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OT36IB BEAYILENA OPTAHU3AIIUA
Ha [ECCepTalluio i aBTopedepaT AuccepTalni Anémunnesa Aanpes
BraquMuposrya Ha TeMy " PaspaboTka u HCCIeA0BAHAE METONA MHOT09aCTOTHOH
nepeayur JaHHEIX Y3KOIIOIOCHBIMH (QUHUTHBIME CHTHAIaMu ", IpefcTaBIeHHON Ha
COMCKaHUe YIEHO! CTeIeH) KaHu/1aTa TeXHUIECKHX HayK 110 CIIEIHATbHOCTH

2.2.15 - «CHCTEeMbI, CETH ¥ YCTPOICTBA TeNEKOMMYHHUKAIHH,

AKmyanbHoCHb MeEMbl QUCCEPMAUUOHHO20 uccned06anus.

Pa3BUTHE COBPEMEHHBIX IH(PPOBBIX CUCTEM IIepeiai (LICII) nnz TeIeKOMMY-
HUKALOHHBIX CHCTEM CBSI3H CTAJ0 BO3MOXHBIM OIaroiapsi IMPOKOMY HCTIOME30-
BAHWIO HOBBIX METOIOB MHOTOYaCTOTHOM MOJYIAIMA (MYM). B nepByro odepens
3TO CBSI3aHO C PacTyIlell HeoOXOANMOCTRIO YBETNICHHA 5(HEKTUBHOCTH IIPH IKC-
NayaTalud KaHaJloB muorokananeaoit cBasu (KC). B ycnoBusAx 4YacTOTHO-
OrpaHHYEHHOr0 KaHAJA CBA3H OCHOBHBIMH IPEIATCTBUAME B 9TOM HaNpaBICHHH
SBJIIFOTCS LIyMBI KaHajga CBS3H U MEKCHMBOJbHAA naTepbepennus. IIpu stoM ¢
yBemMueHneM CKOPOCTH Ilepe/iaiy NaHHbIX B LICII poMuHHpYIOIEE BIUAHHE HA
CHIKEHHE KauecTBa CBSI3M OKa3bIBACT MEKCHMBOJIbHAA urTepdepenisa (MCH). B
3TUX YCIOBHSX BHIOpAaHHAs aBTOPOM TeMa NUCCEPTAlMH OTPAKACT CBOEBPEMEHHYIO
1 BecbMa IIEePCIEKTUBHYIO 3a7a4dy IOBBIIICHUL 30 )EKTUBHOCTH H TIOMEXOYCTOHYH-
BOCTH TENeKOMMYHUKAIIMOHHBIX CHCTEM C PaspaboTKOH HOBBIX METOJIOB MHOTO0Ya-
CTOTHOH Tepenadyu HaHHBIX C qacTHYHON MM TOJNHOH KOMIICHCAllMeH MeXCHM-
BOJIbHOM HHTEP(PEPEHIIHH. '
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Cmpykmypa u 00vém padontol.

CTpyKTYpHO JWCCePTallls COCTOUT M3 BBENCHUS, ICTHIPEX 714B, 3aKJTFOUEHN,
CIIMCKa OCHOBHBIX COKpAIeHHH, CIUCKA TUTEPATypPhl K IIPAIOKEHHH.

Bo BBegeHHH OOOCHOBBIBAETCS aKTyaJlbHOCTD paboThl, ompeaeNeHbl Helb U
33749y MCCIeOBAHNH, YKa3EIBAIOTCS HAYYHAS U IPAKTHIECKas 3HauMMOCTH pabo-
TBI, KPAaTKO M3jaraercs e€ colepsKanue mo pasaeiam.

