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BBEJIEHHUE

JlaHHas paboTa TOCBSIIEHa UCCIIEJOBAHUIO U pa3paboTkKe HporpaMMHBIX
CPE/ICTB pEemIeHNd 3aJlaull JBYMEpPHON YIaKOBKH IPsIMOYTOJIBHUKOB C Pa3JIMUHOIN
MIIPHHOI U BBICOTOI B MpSIMOYTONBHUK MUHUMAJBbHON Iwromaan. HeoOxoammocTh
penieHns JaHHOI 3a/[aull BO3HUKAET B pa’IMUHBIX cdepax JesITeTbHOCTH YellOBeKa.
Tak mpu mpoeKTUPOBAHUN HHTETPATLHBEIX CXEM TpeOyeTcs MOMECTUTh KOMIIOHEHTHI
PasHBIX Pa3MePOB B MPAMOYTONLHOI obnacTi kpuctaia 6e3 B3alMHBIX IepecedeHni
TakuM oO0Opa3oM, UTOOBl HAMMEHbINAs BO3MOXKHAs IUIONA[L MOKPBIBAIONMIETO HX
npsMOyTolbHUKa Oblma MuHuManbHOU [1]. Takke mpu pazpadoTke BeO-caliToB
3a4acTYHO BOBHUKAET HEOOXOANMMOCTb COEAUHITh MHOKECTBO M300pa)eHuil B 0JHO,
BBUJY TOro, 4TO Opay3ep OcCyIecTBIsIeT 00paboTKy MHOMKECTBa HeOOMBIIIX
m3o00paxeHnii Ha BeO-CTpaHUIlE CYIIECTBEHHO MeJIEHHEe, YeM OJIHOro OOJILIIOro,
KOTOpOE Mpe/ICTaBIIeT cOO0I 3T M300pakeHsd, coeIMHEHHEIEe BMecTe [2].

AKTyanbHOCTb HCCIIEOBAaHUS JAaHHOIT TeMbl 00yCIIaBIIIBAETCS TEM, UTO 33/1aua
JIBYMEpHOIT YIIaKOBKU IPSIMOYTOJLHUKOB Ha IU1ockocTu sipnsercss NP-TpyqHoil, 11 He
IIPEACTABIISIETCS BO3MOXKHBIM IOJIYUUTL I Hee JEeTEPMHUHHUPOBAHHBIN alrOpHTM,
KOTOPHIi1 OBI MO3BOILT HAXOIUTh TOUHOE pEIleHIe ATOil 3a/1aun 3a MpUeMIeMOE BpeMs
[3]. OTum 0OBsACHAETCS MOBLIMEHHBII B HACTOAIIEE BpeMs HHTEPEC K TP UOIINKEHHBIM
METOJlaM pemeHns ASTo U MOJOOHBIX 3ajad, MOJJIeKANIM peaan3aliui Ha
KOMITBEOTEPE, KOTOPBIE MOXKHO MOJUDUITIPOBATEH I CYIIECTBEHHOTO YIIyUINEHNS
IO Ty4a€MOr0 Pe3yJIbTaTa.

I{ems maHHOM pabOTH 3aKIFOYaETCs B pa3paboTke NPHUKIIAJHON KOMIBLIOTEPHOM

I[IporpaMMEI, npe,uHa3HaquHoi'1 HAJE TIOJIYUCHHA TaKOT'O PEHICHIIA.



1 MaremaTtuueckas IIocTaHOBKA 3ada4un

PaccMoTpuMm MaTeMaTUUeCKyIO IIOCTAHOBKY 3aJaddl JBYMEPHOIl YHaKOBKHU
IPsIMOYTOJIFHIKOB Ha IUIOCKOCTHU. [Ty cTh 3agano HekoTopoe MHOKecTBO P, cocTosmee
I3 N IPSIMOYTOJILHUKOB. BCAKNIT IPSIMOYTONIBHUK OIICHIBAETCS IapOil BEMECTBEHHBIX
MOJIOXKUTEILHBIX Yucesl (Wj, h;), KxoTopble IpeAcTaBIsTOT cO00i MUPUHY U BHICOTY
IpsIMOYTOJIFHIIKA COOTBETCTBEHHO. Tpebyercss HalfT Takoil cmoco® pazMeneHus
IPSIMOYTOJIFHIKOB MHOJKECTBAa Ha JABYMEpHOIN KOOpJUHATHONH IIOCKOCTH, YTOOBI
HalMEHBIAsl BO3MOXKHAs IUIONIAJb ITOKPHLIBAIOIMIETO IX IMPSMOYTOJILHIKA Oblja
MHIHUMaJBHa.

Pemenne OyaeT mpeicTaBnaTh codolf BekTop X, COCTOSAMUI M3 TOUEK
PaCIIOJIOKEHI IPSIMOYTOILHIKOB P; UL BCeX 1 OT €UHUITLI 0 N, TO €CTh, €CIIN P;
pa3MeIeH B X, TO BEPIINHA JIEBOTO HIDKHETO yIJIa MPAMOYTOIbHUKA P; HAXOAUTCS B
TOUKe X;. byJeM momemaTs Bce HpSIMOYTOJIbBHUKU B II€PBOIl UETBEPTH ABYMEpPHOIl
J€KapTOBOH CHCTEeMBI KOoOpjAmHAT. To ecTh, ock abcuucc U OCh OpJUHAT OYAyT
OpSIMBIMI, Ha KOTOPBIX PAacIOJIOKEHBl CMEXKHBIE CTOPOHBI IOKPHIBAOMIETO
NIpSAMOYTOJIbHIKA. 3aJaiiM OlpaHUYEHUS, CBS3aHHBIE C YCJIOBUEM pa3MellaTh
IPsIMOYTOJILHUKN Oe3 B3aMMHOIO IepeceueHus Apyr ¢ Apyrom. J[JIsd 3Toro BBeaeM
dynkmmio  g(p;, X, Pj,Xj) PABHYIO IUIOMAAN IEPECeUeHNs MNPSIMOYTOIbHUKA Pj,
Pa3sMeIIEHHOTO B TOUKY Xj, C IPSIMOYTOJILHIKOM Pj, Pa3MEIIeHHBIM B TOUKY X;. Torza
OTpaHNYEHUE, CBSI3aHHOE C YCJIOBHEM OTCYTCTBUS Y IPSIMOYTOJIbHUKOB IEpECEeUeHUIT

ApYT C ApyIroMm, 6Y£[6T IIMETH BH,

Ly Y g(ps xipyx;) = 0, (1)

1#]
O603HaunM gepes X1 (X)

X1(%) = max(x{ +wp) (2)

1<isn
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1 uepes X2 (X)

X2(X) = max(xi +hy) 3)

1<i=sn

OTHU [Ba YNCIa OMPEIEIIIOT COOTBETCTBEHHO BLICOTY U IMTIPUHY HAUMEHBIIETO
IOKPHIBAIOIIET0 TPSMOYTONIbHIKA. TOrja OTHOIIEHNE CYyMMBI IUIOMAfeii Bcex
3aJIaHHBIX MPSMOYTOJILHIKOB K IUION[AIN MOKPHIBAIOMIETO MPSIMOYTOIBHUKA OyaeM
Ha3BIBaTh kod G duriuenTom 3¢ dexTuBHOCTH permenns X. Torga ¢yHKIuS e Oy1eT

NMETEL B

n
i=1 Wi‘hj
e MEE (4)

CTOHUT 3aMeTUTh, UTO 33Jauva JBYMEPHON YIAKOBKU IPSIMOYTOIBLHHKOB Ha
IJIOCKOCTHU MpUHAIeKUT K Kiaccy NP-tpyaubix 3ajmau [1]. Y3 sToro cnegyer, uro
IPIMEHEHIE Ha NIPaKTUKE AETEPMUHUPOBAHHBEIX METO/IOB PENIEHNS JaHHO 3a/1a4l He
IIPEJCTABILIETCS BO3MOKHBIM, BRBUJTy BHICOKHIX BPEMEHHEIX 3aTpaT Ha MONCK PEIIeHUsS

B ClIyHac, €CJIIN YHCJIO IIPAMOYT'OJIBHHKOB BCIINKO.



2 MeTo Bl penieHns 3ajaun

2.1 Metoj, oOCHOBaHHBIIT HA COPTUPOBKE MPSIMOYTOJILHUKOB TI0 BHICOTE

JlarHEIT crtocod ykazaH B [2]. [IycTh JaHO HEKOTOpOE KOHEUHOE MHOIKECTBO
IPSIMOYTOJIEHIKOR, 8 HAIJIYUIINil crioco IX pazMenieHus He 3ajiad. OTcopTupyem
IX 10 YOBIBAHHIO BHICOTEL. byJeM cuHuTaTh, YTO BBICOTa IOKPBIBAIOIIETO
IpSIMOYTOJFHIKA paBHAa BBICOTE IIEPBOTO MPSMOYTOIbHIKA, a IMUPHHA paBHA
OEeCKOHEUHOCTU. PacCMOTPUM OCHOBHBIE IIIATH 3TOTO aJITOPUTMA.

a) IlomeITaemMcsl TOCNIENOBAaTEHFHO B 3aJ]AHHOM IMOPSJIKE IOMECTHTH BCE
Hepa3MeNleHHBIe MPSIMOYTOILHIKN TaK, UTOOBI KaXK Bl 13 HIIX OBLIT PacIoJIOKeH Kak
MOXHO JIeBee W BHINNE, HO TIPU STOM HeE Iepecekancs ¢ ykKe pa3MeNeHHBIMI
IPSIMOYTOJIEHIKAMI I O0JIACTRIO BHE IMOKPBIBAIOINIErO MPSIMOYTONbHUKA. Ecim He
yJaeTCs MOMECTHUTh TaK KaKoi-TO0 MpsSMOYTOJIBHIK, IIEPEX0IUM K IS CTBIIO €;

