3ananue 1, Bapuanr 1

B Hekoel nommy s HOpOK MPUCYTCTBOBAIM OCOOH € 5 BapHaHTaMH OKpaca: uYepHas,
TEMHO-cepas, cepasi, CBeTiI0-cepast u Oemnast. M3BecTHO, 4TO MpU CKPELMBAaHUN YEPHBIX HOPOK
APYT C APYroM, IOJTYYaroTCs TOIBKO YepHbIE HOPKH, a MPH CKPEIMBAHUH OEIBIX HOPOK U3
HOMYJIALUN MEXy cO00M, TOTOMCTBO UMEET TOJIBKO OEIyt0 OKPACKY.

Opnako, Korja 6e1bIX HOPOK U3 3TOM MOMYJSIUN CKPECTUIIN ¢ OEJIBIMU HOPKaMU U3
HE3aBHCHUMO MOJYy4YeHHOU 1a00paTOpHOI YNCTON JIMHUU, TO B TOTOMCTBE F1 Bce HOpKHU
UMeNH cepyro okpacky. Cepbix HOpOK U3 F1 ckpecTuiu Mexay co0oi U moIydnsin
pacrieruieHre B cooTHomeHn” 19 6enbix: 18 ceprix: 12 TemHo-cephix: 12 cBeTiIO-cephIX: 3
yepHbIX. OO0BACHUTE pe3ynbTaThl. MOXKHO JIM BHIBECTH YUCTYIO JTUHUIO CBETJIO-CEPhIX HOPOK?
Ecnu na, To xak? Ecnu Het, TOo mouemy?

Pemienue:

5 BapHaHTOB OKPAaCKU HOPOK YKa3bIBAET HA TO, YTO JAHHBINA IPU3HAK ONPEIEISIETCS
HECKOJbKUMHU I'CHAMMU. BapI/IaHTI)I OKpaCoOB B IIOITYJIALIMHA HOPOK pa3iInv4aroTCs 110
HHTCHCHBHOCTHU OKpaca (KOJH/I‘-IGCTBOM HI/IFMCHTa), 4YTO MOKCT YKa3bIBaTb HA
B3aMMO/ICIICTBUE I€HOB I10 TUILY KyMYJISTUBHOM MOJIMMEPHH, I/I€ YepHas U Oesasi okpacka
OIPCACIIACTCA I[BOfIHI)IMI/I TOMO3HUIOTaMH. DTO IMOATBECPKAACTCA TEM (baKTOM, qTo IIpu
CKPEIIMBAHUU YSPHBIX 0CO0CH MEX Ty COOOU M OeNbIX 0co0eH MEeX Ty COO0H TOTyJaIuch
TOJIBKO YEpHBIE U Oellble MOTOMKH COOTBETCTBEHHO.

benpIx HOPOK U3 MOMYINSALUU CKPECTHIIH € JJaOOPaTOPHON YMCTOM JITMHUEH OeJIbIX HOPOK U
MOJTYYHMJI TIOTOMCTBO CEpOro LBeTa. ITO yKa3bIBaeT Ha TO, YTO FEHOTHII Ja00OpaTOPHOIii
JMHUU OTIMYAETCS OT TOM, YTO B MOMYJISIIIMU, HE CMOTPS Ha OAMHAKOBBIN ¢eHoTumn. Mcxons
U3 JIAHHBIX, MTOJy4eHHbIX B okosieHuu F2 (19/64 Genbix: 18/64 ceprix: 12/64 TeMHO-CcephIX:
12/64 cBetno-cepbix: 3/64 yepHBIX) MOKHO MPEAIONI0KHUTh, YTO B (POPMUPOBAHNU MPU3HAKA
y4acTBYeT Kak MUHUMYM 3 reHa. B HeakTHBHOM COCTOSIHUU (pelieCCUBHAsi TOMO3UTOTA)
TpETUil reH NMpensaTCTBYeT GOPMHUPOBAHUIO T0O00H OKPACKU Yy HOPOK (peLieCCUBHBIH
SIIUCTA3).

