
OT3hIB 

Qc]) lI:QHAJihHOro OIIIIOHEHTA 

,lJ;oKTOpa 3KOHOMifY:eCKHX HayK, KaH,lJ,H)J,aTa TeXHHqecKHX HayK, npocpeccopa 

THXBHHCKoro BarrepH5I OrreroBHqa Ha ,lJ,HCcepTaIJ,HOHHYIO pa6oTy CTenaHeu, HpHHhI 

Barrep:neBHhI Ha TeMy «HccJie)J,oBauue u pa3pa6oTI\:a MCT0.11,0B pacqeTa 

nponycKHOH cnoco6uocTH pa.11,HOpCJICHHhlX JIHHHH c a)J,aDTHBHOH M0.11,YJIHQHCH», 

npe,1],CTaBJieHHYIO Ha COHCKaHHe yqeHOH CTeIIeHH KaH)J,H,lJ,aTa TeXHHqec1mx HayK no 

crreIJ,HaJihHOCTH 2.2.13 - Pa,lJ,HOTeXHHKa, B TOM qHcrre CHCTeMhI H ycTpOHCTBa 

TeJieBH,1J,eHH5I 

1. AKTyaJihHOCTH TCMhI )J,ttccepTaQnn 

HaH6orree MaccoBoe npHMeHeHHe pa,IJ,Hoperre:liHa5I CB5I3h rrorryqmrn B 

TpaHCIIOpTHOM cerMeHTe ceTeH no)J,BH)KHOH CB5I3H. IIpHHIJ,HnHaJihHO HOBbie peweHH5I 

no COBeprneHCTBOBaHHIO apXHTeKTYPhI H TeXHOJIOrHH pa,1],HO,lJ,OCTyna B ceT5IX 5-ro 

(5G) H B 6y,1J,yIIJ,eM 6-ro noKoJieHHH (6G) o6ecneqHBaIOT He TOJihKO Y,lJ,OBJieTBOpeHHe 

Tpe6oBaHHH no CBepxHa)J,e)KHOH BhlCOKOCKOpOCTHOH nepe,IJ,aqe )J,aHHhIX, HO TaK)Ke 

5IBJI5IIOTC5I )J,BH)KyIIJ,eH CHJIOH pa3BHTH5I CHCTeM cpHKCHpOBaHHOH CB5I3H, B TOM qncrre 

pa.n,Hoperre:liHo:li. BHe,IJ,peHHe Ha pa,IJ,HoperrettHhIX JIHHH5IX (PP JI) pe)KHMOB c 

a.n,anTHBHOH M0,1J,YJI5IIJ,HeH (AM) BhICOKHX rrop5I.D,KOB (.n,o 4096QAM), 

IIOJI5IpH3aIJ,IWHHOro MYJihTHIIJieKCHpoBaHH5I, arperau,HH HecyIIJ,HX, a TaK>Ke OCBOeHHe 

HOBhIX ,1J,Hana30HOB pa,IJ,HoqacTOT HanpaBJieHbI rrpe)K)J,e Bcero Ha nOBhIIlleHHe 

rrponycKHOH cnoco6HOCTH pp JI KaK CHCTeMbI c orpaHHqeHHhIM Ha6opoM rpa.n,au,HH 

CKopocTeH, T.e. Ha nOBhIIlleHHe MaKCHMaJibHO B03Mff>KHOH CKOpOCTH rrepe,IJ,aqH 

p;aHHhIX B 3a)J,aHHhIX ycJIOBH5IX pacnpocTpaHeHH5I pa.D,HOBOJIH. 

B HaCT05IIIJ,ee BpeM5I CJIO)KHJIOCh CHTyaIJ,H5I, KOr)J,a HayqHO-MeTO,lJ,HqecKHH 

annapaT, BKJIIOqa51 peKoMeH,IJ,aIJ,HH MC3 H ocpHU,HaJihHhie MeTO)J,HKH pacqeTa 

IIOKa3aTerre:li KaqecTBa pp JI He B noJIHOH Mepe yqHThIBaIOT TeXHOJior11qecKHe 

peweHH5I H ycJIOBH5I cpyHKIJ,HOHHpOBaHH5I, qTo CHmKaeT ,lJ,OCTOBepHOCTh pacqeTa rrpH 

npoeKTHpoBaHHH PP JI c AM H o6ocHoBaHHOCTh npoeKTHhIX H TexH11qecKHX 

peweHHH. Crre,IJ,oBaTeJihHO, B03HHKJIO npoTHBopeqne Me)K,lJ,Y B03Mo:>KHOCT5IMH 

HayqHo-MeTo,IJ,nqec1<0ro anrrapaTa H peaJIH30BaHHhIMH pe)KHMaMH pa6oThI PPJI c 



AM, KOTOpoe HeranrnHO CK33hIBaeTC5I Ha o60CHOBaHHOCTl1 perneHl1H 11 IIOBbIIllaeT 

KaK TexH11qecK11e, TaK 11 qmHaHCOBbie p11CKl1. 

B CB5I311 c Bhirne113nmKeHHhIM, TeMa ,IJ,11ccepTa11.110HHoi1 pa6oTbI CTerraHeU. H.B. 

«I1ccne,IJ,0BaH11e 11 pa3pa6oTKa MeTo,n:oB pacqeTa rrporrycKHOH crroco6HocT11 

pa,D,11openeHHbIX J111Hl1H c a,D,aIITl1BHOH MO,IJ,YJ15IIJ.11eH» 5IBJ15IeTC5I aKTYaJJbHOH, 11MeeT 

rrp11KJ1a,IJ,HYIO HarrpaBJJeHHOCTb 11 rrpaKT11qecKyIO 3Haq11MOCTb. 

