
OT3J>IB O<I>HI(HAJll>HOro OTITIOHEHTA 

CTerraHosa MMxa:mrn CepreeBMtia Ha ,ri;MccepTaU:MOHHyro pa6ory 

rop6aqeBOH Jiro6oBM CepreeBHbI 

Ha TeMy «Hccne.n:oBaHMe xapaKTepHCTMK TpaqmKa M KaqecTBa o6cny)KMBaHM5I .D:JI5I 

po6oTOB-MaHMIIYil5ITOpOB B cenrx CB513M c ynbTpaManbIMM 3a.n:ep)l(KaMM», 

rrpe.n:cTaBJieHHyro Ha COMCKaHMe yqeHOH CTeIIeHM KaH.n:n.n:aTa TeXHMqecKMX HayK 

rro crreu:MaJibHOCTM 2.2.15 - CMcTeMbI, ceTM M ycTpoiicTBa TeneKOMMYHMKaU:MH 

AKryaJihHOCTb TeMbI ,LJ.HccepTa~HH 

Ha cero.n:mIIllHMH .n:ettb pa3BMTMe ceTeii CB513M rrpoMcxo.n:MT B ttarrpaBneHMM 

C03,l(aHM5I CeTeH CB5I3M II5ITOro M rrocne.n:yiorn:i1x IIOKOneHHH. Oco6oe BHHMaHHe 

y.n:eJI5IeTC51 ceT5IM CB513M c ynbTpaManbIMH 3a.n:ep)l{KaM11. Bcne.n:cTBMe rrpoH30IIIe.n:Illeii 

rratt.n:eMMM rro5IBMnacb Heo6xo.n:MMOCTb B peam13au:m1 ycnyr TenerrpHcyTCTBM5I. Ka)l(.n:a51 

ycnyra C03,l(aeT CBOH ceTeBOH TpaqmK, KOTOpbIH .n:on)l(eH 6bITb o6cny)l{eH c Tpe6yeMblMM 

xapaKTepHCTMKaMH KaqeCTBa o6cny)l(MBaHM51. Ilo3TOMY O.D:HOH 113 OCHOBHbIX 3a.n:aq rrpH 

BHe.n:peHHH ycnyr TenerrpMCYTCTBM5I 5IBn5IeTC5I MCCne.n:oBaHMe xapaKTepHCTMK Tpa¢MKa 

JJ:Il5I TaKHX ycnyr M KaqecTBa o6cny)l{MBaHH5I .D:JI5I HMX. 

JJ:11ccepTaU:MOHHa5I pa6oTa rop6atieBOH J11060BH CepreeBHbI IIOCB5IIIJ.eHa 

Mccne.n:oaamuo xapaKTepHCTHK ceTeaoro Tpa¢MKa M KaqecTBa 06cny)l{1rnamrn JJ:JI5I 

po6oTOB-MaHHIIYJI5ITOpOB pa3pa6oTKe MeTo.n:a yrrpaBrreHM5I po60TaM11-

MaHMIIYil51TOpaMH no ceTH CB5I3H c ynbTpaManbIMH 3a.n:ep)l{KaMH .Zl:JI5I OIITMMM3au:1m 

HCIIOilb30BaHM5I KaHana CB5I3M. c yqeTOM M3IlO)l{eHHOro TeMa JJ:MCcepTaU:MOHHOH pa60Tbl 

rrpe.n:cTaBn5IeTC5I aKTyanbHOM. 

CTeneuh o6ocuosauuocTH uayqnbIX noJio~eirnii, BbIBO.lJ.OB H peKoMen,LJ.auuii, 

c<l>OPMYJIHpOBaHHblX B ,ll.HCcepTaUHOHHOH pa6oTe 

JJ:ocrosepHOCTb OCHOBHbIX pe3yJII>TaTOB .D:MCCepTa:QMM IIO.D:TBep)l{.n:aeTC5I 

KoppeKTHbIM rrpHMeHeHMeM MaTeMaTH-Y:eCKOro arrrrapaTa, pe3ynhTaTaMM HaTypHoro 

Mo.n:enHpOBaHM5I Ha Mo.n:enbHOM cen1, o6cy)l{.n:eHMeM pe3yJibTaTOB JJ:MCCepTaU:MOHHOH 

pa6oTbl Ha Me)l(.n:yHapO.D:HbIX KOHcpepeHU:H51X H ceMMHapax, rry6n11Kau:MeH OCHOBHhIX 

pe3yJibTaTOB .D:MCCepTaU:MH B ae.n:ymMX peu:eH3HpyeMbIX )l(ypHanax 



Anpo6aQHH pe3yJihTaTOB HCCJie.LJ.OBaHHH 

OcHOBHbie pe3ynoTaThI ,ll,HccepTau.110HHo:H: pa6oTbI .ll.OKJia,ll,bIBanHCb 11 

o6cy)K,ll,anHch Ha 25-o:H: Me)K,ll,yHapo,ll,Ho:H: KOHcpepeHU.HH «International conference on 