B nepBOM pasjielle IPOBOJUTCS 0030p U KpaTKuii aHalu3 METOJ0B IOBBIIIC-
HHS CIIEKTPANbHO-IHEPreTHIeCKOH sdppextuprocTH L[CII. OmuceBaeTes CHCTEMA
repeiauu ABOMYHBIX COOOIICHUH IO yactotHo-orpagruerHoMy KC, BBISCHAIOTCA
IPAUYMHE] BO3HUKHOBEHUS MCH. PaccMaTpuBarOTCsl BOIPOCH CHHTE3a CHUTHAIOB,
COIIACOBAHHBIX C XapaKTepPUCTUKAMU HMCKaKalolero KC, naercs aHalu3 pasiud-
HBIX MeTo0B KoMmencanui MCH. UccieayioTes pasiuyHbie METOABI TIOBBIICHIA
sddextuproctr IICII myTeM OpraHu3alii MHOTOYAaCTOTHBIX MOJIEMOB C y3KOIIO-
nocasiMi (MUM-DMT) ¥ mupOKONOIOCHBIMA (MUM-OFDM) moxHecymaMH Ko-
eGammsivy. [1oKa3sIBaeTcs, 4TO ATBTEPHATHBON KOPPEKTOpaM KaHAIOB B OXHOHA-
crotabrx LICII aBmAroTCS METOIBI MUM, xorma B LICII s BBICOKOCKOPOCTHOM
nepefadyd NAHHBIX KCTIONB3yeTcs pAJ| IapajieJbHbX HU3KOUACTOTHBIX IIOJKaHa-
noB, 6onee ycroitumex k MCU. TlokaseiBaeTcd, 110 GOIBII0Oe BHUMAHUE B JIUTE-
parype yHelseTcs METONaM mmpokomnosiocHoi MUM crannapra OFDM (MYM-
OFDM) u e€¢ pasHOBHAHOCTAM OFDM- FBMC, OFDM- UFMC u 1ip., HO HE3aCIIy-
JEHHO MaJloe BHUMAaHHe yJelIeH0 METOaM yskoronocHod MUM cTanziapTa DMT
(MUM-DMT). OmnuchbIBatOTCs paHee HEH3BECTHEIC nocromacTBa MUM-DMT 110
cparenuo ¢ MUM-OFDM, nenarorcst BHIBOZBL A [peAIararTcs PeKOMEHIAINH
IUTS JaTbHEHITHX HCCIIeI0OBAHMMA.

Bo BTOpOM pasieie, mojaras, 4To B MOLYJIATOpax LICIT ¢ MUM-DMT B kade-
CTBe Y3KOIOJOCHBIX KaHATBHBIX (QHIIBTPOB HCIOTB3YOTCA ¢usTpel barrepBopTa
(®B), WCCHeoyIOTCs PasIuyHbIe CTPYKTYPEl U 5} $eKTUBHOCTH MOJIEMOB MUM1-
DMT, B KOTOPBIX UCIOJB3YIOTCS ONTUMANIBHBIC (QMHUTHBIE CUTHAJIEI IIEPBOTO BUAA
(O®C1) 6e3 MCH, cuHTE3UPYEMBIX IO KPUTEPHIO MmakcuMyma oTkiInkoB @b B
[leHTpe CHMBOJILHOrO HHTepBala. FlccieayroTes o0OIIMe CBOMCTBA U XapaKTEPUCTH-
ku OB IPOW3BOJBHOIO MOpsIKA, a TAKXKe BPEMEHHEBIC U CIIeKTpaTbHBIE (OPMEI
O®C1 Ha Bxone u Beixoe @b. PaspabarsiBaioTCs CTPYKTYPBI H paccMaTpUBarOTCs
IPUHIKIE] PabOTEl PA3IAIHBIX vomeneit MUM1.i-DMT, i=1,2,3 ¢ ODC-1.

3aciTyKABaeT BHAUMAaHWUs HOBAA METONUKA hOPMHUPOBAHKS Y3KOMONOCHBIX CHI-
nayioB B KanansHbx Momemax LICII ¢ MUM]1.i-DMT, i=1,2,3, rie HHAEKC i ompe-
JeJisieT YMCI0 OPTOTOHANBHBIX KOMIIOHEHTOB B KAHANBHBIX MOJyJIATOPAX, Heo0Xo-
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JEMBIX JUTS OXHO3HAYHOTO BOCCTAHOBJICHUS TAaHHBIX B ICMOIYIATOPAX LICIL. Drot
[IPHeM T03BOJIAET aBTOPY MOBBICHTH [10KA3aTeNb CHIEKTPaIBHON 3 (QEKTHBHOCTH
LICII ¢ MUM1.DMT mo cpaBHEHHIO C MUYM-OFDM, Tax Kak B OJHOW M TOH Xke
nonoce yactor OB 3meck opraHu3yercs OobIIee YUCIIO [epeiaBacMbIX uHpopMa-
[UOHHBIX JAAHHBIX.