2. XapaKTepttcTttKa coAep'.IKaHHB AttccepTan,ttouuoii pa60Tb1, cTeneub ee 

3aBepmeHHOCTH H KaqecTBO ocf>OpMJieHHB 

,Il,J15I ,IJ,OCTmI<eHl15I IIOCTaBJJeHHOH u.en11 pa6oTbI, KOTOpa5I COCTOl1T B 

IIOBbIIlleHl111 rrporrycKHOH crroco6HOCTl1 pp J1 3a cqeT 11CIIOJ1b30BaHl15I a,IJ,aIITl1BHOH 

MO,IJ,YJ15IIJ.1111 11 KOJ111qecTBeHHOI'O o6ocHoBaHl15I pe)Kl1MOB pa6oTbl pa,D,11openeHHbIX 

cTaHIJ.11H rrpH rrnaH11poBaH1111 11 orrT11M113au.1111 PP J1 c AM, aBTopoM 6nrn rrpe,D,JJO)KeH 

KOMIIJJeKCHbIH IIO,D,XO,IJ, K perneHl1IO HayqHOH 3a,n:aqH 11ccne,n:oBaH115I, KOppeKTHO 

ofrhe,D,11H5IIOIIJ.11H rrpe,D,J10)l(eHHbie MaTeMaT11qecKyIO MO,[(eJJb pa,D,11openei1HOH J111Hl111 c 

a,n:aIITl1BHOH M0,1J,YJ15IIJ.11ei1, MeTO,IJ, 11 MeTO,D,11KY pacqeTa rrporrycKHOH crroco6HOCTl1 

PPJ1 c AM. 

ITpe,D,JIO)KeHHbie aBTopoM MO,IJ,eJJh, MeTo,IJ, 11 MeTo,IJ,11Ka pacqeTa 

pa,D,11openeHHbIX J111Hl1H c a,IJ,aIITl1BHOH M0,1J,YJ15IIJ.11ei1 II03BOJ15IeT 6orree ToqHo 

yq11TbIBaTb pa6oTy B M11JIJll1MeTpOBOM ,D,11aII330He BOJIH 11 06ecrreq11BaeT yBeJI11qeH11e 

rrporrycKHOH crroco6HocT11 3a cqeT yqeTa MexaHl13MOB a,IJ,arrTau.1111 Ha ::narre 

IIJiaH11poBaH115I pa,D,11openeHHOH Jil1Hl1H, qTo IIO,IJ,TBep)K)J,eHo CTaTl1CT11qecKl1Ml1 

,IJ,aHHhIMl1 o pa6oTe PP J1 c AM. 

,II,11ccepTaIJ.l15I CO,D,ep)Kl1T 173 CTpaHl1IJ.bl Mailll1HOI111CHOI'O TeKCTa, COCTOl1T 113 

BBe,D,eHl15I, qeTbipex rJiaB, 3aKJIIOqeHl15I, CI111CKa COKpaIIJ.eHl1H 11 CI111CKa J111TepaTypnl 

(147 6116n11orpaqmqecKl1X l1CTOqH11Ka). 

Bo BBeAeHttH o6ocHoBaHa aKTYaJJhHOCTh TeMhI 11ccne,IJ,0BaH115I, 

ccpopMyn11poBaHhI u.enh 11 3a,D,aq11 pa6oThI, o6beKT 11 rrpe,D,MeT, MeTo,IJ,oJior115I 11 

MeTO,IJ,bI 11CCJ1e,IJ,OBaHl15I, orrpe,D,eJieHbl HayqHa5I HOBl13Ha, IIOJIO)KeHl15I, BbIHOCHMbie Ha 

3aIIJ.11Ty, CTerreHh ,IJ,OCTOBepHOCTl1 11 arrpo6au.115I pe3yJihTaTOB. 



B nepnoM pa3)J,eJie pa6oTbI aHaJIH3HpyIOTC5I TeXHH1-IeCKHe B03MmKHOCTH 11 

oco6eHHOCTl1 rrp11MeHeHH5I coBpeMeHHbIX pa,D,11openei1:HhIX n11H11i1:. Hccne,IJ,yeTC5I 

ponb 11 MeCTO pa,D,11openeHHbIX IT11Hl1H B TpaHcnopTHOM cerMeHTe ceTeH IIO,IJ,BmKHOH 

CB5I3H (CDC), a TaK)Ke rrp0Bo,IJ,11TC5I aHaJil13 ycnoB11i1: 11 TeH,IJ,eHIJ,1111: l1X pa3BHT115I. B 

KOHIJ,e pa3,D,ena rrpe,D,cTaBneHbI pe3ynhTaThI aHaITH3a cyIIJ,eCTBYIOIIJ,ero HayqHo

MeTO,IJ,HqecKoro arrrrapaTa, rrp11MeH5IeMoro ,IJ,IT5I oIJ,eHKl1 rroKa3aTenei1: KaqecTBa 

tjJyHKIJ,HOHI1poBaHH5I pa,D,11openei1:HbIX n11H11i1:. TaK)Ke BhrnBneHbI cocTaBIT5IIOIIJ,11e, 

KOTOpbie He yq11TbIBaIOTC5I B cyIIJ,eCTBYIOIIJ,l1X MO,IJ,eIT5IX, MeTO,IJ,ax 11 MeTO,IJ,HKax, HO 

5IBIT5IIOTC5I 3Haql1MbIMH ,IJ,IT5I pacqeTOB rrporrycKHOH crroco6HOCT11 H ycToi1:q11BOCTl1 

pa,D,11openei1:HbIX n11H11i1: . c a,IJ,arrTHBHOH MO,IJ,YIT5IIJ,11eH. Hcxo,IJ,5I H3 3Toro, 

tjJopMyn11pyeTc5I HayqHa5I 3a,IJ,aqa l1ccne,IJ,0BaH115I, a TaK>Ke orrpe,D,eIT5IIOTC5I rryTH ee 

peIIIeHl15I. 

Bo BTOpOM pa3)J,CJIC pa6oTbI OIIl1CaHa pa3pa6oTKa MaTeMaTHqecKOH MO,IJ,en11 

pa,D,HOpenettHOH IT11HH11 c a,IJ,aIITl1BHOH MO,IJ,YIT5IIJ,l1eH. I1p11BO,IJ,5ITC5I MO,IJ,en11 

pa,D,11openei1:HOI'O HHTepBana c IIOCT05IHHOH 11 H3MeH5IeMOH 611TOBOH CKOpOCTbIO 

rrepe,D,aq11 B ycnoBl15IX 3aM11paHl1H, BKITIOqa51 6bICTpbie 11 Me,IJ,neHHbie 3aMHpaHH5I B 

pa,D,11openettHbIX JIHHH5IX c a,D,aIITHBHOH MO,IJ,YIT5IIJ,Hei1:. 3TH MO,IJ,eJIH npe,D,CTaBJI5IIOT 

co6oi1: Ha6op MaTeMaTHqeCKHX 3aBHCHMOCTeH Me)l<,IJ,y IIOKa3aTemIMH ycTottqHBOCTH H 

rrporrycKHOH crroco6HOCT11 pa,D,11openeHHOI'O l1HTepBana 11 3a,IJ,aHHbIMH rrapaMeTpaMH, 

BHeIIIHl1MH tjJaKTopaM11 11 yrrpaBJI5IeMbIMl1 rrapaMeTpaMl1 pe)Kl1MOB pa60TbI 

pa,D,HopenettHOI'O HHTepBana c a,IJ,aIITl1BHOH MO,IJ,YJI5IIJ,Hei1:, BKITIOqa51 BH,IJ, 

rrepe,D,aBaeMoro Tpacp111<a. 

