


OBLUASI XAPAKTEPHCTHKA PABOTHI

Th TeMbl AHCcepPTALEK. COBPEMEHHBIC HIKEHEPHbIE KOMMYHHKALHH

C€03 MHOrOYPOBHEBbIC HEPAPXHYECKHE CHCTEMBI, POCKTHPOBAHHE H

[BO  KOTOpBIX TpeOylOT TuAaTenbHOro  ananusa CTPYKTYPHBIX M

BHBIX OCOGEHHOCTEH NPOCKTHPYEMOi KOMMYHHKALMH, MEPCNICKTHBE ee
PACIIMPEHHA, A TAKKE HAIMYHA COOTBETCTBYIOIIErO 3KOHOMHYECKOTO

Cabuiposis 5. mo 0YEpe/ib CTOHMOCTb CTPOHTENLCTBA H IKCIUTYaTALHH HEXKCHEPHBIX

Oduunanbubie 3ayp6exon Hyf vy COCTaB/IACT 3HAUHTE/IbHYIO YacTh 3aTPaT B MPAAOCTPOHTENLHON OTPacH
ONMOHEHTHI: AOKTOp TEXHH :cnm Eosson 0%). 1looTOMy BO3HHKACT HEOGXOAMMOCTH OLCHKH CTOMMOCTH NPHHHMAEMOTO
HEpopMaTHEA bor OFO YHHBEPCHTET [0 PEIICHHA NpH PAVIMYHLIX OTPAHHYCHHAX HA OCHOBE MATEMATHHECKHX

c e *TOJIOB ONTHMH3ALHK, @ TakKE KOMIUICKCOB MPOTPaMM YK€ Ha JTane
. AmMa-. ””T " POBAHHA HHKCHEPHBIX CeTell H KOMMY HHKALHIA.
Kypw HayK, JAOLCHT, NPC ' KaKk noka3si! AHATH3 HAYYHBIX HCCNCJOBaHHI, B CyLIECTBYIOIHX MOAENAX H

HOBHIX  WHGOPMALMOHHBIX  TEXHOJIOT KBIf X n fYECKH HE YWYHTHIBAIOTCH HEPAPXHUHOCTh MPOEKTHPYEMBIX THIIOB
paGae KALMH, OrPAaHHYCHMA HA MECTHOCTH H CYIUECTBYIOUIHE KOMMYHHKALMH JUIS
AHAA HIDKCHEPHBIX CeTeif H KOMMYHHKALHH, YTO MOXET O4€Hb CyIIECTBEHHO
JIOKTOp TEXHHUCCKHX HayK, m&q_ﬂ a3pade M @ KOHEYHbIH pe3ynbTar. Ha BbiGOp NPOeKTHOrO pellieH s B YCIOBHAX FOPOICKOH
B OCK ] DOJIBILIOE BIIHAHHE OKa3bIBAIOT CYLLECTBYIOUIHE H IPOCKTHPY EMbiC HH)KEHEPHBIE

LUHH.
D€ 00OCHOBaHHE NPHHHMAEMBIX TNPOEKTHLIX pEIICHHH HEBO3MOXKHO Oe3
OBAHHA MATEMATHYECKHX MOJIENIEH H METO/IOB ONTHMH3ALIHH, & TAKKE KOMILIEKCOB
M JUIi aHanW3a H BHIOOpa anbTEPHATHB H3 BO3MOXHOIO. B CBA3H ¢ 3THM,
10CTB  AMCCEPTAUMH  OOYC/IOBACHA HEOOXONMMOCTBIO pa3paGOTKH  HOBBIX
ECKHX MOJIE/NeH H METOJIOB ONTHMH3ALHH, a TAKKE YHCIACHHBIX aITOPHTMOB H

Auxpec: 350040 r. KpacHoaap, yi.

3ammTa aucceprauH coctoutes 11 anpens 2025 roxa : 0 Ha porpa ans  BeibOpa 3((PEKTHBHOrO MNPOEKTHOIO pelieHHs [pH
cosera JI 05.23.686 N0 3alHTe AMCCCPTALMAH CK EKTHPOBAHHH H KCTUTYaTAllHH HHXEHEPHBIX KOMMYHHKALHI pa3IHYHOTO Ha3HAYEHHS.
CTencHH AOKTOpa (KaHAWAATa) (H3HKO-MATEMATHOICCKHX H TEXHHICCKM b TeMbl JHCCEPTALMH C NPHOPHTETHLIMH HAYYHLIMH HANPABJICHHAMH,

ummmwumm LHOHA. ; 1 HAYSHBIMH nporpaMMamMH  (NIPOCKTAMH), OCHOBHBIMH  Hay9HO-
qumchPearnymnKupcmo-Powuﬁm&Cm FHHBCP eI0BATE/ILCKHMHE paboTamMH, MPOBOAMMBIMH 06pa30BaTEIbHBIMH H HAYYHBIMH
Exbusna no aapecy: 720071, r. Buumkex, np. Uy# 265, aya. 374. Cent yupexaer . PaGota BhImONHANAch B paMkax Tembl «MccnenoBaHHe BIKHEHIIMX
BHACOKOH(MEPCHLMH 3alIHTHI JHCCEPTALMH hUpSTVe.Vax kg/b/052-1tg - | OB TOMONOTHYCCKHX H KHHEMATHYECKHX MPOCTPAHCTB, AHPPEPEHUHATBHBIX M

cwameﬁwmwmmsﬁﬁm [HOHA , » bdepenumant ypaBHEHHHt H pa3paboTka MaTemaTHueckux Mojenedi
Ksiprarsckoft PecrryGmiki (720071, r. Bimikex, np. Uy, 265), Ke " IMHNECKHX CHCTEM», HOMEp FOCY IapcTBeHHOM perncTpati 0007730, 2021-2023 rr.,
Cnapssckoro yhnepcutera M. B.H. Enbuna (720072, r. Buuike, y2 eMaMy «Pa3BHTHE TEOPHH M Pa3paboTKa MaTeMaTHYECKHX MO/l H METOZI0B
cafite HamWoHanbHOH aTTECTAHOHHOH KOMHCCHH [IpH Tpess {ra, aHANM3a H ONTHMH3AUHH HHPOKOMMYHHKALHOHHBIX CHCTEM», HOMepa
7 ak kg/dis: \ . yAapeTeeHHOMN peructpaunn 01200712228, 0315-2016-0006, 0315-2019-0006, 2012-

AsTopedepat pasocnas 10 mapra 2025 2020 | . «CYNepKOMIBIOTEPHBIE TEXHONOTHH PEICHHS GOMBUIMX 3a/1a4 ECTECTBOSHAHNA,
: A THYECKHE MOJIE/IH, METO/Ibl AHANH3A H ONTTHMH3ALMHA CHOXKHBIX HHPOPMALHOHHBIX

VueHsll cekpeTaph Homep 0251-2021-0005, 2021 r., 14-01-00031 A «PaspaboTka u HCCleNOBaHHE
ARCCCPTAIMOHHOIO COBCTA 3BOIOUMOHHONO CHHTE3a HEJMHEHHBIX MaTeMaTHYeCKMX MOJeNeH Ha OCHOBE
K.p.-M.H., C.H.C. . % k
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TeMIuieHTOB ¢ peanmsaumeli Ha cynep DBMy, "A-’qlmg DPHITIO, & TAKKE YIThi IOBOPOTA KOMMYHHKALIHI BOKPYT 3a1aHHOH OCH
maremaTHke», B 8-07-00460 A «Pa3paboTka MATEeMaTHYECKHX METOJC MOZICIH M MCTOIBI  ONTHMH3ALUMH  MIDKEHEPHBIX CeTeH H
TIPOrPAMM JUIS aHATH3A HAAEKHOCTH CeTeil PA3IMYHOrO HA3HAYCHHS 4 IOBHAX MOPO/ICKOH 3aCTPOAKH, YYHTHIBAIOUIME TEXHHYIECKHE HOPMBI H

[eas u 3axa4n HecaenoBaHus. Le/bi0 IRCCEpPTaLIHH ABIAETC! [ HOCTH, a AIGKE COBMCCTHMOCTD HJIH HECOBMECTHMOCTD IMPOEKTHPYEMBIX
M METO/IOB ONTHMH3ALIHH, @ TAKKE YHCICHHBIX A/IFOPHTMOB H KOMIL [ aunii;
nonnepmnpmma‘()emnomnpocnnompememum HpPOB: PYAHOCTH 327124 ONTHMH3ALWH HHKECHEPHBIX CEeTeH H KOMMYHHKaLUHi
KOMMY HHKALH. | DCTAHOBKE ncmomuepememno@m«cnyqae'
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JUis HOCTHOKEHHS NOCTABACHHOM LM OBUTH PEILICHB ClIC/TYIOUIHE 32, HBI NPHOJIMOKEHHBIC METOABI M AINOPHTMBI IS pemeHHs NP-TpyaHbX
1. PaspaGoTka moneneii H METO/IOB ONTHMH3ALHH JUIA pelleHHE HMEF mmmmepuaux(wmnmﬁepeﬂmmwoﬁmnow
3a/1a4 C HECKOIbKHMH KOH(UIHKTYIOUIHMH KPHTEPHAMH H YHHTHIBAIOMHM >pap; bHHOH KOJIOHHH, JXajHas CTpaTerHs) W Mojeneil TeOpHH runepcerei,

H BJIOKECHHOCT NPOCKTHPYEMBbIX THIIOB CETeH M KOMMYHHKaUMiA,  HailT IpPeKTHBHOE  MPOEKTHOE  pElIeHHE C  y4eToM
2. PaspaboTka mojeniedl H METOJOB ONTHMH3AIAH JUIN MPOK f'_{w SPHAIBHOCTH ONITHMH3ALMOHHBIX 3a/1aY;

KOMMYHHKaLHil B TPEXMEPHOM NpPOCTPaHCTBE; [AHBI KOMIUIEKCHI IPOrpaMM, Ha OCHOBE NPe/IOKEHHBIX MOJIENEH H METO/IOB
3. HccnenoBaHne M aHAIM3  ONTHMH3ALUMOHHBIX  3a]ay, 38 _;' , IPOBE/ICH! BBIYHC/IHTENILHBIC KCIEPHMEHTBI Ha PHMEpPE PAJa TECTOBBIX H

TPOCKTHPOBAHHH H CTPOHTENBCTBE HHXCHEPHBIX CETeH W KOMI it 32 H CpPaBHHTEJIbHBIH AHAIH3 TNOMYYCHHBIX  Pe3yJbTaToB,

TOPOACKO#H 3aCTPOHKH; b IPE/UIOKEHHBIX METO/I0B H A/ITOPHTMORB 10 CPaBHEHHIO C
4. AHanu3 CIOXHOCTH 3a1a4 ONTHMH3AIHH ceTel H KOMMYHHKAIHH, a 3
HX pCIICHHA; FHAYHMOCTE NOJYYeHHBLIX Pe3yJbTATOB COCTOMT B paspaboTke

5. Pa3paGoTka METONOB M QIrOPHTMOB /15 ONTHMANBHOTO MPOK
OPOSKTUPYEMOli  KOMMYHHKAUMH B YCIOBHAX TOPOACKOH 3acTpOiKH MO P
KPHTEPHAM ONTHMH3ALHH (IKOHOMHYHOCTB, COBMECTHMOCTS, HANCKHOCTS H T. I X H CHTYallHOHHBIX OrpaHH4YeHHH MecTHOCTH. [IpeanokeHHsbie

6. Pa3spaboTka KOMIUICKCOB NpOrpaMM s NOJANEPKKH NPHHATHI MIPC BIBAIOT TEXHHYECKHE HOPMBI H MpaBHia 6€30MacHOCTH CTPOHTENLCTBA
PEUICHHA, TPOBEJCHHS BBLIMHCIHTENLHOTO 3KCIIEPHMEHTA, CpaBHEHHE My HHKALHT NPH HX COBMELIECHHOH TNpPOK/IaJKe B OJHOM KOJUIEKTOpE.
MOy 4EHHBIX PE3YJILTATOB C PE3y/IbTATAMH CYIECTBYIOUIMX METO/I0B ONTHMH3: > Pe3yAbTaThi MOIYT ObITb MCMONB30BaHbI B MPOEKTHHIX OPraHH3aUMAX JUIA

/locTOBEPHOCTL  MOJYHCHHBIX  PE3YALTATOB M HAYYHBIX pellleHHi, KOTOpas MO3BOJST COKPaTHTh CPOKH H
JloCTOBEPHOCTL MONYUEHHBIX PE3y/bTATOR M HAYMHLIX NONOKCHHH ..,...“ 106 npoexTHposanua. Kpome TOro, OHH MO3BOJNAIOT OLUEHHTH
TCOPETHYCCKHM  OGOCHOBAHHEM, MATEMATHYECKMM MOJCTHDOBAHHEM H DELICHHE [0 HAYaia CTPOHTEJILHO-MOHTKHBIX paboT, 4TO BaXKHO JUIA
BbIMHC/IHTE/IBHBIX AIrOPHTMOB M TIPOrPaMM, HOBBIMH MOAXOAAMH K | : DEMEHHBIX H (PHHAHCOBBIX 3aTpPaT.

CTPYKTYpPbl NPOCKTHPYEMbIX THIOB HHXCHEPHBIX CETell H KO HHKALHHA | : CCepTALHOHHON paboThl ObUIH HCTIONB30BaHBI NPOCKTHOH (upMOi
Mojie/IeH H MCTOJIOB TCOPHH THINIEPCETEH H HBOMIOLHOHHOTO CHHTE3a, 4 B r.Bumkex, npu paspaboTke NPOCKTHOH NOKYMCHTALMH Ha
BEIHCITHTEBHOIO JKCNICPHMEHTA, CONOCTABHMOCTBIO TOMYYEHHBIX TEOpeT: D ceTeil HIXKEHEpHOro obecneueHua (ceTel EKTPOCBA3H, TEIUIOTPACCH) UIA
IKCTICPHMCHTATBHBIX PE3YILTATOB. 4 BEKTOB,  TAKOKE HCTIONBYIOTCA B OICKOM TEXHOJIOTHHECKOM YHHBEPCHTETe

Hayunas HoBH3IHA NONyH“eHHLIX pesyibTaTOB e )M NIPOLIECCE, 9TO MOATBEPKIACTCA AKTAMH BHE/IPEHHA.

