gametes. To do this, create a Pennet square. When
analyzing F, individuals inside the grid, 13 blind: 3 turned out to have normal vision. This is a dominant
epistasis. Here, the L is dominant gene, producing blindness of the eye. It suppresses the action of +E,
which producing a normal eye, blocking its expression. As a result, 13 flies are born blind. And 3
genotypes of flies with normal vision ++++, ++ + e, ++e+, i.e. they do not have the L gene that causes
blindness. Thus, two pairs of genes interact with each other in a type of dominant epistasis to cause
blindness of the eyes. Let’s design the task.

Given: Solution:

Il Lobe- facet reduction PQLL" ++Y x S++"eelV
+ Lobe- normal eye blind blind

IY + Eyless- normal eye GL+ +e

Eyeless- facet reduction F, L+Il +elV blind
I 1y 1y POL ++e x JL ++e
POLL++  J++ee F, 13 reducing: 3 normal
Find:

Gene interaction?

F1, F2-?

Answer: F ; — blind, F,13 reducing: 3 normal eye

52. Let's write down what the task supposes. The action of genes is not given, so we write the
parents: PQ black, normal-haired, P& white, shorthair. Now let's write about the generations. F; black
normal-haired; F, 29 blacknormal-haired, 10blue normal-haired, 12 white normal-haired, 9 black short-
haired, 4 blue shorthaired and 5 white shorthaired. It is necessary to determine the action of genes, the
type of gene interaction and the parental genotype. Now we solve the task. Having built a crossing
scheme, we adhere to the above rule.

We calculate each pair of alternative features separately. That is 38 black, 12 blue, 19 white. Lets
reduce this by about 4 and put itin a certain order — 9 black: 3 blue: 4 white. Now let's move on to the
shape of the coat: normal - 51, short -18. Reducing these numbers to 18, we get a ratio of 3:1. So, it
turns out that 2 pairs of genes are responsible for obtaining the sign of the first pair (i.e. color), 1 pair of
genes are responsible for the second. By splitting 9:3:4, the task is solved by single recessive epistasis
(bb > A, bb > aa), since the primary parent did not have a blue color, which is visible in the second
generation. Since three pairs of genes belong to the crossing, this is a tri-hybrid crossing. Let's write
down the actions of the genes: A-black, a - blue, B - stains, b — suppresses staining, D - normal, d -
short. Next, we write the parents by genotype: PY AABBDD x & aabbdd. F; AaBbDd-black normal-
haired. In F, the following splitting came out: 36 black: 12 blue: 16 white; and 48 normal: 16 short We
will geta 3:1 split by reducing the first gap ratio by 4 to 9:3:4, and the second by 12. That is, we got a
result that corresponds to what was given in the text of this task. This shows that we have correctly
identified the actions of the genes, the type of interaction and the parental genotype. Now we tum to the
design of the task:

Given: Solution:

PQ black, normal PQ black, normal x & white, short
PJ white, short F, 38 black: 12 blue: 19 white

F1 black, normal P QAa BbDd x 4 Aa Bb Dd

F, 29 black, normal F.

10 blue, normal
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12 white, normal
9 black, short

9:3:4

(single recessive epistasis)

4 blue, short 51normal: 18 short
5 white, short 311
Find: A - black
gene actions, type of gene interaction? | a - blue
PQ 4-7? B - stains
b - suppresses staining
D - normal hair
d - short hair
PQAABBDD x & aa bb dd
Gametes ABD abd
F. Aa Bb Dd black normal
3 ABD ABd AbD Abd aBD aBd abD abd
?
ABD |AABBDD |AABBDd |AABbDD |AABbDd |AaBBDD |AaBBDd |AaBbDD |AaBbDd
v v v v v v v v
ABd |AABBDd AABBdd AABbDd AABbdd |AaBBDd AaBBdd AaBbDd AaBbdd
v + v + v + v +
AbD |AABbDD |AABbDd AAbbDD AAbbDd |AaBbDD ([AaBbDd |AabbDD |AabbDd
‘/ / N N / ‘/ N N
Abd |AABbDd AABbdd AAbbDd AAbbdd |AaBbDd [AaBbdd AabbDd Aabbdd
/ N ~/ + N
aBD |AaBBDD |AaBBDd AaBbDD AaBbDd [aaBBDD |aaBBDd aaBbDD aaBbDd
/ / / ‘/ o ° ° °
aBd |AaBBDd AaBBdd AaBbDd AaBbdd aaBBDd aaBBdd aaBbDd aaBbhdd
1/ + / + o x|
abD [AaBbDD AaBbDd AabbDD AabbDd [aaBbDD aaBbDd aabbDD aabbDd
/ \/ N N 4 ° < <
abd [AaBbDd AaBbdd AabbDd Aabbdd aaBbDd aaBbdd aabbDd aabbdd
Ve + N ~o x|<

F,v 27 ABD - Black, normal
+ 9 A-B-dd - black, short
~ 9 A-bb - D- white, normal
* 9 aa B - D- blue, normal
~ 3 A - bbdd - white, short
x 3aa B - dd - blue, short
< 3 aa bbD - white, normal
1 aa bb dd - white, short

36 black : 12 blue : 16 white

9

3

4

48 normal : 16 short

3

1

Answer: 1. A-black, a—blue, B — does not suppress staining, b — suppresses staining, D- normal hair,

d- short hair.

2. Three pairs of genes interacting with each other by single recessive epistasis are responsible for the
development of traits.

3. PQAABBDD Jaa bb dd

57. Since the action of genes is not given, we start with the parents. Next, it is necessary to record
the data of the first and second generation and determine the actions and type of interaction of genes. To
solve the task, we will draw up a crossing scheme: P pink normal x & white normal. F; — pink normal,
F, - 41 pink normal, 7 pink corrugated, 5 white corrugated and 13 white normal. First we need to
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determine how many pairs of genes are involved in crossing. To do this, we will analyze the offspring
of F, for each pair of alternative traits separately (color and shape). The result was a splitting of 48 pink:
18 white and 54 normal: 12 corrugated. By reducing the splitting 48:18 to about 18, we get a ratio of
3:1,and 54:12 we reduce to 4 to get the splitting 13:3. The number of pairs calculated as a result of
guantitative splitting ratios shows us that it is three-hybrid crossing and the type of gene interaction is
dominant epistasis (B>D). We determine the actions of the genes: A - pink, a - white; B - suppresses
corrugation, b — does not suppress corrugation, D- corrugated petal, d-normal petal. So, we have
answered the questions of the task, and now we will proceed to the design:

Given: Solution:

PQ pink, normal PQ pink, normal x & white normal

& white, normal F; - pink, normal

F; - pink, normal A - pink, a - white; B - suppresses corrugation, b - does not
F, - 41 pink, normal suppress corrugation, D - corrugated petal, d - normal petal
7 pink, corrugated P? AABBDD x Jaabbdd

5 white, corrugated Gametes ABD abd

13 white, normal F, AaBbDd pink, normal

F1 - pink, normal PQ AaBbDd x 4AaBbDd

F, - 41 pink, normal: F, 27 A-B-D pink, normal

7 pink, corrugated 9 A-B-dd pink, normal

5 white, corrugated: 13 white, normal | 9 A-bbD pink, corrugated

48 pink : 18 white 3 A-bbdd pink, normal

3:1 9 aa B - D white, normal.

54 normal : 12 corrugated 3 aa bb D white, normal

13:3 3 aa bb D white, corrugated

Find: 1 aa bb dd white, normal

actions of the genes and type of gene | 48 pink : 16 white 52 normal : 12 corrugated
interaction-? 3:1 13:3

Answer: 1) A - pink, a - white; B - suppresses corrugation, b - does not suppress corrugation, D -
corrugated petal, d - normal petal; 2) type of gene interaction - dominant epistasis (B>D).

Polymeriya

The types of gene interaction considered so far were related to alternative, i.e. qualitatively
different traits.

With polymer inheritance, the development of one trait is controlled by several pairs of genes
located on different chromosomes. The more genes are in the dominant state, the more the trait is
manifested.

With the accumulation of dominant polymer genes, their action is summed up, i.e. they have a
cumulative effect, so this type of interaction is called cumulative polymerism. To emphasize the
uniqueness, the sameness of the action of different genes, they are designated by the same symbols,
adding only different numbers - A;, A,, etc. With cumulative polymerism, a quantitatively varying trait
in different individuals of the same generation will be determined by a different number of dominant
genes in the genotype. Thus, when crossing wheat (Triticum) races with red and white (unpainted)
grains, the Swedish geneticist G.Nilsson-Ehle in 1908 discovered in F, the usual monohybrid splitting
in the ratio of 3:1

However, when crossing some other wheat lines that differ in the same characteristics, there is a
splitting in F, with respectto 15/16 colored : 1/16 white. The color of the grains from the first group
varies from dark to pale red (Fig.6).

Genetic analysis of plants from F, seeds of different colors showed that plants grown from white
grains and from grains with the darkest (red) color do not give splitting in the future. From grains with
intermediate-type coloration, plants developed, which in subsequent generations gave splitting
according to grain coloration. The intensity of grain coloring depends on the number of dominant genes
in the genotype.
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INTERACTION OF NON-ALLELIC GENES. POLYMERIYA

INHERITANCE OF WHEAT GRAIN COLOR
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Figure 6. Inheritance of grain color in wheat (cumulative polymerism)

Consequently, the original parent forms that gave splitting in F, 15:1 had the genotypes A; A; A,
A, and a; a; a, a,. The hybrid F; had the genotype A; a; A, a,, and grains with different numbers of
dominant genes appeared in F,. The presence of all four dominantalleles A; A; A; A, in 1/16 plants
determines the most intense grain color; 4/16 of all grains had three dominant alleles (type A; A; A; Ay),
6/16 had two (A; a; A; 8,), 4/16 had one (type A; a; a; ay), all these genotypes determined various
intermediate colors, transitional between intense red and white. Homozygous for both recessive genes
(a; a; axa;) was 1716 of all grains, and these grains turned out to be unpainted.

In the case of non-cumulative polymerism, the character of the appearance of the trait does not
change depending on the number of dominant genes in the genotype. An example is the inheritance of
leg plumage in chickens (Gallus gallus). From crossing breeds with feathered and non-feathered legs,
chickenswith feathered legs appear in F;. In the second generation, phenotypesplittingoccurs in relation
to 15/16 with feathered legs and 1/16 with non-feathered ones, i.e. two phenotypic classesare observed
(Fig.7).
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Figure 7. Inheritance of leg plumage in chickens (non-cumulative polymerism)

In the two examples given, the presence in the genotype of a different number of dominant
polymer genes of unambiguous action does not change the severity of the trait. One dominant allele of
either of the two genes is enoughto trigger the development of the trait. Therefore, this type of gene
interaction has been called non-cumulative polymerism.

Polymer action underlies the inheritance of quantitative traits and plays an important role in
evolution.

For example, the degree of skin pigmentation is determined by two pairs (in fact, a large number)
of genes. In accordance with this, according to this trait, people can be divided into 5 phenotypes:
negroes (AABB), dark mulattoes (AABb or AaBB), medium mulattoes (AaBb, aaBB or AAbb), light
mulattoes (Aabb or aaBb) and white (aabb).

Genetics problems

58. Human skin color is determined by the interaction of several pairs of genes according to the
type of cumulative polymerism, i.e. the more dominant genes is in the genotype, the darker the skin
coloris. The descendant of a Negro and a white is called a mulatto. If a black woman (A; A;A,A;) and
a white man (a;a;a,a,) have children, then in what proportion can we expect the appearance of children
of full Blacks, mulattoes and whites?

59. A shepherd's bag can have a triangular and rounded pod. When crossing any homozygous
form with a triangular pod with a plant having a rounded pod, there are always triangular pods in F;.
Determine the genotypes of plants in crosses that give the following splitting in F,: a) 15 plants with
triangular pods, 1 with rounded ones; b) 3 plants with triangular pods, 1 with rounded ones.

60. Sheep of one breed have an average wool length of 40 cm, and the other— 10 cm. Suppose
that the differences between these breeds depend on two pairs of genes with unambiguous action. What
will F; and F; be like?

61. Ears of lop rabbits (30 cm) in length, other breeds have 10 cm. Suppose that the differences
in the length of the ears depend on two pairs of genes with an unambiguous effect. The genotype of lop
rabbits is A;A;A,A,, ordinary rabbits are a;a;a,a,. Determine the length of the ears of F; rabbits and all
possible genotypes in F,.

