
OT3hIB O<l>HIOIAJihHOfO OIIIIOHEHTA 
Ha .nuccepTanHOHH)'IO pa6oTy T0Kap.S1 Muxru-rna CepreeB11t1a Ha TeMy 

<~n«t>«t>epenuuaJJbHLlii MeTO)l nepe)lallJI CllfH3JlOB )lJISI CHCTeM CBHJJI c npo

CTpaHCTBeuno-BpeMeJIHLIM KO.QHpOB3HHCM», 

rrpe,ncTaBJieHHYIO Ha COHCKaHHe yqeHOH CTeneHH KaHJVi)J,aTa Texm1qecKMX HayK no 

cnenm1J11>HOCTH 2.2.15 - CMcTeM1>1, cen1 i.rycTPOHCTBa TeneKOMMymmaQMM 

AKJYaJJhHOCTb .QnccepTannouuoro nccne.i:.oeaHHH 

B ttacTo.sn.Qee speM.SI Ha pbIHOK Mo6HJibHbIX TeneKOMMYHHKan.mi see 6onee aK

THBHo BI>rxo,n.sn c11cTeMbI MHoroaHTeHHOH pa,nHOCB.SI3H no TexHonorHH MIMO a 

cpopMe rrpoc-rpaHCTBeHHO-BpeMeHHOfO 6noKOBOfO KOJUfpOBaHH.SI (IIBEK), Il03BOJJ.SllO

l..l(He noBbICHTb 3cpcpeKTRBHOCTb Hcnonh30BaHH.SI paJJ.RO'l.facTOTHoro cneK1pa. Ha )J,aH

HblH MOMeHT, ysemflJHTb nponyCKffYIO cnoco6HOCTb CHCTeM C8'1311 nocne)J,yIOl..l(HX 

IlOKOJieHHH npe)J,naraeTC.SI yaeJIH'.feHHeM lIIBpHHbl HCITOJib3YeMOH ITOJTOCbl " nepeHoca 

ee B 6onee BblCOKO'lfaCTOTttylO o6naCTb cne1CTpa, cneKTpaJihHOH 3cpcpeKTHBHOCTH H 

CKOpOCTH nepeMel..l(eHH.SI a6oHeHTOB, a TaIOKe npHMetteHHeM HeOpTOfOHaJibHbIX MeTO

)J,OB MHororron1>3oBaTenI>cKoro ,noczyna NOMA, HMelOI..QHX s1>1c0Ky10 Bhl'lfHCJIHTenh

HYIO cno:>KHOCTb. B 3THX, 6onee :>KeCTKHX, ycnoBH.SIX cpeJJ.bI rrepeJJ.3'tiff Heo6xoJJ.HMO 

no-rrpe:>KHeMY o6ecrre'lfHTh TO'lfHYIO ouettKy H cne:>Kemrn 33 n3p3MeTp3MH K3Han3 

CB.Sl3H (JJ.llil p360TDI KorepeHTHhIX MeTOJJ.OB ITBEK, B TOM 'tfHCJie NOMA), 'lfTO .SIBJUl

eTC.SI CJIO:>KHOH 3a)J,aqe:i:f 8 ycJIOBH.SIX ropOJJ.CKOH 3aCTpOHKH, yseJIB'lfeHIDI p36o'l.feH qa

CTOTbl H CKOpOCTH nepeMel..l(eHH.SI a6oHeHTOB. B KOHe'lJHOM HTOre 3TO npHBO)J,HT K yee

JIH'l.feHHJO 06'beM3 rrepe)J,alJH cny:>Ke6HOH HHcpOpMal(Hli (rrHJIOT-CHfHaJibl H JJ.p.) H, co

OTBeTCTBeHHO, K yMeHbllleHHIO noJib30BaTeJibCKOH (none3Hoi1). K TOMY :>Ke, 3TO no

Tpe6yeT ycJIO:>KHeJilUI MeTO)J,OB H yseJIH'lfeHH.SI Bbl'lfHCJIHTeJibHOH CJIO:>KHOCTH CHCTeMbl, 

qTo np1rne,n:eT K B03paCT3HHIO 3Heprono-rpe6neHH.SI H CTOHMOCTH o6opy)J,OBaHH.SI. flo-

3TOMY' aKT)'aJihHblM HBIDilOTC.SI He TOJibKO 33)J,3l.fH )J,OCTH)f(eHIDI BblCOKHX IlOKa.JaTeJieH 

