
3AKJIIOIIEHUE

CaGt6aeea A64yraHrr flxyHycoBl{qa, AoKropa Sasuxo-MareMarr4qecKr{x HayK,
npo(leccopa, 3Kcrlepra ArrcceprarllroHHoro coBera A 05.23.686 npra l4ucruryre
MaIrII4HoBeAeHl/.fl,, aBToMarHKpr v reoMexaHaKr4 Flaquouanruofi aKaAeMpr[ HayK
Kupru:cxofi Pecuy6ruxu z I(rrprsrscxo-Poccaficxor,r CraesncxoM yHr4Bepcprrere
uv. E.H. Enruzsa rlo AlrccepraLu4u Toxroruona fynNHrrara blcaKoBr4qa Ha reMy
<Paapa6orxa uoAelefi v MeroAoB orrrnMr43arlrzr4 cerefi r,rHxeHepHbrx
KoMMyHrrxaqufi>>, [peAcTaBneHHyro Ha col4cKaHl,te yvenofi cTe[eH[r AoKTopa
rexHurrrecK[x HayK ro cneqranbHocrrr 05.13.19 MATCMAT14qECKOC
MoAeJI plpo BaHHe, qIrcrerIFIE Ie Me'roAbI t4 KoMIIreKcbt trporpaMM.

flocre paccMorp eHVfl npeAcraBreuuofi pa6oru Toxrourosa I-yrxurura
bI caxoeu'ra 6'r o cAenaHo cn eAyroqr4 e 3aKJrroqeHr4e.

1. CoornercrBlre pa6orur cfleuuaJrbHocrr{, rro rcoropofi AaHo rrpaBo
AIICCEPTA U TIOH HOMY COBETY N PI{H IIMATb AIICCEPTAIIIIrc K 3AI.IIHTE

Hacrosu{as AoI(TopcKa, Aucceprar-Ia, floJrHocrbro coorBercrByer
cneu[anbllocra Al4ccepraur4orrHoro coBera. B Aucceprauzounofi pa6o,.e
npoBoAI4TCrI BCeCTOpOHHee prccneAoBaHhe orrrHMlr3arlrroHHbrx r{ AoKa3aHbr vx
NP-rpyaHocrb. llpe4noxeHbl pa3nr.IqHbre upz6nuNeHHbre iurropr4TMbr, TaKpre KaK
3Bon[oUZoHI{bIe cHHTe3, MeroAr,l azSSepeuqualruofi SBoJrrorI14r,r, aJrrop[rrM
uypanluuofr KoJToHpru, MeroA k-xparuafiruzx nyrefr, Koropbre o6ecne.rurua,
[ocrpo]ITb rIpoeKTHbIe pelxeHuq lrwzxrle K onruMaJrbHoMy 4nr NP-rpyAHbrx
3al\aq, He HMerorqae peueHVfl n o6ulela cnylrae. Kar norca3brBarot. pe3yJrbrarbr
r{I4CreHHbIx SKCrIeppIMeHTOB, tlpeAnoxeHHble anfopr4TMbl rro3BoJlrer coKparvtb
B cpeAHeM cyMMapHble 3arparbt ilnfl:a4auuofi r,rHxeHepsofi ceru no cpaBHeHrrro
c HaTIaJIbHI)IM peIUeHHeM sa 5oh - l|yo, B 3aBHcI4MocTI4 or xouSufyparJ1r2r Lr
flapaMerpoB lrpoeKTl4pyelrofi KoMMyHrIKaUI4r{, a raKxe oco6eusocrz o6tac,,w
pa3MeIIIeHr'rr. flprzueHel{lre npeAnoxeHHbrx MeroAoB r4 anropr4TMoB.{n, peueHr,rq
3aAar{ olITI4MI43aI{rrI4 cerefi pr xoltMyHrIKarlafi, npe4craBnrercq ar(TyanbHblM lI
nocrpe6oBaHHblM AIIfl aHaltv3a v chHTe3a r4HxeHepHbrx cerefi u xovv yuuxa11uit
pa3nl'Ir{Horo Ha3Har{eHI4r. Pa6ora IIoJIHocrbro yAoBnerBoprer rpe6onauurna
cneIII4 anbrlocTH 05.13.18 Mat'eMarllllecKoe MoAenr.rpoBaH[e, qucreHHbre
MeroAbr r4 KoMnJreKcbr nporpaMM (t.n. 2,3, 4, 5).

2. Ile.nsro 4uccepiaqnu rBJrflercr paspa6orr<a uoAerefi v MeroAoB
OIITIIMH3a\WU, A TaKXe qUCJIeflIf[,IX anfOpLITMOB, IIO3BOI.f,IOIIII4X I4CItOnb3OBaTb
npofpaMMHLIe CpeACTBa Z BbIr{l4CIp'ITenLHyIO TexHL{Ky Anq [OAAepxKH ttpt4HflTt4f
rIpoeKTHoI'o pelxeHl4fl B ycnoBaqx HeoAHopoAHocrb ropo4cxofi Teppr4Topprr4,
HecoBMecraMocrt4 [poeKTl4pyeMbrx Tr4roB ce'refi v rrporprBopeqr4Bocrb
n oKa3arenefi o s s exrr4BHo crr4 rrpr4Hr{MaeMbrx npoeKTHbrx perueHufi .