6) Ecnm mmpuHa MOKPBHIBAION[Ero MPSIMOYTOIBHUKA paBHa OECKOHEUHOCTH,
HaiiZleM HalIMEHBIIVIO JIOIMYCTIMYIO IIIPUHY MOKPHIBAFOIMIETO MPSIMOYTOJIBHUKA TS
YK€ IIOMENEHHBIX Ha IUTOCKOCTE (DUTYP, BEIUUCIIIIM €ro IUIoMab i OyIeM CUlTaTh ee
HAIUTyYIIIM HailIEeHHBIM JI0 CUX IOp Pe3yIbTaTOM, UHAYe TepeXo M K JISHCTBUIO T;

B) Bce mpsaMOyToNIEHUKN pa3MeINleHbl BHY TP MOKPBIBAFOIIEro. BEIUUCINM ero
TUIOMIA/Ib, U €CIIN OHA MEHBIIIE JI0 3TOTO HaliJIeHHOTO MIHIMYMa, TO IIPUHIMAaeM ee 3a
MITHIIMyM U 3aTIOMIHAEM TEKYIIee pacIoIOKeHIIe MPSIMOY TOILHITKOB;

r) YMEHBITNIM MIIPUHY TOKPLIBAIOIIETO MPsIMOYTONFHIKA Ha €IUHUITY ;

1) YaanuM Bce IpsIMOYTOJILHUKH 13 MTOKPHIBAOIIETO U MepeiileM K Imary a;

e) Ecm mmpuHa MHOKPBEIBAIONIET0 NPSMOYTONBHINKA paBHA HAaWOOINBINEH m3
IMMIPHUH PazsMENaeMbIX MIPSIMOYTOJILHIIKOB, TO MEPEX0 UM K ATy K, HHAUe YBEITITUIM
BBICOTY MOKPHIBAIOIMIETO IMPSIMOYTOJIBFHIKA Ha €IUHUIYY U IepeiiileM K mary 1,

k) Komnerr.

JlaHHEIIT crioco® mpejiiaraeTcss aBTOpoM [2] kK UCIIONBE30BaHIIO B pa3padoTke
BeO-pecypcoB JId yckopeHus oOpaboTKu BeO-CTpaHUILI Opay3epoM, MOCKOIBLKY
yYBEIIMYIEHNE YNcia M300pakeHNil Ha CTPAHUIE CYIECTBEHHO YBEIITUIIBAET BpEeMs ee

OﬁpaGOTKH, a OTOT alll'OPUTM IIO3BOJEICT COCANHHUTL MHOMKECTBO }1306pa>1<eH1'11‘71
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BOCAMHO MW II€pcAaBaThb YXKE KaK OJHO MEJI0C, COKpallasd YHCIO OTHCIIbHBEIX

1m300pakeHNnil Ha CTpaHUIIE.

2.2 MCTOE, OCHOBAHHLII Ha IIPUMCHCHHNH I'CHETHIYCCKOTO alll'OpUTMa

IeneTnueckuil  anropuT™M — 3TO SBPUCTHUECKUIl aJITOPUTM  IIOHCKA,
NCIIONB3YEMBINT JII1  peIIeHus 3ajlad  ONTUMU3alNN U  MOJAENNPOBAHUA MYTEM
ciydaifHoro mnojadopa, KOMOUHHpPOBAHUS U BapuUallil WCKOMBIX IapaMETPOB C
HCTOJIb30BaHIEM MEXaHI3MOB, aHAJIOTHYHBIX €CTECTBEHHOMY 0TO0py B mpupoe. [Ipu
ICIIOTB30BAHNN T€HETUYUECKIX alITOPUTMOB PEUIeHUS 33aJaull KOJUPYIOTCSA MOA00HO
IpH3HAKaM KIBLIX OpPTaHII3MOB B F€HETHYECKOM KoJle. B Hauane paGoThl aJropurma
ciaydaitHeiM obpazoMm GopMHIpyeTcs MHOXKECTBO pelIeHHil 3ajaun, Ha3bIBaeMOe
momyJisaueii. 3aTeM MPOMCXOAUT IO3TAITHOE BUIAOU3MEHEHHE pelleHnil mIyTem
IPIMEHEHIIT K HIM OIepaTOpOB KPOCCUHTOBEPA U MYTAIIH C IIENTBbIO MOIYYUTh OoJiee
MO/IXOSANINE pelmieHns 3ajaun. Ha KaxxJoM ATalle MpOUCXOAUT OTOOp (CeneKIs)
HaWIyUIIIX C TOYKU 3PEHUsS 3HAuUeHUsd IeleBoil (YHKIUN pemeHnil, KOTOphie
CTAaHOBSTCSI HOBOI MOMyJIAIMell, 1 Ha X OCHOBe Jajee OyJIeT MPOMCXOAUTh MOMUCK
pemeHns. Takum o6pa3zoM, ¢ KaxkBIM IIaroM MOTYT ObITh HallJIeHbI JIydIINe pPelleHIs
paccMaTpuBaeMoil 3ajaun. Mjes TeHeTHUecKUX alropuTMOB Obllla BIIEPBHIE
IpejIoskeHa aMmepukaHckuM yueHsIM J[sxonom ['erapn XomtaugoMm (anrm. John Henry
Holland) B ero patore [4]. UM Oblna mpejjiokeHa cXxeMa IeHeTHUeCKOTO alrOpUTMa,
BIIOCIIE/ICTBII Ha3BaHHAas KaHOHMYecKoil [5].

Paccmotpum mMeto/1, npeasioxeHHbiii B [1]. PazobbeM 3a7auy Ha ABe mo/[3aauil:

a) PazmecTurh mpsMOyTrobHUKI MHOKecTBa P B mepBoil ueTBepTU JIBYMEPHOIT
JEKapTOBOH CHCTEMBI KOOPJUHAT B 3aJJaHHOM IOps/IKE Tak, YTOOBI MITHUMalbHAas
BO3MOJKHAs IUIOIA/Ib MOKPHIBAONIETO UX MPSMOYTOJIbHIKA ObIIa KaK MOKHO MEHBIIIE;

6) Haiitu Takoil mopsAgok ouepeJHOCTU pa3MeIeHUs MIPSIMOY TOJIBHUKOB, YTOOKI
OpH pelleHnN 3aJ[aull a MIHHUMAaJbHAs IUION[a/lb MOKPHIBAIOMIET0 MPsIMOYTOJIBHIKA
Oblla KaK MOXHO MEHBIIIE.

Paccmotpum anropurm pemeHns 3ajgaun a u3z [1]. Wmeercsa HexoTopoe

YHOPAAOHUCHHOC MHOMKCCTBO IIPAMOYI'OJILHHKOB B By,[[eM IO ouUepcaln pasMcliaTb
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IPSIMOYTOJIBHIKH CIIGAYIOIMTUM 00pa3oM: JUII KaskJOro OUepeHOTO IPsIMOYTOJIBHIKA
dbopMupyeTcs KOHEUHOE MHOKECTBO Y3JI0B pa3MeIeHIIs, COCTOSIIee 3 TOUKN Hadalla
KOOPJAMHAT U BEpPINHH YIJIOB BCEX pPa3MEIIEHHBIX 0 3TOTO IPSIMOYTOJIBHUKOB.
JlomycTiM, pazMeIeHo kK mpsMoyrojlbHIKOB, TOT/Ia B MHOJKECTBO Y3II0OB pa3MeIeHIs
JU1d K+1-ro mpsSMoyTolIbHIKA MOMaJyT TOUKH (Xil,xiz), (Xi1 +Wi,xiz), (Xil,)(i2 + h;),
(){i1 + wi,xiz + h;) 1 Bcex 1 OT eAUHMUITEL O N. 3aTeM U3 3TOTO MHOJKECTBa TOUEK
BBIOIpaeTcs TaKas, UTo:

— IIPHU pa3MeIeHNH K-To MpsaMOyTroJbHIKA B 3TY TOUKY OyJeT BHIITOJIHSTCS
YCJIOBUE OTCYTCTBHS IIEpECEUCHUIl IPsIMOYTOJIBLHUKOB APYT € JPYTOM UL BeeX K+1
IIPSIMOYTOJIEHUKOB;

— IIpH pa3MEU[CHHU IPSIMOYTOIbHUKA Pyiq B 3TY TOUYKY MHHUMAILHAs
IUIOMaJb IOKPHIBAION[ETO MNPSIMOYTOJBHUKA OyJIeT HauMeHbINel u3 I0J0O0HBIX
IO aJell SIS BceX TOYEK M3 MHOYKECTBA Y3JIOB pa3MelIeHIS MPSIMOYTOIbHIKA Py 41,
VIOBJICTROPSIONINX — TPEALIAYIIEMY  VCIOBMIO. Ilocie  Toro, Kak  TOdYKa,
VIOBJICTBOPSIIOIIAS ~ YKa3aHHBIM  VCIIOBHSIM  HallleHa, MPSMOYTOJBHUK Piyq
pa3MeInaeTcs B Hee.

YkazaHHas TIOCJIEOBaTEILHOCTL JCHCTBIIT MOBTOpSIETCS JI0 TeX Iop, MOKa B
MHO’KecTBe P ecTb Hepa3MellleHHEIE MPSMOY MOJILHIK.

Takum oOpa3zoM, ¢ MOMOIIBIO JAaHHOTO alropHTMa MOKHO HAiiTH HEKOTOpoe
OpUOMIKEHHOEe pelIeHne 3aJadyl JBYMEpPHOIl YITaKOBKH IIPSIMOYTOJIBHUKOB Ha
IJIOCKOCTH, HO Ha KaueCTBO PENICHIS B CYIIECTBEHHOI CTEIIEHN BIMSIET HOPSIOK, B
KOTOPOM TIPSIMOYTOJIBHUKI MHOXEeCTBa P TMpoHyMepoBaHBI M, COOTBETCTBEHHO,
pasMemaroTcsl Ha IUIOCKOCThb. IlosToMy JyId TOMCKa HAWIy4dmero ciocoda
VIIOPSIOYHBAHUS IIPSIMOYTOJIFHUKOB peIraeTcs 3ajgaua O.

[IpecTaBUM pelleHne Kak HEKOTOPYIO IIEPECTaHOBKY YICEN OT eAUMHUITH JI0 N.
Haiizem nepecTaHOBKY, OTpaXaloOMYEO HAWIYUNINE MOPSAOK  pa3MEIeHHs
IPsIMOYTOJIBHIKOB. 3ajauy 6 OyJieM pemaTh ¢ IOMOINLI0 TeHETHYECKOTO alrOpUTMa.
Paccmotpum ero cxemy, ykazaHuyo B [1].