B TpeTheM pa3)J,eJie pa6oThI rrpe,D,cTaBneH MeTo,IJ, pacqeTa rrporrycKHOH 

crroco6HOCTH pa,D,nopeneHHOH JIHHHH c a,IJ,aIITHBHOH MO,I1,YIT5IIJ,HeH, yqnTbIBaIOIIJ,HH 

oco6eHHOCTH pacrrpocTpaHeHH5I pa,D,HOBOITH B Ml1ITITHMeTpOBOM ,IJ,HaIIa30He. 

PaccMoTpeHbI oco6eHHOCTH pacrrpocTpaHeHH5I pa,D,HOBOITH B 3TOM ,IJ,Harra3oHe, a 

TaK)Ke rrpe,D,CTaBneHbI pe3yITbTaTbI aHaJIH3a CTaTHCTnqeCKHX ,IJ,aHHbIX 0 BIT115IHHH 

MeTeoycnOBHH Ha 3aM11paHH5I CHI'HaJIOB Ha HHTepBanax pa,D,HOpeneHHOH ITHH11H c 

a,IJ,aIITHBHOH MO,IJ,YIT5IIJ,Hei1: B Ml1ITITHMeTpoBOM ,IJ,narra3oHe OT 71 ,IJ,O 76 ITIJ,, OT 81 ,IJ,O 

86 rrIJ, H OT 92 ,IJ,O 95 rrIJ, (E-band). ITpoBe,IJ,eHO cpaBHeH11e pe3yJibTaTOB H3MepeHHH 



c pe3yJI0TaTaMH pac11eTa ycTOML£HBOCTH rr nponycKHOM cnoco6HocTrr, nony11eHHbIMH 

H3BecTHbIMH MeTo,n.aMrr. Ha ocHoBe co6paHHbIX rr o6pa6oTaHHbIX cTaTrrcTrr11ec1rnx 

,n.aHHbIX c ,n.eMCTByIOIIJ;HX pa,n.rropeneMHbIX HHTepBaJIOB H 6JIH3Jie)Karu;rrx 

MeTeOCTaHIJ;HM npe,n.JimKeH MeTO,D. pac11eTa nponycKHOM cnoco6HOCTH 

pa,n.rropeneMHOM JIHHHH c a,n.anTHBHOM MO.D.YJI51QHeM, a TaK)Ke o60CHOBaHa ero 

nprrMeHHMOCTb B ycJIOBH51X B03,D.eMCTBH51 noro,n.HbIX cpaKTOpOB, Bbl3bIBaIOIIJ;HX 

3aMHpaHmI, H y11eTa oco6eHHOCTeM pacnpocTpaHeHH5I pa,n.HOBOJIH B MHJIJIHMeTpOBOM 

,n.rranmoHe. 

B qeTnepToM pa3)1.eJie rrccne,n.oBaHH51 npe,n.cTaBJieHa MeTo,n.rrKa pac11eTa 

nponycKHOM cnoco6HOCTH pa,n.rropeJieMHOM JIHHHH c a,n.anTHBHOM MO,D.YJI51QHeM, 

nprrMemreMa51 nprr nJiaHHpOBaHHH H onTHMH3aQHH pa,n.HopeJieMHbIX JIHHHM B 

pa3JIHL£HbIX ycnoBH51X. OnrrcaHa o6ru;a5I cTpyKTypa npe,n.naraeMoM MeTO,D.HKH c 

rrcnoJih30BaHHeM pmpa6oTaHHoro MeTo,n.a pac11eTa nponycKHOM cnoco6HocTH PP JI c 

AM. TaK)Ke npe,n.cTaBJieHa nporpaMMHa51 peaJIH3aQH51 ,n.aHHOM MeTo,n.rrKrr B cocTaBe 

nporpaMMHoro KOMnJieKca ONEPLAN RPLS-DB Link. H3nmr<eHbI npe,n.nmKeHH51 no 

nporpaMMHOM peanrr3aQHH pmpa6oTaHHoro MeTo,n.a, y11rrTbrna10ru;ero oco6eHHOCTH 

pacnpocTpaHeHH51 pa,n.HOBOJIH B MHJIJIHMeTpOBOM ,n.rrana30He, a TaK)Ke pacKpbITbl 

npe,D.JIO)KeHH51 no yBeJIHL£eHHIO nponycKHOM cnoco6HOCTH 3a CL£eT rrcnOJib30BaHH51 

pa,n.rropeneMHbIX JIHHHM c a,n.anTHBHOM MO.D.YJI51QHeM B TpaHcnopTHOM cerMeHTe ceTeM 

nO,D.BH)KHOM CB513H. 

B 3aKJIIOqeHHH no,n.BO,Il.HTC51 HTOr OCHOBHbIX pe3yJibTaTOB HCCJie,D.OBaHH51, 

o6cy)K,D.aeTC51 HX HOBH3Ha H 3HaL£eHHe ,D.JI51 TeOpHH H npaKTHKH, a TaK)Ke 

onpe,n.eJI51IOTC51 HanpaBJieHH51 ,D.JI51 ,Il.3JlbHelinmx HCCJie,D.OBaHHM. 

~rrccepTaQHOHHa5I pa6oTa HanrrcaHa COBpeMeHHbIM HayL£HbIM 513bIKOM, 

norrr11Ho CTPYKTyprrpoBaHa, KmK,D.bIM nocne,n.y10ru;rr.H pa3,n.en 51BJI51eTC51 norrr11ecKHM 

npo,n.omKeHrreM rrpe,n.01,n.yru;ero. ~rrccepTaQHOHHa5I pa6oTa rr aBTopecpepaT 

IIOJIHOCTbIO 3aBeprneHbI, ocpopMJieHbl B COOTBeTCTBHH c nprrH51TbIMH ,D.JI51 HayqHo

KB3JIHcpHKaQHOHHbIX pa6oT Tpe6oBaHH51MH. Co,n.ep)KaHrre aBTopecpepaTa 

COOTBeTCTByeT OCHOBHbIM H,D.e51M H BbIBO,D.aM ,n.rrccepTaQHH. 