62.* Human height is controlled by several pairs of uncoupled genes that interact according to the
type of polymerization. Ifwe neglectand limitourselves to only three pairs of genes, then we can assume
that in some population the shortest people have all recessive genes and a height of 150 cm, the tallest
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have all dominant genes and a height of 180 cm.

a) Determine the height of people who are heterozygous for all three pairs of growth genes.

b) A short woman married a man of average height. They had four children who were 165 cm,
160 cm, 155 cm and 150 cm tall. Determine the genotypes of the parents and their height.

63. Write the phenotypes of mulattoes born from the marriage of a Negro man with a white
woman.

Tasks solutions

62. We write the actions of genes in the first part of the task. The text of the task says that the
height of short people in the population is determined by recessive 3 pairs of genes, and the highest by
3 pairs of dominant genes. If the genotype of the tallest people is A;A;AA;,AsA; =180 cm, and the
genotype of the short ones is a;a;a,a,a;a; = 150 cm. It is necessary to determine the height of a person
with the genotype Aja;Aza; Asas.

In the second part of this task, we write the phenotype of the parents with the words: P short,
PJ& medium-height. We mustspecify the offspring: F165, 160, 155, 150cm. Itis necessary to determine
the genotype and height of the parents.

To solve the problem, first you need to determine the action of one dominant gene. To do this, we
draw up a proportion scheme, that is, if 6 dominant genes give 180 cm, then how many cm will 1
dominant gene give? If a set of 6 recessive genes givesa height of 150 cm, then how many cm does one
of them determine? We make it out like this:

6 A-180cm 6a-150cm

1A-x la—x

Using the proportion, we find that the action of one A is equal to 30, and one a is equal to 25 cm.
After that, to determine the phenotype of the triple heterozygous genotype, we record the trait produced
by each gene, that is, we determine that three dominant genes show height - 90 cm, three recessive show
75 cm, and their sum is 165 cm. So, we have answered the first point of the problem, now we will solve
the second. It was said above that the phenotype of a short woman is 150 cm. According to the above
rule, we determine the genotype of parents by looking at their offspring. The phenotype of a man of
average heightis 165 cm, because he has 3 dominant and 3 recessive genes. We will create a crossing
scheme and fill in the Pennet square. The phenotype of the offspring showed that the results of solving
the problem and the given data on the height indicators of children are identical - 165, 160, 155 and 150
cm. This proves that we have correctly identified the genotypes of the parents. Now we will formalize
the task:

Given: Solution:
A]_A]_ Az A2 A3A3: 180 cm 6A-180cm
a; a; a,a azaz= 150 cm 1A -x
I) PAl di A2 a, Az a3 X =180/6=30cm (A)
I) PQ low height & medium | 6a— 150cm
height la-x
F 65, 160, 155, 150 cm x=150/6 =25 cm (a)
Find: 1) Aja; Aza, Azag =30+25+30+25+30+25=165cm
|) Aqa; Ay a, Az as- ? ”) PQ a:1a; ara, azasX (?Al a; Asay A333
I1) P - ? phenotype - ? 150cm 165cm
F Alal Agaz A3a3 ) Alal Agaz dizas
165 cm 160 cm
Alal drap azasz d; a; dpa; azas
155 cm 150 cm
F
d| arazas
?
Al Az A3 Alal Azaz A333 165 cm
A1A2 as Al aj Azaz dszasz 160 cm
A1 as A3 Al ajp dzay A3a3 160 cm
Aja, a3 A ;1 a; aya, azas 155 cm
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a1Az As Asa; Aza; Asas 160 cm
a1 Asag a; a; Ayap azas 155 cm
a  Ag 4131 2,8, Asas 155 cm
a4 dpdg a; a; 2,3 a3a3 150 cm

Answer: 1) A; a; Aja, Azaz =165 cm
I1) PQ a; a; asa; azas 3 Aja; Aja, Azas
150 cm 165 cm
Control questions

1. What rules do you need to know to solve problems on the topic of gene interaction?
2. Prove the splitting of traits in the complementary interaction of genes.

3. What are the differences between single and double recessive epistasis?

4. Prove the types of cleavage in the dominant epistasis.

5.What are the differences between cumulative and non-cumulative polymeriya?
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IV. SEX-LINKED INHERITANCE

Sex-linked traits are traits produced by genes located on the sex chromosomes (X, Y), (Fig. 8).

genetics of sex\

sex determination in different organisms
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PI < I '
amale
carrier A healthy
! man
X X xY | MW e
(X°%h
L | |
¢ I 0 I 0
XY >4 ¢
Healthy Female Heaithy | Colorblind man
Worman carrier of the man (XY}
(AFXD color blindness zllele (X"Y)
(<)
L

Figure 8. Sex determination in different organisms

If the gene producing the trait is located on the Y chromosome, then this trait is transmitted only
to men during inheritance. If the gene is attached to the X chromosome, then it is transmitted equally
from father to daughters, and from mother to daughter and son. If the recessive gene is linked to the X
chromosome, then it is expressed only in the female homozygous form. Since a man does not have a
second X chromosome, such a gene always manifests itself.

Chromosomes that show differences between male and female are called sex chromosomes, and
those that do not show are called autosomes.

The sex that gives gametes with the same set of sex chromosomes is called homogamete (XX),
and the one that forms two different gametes is called heterogamete (XY) (Fig. 9). As can be seen from
this diagram, the formation of 1:1 spermatozoawith X and Y chromosomes ensures the separation of
offspring 1:1.
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Figure 9. The scheme of sex determination in drosophila. Chromosome sets: 1- somatic cells; 2-
spermatozoa; 3-eggs; 4- offspring

Genetics problems

64.* Inchickens, the sex-linked R genehas a recessive lethal effect, causing the death of chickens
before hatching (homozygous die before hatching). In birds the female sex is heterogametic, and the
male sex is homogametic. From crossing a group A rooster with hens, 210 chickens were obtained, half
of which were roosters and half were hens.

When crossing a rooster of group B with the same hens, 210 chickens were obtained, of which
only 70 were hens. Determine the genotype of both roosters and hens.

65. In humans (color blindness) is determined by a recessive gene located on the X chromosome.
Her father is colorblind, and she is a healthy girl, married to a man with normal vision, whose father
does not distinguish colors. What will be the vision of the children born from this marriage?

66.* In humans, premature hair loss is inherited by a sex-linked trait S (baldness), dominant in
men and recessive in women.

Brown-eyed, right-handed man with normal hair is married to a brown-eyed left-handed woman
with normal hair. 2 childrenwill be bornfrom this marriage: bald, brown-eyed, right-handed son; normal
haired, brown-eyed, left-handed son and normal haired, blue-eyed, right-handed daughter. Determine
the genotypes of all people.

67. The recessive hemophilia (non-coagulability of blood) gene is located on the X chromosome.
The girl's father suffers from hemophilia, while her mother is healthy in this respect and comes from a
family that is well off for this disease. A girl marries a healthy young man. What can be said about their
future sons, daughters, grandchildrenof both sexes (if daughters and sons do not marry people who have
the hemophilia gene)?

68. The absence of sweat glands in humansis a recessive trait linked to the X chromosome. A
healthy man, married a woman whose father has no sweat glands, and her mother and her ancestors
come from a healthy family. What is the probability of having children with such an anomaly in this
family? If the wives of sons and husbands of daughters are healthy, what predictions can be expected
about the fate of grandchildren and granddaughters?
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69. In chickens, the gene responsible for the appearance of white and striped feathers is linked to
the X chromosome. Striped color prevails over white. In chickens, the female is heterogamous.

a) As aresult of crossing white hens with striped roosters on a poultry farm, all chicken roosters
and chicken hens turned out to be striped. When crossing F1 with each other, 597 striped roosters and
601 striped and white hens were obtained. Determine the genotypes of the parents, first and second
generation.

6) From crossing striped roosters and white hens, 20 striped roosters and hens and 18 white
roosters and hens were obtained. Determine the genotypes of parents and offspring.

70. It is known that triple-coat cats are always females. This is due to the fact that the genes of
black and red hair are allelic and are located on the X chromosome, but none of them dominates, and
when red and black are combined, triple-coat individuals are formed.

a) What is the probability of getting triple-coat kittens in the offspring from crossing a triple-coat
cat with a black cat?

6) What kind of offspring can be expected from crossing a black cat with a red cat?

71. Hypertrichosis (hair growth on the edge of the auricle) is transmitted via the Y chromosome,
and polydactyly (six—fingered) is transmitted as a dominantautosomal gene. In a family where the father
had hypertrichosis and the mother had polydactyly, a daughter who was normal in relation to both signs
was born. What is the probability that the next child in this family will also be without both anomalies?

72. Aright-handed woman with brown eyes and normal vision marries a right-handed, blue-eyed
and colorblind (color blindness) man. They had a blue-eyed left-handed and colorblind daughter.

What is the probability that the next child in this family will be left-handed and suffer from color
blindness, if it is known that brown eye color and the ability to use mainly the right hand are dominant
autosomal unlinked signs, and color blindness is a recessive trait linked to the X chromosome? What
eye color is possible in sick children?

73. Darkening of teeth can be determined by two dominant genes, one of which is located in
autosomes, the otherin the X chromosome. In the family of parents with dark teeth, a daughterand a
son with normal teeth color were born.

Determine the probability of the birth of the next child in this family, also without anomalies, if
it was possible to establish that the dark teeth of the mother are caused only by a gene linked to the X
chromosome, and the dark teeth of the father are an autosomal gene, according to which he is
heterozygous.

74.* In humans, color blindness (a form of color blindness) is caused by a recessive gene linked
to the X chromosome. One type of anemia, thalassemia, is inherited as an autosomal dominant trait and
is observed in two forms: in homozygotesitis severe, often fatal, in heterozygotes it is less severe. A
woman with normal vision, but with a mild form of thalassemia, married to a healthy man, but
colorblind, has a colorblind son with a mild form of thalassemia.

What is the probability of the birth of the next son without anomalies?

75. In humans, classical hemophilia is inherited as a recessive trait linked to the X chromosome.
Albinism (lack of pigmentation) is caused by an autosomal recessive gene. One married couple, normal
for these two signs, had a son with both anomalies.

What is the probability that the second son in this family will also have both anomalies at the
same time?

76. A man suffering from color blindness and deafness married a woman with normal sight and
normal hearing. They had a deaf and colorblind son and a colorblind daughter, but with good hearing.
Determine the probability of having a daughter with both anomalies in this family, if it is known that
color blindness and deafness are transmitted as recessive signs, but color blindness is linked to the X
chromosome, and deafness is an autosomal sign.

77.* Hypertrichosis (hair growth on the edge of the auricle) is inherited as a Y-linked trait that
manifests itself by the age of 17. One of the forms of ichthyosis (scaliness and mottled thickening of the
skin) is inherited as a recessive trait linked to the X chromosome. In afamily where a woman is normal
for both signs, and the husband is the owner of only hypertrichosis, a boy was born with signs of
ichthyosis. a) Determine the probability of hypertrichosisin this boy; b) Determine the probability of
having children in this family without both anomalies and what gender they will be.

78. Retinitis pigmentosa (progressive narrowing of the visual fieldand increasing night blindness,
which often leads to complete blindness) can be inherited in three ways: as an autosomal dominant trait,
as an autosomal recessive and as a recessive linked to the X chromosome.

Determine the probability of having sick children in a family where the mother has retinitis
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pigmentosa and is heterozygous for all three pairs of genes, and the father is healthy and normal for all
three signs.

79.* ARhesus-positive woman with blood group 0 marries a Rhesus-negative man with blood
group AB. It is known that a woman is homozygous for the Rh-positivity allele. What is the probability
of the birth of a Rh-positive child with blood group AB in this family?

Tasks solutions

64. First we write down what the task supposes. We show that the R gene is linked to the X
chromosome and recessive r has a lethal effect that causes the death of chickens before hatching: XR -
life; Xr - death.

Taking into account the heterogamety of the female in hens, we will write down the parents and
offspring:

A) Pd XRX- @ XRY; F 210 = 105, XRY +3105 XRX-

B) P& XRX- @ XRY, F 210 = .70 XRY +J3140 XRX-

Itis necessary to determine the genotypes of the parents. Let's create a crossing scheme: P9 XRY
X P& XRXR

We determine the genotype of the parents by looking at their offspring: F105,XRY +J3105 X®X-
The female individual is heterogamous by sex, therefore it gives two different gametes, the male
individual is homogamous by gender, homozygous by genotype by dominant trait, therefore it gives one
type of gametes. We will analyze the offspring obtained by combining gametes.

