
0T3bIB 

ocpHI(HaJibHOro OIIIIOHeHTa Ha ,n:HccepTal(HIO 

BorrKoBa ApTeMa HHKorraeBwrn «I1ccrre,n:oBaHHe H pa3pa6oTKa MeTo,n:oB 

IIOCTpoeHIDI HHcppacTpyKTYPbl H rrpe,n:ocTaBJieHIDI ycrryr ceTeli CB513H Ha OCHOBe 

TeXHOJIOrHM HCKYCCTBeHHoro HHTerrrreKTa», rrpe,n:cTaBJieHHYIO Ha COHCKaHHe 

ytieHOM CTerreHH KaH,n:H,n:aTa TeXHM1IeCKHX HayK no crrel(HaJibHOCTH 2.2.15 -

«CHCTeMbl, ceTH H ycTpOHCTBa TeJieKOMMYHHKal(HM». 

AKryaJihHOCTh TCMhl .LJ.HCcepTau;uu. 

Pa3BHTHe ceTeli CB513H rrpo,n:orr)l(aeTc51 B HarrpaBrreHHH Hcrrorro30BaHH51 

KOHI(eIII(HM CBepXIIJIOTHbIX ceTeli H ceTeli CB513H c YJibTpa MaJibIMH 3a,n:ep)l(KaMH, 

1ITO H orrpe,n:err51eT rrepcrreKTHBbI co3,n:aHH5I ceTeli CB513H II51Toro H rrocrre,n:yIOm:HX 

rroKorreHHM. IlpH 3TOM cTpyKTYPbI TaKHX ceTeli, 3a,n:aqH pacrrpe,n:erreHH51 pecypcoB 

B HHX, B TOM 1IHCJie H Bbl1IHCJIHTeJibHbIX, CTaHOB51TC51 HaCTOJibKO CJIO)l(HbIMH, 1ITO 

HCllOJib30BaHHe TeXHOJIOrHM HCKYCCTBeHHOro HHTerrrreKTa 3aqacTyIO 51BJI51eTC51 

e,n:HHCTBeHHOM B03MO)l(HOCTblO BbIIIOJIHeHH51 Tpe6oBaHHM 110 Ka1IeCTBY 

o6crry)l(HBaHH51 H KaqecTBY soc11pli5ITH5I. EcTeCTBeHHO, 1ITO TeMa 

,n:HccepTal(HOHHOM pa60Tbl, Ha11pasrreHHa5I Ha HCCJie,n:oBaHHe H pa3pa60TKY 

MeTO,D;OB llOCTpoeHH51 HHcppacTpyKTypoI If rrpe,n:ocTaBJieHH51 ycrryr ceTeli CB513ll Ha 

OCHOBe TeXHOJIOrHM HCKYCCTBeHHOro HHTerrrreKTa, 6e3yCJIOBHO aKTYaJibHa. 

H0Bn1ua uay'IHhIX noJio~euuii, BhIBO.LJ.OB u peKOMCHJJ;au;uii. 

TeopeTn'lecKaH u npaKTH'lecKaH u;eeeocTh JJ;nccepTau;uouuoii pa60T1>1. 

,[(HccepTal(IDI COCTOHT ll3 BBe,n:eHH51, qeTbipex rrraB c BbIBO,n:aMH 110 Ka)l(,n:Oli 

H3 HHX, 3aKJII01IeHH51, CIIHCKa JIHTepaTypbI H 3 rrpHJIO)l(eHHM. 06m:Hli o6neM 

pa60Tbl -194 CTpaHHI(bI, H3 HHX OCHOBHOro TeKCTa 163 CTpaHHI(bl. Pa6oTa 

co,n:ep)l(HT 38 pHCYHKOB If 3 Ta6JIHI(bl. 