Takum 006pa3oM MBI MOXKEM TPEANOTI0KUTH CIEAYIONIYIO CXEMY CKPEIIUBaHHUS:
P: aabbDD (6enbie) x AABBdAd (Genble)

F1: AaBbDd (cepsie)

Fo:

yepHsbie - 3/64 AABBD_

TeMHO-cepbie - 6/64 AABbD_+ 6/64 AaBBD _

cepele - 3/64 AAbbD_ + 12/64 AaBbD_ + 3/64 aaBBD_

cBeTo-cephle - 6/64 AabbD_+ 6/64 aaBbD _

Oensle - 3/64 aabbD_+ 1/64 AABBdd + 2/64 AABbdd+ 2/64 AaBBdd + 1/64 AAbbdd +
4/64 AaBbdd + 1/64 aaBBdd + 2/64 Aabbdd+ 2/64 aaBbdd + 1/64 aabbdd



CBeTIi0-cepble HOPKU MOTYT UMETh TeHOTUIbl AabbD  u aaBbD . UucTeie muHuM CBETIIO-
CEepbIX HOPOK HE MOTYT ObITh BBIBE/ICHBI, TAK KaK UX T€HOTHIIBI BCET1a T€TEPO3UTOTHBI.
CrnenoBatenbHO, OT CKPEIIMBAHUS CBETIO-CEPhIX HOPOK MEXk 1y coO0i Bceraa Oynet
HaO0JII01aTHCS PACHICTIICHNE, Yero HE IOJDKHO OBITh B YUCTOM JIMHUU.

Makcumym 30 6am10B.

1) VwyacTHHK JOJDKSH ONpPEeInTh, YTO MPHU3HAK onpeaessiercs 3 renamu. HaprcoBarh
MpaBWIbHYIO cxeMy ckpeniuBanus. (10 0as10B)

2) V4acTHHK [O/DKEH OINPEICIUTh THUI B3aUMOJCHUCTBHS T'€HOB U OIPENCIUTh BCE
(dbeHoTUNnUYECKre Kiacchl. 3aCYMTHIBAINCH paclHCaHHble (HEHOTHITUYECKUE KIIACCHI
0¢3 ommook. (15 6aoB)

3) VyacTHHK JOJDKEH JIO/DKEH OOBSCHUTH MOYEMY HENb3sl BBIBECTH YHCTYIO JIMHHUIO
CBETJIO-CEPBIX HOPOK (5 0aJ1JI0B)

3ananue 2 BapuaHT 2

[Tpu ckpenBaHUKY TOMO3UTOTHBIX 3€JIEHBIX U CBETIIBIX SIICPHUI] BCE TOTOMKH HMEIH
3e7EHBIH LBET, @ BO BTOPOM MOKOJICHUN OBUIN MOIyYEHBI SIIEPHIIBI TPEX Pa3HBIX IIBETOB.
M3BecTHO, 4TO 32 OKpacKy OTBevaroT JiBa reHa: A B - 3enénas okpacka, A _bb -
KopuuHeBas, aaB_ u aabb - cBernas. Kakoe pacuierienre 0bU10 OJIy4€HO BO BTOPOM
MIOKOJIEHNH, €CJIM T'€HbI HaXOASTCS Ha OJIHOM XpOMOCOME, @ 4aCTOTa KPOCCHUHIOBEPA MEXITY
HumHu coctaisieT 10%? Kak MOYKHO BBIBECTH YHCTYIO TUHUIO C TEHOTUTIOM aabb (6e3
npuMecH reHoTunoB aaBB u aaBb) umes B Hannuuu Toabko auHuu AAbb 1 aaBB?

PeweHue:

P: AABB (3enensbie) x aabb (cBeTiible)
F1: AaBb (3enensie)

F:
AB Ab aB ab
45% 5% 5% 45%
AB AABB AABb AaBB AaBb
45% 20,25% 2,25% 2,25% 20,25%
3eJI€Has 3eJI€Has 3eJI€Has 3eJI€Has
Ab AABb AADbDb AaBb Aabb
5% 2,25% 0,25% 0,25% 2,25%
3enénas KOpUYHEBAas 3enéHas KOpUYHEBAS
aB AaBB AaBb aaBB aaBb
5% 2,25% 0,25% 0,25% 2,25%
3eéHas 3eéHas cBeTnas cBeTnasd
ab AaBb Aabb aaBb aabb
45% 20,25% 2,25% 2,25% 20,25%
3enéHas KOpUYHEBAas cBeTnas cBeTnas