TloxcK HOBBIX CTPYKTYP IJIsI TIOBBIIIEHHUS CIeKTpaibHO# 3¢ PEKTUBHOCTH LCII
¢ MUM1-DMT npuBen K HCCIENOBAHUIO HE TOJIBKO dopmer ODC1 ¢ ero neppoi
IIPOM3BOJHON, HO M BTOPOH npou3BonHoil. B pesynsTare pazpaboTaHa HOBas
CTPYKTypHas CXeMa KaHalbHOTO MoJema C MUM1.3-DMT nytem mepexoaa OT
CKAIIIPHO# K BEKTOPHOH 00paboTKe CHIHANIOB C HCITOB30BaHHEM OPTOI'OHAIBHBIX
MATpHII, COCTABIEHHBIX U3 MOJHECYIIAX rapMOHMIECKHX konebanuit U opraHuza-
MY B K2KIOM M3 KaHalloB TPEX O®C1. IIpuMeHHUTENLHO K UCIOIBb30BAHUIO 0oCl
8 LICIT ¢ MUM1.3-DMT Texnonorau xDSL, paccMOTpeHBl CIEKTPallbHbIC MPel-
CTABIHNS KAHATGHBIX CHTHATOB M OLEHEH PeallbHblil YPOBEHb MEKKaHAIBHBIX HC-
xaxemuit (MKM). [laétcs pacueT M CpaBHUTENbHAA OLCHKA CIIeKTpanbHO-
3HepreTudeckoil 3QOEKTUBHOCTH PA3TMIHBIX MOIEMOB € MUM1-DMT, u MYM-
OFDM, moka3assl (pOpMBI CHTHAIOB U CIIEKTPOB 3THX MOJACMOB. Tabnu4HO U Tpa-
(hUUecKH MILIOCTPUPYIOTCS Pe3ylbTaTbl pactieToB CIIEKTPAIBHO-HEPTeTHIECKOH
30 (GEKTUBHOCTH CPABHHBAEMBIX MOJICMOB. VY CTAHOBIIEHO, YTO HAUIYYIIIMMH XapakK-
TepucTHKamMy 3bOEKTHBHOCTH 00Ia1aeT Hossiit MojeM MUM1.3-DMT.

B Tperbem pasjeiie, C LeIbIO I10/1aBICHHA MCH B xananax L[CII ¢ @b, pac-
CMATpMBAETCS CHHTE3 HOBBIX ONTAMAIBHBIX (QUHWTHBIX CHTHAJIOB BTOPOrO BHJA
(O®C2), MaKCHMH3HPYIOIHKX CPEAHAC SHATCHHS OTKIHKOB KaHanbHEIX @b 1 00-
JIAaFOIIAX HOBBIIIEHHON TOMEXOYCTONUMBOCTBIO K MKMU. ITposoautcst 0600mIeH-
HbIIl CpaBHUTENbHBIA aHalIu3 XapaKkTepUCTHK H napamerpo O@C2 ¢ OPCI npu
pasmaunbx nopsaakax @b. Mccnenyrores SHEPreTHYECKHEe XapaKTePUCTHKH O@Cl1

