
OT3hIB
HalrqHoro pyKoBoAplTenfl

Ha AuccepraquoHrrylo pa6ory Bpy6neBcKoro Ceprer CepreeBurra
<flaparraerpr,Iqecrufi cHHTe3 Buprya.Jrrsofi qacrHofi ceru B cerrl gneKTpocBfl3u

o6crryxuBalavIfl

cllerlH€urbHoro Ha3HaqeHH.fl >, [peAcTaBJrfl ervryro Ha

concKar{He yqeHofi creneHu KaHAHAara rexHr{rrecKr,rx HayK rro crreuu€rJrbHocru

05.13.15 - BbItIHcJrHTeJIbHbre MaIrrHHbI, KoM[JreKcbr Lr KoMnbrorepHrre ceru

AnryaJrbHocrr' TeMbr ArlcceprallnoHnoro HccJreAoBaHHfl

Ha ceroAHflruHnfi AeHb B cerl,I gJIeKTpocBr3n cilequ€IJrbHoro Ha3HarreHafl
(C3CH) Ha6moAaercfl 3HaqrrreJrbHoe yBeJrrueHne o6reua ilepeAaBaeMbrx

coo6qeHufi. 3to o6ycnoBJreHo noflBJIeHI4eM vr aKT[rBHbrM LrcnoJrb3oBaHueM

cJleryrclqux ycJryr: BHAeoKonSepeHrIcBr3b, IP-reneSouux, oJreKTpoHHarr rrorrra,
gJreKTpoHHbre Kaprhr MecrHocrn, 6asH AaHHbrx, 

"t9 
rrpeAnoJraraer BbrrroJrHenue

BbrcoKrlrx rpe6onauuit KarrecrBa o6crryxn&ald.vrfl. IloJlb3oearenefi B cooTBeTcrB/r4lfl

c KJIaccoM rpa0rana, a rarcr(e opraHrrcarlmo o6oco6Jreur{fl noroKoB rpaSnra
c IIeJIbro o6ecnetleHlrfl urrQopMauuoHHofi 6egonacHocru. Opramusalqrnfl,
pa3rpaHurleHr{fl naKerHoro rpaSnra g CSCH ocyqecrBJrflercr ryreM rpHMeHeHHfl

rexHoJrorulr VPN - co3AaHHe VPN-rynnerefi.

llcnonrcoBaHue IP-rexsonornfi AeJIaer CSCH Bo MHoroM cxoxHMH

c cer.rtMu oJreKTpocBfl3r{ o6qero noJrb3oBanvrfl. (C3OII), o4Haro MoxHo BbrAeJrHTb

cJreAyroque orrlrqgreJrbHbre oco6eHHocrlr :

Nrfr CSOII B KaqecrBe ocHoBHoro rapaMerpa Hcnonb3yercr nporycKHafl

cnoco6Hocrb VPN-ryHHeJrfl, qro n 6olrruefi Mepe o6ycnoBJreHo Bo3Mo)Kuocrbro

ofleparprBHoro yBeruqeni,rs [porrycrcuofi cuoco6Hocru orAenbHbrx HanpaBrenufi

cB.tr3u 3a cqer cyrrlecrBeHHoro pe3epBa pecypcoB cern. .{aHnax crparerar
'rroBeAennfl, oneparopoB cB.rr3u B CSOfI roJrHocrbro o6ocnoBaHa vr rprrBoAHT

K yry.rrueHuro rroKtr3arenefi Kaqecrea o6cJryxclaBarrnfl, Quality of Service (QoS):
3aAepxKr,r nepeAaqu naKeTa, A)rQrTTepa H BepoflTHocrr{ IIoTepn naKera, T. e. AIrfl
C3O[I xapaKTepeH MexaHH3M He npflMoro ) a KocBeHHoro sosAeficrBlrfl Ha

floKa3arenr QoS 3a crrer yBerurrelevs, [ponycxHofi cnoco6Hocrrr Ha yqacrKe cern;