281/400 A_B_ - 3enénast okpacka (0,7025)
19/400 A_bb - xopuunesas (0,0475)
100/400 aaB_ u aabb - ceetnas (0,25)

CxeM BbIBeJIeHHsI MOXKET ObITh MHOI'O, HO YYaCTHHK JI0JIKEH Oy/eT yKa3blBaTh, BCE
BO3MO>KHbBIE BAPUAHThI PE3YJIbTATOB cKpeluBanuil. (15 6ajnoB)
P:AAbb (xopuuneBsie) x aaBB (cBeTiibie)

Fi: AaBb

P: AaBb (3exr) x AAbb (xop)

Fa:

5%AABb: 45%AaBb: 45%AAbb: 5%Aabb

KopuuneBbIx ocobeit MOXKHO CKPECTHTh MEXIY CO00H (BO3MOKHO 3 BapHaHTa
CKpEITUBAHUMN ):

1) Aabb x Aabb
3 A bb:1aabb

Caetabie 0coOH OT CKpCIIUBaHUA 6y,HYT HBOP’IHBIMH peUCCCUBHBIMH I'OMO3UT'OTAMU, U3
KOTOPBIX MOKHO BBIBECTHU YHUCTYIO JIMHUIO.

Z[Ba OCTAJIbHBIX CKPCIINBAHUSA 6y,ZLYT eI[I/IHOO6pa3HBI 10 CI)GHOTI/IHYZ
2) Aabb x AAbb
1Aabb : 1AAbb
3) AAbb x AAbb

AAbb

MaxkcumyM 25 6a/1J10B.

1. YuacTHuk gomkeH 6bln HapUCoBaTb NPaBUIIbHYIO CXEMY CKPELLMBaHWUSA 1 HAWTH
Tpebyemoe pacLienfnieHne C U3NoXeHneM Xoaa pelueHmns (oTkyaa B3snuv umdpsl). B
pacLuenneHnMn B Ka4ecTBe pa3mepa KriacCcoB JONyCKaoTCA Lenble Ynucna, NnpoLeHTbl
unu gpobu. (10 6annos)

2. (CxeM BbIBEJICHHS IMHUU C TEHOTUIIOM aabb MOKET OBITh MHOTO, TPHHUMAJIACh
mo0asi, KoTopas MO3BOJISIET BEIBECTH HEOOXOAUMBIHM reHoTuIl. [Ipu 3ToM yyacTHHK
JOJDKEH OB YKa3bIBaTh BCE BO3MOXKHBIE BAPHAHTHI PE3YJIbTaTOB CKPEIIUBAHUHA U
IPOIEMOHCTPHPOBATH BO3MOXKHOCTH 0TOOpa 0cobeii ¢ reHoTUIoM aabb. (15 6aJiiioB)



3ananue 3 Bapuanr 3

Oxpacka [IBETKOB IEPEKPECTHOONBLIAEMOTO PACTEHHSI, KOTOPOE JAET OHO OKOJIEHUE B IO,
KOHTPOJIMPYETCS ABYMsI TeHaMH, KOTOpbIe HAXOIATCS Ha pa3HbIX Xpomocomax. Ha Oosbiiom

I10JI€ CYLIECTBYET PABHOBECHAS MOMYJISALIMSA ATUX PACTEHUN C IIOCTOSHHON YUCIEHHOCThIO. B

MOMYJISILIUK BCTPEYAIOTCSI PACTEHUSI C TypPITYPHBIMH, PO30BBIMU U OelbIMU IBeTKaMu: A B

- MypIypHbIe UBETKH, A_bb - po3oBbIe 11BeTKH, aaB_ 1 aabb - 6enbie neTku. Yacrora

[P 2]

paCTeHI/Iﬁ C PO30BbBIMU IBCTKaMHU B IIOMYJIALIMU COCTABJIACT 6%, a 4acToTa aJlliCJId ~a paBHaA
20%.

Hpennono;ng, YTO I0JI€ OBLIO pacuiupeHo U CBO6OI[HOC MECTO OBLIO0 3aCEIHO
TOMO3HUI'OTHBIMH PACTCHUAMU C ITyPIYPHBIMU LIBETKAMMU. HpI/I 9TOM YHCJICHHOCTD IMOIMYJIALUA
yBCJINYNJIaCh BABOC.