g O®C2, K KOTOPBIM OTHOCSATCS: SHEPIMH CHIHANOB Ha BXOAC E_ u Bexone E,

@B, x03hQUIMEHT Tepe/iatin 10 SHEPTHUH U MK daxtop curnanos. [Toka3aHo, 410

romMexoycToiunBocTh curnanos OPC2 peernia BBIIC 10 cpasuenuio ¢ ODCL.
YerBepThIil pa3jiel MOCBAICH pazpaboTKe HOBOTrO afalTHBHOrO MHOTOHA-
croTHOTO MomeMa ¢ O@C2 U HOBHIIEHHON CIIEKTpaJIbHO-3HEPreTHIECKON addex-
THBHOCTBIO. [IpecTaBjieHa MOJAEPHU3UPOBAHHAS CTPYKTYpa ORHOTO H3 KaHaJIOB
LICIT ¢ MUM2.3-DMT. Ilpusenensl MaHHBIC CIIEKTPAJIbHO-3HEPTeTHIECKOH ah-
(beKTHBHOCTH Pa3pabOTaHHBIX MOJCMOB MUM1.3-DMT u MUM2.3-DMT u aHa-
JIOTMYHbIE MAHHDIE IS H3BECTHBLIX CTaHIApTHBIX MOJIEMOB V.34, MUM-OFDM #u
np. Ha ocHose OJIMTapMOHHYIECKOH MOJEIN IayCCOBCKOTO KC (I'KC) BmepsbIe
IPOBOJMTCS TEOPETHYECKUH aHalu3 CHIDKCHI TOMEX0yCTOMUHUBOCTA MOZAEMa C
MUM mnpu HalU4Y¥Kd HEPABHOMEPHOCTH yacTOTHOW XapaKTepUCTHKH PpeajlbHOro
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KC. OntuManbpHble peKyppeHTHbIE OLEHKH YaCTOTHBIX H da30BBIX IIapaMeTPOB
mozxenu peansroro I'KC MIIIOCTpHPYIOTCA tabmmaHO M rpaduyecku. Ilokaszano,
YTO IS HOCTHXEHHMS TPENeTbHOMN CIeKTpaTbHOH sddextusrocTr MUM2.3-DMT,
[OJY4eHHOR AJI MOJCIH NACATBHOTO I'KC, B afanTHBHOM MofieMe TpeOyercs 3a-
nepikka, papHas 6 Mc. PaspadarsBaeTCs W HCCICNYeTCH anantusHas LICII ¢ HoO-
BeIM MogeMom MUM?2.3-DMT.

B npniiozKeHHH JHCCEPTAUNH IIPSICTABICHBI aKThI O BHEAPCHIN pe3ynbTaToB
JCCepTalliy B HOBBIE MpPOeKThl AO «Heiipoxom» 1 OO0 «Hopa MHKXCHEpHAs
KOMIIQHHS», a TAKKe B yUeOHBIN IpoIecC yHHBEPCUTETA.

Hayunasa HOGU3HA UCCNIE006AHUA U NONYHEHHBIX PE3YNIbMAMmOs, 66160006 U
PeKOMeHOAUUIL, CHOPMYIUPOEAHHBIX 6 ouccepmayuu.

CojepxxaHue AuMCCepPTALUM, aBTOpedepaTa U HaydHBIX TPYJOB aBTOpa IIO3BO-
JsieT caenaTh BBIBOJ O TOM, YTO HaydHas HOBHU3HA JHCCEpTAI[MOHHON paboThl
060CHOBAHA i B Hell TOJydeHsl aBTOPOM JHYHO, OO0 IIPH ero HEOCPEICTBEHHOM
y4acTUH CIEeMYyIOIIie Pe3yIbTaThL:

1. IlpeanoxeHa METOAUKA IOBBIMICHHS CIIEKTpallbHO-3HEepreTHYECKOH
3bPEKTUBHOCTH LK (PPOBOro MoJeMa € MHOTOYACTOTHOH MOIYJIALNEH, OCHOBaHHAS
Ha CHHTE3€ Y3KOMOIOCHBIX ONTHMAIBHBIX (GHHUTHBIX CHTHANOB, COTJIAaCOBaHHBIX C
XapaKTepUCTAKAMH KaHAIBHBIX (QHIBTPOB BaTTepBopTa M HE BBI3BIBAIOIIUX HA X
BEIXOJAX MEXCHMBOIBHYIO HHTEP()EPESHITHIO.

2. TomyueHo 00OOIEHHOE aHAMTHYECKOS PEIICHHE OIITUMU3ALAOHHOM
3aja9y Ha YCJIOBHBIA JKCTPEMYyM IIO CHHTE3Y hopM, CIEKTpOB, MHOXHTeleH Jla-
rpamHXa ¥ SHEpreTHIecKuX IapaMeTpoB AN ONTHMAIIBHEIX (MHATHBIX CHUTHAJIOB
BTOPOTO BHJa Ha OCHOBE KPHTEPHA MaKCHMyMa OTKIIHKA ¢uasTpa barrepBopTa B
cepeuHe CUMBOJIBHOTO HHTEPBATIA.

3. Pa3paboTaHbl aHAMMTHYECKUE COOTHOMWEHNS 1A TOUHOTO pacuera CIieK-
TpaBHO-9HepreTHdeckoll 9QQeKTHBHOCTH MHOrOTaCTOTHRIX MOJIEMOB C Y3KOIIO-
JTOCHBIMHE OLTHMAIGHEIMI (PMHUTHBIMHA CHTHAlIaMH IIEPBOro BAa X BTOPOTo BA/A.

