OT3bIB HAYYHOI'O KOHCYJbTAHTA
Kupunuka Pyciana BanenTHHOBHYA
Ha mEccepTarmio bepeskuna Anexcanapa Anekcanaposrda «Paspadorka u
HCCeoBaHNe KOMILIEKCa MOIeNield 1 MEeTO/IOB 110 YMEHBIIICHUIO 33 PKKH
MH(OPMALMOHHEIX [TOTOKOB [IPU B3aUMOJIEHCTBHH ¢ OECIIMIIOTHBIMY CHCTEMaMH B
THOPUIHBIX OPOUTATBHO-HA3EMHEIX CETAX CBA3WY, PEJICTABICHHON Ha COUCKAaHUEe
YUEHOH CTeNeHH IOKTOpa TEXHUIECKUK HayK II0 CrienuanbHocTy 2.2.15. — CucteMsl,

CEeTH U yCTPOUCTBA TeICKOMMYHHUKALIUHA

AKTYyaJIbHOCTb HCCJIE0BAHHUS.

CrpemuTenbHOe pacimpenne cdep MNpUMEHeHHs OECIUIOTHBIX CHCTEM,
BKJIFOYAsi OECIHIOTHBIE aBHAllMOHHBIE CUCTEMBl, aBTOHOMHBIE Ha3eMHBIC U MOPCKHE
mnatdopMEl,  3aKOHOMEPHO  COIIPOBOXAAETCS ~ POCTOM — TPeOOBaHHH K
TeIEKOMMYHHKAIHOHHOMY OOECIIEYeHHIO IIPOIIECCOB yMpPaBJICHUS U MOHMTOPHHIA.
HauGonee xectkue TpeOoBaHUS GOPMUPYIOTCS B DPEKUME AUCTAHIMOHHOIO
B3aUMOJIEICTBHS, T.€. yIpaBieHus oT rnepBoro auna (FPV), mpu KOTOPBIX OIepaTop
IPUHUMAET PEUIeHHs TPEeHMYIIECTBEHHO Ha OCHOBE IMOCTYIAIOIMIEro BHEONOTOKA U
MyTéM OTIpPaBKM KOMAHI B3aUMONEHCTBHSA KOPPEKTHPYET IBHIKEHHC YHAIEHHOTO
00beKkTa. B 3THX YCIOBHSX 3aJepXKKH Iepefjadyd BHAECOMaHHBIX M KOMaHJ, WX
BAapHATHUBHOCTb, & TaKXe PACCHHXPOHM3alUA HMH(OPMAIMOHHBIX  TIOTOKOB
HEIIOCPEACTBEHHO  BJIMAIOT Ha TOYHOCTH MAHEBPMpPOBaHMs, Oe30IacHOCTH
IPAMEHEHHS ¥ BEPOATHOCTH JOCTIDKEHHS LeTH (QYHKIMOHUPOBaHHS OECIMIOTHOH
CHUCTEMBI.

Ocobyr0 3HaYMMOCTH paccMaTpuBaeMOH Ipobieme IpuaaeT Mepexox K
TUOPHIHBIM OpOUTATPHO-Ha3eMHBIM CETSM CBSI3H, PA3BUTHE KOTOPBIX COOTBETCTBYET
COBPEMEHHEIM HAIpaBIEHUSM I[OCTPOCHHSA OTEYECTBEHHOW HMHPOPMALHOHHOK
MHQPACTPYKTYpPhl C WHTErpalliell CIyTHMKOBBIX W Ha3eMHBIX CEIMEHTOB JULT
obecriedyeHusi TI00ANBHOIO IIOKPHITUS W yCTOMYMBOCTH CBSI3U, 4YTO SBJIACTCS
KIIFOYeBEIM KOMIIOHeHTOM CTpaTerdu pasBHTHS OTpaciy CBA3u Poccuiickon

denepanun Ha mepwox no 2035 roma. Bmecte ¢ TeM CTOMT OTMETHTBH, HTO
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BKJIFOUEHHE CITyTHHKOBOTO CEIMEHTa, OCOOCHHO Ha IeOCTAallMOHAPHBIX M CPENHUX
opOuTax, MPUBOIUT K CYIIECTBEHHOMY POCTY 3alepiKeK, OrPaHHICHHIO IOCTYyIIHOU
IPOIyCKHOH  CNOCOGHOCTH M YCIOKHEHMIO — OOeCredeHHS Tpebyemoro
nepuenTuBHOro kadectsa FPV-uzmeo. B oToH CBA3M JAMCCEpTAllMOHHAS pabota
Bepeskuna A.A., HanpaBlIeHHas Ha pa3pabOTKy KOMIUIEKCA MOJEIeH U METOZOB I10
YMEHBIICHNIO 3aJEpXKKA MH(MOPMAIIMOHHEIX IIOTOKOB IIPH B3aMMOJCHCTBHH C
OeCIIIOTHBIMH CHCTEMaMH B THOPUIHBIX OpOUTAIbHO-HA3EMHBIX CETIX CBA3H,
SBISETCS aKTyaJbHON, CBOEBPEMEHHOW M MMeEeT CYIIeCTBEHHOE 3HAYCHUE LA
Da3BUTHS TEOPHUH U PAKTUKU TEIEKOMMYHHUKAIHOHHBIX CUCTEM.

