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OT3bIB 

0<1>uuuaJihHoro onnonenTa KaH,II,M,II,aTa TeXH11qecKMX HayK 

MapKeJioBa Onera AneKcaH,II,pOBMqa Ha ,II,MccepTau;mo 

Pe,II,pyrMHOH HaTaJIMM MMxa.HJIOBHhI, BbIIIOJIHeHHOH Ha 

TeMy «Mo,II,eJIM M MeTO,[(bI ou;eHKM xapaKTepHCTMK 

TeJieKOMM)'HMKaD;MOHHbIX KOMfiMHHpOBaHHbIX 

CJia6oCB513aHHbIX yceyr», npe,II,CTaBJieHeyio Ha COMCKaHMe 

yqeHOH CTeneHM KaH,II,M,II,aTa TeXH~eCKMX HayK no Hayqtto:H: 

cneu;11anhHOCTM 2.2.15 - C11cTeMbI, ceTM 11 ycTpo:H:cTBa 

TeJieKOMMYHMKaD;MH 

1. AirryaJihHOCTh TeMhI .LJ:HccepTauuu 

AKTYaJihHOCTb 11ccJie,II,0BaHM:H: 11 pa3pa6oToK B o6nacTM MeTo,II,oB noBhIIIIeHM51 

3cpcpeKTMBHOCTM TeJieKOMM)'HMKaD;MOHHblX ceTeH He BhI3hIBaeT COMHeHMH. B HaCT051m:ee 

BpeM51 o6oeM npe,II,OCTaBmieMbIX yceyr no cpe,II,CTBaM HHcpOKOMM)'HMKaD;MOHHbIX 

cepBHCOB noCT051HHO pacTeT, qTo cpopMHpyeT onpe,II,eJieHHbie Tpe6oBaHM51 KaK K caMMM 

ceT51M, TaK M MeTO)J,aM M cpe)J,CTBaM o6pa60TKM 3anpoCOB M cpopMHpyeMoro HMM TpacpHKa. 

B 3TOM Kmoqe peIIIeHMe 3a,II,aq npoeKTHpoBaHM51 11 pa3pa6oTKM coBpeMeHHhIX 

TeJieKOMMYHMKaD;MOHHbIX yceyr Tpe6yeT onpe,II,eJieHHOro KaK MaTeMaT11qecKoro 

arrnapaTa, TaK M cpe,II,CTB MMMTaD;MOHHOro MO)J,eJIHpOBaHM51. TiocKOJihKY npe)J,CTaBJieHHa51 

)J,MCCepTau;MOHHa51 pa6oTa noCB51IIJ:eHa pa3pa6oTKe cpe,II,CTB ou;eHKM xapaKTepHCTMK TaKMX 

ycJiyr, aKTYaJibHOCTb ee TeMhI He BbI3bIBaeT COMHeHmI. 
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2. XapaKTepHCTHKa CO,I.J,epiKaHHD. ,I.J,HCCepTaU.HOHHOH pa60TbI, CTeneHb ee 

3anepmeuuocTH u «:a qecTno o«t>opMJieuuD. 

,lJ,HccepTau;IDI rrpe,n:cTaBneHa B BH,I(e PYKOIIHCH Ha 153 CTpaHHu;ax, H3 HHX K 

OCHOBHOH qacTH OTHOCHTCH 120 CTpaHHU:. ,lJ,11ccepTau;m1 BKmoqaeT B ce65I BBe,n:eHHe, 

qeTbipe rnaBbl, 3aKmoqeHHe, CIIHCOK nHTepaTypbl H OJJ.HO rrpHnO)l(eHHe. 

