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OBIIAA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJIbHOCTH TEMBI

B HacTosimiee BpeMs 3HAUMTEIBHOE KOJIMYECTBO COBPEMEHHBIX CETEH, CUCTEM WU
YCTPOMCTB TEJIEKOMMYHUKAIIUI, BKIIOYast podeccroHaabHble U CIieluaibHble, 0a30BbIe
CTaHI[MU CUCTEM PaJMOJ0CTyMa, TIOOUTETHCKOE PO BBIMOJIHSAIOTCS C UCIOJIb30BAHUEM
TEXHOJIOTUHU MporpamMMHo-oripeaensemoro paauo (I1IOP).

JlaHHast TEXHOJIOTHSI OTKPBIBAET IIMPOKHE BO3MOKHOCTH [IJIsl BHECEHHSI U3MEHEHUI,
yIy4IICHUS] TMapaMeTpPOB M BHEAPEHUS AOMOJHUTENbHBIX (yHKUMHA. K HUM oTHOCSTCS
aJITOPUTMBI OIIEHKM KadecTBa Mepeiayd MHGOpMallMd U alTOPUTMbI HUIACHTHU(PHUKAIUU
UCKaXEHUW, KOTOpPhIE MOTYT BCTpaumBaThCs B pa3pabOTaHHOE OOOpYAOBaHUE U Jaxe
00opynoBaHue, KOTOPOE YKE HAXOAUTCS B IKCIUTyaTaIlHH.

HecmoTtpsi Ha ycioXHEHHE CHUCTeM mepenayd MHPOpMAIMU U MPUMEHEHHE BCE
0oriee CJIOXHBIX BHUJAOB MOMAYJSAIMHU KIACCHYECKHE KBaJpaTypHble BHUABI IHPPOBOI
Moaynsiunu, Takue kak BPSK, QPSK, QAM-4, QAM-16, He TepAr0T CBOEH aKTyaJIbHOCTH
Y YCTOMYMBO COXPAHSIOT OINPEACIICHHBIN CIEKTp NMPUMEHEHMs. B "acTHOCTH, 3TO Mmeer
MECTO, KOIJla HeT HEOOXOIMMOCTHM B BBICOKOCKOPOCTHOM mepenaue uHGpOpMaluu, a
TpeOyeTrcss 00ecrneuuTh MaKCUMalbHO YCTOMUMBYIO €€ Iepefady C MpueMiIeMon
CKOPOCTBIO M1 MMHMMYMOM H3JIly4aeMOW MOIIHOCTH, HAlpHUMeEp, B BOCXOIALIEH JIMHUN
CUCTEMBI paIMOIOCTyTIA.

B Takux ycloBHSX METPHKM OLEHKM KauecTBa, H3Iy4aeMoro B 3dup u
IPUHUMAEMOTO PaIMOCUTHAIIOB, HAUMHAIOT UTPaTh Bce 00jiee BaKHYIO poJib. IMEHHO OT
UX Ka4eCTBEHHOM M CcTaOWJIbHOM paboThl OyAeT 3aBUCETh BBHIOOP THIIA MOZYJISLIHH,
YacTOThl HECYIIEH, KOJIMYECTBA OPTOrOHAJIBHBIX HECYIIMX WIH J000r0 JApyroro
napaMeTpa B BBICOKOMHTEIUICKTyalbHOM TenekoMMyHuKannonHou cucteme (TC).

Kpome MeTpuKk OLIEHKM KauecTBa paJMOCHUTHANa I[IMPOKOE pPacHpoCTpaHEHUE
NOJIYYMJIA AJITOPUTMBI CJIETION KOMIIEHCALIMM €ro HUCKaKeHUd. J[aHHbIe anropuTmbl
OCHOBaHbI Ha CTATUCTUYECKOM aHAJIN3€ MPUHUMAEMOT0 paJuOCUTHAJIA.

OCHOBHBIM HEJOCTATKOM KJIACCUYECKMX METPHUK OLEHKH KayeCTBa PaJUOCHUTHAJIA
SBJISIETCS TO, YTO OHM JAIOT MHPOPMAIMIO TOJBKO O CTENEHU €r0 MCKAXKEHUS, a HE O €ro
NpUYMHAX, YTO 3aTPyAHSET YCTPAHEHHE BIUAHUS JAHHOTO UCKaXXEHUsS Ha
TEJIEKOMMYHHUKALIMOHHYIO CUCTEMY. B CBOIO oYepelb alnropUTMbl CIENONM KOMIIEHCALNUN
IpPEIHA3HAYEHBl JUII  KOMIIEHCAMW CTPOr0  ONPENEIEHHOTO THIA  HMCKAaXEHUS
paauocurHana u He 3pPEeKTUBHBI B JPYTUX CIydasx.