B cern Aocryra B CSCH ecrb BbrcoKocKopocrHbre yqacrKn B AecflTKH
H corHu M6ur/c, a Ha rpaHcnoprHoM ypoBHe nponycKHafl cnoco6Hocrb Molrer

cyqecrBenHo cHr,rxarbcfl (go rponycrcnofi cnoco6Hocru oKBuBanentrrofi
quQponoMy noroxy E 1 2048 r6nt/c), qro co3Aaer eQ$err <<6yrnnoqHoro
ropJrbrr[Ka>, TeM caMbrM ]/xyAruafl noKfBaTeJru KarrecTBa

noJrb3osarerefi;,

Cre4onareJrbHo, AJU rJraurrpoBanufl VPN-ryunenefi n C3CH Heo6xoArrMo
rrpHMerrf,Tb Ao[oJrHlrTeJrbHbre MeToAbI, ) IHTbrB€uoque B KarrecTBe pecypca ceTH

He roJrbKo nponycKr{yrc cnoco6Hocrb KaHa.Jra cBr3H, Ho H 3aAepxffiy rtepeAaqn



rraKeTa, a TaKxe HaJIrilIHe Hu3KocKopocrHblx yqacTKoB, qTo no3BoJrHT MaKcpIM€urbHo

H c6zurancrpoBaHHo r{c[oJrb3oBarb Becb pecypc cerrr, a He roJrbKo pecypc

orAeJrbHbD( KaHaIroB cBs3H. B cBs3H c orHM, AncceprarlrroHnafl, pa6om

Bpy6neBcKoro C.C. nocBflrrleHn€lfl pazpa6orKe MareMaruErecKr{x MoAeJIefi, ueroAoB

rapaMerpr{qecKoro cnHre3a ceru VPN, paspa6orKe QynxqnoHaJrbHofi crpyKTypbl
MaprlpyTrrcaTopa u iuropr4TMa ynpaRrleHHfl vrMu) no3BoJr.ffrorrlr4e noBbIcI4Tb

rporrycrnyrc cnoco6Hocrb VPN-ryHHeJIr B cerflx gneKTpocBr3u crreqlraJrbHoro

Ha3naq envrfl'- fl BJrf,ercfl aKTyarbHofi .

Hay.rnafl oqeHrca Arrccepraurrn
C yrreroM aKTy€rJrbHocrr{ H 3HarIlIMocrH o6osHa.reHHofi nayrrrofi sa4aqn.-

ArlcceprarluoHmafl pa6ora Bpy6neBcKoro C.C. nocBflrrleHa pa3BI{THro

Teoperl4rrecKr{x rronox(enufi H [paKTr{tlecKofi peuu3arlnu 3aAarr no noBbrrueHrllo

lporrycrHofi cnoco6Hocru VPN-ryHuerefi 3a crler lrx orrrllM€IJlbHoro

paclpeAeJreHl{fl B ceTH sneKTpocBs3l,r clleqlraJlbHoro Ha3HaqeHufl.

B Ar,rcceprarluoHnofi pa6ote perreHbr 3apiaqv .MareMaruqecKoro

MoAeJrrrpoBaHr{fl BlrpryaJrrsofi qacrHofi ceru B ceru oJreKTpocBfl3u c[equa"JrbHoro

Ha3HarreHH.fl c yrreroM 3aAep)KKH nepeAaqn naKera, [apaMeTpHqecKoro crrHTe3a

Bnpry{lJrrnofi qacrHofi cern c yqeroM 3aAep)I(KH [epeAaqrr naKera.

3anepur€uorrluM eranoM AncceprallnoHnofi pa6orrr rBJrflercfl paspaborKa

aJrropurMa aAMuHr{crpupouamufl, VPN-ryHuerefi n SyHxrIHoH€uIbHofi crpyKTypbl
Maprupyrr{3aropa, orruqaroqefics HaJrI{tIlIeM 6nora Maprupyru3arluu VPN-

ryHHerefi.
Honrrnau pe3yJlbraraMu, 3HaqI,[MbIMr{ AJII orpacJru HayKH, o6nacua

HccneAonanufi vr npaKTrrKH, npeAcraBJreHHbrMH B Ancceprarlul,r B KatrecrBe

noJIo)K enuit, BbrHocuMbrx Ha 3arr$lTy, rBJtf,rorct :

