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Bsegenune

Ha 6asze (akToB ¥ 3aKOHOB (aKCHOM)
C TMOMOLLBIO JIOTHYECKOTO BbIBOZA CO3Aa-
10TCH HayuHble TeopudH. ORHaKo 0codyio
pOJib MTPAKOT AHAJOrHUHbIE MEXaHU3MbI
Hay4HOTO NouckKa, o6belHHeHHble TepMH-
HOM «MHTYHLHS».

A. Cyxomun

BobLIMHCTBO 3aa4 HAYKU U TeXHHKH OTHOCATCS K OOLWHPHOMY KJaaccy
npobJeM MOHCKA ONTHMAJbHBIX pelleHHH, T.e. K ONTHUMH3aLHOHHBIM 3373~
qaM.

YacTb 3ajay ONTHMH3aUMHM OTHOCHTCS K KJAaccy KOMOHHATOPHBIX H
OHH, B GOJIbIWIMHCTBE CJy4yaeB, HMEIOT HE OJHO, a MHOXECTBO pelleHHH
pa3iHuHoro kadectna. CyllecTByeT MHOXECTBO aJrOPHTMOB [Ji pelleHHs
TaKUX 3aga4y. SApoM BceX KOMOHHATOPHBIX aJTODHTMOB SIBJSIOTCS OMepa-
LMK TMOJHOTO HJIH COKpALeHHOro nepebopa noaMHoxecTB peiteHud. Crpa-
Terdsi KOMOHHATOPHOrO Mepebopa B pPasjHUHBIX aJrOPHUTMAX peasusyeTcs
no-pasHoMy. Jlast mOHCKa JyYlliero pelleHHs, KakK NpPaBHJO, OCYLIeCTBJIfA-
I0TCSl HanpaBJieHHbIH, CayuyaiHbli 1 KOMOHHHPOBaHHbIH Nepe6opH BCeBO3-
MOXHBIX 3HaueHHH MapameTpoB 3ajayd. B 3Toit cBsisn paspabatbiBaercs
GOMbLIOE YHCAO TOYHBIX, NepeBOPHBIX W 3BPUCTHYECKHUX METOAOB PelleHHs
3tuX 3agay. Jlo nocsefHero BpeMeHH He CYLIECTBOBaJO 3¢ ¢eKTHBHOro
MeXaHH3Ma MOHCKAa pelleHHH Ha MHOXKeCTBE aJbTePHATHB, 4TO 3aTPYIHSN0
noJsyyeHHe KayeCTBEHHBIX Pe3y/JbTaTOB 3@ NPHEMJEMOE BpeMS.

B kouue 1960-x rogos amepukaHckuil uccaenoBatenb ko Xoanasz
B KayecTBe [PHUHLHINOB KOMOHMHATOPHOrO mNepebopa BapUaHTOB pellleHHS
ONTHMH3ALHUOHHBIX 33734 INPeNJIOXKHJ HCMNOJAb30BATD METOAbI W MOJAENH
MexaHH3Ma pa3BUTHS OpraHH4eckoro Mupa Ha 3emae. [TockonbKy OCHOBHbIE
3aKOHbI 3BOJIIOIINY XKHBLIX OPraHU3MoB Db/ UCCIIEA0BAHEl MEHETHKOH, TO H
NpelJOXKEHHbIA MEXaHU3M MOJIYYHJ Ha3BaHHE «TeHeTHYECKHE aJrOpPUTMbl»
(TA). TlepBbiit BBEA B OOMXOA TEPMHH <«reHeTHYeCKHH anropuTM» [1. Bariu
(CILA) B cBoeit auccepraunu B 1967 r.

B Mupe ceflyac ycneiiHo pa3BUBalOTCA TPH OCHOBHbIE HAYUHble LIKOJbI
MO0 reHeTHYeCKHM anropHitTMaM. K HHUM OTHOCATCA aMepHKaHCKasl, eBpo-
neiickas ¥ POCCHHCKas IUKOJbl. B aMepHKaHCKOH LIKOJEe OTMETHM TaKHX
yyeHblx, kak [l. Xoanaun, 1. l'onenGepr, M. Ko3sa, JI. Yambepc u ap. B es-
POTIEHCKYIO IUKOJY BXOAAT TaKue yueHsle, kak P.Knuur, I1. Banepaxu,
J. Panbkenayep 4 Ap. B poccuiickoit ormerum M. Bykatosy, [. Baruliuesa,



6 Bsedenue

WM. Hopenkoea, aBTopoB KHHMrH ¥ MHOrux ap. MHurtepec  3toit obiacru
HcceoBaHHH B MHpe C Kax<AblM rojoM Bo3pacraer. Jas aanbHefimero
YCHEIIHOro Pa3BUTHA 3TOT0 Hampas/leHHsa B PoccH Heo6XonuMbl yueGHUKH
4 MOHOrpaHM pasNHYHBIX WKOA. XOoueTcsd HaAeATbCA, 4TO 3TOT Mnpoben
B Oankailluee BpemMs OyneT BOCIMOJIHEH.

[Tpennaraemoe y4e6Hoe mocobue YaCTHYHO BOCTOJHSET 3TOT Npobed.
YyebGHoe nocoGue npesHasHauyeHO AN CTYHAEHTOB, 06y4YaloOWUMXCA MO BCeM
CreuHanbHOCTAM Hanpab/ieHHH «MHGboOpMaTdKa M BBIYMCIMTEsbHAS TeX-
HUKa» H «VHpopMauHOHHBIE CHCTEMBI», a TAKXKe MOXeT ObITb IOJIE3HO
CTYAEHTaM OPYTHX CMNEeLHaJbHOCTEH, XKesMaloWUM YrIyOHTb CBOM 3HaHHSA
B 06/acTH MeTofoB onTtuMu3lauuu. Kpome Ttoro, nocobue MoxeT GbiTh
TMOJIE3HO CMelHaJHCTAM W HHXKEHepaM COOTBETCTBYIOLIMX CReLnaNbHOCTeH,
OHO MOXeT ObITb MCMOJb30BaHO NPH MOBLILIEHHH KBaJH(pHKALKWH H Nepe-
MOATOTOBKE CNeLHaJHCTOB 0 HHHOPMALHOHHBIM TEXHOJIOTHSM.

Yue6Hoe nmocoGHe MOMHMO OpPHIHHANbHBIX HAYYHBIX MCC/EAOBAHHA aB-
TOPOB BKJIOYaeT XOpPOWIO MeTOAMYeCKH NpopaboTaHHblE HCC/Ef0BaHHA
. Xonnauga, . Tona6epra, Mssuca, JI. Uambepca (CLIA), a takxe apy-
THX DOCCHHCKHMX M 3apyOeXHbIX ydeHbX. Marepuanbl Kakgoro pasjena
noco6ust NMOArOTOBJNEHB Ha OCHOBE aHAJM3a CYLUECTBYIOIIEH JHUTEPATYPHI,
CTIHCOK KOTOPOH NpHBeJieH B KOHLE KaXXIoro pasgena. B yue6HOM nocobuu
coIepXKaTCsl MaTepHalibl KypcoB JieKUHH «MeTtoabl reHeTHYeCKOTO MOHCKa,
«JBONOUHOHHOE MOLENUpPOBaHHe» U «[eHeTHUYECKHe aNTOPUTMbI», KOTOPbIE
aBTOPH! YKTAIOT B 1araHPOrCKOM FOCYAapCTBEHHOM PaiHOTEXHHYECKOM YHH-
BepcureTe. YacTHuHo Matepuannt yyebHoro nocobus GbljH anpoBHPOBaHbI
npu uteHUH nekuui npocdeccopom B.M.Kypeluukom B MHUYHTaHCKOM
rocynapcreennoM yHusepcutete (CLIA) B 1992, 1993, 1994 roaax.

YuebHoe nocobue BKJIWOHAeT MaTepHal, KOTOPHIH, B OTJAHYHE OT LOKY-
MEHTAlUHH Ha MPOrPaMMHBlE CHCTEMbI, COAEPKHT KOHUEMIHH, NPHHIHIIH,
CTpaTerHH U MEeTO[bl MeHeTHYeCKOro MOHCKA, a TaKKe NPoUelyphl HCMOJb-
30BaHHSA CPeJCTB MPOTPAMMHEIX CHCTEM MJIsi PelleHHs] KOHKPeTHbIX 3amay
NpOeKTHPOBaHHA Ha OCHOBEe F€HETHYECKHX a/JrOPUTMOB.

Yue6Hoe nocobHe COCTOMT M3 OAHOH KHHrH. LleHTpanbHOH uacTbio
noco6us ABMATCA pasfessl 2-5, rae NpuBeleHbl QyHAaMeHTaAbHble Ma-
TeMaTHyecKHe OCHOBLI 'eHEeTHUECKHX aJrOPHTMOB, ONHCAHBI NPOUELYPhl re-
HeTHYeCKOro IIOHCKA, B KOTOPHIX LIAr 32 11aroM KOMMeHTHpYeTCs pellleHHe
NpPaKTHYECKHX 3afay IPOEKTHPOBAHHUS C MOMEHTA NMOCTAHOBKH 3aJa4yH A0
OMMCAHHUSA aJTOPHTMA U BBHIMOJHEHHA npouesyp paboThl.

YuebHoe nocobue BKJIOHAET ClAeRYIOLIME pasfesbl:

— reHeTHKa H OCHOBHI 3BoJIOUHH (pa3sgen 1);

— MeToan ontHuMu3auuu (pasgea 2);

~- OCHOBHBIE MOHATHIA H CTPYKTYPa FEHETHYECKHX AJIFOPHTMOB (pa3gen 3);
— COBMECTHbIE CXeMBbl JIOKAJIbHOTO H FeHEeTHYECKOro NoUcKa (pasaen 4);
— ONTHUMH3aUMOHHble 3a1a4u Ha rpadax (pasgen 5).

ABTOpH CYHMTAIOT, YTO Y4eOHbIA MaTepHaJl fBJSETCA OCBOEHHBIM, €CJIH
nocie paboTsl ¢ HUM 06yyaeMblil CMOMKET BBITONIHHTD NepeyHCIeHHble HUXe
BEeHCTBHA:
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— NOCTaBHTb 3aJayy ONTHMH3AaLUHU H NMOCTPOHTb MaTeMaTH4eCKyl Mo-
IeJb;

— BHIGpaTh CTPYKTYPY F€HETHUECKOro ajirOpHTMa, OPHEHTHPOBAHHOIO Ha
3HAHHA O KOHKPETHOH 3anaye;

— ONpeleNUTb HAUNYULIHN METOA CeJeKUHH; NOCTPOUTh UeseByilo QyHK-
LHIO;

— MPHMEHHTD KJacCHYIeCKHe reHeTHYECKHe OMepaTopsl K paspaboTaTh Mo-

LUPHLIHPOBAHHDIE FeHETHYECKHE ONEpPaToOphl AMS peain3aluu NoUcKa;

— peajiN30BaThb COBMECTHHIE MOJE/H SBOJNIOUHA H JIOKAJNbHOTO NTOUCKA,
—~ PellHTb 3ajady ONTHMH3AUUHM C MPHMEHeHHWEM MeTOJOB ajalTallHH,
3BOJIIOUHOHHOIO MOENUPOBAHUS U reHeTHYeCKUX aarOpPUTMOB.

[lpu pelleHHH NpaKTHYeCKHX 3aja4 H CO3JAHHH HHCTPYMEHTaJbHOH
060/104KH 00yyaeMblil JOJIKEH YMETb BbINOJHAThL NPOLELYPbE:

— CeJleKLHH;

— orbopa;

— peaJiM3alllH reHeTHYECKHX ONepaTopoB;

— MUrpauuy;

- reHepauHH FeHEeTHYECKUX aJrOPHTMOB;

— ajanTalHH X BHelIHeil cpefe;

— peaju3alMH CTaHJAPTHHIX H IPOH3BOJIbHbIX TECTOB.

ApTopsr ByiarogapHbl YleHaM Hay4HO-NMeaarornyecko mxosas «HMutesn-
nexryanbHsie CAITP» Taranporckoro rocynapcTBeHHOTO pafHOTeXHHYECKO-
ro yHHUBepCHTeTa 3a OOCyXJeHHe pe3ynbTaToB paboThl. Bhipaxkaem Hc-
KPEHHIOK 6/1aroflapHOCTb COTPYIHHKAM, ACMTHPAHTaM H CTYAeHTaM Kadelpsl
CATIP 3a nomouts B anpofauuyd ajJropuTMOB M mporpamMm, pektopy Tarau-
POCCKOI'O rOCYapCTBEHHOTO PafIuOTEXHHYECKOr0 YHUBepCHTeTa 3axapeBH-
yy B.T. 3a nogmepxky uccaepopauuii. Ocobo orMeTHM paboOTy pelieH3eH-
ToB — npodeccopos [Tonosa 3. B., Emensanosa B. B., Epemeesa A.I1., ubu
NOXeJIaHHS H 3aMeyaHusl CNoco6CTBOBANH YIYUWEHHIO Ka4ecTBa Moco6Gus.

Mb nonumaeM, uTo nocoBue He cBOBGOAHO OT HeJZOCTaTKOB. Bee 3ame-
YaHHSA W NpeiJoxeHHs 6ynyT ¢ 6.1aroqapHOCTBIO NPHHATHL.

Asmopbt



1. TEHETHKA U OCHOBbI 3BOJIIOIIU N

Bce B 6HOMOrMH HMeeT CMBICJA JHIUIb
B CBETe 3BOJIOLUHOHHOIO YUYEHHS.
). [obxanckuil

fl nounmawl noa 3BoJOUMEN BCe H3Me-
Heuus (Go/bliMe W MaJble), BHOUMBIE
M HeBHAUMBblE, alaNTHBHbIE K HealanTHB-
HblE.

M. Kumypa

1.1. Kparkue ncropuueckue cBeaeHuUs

1. OcHOBOMNONOXKHUKOM FeHeTHKH sBasieTcst Horann Iperop Menaess,
KoTopblH B cepepuHe XIX B. OTKpbLA OGLIMH 3aKOH NPUPOABl M BbiBeJ
thopMyJIbl paclenIeHHs MPU3HAKOB B THOPHAHOM noToMcTBe. M3BecTHH TPH
3HaMeHHTHIX 3akoHa WU. Mennens:

1) 3axon odnopodnocmu u peyunpoxHocmu (B3aMMHOCTb, JKBHBA-
JeuTHocTb). IlepBoe rubpunHoe NOKO/NEHHE OKA3BIBAETCH MOJHOCTBIO OfHO-
POMHBIM;

2) 3axon pacujennenun. lpu ckpeuinsanuy ruGpUIOB EPBOro NOKOJIE-
HMsl B [IOTOMCTBE NPOUCXOAMT paclleNieHHe NPHU3HAaKoB no ¢eHotuny 3:1,
a 110 reHoTHITy B oTHOweH#H 1:2:1 1):

3) 3akon Hesasucumoli xomGunayuu. 3aKOH CNpaBeNJIUB [Js NOTOM-
KOB pojgHTtesel, OTIHYARWHUXCS O0Jee yeM OfHOH NMapoH NPH3HAKOB, U TO-
BOPHT O TOM, YTO TPH3HAKH HACJEAYIOTCS HE3aBHCHMO APyl OT Apyra.

M. Meunens npuuies X BHIBOAY, 4TO HAaC/eNCTBEHHOCTh MNpPEPBHIBHUCTA
(nuckperHa), uTo HacJepyeTcsi He GoJiblIaf COBOKYMHOCTbL CBOMCTB, a OT-
nenabHble npusHakd. OH NPEANOJOXKHJ, YTO B MOJOBHIX KJIETKax eCTb
KaKHe-TO MaTepHalbHble CTPYKTYphl ([103)Ke WX Ha3Baid 2eHamu), oOr-
BETCTBeHHble 33 (OopMUpoBaHHe MpH3HakKoB. OgHa W3 OCHOBHLIX 3aCJyT
WM. Menpenss — ero runoresa 0 MaTepua/bHbIX 33[aTKaxX, KOTOpble B 4BOM-
HOM KOMIJIEKTE HAXOAATCA B KJNETKAX H KOTOPBIE 3apOALIL MOJYy4YaeT OT
oGoux poputeneil. Takue 3agaTkH (Xpomocomsl) HIpaiOT BaXKHYI DOJb
B sIBJeHHAX HacaencTBeHHOCTH. OHU NpeAcTaB/stioT COGOM HHTeBHIHbIE

1} beHot™n M renoTHR — CM. MoccapHil.
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CTPYKTYpPBI, Haxofsuiuecs B KjaeToyHoM sape. Kaxabll BHA xapakTepu-
3yeTCs BMOJIHE ONpeJeJeHHbIM YHCJIOM XPOMOCOM, BO BCeX CJydasX OHO
yeTHOoEe U UX MOXHO pacrnpefenuth nonapro. IIpy AesleHHH NMONOBLIX KJETOK
¥ B nipoliecce ONJIOROTBOPEHHS KaXAas XpoMocoma HiieT cebe nogobHYyO
xpomocoMy. OHH cOMMKAIOTCS, PACNONAraloTCsl napaJsjesibHo APYT APYTY H
noyTH cauBarTcsa. 3ateM oHU pacxoasTcs. Ho Bo BpeMs KOHTaKTa MOYTH
Bce XpoMOocoMbl o6MeHHBaloTes yacTamu. [TonyuaeTcs aBysepHas KJeTka.
[Tocne sToro sapa cauBalTcA M 06pasyeTcsi ONHO SIAPO C HOPMaJsbHBIM
NBOHHBIM HaBGopoMm xpomocom. [loayuuBwiasics KJjetka (3uzoma), MHOro-
KpaTHO AeJsicb, 06pasyeT 3apoAblll, H3 KOTOPOro H Pa3BHBAETCS OPraHH3M.
CoOTBETCTBEHHO 2emepo3uzomoil Ha3blBaeTcsi 0coOb, B KOTOPOH Bce ase-
JIM OTIMYAIOTCS, @ 20M03u2omotl — 0cobb, B KOTOPOH BCe aj/ield JaHHOrO
reHa OfHHAKOBBI.

2. B kJeTkax CyulecTByeT CJAOXHBIA H BaXKHbIH MeXaHHU3M INepepacnpe-
nejeHusi xpomocoM. Kaxpas kjeTka opraHd3Ma MMeeT OLMHAKOBOE YHCJO
XpOMOCOM. ¥ IOTOMKOB COAEPXKHUTCS TO XKe CaAMOE YHCJIO XPOMOCOM, NIPHYEM
POBHO MOJIOBHHA OT OTLA, a MOJOBHHA — OT MarepH. XpOMOCOMBL Mepe-
JaloT HaclencTBeHHble npusHaku. Y. Busscon B 1900 r. onpenenun, uto
XPOMOCOMBI COCTOSIT U3 reHoB. Mogesnb XpOMOCOMbI B HAaCTOsILee BpeMsa —
5TO HHUTb, HAa KOTOPYI, CJNOBHO GyCHHBI, HaHH3aHbl reHol. Onpenensior
FOMOJIOTUYHbIE H HETOMOJIOTHYHbIE XPOMOCOMBI.

['oMOJNIOrHYHBIMH XpPOMOCOMAMH HA3bIBAIOTCS Mapbl OJHHAKOBBIX XPOMO-
COM, HeCyLiHe reHbl ONMHAKOBBLIX NPH3HAKOB. [IBe roMOJOrHYHBIE XPOMOCO-
Mbl (OfHA OT OTUA, & APYTas OT Marepu) cOAUKAIOTCA NPy CO3PEBAHUH MO-
JIOBbIX KJETOK ¥ OOMEeHHBAIOTCA YacTAMH. DTO sIBJeHHe Ha3BajlH crossover
(kpoccunzosep). OH NPOHUCXOAUT CJAYUAHHBIM OGPa30M MEXIY pasHBIMH
reHaMy ¢ pasHoil 4acTOTOH.

3.B 1809 r. XK.DbB.J/lamapk onpefennn 3680oaoyui0 KaK BO3HHKHOBe-
HHe HOBBIX (DOPM NyTeM IIOCTEIIeHHOr0 M3MeHeHHs cTapuX. [Ipu 3ToM
NPOUCXOAUT ycnoxHenne dopm. OH cyuTan, YTO OPraHU3MBl H3MEHSIOTCS
NoJ NpSAMbIM BO3JeACTBHEM OKPYXAIOILEeH CPelsl, YTO NPHYHHOHA IBOJIOLUH
ABJSIIOTCS «YNpPaXKHEHHs» OPraHOB H BHYTPEeHHee CTPeMJeHHe K Iporpeccy.

4. Y. [lapeyH onpemesus B XHUBOH TPHPOAE CYLLECTBOBAHHE OOLUETO
NPUHLHMNA — ecmecmeenHo2o ombopa. OH pasinyan JBe CTOPOHBI 3BO-
JIOLMOHHOTO YYeHHS: YYeHHe O Marepuane JJsl 3BOJIOLHH M (haKTOpax.
JBuxKyllas cuna 3BOJIOLHH — eCTeCTBEHHHH 0T6OP.

5. OnHuM ©3 ocHoBaTesedl TeHeTHKH fABASETCA JNATCKHI TeHeTHK
B.Horancen. OH BhmepBble BBeJ TEePMHHB [e€H, T€HOTHN, ()eHOTHI,
annenb. I'en — HezaBHCHMast, KOMOMHHpyIOILASCA H PacLUeNIsiowascs
NPH CKPeWHBAaHUAX e€fHHHMLUA HacNeZCTBEHHOCTH, OTBevapoiulas 3a
nosiBJieHHe Kakoro-au6o mnpusHaka. I'eHomun — COBOKYNMHOCTb BCex
FeHOB, HaXoAfWMXcs B XpoMocoMax opraHusma. OH COEEpKHUT BCKO
Hac/leCTBEHHYI0 HH(OPMALHIO H Mepe/laeT ee OT NOKOJAEHHS K TOKOJEHHIO
Ha OCHOBe reHeTHueckoi mnporpammel. Ha ee ocHoBe opmMupyercs
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COBOKYMHOCTb BCE€X BHEUIHUX ¥ BHYTPEHHHX IMPHU3HAKOB, XapaKTepPHU3yoLiada
OpraHuv3M, Ha3biBaemasi ([Jeuomunwu.

6. B HacTosilee BpeMs CuMTaeTcsl, UTO eHbl ONpPENENSIOT MeXaHH3M
Hacnegosanusi. OH cBsizan ¢ oT6opoM. Uepe3 oTOOp MPOMCXOZHT Hanpas-
JIEHHO€ BJIMsSIHHE OKPYXXaiollell cpefibl Ha HACJeACTBEHHYI0 H3MEHYHBOCTD.
OTMeTHM, 4TO Hac/MeJCTBeHHAas U3MEHYHBOCTb caydaiiHa. [log Bo3neiicTBH-
eM OKpyXaiollleH cpelbl OTOMDAlOTCS NMPHU3HAKH, KOTOPble Jyulle APYrux
COOTBETCTBYIOT YCJIOBUSM KH3HH. I'. e @pu3 HacseacTBEHHbIE U3MEHEHHs
OTJe/IbHbIX FeHOB HasBan mymayuamu. MyTauuu ciyxar s/leMeHTapHBIM
MaTepHaJIoM [/ 3BOJIIOLHOHHOrO npouecca.

B npouecce 3B0J0OUMH B pe3y/nbTaTe ecTeCTBEHHOro oTfopa Hacsef-
CTBEHHbIX MYyTalUMi BO3HHKAaIOT ajanTtauun. Adanmayua — 3TO Npouecc
npucnocobiieHus CTPOeHHsT U (YHKIHH OPTaHH3MOB K YCMOBHSM BHellHeH
cpensl. CunTaeTcs, 4TO Pa3BUTHE MPHPOLBl HAET IO MYTH BO3HHKHOBEHHS
BCe HOBBIX M HOBBIX MEX2HH3MOB afafTaLHH.

[TpuseneM ¢akToOphl, KOTOPLIE MEHSIOT FEHETHUECKHH COCTAB NPHPOIHON
nonynayuu:

1. Mymayuonnsiii npoyecc. CornacHo 3akony I'. Xapan u B. Baitn6epra
paBHOBECHe YCTaHaB/IWBAETCA MOCJe NepBoro cKpelnBaHus. B kaxaom
MOKOJIEHUH BO3HHKalOT HOBble MYTALHH, NPOHCXOAMT CKpeLlHBaHHe,
BbI3bIBaloLlee HOBOE paBHOBecHe U T. A. CiiefoBaTe/1bHO, 61arofaps My-
TaLHOHHOMY IpOlLlecCy COCTOSIHHE PaBHOBECHSA HEMpephLBHO MEHSETCs.

2. H3onayus. Yem MeHbllie pa3Mep NonyasiLiky, TeM 6osee BEPOATHO, 9TO
B Hell MPOSIBATCA CKPbIThle H3MEHEHHS.

3. «Boanot xcusznuw». Vsonauus BefleT K yMeHbIIEHHIO BeIHYHHB NOMY-
asuun. O6beM MoOnyJsiUUH MOXKET MEHATbCS B 3aBHCHMOCTH OT OKpY-
kKalollel cpensl, T.€. HA 0CHOBe 06paTHOH CBS3H.

4. Om6op. Paxropel 1, 2, 3 — HeHanpasJieHHble, OHH MU3MEHAIOT COCTAB
nonyJasuuK cayyaiubiM ofpasom. Pakrop 4 B OTIHYHE OT HHUX jeil-
CTBYET B ONpelesJeHHOM HANpaBJeHHH, KOTOPOe HaWJydUIHM o6pa3oM
COOTBETCTBYET YCJIOBHAM MXH3HH.

7. Knaccuueckas reHetnka K Hagany 1940-x rogo npuiuia K noHHMa-
HUIO JUCKpemHOCmU TaKWX KayecTB, KaK HACNeACTBEHHOCTb U H3MEHYH-
BOCTb. DTO CTa/I0O BO3MOXKHBIM B NepBYIO odepelb OJaropaps (GpopMHpoBa-
HUIO TeopHH reHa B paborax wxosel T. MopraHa. OCHOBHBEIE MOJOXKEHHS
3TOI TEOPHH MOXHO COpMYJHPOBATb CAeLYIOIHM 06pa3oM.

1. Bce npusHaku opraHM3MOB HaXOAATCH IO/ KOHTDOJIEM FE€HOB.
2. Tenbl — 3sieMeHTapHbie €UHHLB HACJEACTBEHHOH HHGPOPMALHH —

HaXOAATCSl B XPOMOCOMAX.

3. TeHbl MOryT H3MEHSATBCH, T.€. MyTHPOBATh.
4. MyTauuu oTAeNbHBIX FeHOB NPHBOAST K H3MEHEHHIO OTAE/NbHbIX 3J1e-

MEHTAPHBIX NPH3HAKOB, HAH (eHOB.

8. B 1953 r. ¢ pa6or M.Yorkena n P.Kprka Hayanach HOBaf Ha-
yKa -— MOJIEKYyJfpHas TeHeTHKa. DHoxUMHuecKne OCOOEHHOCTH XHBBIX
OpraHU3MOB HACJeAYITCS 110 32KOHaM, KoTopele oTKpbl1 M. MeHnens. Bee
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6HOXHMHYECKHe peaklMH B KJIETKaxX YNPaBASIOTCH CJOXKHLIMH O€JKOBHIMU
BewecTBaMH — depMertamu. CyluecTBYeT CJelyIOWlas THMOTe3d: OHH
red — oguH depment. CrefoBaTe bHO, PYHKIUUA reHa COCTOHT B 06pa3oBa-
HHU KaKoro-nu6o ogHoro depmenta. B renax «zanucanb» niassl cTpoeHHs
6e/IKOB — MJIaHbl BCEX HacJelJCTBEHHLIX NPH3HaKoB. B mpoueccax Hacaeno-
BaHMS NPH3HAKOB ONpeJe/sIoIyi0 PoJlb HIpaeT NoBeeHHe XPOMOCOM IpH
AeJIeHHH KJIeTOK.

9. B Hacrosilliee BpeMsi TeH ONPeAeasiOT KakK CTPYKTYPHYIO eduruyy
Hacnedcmeennol unopmayuu, nanee HegeauMyl0 B (yHKLHOHANbHOM
otHoweHuy. Ero paccMmaTpusaior kak ydactok Mosexyinl JIHK, xonupyio-
LMK CHHTe3 OJHOH MaKpOMOJIEKYJIbl HJIH BBINONHAKILANA KaKywo-n1ubo gpy-
ryio ajgeMeHTapHyio ¢yHkuuioo. Komnseke renos, conepxauuxcs B HaGope
XpOMOCOM OJHOr0 OpraHusMa, obpasyer 2eHoM. [ eH — C/I0XKHAs CTPYKTYPA,
COCTOALLAS U3 MYTHPYIOLLMX 3JIeMEHTOB, pa3jiesifeMblX NIPY PEeKOMOHHALKH.

1.2. Kpoccusrogsep

1. PexoMOUHAUHUs CUEIJIEHHBIX FeHETHUECKUX (DAKTOPOB CBOHCTBEHHA
BCEM IDYNNaM OpraHW3MOB, HCCJIeJOBaHHBIM K HAacTodlleMy BpeMeHH. ['eHe-
THYecKan peKOMOWHALMs peasnH3yeT HECKOJbKO THIIOB MepepacrpeaeseHus
HacJieJCTBEHHbIX (PaKTOPOB:

¢ PeKOMOHHALHs XPOMOCOMHBIX H HEXPOMOCOMHbIX [€HOB;

® PeKOMOHHALHS LeJblX HETOMOJOTHYHBIX XPOMOCOM;

® peKOMOHHALIHA y4acTKOB XPOMOCOM, NPeACTaBAEHHBIX HENpepbiBHLIMH
mogekynamu JJHK.

[Ipu pemteHny 3ajay ONTUMH3ALUMH BO3MOXKHO MOAE/IHPOBaHHE MpoLec-
coB pekomOuHauuH. B atom cayvyae s06oe pelleHMe paccMaTpHBaeMoOH
3ajia4yH NpefcTaBJseTcs Kak HekoTopas MHpopMmauws, cnocobHas K 0GHOB-
JIEHHIO [TOCPeICTBOM BBEICHHUS 3/1IEMEHTOB JPyroro peiieHusi. B 3agavax on-
THMH3aLHH YCJOBHO CUHTAIOT, YTO XPOMOCOMbBI ABJISIIOTCS 3aKOLHUPOBAHHBIM
npencTaBieHHeM aJbTePHATHBHBIX pelueHHH. XpPOMOCOMBI, NpeacTaBJsO-
uhe coBol oToOpaxKeHHUs pellleHHH, A0JKHBl ObITh FOMOJIOTHYHBL, T2K Kak
AABJAIOTCS B3aUMO3aMeHseMbIMHU anbTepHaTuBaMu. HoBbill MexaHusMm pelue-
HHUSA ONTHMH3AUHOHHBIX 3a7a4 B OTJIHYHE OT CYUIECTBYIOIIHX MEXaHH3MOB
OCYLIECTBJSIET HE 3aMeHY OJHOTO CreHePHPOBAHHOTO pelleHUsl Ha Apyroe,
4TO OCYUIECTBHMO MPOCTOH OLEHKOH HCXOAHBIX pelUeHHH B COOTBETCTBHH
¢ MPUHATHIM KPHTEPHEM, 2 MOJy4YeHHe HOBBIX PelleHH# NocpeacTBoM obOMe-
Ha MeXAy HUMH HHpoOpMaiHeH.

Kaxablii y9acTok XpoMocoMel (a/1bTepHATHBHOTO PELLEHHS) HeCeT ofnpe-
JeseHHY0 GYHKLHOHANBHYIO Harpy3ky. JKesnaTe/IbHO cO3JaHHe TAKOH KOM-
OHHauUMH yuYaCTKOB XPOMOCOM, KOTOpasf cocTaBasija Obl HaWJydulee H3
peuleHHH, BO3MOXHOE MPH HCXOAHOM FeHeTHYeCKOM MaTepuaje. [TosTomy
LeJIbI0 PEKOMOHMHALMUH ABJISETCS HAKONJEeHHe B KOHEYHOM DeUIeHHH BCeX
JYYIIHX QYHKUHOHANBHBIX PU3HAKOB, KAKHE HMeJIUCh B Habope HCXOLHBIX
peileHuH. N
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2. PaccMOTpHM peKOMOHHAUMIO YYACTKOB XPOMOCOM, TPEACTABAEHHBIX
HenpepblBHEIMU Mosiekyaamu JITHK. 3nech moxeT ObiTh BhIAENEHO HECKOJIb-
KO TNOATHIIOB peKOMOHHALHH:

o peeyrapras (obwas) pexomburayus, npeacrabaswwas coboil Kpoc-
CHHIOBep, T.€. O6MeH rOMOJIOTHUYHBIMH Y4YacTKaMH B Pa3/iHYHLIX TOY-
Kax FOMOJIOTHYHbIX XPOMOCOM, MPUBOAAUIHH K MOSIBJEHHIO HOBOTO CO-
YeTaHHs CUENEHHBIX ['eHOB;

e crpatim — crneuuduyeckas peKOMOHHALHSA, T. €. OOMEH FeHHBIX HOCH-
Teslefl, 4aCTO Pa3HbIX N0 00bEMY H COCTaBY, Ha KOPOTKHX CELHAaNU3H-
POBaHHBIX Y4YaCTKAX;

® HepeaabHas pekomMOurayus, peausyloulas HerOMOJIOTHYHbIe 06MEHbI.
HeroMosioruunelit 06MeH B UEJOM He NPEACTABIsET UHTEpeca, TaK Kak
NOsABJAIOTCH HepealbHble PelleHHUs HCCJIeAyeMOH 3ajayuu.

Cxemy peajiM3aluH KpOCCHHrOBEpA IOKaxeM Ha puc. 1.1

A X A

L2277 AP IAY) A — mapkep nepBoi XpoOMOCOMBbI

[ I ] B — Mapkep BTOPO# XpOMOCOMBI

B X B

@) 110 KPOCCHHTOBeEpa X — Touka pa3pbiBa (KPOCCHHIOBEpa)

F X B

VA ]

| I YA,

B X A

6) nocne KPOCCHHIOBEpa

Puc. 1.1. Cxema peanHsaldi KpOCCHHroBepa

m T. MopraH rnpeanoJoXKui, 94T0 KPOCCHH-
aprrrrrr77T 7777770/ TOBep MOXeT NPOUCXOAUTb He TOJbKO B Of-
0 jw  HOH, HO H B JABYX M Jaxe GOsiblIeM 4HC/e
touex. Ha puc. 1.2 npencraBnena skcnepu-

d 4 MEeHTaJ/JIbHO YCTAaHOBJEHHAS CXeMa ABOHHOTO
KPOCCHHIOBEpPa MeXAy XpoMocoMaMmu (w H

w )
m Kak BugHo Ha puc.1.2,6, Touku pa3-
s b Y72 f  pbiBa onpefeJsiOTCA B MeCTax NepeceyeHHs
[ ZT—Jw Xpomocom. [lepsas xpomocoma, noTOMOK,
m COIEPKUT N0 KpasiM JBe YaCTH XPOMOCOMBI

f ¥ B UEHTpe — OHY YacCTb M3 XPOMOCOMBI

Puc. 1.2.  Cxema aBoifiHOro ¢y, Bropas XxpomMocoma, NIOTOMOK, COLEPKHT
KPOCCHHIOBepa: @) 10 KPOC- o KpasMm ABe YACTH XPOMOCOMbHl W H B
crHrosepa; 6) BO BpeMst Kpoc- LIEHTPe — OIHY 4YaCTb H3 XPOMOCOMBI f.
cuHrosepa; 6) nocse KPOCCHH- B pacroguiee ppeMst CyLIECTBYET GOMBLIOE
rosepa YUCJIO CXEM peanH3aluy MeXaHH3Ma Kpoc-
cunrosepa. Takum obpasoM, B 00llel cxeMme peaslH3aLMH KPOCCHHIOBEPA
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MO2KHO BBIACJHUTL ABA BAPDUAHTA obMeHa uHcpopmauueﬁ. B NepBOM BApPHAHTE
HCIOJb3YyeTCs1 OJHA TOYKA pa3pbiBa, a BO BTOPOM — [BE H bosiee TOYEK
pa3phbiBa.

1.3. Myrauus

1. To T'. Mengemo, pacluen/ieHHe NpY He3aBHCHMOM HACJ/el0BaHHH H
NpH KPOCCHHIOBEpe ONpelenseT reHeTHYECKY0 H3MEHYHBOCTL OPraHH3MOB
BCJIEACTBHE KOMGHHATOPHKH CYLIECTBYIOLHX IeHoB (annenel). Tenemude-
€K U3MEeH4Uu8ocms — 3TO M3MeHeHUsl, PoU30llefilliie B CTPYKType re-
HOTHIa H NepefapaeMble N0 HacaencTsy. M3amen«uocmos — pasHoobpasue
NPU3HAKOB H CBOHCTB y ocobell ¥ rpynn ocobeit no6oil cTeneHH PoACTBa.
PaznuyaloT H3MEHYKHBOCTb HAIpaBJeHHYI H HeHanpaBJleHHYIO.

2. Hanpasnennas, WIH onpedeneHHAA, U3MEHHUBOCMb OOLIYHO Mac-
coBasi ¥ npucrnocobuTesbHas. B 1aHHOM cayyae HacjeayeTcs He H3MeHeHHe
MpH3HaKa, a CIoCOGHOCTb K H3MEHEHHI0, HO B pa3HOH cteneHd. OnpeneneH-
Hasg U3MEHYHBOCTb €CTb NPOLYKT SBOJMIOLHH, CTOCOGHOCTh K Hell BO3HHUKAeT
B pesy/nbTaTe oTOOpPa B TeYeHHe MHOTHX mokoseHHH. Ho camo u3meHeHHe
NPU3HAKa NOJ BAHAHHEM KaKoro-HuOyb pakTopa BHEIHEelH Cpebl ucyesaer
¢ rubenbi0 OpraHu3ma, MOTOMKH JOJKHBI o6peTaTh ero 3aHoBo. TOJBKO
B 3TOM CMbIC/IE ONpefiesleHHAsr H3MEHUHBOCTb SABJAETCS HEHacJefyeMOH.
IT0 — HACJEACTBEHHOCTh, MPOABAsioWasca B QeHOTHIe He BCErAa, a JMHUILb
NpH BO3AEHCTBHY onpejeneHHOro hakTopa BHEIUHeH Cpefbl.

3. Henanpasnennas, Wiy HeonpedeneHHAA, U3MEHYUBOCMb BO3HHKA-
€T He3aBHCHMO OT MPHPOJL BbI3BaBlUEro ee (hakTopa, MpUYeM H3MEHSIO-
WHHCs NMPH3HAK MOXET U3MEHSITbCS U B CTOPOHY YCHJEHHS, U B CTOPOHY
ocnabnenusi. [lpy 3TOM OHa He MaccoBas, a ejHHHYHasA. PasnuualoT aBa
THMA HEONpeAeJEeHHOH H3MEHUHBOCTH — KOMOUHAMUBHYIO U MYMAYUOH-
HYI0 U3MEHYHBOCTb.

HcTOYHHUKOM KOMOHMHATHBHOM HM3MEHUMBOCTH SIBJSIIOTCS HOBble cOYeTa-
HHS MaTEPHHCKHX U OTLIOBCKHX XPOMOCOM, BOSHUKAIOLIHE NDH 06pa30BaHHH
notoMctsa. [Ipy 3TOM XpOMOCOMb HHOrAA@ 0OMeHHBAOTCA YacTsaMH (Kpoc-
CUHIOBEp), TaK 4TO YHCJO KOMOMHAUMH FeHOB B KaXXJOM HOBOM HOKOJIEHHH
pe3ko BospacTaeT. Bo3MoKHOe YKC/IO TeHOTHIOB ONpeAessieTcsi Bbipaxe-

rge r — 4YHCJO ajnesed, m — YHCJO eHOB.

Mymayuonnaa uamen4ugocms — NpoLECC U3MEHEHHS] TeHeTHUYeCKOH
CTPYKTYPHI OpraHuaMa, ero reHotuna. IIpy 3TOM U3MeHsEeTCSA YUCJIO XPOMO-
COM, HJIH UX CTPO€HHe, UJIH e CTPYKTYpa CJIaraioliX XpoMOCOMY I'eHOB.
Kak ¥ KOMOHHaTHBHAst H3MEHYHBOCTh, MyTaLlHOHHAS — MpOLECC HeHanpas-
JIeHHbIH (TIPU3HAKY MOTYT HU3MEHSTLCH CJAydaiHbiM 06pa3oM), HEMACcCOBbIH
(onHOBpeMeHHOe BOSHHKHOBEHHE KaKoi-HHOYAb ONHON MyTaUMH y LENoro
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paaa ocobeit B MONYJIALHH HEBO3MOXHO) ¥ HENPHCHOCOGNEHHHIH NOBHIIIATD
¥ TIOHHXKATb XH3HECNIOCOOHOCTh HX HOCUTeJel,

HeonpenenexHas M3MeHUHBOCTb — MaTepHaJs /sl NPOLEeCcca SBOJIOLHY.
Hamenenus oprauusmos, no Y. [lapsuny, or6upaiotcs GpaktopaMu BHEIIHeH
cpenbl. IlpH sToM ¢ 6oJblied BepPOATHOCTHIO BBIXKHMBAIOT M OCTaBAAIOT
TOTOMCTBO HOCHTENU NOJE3HBIX B RAHHOH cpefe NMPHU3HAKOB, BO3HHMKLIMX
B pe3y/bTaTe MyTalUHH HJH DEKOMOHHALMH ONpEREeJSIOUIHX STH NPH3HAKH
TEHOB.

MyTauHoHHAs H3MEHYHBOCTh CBA3aHa ¢ MPOLECCOM 00pa30BaHUA MyTa-
uMid. Mymayus — reHeTHYeCKoe H3MeHEHUe, NMPHUBOAsLIEE K KAaYeCTBEHHO
HOBOMY MNPOSIBJIEHHIO OCHOBHBIX CBOHCTB T'eHeTHHeCKoro Marepuasna. Cuu-
TaeTcs, YTO NPH MyTaUWH NPOHCXOASIT BHE3AMHBIE CKaYKoOOpasHble H3Me-
HEeHHUS B CTPYKTYDE FeHOTHIA.

4. MyTtauunoHHas Teopusi coszfana I'. ge @pusom. Ee ocHoBHble noso-
MEHHS CJIefyOLIHe:

® MyTaUHH — [JHCKPETHble U3MEHEHHS HACJeACTBEHHOCTH;

e MYyTaUHH B NIPHPOAE CIIOHTAHHBI;

& OHH MepejaloTcs M0 HacJeCTBY;

® MyTallW{ BCTPEYaIOTCsi PEAKO;

® OHH MOTYT ObITb BPEJHLIMH, MONE3HBIMH, HEATPANbHBIMY H T.II.

5. CywiecTByeT MHOTO CHCTEM KJacCHPHKalUMHW MYTALKH, HX MOMKHO
pasnesuTh

1) no cnocofy BO3HUKHOBEHHS: CMOHTAHHbIE MYTAUHH, HHAYLHPOBAH-
Hble MyTauud. BosuukaoT pesko. Ilpouece 3aBUCHT OT BHYTPEHHHX
M BHEUIHUX (PaKTOpOB;

2) N0 ananTHBHOMY 3HAYEHHIO BhIAEJAIOT MYTALHH: IOJOXUTEJbHbIE,
OTPHLATENbHbIE, HEHTPAJIbHEIE;

3) N0 U3MEHEHHIO TeHOTHNA MyTaluuH ObIBAlOT: reHHbie (TOYKOBHIE),
XPOMOCOMHBIE, TeHOMHbIE;

4) 110 NOKAMH3ALMH B KJETKE: ANEPHBIE, IUTOMIa3MATHYECKHE,

6. B 3anayax ONTHMH3aUMK, KaK CYHTAIOT aBTOPLI, HAHOOJbIUIHA HHTe-
pec NpeiCTaBASIIOT MOAENH MyTaudi Tpertbero BHAaa. B >to#t cessu pac-
CMOTPHM HX nonpobHee.

6.1. I'ennsvie mymayuu 3aTparuBarT, KaK NpPaBUJIO, OJHH UJIH HECKOJb-
Ko redoB. [Ipy sToM oguH reH (MJAH MX TMOC/JEROBATENbHOCTb) MOXET
NPeBPATUTLCH B [PYrOH, MOXKeT BblnacTk subo AyOaupoBaThCs, a rpynna
FeHOB MOXeT pa3BepHyTbesi Ha 180 rpanycos.

6.2. Xpomocomnvie mymayuu NpHBOAAT K U3MEHEHUIO YHC/IA, Pa3MepOB
u opraHusauud xpomocoM. CyllecTBYIOT BHYTPHXPOMOCOMHbIe MepecTpoi-
KH U MEXXPOMOCOMHbIe MepecTPOHKH.

BuyrpuxpoMocoMuble nepecTpoiKH MOApa3feNsloTCs Ha AYMJIHKALHH,
LeNelHH H HHBEPCHH:
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e dynauxayus, 1. e. ynsoeHue. [Ipy 3TOM OAMH U3 Y4aCTKOB XPOMOCOMBI
npexacrasasercsa Gosee opHoro pasa. Hanpuwmep:

P:ABC|D|EFGH-P! :ABCDDEFGH

»DNE=\
"N\ A\

3flech H fajlee MeTKa | — 03HAYaeT TOYKY WJH MECTO pa3phiBa XPOMOCOMBI.
e Jeneyus, T.e. yiajeHHe BHYTPEHHEro ydyacTka xpomocoMsl. Hanpu-
mep:

Pi:ABC|DE|FGH-P}:ABCFGH

SN
S\

® uHeepcuy — TOBOPOTH y4acTKa H/H Bceld xpoMocomel Ha 180 rpany-
coB. VHBepTHPOBAHHLI! YYaCTOK NPH HEYETHOH [JIMHE XPOMOCOMBl BKJIIO-
yaeT WEHTPANbHbIM reH (nepeueHTpUYeCKash UHBEPCHs) MAM HE BKJIOUYaeT
ero MpH YeTHOM AJHMHE XpOMOCcoMBI (napaueHtpuveckas). Hanpuwmep, nepe-
UEHTPHYECKAS HHBEPCHA 3alHUIETCA TaK:

. 4w c //@
o

3[€Ch AMMHA y4acTKa MHBepPTUpOBaHHOM xpomocombl L{P) = 3.
A napaueHTprueckas UHBEPCHA, HAIPHMED, TAKOBA:

Pl%% ABCD%
P| //DCBA %

agece L(P) =4.

MeXXpOMOCOMHBIE NePecTPOHKH 4acTO HA3bBAIOT MPAHCIAOKAYUAMU.
Ipu 3TOM ywacTOK XpoMocoMbl nepeMelnaeTcss (TpaHCJIOUMDPYETCS) HA ApY-
roe MeCTO XPOMOCOMbI. BHIeNAT ciefyiollde THMNbI TPAHCIOKAUHKH: pe-
UMNIPOKHbIE, HePeLNNPOKHbIe (TPAHCTIO3KWUHH), eleHTPHYECKHE (nonnueﬂ-
TPHYECKHe) H LeHTpHuYecKue (poGepTCOHOBCKHE).
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Peyunpoxnbie — B3aumubiii 0OOMEH y4acTKamMM HEFOMOJOTHYHBIX XpO-
MocoM. B otaHude OT KPOCCHHrOBepa, MpH TPAHCIOKAlLMH NPOHCXOLHT
06MeH y4acTKOB XPOMOCOM pa3in4yHofl anunbt. Hanpumep,

P:AB|CDEFGH
PiMNO|PQR
PY:MNOCDEFGH
Pl:ABPQR

Pl ///////%
Pl // /

Hepeyunpoxnoie (mpancnosuyuu) — y4acTOK XPOMOCOMBl H3MEHSIET
CBOe MOJIOKEHHE WM BK/IOYaeTcs B APYCYI0 XpoMocoMy 6e3 B3aHMHOrQ
obmeHa. Hanpuwmep,

P:A|BC|DEF|GH
Pl:ADEFBCGH

HAuyenmpuueckue (nonuyenmpuueckue) — causHue AByX (Hau 6osee)
($parMeHToB XPOMOCOM, HECYLIHX YYaCTKH C LEHTPOMEPaMH.

Lenmpuueckue (pobepmconosckue) — NPOUCXOAAT NPH CAUAHUH ABYX
LIeHTPOMEp XPOMOCOM ¢ 06pa3oBaHHEM OJHOH MeTa- MM CyGMeTaleHTpH-
YyecKOH XpOMOCOMBI NPH MHBEPCHH BTOPOH XpomocoMbl. Hanpuwmep:

7
P
X 77/

d
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7. B ecTecTBeHHHX CHCTEMAaX pOJb MyTaUMi 3aK/I04aeTcs B TOM, YTO
HMEHHO OHH eHepHUDYIOT HOBble (PYHKUHMH, 3aTeM NPOHCXOAHT AyNJIHKALHS,
3akpendsowas o6e (yHRUHMH, 2 [Jajlee HayHHAeTCs OTAEJAbHASL 3IBOJIO-
UMA HCXOZHOH H HOBOH ¢yHKUMHA. MyTauus npu NOCTOSHCTBE LieJeBOH
YHKLUHK OKasbiBaeTcA pelualoliMM (DaKTOpOM afanTaluH. YCTaHOBJIEHO,
4TO B HEM3MEHHBIX YCJ0BUAX OHOJIOrHYeCKHe BUIbl 1aoT GoJiee BHICOKYIO
afanTHBHOCTD.

B o6uiem xe 3BOMIOLHS CTPEMUTCS K yCpeAHeHHUIO (TaK KaK MPOHCXOAUT
Bce GoJiee OLHOPOAHOE CMeUIHBAHHE Pa3HOFO MO KayecTBY IeHETHYeCKOro
maTepuana). [TosToMy pas nosnydeHus HAUAYHLIHX PE3YJbTATOB B Ka4eCTBE
O/LHOT'O M3 METOMAOB HCIIO/b3YeTCs CeJEeKLHS.

1.4. Cenekuug

1. IlpuMeHeHHe CeJIeKTHBHBIX METOLOB O3HAYAET METONHMYECKHH OT6Op
reHeTUYECKOro MaTepHaja B COOTBETCTBHM C MNPHHATHLIM KPHTEPHEM, UYTO
LOJIXKHO MOBLICHTb CKOPOCTb NOJYYeHHsT KOHeYHOTO pesyJbrara H ero Kade-
ctBo. OTMETHM, YTO YCKOpEeHHe MYTAlLlHMOHHOrO Npolecca BejeT K IoJyde-
HHIO Bce 6oJjiee pa3HOOBPA3HOrO reHeTHYeCKOro MaTepHaJa.

Cenexyus npeactasaser coboii ¢hopMy HCKycCTBeHHoro ot6opa, rie
B OTJIHYHE OT €CTeCTBEHHOro 0T6Opa 3BOJIIOUHUA HampaeiaseTcss (akTopaMu
BHellHeHd cpefbl. Cenekuusi Kak Hayka co3gaHa Y. JlapBuHOM, KOTOpPGIH
Bbifleq1]1 TpH GopMbl oTbopa:

1) ectecTBeHHBIH OTGOD, BHI3LIBAIOLIME M3MEHEHHs, CBA3aHHbBIE C MpH-

crioco6sieHHeM K HOBBIM YCJIOBHSIM;

2) BeccosnaTenbHblil 0TGOP, MPH KOTOPOM B NpOLECcCe IBOJIOLHH COXpa-

HAIOT JIy4llide 3K3eMMJIspHl;
3) Metoguveckuil oTGOp, NPH KOTOPOM MPOBOAUTCS UeJEHANPABIECHHOE
M3MeHeHHe NONyJAsLUUi B CTOPOHY YCTAHOBJEHHOrO HieaJa.
B yuenunu 06 ot6ope Y. JlapuH nokasa, 4To OCHOBOH sBJjsieTcsi 0TOOp
Hauay4iux Gopm, TpebyLHi TAKUX YCJIOBUH, KaK:
® MOJIHbIH BBIGOP HCXORHOIC Martepuasna;
e [IpaBUJIbHAS [IOCTAHOBKA LEJH;
e pOBefieHHe CeJIeKIMH B JOCTATOYHO LIHPOKHX MacliTabax U BO3MOXKHO
Gonee xecTKHil 0TOOpP MaTepuana;
¢ 0T6Op MO OJHOMY OCHOBHOMY IPH3HAKY.

2. Ecmecmsennstit ombop — npouecc, HanpaBJeHHbIH K MOBbIIIEHHIO
(MM MOHUIKEHMIO) BEPOSTHOCTH OCTABJEHHs! TOTOMCTBA OmHOH (opmoi
OpraHu3MOB [0 cpaBHeHHIO ¢ aApyrumH. OT16op, npexne Bcero, AeHCTBYeT
B Mpefesax KaXAOH rnonyJsiLuH, oTOMpas Te HJIH WHble BXONSIIHE B €€
COCTaB F€HOTHIIHI.

[Tpu oTHOCHTEILHOH CTAOHILHOCTH BHELIHHUX YCJOBHH Npeobaajamouiye
FEHOTHIIBl BCe BpeMs GyayT COXpaHsTb CBoe NOMHHHpYIOLlee MOJIOXKEHHe,
HanpoTuBs, BCE YKJIOHEHHS OT 3TOH FPYNIbl GYIVIPREPTSRATECL. . Lakas.
(i)OpMa 0T6Opa HA3BAHA UEHMPOCMPEMUMENLHOIM ML CTIUULLULS UL YIS MY
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ombopom. ONHAKO NPHU H3MEHEHHH YCJOBHH CYLECTBOBAHHS MOXET Npo-
H30HTH OTOOp, BeAYLIMH K 3aMeHe OAHHX KOJHYECTBEHHO MPeo6aafalouinx
TeHOTHNOB APYruMH. I1a popma ombopa HazBaHa OsuxcyLyeti, Unu edy-
wet.

EcrecTBeHHbIH 0TOOp — eAHHCTBEHHbIH HAMPABJSIOIKH 3BOMIOLHIO 3J1€-
MeHTapHbIH ¢akrop. Ero pefictBue Bcerma HanpapnsieTcs CKJaAblBaIOIIH-
MHCS YCTOBUSMHY CYLLECTBOBAHHSA.

PaccmoTpeHHble Bbille (haKTOpb MO CTENEHH BJIHSHHS Ha 3BOJIOLHIO
MOXKHO YTOPSAOYHTD Caey UM 06pas3om:

1) ectecTBenHbiil 0T6OD;

2) usonsiuus;

3) KoneGaHHe YHCACHHOCTH NMONYAAUNH;

4) MyTaUHOHHbIE NPOLECCHL.

3. B coBpeMeHHO! cesieKLMH WHPOKO NPHMEHSIOT MACCOBBIA M HH-
AUBUAYyaJbHBIE 0160p. [nf cO3faHHsi reHeTHYECKH YCTOHYHBBIX BHIOB,
obaafaoluX KeJaeMbIMH NPU3HAKAMH, HeOGXOLHMO 3HATh FeHETHYECKYIO
CTPYKTYPY HCXOAHBIX nomyasuuil. Maccosblil 0T60p, MPOU3BOLUMBIN MO
tbeHOTHNY, ABASETCA MeHee 5(PHEKTHBHLIM, YeM HHIAUBHAYAJbHBIHA.

Ipn vHAMBHAYaabHOM OTOODE MOMYJISUHIO AEJNAT HAa OTAe/bHbIE 4acTH,
npHYeM fJ1S Pa3MHOXKeHHs BBIGHPAIOT HoCHTeaeH XKenaeMbix cBodcTs. MHo-
raa otéop BeAyT M0 OOKOBLIM POLCTBEHHHKAM.

Hubpudunz — 61M3KOPOACTBEHHOE CKpeLUBAHHE — NO3BOJsET OLICTPO
BbLJE/IHTD YaCTH, HeCyUIue »KeJlaeMble reHbl. 30ech NPUMEHSIETC KECTKHH
0oTOOp 3K3eMILISIPOB, a TaKXKe BBeJeHHe B YacTH NOMYJNSUHH HOBOIO reHe-
THUYECKOro MartepHana.

PaccMoTpum cxemy cenexkiny. BHayaljle co34al0T HeCKOJIbKO YyacTelt no-
NyJsAUUHA, HECYIUHX XKeJlaeMble NDH3HAKH. 3aTeM H3 HUX [OJYYaloT MeXJIU-
HeliHble THOPHUABI MEPBOrO MOKOMEHHS. DK3eMILIApH, HaKlide HaUIyYluHe
KOMOHHALHH NPU3HAKOB, OTOHPAOT AN NocJeLylouero pasmHokenus. [pu
CKpellUHBAHUY Pa3JIUYHBIX BUAOB THODHIbI NEPBOro MOKOJIEHHS YacTo Ipe-
BOCXOASAT JAYUIUYIO H3 POAHTENbCKUX GOpPM. B nocefyowHx NoKOJIeHUAX,
Naxke y»Ke BO BTOPOM, 5TH NPH3HAKH 0CJabMfAIOTCA U NMOTOM 3aTyxaloT. Mx
3aKpernJieHHe B MOKOJEHHAX — OJQHa M3 Ba)KHEHIUMX TeHeTHYeCKHMX 3anady
CesIeKLIUH.

4. TlogobHy10 CcXeMy ceJeKLUHH MOXHO HCNOJb30BaTh NPH pelleHHH
ONTHMH3ALHOHHBIX 3a12a4. B cOOTBETCTBUH C NPHHATHIM KDHTEPHEM NaeM
OLEHKY KaXIOMY M3 aJIbTeDHATHBHBIX PelUeHHH, oTOHpaeM M 3aKpemnseM
Te peLIeHHs], KOTOpble NMOJAYYHJIH Haubosee BBICOKYIO OLEHKY.

Tenertuueckuii MaTeprHan obnagaeT TAKUMH YHUBEPCANBHLIMH CBOHCTBA-
MH, KaK JHCKDETHOCTb, HENpPEePbIBHOCTb, JHHEHHOCTb M OTHOCHTENbHASA
CTabHAbHOCTD, BHIABAAEMBIMH B XOJle 'eHeTHUECKOro aHaaH3a.

Huckpemnocme — cyleCTBOBaHUE TeHa, XPOMOCOMBI, FeHOMa — Mpo-
SIBJISIeTCH B BHAE MHOXKECTBA ajulesiedl, COOTBETCTBYIOIKX IeHY, MHOXeCTBa
reHoB, COOTBETCTBYWOIMX [PYMNIle CHeNseHHs] (XpOMOCOME), MHOXKeCTBa
TPYNN CLUEMJEH!Us, COOTBETCTBYIOIHX TeHOMY. DTO 3HA4HT, YTO MOXKHO
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BBIJEISATE B MCXOAHOM TeHeTHYeCKOM Marepualie OTiesbHble (DparMeHTHI,
KOHTDPOJIHPYIOIIHE Te WJIH HHble QYHKIUHH.

Henpepviernocms — (pusnyecKoe efHHCTBO IPYNN CLEMNJEHHS — NPOsB-
ASIeTCS B CYLIeCTBOBAHHH MHOXeCTBa reHoB, 06HAPYKHBAIOILUX ClieflIeHHe
Mexay coBoll. DT0 CBOHCTBO HAXOAUT BblpAaXKEHHE TaKXKe B PAa3/NHUYHBIX TH-
nax spdexTa NoJOKeHHs reHa. ITO CBOUCTBO O3HAYAET, YTO ONpPede/eHHble
KOMOHHALMH I'€HOB COBMECTHO KOHTPOJHPYIOT HEKOTOPYIO (DYHKUHIO.

Jlunetinocmes — OJHOMEPHOCTb 3alIMCH IeHETHUecKoHd MHGpOpMalHH —
NpOsIBJSETCS B OMNpele/eHHOH MOC/e0BATENIbHOCTH TeHOB B Npeaesax
TPYNINbl CLUETJIEHHS.

Omuocumenvran cmabunbHOCMb 2EHEMUYECKO020 MATEPUANA ~— €ro
CnocobHOCTb K HM3MEHEHHSM — IMposABAseTCs B MYyTaLHAX, YTO O3HadaeT
CNOCOGHOCTb TFEHOB K BOCNPOW3BEJEHHIO M H3MEHEHHIO C MOC/efyIolHM
BOCIPOH3Be/leHHeM H3MEHEHHBIX BAPHAHTOB.

[ToBblLleHHe paspeluarouedi CnocOGHOCTH reHeTHUECKOTO aHAJIU3a BO3-
MOKHO C NOMOLLBIO:

e aHaju3a 60JbUIOro YHCAa ocobeH;

® NIpYMEHEeHHs1 KPOCCHHIOBEPA;

® YCKOPEHHSI MyTaLlMOHHOI'O MPOLecca;
® [IpUMEHEHHs CeJIEKTHBHBIX METOAOB.

Bce 3tu npHeMbl uMeloT 60JBILIOE 3HAYEHHE B XKUBOH NPUPOAE H MOTYT
HaATH NPUMeHEHHEe NDH PelleHHH TeXHHYecKHUxX 3ajad. JIerko BHAEThb, 4TO
yBeJHUYeHHe YHCJa XPOMOCOM (pelueHHil) NPUBOIUT K POCTY pasHoobpasus
reHeTHYeCKOro MaTepHaJa, YTO O3HauyaeT yBesJudeHHe UCXOAHOro Habopa
KOHTPOJIUPYEMBIX reHaMH (yHKuuil, a 370, B CBOW oudepelb, NO3BOJSET
nposectH GoJiee WHPOKHH OTOOP anbTepPaHATHB M TeM CaMbIM YJYHLIHTb
KOHEYHO€ pelleHHe.

1.5. OcoGeHHOCTH MexaHMU3Ma IBOJIIOLIMOHHON ajanTalliy

1. OcHOBOH 3BONIOLHOHHBIX IPOLIECCOB B OPraHHYECKOM MUpPE CJAYXKHT
nonyasiuna. HHonynayua — 3TO MHOrOYHC/AEHHas COBOKYMHOCTb ocofed
OTpeleJeHHOr0 BHAA, B TeYeHHe AJAUTEeNbHOr0 BpeMend (GOJNBLUIOrO vHCIA
TMOKOJIEHHH) HACENSIOUIMX ONMpefeleHHbld Yy4acToK reorpadM4eckoro npo-
CTPAHCTBA, BHYTPU KOTOPOrO OCYLIECTBJISIETCS TA HJM MHAf CTeNeHb CJy-
qyaiHOro cBOOOZHOrO CKpeliuBaHus. HapcTpoiikodt momynsuuu seasercs
BU/L.

Bud cocTOMT M3 HECKONBKHX MONYJISUME, Kaxpaas M3 KOTOPHIX 3BO-
JIIOLHOHHUPYET CaMOCTOSTENbHO. B momynsuMu HET TOXAECTBEHHBIX OCO-
6eit. Kaxxpas ocobpb AiBAsSETCA HOCUTENEM YHHKAJbHOTO FeHOTHNIA, KOTODLIH
ynpasnaseT (pOPMHPOBaHHEM (heHOTHNA.

d/eMeHTapHLIM HOCHTe/JeM IeHOTHIIA B OpraHH3Me KaXKIodl ocoby sB-
asieTes knetka. Ho MOCKOMBbKY XKH3Hb KJETKH HaMHOrO MeHblUe XH3HH
0co0H, TO haKTHUECKUM HOCHTeNeM FeHOTHNA ABJSETCH Yepesa MOKOJeHHHA
K/eTOK. POX[eHHe HOBbIX NOKOJEHHIA KIETOK obecneunBaercss GHOCHHTe-
30M KaeToK. B npouecce GHOCHHTE3a reHOTHIT 0COBH He MeHAeTCH.
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2. CyulecTBoBaH#e KaxI0H 0COGH OrpaHHYEHO HEKOTOPHIM HHTEPBAIOM
BPEMEHH, MO 3aBeplleHHu KoToporo ocobb norubaer. [Ipw 3TOM resotun
ocobH HcKAoyaeTcs U3 reHodoHga nonyasuuu. CyluecTBeHHBIM (BakTopoM
ABJAETCH TO, 4YTO MpPH KH3HH 0co6b MOXKeT MepejaTb Hac/eNCTBEHHYIO
vHbOPMALHID — reHOTHH — notoMcTBy. CyliecTBYIOT 1Ba MexaHusma
nepedayu Hacaedcmeennol uHGopmayuy NpH POXKIEHUH NOTOMCTBA:

e becnonoe pasmuosicerue; OCHOBAHO HA PaBHOM JeJieHHH siiep KJETOK,
MPH KOTOPOM IPOHCXOAHT NPOCTOE KONHPOBaHHE HACAEACTBEHHOW HH-
topmannu 6e3 Kakoro-a1ubo H3MeHeHHs;

® 110/1080€ PA3MHOJNCEHUE, OCHOBAHO HA PENYKLHOHHOM H MOC/eAYIOIEM
paBHOM [eJIeHHAX fifieD KJeTOK [ABYX DORUTeJeH, B pe3ynbraTe 4ero
NOTOMOK NOJyyaeT KOMWH HacJeJCTBeHHOA HHtopMmaluu 060HX poaH-
Tesed.

B Hacrosiliee BpeMsl YCTAHOBJEHO, YTO HACJEACTBEHHBlE (AKTOPH —
reHsl — sBadoTca cneunduyueckumy Moaekynamu JHK wan dyskumo-
Ha/lbHO 000CO6/IEHHBIMH Y4aCTKaMH TaKHX MOJEKYJ] M 4TO ycToHuuBas
nepeAaya reHOB OT POAHUTEJEH K MOTOMKaM 3aBHCHT, B NEPBYIO ouyepelb, OT
cnocabroctu monekyn JIHK k asropenpogykumu.

3. Y4acTKH MOJEKYJ, 3aHMMaeMble OTREJbHBIMH TeHAMH, Ha3blBAKOTCS
nokycamu. J[ns MHOTHX JIOKYCOB H3BECTHO He OIHO, 4 HECKOMbKO yCTOH-
4YUBbLIX COCTOAHKH reHoB. Takue COCTOSIHUA FEHOB HA3LBAIOT aAAeaoMopd-
HBIMH FeHaMH, ajsejioMophaMH, Wiy npocto aarenamu. Hanpumep, moze-
JIbIO, MOSICHSAIOUISH NOHSTHA JIOKYCOB H aJjniedielt, MOXeT ObITh cCjenyroulas
3aMMCh:

A B c D E F

1 2 3 4 5 6

3necs A, B, C, D, E, F — Kon reHa; reH A pacnosioxeH B Jokyce 1;
res B — 8 aokyce 2; C — 3 v 1.4, nprdem reist ABCDEF MoryT nipu-
HHUMaTb YCTOHUMBHIE pa3/H4YHble cocTosiHHA, Hanpumep, A = {00,01, 11}.

4. Kaxnas ocobb B TeueHHe KU3HH [10JBepraeTcs BO3AEHCTBUSAM BHeLU-
Helt cpegpt. B HEXOTOPHIX C/y4asx 3TH BO3AEHCTBHUS MOTYT TNPHBECTH
K nepecrpoiikaM monekyn JHK, nepeHocsiuux HacseacTBeHHYIO HHOD-
maunio. M3aMeHeHHe nepBoHaYadbHON MOC/ENI0BATENLHOCTH [€HOB B MoJe-
kynax JIHK npuBoguT K H3MeHEHHIO CBOHCTB 3TOH MOAeKyJbl, a, Clefo-
BaTeNbHO, M HacJeACTBeHHOH HHQpopmauuu. MameHnenne HacjencTBEHHOH
HHoOpMaUMK¥ B TeueHHE XKH3HU ONHON OCOGH, KaK MBI yxKe OTMedvasH,
ABAAETCS MyTauuel, a cama 0cobb — MyTaHToM. HacToTa BO3HHKHOBEHHS
OTZENbHBIX MYTalMi BCerla OTHOCHTeNbHO HH3ka — 107%*—10~% na noxo-
JeHHe. MyTalUOHHBIA NpoLecC OCYLIECTBJISET HEONPEAEJEHHYIO H3MeHYH-
BOCTb.

Breninue Bo3fe#CTBYS BLI3bIBAIOT MyTallH OTAE/BLHBIX HHAWBKHAOB. 3a-
KpenJleHye TeHOTHNA MYTaHTa B MONYASILHMH NPOHCXOLUT NPH CKpeLUBaHHH
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YTOr0 MyTaHTa C Opyroit ocobeio u 06pa3oBaHMM mOTOMCTBA. B Masouuc-
JIEHHOH TONyJAUMK B pe3yJbTaTe CBOOOLHOTO CKpEeliMBaHHSl I'€HOTHN MY-
TaHTa GBICTPO Pa3MHOXAETCH U BLI3bIBAET pe3KHe H3MeHeHHS B CTPYKType
IreHoGoHAa onyasunHH. M, Hao6opoT, B A0CTATOYHO MHOMOYHCJ/IEHHOH nony-
JISLIHH FEHOTHN MYTaHTAa BCKOPE «pacTBOPSETCS» CPedH APYTHX FeHOTHNOB.

Takum o6pasoM, MyTalMOHHbIHA NpPOLECC MPUBOAUT K M3MEHEHHIO (pe-
OpraHH3alMK) HacaeACTBEHHOH MH(OPMALHH, a Korebanue YucaAeHHOCmU
ynpaBnsieT «AaBAeHHeM» BO3HHKAIOUWMX MyTaUHH HA reHOPOHI MONY/IALHHU.
Sty ABa (haKTOpa ABJSIOTCH CBOEro POAA «IOCTABLIMKAMH» MaTepHasa s
HBOJIIOLLHH.

PaccmoTpuM u3BecTHYHO MOfesb NPOrHO3a YHCAEHHOCTH MONMYJALHH,
npusenennyio ®. Xegpurom. [yets Pt n P! — yucnennoctu nonyasuuit
B nokoseHHsiX t U t + 1. Torna orHouweHHe yHCJAeHHOCTeH NONYJALHHA B
iokoJeHusx ¢ + | u ¢ 3anuiwercs Tak:

(1.1)

BenuunHy R uHHOrAa HasblBAOT CKOPOCTHIO 3aMElleHHS] HJIH CpPeAHHM
UMCJIOM YIOTOMCTBA Anis ofHoro poautens. Ecin R = 2, 1o B KaXKIoM cie-
AylolleM MOKONIEHHH YHUCNEHHOCTh Honmysasiuuu yabausaercs. Ecan R = 3,
TO yTpaupaeTcs.

H3 sreipaxkenus (1.1) nonyuum

Niy1 = RN, (1.2)

CrenoBatesbHO, YHCJEHHOCTb MOCJAENYIOLLEr0 NOKOJEHHSA 3aBHCHT OT YMC-
JIEHHOCTH MNpeAbIAYLIero NOKOJEHHs] H CKOPOCTH 3aMetlenus. Ecau npeg-
nonoXKuTh, 4To (1.2) cnpaBessMBO U /s CAeLYIOWKX NOKOMEHHH, TO

Nirg = RNgp

Wi
Niy2 = RRN; = R’N,.

Wtak, HayasbHas ynucaeHHOCTb Ny nonyasuuy PO cBA3ana ¢ YHCAEHHOCThIO
NONYJIALXKM B NOKOJIEHHH £ CAEAYIOWNM 06pasoM:

Nt = RtNt.

Hanpumep, nycTs nepBoHauaibHO UHCJAEHHOCTb NONYJAUHH paBHa
100 ocoBam (Ny = 100), a ckopocThb 3aMelleHUss paBHa 3, Toraa
npeAnosaraeMasi YuCJeHHOCTh NOMYJSLHY Yepe3 b MOKOJeHHH COCTABHT

N5 = 3% 100 = 243 000.
[Tpu Tex ke ycJoBHAX, HO NpH R = 2 noay4um

N5 = 25 - 100 = 32000.
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MoxHo onpenequTb pPasHULY U3MEHEHHUS] YHCJAEHHOCTH TONYJAALHH
B pa3Hbie OTPE3KH BPEMEHH.

AN = RN, — Ny = Ny(R - 1).

Ecay npoMcXoauT HenpepbiBHBIH POCT YKMC/IEHHOCTH MONYJSALHH, TO
H3MeHEHHe ee YHCJEHHOCTH ONHCHIBAIT AH(DGhepeHLHaNbHEIM YpaBHeHHeM

3[1eCb 7 — MrHOBEHHAasi CKOPOCTb POCTa, BEJIHUHHA, XapaKTepHU3yollasi poCT
YHCJIEHHOCTH TONYJSILKH.

5. Iloa sBosOLMEd NOHMMANOTCS Me[JeHHble, NOCTENeHHble Koauye-
CTBEHHble H KaueCTBeHHble U3MeHeHHsl o6bekTa. [lpu 3TOM Kaxkaoe HoBoe
COCTOsiHHe OOBEeKTa, KaK MpPaBH/IO, HMEET N0 CPaBHEHHIO ¢ MpefbiAyLIHM
6osiee BHICOKHH YPOBEHb Pa3BUTHS U OpPraHM3auMH. JBOJNIOUHS NPHUBOLHT
K ¢opmupoBaHuio agantauuil (MpucnocobieHuil) OpraHU3MOB K yCJOBHAM
HX cylecTBoBaHUd. B Hayke mof amanrtauued MOHHMAKOT MpoUECC Ha-
KOMJIEHHs ¥ HMCMOJNb30BaHHs MH(MOPMAaUMH B CHCTEMe, Halpas/eHHbIH Ha
JIOCTHXKeHHe ee (CHCTEeMbl) ONTHMAJbHOTO COCTOSHHSA, NPH NePBOHAYAIbHON
Heonpene/eHHOCTH H M3MEHSIOIHXCS BHEUIHHUX YCJOBHSAX.

B cBs3M c pasBuUTHEeM TEOPHH 3BOJIOLUM AaHHBIE HIeH Bce OoJee
HCIMOJIb3YIOTCA PH MOAEJNUPOBAHHH MBIILJIEHHs H [MOBeNEHHs YesiOBeKa,
CO3JaHHU CHCTEM TMPUHATHS pELIeHHH B HeoNpejeNeHHBIX H HeYeTKHX
YCJIOBHSIX, PellleHHH ONTHMHU3ALHOHHBIX 33424 Gonbuioi pasmepHocTH. Jlas
OMHCAHHUA KOHUENMUMU nonyassuvoHHod reHetukd <P.Xempuk npepnaraert
UCHOJb30BaTh pasaudHble MoaeaH. OHu mpeacraBasioT coboil BepbaJsbHOE,
rpatrueckoe WJIH MaTeMaTHuyecKoe onucaHue cobbituil. [lpeumyiuectso
MojeJied nepel NMPOCTHIM OMHCAHHEM COCTOHT B TOM, YTO OHH OXBAaTbIBAKOT
KaK caM MPOLecc, TaK U ero CocTaBHble YAaCTH. H3 MHOTOYHCJ/IEHHBIX TeOPHH
3BOJMIOLHOHHOI'O PA3BUTHSI aBTOPHI MJIAHHUPYIOT HCMO/Ib30BATh H PACCMATPH-
BaThb lIECTb Mofesel (BHAOB) 9BOJIOLMH.

5.1. Mogenb sBonounn [lapeuHa — 3TO yCJOBHas CTPYKTypa, peaju-
3yowias npolece, NOCpPeACTBOM KOTOPOro 0COGH HEKOTOPOH MNOMyJsLHH,
MMelollle HoNee BLICOKOE (hYHKUHOHANbHOE 3HayeHHe, NoyyaoT 6oJblyio
BO3MOXKHOCTb /IS BOCIPOM3BEAEHHA MOTOMKOB, ueM «cnabble» ocobu. Ta-
KOIf MeXaHH3M YacTO HA3LIBAIOT MEMOOOM «BbINCUBAHUN CUNbHEUUIUX».
Heuxcyugumu cunamu sgonroyuu no 9. Japeuny sapasorcs:

® HeonpedeneHHAN U3MEHUUBOCMD, T. €. HAC/eCTBEHHO 00yC/I0BIeHHOE
pasnoofpasue OPraHM3MOB KaXX0# NOMYJISALUHH;
* Gopsba 3a cyuwecmeosanue, B X0ie KOTOPOH YCTPAHAIOTCH OT Pa3MHO-

KeHHst MeHee MPHCIOCOOJIEeHHbe OPraHU3MBI;

e ecrnecmeenHbill om6op — BbXKHUBaHUe GoJiee NPUCNOCOBACHHBIX 0CO-

Geli, B pe3yJsibTaTe KOTOPOTO HAKAINJHBAKTCA H CYMMHPYIOTCS NOJe3-

Hble HacJeJCTBEHHble H3MeHEeHHs] i BO3HHKAIOT HOBble ajalTalHH.
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CyuwecTByeT ceKTp MyTei pa3BUTHA, MO KOTOPbLIM MOXeT MOUTH 3BOJIO-
uus Japeuna. BosMoXHLIH TyTh pa3BHTHA 3[eCh ONpefesieT CyyaliHOCTb.,
Ssostouns no JapBHHY COCTOHT H3 ClENYIOIHX NOJNOMKEHHH:

e B NIPHPOAE BCE MMOABEPXKEHO HeolpejeIeHHOH Hac/efACTBEeHHOH H3MeH-
YHBOCTH, [POHU3BOAMTCS MOTOMCTBO, OTJIMYAIOLIeecss NO MHOFHM IpH-
3HaKaM;

® BCe OPraHHU3MHl B IPHPOJE Pa3MHOXKAIOTCS B reOMeTPHYECKOH nporpec-
CHH, HO HHMCJEHHOCTb BCEX OPraHU3MOB B CpefilHeM ocTaeTtcsi HoJiee HIH
MeHee NOCTOAHHOH, OHa Ko/MeOMeTCsl OKOJIO CpelHel BeNHYHHBL,

® OCHOBOI 0TOOpA AABJNAETCS METO/l «BbIXKHBAHHS CHJbHEHUIHX».
MogesnpoBaHHe 3BOJIOLHH MOXeT NpPefOCTABHTL AJrOpPUTMHUYECKHE

CpencTBa AJs1 PelleHHs] ONTHMH3alHOHHBIX 3aJad. B obuiux yeprax, 3BOM0O-
UM MOKeT OBITb ONKMCAaHA KaK MHOrOCTYNEHYaThii HTEPALIHOHHBIN MpoHece,
COCTOSILUMHA M3 CAYYaHHBIX H3MEHEHHH H INOocjefylolleld 3aTeM CeJsleKUHH.
Takum 06pa3oM, cyluecTByeT B3aUMOCBA3b MEXKAY ONpPEfeseHHeM 3BOJIO-
UMH K ONTHMH32UMOHHBIMH anropuTMamu. Ha puc. 1.3 npusesena ycaosHas
ynpowennan cxema modeau sgonroyuu Japeuna.

Bxo,
Hacneactsennocts Monynauus |28
HamenunBocts
DBOIIOLHOHHAS
1 cmeHa popm
Ot16op T
1 Beixon

Puc. 1.3. YcnoBHas ynpouieHHas cxema MoiesH 3BOOUMK JlapBHHA

Ha ocuoBe naHHO# cxeMBl MOXHO COCTaBHTb NPHMEDHLI AJIrOPHTM
vogeaH 3BogtolnH no JapsuHy.

1. Honyasyus. TlycTb cyulecTByeT nonysasauus ocobeit (hanpumep, TabyH
Jowagell) Ha HeKOTOpPoR TeppuTopuu oOuTanus (crens). Tabyu (momy-
asuus) HacyuThiBaeT 50 B3pocabix Jowanei (ocobeil).

2. Hacaedcmeennocmoy. Kaxabiit rof B TabyHe (monyjsiluu) poxkaanTcs
xKepebsta (HOBOE NOKOJIEHHE, [TOTOMCTBO).

3. Hamernuusocms. Bce popusluecs Kepebsita (MOTOMKH) OT/IHYAIOTCSA
ApYr OT ApYra W OT pOIHTeJel LBETOM, pa3MepaMu, pocToM, (Qu3Hye-
CKHMH JaHHBIMH (CKOpPOCTb, BBIHOCIKBOCTL H T. 4.),

4. Ombop. Hanboblune waHchl BbDKHTb H 3aKpenuTbes B TabyHe (fio-
NyJasiiiy) UMeloT GusHuecky Gofiee MoulHble XKepebaTta (CnocoBHOCTh
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K CaMO3allHTe, BO3MOXKHOCTb NOBEJUTh CONEPHHKOB, CIOCOOHOCTh K
BOCIIDOH3BOACTBY), obJajamouiue Gosbied CKOPOCThIO (BO3MOMHOCTh
CIaCTHCh OT XMIIHHKOB), BHIHOCJMBOCTLIO (CMOCOGHOCTD NPeoaoneBaThb
00J/IbLIHE pACCTOsSIHUS B MOMCKax nmuuiy). Torma kKak cjabble, GOJbHBIE
xkepebsiTa (0cobu), a TakKe kepebsiTa, HMEKLHE KaKHe-THOO OTKJIO-
HeHUs (4epecyyp KOPOTKHE WJM AJHHHBIE HOMH, CAUILKOM HH3KUH WK
CJHLIKOM BBICOKHH POCT M T.[.), KaK Npasujo, norubaiwot. B To xe
BpeMS B X0/l IBOJIOUHH MOTYT MOABJATbCS 0COOH € TaK HA3bIBAGMbIMH
«MOJIe3HBIMH» OTKJOHEHHSMHM OT JOMHHHpywllero B Ttabyxe (nomy-
JSAUMH) «CcTaHgapTa» (FeHOTHNA), KOTOPHE MO3BOJISIOT HX HOCHTEJISAM
ycrielllHee BIXKHBAThb B CYLUECTBYIOLIHX YCIOBHSIX.

. Jgoaroyuonnan cmena gopm. ViIMeHHO TakHe 0coOH, KaK MPaBHJIO, Bbl-
JKHBAIOT B pe3ynbTaTe cXeMbl 3BOMIOUKH J[apBHHA U OHM MOCTENEHHO,
NOKOJIEHHE 32 MOKOJIEHHEM CTAHOBATCS Npeofiafaounm (ZOMUHUDYIO-
IHM) BUOOM B JAHHOH MOMYJASIIMH.

5.2. Mogess sBosiouun diirena u llycrepa, HasBaHHAS UMH MODenbO

eunepyuxaos. OHa MoflenpyeT yCJOBHYIO CTalLuIO 3BOIOHMH. M. DiireH

onucas No6HONOrHYECKYH0 (Dasy 3BOJIOLHH,

| B XOJle KOTOPOH NMPOHCXOAST npouecchl 0160-
Havanbras nomyssugs pa, BbIpaXKaioliHe CBOUCTBA BeLIECTBA B 0CO-
uenosex PHK Opix cHcTeMax peakuuid. OHH M3BECTHB Kak

1 KaTaJHTHYECKHe UHKAB. M. DireH oTMeyal,
Obpasosanne katamuThueckux | UTO B JANEKHX OT DaBHOBECHs OHOXMMH-
unksios (KL YeCKUX CHCTeMaX KaTalUTHYECKHE PeaKLHH

1 06beqUHAIOTCH, (OPMUPYA CJOXKHBIE CETH,

B KOTOPBIX MOTYT COAEPXaThCsl U 3aMKHYThle

Cuernenne KL uMKabl. M.3lired ycraHoBHJ, 4YTO B YCJO-
BUAX MOCTATOYHOIO BpPEMEHU U HeENpepbiB-

1 HOTO TMOTOKA 3HEeprHH KaTalHuTHYecKHe IHK-

O6pa30BaHnE THIIEPLHKIOB

JBl CLENJISIIOTCS, 06pa3ysl 3aMKHYTble LHK-
JIbl, B KOTOPbIX (pepMEHTHl, CO3JaHHEIE B Of-

l HOM LHKJIE, ABJAAIOTCA KaTaJaH3aTOpOM B IIO-

cjaenywueMm LHKJIe. OH Ha3Ban THNEePUHK-

JBONIOLHS TMITEPUHKIOB N
JlaMH Te TeTJH, B KOTOPbIX KaXIblH Yy3eJ

1 npeacTaBasieT co00il KaTaMHTHYECKHH LHKJI.
,Ha puc.1.4. nokasana ycjoBHasi YNpoOLUIEH-

Puc. 1.4, VYenoBHas cxeMa  yag cxeMa MOAE/NM THIEPUHKJIOB.
SBOJIOUHK HA OCHOBE Trullep- Tunepuukasl  cnoco0HBL K CaMOBOC-

HuKI08 POU3EIeHHI0 H KOPPEKUHH OWHGOK 1pHu

Bocnpon3sBefieHuH. OHH MOTYT XPaHHTb U Tle-

penasatbh uHpopMauuw. ClenoBaTebHO, THIEPLHKIIbB CAMOOPraHH3yIOTCH,
CaMOBOCNIPOH3BOIATCS M IBOJMIOLHOHHPYIOT. IlpocTeiiiiasa Mogenb rumep-
UHKJOB coryiacHo ['. XakeHy olHChbiBaeT aBTOKATAMUTHIECKOE PA3MHOXKEHHe
6uomosnexy. Onuiuem Mogenb XakeHa. ITycTb HMeloTCs Ba THNA MOJIEKY.I:
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A B. Bece MOJICKYJIbl Pa3MHOXAIOTCA NIyTeM aBTOKaTaJ/ii3a. OcHoBHast oco-
GeHHOCTb COCTOHT B TOM, 4YTO MOJEKYJbl TUna A BbICTYNAaKT KaTaJaH3aTOpPOM

JIpH pasMHOXKEHHH MOJIeKyJs THna B, u Hao60poT.

Ha puc.1.5 npueenen npumep npocrefiiero
runepuukaa JfireHa, noctpoeHHb I. XakeHoM.
3nech U] — MCXOQHBlE AaHHBIE, T.e. MOJIEKYJbl He-
XOAHBIX BelLEeCTB, NOCTABJ/SIOILHX MOJIEKYAbl KaX-
Joro THna, A u B. O4eBUAHO, YTO FHMEPLUKJI MO-
XeT cofiepXKarb MoJexysn 3, 4, ... tTunos. I'vnep-
ILMKJIbl TIOABEPraloTCsl MYTaLUHAM H MOJEKYJB MO-
I'YT Pa3MHOXKAaThCsl NYTEM aBTOKaTa/nH3a, BCTYNaTh
B KOHKYpeHTHYI0 6opb0y Mexny cobo.

[lpuBenem Tenmeps Mogenb 3BOJIOUMH Jiire-
lla, KOTOPYIO OH HasBal MOOenbl0 Keasueuoos.
JTa Momeab OMHCHIBAeT NPOLECC BO3HHKHOBEHHUS
1IpOCTeLIHX MAKPOMOJIEKYJ1, KORUPYIOLLHX Hac el -
cTBeHHYI0 MHpopMmanuio. B mogeau paccmatpusa-
eTcs sBoJiouns nonynanuu uenodyek PHK, xoro-
pble MOTYT Pa3MHOXKAaTbCs NYTeM pelyIIHKaLHH.

@)

)

Puc. 1.5. [pumep npo-
cTeiilero rumepunkaa
JtireHa

Ha ocHoBe Tako#l 3BOJIIOUMH CO3JAeTCS KBa3UBMA, T.e. paclpeneseHune
uenoyek PHK B okpectHocTH HekoTopoit «onTuManbHoit PHK». Ha puc. 1.6
NpHBEJEeHa YC/IOBHAA CXeMa MOJeNH 3BOJIOLMH KBA3HBHIOB.

Ot6op

Coszzianne HadaIbLHOM
TonyssuHi: ¢ =0

Bxox

l

Pacger 3HaqgeHni
UeneBoi (hyHKUHH
(upncnocoGeHHoCTEH)

t=t+1

®opMupoBaHue HOBOH
TIOMYIAHHA

l Hert

MyTanus ocobeit

Puc. 1.6. YcjoBHas ¢xema 3BOJIIOLHH B MOMEJH KBA3WBUIOB
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OtnensHas ocobb 3aechk 3anaetcs redomoM. OH mpejacTasJseT coboi Le-
NOYKY M3 1 CHMBOJIOB. [l/1iHa NOC/Ne0BaTE/NbHOCTH 1 K PasMep Nnonynsuuy
He MEHSIOTCH B NPOLECCe 3BOMIOUMH. [€HOMEBI onpenensoT npHcnocobaeH-
HOCTb OpraHusMos. B mpocreiilieM ciydae ONTHMa/lbHAs MOC/AefOBaTe/Ib-
HOCTb MMeEeT MakCUMAJbHYIO NPHCNIOCOBIeHHOCTh (LeNeBYI0 (DYHKILHIO).

DBOJIIOLHOHHbBIA TPOLECC COCTOMT H3 IIOCJAELOBATENBHOCTH [OKOJEHHI
t=0,1,2,.... B pesynbrate 3BosoUMH OTOGHpAETCHt He OTAENbHBIH BHA,
a KBa3HMBHJ — pacnpeje/ieHHe BUAOB. B 1eTepMHHUPOBAHHOM Cjydae MOX-
HO OLEHHTb pacrpeneseHHe ocofell B KBasHUBHAE, CKOPOCTb CXOLHMOCTH
K 3TOMy pacnpelefieHHIO M YCJOBHS, IIPH KOTODbIX OnpejessieTcsi ONTH-
ManbHas ocobb. CorsnacHo [, XakeHy Mopenb KBa3uBHAOB — 3T0 6a3oBas
MOJe/b 3BOJNIOLHH HWH(POPMALHOHHBIX N0C/Ae40BaTEIbHOCTEN.

5.3. Modens 3gonroyuu Jlamapxa. OHa 0CHOBAHA Ha NPEANOJIONKEHHH,
YTO XapaKTEPUCTHKU, npuoGpereHHble 0co6bi0 (OPraHU3MOM) B TeueHHe
XKH3HY, HACJeRyIOTCA ero NOTOMKaMH. JTH M3MeHeHHs, KaK yTBepiKpaJ
K. Jlamapk, BbI3BIBAIOTCS MPSIMBIM BJMSIHHEM BHELIHEH Cpedbl, ynpaxHe-
HHEM OpraHOB M HacJ/eflOBAHHEM NMPHOOPETEHHBIX NPH >KHU3HH NPH3HAKOB.
OH obmbsicHseT OfHY U3 0COOEHHOCTEH BOJIOLIHH OPraHHYeCKOro MHpa IpH-
crnocobsiemocTbio. [lporpeccHBHyO 2BOJIOLMIO, NOABIEHHE (opM, GoJee
CNOXHBIX M COBEPIUEHHbIX, OH OOBSCHSJ «3aKOHOM IpajalHiiy — cTpemJe-
HHEM XHBbIX CYILECTB YCNOXKHATEL CBOIO CTPYKTYpY. CornacHo 2K. Jlamapky
BUAbl 3BOJIIOUHOHHDYIOT, MPHCNOCOOAAACh H YCJOXKHAACH, IIOTOMY YTO Yy
HUX CYLIECTBYIOT CBOHCTBa — mnpHcnocabiuBatbesi U ycnoxHsThes. [Ipu-
YHHbl HanpaB/JeHHBHIX U3MeHeHHH O0OBACHAIOTCS PasJHYHO, HO HX MOXKHO
CBECTH K ABYM:

® HalpapJeHHOe BJHSHHE BHELIHeH cpelbl;

¢ CocOGHOCTb CAMOTO OpraHHU3Ma.

Cornacuo 2K.Jlamapky npepnosaraeTcsi, YTO XUBbleé OPraHH3MbI CIO-
cOOHBbl caMH HaXOAUTb BepHOe pelleHHe, KaK cebs yJaydlUHTb, H, GoJee
TOTO, CaMH e CHOCOOHEI CBOe pellleHHe OCyulecTBIaTb. HamnpasjeHHas
U3MEHYHBOCTh 3AeCh He IPHYHHA, a BCerfa pesy/nbTaT IBOJIOLHOHHOTO NPo-
uecca. DTa >BOJIOUHS SBAAETCH KOHLUENUHeH HCKYCCTBEHHOH 3BOJIOLHH,
NPHMEHHUMOH B HAyKe U TeXHHKe, HO He UCIO0Jb3yeMoil B GHoJoruH. ABTOpEHI
npenaraioT HCIOJb30BaTh HEKOTOphie NPHHUMIMBI 3TOr0 THNA 9BOJIOUHH
AN pelieHHsl ONTHMH3aUUOHHBIX 3ajad. Ha prc. 1.7 npusenena ycnosHas
ynpolleHHas cxeMa MOJeH 3oy Jlamapka.

Ha ocHoBe maHHOH cXxeMbl MOXKHO COCTABHTb NPHUMEPHBIH aJrOpHTM
Monenu 3BoJouud no Jlamapky. PaccMOTpuM cXeMmy 3BOJIOUMH Ha YiKe
3HAKOMOM HaM cooblectBe ocobeil (TabGyH soluafeil) M3 NpeablaylULero
npumepa.

1-2. llonyarayus + Hacaedcmeennocme. Kak BHIHO M3 CXeMbl, MepBble
IBa MYHKTa y Hac OCTaJHCh HEU3MeHHBIMH. Tak XKe cyuiecTByeT TabyH
Jourajed Ha HeKOTOpoil TeppUTopuH obuTanus. Kaxabi#i rox B TabyHe
OAB/AAETCS NOTOMCTBO.
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3. Brewnas cpeda. TIpoHCXONHT BO3AeHCTBHE BHELIHUX (DaKTOPOB B BH-
I€e CHJBHOM 3aCYXH B cTensx, riae oburaer Haw tabyH. TpaBa B cTenH
BHITOpeJIa OT 3aCyXd ¥ TabyH B NOHCKaX NMULIY BBIHYXXJAEH MHUTPHPO-
BaTb HA COCEJHME TEPPHUTOPHH, ABAsOUIHecs npearopbsMu. Ha atux
TeppHTOpUAX GoJlee MATKUH KJAMMAT U TpaBa BCe elle COXPAHUJACh.

4, [Tpucnocobasemocms. B ycnoBusix usmeHuBWeidcs cpeabl OOUTaHHS
(npearopes) nonynsuuu (TaGyHa) Gosiee MpeAnOYTHTEAbHbIE LIAHCH
Ha 006LIYY KOPMa M, C/e]0BaTeNbHO, Ha BhXKHBAHHE HMEIOT KOPOTKO-
HOrHe, HEBBICOKHe 0COOH, KOTOPLIM ropasao yaobHee mepeaBUraThesl
B YCJOBHAX NepeceuyeHHON FOPHCTOH MECTHOCTH.

--6. Ombop + IJsoawoyuonnas cmena @opm. COOTBETCTBEHHO 0COOH
MMEHHO TaKOro THMa OyIyT MMeTb npeobsajalolliHe LIAHCHI HA Bbl-
JKUBAaHUE H, CJIe/I0BaTe]bHO, HA 3aKpelJeHHe CBoero GeHOTHNA B I10-
nyasudi. Takum o6pasoM, ecau yC/I0BHA BHellHeld cpelbl OCTaHyTCA
HEeH3MEHHBIMH JOCTATOYHO [0JITO H AaHHbIHA TalyH NpOZOMKHT 06M-
TaTb B AAaHHOH MECTHOCTH, TO TOCJe HEeCKONbKHX MOKOJeHHH yKa-
3aHHbIH THN CTaHeT HOMUHHPYOIUMM B AaHHOH nonynasuuu. B csow
ouepellb, BbICOKHE AJIMHHOHOTHE JoagH, CKOpee Beero, obpeyetisi Ha
BbIMHDaHHE B U3MEHMBLIMXCS YCJIOBHSAX OOHTaHHS.

Bxon
Hacneacraen- Honyasuus  je——1o

HOCTb

!

Bremuss ITpucnocobnse-
cpena MOCTB

l

Ot6op

T

DBONIOLMOHHAS
cMeHa dopm

leIXO,ZI
Puc. 1.7. YenosHast ynpoueHHas cxeMa Momenu Isonwounu Jlamapka

JlanHas Mopesab He nosy4usa NpUMeHeHHS B GHONOIMU. ABTOpbI CYH-
TAIOT, YTO ee IIpHMeHeHHe ABJSETCS MOJE3HbIM [IPH PelIeHHH TeXHHYECKHX
3ajay, KOrAa MONY/ASLHS HMeeT CXOAHMOCTb B 06JIaCTH JIOKaJbHOrQ OINTH-
MyMa.

5.4. Modens sgonroyuu de Ppusa. B ee oCHOBe JEXKHT MOAENUPOBA-
HHE COUHAJBHBIX H reorpaqmqecxnx KaTaCTpOCb, MPHBOAALIUX K peaxo%y
M3MEHEHHIO BUAOB H MOMYJAALHHA. DBOIOUHA, TAKHM 00pa3oM, NPEACTABIS-



28 1. lenemuxa u 0CHO86L 380MI0OLLL

eT coO0H Moc/eoBaTeNbHOCTb CKAYKOB B Da3BUTHH nonynsuuu 6e3 mpel-
BapHTEJbHOIO HAKOMJEHHsS KOJHYECTBEHHBIX H3MeHEeHHH B 5BOJIOLHOHHBIX
npoueccax. Takoll MexaHU3M 3BOJIOLMH HHOrAA Ha3blBalOT 3BOJIOLHEH
karacTpogd. OuH nposiBasieTcsl, OPHEHTHPOBOYHO, OAHMH pa3 B HECKOJbKO
ThiCAY NOKoJeHHH. OCHOBHas uies ero COCTOMT BO BHECEHHH INIOBAJbHBIX
H3MeHeHHH B reHodoHA Ha MoMeHT Kartactpodni. Ha puc. 1.8 npusenena
YC/IOBHAS YTIPOLLieHHAs cXeMa MoJe]H 3Bojouuy ae PpHsa.

Bxon

Hacnencraeusocts Monynsuns

1

H3meHyHBOCTH

1

Otbop Karactpodst

1

IBOMIOUHOHHAS
cMeHa popm

l Brixon

Puc. 1.8. Ycnosras ynpotllenHasn cxeMa Mofeau 3Boaourd ge Ppusa

Torma anroput™ 3BOMOUHK MO fe PpPU3Y MOXKHO MPEACTABHTDL CJEALY-
UM obpasoM. Ilycts cyumecTByer HM3BecTHhiH Ham TabyH Jowajel u3
NpeAbIAYIHX NpHMepoB. B xoge sBosOUMHM JAaHHOH NONYJSIUHH TPOHCXO-
AWT TIOCTEeNEHnas CMEHA NOKOJIEHHH, NpudYeM NPOUCXOAMIIHE H3MEHEHHA
TeHOTHIIA TIOMYNALHKY HOCAT Pery/spHblfl nocreneHHbll xapakrep. OnHako
H2 HEKOTOPOM Liare 3BOJIOLUMM JaHHAs NONyJsSUUA cAydyaliHbM o6pasom
no/iBepraeTcs KaTacTpopHyecKoMy BO3AEHCTBUIO BHEWHeH cpeabt, KoTopoe
NIPHBOAHT K 3HAYMTEJNLHOMY COKDAILEHUIO (MW BLIMHDAHHUIO) NONYISLHH U
BbI3bIBAET KapAWHAJNbHOE H3MeHeHMe reHotuna. B Hauem npumepe takum
thakTopoM MOoXeT ObITb BoJIbllasi 3aCyXa, B pe3y/bTaTe KOTOPOH Obl1H yHHU-
4TOXEHbl KOPMOBbIe yroAbs. BesencTBue cayuHBIIErocs rojioaa BEXKUBAET
JIMIUb He3HAUMTeJibHOe KOJIHY4eCTBO 0coBed U3 paccmaTprBaeMoro TabyHa.
2TH nepeHUBLIHe KaTaCTpody 0cobH cOCTABAT BIOCIEACTBHH HOBYIO NOIYy-
asauuio (tabyH) ocobeil, ¢ HOBBIMY KadecTBaMH (pOCT, 1[BET H T. [.), KOTOpas
3aMeHHUT CTapylo NMONyJAALHIO, U NPOLECC 3BOJIOUMH OYAET NPOAOIKATHCA.

5.5. Modens Ilonnepa — 5T0 yclnOBHas CTPYKTypa, peasH3yollas
HepapXUuecKyl cHcTeMy THOKMX MeXaHM3MOB YIpaBJeHHs, B KOTOPHIX
MYTALHA HHTEPNPETHPYETCS KaK MeTOA CJy4yahHbX npob v owwubok, a oT-
60p — Kak OHMH H3 crnoco60B yrnpaBJeHHs ¢ MOMOLLBIO YyCTpaHeH s OWHOOK
npH B3auMoJeHcTBHH ¢ BHewHeH cpenoid. K. [lonnep unTepnperuposan 380~
Jourio JlapBHHa B BHAE TPHalbl: AeAyKTHBHU3M — OT60Op — yCTpaHeHue
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emunbox. dsomouus [lonnepa HanaraeTcss B BHAe ABEHAALUATH TE3HCOB.
OcHouHBIME U3 HEX ABJASIOTCS:
 11po6J/eMbl IBOJIIOUMH BCEra pelanTcs METOAOM Nnpob U OWHGOK;
® ycTpaHeHHe OLWIMOOK MOXKET OCYLIeCTBAAThCA JuOC NyTeM IOJHOTO
ycTpaHeHHs HeyAauHbIX (opM, JH6O B BHAE 3BOJIOLMH MEXaHH3MOB
ylipaBieHHUs;
* HONYJAALKA UCIIONb3YeT TOT MEXaHHU3M yNpaBieHHs, KOTOPbIH Beipabo-
Tajcs B OPOLECCE IBOJIOLHY;
[OMYJISILHA ABJSETCS NPOGHEIM pelleHHeM, aHAJIH3HPYEMbIM B Npouec-
¢e 3BOJIOLHH, BRIGHPAIOUIHM OKPYXKAIOWYIO Cpefly U NpeobpasyioluM

ce;
* HBOJIIOLUHOHHAS NOCJEA0BATENbHOCTh COOLITH MpPeACTaBAseTCsa B BHJIE
nocaenoBatenbHoctd Fy — TS — EE — Fy, rope F| — wucxogHas

npobaema, T'S — npobHble pewenusi, EE — ycrpaHeHHe OLIHMGOK,

Fy — noBas npobuema.

B oTauuse or sBomounn JapsuHa, Tae cyllecTByeT ofHa npobaema —
sH)KUBAaHHe CHJIbHeHINHX», B 3BosouuHd [lonnepa cyuiecTByoT u Apyrue
11po6aembl: BOCIIPOU3BOACTBO, H36aBJeHHe OT JHIUHErO MOTOMCTBA W T.II.
twrnacro K.Tlonmepy ecTecTBeHHBlE CHCTEMbl HCCJENYIOT OKPYXKEOULYIO
CPeJly B aKTHBHO NOJyuarT u3 Hee nHbopmauuio. [Tpouece BuiGopa siyuuieit
WIIMBHAYaAJBbHOCTH B JaHHOH 3BOJIOLHHE MOXET SABJASTHCS NpoueccoM oT6o-
pi (ceseKUHH), a OTGOP H3 HEKOTOPOT'O MHOXKECTBA CYYaHHBIX COBLITHE He
ofinsad ObiTb cayvaitueiM. Ha puc. 1.9 npuseneHa ycioBHas ynpouieHHas
vxeMa Mofeau ssodiound flonnepa.

onnJI

Breunss
cpena

Momynsaums

!

Ot6op MeTonoM
npo6 u omubox

1

MyTtauuoHHas
H3MEHYHUBOCTH

|

OBONIOLHOHHAA Jnddepennua-
cmeHa $opm Lus BUJIOB

)

J Beixon

Puc. 1.9. YenoBras ynpolleHHas cxeMa Mofeau sBomoudd [Tonnepa

O60611eHHBIH aAropuT™M (QYHKLHOHMPOBAHHA MOAENH 3BOJIOLHH Ilo-
linepa oObACHHM Ha mpumepe AeHcTBUH pefexka. Beabp uMeHHO TakpM
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cnocoboM — MeTOAOM Npob H OIHGOK — MOCTHrAIOT OKPYXKAKOWHH MUP
HawH geTH. PeGeHOK, CTalKHBAsCh B KHU3HH ¢ TOH WJH HHOH HE3HaKOMOH
BEllbIO HJIM TIpeJMETOM, C IOMOLLBIO OPraHoB 4yBCTB coOHpaeT HHbOp-
MauUMIO O HeM, NbiTaeTCsl NPUMEHHTb 3TOT NPeAMeT AJA YAOBJAETBODEHHS
cobeTBeHHBIX noTpebHocTell. B cayuae, ecan HccnenyeMblil npeamer emy
He HPABHTCS MJHM AOCTaBJsieT HeyfoGCTBa, OH JHOO OTKAa3biBaeTCHA OT ero
HCMOJIb30BaHUs, NHOO NbITaETCSl MPUCNOCOOHTb €ro AJs APYrux uedaei.
B no6om cayuae B npouecce peanusainun Metoaa «npod M owHGok» pebe-
HOK NoJy4yaeT H HaKaljuBaeT HH(OpPMAaLUI0 O Pa3JHYHbBIX 00bEKTaX OKpY-
JKalllero MHpa, KOTOPYIO OH 3aTeM HCNOJb3yeT AJA (yHKLHOHHPOBAHHSA.

5.6. M. Kumypa npeanoxun Mopeib HeATpalbHOH 3BOJIOUHH C Helf-
TpanbHbBIM 0TGOpoM. [lo ero TeOpHH Ha reHETHYECKYI0 H3MEHYHBOCTh
MCXOAHO BJIMAKT MYTaluH, oOycJaBiuBaiolllHe H3MEHYHBOCTb M TEeHEeTH-
4ecKHH ApeHd, HCKMOYAOWHA ee B OTCYTCTBHH AH(bdhepeHUUpYIOLLETO
otbopa. Teopust HeATpPaJILHOCTH NIpeANnoaaraet, 4To 6oNbLIAS YACTh MOJIEKY-
JISIPHBIX BAPHAHTOB MMeeT PaBHYIO NDHCIOCOONEHHOCTb APYF OTHOCHTEJIbHO
apyra. MamedunsocTh 34ech noafepkHBaercs 6aJaHCHPYIOLMM OTOOPOM.
Hnes takoro orbopa ciaepywouias.

[TycTb 3agana nonyasiuusi, cocrosilias H3 «GOJBIIMX» M «MANEHbKHX»
ocobeld. Torma 3BOMIOLHS 3aK/JIIOYAETCA B Peasd3alfy TMOCJeN0BaTe/bHO-
creil nokoseHui. [Ipouecc peanusanny NOKQNEHUS COCTOUT H3 ABYX lIAros.
Ha nepsom ware ay6aupytoTcs Bce 0coGH: GoMblIHe UMEIOT JBa GOJbIUHX
NOTOMKA, MaJieHbKHe — MMEIOT ABa MaJleHbKHX noTomka. Ha Bropom ware
M3 NONYJALMM cayyaiHbiM 006pa3soM yaajseTCs POBHO MOJIOBHHA ocobel
C PaBHOH BepOSTHOCTbIO A/ GOJbLWIMX M MaleHbKHX. PaccMaTpusaeMbiit
Npouecc BCEria CXOAHTCS K OJHOMY M3 MOIIOWAIOUIMX COCTOAHHE (BCe
0cobH GosibliHe WM Bce MajeHbkue). [Ipu Gobluom pazmepe NOMyssiLHU
N > 1000 xapakrepHoe uHcJ0 NoKoJeHuil Ty, Tpebyemoe s CXOAHMOCTH
K KaKOoMy-1u60 W3 MONIOIAKILUX cocTosiHHU, paBHO 2N. JlauHbi# 3BO-
JIIOLLMOHHBIH MPOLECC YHCTO HeHTpasbHbIA, B Pe3y/abTaTe 3BOJIOUMH BHIGH-
paetcst Tonbko oguH BHA. Ha puc. 1.10 npusegena ycnoBHas ynpoueHHas

Bxon
Hy6nnpoeanue Honynsuus e
Cnyuaiinas
pedykum HeiirpansHsiit
1 orbop
DBOMOLUHOHHAS __J
cMeHa hopm
lelXOlI

Puc. 1.10. YcaoBHas ynpouleHHas cxema MojesH HeHTPaibHOM 3BOJIIOLHH
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cxema MOJIesIH HelTpasbHOH 3BO/IOUHH. OTMeTHM, 4TO 650K CayuaiiHol pe-
AYKLUHH MO3BOJISIET C PABHOH BEpPOSITHOCTBIO YIA/ATh M3 MOMYJIALUU POBHO
NOJOBHHY OCOGeH.

Mexanusm paboTbl MOAeNH HEHTpaNbHOH 3BOJOUMH KuMmypbl MOXHO
NOSICHUTH Ha TpHMepe 3HaKoMoro HaM TabyHa Jowagei. [TycTs cylecTByeT
HeKHH TabyH Jolaaeit (nonyasuus). B atom tabyHe uMeetcs a8e Gosiblide
rpynnsl oco6eil (nowanei), OTIHYAIOLHECS APYT OT ApYyra OKpackoit (Bopo-
Hbie U rHeqble). Torga cornacHo naHHOH MOfEH B Pe3yJbTaTe 9BOJIOLHH MO
NpOLIeCTBHH HEKOTOPOro ONpeeseHHOr0 YHCJ/a NOoKoJeHHH B TabyHe ocTa-
HeTCs TONIBKO OQHA AOMMHUpYyIoULas rpynna ocobeii (Jolwanei) oAMHAKOBOH
OKPACKH.

5.7. Modenv cunmemuseckoi ssonoyuu, onucasnas H. [Jy6uHuHbIM,
IpeACTaB/SET WHTErPalHio pas/JHYHbIX MOAEJEeH 3BOJIOLMHA, B TOM YHCIHe
Y. Napeuna, K. Jlamapka u I'. ge ®pusa. YeaoBHas ynpouieHHas MoaudH-
UHPOBAHHAS CXEMa MOJEJH CHHTETHYECKOH TEOPHH 3BOJIIOIIMH MOKa3aHa Ha
puc. 1.11.

leon
Bremnss cpena TomynAuus
H3onsaums yactu Anddepenunanns
NONY/IAUNH BHJIOB

l

MyTauHoHHbIH
npouecc

1

Or6op Apanrauus

1

DBOIOUHOHHAA
cMena opm

l Brixon

Puc. 1.11. YcnoBHas ynpolueHHass MOAH(MHLUMPOBAHHAA CXeMa MOZEJH CHHTEeTHue-
CKOH TEOPHH 3BOJIOUHH

OcHOBHblE TOJIOKEHHS CHHTETHYECKOH TEOPHH 3BOJIIOUHMH COIJIACHO

H. y6HHHHY caenyioulue:
® JBOJIOLUS HEBO3MOXKHA Ge3 afanTalHH OpraHH3MOB K YCJOBUAM BHEL-
Heit cpefbl. PakTopoM, GOPMHPYIOLIHM NPHCMNOCOGIEHHOCTD CTPOEHHS
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H (QYyHKUHMH OpraHM3MOB, BHICTyNaeT ecTeCTBEHHbIH O0T6Op, KOTOpPHIf

HCMOJMIb3YeT CydaiHble MyTalMu U pekoMOHHALHKK.

e EcrecTBennnifi ot6op, onupasick Ha mpolecch npeoGpazsoBaHHA re-
HeTHKH MNOMyJAsiUHH, CO34deT CJAOXKHble reHeTHYecKHe cHcTembl. Hx
MOIUGHUKALMHK 3aKPeIATC CTaGHIH3HPYIOLIHM OTOOPOM.

¢ B nonyasuuax HacjencTBeHHas U3MEHYUBOCTb UMEET MaCCOBbIH XapaK-
tep. [loABneHHe cneuHanbHBIX MyTAaUMH CBOACTBEHHO JIMWbL OTAE/b-
HbiM 0CO6sM.

e Haubonee npucnocobaennbie 0cobu 0cTaBAAOT GoJibluee KOMHYECTBO
MIOTOMKOB.

o CrieyHanbHble BUHAB 3BOJMIOUHHA HLYT NyTeM (PUKCAUMH HeHTpasibHbIX
MyTallH{ Ha OCHOBe CTOXaCTHYECKOro Ipouecca.

e PeanbHbBIM 110J1€M 3BOJIOLHH SIBASIOTCA HHTETPHPOBAHHblE TeHETHYe-
CKHE CHCTEeMbI.

o [IpoTuBOpeuHss MexAy CAy4HadHBIM XapakTepOM HacNeNCTBEHHOH H3-
MEHYHBOCTH H TpeOOoBaHHAMH 0TOOpa ONpenesiloT YHHKAJIbHOCTb BH-
IOBHIX FeHEeTHYeCKHX CHCTeM M BHAOBBIX (DEHOTHMOB.

[lpoueccsl, npoHcxopsiide NpH peasu3alld CHHTETHUECKOH TEOpHU
spoapound no H. JlyGuHuHY, BKJIOYAOT CJay4aiHble, NepUOAHYECKHe H
CKaukoob6pa3Hble KoslebaHus, a TakkKe KojebaHus YHCIEHHOCTH OTAGJIbHbBIX
nonynauui, o6yc/oBaeHHbIE POLECCOM MHUIDAUHH.

OTMeTUM, YTO TNpH3HAHHE eAMHCTBA (DaKTOPOB 3BOMIOLUMH B BHIE Ha-
CJCACTBEHHOCTH, M3MEHYHBOCTH M ECTECTBEHHOro OT6Opa He HCKJAKHaeT
CyulecTBOBaHHe pasHbix (hopm 3Bosioudi. H. JJly6uHHH Bblfe/sieT 4YeTbipe
OCHOBHBbIe (DOPMBI OCYILECTBJIEHHSI BHYTPEHHe eJUHOr0 3BOJIOLHOHHOIO
npouecca:

® MUKPO3BOJMIOLHS (NpoUecch BHYTPUBHAOBOH 3IBOIIOUHNU);

® 3BOJIIOLUSI HA OCHOBe (1a3bl HapacTaloLIero 3BOJIOLHOHHOINO YCOBep-
IIEHCTBOBAHHS;

® 3BOJIOLMA HA OCHOBE MepesOMHbIX MOMEHTOB;

® 3BOJIIOLMA HA OCHOBE MHTErpallMOHHBIX 0COOEHHOCTeH B OpraHH3auMH
€CTeCTBEHHBIX CHCTEM.

5.8. IBOMIOLUMOHHLIH NpOUECC CBSI3aH € [BYMs THNAMH ajanTalHi.
OnvuH TUN ajanTauyy OCHOBaH Ha BbIPaboTKe NPHCNOCOBJEHHN K YCJIOBHAM
BHELITHEH cpeflbl, B KOTOPHIX BHA CYILECTBYeT B HacTrosilllee BpeMs. pyroi
TUN aflanTalyH CBSI3aH C BbIPAGOTKOH TaKUX 0COGEHHOCTEH B CTPYKTYPpE,
KOTOpblE JOJ/KHBI 00€CneydTb ero COpeBHOBaHHE ¢ APYTHMH BHAAMM BO
BpeMeHH.

OcHoBHas 33afa4ya CHHTETHYECKOH TEODHH 3BOJIOLHH — ONpejeseHue
NPUPOABLI NPOTHBOPEUHH UM NMOCTENEHHOH 3BOJIIOLHH, T.e. Pa3HHX (HOpM
NPOTHBOPEUHH MeXAY HACHeJCTBEHHOCTHIO M MOCTOSHHO MeHSILMMHCH
NOTPeGHOCTAMH B TPHUCNOCOBIEHHSX.

KapaunanbHoe nosioxKeHHe CHHTETHYECKOH TEOPHH 3BOJIOUHH — IMpPH-
3HaHHE CTOXACTHHHOCTH NPOLECCOB MyTauuH M GOJBLIMX pe3epBoB pe-
KOMOHHaUHOHHOH H3MEHYHBOCTH. YCJOBHS BHellHe# cpefipl — He TOJBKO
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GaxkTopH HCK/AIOYEHHs] HeMpHCHocob/eHHbIX ocobell, HO H O0COGEHHOCTH,
(bOpMUpYIOLLIHE CHHTETHYECKYIO TEOPHIO 3BOJIOLHH.

B 3Toit cBA3M aBTOPH CUMTAIOT BaXKHBIM 00beIUMHEeHHe BCeX BHJOB H
moneneit 3pomouuid. Ha puc. 1.12 npuseneM ycoBHYIO yNPOLIEHHYIO HHTe-
IPHPOBaHHYIO cXeMy 3BoJiolui. OTMETHM, 4TO 6M0KH |~5 cOOTBeTCTBYIOT
cxemam Mozededi sposmounit Jlapsuna, Jlamapka, ne ®pusa, [lonnepa u Ku-
Mypel coomeemcmeenno. OCHOBHBIM 3TanoOM B KaXXAOH MOJENH 3BOMIOUKH
AIBJISIETCA aHAJIU3 MONY/ALHH, ee npeoOpa3oBaHHe TeM HJIH HHBLIM CHOCO6OM
H 3BOJIOLMOHHAS CMeHa (opM.

I

Buewnss
————————| [lomynauus
cpeaa
N — Il xana sBonouuu
A u (suiGop MonenH)
1 2 3 4 5
B

Puc. 1.12. YenoBHasg ynpouieHHas HHTerpUpOBaHHast CXeMa 3BOJIOLHH

[TyckoBOH MexaHH3M 3BOJIOLHH QYHKIHOHUDYET B pe3y/nbTaTe COBMECT-
HOTO [JEeHCTBUS SBOJIOUHOHHHX (BAaKTOPOB B Tpefesax nonyasuuu. B pe-
3yJbTaTe AEHCTBUS 3BOJIOLMOHHBIX CHJ B KaXKJOH MOMYJsILHH BO3HHKAJIH
3JIeMeHTapHble 3BOJIOLHOHHBle H3MeHeHHs. CO BpeMeHeM HEKOTOphle M3
HHUX CYMMHDYIOTCSI M BeAYT K BO3HHKHOBEHHIO HOBbIX NPHCNOCOB/IeHHH, 4TO
H JIEXHT B OCHOBe BHA006pa30BaHHS.

1.6. BoiBoan!

Ha ocuoBe npuBeneHHOro KpaTkoro o0630pa MOXHO 3aKJIOYHTh, YTO

BAXXHbIMH ]ISl PeLieHHUs Pa3JIMUHBIX IIPAKTHUYECKHX 3aJad ABJSIOTCS:

® MOIEJH 3BOJIOLMH;

e MeXaHH3M repejlayd HacJ/leJCTBEHHOH HH(OpMAaLMH,;

® ¢nocobbl NOCTPOEHHUSA NONYJIALMHE,;

® KPHUTEPHU 3BOJIIOUMH,;

® KDOCCHHIOBEp;

e MyTalHus; 4

® HHBEPCHS;

2 J1. A.Tnankos, B. B. Kype#tuuk, B. M. Kypefiunk
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® fenenus;
LYTUIHKaLug,

TPAHCJIOKALHS;

TPAHCNOZUILHS;

cenexyus {ot6op);

ajanTawuus;

CHHTETHYECKAs TEOPHS 3BOJIOLMH. :
OcHosononaraouteil B 3BOJIOLMH ABJAETCA POJNb KPOCCHHroBepa. OHa
COCTOMT B CO3[aHHMH H3 HMeIOLIerocs reHeTHYeCKOro MaTepuasna XKejaeMoil
KOMOHMHANMKY QYHKUMIA B OJHOM pellieHHH. 3a1a4a MYTAUHH COCTOUT B TOM,
4TOObl BBIBECTH Ka4eCTBEHHO HE y/aydlIAnleecs NOCPECTBOM KPOCCHHIO-
Bepa pelleHHe Ha HOBbIH ypoBeHb. Poab ceslekIMH — YCKOpeHHe NoJydYeHHs
KAUECTBEHHOI'O PEelIeHHs; TaKas e PO/b NPHHAANEKHT HHBEPCHH, Ae/e-
UMH, TYIUTHKALUHH, TPAHCJIOKAUHH H TPAHCIO3HLIMU U [P.

B nocnenHee BpeMs NposBASIOTCA TEHJEHUHH HCMOJb30BAHUS ecTe-
CTBEHHbIX AHANOTOB MPH CO3[AAHUH MOLeJell, TeXHOMOrUH, METOAMK, airo-
PHTMOB [J1s pelleHHs 3a4a4, CTOAIUMX Nepel HAYKOH U TeXHHKoi. B monas-
JSOWEM GOJbIWMHCTBE CJy4aeB HCMOJb30BaHHE eCTECTBEHHLIX aHaJoroB
L2eT TMONONKHTENbHBIE PE3yAbTaThl. ITO OOBACHIETCS TeM, 4TO aHaJor,
B3ATHI U3 NPHUPO/IBI, COBEPUICHCTBOBANCS B TeUEHHE MHOTHX JIeT 3BOIOUMH
M MMEET Ha AaHHBLIH MOMEHT ONTHMaJbHYIO CTPYKTYPY.

OnHH 3BOJIOLHOHHBI MpPOLECC OTIHYAETCA OT APYrOro BHAOM 0OBeK-
TOB, CMOCOGOM DPa3MHOXMEHHSH, YHCJIOM OGBEKTOB B NOMYJALMH, YHCJAOM
NOKONIEHHH H KPUTEPUAMH BuDXHMBaHHs. [Ipu mMaTeMarvyeckoil MHTepupe-
TAUMH €ro OCHOBHAas MAes COCTOHT B chenyioweM. [Ipoussoautces nepe6op
no BCeil NoNyJALMH, B Pe3yNbTaTe Yero BO3HUKAIOT 06BEKTh ABYX NOKOJE-
HHH — poaMTeNH H NOTOMKH. [Ipu 3TOM MeTOZ 2BOJIIOUHMH MpeBpallaeTcs B
afrOPUTM CMEHbl [IOKOJEHHUH, B KOTOPOM NOTOMOK CTAHOBUTCS POAUTENIEM
TOJIBKO B CJELYIOLeH reHepaLyH.

OnlHUM W3 TIOAXOOB TAaKOH MOJEPHH3ALMM ABNSETCH HCNOJb30BaHHE
TEOPHH 5BOMIOLHOHHOIO MOJEJHPOBAHHS, TEHETHYECKHX aJTOPUTMOB, ajar-
TAUHOHHBIX NPUHUKNOB yNPABJEHHS BO B3aHMONEHCTBHM C BHELIHeH cpe-
noil. Afantauusi Mo3BoJiAeT HAKaNiHBaThb H HCIOJAb30BaTh HHGMOPMALKIO,
HOCTHIaTh €€ ONTHMAJbHOrO COCTOSHHS MPH NePBOHAYANbHOH Heomnpege-
JIEHHOCTH H H3MEHSILHMXCA BHELIHHX YCJIOBHAX.

PaccMoTpeHHbie Bbillie MeXaHH3Mbl IBOJIOLUHH NPEAIAraeTcst HCIoAb30-
BATb B KadecTBe CJYYaHHOro, HANPABJAEHHOTO H KOMOHHMPOBAHHOIO mepe-
60pa TpH peleHnH ONTHMHU3ALHOHHBIX 32134,

1.7. KoHTpoabHbIe BONPOCHI

1. KTo cunTaercs oCHOBOMNOJIOXKHHKOM I€HETHKH?

2. HasoBuTe ocHOBHBbIe 3aKOHL MeHgens.

3. B uem 3akniouaercs runoresa Menpens?

4. Kakoit, no onpefeneHnlo Mengensi, sfBaseTcs HAC/eICTBEHHOCTD!
HEMpepbiBHON MJIH AHCKPETHOH?
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~ Oy U

13.

14.
15.
16.
17.
18.
19.
20.

21.

22.
23.

24,
. B uem 3akusioyaeTcst ecteCTBeHHAs POJb MYTaLHU?
26.
27.
28.

. [lpuBenxTe onpesfenenre roMoNOrHUHON XPOMOCOMBI.
. Uanoxute runotesy o MaTepuasbHLIX 3aflaTKax.
. B uem 3aksiouyaercsi poJib XpOMOCOMBl B MeXaHH3Me (POpMHPOBaHHS

Hac/e]CTBeHHOCTH?

. OnuiKTe npouecc AeJieHHs KAETOK.

. Jlaiite onpenesieHHe KPOCCHHrOBepa U MOACHUTE €r0 PeaNH3aLHIo.
10.
1L
. Bausier s, no MHenunio Jlamapka, OKpykamoulas cpela Ha pasBHTHe

[MpuBenuTe pasnuuHble CXEMBI KDOCCHHFOBeEpa.
[pusenuTe 06WMHA NPUHUMAN CYLIECTBOBAHUS Opranuamos no JlapsuHy.

(u3meHeHHe) OpraHU3MOB?

Krto BnepBble BB B HAYKY TEPMHUHbI FeH, FeHOTHI, $eHOTHN, ajJeb,
Jokyc? Jlaite ux onpefenexue # onuuHTe GYHKUHOHANBHOE 3HAYEHHE.
Jlajite onpepeseHHe BHAA W MONYJSLHH.

Kakue hakTopbl MEHSIOT FreHeTHYECKH I COCTAB MPHPOLHOHN NOMYJ/IAUUK?
[lepeuyncnure ¥ MOSICHHTE OCHOBHBIE NOJIOXKEHHsS TeopHH MopraHa.
ITpuBenrTe OCHOBHbBIE MOCTYJIAThl MOJIEKYNSPHOM reHEeTHKH.

Ha3soBuTe THUOH nepepacrnpefeneHus Hac eACTBEHHbIX GaKTOPOB.
[afite onpepenenre pekoMOUHaLKH.

Kakas cBfisb MeXXAy peryasipHo#, creuuduyeckod H HepeaJbHOH pe-
KOMOHHALMAMHU?

[Mpusenute onpenenenue ¥ AaiTe KnacCUHKALMIO TeHETHYECKOH H3-
MEHYHBOCTH.

Hatite onpenesieHHe W NOACHHTE CYThb MYTaUHH.

KakoBel CyWHOCTH KOMOMHATHBHON H MYTAalMOHHO/ U3MeHYHBOCTEH H
UX OTAHYHS?

OnuunTe cHcTeMy KJaacCH(PHKAUHH MyTauui.

KakoBa cyTb reHHoi MyTauuu?

Onuimte cxemy MyTauuH, npeaoxensyw I. ne ®pusom.
[IpuBenure onpefesieHHe U OCHOBHbIE BB BHYTPUXPOMOCOMHLIX Me-
pecTpoex.

. Jlaiite onpegeneHHe onepaunil AeJeUHH ¥ WHBEPCHH.
. JaiiTe onpeneneHue, ONULIMTE TUNB! ONepaUuil TPAHCAOKAUMH H INPH-

BeJUTE UX NpPHMepHI.

. JlaiiTe onpenejeHHe 1 ONHIUKTE BHABl CENEKLHH.

. Jaiite onpeneneHne ectecTBeHHOrO 0T6OpA.

. JlaiiTe XapakTepHCTHKY OCHOBHHIX (hopm oT6opa no lapsuHy.

. PackpoiiTe ocHOBHBIE NOJIOXEHHS 3BOJIIOLHOHHONK TeopHu JlapsuHa.

. Uto aBnsieTcss ABMXKYLUEH cHJOH 3BogtoLMKu no JapBury?

. IlpyBenHTe OCHOBHHIE HAEH TEOPHH HacJelOBaHHS.

. Kakosm npaensia otGopa Hauay4uminx GopM Opranu3MoB?

. B uem 3akaiouaoTes oTandus MaccoBoro otéopa 0T HHAMBHAYaJIbLHOTO?
. HNaiite onpepneneHye HHOPHAMHIA H NPHBEAHTE NPHUMEDbI €ro NpHMe-

HEHHH.

. OnuunTe MexaHH3Mbl Nepeayd HACNeACTBEHHOH HHpOpMALMH, 4
. Yo Takoe NOKYChl U KaK OHH CBfI3aHbl C F€HAMH M aJJeassMH?
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42.
. OnuwHKTEe MOKENH 3BOJIIOLMH KBa3HBUAOB H THIEPLHKJIOB.
44,
45.
. [IpuBenuTe ocHOBHBIE Te3ucH 3BoswUHH [Tonnepa.
47.
48.
. Kakosa posb agantaiuu B 3BOJIOUMOHHOM Npouecce?

50.

Tt W N —

~ O

19.
20.
21.
22.

23.
. [ToctpoiiTe Moze/ b 3BOJIIOLMH THIEPUHKJIOB AAS 3-X JEMEHTOB.

[NosichuTe 3akoH Xapau—BaiiHGepra.

Yro sBaseTcs ABHXKYLWHM (PaKTOpoM 3BoJOUKE Jlamapka?
Onwuwure Mogens spononun 1e Opusa.

OnuwuTe nuew HedTpasibHOH 3BoMOLUHY KuMypsi.
KakoBa poJb H30181HH B poliecce 3BOJMIOLHH?

B ueM 3ak/1104aKTCS OCHOBHbIE HIEH CHHTETHYECKOM 3Boaouun dy6u-
HHUHA?

1.8. ¥npaxuenus

. [Toctpofite cxeMy BLIMOJIHEHHS OAHOTOYEYHOTO KPOCCHHIOBEpPA.

. OnyWHnTe aNropUTM peanu3aluud OfHOTOYEYHOr0 KPOCCHHTOBEPA.

. [lpuBenuTe npuMep CXeMbl BLIMOJHEHHS JBYXTOYEUHOT0 KPOCCHHTOBEPA.
. ITocTpoiite anroput™ peaiusaluuy ABYXTOYEYHOTO KPOCCHHIOBEPA.

. [Ipusenvre npumep cxeMbl BHIONHEHHS MOLHGHLUKPOBAHHOIO (MHOTO-

TOYEYHOT'0) KPOCCHHIOBepa.

. ITocTpotite aaropuT™ BHIMOJIHEHHS MOAHDHLIHPOBAHHOIO KDOCCHHTOBEPA.
. Jlns HekoTopoil cay4yadHO 3afaHHOH NOMYJSLUMH, [AE YHCJAO aJje-

gaeit 10, a yHca0 reHOB — 5, NOACYHTANTE YHCJIO BO3MOXKHBIX T€HOTH-
MOB.

. Tlpusenure npuMep cxeMbl peanH3aUMH KYMIMKALHH.
. OnuwunTe aNropUTM BHINOJNHEHHs AYTIHKAUHH.

10.
1.
12.
13.
14.
15.
. [IpuBenure npuMep cxeMbl peanu3aunH PELHIPOKHON TPAHCIOKALWH.
17.
18.

[lpuBenuTe npuMep CXeMbl peanH3alUUy AeJeLHH.
CoopmynupyitTe anropuT™ BHITOJHEHHS AEJELHH.
[TpuBenHTe MpHMep cCXeMbl peasU3alHH MepeLeHTPHYECKOH HHBEPCHH.
CoopMynupyiiTe anropiuT™ BHIIOJHEHHS MepeLeHTPUYeCcKOH HHBEPCHH.
[IpuBeaure npumep cxembl peau3alUH NApaLEHTPHUECKOH HHBEPCHH.
ChopMynupyiite anropuT™ BHINONHEHHS NapalleHTPHIECKOH HHBEPCHH.

Onuwute aaropuT™M BHINONHEHHS PELMIPOKHON TPAHCNOKAUMH.
[TpusenuTe npiMep cXeMbl peaNH3aLHH HEPELHIPOKHOH TPAHCIOKALHH
(Tpancnosuiuu).

CdopmyaupyiiTe aaropuT™M BHIMOJHEHUS HEPEUUNPOKHOH TPAHCAOKA-
uHH (TPaHCIIO3HLHH).

[Tpusepute mpuMep CXeMbl peanu3alud UeHTpHYecKoH (pobeprcoHoB-
CKOH) TpaHCJIOKAUMH.

OnuwuTe aJropuTM BHIIOJHEHHS UEHTpUYecKoH (poGepTCOHOBCKOM)
TPaHCJIOKALKH.

[TycTs YHcneHHocTh nonynsuuu pasua 100 ocobsam (Ny = 100), cko-
pocTb 3amelieHus paeHa 3. OmnpejesuTe NpeAnonaraeMyio YHCJeH-
HocTb nonynsuMy depes 10 u 100 noxoneHud.

[TocTpoiite anropuT™ peanusaluu Mofenu sponouns JlapsuHa.
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25. [TocTpofiTe aNrOpuTM peanusalluu MOAEH 3BoJOUMH JlamapKa.

26. [MocTpoiiTe anropuT™M peannsaly Momeay 3sojawoLun e Ppusa.

27. TlocTpofiTe aJNropuT™M peanusalud monend ssosiound [lonnepa.

28. TTocTpoiTe aNropuTM peanusaiuy MOAENH 3BOJIOUHH KuMyphi.

29. lNocTpofiTe anropuT™ peasiM3allHid CHHTETHYECKOH MOJEH 3BOMIOLHH.

I'noccapuit k paspeny 1

Adanmayus — npouecc, a TakXKe pesy/abTaT npucrnocobieHHs cTpoe-
HUSl ¥ QYHKUHUI OPraHHM3MOB K YCJAOBHUSM BHEIIHEH cpefbl.

Annenv — pasnv4Hble QOpMbI FeHa.

I'en — epuHuua HAacleACTBEHHOH HHQOPMaUHM, HemelHMas B (YHK-
LHOHAJILHOM OTHOLLEHHH, KOTOpas nepejaeTcsi OT POAHTeNeH K MOTOMKaM.
Ona paccmartpusaetcst Kak ydactok Moqerynet JTHK, xogupyrouu# cunres
OHOH MaKpOMOJIEKYJIbl HJIH BHIOJHSIOIHKN Kakyo-n1u6o Apyrylo sjaeMeH-
TapHYI0 QYHKUHIO.

TI'enermuxa — 6uoNOrHYECKast HayKa, H3yYaloOLWlas HaCNeACTBEHHOCTb U
M3MEHYHBOCTb 2KUBbIX OPraHU3MOB.

TI'enemuuecxan uamen4usocmos — H3MeHeHHs, IPOH3OLIEALIHE B CTPYK-
Type TeHOTHNA W MepefaBaeMble MO HacJEACTBY.

Teriom — Konusi BCeX reHOB OpraHu3Ma (KOMILIEKC FeHOB, COAepXKAlHX-
¢ B Habope XpOMOCOM OJHOTO OpPraHM3Ma).

Tenomun — reHeTHYecKasi KOHCTPYKuHsi opranH3ma. COBOKYNHOCThb
BCeX TE€HOB, HaXOASIHXCS B XPOMOCOMAaX OpraHH3Ma.

TIennvle mymayuu — NpHHUHI Npeo6pa3oBaHUs XPOMOCOM, B MpoLeC-
ce peasMsallid KOTOPOFO y4acCTBYeT, KakK MPaBHJO, OAHH HJIH HECKOJBKO
renoB. [Ipu 3TOM OfMH reH (MAM UX [OCNELOBATENLHOCTb) MOMXKET NpeBpa-
THTbCSI B LPYroH, MOXeT BhINacTb JHO0 Ay6JiHpoBaTbCcs, a Ipynna reHoB
MOXeT pasBepHyTbcs Ha 180°.

I'emepo3uzoma — ocobb, B KOTOPOH Bce ajjend OTIHYAlTCs.

Iomo3zuzoma — ocobb, B KOTOPO Bee asifiesld AaHHOTO reHa OJMHAKOBHI.

Tomonozuunbie XxpomMocompt — Napsl ODMHAKOBLIX XPOMOCOM, HeCyllHe
I'eHbl OXMHAKOBBIX NPU3HAKOB.

Heuxcyuwue cunst 3sonroyuu (no onpepenenuto Y. Jlapsuna) — neonpe-
JleeHHas ©3MEHYHUBOCTh; 6opbba 3a cylllecTBOBaHHE; eCTeCTBEHHBIH OTHOD.

Huckpemnocms — CBOACTBO reHeTHYECKOr0 MaTepHasa, no3BoJsioliee
BBIZENATh B HEM OTAE/bHble (hparMeHThl, KOHTPOJHPYIOLLHE Te HJH HHble
(PYHKLHH.

Ecmecmeennbiii ombop — 061M# NPHHLEHN XHBON NpUPOAbl. [IBHXKY-
mas cuna ssonouud. [Ipouece, HanpasieHHbld K NOBHIWEHHIO (KX NOHU-
MEHHIO) BEPOSTHOCTH OCTAaBJIEHHS NOTOMCTBA ONHOH (OpMOH OpraHH3MOB
110 CPaBHEHHIO C JPYTUMH.

3uzoma — kneTKa ¢ HOPMAJbHbLIM JBOHHLIM HABOPOM XPOMOCOM, MOJY-
UMBLIAACSA B pe3yJbTaTe CJAHSHHS Afiep ABYX KJETOK.

H3zmenuusocms — pasHooOpasue NIPU3HAKOB W CBOHCTB Y ocoégﬁ H
rpynmn ocobeii 000N cTeNeHU POACTBA.
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Hnbpudune — cKkpelBaHye B NONYJSUNH, [Ie CKPELIHBAIOLLHECS 0CO-
6u HaxopsATcA B GOJbLIEM MM MeHbLIEM DOACTBE APYT K HPYTY.

Husepcuu — nosopoThl yyacTKa HJIM BCeli Xpomocomsl Ha 180°.

Kpoccuneogep — npotiecc cOMHMEHHs ABYX FOMOJOTHYHBIX XPOMOCOM
(omHa oT oTua, a Apyras — OT MaTePH) NPH CO3PEBaHHH MOJOBBIX KJETOK
H oOMeH yacTsAMHU.

Jlunednocms — OQHOMEPHOCTb 3alHCH reHeTHUeCKOH HH(OpMAaLHH.
Ona nposBAseTcA B ONpefeNeHHOM NOCNeI0BATEIBHOCTH [€HOB B Npefesax
TPYMIBl CUEMJIEHHS.

Joxyc — MecTO HaX0XKIEHHS! KOHKPETHOrO reHa Ha XPOMOCOME.

Memod «sbiacusanua cunsreduuxy — npolece, NocpelcTBOM KOTOPO-
ro 0co0U HEKOTODOH MONyJAsLHH, HMeILHe 6oJiee BHICOKOe (DYyHKLUHOHAMb-
HOe 3HaueHHe, MOJYYarT GOJbIIYIO BO3MOMKHOCTb AJISi BOCHPOHM3BeLEHUS
NOTOMKOB, 4eM «cJjabbie» 0COOH.

Mexanusmot nepedawu nacnedcmsennoil unpopmayuu: 6becnonroe
pasmHolceHue, OCHOBAHO Ha PAaBHOM JleNeHHH fllep KJIETOK, NPH KOTO-
POM NPOHCXOAHT NMPOCTOE KONHPOBaHME HACJIeACTBEHHOH HHbopMauuu 6e3
KaKoro-1160 H3MEeHEeHHUS; n0a080e PA3MHONCEHUe, OCHOBAHO Ha pPelyKLH-
OHHOM M NOCJEeAYIOIEM PAaBHOM [eJeHHSX siiep KJAeTOK ABYX poAuTesei,
B pe3y/bTaTe Yero NOTOMOK IOJIyYaeT KOMHK HaceJCTBEHHOH HH(pOpPMAaLUH
060HX poguTeJei.

Modens eunepyuxaos MofenupyeT YCI0BHYH CTaAHIO IBOJIOLHH, B XO-
Ie KOTODO# MPOHCXOAST mpoLecchl 0T6Opa, BhIpaXKamliHe CBOACTBA Belle-
CTBa B OCOOBIX CHCTeMaX peakLHH.

Modenv K6a3u6ud06 onuCHBAET NPOLECC BOSHHKHOBEHHS NPOCTEHILHX
MaKpOMOJIEKYJ, KOLHPYIOLMX HacaeNCTBEHHYI0 HH(pOPMaLHIO.

Modenv cunmemuueckoti ssontoyuu [Jybununa npencrtasiser coboi
HHTerpauqio pasiu4yHbIX MOZeJsied 3BOJIOLHH.

Modens seomoyuu Japeuna — ycioBHasi CTPYKTYpa, peanusyiolias
npouece, Koraa oco6H HeKOTOPOH NONYJAALMH, HMEIOUIHEe BbICOKOe YHKLH-
OHa/bHOE 3HAaYeHHe, NOAYYaoT GOABbLUIYI0 BO3MOXKHOCTD /18 BOCHpPOH3Bese-
HHS OTOMKOB.

Modenov ssonroyuu Kumypor — 3BoNIOUHS ¢ HedTpaJbHBIM OTGOPOM.
PaccmaTpuBaeMblil mpolece BCerfa CXOAHTCS K OJHOMY H3 IOIVIOILAIOIIHX
cocTosHHH. B pesynbTate 380/IIOLMH BHIOHPAETCH TONBKO OAHH BHA.

Modensv ssonroyuu Jlamapxa — OCHOBaHa Ha NPEANOJOXKEHHH, UTO
XapaKTepHCTHKH, NpHOGpeTeHHble 0COBBIO B TeUeHHe XKH3HH, HACJAeNYIOTCS
ero NOTOMKaMH.

Modens 3sonoyuu Ilonnepa — uepapxuueckas CTPYKTYpa, peasiusy-
0lasl CHCTEMY MEXaHH3MOB YIpaBJeHHsS, B KOTOPbIX MYTallHsl HHTepHpe-
THPYETCSl KaK MeTop, cay4aliHblx npo6 U oulH6GoK, a oT6Op — KaK ONHH H3
croco6oB ynpas/ieHds NPH B3aUMOAEACTBHH € BHelIHeH cpeflok.

Modens ssonroyuu de Ppusa npejacrapiseT coboil MociaeOBaTENb-
HOCTb CKaYKOB B PA3BHTHH IPHPOALI 6e3 NMpeaBapUTe]bHOTO HaKOMJIEHHS
KOJIMYeCTBEHHBIX H3MeHEeHHH B 3BOJIIOLIHOHHBIX NMPOLECCax.

Mymayuu — Hac/neICTBeHHble H3MEeHEHHUS OTAEJbHBIX TEHOB.
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Mymayuonnas usmenyusocms — I1poLecc H3MeHeHHA FeHEeTHUECKOH
CTPYKTYPbl OpPraHu3Ma, ero reHoTHna.

Henpepoiernocms — cBoiicTBO (DHU3HYECKOro €IUHCTBA IPynN ClenJe-
nusi. OHO O3HayaeT, YTO ONpefeseHHble KOMOHHALUMH TeHOB COBMECTHO
KOHTPOJIUPYIOT HEKOTOPYIO QYHKLHIO.

Omnocumensran cmabunsHocmos zeHemu4ecKkozo mamepuana — cno-
cOBGHOCTb K M3MeHEHHAM — MNpOABJAETCS B MyTalMsX, 4TO O3HadaeT CIO-
cOBHOCTb I'€HOB K BOCADOHM3BEJEHHIO M H3MEHEeHHIO C NOCJAefYIOUHM BOC-
NpOH3BeeHHEM U3MEHEHHbIX BAPHAHTOB.

Honyaayua — 310 cOBOKYNHOCTb ocobell olpeneseHHOro BUAa, B Te-
yeHHe DOABUIOrO YHC/IA MOKOJIEHUH HACeJASIOUIMX ONpefeseHHbIH y4acTOK
POCTPaHCTBa, BHYTPH KOTOPOrO OCYILECTBJSIETCS CJAy4YalHOe CKpelHBa-
HHe.

Pexombunayua — nepepacnpeneieHHe HaCAeACTBEHHBIX (aKTOPOB.

Cenexyua — popMa UCKYCCTBEHHOTO 0TOOpa, Ile SBOJIOLUMA Hanpapas-
eTcsl (pakTOpaMH BHeLUHeH cpefbl.

Tpancnokayuu>— MeXXXPOMOCOMHbBIE MePecTPORKH, NpH KOTOPHIX yda-
CTOK XPOMOCOMBI fepeMeniaetcs (TPaHCAOUUPYETCA) HA APYroe MEeCTO.

Tpancno3uyuu — MeXXPOMOCOMHBIE NEPECTPOHKH, NMPH KOTOPHIX yda-
CTOK XPOMOCOMbI H3MEHSIeT CBOe MOJIOXKEeHHEe HJIH BKJIIOHAaeTCAd B APYTYIO
XpoMocoMy 6e3 B3auMHOro o6MeHa.

@Deromun — COBOKYIHOCTb BHEIIHHX NPH3HAKOB, XapaKTEPH3YIOILHX
OpraHusM.

Xpomocomubie mymayuu — KOHCTPYKLUS, B NpoLiecce NOCTPOEHHSA KO-
TOPOH MPOHCXOAHT H3MEHEeHHe YHCJIa, PAa3MepPOB K OPraHH3aLMH XPOMOCOM.
CylecTBYIOT BHYTPHXPOMOCOMHBIE H MEXXPOMOCOMHBIE NEPECTPOHKH.

Xpomocome: — npencTaBngioT co60H HUTEBHIHbIE CTPYKTYPbI, HaXo-
jifilivecs B KJeTo4HOM sigpe. Monenblo XpOMOCOMBl fIBJISIeTCS HWTb, Ha
KOTOPYIO «CJOBHO OYCHHKHM» HAHH3aHbl I'€HBI.

Jsonroyus — NpoLecc NOCTENEHHOTO U HENPEPLIBHOIO H3MEHEHHUS (POpM
OpraHu3MOB OT OJHOI'0 COCTOSIHHS K [IPYTroMy.

Crucok auTeparypsl K pasgeny 1

. Aauxansan A. B. u dp. O6was resetnka. — M.: Hayka, 1985.

. Bosibmas coserckas sHuMkioneads. T.29. — M.: Hzn-so Cos. snuukJ., 1978.

. Beprnadckuii B. H. Buocdepa u Hoocdhepa. — M.: Poabd, 2002.

. dapsun Y. TlpoucxoxpeHue BHIOB [yTeM ecTecTBeHHoOro ot6opa. — M.: Tai-

aekc Ko, 2003.

5. Oucenkunc M. 101 xmoueBas unes: I'eHetuka. — M.: PAHUP-TITPECC, 2002.

6. ly6unun H.II. V36panHble Tpyasl. T. 1. TIpo6nemst reHa v sBosiounu. — M.:
Hayka, 2000.

7. Emenvanos B. B., Kypetiuux B. B., Kypetivux B. M. Teopus u npakTHKa 3BO-
JIOLUUOHHOrO MojeanpoBaHus. — M.: @usmaraur, 2003.
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. Kanpa @. Tlaytuda xu3un. HoBoe HayuHoe noHWMaHue XHBBIX cucTeM. — K.:

Codus; M.: U1 Teanoc, 2002.

Kopdrom B. A. IBonwouns u 6uocepa. — Kues: Haykosa Ilymka, 1982.
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lpuxoduenxo H. H., Uikypam T.I1. OcHOBbI reHeTHKH YesioBeKa. — PocTOB-Ha-
Tlony: ®enuke, 1997

Xaxen [. Taiinbl npuponsl. CHHepreTHKa: y4eHHe 0 B3aHMogeHcTBHH. — M. —
Mxkesck: MHCTHTYT KoMObIOTEPHBIX HccaenoBaHu, 2003.

Xedpux . Teneruka nonyasuni. — M.: TexHocdepa, 2003.

JBOJIIOLUHOHHAS 3NUCTEMOJIOTHS M JIOTHKA couuanbhbix Hayk: Kapa [Monmnep u
ero kpurtnku // Coct. [.T. Jlaxymu, B. H. Cadosckozo, B. K. ®unna. — M.
2auropuan YPCC, 2000.

. Jueen M. Camooprann3auus MarepHH W 3BOJIOUMA GHONOrHUECKHX MaKpOMO-

aekyn. — M.: Mup, 1973.

. Jtieen M., tlycmep /1. Tunepunxn. [IpHHUKNE caMOOPraHM3aluy MakpoModie-

Kya1. — M.: Mup, 1982.

