
OT3hIB 
oc]nuurnJibHOro OIIIIOHeHTa Ha Il,l1CCepTau110HHYIO pa6oTy 

<l>11u0Ba BaIJ,11Ma B11aIJ,rreHOBffqa Ha TeMy «Mo.z:i:err11 11 MeTOil,bI rrpoeKT11poBaH115I 

ceTeBOH apx11TeKTYPbI rrry6oKOH 11HCIIeKU1111 rraKeTOB», 

Tipeil,cTaBrreHHYIO K 3am11Te B ,ll,11ccepTau110HHOM CoBeTe 219.004.04 rrp11 CaHKT­

I1eTep6yprcKoM r ocy .z:i:apcTBeHHOM yH11Bepc11TeTe TerreKOMMyH11Kau11if MM. rrpocp. 

M .A. EoWI-EpyeBwrn Ha co11cKaH11e yqettoif cTerreH11 

Ka Hil,11Il,aTa TeXHJfL{eCKl1X HayK IIO crreu11arrbHOCTl1 

05. 12.13 - «C11cTeMbI, ceTl111 ycTpOHCTBa TeJieKOMMYHl1KaU11H» 

Co)l.epma1rne )l,HccepTaQHH 
,ll,11ccepTaU11.SI COCTOHT li3 BBe,n:eHH51, qeTbipex rrraB, CIIHCKa COKpameHMH, 

CIIHCKa l1CIIOJib30BaHHblX l1CTOqHJ1KOB 113 135 Hal1MeHOBaHHH, 3aKmoqemu1 11 14 
rrpIIJIO)l(eHl1H. 

Bo BBe,n:eH1111 06ocHOBhrnaeTC5I aKTyanbHOCTb 11cc11e,n:0Batt11H, 

ccpopMy1111poBaHbI uerrh, 3a,n:aqII, HOBI13Ha li rrpaKTWieCKa51 3H3l.Jl1MOCTb pa60TbI. 

B rrepBoi1 rnaBe aHaJ1113ttpyeTC51 pa3BHTHe MeTOIJ,OB pacqeTa c11cTeM 

Macconoro o6crry)l(IIBaHJ151 II MeTo,n:oB aHan113a rraKeTHoro Tpacp11Ka, B TOM q11cne 

TeXHOJionrn rny6oKOH lIHCileKUHI1 naKeTOB Jil ee rrpHMeHeHHe. fipOBOil,HTC51 o63op 

nrnoB 11 cpe,n HMl1TaUHOHHOro MOil,en11poBaHH5l. 06ocHOBblB3CTC51 

Heo6xo,UHMOCTb HCilOJib30BaHH.51 TaKHX CHCTeM B cospeMeHJ-IblX MYJibTHCepBHCHblX 

~enix. CcpopMyn11poBaHbI 3a,n:aqn, KOTopbie npe.n:nonaraeTcH nociCJ:OBa:eJ1 &Ho 

peUJl1Tb B XO)],e Il,HCC pTaUMOHHOH pa60Tbl. 

Bo BTOpOH rnaBe paccMOTpeHbI IIOil,XOil,bT ITO ycTaHOBKe CHCTeM c 

TeXHOJIOr11eH rny6oKOH HHCfieKUHH rraKeTOB Ha cenI CB5l3H l1 npouecCbI 

cpyHKl~l10H11pOBaHIUT crreuHaJilI3HpOBaHHblX cepnepoB BXOil,5IJl]J1X B COCTaB 

CHCTeMbI rny6oKOH HHCrre r<r.~Hl1 rraKeTOB. I1pe,n:nmKeHhI cpopMyJTbl Il,JI5l 

onpenenemui 1.rncna nocTyrra10m11x 3a5IBOK Ha cepBepa cttcTeMbI. Pa3pa6oTaHa 

MaTeManiqecKa51 MOil,eJih OilHCbIB3IOUia5l Cl1CTeMy r11y60KOH l1HCI1CKUHH rraKeTOB. 