CrefyeT OTMETHTB, YTO COMCKaTeleM KOPPEKTHO C(pOpMyIHpOBaHEI Ielb H
3a]aud WMCCIICIOBAHUS, OXBATBHIBAIOIME aHa W3 TPeOOBaHMH K AMCTAHUHOHHOMY
B3aMMOJIEHCTBHIO, Pa3paboTKy apXUTEKTYPhI CHCTEMBl MH(QOPMAIIMOHHOTO OOMEHa,
ITIOCTpOEHHE MOJENel KaHaloB HH(MOPMAIMOHHOIO OOMEHa GECIMIOTHBIX CHCTEM
IUISL Ha3eMHOTO M CIIyTHHKOBOTO CETMEHTOB, pa3paboTKy METOJOB HEWPOCETEBOIO
ckaTud BupeowHbOpMald ¥ KOMaHJ B3aMMOJEMCTBHs OMeEpaTopa, a TaKxkKe
SKCIIEPUMEHTAIBHY0 MPOBEPKY MPEUIOKEHHBIX peleHnid. Takas I[0CTaHOBKa
WCCIIeJOBAHMS CBUIETENBCTBYET O €r0 CHCTEMHOM XapakKTepe U METOHOJIOrAYeCKOH
[[EJIOCTHOCTH.

ApXUTEKTypHbIE pelleHHs (BKIOYas NPUKIAIHbIE MEXaHU3MbI YIPaBICHUSA
MHGOPMAIIMOHHBIME [TOTOKaMH) OOOCHOBaHBI Yepe3 BEPOSTHOCTHYIO MOJENb
5(Q(GEKTUBHOCTH U TOATBEP)KAEHBI KCIEPUMEHTAIBHO U3MEPSCMBIMU 1T0Ka3aTEISAMK
Ha ypoBHe mpuioxeHus. CyIIeCTBEHHBIM IOCTOMHCTBOM SIBISETCS KOPPEKTHAs
[IOCTQHOBKa TpeOOBaHHWU K IepIENTHBHOMY KauecTBy BOcCTaHOBIeHHOro FPV-
BUICOIIOTOKA I DpeIlaeMOod 3aJadd: COHMCKaTeldb JAEMOHCTPUPYET IOHHMaHHE
OTpaHWYEHUH TPaJUIUOHHBIX 00BEeKTUBHBIX MeTpuK (PSNR/SSIM) mpruMeHHUTeNEHO
K HeWpOCEeTeBLIM BHIECOKOIEKaM U CBA3bIBAET TPeOOBaHUS K TAKOMY KadecTBY C
BEPOATHOCTBHIO JOCTIKEHUS LeIH (QyHKIMOHUPOBAHUSA OECIUIOTHOU CHCTEMBI, UTO
CHIKaeT CyOBEKTMBHOCTH DKCIIEPTHBIX OLIEHOK M IIOBBIIIAET BOCIPOU3BOAMMOCTE
pe3yIbTaToB. Pe3loMupysi, MOXKHO CKa3aTb, YTO B JUMCCEPTAIUA CHOPMYIHPOBAHA U

peuaicHa Hay4dHas HpO6JIeMa, HMCIOIIAass BaXHOEC XO3SIUCTBEHHOE 3HA4YeHUe,



pe3yNbTaThl WCCIENOBAHHA NOJDKHBI MMEThb XOPOLIME IIEPCICKTHBEIL, IIOCKOJBKY
IIEpOKOMacInTabHOe BHEAPEHHE MEXaHH3MOB B3aMMOJCUCTBUS C OeCHMIOTHBIMU
CHCTeMaMd Ha 3HAYMTENIHHOM yJAleHHH OT OllepaTopa HacyIIHO HEOOXOAMMO B
KPaTKOCPOYHOH MEpPCIEKTUBE, aKTyallbHOCTh UCCIIEOBAHUA ITPH STOM HE BBISHIBACT
COMHEHUH.

Hayuynasi HOBH3HA, TeopeTHYeCKasi H MPaKTHYeCKasi 3HAYUMOCTb.

Hayunas HOBHM3HA [HCCEPTAIMOHHOM pabOThI COCTOHMT B pa3paboTke H
WCCIIEOBAHNH 1IeJIOCTHOTO KOMIUIeKCa MOZeNed, METOAOB U apXUTEKTypPHBIX
peIleHn, OpUeHTHPOBAHHBIX HA CHIDKEHUE 3aTEPKKH HH()OPMALIMOHHBIX ITOTOKOB
Ha ypOBHE IPUIOKEHUS B KaHanax HHQOPMAIIMOHHOTO oOMeHa IIpy B3auUMOJEHCTBUN
¢ GeCHMIOTHBIMY CHCTEMaMH B THOPUIHBIX OpOWTATBHO-HA3EMHBIX CETAX CBs3H. B
OT/IMYMe OT W3BECTHBIX PaboT, B AHCCEpTAlMU NIpobieMa YMEHBIUCHUS 3aAePiKKH
paccMmarpuBaeTcst He (hparMeHTapHO, a KaKk MHOTOCBS3aHHAs 3a[ada, BKIIFOHAIOIIAA
BUIEONOTOK, KOMAHIB B3aMMOJEHCTBHS, NpPHKIAgHBIE IIPOTOKOJNBI OOMEHa,
OCOOCHHOCTH  CILyTHUKOBOI'O cerMeHTa M KpuTrepud  3(PPEKTHBHOCTH
(bYHKIHOHUPOBAHUS OECITUIOTHEIX CUCTEM.