Distributed Computer and Communication Networks: Control, Computation, 

Communications DCCN» (MocKBa, 26-29 ceHT516p51 2022), Ha oHna:H:H-ceMHHape no 

TeMe «Mo6HJibHbie po60ToTeXH11qecKHe CHCTeMbl B ceJibCKOM X0351HCTBe» (2022), Ha 

3ace.n;aHm1 MccJie,ll,OBaTeJibCKOH KOMHCCHH 11 " Tpe6oBaHH51 K CHrHami3aU.HH, 

npOTOKOJihI, cneu.ttqmKaU.HH ttcnbITaHtt:H: II 6opo6a c KOHTPacpaKTHbIMH ycTpo:H:cTBaMH 

3JieKTpocB513Hll1KT" MC3-T (10 Ma51 - 20 Ma51 2023), Ha 78-:H: HayqHo-TexH11qecKo:H: 

KOHcpepeHU.HH CaHKT-I1eTep6yprcKoro HTO P3C HM. A.C. Ilonosa, nocB51.W:eHHa51 ,ll;HIO 

pa,ll,HO CI16HTOP3C (CaHKT-I1eTep6ypr, 24-28 anpe1151 2023), Ha ceMHHapax Kacpe.n;pbI 

ceTe:H: CB513H 11 nepe,ll,aq11 ,ll,aHHhIX CIIEI'YT. 

Har1naH HOBH3Ha pe3yJihTaTos .LJ.HccepTaQHonuou pa60Tb1 

IlonyqeHHbIM pe3yJioTaTaM np11cy.w:a HaYt.JHa51 HOBH3Ha, Tpe6yeMa51 ,ll,JI51 

,ll,HCcepTau.11ii, npe,ll,CTaBJI51eMbIX K 3a.W:HTe Ha COHCKaHHe yqeHOM CTeneHH KaH,ll,H,ll,aTa 

TeXHHqecKHX HayK. 3Ta HayqHa51 HOBH3Ha Bbipa)KeHa B CJie,ll,yro.W:eM: 

1. B 0Trrw-rn11 OT H3BeCTHbIX TPe6osaHHM cTaH,ll,apTOB Me)K,ll,yHapo,ll,HhIX 

opraHH3aU.Hii 3KCnepHMeHTaJibHbIM nyTeM Ha MO,ll,eJibHOM ceTH onpe,ll,eJieHO npe,ll,eJibHOe 

3HaqeHHe pacCT05IHH5I B 115 KM, Ha KOTOpOM Ha6rrIO.n;aeTC51 ycToliq1rnoe 

cpyHKU.HOHHpOBaHHe po6oTa-MaHHnyn51TOpa )l;JI51 npHJIO)KeHHM BaKYYMHOro 3aXBaTa, 

MexaHH"tJeCKOro 3aXBaTa li qepqeHH5I B ceTH CB513H 06.w:ero nOJib30BaHH5I. 

2. B OTJIHqHH OT H3BeCTHhIX pe3ynbTaToB onpe,ll,eJieHbI xapaKTepHCTHKH TPacpHKa 

(KOJIH'CJeCTBO naKeToB/ c, cpe,ll,HHii pa3Mep n aKeTa B 6aliTax li CKOpOCTb nepe,r:i;aqH .n;aHHbIX 

s 6HT/c ), nocTynaIO.w:ero Ha ceTb CB513H o6:rn;ero nonh30BaHH5I OT po60ToB

MaH11ny1151TopoB .ll.JI51 npHJIO)KeHHM saKyyMHoro 3axBaTa, MexaHHqecKoro 3axBaTa H 

qep"t.IeHH51 npH HCnOJib30BaHHH cy.w:ecTBYIO.W:ero npOTOKOJia c HaKonneHHeM KOMaH,ll, B 

6ycpepe KJrn:eHTa. 