3HepreTH'l.feCKOH H qacTOTHOH 3cpcpeKTHBHOCTH, HO H 33)J,3'lfH o6ecnet.feHH.SI HH3KHX 

3Ha'lfeHHH 3HepronoTpe6neHH.SI H CTOHMOCTH. Hcxo,n:.si: H3 npHee,n:eHHOro, pa.3p360TK3 

HOBbIX MeTO)J,OB H anropHTMOB o6pa60TKH, HMelOil{HX HH3KYIO BbllJHCJilffeJibHYIO 

CJIO:>KHOCTb, He Tpe6YJOil{HX oueHKH HMnyJihCHOH xapaKTepHCTHKH KaHana CB.Sl3H H 

o6ecnetrnBaJOl..l(IDC IlOBbIIIIeHHe qacTOTHOH H 3HepreTHqecKOH 3cpcpeKTH:BHOCTH, .SIBml

eTC.H nepcneKTHBHbIM Harrpaa11em1eM .llaJlbHeHlllero pa.3BHTH.H CHCTeM CB.H3li. 

,l(11ccepTau;110HHaH pa6oTa T0Kap.S1 M.C. Hanpaanetta Ha cpopMHposaHHe KOM

nneKcHoro HayllHO-TeXIDf'tJ:eCKOfO TIO)J,XO)J,a K pellleHHIO 3a)J,a'lfH ITOBbU.IIeHH.SI qacTOT

HOH H 3HepreTH'lfeCKOH 3cpcpeKTHBHOCTeH pa,n:HOTeXHH'lfeCKHX CHCTeM nepe.Qa'lfH HH

cpopMaQHH rrpH CHH:>Kemrn Bbl'lfHCJIHTeJihHOH CJIO:>KHOCTH CHCTeMlffiIX anropHTMOB B 

ycnot:JH.SIX 6blcTpo H3MeH.S110IUHXC.S1 napaMeTpoe paJJ.HOKaHana. TaKHM o6pa.JoM, aKTy

anhHOCTh H JHa'l.fHMOCTh TeMbl HCCJie,n:oaaHH.SI He Bbl3hIBaeT COMHeHHH. 

06ll(aH xapaKTepHCTHKa pa60Tbl 
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,Alli .D.OCTMJKeHH.SI IIOCTaaneHHOH uem-1 pa6oT&I, aBTOpOM 6&m rrpe.nno>KeH KOM

nneKCHhIH IIO.D.XO.D. K pemeHHIO OCHOBHOH JaL(atrn, KOppeKTHO ofr&e.llHHJllOl.IVfH HOBhlH 

MeTo.n .nmt><t>epeHUHMbHoro npoC'rpaHcTeeHHo-epeMeHHoro 6noKoeoro Ko.nupoea

HJ.UI ()UlBEK), MaTpHlJHblH anropHTM .neKO.D.HpOBaHIDI H anropHTM «c11erroi1» Ka.npo

BOH CHHXpomnaui-rn. ,Ami IIOJI)ltJeHH.SI qucneHHbIX xapaKTepHCTHK 3cpcj>eKTHBHOCTH 

npe.nno>KeHHOro MeTo.na )UlB~K ff anropHTMa «CJJenoH» Ka.npoBOH CHHXpOHHJaUI-fH 

6bIJUI pa3pa6oTaHbl nporpaMMMble Mo.nem-1 H npoee.neHO IIOJJHOUeHHOe HMHTIU{HOH

HOe MO)l.enHposam-te pa3pa6oTaHHblX MeTO)l.OB H anropHTMOB, nonyt.feHbl oueHKH 

JHeprenrqecKOH 3cpcpeKTHBHOCTH, BhPiRCJIJ.fTeJibHOH CJJO>KHOCTH H speMeHH BXO)l()l.e

HH.SI B CHHXpOHHJM. 

flpe.nno>KeHH1>1e aBTopoM HOB&Ie MeTO.D. nepe.na1rn H anropHTMHqecKHe perne

H1u1 OOJBQJijf}()T 6onee OilTHMaJJbHO HCnOJJbJOBaT.b CHCTeMHble pecypCbl H o6ecneq}l

Bal0T .nonOJJHHTeJJbH.blH 3HepreT}ltleCKHM BblHrpbIW KO.D.HpOBaHH.SI, IIOBbilJleHHe no

MexoycTOHtmBOCTH, CHH)l(eHHe BbPUICJJHTeJihHOH CJIO:>KHOCTH MeTo.na JUIBEK H 

yMeHbllleHHe epeMeHH BXO>K,lleHH.SI B CHHXpOHH3M CHCTeMbl CB.SIJH. 