K umcimy Hambomee CyIIECTBEHHBIX HAy4YHBIX PE3yJbTaTOB CIEAYyET OTHECTH
paspaboTaHHas ~ apxXUTeKTypa  CHUCTEMBI  MH(OPMAIMOHHOIO obmeHa A
B3aMMOJIENCTBHUS oIlepaTopa ¢ OSCIUIOTHBIMHM CHCTEMaMH, YUUTHIBAIOLIAsS B CBOEM
COCTaBe CITyTHHUKOBBIE IPYIIMPOBKY Ha I'eOCTAIlMOHAPHON W HU3KOH OKOJI03EMHOH
opbutax. HefipoceTeBo NOAXOL € 3aMKHYTBIM KOHTYPOM CTAaTHCTHHECKOI'O
MOHHTOPHMHIa ToKazarene#f 5(QGeKTUBHOCTH  (GYHKIHOHMPOBAHUA — CHCTEMBI
uH(GOpPMaIMOHHOTO 00MeHa, IPEAI0KEHHbIM COUCKATENIeM, TO3BOJIAI B TIOJIHOM Mepe
3a7efiCTBOBATh ~ MEXAaHM3MbLI  aganTalud  UH(QOPMAIMOHHBIX  IOTOKOB K
M3MEHSTIOIIMMCS YCIIOBUSAM B KaHanax HHOOPMAIMOHHOro 0OMeHa, YTO B KOHEUHOM
HTOre MO3BOJMIO 3aMefiCTBOBATh CIYTHUKOBBIE CETH CBA3HM Ha IeOCTAllMOHApHOU
opOuTe B KOHType TaKOro B3aMMOIEHCTBUS, CHHU3MB B CBOIO O9Cpelb 3alCpPXKKH
nepenaun FPV-Buneonoroka 10 ypoOBHEH, COU3MEPHUMBIX € 3a[€PXKKaMHU B HA3eMHOM
cerMeHTe (parMeHTa THOPUIHOM ceTH CBsA3U. Takas HOBas apXHTEKTypa sBIACTCA

CYTBIO TIEPBOTO HAYYHOI'O PE3YIIbTATA.
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Takoii MacIITabHBIA [TOAXOA K M3MEHEHHIO ApXWUTEKTYphl H, Kak ObLIO
CKa3aHo paHee, BKIFOYEHHE KOCMUYIECKOT0 CerMeHTa B KOHTyp FPV-B3auMonericTBus
¢ GECIMIOTHBIMH CHCTEMaMH B TMODHIHBIX CETAX CBsA3H, TpeOyeT paspaboTKu
MOJIEIIBHOTO aIliapara KaHaJloB HH(pOPMAIIOHHOIO 0O0MeHa, YTO SIBISETCS BTOPBIM
Hay4HBEIM pe3yJbTaToM. Pa3paOoTaHHBIE COMCKaTeneM MOJEIM TaKhX KaHaloB
TI03BOJIANIA YCTaHOBHTH 3aBHCHMOCTB MEXIy IlapamMeTpaMud M II0Ka3aTeIsiMH
> dexTHBHOCTH ¥X GyHKIMOHHpoBaHud. CiemyeT OTMETUTh, YTO IapaMeETpBI
MoJesieit 060CHOBaHbl Ha OCHOBE CEPHUM HATYPHBIX JKCIIEPUMEHTOB HaJ pealbHbIMU
KaHaJIaM¥ CBSI3M KaK HA3eMHOI'O, TaK ¥ CIIyTHHKOBOTO CEIMEHTOB. JTO 3aKJajblBacT
BaKHYIO OCHOBY JUISL OIIEHKH IPUTOAHOCTH CYIIECTBYIOIIMX CHCTEM B3aUMOICHCTBUA
omepaTopa ¢ GECAIOTHBIMA CHCTEMaMH IS MCIIONb30BaHUA B Cpelle CO3aBacMON
I'MOpHUIHON ceTH CBs3u. Takke IONIydeHHbIe Pe3yIbTaThl HAUIM OTPaXSHUE Jalee B
IIIECTOM HAyJHOM pe3yJibTare.