AHanory, B3siTble M3 NPUPOJb], COBEPUIEHCTBOBAJHChL B Te-

yeHHe MHOFMX JIeT 3BOJIOLMM M HMMelOT COBepUIeHHYIO

crpykTtypy. Ilostomy ux ucnonbh3oBaHHe INpH pelleHUH
MpakTHYecKux 3agayd aaer 3ggpeKTHBHbIE pe3yabTaThl




2. METOABI OIITUMHU3ALINN

Tak xak 3maHue Bcero MHPa COBeplleH-
HO M BbIBEEHO IIPeMyApPBHIM TBOPLIOM,
TO B MHDE He MDPOMCXOAUT HUYero, B
yeM Obl He Gbil BHAEH CMBICJ KaKOro-
HU6YAb MaKCHMyMa MM MUHHMYMa; T0-
3TOMY HeT HUKAaKOro COMHEHHs, YTO BCe
SBJIEHHSI MHpa C TakHM JKe YClexom
MOKHO ONpefiesITh H3 MPHYHH KOHEUHbIX
MpH NOMOWIKH MeTOAa MAaKCUMYMOB HJIH
MHHMMYMOB, KaK K3 CaMHX NPUYHH Npo-
M3BONSIIHX.

JI. Siiaep

2.1. ITocTaHoBKA ONTHUMHK3ALMOHHbLIX 3a4a4

1. OnmumansrHocms — OUEHO4HOE OTPaXKeHHe CyGbEKTHBHOIO CBOf-
(¢'TBa Yepes HEKOTOpOe KOJIHYeCTBEHHOE COOTHOLUEHHE, T. €. KONIH4eCTBEHHOE
glayeHHe KayecTBa, KOTOpOe XKesaTebHO NPHUAaTh MoIeJHpyeMOH 3ajauye.

Modenuposanue — ucciefloBaHHe IBJEHUH, NPOLECCOB NTyTeM NOCTPO-
¢HHA UX Mojenedl.

Modens — Konus WM aHANOT H3yyaeMOro SIBJeHHS WJIH Ipolecca,
HTpaXKaoLlas CyulecTBeHHbIe CBOHCTBA MOLEJHPYeMOro o0beKTa C TOUKH
JPeHUS HccefoBaTeA; NpHOJHKEHHOe ONMCAHHe H3yvaeMoro KJacca siB-
JICHHH BHelllHero MHpa.

2. OnuilieM NOHATHE MaTeMaTHYECKOH MOMeJH pacCcMaTpHBaeMbiX 00b-
¢KTOB onTHMU3aiiud. KosinyecTBeHHAA OLEHKA CYLUECTBEHHBIX CBOACTB MO-
JIGTH, PeXHMOB ee paboThl WJIH BHelIHeH cpedsl, B KOTOPOoH oOHa QyHK-
IlHOHHPYET, ONpejieJsieTcsl 3Ha4eHHUsIMH MHOXeCTBa NepeMeHHbIX. BxonHsle
jlepeMeHHble NpeAcTaBasiioTca BekTopom X = (xy, 9, ..., Tn). OHH xapak-
TCPU3YIOT CBOHCTBA BHeLUHeH NO OTHOLIEHHIO K MOJEJH Cpelsl, OKa3blBalo-
el BAMSIHYE Ha ee (QyHKUHOHMpOBaHHe. BHyTpeHHHe nepeMeHHble (repe-
MCHHBIE COCTOSIHUS) — BEJHYHHE!, KOTOPble XapaKTepPU3yIoT COCTOSIHHE OT-
JICIbHBIX 3MeMeHToB Mofdenn. O603HauuM Ux BeKTOpoM Z = (21, 29, ..., Zr).
BenvunHbl, XapakTepusyolHe CBOACTBA MOJIE/IH B LeOM H OTNpefieNsiolHe
¢TeneHb BBHIMOJHEHHA MOJIE/IbIO CBOEr0 Ha3HAUYEHHUs, HA3bIBAIOT BHIXOAHLIMH
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mepemeHHbIMU. Mx ofo3Havator BekTopoM Y = (yi,9y2,---,Ym). Bekrtopsl
X, Y, Z asnsiiored QYHKUMSME BPEMEHH.

Boipaxkenusi, oTobpakaouiye 3aBHCHMOCTb MEXIy BXOAHBIMH H BbI-
XONAHBIMH TNI€PEMEHHbIMH, a TaKX>e [1epeMeHHbIMH COCTOSIHHUSI, Ha3biBalOT
Mmamemamudeckod MO0enbr0 pentaeMoil 3a1a4H:

Y =Y {Z1, oo, Tns 21,y 2r),
Ym = Ym (T1s ooy Tns 215 ee s Zp) s
3Ty cUCTEMY MOXHO NPEACTABHTL B (hOPME
Y =F(X,2). 2.1

Bripaxenune (2.1) npeacraBnser coboiél otobpaxenue (MM COOTBET-
CTBMe) MeXJy ABYMSI MHOMXECTBaMH MepeMeHHBX X, Z, KOTOpoe MOXHO
MOJNYYHTb HAa OCHOBE OQHOH M3 Mogesed. Takum obpasoM, nox mamema-
mu4eckoll modensro GyneM NOHMUMATL 3aBUCHMOCTL F, KoTopas B ofiuyem
cny4ae MoOXeT ObITb HEKOTODHLIM ajrOpPUTMOM, ONepaTopoM, (QyHKUHeH,
NpaBusIOM, HMHCTpYKUMeH W T.n. OHa no3BoJfeT Onpefe/HTh 3HAUYEHHA
BLIXOIHEIX MepeMeHHbIX, He 06paliasick K peasibHOMYy oGbekty (cucTeme),
ANl KOTOPOro pelyaeTcs 3aiaya.

YcnoBHo Moneab F' MOXKHO NDEACTABHTb KaKk ee CTPYKTYPY St U BEeKTOp
napamerpos C = (ci, €2, ..., Ck):

F=(St,C).

Co3znaHue MaTeMaTHYeCKOH MOAENH OCYLIECTB/SeTCS B [Ba 3Tana:

— CTPYKTYPHOrO CHHTE3a, KOTAa OMNpejensieTcsi CTpyKTypa St, T.e. BUA
3J/IEMEHTOB, U3 KOTOPLIX COCTOHT MOJENb H OTHOIWEHHS MEXAY HUMHE,
— napaMeTpPHUYECKOTO CHHTE3a, CBA3AHHOrO C ONpejejeHHeM YHCJEHHBIX

3HaveHUH napamerpos Mogeau C = (¢, ¢, ..., Ck)-

[To u3BecTHO!N CTPYKType ONHCaHUS 3afa4H U 3HAYEHHUSIM BEKTOPOB X
1 Z co3pa10T (pu3HYeCKHe HJIH MaTeMaTHueCKHe Mofeau F' W Ha HX OCHOBe
OTpele]alOT OLEHKH 3HadeHuit Bektopa Y. Ilpoueaypsl aHanusza chcTeM
OOBIYHO BHINOJHSAIOT METOLOM MOAEIHPOBAHHS.

OyHKUHOHANBHO MaTeMaTHYeCKHe MOJIeNIH OOLIYHO OTPaXaoT CBOACTBA
McCileyeMod CHCTEMbl, CBA3AHHBIE C Pa3/HYHbLIMH NpoueccaMu ee QPyHk-
uHonuposauus. Takue MofesnH yallle BCEro MPEACTABJASIOT B BHE CHCTEM
ypaBHeHHH, ONHCHIBAIOIUX (aA30Bble NapaMeTphl, BHYTpPeHHHe, BHEIIHHE U
BhIXOJIHbIE [epeMeHHble.

3. Onxwem Teneps TpeGOBaHMs, NpelbsiBJASEMble K MaTeMaTH4eCKHM
mopmensM. OCHOBHBIMU SIBASIIOTCS af€KBAaTHOCTb, TOYHOCTb, CTeNeHb YHHU-
BepCaNbHOCTH H SKOHOMHYHOCTb.

3.1. Adexsamuocmo mamemamu4eckoll mooeau — cOOTBETCTBHE MO-
IeJM pelliaeMOH 3ajadye HJIH MpolLeccy NPHHATHA peweHui. IlpnueM ajgek-
BaTHOCTb PacCMaTpHBAIOT MO TeM CBOHCTBAM MOJENH, KOTOpble AJsi JHLA,
npuaumawoulero pewenue (JIITP), sBnsgioTes Hanbonee BaXKHBIMH B AAaHHBIN
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momeHT BpemeHH. [Tox afleKBaTHOCTBIO MaTeMaTHYECKOH MOAGIH TaKXKe I10-
HUMAIOT CIIOCOOHOCTL OTOOPAXKATh 3aaHHbIe CBOHUCTBA MOLENH C TeKyleH
[IOrpeLHOCTBIO £T, He Bhlle 3aflaHHOH NOrpelwHocTy £3. Matematuyeckas
MOJIe/Ib HA3bIBAETCA AIleKBATHOH [0 BEKTOPY Y, eC/Iu MOrpelHoCcTh pacyeTa
ila ee OCHOBE 3HaUeHWH BBIXOIHBIX MapaMeTpoB y; € Y He NpeBblLaeT 3a-
JlAHHbIX. ANEKBATHOCTb MATEMaTHUECKOH MOAeNH OOBIYHO paccMaTpPUBAIOT
1) OrpaHHueHHOH 06JacTH H3MEHeHHs BXOIHbLIX NepeMeHHBIX. DTy obaacTh
1123bIBAlOT 0BJACTbI0 a[eKBATHOCTH MaTeMaTHYeCKoH MmogenH. B Hell BbI-
NOJIHSIeTCSl HEPABEHCTBO |&;] < €54, Tle £; — OTHOCHTEJIbHAS NOTPEUIHOCTh
olpesiesieHus MepeMeHHOH y;, BOSHUKAOIIAsA H3-32 NPUONHKEHHOTO Xapak-
Tepa MaTeMaTH4eCKOH MOJeNH; €; 4 — AONYCTHMAs NOrPelHocTs (€54 2> 0).

3.2. OtmetuM, uTo Jg0basg MaTeMaTHYeCcKast MOJEJib OMHChIBAET JIHIIb
1IEKOTOpOE MOAMHOMXECTBO CBOHCTB 3aaayu. [losTomy mounocme mamema-
mu4eckoll Modenu onpenensieTCsl KaK CTeneHb COBNajeHMs 3HaueHUH nepe-
MEHHBIX peasibHOro 00beKTa U 3HaUeHHH TeX yKe MepeMeHHbIX, NONYYeHHbIX
ita OCHOBe HCCaeayeMoll MateMartudeckol momend. Ilpu onpegenenun toy-
IOCTH MAaTEMATHYECKOH MOJEJNH BaXKHO ONpeae/aTh NOrPELiHOCTH MoaeeH.
IIycth, xak u Boiue, Y = (yi,¥2,...,Ym) — BEKTOP BBIXOOHHIX MepeMeH-
HBIX; Y4, 5 — 3TaJOHHOE 3Ha4eHHe BHIXO/IHOH NiepeMeHHOH, onpe/eeHHOe Ha
OCHOBE 3KCMEPTHHIX OLEHOK; ¥; MM — 3Ha4YeHHe i-i BBIXOJHOH nepeMeHHOi,
pacCYMTaHHOE Ha Mojesd. T0rAa OTHOCHTENBHYIO MOTPEWIHOCTb &; IIPH
pacueTe BHLIXOAHOH NepeMeHHOH OnpeflesIioT CAeAYIOIHM 06pa3oM:

£ = (yi,MM - yi,S)/yi,a-

3.3. Hozpewnocms mamemamuseckol modeau 1ns BceX 3HAYEHHUH
nepeMeHHbIX OyAeT NpelCTaBAATb BEKTOp &€ = (£1,£9,...,En), THE N —
YHUCNO BBIXORHBIX NepeMeHHbX. OTMETHM, YTO 3HAYeHHsS NOTPEIIHOCTH,
floJlydeHHble TAKHM 06pa3oM, 3aBHCAT OT CBOHCTB MaTeMaTHYeCKOH MOZEJIH,
0Cco6eHHOCTEH peliaeMblX 3afa4 W [JAOCTOBEPHOCTH 3KCNEPTHBIX OUEHOK.
B aTofl ¢BA3M Npu aHaNH3e KaXKAOro KJacca NMpakTUYecKUX 3a1ady Heobxo-
JMMO TepecMaTpHBATh OLEHKH TOYHOCTH MaTeMaTH4YeCKOH MOAEJIH.

3.4. Martemartuyeckasi MOJe/Ib — TOJBKO YaCTHYHOE OTOGpaXKeHHe pe-
anpHOro obvekra (uam cuctemsl). IlosToMy cmenens ynusepcansnocmu
mamemamuueckoid modenu COOTBETCTBYET IOJIHOTE y4eTa B HeHl CBOHCTB
peanbHOH 3ajaun. Hanpumep, Momenb KOHCTPYKUHMH CXeMBI MHMKEHEPHBIX
ceTeil B BHAe runeprpaca 6yleT oTobpaxkaTh TOJIbLKO ee KOMMYTalUHOHHble
CBOHCTB2, He Y4HTbIBas [POTEKAIOIHUX B HeH XHMHYEeCKHX, (H3HUECKHX
¥ HHGOPMAUHMOHHLIX MPOLECCOB. YCIOXKHAf MOIE/Nb, MOXKHO yBeIHYHUBATb
cTereHb NpUOJMKEHUS] MaTeMaTHYeCKOH MOJeJH K peanbHOH 3aaaue.

3.5. Ixoromuunocmo mamemamuueckol MOOenU XaPAKTEPH3YIOT 3a-
TpaTaMH BBIYHCIHTENbHBIX pecypcoB DBM npu ee peasnmsauud. Ocuos-
HBIMHU U3 TaKHX pecypcoB ABAAIOTCA BpeMst Tm M 06beM HCMOJb3yeMOid
namata IBM: Vm = Vou + Viu, the Vo — 0BbeM onepaTHBHOH namsTi;
Vew — 0Obem BHewHel namMaTd. OTMeTHM, 4TO TaK Kak Viy 3> Voo, TO'NpH
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aHa/n3e 3aTpaT NaMsATH B OOJIbLIMHCTBE CJy4yaeB OLEHKY MOMHO BeCTH
no o6bemy BHeiuHel naMaTH Vgy. MaTemaTHuyeckas Mofesb CUUTAETCH TEM
S5KOHOMH4YHee, yeM MeHblle 3HayeHHst Ty U Vm. Beanunny Ty onpepensitor
KaK YCpeJIHEeHHOe YHCJO omepauui ), BLIMOJHAEMBIX NPH OIHOKPATHOM
obpallieHH K MofenH. Beauuuny Vpy onpesessioT B OCHOBHOM uucaoM B
nepeMeHHbIX MaTeMaTHueckoil Momeau. CpaBHeHHe MaTeMaTHYeCKHX Moje-
Jiei N0 3KOHOMHYHOCTH COCTOHT B CDaBHEHHH 3HaueHud () u B.

3.6. Bepugpuxayun modenu — nposepka ee HCTHHHOCTH, AfEKBaT-
HOCTH, CBOJMTCS K COTOCTABJEHHIO PACYETHHIX DPE3YJBTATOB MO MOZEJH
C COOTBETCTBYIOIMMH NaHHHIMU JeHCTBUTENbHOCTH.

4. [Ipy nocTpoeHHH MaTeMaTHYECKHX Mojesiell MPaKTHYECKHX 3ajad
B OCHOBHOM HCMOJb3YIOTCS HedopMasibHble H 3BPUCTHYECKHE METOAbl Ha
OCHOBE HeYETKMX MHOXECTB, HETPAJMUHOHHBIX aare6p JOTHKH, BOJIOLHU-
OHHOTO ¥ MMHTALHOHHOIO MOAEHPOBaHHS.

OTMeTHM, 4TO B MaTeMaTH4YeCcKOH Momenu 3andauyu sulpareHde (2.1)
YCTaHAB/JIHUBAET B3aUMHO-OQHO3HAYHOE COOTBETCTBHE MEXNY BXOOHBIMH M
BbIXOAHLIMH MepeMEHHBIMU H ABASETCS €€ NeTEPMUHUPOBAHHBIM ONHCAHH-
eM. B peanbHOH npakTHKe NMPHHATHS pelUeHHH NapamMeTpsl 3ajayH 4acTo
UMEIOT CTOXaCTHUeCKKH U HedeTKHH xapakTtep. Toraa napamerTpbl MORESH
32J210TCs KaK CJy4aiiHble BeJHYHHBI, BbIGHpaeMble COIVIACHO 3aIaHHOMY
3aKOHY pacTlpefiesieHus BepOSTHOCTEN.

[puBefemM HepaBeHCTBO AJsl NapaMeTPOB 3ajadu:

M-8 < <™+ 6;, 1=1,2,...,n, (2.2)

rae ¢f° — HOMHHa/MbHOe 3HadeHMe MapaMeTpa MOIEJH ¢;, KOTOpPOe CUHTa-
eTCSl €r0 MATEMATHYECKHM OXKHIAHUEM; §; — JONMYCK HA 3HAYEHHe JAHHOTO
napameTpa, KOToph# onpefessercs Kak NOJOBHHA UHTEPBa/a CO 3HAYEHHEM
c;® B LeHTpe.

O6031auuM BekTOpPOM © = {(®1,...,{r) MHOXKECTBO NapAMETPOB CO-
crosuus ¢ C C, KoTopble, SIBAASACH CJAYYAAHBIMH BEJIHYHHAMH, BJAHAIOT
Ha 3HAuYeHHs BBLIXOAHBIX nepeMeHHbIX. Kpome Toro, 0603HauUM BeKTOPOM
¥ = (1,9, ...,¢¥r) COBOKYNHOCTH TNapaMerpoB cocTosHHS 1 & C, Ko-
TOpbIE, ABJASACH HEYETKHMH BeJHYHHAMH, TaKKe BAHSIOT HAa 3HAuYeHHs
BhIXOAHBIX nepemedHbix. [Ipu atom 9; = (¢, ps), ThE 1; — QYHKUMS NpH-
HaJJIEXKHOCTH 2JEeMEHTa ¢; K MHOXecTBY ¥, T.e. u; : ¥ — [0,1]. Torxa
MaTeMaTHYeCKOe ONHCAHHE MOLENH NPHMeT BHJ

Y = F(X,Z,0,%). (2.3)

5. HeueTKHil anroputm NOCTPOEHHs] MaTEMAaTHYECKOTO OMUCAHHSA 3aja-
YM MOKHO MPEACTABHTH B CJAEAYIOLEM BHIE:
1. Onpegenuts cywectBeHusle ¢ Touky 3perus JIUIP cBofictBa sagaum,
KOTOpble HEOBXONMMO OTPa3HTb B €€ MaTeMaTHYeCKOM OMHCaHHH.
2. Pasnenuts BeiGpanHble CBOACTBA Ha BHeLIHWe, BHYTPEHHUE, HEKOHTPO-
aupyeMbie (cayqaiiHble) U BRIXOAHBIE MepeMeHHbIE.
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3. Bribpath MaTeMaTHuecKyo $OpMy 3anucH AJs BblpaxkeHHs] (PyHKLHO-
HaJbHBIX 3aBHCHMOCTEH MeXJY BXOIHBIMH M BBIXOAHBIMH MepEMEeHHbI-
MH.

. [TocTpouTh MaTeMaTHYeCKO® ONHCAHHE B BUJE MOLENH.

. PeanusoBaTb MaTeMaTHYeCKyl MOZeJb NPOrpaMMHO-alnapaTHO, 4TO
NO3BOJIMT MO 3aJaHHBIM BXOAHLIM MEPEMeHHbIM MOJNy4YaTh 3HAYEHHS
JHU60 OLEHKH BBIXOAHBIX.

6. [IpoBecTH MaTeMaTHueCcKOe, HMHTALLHOHHOE WJIH 3BOJIIOLHOHHOE MOJe-
JUPOBaHKe [Js1 OLUEHKH YMCIEHHBIX 3HAYyeHHH MapaMeTpoB MOAEJH H
IIpOBEPKH aJleKBATHOCTH MaTeMaTHYECKOH MOIeNH peaslbHOH 3afaue.

7. OUeHHTb TOUHOCTb H CJOXKHOCTb afeKBATHOCTH MaTeMaTHYeCKOro OfH-
caHus 145 obecnedyeHHst KOMIPOMHCCA MEXAY OXHIAeMOH TOYHOCTDIO
pe3y/NbTaTOB MaTeMaTHUeCKOro MOJeJIHPOBAHHSA W 3aTPaTaMH BbIYHCJIH-
TeJIbHBIX Decypcos.

8. Konen pa6oTel ajaropuTMa.

(S0

6. 3ameTHM, YTO [JIS KAXKAOH 3a1a4 MOXKHO NOCTPOHTh 6OIbIIOE HHCTIO
MaTeMaTHYeCKHX MOAeJseH, KOTOpble OTPaXKalT Te HJHM HHble ee CBOHCTBA.
Ob6iacTh NpOCTPaHCTBA YMNPaBJSAEMbIX IePeMEHHBIX, B KOTOPHIX BHINOJHS-
©TCs CHCTeMa HaK/afblBaeMbIX Ha MX 3Ha4YeHHS OrpaHHYeHUH, Ha3blBaeTcs
obnacTeio noucka D,. Dta cucTeMa orpaHHYeHHH UMeeT BHA

-— + .
z7 <z <z, i=12,...,n

3fech z;, z] — COOTBETCTBEHHO HHXKHee U BepXHee MpEefeNbHO AONYCTH-
Mble 3HaYeHHs 414 i-i ynpaBaseMoil nepeMeHHOH, a m — YHCJO ynpasJse-
MBIX NEpPEeMEHHBIX.

B npouecce npuHATHA pelieHHi CTPeMSTCA BRIGHPaTh 3HAYEHHS BEKTOPA
ynpaBAseMbX MepeMeHHbIX, NMpHHAAJIeKAIEro o6aacTH Moucka z € D,,
TakuM o6pasom, 4ToGbl yaoBaeTBOpHThL Tpebosanus JIIIP. Ilpu dopma-
JM3aUMU 3aJa4yd YHOBJeTBOpeHHe TPeGOBAHHA CBOAMUTCA K BBINOJHEHHIO
CHUCTEMBl COOTHOIIEHHH MeXAy BBIXOZHBIMH INIePeMEHHBIMH y; H HX mpe-
AeNbHO HOMYCTHMBIMH M0 TEXHHYECKOMY 33[aHHIO 3HAYEHUSIMH Y, H y;',
Ha3blBaeMbIMH ycaosuamu pabomocnocobrocmu.

O6nacTb MPOCTPAHCTBA YMPABAsAEMbIX [ePEMEHHBIX, B KOTOPOH BHITOJ-
HSIIOTCSL BCE YCJIOBHs paboTOCNOCOGHOCTH, HA3bIBAIT obaacmero pabomo-
cnoco6rocmu Dpy. Torna muoxectso D = Dz () Dr HasbiBaeTcst 06/1aCTbH0
JAOTIYCTHMBIX pelleHHH.

O6aacte D onpepensier MHOXKeCTBO BCeX paGOTOCNOCOOHBIX BAPHAHTOB
pelIeHHH 33134y, KaXAblH U3 KOTOPbIX OfHO3HAYHO OMHCHIBAETCH BEKTOPOM
ynpagJssieMblX nepeMeHHblx z € D. Onxa u3 npobiieM NpHHATHA pelleHuH —
peann30BaTh NPOLEAYPY BHOOpa H3 paboOTOCMHOCOGHBIX BApHAHTOB, OJHOTO
HJM HEKOTOPOTO MHOMXKECTBA, NPeANOYTHTEIbHBIX ¢ ToYKu 3perus JITIP.

[Mpunumasn npeasaputesnbHoe pewenue, JIIIP nuxoromuyecku pas6usa-
eT o6Jacts D Ha ABa nogMHoxectsa: D = D) U Dy. B nogmHoxecTBO D)
BK/II0YAIOTCS 0TOOpaHHbIe 10 33aHHOMY KPHTEPHIO BaDHaHTHI PelueHHg, a
B Dy — BCe OTKJIOHeHHbIe BapHaHTH. [Ipuuem Dy N Dy = &, HO Ha Kamuou
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HTEPALIMK TIPHHATHUS PelleHHs YacTb BAPHAHTOB MOXET NepexomHTh u3 D,
B Dy, u Bao6opor.
Tpouecc nocTpoeHHs MaTEMaTHYECKOH MOZENH HEYETKHX NPOLERyp
NPUHATHUA PELIEHHH COCTOHT B CJEAYIOUIEM:
e BLIOpaTh MapaMeTphl B Ka4eCTBe YNPaBJISeMbIX NePeMeHHbIX 2;
® NOCTPOHTh 06/1aCTH JOMYCTHMbIX pelleHHi D;
e 33/laTh MeXaHH3Mbl [OHCKA, NepeGopa H BHIGOpA MPABHJ TeHEPALHH
B o6nactH D pa6oTocrnoco6HBIX BAPHAHTOB M ONMpPefe/UTh MOAMHOXKe-
ctBa Dy v Dy.

7. lns cpaBHEeHHsI BAapHAHTOB NMPUHATUS DELUEHHH BBOAMTCA KPHTEPHUH
ONTHMAaNbHOCTH ) — KOMMYECTBEHHbII [10KA3aTENb, XapAKTEPH3YIOLLUI Ka-
4eCTBO MOJEJH, C NMOMOLIBI0 KOTOPOro OCYILECTBJSeTCS H3MepeHHe OIHOro
HanboJ/lee BaXHOTO /1A 0GbEKTA CBOMCTBA.

Ilon onmumusayuonnoli 3adawedi noHHMMaeTcs 3ajada, B KOTODOH
HeOBXOAHMO HaHTH pelleHue, B HEKOTOPOM CMbIC/Ie HAHMYYLIee HJIH ONTH-
mafabHoe. OTMETHM, UTO HAHAYYLIEro pelleHHsi BO BCEX CMbICAAX GbiTh He
moxeT. OHO MOXeT ObITb NPU3HAHO ONTHMANLHEIM Ha OCHOBE KpUMEpUs
{Mepbl oUeHKH HcClenyeMOro sIBJeHHS) UMM yeaesod ¢ynxyuu. Cyie-
CTBYeT 60/bIIOe KOJMYECTBO ONTHMH3AUMOHHEIX 3a8a4. OHH MOTYT HMeTb
pa3nuuHbli xapakTep. OXHAKO MOCTAHOBKA BCeX ONTHMH3ALHOHHBIX 33134
HMeeT MHOrO aHAJNOTHH.

Bo-nepBbix, B ONTUMH3LHOHHBIX 330449aX 44CTO YKA3bBAETCSl HCXOHOE
MHOXECTBO a/lbTepHaTHBHBIX BapHaHTOB pelleHWH. M3 sToro MHoxecTsa
Bhi6HpaeTcs ONTHMaJbHOE pelleHHe. JTO HCXOQHOE MHOXKECTBO DelleHHH
Ha3blBaeTCH NPOCTPAHCTBOM pelieHud. B nanbHeliem ero 6ygeM o06o3Ha-
4yaTb yepes M.

Bo-BTOpsix, HekoTOpsie pellieHHsi anpuOPHO OTBEPTAlOTCA B KavyecTBe
«IJIOXHX». Ipyrumu cnoBaMH, B NpPOCTPAHCTBE pelleHHH 3aJaloTcs Orpa-
HHYEHHS, KOTOPhIM JOKHBI YAOBJETBOPATb ONTHMAaJbHble pelieHUs. ITH
OrpaHUYeHHs NMO3BOJAT BBIAGIUTL B NMPOCTPaHCTBE pelleHHH M HeKOTO-
poe moaMHOxKecTBO M’ Tex pelueHUH, KOTOpble YHAOBJIETBOPSIOT 3a4aHHbIM
orpaHuyeHusm D.

B-TpeTbHX, yKasbiBaeTcs NMPHHUMI CpaBHeHHs JIOGbLIX OBYX NONYCTH-
MBIX pelleHHH ¢ TeM, YTOObl MOXKHO OLIJIO BBIACHUTh, KAKOe H3 HUX Jy4ile.
Kak npaBuio, 3TOT crnoco6 cpaBHEHHs 33aJaeTcs C MOMOLIbLI0 Kpumepus
onmumansnocmu (vau GyHKUMOHANA, QPYHKUHH KayecTBa, (PyHKLUHMH I10-
JIE3HOCTH M T.11.).

Cornacno JI. JlonaTHUKOBY kpurmeputl onmumaisHocmu — TOT IPH-
3HaK, 110 KOTOPOMY (DYHKUHOHHUPOBAHHE CHCTEMBi NPH3HAETCH HAWAYYIIHM
U3 BO3MOXHBIX BapHaHTOB ee (yHKUHOHHpoBaHus. [lpyrumu cioBamy,
KPHTEpUi ONTHMANBLHOCTH — MOKa3aTesib, BhiparKalowui NpefenbHyio Mepy
3KOHOMHYeCKOro 3¢eKTa NPHHHUMAEMOro pelleHHs AJs CPaBHHTENbHOH
OLEHKH BO3MOXHbIX a/ibTepHaTHB U Bbhibopa HaWaydyllero us Hux. Hanpu-
Mep, 3TO MOXKeT OblTh MaKCHMYM HJIH MHHHMYM CTOMMOCTH, KpaT4aHLIMK
nyTb 4 T.0. KpuTepuil onTHManbHOCTH HOCHT KOJIHYECTBEHHBIH XapaKTep
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LJIsi TOro, 4TOOBI KaueCTBEHHBIH NIPH3HAK pelleHus], BbIpaXaeMblil HEUeTKHUM
NOHATHEM «JIydllle~Xy>Ke», MEepPeBOAHTb B KOJNHYECTBEHHOE OMpefeseHHe
«Bonblue—~menbiue>. KpuTepHio onTHManbHOCTH COOTBETCTBYeT MaTeMaTH-
yeckas (opmMa — ueneBas (PyHKUWS. BO3MOXKHBIM BbipakKeHHEM KpHTe-
pHSl ONITUMAJIbHOCTH SIBJISIETCS LIKAJa OLEHOK NOJE3HOCTH, PaHXKHPOBaHHS,
npegnodYTeHUH H T. M.

O603HauuM KpuTepuil ciepyiowuM obpasom: @ : M' — R, rne R —
MHOXECTBO HEOTPHLATENbHbIX BEIIECTBEHHbIX YHCE.

3Hasa GpyHKUHIO (), MOXHO pealin30BaTh NPOLeAypY CpaBHeHHs BapHaH-
ToB pewienuil. [Ipu sToM pelenve m € M’ ayuwe, yem peiuenue m’' € M’,
ecan @Q(m) < Q(m’) (npu nowcke HauMeHbllero 3HaueHHs Q). B stom
caydae rOBOPAT, UTO ONTHMU3ALHOHHAS 3ajada COCTOMT B MHHHMH3aLHH
kpuTepHs @, T.¢. TpebyeTcsd HalTH Takoe gonmyctUMoe peenue m” € M/,

4TO
Q(m") = minQ(m’)/m’ € M'.

Mozenb onTHMHU3ALHOHHOR 3alayH 3amulleM B BHAe KOPTeXa IJHHbBI
tpu: (M, D, Q), rie M — npocTpaHCTBO pelieHdl; D — orpaHuveHus, Bbl-
feaspoure B M obaacts nonycTuMbix pewendii M C M, Q: M’ — R —
KpuTepuil onTHMH3aunu. TpeGoBaHHeM ONTHMH3ALHH ABARETCS Bbipaxe-
Hue: Q(m) — min uin Q(m) — max. Pewenue m” € M’, ynosnersopsio-
ilee Tpe6GOBAHHIO ONTHMH3ALHH, HAa3bIBAETCSl ONTHMAJIbHBIM.

8. Llespio ONTUMU3ALUOHHOMN 335aUH SIBASETCS BHIOOP HONYCTHMOTO HJIH
ONTHMAJBHOTO pPeLIeHHs M3 MHOXeCTBA aJbTEePHATHB AJS NOCTHXKEHHA
nocrasienHod uenu. OATHMHU3aUMOHHAA 3afaya MOJKHA YAOBJETBODAThH
JIBYM OCHOBHLIM TPeGOBaHHSIM: JO/XKHBI CYLIECTBOBAaTh KaK MHHHMYM JBa
pelleHys; HafZo 3HaTh, B KAKOM CMBICNE HCKOMOE DelleHHe JOJIKHO ObITh
Hausy4uuM. BoiGop 3afauM 3akaHYHBaeTCsl ee COAepKaTebHOH NOCTaHOB-
koH. Mogenp onucbiBaeT 3aBHCHMOCTb MeX/y HCXOAHBIMH AaHHBIMH M HC-
KOMBIMH BeNHYHHAMH. MaTeMaTHueckas MORe/b ONTHMH3ALHOHHON 3aa4H
COCTOMT U3 TPEX COCTABJSIOUUX: LeseBOl QYHKLHKY, OrpaHHYeHUH, rPpaHuY-
HblX ycaoBu#. Hacto kaaccupuKauuio oONTHMH3aUHOHHLIX 32424 NPOBOAAT
O TPeM OCHOBHBIM MPHHUMIAM: 06/1aCTh NPUMEHEHHA; COfePXKAHHE 33/a4H;
KJacc MaTeMaTHYeCKHX Mojened.

9. Knaccudbukauuio MateMaTHYeCKHUX MOJeJieid NPOBOAST:
10 3J€MEeHTaM MOAEIH:
(a) neTepMHHHpOBaHHbIE U CiyyaliHble;
110 HCKOMBIM NepPeMeHHbIM:
(b) HenpephIBHbIE W AHCKPETHEIE;
0 3aBHCHMOCTAIM, OMUCBHIBAIOWIHM LeneBYl (YHKUHIO, OTPAHMYEHHAM H
rPaHHYHBIM YCJOBHAM:
(c) nuHeliHble ¥ HeUHeHHbIE.

10. KomOuHauuy 5/1eMeHTOB MaTeMaTHYECKHUX MOJeJsell TPUBOAST K pas-
JIMYHBIM KJ1aCCaM ONTUMM3aLHOHHLIX 3a1a4. Hanbonee npoctbie — nuHei-
Hble ONTHMHU3aLHOHHbIE 3aJa4M, OJHAKO Ha MPAaKTHKE 4Yalle BCero BcYpe-
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yawTes HesWHeliHble. [Ipu pelwleHUM ONTHMHU3ALMOHHLIX 33434 BO3MOXHA
0fHa U3 IBYX NOCTAHOBOK:

® [IpY 33[aHHBIX YCAOBUSX H OTPAHMYEHHAX MaKCUMH3HPOBATh MOJyYae-

MbIH pe3YJIbTaT;

® [IDH 3aJaHHOM DE3y/bTaTe€ MHHUMH3HDPOBATh HCIOJAb3YEMbIE PECYPCHL.

MakcumasbHOe W MHHHMaJbHOe 3HaueHHs LesneBOH (OYHKLHH B ONMTH-
MH33LHOHHBIX 33fa4aX 06beAHHAIOT oNpenesieHHeM sKkcTpemyMa. Haubois-
ulee MJIM HaUMeHbllee 3HaYeHHe GYHKIUUK Ge3 yderta TOro, rfAie HAXOLHTCH
Takoe 3HadeHHe — BHYTPH 3a[aHHOrO HHTEpBaja HAH HAa ero rpaHHle,
HA3bIBAIOT HE SKCTpeMyMoM, a onTHMymoM. Ontumym — OGoJee oBiuee
NOHATHe, YeM 3JKCTpeMyM. DKCTPeMyM eCThb He y BceX (yHKUHH, a B
ONTHMH3ALMOHHLIX 33/1a4aX ONTHMYM ecTb Bcerga. ONTUMYM MOXeT BbiTh
JIOKAJIbHBIM U [106aNbHBIM.

Ino6ansnoim maxcumymom (MUHUMYMOM) HA3BIBAIOT TAKOH MaKCH-
MyM (MHHHMYM), KOTOpbifi Gosbiie (Menblie) BceX ocTaibHbiX. B obiiem
cayyae 3afiaya MOMCKa 106a/ibHOTO ONTHMYMa CBOLMTCH K HAXOXKOEHHIO
BCEX JIOKaJbHEIX ONTHMYMOB, €CJH 3TO BO3MOXKHO, M BbIOOpa M3 HEro
Hau/aydlero ¢ TOYKH 3peHHs 3HAYEHHS LeseBoH (QyHKUHMH.

OnTumanbHoe peleHue z* € D HasblBaeTCsl TOUKOH JIOKANLHONO MH-
HHMyMa (JIOKaJbHBIM peliieHHeM), eciH Vz € d(z*,€), HCTHHHO BHICKA3bI-
BaHue Q(z*) € Q(z), 3mecy d(z*,£) — g-okpecTHOCTb ToukH z. Onru-
MajibHOe 3HaueHue ¥ € [ Ha3biBaeTCA TOYKON I/06aNLHOrO MHHUMYyMa
(rnoGanpubiM pelneHHeM), eCid HH B ONHOH Apyrod Touke o6nacTH fo-
NycTUMbIX peweHui (yHKUMs Q(z) He NPUHHMMaeT MeHbIUHX 3HAYEHHH:
Q(z*) € Q(z) Vx € D. CnefoBaTe/ibHO, r106aNbHbIH MHHHMYM — HaH-
MeHbIUMH H3 BCeX JOKaJbHBIX MHHHMYMOB. Torma keasuonmumanvroe
petlenue — O[HO M3 MHOXKECTBAa DeleHHd, NnonajamoliiX B JOKaAbHbi
3KCTpeMyM, BJIU3KHH K IN106a/7bHOMY.

2.2. TexHoaorum JOKaJbLHOIro MOMCKa

PaccMoTpuM HHCTpPYMeHTabHBIE CPelCcTBa, TO3BOJAIOUIHE HAXOAHTh JI0-
KaJbHbl# onTHMyM. K HHM OTHOCATCS MeTOABl OXHOMEPHOro MOHCKa, rpa-
IMEHTHOTO TIOHCKA, a TaKxkKe CTAaTUCTHYECKHe MeTOoAd onTHMmH3auuu. Ha
puc.2.1 nokasaHa ofHa M3 BO3MOXHBIX KJaCCH(UKAUKHA TaKHX CTpaTerdi
MOUCKaA.

1. K odnomepromy noucky OTHOCAT METONB: NMaCCHBHBIH, MOC/ELOBA-
tenbHbil. IMaccusuotd nouck 3axknoyaercs B ciayyadHoM BbiGope nap Ha
3aZaHHOM OTpe3Ke AMA HaXOX[eHHs onTHMyma uesesoft ¢yHkuuu. Io-
caedogamensHolld NOUCK BHINONHAETCS MyTeM Nepebopa 3HA4eHHH LieeBoH
(PyHKLUMH JA8 HAXOXKAEHHA ONTUMAaAbHOrO 3HaueHus. OnullieM OHH H3 BO3-
MOXHBIX METOAOB OJHOMEPHOrO MOHCKA — aJrOPHTM [OHCKA M3 HayaJIbHOH
TOUKH.
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Puc. 2.1. Knaccudukauus cTpaterit no1cka

—

. [Tonyuutb HaGop HAHM ONHO aNbTepHATHBHOE pelleHHe.

Crpareruun
MOMCKa
CrarncTuieckue YncneHHane | OnnoMepHbIH NOKCK J
METOAE! ONITHMH3AIHH MeTOoAB! l
[NaccuBHbIi
Ipocteie Penaxcarp IMocnenosarenpHeni
C amanranueit Huxoromuy
I'pazuenta
DuGonaTau
3onoToro
C naxomnennem Hauckopeiimero CeueHns
nogbéMa(cnycka)
ITowuck B
ryGuHy
C camoobyuennem Houck 8
MIUPHHY
Hoxck ¢
BO3BPATOM
Meron
Monre-Kapno Metox
TOPH30HTA
IMouck va U-WJTU
JepeBbAxX

2. HocTtponTs rpadHK 3aBUCMMOCTH 3HaueHHH UeneBOH (YHKLHUH OT Bpe-
MeHH (MJIH YMCJId 3JIEMEHTOB MOJENH),
3. Beect HauanbHylo TOuky Vp, HauaabHbid war AV, TOYHOCTb €, Bbl-
YUCANTL 3HadeHHe LeneBod dyuxunu F(1p).
4. Monoxuts Vi = Vg + AV, BbluMCIUTbL 3HaueHHe LeJeBoH (QYHKUHMH

FW).

5. [lpy MUHHMH3aUHM 3HAYEHHS LesteBOH (GYHKUHH, eClH 3HadeHHe

F(Wi) > F(V,), To AV npucsouth = —AV H nepeiit K 4.
6. [Ipuceouts AV :=2AV.
7. llpucsonts AVh := V) + AV, Bbluncautb 3uadenue F (Vo).
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8. Ecau F(Vo) < F(V1), To mpucsouts Vg = Vi, V1 =W, F(Wp) = F(W))
# nepeiTtH K 6, uHave K 9.

9. [Tonoxute a = Vp, b = V5, BhiBecTH [a,b] — HHTepBaJ HeolpejeJieH-
HOCTH.

10. Kouel pa6oThl anroputma.

2. K nocsiefoBaTeNbHOMY MOMCKY OTHOCATCH MeToAbl: AuxoTomuu, Pu-
GOHaY4H, 30JI0TOrO CeueHHs, MOHCKA B [WIyOMHY, B LUHPHHY, C BO3BPATOM,
rOPH30HTA H MOKCK Ha U-WJIH nepeBbsx.

Memod duxomomuu peanusyercs 3a cHeT MeXaHH3Ma OBGLIUHOrO nepe-
6opa BO3MOXKHbLIX Touek pa3pbiBa. OH aHAJOTHYEH METOAY JeJieHHsl OTpe3Ka
NonoJiaM AJsl HAXOXKIEHHS] TOYKH, B KOTOPOH 3HAuYeHHe LeneBoH (yHKLHH
MMEET JIOKAJbHBLA OMTHMYM.

Hanpumep, Ha otpeske A = [a, h], npencrasneHHoM B BHAe HaGopa

TOHEK 12345678

A alble|d]e|fgli]h,

BO3MOXHO MaKCHMasbHO 8 Touek paspniBa. OueBHAHO, TOYHOCTh (3bdek-
THBHOCTB) TAKOTrO NPOLIECCA ONpPENeNsieTCsl KOJHYECTBOM BHIOPaHHBIX TOYEK
n, npudeM n = L — 1, rne L — puuHa OTpe3Ka, T.e. KOJHYECTBO BhIIe-
JIEHHBIX NUCKPeTHBIX ToueK. JluckpeTHblil wuTepBan [1-8] obosHauum Ly.
PeannsoBaHHBIHA HHTEPBaJ HA30BEM MHTEPBAJOM HeonpefeseHHOCTH Ly.
S¢pdextuBrocTb noucka Gyaet coctaasats 2Lg/(n + 1), uto npubau-
3HUTEJbHO PABHO ABYM. TakoH MeTO. Je/ieHHs OTpe3Ka nonoJjaM [IJs Ha-
XOMJEHUS TOYKH, B KOTOPOH LieseBast QYHKUMS HMeeT JIOKAJbHBIH ONTH-
MYM, Ha3biBaeTCst METOAOM AMXOTOMHH. PaBHOMepHOe pacrpesesieHHe Bcex
paspbiBOB Ha HHTepBaje [a,b] He siBAseTCs HaMAYYIWHM. DHHEKTUBHOCTD
MOHCKa MOXKHO YJYYUHThb, €CJIH BCE Pa3pbiBbl IPOBOLUTH 1OCJAEA0OBATENBHO
¥ MONapHO, aHaNU3Mpyst pe3y/AbTaThl NOCJe KaXXO0H Napbl SKCMEepHUMEHTOB.
HaunGosee sddekTuBHEE pe3yJabTaThl — TaKoe pacloJiodKeHHe Maphbl pas-
PBIBOB, MPH KOTOPOM TEKYIMH HHTepBaJ HEONpPeleNleHHOCTH COKpPalllaeTcs
npakTHYecKH BABOe. MTak, mocse nepporo pasfueHHsl NosydaeM HHTep-

BaJibl 1 1
Lo=Li+ Ly, L= §L0+8, Lo = ELO—E,

1 1 1 1
L?’:ZLO+E’ L4=ZL0—€, L5=~8‘Lo+6, L6=§L0—6,

ree € =0,1,2,... B 3aBucuMoctH ot pewenus JIITP.

[IpuBeneM yKpynHeHHBIH aJrOPHTM METOAA JHXOTOMHMH.

1. [onyunTts HaboOp WJIK ONHO AJILTEPHATHBHOE PELUeHHE.

2. BecTs rpaHuMub MHTepBasa, napamerp &.

3. PasnenuTh MCXOAHBIA OTPE30K Nomnosam (MpH HEYeTHOM Pa3Mepe B JIlo-
6yio yacTb Gepercsi Gmuxkaiiee Gosblliee YHCIO).

4. B6113u TOYKH feieHus (N0 pasHble CTOPOHBI ¢ HAHMEHbIIMM HHTepBa:
gom) e =0,1,2,... HAATH TOYKH C IKCTPEMAJIbHLIM 3HAYEHHUEM LIEJIEBOMH

(DyHKIHH.
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5. Kaxpayio mnosoBHHY OTpesKa CHOBa pasfeNUTb MOnoJjaM M Ipouecc
pacueTa NpodoJKATh IO MCXOAHOH cXeMe JO TeX NOp, NoKa He GyzeT
MOJIyYeHO HAMJIYYLIee 3HAUEHHE LeJeBON QYHKLHUY UK paHee He OyaeT
3aKOHYEHO JIeJIeHHe Ha OCHOBE 3aJJaHHOH MEeTKH.

6. Konel, paGoTrl aaroputma.

OddeKTHBHOCT MeTOga AHXOTOMHH SKCIOHEHLHAJbHO pacTeT C po-
CTOM 7.

3. OnTUMa/IbHYI0 CTPATErHI0 [OC/]EJ0BATENbHOIO [IOKCKa AaeT Memod
Pubonauyu. CyliHOCTb aJiTOPUTMA COCTOHT B TOM, UTO BbIGOPKH, POBOAH-
MBle TIOC/IEAOBATE/BHO, PACMOJArAIOTCS TaK, YTOOH [/ COCENHHX BbIOOPOK
BHIMOMHUJAOCH YCJIOBHE

dj = djt1 +djya, (2.4)
sgech d; — HOMep AMCKpeTHOH TOYKH Ha uHTeppane [a,b]. Hdas Joboi
(n — k)-BbIOOPKH CNPaBEAJIHBO

dn—k = Fiy1dn,

rae Fp — uyncaa PuboHayuwy.

B asnroputme ucnosbsyercs To CBOHCTBO uHces psjga PuboHauuu, 4TO
OYepesHOM UJIeH Psiga paBeH CyMMe [JBYX NpeAblAYLHX, KDOMe NepBOro
BTOporo Fy = Fy_1 + Fi_9, tne Fp =0, F1 =1, k=2,3,... (Hanpumep,
yucna Pubonauuyn 0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, ...).

Buauane, ucxons M3 3amaHHOH TpeOyemo#l TOYHOCTH £, ONpenesseTcs
HaHWMeHbllee M0 3HAYEHHI0 Yucao U3 paga PuboHauuu, YHOBJETBOpPSLLEE

HepaBeHCTBY c

5
Torna (b — a) = F, A, no3TOMYy BeCb HHTEPBAJ MOXKHO Pa3/e/HTb Ha KOJH-
yecTBO yacTell F,,, npHueM Kaxjaas 4acTb OyleT UMeTb JJIHHY, MEHbIUYIO €
(A<e),mpuatom Fo, = F,_+ Fo9=F, o+ F 3+ F_9=2F, 2+
+ F,,_3. Touku penenus x; u xp ONpefessioTcs no Gopmynam:

T =a+Fp 9\, zo=12+ Fh_3A =a+ F,_{A.

A=(b—-a)/F, <

B HalijeHHBIX TOYKAX MpPOBEPSAIOTCS 3HAUeHHd UeseBod QpyHKuuu. Ecau
JAyulllMe 3HauYeHHs LeJeBOH (YHKUHH AOCTUFHYTHI B TO4YKe Z;, TO B Ka-
yecTBe MHTepBasia BHOWpaeTcss [a,x;], B NPOTUBHOM caydae [z;,b]. Has
PONOJIXKEHHUS] TOUCKA TOUKH CJELYIOILEero 3aMepa ClefyeT PacrnoJOoXHTb
CUMMETPHUYHO HMelolleMycsa pasbueHuio. Jlanee nouck ocyilecTBasercs
aHasioryyHo. Touka HCKOMOro 3KCTpeMyMa OnpejensieTcs € TOYHOCTBIO
2A < g, v A JOCTHMKEHHS 3TOH TOYHOCTH Tpebyercss N — 2 BHIYHCACHHH.

[TpuBenem anropuTM noucka Ha ocHoBe yucesa PHOOHAYYH [J151 HAXOXK-
JleHUs1 3KCTpeMyMa LeseBoH (PyHKIHU:
1. ITonyuuTs HaboOp MM ONHO a/JbTEPHATHBHOE pelleHHe.
2. BBecTH rpaHuibl HCCaAeAyeMOro HHTepBaaa [a, b].
3. [lo 3apaHHO# TOYHOCTH PacCYMTaTh BCMOMOTaTe/NbHOe yucao N: N =
= (b—a)/d, roe 6 — ycnoBHbIH Ko duLHeHT (6 2= 1).
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4. Hafitu Takoe uynucio ®PuboHayuu F,, 118 KOTOPOro BIIONHAETCS Hepa-
BeHCTBO F,_| < N < F,,.

. b—a
5. OnpenenuTb MHHMMaJbHbIM Liar NOHCKa m = , rae [z] —

. Fy
GanKaiiliiee MeHblLUee UeJoe T.
6. BoifpaTe mepByl0 TOYKY HA OTpe3Ke M PAacCUHMTATL 3HAYeHHe LeseBoH
dyukunn f(a).
7. IlepeliTy K caepywulel Touke x| = @, + mF,_2, B KOTOPOH paccuu-
Tatb f(x1).
8. Ecau ana uoso#l ToukH f(xy) > f(a) (war yaaussiit), TO chieaywo-
Y0 TOYKY OnpefesuTh Kak zo = x| + mE,_3; npu HeyZauHOM wiare
(f(z1) < f(a)) onpenenuts x93 = 1 — mE,_3.
9. [Nocnepyoutye WwWary BHNOMHUTL ¢ yMeHbiuaolehcs BeMIUHOM wiara:
Az; = +mF,_;_o 018 i-r0 11ara.
10. Koner, paboTbt aaroputMa.

Ecay npH BhIMONHEHHH lIara 3HayeHHe LeJaeBOA (QYHKUHM B TOY-
Ke Tip| = I; + Az; Jaydwe, To caeaywowuid (i + 1) war BolnoaHseT-
CS M3 TOYKH Tijy1: Tito = Tiy1 + Axyyy. Ecan 4 war Heypausmii, T.e.
Flzag1) < f(zi), To caenpyrowni (i + 1) war seNOJHAETCH M3 TOYKH I;:
ZTi42 = Ziy1 — Az;yy. [lpoliece nponosKaercs, noka He pacCMOTPeHbl BCe
uncaa OuboHauuu B oTpeskKe [a, b] B yOniBaiouiell nocaefoBaTeibHOCTH HAH
no saganuw JHIP.

4. PaccMOTpHM NOKCK HA OCHOBE Memoda 3010M020 cedeHus.

3TOT MeTOL MpHMEeHfEeTCs, KOria HeoBXOAMMO HAMTH He cOGCTBEHHO
IKCTPEMYM, & TO 3Ha4YeHHE APryMeHTa QYHKUHHU, IPH KOTOPOM BHIMIOIHALTCS
3alanHoe ycJoBHe, HanpuMep, f(z) > y. OueHuTsb 3apanee Tpebyemoe YHC-
JI0 M3MepeHHH B Takofl NOCTAaHOBKE 3afa¥yd HEBO3MOXKHO, NO3TOMY HeMlb3s
OTIPele/HTh H TOJOXKEHHE TEPBOTO IKCNEPUMEHTa AJS HOHMCKA MO MeTondy
®ubonauuy. MeToa 30/10TOr0 ceueHUs M03BOMSAET H36ABUTHLCS OT 3aBHCH-
MOCTH I1epBOTO ONBITA H OT YHCJA OTBITOB. 3eCh TaKXKe COXPaHSIETCH yCJIo-
BHE CHMMETPHYHOCTH NOC/EJ0BATENBHBIX IKCIIEPHMEHTOB, KAK U B METOAE
Pubonauun, T.e. cnpasefauBo coorHowenue (2.4). 3pecy npepaaraercs

ycJoBHE
dj— 1 dj 1 + \/5
2

= = ¢ = const =

~ 1,618,
dj  dj

KOTOpOE 03HauaeT MIOCTOSHCTBO OTHOUIEHHMSA JJIMH MOC/eLOBAaTE/NbHBIX OT-
Pe3KOB.

[lpy HCRoONb30BaHHK MeTOZA 30JI0TOFO CeyeHHs TIepBOe H3MepeHHe ne-
JlaeTcsi Ha pacctosHuM dg = dy/c oT 1060ro Kpas MHTepBana Heonpeae/eH-
socte (d) = b — a). Bropoe v3MepeHHe feaeTcs CHMMETPHYHBIM EPBOMY.
[ToaToMy MmecTa pacrofioxKeHHsl TO4eK MOHCKa onpefensior no GopmyJsam:

[b—a] [b-—a]
rr=a+|——|, z2=h-— .
c c
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HpenmymeCTBo 3TOTO MeTOA2a COCTOHUT B TOM, UTO IIPH €ro HCIoJb30-
BAHUKM KaXKAbld HOBBbIi 3KCIIepUMEHT NPUBOANT K COKDALLEHUIO HHTEpBANa
HEOoNpenesiecHHOCTH.

5. PaccMOTpUM pfill YUCAEHHbIX Memo008 PelleHUs HHXKEHEPHLIX 3a-
aad. CyLWiHOCTb BCEX YHCJ/EHHBIX METOLOB ONTHMH3ALHH COCTOHT B MO-
CTPOEHHH NOCJeA0BaTeNbHOCTH BekTOpoB {zk}, k = 0,1,2,..., yaoBae-
TBOPSHOWIHX YCioBHIO f(zp41) > f(rk) (B caydae nowcka MakcuMyma)
wid f(zgs1) < f(zk) (B cayyae mMunuMyma). K HHM OTHOCAT MeTOABI,
Tpebyuide AN CBOEH peaiu3aily BLIUKC/ACHHS MepPBHIX HPOM3BOAHBIX
uenesoii ¢yukunu f(z). M3BecTHO, YTO rpajueHT cKajspHOH (GyHKLHH
f(z) B HeKoTOpOU TOUKe z; HampaB/leH B CTOPOHY HaHMCKOpeiillero Bo3-
pacTaHua (YHKIHH. BekTop, NpOTHBONOMNOKHHIA rpanHenty, Vf(z;) —
AaHTHIPAJMEHT, HAPABJEH B CTOPOHY HaHCKopeHilero y6biBanus (PyHKUHH
f(z). Haubonee nprMeHUMBl Ha NPAKTHKE CJELyIOLHE METOLBL:

® peJslaKCalHy;

® IpajHeHTa;

e HaucKopedulero cnycka (rogbema).

5.1. Memod penaxcayuu Haubosee npoct. OH 3akjioUuaeTcst B OIpe-
JeNeHHH HAMpPAaB/JeHUS, BIOJIb KOTOPOro 3HaueHHe LeJeBOd (QYHKUHM H3-
MeHsieTcss HauwnydiidM o6pasoM. JlJis 3TOro B HadalbHOH TOYKe NOHMCKa
ONpeNeNsIOTCA NPOH3BOAHLBIE ONTHMH3HpyeMoH (yHKUMH f(x) mo BceM
HanpaeJenysiM. 3aTeM BeIGHpaeTCs HAauOObLUIAA 10 MOLYJIO IPOM3BOAHAS H
COOTBETCTBYIOLLAs eil MepeMeHHAs U3MEeHSETCs B0 AOCTHXKEHHS JIOKaMbHOFO
onTuMyma. B HOBOH Touke onpefensiioTcs NMPOH3BOAHbBIE O BCEM OCTalb-
HBIM TI€DEMEHHBIM, W MPOU3BOAHTCS TMOUCK HOBOIO JIOKAJbHOTO ONTHMYMa
U T.4. CKOPOCTb ABHMKEHHs K JIOKaJbHOMY ONTHMYMY 3aBHCHT OT Bbi6o-
pa BENHYHMHBI WIAra H3MEHEHHsT He3aBHCUMBIX NMepeMenHbX. [Ipu «Manom»
ware npoLecc CXOOUTCH MeNJIeHHO, a NPH «DoNbLIOH» BeJNHYHHE Liara
BO3MOXHO OsyXjaHHe, T.e. NPOCKAKWBaHHE ONTHMyMa. B Teopuu mouck
3aKAaHYMBAETCsl, KOTA BCE YACTHBIE NPOH3BOAHBIE LleseBOi (PYHKUHH PaBHBI
Hymo. Ha npaktuke B KauecTBe KpHTepus OKOHYAHHS MoOHcKa Oepercs

ycJ0oBUE: .
5 () oo
=1 i

rae 6 — 3aJaHHOe 3apaHee YHCJO.

5.2. B epaduenmnom memode nBUKeHME NPH NOUCKE TOUKH ONTHMYMa
OCYLLECTBJIAETCSt B HaNpaBJeHHH HaubblCTpeHIIero BO3pacTaHHS leJeBoi
(GYHKUHH, T.e. B Hanpasjedud rpaauedta grad F(z) = Vf(x). OcuosHoe
ypaBHeHHe I'PAJMEeHTHOrO MOKCKA ONTHMYMa HMeeT BHI

T+l = Tk + hg grad (zg),

rae h — war noucka.
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5.3.OgHuM W3 BAapHAHTOB PaJHEHTHOrO MeTOAA SIBIASETCH PABHOMED-
Kot nouck npu hy = hg = const. OH rapaHTHpyeT NPUONHKEHVE K 3KC-
TPEeMyMy Ha pacCTosiHHe He Gosiee hg, XOTsI 3aTeM BhI3bIBAET OJYXKAaHUA
B OKPECTHOCTH 3KcTpemyMa. CyllecTByeT elie NPONOPLHOHANbHbBIA IPaiH-
eHTHBbIH NOHCK, KOrJa ero HadHHAIoT ¢ ONpeleJeHHOro 3HayeHud a. [Ipume-
HHB B KadecTBe HayaNbHOH TOYKH MPOU3BOJLHOE MMM 33ajaHHOE 3HaueHHe
op < 1, HAa KaXIOM LIare €ro yMEHbIUAWT BABOE, MOKA He MOJYYHTCH
f(zr41) < f(zx) (npu noucke MuHUMYMA).

[Tpouiecc MOXHO OCTaHOBUTB, KaK TOJMbKO NpHpawenue Agi) < Qg
CPaBHfIETCA C 3apaHee 3aflaHHbIM 3HadeHueM. OTMETHM, 4TO IIPH HCIOJb-
30BaHHH TPajMEHTHOTO METOAa Ha KaX/OM Lare MeHserTcs 3HauyeHHe He
OflHOH, a BCeX HEe3aBHCHMBIX NepeMeHHbiX. B KaMmo# TOuKe rpajHeHT
BHIUMCIIAETCA 3aHOBO, 2 KAX/ABIH IUar BHINOJHAETCS B Hanpas/jeHHH HaH-
CKOpeHlIero Bo3pacTaHig (YHKUHU B COOTBETCTBYIOILEH TOYKE.

5.4. B memode nauckopeiiwezo nodsema o6beIviHEHb OCHOBHBIE HIEH
METOJ0B peJiakcallHH U rpagveHTta. Ilocse HaxOXAeHHA rpafiueHTa aHaH-
3HpyeMOH (YHKLUHHM B HauaJbHOH TOYKe OCYLUIECTBJSETCH NPOABHXKeHHe,
noka ¢yHkuus f(x) He mepectaHer Bo3pactath. Mrak, nomydaem

Ty = Tk + ok V f(zr),

Ife o — YacTHBIH MakCHMYM QyHKLHY ofHOl NepeMerHol f|z(a)] = f(a).
Ilpu ucriosb30BaHUK MeTOAA HaHCKope#ulero noabeMa 06beM BLIYHC/ICHHH
YMEHbUIAETCs1 H NOHCK YCKOPAeTCH.

6. [las pelueHHs MHXXeHepPHBIX 33724 ¢ OOJIbLUIMM YHCJIOM MepPeMeHHbIX
HCTOJNb3YIOT crnamucmuyeckue memodot onmumusayuy. OCHOBHBIM HX
OT/IHYHEM OT [JeTepMHHHDOBAHHBIX METOHOB SIBASETCS BBeleHHE 3JeMeHTa
CNy4alHOCTH B NIPOLECC NOWUCKA 3KcTpeMyMa. JlJis XapakTepHCTHKU CTa-
THCTHYECKHX METOAOB ONTHMH3ALUMY HCNOJb3YIOTCS NOHATHS HAKOMJEHHH,
ajanrtauue, camoofyuenus. Haxonnenue — 310 BhOGOpKa HHGbOpMALUU HA
OCHOBe NPOOHBbIX LIAroB O MOBEJeHUM 3HadeHHs LieleBOH QYyHKUMH BOJIH3H
paccmaTpuBaeMol TOYKH s Bb6Opa HamnpasJeHust noucka. Camoofyue-
HHe — YNpasJsieMblH MPOLECC H3MEHEHHS BepPOATHOCTHBIX CBOHCTB MOHMCKA.
Buinensior csenyiollie OCHOBHblE CTaTHCTHYECKHE METONB ONTHMH3aLMHU!
NpoCThle, C HAKONJIEHHEM, ¢ ajanTalHed, ¢ caMoobydeHHeEM.

6.1. B cmamucmuseckux memodax onmumusayuu ¢ HaAKonjieHuem
C MOMOILBI0 MPOBGHBLIX WAroB cobupaeTcss HHQOPMALMA O MOBeJeHHH Le-
JeBoH (PyHKUUHM B HEKOTOPOH OKDECTHOCTH TOYKH Zk. 3aTeM HaXOLUTCS
HanpasJaeHHe Anasa pabodero wara, 6JH3KOTO K aHTHIPAAHEHTHOMY, IIPHYEM
cTeneHb OJH30CTH 3aBHCHT B OCHOBHOM OT YHCJa MpobHLIX nonsbiTok. Oc-
HOBHOH MeTOl B 3TOM KJlacCe — MeTOJ Haumydllueid npobsl. M3 Touku z
Jenaercs ¢ CJAydalHbIX He3aBUCHMBIX MOMBLITOK ¢ 3aflaHHbiM tarom. [las
Kaxao# npobol BHUKCAAETCA 3HAUYEHHE LeaeBoil PyHKUMK ¥ War coBepuia-
€TCA B HanpabJieHHH TOH npobbl, UTO NMpPHBeJa K HAMJIYYLIeMy 3HaYeHHIO
neneBodl Qyukyuu. OUeBHAHO, UTO MPHU g — OO Mbl HaHgeM ONTHMAaJbHOEe
3Ha4yeHHe UeseBoH (DYHKUHH. BaXKHbBIM OT/IHYHEM 3TOrO MeTona sBJAETCA
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BO3MOXKHOCTH paGoThl NpH ¢ < 7, TIe N — YKUCJIO NepeMeHHBIX ONTHMH3HU-
pyeMo#l MYHKUHH.

6.2. B cmamucmuueckux memodax onmumuszayuu ¢ adanmayueil
napaMeTpbl MOMCKa M3MEHSIOTCA B NMpOLecce ONTHMH3auWH. Beenenue as-
TOMaTHYECKH H3MEHSIOLLerocss MacluTaba NMOMCKA Y/ayullaeT CXOAUMOCTD
¥ TOYHOCTb MeToAda. Macwrtal moucka usMeHsiercs, 4Todbl BAANH OT 3KC-
TpeMyMa IUar NOUCKA YBENHUYMBAJICH, A IPH NPHONHKEHHH K HEMY yMeHb-
wancs. ABromatuueckas HacTpofika Macuitaba Liara 4yacTo peannsyeTcs
Ha WCNOJNb30BaHHUH PE3YJbTaTOB MOCJeAHeH UTepalMH. YBelUuYeHHE Mac-
wraba Wara oCyUecTBISETCs YMHOXEHHEM ero Ha KoshduLUUeHT pocTa
dy, a yMeHblueHHe — fesNleHHeM Ha dy, npuueM di = dp >1. OcHoBHOe
ycJioBHe, KoTopoe Heo6xomuMmo cof/iofath BO BCeX caydasiX, 3TO H36bI-
TOYHOCTb MacwTaba. [lpu GosbiioM Mmaclitabe MOHCK CTAHOBHTCS MeHee
YYBCTBHTENbHbIM K HOIPEUIHOCTAM BHIYHCEHHH.

6.3. B crnamucmu«eckux memodax onmumusayuu ¢ camooby«enuen
npouecc CAy4aidHOro MoMCKa COCTOHT B NepecTpoiKe BEPOATHOCTHBIX Xa-
PaKTepHCTHK CJYYaHHOro BEKTOpa AJfl YBeJHWYeHHS YHCAa 3(P(PEeKTHBHbIX
uTepaLHi H yMeHblieHHs: HeaddeKTHBHbIX. B Takux anaropurMax ciyvai-
Hbl# BeKTOp & mepecTaeT OGbITh PAaBHOBEPOSITHBIM, a B MpoOlLEcCce TNOHCKA
noJy4aeT onpejeseHHOe IPEHMYLLECTBO B HANpaBJeHHH HAHAYYLIero ara.
Ecan u3bpaHHoe HanpaBneHHe He NPUBOAHT K YCMeXy, ajJrOPHTM C CaMo-
obydyeHueM ulleT aApyroe. Ha HayajbHBIX HTepalHaX MOUCK 3D PeKTHBHOrO
HanpaBJ/eHMsl HaYHHAeTCH B DaBHOBEPOATHOH 30He, a 3aTeM ¢ HabOpPOM HH-
¢dopMaLHa O xapakTepe leJeBoH QyHKLMH MOC/EAOBaTeNbHO NMpHOOpeTaeT
NPeHMYILECTBO B BEIGOPE HaMJyuyllero HanpasJjeHHA.

6.4. Onuiuem KpaTKO OCHOBHOH Memod cay4aiinozo noucka — memood
Monme-Kapnao. Tlpn 3Tom HeobGxogumo HaliTH skctpemym V(F) B 3a-
HaHHOH 06/acTH HOMYCTHMBIX NMapaMeTpoB Viin € V' < Vinax € TOYHOCTBIO
HHTepBaa HeonpeaeneHHocTH . [ycTh gonyctumas 06acTh M0 ORHOMY U3
napameTpoB D = Vinax — Vinin. B MeTose Moute-Kapso BeipabaThiBaeTcs
NCEBAOCAYHAHHbBIN BEKTOD MapaMeTpoOB C PaBHOMEPHBIM paclpefieleHHeM.
Torpa BeposTHOCTL HemomajgaHus B 06JacTb JKCTPeMyMa 3a OfMH wiar
paBHa Pi(MMK) =1 —¢/D. CooTBETCTBEHHO 3a 7. LIATOB a/JrOpHTMa

P (MMK)= (1 —¢/D)",
a BEPOATHOCTL NONaJaHHA B obnacTh MHHHMYyMa
Po(MMK)=1~(1 —e/D)".

CnenoraresbHo, 4ucno G reHepallnil cay4alHOTO BeKTopa, HeOoOGXOAHU-
MbIX JJIs1 YTOYHEHUS] MHHHMYMa C TOYHOCTBIO &, C 3alaHHOH BEPOATHOCTHLIO

3anyuieTcs
G =1lg(l — P,(MMK))/1g(1 — ¢/ D).

B cayyae k BHYTpPeHHHX MapaMeTpPOB UeJeBOH (PYHKUMH YHCJO TeHe-
paumii 3Toro BekTopa yBeauuuTcs B vk pas u coctaBuT nv'k. A obyiee
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yHc0 obpalieHuii Kk Mogean metoda MoHTte-Kapio 3a G reHepauuii cocta-

BHT
Ngp = kG

H OMpeJle/IUT YCIOBHE NMPHMEHUMOCTH MeTOfa NPH OAHHAKOBOM YHCJE HTe-
pauuii. Merton MoHTe-Kapso s3dpexTHBer npH 60JbLIOM YHC/Ie HCNbITA-
uuil, G 2 1000. [Tpn noBbIWEHHOH TOYHOCTH € YHMC/AO HCNBITAHHH pe3ko
Bo3pacTtaeT U Metof MoHre-Kapso HeskoHOMHYeH. B npakTHueckux HHxe-
HEpHBIX 324aYax HeoGXOAMMO KOMOMHUPOBATh CTATHCTHYECKHE ¥ NeTepMH-
HHPOBaHHble METOJBI ITOHCKaA.

7. PaccmoTpuM Memodeot noucka 8 enybuny, 8 WUpuHy, C B036PAMOM,
20pu3onma. DTH MeTOAbl OCHOBaHBl Ha aHaNu3e ABHXKeHHH no depesy
pellleHHH, MOKa 3TO BO3MOxHO. OTMETHM, YTO 3TH METObl MOTYT BBHINOJ-
HATbCA He TOJIbKO Ha OCHOBE C/y4aiHOro MOHCKA, HO H C MCNOJb30BaHHEM
33[1aHHBIX BPHCTHK.

7.1. Memod noucxka c¢ 6038pamom MOXET BHINOMHATLCS B JBYX
HanpabJIeHUsIX, ONpee/ieHHbIX Cy4yailHbIM BEKTOPOM H MPOTHBOIOJOXHLIM
eMy ¢ 3afaHHbM waroM b. Torga 3HaueHWs UeseBOH QYHKUHH ONpejesis-
I0TCAl B TOYKAaX T12 = 2o £ b U B CTOPOHY yMEHbIUEHHS OCYLLECTBJAETCS
pabouuii war Ha BenuuuHy h. [locse ygauHoro iara MOMKHO MPOAOJKATDH
[IOUCK B TOM e HanpaejeHHH, a IIo-
cJle HeyjnawHoro — obpailarhcs K Cay-
YaHHOMYy BeKTOpy, T.e. «WTpadoBaTh
cnyuaiiHocTb». B 3ToM MeTofe HM3-3a
BBEJEHUS] CAY4alHOCTH OBHXKEHHe K
3KCTPEMYMY MPOH3BOAUTCH HE TOJBLKO
BAOJb KOODAHHAT, HO H BHOJb JI06O-
ro HanpasjeHus. [lpu HeypayHoMm 1Ia-
re B NMpPOCTPaHCTBe NapaMeTpoB BbIOH-
paeTcs TOYKa To M 334aeTCs NOCTOsIH-
Huiii war h. M3 3ol ToukH B cayuyaii-
HOM HallpaBJieHHH, ONpedeseHHOM CJy-
yafiHbIM eIMHUYHBIM BeKTOpoM & = (€1,
€2,...,En), OCYIUECTBJASETCA wWar h U
BbIUHCJSIeTCA 3HAaYeHHe LeseBOH (PyHK-
UMK B HOBOH Touke z|. Ecain npu nouc-
Ke MUHHMyMa 3HadeHHe lie1eBoil QyHK-
Puc. 2.2. Cxema wmetona moucka UHH B 1 YMEHBUIHJOCH, TO HOBbe{“LLIaI‘

B ry6HHY M3 T| OCYLUECTBJSETCH B CJAyYAHHOM

HanpasaeHud. Ilpw HeymauHoMm ware

(Bo3pacTanuH ueneBOH HYHKUMH) NPOHCXOAHT BO3BPAT B HAYaJbHYIO TOYKY
H OCYLIeCcTBJeHHe HOBOro Npo6HOro wara B Cy4alHOM HanpaB/eHHH.

7.2. Memod noucxa & enybuny saBnfeTCs, N0 MHEHHIO aBTOPOB, YacT-
HBIM cJydaeM MeTofa MOWCKa ¢ BosBpatoM. Maes noucka B Tay6HHY
COCTOHT B TOM, YTOGH! B KaXKAOH HcclefyeMoil BepllHHe JepeBa pelleHHH
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BbIOMPATb OQMH M3 BO3MOXHBIX NMyTel M HUCCJENOBATH ero Ao KoHua. Jlpyrue
NyTH NPH 3TOM He PAaCCMaTPHBAKTCH, NMOKA COXPAHSETCH BO3MOMHOCTb MO-
AYYUTb JIOKAJBHBIH ONTHMYM, Hceleays BbiOpaHHoe HanpasieHue. [Ipumep
CXeMBl TIOMCKa B ryGHHY NOKa3aH Ha puc.2.2. 3mech 3Hax (*) o3Hayaer,
4TO 33ajaua NOHCKA peLIeHa; Io,...,ZL9 — HCCAedyeMble BEDLINMHbBI jlepeBa
peleHUH.

OCHOBHOH HeJOCTAaTOK MeTOfa TNOUCKa B MyOHHY 3aKJI04aeTCs B TOM,
YTO TPH HCC/ENOBAHHUH JiepeBa PelleHH i ¢ GOMbLIOH BEpOATHOCTBIO MOXKHO
NpOATH MHMO TOH BETBH, Ha KOTOPOH paHbLUe BCEro MOsiBASETCs JTOKAJIbHBIH
ONTHMYM. BpeMeHHAs CJOXHOCTb ajrOpHTMa MeToia NMOHCKa B TAyOHHY
cocraBaser = O(n) + O(n?).

7.3. Tpu ucnosib30BaHHH Memoda noucka 6 WUPUHY BeTBIEHHE Npo-
HCXOAUT OT YpOBHSA K ypoBHI0. Ecsigt Ha nepBoM ypoBHe HadasbHas 3a1a4a
pasbuBaercss Ha MOA3afaud, TO KaxJas M3 HUX HCCeLyeTcs paHblle, 4eM
3ajayH 2-ro ypoBHsl. 3ajauH NepBOrO YPOBHS, KOTOphie TPYAHBI AJs pa3-
pelueHHs, pa3GHBAIOTCS HA MOA33AaUH YPOBHs 2, U NPOLECC NMPOAOJIKAETCS
ananornuHo. IlpuMepHBIil BMA fepeBa pelleHWH NpH MeTOie TOMCKA B
WHPHHY MOKasaH Ha puc.2.3. BpeMeHHds C/I02KHOCTb a/qropHTMa MeTOAA
NoMcKa B WIMPHHY cocTasisier = O(n?) = O(n!).

7.4. PaccMoTpuM memod e2opu3onma. 3To MeTOX NMOHCKA KBa3HOMTH-
MaJibHbIX pelleHHH, 3aK/IOYaloHACS B OrpaHHYeHHH [MyOHHBI IPOCMOTPA
B KaXfAOH Touke JAepeBa pelleHud. [locsie HOCTHXKEHHA MPOMEIKYTOYHOH
ueJIH OLEHHUBAIOTCH AaJbHEHILHe BO3MOXHOCTH, U IPOAOJIKAETCH MpouUecc
noucka. PaccMoTpuM Ha npHMepe OCHOBHYIO HMACK peanH3allid MeTOAA.
[lycts B Gnokax pasGueHHs pacno/OXeHO HEeCKOJbKO BepIUHH rpada H
TpebyeTcs pasMecTHTb €llle 3aJaHHOe NOAMHOXeCTBO BepwiH. Ha puc.2.4
nokasaHd rpap G = (X,U), |X| =9, koropbii HeoGX0AMMO pa3bHTh Ha
TPH YacT, NMpHYeM dYacTH4HOoe pa3bHeHHe Yyxke BbuinosnHeHo. Ecau mis
noMeuleHHus: B OJIOK BoIOHpaeTCs MpeTeHAeHT, HauGoJiee CBsi3aHHbIA ¢ paHee
pa3MellleHHBIMH 3JeMeHTaMH, TO HeT CMbIC/ia Mpo6oBaTh pacnojarath ero
Bo Bce cBoOGomHble Osoku. Mimeer cmbicn onpenessithb [Jisi pa3MellieHHA
«MepCcreKTHBHbIEe» GJOKKH W aHAJH3UPOBATH MPOLECC PACMONOXKEHHS B HHX
BepuwuH rpaga. COOTBETCTBEHHO OlpefesieHHe NepcrieKTHBHLIX 6JI0KOB 3a-
BUCHT OT LeJieBOH ¢yHKUMHK. [Ipy MHHUMUK3ALUH CYMMapHOrO KOJMYeCTBa

Puc. 2.3. Cxema Meroma noucka Puc.2.4. YactuyHoe pasbueHue rpacda G
B WHPHHY Ha TPH 4acTH

<4
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BHEIIHHX CBf3eil MOXKHO, HATIPHMep, OTPAHMYMUTh <«TOPH30HT BUAUMOCTH»
OyTSMH OJUHB Ba, TPU HJIH YeTHIpe ¢ paHee YCTAHOBJEHHLIMH BepilIH-
HaMH.

Hanpumep, Ha puc. 2.4 BeplwnHb |, Z5 pasMmeliennl B Gy, z3 — B G,
x7 — B (3. B nepsom 6soke no/mkHO GbiTh 4 BeplUHMHBL, BO BTOPOM — 2,
B TpeTbeM — 3. [OpH30HT 31ech OyeT COCTOSATh M3 NyTel AaHHL 2. Paboty
aJAropuTMa HauyHHaeM C aHAJH3a BepLIHH X3, T4, KOTOpPble CBA3aHbB C .
Ecnu ropusoHT coctodT H3 NMyTH AJauHBl 1, TO GoJiee NMpeAnodYTHTENbHA
AJs IOMeLIeHHs B OJIOK BeplIHHA T9. [IpH yBeauueHUH rOPH30HTA A0 ABYX
B O6s0K () momelllaeM x4 U Tg. [Ipojosikas aHAJOr¥4HO, MOJYYHM, YTO
B G9 monaJja BepwuHa zg, a B G3 — 9, Ty, MPH 3TOM LeseBasd QYyHKUHS
HMmeeT 3HaueHHe K = 18.

OxoHuaTeibHOe pasbuende rpaga G Ha TPH YacTH MOKA3aHO Ha
puc.2.5. BpeMeHHds CJI0OXKHOCTb aJAropuTMa JeXUT B npemenax O(n) —
— O(n*). Kax BUIHO, BpEMEHHAS CJIOKHOCTh AJTOPUTMA H TOYHOCTb MOMY-
4eHUs Pe3yNbTaTa HAXOASTCA KaK Obl B IPOTHBOPEUHH, TAK KAK YBe/NHUEHHE
FOPH30HTa NPOCMOTPa HNPUBOAUT K GoJiee KayeCTBEHHLIM pe3yJibTaTaM 3a
GoJsibliee BpeMs.

7.5. [lpn pelieHnn HHXeHepHbIX 3ajay OOJbLIOH PAa3MEPHOCTH 4acTO
npuMeHsieTcs pasbueHue 3afadyd Ha COCTaB/aalMe YacTu. B atom cayyae
BBLAGJSIOT TPH Criocoba BeTBJEHHs JepeBa pellleHui: H; WIH; koMOGUHAUMSA
W, WIH. Ilycts y Hac uMmeeTcs 3afada (), nomnexailas pasOHeHHIO Ha
nopzagadn @1, @2, Q3 (puc.2.6). Ecau gas pewenns @ HeoGXOLHMO
pelluTh BCe moasajaud @, @2, @3, Q4, @5, T0o 310 BetBaeHHe M. Ecau
pellieHHe (J3 BO3MOXKHO yepes pelieHus (Jg HIH (Y7, TO 5TO BeTBAeHHe WUJIN.
[Tpumepom BeTBieHHs (noucKa) Y ABAseTCA ONHOBPEMEHHOE DELIeHHe BCeX
noxsagad. [Ipumepom noucka MM siBjisieTCsl pellleHHe ORHOH MM ApPYroi
noi3ajadu.

7.6. [lns nonydeHust TOUHBIX peuleHHH MpPaKTHUECKHX 3aja4d HeGoJb-
wo#l pasmepHocTH (n < 100) acddexTiBHO NpUMeHseTcs memod gemeed u
epanuy. OH 3aKJI04aeTCs B TOM, YTO MHOXECTBO BCEX BO3MOXHLIX pelle-
HUH pa3bHBaeTcs Ha NOAMHOXECTBA, NMOCJAENOBATEJNbHO YMeHbLIAOHecs

(1) (*3)
| ® ® T (9 @@
Nics &

I/IJII/I

Puc. 2.5. OxonuatesnbHoe pasbueHHe  Puc. 2.6. [Ipumep cxeMbl NOHCKa Ha oc-
rpaga G HoBe M~HJIH JepeBbes

(0%0=00)
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10 YKCJY 3aKJIYEHHBIX B HHX pelleHuid. B mpouecce pasbueHust BbIYHC-
NeTCA HUXKHSA (BepXHssl) OLEHKA, XapaKTepH3YIOWas AaHHOe MOLMHOXe-
ctBo. HHXKHAS oLleHKa BBHIYUC/IAECTCS, €C/IH HILeTCS I106aNbHbBIE MHUHUMYM,
a BepxHsis — ecay MakcuMyM. B pesysbrate nosyyaem NOAMHOXKECTBO,
coaepaulee eJlMHCTBEHHOE pellieHHe, ABJSIOIeecs ONTHMaNbHHM. Hanpu-
Mep, HeoGXOAHMO pewnTh ONTHMH3AUHOHHYIO 3alauy NOHCKa 7106aAbHOrO
mMuHuMyma. M3BecTHO, YTo Z — MHOXECTBO pelleHHH A3HHOH 3ajauH.
Kaxpaoe pelieHde z M3 [JAHHOTO MHOMKECTBZ OLEHHBAeTCs C [OMOLLBIO
uenepolt QyHKUMH f(z). TpeGyercsas uaiiTH Takoe pelleHue t € Z, AJs
koToporo f(t) — wWauMeHbluee cpepu Bcex f(z), z € Z. HMcnosnb3obaHue
cnellipUKH KOHKPETHOMH 3a5ayH M03BOJIAET B PAJe CAydaeB HAHTH HHXHIOW
rpaHHLy 3HaudeHHs ueneBod (QYHKUMH f Ha MHOXeCTBe pelleHUH Z HAH
Ha KakoOM-JuGo ero nogmHoxecTse z’ C Z. Huxuedl rpanuuedt 8(z) uau
0(z'} nenesoit GpyHkuuu f OyleM HasbIBaTh 3HaUeHHe, KOTOPOe MEHbLIE HJH
paBHO 3HaueHHIO lLeneBod GyHKUMH f(z) anst A06Oro peleHHs z € Z HIH
z € Z'. Takum obpasom, f(z) = 0(z) nas moboro z € Z uau f(z) > 0(2')
aas jwoboro z € Z’.

Pewlenye 3anay 3ak/104aeTcs B pa36HeHHUH BCErO MHOXKECTBa PellleHHH
Z Ha NOAMHOXeCTBa Z), 4y, ..., Ls, I/ KOTOPBIX

ZiNZyN...NZ; =@, Z1UZU...UZ;=2.

Tak Kak Z; € Z, TO MHUHHMAaJbHOE 3HayeHHe ueaeBol GyHKUuH f(t)
pelieHuss t M3 MOJMHOXECTBA Z; MHOXKeCTBa pellleHHit Z GoJblue HJH
PaBHO MHMHHMAJBLHOMY 3HAUYEHHIO0 UejeBod QyHKUMH f(t), ecqm t € Z.
HuxHAsA rpanuia 3Ha4eHUs LesneBOl QYHKUUH AJS NOAMHOXKeCTBa Z; He
MeHblUE HHXKHEHl TpaHHUbl /I MHOXeCTBa pelueHuit Z, T.e. §(z;) > 6(z),
i=1,2,...,s. Meroxn BeTBell U rpanull 3¢peKTHBEH, ecld npu pasbHeHHH
MHOXKECTBA PelleHHH Ha MOAMHOXECTBA Z; yAAETCA YAy4luaTh OLEHKH, T. €.
NOJIY4HThL CTPOroe HepaBeHCTBO 8(z;) > 6(z).

Pas6ueHre MHOXKECTBA pEUIEHHH Ha NOJMHOXECTBAa MpEeACTABJSAeTCS
C MOMOILbIO fepeBa pelieHUl HA OCHOBE MaTpHLbI, e¢pagha WM CIHCKA.
B kauecTBe HCXOAHOH BepLIHHbI JepeBa pelleHHH NPHHHMaeTCHd MHOXe-
cTB0 Z. Buluncasiem HuxHIOK rpaHduy 6(z) mHoxkectsa Z. Ecau Haifem
Takoe peluenHe t, uto f(t) = 6(z), T0 t — HCKOMOe ONTHMAJbHOE pellle-
uue. Ecau HaliTH ero He yjanoch, TO MHOXeCTBO Z pa3bHBaeM Ha psj
NOAMHOXKeCTB, 00pasyioOLMX Ha MepBOM luare BepIUHHBI JepeBa, KOTOpble
o6osnauum Z},Z3, ..., Z}. Bepxuuii ungekc npu Z cooTBeTCTBYET HOMepY
Wara, HHXKHHH OnpelensieT HOMeP NOAMHOXKECTBA MHOXKECTBA PeIleHHH
Ha JaHHOM Liare. DTy MNPOUEAYPY HasoBeM gemsaenuesm. Onpepnessem
HHXKHHE TpaHHLbl G(ZJ!), j=1,2,...,s. Ecan HalizeHo Takoe pelleHHe
t € Z,, uto f(t) = 0(Z.), npusem 6(Z}) < 6(Z), j#p j=1,2,...,51,
TO ¢ — MCKOMOE ONTHMasbHOe pelllenne. EcaM HalTH ero He yaasnoch, To
BLIGMpaeM U3 MOAMHOXeCTB Z|, Z4,..., Z), nonmuoxectso Z} no npasuiy
0(Z!) = min#(Z}), j =1,2,...,59, u pa3busaeM ero Ha onpejieieHgoe




60 2. Memodsr onmumusayuu

YHUCAO0 NOAMHOXKECTB!:
1 1 1 1
Zi :Z’LIUZlZU"' UZzn'

Bce noamuoxectsa Z{,Zy,..., Z}_, Z}, |, ... Zh. 2k Zzhu.. uzl,
paHee He nojBepraslunecs pa3bueHu0, 0603HaUYaEM 72 72 . Z

[lepexoayM Ko BTOPOMY HIAry W ONpejessieM HHKHHe rpaHuubl 0(Z?),

=1,2,...,sy. Ecnu naiineno takoe pemenue t € Z2, uto f(t) = 6’(Z12)
npuyeM 0(Zf,) < G(Zf-), i#p j=12..,5, Tot — UCKOMOE pe-
wenue. Ecau HadiTh ero He ynanocx; TO BHIGHpaeM H3 NOAMHOXECTB
ZQ,Z22,... Z%,, nopmuoxecTBo Z? no npasuny 6(Z%) = m1n0(Z2) j =
=1,2,..., s9, u pasbusaem Z2 Ha OnpejesieHHOe YKCJIO NOAMHOXKECTB:
Z}=240Z25u...uZ2,.

Bce noamuoxecrtsa Z7,Z2,..., Zf_,,ZH_l,..
paHee He MojBepraBliMecs pa3bUeHHIO, 0603HaqaeM Z3,Z2,...,Z23
MepexofiuM K 3-My wary u T.[. Eciu cpeay MOAMHOMKECTB pelleHHE vU-TO
uiara yAaeTcs HaUTH pelueHHe £ € Z;,’, Takoe, 4To

f(t)ze(Z:)ge(Z;J)’ J?ép! '=1v2s"')3’vv
TO t — HCKOMOE ONTHMaJIbHOE pelleHHe. B MPOTHBHOM ciydae 1o NpaBHaY
0(Z7) =min0(Z7), j=12,...,50,

onpepeJsieM H(ZJ’-’) ¥ pasbuBaeM ero Ha psja noamHoxecTB. O6o3Haya-
€M elle He NOABEPraBLIMECs PAa30HEHHMI0 MHOXKECTBA KaK IIOIMHOXeCTBa
v + l-ro wara, v npopo/xaeM npouecc. Tak Kak MHOXKeCTBO Z KOHEYHO,
TO B Pe3y/bTaTe NOJYYHUM [OIMHOXKECTBA, COCTOSLUME M3 OJHOTO pelleHHsl.
Cpenu Hux OymeT HalileHO ONTHMaJbHOE pelueHue t.

MerTon BeTBell M IPaHHUL [O3BOJSET TaKXKe HAXOAHTh KBa3HONTHMAJib-
Hble pellleHusi ¢ 3aJaHHOH TouHOCThbio A. Ecan Ha KakoM-subo wware p
HaiineHo peienue t! Takoe, uto f(t') — 0(Z¥) < A, rne Z* — nogmHOKe-
CTBO C HaWMeHbIUeH HHXKHEH IPaHHLed cpelH BCeX NOAMHOXKECTB JaHHOro
wara, To t! — HcKOMOe KBa3HONTHMA/bHOE pellieHHe.

Paccmorpum npumep BerBiieHusi fepesa peiwrennit. IlycTh Ha nepsom
11are MHOXECTBO pelleHHil Z pa3buTo, HanpuMep, HA TPH MOAMHOXKECTBA
Z!, Z} w Z}. Cpenn nux ontumanbHoe pelenue t He HaileHo. CpaBHuBas
OLEeHKH KaXK0H BepLINHBI [ePeBa pelleHHH, onpejessieM, 4T0 JalbHeH NN
IIOHCK OCYLUECTBI/IAETCS W3 BEPLUMHBI Z21. ITogMHOXKeCTBO Z21 pasbuBaeTcs
Ha TPH MOAMHOXeCTBa: Za|, Zay B Zis. IlepBuiii war pasbueHust Aepesa
peuleHHi nokasaH Ha puc.2.7.

Bepwmnun Z|, Zi, Z3,, Z,, Z1,, xoropbie He paccmarpusanucs, 06o-
3HauaeM COOTBETCTBeHHO Z7, ZZ, Z2, Z#, Z%. HaxonuM HUXKHHe IPaHHLBI
O/ 3THX NOAMHOXKeCTB. ECJHM ONTHMajbHOE pelieHHe ¢ He HaH[eHo, TO
Bepwuna Z3: Z? = Z2 U Z%, nonsepraerca BetBienuio. JlepeBo pelleHHil,
COOTBETCTBYIOLIEE BTOPOMY LIAry ajropHTMa, OKa3aHo Ha puc. 2.8.

7,723,745 0. u22

wn?’
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Puc. 2.7. IlepBuifi war no- Puc. 2.8. Bropoit tuar nocTpoerus nepesa pe-
CTPO€HHS JepeBa pelLieHHH eHuH

O6o3Hauaem BE€PWHHBI, HAXOAUM TpaHULbl AJS MMOAMHOXECTB TPETbEro
wara. Ecau onTeManbHOe pelwieHue t He Haﬁ}.’[eHO, BETBHUTCA, HalpHumep,

BepuwiuHa Z¢ (puc.2.9).

(4 @ @

@ @ @ @ @
@) @)

Puc. 2.9. TpeTu#i war nocTpoeHys Aepesa pelLieHUH

Ilpouecc moBTOpsieTCs 40 MOJYUYeHHs ONTHMAJLHOTO WJH KBa3HOMNTH-
MaJbHOrO pelenus. TakuM obpasoM, ais 3p(HeKTHBHOrO NPHMEHEHUS Me-
TOJa BeTBeH W rpaHHL, HEOOXOLHMO, YUHTLIBas CrlelH(PHKY pellieHHs, Noay-
YUTh BbIpPAXKEHHE [/ BBIYUCICHHS HHXKHUX TPaHULL LeneBoH GpyHKUHH. ITO
[AcT YHCJIO BETBSLIMXCS BepUIMH H, C/1e0BATe/IbHO, CTeNleHb COKpalleHHs
nepe6opa NpH pelleHUH 3aJayH.

7.7. OnHoil M3 Pa3HOBHAHOCTEH TOYHBIX M MPHOJHXKEHHBIX K HHM Me-
TONOB HaXOXJAEHHs DELIEHHH SBASETCS MeMoO MOOenUPOBAHUA omdcu2a.
B 1953 r. MeTpononuc npeiioXHa BHUYHCJHUTENBHYIO NPOLEAYPY,
BOCNIPOM3BOASALLYI0 MEXaHH3M OTMKHIA METAANO0B, IS MOLENUPOBAHUsA
COCTOSIHHSL PABHOBECHfl CJIOXKHBIX CHCTeM MIpU 3ajaHHOH KoHeufoi
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«TeMnepatype». Mjes neperoca MexaHH3Ma OTXKHra MeTaJJIOB Ha pellleHHe
ONTHMH32UHOHHOH 3aJja4l COCTOHT B TOM, YTO IPOLECC ONTHUMH3ALHH CBA-
3bIBAlOT C HEKOTOPOH TeMmepaTypoi. Ha kKaxknoM 1ware noucka crnydafinbm
06pa3oM OCyLUecTB/SETCS MaJoe H3MeHeHHEe COCTOSHHA 06beKTa H BBIYHC-
asieTcs uameHeHHe AE sHepruu cucteMmbl. HoBas koHburypauns cucremsl
NPUHHUMAETCH C BEPOATHOCTLIO 1, ec-

C HAYAJIO ) au AE < 0, 1 ¢ BepOATHOCTHIO, PaB-
Holl exp(—AE/kt), ecain AE > 0.

[ T=Ty, F=F, | 3ta npoueiypa NEPEeHOCUTCS Ha
T pelileHHe ONTHMH3ALKOHHBIX 3a/ad.

Y [Tpu 3TOM cocTOsAHHS (H3HUECKOH

[enepars HoBOTO
PemICHMA

CHCTeMbl 3aMEHSAIOTCA H3MEeHeHHeM
KPHTEDHSl KauecTBa, a 3HaueHHe ki
3aMeHseTcd OOOOCIIEHHBIM TOHATH-

HET
eM «reMneparypa» I', Kotopasi MO-

Aa eT pacCMaTPHBATbCA Kak YIpaBid-
Tenepanms IOMA napaMeTp ONTHUMH3ALHUOHHOH
ciryqafHoro qucia R npoueayphl.

Ha HauvannHOM 3Tamne TeMhepa-

HeT W TYpy NPHHHUMAIOT BLICOKOH, a 3a-
TeM ee cTyneHuaro cHHxkawoT. Ilpu
KaXXJ0H TeMIepaType BbIMOJHSIOT

Tlpunarue HoBoro cepuio NpoOHbLIX nNepeGopos pelte-
penreHus

n jl———m—

HHH, U Mocje KaXIOH NepecTaHOB-
KH TOJACYMTHIBAETCA 3HayeHHe Le-
JgeBod (yHkuud. Jlyymve peuieHHs
NPHHUMAIOTCH C BEpPOSITHOCTHIO 1,
a «IJIOXHe», IS KOTOPBIX 3Hade-
HHe LeseBOH (YHKLUHH yXyjllaeT-
cfl, IPUHHMAIOTCS ¢ HEKOTOpOH Be-
posTHOCTbIO. TakoHd BEPOSITHOCTHBIH
r T=al,a<1 MeXaHHU3M JaeT BO3MOXHOCTb, MpH-
HHMasi B KayecTBe HCXOLHBIX HEKO-
TOphLle «MJI0OXHe» pellleHHs, MPocKa-
KHBaTb 4yepes JIOKaJbHble ONITHMYMBbI
¥ HaxoAHTb robanbHblE.
CxeMa BbIMOJIHEHHS aJrOPHTMa
C KOHEI ) MOIEJNUPOBAHUS OTXHIA I0Ka3aHa
Ha puc.2.10.
Peanusanus BepOSITHOCTHOTO
Puc. 2.10. Cxema anroputMa MOLENH-  mexaHM3Ma B ONTHMH3ALHOHHOM
pOBaHHs OTKHIA aNropUT™Me Ha OCHOBE MOJEJNHpO-
BaHHA OTXKHIA  OCYLIECTBJISETCS
caenymouuM obpasoM. Ecu B pesyJsbraTe nepefopa 3/1eMEHTOB MPOH30LLIIO
yaydllleHHe 3HaueHHs ueseBoH QyHKuud F, To reHepupyercs cayqaiiHoe

1@

yRoBjeTBOpsAeT?
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paBHOMEpHO pacnpefieneHHoe yucio R B guanasone (0, 1] u nposepsieTcs

yca0BHe
R < exp(—AF/T),

rae AF — npupaiuerye leseBofl GyHKLUEH; T — TeMnepaTypa Ha 3aaHHOM
ware paboTbl ajsroputma. Eciau ycsoBHe BBHINOJHSETCH, TO MOJY4YeHHOe
pelleHHe MPUHUMAETCA 32 HOBOE HCXOAHOE, B IPOTHBHOM CJydae HCXOJHbIM
OCTaeTCs CTapoe pelleHHe.

[poueaypa MopmenupoBaHus oTxHra TpebyeT GOJbIIMNX BbIYHCJHTENb-
HbIX 3aTpaT. [l/1s NOBBILIEHHS CKOPOCTH MOXKHO Bhi6paTh OJHY BeTBb JepeBa
pellleHH# U NPOBECTH MOJAEJHMPOBaHHE OTXKHIa, KaK YCJAOXKHEHHBIH MOHCK
B rMyOHHY.

7.8. Onuulem anropuT™ oOLIeH HeUYeTKOH CTpaTeruy pelleHHUs ONTHMH-
3aLMIOHHBIX 3a/1a4 Ha OCHOBE KOMOUHUPOBAHHOZO NOUCKA.

1. BuifpaTh HayanbHoe npubamxkedue (pelueHne HHKEHepHOH 3a1a4u).

2. OnpefeuTh IUHAMHUKY H3MeHeHHsl 3Ha4YeHHH HesieBOH QYHKLHH B 3a-
BHCHMOCTH OT BPEMEHH HJIM YHCJa 3/IeMEeHTOB MaTeMaTHYeckod Moje-
JY.

3. OnpenenuTh BEKTOP HANpaBJAeHHS ABHKEHHS.

4. BHINOJHUTDL ONTHMAJBHBIA Iar no BbIOPAHHOMY HaIpaBIEHHIO — OJ-
HOMEpPHbIH HOUCK.

5. Ecan ueneBast byHruus — min (Npy4 MHHUMH3ALHHK), TO NepeHTH K 3.
Unaue nepeiitu K 6.

6. Ecaiu BBIXOOHBIE MapaMeTpbl 3aJja4H YAOBJETBOPAIOT 3afaHHHM Tpebo-
BaHUSIM, TO OKOHYHTb ONTHUMH3aUHIO. B npoTHBHOM ciyyae H3MEHHTb
3HayeHHE UeseBoH (DYHKLHH, BeCOBhle KOI(PQUUHUEHTHI, NapameTphl,
BBECTH HECKOJIbKO YPOBHeH afianTalyy H mepedTH K 3.

7. KoHel| pa6GoTel anroprurtMa.

2.3. Bblsogbl

B cooTBeTCTBHH ¢ BhIIIECKA3aHHBIM MOXKHO YCJIOBHO BbEJHTb TPH THIA
nouckoevix memodos:
1. Beiuncaurenssble. OHM  TOAPA3feNsOTCS HA 4YeThipe OCHOBHBIX
Ksacca:

® HelpsiMble MeTOJbl: HCMOJb3YIOTCS A HaXOXKISHHS JOKaJbHbIX
skcTpemymoB. [IpH 3ToMm peluaeTcss MHOXECTBO JHHEHHBIX HJH
HeJUHENHbIX ypaBHeHHiH. JlaHHble MeTOABl HAXOAAT 3KCTPEMYM
(OYHKLHH, aHAJIU3UPYA OrpaHHUeHHOe POCTPAaHCTBO TOUEK BO BCEX
HanpaBJIEHHSX;

® NpsIMble MeTOAbl: OCYLIECTB/SIOT MOHUCK ONTHMYyMa NyTeM rpaiu-
EHTHbIX anAropHTMoB. Jlaxke /st ABYX JIOKaJbHBIX ONTHMYMOB 3TO
6oJbliasg npobjeMa — HaUTH Jydllee pelleHHe, a S MHOTO3KC-
TpPeMaJibHBIX 33/la4 NPHMEHEHHEe 3THX MeTONOB 3aTPYAHHTEJNbHO.
Cefluac NpUMEHSIIOTCA MeTOAbl JHHEHHOro, HeJMHEHHOrO U AWHA-
MHYEeCKOro NporpaMMHDOBaHHS; N
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® TOYHBIE METOM;
® NpUGIHKEHHbIE METOAHI.
2. HeBbluncautenbHble.
3. CayuaiiHele.

Jnsa onpepesnenns ro6anbHOro MUHUMyMa 3HaYeHHH LesieBoH GyHKLYH

B MHOTO3KCTpE€MaJbHbLIX 3aa4ax NnpeajaraeTcs:
® YYUTLIBATh 3HAHHA O pellaeMblX 3aJayax, MO3BOJIgIOUIHE CBSI3aTb BO3-

W N —

~N o

12.

13.
14.
15.
16.
17.
18.
19.
20.
21.

22.
23.

24.

MOMHOCTH 3Ha4eHHUd LieJieBOH (j)YHKI_lHI/I C W3BECTHBIMH 3HAaYEHHSAMH B
TOYKax peaJH30BaHHbLIX HCMBITAHHY;

H3IMEHATb HAYaJbHYI TOUKY CIIyCKa METOAOM Hp06 Hu OllIH6OK, rpagu-
€HTHBIMH MEeTOJAaMH, COBMECTHbIMH MeTONAMH JIOKAJbHOI'0 MMOHCKA,

2.4. KoHTpoabHbBIE BOMPOCHI

. Uto Takoe «ONTHMAJLHOCTL»?

. OnuunTe NOHATHE «ONTHMH3ALMOHHAS 3a7a4ay».

. Onpegenyte MOHATHA «MOJASJTHPOBAHHE» U «MOJEJb».

. OnuiukTe NpaBHJIa NOCTPOEHHA MaTeMaTHYeCKOH MOMeIH HCCJeayeMo-

ro obbekTa.

. Kakum 06p230M OCYyLLEeCTBJACTCA CO3TAHHE MaTeMaTHYeCKOH MOAeJH

HcceyeMoro o6beKTa?

. Onuuwwure Tp66OBaHPlﬂ, npeabsiBJasgeMble K MaTeMaTHYECKHM MOAECASIM.
. UTo Takoe «afieKBaTHOCTb» H «Bepuq)uxauuﬂ MaTeMaTH4eCKOH MoaeH

HCCIelyeMOro o6beKTas?

. OnpepennTe NOHATHE TOYHOCTH MareMaTH4YecKO# MOJEJIH.

. Kak onpenensiercs norpeliHoCTb MaTeMaTHYE€CKON MOENH?
10.
11.

Kax onpepennTs cTeneHb YHHBEPCAJIbHOCTH MaTeMaTHYecKo# Mozenn?
Kakumu mapameTpaMy XapaKTEPH3YeTCs SKOHOMHYHOCTb MaTeMaTHue-
CKOW Mopenu?

Kax onpegnesnsiiotes ycaoBus 4 o6sacTb paboTocnocoBHOCTH peliaeMok
3apauu?

[IpuBenuTe KAaCCUPUKALMIO MaTEMATHYECKHX MOJeNel.

Uto Takoe «KPHTEPUi ONTHMH3ALUMN»?

Yto siBasieTcs UeJbl0 ONTHMH3ALMOHHON 3a/la4uH?

Kakum ofpasom cTponTcst ueseBas QyHKIHS?

JlafiTe NoHATHE KPHTEPHS ONTHMANLHOCTH.

Jlaiite NOHATHe SKCTPEMyMa M ONTHMYyMa Le/eBOH QYHKLHH.

UTo Takoe «JOKaJAbHLIA U IJI0OAJNbHBIA ONTAMYM»?

[TosicHuTe NOHsATHE NIPOCTPAHCTBA pElIeHKH ONTHMH3aLHOHHOH 3a1a4H.
Kakum o6pasoMm onpegpensieTcst KBa3HONTHMAJIbHOE pelleHHe ONTHMH-
3allHOHHOH 3ajauu’?

[Ipusenure kaaccupUKaLHIO CTPATErHH NMOKCKA.

B yem saknouaercsi ofHOMEPHBIN MOUCK pelIeHHH ONTHUMH3aiHOHHON
3ajayu’?

OrnuuiHTe METOL AHXOTOMHH.
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25. B yeM COCTOMT Hies MOHCKA pelIeHUH ONTHMH3aLMOHHOH 3aJa4yH Ha
ocHoBe MeTona PuboHaYun?

26. Kakum 06pa3oM BHIMOJHSAETCH NOMCK pelleHHHd Ha OCHOBE MeTOAa 30-
JOTOTO CeyeHun?

27. TpuBenuTe YMC/AeHHBIE METO/B! peLeHHsl PaKTHYeCKUX 3aJay.

28. B yeM 3aKJH04YaeTCS METOA PeJakCcauuu?

29. OnuwuTe TpafiHeHTHLIH METO, PABHOMEpPHbIH NOMCK M METO[ HaHCKO-
peluiero noabema.

30. IlpuBeanTe OCHOBHYIO HIEK CTATHCTHYECKHX METOJOB ONTHMH3ALHH.

31. Onuwnrte Meron Monre-Kapio.

32. B yeM 3aK/04aeTcA METOL MOHCKA C BO3BPAaTOM?

33. IlpuBeauTe OCHOBHYIO HJEI MeTOAA MOHUCKA B IIyBGHHY.

34. TpuBeante OCHOBHYIO HAEI METOAA TIOHCKA B LIUPHHY.

35. OnuuinTe MEeTOA TOPH3OHTA A/ MOHCKA pelleHHH ONTHMH3aLHOHHOH
3a7avu.

36. IlpuBenuTe OCHOBHBIE COCOOLI MOUCKA HAa OCHOBe M-WJIH fepeBbes.

37. OnuuinTe OCHOBHYIO HIEI0 METOLA BETBEH H IpaHMULL.

38. B yem 3ak/042eTCS METOA MOAEJNMPOBAHHSA OTKHUra?

2.5. YnopaxHeHHs

1. TlocTpofiTe MaTeMaTH4YeCKYI0 MOAENb AJISi PElIeHHs 3a1add HaXOXK-
JeHHs1 MaKCHMyMa GyHKUMH y = az? + b, rae 0 < a, b < 0o, ab = 2000.

2. TMocTpoiiTe MATEMaTHYECKYIO MOIEAb Al PELIeHHs] 331a4H HaX0XKe-
HUS MEHEMYMa QyHKUHE y¥ = a(x? + 2z + b), rae 0 < a, b < 00, ab = 1000.

3. TocTtpoiite MaTeMaTHYeCKyl0 MOLeNb AJs HAXOKIEHHSI MaKCHMY-
3
ma Tectopoit (ynkuuu Jle Homra f(z;) = 3 2? npu orpaHHuenusx
i
-5,12 < z; £5,12.

4. TlocrpoiiTe MaTeMaTHYECKYI0 MOAE/b AJISi HAXOX/EHHS MHHHMyMa
tectopoit pynkuun Jle Mowra f(z;) = 100(z? — z9)? + (1 — 21)? npm
orpannuenusx —2,048 < x; < 2,048.

5. Tlocrpoiite MareMaTHYeCcKylo MoIesb A/ HAXOXREHHS JIOKaJbHBIX
MaKcUMyMoB TecToBOH ¢yHKUHH [le Monra

Flzs) = 100(2] — x2)* + (1 — z1)?
npu orpaHuuenuax —2,048 < z; < 2,048.
6. IMocTpoiiTe MaTeMaTH4YeCKY MOIE/b HJsl HAXOXAEHHS JOKaNbHBIX
. 5
MakcuMyMoB TecToBoH ¢yHKuMH [e Homra f(x;) = > integer (z;), npu
1
orpanuuenuax —5,12 € z; < 5,12. 4

3 J1. A.Tnagkos, B. B. Kype#tunk, B. M. Kype#iunk
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7. TocrpoiiTe MareMaTHUeCKyi0 MOJENb AJis HAXOXAEHHS JOKaJbHBIX
5

MHHUMYMOB TecToBod Qynkuud He Houwra f(z;) = Y integer (z;) npu
I

orpanuyeHusix —5,12 < z; £ 5,12.

8. TlocTpofiTe MaTeMaTHYeCKYyl MOAeNb [JIf HAXOXJEHHS JOKAJbHBIX
Makcumymos TectoBoil ¢yHkuuu Je Honra

1

25
f(z;) =0,002 + E 5
=1+ 3 (xi —ay)®
i=1
npH orpanuuenusx —65,536 < z; < 65,536.
9. Onpenenurte aIeKBATHOCTb MOCTPOEHHOH MaTEMAaTHYECKOH MOJEJH H3
ynp. 3.
10. OnpepesnuTte TOYHOCTb NOCTPOEHHOH MaTeMaTHYeCKOH MOJENH H3
ynp. 4.
[1. OnpenenuTte SKOHOMHYHOCTb NOCTPOSHHOH MaTeMaTHYeCKOH MOJEIH
u3 ynp. 5.
12. Onpenesnnte o6siacts paboOTOCHOCOBHOCTH OIS YmIp. 3.
13. TlocTpoiiTe HEYETKHIA 2ArOPUTM MaTeMATHYECKOrO OMHCAHHS Clefy-
ouled 3afaqH.
Hano: 5 KOCMOHABTOB ¥ TabJHLA KX MCHXOJOTHYECKOH COBMECTHMOCTH
{oueHxa nposoguaack no 5-6aibHOH WKae)

0
4
5
3

o o] wi of
wivn| ol w|l o
w| ol o] o] w

1
2
4
3
v

1

OnpegmennTe mapy KOCMOHABTOB, 06/aa0WKX HaHOObIIEH ICHXOJIOTH-
YeCKOH COBMECTHMOCTLIO.

14. Hafigure KBasuonTHMaIbHOE pelleHue AN GyHKUHH U3 yup. 8.

15. Haiigure makcumMyMm TecToBoH (PyHKUHMM H3 ymp. 3 Ha OCHOBe
N0CJ1eJ0BATENbHOIO NOUCKA.

16. HaiiguTe MHHHMYM TeCTOBOH (hyHKLUMM H3 yTp. 4 Ha OCHOBE MeTOAA
IOUXOTOMHH.

17. Haiigute MmunumMyMm TecToBO#l QyHKUMY K3 yrp. 6 Ha oCHOBe MeTOAa
Pubonauyn.

18. IMocTpoiiTe anropuT™M HaxXOXIEHHS ONTHMAaNbHLIX 3HA4YEHHH (PYHK-
IIMM Ha OCHOBE METOHA «30/I0TOrO CeYEHHA».
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19. Haiigsre MUHHMYM TeCTOBOH GYHKUHHK U3 yIp. 6 Ha ocHOBe MeTOa
«30JI0TOTO CEYeHUS».

20. TNocTpoiiTe aNropUTM HAXOXKAEHHS ONTHMaJbHLIX 3HAYeHHH QYHK-
LMK Ha OCHOBE MeTOAA PeJlaKCaUHH.

21. Hafigute JoKaJbHBIH MHHMMYM TeCTOBOH (YHKUHMH H3 ynp. 7 Ha
OCHOBe MeTOAa peJiaKcaLlHH.

22. TlocTpoliTe aNrOpUTM HAXOXKAEHHA ONTHMAaJbHBIX 3HaueHHH GYHK-
LIMH Ha OCHOBE TPajJHeHTHOrO MeTOAA.

23. Hajigure moKa/bHBIA MHHMMYM TeCTOBOH (QYHKUWMH u3 ymp. 6 Ha
OCHOBE IPAJJHEHTHOr0 MeTOAA.

24. TlocTpofiTe aNropuTM HaXOXAEHHS ONTHMAaJbHLIX 3HayeHHH QyHK-
HUM HA OCHOBe MeTOa HaHCKOpeHllero nogbema.

25. HaidinuTte JoKaJbHBIH MaKCUMyM TeCTOBOH (YHKUHHM M3 ynp. 7 Ha
OCHOBe MeTOfa HauCKOpeMllero noibema.

26. INocTpoiiTe anropuTM HaX0XKEHHS ONTHMAJAbHBIX 3HaYeHHH (QYHK-
UMH Ha OCHOBE MeTofia cJydaiiHoro noucka (meton Mourte-Kapio).

27. Hafigute sokanbHbIE MakCHUMyM TecTOBOH QyHKUMM U3 ynp. 8 Ha
OCHOBe MeTofa caydaitHoro noucka (Metox Moure-Kapao).

28. [locTpoiiTe aNropuT™M HaXOXAEHUS ONTHMAJbHBIX 3Ha4eHHH HHXKe-
HepHBIX 3a[a4 Ha OCHOBE NOHUCKA B IVIyOHHY.

29. TlocTpoiiTe anropuTM HaXOXKIAEHHs ONTHMAaJbHBIX 3HaueHHH rpado-
BHIX 34714 Ha OCHOBE MOHCKa B LIHPHHY.

30. IIpuBenHTe aNrOpPHTM HAXOXKAEHHS ONTHMAJbHBIX 3HaYeHHH HHXKe-
HepHBIX 3a[a4 Ha OCHOBE NOHCKa C BO3BPATOM.

31. MocTpoiiTe aNropuTM HaXOXKAEHHSA ONTHMAJbHBIX 3HaUYeHHH rpago-
BHIX 3a[a4 Ha OCHOBE METOJa [OPH30HTA.

32. Onpenennre KpaTyaduil NyTb U3 Bepluunsl 1 rpada B Bepuwuny 7
Ha OCHOBe NoMcKa B rybuny. MaTpuua AJHH NyTed 3anaHa:

0 5 7 3 8 4 2 1
5 0 3 9 5 10 12 2
7 3 0 7 11 2 15 3
3 9 7 0 13 6 4 4
8 5 11 13 0 7 9 5
4 10 2 6 7 0 8 6
2 12 15 4 9 8 0 7
1 2 3 4 5 6 7

3*
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33. Onpepennte KpaTyalini nyTh U3 BepwuHsl 1 rpada B BepuiuHy 7
Ha OCHOBe MOHCKA B WHPHHY. MaTpuLa aauH nyTell 3ajaHa:

0 5 7 11 8 4 5
0 3 3 5 10 11

7 3 0 7 I 4 15

11 3 7 0 13 8 4

8 5 11 13 0 7 14

4 10 4 8 0

5 11 15 4 14 2 0

34. OnpepnenuTe KpaTuallHUi MyTh U3 BepwiMsbl | rpada B BepwnHy 7
Ha OCHOBe NOWCKA ¢ BO3BpaToM. Marpuua aiuH nyTel 3afaHa:

0 9 7 11 8 10 5
9 0 8 3 5 3 I1
7 8 0 5 11 4 7
11 3 5 0 8 4
8 5 11 4 0 7 14
10 3 4 8 7 0

5 11 7 4 14 2 0

35. Onpenenute KpaTyaliinil nyTh U3 BepwuHbl 1 rpacda B Bepwnuy 7
Ha OCHOBe MeTOJa ropu3oHTa. Matpula ajaud nyTell 3afaHa:

0 3 7 9 8 5 7
3 0 8 3 5 6 {1
7 8 0 5 11 12 7
9 3 5 0 4 8 10
8 5 11 4 0 7 8
5 6 12 8 7 0 2
7 11 7 10 8 2 0

36. [locTpoiiTe aJrOpUTM HaXOXAEHHS ONTHMAJbHBIX 3HAUEHHH HHXKe-
HEepHBIX 32124 Ha OCHOBE MeTOAa BeTBed W rpaHull.
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37. HaiipuTe onTuMa/bHOE pellleHHe 3afavyH
F =6z + 479 — max,
Tx) + 2z9 < 16,
5z +8z9 < 3
Zy,T9 — LieJble

Ha OCHOBe MeTOJa BeTBell U TpaHHLL.

38. IlocTpoiiTe ajaropuT™M HaXOXIeHHS ONTHMAJNbHBIX 3Ha4eHH rpado-
BBIX 33/1a4 Ha OCHOBE METOAA MOJE/NHPOBAaHUS OTXKHIA.

39. Haiinute onTuManbHoe pellieHue 3aJadyu
F = 6x) + 4z — max,
7x) + 229 < 16,
5x1 +8z9 <3
x|, 9 — UeJble

Ha OCHOBE METOoJa MOJEJNIHDOBAHUSA OT2KHIA.

I'noccapwuii Kk paspeay 2

Adexsamnocmo mamemamu4eckoli modenu — onpejeseHHOe COOTBET-
CTBHME MOJIEIH pellaeMol 3ajade WJH IPOLecCy NPHHATHS PelIeHHH.

Bepugurxayusa modenu — npoBepka ee HCTHHHOCTH, al€KBaTHOCTH;
CBOJMTCS K COMOCTABJNEHHIO PaCUeTHBIX Pe3yJabTaTOB MO MOAEJH C COOTBeT-
CTBYIOUIHMH AaHHBIMH JeHCTBUTEIbHOCTH.

I'no6anonoud maxcumym (mMunumym) — 3HaveHHe LeseBOH QYHKUHH,
KoTOpoe Gosiblue (MeHbLIe) BCEX OCTAaNbHBIX.

I'pa¢h — marematuyeckuit 06BEKT, COCTOALLHUI U3 MHOXECTBA BEPUIHH
¥ MHOXeCTBa pebep, HaXOMSIUMXCS B 3aJaHHOM OTHOILEHHH.

Hepeso — caasublii rpad 6e3 LUHKJIOB.

Keazuonmumanvroe pewlernue — OIHO K3 MHOXECTBa pelleHHH, nona-
HAOUWIKX B JIOKANBHBIH 3KCTpeMyM, GJIH3KHH K r106al1bHOMY.

Kpumepuii unu yenesan pynxyus — Mepa OLEHKH HCCIEAyeMOro
sIBJIEHHS.

Kpumepuii onmumansrocmu — npU3HaK, N0 KOTOPOMY (YHKUHOHH-
pOBaHHE CHCTEMbl NPH3HAGTCH HAMJYYUIHM H3 BO3MOXHBIX BapHaHTOB ee
byukuronrposanus. [TokasaTesns, Bbpa)KawIHKH NpejeNbHYI0 MePY SKOHO-
MHYeckoro 3ddexTa NPHHUMAEMOTO pelleHHsl JJIS CPaBHUTEJNbHOH OLEHKH
BO3MOKHBIX aJbTEPHATUB U BLIGOPA HAWJYYLIEro U3 HUX.

Jlokanonotii makcumym (MUHUMYM) — OLVH M3 BOSMOKHBIX MaKCH-
MYMOB (MHHHMYMOB) B NpPOCTPaHCTBE pellteHHH.

Mamemamuueckaa modens — suipaxenusi, oToGpaxawilHe 3aBHUCH-
MOCTb MeXZy BXOIHBIMK W BBIXOJHBIMH NMepeMeHHLIMH, a TaKXKe TepeMeH-
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HbIMHU cocTosiHUA. CHcTeMa MaTeMaTHYeCKUX COOTHOLIEHHE, OMHUCHIBAIOLIMX
u3ydaemble NPOLECCH /U SBJIEHHUS.

Memod semseil u epanuy 3aKNI04aeTCH B TOM, YTO MHOXKECTBO BCEX
BO3MOXHBIX pelleHHH pa36uBaeTCss Ha MOAMHOKECTBA, M0C/EA0BATENbHO
yMeHbLIAOIIHeC 10 YHCJY 3aKJIYeHHbIX B HHX pelleHHH. B npouecce
pa3bHeHHs BHIYHCISETCS HHUXKHAA (BepXHsAs) OLEHKA, XapakTepHaylolias
JaHHOe IOOMHOXKeCTBO. B pesyibrate nosyyaem MOAMHOXKECTBO, COAEPXKa-
llee efHHCTBEHHOE pelleHHe, SIBJSIOLLEECs ONTHMA/bHEIM.

Memoo zopuzonma 3ak/0uaeTcsl B OrpaHHYeHHH [YOHHBL IPOCMOTpPA
B KaXKJIoW TOYKe JepeBa pelleHHH; MO3BoJseT AOCTHIaTh NPOMEXYTOYHOH
UeJH, a 3aTeM OLEeHHBaTh AajbHeHIlHe BO3MOXHOCTH M MpPOJAOMKATbL HJH
yCOBEpLIEHCTBOBATb NMPOLECC NOHUCKA.

Memod epaduenma — pBHKEHHE [PH [OMCKE TOYKH ONTHMyMa
OCYILECTBJSIETCS B HANpaBJeHWH HauOBICTpeHIUero BO3pacTaHUsl HeJeBOH
(OYyHKLHH.

Memod duxomomuu — peanusyercsi 3a CYeT MeXaHU3Ma OBBLIYHOTO
nepe6opa BO3MOXHbLIX TOYEK Pa3pbiBa.

Memod 30n0moeo cevernun — no3BONAET H36ABUTHCH OT 3aBUCHUMOCTH
NepBOro OMbITa H OT 4HUC/IA OMBITOB. 3JeCh HCNOJb3yeTcsl YCJIOBHE, 4TO
COOTHOLIEHHe AJIMHBI COCeIHHX BuIGOPOK paBHO uHcay 1,618.

Memod modenuposanusn omcuza COCTOUT B TOM, UTO NPOLECC ONTH-
MH3aLHH CBA3BIBAIOT ¢ HeKOTOpO# TeMnepatypoli. Ilpy kaxnoé temnepary-
pe BHIMOJNHSAIOT CepHI0 NPOBHBIX NMepeGopoB pellleHHH H NOCJe KaX oM nepe-
CTAHOBKH TOACYHTHIBAaETCA 3HaueHHe LiesleBol GyHKUHU. Jlyunine pelueHus
NMPUHHUMAIOTCH, a «ILJIOXHe», IS KOTOPHIX 3HadeHHe HeJeBOl ¢yHKUUH
YXYAllaeTcsl, NPHHAMAIOTCA ¢ HEKOTOPOH BepPOSITHOCTBIO.

Memod naucxopeiiuwezo nodsema — kOMOHHALMA METOAOB pejakca-
LMY U rpaaxeHnTa. [Tocsie HaxoxaeHHs rpajieHTa aHANH3HPYEMOH (DYHKLUHH
B Ha4aJbHOH TOHYKE OCYIeCTBJfAETCS NMpOABHXKEHHe, NOKA leJeBas (QYHK-
LMSl He MepecTaHeT BO3PacTAaTh.

Memod noucxa & znybuny coCcTOMT B TOM, 4TOGH B KaMAoOH Hccle-
JyeMOH TOuKe fepeBa pelleHHH BHIGHPATh OAHMH U3 BO3MOXHBIX NyTeil H
HCC/Ie/l0BaTh €ro A0 KOHLA.

Memod noucxa 6 wupuny — BeTBNEHHE AepeBa PelleHHH NPOHCXORUT
OT YPOBHS K YPOBHIO, TI0Ka He OyJeT MoJy4yeHO pellieHHe 3ajayuH.

Memod noucka ¢ 803spamom — BHIOJHSETCA B ABYX HaNpaBJeHHSIX,
onpejeNeHHBIX ClydyalHBIM BeKTopoM. Ilocsie ymauHoro wara HOHCK mpo-
LOJKAeTCsl B TOM K€ HalpaBJeHHH, a NocJje HeylauHOro OCYLLeCTBJseTcs
BO3BpAT Ha NpeAblAywlMi Luar.

Memo0d penaxcayuu 3aKn04aeTcs B ONpeeseHHH HANPaBJIEHus, BAOMb
KOTOPOTO 3HauyeHHe leJeBoi PYHKLUH H3MeHSeTCS HAaHMY4IIHM 06pa3oM.

Memod cnyuaiinozo noucka (memod Monme-Kapno) — BriGop rces-
AOCNy4YaHHOro BEKTOpA NapaMeTPOB ¢ PaBHOMEPHLIM pacrpefeseHHeM.

Memod Puborayyu COCTOMT B TOM, YTO BhIOODKH, NMPOBOAMMELIE T10-
ClleloBaTe/IbHO, PacrosiaraloTcsl TakK, 4TOBhl [/l COCEOHUX BBIGOPOK Bbl-
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NOJHUJIOCh TO YCJIOBHE, YTO O4YepefHOH uJjeH psAAa paBeH CyMMe [BYX
npenbAyLHX, KPOMe NepBOro H BTOPOTO.

Modenuposarue — >T0 HccleOBaHHE ABJEHHH, MPOLECCOB NyTEM
nocTpoeHus ux Mogedeil. McnonbsoBanue mopenel a1 onpeneneHus nose-
IEHHUs] H XapaKTePHCTHK peasbHbIX COObITHE.

Modens — 3T0 KONHs HJIH aHANOT H3Y4aeMOro SIBJEHHS WJIH npouecca,
0Tpa)awpllas CyLleCTBEHHble CBOHCTBA MOIEJHPYeMOro 0ObeKTa € TOUKH
3peHHs HccnefoBateds. [IpubankeHHOe OnUCcaHHe Kakoro-nubo Kaacca fs-
JNeHUH BHELIHEero Mupa.

Ob6aacms pabomocnoco6rHocmu — HacTb NMPOCTPAHCTBA YIPABJSAEMBIX
NepeMeHHBIX, B KOTOPO# BBITIONHSIIOTCA YCJIOBHS paboTOCIOCOGHOCTH.

OnmumanbHocms — 3TO OLEHOUHOE OTpaxKeHHe CyGbeKTHBHOIO CBOH-
CTBA Yepe3 HEKOTOPOE KOJIHYeCTBEHHOE COOTHOLIEHHE, T. e, KOIHYECTBEHHOE
3HaYeHHe KayecTBa, KOTOPOe KeJaTesbHO MPHIATh MOAeNUpyeMOd 3afaye.

Onmumu3zayuonnasa 3adawa — 3anaya, B KOTOPOi HeOOXOAWMO HalTH
pelleHHe, B HEKOTOPOM CMbiCJie Hausyuyllee HJAM ONTHMalbHOE. DTO KOp-
TEX AJHHBI TPH, COCTOALIMH M3 NPOCTPAHCTBA pelleHHH, OrpaHHYeHull H
06J1aCTH JONYCTHMBIX DelleHHH.

Haccuenoiil nouck — cayyaiinelit BeIGop nap Ha 33JaHHOM OTpe3Ke LA
HaXOXAEHUS ONTUMYyMa LeJeBOH (YHKUHH.

Iozpewnocmos mamemamuueckold modenell — creneHb OTKJOHEHHs
peanbHOH MOJEJIH OT 3TAJOHHOrO 3Ha4YeHHS.

ITocnedosamenovHbill nouck BHINOJHSETCS NyTeM Mepebopa 3HaueHHH
1eseBoH PYHKLHH A/ HAXOXKAEHHS ONTHMAaJbHOIO 3HAYEHHS.

Ipocmpancmso peuweHull — HCXOAHOE MHOXECTBO aJbTePHATHBHBIX
BapHaHTOB peUIeHUH.

Pesynomamuenocme — cBsisb MeXAy JAOCTHTHYTHIM De3yJbTaTOM H
MCMOJb30BAHHBIMH PECYPCaMH.

Cmamucmudeckue memo0sl onmumu3ayuu OCHOBaHH Ha BBeJeHHH
3JIeMeHTa CJy4alHOCTH B NPOLECC NOHUCKA 3KCTpeMyMa.

Cmenens YHUBEPCANBHOCMU MAMeMamMu4eckol modeau — TOJHOTA
y4eTa CBOHCTB peajibHOH 3aauH.

Cmpameeus — onTHMa/NbHLIA HabOp NPAaBHJ H NPHEMOB, KOTOPbIE NO3-
BOJISIOT Peai30BaTh OOLLYIO Ledb, AOCTHTHYTh IM0OA/IbHBIX H JIOKAJbHBIX
uesied 3afayd.

Tounocme mamemamuueckoll Modenu — CTeleHb COBMAJIeHUs 3Haye-
HHUH NepeMeHHBIX peajibHOr0 0ObeKTa W 3HAYeHHH Tex Ke NepeMeHHBIX,
NOJ'YYeHHBIX HA OCHOBE HCCJeLyeMOH MOAEJIH.

Yenosua pabomocnocobrocmu — cucTeMa COOTHOWEHUH MeXAY Bbi-
XOOHbIME MEpEMEHHbBIMH W HX MpPEefeJbHO AOMYCTHMBIMH MO TEXHHUYECKOMY
3aJaHHI0 3HAYEHHUSAMH.

JKoHoMUMHOCMD MaMeMaAMU4ecKol MOO0eNnU XapaKTepH3YeT 3aTPaThl
BBIYHC/UTENbHBIX pecypcoB DBM npy peannsauuu MopedH.

kcnepumenm — MeTON HAayYHOrO MO3HAHHSA, NPENONAraloWHi ak-
THBHOE BMeLIaTe/bCTBO B CHUTyaLHio, H3MeHsAs ee (akTophl M OTMeuas
M3MeHEHHsl B U3yyaeMOM OOGbeKTe. &



72

2. MemoOdut onmumusayuu

Jkcmpemym — MaKCHMyM H MHHHMYM 3HauyeHHd LUeseBoH GYKUHH

B ONITHMH3AUlHOHHbLIX 33aja4ax,

Ipgexmusnocmop — cTeneHb peanu3alliy 3aIJIaHHPOBAHHOK JefTellb-

HOCTH K JOCTHXXEHHSA 3allJlaHMpOBaHHbIX pe3yJ/bTaTOB.
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CrpemieHHe K ONTHMH3aLlMH — 3TO ECTeCTBEHHOe CO-

crosume mnpupoabl. Urobnl 3agaya uMena oONTHMAaJbHOE

pemeHne, Heo6XOQUMO CYHIECTBOBAHHE MHOXKECTBA pelle-

Huit. Ilouck onTMManabHOro pelmleHMs OCHOBAH Ha IIO-

CTPOEHMH MaTeMaTH4YeCKoil MoJeJiH, BKIIOYalouel nejesyio

¢byuKIHMI0, OrpaHMYeHHA M TpaHUYHbIE YCAOBHMA, W Ha ee
JajgpHeHmeM aHanu3e




3. OCHOBHBIE ITOHATHA U CTPYKTYPA
TEHETUYECKHX AJITOPUTMOB

Merton OOHapyXeHHs MCTHHbI SBJSETCS aHaJH-
THYECKHM M CBOIHMTCH K YeTbIpEM MpPAaBHJiaM:
1. [IpuHKMaTE 3@ HCTHHY JAHIUB TO, YTO MbLICIAT-
€fl KaK Hesb3sl GoJjlee SICHO M OTYET/IHBO, UCKJIO-
4ag BCSIKOE COMHEHHe B CBOeH MCTHHHOCTH;
2. PacynessaTb Xamayilo npobseMy Ha MakcH-
MajlbHO BO3MOXKHOEe KOJIMUeCTBO 4acTeil U paspe-
1IaTh KaXKAYI W3 HHX HaWJy4YIIH¥M BO3MOXHbIM
croco6om;
3. Bectu pasmbilusieHHs HafJeXKalMM o6pa3oM,
HauWHas ¢ NpOCTeHLlero W NPOABUrasick Maso-
nomaJy, UJH NoCcTeNeHHo, K T03HaHHI0 Hanbosee
CJI0XKHOTO;
4. [ToaBOAMTD UTOTH CTOJb TOJIHO H 0603peBaTh
npo6neMy cTojb BceobbemJlolle, YToObl ObITh
MIOJTHOCTBIO YBEPEHHBIM B TOM, YTO HE YHYILEHO
HHYero.

P. llexapm

3.1. OnpeneneHns U NMOHATHS
reHeTHYeCKHX aJropuTMOB

1. I'enemu4eckue anzopummst — 3TO HOBas 06MacTb HCCIENOBaHUI,
KOTOpasi mosiBMJach B pesyabrate pabot [{. Xoananpa u ero koaser. le-
HeTHYeCKHe anropuTMbi, omucabisle J1. XoasanaoMm, 3aMMCTBYIOT B CBOe#
TEpPMHUHOJIOIHH MHOroe U3 ecTecTBeHHOH reHetuku. [anee 6ynyT npusege-
Hbl TEXHUYECKHe TOJIKOBAHHS TePMHUHOB U3 GHOJIOTHH M MeHEeTHKH, KOTOpbie
HCIOJIb3YIOTCS B TEOPHH M TPAKTHKe FeHeTHYeCKHX ajaroputMoB. Brepsoie
reHeTHYECKHE aNrOPHTMbL OblIH NPUMEHEHB! K TAKHM HayyHLIM IpobaeMam,
KaK pacno3HaBanue oOpa3oB M onTHMH3auusA. [eHeTHdecKHH anroputm
npeAcTaBasieT CoO0il aAanTUBHLIE MOHUCKOBHIA MeTOH, OCHOBaHHBIH HA ce-
JIEKLHH JYULIHX 3JIEMEHTOB B NONYJALHH, NTOAO6HO 3BOIOLHOHHOH TEOPHH
Y. lapsuHa.

OcHOBOH 1/ BO3HHKHOBEHHMs TreHETHYeCKHX aJrOPHTMOB NOCJYKH-
Jd Mopeib OHOJIOrHYEeCKOH 3BOJIIOUMH M METOAbl CAYYaHHOr0 MOHCKA.
JI. Pactpurus otmevan, 4To c/Ay4aHHBI MMOHUCK BO3HHK KaK peaJju3alus
npocTeilleli MOJe/H 3BOJIIOLKH, KOTAA CAyyaiiHble MyTalHu Monenufaosa—
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JIUCh CAy4alHBIMH WaraMyd ONTHMAaJbHOTO DelleHHs, a 0T60p — «yCTpaHe-
HHeM» HeyNauHbIX BAPUAHTOB.

601104 UOHHBII NOUCK C TOYKH 3peHUs npeobpasoBaHus HHGOpMa-
LMY — 3TO NOC/eoBaTe/bHOe Npeobpa3oBaHye OLHOr0 KOHEYHOro HEYETKO-
ro MHOXKeCTBa NIPOMeXKYTOUHBIX pelueHUH B Apyroe. CaMo npeobpaszoBaHue
MOXHO Ha3BaTb aJrOPHTMOM IIOHCKA, H/IH FeHEeTHYECKHM aJaroputmom. le-
HEeTHYeCKHE aJITOPHTMBI — 3TO He NPoCTo cayyaiHbiil nouck. Ouu sddex-
THBHO HCMOMB3YIOT HHGOPMALHIO, HAKOMJIEHHYIO B fipolecce 3BOJIOUHH.

Llesb reHeTHYeCKHX aJATOPHTMOB COCTOHUT B TOM, UTOObI:

® a6CcTpPakTHO U (OPMa/bHO OOBACHATH afanTaluio NMPOLECCOB B ecTe-
CTBEHHOH CHCTeMe M HHTeJJIEKTyasbHOH HCC/Ie0BaTeNbCKOH CHCTEME;

® MOAENHPOBAaTh eCTeCTBeHHble 3IBOJIOUHOHHbIE Mpouecchl A4 3¢dek-

THBHOTO pellleHHs ONTHMH3aLHOHHBIX 3a/1a4 HAYKH H TeXHHUKH.

B HacTositiee BpeMs HCNONb3YeTCS HOBAS NapafHrmMa pelueHdi ONTHMH-
3aLMOHHBIX 33734 Ha OCHOBE reHeTHYeCKHX aJrOPHTMOB H HX Pa3/HYHBIX
mopuuKkauHi. [eHeTHYecKHe aJArOpHTMbl OCYLIECTBAAIT MOHCK OanaHca
MexX1y 3(Q(eKTHBHOCTbIO H KayeCTBOM pelLeHHH 32 CHET «BbIKHBAHHS
CHNbHeHWHX ajbTepPHATHBHLIX pelleHHi» B HeonmpeAeseHHbIX H He4YeTKHX
YCJIOBHSAX.

[eHeTuyeckHe afrOPHTMbl OTIHYAIOTCA OT APYTUX ONTHMH3ALHOHHBIX H
TIOHCKOBBIX TNPOLEAYD ClAeNyIOUHM:

& paboTalOT B OCHOBHOM He C NapaMeTpaMy 3aiauH, a C 3aKOAHPOBAHHKIM
MHOXeCTBOM NapaMeTpoB;

& OCYLUECTBASAIOT [TOUCK HE MyTeM YJYYIUIEeHHS OQHOIO pPelleHHs, a NyTeM
HCTOJIb30BaHUS CPa3y HECKOJbKHX aJbTePHATHB Ha 3aJaHHOM MHOXe-
CTBe peulleHHH;

® UCHOJIB3YIOT Yesleyro PYHK U0, a He ee pas/HyHble IPHPALeHHS A5
OLEHKH KayecTBa NPUHATUS DelleHHH;

& NPUMEHSAIOT He [eTepMUHHPOBaHHBIE, 8 BEPOSITHOCTHLIE NIPaBHJ/a aHa-
JIH3a ONTHMH3aLHOHHBIX 3a1a4.

Ilns paboThi reHeTHYECKHX aJrOPUTMOB BHIOMPAIOT MHOXKECTBO HaTy-
panbHBIX aPaMETPOB ONTHMM3aLHOHHOH Npo6JjeMbl H KOAHPYIOT HX B flO-
CJIel0BATENLHOCTh KOHEYHOH AJUHBL B HekoTopoM andasute. OHu paborta-
10T IO TeX NOP, NOKa He GyAeT BBINOJHEHO 32JaHHOE YHCIO0 reHepaluii (Mre-
pauuil aIropuTMa) HAH Ha HEKOTOPOH reHepauiu GyAeT NOJy4YeHO PellleH e
onpeseNeHHOro KavyecTBa, WM KOrAa HaHAeH JIOKaJbHbIH ONTHMYM, T.e.
BO3HHKJA TIpEXKJEBpeMeHHAs CXONHMOCTb H aJrOPHTM He MOXeT HAaHTH Bbi-
XOJL M3 3TOro cocTosiHUA. B oTindve OT ApPYyrHX MeTOAOB ONTHMHU3AUHH 3TH
ANTOPUTMBL, KaK MPaBHJIO, aHAJH3HPYIOT PasJH4Hble 06/1aCTH NPOCTPAHCTBA
pelueHunii OJHOBPEMEHHO H MOYTOMY OHH 6o/ee MPHCNOCOBAEHH K HaX0X-
JEHHIO HOBbIX 0BJacTed C JIYYIIHMH 3HAYEHHSAMH LiesieBOA QyHKUUH.

2. [TpuBesieM HEKOTOpLIE NMOHATHA W ONpefeseHHS H3 TEOPHH reHeTH-
YyecKUX a/JropuTMOB. Bee reHeTHYeckHe airopuTMbl paboTalOT Ha OCHO-
Be Haya/JbHOH MH(OPMALMH, B Ka4yeCTBe KOTOPOH BHICTYNAeT MOMY/sSLHs
anbTepHaTUBHbIX peweduit P. Honynayus P = {P\, P,,..., P, ..., Pnp}
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€CTb MHOXeCTBO 3JemeHTOB P, t =0,1,2... — HOMep reHepauuu reHe-
TUYECKOro airoput™a, Np — pasmep nomyasuus. Kaxnapiil sneMeHT 3TOR
nonynsuMd P;, Kak NpaBujio, NpefctasJisieT cO60H ONHY HJIHM HECKOJbKO
XpOMOCOM HJIH 0cobeil, MM HHAHBHAyasbHOCTEH (anbTepHATHBHMIX YIO-
PSACYEHHBIX HJIM HEYIODPSAOYEHHBIX pelueHHi). XPOMOCOMBl COCTOST H3

reHoB P, = {g1,92,..., gv} (3/1€MEHTbI, 4aCTH 3aKOAUPOBAHHOTO PelueHus),
H TMO3HIUMH TFeHOB B XPOMOCOME Ha3biBaIOTCHA JIOUM UMM JIOKYC A OJHOH
NO3UUKUH, T.€, FeH — MOA3JeMEHT (3/7eMeHT B XPOMOCOME), JAOKYC —

NO3ULKMSA B XPOMOCOME, aliesb — (PDYHKLUHOHANbHOE 3HAYEHHE TeHa.

Tenn MOryT uMerh 4ucaoBble HAM HyHKUHOHAJAbHBIE 3HaueHUs. OObly-
HO 5TH YHCJIOBble 3HayeHHs OEpyTCS M3 HEKOTOpOoro angamuta. l'eHeTH-
YeCKHI MarepHasn 3/leMeHTOB OObIYHO KOAMPYETCs Ha OCHOBE [BOHYHOIO
andasura {0,1}, x0T MOXHO HCMONbL30BAaTh GYKBEHHble, a TaKXe He-
catuduple ¥ apyrue andasuthl. [IpriMepoM 3aKOZHPOBAHHOH XpOMOCOMBI
JJIHHBl IE€BATh HA OCHOBE JBOUYHOrO aJAQ)aBUTa MOXKET CJAYXKHUTb XpOMOCOMa
P; = (001001101).

ONleMeHTHl B reHeTHUECKHX a/IFOPHTMAX YACTO HAa3blBAIOT POAHTEJS-
my. Podumeau BribupaloTcsi U3 NONYJAALHM Ha OCHOBE 3afaHHBIX mpa-
BHJI, 3 3aTe€M CMeIUMBAIOTCs (CKpelMBaloTCs) AJS IPOH3BOACTBA «Oemel»
(nomomxoe). Lletw u popurenn B pesyapTaTe eHepauuH, T.e. OAHOrO
uMkaa (NOLUMKAZ) 3BOJIOUMH, CO3RAIOT HOBYIO mnomysasuuioo. [eHepauus,
TO €CTb NPOLECC peasH3aluH ONHOH MTepalldH aJropHTMa, HasblBaeTcs
NIOKOJIEHHEM.

[To aHanoruu ¢ npoueccamy, MPOMCXOASILUMMHE B KHBOH TpHpoae H
onUCaHHBLIMH B pasfese |, B TeXHHKe CUHTAIOT, YTO I60UOYUS NONYaAA-
yuu — 3TO 4epefOBaHHE IOKOJEHHH, B KOTOPHIX XPOMOCOMbI H3MEHFIOT
CBOM 3HAYeHHS TaK, YTOObl KaxA0e HOBOE MOKO/EeHHE HAUJYYIIHM ClOCo-
6om npucnocabaubanock K BHewHel cpene. Torma ofias reHeTuveckas
YMaKOBKa Ha3blBAETCS 2EHOMUNOM, 2 OPTAHU3M QOPMHUPYETCS TOCPEACTBOM
CBSI3H reHeTHYECKOH YMAaKOBKY C OKpy:xKamuleH cpefioil W HasbiBaeTcs ¢he-
HomunoMm.

Kaxablii 3JeMeHT B NOMYJALHH HMeeT ONpefeseHHBH YPOBEHb Ka-
YyecTBa, KOTOPLIH XapaKTepusyeTcs 3HayeHHeM UeJeBOH (QyHKUHH (B JH-
TepaType HHOrAa HasbiBaeTcd DYHKUHS [10JIE3HOCTH, NPHUCNIOCOBJIEHHOCTH
uan npurogaocty (fitness)). OTa GYHKUHA HCHONb3YETCS B €HETHUYECKHX
aNTOPUTMAaxX [JISi CPABHEHUsl afNbTePHATHBHBIX pelleHHH MexAy coBoil H
Bei6Opa JyUlHUX.

CrepgoBaresibHO, OCHOBHAS 3aa4Ya TeHETHYECKHX aJFOPHTMOB COCTOHT
B ONTHMH3aUuH uesneBod dyHKuuU. Jpyrumu cnoBamu, reHeTHYECKHE af-
FODUTMbl AHANU3UPYIOT TOMYMAUHUIO XPOMOCOM, NPEACTABJAIOUHUX KOMGH-
HALMIO 3/IeMEHTOB M3 HEKOTOPOTO MHOXKECTBa, M ONTHMH3HPYIOT LEJEBYIO
(YHKUHIO, OLEHHBAA KaXKAyl0 XpoMocoMmy. ['eHeTHUeCKHE aJFrOPHTMbl aHa-
JHU3HPYIOT ¥ MPeoGpa3oBbIBAIOT MONYAALHH XPOMOCOM Ha OCHOBE MeXaHH3-
Ma HaTypajbHo# sBomoumn. Kaxaaa nonyasuus o6iagaeT Hacae CTBEHHOM
M3MEHYHBOCTBIO. ITO 03HAYAeT HaJHYKe BO3MOXKHOCTEH CJYY4alUHBIX OTKJIO-
HeHHH OoT HauboJiee BEPOSITHOTO CPeJHEro 3HauyeHHs UeNeBod (YHKLHH.
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OTKJIOHEHHS ONMKCHIBAIOTCS HOPMAJbHLIM 3aKOHOM pacnpefeseHHs caydai-
HbIX BeJH4YHH. [IpH 3TOM Hac/eICTBeHHblE NPU3HAKH 3aKPEMNAITC, €ClNH
OHHU HMEIOT MPUCTIOCOGUTeNbHLINR XapaKTep, T. €. 06ecneurnBalT NOMYJSLUH
Jy4llKe YCJOBHS CYLIeCTBOBAHHS H Pa3sMHOXKEHHS.

Tak e Kak MNPOUECC 3BOJIOUHH HAYHHAETCA ¢ HaYalbHOH MONYJALHH,
TaK K aJIrOPHTM HavHHaeT CBOIO paboTy ¢ CO3/laHHs HayaJbHOrO MHOXKECTBA
KOHKYPHPYIOLIUX MeXAy coO0H pelleHHi ONTHMH3aLHOHHOM 3aa4yu. 3aTeM
3TH «POAUTENLCKHE» DeIleHHsl CO3Jal0T <«MOTOMKOB» NyTeM CJy4aiHbIX
¥ HanpabJeHHbIX H3MeHeHHH. [locse sToro oueHuBaeTcsi 3G PEKTHBHOCTD
3THX DelleHHH, U OHH NOJABEepraloTcA ceseKuHMH. AHAJOTHYHO eCTeCTBEH-
HBIM CHCTEMaM 37AeChb AEHCTBYeT MNDHHIMM <«BBIXKHBAHUA CHJIbHEHIINX»,
HaHMeHee MNPHKCNOCco6/eHHble PELeHHs «[IOrH6a0T», a 3aTeM NpOLece I0-
BTOpSieTCSl BHOBb U BHOBb.

TpapuupoHHbBlE ONTHMH3ALKOHHBIE ANFOPUTMB /IS HAXOKIAEHHS Jyu-
IIero pelleHMs HCMOJb3YIOT 60/blIOe KOJHYECTBO AONYLUEHUH NIPH OlLieHKe
uesieBoH (QyHKLUHH. DBOJIOLMOHHBIE NOAXOA He TpebGyeT TaKUX AOMYILEHHUH,
4TO pacluMpsfeT KJacC 3aJad, KOTOPble MOXHO pewaTb ¢ MOMOILbIO FeHe-
THYeCKHX aJaropHTMmos. CoracHo CYLIeCTBYIOWHM HCCHEIOBAHHAM MOXHO
CKa3aTh, 4TO reHeTHYeCKHe a/lifOPUTMbl II03BOJSIIOT pelliaTh Te npabieMsl,
peuleHHe KOTODBIX TPaiKWLHOHHBIMH aJICOPUTMAMH 3aTPYAHHUTEJbHO.

leHeTHUeCKHH alropuTM faeT MPEeMMYLIECTBa MpPH pelUeHHH NPAKTH-
yeckux 3afay. OQHO H3 HUX — 3TO afanTauus K uaMensmoulefics oxpy-
XKawpoulelh cpefie. B peasbHOH KH3HH npobJieMa, KoTopasi Obljla MOCTaB-
JileHa /15 DelleHus HW3HAYaJbHO, MOXET MpeTeplneTb OrPOMHbIE H3MeHe-
HMA B npouecce cBoero petueHus. [lpd Hcnonb30BaHHM TPaAHUHOHHBIX
MeTOOB BCe BHIYMC/IEHMS NPUXOAMTCS HAYMHATh 323HOBO, YTO NPHBOLMT
K GOJIbLIMM 3aTpaTaM MalIMHHOrO BpeMmeHH. [IpH 3BoJIIOLIHOHHOM noxxone
MONYJSLUKIO MOXKHO aHaJHU3HPOBATh, AOMOJHATb ¥ BHAOH3MEHATb IIpHMe-
HHUTEJIbHO K M3MEHSIOUIMMCS YCJIOBHSIM, 1J1s 3TOr0 He TpefyeTcsl MOJHBIA
nepe6op. Jlpyroe npeumMyLecTBO reHeTHYECKHX aJTOPUTMOB [JIs pelleHus
3aay COCTOMT B CIOCOOHOCTH ObLICTPOH reHepauHd AOCTATOYHO XOPOUIHX
pelueHHH.