,[(HccepTaUIDI co.nep>KHT 125 c-rpaHHU TeKCTa, sKJJ10qaeT B ce6x ase.neHHe, oc

HOBHYIO qacT.b, COCTO.Sl~IO HJ t.feTbrpex rnae, JaKmoqeHHe, CIIHCOK HCIIOJJb30BaHHbIX 

HCTOlJHHKOB HJ 89 HaHMeHOBaHHH JIJ.ITepa'I)'pbl pyccKO.Sl3blqH&JX H 3apy6e:>KH&IX aBTO

poe, a TaIOKe qeT&Ipe npmIO)l(eHH.SI. 

Bo aaeoeuuu o60CHOBaHa aKTYa.JibHOCTb TeMbl HCCJie,D.OBaHHH, c<PopMynHpo

B3Hbl QeJI.b pa60Thl, Ja.l{aqj.1 H HanpaeneHl.fSI HCcne.nosaHHH, MeTO.D..bl HCCJie)J.OBaHHH, 

H3Y'IBIDI HOBH3Ha H TeopeTHtfeCKa.SI H npaKTlflleCKa.SI 3Haq:J.JMOCTb pa60Tbl. 

B nepaou ZJZaae paccMaTpHsaroTcH cospeMeHHbJe npHHU.HIIbI noc-rpoeHHJl H Ma

TeManNecKoro onHcaHH.SI cHcTeM MIMO, csoi1cTsa pa.D.HOKaHanos, 11cnoJJbJyeM1>1e 

MeTO.D.bl H anropHTMbI npocTpaHCTBeHHo-speMeHHoro 6noxoeoro Ko.zmposaHJIJI H .ne

Mo.zzymn.tHH CHrHaJJOB fIBEK. Ha OCHOBe .neTaJJbHOro aHa.JIHTlflleCKoro o63opa cyw:e

CTBYJOlllHX pemeHHH, noKaJaHa aKTyan&HOCTb nos1>1rneHH.S1 noKaJaTeneif JHepreTHqe

cKoii I{ l.faCTOTHOH 3$cpeKTHBHOCTH MHOfOaHTeHHbIX CHCTeM CB.SIJH, a TalOKe Heo6xo

)l.lfMOCTb onTHMHJau.HH MeTO)lOB nepe,natrn H anropHTMOB o6pa60TKH ClffHaJJOB Ha 

OCHOBe MeTO.D.a JJ.H<t><t>epeHI . .{HaJJbHOro IlBEK. 
BmopaR z.naaa nocBSm,teHa pa3pa6oTKe Hoeoro MeToJJ.a rrepeJJ.a'iM ):{IIBEK 11 

anropHTMa MaTpH"tJHoro ,neKO.llHposaHIDI. C<t>opM)'nHpOBaHbI ycnoBH.SI npHMeHHMO

CTH .n11<l>cpepeHUHaJJhHOro npocTpaHCTBeHHo-epeMeHHoro KO.D.HposaHH.SI. CTpe.n.no>KeH 

HOBbIH MeTOJJ. H CTPYKTYPHa.SI cxeMa Ko.nepa )UlBEK, nocTpoeHHhie Ha npHHUHnax 

<l>PM. ,[(JI.SI peanHJaUHH )J.eKo,nepa aBTOpOM npe.nno>KeH anropHTM MaTpH'·IHOro .neKo

.D.HpOBaHHR, 06na.na1oll{HH Hl13KOH BbltIHCJJHTenbHOH CJJO>KHOCThlO, OCHOBaHHblH Ha 

pa36HeHMH Bopottoro H npHMeH.S1eM1>m .D.JIR pa36HeHH.S1 cHrHaJihHoro co3se3.D.1UI Mo

.ll)' JUII.{HH H COOTHeceHIDI npHHHMaeM&JX 3Hat.teHHH .D.llcpcpepeHUHaJlbH.bIX K03cpcpHU.H

eHTOB c HX ClffHaJJhHbIM C03Be3)].HeM. Ilocne qero, no Ta6mn.(e COCTO.SIHHH KO,D.epa 

npOH3BOJJ.HTC.SI BOCCT8HOBJieHHe nepe,naHHblX 6HT. 
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B mpembeu maae pa3pa6oTaH arrropMTM «cnenoH» Ka.nponoti CHHxpoH11Jau.r111 

.neMo.ny JUITopa ClffHaJia ,LU1BEK 6e3 HCDOJih30BaHHH MexaHH3Ma mmoT-CHrHaJIOB. 