I. PaspaGoTana HOBas KOHUENMUMS MOJCTHPOBAaHHS H O ' 1 mosC S AMCCEPTALNM, BLIHOCHMBIE HA 3AMNTY
HIKCHEPHBIX  KOMMYHHKAUMH, ~KOMIUIEKCHO  yUHTHIBAIOWIAaZ  Hepapx OHLLE BHBIH MOAXOA K MOACJIHPOBAHHMIO H ONTHMH3AUMH CETeH
BIIOXKCHHOCTb NIPOCKTHPYEMBIX THIMOB CeTell, a Takke OrOKpHUTED! il ADXHYH H BJIOXEHHOCTh MPOCKTHPYEMBIX THIMOB CeTeH M
ONMTHMH3ALHOHHBIX 3aJa4; b : it B 06N1aCTH pasMelLiCHHS;

2. Paspabotana MaTemaTHueckas Moaesb NPOKNAILIBAHHA CETEH H KOMM - ) HBIC 3a/1a49H ONTHMH3ALIHH HIDKCHEPHBIX CeTeH H KOMMYHHKALHHA B
TPEXMEPHOM NPOCTPAHCTBE, YUHTHIBAIOWAS BOIMOKHOCTS MX MDOK/IALLIES JOCTAHOBKE H A0KA3aTeLCTEO NP-5THX 3azat;
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3 ONTHMHM3ALHH HHKEHEPHBIX ceTell M KOMMYHHKAlHH, a TaKke
MM, MO3BONAIOUIHX BHIOPATh ONTHMAIBHOE IPOEKTHOE PELICHHE C



~ Pecniy6nmka, r.Yommou-Arta, 5-7 cenmabps 2013
Ebix UBMuMI™ CO PAH 1o BuMHCIHTENBHON MaTeMaTHKE H

3. MeTo/isl H anropHT™HI JUia pemieHis NP-Tpy anbix 3anat, oc
uemnpncmx(uemnnuwepemmamwﬁmm'opm
nmmcrpzra'm)nuowldimunnmepcﬂd,momom . HoBocuGupck, 2-4 anpens 2013 r.

POEKTHOE PEIICHHE C Y4ETOM MHOMOKPHTEPHAILHOCTE ONTHMH3ALHOHHLIX 3 pa pe3yaLTaTOB AHCcepTalHH B myOamkanmsx. OCHOBHbIE

4. Pe3ynbTaThl BHIMHCIHTENLHOIO 3KCTICPHMEHTA, MOKA3BIBAIOMLH SFAIMONEIC paboTel omyGnukoansi B MoHorpapuu [1], B

NPE/UIOKEHHBIX METOZ0B M AINOPHTMOB M0 CPABHEHHIO CYUICCTBYIOIHM - MEPHOAHHECKH) u3nanuax Web of Science u Scopus [2-10], BAK P®,
: -. , & TAKKE B MATEPHANAX MEXTYHAPOJHBIX KoH(pepeHLmii [28-49].
Jiwuneiii  Bknaa  comckareas. Bce  pesyabTamhi,  NpeAcTas H Auccepraumn. JlHccepTaiHoHHas paboTa COCTOHT H3 BBE/ICHHA,

JHCCEPTALMOHHOMN PabOTe H HMEIOUIHE HAYYHYIO HOBH3HY, MOy HCHBI al A B, CMIMCKA JIHTepaTypsl, npuioxenni. O6muii o6vem paborsl - 290
BK/ia/i COABTOPOB B OMyONHKOBAHHBIX paboTax 3aK/04acTCA B CCAYIOIL A CT JAMCCEpTalliH H3NIOKEH Ha 223 CTpaHHUaX, BKIOYaeT
JIA., HOpreticon A.H. — B paspaboTke MporpaMm fo peatH3aunn eCKMii criucok 13 240 HaumeHOBaHH#H paboT H 31 PHCYHKOB.
10 nocTpoeHmIo cereil 3atanol HanexuocTd, Monaxosa O.L, ' OCHOBHOE CO/IEPAKAHHE JIHCCEPTALHH
paspaGoTKe MPOrpaMM MO PEAIH3AUHH AIrOpPHTMA AH(QepeHLH: il
06OCHOBBIB: aKTyalbHOCTh TeMbl AHCCEpPTALHOHHOH paboTsl,

XKycynGaesa AK. Jlaxoea O.A., INlonkosa B.K. — B KOHCYJIBTHPOBaHHH BO
IOCTAHOBKH 3a/1a4 ONTHMH3ALHH HHKEHEPHBIX CETeH H KOMMYHHKALHI Ha A3bIKC A AYCHHAR HORNINA, MPAKTHTICCKAY SHAMMMOCTE
; yabTaToB. CHOpMYNHPOBAHbLI OCHOBHBIC MOJOKCHHA, BBIHOCHMBIC Ha

ranepceTeil H ANCKPETHOH ONTHMH3ALHH.

AnpoGaumsi pe3yALTATOB AHccepTaINM. OCHOBHbIE HayUHBIE PE3yiE K1 aBTOpa M anpoGauus paGoThl, a Takke OTPUKEHb! CTPYKTYpa H
JIOKNALIBANHCE H OOCYANANNCh HA: MaTeMaTHYECKOM CEMHHApe aKaJeMHK: :
A.A., UacruryT matematukd HAH KP, Kniproisckas Pecry6nuka, r. bumkex, 20 mas 20!
r.; ooveaunensoM ceMunape UBMuMIT CO PAH, HI'Y u Cu6I'YTH «Monennpo
cucTem uHpopMaTHkn» 17 Mas 2016 r; o&senuuemoucemnnpel’la‘lm%
"KoHCTpyHpoBaHHe H ONMTHMH3aLAS nporpamMm” 17 mas 2022 r.; eXeHeIeITbH a)
cemuHape MHCTHTYTa NpHKIQIHOH MaTeMaTHKH bBakMHCKOro  rocys ;
yHuBepcuHTeTa «COBpeMEHHBIC MPOO/eMbl MPHKJIAIHONH MaTeMaTHKH», |13ceHTs0
r.; XVIII 3acefaHnH BCEpOCCHHCKOr0O Hay4YHOro CEeMHHapa , !
Hucrutyta Clcrem Onepretnkn uMm. JI.A Menenteea CO PAH « MaT)
MOJIE/IH H METO/Ibl AHATH3A H ONTHMAILHOTO CHHTE3a, Pa3BHBAIOIIHXCA Tf

H THAPABIHYECKHX CHCTeM», 12-18 centabps 2022 roaa; exerofiHoM
A3HaTCKOM Kone-ceMHHape "[TpobneMbl ONTHMH3ALMH CIOKHBIX CHCTE
Kaszaxcran, Poccus, 2012-2022 rr.); exeroanom Poccuiickom Ha
KoHpepeHIMH  "O6paboTka  MHPOPMALMOHHBIX CHTHANOB M
mozenuposanue” (Poceus, r. HosocuGupek, 2012-2022 rr.); exeroaHo# -
KOH(CPEHIMH «AKTyabHbie NPOGIEMbl BHIYHCIHTENBHOH H MPHKIAAHOH M
(Poccus, r. Hopocu6Gupek, 2014-2015 rr.); 11 Mexnynaponuoﬁlon(bepm
YNpaBieHHs M HHPOPMALMOHHBIX TEXHONOTHH", MOCBAMEHHOH S55-neTH
aBTOMATHKH M MH(pOpMauHOHHBIX Texsonoruii HAH KP, Kuprmcnm?
Bumikex, 25-26 centabps 2015 r.; VI Mexmynapontol koudpe nnr-
ONTHMH3ALMH H IKOHOMHYECKHE MPHIIOKECHHA" Pocclu,r.Outx,28mom
r; Il Mexaynapoao#t nayuHo#l kondepeHiHn, NOCBALCHHOH 20-7€eTH

"«Oioop JIMTEPATYPbD» TOCBAIICHA COBPEMEHHBIM COCTOAHHEM
BaHHIA B OGNACTH ONTHMH3ALMH HHKEHEPHBIX CCTCH H KOMMY HHKALMI,
ONTHMH3AIMOHHBIX 32/1a4, BO3HHKAIOWMX MPH MPOCKTHPOBAHHH H

Ja3BHTHH TEOPHH ONTHMH3ALHH CeTel H KOMMYHHKALMH.
-. B M3ySCHMH BOMPOCOB ONTHMHM3ALUMH HHKCHEDHBIX CeTeH H
 BHecTH yueHsie Kak O/NIDKHEro, Tak M JAaibHero 3apyGexns.
PElICHHA 3aaY Pa3MELICHHA CeTeBbIX 00BEKTOB HA 3a/aHHOH
wannce B.K. [onkos (1970, 2000, 2006), A.C. Poasoros (2014, 2015,
(2009, 2017), 10.A. Koueros (2009, 2014), A.H. Epsun (1996, 2012),
15 2017).
i : 37189 ONTHMM3aUMM ceTell W KOMMyHMKauwi Ge3 ywera HX
OCT Wb W yueHbie aanbHero 3apyOexns: Berge Djebedjian,
d EI-N r and Islam Shahin (2011), Fangfang Li, Qiang Liu, Xiu Guo, Jun
i TF Himmelblau D.M., Bickel T.C. (1978), Shie-Yui Liong and
aman 2004), Ho Min Lee, Do Guen Yoo, Ali Sadollah and Joong Hoon

w Ha OCHOBe rumepcereBoli Marematwueckoil moaenn B.K.
(2011, 2024) npeanoXeH THNEPCETEBOH MOAXOA K
" KOMMYHHKAUHI, NPOKAJBIBACMBIX B yCIOBHAX TOPOACKOH
i MOAXOA MO3BOJACT PacCMaTpHBaTh BJIOKCHHOCTH OJIHOH
H  ONHCHIBACT HEPAPXHYHOCTH TMPOCKTHPYEMBIX THIIOB
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KOMMYHHKalHii. B HacTOsIIICe BpEMS B AaHHOH 0G/IACTH AKTHB! 5OTAI0! OB KOMMYHHKAIIHH, NIOCTPOCHHE KOMMY HHKALIHH 3a1aHHOM HATEXKHOCTH
TeTpo3aBOACKOM rOCY AapCTBEeHHOM yHHBepcHTeTe: A.M. B .
Muckynos (2012); MITY um. H.D. baymana: A. H. Bom BE NPHBE/ICHB MOZC/IH H METO/Ibl ONITHMH3ALIHH HIDKEHEPHBIX ceTedl H
Moxapos, B. B. Ciozes (2011); [lpnasoBckoM  rocy ( HOBE KOTOPBIX CHOPMY/IHPOBAHA COACPKATENbHAA H GOPMANBLHAL
ynusepeutere: Hepénosa 51.H., Muauaxansn M.C. (2013); HuctutyTe Bbi : ITHMH3ALHH KOMMYHHKAUMi, NpEUIoKeHa HOBas MOAENb UIA
MaTeMaTMKH M MaremartHucckoil reodusuxkn CO PAH: A.C. Pox ’HEPHBIX KOMMYHHKAIlHi, OCHOBAHHAA HA KOHLCTIHH HEPapXHYECKOro
Coxonosa (2003), A.H. IOprencon (2005), 1.A. Mm(zolns'raa e ) D IPOCKTHPY EMbIX THIIOB KOMMYHHKALIHIA.,
TOM, YTO Pa3BHTHE CYMIECTBYIOUIHX MOJe/eH H METOAO0B om'nm“‘, 4ATEMATHYECKOH MO/IC/IH NPOEKTHPYeMOi KOMMYHHKALHH NPeUIOKeHa
CTPYKTYP paz/IH4HOIO HA3HAYCHHA ABJIACTCA AKTYaTLHOM. - POBHEBOH THNEPCETH, MO3BOJAIOMAA YYHTHIBATH BJIOKEHHOCTh JBYX
S D g 00/1aCTh Pa3MELIICHHA H IPOCKTHPYEMas KOMMYHHKALIHA.
CHCTEMHBIHi  NOAXOA, MNO3BOJNAIOMMA  PAacKpeiTh  TOMOJNOTHIO | 2peuynou cemu (primary network - PN), NpHMEHHTENLHO K CETAM
KOMMYHHKALMH, CTPYKTYPHBIX CBA3CH J/ICMCHTOB, & TAKKE B3aHMOCBA3M C Ap { H Hii ObLN NPeUIOKEH ANCKPETHLI AHANON YHACTKA PasMElICHHA
HH(PacTPyKTYpHbIMH 00BEKTaMH ropoJia. ' MaT MECKOH WM UM(POBOH MOJENH MECTHOCTH, NO3BOJAAIOUMI BbIGpaTh
Onerroummluumuomuumuwuuuemn‘, lemommummcereﬁuxouuymmmﬁuemxy
061aCTH MPOEKTHPOBAHHA M CTPOMTENLCTBA MHKCHEDHBIX ceTell M , yH :'?’3 M TOMKAMH Ha OG/IACTH PA3MEILICHHA.
I » e smopuunoii cemu (secondary network - SN) NOHHMAIOTCS (u3MiecKHe

A

PasTHYHOrO HA3HAYCHHA. ,
TIpeaMeToM HCCACIOBAHMS SRIAIOTCA MATEMAaTHYECKHE MOJCTH | : DYOONPOBO/ABI, THHHH CBA3H, YHAaCTKH aBTOMOOH/IbHBIX HITH XKeJIe3HBIX J0POT H
ONTHMH3AIHH, a TaKkKe YHC/ICHHBIC AITOPHTMBI H KOMIUIEKCH NPOTpaMM AiA B ECTBAAIOUIHE TPaHCMOPTHPOBKY LEJICBOrO NpPOAYKTa OT HCTOYHHKA K

