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PaGora Bemomnena Ha kadeape 408 «MuboxomMmyHHKAN» MOCKOBCKOTO
aBHAIIMOHHOTO MHCTUTYTA (HAIIMOHAJIBHOTO HUCCIIE0BATEIbCKOTO YHUBEPCUTETA)

HayuHblii pyKOBOAMTEIb: - Ba:xxenun Huxkouain AdganacreBuy,
JOKTOp TEXHUYECKUX HaYK, JOLEHT, Ipodeccop
kadenpor 408 «MHDOKOMMYHUKALIUNY,
MOCKOBCKHI aBUALIMOHHBIA UHCTUTYT
(HaIIMOHAJIBLHBIN UCCIEN0BATEIBCKUM YHUBEPCUTET)

O¢uunanbHbie ONMOHEHTHI: - l'opsiukun Oaer BanepueBuy,
JOKTOP TEXHUYECKUX HayK, Ipodeccop, MPOPEeKTOp
1o Hay4HOU padorTe,
OI'bOY BO «lloBomkckuil rocyjapcTBEHHBIN
YHUBEPCUTET TEICKOMMYHUKAIUN 1 UHPOPMATUKU»

- Barytun Cepreii UBanoBuny,

KaHAUAAT TEXHUYECKUX HAYK, CTAPIUIUN HAYyYHBIN
COTPYAHHUK, BEYLIAN HAYYHbI COTPYIHHUK,

AQO «Poccuiickue KOCMUYECKHE CUCTEMBI»

Benymas opranusanms: - ®I'bOY BO «MOCKOBCKHI TEXHUYECKUI
YHUBEPCHUTET CBSI3H U MHPOPMATUKHY,
r. Mocksa, yi1. ABuamoTOopHas, 1.8a.

3amuTa guccepranuu coctoutes «22» ampens 2025 roma B «10:00» Ha 3acenanun
auccepTannoHHoro cosera 24.2.327.01 B QenepaqbHOM TOCYIapCTBEHHOM OIOIKETHOM
00pa3oBaTeIbHOM YYPEKICHHH BBICIIETO o00pa3oBaHHs «MOCKOBCKHH aBHUAIIMOHHBIN
WHCTUTYT (HAIIMOHAJIBHBIM HCCIEIOBATEIbCKUII YHUBEPCUTET)» MO aapecy: 125993,
r. MockBa, Boiokonamckoe mocce, 1. 4.

C  nuccepranueid  MOXHO  O3HAKOMUThCA B Oubnmoreke  (penepanbHOTO
TOCYJApCTBEHHOTO0 OIOHKETHOTO 00pa30oBaTEIbHOIO YUYPEXKACHHUS BBICIIETO 00pa3oBaHUs
«MOCKOBCKHUI aBHAIIMOHHBI WHCTUTYT (HAIIMOHAIBHBIA HCCIEAOBATEIbCKHUI YHUBEPCUTET)
u Ha caiite MAU no ccpuike:

https://mai.ru/events/defence/7JELEMENT ID=183521

ABTOpedepar pa3zociaH «___ » 2025 r.

OT3bIBBI, 3aBEPEHHBIE TIEYATHIO, TPOCUM HAIPABJIATH IO a/Ipecy:

125993, r. MockBa, Bonokomamckoe miocce, A. 4, Yuénbiii coeer MAU.

YuéHblil cekpeTapb
JUCCEPTALMOHHOTO COBETA
24.2.327.01, k.T.H. A.A. T'opbyHoBa



OBILIASA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJIbHOCTDH TeMbI UCCJIE0BAHUSA

K HacrosmeMy BpeMeHU TPAKTUYECKH BCe Cephl COBPEMEHHOT'O OOIIECTBA TECHO CBSI3aHBI C
MPUMEHEHUEM paauoTexHudeckux cucrem nepenaun wunopmamuu (PCIIA). Muorue PCIIU
paboTaloT B CJIOXKHOW MOMEXOBOW OOCTaHOBKE IMPH HHU3KUX OTHOIIEHUSX CHUTHAI-IIYM B KaHale.
Kpome Toro, Tekymmii ypoBeHb pa3BUTHsI UH()OPMAIIMOHHO-TEIEKOMMYHHKAIIMOHHBIX YCIYT TpeOyeT
3HAYUTEIILHOTO TIOBBIIIEHHUS TTPOITYCKHOM CIIOCOOHOCTH KaHAJIOB CBS3U. DTO, B CBOIO OYEpE/Ib, TAKKE

TpeOyeT MOBBIIICHNUS UX YPOBHS YCTOMUMUBOCTH K TIOMEXaM Pa3IMIHOTO POJIA.

B uactHOCTH, BbICOKME TpeOOBaHUS MO MOMEXOYCTOMYMBOCTU MPEIBIBISIOTCS K CHUCTEMam
JanbHEe KOCMUYECKOW CBS3M, KOTOpbIE JIOJDKHBI 0OecreynuBaTh CTaOWIBHYIO CBA3b Ha YJAJICHUU B
MUJIMOHBl U MWJUIMAPJbl KWJIOMETPOB OT 3€MJIM Ha IPOTSKEHUH BCETO CPOKa JKCIUTyaTauuu. B
rocjeiHee BpeMsl aKTyalbHO MPUMEHEHHE MapUIeBbIX JEKTPUUYECKUX PAKETHBIX JBUTaTeNel, paboTa
KOTOPBIX OCHOBaHAa Ha YCKOPEHUH HOHM3HPOBAHHBIX 4YacTUI[ pabodero Teina B AJIEKTPUUYECKUX H
MarHUTHBIX MOJSIX M COMPOBOXK/IA€TCS BOZHUKHOBEHHWEM ITOMEXOBOTO H3JIyYEHHS B pajuoJuana3zoHe
CO CJIOKHOW CIIEKTPAJIbHO-BPEMEHHOM CTPYKTYpPOM B IOJIOCE YAaCTOT OT COTEH Merarepl| 10 IeCATKOB

rurarepil.

OcoOblil MHTEpEeC ¢ MPAKTUYECKOM M HAy4yHOM TOYKHM 3pEHUsl IPE/ICTaBiseT HalpaBiIeHHUE
00pbOBI C UMITYJBCHBIMH IIOMEXaMH. JTO CBS3aHO KaK C MX LIMPOKHM PAaCHpOCTPAHEHUEM, TaK U C
OTPaHUYECHHBIMU BO3MOXHOCTSMHU CPEACTB HMX IOJABIECHHUA C MCIOJb30BAHUEM TPAAULMOHHBIX

MCTOJOB.

OCHOBHBIMM NyTSMHM TOBBIIIEHHUS IIOMEXOYCTOMYMBOCTH B CIy4ya€ HMIYJbCHBIX IIOMEX
ABJISIIOTCS. MIPOCTPAHCTBEHHAsl, BPEMEHHAas M AaMIUIMUTyIHAs CeleKuus, (uiabTpanus M METOJbI
ajlanTaluyd U KoMIeHcaluuu. B Toxe Bpems, HEOOXOIUMO OTMETUTh, YTO MHOTUE U3 HUCIHOJIb3yEeMBIX
METOJIOB TOKa3bIBalOT BEChbMa OrPAHMYEHHYIO 3()(PEKTUBHOCTb, MOCKOJBKY IOJIE3HBIH CHUTHAlI H
IIOMEXU MOTyT HMMETh CYLICCTBEHHOE IIEPEKPBITHE I10 BPEMEHM, 4YacTOTe, IIPOCTPAHCTBECHHOMY

ITOJIOKCHHUIO UICTOYHHUKOB U T.[.

B cBs3u ¢ 3TMM aKTyanbHOM HaydyHO-TEXHMUYECKOM 3ajadeil sBisgercs pa3zpaboTka u
HUCCICAOBAHUC 3(1)(1)GKTI/IBHOCTI/I HOBBIX MCTOAOB IIOBBIINICHUA HOMGXOyCTOfI‘{PIBOCTPI Ha3€MHBIX H
KOCMMUYECKUX PaJUOCUCTEM Iepeaud MH(GOpPMaLuU B YCJIOBHUSAX BO3ACHCTBUS HMITYJIBCHBIX MOMEX

Pa3IUYHON NMPUPOIBL, C YIETOM CTATUCTUYECKUX XapaKTEPUCTUK NEPeIaBaeMbIX CUTHAIOB U TIOMEX.

O)IHI/IM N3 MEPCICKTUBHBIX HaHpaBJ’ICHI/Iﬁ 60pB6LI C HUMITYJIBCHBIMU IMOMEXaMHU C allpuOpHO

HCU3BCCTHBIMHU XaPAKTCPUCTHUKAMMU ABJIACTCA HCIIOJIb30BAHHUEC METOAOB CJICIIOIO pa3aCICHUA CUI'HAJIOB
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(CPC) 3&,[[3‘{8. MCTOOOB U AJI'OPUTMOB CJICIIOIO Pas3ACICHUA CHIHAJIOB 3aKIIOYACTCsA B pasaCIICHUHU
BC€X HCXOAHBIX CHUT'HAJIOB M3 BXOIHBIX Ha6moz[aeme CHUT'HAJIOB (CMGCCﬁ), npuicM CaMu HUCXOJHBIC
CHUTHaJIbI W MOJACJIb HX CMCHIMBAHHA CYHTAIOTCA HCHU3BCCTHBIMHM Ha HpHeMHOﬁ CTOpPOHC. HOII
Ha6J'IIO,Z[aeMLIMI/I CUrHajiamMu (CMCCHMI/I) B TCPMUHOJIOTUH CJICTIOTO pa3ACJICHUSA CUTHAJIOB IMOHUMAKOT

HECKOJIbKO CUT'HAJIOB, CJIOKCHHBIX MCIKIY co0oii ¢ PasHbIMH B€ECOBbBIMU KOB(I)(I)I/IL[I/IGHTEIMI/I.

00630p cymecTBYOIMUX PadoT MO TeMe TUCCEPTAIIUN

Bonpocam nmpruemMa paguoCUrHaioB B yCIOBUSX MOMEX MOCBAIICHBI (PyHIaMEHTaIbHBIE paOOTHI
Takux 3apyOexHbix yueHblx kak D. Middleton, A.D. Spaulding, R.T.Disney, S. Miyamoto,
M. Katayama u ap. Cpeay OTE€4EeCTBEHHBIX yUYEHBIX BOIPOCAMH IMOBBIIIECHUS MOMEXOYCTOWYUBOCTU
saaumanucek H.J. Ilananexcu, B.W. Tuxonos, P.JI. Ctpatonosuu, JI[.[1. Knosckmii, A.I'. 3to0Ko,
JLM. ®unk u ap. B obmactu GoprOBI C MMITYJCHBIMH TIOMEXaMU OOJBIIONW BKIJIAJ BHECIIH TaKUe
yuénbsle, kak A.A. Xapkesuu, M.B. MakcumoB, D. Middleton, S.Miyamoto, M. Katayama,
N. Morinaga u zip.