npeAnox(eHa MareMaruqecKafl MoAeJrb Bupryafirsofi qacrHofi cern B cerrl

9JreKTpOCBr3H Cneqpr€UrbHoro Ha3HaqeIJI/Ifl., yrrHTbrBaroqafl BJrr{flHHe 3aAep)KKH

rrepeAaqu rraKera Ha oqeHKy 3arraca no nporrycrsofi cnoco6nocru

Nrfl, co3AaBaeMbrx VPN-rynnenefi, [o3BoJrflrorqafl c Bbrcorcofi ToqHocrbro Ha orarle

nJraHlrpoBanr{fl cern onpeAeJrurb rpe6yeMble pecypcbr AJII ee co3A€lrll{fl

np H H c noJr b3 o B aHLr vr p aslruqHblx c noc o 6 oB M ap lrlpyrrrc arrnn;

perrreHr,ru 3aAaqu orrTuM€rnbHoro pac[peAeneHr.rf, VPN-rynnenefi

BnpryaJmnofi .racrHofi ceru B cerlr oJleKTpocBr3r,r crrequzurbHoro Ha3Haqenufl,

no 4puTepnro MaKcuMamnofi [ponycrcHofi cnoco6Hocrrr npn ycJIoBH]r BbrrroJIHeHHfl

rpe6onanuit no 3AAepxKe nepeAaqu naKera, B ocHoBy Koroporo [oJIo]KeHo

rpeAcraBJreHne cern B BHAe AByxBecoBoro rpa$a, yrruTbrBrlrcqero uponycKlrylo

cnoco6Hocrb r{ 3aAepxKy nepeAaqrr naKerd, H orpeAeJreHue Marp}rqbr Kpar.IafimlD(

paccronnwfr Ha rpa$e rryTeM npoBeAennfl, orreparluu yHapHoro 3aMbrKaHl{fl B

TpolurrecKoM [oJryKoJrbrle.



pa3pa6orKe SynrquoH€urbHbrx crpyKTyp Mapmpyru3aropa, cepBepa
v €IJIropHTMa a4vrvrmvrcrpnpoBalirru VPN-ryuuenefi B cern eJreKTpocBfl3n
crreIIH€UrbHOrO Ha3HaqeIJIrfl, OCyqeCTBJrflIOrqUX B pe)KHMe peaJrbHoro BpeMeH]r

rconSurypupoBaHue ra6Jrrrrl Maprrpyrn3arluu Ha ocuoBe oueHKH pecypcoB ceru,
cocrofllaurfl. KaHarIoB cBr3H, 3arpy3Kn KoMI\{yrarILroHHbD( ycrpoficrn c o6ecnerreHnrr
rpe6yeMbrx xapaKTeplrcrlrK KaqecrBa o6crryxuriamwfl, rroJrb3oearenefi BupryaJmHofi

HoBbD( HafrHbrx p$ynbraroB, xapaKTepn3yror nuqnrrfi BKJTaA

BK[Krq€ilor cpaBHHTeJIbIryrc oIIeHKy r{x HayqHoit u npaKTr{rrecrofi

qacTHoI{ ceTH.

Taxzna
KOHKpeTHbre

rIoJryqeHHbf,x

COHCKATCJIfl H

3HAqHMOCTI4.

o6pasou, noJroxenvrfl, BbrHocr{Mbre Ha 3arrlr,rry, coAepxar

Sop*yJrnpoBxrr u orrnquTeJlbHbre npn3HaKr,r caMocrorreJrbHo

,,{ocrcnepHocrb pe3yJrbraroB Arlcceprarrnr o6ecnequBaercfl .rerrcofi

nocraHosrofi peruaeMbrx 3aAaq, o6ocuoBaHHbrM ru6opou HcxoAHbD( AarrHbrx,
KoppeKrHocrbrc npr,ruflrbrx Aorryrr1enufi w orpanu.renufi npn MoAeJrHpoBaHHH
TeJreKoMMyHHKarIHoHHofi cerpr cilequilIbHoro Ha3HaqeHr{fl H rrpoqeccoB

rrporeKarcIqr{x B nefi, errcorofi cxoArlMocrbro reoperurrecKu rroJrfreHubrx
p*yJrbraroB c AaHHbrMr,r HarypHbrx ncuuraHufi .