Hayqtta51 HOBH3Ha ,n:HccepTal(HOHHoli pa6oThI BorrKoBa ApTeMa 

HHKorraeBH1Ia orrpe,n:eAAeTC51 y)l(e caMHM 11pe,n:MeTOM :riccrre,n:oBaHH51 - MeTo,n:hI 

IIOC'fPOeHH51 ceTeli CB513H II5ITOro IIOKOJieHH51 H rrpe~OCTaBJieHH51 ycrryr B 3THX 

ceT51X Ha OCHOBe TeXHOJIOrHM HCKYCCTBeHHOro HHTerrrreKTa. Em:e 6orree 



y6e,n;iueJibHbIM B IIJiaHe Haycrnoii HOBM3Hbl BbirJIH,ZJ;MT KOHKpeTM3aIJ;MH 

HCCJie,n;oBaTeJibCKoro HaTipaBJieHMH B COBMeCTHOM HCTIOJib30BaHMM 

MMKpocepBHCHo:H: apxHTeKrypoI H ManrnHHoro o6yqeHHH. He crrytia:H:Ho, B 

TipaKTHqecKOM TIJiaHe peaJIM3aIJ;MH pe3yJibTaTOB ,ZJ;MCcepTau;MoHHOH pa60Tbl 

BbIJIMBaeTcH, B TOM qMcrre, B co3,n;aHMe peKoMeH,n;au;Mii Me:>K,n;yHapo,n;Horo CoID3a 

3rreKTpocBH3H. IIo3TOMY, Tipe,n;cTaBrreHHaH ,n;MccepTaIJ;MH He o,n;Ha M3 TiepBoIX 

pa6oT B o6rraCTH MCKYCCTBeHHoro MHTerrrreKTa ,ZJ;JIH ceTeH M CMCTeM CB513H, a 

TiepBaH pa6oTa B o6rraCTH MCKYCCTBeHHoro HHTeJIJieKTa M MHKpocepBHCHOM 

apXHTeKTYPbl TIO CTieIJ;HaJibHOCTM 2.2.15. 

KoHKpeTHbie pe3yJibTaTbl, o6rra,n;aJO:r.u;Me HayqHoii HOBH3HOH, COCTOHT B 

crre,n;yID:r.u;eM: 

- Pa3pa6oTaH MeTO,ZJ; M,ZJ;eHTMCpHKaIJ;MM Tpac}>MKa ycnyr B ceTHX CB513M TIHTOI'O 

TI OCJI e,n;yID :W:HX TIOKOJieHHll, TI03BOJIHIO:W:HM BHeceHMe 

,n;oTIOJIHMTeJII>HbIX 3a,n;ep:>KeK H M3MeHeHMe CTPYKTYPI>I TIOTOKOB. 

- IIpe,n;rro:>KeHa CTPYKTypa B3aMMo,n;elicTBMH TyMaHHbIX M rpaHMqHbIX 

BbltIHCJieHHll, OTJIHqaJO:r.u;aHCH TeM, tITO ycnyrH peaJIM3YIOTCH B BM,n;e 

MHKpocepBHCHOM apXHTeKTYPbl TiporpaMMHOro o6ecTieqeHMH c yqeTOM 

,ZJ;MHaMHqHOCTM TIOJib30BaTerreli. 

Pa3pa6oTaH MeTo,n; B3aMMo,n;elicTBMH TyMaHHbIX M rpaHMtiHbIX 

BbltIMCJieHHM, o6ecTieqMBaJO:r.u;Mli c}>yHKIJ;HOHHpOBaHMe MHKpocepBHCHOH 

apxHTeKTYPbl ycnyr c B03MO:>KHOCTblO :>KMBOll MHrpau;MH, TI03BOJIHIO:W:Hll 

yMeHbIIIMTb BpeMH BblTIOJIHeHMH c}>yHKU:HM MHKpocepBHCa TiyTeM pau;MOHaJibHOro 

Bb16opa ycTpolicTBa TyMaHHbIX BbitiMcrreHMli. 