[lepBble yMOMHHAHHS METOJAOB CIENOrO pa3/ieleHUs] CUTHAJIOB (MCTOYHUKOB) OTHOCATCS K
1980 rogam B pabortax uccienosareneid J. Herault, C. Jutten u B. Ans. bonbioii Bkiaa B pa3Butue
HampaBiieHus ciernoi oOpabotkm curHanoB BHecaun A.J. Bell u T.J. Sejnowski, A. Belouchrani,
P. Common, A. Chichocki u S. Amari, L.Duarte, A. Hyvirinen, E. Oja u P. Pajunen, K. Abed-
Meraim, J.F. Cardoso u A. Soulonmiac. Cpenu OTEUECTBEHHBIX ABTOPOB 3HAYUTENHHBIM BKJIAJ B
pa3BUTHE U MPAKTHUYECKOE NPUMEHEHHE METOJIOB CJENOro pa3iefieHHs CHUTHAJIOB BHECIM TakKue
yuenble kak O.B. T'opsukun, C.C. Amxemon, JI.C.UYupos, A.E.Manoxun, B.C. IIpunyrtun,
A.A. Kyuymos, H.E. Mupomnukosa, H.}O. JIuGeposckuii u ap.

Hecmotpss Ha oOwmnme Tteopetnueckux wuccnenoBanuii metogoB CPC B pasnuyHbIX
HANPaBICHUSAX M  OOJIACTSAX  MPUMEHEHHs, OTHOCUTEIBHO HEMHOrO padoT  IOCBSIIEHBI
HETMOCPEACTBCHHO aHANHN3y d(D(PEKTUBHOCTH U OCOOCHHOCTSIM MPUMEHEHUS ITHX METOJIOB IS OOPHOBI
C Pa3IMYHOrO THMA UMMIYJIbCHBIMU Tomexamu B PCIIM ¢ pa3snuyHbIMU MOAYNSIIHOHHO-KOJOBBIMU

CXEMaMH.

Henapb u 3a5aun qUCCepPTALHOHHONH PadoTHI
Lenbto auccepTallmOHHONW PabOTHI SBJISETCS MOBBIIMICHHE MOMEXOYCTOWYMBOCTH LU(POBBIX
PCIIN B ycnoBusX BO3AEHCTBUS KBa3UIEPUOIWYECKUX HMMITYJIBCHBIX ITOMEX PAa3IMYHOM MPHUPOIBI C

AIIPUOPHO HEU3BECCTHBIMU XAPAKTCPUCTUKAMU U TCIIJIOBBIX IITYMOB HpI/IéMHI)IX TPAKTOB.

I[JI)I JOCTHIXXCHUA MOCTaBJICHHOMN Oein HGO6XOI[I/IMO MO3TAITHOC PCHICHUC CIICAYIOIUX HAYYHO-

TCXHHUYCCKUX 3aJa4:



1. AHanu3 cymiecTByHOIMX METOA0B mnoBblieHUs yctohunBoctu PCIIM k BoO3aelcTBHIO

HUMITYJIBCHBIX ITIOMEX PA3JIMYHOTO ITPOUCXOKICHUA.

2. CpaBHHTeJ’ILHLIfI aHaJiu3 HNPpUMCHHUMOCTH OTHACJIBHBIX AJT'OPUTMOB CJICIIOTO PA3ACJICHUA

CUTHAJIOB 7151 60pBOBI ¢ UMITYJIbCHBIMU TOMeXxamu B PCITH.

3. Pazpabotka u Bepudurauus (yHKIHOHATIBHOW uMHUTauMoHHOM Moxaenun PCIIM s
uccienoBaHust dPQPEKTUBHOCTH W OTPAHWYEHHUH Ha NMPUMEHEHHE METOJIOB M aJTOPUTMOB CIIENOTrO
paszieneHust CUTHaJoOB sl OOpBOBI C MMITYJIbCHBIMH IIOMEXaMH, a TaKXKe aHaIH3 IOJy4EeHHBIX

PE3YIBbTATOB UMHUTAIITUOHHOTO MOACIIMPOBAHUA.

4. Pa3zpaboTka ammapaTHO-MPOTPAMMHOTO  KOMILIEKCa i anpoOaluud  TEeXHUYECKOH
peanu3ainyy MPeAJIOKEHHBIX METOJIOB MCIOJIb30BAHUSI QJITOPUTMOB CJIEMIOTO pa3/IeNICHUs CUTHAJIOB

111 OOPBOBI C UMITYJILCHBIMH ITOMEXaMH PA3IMIHOMN MPHPO/IBL.

5. AHanu3 > QEKTUBHOCTH HCIIOJIB30BAaHUs AJITOPUTMOB CJIENOTO pPAa3/ICIEHUs] CUTHAJIOB B
PCIIN no pe3ynbpTataM, MOJYYEHHBIM METOAAMH MMHUTALMOHHOIO M HATYPHOI'O MOJEIUPOBAHUS, a
TaKXke pa3paboTKa PeKOMEHJalWi Mo MPUMEHEHUIO aIropuTMOB cienoro paszaenenus B PCIIN ans

Pa3INIHBIX MOAYJIIHUOHHO-KOJOBBIX CXCM U TUIIOB UMITYJIbCHBIX ITOMEX.

MeTOIII)I HCCJIeI0BaHUA OCHOBBIBAIOTCA HAa MCIIOJIb30BAHMKU UMHUTAIUOHHOTO MOJCIIUPOBAHUA
B COBOKYIMHOCTH C MATCMATHYCCKUM allllapaToM TCOpUU BHCKTqueCKOﬁ CBsA3H, MaTCMAaTHYCCKOI'O

aHalJln3a, TCOpUHr BepOHTHOCTeﬁ 1 MaTeMaTUYEeCKON CTaTUCTHKH.

O0beKTOM HCCIeI0BAHUA SIBISTIOTCS HU(PPOBBIE PATUOCHUCTEMBI Tiepeaadn HH(popMaruu
(PCIIN), GpyHKIMOHUPYIOLIUE B YCIOBUSAX BO3ACHCTBHUS HMITYJIBCHBIX KBA3MIIEPHOJUUYECKUX MOMEX
Pa3JIMYHOIN MPUPOJIBI C AIPUOPHO HEU3BECTHBIMHM XapPaKTEPUCTUKAMH M TEIJIOBBIX IIYMOB IMPUEMHBIX

TPaKTOB.

IIpenmer wucciaegoBanuss — aHanu3 3SP(GEKTUBHOCTH HUCHOIB30BAHUS METOAOB CIIEMOTo
pas3ieneHus CUTHAJIOB IS TOBBIMICHHUS TMoMmexoycTounBocTd IMdpoBeix PCIIM B ycrioBmsx
BOSI[CfICTBPISI KBAa3UIICPUOAUYCCKHUX HUMITYJIBCHBIX IIOMCX pa3anH0171 mnmpupoasl € alpuOPHO

HCU3BCCTHLIMU XAPAKTCPUCTUKAMU U TCIUIOBLIX IITYMOB HpI/IéMHLIX TPAKTOB.

Hay'—maﬂ HOBHU3HA ITIOJTYYCHHBIX B pa60Te PE3YJIbTATOB 3aKIIIOYACTCA B CIICAYIOIICM:

1. IlpennokeHO HCMOJIb30BAaHHE METOJIOB CJIENIOrO pPa3/IeleHUs CUTHAJIOB Ui OOpbOBI €
UMIYJCHBIMU TIOME€XaMU Ha (OHE TEIUIOBBIX LIYMOB MPUEMHOTO TpaKTa M ONpEIeseHbl 00JacTH

3¢ (HEKTHBHOTO WCIOIB30BAHUS ITHUX METOAOB, 3aKIIOYAIONINECs B HEOOXOAMMOCTH OOecredeHus



OHUTOBOTO OTHOIIEHHUS CUTHAJI-IIYM B KaHaJIaXx anéMa HE McHee 6-8 ,Z[E, B 3aBUCHMMOCTH OT MCTOAA

MOAYJIAIUH, U Pa3HOCTU OTHOIIICHUI MOMeXa-CUTHaJI B KaHajlaX anéMa oT 5 I[B " BBIIIC.

2. HOJ'Iy‘{eHBI KOJIMYCCTBCHHBIC OLICHKU BCPOATHOCTU OUTOBOI OLIMOKHU H BBIMI'PHIIIA B 3TOM
BEPOATHOCTH OT HMCIIOJIB30BAaHUA CJIICNIIBIX METOA0OB Ppa3aCiICHUA CUTHAJIOB  JJIA 60pb6BI C
KBa3UIICPUOJUYICCKUMH INAPMOHUYCCKUMHU U LITYMOBBIMH UMITYJIbCHBIMU IIOMEXaMU B 3aBUCUMOCTH OT

OTHOIICHHSA CUT'HAJI-IIYM W OTHOLICHHUSA IMOMEXA-CUTHAI JJISI TUIIOBBIX MCTOAOB MOAYJIAIHUU: I’H\/IH-z,

®OMau-2, DMu-4, DMHE-8, KAM-16 u TMMC.

3. [MokazaHo, 4TO IPH YKa3aHHBIX B 1. | YCIIOBUSAX BBIMTPHIII B BEPOSITHOCTH OUTOBOW OMIMOKH
OT MCHOJIb30BaHUsSl CIENOro pasjaeneHus curHainoB (anroputM SOBI) mna monpynsauuun OMH-2 u

PIMHynBCHOﬁ IIOMEXHU C TaPMOHUYCCKHUM 3aIIOJIHCHUEM MOXKET COCTABJIATH 80 u 6onee pas.

4. Tloka3aHo, uro npu npuéme curana ®MH-8 ¢ kBa3unepUOANUECKON UMITYJILCHOM HIyMOBOM
MIOMEXOH HCHOJIb30BAHUE CIIETIOr0 pasjesieHus: curHanoB (asroputm c-FastICA) mo3BosnsieT npu Tex
K€ YCIIOBHSIX MOJYYUTh BBIMTPBILI 10 BEPOSITHOCTH OUTOBON OIIMOKM OT 35 pa3 M BbllIe IpU OUTOBOM

otHoteHuu curdan mym 10 n1b u Gonee.

5. IlokaszaHno, uro npu monyasiunu KAM-16 n kBa3unepnoauyecKkoil UMITYJIbCHOW IIYMOBOM
IIOMeXe MpH OMTOBOM OTHOLICHWM CUTHAI-IIYyM OT 12 b u Bbllle, pa3avyuy B OTHOLICHUM IOMEXa-
curHan B kaHajax npuéma ot 20 nb mcrosb30BaHHME aJITOPUTMOB CIIENIOTO Pa3JeICHHs CUTHAJIOB
AMUSE, c-FastICA u SOBI o0ecnieunBaeT BBIUTPHIII 110 BEPOSTHOCTH OUTOBOW OIIMOKM Ha 2

HnopsaJaKa 1M BbIIIC B 3aBUCUMOCTHU OT OTHOILICHHUSA CUTHAJI-IITYM.