Now we will create a crossing scheme for group B. It is necessary to determine the genotype of
the male sex. To do this, we will analyze the offspring. By reducing the number of descendants from
140 and 70to 70, we will geta 2:1 split. The number of descendants is three, one died in the embryonic
stage. We record the genotype of that dead chick and determine the genotype of the male: P@XRY x
dXRX" [ The female individual is heterogamous by gender, therefore it gives 2 types of gametes, and
the male individual is heterozygous by genotype, also gives 2 types of gametes. We fill in the Pennet
square andanalyzethe offspring. We crossout the dead chicks. Asaresult,2 male and 1 female chickens
were obtained. This is proof that the genotype was determined correctly. Now we design the task:

Given: Solution:
XR— life A. PQ XRY x IXRXR
X' — death F 210 = 105, XRY +J105
XRX G XRY XR
A) P3 XRX- Q@ XRY F1.XRY:1J2105 XRXR
F 210 = 105, XRY +3105 XRX B. POXRY x & XRXr
B) P& XRX- @ XRY F 210=,70 XRY +J3140 XRX-
F 210= .70 XRY +3140 XRX- (T0QXRY lethal)
POXRIZE F210 = 709XR + 140358 F2
——X X 3 XR Xr
Find:
P-? ?
XR XR XR
Xré\
XRJ
Y XR X'
Y Y ©
?
23 alive : 1 Q alive : 19 dead

Answer:
A. POXRY & XRXR
B. POXRY & XRX'

66. We write down what the task supposes. It is necessary to write the action of genes. In the
human population, brown eyes and right-handedness are autosomal dominant traits. Premature hair loss
is dominant in men and recessive in women, i.e. the effect of genes is recorded as follows: & XS -
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baldness, Xs - normal hair growth, @ XS — hair, Xs - bald; A — brown eyes, a - blue eyes; B - right-
handedness, b - left-handedness.

Now we write the parents: PEX®Y A-B- PQX® X~ A- bb and the offspring F 3 X* Y A-B; @X5 X
aa B-; & X* Y A- bb. It is necessary to determine the genotypes of all people.

Let's create a scheme of crossing with parents and write about the offspring. We determine the
genotype of parents by looking at their offspring. Since the offspring have a recessive trait, therefore
both parents have a recessive gene. That is, the parent genotype looks like this: PQ XS X* Aa bb PAX* Y
AaBb. And we determinethe offspring by lookingatthe parents. Offspring alwaysinheritone gene from
the father and the other from the mother. Therefore, their genotypes are: F $X°Y AA(a)Bs; $XS X%aa
Bb, & X*YAA(a) bb.

Given: Solution:

& XS — baldness PAXsY A-B- @X5 X" A-bb

X¢ - normal hair growth FJ3XsY A-B; @X5 X aaB-; & X* YA-bb

Q XS - hair PQXSX*Aabb x dXsYAaBb.

Xs — bald F dX°Y AA(a)Bs; 2X5X*aa Bb, & X°YAA(a) bb.
A - brown eyes

a — blue eyes

B - right-handedness
b — left-handedness.
PAXsY A-B- @X5 X" A- bb
FJAXYA-B; QXS X aaB-; & X*
Y A- bb
Find:
G-?
Answer: PoX5 X* Aa bb P;X*Y AaBb
F X5 Y AA(a)Bs; @XS Xsaa Bb, & X*YAA(a) bb.

73. We write down what the task supposes:

XA - healthy;

X - color blindness,

B - thalassemia,

b — healthy,

BB - lethality,

Bb- mild thalassemia

P X"X-Be dX*YBB F J X*YBs.

Itis necessary to determine the probability of the birth of a boy without an anomaly in the FZ X*
Ybb. Task solving. Let's build a crossing scheme and determine the genotype of the parents by looking
at the offspring: P@X~X2Bb and &X2Ybb.

The maternal sex is homogeneous, and the genotype of the digeterozygote, therefore, gives 4
different gametes, the paternal sex is heterogeneous and, therefore, gives 2 types of gametes. Fill in the
Pennet square. There were 8 offspring in total, 4 of them boys and 4 girls. When calculating the
probability of the birth of a healthy boy from all the descendants of the FX*YBs. - 12,5%. And if we
countonly only boys are counted separatey, then it is 25%. So, we have finished the solution, now we
move on to the design of the task.

Given: Solution:

XA - healthy P o XAX®*Bb x dX2Y bb

Xa - color blindness FJd X2YBb

B — thalassemia

b — healthy F

E- lethality 3 Xab  |Yb

g- mild thalassemia v 1B

P.XAX-Bb  3X*Ybb XAB 2405 XAYBD
F d X2YBb Xa b
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Find: XAb  [XAD XAY bb
FAX*YsB (%)-? Xab healthy
Xa B XaB XaY Bb
Xab
Xab Xab  [XaY bb
Xab

8-100% x=100/8=12,5 %

1-x; F3XAY bb12,5%

4 - 100% x=100/4 = 25%73
1- xFJ XAY bb

Anawer: 8-100% x=100/8=12,5 %
1-x; FSXAY bb12,5%

4 - 100% x=100/4 = 25%¢

1- xF3 XAY bb

77.* We write down what the task supposes. In the conditions of the task it is written that
hypertrichosis is linked to the Y chromosome: YZ hypertrichosis. Ichthyosis is linked to the X®B
chromosome: XB is normal, Xb is ichthyosis. Let's write a crossing scheme: PQ XBX- and X8 YZ

A son is born in the family with signs of ichthyosis F&Xb YZ This boy will also have
hypertrichosis, because he is linked to the Y chromosome. It is also necessary to determine the
probability of having children in this family without both anomalies and what gender they will be.

Given: Solution:
XB - healthy PQ XBXP x IXBY?Z
bs - ichthyosis FAXb Y?
PQ XBX - and &XB YZ
FdXs Y? 3 XB Y?
Find: Q
F(?XA Y BB (%)-7 @ XB XB Yz
XB hypertrichosis
Healthy
Xb XB Xb Y?
Xb Hypertrichosis
Healthy ichthyosis
4-100%
2-Xx
x=100/2=50%;
Fo 2= 250692°25%

Answer: 1) In boysborn, the percentage of hypertrichosis is 100%, since it is inherited from the father
on the Y chromosome.

2) The probability of having a healthy child in this family is 50%, and they are exclusively girls by
gender.

P33 P

The second girl is healthy by phenotype, but the ichthyosis gene is stored in her genotype in a hidden
form and she is a carrier of this gene.

79. ARh-positive woman with 0 blood type marries a Rh-negative man with AB blood type. It
is known that a woman is homozygous for Rh-positive alleles. What is the probability of having a Rh-
positive child with AB blood type in this family?

Solution:

In humans, the "Rh-positive" gene prevails over the "Rh-negative™” gene. Rh ( +) - Rh-positive;
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Rh ( -) - Rh-negative. Three genes are responsible for the inheritance of the blood type in humans: 10-
the gene of the It blood group (0 type); IA-the gene ofthe 11" blood group (Atype); IB-the gene of the
111 blood group (B type). The presence of two types of alleles in the human genotype is responsible for
the blood group, and the 10 allele is recessive with respect to IAand IB. Possible genotypes of the blood
group in humans:

IA and IB. Possible genotypes of human blood groups:

1010 - I*t blood group (O type);

IAIO - 11" blood group (A type);

IAIA - 11" blood group (A type);

IBIO - 111 blood group (B type);

IBIB - 111" blood group (B type);

IAIB - IV blood group (AB type).

Since a woman is Rh-positive with 0 blood type and is known to be homozygous for the Rh-
positive allele, her genotype looks like this: I0IORh(+)Rh(+). In a Rh-negative male with AB blood
type, the genotype will be as follows: IAIBrh(-)rh(-)

Crossing scheme:

P: I0IORh(+)Rh(+) x 1AIBrh(-)rh(-)

I': IORh(+) IArh(-); IBrh(-)

F: IAIORh(+)rh(-) - 50%,; IBIORh(+)rh(-) - 50%.

There are 2 types of genotype. The difference in genotype is -1:1.

Phenotype:

IAIORh(+)rh(-) - Rh - positive with A blood type -50%;

IBIORh(+)rh(-) Rh-positive with B blood type - 50%.

There are 2 types of phenotype. The difference in phenotype is 1:1.

Given: Solution:

Rh (+) — Rh positive P: I°I°Rh(+)Rh(+) x 1”IBrh(-)rh(-)
Rh (-) — Rh negative G: I°Rh(+) 1*rh(-); IBrh(-)

P @ I°I°Rh(+)Rh(+) F: I1I°Rh(+)rh(-) - 50%;

S 12Brh(-)rh(-) IBI°Rh(+)rh(-) - 50%.

Find:

F % IV Rh (+)?

Answer:
1) the probability of the birth of a Rh-positive child with Ablood type and a Rh-positive child with B

blood type in this family is the same; 2) the probability of the birth of a Rh-positive child with AB blood
type in this family is 0.00%.

Control questions

1. What are the signs related to the signs linked to gender?

2. What is "criss —cross" inheritance?

3. Explain the differences between homo- and heterogamous gender.
4. Describe the chromosomal and balance theory of sex determination.
5. What signs are called autosomal?
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V. GENE LINKAGE AND CROSSING-OVER

Gregor Mendel's third law, the law of independent inheritance of pairs of traits, is implemented
only if the genes producing the traits are located on non-homologous chromosomes. It is known that
there are infinitely many signs in life, and the number of chromosomes is limited. Therefore, several,
many genes can be located on one chromosome. Genes located on one such chromosome, according to
the behavior of chromosomes in meiosis, should be inherited together. If the genes are located on the
same chromosome, then they are inherited in combination. The combination of such genes was the
beginning of the laws that Thomas Morgan discovered.

The process of exchange through similar shares of homologous chromosomes containing genes
is called chromosome crossing or crossing over. Crossover provides a new combination of genes in
homologous chromosomes. The phenomenon of crossing over was discovered in Drosophila (Fig. 10).

Bn nB Vic » Bp a‘ aa
v [;I :j\- ) ! ! g UV g ! !
Y == V4 Y
d:“‘ r "H( "\g@'
Wl ’ e N
._;.h-,. I 4 B ({’1"- 5
= I. I\‘/:-¥ . — ; " | - | ‘}\'\
‘g i '
AT og as 0N g i
\ v i ! . ! ! y vl » o
T 4
\ £ y b
N ‘\GY';. ) A
=~ o v
\i';"l‘l? : . P — &\ /\g
"-II "'..g-r,“ /‘\?\ \\ J)A
WL B R Bn &
} ! ml
1N \ @ LB ] o
veEe Wy L 'e ¢

83% crossover 17%
noncrossover

Figure 10. Linked inheritance and crossing over in Drosophila

However, genesmay notcombineall the time. Atthe stage of meiosis, homologous chromosomes
exchange similar sites, which leads to the process of crossing over. The crossing over is a source of
combinative variability. Inherited genes located on one chromosome form a fusion group. The number
of coupling groups of any kind is equal to the haploid set of chromosomes. Each gene has its own place
- a locus on the chromosome.

T. Morgan discovered that genes are located linearly on the chromosome, and the frequency of
crossing over dependson their distance. Crossing over occursrarely if genesare located close to each
other on a chromosome, and often if they are located far away. Crossing over, or the percentage of
crossover, indicates that the distance between genesand their location along a line on a chromosome is
considered a function, that is, the frequency of crossing over between genes is directly proportional to
the distance they separate on the chromosome, and from this data a genetic map of the chromosomes
can be created. Genetic mapping refers to the arrangement of genes present in the same linkage group.
The distance between genes is measured in morganids. One morganid corresponds to one percent of
crossing over. The genetic map must indicate linkage groups, full or abbreviated names of genes, and
the distance indicated by the morganid starting from one edge of the chromosome (Fig. 11).
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Percentage of crossing over and linear arrangement of genes on a chromosome

Taking into account the recombined individuals and their total number, the crossing-over

frequency can be calculated using the formula 2:

Crossing over frequency (%) =

Where X is the number of individuals that have und
of individuals. For example, when crossing flies obtaine
double recessives, the following results were obtained:

Parental phenotype:
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Figure 11. Genetic map of Drosophila chromosomes

167



Genetics problems

80.* The color of a flower is determined by the action of two pairs of genes. Two dominant genes
together produce the color red, while recessive genes produce the color white. The red-flowered variety
was crossed with the white-flowered variety, and then an analytical cross was carried out. Asa resul,
2264 white-flowered and 1651 red-flowered hybrids were obtained. In the second case, two different
varieties of white flowers were crossed. Then, an analytical cross was carried out, which resulted in
2274 plants with white flowersand 162 plants with red flowers. Determine the amount of crossing over.