- Pa3pa6oTaH MeTo,n; TiporH03HpoBaHMH Harpy3KM Ha KOHTporrrrepbI 

IIporpaMMHO-KoHc}>MrypHpyeMbIX ceTeii, TI03BOJIHID:W:Mli MCKJIJOqMTb 3aBMCHMOCTb 

TiporpaMMHoro o6ecTieqeHMH MOHMTOpHHra OT oco6eHHOCTeli AIIK 

TipOH3BO,ZJ;MTerreli. 

IlpH 3TOM, TeopeTMqecKaH 3HaqHMOCTb ,ZJ;MCCepTaIJ;HOHHOll pa60Tbl COCTOHT, 

Tipe:>K,n;e Bcero, B o6ocHoBaHMH Tipe,n;cToH:r.u;eii ,n;eu;eMTpaJIH3aIJ;MH ceTeii CBH3M, 

BbltIHCJIHTeJibHbIX o6rraqHbIX CHCTeM o6pa6oTKH ,n;aHHblX M pearrM3aIJ;HM ycnyr, a 



TaK>Ke Mo.n;epHH3al(:m1 apxHTeKTYP rrporpaMMHoro o6ecrreqeHH51 ycnyr B cTopoHy 

MHKpocepBHCHOro rro.n;xo.n;a rrpH BHe.n;peHHH ceTeH CB513H c yn:r:.TpaMaJII:.IMH 

3a.z:i;ep)l{KaMH. KpoMe Toro, pa3pa6oTaH MeTo.n; 11.n;eHTmp11Kau:1111 TpaqmKa B 

rrporpaMMHO-KOHqmryp11pyeMI:.IX CeT51X, OCHOBaHHI:.IH Ha aHaJIHTHKe MeTa.n;aHHI:.IX 

IIOTOKOB H anropHTMax MallIHHHOro o6yqeHH51, KOTOpbIH II03BOJI51eT He BHOCHTb 

.n;orroJIHHTeJII:.HbIX 3a.z:i;ep)l{eK B TpaqmK Ha yposHe rrepe.z:i;aq11 .n;aHHI:.IX. Pa3pa6oTaH 

Tal{)l{e MeTO)l; rrporH03HpOBaHH51 Harpy3KH Ha KOHTPOJIJiep rrporpaMMHO­

KOHqmryp11pyeMOH ceTH, KOTOpbIH II03BOJI51eT peaJIH30BI:.IBaTI:. MOHHTOpHHr 

Harpy3KH Hee rrporH03 Ha ypoBHe rrpHJIO)l(eHHH rrporpaMMHO-KOH<lmryp11pyeMOH 

ceTH, qTo B CBOIO oqepe.n;:r:. II03BOJI5IeT YHTH OT 3aBHCHMOCTH MOHHTOpHHrOBbIX 

perneHHH KaK OT rrpoH3BO)J;HTeJI51 AITK KOHTponnepa rrporpaMMH0-

1<0Hqmryp11pyeMoii ceTH, TaK H OT 3aBHCHMOCTH orrepal(HOHHOH CHCTeMbl, Ha 

KOTopoii pa3BepHyTo rrporpaMMHoe o6ecrreqeHHe KOHTponnepa. B .n;orronHeHHe 

rrpe.n;Jio)l(eHa cTpyKTypa H MeTo.n; B3aHMo.n;eiicTBH51 TyMaHHI:.IX H rpaHHqHbIX 

BblqHCJieHHH, rrpH 3TOM 06ecrreq11BaIOII(He noMep)l{KY MHKpocepBHCHOH 

apXHTeKTYPbI ycnyr. 

