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XapAU-BanHbepre

KoHoBanoBa OkcaHa CeMeHOBHa -
yyutenb OUOAOTrMH BbiCLLEN KaTErOpUK
BOY wkona Ne 579 CaHkr-letepbypra,
akenept EM no 6uonormnu




Obwume ocobeHHocTU EID - Buonoruga - 2024

1. Pa3peluaetca HenporpaMmmMmnpyemMbl KAAbKYASITOP.

2. UckntoueHo 3apaHume 20 (nocaepoBaTeAbHOCTb MPOLLECCOB), T.0. YMEHbLIWAOCH
YUCAO 3apaHuUK ¢ 29 po 28.

3. MakcMManbHbIM MEPBUYHBIN Bann MSMEHEH Ha 57.

4. Bpemsa octanoCb NPeXHUM - 3 yaca 55 MUHYT

5. Bo BTOpoM 4yactn M3MEHEH NOPAAOK BbICTaBAEHUS DAANOB - BCE 3aAaHUS
BTOPOM YacTu ¢ 22 no 28 oLEeHUBAOTCA MakCMManbHO B 3 6anAa

YCAOXHEeHUNA:

1. AobaBaeHue B AMHUIO 3apaHun Ne 27 croxeTa «PelueHune 3apad Ha
npUMeHeHne 3akoHa XapAu-BanHbepra» (nonyAaUMOHHAA reHeTUKa)

2. 3HAYUTEABHO PacCLUMPUACH U YTAYOUACA KOAMDUKATOP B YaCTK
«TpoBepseMbl INEMEHT copepXaHus» (KypcuBom — B EI3 2024
NPoBEPSATLCA HE BYAET, HO, BUAMMO, ¢ 2025 u panee - NMNAAHUPYETCA!)
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MatemaTnyeckoe BblipaXeHne 3aKoHa X-B:

p2+2pq+q2=1(100%) u p+qg=1
CAeACTBUSA:

m 1. YacTtoTbl anneAEN HE MEHSAIOTCHA M3 MOKOAEHUS B MOKOAEHUE Be3
BHELLIHEro BO3AEUCTBUA Ha HUX.

m 2. 3Had 4acToTbl aAAEAEN M MPeANoAarasa X CAYy4amHOE CKpELLMBaHMeE,
MOXHO NMpeAckasaTb paBHOBECHble YacToTbl (f) reHOTMNOB.

m 3. ECAM Ha reHbl HEe AEUCTBYIOT GaKTOPbl 3BOAOLMK U NMPU 3TOM
4aCTOTbl FEHOTUMNOB HE HAXOAATCA B COCTOSIHUM paBHOBECUS,
onpeaensieMblM YpaBHEHMEM X-B, TO NONyAALMS AOCTUTHET
paBHoBecusa 3A OAHO NMOKOAEHUE.




Tnnbl 3apau:

1. AaHO KOAMYECTBO O0cobel B BUAE YMCAE

2. A\aHO KOAMYECTBO 0COBEN MAU TEHOTUMNOB B %

_
|
m 3. AaHO COOTHOLLUEHUE 0CObEN/yKa3aHa YacToTa
m 4. AaHa NeHEeTPaHTHOCTb

L

5. Hens3BecTHO, ABASETCA AM NONYAALUA PABHOBECHOM, 3TO
TpebyeTtcs NpoBEPUTD.




TN 1. Aano koamuectso ocobeit B BUAE uncha
3apava 1: B Bbibopke, coctoswen n3 84 000 pacteHunmn pxu, 210 pacteHnn

OKa3aAMCb aAbOUHOCAMMU, T.K. Y HUX PELECCUBHbBIE FTEHbI HAXOASTCH B
FOMO3UIOTHOM COCTOSIHUU. ONpeAennTe YacToTbl aAAEAEN A N A, @ TaKXe
YaCTOTYy reTePO3UrOTHbIX PpacTeHUn. U3BECTHO, UTO NONYAALIMS HAXOAUTCS B
paBHOBeCUN XapAn-BanHbepra.