3§ (PEKTHBHOIO NPOEKTHOTO pelleHH NPH npom'upomnunammyﬂﬂ
KOMMYHHKAIIHH pa3jIfyHOr0 Ha3HAuUCHHA. 3
B AMCCEpTAlMOHHON PaGOTe NPHMEHATHCE METOALI TEOPHH Ipa
THMIEPCETeH, HaTYPHOrO BBIYHCICHHS M JBOMIOLHOHHOIO cmua.
MOZIC/IHPOBAHHE pelbepa MECTHOCTH, CETOYHAA ANNPOKCHMALHA,
lpencrasnensl 3anaui aHanH3a W CHHTE3a CeTell MHAKCHEPHBIX KOMMYHH A HeBoil runepceri /N (hyper net) onpenenserca creayioumM
PavIHIHOro HasHaueHHs. [10Ka3aHo, 9TO 324 CHHTE3a KOMMYHHKAUHH
TpH NPOCKTHPOBAHHH HOBOH KOMMYHHKALMH, TAK H NPH pel
CYWECTBYIOWMX KOMMYHHKaUMA. [IpH cuHTe3e KoMMyHHKaumi cu)
MECTOPACTIONOKCHHA Y3/IOBLIX /ICMEHTOB KOMMYHHKALIHH, T.6. OHH : L
3a%aHHOM 067acTH. CIPYKTYpa MpOEKTHpYeMOH KOMMYHHKAUHH MOXKET Mek X1, X3, .., Xp) - MHOXKECTBO BEPUIHH;
NIpOLIECCE NMPHHATHA MPOEKTHOTO PEIICHHS B 3aBHCHMOCTH OT ....-. | V1, V3., Ug) = MHOXKECTBA BETBEIH;
nokazatenci ee AMHEHHOH 4acTH. B CBA3M C ITHM, B HacTOAWICH P *"*'_.w...ﬂ COMOCTAaB/AIONIEE KAKIOMY EMEHTY ¥ € V MHOXeCTBO
KPHTEPHA ONTHMATLHOCTH VIS BLIGOPA NMPOEKTHOTO PelliCHHS PHMEHSAIOTCA CYM = mmmxwmsnwnmPN—(XVP)
KalHTANIOBIOKCHHS Ha CTPOHTENLCTBO H IKCTUTYaTALIHIO TMHEHHbIX COOpYKEHH : TopuHHO# ceTi SN:
TpencTasnens 3anaun aHanu3a HHKEHEPHBIX ceTel | KO : .,&,) MHOMKECTBO Y3/IOBbIX IEMEHTOB KOMMY HHKALIHH,
aKTYQIBHOH NpH HCCIEAOBAHHH NOKa3aTeeH /IEMEHTOB Cylle +1 Tin) - MHOXECTBO peGep (JIMHEHHbie COOpYKEHNUS);
TPOCKTHPYEMBIX KOMMYHHKaUM#. 3anauamu aHanuza xouuyunnnﬂl 1)) CoNOCTABNAIONIEE KAXKIOMY FneMeHTY T € R noamuoxectso W (r) ©
:OC'lpoenue OTHMAILHOTO MApUIPYTA MEAAY 3AZAHHBIX Map Y308 0 BepuinH, e P(F(r)) — MHOXeCTBO BepuiHH PN, WHUHACHTHBIX BETRAM
Wemmwmlmoﬂmammmmmw .' .
Y3NIOBLIX H THHCHHBIX SIEMEHTOB KOMMY HHKALMH, YCTAHOBJICHHE § (
8

DOH UHINCEHEPHBIX Cemeil U KOMMYHUKayuil B OOLIEM CITyyae OHHMAeTCs

X cereii SN, oTobpaxaeMbIX B CTPYKType NepBHUHOMN ceTH PN.
rpagoB nepeu4HOH PN n BTOpH4HONH SN ceteii B camom

MOXHO NPE/ICTABHTH C MOMOIIBIO IBYXYPOBHEBOI HIIEPCETBIO, KOTOpas



CQUHN) = (Zocrryrer a(®) + Srer b(r)) @

F(r) € V. onpenensiouee rpad sropusnoii ceru SN = (¥ < X, R; w
SNcomwmwercrwﬂYP:ﬂpoeﬂﬂpym‘Wm " f OT CTIELHPUKH PaccMaTPHBACMOI 321241 IPUMEHAIOTCA 16O NONHax
£ DEODY £ DOPM: (2) WHKIDIH.
Torma oroGpaxenue F:R —2Y, conocrasnsioiiee KakaoMy 7 3aMTHCH nesiesoll
WmSNquWmmvev' : ‘ Tobpaxenns F:R — 2¥ onpenenser paznuumbie BHIB runepcerei,
PN, onpeaenser THIEPCETb. Takum  obpa3om, 3 IPH MNPOCKTHPOBAHHH H CTPOMTE/NLCTBE CeTeil M  KOMMYHHKAUHii
’ 'S 2( ,t
;mymmuoﬁmnwmm”“"“'“"q”m“ - -
sersh v € V rpada PN mumenTHa pebpy 7 € R Toraa M TObKO TOrAa, K Ec/H npH ooTobpaxennn F: R — 2¥ xaxawit mapupyT V' € V rpada

mxom(m)mmwmsymﬂmnv,ammﬁ' oﬁpmuxmﬁuom-loroperareRrpmnopuquon
HN = (PN,SN; F). = V' € V'lqunPNarERnrpabeSN:V'=F(r),1'omnepcmHN

Mpeanonaraercs, 910 PN 1 SN - HCOPHCHTHPOBAHHbIE. R il
Hapuc.lrpl’neplmm”" HPCIICWBWPG:N’“{‘:;:‘«, : BHAs "".... b HN  wucnone3yercs, kora paccMaTpHBaeTcs 3ajava
. pnoxennoro 8 PN no mapmpyTam R = {(1,4,9), (1 KCHEPHBIX KOMMYHHKALHH palIHYHOr0 HA3HAYEHHS C Y4YETOM HX
R & e i - ALIBAEMBIX M0 IPYNIOBHIM TPACCaM.

8,9} @ @ cnu npu otobakennn F:R — 2Y pasumie pebpa r € R rpada
OT pasHeIM MapiupyTam V' € V B rpade PN, T.e. kaxasiil
a nepBH4HOH ceTh PN sBnsercs oOpa3omM XoTa Obl OHOTO 3/IeMeHTa
Oi ceTH , TO ecTh V7 € R rpada SN 3V’ € V Brpade PN: V' = F(r),
wie. Ecnn np otoGpaxerun F: R — 2¥ as kaxaoro pebpa r € R rpada
TH SN, COOTBETCTBYET BNOMHE onpeaencHHsi MapmpyT V' € V B rpade
PN, t.e. ¥V’ € V rpada PN 3r € Rerpage SN uVr € RrpagaSN 3V’ €
V' = F(r), To runepcets HN Ha3biBacTCA GHEKTHBHOM.
jiinm THIEpceTel HMEET TNpPakTHYECKOE TNpPHMEHEHHE, Korja

N

Prcynok | — [Ipimep runepceT! ey
4
IMokasansi B3aHMO3ABHCHMOCTH MOKa3aTesnei /IEMEHTOB NEPBHYHON H BTOPHY
cerw. Jlpyrumn cosamH, BhiGpattoe peGpo 1 € R rpaga SN onpeacnseT CTOHMOC
NOKA3aTENH IEMECHTOB NEPBHYHON ceTH PN, T.¢. B 3aBHCHMOCTH OT BHJA M HA3HANE e Sl e
NPOEKTHPYEMO#i KOMMYHHKALIHH OTIPEAC/AIOTCA: o, RS oot NPOK/IAZILIBAIOTCS b
- ay(r) - CTOMMOCTb NOATOTOBHTE/bHBLIX M 3EMIAHBIX paboT (pE :" <
TOArOTOBKA TPacc, CTPOHTENLCTBO ONOP H T.A.) 1d T € R; e
- b, (T)~ CTOMMOCTb 3eMIH M apes/ibl pecypcoB uid T € R; .
Baonooqepem.,nquamnanwcaveVrMauepnmiccrl{ oy
CTOMMOCTHBIC MOKA3aTelH JieMeHToB BTOpHuHON cetn SN, T.e. B HMO
CIOKHOCTH 00/1aCTH Pa3MEILICHHS OTIPE/ACIIAIOTCS 1 s
-q(v)—cmmoﬁowmnaumwmmmymevEK; ey '.‘ij‘ m(ﬂzpyw?:'?s%m e
- d,(V)-CTOMMOCTD IKCIUTyaTALHOHHbBIX paboT (TeXHHUECKoe 00 ‘ -'; : ‘ : m -
BOCCTaHORJICHHE H T.JI.) Ha y4acTke v € V; R
lokasaHo, 4TO cToMMOCTh runepcet HN B obumiem c!ly‘lle"' onp
caeyiommm o6pasom: d
QN =) ) (1na,(r) +by() p(¥) + ) (126 () + dr () PP
TER VEF(r) TER — g
Tie ¥y H ¥z - KOdpPHUMEHTH AuCKOHTHpOBaHHA, p(r) = Zm(r)?('
NpOEKTHPYEMOli KOMMYHHKALUHH, THGO B KOMNAKTHOMH dopme: -
10 P«

v
TO B KPYIHBIX METANOHCAX, C LEbIO FKOHOMHH (HHAHCOBBIX M APYTHX
EKTUBHONO HCTIOJIB30BAHHA TMOJ3EMHOTO MIH  HAJI3EMHOIO
THIBI KOMMYHHKAlUHH, HE HMEIOIIHE MEXAHHYECKOE HIH
3aeliCTBHE APYr HA JApyra, HEOOXOMMMO MPOKNA/ALIBATE B €AHHOH
PYKLIHH, B T.H. KOJUICKTOPbI, TPAHIICH, TPACChl H T.IL

Go=(X°V), G=(X".U")....G, = (X".U") — cOOTBETCTBYIOIICE BTOPHIHBIM
DA3IHIHONO HA3HAYCHHA;
D€ fiepeso To=(Z R) - rpag nepeHtHOM CETH - 3a/1al011Iee PYTITIOBYIO Tpaccy,
2~G; (0<isn) a ry=(P,F) — napa 0TOOpaxeHHii, ONpEACTIOMMX BIOKEHHE
"""i‘ﬂ ), B koTopom P - otoGpaxenue peGep u3 rpada G; B MapupyTsl B
oTobpaxcenme sepiinH 13 rpada G; B epuunne rpada G, ., .
e



Tanuoﬁpaaou,mmml’m DAKEHH Be T1pe/C CHBI 347124 ONTHMH3AUMK ceTeH H KOMMYHHKaLH i,
(0<i<n) B xopresoe aepeso 7p=(Z R) onpesienseT CTPYKTY PHPOBaHH) : MYHOCTD H MHOTOKPHTEPHAILHOCTB NPOCKTHPY EMbIX THIIOB CeTeil 1
(Y,V,G(Xy, Ry)). : PEACTARNCHB! (POPMATBHBIC NOCTAHOBKH 3A7a4H ONTHMH3ALMK CeTed,

Jlanee npeacTaBieHBl MOKA3aTeNH /U OLEHKH 3¢ H JMCKPETHON (opMe, NO3BONAIOUINE NPHMEHHTH PAVIHYHbIE
NPOEKTHOIO PELICHHS TMPH CTPOHTENBCTBE H OKCIUTyaTallk : H H METO/Ibl X PELeHHA.
xouuymmd,memmlﬂmmyml‘ » TO CYMICCTBYIOT PasiH'Hbic NOCTAHOBKH 3a1a4i 0 BhiGOpe Tpace (kak

B kayecTe IKOHOMHYECKOH PPEKTHBHOCTH N 0 MPOEKTE : ‘W) AA NPOKNANKH KOMMYHHKAUMH  pasiHiHOro
MCTIONIB3YIOT PHBEACHHBIC 3ATPATHI, YUHTHIBAIOUIHE K ibie HBIMH napami Touek A(Xy,¥,2;) u B(xz,Y;,2;) B TpeXmepHoM
mmmomm:omlwm

($HaxTOpOB XapaKTepH3yeTCs KHBY4eCThi0. becnepeGoiiHOCTD N1a CIICBC /HKLHA ] X CTPOMTEJIbHBIX 3aTPaT B TOYKAX (X, ¥,Z) TPeXMEPHOro
MEXy 3a/aHHBIMH NApaMH TOYEK HA 3a/IaHHOH 00/1aCTH BO3MOXKE D 'R’ OmnoxerGunnenpepuwoﬁ KyCOYHO-HETIPEPHLIBHON HIIH

KOI/Ia HHXKEHEpHas KOMMYHHKALHA HMEET CBA3HOCTb He OH B 3aBHCHMOCTH OT 06/1aCTH Onpe/ie/ieHHs AaHHOH (yHKLHH.
Torza 3anasa NOCTPOCHHS HHKCHEPHOH KOMMYHHKAUMH MHHMMA i CTOMM an 3aoava. llpencranena 3anaua BuIGOpa TPacchl MEXIy TOYKAMM
CBA3HOCTBIO He MeHIE k popMyamupyeTcs cneaymum obpasom. ‘ I vz,zz),nTpexuepnounpoapmmeCR:‘ BIOJIL KOTOpO# B
Haiitu otobpaxkenue e : 1pO BACTCA HHXKCHEPHas KOMMYHHKauus. [loHsTHO, 4TO jUiMHa
F:SN - PN o EHHOH KpHBOH (X, y, Z), 3anaHHON cHCTeMoH ypaBHeHH# y = y(X), = z(X) 1

JUIS KOTOpOE 0uKkH A(Xy, ¥1,2,) ¥ B(x2, y;, 2,), pasua
Q(HN) - min 1) = [ VTF DLOT + H T dx. 3)
H
W(HN) > k ¢ JUIHHA TPeXMepHO#H KpuBoii [ (i) paBHa (TOXKAECTBEHHA) JUIHHE BETBH
- 1epBHYHOF eernPN,r.c.
rae. @ — cea3HocTh runepcetw  HN, onpenensemoll  ka ( ' aae ) = 1(v)
min {w(PN), w(SN)}. e e Bhlpaxenne B (3) oGosmaumm kak dl, Te dl=
Jlanee npejcraBieH MOKasaTeNnb HAACKHOCTH, Xapa UM

x)]?dx.

o “@' \ .
GecnepeGoitHoro  gymkuMoHupoBakus (HapaGoTka) W ot PaThi Ha CTPOHTENLCTBO JIHHEHHOTO COOPYXKEHHA (TPAcchi, Onop M T.n)
4

NEPBOro 0TKa3a ee EMEHTOB (Y3I0B HIH JIMHHHA). B oT/iHuKe OT nok: 7
Wﬂmmmmnxmmmum:mm ' K .
BOJACHCTBYIOWMM  GaKTOPaM, ~ BIMAIOWHM KA  PaGOTOCTIOCOGHOCT -~ dxy@),.z@)) = [ fxy(x0), 2(0)dl. )

KOMMYHHKAlLIHH HAa OMNpEC/C/ICHHOM OTpPE3Ke BPEMEHH. ..‘...,; b - MHOXECTBO BCEX KPHBBIX B npoctpanctse D S R3, npoxoaswmx uepes

OLICHHBAETCA BEPOATHOCTLIO Ge30TKa3HO#H paboThI 3/IEMEHTOB KO HH| " ., n B(x3, 52 2;).
e SR, L. C eToN (4), kpusas p[x, y(x), z(x)), cea3sisatoman B npoctpasictee D S R?
p) =pis>14.120 > ) 'Dl-12nonpenememmycnoam
rae: ¢ — HapabOTKa 70 NMEPBOTO OTKA3a INEMEHTOB KOMMYHHALIAM; k’*
BPEMCHH, B MNpe/eNax KOTOPOTO OTKasbl B JJIEMEHTaX KOMMYHHKALHI L - Hx, y(x),2(x)] = argmm fﬂx,y(x),-(x)]dl 5)
llpynnmcnosauu,wpommxmm,mnapﬁom{am‘ MM Hy(x.y.2)eM, x
NEPBOTO OTKa3a MPEBLILACT BEJHYHHY I, H €CTh QYHKUHA HAAEKHOCT , '
HCTHbIC MOKAWATCAN  HAZCAHOCTH  (PYHKIHOHMPOBANNA  MIUKEHEDHBIX ¢ - C() = [ flx.y (), z()dl (©)
KOMMYHHKALUMH MPE/ICTABICHb! B CIICAYIOUIMX pasjenax. o :
13