3a£[aI-OTCH HaTypaJlbHBIC HIICJIa N, K, L u HEKOTOPOEC YCIIOBHEC OCTAaHOBA.



a) Hayalo;

0) MHUIIAIN3AII HauadbHO ! MOy JIAIIIN U3 N pEeIeHTit;

B) Ha4ayo IUKJIA T€HETMUECKOTO aJrOpuTMa;

r) BeiOop K map pemenunit a1 ocyuiecTBISHISI KPOCCHHIOBEDA;

J1) KpOCCUHTOBED ¢ nosyueHneMm K map noToMkoB;

e) BeIOop L xaHu1aTOB HAa MYTaIllIO;

’K) MyTaIlls ¢ IoJTydeHneM L. HOBBIX perieHuit;

1) cenekius (oTdop) B HOBOe TTokoeHne n pemennii m3 N+L+2K momydeHHBIX
pENIeHNIT;

K) €CJIH YCJIOBHUE OCTAHOBA BBEITIOIHEHO, TO IepeiiTu K mary JI, HHade IepeiT K
mary T;

JI) KOHEII.

ABTOp  mpeaiiaraeT  UCMONB30BaTh  oAHOTOUeUHBIT  OX-mopsiAKOBHI
KPOCCHUHTOBED, OMUCAHHBIN B [9], 1 OHOTOUEUHYIO MyTallllO, 3 B KAaUECTBE CXEMBI
CKpEeI[UBaHIS Mpe/laraeTcs paBHOBEPOSITHHIN BHIOOp. B kauecTBe meToja oTdOopa
penreHnii peKOMeHyeTCs IINTHAS CEJIEKITUS ¢ OTCEUEHIEM PellleHNi ¢ HalXy A MU
3HAYEHMAMI I1e1eBOil QyHKITIN.

JlaHHEBIIT crioco0 pemeHns mpejjiaraercsi aBTopoM [l] amsd mpuMeHeHms K
pENIeHNIO 337a4 ¢ OOJBUIUM YUCIIOM HPSIMOYTOJIBHUKOB, UTO, OUEBUHO, OTJINYAET
IpaKTHUECKYIO HAIllpaBIIEHHOCTb METOJA UCIIONb30BAHIS MEeHETHUECKIX aJlfOPUTMOB

OT HaIPaBIEeHHOCTH METO A, M3JI0KEHHOTO B [2].
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3 AHami3 CyMecTRYIONIX IPOTPAMMHBIX CPEJICTB PENISHUS 3a/[aun

B HacTosIee BpeMs CyIeCTBYIOT KOMIIBIOTEpHBIE pa3paboTKU, HAlIpaBJICHHBIE
Ha pEeIIeHIe 3a/[aull IBYMEPHOII YIIaKOBKU NMPSAMOYTOJILHUKOB Ha IDIOCKOCTH. [Ipexie
BCET0 CTOHUT OTMeTUTh nmpoekT SVGnest, B paMkax KOTOPOTO CO3/JaHO OCHOBaHHOE Ha
TFE€HETHUUECKOM aJITOPUTME IIPOTPaMMHOE CPEJCTBO AJII pEIIeHUs 3aJaudl yIIaKOBKH
IIPOM3BOJILHEIX (PUTYP Ha ITIOCKOCTH, KOTOPOE MOXKET OBITh IPUMEHEHO /I PElleHIs
paccMaTpuBaeMoil B JaHHOW padore 3ajaun. [locKOMBKY OJHOI M3 caMBIX
pacIpOCTPaHEHHBIX 3a/1al, CBSI3aHHBIX C YIIAKOBKOII IMIPSMOYTOIBHIKOB Ha INIOCKOCTH,
SBISIETCS 3ajlaua 0OBbEJMHEHISI MHOKeCTBa N300paxkeHuil B oJJHO (HEOOXOAMMOCTh B
ATOM BO3HHKAeT MpHU pa3paboTKe UHTEPHET-CTPAHUI]), CYHMECTBYIOT MPOTPaMMHEIE
pemeHIs, Mo JO00HBIE YKa3aHHBIM B 2], Ipe/THa3HaYeHHbIE IS ICTIOJB30BaHIII B BEO-
pazpaborke. CTOHUT Tak)ke OTMETUTh, YTO B CETU HHTEPHET MOXKHO HaiiTu Bed-
CTpPaHHIILI, NpeJHAa3HAYEHHLIE /[UUI1 BHU3yaJIbHOIl JEMOHCTpalliil MPUHIUIIOB U
pE3yILTATOB PabOTH HEKOTOPKIX aJITOPUTMOB PEMIEHUS 3a/1a4l IByMEpHOIl YIIaKOBKH,
YTO MOKAa3HIBAET aKTyaJIbHOCTh pacCMATPUBAEMOil MPOOIEMHL.

HecMoTpss Ha yHHBEpPCAIIbHOCTL U IMPOM3BOJUTENHHOCTH IPOTPaMMBI,
npeanoxenHoit npoekrom SVGnest (koTopas sSBiIsSeTCS Hamyumnel 13 HallJIeHHBIX)
OHa pa3paboTaHa Ha S3BIKEe IIporpammupoBaHus JavaScript, 4To MmojpasyMeBaeT
BO3MOJKHOCTh €€ HCIIOJILb3OBAHUA TOJBKO C IOMOIIBIO IPOTpaMMEI-Opay3epa.
Pemenus, xoTopoe Ol mpejcTaBisUIo0 coboif He 3aBUCANIYIO OT BeO-TeXHOJIOTHi
IporpaMMy, HE CYIIECTBYET, U 3TO, B CBOK OUepeflb, 00y CIAaBINBAET aKTyaJIbHOCTh

pa3p360TKH TAaKOTO IIPIIOKCHITA.
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4 PaapaGOTKa [PpUJIOKCHILI, IIPpCAHA3HAYUCHHOI'O JUJISI PCHICHI 3adadll

Z[BYMepHOff'I YIIAKOBKH IIPAMOYTOJIBHIKOB Ha IINIOCKOCTH

4.1 ITocTaHOBKa 3aJaun

HeoOxomM0 CIIPOEKTUPOBAaTh U PEani3oBaTh MPIUIOKEHIE, IT03BOJISOIIEE
IOJIyYaTh MPUONIDKEHHOE pEelIeHne 3ajadll JIBYMEpPHOIl YIIaKOBKU IPSIMOYTOJLHBIX
0OBEKTOB /I MPOM3BONILHOTO KoJmdecTBa ¢uryp. [Iporpamma jJomkHa OBITE TakKoid,
YTOOBI TIOJIL30BATENIb MOT BBECTH YCJIOBUS 3ajJaul, B YacTHOCTH, IIapaMeTphI
pa3MelIaeMBIX IpsIMOYTOJILHIKOB, 33/1aTh TpeOyeMelil ko3 ddurueHTt 3¢ ek TUBHOCTI
pENIeHI I TIOMYYUTh OTBET.

JII1st pacImpe s MOTEHINAIBHBIX BO3MOXKHOCTEI NCTIOTBE30BaHIS TPOTPaMMEI
CIIeyeT TakKe JIaTh T0JIB30BATEII0 BO3MOXKHOCTb OTPaHIUNTEL 00IacTh pa3MeENeHIs
duryp mo X u mo y m ykasarb, JOIYCTIMO JIU ITIOBOPAUNBATL MPSIMOYTOJBHIKI TIPH
pasmemenun. OTpaHMYEHHOCTb OOJAacTU pasMemeHus QUuryp MOXeT OBITh
0OyCIIOBJIEHa YCIIOBISAMI KOHKPETHOH MPUKIIaIHOI 3agaun. Bo3MOXKHOCTE TIOBOPOTA
NPSIMOYTOJILHUKOB ~ TIPH  pa3MEMIeHNH  IT03BOJIET  PacIUpPUThL  MHOXKECTBO
paccMaTpHBaeMBIX CIIOCOOOB PaCIIONIOKEHUS (QUTYP, UTO YBEIMYUT BpeMs padOTHI
IIPOTPaMMBI, HO, BOBMOIKHO, TIPHUBEAET K OoJiee KaueCTBEHHOMY peleHnt0. Bo3MoKHO,
YTO YCIOBHS penraeMoil NpUKIafHON 3ajjaull HE TO3BOJSEOT ITOBOPAYNBATh
IPSIMOYTOJILHUKI, U IPUMEHEHNE TaKOi CTpaTernu Mmoncka OTBeTa MOXKET MPUBECTH K
TIOJTYUESHIIO PEMISHII, HE a/IEKBATHOTO OIPaHIUEHISIM pealbHO MPOoOIeMEl, TO3TOMY
CIIelyeT MPEeJOCTABUTH IOJIBL30BATEI0 BO3MOKHOCTE BBIOOpAa MEXY STUMH JIBYMS
CTpaTernsMm TONCKa HAWIYYIIero crocoba pasmerieHns. [locie BBeIeHNS YCIIOBHI
3a/laull U yKa3aHWI 3HAYSHNI BCeX HEOOXOAMMEBIX IMapaMeTpOB, MpoTpaMMa JIOJDKHA
HaYaTh TONCK PEIIeHNs, U IOoCcJie TOro, Kak Oy/eT HalifleHO pelleHne co 3HaUeHIeM
ko3 pdurnenta 3¢ PpekTUBHOCTI HE MEHBIIE 33/ [aHHOTO, TIPEI0CTABUTH IOJIH30BaTEIIIO
pe3ynbTaT paboThI.