B rpeTbeH: rnaBe npoaHan11311poBaHbI MeTOil,hI MaTeMan1qecKoro 

nporpaMM11pOBaHH51 H cnyqaifttoro ITOHCKa. Pa3pa60TaH MOIJ,HQJHUHpOBaHHbIH 

MeTOil, XyKa-,ll,)KHBCa Il,JI51 onpeil,eneHI151 qHcna 06cny)101na10mHx ycTpoticTB Ha 

cepBepax CHCTeMbI r.rry6oKOH ImcrreKIJJfl1 naKeTOB. Tipe,n:JIO:>KeHa MCTOil,HKa 

oueHKH 3cpcpeKTI1BHOCTH pa60Tbl CHCTeMbI npH pa3JIWIHOM 4HCn:e 
~ v 

oocny->KHBaIOIIJ.HX ycTp011CTB. 

B qeTBepTOll r "l.aBe p a1pa60TaHa MMHTaUMOHHa51 MO,UeJib CMCTeMhl rny6oKOM 

HHcneKUJ111 rraKeTOB. fipeil,CTaBJTeHO cpaBHeHHe pe3yJihTaTOB npHMeHeHJUJ 

MaTeMan1qecKoro 11 HMHTaUHOHHoro MOil,en11ponaHH5I. TipoaHa1111311poBaHbI 

M:eTOtJ:bI ITO Bbl llleHI15I npOH3BOil,HTeJibHOCTH CHCTeMbl. I1pe.n:rro:>KeHbl 

peKOMeHAaL.J, 111111 no npoeKTlllpOBaHllllO ClllCTeMbl. 

3aKJ110qem1e KOHCTaTttpyeT Hatt6orree Ba:>KHbre pe3yJihTaTbI pa6oTbL 

I1cnOJib30BaHHC pe3yJioTaTOB ,n:11ccepTaUHOHHOH pa60ThI IlOil,TBep)KtJ:eHO 

aKT3MH BHe,n:peHHH. 



AKTyaJlhHOCTI> TeMhl )lttccepTal(HH 

q11erro OTT (over the top) yesryr Ha eeT5JX eB513H eTpeMHTeJihHO paeTeT. 

Tpatj_:>11K np1106peTaeT Bee 6oJihIIIe HH.I.J:HBH.I.J:YaJihHhIX oeo6eHHOeTett c T01-IKH 

3peHH51 11enoJih3yeMhIX noJih30BaTemrMH np11JIO)KeH11tt 11 yenyr. TaK11e H3MeHeHH51 

BbIHY)K.I.J:aIOT orrepaTOpOB eB5I311 rrepeXO.I.J:HTb K rrepcoHaJIH3aUHI1 B o6cJiy)KI1BaHI·m. 

Bee 3TO y)Ke 3Ha1111TeJihHO onrn11aeTc5J OT Tenetj_:>oHHoii ceT11 c O)lHOTHITHhIMH 

ycnyraM11. 

3a rrocne.n:H11e fO.I.J:bl 3Ha'lrnTeJibHO yBeJIWU1JlOCb KOJll11-IeCTBO rrp1111mKeHI1H 

HCIIOJib3YlOU~I1X He3aper11cTp11poBaHHble, .Il,MHaMJillJeCKH l13MemreMbie mm qy)l(Me 

TpancrropTHhie rropThI. Cym:ecTsy10m:11e Tpa.n:11uHoHHhie ITO.I.J:XO.I.J:bI no 

orrpe,IJ,eneHHIO naKenwro TpaqJHKa, ocHoBaHHbie Ha aHam13e Tpm-1crropTHhIX 
~ v 

nopTOB He scer.I.J:a ooecrreqHBalOT HY)KHYlO T01-IHOCTh BhrnBneHH.51 rrpHJIO)KeH1111 . 

Hap5I,UY c I1'3MeHemrnMH B 33KOHO,IJ,aTeJibCTBe CJIO)KI1Bllla5IC5I CHTyaUI15I Tpe6yeT OT 

onepaTopoB CB513H rrpHMeHeHH51 COBpeLYteHHblX cpe.I.J:CTB HHCITeKI~HH rraKeTOB. 