Crenenb pa3padOTAaHHOCTH TeMbl HcciaeaoBaHuss. OCHOBHOM BKJIAQJ B
UCCJIEIOBAHNE JTAHHOW TEMATHKU BHECIIM KOJJIEKTUBBI OpPraHM3alMi, pa3padaThIBAOIINX
CTaHAApPTHI JJIs1 TENEKOMMYHUKAIIMOHHBIX cucTeM, Takux kak MCD (ITU), EUTC (ETSI).
Cpenu myOnukaiuii 3apyOeKHBIX YYEHBIX MOXKHO BbLACIHUTH padoTrhl M.J[. MakKunmu,
A. T'eopraguca, T.JI. JIxxencena, O. Mennossl, A.K. Banra, C. ®peiiciebena, b. Xewmra,
I[1. Ctpoera. B Hux npuBeAeHbl METOAUKHA BBIYMCIECHUS BEKTOpa OMIMOOK ISl OCHOBHBIX
BHJIOB MOJIYJISIUU U CTAH/IAPTOB TEJIEKOMMYHUKAIIUOHHBIX CUCTEM.

Cpenn OTEYECTBEHHBIX YYEHBIX HEOO0XOAMMO OTMETHTHh pabotel M.A. Jly0Ooga,
H.J. CrosnoBa, FO.B. Ilonsuuna, A.JL [IpuwopoBa, BHecmmx OOJNBINON BKJIaa B
pa3paboTKy aJropuTMOB HEATAIOHHOTO BBIUMCIICHUSI METPUK OIICHKU KadecTBa LU(PPOBBIX
pPaAMOCHUTHAJIOB.



Heano paGorbl  sBisieTcss  OOHAapy)XeHHME M UACHTU(PUKALMS  THUIIOB
UCKOKEHUM paJMOCUTHAJIOB Ha (OHE NIYMOB JIJIsl TOBBIIIEHUS MOMEXOYCTOMYHUBOCTU
TEJIEKOMMYHUKAI[UOHHBIX CUCTEM.

B cooTBeTcTBUM ¢ yKa3aHHOM 11€JIbIO B pa0OTe MOCTaBJICHBI U PEUICHBI CIEIYIONTUE
3agaum:

1 Ananu3 CcymecTByrOIMX METPUK M aITOPUTMOB OLIEHKM KAa4eCTBA PaJMOCHTHAJIA
Y BBISIBIICHUE BO3MOJKHBIX ITyTEH peaanu3aliui alfOPUTMOB UICHTH(PUKAIIUN UCKAKCHUH.

2 Pa3zpaboTKka aJrOpuTMOB HIAEHTU(QUKALMK PA3JIAYHBIX TUIOB HCKAKEHUU I
PaIMOCHUTHAJIOB C KBAJIPaTYPHOU MOMYJISALIUEH.

3 UccnenoBanue XapakTEPUCTHK pa3pabOTaHHBIX AJITOPUTMOB IPU  [TOMOIIH
CTATUCTUYECKOTO MOJIETIMPOBAHMUS.

Metoabsl uccaenoBanms. [Ipy pemeHuM NOCTaBIEHHBIX 33a4 HCIOJIb30BaHbI
METO/IbI IU(PPOBOI 0OPaOOTKH PaJUOCUTHATIOB, TEOPHH BEPOSTHOCTEH U MaTEMaTHUECKON
CTaTUCTHUKHU, IIUPOKO UCIOIb30BAINCH TAKKE METOJIbI KOMITBIOTEPHOI'O MOJIETUPOBAHUS.

O0beKTOM HCCIe0BAHMS SIBIISIIOTCS METOJIbI OOHApYXEHUsS W UACHTHU(HUKALMH
JUHEWHBIX M HEJIMHEWHBIX HMCKaXEHUW paJuOCUTHala, B TOM 4YHCIe M Ha (oHe
aJJIMTUBHOTO OeJioro rayccoBckoro mryma (ABI'I).

IIpenmeroM  umcciefOBaHMB  SIBISIIOTCS  alIrOPUTMbI  OOHApyXeHUs U
UACHTU(UKAIMM MCKa)XXEHUS paJMOCUTHAJa HAa OCHOBE aHalM3a IOBEJICHUS BEKTOpa
OIIHOO0K U CTaTUCTUYECKUX apameTpoB, XapaKTEPU3YIOIINX paboty
TEJIEKOMMYHUKAIIMOHHON CUCTEMBI.

Hayuynasi HoBU3HA

1 PazpaboTan ajiiroputm JE€TEKTUPOBAHUS U KOMIIEHCAIIUU UCKAKEHUSI CUTHAIIBHOTO
co3Be3aus BPSK Ha ocHOBe aHanmm3a BeKTOpa OMMOOK M CTATUCTUYECKUX XAPAKTEPUCTHK
TC. OCHOBHOW OCOOEHHOCTBIO KOTOPOIO SIBJISIETCS CIIOCOOHOCTh KOMIIEHCHPOBATH
UCKaXeHue co3Be3aus curHana BPSK B ommume OT MMPOKO pacnpOCTpaHEHHBIX
QJITOPUTMOB CJIENION KOMIIEHCALUH.