CHCTeMa CHHXpOHHJa1..vu1, HCXO,llH 113 KOJIWieCTBa Ka.npos aHa.JIH3a, KorepeHTHO 

HaKanmrnaeT no HeCKOJibKHM Ka,llpOBhl.M OI<RaM 3HaqeHHH BeJIHlfHH MHHHMaJihHOro 

paCCTOHHIDI Me)l<,lly B03MO)l(HhIMH 3HatieHIDIMll BeKTOpOB .nmpcpepeHUHaJihHhIX K03cp

cpHUHeHTOB M rro11yqeHHhIMH HCXO,ll.H H3 KOJIWieCTBa Ka.npos aHaJIH3a. Ilocne 3TOfO, 

no MHHHMaJihHOMY 3HaqeHHJO HaKonneHHOH cyMMbl BbIHOCHTC.R perneH11e 0 CHHXpo

HH3aUHH. Atta.JIM3 cyMM HaKonneHHJI rrpo113so.n11TcH nocTOHHHO, acne.ncTBHe qero 

npOHCXO)J.HT fIOCTO.slHHOe OTCJie)l(HBaHHe Ha.JIH'l{HJI CHHXpOHl13aUJUI, B c11yqae npona

,llaHIDI KOTopoH: CHCTeMa npHHHMaeT perneHHe 0 Heo6xo,llHMOCTJ.f COOTBeTCTByI<nueii 

KoppeKTHpOBKM ( C,llBHra) Ka,llposoro OKHa. 

C/emBepma.R maaa nocamueHa 11ccne.nosaHHIO 6aJOBhrx xapaKTepHCTMK 3cp

cpeKTHBHOCTH pa3pa6oTaHHhIX MeTO,llOB H anropHTMOB, KOTopoe npoao.zurnoch B 

cpe.ne MATLAB R20 l 7a. ABTop pa3pa6oTan nporpaMMHhie MO.ll}'JIH, BbmonHHJI mH

poKHH crreKTP HMHTaUHOHHhTX HCCne.noaaHHH B ycnoBH.RX, a.neKBaTHhTX pearrbHhIM 

CHCTeMaM CBH3H. Pa3pa6oTaHa rrporpaMMHa.sl MO,lleJib MeTO,lla ,[(IIBEK, npe)J.CTaBJieH 

cpaBHHTeJibHhIH aHaJIH3 TIOMexoycToHqlffiOCTH H BbJqHCJlHTeJihHOH CJIO)l(HOCTH pa3-

pa6oTaHHhIX a.JiropHTMOB «cnenoih> Ka.npoBOH CHHXpOHH3aUHH, MaTpHqHoro arrro

pHTMa )J.eKO.D;HpOBaHIDI, arrrop11TMa ,[(IIBEK B umpoKOM ,llHanaJoHe sapbHpyeMhIX na

paMeTPOB .nrr.sr nonyqeHIDI cpaamnenhHhIX oueHOK 11x 3cpcpeKTHBHOCTH. Pe3ynhTaThI 

Mo.nen11poaaHHJl no.nTsep)l(JlaIOT cnoco6HocTh arrropHTMa «crrenoii» Ka.nposoii c11H

xpoH1nau1111 K ycTaHOBJICHHID Ka)J.pOBOH CHHXpOHH3aUHH npH ycJIOBHH HH3KOro OT

HOllleHHJI c11rnarr/llJYM B CHCTeMe H OTCYTCTBirn Heo6XO)J.HMOCTH 3HaHHJI 0 COCTO.SIHHH 

KaHaJia CB.sl3H. 

B JaKJZ1011e1tuu rrpe.ncTasneHhI ocHOBHbie pe3ynhTaThI 11 BhIBO,llhI no .nHccepTa

D;HOHHoii pa6oTe. 

Co.nep)l(aHHe .n11ccepTau1111 HJJIO)l(eHo rrocne.nosaTenhHo, pa6oTa rpaMOTHO 

CTPYKTYPHpomrna, co.nep)l(HT xopowo ocpopMneHHhIH HJIJIIOCTpaTHBHbrH MaTep11arr, 

MeTO,llH'lleCKH npaBHJibHO H )J.OCTaToqHQ IlOJIHO paCKphIBaeT pellleHHe IIOCTaBJieHHbTX 

HayqID>rx 3a.naq. OcpopMnemrn pa6oThI cooTBeTcTsyeT ycTattoaneHHhIM HopMaM. Aa

TopecpepaT Orp3)1(aeT OCHOBHbie IlOJIO)l(eHH.H ,llHCCepTaUHH H B ITOJIHOH Mepe pacKpbl

BaeT cyTh npose.neHHOH pa6oThI. 