KpoMe Toro, BHe,I1,peH11e c11cTeM n1y60Kott HHcrreKUHH naKeTOB rro3BOJI5IeT 

OTCpoi:mTh Heo6xo,UHMOCTb B paclll11pemu1 KaHaJIOB rrepe.n:a1rn ,ZWHHbIX 3a C1-IeT 

B03MO)KHOCTI1 orpaHW:HfTh HeI<OTOpbie KaTeropHH rrpHJIO)KeHHH rrpH yrpo3e 

neperpy3KH ceTH. Bee 3TH oco6eHHOCTl1 c11cTeMbI rny6oKott HHcneKUHl1 rraKeTOB B 

KOMITJieKce .n:aIOT rrpIIHUHITHaJibHO HOBbie B03MO)KHOCTH orrepaTopaM CB513I1. j:(JI51 

TaKHX CHCTeM Ha116onee Ba)KHO pacn03HaTb rrp11JIO)KeHI1e KaK MO)KHO 6bICTpee, 

qTo Tpe6yeT 3HalJHTeJibHOH Bbll:IHCJIHTeJibHOH MOIIJ:HOCTII. 

Dpe,n:cTaBs1enHa5J ,n:11ccepTau110HHa5J pa6oTa <t>11u0Ba Ba,IJ,11Ma BJrn,IJ,neHoBHLia 

«Mo,n:errII II MeTO)l,bI rrpoeKTHpoBaHH5I ceTeBOH apXHTCKTYPbI rny6oKOH 

HHCITeKUHH naKeTOB» ITOCB51IUeHa HCCJIC)l,OBaHHIO xapaKTepHCTHK KaqecTBa 

<PYHKUHOHHpOBaHH5! CHCTeMbI rny6oKOH HHCITeKUHTI naKeTOB, pa3pa6oTKe 

MO,UeJ1eii OI1HCaHH5I CHCTeMbl, MCTO)UiKH 01.(CHKH 3tj_:>tj_:>eKTHBHOCTH H MeTO.I.J:a 

rrpoeKTHpOBaHml. ITocTpoem1e TaKHX Mo.n:eneli COOTBCTCTByeT rrpaKTHKe 

11ccJ1e,noBamrn 11 rrpoeKTHposaHH5I rro)l,o6HhIX c11cTeM. ITony'lfeHHa5I B 

,n11ccepTaUHOHHOH pa6oTe MaTeManrqecKa5J Mo)l,enh, octtoBaHa Ha pa6oTax 

Hoppoca H 11ccne.n:oBaHH5IX Bellcore .I.J:II5! orrttcaHH5I o6cny)KHBaHH5! naKeTHoro 

TpatjJHKa, a He THilIIl:!HOro rryaccoHOBeKoro IlOTOKa. 

PelllaeMbie B 1u1ccepTaUHH 3a,IJ,ai:rn KOMnneKcHo 06ecrre11nBa10T rrpoBe,IJ,eHHe 

Hay11HO o6ocHOBaHHOro rrpoeKTHpOBaHJI5! 3cptj_:>eKTHBHOH ceTeBOH KOHtjJHrypauHH 

CHCTeM rJiy6oKOH HHCITeKUHil rraKeTOB H I103BOJUilOT CHI13HTb BpeM51 HaXO)K.I.J:eHH5! 

3a5JBOK B CI1CTeMe, B CB5!3H c 3TIIM aKTyanbHOCTb .n:aHHOH pa60Tbl He Bbl3bIBaeT 

COMHeHl15J. 