Kak ObIcTpo monyssinusi CHOBa cTaHET paBHOBecHOW? Haliaute 4yacToTh aniene /i FeHOB
A 1 B 1 yacToThl (heHOTUIIOB 710 yBeIMUYeHUs e€ uncieHHocTH. Kakumu OynyT 4acToThl
(EHOTHUIOB B MOMYJISIIIMK TIOCJIE YBETUYEHUS €€ YUCICHHOCTH M HACTYIUICHUS] pAaBHOBECHS?

Pemenue:

[onynsus paBHOBecHas.HYacTOThI ajuieneil MOKHO 0003HAYUTh KaK PA, Ua, PB U qp. Mcxond
13 ypaBHeHus Xapau-BaiinOepra, yactora aiens pa=1 - ga=1 - 0,2=0,8, a monsa 6enbix
ocobeii JoKHA cOCTaBIATh 22=0,22=0,04. Toraa 10ns MypHypHBIX COCTaBIseT 1 - 1oms

PO30BBIX - 10151 6enbix win 1-0,06-0,04=0,9. Yactoty amienst qp MOKHO BBIYUCIUTH UCXOS
13 YpaBHEHUS paZQa’+2padadp? = 0,06, Torma 0,8%qp>+2*0,8*0,20,? = 0,06. OTcrona:

Qb=\/0,0625=0,25
pe=1 - 9b=0,75

[Tocne noGamneHust B MOMyJSIIAIO MypIypHBIX pactenuit AABB ee pazmep yBenuumiics B 2
paza. J{ons amnens pa=(1+0,8)/2=0,9, torna qa=1 - pa=1 - 0,9=0,1.

pe=(1+0,75)/2=0,875, Torna qv=1 - ps=1 - 0,875=0,125.

PaBHOBecue yCTaHOBUTCS B CIIEAYIOLIEM MOKOJIEHUU (B CIEIYIOLIEM IOy ).
YacToTsl (HEHOTHUTIOB COCTABSIT:

JUTSL O€EJIBIX qa220,12=0,01;

JUTSL PO30BBIX pAzqa2+2pAQaQb2 = 0,9%*0,125%+2*0,9*0,1*0,125° = 0,0155;
s nyprypabix 1-0,0155-0,01=0,9745.

A_B_ - mypnypusie nBetku = 0,9745

A_Dbb - po3ossie niBetku = 0,0155

aaB wu aabb - 6enwie nBeTku = 0,01



Makcumym 20 6a/1710B.

1) VY4acTHHK J0JKEH BBIYMCIHTH YacTOTHI (peHOTUIIOB. (4 Gajia)

2) VY4acCTHHK JOJDKEH BBIUHCIMTH YacTOTHI ajuiesici. (4 0aJuia)

3) VYuyacTHHK O/DKEH yKa3aTh, YTO PABHOBECHE YCTAHOBUTCS B CICIYIOIIEM MIOKOJICHHUH.
(2 6anaa)

4) VYYaCTHUK JOJKEH BBIYUCIUTD YaCTOTHI (PEHOTHUIIOB MMOCIIE YBETMYCHHUS YHUCICHHOCTH
nonyJsanud. (5 6a/10B)

5) yd4acTHHK JOJDKCH BBIYMCIIUTH YaCTOThI AJUIEJICH MOCIE YBEIMUYCHUS YUCICHHOCTH
nonyJsanud. (5 6a/10B)

Bo Bcex myHKTax BbIII€ JOJKEH OBITH IPOJIEMOHCTPUPOBAH BEPHBII X0/ PELICHUS.