81.* Genes A, B and D are located in this order on the same chromosome. The amount of
crossover (crossing over) between genes Aand B is 20%, between genes B and D is 10%. Homozygous
individual for ABD genes, crossed with a homozygous individual for abd. What gametes are formed in
F;-? How to get line D from +++/+++ and abd/abd?

Write a crossbreeding diagram.

82. Genes a and b are located in a ratio of 20 units (percent) on chromosome I, genesd and e in
a ratio of 40 units on chromosome V1. Ahomozygous individual foralleles A, B, D, E is crossed with a
recessive form for these genes.

Determine how many different gametes this tetrazygote produces and in what proportions.

83.*A plant with colored (D), wrinkled (S), hard (W) endosperm is crossed with a plant with
uncolored (d), smooth (s), soft (w) endosperm. The resulting F; hybrid is then crossed with a plant that
had uncolored, smooth, soft endosperm .

Map the chromosome by analyzing the offspring and show the relative location of the genes from
each other:

colored, wrinkled, soft-601,

colored, smooth, hard-4,

uncolored, smooth, soft-2708,

uncolored, wrinkled, hard-113,

uncolored, smooth, hard-626,

colored, grooved, solid-2538,

uncolored, wrinkled, soft -2,

colored, smooth, soft-116.

84. In tomatoes, tall stem growth dominates over dwarf growth, and the spherical shape of the
fruit over the pear-shaped one. The stem height genes and fruit shape are linked and are located ata
distance of 20 morganids from each other.

Anplant heterozygous for both traits was crossed with a dwarf plant with pear-shaped fruits.

What kind of offspring should be expected from this cross?

85.* Classical hemophilia and color blindness are inherited as recessive traits linked to the X
chromosome. The distance between genes is determined to be 9.8 morganids.

1. Agirl whose fatheris colorblindand hemophiliac, butwhose mother is healthy and comes from
afamily free from these diseases, marriesa healthy man. Determinethe likely phenotypes of the children
from this marriage.

2. A woman whose mother suffered from color blindness and whose father was hemopbhiliac
married a man suffering from both diseases. Determine the probability of children being born in this
family simultaneously with both anomalies.

86. In humans, the genes for the Rh factor and elliptocytosis are located on the same chromosome
at a distance of three morganids from each other. Positive Rh and elliptocytosis are determined by
dominantgenes. The nightblindness geneandthe color blindnessgene are located onthe X chromosome
at a distance of 50 morganids from each other. Both traits are inherited in a recessive manner.

1. Awoman whois heterozygousfor three characteristics and whose ancestors had crossing overs,
marries a man who suffers from both color and night blindness and is homozygous for both autosomal
recessive genes. Determine the likely phenotypes of children born in this family.

2. A Rh-positive woman with a normal shape of red blood cells and normal vision marries a Rh-
negative man with elliptocytosis and suffering from night blindness. It is known that the woman’s father
was Rh-negative and colorblind, and her mother saw colors normally, but suffered from night blindness.
Only the man's father suffered from elliptocytosis, and his motheralso suffered from night blindness.
Determine the probability of birth in this family of Rh-negative children without other anomalies.

3. Awomanwhois heterozygous for all characteristicsmarriesan Rh-negative manwhois normal
in all other analyzed characteristics. It is known that the woman’s father was Rh-negative, had
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elliptocytosis, suffered fromnightblindness, butcoulddistinguish colors normally. Determine the likely
phenotypes of the children in this family.

87. Ina plant, a colored flower is dominant over an uncolored one, and the yellow color of the
plantis recessive to green. Two heterozygous plants were crossed with a recessive homozygous form,
resulting in the following offspring:

Flower color Plantcolor Plants 1 Plants 2
Colored Green 88 23
Colored Yellow 12 170
Uncolored Green 8 190
Uncolored Yellow 92 17

Whatare the genotypesofboth heterozygous plants? Calculatethe amount of crossing over. What
kind of offspring would result from the self-pollination of each plant and when crossing them with each
other?

88. Theresultsofan analytical crossing of Drosophilaare presented. Determine the order of genes
and the distance between them, as well as the genotype of the heterozygous parent. Gene designations:
ec* - normal eye facets, ec” large and rough; cv* - there is a cross-vein on the wing, cv —there is no vein;
ct* - normal wings, ct - notches on the wings.

ec cv'ct -2125 ectcvcet -223

ectcv*ct - 265 ectcv ctt -2207
eccvct -3 ec cvett - 217
eccvcett -273 ectcv'ctt -5

89*.The female drosophila is heterozygous for three mutations: Bar eyes (Bar), miniature wings
(miniature) and a black body (ebony). Note that Bar is a dominant mutation. This female was crossed
with a male with normal eyes, miniature wings and a black body. The results of the crossing are shown
in the following:

* 111 miniature

« 29 wild type

« 117 Bar

* 26 Bar, miniature

« 101 Bar, ebony

« 31 Bar, miniature, ebony

35 ebony

« 115 miniature, ebony

Analyze the results of crossing. Make a map of these genes and determine the distance between
the linked genes.

90* The following pairs of signs are known in tomatoes: the fruit is rounded (O) and flat (o),
pubescent (p) and undescended (P), single flowers (S) and collected in an inflorescence (s). All three
genes are located on the second chromosome. Based on the results of the analyzing crossing, determine
the order of genes and the distance between them, the genotypes of the original homozygous plants.

OPS — 73, oPS - 110, OPs — 348, oPs — 2, OpS — 2, opS — 306, Ops — 96, ops — 63

91* Five sex-linked recessive genes of Drosophila (ec, sc, v, cv, and ct) produce traits called
echinus, scute, vermilion, crossveinless, and cut, respectively. Echinus isa mutant producing rough eyes
with large facets. Scute manifests itself by the absence or reduction in the number of bristles on certain
parts of the body. Vermilion is a bright orange-red eye color. Crossveinless prevents the development of
supporting structures in the wings. Cut produces scalloped and pointed wings with manifold
(pleiotropic) effects in other parts of the body. At the beginning of our experiments we do not know the
gene order. From the results of the following three experiments, construct a genetic map for this region
of the X chromosome. Whenever possible use weighted averages. Experiment 1. Echinus females
crossed to scute, crossveinless males produced all wild-type females and all echinus males in the F1.
When the F1 females were testcrossed, the results (including both male and female progeny) were as
follows:

810 echinus 62 echinus, scute

88 crossveinless 103 echinus, crossveinless

89 scute 828 scute, crossveinless
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Experiment2. Crossveinless females crossed to echinus, cut malesproducedall wild-type females
and all crossveinless males in the F1. When the F1 females were testcrossed, the results (including both
male and female progeny) were as follows:

2207 crossveinless 273 echinus, crossveinless
5 wild type 265 cut

3 echinus, crossveinless, cut 223 crossveinless, cut
2125 echinus, cut 217 echinus

Experiment 3. Cut females crossed to vermilion, crossveinless males produced all wild-type
females and cut males in the F1.When the F1 females were testcrossed, the results (including both male
and female progeny) were as follows:

766 vermilion, crossveinless 73 vermilion

759 cut 85 crossveinless, cut

140 vermilion, cut 2 wild type

158 crossveinless 2 vermilion, crossveinless, cut

Tasks solutions

80*. First we write down what the task supposes. The actions of the genes are given: AB-red, ab-
white. Showing parents and children:

1) PQ 3% F,2264 white, 1651 AB, 2) P -3 F,2274 white, 162 AB
It is necessary to determine the amount of crossing over. Let's move on to solving the problem.
Let's write a crossing scheme: P9 g@i—: Received Flfred. Let's carry out an analytical

crossbreeding.PQ g X Sg. The mother gives 4 different types of gametes, the male gives the same type

of gametes. Filling in the Punnett square. The number of red-flowering plants inside the square is 1651.
The numberofwhite-flowering plants is 2264. To find the number of plants with crossover white flowers
originating from crossover gametes, we rely on splitting in F,. It is known that theratiois 1: 1: 1: 1. The
number of non-crossover red-flowering plants in the Punnett square is 1651. The number of non-
crossover white-flowering plants is 1651, that is, the number of white flowers is also 1651. If you
subtract 1651 from all white flowers 2264 the number of crossover white flowers will be 613.

We determine the amount of crossing over using the formula:K % = a/A x 100%. A is the number
of all offspring of the analyzing cross, and is the number of crossover individuals. K% =613 / 3915 x
100% =~ 15%. .

aB B

Now let's move on to the second part: P9 ﬁ—zx 6;&5 red. We carry out analytical crossbreeding

P :—SXSZ—E, we analyzethe resulting hybrid. In F, - crossover gametes are AB and ab, their resulting

162 plants with red flowers will be crossover. To find crossoversamong 2274 white-flowering plants,
we rely on the rule where the number of crossover individuals is always equal (F, 1:1:1:1) to each other.
That is, the number of crossover white flowers will be 162. Determine the amount of crossover: K = 324
/2436 x 100 % =13%.

Now let’s move on to solving of the problem.

Given: Solution:

AB - red I. PRAB/ABx JaB/aB

aB — White G AB aB

I.PQAB/ABJaslasFB — 2264 — | F;AB/as red colour

white 1651 AB PQAB/aB JaslaB

I1.PQAB/ABZaBlaBFB — 2274 —

white 162 AB Fb

Find: Red-1651

K% - ? Crossover white - 613
White in total - 2264
White non-crossover - 1651
K =a/Ax 100%
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a=2264 -1651 =613
A=3915

K % =613/3915 x 100% = 15%
Fo

Il. PRAB/AB x JaB/aB

GAs aB

F.As/aB red

PQAB/aBx Jas/aB
a=162+162=324
A=2274+162 =2436
K=324/2436 x 100 %~13%

Answer: . K% = 15% Il. K% = 13%

81*
Given:
ABD
AB-20% BD - 10%
ABD aBa
1. PSQABD aB/Il
I, PQ@@
+++
Find:

F, gametes - ?

Q
=9
F, aB+aB+El .

Solution:
ABD .,aBf

.PQ—3—=

ABD ™ aBj,
Gamete ABD abd

ABD

1
aBd

F;gametes 68%
ABD
—4 non-crossover

Crossover: 20% 10% 2%

ABd aBD ABd aBD AsD aBd
10 10 5 5 1 1

K, =K;xK;/100%=20x 10/ 100% = 2% (double crossover )
If we take all gametes as 100%,the percentage of non-crossovers
will be -

K% =100% - 32% = 68%
q. 3t Tt T
II.PQz—d@ a PQasd x Jasd  crossover gametes
+

34% 5% 10% 1%
Gamete aBd +++ parental gametes +++++dBd++B+

Ft
F, asd 34% 10% 5% 1%
asda++as+a+d

When merging parent gametesand filling in the Pennet square in
F2

aB +aB + %share of received 0,25% (aB + (5%) x aB + (5%)

5x5/100% = 0,25%)

ABDasd Asd aBD ABdasD AsDaBd
Answer: I. Fl—— U —

34 34 10 10

5

171



Il.F, aB+ aB +§ 0.25%

83. Firstly we write whatthe task supposes: D - colored, d - uncolored; S—wrinkled, s - smooth;W
DSW _dsw, dsw
- starchy, w - waxy. PQW 3@’ PQ Flg?dsw
DSw DsW dsw dSW dsW DSW dSw Dsw
601" 4 ’2708" 113’ 626 °2538" 2 116 .
It is necessary to build a map of the chromosome and show the location of the genes.

Let's start solving the problem:PQgﬂV 825—‘” F, 22 PQ%VX C?ZS—W

w ! dsw sw
DSw DsW dsw dSW dsW DSW dSw Dsw
4 ’2708’ 113 ' 626 2538’ 2 116

To build achromosome map, we need to determine the percentage of crossover. To do this, use
this formula. K% = a/ A x 100% A - the total amount. F, equals to 6708. First we need to find the
percentage of crossover between D and Sgenes. To do this, we sum up the number of crossover gametes
(DsW,dSw,dSW,Dsw):a=4+2+113+116 =235. Now let's define the crossover between genes S and
W (DSw, DSw, dsW,dSw):

a=601+626+4+2 =1233. Determine the percentage of crossing over between genes D and S: K%
=235/6708x 100% ~ 3.5%. Percentage of crossing over of S and W genes: K% = 1233/ 6708 x 100%
~18.3 %.