HoBHJHa H .LJ.OCTosepHOCTh 

uayqubIX IlOJ'IO~eHHH, BhIBO,Ll,OB H peKOMeH,llaU,HH 

HoBII3Ha Bcex rronyL1eHHhIX ttay11H&rx pe3ynbTaToB BhITeKaeT H3 

KOMITJICKCHOCTH MO.I.J:eneli I1 MCTO.I.J:OB, yqHTbIBaIOIUHX, c O)J,HOM CTOpOHhl, 

oco6eHHOCTH rrocTyrra10w,ero rraKeTHOf'O Tpatj_:>11Ka Ha CHCTeMy fJ1y6oKOH 

HHCITeKUHH naKeTOB H, c .n:pyroii CTOpOHbl, oco6eHHOCTH ee tPYHKUHOHHpOBaHH5I H 

ceTeBoi1 apx1ne1nypbI. 



HayYtto:i1 HOBI13HOH o6na)1aJ:OT cne)1yJ:Ollll1e pe3yJihTaThI )111ccepTamn1: 

- Ha6op TIOKa3aTenei1 TpaqmKa 11 CI1CTeMbI rny6oKOM l1HCTieKL(l111 naKeTOB, 

OTm1qa1:0r.u:11lic5I OT H3BeCTHbIX TeM, 1lTO Y1ll1TbIBa eT pe)KHMbI pa6 0 TbI CllCTeMbI; 

- MO)],eJIH CHCTeMbI rny6oKOH l1HCIIeKL(l1H rraKeTOB, OTJIH1laJ:Or.u:He C5I OT 

H3BeCTHbIX TeM, 1lTO yq11TbIBaJ:OT crreu11cp11Ky pa60TbI 11 B3al1M 0 )1ei1cTBl15I 

pa3JI111lHbIX c epBepoB B COCTaBe CllCTeMbI, MaTeMaT1111ecKa5I MO)],eJib COCT011T 113 

Jl.BYX BrrepBbie rrp 11MeH5IeMbI X pa3Jil11lHbIX MaTeMaTl11leCKl1X M O)],erreif )1JI5I 

cepBepoB c11cTeMbI, p a3pa6oTaHHbI X H a ocHoBe TPY )],OB Hoppoca, BeHTuerrb H 

QsqapoBa; 

- MeT0)111Ka ou,eHKll 3cpcpeKTI1BHOCTI1 Bap11aHTOB arrna p aTHOro COCTaBa 

cepBepoB CHCTeMbl r ny6oKOH i:-rncrreKU1111 rraKeTOB, OTJil11la1:0w:a5IC5I OT H3BeCTHbIX 

TeM, 1lTO MO)KeT 6 bITb HCIIOJib30BaHa Ha :narre rrpoeKTI1pOBaH115I 11 YLIHTbIBaeT 

crreuHcpHKY ceTeBOll ap xineKTYPbI CHCTeMbI, a TaK )Ke YTO )1Jl5I HaXO)K)],eHl15I 

ceTeBOH KOHqrnrypauHH B M eTO)],HKe I1CIIOJ1b3yeTC5I HOBbIH M0)1epHH3HpoBaHHbIH 

MeTOJl. XyKa-,l])KHBc a . 

CTeneHh o6octtosauuocTu u tlOCTosepuocTH ttayqtthIX noJJO)Kettuii, 

BblB0/1,0B H pe3yJibTaTOB 
,UocTOBepHOCTb 11 o60CHOBaHHOCTb HaYl.!HbIX TIOJJO)KeHHH , BbIBO)],OB M 

pe3yJihT3TOB, ccpopMyJJttpoBaHHbIX B .n:11ccepTaUHH, II0)1TBep)K.n:a1:0TC5I KoppeKTHhIM 

HCITOJ1h30B3HHeM MaTeMaTHqecKoro arrrrapaTa, pe3yJihTaTaMI1 l1MI1T3W10I-lHOro 

MO)],eJlHposamrn, a TaK)Ke 6oJJbllIHM YHCJIOM orry6m1KOBaHHblX pa6oT H 

BbJCTyru1eH11li Ha pa3JJI1YHhIX Pocc11licK11x H Me)K,n:yHapOLl,HbIX HayYHo­

TeXHHYecK11x KOHcpepeHUI15IX . 