2 Pa3zpaboraHna MeToAMKa HWIACHTHU(PHUKAIMN TUIA HUCKAKEHUS paJlOCHTHaNa C
moayssiimen QPSK — QAM-4, no3Bossitomias MACHTUPUIIUPOBATh U PA3IUYUTh TaKue
UCKaXXCHUS KaK aMIUIUTYIHbIN U (pa30BbIi pa3danaHChl KBaIparTyp.

3 Pazpaborana meTtonuka WAEHTU(MUKAIIMU HCKaxeHUH paauocurHasa QAM-16,
OCHOBaHHBII Ha aHaJu3€ IOBEJIEHUS BEKTOpa OIIMOOK MpH Nepeaavye pas3indyHbIX
KaHAJIbHBIX CUMBOJIOB.

IIpakTyeckass 3HAYMMOCTh

1 TlpennoxeHHble aNroOpuTMbl U METOAMKMA OOJAarOT BBICOKOW CTEMEHBIO
UHTErpUPyEMOCTU C COBPEMEHHBIM  M3MEPUTEIbHBIM o0opydoBaHUEM U
TE€JIEKOMMYHUKALIMOHHBIMU ~ yCTPOMCTBaMH,  IMOCTPOEHHBIMH  TIO  ApXUTEKType
IPOrpaMMHO-ONIPEAEISIEMOIO pPaanuo, B pe3yJbTaTe€ YEro MX BHEAPEHHE HEe Tpedyer
CYILIECTBEHHBIX 3aTpar.

2 Anroputm oOHapyXeHUs U UIASHTU(UKAIMU HCKakeHus co3Be3ausi ¢ BPSK
MoOyJALIKueld 00ecreYrBaeT MOBBIIIEHUE TOMEX0YCTONUYNBOCTH TEIEKOMMYHHUKAIIMOHHOM
cucrtemsl 10 1,3 nb.

3 Meroauka uaeHTHGUKANMK TUMA HUCKakeHWs curHama ¢ QPSK momynsmmeit
obecrieunBaetr pasznuyueHue ¢da3oBoro paszbamaHca Tpu ero BenudyuHe Oonee 10° m
aMIUIUTYyIHOTO pa3zbananca ot 0,1.

4 Metoauka WISHTUPUKAIIMKM MCKAKEHUS curHaiza ¢ woaymsiuedn QAM-16
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o0ecreurnBaeT BO3MOXKHOCTh pa3inyaTh (pa30BbIM M aMIUTUTYJIHBIA THUIBI pa3daiaHca
KBaJpaTyp, CMEIICHUE CUTHAIIBHOTO CO3BE3JIUS U €r0 HEJIMHEMHOE MCKaXKEHUE MPU HUX
BEJIMUMHE OT OoJiee ueM 5°, oTHoleHuH KBajaparyp 6omnee 0,95 u cmemenuu 6osee 0,05 ot
KBaIpaTypHON/CUH(A3HON  COCTaBIAIONIEH CHUMBOJA CO3BE3Us C MHHUMAaJIbHOU
DHEPTUEH.

5 PazpaGoTtanbl mporpamMMmbl, MO3BOJSIIONIME NPOBOJUTH AaHAJIU3 M pacyer
YYBCTBUTEIBHOCTH PAJUONPHUEMHOTO0 TpPaKTa, a TaKXKe OIpEeAeNATh HW3MEHEHHE
YyBCTBUTEILHOCTU NIPU BHECEHUHU UCKAXKEHUHN 11 IU(POBBIX BUIOB MOTYJISIIUH.

6 PesynmpraTtel paboOThl BHEAPEHBI B COOTBETCTBytomme paspabotkun OO0
«Tenpepnen» u  OOO  «ABterukc» (r. Apocnasib). OTaenbHbBIE  PE3YNbTATHI
JUCCEpTAlMOHHON  paboThl  BHEApEeHBI B y4eOHbI  mpormecc  SIpocrmaBCKOro
rocyaapcTseHHoro yHuBepcutera um. [LI. JleMuioBa B  pamkax  JUCIHUIUIMHBI
«becnpoBogHBIE ceTH  CBs3W». Bce  pe3ynbTarbl  BHEAPEHHS  MOJATBEPIKICHBI
COOTBETCTBYIOIIMMU aKTaMHU.