The distance betweentwo extremegenes is equal to the distance betweenthree neighboring genes,
that is, the distance between the D and W genes is 3.5% + 18.3% = 21.8%. This must be proven as
follows: crossover gametes between the D and W genes: DSw, dSW, dsW, Dsw.

a=601+113 +626 + 116 = 1456

DW K% = 1456 / 6708 x 100% = 21.7%.

The distance between DW genes should be equal to 21.8%, however, the result of the experiment
only shows 21.7%, thatis, another 0.1%is missing. Thisis due to the fact thatalong with single crosings,

there wasalso adoublecrossing. Nowwe need to findits value. Crossover gametesfrom double crossing

over%vand‘m?w; K,% =K; x K; / 100%. Theoretical expectation of double crossing over: K,%= 3.5% x

18.3%/ 100% = 0.6%. The actual crossing over value is 0,1%. Distance between genes D and W is
K% =21.7% +0.1% = 21.8%. For quantitative assessments of the level of interference, the coincidence
coefficient— C is used, which is equal to the ratio of the actual frequency of double exchanges to the
theoretically expected frequency (i.e., provided that exchanges in neighboring chromosome regions are
independent). C =0.1/0.6~0.17,i.e. C<1. The amount of interference (1) is determined by the formula
3:

I =1-C. (3)

If C < 1, then the interference is positive, i.e. a single exchange prevents exchange at an adjacent
chromosome site. If C>1, then the interference is negative, i.e. one exchange seems to stimulate
additional exchanges in neighboring regions. In reality, there is only positive interference during
reciprocal recombination - crossing over, and the seemingly non-random coincidence of two or more
exchanges, characteristic of very short distances, is the result of non-reciprocal events during
recombination.

To draw a map of a chromosome, a straight line is drawn in the horizontal direction, where the
sequence of the genes is recorded in a certain order. That is, the D and W genesare located at both ends
and the S gene is located closer to the D gene, at a distance of 3.5 percent (or morganide). Having
answered the questions of the task, we proceed to its design.

Suppose: Solution:

D - colored po2SW g4

d - uncolored Ga%sevlt/e DS‘\i/{/stw
S - wrinkled

s - smooth DSW

W- starchy ow

W - waxy
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DSW ,dsw,, DSwW ds_w
Pgmga P 9 dsw X 8dsw
POF1 gds_w FTM_W’M,‘“_W,M,‘“_W

dsw 601 4 2708 113 ~ 626

pp2SWw DsW dsw dSW dsw DSW dSw Dsw

601’ 4 ’2708’ 113 ' 626 2538° 2 ' 116

DS K% =235/6708 x 100% ~ 3.5%
DSW,dSW, Dsw SW K% =1233/6708 x 100% = 18.3%
2538 2 116 DW K% = 1456/6708 x 100% = 21.7%
—— DW K% =21.7% + 0.1% = 21.8%
Find: 0
Chromosome Map - ? 21.8%
' D S W
3.5% 18.3%

Answer: D - 3,5%-S-18,3%-W, D-21,8%-W.

85. Theactionsofgenesandthe amountof crossover are given: XA is healthy, Xa ishemophiliac,
XB is healthy, Xs is daltonian; K% =9.8% between a and 8. We take the woman's parents in brackets
and write in a row so as not to confuse.

1. POY (PO d XABY ) PAXABY 2. P (PPL " GXAB Y) PXan Y

Inthe first case, itis necessary to determine the phenotype of the born children, in the second case
F% ng Xas the percentage of the child who also suffers Xas.

We proceed to solve the problem. First, we determine the genotype of a woman, based on data

XAB . . .

about her parents, and so, the genotype of a woman- PQE' digeterozygous. We write a crossing
scheme and fill in the Pennet square.

. PQ % x XAB Y. When analyzing the Pennet square, we have to divide the crossover value

(9.8%) into two crossover: Apand aB gametes by 4.9%. To determine the percentage of each cell, write
down 100 percent: for females— 45.1% non-crossover, write 4.9% for each of the crossover gametes.
And the male doesn’t have crossover, so 50 percent is recorded for each gamete. The girls born from
this marriage turned out to be 100% healthy, and the sons were 72.55% healthy, 2.45% daltonian, 2.45%
hemophiliac, and 22.55% daltonian and hemophiliac. Now we solve the second part of the problem. We

determine a woman's genotype by looking at her parents: P9 %. The genotype of a man is given
PIXABY. Itis necessary to determine the percentage of births of girls and boys who suffer from both
diseases. Let's build a crossing scheme: PQ%}?xP@XAB Y.

We fill in the Punnett square and analyze the resulting offspring. 2.45% of girls and boys will be
born daltonian and hemophiliac. We answered the questions of the task (4.9 x 50/ 100% = 2.45%),
now we start to desing the task.

Suppose: Solution:
XA — healthy;Xa — hemophiliac poX8 ¢ IXABY
XaB

XB - healthy; X8 - daltonian

as K % = 9.8% F 100% - healthy; 72,55 — healthy, 2,45 -

X XAB daltonian, 2,45 — hemophiliac
1LPQ (PR~ IXaBY) POXABY 22,55% - daltonian and hemophiliac.
2.PQ2(PO"" IXap Y) PdXanY n
Find: 2.P9g; x dXaBY

XaB

1.F%-?2.F% @ — J&XasY-?
Xan F — .45% hemophiliac and daltonian

Answer: 1.F — 100% - healthy

F 72.55% - healthy

2,45% - daltonian

2,45% - hemophiliac

22,55% - daltonian and hemophiliac

2.F — 2.45% - daltonian and hemophiliac
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Answer: 1. F—100%- healthy. F72.55%- healthy; 2.45%are color blind; 2.45%- hemophiliac; 22.55%
are color blind and hemophiliac. 2. F — 2.45% - color blind and hemophiliac.

89*. In solving this problem, you can use a drosophila chromosome map (Fig.11) or you need to
analyze the results from the analyzing crossing. Ebony is located on the Il1-rd chromosome — (locus
70.7), bar (57.0) and miniature (36.1) on the other (I-chromosome), this can be seen from the results of
crossing. Determining the distance between Bar and miniature: (57 + 64)/ (226 + 218 +57 + 64) * 100
=121/565 * 100 = 21.4%

Answer: chromosome |1l — ebony

chromosome | Bar 21.4% miniature

90* Let's formalize the solution of this problem as follows:

Given: Solution:
ec —rough eyes, large facets | p ccsctevt  ectsvey
sc - absence of bristles ecsc+cv+

cv — prevents of supporting

structures in the wings

ecsc+cv+ ect+svcv
Po y ecsc+cv+  ec sv+cv+
ecsc+cvt - 19

Fi o wild-type ;5 echinus
810 ec sc* cv*

Gecsctcvt ecsctecvt ectsccev

ec+sccv '8 .
wild-type echinus

Find the distance between ec u sc:

828 ec* sc cv 62488 150

88 ec” sc” cv K T 8104628+88+894624103 100 = 5 * 100 =76 M

89 ec* sc cv* Find the distance between sc u cv:

62 ec sc cvt 0/ — 88+103+62+89 _ ﬁ _

103 ec sc* cv K %o 810+828+88+89+62+103 *100 1980 *100 17’3 M
— Find the distance between ec u cv:

Find: K= e £100 = —2 %100 = 9,7 M

Paccrosnue Mexay reHamu ~ 810+828+88+89+62+103 ~ 1980 -

(S)? Now let's note the order of the genes on the conditional

chromosome:

sc 7,6 ec 9,7 cv

® ® ®
- J
~~
17,3

Answer:

Experiment 1: sc (7.6) ec (9.7) cv

Experiment 2: ec (10.3) cv (8.4) ct

Experiment 3: cv (8.2) ct (15.2) v

Genetic map: sc (7.6) ec (10.1) cv (8.3) ct (15.2) v

91*. The solution of the problem is formulated as follows.

Given: Solution:

O - rounded fruit Since the problem refers to the analyzing crossing, therefore, one
o — flat fruit of the parents is a recessive homozygote and its genotype ==
P — undescended ops

The distance between genes is characterized by the frequency of
crossing, which is expressed by the formula K=a /A * 100%,
where a is the number of crossover individuals, and A is the total
number of individuals.

Find the distance between the genes:

p — pubescent

S —single flowers

s —collected in an inflorescence
I:b (test cross)

OPs — 348 1) 2, a=2+96+110+2=210; K=+ 100 = 21%
OpS-2

Ops - 96 2) B 4 =73496+110+63=342; K = 22 x 100 = 34,2%
oPS-110 ps 1000

174



oPs -2
opS - 306
ops — 63

Find:

The order of the genes and the
distance between them (K%),
the genotypes of the parents

3) % 2= 73+242+63=140; K = -+ 100 = 14%

Thus, the genes in the chromosome are arranged in the following
order P— O — S. But the theoretical distance betweenthe Pand S
genes is 21%+14% = 35%, which does not correspond to the
practical distance of 34.2%. This is possible with double crossing
between the Pand S genes. Now it is necessary to determine the
frequency of gametesformed duringdouble crossing by producing
single crossings between P—- O and O - S:

)= KroxKos K= X 2,94% - theoretically expected double
100% 100%
crossing.
Practical crossover: K = 35% - 34.2% = 0.8%
Then, the distance between genes P and S = 34.2%+0.8%=35%
The order of genes in a chromosome is depicted as follows:

P 21 O 14 S

[ @ L J
- J

35

Answer: 1) The order of the genes: POS.
2) The distance between genes: (PO) = 21, (OS) = 14, (PS) = 35.

3) Genotypes of the parents: ¢ l:%: ud

pos

pos

Control questions

1. What is gene linkage and crossover?

2. What is the biological significance of crossing over?

3. How is the crossover classified depending on quantity and quality?
4. How to determine the percentage of crossing over?

5. How to create a genetic map?

175



VI. POPULATION GENETICS

The population (from the Latin "populatio™ - resident) was introduced into genetic science in
1903 by V. Johansen. The modern term population which is equally applicable to objects of both plants
and animals, can be formulated as follows: a set of individuals of the same species that left offspring
through reproduction over several generations, occupying a certain territory of one or more biocenoses.
In generala population is a species and a simple unit of measurement of evolution.

The genetic structure of a population is the ratio and set of alleles of genes of all individuals.
The genetic structure of the population also includes the concept of genetic weight —harmful alleles that
natural selection has a negative effect on. The study of the genetic structure is engaged in population
genetics.

In population genetics the frequency of genotypes and alleles is expressed in different ways.
When solving problems, the frequency of genotypesand alleles is expressed as a single fraction, for
example,0,28 or 0,00031. Let's consider some examples of counting the frequency of genotypes and
alleles with a single fraction (table — 4).

Table — 4

expressed as a unit fraction

Various ways to determine the frequency of a genotype or allele Calculation of the frequency

Out of 420 people in the study population, 84 had adominant trait. 84:420=0,2

In one of the populations, peoplewith Rh-positive blood (recessive 15:100 =0,15
trait) make up 15%.

The frequency of patients with phenylketonuria is10. 10+ =1:10000 =0,0001

The prevalence of achondroplasiain European populations is 0.02 0,02 : 1000 =0,00002
per 1000 newborns.

Alkaptonuria occurs with frequency 1: 100 000. 1:100 000 =0,00001

The trait under study occursat a frequency of 0,09 in a population 0,09:0,3=0,3
with 30% incomplete penetrance.

When we study the process of evolution, we look at the genetic trends occurring in a population.
Genetically evolutionisachangein the frequency of genes in aknown population. Therefore, population
genetics can also be considered as part of evolutionary genetics.

The concept opposite of population in genetic structure is the pure line. The offspring of a self-
pollinating single plant is considered a pure line.

According to the Hardy-Weinberg law, in the absence of factors of a simple evolutionary process
(mutation, selection, migrationand geneticdrift), the frequency of genes(alleles) ofa populationquickly
reaches a certain equilibrium and does not change during all subsequent generations. The Hardy-
Weinberg law requires the following conditions:

+ firstly, the number of organisms included in the population is quite large;
+ secondly, so that different genotypes have the same reproductive ability;
+ thirdly, the preservation of random crossing in the population.