3. [Ipy pelueHuy NpaKTHYECKUX 32134 C HCMOIb30BAHHEM FeHETHUECKHX
anrOpUTMOB OBGBIYHO BHIOMHSAIOT YeThipe NpeABAPUTEbHbIX JTaNa:

e BbIOOp cnocoba npeAcTaB/eHus pelieHus;

e pa3paboTKa ONEPATOPOB CAYYaHHBIX H3MEHEHUH;

e onpejiesieHHe COCOGOB «BbIXKHBaHHA» pelIeHHH;

e CO3JaHUHe HAYaJbHOH MOMYJIALHH a/bTePHATHBHBIX PeleHHUE.
PaccmoTpuM HeKOTOpHle 0COOEHHOCTH BBHINOJHEHHS STHX 3TalOB.

Ha nepsom smane piisi NpeacTaBjeHHs pelueHHs B GopMasbHOM BHJE
TpeGyeTcsa Takas CTPYKTypa, KOTOpas MO3BOJNHMT KOZMPOBATh JI0GOE BO3-
MOXHOe pelleHHe H NPOH3BOAUTE €ro OLeHKy. MaTeMaTH4eCKU HOKasaHo,
4TO He CYLIECTBYeT MJeasbHOH CTPYKTYpBl NMPEICTABJEHHS, TAK YTO ANA
CO34aHHS XOpOLIeH CTPYKTYphl TpebyeTcs aHa/u3, nepe6op M 3BpUCTHYe-
CKHe MOAX0mbl. Bo3MOXKHBIA BapHAHT NpeNCTaBJEHHS OOJKEH MO3BOJSATDH
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NpoBejleHNe Pa3JHYHLIX NEePeCTaHOBOK B aJbTePHAaTHBHBIX peweHusnx. Hasa
OUEHKH pelleHH! Heo6XoOHUMO ONMpeNeqHTb CHOCO6 BBIYUCIEHHS Le/eBoi
byHKUHH.

Ha smopom smane N0OCTATOYHO CJOXKHBIM fIBJISeTCS BbIGOp cayyalHo-
ro omeparopa (MM onepaTopoB) AAA reHepauun noromxos. CyumecrtsyeT
OrPOMHOE YHCJIO TaKUX onepatopos. Kak oTMevasiocs B raase 1, cyuiecTsy-
I0T B2 OCHOBHBIX THMa pa3MHOXeHUs: nojosoe M Gecnojoe. [Ipu nonosom
Pa3MHOXEHHH JBa poauTesss OOMEHHBAIOTCA FeHETHUYECKHM MaTepHasoM,
KOTOpbi#l HCNOJIb3yeTcst MPU CO3JAHHH NoTOMKA. Becnonoe pasmuoxenne —
3T0 (haKTHUECKH KJOHUPOBAHHE, IIPH KOTOPOM NMPOHCXOAAT pas3iu4Hble MY-
TalMH NpH nepelade HHGOpMALMH OT PoAUTENs K NOTOMKY. Mogenn 3THX
THIIOB Pa3MHOXEHH$ HIPAIOT BaXKHYIO pOJb B FeHETHYECKHX alropHTMax.
B ofiwem caydae MOXKHO MPUMEHUTb MOIENH Pa3MHOXEHHS, KOTOphle He
CYUIeCTBYIOT B NMpHpose. Hanpumep, UCOAb30BaTh MaTepHas OT TPeX HJH
6osiee popHTenell, MPOBOAHTL rONOCOBaHHe NMpPH BbiGOpe pOAHTeseH H T.II.
(DaKTHUECKH HET NpefieslOB B HCMOJb30BAHHH Pa3/NUUYHHIX Mopeseil, H Io-
3TOMY NpH pelUeHHH TeXHHYeCKHX 3ajay HeT CMBICJ]a CJIeno KOMUpoBaTh
3aKOHbI TIPHPOAB H OFPAHHYHBATLCH TOJbKO HMH.

Yenex reHeTHYecKMX aJjirODHTMOB BO MHOIOM 3aBHCHT OT TOro, Kak
B3aHMOIEHCTBYIOT MeXIy coboiff cxema NpeicTaBlIeHUs, METOAbl Cayyaii-
HBIX M3MeHeHHH u crnocob onpejeneHus LejieBoli GyHkuud. [lostomy nas
onpefeneHHOro KJjacca 3ajad lejecoofpa3sHo HCNOMb30BaTh HAaNpPaBJAeHHble
MeTOAbI.

B kauecTBe nprMmepa paccMOTpHM ABa cnoco6a NpeacTaBJeHHs nepe-
CTaHOBOK TPH PelleHHY ONTHMHU3ALUOHHBIX 3a1a4. B nepBoMm caydae 6yaem
UCNOJb30BaTh ONHOr0 poAuTess (anbTepHAaTHBHOE pelleHHe) W INOay4aTb
ofHOro notoMka. Bo BTOpoM cnyyae ucnosb3yeM IBYX POAHTENEH, cayyali-
HO BbiOEpeM TOUYKY NEPeCTaHOBKH M ANl 06pa30oBaHHA NMOTOMKa BO3bMeM
nepBblfi CerMeHT y NepBOro pPoAHTeJis, a BTOPOH CerMeHT — Yy BTOpOro.
[lepsrifi MeTOA NOXO0X Ha Gecrnojioe pasMHOXKEHHe, a BTOPOH — Ha IO0JIoBOe
pasmHoxkeHHe. CTOHT OTMETHTBb, YTO €CJH MepBhIH METOL BCeraa reHepH-
pyeT peasbHOe pellueHHe, TO BTOPOH MOXKET IeHepHPOBaTb HEJONYCTHMble
peweHHst. [Ipu aToM Tpebyercs «BOCCTaHABAHBATL» AONYCTHMbIE pellleHHA
nepej UX OLEHKOH.

Ha mpemeem u3 paccmampusaemorx 3manog 3afat0TCsi NPaBUJa BbI-
KUBaHHS DeLIeHHi s co3faHusi notomcta. CyLiecTBYeT MHOXKECTBO
cnocoBoB MpoBegeHHsl CeJeKUHH aabTepHATHBHEIX pelleHui. [Ipocreiiuee
IpaBUO — 3TO «BbKMBAHHE CHJBHEHIIMX>, T. €. OCTAIOTCH TOJBKO JyYilHe
peuIeHUs ¢ TOYKHM 3PeHMs 3a[aHHOH Le/eBoil (QYHKUHH, a BCe OCTAIbHbIE
ycrpaHsiiorcsi. Takoe npaBuiio 4acTo OkasbiBaeTcsl MaJo3(hGheKTHBHBIM pH
PELIEHHH CNOXHBIX TEXHHYeCKHX npobsem. MHoraa ayuwue pewenus mo-
IYT HPOMCXOAHTbH OT XYAIUMX, 2 He TOJNbKO OT CaMBIX JydlWIHX. TeM He
MeHee, JIOTHYHO HCMO/b30BaTh [PHHLMIL:

L‘IeM «aydwe» peuwierue, mem 6oabwe 8epOAMHOCMS €20 BbLICUBAHUA
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OtmMeTuM, uTo npunyun (OT JaTHHCKOTO «HAYAJ0») — 3TO;

® OCHOBHOE HCXOJHOE MOJIOXKEeHHe KaKoH-1H60 TeopHy;

e BHYTPeHHsS yOeXXIeHHOCTb B YeM-JHG0;

® OCHOBHast 0COGEHHOCTb PabOThl MeXaHH3Ma, YCTPOHCTBA H T. I.

Ha nocaednesm npedsapumenshom samane cO3faeTcsl HayasnbHas NOMy-
asauua. TIpu HenmonHOTe HCXOAHBIX AAHHBIX O NpobieMe pPeleHHs MOTYT
cJy4aiHblM 00pa3oM BbIGHPATbCS M3 BCEr0 MHOXECTBA aJbTEpPHATHUB. JTO
peanusyeTcs reHepauyed caydafHblX BHYTPHXPOMOCOMHEIX NepeCTaHOBOK,
Kax/Jas H3 KOTODBIX MpeicTaBaseT co6oil onpesfeneHHoe peweHue. [Ipu
CO3JAHMH HAYaNbHOH MONMYJSLHH DPEKOMEHAYeTCsl HCNOJb30BaTh 3HAHHA
0 pewaeMod 3anaye. Hanmpumep, 3TH 3HaHHS MOTyT OBITh NOJYuYEHbl U3
onbITa pPa3paboTyMKa, CYIIeCTBYIOIHX CTAaHAAPTOB W GHOJIHOTEK anropuT-
MOB pelUeHHs 3afay JaHHOrO KJjacca.

4. Ipexmusnocms zenemuueckozo anzopumma — CTENEHb peasu-
3aUMH 3a(IAHUPOBAHHBIX JEACTBHH anropuTMa U JOCTHKEeHHe TpefyembliX
3HaueHHH LeseBoit GYHKUHH. DPGEKTUBHOCTL BO MHOTOM OMNpefeseTcs
CTPYKTYPOH M COCTaBOM HauajibHOH nonyasuud. I[1pn co3nanuu HayaabHOTO
MHOXeCTBa pelleHHH NPOUCXOAMT (POPMHPOBAHHE MOMYJSILHH Ha OCHOBE
4eThipeX OCHOBHBIX MPUHLHIIOB!
® «ONefN0» — TeHepUpyeTcA MOJHAA NMONYJALMUs, BKJIOYAKLAS BCE BO3-
MOXKHble pellleHHs B HeKOTOPOH 3aJlaHHOHA 06JacTu;

e «IpOBOBHK» — MOAPA3yMeBaeT CNy4aiHbIA BLIOOD aNbTepHAaTHB U3 Beek
obsacTy pelleHHE NaHHOH 3a7a4H.

® «(DOKYCHPOBKa» — peaJsiH3yeT ClydyalHblll BHIOOp JONYCTHMbLIX aJbTep-
HAaTHB U3 3a7aHHOH 0BJacTH pellieHHH [JaHHOH 3aflaqyH.

® «KOMOHHUPOBaHHE» — COCTOHT B Pa3/HYHbIX COBMECTHBIX peajH3a-
HHMAX NEePBbIX TPeX NPHHIUIOB.

OrmetuM, yto nonynauus o6g3aTeNbHO ABAAETCS KOHEYHBIM MHOXECTBOM.

3.2. T'eHeTHUeCKHe ONepPaToOpPhI

1. B Kaxzuofi reHepallMH reHeTHYeCKOro aJrOPHTMa XPOMOCOMbI SBJS-
I0TCS Pe3yJbTaTOM NPUMEHEHHS] HEKOTOPHIX FeHeTHYeCKHX OnepaTopoB.

Onepamop — 3T0 A3bIKOBas KOHCTPYKLHS, NMPeACTABAIONIAs OfHH Lar
U3 [0C/IelOBATENbHOCTH fieHCTBUIA MM Habopa ONHUCAaHUH aNropuTMa.

[eHeTHUeCKHH aJrOPHTM COCTOUT H3 Habopa reHeTHYECKHX DNepPaToPoB.

TI'enemuueckui onepamop no aHaJOTHH C ONEpPaTopoM ajropHTMa —
CPeACTBO OTOOPaXKeHHA OMHOrO MHOXKeCTBa Ha jipyroe. Jpyrumu cnosams,
3TO KOHCTPYKUHMA, NPEACTABJAMILAN OJUH LIar H3 MOCAeJ0BaTeNbLHOCTH
JeHCTBHH MreHeTHUeCKOro ajiroOpHTMa.

2. PaccMOTPHUM OCHOBHbIE ONEpPaTOPbl FEHETHUYECKHX AJTOPHTMOB.

Onepamop penpodyxyuu (cenexyus) — 3TO Mpollecc, NOCPEACTBOM
KOTOPOro XpOMOCOMBI (a/IbTEPHATHBHbBIE PELIEHHS ), HMelollHe Gosiee BHICO-
KOe 3HaueHHe leseBod (YHKUHH (C «IYYIUMMH» TPH3HAKAMH), MOJYUAIOT



3.2. Tenemuueckue onepamopst 79

66JIbLUIYI0 BO3MOXKHOCTE JJISi BOCHPOM3BOACTBA (PENpOAYKLHH) NOTOMKOB,
yeM <«XYAUIHe» XPOMOCOMbI. 3JleMeHTh, BblOpaHHble AJS PENPOAYKUHH,
0OMEHHBAIOTCSl FeHeTHYECKHM MaTepHaJ/loM, CO34aBasi aHAJOTHYHBIX HJH
PasJHYHBIX MOTOMKOB.

CytecTpyeT 60JblUIOE HYHCIO BHAOB ONEpaTopoB penponykudd. K Hum
OTHOCATCA CleAYIOlHe.

o Cesexyus Ha OCHOBe pysemKiu — 3TO NPOCTOH M LUIMPOKO HCIOJMb-
3yeMblH B NPOCTOM reHeTHYeCcKOM aniropuTMe Metod. Ilpu ero pea-
MU33UMH KAXKJAOMY 3JEMEHTY B NONYASiUHH COOTBETCTBYET 30HA Ha
KOJlece DYJeTKH, TIPOTOPLHOHAIbHO COpa3MepHasi ¢ BeJUYHHOH lese-
Bo# ¢(ynxkuud. Torma npu noBopoTe Kosleca pyneTKH KaxKAblH 3Je-
MEHT HMeeT HEKOTOPYI0 BepOSITHOCTb Bblbopa Ans cesekuud. [lpuuem
3J1eMeHT C G0JIbliHM 3HayeHHeM LeseBOH (YyHKUUH HMeeT GOJbILYIO
BEpOATHOCTb AJfA BhIGOpA.

o Cesrexyus na ocHose 3a0aHHOU WKAAb. 3[eCh TONYSLHUS NPefBapH-
TeJIBHO COPTHPYETCsi OT «JydlIeH» K «XyAlleii» Ha OCHOBe 3aA2HHOIQ
KpuTepus. Kaxaomy aneMeHTy HasHauaeTcs olpejeneHHOe YHCIO U TO-
Ija ceseKlus BLHINOJHSETCS COTacHO STOMY YHCITY.

o Jaumnas cesexyun. B 3toM cayvae puOUDPAIOTCA ayudlide (3JAHTHBIE)
3JleMeHTbl Ha OCHOBE CpaBHeHHUs 3HaueHHH ueneBoil GyHkuuu. Hanee
OHH BCTYNAaKT B pasjMuHble Npeo6pa3oBaHMs, NOC/IE KOTOPbIX CHOBA
BbIOKpaloTCa 3JHTHBIE 3JeMeHTsl. [Ipolece npogosnxkaeTcs aHaJOrHYHO
JI0 TeX Mop, AOKa NPOJOMKAIT NOSABAATECA JJTHTHBIE 3NEMEHThI.

e Typrupras ceaexyus. [Ipu 3ToM HEKOTOpOE YHCIO 3MeMeHTOB (cornac-
HO pa3Mepy «TYPHHpa») BHOHpaeTcs CIy4aHHO MJM HanpaBJeHHO H3
MONMYJASIUMH, H JyYillHe 3J1eMEHTHl B 3TOH I'DyIlNe Ha OCHOBE 3aJaHHOTO
TYPHHDA ONpeAeNSIOTCS AJS AajbHeHlero SBOMIOLNOHHOrO NOUCKA.
OnepaTop penpoayKuuu cuyuTaercss >((eKTHBHBIM, €CNH OH CO3JaeT

BO3MOXKHOCTb Nepexoaa M3 OAHOH noxob6.NacTH albTepHATHBHLIX peLIeHHH
06J1aCTH MOMCKa B APYryio. DTO MOBBHIIAET BEPOATHOCTh HAXOXKJAEHHSA [N10-
GasbHOrO ONTHMyMa UeseBod (yHKUMH. BrmensioT gBa OCHOBHBIX THNA
peann3aluuy onepaTopa perponyKLHU:

¢ cAy4yaHHBIE BEIGOD XpOMOCOM,;

® BhIGOpP XpPOMOCOM Ha OCHOBE 3HaueHHH LieseBOH (QYHKLHH.

[Ipu canyqaiinom BeiGope xpoMocoM yacToTa R o6pa3oBanus popuTeNb-

CKHX Nap He 3aBHCHT OT 3HaueHus LeseBoil (YHKUHH XpomocoM P} u
NOJHOCTHIO ONpefeNseTCst YHCAEHHOCTbIo nonyaauuy N:

B
NN -1)’

rie B — ko3bULHEHT celeKIMH, NPHHUMAIOUIHHA B 3aBHCHMOCTH OT YCJIO-
BUH BHeliHeld cpejsl 3HaueHue 1 + 4.

Jpyrofi cnoco6 peanHsauuyu onepatopa PenpoAyKUHH CBs3aH C HC-
NoJb30BaHUeM 3HaueHHi leneBodl QyHKuuu. CylIeCTBYIOT ABEe OCHOBHbLIE
cTpaTerud. Cmpameeus — 3TO ONTHMAaJbHbI HAaGOp NPaBUJ H NPHEMOB,
KOTOphbIe TO3BOJIAIT peann3oBaTh OO0 Uesb, JOCTHTHYTb MI0GanpHbIX

R= 3.1)
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H JIOKaNbHLIX Lleied peliaeMoi 3ajayu. B nepso#l npeanouTenue oTaaercs
XpOMOCOMaM ¢ OJH3KHMH U <«JIY4IIHMH» (HauOOJbLIMMH NPH MaKCHMH3a-
UMH ¥ HAaHMEHbIIHMH — NpH MHHHMM3aUWM) 3HaYeHHsIMH Le1eBOi (QyHK-
uxH. Bo BTOpoli — xpoMocoMam, cO 3HAUEHHSAMH UeaeBOl (ByHKIHH, CHIBHO
pPasaNYAWKUMHCS MeXLy COO0M.

Jlns peanusaluu NepBOH CTpaTerHH ¢ MakCHMM3aLHed ueneBoll GyHK-
IIMH C BEPOATHOCTHIO

N
Pr(OP) = ﬁﬁnﬂ(T,g) /S uer). k=TF, (3.2)
=1

BLIOMpAIOT pa3Hble xpoMocoMbl. 3neck LD — uenesas pyukuua, OP — sto
onepaTop penpoayKUHH, MOLENHDPYOIHH eCcTeCTBEHHBIH NPOLECC CeJeKIHH,
Pr (OP) — BeposaTHOCTb BLIGOpPa XPOMOCOM A/ PENPOAYKLHH.

Bropas ctparerust peanusyercs Tak: 4acTb XPOMOCOM BBIGUpAeTCA CJy-
4ailHbIM 06pa3oM, a BTOpas — C BEPOSITHOCTBbIO HAa OCHOBE BBIPAXKEHHS
(3.2).

Ecnn L@ (Pf) < LD, rae P, — cpenree 3Hauenne uenesoi pyHk-
UMM B MOMYJALHH, TO ONEpaToOp PeNpOAyKUHH MOAEJHPYeT eCTeCTBEHHbIH
or6op. BeiGop cnyyaliHbIX ¥ CHIBHO OTJIHYAIOUIAXCS XPOMOCOM MOBBIUAET
reHeTH4ecKoe pasHooOpasHe NONYJSUHMH, YTO MOBLILIAET CKOPOCTb CXOAM-
MOCTH TeHEeTHYeCKOro ajiropuTMa Ha HayajlbHOM 3Tane ONTHMH3aUHU H
MO3BOJSIET B HEKOTOPBIX CJYyYasX BHIXOAHTh U3 JIOKAJbHBIX ONTHMYMOB.

3. Kpome onucaHHbIX, cyulecTByeT GoJblloe YHCJAO0 APYTHX METOAOB
CesIeKLHH, KOTOpbie MOXHO YCJOBHO K/JacCHGUUMPOBAaTb Ha TPU PYHIHL.
K nepBoil rpynne oTHecem BeposTHOCTHhle MeToAs. Ko BTopoli — gmerep-
MHHHpOBaHHble MeToAbl. K TpeTbed — pas/iuyHble KOMOHHALUHUH METONOB
13 nepBoil U BTOpol rpynn. [locTpoeHHe HOBLIX ONMEPaTOPOB PENMPOLYKUHH
HenpepbBHO NMPOJO.IKALTCH.

4. OCHOBHOH TPYAHOCTHIO pelleHUs] WHKEHEPHBIX ONTHMH3ALHOHHbIX
3ajgay ¢ GoJBIINM KOJIHYEeCTBOM JIOKAJbHBIX ONTHMYMOB sIBJAfieTCH npegd-
sapumenbHas cxodumocme anzopummos. JIpyruMu cJI0OBaMH, MonajaHue
pelleHHsl B OAMH, AA/NIEKO He CaMblH Jy4quwui, JIOKaNbHBIH ONTHMYM IIpH
HaAUYMU UX OONbILOrO KosuuecTBa. PassinyHbie METOLbI CENEKUHH W HX
MOAM(pHUKALHH KaK pPa3 M MO3BOJAKT B HEKOTOPHIX CJyd4asiX pelliatb npo-
6JeMy MpeABApPHTENBHOH CXOAHMOCTH anropuTMoB. CjieqyeT OTMETHTD, YTO
HCcJefoBaTe M reHeTHUECKHUX aJrOPUTMOB Bee BoJiee CKJIOHAIOTCSA K MBICIH
NPHMEHATb KOMOHHUPOBaHHbBIE METOAb! CeJeKLIMH C HCII0/Nb30BaHHEM Npel-
BapUTEJbHBIX 3HaHHI O pelllaeMblX 3aJadax H NpeNBAPHTENbHBIX Pe3yJib-
TaTax.

5. OnuueM Teneps onepamopst kpoccunzosepa (cxpeujusanus). One-
pamop KpoccuxHzo8epa — >TO $3bIKOBAasi KOHCTPYKLUHS, MO3BOJSIOLAs HA
OCHOBe npeo6pasoBaHust (CKpPeLUBAHHS) XPOMOCOM poauTesieil (MM UX ya-
cTeil) CO31aBaTh XPOMOCOMBl MOTOMKOB. CyUlecTBYeT OrpoOMHOE YHCJIO ofe-
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PaTOpOB KPOCCHHIOBEPa, TaK KaK X CTPYKTypa B OCHOBHOM H OIpejessieT
3(EeKTHBHOCTh reHeTHYECKHX aJAropHTMoB. KpaTko paccMOTpPHM OCHOBHbIE
ornepaTopbl KPOCCHHIOBEpa, H3BECTHBIE B JIUTEPAType, H HX MOLH(DHKALHUH.

5.1. Hpocmoii (odnomoueunsiii) onepamop xpoccurnzosepa. Ilepen
Ha4ajgoM paboThbl OJIHOTOYEYHOro onepatopa KPOCCHHIoBepa ofnpenesercs
TaK HasbiBaeMasi TOYKa ONepaTopa KpPOCCHHIOBEpa, MJM paspesaiollasi TOY-
Ka OnepaTtopa KPOCCHHIOBepa, KOTOpas OOBLIYHO ONpefesisieTcsl Cjay4dalHo.
Dra TouKa onpejenseT MeCTO B ABYX XPOMOCOMax, I'le OHH JOJKHBI ObITb
«paspesanbls. Hanpumep, nycts nonyasuuss P cocTOHT H3 XpoMocoMm P
u P, KOTOpble BBICTYNAaOT B Kadectse poputeneit, P = {P;, Ps}. Ilycts
nepBBIE ¥ BTOPOH poputeny umewt Bua Pp: 11111, P : 00000, BriGepem
TOUYKY ONepaTopa KpPOCCHHIOBEpa MeX/y BTODBIM M TPeTbHM reHamu B P,
P,. Torpa, MeHss 3/1eMeHTH NIOCJIE TOUKH ONEPaToOpa KPOCCHHIOBEpa MeXAY
ABYMS POAUTEJISIMH, MOXXHO CO3/aTh ABa HOBLIX NOTOMKa. B Hallem npume-
pe NnoNyyHM:

Pl 1111
P: 00000
Pl: 11000
P00 | 111

Mtak, OmHOTOYe4HBIH OMepaTop KPOCCHHIOBEPa BLIMOJHAETCS B TPH
3Tana:

1. Ise xpomocombl A = ay,ay,...,ar 4 B =a),ay, ..., a7 BubGHpaoTCs
CNy4yaHHO M3 TeKYLUeHd NOMyJAsiuHH.
2. Yucno k sbibupaercs us {1,2,...,L — 1} takxe caydaiino. 3nechb

L — pauHa XpoMOCOMBI, kK — TOUKa Onepatopa KpPOCCHHroBepa (HoMep,
3HaueHHe WK KOJ TeHa, NOC/e KOTOPOro BHIMOAHAETCS PA3pes XPOMOCOMbI).

3. [1Be HOBble XpoMocoMbl hopMHpyioTes u3 A U B nyTeM nepecTaHOBOK
3JEMEHTOB COIJIACHO MpaBHaY

7 ! 1
A'=ay,a9,...,0k, a1y, .-, 0],

/ 1 ? !
B' =a},ay,...,0;, k41, ...,0L.

[Tocsie npuMeHeHHs onepaTopa KPOCCHHTOBEPA UMeeM [Be CTapble Xpo-
MOCOMbI H BCerga mnoJiyuyaeMm ABe HoBhle XxpomocoMbl. CxemMaTHuecKH Mpo-
CTOH OmepaTop KPOCCHHIOBEepa IOKa3HBaeT MNpeoOpasoBaHHe JBYX Xpo-
MOCOM H YacTHYHbIH oOMeH HHGpOpMaUMeill MeXAy HHUMH, HCNOJb3YIOLIHN
TOYKY pa3pbiBa, BbIGPAHHYIO CydaiHoO.

5.2. Jeyxmoueunsiii onepamop xpoccunzogepa. B kax ot xpomoco-
Me OMpefefsioTcs ABe TOYKH OIepaTtopa KPOCCHHIOBEPa, H XPOMOCOMbI
06MEHHBAIOTCS YYaCTKaMH, PACIONOKEHHBIMH MeXIy ABYMSI TOYKaMH olle-
paTopa kpoccHHrosepa. Hanpumep:

P:111]01]00
P: 000 | 11|10
Pl:1 1 1] 1100
Pb:00O0}] 01|10 o
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OTMeTuM, 4TO TOYKH ONEPATOPa KPOCCHHIOBEPa B ABYXTOYEYHOM oOIle-
paTope KPOCCHHIOBepa TaKxke ofpefesiorcs caydaito. CyliecTByeT 60Jb-
loe KOMKHYecTBO MogudUKauKi AByXTOYEUHOro 0nepaTopa KpPOCCHHroBepa.
Pa3BHTHEM [BYXTOUEYHOIO OIEPAaTOpPa KPOCCHHIOBepa fBJIAETCS MHOrO-
ToueyHblll MM IN-TOYeUHBIH onepatop KpoccHHropepa. MuoroToueunstii
ONepaToOp KPOCCHHIOBEPa BBIMOJNHSETCS aHAJOrHYHO JBYXTOYEUHOMY, XOTH
BoNbILIOe YHUCJIO «pa3pe3aloldX» TOYEK MOXeT NPHUBECTH K NOTepe «Xopo-
UIHX» POAMTENbCKHX CBOHCTB.

[IpuMep TpexTOUeUHOro onepaTopa KPOCCHHrOBepa:

P:1]11]01]00
P 0] 001011
Pl:1 10001 ] 11
PO |11 ]10]00

3pech TOYKH OnepaTopa KPOCCHHIOBepa AeJIST XPOMOCOMY Ha Pl CTPo-
HTelbHBIX 6J0KOB (B HaHHoMm cayuyae 4). [Toromok P| ofpasyercs u3
He4YeTHbIX 6]I0KOB pogHTens P 1 yeTHbIX 610koB ponuTens . [Totomok Py
00pa3yeTcsi COOTBETCTBEHHO U3 HEYeTHHIX GJOKOB pPOAMTENs P W 4eTHbIX
6a0KoB popuTeas P.

Torna MHOroToyeuHbfi OMEpaTop KPOCCHHIOBEPA BLINOJHSETCS aHAJO-
THYHBIM 00pasoM.

5.3. Ynopado«ennstii onepamop Kpoccunezosepa. 31echb «pa3pesalo-
wasi» TOYKa Takxke BhiOHMpaeTcsl cayuaiino. Jlajee MPOHMCXOAMT KOMHPO-
BaHue Jesoro cermeHta Py B P|. OcranbHble mosuuud B P GepyTea u3
Py B ynopAo4YeHHOM BHIe CJeBad HalpaBo, HCKAOYAs 3JIEMEHTH, YXKe
nonasiue B P|. Hanpumep:

P: ABCUD|EF
PR: G ABEFE|CD
Pl ABCD| GETFH
[Monyvyenne [FP; MOXeT BBIMOMHATLCA PA3JHURBIMH - cnocobamu.
Haubonee pacnpocTpaHeHHBId MeTON KOMHPOBAaHHS JIEBOLO CErMeHTa
H3 P, a panee aHanus P; MeTomoM, yKasaHHbIM Bbiie. Toraa umeem
(GABE|CDFH).

5.4. Yacrmuuno-coomeemcmeyrowjuii onepamop  Kpoccurzoeepa.
3mech Takke cay4aliHO BbIGMpaeTCs «paspesaloilas» TOYKA HJH TOUKa
omepaTopa Kpoccuuropepa. [lanbluie aHaJiM3MPYIOTCA CerMeHThl (4acTu)
B 06€MX XpOMOCOMaX W YyCTaHABJHBAeTCH YaCTHUYHOE COOTBETCTBHE MeXAy
3/IeMEHTaMH [1ePBOTO ¥ BTOPOrO POAMTeNeH ¢ (HOPMHPOBAHHEM MOTOMKOB.
[pu sTom npasniil cermeHT P nepeHocutes B P, neBnil cerMeHT P
nepeHocHTcA B P ¢ 3aMeHOH NOBTOPAMILIMXCS T'€HOB Ha OTCYTCTBYIOLIHE
reHsl, Haxo;mumecz B YAaCTHYHOM COOTBeTCTBHH. Hanpumep:

G H
F H

Ph: ABCDETF|GHTIJ
B: EC I ADH |
PP: AHCDE I |

J B F G
J B F G
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AHaJIOTHYHO MOXHO NOJAY4HTb Py

P: ABCDTETF | GHIJ
Pp:ECI ADH|JBFGQG
P, ECF ADB/|GHTIJ

5.5. Nuxauveckuii onepamop kpoccuneogepa. Lluxknuyeckuit onepa-
TOP KPOCCHHTOBEPA BHINOJHAET PEKOMOHHAUHH COIVI2ZCHO LUKNAM, KOTOpbIe
CYWeCTBYIOT NP YCTAHOBJEHHH COOTBETCTBUSI MeXK1y TeHaMH MepBOro H
BTOpOro popurenei. Hanpumep, nycte nonyasuus P cocTout M3 ABYX
xpomocom: Py u Py, P = {P), P} Tlepsbii u BTOpO# pOfHTENH M HX
NMOTOMOK HMEIOT BHA:

P: 123456 7 82910
PB: 5391481026 7
Pl:1394528102¢6 7

Ipy BHIMONHEHHH UMKJIMYECKOro oflepaTopa KpoccHHroBepa P| 3anos-
HAeTCA, HAYMHAS C [1ePBOH MO3HUMH, W KOMUPYET 3JeMeHT C NePBOH no3u-
uun Pi. dnemenry 1 B P cooTBeTCTBYET 3JeMeHT 5 B . CliegoBarebHO,
UMeeM MNepBblH nyTh B uUuKAe (1,5). Dnementy 5 s P cooTBercTBYET
sneMeHT 4 B P», oTKyAa Bropo#i nyTtb B mepsoM uukae (1,5; 5,4). [lpo-
[OIKas Aanee, NOAY4UM, 4TO 3jeMmeHTy 4 B Py cooTBercTBYyeT 3jemeHT [
B P». CnenoBarensro, chopmuposan nepsuiil uuka (1,5; 5,4; 4,1). Cornacuo
5TOMY UMKy 3JeMeHT D NMepPexoiuT B NATYIO nosuuuio P, a snemenr 4 —
B YeTBEPTYIO MO3HLHIO.

CdopmupyeM rtemepb BTOpOHl UMKJ. DileMeHT 2 B FP| COOTBeTCTBYeT
anemenTy 3 B Py, [lpogonxas aHanoruqHo, mosydum sTOpod uuka (2,3;
3,9; 9,6; 6,8; 8,2) u Tperuit (7,10; 10,7) uunsl.

CrnepoBaTenbHO, B P, 31eMeHT 3 pacrofloXeH BO BTOPOM JOKyce, T.e.
Ha BTOPOH NO3ULMH, 3JeMeHT 9 — B TpeTbeM, 3jeMeHT 6 — B JeBATOM,
3/1eMeHT 8 — B llecToM, 3JieMeHT 2 — B BOCbMOM, 3jeMeHT 10 — B cegpMoM
U 5JeMeHT 7 — B fecATOM Jokycax. LIUk/iHyeckuii onepaTop KpOCCHHIo-
Bepa H ero MopudHkauuu 3¢ (eKTHBHO NPHMEHSIOTCH A pellleHHS KOM-
GHHATOPHO-NOTHYECKHX 3a4d4, 3ajad Ha rpadax W runeprpadax u APyrHX
ONTHMU3ALHOHHBIX 33834,

5.6. Yuueepcanonsiii onepamop xpoccunzosepa. B HacTosiiliee Bpe-
Msi OH InonyJjsipeH Ass pelleHHsa pa3JHYHbIX 3axa4 H3 TEOPHH paclH-
caHufl. BmecTo ucnonp3oBaHHs paspesamoilell TOYKH (TOUeK) B yHHBep-
ca/JbHBIH OMepaTop KPOCCHHIOBepPa BBOAAT IBOHUHYIO MacKy, IJIHHA KO-
TOpOH paBHA AJMHe 3afaHHBIX XpPOMOCOM. [lepBhIi MOTOMOK mHoay4aercs
CIOXKEHHEM TIepBOro pOLUTEN]sl C Mackoil Ha OCHOBE CJEAYIOUIMX MPaBHJI:
(0+0=0,04+1=1, 1+1=0). Bropoii noToMOK nosyyaercss aHaso-
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rHuHbIM ofBpasoM. Jlsia Kaxaoro asemedta B Pj, Pp reHnl MeHSIOTCH, Kak
NI0Ka3aHO Ha CJIeqYIOILEeM [pHMepe:

P: 011001
R: 01 0111
011 0 1 0 — macka
Pl: 000011
P: 001101

Macka Moxer ObiTb 3ajaHa WM BbIGUpaeTcs Cay4adiHO ¢ 3aJaHHON
BEPOATHOCTBIO WJIM Ha OCHOBe reHeparopa cjyudaiiHblX uucen. Ilpu stom
yepenoBaiue 0 n [ B Macke NpPOHUCXOAMT ¢ BeposiTHOCThIO =~ 50 %. B Heko-
TOPBIX CAYYasiX HCMOJb3YeTCA napaMeTPH3IHPOBAHHbIH YHHBepCaabHbL one-
paTop KPOCCHHIOBepa, Ifleé Macka MOXeT BbIOHPATbhCs C BePOATHOCTLIO AJ1d
1 unu O suiue, yem 50 %. Taxoi BuA Macku 3 PEKTHBEH, KOTAa XPOMOCOMBI
KOUPYIOTCA B JBOHYHOM aJjiaBuTe.

5.7. llnst pelueHHs MHOTMX ONTHMH3AUHOHHBIX 33234 MOXHO HCMOJMb-
30BaTh HEKOTOPble KJACCH aJrOPHTMOB, HA3bIBAEMbIX <«HadHbimu». Ta-
KOH aJrOpHTM JleslaeT Ha KaXKIOM lare JIOKaJbHO ONMTHMAaAbHbIl BbIGOD,
B HafieX/e, YTO MUTOTOBOE pellleHHe TAKKe OKAXEeTCS ONTHMaJbHBIM. JTO
He BCerga Tak, HO MJs MHOTHX 3324 TakKHe 3BPUCTHYECKHE AJTOPHUTMbl
[AI0T ONTHMAJbHBIA pe3ynbTaT. [0BOPAT, YTO K ONTHMH3ALUOHHOH 3afadve
NPUMEHHM TNDHHUHKI «XaIHOro» BbIOOpa, €CJH MOCJeA0BaTeNbHOCTb JIO-
Ka/lbHO-ONTHMA/bHEIX («XaIHbIX») BHIGOPOB A2eT ONTHMAaJbHOE pelleHue.

«Madnuii> onepamop — 3TO A3bIKOBasi KOHCTPYKLHS, MO3BOJsOLLAS
€03/1aBaTh HOBble PelLleHUs Ha OCHOBe YaCTHYHOro BHIGOpa Ha KaX/AOM luare
npeofpa3oBaHus JOKAJIbHO ONTHMANbHOTO 3HaUeHHS LeseBodl QYHKLUY.

Paccmotpum «wicaduoiil» onepamop xpoccunzogepa. Or MOXeT GbITh
peajyusoBaH Ha ABYX U Oosiee XpoMmocomaX, a B Npeleje — Ha BCeH
nonyasuud. [IpuseseM anropuTM «XajHOro» oneparopa KPOCCHHIoOBepa Ha
NpHMepe HAXOXJAEHHS NMYyTH ¢ MUHHMAJbHON MW MaKCUMaJbHOH CTOMMO-
CTBbIO Ha rpage:

1. Jlns BCeX XPOMOCOM TONYJAIHY BblUMC/sAeTCS LeseBas GpyHKuus (cTo-
MUMOCTh MYTH MeX/y BCeMH BepluiHaMH rpada). Bubupaetcs 3agantoe
YHCJIO DOAHMTENBCKHX XPOMOCOM M caydyalHhIM 00pa3oM Ha OAHOH H3
XpOMOCOM OMpefieisieTCs TOUKa «KaJHOro» ONepaTopa KpOCCHHIOBepa.

2. B BoifipaHHO# XpOMOCOMe AJs §-TO reHa, PACIIOJNOXKEHHOrO CJeBa OT
TOYKH «XKaIHOrO» ONepaTopa KPOCCHHIOBEpa, ONpellesiseTcsi 3HaueHue
YyacTHYHOH uesneBod GYyHKUHH. Hanpumep, 3TO CTOMMOCTb NYTH OT
BLIGPaHHOTO reHa K GJMKalleMy, HaXOOAIWEMYCst CIpaBa rexy. ABano-
ruyHble JeHCTBHS BBHINONIHSAIOTCS NO ONpeReeHHI0 CTOMMOCTH NYTH OT
i-r0 reHa BO BCeX OCTAJIbHBEIX XPOMOCOMaX, BhIOPAHHBIX IS «XKaJHOIo»
onepaTopa KpOCCHHIoBepa.

3. B xpomocomy «NOTOMOK» BBIGHPAIOT TOT IeH, Y KOTOPOro 3HauyeHue
1esieBo#i HYHKUHMH Bbille (HWKe) NMPH MaKCUMHU3aUUH (MUHUMH3aLMH)
3HaueHYH LeJeBOH PYHKUMH.
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4. TIpouecc npoao/KaeTcs aHAJIOrHYHO, 0 NOCTPOEHHSI XPOMOCOMBI «I1O-
TOMOK». Ecid B npouecce peasn3alny BO3HHKAET UMK HIH TYNMHK, TO
BLIOHPAIOTCSl HEpACCMOTPEHHbBle TEHBl ¢ JIYUYIUHM 3HAUEHHeM LieseBOH
DYHKUUH.

Hanpumep, nycrv 3agan rpad G = (X,U), X = {a,b,c,d, e} B BHIE
maTpuubl. [locTpoum nonyasiikio P, COCTOAILYI M3 Tpex PORMTEJbCKHX
xpomocoM P = {Pi, P», P3}, tnie P : abcde; Py :bdeca; P3:ebadec
DJIeMEHTHl MATPHLLL OTNPEAENSOT CTOHMOCTb NYTH MEXAY JIOOBIMH ABYMS
BepiiMHaMK rpada, a KaAblii reH B XPOMOCOME KOAHDPYeTCS HOMEPOM
BEepLIHHBI rpada:

a b ¢ d e
all- 15 6 7 8
bijf15 — 4 3 2
cil6 4 — 1 10
d{|l7 3 1 ~ 9
ell 8 2 10 9 -—

CornacHo anropuTmy BhifepeM TOYKY «KaJHOrO» ONepaTopa KPOCCHH-
ropepa Mexay reHamu b u ¢ B xpomocome Pj. Temepp Buifop (b — ¢)
gaeT 3HA4YeHHe LeJeBOH (QYHKLHH, paBHOe 4 (cM. MaTpuuy), Bubop (b — d)
(8 xpoMocoMe P») onpenesisieT LeneBy0 PYHKUMIO CO 3HAUeHHeM 3, a BhGop
(b — a) (B xpomocome P3) onpepensier uesesywo GbyHKuuo, pasHyio 15. Ipu
MHHHMH3aLUK UeseBol ¢byHKUHKM BhOepeM nyTh (b — d). Ilponomxkas, no-
AY4UM MyTh peaju3audH «KaJHOrO» oOreparopa Kpoccuurosepa (puc. 3.1).
HWrak, xpomocoma notoMka P’ : bdcae uMeeT CyMMapHyio UeneByI0 GYHK-
Ko, paBuyio 18: 341+ 6 4+ 8 = 18, a uenepas QyHKuus poguTenel aas
P pasHa 15+4+14+9=29, ana P, pasua 3+9+10+6 =28 u ana
P pasua 2+ 15 +7+1=25.

Puc. 3.1. [IpuMep peanusauly «KagHOrO» ONepaToOpa KPOCCHHrOBepa

CrpaTeruo «KagHOro» OnepaTtopa KPOCCHHIOBEPA MOXHO BLIMOJHATS
pasauuHbiMH cnocobamu. CiefyeT OTMETHTb, YTO NOUCK YHHBEPCANbHBIX
H ClleLHAJU3HPOBAHHBIX ONIEPATOPOB KPOCCHHIOBEDA, OPHEHTHPOBAHHLIX Ha
pelleHHe 3afaHHOIO KJacca 3aiay, Npoao/KaeTcs.

PaceMoTpuM pasnuuHble BapuaHTH BeIGOpa Maphl XPOMOCOM AJisi CKpe-
wuBaHue. BeposiTHocTh ckpeiuBanus P, 5 (OK) nydwux xpomocom ¢ xya-
[LIMMY 10 3HAYEHUIO LeieBoH (YHKLHH, LOMKHA YMEeHbIIAThCA NIPH 3BOJIO-
uud nokoseHuii: OK — oneparop kpoccuHrosepa. a
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Beponmoc’rb CKpelHUBaHHA JYYIIHX XpOMOCOM J0JKHA YBEJAUYHBATLCH
Ha MOCJEAHHX 3TaNax oneparopa KPOCCHHIOBeEpa AJS 3aKpeNJeHUs KeJae-
MbIX IIPU3HAKOB B XpOMOCOMaX.

5.8. CymecTByloT H ApyrdHe MeTOAH BhIGOpa Iap XPOMOCOM JJIsI CKpe-
wusaHng. Hanpumep, «6suskoe» poacTBo, «HajbHEe» POACTBO, BHIGOP Ha
ocHoBe Kozxa I'pes u T. 4.

«Bauakoe poacTBO». 3Zech BepOSITHOCTh BHIGOpA XPOMOCOM, MOAJeXKa-
KX CKPELIHNBAHHIO, 3allTHIIETCH TaK:

— JJI151 IepBOH XpoMocoMmbl P;

Py {(OK) = 1/ Pap.o(OK) - (1 —exp (—-i—a)) L33

rae Psp o(OK) — BeposiTHOCTb BBIGOpa XPOMOCOMBI Ha OCHOBE GJIH3KOT0
POLCTBA;
— Anis BTOPO# xpomocoMbl P; BeposiTHoCcTh Psp, ;(OK) 3anaetca nosb3o-
BaTeJseM.
3atem Beluucnsercss Xammunzoeo paccmosaxue dist(Pi, Pj) mexay
BEIOPAHHBLIMM XPOMOCOMaMH TEKYLUel nonyasuun. PaccMoTpuM, Hanpumep,
1IB€ XPOMOCOMBI, KaXKlaf M3 KOTODPBIX 3af2eTCsl KOHKPETHHIMH 3HAYEeHHSIMH
CEeMH TepeMeHHbIX: Ty, T2, T3, L4, L5, L6, £7; NYCTb B [IEPBOM Clyyae UMH
6ynyt 0, 1,0, 1, 1,0, I, a Bo BTOpOM 1, 1, 0, 1, 0, 0, 0. 3anuiuem ganHbie

COBOKYMHOCTH 3HAa4Y€HHUH Z|, T2, ..., L7 OLHY NOJ APYro#:
X X2 T3 T4 Is Zs 7
0 1 0 1 1 0 1
1 1 0 1 0 0 0]
-1 0 0 0 1 0 1

BerudcauM pasHOCTb MeXJy KaXKAbIM 3JIeMEHTOM [epPBOH CTPOKH H
COOTBETCTBYIOILUM 3JIeMEHTOM BTOPOH CTPOKH. 3aNHuleM pe3yJbTaThl Nof
BTOpOil cTpoko#. Tenepb BHIMUCAHM CyMMY «afCOMIOTHBIX 3HaY€HHH» NO-
JYYEeHHBIX pe3yJbTaToB. JTa cyMMma paBHa 3. [oBopaT, 4TO paccTosiHHe
X3MMHHra MeX[Iy yKa3aHHbIMH Bblllle TO4YKaMHi (unau BeauyuHamu) [0, 1,
0,1,1,0,1}Ju[1,1,0,1,0,0, 0] pasno 3:

|~ 41+l =1+1+1=3.

B ofuweM ciaydae pacCMOTPHUM JBe XDPOMOCOMBI (Z},Zj, ...,Z,) H
(z1,22, ..., Zn); OOOOIIEHHBIM PaCCTOSTHHEM X3MMUHTAa MEKAY 3THMH ABY-
M XPOMOCOMAaMH Ha3bIBAETCS CKAJSAP

T =|z) — x| + |y — 22| + ... + |T], — Zn].

XpOMOCOMEI PEKOMEHAYIOTCS A1 CKPELliHBaAHHSA, €C/I XeMMHHT0BO pac-
crosnue Mexay Humu dist(Pi, Pj) > R, rie R — paauyc cKpelluBa-
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HHUS, 3a1aBaEMblil TULOM, TPHHHMAIOLIMM PElIeHHe, WK onpefensieTcs Kak
6auxafilee MeHbillee 1leji0€ OT Pa3sHOCTH 3HAYeHUH LeseBbX (YHKUHH
LI (Pi) — LUD(Pj), nenennoe Ha fpa.

BeposithocTn Py ;(OK) u Py, ;(OK) Bo3pacTaioT Ha KOHEUHbIX CTafHAX
pa6oTsl OnepaTopa KPOCCHHTOBEDA.

«I[a.nbﬂee» POACTBO OnpenenaeTcs yc/aoBHEM

Prp(OK) = \/P—rSp:(_OTQ - exp (—%a> ,

rae Ppp i(OK) — BepoATHOCTL BhIGOpAa XPOMOCOM MpH <«[ajbHEM» POACTBE
Ha HavyaJbHBIX CTAAHSAX PAaBOThbi reHeTHYeCKHX alrOPHTMOB, C Y4eTOM OCO-
OeHHOCTEeil BBIYUC/ISETCS AJs1 NEPBOA H BTOPOH XPOMOCOMBIL.

XpomocoMel P; H P; nomjexar CKpelMBaHHIO, €CJH XeMMHHTOBO
paccrosiide Mexpy Humu dist(Pi, Pj) > R. BepositHocTb Py i(OK) u
Py, ;(OK) ymeHbliaeTcs Ha KOHEYHBIX CTaJMAX TOHCKA ONTHMAJNbHOro
pelueHus.

Kod I'pea — 310 ABOMYHBIH KOA, IOC/e0BATeJbHblE 3HAYEHHS KOTO-
POr0 OTVIMYAIOTCA TOJNBKO OOHHM JABOMuHBIM paspsgom. Koa I'pes moxer
MCMOMb30BATBCH [JISl XPOMOCOM, NpeACTaBJeHHBIX B ABOHYHOM BHAe. Ha-
npHmep:

0 — 0000
1 — 0001
2 — 0011
3 — 0010
4 — 0110
5—0ll1lurnm

Takoe KonHMpOBaHHe a/bTEPHATHBHBIX pelleHHH N03BOJASEeT peilaTh BO-
NpOChl «B30a/ThiBAaHUA» MONYAALHH; OHO 3(0(EeKTHBHO HAa Haya/lbHbIX CTa-
AUAX TEHETHUECKOTO a/JrOpHTMA.

Kak cnenyer u3 6HosnOruH, HEKOTOpBIE MPOLECCH NpeoOpa3oBaHHA [10-
AY/ISILHE IPOHUCXOAAT TomukaMu. OCHOBOM TaKUX NMPOLECCOB SIBJISIOTCS TOY-
KOBble MyTallUH. B reHeTHYeCKOM ajropHTMe MyTalus HeobX0g1Ma [OTOMY,
4TO MPENOTBPALLAIOT MOTEPI0 FeHeTHYECKOro MaTepuana. TodkoBble MyTa-
IIMH He M3MEHSIOT pPa3Mepa W CTPOEHHS XPOMOCOM, a H3MEHSIT B3aHMHOe
pacro/ioKeHue reHOB B XpPOMOCOME.

5.9. Onepamop mymayuu — s3bIKOBasA KOHCTPYKUHs, NO3BOJSAIOLLAN
Ha OCHOBe Npeobpa3oBaHHsl POLMTEJBCKOM XPOMOCOMBI (HJH ee 4acTH)
CO3AaBaTh XPOMOCOMY NOTOMKA.

Onepartop MyTalH#i OGLIYHO COCTOWT M3 ABYX 3TamoB:

1. B xpomocome A = (ay,a9,as3,...,a5-2,aL_1, aL) ONPefeNsIOTCa Cay-
4aiiHbIM 006pa3oM ABe NO3MLHH (HANpHMeEp, ay H af_1).

2. TeHbl, COOTBETCTBYIOLIME BLIGPAHHLIM MO3HUUSM, NMEPECTABJAAIOTCS, H
dopmupyetcs HoBasi xpomocoma A’ = (a1,aL-1,03,...,8L-2,02,aL).

PaccmoTpuM KpaTKo OCHOBHblE onepatophl MyTauuu. [Ipocteiiium one-
paTopoM MyTalMH ABJASETCS OAHOTOYeuHbIH. [Ipy ero peanusauuu cayqid-
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HO BhIGUPAIOT reH B PONHUTEJIbLCKOH XpoMocoMe U, o6MeHHBas ero Ha paaoM
PacnoJIOXKeHHbIH T'eH, ONy4alnT XPOMOCOMY MOTOMKA, HanpuMep:

P:011]01°1
Pl:010]11°1

3nech Py — popuTenbcKas XpomocoMa, a P/ — Xpomocoma-roToOMOK nocJe
NPHMEHEHHS OZHOTOYEYHOr'0 ONepaTopa MyTalHH.

[Mpu peanusaunu deyxmoueuno20 onepamopa mymayuu CIy4adiHbIM
WJTM HanpaBJeHHBIM 06pa3oM BbIGUPAIOTCS ABe TOUKH paspesd. 3aTeM mpo-
M3BOJAHTCA MepeCcTaHOBKA MeHOB MeXAY co060#, PacnoJoXKeHHbIX CNpaBa OT
TOYEK pa3pesa, Hampumep:

P:. A| BCD| EF
P: A ECD BF

3neck Py — ponuTe/bcKas XpomocoMa, a P/ — XpoMocoMa-loTOMOK nocJe
NpPUMEHEHHS JBYXTOUYEUHOr0 Ofeparopa MyTalHH.

PasBuTHeM ABYXTOUEYHOrO OMEPAaTOpPa MYTALHH ABASETCH MHOrOTOYeY-
Hbll (MM n-TOueuHbl) omepatop MyTauuu. B 3ToM ciyyae npoHCXOLMT
nocJjegoBaTe bHbIE 06MEH TeHOB, PACMONOXKEHHBIX NpaBee TOYEK paspesa
Ipyr ¢ JpyroM B MOPsiAKe HX pacroJfoxeHHs. ['eH, pacnoJioxeHHbl# IpaBee
nocsefHel TOYKH pa3pesa, MEePeXodUT HA MECTO TNepBOro, HampuMep:

P: A|BCD|EF|GH
P: A GCD BYF EH

Cmpoumenstbie 610Ku — 3TO TECHO CBA3aHHble MeXAy COGOH reHnl
(4acTH aNbTepHATHBHBLIX PELIEHHI), KOTOPble HEXKeNaTeJbHO H3MEHATh IpH
BLIMNOJHEHUH reHeTHYecKHX onepaTopoB. M3 cTponTesnbHbIX 6/0KOB (Kak
U3 KMPIHYUKOB NPH MOCTPOEHHH JOMa) MOKHO CO31aBaTb a/bTePHATHBHbIE
OTITUMAJIbHblE WM KBa3HONTHMa/bHbE PelIeHHs .

B yacTHOM caydae, KOra CTPOHTeJIbHblE GJIOKH, pPacloJIoXeHHbIe MeX-
LYy TOYKaMu paspesa, OAHHAKOBbl, MHOTOTOUEYHHIH ONEPaToOp MyTalUHH Bhl-
nofiHsieTCA CieAyloWnM obpasoM. [Ipu yeTHOM yHcae ToueK paspesa Mme-
HSIOTC MeCTaMH TeHBl, PAacno/ioKeHHble CnpaBa U CJeBa OT BLIOPAHHBIX
TOYeK, Hanpumep:

P: AB | C
P: AC B

D|EF | GH/| I J
E DG F I HJ
an HEYETHOM HHCJIE TOYEK NOTOMOK NOJAYYACTCHA NOC/e obMena ydacrt-
KaMH XPOMOQCOM, DAcCIOJIOKEHHbIX MEXAY YE€THbBIMH TOYKaAMH paspesa, Ha-
npumep:
P: ABC|DETF | GHTI|J

P: A B C G H I D EF J

YacTo MCMOMAb3YIOT OMNEPATOPLl MyTAUHH, UCTOJb3YIOUIHE 3HAHUSA O pe-
waeMoil 3afave. Peannsauus TakdX ONepaTopoB 3aKJIOYaeTCsl B mepecta-
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HOBKe MeCTaMH JI06bIX BLIOPaHHEIX [eHOB B XpPOMOCOMe, NpUYeM TOUKa HJH
TOYKH MYTaUHH ONpPeNe/sioTcs He Cy4aiHo, a HanpaBJeHHO.
B nosuuuoHHOM onepatope MyTalHH fBe TOYKHM paspe3a BHIOHPAIOT-

Ci cAy4yalHO, a 3aTeM reH, COOTBETCTBYIOLIMH BTODOH TOUKe MYyTaLHKH,
pasMellaeTcs B MO3HLUMIO Mepel FEHOM, COOTBETCTBYIOLIMM MEpBOH TOUKe,
HanpHMep:

P: A|BCOD|ETF

P: A EBC DF

5.10. BeezeMm nousiTHe oneparopa HHBepcuu. Onepamop uneepcuu —
3TO #3bIKOBasi KOHCTPYKUHMS, MO3BOJAIOWIA HA OCHOBE HHBEPTHPOBaHHSA
POAMTEJbCKOH XPOMOCOMBI (MJIM ee HacTH) c03[4aBaTh XPOMOCOMY MOTOM-
ka. [lpu ero peanusauuu ciayyaiHbIM 06pasoM onpefenseTcs OZHA HAH
HECKOJILKO TOYEK pa3pe3a (MHBEPCHH), BHYTPH KOTOPHIX 3JI€EMEHTHl HHBep-
THPYIOTCS.

[eHeTHYeCKHUH ONEpaTop HHBEPCHH COCTOMT H3 CJEAYIOLWKX LIaroB.

1. Xpomocoma B = by, by,...,br BuOHpaeTcs ciydaiiHbiM 00pasoM H3
TeKyLuell NOMyISUuHH.

2. JlBa uucsa y| W y, BHIGHpAOTCA CJydaiHbIM 06Pa30M H3 MHOXECTBA
{0,1,2,...,L + 1}, npuuem cyutaetcs, uto y; = min{y;,y5} H y2 =
= max {y], y5}-

3. HoBas xpomocoma ¢opMupyercss U3 B nyTeM HHBEPCHM CErMeHTa,
KOTOPbIH JIEXKUT CHpaBa OT MO3HLMH Y| K CJEBa OT NO3HLIHH Y2 B XPO-
mocoMe B. Toraa nocsie NpuMeHeHHs OrepaTopa HHBEPCHH MOIYYaeM:

Bi = (bi,-., by, by 12 byy_greees byt by, bL).
IIJIS{ ONHOTOYEYHOro onepaTopa HHBEPCHHU 3alHllIeM

PB: A| BCDETFGH
Pi: A| HGFEDC B

3necy Py — pomuTesbcKasi XpoMocoMa, Pj — XpoMOCOMa-MOTOMOK MocJie

NpUMEHEHUS OllepaTopa HHBEPCUH.
Hanpumep, A1s ABYXTOYEYHOro ONEPaTopa HHBEPCHH MONYYHM

P: ABC|DETF|GH
P ABC|FED]|GH

3nech Py — pONHMTeJbCKas XpOMOCcOMa, P) — XpoMOCOMa-NoTOMOK 1oche
NpPHMEHEHHs BYXTOHE4YHOTO ONepaTopa HHBEPCHH.

YacTo npuMeHsieTcs cheudasbHbl onepaTop MHBepcHH. B HeM TOYKM
MHBEPCHH ONpelestoTcs C 3aJaHHOH BepPOATHOCTBIO A/ KaxJo# HOBOH
€031aBaeMol XPOMOCOMBI B MONYJSILHH.

5.11. PaccmoTtpuM omnepaTtop TpaHcnokauud. Onepamop mpancaoxa-
yuu — 5TO 513bIKOBas KOHCTPYKLMA, NO3BOMAOILAA HA OCHOBE CKpEILIHBAHHS
M HHBePTHPOBAHHA U3 napbl POAHTEJNbCKHX XPOMOCOM (MJM HX yacTeil)
€0342BaTh Be XpPOMOCOMbI TOTOMKOB. JlpyriMu CJIOBaMH, OH NpPEACTaB/ISET
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cobol KOMOHHALMIO ONEpPaTOPOB KPOCCHHroBepa ¥ HHBepcHH. B mpouecce
ero pea/iH3alMH cayuyadHbiM 06pa3oM NPOH3BOAMTCS OOHH pa3pe3 B Kax10H
xpomocome. [lpu dopmupoBanuu notomxa P| Gepercs JieBas 4acTb [0
paspbiBa H3 DOAMTeNs P| M UHBepCHA NpaBoH 4acTH 4O pasphiBa U3 P.
[Ipu cosnanum Py Gepercs jepas 4acTb F» H MHBepCHs NpaBod vacTH P,
Hanpumep:

P: AB| CDEF
P: G K| HTI JQ
Pl: AB Q J I H
P: G K F EDC

CyuecTByeT 6OJbIIOE YHCIO APYTHX BHAOB ONEpaTopa TPAHCAOKALHH.
OTtmeTnM, 4TO 40 MOCJEIHEr0 BPEMEHH ONepaTop TPAHCJIOKAUHUH He IpHMe-
HSJICA B FeHETHYECKUX JTOPUTMAX, A TAKXKe [PH Pa3paboTKe HHTEJJIEKTY-
aNbHOH MCKYCCTBEHHOH CHCTEMbl H PEIUEHHH ONTHMH3ALMOHHBIX 33a4ay.

5.12. Onepamop mpancno3uyuy — sI3bIKOBAsl KOHCTPYXUHS, NO3BOJSA-
jollas Ha OCHOBe MPeo6pa3oBaHMsl H WHBEPTHPOBAHHS BbIAENAEMOH 4acTH
pOAHTENBCKOH XPOMOCOMEI CO3AaBaTh XpoMocoMy motoMka. Hanpumep,

Ph: A| BC| DETF|GH
Pl: A FE DBC G H

3aech Tpu TOUKH pa3pes3a. Toukd paspesa BbIGUPAIOTCH CAYYaHHBIM HJIH
HanpaBjeHHbIM 00pa3zoM. B popurtesbckoil xpomocome P; CTPOHTENbHbIN
6ok DEF uHBepTHPYETCS W BCTABJSETCS B TOUKY pa3pesa MexAy reHaMH
A u B. B pesyabTate nosydyaeM XpomMocomy-notomok P!. OTmetum, uTto
CyulecTByeT 00JbLIOe KOJMYECTBO MOAHGDHKALHE ONepaTopa TPAaHCHIO3HIIHH.

5.13. PaccmoTpuM onepamop ceepezayuu. 3TO s3bIKOBas KOHCTPYK-
LH$l, O3BOJAOLAS HA OCHOBE BHIGOPA CTPOUTENbHEIX OJOKOB H3 XPOMOCOM
poauTened (MK HX 4HacTeil) CO34aBaTh XPOMOCOMbI MOTOMKOB.

[puBeneM onuH H3 NPUMepPOB ero peanusauny. OTMeTHM, YTO ONepaTop
cerperalHy, Kak MpaBHJIO, pealll3yeTcss HA HEKOTOPOM Habope XPOMOCOM.
[Tycts uMeercss nonyasuus P, cocToslas U3 YyeTbipeX POLUTENbCKUX XPO-
MOCOM:

P={P, P, P, P} P : (12345678);
Py : (24316587); Ps : (31425768); Py : (87654321).

B kaxpoiéi xpomocoMme BbleHM CTpoHTenbHble 6JIOKH. Boigenum no jsa
cTpoutenbHbiX Gioka: B Py — 23 u 67,8 Py — 1 u 4, B 5 — 768 u 425
u B Py — 54 u 87. Torna, Hanpumep, notoMok P| MoxHO copMHPOBaTb,
B3fIB MepBbie CTPOHTEJbHbIE BJIOKH M3 KaXK/JA0H POAUTENbCKOH XPOMOCOMEI
nonyasuun. Tak, BapuanT P| OyldeT NpeicTaBjeH MOC/IEL0BATENbHOCTHIO
(23176854) u siBasieTcs peaibHbIM pelleHHeM, a BapHaHT Py (67442587)
ABAsieTcs HepeasbHbLIM (HeaonycTHMbIM). OYeBHAHO, YTO ONEPATOp Cerpe-
raluyd MOXHO DeaJM30BaTh Pas3/UYHBIMH CNOCO6AMH B 3aBUCHMOCTH OT
BHIGODKH CTPOHUTE/bHBIA GJOKOB UK FeHOB H3 XPOMOCOM.
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5.14. OnuweM onepamop yodaneHus. DTO s3bIKOBas KOHCTPYKILHS,
NO3BOJIAIOLIAS HA OCHOBE yla/eHHs CTPOHMTEJbHbIX OJIOKOB M3 XPOMOCOM
ponuTenel (HAH UX 4YacTel) CO3JABATh XPOMOCOMB! TOTOMKOB.

I[pu ero peanusauud HanpaBJeHHHIM UJIH CJydaiHbM 00pPa3oM onpeje-
JISieTCsl TOYKa UMM TOUKH paspesa. [lasee npou3BoAHTCA NpobHoe yaaleHHe
T€HOB HJIH HX CTPOUTE/bHBIX GJIOKOB C BHIYMC/AEHHEM H3MEHEHHA 3HaueHHs
ueneBoi QyHKUMH. DJleMeHTH, PACNONOXKEHHblE CrpaBa OT TOYKH OIepa-
TOpa yAaJeHus WM MeXAy ABYMS TOYKaMH, YAaNAlTCd U3 XPOMOCOMDI.
[Tpu 3TOM npou3BORUTCS Npeobpa3oBaHHe MOTOMKA TAKUM 06pa3oM, UTOOb!
COOTBETCTBYIOUIEE a/bTEPHATHBHOE PElUeHHE OCTABaJOCh PeaslbHBIM.

5.15. Onuwem onepamop écmasxu. DTO A3bIKOBAsE KOHCTPYKIHSA, 103+
BOJISIOLILAN Ha OCHOBe BCTABKH CTPOMTENbHBIX OJIOKOB B XPOMOCOMBI POIH-
Tesiel CO3JABATh XPOMOCOMBI TIOTOMKOB.

[Ipu ero peanu3ailyy HaNpaBJeHHBIM UM CJIy4YaiHbBIM 00pa3oM CO3/a-
erTcs XpoMocoMa (IOHOp), COCTOALIAsE H3 CTPOHTE/bHHX GJIOKOB, KOTOpbIE
XKeJiaTeJIbHO PAa3MEeCTHTb B APyrHe XpoMocombl monyuaumuu. Ilocae sToro
HanpaBJeHHbIM HJIH ClTy4aiHbIM 06pa3oM OnpejessieTcss XpoMocoMa AJis pe-
aJx3al{K ONepaTopa BCTaBKH. B Hell HAXOAHUTCSA TOYKa HJIH TOYKH pa3pesa.
3aTeM aHaJMU3HPYIOTCA LPYrHe XPOMOCOMBl B NMONYAALMH AJs Onpeje/eHus
aJbTEPHAaTHBHBIX BCTaBOK. [lasee MpoM3BOAKTCH NMpobHas BCTaBKAa CTPOH-
TeJNbHBIX OJIOKOB C BbIYHC/IEHHEM H3MEHEHHS 3HaueHHs LeJeBoH (YHKIHH
M [oJydYeHHeM peanbHblX pelleHHH. HoBbie cTpouTesnbHble 6JI0KH BCTaBAS-
I0TCA B XPOMOCOMY CNpaBa OT TOYKH OMepaTopa BCTaBKH HJIH MeXAY ero
nByMsi Toukamu. OTMETHM, YTO OrnepaTop yAaJdeHHs H OnepaTop BCTAaBKH
MOTYT M3MEHATb pa3mep xpoMocoM. [l coxpaHeHHs MOCTOSTHHOTO pasMepa
XPOMOCOM 3TH ONepaTopbl MOKHO NPHMEHSATb COBMECTHO.

Ha xoHeyHOM 3Tane noucka lesecoo6pasHO NPHMEHSATb BbIOODP BJIH3KHX
pelleHHH B COOTBETCTBHH C ONpeJe/IeHHBIM KPHTEPHEM, T.e. HCKaTb pelie-
HHe cpefy nydiux Pf.

5.16. Onepamop pedyxkyuu — S3bIKOBAs KOHCTPYKI(Hs, MO3BOJIAIOLLASA
Ha OCHOBE aHAJIM32 NOMYJSUMH [10CJEe OJHOH MJIM HECKOJbKHMX TOKOJeHHH
FEeHETHYECKOrO aJFOPUTMA YMEHblaTh ee pa3Mep A0 33[aHHOH BeNHYHHBbI.
PaccMotpnm cnocobsl peann3sauus onepatopa peaykuni. OH BENONHSAETCS
AN YCTpaHeHUs HeyAda4yHBIX pelleHuil. B HeKOTOPBIX reHeTHYECKHUX anro-
PHTMaX, B YaCTHOCTH, B MPOCTOM TeHeTHUECKOM aJrOpHTMe, 3TOT ONepaTop
NPHMEHSAETCS /s COXPaHEHHs] MOCTOSHHOrO pasMepa HadaJbHOH nomny-
asauuud, OcHoBHas npobieMa 3[0ech — HaXOXK/ACHHE KOMIPOMHCCA MEXAY
pa3Hoobpa3sueM reHeTHYECKOro MaTepuana H KadectsoM pelneHuil. CHavasna
$OpMHUPYIOT PENPOAYKIMOHHYIO IPYNNY U3 BCeX pelleHHl, o6pa3oBaBLIMX-
ca B nomyasuud P!, 3aTeM BHINOJHAKT OTGOP pewleHHA B CJAELYIOLLYIO
NOMYJISILHIO.

YucneHHOCTh HOBOH NMOMYMsILHH

NH.] = Nt + Nox + Now + Now + Nor + NOTp + Noe + Noy + Nog,

4
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rae

N+l — ypcneHHOCTb HOBOH MONYJSILHH,

N — 4ucieHHOCTb NONYAAUUK Ha MPEAbAYieM ware (MoKoaeHUu) ¢,

Nox, Now, Nor, Now, Noc, Norp Noy, Nog — TOTOMKH, NOJYHEHHbIE B Pe3YJib-
TaTe TNPHMEHEHHs ONepaTopoB: KPOCCHHrOBepa, MYTALHH, HHBEPCHH,
TPAHCJIOKALMH, TPAHCIIO3ULHH, CETPEralvuu, yAaleHus, BCTABKH.
OTMeTHM, 4TO OMepaTop PeAYKIHH MOXKET NPHMEHAThHCA M10C/Ie KaXKA0ro

OMEepaTopa WJIH NOCJe BCeX B OAHOH TeHepalHH eHeTHUeCKOro anropHTMa.

Boigensiior ase OCHOBHBIX CXeMBbl PEAYKLUHH {HHOTA2 HX HA3biBAIOT CXEeMbl

otGopa).

1. Saumnasn cxema pedyxkyuu. B rpynny ypaneHus u3 nonyasiuuu
BKJIIOYAIOTCA TaKHEe XPOMOCOMBI, Kak Py | € P H TONbKO Te NMOTOMKH, 1S
KOTODPBIX BHIIOJIHAETCS YCJIOBHE:

(VPE,; € PY(3Pyro))(UD(Pyroy) > LUP(PE)), k=1,n,

rie Pyroy — noToMkHx (pelieHHs), NONy4YeHHbIE NOC/e NMPHMEHEHHS TreHe-
Tuyeckoro oneparopa (['0).

2. Ilocaedosamenvrasn cxema pedykyuy no3BoAsSET BAPLHPOBATb METO-
Ibl BEIOOpa XpOMOCOM AJSl YAAJIEHHS H3 MOMYJALNH:

e ciy4alHbii BhGOp,
BBIOOD «IYYLUMX» H «XYALIHX®,
«bJIM3Koe» POACTBO,
«JlaibHee» POACTBO,
Ha ocHoBe Kopa I'pes ans GMHApHBIX XpPOMOCOM,
Ha OCHOBe paccTosiHHe X3IMMHHra,
Ha OCHOBE «TYPHHpa».
CayvaliHblii BEIGOp XpOMOCOM MO3BOJISIET PAa3HOOOPA3HTh reHOGOHA Ha
pPaHHHUX 3Tamax reHeTHYeCKHX a/JropuTMoB. BepofiTHoCTb 3TOro BhHIGOpa
JOJIKHA CHUXKATHCS TIPH 9BOJIOUHH MOKOJIeHUH.

[To anasoruu ¢ onepaTopoM penpoAyKiIHH U3BECTHLI CAeAyIOllHe MOLH-
(hUKaUUH ONepaTopoB pefyKLHH:

1) paBHOBEPOATHOCTHBI OTGOP C BEPOSITHOCTBIO

1
N’

Py(s) =

rie N — pasmep NOnyasiLuy,;
2) nponopuHOHabHLIK 0TGOP ¢ BEPOSTHOCTHIO

HD(Py)

Pk (S) = .
kgl UD(Py)

[ToxBesem utorn. C moMOIBIO ONEPaTOPOB PEAYKLUHH HAa PAaHHHX CTa-
IASX paboThl FreHeTHUECKUX aJrOPUTMOB MIPOHCXOAKT BLIGOP Xpomocom Bes
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yueta sHadeHuil ux LUD(P;), T.e. cnyuaitunié ot6op. Ha sakmounTensHol
cTaguu — onpeiensownil ¢pakrop npu orbope suadenus LIP(P;). Uem
suiwte LID(FPy), Tem Boiiwe BeposTHOCTL 0TOOpa Py B ciefyoulyio nomy-
aauuo. Ha 3aknoydtenpHol cTaqnu NpoBOAUTCA YMeHbllIeHHe ClyYaHHBIX
onepauHii H yBeJIHYHBAETCA IIPOLEHT HAanpaBJleHHBIX.

5.17. PaccmorpuM Tenepb onepamop pexombunayuu. Ornepatop pe-
KOMOHMHALUH — s3BIKOBAas KOHCTPYKLHS, KOTOpas Olpefe/ifieT, KaK HoBas
reHepalus XpoMocoM OyfeT NOCTpoeHa W3 pOiMTened M motoMkos. Ilpy-
THMH CJIOBaMH, ONepaTop PeKOMOUHALMH -— 3TO TEXHOJOIHS aHa/iu3a H
npeo6pa3oBaHy1s NONYNALHUH NPH Nepexofe H3 OQHOH reHepallHH B APYTYIO.
CyuiecTByeT MHOro myTefl BblMoJHEHHs pekoM6HHauuu. OfuH H3 HHUX Co-
CTOMT H3 NepeMelleHUs] POAHTE/ el B IOTOMKH MOC/e peasH3aluHy KaxKaoro
reHeTHuecKoro oneparopa. Jpyroéi myTb 3akiiodaercss B HepeMellleHHH
HEKOTOPOH 4aCTH NMOMYJSILHK NOCAe KaXKAOH reHepauyH.

YacTo B reHeTHYeCKHX anroputMmax 3afaerca napamerp W(P), koTopslii
ynpasJsieT 5THM npoueccoM. Tak, Ny(1 — W(P)) s3n1eMeHTOB B NONYJISLHAHU
P, Boib6paHHBIX CAYYaHHO, MOTYT <«BbXKHTb» B CJelYiOlled reHepauHu.
3pecb N, — pasmep nonyaaund. Bennuuna W(P) = 0 osHauaeT, 410
uenass npefblAyllas NOMY/IAUMS [epeMellaeTci B HOBYIO NONYAALHMIO B
Ka)xaoi redepauud. [Ipy ganbHeiiuell peasu3aly aNropHTMa JydLILe UIH
oToOpaHHble 3JeMEHThl U3 POAHTENeH H MOTOMKOB OyoyT BbiOHDATbCA MJIS
(hOpMHPOBaHHS HOBOW MONYJIALKH.

B uHXKeHepHHIX 3ajadaX HMCIOJAb3YIOTCH Pa3JiMyHble MEXAHH3Mbl H MO-
Ieau 3TOro mpouecca. [IpuBeseM HECKOJbBKO H3 HHUX:

e M1 — BoitecHenue {(crowding factor). 3TOT MEXaHU3M ONpeaes-
eT crocol W NOpAfoK 3aMeHbl POAHMTENbCKHX XPOMOCOM H3 FeHepalliy
t XpOMOCOMaMH NIOTOMKAMH nocJe redepauud t + 1. Mexanuam peanu-
30BaH TaKUM 06pa3oM, UTO CTPEMHTCH YAAMATH «IIOXOXKHE> XPOMOCOMBI
U3 NONYJASUHH H OCTAaBJATh OTVIMYAKIHUECH.

o M2 — pasgesnenue (sharing). 9ToT MexaHu3M BBOJMT 3aBUCHMOCTb
3HAYEHHS UeseBOl PYHKLHH XPOMOCOMBL OT HX pacnpeiesieHus B Iomy-
JISIUHHA U TIOMCKOBOM MPOCTPAHCTBE. DTO MO3BOJSET KOMHAM POLUTENb-
CKHX XPOMOCOM HJIH GJIH3KHX K HHUM He MOSIBAATHCS B NONYJISALUAX.

e M3 — BBeznenue naeHTHHKaTOpoB (tagging). CneLnanbHEIM XpPOMO-
coMaM npucBauBaoTcs MeTkKH. Oneparopsl reHeTHYeCKHX ajJrOPHTMOB
NPUMEHSAIOTCA TOJNBKO K HOMEUEHHbIM XPOMOCOMAM.

OTMETHM, UTO ONEpPaTop PEAYKLHH SIBIAETCH YAaCTHBIM CJIy4aeM onepa-
TOpa PEKOMOHMHALIHH.

5.18. BaxHbIM NoHATHEM TpY peann3alUH FeHETHYECKHUX OMepaTopoB
ABJAETCS BEPOATHOCTh, KOTOPAsi onpelesieT, KaKoi NpoLeHT obLuero yucnaa
T€HOB B NOMY/JsAUMH H3MeHseTCA B Kaxkaod reHepauuu. Ias ontumusa-
LHOHHBIX 33/1a4 BEPOATHOCTb OflepaTopa KPOCCHHIoBepa OOLIYHO TPHHH-
mawt B npefenax (0,6 +0,99); sepoaTHocTh onepartopa Mytauuu — 0,6;
unsepcud — (0,1+-0,5); tpancnokaunn — (0,1 +0,5); Tpancnosuuuy —
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(0,1 +0,5); cerperauun — (0,6 +0,99); yaanenus — (0,6 +0,99); Bcras-
ku — (0,6 +0,99).

3.3. TeopeTHKO-MHOMXKeCTBEHHbIE OMNepauuu
HajJ NoNylsu¥saMH U XpOMOCOMaMH

1. Bug, nonynsiuusi, XxpoMocoMa, TeH ABJASIOTCS COOTBETCTBHEM HEKO-
TOPBIX MHOXKECTB aJIbTEPHATHBHBIX pellleHHH pacCcMaTpUBaeMblX 3aAaq HJIH
ux yactedl. OcHoBaTeseM Teopuu MHoxecTB siBasietcsl I'. Kanrtop. Ilo ero
OlIpefeNieHHIO, MHOXecmao — 3T0 J06oe oObelUHEHHEe B OAHO LEJoe
onpe/ie/leHHbIX, BIIOJHE Pa3JHYHUMbIX 00BEKTOB U3 HAlLero BOCIIPUATHA HJH
MbiCTH. B 2TOH CcBfi3W npuBeneM H3BeCTHLIE ONEPALMK Hal MHOXECTBaMH,
IIpPUMEeHsIeMble K MOMYJsLMAM U XPOMOCOMaM B FeHeTHYECKHX aJrOPHTMaX.

1.1. O6vedunenuem nonynsiuuii (xpomocoM) A u B Gylem cuuTaThb
nonynsuuio (xpomocomy) C, KOTOpasi COCTOMT H3 3JEMEHTOB, NpHUHALJE-
KallHX WM Nonyasure (xpomocoMe) A, uau nonyasiuuu (xpomocome) B,
UIH o6enM monynsinuaM (XpoMOCOMaM) OZHOBPEMEHHO:

C =AUB,
rae U — 3HakK oObefHHEeHHS,
P,eC=AUB - P,c AVP,€B.

Jta 3anuch 03HAYAET, YTO ecau nonyasuna P; npunagnexut nonynsuus C,
mo P; npyUHan/exUT Nonysudd A uau P; NnpuHaLIeXuT nonynsudy B.

IIpumep 1.

A={P, P, B3, P4},

B = {P, Py, Fs, B3},

AUB=C= {Pl, By, Py, Py, By, Pg}.

MoxHO 06beIUHHUTD He TOJbLKO [Be, HO W Jilofoe KOJMYEeCTBO INONyJas-
UHA (XpoMOCOoM):

AlUA UA3U...UAn =[] A

i=1

1.2. MNMonynsiuus C cuutaetcs nepecedenuem nonynayuti A v B, ecnn
nonyasiuua C' COCTOUT U3 3/1€MEHTOB, KOTOPbIE NMPHHAMJeXAT OJHOBDEMEH-
HO ¥ monyasuuu A, W nonyasuuu B:

C=AnNnBSB,
rjge M — 3HaK nepeceyeHHus.
PcC=ANB - P,c AANP,cB.

Ata 3anMch 03HayaeT, YTO ecau nonyasuusa P; npunagnexut nonyasuuu C,
mo P; npuHannexut nonynauuu A u P; npuHagnexut nonynsuuu B.
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Hpumep 2.

A= {P[, PQ, P3, P4},

B = {P;, P, B, B},

ANB=C= {P4}.

Ilpumep 3.

Ay ={P,, Py, P, Py},

By = {P;, Ps, B},

C=ANB=g.

Onepauusi nepeceyeHHsi MOXKET BBITOJHATBCS HAJ JIOOBIM KONUYECTBOM
BU/IOB, TOMYJISILHIA, XPOMOCOM U TE€HOB.

1.3. Monyasiuns C, paBHas A\B, uasblBaeTCsi pA3HOCMBIO NONYAA-
yuti A n B, ecnin C COCTOHT M3 31€MEHTOB, KOTOpbIe IpHHaniexatT A H He

npuHaanexar B:
C = A\B,

rae \ — 3HaK pasHOCTH,
PeC=A\B—->P,e ANP; ¢ B.

Ilpumep 4.
A={P, P, P;, Py},
B = {R, Py, P, B4},
A\B =C = {P, B3},
B\A =D = {Fs, R}.

IIpumep 5.
A ={P, P, P;, Py},
By = {Ps, Ps, Ps},

Ci=A\B, ={P, P, P, Fy}.
B omaHume 0T 06beAHHEHHS H lepeceyeH s Onepalys PasHOCTH NpUMe-
HSIeTCA TOJBKO AJIf ABYX NMOMYMSUHH HIM HX 3JeMeHTOB.

2. Panee paccMoTpeHHbie MHOXKECTBa NMONYJALMH COCTOSANH M3 HEyro-
pAgOYEHHBIX 37eMeHTOB. OTMETHM, YTO MOC/ELOBATENBHOCTL JIEMEHTOB B
NoNynAUMH MOXKeT OBITb CTPOTO 3ajaHa. B 3ToM caywae Kaxzaas Xpomo-
coMa nonyasuud HasbiBaeTcs KoprexxeM. Kopmedc — 3to ynopsgoueHHoe
MHOXKecTBO. CHHOHMMAaMH TEPMHHY KOPTeX SBJSIOTCH BEKTOp H Habop.

a=(3,2,5,4) — npuMep ynopsAOUEHHOH XPOMOCOMBI (KOpTexKa).

KopTex a coctouT 13 4eThipex KOMNOHeHT (reHoB). ['eH «3» pacmoso-
KeH Ha nepeoM Mecte (B mepeoM JoOKyce), «2» — Ha BTOpoM MecTe (BO
BTOPOM JiOKyce), «b» — Ha TpeTbeM, «4» — Ha yeTBepTOM MecTe. B oTinune
OT MHOKECTBA KOPTEX MOXET HMETb NOBTOPSIOLIHECS 3JIEMEHTHI.

Yucso KOMIIOHEHT KOpTeXa (XpOMOCOMbI) HasbiBaeTcs ero OAuHol.
Koprexem pjunbnl 2 HaswBaercst ABOHKa (mapa), miuHbL 3 — TpoOiHKa M
Tak fanee. Koprex, KOTODHIE He CONEPMKHT 5JIEMEHTOB B CBOEM COCTaBe,
Ha3blBaeTCsl NMyCTHIM KopTexeM, obosHauaetcs { ). Koprex ofosnauaercs
CTPOUHBLIMH rpedecKUMH OykBaMu. KoMMOHeHTHl KOpTeXa — CTPOYHBIMH
JIATHHCKHUMH OyKkBaMH. ['oBopaT, 4To0 /1Ba KopTexa pasubl (o = 3), ecau & u
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(3 HMeIOT OJHHAKOBYIO AJIMHY M KaXK/asi KOMIIOHEHTa KOpTeXa ¢ COBNajaeT
C KaXkKI0# KOMNOHeHTO: KopTexa (. Hanpumep,

{a,b)y = (c,dy @ a=cAb=d,
(al,a2,a3) = (b1,62,b3) — al =bl Aa2 =b2 A a3 = b3.

Koprexu o u [ Hepasubl (o # [3), ec/id UMEIOT pPasHYK MJIHHY H/UIK
OTHeNbHble KOMIOHEHTHl KOPTeXa (¢ He COBNAaJaloT ¢ OTAENbHBIMH 3JIeMeH-
TaMH KopTexa [3.

B ormauuune OT MHOXECTB NOPAROK CJENOBAHHS KOMIIOHEHT KODTeXa
cyuectBeded. OTMETHM, YTO HHOIAA KOPTEXK HA3BIBAOT KOHEUHBIM YIOPS-
[OYEHHBIM MHOXECTBOM.

2.1. Hpamoeim unu dexapmosoim npoussedenuem nonyaayui A n B
HasblBaeTCs MONYJSUMs, COCTOALAS W3 BCeX TEX W TONBKO TeX nap, T.e.
KOpTeXel NJHHB 2, NepBas KOMIIOHEHTAa KOTOPHIX NPHHALNERKHT NonyJis-
uuu A, a sropas — nonyasuud B:

A x B — npsiMoe ieKapToBO MpousBefeHne nonyasuudil A u B;

A={P, P},

B ={P, B},

Ax B= {(Pl, Pg), (Pl, P4), (PQ, P3), (PQ, P4)}.

[IpsiMoe mpou3BefeHue MOXKHO TMOCTPOMTh He TOJBKO LIS ABYX, HO H
IJisl TpeX, ueTbipex u Gojee NONyASALHY.

Jlerko BuzeThb, 4TO HeKapTOBO Mpou3BeneHue A X B paBHO @ (mycTo),
ecJi

A=0VB=g, AxB=3->A=@VB=0g.

2.2. VMlusepcus KopTexka onpeesseTcs yepe3 HHBEPCHIO ero 31eMeHTOB.
Koprex (Ps, P|) Ha3blBaeTcs uneepcuei xoprexa (P, Ps).

Mupepcus KopTexa a 0603HaYaeTcs o '

o= (P],P3>, o= (P3,P|>.

(a1 =0

2.3. Beenem noHsATHe onepaiHH KOMIO3HIHUH ABYX XpOMOCOM. XpoMo-
coma R naseiBaeTcst komnosuyueil 1ByX xpomocoMm M u () TOTAA H TOJBKO
TOTAA, Korga CyLlecTByeT 3JjeMeHT F;, Takoi, uto F; € M u sasasercs
nocnefHum B M, u P; € Q 1 asasercs nepsuiM B (). Hanpumep,

<P2,P1,P4) e MA (P4,P5,P3> € Q — <P2.P|,P5,P3) € R.

3. Omnowenue — cps3b MeXny noObMH 06beKTaMu B npupoge. Om-
HouleHue mexcOy nonyaayuamy — 3TO MNapa, NpHYEM YNOPRAOYEHHas,
TiepBas KOMIOHEHTa KOTOPOH sIBJIAETCA HOBOH monyJsuuei, a BTopas — 06-
JIACTBIO 3aJlaHHA OTHOWeHHs. B oTAMUYHE OT NOHATHS MHOXKECTBA TNOHSTHE
OTHOLUEHHS SIBAAETCA ONpefes]EHHbIM MOHATHEM.

Bripaxenne ¢ = (@, M) HasbiBaeTcs oTHoweHueM, ecan © C M?, 1. e.
d C M x M, toe p HasbiBaeTca OTHoweHUeM; @ — rpaduKoM OTHOWEHHS
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(HanpuMep, NONYAAUKS aJbTEPHATHBHEIX DELIEHHUI NMPAKTHYECKHX 3afay);
M — obnacTbio 3a5aHus OTHOWeHUs;, M npeAcTaBisieT coboil Heynopsao-
YyeHHOe MHOXeCTBO, HanpuMep, 06/1acTb paboTOCNOCOOHOCTH.

OTHolleHHe TakKoro THNA HasbiBaeTca 6unHapHsiM. Ecam @ C M¥, 1o
OTHOWIEHHE Ha3biBaeTcs k-apHbiM. OTHOLIEHHe @ ¢ 06JacThio 3amaHus M
Ha3blBaeTCsl OTHOLIEHHEM Ha MHOXkecTBe M.

Hanpumep, nyctb Ml uMeeM ase nonyasunu A u B, npuuem (A4, B) €
€ @. Torna MOXeT CylecTBOBAaTh OTHOLIEHHEe A o B, B KOTOPOM 3JI€MEHTHI
A u B naxopaTtcs B HeKoTopod cBsisu (Hanpumep, A u B — anbrepHa-
THBHble pelUeHHs OAHOH H TOH e 3aiayd), HIX 3JeMeHT A HaXofUTCH
B OTHOLUEHHH ¢ K 3jeMeHTY B.

PaccmoTprM npumep OTHOLIEHHH:

M ={1,2,3,4},® = {(1,1),(1,2),(2,2),(3,2)}.

M? = MxM_{(l 1y, (1,2), < 3), ( 4),(2,1),(2,2), ..., (4, 4)}.

Cywecteyer crnocof 3agaHus omome}mﬁ yepe3 BbICKA3blBATEJbHbIE
hopMbl:

Ty < x <y — 3TO eCcTb OTHOWeHHe < (MeHblUe)
MeXJY 3/MeMEHTAMH T U Y.
Torpa 5 ¢ 3 ABAsSETCH OTHOLLIEHHEM JIOXKHBIM, 8 3 04 ABJSETCHA OTHOLUEHHEM
HCTHHHBIM.

3.2. [puBefieM OCHOBHblE CBOHCTBA OTHOLIEHHH.

OtHolweHnHe ¢ = (@, M) HA3LIBAETCH NOAHBIM OMHOULEHUEM, ECTH
® = M2 te (V€ M)(Vy € M)(zpy) BCerla HCTHHHO, T.e. BCEraa
CYLIeCTBYeT B3aHMOCBSI3b MEXIY IByMs JIOOBIMH NONYNALHAMH Z, Y B 06-
JlacTH petieHHH M.

OrHowenne p = (P, M) Ha3biBaeTCH OMHOWIEHUEM DABEHCMBA, ECAU
O =AM. U (Vz,y € V)(z oy — = = y). IpyrumMu caosamu, a4 Jiwo-
ObiX ABYX MOMYMALMH W3 MHOXKECTBA pelueHH# M UCTHHHO BHICKA3blBaHHE:
«€CJIM NONYyJALHUS T HAXOAHUTCA B OTHOLUEHHH ¢ K MOMYJNSLUHH Yy, TO 3TH
TNonyJsiuuy pasHbl». Hanpumep, ecau

M={1,23}, ®={(11),(22), (33}

10 ¢ = (D, M) siBAsieTCS OTHOIIEHHEM PABEHCTBA.

OtroueHue @ = (P, M) Ha3bIBACTCS OMHOWEHIEM HEPABEHCMBA, ECIH
D = M2\AM, ecnu (Vz,y € M)(z oy — = #y). Ipyrumu coBaMH, AJs
Jo6blX ABYX MONYJSLHHA H3 MHOXKECTBa pellieHHH M HCTHHHO BbICKA3biBa-
HHE: «eCJIH NnonynasaunAa r HaXOAHTCA B OTHOLUEHHH ¢ K NONYyJAsUHH ¥y, TO
5TH MONY/SLNHH HEPABHBL».

3.3. Ha oTHoweHHs MeX[1Y BHAAMH, NONYJSAUHAMH, XPOMOCOMAMH H

reHaMH NepeHOCSITCS OCHOBHbBIE OMlepally Hajl MHOXeCTBaMH, HO OHU MOTLYT
BBINOJNHATHCA TOJBKO HAa OAHOH H TOH Ke 06J1acTH 3ajaHus.

O6beanHeHHeM OTHOLWEHHH MONYJSUHEA ) U 9 Ha MHOMXeCTBE pelie-
HUH M HasblBaeTCst OTHOLUEHHUE 3.

P1Ups =3, o1 = (P, M), p2 = (P2, M).

w3 = (P U Dy, M).

4 JI. A.Tnankos, B. B. Kypeituuk, B. M. Kype#iunx
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IIpumep 6.
= (@1, M), g = (D3, M),
M ={2,34}, & ={(2,1),(2,2),(2, 4},
Dy = {(2,1),(2,3), (4,4)},
Pz =P UD ={(2,1),(2,2),(2,4),(2,3), (4,4)}.
OTMeTHM crienyloulee, OUEBHAHO, YTO

z(p1 U pa)y & zo1y V zip2y.

JlpyrumMu cl0BaMH, ecsi NONyAsLMK T, § HAXOAATCH B OTHOWEHHH @1 U g,
TO 3TO 3KBHBAJICHTHO BbICKa3blBAHHIO: NONYJAUHNA T HAXOAUTCA B OTHOLUE-
HHM @) K MONYNAUMH y MAH NONYJALUMSA T HAXONHTCS B OTHOIIEHHH (g
K NOMYJALHH y.

TMepeceueHHeM OTHOWIEHHH @| H @7 Ha MHOKecTBe M HasbBaeTcs
OTHOLLUECHHE V3!

P10 =3, o1 = (P, M), g = (P2, M).

p3 = (PN Dy, M).

pumep 7.

M={12}, o =({(1,1),(1,2)},{1,2}),

e2 = ({(1,2),(2,2)}, {1,2}),

o1 N2 = ({12}, {1,2}).

OTHollleHHe 3 HA3blBa€TCA pPa3HOCTbIO OTHOWIEHHH @1 U P2, €CaH

w3 = (P1\ Dy, M),

3 = @1\g2.

IIpumep 8.

M ={1,23}, & ={(1,1),(22),(3,3)}

®; = {(1,1),(2,1), (3,

D3 = O\Dy = {(2,2),
o3 = ({(2.2), (3,3)}, {1,2,3}).

OTMeTHM, YTO BCe ONepalid Hajl OTHOLIEHUSMH JO/XKHbBl BHIIOJAHATLCH
Ha OfHOH M TOH e 00/1aCTH 3afaHus, H B pe3y/bTaTe BbIIIOJHEHHH oMepa-
UKE CHOBA IOJIy4YaeTCsi OTHOLUEHHE ¢ TOH Ke caMoH 06/1acTbio 3aaHHA.

3.4. T1poao/:xHM 3HaKOMCTBO C OCHOBHBIMH CBOHCTBaMH OTHOWIEHHH,

OrtHouleHne ¢ = (P, M) Ha3biBaeTCs OTHOLIEHHEM pe@AeKCUBHOCMU,
ecau (V€ M)(zpx).

OrHoteHHe pedIeKCHBHOCTH sBJsieTCs YHAPHOR oneparuett, T.e. ore-
pauneil Hap ofHuM 3saeMeHTOM. OTHoWeHHe paBeHCTBa (MapanseNbHOCTH)
ABJSIETCS TIPHMEPOM OTHOLLEHHS pediekcuBHOCTH. OTHOLIEHHe MepreHaH-
KynapHOCTH (2 1y) He fiBIfETCHA OTHOLIEHHEM PedIEKCHBHOCTH.

OtHowenue ¢ = (O, M) HasbIBAOT OTHOWEHHEM CUMMEMPUYHOCTU,
ecau (Vz,y € M)(zpy — ypx). ApyruMu crosamu, Aas moGbIX ABYX
MOMyJSUMH U3 MHOXeCTBa pelleHHH M HCTHHHO BbICKa3bIBAHHE: «eCJH
NONYJSALMA T HAXOAUTCA B OTHOLWEHHH (0 K MONYJSLMH ¥y, TO H NONYJISLHA Yy
HaXONUTCA B OTHOWEHHH ¢ K NOnyasuuu z». OTHOWeHHE CHMMETPUYHOCTH
AsnsieTcst OHHApHOH onepauued.
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OrtHowenue ¢ = (P, M) Ha3blBaeTCs OTHOLUEHHEM MPAH3UMUBHOCTU,
ecnun (Vo,y, z € M)(zpy&kypz — wpz). Apyrumu caosamu, as J06IX
TpeX MONyJISUUi M3 MHOXKeCTBA pelieHUH M HCTHHHO BHICKa3blBaHUE: «eC-
JY TMONYMSALHS X HaXOQUTCS B OTHOWEHHH K NONYJSILHHE Y H MONYJSLHS
Y HaxONKTCA B OTHOWIEHHH ¢ K MONY/ALKHH 2, TO 3TO O3HA4YaeT, 4To
NONYJSLHS £ HAXONUTCH B OTHOLIEHHH @ K TOMYJALHH 2».

pumep 9.

TMosnHoe oTHowenue (M2, M) pedieKCHBHO, TPaH3HTHBHO:

M={1,2}, M?={(1,2),(2,1),(1,1),(2,2)}.

[TycToe oTHOLEHMe BASETCH HOCHTENEM BCEX CBOKCTB.

HMpumep 10.

HHTepec npeactaBasioT OTHOWEHHS, KOTOpble 061aAaI0T KOMGHHALHSA-
MH HEKOTOPbIX CBOKCTB.

OTHoOLIEeHHE ¢ HA3BIBAETCS OTHOLUEHUEM 3KBUBAACHMHOCMU, €CIH OHO
ped/JIeKCHBHO, CUMMETPHYHO H TPaH3HTHBHO:

 ~ (@, TAe ~ eCTb 3HaK SKBHBAJEHTHOCTH.
Hanpumep:
PaBeHCTBO H NapaJlebHOCTh — OTHOLIEHHS SKBHBAJEHTHOCTH.

OTHolweHHe NMOPAJKa CBA32HO C OTHOWEHHAMH THNA K, <, >, =.

3.5. B Tex cayuasix, Korga r 03Ha4yaeT MHOXECTBO JIOAEH HJIY TPYMIb!
JIIOAEH, TIPUXOLUTCA CTAJIKHBATLCS ¢ OTHOIUEHHEM, KOTOPOE SIBJAAETCH OTHO-
LIeHHEeM JOMUHHDPOBAHHS.

Byzem roBopuTb, UTO XpOMOCOMa I AOMHHUPYET Hal XpOMOCOMOH Yy U
NHCaTh 3> Y, €CJH T B YEeM-TO NPeBOCXOAUT y. Tak, 3HaueHHe LeJeBOH
(YHKLUHH XPOMOCOMbl T MOXKET NPEBOCXOAHTh 3HAYeHHe LeseBOod (PYHKUUH
XpoMocoMhl y. Bynem roBopuTh, 4TO MeXIy 3JEeMEHTAMH MHOXECTBA T
HUMeeT MeCTO OTHOLIEHHe AOMHHHPOBAHHSA, €CJHH 3TH 3JieMeHTH 06J13a1aiT
CeAYIOIHUMY ABYMSI CBOHCTBaMU:

1) HUKAKOH 3/IEMEHT He MOXKEeT NOMHHHPOBaThb caMoro cebs, T.€. Bhl-
CKa3blBaHHE T 2> T — JIOXKHO;

2) B KaXI0H nape 3/ieMEHTOB B TOYHOCTH OAMH 3/eMEHT JOMHHHpPYeT
BTOPOTO, T.€. BHICKa3blBaHHe T 3> ¥ H Y 3> T — HCKJIOYAEeTCH.

[oBopsiT, UTO MEXAY MHOXKEeCTBAMH (MONYASLUHMAMH HJIH XPOMOCOMAMH)
X, Y ycTaHOB/IEHO 83aUMHOOOHO3HAYHOE coomeemcemaue, eCli YKa3aHO
Kakoe-10 noaMHoxkecTBO G C X X Y, KoTopoe 06/afaeT HEKOTOPLIMH CBOM-
creamu. Toraa coorsercteue (') — 310 Tpoiika MHOkecTB I = (G, X,Y),
nepeas KOMIIOHEHTa KOTOpOH sBafeTcs rpadukoM (G, BTOpas KOMIIOHEHTA
AIBJSETCS MHOXeCTBOM X W TPETbS — MHOXECTBOM Y':

I'=(G,X)Y), GCXxY — onpeneseHne COOTBETCTBHS.

JlpyruMu cnoBaMH, €ClH KaXJIOMY 3JeMeHTy monyisuuu X cooTBer-
CTBYeT OJHH H TOJbKO OAHH 3JIeMeHT NOMyMASUHH Y, TO TaKOe COOTBETCTBHUE

SAABJSACTCHA B32aHMHOOLHO3HAYHBIM. o

4*
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MHoxecTBo X HasbiBaeTcsl 06JaCTbIO OTMPAaBAEHHS COOTBETCTBHA,
a MHOXecTBO Y — 06/1acTbi0 NPUOLITHA COOTBETCTBHA:

GCXxYooG@=XxYVGCXXY.

Ecnu koprex u3 nsyx xpomocom (a,b) € G, TO MOXKHO CKa3aTb, YTO
xpomocoMa (b) cooTBeTcTByeT XpoMocome (a) B coorBercTur I. Ipusenem
pAA IPUMEPOB.

DT = ({{a,a), (5,8), (c.0)}, X = {a,b,c}, Y = {o, B)).

Ecan X =Y, 1o coorBercrrue I npespatuaeTcst B OTHOLUIEHHE.

MoxXHO CKasath, YTO OTHOUIEHHE ABJASETCH YACTHBIM CYYaeM COOTBET-
cTBHsl. Bee cBoHCTBA OTHOWEHUT MOXHO TEPEHOCHTb HA COOTBETCTBHSL.

2Q)r=(G, X,Y), X={1,2,3}, Y ={4,5},G=X xY.

3) MycTb umeeM aBa MHOXecTBa (nonynsuun): X = {b,c}, Y = {a, 8},
torga I' = ({(b, @), (¢, B)}, X = {b,c}, Y = {a, B}) aABAsieTcsa npumepom
B3aHMHOOJHO3HAYHOrO COOTBETCTBHSI MeXAY NONYJASLHAMH, TaK KaK Kax-
JOMy sJeMeHTy X COOTBETCTBYET OMH M TONLKO OfMH 3JEMEHT Y.

4. Bollle paccMaTpPHBA/JIHCh YETKHE MHOXeCTBAa. B HHX MOXHO OAHO-
3HAYHO CKa3aTh, ABJAETCS JIM PacCMaTpHBaeMblil OOBEKT 3JeMeHTOM 3TO-
ro MHoxecTBa. Cye10BaTe/bHO, 3TH MHOXECTBA HMEKT YETKHE TPaHHLIbL,
oNpepeNslLLIHe IPHHAANEKHOCTb WK He NPHHAAMEXHOCTb 3JIeMeHTa MHO-
xxecTBy. B reneTHyeckux anropuTMax He BCEraa MOXHO NPOBECTH YETKYIO
rpaHb MeXAY NPHHALJIEKHOCTBIO M He NMPHHAAJEXHOCThIO 3/IeMEHTOB MHO-
KeCTBY.

4.1. Heuemxoe (pacnasiguamoe) muoxcecmao, cornacuo Jl.3age, —
3TO MHOXKECTBO, KOTOPOE HMEET HeyeTKHe IDAaHHLbI, ONpelesoline npHu-
HAJ/IEXXKHOCTb HJHM HE NPHHALJNEKHOCTb 3/IEMEHTA MHOXKECTBY.

[MycTb 3agana npou3BobHAS HenycTas YIOpsAOYeHHAs MOC/ef0BaTe  b-
HOCTb (xpomocoma): P = (p1,p2, ..., Pn)-

B nanHO# XpomocoMme KaxAbIH 3J€MEHT p; €CTh KOPTEX JJIHHBLI ABa
(~a(x;), z;), NEePBAT KOMIOHEHTA KOTOPOro 0603HauaeTcs f4(Z;) U Ha-
3blBAeTCA YHCJOBOH (yHKUHeH, oHa 3agaercst Ha cerMenTe [0, 1]. Bropoi
3MeMEeHT KOpTexa — 3JeMeHT x; MHOXecTBa X (z; € X) — MHOXeCTBO
OTpPaHHYeHHU! HIH MHOXeCTBO MapaMeTpoB PaCcCMaTpHUBAEMOH ONTHMH3aLH-
OHHOH 3aaa4H.

[MpH 3a7aHMH HEKOTOPOTO PELIeHHs] XPOMOCOMEL P KaX oMy 3J1eMeHTY
z; npucBanBaetcd YHeao O < poa(z;) < 1, 370 yHCHIO H ompefenser cTe-
NeHb BAHSHHA («BAXKHOCTH») JAHHOrO MapaMeTpa WJIH, MHAue TOBOPS, ero
BeCoBOH KO3 dHUUHEHT A5 LaHHOCO pewenus P;. B wacThHom cayyae senu-
YHHA p A (Z;) ABJISETCS 3HAYECHHEM ueneBod QYHKUMH AAst XpoMocoMmbl F;.

Hanpumep, uMeercsl Hekasi ONTHMH3aUMOHHasA 3aaya: ) — max(min),

n

uMmelomas n orpaHnyeHnd > p; 2 0. Torma MOXKHO cHOPMHPOBATE MHOMXKe-
i=1

¢TBO P jonycTHMBIX peluedud naHuoi 3apgadk (xpomocom). JlroGoe petle-
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HHe Pi H3 MHOXecTBa P MOXHO NpeacTaBuTb, HaNnpuMep, B CJEAYIOUIEM

BULE:
P = {{0,1,21),(1,22),(0,x3), (0,5, z4), ..., (0,8, z,) }.

BecoBas (yHKUMSA Ka)KOOro napaMmeTpa peLIeHHsS MOXeT 3aJaBaThCs
Cy6bEKTHBHO, B YaCTHOCTH, H2 OCHOBE 3KCNEPTHBIX OleHOK. [Jono6HbIM 06-
pa3oM MOXHO NPelCTaBUTb TAaKKe BCe MHOMeCTBO pelleHHil (MonyasiuHo):

P = {u~a(P;), P}, toe p.a(P;) — uenesast byukuus peweHus F;.

4.2. PaccMoTpHM NOHATHE He4eTKOW anrebpbl ANs PeLIeHHH, HMEOUIHX
yucJsoBble Ko3dhuuuenTsl. [IpH noMoutu npeanaraeMblx npasua 06pasyor-
Csfl HOBblE DelleHUs U3 YXKe UMEIOUHXCS C NOMOLIbIO HEYETKHX JIOTHUECKUX
ornepanyil: OTPHUAHHS, NU3BIOHKUMH, KOHBIOHKUUH, HMIJIHKALUMHY H 5KBH-
BaJEHTHOCTH.

Ompuyanuem peleHus P; Ha3piBaeTCs pelleHHe, YHCI0BOH K03hdHLH-
€HT KOTOpOro onpejesiercsi no gopmyne

Aizl—Ai.

Konwvronkyuedl npyx pewenuil P;, P; HasbiBaeTCs pelleHHe, YUCJOBOH
K03 (PHLUHEHT KOTOPOro ONnpefensieTcs nNo popMyae

P& P; = min(P, F;).

Ausvronkyueli nByX peleduil P;, P; HasbiBaeTcsl pelleHHe, YHCI0BO#H
k03 pHLHeHT KOTOPOro onpegensercs no Gopmyle

P; vV P; = max(FP;, ;).

Hunauxkayued nByx pewienuil P;, P; Ha3biBaeTCsl pelileHHe, YHCIOBOH
K03 pHLIHEeHT KOTOPOro onpejenseTcs no GopmyJe

P, — P; = max(l — P, P)).

Jkeueasenmuocmsio AByX pewennit P, P; naswBaercs pelileHHe, 4yuc-
JIOBOH KO3((PHUHEHT KOTOPOTO Onpeenserca no ¢popmyne

P, &~ P; = min (max(l — P, P}); max(F;, 1 — Pj)).

JlanHble NpaBu/a CHPaBelJIUBLL [IPU YCJIOBHH, YTO YHCJIOBbIE KO3h(HU-
LUHeHTH pelleHn# Haxopsites B uHTepsate [0, 1].
Ilpumep 11. Ilycte P, = 0,7, P, = 0,4. Torna:
Py A Py = min(Py, P2) = 0,4;
PV Py = max(Py, ) = 0,7,
P — Py =max(1 — P, P) = max(1 — 0,7;0,4) = 0,4;
Py & P, = min(max(l — P, P»); max(P;,1 — P)) =
= min(max(l — 0,7;0,4); max(0,7;1 —0,4)) = min(0,4;0,7) 50,4.
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5.3. PaccMoTpum onepaliny Haj paciibiBYaTHMH nonyasauusmy. Ilyers
3ajaHbl pacmiabiByaTele nonyasuun ~ A, ~ B, X. BeeneM creneHb BKJO-
uenusi v(~ A, ~ B) nas ~ A, ~ B. Ona onpeneasiercs no hopmyie

Y~ A~ B) = Apna(@) — pns(@)), o€ X.

Ecan v(~ A,~ B) 20,5, To cunTaeTcsi, 4TO pacnJbiBYaTas MOMYJsILHs
~ A HecTporo BkJw04aeTcsi B ~ B: ~ A C~ B,

Ecan v(~ A,~ B) < 0,5, T0 ~ A He BrJawuaeTcs B ~ B.

IIpumep 12.

X ={x, 19,73, %4, 25},

~ A= {{0,3; z2), (0,7; x3), (0,9; z4) },

~ B = {(0,1; 2}, {0,8; z2), (0,3; z3), (0,9; z5) },

v(~ A ~B)=(0—-0,1)A(0,3-0,8)A(0,7— 0,3)A

ANO09—-0)AD0—-09=1A07A07A1A1=0,7.

CunepoBatenbHo, ~ A C~ B. OTmeTHM, 4YTO CTeNeHb BKJIOUEHHA OQHOH
pacnJbiBYaTON MONYASUMHM B APYTYI0 MOXKET ObITh ONpeneseHa AJs nobbix
OBYX PAacrILIBYaTLIX MHOXECTB, NPH ITOM OHA MOXET NMPHHUMAaTh Jioboe
sHadenue ot O g0 1.

PaccMOTpHM OCHOBHblE OMepauuy HajJ PACHJ/bIBYATHMHU MOMYJISLHAMH.
1) Hauo X,~ A, ~ B. Ilycts

~ A= {{p~a(z),z),z € X}, ~B={{p.p(x).2),z€ X}

O6benuHeHHEM pacnJblBHaTbIX l'[Ol'IyJIHL[I/II;'I Ha3bIBAETCA BbIpa>XE€HHUE BH-

na
~ AU ~ B = {{ptau~B(x), 2), 2 € X}.

3HaueHHe fi~ AU~ p HAXOLHTCRA COMACHO Cledylollel popmyne:
HrAU~B = Heoa V UnB,

Ipumep 13. Ilycts

X = {®1, 29, T3, 24},

~A={{01;z),{l;z3)},

~ B = {(0,8; 1), (1, z2), (0,3; x3), (0,7; z4) },

~ AU ~ B = {{0,8; z1), {I; z2), (1; z3), (0,7; z4) }.

2) ~ AN ~ B — nepecedyenye pacn/blBYaThiX NONYJAALHH, €CIH
~ AN~ B = {{p~an~s(z), ), € X},

roe
HeAN~B = oA N U B-

IIpumep 14. YcioBHe CM. Bhille.

~ AN ~ B = {{0,1; z), (0; z2), {0,3; x3), (0; 24) }.
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3) ~ A\ ~ B Ha3blBaeTCs PA3HOCMBIO PACNAbIEYAMbLY NONYASYUL,
ecnu

~ A\ ~ B = {{pta\~5(%), 7)., T € X},

rae
Had\~B = A A TfinB.

BenxunHa p 4\~ p OTNpele/AeTCst COIIACHO BhILUENPHBEAEHHbIM POPMY-
JaM.

Ilpumep 15. Yciosue cM. Bhille.

~ A\ ~ B = {{0,1;21), (0; x2), (0,7; x3),{0; z4) }.

Ilpumep 16.

~ A ={{0,1;z1), (0,7, z9)}, ~ B ={(0,4;z1),(0,3; z2)}.
a) poa\~B(Z) = pina(@) A -nB(Z), Boav~p(@) = {(0,1;21), (0,7, 22)}.

) b\~a () = 1B (T) A pina(z), pna(e) = {(0.9;21), (0.3, 22)},
prp\wa(2) = {(0,421), (0,3, 22)}.

OnucanHble onepalyHi Haj YeTKHMH H Pacll/biBYaTBIMH MHOXeCTBaMH
3¢ PeKTHBHO NPHUMEHSIOTCA MPH MOCTPOEHHH I'eHETHYECKHX ONepaTopoB H
anropHTMOB.

3.4. IIpocToi reHeTUYECKHUI AJIrOPUTM

1. DBOMIOLKOKHLIA npoLece NPeACTaBAsSeTCs KAK CIOCOBHOCTL «JIyd-
LIMX» XPOMOCOM OKa3blBaTh GoJiblilee BJAMsIHHE HA COCTAB HOBOH MOMYJSILHH
Ha OCHOBE NJHTENbHOrO BbIKUBAHHA H3 §oJiee MHOTOYMCJEHHOrO NOTOM-
ctBa. OCHOBHBIE 3TaNbl 3BOJIOIHOHHOTO MOKUCKA CJIe/LYIOLIHe.

1. CKoHCTpyHpOBaTh HaYaJIbHYIO NONYJAALHIO. BBeCTH TOUKY OTCYeTa 1o-
kosieHu# ¢ = 0. BoraucauTs npucnocoG/ieHHOCTh KaXA0H XPOMOCOMbL
B NONYJALUKH, a 3aTeM CPENHIOK NPHCNOCOOJeHHOCTh BCell MONYASLUKH,

2. Ycranosuth t =t + 1. [IpoussecTy Boibop AByX poaureneil (XpoMOCoM)
AN peas3ally onepatopa KpoccuHrosepa. OH BhIMONHSETCS Caydaid-
HbIM 06pasoM MPOIOPLUHOHAJIBHO MPUCNOCOONAEMOCTH POLUTENEH.

3. CopmupoBaTh FeHOTUN MOTOMKOB. [l 3TOr0 ¢ 3aJaHHOH BepOSATHO-
CTbIO TIPOH3BECTH ONEPaTOpP KPOCCHHIOBepa Hajl FeHOTHIAaMHM BhGpaH-
HblX XxpoMocoM. [asee ¢ BepositHoCTbIO 0,5 BBIOGPATH ONUH U3 MOTOMKOB
P;(t) u coxpaduTb Kak 4seH Hoo#l nonyasuuu. ITocse storo K Pi(t)
1nocJeJ0BaTebHO NPUMEHHTD ONIEPATOP HHBEPCHH, a 3aTeM — ONEepaTop
MyTal{H C 3aJaHHBIMU BepOSITHOCTAMH. [loNydeHHBIH FeHOTHI NOTOM-
Ka coxpaHHTb Kak Py (t).

4. OnpeneauTb KOJIHYECTBO XPOMOCOM I/l HCKJKYEHHS UX H3 MONYJA-
LIHH, 4TOObl €e pasMep OCTaBaJCs NMOCTOSHHLIM. TeKyILYI TONnyJIsaunio
OGHOBHTbL 3aMeHOH OTOGPaHHBIX XPOMOCOM Ha noTomMkoB P (2).

5. [lpousBectu onpepenenne MPUCIOCOOMEHHOCTH (UeneBol QYHKLHH) H

nepecyer cpejHell NPpHCNOCO6/EHHOCTH BCeH MOJYYEHHOH MOMYJISUHH.

. Ecatit ¢ = tya0aunomy, TO NEPENTH K 7, €CNH HeT, TO MepelTH K 2.
. Koneu pa6orsl. R

-~ o
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JlaHHBIHA anropuT™M H3BECTEH KAK YNPOLIEHHBIH «PeNpPOAYKTHBHBIA M1aH
I. Xosnannas. 3aMeTHM, YTO B MPAKTHYECKHX 3afayax BMECTO MOHATHA
«IIPHCNOCOBNEHHOCTD» HCNOJbL3YIOT MOHATHE «LesieBast QYHKUHA».

2. IIpocmoit  ezenemuwecxkuid anzopumm Obljl  BnepBble  ONUCaH
J.Tonba6eprom na ocuose pabor [[. Xoananaa. Ero MexaHH3M HecJoxeH.
[TpenBapuTe/IbHO MPOCTOH reHETHHYECKHH AJFOPHUTM CJAYYaHHO reHepuUpyeT
MOMYJNSILMIO  MOC/ENOBAaTENbHOCTEH —  XPOMOCOM  (a/bTepHATHBHBIX
YOOpSIIOUEHHBIX W HEYMOpSAOYEHHBIX pelIeHHi). 3aTeM NPOH3BOAUTCH
KOMMpPOBaHHe NOCJEJ0BATEIbHOCTH XPOMOCOM M NepecTaHOBKa HX yacTeid.
Jlasiee TpPOCTO# reHeTHYEeCKHH alrOPUTM peajiu3yeT MHOXKECTBO NMPOCTHIX
onepauMil K HaYaJbHOW NONYJSUHU M eHepHPYeT HOBLIE PeLIeHHSI.

[TpocTo#i reHeTHYeCKHH aNTOPUTM COCTOUT H3 TPEX ONEPaTOPOB!

® DPernpoAyKUHUH,
e KDOCCHHIOBEpa;
® MYTallUH.

Penpodyxyus — npouecc, B KOTOPOM XPOMOCOMBI KOMUPYIOTCH MPO-
NOPLHOHANbHO 3HAYEHHIO HX LejeBod (yHKUHH. KonnpoBanue XpoMocoM
C «Jy4YlIMM» 3HayeHHeM lieneBoid (YHKUUH HMeeT GO/MbIIYI0 BEPOATHOCTD
I/ NONAajfaHusi B CJefywILyo reHepauuio. Paccmarpusas spontouuto lap-
BHHA, MOXHO OTMETHTb, UYTO ONepaTop DENpPOAYKLUHH SBJIAETCS HCKyC-
CTBEHHOH BepCHell HaTypasbHOH CeJIeKLUHH — «BbI)KHBaHHE CHJLHEHLIHX».
On npeacTaBnsiercsi B aArOpHTMHUECKOH (opMe pas/HyHBIMHM CrocobaMH.
Camblil TPOCTOdl — CO3AaTh MOJE/Ib «KOJleca DYJIETKH», B KOTOPOH Kaxkaas
XPOMOCOMa HMeeT IoJie, NPONMOPLHOHAAbHOE 3HAYEHHUIO HeNeBod (PyHKIHH.

3. Paccmotpum npumep . TonbaGepra: Heo6xonuMo HAATH 3HaueHHe
MakcuMyMa @yHkuuH f(r) = z? Ha uesoudcieHHom HHTepsane [0,31].
TpagMuHOHHBIMH METOZAMH MOXXHO H3MEHATb 3HaueHHs TNepPeMeHHOH z,
M0Ka He MOJy4HM MaKcHMaJbHoe 3HadeHHe f(z).

[as o6bsAcHeHHA H peasu3aUuHM IPOCTOr0 reHeTHYeCKOro aJropHTMma
nocTpouM caenywuryo tabnuuy (taba.3.1). B croabue 2 tabn. 3.1 pac-
nosioxkedsl 4 XpoMocoMBl (pelcTaBieHHbe B IBOHYHOM KOZE), CreHepHpo-
BaHHBlE CIyYaHHbBIM 006pa3oM. 3HayeHHe LeseBOH (YHKUHH LS KaxXKAOH
XxpomocoMmei (cTo6el 4) onpeaensieTcs Kak KBaApaT 3HauyeHHs JecATHIHOrO
KOJa NBOHYHOIO YMCA4, KOTOpOe MNPHBENEHO AJSI XPOMOCOM BO BTOPOM
cronbue Tabauupl. Torfa cyMmapHoe 3HayeHHe UeJeBOH (YHKUHH BCex
xpomocoM pasHo 890. [Insi ceseKUHH XpOMOCOM HCIOJIb3yeTCs OlepaTop
PEerpoAyKLHMY Ha OCHOBE KoJleca PYJNeTKH.

Ha puc.3.2 nons kojeca pyJeTKH COOTBETCTBYIOT 3HAuYeHHIO liesleBOH
(YHKUMH KaxI0H XPOMOCOMH B NMpoLeHTaX. B onHOH reHepauvu Koseco
DY/IeTKH Bpallaercs, U NOC]e OCTAHOBKH ee yKasaresb ONMpejessieT XpoMo-
COMY, BbIOpAaHHYIO [Jsl peanu3auyd ciaenymoiero oneparopa. OdeBraHo, He
BCEria XpoMocoma ¢ GOJbIIMM 3HaYeHHeM lleJleBo (DYHKLUHH B Pesy/bTare
NpUMeHeHHs onepaTopa DENponykKuuu OyAeT BhOpaHa MJf JadbHeHIIHX
npeobpa3oBaHHi.
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Tabnuna 3.1
Howmep Xpomocoma 3uauenve 1P | 3nauenne LD,
XpoMOCOM | (pBouuHbsld | JecaTuyHbiit B IIpoLeHTax
Kon) KON

1 01100 12 144 16,2

2 10000 16 256 28,8

3 00111 7 49 5,5

4 10101 21 441 49,5

Jlast ynpouleHHs B pacCcMaTpPUBAeMOM NpHMepe 6GygeM CUYHTaTh, YTO
16,2 = 16; 49,5 = 50; 5,5 = 5; 28,8 = 29 (puc.3.2).

16 %

1)
2% ¢ Bl Cexrop 1

[ Cexrop 2

M Cexrop 3

59, B Cexrop 4

50 %

Puc. 3.2. Koseco pyJeTkd ans npuMepa

Ha ocHoBe peasiusauuu oneparopa penpopyKUUH BHGUPAIOTCS XPOMOCO-
Mbl /Il IPHMeHEHHSs ollepaTopa KpoccHHroBepa. OnepaTop KPOCCHHIOBEDA,
KaK MpaBUJIO, BbIMOJHAET B 3 LIara, OJHHM H3 ONepaTOPOB KPOCCHHTOBEpa,
onucaHHbLIM Bbllle. ToyKa pa3pniBa k BhiOHpaeTcs CiayuaiHo MexAay 1 u
4UCJIOM, PaBHBIM [IAHHE XPOMOCOMBI MHHYC €JHHHLA, T.e. B HHTepBaJje
(1, L —1). Jauna xpomocomsl L — 3T0 YMC/O 3HAYalUX UHGD B €€ Kofe.
B paccmarpuBaemoM rnipumepe (taba. 3.1) auHa KaKA0# XpOMOCOMEL paBHa
nate (L = 5). Ha ocHOBe onepartopa KPOCCHHIOBEPa CO3NA0TCSA ABE HOBHIE
XPOMOCOMBI NyTeM OOMeHa MX 4acTeH Mexay nosuuusmu (k+ 1) u L
COOTBETCTBEHHO.

Hanpumep, paccmorpuM xpoMocoMbl | w1 2 u3 HavanbHOH MONYASUUH
(ta6n.3.1). ITycts k = 1. Torna monyuum:

P: 0] 110 0 — nonpuMeHeHds oneparopa KPOCCUHIOBEpa,
P: 110000 ‘

P: 0 0 0 0 0 — nocse npuMeHeHHs orepaTopa KPOCCHHIOBEPA,
Pl 1100

Pafora npoctoro reHeTH4ecKoro ajroputMa HayHHaeTCH C PENpOLYK-
UMA. XpoMOCOMBl AJISl CJeAYIOlel reHepaluH BHIGHPATCA NyTeM Bpalile-
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HHS KoJleca pyneTkd. B npumepe xoseco pynerxu Bpaiuaercst 4 pasa. 2to
YHCJI0 COOTBETCTBYET MOLWHOCTH HAYadbHON NONYJISUHH,

Bennunny otHoweHus f;(x)/sum f(z) Ha3bIBAIOT BEPOATHOCTbIO BbIGO-
pa Konuii (XpOMOCOM) NMpH peasnusaliy onepaTopa

p(op) = L& _
sum f(x)
roe fi(x) — 3HaueHHe UeseBOH (YHKLHH ¢-H XPOMOCOMBI B HOMYASUHH,
sum f({x) — cyMMapHoe 3HaueHHe LeJeBOH DYHKUNH BCEX XPOMOCOM B 10-
nynauaH, OP — onepartop penpoaykunu. Bennunny P;(OP) takxe Hasbl-
BAalOT HOPMaJIM30BaHHOH BepOATHOCTbIO BhGopa. OXkKHIaeMoe YUCI0 KOMHH
1-H XpOMOCOMBI MOCJIe PeajIM3alHkK OlepaTopa pPenpoayKLUHH Onpejensercs
no ¢opmyae
N; = P;(OP) - Ng,

raie Ng — 4MCJIO aHaJIH3HPyeMbIX XpPOMOCOM, NpuueM N BKaodaercs B N.
Oxxnpaemoe 4yncno KONHH xpoMocoMbl F;, nepexonsiiuee B claefymouiee
NOKOJIeHHe, TaKXKe HHOTAA ONpPelesioT Ha OCHOBE BLIPAXKEHHS

@)
@

rae f(x) — cpensee 3HaueHue UeseBOH DYHKIUMH NO BCell MOMYJISUHH.

Torpa mist paccMaTpUBaeMoro mpUMepa OXHAAEMOE YHCJIO0 KOMHH AJis
nepsoii xpomocoMbl W3 Taba.3.2 pasHo 0,16 -4 = 0,64 konuii, pas BTO-
poi — 0,294 = 1,16 konuit, pas tpetbeii — 0,05-4 = 0,2 u, HakoHel,
nas derBeptodl — 0,5 -4 = 2. Hcnonbaysa Mogenb «BpocaHHe MOHETHI»,
MOXHO ONpeNeSIUTh YHCI0 NosydeHHbX KonuH. Hanpumep, (cMm. cTonber 7
Ta6a.3.2) xpomocomsl Py u P, moayyatwoT 1 Kkonuwo, xpomocoma Py —
2 komuu u xpoMmocoma 3 He nosyyaer konuit. CpaBHHBasg TOT pe3yJ/lbTaT
C OXHMIAEMbIM YHCJIOM KOMHH, MOMydYaeM, YTO «JIyYlIHe» XPOMOCOMbI JAKOT
GoJibluee YHCAO KOMHE, «CpefHHe» OCTAITCH H «IJIOXHEe» YAAISIOTCS [oce
peasii3alHy onepaTopa PenpoLyKLUHH.

Iluis paccmarpuBaemoro mpumepa nocTpoum Ttabu.3.3. B cronbue 2
IpHBeleH BHA YeTHPeX XpPOMOCOM MOC/Ie BLINOJHEHHs 0NepaTopa penponyk-
uMH. B cronbue 3 npuBeneHb CIIMCKH Nap XPOMOCOM, KOTOphIe BhIGpaHbI
cay4afHbiM 00pa3oM /s peasid3alliy OnepaTopa KpoCCcHHTroBepa. B cTon6-
e 4 yKasaH HOMep NO3UUMH [Jif TOYKH paspesa xpomocoM. B cronbue 5
npupefieH BUA 4 XPOMOCOM TOCJE BBINOJHEHHs OepaTtopa KPOCCHHroBepa.
B cronfue 6 npHBeNeHbl 3HAYEHHS AECATHYHOTO KOAA ABOMYHOrO YHCJIA
KaxJ0ih XpoMocoMHl cTos16ua 5. B cronbue 7 npuseneHo suavenue f(x)
IS KaXK 108 13 4 XpoMOocoM HOBOH nomyasiuK. B ctpoke 5 npuseseHo cym-
maphoe 3HadenHe LI (ueneBoil GYHKUMH) XPOMOCOM HOBOH MOMYJALHH,
B CTpOKe 6 — cpeaHee 3HayeHHe WX LeJieBOH DYHKUMH, a B CTPOKe 7 —
MaKCHMaJIbHOe 3HaveHHe ueseBod (DYHKUUH XPOMOCOMbI H3 HOBOH MonyJs-
UHH.

1+
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Ta6anna 3.2
Ne | HavanbHas | z | flx) 3HaueHHe Oxnpaemoe Yucno
NOMyJSALHs fi(z)/sum[f(z)] 4HC/I0 MOJy4eHHBIX
KONHi KOMu#
1] 01100 |12] 144 0,16 0,65 1
21 10000 |16 256 0,29 1,15 1
'3 lo0111 |7 ] 49 0,05 0,22 0
4 | 10101 |21} 441 0,55 1,98 2
CymmapHoe 3Hadexue | 890 1,00 4,00 4
Lo (sum f(z))
Cpentee sHaverne | 222,5 0,22 0,88 1
L F(z)
Max 3nayenue [P | 441 0,5 2 2
Ta6auua 3.3
Ne [Monynsuus [Taper, Touka Hogas z | f(x)
nocJse BhiGpadnbie | omeparopa | momyasuus
oneparopa cny4aiHo | KPOCCHHIO-
penponyKUHH Bepa
1 0]1100 1-4 1 00101 5 25
2 10]000 2-3 2 10111 |23} 529
3 00111 2-3 2 00000 | O 0
4 110101 1-4 1 11100 {28 784
Sum f(z) 1338
f(z) 334,5
Max f(x) 784

[lpuMensis K MonyAsUHH, MONYYEHHOH MOC/E peasu3alHH ofepaTopa
penpoaykuuu (croabeu 2 rtaba.3.3), onepaTop KPOCCHHIOBEpa, MONYYHM
HOBYIO momyasuuio xpomocom (5-# croabeu tabmauubl 3.3). B npuuuune
OIepaTop KPOCCHHIoBepa MOXHO NPHMEHATh Jo6oe yucsao pas. [locae mpo-
BeleHHS OfHOH reHepallHyl NMPOCTON reHETHUYECKHUH ajrOpHTM YIYHYUIHJIHCh
BCe MOKa3aTeJH: cpejiHee U MAKCHMAaJbHOE 3HayeHue LeneBol QyHKUHH.

Hanee, cornacHo cxeme BLHINOJHEHHS NPOCTON IeHETHUYECKHE aJITOPHTM,
peanusyeTcs oneparop MyTaudd. CyliecTByeT 6o/bUIOe KOJHYECTBO BH-
JOB ONEPATOPOB MyTaUHUH. 3aMeTUM, YTO 3TH ONEPATOPEl COOTBETCTBYIOT
MepecTaHOBKAM 3JeMEHTOB BHYTPH 3afaHHOrO MHOxecTBa. O4eBHAHO, YTO
npu HeBoabluol anuHe Xpomocombl L (nmopsaka 10-20) MOXHO BHIMOIHHTH
MOMHbIE Tepebop 3a MpHEMJEMOe BpeMs U HAHTH HaU/NyYlIMe pelleHHA.




108 3. OcHoBHbie nOHAMUS U CMPYKMYPA 2eHeMUUecKUx ai20pUmmMos

[Mpu ysenuuenuu L po 50-200 u Boiwe nosHbelil nepebop NpPOU3BECTH
3aTPYEHUTENbHO U HeOOXOAHWMBbl APYrHE MeXaHU3MEl NOHCKa. 3Lecb Kak
pa3 ¥ NPHXOAUT HA MOMOL(b HANpaBJEeHHO-CAYUYaHHbIH TOUCK, KOTOPHIH
peaJsiH3yeTcsl HA OCHOBe IPOCTOH IeHeTHUYeCKHH aJIrOPUTM.

[TpuMenuM, Hanmpumep, onmepaTop MyTaLuu K xpomocome FPp ¢ LUd =
= 23 (cronbey 5 Tabn.2.3). Beibepem nosumuun 2, 3 u mocie onepa-
Topa MyTauud noaydum: Pp : 10111 = P;:11011. CHoBa, npume-
Hffl ONEepaTopoM MyTaUWH K P, MeXay MO3HUUAMH 3 H 4, NOJyyHM:
Py:110|11= P :11101. Kax suano, xpomocoma Py’ HMeeT 3HaueHHe
H® = 29. Onate npuMeHuM K xpomocoMe P’ onepatop mytaumu. Torna
TpH cay4afiHoM BhIGOpe TOYKU ONepaTopa MyTalHH MeXAY 4 U 5 nony4um:
Py :1110|1= B :11110. Xpomocoma Py" nmeer 3nayenne LD = 30.
Wrak, HafiieHO KBAa3HONTHMaJbHOE 3HaueHHe z, paBHoe 30 AJs pelueHHs
3aa4M NOHCKA MaKCHMaJbHOTO 3HauedHs GyHkuuu f(r) = z? na uartepsa-
ne [0,31]. 3ameTuM, 4TO AJIsI XPOMOCOMbI Pp Jydllero 3HaueHHs LeJeBOH
(byHKUHH, geM 1Js P, naliTi HeBO3MOXKHO. '

OTmeTuM, 4TO r100aibHbIH MAKCUMYM MOXKHO 6OblIo HalTH elle HAa 3Ta-
ne peaju3audu KpoccuHrosepa. Jnsi 3Toro HeoOXOXHMMO OHJIO YBENIHYHTDb
NpocTpaHcTBO noucka. Hanpumep, ecan B crtosnbue 5 tabn.3.3 BeibpaThb
XpOMOCOME Py ¥ P4 ¥ MexXJAy HUMH BHINOJHHUTbH ONEPATOP KPOCCHHIOBEpa
(Touka omepaTOpbl KPOCCHHIOBEpa BbIOpaHAa CJyd4ailHO H paBHa 3), TO
NOJYYHM:

B: 101 |1 1 (U-23)
Po: 11 1]00 (LIP-28)
P 101 00 (LUP-20)
Pl 11 11 (Ud3l)

Peuenne Py, nosyyeHHoe B pe3ysbTaTe NPHMEHEHHs ONMepaTopa Kpoc-
CHHIrOBepa ciydaiHbiM 06pa3oM, ABASETCS HAWJIYULIHM pe3ynbraToM (IJo-
Ba/IbHBIM ONTHMYMOM).

Kak oTMeuasnocs Bbille, B TeHETHYECKHX ANTOPHUTMAX MOXHO BbIAENATH
IBa OCHOBHBIX MeXaHH3Ma BOCIHPOH3BOACTBA XPOMOCOM:!

® IOTOMKH SIBJAAIOTCSA TOUHBIMH KOMHSAMH pOAUTENedl (HEernosoBoe BOCIPO-
U3BOACTBO 6e3 MyTaluH);
® [IOTOMKH HUMEIOT «GoJblines OTJIHUHS OT POLUTENEeH.

B reHeTHyecKHX anropUTMaX B OCHOBHOM HCIO/b3YIOT KOMOHHAlMH
3THX MexaHusmoB. OTMeTHM, YTO B HHXKEHEpHBIX 3aJayax HadaJbHas Io-
NyJIsLHS MOXKeT BbOupaThest J06hM 06pa3oM, HaNpHMep, MOfleTUPOBaHHEM
«Bpocanus MoHeTh» (opes = 1, pewka = 0). Toraa onepaTop penpoayKI#H
BLITIOJIHAETCS Yepe3 MOJesHpOBaHHE ABHKEHHS Kojeca pyaerxd. OnepaTtop
KPOCCHHIOBEpa B 3aavaxX BLIYHCIHTENBHOTO XapakTepa OOBIYHO BLINOJ-
HsAeTCH 4epe3 ABOHUYHOE JEKOAHPOBaHHe JBYX INOJIOXKEHHH MOHeTh. YacTo
NPUMEHSIIOT APYTHe THIIbI ONePaTOPOB KPOCCHHIOBEPA H JPYTHe TeXHOJNOTHHU
ero BuinoJHexus. BepostHocts OK (omepatopa kpoccHHrosepa) Romyc-
kaercsi pasHod Pr(OK) = 1,0 u menbuie, BepositHocts OM (omepatopa
MyTanuu) nomnyckaercs pasHoii Pr(OM) = 0,01 u Goubiue. B obmem cay-
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4yae BEPOATHOCTb IPHMEHEHHSA OlNepaTopa MyTauWH 3aBUCHT OT 3HAaHUH ©
pemaeMoﬁ 3ajpaqe.

4. TlpuBenem Opyrol cTaHZAPTHHIH THIT reHETHUECKOrO aJrOPHTMA, OIHU-

cayubli J1. JJeBucom:

L.
2.
3.

I/IHI/IL[I/IaJIPISI/IpOBaTb MONYJAALHAN XPOMOCOM.

OueHuTb 3HAYEHHS Ka»xgoH XPOMOCOMbBI B MONYJSALHH.

Co3paTb HOBLIE XPOMOCOMBI MMOCPEACTBOM CKpELIHBAHUS TEKYLIHX XPO-
MOCOM; NNPUMEHHTb ONEPATOPbl MyTallHH H pexomém—xauun.

. yCTpaHHTb XpOMOCOMBI U3 NONYJALHH, 4yT0oOb OCBOGOAUTb MECTO HJsI

HOBbIX XPOMOCOM.

. OueHHUTDb 3HAYEHHS HOBBIX XPOMOCOM H BCTaBUTb HX B NMONYJALHIO.
. Ecau BpeMs, 33laHHOE€ Ha peasiM3alUui0 aarophuTMa, 33aKOH4YEHO, TO

OCTAHOBHUTBLCS M BO3BPATHTHCS K HaHJydlIed XpOMOCOMe; ecsld HeT, TO
nepedTH K 3.

7. Koneln, pa6otsl anropuTMa.

ra,

CpaBHHBasi ONHUCAHUSI POCTBIX reHeTHUecKUX aaroputmos [l. Tonnbep-
J. Xoasnauga u JI. lesuca, BUAMM, YTO B HHMX peasJH{30BaHa OfHa OC-

HOBHas HWjaed MOAEJHPOBAHUA 3IBOJIOUHH C HEKOTOPBIMHA MOJlPI(bI/IKaU.I/IHMPX.
O}.IHaKO 3aMe€THM, 4YTO 3TH HU3MEHCHHA MOryT CYHIeCTBEHHO BJHATb Ha
OKOHYATEJIbHOE Ka4yeCTBO pEUIeHHs.

HpuseneM npumep MOAM(HUHPOBAHHOTO NPOCTOrO FeHETHYECKOTO a/Iro-

pUTMAa:

1
2

3

4

. Co3naTb HayaJbHYIO NONYJSALHIO pelleHuH.
. Cmopenuposath nonyasuuio (onpenesuts LD (ueneByw ¢yHKuHIO)

AJISL KAXJ0H XPOMOCOMBI).

. Ecau eute e IIpOBEAEHO HeoBXOoIHMOe YHCIO reHepaLmi/'I HJIH He 3aKOH-

YHJIOCh BpeMsl, 3aJJaHHOe Ha Peaju3alUI0 aJrOPHTMA, HJM He HaHleHo

ONTHMAaNbHOE 3HAUeHHE LeeBOH QYyHKUHUH (€CJH OHO H3BECTHO):

a) BLIGPATh 3JIEMEHTH JIJIsi PENPOLYKUHH;

[TpumeHuTS:

6) omepaTop KPOCCHHIOBEpa AJIsi CO3AAaHUSI TOTOMKOB;

B) OEPaTOp MYTAaLUH;

I) onepaTop UHBEpPCHH;

1) OMepaTop TPAHCMO3HILIHH;

) onepaTop TPaHCJAOKALHUH;

) OTlepaTop Cerperauuy,

3) omepaTop yHaseHHs BepLIHH,;

M) ONepaTop BCTABKH BEPLUUH;

K) PeKOMOMHALMIO POAMUTEEN U MOTOMKOB [/Isi CO3[AHKUS HOBOH reHe-
pauuu;

JI) ONepaTop PeayKilUH.

. PeanusoBatb HOBYIO reHepaLHuio.

Hosebie MOI[HQ)HKHLLHH FEHETHYECKOro aJiIfOpHTMA MOTYT CTPOHTLCA MY-

TeM O6’be}lI/IHeHHH, YaCTUYHOro yCTpaHeHHd aubo rnepecTaHoBOK MYHKTOB
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«6—.}1)), a4 T2KXXe Ha OCHOBE NPHUMECHEHHSA aAaNTauHOHHBIX NPUHUHUIOB yIpas-
JICHUST 3BOJIIOUHUOHHBIM TOUCKOM.

3.5. OcHoOBHbIE IUIIOTE3bl FTEHETUYECKUX AJTOPUTMOB

1. B reHeTHYeCKMX a/rOpUTMax BaXKHBIM [MOHSTHEM ABJfETCS
«3aumusm»>. OH ONpesiesieH KaK ONepalus, KOria XpoMoCOMa ¢ HaHIyuIlinM
3hayeHHeM LiesleBOH (DYyHKUHMH CPa3y KONHPYeTcs B HOBYIO MONYMALHI0. DTO
NO3BOJIAET He TEPATH JyULLUHe PELIEHHs B NPOLECCe IBOJIOLHH.

OfHHM U3 OCHOBHBIX BONPOCOB B TEOPHH [EHETHUYECKHX aJrOPHTMOB
SIBJISIETCS BOTPOC O MOAOGHH XPOMOCOM B TMOMNYMASLHU H, IJIaBHEIM 06pa3oM,
0 CBfI3M aHaMH3a nofobus pemeHUd ¢ 3PPeKTUBHOCTLIO [TOHUCKA.

I. Xonnana mast pelieHHsi 3THX BOMPOCOB MPENJIOXKHJ HCIIONb30BATh
angasurt, cocToawuni ua tpex cumaoos: {0, 1, x}. 3HauoK * onpefensercs
TdK: «He MMeeT 3HAYEeHHs» W BMeCTO Hero MoxeT ObiTh Hconab3osaH 0
uan 1. J.Xonnawn BBen mnouaTue «wabnaon» (cxema). OH onucobiBaer
MOAMHOXKECTBO pelleHHH B NOMYMSALUM C COBNAfeHHEM B ONpefeseHHBIX
nosuuusax. Ida6ron B reHeTHYeCKOM aATOPUTME — 3TO MOAMHOMKECTBO
XPOMOCOM, COAepXalUX 3HaKH «x». Ha ocHOBaHUH OZHOTO 1aBI0HA MOXKET
GBITb MOCTPOEHO HEKOTOPOE MOAMHOMECTBO JOUYEPHHX XPOMOCOM, B KOTO-
PBIX 3HAK «*» 3aMeHseTcs 3HayeHHsMu O uau 1.

Hanpumep, mwabnon (x0001) Oymetr cocTosiTh H3 ABYX XPOMOCOM:
(00001) u (10001). A wabaon (*0000) coorBeTCTBYeT ABYM XPOMOCO-
mam Buga (10000), (00000). Hpyroit npumep: wabmou (*111%) onuceiBaet
MHOXKeCTBO XpoMocoM ¢ 4 umenamu (01110), (11110), (01111), (11111).
IHa6aon (0 1 * %) Gyger yxe UMeTb 8 XPOMOCOM AJIHHBI 5.

Mo wabaoHy (%*) MOXKHO NOAY4IHTb 3° = 9 XpOMOCOM U IAGJOHOB, T. €.
(xx), (*1), (x0), (1x), (0%), (00), (01), (10), (11). B 310 4HC/IO BKJIIOHAIOTCS
U usomoprete eapuanmer (wabnonol u xpomocomoi). MaomopbHbiMu
HA3bIBAIOTCS TAKHE BAPHAHTHI, M3 KOTOPHIX MOXHO NMOJYYHTb OJUHAKOBblE
XpOMOCOMbl WJIM labjonbl. Hanpumep, wabaon (#*) u3oMopdeH BceM
OCTa/bHbIM 8 1WaboHaM M XPOMOCOMaM, TaK KaK H3 Hero MOXHO NOJYYHTDb
mo6oit u3 ocrasukxca 8 BapuanTtoB. [Jabnon (x0) usomopden sapuan-
tam (00) u (10). U3 stux 9 BapuanTOB BRIGHpAWTCA 4 Heu3omMop@Hoix
(xpomocomsr): (00), (01), (10), (11).

CnenosaTesibHO, B obuieM caydae Aas wabjona maub nath (L = 5)
MOMCHO MOJY4YHTb 3% = 243 H30MOPOHbBIX M HeH30MOP(HBIX BAPHAHTOB
XpoMocoM  wabnoHos. Jas wa6aona Takok ke gadubt (L = 5) moayuum
2° = 32 pasnuyHble HEU30MOP(PHEIE XPOMOCOMHL.

Hanpumep, ans wabnoda AJHHBI 3 BHAA (% * %) MOXKHO [OJYYHTb
33 = 27 u30MOp(HLIX XPOMOCOM M WabJOHOB MiH 2° = 8 HeH3OMOPQHHIX
xpomocom (111), (110), (101), (100), (011), (010), (001), (000).

OcHoBHas H/es B MPOCTOM FEHETHYECKOM ajroput™Me — OOBEAHHHTD
IBE XPOMOCOMBI €O 3HaueHHeM LeseBod (PYHKILHUH BBHILE CPEAHEro A
TOro, 4TO6Hl MOJNYYUTh HOBYKO XPOMOCOMY C JIYYLIMM 3HAYeHHEM LieseBOH
(GYHKUME, 2 AMEHHO HAATH wabnons Tuna (11 # #*) u (* % «111) npu pewe-
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HMH 334349 MAKCHMH32aUUM 3HadeHHH ueneBoil ¢yHkuuu. Torsa, npuMeHnss
OrepaTop KPOCCHHIOBEPA K AAHHLIM LIAGA0HAM, MOXHO MOJYYHTbH XPOMO-
comy (11111) ¢ HamayywnM 3Ha4YeHHEeM LeneBOH (YHKUMH TPH NOHCKe
MaKCUMyMa.

Jns BBHIYHCJEHHS YHC/A WAGJOHOB HMAM KX TIPaHHLEl B INONYJIALHH
TpeGYIOTCS 3HAHHS O KaxXAoH xpoMocome B nonynsauud. [loatomy cHadana
BLIYHCASIOT YHC/IO 1AGJOHOB, CONEPKALIUXCA B MHAHBHAYAJbHOH XPOMO-
coMe, a 3aTeM HaXOAAT BepXHIOI IPaHMIy oBLIero HX YHcaa B MONYJSALHH.

Paccmotpum, nanpumep, xpomocomy maubbt L = 6, (111111). Osna
umeet 3% wabioHoB, NOTOMY YTO Ka)K1asi NMO3HUUs MOXKeT ObTb | Han *.
B o6uwem cayuae cuurawoT, uTo mabaox conepxut 2L xpomocom. Toraa
nonyasuus pasmepa N, 6yzet cogepxats ot 2L no 3% wabnonos. la6so-
Hbl ONpefeJeHHOH KOPOTKOH JJIMHEI Ha3blBalOT «CTPOUTENbHBIMHU OJIOKaMU».
PasMep crpouTtesbHBIX 6JOKOB O4eHb BaxeH AJf GBICTPOTH HAXOXKAEHUs
pesyabTaTa H ero 3¢QeKTHBHOCTH. PaccMOTPUM NpHUMepbl CTPOUTENbHBIX
6J10k0B A1st pasHeix wabnonos. Hanpumep, B wabnone (x * x1) cTpouTens-
HbiM B/10koM Gyaet aaement 1. B wabnone (10 * %) CTPOUTENBHBIM GIOKOM
Byner coctaBHOH ajieMeHT 10. 3amMeTuM, UTO NPU peasH3ally reHeTHYECKO-
O aJropuTMa JOJNKHO BBIMOJHATLCA YCJIOBHE, YTOOb CTPOHTENbHBIE BJIOKH
PaspLIBANHCh TOMBKO B KPAaHHHX Cy4yasx, YKa3aHHHIX [0JIb30BaTeNeM.

2. B 3aBucHMOCTH OT U3MeHeHHs pa3Mepa NMONyJsLHHE Pa3aHyalT cma-
YUOHAapHbIEe W NOKOJNEHYecKUe TeHEeTHYECKHe aAropdTMel. B craunoHap-
HbIX [EHETHYECKUX aJTOPHTMax pasMep MNONYASUHH SBJISETCH BXOAHBIM
[IOCTOSIHHEIM NapaMeTpPOM, 3afaBaeMbIM [T0Ab30BaTeseM. B NOKoJIeHUECKHX
reHeTHYECKHX aJrOPHTMaX pasMep MONYNSLHH YBeJHUHBAETCS MU YMEHb-
IaeTcs B KaXAOH mocaenymowled redepauuu. Cienyer oTMETHTh, YT0O peyb
B OCHOBHOM HJET O NnosiBNeHHH Ny + N; motomkos (IV; >3 1), npexpae uyem
Ha4YHHAeT PeasU30BbIBATHCA ONeparop oTéopa, yeTpaHsaWHil N; XpoMocoM
C XyIWHM 3HaueHHeM UeneBol ¢yHkuuH. Bonpocwl yganeHHs «JIHLIHHX»
XPOMOCOM KaK B CTaLHOHapHLIX, TAK H B IIOKOJIEHYECKHX TeHeTHYECKUX
aATOpPUTMAX OCHOBAaHB Ha I[PHMEHEHHU OfepaTopa pPeAYKUHH, KOTOPHIH
HCNOJb3YeT CeNYIOLHe 3BPHCTHKH!

e cJjy4yaliHOe PaBHOBEPOSAITHOE YAaJeHHe XPOMOCOM,;
e ynajseHde N; XpoMOCOM, UMEIOIUX XyAllee 3HaYeHHe LeNeBOi (yHK-

LHH,

e yJlaJleHHe XPOMOCOM Ha OCHOBe 06paTHO NPONOPLHORAJbHOIO 3HAYEeHHsT
ueJsieBOK (QYHKUHH;
e yjJaJieHHe XPOMOCOM Ha OCHOBE 3alaHHOH TYPHUPHOH CTpaTerHH.