Bo BBe,n:eHHH orr11c1>1BaJOTCH KmoqeBI>Ie xapaKTepHCTHKH ,n:11ccepTau;110HHoli 

pa60Tbl, rrpHBOJJ.HTCH aKTyanbHOCTb, CTaBHTCH u:enb H 3a,n:aq11, rrpe,n:cTaBneH o6'beKT H 

rrpe.n:MeT Hccne,n:oBaHIDI, YKa3aHa HayqHaH HOBH3Ha pe3ynr,TaTOB Hccne,n:oBaHIDI H 

3HaqHMOCTb pa6oTbl, OCHOBHhie rrono)l(eHIDI, BblHOCHMI:.Ie Ha 3aIII:HTY H .n:pyrHe CBe,n:eHHH 

o pa6oTe. B rrepBoli rnaBe cqlOpMYnHpoBaHa rrpo6neMaTHKa pa3pa6oTKH 

TeneKOMMYHHKaUHOHHbIX ycnyr, rrpe,n:cTaBneHa cpyHKU:HOHanbHaH Mo,n:enb a6cTpaKTHOH 

cou;HanhHOH ceTH, KaK cpe,UhI JJ.nH rrpe,n:ocTaBneHIDI ycnyr. Bo BTopoli rnaBe rrpe,n:no)l(eH 

IIOJJ.XOJJ. K pa3,n:eneHIDO ycnyr Ha ceaHCOBbie H Tpatt3aKIJ;HOHHbie IIO rrpHHU:Hny 

Tpe6yeMoro BpeMeHH o6cny)l(HBaHH5I, KOTOpbie paCCMOTpeHbI c II03HU:HH TeopHH 

MaccoBoro o6cny)l(HBaHIDI JJ.nH ou;eHKH BnIDIHIDI C'fPYKTYPbI cen1. B TpeTbeli rnaBe 

paccMaTpHBaIOTCH BOIIpOChl MO,UenHpoBaHHH pa3nHqffblX cu;eHapHeB pa6oThl 

TpaH3aKIJ;HOHHbIX cna60CB5I3aHHhIX ycnyr c rrpHMeHeHHeM MaTeMaTHqecKoro arrrrapaTa 

rrapannenhHOH o6pa6oTKH 3arrpocoB Fork-Join. B qeTBepToli rnaBe rrpe,n:cTaBnetta o6iuaH 

MeTOJJ.HKa rrpoeKTHpOBaHml TeneKOMMYHHKaU:HOHHhIX CHCTeM c TOqKH 3pemrn 

IIOBhIIIJeHIDI 3cpcpeKTHBHOCTH rrpe,n:ocTaBneHIDI ycnyr, OIIHCaH IIOJJ.XO,I( KOM6HHHpOBaHIDI 

aHanHTHtieCKHX pacT.JeTOB H HMHTaU:HOHHOro MO,n:enHpOBaHIDI JJ.nH perneHHH TaKOH 

3a,n:aq11. TaK)l(e JJ.HCcepTaU:IDI co,n:ep)l(HT CIIHCOK nHTepaTypbl H3 145 HCTOqHHKOB H 

rrpHnO)l(eHJie c aKTaMH 0 BHe)J.pemrn pe3ynbTaTOB. 

,lJ,HccepTau;IDI H aBTOpecpepaT rronHOCTbIO 3aBeprneHbl, ocpopMneHbl B COOTBeTCTBHe 

c rrpHHHThIMH JJ.nH HayqffO-KBanHcpHKaU:HOHHhIX pa6oT HOpMaMH H 'Tpe6oBaHHHMR. 

ABTOpecpepaT a,n:eKBaTHO H B rronHOH Mepe OTpa)l(aeT OCHOBHbie ttayqttbie pe3ynbTaTbI H 

rrono)l(eHIDI, co,n:ep)J(HT KpaTKOe H3nO)J(eHHe MaTepHanOB JJ.HCcepTaU:HH. 

U:ettHOCTh JJ.HCCepTaU:HH ,n:nH HayKH H rrpaKTHKH orrpe,n:enHeTCH CHCTeMHbIM 

xapaKTepoM H T.JeTKOH IIOCTaHOBKOH rrpo6neMbl HCCne,n:oBaHHH. K Ba)J(HbIM JJ.OCTOHHCTBaM 

pa60Tbl TaK>Ke cne;zyeT OTHeCTl1 op:HTl1HaJibHOCTb rronyqeHHbIX pe3yn1TaTOB, 
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HCIIOJib30BaHIIe COBpeMeHHbIX nporpaMM KOMIIbIDTepHoro MO~eJIHpOBaHH51 H 

B03MO)f(HOCTb HCIIOJib30BaHIDI rrorry-creHHbIX pe3y Jib TaTOB rrpH rrpoeKTHpoBaHHH 

TeJieKOMM)'HHKau110HHhIX ycrryr Ha cermc o6m:ero ~ocryrra. 