3. Pa3pa6oTaH MeTo.n; ynpaBJieHH5I napaMeTpaMH o6MeHa H npoTOKon 

npHKJia,ll,HOro ypOBH5I ,ll,JI5I po6oTOB-MaHHnyJI5ITOpOB, KOTOpbIM B OTJIJiqllll OT 

cy.w:ecTBYIO.W:l1:X MeTO,ll,OB H npOTOKOJIOB ,ll,1151 ynpaBJieHmI po6oTaMH no ceTH CB513H 



06ll(ero TIOJib30Bamur MCTIOJib3yeT nepe,n;aqy cepMM KOMaH,n;, qMCJIO KOTOpbIX 

OTITMMM3MpOBaHO no 3cpcpeKTMBHOCTM MCTIOJib30BaHM5I KaHaJia CB5I3M, qTo TI03BOJUleT 

TIOBbICMTb 3cpcpeKTMBHOCTb MCTIOJib30BaHM5I ceTeBbIX pecypcoB (KaHaJia), HanpMMep, npM 

Bep05ITHOCTM OIIIM6KM BblTIOJIHeHM5I KOMaHAbI po60TOM 0,001 Ha BeJIH:qMHY 6oJiee qeM 

7 4%. BeJIMqMHa BhrnrpbIIIIa TIOBbIIIIaeTC5I c pOCTOM OIIIM6KM BblTIOJIHeHM5I KOMaH.z::i:. 

TeopeTHqecKaSI H npaKTHqecKaSI n:euuocTb pa60Tb1 

TeopeTMqecKa5I 3HaqMMOCTb )J;MCCepTaU:MOHHOH pa60Tbl COCTOMT B CaMOM 

npe.z::i:MeTe 11:ccrre.z::i:oBaHM5I - xapaKTepMCTMKax TpacpMKa M KaqecTBa o6cJiy)J(MBamrn: ,n;JUI 

po6oToB-MaHMTIYJI5ITOpoB B ceT5IX CB5I3M c YJibTpaMaJibIMM 3a.z::i:ep)J(KaMM. IloJiyqeHHbie 

xapaKTepMCTMKl1 rpacpMKa, nocTynaioru:ero Ha ceTb CB5I311 o6ru:ero nonb3oBaHM5I OT 

po60TOB-MaHMTIYJI5ITOpOB AJ15I npMJIO)J(eHl1H BaKyyMHOro 3aXBaTa, MexaHMqecKoro 

3aXBaTa 11 qepqeHM5I np11 MCTIOJib30BaHM11 cyru:ecTBYIOru:ero npOTOKOJia c HaKOTIJieHMeM 

KOMaHA B 6ycpepe KJil1eHTa M BHOBb pa3pa6oTaHHOro MeTo.z::i:a c MCTIOJib30BaHl1eM 

nepe.z::i:aqH: cepHM KOMaH,n; paCIIII1p5IIOT cyru:ecTBYIOW:Me 3HaHl15I B o6naCTl1 TeopMH 

TenerpaqmKa. CaMOCT05ITenbHYIO TeopeTH:qecKyro 3HaqMMOCTb MMeIOT pe3yJII>TaTbl, 

nonyqeHHbie 3KCnepMMeHTaJibHblM nyTeM Ha Mo,n;enbHOH ceTl1, B OTHOIIIeHMM 

npe,n;enbHoro paccT05IHl15I .z::i:n51 ycToliqMBoro cpyHKU:MOHMpOBaHM5I po60TOB

MaH11nyn5ITOpoB npM B3aMMOAeHCTBl1M c CeTbIO CB5I311 o6ru:ero TIOJib30BaHM5I. 

IIpaKT11qecKa5I 3Haq11MOCTb AMCcepTau:110HHOH pa6oTbl COCTOl1T B B03MO)J(HOCTM 

11CTIOJib30BaHM5I pe3yJibTaTOB pa60Tbl )J;JI5I nnaHHpoBaHl15I CeTeH CB5I311, pa3pa60TKl1 

peK0MeH.z::i:au:11i1 CeKTopa cTaH,n;apTM3aU:11M TeJieKOMMYHMKaU:MH Me)J(.z::i:yHapo.z::i:Horo coro3a 

3neKTpOCB5I311 (MC3-T), a TaK)J(e B npou:ecce o6yqeHM5I CTyAeHTOB M acn11paHTOB no 

npoqmnhHbIM cneu:11aJibHOCT5IM. BecoMyro npaKTMqecKyro u:eHHOCTb 11MeeT co3,n;aH11e 

cerMeHTa Mo.z::i:enbHOH ceTl1 AJI5I 11ccne.z::i:oBaHMH, TeCTHpOBaHM5I 11 o6yqeHM5I B 

Jia6opaTOp11M «Hccne.z::i:oBaHMe ceTeBhlX TeXHOJIOrl1H c ym,Tpa MaJIOH 3a,n;ep)J(KOH M 

CBepXBbICOKOH IlJIOTHOCTbIO Ha OCHOBe rn11p0Koro npH:MeHeHM5I MCKYCCTBeHHOro 

11HTerrneKTa AJI5I ceTeH 6G» (MEGANETLAB 6G) M COOTBeTCTByroru:e:H MeTO)J;MKM 

TeCT11pO BaHl15I. 