MoXHO NpefJIOKHTD elle psA 3BPUCTHK YAaJNeHHA. DKCHEPUMEHTalb-
Hble KCCJIe[IOBAHMA [10KA3aJH, 4YTO ylAaJleHHe BCeX XPOMOCOM C XYAUIHM
3Ha4YeHHeM lieeBOH (DYHKUHH MOXeT NPHBECTH K NpeXKAeBpeMeHHOH yTpa-
Te pa3HooOpa3usl NPOCTPAHCTBA MOHCKA U, CJENOBATE/bHO, K MONAfaHHIO
B siokasbHBIH onTUMyM. OcCTaBieHHe B MONYJSAUMH GOJbLIOrO YHCaa Xpo-
MOCOM C «IJIOXMM» 3HadeHHeM LeseBOH (DYHKUHH NpPHBEAET K <«CJAENOMY»

TIOHCKY. .
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3. Hns konu4ecTBeHHOH OLEHKH WAGJOHOB B F€HETHYECKOM a/JropUTMe
HCIIONb3YIOTCA JBe XapaKTeDHCTHKU: MOpsinok wabnoHa — o(H); onpeje-
JeHHas ajuHa wabnona — §(H).

ITopsadox wabnona — 4UCIO 3AKPEMVIEHHBIX [O3HUME (B JBOMYHOM
ajadaBHTe 3TO YHCAO efMHHI, M HyJeH, NpeiCTaBJIEHHbIX B 1Ia6JOHE).
Hanpumep, ags wabnona H = (0 * * #*) nopsnok wabnoHa o(H) =1, a
ans wabnona H = (0 * | x x) Benuuuna o(H) = 2.

Onpedenennan dauna wabiona — 3TO PACCTOSIHHE MEXAY NepBoi
nocnefHei NMO3UUMAMYU HyJjedt W epunuu. Hanpumep, ang wabnona H =
=01l *1*x), §(H)=5—1=4, a pna wabnona H = (0 * % x x * ),
SHY=1-1=0.

[Ipu BHINOJHEHHH omepartopa peKOMOMHALMH XPOMOCOMbI KOMHPYIOTCA
NPOTNIOPHUHOHAJNbHO 3HAYeHHI0 HX LeJeBOH (QYHKUHHM HaM, OoJsee TOYHO,
XpoMocoma ¢ noaydaert BuiGop ¢ sepostHocTbio Pr;(OP), onpenensiemoit
BbIpaXKeHHUEeM:

fi(z)

N,

éfz‘(»’“«)

ITycts umeercss HekoTOpbIH Wabmor H, KOTOPbIH MPHCYTCTBYeT B 10-
nyasuun P, torna o6osHauum m(H,t) 4kcio xpoMocoMm momyasuHd Pt
KOTOpble MOTYT OblTh mosnydeHbl W3 wabsnona H. [Tocae nonyuyenus Habopa
HenepeceKalLIHXCs NONYAsuHA pasMepa N, ¢ nepeMellleHHeM YacTH Xpo-
Mocom u3 nonmyasuuu P¢ B nonynsumio Pt npemnosnaraetcs nomyuuts
m(H,t + 1) npeacrasuteneil wabaona H B rewepauuu monyasuua P!
3nech t 03HauaeT HOMep NOKOJEHHs HJH YCJIOBHBIHA mapaMeTp BpeMeHH.

Torna cornacHo wu3pectHoll opmyne JI. XonnaHZa BIpaXkeHHe
m(H,t + 1) sanuwercs

Pri(OP) =

L
m(H,t+1) = m(H ONF(H) [ 3 fila), (3.4)

i=1

rae f(H) — cpenHee 3HauyeHHe LeseBOH (QYHKUHH XPOMOCOM, NpENCTaB-
JeHHbIX wabjonoM H B reHepauum t.

Ecau o603HauuTh cpejHee 3HaYeHHe LeneBOH (HYHKLUHM Bced MOMyJsi-
UMK KaK

Np
Fa) =3 fila) /Ny
i=1
TO _
m(H, b+ 1) = m(H, 0 f(H)/F(z).

W3 nosyueHHOro BbipakeHHUs BUAHO, 4TO BeaduyuHa m(H,t + 1) usme-
HAETCSl KaK OTHOLIEHHEe CPeAHero 3HadeHHs UeseBOH (GYHKUMH 1uabnoHa
K CpelHeMY 3HauYeHHIO LeJeBOH (PYHKLHHU MONYJAsSLHH.
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IlycTs neseBast pyHKuUHMs WabsoHa ocTaeTca Bhile CPEHEro 3HAYEHHS
uesieBoll (YHKUHM DONYJSILMM Ha BeJMuMHY ¢ X f(z), rae c=1,2,... —
Ko3(hdrU¥eHT, NOCTOAHHLIH Ha NPOTSXKEHHH OogHOro noxoheHHus. Torna
uMeeM:

m(H,t+ 1) = m(H, t)(Ff(z) + ¢ x F(x))/F(z) = (1 + c)m(H,t).

Hauunas paGory reseruveckoro aaroput™a ¢ t =0 u cudras ¢ > 0
KOHCTAHTOH, TIOJIyYaeM ypaBHEHHE

m(H,t) = m(H,0)(1 +¢)*.

JlanHoe BbipakeHHe NOKa3bIBAeT, YTO C TeYeHHeM BPeMeHH YHCJO «XO-
POLUHX» XPOMOCOM TONYJSILHH SKCNOHEHUHAJbHO PACTeT, 2 YHCJIO XPOMO-
COM, HMEIOLIMX 3HaueHue LeeBOH DYHKUMH HHXKe CPefHEro B MOMYJSAUHMH,
5KCNOHEHLHAIbHO YMEeHbIIAETCS.

Cywecrsyer npasuno penpodyxyuu J. Xoananda, kotopoe GopMynH-
PYETCA TaK: @ NPOCMOM 2EHEMULECKOM AASOPUMMY WABAOH CO 3HAYeHUeM
yenesoli GuHKYUL Bbilie CPEOHE20 KONupPYemcs 6 CAeOyomyo enepa-
yuto, a wabron ¢ yeregoll Qynkyuel HuMce cpedHezo — YCMpPaHsemca.

4. OTMeTdM, YTO €CJHM XPOMOCOMBI W3 Npeablayllieil MOMynsLHH KO-
MUPYIOTCS B HOBYIO MomyJisiuuio 6e3 oOMeHa TeHOB, TO MNOHCKOBOE NpO-
CTPAHCTBO OOLIMHO HE YBEJHYHBAETCA H TPOLECC BOJIOLHOHHOIO MOHCKA
3aryxaet. [loaToMy BO BCceX TreHeTHYECKHX a/rOPHTMAX KPOMe omnepaTtopa
PEeKOMOHMHAUHHK MCNOJb3YIOTCS TAKXe KPOCCHHIOBEp, MYTAaLUHsl H ApYTHe
reHeTHyeckHe onepaTopsl. OHU CO3JAKT HOBblE XPOMOCOMBI # YBEJIHUHBAIOT
HJIH YMEHbINAOT KOJKUeCTBO WAabJ0HOB B NOMYJSILHH.

PaccMoTtprM BnusiHMe onepaTopa KpOCCHHIOBepa Ha BO3MOMXHOCTb Bbl-
XKHUBaHHA WabJOHOB Ha cjaefyloHX redepauusx. as peanusauuu one-
paTropa KPOCCHHIOBEpa M Onpele/eHHs TOYEK pa3pblBa BHYTPH XPOMOCO-
Mbl ucnosassyercsi (L — 1) touex. lla6non B reHeTHYecKOM ajaropuTMe
06BIYHO BBIKHBAeT, KOFJa TOYKAa Onepatopa KPOCCHHIOBepa nomnajaer BHe
«olpefesieHHoH AJHHb». [103TOMY BepPOSATHOCTDL BLIXKHBaHHS JJis NPOCTOro
orneparopa KpPOCCHHIOBEpA 3aMHChIBAETCS TaK:

Pr(s) = 1 — 6(H)/(L — 1), (3.5)

roe L — anuHa XpPOMOCOMBI, T. €. CYMMAapHast ANHHA BXOASLHUX B Hee FeHOB,

Hanpumep, paccmotpum xpomocomy P = (01111000) u nsa wabioHa
Hy = (x*1%*%x0x) u Hy = (**+11 % xx). Wa6bnon H, umeer onpe-
nenennyo gauny: 6(H) =7 —3 = 4. Ecan Toyka oneparopbl KPOCCHH-
roBepa BbIGHpaeTCs pPaBHOBEPOATHO cpead 8 — 1 = 7 MecT, To BeposT-
HOCTb pa3pyleHnsi wabnoHa paBHa 4/7 WM OH BLDKHBAET C BEPOATHO-
ctbio Pri(s) = 3/7. AnanoruyHdo, wabnou Hy uMeeT onpefeseHHy0 AJIHHY
8(H) =5—-4 =1 u paspywaerca ¢ BeposiTHOCTbIO 1/7, a BhKHBaer

¢ BeposiTHocThiO Pri(s) = 6/7. .
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Jnst MoaHMQUUHPOBAHHBIX ONEPATOPOB KPOCCHHIOBEPa, BbIIOJHIEMbIX
¢ BepoaTHOCTBIO Pr (OK) BeposTHOCTb BhKHMBaHUA LIAGJOHA ONpPeNeNHTCs
TaKUM 00pasoM:

Pra(s) > 1 — (aPr (OK)S(H)/(L — 1)), (3.6)

rre & — KOo3(QHUUHEHT, 324a0WHA THO MOAH(UUUPOBAHHOTO ONepaTopa
KpoccHHrosepa, o = 0,1;0,2;0,3;...; 1. Jonyckas He3aBHCHMOCTb onepa-
TOpa PeKOMOGUHALUH ¥ ONepaTopa KPOCCHHIOBepa, NoJy4YuM 06beAHNHEHHYIO
OLIEHKY HX JeHCTBHS:

m(H,t +1) > [m(H,t)f(H)/f(2)][l — aPr (OK)é(H)/(L - 1)].

M3 ranHOro BbIpaXKeHHA CJIEAYeT, UTO 1HaGJIOHB XPOMOCOM CO 3HaYeHH-
eM lieseBolt QYHKUHH Bblllle CPEJHEr0 U MaflbiM 3HaYeHHeM Olpeje/leHHOM
miauHbl 6(H) HMeT BO3MOXKHOCTb 3KCMOHEHUHAJNbHOTO pPOCTa B HOBOH
NONYASLUH.

PaccMoTpum BiHsHHe MOAH(HUHPOBAHHBIX ONEPAaTOPOB MYyTallUH Ha
BO3MOXHOCTb BbI2KHBAHHS XpOMOCOM C JIYYLIMM 3Ha4eHHeM LieJieBoi QyHK-
LUHH Ha cjefylouux reHepauusx. Jlas Toro urobel nocsje nNpHMeHEHUS
onepartopa mMyTtauuu wabnoH H XpoMOCOMBI BLIXKHJ B CJleAYIOLled reHepa-
UMM, Bce QUKCHPOBAHHbBIE NMO3HLHY TOr0 LIAGMOHA JOMXKHbI COXPAHHTHCA.
[Ipn MyTauuu ogHa MO3HLHs COXpaHsieTcs ¢ BeposTHOCThio | — Pr(OM).
IJa6non H BeixkuBaeT, Koraa Kaxjas u3 o(H) 3akpenyieHHbIX NO3HIIHH
coxpaHsercs. BeposiTHOCTb BbIKHBaHHS WIab/MOHA NPH peajH3allH onepa-
Topa myTauuu onpemenutes (1 — Pr(OM))°H)  Tpu manmx sHadenusix
Pr(OM) <« | BepoAITHOCTb BBIXKHBAaHHA IAGJOHA MOXKET OblTh anMpOKCH-
MUPOBaHa BblpaxKeHHeM

Pr3(s) = 1 — o(H)APr (OM), (3.7)

rre 8 — ko3 HULHeHT, 3aaloWHiA BHL NPHMeHseMoro MOAH(HLHPOBAHHO-
ro onepaTopa MyTalldH, CBA3aHHBI co 3HaueHuem o(H) caenywouum o6-
pa3oM: 3HaueHHe (3 umeer nopanok 1/o(H). Hanpumep, ecau o(H) = 102,
10 B = k1072, 3nauenne k BapbupyeTcsi TakuM 06pa3oM, 4ToGbl 3Ha-
yenue Bupaxernus (3.8) coxpamsiocs B uurepsane [0, 1]. BepostHocTb
NpHMEHEHHUs: ONepaTopa MYTalMH B NPOCTBIX TEHETHYECKHX ajropHTMax
o6br4H0 MeHsietcs B nipefenax ot 0,001 go 0,01. OtMeTHM, 4TO B peasbHbIX
npaxkTHYeckHX 3anayax nopaaok o( H) meubiue 103, Torna npeanonaraetcs,
4TO OXHA2EMOE YMCAO0 KomHi wabnaona H B caeaywluiel reHepauly nocie
peanusauly MOAM(QHUHMPOBAHHBIX ONEPATOPOB PEKOMOHHALMH, KPOCCHHIO-
BEpa U MYTAalLKH ONpeAesieTcs CIeLyOLHM 06pasom:

m(H,t+ 1) > [m(H, t)f(H)/F(x)]x
x [1 — aP(OK)3(H)/(L — 1) — o(H)BP(OM)]. (3.8)
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[To ananoruu ¢ pynpameHTanbHOH Teopemol XoaaHAa ITO BhIpaXKeHHe
Ha30BeM MOAHGHUUHPOBAHHOH (yHAaMEHTaJbHON TeopeMoil reHeTHYeCKHX
aNTOPHTMOB.

5. PaccMoTpuM BIMSHHE APYTHX OmepaTopoB Ha sHauenue m(H,t+ 1).
BepostHocTb BhIXXHBaHUA wabjoHa H B cieyOWHX reHepaLUsix nocje
TIPHMEHEHHs ONepaTopa HHBePCHH 3aMHIIeTCs TakK:

5(H)  6(H)?
L-1 (L-12]"

Pry(s) =2 1 — ¢ Pr(OH) - (3.9)
rae Pr(OU) — BeposTHOCTb BHIGOPA XPOMOCOMBI, COOTBETCTBYIOLIEH 11ab-
JMoHy H M3 nonynsuMd Ha 3a/iaHHOM IUare reHepauuy (B NpakTHYECKHX
33/1a4aX BEPOSATHOCTb OMepaToOPa MHBEPCHH OOBIYHO HAXOAUTCS B MHTEPBAJE
[0;0,5]); ¢ — ko3dduLUeHT, ONpee oM TPHMEHEHHE MOLH(HIHPO-
BaHHLIX onepaTopos HHBepcuH, ¢ = (0,1 + 0,9). Toraa suipaxenue (3.8)
C y4YeTOM OMNepaTopa HHBEPCHH 3alHIUIETCs TakK:

m(H,t+ 1) > [m(H,t)f(H)/f(z)]
x |1 —aPr(OK)§(H)/(L — 1) — o H)BPr (OM)) — Pra(s)|.

JlaHHoe BhpaMeHHe MepenyuleM B YNPOLULEHHOM BHAE!
m(H, ¢+ 1) > [m(H, t) {(H)/F(2)] [Pra(s) — Prs(s) — Pra(s)]-

IIpu Hcnonb30BaHUH B reHeTHYECKOM aJFOPHUTME ONlepaTopa cerperatuu
BEPOAAITHOCTb BbIXKHBAHHS WabJoHA Ha cJefylollell reHepalMH onpejeser-
cqa no gopmyae

Prs(s) > | — [yPr (OC)8(H)/(L — 1)]/N,, (3.10)

The ¥ — K03 (HLUHMEHT, onpefeSOLMiA IpUMeHeHHe MOANUIIUPOBAHHBIX
OrnepaTopoB cerperauyy, y &= 1—3. B npakTHyeckux 3ajayax BepOSATHOCTb
omepaTopa cerperalii o6bl4HO HaxoAHTcs B MHTepBate [0; 1].
Jlns onepatopa TpPaHCJOKAaUMH BEPOSITHOCTh BBIXKUBAHHSA 3aNHLUETCA
TaK:
Prg(s) = [I — aPr (OK)é(H)/(L — 1)]oPr (OH).

Jlas oneparopa TPaHCIO3HUHH BEPOSTHOCTb BBDKMBAHHA 3aNHULIETCS
CIeyoIHM 06pa3oM:

Pr7(s) = [1 — aPr(OK)s(H)/(L — 1)}nPr (OC),

rie 17 — K03(h(ULHEHT, onpereasollui NpUMeHeHHe MOAUQPHUHAPOBAHHbIX
OIepaTopoB TpaHCmosHuuy, n = (0,5 + 1).

Ilpy ucnoJb30BaHUM oONepaTopa YAAJEeHUS BEPOATHOCTb BhIKHUBAHHS
wabJoHa Ha clefyollell reHepaLUy OonpejessieTcs o GpopmyJe

Prg(s) 2 [1 — 6Pr (OY)8(H)/(L — 1)]/ Ny, .
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rae & — KoahOUUUEHT, OnpefessiouwHil NPUMEHEHHe OllepaTopa yAaJeHuUs,
d~ (0,1 +0,5).

[1pu ncnonb30BaHKWH ONEPaTOpa BCTABKH BEPOSTHOCTb BRIXKHBAHHS Wal-
JIOHA Ha CJefyollell reHepalli ONpefesisieTcsl TaK:

Pro(s) > [I — APr(OB)§(H)/(L — 1)]/N,,

rae A — KosdguUMeHT, onpelensolHi npiMeHeHHe OnepaTopa BCTABKH,
A= (0,1 +0,5).

Toraa mopnduuupoBanHas (QyHAaMeHTa/lbHAs TeOpPeMa FeHeTHUYECKOTo
aJroOpUTMa C y4eTOM BCeX PacCMOTPEHHBIX reHeTHYeCKHX OIepaTopoB IJs
pelleHUss HHXKeHEepPHbIX ONTHMH3aUHOHHBIX 33434 NPHUMET BHJ

m(H,t + 1) > [m(H, t)f(H)/f(z)] [Pra(s) - Prs(s) — Pry(s)~
— Prs(s) — Pre(s) — Pr7(s) — Prg(s) — Pro(s)]. (3.11)

6. OcHoBHas TeopeMa reHEeTHYECKOr0 alropuT™a, npusenernas . Xoa-
JIAHJIOM, TIOKA3bIBAET ACHMIITOTHYECKOE YHC/IO [ABJ0HOB, «BbIKHUBAOLLHX»
NpH peasu3aluH NPOCTOr0 FeHETHYECKOTro aJirOPUTMa Ha Ka)KAOH HTepa-
uu. Boipaxenue (3.11), B omuune oT Teopembl XOJJaHA2, OKa3blBa-
€T aCHMMTOTHYECKOE YHCJO XPOMOCOM, «BHDKHBAIOLIUX» [PU DeaH3alLHH
MOMDHLHPOBAHHLIX OMEPaTOPOB KPOCCHHIOBepa, MyTallMH, HHBEPCHH, ce-
rperauuy, TPaHCJAOKAUHH, TPAHCNO3HUNH, YAAJEHHS H BCTAaBKH Ha KaXIOH
redepauud. O4YeBHJHO, 4TO 3TO YHCI0 — npubausuTenbHoe. OHO MeHsieTcs
B 3aBHCHMOCTH OT BEDOATHOCTH NPHMEHEHHS TOrO WJH UHOrO ollepaTopa.
Oco6eHHoe BIHMAHHE HA YHCHO «BBDKUBAIIIHAX> U «YMHPAOLIHX» XPOMOCOM
pH peaiu3alUH TeHeTHUYECKOrO aJrOpHTMa OKa3biBaeT 3Ha4YeHHe LeJIeBOi
(YHKUMH OTHENbHOA XPOMOCOMbBI M BCeH nomynasludd. Bo MHOTHX HHXe-
HepHbIX 3ajayaxX HMeIOTCs CheLHajbHble 3HAHHSA, MNO03BOJSIOLIHE CTPOUTD
ynpolteHusie Mofend. Kosgpouuments «, 5, ¢, v, §, A, 1 onpenensoTcs
IyTeM 3KCIIEePHMEHTOB, MPHYEM HX 3HayeHHe noadupaeTcs TakuM obpasom,
uto 3HaveHusi Pro(s) — Pro(s) He sBistioTcss oTpruaTtesnbHbIMH. OTMETHM,
YTO PSJ aBTOPOB CYHTaeT, 4TO 3HaueHus Pri{s) — Pro(s) Hamo He BbYH-
TaThb, a nepeMHOXath. CyiefyeT OMETHTb, YTO 3Ta OLEHKa NPUO/IHKeHHas U
BHIYHTAHHE HIIH NepeMHOXKeHHe BesuuuH Pr(s) B npHHUKnNe He oKa3blBaeT
peluaollero 3HayeHHsl Ha BEJIHYHHY PeajibHOro KOJHYeCTBa CXeM, Nepexo-
LALHX B CAELYIOUYIO TeHepalHtIo.

PaccmoTpum, Hanpumep, Xpomocomy AnuHbl L = 7 u nBa wabiona,
pecTaBASOLINE ee:

P=0111]1000
H= 1| * * % 0
Hy= % » » | 1 0 % =x
rie | — cumBoJ, 0603HayawlMi TouKy KpoccHHrosepa. llla6naon Hy mocne

OAHOTOYEYHOI'0 oneparopa KPOCCHHIOBEpa cxopeﬁ BCero 6y,lIET YHUYTOXKEH
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noTomy, 4to | B no3unuu 2 v O B TO3ULHH 7 NONaAyT B pa3Hble XDPOMOCOMBI-
notoMkH. flcHo, uTo wabsoH Hy coxpaHsieTcs, Tak Kak Iocje peaan3aluH
onepartopa KpoccuHrosepa yucio 1 B nosuuud 4 u 0 B nosuUMH 5 nonagyT
B OQHOrO H TOFO e NOTOMKa. XOTSl TOYKa omnepaTtopa KPOCCHHroBepa
BbiOpaHa cayuaiiHo, scHO, yTo wabsoH H; MeHee NpHCnoco6JeH K BBIXKH-
pauuo, yeM Hy. Tak Kak Touka onepaTopa KpOCCHHIOBepa BblOHpaeTcs
cayyaiiHo cpesd L — 1 =7 — | = 6 BO3MOXKHBIX NO3ULHH, TO WabJOH
H) yunuroxaercss ¢ sepostHocTbio Pr(d) = §(H;)/(L — 1) =5/6. dtor
xe wabaon (H)) sblxusaer ¢ seposiTHocThIO Pri(s) = 1 — Pr(d) = 1/6.
Ananoruunsim 06pasom, wabnon Hy numeer §(Hz) = 1 1 BepOATHOCTb €ro
yHuutoxenns Pr(d) = 1/6, a BeposTHOCTb BbIKMBaHua Pri(s) = 5/6.

7. Bepuemcs K npumepy . [onn6epra BruucaeHus MakcumyMma QyHK-
unn f(x) = z2. JONOJRHTEeNbHO MycTh HMEITCS TPH YAaCTHBIX IUabJoHa
Hy = (1 *%#*%), Hy = (x10% %) u H3 = (1 * % 0), onucannsle B Tabn. 3.4.

Tab6anna 3.4
Wla6aon | epen penponykuueii | Homepa xpomocom | 3HaueHue cpegHei
L& wabnona f(H)

H, 1% % ok % 2; 4 3485
H, *01 %% 3,4 245
H; 1+%%0 2 16

Bo BTOpOM W B TpetbeM cTtosbuax Taba.3.5 mpuBegeM oOXuHAaeMoe H
peajibHOE YHUCJO0 KOMHU XPOMOCOM, NepexOisliUX ¢ FeHepalMH ¢ Ha TeHe-
pauuio t + 1 nocne onepatopa penpoaykuud. B nsarom u wecTtom cronbue
MpPHBEJEHBl Te XK€ NaHHBle, HO Noc/e BHINOJHEHHS BCeX MeHeTHYeCKUX olle-
paTtopos. B ueTseproM M ceabMoMm crosnbuax Tabi.3.5 mpHBefeHb HOMepa
XpOMOCOM.

Ta6anunua 3.5
Cxembl [Toc/ie penpoayKuuu [Tocne Bcex onepartopos
Oxupaemoe | PeanbHoe | Homepa | Oxunaemoe | Peasbroe | Homepa
HHCJI0 UHCJI0 | XPOMOCOM 4UCJI0 YHCJIO | XPOMOCOM
H, 3,20 3 2; 4 3,13 3 2; 4
H, 2,18 2 3; 4 2 2 1; 2
H; 1,97 2 2 1,15 1 4

PaccmoTpuM cHavana wabnod Hy. B reveHHe penpoayKLUHH XpOMOCO-
Mbl KONHPYIOTCS C BEPOSITHOCTBIO, OMNpeAeseHHOH COrJIacHO BesiHYMHE HX
ueneBol pyHkuUuH. M3 nepBoll cTpoku Tabua. 3.4 cienyer, YTO XpOMOCOMBI
¢ HoMepaMH 2 4 4 ABJISTCA NpeacTaBuTensamMy uwabuona Hy (cM. taba. 3.2).
Iocne onepaTopa pernpoAyKUHH MoJyuyeHbl ABe KONHU 11A6JIOHAa B XpOMO-
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coMbl ¢ Homepamu 2 u 4 Bowu B nonyasuuio. [IpoBepum, coorBeTcTByeT
71 370 4ucao dyHAameHTanbHOH Teopeme. M3 (3.4) npu o, § = 1 oxuna-
ercs nonyuuts m(H,t) = f(H)/f(x) konuii. Beraucass cpenHee 3HauyeHHe
uenesoi dyukuuu f(H)), monyaum (256 4+ 441)/2 = 348,5. Pasnesus sto
YHCIIO Ha cpejHee 3HaueHHe LenaeBod GyHkuuu nonyasuud (f(z) = 222,5)
¥ yMHOXas Ha uyuciao Hy wa6noHoB B MoMeHT BpeMenu t (m(H,t) = 2),
MOJY4HM OxkuUaemoe uucio H; mwabioHoB B MOMeHT BpeMeHH (t + 1), T. e,
m(H,t+ 1) =2-348,5/222,5 = 3,13. CpaBHHBas 3TO YHCJIO C peasbHBIM
yucesoM Konuil (Wwab/IoHOB), paBHBHIM 3, BHAHO, YTO NOJYYHJH DeajbHOe
YHUCJI0 KOMHUH.

[Ipomosmxast mepBblil wiar, onpejesuM, 4YTO ONEpaTop KPOCCHHTOBepa
He MOXeT fHarh AajbHefwnil 3¢hdekT, Tak Kak onpejeseHHas IJHHA
8(H)) = | npepotspauiaer paspbls efuHCTBeHHoro Guta. [asee, ecau
B3siTh onepatop MyTauuu (OM) takum, uto Pr(OM) = 0,01, 10 oxxupaercs
m(H,t+ 1)Pr(OM) = 3. 0,01 = 0,03, Ho Her 6uToBOro O6MeHa C TpeMs
KOMMsIMU B Tpex xpomocoMax. Kak pesyasrar, nas wabmnona H| nomydaem
OXKHAAEMOE IKCIOHEHUHA/IbHOE YBeJHYeHHe YKc/a WaGJl0HOB.

Paccmotpum teneps cxemst Hy u Hi ¢ 1ByMst 3aKperyIeHHBIMH TO3HLH-
smu. labnon Hy uMeeT Takke jBe XPOMOCOMBI B HauaJbHOH NOMyJAsLHH
(Homepa 3, 4) u uMeer [ABe KOMHHU B cjefyioulell reHepaurd. Buuncasem
m(Hy) = 2-245/222,5 = 2. 3pecs 245 — cpegHee 3HadeHMe ueJ/eBOil
byHkuMH wabnoHa, a 2225 — cpenHee 3HaueHue UeseBOH (YHKIHH IIO-
nyasuud. Has Hs noaydum Tombko ogHy xpomocomy # m(Hz) =1 x
x 16/222,5 = 0,08. 3peck uncao 16 — 3uauenue cpefHell HeneBOH (QYHK-
LMH WabJoHa.

3amerum, 4to [Jis wabsnona Hy fBe KOMHU — 3TO XOPOLIHMH pe3y/bTar.
[lpu peanusaunu onepaTopa KPOCCHHTOBepa TOJBLKO B OJHOM CJlydae U3
yeTbipex BO3MOXHBX (L — 1 =5—1=4) wabnon Hy = (01 **) —
paspywaetcs. Kak pesynbrar, wabnon Hp BBIXKHBaeT C BBICOKOH Bepo-
ataoctblo. Je#icTBuTebHOe, Aasi wabnaona Hy umeem m(Ho, t + 1) = 2.
OmnepaTop KPOCCHHIOBepa € BLICOKOH BepOSTHOCTBIO paspyluaeT HIabJoH
Hj, tax kak 6(H3) = 4.

8. JI. XoanaHp cYWTaeT, 4YTO HeOOXOLUMO JABaTh NMpeAnouTeHHe 1abJao-
HaMm ¢ Jy4LIUM 3Ha4eHueM lieleBod (QyHKUMH. ONHAKO TOUHOrO OTBETa Ha
BONIPOC, MOYEMY 3TO HeOOXOAHMMO IeNaTh, He CYLIEeCTBYeT, HJH OH KaXnbii
pa3s 3aBHCHT OT KOHKpPeTHOH 3ajgaud. Jpyrofl BaXHHIH BOMPOC, CKOJBKO
HOBHIX MIAGJOHOB B HOBOH reHepallud HeOOXOAMMO, CKOJIbKO DeajibHO H
CKOJIbKO MOJIE3HO [AJ1A MoJyueHus 3GpHeKTHBHOTO pesy/bTara?

KonuyecTBo m1a60HOB, KOTOPOE MOXKET ObITh MONYYEHO M3 MONYJISALHH
pasmepa Ny npH AJIHHE XpoMocoM pasHoOi L cornacho JI. Xonnanay fexuT
MeX Iy oLy N, - 2L, I.Tonbpbepr u Il. XoanaHK OTMEYAIOT, YTO YHCJIO
«3(1)d)exmsﬂblx» 1a6J0HOB COCTABJSET OPHEHTHPOBOYHO BEJHYHHY N

PaccmoTpuM nonynsiuuio N, XpomocoM IJHHB L, npeACTaBneHme
B [ABOMYHOM asiaBHTe. ByneM CYUMTATb TOJMBKO Te IWabJoHbI, KOTOpbie
BBIXKHBAIOT C BEPOATHOCTbIO GoJiblie, yeM KoHcTaHTa Pr(s). Jas ynpouie-
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HHsI PaCCMOTPHM NPOCTOH ONepaTop KPOCCHHIOBepa M ONepaTop MyTalHH
¢ MaJsiofi BepOSTHOCTbIO BbinosHeHusi. OObHYHO B XpoMmocome MJMHBI L
BhleNsieTcsl yuacTok Lg, paBHelii L/2. DTo mpuBeaeT K pacCMOTPEHHIO
TOJIbKO TeX WabnoHoB, rae € < 1 —Pr(S) u pauna Ly < e(L— 1) + 1.

AcHo, uto cymectsyeT 2X~! Takux wabnonos. [ BhHUMCIEHHS 06-
l1ero yHcJa 1abJOHOB HCIOAb3yeTesl 3aJaHHbIN 1abJoH, KOTOPhH nepeme-
1aeTcs BIOJb XPOMOCOMbBI HA KaXXIOM llare Noucka. BelnosHHM 3TOT wiar
L — Lgs+ 1 pas. Torna obiee uucio wabnonos © anusb L, onpenenntcs
CIeAYOIHM 06pa3oM:

<2l - L, +1).

JlanHas dopmysa noxasbiBaeT YUCJIO WaGJIOHOB A5 OJHOH XPOMOCOMBL.
OueBuaHo, AN LeJOH MONYJASLHH YHCIIO WabJOHOB OPHEHTHPOBOUHO OIpe-

JeseTCs Kak
©p < Np2Fe~Y(L — Ly + 1).

Ecnn B3sTb pasmep nonyJsuuu paBHbM N, = 2Ls/2 1o muxHAS rpa-
HMLA YHuCIa 1AGJAOHOB, «BBDKMBAIOWHKX» NOcAe PaGOTH TeHeTHUECKOTo
aJrOpPHTMa, OPHEHTHPOBOYHO paBHA

N(s)>N,-(L—Lg+1)-252
Ecnn yuects, uto N, = 2L:/2 1o monyuum
[(L —Ls+1) -Ng]
y .

CrenoBaTesbHO, YHCJIO 1aGJOHOB, BBIXKHBAIUHUX N0C/e OLHOH reHepa-
UMY TeHeTHYECKOro ajropuTMa, NpONOpUHOHAAbHO KyGy pasmepa nonyuas-
HHMH K uMeeT nopsanok N(s) = wN;:’, rae w — koadduuuent (w = 1 — 4).

N(s)=

3.6. BeenreHue B aKCMOMaTHYECKYI0 TE€OPUIO
reHeTHUeCKMX aJropuTMOB

1. Copmynupyem onucaHHe reHEeTHYECKHX aJrOPUTMOB B BHJe Hayd-
Hoii Teopuu. [IpeaBapuTte/ibHO NpUBELEM DAL OCHOBHBIX ONpeeJseHHH 3TOro
(yHIAMEHTaNbHOTO TePMHHA.

Teopus (OT rpeyeckoro pacCMOTpeHHe, HCCIeloBaHHe) — CHCTEMA Oc-
HOBHBIX HJeHd B TOH WM HHOH OTpacad 3HaHUH, HayyHoe OOBsCHeHHe
0GBEKTUBHBIX 3aKOHOMEDHOCTE!H PasBUTHA MHpA W Pas3JH4HbLIX QOPM IBH-
XKeHHUA Marepud U obOoblieHyue 06beKTHBHBIX De3yJbTaToB, HabJofeHHUH,
3KCIePHMEHTOB.

Teopus — cucTeMaTH3MPOBaHHOE H JIOTHYECKH NOCJAeAOBaTeJbHOE BOC-
NIPOH3BEfEHHE B MBIIJIEHHH OOBEKTHBHON peasbHOCTH. B Teopuu o6bek-
THUBHAA JIOTHKA AeHCTBHUTEJBHOCTH BOCIPOH3BOAHTCH B CTPOrO NOCJELOBa-
TeJIbHOH CHCTeMe TIOHSTHH. N
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Teopus — cucTeMa MPHHIUIOB, 3aKOHOB, KaTelrOpHH, NMOHATHHA, KOH-
LeNMuHKH, ONUChIBaKOILas KaKkoe-1H60 OTHOCHTeJbHO ORHOPOLHOE, UEeJOCTHO®
fiBJIeHHe HJIM COBOKYIHOCTb €ro 3JeMeHToB, pyHkuHi. Kpurepuu nayuHod
TEOPHH: OTHOCHTEJBHO 3aBepileHHAs JIOTHMYecKass CTPyKTypa (MPHHLHMBL,
KaTeropuu, MOHATUS H ApP.), HAJHYHE TEOPEeTHYECKHX KOHCTPYKTOB (KOH-
LenUHH, MOJ0KEHHH, PHIIOTES U IP.), HANNYKHe TOJOXKEHHH, I0KAa3aTe bCTB,
COeIHHSAIOWHX 3TH KOHCTPYKThI C HMEIOLLMMHUCS (aKTaMH, APYTHMH T€OPH-
AMH.

Teopus — rpedeckoe ymo3peHue. B Hayke — o6bsicHeHHe fIBJEHHH Ha
OCHOBaHHMH 00liero NpHHLUMIA, U3 KOTOPOrO 3TH fABJEHUS BHIBOAATCS, LEelb
JIOTHYeCKHX NOCTPOEHHH, [IPOBEPEHHBIX Ha OINbITE.

Ipunyun — 0CHOBHOE HCXOLHOE TI0JI0XKEHUe KaKOH-JHOO TEOpHH yde-
HHUSl HAYKH, PYKOBOAsLIAs HAes, OCHOBHOE NPaBHJO HCCAENOBAHUA H T.IL.

Konyenyua — cucrema vpeHl, B3MIAL0B HA NpeAMeT, ABJEHHSA, CNOCOO
UX MOHUMaHHSA, TPAKTOBKH, ONpefeJsiiollass XapakTep NO3HABAaTeNbHOH H
NPakTHYECKOH AeATeNbHOCTH.

Konyenyus — crcrteMa B3IVISI0B HA MPOLECCH H SIBJAEHHA B NPHPOZIE.
Benyuuii 3ambices, onpepesiioliMi CTpaTeruio AeHcTBHHA NPH OCYUIECTB-
JIEHHH [IPOrpamM, NMPOEKTOB, I/1aHOB.

Konyenyua — noruyecky yMCTBEHHOE OCTPOEHHE CHCTEMbl BO33PEHHE
0 KaKoM-J1H00 npeamere.

2. B ofiueM BHe Teopusi €CTb MPOHU3BOJbHOE MHOXKECTBO NPefJIOKeHHH
HeKOoTOoporo fAsbika. Jing o6o3HayeHus BEICKa3blBaHHH, 06pa30BaHHBIX NPHU-
MeHeHHeM T-MeCTHOrO OTHOLIEHHSA (¢ K ApeiMeTaM HCIOJb3yeTcsl 3allHCh
©(t1,t2,...,tn), The ¢ — M-MEeCTHBIH Npenukar, {y,t,...,t, — TepPMBbL.

3apgaBas A3blK KOHKPETHOH MaTeMaTH4ecKod Teopud (HamnpHMep, re-
HETHUECKHH aJTOPHTM) MOXKHO HENOCPEACTBEHHO OMpENe/HTb (POPMYH H
uX cMmbica. s 3aAaHust 9JeMeHTapHbIX (GopMysn HeoOXOLUMO ONpeaeaUTh
NpeAHKAaThl, UCIOAb3yeMblE B TEOPHH U TepMbl 3TOH Teopu.-[sa 3afaHHs
TEPMOB ONpEIEe/ISIOT COpTa 00BEKTOB, KOHCTAHTH M onepauud. Bce 310 B
cosokynHocTH cornacHo H. HeneiiBone coctaBnsier coBapb HJH CHTHATYypy
TeopuH. 3afaB CUTHATYPY TEOPHH, He0OXOAHMMO MPOHHTEPNPETHPOBATb BCe
NOHATHA, NepeyncnenHbie B Hell. [locne vHTepnperanun GOpPMYJbi, He CO-
AeprKalllye NepeMeHHbIX, OKa3blBaloTCsl MO0 HCTHHHBIMH, JHOO JIOXHBIMH.
dopmyibl, comepKaliHe NepeMeHHble CTAHOBATCS UCTHHHBIMH JHGO J0XK-
HBIMH NOCJe 3aJaHUA 3HA4YeHHH NepeMeHHbBIX.

Ha npakTuke uHTepec npeicTaBAsIOT He BCEe HHTepNpeTalHH JAHHOH
CHTHATYPHI, & Te, Ha KOTODPBIX BHIIIOJIHEHB 33laHHbIE aKCHOMBI.

CorsiacHo onpegenenuo H. HenefiBoaw, Teopus Th — mHOXecTBO 3a-
MKHYTBIX (opmya curHatypul. Ecan A € Th, To A akcuoma Th. Mogens
Th — uHTepnperalus, B KOTOPOH Bce akCHOMH HCTHHHB. Popmyna A
ABJseTcs TeopeMol (Mau caefcTBHeM) tTeopud Th, ecnn A — HCTHHHA BO
Beex Mogensx Th. B — cnenctaue A, ecau B — teopema {A}.

3. OTMeTHM, UTO crocob NOCTPOEHUA HaquOﬁ TEOpPHH, B OCHOBE KOTO-
pOIjl HCMOJIb3YIOTCHA HUCXOAHbIE MOJOKEHHA, HAa3blBa€Mble AKCHOMaMH, a BCe
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OCTaNbHBlE NMpeJJIOKEeHHs TEOPHH MOJYYAITCA KaK JIOTHYecKue ClieJCTBHA
AKCHOM, Ha3blBAaeTCA AKCUOMAMUYECKUM MemOOOM. AKCUOMA — TOJIOXeE-
HHe, NpUHUMaemoe Ge3 J0Ka3aTeJbCTB B KauecTBe HCXOAHOrO, OTIPABHOTO
48 naHHOH Teopud. OCHOBHBIM B HeM ABJAETCA METON HHTeprpeTalui.
Torna nns reHeTHUecKHX aJrOPUTMOB MOXXHO TOCTPOUThL CJAeAYIOLULY 6a-
30BYIO TEOPHIO.

TTycTh K2)XIOMY HCXOAHOMY NOHSITHIO M OTHOLUEHHIO aKCHOMAaTHYeCKOH
TEOpUHM reHeTHYEeCKHX aJFODHTMOB NOCTaBJeH B COOTBETCTBHE HEKOTOPBIH
KOHKpeTHbIA MaTeMaTHuecKUl o6bekT. COBOKYMHOCTs TAaKHX OOBEKTOB Ha-
3blBaeTCA nonem unmepnpemayuu. BesxoMy yTeepxkaenuio U Teopun
reHeTHYeCKHUX aJrOPUTMOB CTaBHTCS B COOTBETCTBHE HEKOTOPOE BHICKA3bl-
BaHHe U™ 06 3JeMeHTax MOJIs1 HHTepIpeTalUH, KOTOpoe MOXeT ObTh HC-
THHHBIM UJH JIOKHBIM. TOTAa MOXHO CKa3aTb, UTO yTBepxkAeHHe U TeopHH
reHeTHYECKHX aJrOpHTMOB COOTBETCTBEHHO HCTHHHO HJIM JIOXKHO B AaHHOH
uHTepnpetauny. [lose yHTepnpeTanMy H ero cBoicTBa caMu OOBIYHO SB-
JA0TCH OOBEKTOM pacCMOTPeHHUs! APYrod TeOpHH NPOCTOro reHeTHYecKoro
aJrOPHTMa, KOTOpas B YACTHOCTH MOxKeT ObITb aKCHOMaTH4YeCKoH. JToT
MeTO/[, ITO3BOJISIeT JOKA3bIBaTh CYXKJEHHsl THNA: eC/IH TeOpHsA FeHeTHYeCKHX
aJrOPHTMOB HENPOTHBOpEeYMBa, TO HENPOTHBOPEYHBA U TEOPHs MPOCTOro
reHeTHYECKOr0 aJIropUTMA.

IycTb Teopusa reHeTHYECKHX aJrOPMTMOB NPOHHTEPNPETHPOBAHA B TEO-
PHH NIPOCTOr0 reHeTHYECKOro a/rOpUTMa TaKHM 06pa3oM, 4TO BCE aKCHOMBI
A; TEOPHH T€HETHUYECh X ANITOPHTMOB HHTEPNPETHPYIOTCS HCTHHHBIMY CYXK-
neHHsAMH A Teopru MPOCTOrO FeHETHYECKOro ajiropurma. Torga BesiKas
TEOpeMa TEODHHM TeHeTHUYECKHX aJiFOPHTMOB, T.€. BCSKOe YTBepXKIeHHe A,
JIOTHYECKH BbIBeJleHHOe M3 aKCHOM A; B reHeTHYEeCKOM a/ropuTMe, HHTep-
[peTHpPyeTCcs B MPOCTOM [EHEeTUUEeCKOM aJITOPHTME HEKOTOPBIM yTBepXKie-
HHeM A*, BHIBOOHUMbIM B NPOCTOM IE€HETHUYECKOM aJrOPHTME M3 HHTepmpe-
Tauuii A akcHoM A; H, Cle/l0BaTeNbHO, HCTHHHBIM.

4. MeTon uHTepHpeTalUWi NO3BOJISIET TAKXKe pelllaTh BOMPOC 0 He3a-
BHUCHMOCTH CHCTEM aKCHOM: [JIs1 JOKa3aTesbCTBa TOro, 4TO akcHoma A
TEODHH [eHeTHYECKHX AJTOPHTMOB HE 3@BHCHT OT OCTAJbHbIX aKCHOM 3TOH
TEODHH, T.€. He BbIBOAHMa M3 HHX, M, CJeN0BaTe/]bHO, HeOOXOAHMMa AJsi
nosy4yeHHs Bcero o6beMa NAHHOH TEOpHH, JAOCTATOYHO NOCTPOHUThH TAKYIO
MHTEPNpPeTaLH0 TeReTHYEeCKOro ajiropuTMa, B KOTOPOH akcHoMa A Oblna
Obl JIOXKHA, a8 BCe OCTAJbHbIE aKCHOMbI 3TOH TEOPHM HCTHHHBHL. YTO4He-
HHEM MOHSITHS aKCHOMATHYECKOH TeopHu SIBJseTcs [OHSITHE dopmans-
HOt cucmembt. DTO IO3BOJNSET INpPeACTABIATh MaTeMaTHHEeCKHE TEOPHH
KaK TOYHble MaTeMaTHuyecKHe OOBeKTbi H CTPOUTb OOWYI0 TEOPHIO WK
MeTaTeopHI0 Takux Teopuf. Besikas ¢popmanbHas cuctema CTPOUTCS Kak
TOYHO OYepYEeHHBII KJacc BbIpaXkKeHHH — (OpPMYJ, B KOTOPOM HEKOTOPHIM
TOYHbIM 00pa3oM BblAeJseTC] MOAKJIAcC (GOPMyJl, Ha3blBaeMbIX TeOpeMaMu
nanHo# ¢opManbHOU cHcTeMbl. TIpu 3ToM dopmyasl dopmanbHOH CUCTEMBI
HEMOCPeACTBEHHO He HeCYT B cefe comepKaTesbHOrO cMbicna. Mx moxkHO
CTPOUTH M3 NPOU3BOJBHBIX 3HAKOB H cuUMBoaoB. O6ltas cxema MOCTPag-
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HHS TPOH3BOJbHOH (POpMaNbHOH CHCTEMBI T€HETHYeCKOro ajropHTMa Ta-
KOBa!
1. f3bIK cHCTeMBl FeHeTHYeCKOTO aiAropuTMa: annapaT anreGpbl JOTHKY;
TEOpHS MHOXECTB; Teopus rpadoB, TeOpHs aJrOPHTMOB, OCHOBHBlE
NOJIOXKEHHS] GHOJIOrNH ¥ TEODHH CHCTEM.

(a) Andasut — nepeueHb 3/AeMEHTapPHBIX CHMBOJIOB CHCTEMBI: JBOHY-
HblH, aecsaTUdHbIl, OykseHHbll, PuboHaYyu u 1p.

(b) INpasusa obpasosauus (CHHTAKCHC), IO KOTOPBIM U3 3jIeMEHTAPHBIX
CHMBOJIOB CTPOSTCS (JOPMYJbl TEODHH €HETHUECKOro aJropuTMa:
® [IOCTPOEHHE MOJeNeH 3BOJIOLHUT;
¢ KOHCTPYHPOBaHHe NONMYJALHH;
¢ NIOCTPOEHHe LieJieBOH DYHKUUH;
® pa3paboTKa reHeTHYECKUX OlepaTopoB;
® PelpOAYKUHUS MONnyJsuni;
& peKOMOUHALUS NONMYJIALHKE;
® PeIYKLHUSA;
® 3ANTaLHA.
[TocnenoBaTenbHOCTE 3JIeMEHTAPHBIX CHMBOJIOB CHHTaeTcsi hOpMy-

JIOH TOrAa H TOJNBKO TOTAA, KOrAa OHa MOXeT ObIThb [MOCTPOCHA
C MOMOLIbIO TTPABHJA 06p330BaHPlﬂ.

2. AKcHOMBl CHCTEMB! reHeTHHeCKHX aNrOpHTMOB. BbliessieTcss HeKOTO-
poe MHOXKEeCTBO KOHEYHbIX (OpPMYJ, KOTOpble HA3blBAKTCH aKCHOMAaMH
CHCTeMBl. B reHeTHYeCKOM a/irOPHTMe CYIIECTBYET GOJbIIOe UHCJIO
Habopos akciHoM. Hanpumep, 6a30BH# HAabop aKCHOM CJedyIOLHH:

¢ [lonynsauus KOHCTpyHUpyeTcs cJy4adHelM 06pasoM.

e BrimosiHenue orneparopa penpoAyKIHH MNPOU3BOAUTCA Ha OCHOBE
«KoJieca pYJaeTKH».

e O6s3aTesbHOE HCIIO/Nb30BAHHE OMNEPaTOPOB KPOCCHHIOBEpa U MyTa-
LLHH.

L4 Paamep nonyJJsluHyu NocJje KaXJIOH reHepalnu oCTaeTCsd NOCTOAH-
HbIM.

e Pazmep nonynsuuu 3ajaeTcs SKCNePTHOH CHCTEMOH, BHelUHel cpe-
JIO HJIK JIMLIOM, NPHHHUMAIOLHM PelleHHs.

e Uncao Koruit (peuieHuil), MepexoAsliuX B CAENYIOLYIO FeHepalHio,
onpesiesIeTcs CONIACHO TEOPEME FeHeTHYECKHX alTOPHTMOB.

e lleneBasi ¢pyHKUMSA ONMpenensieTCsl HA OCHOBE NPHHLMIA «BBIKHBA-
HHe CHJIbHEHLIHNX».

3. llpaBuia BHBOAA r€HETHYECKUX aNropuTMOB. PHKCHDYETCS KOHeYHasl
cOBOKYNHOCTb npeaukaros 1, Iy, ..., II; Ha MHOXecTBe Bcex (hopMyn
cuctembl. [yets II(z), ..., Zn;4+1) — KaxkoH-IMOO H3 ITHX NpefHKa-
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108 (n; > 0), ecnn nas ganaeix qopmyn Fi,..., Fn, 41 yTBEpXKAeHHe
II(Fy, ..., Fn,41) vcTHHHO, TO TOBOPAT, uTo (hopmynaa Fi,, . Henocpen-
CTBEHHO cJaefyeT u3 dopmyn Fi,..., F, 41 no npasuay II;.

3aganueM 1, 2, 3 ncueprnbiBaeTca 3afaHue (POPMabHOH CHCTEMBI reHe-
THYECKHMX aJFOPHTMOB Kak TOUHOro MaTeMaTuuyeckoro o6bekTa. Ilpn stom
CTeleHb TOYHOCTH ONpeleNseTcss YPOBHEM TOYHOCTH 3aJaHHUA ajdaBuTa,
NpaBHJ 0O0pa30OBaHHUsA U NPaBHJ BbBoZAa. BHIBOZOM CHCTeMbI reHeTHUECKHX
aJrOPUTMOB Ha3blBAaeTCsl BCAKAsi KOHeYHAsl NOcJelNoBaTeJbHOCTb (OPMYJ,
B KOTOpPOH Kaxpaas ¢opmyna Ju60 sBAAETCS aKCHOMOH CHCTeMbl reHe-
THYECKHX aJTOPHTMOB, JHGO HEMOCpPeJCTBEHHO CJeAYeT U3 KaKHX-1H60
NpeALIeCTBYIOMUX el (3TOA NoC/Aef0BaTEbHOCTH) (POPMYJL MO OLHOMY H3
npasua BeiBoga II; cucremsl.

5. Beakyto KOHKpeTHYI0 MaTeMaTHYeCKYI0 TEOpPHI0O FeHEeTHUYeCKHX all-
FOPHTMOB MOXKHO IleDeBECTH Ha SI3BIK NOAXOAsilEel (OpMaNbHOH CHCTEMBI
TakHM 00pa3oM, YTO KaXKfoe NOKHOE HJIH HCTHHHOE fpejsioKeHne TeOPHH
reHeTHYeCKHX aJrOPUTMOB BbIPaXKaeTCS HEKOTOPOH (POPMYJIOH CHCTEMBI.
Meton uHTepnpeTaunii Mo3BOJSET yCTAHABJAMBATbL (PAKT OTHOCHUTEJbHOH
HENIPOTHBOPEYHBOCTH, T.e. JOKa3blBaTh CYXKAEHHS THINA: «eC/JH TeOpHS re-
HEeTHYeCKHX aJTOPUTMOB HEMPOTHBOPEYHBA, TO HEMPOTHBOPEYHBA H TEOPHS
NPOCTOr0 reHeTHYeCKOro ainroputMma». B obiuem ciyuae npobneMa Henpo-
THBOPEUMBOCTH HE DelleHa H ABJsgeTCs ORHOH M3 OCHOBHBIX B MaTeMaTHKe.

HTak, MOXXHO BHICTPOHTDb CJIEAYIOLLYIO LENOYKY NOCTPOEHHS U peasu3a-
UHH TEOPHH FeHeTHYeCKHX aJTOPHTMOB!

CTpaTeruss—Teopua—KOHUeNUUA—~NPUHIUIIBI-aKCUOMbI—-TANIOTE3bI—
TIpaKTHYeCKas peanu3auns

Tunomesa (0T rped. NpeanoJoXKeHHe) — OCHOBaHHE, MPELIOJOKEHHE,
BBIABHHYTOE C UEJbI0 OOBACHEHHS NPHUYHH, CBOHCTB H CYLUECTBOBAHHUSA
ABJEHHH NeHCTBHTEJbHOCTH.

Tunome3a — dopma pa3BUTHsi HAYYHLIX 3HaHWH, MpecTaBAfLOLIAA
co60ol 060CHOBaHHOE MpPeANOoJIOKEeHHe, BblBUraeMoe C LeJibio 00bsSCHeHHS
TIPHYMH CBOMCTB U CYLECTBOBAHUSA sBJIeHHE AeHCTBMTeNbHOCTH. [log runo-
Te30H MOHHMAIT ONHPAIOLIHECAd HA KOHKPETHHIE AaHHbIE NPeNNOJIOKEHHUS.

[IpepnaraeTcs psin OCHOBHBIX CTpATErHil B3aUMOAEHCTBUS METOAOB 3BO-
JIOUHMOHHOI'O H JOKaJbHOro MOHCKa:

® «NOUCK—3I80NIOYUA>,

® «380JIOYUA—~NOUCK >
® «NOUCK~—360NI0YUA—~NOUCK»;
® «380JIIOYUA~NOUCK—IBONIOYUA> .

3amemM, qToO Hepapxuqecxn MOXKHO CTpOHTb CTpaTeI‘HH TakKoro Tula
Joboro ypoBHS CJOXHOCTH. Hanpumep, «3BOJMIOUHSA—TIOUCK—3IBOJIIOUHA—
NOHCK—3BONIIOLHUSA~NOKHCK» U T. . OTMETHM, YTO TaKO€ NOCTPOEHHE 3ABHCUT
OT HaJH4US BbIYHCJAHTENbHBIX PECYPCOB M BpEMeHH, 33JaHHOTO Ha noJyye-

HHE OKOH4YAaTEJIbHOTO pEHICHHSA. N
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B nepBoM cayuae no6biM U3 ONHCAHHBIX aJFOPHTMOB NMOHCKa MJH HX
KOMOWHaLHH onpelensieTcss OJHO HJIM Napa ajbTePHATHBHLIX DelueHHH 3a-
nayd. Ha ocHOBe 3THX pelleHH# CTPOUTCS MONYJIALHS, K KOTOPOH NpUMeHs-
eTcsl 0Ha U3 cxeM 3BosourH. Janee npouecc NponokaeTcss HTepaLHOHHO
IO JOCTHXKEHHS KPUTEPUSI OCT2HOBKH.

Bo BTOpoM caiyuae KOHCTpYHpPYeTCs NONYJSALNS W peaji3yeTcs OfHA U3
cxeM »BoJiOLMH. Jlyullee pelieHHe aHaMu3upyeTcs W yaydwaetcsa (ecau
3TO BO3MOXHO) OJHHMM M3 aNrOPUTMOB Moucka. Jlasee mpouecc BhINOJ-
HAeTcs, Kak B MepBOM cJaydyae. B ocTanbHBEIX c/ydasix mpouecc MOHCKA
pe3yJbTaTOB BLINOJHAETCS aHAJNOTHYHO.

6. IIpuBeneM ocHOBHBIE MPHHUUNBI, KOTOpbIE 3PPEKTHBHO HUCNOb3YIOT-
CSl IPY FeHeTHYECKOM NOHCKe.

Ilpunyun yenocmuocmu. B reHeTHYeCKHX ajJropHTMax 3HaueHHe Le-
JeBol (DYHKLHU albTepHATHBHOIO PellieHHs He CBOAUTCA K CyMMe LeJIeBhiX
(OYHKLUHH YaCTHYHBIX PelieHHH.

IIpunyun donoanumensvrnocmu. [Ipu peiieHHH ONTHMHU3AUHOHHBIX 3a-
Ja4 reHeTHYECKHMH a/NrOpUTMaMH BO3HHKaeT HeOOXORHMOCTb HCNO/b30Ba-
HUS Pa3JIUYHBIX HE COBMECTHMBIX U B3aUMOJLOMOJHSAIOIUX MOLeneld 3B0JI0-
UME U FeHEeTHYECKUX ONepaToOPOB.

Hpunyun nemounocmu. Ilpu pocTe CNOXKHOCTH aHaJM3UPYEMOH 3a1a4H
yMeHbLIAeTCs BOSMOXKHOCTb NIOCTPOEHHS TOUYHOH MojenH. 3AeCh HCNO/b3Y-
eTCsA TeOpHA HeYeTKHX rpacdos.

ITpunyun coomeemcmeus. S3bK ONMHCAHUS HUCXONHOH 3afaqyH AOMKeH
COOTBETCTBOBATb HaJNHYUIO HMelolefics o Hell nHbOpMaLHH.

Ipunyun pasnoobpasusn nymei paszsumua. Peanusalus reHerde-
CKMX aJTOPUTMOB MHOrOBapHaHTHA M a/bTepHaTHBHA. CylIecTByeT MHOTO
nyrei ssonouud. OcHOBHAas 33ajaya — HaHTH TOYKY OupypKalUUH H BbI-
6paTb MyTb, NPHBOLALUMH K NOJYYEHHIO ONTHMAJBHOTO DelleHHSs.

Hpunyun eduncmea u npomueononoxcHocmu nopadka u xaoca. «Xa-
0C He TOJIBKO pa3pyLIMTeJIeH, HO U KOHCTPDYKTHBEH», T.e. B Xaoce 06/1acTH
JONYCTHMBHIX pelleHHi 06s3aTe/NbHO COAEPKHTCS MOPSALOK, ONpefeNsIoLHi
HCKOMOe pellleHHe.

Hpunyun cosmecrnumocmu u pasdenumensrocmu. [Ipouecc sBoso-
IIMM HOCHT MOCTYNATeNbHbIH, MyNbCUPYIOLIMEA HJIH KOMOWHHDOBAHHBIA Xa-
pakrtep. [TosToMy MOZ€/Nb CHHTETUYECKOH SBOJIIOLHK NOMKHA COUETATh BCe
5TH NPHHLUMIBL

Hpunyun uepapxuunocmu. leHeTHUECKUEe aJTOPHTMbl MOTYT HaACTpa-
MBATbCSl CBEPXY BHHU3 H CHH3Y BBEDX.

Hpunyun «Bpumest Oxxama». HexenatenbHO yBeJHHHBAThb CJIOXK-
HOCTb APXHTEKTYPhl FEHETHYECKHX aJdrOPUTMOB 6e3 HeoOXOAUMOCTH.

Hpunyun cnowmannozo é03nuxnosenus Ipuzoscuna. Tenerudeckue
AJIFOPUTMEl NO3BOJISIOT CMIOHTAHHO [eHEPHPOBATh HAGOPBl AJ1bTEPHATHBHBIX
pElIeHHH, cpeJd KOTOPbIX C OOJbLIOH BEPOSITHOCTBIO MOMXKET BO3HHKHYTD
ONTHMAJbHOE.
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Hpunyun zomeocmasa. TeHeTHdecKHe ANTOPUTMbI KOHCTPYHDPYIOTCH
TaKHM 00pasoM, 4To J6oe MOMyYEeHHOEe afbTePHATHBHOE pelleHde He
JIOJIXKHO BHIXOIAHTb U3 06nacTu ponycTHMbiX. OriepaTopsl B FeHeTHYECKHX
aJIrOPHTMaXx JOJKHBI [I03BOJSTb NONYYaTh pealbHble PelleHHs.

3.7. BeiBoanl

[eHeTnyeckue aaropuTMb — TOMCKOBblE AJTOPDUTMEl, OCHOBAHHBE Ha
MeXaHH3MaX CeJEeKUMH H reHeTHKH. OHHM ABJISIOTCA MOLIHOH CcTpaTerueit
BBIXO[2 M3 JIOKAJbHBIX ONTHMYMOB. DTa CTpaTerus 3aK/l04aeTcsi B napaJ-
JlenbHoi 06paboTKe MHOMXECTBA aJbTEPHATHBHBIX pelleHHH, KOHLEHTPUpPY:
MOWCK Ha Haubonee nepcrneKTHBHbBIX K3 HUX. [lpuyeM nepHomHYeCKH B
KaXJ0H MTepaLHH MOXHO IPOBOAMTb CTOXaCTHHECKHE H3MEHEHHUsI B MeHee
NepCrHeKTUBHBIX PElleHHUsX.

CylecTBYIOT YeTblpe OCHOBHBIX OTJHYUSI r€HEeTHUECKHX aATOPHUTMOB OT
ONTHMU3ALHOHHBIX METOJ0B:

e npsimoe npeoGpasoBaHKHE KOAOB;

® NOHUCK U3 MOMYJsILMH, 2 He U3 eIHHCTBEHHOH TOUYKY;

® [IOMCK 4Yepe3 3JIeMEHTH (Cnenoi MOuCK);

® MOUCK, UCMOb3YIOLUUHA CTOXaCTHYECKHE U MOAU(DHIMPOBAHHBIE Oonepa-

TOpBI, @ He JeTepPMHHHPOBAHHBIE NPABHUJIA.

Vlcnosib3oBaHKe reHeTHYECKHX aJATOPHTMOB NPH pellleHHH HHXKEeHEepHbIX
3a/lay [O3BOJMSIET YMEHBIUHTb O6beM M BpeMs BHIUHCJAEHHH H YIPOCTHTb
MOJeJMpOBaHHe (PYHKUHH, COKPATHTbh YHCJO OLIHOOK MOAEJIHPOBAHHS.

3.8. KoHTpoJBHBIE BONPOCHI

1. TosicHUTE CMBIC/I NOHSTHS «[€HETHYECKHE AJTOPHTMBbI».

2. B yeM 3ak/aI04aeTCsl IBOJIOLMOHHBIH TTOUCK?

3. TlpuBepnTEe OCHOBHBIE LIe/IH ¥ 33[]aYM FEHETHUYECKHX AJTODPHTMOB.

4. BolgesiuTe OCHOBHbIE OTJIHYHTENbHBE O0CODEHHOCTH FeHETHYECKHX aJl-
FOPHTMOB,

5. [lpviBeuTe OCHOBHBIE TOHATHA H ONpPEAEJNEHHS FeHETHUECKHX aJro-
PHUTMOB.

6. Uto takoe uenesas GYHKLHS B reHeTHYECKHX aJrOPHTMax?

7. Tlepeuncnure npenBapuTe/ibHble 3Tanbl PaboOThl F€HETHYECKHX AJro-
PUTMOB.

8. KakuM 06pa3oM B reHeTHYECKHX aJrOPHTMaxX OCYLUECTBJASETCS BbIOOP
crnocofa npeAcTaBJeHUs pPelIeHHs?

9. Kak npousBogutcs paspaGoTka OMEPaTOPOB CAy4ailHBIX H3MeHEeHHH
B reHeTHYECKHX aJrOpHTMax?

10. Kakne crnocoObl «BbIKHBAHHA» PELIEHHHA B FeHETHYECKUX aJrOpHTMax
Bbl 3HaeTe?

11. INosicuuTe, Kak co3naeTcst Ha4yasbHasA MONYASALHS aJbTEPHATHBHBIX pe-

LIeHH#A? .
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12.
13.
14.
15.
16.

17.
18.

19.

20.
21.
22.
23.
24.

25.
26.
27.

28.
29.

[IpuBennTe pasnuyHble MOJENH PA3MHOMKEHHUS, HCIOJb3yeMble B reHe-
THYECKHX aJIFTOPHTMaX.

Jlaiite onpepnenenue MOHATHS NPUHUMNA H NPUBEIUTE MPUMEPHI MPHH-
UHIOB NOCTPOEHHS FeHEeTHYECKHX aNrOpPHTMOB.

Kakum of6pasom onpenensercss spheKTHBHOCTb T€HETHUECKOTO aJro-
puTM™Ma?

[lpuBennTe yeThipe OCHOBHBIX MPHHUHNA (HDOPMHPOBAHHS HauyasbHOH
NONYJALHUH,

JafiTe onpenesenye onepatopa B aqrOpHTMe H reHETHYECKOro orepa-
TOpa.

[TosicHuTe onepaTop pPenporyKLUHH.

[IpuBennTe OCHOBHBIE BUAB ONEPATOPOB PENPOAYKLUAH (CENEKLHH).
[IpuBenuTe 0OCHOBHbBIE CTPATEr MU PeasU3aliy ONlepaTopa PeNnpoLYKLHH.
OnpenennTe NMOHATHE «MpeBapHTENbHAA CXOAHMOCTb aJrOPHTMAas.
JlaiiTe onpeneneHue onepaTopa KPOCCHHIOBEPA.

[TosicHHTe peasu3aLMio NPOCTOrO ONepaTopa KPOCCHHIOBEpa.
[losicHuTe peatH3alHio ABYXTOUEUHOTO ONEpaTopa KPOCCHHIOBEDA.

B ueM 3akimoyaercs peannsauus ynopsfoueHHOTO ONepaTopa KPOCCHH-
roeepa?

[TosicHHuTE peanusalyio HaCTHYHO-COOTBETCTBYIOLIErO ONepaTopa Kpoc-
CHHroBepa.

B uem 3akJ/ouaeTcs peanusalns LHKAKYECKOTO OMepaTopa KPOCCHHIO-
Bepa?

[MpuBenuTe nprMep pabOTH YHHBEPCANLHOrO ONEPATOPa KPOCCHHTOBEPA.
[TosicHHTE OCHOBHYIO UIEH «KaLHOTO» aJrOPHTMA.

B ueM 3akji04aeTcs peatu3aius «©KaIHOrO» ONeparopa KPOCCHHTO-
Bepar

. [IpuBegute npumep paBoThl «KaAHOro» ONEPaTOpa KPOCCHHIOBEPA.
. OnMuUIIKTE OCHOBHBIE OMEPATOPbl MYTALMH.

. IlosicHHTE peany3alUyio MPOCTOrO ONEpPaTopa MyTalUH.

. B uem 3akmwuaercsa peasi3alis onepaTopa HHBEpPCHH?

. [TosichuTe peanusainic onepaTopa TPaHCJAOKALUH.

. B ueMm zakaouaeTcs peanusauus onepatopa TPAHCIO3HLHH?

. IlpuBenuTe npumMep paboTsl onepaTopa cerperalyi.

. [TosicuuTe peanusanuio onepaTopa yaajJeHHs.

. B yem 3akmouaeTcsa peanusalus onepatopa BCTABKH?

. [osicHuTe npuHUMMEL pa6oOTH ONepaTopa PefyKLUHH.

. B uem 3aknouaercs onepatop peKoMGHHAUMK?

. IlpuBenuTte npuMepnt onepauuii o6befUHEHHUS, NepeceieHHs W Pas3Ho-

CTH XPOMOCOM K MOMYJsAUKH.

. [lpuBeanTe NpUMep KOpTeXa M AeKapTOBa IIPOU3BEJCHHS MOMYAALHH.
. OnpegenuTe NoHATHSA «OTHOLIEHHE» U «OTHOLUIEHHE MOMYJIALHHA>.

. [lpuBennTe OCHOBHBIE CBOHCTBA OTHOLUEHHH.

. MoscuuTe NoHsATHE «HeYeTKOe (PACI/IBIBYUATOE) MHOXKECTBOY.

. TlosicHuTe OCHOBHBIE JIOTHYECKHE ONEepalHH HaJ NMOMYJSUHAMH.

. OxapakTepuayiiTe NpOCTOH reHeTHYECKHH alrOPHTM.
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48. TosicuTe CMBICHA MOHATHA «iab/OH» B MPOCTOM FEHETHUECKOM ajro-
pUTMeE,

49. [lpuBeauTte QPyHAAMEHTANbHYIO TEOPEMY HJISl MPOCTOrO FeHEeTHYECKOro
aJIrOpUTMA.

50. IlpuBenuTe yactTb GYHAAMEHTAJbHOH TEOPEMBI MPOCTOrO reHETHYECKO-
ro ajJropuTMa AJs ONMEepaTopa PenpoayKLHH.

51. lpuBeauTe 4acTb GYyHIAMEHTANbHOH TEOPEMBI MPOCTOrO IEHETHYECKO-
ro aJropuTMa [/ ONnepaTophl KPOCCHHTOBEPA.

52. IpuBenuTe yacTb (HDYHAAMEHTAJbHOH TEOPEMbI MPOCTOrO TEHETHYECKO-
r0 ajJropuT™Ma AJs ONepaTopoM MYTAlLHH.

53. [lpuBepHTe NpUMep BHIYHUCJEHHS BBIKHBAIOLIMX LIaDJOHOB Ha OCHOBe
(hyHIaMeHTaJbHOH TEOpeMEl IPOCTOr0 FeHeTHYeCKOro airOPHTMA.

54. [pusenuTe npuMep MOCTPOEHHS NMPOU3BOJAbHOA (OPMANbHOH CHCTEMBI
reHETHUYECKHX a/NrOPHUTMOB.

55. TlosicHuTe OCHOBHbIE CTPATETHH B3aUMOJEHCTBHS METOMOB 3BOJIIOLHOH-
HOrO H JIOKaJbHOrO MOHCKA.

3.9. YnpaxHenus

1. [TocTpoiiTe nMpuUMep CO3LaHUSA HAYANBHON MONYMALUMH HA OCHOBE Me-
TONA «OfesiNas AN HAXOXKAEHUS MHHUMYMA GyHKuuY f(z) = 1% Ha HHTep-
Bane [1—10].

2. MocTpolite npuMep co3maHHs HAYaNbHON NONMYJSILHH HA OCHOBE Me-
Tona «)OKYCHPOBKH» NS HAaXOXJEHHS MMHMMyMa dbyHKuuH f(z) = z2 Ha
unrepsaie {1-50].

3. [MocTpo#ite npuMep CO3AaHUs HAYAIBHON MONYJSILHK HA OCHOBE KOM-
6UHUPOBAHHOTO METOAA /I HAXOMIEHHS MHHHMyMa (QyHKuuH f(z) =
Ha HHTepBase [1—10].

4. TlocTpoiiTe MpUMep CO3AaHHS HAyaJbHOHU MOMYJISLUHH HA OCHOBE Me-
TORAa «APOGOBHKA» [ HAXOMIEHHA MHHHMYMa OGYHKuMM f(r) = r’ Ha
nuTepBaje [1—10].

5. Ina nonynsumu P = {P, - P}, P = 1001 (U® =9), B =
= 1100 (U = 12), P; = 0011 (UP = 3), P, = 0101 (UP = 5) suinos-
HHTb OMEepaTop PenpoAYKUHH Ha OCHOBE M3BECTHLIX METOIOB CEJEeKLHH [1pH
HaXOX/IEHHU MakcuMyMa dynkuun f(zr) = z? Ha unrepsase [1—20].

6. [IpuBepuTe npHUMep HCIIOJAb30BAHHS MPOCTOrO FEHETHYECKOIO aJro-
purma (Fonn6epra) a/s BbIYUCAEHHS MUHMUMYMa OyHKuuH f(r) = x° Ha
unrepsase [1,2,3,4,5].

7. TlokaxuTte npuMep HCNOJb30BAHHS TPOCTOrO FEHETHYECKOI'O aJjiro-
pUTMa NJS BbIUMCIEHUs MakcumyMma dyukuun f(z) = z' Ha unTepBase
[0,1,2,3,4].

8. MokaxuTe Ha npuMepe MUHHMYMa GyHKUHH f(z) = 2° Ha HHTepBase
(1,10].

9. [puBenute aaropuTMbl paboThl A/ Pa3/JHYHBIX ONEPATOPOB PEMnpo-
RYKUHH. o



128 3. OcHOBHbIE NOHAMUA U CIMPYKMYPQA 2EHEMUNECKUX QNSOPUMMOS

10. [lpuBenuTe anropuT™Msl paGoThl LJs Pas/HYHLIX OMEPATOPOB KpOC-
CHHrOBepa.

11. IlpuBenrTe anropuTMbl paboThl A/14 Pa3JHYHbBIX OIIEPAaTOPOB MY TALHH.

12. [puBenuTte anropuTMbl paboTbl ISl PA3JHYHBIX OMNEpPaTOpOB HH-
BEPCHH.

13. IlpuBeaute anropuTMsl pabGoThl O/ PasJUYHBLIX ONEPATOPOB TPaHC-
JIOKALLHH.

14. Ilpupennte anroputMbl paboTH MJIST Pa3HUHBIX OMEpaTOpPOB TPAaHC-
NO3UIHH.

15. [IpuBenuTe anropuT™el padoThl A/ Pa3JHYHBIX ONEPATOPOB Cerpe-
rauuu.

16. [IpuBenrTe anrOpUTMBl PabOThl AJf PA3JHYHBIX ONEPaTOpOB YAa-
JeHHS.

17. [TpusenyTte anropuT™Mel paboThi AJ151 PA3JIMYHBIX ONepaTOpPOB BCTABKH.

18. IlpuBenuTte npuMepsl paGOThl Pa3JHUHBEIX ONMEPATOPOB KPOCCHH-
ropepa g nonyasuuu P = {P, — B}, P =1001 (I® =9), B =
= 1100 (U® = 12), P = 0011 (LD = 3), P, = 0101 (Ud = 5) npu
HAXOXIeHWH MaKcuMyMa GyHKuuH f(z) = z? Ha unTepsage [1—20].

19. Ipuseante npumeps! paboThl Pa3aHYHbIX ONEPaTOPOB MYTALHH AJIs
nonynsuun P = {P, ~ B}, P, = 1001 (U® = 9), P, = 1100 (1D = 12),
P; =0011 (D = 3), Py =0101 (LD = 5) npu Hax0xKJeHHH MaKCHMyMa
dyskunn f(z) = x* na unrepsane [1-20].

20. IpuBeauTe npumMepsl paGoThl PasMUHBIX ONEPATOPOB HHBEPCHH /IS
nonyasuud P = {P — B}, P, = 1001 (U® = 9), P, = 1100 (L1 = 12),
P; =0011 (1P = 3), Py =0101 (LU® = 5) npu HaxoKAeHHU MaKCHMyMa
dyuxunn f(z) = z? Ha untepsane [1—-20].

21. TlpuBenute nmpuMeps! paboTbl onepaTopa TPAHC/JIOKALKH AJS NONy-
aauuu P = {P, — B}, P = 1001 (U® = 9), A = 1100 (1® = 12),
Py = 0011 (LI = 3), P, = 0101 (LLP = 5) npn HaxoxKpeHHH MHHHMYyMa
dyukuun f(z) = z? Ha untepsane [1—20].

22. IlpuBeauTte npuMepsl paGoThl ONepaTopa TPAHCNO3HLMH AJS MOMy-
asunn P = {P; — P}, P, = 1001 (U® = 9), P, = 1100 (LD = 12),
P, =0011 (Ud = 3), Py = 0101 (L1d = 5) npu HaxoxkpeHHH MHHHMYyMa
dynkunn f(z) = z* Ha untepsane [1-20].

23. [lpuBenurte npuMeps paboTbl OMepaTopa cerperauuyd Ajs Tomny-
asunn P = {P — P}, P, = 1001 (L® =9), P = 1100 (LD = 12),
P; = 0011 (LD = 3), P, = 0101 (LId = 5) npu HaXoKAeHHH MHHHMYyMa
dyukuun f(z) = r? Ha unrepsase [1—20].

24. TpusenuTe npuMepbl paboTHl omeparopa yIaJeHHs LJs MOMyJs-
uip P = {P — P}, P =1001 (U® =9), P = 1100 (LD = 12),
P, =0011 (LD = 3), P, =0101 (LUD = 5) npy HaxoxAeHUH MHHHMYMa
dyskuun f(z) = z? Ha unrepsane [1—20).

25. TpuBenure npuMepbl paBoTHl omepaTopa BCTaBKH JJIsi MOMyJssi-
uan P = {P — P}, A =1001 (U =19), P, = 1100 (UP = 12},
P =0011 (LD = 3), P, =0101 (UP = 5) npu HaxoxKIEHHH MHHHMyMa
dynkuun f(z) = z® Ha untepsane {1-20).
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26. IlpuBenuTe npuMepbl paGoThl onepatopa pefyKUHH AJs MOMyJss-
unn P = {P — B}, P, = 1001 (U® = 9), P, = 1100 (1D = 12),
P; =0011 (UP = 3), P, =0101 (LI = 5) npu HaxoxKAeHUH MAKCHMyMa
dynxumn f(z) = z? ua unrepsane {1-20).

27. IlpuBenute npuMepbl paboThl onepaTopa peKOMOHHAUMH AJS MO~
nynsuun P = {P, — By}, A= 1001 (U® =9), P, = 1100 (1P = 12),
P; =0011 (UP = 3), P, =0101 (1D = 5) npu HaxoxAeHHH MaKCHMyMa
dyskuuy f(z) = z? Ha uutepsase [1—20).

28. TlpuBeauTe npuMepsl peanusauuy onepaluii o6beMHeHHs, Nepece-
YeHHS ¥ PA3HOCTH MPOHM3BOJNbHLIX XPOMOCOM.

29. puBeavTe npUMep NeKapTOBa MPOHU3BeNeHHS NONyJAsSuMid Pr =
={Pi, P}, Prr = {B;, Py}

30. IlpuBeante npumep uHBepcuk xpomocomel H = 1100.

31. IlpuBennTe npumep Komnosuuuu xpomocom Hy = 1100, Hy = 0101.

32. [IpuBeanTe npHMep OTHOIWEHHH pedIeKCHBHOCTH, CHMMETPHYHOCTH,
TPAH3UTHBHOCTH M 3KBUBAJEHTHOCTH MEXAY MHOXKECTBAMH XPOMOCOM.

33. [IpuBeanTe nmpuMep COOTBETCTBHA M B3aHMHOOAHO3HAYHOTO. COOT-
BETCTBHS MeX/AY MHOXEeCTBAMH XPOMOCOM.

34. TlpuBenuTe npumep HEUETKOrO MHOXECTBZ XPOMOCOM M OCHOBHBIE
onepauHy Hafl HUMH.

35. [IpuBenxTe cxemy «pelpoAyKTHBHOrO mJjaHa» (YNpoOLIEHHOTO ajro-
purma) 1. Xonnauza.

36. [lpuBenute cxemy CTAHAAPTHOTO TI'eHETHYECKOr0 aJropuTMa
JI. leBuca.

37. [lpuBeaute  cxeMy  NpOCTOTO  TEHETHYECKOr0  alropuTMa
. Tonbp6Gepra.

38. [lpuBennTe npuMep MOCTPOEHHA H3OMOPGHBLIX M HEH3O0MOD(HBIX
1WabJ/I0HOB H XpOMOCOM sl wabnona H = (x1 0).

39. lIpuBenvTe NprMep BbLIUUCAEHHA HHUXKHeH IpaHHIb 4yHcsaa mabsio-
HOB, «BBDKHBAWIIHX» I0CIe DAaBOThl FeHETHYECKOTO aATOpPHUTMa, NpHueM
N,=50,L =09, L, =3.

40. INokaxkure Ha npuMepe BuiuucaeHne m(H,t + 1) naa omeparopa
PENpOAYKLHH.

41. Mokaxkute Ha npuMepe Bhuucherne m(H,t + 1) gas onepartopa
KPOCCHHIOBepa.

42. ITokaxnte Ha npuMmepe Boiuucsaenue m(H,t + 1) nas onepatopos
PENpOAYKLUHH H KPOCCHHIOBEpPA.

43. okaxute Ha npuMepe Buiuucaexne m(H,t + 1) paa oneparopa
MYyTaLuy.

44. Tlokaxkxute Ha npumepe BbiuucsaeHde m(H,t + 1) pus oneparopos
penpoayKLUHU H MyTallHH.

45. ITokaxute Ha npumepe soiuncaeHHe m(H,t + 1) mas oneparopos
KPOCCHHIOBEpa H MYTaLHH.

46. TToxaxkuTe Ha mpHMepe BhiUUCAeHHe 10 Popmyne m{H,t + 1) mis
BCETO [POCTOrO FeHEeTHYECKOro aJrOpPHTMa.

47. TTokaxuTe Ha IPHMepe BbYHUCIEHHE BEPOSTHOCTH «yMUpaHus» Pr (d).

5 JI. A.Tnankos, B. B. Kype#iuuk, B. M. Kypeliuuk
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48. TlokauTe Ha NpUMepe BLIYHCAEHHE BEPOSTHOCTH ¢BBHIXKHBAHHs»
Pr(s).

49. TlpuBeaute npumep nocrpoeHusi GopMaibHOR CHCTEMB! Ha OCHOBE
CTaHA2PTHOTO FeHEeTHYECKOro anroputMa [esuca.

50. [TocTpoiiTe aIrOpHTM peanu3aLHH CTPATETHU <«3BOMIOLUA—TIOHCK—
3BOJIIOLUSA-TIONCK». B KauecTBe 3BosOUMM B3sTh Mofenu [apeuna u Ilo-
nnepa. B kavecTre noucka — NOMCK B IyOHHY W METOA AHWXOTOMHH.

51. [lpusenute npumep paGoTH aATOPUTMA peaNU3AUMM CTPATErHH
«3BOJIIOLUA-TOUCK» .

I'noccapuit Kk pasgeny 3

Axcuoma — nosnoxeHue, puHEMaeMoe 6e3 J0KA3aTENbCTB B KauecTBe
HCXOQHOrO, OTNIPABHOrO AJS JaHHOH TEOPHH.

Axcuomamuueckuii memod — crnoco® NOCTPOEHUsI HAYHHOH TeOpHH,
B OCHOBE KOTOPOH HCIIOJIb3YIOTCS aKCHOMBI, 2 BCe OCTalbHble [PeII0XKeHHS
TEOPHH MOJYYaITCA KaK JIOTHYECKHe CJIEICTBHUSA aKCHOM.

Annenvs — HyHKUHMOHANbHOE 3HAUYEHHE T'eHa.

B3aumnoodno3naurnoe coomeencmeue — KOpTex NJIHHB TPH, B KOTO-
POM KaxIOMY 3JIEMEHTY [IepBOrc MHOXecTBa (HONyAsiL{H) COOTBETCTBYET
OIME M TOJIKO OJHH 3JIeMeHT APYrOro MHOXKeCTBa.

Ten — 3JeMeHT XpOMOCOMbBI (4aCTh 3aKOAHPOBAHHOIO PELUeHHS).

Tenemuueckuii anzopumm (IA) — apanTHBHBIA MOHCKOBBIA MeTOZ,
KOTOPbIH OCHOBAaH Ha CENEKUHH JYYIIHX 3JIeMEHTOB B MOMYJSIHH.

T'enemuuecxuit onepamop — cpeicTBo O0TOOpaXKeHHS OLHOIO MHOXe-
cTBa Ha japyroe. JpyrdMH C/J0OBaMH, 3TO KOHCTPYKLHS, NpeLcTaBasIoLLasn
OIMH LIl U3 MOCJIENOBATENbHOCTH JeHCTBUI reHeTHYeCKOrO aJlrOpHTMa.

Tenomun — o612 reHeTHYECKas yIaKOBKaA.

Tunomesa — ¢opMma pa3BHTHS HayuyHBIX 3HAaHHH, NpeACTaB/ANLASA
coboil 000CHOBAHHOE NPEANOJOKEHHE, BhABHIAaeMOE C LieJIbI0 0ObACHEHHS
NIPUYHH CBOHCTB H CYLUECTBOBAaHHS ABNEHHE NeHCTBHTEJBbHOCTH.

«Madnoili> anzopumm [enaeT Ha KaxAOM liare JOKaJbHO ONTHMAaJb-
HbIH BLIOOP, B HAfiexKJle, YTO HTOroBOE pelleHHe TaKXKe OKaXKeTcs ONTH-
MaJlbHbIM.

«Maodnwiili» onepamop — s13blKOBa# KOHCTDPYKLH$, NO3BOJIAKOILAA CO-
30aBaThb HOBble PElleHHS Ha OCHOBE YAaCTHYHOTO BLIGOPA HA KaxKJOM Hiare
npeoGpasoBaHHUs JOKaJbHO ONTHMAJBHOTO 3HaYeHHA Le/eBOl DyHKUHY.

H3zomopnovie wabnonvt — BapHaHTbl, U3 KOTOPHIX MOXHO MMOJYUYHTb
OIIMHAKOBbiE XPOMOCOMbI HJIH 11aGJOHBL.

Hnusepcus xopmedca onpefiensercs depe3 HHBEPCHIO €ro 3/1eMeHTOB.

Kod I'pes — nBonuHBIH KOA, NoOC/]efoBaTeNbHbie 3HAY€HHS KOTOPOro
OTJIMYAIOTCS! TOMIbKO ONHUM [JBOWYHLIM Pa3psilioM.

Konyenyusa — noru4eCKH yMCTBEHHOE OCTPOEHHE CHCTEMbI BO33DeHHH
0 xakoM-aubo npepmere.
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Kopmesx — ynopsipoueHHOE MHOMXECTBO.

Jlokyc — no3HLHA reHa B XpOMOCOME.

Memod unmepnpemayuii — HeKoTOpas TeOPHs NPOMHTEPIPETHPOBAHA
B APYIyl0 TEODHIO TakKHMM 00pa3oM, YTO BCe AKCHOMbI MEPBOH TEOPHH HH-
TepnpeTHPYIOTCH UCTHHHBIMH CYXAEHHAMH BTOpO# Teopuu. Torma Bcsikas
TeopeMa MepBoil TEOPHH, JIOTHYECKH BbiBeleHHasi H3 aKCHOM, HHTEPIpeTH-
pyeTcst BO BTOPYIO TEOPHIO HEKOTOPEIM yTBEpXKAEHHeM, BbIBOAHMBIM B 3TOH
TEOPHH U3 UHTEPNpPeTalMil H aKCHOM NepBOH TEOpHH.

Mnoocecmeo — nw06oe o6befHHEHHE B OLHO LEJOe ONpENE/EHHbIX,
BIIOJIHE Pa3JHYHMBIX OObEKTOB K3 HALIEro BOCIPHUATHS HJH MBICJH.

Heuzomoppnsie xpomocomst — pazinyHble 00 BUAY XPOMOCOMBI, MO-
JIyuyeHHble U3 ORHOro WabJoHa.

Heuemxoe (pacnnsigeamoe) MHOJCECME0 — MHOMECTBO, KOTOpoOe
HUMeeT HeueTKHe TPaHHLbl, ONpefessiolle NPHHANJIEKHOCTh UIH He NpH-
HaJI/IEXKHOCTDb 3JEMEHTa MHOXECTBY.

Ob6vedunenue 08yx nonynayuii (xpomocom) — HOBas MOMY/IALHA
(xpoMocoma), KoTOpasi COCTOMT H3 3JEeMEeHTOB, NPHHAMJIEKALINX HePBOH
NONYJSIUKH (XPOMOCOME) MM BTOPOH HOMYMAUHH (XPOMOCOME), HIH 0GeHM
nonynsinuaM (XpoMoCoMaM) OIHOBPEMEHHO.

Onepamop — s13bIKOBas KOHCTPYKLIMSA, NPEACTAB/AIOLIAS OAHH LUar U3
1N0CAeN0BATENbHOCTH AefiCTBHA WM Habopa ONHCAHHMI aJropUTMa.

Onepamop 8cmasku — s3bIKOBask KOHCTPYKIUs, IO3BOMAIOLAS HA OC-
HOBe BCTABKH CTPOHTE/NbHBIX GJIOKOB B XPOMOCOMbI pOAHTeNell co3jaBaTh
XPOMOCOMBI TTOTOMKOB.

Onepamop uneepcuu — 53bIKOBAas KOHCTPYKLHSA, MO3BOJSAOLLAS HA
OCHOBe HHBEDTHPOBAHHS DOAUTEJNbCKON XpOMOCOMBI (MJIH ee 4acTH) cosda-
BaTb XPOMOCOMY NMOTOMKa.

Onepamop kpoccurzo8epa — s3bIKOBas KOHCTPYKLHS, NO3BOJSAOLLAsN
Ha ocHoBe npeofpa30Banus (CKPeLIMBAHHS) XPOMOCOM poaMTeNed (MM HX
yacTell) CO3aBaTh XPOMOCOMBI [I0TOMKOB.

Onepamop mymayuu — a36IKOBAsk KOHCTPYKLHUSA, NO3BONAIOMWIAS HA OC-
HOBe Npeo6pa30BaHHS POAUTENBCKOI XPOMOCOMEL (HJIH ee YacTH) CO34aBaTh
XpOMOCOMY TOTOMKA.

Onepamop pedyxyuu — s3bIKOBasi KOHCTPYKLUHS, MO3BOJAIOWAN HA
OCHOBE aHaJM3a MHONYJASUHMH MMOCJe ORHON MJHM HEeCKONbKHX TMOKOJEHHH
FeHETHYECKOrO a/JArOPHTMA YMEHBILATb ee pasMep [0 3a[iaHHOH BeJHYHHBI.

Onepamop pexombGunayuu — A3blKOBass KOHCTPYKLHs, KOTOpas orpe-
JessieT, KaK HoBas reHepauHs XpoMocoM OyfeT MOCTpoeHa M3 popuTesedl H
NOTOMKOB.

Onepamop penpodyxyuu (cenexyus) (OP) — npouecc, NOCpeacTsoM
KOTOPOTO XpOMOCOMB! (a/bTepHATHBHBIE pellieHus), uMewlue 6oJee BhICO-
KOe 3HaueHWe LiesneBOH (DyHKLHH, NOJYYaloT GOJBIIYIO BO3MOXKHOCTb s
BOCIIPOM3BOJCTBA (PEeNpPOAYKLHH) NOTOMKOB.

Onepamop cezpezayuu — $3bIKOBasi KOHCTPYKUHMS, NO3BOJISIOLLAS Ha
OCHOBe BbIGOpa CTPOHTEJIbHBIX GJIOKOB H3 XpPOMOCOM poauTesefi (U X

qacreﬁ) €03aBaTb XpOMOCOMbI [TIOTOMKOB. o

5*
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Onepamop mpancnoxayuu — s3bIKoBasi KOHCTPYKLHSA, NO3BOJAIOLAS
Ha OCHOBE CKPELIMBAHHS U HHBEPTHPOBAHHS H3 [apbl POAUTENBCKHX XPO-
MocoM (MJIH MX 4acTeli) cO3maBaTh [JBE XPOMOCOMBL NOTOMKOB.

Onepamop mpancno3uyuu — s3bIK0Basi KOHCTPYKLHA, MO3BOJAIOUIAS
Ha OCHOBe NpeoOpa3oBaHHs ¥ HHBEPTUPOBAHHA BblAEJREeMOH udacTH poad-
TEeJNbCKOH XPOMOCOMBI CO343aBaTh XPOMOCOMY MOTOMKA.

Onepamop ydanenus — s3bIKOBAsh KOHCTPYKLHs, NO3BONAKLIAA HA
OCHOBe yHaJeHHs CTPOHTENbHBIX OJIOKOB U3 XPOMOCOM popuTeneil (Mau ux
yacTell) CO34aBaTh XPOMOCOMBL MOTOMKOB.

Onpedenennan onuna wabnona — paccTosHHE MeXLy TNepBod H no-
clefiHell MO3HLUIAMH HYJeH H eHHHUL.

Ommnowenue — cBsi3b MeXXAY JIOOBIMH OGbEKTAMH B NIPHPOJE.

Ommnowenue mexncdy nonyrayuamu — napa, upudeM ylnopsaodeHHas,
nepBas KOMIOHEHTa KOTOPOH fBJseTCS HOBOH MONyssdliued, a BTopas —
06/1aCcTbIO 324aHHSA OTHOLLEHHUS.

OmmHowenue 3K8uU8aANEHMHOCMY — NPOU3BOJBHOE OTHOLLEHHEe, KOTO-
poe ONHOBpeMEHHO ped/IeKCHBHO, CHMMETPHUHO U TPAaH3HTHBHO.

Hepecewenue d6éyx nonynayud — HOBas MONMYJSLUHA, COCTOAIIAS M3
3/1IeMEHTOB, KOTOpble MPHHALIEKAT OJHOBPEMEHHO NepBOi U BTOPOH MOIYy-
JISILLAH.

Ioxonenveckue zenemuueckue anzopumast UMEKOT IHHAMHYECKHE
pasMep MOMYJIALHUH B KAXKAOH NOCJeAYOLWeH reHepauum.

ITone unmepnpemayuu — COBOKYIHOCTb MaTeMaTHYECKHX OOBLEKTOB,
KOTOpbiE TMOCTABJEHbH B COOTBETCTBHE Ka)KAOMY HWCXOAHOMY MOHSITHIO M
OTHOLIEHHIO aKCHOMATHYECKOH TEOPHH reHeTHYECKUX aNTOPUTMOB.

Ionynayus — MHOMECTBO a/NbTeDHATHBHBIX YMODPSAAQHEHHBIX HJIH
HEYMOPALOYEHHBIX PelleHH# (XpOMOCOM MM ocobell, UIH HHIHBUAYAIbHO-
cTei).

Ilopadox wabrona — 4ucao 3aKpernneHsbiX TO3ULUHH.

Hpasuno penpodyxyuu M. Xonnanda — B NPOCTOM TeHETHUECKOM
anroput™e wabJoH co 3HadeHHeM LeneBOH (PYHKUWH BblLIE CPeJHEro Ko-
MIUpYeTCcs B C/IEAYIOULYIO FeHepalHio, a WabMoH ¢ ueneBoH (GyHKUUU HHXKe
CpelIHero — yCcTpaHseTcs.

IIpedsapumenvuan cxodumocms anzopumma — NonajaHue pelleHHs
B /060 OAMH JOKA/JbHbLIA ONTHMYM NPU HaJU4YHH UX OOJBLIOrO KOJMHue-
cTBa.

IIpunyun — sto:

® OCHOBHOE MCXOLHOE MOJIOXKEHHEe KaKOU-JI100 TeOpHH;
® BHYTpeHHsA yOeXAeHHOCTb B 4eM-1H60;
® OCHOBHas 0coBeHHOCTh pabOThl MeXaHM3Ma, YyCTpOHCTBA H T. 11,

Ipocmoii zenemuueckutl anzopumm ciyq4aliHO TeHEpHDPYeT NOMYyJisi-
HHIO XpPOMOCOM (a/bTepHATUBHBIX YIOPSAOUEHHBIX H HeyMnopsoYeHHBIX
pewenuil). 3aTeM NPOH3BOAMTCA KOMHPOBAHHE XPOMOCOM, Ie€PeCcTaHOBKa
HX yacTell ¥ reHepaLMsi HOBBIX XpPOMOCOM (peuleHuil) Ha OCHOBE TpeX
OMepaTOPOB: PENpOLYKLUHH, KPOCCHHIOBEpa U MYTALHH.
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Hpamoe (dexapmoeo) npouseedenue deyx nonynsayuti — NONYJISALHS,
COCTOsLLAS U3 BCeX KOpTexeH AJMHHK 2, nepBas KOMIIOHEHTa KOTOPBIX NPH-
HaJJIeKHT NepBOH NMOMyJsLHH, a BTOPas KOMIIOHEHTa — BTOPOH MOMYJIALHKH.

Pasznocms Osyx nonynayuii — HoBas NONyJasLHs, COCTOALLaA H3 3Je-
MEHTOB, KOTOpble NpPHHaLJeXaT Neppoli NONyAsIUMM ¥ He NpHHaANexaT
BTOPOH.

Coomeemcmaue — KOPTEX IJUHBI TPH, NepBas KOMIOHEHTa KOTOPOTo
ABJSETCs NOAMHOXECTBOM JeKapToBa NPOM3BeNeHHsi BTOPOH H TpeTbef
KOMMOHEHTHI (nonyJIsyui).

CmayuonapHele eenemuqecKue anzopummst UIMeT NOCTOSSHHBIA pas-
Mep TONyJsLUH.

Cmpamezus — onTHMalbHbIE Ha60D MPABUJI H IIPHEMOB, KOTODBIE M03-
BOJISIIOT peasi30BaTh 06LLYI0 LeJb, ZOCTUIHYThH IMIOGAJLHBIX U JOKAMbHAIX
uesef pellraeMoi 3afgayd.

CmpoumenvHbie 610Kku — TeCHO CIIETEHHbIE MeXy coOol rexsl (ua-
CTH a/JbTePHATHBHLIX DELIEHHH), KOTODblE HEXKeNaTeNbHO H3MEHATb NPH
BbIMOJIHEHHH FeHeTHYECKHX ONepaTopoB.

Teopua — cHcTeMa NPHHLHUIOB, 3aKOHOB, KATEropuil, NOHATHH, KOH-
LenLui, ONUCHBAKWLLAA KaKoe-JTUOO OTHOCHTENbHO OJHOPOAHOE, LEJOCTHOE
fIBJIeHHe HJIH COBOKYNHOCTb €ro 3/eMeHTOB. KpHTepHH HayuHOH TeOpHH:
OTHOCHUTENbHO 3aBepIUieHHasl JIOTHYecKas CTPyKTypa (NPHHUMAH, KaTero-
PHU, TOHATHS K AP.), HAJHYUE TEOPeTUHECKHX KOHCTPYKTOB (KOHUEMUHUi,
nonoxeHuh, runores U Ap.). Hanmuuue nonoxennit, fokazarenncts, coemu-
HSAIOWIMX 3TH KOHCTPYKTbl C HMeLUMHCH PaKTaMH, ADYTHMH TEODHSIMH.

Pernomun HopMUpyeTCs NOCPENCTBOM CBA3H [€HETHIECKOH YIAKOBKH C
OKpYyxKamwtilell cpenoii.

DopmansHas cucmema TPeLCTABASET MaTeMaTHYeCKHe TEOPHH Kak
TOUHbIE MaTeMaTHYecKHe OObeKThl M CTPOHTCS KK TOUHO OdepueHHbIH
KJacc BblpaXkeHHi — (opMyJ, B KOTOPOM TOYHbLIM 06pa3oM BbIAeMseTCs
nopkjace GopMyJs, Ha3bIBAEMBIX TEOPEMAMH NaHHON CHCTEMbI.

Xommuneoeo paccmoanue — KoJAHYECTBO NO3ULHHA ¢ HECOBIAJAMOLH-
MH 3Ha4eHHSIMHM eHOB B XPOMOCOMaX, NpeJCTaBJeHHbIX B ABOHYHOM KOJe.

Xpomocoma — 3nement nonyasuud (OLHO aNbTEPHATHBHOE YIOPALO-
YeHHOE HJIH HeyNopsA04YeHHOEe pelieHHe), COCTOSUIMI U3 FEHOB.

Henesaa yuxyua (GyHKUHS M0JE3HOCTH, NIPUCNOCOOIEHHOCTH, TIPH-
TOAHOCTH) XapaKTepH3yeT OfpeleseHHbIH YPOBEHb KayecTBa, KaX a0l Xpo-
MOCOMBI B nonyasuuy. OHa HCNOMb3yeTcsl B TeHEeTHYECKHX aArOPHTMAX AJf
CpaBHEeHHs a/bTePHATHBHBIX PellleHHH MeXay coGoH.

Ilabnon B reHeTHUECKUX a/JTOPHTMAX — [OAMHOXKECTBO XPOMOCOM,
COLepKallMX 3HAKH «*» (He UMeeT 3xavenus O uau 1).

Jeon04uUOHHbIL NOUCK — NOCKefOBaTeNbHOE NPeobpasoBaHye OfHOrO
KOHEeYHOro HeYeTKOTO MHOXKECTBA NPOMEXYTOUHbIX PelleHUH B Apyroe.

Jgonroyus nonynayuy — 4vepejOBaHHE NOKOJEHUH, B KOTOPbIX Xpo-
MOCOMBbI (podumenu) W3MEHSIOT CBOW 3HaueHHs Tak, 4TOOBl KaXK[0€ HO-
BOE MOKOJeHHe (nomomku) HauNydLWIHM CIIOCOGOM mpHCnocabJaHBaioCh

K BHelUHel cpene. .



134 3. OCHOBHbIE NOHAMUS U CMPYKMYPQA 2EHEMUYECKUX GACOPUMMOB

«dnumuszm» — ornepauus, KOrga XpoMocoMa ¢ HaHJAYHLIHM 3HaYeHHEM
ueeBOH (GYHKUHMH Cpasy KOMHPYeTCss B HOBYIO MONYMSLHMIO.

Ippexmusrocme 2enemudeckozo anzopumma — CTENeHb DeaNHu3a-
UHH 3aNJaHHPOBAHHBLIX [eHCTBHHA aJropuTMa H AOCTHKeHHe TpebyeMblX
3Ha4YeHHUH LlesieBOH (DYHKLHUH.
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FeHeTHueCKHe AJTOPUTMBI — IMOUCKOBBIE AJTOPHTMBI, OC-

HOBaHHbIE HA MeXaHM3MaX CeJeKUuH M reHeTunku. Oum sB-

JFIOTCH MOWHON CTpaTerueil BLIXOJA M3 JOKaJbHBIX OIl-

TPIMYMOB. HCHOJ’ILSOBaHﬂe reHeTU4YeCKHUX aJIl‘OpHTMOB Hpﬂ

pelIeHNN MHIKeHEPHBIX 3aJay NO3BOJSET YMEHbUIUTh O0b-

em namatd IBM n Bpems BBIYMCIEHMH 08 HaXOMXKIECHUSA
OINTHMAJIBHBIX pelmeHui




4. COBMECTHBIE CXEMBbI JIOKAJIBHOTI'O
U TEHETHYECKOI'O IIOMCKA

Joragxy B 3BO/MIOLHMOHHBIX HCCNENOBAHUSX Te-
nepb CAyXaT TOH Xe leJjH, 4YTo B (H3HKe:
9TO KOJIMYECTBeHHble pabouHe THnoTesbl, Ha-
NpaBJieHHble Ha yAYUIIEHHe DKCIePHMEeHTabHOH
paboTe!, NpOBEPKY, YCOBEPIIEHCTBOBaHHE HJH
OTpOBePXKEeHHEe TeOPHUH.

B.-X. Jiu, 1. I'pop

4.1. Mogn¢dunupoBaHHbIe FeHeTHYECKHE ONEePaTOPhI

1. PaccMOTPHM TeXHOJIOTHH NOCTPOEHHS FeHeTHYECKHX ONepaTopoB /s
pelleHUs MpakTHYecKHX 3afay. OnuileM cHayasa onepaTop pPeKOMOHHALMH.
HMetoTcst TP pasaHYHBIX MeXaHH3Ma ero paboThi:

® UCII0/Ib30BaHHE HECKOJIbKHX a/bTePHAaTHBHBIX DelleHHH;

® HCMOJIb30BaHHe KOMOHHHPOBAHHOTO ONepaTopa peKOMOHHAUMH — CKpe-
LHBaHHUS,;

® HCROJb30BaHHE KOMOHHHPOBAHHOrO ONepaTopa peKoMOKHALMH — CKpe-
LIHBAHUS B CPELHEM.

Bce stu omeparopbl Moryt pafoTaTh IpH JI060M HHCJAE DOAHTeJeid.
XpoMmocoMbl /14 peasU3alluy OfnepaTopa PeKOMOGHHALHUK BHIOUPAOTCA CIIY-
yaitno. Takoll MHOZOXPOMOCOMHBII MexaHUuzm 2n006anbvHOll pexombu-
Hayuu sBAseTCs MOC]eACTBHEM nepefopa xpoMocoM. 3fmech Gonee ABYX
XPOMOCOM-POAHTE/IEH MOTYT NMPHHHMATb yYacTHe B [IOCTPOEHHH XPOMOCOM-
notoMkoB. OTMeTHM, YTO 3aMeTHOe YCKODeHHe NOHCKa Hab/iofaercs MpH
Nepexoge OT MONOBOK MOJAENH Da3MHOXEHHS K HemoJIOBOH MOJeNH, T.e.
NpH HCIIONb30BAHHH INI06aNbHOH PEKOMOHHALHY BMECTO BapHaHTa C ABYMs
PORHUTENSIMH.

2. lns o60OLLeHNs U pacCIIMPEHHUsl CTaHJApTHOrO orepaTopa KPOCCHH-
roBepa H3BeCTeH ckaxupyrouyuid anzopumm. OH GasupyeTcsa Ha npole-
Aype NPOCMOTpa MONY/NALHH, KOTd XPOMOCOMA-NIOTOMOK CTPOHTCS CJjeBa
nanpaso. MoandHuHpoBaHHAA MpoLeLypa CKaHHPOBAHHS HMeeT CJefyio-
WHHA BUIL
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BEGIN
HuHpouBuOyanusauMsa (Mapkep Ha NEepBOH MO3MUMHM KaXgon
XPOMOCOMH )
For i=1 to i=L
CHOOSE Bubop j u3 1,\ldots , r
Onpegenenue i-# nosuuuu poOouTens Jj
UPDATE (Moguduxanus mapkepa)
END

Sta npolienypa onpenesser o6LIHe O0XKEHHS PEKOMOHHALMHE HECKONb-
KHX pojguTesnedl U faeT ofllee onpeleseHHe onepaTopa PeKOMOHHALHH,
YacTHbIE CJy4au KOTOPOro onpefensiioTcss Mexanusmamu seibopa CHOOSE
1 mopudukaunu UPDATE. B npocreiiem ciyuae mogudukauns UPDATE
MOXeT CBOAHTbCA K MepeMelleHHI0 MapKepa Ha OLHY MO3HLHIO BNPaBO.
CkaHHpOBaHHEe MOXeT ObITb alaTHPOBAHO K YIIOPSIOYEHHOMY NpelCcTaBJe-
HHIO, KOTla KaXIblH reH XpOMOCOMbI MOXeT ObiTh NepectaBaeH. DTo rapaH-
THPYeT, YTO «IydlllHes reHbl OYAyT BHIGpaHb M3 poauTeNeH B MONYJSALHH
IJIST TIOJIyYeHHs! IOTOMKOB C ONTHMAJbHBIM 3HAYEHHEM UeNeBOH (QyHKLHH.
B 3aBucuMoctu oT MexaHuama BuiGopa popureneit CHOOSE Bosmoxub
pasnuyHble BEPCHM CKAHHPOBAHHUS: eJHHOE CKaHHpOBaHHe (BCe POAMTENH
HMEIT OJMHAKOBYI BEPOSTHOCTb OBbITb BHIGPaHHBIMH); CKaHHPOBaHHE IO
3HaYeHHIO HeseBol GYHKUHH, KOTAA BLIOOP BHIIONHAETCS [POIOPLHOHABHO
3HaueHHIO 1leneBol GhyHKUHY (LeseBoe CKAHWPOBAHHWE) U T. 1.

CyuiecTByeT psif MpaKTHUECKHX 3aAad, Koraa BHGOp 60abWIOro ducia
poauTesell (anbTepPHAaTHBHLIX pellieHHil) oGecrnevHBaeT JydUIHe Pe3yJbTa-
Thl. 3aMeTHM, YTO HCIIOJb30BAHHE ONEpaTopa PeKOMOHHALHK C HECKOJIb-
KHMH POLHTENSIMH NO3BOJSET YBEAHYUTh ObICTPOAEHCTBHE 3BOJIIOLHOHHOIO
noucka. OfHaKo 3TO yBeMu4yeHHe He Bcerga MoXer npousoitd. [losromy
53¢ QeKTUBHOCTb MOUCKA U3YUYalOT Ha TECTOBBIX 3afauaxX ¢ KOHTPOJHPYeMbl-
MH [apaMeTpaMu.

3. KauecTBO KOHKDETHOrO reHeTHUECKOro ajirOPHTMa MOXKHO OLEHHTb
pacctostuueM D = (fi — f2)/f1, rae fi — rioBanbHbIA ONTHMYM, MOJNYYEH-
HBIH SKCHepHMeHTaNbHO (€C/AH OH H3BECTEH), a fy9 — Jydllee 3HAYEHHE,
HalleHHOe 5THM AJrOPUTMOM. ['eHeTHUECKHEe aJrOPHTMBI C ONEPaTOPaMH
BBLICOKOTO YPOBHSI HMEIOT OOJIbIIHE pa3Mepsl MONYIALUHMH, YTO H OGbIACHAET
ux noctodHcTBa. [IpuBenem psaa runores.

lunortesa 1. Hcnorv3osanue meHouieco HUCAQ MOUeK pPaspuisa 6
2eHemuvecKux onepamopax npugodum K nosviuieruio bvicmpoodelicmeus
2eHemuyuecKko2o noUCKa.

I'nnoresa 2. Boavwue pasmepot NONYASYUL YAYHULIAIOM IHAUEHUE
yenesoli pyHKyuU 8 cenemuseckux arzopummax 00 onpedesennozo npe-
desa.

IF'unoresa 3. Hcnoavsosarnue Gorvwiezo wucaia podumeneil npueo-
Jum K yseauuenuro npocMpancmea nOUCKa U NO8biutaem 8eposmHOCMb
NOAYUEHUS ONMUMAABHOZO UAU KBASUONMUMAALHOZO DE3YAbMama npu
YBeAUUCHUU BPEMEHI NOUCKA. s
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OnuiueM TeXHOJIOTHH NOCTPOEHHS MONU(PHUUHPOBAHHBIX FEHETHYECKHX
OMnepaTopoB, HCNOJb3Ys (paKTajbHble MHOXECTBA, METOABl OJHOMEPHOro
noucKa (naccHBHBIH, NOC/AENOBATENbHBIA, UX0TOMHH, PUBOHAYYY B 3040-
TOrO CeYeHHs) U APYTUEe METOAB!, ONMHCAHHLIE BBILIE.

PaccMOTpHM AHaroHa/abHbIE ONEPAaTOpP KPOCCHHIOBEpa, KOTOPLIH sBAA-
eTca 06obLIeHHeM MHOTOTOYEYHOTO onepaTopa Kpoccudrosepa. OH cospaet
7 MOTOMKOB OT 7 poiuTesell ¢ BbipanubiMH (r — 1) TouKaMH onepatopa
KpoccHHrosepa. [loroMok GopMupyeTcs 43 r yacTeil XpOMOCOM pOLHTENEH,
B3RTHIX NO «JuaroHanu». Hanpumep, B nonyasuun P = {P, P;, P;} npu
peanusalyy AHArOHAJbHOTO OMEpaTopa KPOCCHHIOBepa ¢ ABYMSl TOYKAMH
paspbiBa MOXKHO MOCTPOMTDL CJeAYIOLHe YeThIpe XPOMOCOMBI TOTOMKA.

P:12 | 34|56
P: a b | cd| ef
Pz yl zov | st
P: 1 2 c d s t
P: a b z v 5 6
P: x y c d 5 6
Pr: 3 4 e f z v

3necs Py, Py, P3 — popuTesbcKHe XpoMOCcOME nonyasiuuu P, a Py, B,
P;, P; — XpoMOoCOMBI-NIOTOMKH, TNONIy4eHHbIe nocae paboTh AHaroHalbHOro
ofepaTtopa KpoccuHroBepa. Takoi orepaTtop siBJASETCS YAcTHBIM CJyuyaeM
onepatopa cerperaunH. Jlerko ybeautsbes, yTo AJs r = 2 OUaroHanbHBIHA
KPOCCHHI'OBED COBNAAaeT ¢ OAHOTOUEYHLIM KPOCCHHIOBEPOM H B HEKOTOPBIX
cnayvasx o606uiaeT MHOrOTOYEHHBIH ONepaToOp KPOCCHHrOBepa ¢ ABYMSA
poantensMu. JlHaroHanpHLI ONepaTop KPOCCHHIOBepa HHOTAA HA3bIBAKOT
KPOCCHHTOBEPOM TPHAZBL.

4. B 1980 r. b. MaHenb6poT yKasan Ha (ppaKTanbHyi0 FeOMETPHIO NPH-
ponbl. Cornacuo b. Mauaens6poTy 3BO/IOUMOHHPYIOLIHE CHCTEMBI HUMEIOT
dpakTajsbHYO NPHPOAY W HANHYHE HAMPaBJEHHOIO HeCTHXHIIHOrO 0T6Opa H
CaMOCOrJIaCOBaHHYIO 3BoaOUKI0. PpakmansHbie 06vekmot caMONOROGHbI,
T.€. WX BHJ He NIpPeTeprieBaeT CYLIECTBEHHBIX M3MeHEHHH NpH H3MeHeHHH
MacmtaboB UX fAesiTesnbHOCTH. MHOXecTBa, HMEOIIHe TaKYIO CTPYKTYDY,
cyHTal0TCs 06Jafal0IIMMH TeOMeTpHYecKoi (MacluTabHoll) YHHBepcaabHO-
ctbio. [IpeoGpasoBanyd, co3faplinde TakHe CTPYKTYPh, — 3TO NpoLecchl
¢ obpartHoll CBfA3bI0 ¢ GOJNBIUHM YHCJAOM HTepalHH, KOTla OflHa M Ta Xe
onepauys BHIIOJHSAETCS CHOBA H CHOBA, aHAJIOTMYHO 3BOJIOLHOHHBEIM MpPO-
neccaM. 34eCh pe3y/IbTAT ONHOH HTepaLHH SBJASETCS HAayalbHbIM YCJOBHEM
s apyroil H TpefyeTcs HeJMHeHHas 3aBHCHMOCTb MeXAy pe3y/hTaToM H
peasnbHbIM 3HAYEHHEM.

Takne MHOXeCTBa OGBHEKTOB HA3BIBATCA (PAKMANBHBIMU MHONCE-
cmeamu. OCHOBHBIMH NPHMEPaMH TAKHX MHOXECTB SBJAIOTCA MHOXeCTBO
Kantopa v koBep CepnHHCKOrO. JTH MHOXKeCTBa 06,1ajal0T reoMeTpuye-
CKOlM MHBAPUAHTHOCTBIO H Ha3blBAlOTCS «MHOMXKECTBa CPeJHHX TpeTeil».
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4.1. PaccMoTpuM NMpoCTol BapHaHT NOCTPOeHus muoskcecmea Kanmo-
pa. Ilycth Ha BellecTBEHHOH OCH 3a1aH OTPe30K enHHM4HOH Aauub [0, 1].
OH fe/iMTCH Ha TPU paBHbIe YaCTH M CPENHAA 4acTb ABJSAETCH OTKPLITHIM
untepeagom (1/3, 2/3 Boipesaercs), Kak nokasaHo Ha puc.4.1.

Puc. 4.1. Ipumep nocTpoenus mHoxecTBa KaHnropa

Auanoruysble AEHCTBHS BHINOJHAIOTCS C KaAbIM U3 OCTaBIIHXCH OT-
peskoB. [Tonydaem nocrenosaTenbHOCTb 0TPE3KOB yOhiBaOWeH Atunbl. Ha
NepBOM 3Tarie — 3TO OAUH OTPe30K, Ha BTOPOM — [Ba, HA TpeTbeM — 4
U T. A, HAa k-M — 2k. Ilpu k — 0o uMeeM MHOXKECTBO TOUYEK, HA3LIBAEMOE
mHOXxecTBOM KaHTopa. CymMMapHas JJHHZ BCeX BBIDE3aHHBIX OTPE3KOB
paBsa 1.

MHoxectso KanTopa, npomexyrouHoe mexay toukamu d =0u d =1,
aBaseTcss gpaxmanom. [lns GpakraioB BBEASHO INOHATHe @pPaxkmanbrol
pasmeprocmu. Ilns mHoxecTBa Kautopa, kotopoe coctout U3 N = 2n
pasfie/leHHbIX HHTepBasoB AaHHOH € = (1/3)n, dpaxranbnas pasmepHOCTb
paBHa

nln2
nln3

[MpumepoM ¢pakTanbHOro o6bekrTa MOXKET OBITh CXeMa «CHEXHHKH».
Ha puc. 4.2 nokasan npouecc noctpoeHns MHOxecTBa KanTopa no waram.
Takol (pakTanbHbiil 06BEKT HHOrAA Ha3biBalOT Kpusoh Koxa.

OPP =

=~ 0,63.

Ky

Kl_—_—/é\_‘——

Kl €

Kl Z
Puc. 4.2. [pouecc nocTpoeHUs MHOXKecTBa KaHTopa «CHEXHHKH»

Kaxnas tpeThb «CHEeXXHHKH» CTPOMTCA HTEPATHBHO, HauWHas C OJHOM
M3 CTODOH DaBHOCTOPOHHEro TpeyronbHuKa. Ko — HayanbHBIH OTPE3OK
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(puc.4.2, a). Y6epem cpefHIOn TPeTb U 106aBUM JBa HOBBIX OTPE3Ka TAKOH
xe pausbl. Toayyum muoxectso K (puc.4.2,6). [losropum npouenypy
MHOTOKPATHO, Ha KaXKAOM LIAre 3aMEHAs CPEAHIO TPeTh ABYMsS HOBHIMH
otpeskamu (puc.4.2, 8).

Ecnu B3gaTte Komuio K, yMeHblUeHHYIO B Tpd pasa r = 1/3, To Bce
MHOXKeCTBO K MOXHO cocTaBuTb M3 N = 4 takux konuil (puc.4.2,¢e).
CreposaTenbHo:

Log (4)

PPP = — L = 18.
P Tog (3) 1,2618

4.2. O6o6uenne MHoKecTBa KaHTopa Ha ciyyal njockuX GHTYp NpH-
BOAMT K «ko8py Cepnuncxozo». Hanpumep, mycTh 3aJaH0 HauaNbHOE MHO-
XKecTBO Sy — PABHOCTOPOHHHH TPEYTONbHHK BMeCTe ¢ 06JaCTbi0, KOTOPYIO
oH 3anumaer (puc.4.3, a).

a

Puc. 4.3. ITpumep nocrpoeHus kospa CeprnuHCKOro

PasofbeM Sy Ha YeThipe MeHblLIME TpeyroJibHble 06JacTH, COeAVHHB
OTpe3KaMH CepeHHBl CTOPOH HCXOLHOrO TPEyroJbHHKA. YRANHM BHYTPEH-
HOCTb LICHTPaNbHOH TpeyrobHOl obnacTi. ITo MHOXKecTRO S (puc. 4.3, 6).
[ToBTOpHB npouece sl Ka)KAOr0 M3 TPeX OCTaBLIMXCS MaJeHbKHX Tpe-
yronbHHKOB, nonyuum Sy (puc. 4.3, 6). [Ipogonkast aHAaJMOrHYHO, NOJAYUHM
[10C/Ie10BATENBHOCTL BACKEHHBIX MHOXECTB Sy, Ube NnepeceueHue u obpa-
ayeT KoBep S (puc.4.3, ).

Bech kosep — o6benuHenne N = 3 cylleCTBEHHO YMeHbIIEHHEIX B 2 pa-
3a komuil: koshduuuent nopodus r = 1/2 (kax N0 ropusoHTaMH, TaK M
no Beptukaan). CrenosatesbHo, S — caMonofoOHBIA (pakTan ¢ pasmep-

HOCTbIO Log (3)

POPP = Tog (2)

~ 1,585.
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OueBuzHO, YTO cyMMapHas IJIOMlagb YacTel, yjaseHHbX NpH MOCTPO-
€HHMH, B TOYHOCTH paBHa IJIOWafH HCXONHOro TpeyroibHuka. Ha nepsom
ware yaanuan 1/4 yacrb niowany, Ha caeayloweM ware — TPH TPeyroJb-
HUKa ¢ nuowanso kaxaoro (1/4)2 u 1. 4.

[TosHble 1O/IM BHIKHHYTOH MJIOMIAAH:

1/4 4+ 3(1/4)2 + 3%(1/4)3 + ..+ 3"~ 1(1/4)" = 1.

CiienoBaTenbHO, OCTaBUICECS] MHOXKECTBO S, T. €. KOBep, UMeeT IJIoMaLb
Mepbl HYJb. OTMETHM, 4YTO Ha OCHOBe MHOXecTBa KaHTopa u kospa Cep-
MHHCKOTO MOXHO MOJIYy4aTh JMI0Obe CTPOUTENbHbBIE GIOKH.

4.3. OnuiueM onepaTtop KPOCCHHrOBepa HAa OCHOBe WAeH NOCTPOEHHS
MHOxecTBa KaHTopa M mokaxem pa6ory Ha npumepe. IlycTb 3agaHbl ase
poRuTenbCcKHE XpoMOCOME Py, P;. CorsacHo Haee MOCTPOSHHST MHOMXKECTBA
Kaurtopa B Py, P» onpefienum aBe TOYUKH Pa3pbiBa, KOTOPHE HAEJST XPOMO-
coMy Ha TpH paBHble wacT (1/3+ 1/3+ 1/3). Ecau npu menenun piusbl
XpPOMOCOMBI Ha 3 OTBeT He fBJfETCs LieJblM, To GepyTcs OnuXKaiuine
uesble, HanpuMep, npu L = 7 noayunm 1pu vactu [} =2, [y =2, [3 =3
(h+lh+l3=T7).

Bropas uacTe xpomocombl PynoMeluaercss B XpoMOCOMY MOTOMOK P,
a BTOpas 4acTbh XPOMOCOMEl P| nomellaeTcsl B XpOMOCOMY NOTOMOK Fiy:

P: 1 2 314561 7 8 9

P,: 2 46 | 81357 9
Pl: — — - 813 — — —
Pl: — — — 456 — — —

JanvHelluee 3ano/siHeHHe NMOTOMKA Pl’ BLINOJIHsIeTCA U3 P, cieBa Ha-
[IpaBo, HCKJ0Yas MOBTOPSIOLIHECS H Bhipe3aHHble renbl. [TycTeie nosuuun
3aMOJIHAIOTCS reHaMu U3 Py. Amajornysas npolefypa BbINOJHAETCS H IJIs
nocrpoenus notomka Py. Toraa monyunm:

Pl: 2798134
P,: 2874569

[Ipomosmkas npouecc WTepalHOHHO, B XpoMocoMax Py, Py Bhipexem o
ABa OTpe3Ka, pacnoJoxkeHHbIx Mexay [1/9,2/9] u [7/9,8/9], u npoussenem
nepecTaHOBKY COOTBETCTBYIOUMX reHoB. [IpH 3ToM nosaydum:

Pl 2 |71 98134]6]F5
P 2 | 8| 745609 1] 3
P/ - 8 -—813- 1 -
B/ - 1 — 456 - 6 -

Hanprediee sanosHenve notoMka Pj'himonnserca u3 P| ciesa Ha-
NpaBo, UCKJIOYAs NMOBTOPAIOLIKECS H Bhipe3aHHHe redsl. [lycToie mo3mivu
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3aMoNHAIOTCA reHaMu U3 Py. AHaJoru4Has npouesypa BHINOMHAETCA H AJs
nocTpoeHus notomka Pj/; noaydaewm:

Pl': 289813446
P/: 2794563 p 1
P': 259813476
Pl: 2794563 81

B pesynbrate HCno/ib30BaHHA ONMepaTtopa KPOCCHHICOBEPA MHOXeCTBA
KanTtopa noanyunnu gerbipe xpomocoMul notomxa P|, Py, P/', Py

4.4. OnuueM onepaTop MyTalud Ha OCHOBe HJeH MOCTPOEHHA MHOXe-
crBa Kanrtopa. OH 3ak/i04aeTcsl B NepecTaHOBKe TeHOB, HAXOUSIUHXCA 33
TOuKaMu paspesa. Hampumep, mycTh 3afiaHa poAUTeJbCKasi XpoMocoma P.
OnpepenuM [Be TOYKH paspeiBa B Py, KOTOpLIE HEJAT XPOMOCOMY Ha TpH
paBHble HJH GJH3KHE K HHM HaCTH:

P: 1234567809
Pl: 127|456 389

Monucdukauueit oneparopa MyTauHH MHOXecTBa Kanrtopa saasercs
npolleypa, Korga fepsasi 4acTb POAHTENBCKOR XPOMOCOMBL MEHSIETCS € Tpe-
the#. Hanpumep.

P: 12345617809
Pl:789|456] 123

OTmeTuM, YTO Ha OCHOBe MHOXecTBa KaHtopa u koBpa CepnuHcKo-
ro MOXHO CTpOUTb NGO reHetuyeckuil oneparop. [Ipu ucnosb3oBanuu
NOCJIe0BATEbHOrO NOKCKA BhINONHAETCA Nepefop Touek pas3puiBa A/ Ha-
XOXJEHHs XPOMOCOMbI C ONTHMA/NbHBIM 3HayeHHeM LeseBOH PyHKUHMH.

4.5. OnuiueM MOCTpOeHHE eHETHYECKHX OMNepaTopPoB C HCMOJL30BAHH-
eM MeToia guxoToMud. OHH peasnU3yloTCs 32 CYeT MexaHH3Ma nepefopa
TOYeK paspbliBa.

Ipusenem HeyeTKHH ajJrOpUTM NMOCTPOEHHS ONEpaTopa KPOCCHHroeepa
OHXOTOMHH.

1. 3agath nBe poouTebCKHE XPOMOCOMBI JJIHHBI L.

2. Pasgenuts xpomocomy (oTpesok L) nononam (npu HedeTHOM pasmepe
XpOMOCOMBI B J100yi0 4acTb Oeperca OGoJbluee OnMKalilliee 4HCJIO
FEHOB).

3. OnpenenuTh TOYKY OrnepaTopa KPOCCHHIOBEpPa AUXOTOMHH C MOMOUIbLIO
TOUKH pa3pbiBa.

4. [TonyyuTh ABE HOBLIX XPOMOCOMBI-TIOTOMKA MO NpaBHJaM MOCTPOEHHS
O[HOTOYEYHOr0 OnepaTopa KPOCCHHIOBEpa.

5. PasznesiuTh KaXIyi0 MOJOBHHY XPOMOCOMBI-NOTOMKA CHOBA Ha 1Be 4a-
CTH M TPOLECC NPONOJHATb AHAJOTHYHO AO TeX Mop, rnoka He Gyper
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NOJIy4eHO 3aJaHHOE KONHYECTBO XPOMOCOM-NIOTOMKOB HJIH METOL AHXO-
ToMHH 3apepuintces. [Ipd nonyyeHud HepeasbHBIX pelleHr (XpoMOCoM
¢ MOBTOPAIIIMMHCS FeHaMH) BOCCTAHOBHThL peasbHble peilleHHs. [lpu
3TOM TOBTOPSAIOLIMECS] T'eHbl 3aMEHHTb HA OTCYTCTBYIOLULME [eHbl U3
XPOMOCOM-POAUTENEH.

6. Koneu pa6GoTsl anroputma.

Pacemotpum npumep. Ilyctb ans peanusauun onepatopa KPOCCHHIOBe-
pa AMXOTOMHH BbiGpaHa nonyJsiuusa P, cocToALlas u3 ABYX POLHUTEJbCKHX
xpoMocoM Pj, P,. Heo6xoauMo nosy4HTb HETHIPE XPOMOCOMbI-TIOTOMKOB.
[Nocsie nepBofi uTepauu#u onepaTopa KPOCCHHIOBepa LHXOTOMHH HMeeM
aBe XpPOMOCOMBI-NOTOMKH. [lepBas xpoMocoMa-moToMOK F3 COCTOHMT H3
ABYX CTpouTesbHbX 6nokos: 1CB; U 2CBs, amech 1CBy =(1,2,3,4) —
NepBbIi CTPOHTeNbHbI 60K (JeBas HacThb POAMTENbCKOH XPOMOCOMBI
P;), a 2Cbs = (8,6,7,5) — BTOpO# CcTpOHTENbHbIA Gs0K (IpaBas uacTb
pomHTesbCcKOH XpomocoMbl Pp). Bropas XpoMmocoma-moOTOMOK CTPOMTCH
aHaJIOTHYHO W COCTOMT U3 AByX CcrpouTesnbHbX GjsiokoB 2CB; U 1Chy
(2Cb) = (4,2,1,3), 1CBy = (5,6,7,8)). Ha sToM nepsast HTepauus orme-
paTopa KpPOCCHHIOBepa NUXOTOMHH 3aKOHYeHa. BTopas HTepalusi Bbnoa-
HSeTCA COINIACHO MYHKTY 5 anropuTma. 3/echb Ha BTOPOM lllare XpoMo-
combl P3 u PyctanoBaTcs poantensMu. XpoMocoma Fj COCTOMUT H3 Cille-
AYIOLWHX YeThipex CTPoUTeNbHBIX Giokos: 1CB; = (1,2), 2Cb;y = (3,4),
3CBs; = (8,6), 4Cb; = (7, 5), a xpomocoma Py — u3 6sokos 1CBy = (4, 2),
2CBy = (1,3), 3Cbs = (5,6), 4Cby = (7,8). Torna nocje npHMeHeHUs
onepaTopa KPOCCHHIOBepa JHXOTOMHH MOTOMOK Fj COCTOMT U3 CTPOHTENb-
Holx 670KoB 1Cbs U 3Cbs U 2CBhs U 4CB4, a xpoMocoma-noToMoK Ps — u3
6nokos 1Chy U 3CBs U 2CB4 U 4CH;3.

PP: 1234|5678 P:12]34]86]|75
P: 4213|8675 P:42]|13|56]78
Ps: 1 2348675 P:12 56 34 78
P 4213|5678 P:42 86 13 765

[TonyueHbl 4YeThHipe XpOMOCOMBI-MOTOMKE P3, Py, Ps, Ps. JddekTus-
HOCTb MeTOAa AHXOTOMHH 3KCIOHEHLHAJNbHO PacTeT C POCTOM YHC/IA XpO-
mocoM. KosanyecTBo pasbHeHHH B oIepaTtope KPOCCHHIOBEpa AHXOTOMHH
Ha30BeM rAyOHHOH ouxoToMHH. OHa o6b4HO 3anaercs JIITP. OtmeTuMm, uro
cyulecTByeT 60JblUIOE KOMHYECTBO CrocOGOB KOHKPETHOM peaiu3alliy one-
paTopa KpoccHHroBepa AHXxoToMud. Ero uesecoo6pasqHocTb onpefensierTcs
Ha OCHOBE BEPOSTHOCTH BbIXKHBAHHS JIYYLIUX XPOMOCOM (aNbTePHATHBHBIX
peLueHHil).

4.6. [IpuBeneM HedeTKHil ajJropuTM peajus3auuy onepaTopa MyTauHH
Ha OCHOBE JAHXOTOMHH.
1. 3agaTb POAHTENBCKYIO XPOMOCOMY AJNHHB L.
2. Pasgennts xpomocomy (orpesok L) monosaM (npu HedeTHOM pasme-
pe — B J06yI0 4acTh Hepercs GoJbliee YHCNO).
3. OnpefenuTh TOUKY MYTalHH MeTOAA AHXOTOMHH Yepe3 TOUKY Pa3pHBa.
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4. Tlo npaBusaM MOCTPOEHMS OXHOTOYEYHOrO ONEPaTOpa MYTalHH TOJY-
YHTbh HOBYK XPOMOCOMY-TIOTOMOK.

5. Kaxayio noJjloBHHY XpOMOCOMBI-MOTOMKA CHOBA pasjesHuTb HA JBe 4a-
CTH M MpOLECC pacyeTa MPOJOMKHUTbL NO UCXOMHOH cxeMe N0 TeX Mop,
oKa He OyneT MOJYy4eHO 3afilaHHOe KOJHYECTBO XPOMOCOM-NIOTOMKOB.

6. Konent pa6GoThl anropurtma.

PaccMoTtpuM npumep pabothl aaroputMa. [lycTh 3agaHa pomuTenbckas
xpomocoMa Pj. Heo6xogumo BBIMONHUTL TPH HTepalUMH aJrOpHUTMa H Io-
JY4YHTb TPH XpOMOCOMbI-TIOTOMKa: Pa, P5, Py. HTak, cormacHo aaroputmy,
NOJNYyYUM:

P: 1234|5678

P,: 1 235|467 8

Po: 12| 3546178
Ps: 1 312547168
Ps: 1| 325476/ 8
Po: 31125473816

[lenecoo6pa3HoCTb OmepaTopa MyTaLUH AMXOTOMHH OrpelenseTcs Ha
OCHOBE BEPOSITHOCTH €ro BbIXKMBaHHS.

4.7. Tloctpoenue onepatopa Mytaunn dPuboHayuH peanusyercs 3a cuer
aHaJMIOFHYHOI0 METOAY AOMXOTOMHH MeXaHu3Ma NepeGopa TOueK paspbiBa.
[IpuBeneM HeueTKu#l anroOpUTM MOCTPOEHHs OMepaTopa MYyTaLWH C HC-
nonb3oBanHeM Merona PuboHauuu. B 3aganHol nomyasiuu XpoMocoMm Ha
OCHOBe CeJIeKUMH BBIGHpaeTC POLHTEbCKAs XpoMocoMa AMHHBI L ¢ Haw-
MeHbIUUM 3HaYeHHeM LieneBod QYHKUHMH.

1. B BuiGpaHHO!H XpoMocOMe OMpelesHTh TOUKy paspeiBa. OHa cooTBer-
CTBYeT TpeTbeMy 4ducay psaia PuboHayyu.

2. TlpousBecTH peann3alHio CTAaHJAPTHOrO ONEPATOpa MYTAaLHH H IIOAY-
YHUTb HOBYI XPOMOCOMY-IIOTOMOK.

3. BoiuneanuTh 3HaueHWe LiesieBOM (QYHKIIMH XPOMOCOMBI-NIOTOMKA. Ecau
noJly4yeH I106aNbHbIA ONTUMYM, TO KOHell paboThl ajropHTMa.

4. ,[Ianee B KayecTBe TOYKHM onepartopa MyTauud (PuboHaYuH BHIOPATh
4,5,... ydcaa paga PuGoHayyu U nepeidTH XK NyHKTY 3. ANrOpHTM
OKaH4YHBaeT paboTy MO AOCTHIKEHHIO 3a1aHHOTO KpUTEpPHS HJIH KOrZa
HoMep yHcaa pajga PuboHayuu > L.

5. Kosnenl paboTsl ajaroputma.

PaccMotpum npumep. Ilyctb 3apana poautesbckas xpomocoMa Py. Hc-
noab3ys 4acte paga uyuces Pubomauuu (0,1,1,2,3,5,8,...), Bemoasnm
5 urepauud anroputma. [lonyuynm naTe xpomocoM-noToMxoB P, Pj, Py,
Py, Ps. Witak, cormacHo airopuTmy, noay4HM:

P 1| 234567839
Pr: 2 | 134567839
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Pr: 21| 34567809
P: 23] 14567809
Ps: 231 | 4 7 89
P 23415678
P: 2341567809
P: 23416157809
Ps: 2341657819
Ps: 23416579]8

Lenecoo6pasHocTh onepatopa Mytauun PuboHayuu onpelessieTcs Ha
OCHOBe 3HaHMS O pellaeMOH 3ajade H BePOSITHOCTH BBIKHBAHHS JYULIHX
pellleHuil nocae ero NpHMeHeHHs.

OtmeTHM, 4TO omepatop KpoccHHroBepa PuGoHauuy NpakTHYECKH COB-
najaeT ¢ MHOTOTOUEYHBIM OMepaTopoM KpoccuHrosepa. OTiinyHe 3aKao4a-
eTcs B TOM, UYTO TOUKH paspesa B onepatope KpoccHHrosepa PuboHayuH

ABJSIOTCH (PUKCHPOBAHHLIMH H COOTBETCTBYIOT YHcnaM PuboHaIyH.

4.8. PaccMoTpHM NOCTpOeHHe MOAM(HULUPOBAHHLIX ONepaToOpOB HHBEp-
cud. [IpuBeseM aJropUTM MOCTPOEHHS ONMEPATOPa HHBEPCHH C HCMOJAb30BA-

HueM Metona PuboHauuH.

1. 3apaTh POAHTENBCKYIO XPOMOCOMY IJNHHH L.
2. Touka paspbiBa omepaTopa MHBEPCHH COOTBETCTBYET TPETheMY YHC/Y

pana Pubonayyy.

3. Ilo npaBusaM MOCTPOEHHs ONepaTopa MHBEPCHH, MUHBEPTHPYS NPaByO
4acTh OT TOYKH ONEpaTopa MHBEPCHH, MOJNYYHTb HOBYK) XPOMOCOMY

NOTOMKaA.

4. lanee B KadecTBe TOYKH pa3pbiBa BLIOpaTh uucdaa paga Pubonayun

4,5, ...

W nepedTH K NyHKTY 3. AnropuT™ oKaHuHBaeT paboTy mno

AOCTHXKEHHIO 3alaHHOI0 KpHUTEpUd HJIH KOrla HOMep 4YHuC/a psanaa du-

6oHayun > L.

5. Konen pa6orh anropurma.

Paccmorpum npumep. IlycTb 3agmaHa poaguTenbckass xpoMocoMa Pj.
Hcnosbsys wacth psga uuces ®ubonauun (0,1,1,2,3,5,...), BbIOAHHM
5 urepauuit anroputma. [losyunm ndaTh XpoMocoM NOTOMKOB Py, P3, Py,
P;, Bs. Urak, cornacHO anropuTMy, MnosyduM:

P: 1234567879
Pr: 1] 98765432
Pr: 198765432
Ps: 19| 2345678
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Ps: 1923456738
Po:1 92876543
Ph: 1 9287|6543
P: 1 9287|3456

3necs P| — poputeasckas XpoMocoMa, a Py, P3, Py, P; — XpoMOCOMBbI-
notoMku. Llenecoob6pasHocth onepatopa nHBepcuu PuboHayuu onpenedns-
eTCsl Ha OCHOBE BEPOATHOCTH €ro BbIXKHBaHHUA.

4.9. PaccMoTpuM nocTpoeHHe OnepaTopa MHBEPCHH Ha OCHOBE MeTOxa
30JI0TOTO CeuYeHWH. DTO AHAJOTMYHO NOCTPOEHHK) OnepaTtopa HHBEPCHH
®ubonauun. Jlng onepatopa HHBEDCHH «30JI0TOTO CEUEHH» NPENJIOXKHM
CeNyIOWMi MexaHU3M peanu3auuy. [lepsast Touka paspblBa B oneparope
WHBEPCHH ONpefeasieTcss Ha paccTosHHH uesod dactu 0,618L ot smoboro
Kpasi XpOMOCOMBI. 3aT€M YaCTh XPOMOCOMBI, PACMOJNIOXKEHHAs! MEXKAY TOYKOH
paspbiBa 4 NpPaBHIM KOHLIOM XPOMOCOMbI, HHBepTHUpyeTcsi. BTopas Touka
pa3phiBa B HOBOH XpOMOCOMe omnpefiesisieTcsl KaK OsnKaHilee Uesoe H3 Bbi-
paxenus (L —0,618L)-0,618. lanee npouecc npogoskaeTcss aBaJOrHyHO
10 OKOHYaHHS BO3MOXKHOCTH pa3bHeHHs XPOMOCOMB HJIH N0 JOCTHXKEHHIO
3aaHHOTO KPUTEPHS.

Hanpumep, nycTb 3agaHa nonyasuus poAHTENbCKHX XpOMOCOM (anbTep-
HaTHBHbLIX pelueHuil 3agauu). B srtoél nonynsuuu Bebepem xpomocomy P
C HAUJIYYLIHUM 3HAYEHHeM Le/ieBOd QYHKIHY U /15 Hee IPUMEHHM onepaTop
MHBEPCHH 30JI0TOTO CeYeHUs:

Ph: ABCDE|FGH
PB: ABCDE]| HGTF
P+ ABC|DEHGTF
P: ABC | FGHETD
P: AB| CFGHETD
P,: AB|DEHTGTFC
P: A|BDEUHGTFC
P: A|CFGHETDRB

3necs P| — ponuTensckas xpoMmocoma, a P, P3, Py, P5 -+ XpOMOCOMbI-
notoMkd. Mlns panbueiimeid paboThi BHIOHPAOTCA XPOMOCOMBI-TIOTOMKH,
y KOTOpbIX 3HaueHHe le/ieBOH (PYHKUHH Jyylle, 4eM Y DOAHTeJNbCKOH
XPOMOCOMBI.

4.10. PaccMorpum MoaugpUUMpPOBaHHbE Onepatopsl cerperauuud. Ilpu-
BeJeM aJIFOPUTM DeasiM3alliy OMepaTopa cerperalyH 30J0TOr0 CedeHHs.
1. 3aaTh NOMYJISIHIO POAHTEIbCKHX XPOMOCOM AJHHbI L.
2. Touku paspbiBa ONMEepaTopa CerperaluyH 30J0TOTO CEYeHHS ONpeleNHThb
Kak Ganxatinee uesoe 0,618L ¢ 060HX KOHLOB XPOMOCOM.
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3. o mpaBu/iaM NOCTPOEHHS ONepaTopa cerperaldi B KaXXI0H XpoMOCo-
Me CJydalHbIM WM HanpaBJeHHbIM 00pa3oM Bu6paTbh OAMH H3 TpeX
CTPOHUTEJbHLIX GJIOKOB.

4. Boifpannbie CTPOHTEbHbIE BIOKH COCAHHHUTL B XPOMOCOMY C YAAJIeHH-
eM MoBTopsoLXcs reHoB. [lanee npouecc MOBTOPHTb aHANOTHYHO.

5. AnropHT™ okaHwMBaeT paGOTy MO JOCTHXKEHHIO 3aJaHHOTO KPUTEpDHS
UJH KOTJa NMpOaHAaJH3HPOBAHbl BCE CTPOUTENbHbIE BJIOKH.

Paccmotpum npumep. [lycth 3anana nonyaauus P, cocrosiwias U3 4 po-
OMTENBCKHX XpoMocoM. HeoGxOAMMO MOCTPOUTh XPOMOCOMY-TNIOTOMOK Ha
OCHOBE OIlepaTopa cerperalyu 30J0TOr0 CEUeHHS.

P: 123 451|678

P: 246 |81 ] 357

P: 1 35 |7 8|6 42

P: 8641|131} 2517

P:1 2 3 8 6 4 5 7
3pece P, P, P3, Py — pogUTelbCKHE XPOMOCOMBI MONyAAUHH P,
P; — xpomocoMa-notoMmok. IlepBass Touka paspblBa OnpefesIsiiUCh Kak

0,618L = 0,6188 ~ 5, a Bropas Ha ocHoBe Bbipaxkenus (L — 0,618L) x
x 0,618 = (8 — 0,6188)0,618 ~ 3. Xpomocoma-notoMoKk F; MOCTpoeHa
M3 4YeThIPeX CTPOUTENbHBIX OJOKOB C YyAajJeHHEM MOBTOPSIOILUXCS [EeHOB:
CBy(Py) = (1,2,3); CBy(Py) = (8,1); CBy(Ps) = (6,4,2); CBy(Ps) =
= (2,5,7). LenecoobpasHocTs onepatopa Cerperandud 30J40TOr0 CedYeHHs
onpefensieTcsi Ha OCHOBE BEPOSTHOCTH ero BbDXHBaHHA. OTMETHM, YTO
ocTajbHble MOAU(DHLUPOBAHHbIE FeHETHYECKHe OIepaTopbl Ha OCHOBE pac-
CMOTpPEHHBIX METONOB CTPOSTCS AHAJOTHYHO.

5. Ba)kHbIM BONPOCOM NPH pEANH3aLHH 3IBOJNIOLHOHHOTO MOHUCKA SIB-
JISIeTCS NOCTPOEHHe LeJieBoil ¢yHKuuu. [IpuBeseM 5 OCHOBHBIX METOLOB
NOCTPOEHHSA UeeBOH (YHKUHH.

B nepBom — 3Hauenue uenesoit dynkuuu f(F;) nas xpomocomsl P; € P
OnpefensieTcsl Ha OCHOBE JECATHYHOro koauposauus. Hanpumep, B gecs-
TUYHOH CHCTeMe OLEHHBAETCSH CTOMMOCTb XPOMOCOMBI.

Bo BropoM 3Hauenue ueneBod dyHkuuu (fP;) mas xpomocombl P; €
€ P onpepessieTcs Ha OCHOBE JBOMYHOIO KOAHPOBAHHA. 34eCb MOTYT ObITh
UCroNb30BaHbl KoAb! ['pest # XeMMuHra.

B Tperbem cJyuyae HCMO/Ab3yeTCS CTaHaapTHas wUeseBasi GYHKLUA:
fe(P;) = f(max) — f(FP;) ansa cayuas Makcumusauuu u f.(P;) = f(P;) —
— f(min) gasa cayyas MHHEMH3aUKH. 31ech f(max) — HauGoJbllee 3Haye-
HHe HCXORHOH ueseBoit GpyHKuuY; f(min) — HaUMeHbluee 3HAYEHHE HCXOA-
HOH UeneBoil pyHxuuu. Uem menblie Bennunna f.(P;), Tem Gosee npurogHa
xpoMocoma P; npH pelieHUH ONTHMHU3ALHOHHON 33aJaud MaKCHMH3aLHH.

B yeTBepTOM cayyae CTPOMTCA LeseBOH GYHKLUHH CJEAYIOLEr0 BHAA:

fu(B) = 1/(1 + fe(P2))-

3Hauenue 3TOH UeneBOH (DYHKUHMH JexuT B uutepsane [0, 1]. 4
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B nstom MeToLe CTPOHUTCA HODMAaJIM30BaHHaA LeneBas Q)YHKLIHH

Np
(P = Fa(P) ] D Ful PO,

i=1

rae N, — pasmep HceseyeMo NMOMyJIsALHH.

Jlns nocrpoeHusa ueneBOH QPYHKUUH MOXKHO HCNOJAb30BaTh Jiobble Me-
TOAB KOAUPOBAaHHs 4ucen (TpoMuHas, WeCTHaauaTepuyHas, yuces Pubo-
Hauy4yd M T.1.). OGHYHO NOCTPOEHHE LieseBOH (PYHKUUM NMPOHU3BOAUTCS HA
OocHOBe MOAM(UKAUHR U PAa3JUUHBIX KOMOMHAUHH NPHBEAEHHBIX METOLOB.

6. OTMeTHM, YTO CYIIECTBYIOT TPH OCHOBHLIX THIIa MHOIOXPOMOCOMHBIX
reHeTHYeCKHX ONepaTopoB:
® [TOCTPOEHHbIe HA OCHOBE MOBTOPEHHS XPOMOCOM pOILHTeJeH;
® OCHOBAaHHbIE HA CErMEHTHPOBAHHH U PEKOMOMHALIHH XPOMOCOM POAHTE-
JeH;
o HasupylollHecs HA YUCJAEHHOM aHa/H3e 3HAYeHU 1eneBOH (DYHKLUU.