Jlns ymobeTBa paboTH ¢ MporpaMMoil OHa JIOJDKHA OBITH BHIMTOJIHEHA B BHJE
IPIJIOKEHIST ¢ OKOHHBIM HHTepdeiicoM. BBUy, B03MOKHO, GONBIIOTO KOITIMUECTBA

BXOJHBIX JaHHBEIX 11, COOTBCTCTBCHHO, OO0JIBLIIIOTO pa3Mcpa pcCHicHIA, CaMbIM
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ONTHUMAILHLEIM CIIOCOOOM BBOJa-BbIBOJ4a JaHHBIX yCJ'IOBHﬁ 3aJladull 11 pCIICHIIA 6_YILGT
HCIIOJIB30BAHIIE TEKCTOBBIX (l)aﬁJ'IOB, NMEHAa KOTOPLIX 3aJacT IIOJIL30BATCIIb. TanKe,
BBHUAY TCOMCTPHYCCKOTIO XapaKTcpa O6’BCKTOB, paccMaTpuBacMbBIX B 3aJadc,
H306X0,H;HM3 BH3yalnu3ana IIOJIYUHCHHOI'O pe3yiikTaTa B BHJIAC I-I306p8.}KaCMI::IX Ha
SKpaHe IIPAMOYTOJIIbLHUKOB, KOTOPEIC PACIIOJIOKEHEL OTHOCHUTCIIbHO HaYalla KOOPpAMHAT

B COOTBETCTBUHU C IIOJIYHCHHEIM CIIOCOOOM X PasMCICHIA.

4.2 Br1Oop cpeAcTB pa3paboTKH IPOTpaMMEI

Jlss pa3paboTKH 3aJlaHHOil NpOrpaMMbLl BHIOpaHa HHTETpHpPOBaHHAs cpeja
pazpaborkn Microsoft Visual Studio 2013. B xadecTBe HCIOIBL3YeMOTO s3BIKa
nporpammupoBaHns BeIOpaH C++. BeiGop o0ocHOBaH TeM, UTO yKa3aHHas cpena
pa3paboTKN IPEJOCTABIIET OOJBINNE BO3MOYKHOCTHU JUISI HAlUCAaHUS U OTIAJKU
NPIIOKEHIIT Ul omepalruoHHON cucteMbl Windows, KoTopas, B CBOIO ouepe]lb,
SRBIIETCSI CaMOIl pacIpOCTpaHEHHOIl OIepaIlloHHOIl CHCTeMOil AJIA MepCOHabHBIX
KOMIIBEOTEPOB. SI3BIK mporpaMMupoBaHs C++ ABIAETCS KOMITUIIPYEMBIM SI3EIKOM I
MIPEIOCTABRIISIET BO3MOXKHOCTb CO3JIJAHUS BBICOKOIPOU3BOAUTEIIBHEIX MPOrPaMM, UTO
aKTyaJbHO JJI1 pelIeHIs] MaTeMaTHUeCKIX 3ajau IPOTpaMMHBIMHI CpeicTBamu. B

KaueCTBE NCTOYHUKOBR MH(POPMAIIIH O CPEJICTBAX pazpadoTku ucronk3yrores [6], [7],

[8] m [9].

4.3 BrIOop anropurma IoIyUeHUs penleHIs

[TockombKy TIpeAIIonaraercs, uTo pa3pabaThiBaeMas TporpaMMa JIOIDKHA
pemnraTh 3a/1auu ¢ OOJBITNM KOJIMUECTBOM BXO/HBIX JJAHHBIX, TO Pa3yMHBIM PENICHIEM
OyZeT HCIOoJb30BaHNe TeHeTnueckoro amroputrma [5]. J[mg moucka pemreHms Oyaer
ICIIONTb30BAaThCSA ~ COYETAaHHE  allfOpUTMa  IIOCJIEOBATENLHOTO  Pa3MeleHUs
IPSIMOYTOJFHIKOB B 33JJaHHOM MOPSJAKE U TEHETIUECKOTO alropuTMa HaXOXKISHUS
HAIUTy4IIIero mopsjaka pa3zMenienns Guryp, oCHoBaHHOE Ha yka3zaHHOM B [ 1] cmocobe

PCIICHIIA.
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44 AJ'II‘OPHTM I[IOCIIECAOBATCIIEHOTI'O pasMCHICHITI IIPAMOYTI'OJIIbHIKOB

PaccmoTpuMm anropuTtm mocneoBaTenbHOro paszmenienns ¢uryp. Ilycts gaHO
HEKOTOpOE YIOPS/IOYEHHOE MHOKECTBO MPSMOYTOJBLHIKOB, KOTOPBEIE HEO0OXOIMMO
pa3MecTUTH B 3aJaHHOM TOPSIKE Ha IITOCKOCTH TaKUM 00pa3oM, YTOOBI MITHIMAITbHAS
IUIOa/b TIOKPBIBAFONIEr0 UX MPSIMOYTOJIBHUKA OBlIa KaK MOYKHO MEHBINE, KpoMe
TOTO, JIOJDKHBI COOIIO/IaThCS 3a/IaHHBIE IOJIB30BaTEIEeM YCIIOBHS OTpaHMYEHIUS
pazMepa TMOKPBIBAIOMIETO TMPSMOYTONBHIKA I BO3MOYHOCTU WIN HEBO3MOXKHOCTH
MOBOpAaYMBATE (QUIYPLI MNPH pa3MemeHun. Takke HeoOXOANMO BBIYUCIIHTH
k03 ddurueHT 3¢ PEeKTURBHOCTHU ITOIYUEHHOTO pelleHIUs .

[ToMecTuM TIepBLIil MPSIMOYTONBHIK B HAYaJIO0 KOOPAWHAT. 3aTeM JUI KajK[OTO
OUEPEHOr0 TMPSMOYTONBHUKA CPOPMUPYEeM MHOMXKECTBO Y3JIOB pa3MelleHII,
cocTosINee M3 BEpIINH YIJIOB BCEX pa3MeNIeHHBIX JIo 3Toro ¢uryp. [lepedepem Bce
V3JI6I pa3sMeNeHIs JUIs pacCMaTPIIBaeMOro IPSIMOYTOJIbHUKA U HaiiieM Takoii, 9Tto
€CIIHI pa3MEeCTUTh B HETO pacCMaTpUBaeMyo Gpurypy, To JaHHOE pa3MelieHne He Oy et
IIPOTUBOPEUNTL YCIIOBISIM OTCYTCTBUA Y NPSIMOYTOJILHUKOB TEpPECEUeHUil JpyT C
Ipyrom (cyMMa IUTOIajieil BCeX BO3ZMOXKHBIX IepecedeHmil JomkHa ObTh paBHa (),
HEBO3MOJKHOCTH TepeceueHns 000l Gurypsl ¢ oONacThbIO BHE MEPBOIl YETBEPTH
JIEKapTOBOIT CUCTEMBI KOOPINHAT, a TaK’Ke 3a/IaHHBIM ITOJIH30BaTEIEM OTPaHITYEHISIM
Ha OOJacTh pa3MeNeHusd, U, KpoMe TOrO, HaUMEHBbIIas BO3MOXHas IUIOMIab
TIOKPBIBAFOIIETO MIPSIMOYTOJILHITKA OYy/1eT MIHIMAIBHO Cpe/Ii aHAJIOTIYHBIX JIUTS BCEX
IpYTUX y3JI0B pa3MmemeHnd. llocne HAXOXASHUS TOYKH, VOBIETBOPSOMIET
yKa3aHHBIM YCJIOBHSAM, pacCMaTpUBaeMBIil IMPSIMOYTOJFHUK pa3Memniaercs Tyja. B
cIlydae, ecJII IOJIb30BaTeNb YKa3all, YTO BO3MOMKEH IIOBOPOT (UIYp, TO HPU TOUCKE
y3Jla pa3MeNeHNs TeKyI[ero IpsIMOYroJIbHUKAa paccMaTPHUBAeTCs BBOE OOIbIIe
BapMaHTOB: JUIS HeM3MeHeHHOIl ¢urypsl n juisi nmoBepuyToit Ha 90 rpagycor. Ecnn
IPSIMOYTOJIEHIK C TOYKH 3PEHIS YMEHBIIEHNS MUHIMU3UPYEMOil IUIOMA N JTydIe
TIOBEPHY Th, TO OH JIOJDKEH OBITH pa3MelleH NMEHHO TaKuM obpazoM. B Tom crydae,
€CITI HII OJTHAa pacCMaTpUBaeMas TOUKa He YOBIETBOPSET YKa3aHHBIM OTPaHITICHILIM,

TO BECH L[aHHBIf;I B HaYajlc pa6OTbI aJiropuTMa IIOPAJ0K  pPasMCIICHITA
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IPSIMOYTOILHIKOB MOMEYAeTCsI KaK HEeKOPPEeKTHHIN, ko3ddunueHTt 3¢ dexTnBHOCTH
JUIsl TaKoro crocoba cumrtaercs paBHBIM (. OTo jgemaeTcs A TOro, 4TOOBI B XOJe
UCTIOJIHEHNSI TEHETUYECKOro aJropuTMa Takle HeaJeKBaTHhIE peNIeHns ObUIN
oTcessHbl. [locrie yCHemHOro pa3MeIieHus BceX JaHHBIX OOBEKTOB BLIYUCIISAETCS
HalMEHbIIAsl IUION[AJb IOKPBIBAIOMIET0 HX IMPAMOYTOJILHHUKA U €€ 3HadeHle

cTaHOBUTCS K03 PuimeHToM 3¢ (HEeKTUBHOCTH MOJTYUEHHOTO PEIIeHIIS.

4.5 T'enermueckuil AJITOPUTM HaXOKACHHIA HAWUIIYHUHIICTO ITOPSAAKa pasMCIICHITL

MpAMOYTOJIEHHKOB

4.5.1 HauanpHeIil 5Tan paboThl aIropurMa

PaccMOTpIIM reéHEeTIUeCK Uil alropuTM IONCKa crIocoba yIopsaounBaHms Guryp
JUTSA TIOCTIEeI0OBaTENIbHOTO Pa3MeNIeHIIs, HAIUTydIIero ¢ TOUKU 3PEHUS MUHUMI3aI[UN
IUTOMAIN HAaUMEHBIIEro TOKPBIBAOIIETO IPSIMOYTOJILHIKA. PeleHns 3a1aun 3/1ech
OyAyT KOJUPOBATHCS IEPECTAHOBKAMI UICEIT OT €AMHIITEL JI0 N, T/Ie N — 9nciio Guryp,
KOTOPBIE HEOOXOINMO Pa3MECTUTh Ha IUIOCKOCTH ONTHMAJbHBEIM 0OpazoM. DuTHec-
byukmueit  (memeroit  ¢yHkmueidi, ¢yHknmeit mpucrocoOneHHOCTH) — OyaeT
eAMHCTBEHHBIN /11 Kol mepecTaHOBKU dncen Ko3(dduiumeHT 3¢ GeKTHBHOCTI
pEeNIeHIs, MOMYYeHHBII TIPI pa3MeNeHn GUryp Ha IUI0OCKOCTh M3JIOKEHHBIM BEITIIE
aITOPUTMOM B TIOPSIJIKE, OMICHIBAEMOM 3TOil IIepecTaHOBKOIA.