6. IlokazaHo, 4yTO B cucTemMax JajbHEW KocMudeckoi cBsi3u 3emisi-KA, peanu3oBaHHBIX Ha
0a3ze mporokona (Quzndeckoro ypoBHs, pekomenmoBanHoro CCSDS, ¢ wucnonb3oBaHueM
MOJIYJSIMOHHO-KOI0BOM cxemMbl Ha ocHoBe ['MMC-curnana Onarojgapsi NPUMEHEHHIO METO/0B
cienoro pasjaeneHus curHajaoB (anroputM SOBI) BO3MOXKHO MOJTyd4eHHE BBIUTPHINIA TIO BEPOSITHOCTH

OUTOBOI OIIMOKU I10 CpaBHCHHIO CO ClIyd4acM, Koraa CJICIocC pasgcjJICHUC CUTHAJIOB HE UCIIOJIb3YyCTCA:

-B 20 pas3 npu OTCYTCTBUU HOMGXOYCTOI‘/'I‘H/IBOFO KOJHUPOBaHUs, OMTOBOM OTHOIIIEHHH CUTHAJI-

mwyM 10 1b 1 pa3nnuum OTHOLIEHUH [TOMEXa-CUTHAJl B KaHayIax npuéma 15 nb;

—okoino 10 pa3 mpu HCMNONB30BAHMM TIOMEXOYCTOWYMBOTO KOAMPOBaHHS KoaoM Puna-
Conomona (255,223), OUTOBOM OTHOIIEHUM CHUTHAI-IIyM 6.6 nb u pa3nuumu OTHOIICHHWHA ToMexa-

CUTHAJI B KaHaJIax npuéma 25 nb.



HpaKTI/I‘leCKaH SHAYUMOCTDb pe3yJjbTaToB paGOTbI 3aKJIFO4acTCA B TOM, UYTO:

1. Pa3paboTaHHBIII KOMIUIEKC MAaTeMAaTHUYECKHMX W HWMUTALMOHHBIX MOJENEH MO3BOJISIET
OCYIIECTBIISITh KOJTUYECTBEHHYIO OLEHKY d3()QEKTUBHOCTH WCIOIB30BAaHUS METOJOB CJETOro
paszeneHuss CHUTHajJoB i1 OOphOBI C WMITYJIBCHBIMH TIOMEXaMH pa3JIMYHON Tpupoasl Ha (QoHe
TEIUIOBBIX ITyMOB MPUEMHOTO TPaKTa, MPOBOAUTH CPABHUTEIHHBIA aHAIN3 PA3JIUYHBIX aJTOPUTMOB
CJICTIOTO pa3/IeJIeHHs] CUTHAJIOB M BbIOOp Hamboisiee 3(pPeKTUBHOrO anropuT™Ma Ha HaYaJIbHBIX dTamax

npoexktuposanust PCIIH.

2. Pa3zpaboTaHHBI anmapaTHO-TIPOTPAMMHBIN KOMIUIEKC MO3BOJISET MPOBOJUTH alpOOaIfio U
O0TpabOTKY TEXHHYECKOH peaqu3alil aJIrOPHUTMOB CIIETIOTO PAa3/IeJCHUsl CUT'HAJIOB HAa KOHKPETHOMN
mwiatgopme [UINC win CuK, onTuMU3upoBaTh peaan3aliio BEIYUCIUTENBHBIX aITOPUTMOB U MOXKET
OBbITh HCIOJB30BAH B MHXXEHEPHOH NpakTHUKE NPU MPOEKTUPOBAHUU M pa3pabOTKe MEPCIEKTUBHBIX

pPaanuoCUuCTEM, UCIIOJIL3YIOUX METOAbI CJICTIOTO pa3aCICHUA CUT'HAJIOB.

3. Ilony4eHHbIE KOMWYECTBEHHBIE OLIEHKU A((HEKTUBHOCTH HCIOIH30BAHUS METOJIOB CJIETOT0
pa3JesieHns CUTHAJIOB JIJIsl 00phOBI ¢ UMITYJIbCHBIMU [TOMEXaMU Pa3IMYHOM MPUPO/bI, pa3paboTaHHbIE
pPEKOMEHJAMK 110 TPUMEHEHHUIO aHHBIX METOZOB OOpHOBI C TOMEXaMH W BBISIBICHHBIE UX
OrPaHUYEHUS TO3BOJIIOT MPUHUMATh OOOCHOBAaHHBIE TEXHWYECKHE PELICHUs MPHU MPOEKTUPOBAHUM,
BbIOOpe mapameTpoB PCIIU u onpenenennn o01acTi NPUMEHUMOCTH JAHHBIX METOAOB B KOHKPETHBIX

YCIIOBUSIX.

4. TlpennoxeHHble U anpOOMPOBAHHBIE AJITOPUTMBI MPAKTUYECKOH peanu3aluuu uQpoBOi
00pabOTKM NPUHMMAEMBIX CHUTHAJIOB, MCIIOJIB3YIOIIME METOJbl CIIENIOrO pAa3/IeNeHUs] CUTHAJIOB U
YUHTHIBAIOUIME HHBEPCHIO (a3bl, HEOOXOJUMOCTh MJEHTU(UKAUUU U BbIOOpa 0a30BOro KaHaja
npuéma, TO3BOJSAIOT TOBBICUTH mNomexoycTtounBocTs PCIIM, wucnons3yrommx CUTHajgbl C

aMIUTUTYIHO-()a30BOM MaHUITYIIALUEH.

Peanun3anus u BHeApeHUe pe3yJIbTATOB PadoThl

NMuTanmoHHble MOJENM KAaHAJIOB CBA3M, AaNIapaTHO-NPOIrPAMMHBIA  KOMIUIEKC — JUIS
HCCIIEIOBAaHUSl METOJIOB CJICTIOrO PAa3AClIeHUs] CUTHAJIOB M PEKOMEHJALMH 10 MPOrpaMMHOMN
peanu3anyy aaropuTMOB CIIETIONO Pa3[eeHUs] CUTHAJIOB, MOJYYEHHBIE B pPEe3yJbTaTe BBINOJHEHUS
JUCCEPTAIMOHHON paboThl, ObLTH BHEApeHBI B Dmmane AO «O0bequHEHHAsS paKeTHO-KOCMHUUYECKast
kopropanusi» — «HUUW KII» npu pazpaboTke KOHTPOJIBHO-TIOBEPOUYHO anmapaTypsl B pamkax OKP
«Pamno0Oyn-2025» ans uccienoBaHUs MPUMEHUMOCTH METOOB CJIETOro pas3iefieHHs] CUTHAJIOB IpU

ob6pabotke curnanos 6eacTBust cucteM KOCITAC-CAPCAT B ycnoBusix BO3€HCTBHSI TIOMEX.



MatemaTuueckue MOJIEIU M TPOrpPaMMHO-AITOPUTMUYECKUE CPEACTBA, pazpaboTaHHBIE B
paMKax  JIMCCEpTAllMOHHOM  paboOThl, OBUIM  WCIOJNB30BaHBl MPH  BBIIIOJHEHWH  TpaHTa
PH® Ne 23-19-00515 «IlpoBeneHue MOMCKOBBIX HAYYHBIX MCCIEJOBAHMNM C LEJNbIO IOBBIIICHUS
3¢ (EKTUBHOCTH CUCTEM JJaJIbHEH KOCMHUECKOM CBSA3H C MEKIUIAHETHBIMM KOCMHUYECKUMH allapaTaMu
(KA) c¢ wmapmeBbIMH SJIE€KTPOPAKETHBIMHM  JIBUTATEIbHBIMU yYCTAHOBKAMU C  HCIIOJIb30BAHHEM
conpoBoxaaronux KA — perpancisTopoB» s aHanmm3a 3(PGEKTHBHOCTH MPUMEHEHHUS METOIOB
cieroit 00paboTKU CUTHAJIOB MPpU OOpBHOE ¢ BIUSHUEM COOCTBEHHOTO M3JTydeHUs: MapieBbix DPJIY Ha
(GyHKIMOHMPOBAHUE KaHalla Mepefauyd KOMaHIHO-NPOrpaMMHON HHGpOpMalMKd B pajnOoCHCTEMAx

NaJIbHEW KOCMUYECKOM CBSI3H.

Kpome TOro, OCHOBHBIE METOJMYECKHE NOJAXOJbl K HCIOJIB30BAaHUIO METOAOB CJIENOrO
pasfeneHus JUisl TOBBIIIEHUS IOMEXOYCTOWYMBOCTH CHUCTEM CBS3M B YCJIOBHAX BO3IEHCTBHSA
UMIYJIbCHBIX IIOMEX C AalpUOPHO HENW3BECTHBIMH XapaKTEPUCTHUKAMH, MaTeMaTHYeCKue Hu
MMUTAI[MOHHBIE MOJENH, a TaKKe pe3yJbTaTbl OLEHKHU 3¢ deKTuBHOCTH Hcnonb3oBanus CPC s
00pb0OBI ¢ TIOMexaMu ObUIM anmpoOHMpOBaHBl M HCIIOJIB30BAIMCH B y4eOHOM TMpolecce B paMKax
mucuuruinael  «OOmast Teopus cBsi3u» no HampasineHuto 11.03.02  «MHpOKOMMYHUKAIIMOHHBIE
TEXHOJIOTUM M CHCTEMBI CBS3W», Npoguiib «CHcTeMbl MOOMIBHOM CBS3W» MPU YTEHUM NPOOHBIX

JIEKUWWA U MPOBEICHUHN MTPAKTUYECKUX 3aHATHIA.

BHC,I[peHI/IC PE3YyIbTAaTOB ﬂHCCCpTaHHOHHOﬁ pa6OTBI MNOATBCPIKAACTCA COOTBCTCTBYHOIIUMU

dKTaMU.

ITos10eHNs1, BBIHOCHMBbIEC HA 3aILATY

1. Hcnonp30BaHME METONOB CJENOrO pPA3ACICHUS CUTHAIOB IIPU OLICHKE XapaKTEPUCTHUK
nomexoycroituuBoct PCIIU, QyHKIMOHMpPYIOMIMX B YCIOBHUSX BO3ACHCTBHUS HMMITYJIBCHBIX MOMEX
pa3IUYHON MPUPOIBl U TEIUIOBBIX IIYMOB B KaHajlax MpuUéMa, MPU BBINOJIHEHUU pa3pabOTaHHBIX B
JMcCepTallii  PEeKOMEHJAIMi 00ecreurnBacT BBIUTPHIII B BEPOSITHOCTH OUTOBOW OIIMOKH OT
HeckonbKuX pa3 o 100 u Gorjee pa3 B 3aBUCUMOCTH OT HCHOJIB3YEMOTO0 MeETOJa MOIYJSALMH,
apaMeTpoB MOMEXH, ANrOpUTMa 00pabOTKH, TEKYIIUX 3HAUEHUH OMTOBOTO OTHOILIEHUS CUTHAJ-IIyM

1 OTHOIICHMA ITOMEXa-CHUI'HaJl.

2. Pa3zpa0GoTanHble B AMccepTalUK yCaoBHs 3(p(PEKTUBHOrO MCIOIB30BaHUS METOJOB CJIETOro
pa3feneHuss CUTHAJIOB JUid OOpbOBbl C UMITYJIBCHBIMU ITOMEXaMH 3aKJII0YaloTcs B HEOOXOAMMOCTH:
obecrieueHHss OUTOBOTrO OTHOLIEHUS CUTHAJI-LIYM B KaHajax npuéma He MeHee 6-8 ab, 3aBucsiuero ot
MEeTOZa MOJYJSILIMM; PAa3HOCTH OTHOLIEHWM IOMEXa-CHTHal B KaHaldax npuéma or 5 ab u Bble,
MPUHITUA MEp MO HUBEIMPOBAHUIO BO3MOKHOM MHBepcHHU (ha3bl CUTHAJA, XapaKTEPHOM JJisl CIENbIX

MCTOAOB pasaCICHUsA, 1 BI)I60py IpEANOYTUTCIIBHOT'O BBIXOJHOI'O KaHalia.
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3. PaBpa60TaHHBII>i KOMIIUICKC MAaTeMaTH4YCCKHUX W HMMHUTAIIMOHHBIX MOI[CJ'IGIZ IIO3BOJISACT
OCYHICCTBIIATL KOJHMYCCTBCHHYIO OILICHKY BBIMI'PBIIIA II0 BCPOATHOCTH OWUTOBOHI OMMOKU OT
HCIIOJIb30BAHHUA METOJOB CJICIIOIrO pas3aciiCHUus CUTHAJIOB, IIPOBOJIWTH CpaBHI/ITeJII)HI)Iﬁ aHajin3
Ppa3jIMYHBIX aJITOPUTMOB peaindallii 3THX MCETOHOB H 000CHOBaHHE BLI60pa aJIropuTMma, HanOoJee

a¢ddextuBHOTO N1J1s1 paccmaTpuBaemoro tuna PCIIN.