3. CTeneHh o6ocuoeauuocTH uayqubIX noJio~euuii, BbIBO.UOB u 

peKOMeu_uau,uii, c<J>opMyJiupoBaHHbIX B .uuccepTau,uu, HX ,UOCTOBepHOCTb H HOBH3Ha. 

TeopeTuqecKa.H u npaKTnqecKaH 3uaqnMOCTb pa6oTbI 

3.1. CTeneub o6ocuoeauuocTu uayqubIX noJio~euuii, BbIBo_uoe u 

peKoMeu_uau,uii 

06oCHOBaHHOCTb HayrIHbIX IIOJIO)f(eHHH, BbIBO~OB H peKOMeH~aUHH 

~HCCeprauMOHHOH pa60Tbl CJie~eT 113 HCIIOJib30BaHIDI a~eKBaTHbIX H nm:pOKO H3BeCTHblX 

MaTeMaTWieCKMX MeTO~OB H MO~eJie.ll:. c IIOMOIIl;bID MeTO~OB Harypttoro H 

HMHTaUHOHHOro MO~eJIHpOBaHIDI rrposepeHa a~eKBaTHOCTb BbIBO~OB aHaJIHTWieCKHX 

Mo~erre.ll:. 

3.2. ,LI;ocTOBepuocTh H HOBH3Ha noJiyqeHHhIX pe3yJihT3TOB 

HaycIHa51 HOBH3Ha pe3yrrhTaToB ~11cceprau110HHOH pa6oThI Pe~pyrMHoli HaTaJIHH 

MMxaHJIOBHbl COCTOHT B cpopMHpoBaHHH HOBoro rro~xo~a K MO~eJIHpOBaHHIO 

TeJieKOMMyHHKaUHOHHbIX ycrryr c pa3~eJieHHeM HX Ha 2 KJiacca - ceaHCOBbie H 

TpaH3aKUHOHHbie, ~AA KOTOpbIX rrpe~JIO)f(eH pa3JIWIHbIB MaTeMaTWieCKHH arrrrapaT. 

Hay-crtto.H: HOBH3HOH o6Jia~aIOT cne~10m:He pe3yJihTaThI ~11ccepTau11M: 

1. Pa3pa6oratta MaTeMaTWiecKa51 Mo~eJib pac"IJeTa xapaKrepHCTHK 

rrocrre~oBaTeJihHhrx ceTeH, pearrM3yIDm:HX rraparrrrenhHYID o6pa6oTKY TpaH3aKUMOHHbIX 

ceattcos c rrpHMeHeHMeM arrrrapara Fork-Join; 

2. IIpe~JIO)f(eH MeTo~ arrrrpoKCMMaUHH ~m1 orrpe~eneHH51 xapaKrepHCTHK 

sxo~Horo rroTOKOB B CMO Knacca G/G/1; 

3. Pa3pa6oraH KOMIIJieKC HMHTaUHOHHbIX MO~ene.H: ~AA oueHKH xapaKTepHCTHK 

TeneKOMMYHHKaUHOHHhIX ycnyr Ha cenrx o6m:ero ~ocryrra. 