Random crossing or panmixiarefers to the free crossing of organisms belonging to a population
where the frequency of all combinations of reflections is the same. Individually, for example, the AA
genotype of a maternal organism can be randomly crossed by a male with the Aa, Aa or AA genotypes
without any advantages. It should be understood that Panmixia persists at the level of gametes. It is
believed that every female germ cell is fertilized with the same frequency of chances as any sperm.

The Hardy-Weinberg law is expressed by the formula 4. Suppose that the frequency of two-a and
A-alleles in a certain population is equal to p and q.

p+q=1 (4)

Gametes with the A allele occur at a frequency of p,while gametes with allele a have a frequency
g. If the fusion of gametes to form a zygote occurs randomly, then the genotype AA zygote frequency is
p?, genotype Aa zygote frequency is 2pg, and genotype aa zygote frequency is g2, i.e. members of the
classification of the binomial formula (pA+qga)? =p?’AA+2pgAa+q2aa).
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Homozygous genotypes of the next generation give only one type of gamete, while heterozygous
genotypesgive thesamenumber of different gametes. If each individual in a populationgives on average
the same number of gametes, then the proportion of each gamete depends on the frequency of the
different phenotypes in the population, therefore

A-fraction of the gamete: p2 x 1/2(2pq)=p(p+q)=p

a-gamete fraction: g2+1/2 (2pq)=q (p+q)=q

Hence, the frequency of gametes Aand a, which is corrected in free crosses after one generation,
when there is no effect of selection or mutation, is equal to the frequency of gametes, giving rise to this
population. It follows that the ratio of genotypes does not change in subsequent generations.
The following conclusion follows from the Hardy-Weinberg law: if the initial male and female
individuals of a population have the same allele frequency, then at random crossing the equilibrium
frequency of any genotypes is realised in the volume of one generation.

Using the Hardy-Weinberg formula, the genetic structure of a population can be analysed. The
frequency of homo- and heterozygous genotypes in a population for a dominant trait can be calculated
using the Hardy-Weinberg formula, using the number of recessive homozygous individuals (aa), the
phenotype of which is clearly visible.

Genetics problems

92.*For example, in a population of 5000 sheep, 2 blind lambs were born. It is easy to guess that
the defect is the effect of a recessive gene, i.e. the genotype of the blind lambs is aa. Using the Hardy-
Weinberg formula, we find the frequency of this genotype in the flock.

g%aa = naa:N= 2:5000 = 0,0004.

Now we can find the frequency of the recessive gene: qa=0.02. To determine the frequency of the

dominant gene use the equation p+q =1:
pa =1-qa=1-0,02=0,98.

Since the frequency of both alleles is known, we determine the theoretical genetic structure of the
population at the locus we are studying using the Hardy-Weinberg formula:

AA =p?=0,982 =0,9604 (95,04% wmm 4802 animal units)

Aa=2pq-2x0,98 x 0,02 =0,0392 (3,92% um 196 animal units)

aa =0?=0,022 =0,0004 (0,04% wm 2 animal units).

To check the accuracy of the calculation, we need to add the frequency of genotypes.

The calculation is considered correct if their sum is equal to 1. In our example, the number of
heterozygous animals with the gene of the genetic defect is 196.

The ratio of genotypes by three allelic loci (let's call them A;,A,,As, denote the frequencies p, q
and r) is distributed as follows:

(pA1+ qA2+ rAg)z = pZ A1A1+ q2 A2A2 +2 pAlqu +2 pAl rA3+2 qu rAg

The ratio of genotypes here corresponds to the Hardy-Weinberg law p+g+r=1 nm p+ q+ r=1 wm
(p+g+r)*=1.

To understand the determination of the frequency of genes in three allelic loci, let's take as an
example the human ABO blood group system.

93*.Suppose the following blood group frequencies were observed in any population:

A (ll1-blood group. Genotype AA and AO) =0.43

B (I11-blood group. Genotype BB and BO) =0.17

AB (group IV. Genotype AB) =0.04

O (I-blood group. Genotype OO) =0.36

We denote the frequency of alleles A, B and O through p, g and r. Then according to the Hardy-
Weinberg law, the frequency of the recessive OO genotype will be equal to r2, hence r =Y0,36=0,60.

The total frequency of the third and first blood groups should be equal to (g +r)%. Therefore, (q
+r1)2=0.17 +0.36 =0.53, hence, g +r=0.53=0,73. We know that r =0.60, so the frequency of allele
B will be equal to 0.13 (g=0.73-0.60). The frequency of Ais allele A, p = 1-(g+r) — 1-0.73 =0.27.
pA+qB+r0=0.27+0.13+0.60=1.00.

Another conclusion from the Hardy-Weinberg law is that rare alleles are present in the population
mainly in a heterozygous, and not in a homozygous state. The frequency of the recessive allele in the
population is g, the frequency of recessive alleles in heterozygotes is pg (half of 2pq), and in
homozygotes - g2. The ratio of the first frequency to the second is pa/g?=p/q. This value for small values
of g is approximately 1/q . Thus, the lower the frequency of the allele, the greater the proportion of this
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allele is present in the population in a heterozygous state. An example of this is the prevalence of
albinism and alkaptonuria in the human population.

94. *The frequency of recessive gene of albinism is approximately 0.01.

Frequency of people with albinism g®=0,0001, i.e. one in 10 thousand, and the frequency of
heterozygote is 2 pq or about 0.02

(qa =0.0001=0.01, pA=0.99, Aa =2 pq =2 x 0.99 x 0.01 = 0.0198).

Therefore, the frequency of occurrence of gene of albinism in heterozygotes (equal to half the
frequency of heterozygotes: 2pg/2 = 0.01) is 100 times higher than in homozygotes (0.0001).

95.*The frequency of people suffering from alkaptonuria (aa genotype), equal to 0.000001, i.e. 1
to 1 min. The frequency of heterozygotes is equal to Aa = 0.002, and the frequency of the recessive
allele is equal to 0.001. Consequently, the number of alkaptonuria genes in heterozygotes is
approximately 1000 times greater than in homozygotes.

The Hardy-Weinberg law allows to calculate the expected (or theoretical) frequency of genotypes.

96.* Suppose that 500 Adai horses were split at the hemoglobin locus in the following ratio:
255AA 230 AB: 15 BB. Due to the phenomenon of codominance in the inheritance of hemoglobin
type, that is, the genotypes HbAA, HbAB and HbBB formed by the HbB and HbB alleles can be easily
distinguished from each other by phenotypes. Consequently, the allele frequency (pA,gB) can be
determined by the number of phenotypes:

PA=2AA+AB/2N=2x255+230/2x250=0.74

qB=2BB+AB/2N=2x15+230/2x500=0.26

wm (B=1- pA =1-0.74 =0.26.

From allele frequencies, we determine the theoretical frequency distribution of horses by
hemoglobin type genotypes:

AA = NxpA

2=1500x0,742 = 273,80cob6eii (54,76%)

AB = Nx2pAxqB= 500x2x0, 74x0,26= 192,40cobeti (38,48%)

BB = Nxq2

B =5000x0,262= 33,8 ocobeii (6,76%)

Hence we can conclude that based on the Hardy-Weinberg law, if the population is not affected
by simple evolutionary factors, the frequency of genotypes (AA=0,5476; AB=0,3848 and BB =0,0676)
will remain unchanged in the next generations. Visual comparison of the actual frequency of the
population genotype (AA=255; AB=230; BB=15) and its theoretical frequency (AA=273; AB=1924;
BB=33,8 individuals) shows that there is a difference between them. Hence, genetic equilibrium was
not observed in the population for the locus under study.

To determine whether a population is in genetic equilibrium (according to the Hardy-Weinberg
law) or not (accordingto the influence of evolutionary factors), two different methods are used. The first
one is based on the following formula:

p?> AAxgaa

2=(2pAxgA/2)2.

If, p?’AA X g?aa=(2pAxgA/2)2 then such a populationis in genetic equilibrium, and p? AAXg?
aa#(2pAxqA/2)2, then the population has an altered gene balance of the locus under study.

Analysis of the values of our example in this formula shows:

p2

AA=255/500=0,51;
2pAxqB=230/500=0,46;
q2

if BB=15/500=0,03,

then p2

AAX g?

BB =(2pAxqB/2)2=0,51x0,03=(0,46/2)2

that is 0,0153# 0,05297. Since the left part of the equation is not equal to the right part, it is
considered that there is no genetic equilibrium in the hemoglobin locus in this population.

If we analyze the values of the theoretical frequency of genotypes of a population obtained by
random crossing (from a panmixed population) in the absence of the influence of evolutionary factors,
we can see that the genetic structure of such a population is in full compliance with the Hardy-Weinberg
law:
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If 0.5476x 0.0667 = (0.3848/2)2,then 0.0370 = 0.0370, both parts of the equation are equal, i.e.
in such a population the genetic equilibrium at the hemoglobin locus is preserved.

The second method of determining the coincidence of the frequency of the actual population and
its theoretical frequency, i.e., the genetic equilibrium of the population at the studied genetic locus, is
based on the chi-square method.

97.*For example, suppose in an initial population of 8000 individuals, the frequency of allele A
i 0.6 (p), and the frequency of itsrecessive allele is 0.4 (q). First, the retention (1) of different genotypes
after selection should be calculated. To do this, divide the number of individuals after selection by the
number of individuals before selection for each type of genotype:

AAA =2448:2880=0.85;

AAa=2726:3840=0.71;

Laa=678:1280=0.53.

Although the loss of the recessive genotype (-602) is much less than the heterozygous genotype
(-1114), it should be noted that the degree of conservation is low.

98*.Calculation of adaptability of population genotypes

All genotypes: AAAa aa

Number of population

Nxp? Nx2pg Nxg?

Before selection 8000x0.62=28808000x2x0.6x0.4=3840 8000x0.42=12808000

After selection 2448 2726 678 5852

Loss -432 -1114 -602 -2148

Conservation A 0,85 0,17 0,53 0,73

The mortality rate of individuals in any natural population is always different. For example, the
number of white antelopes that die during drought exceeds normal conditions. To describe the
adaptability of a genotype, the conservation rate (A) of each genotype is divided by the conservation rate
of the genotype that is the highest.

In our example:

WA A =0.85/0.85=1.00;

WAa = 0.71/0.85=0.83;

Waa=0.53/0.85=0.62.

The value of relative adaptability indicates the direction of selection and therefore the way in
which gene frequencies change. However, itcannot describe populationdynamicsbecause itis a relative
value, and nothing can be said about an increase or decrease in population size from its value. Note that
the least lethal genotype has a propensity of 1, but this does not mean that this genotype will not die.
This shows that only the AA genotype is less likely to die than other genotypes.

The selective advantage of a particular allele over its alternative allele can be expressed as a
percentage orasaselectioncoefficient (s). The numerical valueofthe selectioncoefficient is determined
by the relative frequency of the alternative allele. Its value varies from 0 to 1: s=1-W

In our example:

SAA=1-WAA=1-1=0;

sAa=1-WAa=1-0.83=0.17;

n saa=1-Waa=1-0.62=0.38

The frequency of the new allele (a) resulting from mutation or migration will initially be lower.
Since it has some selective advantage over the original allele (A), the frequency of the new allele
increases and the frequency of allele A decreases due to selection. The population may even switch
completely fromallele A to allele a. The rate of change in allele frequency is directly proportional to the
value of S, that is, when the selection coefficient is high, the increase in frequency of the newallele is
faster, and when the coefficient is low, it is slow.

Define the following key words and concepts: population genetics, pure line, inbreeding
depression, Hardy-Weinberg law, outcrossing, panmixis, evolutionary factors, mutational process,
migration, selection, gene drift, natural selection, Darwinian or comparative adaptation.

Tasks solutions
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98.* An analysis of a population has shown that the frequency of individuals with an autosomal
recessive trait is 0.04. What is the frequency of heterozygotes in this population?

Let's use the Hardy-Weinberg law:

ptq=1

p*+2pq +q*=1

1) q=Vq="0,04=0,2

2)p=1-9q=1-0,2=0,8

3)2pq=2x0,8x0,2=0,32

Given: Solution:

0,04 =g p+tg=1

Find: p*+2pq +0°=1

2pq 1) q=v92=+0,04=0,2

2)p=1-¢q=1-02=08
3)2pg=2x0,8x 0,2 =0,32

Answer: 2pg=0,32

99.*Albinismin oats is inherited as an autosomal recessive trait. In a plot of 84000 plants, 210
plants were albino. Determine the frequency of albinism gene in oats.