Pa6ora HMeer BHyrpeHHee eAHHcrBo, xoporuo crpyKTypnpoBana) rrarrvrcana
rpaMornbrM, AocrynHbrM f3brKoM, JrerKo rrlrraercfl. ?Icnonb3yercr [paBHJrbHEur
TepMlrHoJrorurfl, ycTaHoBJreHHbre noHrrrrlrfl, TepMHHbr I{ olpeAe neld;vrs.. tr4nmocTparlH}r

cnoco6crByror Bocnpr{flT}rro n noHrrMaHHIo rrpeAcraBJreHHoro Marepn anra.

BHsoAbr no raxc.qofi HraBe rr rro pa6ote B rleJrona o6o6rq€uor H 3arJrroqalor
coAepx(arwHcfl B HUX MaTepH€rJr, OTpffKarOT noflyrreHHbre p$yJrbTaTbr

yKa3aHHeM creneHr rrx HoBI,r3Hbr vr npaKTu.recxofi 3HaqprMocrll.

Auaruruqecxnfi o6gop nr.rreparypbl cBuAerenbcrByer o ruupoKofi nay.rHofi
6ase ilpoBeAenHoro HccJreAoBaHHfl, Aaer rrpeAcraBJreHue o coBpeMeHHoM

cocroflHr4r ero npeAMerHofi o6nacru. CnucoK rry6nnra\utrr aBropa coorBercrByer
ocHoBHbIM Ha)rqHbIM p$yJIbTATaM AI,ICCepTAIII4VI, A CCbIJIKH Ha LICnOJIb3yeMbIe

HcrorrHHKH no3BoJrflK)T onpeAeJrnTb nn IHrrfi BKJTaA coucKareJrr B paspa6orxy

HarrHo[ SaAaqI/{ u oTAeJrr,rTb ero oT yxe rr3BecTHbrx wru noryqeHHbrx paHee

aBTOpCKr,[X p$yJrbraToB.
' OcnoBHbre HayrrHbre pe3yJrbrarbr, rroflyqeHHbre coucKareJreM, aupo6upoBaHbr

B xoAe AoKJraAoB Ha 9-ru MexAyHapoAHbD( H pecrry6JrrrKaHcKrrrx Haf{Hbrx

roHSepeHqr,[D(. ?Inreercg ar(T o npaKTHuecKoM HcrroJrb3oBaHHH pffiyJrbraroB

rrccJreAoBarrr4f; npu BbrnoJrHeHHH onbrrHo-KoHcrpyKTopcKofi pa6orbr <<Paspa6oma

anrapaTHo-nporp€MMHoro KoMnJreKca cpeAcrB KoMMyTa\uu H MapupyrH3€ulr,rH
qn$ponrur nororoB prnfl, noJreBbD( cucreM cBfl3rD) (omprrroe aKrllronepHoe

o6ulecrno <<A|AT-CHCTEM>); arc o rpaKrr{rrecKoM I{croJrb3oBaHHH pe3yJrbraroB

r,IccJreAoB€trrr/rfl B xoAe IlpoBeAenufl. onepaTHBHo-cnerlH{urbHoro )rureHHs soficr cB.fl3rr



BoopyxeHHbD( Cnn (YupanneHue cBflsvr feHepanbHoro uma6a BoopyxeHnbrx Cun
Pecrry6nuKn Eenapycr); aKT o peaIIH3arlnv Ha)rrHbrx r,rccJreAosauwfa B
o6pasoBareJlbHoM npoqecce (YO <<BoeHHafl aKaAeMHfl Pecrry6JruKu Eenapycb>).

ConcrareJlb ony6rnKoBaJr no reMe Aucceprarlurr 15 neqarnbrx pa6or, B ToM
ql,Icrte 6 cratefi n peqeH3rrpyeMbrx H3AaHan>q peKoMeHAoBaHHbrx BAK, 9 resucos

AoKJIaAoB Ha HafIHbIx ron$epenlluflx, rITo coorBercrByer rpe6onaHrrflM BAK

r orry6JIrIKoBaHHocTlr pe3yJrbraroB Arrcc eprarluoHHoro Hc cneAoBaHu.fl .