12



MBt nonaraem, 4TO NHHA NPOKIAALIBAEMOT0 JIHHEHHOTO COOPY H MHHHMYM CTOMMOCTH nepexoza 3 A(xy,y;,z,)

R) paeBa cymmapHOMY 4mcIily BeTBeil (Tpacc), HHUMACHTHBIX 7 oMy P
=) 1o
VEF(r)
Tak Kkak paccMaTpHBACTCS HENpephBHLIA Clyuai, TO J
JIHHEHHOIO COOPYKEHHS PaBHA /UIHHE HENPEPHLIBHOM Tpacchl, T.e.
I(r) = 1(v) Rk MEAKY CMEKHBIMH y3NlaMH Ha rpade nepBHYHOM
Toraa crouMOCTh MPOEKTHPYEMOH KOMMYHHKALMH, Na/BIBAEMOTC e B M C MPeABIAY LHM ITYHKTOM.
U[x, y(x),z(x)], onpenensercs creayiomnm obpazom: R AMCKDETHBIA aHANOr O0NaCTH Pa3MEHICHHS, YYHTHIBAIOIIHIt
D(u)—f"y[x.y(X)-z(x‘)]& U NPOKNAIGIBAHA KOMMYHMKALMH MpE/ICTaBieH B BUic rpaga
= ) e YHECTh 3anpeTHHIC 30HBl, HCKMOWAIOTCH M3 yd4acTka
COUMANBHOTO M NPOH3BOACTBEHHONO HA3HAYEHHA, BOCHHbIC
OIHE KOMMYHHKALIHH H JpyrHe 00BEKBl, HECOBMECTHMBIE C
i. Jlna 5Toro Henosnb3yem obosnavenns 2, s = 1,2,...,5
C 0, Useq g = 9,V5,q=12,...,§
B = XXy 1441 Xjomi-mV)-ni-mXj+nisem  MBPUPYT,

).
A M3 [ B j, ONPEAENAIOWHX IBEHO MAPIIPYTA [ 5 HA rpade
(i,]) € Hag;

0 MOCTB pebep € R (THHEHHOrO coopyxkenns) rpada BTOPHUHOM

P

rae: g(x,y,z) - QyHKuMA yAeNbHON CTOMMOCTH MNpPOEKTHE
3aBHCALIAA OT KOOP/MHATH TOYEK (X, Y, Z) B TPEXMEPHOM Npo !
Torna nenpepbiBHas 3a1a4a MOXeT GbITH CHOPMYTHPOBAHA CIIETYIO
H(A,B) — MHOXECTBA BCEX BO3MOKHBLIX MApUIPyTOB NpPOKIALbI
KOMMYHHKAIHH M3 TOYKH A B TOUKy B, npecTaBisioutme u3 cebs H !
TpexmepHOM npocTpanctse D S R Tornasamumoml 10H
Ho Cpeau Beex (5) , BAOIL KOTOPOH CyMMapHas CTOMMOCTH (6) (CToMMOCT! IR 8 (RSRGICKIHOM Tpag nopsermall ccr
CTpoHTENCTBA MMHeMHBIX cOOpykeHHH (Tpacc, onop M T.L)) | =12,...,n;i = 1,2,...,m Homepa BepunH (WiH pebep) rpada

NpHOOPETEHHA M MPOKIANABIBAHHA HHKCHEPHOH KOMMYHKALIHH) NPHE : c mpyT. Torna NpoknajbiBaHHe CeTed HHKCHEPHBIX KOMMYHHKALHi
' PHH JOJDKHO OCYIIECTBIATECA C YIETOM ClEAYIOMIHX OrpaHHYCHHHH:

3HAYEHHE, T.C. P

min (€0 +DG0) = {1 (o y(,2) + g(ayG, 2(ldx (e DR ) - pocryrE T Mo

Henpepeinas 3anaua B Buae (8) no3sonseT ee pelMTh METOAAMH BapHa v l;l#:rkr {—1;0; 1} u Vs - npoekTHpyemas Tpacca He J0/DKHA
HCYHCIICHHA. CT m

Huckpemuas 3a0aua. Ilpeacrasnena QHCKpPeTHas MOCTAHOBKA 34y SHHE 2 O3HAYACT, 9TO Y3IOBbiE EMEHTH X; C X, MpHMCHACMO# CeTKH

ANs NpOKIAAKH KOMMYHHKaUMH H3 mnyHkra A(Xy,¥;,2;) B n‘:‘ W e 0-nubo u3 obnacreii {2, s = 1,2,...,5 ynansiorcs BMecTe C

c(l

3aK0YAIONIHECS B BHIOOpE MapiuipyTa B TPEXMEPHOM npocTpakcTse D - .,*,' b X
MHHHMQILHYIO CTOHMOCTb pp CPeaH Beex Mapuipytos p(A,B) wme mmﬂwre R ynanenmio Bcex Takux BeTeii V) C
mapesw pepmn A(x;,y1,z,) W B(xz,y;7;) Ha IPSSSEEEIE DEHHE 3HAYCHHE (YHKIMH CTOMMOCTb JaHHOH BCTBH 3HAUCHHC PaBHbIA
otobpaxenns pebep (nHHEHHBIX COOpyxkeHuit) r € R rpaga BTOpMUE ?(Soxhuw)—“- Taxum oGpasom, yaanesue sersedi V) C Vy ¢
al phitigagh < i ecamn W3 ceTki A, X A, NPHBENET K IUIOCKOCTH C «3anpeTamiy,
s -'" n | OIpAHMUEHHS TEXHHKO-)KOHOMHUYECKOTO XapakTepa s BhiGOpa
' 8 HHKCHEPHBIX CeTeH M KOMMYHHKAUMI, KaK Mo IU1aHy, Tak H
HMH CJIOBAMM, NPEIOKEHHAs TEXHOMOrHA MOCTPOCHHS MOZE/H
| BHJIC B3BEIEHHOIO rpada nepeuynoii ceth PN = (X, V), rae X =
S Xy, V S Vj, 0CHOBAHHOMH Ha METOE CETOMHOM ANMPOKCHMALHH
MapmpyThi (TPaccsl) Ui MPOKIA/LIBAHHA CCTCH HHKCHEPHBIX
OCTH OT OCOOCHHOCTH O0G/IACTH Pa3MEIICHHA, BH/IA H HA3HAYCHHS

JUIS KOTOpOTO

Q(SN) = min Z (i +dy) - 1(r)

(L))EraB -
g

rae: p(A, B) — MHOKECTBO BCEX BO3MOXKHBIX MapiupyToB H3 A(Xy, ¥y, 2,) B B

15



Bo3MoXkHBIC HanNABNCHHA NEPEX0AA H3 TOYKH 1 ; Tm MPOCTPAHCTBEHHOH npaAmol (BeTBu) v; € V,
TPEXMEPHOM NPOCTPAHCTBE NPEACTABNEHH KaK B HEMPEPHIBHOI, MM 06paso

Gopme, B 3aBHCHMOCTH OT CICLHHKH peluaeMoit 3a1aun.
Ecnn pemaercs HenpepbieHas 3aja4a, T0 Touka A(X,,
KOHYCA, @ OIHO H3 BO3MOXKHBIX N0/I0XeHHi ToukH B(X,, ¥;, 2,

08. 1 'IDI" ‘Tlu.ncnocpx * Tapoenua mrock. 220

» i

m",?mt‘rnma-o-px TWnoar.y-O

2, v’wrnrm.nymz MaTpHubl  npeobpa3oBaHus

OLUHX OCEH CHMMETPHH.,

gl H  3a0a4H  npednoxcen Moouduyuposannsiii Memoo

. A COCTOHT H3 ZIBYX XOJIOB: NIPAMOro H 0OpaTHOro. B npamom

Pncyno:Z—Cumocmnapsepmmlm.v : .‘ Iﬁmmmu::;uoﬁmmnmylo,smu

' yCTh H: (i-1)-m ware HauanbHO# TOUKOM BeTBH V; € V Apasercs Py_, =

HM, YTO JIyY MCXOMALIMH M3 TOuKy Pi_, CTOJKHeTCH ¢ Toukod A

BWMWWMWA@,JJ, 5 .m. T.e. TOuKa A nnm‘y .‘ ; ::‘ "

B TPEXMEPHOM MPOCTPAHCTBE MOXKET ObITh ONMpeeieHa N0 MPHHLIHITY YEThp - , T NPENATCTBHAMH JIAHHOTO

Xy — x5 + |y + L. oraa 06X0/ NpensaTcTBHA Yepes ToukH S; win T, NPOH3BOAHTCH N0

2 1 — sl [zl—zzl<l(pnc33)mmulclmoq“ ; 5 04), T

<1ulz; — 25| <1 (puc.26, pic. 36): : .

o Pi(x,y)=Ti(x+1,y-1), ux'=x;+1,y' =y, - 1;

0 Pi(x", Yy ) =Six+ Ly+Dux=x;+ 1.,y =y +1

Sitxe1,y+
4
Pucyhok 3 — lennmnucmuommnm
a) YeThipexcBa3HOCTh 6) Boc: 3AHO 3
e i Tixet.y-1)

3anava ONTHMH3ALMH KOMMYHHKALHI OCTAB/IEHA B BHJE NOCTE
THNIEPCETH NPH OTPaHHYEHHAX H TpeGOBAHHAX, mlan&
KOMMYHHKALHIO, yHTLIBAIOWICH YT /b I0BOPOTA NPOCTPAHCTBEHHOM MpPAM

NPENATCTBHI. TR
ITocmanoexa 3adawu: naiiti oToGpakenne ‘
F*(r):SN - PN

Pucynok 4 — O6xoa npensrcrsuii

w&mﬂuapmsntuomnnmpnpcmpomm
bCTBA KOMMYHMKaLMi 13 BepuinHbl Py B T u S; cooTBercTBeHHO.
HH TPAKTHYECKHX 3a/a4 BEPIIMHBL S H MOTYT ObITh BHIOpaHBI
OXKHBI CiTy4an, 4T0 S — t = 0. DTO roBOPHT O TOM, YTO HHOIJA

bKO E.nvmummwux MyTeH MEXAY HaYaIbHOH H LeneBoi
JUIS KOTOPOro ’

. ] Lum:): BepuMH rpajga PN, exomammx B mapumpyt F*(r) € V
(HN) = Z a(v) » 1’+Zb(r) - min eTCA I 'onnouy H3 MNPEUIOKEHHBIX AITOPHTMOB, KOTOpHI jaeT
veF*(r)yrer POt g NpHOMMKEHHE B 3aBHCHMOCTH OT KOJMYECTBA BEpPLUMH-

rae: a(v) - cmuuocrslcnennepsmuoﬁocmPN =g

H-HCTOYHWKOB, @ TAKKE BHIA M HA3HAYCHHA NPOEKTHPY eMO#

b(r) - — CTOMMOCTE pebep BTOpHuHO# cetn SN;
B (11) F'(r) = u-omuwuuuﬂwmrpﬁe
NpoKnansiBanis  pebpa r € R rpaga BropuuHol cern SN; T
D 17



R

Bmdrnnmwummmmeﬂm‘ a€TCA, UTO Gy = |, €ClM i-4 CTPOKa MaTpHLbl A COACPXKHT | Ha

016! 0 B npotHBHOM ciyuae. Kakaomy cronbiyy j cTaBHTCA B
anmmumm C ' enbHoe uMcio ¢, i €,j €] HasbiBacMoe  BecOM cronbua.
TaKKe OCOOEHHOCTH OGNACTH PasMCULICHHA. Hanee npuBeacM & e DAMHOXKECTBO J' S /, KOTOpOE NOKphIBaET BCe CTPOKH M3 | M MMeeT
MapHbiil Bec, B kotopos | = {1,...,m} - Habop MyHKTOB pasMeiICHUA
IpoayKiH (ra3, HedTs, Bona u T.0.); J = {1,..., n}- nabop nynkToB

mmj,w‘uimmlilhn-), MpOXORIIET0 Hepe N :,“ eil (MPOMBINLICHHBIC 30HbI, KHIIbie PaiiOHB!, TOPTOBbIC YIIbl H

ern SN 110 OTHOMY PA3Y, € TIOCAEYIOUDM BOIBPATOM B HCKOZHYIO.

sroro BBeacHb creayioume obossauenns: Y = (o, y i Rls ey mc'wmﬁ_w"““wm'“'wx=(xpxz.---.1,.)
Ans b 074 CPEMEHH x,={0,1},j=l,n,maamuauueercnenyuonmﬂwn:nakm
pepuIMH rpada BTOPHIHOf CCTH SN, B KOTOPOM Yo — HCXO/IHAA BEPLUHE ;

b s F:SN - PN
WWR—WMJ‘UM’DER-WM I |
nap sepumn ¥, Yj €Y; vy € V:a,(v) = 1, T.e. CTOMMOCTb CTPOMTE/CTBA . - T
pecypcoB Ha BETBSX veEV s pebpa r €R pasna I; b,(r)--{['_ "Q(HN)=zz¢u~x,—vmin (16)
Wmmmi(mum)mymm' ot t=1j=1
pespyr=(y,,yl)ek mmﬂﬂmwmmy..yley KO PAHHIEHHSD
- 3TO BEPUINHBL, W3 KOTOHX OTIPABAACTCA KOMMMBOSXKED, CTONOUBI - BE . Shaayx21,i=1m a7
KOTOpLE OH NPHOBIBACT, a B A4E/iKH PACCTORHHUA (BpeMs, CTOMMOCTS) MY HHMH; o _{l,ecml j-# cTOAGEL NOKPBIBAET i-10 CTPOKY (18
TIEPEMEHHAT Xjj: RN " Sl 0, B NPOTHBHOM CJTy4ae )

1, eC/IH KOMMHBOSIKEP e/leT H3 BEPIIHHBI i B BepuIMHe j o To 3amaun (16)-(18) Aake B CaMOM MPOCTOM CIy4ac OTHOCATCA K

- I { 0, BOPOTHBHOM Cyyae 4 ‘ :

Toraa 3a1a4a 3aK/IOYAETCS B NOHCKE TAKOro OTOOPaKEHH ] eHa ONOH M3 NPHKIAMHBIX 33724 MO  ONTHMH3ALMH cereil
F(r):SN = PN \ SIKEHHS - NOCMPOCHUR AUHUII IAEKMPONEPeOay MeXCy 3A0AHHIX nap eepuiun