IJ,eHHOCTb ,Il,HCCepTau:im ,IJ,JUI HayKH H rrpaKTHKH orrpe,n:en51eTC51 CHCTCMHbIM 

xapaKTepoM 11 qeTKOH rrocTaHOBKOH rrpo6neMbI 11ccne,n:oBaHH5I. K ,n:ocTOHHCTBaM 

pa6oTbI cne,n:yeT OTHCCTH opHrHHaITbHOCTb rrony11eHHbIX pe3yITbTaTOB, 

HCIIOITb30BaHHe COBpeMeHHbIX 5131>IKOB rrporpaMMHpoBaHH51 ,Il,IT51 Mo,n:en11poBaHH5I 

pe3yITbTaTOB H o6pa6oTKH CTaTHCTH11CCKHX ,n:aHHbIX, a TaK)KC B03MO)KHOCTh 

Hcrronb30BaTb rrony11eHH.Die pe3ynbTaTbI B rrporpaMMHOM KOMrrneKce ONEPLAN 

RPLS-DB Link ,IJ,IT51,n:anbHeilnrnx11ccne,n:oBaHHH. 

3. CTeneuh o6ocuoBauuocTH uayquhIX noJiomeuuii, BhIBO,!J,OB u 

peKoMeu)J,au,uii 

06oCHOBaHHOCTb Hay11HbIX rronmKeHHH, BbIBO.IJ:OB H peKOMeH,n:an;HH 

,n:11ccepTaIJ,HOHHOH pa6oTbl cne,n:yeT H3 HCIIOITb30BaHH51 a,n:eKBaTHbIX H nrnpoKO 

H3BCCTHhIX MaTeMaTH11CCKHX MCTO.IJ:OB, B TOM 11HCne pac11eTa qaCTHOH H o6iu:en 

Koppen51U:HH, q11cneHHoe cpaBHeHHe no KpHTepmo cornac1151 KonMoropoBa, a TaK)Ke 

pe3yITbTaTOB H3MepeHHH c ,n:eHCTBYIOin:HX pa,n:HopeneHHbIX CTaHU:HH. 

4. ,ll,ocTOBepuocTh H HOBH3Ha noJiyqeuHhlX pe3yJihTaTOB 

)J;ocTOBepHOCTb rrony11eHHbIX pe3yITbTaTOB 06ecrre11eHa a,n:eKBaTHbIM 

IIpHMCHeHHCM MaTeMaTH11CCKHX MCTO,Il,OB, KoppeKTHOCTbIO IIOCTaHOBOK 3a,z:i:a11, 

BBO.IJ:HMbIX ,n:orryiu:eHHH, orpaHH11CHHH H cpopMynHpOBOK BbIBO.IJ:OB, a,n:eKBaTHOCTbIO 

IIpHMCH51CMbIX Mo,n:eneH. cpH3H11CCKHM rrpou:eccaM B CHCTeMax pa,n:HopeneHHbIX 

ITHHHH. )J;ocToBepHocTb pe3ynhTaTOB rro,IJ,TBep)K,n:aeTC51 HerrpoTHBope1111BoCTbIO 

rrony11eHHbIX pe3yITbTaTOB pe3ynbTaTaM rrpe,n:IIIeCTBYIOin:HX HCcne,n:oBaHHH, a TaIOKe 

CTaTHCTH11CCKHM ,IJ,aHHbIM 0 pa6oTe ,n:eHCTBYIOin:HX pp JI c a,n:aIITHBHOH MO.IJ:YIT51U:HCH. 

I1ony11eHHbie B ,n:HccepTaU:HOHHOH pa6oTe Hay11Hbie pe3yITbTaTbI 

xapaKTepH3YIOTC51 HOBH3HOH, 11TO IlO,Il,TBep)K.IJ:aCTC51 HOBhIMH IIOCTaHOBKaMH 3a,z:i:aq H 

crroco6aMH HX peIIIeHtrn, HOBOH MO.IJ:CJibIO pa,n:HopeneHHOH JIHHHH c a,n:arrTHBHOH 

MO.IJ:YIT51U:HCH, MCTO.IJ:OM H MCTO.IJ:HKOH pac11eTa rrporrycKHOH crroco6HoCTH 

pa,n:11openeHHOH JIHHHH c a,n:arrTHBHOH Mo,n:yn51n:11en, y11HTbIBaIOin:He oco6eHHocTH 

3aMHpaHHH ,z:i:n51 pa3ITH11Hbrx ,IJ,HaIIa30HOB PP JI c AM. 

Hay11Hon HOBH3HOH o6na,n:aIOT cne,n:yIOin:He pe3ynbTaTbI ,n:11ccepTan:1111: 



1) pa3pa6oTaHHa51 MaTeManrqecKa51 MO,Il,CJTb pa,IJ,HopeneHHOH JIHHHH c 

a,IJ,aIITHBHOH MO,IJ,YIT5IIJ.HCH B OTJIHLJHe OT H3BCCTHbIX BKJIIOLJaeT aHaITHTHLJCCKHe 

3aBHCHMOCTH nOKa3aTeJieH KaLJeCTBa cpyHKIJ.HOHHpOBaHH51, onpe,IJ,eJI5IIOI1J;HX 

nponyc1rnyIO cnoco6HocTb pa,IJ,nopeneliHoli JIHHHH c yqeToM cneu;mpm<H nepe,IJ,aqn 

,IJ,BYX THnOB naKeTHOro TpaqrnKa (HenpepbIBHOro H npepbIBHCToro ), OT TCXHHLJeCKHX 

xapaKTepHCTHK pa,I!,HOpeneHHbIX CTaHIJ.HH H napaMeTpOB ycnOBHH pacrrpocTpaHeHH51 

pa,IJ,HOBOJIH, xapaKTepH3YIOill,HXC51 6oICTpbIMH H MC,Il,JICHHbIMH 3aMHpaHH5IMH B 

HCIIOJib3YCMbIX ,IJ,HaIIa30Hax BOJIH; 