Solution: Dueto the factthatalbinismin oats is inherited as an autosomal recessive trait, all albino
plants will be homozygous for the recessive gene - aa. Their frequency in the population (q?) is equal to
210/84000 = 1/400 =0.0025. The frequency of recessive gene a will be equal to V0.0025. Hence, q =
0.05.

Given: Solution:
A-healthy q?=210/84000=1/400=0,0025
a-albinism a- g=0,0025=0,05

Total: 84,000 plants
aa=210 albinism
Find:
g-?

Answer: q=0.05.

100. Albinismin maizeis inherited as an autosomal recessivetrait. In some maize varieties, albino
plants occur at a frequency of 25:10000. Determine the frequency of the albinism allele in these maize
varieties.

101. On anisland 10000 foxes were shot, of which 9991 ginger and 9 white individuals were
found. The ginger colour dominates over the white colour. Determine the percentage of ginger
homozygous, ginger heterozygous and white foxes.

102.* In cattle, red colouring is incompletely dominant over white (hybrids have roan colouring).
There are 4169 red, 756 white and 3780 roan animals in the district. Determine the allele frequency of
red and white colouring of cattle in the area.

Answer:

If the gene forred colorofanimalsis denoted by A and thegene for white color animals is denoted
by a, then the genotype in red animals will be AA (4169), inroan Aa (3780) and in white animals it will
be aa (756). The total number of animals recorded is 8705. We can calculate the frequency of
homozygous red and white animals in fractions of one. The frequency of white animals will be 756 :
8705 =0.09. Hence g2 =0,09 . The frequency of recessive gene q =V0.09=0.3. The frequency of gene
Awillbep=1-q.Hence,p=1-0.3=0.7. Answer: p=0.7, gene g =0.3.

103. Albinism (lack of melanin in the skin) is inherited as a recessive autosomal trait. The
incidence of the disease is 1:20,000. Calculate the number of heterozygotes in the population.

104. Alkaptonuria is characterised by cartilage staining and rapid darkening of urine. It is
inherited as an autosomal recessive trait and the disease occurs with a frequency of 1: 100000. Calculate
the frequency of homozygous carriers of the dominant allele in this population.

105.*In humans, albinism is an autosomal recessive trait. The disease occurs with a frequency of
1:20000. Determine the frequency of heterozygous carriers of the disease in the neighbourhood.

Answer:
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Albinism is inherited recessively. The value of 1:20000-is g°. Hence, the frequency of gene a will be: q
=1/20000 = 1/141. The frequency of gene p will be: p=1-q; p =1 - 1/141 = 140/141.
The number of heterozygotes in the population is 2pq.

2pq =2 x (140/141) x (1/141) = 1/70.

We get this number as a percentage of 1.4%.

106.*The Kidd blood type is determined by two genes: Ik?and Ik, Persons carrying the Ik? gene
are Kidd-positive. The frequency of the 1k* gene among the population of Krakow is 0.458. The
frequency of Kidd-positive people among Africans is 80%. Determine the genetic structure of the
population of Krakow and blacks according to the Kidd system.

Answer:

In the conditions of the problem the frequency of the dominant gene is given by the blood group
system among the inhabitants of Krakow: p = 0.458. Then the frequency of recessive gene q =1 - 0,458
= 0,542. The genetic structure of the population consists of homozygotes for the dominant gene - p?,
heterozygotes 2pq and homozygotes for the recessive gene g2. Hence p2 =0.2098; 2pq =0.4965; ¢ =
0.2937.

Having recalculated it in %, we can say that in the population of persons with genotype Ik?
1k320,98%; Ik? 1kP49,65%; 1k° 1k 29,37%.

For blacks in the conditions of the problem the number of kidd-positive persons having in
genotype the dominant gene Ik? Ik? u 1k®Ik®is given, i.e. p? + 2pq = 80 %, or in fractions of unit 0.8.
From here itis easy to calculate the frequency of kidd-negatives having genotype kk: g2=100% - 80%
= 20%, or in fractions of a unit:1-0.8 =0.2.

Now we can calculate the frequency of recessive gene Ik®, q=\/0,2=0,45. Then the frequency of
the dominant gene Ik® will be p=1 - 0.45 =0.55. The frequency of homozygotes for the dominant gene
(p?) is 0.3 or 30%. The frequency of Ik? Ik® heterozygotes (2pq) is 0.495, or approximately 50%.

107. Congenital hip dislocation is dominantly inherited, with an average penetrance of 25%. The
incidence of the disease is 6:10000 (, 1968). Determine the number of homozygous individuals for the
recessive gene.

Answer: The genotypes of individuals with congenital hip dislocation are AAand Aa (dominant
inheritance). Healthy individuals have the genotype aa. From the formulap? + 2pq + g% = 1, it is clear
that the number of individuals homozygous for the recessive gene (aa) g>=1 - (p? + 2pq). However, the
number of patients given in the problem (6 : 10,000) does not represent p? + 2pq, but only 25% of the

carriers of gene A, and the true number of people with the gene is four times as large, i.e. p2+2pq

Therefore, p2+2pq:1‘;>(;§0 = 102:00. Then g? (the number of individuals homozygous for the recessive

24 _ 9976
= =99,76%.
10000 10000

gene) is g = 1- -

108. Gout is determined by a dominant autosomal allele of the gene. The gene has a penetrance
of 20% in males and 0% in females. Determine the genetic structure of a population if approximately
190 people among 10,000 inhabitants have gout.

Given: Solution:
Gout A 1) Find the percentage of gout occurrence in this population:
Normal a 190 /10 000=0,019 nm 1,9%
Pentrance at & =20% 2) Since the penetrance of this trait in men is
Penentrance at @ = 0% 20%, s0 1.9% x5 =9.5%
Number of residents = 10,000 | 3) Since male and female sexes are inherited by 50% each, the
people number of people with genotypes AA and Aa will be:
Number of residents with gout=| 9,5% x 2 =19%
190 people 4) Determine the number of people with genotype aa:
Find: 100% - 19% = 81% or 0.81 (this corresponds to the value g?)
g-? 5) Find g and p:
q=V0,81=0,9
p=1-g=1-0,9=0,1
6) We calculate the frequencies of occurrence of the dominant
phenotypes AA and Aa:
AA (p?) =(0,12)2=0,01 = 1%
Aa(2pq)=2x0,1%x0,9=0,18=18%
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Answer: in this population, genotypes occur as follows: AA-1%; Aa — 18%; aa — 81%.

109. When crossing homozygous yellow and gray Drosophila fruit flies, the following results
were obtained:

Parents Offspring

Gray female x Yellow male All gray

Yellow female x Gray male All males are yellow
All females are gray

Which of the following statements is correct?

A. Alleles that determine gray and yellow body color are codominant

B. Allele determining gray body color - linked to the X chromosome and recessive

C. The allele that determines yellow body color is linked to the X chromosome and is
dominant

D. The allele that determines the gray color of the body is linked to the X chromosome
and is dominant

E. The allele that determines yellow body color is localized in the autosome and is
recessive

108. Ahuman breeding minks allowed them to mate freely. He found that on average, 9% of his
minks had hard fur, which brought in lessincome when sold. So he decided to focus on soft fur and did
not allow minks with hard fur to mate. The hard fur trait is inherited as an autosomal recessive allele.
What percentage (theoretically) of minks with hard fur will he get in the next generation? (Answer:
5.3%).

Control questions

1. The Hardy-Weinberg Law and its significance

2. Genetic structure of the population

3. Frequency of genotypes and alleles in population genetics

4. Evolution in genetic terms - a change in the frequency of genes in a certain population
5. Analysis of the genetic structure of the population using the Hardy-Weinberg equation.

182



VIl. HUMAN GENETICS

Human genetics is a fundamental and applied science. All patterns of heredity and variability
considered by the science of genetics are also inherent in humans. This is because he also belongs to
Homo sapiens. In terms of heredity and variability, humans do not differ significantly from other
animals. In all cases, a hereditary trait is passed on from generation to generation through genes present
on the chromosome. The difference between humans and animals is that they have consciousness and a
secondarysignalingsystem, and therefore their ability to adaptto the external environmentis also highly
probable. Since humanity as a whole lives in society, social factors also play a role in its evolutionary
development. The peculiarity of man as a genetic object liesin the presence of many contradictions that
complicate the study of his genetics. These include: late puberty, a small number of descendants in each
family; the inability to balance the environment of all descendants, the presence of a large number of
chromosomes, the inability to experiment on a person, and the main contradiction is that there are social
characteristics such as nationalism, racism that hinder the development of some hereditary human traits
such as abilities and behavior.

Methods for studying human heredity

Methods for studying the heredity of human genetics include: genealogical, cytogenetic, twin,
ontogenetic, population and biochemical methods.

Genealogical method. The basis of this method is the study of the inheritance of various
characteristics, traits or diseases that a person has, based on his origin. To create a pedigree, you need to
know the symbols of the family tree (Figure 12). To do this, information is collected on the trait being
studied over several generations from the paternal and maternal sides, and a genealogical diagram is
drawn up on its basis. Some properties and characteristics can be transmitted to any generation, that is,
they are inherited according to a dominant type and obey Mendel's laws. These include: polydactyly
(extra fingers), facial freckles, cataracts, black hair, etc. According to the genealogical method, some
human abilities, such as the ability to play music and speak eloquently, were in the family of the famous
composer |. Bach.

= woman = man

i or Q [ s
O._'—D- consanguineous marriage

[J% proband

= children born from the
- same marriage (numbers
11 N4 show birth order)

O—Ej—-D—- illegitimate son
(O)- identical twins

UO— fraternal twins
heterozygous carriers
@ E or 0 = or incomplete clinical
syndrome
@ W - stillborn

total number of children (three) without
~ gender distinction or gender unknown

% E_ died in the postnatal period
Figure 12. Basic symbols adopted for the compilation and analysis of pedigrees
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The genealogical method has established that many diseases are inherited from generation to
generation, and one of them is hemophilia. A genealogical diagram of the dynasty of Queen Victoria of
England has been compiled for this disease. Victoria and her husband, aswell as their ancestors, did not
suffer from hemophilia.But one of Victoria's parents must have had a germ cell mutation. In this regard,
Queen Victoria became a carrier of the hemophiliagene and passed it on to many of her descendants,
that is, all male descendants who received an X chromosome with a mutant gene fromVictoria suffered
from hemophilia.The main goal of the genealogical method is to create a genealogical model based on
the collected data and analyze it. The person who begins the genealogy is called a proband. His/her
brothers and sisters are called sibs.

Cytogenetic method. Using this method, a cytogenetic analysis of the karyotype or set of
chromosomes of a healthy or sick person is performed. Using this method for the first time in 1956,
J.H.Tijo. and A.Levan discovered that under normal conditions, human body cells contain 22 pairs of
autosomes and one pair of sex chromosomes. It has been shown that in a man the sex chromosome is
heteromorphic (XY), and in a woman it is homomorphic (XX), as mentioned earlier in the topic of
gender genetics. The use of this method made it possible to observe chromosomal changes occurring in
the cells of the human body and germ cells. Such changes cause the birth of various diseases. Therefore,
the cytogenetic method is used in medicine for diagnostic purposes.

Twin method. Twinsare acommon phenomenonamongpeople. Thereare two types: monozygotic
and dizygotic twins. Identical twins are the development of two zygotes resulting from the fertilization
of one egg by one sperm. Such twins are always identical because they have the same genotype. Twins
resulting from the simultaneous fertilization of two eggs by two different sperm may not look very
similar to each other. This is because the combination of genes is different in different eggs and sperm.
Among them, identical twins are convenient material for studying the most important general biological
problem or the influence of heredity and the external environment on the development of traits. For
example, this method can determine the importance of education and training for the development and
formation of a person’s innate ability. In addition, the twin method helps to determine a person’s
predisposition to certain hereditary diseases (schizophrenia, epilepsy, hemophilia, etc.).