JNIA KOTOPOTO Xj € Yeonsumer H3 3A1aHHOH TEPPHTOPHH. 3agaua cBeaeHa K 3ajaue

Q(HN) = z z by(r) - x;; = min 3 HN MHHAMATLHOH CTOMMOCTH, YIOBJICTBOPSIONLCH 3a1aHHBIM

veF (r) re(yoyy) 5 dynxumio F: SN - PN, aa KOTOpO#H
OpH OrpaHH4CHHAX f
. - s (,j' )4 ZC(V)+ZC(T) l(x(,x,)+w(xl)-zu — min (19
i=0 '.o -4' 3% :

y-y+m+x; <1, 0si,jsn

I(x, x))| <M (20)
x5 ={01}L0<ij<n |1Cxi x|

P <

A€ U~ BCIOMOraTeNbHas UENOYHCICHHAd MepeMeHHa, onpene B

B g _(1,ecam ayrar = (x;, X;) BXOAMT B BepuIHHe X;;

HOMep i-it BepumHLl rpada sTopHanof ceti SN B MapmpyTe F*(1); 2 iy -{ 0,8 ngo-mlzuou cnyuae @l

P 3:?'0"'0 (13) rapanTpyer Hauano u okonuanue mapupyta F*(r) B BepL : . eNIbHO MOMYCTHMOE PACCTORHHE MEXIy YVIAMH X; H ,Xj w(x;) -
AHOKPATHOC MOCCUICHHE KKIOH BHYTPCHHCH BEPIIMHbI B M3 SBBIX 2JIEMEHTOB (CTAHIMI, MOACTAHLMA H T.11.), B KOTOPbIC BXOIHT Jyra;

Orerum, o saasa (12)(15) apasercs NP-Tpy /oM, B CBA3H C 3THM /U1A

Heo0X0MMMO paspaGoTaTh NpHGHKEHHbIH ANTOPHTM. T
3adava o noxpeimuu Mnoncecmea eepwiun emopuunoii cemu. Pacc aTpH
{ai[}.l=1,2,...,m;]=1,2'“_'n - MaTpHua X o
18 i

i CTPOMTE ONOpHBIX KOHCTPYKUMit; ¢(T) — CTOHMOCTE MPOBOJOB,
&)mwr(myloume naphl ywios. 3azaya MOCTPOCHHMA JTHHHA
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1

JMeKTpOnEpe/iad MEKITY 3aZanHbiMu napamu Bepuiit (19)(21), Ges yue X T, KoTOpoe onpenenserca npasuiom: eci (ty, tz) € CT, 10 v
(20)-(21),uom6mpanelnmmpwmoullmcm‘n OTHHOMHAJTBHO . 4 OryT ObITH MPONOKEHBI B OZIHOM H TOM K€ TEXHHYECKOM KOPHAOPE,
Jlanee npeiCTaBAeHbl MHOTOKPHTCDHATIBHBIC —3ajatH HO COBMECTHMbie (MO MEXaHWYECKHM H 3ICKTPOMArHHTHHIM
3HAYCHHA NPH NPOCKTHPOBAHHH H OKCILTYaTALMH HIXKCHEPHBIX CeTek | KC OM ?‘:u:n LLHH MOTYT OBITb NPOJIOXKEHDI B OZIHOM BETBH NEPBHYHON CETH.
PavIMYHOro HasHaueHus. Hike NpeCTaB/CHbl HCKOTOPHIC M3 HHX. T( ,...,t.) - MHHHMQIBHOE HHCIO  HEMNEPeceKalOLHXCH
Musuvansnas zunepcems sadannoi nadexcnocmy. TIpeanokent | an! KOTOPOE MOXKHO Pasfe/IHTh THMBI ceteil {ty,t;,...,;} C y4eToM HX

noKazaTe/ld HaA&KHOCTH AUIA MNOCTAHOBKH 3aa4H ONTHMH3AUHH C
MHHHMATGHOCTH H 3aJaHHOTO TOPOra HANEKHOCTH NPOCKTHPYEMOH CYNIECTBYIOT THIIB ceTedt {ty, ¢y, t3}, Takue 4o (ty,t3), (t2,t3) €
ABJAKIOTCA HANEKHOCTH pebpa r € R BTOpHYHO# CeTH v %Mmc‘r(t,,tz,t3) 2, NOCKOJTBKY 3TH THITbI ceTelt MOTYT ObITh
Rr("”)=nv€)-'(r)p(v)’ rnepg.ISISg. "'AF '. e [tptz} "[t3}
Hanékuocts R(HN) B 1I€7IOM, C YHETOM TOFO, 4TO B MEPBHYHON CETH np Tep! anbHAs 3ajaqa B OOWeM Cryuac (OPMYTHpYETCH CIEIyOUIHM
c6OM, HO MPH ITOM BCE MOTPEOMTENH NOMAKHL ObTh CBA3AHBI C HEOGXOAMM HCTPO s»" ..-.- , HN, T.e. xakaoMmy pedpy r € R rpada sropuunoii cetn SN

NOCTABIIMKAMH, OTIPEAE/ANACH KaK: N ‘hepmnoﬁcemPNuexAymmuxmpmexm Y=
Min(Rpair) = min{ Rap (HN)}, @ € Ysource: D € Yeounumaml xcmpoﬁucnesuqyyumm e

121€: Ysource - HCTOUHHK PECYPCOB; Yeonsumer = MOTPEOHTEIH. ,J
HaagKHOCTB CETH B CPEAHEM: Z a(v) - MinCT(v) +Z b(r) | = min (28)
Av(Rpair) =%Z‘1’ Rap(HN),a € Yource, b € Yeonsumer MHHMMA/ILHOS 3HAYCHHE AN KOT ”n"ar;:n'mr He HIXe Ry, T.€.:
r2ie; Q — KOJIHYECTBO BCEX PACCMATPHBACMBIX M1ap HCTOYHHK-NIOTPEOHTEIIb, HIH BOE . R(HN) = Ro, te 0 < Ry < 1.
i L T e ddt e _ - 3 ;‘_. [HOXKECTBO V:V onpeaenseTca CJIICID’!OWOGPOOM mmm
peel TAKE® RoKasaren, koropeil HEOGXORRS R CE v EV,3r €R Taxoe, w0 vEF(r). Mycrs vEV' u vVEF(),i=

€ R, Toraa MinCT(v) = MinCT (type(ry),....type(n)).

4TO 3aTPaThl MAWMHHONO BPCMCHH B TakkX 3a7a4ax pacTyT

 YTO MNPHBOAHMT, MpPH CPABHHTEJIbLHO HeGOBIIOM  YBEITHYCHHH

i, K PE3KOMY BO3PACTAHHIO MAIIMHHOTO BPEMCHH, NMPCBLILIAIOLICMY

eii JaXe caMOro COBPEMCHHOTO KOMITbIOTEPA.

32 nocumem aHAIH3y CJIOKHOCTH 3a/ay ONTHMH3ALHH cereit H

! 3 X pellieHHA. B YaCTHOCTH, NPEICTAB/ICHb MATCMATHYCCKHE

g'omtmncm NP-TpyIHOCTH 3ajla4i: MOCTPOCHHA JIBYXYPOBHEBO#
CTOMMOCTH; ONTHMH3aLMA CETeH H KOMMYHHKALHIH, [TyTeM

TbHBIX Tovuek LLITeiiHepa; ONTUMM3aLMA CeTeH H KOMMYHHKaUMH

cilydae, KOT/ia HyKHO 9T00bl Bee NOTPEOHTENTH H NOCTaBIIHKH O/IHOBPEMEHE

C MaKCHMILHOH BEPOATHOCTHIO. ONpe/Ie/INM €ro KaK BEPOATHOCTS C BOBAHHS

MEATY Kaxk10H Napoif HCTOUHHK-NOTPEOHTEb: .
Raut_pairs(HN) = probability(Exist_a_path_betweena € Y, f

[Noxaszarenn HamexHOCTH (22)-(25) ceTeli H KOMMYHHKaLMH
creylonrylo 3aaavy: Tpebyercs Haiith otoGpaxenne SN B PN, ltnl
Pynxuns

Q(HN) = (Zoer(ryvrer a(V) + Trer b(r)) - min
NPHHHMACT MHHHMANBHOC 3HAYCHHE, IPH OrPaHHYCHHAX

R(HN) = mrlnp(r) >R, ‘1,1‘., [BHOCTH CTPOMTE/ILHBIX 3aTPAT NPH YIOBICTBOPEHHH 3A1AHHOIO
; (HOCTH W4, 33/1a4a COBMEUICHHOTO Pa3sMELIICHHA cereit U
R LA e 3anawmii nopor HaméxHocTH. 3amaua (26 | mn':yuwnmom o
MHOTOKPHTEPHANLHOGH. -
Musumarsnas  2une . 10 . TlycTs W3BECTHBI NpeAnoNaracMbic CTPYKTYpsi rpagos PN = X,V) n
nadexnacmnpoemymgp::::my;':en u;'e; T MU ',‘ X,R). Torna 3ajaua NOHCKA THMNEPCETH HN MHHHMaTbHOH CTOMMOCTH
d eun. [Tycts .,.,,‘.,,. oM| ; e v |
9 B TOHCK moroo-mGpaxcumF, H KOTOPOM ClIeAyIOllas uenesas
HIDKCHEPHBIX KOMMYHHKaumii. [lns kaxnoro peGpa r € R 3anauM THI T T—— ¥ a4
KOTOPLIi OAHOIHAYHO ONPENE/AET BUA M HA3HAYCHHA MPOEKTHPYEMOH KO wems RIE
JUis ONMCaHHA COBMECTHMOCTH Pa3nMuHBLIX THIIOB KOMMYHHKaLHH BBOAHTCS €
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QUHN) _( Z av) +Zb(r)) e ,(’ ceTeit IO/DKHA GBITL BBUIOKEHA N0 HE3ABHCHMBIM BETBAM

vEV' VreR
nmwmmmssmmal iet
pacmpocTpaHeHHoi B 00nacTH MNOCTPOCHHA JBYXYPOBHEBOH IHMepC 1, ABJAIOUIHXCA OJIHHMH H3 PAcTpOCTPAHEHHBIX 3a/1a4 B 06/1aCTH

MHOKECTBO IPAIOKEHHI JUTA ONHCAHHA W CTPYKTYPHO# OTTHMH3aUHH ceTe e
g , Aokasano, 4To i a(v) = 0,Vv € V BepHo crieayiollee yTBEpiICHHE:

'_ Tlycrs CTOMMOCTb BeTBeH NepBHYHOA CeTH a(v) =0,VveV,
CA MONHHOMHAIBHO Pa3pelIHMO.

Hbl 10Ka3are/ibCTBa NONHHOMHANBHOM paspeHMOoCTH u NP-

mznymmepsnpnummnopmmm
nepsanylo cers PN =(X,V) nomyckaerca  pasMecTHTh
WMIMWM(MM,‘
Tor/a 3a1a4a CTaBHTCA C/ICAYIOUIMM 00pasoM: HEe0OX0IHMO HaMTH ¢
PN nmyrem CBOGOJHOIO ~ PasMElICHHA  NMPOH3BOJBLHOTO

DAHM, HTO CTOMMOCTD BETBEH NepBHYHOA ceTH PN npeHeOpeknmMo Mana, 1o
g o pebep BTOpHuHOl cetd SN, T.e. a(v) =0,vv € V. Toraa
Q(HN)mammnuoormpoﬁcnm'aeuonusq;muuuhdma
< b(r). B aToM ciryuae uis yknaaxw pebpa r € R sropusoii ceti SN
Q(HN) = (sz)waa(v)_'_zmb(r))_’m ‘ ‘- upyt B rpade nepeuanoii cetn PN. Torza ana nocTpocHHA
- TBHON CTOMMOCTH MOXHO BOCTOJIB30BATHCA K/IACCHYECKHM METOAOM
3adaua 3. TlycTs M3BECTHB NpEANoOaracMbie CTPYKTYphl ’ pusy. Takum obpazom, 3adava I, B ciywae a(v) = 0,Vv €V, aBnsercs
SN = (Y € X, R). Tycts p(v) — BEPOATHOCTH CylICCTBOBAHHS BETBH ¥ € V nep - W i
ce, cooTsercTeenHo s pedpa r € R: p(r) = [lvverr) P(V). - : 10 NP-TpyHocTs 3adavu | - 3a0auu 4 meTonom “cyxerus” . Cornacko
TpeGyercs HaiTi oTobpaxenne SN B PN npi koTOpoM Liesiesas § HKIHA TP , JUIS Hauana HyXHo nokasats NP-tpyasocts 3adavu I. Ecnn ynaercs
MHHHMATBHOE 3HAYCHHE: N 410 3adaua | asnserca NP-Tpyauoii, To 3anaun 3adava 1-3adava 4 Takke
4 mmn,r.x.ouuwwaamaoeGuGoneenpocryroMavyl.
Q(HN) = z a(v) +zb(") -min pute 2: TycTs CTONMOCTS peGep BTopHuHOl ceTi b(r) = 0,Vr € R, Toraa
vEF(r).VreR reR s’ e NP-Tpy anoii.
R(HN) = minp(r) 2 Ro 5 R >2,"m BO3MOXKHBI C/ICIYIOUIHE CITyHaH:
rae: 0 < Ry < 1 - 3ananHbil NOPOr HAAEKHOCTH. v JKHM, 4TO rpad BTOPHUHO#H ceTH SN ABNACTCA CBA3HLIM.
3adava 4. Tlyers {ry,7,,...,7,} € R nNpoeKTHpyeMbie THIIbI ~.:‘.' sesne 3a0auu | wuietcs B Buae Jepesa LLiTeitnepa na rpage nepsiHOM

RGuuaproe oTHOLIEHHE ONPEAENACMOE PABHIIOM: €CIIH (7'1.7‘:)667 m STO 3a7a%a [OCTpOCHMA nepess LliTefinepa Ha 3ananHoM rpade

COBMECTHME, B IPOTHBHOM Ciysae wet. [Tycts MinCT (ry, 73, .., 1) - | HHMA. '

HETICPECCKAIOWIMXCA THIIOB  CeTel, Ha KOTOpPOE MOXHO pasjie

{r,15,...,1} € R. Kak oTMedeHO Bbile Takoe paszie/ieHHe OCyLUe 315

COBMCCTHMOCTH NIPOCKTHPY EMbIX THIIOB CETEiH. -

Teneps, nycts ussecrt rpagi PN = (X,V) u SN = (¥ S X, iz)' TpeGy Mt w“"'s”“"“‘“wm”m

otoGpaxenne SN B PN, npu kotopom crieayiomas ‘-‘». - »v-ﬁf’i;‘j-nv u AD u AC rpada PN obpasyior umukn (puc. 5a), rae B — Toska