2) pa3pa6oTaHHbIH MeTo,IJ, pacqeTa rrporrycKHOH cnoco6HocTH pa,IJ,nopenettHOH 

JIHHHH c a,IJ,anTHBHOH MO,IJ,YJI5IIJ;HCH 3aKJIIOLJaeTC5I B TOM, LJTO OH B OTJIHLJHe OT 

H3BCCTHbIX orrnpaeTC51 Ha HOBOe 6onee TOLJHOe MaTeMaTHLJCCKOe Bbipa)l(eHHe, 

onHCbIBaIOill,ee pacnpe,IJ,eJieHHe Bep05ITHOCTeH rny6HHbl 3aMHpaHHH B 

MHJIJIHMeTpOBOM ,IJ,HaIIa30He BOJIH; 

3) pa3pa6oTaHHa51 MeTO,Il,HKa pacLJeTa rrporrycKHOH crroco6HOCTH 

pa,IJ,HOpeneHHOH JIHHHH npH nnaHHpOBaHHH H onTHMH3aD;HH pp JI 3aKJIJOqaeTC51 B 

TOM, LJTO OHa B OTJIHLJHe OT H3BeCTHbIX YLJHTbrnaeT oco6eHHOCTH 3aMnpaHHH B 

pa3JIHLJHbIX ,IJ,Hana30HaX BOJIH H HX BJIH5IHHe Ha a,IJ,anTHBHOe H3MeHeHHe rrporrycKHOH 

cnoco6HocTH, pacnpe,IJ,en5IeMoli Me)l(,IJ,y ,IJ,BYM51 THnaMH MYITbTHMe,IJ,HHHoro TpaqrnKa 

(HenpepornHoro I real-time n rrpepoIBHCToro( c 6ycpepepn3au;neli) I not real-time). 

OcHOBHbie pe3ynoTaTbI nccne,IJ,oBaHH51 ,IJ,OKJia,IJ,bIBannco Ha: X 

Me)K,Il,yHapO,Il,HOH KOHcpepeHD;HH no HHHOBaD;H5IM, COBpeMeHHOH npHKJia,IJ,HOH HayKe 

n 3KonornqecKHM nccne,IJ,oBaHH5IM (ICIES '2022), MapoKKo 2022 r.; VII H XI 

Me)K,IJ,yHapo,IJ,HOH HayqHo-TeXHHLJecKoli H HayqHo-MeTO,IJ,HLJecKoli KOHcpepeHIJ.HH 

CIT6rYT (AIIl1HO 2018, 2022); II Me)K,Il,yHapo,IJ,Holi Mono,IJ,e)KHoli KOHcpepeHu;nn 

ITO 3JieKTpOHHKe, TeneKOMMYHHKaIJ.H5IM H HHcpOpMaIJ.HOHHbIM TeXHonormIM (YETI 

2020), CaHKT-I1eTep6ypr, 2020 r.; V Me)K,IJ,yHapo,IJ,HOH KoHcpepeHIJ.HH no 

3JieKTpoTeXHHKe H cpoTOHHKe (CERC 2019), ,II;apMIIITa,IJ,T 2019 r.; XIX 

Me)K,IJ,yHapo,IJ,Hoil KOHcpepeHD;HH no HHTepHeTy Bern;eil H yMHbIM rrpocTpaHCTBaM 

(NEW2AN 2019), CaHKT-I1eTep6ypr, 2019 r. ITonyqeHbI 1 CBH,IJ,eTeJibCTBO 06 

ocpnu;nanoHOH perncTpau;nn rrporpaMM ,IJ,JI5I 3BM M~ 2021619677 OT 15 HIOH51 



2021 r., 1 rraTeHT N2 RU 2783387 OT 11 H05I6p5I 2022 r, 1 aKT peanH3aIJ,HH 

pe3yITbTaTOB ,Il;HCCepTaIJ,HOHHOH pa6oTbI B 000 «I1mpoTem>, 1 aKT BHe,n:peHH5I 

ttayqttbIX pe3yrrbTaToB ,n:HccepTan,HoHHOH pa6oTbI B yqe6HbIH rrpou,ecc CaHKT

I1eTep6yprcKoro rocy,n:apcTBeHHoro yHHBepcHTeTa TerreKOMMYHHKan,HH HM. rrpocp. 

M.A. EoHq-£pyeBHqa. 

IJo TeMe ,Il;HCCepTaIJ,HH orry6rrHKOBaHO 16 pa6oT, H3 HHX: 6 rry6rrHKaIJ,HH B 

peu,eH3HpyeMbIX HayqHbIX H3.IJ:aHH5IX, peKoMeH,n:yeMbIX BAK, 5 pa6oT orry6rrHKOBaHbI 

B H3,n:aHH5IX, HH,n:eKcHpyeMbIX SCOPUS, 2 pe3yrrbTaTa HHTerrrreKTYaJibHOH 

,n:e5ITeJ1bHOCTH, 3 pa60TbI B ,n:pyrHX HayqHbIX H3,Il;aHH5IX H MaTepHanax KOHcpepeHIJ,HH. 

5. TeopeTuqecKaH u npaI\:TnqecKaH 3HaqnMoCTh pa6oThI 

TeopeTHqecKa51 3HaqHMOCTh 3aKrrJOqaeTc5I B ,n:anoHeilrneM pa3BHTHH H 

COBeprneHCTBOBaHHH MO,n:erreH: H MeTO,Il;OB pac"LJeTa rrponycKHOH cnoco6HOCTH 

pa,n:HoperreHHbIX JJHHHH c a,n:arrTHBHOH MO.IJ:YIT5IIJ,HeH, B TOM qHcrre B HOBOM 

He,n:ocTaTuqHo H3yqeHHOM MHJ1J1HMeTpOBOM ,n:HaITa30He pa,n:HOBOJJH. 

I1paKTW:IeCKa51 3HaqHMOCTb 3aKJJJOqaeTC51 B TOM, qTo pa3pa6oTaHHa51 

MeTO,Il;HKa, OI1Hpa:EOIIJ,a5IC5I Ha pa3pa6oTaHHbie Mo,n:erro H MeTO,Il;, peanH30BaHa B 

COCTaBe ,n:eHCTBYIOIIJ,ero rrporpaMMHoro KOMITJJeKca rrrraHHpoBaHH5I H OITTHMH3aIJ,HH 

pa,n:HoperreHHOH CB513H, KOTOpbIH rrpHMeH5IeTC5I cpe,n:epanoHbIMH H perHoHaJihHf>IMH 

orrepaTopaMH ITO,Il;Bff>KHOH CB5I3H H 5IBJI5IeTC5I HHCTpyMeHTOM ,Il;J15I pa3pa60TKH 

o6oCHOBaHHbIX H CBOeBpeMeHHbIX TeXHHqecKHX H rrpoeKTHbIX perneHHH no 

pa3BHTHIO H COBeprneHCTBOBaHHIO 6ecrrpoBO.IJ:HOro cerMeHTa TpaHcrropTHOH 

pacrrpe,n:errHTerroHOH ceTH, rrocTpoeHHOH Ha PP J1 c AM. 