/locTOBEepHOCTh  pe3yJibTATOB JHCCEPTALNMOHHON PadoThl  IOJATBEPKICHA
UCITIOJIb30BAaHUEM aJIcKBaTHOIO MaTeMaTH4YeCKOro anmapara, pe3ynbTaTaMu
KOMIBIOTEPHOI'O MOJICIUPOBAHUS, TEMOHCTPUPYIOIIUMU 3()(PEKTUBHOCTD NPEI0KEHHBIX
QITOPUTMOB M METOJAMK B UACHTU(DUKAIMM HCKAKEHUM pPAaJUOCUTHAIOB, a TaKXKe
anpoOanyeil B Ie4aTd U Ha HayYHbIX KOH(EPEHIUIAX PA3IUYHOTO YPOBHS.

AnpobGanus padorbl. Pe3ynpraThl paOOThl JOKIAIBIBAINCH U OOCYXIANIHCh Ha
CJIEIYIOLIMX HAYYHBIX U HAYYHO-TEXHUYECKUX KOHPEPEHIIUIX:

e XI, XII MexnayHapoaubix KoH(pepeHuusix «llepcrieKTUBHbIE TEXHOJIOTUU B

cpeacTBax nepegaun uHbopmanun», Bragumup-Cysnans, 2015, 2017,

e MexayHapogHoii koHpepeHIMN «Panno3aeKTpOHHbBIE YCTPONUCTBA U CUCTEMBI IS

MH(POKOMMYHHUKAIITMOHHBIX TEXHOJIOTHI», MockBa, 2016;

o XIV, XIX Mexnaynaponnoit kondepenuuu «l{udposas o6paboTka cUTHAIOB U €€

npumeHenuey», Mocksa, 2012, 2017;

e J[Baauars nepBoi MexayHapoanou konpepenunn FRUCT, Xenbcunku, 2017.

Hyoankamuu. [1o TemMe aucceprauuu onyoinkoBaHo 20 HayYyHBIX paboOT, U3 HUX 3
CTaTbM B OKypHaiax, pekoMeHaoBaHHbIX BAK 1 mnyOnukauum pe3ynbTaToB
KaHIUAATCKUX W JOKTOPCKUX JUCCepTalui, oaHa padoTa BKJIOYEHA B HMHIEKCHI
mutupoBanus Scopus u IEEE Explore, 7 pnokmanoB Ha Hay4dHBIX KOH(EpEHIMSIX;
MOJIYYEHO CBHUJIETEIILCTBO O TOCYIAPCTBEHHOM PETHCTpALIMU TporpaMmsl 1uisi OBM.

JIMYHBIA BKJIAJ aBTOPAa. BBIHOCMMBIE HaA 3aIIUTY MOJIOKEHHUS NPEIJIOKECHBI U
peaan30BaHbl aBTOPOM CAMOCTOSITEIIBHO B XOJI€ BBINOJHEHUSI HAYYHO-HCCIIEA0BATENBCKUX
pabor Ha kadenape UHOOKOMMYHUKAIMH U paguopusukud  SpociiaBCKoOro
rocyapcTBeHHOro ynusepcurera um. 11L.I. Jlemunosa.

Crpykrypa u o0bem padorbl. [[uccepranmss COCTOMT W3 BBEICHHUs, 4 TIias,
3aKJIIOUCHUS, CIHMCKA JUTEpaTypbl U 4 mpuioxkeHuil. OCHOBHOE cojep)KaHUE pabOThI
nu3snoxkeHo Ha 131 crpanuue. Cnmcok swmreparypsl Bikiatodaer 102 HammeHoBaHus. B
paboTe npeacTaBiaeHO 66 PUCYHKOB U 2 TaOJIUIIbI.

OcHOBHBIE HAYUYHbIE M0JI0KEHUS M Pe3yJIbTAThl, BBIHOCUMbIE HA 3A1UTY

1 Anroput™m oOHapyXeHUS U UACHTU(PHUKALUN UCKAKEHHUSI CUTHAJIBHOTO CO3BE3HS
Ha OCHOBE BEKTOpa OMIMOOK /i paarocurHana ¢ moaysiiueit BPSK, o6ecneunBatomuii
NOBBILIEHUE TOMEXOYCTOMYNBOCTH TENEKOMMYHHKAMOHHOM cucteMsl 10 1,3 nb.

2 Meronvka  WJIEHTU(GUKALUKM  UCKAXEHUS  CUTHAJIBHOIO  CO3BE3AUSA IS
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paguocurHana c¢ wmoaymauuert QPSK, oOecneuuBaromas pasznuuenue  (Ha3zoBOro
pazbasianca npu ero BenuuuHe 6osee 10°u ammutygHoro pazbananca ot 0,1.