CaMOCTOSATENIBHYI0 M BaXHYIO HAyYHYIO LEHHOCTb HMEIOT pa3paboTaHHBIe
COMCKAaTeeM METOAbl HEUPOCETEBOI0 CHKATHS FPV-EHzLeOHOTOKa Ha OCHOBE
HEWPOCETEBBIX MOJIeNel ITTyO0Koro 00yueH s Pa3InIHBIX aPXUTEKTYP, YTO ABJIACTCH
TPETLUM HAyYHBIM pe3yJbTaToM. ABTOp Ipe/ularaeT I[EpedTH OT XOpOIIo
W3y4YEHHOTO MMUKCEIBHOTO IIPOCTPAHCTBA BO BHYTPEHHEE MHOTOMEPHOE JIATEHTHOE
IPU3HAKOBOE TPOCTPAHCTBO HEUPOHHOW CETH, B KOTOPOM OIHMcCaTeNibHas 4YacTh
clieHb! (IIONIETHOM 06cTaHOBKH) hopMHUpyeTcs B 00BbeKTax 00jiee BRICOKOTO IOpsIKa.
DTO O3BONSET COXPAHUTh CAMYIO BKHYIO HH(POPMALHIO O F€OMETPHH OOBEKTOB,
YTO BAXHO IUIA JOCTIDKEHMS IeIH (PYHKIMOHHPOBAHUS OECIMIIOTHOW CHUCTEMBI, U
3a/1effCTBOBATH ITOTEHIIMAI [T CYIIECTBEHHOTO CXKaTHs BUAEONOTOKA. B nTOre Takoi
TIIepexo/l TTO3BOJIKI UCIIOIb30BaTh HU3KOCKOPOCTHBIE KaHAJBI CBS3W AN Nepefadn
HMH(GOPMAIHOHHEIX [IOTOKOB OECIFIIOTHBIX CHCTEM, 4TO paHee OBLIO HEOCTYIHO ML
CTaHJAPTHBIX BUIEOKOJEKOB. Bce MOMydeHHBIE Pe3ysbTaThl OBUIH ITOJTBEPXKICHEI
aBTOPOM DKCIIEDMMEHTAIIBHO Ha (ase pealbHBIX KaHAJOB CBS3H, YTO, OE3yCIOBHO,
100aBIISIET UM MPAKTUYECKOH [IEHHOCTH.

YeTBepThIil Hay4YHBIM pe3yIbTaT MOCBSIIEH MPoOIeMe YMEHBIICHHS 3a1€PKKHA

nepernaun 1mbposoro FPV-Bumeo dYepes KOCMUYECKHH CETMEHT dbparmeHTa



ruOpugHOi cer#t cBsa3M. Kak WM3BECTHO, CIIyTHHMKOBBIC KaHallbl CBA3H Ha
reoCTalOHapHOU opbute XapaKTepU3yIOTCsI O0BIION 3a/IePIKKOU
PaCIIpOCTPAHEHHs, dTO BIEYET 3a COOOM TaKKe YBENMYECHHE 3alepikKeK IIpH
CIIyTHHKOBOM LH(GPOBOM BHJICOBEIUAHUY, HAIPHUMED, MO CTaHAAPTY DVB-S2.
ABTOpOM  TIPEAJIOXKEH  METOJ  YMCHBIICHHA  3aICPiKKH FPV-Buneonoroka
MTOCPENCTBOM HENpPOCeTEBOIO pecKa3aHus KaJpoB, ITO3BOJISIOIIANA
KOMIIGHCHPOBATH He TOJBKO 33JEPIKKH Cepruali3allii ¥ OKUIaH!I B 04EPElX, HO U
B ONpeIeleHHOW CTENEeHW 3alepXXKy pPaclpOCTPaHCHHU mudpoBoro  FPV-
BUIEOMTOTOKA, YTO OCOOEHHO CYIIECTBEHHO CKa3bIBaeTCs IPU Iepenade NaHHbIX
yepe3 CITyTHWKOBBIM CETMEHT IMOpU/IHOW CETH CBA3W. JIaHHBIN TONXOM SBJIACTCA
YaCTHIO ANANTAIMOHHOTO MEXAaHM3Ma B PaMKax apXUTEeKTyphl MH(pOPMAIlMOHHOIO
00MeHa, OTPa)XEHHOTO B IIEPBOM HAyYHOM pe3ylbTaTe, 4To, 0e3yCI0BHO, TOBOPHUT O
COrJIACOBAHHOCTH  HAYYHBIX  pE3y/ibTartoB ~ Mexpy  cobod. B pamkax
SKCIIePUMEHTAIBHOM YacTH, aBTOp yOequTeNnpHO MOKa3al, 4TO TaK0e Mpe/CKa3aHie
BO3MOJKHO B TOM YHCJIE IIPY Pa3inuHON quHamuKe FPV-Buneo.