PelleHue:

1. AAbOMHOCHI - 0Cc0BM C FEHOTUMOM aa — PELECCUBHbIE TOMO3UTOThI.

2. CornacHo 3aKkoHy Xapau-Bannbepra: p2+ 2pq+ q2= 1, rae g2 - yacrora
peLeccuBHbIX romo3urort, g2 = 210 : 8400 = 0,0025

3. Yactora peueccmBHOroreHaa - q = V0, 0025 = 0,05

4. Yacrtora poOoMUHaHTHOroreHaA-p=1-0,05=0, 95

5. YacTtora retepo3nrotHbix pacteHmnii Aa no 3aKoHy Xapan-Bannbepra - 2pq.

2pqg = 2*0,05*%0,95 = 0, 095

OtBeT: yactora anneam a - 0, 05 (5%), yactora annean A - 0, 95 (95%), yacrtora
retepo3uror Aa - 0, 095 (9, 5%)



Tnn 2. pano koamuectso ocobeii/reHoTUNoB B NPOLIEHTAX

3apaua 2. [1pu coptoncnbiTaHUM YCTOMUYMBOTO K PXXaBUYMHE OBCA ObINO
0OHapPYX€eHO, UTo 4% pacTEHMK NOPaXatoTCsa PXXaBUYUHOM (PELECCUBHbBIM NPU3HAK).
Paccuntante 4acToTbl aAAEAEN YCTOMUMBOCTU K PXKaBUYUHE U MOPaAXKAEMOCTH
PXXaBYMHOM, @ TaKXe YacCTOTbl BCEX BO3MOXHbIX FEHOTUMNOB, ECAU U3BECTHO, YTO
NONyASILMS HAXOAMTCA B paBHOBeECUN Xapau-BanHbepra. OTBET NOSACHUTE.

PelleHue:

1. T[lopaxatorcsa pxxaBUynHOM 0cobU ¢ reHoTunom bb — peueccuBHbi€ TOMO3UTOThI.

2. CornacHo 3akoHy Xapaun-BanHbepra: p2 + 2pq + g2 =1, rae g2 - yactora peueCcCcmUBHbIX
romo3surort, g2 = 0,04 (4%)

YacToTa peLeccuBHoro reHa b - g = V0, 04 = 0,2 (20 %)

Yactota AooMmuHaHTHOroreHaB -p=1-0,2 =0, 8 (80 %)

Yactota AOMUHaHTHbIX romo3urotr BB - p2 = 0,8* 0,8 = 0, 64 (64%)

YacTtoTa retepo3nrotHbix pacteHmnn Bb no 3akony Xapan-Bannbepra - 2pq = 2*0,2*0,8 =
0, 32 (32%)

[MpoBepka: BB+Bb+bb = 64+32+4=100%

OtBeT: uactota annenm b -20 %, yactota annenn B —-80 %, uactota retepo3unror Bb - 32 %,
yacToTa AOMUHAHTHbIX romo3urot BB - 64 %.
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Tun 3. Aano cootHowenve ocobei/ykasaHa YacTtota

3apaya 4. BpoxaEHHbIN HEGPOTUUECKUIN CUHAPOM — PELLECCUBHOE MOHOreHHOe 3aboneBaHue,
BO3HUKAlOLLEE B pe3yAbTaTe HapyLleHna GopMMUPOBaAHUA NOYEUYHOro GUAbLTPa B HePpPOHax. B
dUHCKOM nonyAsiumMu 3aboneBaHue BCcTpevaeTca B cpeaHeM 1 pa3d Ha 820 poxaeHUK. U3BECTHO, UTo
YyacTtoTa MyTaHTHOIroO aAAEAst B LIEAOM MO YenoBeYeckom nonyasiumm coctaBaset 0,01. Paccuntamte
PaBHOBECHbIE YaCTOTbl HOPMAAbHOIO M MYTAaHTHOIO GEHOTUNA B YEAOBEYECKOU MOMYASILIMU, @ TaKXe
4acTOTY MYT@HTHOIO aAAenst B QUHCKOMU NonyAsiuuun. MNMosicHUTe xoa pellenus. lNpu pacuére
OKPYIASINTE 3HAUYEHUSA AO YETBEPTOrO 3HAKA NOCAE 3aNATOM.

PelueHue.

1. PaBHOBecHas yactota MyTaHTHOrO peHoTUNa aa coctasaseT g2 = 0,012= 0,0001

2. HopmanbHbIM deHOTMN NPeACTaBAEH AOMUHAHTHbIMK roMmo3urotammn AA K reteposurotamu Aa.
3. PaBHOBeCHasi Yactota HopMaAbHOro ¢eHotmna cocrtaBasgeT 1- p2 =1 - 0,0001=0,9999

UAU p2+2pq=0,992 +2* 0,99*%0,01 = 0,999

4. Yactota MyTaHTHOro ¢eHotmna aa B pUHCKOM Nnonyaaumu coctaBaser q2 1/820 = 0,0012

5. YacTtota MyTaHTHOroO aAnrensl a B QUHCKOW MONYASILUUK q = V0,0012= 0,0346




Tun 4. paua MEHETPAHTHOCTb

neHeTpaHTHOCTb - 3TO KONMNM4yecTBEeHHbIN NoKa3aTerb (b&HOTI/IﬂI/I‘-IGCKOﬁ N3IMEH4YNBOCTU
NnposABIIeHUA reHa.