4. PaspaboTaH 11 aganTHBHOIO MonaeMa MUM2.3-DMT anroput™ pexyp-
PEHTHOH OLEHKH aMIUIATY/ H a3 moNMrapMOHMYECKOH MOJENH pPealbHOro Ha-
CTOTHO-OTPaHUIEHHOI0 TayCCOBCKOI0 KaHana CBA3H.

5. Pa3paboTas MeTOJl a/[alTHBHOHN Mepeniai NaHHbIX y3KOTIOJIOCHBIMHU OII-
THMATBHBIMA (PUHHTHBIME CHIHaIamMu 0e3 MCHU ¢ NOBBIIEHHOM CIEKTPalbHO-
sHepreTudecKoil 3P HeKTUBHOCTEIO.

IIpakmuyecKasn 3HALUMOCHLb npo6edeHHbIX UcCed08anuil.

MeTtons!l cuHTe3a GUHUTHBEIX CUTHAJIOB C MHOTOYPOBHEBO MOJYIIALUEH, B
COCTABE HOBBIX MHOrOYACTOTHBIX MOJIEMOB € Y3KOIOIOCHBIMH IOXHECYIIAMH,
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BHEZIPEHBI B IPAKTHYECKYIO IeATEIbHOCTD npoGuIBHEIX OpraHu3aluil u B obpazo-
BaTenbHBII rporecce BY3a.

1. Pa3paboTaHbl CTPYKTYpbl MOIEMOB MUM-DMT ¢ onTUMajbHBIMA Y3KO-
[TONIOCHBIMY (DEHUTHBIMA CHTHATAMH, 00/Iaaroue Iy My XapaKTepHUCTUKAMH
B CpaBHEHHE C MOJIEMaMHU OFDM c IIAPOKOMOJIOCHBIMY CHTHAJIaMU. TIposenex
CpaBHUTENBHBIA aHaIn3 CITeKTPAIBHO-3HEPIeTHIECKOH () (EKTHBHOCTH PA3Ht-
HBIX MHOTOYACTOTHEIX MOJIEMOB C LIMPOKOTIONIOCHBIMU M Y3KOIIONOCHBIMHA CHIHA-
ntamu O®C1. [Ipu pazimmuHOi 3HAYHOCTH U (POBBIX [JAHHBIX BBIUTPHIIT MOJEMa
MUM1.3-DMT 1o cpaBHEHHIO C MOJIEMOM MUM-OFDM 1o 3HepreTrdeckoi 3¢-
(heKTHBHOCTH COCTaBIseT 2.724 7B iy 32.46 %, IO CIEKTpaabHOU 3¢ peKTUBHO-
ot cocrapiser 0.1589 (6ut/cl') mam 13,7 %.

2. PazpaGorana HOBas CTPyKTypa MOAEMa MUM2-JIMT u BrEepBbIC IPOBE-
[IeH TeOpeTHUeCKHH aHalu3 €ro CHEKTPABHO-3HEPIeTHIECKOH () QEKTHBHOCTH.
PazpaboTaHHbI MOIEM NP M3MCHCHHM OCIII B kxamane cBszu ot 9 no 30 nb, mo
CpaBHEHHIO CO CTaHAAPTH30BAHHBIM MOICMOM V.34 obecmeddBaeT BBIMTPHII B
criexTpabHoit >(dexTuBHOCTE OT 2.5 pa3 WM Ha 60.5% mo 1.7 paza unu Ha
42.2%. Tlo cpaBHEHMIO C MOIAEMOM Ha OCHOBE MUM-OFDM HoBb1# MoneM ¢ dek-
tupHee B 2.05 pasa wnu Ha 51.18%, mpd M3MCHCHHH OCII ot 8.6 nb mpu

M,y =2%2 10 36 nb npu M, ,,, =128x128. Tpu pasnuaHO# 3HAIHOCTH nudpo-

BBIX JAHHBIX BBIMIPEIIT MOJEMa MYM?2.3-DMT, mo cpaBHenu:0 ¢ Mogemom MIM-
OFDM, 110 3HepreTuyeckoif 3G(GeKTUBHOCTH COCTABIACT 2.72 nb wm 32.4% npH
ypOBHE BHETOIIOCHBIX u3nydenuit, passoro -50 ab.