Arq rocrHxeHl,Ifl erofi ueJIlI B Alrccepraqlrouuofi pa6ore perxeHbr
cneAyrolque 3ailaqv:



Pa:pa6orKa MareMarl4qecKofi uo4eru MecrHocrr{, rro3BoJrqroqefi yqecrb, KaK

BbICOTHbIe, TaK kI rrJraHoBbre OrpaHr4r{eHH, npoKnaAbrBaHvfl r4HxeHepHbrx

cerefi r,r KoMMyH urca:quit;

Pa:pa6orKa MareMarurrecKoft rrro.{enu Anq crpyKTypbr r,rHxeHepurrx cerefi u
KoMMyHl4xaqufi, yuurunarorqefi coBMecrHoe cyuecrBoBatlae o6taclrw
pa3MeuleHr,r, v npoeKTr4pyeuofi KoMMyHr4KarJHkt KaK eAr4Horo

MareMar[r{ecKofo o6rexra;
Paepa6orxa uoAenefi v MeroAoB orrrr4Mz3aur4r4, yrrurbrBaroulr4x nrr6op
Hal4nyquero npoeKTHofo pelxeHl4s oTHocr,rTeJrbHo B3ar4MHoro pacnonoxeHr4q

I4HxeHepHux cerefi 14 KoMMyHwxa4uit B ycnoBr4{x ropoAcKofi :acrpofixu;
I4ccre4onaH:ae 14 aHarrvr3 HeKoropbrx Kracc[qecKr{x v npuKnaAHbrx

oTITI4MLI3aIII4OHHbIX 3an\aq, BO3Hr4KarOUIr4X rrpl.4 npOeKTr4pOBaHHr4 U

crpol4TenbcrBe r4HxeHepHbrx cerefi v KoMMyHr,rraqufi pa3nr4qHoro

HA3HAI{EHI4';

AHzurug cJloxHocrla 3aqa.v- orrrraMr43alllzl4 cerefi u xouiuyuuxaguit, a raKxe
MeTOAbr r4X perxeHr4r;

Paspa6orr<a MeroAoB pr anropr4TMoB Anfl orrrr4MaJrbHoro rrpoxnaAbtBaHnfl.

npoeKTl4pyeuofi KoMMyHr4KarIr4rr B ycnoBr4rx ropo4cxofi sacrpofixu rto
pa3nHqHbIM KpI{TepI,I{M orITI{Mr43arllrr4 (sxoHourzr{Hocrb, coBMecrr4Mocrb,

HaAexHoc'rr u r. n.);

Pa:pa6orxa KoM[neKcoB rrporpaMM [tfl [poBeAeHr4s Bbrr{t4crprreJrbHoro
3 Kc rep I4M eHTa, aHarv3a, o6pa6 orrcr4 14 xpaH e HLrfl Hayv.rr ofi nuQ opM arlr4 r4 ;

flpone4enue u aHarrar3 nonyrreHHbrx pe3ynbraroB Lr cpaBHeHr4e c
pe3ynbTaTaMr,r cyqecTByroqux MeToAoB onTr4M l,13arlr4r4.

Coomeemcmlue o1oercma uccnedoeaHufl duccepmaquu qeru u sadaqaJvt
pa6omu onpeAen{erc, TeM, r{To npeAnoxeHHbre MeroAbI 'I4 BbIr{I4cJrI4TeJrbHbre

anfopl4TMbl rIo3BoJIf,IOT [pOBeOTr{ OrIeHKy rrpOeKTHOfO perIeHr,r' AO Har{aJra-

crpoxrenbHo-MoHTax(Hbrx pa6or, r{To BaxHo npoBecrr4 orIeHKy cror4Mocrb
crpol4TenbcrBa a 3Kclnyara\uLr cereft r{a 3Tarre [poeKTr4poBaHptfl., 3KoHoMrlr{
BpeMeHHbtx u QltraHcoBbrx pecypcoB, a raKxe rpy.(oeMKocru rrpoeKTr4poBaHr4r.

O6uercmou uccnedoeqHufl flBJrflrorc, 3a1a.u:n orrrlrMr{3arlrr[ r,rHxeHepHbrx
cerefi H I{oMMyttuxa\wit pa3nr4r{Horo Ha3HaqeHvtr,, npoeKTrzpyeMbre B ycnoBuf,x
ropoAcKofi :acrpofixra.

IlpeduemoM uccredoeauua tBJlrrorcfl MareMaluqecKne MoAenr4 14 MeroAbr
o[TI4MH3auHI4 cereil v KoMMyHrrxaqufi, a raKxe qr4creHHble €LnropnTMbr
n03BonqlouII4e LIcnoJrb3oBaTb [porpaMMHbre cpeAcTBa t4 Bbrarr4cJrr,rTenbHyro

TexHV Ky Anr rr oAAepxKr4 trpvlJflT t4fl rrp oe KTH o ro pe rx eH r4f, .