MHHHMATBHOE : tencgat Tl ; sHHA JTHX MapuipyToB. Beoaum ciieayioume 00o3HaueHna: m; W m; — “acTH
(2(;,,;)2(2"e A a(v) - MinCT b : ; ‘Cx'nomchomwmeuao, |m1;| ¥ |m3| - KX CTOMMOCTH.

it 9 V' Vrer inCT(v) + Xrer ,'Vu_‘f"‘ M CT s 11 GOIBAIIE YeM CTOMMOCTS M3, T.€. |my|>|m2]|, TO MapupyT m; MOXHO

mc"o"" pasiHuHbie THNB ceTell {ry,75,...,7;} MO3 HO | Oftb M. B 3TOM Clly4ae CTORMOCTb MHINEPCCTH YMCHBIIHTCA HA BETHIHHY
THIIBI CeTel Takue 4TO €M 14,75,...€ CT,13,75,... € CT. e

cetn PN, npumopoummcurmepceruHNﬁwnmlmamm,re.

e

M 0GpartHoe, 410 Bioxkenne SN B PN 1e ecTh Aepeso B rpade nepeuiHof
6c lma(benepcmnoﬁcemPN nu6o B rpape BropHuHOil ceT SN ecTh

B ; CHOLLLM a.llu!leCIOHNOCIL
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HAUMEHBILTYIO OLICHKY. B A » B
b)ﬂymmq»lrpaqpePNcymecuymmwm - X .M.

waka (pue. Sb), rae: B — Touka mepeceyeHHs ITHX MapiupyT o C

mapupyTos AD, AE, ECAorochoo'ruwnemio,pnﬂ, : 6 — Ipumep MapuipyTos B rpace nepeinoil cernPN

HacTeil MapuIpyTOB. orv A ITO FHIEPC , MHHHMA/IBHOH CTOMMOCTH 06pasyeT iepeBo Ha rpade
EcnH CTOHMOCTB 1) HE MCHBILIE YeM CYMMapPHOH CTOHMOC V. Tak kak 3adava 2- 3adava 4 BKMO4AOT B ceba Gonee mpocTyio

+ [ms), To m; moxnO peanusosars Bronk m; u m; (AEB). To taroTcs NP-TpyHBIM, /UIA KOTOPBIX, BHIHMO, HE CYIUECTBYET

YMEHBIIHTC HA BEAHYHHY |m)|, 9TO NpPHBEACT K MPOTHBOpE ounbil arop

nepBHYHON ceTH PN HMEET HAaHMEHBIITYIO OLICHKY. ""; 'N sBiseTcs He CBA3HLIM (pHC. 7a), T.e. PELICHHEM 3a1a4H
Ecni cTOHMOCTH M| MEHBIIe, 4€M CYyMMapHO#H CTOMMOCTH s pepumna v' (pHC. 7b) H COCAMHEHA PHKTHBHBIMH

MEHbIIIE CTOHMOCTH M3, T.€. [my| < |ma| + |ms| 1 jmy| < [ms|, T0 Ofi CTOMMOCTH C KOMIIOHCHTAMH CBASHOCTH rpada BTOpHYHOI

Baonb mz; U my (EAB) (puc.5¢c). Torna CTOHMOCTb FHNEPCETH YMEHBIUIMT 0 KAK/Ias KOMIOHEHTA CBA3HOCTH COCIHHATCA O/IHHM H TOIBKO O/HHM

|ms|, 94TO NPHBOAMT K MPOTHBOPEWMIO - NEPEBO B rpade MEPBHUHOM _

HAHMEHBIITYIO OLEHKY. . ol TOpH HO# ceTu SN noTyueHHbIH MyTeM BBCIACHHA JAOMOJIHHTEABHOH
Taxum 05pasom, eciH CTPYKTYpa rpada sropunoii cetn SN - QuKTHBHbIX peGep W peTBel AMMACTCH CBASHLM. Otesiino, 'O

Ha rpade nepBHuHON ceth PN Takke o0pasyloT AepeBo. g rpade ziepeso LliTeiincpa GyeT ARTATLCA peUICHHCM HCXOLHOR

mlmanwoimﬁmocmoGpnycrnepewumww ‘ @ ©)

» —
m; o @
b ‘-<>'<¢ e
m; € my D
"a) b)

ep: a) HecBa3ubii rpad SN; b) casusiii rpad SN

: c'rpnam (OKAHOrO AINOPHTMa» JUIA pelleHHs 3aza4
eil M KOMMYHHKALUH, OCHOBAHHAS HA WIee KaaHoro anrophTva. [lnd
I0TCS p‘eﬁep(A:. By .. (A By) KOTOpbi€ HYKHO BIOXKHTb B NEPBHUHYIO0
K OTKHX BETBEil - X, @ JUIMHHBIX - ¥ (y<2x). Jlisl OHCKA MHHHMATBHOTO
MOXI mmmam'opwrquacwm,xmopmwuemomwﬁm
anropima. CTorMOCTS Haiizierroro (pic. 8a) pemenns Q=k(y+2x).
pHOTO Aepesa LlITeiinepa (puc. 8b) 6ynet Qop=y+ 2kx. Ecnn y=2x, T0

Pucynok 5 — [piMeps! MapuIpyTOB B rpade NepBHiHG
1.2) TMycTs Teneps CTPYKTypa rpada BTOPHUHOH CETH SN ne AB.
[MTokaXkeM, 4TO M B 3TOM CJIy4ae MHnepceTs MHHHMaJILHOH CTOHMO M obpa

rpade nepeuunoii cetn PN. : R -
Mpeanonioxny o6paTHoe, T.c. MyCTh Ha rpade neps --f
uukisl. [lycts Teneps B rpape PN cymecruymmnmpnpy‘u I
obpasyot unk (puc. 6). BuiGepem cpean MapuipyTos AB, ACaCB
CTOHMOCTH (HanmpHMep, M) H pealu3yem ero Baojb uapmpy'lm
CTOHMOCTD FHIEPCETH YMEHBIIHTCA Ha BEIHYHHY | m.l,mnpmo

ncpenoswenepnmnoﬁquNuueermuensmyloouem
s

H -
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Be MNpEACTaBNCHB pa3palOTaHHBIE METOAB ONTHMH3AUHH H

HbI€  KOMIUIGKCH /Ul TPOBEACHHA  BBIMHCAMTENbHOIO
FAKKE AHATH3A NOTYYEHHBIX PE3yTbTATOB.

1 BB 4ae MPEANAraeMbie METOJbI ONTHMHZALHH MOXKHO NPEJCTABHTL B BHIE
y \ R e (puc.10):
by 4sini '
Prcynok 8 — l'lpmepnepeul.lhelnq:.

Ecuucmmmpeﬁepmmm,mnmmaﬂhﬂnepai
BCErza JacT onTHManibHOe pewueHne. Ha puc. 9npmnennpuuep, e H
pebep (A, By)....(Ax By B nepsuunyio cets k (k - Hesernoe uncno). IMyc
xopmmwndx,mnmmmy,mmywmpeﬁpanomﬁdﬁ, ¢
Bynem cuurars, 4to y>2x+2(k-1)e. -

JIns nOHCKa RIOKCHHS BTOPHYHOH CETH B MEPBHYHYIO MCMO
aaropuTy. [TyCTh CTOMOCTS peGpa 7 3aBHCHT OT WHCTA BeTBeH, 110 & «
peann3oBaHo. O003HAYHM 3Ty CTOHMOCTD KaK e(V).

«Kaauplipy axropaTM

Ilar 0. Kaxzoii BeTeH v nepuyHOro rpaga PN npunuimes sec c(v)=a(v) +e _ \

Ilar 1. Haiftu B rpage PN Bce kpaTyaiiuiHe IMyTH MEXIy BBUICH MH T p ‘Q-npencmmeuneucrononomumauuuuucﬁnox-cxmu
BEPUIHH (COrnacHO BTopHuHOMY rpady SN). Hanpumep, MOXHO HCMOJIB30BAT WM Memoo ougpgpepenyuansnon seomoyuu (MM/]3),
Droiina. METO/IC IBYXITANHOIO AIMOPHTMA NOCTPOCHHE ONTHMANBHBIX THIEPCETeH,

Lar 2. Cpenn HaiinenHbIX myTell (UIs KOTOPBIX elie He HafieHa OFHH IBOMOLHORHONO CHHTe3a. CyTh METOAA 3aKTIOUACTCA B NIOCTPOCHHH
HAUMCHBIIHI H pEalH3yeM €ro yKIaAKy Ha NEpBHYHON CETH, JUIA ITOro q:uﬁ.-ueuun H €ro nOC/IeAOBATENILHOTO YAyULICHHE [yTeM
¢(v)= e(v) (1.c. 0OHyNAEM CTOHMOCTS BETBe# NEPBHUHON CETH MO KOTOR i IPOH3BONIBHOTO HEA k ronoHHTENbHbIX TodeK (JIT) (cTanum,
pe6po). Ecn s Beex pebep Haiinena yiianka, To Kowew, unave na Lllar pEACHTENBHbIE TYHKTH Wik T.H. Touek [llTefinepa) B 3aBHCHMOCTH OT

Ecau £=0, To onTHManbHBIC peleHHs OTHHAKOBbI H HX CTOMMOCTS Lo ropunoit cetn | Y.

Ecmw>0moamanwocpcmwnenpqncmmiommpnc. A HAYANLHOZ0 PEUICRUA:

Oop=y+2x(k-1)+ &((k+1)*/2 -1). «HKazmbiii» anroputs Haiizer p oM D10/i21a - YOopluiesUia OCTPOHTL MATPHLLL! KpaTHaiLIKX My Tei
CTOMMOCT O=y+2x(k-1)+ &k’.Ecam y=2x+(k-1) & 10 Q/Qopt—»2 m

EcuySZ(ﬁs),mo:rrumwoepemeuucnpe.ncmmnapnc.-

Qon*kbﬁd

& il
. Anropurmom [lpuma wmn Kpyckana noCTPOMTL ~MHHHMATbHOE
peBo TS na rpage SN=(YCX,R);

AMANTbHOE MOKphiBaloiee fepero TS oToGpa3uTs Ha rpap nepsHuHO#M
H ITC Kaxnoe pebpo Aepesa oTOOpaXACTCA B KpaTHaiuIMi MyTh MEXIy
Tapam! | BepiuMH rpada BropuuHoii cet SN.
(e (Ans noucka koopauHat JIT, OT KOTOPHIX 3ABHCHT ONTHMANBHOCTS
10/IB3YETCA AITOPHTM AH(PEPCHLUHATBHON IBOTIOLHH):

. Tlpencrasuts koopamuatsi JIT B Bune Bektopa Gen = (P} =
k > 0. MHOXECTBO BEKTOpPOB (Gen OTpeleNseT MHOKECTBO JCPEBLER

b)
Pucynok 9 - IMpumep noctpoenns cered TIPH pasHO# CTOHMOCTH pebep H peTBed
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Miar 2.2. HWHHIHATH3HPOBATh MHOXKECTBO
NpeACTABAMIOMMX COGOH BOIMOKHbIC PELICHHA 3azaum
NOKOJICHHEM ), '

mmmmmmmmmm
obecieYHBAIONIMH HARTYHIIKi pe3y/IbTaT MPHHHMACTCA B
x{ (noxonenme);

Ilar 2.4. U3 Bektopa X BHGHPaTH TPH PAsIHYHBIX CITyHalHbIX
renepHpoaTh MyTanTHBi BekTop v ! no
rae F € {0; 2} — macurraGupyrouuit KOSGHUUHEHT PH My TaLHK;

[lar 2.5. Han sexropamu v{*! npoussectH onepaumu
T.e. KOOpAHHATH MYTAHTHOTO BEKTOPA 3aMCLIAIOTCA
u3 Gaszosoro BexTopa. [losyueHHBIH MOC/e KpOCCOBEpa BEKTOP
pexTopoM. ECTTH OH OKka3biBacTCs JTyHie 6a3080r0 BCKTOpA (3Ha'CHHE

YJIyUmIHAOCH), TO B HOBOM NOKONEHHH Ga30oBbiH BEKTOp 3aMeHAETCH

NPOTHBHOM ClTyyae 6a30Bbili BEKTOP COXPAHAETCA B HOBOM IOKO/ICHHH.

U1 MHCIEHHOTO SKCTICPHMEHTA 3HAYCHHA OCHOBHBIX NapaMeTpoB GbUTH
pasmep nomyasuui - 100, ucunﬁupynoumnm(»umnmnymmn;
Kkpoccosepa - 0.7, uncnio BepiuMH-noTpebuTenei - or 10 20 100, yucio xorn

sepum - ot 3 no 20. Ha puc. 11 npeacrasnen Gnok-cxema

MHHHMAQIBHOH CTOMMOCTH B BHJIC MHHHMQILHOINO MOKPBIBAIOLIETO

Net_Spanning Tree - HN_ST).

: vfty =_x,9;.