IlpaKTHqecKa51 I(eHHOCTb )J;HCCepTal(HOHHOH pa6oTI:.I COCTOHT B TOM, qTo 

nonyqeHHI:.Ie B )J;HCcepTal(HOHHOH pa6oTe pe3yJI:r:.TaTbl HCnOJib30BaHI:.I B <l>f'Yll 

HI1l1P npH BhIIIOJIHeHHH rocy.n;apCTBeHHI:.IX KOHTpaKTOB no HayqHo­

TeXHHqecKOMY H MeTo.z:i;11qecK0My o6ecneqeHHID BI:.IIIOJIHeHH51 MHHHCTepcTBOM 

u:mpposoro pa3BHTH51, CB513H H MaCCOBbIX KOMMYHHKal(HH cpyHKI(HH 

A.n;MHHHCTpau:1111 CB513H Pocc11iicKoii <l>e.n;epau:1111 B CeKTope cTaH.n;apTH3al(HH 

:meKTpOCB513H Me)l{.n;yHapo.n;Horo CoI03a 3neKTpocB513H (MC3-T) B pa6oTax no 

pa3pa6oTKe CTaH.n;apTOB )J;JI51 ceTeii CB513H II51Toro H nocne.n;yIDII(HX nOKOJieHHH c 

yqeToM 11cnon:r:.3oBaHH51 TeXHonor11ii 11c1<yccTBeHHoro HHTerrneKTa H B CaHKT­

IleTep6yprcKOM rocy.n;apcTBeHHOM YHHBepCHTeTe TeneKOMMYHHKal(HH HM. npocp. 

M.A. E0Hq-Epyes11qa (Cll61YT) npH qTeHHH neKI(HM H rrpose.n;eHHH 

npaKTHqecKHx 3aH51THH no .n;11cu:11rrn11HaM "HHTepHeT Bern:eli H 

caMoopraHH3YIDII(HeC51 ceTH"' "HcKyccTBeHHbIM HHTeJIJieKT B ceT51X H CHCTeMax 

CB513H 11
' "I11nepHeT sern:eii"' "CHCTeMI:.I, ceTH H ycTpOHCTBa TeJieKOMMYHHKal(HH"' 



a TaK>Ke rrpH BbIIIOJIHeHHH HI1P "I1ccrre,n;oBaHHe rrpo6rreMHbIX BOIIpOCOB ceTeBOH 

rro,n;,n;ep)l(KH rrepcrreKTHBHblX ycrryr ceTeif CBH3H 2030, BKJIIO"LJ:M TerrerrpHCYTCTBHe, 

li rryTeH HX perneHHH, B TOM "LJ:liCJie Ha OCHOBe TeXHOJIOrHH HCKYCCTBeHHOro 

HHTerrrreKTa, rrpH rro,n;roTOBKe oTpacrreBhIX Ka,n;poB". 

Bee Hay"LJ:Hble IIOJIO)l(eHHH, OCHOBHbie pe3yJioTaTbl H BblBO,ll;bl 

,n;wccepTau;HoHHOH pa6oTbI BorrKoBa ApTeMa HHKorraeBH"LJ:a o6rra,n;aIOT Hay"LIHOH 

HOBH3HOH H npaKTH"LJ:eCKOH 3Ha"LJ:HMOCTblO. 

CTeneub o6ocuoeauuocTH u ;:i:ocToeepuocTH uayqnhIX noJio~euuii, 

BbIBOJJ:OB H pe3yJihT3TOB, c<J>opMyJiupoBaHHbIX B JJ:HCCepTau;uouuoii pa6oTe. 

,ZJ;ocTOBepHOCTb H CTerreHb o6ocHOBaHHOCTH Hay"LJ:HblX IIOJIO)l(eHHH, 

BbIBO,ll;OB H pe3yJioTaTOB ,n;HccepTaIJ;HOHHOH pa6oTbl IIO,ll;TBep)l(,n;aeTCH KoppeKTHbIM 