XoqeTc51 OTMeHHTh, qTo pe3yrroTaThI pa6oToI peanH30BaHbI B rrporpaMMHOM 

KOMrrrreKce ONEPLAN RPLS-DB rrrraHHpoBaHH51 H orrTHMH3aIJ,HH rro,n:BH)KHOH H 

cpHKCHpoBaHHOH CB5I3H (ceTeBa51 BepcH5I) B Kom}mrypan,HH ONEPLAN RPLS-DB 

Link, a T3K)Ke Hcrrorro3oBaHoI B yqe6HoM rrpou,ecce CaHKT-I1eTep6yprc1rnro 

rocy,n:apcTBeHHoro yHHBepcHTeTa TerreKOMMYHHKan,HH HM. rrpocp. M.A. Eonq

EpyeBHqa Ha Kacpe,n:pe Pa,n:HOCHCTeM H o6pa6oTKH cHrHaJIOB, qTo rro,n:TBep)K,Il;eHo 

COOTBeTCTBYIOIIJ,HMH aKTaMH 0 BHe,n:peHHH. 

6. 3aMeqaHHH no CO,l1,ep'.IK3HHIO H oc}mpMJieHHIO )1,HCcepTaU:HH 



0TMel..Ja5I HecoMHeHHYIO Hayl..JHYIO H ITpaKTHl..JeCKYIO 3Hal..JHMOCTb 

,Il;HCcepTaIJ,HOHHOM pa6oTbI, Heo6xo,n;HMO c.n;erraTb p5I,Il; 3aMel..JaHHM: 

1. Brraro.n;ap5I ITepexo.n;y coBpeMeHHhIX ceTeli CB5I3H Ha ITaKeTHYIO CTPYKTYPY 

,n;aHHbIX ITOJIBHJiaCb B03MO)KHOCTb HCITOJib30BaTb pe)KHM a,n;aITTHBHOM Mo,n;yJIJIIJ,HH B 

pa,n;HoperreMHbIX JIHHH5IX, KOTOpbie Tpa,n;HIJ,HOHHO HCITOJib30BaJIHCb ,Il;JI5I pa60TbI 

TOJibKO c ITOCT05IHHOM CKOpOCTblO ITepe,n;al..JH. IlpH 3TOM Ba)l(HbIM OTJIHl..JHeM 

pa3pa6oTaHHOM B ,Il;HCCepTaIJ,HH MaTeMaTHl..JeCKOM MO,Il;eJIH 5IBJI5IeTC5I yl..JeT 

oco6eHHOCTeM ITaKeTHOM CTPYKTypbI ITepe,n;aBaeMoro ITO pp n c AM pa3HOpo,n;Horo 

MYJibTHMe,Il;HMHoro TpacpHKa, B KOTOpOM ITpe.n;rraraeTCJI pa3JIHl..JaTb H ITO-pa3HOMY 

ou,eHHBaTb HeITpepbIBHbIM H ITpepbIBHCTbIM TpacpHK, l..JTO He .n;enaeTCJI cornacHO 

cyrn,ecTBYIOllI,HM MeTO,Il;HKaM pacl..JeTa pp n, HO ,n;aBHO Y)Ke Ha3peno Ha ITpaKTHKe. 

0,n;HaKO aKTYaJibHOCTb 3Toro pa3,n;eJibHOro yl..JeTa xapaKTepHCTHK COCTaBHbIX l..JaCTeM 

TpacpHKa B ITepBOM rnaBe ,Il;HCCepTaIJ,HH pacKpbITa Ol..JeHb cna6o H OTpa>KeHa TOJibKO B 

BbIBO,n;ax ITO 3TOM rnaBe. 

2. c u,eJiblO ITOBbIIIIeHH5I ITPOITYCKHOM CITOC06HOCTH B CeTJIX ITO,Il;BmI<HOM CB5I3H 

5G H 6G ITpe.n;ycMaTpHBaeTC5I B ,Il;OITOJIHeHHe K l..JaCTH caHTHMeTpoBoro ,n;Hana30Ha 

Hcnonb30BaHHe H MHJIJIHMeTpoBoro ,n;Hana3oHa BOJIH FR2. B ITepBoli rnaBe 

,Il;HCcepTaIJ,HH YITOMHHaeTCJI cpaKT .n;onoJIHHTeJibHOro HCITOJib30BaHH5I 

MHJIJIHMeTpOBoro ,Il;HaITa30Ha H B CeTH pa,Il;I10,Il;OCTyna, H B TpaHCITOpTHOM cenI 

opraHH30BaHHOM Ha OCHOBe 6a30BbIX CTaHIJ,HM gNB c HCITOJib30BaHHeM TeXHOJIOrHH 

IAB (Integrated Access Backhaul), HO B cne.n;y10rn,Hx rnaBax npH mrncaHHH 

pa3pa6oTaHHOM MO,Il;eJIH, MeTo,n;a H MeTO,Il;HKH 3TO He HaIIIJIO OTpa>KeHHJI, XOT5I y 

aBTOpa ecTb ITy6nHKaIJ,H5I no 3TOM TeMaTHKe. 

3. B coBpeMeHHbIX pa.n;ttopeneliHbIX cTaHIJ,H5IX a,n;aITTHBHa5I Mo,n;ymru,HH 

npttMeH5IeTcJI B col..JeTaHHH c a.n;anTau,tteli no MOllI,HOCTH ITepe,n;aTl..JHKa. ABTop 

YITOMHHaeT 06 3TOM oco6eHHOCTH peanH3aIJ,HH a,n;aITTHBHOM MO,Il;YJI5IIJ,HH B peanbHOM 

aITnapaType pa.n;ttopeJieMHbIX CTaHIJ,HM, B l..JaCTHOCTH, BO BTopoli rnaBe Ha pHcymrn 

2.4 H B KOMMeHTapH5IX K 3TOMY pttcyHKy. 0,n;HaKO, Yl..JHTbIBaeTCJI JIH (B 5IBHOM HJIH 

HeJIBHOM BH,Il;e) COBMeCTHa5I a,n;aITTaIJ,H5I Ha HHTepBaJiaX pp n ITO CKOpOCTH H ITO 



MOIIJ;HOCTH B pa3pa6oTaHHOH MaTeMaTWieCKOH MO,Il,eJIH, B ,Il,HCCepTaIJ,HH He 

rOBOpHTC51. 

