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MeTog reHeTU4eCKOro KOHCUIMyma, NpuMeHsIEMbIN NPU KOJTNEKTUBHOM NMPUHATUN PELUEHUIA rpyn-
Mon 3KCnepToB, BNepBble Obin NpeanoXeH U uccrnegosaH B [1] Ha 3agaye KOMMEKTUBHOMO KOHCTPYU-
poBaHusa cdotopoboTa rpynnov cemaetenen. Metoa nonyyun Takoe Ha3BaHWe, MOCKOMbKY ANs KOop-
OVHAUMM KOIMEKTMBHOM paboThbl MCMNOMb30BanvCchb MpaBunia B3aMMOOENCTBUS, pa3paboTaHHble Ha
OCHOBE reHETMYECKUX anropuTMOB.

WccnepoBaHust HOBOro MeToda Ha pasnunyHbiX 3agadax selinonHstoTes ¢ 2000 r. rpynnon coTpya-
HWMKOB TaraHpOrckoro rocyapCTBEHHOro neaarorn4eckoro MHCTUTyTa. 3a aTo Bpems Oblno nocrasne-
HO M NpoBeAeHO GOMbLIOE KONMYECTBO 3KCNEPUMEHTOB C Y4aCTUEM FPynn CTY4EHTOB pa3HbiX KypCOB.
OKCnepuMeHTbl NMPOBOAUITUCL KaK C UCMOMNb30BaHNEM KOMMbIOTEPOB, Tak U 6e3 MX UCNONb30BaHUS.
B pnaHHoM paboTe npencraBneHbl pesynbTaTbl TECTUPOBAHMSA METOAA MrEeHETUYECKOro KOHCUNMnymMa Ha
3agaye KOMMUBOSKEPA.

NcTopuueckn Cnoxunochb Tak, YTO METOAbl PEeLIeHUsT CIOXHbIX ONTMMU3ALNOHHbIX 3agad valle
BCEro NpPoBepPSOTCA Ha Tak Ha3biBaeMoW 3afadye KOMMUBOSKEPA, OTHOcALWeNCs K kraccy NP—MOMnHbIX
3agady. [NosTomy ogHOM M3 MepBbIX MPOBEPOK HOBOrO METOAA KOJIITEKTUBHOIO pelleHns 3agad Obina
nposepka ero ahHeKTMBHOCTU UMEHHO Ha 3TOW 3ajade.

3agaya KoMMUBOSXKEpa, NocTaBneHHas euwe B 1934 r., aBNseTcs 0QHOM U3 CaMbIX BaXKHEWLIMX
3agadv B Teopum rpadhoB. B cBoen obnacTtu (onTummnsaumm ANCKPETHbIX 3a4a4) 3agadvya KOMMUBOsSHKEpa
CNYXWT cBO€Obpa3HbIM NOSIMIOHOM, Ha KOTOPOM MCMbITLIBAOTCS BCE HOBblE MeToAbl [2].

lMocTaHoBKa 3agauyn BbIrNaAUT cnegyowmm obpasom. Mveetca N ropogoB ¢ M3BECTHbIMU pac-
CTOSHUAMU MexXay HUMKU. KOMMUBOSKEP A0SMKEH BbINTU U3 MepBOro ropoja, NoceTuTb No OAHOMY pa-
3y BCe ropoga W BEpHYTbCS B MEpPBbIA ropod. B kakom nopsioke crnegyeT obxoauTb ropoda, ytobbl
3aMKHYTbIA NyTb KOMMUBOsKepa Obin kpaTyanwmm? B TepmuHax Teopumn rpadoB aTa 3agada hopmy-
nupyeTcs Tak: HaNTU raMUIbTOHOB LUK B rpade MUHUManbHOW ANUHBI.