rrpHMeHeHHeM MaTeMaTH"LJ:eCKoro anrrapaTa, pe3yJioTaTaMH HMHTaIJ;HOHHOro 

MO,n;errHpOBaHHH c HCIIOJib30BaHHeM rraKeTOB H 6H6JIHOTeK H3bIKa 

rrporpaMMHpoBaHHH Python Bepcwif 2.7 H 3.4, pe3yrroTaTaMH 3MYJIHIJ;HOHHoro 

MO,n;errHpOBaHHH Ha 6a3e MO,IJ;eJibHOH rrporpaMMHO-KOHqmrypHpyeMOH ceTH 

Ka<Pe,n;poI CCwll,ZJ; Cll6rYT, a TaK)l(e o6cy)l(,n;eHHeM pe3yrroTaToB 

,ll;HCCepTaIJ;HOHHOH pa60Tbl Ha KOH<PepeHIJ;HHX H ceMHHapax H rry6rrHKau;HeH 

OCHOBHblX pe3yJioTaTOB ,n;HccepTaIJ;HH B Be,n;yI.IJ;HX peu;eH3HpyeMbIX )l(ypHarrax. 

OcHOBHbie pe3yrroTaThI ,n;HccepTau;HOHHOH pa6oToI ,n;oKJia,n;ornarrHCh H 

o6cy)l(,IJ;aJIHCb Ha crre,n;yIOI.IJ;HX Me)l(,n;yHapo,n;HbIX H pOCCHHCKHX KOH<PepeHIJ;HHX H 

ceMHHapax: Me)l(,n;yHapo,n;Hblll rrro6arroHblll caMMHT «I1CKYCCTBeHHbIH HHTerrrreKT 

BO Erraro» 2020 ro,n;a (BHpTyarroHhIH <PopMaT, )l{eHeBa), rrpoBo,n;HMhIH MC3 rro,n; 

3rH,n;oH: OOH, a TaK)l(e Ha 3ace,n;aHHH 13 l1K B paMKax 21 Borrpoca MC3-T 1-12 

MapTa 2021 ro,n;a (BHpTyarroHDIH <PopMaT, )l{eHeBa), KoH<PepeHI.J;HHX DCCN 

(International conference on Distributed Computer and Communication Networks: 

Control, Computation, Communications) H NEW2 WAN (International Conference 

on Next Generation Wired/Wireless Networking), a TaK)l(e Ha ceMHHapax Ka<Pe,n;poI 

ceTe:H: CBH3H H rrepe,n;a"LIH ,n;aHHhIX Cll6fYT. 

3aMeqauuH no ;:i:uccepTau;uouuoii pa6oTe. 

Ilo ,ll;HCCepTaIJ;HH HMeIOTCH crre,n;yIOI.IJ;He 3aMe"LJ:aHHH: 



1. CTp.18. Y TBep)l(.n:emrn "ceTH Il.SITOro TIOKOJieHIDI npH3BaHbI 

HHTerpHpOBaTb B ce6e Bee .[(OCTH)l(eHHH M06HJibHbIX H cpHKCHpoBaHHbIX CeTeM 

CBH3H, o6ecrre"tfHTb CKOpOCTb rrepe.zi:aqH .[(aHHbIX B 10 r6HT/C H BbIIIIe" 

HeKOHKpeTHO B OTHOIIIeHHH CKOpOCTeli nepe.n;at.IH. 

2. CTp.74. IIpH KnaccHcpHKau;mr 3a.n;ep)l(eK B ceTHX CBH3H cne.n:omum 6b1 

OTMeTHTb TeXHOJIOrmo .[(OTIOJIHeHHOM peanbHOCTH, .[(JIH KOTopoii 3a.n;ep)l(KH 

HOpMHPYIOTCH Ha ypOBHe 5MC. 

3. CTp.90-91. Tpe6yeTCH o6ocHoBaHHe napaMeTPOB, Hcnonb3yeMbIX .n;AA 

TpeHHpOBKH HeiipOHHOM ceTH. 

4. CTp.131. He HCHO, not.IeMy .n;rrH onTHMH3au;HH 6brn BbI6paH anropHTM 

PSO, a He nI06oii .n:pyroii poeBoli anropHTM, HanpHMep, anropHTM cTaH cepbIX 

BOJIKOB. 