4. Eme o,n;Ho:i1 oco6eHHOCTbIO rrpaKTw1ecKo:i1 peanH3aIJ,HH pe)KHMa a.n;arrTHBHOH 

MO,Il,YJI5111,HH Ha HHTepBanax pp JI 51BJI51eTC51 TO, qyo rroporOBbie 3HaqeHH51 OTHOIIIeHH51 

CiffHaJI/IIIyM (OCill) rrpH rrepeKJIIOqeHHH c 6onee HH3Koro ypoBH51 MO,Il,YJI5111,HH Ha 

6onee BbICOKHH (Kor.n;a OCill yBeJIHqHsaeTc51) H rrpH rrepexo.n;e c 6onee BhicoKoro Ha 

6onee HH3KHH ypoBeHb Mo,n;y115111,HH (Kor.n;a OCill yMeHbIIIaeTc51) rrpHHHMaIOT 

pa3JIHqHbie BeJIHqHHbI, qyo OTMeqeHo BO BTOpo:i1 rJiaBe H OTpa:>KeHo Ha rrpHMepe 

KOHKpeTHbIX qHCJieHHbIX 3Haqem1:i1 B Ta611n11,e 2.1. 0,n;HaKO, KaK 3TOT rncTepe3HC 

rrepeKJIIOqeHHH Me)l(,n;y COCe,Il,HHMH ypoBH51MH MO,Il,YJI5111,HH yqHTbIBaeTC51 B 

pa3pa6oTaHHOH MO,Il,eJIH pp JI c a.n;arrTHBHOH MO,Il,YJI51IJ,HeH, B ,Il,HccepTaIJ,HH B 51BHOM 

BH,Il,e He yKa3brnaeTC51. 

5. IloTepn pacrrpocTpaHeHH51 pa,Il,HOBOJIH Ha HHTepBanax pa,Il,HOpeneHHbIX 

JIHHHH, KOTOpbie OTHOC51TC51 K Ha3eMHbIM TpaccaM rrp51MOH BH,Il,HMOCTH, 51BJI51IOTC51 

cyMMOH pa3JIHqHbIX COCTaBJI51IOIIJ;HX, Il0-pa3HOMY rrp051BJl51IOIIJ;HXC51 B pa3HbIX 

,Il,HaIIa3oHax pa,Il,HOBOJIH. ,[(rr51 MHJIJIHMeTpOBOro ,Il,Halla30Ha pa,n,HOBOJIH 

xapaKTepHbIMH 51BJl51IOTC51 COCTaBJI51IOIIJ;He IIOTepb H3-3a BJIH51HH51 aTMoccpepHbIX 

ra30B H oca,Il,KOB, a TaK)l(e .n;pyrHX MeTeoporrorHqecKHX cpaKTOpOB, BJIH51HHe KOTOpbIX 

Ha pacrrpocTpaHeHHe pa,Il,HOBOJIH IlOKa He,Il,OCTaToqHo HCCJie,Il,OBaHo, HO H3BeCTHO, 

qTo OHO OTJIHqaeTC51 B pa3HbIX reorpacpHqecKHX perHOHax B pa3Hoe BpeM51 ro.n;a. 

Cy,n;51 no rrpe,n;cTaBneHHbIM MaTepHanaM ,n;HccepTau,HH, rrpn pa3pa6oTKe 

rrpe.n;rraraeMoro MeTO,Il,a aBTOp o6pa6oTaJI H HCilOJlb30BaJI CTaTHCTHqecKHe ,n;aHHbie 

Ha6JIIO,Il,eHHH, rrpoBe,Il,eHHbIX B TeqeHne Il51THa,n;u,aTH MeC51IJ,eB, O,Il,HaKO Ha pncyHKaX 

3.7-3.10 B TpeTbeH rJiaBe, OTpa:>KeHa COBMeru;eHHa51 CTaTHCTHKa ypOBH51 CHI'HaJia H 

rrapaMeTpOB MeTeoycrrOBHH TOJibKO ,Il,1151 O,Il,HOro MeC51IJ,a. ,[(rr51 6orree IlOJIHOro H 

pa3HOCTOpOHHero o63opa CJie,Il,OBaJIO 6bI rrpHBeCTH pe3yJihTaTbI ,Il,Jl51 pa3JIHqHbIX 

Ce30HOB ro.n;a c aKIJ,eHTOM Ha Hanxy,n;IIIeM MeC51IJ,e, KaK 3TO rrpHH51TO B 

cyru;eCTBYIOIIJ;HX MCTO,Il,HKax pacqeTa pp JI. 

6. Hccrre,n;oBaHHe cTaTHCTHKH rrepeKrr10qeHH5I MC)l<,Il,y ypoBH51MH Mo,n;ymIIJ,HH B 

PP JI c AM B peaJibHhIX ycrroBH51X 51BJI51CTC51 Ba:>KHOH HayqHoH 3a,n;aqei1 H cne,n;oBano 



601 6orree rro.n.po6Ho rrpoaHam13npoBaTb rrpou,ecchI, rrponcxo,n:5IIII,He rrpH 3TOM. 

HarrpnMep, B pa3.n.erre 3 (Ta6rr. 3.2) rrpn orrncaHHH .D.HHaMHKH H3MeHeHH5I MOIII,HOCTH 

CHrHarra Ha rrpneMe aBTOp rrpHBO,[l.5IT 3HaqeHH5I cpe,n:He1rna.n.paTWieCKoro OTKJ10HeHH5I 

(CKO) ,[l.J15I pmrrHqHbIX aMIIITHTYJJ:HO-KBa.n.paTypHbIX MO.D.YIT5Ill,HH, HO He OTMeqaeT H 

He KOMMeHTnpyeT Ha6mo.n.aeMyIO 3aKOHOMepHOCTh yBerrnqeHH5I CKO rrpn 

yMeHbIIIeHHH ypoBH5I MO.D.YIT5IIJ,HH. 