Hay'IHaH HOBH3Ha H )lOCTOBepHOCTb OCHOBHblX BblBO)lOB H pe3yJihTaTOB 

JlHCCepTal(HH 

1. MeTO.ll .n.11Q>Q>epeHUMaJibHoro npocTpaHCTBeHHo-speMettHoro 6rroKosoro KO

.n11poaamrn, OTJIH'llaIOI.UHHCH OT H3BecTHhrx .n11cpcpepeHUHaJibHhIX MeTo.noa ITBEK TeM, 

qTo Il03BOJI.HeT ysenWIHTb 3HepreTwi:eceyro ::>cpcpeKTHBHOCTb H CHH3HTh Bb1q11cnH

TenhH)'IO CflO)l(HOCTh. 
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2. AnropHTM MaTpwrnoro ,neKo,z:u-1 poaaHIDI .z:lJUI cHcTeM CB.SIJH c nocne.noaaTenb

HOH H napannenbHOH (ITBEK) nepe,naqe}i HHcpopMaQHH, B OTflH'IHH OT HJBeCTHblX an
ropHTMOB HMeeT MeHbUIYIO BbftUfCJlHTeJlbHYIO CflO)l(HOCTb, npH 3TOM, He JaBHC.SIJ.UYIO 

OT o6'beMa KaHanhHoro ancpamna. 

3. AnropHTM «cnenoih> KaJJ,pOBOH CHHXpOHHJaQHH, OTflHtJaJOmHHC.SI OT HJBeCT-

HblX anropHTMOB Ka.npoBOH CH.HXpOHHJaQHH CHCTeM fIBEK TeM, lJTO o6ecne'IJ.fBaeT 

CHH)l(eHHe BpeMeHH BXO)l(.lleHHH B CHHXpOHH3M H BbI'IHCflHTenbHOH CJlO)l(HOCTH. 

06oCHOBaHHOCTb H .llOCTOBepHOCTb nonyqeHHI>IX aBTOpOM B .llHCCepTaQHOHHOH 

pa6oTe Hay'IHbIX H npaKTH'ieCKHX peJynbTaTOB IlO.llTBep)l(.naeTC.SI HCilOJibJOBaHHeM 

HJBeCTHblX IlOJIO)l(eHldi cpyH,naMeHTaJibHbTX HayK, HCilOJlbJOBaHHeM MaTeMaTH1IeCKHX 

Mo.neneii, ~eKBaTHhTX peanbHbIM cp11311qecKHM npoQeccaM, cornacoaaHHOCTblO Teo

peTH1IeCKHX peJyJibTaTOB c pe3yJihTaTaMH HMHTaQHOHHOro Mo.nenHpOBaHH.SI, o6cy)l(

.neHHeM peJynbTaTOB )lHCcepTaQHOHHOH pa6oTbl Ha Me)l(JJ.yHapo,nHhIX KOHcpepeHQ.IDIX 

H ceMHHapax, ny6nHKaQHeH OCHOBHhIX pe3yJihTaTOB )lHCCepTaQHH B ae.zzymHX peueH-

3HpyeMbIX )l(ypHanax. Mo)l(HO yTaep)l(,naTh, 11To Hay1IHbie nono)l(eHH.SI H BbIBO.llbI, 

ccpopMYnHpoaaHHhie ToKapeM M.C., npe.ncTaBJI.HJOTCH o6ocHoBaHHbIMH H .nocToaep

HhIMH. 