3 Meroauka uAeHTU(UKAIMKM TUNA HCKAKEHUS] PaJUOCUTHANIA C MOIYJsLUEH
QAM-16, obecnieunBaroiasi BO3MOXKHOCTh Pa3iIM4UTh (Pa30BbIA U AMIUIATYAHBIA THIIBI
paz0anaHca KBaJpaTyp, CMEIIEHNE CUTHAIBHOTO CO3BE3/IMS M €r0 HEJIMHEHHOE UCKAKEHUE
IIpU UX BEJIMYUHE OT OoJiee ueM 5°, oTHOIIeHUH KBajapaTyp 6osee 0,95 u cmemenun 0osee
0,05 ot kBampaTypHOW/CHH(bA3HONW COCTABJISIONICH CHMBOJIA CO3BE3AMS ¢ MUHUMAIBLHON
SHEpruei.

OCHOBHOE COJAEP)KAHUE PABOTbI

Bo BBeieHMu 000CHOBaHa AaKTyaJbHOCTh BBIOPAHHOM TEMbI HCCIEIOBAHHM,
chopMyTUpPOBaHBI TIENTh U 33Ja4H UCCIEAOBAHNHN, U3JI0KEHBI TTOJIOKEHUS, BRBIHOCUMEIE Ha
3alMUTy, 000OCHOBaHbI HAyYHAsl HOBU3HA U MPAKTUYECKask 3HAYUMMOCTb PaOOTHI.

B nepsoii riase OCBEIIAIOTCS OCHOBHBIE TEHACHINU pa3BUTHUA
TEJIEKOMMYHUKAIIMOHHBIX CHUCTEM W YCTPOMCTB IepeAaud HUH(OpMaluu, TEKyIlee
COCTOSIHME JaHHOUW oTpacinu. I[IpuBomutcs moapoOHBI 0030p CYIIECTBYIOIIUX METPHUK
OIICHKM KauecTBa pabOThl CHUCTEM mepenaudu 1udpoBoil uHdopmanmu, GopMynupyroTcs
OCHOBHBIE MPOOJEMbl U BO3MOXHBIC HAMPABICHUS IJISl YIYUIICHHUS WX XAPAKTEPUCTHUK.
ChopmynupoBanbl MPEANOCHUIKK Ui MPOBEJACHUS HCCIEIOBaHUNM U  pa3pabOTKu
MPEIJIOKEHHBIX B pa00OTE AJITOPUTMOB.

Pemienue ykazaHHbIX B paboTe 3a/1a4 paCCMOTPEHO B MOCIEAYIONIUX TPEX IaBax.

Bo BTOpOIi r1aBe npecTaBiIeH AJTOPUTM UICHTU(PUKAIIUN HCKAKEHHSI CO3BE3Us
panuocurnana ¢ BPSK wmopynsuueit Ha ¢oHe anauTuBHBIX 1IyMoB. [IpuBoauTtcs ero
noApOOHOE OMHUCaHWEe W OCHOBHBbIE (U3MYECKHE NPUHIMIBLI paboThl. [IpuBeaeHo
CpaBHEHHME C HamOoJiee paclpOCTPaHEHHBIMU Ha JAaHHBIK MOMEHT aHajioramu. OmnucaHa
METOJIMKa TECTUPOBAHUS U PE3YJIbTAThl €r0 PadOThI, B pE3yJIbTATE YETO MOJTyYeHa 001acTh
MPUMEHUMOCTH aJITOPUTMA.

C Toukum 3peHHs] OOHapyXeHUST © HUJASCHTU(MUKAIUU TPU  JAEMOIYJISAIHUH
dazomanunynupoBanubix (BPSK) panuocuruanoB Haubosee CI0KHBIM SBISETCS TOBOPOT
CUTHAJIbHOTO CO3BE3/Us, MOCKOJbKY €Tr0 BO3JECHUCTBUE YXYAIIAET MOMEXOYCTONYHBOCTh
CUCTEMBI, B TO BpeMs kak oTHomienue curnan-mym (OCII) B monoce ¢puinbTpa OCHOBHOM
CEJICKIIMU OCTACTCsl HEM3MEHHBIM (PUCYHOK 1). N

Q) R _/(u, o)

- >

a) 0)
Pucynok 1 - Bo3aeiicTBue MCKaKeHUI KBAAPATYP HA CUTHAJIbHOE CO3Be3/1Me: a) BO3/AelcTBre
ABI'lIl; 0) onnoBpemenHoe Bo3aelictBue ABI'II n ucka:xenus co3pe3aus
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W ckaxkeHust JaHHOTO TUIIA, KaK MPABUIIO, POSBIISIOTCS U3-3a BIAMSHUS aHAJIOTOBOTO
TpakTa paMoONPUEMHOr0 YCTPOMCTBA, HECOBEPLIEHCTBA CUCTEMbl CUHXPOHHU3AIIUHU U T. 1