[leHeTpaHTHOCTb U3MEPSIETCHA B MPOLIEHTHOM OTHOLLEHUN YNCna 0CODEN, Y KOTOPbIX AaHHbIN
reH nposiBuncs B oeHoTune Kk obemy ymcny ocoben, B reHOTMNE KOTOPbIX 3TOT reH
NMPUCYTCTBYET B HEOOXOOMMOM ANS ero nposiBreHnsi COCTOAHMM (TOMO3UIOTHOM — B CIly4ae
PELECCUBHBIX FEHOB UIN FETEPO3NUTOTHOM — B CIlydae AOMUHAHTHbIX FEHOB).

[MposiernieHue reHa y 100% ocoben ¢ cCOOTBETCTBYIOLLMM FrEHOTUNOM Ha3biBAETCS MOSTHOW
NEHETPAHTHOCTLIO, @ B OCTalbHbIX CNy4YasiX — HEMNOSIHON NEHETPAHTHOCTbLIO.

N = (NB/TB)x100%, rae 1 - neHeTpaHTHOCTb, 1B - npaktMyeckasa BepoATHOCTb, TB - TeopeTuueckasn
BEPOATHOCTb.

3apaya 4.

BpoxaAeHHbIW BbIBUX Beapa HacAepyeTcss AOMUHAHTHO. CpeaHAs NEHETPAHTHOCTb COCTABASET
25%. 3aboneBaHue BecTpeyatrotes ¢ yactoton 6:10000.

OnpepenmTe UUCAO TOMO3UTOTHbIX 0COBEN B NONYASILIMM MO PELLECCMBHOMY MPU3HAKY.




Tun 4. paua MEHETPAHTHOCTb
3ajava 4.
BpoXA€eHHbIM BbIBUX Beppa HacAeayeTcss AOMUHAHTHO. CpeAHSAs MEHETPAHTHOCTb
coctaBaseT 25%. 3aboneBaHme BcTpeyvatoTes ¢ yactoton 6:10000.
OnpepeAnTe YNCAO FOMO3UTOTHbIX 0COOEN B NOMNYASILMM NO PELLECCUBHOMY
MPU3HaKY.

PeLueHue.
1. 3a n3yyaembiv Npm3Hak otBeyaeT AOMUHAHTHbIM aAneAb B. 3HaUUT opraHnu3mel, UMeroLLME

AaHHOe 3aboneBaHue nmerotT reHotunbl BB 1 Bb.

2. N3BECTHO, UTO PEHOTUNMUUYECKHM BbIBUX Beapa BbIABAAETCA Y 6 OpraHM3MOB 13 BCEW NMOMyASLUH
(10000 obcAepOBaHHbBIX), HO 3TO AULLIb OAHA YETBEpTas YacTb U3 BCEX AHOAEN, PEAABHO MMEIOLLINX
reHoTUNbl BB U Bb (Tak Kak cka3aHo, YTO NEHETPAHTHOCTb COCTABASIET 25%).

3. 3HauuT Ha caMmoM Aene ArAen ¢ reHotunamu BB u Bb B 4 pa3a 6onblue, To ectb 6*4 = 24 13

10000 uam 0,0024 yacTb.
4. Torpa ntopen ¢ redotmnom bb: 1 - 0,0024 = 0,9976 yactb nam 9976 uenosek 13 10000.




Tun 5. Hy)XHO NpoBepUTb ABASIETCA AWM NONYAALMA PAaBHOBECHOW.
Ocob6eHHOCTU peLleHuUs:

1. Heab3a cpasdy ncnoAb3oBatb GOPMYAY 3aKOoHa X-B, T.K. HEU3BECTHO , YTO MONYAALINS
PaBHOBECHA.

2. Paccuntatb yactotbl reHotMnoB BE3 npumeHeHna ¢opmyA.

3. Hantn yacTtotbl ¢ npUMeHeHUeM GOpPMYA.

4. CpaBHUTb COBMaAaOT A GaKTUUECKKUE YaCTOThbl C paBHOBECHbIMU (MO pOopMyAaM);
5. Caenatb BbIBOA: Haxoautca UAUM He HaxoauTCa nonyAaumsa