ArcmyanuHocmb mel4bt duccepmat4uu. Kax [oKa3brBaer pe3ynbrarbr

AI4CCepTarIlrOHHOfO r4CCneAOBAHLtfl,, B CyUIeCTByTOruUX MOAen.flX LI MeTOr_r?X

[paKTl4r{ecKu He yqr4TbrBaeTc, r4epapxHrrHocTb npoeKTEpyeMbrx Tr4rroB

KoMMyHl4xaqufi, orpaHl4qeHnfl Ha MecrHocrr4 H cyuecrByroque KoMMyHr4Ra\wkl



Anq [poKnaAbrBaHr{q r4Hx(eHepHbrx cerefi r4 KoMMyHUKAT\L\il\, r{TO MOXer OrreHb

cyqecrBeHHo rIoBJIr4flTb Ha KoHeqHbrfi pe3yJrbrar. Ha nrr6op npoeKTHoro perueHr4_tr

B ycnoBl4rx ropolcxofi :acrpofrxz 6orruroe BrrLtflHWe oKa3brBaror cyqecrByroqr4e
I4 npoeKTllpyeMble I,IHxeHepHbre KoMMyHr4KarIVu. B cBfl3at c 3Tr4M, pa:pa6o.ixa
uoAelefi 14 MeroAoB o[TI4Mu3auuI4, Ha ocHoBe troAenefi AByxypoBHesofi
fl4nepcerH v SBonIouHoHHOfO CHHTe3a, a TaKxe pa3nHr{Hbrx Mera3Bpr4crtrK,
yql4TblBaroque uepapxplt{Hocrb npoeKTr.rpyeMbrx rr4rroB cerefi, a raKxe ux
BJTOXeHHOCTb B O6laCTb pzBMeueHLrfl flBIrfletc{ aKTyanruofi.
3. Hayuuure pe3yJlbrarbl. B Ar,rcceprauwouHofi pa6ore rpeAcraBJreHbr
cneAyrollll4e HoBbIe HayqHo o6ocnosaHHbre reoperr4rrecKr4e 14 [paKTr4qecKr4e
pe3ynbTaTbl, KOTOpbIe lIMeIoT CyUeCTBeHHOe 3HaqeHr4e Anfl perueHr4,
oTITI4MI'I3auI4 oHHbIx 3aAar{ B o6racrz [poeKTr4poBaH:as, H 3Kc[nyararJprLt
H H)r(eH epH rrx c ereft rr KoMMyH wxaquit pa3nr4rrHof o Ha3 Har{ eHVfl .
3.1 . Hayunax HoBZ3Ha rlpoBeAeHHbrx reoperr,rqecKr,rx v rpr{KnaAHbrx

r4ccneAoB aswit 3aKnroqaerc, B cneAylouleM :

- pa:pa6oraHa HoBafl KoHIIe[uLI.q MoAenupo BaHWfl vt onrr4Mr43arlur4 cerefi
I,IHxeHepHbrx KoMMyuHxaqaii, KoM[JreKcHo yr{r4TbrBarouJafl uepapxr4qHocrb H

BJIoxeHHocrb rlpoeKTupyeMbrx rr4[oB cereft, a raKxe MHoroKpr4TepaaJrbHocrb
o rrTrrM H3 arIHoHH brx 3an\aq;

-- paspa6o'raHa MareMarHr{ecKa, MoAenb [IpoKnaAbtBaHufl cereft u
KoMMyHr4xaqnft B TpexMepHoM [pocrpaHcrBe, ylraTbrBaroqa, Bo3MoxHocrb [rx
npoKnaAbfi)aLrvfl KaK [o rIJIaHy, TaK ]i no npoSa,[[o, a raKxe yrnbr loBopora
KoMMyHr,rxaqufi BoKpyf :a4auuofi oor4 rrpH o6xoAe upen.arcreuft;

- paspa6oraHa MareMarzrlecKa, MoAenb coBMeureHHoro npoKnaAbrBaH1fl cerefi
r'rHxeHepHbrx KoMN{yHr{rcaryufi pa3nHqHofo Ha3HaqeHr,rq, yr{HTblBaroqa,
cyqecrByrotuhe rexHar{ecKue HopMbr lr npaBrzna 6esouacHocrr4, a raKxe
coBMecrl4Mocrb HJIU HecoBMecrr.tMocrb [poeKTr4pyeMbrx rr4rroB KoMMyHrrxaryuit;

- AoKa3aHa NP-rpy4nocrr 3aAar{ orrrLlMr43arlu[ [rHxeHepHbrx cereft u
KoMMyHHxaUail B rl4nepceresofi [ocraHoBxe, cBeAeHr4eM ee K r43Bectrofi NP-
rpyauofi 3aAar{e lllrefrnepa ua rpadrax;

- pa:pa6oraH MeroA au00epeHquaruuofi 3BoJtoqr.ra, Ha ocHoBe Merora
3BOnlOIll4OHHOrO CI4HTe3a I4 fr,rnepcereBofo IIoAxoAa, IIO3BOJIffOUIe|O BJIOXlirb
BTopplriHyro cerb B nepBl4qHyro c yqeroM penleSa pealruofi MecrHocrtr;