AnropuT™M OOHapYy>KEHUSI U YCTpAHEHUS BIUSHUS TOBOPOTA CUTHAJILHOTO CO3BE3MS
O0asupyercs Ha MNPUMEHEHHHM JBYX METPHUK: STaJOHHOM METPUKHU OLEHKH IIyMOBOTO
BO3JICUCTBUS 1O MWJIOT-CUTHANY W HEITAJIOHHOW METPUKM aHaliu3a BEKTOpa OIIUOOK
(EVM). brok-cxema yKa3aHHOTO aJrOpUTMa MpUBEICHA Ha PUCYHKE 2.
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PHC)’HOK 2 - Biaok-cxema ajaropurma omnpeaejJcHust BO3/eiicTBUS HCKAKEHUI U aKTUBAIIUHU
CHUCTEMbI KOMIICHCALIMH

PaccmoTpum 0Oosee moJpoOHO OCOOEHHOCTH paboThl AaHHOrO anroputMa. Ilocne
MIOCUMBOJIBHOTO TMPHEMa JUCKPETHOTO COOOIICHHS Ha BBIXOJE NEMOAYIATOPA MMEIOTCS

A

3HaueHus1 | 1 (Q KOMIIOHEHT MPUHSATOrO0 CUMBOJIA S, KOTOPhIE COXpaHsIOTCs B Oydepe B
BUJIE CIEAYIOLINX CTPYKTYP:

3'1- :{Ii;Qi}°

Ha crnenyromem stare mpoW3BOIUTCS HAKOILJICHUE AJIEMEHTOB S,, KOTOPHIE MOTYT
OBITH TOJNIYYCHBI KaK W3 OJHOTO KajJpa, TaK W arperupoBaHbl M3 HECKOJIbKHMX. Ilocie
HAKOILJICHUS KaJpa HeOOXOIUMOU JUTMHBI TTPOUCXOIUT HOPMHUPOBKA BEKTOpA OMIMOOK Ha
CPEIHIOI0 MOIIHOCTh MPHUHATOTO PaJWMOCHTHAJIA W BBIYUCIICHHE YCPEIHEHHOTO BEKTOpA
ommOku. KoadurmeHT HOpMUPOBKH MOKET OBIThH 3aMMHUCAH CIEAYIOIIMM 00pa3oMm:
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rae M — nopsiioK Monynsanuu, P(S,)— dHeprus NPUHITOIO CUMBOJIA, k& — pasMep Kazapa.
[Tockonbky Bce cumBosbl paguocurHaiia BPSK uMmeroT oanHakoByr 3HEpPruro, 3Has
BEJIMUMHY BEKTOpa OMIMOKKM M KOA()(PUIMEHT HOPMHUPOBKH, MOXKHO KOMIEHCHPOBATH
UCKA)KECHUE CO3BE3IU:

SHEPrusl CUMBONA, EVM — YCPEIHEHHOE 3HAUC€HHE BEKTOpa OIIMOOK, BHIYMCICHHOE TP
npueMe kaapa anuHor 1024 6ura.
Ha pucynke 3 npuBeneHbl pe3ylbTaThl pabOThl aJrOpUTMa JUIS BEIUYHH yrja

T T
IIOBOpPOTa o pao H 3 pao, IPU BEIWYUHE KaJpa, Ha KOTOPOM BBIYHUCIIIETCSI BEKTOP

ommOku, paBHoM 1024 Owuta. 37ech NYHKTUPHOW JHMHHEH C KPYHOHBIM IITPUXOM
N300pakeHa 3aBUCHUMOCTb BEPOSTHOCTU MOSIBICHUS OMTOBOM OLIMOKH OT COOTHOIICHMS

£, |, MENKMM IyHKTHPOM — TIPH BO3JCHCTBUU HCKAXXECHUS, CIUIONIHOW JIMHHUEH — TIpH
N()

pa60Te aJIropuTMa KOMIICHCAIIHH.

0 2 3 4 5 6 7 s 9 0 1 : q,4b 0 1 2 3 4 5 6 7 8 9 0w u 1 qgab
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Pucynok 3 - Pa6oTa ajnropurMa KoMmneHcanuu JJisi 32IaHHOTO YIJIa MOBOPOTAa CHTHAJILHOTO
T V4
co3Be3ausi: a) o pao ; 6) 3 pao

Hcexons W3 mpencTraBiIeHHBIX 3aBUCUMOCTEH, MOYKHO CIElaTh BBIBOJ, 4YTO IIpU
Hu3kux OCII B kaHase mepefaun ajaropuTM KOMIIEHCAIMM pabOTaeT HEKOPPEKTHO, T. K.
BEKTOP OIIMOKHU BBIYMCIIAETCS HEITAIOHHO, CJIEAOBATEIbHO, B TOM CIIy4ae, KOTJa CUMBOJI
OPUHAT OMO0YHO, B BeiuuciaeHne EVM Oyner BHeceHa MOrpelHoCTh BHE 3aBUCUMOCTHU
OT pa3Mepa Kajipa, Ha KOTOPOM HOPMHUPYETCS U BBIYUCISETCS BEKTOP OLIUOKH.