Ily6JIHK3UHH no TeMe AHCcepT3UHH 

OcHOBHhie pe3yJihTaThr no TeMe .n.11ccepTaI..J;i111 M3JIO:>I<:eHhI B 9 pa6oTax, 113 HHX 5 

CTaTeii ony6JIHKOBaHhI B :>I<:YPHaJiax, peKoMeH.n.yeMhIX BAK, 1 cTaTh5I B pel(eH3HpyeMhIX 

H3):(aHH5IX, BXOJl:5III(HX B Me:>I<:,n:yHapo,n:Hhre 6a3hI .n;aHHhIX SCOPUS H WoS, 2 cTaThH B 

.n.pyr11x H3,n:aHH5IX, 1 oTqeT o HI1P. 

XapaKTepHCTHKa co.nepmaHHH .nuccepTaUHouuoii pa6oTM 

,ll;11ccepTal(H5I npe.n.cTaBJieHa B BH)l.e pyKonHCH H COCTOHT H3 co.n.ep:>I<:aHH5I, 

BBe)l.eHH5I, qeTbipex rJiaB, 3aKmoqeHH5I, cnHCKa COKpaII(eHHH H ycJIOBHhIX o603HaqeHHH, 

cnHCKa HCnOJih3yeMbIX nepeMeHHhIX, cnHCKa HCnOJih30BaHHhIX HCTOqHHKOB H ,n:Byx 

np11no:>I<:eHMH. 06II(MH o6neM .n.11ccepTal(HH - 144 cTpaHHI(hI. Pa6oTa co.n.ep:>IrnT 5 8 

pHCYHKOB, 13 Ta6JIHI( H cnHCOK H3 83 JIHTepaTypHhIX HCTOqHHKOB. Bee OCHOBHbie 

pe3yJihTaTbI .n.11ccepTal(HOHHOH pa60ThI nonyqeHbI aBTOpOM caMOCT05ITeJibHO. 

3aMe11aHHH no TeKCTY ,nuccepTaUHOHHoii pa6oThI 

1. B nepBoH. rJiaBe, KOTopa5I nocB5III(eHa aHaJIH3Y pa3BHTH5I ceTe:H CB5!3H H 

HCnOJib30BaHHIO ycnyr Tenenp11cyTCTBH5I c nOMOII(hIO po60TOB- MaH11nyJI5ITOpOB, npH 

paCCMOTPeHHH KJiaccmpHKal(HH po60TOB CTOHJIO TaK:>I<:e .n.o6aBHTh rpacpMKM no pocTy 

q11cneHHOCTH cepBHCHhIX po6oTOB. 

2. Ha pHcyHKax 25 H 42, r.n.e npe.n.cTasneHhI cl(eHap1111 o6MeHa coo6II(eHH5IMH 

Me:>I<:.n.y po60TOM-MaH11nyn.HTOpOM M nOJih30BaTeJieM, B03MO:>I<:HO cne.n.yeT noMemITh 

no.n.n11cH «cepsep 11: KJIHeHT» Ha «nepe.n.aTqMK 11 npHeMHMK». TaK KaK aKTMBHa5I ponh B 

KJIHeHT-cepsepHOM B3aHMo.n.eH.cTBMM np11Ha.n.ne:>I<:HT KJIHeHTy. A no p11cyHKY MO:>I<:Ho 

CKa3aTb, qTo :ny ponh BhIIIOJIH5IeT cepBep. 

3. B -cieTBepToH. rnase, r.n.e YKa3aHhI xapaKTepHCTHKM pacnpe.n.eneHHH, 

Heo6xo.n.HMO 6bIJIO 601 rrpHBeCTH 3TH pacnpe.n.eneHM5I B cpopMaJihHOM BH):(e. 

4. B pa6oTe np11cyTcTByeT p5I.n. oneqaTOK H CTHJIHCTHqecKHX HeToqHocTeii ( CTP. 6, 

7, 9, 14, 24 H T . .n..), nponyII(eHHbie 3HaKH npenMHaHH5I (CTP. 6, 76 H T.)l.. , H B cpopMynax 

11, 14), 3a,z:i:soeHHe CChIJIKH Ha cnHCOK JIHTepaTyphl (CTP. 24). 