3aMeqaHIUI no /1,HCCepTaU,HOHHOH pa6oTe 
1. Ha3BaH11e .n:11ccepTau,HOHHOH pa6oThI rrpe.n:rro11araeT rrpoeKT11posaH11e 

ceTeBOH apx11TeKTYPbI r11y60 KOH HHCIIeKI(llH rraKeTOB, O)lHaKO pa3pa6oTaHHbie 

MO)lem1 He OTil1CbIBaJ:OT y p oBHH o6pa60TK11 IIOCTyrra1:0w:11x rraKeTOB, 

11CIIOJ1b3YeMbie 11HTepcpeHCbl 11 rrpOTOKOJlbI, a TaK)Ke cpopMaT HX )],aHHhlX. 

Harrp11Mep, Ha ceTll IIO)lBH)KH OH CB5£311 cepBep BbI6opa IIOJ111Tl1Kl1 p a6oTaeT ITO 

npoT0Ko11y DIAMET ER. CoBpeM eHHbie ceT11 co1.n:a1:0T 11 aHa1111311py1:0T 

c11y)Ke6Hb1e 3ar o rro BK11 rraKeToB. C 11cTeMa r11y60KoH. l1HcneKu1111 n a KeToB 

ai-ia1111311pyeT rrepe)laBaeMbi e B rraKeTax 3aro110BK11 11 .n;aHHbie. B p a6oTe 

OTCYTCTBYJOT rrpe.n:non o)KeHIDI 11 p eK0MeH.n:autt11 o TOM, KaK )],OJJ)l(Ha pa6oTaTb 

CllCTeMa r11y60KOH i:-rncrreKI(l111 rraKeTOB, KaK rraKeTHa5I c eTb, HCIIOJ1b3Y5I 

MHoroypoBHeBy1:0 Mo,neJJb HJIH i:-rnaYe. T aKOH He,nocTaTOK 3aTpy.D:H5IeT pa3pa6oTKY 

I1 rrpoeKT11pOBaHHe CllCTeM rJiy6oKOH I-IHCn eKI(llH rraKeTOB . 

2. He n o H5ITHO, nolfeMy s pa6oTe He rosop11Tcs1 o B03MO)KHOCTI1 

JlO)l<HOfO paCII0 3H3Bamrn rrpHJimKeHmI CHCTeMOH r11y60KOH MHCIIeKI(HH naKeTOB, 

XODI 3TOMY pery115IpHO y.n:em1.eTC5I BHHMaHHe B 3apy6e)l(HblX HCCJJe)lOBaHI151.X. 

TaKoe JJmKHoe cpa6aTbIBaHHe MO)KeT rrp11BecT11 K qnrnaHCOBhIM rroTep5IM )lJI5I 

onepaTopa CB5I3IL 

3. I1011yqeHHbie B pa6oTe 33BI1CI1MOCTI1, rrpe.n:cTaBJJeHHbie Ha p11c.,U. l, 
Ll,.2, E. l, E.2 ocHOBbIBaIOTC5I Ha :rnaqe1nrnx rrapaMeTpos npe)lcTasJieHHhIX B 



Ta6m1ue 7, nonyY.eHHhIX ,IJ.JUI o.uHofi 113 BhI6opoK. TaK11e 3aB11c11MocT11 MoryT 6 hITh 

,IJ,pyrHMI1 rrp11 l1'3Me Hemn1 3HaY.emii1 HCXO,IJ,HhIX napaMeTpos. Cne,IJ,osano 

rpacpHY.eCKI1 n pe,IJ,CTaBHTb 3aBHCHMOCTb BpeMeHl1 HaXmK,IJ,eHH5I 335IBKH B CHCTeMe 

He TOJ1bKO OT Y:HCJia o6cny)lrnBaIOIU,HX ycrpoikTB YI l1HTeHCl1BHOCTl1 

TIOCTynaiomero TpacpHKa, HO l1 OT ;::i:pyrHX HCXO,Il,HbIX xapaKTepttCTHK, HarrpttMep, 

rrapaMeTpa X epcTa. B p a3,IJ,ene 2 .3 n rrpnno)KeHHl1 E rrpe,IJ,cTaBJieHbI 3ttai::1eH115! 