3agada KOMMUBOSKEPA SIBNSIETCA Tak Ha3biBaeMon NP—-nonHon 3agayen, To ecTb 3agaden, Tou-
HOe peLleHne KOTopon B obLLeM criydae MOXET ObITb MOSy4YEHO TOMbKO 3a SKCMOHEHUManNbHOe BpeMS
(Bpema pacyeta nponopumoHanbHo akcroHeHTe oT N). CnepoBaTenbHO, Npy GOMbWOM KONMU4ecTBe
BEPLUMH rpada NonHeiM nepebopoM ee pellaTb HeE3MEKTUBHO.

[ns oueHKM TOYHOCTM CXOOMMOCTU MeTOAda reHeTUYEeCKOro KOHcunmMyma BHadane Obina cocTaBs-
neHa BblUUCUTENbHAs nporpamma opMUPOBaHMS 3adadn KOMMUBOsKepa. Ha Bxoge nporpammbl
3agaetca konudecTtso ropogos N. MNpu BbINOAHEHUN NpOrpamMMbl C UCMOMb30BaHWEM reHepaTopa crny-
YaMHbIX YMCEN ONpPedenaTCs KOOPAMHATLI KaXaoro ropoga. eHepaums koopaMHaT OCYLLECTBSIETCA
TakuMm obpasom, YTO KpaTyaKLlee pacCTodgHNE MEXQY ropo4amMn COOTBETCTBYET raMUITbTOHOBY LIMKITY,
COCTOSILLIEMY M3 MOPSAKOBBIX HOMEPOB rOPOAOB, TO €CTb MUHMMASbHOE paccTOsiHME
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cootBetctByeT uukny 1—2—3 —...—N—3—N—2—N—1—N—1. Onpegensietca Takke M OnvHa
MapuwpyTta. OgHa 13 Taknx peanusauui npueegeHa Ha puc. 1.

HaHHasa npouenypa HyXHa Ans Toro, YTobbl MOXHO ObINO OLEHUTb Ka4yecTBO paboTbl KONMEKTUB-
Horo pasyma. PasymeeTcs, aKkcnepyMeHTaTop Aasan ANs pelleHus rpynne aKCnepToB 3alumdpoBaH-
HYIO KapTy, BCE HOMepa ropoJoB Ha KapTe XaoTUYECKM NepeTacoBbIBaNIUCHL W TOYHbIA OTBET O AfIMHE
N KOHOUrypaumm KpaTyaniero MapLupyTa 3Han TONbKo 3KCNepUMEHTaTop.

3agaya KOMMMBOSKEpPA ABMSETCA OCTAaTOYHO TPYAHOW AMS NOCTAHOBKW €e Ha KOMMbTep, Tak
KaK cTaHdapTHbIA nNogxod, paboTawwmii ¢ MaTpyLeNn B3aUMHBLIX PACCTOSHUIA MexXay ropogamu, Kak
nokasblBaeT aHanu3, gaxe npu MCNoNb30BaHUN FEHETUYECKUX anropuTMoB, TpebyeT 60onbluMX Bbl-
YNCNUTENBHBIX MOLLHOCTEMN.

B HacTosiwen paboTe ans yCKkOpeHust peLlleHns 3agadnm NnpuMeHeH OpuUrMHarnbHbI SBPUCTUYECKUI
anropuTM, codveTarolmi JOCTOMHCTBA MeToda BETBEW WU rpaHuL, OTCeKalowero HenepcrnekTUBHbIE
BETBM, C reHeTU4eCKM. B ero OCHOBY NOMOXeHbl HEKWe reoMeTpuyeckue NoCTPOeHUs U naen, B3atble
n3 kpuctannorpacdpun. Tam nsa atoMOB KPUCTaNNMYECKUX TBepAbIX Ten BBOAMTCA MOHATUE SYENKN
BurHepa—3enTua. JTa Adenka npeacTtaBnaer cobor MHOrorpaHHuWK, o06pasoBaHHbIN BGRAVKaNLLIMMMK
y4yacTKaMu MNMOCKOCTEN, MNPOXOOAWMX NepneHaMKynsapHO Yyepes3 cepeiuHy OTPe3KoB, COeAUHSOLLMX
nobble gBa Grivkakwmx atoma B KpucTanne.