,ll.ocTOBepHOCTb OCHOBHblX pe3yJibTaTOB ~McceprauMM 

KOppeKTHblM npHMeHeHHeM MaTeMaTWieCKOro arrrrapara, pe3yJibTaTaMH HMHTaUHOHHOro 

MO)J,em-1posamu1 c RCITOJib30BamrnM rrporpaMMHoro naKeTa Anylogic 8.8.3, o6cy)K)J,emrnM 
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pe3yJibTaTOB )UiCcepTau;noHHOM pa60Tbl Ha Me)l(.zzyHapO,ll,HbIX HayqHo-TeXHWieCKMX 

KOHcpepeHIJ;IUIX, rry6rrnKau;ueii OCHOBHbIX pe3yJibTaTOB )J,UCcepTau;MM B peu;eH3upyeMbIX 

)l(ypmrnax ITepeqIDI BAK, ITonyqeHneM cBn,ZJ,eTeJibCTB o rocy.z:i:apcTBeHHoii perncTpau;mf 

ITporpaMMbI ,ZJ,JUI 3BM. 

Bcero COUCKaTeneM ITO TeMe ,ZJ,UccepTau;nu orry6nnKOBaHO 10 pa6oT, U3 HMX: 4 

cTaTbH orry6nMKoBaHbI B peu;eH3npyeMbIX HayqHbIX H3,ZJ,amurx, peKoMeH,ZJ,OBaHHbIX BAK; 

2 pe3yJibTaTa UHTenrreKTYaJihHOM ,ZJ,eHTeJibHOCTH; 4 - B .z:i:pyrMX U3,ZJ,aH~X u MaTepuanax 

KOHcpepeHIJ;UH. 

3.3. TeopeTnqecKaH u npaKTnqecKaH 1uaqnMOCTh pa6oTbI 

IIorraraIO, qTo ,ZJ,aHHIDI pa6oTa BHOCUT 3HaquTeJihHbIH BKJia)J, B pa.3BUTUe 

ITOTeHu;nana pa.3pa60TKU TeneKOMMYHHKau;uOHHhIX ycnyr, ITOCKOJibKY B 

.z:i:uccepTau;noHHOM pa6oTe, B qacTHOCTU ITpe,ZJ,CTaBJieHhl peKOMeH,ZJ,au;uu ITO 

UCITOJib30BaHMIO ITpe,ZJ,JIO)l(eHHbIX MO,ZJ,eneli )J,JIH ceaHCOBblX u TpaH3aKIJ;UOHHbIX ycnyr 

BKyrre c ITpUMeHeHneM UMUTaIJ;UOHHbIX MO,ZJ,erreli B MHTepecax ITOBbIIDeH~ o6m,ero 

KaqecTBa u Ha)J,e)l(HOCTU cepBHCOB. 

c 3peH~ ITOCTpoeH~ ITpOeKTHpOBaH~ COBpeMeHHbIX 

TeJJeKOMMYHHKau;noHHbIX ceTeli oco6eHHO Ba)l(HblM BOIIpOCOM 5IBJJ5IeTC5I KaqecTBO 

rrpe,ZJ,OCTaBJUleMblX IIO ux cpe,ZJ,CTBaM ycnyr. Ilo 3TOM ITpMqUHe pe3yJJhTaT 

)J,UCCepTau;noHHOM pa6oTe B BU)J,e MeTO)J,UKU u KOMITJieKca UMUTaIJ;UOHHbIX MO,ZJ,erreii 

HBJrneTcH BOCTPe6oBaHHbIM pe3yJJbTaTaM B ITpaKTuqecKoii o6nacTn, T.K. IT03BOAAIOT Ha 

HaqanbHOM 3TaITe ITpoeKTHpOBaH~ ou;eHUTb ypoBeHb KaqecTBa u cpopMnpyeMbie 

3a,ZJ,ep)l(KM ITpH ITUKOBblX Harpy3Kax. 

OcHOBHbie TeopeT11qecKne u rrpaKTnqecKMe pe3yJJbTaTbI pa6oTbI peanu30BaHb1 Ha 

pH.z:i:e ITpe.z:i:ITp~TMli, B yqe6HoM ITpou;ecce Kacpe,ZJ,pbI. 