3aKJII011CHHe 

IlpHBe)l.eHHbie 3aMeqaHn5I He CHH:>I<:aIOT Hayqttyro I(eHHOCTh pe3yJihTaTOB 

.n.11ccepTal(HOHHOH pa6oThl H He BJIH5IIOT Ha ee noJIO:>I<:HTeJibHYIO OI(eHKy. ,ll;11ccepTan;H5I 



r op6a"tfeBOH Jllo6oBH CepreeBHbl Ha TeMy «I1ccne.n:oBaHHe xapaKTepHCTHK TpaqmKa H 

KaqecTBa 06cny)J(HBaHm1 .n:mi: po60TOB-MaHm1ymITopoB B ceTIDC CB513H c ynbTpaMaJihIMH 

3a.n;ep)J(KaMH» 5IBJrneTC.SI 3aKOH"tfeHHOH HayqHO-KBaJIH<pHKaU,HOHHOM pa60TOH, B KOTOpoH: 

perneHa HayqHM 3a.n;aqa - npoBe.n;eHbI Hccne.n:oBaHHe xapaKTepHCTHK rpacpHKa H 

KaqecTBa o6CJIY)l(HBaHH5I .ZJ:JI5I po60TOB MaHHIIYJI.SITOpOB H OIITHMH3aU:H5I HCIIOJib30BaHH5I 

KaHaJia CB513H .ZJ:JI5I ynpaBJieHH5I HMH. ABTOpecpepaT a.n;eKBaTHO orpa)J(aeT OCHOBHOe 

co.n:ep)J(aHHe .ZJ:HCcepTaU:HOHHOH pa60Tbl. 

,[(HccepTaU:HOHHa.SI pa6oTa rop6a"tfeBOH Jllo60BH CepreeBHbl Ha TeMY 

«I1ccne.n:oBaHHe xapaKTepHCTHK TpacpHKa H Ka"tfeCTBa o6CJIY)l(HBaHH.SI .ZJ:JI5I po60TOB-

MaHm1yJIHTopoB B ceTHX CB513H c ynoTpaMaJihIMH 3a.n;ep)J(KaMH» cooTBeTCTByeT nyHKTaM 

1, 7, 9, 19 nacnopTa cneu:HaJibHOCTH CHcTeMhI, ceTH H ycTpOHCTBa TeneKOMMYHHKaU:HH 

H OTBe"tfaeT KpHTepH.SIM, H3JIO)J(eHHbIM B n.9 «IIOJIO)J(eHH5I 0 IIpHCY)l(.ZJ:eHHH yqeHblX 

cTerreHeii», YTBep)J(.n:eHHoro nocTaHOBJieHHeM IIpaBHTeJibCTBa PoccHiicKoii <l>e.n:epan;HH 

OT 24 ceHT516p5I 2013 ro.n:a NQ842 (B pe.n:. IIocTaHOBJieHH.SI IIpaBHTeJibCTBa P<l> OT 

21.04.2016 N 335), a ee aBTOp - rop6a"tfeBa Jllo6oBb CepreeBHa 3acJiy)J(HBaeT 

npHCY)l(.ZJ:eHR5I eH: yqeHOH CTeneHb KaH.ZJ:H.ZJ:aTa TeXHHqecKHX HayK no crreu;HaJibHOCTH 

2.2.15 - CHcTeMbI, ceTR R ycTpoiicTBa TeneKOMMYHHKaU:HH. 

«-11» OKTH6p.si: 2023 ro.n:a 

OcpHU:HaJibHbIM onnoHeHT, 

.n:ou:eHT Kacpe.n;pbl «CeTH CB.SI3H H CHCTeM KOMMYTaU:RH» 

KaH.n;H.n;aT TeXHHqecKHX HayK, .n:ou:eHT 

IIo.n:rrHcb pyKH CTenaHoBa M .C. 3aBep.si:IO ,. . r 
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CTerraHOB MHxaHn CepreeBHq, KaH.n;R.n:a' ~~HRqecKRX Hayi< no cneu:mmhHOCTH 2.2.15 
~ 

- CHcTeMbI, ceTH H ycTpoiicTBa TeneKoM ~~KaU:HH, .n:ou:e T Kacpe.n:po1 «CeTH CB5!3H H 

cHcTeM KOMMyTaU:HH», Op.n;eHa Tpy.n:oBoro Kpac1mro 3HaMeHH cpe.n:epanbHoro 

rocy.n:apcTBeHHoro 610.n:)J(eTHoro o6pa3oBaTeJibHOro yqpe)l(.ZJ:eHH.SI Bbicrnero o6pa3oBaHH5I 
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