O60ocHoeaHHOCHMb U 00CHI08EPHOCHIb HAYTHBIX MOJIOXKEHHUH, OCHOBHBIX BBIBO-
JIOB ¥ Pe3y/IbTaToB THCCEPTALUU ONPENEISIeTCs PesybTaTaMu npoOHBEIX Pacu€ToB,
aJIeKBATHOCTBIO MOJIENIer IPUMEHUTEILHO K I1CIT ¢ MUM, KOppeKTHOCTHIO MaTe-
MaTHIECKAX BBIKIAIOK, COITTACOBAHMEM PE3yJbTaTOB TEOPETHHCCKOro aHajlhsd ©
J@HHBIME SKCIIEPUMEHTATBHBIX UCCIeTOBAHUH, MOIOKHTEILHEIMH pe3yIbTaTaMu
BHenpenus. OCHOBHbIE TOJIOXCHUA NUCCEPTAlNHA anpoOupoBaHEl B paMKax pas-
JTHYIHBIX MEXIyHAPOIHBIX ¥ BCEPOCCHHCKHX KoH(bepeHIH.

Pe3ynbmantbl OUCCEPMAyLOHILOU pabompbl MOXHO PEKOMEHZI0BATh K MPUME-
HEHMIO B HAYYHO-UCCIENOBATEIbCKUX M MPOCKTHBIX OpTaHU3alliiX, 3aHUMArOIIHX-
cs pa3paboTKOH U MPOEKTHPOBAHMEM CHCTEM MHOT04acTOTHOH Iepenavd JaHHbBIX.

K nHedocmamiam Oucceprmayiuu MOKHO OTHECTH CIIe/IYIOIIHE:

1. B auccepTaluy HMeeTcs Psi ONedaToK U peakIHOHHbIX HETOYHOCTEH.

2. B mepeoM pazzienie MHOTO BHUMaHUA yICICHO o0Iell Teopuu CBS3H, HO HEZIO-
CTATOYHO OCBEIIEHBI BOIPOCE] MHOIOUACTOTHOH MO LS.



3. B pafoTe cnabo OCBelIeH aHalu3 TEXHIYECKOH pean3any CTPYKTYP paspabo-
TaHHBIX MOJIEMOB.

4. B 4erBepTOM pasfeie NPUBONHTCA CTPYKTYpPHAs CXeMa HOBOTO alalTHBHOTO
MOJIEMa ¢ 0OPATHOM CBA3BIO TI0 OLEHKAM aMILIATY YACTOTHO! XapakTepUCTHKA
peaNbHOTo KaHala CBSI3H, HO He SCHO KaK yUHTHIBAIOTCA OLCHKH ¢az?

Saxnrouernue.

OTMedeHHble HEIOCTATKH HOCAT YaCTHBIM XapakTep M He CKashlBAalOTCHA CYIIC-
CTBEHHO HA HAYYHOM W MPAKTHYECKOH 3HAYMMOCTH IOJyICHHBIX B JHcCepTalun
pe3yabTaToB. JluccepTanus SBISCTCA 3aKOHYEHHON HAaydHO-MCCIeI0BATEIbCKON
paboTof, B KOTOpOH pelleHa aKTyambHad 3anada no paspaboTke Hay4HO-
METOIMUECKAX OCHOB IIPOEKTHPOBAHUS METOMA MHOIO4acTOTHOHN mepenayd OaH-
HBIX Y3KOIIOJIOCHBIMH (PUHUTHBIMU CUTHATIAMH.

JluccepTalysl COOTBETCTBYIOT CIIGAYIOIMM IYHKTaM Maciopra Hay4HOH! cIe-
ruaibHoCTH 2.2.15 — CHCTeMBl, CETH U YCTpONCTBA TENEKOMMYHUKAIMH, 8 KIMEHHO
mm. 2 u 15, a Takke «[1o10KeHUIO O IPUCYKACHAN yICHBIX cTerneHei», a ee aBTop,
Anémmnnes AHnpeit BraruMupoBud, 3acilyKHBacT IPUCYKICHAA YUeHOH CTEIEHH
KaHIUgaTa TEXHUYECKHX HayK II0 CIENHaJIbHOCTH 2.2.15 - Cucremsl, CeTH H
ycTpoiicTBa TeNeKOMMYHUKAIHH.

Ot3sIB Ha auccepraimio Anémaiesa A.B. obcyxaeH u yTBEPKIEH Ha 3acela-
aun HTC xadenpb! TeIeKOMMYHUKAIIMOHHBIX CHCTEM ®rAQY BO HY MU3IT,
mpotokonn Ne 3 0T «25» HosA0ps 2025r.
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