Har1naH n npaKTnqectcaH ueuuocTb pa6oTbl 
CoaoKynHOCTh peJyrrhTaToB, nonyqeHHhIX B npouecce BbmonHeHIDI ,nHccepTa

UHOHHoH: pa60TbI, cnoco6cTBYIOT 6orree rrry6oKOMY nOHHMaHHJO cpH3H1IeCKHX H HH

cpopMal..{HOHHl>IX npoQeccoa, npo11cxo.n.s111{HX B KJiacce MIMO CHCTeM. Ilpe.nno)l(eHbl 

HOBhie MeTO)lhl H anropHTMbl, Il03BOllillOJ.UHe o6ecne'IHT.b yaeJIHl.JeHHe qacTOTHOH H 

3HepreTH1IeCKOH 3cpcpeKTHBHOCTeH: B CHCTeMe, COKpameHHe BpeMeHH, Heo6XO,llHMOro 

.LI.JI.ff o6ecrre'IeHIDI K~pOBOH CHHXpOHHJa1urn, H CHH)l(eHHe Bhl'IHCJIHTeJI.bHOH CJIO)l(HO

CTH .n.eKO.LJ.HpOBaHIDI .LI.JI.ff CHCTeM pa.LJ.I.fOCBH3H npocrpaHCTBeHHO-BpeMeHHoro 6noKo

Boro KO.llHpOBaHHH, HCilOJlh3YlOlllHX pa.n.HoKaHan c 6bICTJJO MeH.SllOJ.UHMHCH napaMeT

paMH. PaJpa6oTaHHhIH MeTO.LJ. .n.mpcpepeHUHaJihHoro KO.llHpoaaHH.H .SIBJI.HeTc.SI Macuna-

6HpyeMbIM .llJl.SI pa3JIH1IHOro C01IeTaHH.SI KOJIHtleCTBa nepe.na10mHX attTeHH H He Tpe-

6yeT BblCOKoro Bbl1IHCJIHTeJibHOro pecypca rrpH .n.eKO.LJ.HpoBaHHH. AnropHTM MaTpHlJ

HOro .neKo.rr;11poaaH.ID1 MO)l(eT 6bITb npHMeHHM .llJI.H PCflli c nocne.n.osaTenhttoii H na

pannen.bHoii {fIBEK) nepe.n.a'IeH HHcpopMaQJUf, o6ecne'IHBaH HH3KYIO Bbil.JHCJIHTeJib

HYIO CJIO)l(HOCT.b .rr;eKO.llHPOBaHH.H, KOTOpaH He JaBHCHT OT o6oeMa KaHaJibHOro ancpa

BHTa. 

IlpaKTHl.JeCKaH 3Ha'IHMOCT.b pa60Tbl COCTOHT B TOM, lJTO npe.rr;JIO)l(eHHhle Me

TO,ll.bl H anropHTMbl MOryT 6bITb npHMeHeHbl npH COJJ{aHHH nepcneKTHBHblX CTatt.nap

TOB CHCTeM pa,nHOCB.SIJH, B TOM 1IHCJie .llJIH nepe,naqH cny)l(e6HOH HmpopMaQHH no Ka

HaJiaM c HHJKHM OTHOI.l.leHHeM CHTHanlllIYM H B ycnoBHHX 6bICTpO MeHJUOUJ.HXCH na

paMerpoB KaHana BBHtzy BblCOKOH CKOpOCTH nepeMemeHHH M06HJibHbIX CTaHQHH. Ilo

nyl.JeHHhie aaTopoM peI.l.leHH.SI o6ecnetJHBaIOT CHH)l(eHHe 3Hepronorpe6nem1e npHeM-
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HHKa H ero CTOHMOCTH. Ha. OCHOBaHIUI npoBe,neHHblX nccne.noBaHHH aBTOpOM pa3pa-

6oTaHbl nporpaMMHbie Mo.nenH, no KOTophIM nony11eHhI .nea ce11.neTenhCTBa o rocy

.napcTBeHHOH perHcrpaUHH nporpaMMbl .l(JUI 3BM. 
Ba)KHO OTMeTHTb, 1iTO asTop }1Bm1eTcS1 Kaar:m<t>11u11posaHHhIM cneu11anncToM B 

o6naCTH pa3pa6oTKH COBpeMeHHOH pa,nH03JieKTpOHHOH annaparypbI, a pe3yJihTaTbl 

ero pa60Tl>I HCIIOJib30BaHbl np~ BbIIIOJIHeHHH OIIbITHO-KOHCTPYKTOpCKOH pa60Tbl 

«CHcTeMbI pa,n,HocB.HJH», npo'Bo,nHMOH rocy.napcTBeHHbIM YHHTapHbIM npe.nnpIDI

THeM CBH3H «UeHrp perynHpOBaHHH CBH3H» (r. T11pacnonb) B 2021 ro.ny. 