,{nccepralluoHHafl pa6ora roAroroBJreHa K 3arrIHTe, o$opMJreHa
B coorBercrBnu c rpe6onannfllar BAK H cocrolrr lr3 BBeAeHHfl, o6qefi

xapalcTepncrnKrr, qerbrpex HraB, 3aKJlloqenvrfl,, Gra6nnorpa$nvecKoro cnncKa

u ttprrJloxeHuE.

Bpy6neBcKHM C.C. caMocroflTeJlbHo BbrroJrHena nnann$nKarluoHHan

leayqnafl, pa6ora, coAepxar{afl HoBbIe HayqHbre pe3yJrbrarbr, 3aKrrorrnroq}recfl
B rroBbrruennr nporrycxsofi cnoco6Hocru VPN-rysnelefi B cern eJreKTpocBfl3rr

c[eIIH€uIbHoro Ha3uatleHrar. florryueHHble HoBbre pe3yJrbrarbr cBr{AereJrbcrByror

o Bblcorofi HafrHoft rsarurQnrcaryru concKareJrr, Koropafl coorBercrByer yreuofi

cTe[eHrr KaHAuAaTa TexHI,IqecKHX HayK.

Xaparcrepilcrnna nay.mofi, Hayrrno-ne4arornrrecrcofi H c.nyxe6nofi

Aefl TeIr bH ocTrr corrcKaTeJrfl

BpydnescKufi C.C. 3anrrMaercfl nayrurofi pa6orofi c 2019 roAa.
B aArroHKType nacrofr.rrlBo H rIeJIeHarpaBJIeHHo pa6oran H4A yffry6JreHlreM ceoefi
o6qercoperruecrpfi, BoeHHo-cnequanrHofi n upo Sec cuoHalruofi roAroroBKu.
B xoAe o6yrennr oBJr4AeJr MeroA€lMlr H cpeAcrBaMr,r Hafrnbrx HccneAonanufa,
yMeHHeM CaMOCTOSTeTbHO Ha BbTCOKOM ypOBHe BeCTU Ha)ruftryro

H Hayrrno-neAaronr.recrcyro pa6ory. B npoqecce pa6oru HaA Auccepmquefi
rpoffBuJr cnoco6Hocrrr K cepresuofi nayrrrofi pa6orc, roKa3arr ce6s
cSoprranpoBaBruwucfl" HafrHbrM pa6orHI{KoM, roropufi yMeer caMocrorreJrbHo

ocyqepTBJrflTb HarrHbrH noHcK, rlpaBHnbHo aHaJrH3upoBaTb noJrrreHHbre
p*yJlbrarbr r,r AoBoAHTb nx Ao rrpaKTu.Iecrofi peaJrn3arqrrtlz'. Hayuuue LrccJreAoBaHr,rfl

HHKorAa He oqpaHr{q}rBaJr roJrbKo rpeAMerHofi o6nacrbrcr cBoefi 4ucceprarluousofi
pa6oru, a npnHrltMarl caMoe aKTI{BHoe yqacrne s HI{P, BbrfroJrHrreMbrx Ha ra$eApe

no 3aKa3y yflpaBrrenufl, cBfl3r,I fenepanbHoro mra6a BoopyxeHHbrx CHr.
' B HacroflIllee BpeMfl Bpy6nescKufi C.C. rpoxoAlrr cJryx6y B AoJrxcHocrn

crapruero r,rH)r(enepa yue6Hofi ra6oparopnn raQe4pu cBfl3lr Qarcynrrera cBflsH
rr aBToMaTr{sHpoBaHHbrx cHcTeM ynpaBJreilWyqpe)KAeHr.rfl o6pasoBaHaf, <<BoenHas

aKaAeMl,rfl Pecrry6Jrr{Kn Eenapycb)). B xoAe pa6oru H4A Ar{cceprar{noHHbrM
HCCJIeAOBaHHeM rpH [oAroToBKe [peAcraBJreHr4eM Marepu€rJroB