4. AnmapaTHO-TIpOTpaMMHBII  KOMIUIEKC, pa3paOOTaHHBIH B  JUCCEpTAllMM, I103BOJIAET
MPOBOAMTH ampoOaluio U OTPabOTKY TEXHUYECKOW pealu3allid allfOPUTMOB CIETOTO pa3/ieieHHs
curHanoB Ha KoHkpeTHo tmatdpopme I[IJNIMC wunmu  CeHK, onTuMU3MpoBaTh peaan3aiuio
BBIYUCIIUTCIIBHBIX QAJTOPUTMOB M MOXKET OBITH HCHOJB30BAaH B HH)KeHepHOfI IMPAKTUKE TIIPpU
MPOCKTHUPOBAHUU U pa3pabOTKe MEPCIEKTUBHBIX PATUOCUCTEM, MCIOIB3YIOIIUX METOMbI CIIENOTrO

pas3saciIiCHUA CUTHAJIOB.

CreneHb 10CTOBEPHOCTH U anpodanus pe3yJbTaTOB

J10CTOBEPHOCTH PE3yIbTATOB PaOOTHI 00ECTICUNBACTCS KOPPEKTHBIM HUCIIOIBE30BAHUEM METOJ/IOB
TEOPUHU BEPOSITHOCTEN M MAaTeMaTUYECKOM CTaTUCTUKHU; CTPOTUM HCIOJIb30BAHHMEM MAaTEMaTHUYECKOIrO
amnmapaTa JJis BCEX IMOJYYEHHBIX HAyYHBIX pPEe3yJbTaTOB, COOTBETCTBHEM B OINPEIAEIEHHBIX CIy4asx
MOJIYYEHHBIX PE3YJIbTATOB pE3yibTaTaM JAPYTUX aBTOPOB, OMyOJIMKOBAaHHBIM B OTEYECTBCHHOU W
3apy0eKHON NuTeparype; KaTHOpOBKOM M BepupUKaueld HMHUTAIMOHHBIX MOJIEICH, COOTBETCTBHEM
pe3ynbTaTOB, MOJYYEHHBIX B XOJ€ HWMHUTALIMOHHOIO MOJEJIMPOBAaHUS, B YACTHBIX Clydasx ¢

HU3BCCTHBIMHU TCOPETHIYCCKUMU PE3YIbTaTaMU.

Pe3y.]'IBTaTLI HCClIeJOBaHUI JAOKJIaAbIBAJINCh, O6cy)K,Z[aJ'II/ICB U TOJYYHIIN TIIOJIOKUTCIBbHYIO

OLICHKY Ha 12 HAaYYHO-TCXHUYCCKUX KOH(l)epeHI_[I/IHX, B TOM YHUCJIC MCIKAYHAPOAHBIX:

— MeXIyHapoHas HaydHas koH(pepeHmus Systems of signals generating and processing in the

field of on-board communications (r. Mocksa, MTYCH, 2021 r.);

—44-9, 46-5, 47-5, 49-9 u 50-1 MexAyHapOJHBIE MOJIOCKHBIE TEXHUYECKHE KOH(epeHIun

«"arapunckue urenus» (r. Mocksa, MAU, 2018, 2020, 2021, 2023, 2024 rr.);

—19-1, 21-s u 22-s1 MeXIyHApOIHBIE KOHGEPEHIINN «ABHAIUs U KOCMOHABTHUKa» (T. MockBa,

MAMW, 2020, 2022, 2023 rr.);

— XIII Bcepoccuiickas Hay4yHO-TIpakTHueckass KoHgpepenuus «[Ipobnembl mnepemauun

nH(popManuu B UHPOKOMMYHHKAIIMOHHBIX cuctemaxy (r. Bonrorpan, Bonl'VY, 2023 r.);

— XXV wMexnyHaponHas Hay4dHO-TexHHuYeckas KoHdepeHuus «[IpobmeMbl TeXHUKH U
TexHonoruit renekommynukanuin»y [1TuTT-2023 (r. Kazans, KAU, 2023 r.);
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— IsiTads MCEXKAYHApOAHAd HAay4YHadA KOHq)epeHLII/Iﬂ BCAYIIMX HAYYHBIX TIIKOJ B o0JracTu
paanuoJIOKaour, paJuOHaABHUIalkid W  PAAUOIJICKTPOHHBIX  CpCACTB  IIE€pCAavuu I/IH(bOpMaI_II/II/I

«Ilapsiruackue urenus» (r. Tomck, TYCVYP, 2023 1.).

ITy0nukanuu nmo Teme quccepranumn

OCHOBHBIE TIOJIOKEHUSI W PE3YNbTaThl JAMCCEPTALUU OMyOnuKoBaHbl B 21 pabore, U3 HUX 6
cTaredf, B ToM uucie 5 crateid B m3maHuax u3 cnucka BAK MunoGpnayku Poccun, 3 paboTs
OMyOJIMKOBAHBI B JKypPHAJIaX, MHACKCUPYEMBIX MEXTYHApPOIHON 0a30ii Scopus, caenano 14 mokiamos
Ha 12 MEXIyHapOIHBIX M BCEPOCCHMCKUX KOH(pEpeHIHUsax, 9 paboT omybiukoBaHO 0€3 COaBTOPOB,

MIOJIy4EHBI 2 CBUJIETEIBCTBA O TOCYIaPCTBEHHON perucTpauuu nporpamm aias BM.

JIn4yHbIN BKJIAJ aBTOpPA

PaGora sBnsieTcss pe3ynbTaTOM HCCIEAOBAHUM, MPOBOJUMBIX aBTOPOM JHYHO. WM nH4YHO
pa3zpaboTaHbl METOJUKH, MAaTEeMAaTHYECKHE M HWMUTAIMOHHBIE MOJENN KaHAJOB CBS3H, allapaTHO-
MPOrPaMMHBINM KOMIUIEKC JUIsl uccieqoBaHus 3(G(EKTUBHOCTH HCIOJIB30BAaHUS CJIETIBIX METOOB
pa3eNneHns CHUTHAJOB C PpPEATbHBIMU XAapAaKTEPUCTUKAMH, IMIOJIY4YEHbl U IPOaHAIN3UPOBAHBI
KOJIMYECTBEHHBIE OICHKH A(()PEKTUBHOCTU HCIIOIB30BAHMUS METOJNIOB CJIEMOTO Pa3eieHHUs] CUTHAJIOB
JJIsL 60pL6I)I C UMITYJIbCHBIMHU IMOMEXaMU pa3quH0171 mpupoAbl AJid pa3jIMYHbBIX METOA0B MOAYJIAIINHU,
3HAUCHUH OTHOIIICHHUS CUTHAJI-IIYM W TIOMCXa-CMIHall, B TOM 4YHUCJIIC U IPU BO3I{€ﬁCTBI/IH
paguousnydenust CITJ[. B myOnukanusx, BHIIOJHEHHBIX B COABTOPCTBE, BKJIAJ aBTOPA 3aKJITFOYAJICS B
pa3paboTke u Bepu(UKAIUN UMHTAIUOHHBIX MOJIEICH M amllapaTHO-IPOrPaMMHOTO KOMIUIEKCA IS
ucciacaoBaHuAa MCTOJ0B CPC, a TAKXKXC B aHAJIM3C MMOJTYUYCHHBIX PC3YyJIbTATOB U MOATOTOBKE BLIBOAOB U

peKOMeHI[aI_II/Iﬁ 10 pe3yJibTaTaM HUCCICOOBAHUS.

O0beM u cTpyKTYypa padoThl
Huccepranmonnas pabora uMmeer 00beM B 141 MalIMHONMMCHYIO CTpaHMIy, COCTOUT U3
BBeJIcHUS, O TJaB, 3aKIIOUEHHUS U CIHCKa JUTepaTyphl. WIUTIOCTpaTUBHBIA MaTepuan COCTOUT U3 57

pUCyHKOB U 6 Tabmun. Criucok aurepatypsl coepkut 100 HauMeHOBaHHH.

CoorBeTcTBHE PadOTHI NACMOPTY CHENUAIBHOCTH

Pabora cooTtBercTBYyeT macmopty crnenuanbHocTd 2.2.13 — «PagmoTexHuka, B TOM YHUCIE
CHUCTEMBI U YCTPOMCTBA TEJIEBUICHU», MYHKT 6 «Pa3zpaboTka u uccienoBaHle METOJOB U aJIrOPUTMOB
00paboOTKM CHUTHAJIIOB U MH(POPMAIMH B PATUOTEXHUYECKHX YCTPOMCTBAX M CHUCTEMaxX Pa3IUYHOTO
Ha3HAYEHUs, BKJIOYAs CHUCTEMbl TEJIEBUIACHUS W Tepenayd WHOpMaluu, MpH HATUYUHU TIOMEX C
I EJIbIO ITIOBBIIIICHUA HOMCXOyCTOﬁqHBOCTH, IIYHKT 8 «Pa3pa60TI<a H UCCJICA0OBAHUC PATUOTCXHUYCCKUX
YCTPOWCTB W CHUCTEM Tiepenayd WHPOpMAalWd, B TOM 4YHCIe S(DHUPHBIX, paaHOPENCHHBIX U
KOCMUYECKUX, C IeNbI0 TOBBIIICHUS WX TMPOMYCKHOW CHOCOOHOCTH, IMOMEXOYCTOMYUBOCTH U

IIOMECXO03allINIIICHHOCTH.
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COJEPKAHUE PABOTHBI

Bo BBegeHum mnpescTaBieHa W OOOCHOBaHA AaKTYaJbHOCTh TEMATHKH JHCCEPTAIIMOHHOTO
UCCIIeIOBaHMs, CPOpPMYTUpOBaHbl IEJIb U 3aJa4d MCCIENOBaHMS, NpPUBEJCHA Hay4yHass HOBU3HA
MOJy4EHHBIX PE3yJbTAaTOB, a TAKXKE IMpaKTHYECKas 3HAYMMOCTb paboThl. OmnucaHa MeETOIOJOIHA,
UCIIOJIb3yeMasi B JUCCEPTALlMOHHOM HccienoBaHuu. CopMynupoBaHbl MOJOKEHUS, BBIHOCUMbIE Ha
3aIUTY, apTYMEHTUPOBAaHA CTENEHb JIOCTOBEPHOCTH, PUBEICHBI JaHHbIE 00 anpodanuu pe3yinbTaToB,

oInucaHa CTPYKTypa paOoThI.