BaskHBIM TOKa3aTeNieM B3aHMOIEHCTRHS Oleparopa ¢ OeCIHIOTHON CHCTeMOH
B pexume FPV Taxke SBISETCS PaCCHHXPOHM3AIMA HH(GOPMAIIMOHHEIX IIOTOKOB
(FPV-BHuneonorox, KOMaH[IbI B3aMMOJEHUCTBHUSA). OTO HaIpsIMylO BIMAST Ha
BOCIIPHATHE YHAJICHHOH OOCTaHOBKM OIEpaTopoM, a TaKKe aleKBaTHOCTL U
CBOEBPEMEHHOCTh Ilepefadd HH(POPMAIIOHHOTO I0TOKa KOMaHA BO3EHCTBUSI B
HAIIPaBIEHAN GECAIOTHOR CHCTEMBI C €r0 CTOPOHBI. YIKECTOUCHHUE TpeOoBaHUN K
moyoce NpPOIYCKaHWs KaHala CBA3W O mepenadn FPV-BuieomoToka OIDKHO
COTIPOBOXK/IATBCS TAKHMHU JK€ JKECTKMMH TPeOOBaHMAMH H K KaHaly TNepellatin
MHQOPMAIIMOHHOrO OTOKa KOMaHJ B3aMMOJCHCTBHUA OIEpaTopa ¢ OeCIIUIOTHOR
cucteMoil. B mmccepranuu pa3paboTaH METON a,uanTHBHofo CKaTUs U arperauuu
KOMAaH/I B3aMMOJENCTBHs OllepaTopa Ha OCHOBE HEWPOCETEBBIX aBTOKOIMPOBIIUKOB
¥ OMEXOYCTOHYHBOTO KOIMPOBAHMUS, OPHEHTUPOBAHHEI Ha (YHKIMOHUPOBAHHC B
KaHAJaX C OIPAHMYEHHOM MPOIIYCKHON CIOCOOHOCTBIO, YTO IIPEICTaBIISCT coboit
ISTHI HAaydHBIA pe3yibTaT. ABTOPOM MPEIIaraerTcs paciiupurk IIOIXOZ,

ONMWCAHHBIH B TpPETHEM HAYYHOM pe3ynbTare, ¥ Ha IPOCTPAHCTBO KOMAaHM



B3aUMOEHCTBHS, TOe  HCIONb30BAHHE  MEXaHH3MOB  IIOMEXOYCTOMYHBOIO
KOIUPOBaHUs II03BOJIAET CIKUMATH JaHHBle CcO claboi  KOppeNAlIHOHHOM
3aBHCHMOCTBIO.  IIpUMeHEeHHe IIOMEXOYCTOWYMBBIX ~ KOZOB K  JIATCHTHOMY
IPU3HAKOBOMY TMIPOCTPAHCTBY SBIAETCS CYIIECTBEHHO HOBBIM W paHee He
OMMMCAaHHBEIM B HAy4yHOW JjwuTeparype. TyT cieayeT OTMETHTh, 4YTO COHMCKaTelb
3QJOKHJI OCHOBY [UIf JalbHEWIIMX HCCIENOBaHHA B OOIAacTH JIATEHTHBIX
IPU3HAKOBBIX IIPOCTPAHCTB [PUMEHHUTENIBPHO K 3ajadaM B3aMMOJICHCTBUA  C
GeCIMIOTHEIME cucTeMaMu B pexume FPV, 4ro, 6e3ycioBHO, SBISETCS 3HAYAMBIM
HAyYHBIM HallpaBJICHUEM.

3aBepllaeT MpeIOKEHHBI HaydHBIH KOMIUIEKC pa3paboTaHHas METO[MKa
MHOTOKPUTEpHANbHON  OleHKH 3(hGeKTHBHOCTH, B KOTOPOM B  KavyecrTBe
MHTErPAJIbHOTO IMOKA3aTeNsl HCIONB3yeTCs BEPOSTHOCTh JIOCTHKEHUS KOMILICKCA
neneil GyHKIMOHAPOBAHKS OECIIMIOTHOM CUCTEMBI, YTO SBIAETCS MECTHIM HAYHAIM
pesynbraTtoM. llpeljioxeHHas B JUCCEPTAlMM METOJMKA IO3BOJACT OLCHUTH
BepOSITHOCTH  TIOTIANaHMsl 3HAYCHHH IOKazatened S(Q(PEKTHBHOCTA B 00J1acTh
3aIaHHBIX TpeOOBaHMit K KAYECTBY KaHAIIOB HHYOPMAIIHOHHOTO 0OMeHa ¥ Ha OCHOBE
ee OLIEHKH 000CHOBATH 0OJIMK CHCTEMbI HH(pOPMAIHOHHOro oOMeHa. Mcronp3oBanue
BTOPOTO HAyYHOTO pe3yJbTaTa B IPEIOKEHHOM KOMIIIEKCHOM TOAXO/E MO3BOJIACT
IPOU3BECTH  OOBEKTHBHYIO  CPABHUTENBHYIO ~ OLEHKY  CYMIECTBYIOWIUX U
IIPOEKTHPYEMBIX CHCTEM NPU (QyHKIMOHMPOBAHNH B PA3IMYHBIX THOPHIHEIX KaHaax
nH(OpMarMOHHOTO o6MeHa. Taxas OIEHKAa IO3BONSET OOOCHOBATH IAPAMETPEI
cucteM FPV-B3auMOMeHCTBUS M OLEHATh MX IIPUTOIHOCTD sl (DyHKIIMOHUPOBAaHAA
B THOpHIHONM CeTH CBsS3H, 9YTO Ji@eT BO3MOXHOCTb Ooee 3 GEeKTUBHOIO
MCIIOJIB30BAHMSA PECYPCOB Pa3pabOTYMKOB TaKUX CHCTEM, B TOM HHCIIE HA yPOBHE
rocyaapcTaa.