Ecnn pacnpocTtpaHuTb onpegeneHne sueek Buriepa—3enTua Ha Hal MAOCKUA CriyYyan, To KapTa
ropogoB pasobbetca Ha N obnacteinn eQUHCTBEHHbIM 0BPa3oM, U KaXKAbl ropon OKaXKeTCsl BHYTPU
MHOTOYroflbHMKa, CTOPOHbI KOTOPOro NepneHAnKYnspHbl OTpe3kaM, CoOeanHALWmMM bnvxanwne ropo-
4a. OTn CTOPOHbI MPOXoaAT Yepes cepeauHbl 0TpeskoB (puc. 1).

Puc. 1. Pa3bueHne kapTbl FOPOAOB HA MHOIOYrofibHMKW, COOTBETCTBYHOLLME svelikam BurHepa—3enTua

[anee Mbl coenaem cmenoe NpeanosiokeHne, gokasaTb KOTOpPOe CKOopee BCEro HEnpocTo, YTO
KpaTyanwunin nyTe Mexay ropogamu scerga obpasoBaH pebpamu rpada, Nnpoxogsawmmm Yepes oTpes-
KW, NOMy4YeHHble Npu pas3brveHun kapTbl FOPOAOB Ha MHOroyronbHukM BurHepa—3enTtua. B kavecTtBe
BO3MOXHOIO yyacTka NyTu BblOMpalTCH TOMbKO OTPE3KU, NepneHaMKyNspHble CTOPOHAM 3TUX MHOIO-
yronbHUKOB. [JaHHOEe npeanonoXxeHne ObiNo NPOBEPEHO C MOMOLLLbIO BCMIOMOraTesnibHOM nporpammbl,
paspaboTtaHHon ansa aton nposepkn. Ha 10000 cnyyaes npm 100 < N < 1000 H1 ogHOro onpoBepe-
HUS He BbINO NONyYeHo.

[lna cTporoctn NpoBefeHns 3KCNePUMEHTA, BMPOYEM, KaXdbll TECTOBbLIN NPpUMEpP KapTbl rOPOLOB
NnpoBepsAscs Ha 3TO CBONCTBO.

Takoe pa3bueHne gaeT cpasy Tpu BbIrogbl: BO—MEPBbIX, CYLLECTBEHHO YMEHbLUAETCS YNCIO BO3-
MOXHbIX pebep, Yyepes KOTopble MOXET MPOXOAUTb MyTb KOMMMBOSKEPA, YTO 0OferyaeT BblYUCIIEHUS.
Bo-BTOpbIX, Kak OygeT nokasaHo HWke, Takoe pas3bueHue ynpollaeT cxemMy KpOCCOBWMHroBepa
n, B—=TpeTbux, obrneryaet paboTy aKCNepTOB MO BbIMNOMHEHUIO onepaTopa pPenpoayKuumn.
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Puc.2. KuHorpamma chopmMupoBaHus BapMaHTa peLleHns 3agaqm KOMMUBOSKepa 3KCNepToM

PaboTta koHcunmyma ocyliecTensanace cnegyrowmm obpasom. B Hawem cnyyae B KOMMbIOTEPHOM
Knacce 6bin co3gaH obLWKMn MO3r 13 6—1 akcnepToB (B OOHOM U3 3KCNEPUMEHTOB M3 4—X). IM Gbinn
po34aHbl MHCTPYKUUK NO NPOBEAEHUI0 IKCnepumeHTa. BeinonHas nepsbivi aTan hopMmpoBaHus nony-
NSAUMM peLleHui, 3KCNepTbl 3arpy3unn C LieHTpanbHOro cepsepa BCroMoraterbHble Mporpammbl U
KapTbl FOPOAOB M NpUCTyNunu K pabote. KuHorpamma BbINOSHEHWS
onepaTopa penpoayKkuuu npeacTtaBneHa Ha puc. 2.