B nepgoii riaase nposenen aHanus nmyonukanuii mo CPC, uMIynbCHBIM mmoMexam, crocodam
00pBrOBI ¢ HIMH U 00OCHOBAaH BHIOOpP HAMpaBJICHHS JUCCEPTAIIMOHHOTO HccienoBaHus. OmnpenenaeHa
aKTyallbHOCTb BBIOpaHHOW TeMaTHKH M €€ MpakTUyecKas IEHHOCTh, c(hOpMYIHpOBaHBI peliacMbie
3amaun. [IpuBoauTesa onucaHue psia TUIIOBBIX UMITYJIBCHBIX ITOMEX, YXYAIIAIOIUX Ka4eCTBO MpUEMa
curHaioB B PCIIM, Hanpumep, UMIYJIbCHBIX KBA3UIEPUOAMYECKUX TApPMOHUYECKUX U
IITyMOTIOJJOOHBIX TIOMEX ¥, B YaCTHOCTH, IPUBOJIUTCS OMMCAHUE UMITYTLCHOM IITYMOTIOTOOHOM TTOMEXH,
CBSI3aHHOM C pabOTOM CTAIlMOHAPHBIX MJIA3MEHHBIX ABUTATENIeH, U ee BO3JICHCTBIE Ha Ka4eCTBO IpUeM
JJAaHHBIX OT 3€MHON cTaHuuHu. OmnucaHbl OCHOBHbIE NyTH TNOBbIMEHUA yctoilumBoctu PCIIA k

BO3JICHCTBUIO UMITYJILCHBIX TTOMEX B KaHaJIE CBS3U.
OCHOBHBIE pe3yJIbTaThl TIEPBOM IJIaBbl HAIILIK OTpakeHue B padborax [10], [11].

Bo BTOpoii riiaBe mpencraBiieHa MaTeMaTHuecKasi MMOCTAHOBKA 3aJlayd CJICTIOrO pas3JieieHust
CUTHAJIOB, OMNHMCAaH METOJl aHaju3a HE3aBUCHUMBIX KOMIIOHEHT W €ro OrpaHWYEeHUs, a TaKKe
paccMoTpeHsl Haubosee nonyisipabsie anroputMbel CPC, ocHoOBaHHBIE Ha JaHHOM MeToje. [IpuBeneHbI
MaTeMaTH4eCKHe MOJIESIM CUTHAJIOB U TIOMEX, UCIIOJIb3yeMble B padoTe, a Takke MpeCcTaBiIeHa OJIOK-
cxeMa pa3paboTaHHOW MMHUTALMOHHOW MOJENU A McciaenoBaHus (PGEKTUBHOCTH HCIOIb30BAHUS

MCTOHOB CJICIIOTO pa3ACICHHs CUTHAJIOB U OIIMCaHbl OCHOBHBIC €€ (I)YHKLII/IOHaJIBHBIe OJICMCHTEI.

MaTeMaTI/I‘-IGCKYIO IMOCTAHOBKY 3aJa4u CJICIIOIO pa3AC/ICHUA CUTHAJIOB IMPUMCHHUTCIBHO K

AUCKPCTHBIM CUCTEMAM MOKHO OITMCATh CJICAYIOIIUM MAaTPpUYHBIM Bblpa)KeHI/IeM:
X=H-S+U, (1)

rne X € RM*T He RM*N § € RN*T, U e RM*T y X — marpuma HaGIIOgaeMbIX CMecei,
S — MaTpuIla UCXOAHBIX CUTHANOB, H — HEBBIpOXKICHHAST MaTpHIa cMeliBanus, U —MaTpuIia [ryMoB,
N — KOJIM4ECTBO HCXOMHBIX CHIHAJIOB, M — KOJIMYeCTBO HAOII0JaeMbIX cMecel, T — IIIMHA pealu3aluii

CHUTHAJIOB U LTYMOB.
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TepMI/IH CJICTIOC Pa3acCJICHUC CUTHAJIOB O3HAYACT, UTO HE Tpe6yeTcsl HUKaKOH HpeHBapHTeHbHOﬁ

nH(popmanuu 006 HCXOAHBIX CUTHAJIAX S U mporeaype cmemmBanus H.

3agaueit CPC sBnsiercst mouck Takoit marpunpl pazaenenus W (NxM), koropas obecrieunBaet
ONTHMAJIbHOE 3Ha4YeHHUe lesieBor GyHkuuu (pyHkuuu norepb win croumoctu) Y(WX). Korma 3to

JO0CTUTacTCA, pa3,[[eﬂéHHLI€ HNCXOOHBIC CUT'HAJIBI MOT'YT OBITE OIPCACICHBI KaK.

S=WX, )

re SeRY _ OIIEHKA Pa3/Ie/IEHHBIX CUTHAJIOB.

Ornurcan MeTo/ aHajiM3a HEe3aBUCHUMBIX KOMIIOHEHT M MPOaHaIN3UPOBaHbl OTPAHUYEHUSI HA €0
npuMeHenue. Taxke NPUBOAUTCS OMHMCaHWE HauOoyiee MOMYJSPHBIX AJITOPUTMOB, OCHOBAHHBIX Ha
nanHoM Mmetone: JADE, Infomax, FastiCA (u ero momuduxanuu), SOBI u AMUSE. IlpuBoaurcs
OMKMCAaHWE OCHOBHBIX BHUJOB II€JIeBbIX (YHKIUH ¥ MeTOAOB ontuMusanuu. [IpoBomurcs
CpPaBHHUTEIBHBINA aHANMHU3 YPPEKTUBHOCTH YKA3aHHBIX aITOPUTMOB CIICTIOTO pa3AeieHUs ISl THIOBBIX
CUTHAJIOB.

Ha puc.1 npuBenena 010k-cxemMa UMUTALMOHHON MOJEIH JJIsl UCCIIEA0BAaHUS METOJIOB CJIEIIOTO
pa3zieneHus CUrHAIOB.

[osichennst k puc. 1: Omoku
«I'Cr, «['Tl» n «'l» — renepaTopsl
CUTHaJa, TIOMEXH U IIIyMa; OJIOKH
«M» n «IM» - MopynaTop H
nemonynsarop;  «bBC» - Omok
BecOoBOro cymmupoBanus; «CPCy» —
OJIOK CJIETIOr0 pa3/esIeHusl CUTHAJIOB;
«MN» - Omox  waeHTU(UKAIUU . .

Puc.1 brnok-cxema pazpaOoTaHHON UMUTALIMOHHON MOJIEIH
(OLIGCHKW) TIOJIG3HOTO CHUTHala W3
MPUHSATHIX BXOJHBIX cMecel. «O» — 00K cpaBHEHUS U OLEHKU BEPOSATHOCTH OUTOBOM OLIMOKH.

bnok BecoBOoro CyMMHpOBAaHMS OCYHIECTBIISAET (POPMHUPOBAHHME JBYX CMECEH U3 IOJIE3HOTO
CUTHala, TOMEXH M TEeIUIOBBIX IIyMOB MPHUEMHHKA. BXOJHBIE MapameTpbl BEIUYHH OWUTOBOTO
OTHOUIEHUSl CUTHAJ-IIYM U [OMEXa-CUTHall B Ka)XJOW M3 CMECeW OMpeNelsitoT BEJIMYHMHBI BECOBBIX
K03 (ULMEHTOB NPHU CUTHaje, momexax u mymax. Kaxnas u3 chopMUpOBaHHBIX cMecell MOCTYyMaeT
Ha COOTBETCTBYIOUIMI €l NeMOAYNISITOp, a TaKKe Ha BXOJ OJioKa CJENOoro pasJeieHHs] CUTHAJIOB.
[TockonbKy 3amaya MASHTH(UKALMHU TIOJIE3HOTO CHUTHANA W3 MPUHATBHIX CMECE HE OCYILECTBIISETCS
anroputmamu CPC, Ha BbIXOJle MOAKIIOUEH OJOK MISHTU(UKALNU, KOTOPBIA OMpEeesieT MONIe3HbIN
CUTHAJ U Mepe/aeT ero Ha neMmoaynarop. [lanee, B 6110ke cpaBHEHHS U OLICHKH BEPOSTHOCTH OUTOBOM

OLIMOKHU OCYILECTBISIET CPAaBHEHUE JIEMOYJIMPOBAHHBIX OUT Ha BBIXOJI€ BCEX TPEX JAEMOIYISTOPOB C
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UCXOJHOW OWUTOBOW TMOCIEeN0BATENbHOCThIO. OIEHUBAETCS BEPOSITHOCTh OUTOBOM OMIMOKM st
ciydaeB ¢ ucrnonb3oanueM CPC u Ge3 Hero.
Ha puc. 2 npuseneHst
IIPUMEPBl JIIOp CUTHAIOB B
Pa3IMYHBIX TOYKAX OJIOK-CXEMBI, Orcuerer
MOJIyYUEHHbIE B pe3yJibTare
UMUTALIUOHHOT' O OtcueTsl

MOJCIUPOBaHUA. CBepxy BHU3:

HOPMHUpOBaHHasi  aMIUIMTYHAS Otcuersl
orubaroniast cuH(pa3HoI
KoMIOHeHTHl curHaina KAM-16

OTcuersl
Ha BBIXOJIE MOAYJATOPA;
HOPMHUpOBaHHAasl  aMIUIMTYHAS

OTcuersl

orubaroniast cuH(pa3HOoI
Puc. 2 Dnropbl CUTHAJIOB PU KUMUTALIMOHHOM MOJIEJIMPOBAHUU

KOMIIOHEHTbl CMECH CHUTHaja
KAM-16, wumnynscHoi 1mymoBoi mnomexu u ABI'I;, pa3HOCTP nEepelaHHOW M NPUHATOU
[0CJIeI0BaTEeIbHOCTEM CUMBOJIOB 0€3 cienoil o0paOoTkH; aMIUIMTyAHas ormbaromas cuH}azHO
KOMITOHEHTBI CcMecHu BbielneHHOoro curHaia KAM-16 Ha BbIXOnme OJOKa CIENnoro pasleieHus
CUTHAJIOB; PAa3HOCTb IIEPEAAHHOW M IPHUHATOM IIOCJIENOBATEIIBHOCTE CHUMBOJIOB IIOCJE CJICTION
00paboTKH.

Pa3zpa®oTanHas UMHUTAILMOHHASI MOJIENb MTO3BOJISET NMPOBOAUTH MCCIIEI0BAaHUE IS PA3IUUHBIX
METOJI0B MOAYJIALIMN: YACTOTHOM, (pa30BOM MaHUITYJIALIUU PA3TUYHON MO3UIIMOHHOCTH, KBaApaTypHOU

aMHHHTYHHOﬁ MOAYJIAIHUU U FayCCOBOfI MaHUITyJIauu ¢ MUHUMAJIBHBIM CIABUTI'OM.