- paspa6oraH uo4aSaquponaunrtfi €LnroparM naypaerrauofi KonoHr,ru (AMK),
rlo3BoJlrroulefi uocrporrrb rpacobl B coorBererBktkr c [oBeAeHr4flMt4 MypaBbeB,
KoHTponrrpyeMbre cooTBeTcTBylotqr,rM kr rlpaBunaMl/l;

- pazpa6oraH Hoertfi 3BpucTprr{ecrufi aJrropr4TM Ha ocHoBe MeroAa k-rparuafirugx
uyrefi l,nfl perueHl4f, MHoroKpl4repuamuofi 3a1auu orrrr,rMr43aqr4r,r cerefi
r.rHxeHepHbrx KoMMyHr4XaqUfr rto Kp[Tepr,r]o Mr4HllMyMa CyMMapHbrx
crpoHTenbHblx 3arpar, rIpI4 otpaHlaqeHlaLl Ha 3aAaHHrrfi yponeHb HaAexHocrr{:



- pa3pa6oraH rlporpaMMHbli.i KoMrrJreKc Arrfl rrpoBeAeHr4, qacJreHHbrx

3Kc[epI4MeHToB rIpI4 [poeKTHpoBarlatr cerefi ]rHxeHepHbrx r(oMMyHr4xaqr,rfi
pa3nar{Hofo Ha3HarreHLrg,, Ha rrpl4Mepe pf,Aa recroBblx 14 [paKTr{r{ecKr4x 3aAaq.

3.2.Pesytbrarbl uccneAoBaHLrfl [oATBepxAarorcf, [pr,rMeHeHr4eM MeroAoB v
anropHTMoB, a raKxe qHcJIeHHbrx aJroparMoB, [o3BoJr{rouux o6ec[errr4Tb
TIOAICP)KKY TIPHHflTKIfl NPOCKTHO|O PCIIJEHUf, [PI4 PEIXCHLII,I
ourHMa3aIIpIoHHbIx 3a!.a,u, Bo3Hr4Karorrlnx B o6nacrn [poeKTupoBaH4fl Lr

3Kc[nyararl[u I4HxeHepHbIx cerefi u r(oMMyHt4xaqufi pa3nr4r{Horo
Ha3HaqeHl4f,. flpe4noxeHHble MeroAbr r4 anropr4TMbr, a raKxe nporpaMMHbre
KoMrIJIeKcbI rIo3BoJIrIor rrocrpor4Tb npoeKTHoe perxeHnfl Anfl NP-rpy4nrrx
3aAar{, He rIoAAaIoqI4e K pellreHplro n o6uqeM cryqae. Kpol,re Toto, KoMrrJreKcbr
rlporpaMM peaJll43yloqzfi iuo4enefi pI aJrropr4TMoB npoKnaAbrBaHtrfl. cerefi u
KoMMyHl4raqufi, yqI,ITbIBaaer rexHrrqecKze HopMbr 14 ilpaBnla 6esouacHocrr.r
crpol'ITeJlbcTBa, MLIHI4M€LIIbHOCTb 3arpaT Ha pe€Lnl43arJLrLt npoeKTHofo perxeHH,
I{ HaAexHocrll @ynxqrzoH}IpoBaHl4, rrpoercupyeMbrx rr,rrroB cerefi. Hayvurre
pe3ynbrarbr Heo,qHoKparHo o6cyx4enrr u anpo6upoBaHbr Ha
MexAyHapoAHbIx xonQepeHlluflx u ceMuHapax, qro raKxe noATBepxAaer Hx
Ixr4poKoe npr4MeHr4Mocrb r,r 3Haqr4Mocrb Anfl HayrrHo ro coo6u{ecrna.

3.3.Teoperl{qecKoe 3Har{eHple pa6oru 3aKnroqaerc, B 3Haqr4TeJrbHoM
paclllupeHuv u yrny6lenuz rIoHI4MaHur orrrr4Mu3aq[oHHbrx 3a1a!., a raKxe B
IxI4poKoM rIpI4MeHeHI4II MeroAoB Teopur.r runepcerefi, gBonrorlgoHHoro
cI4HTe3a V pa3nul{Hblx MeTasBpr4CTHK An{ perueHr4, 3an.aLr, BO3HrrKarOrIr4x B
o6lacru upoeKT[poBaHu{ H crpovrenbcrBo r4HxeHepHbrx cerefi u
KoMMyHIrxaYuit pa3nuqHoro Ha3Har{eHur. Pa:pa6oraHHbre ru6pz4nue
BbIr{zcrI,ITenbHbIe anropl,ITMbr, ocHoBaHHbre Ha MeroAe k-rparvai,truux nyrefi,
anropllrMa MypaBbusoit. K0JIoHI4H (ant colony), xagnar crparerux (greedy),
MaKcHM€LJIbHafl. cB.s3Hocrb 3aAaHHbrx rtap Bep[rHH (maxprob) no:nonr]or Aarb
Hosrrfi I'IMrIyJIb K ptt3BIlTI4Io MeroAoB HarypHoro Bbrrrl4cJreHufl, u 3JreMeHToB
LIcKyccrBeHHoro I,IHTOJIJIOKTa B o6lacru reopr4lr onrrrMr43ar.Ir4r4 cerefi u
KoMMyHr4xaqufi pa3nr,rrrHoro Ha3Harr eHprr,.