3a/aHBl HEKOTOphIE HaTypajbHBle uncima N (pa3mep Oy, YICIIO
penIeHnii, mepexo amux Kax/plil pa3 B ciemayromee mnokoienne), K (umcmo map,
BEIONpaeMBIX JJII IPOBEJSHU KpOCCUHTOBepa), L (uncrno pemenmnii, kK KOTOPEIM Oy €T
IPUMEHSIThCA onepaTop MyTarun). CHadana MPOMCXOJNIT 3aIlONIHeHNe HadallbHOIl
MOMyJISAIUN  PeIleHuil CcIydJailHbIMU =~ [epecTaHoBkKamu. W 1o  anropurmy
TIOCIIE/IOBATENILHOTO pasMenmeHnss (Uryp BBIUNCIIETCS WX 3HAUYSHNS (YHKITHIT
TIPICIIOCOOTIEHHOCTH. 3aTeM 3aIlyCKaeTcs ITUKJI, BBITIOJIHSEMBI 70 TeX Iop, IOKa
HanboJkIee (TO ecTh, HAWTydIee) HalileHHOe 3HaueHne QuTHec-(QyHKIINN MEHbBIIe

3aJaHHOTI'O IIOJIL30BATEJIEM HIICIIA.
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PaccMoTpum cocTaB 0/JHOII uTepaluu ukiIa. B Hadane urepanui IpoucxXo uT
cIy4daiiHeIll BEIOOp W3 Tekymleil momyssamun K map pemennit A MpoBeAeHNS
KPOCCHHTOBEpPA, 3aTeM IPOUCXOAUT COOCTBEHHO ckpermuBaHue. [[ockonbKy pemenns
37IECh TPEJCTABISIFOT c00O0il HE MPOURBONBHBIE IOCHEAOBATENHHOCTH UHCEN, a
OTpaHIMYEHHBIE TEM YCIOBUEM, UTO B OJJHOI MOCIIEI0BATEILHOCTH-PENIEHHH KaXkJ10€
YUCJIO JIOJDKHO BCTPEYAThCS HE MeHee U He OoJjiee OJHOro paza, TO NpUMEHEHUE
OOBIYHBIX METOJOB pean3anii KpOCCUHTOBepa 3/1eCh HEBO3MOKHO, BBUy TOTO, UTO
C AOCTAaTOYHO BEICOKOI BEPOATHOCTHIO MOCIIE IPUMEHEHUS OllepaTopa KpOCCHHIOBEpa
OyZy T MOJIyUeHbI COBEPIIEHHO HeaIeKBATHBIE ITOCTABIEHHOMN 3a/1aue peneHs: B HIX
KaK/e-TO MPsIMOYTOJILHUKU OYAyT pa3MelleHbl Ha INIOCKOCTh Oollee OJHOTO pasa, a
JpyTHE HE MOMaAyT B PACCMOTPEHUE aJITOPUTMOM IIOCIIEJOBATENHLHOTO Pa3MEMEHUS
Boobme. [ToaToMy pazyMHBIM pelieHneM 3iech Oy AeT MPUMEHITh OJQUH 13 ONMUCAHHBIX
B [10] omepaTopoB KpoccuHroBepa I IMOPSAKOBOIO TPEJACTABIICHUS pEIIeHNIH,
KpoccoBep nopsaka (win kpoccorep OX).

4.5.2 OtHOTOUEUHBIIT KpOCCOBEp MOPSIKA

PaccMoTpuM  HpUHIUI — peaan3alliil  HCHOJBL3YEMOIO0  OJHOTOYEYHOTO
kpoccorepa OX. Ilycts BhIOpaHBl ABa pemeHus-poautens. OJHO U3 HUX HA30BEM
paspesaeMoil CTpokoii, a Japyroe zamojHsemoil cTpokoil. CrydaifHEIM oOpazom
BEIOEpEM HaTypasbHOE 4Hcio T — Touky KpoccoBepa. 3aTeM chopMHUpyeEM penieHne-
moToMmKa: mepeble T ero sjIeMeHTOB OyAyT OIpeersiThCs CeKIueil KpoccoBepa, TO
€CTh, MHepBEIMI T »IeMeHTaMH paspe3aeMoil CTPOKH, a BCe IPOUMe 3IEMEHTHI
paspe3aeMoil cTpokm BoHayT B OJOK 3amOJHEHHA. 3aTeM CTPOKa-IMOTOMOK
JlonoyHsAeTcs A0 Tpedyemoil IMHBL YnuciaMu u3 OJIOKa 3alloHEHUS, MPUYEM 3TH
YIICIIa 3alICHIBAIOTCS B HOBOE PEIIEHNE B TOM HOPSAKE, B KOTOPOM OHH BCTPEUAKOTCS
B 3amnonHseMoli ctpoke. Ilocie 3Toro aHamormUHBIM 0OpazoM (GOPMHUPYETCS BTOPOE
pEIEeHNe-IOTOMOK, IIPU 3TOM pa3pesaeMasi CTpOKa U 3aIlloJIHseMas CTPOKa MEHIIOTCS
stuMu poisimMu. Taxum obpazoM, ¢ nmomompro OX-kpoccoBepa BO3MOKHO HOITYUNTH
rapaHTHUPOBAaHHO  JIONyCTUMBIE  pemeHus (To  ecTb, HE  IPOU3BOJILHBIE

IIOCIICA0BATEIILHOCTH, 4 IMEHHO HepeCTaHOBKH), KOTOPEIC GyﬂVT HNMCTEL CTPYKTYPHEIC
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CXOJICTBa C KaXJBIM U3 pelleHuii-popauteneil, Ho NpUTOM OyAYyT OTIMYATHCSA OT
Ka’kJIOTO U3 HIUX.

JI1s1 IOMyUeHHBIX B Ipollecce KPOCCHHTOBEpa HOBBIX pelleHuil Oy IyT Takxke
BBIUNCJIEHBl UX 3HAUYEHNS (QYHKIUHN MPUCIOCOOIEHHOCTH, U 3aTEM CaMU pElleHHs
OyayT pgobamneHsl B momysmamuro. CHeAyIOMUM —[IaroM HUTEparui  IHKJIa
paccMaTpUBaE€MOIO TEeHETUYECKOro ajaroputrMa OyzeT ciaydaiiuerii BeiGop mu3
IOJIyYeHHON Ha »Tale CKpeunuBaHug momymsaiuun L pemennit, xotopeie OyIyT
IIO/IBEPKEHB MyTaI[un. B kauecTBe omnepaTtopa MyTalun Oy AeT IpIMeHeHa OTIICaHHAs

B [10] Toueunas myTanus AJii EPECTAHOBOUHOTO KOJAUPOBAHIS PEMIEHMTIL.

4.5.3 OgHoTOUEeYHAs MyTaI[Us HOpsIKa

PaccMoTpum mpuHIIUI peanu3aldy OIlepaTopa TOUEUHOIl MyTaluu JUis
IIEPECTAHOBOYHOTO KOAMpOBaHUA pemnteHuil. [IycTh BHIOpaHO HEKOTOpPOE pelIeHUE.
Bribepem HatypanpHoe unciio T — touky myTtaruu. ChopmupyeM HOBOE pelIeHIe-
MyTaHTa TaKUM, YTOOBI OHO IMOJIHOCTBIO COBIAJATO C BHIOPAHHBIM IS MYyTaI[Uu
penreHneM 3a NcKIroueHneM 37eMeHToB ¢ Homepamu T u T+1. VX 3HaueHns MeHsroTcs
MecTamMu. J[7I MOJyUEHHOrO0 TakKUM 00pa30M pemIeHHs 10 W3JI0KEHHOMY BHIIIE
alITOPUTMY TOCJIEJOBATEILHOIO Pa3MEIIeHNsT BBIUICIIETCS €ro 3HaueHue (QyHKIIN
IPUCIIOCOOJIEHHOCTH, a CaMO pelleHne Jo0OaBIIeTcs B TEKYIYIO MOy 0. Takum
obpa3oM, TOCPEACTBOM MPUMEHEHUS OIepaTopa TOUEUHOW MyTamuu JUis
IIEPECTAHOBOYHOI'O KOJANPOBAaHUS PEIMIEHUNl BO3MOJKHO IOJy4YaTh HOBBIE pEIIEHUS,
OCHOBAHHBIE Ha MOJIyYEHHBIX paHee, HO OTJIMYAroNUXcs oT HuX. OTIn4Yne 3aBUCHT OT
CIIy4aifHOTO COOBITIS, I 5TO JaeT BO3MOXKHOCTH B CIIydae CXOAMMOCTH aJITOPUTMA K
JIOKaJTbHOMY ONTHMYyMY BBIITH U3 €r0 OKPECTHOCTH M IIONAacTb B OKPECTHOCTh

ApyTroro, Oonee KauecTBEHHOTO PEUICHIIA.

4.5.4 Cenexnusa

[Tocme mpoBeAeHUS CKPENIUBAHIS U MYyTalllll pelleHIii, MoTydYeHHas
oy m3 N+2K+L pemenuil coprupyercs mo yOBRIBaHIEO 3HaueHHs (puTHeC-
(GYHKITNN, 1 IPOU3BOIUTCS OTOOP PEIISHIIT B HOBYIO TOITYIIAIIEO, HA OCHOBE KOTOPOIT
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OyyT @pONCXOJUThL BcE JelicTBUS B cCleAyromell urepanuu TIeHETHIECKOTO
anroputMa. OTOOp OCYHIECTBISAETCS TOCPEACTBOM WCIOJB30BaHUS THMOKOTO
COUETAHUS SJIUTAPHOIO CEeIeKIINN U ciydaifHoro BreiOopa pemenuif. Cnocob
HasbIBaeTCs TUOKMM, IIOCKOJIBKY COOTHOINEHHe uncia ocobelf, oTOupaeMbIx
clIy4aifHo, I uncio ocobeif, KOTOpBIE MPOXOAT AIUTAPHBIL 0TOOP MOXKHO M3MEHSTh
Iepe/] HauaJloM IOMCKa PelleHns.