Ha MexAyHapoAHbrx rexnurrecKlrx xoHQepeHrlnrrx Bpy6nencrufi C.C. roKa3aJr
apryMeHTr,rpoBaHHocrb B cyxAenvrflx, TorrHocrb B or.{eHKax u $opuyJrupoBKax,
yMerrne BcKpbrrb npornBopeqvrfl, BbrflBHTb npo6neMbr H o6ocsoBarb Bo3Moxnbre



nyTpl ktx pe[reHrIfl, BbrAenHTb HIaBHoe,

[oJryqeHHbre pe3yJrbrarbr. flocrosHHo

KpHTHrrecKH ocMbrcJrurb n o6o6qprrr
pa6oraer H4A noBbrrueHueM cBor{x

npo$eccuoH€ulbublx glaanutrr, HayrrHblx I{ HH}ICeHepHbrx HaBbrKoB pr yMenutr1 oxorHo

nepeHllMaer rrepeAonofi MeroAarrecrufi onbrr.

Bunol

Bpy6nescKnfi Ceprefi CepreeBnq 3acJry)Kr4Baer npucylrAenrrfl, yueuofi
crerreHu Kan4la4ara rexHuqecKr.D( HayK ro cnertrH€urbHocru 05.13.15
BbIlIrICJIHTeJrbHbre MarurIHbI, KOM[JIeKCbr H KOMnbrcTepHbIe CeTLr 3A HOBbre HayqHO

o6ocnoBaHHbre pe3ynbrarbr, 3aKrroqarouuecfl B y.r€re, rrpu MareMarurrecKoM

MoAeJrLrpoBaHrrH ceru VPN, Brrr4frHnfl 3aAep)KKu repe AaqH naKera Ha orIeHKy 3araca

no nporycKHofi cnoco6nocru p.iln co3AaBaeMbrx VPN-ryHHenefi, no3BoJurrcrqurfl c

BbrcoKofi roqHocrbro onpeAeJruTb rpebyeMble pecypcbr Anfl ee co3Aarrv!fl' perueHue

3aAaqu onruM€rJrbHoro pacnpeAeJreHrdf, VPN-rynnenefi BprpryamHofi qacrHofi cern

B ceru sneKTpocBr3pr cnequaJrbHoro Ha3Haqenufl, rro KpuTepurc MaKcr'rMamsofi

nporrycrsofi cnoco6Hocrll rpu ycJIoBHH BbInoJrHeHH.fi rpe6onanulr rro 3aAepxffie

repeAaqrr naKera, paspa6ome SyHxrlnoHanbHofi crpyKrypbr Maprupyrn3aropa H
€uropr/rTMa aliMinflncTpHpoBaillflfl, vPN-rynnenefi B cerlr gJreKTpocBfl3lr

c[eqLraJlbHoro Ha3HarreHvIfl, ocyqecTBJullou&rx B pe)Kr,IMe peaJrbHoro BpeMeHH

roHQnryplrpoBaHue ra6.rrurl Maprrpyrvsar\Hkr Ha ocHoBe orIeHKH pecypcoB cerrr,

cocrornrzlr^ KaHaJroB cB.fl3u, 3arpy3Kn KoMMyrarILroHHbrx ycrpoficrB c o6ecnerreHr{fl

tpe6yerrabrx xapaKTepucruK Kaqecrna o6cnprcEBaHr{r noJrb3oBareJrefi nnpryamnofi
.racrHofi cern, .rTo no3BoJlr{,Jro noBbIcHTb rpo[ycKrryro cnoco6Hocrb VPN-
TyHHeJrefi ua 12 u l0 % AJrfl rpaHpr.rHbrx 3HaqeHutrt saAep)KKH nepeAaqu raKera B
100 u 400 Mc coorBercrBeHHo, rro cpaBHeHr,ilo co cnoco6ou opraHr,r3arluu VPN-

ryuuenefi npu noMorrln rporoKoJra RIP, Ha 27 u 29 % rpu prcroJrb3oBaHuu

rporoKorra OSPF.

Hayunryfi pyroBoArrreJrb
3aMecTHreJrb AHpeKTopa no pa3

repBbru 3aMecTrrTeJrb AHpeKTopa
OAO (A|AT-CHCTEM>

cKHX HayK, AO

/- Marurun