4.2. ApXMTeKTYphl H CTpaTeruy reHeTUYECKOro MOUCKa

1. ba3oByo CTPYKTYpYy TeHeTHYeCKOTO aJrOopHTMa [JIS pellleHHs 3ajad
ONTHMHU3aLUMK MpENCTaBHM B BHAe, NOKazaHHOM Ha puc.4.4. 3pech 670K
9BOJIOLUHOHHON afanTauHd — ChaeuuanbHblfl GJIOK, KOTODHIE HAa OCHOBe
o6paTHBIX CBA3€H yNpaBiseT NPOLECCOM 3BOJIOLUOHHOrO Noucka. CornacHo
IaHHOH cXeMe Ha NepBOM 3Tane CJay4yaliHbIM, HaMNpaBJEHHBIM HJIH KOM-
GUHHUPOBAHHLIM METOLOM MOJNYYalT HEKOTOpoe MOAMHOMXKECTBO pelleHHH

Texyunias renepaums Crenyrowas
(MHOXECTBO pEIIEHHIH reHepanus
3a/1a4H)
IToctpoenue
P DBOIOLMOHHAN
1 aganTauus
CopTHpoBKa Ha
ocHose LD
J I'enetnueckue
Cenexuus Ofeparophl !
1,2,..k |

l AHanu3 pe3yisTaToB l__

Puc. 4.4. Basoras cTPYKTypa reHeTHUeCKOro aJropurma
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paccMaTpHBaeMoOH 3ajadd. DTH pelleHHs o6pa3syloT TEKYILYI TeHepalHio
WJIH TIOMYJISLMIO HCC/eAyeMblX pelileHHH Ha ware ¢ (¢ =0,1,...,T). Janee
BBOINTCSl MJIH BHIYHCASETCA 3HadeHHe LiesleBOH (yHKUMH. Bbluncaenue
uesepod GyHKUHM fBJAsSETCH CAOKHOH 3ajayel, NpHYeM OT TOUHOCTH 3Ha-
YeHHH UesieBOH (QYHKLHMH 3aBHCHT KauecTBO Oyaywux pewenuil. Kaue-
C€meo — CTeleHb, C KOTOPOH COBOKYMHOCTb TNPHCYIUHX DelUeHHIO 3ajayH
XapaKTepHUCTHK YAOBJIETBODSeT 3aJaHHbIM TPeGOBaHHUSM.

OTMeTuM, 4YTO [/ Ka)KIOH ONTHMH3ALHMOHHON 3aJayd »KeJAaTesbHO
CTPOHTh HOBYIO leJeBylo GyHKUHI. [Ipn moctpoeHun ueneBoll QyHKUHH
HeoOXOAMMO HCIO0Jb30BaTh 3HAHHA O KOHKpeTHOH 3ajade. Ha ocHoBe Ie-
JeBOH (YHKLMH [POU3BOAATCSA PaHXKHPOBAaHHE H COPTHPOBKA MOMYJSALHU
pelleHHi. 3aTeM B pe3yJbTaTe Pa3JHYHBIX METOOB CENEKUHH B NOMYJISLHH
noA6HpaOTCs POAMTEJIbCKHE XPOMOCOMBI /I NMPHMEHEHHs] Pa3juYHbIX re-
HeTH4YecKHX onepartopos. [locsie peanusanuu Bcex onepaTopoB MoJydaeTcs
HOBOE NOAMHOXecTBO pelteHnil P/, OHO 06befHHACTCS C NEPBOHAYANbHBIM
nogMHoxectBoM pewienud. [lonyyaetcs HoBoe MHOXKecTBO Pra = P U P/,
Hcnonbays 3HaueHue tleseBod (QyHKLUHH, MPOHU3BOAMTCS aHalu3 Pra. Bce
3J1leMeHTHl B Prp (pelleHus 3ajauH), 3HaYeHHS UeneBOH (DYHKIUHMH KOTOPBIX
XyXe 33JaHHOrO Nopora, SBJASIOTCS C Hallell TOYKH 3pDeHHs HeNepClek-
THBHBIMH DeLIeHHSIMH U ypaJjsiorcss H3 Fra. Tlonydaercs HoBoe MHOXKe-
cteo Fy,, mpuuem |P{,| = |P|. Ecii naHHOe ycsioBHe He BHIMOJHSIETCH,
Hanpumep, |Pl,| < |P|, T0 B P{, BK/IIOYaeTcs 3JEMEHT C JYHYLIHMH Xa-
PaKkTepHCTHKaMH H3 OTOpoleHHbIX. MHOxecTBO Pf, 06bsAB/IfeTCA HOBOM
TeKylleHd nony/siuyed pelleHHH M Jajee IPOLECC MOXKET IIOBTOPSATbCS HA
ocHOBe 6J/I0Ka 360JAOYUOHHOU adanmayuu UTePalHOHHO 1O MOJyYeHHs
NOJAMHOXeCTBA HJIH ONHOTO ONTHMANbHOIO PELIEHHS.

3ameTuM, YTO TaKasf CTPaTerHsi MO3BOJsET ObICTPEe HAXOLHMTb JIO-
KaJIbHO-ONTHMAaJIbHble De3yJabTaThl. DTO CBA3aHO C NapasjenbHol o6paboT-
KO MHOXKECTBa aJbTepHATHBHBLIX pellleHHH, MpHUeM B TaKOH cXeMe MOXKHO
KOHLEHTPHPOBATb MOUCK Ha MNoJydeHHe OoJiee MepCreKTHBHLIX PELICHHH.
OTMeTHM, YTO MepHOAMYECKH B KaXKIOH HTepaluH TNPOBOAAT Pa3iHUHbIE
HU3MEHEHHA B MepCHeKTHBHbIX, HENepCHeKTHBHBIX M B IDYIMX peLIeHH-
AX. BpeMeHHast C/IOXKHOCTb TAaKHX aJIOPHTMOB B OCHOBHOM COBNAafaeT CO
CIOXKHOCTbIO GBICTPBIX MTEPallMOHHBIX aJAFOPUTMOB M JIEKHT B INpefenax
O(n) — O(n®), rie n — uYHCAO BXONOB anropuTMOB. Takas BeJHYHHA
CJIOKHOCTH [OKa3blBaeT MEePCHEeKTHBHOCTb HCIMOJNb30BAHHS TeHETHYECKHX
a/JTOPHTMOB ¢ BJIOKOM 2BOJIIOUHOHHOH afanTalHH NMPH pelleHHH ONTHMH3a-
LIMOHHBIX 33/1a4.

2. B HacTosilllee BpeMsi H3BECTHO MHOrO HECTAHHAPTHBIX aPXHUTEKTYP
3BOJIIOLLHOHHOTO [IOHCKA, NMO3BOJSAIOILNX B GONBIIHHCTBE CJAYYaeB YACTHUHO
pewatb npobJeMy NpeiBapHTEeNBHOH CXOAHMOCTH A/ArOPHTMOB. ITO Me-
TOABl MHTPalMH, MeTareHeTH4YeCKOH ONTUMH3aLUH, CTOXaCTHUECKH-UTepa-
LHOHHble T'eHeTHYeCKHe H IIOHCKOBbiE, MeTOAbl <«[PEepbIBHUCTOrO pPaBHOBe-
cHs», O0beHHeHHS T'eHEeTHYECKOr'0 NMOHCKA M MOIEJNHPOBAHHUS OTKHUIA H
Ap. OrmeTtum, uT0 npoyedypa — YCTAHOBJNEHHBIH NOPSOK BHIMOJHEHHS
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KaKOH-/1160 NesTeJbHOCTH UMM npouecca. Muepayus — npoueaypa ycta-
HOBJIEHHA TOpAAKA 06MeHa XPOMOCOM MeXIY MOMYJIsLHIMH.

PaccmoTprm KkpaTko 3TH MeToabl. [IpenBapuTensHo naguM onpeseseHne
MHKPO-, Makpo- H MeTasBojiouuu. Mukposgonroyus — >3TO co3faHue
OHOH XPOMOCOMBI U peasiH3alus Ha ee OCHOBE 3BOJIOLHOHHOTO NOHCKA.

Makpossonoyua — 3To co3/laHne OHOH MOMY/ALMH U peasH3alus Ha
Hed 3BOJIIOUHOHHOrO MOUCKa.

Memassonroyua — >T0 cO3naHHE MHOXKECTBA NONYJNAUWH ¥ peaiusa-
LM Ha HEM 3BOJIIOLHOHHOIO NOHUCKA,

2.1. OnuuieM apXHTEKTYPY 3BOJIOLHMOHHOrO MOHCKA C MHrpauuei
(puc.4.5). 3nech mMpeaBapuUTEesNbHO BLIMOMHAETCA 3Tall MEMA3BoIOYUU,
T.€. CO3[aeTCsd He OfiHa MONY/SALUHMsA, @ HEKOTOPOe MHOXeCTBO.

OBOJIIOLUHOHHBIH MOHCK OCYIUECTBAAETCH NMyTeM OOBbefUMHEHHs XPOMO-
COM M3 pasfMYHbIX Monyasuuii. brokn 1-3 B 3Tol CxeMme mMpeACTaBAAIOT
co60il NMpOCTOH reHeTHYeCKHH ajaropdTM. 3aMeTHM, YTO B KaxJoM O6JjOKe
BBITIOJIHSIOTCS pasJiH4YHble OMepaTophl penpoaykuud. B nepsom 6soke —
OP1 Ha ocHoBe pysnetku. Bo Bropom 60ke ucnosbsayercs OP2 na ocHose
3ajaHHOH wKaJsbl. B Tpetbem 6moke — OP3 Ha ocHOBe 2JIMTHOM cesleKLHH.
B 6s0x MHrpauuy KaxAabli pa3s oTnpaBisierTcs JydLHH NPeJCTABHTENb M3

Murpauus I Murpauus |

l.__. IMonynsauus 1 r— Tlomynsuus 2 r_. IMomynsuusa 3
@] 7 @l ] [ae]

CoprupoBka CoptHpoBka Copruposka

OP1 OP2 OP3
TenerHueckue Tewertnyeckue Tenetnueckue
OMnepaTopsl ofeparopst OI1epaTops
Ibaoxk 1 Brok 2 bnok 3
OBOMIOUHOHHAA i
ananTauus
brok 4

Puc. 4.5. CxeMa 3BOJIIOILHOHHOrO IOHCKA Ha OCHOBE MUrpaUHH
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nonyasund. Ceasb Mexny 6jokamu 1-3 ocyluecTB/sieTcss Ha OCHOBe CJely-
owex nyreit: (1-2, 2-3), (1-3). B 610ke 4 ocyuiecTBasieTcst yCTaHOBJIEHHE
fananca Ha pasMep MNONMYJAUMH HA OCHOBE 3BOJIIOLMOHHOH afanTauyd H
yrpaB/ieHus BCEM NPOLECCOM 3BOJIOLMOHHOTO MOHCKA.

OTMeTHM, YTO MOXHO OpraHH30BaTh pasJMYHOe KOJIHYECTBO CBfi3eH
Mexy 6J0KaMy Mo NPHHLHKIY NOJAHOrO rpada, no NpHHLHNY 3Be34bl H T. A.
I'pagh — maTeMaTHUeCKUH 06BEKT, COCTOSLINI U3 MHOXKECTBA BepLIKH (TO-
ueK) U MHOXKECTBa pebep (JUHUE), HAXOAAUMXCS B 32JaHHOM OTHOLUEHHH.
Ionneui epagp — 370 rpah, B KoTopoM Jiobass nmapa BeplIMH coeJHHEHa
pebpom.

2.2. Cxema (puc.4.5) npu Hanuyuu GOJBLIOrO KOJHYECTBA BBIYHUCJIH-
TeNbHBIX PECYPCOB MOXKeT ObiTbh AosefieHa no N Guokos. [lpuuem N — 1
6JI0KOB MOTYT MapaJ/lie/IbHO OCYLIECTB/ATh 3BOJIIOUHOHHYIO afanTanuio H
4yepe3 670KH MHUrpauuu oOMeHHBATHCS JYYIIHMH MPEACTaBHTENsMH pe-
wennd. [Tocnepnuit 6/0K coOupaeT JyuliHe PeLIEHHs, MOXET OKOHYHTh
pesyabTaT paboThl WAM NPOJOJIKHTL SBOJIOLUHOHHBIA MoHcK. Has Takux
CXeM aBTOPbl HCIIOJNB3YIOT MAGMOHOEbL 2pagei, T.e. NPaBUIbHbIE MHO-
rOyroJbHRKH, KOTOpHle, KaK CYHMTAJOCh B JAPEBHHX Yy4YeHHAX, obJjajaioT
BHYTPEeHHeH KpacoTOH M rapMoHHeH.

- A TA >
t ] 4
TA TA TA >
TA TA TA |>»
T 1
—TA TA |~ -~ TA A >
Puc.4.6,a. Cxema noucka Ha Puc. 4.6, 6. Cxema noucka Ha
OCHOBE TeTpasapa OCHOBe rexcasipa (kyb6a)
4 4
TA » TA

— TA & > TA (>

A

A TA
v v

Puc. 4.6, 8. CxeMa noxcka Ha OCHOBe OKTadjpa

Ha puc.4.6,a~0 npuBefeHbl ynpolueHHble CXeMbl OPraHH3alHK CBs3el
IpH 3BOJIIOLHOHHOM TIOMCKE Ha OCHOBE MJIATOHOBLIX rpados; Ha puc.4.64a
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TA A

! !

Puc. 4.6,0. CxeMma roHcKa Ha OCHOBe JOfeKasapa
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Ha ocHoBe TeTpassipa; 6 — rekcaszapa (kKy6a); 8 — OKTasjpa; ¢ — HKOCa-
3apa; 0 — nomekasapa. Ha puc. 4.6 ucriosb30BaHO OTHOLWEHHE BXOA—BHIXO]
«l-MHorue». OTMETHM, 4TO 3[eCb MOTYT ObITb HCNOJB3OBAHBL H APyrHe
OTHOLUEHHs BXOA-BLIXOA: «1—1»; «MHOorHe-1»; «MHorue—MHorue». I pex-
mu6HOCMmbs TaKUX OTHOLIEHHH MpoBepsieTcsl sKcnepumenTtanbHo. [log s¢-
(heKTHBHOCTBIO MOHHMAeTCs CTeleHb pealu3alUMH 3alNaHHPOBAHHOH Aes-
TeNBbHOCTH H JOCTHXKEHHUS 3aNJIaHHPOBAHHLIX PE3YJILTATOB.

2.3. CyurecTtByeT 60JIbLIOE KOJHYECTBO H JPYTHX CXeM, Y4acTb M3 KO-
TOpBIX ApHuBejeHa Ha puc.4.7,a-0. Ha puc.4.7,a — cxema nocnenosa-
TeJIBHOTO MOMCKA. 31eCh BO3MOXHO pa3bHeHHe NONyAsUUY HA MORMNONyas-
LMK ¢ yMeHbIlleHHEM BPeMeHH PeanH3aliii reHeTHYeCKHX olieparopos. Ha
pHc.4.7, 6 — nocsefoBaTe/IbHas cXeMa NOMCKA ¢ UHKAaMH. McnosbsoBanue
TaKOH CXeMbl, ¢ OJAHOH CTOPOHBI, BBOJHT H3OLITOYHOCTb, & C APYrod —
MI03BOJISIET PACLUUPATL 06/1aCTh NMOUCKA pelleHHH.

t ! t t ! t

TA A TA TA |« TA - TA
— TA TA |—
A
TA rA TA TA TA TA
Puc.4.7,a. Cxema Puc. 4.7, 6. IlocnenoBaTtensHas
NoC/e40BaTeNbHOTO [TOHCKA cXeMa MOHCKa ¢ LHKJaMH

t | t ra
TA TA TA
«— TA TA TA
—{TA TA T'A t—
y
TA
TA TA TA
7 I 4—{ TA TA |
Puc. 4.7, 8. TlocnenosarenbHas Puc.4.7, 2. ITouck Ha ocHoBe
cXeMa [MOKCKA Ha OCHOBe MOAH(ULUPOBAHHOTO MOJHOrO

TPEeyroJbHHKOB rpacda Ha 5 BeplIKH .
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Puc.4.7,0. IlocnenoBaresibHasi cXeMa MOMCKA HA OCHOBe siueeUHOH CTPYKTYPbl

Ha puc.4.7, 8 — nocnefoBaTe/nbHas CXeMa B3aUMOCBsI3€l FreHeTHYeCKHX
aJArOPHTMOB NPH SBOJIOLIMOHHOM [IOHCKE Ha OCHOBE TPEYrOJbHHKOB, 33 CUET
CO3JaHHA YCTOHUYMBBIX CTPOHTENbHBIX GJOKOB Ha BBICIIMX HEPAapXHYECKHX
ypoBHsX. BBeneHue o6paTHHIX CBsi3eH MO3BOJSET CTAGHIH3UPOBATH MOUCK
M OCYLLEeCTBNSITh B3aUMOeHCTBHe ¢ BHeluHel cpenoit. Ha puc.4.7,e — no-
CJIe[OBATENbHAS CXeMa IOHCKA Ha OCHOBE NOJINO20 epagha Ha NSITh BEPILUHH.
IroT rpad TakkKe COCTOHT K3 TPeyroJbHHKOB. B 3Tol cBs3d Takas cxema
9BOJIIOLHOHHOrO MOMCKA M03BOJNAET YCTAHABAMBATh GaJaHC U NpHUMEHseTCs
OJif pelleHHs ONTHMH3ALHUOHHBIX 3afay. OTMeTHM, YTO MOXKHO CTPOHTb
CXeMbl 3BOJIIOLMOHHOrO IOUCKA HA OCHOBE NOJHBLIX rpadoB Ha Jioboe Ko-
JudyecTBo BepliuH. Ha puc.4.7,d — nocnefoBaTenbHas cxeMa [TOHCKA Ha
OCHOBe AueeYHOH CTPYKTYpPbl. 31eChb TaKXKe HCNOJb3YITCA CTPOHTE/bHBIE
6JIOKH, COCTOSII{HE U3 TPeYroJbHHUKOB.

3. Onucanuyble CXeMH 3BOJIIOIIHOHHOIO NMOUWCKA, COCTOALLINE U3 HECKOAb-
KHX TeHETHYEeCKUX aJIrOPUTMOB, BBLINOJHAEMbIX TNapaJjJellbHO, M0CJaeN0-
BaTeJIbHO-NIApaJjjiIeJIbHO H NapaJijieJIbHO-NOCJEeA0BAaTEe/IbHO, MO3BOJAIOT BO
MHOTHX CJy4afdX BbIXOAHWTbH H3 JIOKAJIbHBIX ONTHMYMOB.

3.1. Ha puc. 4.8 nokasana cxeMa peasnM3allUy IpoLecca MeTareHeTHyYe-
CKOH onTUMH3auuy. 34eChb OCHOBHBIM SIBJISIETCS TepBbli GJIOK, B KOTOPOM
OCYILECTBJSIETCS Peasu3aliisi reHeTHYECKOro aJropuTMa, reHepalus HOBbIX
pelueHHUH, ONpejeNneHHe 3HA4eHUs LeseBOH (YHKUMH M HCIOJb30BaHHE
npebAY ILHX pelieHHi IJ1s reHepallH Jy4IIHX pe3yabTaToB. Bropo#l 6s0k
[I03BOJISIET HUCIONL30BATh <«HCTOPHIO» NMpeJBAYLINX pelueHHHA /15 reHepa-
LMK Jy4lIero MHOXKeCTBa MapameTpoB. B Tperbem O/ioKe reHepHpyeTcs
HOBO€ MHOXECTBO ONTHMH33LHOHHBIX TAPAMETPOB.
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Ienernueckuit anropurm

l'enepauns
pail Omnpepenexue
HOBBIX  |—= 1o
pemeeHui

Hcnonb3osanne Npenpiaywux
peLIeHHit U1 reHepaLuH
JIy4IlUX peleHu i

OBOMIOIHOHHAS

l"eHepaum HOBOI'O MHOXECTBA
azantauus

ONTHMH3AUHUOHHBIX TapaMETpPOB

Hcnons3oBaHne HCTOPHHU MPEaBIAYILITHX
— pEIIEeHH# ANs TeHePaLMK JTYY1IHX
MHOXECTB NApaMeTPOB

Puc. 4.8. MerareHeTHYeCKHI ONITHMH3ALHOHHBIA npoLecc

Hcnonb3yss MertareHeTHYeCKHH ONTHUMH3ALHOHHBIA INIPOLECC, MOMXHO
CAy4aiHbIM, HaNpaBJeHHBIM HWJIH CJy4alHO-HalpaB/iieHHbIM crnocobom re-
HepHPOBaTh HayaJ/bHble MONYJSUHH, MOLEJSHPOBATb HX Y BHIMOJHATH T'eHe-
THYeCKUH anroputM. MoXHO ciay4allHO BoIGHpPATh pOAMTENeHd U3 MONyJs-
UHH C NPOU3BOJbLHOH MJIH 33JaHHOH BEPOSATHOCTLIO, NPHYEM BEPOSITHOCTD
BBITIONIHEHHUS KaXAOT0 OepaTopa MOMKET ONpeensiTbCs MPONOPLUHOHANBHO
3HAYEHHUI0 ero 1eseBoll Gpyakuuu. OKOHUYATENbHOE MHOXECTBO MapaMeTpoB
BbIOHpaeTCcs MOC/e MOAEJNHUPOBAHHA M3 KOHEYHOH MONMyJAALHH Ha OCHOBE
6/10Ka 3BOIIOLKOHHON afganTtaundd. OTMETHM, 4TO ANS KaXOOoi ONTHMH-
3allMOHHON 3ada4M JKeNaTesJbHO CTPOUTb KOHKPETHBIH MeTareHeTH4eCKHi
aJroput™. Takoe mocTpoeHHe 3aBHCHT OT Ha/NHUHA BLIYUC/JAHTEJbHBIX pe-
CYPCOB M BpeMeHH, 3aJlaHHOro Ha NoJy4YeHHe OKOHYaTeJbHOIO PelleHHsI.

3.2. PelieHue OCHOBHBIX ONTHMH33aLHOHHBIX 321a4 HA OCHOBE yKasaH-
HbIX CTPaTerdii OCYILECTB/SETCS MOCAENOBATENbHbBIMH, HTEPaLHOHHBIMH,
TOYHBIMH HAH KOMOHHHMPOBAHHBIMHM aJrOpUTMamMu. B OCHOBHOM 3TH aJjiro-
PHTMbl BLIMOJIHSIOT COBEPLUEHCTBOBAHME Ha4yaJbHOTO BapHAHTA pELICHHS,
NONYYEHHOTO ONHHM H3 CJy4ahHbIX MeTonoB. Tako# NOAX0H, KpOMe H3BECT-
HbIX NMPEUMYLLECTB, 06/afaeT TPYAHOPA3pEIINMBIMH HEIOCTATKAMHU:

® BCe AJTOPHTMEI, KPOME TOYHLIX, HACTO OCTAHABJIHBAIOTCS HA JIOKANb-
HbIX pELIeHHsAX, KOTOpble MOTYT ObliTb JafeKH OT ONTHMAJbHBIX, H
C TPYAOM OCYLUECTBJSIOT BBIXOJ U3 JIOKAJbHBIX ONTHMYMOB;

® TOUHbIE AJTOPUTMBI MOTYT pabOTAaTh TONBKO € O4YEHb OrpPaHHYEHHBIM
KOJIMYECTBOM 3JIEMEHTOB, 4TO AJIS 3a4a4y GOMBIUOH PA3MEPHOCTH SBJS-
eTcs HeJ0CTaTOYHbBIM;

® B KayecTBe HCXOIHOIO HCMOJb3YeTcs JHIIb OAWH BADHAHT pelleHHUs.

® TaKue MEeTOAbl YYBCTBHUTENbHBl K BHIGOPY HaYaJbHBIX YCJIOBHE.
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OnTHMH3aUHOHHbIE 322Ul HCIOMb3YIOT B KAYEeCTBE HCXOAHOTO HE OJHO,
a HEeCKOJIbKO aJbTEPHATHBHBIX PELUeHHH, NpHYeM B 3aBHCHMOCTH OT CJOX-
HOCTH MNepepabaThiBaeMoOl HHGMOPMALUHH HCXOAHblE pELleHHS MOTYT ObiTb
NOJyYeHbl HA OCHOBE CTOXAaCTHYECKHX, AETEDMHHHDOBAaHHLIX MJIH KOMOH-
HUPOBaHHBIX alroputmos. [lasee mosyuyeHHble pelueHHs 00pabaThIBaOTCA
afanTHPOBaHHBIMU K peliaeMOoH 3afaiyH FeHeTHYECKHMH aJropHTMaMHU.

Ha puc.4.9,a,6 nokasanbl npuMepsl peasu3alUnd CTPATETHH <«MTOHCK-
3BOJIOLUHUA» H «3IBONIOUUA—TIOHCK», NpHYeM Ha pHuc.4.9,a Hcnonb3yoTCs
[Ba Pa3HYHbIX FEHEeTHYeCKUX aATOPUTMA, a Ha puc.4.9,6 — mBa pasiauy-
HBIX METOJa [OHCKa.

TA| A, ‘ I'Ioucxl—l | TMoucky I
! !

Puc. 4.9. [lpumepsl peasn3auny ctparerui

Ha puc.4.10, a, 6 nokasausl MOAU(pHUKALHK 3TOH CXEMBI OUCKA C HC-
NoJb30BaHueM GOMbLIOTO YHC/IA FEHETHYECKUX aJrOPHTMOB.

Houck TA,

TA, TA, Iowuck; Tlowck ,

TA; | | TA, | | TAs| | TAg TA, || TAy| | TA, | | A

Puc. 4.10. MopndrKkauvu cxem crpaterii

Ha puc.4.11 npusemeHa ropusoHTaslbHasg cxeMa CTpaTerdH «5BOJIO-
LuMSg-TOHCK—3BoJIoLUA>. BHyTpH 610k0B «[lonck» u «Iloucky» opranuso-
BaHBl KOMMYTHPYIOIHe 6JI0KH C 1 BXOAaMH H . BBIXOAAMH. DTO MO3BOJAET
COeUHSTh BXOAb OJIOKOB MOMCKa ¢ BhIXOZaMH n! crmocobaMH, 4TO AaeT
BO3MOXKHOCTb PACIIMPATb MPOCMOTP NMPOCTPAHCTBA JOMYCTHMbBIX PelleHHH.

Ha puc.4.12 npusenena cxeMa peanusalHH CTpaTeruil <«3BOJIO-
HHA~TIOHCK—3BOMIOL U~ TIOUCK—3BoJIoUHs». Ha puc.4.13 — «3Bonouus—
TNIOUCK—3BOJIOLHS~NOHCK—3BOMIOLUA~TIOHCK~3BOMIOLHA>.
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Puc. 4.11. [opu3oHTanpHas cxeMa CTpaTernu
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Puc. 4.12. Cxema CTpaTerHH «3BOMIOUHUSA—TIOHCK~3BOTIOLHA~NOHCK—3BOMIOLHUSA >

Ha puc.4.14 nokasaH npumep apXHUTEKTYpbl CONOAHHHEHHSI B 3BOJIO-
LIMOHHOM TIOHCKe. 3/leCh BCe YPOBHH CBfi3aHBl C OJIOKOM BHeLUHeH Cpejbl.
DTa CTPYKTypa pacKpbiBaeT MOAPOGHO GJOKH TeHEeTHHECKHX AaJrOPHTMOB,
NpHBefieHHBbIX Ha puc.4.9-4.13.

[eHeTHueCKHe aNrOPUTMbl MOTYT OBITh Peaju30BaHB H APYyTHMH CIIOCO-
6amu.

3.3. Cmoxacmuuecku-umepayuonnsiil memod 3aKJN0UAETCH B CleLy-
otem. CHavana onpemessiioTcs CTAPTOBbE TOUKH [/ HAMPABJEHHOTO MO-
ucka. TToHcK ocyliecTBiseTCss COBMECTHO € rEHETHYECKHMMH OnepaTopamu
Ha OocHOBe 6JI0Ka 3BOJIIOLMOHHOA ajantauuu. Ilociie HaxoXAeHHs CTapTo-
BbIX TOMEK MOXHO TaKe MapalJefibHO HCMONb30BaTh METOXb ONTHMH3A-
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Puc. 4.13. CxeMa CTpaTerud  «3BOJIOLHA—TIOUCK—3BOJIOLHA ~IONCK—3BOJIO-

UHA-NTIOUCK—-3BOJAKOUHA»

FIONY/NSALAY
[}
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Puc. 4.14. Tlpumep peanusaunH apXUTeKTYphl COMOAYHMHEHHS B 3BOJIOUHOHHOM
TIOHCKe
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uHH (METOA 30JI0TOrO CeYEHHUs], TPALHEHTHOrO CYCKa, NMOUCKA B TMYGHHY H
WHPHHY, BeTBell U TPaHull U Ap.).

3.4. Memod npepsisucmozo pasHogecus WCIOAb3yeT NAJEOHTOJOTH-
YeCKYy10 TEOpHIO, KOTOpasi CTPOUT MOAEJIH 3BOJIIOLHH Ha OCHOBE OMHCaHHH
BYJKaHHYECKHX H [PYyrHX H3MeHeHUH 3eMHOH Kopbl. OH aHaJOrHyeH Mo-
nensm sBosounu ge Ppusa. JIas npumeHeHHs JaHHOTO MeToAa mpefna-
raercsl nocse KaXKJAoH reHepalud cJydaliHblM 00pa3oM «lepeMellHBaThb»
3JIeMEHTHl B NONYJSALMH, & 3aTeM OPMHPOBATb HOBbIE TEKYI(He MONYAALHH
€ JajbHeHIlleld peanusalHel pas/HyHbLIX FeHETHYECKUX OnepaTopos. 3aech
MOXHO IpelJIOXHTb, KaK aHaJor W3 MNpHpOAH, 6eccosHartesbHbIH 0TOOp
POAMTENBCKHX Nap M CHHTeTHYecKUH 0T6Op «ayqlwiux» xpomocoM. [lanee
ciy4yalHbIM 06pa3oM cMellaTb pe3yJibTaThl 000X OTOOPOB U HE OCTABJSTh
pas3Mmep MOMyJsALKHH MOCTOSHHBLIM, a YNPaBJsiThb UM Ha OCHOBe OJIOKa 3BO-
JIIOLLMOHHOH aflaNTalH{ B 3aBHCHMOCTH OT HAJHUYHS «IYyHLIHX» 3J1E€MEHTOB.
Takas moaudHKauUs MeTOJa NPepLIBUCTOTO PaBHOBECHs TO3BOJISAET COKpa-
THTb HellepCneKTHBHble NMOMYJAUHH H PaCUIHPHTL MONYJSALHH, B KOTOPBIX
HaXO[ATCA «J1ydliHe» 3JeMeHTbl. MeTod MpepblBHCTOrO PaBHOBECHH — 3TO
MOLUHBI CTPECCOBHIH MeTOA H3MeHeHHS OKpYyXalolled cpenbl, KOTOpPbIH
HCMoJib3yeTcs Aas 3QQPeKTUBHOrO BHIXO/A M3 JIOKAAbHBIX OTITHMYMOB.

3.5. O6benHHeH e reHETHYECKOrO arOPUTMa H METOLA MOAEJIHPOBAHHUS
OTXKHTa MO3BOJIAIOT IOJNYYaTh KaueCTBEHHbIE Pe3y/IbTaThl 3@ CUET YCJIOXKHe-
HUS NMPOLEAYPHl ONTHMH3aUHH. Hanpumep, Ha OCHOBe MPOCTOrO reHeTHye-
CKOFO aJIrOPUTMa MOXKHO NMOAYUYUTH HEKOTOPOE NMOAMHOXKECTBO POAUTENed
C JYYIUMMH XapaKTEePUCTHKAMHK U AJiS OQHOTO W3 HHUX (HAWJYUIIEro) WJH
HeKOTOPOro MOAMHOXKECTBA NMPUMEHHTb ONTHMH3ALHOHHYIO NPOLEAYPY MO-
HenupoBaHHUA OTxHra. Takoe oObefHHEHHE MOXKHO [IeJaTh Pa3JHYHBIMH
crnocofaMu.

3.6. Ha puc.4.15 nokasana ynpolueHHas MOAe/Nb 3BOJIOLUOHHONO I10-
HCKa NPH COBMECTHOM HCIIOJb30OBAaHHH Mofenel 3Bogouuiét lapBuHa u
Jlamapka. [1epsniil snemenT sBosmouuy Jlamapka npegycmatpuBaer caydai,
Korfa sauyo, npunumaroujee pewenue (JIITP) npumenseT ee Ko Becei
nonynsuuy (wkana = 1). ITOT 3/eMeHT COGUPAET MONHOE MHOXKECTBO HO-
MepOB XpOMOCOM B MOMYJMSILMH M AJS HHX BbI3bIBaeT anroputM Jlamapka.
Bropoil 3neMeHT HCIONb3yeTcs, €ClH NPOLEHTHOE COOTHOUIEHHE B IMOMy-
asiiiy Gosbwie 0. Torza 4HMC/MO XpPOMOCOM /st IPOLECCA BBIYMCASIETCS 110
napaMeTpy INPOLEHTHOTO COOTHOLIEHHS W pa3Mepy MONyJSALUHH M COOTBET-
CTBeHHO ofpabaTbiBaeTcsl HA60p HOMEPOB XPOMOCOM B nony/sudd. Bropoi
3JIeMeHT 3BOMIOUUH JlamapKa BbI3bIBAET NPefHKAT AJs BHIOOpPa MHOXKECTBA
HOMEPOB XPOMOCOM, JIeXalHX B npejfesax oT | 10 pasmepa nomyasuuu.
Jlnsa BbIMOJIHEHHS 3TOro NpejuKaT MHOTOKPaTHO NOBTOPAETCH A0 TEX Nop,
noka He 6yner HabpaH TpeGyeMblil pasmep. 31ech UCIOJb3YETCS CTAHAAPT-
HHI OmepaTop PenpoAyKUMH A/ BhIGOpa XPOMOCOM. 3aMeTHM, YTO eC/H
60J1bLIOH MPOLEHT MOMYJISLUHH NOABepraeTcs 3BoJOUUM JlaMapka, To 3TOT
npouecc MoXeT ObITb MeNJIEHHBIM, TaK KaK BHIGOP XPOMOCOM AJsl AaHHOH

L)
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3BOJIOLMH TpebyeT nonosHHTesbHOro BpemeHu. Ecam JITIP He xenaer
MCROJIb30BaTh 3BOMNOLMIO JlaMapKa, TO WKaJy BbibupaeM pasHywo O.

®opMHpOBaHHE
nonyssiuuu P

Jip

Ixana
3BOJIIOLHH

dopmMupoBanne
HOBO# MOTYNALMH Osomonus 11 Monenuposanue
Jlamapka [ oHeK
P’

Beruucneunue L[D

T'enetnyeckne I

Brox OnepaTophl
JBOJIIOLIMOHHOH
ajlafTaliH

Brixon

Puc. 4.15. CTpykTypHas cxeMa COBMECTHOTO aJI'OPHTMA 3BOJMIOUUH

KpoMe oCHOBHBIX BBeleH INPeIHKAT LHMKJIA, KOTOPbIH KOHTPOJUDYeT
sBoJouuio Jlamapka nepeudeM BhIGpaHHBIX XpoMmocoM. [das kaxuofl xpo-
MOCOMBI ONpeAeJIfIoTCS 3HaYeHHus LeneBod (QYHKLUUY. 3aTeM BbINOJHSETCA
JIOKaJIM30BaHHBIH MOMCK /s 3aJaHHOrO uucaa HTepauui. Pesynsratom
3ITOro IOHCKA fBJAETCH HOBAsi XPOMOCOMAa C JAPYyTHM 3HAayeHHeM UesieBOH
¢dyukuuu. Ecam 3HaueHue ueneBoH (YHKUMH Jydile, YeM Y HCXONHOH
XpOMOCOMBI, TO OHA 3aMeHsieTcs1 ONTHMHU3NPOBAaHHLIM BhlpaxKeHHeM. B npo-
THBHOM cJjiyuae 3aMeHbl He npoucxomut. JIIIP Ha ocHoBe 6s0ka 3BOJIO-
UMOHHOU aJanTalHd MOMeT 3aNlyCTHTh HJH OTMEHHTb 3BoJiIouMio Jlamap-
Ka. [la6i1oHOM NOKAJIM30BAHHOTO NOHCKA SIBJASETCS METO[ [OPH30HTA, HJH
noxHcka B ry6uny. OHH aHa/AH3HPYIOT XpOMOCOMY C JY4IUHM 3HauyeHHeM
ues1eBofl PyHKUMH A8 TOHCKA JYUILEro JOKaAbHOTO onTMyMa. OTMETHM,
YTO OmepaTop MYTAUMH pas3pelleH [Js BCEro NOHMCKOBOrO NPOCTPaHCTBA.
XpoMmocoma ¢ HaHJYYLIHM 3HaueHHeM LeseBOiH (YHKUHH CTapod H HOBOH
NONYJSUHUK HCNOAb3YETCA ANA MOCIEAYIOUIHX reHepalui.
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3.7. B cxeMy COBMECTHOrO ajrOpPHTMa MOXHO BKJIOYHThL A1000#H Habop
MOKCKOBBIX AJIrOPUTMOB. [eHeTHYeCKHH ajlrOpUTM HCMOJib3yeT THOPUAHBIA
NOAXOH, B KOTOPOM reHEePaLHH ONPeAeNsIOTes AJISl HCCAeIOBAHUS 3BOAIOLHH
Jlamapka ¥ HakOMIeHHS CTATHCTHKHU. JTO MO3BOJSET YaCTHYHO pellaTb
npo6aeMy npeaBapHTEbHON CXOJUMOCTH aJropuTMoB. D (eKTHBHOCTb HC-
nonb30BaHUsA sBoMouuy Jlamapka coBMecTHO ¢ 3BoJwouued llapsHHa 3a-
BUCHT OT uccJjefyemoil npobsaeMbl. JIoKaqu3oBaHHasi ONTHMH3aUHMA C HC-
N0JMb30BaHHEM 3THX MojeJied OyleT MOBLILIATL CPefHee 3HaYeHHe LiesIeBOH
GYHKUHHM TONYJAUHH U, CJEL0BaTe/ibHO, YCKOPATb BbIMOJHEHHE NOHCKa
B UCXOAHOM aJIrOPUTME.

3.8. PaccMoTtpuM MoxuGMHUMPOBaHHbBIE apXHTEKTYyphl noucka. OnuH U3
BO3MOXHBIX CTPOHTEJbHBIX GJJOKOB NMOCTPOEHHA MHOFOYPOBHEBOH apXHTEK-
TYPHl 0/ PELUeHHS HH2KEeHEepHbIX 331a4 nokasaH Ha puc.4.16. 3pece P —
HadasibHasi MOMyJALUs a/JbTepHATHBHBIX pelleHud. Ha cospaHue HoBOH
nonynsuun P’ 0KasplBaiOT BAHSHHE HE TONBKO FeHeTHYECKUH aJTOPHTM ¢
6JI0K 3BOJIIOLHOHHON ajanTaudy, HO M BHellHAs cpeja. M3 Takux cTpo-
HTENIbHBIX OJIOKOB, KAK M3 «KHPMUYHKOB», CTPOUTCH aPXHUTEKTYpa MOHCKA
MOGOH CIOMKHOCTH.

l P
Baenmss
| > TA cpena
brok
IBOMIOIHOHHOH

&

afanTanuH
T \II
le

t

Puc. 4.16. Cxema cTpouTenbroro 6J0ka

OTMeTHM, YTO NPHHSITHE pellleHHH B HeONMpeleseHHbIX, PacMibiBUaThiX
YCIOBHSAX TIPH PeLIeHHH WHXKEHEPHBIX 3afay — 9TO reHepallHsl BO3MOXKHBIX
aJbTePHATHBHBIX PelleHHH, X OleHKa W BHIGOD JAyvied albTepHATHBBI.

4. 3adaued npunsmusn pewenud HasbiBaoT KopTeX Z = (N, 0) (rze
N — MHOXeCTBO BAPHAHTOB peilieHnit 3afauy; © — NPUHLKN ONTHMAMLHO-
CTH, JAIOWMA NpecTaBleHue O KayeCTBe BAPHAHTOB, B NpOCTeHLIEM Cay-
yae — [IPaBHJIO NPEANOYTEHHA BAPHAHTOB). PelenueM 3a/jadr o Ha3bBaOT
MHOXeCTBO Noy € N, moJiyueHHOe HAa OCHOBE NPHUHLHMMA ONTHMAJbHOCTH.
3apauy Z pemwaoT chaepyiouiuM obpasoM. CocTaBasiior MHOXecTBO NN,
€CJIM 3TO BO3MOXHO, T. €. ONpefeqsioT BAPHAHTLI, a 3aTeM PElIaiT 3a1a4y
Bol6opa. CTaHZapTHast CUCTeMa MOAKEPXKKH TMPHUHATHS PeLleHHs] COCTOUT U3
CJIEAYIOIHX OCHOBHbIX GJIOKOB:

e reHepalLus BO3MOMKHBIX a/ibTEPHATHB pelleHHH (CLeHapHeB);

® OlLEHKH pellleHHd (OCTPOEHHA LeNeBOd GYHKLHMU));

® COrJacoBaHHe pelleHHl, aHaMN3 IHHAMUKH Pa3BUTHUS CUTYaLHH;

6 JI. A.Tnankos, B. B. Kypeitunk, B. M. Kypeitunx
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e BLIGOp petueHus (TPynnbl pelieHUit), CLEeHapus;

® OLEHKa COOTBETCTBHSA NMPHHATHIX PelIeHHH 3a0aHHBIM LEessAM.

CpaBHHBas 3Ty CHCTEMY CO CTPYKTYypOil TeHETHYECKHX aJFOPHTMOB,
MOXHO 3aMeTUTb MHOTO o6urero. Cie10BaTeNbHO, NpelIoKeHHbe KOHLeN-
UMM, MPHHLMIBI, apXUTEKTYpPhl U FeHeTHYECKHUe aNrOpUTMbl MOTYT ObITb
MCIMOJIb30BaHbl B CHCTEMaX NOAJEPXKKH NPHHATHA pPeLUeHHS .

3BomouyuAa
ITonnepa Biok
—] IITA KomnieHcarop | 9BONIOLMOHHOH
afanTaluu
Spomouus T
JlapBuHa 1
Jlamapka Bremmss
cpena Penyxrop
T'eneparop
NOIMYNSITUA
OnpeneneHue
HOBO# NOMYIALMH
t
Ounerp
Brixon XPOMOCOM

Puc. 4.17. Kom6uHrpoBaHHasd cXxeMa NMPHHATHA pellleHHs Ha OCHOoBe 6Ji0Ka 3BOJIO-
LMOHHOH afantauuu

Ha puc.4.17 nokazaHa koMOGHHHPOBAaHHasi CXeMa NpPHHSTHS pelleHus
¢ ofpaTHOH ¢Bsi3blo. 3hech [ITA — 5To MPOCTON reHeTHYECKHH alrOPHTM,
peanusyoiui Mofenb sBoswouxd Jlapsuna. Biaok ssomouyu [lapeuHa u
3BosoLMH Jlamapka — 3To Mozesb HX coBMecTHOH peanusauuu. KomneHca-
TOp peryJupyer AMHAMHYECKH H3MeHsieMblHl pa3Mep MONYJALMH DelleHHH,
pacmivpas, Cy»Xas UM OCTaBjss ee noctosHHoH. [locne peannsauun 38o-
mounit JlapeuHa u Jlamapka KoMIeHCaTop BO B3aHMMOAEHCTBHH C BHeLIHeH
Cpefod peasnusyeT NPHHUHUMBI 3BOJIOLHOHHOTO MOUCKA, TIPH 3TOM JyulliHe
XPOMOCOMbI BBHIOHPAIOTCS ANSI CMELIHBAHHS MONYJASLMA M BBIXOAA H3 JIO-
KaJbHBIX OnTUMYMOB. CymMMaTop, peAyKTop ¥ GHALTP NO3BO/SIOT NOBLICHTD
3(QQEKTHBHOCTb peasM3aliy 3BOJIONHH H CKOPOCTb MPUHATHS pelleHHH.
OTMeTHM, YTO B HHXEHepHBIX 3afayax 6o/bLIOH pa3MepHOCTH NpPOoLecC
pellieHus YCJOXKHSETCH, HO BbINOJNHEHHe MapaJl/iebHbIX reHeTHYeCKUX as-
FOPUTMOB CHHXKAeT BpeMeHHYI0 CJOXHOCTb.

Takxe OTMETHM, 4TO BHELIHAs CPefa B KOHEYHOM HTOre ompejefsieT
3BOJIIOLKMIO, HO He B NpocTOH (OpMe CBA3H MeXAY Hac/eICTBEHHOH H3-
MEHYHBOCTHIO OPraHHU3MOB M CPefoll Kak B 3Bosiouud Jlamapka, a B 6os1ee
CJIOXKHOH (opMme.
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5. [lpn Mone/HpOBaHHH BO3MOXKHO OOBELHHEHHE BCeX BHAOB H (hopm
sBositouny. Ha puc.4.18 nokazana 6a30Bas CTPyKTypa FeHETHYECKOTO No-
HCKa Ha OCHOBE HCNO/Mb30BaHHMA Mojened spomouuil [apsuua, Jlamapka,
ne Ppusa. 3pech Ha OCHOBE IKaabl 3BOJIOLHH TPHU B3aHMOAEHCTBHU
C BHEUIHeH cpefioit BbipabaThiBaloTCsA cHrHanabl 0 — Ha BHIMOJIHEHHE 3BO-
around JapeuHa; 1 — Ha peajusauuo ssogtounu Jlamapka, 0,5 — Ha
peasid3auuio 3soaouud ge Ppusa.

BHemuas
cpena
Iouck
llkana 3BOMIOUUH == IKCIEPTHAS
I T T cHcTeMa

Opomowus | | Dsomtouns| [OBomonus
Japsuna || Jlamapka | | ne Ppusa

I |

Ja

TTpenBapurens-
Hast CXOMMOCTB )

Kputepuit
OKOHYaHHA
JOCTHIHYT?

Berixon

Puc. 4.18. Ba3oBas cTPpYKTypa reHETHYECKOrO MOHCKA HA OCHOBE HCIIOJb30BAHHS
sposiouni [lapeuua, Jlamapka u ge Ppusa

6. DxcnepTHad cHcTeMa No3BoJseT chOPMYIHPOBATL HAGODP MPABHJ MO-
CTpOeHHA LiesieBOH (QyHKLHMH H OKOHUYaHHS Noucka. [loBTopeHne 3BosOLM-
OHHOTC TIOHCKa BO3MOXHO NpDH TNpPeABAPUTEIbHONH CXOAHMOCTH aJropHTMa
HJIH NPH JOCTHXKEHHH 3aJaHHOro 3HadeHHs UeneBoll QyHKuuH. Ocoben-
HOCTbIO AAHHOH CXeMbl fIBJISIETCSl HCIIO/Ib30BaHHE MOMCKOBBIX CTpaTEerui,
OMMCAHHBIX BblLleE.

Ha puc.4.19 npueesena monudukauvs 6a3oBoit CTPYKTYypbl FeHeTH-
4ecKOro NOHMCKa Ha OCHOBE HKCMOJb30BaHHA Moaesel sBosounid Japsu-
Ha, Jlamapka, ne ®pusa u [lonnepa. 3pechb, B OTAHYHE OT Ga3UCHOM
CTPYKTYPBHI, LIKa/1a IBOJIIOLHH, B3aHMOAEHCTBYS TONbKO C BHEUIHEH CPenpH,

6*
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BbipabaTbhiBaeT CHrHaMB Ha BbIGOp 3Bomounr Hapsuna (0), Jlamapka (1),
ne ®pusa (0,5). [Tocne storo BeinonHseTcs Momesab 3BomouHM [lonmnepa,
peai3yIoLas OAWH H3 BUAOB 3BPHCTHYECKOrO MOKMCKA B BHIE MeTOAA npob
H OIIHGOK.

+
Bremnss __[ TTouck l
cpena poBepka
JIOTMYECKOTO
yCaoBHA
[ Ixanassosround |
Deomouus| [Isomounsl [Seomouns 3KCHC};’I‘HaH
Hapeuna | | Jlavapka | | e ®pusa cuctema
! | ! Brok
Dpomrouus [Tonnepa Mﬂrpiaunn
Brok
3BOJIIOLIHOHHOM
ajanTauu

Ha

TIpeasapurens-
Has CXOOAUMOCTH?

Kpurepuit
OKOHYaHHUSA
JIOCTUTHYT?)

Her

Beixon

Puc. 4.19. Mogndukauns 623080l CTPYKTYDb

6.1. B nenn o6paTtHol cBA3H A00aBneHbl 6J0KH afanTallid U MUTPALHH.
OHH no3BOJAIOT NPOH3BOAMTL NMOCTPOEHHE MOPAAKA U3 Xa0ca, YCTaHOBJe-
Hue OanaHca B CHCTeMe, BLIOOD napaMeTpOB [JISl yIpaBJieHHs 3BOJIOLH-
OHHBIM TIOMCKOM C LEJIbIO MOJYyYEHHs! ONTHMAJbHEIX H KBa3HONTHMAJbHBIX
pelueHu .

Jnsi moBeiIEHHMS KayecTBa MNMDUHATHA pELIEHUH HCIOMb3YIOT, KpoMe
OTIMCaHHBIX, TEXHOJOTMH NOHCKA, CBSI3aHHBIE C paclapaljielHBaHHeEM TeHe-
THYECKHUX AJTOPHTMOB, CTPYKTYDHPOBaHHEM NOMYASUMH, MHrpanHedl xpo-
MOCOM W nonyasuuid U T. 1. O6bIYHO HCTIOAB3YIOTCS ABa NOAX0AA CTPYKTY-
PHPOBAHUSA NONYJSILHH.

o [locne KOHCTPYHpPOBAHHS NOMYJSIHMH OHA CAYYaHHBIM HJH 3afaHHBIM

06pasoM pasbupaeTcs Ha HECKOJbKO nopnonynsuuil. Mogenu ssoaio-
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uud JapsuHa, Jlamapka, ne ®pusa, [lonnepa u Kumypst uau niobas
HX MOAU(HKALHA NPUMEHAIOTCH BHYTPH Kaxkod nognonyisuud. Ilpu
3TOM BO3MOXKHO CJy4aiHOe HJM HalpaBJeHHOe MNepeMelleHHe XPOMO-
COM MeXAy J0ObIMH HJIH 33aHHLIMH TOMYJISLHAMH.

e [locse MHHUHANHM3AUMH NOMYJAUUH AAA KaxXAOH XPOMOCOMBI OMpe-
JensieTcs ee MPOCTPAHCTBEHHOE MECTOMNOJOXKeHHe B nonyasudd. [a-
Jee, ec/H HeoOXOAHMO, BHIFIOJHSETCS pa3bueHHe Mony.isuud. Boibop
XPOMOCOM J/IS1 HCTOJIb30BaHUA IeHETHYECKHX ONepaTopOB 3aBHCHT OT
«BIH30CTH» pelleHHl B NPOCTPaHCTBe (3HaueHHe LeNeBol BYHKUHH).
Bo3MoxXHO Goablioe KOJIHYECTBO KOMOMHAUMH ¥ MOAMPHKAUME 3THX

MOAXOA0B C y4yeToM 6JI0Ka 3BOJIIOLMOHHOH ajanTaluH, npuieM 3¢QeKkTHB-
HOCTb HX YCTAHABJIUBAETCH B OCHOBHOM 3MIHDHYECKH.

6.2. M3BecTHa [ABYXypOBHeBas CHCTEMa TeHETHYECKOro aJropuTMa
2.Tynmana u B.llanua (DAGA2). 3mecb peajusoBaHa wujess MHOro-
YPOBHEBOH 3BOJIOLUH, KOTAA B IEHETHYECKOM ajIrOPHTME HCHOJb3YIOTCS
zBa ypomHs. Ha nepsom yposue DAGA2 BuNomHseT napasjensbHyo
peaH3alMi0 NPOCTHIX FEHETHYECKHX AJTOPUTMOB, MOKA OHH He HAayHYT
CXOOUTbCA. 3areM B HaUAYYIUMX pelleHHsX (XpOMOCOMaX) Kax oM
MONYASUUK OnpefensioTess Gaukalline APYyr K ApPYyry O6bexTel (reHbl),
KoTopele o6pasyior kJaactepel. Ha ocroBe KnacTepoB cospjaeTcst HoBas
XpoMmocoMa Kak oObekT mas BToporo ypoBHs. OtmeruM, uto DAGA2
MOXeT J[eHCTBOBaTb KaK MnapajjesbHbld TeHEeTHYeCKHH aAropuTM Co
CKpelLHBaHHEM B JIOKAJbHOH 06/JaCTH HJ/IH HAa OCHOBE «OCTPOBOB». B 3ToH
apXHTEKTYpPe XPOMOCOMb M3 MOANONYJSUMEH B rpy6oil (HeTOYHOH) Mozesu
3a[a4d MUTPHPYIOT B APYTHE IOANONYJAUHH B HerpyGoil (TOYHOM) MomesH.
DTa CTPYKTYpa MOXKET GbiTh MOAM(HUKHPOBAHA Ha J6GOE YHCTO YPOBHEH
B 3aBHCHMOCTH OT MAMATH W BpeMEeHHBIX OrpaHUYEHUH Ha NOJyveHHe
peayJbrara.

6.3. M3secTHbl Takxke mnapaJJjejibHble TIeHETHUYECKHE aJNTOPUTMEL CO
CKpelllUBaHHEM B JIOKaJbHOH 06J1aCTH M Ha OCHOBe «OCTpOBOB». B nepsom
cJlydae XpOMOCOMbL OJHOH NOMYJASLUHU MOJENHPYIOTCS KaK TOYKH B HEKO-
TOpOM MpoCTpaHcTBe. BBOAMTCA OTHOIWIEHHe OGJH30CTH, H TeHETHUECKHE
OnepaTopbl NMPUMEHSIIOTCH K XPOMOCOMaM, PacrosOKeHHbIM OJH3KO APYr
oT apyra. Bo BropoM ciyuae NMONYJSILMH 3BOJNIOUHOHHPYIOT B TedeHHe
HECKOJIbKHMX 3aJlaHHbIX reHepalMi He3aBUCHMMO Ha ONpefeseHHBIX «OCTPO-
Bax», 4 3aTeM NPOU3BOAHTCH OOMeH reHeTHYEeCKHM MaTEepPHaJOM W CHOBA
NPOBOAUTCS HE3aBUCHMAsl 3BOJIOLHSA., JTOT HPOLECC MPOHCXOIUT B LHKJE
pa3Hoo6pasHEIMH criocobamu.

6.4. f1.TlapMu BBeN NOHATHE KAACMEPHO-OPUEHMUPOBAHHOZ20 T[eHe-
THYECKOIr0 a/JrOPUTMA, OCHOBAHHOINO Ha CTpaTerHH OLICTPOro pasbueHus
TIOHCKOBBIX IIPOCTPAHCTB Ha 06/1aCTH BbICOKHX 3HAUEHHH UeseBOA QyHKUHH.
B TakoM aJropuTMe YCTAaHOBJIEH peXHM MYTALHH MepeMeHHHIX, BBeleH
afanTUBHBIA (GHIBTP, OTCEKAOUWIMHA pelleHHs C HHU3KHM 3HaueHHeM UeJe-
BOM (YHKUMH, NpUYEeM HHXKHAA CpaHHLA LesaeBod (YHKLUMH afanTHBHA
B CMBIC/I€ 3aBUCHMOCTH OT PelleHHH Ha KaX/04 renepaumy. B kauecTse po-
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AH(HKaUHK TaKoro ajropuTMa UCIOJb3YIOT HayaslbHOE CTPYKTYPUPOBaHHe
NONyJSILHH Ha OCHOBE 3HAYEHHH LeNeBOH (YHKUMH, peasH3alu0 Mofened
spoarouui Jlapsuna, Jlamapka, e ®@pusa u [Tonnepa B KaXXJ0M NOHCKOBOM
npocTpaHcTBe. Buifop reHeTHYECKHX ONEPaTOPOB 3J€Ch OCYLIECTBIAAETCS Ha
OCHOBE JHHaMMYeCKOH DKCMepTHOH CHCTEMBl ¢ MCMOJb30BAHHEM CTATHCTH-
YeCKHX METOJIOB ONTHMH3ALHKH.

6.5. Mx. Maddep u JI. Jwenbman npefyoRuad npobremuo-opuen-
MUPOBAHHHIE TEHETHUECKHE AJNTOPHTMBI, BbipabaThiBawiye pelenus (de-
HOTHNBI) KOMOGHHATOPHBIX 3ajay, NpeACTaBJAeHHbIX B BHAE 33aJad napaMeT-
pHUYECKOH ONTHMHU3aLUH, COCTOSILIHX H3 CTPOK NapaMeTpoB (re€HOTHIIOR).
B maHHbIX aAropHTMax cosgaercs npo6JeMHO-OPHEHTHPOBAHHbIH reHepaTop
pelleHHH (xpomocom). Kpome 3TOro, CTPOHTCS 3BPUCTHUYECKUI reHepaTop
IJIAHOB, COCTOSIIMH W3 Habopa wabmsoHoB peuiennid. [lajsee Ha ocHOBe
«KaJHOH» 9BPUCTHKM M 3HaYeHWH UeseBOH (YHKUHH CTPOMTCS BO3MOX-
HbIH NJUIaH pelieHUs 3apay. MaMeHssa napameTpsl, reHeTHYeCKUH aIrOPHTM
3aCTaBJseT «XKalHble» IBPHCTHKH BblpabaThiBaTh 6OJbLIOE YHCIO Pa3HOO6-
pasHbIX XpoMocoM. BsaumozelicTBHe reHeTHYECKOrO aJIFOPHTMA U 3BPHCTH-
YeCKOTr0 reHepaTopa [JIaHOB MO3BOJSET YCTAHABJIUBATL BPEMS reHepaliH,
MPOHU3BOAUTL aAaNTalHI0 HAG0POB MapaMeTpoB, (POKYCHPOBATb HauJydLIHe
pelueHus.

6.6. K. Jle Vlour npeanoxua B NONynsuuaX, HMEOUHX o6liHe XPOMO-
COMBI, BbIOHPATb A [anbHeliwero noucka N - G anemeHToB. 3aech G —
4HCJI0 FeHepaluil, a N — MOLHOCTb HadalbHOH nonyasauuu. [loromku pas-
MeLLAITCst B HOBble NONy/asuHd. XpOMOCOMBI H3 MONYJSLHH BHIGHpaOTCA
cnyuaiiHo. CrrefloBatesbHO, Npy BhIGOpe pasMepa NMONYJNSLMH HET TOYHBIX
pexomenjauuii — Gosbluasi NMONYJASLHS JaeT MOTEDH XPOMOCOM; MaJjas
NOMyasuus AaeT OOMbIIYI0 BO3MOXHOCTb IONACThb B IJIOXOH JIOKaJbHBIH
ONTHMYM.

K. Jle VoHr npensioxun 5 BapHaHTOB MJIAHHPOBAHHS MPOLECCA TeHeTH-
4eCKOr'o NMOMCKa:

o anumnan modens. [lycte P'(t) — ay4uwias XpoMocoMa, CreHepHpo-
BanHas 3a BpeMs t. Ecan nocne renepaunu (¢ + 1) P/(t) He nonana
B (¢t + 1), To P'(t) Bkmoyaerea B (¢ + 1) Kak Np + | unen;

e Modentv ¢ oxcudaemoli seaununol. 3nech AJs ceNeKUHH BHIOHpaeTcs
caydaiiHas XpoOMOCOMa M BBIYHCJIAETCS OXHAAEMOe YHCJO NOTOMKOB
JJIST KQXJ0H NONy/ALuY,

e snumnan modensv ¢ oxcudaemol senutunod. 1o o6beHHEHNE Nep-
BOI M BTOPOH Mopenel;

o «pedyxyuonnviti haxmop» (CF). 31ecb XPOMOCOMBI-MOTOMKH [OCJHe
reHepalli aHaJH3HPYIOTCH HA peAMeT BblXK1BaHHA. XPOMOCOMBI C Lie-
NeBol PYHKLHMH HHXKe CpefHed BbIOHpaloTCs H3 nogMHoxectBa CF u
yransiores. O6biyo CF = 2,3, 4;

e modens zeHepayuu HOBLIX U MOOUPUUUPOBAHHBIX 2eHeMUHECKUX
onepamopos.
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Onnolt H3 NPOCTHIX TEXHOJOIMH 3BOJIOLHOHHOrO TMOUCKA SIBJSETCA
TaK HasblBaeMasl «ycToHuuBas penpoaykuus» JI. Hesuca (stady-state
reproduction). OHa COOTBETCTBYET CJEAYIOUIEMY aJATOPHTMY:

1. Co3nath k nOTOMKOB (XpOMOCOM) M3 HAuYaJbHOH NONYJSLHH Hepe3

PENpOLYKLHKIO.

2. Y6patb k uneHoB M3 HaYaJbHOU MOMYJSILMH, 4TOOB OCBOGOLHTL MECTO

[Jis1 MOJy4aeMblX TOTOMKOB.

3. OleHUTb U BCTaBHTb MOJYYEHHble XPOMOCOMBI (II0TOMKH) Ha 0CBOGO-

[NUBLIHECS MeCTa B MONYJsLHH.

4. Koneu paGoTh aJropurma.

6.7. [Ipn oueHKe XpOMOCOM HCMOJNb3YITCA [BA OCHOBHBIX MOAXOMA:
JMHeHHas HOpPMaJH3allMfl M OnpefieleHHe «OKHa». B mepsoM ciydae npo-
U3BOAUTCA YNOPALOYHBAHHE XPOMOCOM [0 yOBIBAHHIO 3HaUeHHH LeneBOH
¢yHKuuH. Beibupaercs ueneBas GpyHKUHS ¢ NOCTOSHHON BENUYMHOM H LIKa-
Jla THHEHHOrO YMeHbllleHHd ee 3HaueHHH. Bo BTOpoM cay4ae onpenensercs
XpOMOCOMA C HaUMEHbLIUM 3HayeHHeM LeseBoll QpyHKUHH. XPOMOCOMEL, Y
KOTODBIX 3HauyeHHe lesieBod (YHKLUHM MeHblle OnpejeseHHOro, He y4act-
BYIOT B penpoAyKuuH. Tako#l MeTOL mokasas 3¢eKTHBHBIE Pe3y/IbTaThl HA
JIeTePMUHUPOBAHHBIX NpobieMax.

6.8. IO. A. AGunoB H ap. NpeaNOXUIU 2pynnosol zeHemudveckuil an-
eopumm ¢ Hanpasrennol mymayueit. OH COCTOUT H3 JBYX YpPOBHeH.
Bepxuuil ypoBeHb aJrOpHTMa BHINOJHSET IPYNNOBOH, a HHXKHHH — WH-
AuBuayanbHblll nouck. Ha nepBom 3Ttane GepeTcs nony/suus pasMepoM
B HECKOJIbKO pa3 §oJ/iblUle, YeM B MPOCTOM TeHeTHYECKOM AJFOpHTMe, C Le-
Abl0 GOJIBIIETO OXBaTa BCEro NMPOCTPAHCTBA MOUCKA. DJeMEHTH B MOmy-
JSUHY OLeHHBAIOTCS, 3aTeM XPOMOCOMbI CO 3HaueHHeM LeseBoH (yHKUHH
MeHblle cpeflHeH OTOPacHIBAOTCS, a M3 OCTABLIMXCS XPOMOCOM COCTaB-
JstioTes nopnonyasund. Jlanee MOUCK BefeTCsl BHYTPH OTAEJNbHBIX CPYII.
IlpuBenemM MOAM(HKALMUIO 3TOr0 MOAXOAA.

1. CxoHcTpyupoBath Haua/bHylo nonynsuuio P pasmepa |P| = N,, P, €
€P,i=1N,.
2. OnpenesuTh 3HaYeHHe LesieBoH QYHKLKK IJIS BCEX XPOMOCOM B IMONY-

JISHLIMH M BHIYHCJHTD CpefiHee 3HaYeHHe LieJIeBOU (hYHKLHH 1o GopMye

1 P
fcp = F Z f(Pz)
P =1

3. [pu peanusauuu onepatopa pernpogykuu# (CejeKUHH) OCTABHTb B 110-
MyNSLMH XPOMOCOMbI CO 3HAaYeHHEM LieieBOH (QyHKUHMH 60Jblie cpel-
Heit o Bce#t nonyasuuu P; (j = 1,N,), f(P;) > fep.

4. C noMoLLbIO LIKaJbl 3BOJIOLHMK Ha OCHOBE B3aHMMOAEHCTBHSA C BHElIHEeH
cpenol, 6iokamut agantaudd H DC BbIOpaTh COBMECTHYIO HJIH OJHY H3
Moznenel sposiouun Jdapeuna, Jlamapka, ne ®pusa, [Nlonnepa, Kumypsr.

5. O6pasoBats rpynnsl XpOMOCOM [0 MPHHLHMNY HX [POCTPAHCTBEHHOM
6ansoctu |P, — P;| < 4, rne 6 — napameTp cocepctsa: 0 = 2Ly /N,
rae Ly — AnuHa oTpesKa, Ha KOTOPOM 3aAaHa k-KOMIOHEHTa XPOMO§OM
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P, u P;, npn 3TOM XpOMOCOMBI C «MaJIONPUTOLHOMN» 1eseBol (QyHKUHEH
yaansioTest, H Kaxaas rpynma kKak 6b Hcc/lefyeT OTAe/bHbIH JOKa/b-

HBIH OTMTUMYM.

6. [IpoBecTH HOBYIO CeJIEKLHIO, OCTABMB MO OfHOH XPOMOCOME B KaXKAOH
rpynne pas6uenusi. [IpoBoaMTL reHeTHUecKHe ONepaTopbl Hal BCEMH
XPOMOCOMAaMH, MOK2 He TOJNYYeHO 3aJjaHHOe pellleHHe (ecad OHO H3-

BECTHO) WJIM 3HaYEHHe KPHTEPHS OCTAHOBKH aJTOPHTMA.
7. Koneu paboTbl ajnropurma.

6.9. Ycnex He4eTKOro reHeTHYECKOro aJrOPHTMA 3aBHCHT OT NMPaBHJIb-
Horo Bbibopa pasmepa monyaauuH N,. Bo MHOrnx onTHMH3aLHOHHBIX 3a-
fauax N, He H3BECTHO 3apaHee H ero MOXHO TOJBKO NPOrHO3HWPOBATH,
UCMOJb3Ysl 3HAHMSI O XapakTepe (pyHKUHH Apolecca NOMCKa WM Jo6ble

Ipyrue 3HaHHA.

Ha puc.4.20 noxazana ykpynHeHHasl cXeMa MapafjesbHOr0 3BOJIOLH-
OHHOTO NOMCKA NpH pa3bHeHun NONyJNSUUM HA ABe MOANONYIALMH. 3Aech
B GJ/I0KaX reHeTHYEeCKHX OMEepPATOPOB BBLINOJNHATCH ONepaTopbl KPOCCUHIO-
Bepa, MyTalHH, UHBEPCHHU, CerperauyiH, TPAaHCJIOKALUHH, yIaJeHHsl H BCTaB-
KH. B GJoKe pegyKuuH NMPOH3BOAHTCH yHa/eHHE XPOMOCOM CO 3HaueHHeM

ueseBod GYHKIUHH HUXKe cpefHed.

l [enepauns nonmynsuuu |

Beruucnenue

L@

noanmyasuns 1

1

Briuucnenue

b

TIOAIYJIAHS 2

Brnok murpannu
Noanynauus 1

Murpauus
XpOMOCOM

| Tonnynsuns 2

Baok Murpanuu

Osontouus JapeuHa

uiu Jlamapka
noamysuus 1

Oonouus Ppusa

unu [Tonnepa
NOAyNALHS 2

T RN
lenernyeckue T'eneTuueckue
OnepaTophbi ONEPATOPLI
noanynaums 1 noanyasuys 2
T brnox 3 T v
Pesykiuust HOBOH | 38:;£:§§::°“ Peﬂg’:;:’;l :011/3[3"
NOAMNYJIALAN i [ yau
I F

Pue. 4.20. Cxema napanse/ibHOTO 3BOJIOLMOHHOrO IOHCKA
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JBOJIIOLUOHHBIH TOHCK A/ pelleHHs HHIXXeHepPHbIX 3ajad — CJIOXKHag
CHCTEeMa H MO OTHOUWEHHIO K Hell He MOXeT OblTb HCMO/b30BaHA KaKaf-TO
OAHA MOREJb, CXeMa, apXHTeKTypa, NPeCTaBAAIoLIas CJOXKHYI CeTh B3au-
MOCBAI32HHBIX 3JE€MEHTOB, CBOWCTB M (PYHKUMH M HaxoAsLlascs B onpele-
JIEHHOM B3aHMOJEHCTBUH € OKpYyxKalolleHd cpefod.

4.3. TeHeTHyecKoe NporpamMMHUpoOBaHHe

1. OcHoBHbIE HCCIE0BAHHSA B 06/1aCTH TeHETHYECKOTO NPOrpaMMHUpPOBa-
Hus nposenennl 1. Kosa. Tenemusueckoe npozpammuposanue npeicTas/is-
et coboll 0AHO M3 HanpapJeHHH 3BOJIOLMOHHOIO NOHCKA H OPHEHTHPOBAHO
B OCHOBHOM Ha pellieHMe 33]ay aBTOMATHYeCKOro CHHTe3a nporpaMm. Xpo-
MOCOMbl HJIH CTPYKTYPbl, KOTOpble aBTOMATHYECKH T€HEPUPYIOTCS C NOMO-
IIbI0 TeHETHYECKUX ONEepaTopoB, SIBASIOTCH KOMNbIOTEPHBIMH NPOrpaMMaMH
Pa3JHYHON BEJHYHHB U CJOKHOCTH.

[Tporpammbl cocToST U3 QyHKUMH, nepeMeHHbIX U KoHcTaHT. Mexonnas
nonyasuds P XpoMOCOM B reHeTHUECKOM NpPOrpaMMHPOBaHUH 0Opasyertcs
CTOXACTHYECKH M COCTOHT M3 MPOrpamMM, KOTOpbE BKJOYAKT B cebsi 3Je-
MEHTB! MHOXeCTBa NPO6JeMHO-OPHEHTHPOBAHHBIX 3JIEMEHTAPHBIX PYHKUHH,
a TaKkxXe npobJieMHO-ODHEHTHPOBAHHLIE [epeMeHHble M KOHCTAHThl. DTH
MHOKeCTBA SBJSIOTCS OCHOBOH /ISl 5BOJIIOLIHOHHOTO CHHTE3a NpOrpammbl,
crocobHO#l HauayywuMm 006pasoM peliaTh NOCTaBlAeHHY 3agauy. OnHo-
BpeMEHHO YCTaHaBJIHBAIOTCH MpaBH/ia BbIOOpa 3/€MEHTOB H3 YKa3aHHBIX
MHOXECTB B IPOCTPAHCTBE BCEX MOTEHIHATLHO CHHTE3UDYEMbIX MTPOrpamMM.
ITH MHOXKECTBa, a TakXke MpaBHJa UX 06paboTKH, OKA3BIBAKOT BJIHAHHE HA
Pa3MepHOCTh NMPOCTPAHCTBA MOMCKA HAUAYYLIEro pelleHUs ¥ HA KayecTBO
pe3yabwTaToB, MOJy4daeMblX MeTONaMU TeHEeTUYEeCKOro MporpaMMHpOBaHHUA.
CTpyKTyphl FeHeTHYEeCKOro NPOrpaMMHDPOBaHHS, KaK NPaBUJIO, HMEIOT Ape-
BOBHIHYIO (opMy.

2. B HccienoBaHUAX MO eHETHYECKOMY IPOrpaMMHPOBAHUIO TIPUMEHS-
etcst A3bK LISP, o6hafaoiuii HeOOXOHMMBIMHY LA CHHTE3a CTPYKTYp
CBOMCTBAMH:

e LISP fABJAETCS CHHTAKCHYECKH NPOCTHIM (PYHKUHOHAJNBHLIM fI3BIKOM,
nporpaMma Ha KOTOPOM MpeAcTaB/seT coO0H peKypCHBHYIO (YHKUHIO
CHMBOJIbHBIX BbIPAXKEHHI, COCTOSLIMX H3 3/JeMeHTapHbX (QYHKiUHH,
YCJIOBHBIX OINepaTOpOB H ONepaTOPOB CYNEepHO3HLUHH;

e 06paboTka gaHHBIX B LISP-porpaMMe CBOAHTCS K OObEIMHEHHIO,
AeNeHHI0 U MeperpynnupoBke HHpopMaluy,

e LISP-BoipaxeHHsl  NPEACTAB/SIOTCS  APEBOBHAHOH  CTPYKTYpOH
(puc.4.17), ¢opma ¥ BeJHYHHZ KOTOPOH MOXKET JUHAMHUYECKH
H3MEHSTbCS.

Cnenyst 1. Kosa, copmynupyeM chaefylollHe CTapTOBLIE YCJAOBUS AJIs
reHeTHYeCKOro NporpaMMHpPOBAHHUS:

® YCTAHOBUTb MHOXECTBO Np00/eMHO-ODHEHTHPOBAHHbLIX TMepeMeHHbIX U
kOHCcTaHT (terminal set); J
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Puc.4.17. JlepeBo LISP-Bbipaxkenus (x11(+314))

e YCTAHOBUTb MHOXKeCTBO Npo6JieMHO-OPHEHTHPOBAHHbBIX 3JIeMEHTapHbIX

dyukuuit (function set);

® ONpeleJIUTh SKCTPeMaJibHble 3HaueHHs LieJleBOH (QYHKLHH;

e YCTAHOBUTb NapaMeTphl MOAEJEH 3BOJIIOLUH;

® ONpele/UTh KPHTEPHH OCTAaHOBKH MOJEJHPOBAHUA 3BOJMIOLUH H NMPABUI

JEKOA\MPOBAHHSA Pe3y/bTaTOB SBOJIOLHH.

[lockosibKy OCHOBOH MOIEJHPOBaHHS 3BOJIOUMH B TI€HETHYeCKOM
NpOrpaMMHUPOBAaHHH ABJAAIOTCA 3JeMeHTH MHOXecTB terminal set
u function set, TO, B 3TOM CMbICJE, BbLIOOp MOJb3OBaTeJeM S3bIKa
NpOrpaMMHpOBaHUs OyleT B JajbHeHleM ONpeResATb BHA MOJyYaeMblxX
pelwieHui. 3mech onpefeseHHe 3HaueHHH LeJeBOH (YHKLMH, NapameTpoB
3BOJIIOLMHE M KPHTEpHeB OCTAHOBKH MpOLECca MOACNHPOBAHUA COBMNAfaeT
C aHAJOrHUYHBbIMH 3TaNaMK B JAPYTHX THIAX reHeTHYeCKHX aJrOpPHTMOB.

B xauectBe 3/emeHTOB function sets moryt QurypupoBaTh Cjeay-
oiye:

e aputMeTHYECKHE onepauuy (Hanpumep, +, —, *);

e MaTeMaTHyecKHe QYHKUHM (Hanpumep, sin, cos);

e GysieBbl onepaunu (Hanpumep, if-then-else);

e nykJab (Hanpumep, for, do-until);

e crielyanbHble GYHKUHH AJs BHICTPOro NOMCKA XOPOLIMX peLieHHH.

DneMeHTaMH MHOXecTBa terminal set SIBJAAIOTCS KOHCTAHTB H Me-
peMeHHBle, CPeAH KOTOPHX 0co60e 3HayeHHe HMEKT TaK Has3biBaeMble
cayyaliHble KOHCTAHTB C KODOTKHM BpeMeHeM <«XH3HH». MHoXecTsa
function set u terminal set A0JKHBI ObITh JOCTATOYHBIMH JJIsl Ha-
XOX/IEHHS pellleHHs 3ajauH, a Jwobas QYHKUHA — KOPPEKTHO BbIIOJHHUMOH
npu JOBIX AONYCTUMBIX apryMeHTax.

3. O6uienpH3HaHHBIM CHOCOOOM OLEHKH KauyecTBa LeJieBOH (DYHKLHH
AIBASIETCS TAKOH MOKa3aTeb, KaK CPeJHEKBajpaTHyHas olMOKa (4eM oHa
MeHblle, TeM Jydue nporpaMma). Muoraa ncnosbsyercs KpuUTepHH «Bbl-
MrpLILIa», CONIACHO KOTOPOMY BBIMIDBILI ONpeAessieTcss B 3aBHCHMOCTH OT
cTeneHy GIH30CTH K KOPPEKTHOMY 3HadeHHIO uejeBofl gynkuuu. Llenesymo
$YHKLUHIO B T€HETHYECKOM NPOrpaMMHpOBaHHH 0603Ha4aloT dyepe3 Fi,. Ha
NpaKkTHKe UCHOJb3yeTcs CTaHAapTHoe 3HadeHue Fi. O603HaunMMm yepes a;
HEKOTOPYIO POrpaMMy W3 nonyasuuu pasmepom NV, Torma cramgapTHOe
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3Ha4yeHHe LeNleBOX GYHKIUM onpelensieTcsl Tak:

Fro(as), ecsd HauMeHbluee 3HadeHue Fr,(a;)
ABNAETCH MOAXONSALLLM,

Fiax — Fro(a;), ecau HanGosbluee 3HaveHue Fro(a;)
SIBJSETCH MOAXOMSALLHM,

Fst(ai) =

a CTHPYEMOE 3HauveHHe LeJieBOH q)yHKL[HPI paBHO FjN(ai) = 1/(1 +
+Fst(ai)).

Hurepsan usmenennst Fyn(a;) pased (0,1). Pasmep nonynsuuu N,

B reHeTHYECKOM NpOrpaMMHpPOBAaHKH OOLIYHO COCTaBJIsIeT HECKOJbKO ThICAY
nporpamMm. PexoMeHZauuu 0 MakCHMaJbHOM YHC/IE reHepauHit tmax OTCYT-
CTBYIOT.

4. PaccMOTpHM OCHOBHble 3Tanbl reHeTHYeCKOro NporpaMMHpPOBaHuA.

1. Hruyuasusayus. Ha 3ToM 3Tane cToXxacTHYECKH reHepupyercs nomy-
Jsuust P, cocrosimas U3 N, 1DeBOBHIHBIX NpPOrpaMM, NpHYeM KOPHe-
BOH BepLUMHOK JepeBa Bceraa siBjasercs PyHKLHs, apryMeHTbl KOTOPOH
BEIGHpaIOTCA caAy4daiHo 13 MHOXKecTB function set unu terminal
set. KoHleBHMH BeplUMHAME AepeBa AOJKHB ObITb NepeMeHHble HJH
KOHCTaHTH, B IPOTHUBHOM CJlyyae [polecc reHepallnd HeoGX04HMO pe-
KYPCHBHO NPOJOJ/KHUTE. EC/IH CTPYKTYpa JepeBa CTaHOBHTCS CJAO0XKHOH,
TO 3apaHee yCTaHABJMBAETCS MaKCUMajbHasi BBICOTA JepeBa, PaBHas
qucay pebep fepeBa, KOTOPOe COACPKHUT CaMblil AJUHHBIA MYTb OT
KOPHeBOH BepLIHHbI 0 HEKOTOPO# KOHUEBOH BepiUHHBI.

. Oyenxa pewernuii. Ha BTOpOM 3Tane oleHHBaeTCs 3HaYeHHe Le/eBOH
(hyHKLUHMH KaxAOoH nporpamMmsl. Tak Kak nporpaMMsl BhiGpaHbl caydan-
HO, TO A1 OOMBIIMHCTBA M3 HHUX 3Ha4YeHHs LiejieBoH (PyHKUMH OyLyT
OTJIMYATBCS OT JY4YLIEro pelleHHs, T.e. AJs OLUEHKH MOXHO B3ATb
pasHHLY MeXAy JYYLIHM M XYAUWHM 3HaueHHeM UeseBod GYHKUHH
B MOMYJISILHH.

3. lenepayus Hogoll nonyasyuuy. ITOT 3Tal NPHHSATO pasfensTh Ha cJe-

LYIOUINe MOAITANLL.

3.1. Bufop onepatopos reHeTH4ecKoro nporpamMmmuposanus. OCHOBHbI-
MH OTNepaTopaMH 3jech SIBASIOTCA PENPOAYKUHS U KPOCCHHTOBED,
npumetsemble ¢ BepoaTHocTsiMH Pr(OP) u Pr(OK) coorseTcTBen-
Ho, mpudeM Pr(OP) + Pr(OK) = 1 (uyawe Bcero Pr(OP) = 0,1,
Pr(OK) = 0,9).

3.2. Cenexuus 1 pekombuHauus. JlaHHbtdl 3Tan MoLeHPOBaHHUS BHINOJ-
HsleTCsl 10 CXeMaM, aHaJIOrHYHbIM ['eHeTHYEeCKOMY arOpPHTMY.

3.3. O6pazoBanue HOBOH NonynasuMu. EcAH K HEKOTOpPOH rporpamMme
AIPHMEHSIOT ONepaTop PeNpPOLYKLUHH, TO 3Ta IIPOrpaMMa Konupyercs
B HOBYI0 nonynsuuio. s npoBeneHus onepaTopa KpOCCHHIOBepa
BLIGHPAIOTCA NBe DOAHTEJNbCKHE XPOMOCOMbI (NpPOrpaMMbl), cay-
4yalHbIM 06pa3’oM OMpefe/soTCA TOYKH KDOCCHHIOBepa H NyTeM
o6MeHa yacTeil POAHTENbCKHX XPOMOCOM 06pasyioTcs ABa notom-
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ka. Hanpumep, Ha puc.4.21,a, 6 npusegesnl ABe POLHTEJbCKHE
xpomocoMbl. Ciry4aiiHbiM 06pa3oM onpenessiioTcsd TOYKM pasphlBa.
B nepsoii xpomocome — Mexay BepliHHaMH (—,*), a BO BTO-
poit — mexny (%, 11). [locne peanusaunu cTaHAApTHOrO OMNeparo-
pa KpOCCHHTOBepa noay4veHsl gBa mnotomka (puc.4.21,s, &). Ipu
peaniv3alH Ha aA3blke LISP onmepaTopbl KPOCCHHroBepa CBOIHTCS
K 00MeHy COHCKaMH MeXJy AByMsl NPOrpaMMaMH NPH COXpaHeHHH
CHHTAKCHYECKOH KOPDPEKTHOCTH BHOBb MOJIY4aeMbIX MPOrpaMM.

4. [Iposepka kpumepus ocmawnosku. [lpouenypa reHeTHueckoro mpo-
rpaMMHPOBaHHS fBJSETCS] UTEPalUOHHOH, U KPHTEPHH e€e OCTaHOBKH
aHa/NOrM4YHbl KDUTEPUAM AJIs1 OObIUHBIX F€HETHYECKUX aNTOPHUTMOB.

Al

Puc. 4.21. Peanusauus oneparopa KpOCCHHroBepa

5. PaccMoTpHUM MepcrneKTHBHBIE HAlpaBAeHHs UCC/eN0BaHuUi B 06/acTH
reHeTHYECKOro nporpaMmuposauuda. K HUM oTHOcATCS paboTHI 10 TaK Ha3bi-
BAEMBbIM aBTOMATHYECKH OTpefesisieMblM QYHKUHMAM, HIes KOTOPhX COCTOUT
B TOBbILIEHHH 3PPEeKTHUBHOCTH F€HETHUECKOT0 NIPOrpaMMHPOBAHHSA 3a CUeT
MOAY/NBHOIO TOCTPOEHHS NMPOrPaMM, COCTOSILIMX H3 IVIaBHOH NpOrpaMMbl
H MOAy/eil, TeHepHpyeMbIX B XOJle MOJEJHPOBAHHS 3BOJIOLHH, HPH 3TOM
[0 Hayaja 3BOJIIOLHH OPHEHTHPOBOYHO OINpefesisieTcsl apXHMTeKTypa Mpo-
rpaMMBl, YHCJI0 Monysel ¥ napamerpsl (apryMenTsr). HacTpofika Momyiett
(MX uMCsIO, apTYMEHTBI H T.[1.) 33aBHCHT OT peluaeMoH 33[auH, HMeIUXCs
BHIYUC/IHTENLHBIX PECYPCOB M IipefBapHTesnbHOro onbitTa. OTMETHM Tak-
Xe HeOOXOJHMOCTb THMH3aUWMH BEPLIMH AepeBa, HHave NPHU BLINOJHEHHH
ornepaTtopa KpPOCCHHIOBepa MOrYT ObITb CHHTE3HPOBaHbl CHHTAKCHUYECKH
HEKOPPEKTHbIE pelleHHs. DTO CBS3aHO ¢ [PHMeHeHHeM B TeHeTHYeCKOM
NporpaMMHpOBaHUH MOIM(HULMPOBAaHHOH (hOPMBI OnepaTopa KPOCCHHIOBE-
pa, HCKJIOYAIOLIEro NOsiBNeHHe HEKODPEKTHBIX pellleHHH.

3akon Oxkkama B NPHJIOKEHHH K FeHETHYECKOMY Iporpam-

MHpOBaHUIO (hOPMYIMPYETCA TaK: MPH aHa/lHu3e HECKOJb-

KHX KOPPEKTHBIX pellieHMil JydJIIdM CYHMTaeTCsl pelleHUe,
o6najaroniee HauMeHbIIeH CIOKHOCTBIO
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Jpyroii BaxHBIH NOKa3aTelb — BBIYHCJHTENbHAS CAOXKHOCTb NIPOrpaM-
Mbl. JIpyruM nepcrneKTHBHbBIM HanpaBjieHHEM B [EHETHYeCKOM NpOrpaMMu-
pPOBaHHM CYHTaeTCH BONPOC O NPHMEHEHHH B KadecTBe OnepaTopa MOHCKa
He TOJIbKO OMepaTopa KPOCCHHIOBEpa, HO W OmepaTopa MyTalHH, a TaKxe
peaju3alHs eHEeTHYECKOTO NPOrpaMMHPOBAHUS Ha TPAHCMBIOTEPHBIX Bbi-
YHCJHTENbHBIX CHCTEMAX.

Pellenna pasiu4HOH [JIHHBI, TMOJy4aeMble ¢ [OMOLLBIO FeHeTHYecKo-
ro nporpaMMHpPOBaHHA, 06pa3ylOT Tak Ha3biBaeMblil 3¢(PeKT «KoMIpeccH-
OHHOTO [OaBJ/EHHf», KOTODbIM OOJajaioT pellleHHsl ¢ MaJoH CTPYKTYPHOH
cnoxHOCThIo. [Iporpammel, reHepupyeMble Mo MeTOAY TeHETHUeCKOro npo-
IPAMMHPOBAHHS, MOTYT CONEPKaTb <«JIHLIHHE» OJOKH, He BJHAILLHE Ha
(GYHKUMOHANbHBIE BO3MOMXHOCTH IIPOrpaMMbl M Ha 3HaueHHe ee LieJIeBOH
¢ynxkuuu. llpuHrmMas BO BHHMaHHMe (DyHIaMEHTANbHYIO TeOpeMY reHeTH-
YeCKHX aJIFOPUTMOB, MDHBeJEM CJEIYIOLLYIO 10C/1e10BaTeNbHOCTb paccy k-
menuii. O6o3Hauum uepe3 Ce(a;) 3¢(heKTHBHYI CJOXKHOCTb MPOrpaMMbl

ai={I=12,...,N), Cy(a;) — abCoONOTHYIO CJOKHOCTb IPOrPaMMbl a;,
P,(OK) — BeposiTHOCTb BBDKHBAHHS peLIEHHs] NOCJe NPHMEHEHHs ofe-
patopa kpoccuurosepa, P;(OK) — BeposTHOCTb TOro, YTO NpHMeHeHHe

onepaTopa KPOCCHHIOBepa NpUBeleT K JecTPyKTHBHOMY 3ddekTy. Ilycth
F(a;) — 3uauenue ueseBodl (yHKUMH TNporpammel a;, F(t) — cpenuee
3HaYeHHe LeJNeBOH QyHKUNH BeeX nporpamm B nonyssiund Pt Eciu npume-
HSAETCS MPOMOPLHUOHAJbHAS CEJIEKIMs, TO HIDKHAS oueHka A;(t + 1) «aonu»
nporpammsl a; B nonyasuun PGt npumepno pasua

At +1) = Ait) - F(a))[F(t) - (1 = Fe- Ce(@i)/(Calai) - F) =
= (F(as) — P - Fai) - Ce(a:)/Calas) - Pa)As(t)/F(t).

BripaxkeHHe B cKoOKax NpeacTaBaseT coboil onpenenenue 3gekTHBHO-
ro 3Ha4eHHd LeseBod (QyHKUHU

Fe(a,-) = F(ai) —_ PC . F(a,,) . C’e(ai)/Ca(ai) . Pd,

KOTOpas COOTBETCTBYET BKJAAy NPOrpaMMbl @; B CJAEAYIOIUYIO NOMYJSILHIO
Pt+D  Orcrona CJeNYyeT, 4TO PEeNpOAYKTHBHble IIAHCHI HEKOTOPOH npo-
rpaMMBl a; TeM Bbillle, YeM MeHbIlle OTHOLIeHHe MeXAy 3(QeKTHBHOH
H abCOMIOTHOH CJIOXKHOCTBIO mporpaMmbl. JIOCTHIHYTb 3TO MOXHO ABYMS
NyTSAMH.

[TepBriéi 3akAOYaeTcst B yBeJHYEeHHH abCOMIOTHOM CJOXKHOCTH, BTO-
poii — B moucke npocThix peleHuid. [lonydyeHHEIe 3MnHUpHYEeCcKHe NaHHblE
NOATBEPXKAAIOT NpPUBeJeHHbIe Bbillle COO6PaKeHHs:

e Ha DaHHHX 3Tanax 3BOJIOLUH CpefHee 3HAueHHe LeJieBOH (YHKIMH

OT NONYJSILUHK K TMONyJASLUHH H3MEHSeTCs CHJbHO, B TO BpeMf Kak

F, usMeHseTCsl OTHOCHTEJNBHO MEJIEHHO, a PENPOAYKTHBHbIE CBOHCTBA

HEKOTOPOH NpPOrpaMMEl 3aBHCHT, NpexJe BCEro, OT 3HayeHUs ee LeJe-

BOH (DYHKLUHH; 4
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® 3aTeM TeMIl H3MeHeHHs UeseBoll QyHKUHH YMeHbIIAeTCs, OLHAKO HayH-
HAaeT pacTH COOTHOWEHHE MeXAy 3((heKTHBHOH H abCOJIOTHONH CJI0XK-
HOCTBIO, «KOMIIPECCHOHHOE IaB/leHHe» BO3PacTaeT H F, yMeHbIUAETCH;
® Ha 3aKJIIOYMTE/bHBIX 3TANax 3BOJIOLMH SKCIOHEHIHaNbHO pacTeT ab-
COJIIOTHAs! CJIOXKHOCTb NPOrpaMMsbl, F, ocTaeTcsi Ha OTHOCHTE/ILHO HH3-
KOM ypOBHe, CpejiHee 3HayeHHe NMpPOAOJIKAeT yJy4llaTbCd, @ AeCTPYK-
THBHOE BJIMSIHHE OlepaTopa KPOCCHHIOBEPa YMEHbILIAETCH.
TeopeTnueckn 060CHOBaHHOE M 3MIHPHYECKH HaABJIONaeMOe sBJEHHE
«KOMIIPECCHH» BeJeT K NpexJeBpeMeHHOH CXO4MMOCTH reHeTHYeCKOoro npo-
rpaMMHUPOBAaHHS K KBa3HONTHMaJbHbIM pewenusM. [Ipennaraercs BBecTH
BHELIHee YIMpaBJeHie 3THM NpPOLECCOM C IIOMOLLBI HEKOTOPOro Koso-
¢uurenta D, mpornopuHOHANLHOrO aBCOMIOTHOH CJIOXKHOCTH IPOrpaMMbl.
C y4eToM 3Toro BulpaxkeHHe ans F. npuHumaer BUI

F.(a;) = F(a;) — D - Cy(a;) — Pe - F(a;) - Ce(a;)/Cqfas) - Py.

[Tpumenenue dyHnamMedHTa bHON TeOopeMbl FEHETHYECKOrO asirOPHTMA
[J8 ONHCAHHS AHHAMHKH 3BOJIOUHOHHOTO TNIpOLECCa SBJAAETCH YNpOLIeH-
HbIM MOAXOJIOM, MO3TOMY HCCJICAYIOTCS ajbTePHATHBHBIE IOAXOMIbI, KOTOphIe
6a3MUpPYIOTCH HA aHaJM3e CTATHCTHYECKMX M JHHAMHYECKHX 0CoGeHHOCTel
pa3nHyHbIX HOPM NpPeACTaBIECHHA XPOMOCOM B MONYJISLHH.

4.4. BoiBoasbl

OnucaHbl reHeTHYECKHE ONEPATOPHl, HCMOMb3YIOLIHE HIEH MOCTPOEHHs
¢dhpaKTa/joB, MEeTOJOB IIOUCKa Ha OCHOBE XMXOTOMHYECKOro pasbueHus, 4u-
cen PuboHayuH, 30J0TOr0 cederus U Ap. [IpenMylilecTBO BCeX 3THX METO-
JOB B TOM, 4TO NMPH HX UCHO/Mb30BAaHHHK KaXK1as HOBast FeHepalHs reHeTHYe-
CKUX aNrOPUTMOB NPHBOAMT K COKpalIeHHI0 HHTepBaJ/a HeollpeJeNeHHOCTH,
T.e. obgactu noucka. Mccaenosatenu paspabaThiBalOT pas3siHYHbIE CXeMbl
MIOHCKA W CTPOMTEJbHblE OJOKH, Ha OCHOBE KOTODBIX MOXCHO MOJAYy4aThb
a/JTODHTMbl Pa3JIHYHBIX YPOBHEH CIOXKHOCTH. B oNTHMH3aLHOHHbIX 3ajauax
NPHHATHS PelUeHHs] HaXOAAT NPHMeHeHHe HeCTaHAaPTHBIE ApXUTEKTYpbl
3BOJIIOUHOHHOrO noucka. [ HaxoxAeHHs KBa3HONTHMaJbHbIX DelleHHH
3a TNpHeMJIEMO€e BPeMs HCHOMb3YIOTCA MOJENH CHHTETHYECKOH IBOJIIOUHH.

[eHeTHuYecKHe aArOpUTMbl M FeHETHYECKOe POrpaMMHpPOBaHHe ABASIOT-
Cst OCHOBHBIMH (hOpMaMH 3BOJIOLHOHHOrO norcka. Kaxknas us stHx dopm
MMeeT CBOH OTJIHUHUTEJbHbIe uepThl H 0COOEHHOCTH. C NPaKTHYeCKOH TOYKH
3peHHs HeOGXOAMMO YCTaHOBHTb, ANl KAKHX KOHKPETHO HHXKeHePHbIX 3a/ay4
Jydille NOAXOAHT Ta HJIH MHaA (OpMa MOAEJIHPOBAHHA 3BOJIOLHH.

4.5. KoHTposabsHble BOMPOCHI

1. OnuwnTe TpH pas3jH4YHBIX MeXaHu3Ma paboTHl onepaTtopa pexoMOH-
HallHK.
2. TlpuBenuTe NpHHUKHNL PaboThl CKAHUPYIOLLETO aJATOPHTMA.
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32.
. IlpuBeauTe cXeMbl 3BOJIIOLHOHHOrO MOHCKAa Ha OCHOBE [JIATOHOBBIX

34.

. Kakum 06pa30M MOXXHO OLIEHHTb Ka4€CTBO KOHKPETHOr O Fr€HETHYECKOTo

anropuTMa?

. HpHBelIHTe THNIOTE3bl O pasMmepe HOl’Iy.IIﬂLlHl:I H 4YHCJe TOYEK pa3pblBa B

FeHCTHYCCKHUX onepaTtopax.

. B dem 3akaiouaercs JuaroHajbHbIH onepaTop KpOCCHHroBepa?

. Onpepnenure noHsiTHe QPaKTanibHOrO OOBEKTA.

. Jlafite onpezesneHde PpaKTaIbHOrO MHOXKeECTBA.

. Onpenenure crnoco6 nocrpoenuss Muoxectsa Kanropa.

. [IpuBenuTe croco6 nocTpoenus «koBpa CepriHHCKOro».

. IlpuBennTe npumep noctpoenus Kpueoil Koxa.

. Kaxum o6pasom onpenensieTcss ¢pakrasbHas pa3MEPHOCTb PACCMATPH-

BaeMoro obbexTar

. Uto Takoe camononobHhiii ¢ppaxrasn?
. [lokaxxuTe npuMep paGoThl ollepaTopa KPOCCHHIOBepa MHOXKecTBa Kau-

Topa (OKMK).

. IlpuBenuTe npumep paboThl omepaTopa MyTauuH MHOXectBa KauTtopa

(OKMK).

. IokaxxuTe npuMep paGoThl onepaTopa KPOCCHHIOBEPA AMXOTOMHH.

. [IpuBenute npumep paGoTel onepaTopa MyTaUHH AHXOTOMHH.

. IlpuBenute npuMep paboThl onepaTopa MyTauuud Pubonayyu.

. [TocTpoiite npuMep paboThl onepaTopa KpocciHHrosepa Pubonayuu.

. [Nokaxxute npumMep paboThl oneparopa HHBepcHH PHOOHAUYH.

. ITokaxute npumepsl paboTs onepatopob cerperauus Pubonayyy.

. ITokaxure npuMepsl pabOTH ONEPAaTOPOB TPAHCIO3HLMH U TPAHCJOKA-

uuu dubonauumn.

. [lokaxcure npuMep paGoTH OnMepaTopa HHBEPCHH «30JI0TOTO CEUEHHS».
. [TocTpofiTe npumepbl pafoTsl ONEpaTOPOB KPOCCHHIOBEPA M MYTAaLHH

«30J10TOr0 CeHYEHHUs».

. [Tokaxxure npuMep paGOTH oOnepatopa CerperaiMyd «30J0TOrO Ce-

YECHHUSA» .

. [TokaxknTe mpuMeprl paBoTH ONEPATOPOB TPAHCMO3UINKH W TPAHCAOKA-

UM «30JIOTOrO CE€YEeHHUA».

. IlpuBenHTe OCROBHbBIE METOLB NOCTPOEHHS LeJEBOH (YHKUMH.
. Kakne MHOroxpoMocoMHble reHeTHUeCKHe onepaTtopsl B snaete? ITpu-

BEJHTE NPUMEPLl HX PaboThI.

. IlpuBeanTe 6a30By10 CTPYKTYPY F€HETHYECKOro ajJrOpHTMA [/ pelle-

HHA 3a1a4 ONNTHMHU3ALHUH.

. Hafite onpefeseHHe MHKPO-, MaKpO- H META3BOJIOUMH.
. JlafiTe onpegneseHHe 3BOJIIOLHOHHOIG MOHCKA.
. B uem sakuouaercs mpoueaypa murpauuu? [lpusepute npumep ee

paboThL.
OnuluHTe apXHTEKTYPY 3BOJIOLHOHHOrO NOHCKA C MHrpailue.

rpacdos (TeTpasap; rekcasap (Ky6), OKTa34p; UKOCA3AP; NOAEKAIAD).
[IpuBenuTe cxeMbl NapansenbHOrO W NOCJENOBATEIbHOrO 3BOMIOLHOH-
HOTO TIOHCKA. o
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42.

43.

44.
45.
46.
48.
49.
50.
51
52.
53.

54.
55.
956.

57.

58.
59.

60.
61.
62.

. HpHBeume CXeMbl 3BOJIIOLIHOHHOTO NMOHCKA HA OCHOBE TPEYrOJbHHKOB

Y TOJIHOTO rpaa H MeeyHOH CTPYKTYPhI.

. HPHBCIII/ITQ CXeMy peaJin3allHH rnpouecca MEeTareHeTHYeCKOH ONMTHMH-

3alHH.

. [TocTpofiTe peanu3aunio CXeMbl «[IOUCK—3BOJIIOLHS».

. IlocTpoiiTe peanu3auio cxeMbl «3BOIOLUHA—TIOHCK».

. ITocTpofiTe peann3auni0 cXeMbl «IIOHCK—-3BOJIOLUSA—TIOUCK».

. [TocTpoiiTe peanu3alnio cXeMbl «3BOJIOUHA~TOUCK—3BOJIOLHSI».

. [locTpofiTe peanusauuio CXeMbl «3BOJIOLHA-TIOHCK—3BOMIOLHA~OHCK—

IBOMIOLUSI~TIOHCK».
B yewm 3aknoyaeTcsi CTOXaCTHYECKHU-HTEPALHOHHBIA MeTO?

B yeM 3akaouaeTca MeTOA NPEPLIBHCTOrO PABHOBECHS?

Onuwute paboTy 3BOJIOLHOHHOTO IOHCKA NPH COBMECTHOM HCIIOJb30-
BaHHH MopeJell sBosouni [lapeuna u Jlamapxka.

[TpuBenuTte npuMepbl Pa3JIHUHEIX CXEM CTPOHTEJbHBIX GJOKOB.

Yro siBaseTcs 3aadedl NPHHATHS pelUeHUH?

. OnHuwuTe paboTy KOMOGHHUPOBAHHON CXeMbl NPHHATHS pelleHds ¢ 06-

paTHO# CBA3BIO.

Onuuwrre paGoTy KOMOHHUPOBAHHOM CXeMbl NDHHATHS pelleHHs Ha
ocHoBe 6JIOKa 3BOJIIOLMOHHON ajanTallHy.

OnuuwnTe paboTy 6230BOH CTPYKTYpPhl [EHETHYECKOrO [IOUCKA HA OCHO-
Be HCIONb30BaHUS Mofenel sBomouuil Jlapeuna, Jlamapka, ne Ppusa.
Onuuwure paboty MoaHdUUUPOBAHHOH 6a30BOH CTPYKTYpH reHeTH4Ye-
CKOTo MOKCKAa Ha OCHOBE UCTIONb30BaHHs Monened spomouuil [lapsuHa,
Jlamapka, ne ®pusza u [Nonnepa.

Kakue mopxomsl K cTpYKTYPHPOBaHHIO TOMY/NSLHY Bbi 3HaeTe?
Onuurkte JBYXYPOBHEBYI CHCTEeMy IeHETHYeCKoro ajropuTma [yama-
Ha u [laHua.

Onuuiute NPUHUUN TOCTPOEHHS NapajjefbHbIX TeHeTHYeCKHX aJl-
FOPUTMOB CO CKpelulMBaHHEM B JOKa/JbHOH 0OGJacTH M Ha OCHOBE
«OCTPOBOB».

OnuiinTe NMOHATHE KJACTEPHO-OPUEHTHPOBAHHOIO FEHeTHYeCKOro ajl-
TOpHUTMA.

Kakos npuHuun pa6otbl NpobieMHO-OPHeHTHPOBAHHLIX IeHeTHYeCKHX
aJrOpuTMOB?

Kakne BapHaHTHl MJIaHHPOBAaHHUS NpoUecca FeHeTHYECKOTro TMOHCKA Bbl
3naere?

OnHIiIUTe TEXHOJOTHIO «yCTOHUHBOH penponykuuu» lleBuca.

Kak paboraer rpynnoBoH reHeTH4eCKHH aJAropuTM C HalpaBJeHHOH
MyTaLHen?

[TpuBenHTe CXeMy TPYMMOBOrO reHeTHYECKOrO alrOpUTMa C HanpasJeH-
HOH MyTaUHeH.

Jafite onpenenenvie reHeTH4eCKOro NporpaMMHUpPOBaHHSL.

Onuunte cBoficTBa A3biKa nporpaMMupoBanus LISP.

[epeyucanTe CTapTOBblE YCJOBHS [JIi T€HETHYECKOro NpOTrpaMMHpO-
BaHHUA.
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63
64

. OnuiuTe METOAHKY eHeTHYeCKOro NporpaMMHPOBAHHS.
. OnuwuTe paboTy onepatopa KPOCCHHIOBEPA B IPOLECCe reHeTHYeCcKo-
ro NporpaMMHUpOBaHHS.

4.6. YnpaxxHeHust

1. [ocTpoliTe npuMep peanusalri CKAaHHPYIOLIETO aIrOPHTMA.

N

Y Ul W

11.
12.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

25.
27.
28.
29.

. [TocTpofiTe airopuT™ peasusaluy UaroHaJbHOrO ONepaTopa KPOCCHH-
roeepa.

. 3amuiinTe aJrOpPUTM NOCTPOEHHS] MHOXKecTBa KaHTopa.

. 3anHUINTe aJTOPHTM TOCTPOEHHUS «KoBpa CeprHHCKOro».

. 3anuiikTe aNTOPUTM NOCTPOEHHS «CHeXHMHKH» (KpuBoi Koxa).

. [ocTporite anroputm peanusaiyy onepatopa KPOCCHHIOBEPA Ha OCHO-
Be MHOXecTBa KaHTopa.

. [TocTpo#iTe airopuT™ peanusayuy onepaTopa MyTalUl Ha OCHOBE MHO-
xectBa Kanrtopa.

. [TocTpoiiTe ajropuTM peanus3alM{d OfepaTopa HHBEPCHH Ha OCHOBe
MHOKecTBa KanTopa.

. [TocTpofiTe airopuT™M peanu3alMu OmepaTopa Cerperalidd Ha OCHOBe
MHOXecTBa Kanrtopa.

. [TocTpoiiTe anropuT™ peannsalyy onepaTopa TPaHCJAOKALHH Ha OCHOBe

MmHoxecTBa KanTtopa.

[MocTpofiTe aATOPUTM peanH3aluy onepaTopa TPAHCIO3HLUH Ha OCHOBe

MHOxecTBa Kanropa.

[TocTpoiiTe anroputm paboThl ONepaTopa KPOCCHHIoBepa AHXOTOMHH.

. [TocTpoiite anropurm paboTh onepatopa MyTalLHH AUXOTOMHH.

[ToctpoiiTe anropuT™ paboThi OnepaTopa HEBEPCHH AHXOTOMHH.

[MocTpoitTe anropuTM paGoThl ONEpaTopa CErperauuy JUXOTOMUH.

[MocTpoiiTe anroput™ pabGoThl onepaTopa TPAHCIOKALHH AUXOTOMHH.

[MocTpoiiTe anropuTm paboThl onepaTopa TPAHCIO3ZHUKHH AUXOTOMHUH.

[TocTpoiiTe aaropuT™ paboTel onepatopa KpoccuHrosepa ®Pubonaqyw.

[ToctpoiiTe anroputm paboThl onepatopa Mytaunk PudoHayyy.

[TocTpoiiTe anropuTtm paboThl omepatopa HHBepcHu Pubonauum.

[ToctpoiiTe anroputm paboTel omepatopa cerperauuy PuboHayuy.

[NocTpoiiTe anroputm paboThl onepartopa TpaHcjaokauuu dOubonavym.

[TocTpoiite anroput™ paBoThl onepatopa TpaHcnosHUuH PuboHayyn.

[TocTposiTe aaroput™ paboThl ONepaTopa KPOCCHHIOBEpa 30J0TOrO Ce-

4eHHS.

[TocTpoiiTe anroputm paboThl ONepaTopa MyTalMH 30J0TOrO CeYeHHS.

. [octpoiite anroput™ paboThl ONepaTopa MHBEPCHH 30JI0TOFO CEYEHHS.

[ToctpoiiTe anropuTM paboThl OMepaTopa cerperaurdd 30J0TOTO ce-

qeHHS.

[MTocTpofiTe anropuT™ paboThl OHEpaTOpa TPAHCAOKALHMH 30JI0TOrO Cce-

YeHUS.

[MTocTpoiiTe anropuTm paboThl ONEpPaTopa TPAHCMNO3ULHMH 30J10TOrO ce-

YeHHUs. .
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30. 3anuuuTe aNropUTMB NOCTPOEHHS LENEBLIX PYHKUMM.

31. locTpoiiTe nceBaoKox 6a30BOTO0 FeHETUYECKOIO aJropuTMa.

32. ITocTpoiiTe NceBOOKOA aArOPUTMA IBOMKLHOHHOIO MOKCKA H2 OCHOBE
MHTPaLKH.

33. TocTpo#iTe NCeBIOKOL alrOPHTMA 3BOJIIOUHOHHOIO NOMCKA HA OCHOBE
MJIaTOHOBBIX rpados.

34. IoctpoiiTe nceBAOKOAL aJTOPHTMOB IOCJIELOBATENBHOTO 3BOJIOLHOH-
HOT'O NOHCKA H NIOHCKA C LHUKJIaMH.

35. ITocTpoiite nceBROKOA anroOpHTMOB 3BOJIOLHOHHOIO [IOHCKA HA OCHOBe
NOJIHBIX I'PadoB.

36. TTocTpofiTe nceBAOKOA anrOPHTMA IBOAIOLHUOHHONO NOUCKA HA OCHOBE
AYEEYHOH CTPYKTYpHL.

37. TTocTpoiiTe NMCEBAOKOA a/JrOPHTMa NpOLECcca MeTareHeTHYeCcKOH OMTH-
MU3alHH.

38. TlocTpoiiTe anropuT™ peasiH3allMi CTPATErHH «IBOJIOLYSI~TIOMCK—3BO-
Jouus—-nouck». B kavyectBe 3Bosouun B3aTb Mopeau Y. lapsuua u
K.Tlonnepa, B KauecTBe 3BPHCTHKH MNOHCKa — IMOWCK B FNYOHHY H
METOA AHXOTOMMH.

39. IlocTpoliTe nceBROKOA aJirOPHTMa DeajH3alHH CTPATETHH «3BOJIO-
LLHSI—-TIOUCK».

40. [TocTpoiiTe nNceBROKOA CTPaTerHH 3BOJIOLMOHHOLO NMOMCKA NMPH TOpH-
30HTaJIbHOH CXeMe.

41. [TocTpoiiTe MCeBOOKOA a/JrOpUTMa peasH3alHy apXHTEKTypbl COMOAUH-
HEHHS B SBOJIIOLUOHHOM TOHCKE.

42. [locTpoiiTe aJropuTM CTOXACTHYECKH-HTEPALlMOHHOIO METOAA.

43. [ocTpoiiTe anropuT™M MeTOAa NPEPHIBUCTOrO PABHOBECHS.

44. TlocTpoiiTe NCeBAOKO COBMECTHOTO aJrOPHTMA BOJIOLHH.

45. MocrpoiiTe NCeBROKOH, aATOPHTMA FeHETHYECKOTO MOHCKAa Ha OCHOBe
HCNoJab30BaHUsA 3Boaounit Japsuna, Jlamapka u ne Ppusa.

46. [locTpofiTe MCEBAOKOA a/irOPHTMa MapasijieSibHOTO 3IBOJIIOLHOHHOTO
NOHCKa.

47. TlocTpoiiTe NCEBAOKOA aJropUTMa reHeTHYecKoro NporpaMMHPOBaHHS.

I'noccapuii k pasneny 4

Bpemeuna'ﬂ CAONHCHOCMb afrecpumma — 3aBHCHMOCTb BPEMEHH NOJaY-

YEHHA pe3y/sbTaTa OT KOJHYeCTBA BXOLHBIX AAHHBIX.

Tenemuveckoe npozpammuposanue — 3TO HaNpaBjeHHe 3BOJIOUH-

OHHOTO NOHMCKa, OPHEHTHPOBAHHOE Ha pellieHHe 3aay aBTOMaTHYECKOro
cvHTe3a nporpamMMm. XpomocoMmbl (KOMIBIOTEPHLIE NPOrpPaMMbI PA3JHYHOH
BEJNMYHMHBL U CJOXKHOCTH) aBTOMAaTHYECKH TeHePHLYIOTCS C MOMOILBIO IeHe-
THYECKHX ONEepaToOpOB.

Ipagp — maremMaTHyeCcKHi OOBEKT, COCTOSLIHH H3 MHOXECTBa BEpUIHH

(Touek) ¥ MHOXecTBa pefep (NHHMIT), HAXOAALIMXCA B 3aJAHHOM OTHOLIe-
HHH.
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Ipynnoeoii zenemuuecxuii anzopumm ¢ HAnPaeaeHHOU mymayuei.
OH COCTOMT M3 ABYX YpOBHeH. Bepxuuil ypoBeHb a/nropuTMa BHIMOJHSET
IPyNIoBoH, a HHXHHH — WHIHBHAYyasbHbIH NMOHCK.

Hepeso — rpad Ge3 LHKIOB.

3adaua npunamus pewenuii — KOPTeX, COCTOSWHHA H3 ABYX 3Je-
MeHTOB. [lepBblfi 3/eMEHT — MHOXECTBO BapHaHTOB pelleHHM# 3anauH,
BTOPOH — NPUHYUN onmumMaibHocmu, Ja0LKIHA NpeicTaBJeHHe O KadecTBe
BapHaHTOB.

3axon Oxxama B NPUJIOKEHHH K reHeTHYECKOMY MpPOrpaMMHPOBAHHIO
dopMyaHpyeTCca Tak: MPH aHANH3e HECKOJbKHX KODPEKTHBIX pelleHHH Jyd-
KM CYHTaeTCs pelleHue, obnajamllee HaHMEHbLIEH CJI0XKHOCTDIO.

Kauecmeo — crenenb, ¢ KOTOPOH COBOKYITHOCTb NMPHCYIMUX pPeLIeHHIO
33a[a4H XapaKTEPUCTHK YAOBJETBOPsieT 3afaHHBIM TpeGOBAHUAM.

Knacmepno-opuenmuposannotil eeHemuueckuil anzopumm OCHOBaH
Ha CTpaTerdH OblcTpPoro pasbHeHHs NOHWCKOBBIX NPOCTPAHCTB Ha o06JacTH
BBICOKHMX 3HaueHHi ueseBoil PyHKUHH.

Kosep Cepnunckozo — o6oOuierive MHoxecTBa KaHTopa Ha cuayuvai
IJIOCKUX GHUryp.

Juyo, npunumarowee pewenue (JIITP) — nojb3oBatenb, oNpeesio-
KA AanbHeHlIHe LiarH peaju3alyH 5BOJNIOLHOHHOTO MOUCKA.

Maxkpossonroyua — cosgaHue OfHOH NOMYJSUHH U pealH3alHsa Ha Hel
3BOJIIOLLIHOHHOTO MOKCKA.

Memazenemuveckasa onmumu3ayus OCHOBAHA Ha PeaH3aUNH TeHeTH-
YeCKHX aJrOPHTMOB, MeHepalUM HOBBIX PelLleHHH, onpefesieHHH 3HaueHHH
uesneBod (QYHKLIHHM H HCMOJb30BAHHWH MpPEAbIAYLIUX DelleHHH AJg renepa-
UMK JYYLIHX Pe3y/bTaToB.

Memassonroyus — co3naHie MHOXECTBA NONYJSLHN H peann3auus Ha
HEM 3BOJIIOLIUOHHOTO MOHUCKA.

Memod npepvisucmozo pasHosecuA HCNOb3yeT NaJeOHTONOTHUECKY IO
TEOPHIO, KOTOpas CTPOHT MOJIE/IH 3BOJIIOLIMH HA OCHOBE ONKWCAHHWH ByJKaHH-
YeCKHX H JPYyTHX U3MeHeHHH 3eMHOH KOpbl.

Muepayus — npouelypa YCTaHOBJEHHS NOpsaka o6MeHa XPOMOCOM
MeXAY MONYJSUHAMH.

Mukpossonoyua — co3naHue 0JHOH XPOMOCOMH H peald3alus Ha ee
OCHOBEe 3BOJIIOLUOHHOTO TOHCKA.

Muozoxpomocomnoiii mexanusm 2n106a16H06 pexombunayuy ocHo-
BaH Ha aHa/M3e Gosiee IBYX XPOMOCOM POAMTeNeH AJsl MOCTPOEHHS XPOMO-
COM OTOMKOB.

Mrnooxcecmeo Kanumopa (MK) — MHOXecTBO, o6Jsialidioliee TeOMeT-
PHYECKOH HHBAPHAHTHOCTbIO (MHOTAA HA3BIBAETCS <«MHOXECTBO CPEJHHX
Tpereii»).

ITnamonoset epaghpt — npaBuiibHbIE MHOTOYTOJLHHKH.

IMouck—3sont04un — npouesypa NoOCAeNOBaTebHOA ONTHMH3ALKHH Ha
OCHOBe CHauaJjla IOHCKOBOTO METOfa, a 3aTeM — TeHeTHYEeCKOro aJropHTMa.

ITonnwut epagh — rpad), B KoTopom Jiobasi mapa BepUIHH COeLHHEHA
pe6pom. ¢
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Hpob6naemno-opuenmuposannslil zenemuveckutl anzopumm Bbipaba-
ThiBaeT pelueHUs (heHOTHNH) KOMOHHATOPHBIX 3ajay, NpelCcTaBJeHHBIX B
BHJE 3373y MapaMeTPHYECKOH ONTHMH3allMM, COCTOAIMX H3 CTPOK napa-
MeTpoB (reHOTHIOB).

Ilpoyedypa — ycTaHOBJIEHHBIH NMOPSAOK BHINOMHEHHA KaKoH-n1ub0 ne-
SITEJILHOCTH HJIM Mpolecca.

Cranupyroujui anzopumm 6asupyercs Ha Npoleaype NPOCMOTpa Mno-
NyJsIIHH, KOTAa XpOMOCOMa MOTOMOK CTPOMTCS CJ€Ba HAMpaso.

Cmoxacmudecku-umepayuonnoli memod OCHOBaH Ha ONpefeNeHHH
CTapPTOBBIX TOUEK JJIsl HANPaBJEHHOTO NMOUCKA H Peasu3aluMH reHeTHYeCKUX
OMepaTopoB ¢ HCMOJb30BAaHHEM 3BOJIOLMOHHON afanTallyH.

PpaxmanvrHoe MHONECMBO — MHOXKeCTBO, obJajaiollee reomeTprye-
cKo#i {MaciTabHOlN) yHHBEPCANbHOCTBIO. 316Ch pe3yAbTaT OJHOH HTEpalUH
SIBJISeTCS HayasbHbIM YCJIOBHEM NJsi Apyroét M TpebyeTcsi HesMuHeiHas
3aBHCHMOCTb MeXJY Pe3y/lbTaTOM H peasibHBIM 3HaueHHEeM.

DPpaxmanvusii 06vexm — caMonofoOHbIH 06beKT, BUJ KOTOPOTO He
peTeprieBaeT CYLIECTBEHHBX U3MEHEHUH NPH H3MeHEHHU ero MaclTabos.

Jsonioyuonnas adanmayus — MnpuUcNocobeHHe pe3yIbTaTOB PaboThl
reHeTHYeCKHX aJrOPUTMOB Ha KaXKJOH FeHepalUM K YCJOBHSM BHelIHeH
cpembl.

Jsonroyua—nouck — npolefypa NOCHEN0BaTENbHOR ONTHMH3ALKHHU Ha
OCHOBe CHayaJla FeHETHYECKOrO aJiIrOPHTMa, & 3aTeM — NOHCKOBOrO MeTOAa.

Ipgexmusrnocmos — cTeneHb peasH3alHH 3aMJaHHPOBRHHOH AeATeNb-
HOCTH M JOCTHXEHHs 3aMNaHHPOBAHHBIX Pe3y.IbTATOB.
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noncka. Kaxgaa u3 atux ¢dopm nmeer cBou OTIHUMTEIb-
Hble 4epThl U ocobeHHocTH. C nNpakTHYecKO#i TOUYKHM 3pe-
HUA HeOOXOZMMO YCTaHOBUTb, [l KAKNX KOHKPETHO HH-
HeHepPHBIX 3ajay Jydvile MOAXOAMT Ta HJIM WHadA GopmMa
MOAEMPOBAHUSA IBOSIOLMH




5. OITUMHU3ALNOHHDBIE 3AJAYHA HA I'PA®AX

HoBas ncTHHa noGexpaeT OOLIYHO HE TaK, uTO
ee NPOTHBHUKOB yaaertcs nepeyGefuTb, H OHH
0CO3HAIOT CBOK HernpasoTy. Jleso, nonpocty ro-
BOpS, B TOM, UTO OHH BEIMUPAIOT, a MOApacTa-
lowas HaydHas CMeHa Cpa3y YCBauBaeT HOBble
UCTHHBL.

M. [Trank

5.1. I'eHeTHYECKHE AJITOPUTMbI pa3bueHus rpados

1. OnHoll w3 BaXKHeHIIUX UHMKEHEPHbIX ONTHMH3aUMOHHLIX 3aJay fiB-
nsieTcsl pasGueHde rpada Ha 3afaHHOE HJIH NPOM3BOJIBHOE YHCJO 4dacTeil.
3apaya paszbueHus rpacda Ha YAacTH MMeeT MHOrO NPAKTHYECKHX NpHMe-
HeHuid. OHA uCNoJb3yeTCs NPH NMPOEKTHPOBAHHHK YCTPOHCTB aBTOMATHKH M
BBIYHC/INTENbHOH TEXHHKH, CO3[IaHHK CHUCTEM YMpaBJEHHs, KOMIbIOTEPHBIX
¥ HHXXEHEPHBIX CeTeH, a TaKXKe NpPH DEeIleHHH pPa3/JH4HbIX 337ay HCKycC-
CTBeHHOro uHTesekTa. OTMeTHM, UTO 3ajaya pa3GueHHs rpada OTHOCHT-
cs K kaaccy NP — mnosubix npobsem. CienoBatesbHO, He CYILECTBYeT
30 (eKTHBHLIX AaNTOPHUTMOB €€ pellleHHs C MOJAMHOMHANBHOH 6pemeHHOoU
caoxcrocmero (cMm. npunoxenue 1). Bpemennas croxcnocms anzopumma
(BCA) — 370 3aBUCHMOCTb BpeMeHH paBOThl aJiropuTMa OT YHCJA BXOLOB
(uCXOOHBIX NAHHBIX 33afa4H).

B noaunomuansneix anzopummax BpeMeHHAs CJAOXHOCTb COCTaB-

nger  O(n),0(n?),0(n®),.... A7 5KCTIOHeHUHANbHBIX AJTOPHTMOB
(NP) BpemeHHas CJOXHOCTb afroputma coctasaser O(nl) u T 1.,
O(n"),O(nQ”),O(n3"),.... Knacc NP-moanblx 3amay BKJAKOYaeT TakKHe

3aa4, AJsi KOTOPbIX He HaHAeHbl MOJHHOMMAJbHblE aNrOPUTMBI, OAHAKO
¥ He [10Ka3aHo, YTO HX He cyulecTByeT. [lysi paccMOTpeHust Bompoca
o NP-nojHoTe ONTHMH32UMOHHOH 3afaud MX npeo6pas3ylT B 3ajauy
paspeuwenusi. O6bIYHO B KauyeCTBe TAaKOH 3a[layd pacCMaTpPHBAIOT IIPOBEpKY,
SIBAAETCS JIM HEKOTOpPOEe YHCJO BepxXxHed HJH HMXKHeH TpaHHUe#d Aaas
ONTHMH3UPYeMO#i BesqHuUHb. ECnu A1 ONTHMH3aUHOHHON 3aJa4d UMeeTCs
OLICTPBIH AJCOPHTM, TO H MOJNYYEHHYIO H3 Hee 3a/ady paspelieHHs MOXKHO
pewats OpicTpo. [ns 3TOro Hafo CPaBHHUTb OTBET 3TOTO aJrOpHTMA
C 3a7aHHO# rpaHuuel. [oBOPAT, UTO a/NrOPUTM peuIaeT ONTHMH3ALHOHHYIO
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3apaqy 3a Bpems O(T'(n)), ecnu Ha BXOAHBIX JAHHBIX AJUHBI 11 QJIrOPHTM
pabotaer spema O(T(n)). B stoit cBasn paspabatbiBalotcs passinynbie
3BPUCTHKH, OCHOBAHHble Ha MfesIX MOCJEAOBATEIbHKX H HTEPaLHOHHBIX
aJrOPUTMOB,

2. ChopmyanpyeM INOCTaHOBKY 3ajaun pa3bueHHs rpada Ha 3agaHHOe
HJIM TIPOH3BosibHOE uHCa0 yacted. [lycte 3apav rpap G = (X,U), rame
X nmnpeiacTaBisieT MHOXECTBO BeplWIMH rpacda, U — MHOXecTBO pebep.
[tycts B = {B),By,...,Bs} — MHoxecTBo pa3buennil rpada G Ha ua-
ctH B|,Bs,...,By; , Takue, uto BN ByN..NBs =9, u ByuBy U
U...UBs = B. Ilycth Kaxpoe pasbueHne B; COCTOHT H3 3JIeMEHTOB
B; ={b1,b2,...,bp}, n =|X]|. Torna sagaua pas6uenus rpada G Ha yacTH
32KJII04YaeTCH B noaydeHuH pazbuenus B; € B, yaoBneTBopsoLIero Tpem
YCJOBUAAM U OFPaHHUEHHSAM:

(VB; € B)(B: # 2),

(VBi,Bj S B)([BI 7é Bj — X; ﬂXj = Q]/\
ANUiNTU; =Uy) V(Ui NU; = @)]), (5.1)

8 n n
UB:i=B, JUi=U, |JXi=X, Uij|=Ki;

i=1 i=1 i=1
LleneBas pyHkuHs A8 pasbueHus rpada G 3anuuIeTcs TaK:

1 n n
K=35> % Ky (i#3]) (5.2)

i=1 j=1
rae K;; — uucso cpasedl Mexay yactamu B; n B; npu pas6uenuu rpada
G Ha yacTH; $ — KOJHYeCTBO yacTell B pa3bueHuu; K — cymmapHoe

KOJIH4YecTBO pebep npH pasGHeHHH rpada Ha 4acTH.

CranpaprHas 3afada pa3OHeHHs] 3ak/yaeTcsi B MHHUMH3auun K
(K — min). MunuMusauus K npu pa3buenuu rpada Ha 4acTH MO3BOJSET
KOCBEHHO YYHTBIBATh MHOTHE KPUTEPHUH HCCIeLyeMOH MOJEH NPH PellieHUuH
ONTHMH3aLHOHHOH 3aJa4H.

2.1. Paccmotpum 3agady pa3bueHHs rpaga G ¢ MuHuMH3aruein K.
CrepoBatenbHO, 3agada pa3bHUeHUs] COCTOMT B OTHICKAHMH TaKOro pasbue-
HUs B; u3 MHOXecTBa BO3MOXXHBIX pa3buenuit B HekoToporo rpada G, npu
KOTOPOM MUHHMH3HPYETCS HEKOTOpast BesnynHa K, ABASIOULLAfACA UeaeBOH
¢dhyHKUKeH pasOueHHd, H YYHTBIBAIOTCS BCe MOCTAaBJEHHbE B 3ajaye orpa-
HHYEHHUSs] U [PaHUYHbIE YCJIOBHS, €C/H OHH CYLIECTBYIOT.

B 3agauax paz6uenus rpados obliiee 4UC/JI0 BAPHAHTOB pellieHHsi paBHO
YHCNY MepecTaHOBOK W3 m BepliuH rpados, T.e. C, = nl, a ¢ yyerom
orpaHu4eHH#l Ha GOpPMHPOBaHHE NMOAMHOXeCTB (dacTell rpada B 3agave
pasbueHns) — YHCAY COYETAHHI U3 n BeplUMH 10 M YacTefi, T.e.

n!

cm =

T omi(n —m)t .
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2.2. VI3 BBIIECKA3aHHOTO CJefyeT, YTO pelleHHe 3ajadd pasbHeHus
rpada Ha OCHOBe IONHOrO nepefopa 3aTPYAHHTENbHO H3-3a SKCIOHEHI(H-
a/1bHOW CJIOXKHOCTH Ipoliecca. B aTol ¢BsI3H paspabareiBaOTCA pas3iHUHble
3BPHCTHKH pelleHHs AaHHBIX 3afa4. K HUM OTHOCATCS HTEepPalMOHHbIE
METOAB! NMapHBIX M TPYNIOBLIX E€PECTAHOBOK, METOABI MOCJEN0BATENBHOTO
NpHOIHKEHHS, TOUCKA B rMyGHHY W LIKPUHY, HANpaBJeHHOro nepebopa u
ap. B nocnennee BpeMsl MOSBHIHCH 3BPHCTHKH, HCIOMb3YIOLIHE PA3JIMY-
Hbl€ MEeTO[bl CJAy4aHHOCTH. DTO METOAbI 3BOJIOLHOHHOr0 MOJESHPOBAHHUS,
OT2KHra, FeHEeTHYECKOro OHCKa U UX Mopupurauuu. Bce oHH B KakoM-TO
CMBIC/IE OCHOBaHbl Ha aHa/u3e U nepeGope BapHAHTOB peIUEHHS, OAHAKO
pasanyaloTcs M0 TEXHOJOTHH W MPUHLHKIAM Peanu3aluu.

[Tepe6opHble MeTOnbI NpeAHA3HAYEHb! 15 IOUCKA ONTHMANLHOTO pelle-
HHSl Ha HEKOTOPOM KOHEYHOM MHOXeCTBe. B GOJBIUHHCTBE CAy4YaeB OHH
HCHOJb3YIOT PAsJH4YHble BapHAHTHl COKpAllleHHOro nepeGopa, MOCKOAbKY
NOJIHBIA TepebOp B peasbHBIX 3aA24aX HEOCYLIECTBUM H3-3a CJHLIKOM
Bosbliol pasMmepHocTd. Haubonee pacnpocrpanen pas paszGuenus rpados
HeOOJBLIOH pPa3MepHOCTH MeTOJ BeTBeif M IpaHHll B ero MOZH(HKALHH.
BpeMeHHas CJ0XKHOCTb aJTOPUTMOB JAHHOIO THIMIA JIERKHT B Mpefesax oT

O(n?) no O(nd).

2.3. B ocHOBe 3BPHCTHYECKHX METOZOB JIeXKaT HEYETKHE JOTHYECKHe
paccyxjeHus. JlaHHble MeTOAbl HE TapaHTHPYIOT HAXOXKAEHHs OMNTHMAaJb-
HOTO pelieHHs M CHJBHO 3aBHCAT OT KJacca W OMHMCaHWA peluaeMol 3aja-
Yd. DBPHCTHYECKHE METOAbl Ha MPAKTHKE NO3BOJAIOT MOAYYaTh HerIoXHe
Pe3y/bTaThl, OIHAKO MPECKA3aTh UX MOBEJEHHE HeBO3MOXHO. OHH MOTYT
HCMOJIL30BATBCH KAK CAMOCTOATENbHO, T2K U COBMECTHO C APYTHMH. ITO
No3BO/IsIET COKPAlUaTh BpeMsi paGoThl. BpeMeHHas ClI0XHOCTb aJrOpPHTMA
B HUX MOXKeT GbITb J11060#, HO GOIBIIKHCTBO H3BECTHBIX ATOPHTMOB HMEIOT
cioxHOCTb 0T O(n) o O(n?).

2.4. CymHocTh GOJILIUMHCTBZ a/NrOPUTMOB pasOHeHust IpadoB 3aKJio-
qaeTcsl B Bbi6ope HEKOTOPOro Ha4asJbHOTO pasGHeHHs HCXOLHOrO rpada M
MOCJEAYIOLIEr0 ero yay4lleHHsl ¢ NOMOILbI0 UTEPALMOHHOI0, [IAPHOT0 HJH
rpynnosoro o6MeHa BepUIMH U3 pas3/M4YHBIX yacTed pasbuenus. [Ipu stom
[ KaXKAOW HTepalHd OCYLIeCTBJAsSeTCs NepecTaHOBKa TaKHX BEepLIHH,
KoTopasi 00eclneynBaeT MaKCHMAaJlbHOE YMEHbILEHHE YHCIA CBS3EH MEXIy
4acTAMHU pa3bueHus rpada UaH MHHHMAaJbHOE NPUpAlleHHe YUC/Ia BHEIUHHX
pebep.

3. IlpuBeseM KpaTKoe ONMMCAHHE H3BECTHBIX HA CerONHSAIUHMH HeHb as-
FOPUTMOB, HCIOJB3YIOWUX TY WJIH UHYIO 3BPUCTHUYECKYIO 6a3y.

OpHMMH H3 MONYASPHBIX aJrOPUTMOB pasGueHus rpapa G = (X,U)
Ha YacTH fBJAKTCH HTEPalMOHHblE aJrOPUTMBI, TpebywliHe aJs CBOEeH
paboTbl HEKOTOPOro HayaJsbHOro pasbueHus. OHH AOBOJIBHO YYBCTBHTEbHbI
K HayaJbHOMY pa3bHeHHIo, 4TO, B OCHOBHOM, CKa3blBaeTCsi HAa BpEMEHH
paborel anroputma. Kpome Toro, oHM 4acTo NmomajaloT B JOKaJbHBIH On-
THUMYM, Korga pasMep rpada sesuk {(n > 1000). Onun u3 nyTtefi mnpe-
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OJOJIEHHSI 3TOTO HEJOCTaTKa COCTOHT B TIPYMNIIMPOBKE CHJbHO CBS3aHHBIX
BepUIMH B KJIACTEPHl W B JajbHelliem c6ope 3THX KJIAacTepoB B 3aJaHHBle
4acTH pa3bHeHHd, a TaKXKe HCNOJIb30BaHHE (PAaKTaNbHbIX MHOXKECTB A
rPYIIHPOBAHUA CHJBHO CBSI3aHHLIX BeplidH. MTepallvoHHBIH 3BpHCTHYE-
CKHH aJrOPHTM Ha4YMHaeTCs CO CAy4aiHOoro pasbUeHHs U 3aTeM NPUMeHseT
napHbl 06MeH MeXAy JBYyMs [OAMHOXECTBaMH, YyJydllash HadasbHOe pe-
lIeHHe NMyTeM MHOT'OKPAaTHOH MepecTaHOBKH BepliHMH. PaspaboTaHo MHOro
MOAH(MHKAUMHA 3TOro Noaxofa AAsi TOro, 4TOGLI aArOpUTM MoOr paboTathb
¢ runeprpa)aMy, YMEHbIIWB BPEMEHHYIO CJIOXKHOCTh anroputma ao O(n)
AJs rpadoB CreLuanbHOro BUIA.

3.1. [TocTpoum cxemy pa3bueHusi rpada Ha YacTH Ha OCHOBE TEHETH-
4ecKOro NOHcKa. Takasg cxeMa gaHa Ha puc.5.l. 3meck B nepBom 6Ji0Ke
CTPOHTCA TeKyulasi (HayasnbHAas) MOMYJISILHA PelleHHH, T.e. ONpeaessercs
3aflaHHoe noaMHoxectBo By, By, ..., Bx (k < s). Ha nocrpoenue nonyis-
LIMH OKa3blBaeT BJHsAHHWe BHeluHss cpepa B Bune JI[IP uau IC. Otmerum,
YTO TaKOe MOAMHOMXKECTBO pellieHHH MOXKeT ObITh MOJYUYEHO CAYYAUHBIM,
HaNpaBJeHHbIM WU CJAy4aHHO-HANPaBJeHHbIM METOAAMH.

1 10

Texymas(HayanrbHas) B s
nomyssiuus pasbueHuit Heuu;
(pewenuit) Cpex
By, By,..., B,
2 9
Brruncienne 5
KCIIEpTHAS
Ky, Kp,..., K, | pT
Onpenenerne K, cHcTeMa
3
CopTHpoBKa NONYIALUH 8
Ha ocHoBe LUD(K') IToctpoenne
1 HOBO#
4 NONYJISALUA
Cenekuus nomyasuu peleHui
(TmonyyeHune «pONUTENLCKHX)» Hap)
7
5 l Binok
3IBOJIIOLIMOHHOH
Peanusanus pasiaH4HbIX ananrauku
TEHETHYECKHX ONEeparopoB 6 t
Bnok
HEIEePCIEKTHBHBIX
T pewenui
BBIXOX

Puc. 5.1. MonuduuxpoBaHHas cXxeMa reHeTHYeCKOrO NOUCKaA A 3a4auH pa3bHeHys



186 5. Onmumusayuonnsie 3adauu Ha zpagax

[Ipy Hanuyuu GOMBIIOTC KOJHYECTBA 3JAEMEHTOB NPeANOUTHTENbHBIMH
6yoyT KOHCTPYKTHBHbIE, HTEPALLHOHHbIE, CyYaliHble H TOUCKOBEIE aJITOPUT-
Mbl JJISl MOJIy4eHHs TeKylled nmomyasuuu. B kauecTBe uesieBol QyHKUHH
BolGepem K (Buipaxenue (5.2)). B HeKOTOpBIX HCC/IeNOBAHHAX, HAMpUMED,
npejJiaraetcsl NpH pellleHHH 3ajadyd pa3bueHus rpada Ha YacTH He MH-
HUMU3HpOBaTh K (4HC/IO CBsizell MeXAY 4acTsMH pa3OueHHsi), 8 MaKCH-
MH3HDPOBaTb KOJUYECTBO CBsidell (KpuTepuil A) BHYTpH yacTeil pas0ueHus.
HspectHo, uto kputepun K u A aABAAOTCA B3aHMOOOPATHLIMH, T.e. MH-
HUMH3auus K MakcuMmusupyeT A U HaoGopor. [lasi KaKaoro s/ieMeHTa
TeKylUleld NONy/IALHH BeUHCIHM K o onpefenum Ko, — cpefiHee 3HavyeHHe
ueneBoll (GyHKUMH Ha maHHOH momyasuud (puc.5.1). Has xaxpmoro sJe-
MeHTa TeKylled monmy/siuvd B OJoke 2 BbluucafeTcss K M onpepeasercs
K, — cpenHee 3HadeHHe LieseBOH QYHKUME HAa NaHHOH nony/suud. brox 3
OCYLIEeCTBJsAeT COPTHPOBKY NONYJSLHH HAa OCHOBe LieJeBOH (pYHKLUHH.

3nech MOTYT GbiTh NPHMEHEHB! BCe CYHIECTBYIOL{He MeTOAbl COPTHPOB-
k¥, CHayana paccTaBAAOTCS 3JeMEHThl C HaUMeHbIUHM 3HadeHueM K u
TaK jajee M0 BO3pacTaHHIO. BJIOK 4 BHINOMHAET ceNeKUUIO NONYAALUHA A/is
nojsy4eHus poaHTenbckuX nap. CeJsieKUHsl BHIIONHAETCH OAHHM H3 MeTo-
IOB, OMUCAHHBIX Bbille. BJOK 5 OCYUIECTBIAET PEANU3ALHIO TEHETHYECKUX
onepaTopoB W HX MogucHKauul. Baok 6 cobupaer U aHanu3upyeT Hemnep-
CNeKTHBHBIE pelleHHs 3afaud pasbuenusi. bBaok 7 peanusyer crpaTervu
afanTalHyd H HAa OCHOBE OOpaTHHIX CBfi3ed BHIGHpAaeT MOJEJb 3BOJIOLHH,
a TaKXKe MOPSJOK UCIOJb30BAHHA W NMPHUMEHEHHS Pa3jHYHBIX aJCOPHTMOB
reHeTHYeCKOH onTuUMH3auuH. B 8 6i0ke ocyllecTBaseTCA NMOCTPOEHHE HO-
BOH nonynsuuu peweHuH. IleBsiTelil GJOK MO3BOJISIET YNPaBJSTh INpoLec-
COM ITOHCKa C MOMOLLbI HHGMOPMHUPYIOWIUX 0OpaTHHIX cBased. [anee pas
KaXXJO0H XpOMOCOMBI U3 HOBOH HONYJSLUH BblYHcAseTcs K U BHIXKHBAIOT
Te 3JEeMeHTBl U3 CTAPOd H HOBOH nonyasuud, y kKotopeix K < K¢p. Ilpn
3TOM B CTaHAAPTHOM CJydae KOJHYECTBO 3JEMEHTOB B HOBOH MONYJAfLMH
He [OJKHO NpeBbllIaTh YHCAO 3/1eMEHTOB B CTAPOM MOMYJIALHMH.

ITpensioxkeHHass cxeMa TeHETHYECKOrO MOUCKA MO3BOJIAET BapbHUPOBAaTb
pasmep MNOMyJASLMH OT reHepalMM K reHepaiyH, 4TO II03BOJISIET HACTHY-
HO NpeJoTBPallaTh NpeXK/JeBPeMEHHYI0 CXOAHMMOCTb ajJropuTMa B 3ajayax
pa3buenusi. MoXHO NpenoXKHTb GOMBIIOE YHC/IO AHAJOTHUHBIX CXEM re-
HEeTHYEeCKOro MOHCKa AJs pelleHUs 3apgad pasbueHus. Ux addexTHBHOCTD
npoBepsieTcsl IKCNepUMEHTAIbHBIM NYTEM.

3aMeTHM, 4TO Takas CTpPaTerus NOHCKA MO3BOJSET GpicTpee HAXOLHTD
JIOKQJIbHO-ONTUMAJIbHbIE DPe3y/bTaThl. DTO CBf32HO C INapajesbHOH 06-
paboTKOH MHOXeCTBa aJbTePHATHBHBLIX PelleHHH, NMPUUEM B TaKOH cxeme
BO3MOXHO KOHLEHTPHDOBATb MOKCK Ha MoJydeHHe GoJiee MepCreKTHBHBIX
pewerHi. OTMETHM, YTO NMEpHONUYECKH B KaXKOH MTepauyly reHeTHYeCKo-
rQ aJArOPUTMA MOXKHO NPOBOAUTH Pa3/H4YHbie H3MEHEHUS B ePCHeKTHBHbIX,
HenepCcrneKTHBHBIX ¥ APYrUX pelleHHsX.

3.2. PaccmoTpuM nocnefoBatesibHbIA reHeTHYeCKHH anropuTm pasbue-
uus. [ycts 3agan rpad G = (X, U). [lepBoHayanpHo ynopsiiounM BCe Bep-
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IUMHB rpada MO BO3PaCTAHHIO JIOKAJIbHBIX CTeNeHel BepIlHH. DTO COOTBeT-
CTBYeT CMHCKY BEpIIMH, a TaKXKe MOXeT COOTBETCTBOBATb TPHBHAJBHOMY
pasbueHHIO, KOTAA KOJHYECTBO Ipynn pasbHeHHs PaBHO YNOPSLOYEHHBIM
BepluxHaM rpada. Jlajsee HauMHAEM COCTaB/AATb Napbl BEPLUHH H /A Kax-
A0 napbl BHIYUC/SITh OLEHKY CBSI3HOCTH:

0ij = eij — (et +€jt), (5.3)

rae e;; — uuCa0 pebep MeXAy BeplUHHAMH £; H Z;, 00pa3s0BaBIUMMH
napy; €js M €;,; — 4HCJI0 pebep, cCoeIHHSIOUINX BEIOPaHHYIO Napy cO BCeMH
OCTaJIbHBIMH BeplIHHaMu rpada, npuuem t = 1,2,...,n — 2.

CocTaBuM BTOpPOH CNHCOK, rie GYAYT OCTaBJIEHbl TaKHe NMapbl BEpLIHH,
y xotopbix &;; = 0. OtMeTumM, uTo ecn napel 0;; > O He HaxomsTcs, TO
BO3MOXKHO IBa caydas. B nepsoM cTposTcs nmaphl ¢ HauMeHee OTPHLATENb-
HbIM §; ;. Bo BTOpOM cJlydyae He cO3AaIOTCS Mapbl U3 ABYX BepIUHH, H cpa-
3y TIDOHCXOAMT Mepexol K o6pa3oBaHUI0 IPYNN K3 Tpex BepuwivH. [anee
npoLiece MOBTOPSIETCSI aHAJIOTHYHO, NMOKa He OYIeT BHINOJHEHO pa3bueHHe
rpaca Ha 3alaHHOe HJH NPOH3BOJNBHOE YHCJIO YacTell. DTO OCHOBHAs Mies
CTaHjgapTHOH npouenypsl pa3Guennd. [1pu HeGobLUIOM KOJHUECTBE BEPLIHH
OHa JaeT yIOOBJETBOPHTe/IbHble Pe3y/bTaThl, TAK KaK MPaKTHYECKH 3[eCh
OCYIUECTBJIAETCS TOJHBIH Nepe6op BapHaHTOB pelneHHi. C yBeJHYeHHEM
YyMcsla BepLIMH HCNOJb30BAaHHE HANpAMYI0 TaKOro MOAX0/a CTaHOBHUTCS
Helesecoobpa3Ho. Jns cokpalleHus ducaa MPOCMaTPHBaeMblX map fnpHMe-
HHUM MPOCTble H MOAHGHMLHPOBAHHBIE reHeTHYecKHe oneparopbl. OTMeTHM,
4TO BMECTO BblpaKeHHs (5.3) MOXKHO HCHOJIb30BATh BhIpAXKEHHE

Ti—*-Tj ZTt, (54)
rae T; + 7; — BHYTpeHHHe pebpa pas3buenus, 7 (t =1,2,...,n—2) —
BHelllHHe pebpa pasbueHus.

3.3. Paccmotpum npumep. Ilycts 3agan rpad (puc.5.2). Onpenenum
JIOKAJbHbIE CTENEHH BEPIIMH W YIOPAAOYHUM HX B BHAE CIIHCKA [0 BO3-
pacranuio (tabu.b.1). [locTpouM Temeps napsl BepLIHH AJA ONpefeseHus
pa36ueHus rpada 10 ABe BEPLIHHb B KAXI0H YaCTH.

Tabauua 5.1
x; ] x3 T4 Is Te |

Pxi 5 5 5 5 4

Ha s1oMm ypoBHe BhigeanM ABa 6/10Ka pa36HeHHUs: 3TO BepluuHsl (T1, 3),
(22, x6). dust ynoGersa sanucu Bmecto (I, Tg,...) OyAeM UHOCAA 3aMHCHI-
B4aTb HX cOOTBeTcTBYIOWHMe HoMepa (1,2,...). Ecau crout 3anaua pas6buts
rpad Ha YacTH MO JABe BEPWIHMHL B KaxXIoH ¢ MHHHMH3auued K, 1o
B KayecTBe TpeTbero 6JoKa pasbueHuss MOXKHO B3Tb OJIOK C HaMMEHbUINM
OTpULATENbHBIM 3HaueHueM Boipaxkenus (5.3). Takoe pasGuenue MokasaHo
Ha pHc.5.3.

4
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o e ©O=09)
| G

{x)
) Ll

Puc. 5.2. I'pap G Puc. 5.3. Pas6uenue rpada G Ha Tpu 4acTH

B ta6u. 5.2 npuBeeHbl BCe Maphl, KOTOPbiE MOXKHO MOMYYHTb, 06bENH-
HAs BepLIMHBI faHHOrO rpada. OueBHAHO, YTO NPH GOJBLIOM YHCJIE BEPLIHH
3Ta npoueaypa HelesecooOpasHa. [IpuMeHUM OIHY H3 MOAHGHUHPOBAHHBIX
cXeM IeHeTHYeCKOro IIOMCKa, OTNIMCAHHBIX B NpeAbIAyLHX pasaesax.

Ta6auua 5.2
(zizs) |(1,2) | (1,3) | (L,4) [(L,5) | (1,6) ] (2,3) | (2,4)| (2,5) | (2,6)
TitT; 271 271323{029|0>9|0>8|0>10{1>8|0>10{3>3
(ziz;) |(3,4)(3,5)](3,6)|(4,5) [ (4,6) | (56)
TipT; 2T (1 28]128|0291324|029]12>7

[TocTpouM caydaiHbBIM 06pa30M HEKOTOPYIO NMONYASALHIO pelieHHH P =
= {P,, P, P;, Py, P5, Ps}, P1:(1,2). Tenepb npoBepuM BHINOJHEHHE YCJIO-
Bus (5.4) nss Bcex sneMentoB nonyasiudk P. Ias nepsoro ssiemenra 1 > 7
(yenosue He uinosnsietcs). [Iponosmkas pasee, noayyum:

P (1,2)—

1> Py: (3,4)—1>8, P5:(56)—12>7,
Py:(2,3)—-032 >

0, Pi:(45-324, P:(36)-0309.