PaccmoTpum BeIOpaHHBIN anropurM cenekiuu. [lycTh BEIOpaHO HaTypalbHOE
yucyio E — 4ncno Hammydmunx pemeHuit B Texyieil MOIMyNsarui, rapaHTUPOBAaHHO
IpOXOAANIIX 0TOOp B HOBOe MokojeHue. [lomecTum B HOBOe MokojieHUe mnepBeie E
HaWIy4IIIX PEMIEHNIT 13 TeKy el MOMyJIANUN. 3aTeM, €CJIN YICJIO PEMEHUII B HOBOIT
HNOMyJIAIUN MeHbIne, yeM N, moMmecTuM TyAa ciydaifHO BeIOpaHHOE pelleHue m3
TeKYIIell nomyauuu. By/ileM moBTOPATh MpeAbIAYIIUil mar 10 TeX HOop, MOKa YUCIIO
pemeHnil B HOBOIl momyJisinuu He craHeT paBHO N. TloiyueHa HOBast MOMYIIAIUS,
KOTOpass B CJeIylomell uTepanuu IMKIa TEeHETUYECKOro alroputrma OyJeT
paccMoTpeHa Kak Tekymas. [lockonbky [0 Hauana celneKIUU TeKyIlas MOIYJISIUs
COCTOSI/Ia M3 MOMYJIAI[UM, IIOJYYEHHOI BO BpeMs NpeAbIAyIIeil UTepaluu MHKIIa, 1
peleHnii, MOIyUYeHHBIX IIOCPEACTBOM IIPUMEHEHHSI OIIEpaTOpPOB KPOCCUHIOBEpa U
MyTaIlN K CTapbIM PEMIEHUAM, PE3yJIbTAaT paboThl aJITOPUTMa CO BpeMeHeM He Oy/1eT
yxyamartcs. B cirydae, ecin cpeil HOBBIX pEIIEHMIT OKaXeTCs IIepecTaHOBKa, JaroIast
Oombmee 3HadeHUne kos(ddurmenta 3¢pQEeKTUBHOCTH pelleHns, TO OHa IOMaJeT B
HOBO€ IIOKOJIEHHE BMECT€ C JPYTHUMHU IIOCIEOBAaTEIbHOCTAMHU, IMPOIIEAININMEI
sruTapHbll oTOop. Ecmu ke HOBBIE permeHus He OyAyT IPEBOCXOJUTHL CTaphle IO
3HaueHmo kosddunnenta 3pQpexTUBHOCTH, TO OHHU He 3aliMyT MeCTO JIyUIlero
HallJIEHHOTO Ha JaHHBIII MOMEHT BPEMEHHU PENIEHNs B HOBOM IIOKOJIEHUH, BBUY TOTO
€ MPUHIINIIA IUTAPHOI celNeKuu. B To e BpeMs CIIEAYIOMUIL 3a 3TUM CIIy4JallHbI i
oTOOp MPEMATCTBYET IPEkJAEBPEMEHHON CXOJUMOCTHU aJITOPUTMa U IIO3BOIISIET HE
CaMbIM JIyUIIUM PEIIeHUsIM IOMAacTh B HOBOE IMOKOJIEHIE, UTOOLI OHH, B IIOCJIE/ICTBUI,
MOTJIN IPHHATh yYacTHE B CKPEI[UBAHNN 1 MyTaI[Il U, BO3MOXKHO, CTAJId MIPHUYHHOIT

IIOSIBJIEHIS OOJIee KaueCcTBEHHLIX pemeHHﬁ B 6yJIYH_IGM
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4.5.5 TIpoBepka ycIoBUS OCTaHOBA

[Tocne momy4YeHNS HOBOM MOy IIAITNI HEOOXO0IMMO MPOBECTH OIIEHKY KauecTBa
pe3ynbTara, IMOJYUEHHOTO Ha JIAHHOM 3Tale paboThl TeHEeTHYeCKOTO aJrOpHTMa,
Halig Hawtydmee 3HadeHne koddduimenta 3QQGeKTUBHOCTH peNIeHNs Cpel BCexX
TaKOBBLIX B Moy isaiun. [Tociie HaX0XASHI TaKOTO YIICia, OHO COXPaHSIETCs, a TakKe
COXpaHSETCS COOTBETCTBYIOIIEE €My pelleHne. B ToMm ciydae, eclin HaiiJleHHOe
Aydliee penieHne SBIIETCS HEKOPPEKTHBIM (TO ecTh, HalJIeHHOE HamOOoJIbInee
3HauyeHne kosddunuenta sdpdexTurHOCTU permeHus pasHo (), To cumTaercs, UTO
pelIeHne MoCTaBIeHHON 3a/jaun HaliTh He yaaercs. [locrenHee MOXKET HpOM30MHTIH,
HaMpUMep, B CIIydae, ecIIl MOJb30BaTelb MOCTABIII TaKle OTpaHIYeHIS Ha 00IacThb
pasMerneHnsa GUryp, 4To JaHHBIE IPSIMOYTOJFHUKI B YKa3aHHYIO 00J1aCTh Pa3MECTUTh
HENb35 HIKaKIM 00pa3oM.

3aTeM, ecIN YCJIOBHE OCTAaHOBAa HE BHINOJIHEHO (HailJleHHOE HaMBHICIIEE
3HaueHne kod(duimenta 3GpPEeKTHBHOCTI pPEIIeHns IoKa eIle MEHbBIIE 3aJaHHOTO
IONL30BAaTENIeM), MPOUCXOANUT CJIEAYIOIMas UTeparus IUKIa TeHETHYeCKOTo
aIITOpUTMa, ITHaUe I[UKJI IpephIBaeTCs, a Hali/IeHHOe pelleHNe CUUTAST S HaTlTy UllliM,
U Ha €ro OCHOBE C IIOMOINBIO aJrOpUTMa IMOCIEJOBATEHHOTO pa3MeNleHIT
IPSIMOYTOJFHIKOB HAaXOJUTCS BEKTOp X — ICKOMOE peIleHIe 3aJaul JBYMEpHOil
YIaKOBKHU MIPSIMOYTOJIEHBIX OOBEKTOB Ha IUTOCKOCTH.

Jlns pacmupeHUs BO3MOXHOCTEH WCIONB30BAaHMSA TPIWIOKEHUS CIIEAyeT
Ipe/UlaraTh IONb30BATEMIO 3aJ]aBaTh (UIYPUPOBABIINE B OMMCAHNU alTOPUTMa
ynciorsie mapameTpsl N, K, L, E, Tem camMbIM 1aBast BO3MOXHOCTE JUTS TIPOBEACHILT
SKCIIEPIMEHTOB W  HaXOXJEHUSI 3HAUEHUIl IapaMeTpPoOB, CIIOCOOCTBYIONIHUX
CXOJIUMOCTHU alrOpUTMa K HAIUIYYIIeMy pPEIleHHIO W Hamdolee MOAXOSAINX LT
pemieHns TPUKIaJHBIX 3a7]ad, CBI3aHHBIX C HAXOXKJEHIEM TaKoro crocoda
pa3MeINeHnsT HEKOTOPOro MHOXKECTBa MPSIMOYTOJILHUKOB Ha IUIOCKOCTH, YTOOBI
HaMEHBbITas BO3MOJXKHAas IUIONM[aJb IOKPHIBAIOMIET0 U3 TPSMOYTONBHUKA Oblla

MHIHIMAJILHOI.
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4.6 ApxuTekTypa OpIIOKEHUT
4.6.1 OOGmuii mpuHIHI PabOThl TPUIIOKEHUST

[IpunoxkeHne MOXET OJHOBPEMEHHO HAXOJUTHLCSI B OJHOM W3 YeThIpeX
COCTOSIHUIT, KOTOpOE€ OIpeeNseTcsl 3HaueHHeM, 3alliCaHHBIM B IENOYNCIICHHOI
riobanksHoil nepemenHoit appMode. PaccMOTpuM cOCTOSTHIS TPUIIOKEHIIS.

a) appMode paBno () - cocTosIHIIE OKIJAaHUS BBOJA;

6) appMode paBHO eUHIIE - COCTOSHIIE CUUTLIBAHUS JaHHBEIX 113 (aiima;

B) appMode paBHO JIBYM - COCTOSIHIIE ITOMCKA PEIEHIIS;

r) appMode paBHO TpeMm - COCTOSHIE JEMOHCTPAIlNI U BBIBOJ[a HalJEHHOTO
pemeHns B ¢aiin.

B MOMEHT 3aIycka IpUIOKeHIe HaXOUTCS B COCTOSHIN a. YCIIENTHOE 3a/[aHIIe
IONBL30BaTeNleM UMeH ¢afilloB BBoJla U BHIBOJAa, a TakKkKe IIapaMeTpPOB 3ajaunl
IIEPEBO/INT MPIWIOKEHIe B cocTosHIe O. B ciydae, eciu yKazaHHBII IOJTE30BaTelIeM
daiin BROIa CymECTBYET U JIOCTYIICH JUTS YTEHIL, MPONCXOANT CUNTHIBAHIE JJAHHBIX
O TPSIMOYTOJBHUKAX, IIOCIIE Yero IpIIOKEHNE IEPEeXOJUT B COCTOSHHE B 1
HaYITHAETCS MPOTIIecc MONCcKa pereHns. Eciu pernenne, yI0BIeTBOPSIONIee 3aJaHHBIM
YCIOBHISM, HaiifleHO, TO TPIUIOKEHIE IEPEeXOJNT B COCTOSHUE T, CO3/JaeTCs IUIH
OTKpBLIBaeTcs (aill BEIBOJA, B KOTOPHIIl 3aTE€M OCYIIECTRIISETCS BEIBO/ PENISHII, a Ha
SKpaHe TOSBIIAETCS  BU3yalIm3anus  IIOJYYEHHOTO  crocoda  pa3MemeHIs

IpAMOYTOJIILHIKOB Ha INIOCKOCTIH.