0TMetirul HeCOMHeHHYIO HaytIHYIO H npaKTH1ieCKYIO 3HatJHMOCTb .l(HCCepTaUH

OHHOH pa6oTbI, Heo6xo,nHMO c.nenaTb pH.n JaMe'laHuii: 
1. ABTOp KOHCTaTHpyeT, t{TQ MeTO.l( ,l(llBEK MO)l(eT pa6oTaTb npH BbICOKOH OT

HOCHTenbHO cKopocTH nepeMeI.UeHIDI a6oHeHTa. Ho B pa6oTe OTCYTCTBYIOT oueHKH 

MaKCHManbHOH CKOpOCTH (npH COOTBeTCTBYIOI.UHX HCXO.l(HblX ,naHHbIX), npH KOTOpOH 

pa3pa6oTaHHbIH MeTO.l( npHMeHHM. 

2. He.nocTaTOtJHO nonHo HJJIO)KeH MexaHH3M <t>opMHposaHIDI Ta6mn.{hI cocTml

HIDI KO,nepa MeTo.na ,l(llBEK ,I{ml pa.3JIHlJHblX BapHaHTOB KOJUltfeCTBa nepe,naIOI.UHX 

aHTeHH H rroJHUHOHHOCTH Mo.nynHUHH L-PSK. 

3. ITpHBOJVITC.H pe3ynhTaTbI Mo.ne1rnposaHmI pa3pa6oTaHHbIX MeTo,noB H anro

pHTMOB .nmr cnyqru1 rronHoro pa3HeceHHH Me)l(.ny co6oli aHTeHH nepe.naTtrnKa H npH

eMHHKa. ITpH 3TOM, He OTMeqaeTCH KaK H3MeH.HTcH nonytJeHHbie peJyJibTaTbI npH 

HanHlJHH KoppeJIHUHH Me)K.l(y aHTeHHaMH. 

4. B pa6oTe He paccMOl]JeHbI orpaHH'leHIDI MeTo.na ,l(llBEK, CBH3aHHbie c pac

Tsi:)l(eHHeM :HJIH C)l(aTHeM CHrHana BO BpeMeHH, o6ycnosneHHbIM 3<t><t>eKTOM ;::(onnepa. 

5. ,[(rrJI 6onee tJeTKOro noHHMaHHSI H 3aBeprneHHOCTH pe3yJibTaTOB pa6oTbl, 

tteo6xo,n:HMO 6binO JlOTIOJIHHTb pa,n,en 4 cpaBHeHHeM Bepo.HTHOCTH cpbIBa Ka,n,poBOH 

CHHXpOHH3aUH11 (p:Hc. 4.1, 4.2) H sepmlTHOCTH 6HTOBOH OlllH6KH (pHc. 4.7, 4.8) npH 

0,llHHaKOBhlX HCXO.llffblX .naHHbIX. 

0TMe1.JeHHbie He.nocTaTKH He HOCSIT npHHUHnHanbHOro xapaKTepa, II03TOMY He 

BJIHHIOT Ha 06uzy10 BhICOKYIO oueHey ,llHCCepTaUHOHHOH pa60Tbl. 

CooTBeTCTBHe coi:.ep:acauuH uayquoii cneuuaJJbHOCTH 
;::(11ccepTaUIDI ToKapH MHxam1a Ceprees11qa cooTBeTcTsyeT nacnopry Hayq

HOH crreuHanhHOCTH 2.2.15. «CHcTeMbI, CeTH H ycTpoikTaa TeneKoMMYHHKaUHH» no 

rryHKTaM: 

NQ 4 «PaJpa6oTKa 3$$eKTHBHblX nyTeii pa.JBHTH}I H coseprneHCTBOBaHH}I 

CTIJYKTYPhl, apXHTeKTYpbl ceTeH H CHCTeM TeJieKOMMYHHKauHH, BKJilOlJrul BXO.l(}II.UHe 

B HHX 3JieMeHTbI»; 

NQ 15 «Hccne.noaaHHe H pa3pa60TKa HOBbIX CHrHaJIOB, a TaIOKe COOTBeTCTBYI0-

1.I(HX Mo,neMOB, Ko,neKOB, Myn&TmmeKcopoe H ceneKTopos, 06ecneq11sa10mHX a&1co

KY10 Ha.l(e)l(HOCTb H Ka'leCTBO o6MeHa HH<l>opMau11eii B ycnOBHSIX BOJ,neikTBHSI BHelll

HHX H BHyrpeHHHX IIOMex»; 
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NQ 18 «Pa3pa6oTKa Hay'lHO-TeXHH'leCKHX OCHOB C03)1,aHlrn ceTeH, CHCTeM H 

YCTPOHCTB TerreKOMMYHHKaUHH H 06ecne11eHHH HX 3cp$eKTHBHoro <l>YHKUHOHHpoaa

Hmrn. 