4. 3aMeqaHHH no CO)J.ep~aHHIO H 0<(>0pMJieHHIO )J.HCCepTaD;HH 

1. B pa6oTe B He,ZJ,OCTaToqHoii CTeITeHU OTpa)l(eHa KJiaccucpnKau;~ UCITOJib3yeMbIX 

MaTeMaTuqecKUX MO,ZJ,eJJeH )J,J15I ceaHCOBblX u TpaH3aKIJ;UOHHblX ycnyr. L(enecoo6pa3HO 

ucITOJJb30BaTb MaTeMaTnqecKnii arrITapaT on/off ITpou;eccoB )],JUI ceaHCOBbIX co6b1Tnii u 

KOppenupoBaHHhlX IlOTOKOB ,UJUI TpaH3aKUHOHHhlX, COOTBeTCTBeHHO. 
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2. CoHcKarerreM npe,n;cTasrreHa crpyKTypa ,n;HccepTaIJ;HOHHoli pa6oTbI (pHc 1.3 ), 

o,n;HaKO OHa HOCHT onHCaTeJibHblll xapaKTep npe,n;crasrreHHblX pe3yJibTaTOB H He orpa)l(aeT 

cneu;mp11ey MeTaMaTeMaT11qecKoro npe,n;cTasneHmI, H3 KOToporo He BbITeKaeT 

o,n;H03HaqHOCTb TaKoro CTpYKTYPHPOBaH:IDI. 

3. )J;m1 TpaH3aKWiOHHOro cu;eHap:IDI 6bIJIO npe,n;JIO)l(eHO HCnOJib30BaHHe MO,n;eJIH 

CMO G/G/1 ,n;m1 cHcTeM c npoH3BOJibHbIMH pacnpe,n;eneHH.SIMH, o,n;HaKo He rrpoH3Be,n;eH 

yqeT KoppeJUIQHOHHbIX cm13eli, B03HHKaJOm:en no rrpHqHHe cornacosaHHoli 

IlOJib30BaTeJibCKOll ,n;HHaMHKH B ceTHX TaKoro po,n;a. )J;aHHOe orpaHHqeHMe rpe6yeT 

paccMorpeH:IDI nonHoro BH,n;a cpyHKQHH pacrrpe,n;eJiemur H ou;eHKH noKa3aTeJieli KaqecTsa 

no noJIO)l(eHH.SIM ee KBaHTHJiell. 

4. Bb16op MaTeMaTRqecKoro arrrrapaTa ,n;JUI aHarrHTRqeCKoro onHcaH:IDI cxeMbI Fork­

J oin He oqesH,n;eH. lfaseCTHbie aJibTepHaTHBHbie perneH:IDI, OCHOBaHHbie Ha 

HCnOJib30BaHHH cpopMyJibl IIOJIHOll sepmITHOCTH, npHBOMT K cym:ecTBeHHO 6oJiee 

KOMnaKTHbIM perneHHHM o6rn.ero BH,n;a, npe,n;cTaBJieHHhIX acHMnTOTRqeCKH CTerreHHbIMH 

pacnpe,n;erreHH.SIMH (qacTHbIMH cnyqasi:MH pacnpe,n;eneHH.SI IIapeTo) ,n;m1 IIlHpoKoro KJiacca 

sxo,n;HhIX rrapaMeTpos (cM. Harrp. Beck C., Cohen E. G. D. Superstatistics //Physica A: 

Statistical mechanics and its applications. - 2003. - T. 322. - C. 267-275). 

5. YqHTbIBaH, qTo pe3yJibTaTbI HMHTar(HOHHoro Mo,n;enHposaHHH npHBe,n;eHbI ,n;Jrn 

CMO G/G/l, npe,n;cTaBJUieTcsi: u;eJiecoo6pa3HbIM cpasHeHHe pe3yJibTaToB Mo,n;eJI11posaHm1 

c aHaJIHTHqeCKHMH pacqeTaMH corrracHO H3BeCTHbIM TeopeTHqecKHM rrpH6JIH)l(eH:IDIM, 

HanpHMep, cpopMYJibI KHHrMaHa, MaprnaJUI, J1aHreH6axa-EeJibQa H ,n;p. 