B rnase Takke pacCMOTpEHBI MAaTEMaTUYECKUE MOJIEIIM UMITYJIBCHBIX IIOMEX, UCIIOJIb3yEMBIX B
paboTe, TaKMX KaKk TapMOHHMYECKas, IIyMOBasi U CTPYKTYpHO-To00Has, a Takxke momexa ot CII/I,
KOTOpasi MPEeJICTaBIAET COOOM AIIEKTPOMATHUTHOE M3TYYCHHE IMIMPOKOTO JUaNa3oHa 4acToT: OT COTEH
I'm no necarkoB I'T'11 ¢ JOBOJIBHO CIIOKHOM YaCTOTHO-BPEMEHHOM CTpyKTypou. Ha puc. 3 npuBeneHsl

npumMepsbl dmop uzinydeHus CIIJ[-100-2 , nomydeHHbIE SKCIEPUMEHTAIBHO JJIsI Pa3JIMYHBIX BEJIUYUHAX

Hanpsokenus paspsaa (U p) B auana3zone ot 300 B no 800 B ¢ marom msmenenust 100 B. Dmropsr

MOJIy4eHBl B PE3yNibTaTe JIKCIEPUMEHTANIbHBIX HM3MEpEeHU XapakTepucTuk paauousnydenus CIIJI,
MOMEILIEHHOTO B PaJHOIpPO3payHblii BaKyyMHBIH OTCEK, MHTETPUPOBAHHBIA B THUIIOBYIO O€33XOBYIO

Kamepy. [laHHble n3MepeHus MPOBOIUINCH 11 nrana3oHna yactot 7 I'T' B mosoce 140 MI'w.
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f,=6.820 Iy

mMB/m
o

I[puBeneHo ONHCaHUe I/I t‘
pUBCA e

f,=6.960 Iy
10 T T T T

CpaBHI/ITeJ'IBHHﬁ aHalIu3  pa3/IMYHbIX

mMB/m
o o,
T
3
3

(heHOMEHOJIOTHYECKHUX Mozenen 10 , ,
35
(b OPMHPOBaHUS VIMITYJIECHOTO 0 'Ol Y
10 T T T T T T T T
k-
@ 5¢ ,
nomexosoro uanysenus or CIUL s % WY TR IRLF TR OWPY | VS
fD=7.380 Iy
o 10 T T T
ueneu UMUTALUOHHOTO £, '
=
. o CheTS0My
MojenupoBanus. B uMHUTaIIMOHHOU _1o . : :
E EM Holhcsnsissisitithen RTINY TP hddj
MOACIN ObLIN p€aan30BaHbI 0 0.01 0.02 0.03 0.04 005 0.06 0.07 0.08 0.09
t, mc
CreyIoIue BAPHAHTHI (OPMUPOBAHHUS Puc. 3 Dmropbl aMIITUTYTHOM Orudaromen n3IydeHus

CIII-100-2 mpu Benu4rHE HANPSDKCHHS pa3psiia

UMMy bCHOH momexu ot CIIJL: U, =800B, nomyuenssie B monoce 160 MI'n

1. Ilpumenenue peanuzauuid peanbHoro wu3nydyenuss ot CIIJl, nosydeHHBIX
JKCIEPUMEHTAIIBHO.

2. llpumeHeHue Mopaenu MMILYJIbCHOrO mnioMexoBoro wusiaydenus CIIJI Ha ocHOBe
MoaAU(PHUIIMPOBAHHON MoJIeH XOoJa.

3. IlpumeHeHuHe ynpouieHHOM Moaean Xosuia JJIsl UMITYJIbCHOTO IIOMEXOBOT'O U3JTYYEHUS.

[IpumeHeHne B MO pean3alliii, OJYYEHHBIX B PE3YJIBTATE HKCIIEPUMEHTA IPUOPUTETHO,
HO OrpaHMYUBAETCA KOHEUYHBIM 00BEMOM MMEIOIINXCS BBIOOPOK, a TAK)KE€ HEBO3MOXKHOCTHIO H3MEHSTh
rapaMeTpbl CKBaXKHOCTH.

B pabore ucrnonb3yercsi Mojenbr HUMIYJIbCHOrO mnomexoBoro m3mydeHusi CIIJ] Ha ocHOBe
MoauduuupoBaHHoM Mozenu Xoiuta. OHa oOecreurBaeT CXOXHE XapaKTEPUCTUKHU C peajbHbIMU
nomexamu oT CIIJ] u mo3BoisieT 3amaBaTh pa3jiWYHbIE NApaMETPbl CPEIHEN CKBAKHOCTH IOMEXH,
OJIHAKO €€ HCIOJb30BaHUE CBA3aHO C OOJBIIMM OOBEMOM BBIYHCIUTENBHBIX 3aTpaT MpHU
(GbOopMUPOBAHUHU pean3aluii TOMEXOBOTO U3ITyYEHUS.

Ha ocHoBe BhIeynoMsiHyTONH MOAUGUIIMPOBAHHON MOean XO0Jula MPpeJIokKEHa YIPOIICHHA
MOJIelb ~ UMIYJIBCHOW  TOMEXM,  KOTOpas  NpeACTaBiIsieT  co0OW  TOCIIeOBaTEIbHOCTh
KBAa3UIMEPUOANUYECKUX IIYMOMOAOOHBIX HMIIYJIbCOB, KOTOpblE HMMEIOT HOpPMajbHBIA  3aKOH
pacrpenenenus. CKBaXXHOCTh JAHHOIO IpoLEcca 3aJaeTCsl MMapaMeTpoOM B MMHUTALMOHHOM MOJEIH.
JlaHHas1 MOJ€Ib 3HAYUTEIBHO NIPOLIE B PEATU3ALMK C TOUYKH 3PEHUS UCIIOIb3YEMBIX BBIUMCIUTEIBHBIX
pecypcoB. Pe3ynbpTraThl MOAECTUPOBAHUS MMOKA3alIM, YTO OHA 0OECICUYMBACT OTIMYHE OT PE3YJIbTaTOB,
MOJTYYEHHBIX NIl OKCIIEPUMEHTAIbHBIX JaHHBIX, HE Oosee yem 5% nans NOBEpUTEIHHON BEPOSTHOCTU
Q=0,95.

OcHOBHBIE pe3yJIbTaThl BTOPOH TJIaBbl HALIUTH OTpakeHue B padotax [8], [12], [15].
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B Tperbeii riaBe mpencTaBieH

==ms Teopernueckan kpupad MMu-2 ¢ AR
aHaJIu3 IMOJIYYCHHBIX PE3YIbTATOB 10 (MMu-2 B cMeCH ¢ HMIT. TAPMOHHHMECKOI MoMex i,
ONnC= 10 b, D =0.006

MoMe X

—te (DME-2, anr. SOBI, 01'[(.'] = 10 ab, OTIC | = 30 nb

UMHUTAIIMOHHOI'O MOACIMPOBAHUSA JUIA

curHajnos ¢ moaymsauuedn YMu-M, OMa-

M IpH BOS,Z[GfICTBHH HMHy.]'ILCHOfI IIOMECXHU I[J'j L

OuTOBOH OIWIKMDKK

C rapMmOHHUYCCKUM 3aI10JIHCHHUEM. B

[»%)

Ka4uCCTBC aJIrOpuT™Ma CJICTIOro pa3aciICHUSA

CUTHAJIOB TIpU  MOJACIMPOBAHUU OBLI

B EpPOATHOCTL
E

paccmotpen  anroput™  SOBIL.  bein

NOATBEPXKIEH d(PPeKT, CBA3aHHBIA C
BO3MOXHOCTBIO HWHBCPCHUU (1)a3I>I Burosoe oTHomwenue curuan-mym, 1b
pa3eNIeHHOrO0  CUTHajla Ha  BBIXOJIE Puc. 4

anroputMoB CPC, u npemyioxkeH aaropuT™ Mo ero ycrpaHeHuro. [loiaydeHbl yncieHHble 3HAYEHUs
BBIUTPHIIIA TI0O BEPOATHOCTH OWUTOBOW OIMMOKKM OTHOCHUTENIBHO Ciy4ash JEeMOIYJSUA Oe3 CIIETOoro
pasneneHus curHayioB. Ha puc.4 mpuBeeH MpuMep 3aBUCUMOCTH BEPOSTHOCTH OMTOBOM OIMUOKU OT
BEITMYMHBI OWTOBOTO OTHONIICHHS CHUTHAJ-IIyM, I[IOJYYeHHOH B pe3yibTare HMHTALMOHHOTO
MOJIeNTupoBaHus i kaHana ¢ @MH-2, uMIylbCcHOM momexoi ¢ koaddunuentom 3anoiaHerus 0,006 u
ABI'l. U3 rpaduka BUAHO, YTO MpPH BEIUYMHAX OUTOBOTO OTHOIIEHUS CHUrHaji-luym Oonee 7 nb

HaOmo1aeTcs BRIMIphI OT ucnonb3oBanust CPC. Tak, HanpuMep, npu OUTOBOM OTHOIIEHWH CUTHAJ-

mym E, /N, =10nxb, BeposTHOCT OMTOBOH OIMIMOKM NpH AEMOAYIALMHM cMeceil 0Oe3 ciemoro
pa3aeNieHns COCTaBIIsIeT 2,96-107. [Tpu nemoxynsauu curHaia ¢ ucrnoiabzoBanueM CPC BepoSATHOCTD

o —4 o
OuTOBOM OMMOKU cocTaBisieT 3,76-107". BeIMrphIiI mo BEpOATHOCTH OUTOBOM OIMMOKH B TOM CITy4ae

cocTaBisieT 7,9 pa3. AHaJIOrMYHBIC WCCICAOBaHHWS OBUIM TPOBEICHBI JuUIsi cuUrHaioB UYMH-M.
[Tokazano, 4yTo BeaMYMHA OWTOBOTO OTHONIICHHUS CUTHAJI-IIYM, MPU KOTOPOM OyJeT HaOIroaaThCs
BBIUTPHIIT OT NpuMeHeHus anroputMoB CPC B OCHOBHOM 3aBHCHT OT TaKuUX MapaMeTpoOB Kak
KO?((OULIMEHT 3aMOIHEHUSI UMITYJIBCHOW MMOMEXHU, YPOBHH CUTHAJIOB U MIOMEX B MPHUHATHIX CMECAX, a
TaKkKe OT XapaKTePUCTUK TOJE3HOTO0 CHTHAJla U HUMITYJIbCHOW moMexu. [Ipu 3TOM, BBIMTPHINI IO
BEJIMYMHE BEPOSTHOCTH OMTOBOM ommOKu OoT ucnoiib3oBanusi CPC mosxet nqocturarh 50 u 6osee pas B
3aBUCHUMOCTH OT BEJIMYWH OMTOBOTO OTHOIICHUS CHTHAI-IITYM Y OTHOIIIEHUS TIOMEXa-CUTHAI.