CyliecTBEHHON HAYYHOW HOBH3HOW 007NafaeT MOAXOL K O0OOCHOBAHHMIO
TpeGoBanmii K IepILeNTHBHOMY KadectBy FPV-Buneomoroka Ha — ypOBHE
IPUIOKEHHA, B paMKaX KOTOpOM TpeGoBaHWSI K KadeCTBY ONPEACIAIOTCA He
SKCIIEPTHO, @ Ha OCHOBE BEPOSTHOCTH JIOCTMKEHHS LT (yHKIMOHHPOBAHIA

OeCIIMIIOTHOM CHUCTEMBEL. Takoll moaxon IPECaCTaBIACTCA IIPHHITATIAAIIBHO BaXXHBIM,



MIOCKOJIBKY II03BOJISIET TMEpPEeHTH OT MCIIOAb30BAaHUSA OIPaHMYECHHO TPHUMEHMMBIX
VHHBEPCAIBHBIX METPHK K (YHKIMOHANBHO 3HAYMMOM OLEHKE IEPUENTHBHOTO
KauecTBa BOCCTAHOBJIEHHOIO BHJEOIOTOKa IIPH B3aUMOJEHCTBHM oOlepaTopa C
peanbHOM OecHMIOTHOM CcHCTeMBL. B TeopeTHdeckoM IUIaHE aBTOp IPeAJIaract
paccMaTpUBaTh JOCTHXKEHHE LeNd (QyHKIMOHMPOBAaHUs OSCIMIOTHOW CHCTEMBI He
M30JIMPOBAHHO, a KaK BAXKHBIN [I0Ka3aTellb, BIMAIONMH Ha OOIUK BCEH apXUTEKTYphI
uHbOpMAIIMOHHOTO o0MeHa. Takod TMOIXOX SABIAETCS YacCThbIO IpeIJI0KEHHON
KOMILIEKCHOU METOIUKH.

TeopeTndeckas 3HAYMMOCTH IUCCEPTALMOHHOM pabOTBI 3aKMOYacTCs B
PasBUTHM HAYYHBIX OCHOB IOCTPOEHHS CHCTEM HH(QOPMAIMOHHOIrO oOMeHa It
B3aMMOJIEHCTBHSI C OECITIIIOTHBIMY CHCTEMAaMU B THOPUAHBIX OPOUTATbHO-HA3EMHBIX
CeTsx CBSI3H, B pacIIupeHnun METOIO0B OIIEHKH 3¢ PeKTUBHOCTH
TeJIeKOMMYHMKAI[MOHHBIX CHCTEM pEajbHOr0 BpEeMEHH, a TaKKe B pPasBUTHUH
IOJIXOIOB K HEMPOCETEBOMY CXKATHIO BUIEONH(DOPMAIIMHI ¥ KOMaH/I B3aNMOICHCTBHSA
omeparopa JUis 3a7ad KOHTPOJA OECHUIIOTHBIX CHCTEM pPa3IMYHOTO HA3HAdCHUA.
[ToydeHHBIe pe3yibTaThl (OPMUPYIOT Hay4HO OOOCHOBaHHYIO OCHOBY A
MATBHEHIINX UCCIEJOBaHMM B 00IacTh CBA3U U yAaICHHOTO U PacIpeieIeHHOIO
yIIpaBJICHNs OECIIUIOTHBIMU CHCTEMaMHU.

I[IpakTHuecKas 3HAYUMOCTH AUCCEPTAIMOHHOM paboThl COCTOMT B IEPBYIO
odepelb B CHATHH 0apbhepoB Ha MCIIONIB30BAaHUs CIyTHHKOBBIX KaHAJIOB CBA3U C
GONBIIMME ~ 3aJep’KKaMd B 3a]adax  JIMCTAHIMOHHOTO — B3aWMONCHCTBHA C
GecIMIOTHBIME CHCTEMaMH B HEOIDaHWYEHHOM Maciitabe, a Takke JOBEJCHUH
pa3pabOTAHHBIX ~pPEIIeHWH [0 YPOBHS, NPUTOAHOIO Ui MPUMCHCHUS IIpH
IPOEKTUPOBAHMM TaKHX CHCTEM B PA3HOPOIHBIX (TMOPUIHBIX) KaHANaX CBA3M H
BO3MOYKHOCTH WX MCIIONB30BAHUS B PA3IUYHBIX OTPACIIIX HAPOJIHOIO XO3SIHCTBA.