)J;aHHbie 3aMeqaHH.SI HOCHT qaCTHblll xapaKTep H He OKa3bIBaIOT cym:ecTBeHHOro 

BJIHHHHH Ha ofou;yro noJIO)l(HTeJibttyIO ou;eHKY ,n;HCCepTaU:HOHHOll pa60TbI. 

5. 06m;ee 3aKJ1ro11euue 

)J;HccepTau;110HHaH pa6oTa Pe,n;pyr11Holi HaTaJIHH MHxaliJIOBHbI co,n;ep)l(HT see 

Tpe6yeMbie pa.3,n;eJihl B COOTBeTCTBHH C fQCT p 7.0.11-2011 H npe,n;cTaBJUieT C060M 

3aKOffqeHttyIO HayqHO-KBaJIHcpHKaIJ;HOHttyIO pa6ory' B KOTopoli Ha BbICOKOM ypoBHe 

perneaa aKTYaJibHaH Hayqttasi: 3a.z:i;aqa no ou,eHKe BJIHHHHH rrpH pa3BepTbIBaHHH CHCTeM 

pacrrpe,n;erreHHoro peecTpa aa ceTM onepaTopa CBH3R c o6ecneqeHneM Heo6xo~nMoro 
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ypoBIDI KaqeCTBa o6c.rry)KJfBaHIDI, HMeIOrn:IDI 3HaqeHHe .n:mr pa3BHTIDI OTpacnH CB513H. 

CI.J:HTaIO, I.J:To pa6oTa Pe;:i:pyrttHoii HaTanHH MHXaiinoBHhI «Mo,n:effil H MeTO.II:bI 

Ol(eHKH xapaKTepHCTHK TeJieKOMMYHHKal(HOHHhIX KOM6HHHpOBaHHbIX cna6ocBH3aHHhIX 

ycnyr>> nonHOCThIO COOTBeTCTByeT KpHTepIDIM, li3JIO)l(eHHhIM B TI. 9 «flono)l(eHIDI 0 

npttcy)l(,n:eHHH yI.J:eHhIX CTeneHeii», YTBep)l(,n:eHHOro TIOCTaHOBneHHeM flpaBHTeJibCTBa 

PoccttiicKoii <l>e.n:epal(HH OT 24 ceHTH6p}l 2013 ro.n:a N~ 842 (c H3MeHeHlfj{MH), 

npe;:i:nHBll}leMhIM K .II:HCCepTal(lfj{M Ha COHCKaHHe yI.J:eHOR CTeneHH KaH,n:H,n:aTa 

TeXHHI.J:ecKHX HayK no crreuttanhHOCTH 2.2.15 CttcTeMhI, ceTH H ycTpoiicTBa 

TeneKOMMYHHKal(Hii, a ee aBTOp, Pe,n:pyrHHa HaTanIDI MHxaiinoBHa 3ac.rry)l(HBaeT 

np11cy)l(.Il:eHH5I yI.J:eHOR CTeneHH KaH.II:H.II:aTa TeXHHI.J:eCKHX HayK no :noii cnel(HanhHOCTH. 

07 H0516p51 2023 r. 

)J,ol(eHT Kacpe,n:phl pa,n:HOTeXHHI.J:eCKHX CHCTLJ;.~~::iir...,.L_ 

apKenos Oner AneKcaH,n:poBHI.J: 

OpramnauIDI: <l>e.n:eparrnHoe rocy.n:apcTBeHHoe aBTOHOMHOe o6pa.3oBaTerrnHoe y'Ipe)K)l.eHHe Bnicmero 
o6pa.30Ba.HJiUI Ca.HKT-I1eTep6yprcKHif rocy .n:apcTBeHHnlli 3JICKTpOTexm1qecKHif ymrnepc1neT «Jl3Tl1» 
HM. B.11. YrrMrnoBa (Jiemrna) (CI16f3TY «Jl3Tl1») 
I1o'ITOBhrn a,n.pec: ymm.a I1pocpeccopa Ilonosa, .n:oM 5, mITepa <I>, CaHKT-IleTep6ypr, 197022. 
Terr. (812) 234-46-51. CaifT: www.etu.ru. Email: info@etu.ru 