OcHOBHBIE pe3yNbTaThl TPEThE! INIaBbl HAIUIM OTpaskeHue B paborax asropa [10], [14].
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B lIeTBepTOI‘/‘I rjaaBe 1npeaCcTaBJICHbI PE3YJIILTATbl UMUTAIMOHHOT'O MOJCIIMPOBAHUA aJITOPUTMOB

SOBI, AMUSE i c-FastICA

10° . . . :
JUIS.  TIOBBILICHUS TOMEXOYCTOMYMBOCTH

KaHajoB cBsa3u ¢ UYMa-M, ®OMH-M,

—_
o
N

KAM-M npu BO3AEHCTBUM WMMYJIbCHBIX

=

x

<

|

=]
IOYMOBLEIX IIOMEX H©W TCIUIOBBIX IIYMOB § 102

o

E
IIPUEMHHUKA. IIpoBenen aHaM3 o

]

TR
MOJIYYCHHBIX PE3YJIbTATOB U IOCTPOCHBLI ] 107 Ly TeopeTudeckas KAM-16 B kaHane ¢ ABILU ., 5

'g 2 - KAM-16 B cMecy C UMIN. LY MOBOR .'.'
rpa(I)I/IKI/I 3aBUCMMOCTH BBIMI'pBIIIA IIO g nomexoit OMC, =5 ob 6ea CPC /;

m . "

o 10" | —=3 - Ha Bbixone CPC, Onc, =5 aB, Orc,= 6.5 ab 1 % 1
BEPOSTHOCTH  OMTOBOM  OmMOKKM B
—8—4 - Ha Beixope CPC, OMC, =5 gb, OMC,= 10 nb *,
3aBUCUMOCTU OT OTHOWICHUSA CUTHAI-IIYM —a—5 - Ha euixone CPC, OMC,=5 b, OMC,= 13 ab
n TIIOMEXa-CUTHall, a TakKXXE€ IIPUBCIACH 0 2 4 6 8 10 12
ButoBoe oTHOLWEHWE curHan-wym, oAb
aHaJIu3 BJIHUAHHA OTHOIICHHA IIOMCXa- Puc. 5
uc.

CUTHaJI B KaHajaX Ha KadecTBO CJIEHOTrO

pasaeneHus curHaioB. Ha puc. 5 mpencTtaBieH mpuMep 3aBUCUMOCTH BEPOSTHOCTH OUTOBOW OIIMOKH
OT BEJIMYMHBI OTHOLIEHUS CUTHAI-IIyM B kaHasax ¢ KAM-16 nipu Bo3nelicteun ABI'I n umnynscHOU
1IymMoBoil momexu ¢ ko3dduuuenrom 3anonHenus 0,07 npu pa3HbIX 3HAYEHUSAX OTHOILLEHHS MOMEXa-
CUTHAJI ¥ OTHOIICHUS CUTHAJ-IIYM B KaHaiax npu npumeHernu anroputmMa CPC SOBI. U3 rpaduka
BUJHO, YTO YEM MEHbIIEC BEJIMYMHA Pa3Iuuvs MEXJ1y BEJIMYMHAMU OTHOIIEHHS IOMEXa-CUTHajl B
KaHalax mnpuéma, TeM Oosbliee 3HaYeHHe OUTOBOTO OTHOILIEHHS CUTHAJ-UIYM TpedyeTcs s
MOJTy4EeHHUs] IPEUMYIIECTBAa OT MCIOJIb30BAHUS CIIENOrO Pa3/ieJIeHHUs CUTHAIOB OTHOCUTEIBHO Cllydyas
nemonynsiuuu npuHAThIX cMmeceit 6e3 CPC. Tak, Hanpumep B pe3ynbTare AEMOAYJSLUN cMeceld Ha

Beixojie CPC SOBI ¢ OIICI= 5 nb u OIIC2 = 10 nb npu E, /N, =12 1b, BepoaTHOCT, OMTOBOM

ommOku ¢ ucnons3zoBanueM CPC cocraBmser 0,015 (kpuBasi 4), BBIMTPBHIINI MO OUTOBOWM OIIMOKE
OTHOCHUTEIIBHO cly4as AEMOAYJSLHMM TNPUHATHIX CMECed C HMIYJIbCHOW IMomexoi 0e3 ciemnoro
paznenenus (kpuBas 2) coctaBisier 2,4 pasza. Ilpu OIICI =5 ab u OIIC2 = 13 nb (kpuBas 5)
BBIMTPHINI 1O OuTOBOI omubke ot mpumeneHus CPC eme Oonee 3ameren: mpu E, /N, =12 1b,
BEpOSITHOCTh OWTOBOW OIMMOKK paBHAa 2,04-107, uro B 17,2 pa3a MeHbime, 4eM 0e3 Clemnoro

pasnenenus (kpupas 2).

OcHOBHbBIE pe3yJIbTaThl YeTBEPTON INIaBbl HAIILIM OTpaXkeHue B padotax [7], [14-16].
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IIsiTast r1aBa nocBsilieHa BONPOCaM IPUMEHEHHsI METOI0B CJIETIOro pa3eieHus 11 00pbObI C
UMITYJbCHBIM TIOMEXOBBIM H3JIyUEHHEM CTAallMOHAPHBIX IUIa3MEHHBIX JBurarenedl. OnucaHa
MaTeMaTHYecKass IOCTAaHOBKA  3aJlaud, T[POBEJEH  aHajiu3  pe3yJbTaTOB  MMUTALIMOHHOTO
MojenupoBanus ¢yHkuunonupoBanuss PCIIM B ycloOBHSIX COBMECTHOrO BO3JEHCTBHS MOMEXOBOI'O

m3nyyenuss CIIJ v TenmnoBeIX IIYMOB B

10° T T T
KaHajiax npuema, c(hOopMyIUPOBAHbI
peKOMEHAALMH 1o IPUMEHEHHUIO
-1
10
QITOPUTMOB  CJIETIONO  pa3fesIeHus Ul

60pb6LI C MHUMIIYJbCHBIMU TIIOMEXaMHu OT

CTallMOHAPHBIX ILIa3MCHHBIX }IBHFaTGHeﬁ . %

=%-1 - kanax ¢ ABT'I 6e3 momex ot CIT i
~+-2 - Bes CPC (OIIC =15 1B)

_'_3 - Ha Beixone CPC, OHCI:lS ab,
|~ orc, =20 1B

107| 4 Ha sbixoxe CPC, OIIC =15 1B,
"'OHC2 =251B

1072

Ha puc.6 npuBenen mnpumep TrpadukoB

3aBUCHUMOCTH BEPOATHOCTU OUTOBOM

BepoaTtHocTs 6UTOBOH OMmIOKH

OILINOKHU oT BEJINYNUHBI OUTOBOIO

OTHOILICHUSI CUTHAJI-IIYM IIPU Pa3InIHBIX 5 - Ha saixone CPC, OIIC =15 1B, S\
— b J
OIIC, = 35 1B X,
BEJIMUMHAX OTHOLICHHUSA IIOME€Xa-CUrHajl B 107 - ‘ ‘ —
0 1 2 3 4 5 6 7 8 9
KaHaJ1axX HpI/I ]_'[eMOI[y'J]S[]_[I/H/I CHUTI'HaJia burosoe orHomenue CHUT'HAJI-IIYM, L[E
Puc. 6

I'MMC nocne crnenoro pasieieHus u3
BXOJIHBIX CMECEH C UMITYJIbCHOM TyMOBOI momexoi ¢ ko3dduirenrom 3amnonnenus 0,05.

BuaHo, 4yTO npu yMEHBLIEHUH Pa3jIMyYUs OTHOIICHHWH MMOMEXa-CUTHaJ B IIEPBOM U BO BTOPOM
KaHalax Npuéma, BBIUIPHII OT NPUMEHEHUS CIENOro pasJesIeHUus] JOCTHraeTcs NpH OOIbIIMX
BEJIMYMHAX OUTOBOIO OTHOUIEHUS CUTHAJI-IIYM: HAallpUMep, IPU OTHOLIEHUH [TIOMEXa-CUTHA B IEPBOM
kaHane 15 n1b u 25 n1b Bo Bropom, Bemrpsiil ot npuMenenuss CPC nabmronaercs npu 6urosom OCIII
paBHoM 5,4 nb u Oonee, B TO BpeMs Kak IpH, OTHOILLIEHUH [TIOMEXa-CUTHaJj B IepBoM KaHaie 15 nb u 20
nb Beurpsil Habmogaetcs npu 6utosom OCII paHoMm 7,4 1b u Gonee.

OCHOBHBIE pe3y/IbTaThl JaHHOM TJIaBbI HALILIU OTpaxkeHue B [3-5], [8], [19-21].

B 1ecrtoii rjaBe IpHUBEACHBI pE3yNbTaThl pPa3pabOTKM U BepUPHUKALUHU alapaTHO-
MIPOrpaMMHOI0 KOMILUIEKCAa JJIsl MCCIEAOBAaHUS METOJOB CJEMNOro pa3/ieJieHUs CUTHAJIOB B
panuocucremax. [IpuBoauTCs MOCTaHOBKA 3a7auyd M TpeOOBaHUS K pa3zpadaTblBaeMOMY amapaTHO-
IIPOrpaMMHOMY KOMIUIEKCY, a TaKKe pe3ybTaThl Bepu(uKaluu U paboThl alnapaTHO-IPOrpaMMHOIO
TECTOBOI'0 KOMILJIEKCA M CPAaBHEHUE C pe3yJibTaTaMi UMUTALlMOHHOI'O MOJIETTUPOBAHHUSI.

Ha puc. 7 nmpuBenena o0oO1ieHHast OJIOK-cxemMa pa3pabOTaHHOTO anmapaTHO-IPOrPAMMHOTO
KOMIIJIEKCA, MOSCHEHbl OCHOBHbIE (YHKLIMOHAJbHbIE OJOKHU. ANMAapaTHO-NPOIPAaMMHBIA KOMILIEKC
pearn3oBaH Ha OCHOBE MHOTOKaHAJIBHOIO NMPUEMHMKA Ha OTiajo4Hoi muiate (cMm. puc. 8) ¢ IUIUC
Artix A200T or AMD/Xilinx ¢ npuMeHCHHEM TEXHOJOTHH POTPAMMHO-OMPEACIIEMOT0 pano.