B kauecTBe 1e/eBoll GyHKUHH B3ATO BhipaxkeHHe (5.4). Onpenenum pis
KaXKI0H XpOMOCOMBl B MONyJsiHK 3HadyeHHe uUeseBol ¢yHkuuu. IIpousse-
JeM COPTHPOBKY aHa/JH3HPyeMOH MONyNsLUH H MOJYYHM:

P, B, P, B, B B
[IpousseneM cenekiuio U 06pa3yeM POLUTENbCKUE HaphL:

Py: (4,5 P :(1,2) Fs:(3,6)
P:(56) P:(3.,4) P:(23)
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an/IMEHI/IM CTaH}IapTHbIﬁ OnepaTop KpPOCCHHIOBEpa W NMOJYYHM HOBbIE
XpPOMOCOMBIL:

P, : (4,5) P :(1,2) Ps: (3,6)
P;: (5,6) P;: (3,4) Py (2,3)
P{:(46)-0>9 Pl:(1,4)-0>9 P (3,3)
P : (5,5) P{:(3,2)-0>10 Py:(2,6)—3>3 (ma).

B pesyabraTe OZHOKDATHOrO MPHMEHEHHS ONEpaTopa KPOCCHHIOBepa
Mbl TOJYYHIH Jydliee peineHne Pj : (2,6). TenmeHuun npemmyuiectsa
FeHEeTHYECKOrO a/TOPUTMa BH/HBI 1aXKe HA JAHHOM NPOCTOM HpUMEpe.

Hcnonb3oBanue CTaHAAPTHOLO OMEPATOPA KPOCCHHIOBEPA MOXKET MpPH-
BOAHTb K HeCyLleCTByIOIIHM pewenusm (pasbuenuss Py, Fg). Iostomy
MOXKHO MpPEJJIOKHUTh HECKOJBKO MOAH(UKALME ONepaTopa KPOCCHHIOBEPA.
B uyacTHOCTH, NpH CKPELiMBAHHU Map MOTOMKH MOTYT IMOJYYaTbCS MyTeM
o6beIHHEHHS TIEPBHIX W BTOPHIX 3JIEMEHTOB POAMTENEH C aHaJU30M [0-
JIYYEHHbIX peileHHi. [Ipy 3TOM MOBTOPAIOLIMECS 3JEMEHTHl YCTPAHAKTCA,
a OTCyTCTBYWOLIMe fo6aBasoTes. Toraa noayuum:

P/: (4,5 P':(1,3) P':(32
P/:(56) Py:(24) P:(63)

3nech, KpoMe NOTOMKOB, NOBTOPAIWLKX ponutened (P, P, Py'), naxonur-
cs1 asleMeHT P|’ ¢ OIHHUM H3 Jy4IUNX 3HauyeHHH UeneBod QyHkuuH (3 > 3).
[popoaxkast aHAIOrMYHO, TIOCTPOUM [PYNILl pa3GHeHUs N0 TPH BEPLIKHEL.

Ha puc.5.4 nokasano pas6uenve rpadpa G
(puc.5.2) Ha pBe YacTH [0 TPU BEPLIMHBI B
kaxjoit. [Ipu stom nenesas ¢yHruua K = 5.
OTMeTHM, YTO reHeTHUYecKas MpoLesypa MoHC-
Ka MOXeT OblThb MPHMEHEeHa KaK eJMHCTBeHHas,
Xg Xs TaK ¥ MHOXEeCTBEeHHasl ONTHMH3aLHOHHAs Npo-
uenypa. Kpome Toro, renetsueckue onepaTopbl
H OMepaTopbl IOMCKA MOTYT ObiTb BCTABJEHBI
@ (% B CTPYKTYPHYIO CXeMy FeHETHYeCKOro MOHCKa

KaK BCroMoraTesbHble GJIOKH AJis TMOBHILIEHHS
KayecTBa MOC/eJOBATEbHbX AJATOPUTMOB.

B nepBoM cayyae CJAOXKHOCTb a/JropuTMa
pa3buenus rpada Oynmer JiexaTb B INpefesax
O(n)—0(n®), npuyem kpaiinuii ciyuait ¢ O(nd)
OyLeT UMeTb MeCTO MpH MONYAsLUK GOJblLIe CTA U BhILIE THICAYH reHepauui
aJITOPUTMA.

X2 X4

Puc. 5.4. Pas6ueusie G Ha
IB& YacTH

3.4. ®PpaxranaMu, KaKk OTMe4aJjoCh Bbllle, O6bIYHO HA3BIBAIOT MHOMKE-
cTBa, obJajallide MacliTaOHOH HHBAPHAHTHOCTLIO, T. €. B JIIOOOM MaciuTa-
6e OHM BHIIVISIAST TNPAKTHYECKH OfMHAKOBO. Ly peleHus GOJbLIMHCTBA
HeNHHEHHBIX ONTHMH3aLHOHHBIX 32]]a4 MOTYT MCIIOJb30BaThCA HAeH Qpak-

TaJIbHBIX MHOXKECTB. N
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Paccmotpum anropuT™ pasbueHus rpaoB Ha 4acTH Ha OCHOBe MoAHbH-
UMpOBaHHOM arperanuu ¢paktanos. [Ipouecc coananus KjaacTepoB OCHOBAH
Ha HjesiX INOCTPOEHHS MHHUMaJbHBIX U KBa3HMHUHHMaJbHBIX MacCHBOB B
rpade uau runeprpade. Knacmep — 310 yacte rpada @ C G, npuiyeM
D = (X1,Uy), X; € X, Uy CU. Bepunnsr knacrepa COegHHeHb BHYTpeH-
HHUMH pebpaMu ¢ ocTanabHbiMy BepiinHaMu X\ X rpada G. Bueuinue pebpa
He BXOAAT B MOAMHOXeCTBO pebep KsacTepos. MoOLIHOCTb NMOAMHOXeCTBA
BHEWIHWX peGep KJacTepa oGosnauuM f. Knactrep ®; HasbiBaeTcss MHHH-
MaJbHLIM, ecaH A mwoboro gpyroro Kaactepa ®;, ®; C P, BoinosHseTCs
yeaosue f; < f;. IIpyrHMH cioBaMu, yiaJeHHe MPOH3BOJNbHBIX BEPIUHH H3
®; (P;\X,,) NIPUBOAUT K HOBOMY KJIACTEPY C GO/IBUIMM YHCIOM BHEUIHUX
pebep. [To onpenenenuio GymeM CUUTATS:

VO, C GY(D; # @), (Vz; € X) (x; — MHUHEMAJbHBLIH KaacTep).

2T0 03HayaeT, YTO MHHHUMaJbHBIH KlacTep He MOXeT ObiTh MYCTBIM.
Kpome Toro, B TpUBHA/bHOM YacTHOM CJydae KaK[af BeplIKHa rpaga
o6pa3yeT MHHHMaJbHBIH Kiactep. Knactep 6ymeM Ha3biBaTh KBa3WMMHH-
MaJibHbIM, €CJIH BEIMOJNHAETCA YCJIOBHE

fit+e< [y,

rie € — Ko3(dHUUMeHT, oNmpelessiOHi, Ha KaKYI BeJHYHHY MOXHO
YBEJHYHTh YHCJIO BHEUIHMX pebep B MHHHMa/jbHOM Kjactepe @;. Ou
onpefeaseTCs B XOJe aHaN¥3a MaTeMaTH4YeCKHX Moaesel rpada Ha OCHOBe
pewenus JITIP uau 2C.

Ha puc.5.5,a nokasaH MUHHMaJbHBIA KNacTep Ha TPH BepLIHHB C
f1 = 4. CooTeeTcTBeHHO Ha pHC.5.5, 6 OKasaH MpocToH KJacTep ¢ fo = 9.
Ha puc. 5.6, a nokasan MUHUMaJbHbIA KNacTep HA [BE BEPIIMHLI ¢ f3 = 3.
Tpu npHcoenMHEHHH K 5TOMY MHHHUMAJbHOMY KJacTepy BepPLUHHBI Zg NMOJTY-
9YUM KBa3HMHHHUMAaJbHbBIH KJacTep HA TPH BepwHHH ¢ fiy = 5 (puc.b.6,6).
B 3TOoM cayuae BenuunHa € = 1.

Puc. 5.5. @ — MHHHMaJbHLIH KJacTep Ha TPH BepLIMHbl, 6 — KJacTep Ha 1Be
BepLUKHBI
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Puc. 5.6. @ — MHHMManbHBIA KJacTep Ha [Be BepUIHHbI, § — KBa3UMHHHUMAaJbHbIH
KJacTep Ha TPH BepLIHHBI

4. ITocTpoeHHe MHHHMANBHOTO H KBa3HMHHHMAJbBHOTO K/JIacTEPOB CBS-
3aHO C BblJeJEeHHEM NOYTH BCeX NOAMHOXKECTB MHOKecTBa X, a OHO CO-
ctapaset 27, ecan |X| = n. B sToél cBA3u npoponKaloT paspabaThiBaThCA
pas/iHyHble 3BPHCTHKH BblAeNeHHs Habopa MPOCTHIX KJIacTepoB, MHHHMa/b-
HOTO H KBa3HMHHHMAJbHOrO. OTH 3BDHCTHKHM OCHOBaHBl Ha TeopeMax o
MHHHMabHBX MaccHBaX B rpadax M MpUHLMNAX MOCTPOSHHS KBA3UMHHH-
MasbHOIO KJacTepa.

Teopewma 5.1. Ecau @; u P@; A84710MCA MUHUMAALHOIMU KAGCME-
pamu u b, ¢ (Dj/\q)j §Z ®,;, mo (Diﬂd)j =

Teopema 5.2. [Tycmo ®;, ©; — munumarsnote kracmepor. Ecau
Dy =D UD; A f5 < fi AN fe < S5,
mo Py — munumansuoie Kaacmepot. Ecau
D, =P, UD;Afs+e<< finfs < fy,

mo @, — Kea3uMUHUMANGHBLL Kaacmep.

Teopema 53. [lycmo @1, Dy,..., B — munumaronvie xracmepot,
npusem 106oe 06veduHenue Hacmu U3 HUX He S8ASeMCs MUHUMANbHbLM
xkaacmepom. Ecau

P, =P UDU...UPLAfi < finfi < for... ., Nfi < frL,
no ¢.,, — MUHUMAAbHbLE KAaCmepPbL. Ecau
D, =P UDPU..UPLAfi+e< finfite< fo,... . AANfite< fL,

mo (pi — MUHUMQAABHbLE Kaacmepbl.

4.1. V3 teopembl 5.1 caeayeT, 4to B o6lueM cjydae NpH TOJHOM
nepefope npouegypa NocTpPOeHHs] MUHAMAaJAbHOTO KJacTepa cXofsiascs H
pelleHHe eJHHCTBEHHO NMPH pasOHeHHH rpada Ha yacTH, Korga He 3afjaHo
ofllee 4HUC/IO BepIIMH B yacTaX pa3bHenus. [Ipn pasbuenur rpada Ha
3aJlaHHOe YHCJIO BepLIMH KOJHYeCTBO pelleHHH B oflleM ciay4dae — 3TO
MOLLHOCTb HEKOTOPOro MOAMHOXeCTBa aJbTeDHAaTHB pasbueHuil rpada. Ha
ocHoBe TeopeM 5.2 U 5.3 BO3MOXHO arperupoBaTh (06beRHHATL) KJacTephl
H CTPOHTb MHHHMa/bHble ¥ KBa3MMHHUMaJbHble KJacTepsl. OnHileM Mo-
AH(PHUHPOBAHHLIA 3BPHCTHYECKHI aIrOPHTM MOCTPOEHHA MHHHUMAJbHBIX U
KBa3HMHHHMaJbHLIX KJ1acTepoB B rpade. a
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1.

2.

6.

YnopsiioynTh BCE JIOKaJbHbBIE CTENEHU BepLIHH rpad)a Kak TpUBHAJb-
Hble MHHHMAaJIbHBE H KBa3UMHHUMAaJbHbIE KJACTEpHI.

HauuHas ¢ Bepwun ¢ Gosblieil JOKaJIbHOU CTENeHbI0, ONApHo NpoaHa-
JIU3UPOBaTh Bce BeplunHbl rpada G. Ecan onpenensercs napa Beplrin
(xi, ), AN KOTOPOH

f=plz:) + p(x;) — 2135,

10 ® = (X,U1), X1 = {i, z;}, ¥ OH ABAsAETCA MUHHMAJIbHBIM KJIACTE~
poM. 3aech p(x;), p{(x;) — JOKaNbHbie CTeNEHH BePUIMH Z;, Tj; Tij —
4Hc/I0 pebep, COeNHHSIOWHX BePIIHHbI Ty, L MeXAY coboH; f — uncno
pebep, COeAUHSIOUIUX MUHUMANbHBIE KIACTEP ¢ OCTANBHBIMY BEPLIMHA-
mu rpada G, npudem f < p(z;), f < p(z;). Ecnu onpegensercs napa
BepluH (2;,2;), A4 KOTOPOH

f=plxi) + plx;) — 2rij + ¢,

nprsen f + £ < p(ay), f +e < pla;). o D = (X1, 1), X1 = {zi2;},
u P sABaseTcs KBA3UMHHUMAJbHBIM KjaacTepoM. MUHHManbHble HJIH
KBa3UMHHHUMaJbHble KJacTephl @ 3aHOCHM B CHeLHasbHBIH CIHCOK,
a BepIUHHBl T;, T; HCKao4aeM H3 paccMotpenHs. [lepeitn k 2. Ecan
HOBBIX MHHHMMAJ/bHBIX WM KBA3HMHUHHMAJNbHBIX KJI4aCTEpOB He 00pa3o-
BaJIOCh, TO NMEPEXOX K 3.

. BeinonnuTe dakroprsanuio. Bepuuner x;, x5, BXOAALINe B MHHHMa/b-

Hble MJH KBa3HMHHHUMaJibHble KJacTepbl, 3aMEeHHTb OJHOA BepLIHHOH
x;;. [lpn 3TOM pebpa, coefuHAKLIME T; U T;, YAaAUTb, a pebpa u3
BEPUIHH ;, T; K APYrHM BepillHHAM [PHNHCATh 06leH BepIUHHe T; ;.
[Monyuaercs rpad G’.

. B rpade G’ npoamanusupoBath Bce BeplidHbl. EcnH onpenesurcs

TPOiKa BEPUIH TA, Zp, LC, A KOTOPOIl CpaBeiHBO
f = plza) + plzs) + plac) ~ 2rag — 2rec — 2rac,

npuuem f < p(zp), f < p(zB), f < p(zc), TO BeplwIMHA Tp, TB, ZC
obpasyeT MHHHMAbHBIH KJacTep coryiacHo Teopeme 5.3. Ecau onpene-
JIUTCS TPOHKa BEpPIUHH T, T, TC, ANF KOTOPOH CnpaseiNdBO

f=p(xa) + p(zB) + plac) — 2rap — 2rc — 2rac +¢,

npudeM f +¢e < p(za), [+ < p(xs), f+e < p(ac), TO BePUIKHEL T4,
zp, Z¢ 06pasylT KBa3UMHHHUMAJbHBIA KaacTep cornacHo Teopeme 5.3.
[lepeiiti kK 2. MUHHMaJbHBIA HIM KBa3UMHHHMAJbHBIH KjacTep 3aHe-
CT¥ B cmucOoK. ECIM MUHHMa/NbHBIX HJIM KBa3HMHHHMAJbHBIX KJacTe-
poB GoJsblle HeT, TO NepefTH K 4.

. YBEJHYHUTD rnapaMeTp MOLIHOCTH MHUHHMaJIbHOIO HJIH KBa3HMHHHAMAJb-

HOro KJacTepa Ha efMHHUY U NepedTH K 3. Ec/iM MOLHOCTL MHHHMAb-
HOTO WM KBa3HMHHHUMaJbHOTO KJ/acTepa paBHa 3afaHHOH BeJHYHHe
W/l PaBHA YHMCJY BepIHH rpada, TO NepeiTH K 5.

Koneu pa6oThl anropurma.
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3mecb € — HaMMeHbllee OTHOCHTE/JbHOE OTKJIOHEHHe OT MHHHMAJbHOro
kaacrepa (e = 0,1,2,...). Tlocse nocrpoenus wabopa MHHHMANbHBIX HJIH
KBa3UMHHHMAJIbHBIX KJacTepoB, ecad B rpade G ocTanuch CBOGORHbBlE
BepLIMHBI, HeOOXOAMMO NMPOBECTH NpoUeaypy arperauun. OHa 3aKaoyaeTcs
B NPOOGHOM TNOMELIEHUY BEpLIUH B MHHHMAMbHBIH UAY KBAaSHMHHUMAJbHBLH
KJacTep ¢ aHAJH30M 3HaueHHH leseBod OyHKUHU. Bepiuuna noMeriaercs B
MHHUMAJbHBIH KJ1acTep, eC/lH HapylleHHe MHHHMAJIbHOTO KJacTepa Mpouc-
XO[MT Ha BeJHUYHHY, He npeBblwaiouyio €. Ecnu nocsne BTopoil npouenypbl
OCTaNHCh CBOGOHbIE BEPLIHHbI, PeaNH3yiOTCcs Npouesypbl, OCHOBaHHbIE HA
MofieTupoBaHuH 3Bogtouni Hapeuna, ne Ppuse, Jlamapka u [lonnepa, onu-
caHuble Bhille. [lpenmouTense oTAaeTcs MOAM(PULIHPOBAHHBLIM ONepaToOpaM
MYTaL{H, HHBEPCHH, CeTperaunH, yaaneHus U BCTaBKH.

4.2. PaccMOTpUM MmpuMep, NOKa3aHHbIA Ha puc.5.7. IlpusemeH rpag
G=(X,U), |X| =14, |[U| =37, koTopbiii 1oJ2KeH GbITb Pa3BUT Ha 4acTh
¢ HauMeHblnM 3HauenneM K (5.2).

OTMeTnM, 4TO YHCIO YacTell pasGueHHUs 3apaHee He 3aJaHO U ONpPenes-
eTCsl B Npolecce peanH3altyi alropUTMa MoCJe KaX/0To ara NoCcTPOoeHHs
MHUHHMaJbHBIX H KBa3UMHHUMaJbHBIX K/JIaCTEPOB.

Marpuna cmexxsoctu R rpada G uMeeT BHA:

s

8
~
[l
153
w
S

T
x2
T3
T4
x5
Te
R= x7
zs
T9
Z10
T
Z12
T3
T4

CO—~CO0O0ONMN—~—~00O8R
B0 OO~008
CO—NOoONOOOOOOC~O8
coocoococooONMNMNOOO~8
COOCO—~0OON—~ONO O —

CoO0ODCOOCO—~NOONE
COOOCOOOONOOON

— OO NOOOODOOO0OS
O—Mv~o00CO0OoOONOO8
cnvooooNOO—~0ooool
comvoo—ococooonvool
coovomvooooo—~o—8
coocov—~nvoocooooof
coocococo—~ocococoonol

ITo maTpuLe onpenennM JOKaJbHYIO CTeleHb KaxKAOH BepLIMHBI W MO-
CTPOMM YNOPSAOUYEHHBIH N0 BO3PACTAHHIO CIIHCOK CTeNeHell 3THX BepLUMH.
CHavana onpegessercs MUHUManbHull Knactep @y = {xg, 214}, npu s1OM
Ky =2, |{Uy| =4, |Ui| — K1 =2 > 0. [Ipoussogurca dakropusauus. Ctpo-
KH ¥ CTOJOUH T3, T14 MAaTPHLbl R npeacTaBisioTcs 00beiHHEHHOH CTPOKO#
" cTOAGUOM (T2, Z14), T. €. BEPLUIHHEI X2, T14 C COEAHHAIOLIMUMH HX pebpamu
3aMeHsIoTcs BepwiHOH P, U npogosKaeTcs MOMCK MUHHMAJbHOIO HJH
KBa3MMHHHUMAaJIbHOTO KJAaCTepOB, COCTOSLUX H3 ABYX BEPIUMH. TaKuX MH-
HUMaJIbHBIX WJH KBa3MMHHMMa/NbHBIX KJaacrepos 6GoJblue HetT. [lepexonum
K NOUCKY MHHHMAJbHOTO MW KBAa3HMHHHMAJBHOIO KJacTepa, COCTOSIMX
u3 Tpex BepunH. CoracHo anroputmy noayuum @Dy = {zg, 10, 213}, npu
stom Ko =1, |Uz| =6, |Us] — K9 =5 > 0. Ilpu onpepenenun Ky He

7 JI.A.Tnaaxos, B. B. Kypefiunk, B. M. Kypefiuuk
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Puc. 5.7. Tpad G

yuuThiBaloTea cBasH P ¢ D, uTo6nl He onpefensiTh ORHH H Te XKe
BHelIHKe pe6pa ABaxabl. [IpofoKas peann3alHio a1ropuT™Ma, aHaJIOFKYHO
MOJYYHM: D3 = {xs,.’rg,.’l:“,:l,‘lz}, Kz =1, |U3| =10, |U3[ ~K3=9>0wmu
by = {x4,m5,x5,x7,z1}, Ky=0, |U4| = 16, |U4| — K4 =16 > 0. O6uuee
YUCJO BHEMIHHX CBA3elM MeX]y vacTsaMu pasbueHus rpada G (puc.5.7)
paeHo K = K1+ Ko+ K3+ Ky =2+ 1+14+0=4.

4.3. PaccMOTpUM APYrofi MpUMep, MoKasaHHbIHA Ha puc. 5.8.
Martpuua cmexHocTd rpadpa G HMeeT BHL

1234567891011 12
10320000000 0 O
213011000000 0 O
3(121 01100000 0 O
40110011000 0 1
51001005000 2 0 O

R=6(0001505100 0 04}
710001 05001 0 1 O
g8(f0o 000010020 0 O
93/0000001 200 0 O
10(0 000200000 3 0
11/10 00000100 3 0 3
12(/0 001 00000 0 3 0

[To MaTpHLe ONpeJe/niM JOKaJbHYIO CTeleHb KaXKAOH BepIUHHB U MO-
CTPOMM YHOpSIOYEHHBIH MO BO3PACTAHHIO CIIHCOK CTeNeHeHd 3THX BepIUHH.
B pesysibTaTe BbIMOJHEHHS alrOPHTMA OINpeJe MM MUHHMA/IbHBLIH KiacTep:
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Puc.5.8. I'pap G

@) = {z),z2}, Py = {5, 29}. Ipencrasus ®; u Oy B BHAe Bepiuuy,

FOJIyYHM HOBHIA rpad, MaTpHLla CMEXHOCTH KOTOPOrO MPUMET BHJ

(1,2)

(1,2)

3

4

5

Ri= 6
7
(8,9)

10

1

12

OCOO0OOCO OO —wWoO

COOCOOO——0OwWwW

COO0OO—=—= OO — — x

—ONOOUVIOO—OWm

COO—= i OUI—OOM

O—O— O O—0OO~N

(8,9)

COOO——~QOO0O0C0C

10

OWOOOONOOO

p—
—

WO WO—OOOOO

owooooco—~oog

Tak Kak MHHHMA/IbHBIX KJACTEPOB MOILIHOCTH 2 GOJIblIe HET, TO MOCTPO-
MM COI/IaCHO alrOPHTMY MHHHMAJbHBIA KjacTep MollHocTH 3. Tlonyymm
O3 = {Dy, z3}, Py = {z5, 6, 27}, P35 = {z10,Z11, T12}. Pabora anropurma
3aKOHYeHa, 60/blle MUHUMA/bHBIX KAacTepoB HeT. Bepuwiuny x4, KoTOpas,
BOOGLUIE TOBOPA, €CTh TPHBHAJbHBIA MUHMMAa/bHBIA KJIacTep, MOXKHO CJy-
yallHbiM 06pa3oM A06aB/ATL BO BCE OCTAJbHbie MHHHMA/bHbIE KJAACTEPhl
C BLIYHMCJIEHHEM 3Ha4eHHs LeneBodl QyHKuUMH. B pesyabrate noayuum Asa

BapHaHTa pa36HeHHs:

7*

&
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1-# BapuaHT:
{z1, z2, x3, 24}, {z5,76, 27}, {8, 29}, {Z10. 211,212}

npH stoMm K = 9.
2-i1 BapHaHT:

{z1, z2, 23}, {z4, 75,76, 27}, {z8, 20}, {Z10, 211, T12};

npy 3ToM K = 9.

Hanpuwmep, ecnu sapaso paséuende rpada Ha TpH yacTd, BapuaHTt |
nocJ/e NpoUeAyPHl 3BONIOUUH 3aNUIIETCS CeAYIOIUM 00pasoM.

3-# BapuaHTt:

{z1, 22, 23,24}, {5, 6, 27, T8, 29}, {210, 211, T12};

B 9TOM cayyae K = 7.

PaccMOTpPHM OCHOBHYIO HIEI0 HTepalHOHHOro pasbueHus runeprpada
h = (x,E) Ha yactu ¢ mMunumusauueii K. Jlas xaxporo pe6pa e; € E
MOXKHO OIpefesuTb paspesamuyo QyHKUHIO KaK 9HCJIO BeplIHH Jepe-
Ba, MOAENHDYOIIHMX aHAJH3HPYeMYIO Liellb KOMMYTAaLHOHHOH CXeMbl 3JieK-
TPOHHO-BHIYHCIUTE/bHON aNnapaTypsl, NONAAANLUIHX B pasjHyHble GJIOKH.
Ecnu xota 6bl ofHa BepuinHa peGpa rumeprpacda JeXHT He B TOH 4acTH,
4TO OCTaJlbHBEE BEPLUHHBI 3TOro pebpa, 10 obs3aresbHO GyleT CyLIECTBO-
BaTh, NO KpaiHel Mepe, oaHo pa3pesarouliee pebpo. [Ipocymmuposas Bce
paspesatwoude pebpa, nonyyum obitee yucsno K (caseit) Mexay Grokamy,
KOTOpOe HeoOXOAHMO MHHHMH3HPOBATh.

[Ipennaraembli anropuT™ COCTOMT M3 Tpex 3TanoB. Ha nepsom stame
CTPOUTCS Habop MOMyJsLUHA, KOTOPbIA MOXKeT GbITh MOJYYeH C/ydaHiHbIMH,
NoCJeOBaTeJbHbIMH HJIH HTEpaUHOHHBIMH MeTogaMmu. Ha BTopom 3Tane
[J8 KaXAOH XPOMOCOMBI B MONYJALHH ONpefejseTcs LeseBas (YHKLHA.
B kauecTBe UeneBod ¢yHKuuH Bbibupaercs K. 3areM noJyueHHas no-
nyJsSLUAsT COPTHPYeTCS U YIOPSZOYMBAETCS COIJIACHO LeJeBOH (YHKLUHH.
Jasnee BeinosnHsieTcs pa3bHeHHe NOMYJSLHH Ha [Be MOANONYASAUMHU: Mep-
CIMEKTHBHLIX M HENMEepCNeKTHBHBEIX XpoMocoM. [las nepBod noanonyfsuuu
HCNOMb3YyeTCs TOUHBIH MOHCK, T.€. NPHMEHSIOTCA Pa3/HYHbE apXHTEKTYPhl
TeHEeTHYECKOro ajropuTMa, onucaHHbule Bblwe. (s BTOpPOH noanonynsituu
HCIIONb3yeTCA OBbICTPBIA MOHCK — MpPOCTOH reHeTHYeCKHH ajiroput™. 3a-
TeM peasiu3yeTcs OnepaTop MHIPaliH XPOMOCOM MeXAy MOANIONyISLMSAMHA.
Ha tpeTbeM 3Tame, HCMOJb3ysA OMHCAHHBIE CXEMbl CesleKUUH, BHIOHPaIOTCA
POAMTENbCKYE Mapbl HJIH OTAE/bHblE XPOMOCOMBI JJ/15 BLIITOJHEHHS T€HETH-
YeCKHX ONepaTopoB.

[lepen BbinOHEHHMEM TeHEeTHUYECKHX OMNEpaTOpPOB B KaKAOH XpoMoco-
me (TeKylui BapHaHT pa3OUeHHs) ONpefleNsieTCss CTOMMOCTh CYLIeCTBYIO-
IIHX CTPOHTENbHBIX 6J0KOB. PaB0Ta reHeTHYECKHX ONEepaTopoB HaYWHAETCH
¢ mMoaM(dHLHUPOBAHHOTO onepaTopa KpoccuHrosepa. [Ipu 3ToM TouKa HJH
TOYKH OfepaTopa KPOCCHHIOBepa ONpejensioTcs He cay4yallHO, a Hampas-
JIEHHO, BbIEJss Jy4lIHe CTPOUTEbHble 6JIOKH B KaXKA0H XpoMOcOoMe.
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Hanpumep, Ha prc.5.9 nokasaHa cxemMa MOZHGHULKHPOBAHHOIO Onepa-
Topa KpOCcCHHroBepa. 3gech Py, P — XpoMmMocOMbl 43 rnonyasuud P.
CrpouTenbHble 6J10KH, T.€. yacTd pasbuenus, caenyowue: {a,b, c}, {d, e},
{f.9}; {d,e,c}, {a, f}, {b g} Onpenenas uenesyw ¢yHKuHIO, HalieM,
yro Ko u K5 — HauMenbwde. Torna TOUYKH Oftepatopa KpoCCHHroBepa B P
HanpaBJ/JeHHbIM 06pa3oM Beigensior 6aok {d,e}, a B P» — 6aok {a, f}.
3aTeM MPOU3BOAUTCA KOMMPOBAaHHE JYYLIMX CTPOUTENbHEIX 6J10KOB H3 P
u P, B P|. CoGoaubie MecTa B P/ 3an0/IHAIOTCS OCTABLIMMHCS 3JIeMEHTaMHU
us P u P,.

P Lal b l cl| d l e | f ' g l abc—K|, de— K, —min,

PZIdlelc alf b'glfg“KydeC—K;;,

Pg',l d | ela Iflc | blg—laf—K5-min,bg—K6.

Puc. 5.9. Cxema MonudHLUMpOBaHHOTO ONEPaTOPa KPOCCHHIOBEPa

4.4. Bo3MOXHbI cayyaH, Koraa BelGpaHHbIe CTPOUTENbHbIE GJOKH MOTyT
UMeTb YaCTHYHOE WJH TOJHOe CcoBMnajeHHe 3jeMeHToB. [lpw nonnom
COBMafeHHH 3JEMEHTOB TPOHU3BOAUTCS KOMUPOBAHHWE TOJBKO OAHOTO M3
cTpouTenbHblXx OsokoB. Tlpuw wactuyHOM
le 5 | 12 l e 17 , g‘ COBIMAJIeHUH — CTPOUTENbHbIH OJIOK H3

IIepBOrO POJAHMTENsl KOMHDpyeTCs IOJHO-

AT TEITTETTTe] i motore posmenn sgmpyor

. parop

MyTaLlMHd MOXKET BBINOJNHATbCA CJAYy4aHHO

Puc. 5.10. [lpumep onepatopa M HanpasieHHo. Ha puc.5.10 nokasano

MyTalxH BO3MOXHOE PUMEHeHHe OrepaTopa MyTa-

UMM, MpHUYeM 3JEeMEHTbl MOI'YT MYTHpO-

BaTb TOJBKO MeXJY CTpPOHTeJbHbIMH OsokaMHu. [Ipu HanpaeneHHOl MyTa-
UHMH B KaX/IOM CTPOHTEJbHOM OJI0Ke BhIOMpaeTcsi HAUXYALUHH 3J1EMEHT.

4.5. Jlns BbIX04A U3 JIOKAJbHBIX ONTHMYMOB NpeAJIaraioTes Ase npoue-
aypsl. B ocHoBe mnepBoil sexaT MOAM(HUAPOBAHHBIE OMEPaTOPbl cerpera-
UMM, TPAHCIOKALHH, yaajeHHsa u BcraBkd. Ha puc.5.11 nokaszan npumep
AaHHOTO orepaTtopa. 3aMeTHM, YTO CTPOUTENbHBIA GJOK H3 XPOMOCOM KO-
NHPYETCS MOJHOCTBIO, €CJAM OHH HE TepeceKalnTcs C Y¥Ke BblIeJEHHbIMH
6J0KkaMH. B nmpoTHBHOM c/iydae KOMMPYHOTCS TOJBKO HelepeceKkawouuecs
3J1eMEHTbl H3 CTPOHTENHHOrO GJIOKA.

BaXHYI0 posib B reHeTHYECKHX ONepaTopax, Kak 0TMedaloch BhLIE, M-
paet BepOATHOCTh onepatopa KpoccuHrosepa Pr(OK) u BepostHOCTb MyTa-
unu Pr(OM). DxcnepumenTsl oKasany, 4to B 3aga4ax pastuenus Pr(OK),
nexawas 8 npegenax 0,5-+ 0,98, u Pr(OM) B npegenax 0,01 + 0,05, nos-
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f

BOJISIIOT [10J1y4aTh GOJbLIOE YHCIO JOKaAbHBIX onTiumMyMoB 3a 1000 < 10000
re’Hepauui.

B ocuoBe BTOpOil mpouegypsl
MEMAT MAEH MWIPALMH XPOMOCOM l » 1 P ] R ] 7 gl P ]P
BHYTPH OZHOH NONYJSUHH H MEXJY !
nonynauuaMu. B 3aBucumocTH OT
Ha/H4Y4s BBIUHC/AUTENBHBIX Decyp- I b | ch | 4|/ [ &€ l h |P2
COB MOXHO NepBOHAYAIbHO CTPOHUTh

He OAHY, a HeKoTopmii Habop mo- a [h c ‘ e f| gl ¢ I d |P3
nyasuuit. Jlasee BhIGUpaThL «ayy-
lIero» npefCTaBUTENs W3 KaxIoi alblc|h]lelg[f]d]|Ps
TMOMy/IAUMK B Ha 3TOM MHOXECTBe
OCYLIECTBAATH TMOHCK. [cldleln]rle]aln]|r

4.6. OnpegenuM acUMNTOTHYE-
CKYI0 TPYAOEMKOCTb NAHHOrO anro-  pPuc, 5.11. Ilpumep onepatopa cerpera-
putma. Ilycts N, — pasmep mony- e
JAUHH, IN; — YHCJAO TNOJYYEHHbIX
noToMKoB, Ng — 4HcJO reHepauuii renetnueckoro aaroputma. Toraa o6-
LIYI0 TPYAOEMKOCTb aJrOPUTMa MOXKHO OPHEHTHPOBOYHO ONpPEILJIHTh

T = [aNptp + BNpty + v(Np + Np)tc|Ng,

rae t, — TPYAOEMKOCTb HOCTPOEHHS OXHOM XPOMOCOMBI B NOMYJASIHY; tn —
TPYAOEMKOCTb FeHePaLUH OHOrO IOTOMKA; t. — COBOKYNHAs TPYyLOEeMKOCThb
ceNleKLHHu M 0T6OPa; v, B, ¥ — Ko3(hDHLHEHTHE, ONpefie/IAoLIHe MapaMeTpbl
FeHEeTHYECKOro MOHCKA. 3aMeTHM, 4TO TPYAOEMKOCTb NMOCTPOEHHSI OfHOM
XpoMocombl MoXKeT KoaeGatoea of O(n) no O(n!), a TpyaoeMKocTh reHepa-
LIMH OHOTO MOTOMKA 3aBUCHT OT CJIOXKHOCTH [IPHMEHAEMOTrO FeHeTHUECKOrQ
onepaTtopa v OpHEHTHPOBOYHO HaMeHsieTcst oT O(n) no O{nlogn). Tpynoewm-
KOCTb CeJeKLHH M 0T60pa MoxeT MeHsiTbest oT O(n) mo O(n?). BpemenHas
CJIOXKHOCTb OMHCAHHOTO AJTOPHTMA OPHEHTHPOBOHO cocTasaseT O(n?) ans
OIHOH reHepalHH.

Cnenyer 3aMeTHTb, YTO C YBeJM4YEHHEM YMCJA FeHepaudil B FeHETH-
4YECKOM a/IrOPUTMe BpeMs pelleHHs ONTHMH3aLHOHHOH 3afadyu pasbHeHHs
NoBLILAETCS, HO 3TO IMOBLILEHHE He3HAaYHTeJbHOe H MOXeT OBbITb KOM-
TMEHCHPOBAHO MOJYYEeHHEM MHOXECTBA JIOKaJbHO-ONTHMAJNbHBIX PelleHHH.
TeneTnueckHe aaroputmbl TPeGYIOT GOJbLUIMX 3aTpaT BpPeMeHH, 4eM aJro-
PHTMbl MapHBIX NMepecTaHOBOK M cayvaidHoro pasbuenus rpagos. Ho onu
NO3BOJISIIOT MO/YHaTh HAGOP JIOKAJNbHO-ONTHMANbHEIX PelleHHH.

4.7. llonycTuMOe pellleHUE 3KCTpeMaJsibHOH 3afaud pa3bueHus rpacda
Ha 4acTH ABJAseTcs N-MepHLIM BekTopoM. B Tom ciyuae, korma srta 3a-
ada MpPHHALIEXKUT KJaaccy 3ajay nepeGOpHOro THNA, MMeeTcs KOHEeuHoe
MHOXECTBO AOMYCTHMBIX pelleHHH, B KOTOPBIX KaXKAas KOMIIOHEHTa BeK-
TOpa MOXeT ObiTb 3a2KOAMPOBaHa C MOMOUIbIO LEJOr0 HEOTPHLATENLHOIrO
uncna: 3; € {0,Vi], ¢ =1,n, ree (V; + 1) — uHCNO BO3MOXHBIX AHC-
KPeTHbIX 3Ha4eHHH i — yrpaBJseMoil nepeMeHHol B objacTH noMcka D.
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JTO NMO3BOJIAET NOCTABUTL BO B3aHMHOOJHO3HAYHOE COOTBETCTBHE KaXAOMY
BekTopy P; € D Bekrop B ¢ UenounciaeHHbiMU KoMmnouneHTaMu. Cornac-
Ho JI. BaThuieBy, cHMBO/bHASE MOfie/Ib 3KCTpeManbHOH 3afauu pazbueHus
rpacda Ha YacTH MOXKeT OBITb NMPeNCTaB/ieHa B BHAE MHOXKeCTBa GHHApHBIX
CTPOK, KOTODble ONHCLIBAIOT KOHEYHOe MHOXECTBO JONYCTHMbIX PelleHHH,
npuHajiexauux obsacty noucka D. Heobxopumo oTMeTHTh, uTO BhIGOp
CHMBOJIbHOH MOJe/IH HCXOAHOH 3KCTpeManbHOH 3aaun pazbueHuda rpacda Ha
YaCTH BO MHOroM onpegenseT 3¢¢GeKTHBHOCTb H KA4eCTBO NPHMEHSIEMbIX
FeHEeTHYeCKHX aJITOPHTMOB.

[pencrasum, Hanpumep, pasbuenne rpapa G = (X,U) Ha ABe uacru
B BUJle GunapHo#i cTpokH E(X), X3), cocTosuleil U3 n GUT, pacnofIoXKeHHbIX
B TNOpfAJKe BO3pacTaHHs UX HoMepos. Kaxkjpomy HoMepy 6uTa NOCTaBHM
BO B3aMMHOOLHO3HAYHOE COOTBETCTBHE HOMep BepluuHbl rpaga (1-ii 6ur
COOTBETCTBYET BepluHHe Ty, 2-d OUT — BeplUHHE T3,..., N-# OUT — Bep-
wiHHe z,). [loTpebyem, yTobb GHHAapHOE 3HAYeHMe oy |-ro 6UTa YKA3LIBAJIO,
KAKOMY MOAMHOXKecTBY Bepluut (X uad Xo) NpUHALNEKHT BepUIMHA Iy

I, ecuau l-1 Bepuuna x; € X BXOOUT B COCTaB
MOAMHOXeCTBa BeplHuH Xi;

0, ecau l-a BepwnHa x; € X BXOAHT B COCTaB
NOJMHOXeCTBa BepLIHH Xg.

ap =

Yncno 6uToB, conepxalux «1» B GuHapuoi ctpoke E(X, X2), 10/MXKHO
PaBHSITBCS MOLLHOCTH NOAMHOXKecTBa BepuinH nofrpada Gy = (X1, Uy),
paBHOU mopsaaky storo noarpada n;. Has rpaga G (puc.5.4) nomyuum
CNedYIOULYI0 KOTHPOBKY pa3bueHusi B BUNe GHHAPHBIX CTPOK:

E(Xl,Xg):llrllO'OBJ 1]
1 2 3 4 5 6 — Homep GuTa
T Z2 X3 T4 Xs Tg — HOMED BEPLIMHbI

B 3apave onTumaJjbHOro pasbuends rpacda Ha 4acTH B KayeCTBe Xpo-
MOCOMBI BBICTYNAaeT KOHKpeTHOe pa3fueHHe, YAOBIETBOPSIOLLIEe 3aJaHHBIM
YCJIOBHMSIM, 4TO MO3BOJIAET MHTEPNPETHPOBATh pelueHHe 3ajad pa3OHeHHs
KaK 3BOJIOLHOHHBIH MpoLece, CBA3aHHBIN C NepepacnpeiesieHHeM BepIIHH
z; € X rpada G no yactaM pasbHeHHS.

4.8. [ns onucanus nonynauuil [. Batuues BBen ABa THna Bapuabesb-
HBIX IPU3HAKOB, OTPAXKALMX KayeCTBEHHbIE B KOMHYeCTBEHHbIE PA3IYus
MeXIy XpoMocoMaMu. KauecTBeHHble NpPH3HAKH — HPH3HAKH, KOTOphle
NO3BOJIAT OQHO3HAYHO Pa3fieNIaTh COBOKYNHOCTh XPOMOCOM Ha UETKO pas-
Au4uMble rpynnbl. KosduecTBeHHbIe IPU3HAKH — NPH3HAKH, TIPOSBJASAIOLINE
HernpepbiBHYI0 H3MEHYHBOCTS.

KpaTko onuuiem reHeTHYECKHI aJropHTM AYXOTOMHUECKOro pasbuenus
rpapa G=(X, U) na mea noarpapa: G = (X, U1) n Gy = (Xo,Us),
X1UXo=X, U, Ul UU; =U, roe Us — noaMHOoKecTBO pebep, coenn-
HAOWHKX JBa NoArpada, npuuem aas awboro pebpa U; € Us, U; = (x4, %;),
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z; € Xy uz; € Xounu x; € Xg ¥ xj € X, lleneBas GpyHKUMA UIAH KpHTE-
pHI pa3sBHTHS — 3T0 4YHCaO0 pebep, coenunsiowux noarpadps (K = |Usl).
Torna ontumanbHelM sBAsieTcs pewenne (X7, Xy) cienymollell 3KCTpe-
MaJIbHOH 33Jay¥l OJHOKPHUTEPHUANbHOIO BEKTOPA:

Q" =Q(X7,.X5)=min K, (X|,XsC X),

npuuem K = |U\(Uy U Uh)|, rae Uy, Us — noamHoOXKecTBa pebep, COeqUHS-
IOUIHX MeXAy coboil ToJbKO BepiuuHbl X (X3).

Ilpu B3auMOnEHCTBHUHM XpOMOCOMBI C BHELUHEH cpejlod ee I'eHOTHN MO-
POX[2aeT COBOKYHIHOCTb BHelHe Hab/iofaeMblX KOJHYECTBEHHEIX MpH3Ha-
KOB, BKJIOYAIOLHKX CTeNeHb npucrnocobrennoctd u(Py) xpomocomsl Py
K BHewHel cpenge u ee deHotun. [IpUHAB B KauyecTBe BHeUIHEeH Cpefdl
KpUTEPHI ONTHMAJBbHOCTH K, BHAMM, UTO CTeMeHbIO NPHUCTOCOBIEHHOCTH
p(Py) KaXKIOH XpOMOCOMbI SIBJASIETCS YHC/IEHHOE 3HaueHHe (yHKuuH K,
onpejeneHHoe AsA AoNycTUMoro petteHuss P, € D. B obuiem cayuae cre-
nexb npucnocobaenrocty p( Py} > 0 cornacuo II. batriesy MOXHO 3aaaTh
C MOMOLIbIO CJIEAYIOLIETO BbIPAXKEHUSI:

Q%*(x), IIPH MaKCHMH3aUWH QYHKLHUH,

p(Pr) = \ o
——————, [Py MHHHMH3aLUHH QYHKLIHH.

W3 naHHOro BBIpa)KeHUsA cjaenyeT, 4TO 4yeM OoJblie UYHCJAEHHOE 3Ha-
ueHHe cTeneHu npucnocobnenHoctd u(Py), TeM Jyuylle XpoMOCOMa MpH-
crniocobseHa K BHelHe# cpefe. C/e0BaTeNbHO, LeJAb 3BOMIOUMH XPOMOCOM
3aKJI0YaeTCs B [MOBLILIEHHH WX CTeNeHH npucrnocobaeHHOCTH. CTeneHb
npucnocobaennoct yu(FPy) B 3anade pa3bHeHHs MPOCTO COBMNANAET C KPHTe-
pueM onTHMasnbHOCTH K — oflell cyMMOH 4Hc/a BHelIHUX pebep MeXAy
qyacTaMH pas3bueHus.

4.9. OueBHIHO, 4TO B TONYIALHMH P! MOXeT HMeTb MeCTO HaauvHe
HECKOJIbKUX pas3jMyaluxcsd GopM TOro HAH WHOrO BapHabesbHOro MpH-
3HaKa (TaK HasbiBaeMBIH MOJIHMOPGH3M), YTO MO3BOJISIET NPOBOAKTh Pasfe-
JleHWe NOMYJsUMM Ha DS JOKadbHBIX noagnomyasuuit PP C Pt i=1,V,
BKJIIOYAIOIIHX B CBOH COCTaB T€ XPOMOCOMbI, KOTOpLIE UMEIOT OLHHAKOBLIE
WAH «[0CTATOYHO G/IM3KHE» (HOPMBI TEX HJIH HHBIX KAYEeCTBEHHBIX H/H/U
KOJINUeCTBEHHbBIX npnsﬁaxoa.

Tak, B 3ajaue onTHMaJ/bHOro pasbuenus rpaca Ha yacTH A AHD-
(hepeHUMALMH XPOMOCOM 10 KONHYECTBEHHOMY NMPH3HAKY MOXeT OblTh Bbi-
6paHo, HANpuMep, YCJIOBHE, UTO B JIOKaJbHYyo monyasuuio PP C P! Bkio-
YaloTCs TOJNBKO T€ XPOMOCOMbI, Y KOTOPHIX 3HaueHHe K He NMpPEBOCXOAHT
HEKOTOpOil 3aaHHOH BeauuuHbl. Torga APYrylo JIOKANbHYIO NOMYJASLUIO
P} C Pt coctapst Bce Te XpOMOCOMBI P, KoTOphIe He nonasu 8 Pf.

4.10. lpu pa3bueHuH rpadoB Ha YaCTH BO3HHMKAIOT 3aJayHd TPYyNIH-
DOBKH 3JIeMEHTOB, 06/afarolliX OXMHAKOBHIMHU cBoHCcTBaMu. Jlst pelueHus
TaKUX 3a7a4 OygeM HCIONb30BAaTbh MIAEH NOCTPOEHHS KBA3HMHHHMAJbHBIX
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KJACTepOB Ha OCHOBe arperauud (oGbvenunenvs) ¢paxratos. Mogenbio
HCXOJHBIX JaHHBIX 3aJa4H, MOXKET, HanpuMep, 6bITb MaTPHUA CJEAYIOLIero
BHJA:

1 234567 89 1011 12

Ar 1000101 1T L1 0 1T

A 001 1 001100 1 1

A 101010101 0 1 1

R= A |01 0101010 1 0 1
As |1 111 11111 1 11

A¢ JOO0OO0O1 11011 1 0 O

Az J1 10101101 0 1 1

As 10 00O 0O0OO0OO0O0O0 0 O O

3nech cTONbLUbl MaTPULBl R COOTBETCTBYIOT 3a/laHHBIM 3JeMeHTaM Ipa-
(ha, a CTpOKM — CBOHCTBAM HJIH BHINOJHEHHBIM QYHKIUAM 3THX 3J€MEHTOB.
HanpumMep, enMHNLA Ha NepeceyeHMH CTPOKH A4 M cros6ua 4 o3Hayaer,
4TO 3seMeHT 4 obsanaet cBoiictBaMH Ay. Heo6xonumo crpynnupoBarh 3Je-
MeHTH, 06/ianaoiie HaHGOBIUIMM YHCJIOM OfHHAKOBBIX cBodcTe. JlaHHas
337242 OTHOCHTCA K KJIACCY 3aay pa3bUeHHs U MOXKeET OblTb pellleHa OIHUM
M3 3BPHCTHYECKHX aJTOPHTMOB.

[IpuBenemM OCHOBHYIO HJIEI0 NPENJIAraeMoro SBPHCTHUECKOrO aJrOpHTMA.
[penBaputesnbHO BBIMOJHSIETCA AHANH3 MATPU4HOH Mojenu. B pesynbrare
aHa/M3a NpenJsaraeTcs yAaJuTh H3 PACCMOTPEHUS] CTPOKH MaTPHLBI, COAEp-
Kallve BCe eHHHILB, BCe HY/HU, a TaKXKe CTPOKH, coiepxaulue okomao 1%
Hyaefi uan enMuuu. Takoe yaaneHue He OyneT BJAMATH HA CO3faHHE Tpe-
6yeMbIX [Py, TaK KaK BCe HJIH MOYTH BCE 3JIEMeHTHl OyAyT BXOAHTb HJIH
He BXOIHUTb B (popMHpyemble rpynnbl. Torga B paccMarpHBaeMOM NIpHMepe
UCKJIOUHM cTpoKH As U Ag. Janee npouseeneM COPTHPOBKY MaTpuibl R.
Ilpu 3TOM Ha nepBoe MeCTO MOMeCTHM CTos6el, ¢ HauGOJIbIIHM UYHCJIOM
eIHHHL H TaK fajee 10 yObIBAHHIO.

B stoMm cayyae matpuua R 3anuiueTcs Tak:

12 47891 |156] 2310

At o1l 111 |110]000
A1 11]101[000]01 0
Ri=A |1 01011 [110]010
Acl1 10]1001(001] 10 I
Aslo 10|11 0]011}00°1
At 11701 1]101{100

3aTeM npousBoguTcs pasbueHHe Martpuubnl R Ha aBe yactH: R; «iep-
CTEKTHBHBIX» XPOMOCOM H Ry «HenmepcrnekTHBHBIX» XpoMocoM. PasGuenue,
BKJIfo4amwowiee anemedtst {12,4,7,8,9, 11}, oTHOCHTCS K «IEPCNIEKTHBHBIMY,
a pas6uenue {1,5,6,2,3, 10} — x «HenepcnekTUBHLHIM». B cBOWO Ouepens,
QIS pacnapaJnnie/iiBaHus npouecca d4actu K| u Ry MOXHO cHOBa pa3GuTh
Ha nse yactu: R|, R u R5, Ry. Jlauupi#i npouecc MOXHO NPOJOMKATD AO
NONYYeHUs MOAMHOXKeCTB pasbHeHHs, KOTOpbe NerkKo nogxamwTes obpabor-
Ke reHeTHYeCKHMH onepatopaMy. [Ipennonaraetcs npouenypa nosseMeHT-
HOTO CJIOXKeHHs CTOJOLOB MaTpuLbl R 1o caepyiowuM npasunam: 1 +1 =1,
1+0=0; 0+0=0. HanpuMep, BLiMONHSA YKa3aHHLIE CJOXKEHHS AJA
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«TIepCrIeKTHBHbIX» CTONGLOB MaTpPHIbl R BHYTpH yacTelt R) u R (124 4;
1247 ; 4+ 7), nonyuum

12: 111101 12: 111101 4: 010111
t4:010111 YT7:111001 T7ri1110001
(124): 010101 (127): 111001 (47:01000 1

B rpynne (12,4) — 3 o6wux cBoiicta, B rpymne (12,7) — 4 ofwux
cBofictBa M B rpynne (4,7) — 2 obuwux csoiicra. Ilponomkas panee,
COIJIACHO MpOLeAypaM arperauu# Gppakrasnos, NoJy4HM

L8:110110 8110110 _ 9:101011
9: 10101 1 11: 111001 11: 111001
89): 100010 (811):1 10000 (911): 101001

B rpynne (8,9) — 2 o6wux ceoiictsa, B rpynme (8,11) — 2 ofwux
ceofictBa u 8 rpynne (9,11) — 3 o6wux cBoiictBa. PuUKCHpyeM rpynrbl,
UMelolliHe TPH H GoJsee o6wKx cBOHCTB. BhinosHaa aHanoruyHele npeobpa-
30BaHHS BHYTPH «NePCNEKTHBHbIX» YacTelt Ry U Ry, MONyYHM cJefylolue
rpynnst (1,5) — 2 obuux ceofictea; (1,6) — I; (5,6) — I; (2,3) — O;
(2,10) — 1; (3,10) — O. TlpousBoas COpPTHPOBKY MOJYYEHHBIX pelleHHH
B rpymnnax, chOpMHUpPYeM CIEAYIOULYIO TOMYIALHIO:

P ={(12,7),(12,4),(9,11), (4, 7), (8,9), (8, 11), (1,5), (2, 10)}.

Jna peanusaiuu COBMECTHOH MOJEJH 3BOMIOLUH CPOPMHUDYEM CJeAYIO-
1LlHe POIMTEJbCKHE NMaphbl H BHINOJHHM OMEPaTOP KPOCCHHIOBEpa:

P:12] 7 P:12]4 P:8]9 P:8] 1l
Ps: 9|11 P 4|7 P:1]5 P:2]10
P12 |11l P:12|7 P.:8|5 P:8110
Pl: 91 7 P: 4|4 P:1]9 PF:2|1

B rpynnax noc/ie NpUMeHeHHs CTAHAAPTHOTO OJHOTOYEYHOro ONepaTopa
Kpoccunropepa umeeMm (12,11) — 4 o6uwmx csoiictsa; (9,7) — 3; P,
copnanaet ¢ Py, 03ToMy He paccmaTpuBaetcst, P; — HeJerajbHas rpynna;
(8,5) — 2; (1,9) — 3; (8,10) — 2; (2,11) — 1. OT™MeTHM, YTO HCIOJIb3O-
BaHHE XAaJHbIX U APYTHX MOAH(DHLHUPOBAHHBIX ONEPATOPOB KPOCCHHTOBEpa
NMO3BOJIMT MOIYYaTh peasibHble pelleHHUs.

CdopmupyeM Tenepb HOBYIO NOMYJISLHIO:

P ={(12,7), (12,11), (9,11), (12,4), (9,7), (1,9), (8,5), (8,10)}.

3pech pasmep Py ocrtaBjeH paBHbIM P. Kak oTMmedasoch Beille, pasmep
TNOMYJIALMHA MOXHO BapbHPOBATbL B 3aBHCHMOCTH OT KayeCTBa MOJyYaeMbixX
peureHuil. B npHHLHNE, MOXHO BbINOJHHTb HEKOTOPOE MHOXECTBO TeHe-
pauuit naHHoOi onepauuu. [Tpoussenem tenepnb cKienBanue (06beavHEHHE)
rpyIN 1O KPUTEpHIO MakcHMyMa obwux csoiicTs. Torma monyuum cieny-
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ompe rpynnsl: rpynna (12,7, 11) uMeeT yeTbipe COBHAJALIMX 3JEMEHTA;
(12,7,9) — 3; (12,11,9) — 3; (7,11,9) — 3. TIponosxas aHAJOTHYHO,
nosyunm rpynny (12,7,11,9,1) ¢ TpeMst coBnanaommumMu 3jeMeHTaMH.

4.11. BpeMmeHHas CNI0XKHOCTb AAHHOTO aATOPUTMA JJI ONHOH reHepalHy
menstercst ot O(n) po O(nlogn). JlaHHBIA aNrOPUTM HECJOKEH H MOXKET
BBINIOJIHATbLCS Mapansenbto. OpHeHTHPOBOYHAS] TPYLOEMKOCTb a/IFOPHTMA!

T =~ (Nptp + Nptox + Nptcm)Ng,

roe tox — TPYHAOEMKOCTb ONepaTopbl KPOCCHHIOBEpa, a fw, — TPYHAOEM-
KOCTb ONepalyy CKJAeHBaHHUS.

3aMeTHM, YTO C YBeJHYEHHEM 4YHUCJ/a FeHepaluuid B FEHETHUECKOM aji-
TOPDHTME BPEeMS PELUeHHA MOBbIIAETCH, HO 3TO MOBbILIEHHE He3HaYHTeJb-
HO€ M KOMIIEHCHPYETCs NOJyYeHHeM MHOXeCTBa JIOKaJbHO-OMNTHMAaJbHbIX
petlleHuid. ['eHeTHUeCKHe aNTOPHTMbI TPeOYIOT OOJbLWHX 3ATPAT BPEMEHH,
yeM aJrOPUTMBbI NMapHbLIX MepecTaHOBOK H CaydallHOro pasbueHus rpados.
Ho oHH nosBoasioT nosydyaTb Habop JIOKAJbHO-ONTHMAJbHBIX peLIeHHH.
TeHeTHYeCcKHe aNTOPHTMH N0 CKOPOCTH MPaKTHYECKH COBMAJAKT C HTepa-
IIMOHHBIMH M HECKOJIbKO XYXKe [0C/Aef0BaTe/bHBIX, IPHYeM OHH BhiCTpee,
4eM MeTO[ BeTBeH H IpaHHLl M MeToJ OTXkHra. B oTiuuue or Bcex pac-
CMOTPEHHbIX aJrOPHTMOB pa3bHeHHsi reHeTHYECKHe MO3BOJSIOT HOJYYaTh
Habop KBasHONTHMaJAbHBIX pe3ynbTaToB. PasbueHue rpadoB ¢ npumeHe-
HHEM ONHCAHHBIX METOAOB MO3BOJfAET BCerja MoJyd4aTb JIOKaJbHble OMTH-
MYMbl, HMe€Tb BO3MOXXHOCTb BBIXOJA H3 HHX W NpHOJHXKATBCA K INOJyye-
HHIO ONITHMAaJIbHHIX ¥ KBa3HONTHMAJbHBIX peIeHHH, NpHYeM BpeMeHHas
CJIOXHOCTb aATOPUTMA He YXOAHT H3 06JIaCTH NOJNHHOMHAJBbHOHK CJI0XKHOCTH
(=~ O(nlogn) + O(n?)).

5.2. PeuleHus 3aja4yu 0 KOMMHBOSXKepe

1. 3apnava o koMmuBOsKepe (B aHTIMHCKOH uHTepnperauuu TSP) asns-
eTcs Kaaccuueckodd NP-nonno#i 3anaueit. OHa 3ak/104aeTCst B HAXOXKIEHHH
KpaT4aHllero raMu/bTOHOBa UMKAa B rpade. Bes kakux-iu6o naMeHeHui
B MOCTAHOBKE OHA HCIOJb3yeTCs JJ1 NPOEKTHPOBAHHS PA3BOAKH KOMMY-
HHKalWH, pa3paGoTKH apXHTEKTYPH BLIYHCIHTENbHLIX ceTell H Ap. Kpome
TOr0, 3ajjada 0 KOMMHBOSXKEpe HMeeT TEOPeTHYECKYIO LEHHOCTb, SBJSAACH
ACHMITOTHYECKOH OLEHKOH NPH HCC/IENOBAHUH Pa3/IMYHLIX 3BDHCTHYECKHX
a/JTOPHTMOB, KOTOpble 3aTeM NpPUMEHHUMbl [JIS DELIeHHA GoJjiee CJONKHBIX
3ajad KOMOWHATOPHOH ONTHMH3aUMH, HANpUMep, KBaIpaTHYHOH 3agadu
0 Ha3HaYeHHUSIX, YACTHBIM CJy4aeM KOTOpOH AB/AETCS 3a1a4a 0 KOMMHBOS-
xepe.

Paccmorpum noctaHoBky 3amauu. B HedopMasbHOH ¢opMe 3ajaua
0 KOMMHBOSI)Kepe TPAKTYeTcs CAeAYIOUMM 00pa3oM: KOMMHBOSIXKEPY Heo6-
XOMMO 1oceTHTb W ropofoB, He 3ae3XKasi B OAHH H TOT Xe ropoj ABaX/Ibl,
¥ BEPHYTbCA B HMCXOAHLIH MYHKT M0 MaplupyTy ¢ MHHMMaJbHOH CTOMMO-
cToio. Bonee ctporo, man rpag G = (X,U), rae | X| =n — MHOXKeaTBO
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BepwuH (ropoad), |[U] = m — MHOXecTBO pebep (BO3MOXKHbIE YT MEXKILY
ropogamu), nokasaHseli Ha puc.5.12. Jana marpuua uucen R(i,j), rme
1,7 € 1,2,..., n, npeiCcTaBASOWLHUX COBOH CTOUMOCTD N€PEe3a U3 BEPIUHHb
T; B z;.

TpeGyercs HaliTH nepecTaHOBKY ¢ U3 3/1eMEHTOB MHOXKecTBa X TaKyIo,
YTO 3HayeHHe LeseBOH (GYHKUHMH PaBHO

Fitness (p)R(p(1). w(n) + 3 {R(p(0). (i + 1))} — min.

Ecau rpa(b He SBJAETCSA IOJHBbIM, TO NOMOJHUTEJNbHBIMU OrpaHUYEHHS-
MH Ha B&JIHYUHY @ ABJAAKTCH:

(@), o+ 1) eU Viel,2,....,n—1u {p(l),¢(n)) €U.

Puc. 5.12. Tpag G = (X,U)

JlauHble OrpaHUYeHHS YYUTHIBAKOTCA NPOCTABJIEHHEM METKH 6eCKOHed-
HOCTH B MaTpuuly R B si9efiKax, COOTBETCTBYIOLIMX OTCYTCTBYIOLIHM pebpam
B rpace. [ToaToMy B ajbHeHIIEM MDY Pel€HHH 3afidid O KOMMHBOSKepe
fynem paccMmaTpuBaTh TOJHbIE TPadbl ¢ BeCaMH Ha pebpax.

3anuuwem MaTpuuy cmexsoctd R rpada G = (X,U), rae |[X| =7,
{U| =21 (puc.5.12). Oas nyta ¢(1) = (1,2,3,4,5,6,7) (xpomocoma P;)
UMeeM 3HaueHHe LeJeBod (QyHKUHU:

Fitness(p(1)) =14+1+14+1+14+14+1=7,
a aas nytd ¢(2) = (7,2,5,4,3,6,1) (xpomocoma P,) umeeM 3HAuYeHHe
HeJseBol (PyHKLUH:

Fitness(p(2)) =34+6+14+14+5+34+1=20.

CnepnosatenbHo, mappyt ((1)) npeanoututesnvhee, dem (p(2)), ¢ ToOU-
KM 3peHHs HaXOXK[eHHS MHHHMajbHoro Mmapupyta. OTMeTuM, 4TO 3Ha-
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uenue ueseBoil QyHKuUMH Fitness(yp) He 3aBHCHT B YacTHOM clyuae OT
BHIOOpa BepwiMHBI — Hadana Mmapuwpyta. Hanpumep, Fitness(p(3)) =
= Fitness (p(2)) = 20, roe ¢(3) = (2,3,4,5,6,7,1) (xpomocoma F3),
ABJIAACh HHBAaDUAHTOM [Jisi BCEX BO3MOMHBIX LMKJAHYecKHX capuros. Cie-
LOBATENbHO, B rpade CyliecTByeT GOJblIOe YHCIO PABHO3HAYHBIX Maplu-
pYTOB:

—_W NN = O -
WU W— O — N
SO W— O — NWw
DLW O = W~
O =W o uv
— O~ WUITUWM
O— OO W=

N O WO N —

duKcaLusa BepIIUHbI-CTAPTAa MOXKET OblTh HCIOJ/b30BaHA IS CYXKEHHS
NPOCTPAHCTBA NOMCKA, KOTOPOE B STOM ciyyae pasHo (n — 1)!, mostomy
B 0o6HIeM cJyyae 3afaya O KOMMHBOsKepe YyBCTBHTeNbHa K BHIGOpY Ha-
YaJbHBX YCJ0BHE. B 310l ¢BA3M /5 cOo34aHUS CTPYKTYDHl anroputMa sg-
(heKTHBHO MCIOJB3YIOTCS TeHETHYECKHE aJTOPUTMbI, ONHCAHHBIE B IIPeibl-
AYILHX pasfenax.

2. Bpemst paGoThl aJropuTMOB, OCHOBAHHBIX HA MOJHOM nepe6ope HJH
Ha NOCTPOEHHMH [epeBa pelleHHH (MEeTOAb BeTBEll M TIDaHHL, 30J0TOrO
CEeYEHHMs U p.), PACTET SKCMOHEHIHABHO B 3aBHCHMOCTH OT YHCJ/Ia BePIUHH
rpada. DTH aArOpHTMbl CNOCOGHLI peliaTh 3aady O KOMMHBOSKepe HJIs
Masoro uucnaa BepwvH (n ~ 20) 3a mosuHoMHanbHOe BpeMms. IlosTomy
IJIS1 PeleHHs] CIOXKHBIX 32734 0 KOMMHBOSIXKepe HCIOJb3YITCS PasJHYHbIE
IBPUCTHKH.

2.1. BoigesauM fBa OCHOBHBIX KDUTEPHS NpPH PELUEHHH 3afauH O KOM-
muposikepe. [lepsbiii oueHHBaeT CKOPOCTb CXOOHMOCTH anropuTma. Bropoi
olieHMBaeT GJH30CTb MMOJYYaEMOrO pelleHHsl K ONTHMajlbHOMY (ecau OHO
M3BECTHO) WJIHM K€ K JY4llMM CTaHAAPTHBIM pellleHHsaM (GeHuMapKam),
TIOJY9EHHBIM C [IOMOILBIO APYTHX SBPHCTHK (eCH OMTHMYM He M3BeCTeH).

2.2. PaccmoTpuM KiaccH$HKaUMIO alrOPUTMOB pellleHHs 3ala4H O KOM-
MHBOSKEpe. DBPHCTHYECKHE AJTOPUTMbL AJIfl 3a/ladyH O KOMMHUBOSIXKepe MOo-
ryT 6bITh YCJOBHO pa3GUTH Ha [Ba Kjacca — KJjacc, paboTalolMH TONBKO
C OHHM pelleHHeM (HanpuMep, UTepallHOHHble aJITOPHTMBL), H KJacc, pabo-
TAIOWHMHA ¢ MHOXECTBOM (nonyJasiuueit) peiweHuil (Hanpimep, reHeTHYeCKUe
AJTOPHTMBI).

[epBeifi KJacc aaropuTMoB OGHIYHO HMMeeT 6o0Jee BBICOKYIO CKOPOCTDb
CXOJHMOCTH, HO B OOLUEM CJyyae He BHIXOLHT H3 JIOKAJbHBIX ONTHMYMOB.
BTopo#l kiacc ocyuecTsisieT napaJesbHblil NMOUCK B HECKOMbBKHX TOUKaX
MpPOCTPaHCTBA peilieHUH. AJrOpUTMbL 3TOTO KJacca HMeoT 6oJblle WaHCOB
HaHTH ONTHMaJbHOE pellleHHe, HO OObLIYHO HMEIOT BPEMEHHYIO CJIOXKHOCTb
foabliero nopsaka.

2.3. PaccMoTpuM XapakTepHble AJS 3afladd O KOMMHBOSXKEpe ['eHeTH-
yeckHe oneparopbl. MOXKHO BbAeNHTb ABa OCHOBHBIX BapHaHTa IpeacgaB-
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JIeHHs! DelleHHsi 33Jayy: KOJMPOBaHWe B BHAE CIHCKAa BepuiHH (rocJe-
AOBaTeJIbHOCTb MOCELlaeMbEIX FOPOAOB) HJH KOAHPOBaHHe B BHAe CIIHCKA
pebep, 06pasyOUIMX FaMHJIbTOHOB LHKJ (CIHCOK HCIO/Nb30BAaHHBIX MyTeH
H3 ropojia B ropoa).

[Tepsuiii cnoco6 Gosee npoctoil. [Ipy 3ToM B MO3ULHH i-H XPOMOCOMEI
Haxogurcsa i-H noceiueHHbil ropox (i-1 BepwwuHa rpada). Has rpada G
(puc.5.12) mpuBeleM ABa BO3MOMKHBIX DelleHHsl NPH TAKOM MeTOfe KOAH-
POBaHHS:

1 2 3 4567 1 2 3456 7
Ltlaf2fs[s[7[6] ([e]4]2]3]1]5]7 ]

3zech B nepBoOi CTPOKe 3aMucaHbl HOMepa BeplIHH rpada, a Bo BTOPOH
CTPOKe -— cJyuyaiiHasi MNOJACTaHOBKa, ONpelelsioulas OAHO H3 BO3MOXKHBIX
pelteHHH 3afauu o0 KoMMuBosiKepe. ONHOM H3 XapaKTepHHX 0COOeHHOCTeMH
3aJayl O KOMMHBOSKepe, KakK, BrpodeM, H GO/bIIOrO psfa ApYrHX 3ajad,
iBJSieTCA OrPaHMYEeHHEe Ha BO3MOXKHble KOMOMHALMH 3H3UYeHHH B XpOMOCO-
Me. B caydae 3anaun o KOMMHBOsKepe MMeeM: OfHH H TOT e FOpOJ He
MOXeT ObITh MOCeLleH ABa)KAbl H BCe ropofa AOMKHbI ObITh NOCELEHbI.
Hcnonb3oBanue cTaHAapTHBIX FeHETHYECKHX ONIepaTopoB B aJropHTMax
pelleHHs 3a4aYd KOMMHBOsiKepa NPUBOAHT K OOJBLIOMY YHCHYy HepeaJb-
Hbix pewenuid. Hanpumep, aas rpada G (puc.5.12) BosbMeM H3 momyJs-
uuu P = {P, Py, P3, Py, P5} nBe Xpomocombl (a7bTepHaTHBHBIX PelIeHHs)
P4, P5I
Po: 1 423576
P: 6 4231517
[MpumeHHM cTaHAapTHBIE omepaTop KpoccHHrosepa. Ilycth Touka pas-
PB4 HAXORUTCS MeXAY TPETbHM U YeTBePTHIM IeHOM B XpoMocoMe. Torna
MONYYHM CJeAYIOLIMe [Ba IOTOMKA:

Ps: 14213157

P/ 6421|3576
OuesupHo, uTo pettenus P, P; ABASIOTCH HepeasbHbIMH, TaK Kak B
Ps nosropsietcs red 1 u oTcyTcTBYeT red 6, a B P7 nostopsietcs red 6 H

OTCYTCTBYeT reH |, T.e. B pelleHHM 33a[aul O KOMMMBOSKEpPe COLepKaTcs
ropofia, nocelliaemMble JBaXK/bl ¥ HEMOCelaeMble HH Pasy.

2.4. Murepec npeacTaBiseT MaTPHYHOE KOLHPOBAHHE 3a/la4H O KOMMH-
Bosikepe. Hanmpumep, nnst xpomocomsl P4 MaTpuila 3a/a4d 0 KOMMHBOsKe-
pe 3anuIleTcs Tak:

R(Py) =

COO—~OOON
—OOO0OO0COoOOo
CO—OOOON

O— OO O—
OCOO0OOO—O W
COOOOO —
COO0OO—O0OW,m

SN O UL W N -
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Kak BUgHO H3 MaTpHLbl, eJUHHUAMH KOLHPYIOTCS MEpexoisl MeXy re-
Hamu B xpoMocome. [lasa xpomMocoMbl P; MaTpuila 3ajjadyd O KOMMUBOsIKEpe
TIpUMET CJAeAYIOLHHA BUA:

R(P5) =

OCOO0O—OOON
O— OO OO0
—OO00O0OOO™
CO—OO0OOO~N

OO0 O— OO —
OCOOCOO—0OWw
OCOoOOCOCOooOo—WL,

N OO LN —

Torpa nonyasiuus xpomocoM GyJeT COCTOATh M3 Habopa aHaJOTHYHBIX
matpul. Takoe KopupoBaHHe BBHAY GOJIBLIOrO YHCAA HYJeHd M30BITOYHOE,
XO0TA HarJsiAHO M YHOOHO AJjs npeoOpasobaHuil. IlpuMeneHue crangaprt-
HBIX FEHeTHYeCKHX OIlepaTopoB AJIsi TAaKOH KOAHPOBKY 3afayH O KOMMH-
BOsXKepe fBJAseTcs HedbhGhEeKTHUBHBIM B BHAY OOJBLIOTO KOJHYECTBA TONY-
4yaeMblX HepeasibHbIX pelueHHil. Mcrnosb3oBaHHe BMECTO MAaTpPHLL CIIHCKOB
CBSI3HOCTH MNO3BOJIMT MOJYYHTh HaGop CcTpoHTenbHbIX O/0KoB. Ha nanHoM
Habope Ha OCHOBe OMepaTopa cerperaldyl H onepaTtopa HHBEPCHH MOX-
HO mnoJsy4aTh HaGop peanbHBIX NOTOMKOB. Hampumep, Ha ocHoBe R(P))
3anuieM HaGop cTpouTenbHbix 6sokoB: 1-4; 2-3; 3-5; 4-2; 5-6; 6-7;
7-1. TlpuMeHHB omnepaTop cerperaudd M ONEPaTOp HHBEPCHH, MOJYYHM
HOBOe peaJibHoe peuieHne Ps: 4176532 co 3HaueHueM 1es1eBOH QYHKIUMHU:
Fitness (¢(8)) = 17.

2.5. IlpencraBieHue 3ajiad4d KOMMHBOSXKepa B BHAE MATpPHLbl CMEXHO-
CTH laeT BO3MOXKHOCTb aHAJIH3HPOBATD WAGIOHb, KOTOPLIE NPHMEHHMBI 1151
n-pa3MEPHOH ONTHMH3aUMH FeHeTHdeckoro ajropurtma. Ilabsonsi, ompe-
[ieJIeHHble B TepMHHaX eIVHCTBEHHOH OnpefesleHHOH MO3HUMH, COOTBET-
CTBYIOT €CTECTBEHHLIM CTPOUTENbHLIM OJI0KaM, T. €. 3JeMeHTaM JJiS 3aJa4YH
TSP. Hanpumep, mwabson (* * % * %7 %) eCTh MHOXECTBO BCEX M3MEHEHHH,
B KOTODOM 3JIEMEHT 6, COOTBETCTBYIOUWIHI reHy 7, HMeeT MecTo.

2.6. [lns 3agaud KOMMHUBOSIXKepa CYLIECTBYIOT MOAHGMHIHPOBaHHLIE
orepaToOpLl KPOCCHHIOBepa, MO3BOJSIOLINE FapaHTHPOBAHHO NOJYYaTb pe-
anbHble peuleHus. K HHM OTHOCATCA: LMKJIMYECKHi, YHUBepCadbHbIH, 4a-
CTHUYHO COOTBETCTBYIOLIMH H «XKaJHLIH» OnepaTopel KPOCCHHIOBEpA, KOTO-
pble OMHCaHBI BbILLIE.

3. «XKagHbles cTpaTeruy NMPUMEHSIOTCS, KOTJa HCKOMbIH 0OBEKT CTPO-
UTCS MO TeXHOJIOTHH «CHH3y-BBepX» (B HallleM CJyuyae M3 CTPOHTEJbHBIX
6s0x0B). «?KazHasi» CTpaTerds fesaeT Ha KaXKJOM lLare «JIOKaJbHO-ONTH-
MaJbHBEIE» BHGOp. OnHAKO «XKafHasi» CTPATErus He BCErAa AdeT ONTHMAaJlb-
HOe pelleHHe.

3.1. IlpuBeneM anropuTM NOCTPOEHHSI OMepaToOpa KPOCCHHIOBEpa AJs
3a7a4H KOMMHBOfAXKepa Ha OCHOBE «KaJHOH» CTPATErHH: N
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1. Jna kaxiaof napel XpomocoMm caydaliHBIM 06pa3oMm BHOpaTb TOUKY
paspblBa M B KayecTBe HOMeDa CTapTOBOH BEepIUHHBl B3SiTb HOMEP
OTMEYEHHOr0 reHa B XPOMOCOME.

2. CpaBHHTH Y4CTHYHYI CTOMMOCTb NyTeil, BeAYLIHX H3 TEKYUIUX Bep-
IIHH B XPOMOCOMaX POZHTENsIX, H BbI6paTh M3 HUX KpaTyaliui.

3. Eciu BbiOpanHas Takum o0pa3oMm BepluuHa rpada yxKe Oblia BKJIO-
4YeHa B YaCTHYHBIH NyTb, TO B3ATb CAy4YaHHYI0 BepLUHHY H3 UHCHa
He npocMOoTpeHHBX. [IpHCBOHTL MONyYEeHHOH BepIUKHHe 3HaYeHHe TeKy-
e,

4. Tlpu npexneBspeMeHHOM 06Gpa30BaHHH LUKJOB BbIGpaTb APYroi
KpaTdaiIiui MyTh.

5. IloBropsiTe nNyHKTH 2 u 3, noka He OyleT MOCTPOEH TaMHJIb-
TOHOB LHKJ € KBa3sHMHHHMaJ/JbHOH CYMMapHOH CTOHMOCTBIO pe-
Gep.

6. KoHew pa6oThl anropurma.

Peurerne-notoMok B anroputMe GOpPMHpYeTCst KaK MOC/Hef0BATENbHOCTD
BEPIIHH rpada B TOM MOPsifiKe, B KOTOPDOM OHHM CTAHOBHJIHChH TEKYILIHMH.

3.2. «XKanHele» oneparopbl KPOCCHHFOBEPa, OCHOBAaHHble Ha 3HAHHAX
0 3ajaye, yJay4laKT CKOPOCTb CXOAHMOCTH, OAHAKO 4aCTO NPensiTcTBYIOT
BBIXO/lY M3 JIOKa/NbHBIX MHHHMYMOB. CylitecTByeT HeCKO/IbKO crnocobos H3-
HexaTb 3Ty CHTYalMIO: H3MEHHTh apXUTEKTYpPY I'eHETHYEeCKOro aJropHTMa
HJIH Ke He MOMellaTh TakWe pelleHusi B nonyasuuio. Jdas stoit ueaw
NPeAJIOHHUM HECKOJbKO IBPHCTHK.

JepHcTHKa | — npeanouTeHue 6oJiee HEBBLINOAHOrO MapLIPyTa C TOYKH
3peHNd 3aJaHHOH UeNeBod (yHKUMH 6oJee BLIFOLHOMY C Onpefe]eHHOH
BEPOSITHOCTBIO.

OBpHCTHKA 2 — BbI6OP NPUOIH3NUTENbHO NMATHAECATH NMPOUEHTOB FeHe-
THYECKOTO MaTepuana OT KaxJaoro W3 pogutesefl (ajbTepHATHBHBIX pellle-
HHH).

Koraa nyTb okasbiBaeTcsl TYNHUKOBBIM, MPOH3BOAMTCHA CNyYaHHBIH HIH
HanpasJieHHbIH BEIGOP HEPaCCMOTPEHHOH BEPIIHHBL.

Onuwem MOAHGHLUPOBAHHBIA «XKAAHBIH» ONEpaTopbl KPOCCHHIOBEPA:

1. CayyaitHpiM 06pa3oM BeIOpaTb CTAPTOBYIO BEepLUMHY B MEPBOM DOJH-
Tene.

2. Texywuit pofiHTeNb — MepBbil POLHTEND.

3. OcHOBHO# LMKJ ONepatopa ONpedeNHTb CAeAYIUHM 00pa3oM. Bl
6paTh, Kakasi U3 COCEJHHX BEpLUHH (COCENHHMH SIBJAIOTCS BEPLIMHBI,
pacroNioKEHHbIE B XPOMOCOME CMpaBa ¥ CJIeBa OT pacCcMaTpHBaeMoit)
6auke K Texkylieil. Bauaiias us HUX, He BolleAlUast B MyTb, CTAHO-
BUTCSl HOBOU TeKyllell BepuinHOH. Ec/i TOJNbKO 01Ha H3 ABYX COCEIHHX
BEepLIHH He BOLLJA B myThb, TO OHa CTaHOBUTCH Tekyilel. Ecau obe
COCE/HHE BEPILMHBI ABAAIOTCA NOCEIUEeHHBIMU (TYNHKOBas CHTYyauHs),
TO BbIOpaTh GMUKAMNLIYIO BEPWUHHY H3 YHCJIA He paccMOTpeHHbIX. Torsa
B Ka4yecTBe TeKYLIEro poauTesis BHIOpaTb OPYroro pOAUTeJs.
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4. TloBTOPATL LHKJ ONEpaTopa, MOKa BCe BePLUMHBI He GYIYT NOCELUeHbI.
IToToMOK ¢opmHpyeTcs KaK MocaefoBaTeNbHOCTb PACCMOTPEHHBIX Bep-
LIKH.

5. KoHew pa6otbl anropurtma.

3.3. ITokaxeM npumep paboThl anroputma ajas rpapa G (puc.5.12).
[TycTe monynsiuusa COCTOUT U3 ABYX XpoMmocoM (Py, Pig):
P: 1 423576
Pg: 6 354217
Haa Py sHaueHue ueneeodt QyHkuuu: Fitness (p(9)) = 22, a ana Py
3HadyeHde LeneBoH ¢yHkuuu: Fitness (p(10)) = 15. Crpeska Hap onHOH
M3 BEpUIMH O3HAauaer, YTO JaHHas BepliiHa sBJseTCs TeKyiled. B npumepe

ucnoab3osad 50 % «xanubiil» onepatop Kpoccuurosepa. Ha atane | Bep-
UIMHa 5 BBIGpAHA CTAPTOBOM H SBJSIETCS TeKYyWeH MJisi 000UX poxuTeneil:

EEENEAENEAEANS
l
ST

CorjlacHO aJArOpHTMY, CJeAylLeldl BeplIMHOH B MyTb BLIGHpaeTCs Bep-
wuHa 3, cocennss Bepune 5. [lonyuaem kparyaidwui nyrs (5-3):

EEESEAEREANANE
l
GGl

Ha cnenymoomem ware B nyTh BKJIOYaeTcs BepluuHa 6, Tak Kak NyTh
(5-3-6) umeer nyyumee 3HaueHue ueneBOH GYHKUMH, yeM nyTh (5-3-7).
Jlanee B nyTh BKMIOYAETCA BEpIMHA 7 W YaCTHYHBIE NYyTb HMeeT BHA

(5-3-6-7):

MRIEIFIENEANS
IEEEARIEAREEN
A TE s e
TS s TaTeiT7]

CorsacHo afropuTMy, fanee B nyTh Bhlbupaetcs BepwnHa 1. 210 npowuc-
XOJLUT H3-32 TOTO, YTO B NPABOH NOJIOBHHE NEPBOr0 PONUTENS PACCMOTPEHS!
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BCe BEPLIMHbI, 8 AJs1 BTOPOTO POAHTEJS — BepluMHa 1, COCeAHAs ¢ BEPILH-
HO# 7, u nyTb (5-3-6-7-1) KpaTuaiuii:

1 fal2fals[7]6 |

!
L6lslsfafo]1]7 |

Hanee B nyTb BKJOYaeTcs BeplunHa 4, coceqHss BeplinHe | B nepsoM
TeKylem pogutene. Torga umeeM nythb (5-3-6-7-1-4).

1
[t]el2[3[s5f7]s |
!

(6 lalslal2]1]7 |

Ocrajsach He paccMOTPeHHOM BepwiHMHa 2, KOTOpas aBTOMaTHYecKH
BKJIOYAeTCs B NyTb. TOrAa MMeeM aJbTEPHATHBHOE pelleHHe (IOTOMOK)
Py : 5367142 co 3nauenreM UeeBoll ¢pyHkuuH: Fitness (o(11)) = 26.
B cBasm ¢ Tem, uTo moToMox Pj; ¥MeeT 3HauyeHHe LeNeBOH (pyHKUMH,
xXyxe uem y popureineit Py, Pjp, oH B nonyisuuio He BKatodaercs. CHoba
B TeKylueMm poautene Py BrfupaeM TeKyllylO BeplLIMHY 7 ¥ NOCAe HECKOJb-
KHX LIATOB NOJyYaeM XPOMOCOMY-NOTOMOK Pio: 7654321 co 3HayeHueM
ueneBoit GyHkuun Fitness (p(12)) = 7, 4To COOTBETCTBYET I0GabHOMY
ontuMymy. Takue onepaTtopsl He BCeraa NO3BOJSIOT NMONYYATb N10GabHBIE
ONTHMYM, NMO3TOMY HEOGXOAHMO HCIIOJNb30BATh MHOMKECTBO Pa3paBGoTaHHBIX
reHeTHYECKHUX OMepaTopoB M HECTAHOAPTHblE apXHTEKTYPbl FeHEeTHYECKOro
TIOHCKaA.

Ha puc.5.13 npuseneHa CTpyKTypHasi CXeMa a/iTOPUTMa pellieHus 3aja-
Y KOMMHBOSIKepa.

3mecb HCHOMb3yeTcsi OJOK JOKaJbHOTO TMOHCKA, KOTOPHIH MNO3BOJISET
NoNy4aTh JOKaJbHbE SKCTPEMYMbl B 3aiade KOMMHBOsKepa. Bce reneru-
YyeCKHe 0liepaTopbl OPHEHTHPOBAHLl HA HCIIO/Nb30BAHUE 3HAHHH O peluaeMoH
3agave. Mcnosb3oBaHie reHeTHYECKHUX ONepPaTOPOB BAPhHPYETCA B 3aBHCH-
MOCTH OT KOHKpeTHbIX ocoberHocTell rpadoBod Momend. Buiok pexykunu
OCTaB/sIeT pasMep MOMYJISLUHH MOCTOSHHBIM ISl KaXKAOH reHepaLKH.

3.4. Ilocne DOCTHXKEHHS JIOKAJNBHOTO ONTHMYMa B IMONYAAUHH HABJIO-
naetcs GoJibllioe YHCJAO OLWHAKOBHX MaplipyToB. B 3ToH cBsizau MoxeT
HACTYNHUTb NpeXKJeBpeMeHHasl CXOOHUMOCTb. DTa NMpobieMa TecHo CBsi3aHa
¢ noTeped pasHooGpasusi B nonynsuxd. OZHHM H3 HCTOYHHUKOB OAHOOOpa-
3HA ABASIETCH TOSIBJAEHHE «CYNEepXpOMOCOM», KOTODble B TeYeHHe MHOTHX
NoKOJIeHUH OOMHHHPYIOT B Hell. FlMeeTcs psanx nyTe#l 4acTHYHOrO pelleHHsl
3To# npoGJembl, HanpuMep, H3MEHEeHHe aJrOPHTMa CeJIeKUHH HJH XKe MO-
IUQUKaLHs FeHEeTHYeCKOro 0nepaTopa peKOMOHHAUMH.
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Puc. 5.13. CTpyKTypHas cxeMma anropyT™Ma pellleHHs 3aJaid KOMMHBOsKepa ¢
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[Tpu nonagaHuy B JIOKaJbHBIH ONTHMYM [peNJIaraeTcsl BHIMOJHATE CJe-
LYIOLIHE 3BPHCTHKH:

Jsepucmuxka 1. VI3 Bcex MapLIpyTOB, HMEWLIHX OAHHAKOBYIO MJIHHY,
TOJIBKO OAHH OCTaeTCsd HEHW3MEHHBIM. Han BCEMH APYTAMHU BLINOJHAIOTCSHA
MOIM(HULUHPOBAaHHbIE TeHETHYECKUE ONEepaTopsl;

Jspucmuxa 2. He meHsieTcs ToabKO Ayyiidii Mapupyt. Ko Bcem apyrum
NPUMEHSIOTCS reHeTHYeCKHe OrepaTopsl.

OTMeTHM, YTO TaKHe reHeTHYeCKHE ONepaTophbl U 3BPHCTHKH paboTaroT
He BCe BpeMsi, a TOJIbKO B CHUTYalUfX, KOrja ofHoo6pasde B MOMYJALHH
LOCTHUraeT BbICOKOTO ypoBHs. COBMecTHass 3BOJIIOLUS DEraMEeHTHPYET H
ynpaB/sieT TAKHM IPOLECCOM TeHeTHYecKoro noucka. OTMeTHM, YTO OT-
JHUYHTENbHOH OCOGEHHOCTHIO PAaCCMOTPEHHOrO [eHETHUYECKOro ajaropuTMa
SIBJISIETCS CNOCOBHOCTL XOPOLIO paboTaTh HA MOMYJISLHUAX C MANbIM YHCIOM
XPOMOCOM, YTO YMEHbLIAET BPEMEHHYIO CJOXHOCTb a/lrOPUTMA.

5.3. 3apauu pacKpacku, IOCTPOEHUS KJIUK
4 He3aBUCHMbIX MHOXeCTB rpac o

1. PaccmoTpuM 3anauy packpacku rpada. Packpackod eepuiun epagha
G = (X,U) nasbiBaercs pas6uenuie MHoxecTBa BepuMH X Ha L Hemepe-
CEeKaILUXCs KAaccoB (MOAMHOXKECTB):

L
X, Xo,.... Xy, X=JXs Xi(X;=2 iji=12..1L

=1

TAKHX, YTO BHYTPH KAKFOrO MOAMHOMKECTBA X; He [IOJIKHO COIEpPXKaThes
CMeXHBbIX BepliHH. ECIH KaMIoMy NOAMHOXKeCTBY X; IOCTaBHTb B COOT-
BETCTBHE ONpeAesIeHHBIA LBeT, TO BepPLUHHBI BHYTPHU 3TOro MOIMHOXKECTBA
MOMKHO OKDAaCHTb B OJHH LBET, & BepLUMHbl JAPYroro NoAMHOXeCTBa X
B ApYroél LBeT ¥ TaK jaliee A0 PAacCKpacK# BCeX NMOAMHOXecTB. B aTom
cnydae rpad HasbiBaeTc® L-packpalliiBaeMbiM.

OcHOBHOU cTpaTerHel aas 3ajad pacKpacku rpada sBjgioTCs MoCae10-
BaTe/bHLIE U «XKa[LHble» I3BPHCTHKH, KOTOPbIE HO3BOJSIOT NONY4aTh PE3y/b-
TAThl C JIOKAJbHEIM OTTHMYMOM.

2. [locnenoBaTeNbHas 3BPHCTHKA 3aKao4yaeTcs B cnenymoueM. CHavana
COCTABHM YMOPSIAOYEHHBbIH B NOpsiike yObIBaHUS CTeleHel BepIINH CIIHCOK.
[TepBato BepluMHY yhaajsieM U3 CruUcKa M okpauwusaeMm B uset 1. [Ipocmar-
pHBas CMUCOK, B LBeT | packpalluBaeM H yhaJjisieM H3 HEro Bce BepLUIHHDI,
HecMeXHble ¢ nepBoil BhOpaHHOH M Mexny coboii. Ilanee Bbi6upaeM BTO-
PYIO BepIIHHY U3 CNHCK2, ee OKpallHBaeM B uBeT 2 W yaaaseM. [lpouecc
[IPOLOJIKAETCS AHAJNOTHYHO, MOKa He OYAyT OKpalleHbl BCE€ BEPLIHHBL.

3anuieM OCHOBHBIE «XKaJHbIE» 3BPHCTHKH AJSl PAaCKPacKH.

Jspucmuka 1. «Ilepble HaubosbliKes. Bepluuusl rpada ynopsmoyu-
BAlOTCst 110 YObIBAHHIO JIOKAJbHBIX CTereHeil. 3aTeM IO MOPSAKY Kaxjaas
BEpLUMHA MOC/e aHa/i3a CBA3HOCTH PacKpallHBaeTCs B BO3MOXKHbIA LBeT.
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Fepucmuxa 2. «Haumenbline nocaepnues. [locTpoenue ropsiaka u3
Xaoca MpPOHM3BOAMTCS caelylolluM obpasom. Buibupaercs sepurHa rpada
C HaHMeHblleH JIOKAJbHOH CTeNneHblo U yaanseTcs U3 rpada BMecTe ¢ HHILH-
AeHTHHIMH pebpamu. B ocraBuiemcs rpade nosTopsieTcss Ta XKe npouenypa.
Bepwunbl rpada packpalHMBaIOTCS B MHHHMaJbHO BO3MOMKHBIA AN 3TOH
Npoueaypel UBeT B MopsaKe, 0OpaTHOM NOPAAKY yAaJeHHs.

Jspucmurka 3. «PasbueHve no cMexHocTH». B Hauase anroputMa
BbIOMpaeTcsl BeplIHHA rpada MakCHMaJbHOH CTeNeHH W pacKpallHBaeTcs
B uBeT 1. 3aTeM Bce HepacKpalleHHble BeplIMHB pPa3OUBAlOTCH Ha [Ba
NOAMHOXKecTBa: X| — CMeXHble C pacKpalleHHbiMH H X — HeCMexXHbie
¢ packpalleHHbIMH. Bbi6op ouepefHOH BepLIHHBE AJS PacKpacK¥ B MH-
HHMa/JbHO BO3MOXHBIIl LIBET OCYLUECTBJSeTCS NO HauboJbLIed CTeneHH
B X1. [lanee npouecc npoao/kaeTcst aHAJOTHYHO A0 3aMOJIHeHUs UBeTa 1.
Tlocne sToro BeplIHHbL, pacKpalleHHEIE UBETOM 1, yAang10TCs, H npoueaypa
npojoJiKaeTcs 10 MOJHON pacKpacku rpada.

Jspucmuxa 4. «Packpacka panee ynopsiioueHHbIX BepuiHH». [las Bep-
WHHb Z; BbIOMpaeTcs UBET k, €CJM U TOJNbKO €CJH CPeLH BEpLUHH, CMeX-
HBIX € Z; BEepIIHHOM, CYLECTBYIOT y2Ke pacKpalueHHble BEPUIHHB! LBETOB
c=1,2,....,k—=1,k+1,k+2,... u HeT BeplIHH, [IOMEUEHHBIX IBETOM k.

Jsepucmurka 5. «CneumanpHas packpacka B NPeANHCAHHLIE I(BETa».
[lpenBapuTenbHO ISl KaXK[0H BepLIMHbl 3ajaH Habop LBETOB, B KOTO-
pble OHa MoXeT ObITb pacKpailleHa. YTNopsiioyeHHe BepLIHH NMPOH3BOAHUTCA
cIeAyIoUIMM 06pazoM. OmnpenensioTcsi BEPWHHB ¢ MHHUMA/bHBIM YHCJIOM
W = p(x;) + z:/C, rae p(z;) — nokanpHas cTeneHb BepliHHM z; € X
rpapa G = (X, U), z; — 4uCI0 3aMpeleHHbIX LBETOB Js1 AaHHOU Bepiluu-
Hbl, C — obllee YyHCAO UBETOB. BepluwHa x; ¢ MHHHUMAaJbHBIM 3HaYeHUEM
W ynansercs u3 rpada sBmecte c pebpamu. Jlas ocraBwerocs rpacda
TIOBTOPSIETCS TaKas XKe Npouefypa, U Tak jAasee. 3aTeM BepUWHHBI KPacaTCs
B BO3MOXKHDbIH LBET B NopsAake, OOpaTHOM MOPANKY ylaseHHs.

3anuuiemM NpPOCTOH AJTOPUTM HAa OCHOBe OJHOH M3 PACCMOTPEHHBIX
«KAJHBIX» IBPUCTHK:

1. ¥nopsipouHTh BepIMHE M0 YOLIBAHHIO JIOKAJNBHBIX CTENeHeH.

2. Kaxknoil BepliMHe yNnopsaOUeHHOr0 CIIHCKA Ha3HAaYHTb NepBbH HMElo-
IHACS LUBET, eCIH 3TO BO3MOXKHO.

3. lllar 2 npoponkaTb A0 NMOJIHOHA packpackH rpada.

4. Konell pa6oTbl anroputma.

AsropuTM Ha OCHOBE TaKO# 3BPDHUCTHKH SBASETCS KAAHBIMP, TAK Kak
OH pacKpallHBaeT rpad) nocnel0BaTeNbHO BEPIIHHY 33 BEPIIHHOH, NpHCBan-
Basi KaXXJ0i BepLIHHE LBET, eCJU 3TO BOSMOXHO, He YUHTBIBAs [/106albHBIX
nocJeACTBHH TaKod packpacKH. «2KapmHbli» ajrOpuTM 3a1adud pacKpacKH
rpaga 6uicTp (BpeMeHHast clOXHOCTh anroputMa (O(n)), Tak Kak OH pac-
CMaTpUBaeT JIHilib OOWH M3 BO3MOXXHBIX BapHaHTOB PACKPaCKH KaMJOH
BEpLUHHbI.

PaccMoTpum, Hanpumep, 3agady packpacku rpada (puc.5.14). Ynopsno-
4YHBaeM BepLIHHb caeayowuM o6pasom: (971863254). Cuayana packpa-
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IIHBaeTCs BeplIMHA 9, aJrOPUTM OCTaB/feT BEPLIHHY 7 He PacKpallleHHOH,
TaK KaK OHa coefuHeHa ¢ 9, a BepmuHa 9 yxe packpawena. I[To roi
XKe MpHYHHe nponyckaeM BepuinHy 8. [lasee 3akpauiuBaem BepuwiuHy | u
nponyckaeM ocrtanshble. Cuaegosatesnbio, Xy = {9,1}. B utore monyuum
Xy ={7,6,5}, X5 ={8,3,4}, X4 = {2}. B utore G (puc. 5.14) packpawen
4 yBeramu.

‘0

Puc. 5.14. I'padp G Puc. 5.15. Koneco Wy

PaccMoTtpum BTOpO# rpad, H3o6pakeHHBIH Ha pHc. 5.15. 310 Koseco W7
cofiepxut 7 BepuinH. [lepBhie 1eCTh BEPLINH DACIONOXKEHH B BHAE KOJb-
1la, a CeAbMasl BepillMHA PACMOJOXKEHa B LEHTPE KOJbLA H COEQMHEHA CO
BCEMH OCTaJIbHBIMH BepluuHamH. «KagHas» 3BPHUCTHKA H3 XaoCa BepLIHH
rpada cospaer caepywowui nopsgok: (7654321). AnroputM packpacut
BEpLIKHHL caenyownM obpasom: X = {7}; X9 = {6,4,2} u X3 = {5,3,1}.
[Tonyuum, uto koseco W7 (puc.5.15) packpaweno 3 useramu. OTMeTHM,
ecau B rpade, aHANOTMYHO KOJIECY, UMEETCS OfiHA BEpILIMHA, CMeXHast
BCEM OCTaJ/IbHbIM, TO OHA PAaCKPALIMBAETCS OJIHHM LBETOM H yAansieTcss U3
YNOPSIAOYEHHOTO CIIHCKA.

3. Tak KaK «KajHasi» U [OCJeN0BATENbHAS SBPHCTHKH PAacKPacKH rpaga
OOCTAaTOYHO ObICTpble, TO MpelJsaraeTcsi COBMECTHTb UX C T€HETHYECKHM
anroputmoM. KonupoBka, ucnosb3yemasi B «KaJHOH» 3BPUCTHKE, OCHOBaHA
Ha ynopsgoyMBaHMM BepuwinH rpada. OHa ymopsiAouuBAaeT BEpLIMHBL 110
yMeHbUIEHHIO 3HAYeHUH JIOKaJbHBIX CTeNeHel BepLUIHH M 3aTeM JeKoaupyeT
3Ty IOCJIelOBAaTENbHOCTh, HA3HAYas KaXXA0H BeplIMHe MO MOPAAKY NMepBbli
peasbHBIH LBET, [e PeaJbHOCTb OCHOBAHA Ha HCINOJb30BaHHH LBETOB MpPH
pacKpacke npeabAylLinX BeplinH. Takod cnoco6 KOLMPOBKH NPH peLIeHHH
npo6yemMbl packpacKu rpacda ymnopsjodupaeT BepLIMHBI rpada onpejeseH-
HbBIM CHOCOO0OM, a 3aTeM JEeKOAHPYeT MX B COOTBETCTBHHM C <« XKaJHOH»
IBPHCTHKOH.

3nech npepsaraeTcsl 3aMeHa 6MHApHOH LesneBOH (PYHKLUHH Ha YHCJIOBYIO
unn OyKBeHHYIO LeseBylo ¢yHKuuio. [as onpepeneHHs TakoH LeJseBOH
GyuKuHH BhiGHpaeM nepsulil red (BeplUHHY) B XpOMOCOMe M MpPUCBaHBaeM
el mepBbIi peasbHLIA 1BET, €CJ¥ 3TO BO3MOXKHO. Kaxzias ajbTepHaTtHBa
YUHTBIBAET MpeAbIAYILHE HCIOAb30BaHHble lBeTa. [lepecTaHOBKA CHHCKa
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3JIEMEHTOB 10J1y4aeTCsl B pe3y/abTate yNopAaI04YHBaHH 3/1eMEHTOB B CITHCKe
(TpuBHMaJbHAS NEPECTAHOBKA NPOCTO OCTAaBASET NPEABLAYILIHE TOPSALOK).
«KanHasg» BPUCTHKa COPTHPYET CIIMCOK BEpIUMH M TNepefaeT pe3y/bTaT
B 3BPHCTHUKY JE€KOAHPOBAHHS.

Ha crnenymoueMm mare ajnropuTMa OCyLIECTBAfeTCs BbiOOp ciaydalHOH
NepecTaHOBKH WJH MepecTaHOBKY, OCHOBAaHHOH Ha 3HaHHAX O pelliaeMOH
3afave. «XKanHasi» SBPUCTHKA TeHEPHDPYeT TOJbKO OJHY XPOMOCOMY, HO
3Ta XpOMOCOMa HMeeT LIAHC OKa3aTbCfl Jydlue, 4eM cpeiHss. B pesyib-
TaTe H3MEHEHUs MOPSOKA 3JEMEHTOB B YNOPALOYEHHOM CHHCKe IOJY4HM
H3MeHeHHBIH CMUCOK BeplidH rpada. [IpuMeHsis K MosyyeHHBIM XPOMOCO-
MaM reHeTHYeCKHe OMepaTophl, onpejessieM 3HayeHHe LeseBOH (PYHKUMH.
B paccmaTpuBaeMoM ajropuTMe NMPHUMEHSIIOTCA 3JIMTHas CeNeKLHs H reHe-
THYeCKHe ONepaTophl, ONMHUCAHHbIE BhILUE.

3anuiiemM aJropHTM peasH3aliH MOAH(HLHPOBAHHOIO YHHBEPCAJbHOIO
onepatopa KpoccHHrosepa. JlaHsl popHTeau 1 4 2, nepsbiii NOTOMOK NoJYy-
yaeTcsa CJAeAYIOUHM 06pa3oM:

1. CrenepupoBaTh OHHApHYK CTpPOKY-IAGJIOH, KOJHYECTBO 3JEMEHTOB

B KOTOPOH COBMafaeT C AJHHOH XPOMOCOMBI pOAHTENEH.

2. TTo3uuxu XpoMOCOMBI IEPBOTO POAUTENS, COOTBETCTBYIOLLHE eJHHHLAM

B CTpOKe 1abJ/I0Ha, CKONHPOBATh HA CJELYIOUIMH 1uar.

3. Co3aaTh CNHCOK F€HOB H3 NEPBOIO PONUTENS, COOTBETCTBYIOILHX HYJIO

B GHHapHOH CTPOKe.

4. lNocnenoBaTeNbHO MPOCMATPUBas 3JIeMEHTHl BTOPOTO POAHTENS], MPOU3-

BECTH 3alo/IHeHHe NMYCTbIX NMO3ULHH.

5. O6beauHsAs YacTHUYHbIE aJbTepaHTHBHblE pelleHHs 6e3 MOBTOPeHHI,

MOJY4HTDb 11€PBOTO MOTOMKA.

6. Koner, paGoThl anropurma.

HOCTPOEHHG BTOPOro NOTOMKA MNPOU3BOAUTCS aHANOTHYHBIM o6pa30M.

PaccmoTpum npuMep nnis rpada, npusefeHHoro Ha puc.5.14. ycts
aJ/ibTepHaTHBHbIE PEILeHUs 3aKOQUPOBaHbI CeYIOUM 06pasoM:

P: 123456172829
PB: 975318642
BC: 01 00010000
PesynbTaT nocse 2 wara:
Pt — 2 — — — 6 — — —
PB: 9 -5 3 1 - 6 4 2
OKOHYaTe/IbHBIE Pe3yJbTaT:
Ps: 9253167 438
P: 985 3176 4 2

3necy BC — GuHapHas cTpoKa, MOKasblBalollasi CMeXHOCTb COOTBETCTBY-
oKX BepwindH B P; u P, WHaue rosops, 1 B BC mnokaswiBaer, yTO
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BepwHHEl 5 U 9 (puc. 5.14) ceAsaubl Mexay co6oil. Eciu cMeXXHBIX BepLUIMH
B 3aJaHHBIX DOAHTENAX HeT, TO OWHapHas cTpoka 3amojHsercd 0 u 1
cl1y4alHBIM 006pa3oM. BHINONHUB «3KafHOE» AeKOAMPOBaHME, NOJYYHM, YTO
xpomocoMa P53 cooTBeTCTBYeT cielylolel packpacke rpada: X = {9, 2,4},
X2 =1{5,3,7}, X3 ={1,6} u X4 = {8}. Hdna P, noayuum jpyryio pac-
kpacky rpada: Xi = {9,3,4}, Xy = {8,5,1}, X3 = {7,6} u Xy = {2}.
3ameTHM, YTO OCHOBHas NpoGsieMa 3fech — NEKOAMPOBaHHEe MOAH(DULMPO-
BAHHOTO YHHBEDPCaJbHOIO ONepaTopa KPOCCHHTOBepa. JTa Onepalus HMeer
BpeMeHHYI0 cl0XHOCTs O(n?), THe n — pasMep XPOMOCOMEI.

OnepenenuM moauduuupoBaHHEIH onepatop myTauuu. OH BHGHpaeT
4acTb POAHTENbCKOH XPOMOCOMBI U, NPOH3BE/sl ePeCTaHOBKH BHYTPH Hee,
NIePEHOCUT 3Ty YacTb B [OTOMKA, a OCTa/bHYIO OCTaB/iseT Ge3 H3MeHe-
HUl. Bce reHeTHuYecKHe OMEPaTOpPbl TAKOrO BHAA HMMEIT CJOXKHOE AEKO-
aupoBaHHe. OnuuIeM «XaJHYIO» CTPATErHI0 C OXHOBPEMEHHBIM JEKOAHPO-
BaHHeM xpomocoM. [lycts pas rpada G (puc.5.14) sagana monyasuus
P = {P], Pg, P3, P4}:

P: 12345617829
P: 987 654321
Py: 1 3579 2 46 8
P: 9753186 42

B xpomocome P, BriGupaeTcs reH (3/eMeHT albTePHATHBHOTO PELIEHHS),
COOTBETCTBYIOLIHH BEPIIHHE C MAKCHMANbHOH cTeneHbio, Eciu Takux Bep-
LIHH HECKOJIBKO, TO OHH aHaJHU3HDYIOTCS NOC/IEI0BATENbHO B MPOU3BOJBHOM
nopsiake. B nepBoit xpomocome BeiGupaem sgement 9. CoryiacHo ajiropur-
My, caeayiouleit BoiGupaercsi BepwuHa 1. JlanbHelilive maru aaroputma
Ha BCell MONyJALKH NPUBOAST K TYNMHKOBBIM cHTyauusM. Clief0BaTesbHo,
onpeneJseH nepsuii useT X = {9, 1}. Dnementst 9, 1 nckiiouarores U3 seex
xpomocoM nonyasuud P. Ilanee B Py Bbibupaetcs asnement 7. CornacHo
anropuTMy nosy4um sropoi uset Xo = {7,6,4}. [Ipononxas, aHanoru4xo
HalineM 3ajauyy packpackd rpada (puc.5.14), cocrosiyi H3 ueThipex
usetoB X3 = {8,2,5} n X4 = {3}. llannas Metonuka no3soJifeT COKpa-
1aTh pasMep XpoMocoM (anbTePHATHBHBIX pelueHHH) HA KaXJOM liare H,
COOTBETCTBEHHO, BPEMS PACKpacKu rpada.

4. KpoMe reHeTHYECKHX OIepaTOPOB HEOOXOAHMO TaKXKe OMNpeeHTb
THN ceseKuMH. Jns 3amaun packpacku rpaga npuMeHHMa MORUQHLHPO-
BaHHaf 3JHUTHas cesleKUHs, KOTOpas peasH3yeTCs MO CeAyIoillell cxeMe.
Bce xpoMocoMEet t-ro NOKoJeHHs YNOPAROYHBAKTCA B MOpsiAKe YObIBAHHA
3Ha4ueHUU cTeneHell BeplIHH (MPHCNOCOGJIEHHOCTH K BHEIIHEH cpefe).

CTpyKTypa rHOPHIHOIO €HEeTHYECKOro aJropuTMa, HCIO/Ab3yeMOro AJs
3aJla4M pacKpacku rpada, npeacran/ieHa Ha puc.5.16.

B nanHO# cxXeMe HCNOJb3YIOTCH HEH COBMECTHOH BOJIOLHH, YCTAHOB-
JeHue 6asnaHca, aflaNTalUy K BHellHeH cpele, aKTHBHOe B3aHMOJAEHCTBHe
C BHellHeH cpejol, HepapxXxH4yecKoe yNpaBJjieHHe eHeTHYECKHM IOHCKOM,
JIOKAJIbHBIH TTOUCK pellleHHH M NpUMeHeHHe BCceX MOLH(pUIUPOBAHHBIX I'eHe-
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THYECKHX ONepaTopoB Ha OCHOBE «XKaAHOH» CTPATErHH H MOUCKOBBIX METO-
noB. Bpemennas cI0XXHOCTH aJrOpHTMa TaKOTO KJacca JEXHT B Npefenax
O(n?) — O(n?), rae n — AIMHA XPOMOCOMBI (2JIbTEPHATHBHOMO PELICHHS).

5. 3agauya pacKkpacKH rpada TeCcHO CBsi3aHa C NOCTPOEHHEM He3aBH-
CHMbIX HJIH BHYTpPEHHE YCTOHYHBHIX MOAMHOXKECTB, a TaKxke OlpejeJe-
HHeM kaux rpaga. Ecau ape mo6bie BepuuHsl nogMHoxkectBa X’ rpa-
pa G = (X,U), X' C X, He CMeXHBI, TO OHO HA3HIBAETCS GHYMPEHHE
ycmotivuserm. Tloamuoxectso ¥; C X rpapa G = (X,U) HazwiBaercs
MAKCUMATIbHOIM BHYMPEHHE YCMOoUUBbIM NOOMHONCECMBOM HIH He3a-
sucumbtm, ecay N06aBleHHe K HeMy Jo60H BepiiuHb z; € X Jenaer ero
He BHyTpeHHe ycToH4uBbIM. [TogMHOXKecTBO W;, OyeT He3aBHCUMbIM, €CJH

Vz; € \I/l(.'II’,, NY, = z).

He3aBucuMble NOAMHOXKECTBA Pa3NHUYAIOTCA 10 YHCAY BXOAALUHX B HUX
3JeMeHTOB. B mpousBosibHOM rpade G MOXKHO BBIIEJHTL CeMeHCTBO BCeX
He3aBHCHMbIX noaMHoXecTs Buaa ¥; = {¥, ¥y, ..., ¥,} uau ero yacru.
«KazHbles cTpaTeruy, HCNoJab3yeMble A8 3ala4H pacKpackH rpacga, rakxe
3¢ heKTHBHO NPUMEHSIOTCS AJISl TOCTPOEHHS CeMeHCTBa He3aBUCHMBIX MOA-
MHOXecTB. Hampumep, nocTpouM ceMeHCTBO HE3aBHCHMbIX MOAMHOXECTB
ans rpada G, npeacrasieHnoro Ha puc. 5.17. [IpensaputensHo NpoH3Benem
yOopsiiouHBaHKe BEPUIHH IO BO3pacTaHHUIO, HayMHasf C BEpPLWIHHB C HaH-
MeHbLUEH JIOKaJbHOH cTenenblo. PaboTy «XKagHoro» oneparopa KpPOCCHHIO-

Bepa MOKaXkeM Ha NMpUMepe.

® ;
Puc. 5.17. Tpad G ans onpeneneHns He3aBHCUMBIX MOAMHOXKECTB

IMycte aas  rpapa G (puc.5.17) 3amasa nonyasums P =
={P, P, B, Py, Bs}:

P: 123 456178¢9
P: 9 87654321
P;: 61547938 2
Pi: 493781786 2
P,: 567 8923 4.1
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Pa6ora anroputma HauuHaeTcs ¢ Bbifopa B YNOPAAOYEHHOH XpoMocoMe
P; nepmoro snemeHta — 5. [lanee BeiGupaeM BepiuuHy 6, Tak Kak OHa
cocefusisi BepuinHe 3 B XpoMocoMme P5 U He cMexHa edl. AHAJIOrMYHO BHIOH-
paem 7 sepiiuHy B 3Toli xpomocoMe. [loce sToro, ananusupys nonyasuuio
P, B xpomocome P; Bhi6upaeM BepinuHy 9. [laabHeHwuH aHanus nonyas-
u¥H P nokaseiBaeT, YTO [OCTPOEHO NepBO€ HE3aBHUCHMOE NOAMHOXKECTBO
v, = {5,6,7,9}.

CywecTByeT GOMbIIOE YHCJIO CTPATErHi NMOCTPOSHUS HE3aBHCHMBIX MTOJ-
MHOxecTB. OfHa M3 HHX COCTOHT B NMOCTPOSHHUH HE3aBUCHMBLIX CTPOHTEJb-
HbiX 6JIOKOB Ha ABe, TPW, YeThPe U TaK [aJiee BepuIHH C AajbHeHWHM
ofbearHEHHEM 3THX CTPOMTE/bHHIX OJOKOB B He3aBHCHMOE MNOAMHOXe-
ctBo. Ipyras crpaterds (B IUMpHHY) NpeaycMATPHBAET HAXOXKAEHHE BCEX
He3aBHCHMBIX NOAMHOXECTB, B KOTOpDble BXOAMT NepBasf paccMaTpHBaeMasi
BeplixHa (B HalueMm cJlydae BepuwiMHA 5), ¢ Aa/IbHEHIUHM aHAMH30M APYTHX
BEPUIHMH Ha MpeAMeT CO3JaHHUsl HOBBIX He3aBHCHMBIX NOAMHOXecTB. Tpe-
Tb cTpaTerusi (B ryGHHY) npeaycMaTpUBaeT NMOCJefOBaTesbHbIH aHANIN3
BCEX BEepUWIHH B YNOPAMOYEHHOM cnucke (xpomocoma Fs) fo nonyveHus
ceMeHCTBAa He3aBHCHMBIX TOAMHOXKeCTB. YeTBeprasi CTpaTerusi sBaseTcs
KoMOUHaLHeH nepBbIX TpeX. [IpHMeHss yeTBepTYIO CTpaTerdio Aas rpaga
G (puc.5.17), nonyyuM Habop HE3ABUCHMLIX HOAMHOXKECTB

Uy =1{6,7,8), U3=1{7,82}, Uy={813}, Ws=1{9245)},
U ={1,2,5}, ¥;={2579}, Us={3,579}, Uo=1{4,56 09}

OueBHAHO, YTO AaHHBIH HAGOp He MoaHbIH. Jlas nonydyeHuUs MOMHOrO ceMeii-
CTBa HE33aBHCHMbLIX MOAMHOXKECTB HEOGXOAWMO NPOLO/KHTL Peanu3autio
JAaHHBIX CTPaTerui.

OnucaHHas MeToAMKa 3((PeKTHBHO UCMOAb3YeTCs A8 3aladi pacKpac-
ku rpacda. Hanpumep, nycts U5 3agaer nepeuil uset X = {9, 2, 4,5}, ¥y
3ajaet BTopo#t user Xo = {6,7,8}, a U3 sanaer Tpetuit user X3 = {1,3}.
CaeposarensHo, rpad G (puc.5.17) packpallied Tpems Kpackamd. Bpemen-
Hasi CJIOXKHOCTb NAHHOTO a/ropuTMa JnexuT B npesenax O(n?) — O(n*).

6. B anroputmax onpefesieHHs He3aBUCHMBIX MHOXECTB MOXHO HC-
N0J1b30BaTh METOANKY KONHUPOBAHHSA, KOr[a KaxJl0e pelleHue MpeAcTaBaseT
coboit 6uHapHyw xpoMocomy ajauHbl N, rae N — 4HCJIO BepUIKH HCCJe-
nyemoro rpada G. KaxkaoMy reHy COOTBETCTBYeT Ofpele/ieHHAas BepliHHa
rpacda. Bepluussl ynopagounBaloTcs, HANpUMep, B NOPsKe BO3PACTAHHS HX
HOMEPOB: MepBOMY ['eHY COOTBETCTBYeT NepBasi BepIUHHA rpada, BTOPOMY
reHy — BTOpasi BepliHHa H T.a. Ecnu 3naveHde reHa paexo 1, To nanunas
BEpUIHHA BKJAKOYAeTCA B HCKOMOe NOAMHOXKECTBO, eC/I HOJib — TO BEepIUHHA
He BKJIOYaeTcH.

Hanpumep, nycTb 3afaHa Xxpomocoma

1 2 3 4 5 6 7
1 0 1 0 1 1 0 .
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Takast 3amuch MOKa3blBdeT, YTO HE3aBHUCHUMOE TMOAMHOMXKECTBO HMEET BU.:
X" = {x1, 23, 75, 76}, Tak KaK rensl 1, 3, 5, 6 paccmMaTpUBaEMOil XPOMOCOMEBI
PaBHBI eIUHKIE.

[MycTb ans cayyailHoro rpada Ha 7 BepLIMH 3ajaHA Haya/bHAasd OOMY-
asuua P = {P), P2, P3, Py, Ps }:

P: 1000010
PR: 0001110
P: 0110011
P: 1 000010
P: 0110000

CorslacHO ONUCAaHHOMY BEHIIIE MPHHUHIY KOAUDOBAHHS €IHHHLbI COOT-
BETCTBYIOT HaJMYHIO BEPLIMHB B COOTBETCTBYIOLIEM MOAMHOXKeECTBe. 31eCh
XpOMOCOMa Pj COOTBETCTBYET HE3ABHCHMOMY MOAMHOXECTBRY.

Hanpuwmep, nocne nepsofi reHepauM# ajJropuTMa NONYJsUHs MPHMET
Buj (HapucyiTe rpad!)

P11 010010
P01 01110
P{:O 1 103 01
P11 001010
P01 10010

Xpomocomet Py # P§ COOTBETCTBYIOT HE3aBUCHMbIM MOAMHOXECTBAM.

6.1. [Ins oueHKH Ka4yecTBa MOJYYeHHLIX pelleHHil NpHMeHseTcs cre-
Ayolas npouenypa. B xpoMocome (cTpoke) BoiOHpaeTcs nepsas MO3HIHSA,
M 3aTeM [aHHas YHCJOBas HOC/AeNOBaTe]bHOCTb [POCMATPHBAETCA CJEBa
Hanpaso. Ha kaxpom ware nposepseTcst BLINONHEHHE 32aHHOIC YCJIOBHA.
Tak, npu noCTPOEHHH HE3aBUCHUMBIX MOAMHOXKECTB TaKHM YCJIOBHEM $iB-
JSeTCs OTCYTCTBHE 0OLIMX pefep MeXAy paccMaTpHBAaeMbIMH BEPLUMHAMH.
B peaysbraTe BbINONHEHHS JAHHOK NpoLERypsl OyaeT cHOPMHUPOBAHO OLHO
He3aBHCHMOE TOAMHOXKECTBO HEKOTOPOH NNHHLL

B HekoTOpIX CAy4asx nocse CO3/aHUs HayanbHON NONYASLUKH pelleRHi
¥ BbIJle/leHUs] B HAX He3aBHCHMBIX MOAMHOXECTB MPOH3BOAUTCS Nepeyno-
psilodeHHe BceX XpomocoM. BHawase 3anuceiBaeTcs Moc/ieA0BaTeNbHOCTh
YHCeJl, COOTBETCTBYOUIAs cHOPMUPOBAHHOMY Ha 0a3e JaHHOH XPOMOCOMBI
MOAMHOXKECTBY, 4 3aTeM — OCTaBLUHeCs BeplIMHBl. TOYKa KPOCCHHroBepa
BbibUpaeTca cayudaiHoO cpenn nepsbX L, nosuuuil. Bennuuna L, coot-
BETCTBYEeT MOLLHOCTH c(OPMHPOBaHHOrO NOAMHOXecTBa. Hanpumep, an1s
npou3BoJbHOro rpada G Ha 6 BeplUMH MOXHO CreHepPHPOBaTb HEKOTOpOe

pelueHHe:
EEENENERENEN
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[MpocmatprBas faHHYO NMOC/NEOBATENbHOCTb, MOXKHO HANpPHMEp MOJYUYHUTDb
He3aBHCHMOe MnoaMHoXecTBO X' = {zg, zo,z(}. Ilepeynopsnounsas 3ty
HUCJI0BYI0 MOCAE0BATENLHOCTD, MOAYUHUM:

e ] 2] [3]+]5 |

Lludpel, BbAeNEHHBIE XUPHBIM WPUPTOM, COOTBETCTBYKT HE3aBUCHMOMY
MOAMHOMECTBY, 2 OCTaJbHble UH(Phl OCTABWIMMCSA BepUIHHAM rpada.

6.2. [lpuBenem reHeTHYECKH I aJITODHTM BblAG/JIEHHS] HE3SABHCUMOro NOJ-
MHOKeCTBA.

1. Bectn napaMeTpht ajaroputMa.

2. CreHepHpoBaTh HAYaNbHYIO MONYJASUHIO HA OCHOBE CTpaTerWu gpobo-
BHKa.

3. BribpaTh XpoMocOMBI-pogUTeIEH HA OCHOBE CIYYadHOH CeNeKLHH.

4. Peann3oBaTh 0nepaTop KpOCCHHIOBEPA C 3aJJaHHOH BePOSTHOCTBIO.

5. Peanu3oBath onepatop MyTauHH [/ KaXAOH XPOMOCOMBI ¢ 3agaHHOH
BEPOSITHOCTBIO.

6. PeanuzoBathb onepatop oT6opa A BeIGOpa Jy4YLIHX XPOMOCOM.

7. Koneu, paboth anropuTma.

[Tokaxem paboTy aAropHTMa Ha NMpHMepE.

7. [lns cokpaileHHs NMPOCTPAaHCTBZ MOHCKA HCIIOJNb3yeTCs XPOMOCOMa,
IJHHa KOTOPOM paBHA HauGoJ/blueMY HCIMOJIb3yeMOMY NOAMHOXecTBY. g
3TOTO HCIOMb3YIOT GOPMYJIbl OLEHKH HUXKHEH lmin H BepXHEeH lmax FPaHHULBL
4UC/Ia BHYTPEHHEH YCTOUYHMBOCTH.

UHcno TeHOB B XPOMOCOMe DaBHO BepxHeH OLEHKe 4HC/Ia BHYTPeHHeil
YCTOUYHUBOCTH [,y 3HAaUeHHeM reHa siBJIsleTCs HOMep BepLUHHbI B Trpa-
e G. 3anojHeHHas 4aCTb XPOMOCOMBEI [ npefcTaBiser coboii BHyTpeHHe
yCTOHYMBOE WM HE3aBHCHMOE MOAMHOXKECTBO, ! € [lnin, lmax]- Tak Kak !
MOXeT OblTh MEHbLIE MJHHLI XPOMOCOMBI, TO OCTABILASACA YACTh XPOMOCOMbL
3aMOJIHACTCH HY/ISIMH.

Lenesoit pyHkuued 3agauu onpeleseHHs He3aBHCHMbIX MOAMHOMECTB
ABJasieTcs [, a Lesplo ONTHMH3aLHH — MaKCHMH3alUHs GyHKUUH, T. €.

F(R)=1lp;, F(P)— max.

HauanpHas nonmysnduMs XpoMOocOM mpeicTaBnasieT coO0H MHOXeCTBO
BHYTpEHHE YCTOHUUBLIX NOAMHOXKECTB, HEKOTOPblE H3 KOTOPBIX MOTYT ObITh
u He3zaBuCUMbIMH. CHauana caydailHeiM 06pasoM GopMHpPyeTCs MHOXe-
CTBO BEpUIMH, MOILHOCTb KOTOpPOTO BbifMpaeTcd chayuyaiiHo B npeaenax
[lmjn,lmax]. [IpoBepsiercsl, ABASIETCA JIH 3TO MHOXKECTBO BHYTPEHHE YCTOM-
YHBbIM, €CJH A3, TO XPOMOCOMa 3alHCHIBAETCA B HayajbHYIO MOMyJAsUHIO,
ecJ/ld HeT, TO POpMHpPYyeTCs HOBOE MHOXKeCTBO BepliKH. [Ipouece npogoska-
eTcs 0 TeX Nop, NoKa He 6yaeT cHOPMHUPOBAHO 33 JAHHOE YHCIO XPOMOCOM.

IlpuBesem cxeMmy paboTsl MOAHGHUHMPOBAHHOTO OMEpaTopa YMOpsAOUH-
BAIOLIEr0 OAHOTOYEYHOTO KPOCCHHIOBEpA. 1y
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M3 aByx poauTenbckux XpoMocoM BblGHpaeTcs Ta, AJIMHA 3aNOJHEH-
Ho# yactu (l) kotopoit Menbie. CoyyailubiM 06pa3oM BLIGHpaeTCa TOYKA
ckpemuBaHua B npefenax [1,l;]. danee B xpoMocoMy mepBoro noTOMKa
KOMHUPYeTCsl XpOMOCOMa NepBOro POAHTeE/Ist IO TOYKH KPOCCHHIOBEpa, a re-
Hbl TIOTOMKa, PacnoJioKeHHble NpaBee TOYKH CKpeLiUBaHUs, 3alHCHIBAIOTCS
B NOC/e[0BATENbHOCTH, COOTBETCTBYIOLIEH BTOPOMY poauTtenio. IIpu stom
BTOPOH DOAHTENb NPOCMATPHBAETCs OT Hadaja A0 KOHLaA, C/eBa HANpaso,
H 3JEMEHTBI, KOTOPBIX He XBaTaeT B IOTOMKe, N00aBiasflOTCs, HadMHas
OT TOYKH KPOCCHHIOBEpa, Mo nopsiaky. [lJs cosfaHHs BTOPOro NOTOMKA
nipUMeHsieTcs o6paTHLIA NOPAAOK AeHCTBUM.

PaccmoTtpuM npuMep paboThl TaKOro KpOCCHHIOBEpPA:

Poszenbl:IIQIIOH6|3|0|010|0]0J

Ponmem;Q:rll7”lO|l3]9l4IO|OIO]

nmomox1:|12|10H1|7|13|9|4|0|0]

nommox2:|1|7”12|10|6|3T0[0|0]

Onuwem paboty mogudHiHpoBaHHOTO oneparopa MyTauuH. Iycte 3a-
TOJIHEHHAs 4acTb XPOMOCOMBI-POAHTeNs paBHa [, a HyneBas lp. Cayuaii-
HbIM 06pa3oM chopMHpyeM MHOXeCTBO BeplUMH A, He NpHHAA/eXaliMX
ponuTeabckoil xpomocome, |P;| € [1,lg). MonuiueM 3TH BepLIHHBI B XPOMO-
comy. 3aaafnM cayyaiiHoe unco k, k € [0,1], 1 yaanum k rexos ot Hayana
xpoMocoMbl. [losyueHHOe MHOXECTBO BEpIIHH 3aMHCHIBAETC B XPOMOCOMY
NOTOMKa.

PaccmoTpum npumep paboThl MpepJIOKEHHOI0 OnepaTopa MyTalHH:

Poaurenb: [12|10|6|3|0[0|0|0|0]

[Mocne noGaBaeHHs TreHOB: | 12 l 10 l 6 l 3 | 7 I 9 | 11 ] 0 l 0 |

[Toromoxk : ,6'317,9,1110,0}0!0,

HosicuuM paboTy anaropuTMa.

Ha nepBoM 1uare anroput™a BBOAATCS HayafdbHble JaHHbIE:

e ucxoaHblil rpad G = (X, U);

e MapaMeTphl T€HETHYECKOrO aNropHTMa (BEepPOSTHOCTH KPOCCHHIOBEpa,
MYTal#¥, 3JUTHOFO U PaBHOBEPOSTHOro OTGOpa; pasMep MOMYJIALHH
XPOMOCOM; KOJIMYECTBO eHepaLyii reHeTH4eCcKOro ajJropHTMa).
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Jlanee paccuMTBIBAIOTCA BEPXHAS H HHXKHAS OLEHKH 4YHCJAa BHYTPEH-
Hell ycTOH4YHMBOCTH H QopMupyeTcd HayanbHaf nonynsuus. Ilocne srtoro
HayHHaeTCA HTePaTHBHBIH NPOLECC NPHMEHEeHHs eHeTHYECKHX OrepaTopoB
K UcxonHoH nomyasuud. Ha kaxao# nTepaliu ¢ 3aaHHOH BEPOSTHOCTDLIO
K XpOMOCOMaM TeKylle# MOnynaslHH MPUMEHAIOTCS ONepaTopel KPOCCHHIO-
Bepa H MyTauuH. 3aTeM pacCYHTHIBAIOTCA LeJeBble (hYHKUHH XPOMOCOM,
H NPOMU3BOAHTCA HX NpOBepPKa Ha He3aBHCHMOCTb. HesaBHcuMble noamHo-
XKecTBa 3aHocaTcs B oTdenbHBbR cnucok. Ilocie 3toro B cooTBeTCTBUHH
C 3alaHHOH BEPOSITHOCTBIO NMPOH3BOAMTCH 3JHUTHLIH HJH PaBHOBEPOSATHBIH
otbop xpomocoM B HoBywo mnomyasuuio. Ilpouecc npomoaxaercs A0 Tex
nop, noka He OyfeT BLIIOJHEHO YC/OBHE OCTaHOBa — 3a/laHHOE YHCJO
reHepauu.

8. 3ameTuM, 4TO OOpaTHOH AN NOCTPOEHHS HE3aBHCHMOIO MOAMHO-
JKecTBa sIBJsieTCs 3ajada MocTpoeHus KWK rpada. [logmHOXKECTBO H3
MaKCHMaJ/IbHOFO YHCJa CMEXHBIX Mexay co60d BepluMH B rpade Hasbl-
BaeTcsl Kaukoii. B rpade MOXHO BHIENHTb HEKOTOPOE CEMEHCTBO KJIHK:
Q ={Q1,Qz2,...,Q.}. OueBuaHo, 4T0 CTPATErHH, ONHUCAHHbIE BHILIE, MOTYT
6bITH MPUMEHEHH [J14 OTpelesieHus ceMelicTBa KIHK. IlokaxeM Ha npHMepe
rpada G (puc. 5.18) ynpoleHHyI0 cxeMy paGoTbl FeéHETHYECKOTO AJrOPHTMA
onpefesieHHA KAHUK rpaga.

Mycty ana rpada G (puc.5.18) 3apana nonyasuus P =
= {Pl, P2, P3, P4, P5}Z

P: 1 2 34 5 6 78910 11 12
PR: 12 11 109 8 7 654 3 2 1
P 2 4 681012 135 7 91
P: I 5 92 610 378 411 12
P: 110126 2 911 48 7 3 5

Puc. 5.18. pad G pnd onpepesieHHs Kadk

[pumenuM caepywlLyl0 CXeMy [OMCKa, OCHOBAHHYIO Ha «XKajHOH»
CTpATerHH: 4
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— 06pa3oBaHO MOJHOE NOAMHOXKECTBO HA [Be BEPLUHHBL.
, 3 ¢ (tynuk).

~N OO Ol WD —
e N e e e e

11) 1, 10,

[Toctpoena nepsas kauka @ = {1,10,9,2}. DaemeHTl, COOTBETCTBY-
OlHe BepIIMHAM @[, yAaNAI0TC U3 Beex xpomocoM nonyasuud. [lonyyaem
HOBYIO TIONYJAAUMIO C XPOMOCOMAMH MeHbIlieH ANHHbL:

P: 3 4 5 67 811 12
P12 11 8 765 4 3
PR: 4 6 8 12 3 5 7 11
P: 5 6 3 7 8 4 11 12
Po: 12 6 11 4 8 7 3 5

[Tpoponxasn nanee:

2)3,4

3)3,4,5.
4)3,4,5,6 ¢.
5)3,4,5 12 ¢.
6)3,4,5 7, 8,11 4.
7)3,4,5,7,8,6 4.

8)3,4,5,7,8,12 ¢.

[TocTpoena Bropas kauka Q2 = {3,4,5,7,8}. Janee, npogosmxas ana-
JIOTHYHO, MOCTPOUM TPeTbio KMHKY Q3 = {6, 11, 12}. Otmerum, uto 3a 21
3/IEMEHTApHbIH LIar Ha OCHOBE <«)XKAAHOH» MOIHPUUHPOBAHHOH CTpaTerud
reHeTH4€eCKOro MOUCKa NoJydeHbl OCHOBHBIE TPH KJHKH rpaga. Bpemenuas
CJOKHOCTb aJropuT™Ma B aydwieM caydae O(n), B caMoM XyaueM cayyae
O(n!). B cpeaneM s peanbubix rpados O(n?) + O(nd).

5.4. OnpepeseHye MJIAHAPHOCTH rpad)oB HA OCHOBe
reHeTHYeCKOro NoncKa

1. [Tpo6nema onpesnenieHyUs MJIAHAPHOCTH H MOJNYYEHHS MJIOCKOH YKJaA-
K rpada OTHOCHTCS K YHC/IY H3BECTHHIX 3a[a4 T€OpPHH rpados.

[pad G = (X, U) Ha3bIBAIOT NAOCKUM, €CNIA CYUIECTBYeT TaKoe H306-
paxeHHe Ha IJIOCKOCTH ero BeplUHH H pebep, 4TO Kax/Jas BeplHHa z; € X
u300paXkaeTcs Ha IJIOCKOCTH OTAeJIbHOH TOYKOH, NpH 3ToM pebpa u; € U
NpoCTOd KPUBOH, UMeioulell KOHLUeBble TOUKH (T;, Tk ), epeceKalTcs TOJb-
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KO B OOILKX TOYKAX, T.€. B BepUIMHAX. 3[4ecb U Aajee NOA TepMHHOM rpad
NMOHHMaeTcs CBSI3HbIH HEOPHEeHTHPOBAHHbLIH rpad.

[pa¢ HaswiBaeTcs naanapuoim, ecau oH u3oMopdeH IJIOCKOMY, T.e.
CYLIeCTBYeT BO3MOXXHOCTb NOJIYUYEHHS IJIOCKOH YKAaAKH Takoro rpada.
O6sacTh NACCKOCTH, OrpaHuueHHas peGpamu nAoCKOro rpada U He coaep-
’allas BHYTPH cebsi HW BepliHH, HH pebep, HasblBaeTcs epansio. Hspect-
Hast ¢opMysa Diisiepa CBSI3bIBAET YHCJO BEPIIMH U pebep miockoro rpada
C YHCJIOM ero rpaHeii: n —m + f = 2, rne n — YHCJIO0 BEpUIHH, M — YHCJIO
pebep rpada, f — uHcsao rpaneil rpada. M3 ykasaHHo# ¢opmyssl 6bLi
BbIBEJEH PAA CJeJCTBHH.

Crnegcrteue 1. B anobom npocmom nAGHAPHOM zpadie cyujecmayem
BEpUILHA, CMenenb KOMopou He 6oabuie namu.

Crnencrteue 2. Kawooui naanapuoul epag G ¢ n = 4 sepuunamu
umeem no Kpaiineti mepe 4emoipe 8ePUILHbL CO CMENeHAMU, He Npesblula-
rowumy 5.

Cnencreue 3. Ecau G — c8a3nbtl npocmoi naanapreul epag
cn 2 3 eepwunamu u m pebpamu, mo m < 3n — 6.

[NpuBesenHble CAEACTBHS ONPEAEIAIOT 3aBUCHMOCTb MJIAHADHOCTH rpa-
ta oT yucaa ero BepuwlHH H pebep M 3amalOT PAHHUB HHTEpBaka IO
4Heay pebep, AJSL KOTOPOro HeOGXONMMO NMPOBORMTDL LOMNOJHHTEJbHbIE HC-
creoBaHus, YTo6bl MOMYUUTH JOCTOBEPHBIH OTBET Ha BOIPOC, MJIAHAPEH JIH
uccnenyemslit rpad.

Bce rpadbl MOXHO YCJOBHO pa3buTh Ha TPH HenepeceKalolMXcsa HoA-
mHoXecTBa: G|, Gy 1 G3. B nepsoe nonmHOXxecTBO G} BXOAST 3aBEIOMO
nJaHapHble rpadel, Ajs KOTOPHIX CIPABEAJHMBO HEDABEHCTBO m < 71 + 2.
Bropoe nogmuoxecTso G§ 06pasyioT 3aBeLOMO HelsiaHapHble rpadsl, AIs
KOTOPBIX CNIpaBEAJHBO HepaBeHCTBO m > 3(n — 2). TpeTbe nogMHOXeECTBO

5 COCTaBJSIOT Ipadbl, YHCIO pefep KOTOPbIX HAXONHTCA B Mpejesax
untepsasa (n + 2) < m < 3(n — 2). Nas stux rpados TpebyoTcs gonon-
HHTE/JbHBIE HCC/IEJOBAHHS, NOCKOJNbKY KAMIAbIH M3 HHX MOXeT OblTb Kak
IJIAHAPHBIM, TAK H He MJIAHApPHBIM.

Cnencreue 4. lpager K5 u K33 He A8AA0MCS NAGHAPHbILMU.

3pech K5 — 370 noauuli rpad Ha naTb BepwuH, a K33 — ABY-
JONBHBIH ONHOPOAHBIA rpad C JIOKANbHOH CTEeNeHbio BEpLIMH, PABHOH TpeM
(puc.5.19).

Puc. 5.19. I'papbl K5 1 K33

8 JI. A.Tnazkos, B. B. Kypeiiuuk, B. M. Kypefiuuk
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Kpumepuii Ilonmpazuna—Kypamosckoeo. [pagp naanapen moeda u
moabko moeda, Kozda ox He codepacum nodepaga, eomeomopdroeo Ky
uru Kz3.

JauHblil KpUTepHit siBasieTcss HauboJsee pacnpocTpaHeHHBIM. CMbBIC ero
MOXHO TNOSACHHTh Ha npumepe. [lyctb 3agan rpad G = (X,U), He nmero-
WUl netenb U KpaTHbX pebep. [lodpasbueruem pebpa u = (x4, ;) Ha3bl-
BaeTCs 3aMeHa JaHHOro pebpa AByMs pebpamu uy = (x;, Tk) U up = (Tk, ;)
¢ BBeleHHEM MPOMEXYTOYHOH BeplUHHH k. [lBa rpada HasblBaloTCsi 20-
MeOMOpHLIMU, CH OHM HUMEIT H3oMopdHHe nmoapasbuenus. Ilpumepsi
rpaos, romeomopdubix rpadam Ky u K33, nokasassl Ha puc. 5.20.

Puc. 5.20. patbl, romeomopdHble rpadam Ks U K33

CyluecTBYIOT M LDYrHe KPHTEpHH IJAHAPHOCTH.

Kpumepuit Xapapu—Tamma. [pa¢ nranapen moeda u moavko mo-
20a, koeda y nHeeo nem nodepagos, cmaeusaemorx Kk Ky u Kz 3.

Kpumepuii Yumnu. Ipa¢p G naarnapruiil mozda u moabko moeda,
Ko20a OH umeem Komburamopro 0soticmeenruitt epagp G*.

YUTHH CBS3a] NJaHAPHOCTb rpad)oB ¢ CYULeCTBOBAaHHEM [BOHCTBEH-
HbiX rpadoB. [las noctpoenus ceomempuuecku 0golicmeennozo rpaa G*
Kaxkaas rpaHb HcxofiHoro rpada (G, BKJOUas BHEUIHIOW, Npeobpasyercs
B BepwuHy rpada G*, npu 3ToM BeplHHL rpada G* GyAyT CMeXKHBIMH,
ecaH GblJid CMEXHBLIMH, T.€. HMeJsH o6Liee pe6po, COOTBETCTBYIOLLHE IPaHH
rpada G.

Kpumepuii Max-Jledna. [pagp G naanapen mozda u moabko mo-
20a, kozda kaxmooi eco Or0k, codeprcawull, no kpaiineidl mepe, mpu
sepuiunbl, obradaem maxum 6as3ucom yuKkao8 Zy, 2y, ..., Lm U MAKUM
OonoanumesbHbIM YUKAOM Zy, umo Atoboe pebpo 6ioxa npuxadiexcum
mouno 0sym u3 amux m+ 1 yuxkaos.

DTOT KPHUTEpHIl OCHOBaH HA PACCMOTPEHHH LIHKJIHYECKOH CTPYKTYphl
rpada. Kak caegyer us cdopmynan Diinepa, Bce BHYTPeHHHe PaHH ABY-
CBSISHOTO MJOCKOro rpada G obpasyloT 6asuc UMKIOB Zy, Zs, ..., Zm, TA
m — UHKAMYeckui paur rpada (. Kpome Toro, nmeercs Takxe Zy —
BHEWHUHA npocTod wukia rpada G. Torma sw6oe pebpo Takoro rpadpa G
Gyoer npHHafjexKaTb TOYHO ABYM M3 m + | LHKJIOB Z;.

2. [pakTu4ecKoe HCNOJMb30BaHHE MepeuHCIeHHbIX KPHTEPHEB 3aTpy/AHe-
HO H3-32 HeOOXOAUMOCTH MOJIHOro nepefopa AJsl COAepKATeJNbHOrO pac-
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cMotperus: rpada. ITostomy Onliu paszpaboTaHb! IBPHUCTHYECKHE METOAbI
onpejie/ieHHs MJIAHAPHOCTH. YCJOBHO HX MOXHO Pa3fie/IHTh Ha TPH KJacca:
UHKJIHYeCKHe, MaTPHYHble H KOMOMHHPOBaHHble. PacCMOTPHM KpaTKO HAelo
KaXKJ0ro U3 fepeytcaeHHbIX NIOAX0L0B.

Lluknuyeckuit MeTol ONpefesieHUs MJIAaHAPHOCTH 3aKJ/0YaeTcsl B BhI-
JeJieHUH B 3aJaHHOM rpade IPOM3BOJbHBIX LHKJ/OB, B pe3y/JbTaTe 4ero
rpat pasbuBaeTcst Ha noArpacgbi, KaXKAbd U3 KOTOPbIX NMPOBEPAIOT Ha MJa-
HapHOCTb, YMeHblllas TaKHM 00pasoM pa3MepHOCTb 3ajaud. [lnanapHocTb
MCXOIHOTO rpaga onpelensieTcsi U3 NJAHAPHOCTH NoArpados, MOJYy4eHHBIX
B pe3yJbTaTe BblieJeHHsi UHK/A0B. OCHOBHOH HeNOCTATOK 3THX MeETO/0B
3aKJ/I04aeTcs B TOM, YTO 33Jaya Bblie/IeHusi HeOOXOAHMbIX LHKJIOB CJIOXKHA
H TpefyeT 3HaYHUTENbHBIX 3aTPAT BPeMeHH.

MartpuuHble MeTOIbl ONpeje/eHHs] NJIaHAPDHOCTH HCMOJb3YIOT HEKOTO-
phle crielnaJjbHble MaTpPHLb rpada, HanpHMep, MaTpHLUY JHHEHHO He3aBH-
CUMLIX LHKJAOB. [Ipy 3TOM OTnpaBHOH TOYKOH sBAseTcs KpuTepud Mak-
Jlefina, oTMevarowyii, 4To rpad naaHapHbIH, eClH B MaTpHLe BCeX €ro BO3-
MOXKHBIX LHKJIOB MOXHO BBIZEJNHTb NMOAMATPHLY, COmepXKallylo m — n + 2
CTPOK H T CTOJOLOB, NPHYEM KaXAbli CToJ16el, COAEPXKHT CTPOTO ABe e/H-
Huusl. OpHako TaKOH BapHaHT MojapasyMeBaeT GoJibLUHE 3aTpaThl BPEMEHH,
0coOeHHO ecJ/id HccaefyeMblil rpad 0Ka3blBaeTCs! HeNJIAHAPHBIM.

MeToabl W alArOPUTMbl ONpeAesieHHs TJIAHAPHOCTH MOXHO pasfesHdThb
Ha [Be IpYyIbl, KaXJass U3 KOTOPHIX COCTOHT MX HECKOJBKHX IOLKJACCOB
(puc.5.21).

PaboTy MaTpHYHOTO ajAropuTMa Ofnpefe/ieHHA MJIaHAPHOCTH MPOHJAJIO-
cTpupyeM Ha npumepe. [lycTh 3apan rpad G, usobpaxensnbit Ha puc. 5.22,

3anaga ONnpeneIcHus IIaHApHOCTH

I
1 l

Kpurepun WIaHapHOCTH  (—— |  AJNTOpHTMEI OIpeETCHHA
IUIAaHAPHOCTH
Kpurepuit [lonrparuna— | |
Kyparoeckoro
—» uxnudyeckue

Kpurepuit Xapapu-Tarra —

- Marpugnsie

Kpurepnit YuTHH ~—

— Kom6uHupoBaHHbIE

Kpurepuit Mak-Jleiina = [«

Puc. 5.21. Knaccugukaiuns MeTOROB OnpefesleHUs MJIaHapHOCTH

8*
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I'pady nmeer n = 6 BepiuuH, m = 9 pebep, a YKCJIO CTPOK, KOTOPOE Heo6Xo-
JUMO BBIAEJIMTb U3 MaTPHUB LHKIOB B, /11 ycTaHOBJEHHS] NMJIAHADHOCTH
rpata, 6ygeT pappo m —n+2=9—-6+2=25.