3aciTy)KUBaeT IOJOKUTEILHON OIEHKH B TO 00CTOSTENBCTBO, YTO PE3YJIBTATEL
JUCCEPTAIIMOHHOTO HCCIeI0BaHMd NOBENEHBI 0 IPAKTHYECKOro UCIONb30BaHUA B
npoGUIBHEIX OTPAcieBBIX OpPraHM3allksX, B TOM YHCIE B OI'VIT «Kocmuueckas
cBa3bY, AO «PEILIETHEB», 000 «KB «MHTeiutextyanbHble Tpubops», GI'BY «l6
[[HMW» Muno6opoust Poccum m CII6I'YT. Hamuume axkToB peanusaluy U



[IaTEHTHBIX MATEPUAIOB IIOATBEPKIAET MPUKIIATHYIO BOCTpeOOBaHHOCTh U HAyYHYIO
3pENIOCTh TOJIyYEHHEIX PE3YIBTATOB.

CreneHb OGOCHOBAHHOCTH H JOCTOBEPHOCTH HAy4YHBIX IIOJIOJKEHHH,
BBIBOJOB H Pe3yJIbTaToB, c(hOPMYJTHPOBAHHBIX B JAMcCepTAIHOHHOMH paboTe.

O60OCHOBAaHHOCTh ~ HAYYHBIX  IIOJOXCHHM, BBIBOJIOB U  PE3YIILTATOB,
chopMyTUpPOBaHHBIX B IuCccepTaluy, ITOTBEPKAAKOTCA KOPPEKTHBIM
HCIIONIb30BAaHMEM  MAaTEeMAaTHUecKoro ammapara, MAaclITaOHBIM HAaTypHBIM U
MMUTAIIHOHHEIM MOJEIMPOBAHUEM, OOJBIIMM HYHCIOM OITyONHKOBaHHBIX paboT B
Poccuiickoit @eneparyu u 3a pyoexoM, o0CyKIECHUEM pe3yIbTaTOB NUCCEPTAlNH Ha
Poccuiickux ¥ MeXTyHapOoHBIX HAYYHO-TeXHUUECKUX KOHPEPEeHIUSIX.

BaxxHpIM  JOCTOMHCTBOM  JHUCCEpTAllMd  SIBIMETCA  COIJIACOBAHHOCTH
TEOPETUYECKUX  PE3yNbTaToOB,  apPXUTEKTYpPHBIX pelieHUA U pPE3yNbTATOB
SKCIIEpUMEHTABHON ampobanuu. BEIBOABI MO pasjenaM JIOTHYECKH CIEAYHOoT M3
IpeICTABIEHHOTO MaTepraa, KOJIUYeCTBEHHbIC OLIGHKH HMCIOT IIPUKJIaTHOU CMBIC],
a IIpeIJIOKEHHBIC pEIIeHUs CONOCTABIEHBl C CYIIECTBYIOIIMMH IIOIXOHAMH.
CyIlecCTBEHHO W TO, YTO OCHOBHBIE IIOJIOXXEHUs IUCCEPTalUH ampoOupoBaHbl Ha
POCCHMCKHX ¥ MEXIyHAPOIAHBIX HayJIHO-TEXHUIECKUX KOH(EpPEeHLIUAX, & PE3YIbTATHI
FCCIICIOBAaHUs OTPAXEHB B 3HAYUTENIHHOM YHCIe MyONMKalui, BKIIOYAs CTaThU B
m3gaHusax u3 nepeuyns BAK u paOoTel, MHIEKCHPYEMBIE B MEXITyHapPOAHBIX 6azax
IIUTHPOBAHUS.

Couckatens bepe3kuH A.A. IIPOSBUAI BEICOKUN YPOBEHb CaMOCTOATEIBHOCTH U
Hay4YHOM KBamudukanuu. B Xome BEIIONIHEHHA IWCCEPTAIMOHHON  PabOTHI
COMCKaTeNb IIPOAEMOHCTPUPOBAT yMeHHe (OpPMYJIMpOBaTh K DPEMIaTh CIIOKHBIC
Hay4HO-TEXHUYECKUE 3a[ja9t, IPAMOTHO COYETaTh METO/BI TEOPETHIECKOro aHaN34,
MATEMATHUECKOr0 M WMHTAIHOHHOTO MOJENUPOBAHUS C SKCIEPHMEHTaIbHOM
IPOBEPKOM, & TaKKe apryMEHTMPOBAHHO MPCACTABIATE M HHTEPIPCTHPOBATH
II0JTyYCHHBIE Pe3yJIbTaThL.

OTMeuas BEICOKYIO 3aBEepIIEHHOCTE UCCIIeIOBAHMS, 1ieiecoo0pa3Ho yKas3aTh Ha

HCKOTOPBIC HAITPaBJICHU A I[EUII)HGIZHIGFO Pa3BUTHUA PE3YJIbTATOB:
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1. PacmmpeHme CTaTHCTHYeCKOM 0a3bl M3MEpEHHMH B JONONHATEIBHBIX
CLIEHApPHSX WCIIOJIB30BaHUs OECIMIOTHBIX CUCTEM;

2. Pa3BuTHe amanTUBHBIX MEXaHW3MOB BBIOOpA DEXUMOB KOIUPOBaHUSA/
IpeICKa3aHrs B 3aBUCUMOCTH OT TEKYIL[ET0 COCTOSHNUSA KaHalla,

3. Pacmmpenue aHaiu3a COBMECTHOIO BIIMSHHUS 33/I€PKKH, TTOTEPh U KAa4CCTBA
Ha [OKA3aTelqH Oe30MacHOCTH IIPY B3aMMOJEHCTBHE oOIlepaTopa ¢ OecrMIOTHOH
CHCTEMOM.