3.4. CoorBercl4Be xaannsuxaqroHHbrM rrpr43HaKaM. fluccepraqroHHa, pa6ora,
npeAcraBJIeHHa, Ha col4cKaHl,z,e yueuofi crerreHu AoKTopa rexHuqecxr4x HayK,
I]o colepxaHl4ro noJlHocrbro coorBecrByer xnalzQaxaqzoHHbrM
rpe6onauktflM, Lr3IroxeHHbIM rI.[. l0 nonoxelufl o rropf,AKe rtpr4cyxAeHufl.
yqeHbrx creneHefi: <Peuenne xpyuuofi Hayunofi npo6leurr rryreM
pa:pa6orxH HoBbIx HayqHo o6ocHosaHHbrx rexHr4rrecKr,rx, coqu€LJrbHo-
3KOHOMI4IIeCKI,IX pI TeXHOJIO|T4qeCKI4X MeTOAOB, BHeApeHI4e KOTOpbIX BHOCI4T
3Harll'ITeffiHrtfi BKnaA B pa3BI4TI4e u ycxopeHr4e HayqHo-TexHzrlecKofo
[poqecca B 3aBI4cI4MocrH or cSepu HayKI4 u reMaruKu B coornercrnyrorqefi
orpacnl4 guauzfi>. Osa suserc, IIoJIHoUeHHbTM HayqHbrM uccJreAoBaHr4eM, B
KoropoM npeAcraBileHbl HoBbre pe3ynbrarbr, HMercrqtre 6olrruoe
lpaKTl'IqecKoe 3HaqeHHe An.[ petueHur olrrr4M]r3arlr4oHHbrx 3aAa.r n o6racru
npoeKTI{poBaHLIe u gKcnnyara\vv r,rHxeHepHbrx cerefi u KoMMyHHxa\uit
pa3nur{Hofo H€BHaq eH]Ilfl .



4. IIparcTlrqecKafl 3HaqrrMocrb rroJryrreHgbrx pe3yJrbraroB
Hayvnrre pe3ynbrarbl, noJlyqeHHbre B Aor(Topcxofi 4zcceprar{rzr4 TorcrouronafynNrzrzra blcaxo BvlrLa, 6l;-tw paurrroraHbr B Blrle:4'1' MareuarallecKax naorelefi H MeroAoB o[Tr4MLr3al\uLt, Koropbre 6rrruBHeApeHbI B o6glgnarenbHyro nporpaMMy orucxoro rexHoJror,r{ecKoroyHr,rBepcr4Tera r{M. M.M. A4ruuena:

o floBa, KoHrlenryarrbHafl MoAenb
I4HxeHepHbrx KoMMyHuxaqzfi, KoMnJreKcHo
BnoxeHHOCTb [poeKTr4pyeMbrx Tr4rroB
MHOrOKpr4TeprIanbHocTb onTr4Mr43aur4oHHbrx
pa3MerrleHr4tr;

V MeTO.qbI OuTLIMI43aIIHA Cefefi
yrruT6rBaroqr4e Hepapxr4qHocTb 14

cerefi H KoMMyHzxaguir,
3aAar{ v rpexMepHocrb o6tactu

r MaTeMarvl{ecKa's Morenb npoKnaAb rBaHHr cerefi kt KoMMyHr4 xattuit BTpexMepHoM llpocrpaHcrBe, yr{HTbIBaloulefi sosN{oxHocrb r4x [poKn apbrBaHLrfl KaKno rIJIaHy' TaK H Iro upoSranro, a TaKxe yrnbl noBopora KoMMyHrrxaqzfr BoKpyrsaAauuofi ocu npu o6xo4e npenxrcrnufi;
o loxasareJlbcrBo NP-tpyanocrb 3aAarr o[TaMr4 3arJLru HHxeHepurrx cerefi aKoMMyHl4raqnfi B rrrnepcerenofi [ocraHoBKe, cBeAeHkreM ee K ]r3Becrnofi Np-rpy4uofr 3altalre lUrefiuepa ua rpar]ax;