OrnpesienniM opor otHotneHust £» B KaHaie mepenayu, Mpu KOTOPOM ajarOPUTM
NO

KOMIIEHCAllUM HAYMHAET JaBaTh BBIMIPBINI JUIA PAa3MYHbIX BEJIWYMH yIJia I[OBOPOTA
CO3BE3/IUA.

Jlns Toro 4TtoOBl pemmTh 3amady paziaudenus BausHus ABIII u moBoporta
CUTHAJIBHOTO CO3BE3/IMsI, PACCMOTPUM IOBEJCHUE BEIMYMHBI BekTopa ommOku EVM. Ha
OJIOK-CXeMe, MPUBEJICHHOM Ha pUCYHKE 2, B Cily4yae HECOOTBETCTBUS BER 3alaHHBIM
TpeOOBaHMSIM, MPOU3BOJIUTCS BbluMcieHnue EVM u coxpaHeHue rnokaszateneit B Oydepe.
[Tpu nmomomm mnpaBuna Crepmkeca umeromuecs B Oydepe naHHble pa3OuBaioTCa Ha
VMHTEPBAJIbI, BEINYMHA KOTOPBIX OMPEAEIACTCS CIACAYIOMINM BbIPAKECHUEM:

1+log, (k) ’

A€ EVM wx U EVM win — MAKCUMaJbHAsi 1 MUHUMAJIbHAS! BEJIMUYMHA YCPEIHEHHOTO BEKTOpa
OIMOKH, BBIYMCIEHHOTO MpU 00paboTKe Kajpa, JIMHA KoToporo paBHa 1024 Outa, k —
pa3mep kaapa. Ha crnemyromem 3Tane HOpOUCXOAUT MOACYET KOJIMYECTBA MNMOMaJdaHUMN
3HaueHuid B Oydepe B KaxAbli U3 WHTEPBAIOB L,, aOCONIOTHBIE 3HAYEHUS TPAHMUII

KOTOPOIo OmnmpeACIArOTCA CIICAYIOIIHNM BbIPA)KCHUCM:

L, ={EVM win+li; EVM win+1(i +1)} .

B ToM cnydae, ecnmu CUTHaIbHOE CO3BE3AUs MOABEPracTCcsi HMCKAKEHUIO IPH
He3HaunTenbHOM BosaerctBun ADBI'II, meamana pacnpeneneHus, MPeaCTABICHHOTO Ha
TUCTOTpaMMe, OyJIeT CMEIlleHa MPONMOPIIMOHAIIBHO BEJIMUMHE UCKAKEHHS, B TO BPEMS KaK
pa3dpoc OTHOCUTEIHLHO Hee OyAeT He3HAYuTeIbHbIM. B mpoTuBHOM ciydae Oyner
HaOI01aThesl 0OpaTHAsl KapTUHA — 3HAYUTEIBHBIA pa30poc MO 3aJaHHOMY IMOPOTry IpHU
MHHUMQJIBHOM CMEIICHUU, T.K. IO YCIOBHSIM MOJIECIMPOBAHUSA MaTEeMaTUYECKOE
0’KUJIaHKE BO3JCHCTBYIOLIETO HA PAJIMOCUTHAJ IITyMa PABHO HYJIIO.

PaccmoTpum  paGoTy cucTeMbl KOMIICHCAIIMM, PACCUYMTAHHOM Ha pEIICHUE
CIEAYIOLIEH 3a/1a4l: MUHUMU3ALHUs BIUSHUSA TOBOPOTA CUTHAIIBHOIO CO3BE3/IMS, HAUMHAS

£, | paBHoro 6 nb. B pe3ynbTare cepuH >KCIIEPHMEHTOB

T
C o pao, U COOTHOLICHUA
(0]

BBIOpaH CIEAYIOMUNA KPUTEPUN aKTUBAIIMU: AJITOPUTM KOMIICHCAIIUU 3aJeHCTBYETCS B
Cllydae NPEBBIIICHUS SMIUPUYECKH YCTAHOBJIEHHOW BEJIMYMHBI pa3dpoca MO YacToTe
NoMajJaHusl OTCYETOB B HHTepBasl. Ha pucyHke 4 mnpexacraBieHa auarpamMma paOOThI
QITOPUTMA AaHAJIM3A COCTOSIHUS KaHaJla M KOMIICHCALUH.