3ananue 4 Bapuant 3

Ha pucynke npencraBieHsl reH A ¥ BEKTOpHas TU1a3Mua. YUYeHbI 00pabdoTal BbIACICHHBIN
I'€H U IJ1a3MUAY OJJHOW U TOW e pEeCTPUKTA30M, a 3aTeEM CMelIall UX U JoOaBWII JIUrasy AJis
MOJTyYeHUsI PEKOMOMHAHTHON KOHCTPYKIIMH. PeKOMOMHAHTHBIE KOHCTPYKITHH
TpaHCQOPMUPOBAIM B KJIETKH OakTepHil mTamma Juist HapaboTku 6enka. [Ipu otrOope Ha
CEJIEKTUBHOM CpeJie YaJloCh MOJIYYUTh TPH IITaMMa OaKTepui, SKCIPECCUPYIOLINX OEIOK.
Korna yuenslif mocMoTpes Ha pe3ynbTaThl refb-31eKTpodopesa, To 0OHAPYKUI, YTO
pa3Mepbl OYUIIIEHHBIX OEIKOB y TpEX MITaMMOB OTiIH4aroTcs. [louemy? Uto nzobpakeHo Ha
anekTpodoperpamme? Kakoit mraMm npoayuupyeT noaHopazMepHbiil 6emok? Uro
KOHKPETHO ITPOLYLUPYIOT OCTAJIBbHBIE ITAMMBI?

CaiiT pecTpuKLMM CaiiT pecTpuKLUmMK
fed A (711 HyrneoTHaos)
OpuaruH 1 5 3 M

penaMKaymrm KDa

CalT pecTpUKUMK — - 100
— 30
]
T7 npomoTtop

BekTopHas nnazmuaa

1 kDa cOOTEETCTBYET 9 aMUHOKMCAOTaM



Pemenue:

[Tocne murupoBanust BOZMOXKHO ITOJIy4YEHUE TPEX BAPUAHTOB KOHCTPYKLUH, T.K. CAUT BCErO
oauH: 1) BcTpanBaHMe I'eHa 110 HalpaBJICHUIO IPOMOTEPA, 2) BCTpauBaHKUE reHa POTHUB
HaIlpaBJIeHUs IPOMOTepa, 3) CaMOJIMTMPOBAHUE TJIA3MUbI.

Ha samexTpodoperpaMMe BUIUM Da3neJieHNe 6eJIKOB, IIOJIYUEHHEBIX OT
Pa3HBIX MTaMMOB. IIepBEIM MITaMM COOTBETCTBYET OXUTAEMOMY
pa3Mepy 6eJIKOBOr'o OPOAYKTa =26kJa. (711 HyKJIeoTuzmoB
COOTBETCTBYET 237 KOZOHAM aMHMHOKMCJIOT, BKJIlouass CTOII—KOZOH.
236/9=26xa).

Bropoii mraMm- KOPOTKUI MONUNENTH, KOTOPbI conepKuT his-tag, HO He COIEPKUT
Hy>HOTO0 Oemnka. Pasmep npoaykra menbme 3 x/la.

TpeTwnii mTaMM- MOTUNENTHA, TOTYICHHBIA OT KOHCTPYKIIMU C TEHOM, BCTPOCHHBIM B
HEeNpaBWIbHOM HarpasieHud. [Ipoaykr numeer pasmep Oosnbiie 10 x/la, 4T0 HE MOKET
MOJTy4aThCsl, €CJIM UMEJIO MECTO JIMTUPOBAHKUE BEKTOPA “‘camoro Ha ce0s”, T.K. B 3TOM
BEKTOPE HET TaKOM YTMHHON OTKPBITON paMKH CUMThIBaHUs mocie T7-mpomoTopa.

Makcumym 25 6aj1710B.

1) YyacTHuK AomKkeH 0603Ha4YMTb OCHOBHYHO M Hanbonee 04eBUAHYIO MPUYMHY
NOSTyYeHUs1 TPEX PasfNYHbIX LUTAMMOB — JIMTMPOBAHMNE HEMPAaBUITbHBIX hparMeHTOB
mexay cobown. (7 6annoB)

2) Y4yacCTHWK JOofmKeH npaBunbHO 0603HAYMTL Kakon LTaMm npoayumpyet
nosiHopasmMmepHbi 6enok (6 6annos)

3) Cnepoeano onucatb Haubonee o4eBuaHbIE NPOAYKTLI, Habogaemble Ha 6enKoBOM
anekTpodopese Ans ABYX OCTanbHbIX WTaMMoB. (12 6annoB) He 3acunTbiBanocs,
€CNK y4acTHUK Nnucan npo Hekne dparmeHThbl 6enkos 6e3 npaBaonogo0HbIX
NOSCHEHUIN OTKyAa OHWM MO NONYYUTHLCS.