Ha 1-m kagpe BMAHO, Kak onepaTtop BblOENWM NEPBbIA «JTMWHUAY» TpeyronbHuk (Ne 12), yopas
TEM CaMblM U3 paccMOTpeHns pebpo 5—6. Ha 2—m kagpe oH Bbigenun TpeyronbHukn Ne 32, npumbl-
KaroLmin K rpaHuue kapTol 1 Ne 13, npumbikatowmin kK Ne 12. Ha 3—m kagpe — Ne 13, 31 n 34. enct-
BySl TakMM 00pa3soMm, 3KCMepT Mosyvmsl NepBbiv CryyYalHbI BapuaHT pelweHus 3agayn (kagp Ne 6).
lMpaBuna NOCTpoeHnss BapmaHTa peLlleHnsa A0CTaTOYHO NPOCTbI:

— MOXHO BbIenATb Nobon TpeyronbHUK, NPUMbIKAIOLNIA K rpaHuLe, 3a UCKNYeHnem Tex, ¢ yaane-
HMEM KOTOpbIX yaanseTcs v ropod. 3anpelleHo, Hanpumep yaanaTtb TpeyronbHukn Ne 1, 11, 5
1 Tak ganee, NOCKOmbKy BMecTe ¢ HuMK ByayT yaaneHbl u3 koHTypa obxoga ropoga Ne 1, 30 n 4;

— MOXHO BblAeNUTb N0OOMN TPeyronbHUK, NPUMbIKAIOLLNIA K BblAENEHHOMY, 3a UCKMIOYEHNEM TeX, KO-
TOpble MOTYT NPUMKHYTb CTOPOHAMW UMK yriiaMu K ApyroMy BblOeNeHHOMY TPeyronbHUKY unum rpa-
HUue;

— npouecc BblaeneHns TpeyrorbHUKOB CoBepLUIaeTcs 4O Tex Nnop, NoKa Ha KapTe He OCTaHeTCH ropo-
AO0B, HE rpaHn4yamnx ¢ BblAeNeHHbIMU TPEYrofbHUKaMU NN BHELLHUMW rpaHuuamm (Takmx, Hanpu-
Mep, kak ropoga Ne 16 n 18 kagpa Ne 5).

lNocne 3aBepLUeHU 3TUX onepaunin akcnepT nonyyaeTt BapmaHT Ne 1 pewleHus 3agayun. Famunb-
TOHOB LMK 9TOr0 BapuaHTa BbIMMSAnT Tak:

1—2—3—4—-5-—-6—-34—32—14—-8—6—-10—11—9—13—12—19—20—21—22—23—17—18—
16—15—25—24—26—27—28—29—30—31—34—1.
[anee akcnepT Bbi3blBaeT Nporpammy pacyeta AfvHbl MapLupyTa, BBOOUT nocrenoBaTerb-
HoCTb 06X04a ropoJoB, onpedenseT ANMHY MapLipyTa U NOMELLAeT ee Ha 3TOT BapuaHT.

BHM3y pucyHka akcnepT nomellaet Tabnuuy BblAENEHHbIX TPEYrofibHUKOB (XPOMOCOMY OCO-
©u), pacrnonoXeHHbIX MO BO3pacTaHUO HOMEPOB:

CnucokK BblAefeHHbIX TPeYyronbHUKOB (XpomMocoma ocobu)

Ne 1 2 3 4 5 6 7 8 9 10 11 12
Tp— 8 12 13 14 15 29 30 31 32 34 35 39
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Takum xe obpasom, cTapTysa U3 ApYyrux TPeyronbHUKOB, OH nony4aeT BapuaHT Ne 2, paccumTbl-
BaeT ONIMHY MaplipyTa, NoanucbiBaeT BapuaHTbl CBOUM WOEHTUMKATOPOM M OTNpaBnseT UX Ha
LeHTpanbHbI cepBep. Takum ob6paszomM 3KCNepTbl C MOMOLLBI NPOrpaMMbl BbINOMHAKT OLEHKY nony-
nauun.