7. I1paKTHqecKa5I pearrn3aIJ,H5I norryqeHHhIX TeopeTnqecKnx pe3yrroTaToB 

nccrre.n.oBaHHH B cneu,narrn3npoBaHHOM nporpaMMHOM KOMnrreKce ONEPLAN 

RPLS-DB Link rro3BOIT5IeT ncnorro30BaTb pe3yrroTaTbI JJ:IT5I aBToMaTH3HpoBaHHoro 

npoeKTHpOBaHH5I ceTeii IIOJJ:BH)KHOH H cpHKCHpOBaHHOH pa,[1.HOCB5I3H. 0.n.HaKO B 

qeTBepTOH rrraBe, noCB5IIII,eHHOH onncaHHIO pmpa6oTaHHOH MeTOJJ:HKH, 

npe,n:rrmKeHH5I no rrporpaMMHOH pearrH3aIJ,HH npe.n.cTaBrreHbI B OCHOBHOM TOJ1bKO B 

qaCTH KaCaIOIII,eHC5I npe.n.rraraeMbIX H3MeHeHHH HHTepcpeiica rrporpaMMbI JJ:IT5I BBO,[l.a H 

BbIBO,[l.a .n.onorrHHTeIThHbIX HCXOJJ:HbIX ,n:aHHbIX H pe3yITbTaTOB. 

0TMeqeHHbie He,[I.OCTaTKH He 5IBJ15IIOTC5I onpe,n:eIT5IIOIII,HMH H He MoryT 

IIOBJ1H5ITb Ha nOJ10)l<HTeJ1bHYIO on,eHKY pa6oTbI. 

7. CooTBeTCTBHe co.JJ.epmauuH uayquoii cneu,uaJibHOCTH 

,D,nccepTan,n5I CTenaHen, I1pnHhI BarrepbeBHbI cooTBeTcTByeT rracnopTy 

HayqHOH crreIJ,HaITbHOCTH 2.2.13 - «Pa,n:HOTeXHHKa, B TOM qncrre CHCTeMbI H 

ycTpOHCTBa TerreBH,[l.eHH5I» no rryHKTaM: 

rr.2 «I1ccrre,n:oBaHne MeTOJJ:OB n arrropnTMOB o6pa6oTKH pa,n:nocnrHarroB, 

yqnTbIBaIOIII,HX 3cpcpeKTbI HX pacce5IHH5I H OTpa)KeHH5I rrpn rrpoXO)KJJ:eHHH qepe3 

pmrrnqHbie cpe,n:bI pacnpocTpaHeHH5I»; 

rr.8 «Pmpa60TKa H HCCITe,[l.OBaHHe pa.n.noTeXHHqecKHX ycTpOHCTB H CHCTeM 

rrepe,z::i:aqn HHcpopMaIJ,HH, B TOM l::IHCJ1e 3cpHpHbIX, pa,z::i:noperreHHbIX H KOCMnqecI<HX, c 

u,errbIO IIOBbillieHH5I HX rrponycKHOH crroco6HOCTH, noMexoycToliqnBOCTH H 

noMeX03aIII,HIII,eHHOCTH»; 

rr.13 «C03,lJ;aHHe Teopnn CHHTe3a, aHaITl13a 11 a,z::i:arrTaIJ,11H pa,n:HOTeXffWieCKl1X 

ycTpOHCTB 11 CHCTeM, anrop11TMOB o6pa60TKl1 c11rHarrOB H HHcpopMaIJ,11H B 3THX 

CHCTeMaX». 



8. 06m;ee 3a1~Jiroqeuue 

,[1,11ccepTa1I,HOHHaSI pa6oTa co,n:ep)KHT BCe Tpe6yeMoie pa3,n:eJioI B COOTBeTCTBHH 

c rOCT P 7. 0.11-2011 l1 rrpe,n:cTaBmieT co6o.H 3aKoHqeHHYIO HayqHo

KBanmpHKalI,HOHHYIO pa6oTy, B KOTopo.H Ha BhICOKOM ypoBHe pemeHa aKTyanoHa5.I 

HayqHa5.I 3a,n:aqa pa3pa6oTKH MeTo,n:a 11 MeTOJJ:HKH pacqeTa rrporrycKHOH crroco6HocT11 

PP JI c AM rrp11 rrrraH11poBaH1111 11 orrTHMH3a1I,HH pa,n:11operre.HH01x JIHHHH B 

pa3JIJ1qHDIX ycrrOBl15.IX rrp11MeHeHI15.I c yqeTOM oco6eHHOCTeH pacrrpocTpaHeHI15.I 

pa,n:HOBOJIH B MHJIJIHMeTpOBOM ,n:11arra30He. 

Cq11TaIO, qTo ,n:11ccepTa1I,H5.I CTerraHelI, 11pHHDI BanepoeBHoI Ha TeMy 

«11ccrre,n:oBaH11e 11 pa3pa6oTKa MeTOJJ:OB pacqeTa rrporrycKHOH crroco6HocTH 

pa,n:11operreMHhIX JIHHHH c a,n:arrTHBHOH MOJJ:YJI511I,HeH» COOTBeTCTByeT KpHTepl15.IM, 

rrpe,n:o5.IBJI5.IeMDIM B OTHOIDeHHH KaH,n:H,n:aTCKHX ,n:11ccepTa.l.J;HH, KOTOpDie ycTaHOBJieHDI 

rrrr. 9-14 IlorrmKeHI15.I 0 rrp11cy)K,JJ;eHHl1 yqeHDIX CTerreHeH (YTB. IlocTaHOBJieHHeM 

IlpaBHTerrocTBa P<D OT 24.09.2013 N2 842), a ee aBTop CTerraHelI, 11p11Ha BarrepoeBHa 

3acrry)KHBaeT rrp11cy)l<,JJ;eHI15.I yqeHOH CTerreHH KaH,n:H,n:aTa TeXHJ1qecKHX HayK no 

crrelI,HanoHOCTH 2.2.13 - Pa,n:HoTexHHKa, B TOM qttcrre cttcTeMoI 11 ycTpoiicTBa 

,[1,oKTOp 3KOHOMJ1qecKHX HayK, 

rrpocpeccop 

OpraHH3a1I,H5.I: 

yqpE>K,[l,EHME 

<DE,[l,EPAJihHOE 

"OP,[l,EHA 

T11xBHHCKHH Banep11.H OrreroB11q 

rOCY,[l,APCTBEHHOE BIO ,[l,)l{ETHOE 

TPY,[l,OBoro KPACHOro 3HAMEHH 

POCCiillCKHH HAYlfH0-11CCJIE,[1,0BATEJihCKHH HHCT11TYT PA,[1,110 

MNlEHH M.11. KPHBOIIIEEBA" 
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