4.6.2 OnucaHne OCHOBHBIX CTPYKTYP JaHHBIX

JI1s pemeHns yka3aHHOIT 3a1aun OIPeIeIIEOTCS CTPYKTYPHI TaHHBIX

- point;

- rectangle;

- solution.

CTpykTypa point mpejHa3HaueHa U1 XPaHEHIS KOOPJAMHAT OJHON TOYKH
JIBYMEpHOI1 JeKapTOBOI CHCTEMBbI KOOPIMHAT, JJIT Yero OHa NMEeT JIBa MOJLI: X U Y

tuna double. Bce xoopAmHaThI Touek, a TakKe IapaMeTphl MPSIMOYTOILHUKOB B
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Ipollecce BHIUNICICHII B MporpamMMme OyJIyT XpaHUTHCA B IMEPEMEHHBIX U TIOJIIX
cTpyktyp Tuma double, uTo 00yCJIOBIEHO TOCTAHOBKON MaTeMaTHYIECKON 3ajjadll.
CtpykTypa rectangle mpe/iHazHaueHa JUII XpaHEHNSI ITapaMeTpOB MPSMOYTOJIEHHKA'
€ro BBICOTHI, MIIPIHBI I TOUKU pa3zMelneHns. J[J711 3Toro onpesieness! ot w n h trma
double m mome p omnpexenenHoro Beime THHa point. CTpykTypa solution
Ipe/Ha3HaueHa Ul XpaHEHUS JIAaHHBIX 00 OJJHOM KOHKPETHOM pEeNIeHHH 3aJaul
JIBYMEPHOI1 YIIakOBKH TPSIMOYTOJILHIKOB Ha IITOCKOCTH. B Heil onpeenens mone fit
tanma double, mpenHazHaueHHOe JIA XpaHEHHS 3HaueHHI Kol3dduimeHTa
5@ deKTHBHOCTU pelieHns, u Ioye Sol, mpeacTaBisronmiee coOoOil AMHAMITYECKUIT
MacCHB IIETIOYNCIICHHBIX SJIEMEHTOB, XpaHANIil B cebe peleHne, 3aKkoJIPOBaHHOE B
COOTBETCTBUU C MPUHITIIOM PabOTHI MCIIOIB3YEMOTO I€HETHYECKOTO alropuTMa, TO
€CTh, YIOPSIOUEHHYTO TIOCIIEOBATEMLHOCTE HIICEIT OT OHOTO JI0 N, T/Ie KaXJI0€ UICIIO
BCTPEUaeTcsl pOBHO OJNH pa3. J[MHaMITUeCKIe MacCUBHI PEalln3yIOTCs B MPOTPaMMe
TIOCPE/ICTBOM HCIIOJIH30BaHIS MabI0Ha Vector cTaHJapTHON ONONMMOTEeKN MmadIoHOB

s3bIKa mporpammupoBaHust C++.

4.6.3 OmucaHne 0OCHOBHBIX IIEPEMEHHBIX

KimroueBpIMU TEpEMEHHBIMU, UCTIONB3Y EMBIMU B IIPOTPAMME, SIBIISEOTCS

- rects;

- gen.

Jlunamreckuifi MaccuB rects COAEPKUT CTPYKTYypwl THIA rectangle u
IpeJHAa3HAUeH /U1 XpaHEHUs JaHHBIX O BCEX pa3MENaeMbIX MPSIMOYTOJIbHUKAX U
ICIOJNIb3YETCS B pealm3allud alropuTMa IOCIIEOBaTEIbHOTO pa3MENEeHUs B
3a/IaHHOM Iops/ike. JlmHaMIdecknii MacCUB gen COCTOUT M3 CTPYKTYp Tuma solution u
IpeAHa3HauYeH /1 XPaHEHUd IOMYJLALNN pPEIIeHUil, NCIONB3yeTCsl B peanm3alun
F€HETUYECKOr0 alropuUTMa IIONCKAa MOpsAKa pa3MeNm[eHUs IpsSIMOYTONbHHKOB Ha
IUIOCKOCTH, HAWIYYIIErO0 C TOUKU 3PEHNd MUHIMU3alUN IUION[aJAyl HaNMEHbIIEro

BO3MOYKHOT'O ITOKPEIBAIOMIECTO IIPAMOYI'OJILHUKA.



4.6.4 Omnucanne oCHOBHBIX (hyHKIIIIT

KiroueBbiMI Py HKIIMAME, pEaNU3yIOMIUMI OCHOBHBIE peIIaloNiue 3ajady
aJITOPUTMBI, SIBJISFOTCS

- putRects;

- evolve.

Oyuknusa putRects peamnmsyer ajropurm IOCIEIOBATENHHOTO pa3MENIEeHUs
OpsIMOYTOIFHIKOB Ha IDIockocTu. OHa MPUHHUMAeT B KAauecTBE €JAUHCTBEHHOTO
apryMeHTa JUHAMUYEeCKUl MacCHB, COJepIKal[uil penieHne, 3aKOJUPOBaHHOE B
dopme, cooTBeTCTByIOMIEH! NPHUHIIUITY paboTEl UCHOJIB3YEeMOr0 TeHEeTHYECKOTro
aJIrOpUTMa, I BO3BpamaeT 3HaueHne kosdduimenta 3phekTHBHOCTU 3TOTO PEIIeHISL.
Kpome Toro, MocKoIBKY , BRIYICIIAA 3TOT K03 D PUIINEHT, PyHKITIA HI3MEHSIET 3HaUEHI
mosyieit cTpykTyp rectangle, XpaHamumxcss B MaccuBe rects (IOcieoBaTeIbHO
pasMemaer MpSIMOYTOJBHUKI —HAWIy4IINIM oOpa3oM), IIOcjie OKOHYAHUS ee
BBITIOJTHEHNSI M3 MAacCHBa rectS MOXKHO OyJIeT M3BJeYh JaHHBIE 00 ONTUMAalIbHOM
pasMemeHnn uryp, COOTBETCTBYIOIIEM obpaboTaHHOMY byHKIIIEH
3aKOJUPOBAHHOMY PEIIEHUEO.

Oyuknusa evolve He HNpUHIMAET U HE BO3BpallaeT HUKAKUX 3HAUEHUII, OHa
coAepuT B cebe peanm3aluio TeHETUYECKOTO aJIfOPUTMA IMOHCKAa HAWIIyUIero
nopsijika pasmenieHus Guryp Ha mwiockoctu ¢pyHkiueit putRects. OcHoBHas cTpyKTypa
JAHHBIX, C KOTOpoil padoTaeT evolve — maccuB gen, KOTOpPHIE COJIEPIKUT JaHHELIE O
TEKYIIEl MOMYJIAIUN PENTEHUI.

@yukiuu evolve u putRects BzanmMoaeficTBYIOT B COOTBETCTBUU C OMHICAHHBIM
paHee BBIOpAHHBIM aJICOPUTMOM IIOMCKAa pENIeHUs 3aJadyll JBYMEpPHON YIIaKOBKU

IpAMOYTOJIILHIKOB Ha INIOCKOCTIH.

4.6.5 TlpaBuia BBOJ1a-BEIBO/ A

BcmomorarenbHEIMI  QYHKIISMU, PEaTN3YIONIMU IpOIeaypel  ¢ailimoBoro
BBO/Ia-BEIBO/Ia, SRIFOTCS readRects u writeRects. @yukims readRects cunteiBaer m3

YKa3aHHOT'O IIOJIL30BaTCIICM (I)aﬁna AdaHHBIC O pa3sMCHIaCMEIX IIPAMOYTOJILHHKaX B
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omnpejiennieHHOM ¢opMmarte. J[aHHBIE O MPSMOYTOJLHUKAX JOJKHBEL OBIThH 3aIlICaHBl B
datfime mocTpouHo, Ha KakJoH CTpOKe pACIIONOKEHB IIapaMeTphl OJIHOTO
npsMoyroibHika. Kaxkzgas cTpoka JOoJDKHA IIPEACTAaBIATE coOoif 3ammch JIBYX
BEN[ECTBEHHBIX  YHNCEJ, pa3/IelIeHHBIX MpoOerIoM — IMIHPHHBI W BBICOTHI
IpsIMOYTOJIFHIKA COOTBETCTBEHHO. [Ipoune 3amicu B (aiiyie mpuBeayT K HEBEPHOMY
CUUTHIBAaHUIO MIPIJIOKEHNEM JaHHBIX PENIaeMoil 3aJauil.

Bri3oB gy writeRects mpoucxoauT Toraa, Korja IckoMoe NpUOIKeHHOe
pemeHne HalijleHo, U JaHHLIE O COOTBETCTBYIOIIEM CIOCOOE pa3MeleHNs
IPsIMOYTOJIFHIKOB Ha IUIOCKOCTU XPaHATCS B MaccUBE rects. Ota dyHKIUSA CO3aeT
daiin c ykazaHHBIM MOJIH30BATEIIEM IMEHEM U 3aIICHIBAET TY/a IOJIyYeHHOE pEleHIIe
3a7launl B oIpejielieHHOM ¢dopmaTe. B 3amicu pemeHHns Tak ke, Kak U B 3alllCH
YCIIOBHII 3aJjaul, JJaHHBIE O MIPSIMOY FOIIBHIKAX PAaCHOIOKEHBl IIOCTPOUHO, Ha KaX/0M
CTPOKE HaxOJSTCS JJaHHBIE O Pa3MEIIEHIN OJJHOrO NpAMOyTobHIKA. Kaxaas cTpoka
3alICAHHOTO pEMIEHUs SBILIETCS 3alllChI0 YEThIpEX JeHCTBUTENBLHBIX UICET,
pa3/ieJIeHHBIX MpoOenaMu — KOOPAMHATEL X TOUKHM pa3MEIeHUs IPsSMOYTOJILHIKA,
KOOPAMHATEL Y TOUKH pa3MEU[eHNs MNPAMOYTOJIbHUKA, €r0 IIUPUHBI U BBICOTHI

COOTBETCTBCHHO.