4'2' B eaAe MeroAoB pI anropl4TMoB, a TaKXe KoM[JreKcoB [porpaMM, Koropbre6utw zcrIoJIb3oBaHbI s ocoo <PeairupoeKT) np, paspa6orKe rrpoer(THoro perxeHr,Ha crpoHTenbcrBo cerefi gneKTpOCB 3Lr, Tennorpacc kr cerefi ,r*arapHofoo6ecne'reH,Is ro pa3nHqHbIM o6rexrau crpor4TenbcrBa (upov*,uJreHHbre
npeArrplrrTrfl, )Kkrrrcre goua): '

o Meronu h anropHTMbl ocHoBaHHbre Ha naorenefi Teopltw rauepcerefi,3Bonlol-l,ollHoro cI4HTe3a u pa3n,.rHbrx Mera3BpHCTrrK, no3Bonrrou{ze peu,TbMHoroKpHTepaanbHofi sal.aqu ottrt{Mu3auz14 rro Kpr4repr4ro MUHr,rMyMa cyMMapHbrxcrpol4TenbHblx 3arpar, [pI4 orpaHhrqe1r4t4 Ha 3aAaHnrrfi ypoBeHb ua4dx<uoc rLt, aTaKXe coBMeCTkIMOCTb Ltlrt4 HecoBMeCTr4MOCTb npoeKTHpyeMbrx Tr,rrroBr(oMMyHr.rKaur,rfi.

o KounrleKcbl nporpaMM, tlo3BoJlrroruzx noAAepxarb np,,H rrwfl npoeKTHoropelxeHl4', C I4C[Onb30Ba[I[e B03MOXHOCTI4 Bbrr{I4cnHTelruofr TexHr4Kr4, qro BaxHoAnfl npeABapn:relrnofi oIIeHI(H eQQerranHocrr4 upktlr4MaeMoro 11poeKTHorope[eHr4r, gKoHoMr4H BpeMeHHbrx a $rzHaHcoBbrx 3arpar.
OcHoeHrre HayrrHbre pe3ynbrarbr, flonyrreHHbre B Ar4cceprarJLru,ony6luxoBaHbr s 49-rw ruyrr"i^ rpyAax, rr3 Hr.rx: 1 vrouorp a$ur,9 n uzaauuxx,rrHAeKcHpyeMbrx B cr4creMax Web of Science z Scopur, I 7- s nepuoAr,rqecKr,rx

peqeH3l4pyeMblx xypHanax, u 22 B Marepl4alrax xouQepeHqufi. Ony6rzxoaaHHrrepa6orsr lloHocrblo orpaxaror pe3ynbrarbr ilwcceprarJuv. o6rqee KoJrr4qecrBo
6a,u:roe no ny6.uaKarlr4flM cocraBJr.rer g2g 6alura.

5' co4epxarre aBTopeeepara coAepxaHr.rrc A,ccepraurru.
Co4epNanze aaropeSepara rucceprauur4

3arBJreHHbrM qenrM u 3a!,arraM r4cc,[eAosauu.s. B
I4AeHTr4r{Hbre pe3roMe Ha Kbrpfbr3cKoM, pyccr(oM

roJrHocTblo cooTBeTCTByeT
anrope@epare npeAcraBneHbr
vr anrlulicxona ,3blKax, r{To



o6ecne'Iusaer Bcecropouttui't Aocryrr H Tor{Hoe npeAcraBJreHrze ocHoBHbrxpe3ynbraroB r4CCneAoBaH./.n. co4epxanze uurop.6.para Ha pyccKoM uKbIprbI3cKoM 'q3blKax [oJlHocrbro coorBercrByer cyr6 Bbr[olHeuHofi pa6orrr.
6. LlcnorrsoBaHr{e B A[cceprarlr.rH Marepr{aJroB KaHAuAarcrcofi ArrcceprarlrrrB Aoxropcxofi grc..pruqru l4crroJrb3oBaHbr Marepr{anbr u3 KaHAr4Aarcxoft

rI4 cceprauHll, cocraBn,rouae ue 6ole e 2 Yo or o6rqeio o6renaa. B 4opopcxoftAt4ccepraul'Il4 6stu I4cIIonb3oBaHbI HAefl cero.rHofi alnpoxcr{ Marlur4 AxflAHcKperI43ar\r4u o1tactwpa3MelrleHas. MeroA ceroK 6rrl yconeprxeHcrBoBaH rzaAanrl4poBaH AJr''I peIxeHI4, 6onee cJIoxHbIx 3a1a.r., cBf,3aHHbrx c o6xo4oulpe[rrcrnzfi xax rnaHoBoro, TaK rr BbrcorHoro xapaKTepa.
7. 3anaeqaHilr rro Arrccepraur.ru

B pe3ynbrare npoee4enuofi pa6o*r aMerorc.q HeKoropbre 3aMerraHa, uIIoxeJIaHIz', Koropble HocrTpel(oMeHAareJlbHoro xapaKTepa a He Brr4.sror Ha orleHr(ypa6ornr:
7 '1' Kaxana o6pasona B earxefi MareMar[.{ecxofi Morenkr yqprrbrBarorc,

rlpenf,TcrBH{ ITJIaHOBO|O Lt BbICOTHOfO xapaKTepa ilpu [poKnaAbrBaHuLr
cerefi r4 r(oMMyHuxa\wit B ycnoBr4.rrx ropoAcr(ofr cpe4ui7'2' B qeM 3aKJlroqaerc, npLIHIII4rIHarrbHar pa3Hr4qa MexAy KJracczqecKaMr4
MeroAaMI4 o[TI4Mu3a L\uv u N,IeroAaMH, rrpeAnaraeMbrMtl aaMu?