VkazaHHble 3aMedaHds HOCAT PEKOMEHIATEeNbHBIA XapaKTep W He CHIKAIOT
HAYYHOW U MPaKTUYECKOH [IEHHOCTH UCCePTaIiH.

BriBoabr: JluccepTanmoHHasd pabota bepeskuna AnexcaHpa
Anexcannporda «PaspaboTka ¥ BCCIeJOBaHHE KOMILIEKCa MOJEIeH U METOJIOB IO
YMEHBIIEHHIO 3a/IepXKKH MH(POPMAIMOHHEIX IIOTOKOB IIPH B3aHMOJACHCTBHH C
OeCIIMIOTHBIMA CUCTEMaMU B THOPHWIHBIX OpOUTANbHO-HA3EMHBIX CETSIX CBSI3M)
SBISIETCS 3aBepIICHHON Hay4HO-KBaNTH(QUKAIHOHHOA paboTO#, B KOTOPOH pelleHa
aKTyasJbHas Hay4Has MpoOieMa, UMeollas BaXKHOE XO3SHCTBEHHOE 3HAYCHWE VLA
Pa3BUTHSA CHCTEM, ceTeil W yCTpOHCTB TeJEKOMMYHHKAlMH W 3aKIIOYaroIlasics B
pa3paboTKe KOMILTEKCa MoJenell KaHaIoB WHPOPMAIMOHHOTO oOMeHa ¥ METOOB II0
YMEHBIIEHUIO 3aJePKKU HHOOPMALMOHHBIX TIOTOKOB B KaHallax HHGOPMAITMOHHOTO
o6MeHa TIIpM B3aWMOJEHCTBUH C OECHHIOTHBIMA CHCTEMaMH B  YCIIOBHAX
3HAUUTENBHBIX 3alep)KeK Iepeladd [aHHBIX B CIyTHHKOBBIX KaHalaX CBA3H
KOCMHYECKOTO CerMeHTa THOPUIHBIX OpOUTATbHO-HA3EMHBIX CETEH CBA3U.

JlriccepTalusl COOTBETCTBYET MACIOpTy chenuanbHocTd 2.2.15 - Cucrtemsl,
CeTH M YCTpOMCTBa TENEKOMMYHHUKAIWH 110 ITyHKTaM 1, 2, 3, 4,5,11,18 u 19, a o
CBOEMY COJEDP/KAHMIO, HaydHOW HOBH3HE, TEOPETHYECKOH U IPaKTHIECKON
3HAYMMOCTH, CTEIIeH! 00OCHOBAHHOCTH U JOCTOBEPHOCTH MOJIYUEHHBIX PE3YIHTATOB
oTBeuaeT TpeOOBAHUSIM, IPEIBSIBIAEMBIM K JOKTOPCKAM IUCCEPTAMAM, B TOM HHCIIC
TpeGoBarmsam 1. 9  «llomoxenuss O TPHUCYKICHHHM  yICHBIX CTEeTIeHEeW,
yTBEPXKIEHHOTO TocTaHOBIeHHeM [IpaBurenbcTBa Poccutickoii ®enepanmu ot 24
centsbps 2013 roma No 842. ABropedepaT aneKBaTHO OTPaXaeT OCHOBHOEC

coJlepIKaHue MCCEPTAIMOHHON paboThI.



Cuwuraro, uto bepeskun AnexcaHnp AJIEKCaHAPOBUY 3aCTy>KUBACT INPUCYKICHI
yIEHOH CTENEHH JOKTOpa TEXHUYECKUX HayK 10 cleruanbHocTd 2.2.15 — CHeTeMEL, CeTH B

YCTPOHCTBA TEIEKOMMYHUKAIUH.

31.03.2026

Hayunsplii KOHCYJIBTAHT,

Pextop CIIGI'VT,

JIOKTOp TEXHHYECKUX HayK, Ipodeccop,

3aciy)KeHHBIH nesitens Hayku Cankr-IlerepOypr P.B. Kupuuex

B kgl

P 3aBEPAIO

TepPCOHATOM Y L
CMOPOMECBBQ_.___QO__:L;

Opranmsanus: ®eepalbHOE TOCYIAPCTBEHHOE OI01KETHOE 00pa30BATENBHOS YIPEKIEHHE BRICIIETO obpazoBaHUA
«Canxt-TleTepOyprekuii rocy 1apcTBEHHBIN YHHBEPCUTET TEJIEKOMMYHUKALIMH HM. mpod. M.A. Boru-bpyesuaay
(CII6I'VYT)

[Opuamdeckuii anpec: Hab. p. Moiiku, 1. 61, mutepa A, Caukr-IletepSypr, 191186

I[TouToBEIf agpec: np. Bombimesrkos, a. 22, kopi. 1, Canxr-TletepSypr, 193232

Temn.: (812) 3263156, dakc (812) 3263159, e-mail: rector@sut.ru, web-caitt: www.sut.ru
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