’

l Havano | sl
v ) v
l—1 3anasa HN_ST :
[mmvm] lA.lmpmunpma-vacnnl MeTon
---------- -*----""""-------'--*------—----
J| Marpisa kparsaiimsex nyred |, Munumansioe i‘_l—_ -
i. -FN noKDHBAOwEE epesa Ha SN ; L
................................ . A
L HN_ST nocrpoeno .
1'\ lm_s—r HET
OUTHMIbHA N
n -
Komen '
N :

Pucynok 11 - Ipeacrasnenne MMJID B Buae 610K~

(I'"
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[ anropuT™a 6bula ucnosibzopana Wofram Mathematica
HCTIONB30BATH uHppoByIo MOJENb pealbHOH MECTHOCTH Ui

. 12 npuBeaeHbl pe3ynbTaThl paboThl MpPEUIOKEHHOTO
noTpebuTeneii U 3-X ONONHHTENBHBIX BEPILIHH

1

= - ® ) :
-Wm HAYAJIBHOIO PCIICHHA H €ro YJIyHHUICHHE

CpelHAs BEJIHYHHA COKpAIlCHHs 3aTpaT (B KPyIibixX
KOE OTKJIOHCHHE) JUIA HHXECHEPHBIX KOMMYHHKALHH
JUIS Pa3IAYHOTO YHC/a JONONHHTENBHBIX Tovek (T) u

|

'H YJYYIICHHE NEPBOHAYAIBHOIO peICHHS

10 40 70 100

atam

- |73 (34) (11.0(5.7) | 11.0 (5.3) [ 9.0 (24)

. 173 (3.1) | 11.8 (7.7) | 11.2 (3.3) | 10.3 (2.1)
6.1 (3.0) | 8.0 (2.9) |10.6 (4.8) [14.6 (5.4)

0.3 (0.5) | 8.8 (4.0) | 143 (4.9) | 13.6 (2.7)

15 0 9.7 (5.5) | 9.5(2.6) (103 (2.8)

yuo 0 4.6 (3.0) |12.7(5.3)|159(5.8)

T

BLIMHCIIHTE/IbHBIC OKCTIEPHMEHTBI, HCMONB3YEMbIH aJIrOpHTM
' MO3BOSET COKPATHTD B CPE/ITHEM CyMMAapHBIC 3aTPaTh
CETH 10 CPABHEHHIO C HAYATBHBIM peleHHeM Ha 7% - 15%, B

HH, NapaMeTpoB U 00/1aCTH  pa3MEIlieHHS.
woiit  Mmypasvunviiic  arcopumm  (AntColony),
HAa Hag®KHOCTD  MPOCKTHPYEMOH  HHAKEHEPHOMH
HaACKHOCTH IBYXYypoBHEBO# runepcetd //N. Jlas kaxnoro pebpa
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Vr € R rpaga BTopuuHOii ceTH SN Mbl CO37a€M MyPaBLEB, IEHC
npaBHaaM:
— BEPOATHOCTb NEPEX0Ja Mypasbi B CACIYIOLIYIO
onpe/ieNseTCs Kak: -

Y

[ry@®]" - ['Iu]’

Slry @] - [g]®

—  Kaxablil Mypasedt l‘(0<l<L)uueeruemyTimﬁouve r.ew b

ey = [T PR .

vePath(l)) e

rae Path(l;) - 310 nyTs ans mypasbs l;. Tpu stom, ecan TTL(;) < Py 10

YMHpaeT. - B

= wumaoropeﬁpa.nyp.enmnanmmmmm KON BET
Q/leght(t);

- :uaﬁopemnsomwmuapmmuwommn ukcup
CTOMMOCTb BETBEH NEPBHYHON CETH YMEHBILACTCH. - '
TpeAcTaBAeHB YHCICHHBIE PE3Y/ITAThi AAHHOTO anropuT™a. Jlia Ha ¢ 13 11 e MoanHUHpoBanHoro AntColony B BuAE 6IOK-CXeMbI

sajaHsl crefyioume 3Havenns: p; =0991<i<g, R, =09 B eCTBE 280 Ha pHC. 14, KoY Senn SN, xany s PN p
nepenusoii cern PN p3ara cerxa pasmeprocts 10x10. Iapamerpsi am Myp D (ock abcumce). Och OpAMHAT — CTOMMOCTb NPOKJAANLIBAHAA [HIEPCETH
' BHUBANKCH pe3y/bTaThi paboTte JKaaHoro anroputma M anroputMa

Py(t) =

Av

xononmn creytomee: @2 =1;:=3; To:=1; ¢q:=50, .
KaK 4acTh aIropHT™a MypaBbHHO#H KOJIOHHH HCTIONb3yeTCH AIropk

CBA3HOCTS Kak MEPa HANEKHOCTh (YHKUHOHHPOBAHHS CeTel H KOMMYHHKALH ,1__ .’,’m"" ]
Aaropurm MaxProb: e 3
Ilar 1. Kaxnofi Besn v € V nepsunoi ceru, npunuuien sec (1-p(v)). oy il
Ilar 2. HaifTu Bee KpaTyaliumne myTH MEXAY 3AfaHHBIX nap sepuimni % "
1,..n,i # j (cymectsyer pepo r € R mexay (¥, ;) B rpade nepsuunol ¢ "-, o
(X, V) c nomousio anropuaa dnoiina. I
nouﬁmuumlmmnepommw : .R
sropukoll cetd p(r) = [lyverr) P(V) . i ‘
TpoBepHT, YIOBNETBOPACT JIH MOy HEHHOE 3HAYCHHE 3AAHHOMY MOPX ‘l-cnop-oep(sm
Ecau a, To 3anava paspemnma. Pewenne anropurma MaxProb MoxHO YuceHHBIC pe3yJIbTaThl: CTOHMOCTD AUA peweTku 10x10, na KonHyecTsa
rapaHTHPOBAHHO Y/IOBJACTBOPAIOLICE OrPAHHYCHHIO 110 HANIEKHOCTb, T —— pebep ot 10 o 100
Ha puc.13 npencrasnena oGobiernas 610k-cxema MOAHGHUHPOBAHHONC PESYJITATEL HA PANTHWHBIX WHCNAX BEPUIMH-WCTOUHMKA W BEPUIMH-

MYypasbiHOH KOJIOHHH, KOTOpas MO3BOJAET MOCTPOHTh THIEPCETh M IOKa3bIBAIOT, YTO HAMIYYIUHE PE3YJ/IbTAaThl MOKA3bIBAIOT MYpPaBbHHbIH
CTOMMOCTB M Y AOB/CTBOpAIONEH 3ananHbi nopor HaneknocTH (Q(HN) R(H! DOBAHHE xuoneunrunepecmn

: toduuyuposanneiii memoo k-xpamuaiuux nymeiu W pasTHYHbIC €ro
Womm:mum JUIA CHHTE3a ONTHMANbLHON rHICPCETH.
eTCA B reHepHpoBaHuM Kk-kpaTyaimmx myTed, NpeACTaBIAIONHE

e
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HHX HauboJiee ONTHMANBHBIX MO 3aJ1aHHOMY KPHTEPHIO MapiupyT (puc.15) MyTh YAOBJAECTBOPACT OrPAHHYUEHHIO MO BEPOATHOCTH H HMEET
; M MPeAbLTY LUHH BapHAHT, TO 3aNOMHHTL ero. Bozspamars seTes
Htmerpeuomumpmmm H - \
KOTOpHIil MO3BOANET HA OCHOBE QIrOPHTMA k-:prnmﬂmg:
HECKOJIBKO YaCTHBIX A/FOPHTMOB, TakHe kak MaxProb, FloydGreed : BT | H.-.;.o .
Jlanee npe/CTaBicHbl AIMOPHTMBL, MO3BOJIAIOLIHE ..‘....,. : “f—r I_W)

HHOMY KPHTEPHIO ONTTHMH3aLHH.
Anaropurm FloydGreedyProb:

marl.Hmummm!mncnymmmm me I e v =
1,..n,i # j (cymectsyer pebpo r € R mexay (y,,;)) B rpade nep -i g s
(X, V)c nomouisio anropurma ®noiiaa. TR —— | nyre#

Ilar 2. Buibparth cpen HHX MyTh MHHHMATBHOH CTOHMOCTBIO, Y/OBJCTBOp
OTPaHHYEHHIO HA BEPOATHOCTh. OCYIIECTBHTH BIIOXKEHHE BHGpumoi{)
xpatuaitmemy myt (y;, y;) 8 rpage PN = (X, V).

Jlns Beex v € F(r) B rpade nepeudnoii cetn PN: a(v)—Ob(v)--’
BETBH PaBHa HYJIO JUIS MPOKIANBIBAHHA OCTAIBHBIX pebep). b

INosTopuTs Illar 1-2 1ns Beex pebep r € R BTOpHHHO#M ceTH. -

Illar 3. PeOpam, U1 KOTOPBIX MyTh ObUI He Hali/ieH (He YAOBAETBOPA Orpat
Ha BEPOATHOCTB), B3ATH B KAYeCTBE MyTeil HaliAeHHbie anropuTMoM MaxProb m
BETBEH 3/1€Ch ABNACTCA CTOHMOCTD BETBH. '

AHIOTHYHO, B AINOpHTME My paBbHHO#H kononuH (AntColony), ecin
YAnoCh HalTH MyTh JUIA HEKOTOPOro pebpa, TO B KAa4ecTBe MyTH MOXKHO
nyTh, HaineHHwiH anroputmom MaxProb. Ho kak Gbulo ommeueno BbILLI

Brnok-cxema MoaK(uIpoBaHHOro MeToAa K-KpaTyaimmxX myTed
DHTM MOXHO HCTIONB30BATH KAK YacTh B APYrUX atropurMax. Jlasee

Mmymmmmn,mnuﬁymnpem ; DHTMOB OY/1yT YNOMHHATHCA CNEAYIOUHE AIrOPHTMBI:

anropuT™a k-kpardaiiumux myTei, KoTopas GyAeT rapaHTHpOBATH MyTAM Ol : y+ k-path - 510 anropuT™ Floder:edyProb, B kotopoM Ha lllare 3

BEPOATHOCTD, HO IPH 3TOM HAXOJHTH ITyTH MEHbLIEH CTOHMOCTH. - YIOTCA MyTH, Haii/ieHHbIe anropHT™om k-path.

Aaropurm k-kparuaiimmx myreii (k-path). y h my+ k-path - 510 anropurm AntColony, B KOTOpOM /Ul HeHaiileHHBIX
Ilar 1. AmnpmuouMaxProbnaﬂmnymuemmnq, CIIONB3YIOTCA MyTH, HaliieHHbie anropuT™MoM k-path.

x myreii 2 (k-path 2).

S/IbIIY IO AINOPHTMA, TOJNBKO MOMCK BEAETCA HE OT CaMbiX
MbIX JICUIEBBIX.

oM Floyd naxoaum kparuaiimue myTH. [Iposepsem HX HAZEKHOCTH

Jiurexnynﬁ,wxoropmmycnosucmsunonnm,
/T B COOTBETCTBHH C HX BeposTHoCThIO {p(V)};

3b C CaMO IUI0XO# BEPOATHOCTBIO. ANropHTMOM JleHKCTpR! HaliTH

i myte, ecnn ero Hagexuocts p(r) < K, 1o kosen. Hmase

0 BETBb H yOpaTh CACAYIOUYIO H T. 1.

33

Hlar 2. Ynopazouuts 7 € R sToprunoii cetn SN = (Y, R) no ospacras
(nomyumm cnmcox {r;}).
lar 3. W3secTHeiM anroputmom Mena ey KOHEUHBIMH y3namu
pespaneRMmmk-xpmunmuenym,npcncmmmome 10p:
JOCTYMHBIX ATETEPHATHBHBIX MapLIPyTOB B rpade PN. Onuumen:
anropuTma Hena:
Miar 3.1. Cwmwunmwuaamnocmuocmlemiw
lllar3.2.hammm(mcuucxy)unnoaourpﬂe .<.{{._.
Mﬂﬁmmmmpeﬁpanmmpmouw ’
B

ol A8
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s

Eamueymmirnnymcmmp(r)SKs o S ONTHMH3ALHOHHBIX 3a/1a4 110 IIPOEKTHPOBAHHIO H
m"m m":ﬁm 'i : :. S ePHb il M KOMMYHHKALMI B YC/IOBHAX MOPOJCKOH 3aCTpOAKH B
Sy npe.ucmumwo  ix . : OBKE, YYHMTHIBAIOUIHX COBMECTHMOCTb HIH HECOBMECTHMOCTE
peuerka 10x10 BepumH. CTOHMOCTH BETBEH NEPBHUHOMN CETH — CJ e
10yc:muuxqmnmn.0mmocrspe6eprmpmmoncem— JaifHbie YHC L ———

Orpammnepoxmomi’.—07wulkl-5 10, P.-06 wis |R g " "

0.5 anx |R|=80. Ha puc.16 1o ocH OpAHHAT noKasata CTOHMOCTE RO/ HEHHC Aderonc HWI’MIWHHINP-TWMHXWLWXW
1o ocH aBimce — YHesio pebep |R|, KOTOPBIC HYXHO BIOKHTS B NCPBHTHY > ,lle'l’on B ecin oot asoisfmamposasncil

H3 l‘pltlme;uuo, 4TO ::u:uualma :ll‘OPH'I'IO' Orony, motnu,nonudmnnponnuun meto1 k-KpaTuaitummx myTed u ero
pemenie Menbieii CTOMMOCTH, To npocTo AntColony et ¢ PYTHMH METOJAMH ONTHMM3ALHH, NO3BO/AIOUIHE HTB
Aydiuiee pelieHHe HaXOAWT cemeiicteo anroputmos AntColony, a am 0"?%" IPOCKTHbIE PEUICHHS N0 CPABHEHMIO C M3BCCTHBIMM “::ow
paﬁonmnmmeamupm(creedy) = e »

" KOMIUIEKCH! MPOrpaMM, MO3BOJIAIOUIME MPHHHMATL SddexTusHoe
{He HA OCHOBE MPE/UIOAKCHHBIX METO/IOB H AIFOPHTMOB, OCHOBAHHBIX Ha
X METAIBPHCTHK. Pe3y/bTaThl YHCIICHHOIO IKCTICPHMEHTA,

1400 " :
) 0 - A y- ‘\ . H pa3jIH4H
3 ::;:-qu . RSO NPEVIOKEHHBIX QIFOPHTMOB MO  CPABHEHHIO C
3 g = AmColony €TOAAMH ONTTHMH3ALHH.
C3 oy st  NPAKTHYECKHE PEKOMEH/AIHH
u-aqotn,r Thi AHCCEPTALHOHHBIX HCCIIE0BAHHH MOTYT HCMIOAB30BATHCA:
20 - . _ OPrAHM3AUMAX JUIA AHATH3A M CHHTE3a MPOEKTHBIX PEILCHHH, NpH
' JOBAHHH H CTPOHTENBLCTBO Pa3THYHBIX HHKCHEPHBIX CHCTEM;

4 cneumanusuposannsix [HC-Texuonoruit s cbopa, 06paboTkn U
| MPOCTPAHCTBEHHBIX  JaHHBIX  JUIS  TCPPHTOPHATBHO-

feif, @ TAKXKE BJIOKEHHOCTH MPOCKTHPYEMOil KOMMYHHKALHH B

Pucynok lG—Pay:mrmpaﬁormanmpmosw pememl 10x10, kosH4ec
BTOpH4HO# ceTH oT 5 10 80 " HBIX CHCTEM;
B 3aK/II04eHHH AHCCEPTALHH 0000IIEHB! PE3ybTaThl uay!m-lx JIM3a W ONTHMM3ALMH HEPapXHYECKHX CHCTEM: MHOTOMpPOLIECCOPHBIC
pa3paboTOK, a Takke MPECTaBJIEH KPYT 3a/1a4, PeIeHHBIX B paboTe. MEAbHBIC CCTH, KIHCHT-CEPBEPHBIC CHCTEMBI,  MCXAHMUECKHE CBAZH
B NpHAOACHHH NPHBE/CHb! AKThl BHE/PCHHA PE3Y/IbTATOB HCC/ICI0BAHM; i, OPraHH3ALMOHHBIE CTPYKTYPS! NPEINPHATHIA;
NMPOTPaMMHOTO KOMILIEKCA 110 NOAAEPXKKE MPHHATHA MPOCKTHOTO pel s a€ npmm:mwnnnnwuxanropmoannporpauuao&mm
DHHOIO MOJIC/IAPOBAHHSA, HCKYCCTBEHHOTO HHTE/LICKTa H MAUIHHHOIO