7 '3' Kaxuv o6pasou no^TBepx Aaerc, AocroBepHocrb Bbrr{r4cJrr.rreJrbHbrx
anf opr{TMoB, npeAnafaeMbre saNru?

8. llpea.noxeHrrfl
Sxcnepr rHccepralluoHHoro coBera rpeAnaraer no AoKTopcKofi 4zcceprarlr4r4
TIA3HAI{HTb:

_ <DeaepaJrbHoe rocyAapcrBeHHoe
6ro4Neruoe o6pasoBareJlbHoe yqpex reHL4fl Bbrcuero o6pasonauar ,,Ky6 ancxuit
rocyAapcrser.rHufi yHlrBepcarer" (@fBOy BO <Ky6fy)).

AoKTopa $vsuxo-vrareMarr4r{ecKr.{xHayK' aKaAeMI4K HAH PK KalraMoJlraeBa Maxcara HypaaznoBur{a (05.13.1g -MaTeMaTZqe CKOe MOAeII4pOBaHLI e, r{t4 CIeHHbIe M9TOAbI lI KOMIII eKCbI UpOrparraU ),r(oropa, r4Meer rpyAbr 1twzrcue x npo6leMe r.rccJre,[oBaH[r:
I' Mathematical and computer modeling of thc stability of complex electric
power systems [Text]/M. Kalimoldayev, M. Akhmetzhanov, A. Abaildayeva, F.GaliyevallCEUR workshop proceedings. - oprIMA 2017. - 2017. - p. 273-
281.
2' Pa:pa6orxa u uccJIeAoB aHLrfl anropr.rrMa olpeAeneHr4-rr MaKcrrM€urbHoro
roroKa rrpH pacupeAeneHr4r4 rro cer}r [Texcr]/ M. H. KaruuouaeB, A..i.AxtteAnspoBa, A.Keylan ll]ZrHHoeaq^rrora TexHoJrorur4 B Hayr{e u
o6pa:onauul.r: rp. MexgyuapoTluofi HayLrHo-rparc.rauecrcotZ xou$epeuqan,
Poccnx, r. lleu:a, 5 4exa6pr 20r6 r. - rleus a,2or 6. - c.r4-r7.3' Paspa6orxa unsoprr,laquon,ofi cr4creMbr Anr 3neKrpooHeprer,qecKhx
cacreM [Texcr]/ M. H. KarulrorAaeB, A.A. Algu,,gaena, o.x. Mal*rp6aen,T'T' lys6ae, lx'I. Toft6aeea, @.M. farrwesallflpo6nerau anQopMarr4Kr.r. -2016. - J\lb4(33) _ C. ss_72.



Kypuan6ex yyny
HCCJTeIoBaHHfl:

I ' Kypnaau6ex yyny T. 06 aBroKopp enflL\ur4 ocrarKoB perpeccr4oHHbrxrrroAereri rexcr]/E. !an,r-aroe', T. Kypr,rau6 ex yytry//B..rrrr^ Krrp*rscKororocyAapcrBeHHofo yHLrBepcurera HMeHur4. Apalaeia. _ 2023. _ c.471_475.2' Kyprraan6eK yyny i. zr6opMarl,oHHbre rexHoJrorur4 Arfl LrccreAoBaHa.,rcerleBbrx npoqeccoB B KsrprsrscraHe [Texcr]/ T Kyprr.rau6exyytryllCoBpeMeHHbre npo6neMbr MexaH r4RLr. _ 2016._ -frfsZSl:; _ C.g0_g5.3' KypnaaH6eK yyny T. Moau0 uKar\Hflanrop,rM aailanruBnofi $ranrrpaurrarzso6paxeHzfi :ro'reqHblx o6rerros [Tercr]/ T. Kypnrau6ex yytry/lAeroMerpr{r.
- 2007 . _ J\lb1 (43) _ C.44-48.

AOr(TOpa TexHHqecKr4x HayK,HaqaJIbHI4xa 6ropo pa:pa6orxu Ao "Panaencxufi rtpu6opo.rporrelrurrff 3aBo4,,,'fuxo lvurpuir BraA,lrapoB,qa, xo'roprrfi 14 Meer rpyl{br 6tmzxue rc npo6nenaeaccJ'IeAOBaHufl:

i ' 'f,uxo, A'B' AHaras cocrof,Hr4, H repcrreKTprB pa3BHT,,rr c,creMyrpaBneHr'r, zuQop^aarlr4.HHbrMLl pecypcaMu ilpe*rrpvrflT,fl [Texcr]/x.lllapruen€ulleB, !'8. -f,Hx ol/ tlpoll, r", urroMarraKr.r Ir ynpaBn eHr4r. - 2015. -J\lb 1(28). _ c.243_253. ',L r L\vqDJ,