N3mepenust mpoBOAMIUCH B CEPTUDHUIIMPOBAHHON O€37X0BOI Kamepe.
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C HCIIOJIB30BAaHHEM pa3pa60TaHHoro alIapaTHO-IIPOrpaMMHOI O KOMILJIICKCa ObLIH
HCCIICAOBAHbBI 3aBUCHUMOCTU BCPOATHOCTHU OHTOBBEIX OIMIHOOK IIpyu pa3jIuYHbIX OTHOUICHUAX CHUI'HAJI-
IIyM M IIOMCXa-CUTrHaJl B KaHaJIaxX IMpueMa. PaCCManI/IBaJH/ICB HUMITYJIBCHBIC IMOMEXH C pas3IMYHbIMU
XapaKTCPUCTHUKAMH, HAIIPUMCP, TAKHUC KaK: HMITYJIbCHBIC HIIYMOBBIC ITOMCXH, IIOMCXH C JIMHEHHO-

YaCTOTHOM MO,HyJ'IHI.[HGﬁ, MMOMEXHU CTPYKTYPHO HO,Z[O6HBI€ MOJIC3HOMY CUTHAJY H T.II.

eHepaTop

Y

MH(OPMAaLMOHHOTO

Kanan npuema 1
curHana

Kanan .
8-kaHanbHbIN
CBA3MN : —

NPUEeMHMK
['eHepaTOp —
-
nomexu Kanan npuema 8
nK
dopmupoBaHme Cnenas
VHOPMaLMOHHOTO obpaboTka n |4
curHana v nomexwu aemoaynsaums)

Puc. 7 O600mmenHas 6;10k-cxemMa armapaTHO- Puc. 8 Otmamounas mnata ¢ ALIL TIUIWC u
IIPOrPaMMHOI0 KOMILIEKCa PCI-Express, ucnons3yemas ajs coopa JaHHBIX B
anmnapaTHO-IIPOrpaMMHOM KOMILIEKCE
Ha puc. 9 npuBeneH mpumep CpaBHEHHs pe3yJbTaTOB PabOThl MMUTALIMOHHONW MOJENU C

aHAJIOTUYHBIMU  PE3yJIbTaTaMHU, IIOJIYYEHHBIMH TPU MCIIOJB30BaHUM aNapaTHO-IPOIPaMMHOIO
KoMIUIeKca. B kayecTBe 1mosie3HOro curHajia ucrosib3oBajicsi curHan ®Mu-4. B kauecTBe momexu -
UMITYJIbCHAs IIyMOBas nomexa ¢ ko3dduuuentom 3anonserus 0,0075. OTHOIIEHUS TOMeXa-CUTHAT B

kaHanax npuéma pasHel 10 1b u 17 n1b cooTBeTcTBEHHO.

s | - Teoperuueckas kpusasg GMu-4 ¢ ABIL
——2 - UM, MOZIENIb Ol'IC'] =10 aB, OMC, = 17 ub
3 - um. Moziens Ol'IC'] =10 aB, OTIC | = 17 nb,
nocne CPC SOBI

4- AlnapaTHO-npor puMMHblﬁ KOMILIEKC

Ol'l('] =10 4B, OIIC, = 17 ab

5- LlllllerJLl'l'Hll-IlrJUI'pﬂMMHb[ﬁ KOMILIEKC

x Ol'l('] =10 4B, OIIC, = 17 ab, CPC SOBI

Crpenkamun «4» u «5» Ha puc.9

=

[=]

0003HaYEHBI PE3yIbTAThI, MOJIYYCHHBIC C

~

POATHOCTL OUTOBOM OITHOKH
(]

x

o
—

HUCIIOJIBb30BaHUECM afrapaTHO-

NporpaMMHOI'0 KOMIUJICKCA IJIss BCJIMYUH

2
4
OUTOBOTO OTHOIIEHUS CHUTHAI-IIYM B ) x  x
b ¢
3
kaHanax 9 nb, 11 gb m 13,25 b, nna 10
ciydaeB, korga CPC He ucnonb3oBaioch o '
Bio4t x5
(«4»), 1 KOrJa UCTIOIB30BAJICS AITOPUTM [ e -
0 5 10 15 20
CPC SOBI («5 »)‘ 3HaueHUS BUTOBOE OTHOWICHHE CHIHANI-IYM, 1B
BEPOATHOCTEH OGUTOBOIL OIINOKH, Puc. 9 CpaBHeHue pe3ynbTaTOB UMUTAIIMOHHOTO

MOZCINPOBaHUSA C PE3yJibTaTaMU, IMOJIYYCHHBIMHU Ha
IMMOJIYYCHHBIC C HUCIIOJIB30BaAHHNEM

anmnapaTHO-POrPaMMHOM KOMILIEKCE
anmnapaTHO-IPOTPaMMHOIO  KOMILJIEKCa
OTJIMYAIOTCS. OT PE3yJIbTaTOB MMHUTALMOHHOTO MOJENUpOBaHUs He Oojee ueM Ha 15%, 4to Moxer

OBITH CBA3aHO, HAIIpUMEP, € HC HACAJIBHOCTBIO pcain3allikd CUCTEM CHHXPOHU3AIUU B HH(prBOM
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IpUEeMHUKE. B 1emoM pe3ynbTarsl, IOJIYyYEHHBIE C MCIOJIB30BAHUEM IMPOrPaMMHOIO KOMILIEKCA,
MOATBEPKIAOT PE3YJIbTaThl, MOJTYYECHHBIE C HCIOJIb30BAHUEM HMHUTALMOHHOTO MOJEIMPOBAHUA HA
OBM.

B pabore nana omneHka TpeOOBaHM K BBIYUCIUTEIHLHOW MPOU3BOJUTENBHOCTH allapaTHO-
IIPOIPAMMHBIX  CPEACTB, HCIOJB3YIOLIMX  AJITOPUTMBI  CIIENIOTO  PA3JEIEHUs CUTHAJIOB U
chopmyIupOoBaHbl PEKOMEH AU 10 UX PeaTN3allii Ha PACCMOTPEHHON TEXHUYECKOU rmiaTdopme.

OcHOBHBIE pe3yJbTaThI MIECTOM TJIaBbl HALUTH oTpakeHue B [2], [9], [10], [17], [18].

3AKVIIOYEHUE

[IpencraBnenHass  aucceprallMoHHas  paboTa  MOCBAILEHA  BONPOCAaM  UCCIIEIOBaHUS
3¢ (HEeKTHBHOCTU U 00JIACTH MPUMEHEHHS aJTOPUTMOB CJIETIOT0 Pa3eIeHHs CUTHAJIOB MIPUMEHUTEIHHO
K KaHajlaM CBSI3U C Pa3HECEHHBIM MPUEMOM MPU BO3ACHCTBUM UMIYJIbCHBIX MTOMEX PA3IMYHOrO THUIIA.
OCHOBHBIE MOTYYEHHbIE PE3YyIbTATHI 3aKIIOYAIOTCS B CIIEIYIOIIEM

1. lnsa ananu3a 3(h(HEeKTHBHOCTH UCTIONB30BAHUS aITOPUTMOB CIIETIOTO Pa3/IeJICHNUs CUTHAJIOB B
paarocucTeMax mepenayn WHGOpMaluu Mpu O00pb0e C UMITyIBCHBIMH MOMEXaMHU Pa3IMYHOTO THIA
ObUT pa3paboTaH U anpoOUPOBAaH KOMILUIEKC MaTeMaTHYECKUX M MMHUTALMOHHBIX MoOJeJel, KOTOPBIN
MO3BOJIIET OCYIIECTBISATH KOJMYECTBEHHYIO OLEHKY 53(QQEKTUBHOCTH HCIIOJIb30BAHUS METOOB
CJIETIOTO PAa3/EeJICHHs] CUTHAJIOB, MPOBOAUTH AHAJIU3 M CPABHEHUE PA3IUYHBIX AJITOPUTMOB CIEMOTO
pa3aeNieHns CUTHAJIOB M Ha 9TOW OCHOBE OCYILECTBIATH BBIOOp Hambosee dPPEKTUBHOTO alIrOpUTMa
MPUMEHUTENIBHO K paccmaTtpuBaeMoMy Tuiy PCIIN.

2. Pazpabotan ammapaTHO-MPOTPAaMMHBIA KOMITJIEKC, TO3BOJISIONINI TIPOBOIUTE anpoOaIuo 1
0TpabOTKYy TEXHHUYECKON peanm3aliil alrOpPUTMOB CIIEMOTO pa3fesieHHs] CUTHAJIOB Ha KOHKPETHOU
mwiardopme [UINC unu CuHK, onTUMU3UPOBATh pean3alui0 BEIYUCIUTEIBHBIX allTOPUTMOB U MOXKET
OBITh MCIOJB30BaH B MHXEHEPHOH MpaKTHKE MPU MPOEKTHUPOBAHUHM M pa3pabdOTKe MEepCHEeKTHBHBIX
PaANOCUCTEM, UCTIONIB3YIOLINX METO/IbI CJIEMOr0 pa3/IeJIeHNs CUTHAJIOB.

3.C  wucnonb3oBaHHMEM  pa3pabOTaHHBIX  HMHCTPYMEHTAIbHBIX  CPEACTB  TOJYYEHBI
KOJIMUYECTBEHHBIC OICHKU d(P(PEKTUBHOCTH HCIIONH30BAHMS METOAOB CIETOr0 pa3JesieHHus CUTHAIIOB
1U1st 60pBOBI ¢ UMITYJIBCHBIMHM TIOMEXaMU Pa3jMYHOTO TUIIA B KaHalaX CBSI3U C METOJaMU MOAYJISIIIMU
UMmn-2, ®MH-2, ®MHu-4, DMH-8, KAM-16 1 TMMC, pa3zpaboTaHsl peKOMEHAAINH 10 TPUMEHEHHUIO
JAHHBIX METOJOB OOpPBOBI C MOMEXaMU U BBHISBICHBI WX OTPAHMUYEHUS, YTO IMO3BOJISIECT MPUHUMATH
000CHOBAaHHbBIE TEXHHYECKHE pEIICHUS TpU TMPOSKTUPOBAaHUU, BbIOOpe mapametpoB PCIIN wu
oTpezieNIeHuu 001acTh MPUMEHUMOCTH JJaHHBIX METOJOB B KOHKPETHBIX YCIOBHUSX.

4. [lokazaHo, 4TO MPHU BBHINOJIHEHUH pa3pabOTaHHBIX PEKOMEHJAIUI MCIOIb30BaHHE METOJOB
CJICTIOTO pa3/IeNICHNs] CUTHAJIOB JJIsi OOPHOBI C MMITYJIbCHBIMU TTOMEXaMH Pa3IMYHOr0 THUMa Ha (oHe

TCIUIOBBIX IIYMOB B KaHallaX anéMa MOXKET 00€CIICUNTh BBIMI'PBIII  I1O OUTOBO OIIMOKE OT
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HeckoJbKuX pa3 o 100 u Gonee pa3 B 3aBUCUMOCTH OT HCHOJIB3YEMOIO0 MeETOJa MOMAYJSALMH,
napameTpoB nomexu, aiaroputma CPC, Texkymmx 3Ha4eHHl OMTOBOTO OTHOIIECHHSI CUTHAJ-IIYM M
OTHOILIEHHUS TOMEXa-CUTHAaJI.

5. Ilpennoxensl M anpoOUpPOBaHBl AITOPUTMBI MPAKTUYECKOM peanu3anuu 1udpoBoii
00pabOTKM NPUHMMAEMBIX CHUTHAJIOB, MCIIOJIB3YIOIIME METOJbl CIIENIOrO pPAa3/IeleHUs] CUIHAJIOB U
YUUTBHIBAIOUIME HHBEPCHUIO (a3bl, HEOOXOJUMOCTh HJEHTHU(UKAUWU U BbIOOpa 0a30BOro KaHaja
npuéma, TO3BOJIIONINE TTOBBICUTH TToMexoycToiunBocTh PCIIN ¢ ammmutynHo-(ha30Boil 1 9acTOTHOMH
MaHUIYJSIIUEN B YCIIOBUSX COBMECTHOI'O BO3JEHCTBHUS KBa3UIIEPUOIUYECKUX HMIIYJIBCHBIX ITOMEX

Pa3JIUIHOI0O THIlda U TCIIJIOBBIX IIYMOB HpI/IéMHLIX TPaKTOB.
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