5. IIo TeKcTy HMeIOTCH CTHJIHCTHqecKHe 3aMeqaHIDI, a TaK)l(e orreqaTKH. 

HarrpHMep, Ha CTp.66 MO)l(HO rrpoqHTaTb rrpo rny6HHHOe o6yt.IeHHe, a Ha CTp.121 

rrpo anropHTM FORELL. 

BbIBO.Z:.hl. 

0TMeqeHHbie He.[(OCTaTKH He CHFDKaIOT u;eHHOCTH pe3yJibTaTOB .[(HCcepTaI.J;HH 

.[(AA TeopHH H npaKTHKH. )J;HccepTau;HoHHaH pa6oTa BonKoBa ApTeMa 

HHKOnaeBHl.J:a «11ccrre.n;oBaHHe H pa3pa6oTKa MeTO.[(OB TIOCTpoeHHH 

HH$pacTpyKTYPbl H npe.n:ocTaBJieHHH ycnyr ceTeM CBH3H Ha OCHOBe TeXHOJIOrHM 

HCKYCCTBeHHOro HHTenrreKTa» HBJIHeTCH 3aKOHqeHHOM HayqHo­

KBaJIHcpHKau;HOHHOM pa60TOM. )J;HccepTau;1rn COOTBeTCTByeT cne.n;yIO~HM rryHKTaM 

rracrropTa cneu;HanbHOCTH 05 .12.13 CHcTeMbI, ceTH H ycTpolicTBa 

TeJieKOMMYHHKau;Hii: 3,4,11 H 14. 

B .n;HccepTan;HH peIIIeHa HayqHM 3a.zi:aqa pa3pa6oTKH MeTo.n;oB noCTPOeHHH 

HH$pacTpyKTYPbl H npe.n:ocTaBJieHHH ycnyr ceTeM CBH3H rrpH HCTIOJib30BaHHH 

TeXHOJIOrHM MHKpocepBHCOB H HCKYCCTBeHHoro HHTerrrreKTa, HMeIO~aH 3HaqeHHe 

.[(JIH OTPaCJIH D;HcppoBoro pa3BHTHH H CBH3H. )J;HccepTau;irn OTBeqaeT KpHTepIDIM, 

H3JIO)l(eHHbIM B TI. 9 «IlOJIO)l(eHIDI 0 rrpHCy)l(.[(eHHH yt.IeHblX CTerreHeii», 

yTsep)l(.n;eHHoro rrocTaHOBJieHHeM IIpaBHTeJibCTBa PoccHMCKOM <l>e.n:epau;HH OT 24 



ceHn16p5I 2013 ro,n:a NQ 842 B pe,n:aKQIHI OT 11.09.2021. ABTopecpepaT rrorrHOCTbIO 

OTPa)K'.aeT OCHOBHOe co,n:ep)K'.aHHe ,n:HccepTaQHOHHOH pa60TbI. 

,[(HccepTaQHOHHa.H pa6ora «l1ccrre,n:oBaHHe H pa3pa6oTKa MeTo,n:oB 

IIOCTpoeHH.H HHcppacTpyKT)'pbI H rrpe,n:ocTaBJieHH.H ycrryr ceTeH CB.H3H Ha OCHOBe 

TeXHOJIOrHH HCKYCCTBeHHOro HHTeJIJJeKTa» 3aCJIY)K'.HBaeT IIOJIO)K'.HTeJibHOH OQeHKH, 

a ee aBTop - BonKOB ApTeM HHKonaeBHq - rrpHcBoeHH.H yqeHo:H: cTerreHH 

KaH,n:H,n:aTa TeXHHqecKHX HayK no crreQHaJibHOCTH 2.2.15 - CHcTeMoI, ceTH H 

ycTpOHCTBa TeJieKOMMYHHKaQHH. 
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