MonyuymB OT Bcex akcnepToB 12 BapvaHTOB NepBOHaYanbHOW NOMyNsAuMK, LiEeHTpanbHbIN cepBep
NPUCTYNaeT K paHXnMpoBaHuio ocoben, oTbopy ny4vwmnx n bopmmpoBaHuio nap poautenen. Kaxgomy
3KCNepTY ANSA BbINOMHEHNS onepaTopa KPOCCOBMHIOBEPA NOCHINIAETCsl Takas napa.

OnepaTop KpOoCCOBMHIoBepa 3KCNEpPT BLINOMHAET crieaytowmnm obpasom (puc. 3).

‘ 8 ‘12‘13‘14‘15‘29‘30‘31‘32‘34‘35‘39‘ ‘4 ‘ 9 ‘12‘13‘22‘24‘25‘26‘29‘3?‘38 ‘39‘

§=143959 $=146749
KPOCCOBWAHITOBEP

B |12|13|14 |15|29|30|31|32|24|35(|30 8|12|13|14 |15|29| 30| 26|29 (37|38 |30
4 | 0 |12|13|22|24|25|26|29| 37|38 |39 4 | 9 (12|13 |22|24|25|31|32|34 (35|39
POAVTENbCKASA MAPA MOTOMKA

Puc. 3. Cxema KpoccoBUHroeepa

Xpomocombl poauTenen NoMeLarTcsa ogHa nod ApYyron, BblOMpaeTcs To4yka KpOCCOBUHroBepa
(cnyyarHbiM 00pa3oM) M XPOMOCOMbI, OOMEHMBAsACb XBOCTaMK, 06pasyloT XPOMOCOMbI MOTOMKOB.
CnepyeT OTMETUTb, YTO IKCNEPTY HEOOXOANMO NPOBECTN KOPPEKTUPOBKY KPOCCOBUHrOBEPA, NMOCKOMb-
Ky BHOBb 06pa3oBaHHble 0COOM MOryT NPOTUBOPEYNTL NpaBuiaMm NoCcTpoeHns ocoben (CM Bbille).

Puc. 4. Pe3ynbTaT «HECKOPPEKTMPOBAHHOIO» KPOCCOBMHIOBEpa

[encteutenbHo, ecnn n3obpasnTb KapTbl ropodoB, 0bpa3oBaHHbIX 0CO0sIMK NOTOMKOB (puc. 4),
TO BUOHO, YTO y MOTOMKA, N306paKeHHOro CrieBa, Hy)HO AobaBuTb TpeyronbHuK (Hanpumep, Ne 25),
a y NoToMKa, n3obpaxxeHHOro cnpaesa HeobXoANMMO BHa4Yarne CHATb NOMETKM Y TpeyronbHukoB Ne 24,
25 n 31, 32 n B3amMeH HuX BblgenuTb, Hanpumep, Ne 40, 41 n 28, 29. PesynbTaT Koppekuuun npea-
CTaBfieH Ha puc. 5.
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‘ 8 ‘12‘13‘14‘15‘25‘25‘29‘30‘3?‘33‘39‘ ‘4 ‘ 9 ‘12‘13‘22‘23‘29‘34‘35‘39‘40‘41‘

S=141372 S=142367

Puc. 5. BapyaHTbl TPpOMEXYTOYHbIX peLeHNIn 3a4a4M KOMMUBOSKEPA NOCHEe KOPPEKTUPOBKM

Hanee akcnepT coctaenseT Tabnuubl XPOMOCOM, NO NporpaMMe pacCUMTbIBaeT LeneBylo qyHK-
LUIO U OTNpaBNSAeT pe3ynbTaThl Ha LLEeHTparnbHbIN cepeep.