3aKJIIO''lenne 
C11HTaI-O, 1ITO ,L\HccepTaUHOHHM pa6oTa ToKapH MHxaHrra CepreeBH1Ia «~ml>

cpepeHI..\HaJILHhIH MeTO,L\ nepe,L\atIH CHfHaJIOB ,L\JIH CHCTeM CBH3H c npocrpaHCTBeHHO

BpeMeHHblM KO)l.HpoaaHHeM» TIOCBHll.\eHa aKTYaJibHOH TeMe, o6rra.naeT BHyTpeHHliM 

e,[\HHCTBOM, HanHCaHa aBTOpOM CaMOCTOHTeJibHO H HBJIHeTCH 3aKOH1IeHHOH HaylJHO

HCcne.noaaTeJihCKOH KBaJIH<i>HKaQHOHHOH pa60TOH, co.u.ep)f(ameH: perneHHe Ba)f(HOH 

HayqHo-TeXHH1ieCKOH npo6rreMbI. 

Tiorry11eHHbie pe3yn1>TaTbl )1,0CTOBepHbl I{ o6ocHOBaHbl, o6na.naIOT HaytIHOH HO

BH3HOH H npaKTH'leCKOH 3Ha'lHMOCTbIO, npe,L\CTaBJieHbl ny6rr11KaQl{HMH B H3)1,aHHHX 

1'pe6yeMoro ypoBHH. Anpo6aUHH pa6oThI npoee,L\eHa B cooTBeTCTBHH c npHIDIThIMH 

HOpMaMH. AeTopecpepaT )l.OCTaT011Ho nonHo orpa)f(aeT co)l.ep)f(aHHe )l.HccepTaUHH. 

})_Hcceprau1rn ToKapH M.C. norrHOCThIO cooTBeTcTsyeT 1'pe6osaHHHM n. 9 «Ilono)f(e

HHH o nopH,LJ.Ke npHCY)l(.lJ.eHIDI y11eH1>IX cTeneHeH», yTaep)f(.nettHoro IlocTaHosneHHeM 

IlpaBHTerr1>cTea PoccHH:cKoH: cpe.nepaUHH OT 24.09.2013 r. NQ 842 B .neiicTayiomeii pe

.naKUHH, npe)l,'bHBJIHeMbIM K )1,HCcepTaUHHM Ha COHCKaHHe CTeneHH KaH)l,H)1,aTa TeXHH-

1IeCKHX HayK, a ee aBTOp, ToKapb MuxauJI CepreeBH'lf, 3acrry)f(HBaeT npHCY)f(.lJ.eHIDI 

eMy ylleHoH cTenem1 KaH.D.H.D.aTa TeXHH11ecKHX HayK no cneuHarrbHOCTH 2.2.15. C11-

CTeM1>1, ceTH H ycl'pOHCTBa TeneKOMMYHHKaUHH. 

OcjmuuaJibHhIH onnoueuT: 
3aae.nyIOll.\HH Ka<Pe.npoi:i «HaHOTeXHOJIOfHH B 3JieKTpOHHKe», 

npocpeccop Kacpe)l.pbl «Pa.nHOJJieKTPOHHble H TerreKOMMYHHKaQH

OHHbie cHcTeMbI» <I>rEOY BO «Ka3aHCKHH HaQHOHaJibHbIH HC

cne.noaaTen1>cKHH TeXHH11ecKHH ytt11aepcHTeT HM. A .H. Tynoneaa 

- KAM», ,L\OKTop TeXHH1ieCKHX ttayK, )l.OUeHT 

<I>aibynrrHH ParnH)l. Po6epTOBH"ll 

KoHTaJCTHbie .uaHHbie: 

Tene<l>ott: + 7(905) 311-26-46 
3neKTJ>OHHaJI notITa: rrfayzullin@kai.ru 

(no.11.nHcb) 

.2 2-.. MM 2023r. 

Cneuml.1IbHOCTb, no KOTopoi:i ocl>HUHaJibHbIM onnoHeHTOM 3aIUHllleHa .llHCcepTauH.s1: 2.2.15 - CH
cTeMbI, CeTH }f ycTpOHCTBa TeneKOMMYHHKauHH 