2. -fluxo, r.B. cucreunrrrz aH€urpr3 npoqeccoB ynpaBneHaf,ranQopuaqHoHHbIMI4 pecypcaMr4 rrpe.qn pvflrufl fTexcr] lA.B. fluxo/lrlpo6nerrarr
aBroMar,rr(H H ynpaBrreHr4{. _ 2014. _ J\lb l(26). _ C. 6,5_74.3' flur<o, !'B' cnoco6 o6ecne.rerrr'ruoaxHoorz z 6esouacHocrkr rrpu3Kcrlopre AaHHbIx t43 cHcreM 3neKrpoHHoro Aor{yMeHroo6opora [Texcr] t4.n.fluxolllpo6neubr aBroMarLlKu H ynpaBn eHVn. - 2013. - j\rb 2(25).- c. g1-90.9. PercomeuAarlur.r

llpe4cranneHHa,I pa6or a Bbt TI.JIH eHa B Aocraror{ HoM o6reue u coorBercrByerBceM rpe6onanpl'sM creqnaJrbHocra 05.13.18- MareMarr4LrecKoe MoAen,po BaHWe,qI4CJIeHHbIe MeroAbI I{ KOMIIJIeKCbT rrpofpaMM. PeroueHAyro Aucceprarll4oHHytopa6ory paccM orperb Ha 3aee AaHr4n A a cceprarlproH H oro coBera.

10.3arc.nrcqeHrre

floly'reuHble coucKareJleM pe3yn6Tarbr rro3BoJr.f,ror o6ecue.raTb noAAepxKyrrpaHflTufl tlpoeKTHoro peuleH1fl rrpw npoeKTlrp oBaHr4yt r,rHxeHepurrx cerefr zr(oMMyH14xaqzfi B ycnoB,rx ropo4cxofr .p.iur, [ocpeAcrBoM npuMeHeHr4.rrlpernoxeHHblx MerotroB Lr aJIfopr4TMOB, a TaKXe KOMrrJreKcoB rrporpaMM.flpaveHeH,e MeroroB I4 anrop,TMoB, ocHoBaHHbrx Ha MeroAe 3BonroqaoHHoro
czHTe3a Lr pa3ilt1,qHblx Mera3BpllcraK Anf, perxeHa.rr cJroxHbrx orrraMr.r3arlHoHHbrx3araq o6ecneqwBaror BbICoKyIo eS0erianHocr, rrpwHu*aeMbrx [poeKTHbrxpeueuuil' fIpe4cmBJIeHHbIe BbIBoAbI rloJrHocrbro coorBercrByror nocraBJreHHbrMqen.rrM vr 3an.aqaM,, a [par(Tr4lrecKue peKoMeHA aL\ur4 ocHoBaHbr ua o6rur4pHbrxTCOPCTIT,CCKHX ,,CCNETOBAHUflX L, ,HCICHH'IX 3KCNCPI.MEHTAX,
AeMoHcTpT'rpyrourux eS$ercranlroc'ra MeroroB Vt aJrfopHTMOB, [peAnoxeHHbrx

I4anbHbIM OilrroHe _ AOI(TOpa TexHI4r{ecKI4X
Ta,raur6ex, roropuri r,rMeer TpyAbr 6rusxae

HayK, AOTIeHTa
K npo6nerrae



cor,IcKaTeneM.

Iro npoeepKe nepsu,auoil dorcyueumaquu norrBepx ilaer, qro couc^areneMrrpoBeAeHa caMocrorreJrbHa' pa60ta [o reMe Aaccepraqzz. rlpercraBJreHHa, Bpa6ore HayqHafl AoItyMeHr alfvfl AocroBepHo oro6paxaer rreJrpi u 3aAaquI4CCneAoBaHLrs,, coorBercrByer BC.M ueo6xo4uMbrM rpe60n aH,,,MAr4CCepTarIr4oHHOro coBeTa.
Sxcuepr ArrcceprarlrroHHoro coBera, paccMorpeB [peAcraBJreHH're

AoKyMeHrbI' peKoMeHAyer AI4ccepraIIkIoHHoMy coBery il05.23.686 upur LlucruryreMaIrLIHoBeAeHLrfl' aBToMaraKH v reoMexaHaxz HaquoH€urbHofi axarela uw HayKKrtprrtscxofi Pecny6tuxu tz Krtprrrscrco-Poccutficxoru craerHcxoM yHr4Bepc[Tereau' E'H' E'rrqltra [pHH,Tb AI4 cceprallHro Toxroruona fynxarura blcaKoBar{a HaTeMy <Paspa6orr<a uo4enefi u MeroroB o.,rvtMu3attuu cerefi HHxeHepHbrxI{oMMyHI'Ixaqafi> K 3aulare Ha co,,cK aHue yvenofi crerreHrr AoI(Topa TexHl,rqecKnxHayI( [o c[eul4aJlbHocr, 05' 13' 1 8 - vareMarl{r{ecKoe MoAen[poBaHHe, r{LrcJreHHbre
MeTOAbr LI KOMrrJreKcbr trpotpaMM.

;i:T:;nposeccop c/fu# Caru6aee A.AN.

lfodnucu oKcnepma duccepm alluoHHoeo coeemq 3aseprrc.

Vaeuuil ceKpemapb
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