4.6.6 ObpaboTtka omndoK

[IpmroxeHne CIpoeKTUPOBAHO TaK, YTO OHO MOXKET pa3jinyaTh BO3HUKAIOIIUE
CIIydal HEKOPPEeKTHOH paboThl 1 cOOOIMATE MOIL30BATENHO O MPOU30IIEANIE OMIOKe.
Jlns sToro B mporpaMme CYIIeCTBYeT IJloOanbHas IIEOYNCIIEHHAs IepeMeHHas
errCode, xoTopoil B ciyuae omubKu, MPOM3OIIE el MpU BHIIOTHEHUN KaKOTo-1100
NelicTRUA, mpucBauBaeTcs koJ omudku. Kpome Toro, mpu BO3HHUKHOBEHHH TaKOi
CHUTyallllll TIPUIOKEHIE IEPEeBOANTCA B HadalbHoe cocrosHue a. CooOmeHns o6
omubKax BEIBOJSATCS HA SKPaH TONLKO, €CJIM IporpaMMa HaXOJAUTCS B COCTOSHIN a.

PaccmoTpum Bo3MOKHBEIE 3HaUeHN nepeMmenHoit errCode.

a) errCode parHo () - HauanmkLHOE 3HAUEHNUE, OMUOOK HET, IPUIOKEHHIE padoTaeT

HOpMaAaJIbHO, HIKaKHe COOGH.[CHHH HE BEIBOJATCA,
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6) errCode paBHO eqUHUIIE - YKa3aHHBIN IOJIB30BaTeneM Gaill g BBOJa He
HaiigeH;

B) errCode paBHO JBYM - 3a/IaHBl HEKOPpPEKTHBEIE OTpaHIUYEHNS Ha 0OJacTh
pasMernneHus GUryp: XoTs Obl OHO I3 OTpaHIMUEHIIT Ha 00JIacTh pa3MenieHns Guryp,
0 X IUTH TI0 Y, IPUHUMAET 3HaueHne MeHbInee oo pasHoe 0;

r) errCode paBHO TpeMm - B (ailne BBOJa HalileHBl HEKOpPPEKTHEIE JaHHEIE:
IpOYNTaHHAs IMUPUHA IUIH BBICOTA KaKOTO-THOO MPSIMOYTONBHUKA, MEHBINE MO0
paBHa (;

n) errCode paBHO dYeTHIpeM - 3a/laHO HEKOPPEKTHOE 3HAUEHIE >KETaeMOTO
kosddurumenra >¢pdexTuBHOCTH pemeHnd: Ko3QPUIMEeHT He MIpUHAISIKNAT
nuTepBany ot () 7o eANMHIIEL;

e) errCode paBHO IIITH - 3ajJ]laH HEKOPPEKTHBIN pa3Mep MOIYIISAINN, MEHBITIIT
6o pasHelii 0

k) errCode paBHO IIECTH - 33J]JaHO HEKOPPEKTHOE YICIIO MYyTalllii, MEHBIIEe
6o pasnoe 0;

1) errCode paBHO ceMU - He yaeTcs HaliTi peneHue 3a/ayqi;

k) errCode paBHO BOCHMHI - OIINOKa BBOJIa ITapaMETPOB 3ajaun. B more Uit
BBOJIa OJTHOTO W3 YCJIOBMH 3aJlauMl IUTH OJHOTO W3 IIapaMeTPOB TE€HETIYIECKOTO
allTOpPUTMa BBEJIEHa CTPOKA, KOTOPYIO HEBO3MOKHO MHTEPIIPETHPOBATH KakK 3HAUCHIIE
HY’KHOTO YIICIIOBOTO THUIIA;

1) errfCode paBHO JEBSTH - 3aJ]aHO HEKOPPEKTHOE UNCIIO CKPEINIIBaHWIL, HE
Sompmree () i GonbIee pazMepa MOy NN,

M) errCode paBHO 10 - 3a/]7aH HEKOPPEKTHEIIT TapaMeTp 3IUTaPHOTO 0TOOpa, He

Sompmuii 0 win GonmpInii pazmMepa MOy JIAIIIN.

2
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SAKJIIOUEHHE

B pamkxax pganHOoiff paboThl OBIIM U3YYEHHI CYHMECTBYIOUIHE METOBI
npubmpkeHHoro  pemenus — NP-TpyaHolt  3ajaum  JByMepHOH — yIakOBKHU
IPSIMOYTOJIFHIKOB Ha IIOCKOCTH U CYIIECTBYION[HE IIPOTpaMMHEIE pazpaboTKi,
HallpaBIIEHHbIE HAa pelIeHNne JaHHOW mpoONeMbl, U  BIOCIEJACTBUN  Oblja
CIIPOEKTHUpPOBaHa M pealn3oBaHa MpUKJIaJHAas M[porpaMma Uil HOIYYEHUS
IPUOMIIKEHHOTO PENleHNs AToil 3a1aun.

[Tockonbky paccmaTpuBaemas 3ajaua spistercs: NP-TpyaHoil, nccnejoBanmns B
obnacTu NpUOMIIKEHHBIX METOJIOB €€ PEIIEeHII He TEepSIOT CBoell akTyamsHocTu. Ha
OCHOBAHNH aHaNN3a CYHIECTBYIOMNX KOMIIBIOTEPHBIX IPOTpaMM, pean3yIOIIX
METOJIBI PENIEHIS 3TOit 3a/1aun, ObLI celaH BEIBO/I O I1eJIecO000pa3HOCTH pa3padboTKN
IIOTHOIIEHHOTO MPWIOKEHU Ul HaXOXJAEHUsS HAWIYUIIero crocoda pasMeneHns
IIPSIMOYTOILHIKOB Ha INIOCKOCT.

B kauecTBe peann3yeMoro B IporpaMme crocoda Iomcka HpHOMIDKEHHOTO
pemeHns OblT  BRIOpaH MeETOJI, OCHOBAaHHBIII Ha COYETAHNN  AalrOpPUTMa
IIOCJIE/IOBATEIIbHOTO Pa3MEMIEHNUsI MPSIMOYTOJIBHUKOB U T€HETUUECKOTO aJIfOpUTMa
MONCKA HAIUTYUIIEro MOops/ika pa3MeIleHns IpsIMOoy rOJIbHIKOB Ha INIOCKOCTh. BEIOOp
O0OOCHOBAaH TeM, YTO TE€HETHYECKUE alITOPUTMBI JAlOT XOPOIINe pe3ylbTaThl IpHU
pemIeHNN ONTUMI3AIMOHHBIX 33/1au ¢ OOJLITNM KOJIMYECTBOM BXO/IHBIX JIAHHBIX I, B
YaCTHOCTHU, CTOMKI K CXOQUMOCTH K JIOKaJlbHOMY ONTUMYMY IieneBoit gyHkimn [5].

B xome pabotel ObvlIO paszpaboTaHO MPUIIOKEHHE, COOTBETCTBYIOIIEE
IocTaBIeHHOI 3afade. OHO TPEJOCTAaBILIET IIOJIB30BATEIIO BO3MOIKHOCTE BBECTH
3apaHee IOATOTOBIICHHBIE JAaHHBIE, 3aJaTh PAa3IWYHLIE YCJIOBHS 3aJadyd, a TakKXke
TpeOyeMBlil kernaemMoe KadecTBO pemmeHns. Kpome Toro, MNOJIb30BaTEh MOKET
II3MEHATh MapaMeTpbl TE€HETUUECKOIO aJropuTMa /Ui MOJYyYEHHS HaWIydIIero
pe3yibTaTa. OTO, HECOMHEHHO, pAacUIUpseT  BO3MOXKHOCTU  IMPHKIIAJHOTO
HCIIOJIb30BaHN IporpamMMel. [locie BBeAEHNs BCEX BXOJHBIX JAaHHBIX HPIIOKEHHE
OCYIIECTRIISIET MOICK PENIEHN, I B CIIydae ycIlexa 3allCkIBaeT ero B (pailir Ha JHCKe,

a TaK¥KC JICMOHCTPHUPYET IIOJIL30BATCIIIO HafII[eHHLIfI HaI-I.'I'I_Y‘IH_IHﬁ crmoco® pasMCIICHITA
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IPSIMOYTOIFHUKOB Ha IUIOCKOCTH, YUTO IO3BOJISET OBLICTPO M HATJISUIHO IOJIYyUUTh
IPEJCTAaBIEHNE O KauecTBE IIOJIyUYEHHOTO pEIMIeHUS. TakkKe IMPIIOKEHHE MOIKET
OIIEHNBaTb KOPPEKTHOCTH BBEJAECHHBIX IIOJI30BATEIIEM JAaHHBIX U  BbIJIaBaTh
pPEKOMEH/IAIINN TI0 YCTpaHEHIO OmuOoKk B paboTe anropurMa, uTo, HECOMHEHHO,
YIIPOIIaeT MCIIOJIb30BaHNE IIPUIIOKEHIL [IPU PEIIEHIN IIPUKIaJHBIX 3a/1a4.
[IpopomxkeHne HcceOBaHNI B JaHHOI 0ONacTH OJJHO3HAUHO UMEET CMBICII,
BRIy NP-Tpy/1HOCTH 3a/1aun IBYMEPHOI YIIaKOBKU IPSIMOYTOIBHUKOB Ha INTOCKOCTH,
YTO HA JaHHBIII MOMEHT O3HAauaeT HEBO3MOJXKHOCTE pa3 U HaBCET/a MOJyYUTh Ul Hee
COBEPIIEHHBII CcIIOocOO MONMyYEHHs HAIIYUIIero pereHus, a TaKkKe BCJIEJCTBUE
HEOOXONMOCTHU CYIIECTBOBAHUS YJOOHBIX U 3(pdEeKTUBHBIX MIPOTPAMMHEBIX CPEJICTB

ABTOMAaTN3allI PCUICHITA 5TOH 1 MHOTUX APYTHUX 3aJa4.
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