3. Chopmupyem pe6epHO-OpHEHTHPO-
BaHHYI0O Matpuuy Bgm, BEKTOp MHO-
kectBa pebep M U BexkTOp KOMOMHa-
uvi uukaos Cp (puc.5.23). B BekrOpe
C;  BbiObHpaercs  nepeas  KOMOHWHAUWSA
C; =[11111000000000] u uaxonuTcs
anreGpanyeckoe [pOU3BeJleHHE BEKTOPOB:
Puc. 5.22. Ucxonuslit rpad G C'lMp: 343+ Z + 4}1.}. 4 = 18. pHa

c/eyIOlleM [l1are MOJY4YeHHOe 3HayeHue
CM = p cpaBHHBaeTcs ¢ ynuciaoM 2m. B caydae, ecnn p < 2m, anroputm
reHepHpyeT HOBYK KOMOHHALHMIO LMKJIOB H mpouecc nosropserca. Ecau
P > 2m, To HcenenyeMblil rpad HensaHapHbii. B cayyae xe, korga p = 2m,
KaK, HalpuMep, B pacCMaTpDHBaeMOM IIpHMepe, aJrOPHTM NPOJOJKAeT
paborty.

r011000010 3]
000011001
001110100
110001100
100100011
111100001
100111010
110010101
010110110
101001110
001101101
111111000
101010111
| 010101111 | I

Puc.5.23. Pe6epHo-opyeHTHpOBaHHAsA MaTPHLA U BEeKTOp MHOXecTBa pebep

oy
<]
3
I
I
DO UTT L U1 U b W

Ecniu B pesyabrate ypanoch chopMHpo-

8(1)(1)8??8(1)(1) BaTb noamatpuuy B, (puc.5.24), orseuaio-

B.=| 001110100 |. wyo kputepuio Mak-Jlefina, 1o rpad naanap-

110001100 HbIH, B NPOTHBHOM CJyd4ae NOC/e reHepalyuu

100100011 HOBOM KOMOWHALUMH UMKJOB NPOLECC MOBTO-
pseTcs.

Puc.5.24. Tlonmarpuua Be OcHoBHas npobsema PacCMOTPEHHOTO aJ-

rOpUTMa — 3TO TeHepalusi H XpaHeHHe Heol-
XOAHUMBIX A/ paGOThbl aATOPHTMA MACCHBOB AAHHBIX (MaTpHLBl HHUHIEHT-
HOCTH, LHKJOB, peGepHO-OPHeHTUPOBAHHON MaTPHULULl H TAK Jajee).
K 4dc/y AOCTOMHCTB anrOpHTMAa MOXKHO OTHECTH BO3MOXHOCTb IapaH-
THPOBAHHOTO ONpeeeHHA NJIAHAPHOCTH.
4. LukAuYeCKHe aJrOPUTMBl HAYHHAIOT CBOIO PaBoTy C BbIOEJIEHHS B UC-
cnenyeMoM rpade G = (X, U) HekoTOpOro IpocToro, T.e. He WMEIOLIero
NOBTOPSIOLUIUXCS BePLINH, LHK/AA NPOHU3BOJbHON AJHHBL. [IpeaBapHTeNbHO
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MPOBOAMTCA HCCJEOBAHHE 3aJaHHOrO rpada Ha NpeAMeT YyjasleHHus
BUCSYHX BEPUIHH H HHLHIGHTHLIX HM pebep, a Takxe CTACHBAHUS BEPLIMH,
HMEIOLIMX JOKANbHYIO CTeNeHb, PaBHYIO ABYM. KpoMme Toro, Heo6XOAHMO
TIPOBEPHTH, SIBAAETCH JIM HCXONHBIN rpad CBA3HBIM, a TaKXe ONpefe/IHTh,
He sBJsieTcs JM paccMaTpHBaeMbld rpad 3aBegoMo nJsaHapHeiM J1HGO
3aBelloMO HelnaHapHbIM. [locsie BbIMOMNHEHHS BCeX onepalMii NPOH3BOLHTCSH
tdakTOpU3alMs CBS3HBIX KOMIOHEHT, T.e. CTACHBAHHE BCeX BepUIMH H
pebep, NpUHAAIEKALLUX KOMIIOHEHTe, B ONHY BepiidHy. 3aTeM Kaxjas 06-
pa30BaBLIAACS KOMIOHEHTA, BKJI0Uas LHKJ, MPOBepseTcs HAa BO3MOXHOCTb
NOCTPOEHHS MJOCKOH YKJMafKH. B rpade HaxoauTcs NPOU3BOJBHBIN LUK,
noc/ie yaajeHHs KOTOpOro rpad pacnajaercsi Ha OTAeJbHbE (pparMeHThl.
3aTeM [NpPOHM3BOAHTCSA MOMBITKA DACHONOXKHUTh KaXKAbIH MNOJNYUeHHbIH
(dparMeHT Ha TIUIOCKOCTh BO BHelUHeHd Ju6O BHYTpPeHHeHd o0O6JacTax
TIepBOHAYANBHOIO LHKJA. [lasee yKAAAKH (GparMeHToB, 0 BO3MOXKHOCTH,
06BbeMHSIOT, MONYyYast MOCKYK0 YKJIaJKYy Bcero rpaga. AJropuT™ OCHOBaH
Ha WIesiX MOMCKA B IYOHHY M UMeeT BpeMeHHYIO coxHocTh O(nlogn).

PaccMOTpHM MexaHH3M HCIOJb30BAHHS Hac/leNCTBEHHOH HHGOPMaLHH
(puc.5.25) Ha mpuMepe 3aayn MHHUMH3aUHH nepecedeHHdl. Jlas 3rToro
B 3aJaHHOM rpade BbifeJseM MPOH3BOJBHEIM 06pa30oM HEKOTOPBIH LMK,
pasbuBasi TAKMM 06pa3oM BCIO MJIOCKOCTb Ha JIBe MOJYIJIOCKOCTH, NPHUEM
Bce pebpa, HHUHUIEHTHLIE BepIIMHAM LHKMA, pacnoaratoTcs JH60 BHYTPH,
JAu60 CHapyXM UHKAa. B HTOre mosydaeM Ha4asJbHYK <«POAMTENbCKYIO»
napy XpoMOCOM, Ka)K[asl H3 KOTOPHIX HeceT HH(OPMALHIO O PACMONOXKEHHH
pebep, npH 3ToM LeneBOoH (yHKuumel Oyner 4yuc/a0 NepeceyeHuil pebep
B JAHHOH MOJIYINJIOCKOCTH.

5. [lpu pemendn 3ajayu MUHUMH3AUKUH TepecevdeHHH BO3MOXKEH BapH-
aHT, KOI4a H3 OJHOH MOJYINOCKOCTH B APYTYIO TIepeMelialoT He OTAeNbHbIe
pebpa, a NoCJ/IeI0BaTE/bHOCTb pebep, PacloJIOKEHHBIX B CTPOrO OnpejeseH-
HOM mopsiike. B atom caydae XxpomocoMa NpeacTaBasieT cOO0H 3aKOAHpPO-
BaHHYIO B ONpefeJ/eHHOH OoC/Ne0BaTe/IbHOCTH LENOUKy pebep, H KaxIbli
ee pa3psil ecTb 3BeHO uUenu. CJlegoBaTejibHO, TPHMEHEHHE CTAHAAPTHBIX
OMepaTopOB MOXKET NPUBECTH K Pa3pbiBy LENU U NMOJYYEeHHIO HepeasbHOro
pelleHHs.

Jns npuMeHeHUs YHHBepCAJLHOrO ONEepaTopa KPOCCHHIOBepa K Mopob-
HOH XpoMocoMe HeoOXOAUMO IPeABapPUTE/bHO C(HOPMUPOBATE MAcKy TAKUM
o6pasom, yToObl NpH o6MeHe pefpaMH BO BPeMs BBINOJHEHHS ONepaTopa
KPOCCHHIOBepa H3MeHEHHe BHYTPeHHeH CTPYKTYPH Lenodyek pebGep He mpu-
BOJMJIO K 0OPa30BaHHIO PaspblBOB.

PaccmoTpuM nopsiioK BHIIONHEHHS ONepatopa MyTalUHH [as ONpege-
JIeHHs TJaHapHOCTH rpada. Hanpumep, B Xome pellleHHs 3afavd NoJy-
YeHa BeKTOPHAasi XPOMOCOMa, KaXXAbl I'eH KOTOpOH MNpeAcTaBiaseT coOoi
32KONHUPOBAHHYIO [10C/JEA0BATE/IbHOCTE pebep. JLas BBINOJHEHHS ONepauuH
MyTalUHH caydadHbBIM 06pa3oM BbiGHpaeM reH:

{1,2,3} | {4,5,6} {10, 11,12}
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r I'enepanus HavanbHOH nonynsuuy B(t) J
I
| OueHKa npucnocobNeHHOCTH HHAHBHIOB J
|
Buiuncnenue cpefineil npucnocobGs1eHHOCTH
HOMYNALUA
!

]
PanxxupoBaHHe HHANBUAOB M BBIGOD
1-ro poaurens

Hcnons3oBarars Jiu
FEHETHYECKHE ONepaTopsl

l Bribop reneTHueckoro oneparopa l

[
1
[ Myranus -—| | Kpoccunroeep | LI/IHBCPCHH I

Bbi60p 2-ro poauTena 1 TOYKH

Konuposanue

KPOCCHHIOBEpa
]
{
r OueHka npucnocobIeHHOCTH MOTOMKa J
1
|
f Co3apanne HoBO# nonymauuu B(r+ 1) J

IMonynauus
3anoiHena’?

3aKkoHYHTH
paboty?

[ Komneu paborst TA J

Puc. 5.25. MonndH1LUxpoBaHHas cxeMa paboThli TeHETHUECKOTO airopHTMa

rae |} {7.8,9} || — ren, BuiGpannbifi aas myTaunu. A 3atem K BuOpaHHOMY

reHy MpHMeHseM MYTaLHIO:

TR ][E] o
nln TeH nocJjie MyTalHy,
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rae || — Touka MyTtauuu. [Tocsie BHINONHEHUS ONepalHK MPOCTOH MYTalHH
NoJIy4aeM XpoMOCOMY CJIe/lYIOILEro BUAA:

[ (1,2,3} | {4,5,6}J {7,9,8} | {10,11,12}—|

IMocne BHIMONHEHHS oOmepaUMH MYyTaUMH MOCJAEROBATEJNbHOCTb pebep
B reHe 3 M3MeHeHa, UTO MOXeT MPHBECTH K Pa3pbiBy LEMNH U NOJYHEHHIO
HEPeasIbHOr'0 pelleHHs!.

[Tokaxkem mopsanok BbIGOpa TOYKH MyTallMH ¢ noMmolbio yncea Pubo-
Hauuu. [TycTh MMeeTcs BeKTOPHAsA XPOMOCOMA, NPEACTABISIOLLAA HEKOTOPOE
4HC/I0 Lenodyek pebep. Jns BBINOMHEHHS ONEpPallMH MYTAUHH CJAYyYaiHbIM
06pa3om BbIOHpaeM re 3:

{1,2,3,4,5}({6,7,8,9,10, 11} |{12, 13, 14, 15, 16, 17, 18, 19, 20}] {21, 22, 23, 24}

3arTeM K BHIOPaHHOMY reHy NPHMEHsieM OMepaTop MYTAUHH, NPHYEM pasps-
Ibl AJIS MyTaUMH BBIGHPAIOTCA B COOTBETCTBHH C uyHcaamu Pubonayuu, 1. e.
1,2,3,5,8,..., a 06MeH YHC/IOBHIX 3HAYEHHUI MEXAY Pa3padaMH NPOHCXOLUT
10 KPYTy CO CABHUIOM BIIPABO:

,12[13,14|15[16]17]18[19[20]re”omymuuu

| 19 [ 12 ] 13 ] 15 [ 14 ] 17J 18 | 16 | 20 | FeH moc/ie MyTalMH,

[Tocte BhiMo/MHEeHHs ONepalHid MYTaLHH NOJy4aeM XpPOMOCOMY CJIe/[YIOLUEro
BHJA:

{1,2.3,4,5}({6,7,8,9,10, 11}|| {19,12,13,15,14,17, 18, 16,20} || {21, 22, 23,24}

PaccmatpuBaeMblil anropuT™M uMeeT GJOYHYIO CTPYKTYPY, Te KaAblH
BJI0K sIBJsIeTCS OTHAeNbHbIM (hparMEeHTOM, BXOAHble JaHHbE AJS KOTOPOro
NpefoCTaB/sieT NpeAbIAYIIHHA 610K (32 HCKIIOUeHHeM HayajbHOro GJI0Ka).
YKpynHeHHas CTPYKTYpHasi CXeMa aJropHTMa NpeacTaBJeHa Ha pHc. 5.26.

Onwuiem ¢pyHKUME Kaxaoro 6/o0ka. [lepsoim 6/10KOM SBASIETCS BBOA, HC-
XOAHBIX JaHHbIX. OH CHYXKHT AJs Npeo6pas’oBaHHs 3aflaHHOTO MPOH3BOJIb-
HbIM 06pa3oM (MaTpHUYHbLIM, rpadUYECKHM HJIH HHBIM 00PAa30M) HCXODHOIO
rpada K popMe HCXONHBIX JAHHBIX, UCIONb3YEMBIX aJTOPHTMOM.

Byiok renepauny UHKJOB NPOU3BOAMT FeHEpalMi0 BCeX LHKJIOB 3aiaH-
HOH AJ/IMHDI, BHIMOJIHAS 3TO AeHCTBHE CTOJNBKO pa3, CKOJbLKO NMOTpeGyeT OT
Hero 6JIOK aHa/H3a. T.€. OH ABJSETCs CBOEro poAa MOCTABIIHKOM «Chipbsi»
Ang 6JI0Ka reHeTHMYECKHMX ONepaTtopoB, B KOTOPOM MHPOHCXOOHT NpOLEcT
NJaHapH3aUHHN HccienyeMoro rpada. BaoK ykaaiky BBIOJIHSIET IJIOCKYIO
yKnaaky rpada aubo ero MakCHMasnbHO NJAHAPHOH YaCTH. .
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Bnok BsBoaa
HACXOOHBIX NAHHBIX

brok renepaunmu
HUKJIOB

bnok aHanuza
TPOMEKYTOUHBIX
TaHHBIX

Bi1ok reHeTHUECKUX
Oneparopor

bnok noctpoeHus
YKNaIKH

Puc. 5.26. YkpynHeHHas
CTPYKTYpHast CXema asro-
PHTMa ILIaHAPH3AUMH

Hcxonuniit rpad G MoxeT O6biThb 3ajaH
MaTpHuel JHOO CHHCKOM cMexHocTd. Mar-
PHYHOE MpelcTaBJeHHe ABAETCS H3OLITOYHBIM.
Jns anroputMa onpegeneHds nJaHapHOCTH HC-
nosb3yeTcss MOIH(HUUPOBaHHAas PopMa CIIHCKa
cMexHocTH LS, rie Kaxao#l BepuinHe CTaBiaTCA
B COOTBETCTBHEe HoMepa pebep, HHLUHAEHTHBIX
paccMaTpMBaeMoOl BeplLIHHe, HanpHMep, 3amuch
1 :1,2 osnauaet, 4T0 pe6po OAHUH HHUHUAEHTHO
BeplUMHAM ] H Tz M UMeeT HoMmep |, mpuyem
B CIHCOK CMEXHOCTH HEKOTOpOH BepLIHHBI Z;
He BKJIOYAITCA HOMepa BePLIMH OT Z] J0 Tj—|
BKJIIOYHTEJILHO.

Hanpuwmep, ang cresepupoBaHHOro cay4ai-
HbIM o6paszoM rpada (, H3006paxKeHHOro Ha
puc. 5.27, ucxogHble faHHble A5 Hadyasda pado-
TH a/IFOPUTMA 3anUUIYTCs TaK:

Lzy = {1(1,2),2(1,3), 3(1,5), 4(1,6), 5(1, 8)};
Lay = {6(2,3),7(2,8)};

Lzs = {8(3,6),9(3,8)};

Lzq = {10(4,6), 11(4,7), 12(4,
Las = {13(5,6), 14(5, 7), 15(5,
Lzg = {16(6,7)}.

ll

8)};
8)}

Takas gopma npeacTaBJeHUsT UCXOAHBIX HAHHBIX He COAEPKHUT U3OLITOYHOH
uHoOpMaUHH H MO3BOJISET YBEJIHUYHTD 3(p(PEeKTHBHOCTL ANrOpHTMA.

Puc. 5.27. Tpap G, 3anauHbléi cayyaiiHbiM 06pasom

lenepalius UMKJIOB OCYLLECTB/ISETCS HA OCHOBE MOMCKa B ry6uny. Yuc-
JIO CIIHCKOB CMEXHOCTH ByNeT MeHblue JIHGO PaBHO 4HCJY BepIUHH rpada,
YHCJIO 3JIEMEHTOB B cnucke Lz; Haxoputes B uHTepBade: 0 < |Lz;| < p(x;).
[pouecc reHepauud UHMKAOB k-H AJAHHB HauMHaeTcs co cnucka Ly,
B KOTOpPOM BbIGMpaeTcsi BeplllMHA I;, CTOSIlAs Ha MePBOM MeCTe, MOCJ]e
yero BHIIOJHSAETCA nepexof K cnucky Lz;. B caywae, ecan Ha mo6oM
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U3 WaroB OBHApYXHUBAeTCH HEBO3MOMHOCTb JAAJbHEHIIEro NpPOAOKeHHS
(3aMBIKAHHSA) llend, aJCOPHTM BO3BPALIAETCH HA ONMH LUAT HA3aJ W Npo-
CMaTpHBaeT Apyrde BO3MOMKHOCTH 1Js BbiOopa nyTh. Takum obpasom ¢op-
MHpPYeTCs MHOXECTBO LUMKJIOB JJIHHB k, NpedCTaBaAsSIOWHX COB0H LENOUKH
BUJA Z]...Zj... Tk -.. 1. [locse TOro, Kak NPOCMOTPEHBl BCe BO3MOXKHOCTH
H chOpPMHPOBAHBl BCe LMKJB, HCIOJb3YIOUHE BEPILHHY T; B KayecTBe
HayaJ/bHOH, CHCOK Lz yaansercss U3 pacCMOTPEHHA, MOC/e YETO MPOLecce
TIOBTOpSIeTCS AJS CJAEAYIOLEro CIHCKA.

B mnpouecce paGoThl airopHTMa reHEPHPYETCH MHOMXKECTBO BCEX BO3-
MOXKHBIX LHKIOB AquHbl k: C, = {C},Cy, ..., Cy}, e £ — YHCJO UHKIOB
oauHbl k. Kaxasii snemeHT MHOXKecTBa C) MpelcTaBisieT COBOH LMK
AJHHBL Kk, COCTOAUMH M3 HOMEDPOB pebep, COCTAB/AIIIMX AAHHBIHA LK.
Tak, Hanpumep, ans rpaca, H3o6pakeHHOro Ha puc.5.27, B npouecce
paboTbl 6/10Ka reHepalUMH LUHKJIOB OblJO MOJNYUYEHO CIELYIOlee MHOXKECTBO
LLMKJIOB AJHHBI TPH:

Ci=(1-6-2); Co=(1-7-5); Ci=(2—8-4);
Ci=(2-9-5) Cs=(3-13-4); Cs=(3—15-5);
Cr=(6-9-7); Cs=(10—16-11); Co= (13— 16— 14).

Ha ocHOBe 3THX CIHCKOB BNOC/MEACTBHH MOXeT OhIThb c()OPMHPOBaHa MaT-
puna UMKIOB B = |[bijllexm, TAE ¢ — UHCAO HMKIOB, a M — YHUCIO
peGep rpada, NpuyeM 3/JeMeHT MaTpulsl by; = 1 B caydae, ecnu pe6po m;
NPHHAIMIEXKHT UKKAY ¢; (m; € ¢;), 1 bj; =0 B npotuBHOM caydae. [Ipumep
MaTpHLbl UHKJIOB AJHHBI 3 MOKa3aH Ha puc.H.28.

123 456 7 89 1011 12 13 14 15 16
G|t 100010000 O 0 O O 0 O
Cl1 0001 O0O1 OO0OO0O O O O O 0 O
G0t 01 oo0oo0o10 0 0 0 0 0 0 O
¢gi01 001 0001 0 O O O 0 0 O
G061 10000O0OTOOO0 O 1 0 O O
Cs|00 001 01 00000 O0C O O0OO0O 1 O
¢Gi0o 00001101 0 0 0 0 0 0 O
Cs{0 00O0O0O0O0OO0COOT 1 0 0 0 0 1
CG|0000O0O0CO0OO0OO0OO0OO0O O0O 1 1 0 1

Puc. 5.28. MatpHua LUKAOB AJIHHBI TPU

[NonyyeHHble faHRbIE ABASIOTCSA HCXOAHLIMH AJ1Sl PAGOTH FeHETHYECKOro
anroputT™Ma. AJITOPHTM aHaau3a M NPHHATHSA PelIeHHH MOXHO 3aMnHCcaThb
B CJeAyIOLleM BHAE.

1. Tlopcuutath yncna unkaoB Neg = |Ci| v ancaa nosropos Nm, Kax-

noro pebpa mj, roe j=1,..., M. N
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2. Ecnu suinonHsetcs yeaosue Neg > m —n+2 u (Vj € M)(Nm; > 2),
TO MepedTH K NYHKTY 3, €C/IH HeT, TO BePHYThCS K GJIOKY reHepaLuu
LMK/JOB M HadaTh FeHEPalHI0 LUHKJIOB AJMHHbL k + 1.

3. M3 muoxecTBa unka0B Ck BuGpaTh nepee (m — n + 2) UHKIA U NOA-
cuhTaTh obulee yucao peGep Nm, NpuHagMeKallMX 3THM LHKJIAM:

K
Npmo= > k-|Ck|, tae k¥ — mnusa uukaa; |Cx| — MOLIHOCTH MHO-
k=3
eCTBAa LHKJOB JJMHH k; K = k + s — nJHHA caMOro JJIHHHOTLO H3

CreHepHPOBAHHLIX LUKJ/OB, [le § — YHCJIO LIarop B G/IOKe reHepauuu
LIUKJIOB.

4. TlonyyenHoe 3HaueHWe Nm CPaBHUTb C YABOEHHBIM YHCJOM pebep
ucxogHoro rpaga G. Ecnu Nm > 2m, to paccMmatpuBaeMblii rpag
apaseTcs HemjaHapHbM. Cilef0oBaTeNbHO, HEOOXOAUMO NPUHATD pelle-
Hue. Ecny HYXHO BEIZENHTL MakCHMaNbHYIO MJaHAPHYIO 4YacTb rpada
M TIOJAY4HUTb 1Sl Hee MJOCKYIO YKJAAKy, TO NEpedTH K NYHKTY 6,
B NPOTHBHOM CJy4ae — K 7.

5. Heob6xopimo copMHpPOBATH TAKYI0 KOMOHHALMIO LUKJIOB, YTOGH! Bbl-
NoJHANOCh yeaoBHe: Nm = 2m. Ecau nonydyeHHoe 3naueHHe Nm <
< 2m, TO HeoOXOLHMOE YCJOBHE JOCTHUTAeTCsi NYTeM 3aMeHbl HeKOo-
TOPOTO YHCJA LHKJOB MeHblledl AJMUHBI (HampuMep, AJAMHB k) Ha
UMKJIB GOMbLIeH AMHHBL (UMKJAB AJAUHBL k + 1). Ecau uuxael piuubi
k+ 1 OTCYTCTBYIOT, TO HY2KHO BEpHYTbCS K GJIOKY FeHepalHH LHKJIOB
H HadaTb TeHepaluio UHUKJOB AJHHB k + 1, B NMPOTHBHOM cJydae —
repedTH K NyHKTY 6.

6. B cayuae, korna Nc = 2m, nu6o nocse npeoGpasoBaHHi, ONMHCAHHBIX
B NYHKTe 5, AHOO B Cjyuae, OHUCAHHOM B NMyHKTe 4, paboty 6.0Ka
aHaJ/IM3a 32BEPIUHTb, N10JyYeHHbIE aHHble (MHOXKECTBO LIHKJIOB U Ipej-
nojiaraeMasl cxemMa KOMOGHUHALMH) GUKCUPOBATH U NepefaTh AJst paboThl
reHeTHYEeCKOro ajJropuTMa.

7. Konen pa6otel anroputma

Ilast rpaca, npeacrasieHHoro Ha puc.5.27, npouecc BuIGOpa pelueHHs
6yneT TaKUM:

1.1. ChopmupoBaHo AeBsiTb UKKJIOB AnuHbl Tpu (Nez = 9).

1.2. Heo6xogumoe 4ykeno HuKaOB: p=m—n+2 =16 -8+ 2 = 10.
[Tockosbky N¢3 < p, TO He0O6XOAUMO BePHYTbCS K OJIOKY reHepaUHUH HHK-
JIOB M HAYaTb FeHePauyio UHUKJIOB AJNHHB 4.

2.1. B pesynbrate paGoThl 6J0Ka reHepaluy LHKJAOB c(HOPMHPOBAHO
16 UMKROB A/HHBI YeThIpe:

Cio=(1-6-8—4); Cj=(1-6-9-5); Ciz=(1-7-9-2);

013=(1—7—l5—3); Cl4=(2—6——7—5); 0152(2—8—13—3);

Cie = (2-9-15-3); C)7 = (3—14—16—4); Cig = (4—8—9-5);

Clg = (4—10—12—5); 020 = (4—-13—-15—5); CQ] = (8—10—12——9);
Coy = (8—13—15—-9); Chs = 10—13—14—11); Cp = (10—13—15—12);
Cos = (11— 14—15-12).



5.4. Onpedenenue naanaprocmu epagos 235

2.2. Ofliee 4MCNO UMKJIOB CTan0 paBHBIM ABapuatd nat (Nc= 9+
+ 16 = 25), T.e. N¢ > p. Yncno nosropenuii kaxporo pebpa Nm; > 2,
N03TOMY NEpeXoiuM K NYHKTY 2.3.

2.3. INockonbky p = 10, To Oas8 NepBbIX AECATH LIMKJOB NOACYHUTHIBAEM
yucyo pebep: Ne=3x9+4x1=27+4+4=31.

2.4. Hucno pebep N'm He Goablue yoBOeHHOro yucaa pebep rpada 2m
(2m = 2 x 16 = 32), nosTomy nepexofHM K NMyHKTY 2.5.

2.5. Monyuennoe 3Haverne Nm MeHblIe yBOEHHOro 4ucaa pebep rpa-
da (2m =2 x 16 = 32 = Nc < 2m). PopmupyeM nNpeanosaraemMyio cxemy
komOuHaunu. Iast aToro Heo0X0OUMO 3aMEHHTb OfMH H3 LMKJOB [JIHHbI
TPH Ha LUK JJHHBL YeThipe.

2.6. [Tocne npoBepfenus 3aMeHbl ycjoBHe N¢ = 2m BHINOJHEHO H Bbi-
SICHSIeTCS, YTO AJIsl PEIieHMsl NOCTABJEHHOH 3aaudl HeOGXOAMMO H3 HMe-
IOLIErocs MHOXECTBAa LUKJAOB BbIAEJHTb HEKOTOPHH 6asuc, BKJKOYAOLHM
[IECATh HHUKJOB, B TOM YHche 8 UUKJIOB AJIHHE TPH U 2 — AJIHHbBI YeThipe,

6. BJloK reHeTHYeCKUX OMEpaToOpPOB SIBJASETCS OCHOBHBIM OJIOKOM aJfro-
pUTMa NJaHAPU3ALMH, BHIIONHAIIMM HCC/Ie[0BaHHE WCXONHOro rpada Ha
npeAiMeT OlpefeeH sl MJIaHAPHOCTH, a TaKXkKe HaXOXJeHHe BapHAHTOB ero
IJIOCKOH YKJaIKH. 3agaya onpejeseHus NI1aHapHOCTH U MOCTPOEHHS NJIOC-
KOl YKJaAKH rpada paccMaTpHBaeTcsl Kak 3ajadya MOCTPOEHHST HEKOTOPOTro
6asuca (34aHHs), YOOBJIETBOPSIOWETO YCTAHOBNEHHBIM KPHTEPHAM (HOpMa-
tuBam). CTpoHTeNbCTBO 6a3uca, TaK K€ KaK H CTPOHTENbCTBO 3[aHUsA
MPOBOAMTCS B HECKOJBKO 3TAMNOB.

I sran. «CtpoutenncTBO hyHOaMeHTa» — mpolecc HOPMHPOBAHUA Ha-
4asibHOro 6a30BOro pelIeHHs], KOTOpOe NOJXKHO CTaTh OCHOBOH AJIS NaJlb-
HefiluKx npeoGpa3oBaHUi.

2 sran. «CTPOHTENLCTBO KapKaca» — 3TO NPOLECC JONOJHEHHS HMe-
polerocss 6a30BOro pelieHHs HOBBIMM KOMOMHALMAMH UHMKJOB 10 HOCTH-
JKEHHs MaKCHMaJbHO BO3MOXKHOH CTeleHH 3anosHeHHs. B 3aBucumocTu
OT JOCTHTHYTOrO Ha BTOPOM 3Talle pe3yJabrata (ONTHMajbHOE WM KBa3H-
ONTHMAaJ/bHOE 3aMOJHEHHE) Npouecc MU0 3aBepluaeTtcs, JHO0 nEPeXOquT
K CJeayioleMy 3Tarny.

3 aran. «MupusupyanbHas noctpofikas» — airopuTM MBITAETCA NYTEM
NOIIAroBbIX W3MEHEHHH yNyYlWTh MOJYy4HeHHOe paHee KBa3HONTHMARbHOE
pellieHHe, T.e. HAlTH rjobanpHBIA onTHMYM. B cayuae, ecau 3710 ynaercs,
poLecc CTPOUTENbCTBA 3aBepllaeTcsi, B NMPOTHBHOM CJy4ae aJrOpHTM ne-
PEXOAHUT K CJEAYIOLIEMY, YeTBEPTOMY H NOCJEJHEMY 3Taly CTPOMTENLCTBA.

4 stan. «Koppektuposka npoekta». Ha 3ToM stane nosydyeHHoe KBasu-
ONTHMaJ/bHOE pelleHHe, BBUAY HEBO3MOXKHOCTH JajbHEHLIEro y/ay4lieHHs,
3aNOMHUHaeTCs], Moce 4ero B JaHHOe pellleHHe («[IpPOeKT») BHOCATCHA H3Me-
HEHHS W CTPOHTENbCTBO BO30OHOBJSETCS CO BTOPOrO 3Tana.

B kavecTBe CTpOHTE/bHBIX METOAOB Ha TEPBHIX TpPeX 3Tanax HCHOJb3Y-
I0TCSl reHeTHYeCKHe OMepaTophl CeJieKLHH, KPOCCHHroBepa U otbopa, ajan-
THPOBaHHble K creudHKe MocTaBJeHHOH 3afayd. 3ajaua KOPPEKTHPOBKU
NPOeKTa BBIIONHSETCSA C IOMOLLbIO ONePaTOPOB MYTaLHH H HHBEPCHU.q
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CoippeM 1St TPOH3BOACTBA CTPOHTENLHLIX GJIOKOB, HCIOJB3YEMbIX
B MpOLIECCe CTPOHTE/bCTBA, ABASETCH MHOXKECTBO LMKJOB, COPMHPOBaH-
Hoe 6/I0KOM reHepalHy LHKJOB, IIPH4eM CTPOUTEbHBIE GIOKH MOTYT OHITh
pasMepa JBa (YHCJI0 LHKJIOB B KAXKAOM M3 HUX) Ha NepBOM K BTOPOM 5Tanax
paboThl FeHeTHYECKOro ajJroputMa JHbo pasMepa oguH. Cxema QyHKUHO-
HHpPOBaHHs 6JI0Ka FeHeTHYeCKHX ONepaTopoB MOKa3aHa Ha puc. 5.29.

CrpourtensCrBo N~
¢byHnameHTa

CrpoutenscTBo

Kapkaca :laTaH Ne 2

HUnnusunyansHas
JI0CTPOHKA \
Koppexruposka
npocia
L
i
Konen pabotst

Puc. 5.29. CTpyKTypHas cXeMa reHeTHYECKOro ajaropuTma

HMcxopHbIMH JaHHBIMH JJIS1 pacCMaTPHBAaeMOrO reHeTHYeCKOro aJropHT-
Ma SIBJSIETCSI MHOMXECTBO LHKJOB, H3 KOTOPOrO HEOOXOAMMO HEKOTODBIM
06pa3oM BeIIeNIHTb 6a3HuC LHKJI0B Bp, rie p = m — n + 2. Muave rosops,
IJ18 npeAcTaBieHHsi 6a3uca B BHAE XPOMOCOMbBI HeoOXOAMMO, 4TOOLH B HeH
BbII0 He MeHee p paspsanoB (FEHOB), KaMAbIH U3 KOTOPBIX COOTBETCTBYET
HoMepy uuKJa. Takum o6pasom, MOA XPOMOCOMOH NOHHMaeTcs KOMOHHALUA
U3 p LMKJOB, ABJSIOLLASACSA OJHOBPEMEHHO BapHMaHTOM IJIOCKOH YKJAagKH
HCXOAHOTrO rpada.

B anropuTme MCNO/B3YIOTCA CNELHalbHOTO BHAA XPOMOCOMBI, C YHCJIOM
reHoB paBHbIM (p + 3}, MpHYeM Kaxaas XPOMOCOMa B MOMYJSLHUH COCTOMT
Kak 6bl M3 AByX uacTed. JleBas 4acTb XpPOMOCOMBI HMeeT p paspsiioB,
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NpeACTaBASOWNX o060 KOMOMHALMIO 3afeHCTBOBAHHLIX B JAHHOM BapH-
aHTe pelleHHs1 LMKJOB, a [paBas 4acTh HMeeT TPH pa3psafa, HeCyLHX
HH(bOPMALMIO O TOM, KaKHe pebpa U CKOJIBKO pa3 cofep:XaTcsd B BbiGpaHHOH
komO6uuaunu (0, | uiam 2 pasa cOOTBETCTBEHHO AMsA paspsaaoB p+ 1, p+ 2
1 p+ 3). Kpome Toro, nocsegnve TpH paspsaa HCHOJb3YIOTCA NMPH KOJH-
4eCTBEHHO! OLEHKe KayecTBa MoJy4eHHOro petenus. Jlis aToro BBORHTCA
B paccMoTpesue (yHKUHA d(m), KOTOpas CTPEMHTCS K MHHUMYMY /1
reaoB p+ L up+2 (f(H) — 0) 4 cTpeMHTCS K MAKCHMYMY jJisi reHa p + 3
(F(H) = m):

d(m) = (2 x Nmpy3 + Nmy 4+ 2)/2m,

rae Nmp+3 — 4HC/I0 37eMeHTOB B p+-3 paspsige xpoMocoMsl, a Nmp+2 —
COOTBETCTBEHHO YHCJIO 3JEMEHTOB B p + 2 paspsage XpOMOCOMBI.

Kak cnegyer u3 ¢opMysbl, 3HaueHHs, KOTOpble MOXeT NPHHHMATh
GbyHKIMs oueHKH §(m), HaxoasTcs B uHTepBane [0, 1], npuyeM KadecTBO
pellenus OymeT TeM Bblllle, YeM OoJblie yHcaO peGep U Npexje BCero
pebep, BCTPeYAOIINKCS ABAXK B!, 32 ICTBOBAHO B OLEHHBAEMOM DPelleHHH.
JleBas 4acTb XpOMOCOMBI, B CBOIO O4epellb, MOXET COIEepXKaTb KaK 3Hada-
LY, TAK M He3Hayallyio yacTH. Paspsabl 3Hayalleli 4acTH 3anoJHSAIOTCS
HOMepaMH LHKJOB, a He3Hayauwled — HyaaMmH. Ilpy 3TOM ueM Bblllle Ka-
YECTBO pEIleHHs, TeM MeHblle AJHHA HesHadawed yactd (Lo — 0). Has
onTHMasbHoro pewenus Lo Gynet paBHa Hymo. Takum o6pasom, LeneBas
(YHKUHMS XPOMOCOMbI RoayueHHoro pewernus f(H) siBnsercs agjUTHBHOMN
¢hyHkuueid apyx nepeMenubix: f(H) = (6(m); Lg). Ilpuuem f(H) — max,
Koraa 6(m) — 2m u Ly —

Meronuky pacueTa lieJleBOH (BYHKLHH XPOMOCOMBI MOKa)KeM Ha cie-
aywoweM npumepe. [lycth cyliecTByeT Hekasl NMPOU3BOJIbHAs KOMOWHALHs
uukaos C), Cp u C3, 3aKOAHPOBAHHAS XPOMOCOMOH CJIeAYIOLLer0 BHAA:

[1 ] 2]3 |0]0[0[0|0|0[0“ {3,9,10,11,12,13,14,15,16 } | {4,5,6,7,8} | {1,2}|

Torna ueneBas ¢yHKUHS OaHHOH Xxpomocombl pasHa f(H) =
= (0,2613;7): Lo =7, é(m)=(2x2+5)/(2 x 16) =9/32 = 0,2813.
Peurenue, umernoliee nono6Hoe 3HaueHHe LeJeBOH (YHKIHH, COOTBETCTBYET
NPOMEKYTOYHOMY pelleHHIO, I[OCKOJIbKY 3HaueHHe LeJeBOH (YHKLUHH
6a30BOr0 pelleHHs He MOxKeT ObiTh MeHee 0,5.

Jlaist aropuT™Ma HCHOJNbL3YIOTCS /1B BApHAHTA CTPAaTerHU CO3JaHUs Ha-
4aJbHOTO 0a30BOr0O pellleHus, H30HpaeMble B 3aBHCHMOCTH OT XapakTepa
HCXOHHBIX JaHHBIX ¥ peiuenus JITIP.

[MepBotii BapuaHT 3ak/al04yaeTcss B TOM, 9TO B HMeILEMCS MHOMKECTBe
unkioB C BeGupaeM pebpa, NOBTOPSIIOLLKECS TOYHO ABa pasa. Ecau a1o He
yHaeTcst Caenathb, To 00JacTh MOHCKA CyXKaeTcs ¥ MPOCMATPHBAIOTCH TOJIBKO
nepsble p HHKJOB. [IHKAB, KOTOPHM NpHHalexaT pebpa, CyMMHpPYIOT-
¢s1, oOpasys ompefeseHHYI KOMOHHaLHI0. DTa KOMOHHALUs NpOBEpseTcs
Ha npeaMeT 00pa30BaHHA HepeaJbHbIX DPelIeHHH, T.e. HaJuuus pefep,
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nosTopsoLuxcs Gosee IBYX pas. Ecau Takue pebpa 0OHApYXKHBAaKOTCSA,
TO M3 KOMOWHAUHMH yOajasieTCs MHHHMAJbHO BO3MOXKHOE HYHCJO LHUKJOB,
coliepKalluuX «/IHiIHKe» pebpa, a nosayveHHass KOMOHHaUUs npeobpa3syeTcs
B xpoMocomy. TakuM o6pa3oM, noJiy4aeTcs HadajbHoe 6a30BOe pelieHHMe.

BTopo#i BapHaHT cTpaTerHH CO3AaHUsI HAYaJbHOrO MHOXECTBA PEIleH
peanusyeTcs B CIy4anx, KOrAa He yAaJ0Ch CO3AaTh HauaibHOe 6a3o0Boe pe-
ueHHe (T.e. BBAGNUTL HAayaabHBIA 6a3UC UMKJOB, COAEPXKAIIMX TOYHO [ABE
eIHHHIBI) JTHOO KOrja npouece yayullieHus 6a30BOT0 pelueHHs 3alle B TY-
MUK (J0Ka/NbHBIE ONTUMYM) M B TEUEHHe HeCKOJbKHX MOKOJCHHH LeJeBas
GyHKLHS 6230BOrO pelleHus He yaydiuaercs. Torna HavanbHoe GaszoBoe
peleHHe GopMupyeTcs cayvalHbIM 06pa3oM, NyTeM MOCJEL0BATENbHOrO
06beiHHEHH ] UMKJIOB, HMEIOLIHX XOTS Obl OQHY OJHHAKOBYIO BepIUMHY.

Paccmotprm noapoGHee nepBbill BApHAHT CTPAaTerHy CO3MAHMSA HAYA/b-
HOrO MHOXKeCTBa pelleHHH Ha NpuUMepe MaTpHLUB! LHKJI0B rpada G, creHe-
PHPOBAaHHOTO caydaiiaeimM obpasom (puc. 5.27).

B pesysbraTe paforhl anroputTMa CPOPMHPOBAHO MHOXECTBO LHKJIOB
Cy nnunbl 3 1 4, rne Ne = 25. B HeM uiuem pebpa, noBTOpAiourecs TOYHO
npa pasa. Tak kak Takux pebep HeT (Vj € M) (Nm; > 2), To cyxaeM
0o6/nacTb MOHCKA M NPOCMaTpHBaeM MepBbie p 3jeMeHTOB MHOXkecTBa C.
B pesysbTaTe noHcka BbIACHSETCH, YTO TakHX pebep deThipe. Jto pebpa
Homep 3, 7, 13, 16. Tenepy cymMMHpyeM BCe UHKJBbI, BKJ0YAOIHE yKa-
3aHHbie pebpa. [lonysaem kom6uuauuio uukios: {Cs, Cs, Cs, C7,Cs, Co},
a 3aTeM NpoBepsieM, HE CO3JAeT JIH NOJYYeHHAs KOMOHHALHS HepealbHbIX
peweHHil. JIOCKONBKY HH B OAHOM CTOMOLE CYMMa eJHHHL He IpeBbiliaeT
[Ba, OaHHAsi KOMOWHAUMs SIBJISETCH HayajbHbIM GAa30BbIM pellieHHEM H
OyAET 3aKOAMPOBaHA CJIEAYIOUIEH XPOMOCOMOH:

in[2]5]6][7]8]9]o]o]o]o] {2,8,12}]{1,4,6,9,10,11,14,15}]{3,5,7,13,16}]

LleneBass ¢ynxuus xpomocombl 1H pasHa 6(m) = (2 x 5+ 8)/32 =
=18/32 =0,5625; Ly = 4; f(1u) = (0,5625;4). Ha nausom stane npopos-
JaeTcs MPOLECC 3anoJHeHHs CHOPMHPOBAHHOIO paHee HayaJbHOro 6aso-
BOI'O pelleHUs C MOMOUIbIO FeHEeTHYECKHX ONepaTopoOB CeNeKLHH, KPOCCHH-
rosepa U or6opa. Cxema paGoThl reHeTHYECKOTO a/irOPHTMa Ha 3TOM Tare
BLIMISIAHT credyowuM obpasom (puc. 5.30):

Hlar «A». MmMeercs xpomocoma, npeacrapasionias HayasbHoe DHa3oBoe
peweHne. Teneps Heo6xooHMO cHOPMUPOBATL MHOXKECTBO MPOMEXKY TOUHBIX
petlleHyH, H3 YHCIa KOTOPbIX 6yneT BhIOpAH BTODOH POXMTENb IJIS1 yHaCTHS
B OMepalMH CKpelldBaHHA. MHOXeCTBO NPOMEXYTOYHBIX pelleHHH dop-
MHDYeTCsl MyTeM NOMNapHoro o0befAHHEHNs LMKJIOB, NpHueM oObefnHeHHe
TIPOU3BOAUTCSA TAKUM 00pa3oM, uTo6bl 06pa3syolliecs B pe3y/bTaTe NapHble
pebpa OblH HIEHTHUHB pebpaM, NPHCYTCTBYOILHUM B paspajax p+ 1, p+2
HadaabHOro 6asoBoro petleHusi. Kpome Toro, HoMepa UHKJOB MHOMECTBA
NPOMEXYTOUYHBIX pellieHHH He GO/MKHLI COBNAjaTbh ¢ HOMEPAaMH LHKJOB,
y4yacTBYIOIWMX B 6a30BOM pelleHnd. Pazmep MomyJsiiHH NPOMEKYTOYHBIX
pelleHHH 3aBHCHT OT uHcjia pebep B paspajgax p+ 1, p+ 2 6asoBoro
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Hauano pa6otst 9Tana Ne 2

|
|

(POpMHPOBAHHE MHOXECTBA
NPOMEXYTOUHBIX PELICHUI

|

Cenekuus NPOMEXYTOYHLIX

Onepaius KPOCCUHIOBEpa

HaiigeHo nu ontuMansHoe
petiienue?

OueHka ¥ 0T60p UMEKOLIKXCS
IPOMEXYTOUHbIX peleHuH

HyxHo nu
YBEIMYUBATH NOMYIALHUIO?

IpoiizeHo nu 3aganHOe
YHUCIO NOKONEHUH?

Ja

ITepexon k aramy Ne 3

Puc. 5.30. CTpykTypHas cxeMa reHeTHUYeCKOro aiaroput™a (stan Ne2)

pelIeHHs] U OT AJNHHB XpoMocoMmbl L (T.e. pa3MepHOCTH HCCJeLyeMOro
rpaga). dns paccMaTprBaeMoro npuMepa MHOXKECTBO TIPOMEXYTOUHBIX pe-
weHni hopMupyeTcs cayyaliHbiM 06pa3oM, NyTeM NonapHoro o6befuHeH s
UMKJIOB, BKJIOYaKOWuX pedpa 2, 8, 12.

Pasmep HauanbHO!N moONyJALMH NDUMEM PaBHBLIM TpeM (Mo ogHOH Xpo-
MOCOMe JJIsl Kaxaoro pebpa):

2u[1]3]0]o[o]o]o]o]o]o]| {3,5,7,9,10,11,12,13,14,15,16} [ {1,4,6,8} | {2} ]
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31| 15]18]0]oJoo[o[o]o]0][{1,6,7,10,11,12,14,15}[{2,3,4,5,9,13,16 } [{8}]

an|19]21]o]o]o]o]o]o]o[o[[{1,2,3,6,7.13,14,15,16 } [{4,5,8,9,11 } [{10,12}]

[Tocnie TOro, KaK MHOXECTBO MPOMEXYTOUHBIX pelleHHH cHopMHUPOBaAHO,
aJIfOPHTM MePeXOQHUT Ha CJefyOuHi war.

Hlar «B». 3geck npoU3BOAKTCA CeleKILHsI MHOXECTBA NPOMEXKYTOYHBIX
pelleHHH ¢ ueablo BbIGOPa XpoMmocoMbl. [lNs1 OLEHKH KaXJAOro pelieHHs
6b11H paspaboTaHbl ClefyloliHe NpaBHJa:

1. Brenax p+ 2 1 p+ 3 nperexzenTa, o BO3MOXKHOCTH, He A0/DKHO OBITh
pebep, coBnajamIINX ¢ pebpaMu H3 pa3psia p + 3 nepBoro poguTess.
2. B renax p+ | npereniedta u p + 3 NMepBOro poLUTENs KeJaaTebHO

HMeTb MaKCHMaJibHOe KOJIHYeCTBO COBNAAAIOIIUX pebep.

3. B reHe p 4+ 2 npereHaeHTa HO/KHO ObiTh MaKCHMaJbHOE yHCHIO pebep,

HJEHTHYHbIX pe6paM H3 pa3psifa p + 2 XpOMOCOMbI IEPBOTO POAHTEIS.
Ha ocHoBe nmpaBu/ co3jaH KOMIJEKCHBIR flapaMeTp — QYHKUMS NPUTOA-
HOCTH MPOMEXYTOYHBIX PelleHHH OTHOCHTeNbHO OazoBoro pewenus f'(H).
JlauHbI# napameTp fiBasercs agNUTHBHOH (yHKUHeH IByX IepeMeHHBIX
f(H) = (6'm; N'c), roe §'m — OTHOCHTeNbHOE YBEJHUYEHHE YHCIa pebep;
N'c — oTHOCHTeNbHOE YyBeauueHHe yucaa UHKJI0B. KoauyecTBeHHoe 3Ha-
4yeHHe (PYHKLUHUH NPUTOAHOCTH PACCUHTHIBACTCS CJENYIOUIHM 06pa3oM:

a) onpefeJssieTcs Yucao coBnagedndi Nd; pebep us paspaga p + 3 oue-
HHBaeMOr0 NMPOMEXYTOYHOrO pellleHUs] ¢ pebpamMH U3 paspsifa p + 3 nepso-
ro popuTens. 3aTeM NOACYHTHIBAETCS YHCJO coBnafeHHil Ndy B pa3psagax
p -+ 3 MPOMeKYTOYHOrO PelleHHs U p + 2 NepBOro PORUTENS, 4 TaKkKe YHCI0
copnafeHui Nd3 B paspsjgax p + 2 NpOMeXYTOYHOrO pelleHHs U p + 3
poputens. CyMMa 3THX 4HCeJ XapaKTepudyeT BO3MOXKHOe 4YucJo pebep,
KOTOphle He06XonHMO OydeT YAaJNHTb U3 6a30BOro pelleHHs NOC/]E BHINOJ-
HeHMs KpoccuHrosepa. CneloBaTesnbHO, B ONTHMAJIbHBEIX NPOMEXYTOUHBIX
pelleHHAX 3HaYeHHe CYMMBl OyAeT CTPEMUTBCA K HYJIO;

6) HaxoMUTCA YHC/O coBnageHuid Ns; pebep u3 paspaga p + 3 oueHH-
BAEMOro NPOMEXYTOYHOro pelleHHs ¢ pebpaMu U3 paspsia p + 1 nepsoro
poLHTeNsl. 3aTeM MOACYHTHIBAGTCS UHCIO COBNajeHW# Nsy B pa3psiax
P + 2 NpoMeXxyTOyHOro pellleHHst U p + | nepBoro poauTenss H, HaKoHeL,
NOACYHTHIBAETCA YHCAO coBMageHuil Ns3 B paspsgax p + 2 mpoMeyTou-
HOr0O pellieHuss ¥ p -+ 2 poputens. B atoM caydae onpefensieTcst 4HCIO
pefep, KoTophie 106aBasilOTCS B 6a30BOE pellleHHe B Pe3yJbTaTe ONepallHH
KPOCCHHTOBEpa, T.€. KayeCTBO NPOMEXYTOUYHOIO pelleHHs TeM BhIILe, YeM
HoJibllle 3HAUEHHE 3TOH CYMMBI;

B) MOACYMTHIBAETCS 3HaveHHe 6'm no dopmyne: 'm =1 —[(2 x Nd; +
+ Ndo + Nd3)/(2 x Nsy + Nsy + Ns3)]. [Noayuentoe 3nauenne 3aBucHT
OT COOTHOLUEHHS BO3MOXHOTO YHCJA yaanseMblX W f06aBiseMbix pebep u
CTPEMHTCH K eMHUIle A/ HARJYYUIUX NPOMEXKYTOUHBIX peuteHud. B cay-
qae NoJyUYeHHs OTPULATEIbHOrO 3HaueHUs! QYHKIUUY NPUTOHOCTH AeNaeTCs
BLIBOA O TOM, YTO [JAHHOE pellleHHe HeMNPHTOAHO JJIf Y4acTHS B JanbHeH-
IIHX OMepaLHsiXx;

N
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r) cpasuuBapTCs pebpa B paspsgax p+ 2 U p+ 3 NpoMeXyTOYHOro
pewenust ¢ peGpamud B paspsiie p + 3 6a30BOro pelieHudss W, NPH HaJH-
YUY COBNafeHUl, BHISIBASETCS MHHUMAJPHOE YHCIO UHKA0B Nc—, KOTOphie
TNOC/E BHIMOMHEHHs ONepaTopa KPOCCHHToBepa OyAyT yiAaseHbl H3 6a30BOH
XPOMOCOMBI /11 YCTPAHEHUS HePeaJbHbIX PEIEHHH, 03TOMY B ONTHMAJb-
HOM MPOMEXKYTOYHOM pellieHHH 3Hayenue N'c 6yferT CTPeMUTBCS K HYJIO;

1) BoluucaseTcs 3HaueHue N'c no gopmyne: N'c =1 — (Nc— /Ne+).

€) MOACYUTBIBACTCS 3HAYEHHE (DYHKLUUH PUTOAHOCTH XPOMOCOMBI OTHO-
CHTeNIbHO TeKyllero 6asoBoro pewenns f'(H).

[Tocne aToro M3 MHOMXeCTBA NPOMEXYTOYHBIX pelueHHH BbHIOHpaeTCs
SJEMEHT, MMEIOWMH HAUNY4ly0 (QYHKLHIO NPUTOAHOCTH OTHOCHTENbHO
1epBOro POINUTE/SI ¥ HasHavaeTcs B Mapy K 6a30BOMY pPelUeHHIO [/ Bbl-
MOJHEHK S ONepaTopa KPOCCHHIOBEpa.

Iast paccMaTpuBaeMoro npuMepa MoACYHTaeM 3HaueHHs GYHKUHUH npH-
FOHOCTH OTHOCUTENbHO 6a30B0ro peruenus (xpomocoma 1H):

Fm(2u) =1~ [(0+0)/(2 x 1+4)] = I

Ne@u)=1—(0/2) = 1; f'(H)=(L;1).

‘m(3u) =1 — [(0+4)/(2x 1 +1+2)]=1—(4/5)=1-0,8=0,2;
Ne(@u)=1-(2/2)=1-0=0, f(H)=(0,20);

dmdn) =1 —[2x1+1)/2x1+1+3)]=1-(3/6)=1-0,5=0,5;
N'e(dn) = 1 — (2/2) =0, f'(H) = (0,5,0).

[Tocne pamkupoBaHHsS MOJyueHHbIX QYHKUHHA NPHUTORHOCTH MPOMEXY-
TOYHBIX pelleHHU#l B KauecTBe BTOPOro poauTes 6yfeT Bh6para XpomMocoMma
2H, KaK HMeloLlas HauBbICUIYIO OLUEHKY MPHIOAHOCTH.

Hlar «C». Ha 3ToM 11are BbIIONHSAETCH ONEpaTtop KPOCCHHIOBEPA IBYX
POAHTENBCKUX Ocobell. 3/ech HCNOMb3YeTCs JBYXTO4EUHBIH CyMMHUPYIOLHE
omnepaTop KpoccHHroeepa. TOUKH CKpelMBaHUs B onepatope BuIOHPAKTCA
cJenyowuM obpasom:

1. B nepsom popuTene mepsas TOYKA CKPeLIHBAHMA | HaXOAUTCH 3a
[OCNEAHKM 3HaYalUM (HeHyNeBbIM) 3JaeMeHTOM h; XpoMocoMbl H, a mosu-
UM BTOPOH TOYKH to BbIOHMpaeTcs mocJje 3jeMeHta h; + k, rae kK — 4ucao
3HayallliX 3/1IeMEHTOB BO BTOPOH POAUTEJ]bCKOH XpOMOCOMe.

2. Bo BTOpOM pOARHTEse MepBasi TOYKA HAXOAUTCS Mepej MepBbIM 3Je-
MEHTOM XPOMOCOMBEI, & BTOpAs TOYKA ONpeAessieTcs TakK XKe, KakK B cjyyae
C MepBbIM POAHTEJEM.

B pesysnbraTe BHIIOJHEHHS ONepaTopa KPOCCHHIOBEPA NPOUCXOAUT 06b-
eflMHEHUe 3HAYaUIHX YacTed POAMTENbCKHX XpoMocoM. B cayuwae, ecnu
B YHKIMH NPUrOAHOCTH BTOporo poauteas 8'm(H) # 0, To u3 xpomocomsl
NOTOMKA yAansoTcs pebpa (Mau pebpo), KOTOpbe MOBTOPSIOTCS B JAHHON
xoMOuHauuu bosee AByX pas. IlapaisesbHO ¢ yaaneHHeM pebep ynansiorcs
Nc UUMKJIOB, KOTOPHIM NPUHAAMEKHT JaHHoe pebpo. JaHHble WHKALL (LHKI)
BMeCTe C NMpUHAAJNEKAIHMHE UM pe6paMy 3aHOCSITCH B XPOMOCOMY BTOPOTO
poautess. Ilpy 3ToM BHOBb NOABHBIIMECSH B XPOMOCOME LHKJBI He MOLYT
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6bIThb yaaneHsl. B npuMepe TOYKKH ONepaTopbl KPOCCHHIOBEPA AJS XPOMOCO-
Mbl 1H: t] = 6, to = 8, U ana xpomocomsl 2H: t; =0, t = 2.

1HB|5|6|7|8]9|0|0|O|0||{2,8,12}]{1,4,6,9,10,11,14,15}[{3,5,7,13,@

21-1'1l3,0|0‘0|0|0|0|0|0“{3,5,7,9,10,11,12,13,14,15,16},{l,4,6,8}l{24},

[Tocste BRIMOTHEHHA OMepaTOpa KPOCCHHIOBepa MosnydaeTcsi HOBoe 6a30Boe
pelieHue:

1n]2]5|6|7|s|9[1]§[0|0”{12}]{8,9,10,11,14,15}]{1,2,3,4,5,6,7,13,@

Illar «D». 3gech nonyasuus NPOMEXYTOYHBIX pPelIEHHH nepeynops-
nouynBaercsl. Jlis 3Toro mpoM3BOLUTCS nepecyeT GYHKUMA NPHTOAHOCTH
KaX/Ior0 3JIeMeHTa NMOMYJSALMH OTHOCHTEJIbHO HOBOrO 0a30BOro pelileHHs.
B cay4ae, ecau nocse NpoH3BeNeHHOro mnepecyeTa (GYHKUHW MPUTORHO-
CTH BCeX 3/eMeHTOB HMeioT Hu3KHe oueHkd (f'(H) = (§'m(H) < 256%
u N'¢(H) < 0)), to Heobxoaumo GO paclIMpUTL pasMep MOMYJALHUH
POMEXYTOUHbIX 3HaueHu#, AHOO MepeliTH K CAEAYIOUIEMY 3Tany CTPOH-
tenbctBa. Peinenne npunumaercs JI[IP Ha ocHoBaHHMHM OLEHKH pa3Mepa
NOMyJSIUMH M YHMca3 NPOHIeHHBIX TNOKoJeHHH. Paclumpenue pasmepa mno-
OyJsUHH MPOU3BOLUTCA 32 CYeT ROOABMEHHS NPOMEXYTOYHBIX DelleHHH,
BKJIIOYAIOIHX Mapel pebep, HAEHTHUHBIX pebpaM K3 pa3psanga p + 3 Ga3oBoi
xpoMocoMbl. Ecnu mosiyueHo 6a30Boe pellieHHe, B KOTOPOM 4HC/0 pebep
B paspsfe p + 1 paBno Hynwo (Nmy = 0), a B paspage p+ 2 Nmyyp # 0,
TO aJIFOPUTM TaK¥Ke MEPEXONHUT K CJelylolleMy 3Tamy.

[MockosibKy pasmep MOMYJSILAH NPOMEXYTOUHBIX PELIeHHH B paccMat-
pHBaeMOM TIpHMepe H3HA4YaJlbHO Mak H YUCHO NPOUAEHHBIX NOKOAeHHH
(Ng = 1) HeBeJsIHKO, yBeIHUMBAEM MONYJIALUIO IPOMEXKYTOYHBIX pelleHHH
3a cueT N0GaBAEHHS XPOMOCOM, COfepKallnuX pebpo 12, Tak Kak B paspsle
p+ 1 6a30Boro pemieHHsa 0CTaJOCh TOJBLKO OAHO 3TO pebpo:

5Hf19[24|0|o|o|o’o|o|0]o||{1,2,3,6,7,8,9,11,14,16}|{4,5,13,15}|{10,12} |

6HP1[25|o|0]o|o|0|o[0|0“{1.2,3,4,5,6,7,13,16}[{8,9,10,11,14,15}[{12} 1

7HPQ‘ZS}O\O}O'O!OIO‘OIO”{1,2,3,6,7.8,9,13,16}‘{4,5,10,11,14,15}T{12} |

8H|'21I24|0|0|0|O|0]0]0]0H{1,2,3,4,5,6,7,11,14,16}|{8,9,13,15}’{10,12} ]

[MopcuuTaem GYHKIMH OPHTOIHOCTH HOBLIX POMEXYTOUHbBIX PELIeHHH:

'm(5u) = 0,2; N'c(3n) = O, f'(H) = (0,2;0);
¢’'m(6u) = N'c(6H) = ;
&'m(7u) = 06667 N'c¢(7u) =0;
&m(8u) = 0,6; N'c(81)0.
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Jlyuiyro oueHKy NPHIOfHOCTH HMeeT xpomocoMma 6H, KoTopas OyneT Bbi-
GpaHa B KayecTBE BTOPOrO PONMTEJs AJs ONMepaTopbl KpoccHHrosepa. Te-
nepb Bo3Bpaliaemcs K stany «C» 1 BbiNOJIHSAEM ONepaTophl KPOCCHHTOBEpa
AJ1s xpomocoM 1o # 6u:

mﬂs]sws]s]l[3{0,0“{12}]{8,9,10,11,14,15}]{1,2,3,4,5,6,7,13,16} ]

6H|H[25|0|0]0J0|ﬂ0’0|0”{1,2,3,4,5,6,7,13,16}|{8,9,10,11,14,15}|{12} [

2n[2]5]6|7]8]9]1|3|21|25H{0}|{0}|{1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16} |

B nonyyenuoit xpomocome 2n Bce paspsagsl ¢ 1-ro mo p-i (T.e. ¢ 1-ro
no 10-@) sBagioTcd 3HavamiMMH, a paspsabsl p+ 1 U p+ 2 — nycThle.
CriegoBaTenbHO, YCIOBHE NIaHAPHOCTH rpada BuIMoJHeHO. TakuM obpasoM,
B pe3yJ/ibTaTe BBHIIIONHEHHS OflepaTopa KPOCCHHIOBEPa NOCTPOEHO ONTHMAJb-
Hoe 6a30Boe petuieHHe (xpomocoma 2m).

[ocne pekonypoBaHusi xpomocoMbl 6yneT cOpPMHPOBAH HeOGXOAUMBIA
6asuc uukgos B, (puc.5.31). CnenosatesibHO, JaHHBIHA rpad MoxeT ObITb
yJ0XKEeH Ha II0CKOCTH Be3 nepeceyeHHH.

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16
¢G{fr 10001000606 O O O O O O
;{1 0001 0100CO0 O O O O O O
csf0o 1 0100010 0 O O O O O O
¢s{o 01106 000O0OO0O O O 1 O O O
C¢|0 01 01 0OOCOOO O O O 0 1 O
(000001101 0 0 0 O 0 O O
Cs|0 0O0OOOCOOOOCT 1T O O O 0 1
Cy|0 0OO0OO0OO0COOTO O O 1 1 0 1
Cy|0 0000O0C6COCTILTHT1T 1T O 1 0 0 0 O
Cys|0 OO0O0O0O0COO0OODTO T1T 1 0 1 1 O

Puc.5.31. basuc uukaos Bp

3agaya aaropHT™a Ha stane 3 COCTOHT B TOM, YTOOb MPH HMEILLEMCS
KBA3HONTHMAJIbHOM DelleHHH MOHCK ONTHMaJbHOTO pelleHHs BeCTH, He
yXyaiuas KauecTa umeiouterocs. I/ 3TOro NMOMY/SILHS NPOMEXKYTOUHBIX
pelueHHEl pacLlenseTcs TaKUM 06pa3oM, YyToGbl KaxKaas XpoMocoMa HOBOH
nouynsiuHK cofiepxana B cebe TombKo ofuH UMKJ. [locne yero BoinmosHs-
I0TCA feHCTBHSA, HIeHTHYHBle waraMm «B»—«D» 3rana 2. Ilpu nocrpoeHun
ONTHMANbHOrO pPelleHus aIrOPHTM 3aBepluaeT paboTy, B IPOTHBHOM CJIyyge
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nepexof K atany 4. [lepexon x sTany 4 ocyluecTBasieTcst, €CJIH B XOfle pe-
LIeHHs! 3a[]a9M NOJYUeHO KBA3HONTHMAJbHOE pelleHue, He Yyyllanlieecs
HA TPOTSIKEHHU 3HAYHTEJbHOrO YKC/Ia NMOKOJEHHH (onajaHne B JIOKAJb-
HBIH ONTHMYM).

B anroprT™e 3a 0CHOBY OblJ B3sIT CTAaHZAPTHLIH OnepaTop — MyTauus
obmena. Jlna npoeeneHus oneparopa MYTalHH CAY4alHHIM OBpasoM Bbi-
OWpaioTCcs [Ba TeHa, OAWH M3 KOTOPLIX SBJISIeTCS 3HAYAL(UM 3JEeMEHTOM,
a BTOpOll — He3Hayawum. B xofie BHIOJIHEHHS oMepaTopa MYTAaLHU 3Je-
MEHTBl MEHSIIOTCS MeCTaMH, Moc/e 4ero 3Hayauldil 3jeMeHT OOHyJseTCs,
BCe NPHHAJJIeXalIHe JAHHOMY UHKJIY pebpa yHaisioTcs U3 reHoB p+ 2 u
P+ 3 u, Npu HeoGXOIUMOCTH, OCTABILHECS 3HAYALHE 3JIEMEHTH CIBHTAIOT-
CH BMPaBO, BHITECHSsS Hy/NEeBOH sJMeMeHT M3 3Haualled yactd. Hanpumep,
A/l XpOMOCOMB! 11T onepaTop MyTallHH BBHIIOJHSETCS CJIeLYIOUIMM 06pa3oM.
B xpomocome cayuaiinbiM o6pa3om BbiGHpaeM [Ba reHa, OHH H3 KOTOPBIX
3Havauwwui, a Bropod Hynesoi. [lyctb 310 6ynyrT reus 3 u 10.

ln]215|6l71819|1'3|0|0H{12}I{8,9,10,11,14,15}“1,2,3,4,5,6,7,13,16} ]

[Tocne sToro nponssogum o6MeH:

lnﬁﬁmqﬂﬂ 1 I3IOME12} l{8,9,10,l1,14,15}l{l,2,3,4,5,6,7,13,16-}—l

W3 resoB p+ 2 W p + 3 ynansem pebpa npuHajjiexallyge LHKAY 6.

1nM|2|s|o|7|8|9!1[3[0]0”{12,15}]{3,5,8,9,10,11,14}]{1,2,4,6,7,13,16} ]

CusuraeM sHayaillde 3JIeMEHTHl BJEBO, IIOCJe 4ero OreparopoM MYyTalHH
3aKaH4YMBaeT CBOIO paboTy:

1nM]2|5|7|819|1|3|o|o|o||{12,15}|{3,5,8,9,10,11,14}|{1,2,4,6,7,13,16} |

CxeMa npoBeieHHs ONepaTopa MHBEPCHH aHAJOFHYHA ONEpaTopy MyTa-
UMH ¢ TO# JMLWIb pasHHUleH, 4To AN o6MeHa BbIGHpaeTCA He OLUH TeH
XPOMOCOMBI, 2 HecKo.bKO. Yucio ofMeHHBaeMbIX T€HOB 3ajaeTcsl Ciy-
yalHbiM 00pa3oM, OJHAKO OHO He JOKHO ObTh 6oJjbllie 4YHCIa He3Ha-
YalMx paspsiiAoB HHBEPTHPYEMOH XpoMmocoMbl. BeposTHocTH npoBefeHus
onepauuil Mytaumu Pr(OM) u uusepcuu Pr(OHW) peibupatortcs cayuaii-
HeIM oBpasoM Ha uurepBaste [0,1], npuyem HX cyMMapHas BepPOATHOCTb
Pr(SUM) = Pr(OM) + Pr(OH) = 1.

L5 mocTpoeHus MIOCKOH YKAAAKH MO chOpMUPOBAHHOMY 6a3ucy LIMK-
J0B By, (puc.5.31) ucnonbsyem creayiowuil npurmun. CorsacHo eMy mioc-
Kas YKJaJKa CTPOUTCH CleLyolHM obpasoM: B 6asuce p nocje1oBaTe/bHO
BLIOMpAIOTCA LMK/ 32 LMKJIOM, NpHYeM Ha KaxJOM liare paspacTande
NPOMCXOJUT 34 CYET BKJIOYEeHHs HOBHIX peGep BO BHEWHHHA LHKJI. TakuM
o6pa3oM, Ha KaXKIOM liare BHEIWIHHH UUKJA JHOO YBeJHYHBAETCH, eCJH
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B HOBOM LIHKJIe YHMCJIO HOBBIX, He3afleficTBoBaHHBIX pefep, GoJblie Yucaa
NOBTOPAWIKUXCS, JHOO YMeHbLIdeTCs — B NPOTHBHOM cayuae. [Ipu sToM
nosTopsioLLHecs: pefpa aBTOMATHYECKH BHIAJAIOT M3 BHELUIHEro LHKJIA U
OKa3bIBAIDTCH BHYTPH.

Ha xaxpom (i + 1)-m ware waxXogum passocTe MHOxectB Cp,. =
= Ca;\Ciy1 1 C | = Ci1\Chy,, rne Cyy — BHewHuil kK rpada, nocie
Yero BbINOJHSIEM cyMMUpoBaHHe Cyy,;,, = C;Hl, + Ci41 . Pabora anropurma
NI0CKOH YKJIaAKH 3aKaHYMBAeTCA [TOCJe TOro, Kak Bce pebpa rpada 6ynyt
npoiifieHsl Kak MHHUMYM onrH pa3. [TokaxkeM paGoTy ajropuTMa IJIOCKOH
yxJaaaku aas rpaga G (puc.5.27). BuiGupaeM nepBblil UHKJA B NOAMATpH-
ne p. Ato uuka C). Ha nepsom ware uuka C| coBlagaeT ¢ BHELUHHUM
uHkAOM Chy,; Cuy, = {1(1,2) — 6(2,3) — 2(3,1)}. 3atem Bei6HpaeM cieny-
oWHE UHKA B Gasuce p. Oto uuka Cp. Haxogum pasHOCTb MHOMXKECTB!
Coy, = Con)\C2 = {6(2,3),2(3,1)} u C; = Co\Cey, = {5(1,8),7(8,2)}.
[locne cymmuposanus Cp, u Co' nonyyum: Cu, = {5(1,8) — 7(8,2) —
- 6(2,3) —2(3,1)}. Hanee npouecc Npono/iKaeTcss aHaJOTHYHLIM 06pPa3oM:

Ch, ={5(1.8) — 7(8,2) — 6(2,3) — 8(3,6) — 4(6,1)};
Cin, ={5(1,8) — 7(8,2) — 6(2,3) — 8(3,6) — 13(6,5) — 3(5,1)};
Cun ={7(8.2) — 6(2,3) — 8(3.6) — 13(6,5) — 15(5.8)}:;

Cune ={9(8,3) — 8(3,6) — 13(6,5) — 15(5,8)}.

Ha cnepyiowem wWware anroputMa aosxked ObITb BuGpaH uuka Cg, Of-
HAKO B HeM HeT HU OfHOro pebpa, NMpHHAAJEXAIIEr0 BHEWHEMY LHKJY.
[Tostomy BpemenHo nponycTuM ero u nepeiiieM K uukay Cy. Cay, =
= {9(8,3) — 8(3,6) — 16(6,7) — 14(7,5) — 15(5,8)}. Tenepnr Bo BHeliHeM
IMKJJe nosisusoch pebpo 166,7 u Bosppainaemcs K uukiay Cy:

Cony ={9(8,3) — 8(3,6) — 10(6,4) — 11(4,7) — 14(7,5) — 15(5,8)};
Cuno ={12(8,4) — 11(4,7) — 14(7,5) — 15(5,8)}.

AsropuTM miockofl ykaagku 3aBepluus paboTy, TaK Kak Bce pebpa rpada
npoifieHsl. B pesysbraTe moanydeHa miockas ykJagka ucxopHoro rpada G

(puc.5.32).

Puc. 5.32. [nockas yknanka rpada G o
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Puc. 5.33. I'pad G', 3aganHbiil clyuafiHbiM 06pasom

PaccMoTpum Tenepb npHMeHeHHE ONHUCAHHOIO aATOPHTMA AJIsl PElIeHUs
3ajlayd MHHUMHU3AUMY NepecedeHUd B HeMnaHapHoM rpade Ha npumepe
CTEHEPUPOBAHHOrO CJyuaiinbim ofpasom rpada G’ (puc.5.33). Cnuckn
CMEXHOCTH JAHHOro rpada 6yryT BHIAAETH CJAEAYIOLIMM 06pa3oM:

Loy = {1(1,2),2(1,3),3(1,4), 4(1,9)};
Lz = {5(2,4),6(2,8)};

Lzz = {7(3,5),8(3,6),9(3,3)};

Lz = {10(4,6),11(4,7), 12(4,9)};
Lxs = {13(5,6), 14(5,7)};

Lxg = {15(6,8)};

Lz7 = {16(7,8),17(7.9)}.

[Toce paGoTsl 6/10Ka reHepalMH LUMKIOB OyaeT cQOPMHUPOBAHO Caeny-
olliee MHOXKECTBO LUHKJOB AJHHb TPH:

Ci=(1-5-3)

Co=(2-9-4)

C3=(3-12-4);

Cy=(7—-13-8);

Cs = (11~ 17 — 12).

Ilockoabky Nc < p, TO NPOAONKAEM IeHEPALHUIO LUKAOB LJIHHbl HeThIpe:
Co=(1-5-12-4);
Cr=(2—8—10-3);
Cs=(2—-9-12-3);
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=(3~11-17-4);
Cio=(5—-10-15-6);
C“ =(5—11 -16—6);
Cr=(7-14-17-9);
Ci3=8-10-12-9);
Cu=(0-13-14-11);
015 = (10— 15-16 — 11);
Cis =(13-15-16 ~ 14).

B pesyabrarte ofliuee YHC/IO creHepHPOBAHHLIX LHKJIOB Nc¢ paBHo 16.
I[Tepexogum K 60Ky amanusa (nm.2) u cpaBHuBaem: Nc > p; Nmj > 2.
YcsioBre BHIMOJHEHO, NEPeX0oarM K NyHKTY 3. Brbupaem nepssie 10 unkaon
U TIOACYMTHIBAEM YHMCIO pebep: 5 X 3+ 5 x4 =35, 2xm=2x 17 = 34
35 > 34. Cneposartennno, rpad HensaHapubii., [is MAHHMH3aLMH YHCAA
nepecedyeHHH pebep gaHHoro rpada nepexoauM K OJIOKY TeHETHYeCKHX
ONepaTopoB.

CospaHue HauaJbHOrO 6a30BOr0O pelueHHs BBHINOJHHM [0 BTOPOMY BapH-
aHTy crpaTeru. Il 3Toro noc/efoBarenbHO MPOCMATPHBAEM HMEIOLIHECS
CIUCKH H BbIGHpaeM NOMApHO LHKJIb, HMEOLIHe KaK MUHHUMYM 04HO ofiliee

pebpo, a 3ateM cymMupyeM ux. B peayabrate noayuutes chaepyioulee
MHOXKeCTBO Ha4yaJbHbIX PelleHHH:

m{x|6[0[0[0|0}W)|0|0”{2,6-11,13-17}|{3,4,12},{1,5ﬂ
2H[2[7T0|0|o,o[0|0[o|0”{1,5,6,7,11-17}]{3,4,8,9,10}]{2}1
3H{ﬂ12Mo[o[oﬂo]olo”{1-6,10-12,15,16}|{8,9,13,14,17}|{7ﬂ
4H,5| 14|0|0|0|0|o]g[0]0“{1-9,15,16Tf{m,12,13,14,17}I{u}J
TIpocyMMHpPOBaB HX, MONYHHM HauaibHOe 6a30B0€ pelleHHe:
5HL1[6[2£[4[12 5]14[0[0”{6,15,16}({%{1-5,7-14,17} ]
LeneBast hyHKUHS MOTYYEHHOTO Ga30BOT0 HAYAJbHOTO PelLeHHs PaBHa:

Lo=2 6§(m)=(2x 14+0)/(2x 17) = 28/38 = 0,8235;
F(H) = (0,8235;2).

Tenepy Heo6x0aKMO CHOPMHPOBATL NONMY/IALUHIO MPOMEKYTOUHBIX pelleHnH.
ITockonbKy B HayasbHOM 6a30BOM pelleHHH OTCYTCTBYIOT 6 pebep, anMeM
pasMep NOMNYJSALHH PaBHHIM 6:
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6H[10|11|o|o|o|olo|o|o|0||{1—4,7—9,12,13,14,17}]{10,11,15,16}{{5,6} ]

7H|15|16[0|0|0|0|0[0|0|0J]{1—9,17}|{10,11,13,14}|{15,16} |

8H|10|15[o|o|o|o|o\0|o|o“{1—4,7—9,12-14,17}J{5,6,11,16}]{10,15} |

9Hlll[16]0|0|0!O|0‘0l0|0”{1—4,7—10,12,17}|{5,6,11,13,l4,15}|{16} |

10H|10|16[0|0|o|0|0|o|0]0||{1-4,7-9,11,12,17}]{5,6,10,13,14,16}]{15} |

11H[11[15]0|0|0’o|0|o|o!o”{1—4,7—9,12-14,17}J {5,6,10,15}|{11,16} ]

Tenepb BblUHUC/IAEM prHKLLI/II/I NPUTCOOHOCTH NMOJYYEHHBIX XPOMOCOM!

6'm(6n) =0; N'c(6H) = —0 5, f'(6u) = (0, —0,5);
§'m(7u) =0;  N'e(Tn) = J'(71) = (0,0,5);
&’'m(8u) = 0; N’c(SH) ——O 5 f'(8u) = (0, -0,5);
8’m(9) =0; N'c(9H) = f'(98) = (0,0);
&'m{10u) =0; N'c(10n) = £'(108) = (0;0);

&m{llu) =0, N'c(1lu)=-0,5; f'(Iln)= (0;-0,5).

CorsiacHo MONyYeHHbLIM (DYHKUHSAM MPHCOAHOCTH, XpoMocoms 6, 8, 11
yaansTces U3 nonyaaumu. M3 Tpex ocTaBLIMXCS XPOMOCOM HauboJbliee
3HayeHHe QYHKUHMH TPHrofgHocTH uMeeT xpomocoma 7 (f'(7u) = (0;0,5)),
KoTopas u Oyner oToGpaHa /s MPOBEAEHHs OMepaTopa KPOCCUHIOBepa:

5H| 1 |6,2[7|4112]5]14|0|0||{6,15,16}|{0}[{1—5,7—14,17}J

7H|15|1610'0|0!0|0‘0,0|0”{1—9,17}]{10,11,13,14}|{15,16} |

1n|ﬂ6|2|7|4|12|5[14|15]16||{6}[{O}J{1—5,7-10,11,13,14—17} |

B noayuennoii xpomocome (in) ects uetnipe pebpa (10, 11, 13, 14),
nopropsiowecs: TpUxAbl. s Toro, 4To6n H36exaTb MOSIBJEHHS Hepe-
a/bHOTO peLIeHHs, JOCTaTOYHO yaaautb ofWH unka 14. Torma 6a3oBoe
peuieHue TIPHUMET CIeAYIOLHE BH!

1n|1[6|2[7]4112|5|15|16|o||{6}|{0}|{1-5,7—17} |

Onpepennm ueneByo QyHKUHIO NOJYUEHHOro 6230BOTO PelleHHs:
Lo=1; §(m)=(216)/(2017) =28/38 =0,9412; f(H)=(0,9412;1).

Kax BHAHO, 3HaueHHe LieJeBoil (PpyHKUHH 6a30BOr0 pelUeHHs YAyHLIHJIOCh.
[Moayuennoe 3Hauenue f(H) no3BoJsieT CYMTATb, YTO HalJeHO HEKOTO-
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poe kBasuonTUManbHoe petneHue. OnHaKO Gasuc LHKJIOB C(HOPMHPOBAH He
nosHocThio. [IpofoskuM npouecce uccnefoBanud. Ilasg sToro npuMeHsercs
onepatop Myrauud. [lns nposefieHHst oneparopa MyTalHH CjydafiHeIM 06-
pasoM BbiGHpaeM paspsf 7 B XpoMocOoMe 0a30BOr0O pelleHUsi H OOHYJseM
ero:

1n[1[6|2|7|4]12[0]15]16|0||{6}|{0}|{1—5,7—17} |

3aTeM M3 npaBOH 4ACTH XPOMOCOMBI yHansieM pe6pa, COOTBETCTBYOLIHE
UuKIy b:

2n[1|6|2]7J4|12]15|16]0[0”{6}]{11,12,17}]{1—5,7—10,13-16} |

Jas nosyueHHOR XxpoMocoMbl (211), HCMOJAb3YSl CTPAaTervio A0paboTKH
6a30Boro peeHus, cHOpPMHPYEM MHOXECTBO MMPOMEXKYTOYHBIX pelleHHH.
ATO MHOXECTBO DelueHHH, COCTOALMX U3 OJHOMO LHKIA:

1H2Ejolo|o]o]0]o|o]o[o“{1,2,5—11,13-17}|{3,4,12}]{0} |

2H2l8,0|0|0l0|0|0’0’0[0“{l,5—8,10,11,l3—17}|{2,3,9,12}]{0} |

31-{2lQlOlO‘OIOlOIO’O'OIO“{1,2,5—10,12—16}1{3,4,11,17}[{0} ]

4H2|10|0[0]0|0]0]0|O]0|O“{1-4,7—9,11—14,16,17}]{5,6,10,15}]{0} |

5H2|11 |o|o|o]o|o]o[o|o]o“{1-4,7-10,12—15,17}1{5,6,11,16}}{0U

6H2[13|ololo|o|0|0|o]o|o||{1-7,11,13—17}|{8,9,10,12}|{0} |

CrnenopaTe/bHO, NMOCTpOeHHOe 6a30Boe peileHHe SBAAETCH ONTHMAaJb-
HBIM /151 JaHHOTO rpaca ¥ ynydlleHo ObiTh He MOXKeT.

[TocTpoum Temeps MakCHMaJbHO MJaHAPHYIO YKJAAKY JaHHOrO rpada.
B pesyabtaTte paGoThl reHETHUECKOr0 aAropuTMa CHOPMHPOBAH C/IEAYIOLHH
6a3uc LHKIOB:

Bp = {C], Cﬁv 029 077 C47 ClZv C51 015) Clﬁ}
Bri6upaem nepsblii uuka 6asuca C.
Ces, = {1(1,2) = 5(2,4) - 3(4, 1) };
Can, = {4(1,9) — 12(9,4) — 3(4, 1) };
Cay, = {2(1,3) - 9(3,9) — 12(9,4) - 3(4, 1)},
Can, = {9(3,9) — 12(9,4) — 10(4,6) — 8(6,3)};
Cou, = {9(3,9) — 12(9,4) — 10(4,6) — 13(6,5) — 7(5,3)};
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Chne = {12(9,4) — 10(4,6) — 13(6,5) — 14(5,7) — 17(7,9) };
Cay, = {10(4,6) — 13(6,5) - 14(5,7) — 11(7,4)};
Cayg = {13(6,5) — 14(5,7) — 16(7,8) — 15(8,6)}.
AsropuTM nuocko# yKJaaikW 3aBepwins pabory. B pesynbrate paboThl

NoJlyyeHa yKJajKa MaKCHMAaJ/IbHON MJIaHAPHO# 4acTH McxoaHoro rpada G’
(puc.5.34).

©

@
Puc. 5.34. MakcumanbHas NJaHapHas ykJaaaxa rpaga G

st anropuT™a onpenesieHHUs MJAHAPHOCTH B KJIaCCHUeCKOH NOCTaHOBKe
BpeMeHHasi M MPOCTPAHCTBEHHAS CJOXKHOCTH OMNpeAessioTcss Kak GyHKLHH
oT n, m. BpemeHunas c/I0XXHOCTh FeHETHYECKOTO aJrOPHTMA CKJaJblBaeTcs
M3 BPEMEHHBIX CJIOXKHOCTEH OTAENbHBIX ONlepatopoB. BpemeHHas cl0XKHOCTD
ajrOpUTMa CeNeKUHH B XyAlleM caydae cocrasaser (Np + 2log2Np).
BpeMeHHasi CJ0XHOCTb ONepaTopa KPOCCHHIOBepa M ollepatopa MyTalHH
cocrasasioT O(L).

B Teuenue ofHOro nOKOJIEHHs BHINOJNHSIETCS OJHH ONEpaTop ceJeKUHH
OflIHH omepaTtop KpoccuHrobepa. OnepaTop MyTalHH BLITOJHAIOTCS He yaile
ofiHoro pasa B 4-5 mokoneHuit. Heo6xoquMo ydecTb, 4TO NpPH Hauya/abHOH
reHepauuy nonyJasuuu GopMUpoBaHHe ONHOH XpomocoMbl TpebyeT L one-
pauuil ans onpefeneHus reHos. [locsie reHepalvd Hauya/JbHOH HOMYJISLHH
HeOGXOAUMO BHINOJIHHTD €e COPTHPOBKY, 4TO TpebyeT N, log 2V, onepanui,
T.€. BpeMEeHHas CJOXKHOCTb [€HETHYECKOro aJlropuTMa COCTaBHT!

O((n+m) +2m + [Nylog 2N, + (N, + 2log 2N,) + O(L) + O(L) /5] Neg),

rae Ng — uucno nokonenuit, N, — pasmep nonyasuuu. CiegoBaresibHo,
BPEMEHHAs CJIOKHOCTb a/JTOPUTMA OMpefie/leHHs TNIaHAPHOCTH NPOMOPLHO-
HaipHa O(n 4+ m).

5.5. Onpenenenue usomopcpusma rpacgos

Boabuioe unc0 KOMOHHATOPHO-JIOTHYECKHUX HHXKEHEepHBIX 3a/a4 Ha rpa-
thax TpebyeT YCTAHOBNEHUS] H30MOp(H3IMA H/IH H30MOP(HHOrO BJOXKEHHS
MeXIy 3aLaHHbIMH CTPYKTypamH. [lanHas npobieMa, Kak H BCe OCTaJbHble
paccMoTpeHHble Bblie npobaemsl, asaserca NP-noanoit. [Tostomy paspa-
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6aThIBAIOTCS Pa3/JH4Hble 3BPHUCTHKH AJISl NIONy4YeHHS NPHeMJeMblX NMPaKTH-
YeCKHX Pe3yJIbTaToB.

3adaua pacnosnasanus usomopgusma zpahoé COCTOMT B CleLlylo-
wem. dna sapannbix rpagos G = (X3,U)) n Gy = (Xq,Up) Tpeby-
eTcs OMpefie/IMTh, CYUIECTBYeT JH B3aHMHO OJHO3HayHOe OToOpakeHHe
v : X1 — Xo Takoe, uro U = (z,y) € Uy Torna ¥ TOABKO TOrAa, Koraa
(p(x), p(¥)) € Ua.

B HacTosillee BpeMs H3BeCTHBl NOJHHOMHa/bHBEIE aJrOPUTMbL LJIS Clle-
OYIOIHX KJaccoB rpacgos: rpadsl OrpaHHYeHHOH CTeneHH; rpadel ¢ orpa-
HHYEHHOH KPaTHOCTbIO COOCTBEHHBIX 3HAa4YeHHH; K-pasfesNuMble rpadsl;
k-cTaruBaeMble rpadbl U Tak jasee.

CyuiecTByeT psif 3aa4, KOTOPble NOJMHOMHAIBHO CBOAATCS APYT K APY-
Ty ¥ K 3aJadye paclosHaBaHHfl H3oMopdHama rpador G| u Ga.

1. PacnosHaBanue usomopdu3Ma rpagoB U NOCTPOSHHE NMOPOXKAAIOLLErO
MHOXeCTBA JJs IPynnbl aBToMopduaMoB rpaga, rae G = G U Gs.

2. PacnosHaBaHue H3oMopdH3Ma rpadoB U CyliecTBOBaHHe H30MOPQHOH
NOJICTAHOBKH (BPeMEeHHas CJOXHOCTh airoputMa = 0(n?)).

3. Pacnosnapanue #3oMopduama rpadoB H YHCA0 CHMMETPHH rpada (Bpe-
MeHHas CJIOXHOCTb anroput™a == 0(n?)).

4. PacnosnaBaHHe uzomopdusma rpadoB U aBToMOpGHOe pa3bHeHHe MHO-
XeCTBa BeplIUH rpada (BpeMeHHas CIOXHOCTb aaroputMa = 0(n?)).

5. PacnosnaBaHue Haomopduama rpadoB U YKcaI0 H30MOp(dH3MOB rpados
(BpeMeHHas CJIOXKHOCTb aAropuTMa ~ 0(n?)).

6. Pacnosnasanve nzomophusMa rpad)oB 1 onpeneneHHe CyleCTBOBAHUS
aBTOMOp®hH3Ma 1J1 napsl GHKCHPOBAHHBIX BeplIMH rpada G (BpemeH-
Hasl CJOKHOCTb anroput™a =~ 0(n?)).

HM3BecTHO, uTO 3a4a4a H3OMODQHOro BJIOKEHHS rpada TakkKe fBJA-
erca NP-nosnoit 3agaueili. OHa HMeeT MHOTO CXOACTBa M B TO K€ Bpe-
Msl CYLIECTBEHHO (MO CJIOXKHOCTH) OTJHYAeTCs OT 33Ja4d Paclo3HABAHHA
uzomop¢Hsma rpagos. Hanpumep, ans peuweHus 3agadu H3omopduaMa
noarpaga G| ¢ MCNOJb30BaHHEM HM3BECTHBIX aJTOPHTMOB DaCNO3HABaHMUs
uzomopduama rpadoB HeoGXOAMMO pa3paboTaTh MpouUeypY BLIAENEHHUS B
rpade G nmogmHoxecTBa X C X, PaBHOMOLIHOTO C MHOMXKECTBOM BEpLINH
X, rpaga Gg.

) . n
JlanHas npouenypa BrJIo4YaeT k) gedcTaull, rae ky = ( N ) n=|X|,

ng = | Xa|. CnenoarensHo, ki pas Hafo NPHMEHATb H AJTOPHTM Pacro3Ha-
BaHusA u3oMop¢usma rpados. [TosTomMy npu BHAeNeHHH KaXA0ro noarpada
m
mg
(m) — xoauyectBo pebep B noarpade Gy, my — B rpadpe Ga, m; > my).
CrienoBaTesibHO, Aae ecJ/H ecThb NOJHHOMHAJbHBIH aJrOPHTM pacro3HaBa-
HUA u3oMopusma rpados, ¢ ero NOMOLUbIO HEBO3MOXKHO DEIUUTh 3ajady
H30MOp(HOro BJIOXKEHHS 3a NOJHHOMHAJ/IbHOE BpeMSs.

HaunGoabiuyio TpyAHOCTb NpeAcTaB/AseT YCTaHOBJEHHe H30MopbhH3Ma
O[HOPOAHBIX rpatoB, HMeWWHX aBTOMOpdHbe noarpader. Has peueHks

G| B rpade G Heo6XOZUMO BHIMOMHATH ko AelcTBUM, rae ky =
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TAKHX 33/a4 HCIOJb3YIOTCS MeTOAbl pa3bHeHHs uccaefyeMmblx rpados Ha
pasnuuHble ypoBHH. [IpH 3TOM BpeMeHHas CIOXKHOCTb ANrOPHTMAa CHHXKa-
etcs ¢ O(n!) mo O(k!), rme n — uncno saemeHTOB B rpade, a kK — yucno
3J1eMeHTOoB B HauGo/blueM aBToMopgHOM noarpage, T.e. B TakoM noarpage,
e He MUMeeT 3Ha4YeHHs BLIGOD BEPLUUH /S YCTAHOBJIEHHs COOTBETCTBHS.

OcHoBHasi Hesl TAKUX AJTOPUTMOB 3aKJIOYaeTcs B CleayioiieM. B rpa-
thax, HccaeayeMbiX Ha U30MOpGH3M, BHOUPAIOTCS ABe NMpeLNonaraeMo H3o-
MopdHble BeplHHB. OTHOCHTENbHO HUX NPOU3BOAMTCH pasbueHMe Bcex
OCTaBUIMXCH BEPLIMH Ha ABA KJjacca. B nepBblil KJacc BKJAIOYAIOTCS BEPLIU-
Hbl, CMeXHble BbIOpaHHBIM BepLIYHAM, a BO BTODOH — He CMeXHble.

Hanpumep, Ha puc.5.35,a4,6 nokazaubnl asa rpada G, G'. Ilycts
G=(X,U), G=(X"U) |X|=|X'| =6, Ul =|U|=29, nokaibHbie
CTeNeH BceX BeplIHH rpacda paBHbl Tpem. Heo6xonumo ycTaHOBUTbL HM30-
moppusm rpagos G u G’. Jpyrumu caoBaMH, HeOGXOQHMO GTpPELeNHTb,
CYLeCTBYET JIH OTHOUIEHWE 3KBHBANEHTHOCTH!

X & X', U & U’ rakoe, 4To,

ecsin pe6po (T, T;) <> pebpy (f, x7),
Tora x; > T, x; < 15, (Ti,7;) € X, (xf,z)) € X"

a 6 X X5
X} !
4 X6

Puc. 5.35. a — rpas G, 6 — rpap G’

[TokaxeMm Ha npuMepe peajH3alMi0 3BPUCTHKH pasbHeHus OJs ycTa-
HOBJIEHHSI H30MOP(dH3Ma ONHOPOAHLIX rpadoB. Boibepem OnHY BeplUIHHY
B rpade G u ondy B rpade G’ ¥ OTHOCHTEJILHO HHX BHIMOJHHM YKa3aHHoOe
Bbllle pasbueHue:

{1t {246}, 35} (G),
{1} {456}, {23} (@)

B nanHoM pa3fWeHHH BepLIMHbl 2, T4, Te CMENKHB BepUIHHE I,
a BepIIMHBl T3, L5 He CMeXHb BepwiMHe x| rpada (. AHanoruuHoe
pasbHeHue BHIIONHEHO Assi rpada G'. 34ech cudTaeTcs, YTO BePLIHHBI
zy u x| npegnonaraemo naomopduel (IT-usomopduer). Jlanee srGHparTCs
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NOAMHOXECTBA MeHbLICH MOLHOCTH H BHYTPH HUX NPOBEPRETCSA CMEXKHOCTD
BepIIHH. B HalleM npumepe BepuwHHBI 23, T5 U T§, T3 He cMexHbB. [ToaTomy
npolecc pa3GHEeHHs NPOLOMKAETCA:

{1} {8h_{{2,4.6}3,. 3y {{S8}s_h-
{1} {2%_ {45,600, 1, {8}

[Iponoskas mpouecc aHaJIOrHYHO, NOJYYHM, 4To rpad G H3omopdeH rpady
G’. TlopcraHoBKa BepLIHH 3anyUIETCS TaK:

1 2 46 3 5
t:{ I’ 4 5 6 2 3 }

B paccmatpuBaeMoM npumepe NMOAMHOXKECTBA BepIIHH {Z2, T4, Tg) H
{zy, xf, xi} ABNAOTCS aBTOMOPQHBIMH, T.e. KaXAas BEPIUMHA B OAHOM
noarpade moxer ObITb H30OMOppHA J1060H BeplIHHe BTOPOro noarpada.
B npumepe (puc.b5.35) BpeMeHHas CJOXKHOCTb AArOPUTMA PACNO3HABAHHMA
usomopdusma rpatdoB O(6!) Geita CBegeHa K BPEMEHHOH COXKHOCTH ajro-
puTMa pacnosHaBaHHs H3omop¢usMa rpados O(3!). B aaroputmax takoro
THN2 Heob6XxoAMM nepebop MexAy 3/JeMeHTaMH aBTOMOP(QHBEIX moarpados,
NIpUYEM, KaK CAeAYeT U3 pacCMOTPEeHHs NpuMepa, Takoi nepebop spech
BLITONHAETCS MOC/IENOBATEIBHO /ISl BCEX BepLIMH, KpoMe NocneqHeld Bep-
LIMHBI B noarpade.

IIpepsiaraerca B paccMaTprHBaeMoM METOAE pacro3HaBaHHUsS H30MOPOhH3-
Ma rpatoB nocJie NOJYUeHHs NOAMHOKECTB pa3bUeHHs B MOAMHOXKECTBaX
HanGonblueld MOWHOCTH BHIIOMHATh BCE MOAUDHUUMPOBAHHEIE [eHETHYECKHE
onepatopbl. Hanayuluue pesynbrarhl 4ano NpHMeHeHHe HOBBIX MOAHGULH-
POBaHHLIX FeHETHUECKHX ONepaTopOB, OCHOBAHHLIX Ha «XKagHOH» cTpaTte-
THHM, METOAe AMXOTOMHH, MMHHMAaJbHOI0 KjacTepa, MeTOAEe 30JI0TOrO ce-
yerus U Metofe PuboHayuu. 7o NO3BOMAET NApasliesbHO AHAJTU3UPOBATD
BCe MOIMHOXECTBA aBTOMOP(GHLIX BEPUIMH M MOBLILLIAET BPEMSA [OHCKA.

Hanpuwmep, Ha pyc.5.36, a, 6 nokasanbl HeTPUBHANbHbIE, HEOAHOPOLHbIE
rpadpet G u G'. B satux rpadax

(X =1X"1=7, |U=|U"| =8,

pr=1 pa=3, p3=3, pa=3, ps=3, ps=2, pr=1,
pa:l’ pb:3, pC=39 pd:3v pe:?’y pf:2, pg=1

Bepwiuna 1 moxer 6uiTh [I-usomopdHa BepuinHe ¢ uwau ¢g. B nepsom
cJyyae Hac XKAET TYMHK, 2 BO BTOPOM — ycneX. Mel npeanosoxuim, 4o
BepuwirHa 1 [1-usomopdHa BepuwinHe g. Torna Ha ocHoBe CBA3HOCTH rpata u
IBDHCTHKM pa30bHeHus cjenyeT, 4yTo BepuinHa 7 Il-nsomopdHa BepliHHe a.
[Tocne sToro BhiTekaet, yto BepiuuHa 6 [1-usomopdra Bepunue f. Hanee
HeOOX0AUMO YCTaHOBHTb, CYLIECTBYET JIM COOTBETCTBHE MEXAY NMOAMHOXe-
ctBaMH asroMopdHbIx BepuivH {2,3,4,5} u {b,c,d, e}. B sTOM cayuae,
KaK OTMeyaJsioch Bhillle, HeOGXOAHMO BBINOJHHTL IIONHLIA nepeGop MeXxAy
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5THMH TNOAMHOXecTBaMH BepwwnH. Hns 3THX noaMHOXecTB 310 — 4l
Buinosinsis Takue npeofpasoBanus, noayuum, 9to sepmnna 2 [1-uzomopgua
BepwuHe b, sepwnHa 3 [T-usomopdHa Bepiute d, 4 — ¢ U 5 — e. OTcOna
ciepyer, uto rpapsl G u G’ (puc.5.36, a, 6) usomMopdHbl, a MONCTAHOBKA
u3zomopdH3ma, nepeBoasiulas O4HMH rpad B APYToi, 3amuileTcs Tak:

1 234567
tz{abdcefg}'
‘ (3
ofo@Pozozo

O

@ e‘:.o ©

Puc. 5.36. a — Hetpusuasbhbiil rpad G, 6 — HeTpUBHANbHBIN rpad G

Kax BHAHO, HanuuyHe BEPIIHH C JIOKAJbHBIMH CTENEHSAMH pa3/iHYHOH
MOILHOCTH YMPOLLAeT NPOoLece pacro3HaBaHUs M3oMop@uama rpados. 1o
NO3BOJIAET BLIOHPATh HayajbHble YCIOBHS JJIS SBPUCTHKH pa3bueHwus.
B npumepe (puc.5.36,4a,6) Bcero gBa cnocoba nssa BeiGopa pasbueHns,
B TO BpeMs Kak B rpadax (puc.5.35,a,5) wecTb BOIMOXKHBIX cnocoGoB
pas6uends. B ogHopogHbIX rpadax Bce cTeneHHd BepIMH OXMHAKOBH, MO-
TOMY HayajibHbie YCMOBHS BHIGHPAIOTCS TNPOH3BOJABHO CJaydafHBIM 06pa-
30M. B 3TO# CcBs34 NpU YCTAHOB/IEHHH H30MOPPH3MA B OAHOPOLHHIX rpadax
BpEeMEHHAs CJIORKHOCTb a/ITOPHTMA B CaMOM JydiueM ciydyae O(n), B camom
xynwem caydae O(n!). Ecnu rpadnl Hen3oMopdhHb, TO 38 OfHY UTEpALHUIO
YCTAHOBHMTbH Pe3yJbTaT HeBO3MOXHO. Heo6xoaHMo npoBecTH cpaBHEeHHe Ha
M30MOphH3M OIHON cAyyaHHO BLIOpAHHOH BepLIHHBI M3 OQHOrO rpada co
BCEMH OCTaJIbHBIMH BepPUIMHAMH Apyroro rpada.

Hanpumep, nycTb 3agaHbl aga rpada (puc.5.37,a,6) G u G'. Ilpu atom

G=(X,U), G=(X"U"), | X|=|X"|=6 |U=U|=9

— JIOKaJibHble CTeNeHH BceX BepUIMH rpada paBHbI TPeM.

Jast pacnosHaBaHus u3oMopdusMa rpaoB NPHMEHHM BPUCTHKY Das-
6uenus. [lpeanonoxum, yto Bepwuna 1 rpada G [l-usomopdua BepunHe
a rpadpa G'. Toraa nonyunm

{1} {2.4.6},, {3.5},~ (G
{a} {b.d.f}y {ech. (G).
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Jns panbHeiiulero aHanusa BbiGMpaeM COOTBETCTBYIOLIHE NOAMHOXECTBA
Haumenblwel MowHOcTH {3,5} u {e,c}. Bepunum (3,5) B rpade G
(puc.5.37, a) cmexusl, a BepluHHb (¢, e) B rpade G’ — ner. Cnegosareds-
HO, BepluKHa 1 He MOXeT ObITb U30MOphHA BepUIHHE a.

Puc. 5.37. a — rpa G, 6 — rpadp G’

B 5ot ¢BA3K HEOBXOLMMO NPOBECTH aHANOTHUYHLIE OMEpPAUHH AJf Npo-
BEPKH H30MOp(hH3Ma BepluHHbl | ¢ OCTaibHbiMKM BepiurHamy rpada G’.
Janee nonyuum

{1} {246}, (8.5} (&)
{6} {a,coeliy {dfhio (G)

Bepunns (3,5) B rpade G (puc.5.37,a) cMexHH, a BepunHbl (d, f)
B rpage G/ — ner. CrienoBaresibHo, BepirHa 1 He MoXKeT GBITh H3OMOP(GHA
BepwnHe b. [Iponoskas anaJoryyHble MOCTPOEHUA, UMeeM, YTO BeplinHa |
He MOXKeT ObiTh H30MOp(GhHA BEpUIHHAM ¢, d, e. HakoHell, npeAnonox 1M, 4To
BepwnHa | rpadpa G [T-usomopdHa Bepuuse f rpada G’. Torga nonyuum

{1} {246}, {35}, (G)
{1} {a,c.e}yy {b,d},,_ (G").

Bepuinue (3,5) B rpade G (puc.5.37,a) cmexus, a Bepwunbl (b, d)
B rpaje G — Het. CnenoBaTesibHO, BepiliiHa 1 He MoXeT GbITH H30MOP(-
Ha BepliiHe b. [IpoananusupoBanbl Bce BeplHHb rpada G’ Ha Npeamer
usomopdusma ¢ BepwHHoii 1 rpada G. Bo Bcex cnyyastx oTBeT OTpHuUa-
tenbHblil. [ToaToMy rpad G Heusomopden rpady G'.

PaccmoTpuM  mpHMep  pacnosHaBaHMs — W3oMopdHaMa  rpagos
(puc.5.38,a,6) G u G'. Ilpu stom G = (X,U), G = (X', U'),
| X| = |X'| =10, {U| = |U'} = 15, nokanbHble cTeneHH BceX BeplUHH rpaga
paBHn TpeM. llpeamonoxum, uto Bepwuna 1 rpaga G Il-uszomopdua
BepuwnHe a rpada G'. Torga noayuum

{1} {256}, {3.47.8510}_ (G)
{a} {be f}y {cd hg.ki},_ (G). .
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Puc. 5.38. a — rpad G, 6 — rpadp G’

Has pganbHefwero ananusa BHIGHPaeM COOTBETCTBYIOILHE MOAMHOXe-
cTBa HaumeHbwel mowHoctn {2,5,6} u {b,e, f}. Ilpeanonoxum, uTO
pepluuna 2 [1-uzoMoptHa sepuivHe b. B atom cayuae nosyyum

{1} 24, WS6hhi- [7.3},.{,4.8,910} )i (@),
{a} {0}y He o Ho i ddhkiadi)is (G

Kak sugno, I1-usomopdusm coxpausercs. [Ipofonkas nanee, 3anuiem

{13 {2}y [{5.6}1 .- [[{7hy 8414, [{9, 10}, . {4, 8}, _Ji-]i- (G),
{a} b}y (e FHlic o i i o BYL (R d 0 (@),

Tak kak sepwunn (h,d) B rpade G’ (puc.5.38,6) cMexHbl, 2 BepLIHHEI
(4,8) B rpade G (puc.5.38,a) — Het, To BepwHHA | He Moxer GbITb
u3oMop(hHa BepiLHHE a, BepluuHa 2 — b, BepiiHHa 7 — ¢ U BeplIHHA 3 — C.
[Ipononxkas aHANOrHUYHO, NOAYYHM, 4TO rpad G He HzomopteH rpady G'.

[Ipennaraercs nogXxof Ha OCHOBE MHKPO-, MaKpO-, H METAZBOJIOLHH A8
HAaXOX/EHHs! MONCTAHOBKH H30MOp(dH3Ma IpatioB, eCIH OHA CYLIECTBYeT.
Ha >3Tame MUKpO3BOMIOLHH 3BPHCTHKA pa3OUeHHs MO3BOJsET MONYUHTh
crpoutenbusle 6j0kH. IlepepacnpeneseHHe reHeTHYECKOro MaTepHala Ha
OCHOBE FeHEeTHYECKHMX OMepaToOpoB U UX MOLU(UKAUMH BHINOJHSETCS BHYT-
PH Ka)XJOro CTPOUTeNbHOro 6soka. 3a CYeT ITOr0 YMeHbIlaeTcs pa3mep
XpOMOCOM B TMONYJSALUMH H COKPALlaeTCs BPeMs peasid3aurdd OCHOBHOrO
asqroputMa, Hanpumep, B xpomocome P : 2, 3,4, 5, KoTopas ABAseTCs CTPO-
HTesbHbIM 6a0KoM Anst rpada G (puc.5.37,a), onpependm TOYKY MyTalHH
mexay 3 ¥ 4 redHoM. BrinosHuB onepaTopoM MYTaUHH, MOJAYYHM XpPOMO-
comy-notToMok Py : 2,4,3,5. Oda onpenenser noactaHosky 2-b, 4-c, 3-d
U 5-e.

Ha yposHe MmakposBoJouyy 3¢p¢eKTHBHO HCNOAb30BaTh (PpaKTajbHble
MHOXECTBA, [PU 3TOM KaXKAblH CTpoMTe/bHBIH GJIOK NpecTaBNseTCs KaK
obbenuHeHHas! BeplIMHAa HOBOro rpada. B sToM cayuae pasmep XpoMocoM
yMeHbIIAeTC ¥ TOSIBJSETCS BO3MOMHOCTb YBEJMYHTb YHCJO reHepaluil
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reHETHYECKOr'0 a/rOPUTMA AJIf MOJMYUYEHHS ONMTHMAJIBHOrO pesyibTata. JT0
0COGeHHO aKTya/bHO IIPH aHaJM3e ONHOPOAHBIX HeH3oMOp(HLIX rpados ¢
O MHAKOBLIM YUCJOM BepLIHH U pebep.

Ha stane MeTasBosiioUMH NPOMCXOAUT MHUIPALHA XPOMOCOM H3 ORHOH
NONYJALUHH B APYTyl0 W pasijiHuHble MOAH(ULHDOBaHHBE TeHeTHYeCKHe
ofepaLKy Haf NOMYJSALUUSMH.

IlpuBeneM CTPYKTYDHYIO CXeMy TeHETHYeCKOro MOHCKa AJs pelleHHs
nepeGopHLIX KOMOGHHATOPHO JIOTHYECKWX 3aady Ha rpadax (puc.5.39) ua
OoCHOBe MH(OPMHPYIOWHX 0OpaTHBIX CBSI3eH M KOHLENUHH oO6beJuHeHHOH
asosounu. [locne peanusauuWd reHETHYECKOTrQ anroputMa Ha puc.5.39
KOMIIEHCATOD NpPH B3aHMOAEHCTBHH C BHelIHeH cpeloil peaJsiH3yeT cHHep-
reTHyeckue NPHHUUNB, a (PUALTP XPOMOCOM MOAJEPXXKHBaeT IOMEOCTas.
[lpn 37OoM JAydliHe XPOMOCOMBI OTNPABASIOTCSA A CMELUHBAHHS MOMYJsl-
UHH ¥ BbIXO4A M3 JIOKANBHBIX ONTUMYMOB. PeflyKTOp yMeHbiliaeT pasmep
NOTY/SUMH, YCTPaHAS XPOMOCOMBI €O 3HaYeHHeM HeNeBOH QYHKIHH HHXe
cpefHed. DBaoku cymmarop, penykTop M (DHJBTP XPOMOCOM MO3BOJSIOT

Jposronus
JlapeuHa ¢ Brox
Jlamapka B Komnencarop | "[3BOTIOLHOHHON
a
OBomouus — 7 Aanratuu
ze dpusa Buewnas 1
SBomouns
cpena
MNonnepa P Peaykrop
I'enepatop
TIOMYIAUMH
Onpenenenue
HOBOH NOIyNALHH
I'eHepauus HoBoro bunsp
MHOKECTBA XpOMOCOM
ONTHMH32LHOHHBIX
napaMeTpoB
Hcnonr3opanue
HCTOPHH
NpeAbIAYILHX
penieHun xns
TEeHEPaLHH
TyYUINX
MHOXECTB
rapamMeTpoB Monnpuunpo-
t Banuele 'O
Ananrauus
Puc. 5.39. CTpykTypHas cxema reHeTHHeCKOro NOMCKa 4

9 JI. A.Tnankos, B. B. Kypeituuk, B. M. Kypeitunk
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NOBEICHTb 3()(eKTHBHOCTh peanH3aund 3BOJIOLHM U CKOPOCTb Daclo3Ha-
BaHHA H3oMoptdusma rpatdos. Cregyer oTMeTHTb, YTO B rpadax 6osbluok
pa3MepHOCTH C HeTpHBHANbHHIMHU aBromopdusamamu (K > 100) mpouecc
YCTaHOBJIGHHST H30MOP(HH3MA PE3KO YCJAOKHAETCS, HO HCNOMb30BAaHKE TAKHX
CXeM NOHCKa Ha NOPSAOK CHHXKAET BPEMEHHYIO CJOXKHOCTb aJ[OPHTMA.
[lpuBeneHHble CXeMbl YIPABJAEHHS TEHETHUECKHM MNOHCKOM [O3BOJSIOT
NOBLICHTb Ka4YeCTBO DEIUEHHS M YMeHbUIHTb BpeMst INoHcKa. BpemeHnnas
CJIOXKHOCTb aNFOPHTMA TAaKOro KJacca Jexut B npegenax O(n?) + O(nd).

5.6. TeneTnueckuii ajJropurm omnpeaejeHus
napocoyeraHuu rpaca

[lyete G = (X,U) — neopuentuposarusiil rpad. Iapocouemaruen
(TIC) wasviBaeTcss noaMHOXecTBO pebep M C U, He uMenHX O0OUX
KOHIOB, MpHYyeM Kaxjaoe pebpo u; € U cmexHo omHOMy pebpy u3z M.
Maxkcumansroe napocowemanue — 310 napocoyetaHve M, comepxaiuee
MaKCHMaJIbHO BO3MOMXKHOe qHcno pebep. MaBecTHO, YTO uncao pebep B na-
pocodeTanuu rpada G = (X,U) |X| = n ne npesblitaer [n/2), rae [n/2]
6amxkafiuiee GoJbliee LeJoe.

PaccMoTpUM OCHOBHBIE 3BPHCTHKH OMpe/ie/ieH st NapocoyeTaHul B ABY-
noJbHbX rpadax G = (X; U Xo,U), X1 U Xy, X1 NXp =2,

[lycts 3amaH ABynosbHBIA rpag, nokasauusiél Ha puc.540. B Hem
MOXKHO onpejenuth napocouetanne M; = {(1,6),(3,8)}. B stom rpade
MakcHMasbHoe napocoderanue (MIIC) My = {(5, 8)(3,7)(2,6)}, BolaeneH-
HOe XHPHBEIMH JHHHAMH, MOKa3aHo Ha puc.5.41. B atoM rpade moxHO
noctpouts eie ogHo MIIC: M = {(4,8)(3,7)(2,6)}. dna naxoxaeHus
MIIC B mBynosbHom rpade 6ygeM HCHOJb30BaTh ClELHANbHYIO MaTpHUY
cMexHocTH R:

CTpoKM MaTpHLbl COOTBETCTBYIOT BEPILIHHAM

1 61 78 9 X1, a croabusnl — BeplinHam Xs. Ha nepece-
YeHHWH CTPOK U CTONGUOB CTABHTCA 3HayeHue |

21N 1 unu O B 3aBHCHMOCTH OT HaJHUYHA HJH OTCYT-
R=311 NIN |1 CTBHR cOOTBeTCTBYyMILero pebpa. Takas momennb
4 1 TpeGyeT B 4 pasa MeHblUE A4YEEK NMAMATH AJs

5 1 npeacTaBieHus Matpuiel B DBM. Dto ocobeH-

HO CYLEeCTBEHHO NPH aHamu3e rpadioB HA COTHH
THICAY BEPLIHH.

[Ipennaraetcs cnenymoulas 3BpucTiKa. B matprue R uueTcs guaroHalnb
¢ HauGOAbLIKHM YHCJIOM 3J1eMeHTOB. Ecsin TakuxX AHaroHalell HECKOMBKO, TO
Boibupaetcs J106asi. Hanpumep, B matpuue R guaroHaib ¢ HaubOJBLIMM
uncioM sjemedTos umeer Bui I = {(2,6)(3,7)(4,8)}. CnenosaressHo,
onpeneneso MIIC M, nns rpada puc.5.41.

CohopmyanpyeM cienymolylo runoTesy. [nasnas Anaronans MatpHus! R,
NOJMHOCTBIO 3anoJIHeHHas 3JeMeHTamu, coorBercTByeT MIIC. CymmapHoe
YHCIO e€IMHHL COOTBETCTBYeT cyMmmapHoMy udHcay pebep MIIC. Kaxpas
e[MHHUA [JIaBHOH AMaroHanu onpepensier pebpo MIIC.
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Puc. 5.40. Iyronbubit Puc. 5.41. Makcumanb-  Puc. 5.42. JIBynosbHeL#

bt

rpadp G Hoe [1C rpap G

JlokasaTtesibcTBO cJlenyeT U3 cnocoba MOCTPOEHHS CrelHalbHOH MaTpH-
N0 32JaHHOMY JBYROJbHOMY rpady, Tak Kak KaxAod BeplunHe u3 X

IJIaBHOH QYaroHaJH CTABUTCS B COOTBETCTBHE OfIHZ H TOJIbLKO OJHA BEpIUHHA
u3 X9. OTMETHM, 4YTO Nepe paboToH aaropuTMa HeOGXOAHMO YIOPSIOYHTh
BEpILHHbI ABYLOJNBHOIO rpaga 10 BO3PACTAHHIO 3/1EMEHTOB.

OnuuleM OCHOBHYW cTpaTerdio ompefejeHds MIIC B aByaosnbHOM

rpage.

1.
2.
3.

Onpepenuts Beplinns noamuoxects X u Xp asygosasuoro rpada G.
Ynopsagouum Bepuwinnsl X 0 Xo.

[TocTponTsb crieuranpHyio MaTpuly R W onpelefuTs B Heil [VIABHYIO
LUAroHaMb.

. Ecnu riaBHas guarodadb 3anoJIHEHA 3JIEMEHTAMH NMOJIHOCTBIO, TO MO-

crpoero MIIC u nepefiti k wary 7. Eciu HeT, To nepeiiTh K 5.

.B Marpuie R ONpEeACNTDL BCE AHATOHANH K Bbl6pa’l‘b AHaroHaJ/jb ¢ Ha”u-

GO/IBIIKM YHCJIOM 3JeMeHTOB. Ec/IH TakuX AuaroHasedl HeCKOJIBKO, TO
BbIGpaTh JHOOYIO.

. BulnosHKTbL npOUeAYpYy CKJEHBaHUS U Npeobpa3oBanust Ha OCHOBE re-

HeTHYeCKHX onepartopos. B pesynbrate ctpourcas MIIC.

. KoHewl pabotbl ajropurma.

Hanpumep, nan aBynosbHei# rpad puc.5.42. TlocTpouM cneunanbHyo

matpuuy R storo rpada:

9*

6 7 8 9 10
1

RO
USN

B
l
L R N P N
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CornacHo airopuTMy oOnpeieasieM TIJaBHY© JQuaronans [l =
= {(1,6)(2,7)}. Ona He 3anosnueHa sneMenTaMu nonHocTbio. Onpesesnsiem
ApYTHe JHaroHaau:

I = {(1,8)(2,9)(3,10)}; L ={(2,10)};
I3 = {(2,8)(4,10)}; L4 ={(5,6)}.

B kadectse 6asoBoii ans onpenenenus MIIC puiGupaem [l; Kak AuaroHalb,
comepKaulyo HauboJsbluee YHUCII0 3/1eMeHTOB. BoinosHseM npouenypy ckie-
UBaHusA:

Linl#9, Lhnlz#e, Lind#e, Ainl=9

CanenoBaTesibHO, 3eMeHT (5,6) us [, noGasns-
erca K J1;. Ha atom noctpoenune MIIC 3aBepiue-
no: My = {{1,8)(2,9)(3,10)(5,6)} u |M;| = 4.

Jlaunas MeTogMKa MOXeT OBbITb NPHMeHeHa
¥ Aas rpados, He ABJAIOMMUXCS ABYAOJbHbIMH.
[lns 3TOro He06XONHMO B rpage BuIACAUTb MaK-
CHMAaJIbHO ABYAOJBHYIO 4acTh. s Hee ompene-
aute MIIC, a 3aTeM Ha OCHOBe CKJEHBAaHHS H
npumenenuss ['O nocrpoute MIIC pas npous-
BOJIBHOI'O Ipada.

Hanpuwmep, nycts sapan rpadp G (puc. 5.43).
HAna ero pBymoabHod uactu MIIC pae-
Ho M = {(2,6)(3,7)(4,8)}. [lpumenss npo-

Puc. 5.43. Tpad G uenypy ckJaeuBanusa, noayyum MIIC rpada

M ={(2,6)(3,7)(4,8)(5,9)}.

OrmertuM, yTo aas noctpoenns MJIIC MOXHO HCMO/b30BaTh XKaLHYIO
crpateru. IIpuMep Takoro NOCTpoeHUA UMeeT BHJ!
1° (1,6)
2°(1,6)(3,7)
3° (1,6)(3,7)(4.8)
4° (1,6)(3,7)(4,8)
5° (1,6)(3,7)(4, 8)(5,6)
6° (1,6)(3,7)(4, 8)(5 8)
7° (1,6)(3,7)(4,8)(5,

B pesyabrate noctpoedo MIIC, M = {(1,6)(3, 7)(4,8)(5,9)}, M| =4.
Jlis rpados n < 100 MoxuO nocTpouTsb cemeiicTBo Beex [1C u BHGpaTh
U3 HUX Haubosbiiee. Hanpumep:

1(1,7)

2 (1,7)(2,6)
3(1,7)(2,6)(4,8)

4 (1,7)(2,6)(4,8)(5,9)

[Tocrpoeno mosoe MIIC My = {(1,7)(2,6)(4,8)(5,9)}, M| =
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[Npumenum xanueie 'O pas rpada (puc. 5.43), narHa XpoMOCOMbE B KO-
ropoM n/2 = 9/2 = 4,5. CieposatenvHo, L = 5. CreHepupyeM cJyd4aiiHbIM
o6pasoM MONYASUHI0 KaK HaGop XpPOMOCOM, COCTOALUHMX H3 pasJM4HBIX
pebep rpadpa P ={Py, P, P35, Py}

Py = (1,6)(2,6)(3, 7)(4,8)(5,9),
Py =(2,6)(4,9)(5.8)(3,7)(1,7),
Py = (7,9)(5,8)(1,7)(2,6)(5,6),
Py = (4,9)(5,9)(2,6)(4, 8)(3.7).

[Tpumensas oneparop cerperauud u3 Pj, BbOHpaeM [OZMHOXECTBO
pebep (ctpoutenvuptit 6nok) CBy = {(4,8)(5,9)}, us P svifupaercs
CBy = {(1,7)}, us P; Buibupaerca Cb; = {(2,6)}. Ha atom dopmupoanue
MIIC zaxonweno: M = {(1,7)(2,6)(4,8)(5,9)}. Bpemensas c/J0XHOCTb
a/NroOpUTMa B Jy4leM ciyyae paBHa O(nm), B caMOM XYALIEM caydae —
O(n!). B cpennem anst peanbHuix rpados umeem O(n?) <+ O(n?), roe n —
4YHCJ/IO BEPLUMH, 2 m — 4ucao pebep rpada.

5.7. BriBoasbl

B nauHo#l rnaBe npuBefieH pAj NPHMEPOB, WIIIOCTPHPYIOIHX 3(hdek-
THBHOCTb NPUMEHEHHA reHETHUECKHX aJTOPUTMOB /151 PellleHHsA Pa3IHYHbIX
NPaKTHYeCKHX ONTHMH3AUHMOHHBIX 3aa4. OdeBHAHO, 4TO 3P(EKTHBHOCTD
HCNOJIb30BAHHUR TEeHETHUECKHX ajfFODHTMOB 3aBHCHT KaK OT NpaBHJbHOH
HaCTPOHKH NapaMeTpoB aJrOpPHTMa, TaK H OT Pa3MEepPHOCTH pellaeMoli 3aja-
yu. Tax, ans pelieHHs npocThiX 33a1au HeGoJbILOH pasmMepHOCTH Haubosee
3¢(eKTHBHBIMH GyayT IBPHCTHYECKHE HTEPALMOHHbIE aNTOPHTMBI, TOrIA
KaK IpH pelleHHu caoxkHblX NP-mosHbIX 3a0ad4 reHeTHYeCKHE alrOpHTMEI
Jl0Ka3a/H CBOI0 3¢ (heKTHBHOCTD.

Knacc pelaemblx ¢ MOMOUIBIO TeHETHYECKHX aNrOpUTMOB 3ajad Ha
caMoOM JeJle ropasjo LIHpe NpeAcTaBJeHHbIX B AaHHOH riaBe npumepos. Ha
CeroflEsIlHuUA JeHb reHeTHYeCKHe aJrOPHTMbI C YCNeXoM NPHUMEeHSIOTCA AJIs
pellleHusl pa3/IMUHBIX 33134 NPOEKTHPOBaHUs UH(POBOH H aHAJOTOBOH Tex-
HMKH, 33434 NOCTPOEHHS HHTEJJIEKTYaNbHLIX CHCTEM, IS DelleHHs 3ajay
ONTHMU3AUHMK U NPOrHo3upoBanus ¥ T. A. OfHako orpaHuyeHubl o6beM He
103BOJISIET N1€PeYHC/IHTh BCe BO3MOXHbBIE HAaNpaBJeHUS HCNOJIb30BAHHS.

B sakmoveHue xotenock Obl ellle pa3 MOAYEPKHYTh, UTO reHETHYECKHE
alTOPHTMbl SIBAAIOTCA HAa CErOAHAIIMH [AeHb MepPCNeKTHBHBIM M Mporpec-
CHPYIOLIHM HampaBJeHHeM Hay4yHOro Nporpecca, OIJHO3HAYHO NOKAa3aBUIUM
¢BOK 3(p(PEKTHBHOCTb H NPABO Ha CYL1ECTBOBAHHE.

5.8. KoHTpoJabHBIE BONPOCHI

1. Kakue ontumusauyuoHHble 3agauv 3QGeKTHBHO pewaTs NMpH MOMOLIK
FeHeTHYECKHX aJIrOPHTMOB?
2. Kakue 3apaun HasbiBarorcst NP-nonnsimMu? o
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3.

10.
1.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22.

B 4em ocHoBHaf HAes NpPHUMEHEHHS FEHETHYECKOro aJropuT™Ma AJsi
pellleHus 3ajauM pasbueHus rpada Ha yacTu?

. B yem ocHosnas naess NpAMEHEHHs T€HETHYECKOro aJiroputma mdid

pelleHHs 3afa4d KOMMHBOsKepa?

. B uyem ocHoBHas wumes IIPHMEHEHHsI FCHEeTHYECKOro aJjiropurMma nJasd

pellleHHs 3a/la4d packpacku rpada?

. B uyem ocHoBHas wunes NPpUMEHEHHA TE€HETHYECKOro aJiIrOpHTMa s

pelleHHs 3a1aYH BbIIEJEHHUS KJHK B rpade?

. B uyem ocHoBHas yuaess NpHMEHEHHs TeHETHYEeCKOro aJroputMma mjid

pelueHHda 3a4a4y BblACJECHHA HE3aBHCHUMbBIX NMOAMHOXECTB B rpalbe?

. B 1em ocHoBnas naesl NMpPpUMEHEHUS TeHeTHYECKOro aJjropMrMma aJd

pelleHUs 3aJayyl onpejieseHysl NAaHapHOCTH rpada?

. B uem ocHoBHas Haess NpHMEHEHHSA TeHETHYECKOro aJjropurMa nJs

pellleHHd 3aJayy onpejenekus usomMoppuama rpados?

Kakum 06pa3oM MOXHO NPHMEHHTb FeHeTHYECKHH alropuT™M AJs pe-
LIeHKs 33]a4H U30MOP(HOTO BJIOXEHHS?

Kakum 06pa3oM MOXHO CPaBHUTb 3(¢eKTHBHOCTb [EHETHYECKOro H
3BPHUCTUYECKOTO aJrOPHTMOB DELUEHHA ONTHMHU3aLHOHHLIX 3a1a4?

K kaxomy Kjaccy ajJrOPHTMOB OTHOCATCS TeHeTHUECKHe aJTOPHTMBbI?
UYro sBasieTcs KpuTepueM 3¢ (eKTHBHOCTH FeHEeTHYeCKOro aJropHTMar
KakoBa BpemeHHas CJIOXHOCTb F€HETHYECKOro ajropuT™Ma AJjs pelue-
HHS 3afa4yy pa3buedns rpada Ha yacTu?

Kakosa BpemeHHasi CJIOXHOCTb T'€HETHYECKOro alropuTMa AJs pelle-
HHf 3alayd KOMMHBOsIKepa?

KakoBa BpeMeHHas CJIOXHOCTb TeHETHYECKOro ajJropuTMa AJs pelie-
HUS 3aJa4d pacKpacku rpaga?

KakoBa BpeMeHHasi CJI0XHOCTb €HETHYECKOTO ajropuTMa hjs peiue-
HUA 3a[la4H BbiIEJeHHs KJHK B rpade?

KakoBa BpemeHHasi CJIOXHOCTb eHETHYECKOro ajropuTMa /s pelue-
HUS 3a1a4H BbifleleHHs] He3aBUCHMBIX MOJMHOXECTB B rpace?

KakoBa BpemeHHas CJIOXKHOCTb FeHeTHYECKOro anropHTMa /s pelle-
HHUS 3a/lauy ofipellefieHUs MJIaHAPHOCTH rpada?

KakoBa BpeMeHHasi CJI0XXHOCTb IeHETHYECKOro ajlroputma AJjs petle-
HHA 33244 ompejesieHuss usomopduama rpagos?

B yeM 3akiiouaercs 3BPUCTUKA ONpelesieHUs NapoCOYeTaHHs B IBY-
LOJILHOM rpade?

Kakum o6pazoM BbINOJHAETCS CKJIEHBAaHHE NHAroHasld JJISi Haxoxne-
HUS MAaKCHAMaJbHOTO NTapOCoYeTaHus B ABYLOJNbHOM rpade?

5.9. Ynpaxnenus

. 3anumuTte CTYKTYPY F€HETHHYECKOro ajJroputMa AJs peLIeHUs 3aadavu

HaXO0XJIE€HHS FaMUJIbTOHOBA LUHMKJA B rpa(pe.

. OnHIWAKTE CTPYKTYPY FeHEeTHUYECKOTO aJropPUTMa AJsl pellleHHs 3aa4H

pa3bueHus rpagda Ha YaCTH.

. OnuunTe CTPYKTYPY FEHETHYECKOrO aJrOPHTMa JJIsl PelleHHs 3aauH

KOMMHBOSIXKepa.
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10.
11
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22

23.

pa60Tbl aJIFTOpHTMa OT YHCJa BXOAOB (HCXOILHbIX JAAHHBIX 3auaqu).

. OnuwmuTe CTPYKTYDPY r€HeTHUYECKOro ajJropuTMa AJsd pelleHus 3ajayu

packpackH rpada.

. OnuwnTe CTPYKTYPY FeHETHUYECKOro ajirOPUTMa [Jisl pelleHHs 3ajaqu

BblJeJleHHs KJHK B rpade.

. OnuuuTte CTPYKTYPY F€HeTH4YeCKOro ajropuTMa AJsa pelleHHa 3aja4du

BblAeJIEHHSI CeMeHCTBAa KUK B rpad)e.

. Onuwwure CTPYKTYPY I€HeTHYECKOTO ajJropuTMa Ajd peleHHa 3ajaqu

BblJeJIeHHs1 MAKCUMAJILHON KJHUKH B rpade.

. Onuwwure CTPYKTYPY F€HETHYECKOro aAropuTMa AJs pelleHUs 3a4a4H

BblieNeHus] MUHUMAJbHON KJHKH B rpade.

. OnuuTe CTPYKTYPY T€HeTUYECKOro ajJIrOPUTMA AJA pPeUIeHHUd 3aja4vH

BbleJIEHHS ceMeliCTBa He3aBUCHMbIX [IOJMHOXKECTB B Ipade Ha OCHOBe
XKaJHbIX CTpaTerdi.

OnuuuTe CTPYKTYPY FeHeTHYeCKOro ajirOpHTMa [JIS1 DeLIEHHs 3aflauu
BblJeJIEHUs] HE3aBHCHMBIX MOJIMHOXeCTB B rpade.

[ocTpoiiTe cxeMy reHeTHYECKOro aJrOPHTMa A/ ONpeleeHHs] MaKCH-
MaJIbHOr0 ¥ MHHKMaJIbHOIO HE3aBHCHMOrO NOAMHOXKECTBa B rpade.
OnuiukTe CTPYKTYPY F€HETHUECKOr0 arOPUTMAa LISl OnpeleseHHs NJa-
HapHOCTH rpafa.

[TocTpoiiTe cXeMy reHeTHYECKOro aJrOpHTMa ONpejeJeHHs IJaHapHO-
ctu rpada Ha ocHose kputepus [lonTpsaruHa-Kyparosckoro.
[TocTpofite cXeMy reHeTH4eCKOTro aJropHTMa OfpefeseHHs NaaHapHoO-
ctH rpada Ha OCHOBE KpUTEDHS YHTHH.

[TocTpoiiTe cxemMy reHeTHYECKOro aJrOpHTMa ONpefe/ieHHs MNJIaHapHo-
cTH rpada Ha ocHoBe Kputepus Xapapu-TarTa.

[TocTpoiiTe cxeMy reHeTHYECKOrO aJrOPUTMa ONpeAelieHHS IJaHapHO-
cTH rpada Ha ocHoBe KputepHus Mak JlefiHa.

OnuiurTe CTPYKTYPY F€HETHUECKOro aropuTMa AJisl MOCTPOEHHS NJOC-
KOH YKJanKH rpaga.

OnuwuTe CTPYKTYPY FeHETHYECKOrO airOpHTMa JJ151 ONpeleseHHs H30-
MoppH3Ma HeOAHOPOLHBIX rpados.

OnuuixTe CTPYKTYPY F€HeTHUYECKOTrO aJrOpHTMa 115 OllpefesieHusl H30-
Mop(H3Ma ONHOPOAHHIX rpados.

[TocTpofiTe cxeMy reHeTHYECKOTro aJropuTMa IJs onpejeseHHst H30-
MOP(HOro BJOXKeHHS rpados.

[TocTpoiiTe nceBROKOA anropuTMa oNpefeseHHst MAKCHMAJBLHOIC mapo-
COYeTaHHA B JBYLOJMBHOM rpage.

[TocTpoiiTe CTPYKTYpHYIO CXeMy airOpHTMa ONpejeseHHs MaKCHMaJb-
HOT'O MapoCo4eTaHHs B HEOPHEHTHPOBAHHOM rpade

OnuuHTe CTPYKTYpY FEeHeTHYeCKOro ajropuTMa Ajf pelleHHs nepe-
6opHBIX KOMOMHATODHO-JIOTHYECKHX 3334 Ha rpadax.

Inoccapuit K pasgeay 5

Bpemennasn cnoxcrnocmo anzopumma (BCA) — 3aBHCHMOCTb BpeMeHH
4
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Honunomuansroie anzopummsl — anrOpUTMBL, BPeMEHHas CJOXKHOCTb
KoTOpbiX coctapasger O(n), O(n?), O(n®), ....

IKCcnoneHyuanbHble ANZOPUMMbBL — ANTOPHTMBI, BPEMEHHAS CJIOX-
HOCTBb KOTOpbIX cocTaBageT O(n!) u T.4., O(n™), O(n?™), O(n®"), ...

NP-nonuste 3adayu — ONTHUMHU3ALHOHHBEIE 3aJayH, AJs KOTOPHX He
HalfileHb! MOJHHOMHAJbHBIE aJrOPUTMBL, OJHAKO M He JOKa3aHO, YTO UX He
CYLIECTBYET.

Pa3buenue zpaha Ha wacmu 3aK104YaeTCs B MHHUMM3ALMH KpHTE-
pusi K (cymMMapHOoe YHC/IO CBA3eH MEXAY 4acTaMH pa3fHeHus).

Knacmep — uactb rpada. Bepiunnsl kiactepa cOeAHHEeHbl BHYTPeHHH-
MH pe6paMH C OCTaJbHBIMK BeplIMHaMyu rpada. BHewrnue pe6pa rpada He
BXOISIT B MOAMHOXeCTBO pebep KjacTepa.

Packpacka eepwun 2paga — pasbueHHe MHOXKECTBAa BepIIMH Ha
HelepeceKanuHecs K/1acChl (IIOAMHOXECTBa) TaKHe, YTO BHYTPH KaxJAOTO
TIOAMHOXKECTBA He JAOJI2KHO COAEePXKATbCS CMEeXKHbIX BeplHH. Ecu KaxaoMy
NOIMHOXKECTBY [TOCTABHTh B COOTBETCTBUE ONpeleeHHbIH UBET, TO BepLUH-
Hbl BHYTPH 3TOTO MOIMHOMXECTBA MOXHO OKPACHTb B OfMH LIBET, & BePLIUHBI
IpPYroro MogMHOXKeCTBAa — B APYroil UBET, H TaK Aajee KO PACKPacKH Bcex
TIOIMHOXeCTB.

Buympenne ycmofivusoe (He3asucumoe) noOMHONCECEO GEPUIUH
2pagpa — nogMHOXKeCTBO BeplIHH rpacda, B KOTOPOM JoOble [Be BepUIMHbI
He CMEXHBbI.

Maxcumansnoe srHympenne ycmotivusoe NOOMHONCECINEO BEPUILH
2pagha — nogMHOXKECTBO BEPIIHH, N0GaBleHHe K KOTOPOMY J1060i BepLIH-
Hbl rpada gesiaeT ero He BHYTPeHHEe YCTOHUYHBBLIM.

Knauka — noaMHOXeCTBO M3 MAaKCHMaJbHOIO 4HCJA CMEXHBIX MEXIY
co6oil BeplHH B rpage.

ITnockuit epagp — rpad, 0715 KOTOPOro CyllecTBYeT Takoe H3o0parkeHue
Ha NJOCKOCTH e€ro BeplIMH H pebep, uTO KaxkJas BepliMHA H300paxaeT-
€ Ha MJOCKOCTH OTAe bHOH ToukoH. [Ipu sToM pebpa npoctoél KpHBOH,
MMelollel KOHLEBbe TOYKH, NEepeceKkaloTcsl TOJIbKO B OBLIUX TO4KaX, T.e.
B BepUIHHAX.

Inanapnoii epagp — rpad, a1 KOTOPOro CyIUeCTBYeT BO3MOXHOCTD
NoJNy4yeHHs MJIOCKOH YKJIaNKH.

I'pans — obaacTb MNOCKOCTH, OrpaHH4YeHHas pebpaMH MJOCKoro rpada
H He coflepkalias BHYTPH ce6sl HU BepLUHH, HH pebep.

3adaua pacnosnasanusn usomopgusma dsyx epago8 — 3ajaqa onpe-
OeJeHHs: CYLIeCTByeT JIH B3aMMHO-OJHO3HayHOoe OTO6paXKeHHe, NepeBOnd-
liee OfHMH rpad B ApYroH, T.e. ¢ : X; — Xp Takoe, uto U = (z,y) € Uj
TOra M TOJIbKO Toraa, koraa (p(z), ¢(y)) € Us.

Hapocowemanuem Has3biBaeTCA TNOAMHOXKECTBO pebep, He HMeEIOLIHX
06LHX KOHIOB, MpUYeM Kaxioe pebpo rpada CMeXHO OAHOMY peGpy H3
JIAHHOTO MOJMHOXeCTBa.

Maxkcumansroe napocovemanue — napocoveTaHue, coaepKalliee Mak-
CHMAaJIbHO BO3MOXKHO€ YHCJI0 pebep.
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Ipacdbl coenuHAOT B cebe reoMeTpUUYECKYIO0 HArAAAHOCTH
€ MaTeMaTH4YeCKOH COJepIKaTeJbHOCTBIO M € BO3MOKHO-
cThI0 00x0oauTbLCH Oe3 rpomosakoro annapara. OHu daB-
JAIOTCA YHUBEPCaNhHBIM MHCTPYMEHTOM NpEACTAaBJICHHUA
pasM4HbIX 3a/a4 ONTUMH3ALUH.
[IpumMeppl UCMONB3OBAHMSA TeHETHYECKHX AJTOPUTMOB IJs
pelleHNns CJOXKHbIX KOMOMHATOPHO-JIOrMYECKHX 3aa4 nepe-
6opHoro THna Ha rpagax JeMOHCTPHPYIOT 3(h(PeKTHBHOCTH
JaHHOro MeTOoAa




3akaouenue

Ipupona He 3HaeT HHKAKHX Ipas,
€l H3BeCTHbl TOJILKO 3aKOHH.
M. Adamc

['eHeTHYecKHe anrOpHTMBl — HOBas (pyHAaMeHTanbHas 06JacTbh HCCJe-
noBaHuil, ocHoBaHHas [l. XonsnaHAOM, BriepBble MPUMEHEHHAs [Jist PELLeHUs
3aja4 ONTHMH3ALHH W PACNO3HABAaHUs 00pa30B. [eHeTHUECKHe aNrOPUTMBI
MOJIENHUPYIOT B ONpejleleHHOH CTeNeH! MeXaHU3Mbl Pa3BHTHS OpPraHUYecKo-
ro MHpa Ha 3emJse. B Hacrosillee BpeMsl reHeTHYECKHE AJIFOPUTMBI — 3TO
MOLHBIA aJaNTHBHLIH NOHCKOBLIH MeTOA, OCHOBAHHBIH HAa 3BOJIIOLHOHHBIX
(baxTopax KOHCTPYHUPOBAHHUS MONYJSALUNH, eCTECTBEHHOTO 0T60PA, CeJeKLUHH,
MyTalLUH, 9BOJIOLHOHHOH Teopuu Y. [apsuHa.

B Texnuke Hanbosbliee NPUMeHeHHE HAXONST NPOCThie M OOBEKTHO-
OPHEHTHDOBAHHBIE IeHEeTHYECKHE aJTOPHTMBI, BBIHOJNHSOLME 4 OCHOBHBIX
GYHKLUHH: ceseKLHs, KDOCCHHIOBep, MyTaluus H pekomOuHauus. OCcHOBHON
npo6aeMoil NpUMeHEeHHS TAKHX TFeHETHYECKUX AJTOPHTMOB NpPH pELUEHHH
3aja4 ONTHUMH3ALMH ABJSETCS NpeBapUTE/bHAS CXOAUMOCTD, T. €. NONaja-
HHe B JIOKaJbHble OTNTHMYMBI, BBIXOJ H3 KOTODBIX 3aTpyAHeH. B yueGHOM
110co6HH npeacTaBJieHbl MOAH(MHLHPOBAHHbBIE CXeMbl TeHETHIECKOTO MOUCKA,
no3Boasiouide B GOJNBIIKMHCTBE CJy4aeB pellaTh NPOGJIeMbl NpeABapPUTE b-
HOH CXOXMMOCTH aJrOPHTMOB.

[peanoxentbie cxeMbl 3)(EKTUBHO HCIOMb3YIOTCS AJS PELIeHHS] KOM-
GHHATOPHO-JIOTMYECKUX 33714 Ha rpadax. [eHeTHyeckue aaropUT™BI 103BO-
JSIOT ONHOBPEMEHHO aHAJHU3HPOBATL HEKOTOPOE MOAMHOMKECTBO pelIeHHH,
dhopMUpYs KBa3UONTHMaJbHbe peuleHHsl. BpeMeHHas CJI0XHOCTbL aJrOpHT-
MOB 32BHCHT OT NapaMeTPOB FeHEeTHYeCKOro MOUCKa H YHCAA TeHepauHi.

OcHosHbie npoG/eMbl NPH peajil3aluy reHeTHYECKHUX aJrOpPHTMOB 3a-
KJIOUYAITCs B caelymouleM. BaKHO HalTH ONTHMaJbHBIE pasMep nomyns-
LMK, LOCTAaTOYHOE YHCAO reHepaunil. HauGombllne 3aTpyAHEHHs BBI3bIBAIOT
BONIPOCH! yIPABJIEHHS TPOLECCOM FeHeTH4ecKoro moucka. Ilpu nocrpoeHux
HEKOTOPOTO NOAMHOXECTBA MONYJSUMI NOSABJSETCS BO3MOXKHOCTbL ddek-
THBHOTO HCIOJNb30BAHUS NapaJeNbHbIX BBIUHCAEHUH C HCIIONb30BaHHEM
TPAHCIBIOTEPOB, THNEPKYyGOBEIX DBM, MHOrONPOUECCOPHBIX BHIYHCIHTEb-
HBIX CHCTEM, HEHPOHHBIX KOMILIOTEPOB H IP.

OTMeTHM, YTO FeHeTHYeCKHe aNrOPHTMbI — MOLLHAS CTPATETHs BRIXOJA
U3 JoKaJbHbeIX onTHMymoB. OHa 3aK/0Yaerca B napaJJesbHoll obpaboTke
MHOXECTBA aJIbTEPHATHBHLIX PElIeHHH ¢ KOHUEeHTpallMed MOHCKa Ha Hau-
foJiee HEPCNEKTUBHBIX U3 HHX, MPHYEM MEPHOAHYECKH B KaXKA0H HTepaluH
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MOXXHO HPOBOAHTb CTOXAaCTHYECKHE H3MEHEHHUs] B MeHee NEePCHEeKTHBHLIX
pelueHHUAaX.

Peluenue pacCMOTPEHHBIX B y’-{e6HOM noco6uu NPpUKJaAHbIX 3a8a4 ¢ HC-
[MOJb30BaHUEM pa3pa60TaHHb1x reHeTH4eCKuX aJropuTMOB NMOKa3aJa0 aKTy-
AJIbHOCTb HCMNOJb30BAaHHA METOAOB MOACJIMPOBAHUSA IBOJIOUHH H MNOATBEP-
AHJIO BAXXKHOCTL pacCIiUpeHHus HUCCIe]0BAHUHM B 3TOH 06JacTH.

Jnst nyduiero ycBOEHHST MaTepsana aBTOpaMH Oblla HCNOJb30BaHA
coBpeMeHHass MeTOAMKa OoOy4yeHHs Ha OCHOBe «pelleOHHKOB». B Hauase
KaXXJOH I/1aBbl MPHUBOJUTCS KpaTKOe H3JOXKEeHHe TeOPHH, 3aTeM noApobHO
paccMarpuBaloTes npuMmepnl. Kpome Toro, npHBonsitcsi KOHTPOJIbHbIE 32/a-
4, ynpaxKHeHUs M rJ0CCapHil ¢ NMOsICHEHHEM OCHOBHBIX TeDMHHOB. 3afaqH
H YNpa’KHeHHs COCTaBJieHbl aBTOPAMH Ha OCHOBE CIHCKZ JHTEeDPaTypH,
NMPHUBElEHHOTO B KOHLEe nocobusi. OmKT mpenogasaHusi B Bysax PoccuH,
CIHIA, Tepmanuu u SnoHHM nOKa3aJl MEPCHOEKTHBHOCTb TAKOTO METOAA
NpefCTaBJeHUsl Marepuana.

OcCHOBHOe BJIHSIHME TeOpHs reHeTHYeCKHX aJrOPHTMOB OKa3hiBaeT Ha
pa3BHTHE BLIYHCJHTEJIbHOH TEXHUKH, MHKDO3JEKTPOHMKH, HAaHOTEXHOJO-
THH, QHU3MKH W ApPYrdxX HayK. B HacTosiliee Bpemsi mpHMeHeHHe reHeTH-
4eCKHX aJTOPHTMOB fIBJISIETCH [1OBCEMECTHBIM BO BCeX 06J1aCTSX HAYKH H
TEeXHHKH, MOITOMY OHH ABJSIIOTCS He TOJbKO (PYHIAaMEHTOM COBPEMEHHOH
MaTeMaTHKH, HO H OCHOBHBIM 3BEHOM MareMaTHyecKoro o6pa3oBaHHf.

TeopeTHueckuii MaTepHas COCTOMT M3 GOJBLIOrO YKCAa MOAeJel, aKCH-
OM, TeopeM H (hOPMYJNHPOBOK, HCMOJIb3yeMblX B TOCOGHH NMOHSITHHA. ABTOpPHI
CTPEMHJIHCh NOKa3aTh ILIHPOKHE BO3MOXHOCTH NPHMEHEHHS TEOPHU reHe-
THYECKHX aJrOPHTMOB, €e YHUBEPCAJIbHOCTb U CIeLHaJNHU3HPOBAHHOCTb A1
pelueHHs 3afad UHQOPMATHKH U BBIYUCAUTENbHON TEXHUKH.

Teopus reHeTHyeCKHX aJrOpPUTMOB NOCTOSHHO Pa3BHBAETCA M COBEp-
weHcTByeTcsl. JlaHHoe yyeGHoe rocobue siBasieTCss OAHMM M3 MEPBLIX B Ha-
wel cTpaHe. ABTOpb HalelOTCsi, YTO AaHHOe nocobue SBUTCS TOJNYKOM
K JaJbHelleMy Pa3BHTHIO TEODHH H NPAKTHKH I'€HEeTHYeCKHX aJIrOPHTMOB
B HalleH cTpaxe.



IMPHJIO2KEHHUSA

IIpunoxenue 1. dneMeHTapHbIe CBEAEHUS
U3 TEeOpHH aJrOPHUTMOB

1.1. Ilonsitue anropmtMa. OfHO3HAYHOTO M TOYHOrO OMpeAEJsEHHS
aJArOpPHTMa He cyluecTByeT. B cBssu ¢ 3THM mpHBeneM HeCKoJIbKO HanboJiee
pacrnpocTpaHeHHbIX ONpefeJieHUHA MOHATHS «aJTOPUTM>.

Ancopumm (algorithm) — dopmanbHO OMHCaHHAs BHLIYUCAHTEJbHASA
npouefypa, noJydarntifas UCXONHbIE NAaHHbIE, HA3bIBAEMBIE TAKXKE BXOLOM
aJrOpHTMa HJIM ero apryMeHTOM W BblAawllas pe3ysibTaT BHIYHCJEHHA Ha
BBIXOA.

Anzopumm — wabop NpaBuJ, YKashiBalOUIHX ONpeneseHHble AeHCTBHS,
B pe3y/IbTaTe KOTOPbIX BXOIHbIE AaHHble npeobpasyloTcs B BoixoaHbe. [lo-
CJIE[I0BATE/IbHOCTh AEUCTBUHE B aNrOPHTME HA3bIBACTCS QAZOPUMMULECKUM
npoyeccom, a Kaxjoe OTHe/bHOe QeHCTBHE — WQZOM AA20pUMMA.

[lousitue arcopumma TakxKe MOXKHO HHTYHTHBHO ONpeNeNHTb KakK KO-
HEYHYIO MOCAeJ0BATeNbHOCTh TOYHO 3aJ@HHBIX MPABHJ pELUeHHS MPOH3-
BOJIBHOTO KJlacca 3ajau.

Humyuyus — 3naHde, nosydyeHHOe Ha OCHOBE OMbITA, HO He MOABEpr-
HYTOE Hay4YHOMY aHa/iu3y.

K anropuTmaM He OTHOCSITCS 3alpelaloll{e U paspelialolliye NpaBha.
Hanpumep: «He kyputs! He coputs!s

OcofedHocTb aNTOPUTMOB — AHCKPeTHLIH XapaKTep npolecca, ompe-
JeJISIeMOr0 CaMHM aJITOPUTMOM. AJITOPUTMBI CTPOATCS S DelleHHs TeX
UM HHBIX BbIUHCJHTENbHBIX 3ajay. PopMyJHPOBKa 3aJa4yd OMHCHIBAET,
KaKHM TpeGOBaHHAM JO/KHO YIOBJIETBOPATL pellieHne 3a]ayH, a alropHuTM,
pewiaouMil 3Ty 3afayy, HaXOAHT OOBEKT, ITHM TpPebOBaHHSAM YAOBNETBO-
pAIOLLH.