Ontogenetic method. Using this method, itis determined whether hereditary changesoccur during
ontogenesis or personal development of a person. Some hereditary diseases can be observed not only in
homozygous organisms with the recessive genes responsible for them, but also in heterozygous ones.
For example, the disease schizophreniais determined by a recessive gene, and itis known only if the
patient receives such a gene from both parents, that is, he is a recessive homozygote (aa). And in the
case of heterozygosity (Aa), this person should not be ill. But sometimes in ontogenesis such a person
is faced with a tragic situation, and under stress he may develop a disease. Thus, the value of the
ontogenetic method is to insure future generations from severe consequences by identifying recessive
genes that carry a certain disease in ontogenesis.

Population method. Using this method, the frequency of the spread of various hereditary changes
in the human population is studied. The prevalence of hereditary genotypic changes in various human
populations is different. For example, in the Marianas and Guam, mortality from multiple sclerosis is
100 times higher than in other countries. Similarly, out of 2000 inhabitants of a village located on the
banks of the Rhone River, 199 in Switzerland, 50 are deaf-mutes, 200 are deaf. This is due to the fact
that due to the lack of migration, individual families and relatives cannot spread and reproduce, so the
number of genes that carry certain hereditary diseases increases.

Biochemical method. This method has recently been widely used in the study of human genetics.
Various hereditary changes in humans are directly related to a violation of cellular metabolism. These
are proteins, nucleic acids, carbohydrates, fats, etc., which are part of this cell directly related. For
example, if there is a change in the DNA molecule, then the gene has changed. Because the gene itself
is made up of this DNA, and such a change is hereditary. The biochemical method is of great practical
importance. For example, the parentsof a child can be accurately determined by DNA analysis. This
method is now also used in archaeological research.

Genetics problems
111.* Proband (indicated by the arrow) suffers from night blindness. His two brothers are alsoill.

There were no persons suffering from night blindness in the proband's father's line. The mother of the
proband is sick, two sisters and two brothers of the mother of the proband are healthy. They only have
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healthy children. Onthe maternal side, it is further known; grandmother is sick, grandfather is healthy;
one grandmother's sister is sick, and the other is healthy; great-grandfather (grandmother's father)
suffered from night blindness, great-grandfather's sister and brother were sick; great-great-grandfather
is sick, his brother, who has a sick daughter and two sick sons, is also sick. Proband's wife, her parents
and relatives are healthy.

Determine the probability of the birth of sick children in the proband family.

The problem is solved by drawing up a family tree diagram (Figure 13) and analyzing it. Pedigree
analysisshows thatthis form of nightblindness is inherited as a dominantautosomal trait - A. Therefore,
proband hasthe genotype — Aa (his father is healthy, the genotype of his father is aa). Proband's wife is
healthy, her genotype is aa. Knowing the genotypes of the spouses, it is not difficult to decide that the
probability of having healthy and sick children in the proband’s family is equal — 50%.
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Figure 13. Pedigree tree for problem 111*

112. The proband has a white curl in his hair above his forehead. The proband's brother without
a curl. There were no anomaliesin the proband's father line. The proband's mother with a white curl.
She has three sisters. Two sisters with a curl, one without a curl. One of the proband's aunts on the
mother's side has a son with a curl and a daughter without a curl, the second has a son and a daughter
with a curl and a daughter without a curl. The third proband's aunt from the mother's side without a curl
has two sons and one daughter without a curl. Proband's maternal grandfather and two of his brothers
had white curls, and two more were without curls. Great-grandfather and great-great-grandfather also
had a white curl over their forehead.

Determine the probability of having children with a white curl over the forehead in case proband
marries his cousin who has this curl.

113. The newlyweds normally use their right hand. In the woman's family there were two more
sisters who normally use the right hand, and three left—handed brothers. The woman's mother is right-
handed, her father is left-handed. The father has a left-handed sister and brother and a right-handed
sister and two brothers. The grandfather on the father's side is right-handed, the grandmother is left-
handed. The woman's mother has two brothers and a sister — all right-handed. The husband's mother is
right-handed, the father is left-handed. Grandparents from the mother's side and the husband's father
normally owned the right hand. Determine the probability of having left-handed children in this family.

114. Both spouses are heterozygous for albinism. They gave birth to fraternal twins. What is the
probability that they are both albinos?

A) 25 %B) 50 % C) 75 % D) 100 % E) 12,5 %.

115.Heterozygous organisms (Aa, Cc, Bb). How many gametes are formed?

A)1B)2C)3204D)4E)6

116. Itis known that the presence of six fingers in humans is determined by the dominant gene,
and the presence of five fingersis determined by the recessive gene. A five-fingered woman married a
heterozygoussix-fingered man. What is the probability thatthere isa child with six fingersin the family?

A)25%B)50 %C) 75 %D) 100 % E) 12,5 %
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117. Is it possible to have children with five fingers in a family where both spouses are
homozygous for polydactyly?

A) yes B) no C) partially possible D) partially impossible E) there is no correct answer

118. If two identical twin girls marry two male twins, will the children born from them be similar
to each other?

A) yes B) no C) partially possible D) partially impossible E) there is no correct answer

119. Abrown-eyed man married a blue-eyed girl. Brown eyes are the dominant feature. They will
give birth to 8 brown-eyed children. Determine the genotype of the children in this family.

A) AA B) AaC)aa D) Aaaa E) AA AA

120. A brown-eyed right-handed married a blue-eyed right-handed. Their first child was left-
handed with blue eyes. What is the genotype of this child?

A) AaBb B) AAbb C) aaBB D) aaBb E) aabb

121. In humans, the hypophosphagemia gene is located on the X chromosome. A man suffering
from this disease marries a healthy woman. How many of their sons are sick?

A) one of two C) one of four C) one D) one of three E) are not sick

122. Aman with a hereditary disease marries a healthywoman. Theyhave 8 children: 4 daughters
and 4 sons. All the daughters were sick, and the sons were healthy. How is the disease inherited?

A) autosomal recessive B) autosomal dominant C) linked to the X chromosome D) dominant
linked to the X chromosome E) recessive linked to the X chromosome.

123. In humans, the disease of night blindnessis inherited as a dominant feature. What is the
probability of having a sick child in a family with a healthy mother and a sick father?

A) 25% B) 50% C) 75% D) 100% E) 12,5%

124. The disease of night blindness in humans is inherited as a dominant feature. If the mother is
healthy and the father is heterozygous for this disease, what is the probability of having a sick child in
the family?

A) 25% B) 50% C) 75% D) 100% E) 12,5%

125.The blood group of a child is, and his sister’s is fourth. Determine the blood groups of their
parents. A) I and 1l B) Iand IV C) Il and 111 D) I and I11 E) lll and IV

126.This method is based on the study of the inheritance of various traits and properties or
diseases in humans, depending on their origin:

A) geneological method B) twin method C) population method D) cytogenetic method E)
biochemical method.

127. A new branch of genetics that studies diseases that develop as a result of the genetic
predisposition of people when using certain drugs:

A) new genetics B) pharmacogenetics C) medical genetics D) ecogenetics E) paratypic genetics.

128. Observation of the genetic basis of psoriasis and diabetes mellitus:

A) the frequency of the disease is significantly higher in monozygotic twins than in
diheterozygous twins B) the frequency of the disease is significantly higher in diheterozygous twins
than in diheterozygous C) discordance is high in monozygotic twins D) concordance is high in dizygotic
twins E ) concordance is low in monozygotic twins.

129. Proband has a congenital cataract. He is married to a healthy woman and has a sick daughter
and a healthy son. Proband's father has cataracts, and his mother is healthy. Proband's mother has a
healthy sister and healthy parents. The grandfather on the father's side is sick, and the grandmother is
healthy. Proband has a healthy aunt and uncle on his father's side. The uncle is married to a healthy
woman. Their three sons (proband's cousins on his father's side) are healthy. What is the probability of
a proband's daughter having sick grandchildren in her family if she marriesa man who is heterozygous
for cataracts of this type?

130.Hereisthe genealogy of a family affected by a certain disease. Thisdisease exhibits complete
penetrance and occurs in 25% of the population.
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Indicate the CORRECT and INCORRECT statements about this genealogy:
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A) This genealogy is inherited by coupling with the X chromosome H
B) The genotype of organism number 4 is heterozygous B
C) The probability that organism number 5 is a carrier is %3 H
D) The probability that organism number 1 is a carrier is % B
Control questions

1. Features of a person as a genetic object.

2. Methods for studying human heredity.

3. The genealogical method is based on the study of a person’s heredity based on his origin.
4. Common hereditary human diseases.

5. Achievements of research in the field of human genetics.

GLOSSARY

A dominant gene is an allele that determines the manifestation of a trait in the homo- and
heterozygous state. In this case, the trait is called dominant.

A geneisasection of DNA (deoxyribonucleic acid) thatencodes informationabout the hereditary
properties of an organism.

A heterozygous organism is an organism in which the genes for a particular trait are represented
by two different alleles.
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A homozygous organism is an organism in which both alleles of a particular gene are the same.

A pure line (breedings, hybrids, strains) is a homozygous set of genes for one or more alleles;
when plants self-pollinate or cross-pollinate, traits are split.

Allelic genes are different forms of the same gene located at corresponding places on
chromosomes.

An autosome is any chromosome that is not a sex chromosome.

Biological progress is the process of change and improvement in biological organisms, species
and populations over time.

Biological regression is the reverse process to biological progress, where organismsand species
lose their adaptive characteristics and revert to more primitive forms.

Chromatin is a complex structure composed of DNA, proteins and RNA that forms
chromosomes.

Chromoplast is a type of plastid or organelle that contains pigments and is responsible for the
synthesis and accumulation of pigmentsin plant cells. They play an important role in color formation
and color maintenance in plants.

Chromosome is a structural element of the cell nucleus that contains a specific set of genes.

Codominance (independent manifestation) is a phenomenon when both alleles participate in
the formation of a trait in a heterozygous organism.

Complete dominance is a phenomenon when a dominant gene completely suppresses the work
of a recessive gene, resulting in the development of a dominant trait.

Conjugation is a genetic process that occurs in some bacteria and protists that allows them to
exchange genetic material between each other. During the process of conjugation, two organisms form
a temporary structure called a pilus through which DNA is transferred.

Cross-hybridization is the process by which homologous chromosomes cross into each other
during meiotic division and exchange their respective counter parts.

Cytology is the science that studies cells, their structure, functions and processes within them.

Cytoplasm is the obligatory part of the cell enclosed between the plasma membrane and the
nucleus.

Dihybrid cross is the crossing of parental individuals differing in two pairs of alternative traits
and, respectively, in two pairs of allelic genes.

Embryology is the science that studies the development of the embryo (the initial stage of
development of an organism after fertilization of the egg).

Eukaryotes are organisms that have cells with a nucleus that contains genetic information.

Gametes, or germ cells are specialized cells that participate in the process of reproduction and
fusion to form a new organism.

Genome is the complete set of genetic information contained in the cells of an organism.

Genotype is the genetic information contained in the cells of an organism that determines its
inherited traits and characteristics.

Hemophilia is a genetic blood clotting disorder that results in an increased tendency to bleed.

Heredity is the transmission of genetic information from parents to offspring. Heredity is carried
out through chromosomes, which contain genes - sections of DNA that code for specific proteins and
determine our physical and biological properties.

Heterosis is a property of organisms that is characterized by increased endurance and strength in
first generation offspring compared to the parents.

Homologous chromosomes are a pair of chromosomes of approximately equal length, with the
same centromere position and giving the same pattern when stained.

Incomplete dominance is a phenomenon when a dominant gene does not completely suppress
the work of a recessive gene, resulting in the development of an intermediate trait.

Monohybrid cross is the crossing of individuals that differ from each other by only one pair of
alternative traits.

Mutation is a change in the genetic structure of an organism that can affect its phenotype
(external characteristics and functions).

Phenotype is a set of external and internal features of an organism acquired as a result of
ontogenesis (individual development).

Polyhybrid crossis the crossing of individuals differing in several pairs of alternative traits and,
accordingly, in several pairs of allelic genes.
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Reproduction is the ability of organisms to reproduce and pass on their genetic characteristics to
their offspring.

Sex chromosomes are the pair of chromosomes that determine the sex of an organism.

The gene pool is the set of all genetic materials (genotypes) in a population or species that are
passed from generation to generation.

The hybridological methodis a method usedin genetics and breedingthat involves crossing two
different genotypes or species to produce hybrid offspring.

The nucleolus is a small structure that is located inside the nucleus. It is responsible for the
synthesis of ribosomes, small organelles that play a key role in the process of protein synthesis.

The nucleus is a membrane organoid that contains the cell's genetic nformation in the form of
DNA.

Variability is the ability of organisms to acquire new traits.
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