OnepaTtop myTaumss B JaHHOW 3ajaye okasancs no CyTu Jefia COBMELLEHHbIM C onepaTtopoMm
KPOCCOBMHIoBepa, Tak Kak 3aKCnepTbl KOPPEKTUPOBKY MOTYT BbIMOSIHATE MHOrMMUK cnocobamu, 1 BbiOu-
paloT BapuaHT, UHTYUTUBHO NYYLLMIA MO UX MHEHWIO.

Takvne ntepaumm BbINOMHATCA A0 TeX Nop, Noka NONynaAunsa peLleHnn He BbIpoauTCcs, 1 BCe No-
TOMKW CTaHyT OOQUHAKOBbIMU (MK, NO KpaWHEN mepe, NONOBMHA U3 HUX, YTO M BbiNo BbIOpaHO B AaH-
HOM 3KCMEPUMEHTE).

Bcero 6b1no nposegeHo 3 cepun akcnepumeHToB ansa N = 23, 27 n 34 B pasHoe Bpems 1 ¢ pas-
NUYHLIMK rpynnaMmn cTyaeHToB (4, 6 n 6 3KcnepToB COOTBETCTBEHHO). Bo Bcex crniyyasax akcnepTbl
nony4Yunu ToYHOe pelleHne 3agayvn. B nepBom cnydae notpeboBanocbk 4 utepauumn, BO BTOPOM 6,
a B TpeTbeM 7 ntepauun CxogMMoCTb npouecca utepauui Ans nocrnefHero cry4vas npveefeHa Ha
puc. 6. Kpatyanwas gnvHa mapLipyTa, BblYUCIIEHHAs rpynnon aKCnepToB, coBnana ¢ UCXOOHOW U Co-
craBuna L = 137702 km.

InnHa MapupyTa, Ku

180000
170000 {{—
160000 {iHHIH-
150000 it-pii 1
140000 JHHHRE IR QUAHAH Hofafe o afleq o @ o
130000 JHHHEHEBUBCR SUHEUUL GHOARR BRHCOE HRERAL LEOOE
120000 JHHHEHE-BUBCR SUHEUGL GHOERR BRHCEE HRERAL LEOHE
110000-JiHEHEHERCAE RHEOOE REHEHE HEREE LEHER HEOHE
100000

Puc. 6. CxoanmocTb MeTofa reHeTUYECKOro KOHCUIMYMa Npu peLleHnn 3agaqm KOMMUBOSKepa
npu N = 34 rpynnoi n3 6—u skcnepTos
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3akn4yeHue

PelueHne cTonNb CNOXHOW 3afayn, kak 3agada KOMMUBOSHKepa, 0O beANHEHHBIM MHTENNEKTOM
rpynnbl 9KCNEPTOB roBOpUT 06 3hpEKTUBHOCTU METOAA rEeHETUYECKOro KOHCUIMyMa, YCUITMBAIOLLErO
WHTENNEKT rpynmbl, U O NpaBUIIbHOCTU BbliGopa Kak NpaBur B3aMMOAENCTBUS, Tak U BCel napagurMbl
AaHHON MoaMuMKaLum KOMMekTMBHOrO MeToAa pelleHns 3agadv. Metod mMoxeT ObiTb C yCnexom uc-
NoNb30BaH NPY PELLEHUN CIOXHbIX ONTUMU3aLMOHHBLIX NPOGNeM, Koraa HeoGxoanMO B KOPOTKME CPO-
KM rapaHTMpOBaHHO nony4vaTb 3(EKTUBHbIE PELLEHUSI UCXOASA U3 HANUYMUs CyLLECTBYIOLLEro Ha AaH-
HbIA MOMEHT B OpraHM3aLumn MHTeNeKkTyanbHOro noTeHumana.
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