AJTOpUTM HMeeT Je/I0 C TPEeMs THNAaMH NaHHbBIX:

1) BXOHBIE AAHHbIE;

2) npoMexyTouHbie NaHHBIE;

3) BhIXOAHbBIE faHHBIE.

ANTOPUTMEI, B KOTOPHIX pelLIeHHs TNOCTaBJeHHBIX 3ajayd CBOASTCA K
apH(MeTHYECKUM JeHCTBHAM, HA3bIBACTCH YUCACHHbIMU AACOPUMMAML.

OG6BIUHO aJrOPHTMbl NPEACTABJAAIOT B BHAE YCTPOHCTBA, Has3hiBaeMOTO
«YEPHBIM FALIHKOM>.

Jlas pasMewieHHs JAHHEBIX alropHTMa TpebyeTcst MaMsTh.
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B TEOpeTHYECKOM INJJaHe CYHTAIOT, 4YTO NAaMATb COCTOHT H3 OAHHAKO-
BbIX AYee€K, NpHYeM Kaxjas slyedKa NaMAaTH MOXKeT coaepxaTb OOHH HJIH
HEeCKOJIbKO CHMBOJIOB JAHHBIX.

[Monw3oBarens
Hcxonueie [ 1
JaHHbIE
Bxon n p——— Brixoam
L .
________ AJITOpHTM !
«YepHBIA ALUK» '
Bxon 2 p l—L— Brixox 2
Bxon 1 L [ Brixon 1

[TpomexyToyHbIE
NaHHbIE

Puc. 1.1

B cywecTtByouux B HacTosillee BpeMsi aJropHTMax [ocjenoBarellb-
HOCTb BBINOJIHAEMbIX 3/J€MEHTApHbIX LIATOB JeTePMHHHPOBAHA, T.e. Nocie
KaX/JOro llara ajropuTMa ykKasbiBaeTcsd HoMep cjenyiowlero wara. Ot
KaXXJI0ro aJroputma tpefyeTcsl OCTAHOBKA I0C/ie KOHEUHOTO 4HCJa LIaros,
pamouux TpeGyeMblH pe3dyabTaT. PasninuaioT onucaHHe ajrOpHTMOB H Npo-
Lece UX peasu3alyi.

AJFOPUTM CYHMTAIOT NPABHJLHLIM, €CJH Ha JO60M AOMYCTHMOM (MJis
IaHHOH 3afauyM) BXOJe OH 3aKaH4YMBaeT pabOTy M BbIJAET pesy/bTaT, YAO-
BAeTBOpsAOUIMA TpeGoBaHUAM 3aiaud. B 3ToM ciyuae rosopsT, 4TO aJro-
PHTM pelllaeT AaHHYIO BHIYHCAHTENbHYIO 3afavy. HenpasuabHblid anropurtm
MOXeT (NI HEKOTOPOTro BXO[d) BOBCE HE OCTAHOBHUTHCS HJH JaTh Helpa-
BUJ/IbHBIA pe3y/ibTar.

Anroput™ MoxeT OblTb 3alMCaH Ha PYCCKOM HJIM AHTVIMHCKOM sI3HIKE,
B BHJE KOMIbIOTEPHOH MpPOrpaMMbl UJIH AaXKe B MALIMHHBIX KOAAX, BAaXKHO
TONIbKO, 4TOGH NPOLEAYpa BeIUMCAeHHH Obla YeTKO OnHcaHa. AJropuTMbl
TaKKe MOIYT 3aMHChIBATBCA C [OMOULBIO TICEBAOKOAA, MPEACTaBJAIOLLETO
CUMOHO3 H3 OCHOBHBLIX ONEPATOPOB Pa3/JAHYHLIX $13bIKOB MPOrPAMMHPOBAHHS
(Cw, Nackans, Anrosn). Pazduila B TOM, Y4TO B NCEBAOKOAE MOTYT HCIOJb-
30BaThCA He TOJBKO 3TH ONEpaTopbl, HO H CJOBECHOE ONUCaHHe AeHCTBHH
aJTOPHUTMA, a TaKe OTCYTCTBYIOT TeXHOJOFHYeCKHe MOAPOBGHOCTH (HanpH-
Mep, npouexypa 06paboTKH OLIMOOK), HMELLHECs B PeasbHOH NporpaMmme.

Kaxnblii anropuT™ oOBIYHO CBA3aH ¢ IBYMst aldaBUTAMH (HJH HX
Ha3bBAIOT s3bikaMd). Ha ogHOM s3blke anroputM c(opMyJaHpOBaH caw,
a MpefJiolKeHUs] APYroro sIBJsieTCsl NONYCTHMBIMH [JIfi HErO BapHAaHTaMH
UCXOAHBIX JAHHBIX. s
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[TepBblii f3bIK Ha3bIBaeTCA AJrOPHTMHYECKHM s13bIKOM. BTopoi HasblBa-
€TCsl S3BIKOM OMepaHfoB.

Onepando. — 310 00BEKTH, HAaJ KOTOPHIMH BBIIIOJHSIOTCS OIEpalltH,
TNpelIuchiBaeMble aJrOPUTMaMH.

CyluecTBYIOT ABa BHAA onpenesneHdi B anroputMax. [lepBriit Ha3bBaeT-
Sl «IIpAIMBIE OMpejiesieHHsi». B HUX HOBbIe MOHSATHS BHIPAXKAIOTCA Yepes OJHO
HJIE HECKOJIbKO H3BeCTHHIX. BTopoll BHA Ha3biBaeTCs «MOPOUHBIH KPYT».
DTo onpefieNleHHsi, B KOTOPbIX HOBOE MMOHSTHE BLIBOAUTCH JUOO M3 CaMOTo
cebs, 1MGO U3 APYroro MOHSATHs, KOTOpoe GhIIO U3 Hero BbIBEJEHO.

YacTo HCnosb3YIOT peKypcHBHBIe onpefeneHusi. OHH COCTOST U3 ABYX
yacteil: l-1 — uukiuveckas, 2-1 — npsaMmas yacTb omnpefenenus. OHa
ABJISETCS BXOLOM B LIHKJIHYECKYIO.

1.2. Knaccudukanus anaropurmor. CylecTByeT 6oJblloe YHCIO
Pa3JHYHBIX KJacCH(HKaUMH aaropuTMoB. PaccMOTpuM HeKOTOpble M3 HHX.

B oTaenbHbie KNacChl BBLIEASIOT HMUTHPYIOLIME H SMITHPHYECKHE aJro-
PHTMBI.

Hmumupyroujue anropuT™Mbl CO34aI0TCS HA OCHOBE OMHCAaHHH MeHCTBHH
O0OBEKTOB, HAOMIONEHHH, 3aBUCHMOCTH UCXOAHBIX JAHHHX OT H3MEHSIOLHX-
Csl YCJIOBHH.

Imnupuueckue anropuTMbl paspabaTblBaioTCsl Ha OCHOBe HabJIIOfeHHH
32 KaKHMM-TO TIpoLeccoM AeUCTBUH.

Jspucmureckue anropuTMbl, UJIH IBPHCTHKH, ONPEREAAIOTCS KaK ajro-
DUTMBL:

e Haxofsiue OBLIYHO «XOpOLIHe», HO He 06si3aTebHO Hawaydwue (on-

THMaJ/lbHble) PelleHHs,

e uMeiolliie Gojiee NPOCTYIO peaiu3auio, 4yeM JIOGOH H3BECTHBIH aJro-

DHTM, FapaHTHPYIOUIHH ONTHMAaNbHOe pelleHHUe.

[TonsiTe «XopolIuid» MeHseTCs OT 3afayd K 3ajaye. YHHBepcalbHOH
CTPYKTYPbl OMHUCAHHSI 3BPUCTHYECKUX aJrOPHTMOB He CYILECTBYyeT.

Hanpumep, Bo MHorux 3agadax undopmatuxiu tpebyercs BhiGopka A
npeAMeTOB M3 MHOXecTBa B mnpenmeroB. OOMH 3BPHCTHYECKHH MOAXON
COCTOMT B TOM, 4TOGbl BHOHpPATh NpeaMeThl ¢ BeposiTHocThio A/B. 3nech
KaXIbIH MpegMeT IPUHUMAETCS HIU OTBEPraeTcs B MOMEHT €ro NpocMoTpa
¥ MOXKHO [eJIaTh TOJNbKO OJHH NPOCMOTP BIOJb BCero Habopa NpeiMeros.
B ofuiem BuAe 3Ta MpoLeAypa He rapaHTHDyeT, 4To OyneT BbIGPaHO B
TouHOCTH A npenmMeroB. Jlpyro#i sBpHCTHYeCKHMH nomxon npu Beibope A
unces U3 B COCTOHT B TOM, YTOOB MHOTOKPATHO FeHEPHPOBATh CJAy4aHHbIE
LeJIble YHC/A 10 TeX Hop, MOoKa He okaxercsd A pasiHUHBIX.

Heo6xonumo npuBecTH elile ogHy kaaccugukauuw. CorsacHo el Bce
ANTOPUTMBI MOXHO Pa3fieJIUTh HA TPH TPYMNIbL:

1) nuHedinble;

2) pasBeTBJSIIOLIHECH;

3) uukaMYecKHe.

AJTODHTM HasbBaeTCH AUHEUHbIM, €CJIH OH NpefyCMaTpPHBaeT MOJY-
YyeHHe pe3y/bTaTa NyTeM OJAHOKPATHOTO BHIIOJNHEHHsS ONHOH M TOH Xe
M0C/IeJOBATEbHOCTH AeACTBUH MPH KAXK/AOM 3HaYeHUH HCXOLHBIX AAHHBIX.
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AJIrOpHTM HA3bIBAETCS PA3BEMBASIOWUMCS, €CIH OH NpeLyCMaTpuBaeT
BRIOOp ONHOMH M3 HEeCKOJbKHX albTepHATHUB MOCJenoBaTebHOCTEH NeHCTBUMH
B 3aBHCHUMOCTH OT HCXOJHBIX H MPOMEXYTOUHBIX JAaHHbiXx. Kaxkpas us
ITHX TMOCJAEL0BATE/NbHOCTEH HA3BIBAETCH 8emabto aaroputMa. B oriuuue
OT JHHEHHOro, pa3BeTBAAIOWHI aATOPUTM HMeeT, N0 KpalHel Mepe, OJIUH
JIOTHYECKHH BJOK.

Haun6oJsiee cnoXHBIM SBJAETCS YUKAUECKUL aATOPUTM (1O CTPYKTYpE),
BBHINIOJIHAEMBI TyTéM MHOIOKPAaTHOTO MOBTOPEHHS HEKOTOPOH NocJ/enoBa-
TesbHOCTH feiicTBHE. [lo cnocoby onpenesneHust Yuc/a NOBTOPEHHH LHKJA
BBLAEJSIOT CAEAYIOLIHEe aJrOPHTMBL:

® 110C/1e10BaTE/NbHbBIE C IBHO 33JJAHHBIM YHCJIOM TOBTOPEHHH 1UKJA;

& HTEepalHOHHbIE UMEIOT OJUHAKOBYIO CTPYKTYPY C NMOCJeA0BATEJbHBIMH,
HO BBIXOJ M3 LIMKJa OCYLUECTBJsETCS He IOCJe TOro, Kak UMKJ Mo-
BTOPHTCSl HEKOTOPOE YHCJO Pas, a TNPH BHINOJHEHUHM OOLIEro ycJoBHS,
CBSI3aHHOTO C MPOBEPKOM 3HAYEHHS MOHOTOHHOCTH, U3MEHEHHUs B aJIro-
PUTMe HCXOLHOH BeJIUUMHBI.

1.3. YuuBepcanbHbie anaropurmuueckue mogenu. CylieCTBYIOT TPH
OCHOBHBIX THNA YHUBEPCANbHBIX QACOPUMMUYECKUX MOOeneli:
1. TlpeoGpa3oBaHue CJIOB B NPOU3BOJBHEIX abCTPAKTHBIX aJ(aBHTaX.
2. TlpeofpasoBaHie YUCIOBBIX (PYHKUHH.
3. lpencTaBnenne alropuTMOB, Kak HEKOTOPOrO JeTePMHHHPOBAHHOIO
YCTPOHCTBA, CIIOCOGHOrO BHIOMHAThL NPOCTEHLINE Onepauui.

1.4. IlpeobpazoraHne cnoB B aOCTpaKTHBIX aixdaBuTax. B stom
THIE aNrOPUTMHYECKHX MOJeJied NOJL aJrOPHTMOM NOHHUMAKT 3ajaBaeMble
COOTBETCTBHH MeXJy CJOBaMH B abcmpaxkmubix aspasumax. Ilox ab-
CTPaKTHBIMH aJ(aBHTaMH NOHMMAeTCs KOHeYHasl COBOKYNHOCTb OOBEKTOB,
Has3blBaeMbIX GYKBaMH MJIH CHMBOJAMH 3TOoro ajdasurta. Cumsoramu ab-
CTPAaKTHBIX aJaBHTOB CUHTAKOT OYKBbl, LH(PL, J106bEe 3HAKH, CJOBA,
npefsoxeHus, Mobble TeKcThl. Cle10BaTeNbHO, a6CTPaKTHbIE andaBUTH —
5TO KOHeYHOe MHOXKECTBO Pa3/HuYHbIX CHMBOJOB, H, HOAOOHO MHOXECTBY,
ero MOXHO 3a/aTb MYTeM IepedHC/IeHHs /1eMEeHTOB UJIH CHMBOJIOB.

Hanpumep, A — abcTpakTHBIH anhaBuT:

A = {+,a, cTyneHT, b, ¢, y4e6HUK}.

A6cTpakTHbIE anaBuT MOXeT 6bITb MHOFOCTYNEHYATHIM, B 3TOM CJy-
yae KaXXAblH CHMBOJI MOXET CaM §IBAATbCA aOCTPAKTHBIM aJa(aBUTOM HUJH
ero 4acTbio.

AnropuTMaMu HasblBalOT npeofpasoBaHue CJIOB B aGCTpaKTHbIE andaBu-
Tbl. COOTBETCTBEHHO CJIOBOM B aBCTPaKTHBIX a/l(aBHTaX Ha3bBAKOT JM0OGYIO
KOHEUHYIO YOPANOUYEHHYIO MOC/E0BATENbHOCTD CHMBOJIOB!

CnoBog = {+,a), Caosog = (b, +c), CaoBoc ={), CnoBop{+).

Uucsio cHMBOJIOB B CJI0Be aBCTPaKTHBIX a/i(paBHTOB HA3BIBaeTCs OAUHOL
3TOoro caoBa. [lyctoe cnoBo B abcTpakTHbie andaBUTH 0603HAYETC O
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Anpasumnoim onepamopom Ha3HBAIOT GYHKUHIO, KOTODAs 331aeT CO-
OTBETCTBHE MeX/JY CJOBaMH BXOLHOTO H BHIXOAHOTO aGCTPAaKTHHIX andaBH-
TOB.

Hanpumep, HekoTOpas CTPYKTYpa ¢ 3afaHHBIM X BXOJHBIM M BBIXOLHBIM
Y abcTpakTHBIMH andaBHTaMHU:

X ={a,b,3BM,I19BM}; Y = {a + b, a * b, cucrema, BL1}

ApjsieTcss aqropuTMom. Torza HaM HYXKHO
NIOCTPOMTh al(aBUTHBIA OnepaTop, KOTOPhIH
nepepabatbiBaeT BXOAHble CJ0Ba asdaBuTa
X B BbIXOfHBIE cJjOBa ajdaBuTa Y.

AndasuTHEE OmepaTOphl OBIBAIOT OJHO-
3HayHble ¥ MHOro3HauyHble. B omHO3HauHOM
anthaBUTHOM OMNepaTope KaXKIOMY BXOZHOMY
CJIOBY CTaBHTCH B COOTBETCTBHUE OJHO BbHI-
X0A4HOe c/oBo. B MHoOrosHauHbix andasut-
HBIX ONlepaTopax KaXAOMY BXOLHOMY CJIO-
BY MO2eT ObiTb MOCTaBJeHO B COOTBETCTBHE
HEKOTOPOe MHOXECTBO BBIXOLHBIX CJIOB. AJ-
(aBHTHBI OnepaTop, KOTOPBIH He CTaBHT
B COOTBETCTBHE BXOJHOMY CJIOBY HHKAaKoO-
r0 BBIXOAHOI'O, HEOMpeeJeH Ha 3TOM CJO-
Be. B paccmatpuBaemoM Bhillle NpuMepe Mbl

Puc. 1.2 HMeeM MHOro3HauHbIH andaBHTHBIA onepa-
TOP.

MHoxecTBO €J0B, Ha KOTOPOM asaBUTHBEIH OflepaTop onpejeseH, Ha-
3bIBAETCSl ero 06JacThio onpefenerus. AndaBuTHble onepaTopbl GHBAIOT C
KOHE4HO# U GecKOHeuHOH obJaacTaMu onpeneneHus. Ecan o6nacthb onpene-
JieHus1 andaBUTHOrO ONepaTopa KOHeuHa, TO ero o6blYHO 3aAalT TabJulel
COOTBETCTBHA. B /eBo#l yacTH 3amUCHIBAIOT CJIOBA, BXOAslKHe B 06/1acCTb
onpejeseHys, B NpaBylo 4acTb TabJHLbL — CJ0Ba, NOJydalliHecs B pe-
3yJIbTaTe NPHUMeHeHHs a1(aBUTHOIO ONepaTopa K BXOLHLIM CJIOBAM.

Ecnn obnactb onpepeseHus andaBHTHOro onepatopa GecKoHeyHa, TO
ero 3aalT HabopoM NpaBuJl, KOTOpPbIE 33 KOHEYHOE YHCJ/IO WIAaroB MO3BOJs-
10T HAHTH BBIXOZHOE CJIOBO, COOTBETCTBYIOLLEe 3aJaHHOMY BXOLHOMY.

AncasuTHbll omepaTtop, 3aLaBaeMblil ¢ MOMOILBIO KOHEYHOH CHCTEMBI
TIPaBUJI, Ha3blBAETCH AAZOPUMMOM.

CaieyeT pasnu4aTth NOHSTHE aJAropuTMa H aadaBHTHOrO onepartopa.

B andaBHTHOM OnepaTope OCHOBHOE -—— 3TO COOTBETCTBHE MEXKAY CJO-
BaMM, a He crocol ero ycTaHOBJeHUs. B anroputMe e OCHOBHOE —
crnoco6 ycTaHOBJEHHS COOTBETCTBHA MexAy cjoBaMu. CaeloBaTe/IbHO, a4-
eopumm — 310 al(aBUTHLIA ONepaTop ¢ MPaBUIAMH, ONPeeasAOLHMHU €ro
nesicreue. OTMETHM, YTO ABA aJATrOPUTMA Ha3blBAIOTCS PABHbIMU, €CJIH PaB-
Hbl HX ajdaBHTHbIE ONepaTop H COBNAJAIOT CHCTEMBI IPaBHJI, 3aAaOLIUX
JeHCTBHE 3THX aJTOPHTMOB HA BXOAHBIE CJIOBA. AJITOPHTMbI CUHTAKOTCS K-
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sugaLeHmHbimi, €CJJH OHH UMEIOT COBNajarlline a.)](baBPITHbIe OrfnepaTopbht,
HO He COBMajaloliHe Crocobbl HX 3afaHus.

1.5. Ynucnosble pyHkuuu. K3 onpeneseHus aaroputma ciaenyet, 4To
OH CTaBHT B COOTBETCTBHE HCXOIHbIM AaHHBIM BhixopHbie. [loaToMy Kax-
JOMY aJiFOPUTMY MOXKHO IIOCTaBHTh B COOTBETCTBHE (PYHKUHIO, KOTOPYIO OH
BbIYHC/ISET.

Ko BTopoMy TNy aJTrODUTMHYECKHX MOAENEH OTHOCATCA 4YUCAOBblE
pynxkyuu. OyHKUUIO HA3bIBAIOT BBIYHCAMMOMA, €Cl1d HMeeTcsi crnocod Io-
JAy4YeHHsl ee 3Ha4eHHH. B asropuTMax HCMoab3ylTcs peKypcHBHbBlE (DyHK-
UHH, TpelcTaBasioliie co60H YacTHYHBIA KJacC BBIYHCAHMbBIX (DYHKUHA.
[Tpouenypy, KoTopas NpsMO HJH KOCBeHHO obpaluaercsi K cebe, Has3blBAOT
pexypcusHoLl.

Pexypcus — cnocob6 3anaHusd GYHKLUHUH, KOra ee 3HAYEHHs AJs MPO-
U3BOJIbHBIX 3HAYeHHH apryMeHTOB BbIPAXKAIOTCS U3BECTHBIM 06pa3oM yepes
3Ha4yeHHUs onpefneyseMod QYHKLHH 115 MeHbLUHX 3HauyeHHH apryMeHTOB.

1.6. CnoxHOCTb aaroputMoB. BaxHefilias npakTuyeckas 3ajada —
aHanu3 anroputMa. [Ipu 3170M HeOOXOAUMO NOJNYUYEeHHE OLEHOK HJIM 'PaHKLL
s o6beMa IaMATH U BpEMEHH paboThbl, KOTOpOe NMOTpeGyeTcsl aJrOpHT-
My 448 ychewHod o0paboTKH KOHKpeTHbIX maHHbiXx. Heobxozumo umets
KOJIMYEeCTBEHHBIH KPHTEPHH I/ CPaBHEHHs ABYX ajJrOPHTMOB, CO3JaHHBIX
IJisl pelleHHs] OOHOH M TOH XKe 3aja4yu. BakHO ycTaHOBUTb aGCOMIOTHBIH
KDHUTEPHH, T.e. YKa3blBaIOUIHH, KOTAa MOXHO CYHTAThb pelleHHe 3ajauyH
ONTHMAJIbHBIM.

OpuH U3 OCHOBHBIX Pe3ynbTaToB ThIOpHHIra — pasjesieHHe BCeX Npen-
CTABHMBIX 33734 B MaTeMaTHKe Ha ABa THNa (Kjacca).

1-i Kaacc. 33113‘”4, AJ151 KOTOPLIX aJTOPUTMbl HHKOrAAa HE MOCYT ObITb
HaMHCaHBbl, T. €. 3a/la4H [NOCTOAHHO HE peliacMblie.

[Tpumep.

a) 3ajaya o KBajpaType Kpyra;

6) 3ama4ya TPHCEKLMH yria — HalTH OOIHH aaropuT™ JeJeHusl IPou3-
BOJIbHOTO YIJIa HA TPH PaBHbE YaCTH.

3a cuer pacwupeHus HaGopa NOMYCTHMBIX ONepAUMH MOXKHO HHOIAA
4acTb npobJeM, AN KOTOPLIX HET aNrOpHTMa, CHeNaTb PaspeliuMBIMH.
B kauecTBe OCHOBHOrO CpeiCTBa MOJYYEHHS HOBBIX MaTE€PHAaNbHBIX O6BL-
€KTOB JOJIXKHBl CJYXXHUTb aJrOPHTMBl. IDTO HamnpasJjieHHe B MaTeMaTHKe
HAa3bIBAETCH KOHCTPYKTHBHbBIM.

2-# Kaacc. D10 KJacc pelaeMbiX 3ajay, T.e. N0 KOTOPHIM MOTYT GbITh
HanHCcaHbl aJrOPUTMBIL:

a) NOJIMHOMHAJbHEIE aJITOPHTMBI,

6) 3KCIIOHEHLHANbHbBIE ANTOPHTMBL,

OG6bIYHO aArOPHTMbI H3MEHSIOTCS BO BpeMeHH.
IKcnoHeryuarbHbIMI ANTOPUTMAMH HA3bIBAIOTCS AJTFOPHTMBI, HMEH0-
e CBOHCTBA IKCMOHEHLHMaNbHOrO pocTa. K HHUM OTHOCATCA aJrOpHEMbI
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tuna 2%, n!, nll, rie n — KoNHMYECTBO BXOJOB aJrOpUTMa, T.€. aJrOPUTMBbI,
B KOTODBIX BpeMsl pelileHHs 3a/la4yd 3aBHCHT OoT BesuumH 27, n!, nll v 1. 1.

Tosunomuanbrble anropuTMel uMeoT Bua n,n2,nd, ..., n™ — konuye-
CTBO BXOJOB aJITOPHTMA, T.e. AJTOPUTMB, Tlie BPeMs pelteHHs 3aBHCHT OT
n,n?,nd, ...

MsMeHeHHe anropuTMa BO BPEMEHH WJIH BpeMsi, 3aTPAaYeHHOE aJrOpUT-
MOM KaK (PYHKLUHSI Pa3MePHOCTH 3a[a4H, HA3LIBAETCH BPEMEHHOL CAOMHO-
cmovio areopumma W 3anuceiBaetcs BCA.

BCA — 3To K0IM4eCTBO eIHMHHI[ BpeMeHH, TpeGyemoe a1 oO6paboTKH
BXOJHBIX JaHHBIX 3aJa4H.

Otmerum, dto cornacuo [1. Kopmeny Bpems paboTel anroputma T'(n) =
= O(n?) osnauaer, uTo HalimyTcs Take KoHcTauTs Cp, Cp > 0 u Ta-
Koe gmciao ng, uto Cind < T(n) < Con® npu Bcex n > ng. IT1a 3anuch
BRJIOYAET [JBE OUEHKH: BEPXHIOW ¥ HHkKHIW. C/efoBaTesbHO, I JIO-
6eix 1Byx ¢ynxkuuit f(n) u g(n) ceoiicteo f(n) = O(g(n)) BHMOIHEHO,
koraa f(n) = O(g{n)). D10 BbipaXkeHHe sIBAfETCS HUXHeH rpaHuLe, ecan
HaliayTcs Takas koHcTaHta ¢ > 0 u ng, 410 0 € f(n) < ¢(gn) AnA BCex
n 2 ng. Beipaxkenue f(n) = Q{g(n)) — BepxHss rpaHuLa, echau HalayTCs
¢>0 Hu ng, 0<cg(n) < f(n) ans Bcex n > ng. ObosHauaerca BCA
O[fa(n)]. ®yukuus fa(n) maeT BEPXHIOW [PAHHLY IJS MAKCHMAaJbLHOIO
4HCAa Oflepalyil, KOTOPHE HOJIKEH BBHIIOJHUTb AJCOPUTM MJs pelieHHs
moGof 3afaYy pasMepHOCTH 7.

OcHoBHblE ONepaUKH — CABUI, CPABHEHHE, CJIOXKEHHE H TOMY NofobHoe.
CyuuiecTByeT Teopema, 4TO JJs AOCTATOYHO GOMBLIHX M JHHEHHbiE ajaro-
pUTMbI Beeraa 3¢ dekTHBHEE KBAAPATHUHBIX, KYOHYHBIX U T. l. AJTOPHTMOB.
YeTKoll rpaHHLB MeXAy IKCIOHEHUUAJbHBIMH H MOJHHOMUANbHBIMH aJ-
ropuTMamMu HeT. Bce anroputmsl, y kotopex BCA O(n), O(n?), O(n?),
CYHTAITCS 3 (PEKTHBHBIME U NPHMEHSIOTCS NPH PELIEHHH NPAKTHYECKHX
3ajau.

Bce anroputml, y kotopeix BCA pasuo O(n®) u Bhime, cunTanTes ne
50 PeKTUBHBIMY A/ HCIIONb30BAHHSA HA NPAaKTHKE.

Kpome BCA BaxHOH XapaKTepHUCTHKOH sBJSETCS CJOXKHOCTb ajro-
purma. CAOHHOCMb AA20pUMMA XAPAKTEPHU3YETCS YHCJIOM BLIIOJHSAEMBIX
onepauuii N u obiidM 06beMOM HCNOJb3yeMOH HH(OPMALHH.

[TockosbKy BHIIOJHEHHE DPA3HBIX THIIOB onepauuit TpebyeT pasHOro
BpEMEHH, CJI0XKHOCTb 2JIFOPUTMA 3aBHCHT He TOJILKO OT O6LIEro KoJu4ecTBa
onepau#ii, HO U OT KOJHYECTBA THIIOB ONepaluil U KONHYeCTBa onepalHid
KaXJIOro THIA, HCMONb3YEMbIX PACCMATPHBAEMBIM ajroputMoM. C uuc/IoM
onepalMil ajAropuTMa CBSI3aHO BpeMsl ero BHIIIOJHEHWS Ha KOHKDETHOH
IBM. O6bem nupopmauud. cBssaH ¢ o6beMoM namaTe IBM, Heobxogumol
IJIsl peajiH3aldy 3TOrO AJrOPHTMA. 3HAUHT, BPEMS PeaH3al{H aJropHT™a
ecTh ¢ynruus T = f(N, V).

Ho soinosHeHue passnuHbIX onepauuit TpefyeT pasjHYHOTO BPEMEHH.
[ToaToMy nisi ONpejeeHHsT CAOKHOCTH aJrOpPHTMa HeOOXOAMMO 3HATh He
TONMILKO OBLiee KOMHYECTBO ONMEepauuil, HO H KOJHYECTBO HCHOJAb3YEMBIX
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B aJTOPUTMe THIOB ONepalHi H KOJHYECTBO ONMEepalMi Ka)KAOro THNA B
OTHENIbHOCTH.

KonuyecTBo onepauuii ass ajropdT™a nojydaercs cyaelyloluM obpa-
3oM. Ha ocHoBaHUM aHa/nH3a airopuTMa MOXKHO NMOJNYYHTb BEKTOP BCTpe-
YaeMOCTH OTepaliil B aITOPHTME:

N={Q:1Q2-...Qr},

-
rae (J; — KOJIU4YECTBO ONepalLHil B UCCAEIYeMOM KJjacce 3aaad, N = E Q;

P, = Q;/N — oTHOCHTe/bHAs 4acTOTA ONMEepaLHi. i=1
YMHOXKasi BpEMS BbIMOJIHEHHS KaXKAOH OMepaiuy Ha KOJHYeCTBO 3THX
orepalyii © CYMMHDYsi pe3yJbTaThl [I0 BCeM ONEPALHAM, NOJYUHM BpeMs

peanv3alyy anropuTMa:
.
T=> Qi

=1

[MpuHnmas 32 3TanoH OMEpauMIo CJOXKEHHS, MOXKHO OMpefe/]UuTh 00-
iee KOJHYECTBO NpHUBeAeHHHIX onepauiuil. Ilas 3toro Heo6XogHMO 3HAThb
OTHOCHTeJ/IbHble BECa Pa3JH4YHBIX OMepauuf MO OTHOLIEHHIO K 3TaJOHHOH
oTepaLiu:

Bi = ti/ta;

rae t; — BpeMs peasiH3alHU i-i onepauuy; t; — BpeMs peasid3alUl 9Ta-
JIOHHOH onepauuu cnoxeHus. Torna KOJMHUYECTBO YCJIOBHBIX 3JieMEeHTAPHBIX
onepauui COCTABUT

r
N, =Y BiQi,
i=1
a obuiee Bpems HX peanusauun — T, = Nit,.
O6bem HHOOPMALMH, HCHOJNb3YEeMOH aJrOPHTMOM, ONpefenseTcs Kak
CyMMapHbBIH o6beM, HeOOXOAUMBIN /i pa3MelleHUs: IPorpaMMHOH, UCXOR-
HOH, NMPOMEXYTOUYHOH H BBIXOAHOH HH(OpMalLHH:

I/I:Hn+I/IH+MB+I/Inp7

rie 1 — obwuéi ob6vem HHpopmanuu; M, — obbem nporpaMMHO#E HH-
dbopmauuu; U, — obbvem ucxogHoit unpopmauuu; My — obbeM BBIXOLHOH
uHdopmanuy; My, — o6bem npomexkyTodHOHR HHGDOPMALHH.

Torna oGoOitennsir Koadduument caoxuocty Ko, = N;/U, T.e. oH
XapaKTepH3yeTcs YHCJIOM ITAJOHHBIX OMNepalui, BHINOJHSEMbIX NpH obpa-
B0TKe efHEULB HHPOPMALHH.

B coBpemenHbix 2BM pacnpenenenHeM namsTH 3aHUMaeTcsl Orepaly-
OHHAf CHCTEeMa, U I10/1b30BaTeJib 33a4acTyl0 He 3HaeT, KakKylo [aMsTb OH
UCIOJIb3YeT.

B coBpemennbix IBM o06beM BHelUHeH NaMSTH 3HAYHTENBHO ONEPEXKALT
00beM ONepaTHBHOH NaMATH:

Var. > Vo, o
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NO3TOMY
T = f(N,Van).

OCHOBHOH NyTb MOBLILIEHHS CKOPOCTH peand3aliy ajropuTMa — na-
panJiesibHOE BBINOJHEHHe GOJbLIOTO YHCaa OnepaLui.

AnropuT™bl, MpHMeHseMble Ha MpPaKTHUKe, Pa3GHUBAlOT Ha JBa KJjac-
ca: AeTepMHHHUPOBAHHbBIE U HeleTepPMHUHHpOBaHHbe. JleTepMUHHPOBAHHbIE
aNrOPHTMBl COCTOAIT M3 OMepauuil, pe3yabTaThi U3 KOTOPHIX OMpefeseHkb!
OJIHO3HAYHO, B MPOTHBHOM CJly4yae — 3TO HeAeTEPMHHUPOBAHHBIH AJIFOPHTM.

3adaueli na donycmumocms Ha3plBaeTCs 3a/a4a ONpefeaeHHsT X0Ts Obl
ORHOr0 BO3MOXKHOI'O pelleHHSs.

3adaueti Ha onmumanrbHOCMb CUMTaeTCA 3ajavya ONpelelieHHs Aomy-
CTHMOTO, JAOLIero 3KCTPeMyM (YHKIHH.

MHoXecTBO Bcex 3aJay Ha AONYCTHMOCTb, KOTOpble MOT'YT BhITh peLue~
Hbl H2 OCHOBe JeTepMHHHUPOBAHHOTO aJropyuTMa 3a IOTHHOMHANbHOE BpeMsl,
OTHOCHTCA K NoakJaaccy P (NoJHHOMHaJIbHBIX aJrOPHTMOB).

Moakaacc NP — MHOXeCTBO BCEX 33434 Ha AOMYCTHMOCTb, KOTOpble
MOTYT ObiTb pelleHbl ¢ MOMOLLBIO HeJeTePMHHHUDOBAHHOIO airOPHTMA, HO
32 No/NIHHOMHaJbHOe BpeMsi. B NP BXomaT Bce 3aAayu, Qs KOTODHIX M3-
BECTHbl AETEPMHUHHPOBAHHbLIE AJTFOPUTMBI C IKCMIOHEHUHUANbHBIM BDPEMEHEM
petueHus. B TexHuke cuutaercs, uto P C NP.

OcHoBHasi 3aa4a NPaKTHKH — 3TO MCKJ/YEHHe HJIH yMeHbILUeHHe Ie-
pebopa npH pelleHHH KOHCTPYKTOPCKHUX /M TeXHOJorudeckux 3anad. Cun-
TalT, UTO 3aja4a nepeGopa A cBoauTCst K 3ajade nepebopa B (A ~— B),
eC/M MeTOl pelleHHs 3ajayd B CBOAMTCA B MeTON pelueHHs 3afaud A,
CBOgMMOCTb CYUMTaeTCsl NOJHHOMHAJbHOH, ecJH Takoe npeobpasoBaHue
NIPOUCXOMMUT 3a NOJHHOMHAJbHOE BpeMsi, B IPOTHBHOM CJiydae, CBOAHMOCTL
3KCNOHeHI HaJbHas.

B HacTosiutee BpeMst B noxksacce NP onpejesieHO HEKOTOpOe NMOAMHO-
*kectso NPC C NP. 3To NoAMHOXKecTBO 06/1afaeT ONHHM 3aMe4aTesbHbIM
cBOCcTBOM: BCe Tpobiembl MMM 3anaud mogkaacca NPC Moryt GbiTh
cBefenbl apyr K apyry. CiefoBaTe/ibHO, €C/H HalgeTCss XOTS Obl OAMH
anroput™ 3G (eKTHBHOrO pelueHus xots Obl ogHoi 3ajauun uz NPC, 10
MOXHO Bynet 3pdeKTHBHO pElIUTh BCe SKCMOHEHLHaNbHble aArOPUTMbI H3
3TOrO MOJAKJACCA.

1.7. AnropurMuuecKkde CHCTEMbI pelieHHS MPAKTHYECKHX 3ajad,
Bce onepauyu, BhINOMHSIeMble B aJrOPHTMax, pasfessioT Ha ABe TPyl

1 — apucmeTHUecKHe onepalHH.

2 — Jorudeckue olnepalyy.

ApudmeTrieckye onepalHi BHIIOJHAIT HeMOCPEACTBEHHOE Npeobpasos
BaHue uudopmauuu. JlorudeckHe onepauuu ONpefesioT MOCNEA0BaTe b
HOCTb BBHIUIO/NIHEHHS apugMeTHdecKux. Ha npakTuke pacnpocTpaHeHHe noe
JYULJIH CefyoliHe YHHBEPCAIbHBIE CXEMbl aJIFOPHTMOB.

[puseneM OfMH M3 BaxKHBIX METOIOB COPMUPOBKU 8CMABKAMU, ONH-
cauubiit Kopmenom T., JleiizepconomU., Pusectom P. On addekTineH npH
COPTHPOBKE KOPOTKUX YHCMOBBIX MOC/Aef0BaTeNbHOCTeR. MeToN 0CHOBaH HA
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BbIOOpe OuepemHOro 4MCJIa H BCTaBKH €ro B HYXHOe MecTo, CpaBHHBas
C WMeIOIMMHCS U NepejBUrasick crnpaBa HaneBo. MICXOHBIMH [aHHBIMH
anroput™a sieasercs maccuB A[0, ..., n] (nocnefoBaTenLHOCTL 3J1EMEHTOB
(uucen) mAWHB n, NOAJexaulas COPTHPOBKe). UHC/0 3JeMeHTOB B Mac-
cupe A o6o3Hadaercs depes length [A]. [TocnenoBaTe/IbHOCTb COPTHPYETCS
Ge3 [OMONHHTENbHON NAMATH. 3AeChb HCMOJb3YeTCs BXOAHOH MacCHB U QHK-
CHPOBAHHOE YHCJO fYeeK MaMsTH.

Ha puc.I1.3 nokasan anroputm copTupoBkH KopmenaT., Jleiizep-
conay., PusectaP. Ha npumepe uucaoBOH mnocsefoBaTesbHOCTH A =
=(4,1,3,5,0,2).

1 3 4 5 2
0 1 3 4 5
0 1 2 3 4 5

Puc. I1.3. Pa6ora npouenypb! COPTHPOBKH

[IpuBenem omucaHue ajJropHTMa Ha BepXHEM YPOBHe C MOSCHEHHSIMH.
'Takoe onucaHue 3¢ GeKTHBHO UCMOMNB3YeTCs Ha IPAKTHKE NPH pelieHuy 3a-
/lay HHGMOPMAaTHKH H BBIYHUCJUTENLHOA TEXHHKH U HAa3bIBAaeTCS [CEBIOKOLOM
AJITOPHTMA.

MCEBAOKOJ AJITOPHTMA COPTHPOBKH (Kopmena T., Jlei-
jepeona Y., Pusecta P.)

| for — 2 to length [A]

2 do key — A[j]

3 «pobaButs A[j] k oTcopTupoBanuo# dactu A0, ..., 7 — 1]»

41351

5 while i > 0 and Afi] > key

6 do Afi + 1] — A[i]

Tiej—1

8 Afi + 1] — key

MHpekc 7 ykaspiBaeT BblOpaHHBIA OyepefHOH 3JjeMeHT. YacTb Maccu-
na A[Q,...,7 — 1} coctaBasiioT yKe NPOCMOTPEHHbIE 3JIEMEHTbl, MACCHBA
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Alj +1,...,n] — ewe He npocMOTpeHHBlE 3/eMeHTH. [locae BbINOJHEHHS
TIPOLIELY DBl COPTHPOBKKM MacCHB A yNOpsOUEH N0 BO3PACTAHHIO.

B uuxkne for uHuekc j npoxomuT mMaccHB ciaeBa HanpaBo. [Ipocmarpu-
BaeTcsl sjemer A[j] (cTpoka 2 anroputMa) H NPOU3BOAMTCS CIOBHI CTOSI-
IUX Nepefl HUM GOJbLUIUX 10 BeJHYHHE 3JIEMEHTOB, HaduHasi ¢ (j — 1)-ro
BNpaBO, 0OCBOGOXKIAsh MeCTO /s BbIOPaHHOro 3JjeMeHTa (CTporu 4-7).
B ctpoke 8 snement A[j] nomelnaercs Ha cBOGOAHOE MECTO.

KoMMmeHnTapuu.

1. Otctyn ot JieBoro noJsisi yKashwlBaeT HA YpoBeHb BjoxkeHHs. Hanpu-
Mep, teno unkaa for {ctpoka 1) coctout us ctpok 2-8, a Teno uukaa
while (cTpoka 5) comepxur ctpoku 6-7.

2. Hukaet while, for, repeat u ycioBrble KoHCTpYyKiHH ii—then-else
HMEIOT TOT XK€ CMbICJ, YTO U B A3blKE NPOrpaMMHPOBaHHA «[lacKaribs.

3. KaBblukM HAUHHAIOT ¥ 33KAHYUBAIOT KOMMeHTApHUH (MAYLIHA N0 KOH-
112 CTPOKH).

4. OpgHoBpeMeHHOe MpHCBauBaHHe i «— j «— e (repeMeHHble { U j MO-
Jy4aloT 3HaYeHHe €) 3aMeHsieT [1Ba NPUCBAHBAHUA j «— e U © < j (B 3TOM
NOpsiiKe).

5. Tlepemennsle (B maHHOM caydyae 4, j, key) JIOKAIHU3YIOTCH BHYTPH
OMHCAHHOH NMpoUeAypPsl (€CH He OrOBOPEHO HHOE).

6. Mupekc MaccuBa nuueTcs B KBaAPaTHLIX CKOGKax, T.e. 3anuch Afv)
COOTBETCTBYET U-MY 3JIEMEHTY B MaccuBe A.

1.8. CrpykrypHasa cxema aaropurma. Eule opHol pasHOBHAHOCTBIO
rpaHyecKoro npencTaBJeHHs aNrOPUTMOB SIBJASIOTCA CMPYKMYypHbie Cxe-
mol anreopummos. Ilpy Takoli 3anHcCH anropuTMOB NPOHCXOAHT KaK Obl
npoLece AEKOMIO3HLUHH (T.e. pa30HeHHs aJrOpUTMa Ha OTHAEJbHEIE JTAMbl-
650KH). Bnoku uzobpaxaiotcs rpadHUecKH B BHIE TEOMETPHYECKHX (H-
ryp. KaxgoMmy TakoMy 6JI0Ky npucBauBaeTcsi coOGCTBEHHBIA HOMep. BHyTpH
6J0Ka B BHAe (GOPMYJ HJH CJIOBECHO 3aMUCHIBAETCs MHPOPMALUs, XapaK-
TEPU3YIOLLAs] BHINOJHsAeMble UM (GYHKIMU. Dlokn coequHARTCS JTHHUSIMH,
CHMBOJIU3HPYIOLIUMH MeXOI04Hble CBSA3H.

Bsiok# MOryT OmMCHIBATH 3JeMeHTapHble IIard ajropuTMa WJH MNpen-
CTaBAsATb COOON YacTH aNTOPUTMOB HJIH OTHEJbHLIE aJTOPHTMBI.

[lpaBuna BHIIONHEHHS CTPYKTYPHBIX CXeM aJCOPHTMOB OIpefesieHbl
['OCTom 19.701-90 (MCO 5807-85) «CxeMbl aIrOpHTMOB, IPOrPaMM, AaH-
HbiX U CHCTeM. YCJoBHble 0003HAYEHHS U NPaBHJ/IA BHIIONHEHHUAY .

Huxe npusener ¢parment texcta ['OCTa.

1. Beenenue

Cxema mporpaMmbl 0TOOpaXxKaeT MOCNELOBATENbHOCTL ONEpaltil B 1po-
rpaMMe M OHa COCTOHT:

1) ¥3 CHMBOJIOB Npoliecca, YKa3biBAIOMWIUX (pakTHYECKHe orepauHH 06-
paboTKH NaHHBIX (BK/OUYas CHMBOJIBI, ONpeJeNsioliye NYTb, KOTOPOro cle-
AyeT NPHIEPKUBATLCS ¢ YUETOM JIOTHYECKHX YCJIOBUH);

2) nUHEHHBIX CHMBOJIOB, YKAa3bIBAIOLWHUX MOTOK YNpPaBJjeHUS;

3) creuHabHBIX CHMBOJIOB, HCNOJb3YeMbIX At 06JerdyeHUsl HalHCaHHS
¥ UTEHUS CXEMBl.



Tlpua. 1. SremenmapHbie c8e0eHUs U3 MEOPUL AAZOPUMMOS 279

2. CumBOJIB
2.1. Ipouecc.
Cumeon otofpaxaeT QyHKUHIO 06paboTKH AaHHbLIX JMI060F0 BHAA.

2.2. [penonpeneneHHsIl Npouece.

CumBoa oTOOpaxaeT Nnpeonpesie/ieHHE i NpoLecc, COCTOSLUMA U3 ONHOH
UM HECKOJIbKHX ONepallHil HJIM LIaroB MpOrpaMMbl, KOTOPHE OTpefiesleHbl
B ApPYroM MecTe (B noAnporpamme, B Moayne).

2.3. Pyunas onepauus.
CumBos oTofpaxaeT n060H Mpoliece, BLINOJHAEMbIH 4eJOBEKOM.

2.4. TloaroToska.

CumBos 0TOOpaXkaeT MOAU(HKAUMIO KOMAaHABl WM TPYINb KOMaHJ C
eJbI0 BO3AEHCTBHS HA HEKOTOPYIO MOCAENYLYH (YHKLHIO (yCTaHOBKA
nepekaoyaTens, MogH(GHKaUUa HHAEKCHOTO PerucTpa UM HHHLKANN3aLHS
pOrpamMmmsi).

2.5. Pewenue.

CumBost 0TOOpaxKaeT pelleHHe HAH QYHKUHIO NMEePeKaI0YaTeNbHOTO TH-
na, UMEILYI0 OHH BXOL H Psij aJbTePHATHBHLIX BBIXOOB, TOJBKO OfHH H3
KOTOPBIX MOXeT OblTb AKTHBH3HPOBAH TNMOCJ/E BbIYHCAEHHUS YCIOBHH, ompe-
JIENEHHBIX BHYTPH 3TOro cuMpoJsia. COOTBETCTBYIOLIME Pe3Y/bTAThl BHIYHC-
JIEHHS] MOTYT OBITh 3arHCaHbl M0 COCEACTBY C JMHHSAMH, O0TOGpAMAILHMH
3TH NYTH.

2.6. Jlugua.
CuMBos 0TOGpaXKaeT NOTOK AAHHBIX WJIH YIPABJIEHHUS.
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2.7. CoenuHHTeID.

CumBoa Hcernonbayetes aaa obpeiBa JIMHHWM u npononxenus ee B apy-
rom Mecte. COOTBETCTBYIOLHE CHMBOJIbI-COEHHHTENH JOMKHB COAEPXKaTh
O/IHO W TO XK€ YHHKa/JMbHOE 0603HaYeHHE.

2.8. Tepmunartop.

CuMBOM 0TOOpaXKaeT BLIXO[ BO BHEIUHIOK CpPely W BXOJA U3 BHeLIHEH
cpeabl (Ha4ano WJM KOHeL MPOrpaMMbl, BHELIHee MCHOJb30BaHHE H HCTOY-
HHMK WJIM NYHKT Ha3HAUYEHHUS AaHHbIX).

2.9. KomMmeHTapui.

CHUMBOJI HMCHOJB3YIOT AAs [H0GABJIEHHS OMHCATE/bHBIX KOMMEHTApHeB
WM MOSACHHUTEJbHBIX 3aNHcedl B UeasXx OOGBACHEHHS MM MPHMeYaHHH.
[TyHKTUDHbBIE JIMHHK B CHMBOJIE KOMMEHTAPHS CBSI3aHBl C COOTBETCTBYIO-
UMM CHMBOJIOM HJIM MOTYT OOGBOZMTb TPYNNY CHMBOJOB. TeKCT KOMMeEH-
TapueB WM NMPHMedYaHHH 0/KeH ObITh [OMELUEH OKOJO OrpaHHYHBaKLLeH

burypsl.

S —— .
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3. [NpaBuaa NpuMeHeHHS CHMBOJIOB

3.1. CumBon npefHasHayeH [JJs rpadHuecKOd HAeHTHU(QUKALHH
®YHKUHH, KOTOPYI0 OH 0003HayaeT, HE3aBUCHMO OT TEKCTa BHYTPH 3TOro
CHMBOJIA.

3.2. CumMBOJIB B CXeMe JOJIXHbI ObITh pacnoJ/oxeHsl paBHOMepHo. Cie-
AyeT NPUAEPXKHBATBCA Pa3yMHOH IJMHBl CO€IHHEHHH H MHHUMAJbHOLO
yucsa QIHHHEBIX JUHEH. CUMBOMBl AOMKHL GBITb, IO BO3MOXKHOCTH, OHOIO
pa3mepa.
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3.3. TekcT BnA 4TeHHs JOJIKEH 3alHCHIBATLCA CJEBA HANPABO M CBEPXY
BHHM3 HEe3aBHCHMO OT HanpaBJieHHs notoka. Eciu o6beM TekcTa, nomelua-
€MOro BHYTPH CHMBOJIa, TIPEBBIIIAET €0 pasMephl, CJefyeT HCIOJb30BaTh
CHMBOJI KOMMEHTapHsl.

4. TlpaBuna BbIMOJHEHHUS COeIHHEHHH

HanpaBsenue noToka cjeBa HanpaBO W CBEPXY BHHU3 CUYHMTAETCS
CTaHJapPTHBIM.

4.2. B cxemax caenyeT u3berath nepecevenus JUHUA. Mamenenue Ha-
NpaB/leHHs B TOUKaX MepeceyeHHs] He JOMYCKaeTCs.

4.3. JIuHun B cXemax [JOJIKHH HOAXOAHTb K CHMBOJY JHGO CJ/eBa,
JIN6O CBEpXY, a HCXOAHMTh JHOO cnpasa, 160 cHU3Y. JIMHHH DO/MXKHBL ObITh
HanpaeJeHbl K UEHTPY CHMBOJA.

4.4. [lpy Heo6XOQUMOCTH JIMHHH B CXeMax CHeAYyeT paspbiBaTbh A/
136exKaHHs M3NHILIHUX NepecedyeHH i K CAHIIKOM [JJHHHBIX JUHHH, a TaK-
XKe ecsld CXeMa COCTOHMT HX HeCKONbKuX cTpaHul. CoeUHHUTE/b B Hadaje
pasphiBa HasblBaeTCH BHEIIHUM COEJMHMTENEM, a COEJUHHUTENb B KOHLE
paspeiBa — BHYTPEHHHUM COEHHHTEJEM.

CChIIKM K CTPaHULIAM MOTYT ORITh NPHBEJEHB COBMECTHO C CHMBOJIOM
KOMMEHTapHs AJS HX COeAHHHTeNeH.

5. Cneunasbuble YCIOBHbE 0003HAUEHHA

HeckosbKo BHIXOZOB M3 CUMBOJA CJIeAYeT NOKA3LIBATh:

1) HECKOJILKHMH JIMHUSIMH OT JAHHOTO CHMBOJA K APYTHM CHMBOJAM;

2) onHoU NUHHeH OT JAHHOTO CHMBOJA, KOTOpas 3aTE€M Pas3BeTBJSETCs
B COOTBETCTBYIOLIEE YHCAO JHHUA.

Kaxnapiii BbIXOL 13 CHMBO/MA JOJMKEH CONPOBOXAATHCA COOTBETCTBYIO-
IIMMH 3Ha4eHHAMH YCJOBHH, UTOOBl NOKa3aTh JIOTHYECKHH NMyTb, KOTOPBIH
OH MpeACTaBJsieT, C TeM, YTOObl 5TH YCJIOBUS H COOTBETCTBYIOUIHME CCHIIKH
OblK HAEHTH(hUUHPOBAHbL.

PyxosoncTBysick TpeGosanusamu ganuoro FOCTa, nerko Mmoxuo noctpo-
HTb CTPYKTYPHYIO CXeMy aJrOpHTMa AJIsi pelileHHs] KOHKPEeTHOH 3aj1a4H.

1.9. CioBecHble CTPYKTYpPhI aJIrOpUTMOB. B 3TOM ciyyae no nyHk-
TaM MepevucsioTces GJ0KH H NpoBepsieMble JOTHYECKHE YCJIOBHS.

OTMeTuM crepylollee: CJIOBECHOE TPeACTABJIEHHE AJILOPHTMA Hau6onee
MPUMEHHMO B JHAJOrOBOM pexkHMe paboThl moJb3osaTtens ¢ DBM.
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1.10. Heuerxkuit aaroputm. Heuvemkuti (pacnasiguwameui) anzo-
pumm — 3TO ynopsijoyeHHOe MHOXKECTBO PaClJbIBUATHX HHCTPYKUHH, KO-
TOpble PH HX peaNd3alMH NO3BOJSIOT MOJyyaTh NPHGIHKEHHOE pelleHue
3agad.

HMucTpykuus B pacn/blB4aThiX aJrOpUTMax AeJsT Ha TPH IPyNusl.

l-1 rpynna — HasHadalouwue HHCTPYKUMH. Hanpumep, z = Goabluoi
HJY T = BKYCHbIH.

2-9 rpynna — pacnibiBuarthle BeickaseiBaHusi. Hanpumep, ecau = —
O4eHb [IOPOroi, TO NepeHTH K Y, WM €CAM & He NoMellaeTcs B KOMHare,
TO YBEJHUYUTb pa3Mep KOMHAThL.

3-1 rpynna — G6e3yc/loBHBIEe aKTHBHHE npemjoxenus. Hanpuwmep,
HEeMHOI'0 YBEeJHYHTb &, UJH CHJBHO YBEJHYHUTb Z, UIH [epedTH K Ipyromy
napameTpy.

OTMeTHM, YTO BCe MHCTPYKLHH MOTYT ObIThb PacMbIBYATHIMH HJIH YeT-
KHMH.

PacnsibiByaTsie anropuTMBl, KOTOpblE CIYXKAT And NOAydHeHUs npub/u-
JKEHHOrO OMMCAHHUsl CTPATErHH, Ha3bIBAIOTCH PACNAbISHAMbBIMIL AASOPUM-
MAMU NPUHAMUS peulerul.

K nuM, HanpuMep, MOXKHO OTHECTH PACIJ/IBLIBUATHIN aJrOPUTM Nepecede-
HHS YJIMLBL.

OCHOBHbIMH 3TanaMH MOJHOrO NMOCTPOEHHSA AJrOPUTMA ABJSIOTCS:

M nocTaHOBKA 3ajauH,

M nocTpoeHue MozeJH,

B pa3paboTKa aJroOpHTMA,

B peanu3alH{s aaropuTMa,

B aHa/ M3 aJATOPUTMA W €r0 CAOXKHOCTH,
B cocras/ieHHe JOKYMEHTAaLHH.

OCHOBHOI MeTOR MOBLILEHHs CKOPOCTH PaGoThl a/NropuTMa — 3TO Na-
pannenbuble Bhluuctenus. CornacHo u3secTHOH runotese Muuckoro, na-
pasie/bHble MALUHHBL, BHINOJHSIOLWIWE [0CAEN0BATENbHYIO NPOrPaMMy Hajl
7 MHOXECTBAMH [2HHBIX, MOBLIUAKT IPOM3BOAHTENBHOCTE N0 KpalHeH
Mepe ua MuoxuTesb O(logn).

CnefoBaTeNbHO, MOXKHO TMOJYYMThL BBIMCPBILI HA TNOPSAAOK BeJHUYHMHL,
€CJM Peasiu30BaTh ATOPHTM B MapafesbHOH MOTHGHKALHH. DTO KOCTH-
raetcs npu AOGABJEHHMH M [POLECCOPOB, YBEJMUEHHH YHCA BBINONHAEMbIX
onepaudii ¥ yMEHbLIEHHH KOI(HUHEHTa UCIIONB30BAHHS IPOLECCOPOB.

IIpunoxenue 2. Ilpumeps! peannzanyiu 0CHOBHBIX
TeHeTHYECKHX OIeparopoB
2.1. pumep peanusayuu eHemu4ecKkozo onepamopa «3/1UmHou ce-
nexyuu».
FunkSelection ( arrPopulation[m], n )

{
Temp = 0;
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for i = m to 0 do
for j = 0 to m do
if F( arrPopulation[j] ) < F(arrPopulation[j+1]) then
Temp = arrPopulation[j]:

arrPopulation[j] = arrPopulation[j+1];
arrPopulation{j+1l} = Temp;
jo=3 + 1;

i=1i-1;

for 3 = 0 to n do
arrPopulationN[j] = arrPopulation[j];

}

Oynkiuus FunkSelection nosydaer B KayecTBe NapaMeTPOB MaCCHB
arrPopulation pasmepa m — Haua/jbHas NONYJAsILMS, H3 KOTOPOH HeoO-
X0AUMO 0TOOpaTh JyduIHe 3K3eMIUIAPH; 171 — YHCAO 3THX 3K3eMILSpOB,
nsm.

B nepBBIX ABYX UMKJAaX OCYLUECTBJSETCS yNOPSAOYHBAHUE TIPEACTABH-
TeJedl NMOMyJAAUMH 10 yOBIBAHHIO MPONOPLHMOHAABHO 3HAYEHHIO 3aAaHHOM
iesieBol PYHKIMH F, NPH 3TOM UCTIOMb3YeTCS AOMOJHUTENbHAS TIepeMeHHas
Temp.

B nocnenHem uukie BLIXOAHOH MaccuB arrPopulationN sanonuser-
€Sl NepBbIMU 7 3JleMEHTaMH HCXOJHOI'O MacCHBa ¢ MaKCHMaJ/bHbBIMH 3Haye-
HHSIMH LeneBOH (PYHKLUHH.

[Tpumep. Bubpars #3 MaccuBa 3HaueHHH (QyHKuMH y = 3z + 2 —
— max  HaWJIYYIIHX.

x 1 2 5 4 8 0 9 3 10 7
y | 5|8 17 14 | 26 | 2 | 29 11 32 | 23

SneMeHTH MaccHBa OyAYT OTCOPTHPOBaHBI B nopsiake yOuiBanusi: 10, 9,
8,7,5 4,3, 2,1, 0; a 3atem u3 Hux Gyayt suiGpaus 5 nepeoix: 10, 9, 8,
7, 5.

2.2. Ilpumep peanusayuil 2eHemu4ecKo0zo Onepamopa «mypHUPHOU
cejexyuu».
FunkSelection { arrPopulation[m], n )
{
do
TempCol = random ( m );
if TempCol = m or TempCol = 0 then TempCol = m/2;
while n > TempCol
for i = 0 to TempCol do
arrTempMsv[i] = arrPopulation[random(m)];
Temp = O;
for i = m to 0 do
for j = 0 tom do
if F(arrTempMsv [j] )<F(arrTempMsv [j+1]) then
Temp = arrTempMsv [j]; o
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arrTempMsv [j] = arrTempMsv [j+1];
arrTempMsv [j+1] = Temp;

jo=3 + 1;

i=1i-1;

for j = 0 to n do
arrPopulationN[j] = arrTempMsv [j]:

}

[lepemennas 1 < TempCol < m 3anaercd cay4aidHo H NpeACTaBIseT
co0O0H KOMHYECTBO PellieHHi, U3 KOTOPLIX Byaem BeibHpaTs aydwiHe (pasMep
TypHHpa).

Lluka do ...while nostropsieTcs A0 TeX nop, MoKa 3HadeHue 1 He Gyner
NpeBbILIaTh KOJUYECTBO peleHUH, H3 KOTOPbIX 3TH 7 HAaJ0 BHIOPATh.

3atem dopmupyeTcs Maccue arrTempMsv pasMepHocTbio TempCol, B
KOTOpbIA 3aHOCATCS C/y4yaHHO BbiOpaHHbBIE pelleHHd.

3ateM IPOM3BOAMTCS BLIOOD 7 pElEHHH NO 3JUTHOMY NPHHUMNY M3
Maccusa arrTempMsv.

[Mpumep. Ilycts pasmep TypHHpa 5, U U3 TYPHHpA HaM HEOGXOAHMO
BblOpaTh 3 pelleHus. [lycTb ans TypHHpa Oblid BbiOpaHbl CJ/efyollHe
pewenus: 3, 0, 10, 4, 7. CorfacHO BbIIENPHBEAEHHOMY aATOPHTMY H3 HHX
BoiGupaem 3: 10, 7, 5.

2.3. Hpumep peanuzayuu zeHemu4ecKozo onepanopa CeneKyuu Ha
ocHose 6vibopa 3Hadenull yenesoli ynxyuu no npunyuny <«danvrezo
podcmeéa.»

FunkSelection ( arrPopulation{m}, n )
{
Temp = 0;
for i = m to 0 do
for j = 0 to m do
if F( arrPopulation{jl ) < F({arrPopulation[j+1]) then
Temp = arrPopulation[jl];
arrPopulation[j] = arrPopulation{j+l]:;
arrPopulation{j+1l] = Temp;
=3+
i=1i-1;
for = 0 ton -1 do
arrPopulationN[j] = arrPopulation{j];
arrPopulationN[j + 1] = arrPopulation[n - j ]:
}

$yukuua FunkSelection nosnydaer B KadecTBe NapaMeTPOB Mac-
cuB arrPopulation pasmepa m — HayajbHas MNONYJNALHMs, U3 KOTOPOH
HeobxonuMo oTo6paTh pelleHHs, Haubosiee OTNHYAIOLIMECH 3HAYEHHAMH
LeseBoil QyHKUHeH; n — YHCJIO 3THX pelleHHnH, n < m.

B nepBEIX ABYyX LHKJax OCYLIECTBASETCS YNOpAAOYHBAaHHE MPEACTABH-
TeJiefl MONyJAsUMH M0 yObIBAHHIO COIVIACHO 3HAYECHHIO 33aJaHHOH lesieBOH
dbyHKUHH F', npu 3TOM HCnoJb3ayeTcs AOMOJMHHUTeNbHAs epemeHHas Temp.
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B nocnennem LukJ/e BBIXOAHOH MaccuB arrPopulationN 3anonHser-
Cfl n 3HAaYeHHSIMH HCXOAHOrO MacCHBA, NMpPHueM BbIGOP pelueHHH BeleTCs C
IBYX CTOPOH, T.e. npH j = 0 peiueHre BhiGupaeTca H3 Hayana MacCHBa, NPH
j+ 1 =1 pewenue BHOUPAETCR U3 ero KOHUA U T. .

[Ipumep. 3aman MaccuB 3Ha4eHHH QyHKUUH y = 3z + 2, HeoOX0oaUMO
BbIOpaTh 4 H3 HHX.

z 1 2 5 4 8 0 9 3 10 7
y [ 5] 8 17 14 | 26 | 2 | 29 11 32 | 23

CHavana 3meMeHTH 6yayT OTCOPTUPOBaHbl B nopsinke y6eieanus: 10, 9,
8,7,5,4,3,2,1,0; a 3ateM u3 aux 6yayT soibpannl 4 pewenus: 10, 0; 9, 1.

2.4. Ipumep peanusayuu npoyedypovt (PoOpMUPOBAHUA HAYANLHOL
nonynayuyu pewenull no memody «00eana» U 2eHemuHecKozo onepa-
mopa <«3NUMmHOU» CeneKyuyu u cenexyuu Ha OCHOse 8vibopa 3Ha4eHuil
yenesol gynkyuu no npunyuny «danvHezo podcmear.

Ilpouenypa ¢popmupoBaHus Ha4a bHOHN MONMYIALMH METOAOM «OJE-
ana»;
INPUT Interval:;

INPUT Col;
for I =0 to Col - 1
do

Massiv {I] = Interval/(2*Col) + Interval/(Col)*I;

next I
rae Interval — guana3oH W3MeHEHHsi 3Ha4YeHU#l uHeneBol (YHKUUH;
Col — pasMep nonyasiuuH; Massiv — maccus BeIOpaHHBIX ocobed; I —
nepeMeHHas LHKJA.

[Ipuwmep. [lycts pyHrUHS paccMaTpuBaeTcs Ha MHTepBaje o1 0 g0 100
(Interval = 100), pasmep nonyasuuu Col = 8. Toraa Gyayt BbIGpaHbI
ClefyoLIHe 3HaUeHH:

I 0 1 2 3 4 5 6 7
Massiv[I] 6 18 ] 30 | 42 | 54 | 66 | 78 | 90

leHeTHUecKHil OnepaTop «3IMUTHOH» CeNeKLHMN:
FunkSelection ( arrPopulation[m], n )

{
Temp = 0;
for T = m to 0 do
for j = 0 tom do
if F( arrPopulation[j] ) < F(arrPopulation[j+1]) then
Temp = arrPopulation[j];
arrPopulation[j] = arrPopulation{j+l]; o
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arrPopulation[j+1] = Temp;
jo=3 + 1;
I=1-1;
for j = 0 to n do
arrPopulationN[j] = arrPopulation[j];

}

®yHkuus FunkSelection nosydaeT B KaueCTBe NapaMeTPOB MacCHB
arrPopulation pasMepa m — HayanbHas MNONMYJALNS, U3 KOTOPOH Heol-
XOAHMO oTOOpaTh Jyullde 3K3eMIJAPbl; N — YHCIO 3THX 3K3eMILISPOB,
n<m.

B nepsbiX ABYX UHKJAX OCYLLECTBJSETCA YNOPAAOUHBAHUE TIPEACTABU-
TeJell NONMyJsiLUH MO yObIBAHHIO COIMVIACHO 3HAUEHHIO 33aJaHHOH leJeBoH
&yHKUHM F', Ipy 3TOM HCIOJb3YyeTcs AONOMHKTeNbHAA nepeMeHHas Temp.

B nocnennem uukie BeIXOfHOH MaccHB arrPopulationN 3sanonss-
eTcd MepBbiIMH 7 3HAYEHHMAMH KHCXOAHOTO MAacCHBA, Yy KOTOPHIX Uesesas
$yHKLHUS MaKCHManbHa.

[Ipumep. 3agan MaccHB 3HaveHHH PyHKUUH ¥y = 3z + 2, HeoOXOLKMO
BEIGpaTh 5 U3 HUX:

T 1 2 5 4 8 0 9 3 10 7
Y 5| 8 17 14 | 26 | 2 | 29 11 32 | 23

DyieMeHTH MaccHBa GyayT OTCOPTHPOBaHbl B Mopsiike yGwnisanus y: 10,
9,87, 5 4,3,2, 1, 0. U3 nux 6yayt Buibpanb 5 NepBbiX:

X 10 9 8 7 5
y | 32129 | 26 | 23 17

leneTnyecknii onepaTop ceJeKlMd Ha OCHOBe BbIOOpa 3HAUYEHHMH
ueJeBoil PYHKUUU MO NPUHUHKNY «JAJbHEro poAcTBa:»
FunkSelection ( arrPopulation[m], n )

{
Temp = O;
for i = m to 0 do
for 3 = 0 to m do
if F( arrPopulation[j] ) < F(arrPopulation[j+1]) then
Temp = arrPopulation(j];
arrPopulation[j] = arrPopulation{j+1];
arrPopulation(j+l] = Temp;
i=3+ L
i=41i-1;
for § = 0 ton -~ 1 do
arrPopulationN[j] = arrPopulation[j];
arrPopulationN[j + 1] = arrPopulation[n - j 1;
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dyHkuua FunkSelection nonyyaer B KauecTBe NMapaMeTPOB MAcCHB
arrPopulation pasmepa m — Ha4a/bHast MOMYAALHSA, U3 KOTOPOU HeoO-
XOZHUMO 0TOGPATh 3K3eMIsphl, Haubosee OTAHYAOUIHeCH LeseBOH (yHK-
uMel; n — YUCJIO 3THX IK3EMIUIAPOB, N < 7M.

B nepBeIX ABYX LMKJ/aX OCYLIECTBJISETCS YNOPALOYHUBAHHE NMPEACTABH-
TeJlefl NOMyASIUMM MO yOBIBAHHIO COTMJIACHO 3HAYEHHIO 33JaHHOH LieJieBoi
¢yHKUMK F', IPH 3TOM HCNOJb3yeTCsl AOMOJIHUTE/bHAS epeMeHHas Temp.

B nocaenHeM unkJe BeIX0HOH MaccHB arrPopulationN 3anosnHser-
€ n 3HaYEHHAMH HCXOQHOTO MaccuBa, Npu4YeM BhbOp pelteHud Beaercs
C ABYX CTOPOH, T.€. npHu j = 0 perieHue BoiOupaeTcs W3 Hayasjia MacCHBA,
npu j + 1 = 1 peutenue BoibupaeTcs U3 ero KOHuUa U T. .

[Tpumep. 3agan maccHB 3HaueHHH GYHKUMH y = 3z + 2, He06XOAUMO
BHIGPATb O U3 HUX.

x 1 2 5 4 8 0 9 3 10 7
y | 5|8 17 14 26 | 2| 29 11 32 | 23

CHayasa 3HayeHus1 T OYAyT OTCOPTHPOBaHLI B NOPSAAKe YObLIBAHHSA Y-

z 10 9 8 7 5 4 3 2 1 0
Y 32 | 29 | 26 | 23 17 14 11 815

M3 Hux 6yayT Beifpanbl 5 CJEAYROLHX:

z | 10]0o] 9|18
y |32 2]2 5] 2

2.5. Hpumep peanusayuu npoyedypsl HOPMUPOBAHUA HAYANGHOL
nonyaayuu peuwtenuti no Memoody «PorKycuposKu» U zeHemu4ecKozo one-
pamopa «mypHUPHOU» cenexyuu U cenexyuu Ha ocHoge 8eibopa 3nave-
Hutl yeneeoll pynxyuu no npunyuny «6auskozo podcmea.»

IIpouenypa dhopmMupoBaHHs HayaJbHOH HONYJALMH MeTOAOM «(o-
KYCUPOBKM»:

INPUT T, n;

A = T*(0.25 + random ( T*0.5 );

k = A /{(2*n);

for x = 0 to n/2

do
y = 2*x + k;
if A + y<T then M[x] = A + y;
next x

for x = n/2 to n
do [
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y = 2*(x-n/2 + 1) + k;

if A - y >= 0 then M[x] = A - y;

next x
rie T — pasmep NOMyJAUHH, A — TOuKa (DOKYCHPOBKH; k - BesJHYHHa
CMELIEHHs; X — [epPeMeHHasn LIHKJa; Y — GYHKUHS CMelleHHs; M — MaccHB
BbIOpaHHBIX Ocobeid.

ITocne BBoma MHTepBasa M KoJHyecTBa ocobeid, KOTOPBIX HeOGXOAHMO
BLIGpaTh, BBIGHpaeM caydaiinbiM 06pa3oM TOYKY (DOKYCHPOBKH A. YcTaHaB-
JMBaeM BeJHYMHY cMelleHHs k. B unknax BhibupaeM 3HaueHHs, paBHOyAA-
JIEHHblE OT TOYKH A, U QopMHpyeM H3 HHUX MAacCHB M.

[Mpuwmep. [lycts pasmep nonyasiuuu T' = 100, kosHgecTBO BEIGPaHHBIX
ocobeit n = 8, A = 54. BynyT soi6panb! cliefyOlLHe 3HaUEHHUS!

I 0 1 2 3 4 5 6 7
M[I] 54 | 56 | 58 | 60 | 52 | 50 | 48 | 46

I'eneruueckuii oneparop «TypHHUpPHON» CelleKIUH:
FunkSelection ( arrPopulation[m], n )

{

do

TempCol = random ( m );
if TempCol = m or TempCol = 0 then TempCol = m/2;
while n > TempCol
for i = 0 to TempCol do

arrTempMsv([i] = arrPopulation[random(m)];

Temp = 0;

for i = m to 0 do

for § = 0 to m do

if F(arrTempMsv [j] )<F(arrTempMsv [j+1]) then

Temp = arrTempMsv [j];

arrTempMsv [j] = arrTempMsv [j+1];
arrTempMsv [j+1] = Temp:;
j=13+1;

i=1i-1;

for j = 0 to n do

arrPopulationN[j] = arrTempMsv [j];
}

[epemennas TempCol, 3agaBaeMas CIy4adHO — 3TO KOJHYECTBO pe-
WeHHH, U3 KoTophix 6yaeM BbIOMpaTh JydliHe, Jo/KHa ObiTh B npejenax
ot 1 no m.

Llnky do while mnoBTOpsieTcs AO TeX MOP, NOKA 3HadeHHe 1 He OyaeT
MPeBbIIATh KOJHYECTBO pelIeHHH, U3 KOTOPBIX 3TH N HalO BhIOpATh.

3arem ¢opmupyetcs maccuB arrTempMsv pasMmepHocThio TempCol,
B KOTOPHIIl 3aHOCATCA CNYYaHHO BbIOpaHHbIE pelLeHUs.

[Mocse 3TOrO NPOHM3BOXUTCS BHIGOP 7o PelUeHHH 3JHTHBIM OTOOPOM H3
MaccuBa arrTempMsv.
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O pumep. [Tycts TempCol = 5, Heo6xonuMo BHIOPaTh 3 peleHHs.

z 1 2 5 4 8 0 9 3 10 7
y | 5 8 17 14 [ 26 | 2| 29 11 32 | 23

Dutiu BhiGpansl caeaywowue pewenns: 5, 0, 10, 4, 7. CornacHo Bhiute-
NPHBEAEHHOMY aJropHTMy, BolOHpaem u3 uux 3: 10, 7, 5.

TFeneTHuecKkuit omepaTop celleKHMM Ha OCHOBe BhIOOpa 3HaueHHH
neneBoi (PYHKIUHU MO NPHHUHUNY «BIH3KOTO POACTRA»:

FunkSelection ( arrMsv[n][m] )

{
Temp = random (n);
for I =0 ton

do
Elem = 0;
For j =0 tom
Do
if arrMsv [Temp][j] != arrMsv[i][j] and Temp != I then

Elem = Elem + 1;
if Elem = 1 then Posl j:
if Elem = 2 then Pos2 = j;
if (Elem = 2 and |[Pos2 ~ Posl| <= 2) or Elem = 1 then
I=1i;
goto end;
end

rje ArrMsv — MacCUB pelleHHH B ABOHYHOM MNpPEACTaBNeHHH; N — KO-
JIMYECTBO pelleHHH B MacCHBE, m — JIJHHA KaxAoro petlenus; Elem —
KOJMIHYeCTBO OTJIHYHI CpaBHHMBAeMbIX pelleHHi; Temp — HOMep CJAY4aHHO
BbIODAHHOTO pellieHys, IJs1 KOTOPOro HIlleM MakCHMaJbHO Noxoxee; Posl,
POS2 — MO3HUHH OTJIHYALUHUXCSH 3JIEMEHTOB B CPaBHHBAEMbIX DelleHHSX;
I — HOMep HaWJeHHOro pelUeHHS.

B ¢yHkuuio nepenaercst aByMepHbl MaccusB arrMsv[n] [m].

CayuaiiibiM ofpa3oM BbiGHpaeM pelleHHe ¢ HomepoM Temp. B unkae
npocMaTpHBaeM BCe pelleHHs H CpaBHHBaeM HX ¢ pelteHHeM Temp. Buibu-
paeM pelueHHe, AJs8 KOTOporo Elem He NPeBOCXOAMT 2, T.e. pelleHHs —
6/1M3KOPOACTBERHBIE.

[Ipumep.
Homep Pelilenust B JBOHYHOM Kojle
Ne 1 1 10] 071 1 1 1
Ne 2 1 00100 ]0]1
Ne 3 0011 1 1 {00
Ne 4 1 1|01 1[0} 1
Ne 5 110|000 1]0 .

10 JI. A.Tnaakos, B. B. Kypeituuk, B. M. Kypefiuux
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[lycts 3apana Tabauua petieHudt B aBoudyHoM xofe. [ns Temp = 2
(1000001) nonyuaem 6auskopoacteerHoe peuwenne I =5 (100010)

Temp 1 0600|000 |
I 1 0j0]0]O0 1 0

2.6. Ipumep peanusayuu zeHemuuecKkozo onepamopa OOHOMOHeH-
H020 KpOoccuHzo8epa:

randomize ();
// BROmL pasMepa MONYJIALHH
INPUT n
//3anonHenve 3HAUEHUAMU
for intIndexI = 0 to n
for intIndexd 0 to 6
arrMassiv[intIndexI}[intIndexJ] = random (10);
intIndexJ = intIndexJ + 1
intIndexI = intIndexI + 1
// BHOOp 2 pemeHHI A7 CKpPemMUBAHUA
do
NumberOne = random ( n );
NumberTwo = random ( n );
while ( NumberOne = NumberTwo );
// BH6OpP TOUKM paspHBa
Point = random ( 6 - 2 );
// XpoccuHrosep
for intIndex = 0 to 6
// BO TOUKKH pa3pHBa
if ( intIndex < Point )
{
arrMassivResult[0][intIndex]
= arrMassiv[NumberOne] [intIndex];
arrMassivResult[l] [intIndex]
= arrMassiv[NumberTwo][intIndex];

}
// nocrne ToOuXM pa3pHBa
if ( intIndex >= Point )
{
arrMassivResult[0] [intIndex]
= arrMassiv[NumberTwo] [intIndex];
arrMassivResult[1l][intIndex]
= arrMassiv[NumberOne] [intIndex}];
}
intIndex = intIndex + 1;
}
rne ArrMassiv[n][6] — HavyajabHas [ONYJAUHSA Pa3sMEPHOCTBIO
B nn ocobeil; NumberOne, NumberTwo — HOMepa CKpellHBaeMblx ocobed;
Point — Touka paspbiBa; ArrMassivResult[2][6] — nBa notomka.
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[Ipumep. Ilycts pasmep mnonyasunud n = 4, NumberOne = 1,
NumberTwo = 4, Point = 2.

ArrMassiv:
J 1 2 1314|5616
1
1 0O(5 | 8143 1
2 00| 8|6 1 5
3 1 1 713155
4 O[5 94| 4|6

arrResult[1] 0 5 9 4 4 6
arrResult[2] 0 5 8 4 3 1

2.7. Ilpumep peanusayuu 2eHemu4ecKozo onepamopa YHUepcanv-
HO20 KpoccuHzosepa:

randomize ();

// pasmep nonynauum

INPUT n;

// 3anosyHeHWe MaccHUBa 3HAUEHHAMH

for intIndexI = 0 to n

{

for intIndexd = 0 to 6

{

arrMassiv([intIndexI}{intIndexJ] = random (2):;
intIndexJ = intlIndexJ + 1

}

intIndexI = intIndexI + 1

}

// Bubop 2 pemeHHN Oy CKpEeOUBAHUSA

do

{

NumberOne random ( n
NumberTwo = random ( n
}

while ( NumberOne = = NumberTwo );

// macxa

for i = 0 to 6

{

arrMaska[i] = random ( 2 );

i=1i41;

}

// Kpoccuurosep

for intIndex = 0 to 6 I

);
):

10*
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{
// ecmu - 1
if ( arrMaska[intIndex] )
{
arrMassivResult[0] [intIndex]
= arrMassiv[NumberOne] [intIndex];
arrMassivResult[l] [intIndex]
= arrMassiv[NumberTwo] [intIndex];
}
// ecnun - 0
else
{
arrMassivResult[0] [intIndex]
= larrMassiv[NumberOne] [intIndex];
arrMassivResult[1l] [intIndex]
= larrMassiv[NumberTwo] [intIndex];
}
intIndex = intIndex + 1
}
rae ArrMassiv[n][6] — HayajbHas T[ONYJAALHA DPa3MePHOCTHIO
B n ocobeil; NumberOne, NumberTwo -— HOMepa CKpelluBae-
MbBIX ocobeli; arrMaska[6] — Macka p/if TIOJY4YeHHUS [IOTOMKOB;
arrMassivResult[2][6] — [ABa noToMmka.

[Tpumep. [lycts 3anana nonynsuua arrMassiv([(4][(6]:

7 1 2 3 4 5 6
i

1 0 1 0 1 1 1

2 1 0 0 1 0 1

3 1 1 1 0 0 1

4 0 1 0!l 0 1 1
NumberOne = 2
NumberTwo 3

arrMaska[6]

arrResult(1] 1 0 0 l i 1
arrResult[2] 1 1 1 0 1 1

2.8. Hpumep peanusayuu zeHemu4eckozo onepamopa ynopado4uea-
roujezo Kpoccunzoeepa:

randomize ();
INPUT n;
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0 ton

for intIndexI
{

for intIndexd
{
arrMassiv[intIndexI])[intIndexJ] =
intIndexd = intlIndexJ + 1

}
intIndexI
}

do

{
NumberOne = random (
NumberTwo = random (
}

while { NumberOne == NumberTwo );
// mosunmsa paspHBa

Point = random ( 6 - 2 });

0 to 6

intIndexI + 1

[l

)i
) .

’

n
n

for intIndex = 0 to Point
{

// mo Touxu paspuBa
arrMassivResult[0][intIndex]

random (10);

= arrMassiv[NumberOne][intIndex};

arrMassivResult[l][intIndex]

= arrMassiv[NumberTwo] [intIndex]:

intIndex = intIndex + 1;
}

// ynopspouMBaHHMe MO BO3PACTAHMIO NOCJIE TOUKH pPa3pHBA

//B oboux pemeHHAX

for i = 5; to Point
for j = Point to 6

{

if (arrMassiv[NumberOne][j] > arrMassiv[NumberOne][j + 1])

{

Temp = arrMassiv[NumberOne][j];

arrMassiv[NumberOne][j] = arrMassiv NumberOne][j + 1];

arrMassiv[NumberOne]l{j + 1] = Temp;

}

if (arrMassiv[NumberTwo][j] > arrMassiv{NumberTwo][j + 1])

{

Temp = arrMassiv[NumberTwo](j]:

arrMassiv[NumberTwo][j] = arrMassiv[NumbexrTwo][j + 11];
arrMassiv[NumberTwo][j + 1] = Temp;

}

i =3 1;

i=1i-1;

}

// XonMpoBaHHe yXe OTCOPTHPOBAHHHX MOCJIeé TOUKHM pPAa3pHBa

&
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//rexos
for intIndex = Point to 6
{
arrMassivResult[0] [intIndex]

= arrMassiv[NumberOne][intIndex];
arrMassivResult([l][intIndex]

= arrMassiv[NumberTwo] [intIndex];
intIndex = intIndex + 1;

}

[Tpumep. Jns nonynsuud, 3afaHHON B NEPBOM NpUMEpE:

arrResult[1] 0 5 1 3 4

arrResult[2] 0 5 4 4 9 9

2.9. Ilpumep peanusayuu zeHeMUHecKozo onepamopa 0eyxmo4euHo-
20 Kpoccunzogepa:

randomize ();

// BBOO pa3Mepa MONYJIALIKK

INPUT n

// 3anomnHeHMe MACCHUBa 3HAUYEHHUSMH

for intIndexI = 0 to n

{

for intIndexJ = 0 to 6

{

arrMassiv([intIndexI][intIndexJ] = random (10);
intIndexJ = intIndexJd + 1;

}

intIndexI = intIndexI + 1;

}

// Bubop OBYX pemeHHR

do

{

NumberOne = random ( 6 );
NumberTwo random ( 6 );
}

while ( NumberOne == NumberTwo )
// BHb6Op ToOuek pa3pHBa

do

{

Pointl = random { 6 - 2
Point2 = random ( 6 2
}

while ( Pointl >= Point2 );
// KpOCCHHI'OBEpP

for intIndex = 0 to 6

{

)r
).

’
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// 0O mepBOfl TOUKM pPa3pHBa
if ( intIndex < Pointl )
{
arrMassivResult[0] [intIndex]

= arrMassiv[NumberOne][intIndex];
arrMassivResult[l][intIndex]

= arrMassiv[NumberTwo][intIndex];
}
// Me®Oy TOUKAMM pa3pHEBa
if ( (intIndex >= Pointl) {\&}{\&} (intIndex < Point2) )
{
arrMassivResult[0][intIndex]

= arrMassiv[NumberTwo] [intIndex];
arrMassivResult[1l][intIndex]

= arrMassiv{NumberOne][intIndex];
}
// nocne BTOPOH TOUKH Pa3pHBa
if ( intIndex >= Point2 )
{
arrMassivResult[0] [intIndex]

= arrMassiv{NumberOne][intIndex];
arrMassivResult[l][intIndex]

= arrMassiv[NumberTwo] [intIndex];
}
intIndex = intIndex + 1

}

rae ArrMassiv[n]{6] — HavajbHad nONy.asilHs Da3MEPHOCTBLIO B 1
ocobeil; NumberOne, NumberTwo — HOMEpa CKpPelUHBaeMblX ocobeii;
Pointl, Point2 — TOYKH pa3pbBa; ArrMassivResult[2][6] —
JBa NOTOMKA.

[Ipumep. Ilycts pasmep nomynsiuur n = 4, NumberOne = I,
NumberTwo = 4, Pointl = 2, Point2 = 4.

ArrMassiwv:
J 123|456
1
1 51814 ]3]1
2 0|8 |6 | 1|5
3 1 11713515
4 0| 5| 9| 4|46

aarResult[1] 0 5 9 4 3 1

aarResult[2] 0 5 8 4 4 6
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2.10. Hpumep peanusayuu zenemu4ecKozo onepamopa YUKAULECKO-
20 KpoccuHzosepa:
// BBOL OBYX pemeHu
for i = 0 to 2
{
for j
{
INPUT arrMassiv([i][]j]:
jo=3 + 1;

0 to 6

}
i=1i+4+1;

}

for i = 0 to 6

{

arrResult[0]}[arrMassiv [0][i]]
arrResult[l]{arrMassiv [1][i]]
i=1i+1;

}

rie arrMassiv([2][6] — pBa BBeleHHHX pelleHHs; arrResult
[2][6] — nBa nNoTOMKa.

arrMassiv [1][1];
arrMassiv [0][i];

[Tpumep.

arrMassiv([1] 0 5 1 3 4 2

arrMassiv[2] 0 5 3 2 1 4

arrResult[1] 0 3 4 2 1 5
arrResult[2] 0 4 3 1 2 5

2.11. Hpumep peanusayuu zeHemu4ecKozo onepamopa <«y¥adnozo»

Kpoccunezosepa:
m_iRandP = random{m_iNumRe);

// BepeM OT TOUKH pa3pHBA JIEBHI 3JIEMEHT
nInLeft = Index[0][m_iRandP];

=-1;

3=0;

sum = 1000;
bNetPovtorov = true;

// ycTaHaBNHBaeM MNEPBHRA BJIEMEHT
Otvet([0)] = nInLeft;

for u = 0 to m_iRandX-1

{
sum = 1000;
k = 0;

for i = 0; to m_iRandX

{
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for g=0 to m_iNumRe

{

bNetPovtorov = true;

if (nInLeft = Index[i]l[gl)

{

// HaAXOOMM CTOHMMOCTH NyTen

if ( g + 1 != m_iNumRe)

{

if (sum > m_piGrid[nInLeft]{Index[i][g+1]1])
{

for j=0 to utl

{

if (Index[i][g+l] == Otvet[]j])
bNetPovtorov = false;

i=1i+1

}

// ecnux HeT nosTopoB, fJobaBsiseM B peleHHe
if (bNetPovtorov)

{

sum = m_piGrid[{nInLeft][Index[i][g+1l]];
Otvet[u+l] = Index[i])[g+1]:

k = Index[illg+1l];

break;

}

}

}

else

{

if (sum > m_piGrid{nInLeft][Index[i][0]1])
{

for j=0 to u

{

if (Index[i}[0] == Otvet[j])
bNetPovtorov = false;
i =3+ 1;

}

if (bNetPovtorov)

{

sum = m_piGrid[nInLeft]{Index[i][0}1];
Otvet[u+l] = Index[i][0];

k = Index[i][0];

break;

- e Qo e e
|
Q
+
v
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nInLeft = k;

u=u+ 1;

}

rie Index — MaccuB HayaJabHOH mnonyasuud; nInLeft — 3HayeHue
JIEBOTO 3JIEMEHTa OT TO4YKH pa3pbiBa; m_iRandP — TOuKa pasphiBa;
sum -~ HaHMeHbllee 3HA4YeHHe CTOMMOCTH MYTH B JAHHOH XPOMOCOME;
bNetPovtorov — npoBepsieT HaJHYHE NIOBTOPOB 3JIeMEHTOB B XPOMOCOME;
Otvet — wuckoMas xpoMocoMma; m_piGrid — Marpuua CMEXHOCTH C
BECaMH.

ITpumep. [lycTh MaTpuLa CMEXKHOCTH JJist 4 3/IEMEHTOB MMEET BHJL:

a b c d
a | — 2 4

2 — 8 1

4 8 — 3
d 5 1 3 —

Havanbhas nonynsuns P = 3, F(P[I]) — cTOMMOCTb NMyTH B JaHHOM
pelueHnH:

Ne F(P[I})) 11231} 4
Pi] 14 alc|b|d
P[2] 11 c|la | d]|b
P[3] 17 blcj|a)|d

[Tycts Gbuia BoIOpaHa TOUKa MeXAY ¢ U b B NepBOM pellleHHH, TOraa
B pesysabrate paboThl anroputMa OyneT NOJY4YeHO HCKOMOE pellieHHe ¢

F(P*)=11:

L7

clefaje |

2.12. IlIpumep peanusayuu NPOCMO2z0 2eHeMU1ECK020 AN20PUMMA.

ITpuBenem cHauana cJOBeCHOE ONHCAaHHE aJrOPHTMa.

1. CKOHCTPYHPOBaTh HadaJbHYIO MONYJSHHIO aJbTepHATUBHLIX pelile-
uuil. BBecTH Touky oTcyeta nokoseHHd ¢t = 0. BrludcauTh mpHcnocod-
JIEHHOCTb KaXKA0H XPOMOCOMBI (a/7bTePHATHBHOIO PELIEHHs) B MOMY./IsSLHH,
a 3aTeM CPeJHIO NPHCNOCcOB6/1eHHOCTh BCeH NONYJIALNH.

2. Ycra"oButh t = t + 1. IlpoussecTu BhIOOp 2 popuTeneld Ansi pea-
JAu3alHy onepatopa KpoccuHropepa. OH 6yAeT BBIOJNHSTBCA CAydaHHBIM
00pa3oM MpPOIOPLHOHAJBHO NPUCNOCOBNEHHOCTH poayTeiell.
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3. ChopMupoBaTh reHoTHN MOTOMKOB. [lns 3TOro ¢ 3agaHHOit BepoAT-
HOCTBIO BBIMIOJIHHUTB OMEPATOP KPOCCHHroBepa Haj FeHOTHNOM BbIGPaHHBIX
xpomocom. [anee ¢ BepositHocTbo 0,5 BHIGpaTb 0fHH M3 MOTOMKOB Pi
U COXPaHHTb KAK uNeH HOBOH momyasuuu. [locae atoro k Pi nocnepora-
TeJIbHO NPUMEHsIeTCs ONlepaTop MHBEPCHHU, a 3aTeM MYTAlUHH C 3afaHHBIMH
BEPOSITHOCTAMH.

4. OnpepfesiuTh KOJHYECTBO XPOMOCOM IUJISi UCKJIOUEHHUS H3 TIONYJISUUH.
Tekyuiywo nonyasyuio oOHOBHUTbL 3aMeHOl BhIOpaHHBIX XPOMOCOM Ha NO-
TOMKOB.

5. [lpoBect ompepeseHue MPUCTIOCOONEHHOCTH H MepecyeT CcpefHed
NPHUCTIOCOB/IEHHOCTH BCell MONY/SUHH,

6. Ecaivt t = faananm0my, 3@BEPLIHTL PaBoOTy, HHAYe NMepeHTH K MyHKTY 2.

Icegdokod anzopumma

1. OCHOBHO¥ IIHKJI
INPUT Ty, n, m // BBOA uMCJ1a TeHepalHi H pasMepa NONYyASLUUH
T =0; // YyCTAHOBHTb TEKYILYIO FeHepaLuio
NewDecisions[2][n]; // maccus HOBbIX pelieHHH
NewDecisionOne[n]; // onso Hosoe peiileHHe
ArrPopulation[m][n]; // maccus, comepxamuii nonynsaLuio

FirstPopulation (); // dopMupoBaHue HayaJbHOH NMOMYJISAUUH
while T = Ty // OCHOBHOH LHMKJ airopHTMa

{

OKFunc (); // Kpoccunrosep

MutationFunc (); // onepaTop MyTalUMH AJS HOBOTO peLieHHs
Recombination (); // onepaTtop pekoMBHHALKH

}

2. PopmMHupoBaHHe HAYAJbHOH MOMYJIALHH
FirstPopulation ()
{
INPUT ValueFirst, Valuelast; // BBOn OHanasoHa 3HAUYEHHH,
// w3 xoropux GynyT
// BHb6UpaTbLCA pemeHus,
// Valuelast >ValueFirst
SumzZF = 0; // cyumapHoe zHaueHue I
// BHOOp »NEeMEeHTOB K3 3aJaHHOrO HHTepBana
for I = 0 to n do
for J = 0 to m do
ArrPopulation[I][J] - random (Valuelast - ValueFirst);
J = J+1;
I = I+1;

3. Onepartop kpoccunrosepa (OK)
OKFunc ()
{
// BubOp 2 pasHHX peUeHHH 47 CKPemUBAHHS
do
NumberOne = random (n); &
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NumberTwo = random (n);
while (NumberOne = NumberTwo);
// BH6OP TOUKH paspHEBa
Point = random (m - 1);
// xpoccHHrosep
for I =0 tom
// Bo ToukM paspHBa
if(I < Point)
{
NewDecisions [0][I]
= ArrPopulation [NumberOne]([I];
NewDecisions [1][1]
= ArrPopulation [NumberTwo][I];
}
// nocne Touxu paspHBa
if (Index >= Point)
{
NewDecisions [0][I]
= ArrPopulation [NumberTwo][I];
NewDecisions [1][1I]
= ArrPopulation [NumberOne][I};
}
I=1+1;
// BHOOP M3 OBYX NOTOMKOB OOHOI'O
NewDecisionOne = NewDecisions[random (2)1];

}

4. Oneparop myrauuu (OM)
MutationFunc ()
{
// BHOOp reHa B XpOMOCOME LJIsl IepeCTaHOBKH
GeneIndex = random (m);
// ecnu BHOPAHHHIA I'eH - CaMbf [pPaBHHA
if GeneIndex = m - 1 then
{
// nepecraBnsaeM BJIEBO
Temp = NewDecisionOne [GeneIndex - 1];
NewDecisionOne[GeneIndex - 1]
= NewDecisionOne[GenelIndex];
NewDecisionOne[GeneIndex] = Temp;
}
// uHaue nepecTabBJisieM BHOPaBoO
else

{
Temp = NewDecisionOne[GeneIndex];
NewDecisionOne[GenelIndex]
= NewDecisionOne[GenelIndex + 1];
NewDecisionOne|[Genelndex + 1] = Temp;



Tlpun. 3. 3adanus k rabopamopuoim pabomam 301

5. Onepatop pekomGunannn(OPek)
Recombination ()
{
MinZF = 10000;
IndexMinZF;
// TOHCK pemeHHsa C MHHHMANILHOM LesneBoil PyHKUHH
// no 3agaHHOMY NOPAaBUTY
for I = 0 to n do
if vValueZF(ArrPopulation[I]) < MinZF then
MinZF = ValueZF(ArrPopulation[I]);
IndexMinZF = I;
// 3amMeHa HaMOEHHOT'O pemeHHs HOBHM
ArrPopulation[IndexMinZF] = NewDecisionOne;

IIpunoxenne 3. 3aganus K JaboparopHbiM paboram

JlabopaTopHas paGora Ne 1
OcHOBHbIE NMOJIOXKEHHA TEOPUHN reHeTHYeCKOro noucka (2 yaca)

1. Ilens pabomot
O3HaKOMHTBCH C OCHOBHBIMH TEPMHHAMH H NOJIOKEHHUSIMH TEOPHH FeHe-
THYECKOTO MOHCKA.

2. ITopsadok svinonnenus nabopamopHoii pabomot

2.1. M3y4nuTb TeopeTHYeCKOe BBeAEHHE.

2.2. TlocnenoBaTe/ibHO BBIOJNHUTL BCe 3aflaHHsi K J1a00paToOpHOH pa-
6ore.

2.3. [IpoBepuTh MpaBUILHOCTD BHINIOJIHEHHS 33JaHHH He MeHee, yeM Ha
NATH NpHMepax.

2.4. OcopMHuTb OTUET MO JaGopaToOpHOH paboTe.

2.5. OTBeTHTb Ha KOHTPOJIbHBIE BONMPOCHI.

3. 3adanua k nabopamopnoii pabome

3.1. Hanucats mnporpamMmy, peanusyioLlyl0 pasfiHuHble CTAaHAAPTHbLIE
BUIbl CTpaTerHd co3faHus HavyanbHo# nonyasuuu. [IponeMoHcTpupoBaTh
U 06DBSICHHTb paboTy MpOrpaMMbl Ha NMpHMepax.

3.2. Hanucats nporpamMmmy, peanusyolyo pasiiuHble BapHaHThl Pa3Bu-
THS TMOMYMALUHH: MHKPO- U MakpossoJouuio. [IpogeMoncTpupoBath 4 06b-
SCHUTb paboTy MPOrpaMMbl Ha NpHUMEpaXx.

3.3. Hanucate nporpammy, rosBoJISIIOLLYI0 CHHTE3HPOBATb PasJiHuHblE
BB XpoMOcoM (6HHApHbIe, YHCI/IOBbIE, BEKTOPHLIE | T. I.). [IponemoncTpu-
poBaTbh H OOBACHHTHL paboTy NporpaMMbl Ha NPHMEpax.

3.4. Ha ocHOBe noJiy4eHHBIX 3HAHHH NPENJOKHTh HOBYIO MOJH(HKALHIO
CTpPaTeTHH CO3JaHHA HayajbHOU nonyasuud. HanucaTe nporpammy, peasnu-
3yollyo paspaboTaHHy® cTpaTerdio. I[IpogeMoHCTpHpOBaTh U OOBSACHUTD

padoTy nmporpaMMbl Ha [pHMepax. .
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3.5. TIpoBecTy CcTaTHCTHYECKHE HCIIBITAHUS HANKCAHHbIX niporpamu. [lo-
CTPOUTh TecToBble NpHuMephl. [IpoBecTH cpaBHEHHE H MOCTPOUTbL AHArpam-
Mbl M rpad)MKH 3aBUCHMOCTH BpPEMEHH pelleHHs OT 3HaueHHi LesesoH
hyHKUUH,

4. Codepacanue omuema no nabopamopnoii pabome

4.1. Ha3zpauue u uesb paGoThI.

4.2. 3apanus.

4.3. [IpumMepsi perueHui.

Koumponouste aonpocot

1. HaszoBuTe MeTonbl pelieHHs ONTHMHU3ALMOHHBIX 33134, HX JOCTOHHCTBA
U HeJOCTATKH.

2. B 4em COCTOUT OT/IMYHE FeHEeTHUECKHUX a/ITOPUTMOB OT APYTHX METOAOB
pelIeHHs] ONTUMH3ALHOHHBIX 3a4a4?

3. OnpegnenuTe OCHOBHbIE TEPMHHbI TEOPHH T€HETHYECKOTO MOUCKA:

a) NONyJALHUSA;

6) pasmep MOMyMSALHH;

B) YHCJIO MOKOJIEHUH,;

r) augep u ayTtcaijep NonyJisuHH;
1) XpoMOCoMa;

e) rew;

X) JIOKYC;

3) aJiens;

1) QeHoTHI.

4. TlepeuncanTe MeXaHH3Mbl Nepejadd HAC/EACTBEHHOH HHQpOpMalLHH
M OXapaKTepH3y#iTe KpaTKO Kam[Iblil U3 HHUX.

5. KakoBbl OCHOBHBIE CBOMCTBA NMAHMHKTHYECKOH MONyJasauud (mosydeH-
HOH myTeM CBOGOIHOTrO CKDEeLIHBaHHS)?

6. [lepeuncanure OCHOBHBIE CTpATeTHH CO3[JAHMS HAYaNbHOH MOMYJSLHH
M YKaXKHUTe HX OCHOBHBblE JOCTOHHCTBA M HEJOCTATKH.

7. HazoBuTe OCHOBHBIE BHIBI XPOMOCOM, MpPHMEHSIEMBIX TIPH pelleHHH
TeXHHYECKHX 3a1a4.

8. Kakue cnocobsl mpeofpa3oBaHHs HacjaeACTBEHHOH HHGOpMalLMH BaM
usBectTHb? HasoBure ocHOBHbIE 0COGEHHOCTH KAaXJOro M3 3THX CIIO-
co60B.

9. OnuiwKTe BO3AEHUCTBHE MYTALHM HA HACAEICTBEHHOCTD.

10. OnuuinTe OCHOBHbIE BAPHAHTHl PA3BHTUS MOMYJIALHH: MHKDO- H MaK-
posBosoUHic. VX 0CHOBHBbIE 0COGEHHOCTH M CYLUHOCTh.

Jla6opaTopHas paGora Ne 2
H3yuenne 0CHOBHBIX onepaTopoB Kpoccuuropepa (4 gaca)

1. Ilenv paGomot
O3HAaKOMHTBLCA CO CXeMaMH BbIMOMHEHHS ONEepalid KPOCCHHIOBEpa.

2. Hopadoxk svtnoanenus nabopamopuoil pabomot
2.1. 3yunTs TeopeTHYECKOE BBEJEHHE.
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2.2. [locnenoBaTtebHO BBIMOJHHTL BCE 3afaHHA K JabopaTOpHOH pa-
6oTe.

2.3. [lpoBepuTb NpPaBUABLHOCTL BBINOJHEHHS 3aJldHHS Ha NATH TpUMe-
pax.

2.4. OpopmuTh oTueT no JabopaTopHoii paboTe.

2.5. OTBeTHTh HA KOHTPOJIBHEE BOAPOCHL.

3. 3adanus k nabopamopnoit pabome

3.1. HanucaTs nporpammy, peanusyioulyio paboTy OCHOBHBIX OnepaTo-
POB KPOCCHHroOBepa:

a) OHOTOYEYHOTO ONEpaToOpa KPOCCHHTOBEPA;

6) ZBYXTOYEUHOrO OMnepaTopa KPOCCHHIOBepa;

B) TPEXTOYEUHOTO ONepaTopa KPOCCHHroBepa;

I) YHHBepCaJIbHOTO ONeparopa KPOCCHHIoOBepa;

1) yNOpAAOYHBAIOILEr0 ONHO- H [BYXTOUEUHBIH OIepaTOphl KPOCCHH-
rosepa;

€) YaCTHYHO-COOTBETCTBYIOLIET0 OfHO- H JABYXTOUEYHOMY OflepaTopam
KPOCCHHIOBEpa;

) LIUKJHYECKOro ONepaTopa KPOCCHHIOBEPa;

3) «XKaOHOro» OIEepaTopa KPOCCHHIOBEpa;

M) OAHO- IBYX- X TPEXTOYEYHOTO ONEepaTOPOB KPOCCHHIOBEPA Ha OCHOBE
MPHHUUMA «30JI0TOFO ceueHHst» H yucen PuboHayqH.

[TponeMOHCTPHPOBATb H 0OBACHUTL PaGOTy MPOrpaMMbl Ha NMpHMepax.

3.2. Ha ocHoBe mosyuyeHHBIX 3HaHWE pa3paboTaTbh HOBble MOAMGHLH-
pOBaHHBIE CXeMbl BbIMOJIHEHHS ClElHA/bHBIX ONEPaTOPOB KPOCCHHIOBEPA.
PaspaGoTannbie cXeMbl pealu30BaTh B BHAe nporpammel. [IpogeMoncTpupo-
BaTb H OOBACHHTH pabOTYy NpPOrpaMmhl Ha NpUMepax.

3.3. [TocTpouTh rpad¥KH 3aBUCHMOCTH LiesieBoH QYHKUHH OT THNA NpHU-
MEHSIeMOr0 OrepaTopa KPOCCHHIOBEpa 4YHC/Aa FeHepalMid H OT BpeMeHH
TIOJIYUeHHS JIOKAJbHO-ONTHMAJbHbIX 3HYEHUH HesleBoH (hYHKLHH.

4. Codepacanue omuema no rabopamopnoii pabome
4.1. Hasauue u uenb paboThl.

4.2. 3anauus.

4.3. IlpumMeps! pellueHHH.

KonmponsHnoie sonpocot
1. TlpuBeanTe NMpHUMepHl BLINOJHEHUs BblLIENEPEYHCJEHHBIX ONepaTopoB

KPOCCHHIOBepa.
2. aiiTe onpeneseHHs CAeqyIOIHX MOHATHH:

a) CXeMbl;

6) OJHHBE CXEMBbL;

B) onpeaensiouled IJHHbI;

I) NOpPsfIKa CXEMBL.
3. Uto Takoe BEepOSTHOCTEL NMPUMEHEHHs] KPOCCHHIOBepa?
4. 3andwnTe W 00BACHUTE (DOPMYJY pacueTa BEPOSITHOCTH BBKHBaHHS

CXEeMbl NMPYU KPOCCHHIoOBEpE. o
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5. 3anuunte GopMyny BEPOATHOCTH BbIXKMBAHHS CXeMbl NMPU ABYXTOYey-
HOM OIepaTope KPOCCHHIOBepa.

6. CpaBHHTE BEPOSITHOCTb BHIXKHBAHUS CXEMbl NPH HCIOJb30BAHHH CTAH-
JApTHHIX M CHeLHaJbHEIX ONepaTopoB KpoccuHroeepa. Kaxk MoxHO
OLEHHTb BEPOATHOCTb BbIXKMBAaHHA CXEMbl MOCJE BHITOJHEHHsl CIELH-
aJIbHBIX OMepaToOpPoOB KPOCCHHToBepa?

Jlaboparophas paGora Ne 3
H3yuenue oCHOBHBIX oneparopos mytauuu (4 yaca)

1. Lens pabomet
O3HaKOMHTBCA C OCHOBHBLIMH OIEPATOPAMH MYTALUHH H HX POJBIO B
TpoLiecce reHeTHIeCKOro NOKCKa.

2. opadox svinoanenus rabopamoproi pabomot

2.1. 3yunTh TeopeTuueckoe BBeleHHUE.

2.2. TlocnenoBaTeNbHO BHIMNOJHHTD BCe 3afaHHs K JabopaTopHol pa-
6orte.

2.3. [lposepuThb NpaBU/IBHOCTb BBIMOJHEHHs] He MeHee 4eM Ha 10 npu-
Mepax.

2.4. OdopMuThb oTHeT Mo J1aGopaTopHOH paborTe.

2.5. OTBeTHUTb Ha KOHTPOJIbHbIE BOMPOCH.

3. 3adanua x nabopamopnoii pabome

3.1. HanucaTh nporpamMmy, peanusyiouyi paboTy OCHOBHBIX onepa-
TOPOB MyTaLHU K HX DA3HOBUAHOCTEH /sl Pa3/IHUHBIX BHAOB XPOMOCOM
H CXeM:

a) mpocTtas MyTauus;

6) ToyeuHas MyTaLHs;

B) MyTauusi o6MeHa (OfHO- ¥ ABYXTOYeYHas);

) MyTauusi Ha OCHOBE IPUHUMNA «30/0TOFO CEYCHHUSY;

[) MyTauus Ha ocHoBe yHces PuboHayuy;

€) UHBepCHs;

) TpaHc/IoKaLus;

3) neneius.

[MponeMoHCTPHPOBATb H O6BACHUTL PaGOTY MPOrPAMMEl HA MPHMepax.

3.2. [loctpouth rpaduxku 3aBHCHUMOCTEH LeneBOH (QYHKLUHH OT THNA
MPHMEHAEMOr0 ONepaTopa MyTallUK YHC/A FeHepaLHi H 0T BpeMeHH paboTsl
onepaTopa.

3.3. IlpoBecT# cTaTHCTHYECKHE HWCMIbITaHUA mnporpaMMel. CpaBHHTh
MexAy coBofi pasyiu4Hble BUALI ONEPATOPOB.

4. Codepxcarue omuema no naGopamoproi pabome
4.1. HasBaHHe ¥ Leab paboThl.

4.2. 3apaunus.

4.3. Tlpumeps! pelleHH.
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Koumponbubte e80npocst

. O6bACHUTE POJb OMEpaTopa MyTalUMH B FeHETHYECKOM a/rOpPHTME.

. OnulKMTE OCHOBHBIE OMEPAaTOPHl M PA3HOBHAHOCTH MYTalUMH.

. JaiitTe onpefefesye MyTaluH, ajesi, FTeHOTHIA.

. Kakum o6pasom ckasbiBaeTca BJHSHHE OMepaTropa MyTallHH Ha BO3-
MOXHOCTb BBIXKHBAHHA CXEMBI?

5. 3anuiuxTe H 0OBACHHTE POPMYJYy pacueTa BepOSATHOCTH BbIXKHBaHHA

CXeMBbl TIOCJ/IE BBIMOJIHEHHS ONEpalldi MyTaLHu.

6. HasoBure TUMbl MyTaHTOB.

7. Kakue THIIBI MyTaHTOB OKa3bIBAIOTCS MMOJE3HBIMU NPH DElIEHHH TeXHH-
YeCcKHUX 3a/ad U nodemy?

. IlpuBennTe onucaHue onepaTopa HHBEPCHH No XOJJaHAY.

9. lNokaxkute, KakMM 0o6pa3oM onpeje/sieTCs BEPOSTHOCTb BLIXKHBaHUSA

CXeMBl [OCJie MPUMEHEHHS OMepaTopa HHBEPCHH.

=W N —

oo

Jla6oparopHas paGora Ne 4
Hsyuenue onepaTopos cenekuuu u ot6opa (2 uaca)

1. Ilenv pabomot
O3HAKOMHTbCS C OCHOBHBIMH TPHHLHMAMH H ONEpPaTOPaMH CeJeKUHH
H 0T6Opa B reHeTHYECKOM AJCOPHTME.

2. ITopadok svinonnenus nabopamoproli pabomot

2.1. 3yuuTth TeopeTHUeCKOe BBEAEHHeE.

2.2. [TocaegoBaTeibHO BHIMIOJHHUTL BCe 3aflands K JabopaTtopHo#l pa-
6oTe.

2.3. [lpoBepuTb NPaBHJIBHOCTb BHIMOJNHEHHS 3aJaHHH He MeHee, yeM Ha
NATH NPHMEpax.

2.4. OdopMuTh 0T4eT MO JaGopaTopHOH pabore.

2.5. OTBETUTb Ha KOHTPOJIbHbLIE BOMPOCHI.

3. 3adanus x nabopamopnoii pabome

3.1. Hanucatb nporpaMmy, peajH3yOIY0 PasaHuYHbE BHIbl CeJEKIHH.
[TpoxemMOHCTPUPOBATh H 0GBICHUTL PaBOTy IPOrpaMMbl Ha NMpHUMepax.

3.2. Hanucatb mnporpamMmy, peasd3yiolLyI0 pasju4Hble BHAbI oTOOpa.
[ponemMoHcTpHpOBaTh H 06BACHUTL PabOTY NMPOrpaMMbl Ha TpHMepax.

3.3. Ha ocHoBe nosiyyeHHbIX 3HAHHH NpeIOXHTh HOBBle MOAH(UKALHH
onepaTtopoB cesekuud H oT6opa. Hamucath mporpammy, peasiH3yioLLlyio
paspaboTtaHHbie cxembl, [IpogeMoHCTpHpOBaTL PaboOTy NMpOrpaMMbl Ha MPH-
Mepax.

3.4. MlpoBecTn CTAaTHCTHYECKHe MCNBITAHHA mnporpaMmbl. CpaBHHTDb
Mexay co0oii pasauuHble BHAB ceseKUHH. IlocTpouth rpaduku M jua-
rpaMMbl 3aBUCHMOCTeH UeNeBOH (YHKLHH OT Pas/HuYHbIX MapaMeTpoB
ceseKLHY. o
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4. Codepacanue omuema no rabopamopnoii pabome
4.1. Ha3BaHue u uesp paboThl.

4.2. 3apanus.

4.3. [1pumMepsl pewreHu.

KonmponsHste sonpocwt

. JlaiiTe onpenesnenye CeNeKIMH.
. Ilepeuncaute ocHoBHble BUAbB ceneKuuu. [IpuBeaure npuMeps! peasu-
3allM¥ OCHOBHBIX BHMAOB CEJIEKLHH.

3. INosicHuTe CywIHOCTL OTOOPA H €r0 peaNH3alyH B FeHETHYECKOM aaro-
DHTMe,

4. Tlepeuncnute OCHOBHBlE BHAB OTOOpa, HUX CYLIHOCTb, OCOGEHHOCTH
H JIOCTOHHCTBA.

5. OnuuinTe pasinyHble CXeMbl 0TOOpa, peanrsyeMmbie NPH PEILEHHH OIl-
THMH3aUHOHHbIX 3afa4, U NpUBELUTE NPHMEpHI.

6. OnuiHTe 5BOJIIOUMOHHBIA MPOLECC KAK MPOLUECC PA3BUTHSA MOMYJIALHH.

7. OO6bsiCHHUTE 3HaYeHHe TEPMHHOB: Jiufep NOMYJsUHM, ayTcaiiaep Tomy-

JIALHH.

N —

Jlabopatophasa paGora Ne 5
ITocrpoenue npocroro reHeTuyeckoro aaropurma (4 yaca)

1. Ienv pabomot

O3HAaKOMHTBCS C pas3iUYHBIMH CXE€MaMH BBIIIOJHEHHS TPOCTOrO reHe-
THYECKOro anroputMa. Mayuute nmpuMeneHwe QyHAAMeHTaIbHOR TeOpeMbl
FEHETHYECKUX aJTOPUTMOB,

2. Iopadok svinonnenus nabopamopnot pabomot

2.1. 3yuuThb TeopeTHYECKOE BBEJEHME.

2.2. llocnenosateNbHO BBLIMOJIHUTL BCe 3afaHHs K JabopaTopHOH pa-
Bore.

2.3. TlpoBepuTh NpaBH/ILHOCTD BHIMOJHEHHA 3aJaHUH He MeHee, yeM Ha
NATH NpHMepax.

2.4. Odopmuth oTYeT MO NabopaTopHoil paboTe.

2.5. OTBeTUTb HA KOHTPOJbHbIE BONPOCHI.

3. 3adanusn x nabopamopnoii pabome

3.1. BoIMOJMHHTL OIHO M3 3aflaHHH K JjabopaTOpHOH paboTe H MOCTpO-
HTb Ha OCHOBE ONHCAHHI reHeTHYecKoro aaroputma Xoanasaa, lonabepra
v JleBrca npocToil reHeTHYECKHUH ArOPUTM BBIUHCAEHHs min (max) QyHK-
HHUH

a) min ¢pyHkuuu f(x) = 5z% — 4 nHa unTepsane [1,2,3,4,5];

6) max bynkuud f(z) = 22* + 12 na uutepsane [0, 1,2, 3,4];

B) max ¢yskuuH f(z) = 3z — 22 + 5 Ha uureppage [1—10];

r) min ¢yukuun f(z) = 5x% + 2z — 10 Ha unTepsane [5—15];

1) min f(z) = 2% + 2x% na nutepsase [5,6,7,8,9];
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e) min f(z) = 2* — 5z + 6 Ha unTepsane [3,4,5,6,7);

%) max f(z) = 22 + 20z — 34 na uurepnane [8--12];

3) max f(x) = 22 + 0,1z — 23 Ha uuTepsase [9—14].

Pasmep nauanbHo# nonyasiuud — 10, dopMHpOBaHKe HaYaIbHOH moOMy-
JISILHE — 110 BBIGOPY MOJIb30BATENS, BEPOATHOCTL KpoccuHrosepa — 70 %,
BeposATHOCTb MyTauuu — 20 %, uuciao revepauuit — He Menee 10.

3.2. Hanucats nporpammy, peatu3yoUYI0 pa3JH4YHble CXeMbl NPOCTOrO
reHeTHYECKOTO aJrOPHTMA C BO3MOXKHOCTbIO 3aJlaHUsA I10/1b30BaTe/eM pas-
Mepa MOMYJSALUHH, YHC/IA reyepalHil U BepOATHOCTel omepaTopa KpOCCHH-
roBepa, onepatopa MyTaluuH H orepaTtopa HHBEPCHH.

3.3. CpaBHHTb pe3ysibTaThl PaboTHl NPOCTOrO reHeTHYECKOT0 aJlrOPHTMA
no Tonp6epry, Xoanaunay u JleBUcy Ha OCHOBe CTATHCTHYECKHX HCIBITAHUH.

3.4. Tloctpoutb rpauky 3aBHCUMOCTEH LeJseBOi (PYHKUHH OT 4YHCJA
reHepalMii aJrOpHTMa, BpeMeHH pelleHus, pasMepa NOmyJasaliiH, BEPOsITHO-
CTell IPHMEHeHHUs ONepaTopoB H T. A.

4. Codepxcanue omuema no nabopamoproii pabome
4.1. HasBanue u uenab paboTsl.

4.2. 3apanue.

4.3. CTpyKTypHas cxema ajrOPHTMOB,

4.4. Tlpumepsl peleHHH.

Konmponstbie sonpocst

1. TTosicHHTe CYLIHOCTD TEPMHHA «TE€HETHYECKHE aJITOPHTMBI».

. Bergeninre ocHOBHBIE OTVIHUUTE/bHEIE OCOGEHHOCTH eHETHUYECKOTO aJl-
rOpUTMA.

. Yrto Takoe npocToll reHeTHYECKHH anropuTM?

. OnuuinTe onepaTop penpoLyKLHH B IPOCTOM FeHeTHUECKOM aJTOpHTMe.

. [lpuBenute npumep paboThl oriepaTopa PenposyKLHH.

. 3anumnTe GOpMyNy pacueTa BepOATHOCTH BBDKHBAaHHA CXeMBl NOC/e

BHIIOIHEHHS] ONepaTopa PenpoxyKLUHH.

7. 3anuwute QYyHIAMEHTANbHYI TEODEMY TIeHETHYECKHX asIlOPUTMOB
1 NpHUMep BbIYHCJEHHS Ha OCHOBe (PyHIaMEHTaJbHOH TeOpeMbl reHeTH-
HECKOTO aJrOpHTMa.

8. MokaxuTte Ha npumepe Boluucaenue m(H,t + 1) pas Bcero npocroro
reHeTUYeCKOro ajropuTMa.

9. [Mokaxkute Ha npumepe BhYHCAeHUHEe P(d).

10. [Nokaxure Ha Npumepe BbYHCAeHHEe P(s).

11. HapucyiiTe CTDYKTYPHYIO CXeMY NPOCTOrO I€HETHYECKOrO aJropHTMa
no XonnaHmy.

12. Hapucyiite cTpYKTYpPHYIO CXeMy NpPOCTOrO FeHeTHYeCKOro ajirOpUTMa
no lonnGepry.

13. HapucyiiTe CTPyKTYPHYIO CXeMY [IPOCTOrO MeHeTHYeCKOro ajropuTMa
no Jlerucy.

14. O6BACHHUTE CMBICH NOHATHS «CTPOUTENBHBIA GJOK». )

N
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JlaGoparopras paGora Ne 6
CraTucTuuecKoe UCCelOBAHNUE Pe3YIbTAaTOR PaGoThl reHeTHYECKOro
aaroputma (2 uyaca)

1. Ilenv pabomet
O3HAKOMHTBCSA ¢ OCHOBHHIMY METOJAMH NPOBEJEHHS CTATHCTHUECKHX
HCCNeIoBaHUH SKCIEPHMEHTANbHBIX JAHHBIX.

2. Hopadok svinonnenus naGopamopnoli paGomot

2.1. U3y4ynuTb TeopeTHYECKOE BBELEHHE.

2.2. TlocnegoBaTtenbHO BLIMOJMHUTD BCe 33JaHHUS K JJaGopaTopHOH padoTe.

2.3. IlpoBepuTh NpaBHMBHOCTh BHIMOJHEHHS 3afaHUH He MeHee 4eM Ha
NATH NpUMepax.

2.4. OdopMutb oTUeT Mo JabopaTopHOH paborTe.

2.5. OTBETHTb Ha KOHTPOJIbHBIE BONIPOCHI.

3. 3adanua k arabopamopnoii pabome

3.1. lns nporpamMM, peasd30BaHHBLIX B MNpeABIAYIIHX Ja060paTOPHBIX
paboTax, NPOBECTH CTATHCTHYECKYIO 06pabOTKY MOJY4YEeHHBIX AaHHBIX.

3.2. Iposectu nocnenosatenbHo cepud M0 50 3KCNEPHMEHTOB B KaX-
JOH, B COOTBETCTBHH C 3aJlaHHBIM IIATOM, U3MeHssi ONUH U3 reHeTHUEeCKHX
napamMeTpoB (HOpMa KPOCCHHTOBEpA, MyTalHH; pa3Mep MOMYMALUHH, QHCAO
NOKOJMIeHHH) B QUKCHDYS BCe OCTaNbHbIE.

3.3. NocTpouTb TeCTOBblEe MPUMepHl (GeHYUMApPKH) H MPOBECTH KOJHYe-
CTBEHHBlE U KaYeCTBEHHblE CPABHEHHS NOJYYEeHHbIX Pe3YJIbTATOB.

3.4. ITocTpouth Ha OCHOBE MOJYUEHHBIX 3KCIIEPHMEHTA/bHbLIX JAHHBIX
TUCTOTPAMMB! H AMarpaMMbl HaKOMJIEHHBIX YACTOT.

3.5. CpenaTbh BBIBOABl O 33aKOHE pacnpefe/eHns CJAyYaiHOH BeJHYHHEI
(byHKIAH CTOUMOCTH).

4. Codepxcanue omuema no nabopamopHoii pabome

4.1. HasBanue u uesb paGoTl.

4.2. 3aganus.

4.3. Onucanue cepuil KCNePHUMEHTOB.

4.4. Tabnuupl ¢ pe3y/bTaTaMU MPOBENEHHBIX HCCIEJOBAHHH.
4.5. TucTorpaMmbl ¥ AHarpaMMbl HAKOMJIEHHBIX YacTOT.

4.6. BoiBogn!.

Konmpononusie gonpocot

. HasoBuTe ocHOBHbIE 33a4H MaTeMaTHYECKOH CTATHCTHKH.

. [lepeuncanTe OCHOBHbIE CTATHCTHYECKHE XaPAKTEPHCTHKH.

. Haitte onpepesnenre caydailHOH BeMHUYMHBL. UeM OTIHYaeTCs JHCKpeT-

Hag caydaiHas BeJIMUHHA OT HENpepbLIBHOH?

4. Yto Takoe yacToTa cAy4aHHOH BeJHUMHB! H KaK OHA CBfi3aHa C Bepo-
ATHOCTBIO?

5. Uro takoe psif pacripefelfieHHs CJAy4aHHOH BeJHYHHBl M KaK OH 3afa-
ercq?

6. Kax 3agaercs yc/JoBHe HODMHPOBKH?

W N —
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10.
. Kak onpenensorcs olleHKH MaTeMaTHYeCKOTo OXKHAAHHA ¥ AHCIEPCHH?
12.
13.
14.
. Uro Takoe HHTepBa/bHAS OLEHKA H 4eM OHA OT/IMYAETCS OT TOYEUHOH?

16.

17.

18.

19.

. UeM oTaiHuaeTcs pAA pacnpeneseHUs OT MHTErPaJbHOH QYHKLHH pac-

npefeieHHs ?

. UTo Takoe njoTHOCTH pacrnpenesieHHs U KaK OHa CBfi3aHa C HHTerpalb-

HOH QyHKUHEelH pacnpeneneHus?

. OnpenenyiTe NOHATHS reHEPaJbHON COBOKYIHOCTH, BHIGODKH U ee 06b-

eMa.
UTo Takoe MaTeMaTHYECKOE OXKHAAHKUE, AUCNEPCUs?

Kakum o6pasom cocTaBisieTcsl THCTOMpaMMa, JAHarpaMma HaKOMJIeHHbBIX
4aCTOT JJISl HENPEPbIBHBIX U AUCKPETHBIX CJAYUYAHHBIX BEJIHYHH?

B 4eM COCTOHT OTJMYHE THCTOrpaMMbl 0T AHArpaMMbl HakKOMJEHHBIX
4acToT?

Yro Takoe A0BEpUTE/IbHAS BEPOSITHOCTb, AOBEPHUTEJbHEIE HHTEpBAN?

Uro Takoe HOpMasbHLIE 3aKOH pacnpenesenus? [loscHuTe MeToAMKY
ero pacuera.

Kakum o6pazom npoH3BOAMTCS NpoBepKa MPABAONOAOOHS THIOTES CO-
OTBETCTBHSI 3MIUPHYECKOrO 3aKOHA pacrpele/ieHHs CJHydyaidHoOH Benu-
4HUHH TeopeTHveckoMy? [ToficHHTe METONHKY NPOBEPKH.

[NosicHuTe, KakuM 06pa3oM H3MEHSIOTCA pe3y/lbTaThl IeHeTHUECKOro
AJITOPHTMA [IPH H3MEHEHUH HOPMbI KPOCCHHIOBEPA W MYTALHH.
OnuurnTe BJMsiHME BePOSTHOCTEH onepaTopa KPOCCHHIOBepa, onepa-
topa Mytauud H OF Ha KauyecTBO M CKOpPOCTb NOJYYeHHs pelleHHH
reHeTHYeCKOro aAropHuTMa.

Ilpumeps! BbINOJHEHHS JaG0PaTOPHBIX paboT

Yucnosan

Puc. [1.4. IpiMep OKHa 3afaHHs THNA XPOMOCOM M CTpaTerHH
CO3/1aHHA MONYJIALHH a
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Puc. T1.10. Tlpumep OKHa BbiBORA Pe3yJbTaToB PaGoTh!
TIPOCTOTO FeHETHYECKOTrO aJiFrOPUTMa
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Puc.I1.11. Ilpumep okHa 3agaHHs napaMeTpoB
TNIPOCTOr0 reHeTHYECKOro anropHTMa

Puc.I1.12. [Ipumep okHa BbIBOAA 3aBHCHMOCTEH De3yJbTaToB paboThl
MPOCTOr0 FeHeTHYECKOro alropuTMa
OT 3a/laHHBIX NapaMeTpoB (HayaJo)
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Puc. I1.13. [Ipumep okHa BBIBOAZ 3aBUCHMOCTEH pe3yJbTaTOB PaGOTHl
TIPOCTOTO TeHETHYECKOT0 alropHTMa
OT 3aaHHLIX NapaMeTpoB (OKOHYaHHE)

Ilpunoxkenne 4. Meroguyeckne yKa3aHusl K BbIIIOJIHEHUIO
KYpCOBOHM paGOThbI

1. Iens u 3adauu xypcosol pabomot

Lenbo KypcoBoii paboThl sBJAfETCS H3Y4eHHE OCHOBHBIX NPHHIHIOB
3BOJIIOLLUOHHON TEOPHH, MEXaHU3MOB Iepelauyd HacAe[CTBEHHOH HHQOp-
MalMH, ee COXPaHEHHs H H3MeHEeHHs B ECTECTBEHHOH cpefle, a TaKXKe
U3yueHHe M AHAJNH3 CYLIECTBYIOLIMX MeTO0B ANTOPHTMOB M apXHTEKTYp
FeHEeTHYeCKOro MOHCKA, ABNSIOUINXCS HCKYCCTBEHHBIMH aHAJOTaMHU Pa3/iny-
HBIX MPUPOAHBIX CHCTEM.

[lns [ocTHXKeHHs JAHHOH LeJH CTYLEHT NOJXKEH PeUINTb ClAeLyoLlHe
3a0a4H:

1. TlpoananuaupoBaTh moJy4eHHoe 3a1aHHe, BHOpaTh HEOOXONAHUMBIH MpO-
rpaMMHBIH HHCTPYMEHTapH#d H Ha ero OcHoBe pa3paboTaTb HOBHIH
nakeT NPUKIANHBIX [IPOTPAMM, Peasin3yIOUHH reHeTHUECKHE airOPHTM
pellieHHs ITOCTABJEHHON 3aJa4yl ¢ yKa3aHHbLIMH B 3afaHHH Ha Kypco-
BYI0 paboTy (QYHKUHSAMH U CBOHCTBAMH.

2. M3y4uThb Cyl1ecTByOUIHe TeHeTHYECKHE ONepaTopPsl, METOAHKH H aJIro-
PHTMBI UX BBINOJHEHHS, OCOGEHHOCTH PA3JUYHBIX €HETHYECKUX Ofle-
PaTOpPOB, HX AOCTOHHCTBA M HELOCTATKH.

3. BhINOJIHUTD NPOrpaMMHYI0 Peanu3alHio CTAHJAPTHLIX CXeM BhIMOJHe-
HMs TeHeTHYEeCKUX ONepaToOpOB, yKa3aHHbIX B 3aJaHHH, a TaKXe, NPH
HEeOOXOIHMOCTH, MOomMpUUHUpoBaTs JHE0 pa3paboTaTh HOBBIE CXeMbl
BBIIIOJIHEHHS] CTAHAAPTHBIX eHeTHUECKHX OIepaTopoOB B 3aBHCHMOCTH
OT XapaKTepa pelraeMoil 3ajaqH.
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4. V3yunTb CylUeCTBYIOILHE aDXHTEKTYPhl M CXCMbl BbIMOJHEHHS T'€HETH-
4eCKHX aJITOPHTMOB, HayUHTbCS CO3JiaBaTh [IPOrpaMMHbIe peaNu3auuy
3THX CXeM, a TaKXe C03JaBaTb HOBble MOUH(IMKALHH CTAaHAAPTHBIX
CXeM reHeTHYeCKHX a/TOPHUTMOB;

5. Onucath MOAHU(QHLHPOBAHHYIO CXE€MY FeHETHYEeCKOro ajiropHTMa, HC-
NnoNb3yeMylo B KypcoBoi pafoTe B BHAE CTPYKTYDHOH CXeMbl aJro-
pHTMa.

6. [IposecTH, HcoAb3yst PaspaGoOTAaHHBIH B XOAe BbINOJNHEHHS KYPCOBOH
paboThl, KOMAJIEKC NPOrPaMM, CepHH IKCIIEPUMEHTOB AJisl BbISBJCHHS
XapakTepa BAHSHUSA Pa3JUUYHbIX 1apaMeTPOB [eHeTHYECKOro aJiIrOpHTMa
Ha KayecTBO NOJYyYaeMblX pelleHHH W NOCTPOUTh IpapHKH 3aBHCHMO-
cTel, MOJYUYeHHBIX SKCIIePUMEHTA/bHBIM NYTEM.

7. U3yyuTb METOAMKY H NOPSILOK IpOBeleHHs CTaTHCTHUecKOH o6paboT-
KH TOJNyYeHHEIX 3KCMEePUMEHTANbHBIX AaHHBIX, a TaKXKe HAXOXKAEHHS
TEOPETHYECKUX H SKCIEepHMEHTAJbHBIX OUEHOK fapaMeTpoB paspabo-
TaHHOTO aJNTOPHTMA.

2. Tpebosanus, npedsagasemvie Kk Kypcosoi pabome

Kypcosas pabora J0/MKHa BKJIKYaTh: MOSACHHTEBHYIO 3alHCKY K Kyp-
coBoi pabore (pekoMeHAyeMblii 06beM MOSACHHTEJIbHOH 3aNHCKH DaBeH
20-25 nHCTOB MAUIMHOMKCHOrO Tekcra dopmara Ad); naker NPUKAALHBIX
NporpaMM, peau3yloUHi paboTy reHeTHUeCKOro alropHTMa ¢ 3aJaHHBIMH
napamMeTpamu.

CTpyKTypa H NpUMEpPHOE COmepIKaHHe PasleoB NOSCHUTesbHOH 3anuc-
KH OTpa’KeHbl B pasfese 3 HACTOSIEr0 PYKOBOACTBA.

KypcoBrie pa6oTel MOI'YT ObiTh CpefHeH M MOBBILIEHHOH CJIOXKHOCTH,
a TaKXKe HCCJ/leoBaTe/lbCKHe.

Kypcoble paoThl cpepHefl CHOXHOCTH TNpefyCMaTPHBAIOT pelleHHe
NpoCTeHLIMX 33124 HAXOXKAeHHS MHHHUMYMa — MakCHMyMa GYHKUUH Ha 3a-
JaHHOM YMCJIOBOM HHTepBaJse ¢ IpPUMeHeHHeM CTAHAAPTHLIX FeHeTHUECKHX
ONepaToOpOB M CXeM MpPOCTOrO FeHEeTHYECKOro airopuTMa.

B xypcoBbix paboTax MNOBBLIIIEHHONH CJOXHOCTH CTYAEHTH AOJKHBI Ha
OCHOBe MOJYYeHHbIX 3HAHHH pa3pafoTath M NPHMEHHTb K DelieHHI0 Mo-
CTaBJIEHHBIX 33Jlay HOBble MOIHM(HKALHH CTAHAAPTHBIX FeHeTHYECKHX ofle-
paTOPOB M aJTOPHTMOB, YUHTHIBAIOIKE HIOAHCH peliaeMoi 3afauu.

Hcenenosatesnbckne KypcoBble paboThl BKJOHAOT B cebsl dJeMEHTHI
Hay4HBIX HCC/IefloBaHHH: cpaBHEHHe H aHaNH3 CYLIECTBYIOWHX MeTOHOB
pelieHHs MOCTABMEHHON NMpobueMbl, pa3pafoOTKy HOBBIX METOAMK H CXeM
BLITIOJIHEHHS TeHeTHYeCKHX OnepaTopoB, SBJSAOILMXCsS KOMOHHaLHel cyle-
CTBYIOILMX IeHeTHYeCKHX ONepaTopoB, @ TaKxXKe HOBbIX apXHTEKTYP H CXeM
CYLIECTBYIOLIUX aJrOPHTMOB, 8 B HEKOTOPHIX CAy4YasX M CO3[aHHe HOBBIX
METOIHK HJIH CXeM aJTrOPHTMOB.

3. Codepicanue noackumensrol sanucku

Bsedenue. Bo BBefleHHH 1O/IXKHO OLITh H3JN0XKEHO KPAaTKOE COAEpXKAHHE
nponenaHHoN paboThbl: yKa3aHo, Kakas 3aja4ya pelaach, KakdM MeTonoM
M Ha KaKOM #3bIKe NPOrPaMMHPOBAHHS, KAKOBbI BO3MOMHOCTH NPOrpamMM-
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Horo ofecreyeHHs, KaKHe HMEIOTCS OFpaHHYeHHs, Kakas NpoBeleHa obpa-
60TKa 9KCMePUMEHTANbHBIX Pe3yAbTaTOB paboThl MPOrpaMMHON peasu3aliu
aJTOPHTMOB, KaKHe KadecTBa aJropuTMa oHa BblsBuia. O6beM — OKOJIO
1 cTpaHHIuB! TeKcTa.

Ilocmanoska 3adauu. B 3TOM paspgene NMPHUBOAHTCS MaTeMaTHYeCKOe
H HedopMasbHOE ONMCAHHE HCXOAHBIX JAHHHIX. B 3amaHUH JOJ/KHA TIpH-
CYTCTBOBATh MOCTAHOBKA 3afadH, a TaKxKe TpeGOBaHHUS, NONYIIEHHS H
OrpaHHYeHHs Ha pa3paboTKy a/JropHTMa M IIPOrpaMMHOrO obecneyeHus.

Anaauz mexnuueckoeo zadanus. O6ocHoBanue BbIOOpPA FeHETHYECKOIO
aJrOpHTMa KaK MeTOfa ONTHMM3AaLUMH [Jsl pPellleHHUs MOoCTaB/IeHHOH 3aiauH.
CrenyeT nokasaTh, K KaKOMY KJacCy OTHOCHTCA pelllaeMas 3ajaua.

Paspabomka cenemuueckozo areopumma

a) Koduposanue pewenus. B pasnene nojkeHn GbiTb NPEACTABJEH CNO-
€06 KOAUPOBaHUS pellleHus 3afayd (KOHKPETHBIH MpuMep CTPYKTYphl Xpo-
MOCOMBI U ee pacluudposka, Takxe ¢ npumepom), Heobxonumo nokasats,
KaK KOHKDETHBIH KOJ COOTHOCHTCS ¢ KOHKDETHLIM peasbHbIM pelleHHeM.

6) Onepamop xkpoccuneogepa. B paznene npencrasasercs oneparop(bi)
KpoccuHrosepa. ITopsizok BuinosiHeHUs oneparopa(oB) ciefyeT MOSCHUTh HA
KOHKPETHOM MpHMepe.

B) Onepamop mymayuu. B pasgene npeactasasiorcs onepatop(sl) my-
TalH{ C COOTBETCTBYIOULMMH NPHMEPaMH.

r) Adpyeue cenemuyeckue onepamopst. Ecnn B ajgroputMe HCHOMb3YIOT-
€l IOMOJIHHTENbHblE FeHETHYEeCKHE ONEPATOPHl, OHH AOMKHBI ObITh OHCAHBI
B pasjiejax ¢ COOTBETCTBYIOIUMMH Ha3BAHUSAMH W [1OKa3aHbl Ha NpHMepax.

Cmpyxkmypras cxema aseopumma. [IpHBOAHTCA C/OBECHOE ONUCAHUe
H CTPYKTypHas cxeMa reHeTHYECKOTO aJrOpHTMa, a TaKXe NCeBJOKOA aJ-
FOPUTMA C KOMMEHTApHIMH H NOSCHEHUAMH.

Ouenka caomnocmu arcopumma. B pasgene NpuBofAHTCS pacuer Bpe-
MEHHOM C/IOXKHOCTH KaK OTHEJIbHLIX HCIOJb30BAHHBIX B aJIFOPHTME oriepa-
LMH, TAK U BCEr0 AJTOPUTMA B LEJOM.

Jkcnepumenmanbubie pesyiomamet. B pasgene ykasbiBaeTcs, Kakhe
napaMeTpsl pa3paboTaHHOIO aJrOPHTMa HCCJAEAYKTCS, pasMep CEpPHH 3JKC-
NIepUMEHTa, YUCJIO0 IKCIIEPHMEHTOB, a TaKxke NoJyyeHHble SKCIepHMeHTallb-
Hble 3aBHCHMOCTH B BHAe Tabsull H rpauKos.

3axawuenue. B 3akaoueHHN KpaTKO OMMCBIBAETCS NpPOReNaHHas pa-
6oTa: Kakas 3ajaya pelleHa, 0CO6EHHOCTH pa3paboTaHHBIX aJrOpPHTMOB
U nporpammuoro obecrnedeHus. Heo6xoquMo Tak»Ke ykas3aTb, NpH KaKHX
napamMeTpax alropHT™ paboraer 3ddeKTUBHee, 3a1a4l KAKOH Pa3MepPHOCTH
pewaoTcs GoJiee yCneuwHo, NOATBEPAUAACH U TeOpeTHYeCKas OLeHKa Bpe-
MEHHOU CJIOKHOCTH ajnroputMa. O6beM — He Gosee | cTpaHHLbl TeKcTa.

4. Tune: 3a0a4 Ona paspabamoi6aemMozo eHEMUECKOM anzopumme

4.1. Kypcoseie pabomer cpedueii caosxcrocmu. K 3ajayaMm KypcoBbIX
paoT 3TOi KaTeropUU OTHOCSITCA CTaHAApPTHbE ONTHMH3ALHOHHblE 3aja-
UM HAXOXKJAEHHUS ONTHMyMa (YHKUHH Ha HEKOTOPOM 3aAaHHOM HHCJIOBOM
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uHTepBane. [IpuMepsl 3aa4 TAKOro poja MPHBEAEHbLI B OMUCAHHH K Jabo-
paTopHoii pabote Ne 5.

4.2. Kypcosbie pabombr nossiutennol caroscnocmu. K paHHON Kare-
FOPUU OTHOCSITCSl CTAHAAPTHbIE 33Ja4H, YCMEUIHO peLuaeMble NPH MOMOLLH
reHeTHUYECKHX aJrOPHTMOB, AJSi KOTOpbIX TpebyeTcs pa3paboTaTh HOBBIE
KOMOMHALUY UM MOAHGMHUUHMPOBAHHBEIE CXeMbl NPUMEHEHHs! CTAHAAPTHBIX
reHeTHYECKHX ONepaTopoB H aJropuTMoB. K uyMcay Takux 3ajgady MOXKHO
OTHECTH:

® a/ITOPUTMbl IPOEKTHPOBAHHS [TEYATHBIX /AT,

® AJITOPUTMbl NIPOEKTHPOBAHHS GOJBIUHX U CBEPXGOJBIINX HHTErpasb-
HBIX CXeM;

® 3324y KOMMHBOSKEPA,;

e 3ajauy pas36ueHus rpada Ha YacTH C ONTHUMH3AUHeHd Pa3HBIX KpHTe-
pHes;

e 32/1auy pa3MelleHHs BepUIMH rpada B Y3Jb CEeTKH ¢ ONTHMH3alueil
Pa3/IMYHbIX KPHTEPHEB;

e [OCTpOeHHe B rpade, oTOGpakeHHOM B Y3Jbl KOOPAMHATHOH peleTKH
nokpeiBatoulero aepesa (gepesa Illrteiinepa) u T. 4.

4.3. Hccaedosamenvckue kypcosoie pabomet. B TakHxX KypcoBbix pabo-
Tax OT CTyAeHTa TpeGyeTcsl He TOMbKO NPHUMEHUTb HA NPAKTHKE NOJYy4eH-
Hble B XOJle M3YyYeHHs TEOPETHYECKOro Kypca 3HaHHS, HO U NMPOAEMOHCTPH-
pOBaTb YMeHHe H CHOCOGHOCTH K HAYYHOH M HCCNENOBATEJNbCKOH pabdore.
K uncny sapgay faHHOA KaTeropHH OTHOCATCS:

® 331a4YH ONTHMH3aLHHY;
® 33a4¥ NPOEKTHUPOBAHHUS;

® 3a7a4yd Ha rpadax u runeprpadax;

® 33/1a4H pacMo3HaBaHHs 00pasos;

® 337144 UCKYCCTBEHHOTO HHTeJJIEKTa;

® 33/la4H yrnpaBJeHus;

® 331a4H MOAJEPKKH U NMPUHATUSA pelleHHH.

B wacTtHocTH:

TPaHCMOPTHAs 3a7aya;

3ajava BbJeNieHUs KJHK B rpade;

3ajada MHHHMH3AUHH NlepeceyeHHi B rpade;
3ajaya onpele/eHUs NJaHAPHOCTH B rpade;
3ajjaya onpefleseHusa u3omopdusma rpados;
3ajaya packpacku rpada u T. I.

5. Bapuanmot 3adanuii

HunusugyansHoe 3ajaHue Ha KypcoBYKO paGoTy COCTaBJSeTCS H Bbl-
faeTcst NperofaBarejeM H MpeAcTaBaseT co60H KOMOWHALMIO pa3/HUYHBIX
THIIOB FeHeTHYECKHX ONepPaTOpOB.

IIpeyeHb BO3MOXKHBIX BHAOB FeHETHYECKHX ONEPaTopPOB, KOTOPbie MOTYT
MCIIONIb30BATLCA NPH HAMHCAHHH KYPCOBOH PaGoThl MPHBOAMTCS HHKE. 4
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I. Koduposarue xpomocom
A. BunapHoe.
B. Yucnosoe.
C. BekropHoe.

II. Cmpameeus co3danus HaQuaAbHOU nNONYAAUUY
A. Crparerus «onesna.
B. Crpaterus «1poGoBHKa».
C. Crparerus $hOKyCHPOBKH.

[Il. Bud ceaexyuu
A. Cnyyaiinas.
B. Cenexuus no 3ajaHHoil WKaJe.
C. Daurnas.
D. Typuupras.
E. Uubpunuur.
F. Tubpunusauus.

IV. Onepamop kpoccuneosepa
A. CranpaprHblii 0OfHOTO4EYHBIH.
B. CraHpapTHbIH ABYXTOYEYHbIH.
C. CTaHAapTHBIH MHOrOTOYEUHbIH.
D. YuuBepcaabHblil.
E. ¥YnopsigouuBaoinuii onHOTOUEUHBIH.
F. ¥nopsapounBawoiunii 1ByXTOUYEHbI.
G. YacTHYHO COOTBETCTBYIOWHE ONHOTOYRUHBIH.
H. YacTHYHO COOTBETCTBYIOUIMH ABYXTOYEUHbIH.
I. Huknuyeckuii.
J. KomnekcHblil.
K. «2Kagubiit».
L. OnepaTtop KpoccHHroBepa Ha OCHOBE «30JI0TOTO CEUeHHS».
M. Onepartop KpoccuHrosepa Ha ocHoBe yucen PuboHayyn.

V. Onepamoper mymayuu u unéepcuu
A. TlpocTas.
B. Toueynas.
C. Ofmena.
D. O6mena Ha ocHOBe «30M0TOTO CEUEHHS».
E. O6mena #a ocuose uncen Oubonayyu.
F. HuBepcus.
G. Hdynavkauus.
H. Tpancnokauus.
I. TpaHncnosuuus.

VI. Onepamop om6opa
A. TlponopuuoHabHEIR.
B. SautHbid.
C. PaBHOBepOATHbIH.
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VII. Cxema asoaroyuu
A. MukposBsoJouus.
B. MakposoJjouus.
[Tycth, Hanpumep, 3aaHue HA KypCOBYIO paboTy npeacTasaser coboi
CedYIOULY0 KOMOHHALHIO HOMEPOB:

TA+II(A,C)+III(A,B)+IV(A,C,G,L)+V(B,H)+VI(B)+VII(A).

Jlanuast KoMGHHALMs NpeACTaBJSET BapUaHT 3aJlaHHsi Ha KYPCOBYIO
paboTy, KOTOpOoe CKJIaiblBAETCH H3 HOMEDOB OINpefiesleHHbIX FeHeTHYeCKHX
OMepaTopoB.

Pazpabomams u peanusosame npozpammy 2eHemu1ecKozo anzo-
pumma, 8binONHAIOUE20 CREdYIoujue 2enemu1ecKue onepayuu:

A — GuHapHOe KOAUpPOBaHHE XPOMOCOM;

II(A, C) — BapHaHTHl CTpPaTerHH CO3JaHHUS HA4YaJbHOH NOMYJSLHUH Ha
OCHOBE CTpATerHu «ofesijas ¥ (HOKYCHPOBKY;

HI(A, B) — cenexuus cay4daiiHas ¥ Mo 3aJaHHOH LIKaJe;

IV(A, C, G, L) — onepaTophi KpOCCHHIoBepa — CTaHAAPTHBIE: OLHOTO-
YeyHbI ¥ MHOTOTOYEYHBIH, YaCTHYHO COOTBETCTBYIOLIUH ONHOTOYEYHHIH H
Ha ocHoBe ydces PuboHayyy;

V(B, H) — onepatopsl MyTalUy — TOYe4HAast MyTaLHsl K TPAHCAOKALHUS;

VI(B) — snuTHbli 0TOOP;

VII(A) — pasBuTHe NONYJASIUHH HA OCHOBE CXEeMbl MMKDO3BOJIOLHH.

3akarwuernue

B npunoxenudn 4 npeacTaBjeHbl NPUMepHble 33JaHHA Ha KYPCOBYIO
paboTy, a TaKXKe PEeKOMEHJalUUu N0 O(pOPMJAEHHIO H OLEHKE BBINOJHSAEMbiX
KypcoBblXx paboT. [IpHBeNeHHbIe 3aJaHHA HOCAT pEeKOMEHAATeNbHbIH Xapak-
Tep U MOTYT H3MEHATbCS B 3aBUCHMOCTH OT YCJIOBUH HX BBINOJHEHHUS.
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