B COCTOAAHUMN paBHOBECKA

3apaya 7. 13 14345 avcuu, B nonyAsuyn 12 UMeroT YEPHYHO OKPAaCKY, 678 -
NPOMEXYTOUHY0, 13655 - pbxyro. OnpeaeAnTe YacToTy aAAeAEN YEPHOU U PbIXKEN
OKPACKW, TEHETUUYECKYIO CTPYKTYpPY nonyAaunmn. COOTBETCTBYHOT AU YACTOTbl FEHOTUIMOB
OXUAAEMbIM U3 YypaBHEHURA Xapan-BanHbepra? MoAydeHHble pAaHHbIE OKPYTAUTE AO
TPETbEro 3HAaKa MNocAe 3ansToun.




Tun 5. Hy)XHO NpoBepuUTb ABASETCA AU NMONYAALIUA PaBHOBECHOM.

3apaya 7. M3 14345 aucuu, B NONyAALMU 12 UMEIOT YEPHYIO OKpaCKy, 678 — MPOMEXYTOUHYIO,
13655 - pbixyto. OnpeaAeAnTe YacToTy aAAEAEN YEPHOU U PbIXKEN OKPACKKU, FTEHETUYECKYIO CTPYKTYPY
nonyasiumu. CoOOTBETCTBYHOT AWM YACTOTbl FEHOTUMNOB OXMAAEMbIM U3 YpaBHEHUA Xapan-BanHbepra?
[ToAyYEHHbIE AQHHbIE OKPYIAMTE AO TPETbENO 3HAKa NOCAE 3anATOM.

PelwleHue:

1. YacTtoTta AucuL, ¢ YEPHOU OKpackon ( reHotun aa) - 12/14345 = 0O, 001

2. YacTtota AMcUL, ¢ NpoMexyTouHou okpackon (Aa) - 678/14345 =0, 047

3. YactoTta ocoben ¢ pbhxen okpackon (AA) - 13655/14345 = 0, 952

4. AMenb A ecTb B reHOTHUNax AUC C PbIXXEW U NPOMEXYTOUHOM OKpacKK: B reHotune AA - 2 pasa, B
reHoTune Aa - 1 pas, annenb a — B reHoTune aa 2 pa3a v B Aa 1 pa3s

5. Yactota anmens A=p = (2*13655 + 678)/(2*143451) = 0, 976 (* obLuee KOAMUECTBO aANENEN B
ABa pa3a boAblUe Yncaa ocoben, T.K. 0cobrn AMNAOUAHDI)

6. Yactota annenssa =q = (2*12+ 678)/ (2* 14345) = 0, 024

7. PaBHOBecCHble YacTtoTbl reHoTnnos: f(AA) = p2 = 0, 9762 =0, 952 ;

f(Aa) = 2 pq = 2*0, 976*0, 024 = 0, 047; f(aa) = g2 = 0,024* 0,024 = 0,001

8. PaBHOBECHbIE YaCTOTbl FEHOTMMNOB, PaccYUTaHHble N0 dopMyAe X-B, coBnapatoT ¢ pakTMUECKUMM,
CAEAOBATEABHO MONYASILIUA HAXOAMUTCH B COCTOSIHUM FTEHETUUYECKOIO paBHOBECUS.




Tun 5. Hy)XXHO NPOBEPUTbL ABASIETCA AW NONYAALIMS PABHOBECHOIA.

3apaya 8. 3a Bpems KpyrocBETHOro naaBaHUs Ha KopabAae pacnAOAMAUCH KPbIChl, 0O0pa3oBaB NoMyAALMIO
caepyrowero coctaBa: 140 XMBOTHbIX C HOPMAAbHOW AAMHOM XBOCTa (AOMUHAHTHbIM Npu3Hak), 105 ¢
YKOPOUYEHHbIM XBOCTOM U 5 6e3 xBocTa. PaccuntanTte 4yacTtoTbl BCEX FEHOTUMOB B AQHHOW NONYASILIMKU U
4acCTOTbl aAAEAEN HOPMAAbHOM AAMHBI XBOCTa U 6ecxBocToCTU. OnpeaeAnTe, HaXOAUTCA AU AAHHAS

nonyAsuusa B paBHoBecUU Xapan-BanHbepra. EcAn HET, TO Uepe3 CKOAbKO MOKOAEHMI NOMYASILIMA AOCTUTHET
paBHOBeCKA?