BbIBO/1bl ¥
B X07i€ HCC/Ie/I0BAHHA GLUTH NIOMTYHeHb CIEIONIHE OCHOBHBIE Pe3yJIbTal 4 KAYECTBA MO/ITOTOBKH CIELMATHCTOB MYTEM HWHTCrpaluu B
Pawmmmuommuummomummnwpanemd fefbHBIC NPOTPAMMbI BY30B 110 HANPABICHHSM:  [OPHOS o,

Wcmmﬂﬂkownunylowxpmepumuymmm 0¢ J1EN10, APXHTEKTYPa H AM3AIH, /IEKTPOIHEPICTHKA H HICKTPOTEXHHKA.
BJIOXKEHHOCTb MPOCKTHPYEMBIX THIIOB CETEH. 2 o
2. PaspaGoTanbl MOJENH M METOMb ONTHMH3ALMM JUIA MPOKNAALIBAHH: K ONYBJIH OBAHHBIX PABOT 110 TEME JIHCCEPTALIHH:
KOMMYHMKAUHH B TPEXMEPHOM NPOCTPAHCTBE, Y9HTHIBAIOMAA KaK B . I'.bl. MareMaTHueCKHE MOJICH H METO/bl KAK OCHOBA IH(POBH3ALIMH
[U1AHOBBIC OTPAHHYCHHA MPOKIA/ILIBAHHA HHXEHEPHBIX CETEH H KOM ":l‘;' 1M aukaumii: monorpagus [Texcr)I".bl. Tokromos. — Hosocubupck:
YT7IBI IOBOPOTA NPH 06X0/1€ NPEnATCTBHIA. ‘4 Y 2. — 212 ¢. — To xe: [dnextponnsiit pecypc]. — Pexum noctyna:
e m. d=49846573.
35



2.  Tokrtomos, I'. bl. MareMaTHYeCKHE MOACIH H bl 5 10M HHGPACTPYKTYPhI COBPEMEHHBIX TOPOZIOB [Teker] / T. bl.
MarHCTPILHOrO  TPYGONpoBOsa  TPAHCNOPTHPOBKH  Feopec ' .yn-mHmuupuurreopecypoon.—ZOw.—T.327,!&
Tokrowos, /. A. Muros / H3s. ToM. TNOJHTEXH. yH-Ta. HUPH) R 0 ke: [Dnextpommmit pecypc]. — Pexmm zoctyna:
2024. - T. 335, N 7. — C. 155-165. — To xe: [Inextponisiii pecype]. - P B eirticle/view/1693.

:/lizvestiya. archive/article/view/4339. " . Merozonorns BWGOpa TPacc VIS MPOKIAKH cerell H
3. Toktoshov, G. Y. The Routes Choosing Methodology for Laying Net cr] /T bl. Tokrowos // Bect. CH. roc. yH-Ta Te/IeKOMMY HHKaLM
Dimensional Space [Text] / G. Y. Toktoshov // Optimization Prob em 022. - Ne 1. — C. 97-107. — To xe: [InexTponnbiii pecypc]. — Pexus
Systems: 17th Int. Asian School-Seminar. — Moscow; Novosibirsk; Almaty, 2¢ arvinuftitle profile.asp?id=29065 .

-

138. 5 Lacm s B0 pne: XE: [DnexTpoHHbIH pecypc). - K . "f bl. Moae/nn OpraHM3aUMH PEMOHTHBIX paboT s obecnedeHns

Ll ieee. 88 . oy ." ' kommysukaumii [Texer] / . bl. Toxtomos, A. O. Jlaxos // Bectn.
4. Lyakhov, 0. A. The Repair Works Planning Problems in the Utility N eNlekOMMYHMKaLi W MHdopMaTikn. — 2021, — Ne 1. - C. 94-101. - To
[Text] / O. A. Lyakhov, G. Y. Toktoshov // Optimization Problems of con pl pecype]. — Pexum noctyna: https://elibrary ru/item.asp?id=46398225.
15th Int. Asian School-Seminar, 26-30 Aug. 2019, Novosibirsk, 2019. — Novo joB, . bl. O CHOXHOCTH 3aiay ONTHMMIAIMH CETEHl MIKCHCPHBIX

[Texcr] / I bl. Toxtowos, A. H. IOprexcon, /1. A. Muros // T-Comm:
aman W Tpascriopr. — 2020. — T. 14, Ne 9. — C. 17-23. — To xe:
pecypc). — Pexum noctyna: https:/elibrary.ru/item.asp?id=44066723.

O, bl. 3amauM ONTHMH3ALMWH CeTeill HHKCHEPHBIX KOMMYHHKALHH

- P. 92-95. - To xe: [OnexTpoHHbii pecypc]. —
5. Toktoshov, G. The Application of the k-shortest Paths Method for Constru
Optimal Hypemet [Text] / G. Toktoshov, D. Migov // Optimization Problems ¢
systems: 15th Int. Asian School-Seminar, 26-30 Aug. 2019, Novosibirsk. — N amavenns [Texcr] / T. bl. Toxtomos. — [poGnembi aBTOMATHKH H
2019. — P. 162-166. - To xe: [Dnextpommsiii pecypc). — Pexum 2019, ~ N 1 (36).  C. 5-11. — To xe: [Inexrponmsili pecype]. — Pexinnt
https://iecexplore.ieee.org/document/8880221. i ibrary. ru/item.asp?id=39323419.

6.  Tokromos, I. bl. OnNTHMH3auMA MAapWIPYTOB NPOKIAAKH MArHCTE 08. I". bl. O6 ONTHMH3AIIK CETEH HIKCHEPHBIX KOMMY HHKALMH pasHiHOTO
TpyGonposoaa Ans TpaHCnopTHpoBkH reopecypcos [Texer] / I'. bl. Toktowo : " er] / T. bl. Toktomos, JI. A. Muros // BecTh. BypaT. roc. yH-Ta.
[Opresncon, /1. A. Muros // H3s. ToM. nonxTexH. yH-Ta. MHOKHHHPHHT reopecypee HHPOPMATHK: —2019.—?&l.—C.78—90.—Toxe:[3mm*““ﬂP°°YP°]-
- T. 330, N 6. — C. 41-49. — To xe: [InexTponusiii pecypc]. — Pe na: hitps:/elibrary.ru/item.asp?id=37623261.
https://izvestiya.tpu.rw/archive/article/view/2124. P — hov, G. Y. An approach to the utility network design [Text]/ G. Y. Toktoshov,
7. Toktoshov, G. Y. On a Problem of the Utility Network Design [’ o N. Yurgenson // Bull. of the Novosibirsk Computing Center. Series.
Toktoshov, A. N. Yurgenson, D. A. Migov // OPTA-SCL 2018, 8-14 July 2018 2018, - Iss. 42. — P. 77-84. — To xe: [nexTponnsiii pecype]. — Pexun
Vol. 2098. - P. 385-395. — To xe: [Inexrpounsiii pecypc]. — Pexum soctyna: b Yelibrary ru/item.asp?id=36525304.

ws.org/Vol-2098/paper33.pdf. el acs, A. O6 OmHOM 3azaue ONTHMM3AUMHM PACTIPEACICHIA PECYPCoB B
8. Toktoshov, G. Models and Algorithms of Evolutionary Synthesis for Opti cetsx [Texcr] / A. XKycynGaes, I'. bl. Tokrowos // [poGnemsi
Engineering Networks [Text] / G. Toktoshov, O. Monakhov // Proc. of Int. Mui = 2017. - Ne 1. - C. 2-14. — To xe: [InexTposmiit pecype]. — Pexum
Engineering, Computer and Information Sci. (SIBIRCON), Novosibirsk, 18-22 § felibrary.ru/item.asp?id=30362905.

~ Novosibirsk, 2017. — P. 167-171. - To xe: [dnektpornbiii pecypc]. — Pex 0. I'. ANropuT™ [ hepeHIHaTHOH IBOMOLHH B 341a4aX ONTHMHIALIH
https://iceexplore.igee.org/document/8109863. ol ki ipkerepibix ceredt [Texcr] / O. T'. Mowaxos, 3. A. Mouaxosa, I'.
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Toxromos I'yxnrut blcakoBHITHH 05.13.18 — m:

HIKMAAD AAHA IPOTPAMMANAP KOMILICKCH AAHCTHIHM { , PE3IOME

JOKTOPY WIHMHH JapaZachiH  aayy Y4YYH HIKeHEDAHK K “mbkllmll'ulunuy«l’npa&rrnuomeﬁ.
- ‘CceTeH HHAEeHe] KOMMYHHKAIHID» HA COHCKAHHE Y9eHOH

3 tnyx:ocmmts.li'»l&mmm
PE3IOME
o gt : ~ : . fg:e::pm: rouuyuun.::;, nHHeHHOE CcoopykeHHe, rpad,
GHPHHYHTHK TapMaK, SKHHYHIHK TApMak, HIICHHMAYYIYK, XKalloo xe ) HOCT P-TpyAHOCTH, HATYPHOE BBIYHCIICHHE me
kpuTepranayyayK, NP-Taraanisik, HaTy paIIBIK 3CCITOO, SBOIOLHABIK ¢ Wb der HIHANIBHAA YBONIOLIHA smucnu-ren'wunanropum ’
cTparerns Y ' FCICAOBAHES: METOB TCOPHH rpadoB H TCOPUH THMEpCeTeii; METOMBI
H3uanee bikMaaa rpagTap runeprapMak - ICNICHHA M 3BOMIOLMOHHOTO CHHTE3a, KOMIBIOTEPHOE MOACAHPOBAHHE
TaOHrBlli  3CENTeO XaHa 3BOMIIOUHAIBIK CHHTE3 BIKMasaphbl, JOCTH, METO/Ibl CETOYHOH ANMPOKCHMALMH, MCTO/H JMCKpPETHOH
KOMNBIOTEPAHK ~ MOJAEN00, TOp  XaKbIHAAWTHIPYY bIKMaNapb METO/Ibl AHATH3A HAEKHOCTH CETEH.
ONTHMANJAMTHIPYY bIKMA/IAPhL, CETTCPAHH HIICHHMAYYIYTYH TA00 biKMA DM HCCIT( s ABJNAIOTCH ONTHMHM3AUMOHHBIC 3a/avH, BOSHHKAIOUWHE B
H3unneenyH o6beKTHCH: ap KaHJai apHAIBIITArbl HHKCHEPAHK Ce IDOCKTHPOBAHHA W CTDOMTE/LCTBO MHKCHEPHBIX CeTeH M KOMMYHHKaLHi
KOMMYHHKAUHAIApAB 40N000P/00 JKaHa IKCIUTYaTalHaio0 aiMarsiHaa na ( S —

NTHMANJAIMTHIPYY
o MACENCACPE. SBAIOTCA MATEMATHYECKHE MOJETH H  METOAb!

H3W1100HYH NpeIMETH: HHXCHEPJHK CETTepaH XKaHa u KL ‘ wump:rruuuxounnexcunporpauumunm
A0nGOOpNOO0 KaHa OKCIUTYaTalMANoON0 HaTelibkanyy JAonGoopayk ued , 0 peleHHs TPH IPOCKTHPOBAHHH H KCTLTYaTallHH HHKCHEPHBIX
TAHAOOHY KaMChi300Yy ONTHMAIIAWTHIPYYHYH MATEMATHKUIBIK MOJCIIEP DATHUHOTO HAZHAYEHH.

BIKMATAPhI, OWOH/OH i€ CAH/IHIK AITOPHTM/EP KAHA NIPOTPAMMANAP/IBH KOMILIE CCHCAOBANMS SBISETCA PaspaboTKa MOZENEH H METOIOB ONTHMM3ALINK, a

H3H1100HYH MAKCATBI: HHKCHEP/HK CETTEP/IH XKaHa KO HHKALMANAP/L : bIX ANTOPHTMOB M KOMIUIEKCOB MPOrpaMM /Ui NMO/ICPKKH MPHHATHE

‘THO peuenmnpnmoermpomunccnﬁuxouuynnnmn.

De3YALTATHI H HX HOBH3HA: MATEMATHYECKaR MOZIE/D JUIA CTPYKTYpbl
¥ KOMMYHHKalLHii; runepceTeBas NOCTaHOBKA 3anat ONTHMH3ALIHH
i KOMMYHHKAUMI ¥ 20Ka3aTenbCTBO HX NP-TPYAHOCTH; MOACIH H
saiMn ceTell M KOMMYHHKAUHH OCHOBAHHBIC HA MOJCHH TCOPHH
[IHOHHOTO CHHTE3a; METOIbi HATYPHOTO BBIYHCIICHHA JUIA PCLICHHA

HaThiiDKATYy 101600PAYK YeunMaepan Kabbin amyyHy KOMIOO Y4YH MOJe)
ONTHMANIAWTHIPYY ~ BIKMAIAPHIH, OWOHAOH JN€ CAHABIK AITOPHTMACD
NpOrpaMManap/ibiH KOMIUICKCHH HIITe! Ybiryy.
ANBIHTaH HATHICKANAP KAHA ANAPALIH KAHBUIBIIBI: HHKCH epa
KAHA KOMMYHHKAUMANAP/BIH TY3YAYWy Y4YH MATCMATHKANBIK MOJE/b; |
TApMaKTap/ibl  KaHAa  KOMMYHHKALMANADIB  ONTHMAIJAWITHIPYY M
THNEPTApMAKTHIK KOKJIYIy kaHa anapibiH NP-tataanibireiH Jannijee;
TEOPHACIHBIH MOJIE/THHE XaHA IBOMIOUHMATHK CHHTE3re HETHAAENTEH TAPME
KOMMYHHKAUMAIAPAb!  ONTHMANJAWTLIPYY MOAEIEPH XKaHa pi
KPHTEPHATYY ONTTHMH3ALIHA MACEJICCHH YeuYY YIYH Tabursii acenTee
KONIOPAYH bIKMAchiHa, “a4 Ke3” JBPHCTHKAara )aHa rHNepTapMak T
MOJICIICPHHE HETH3/EATeH TMOPHIUIMK 3CENTee AIropHTMACPH; CaH/bIK
KaHa TECTTHK JCENTOONOP/Y AKYPry3YY Y4YH NPOrpaMMAibik KOMIUIEKC.

Koanowyy aliMari: HHXeHepaMK 10760000, Kypyyml nHzyen
MPOLIECCH.

"OKPHTEPHAILHOM ONTHMH3ALNK; ruOpHHbIC BBIYHCIHTE/BHbIC ANMOPHTMBI
‘mertoze k-kpaTuaifumx myTei, MaJIHO# IBPHCTHKH H TCOPHH rHNEpCeTei;
i KOMIUICKC JUIA TIPOBEJCHHA BHIYHCIHTEBHOTO IKCTICPHMEHTA H TECTOBBIX

S1: HHOKCHCPHOC MPOEKTHPOBAHMKC, CTPOHTE/IbHAA HHIYCTpHA,
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