HeKOTOpbIX HCXO,IJ:HhIX rrapaMeTpOB, B 3aBHCHMOCTI1 OT ,IJ:H5I He,IJ:eJIH, HO He 

roBOpHTC5I 0 TOM, KaK MeH51IOTC5l l1X 3HaY:eHI15l rrptt l13MeHeHHH BeJIHY.HHbI 

s&r6opKH. 

TiepeYJ1CJleHHhle 3aMeY.3Hl151 He yMeHhiliaeT o6myio ITOJ10)KJ1TeJlhHYIO 

xapaKTepHCTHKY pa60 ThI. 

061uee 33KJIIOIJCHlle 

)lHccepTaUHOHHa51 pa6oTa <DttuoBa Ba,IJ,HMa Bna,IJ,neHOBHY:a «Mo.rrenH 11 

MeTOllbI npoeKTHposamu1 ceTeBOM apx11TeKTYPhI rny6oKOH l1HCI1eKIU111 rraKeTOB» 

51BJUlCTC51 3aKOHl.JeHH OM 1-mycrno-KBMHcp11Kau110HHOH pa6oTOH. )l11ccepTaL~i:1.H 

COOTBeTCTByeT n. 3-5, II. 11 H rr. 14 nacnopTa crreuHaJihHOCTH 05.12.13 -
«CHCTeMbl, ceTH 11 ycTpOHCTBa TeJieKOMMYHHKaUHH». 

)l11ccepTaum1 OTBet:IaeT KpHTepH51M, H3JlO)KeHHbTM B rr. 9 «TIOJIO)KCHH51 0 

I1p11Cy)K,IJ,eHHl1 ylfeHbIX CTerreHett», YTBep)K,IJ.eHHoro ITOCTaHOBJie1meM 

CTpaBJ1TeJihCTBa Poccrri1cKoi1 <De,IJ,epauww OT 24 ceHn16p5I 20 I 3 ro,IJ,a N~ 842 11 

5IBJrneTC5l 3aKOHLieHH OH Hay11.HO-KBan mp11Kau,110HHOH pa6oToiL ABTopecpepaT 

a;reKBaTHO OTpa)J(aeT OCHOBHOe co.nep:>Kam1e ,IJ,HCCepTaU,HOHHOH pa60TbI 

Hec;\10Tp51 Ha OTMet:IeHHhie 3aMeLiaHH5l, ,IJ,11ccepTau110HHa5l pa6oTa «Mofi.en11 
~ ~ ~ 

YI MeTO)lb1 npoeKTI1pOBaHl15l ceTeBOH apXI1TeKTYPbl rnyooKOl1 I·l.HCITeKU,Hl1 

naKeTOB» ou,emrnaeTC5l nonm1rnrenhHO, a ee asTop CVHUOB Ba,n:11M B.Tia,ll,J1eHOBJ1LI 

1acJiy)J(l1BaeT npttCBOeHJil5l yqe HOH CTeneHH K3H)lH)laTCKYIX TeXHHY:eCKHX HayK no 

crreUHaJibHOCTH 05. 12.1 3 - «CHCTeMbl, ceTH I1 ycTpOHCTBa TeJieKOMMYHHKaU,HH». 

Oq:nnJ,11aJihHbIM ormoHeHT, 

npocpecco p KatjJe,IJ,pbI 111-rqwpMaurroHHhIX c11cTeM CaHKT-TieTep6yprcKoro 
"JTr-.Tr,r,, rocy.Ll.apcTBeHHoro 3JieKTpoTexH11i::iecKoro ytt11BepcttTeTa J Y1 MM. 

B.11. Y JJb51HOBa (Jlem1Ha), 

,IJ, TH., npocpeccop M11xa11JT OJ1erosH:i::1 Kon6attes 