PelleHue.

1. YacTota reHotuna AA (c HopmMmaabHOU AAMHOM XBocTa): 140/(140 + 105 + 5) = 140/250 = 0,56;
2. Yactota reHotmnna Aa (¢ ykopouyeHHbiM xBoctom): 105/(140 + 105 + 5) = 105/250 = 0,42;

3. YacTota reHotMna aa (Kpbicbl 6€3 xBocTa) coctaBaseT: 5/(140 + 105 + 5) = 5/250 = 0,02;

4. Annenb A B nonyasiunm BypeT nepepaBaTbCs BO BCEX raMeETax KPbIC C HOPMaAbHbIM XBOCTOM U B
MOAOBUHE raMeT KOPOTKOXBOCTbIX KPbIC, aAAEAb @ - BO BCEX ramMeTax 6€CXBOCTbIX KPbIC U B MOAOBMHE
raMeT KOPOTKOXBOCTbIX KpbiC. McnoAb3yem 3akoH X-B: p2+2pg+q2=1,raeA -p,a-q

5. YactoTta annenss HopMmaAbHOW AAMHBI XBocTa A p = 0,56 + 0,42/2 =0,77;

6. YacTtota annens becxsoctoctvna = q = 0,02 + 0,42/2= 0,23;

7. PaBHOBecHble YyacToTbl reHoTtunos: f(AA) = p2 =0, 772= 0,5929, f(aa) = g2 = 0, 232= 0,0529,
f(Aa) =2pg=2*0,77* 0,23 =0,3542;

8. MonyAsumMa He HaX0AUTCA B paBHOBECUU Xapau-BanHbepra, Tak Kak GaKTMYECKUE YACTOTbI
FeHOTUIMOB HE COOTBETCTBYIOT PABHOBECHbIM.

9. MonyAsauus AOCTUTHET rEHETUYECKOIO paBHOBECUS Yeped OAHO NMOKOAEHUE




Tun 0. Hy)XXHO NPOBEPUTbL ABASIETCA AW NONYAALIMS PABHOBECHOIA.

3apayva 9. AAKanToHypUs - MeTaboAnyeckoe MOHOreHHOe, ayTOCOMHO-PeLECCUBHOE 3aboneBaHMe,
KOTOPOE BO3HUKAET U3-3a HapyLLEHMS 0OMeEHa TUPO3NHA B OpraHuM3mMe YyenoBeka. MU3BEeCTHO, UYTo yactoTa
3aboneBaHUsA B OOAbLLMHCTBE YenoBevecknx nonyasiumn coctaBasdet 1: 250 000. OpHako cpeam
KOPEHHbIX XHUTenen AoMUHUKaHCKOW Pecnybankun 3aboreBaHue BcTpeyaetcs ¢ yactoton 1 : 19 00O0.
PaccuntanTte paBHOBECHbIE YaCTOTbl HOPMAAbHOITO U MyTAHTHOrO GEeHOTUMAa B YEAOBEYECKOU NOMYAALIUN.
[MosicHMTE X0A pelleHus. NMokaxuTe, YTo NONyASUUS HE HAaXOAUTCA B paBHOBeCUU Xapan-BanHbepra. 3a
CUET AEUCTBUA KAKOTO 3BOAOLIMOHHOIO pakTopa HabAroAaETCH OTKAOHEHWE OT PaBHOBECUA?

PeLieHue.

1. MyTaHTHbIM GEHOTUN NPEACTABAEH PELECCUBHBIMU FOMO3UroTaMu aa. HopmaAbHbIM GEHOTUN
NpeACTaBAEH AOMUHAHTHbIMW romo3unrotamMmu AA n reteposurotamu Aa;

2. Yactota myTtaHTHOro ¢peHotmna cocraBaset f (aa) = 1/250000 = 0,000004 ;

3. YacTtota HopManbHOro ¢peHotuna coctaBafetr 1 - g2 = 1 - 0,000004 = 0,999996;

4. YacrtoTta reHa a B NONyAiLMN KOPEHHbIX AOMUHUKAHLEB: ( = \/1/19000 = (0,007255;

5. Takasi yactoTa CyLLECTBEHHO OTKAOHAETCHA OT PaBHOBECHbIX (MPeACKa3aHHbIX MO YPaBHEHUIO
Xapau - BanHbepra) yacror;

6. NMPUUYMHOM OTKAOHEHMSA OT PaBHOBECKSA ABASETCH APEUP reHoB (3OPEKT OCHOBATEAS).