Ob6nacTth pabOTHI aNropuT™Ma, B KOTOPOH BHOCSITCS YIYUIIEHHSI, OTPaHUYEHA CBEPXY
3HaueHueM OCHI, paBHbiM 11 n1b  (OpOroBBIM  3HAYEHUEM, OIPEAEIIAEMbIM
TpeOOBaHMAMU K OlIMOKe B KaHaje nepenauun), cauzy — OCUI, paBubiM 6 nb (rpanuneit
paboThl KpuTepUs UACHTU(DUKAIIMM CO3BE3[UsI), CJIeBa TMpEAeTbHOM KpPUBOW s
BBIOpAHHON BETMYMHBI KaJIpa.

B Tperbeii riiaBe uccienyeTcss BIMSHHME PA3JIUYHBIX THUIOB HCKaKEHUS Ha
MIOMEXO0YCTOMUMBOCTh PATUOCUTHAIOB ¢ Oosiee croxkHort Moayisiiuen QPSK  wu
IPUBOJUTCS METOAMKA X MACHTU(UKALIUH.
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PI/IC)’HOK 4- I[narpaMMa paﬁoTbI aJIropurmMa I€TCKTUHPOBaAHUA HCKAYKCHUA U €10 KOMIICHCAllUH

B cnyuae ¢azoBoro pazdananca KBaJapaTyp CUTHAJIBHOE CO3BE3IUE OYyAET UCKaXKEHO
TaKUM 00pa3oM, 4TO BEPOATHOCTh IPHEMa CUMBOJIOB OyJI€T pa3inyHa.

PaccmoTtpum Oonee moapoOHO ¢ha3oBeii pazdasianc. BeposiTHOCTh MpaBUIBLHOTO
npyueMa M CHMBOJIbBHOM OWIMOKM Oyner pasiaudHa [ CHUMBOJIOB, MEPEAArOIINX
koMmOunaruu out 00,11 u 10,01 (B cimyuae xoma I'pes). BeposTHOCTH MpPaBUIBHOTO
npueMa cumBoia, nepenaroniero 00

SER s (R00) = i{l + erf£ \/%(1 + sin(@))ﬂz VO e {o,ﬂ .

Ilonnas BCPOATHOCTD CUMBOJILHOM OIIIMOKHU paBHaA:
SER ;5 (ErrToltal) =1— SER,,,,,,, (R00).

BepositHocts npuema cumBoia 10 npu nepenade 00, paBHa BEpOATHOCTH IpUEMa
cumBoJia 01

1 E, . ) A
SER 45 (00,10) —Z{1+erf( FO(1+sm( ))]] {erfc[ N (1+sm(®))ﬂ,V®e[0, 2}
BepostHocts npriema cumBouia 11 npu nepenave cumposna 00 paBHa:
2
SER 015 (00,11) ——{erfc( \/ (1+sm(®))ﬂ VO € {o,ﬂ.

Jnst cumBoda, nepenaroiiero 01, COOTBETCTBEHHO MOJTy4YaeM:

SERPH,MB(R01)=%{1+@7‘(\/ (1—sin( )HZ;VGE[O,%}

SERPH,MB(Ol,ll)——[e;fc[ \/T F (1—sin( } [1+erf — —Z(l—sin(@))ﬂ;V@e[O,%j,

)
rje © — yroJu paz0anaHca KBaapaTyp.
B cinywae uckaxxeHus co3Be3Us, OINUCHIBAEMOTO AaMIUIMTYAHBIM pa30aiaHcoM,
BEPOSITHOCTh CUMBOJIbHOM OIIMOKH OYAET UACHTHUYHA JIsI BCEX CHMBOJIOB U OMUCHIBATHCS
BBIPOKCHUSIMU:
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ax i oo B )

SER ,,,,,(00,11) = — erfc[ J erfc[ ]
£)l-E)

rne k — KO3(pOUIUEHT, XapaKTepU3YIOMIMA CTENeHb AaMIUTUTYJHOTO pas3basiaHca
KBaJpaTyp.

CymiecTByeT NPUHIUIHAIBHOE OTIMYUE B MOBEICHUM JTOMHUHHUPYIOMICH OIIHOKU
IpU pa3NUYHBIX TUNax paszbananca. [lpu ammuutynHoM oHa OyneT cCMMMETpUYHA, a
UMEHHO, €CIIM IpU PacCMOTPEHHM (DYHKLUUHU pPACIpPEIeICHUs] CHUMBOJIA, MEPENaloIero

SER 5 (R) = i 1+erf(

S(00), oymer mpeobaanare ommoOka S(00-01), To COOTBETCTBEHHO IPH PACCMOTPCHHH

dbynkuun pacupenencHus cumpoia S(01) mamnbonee BeposTHoii OyaeT ommnoka S(01-00).

B cnyuae dazoBoro pazbananca OyaeT HaOIOIaThCs MHas KapTuUHA. biok-cxema
IPEJI0KEHHOW METOUKHU U1 3TOTO CIydas MpeCTaBlieHa Ha pUCYHKeE 5.

Bxop B
anroputm

Npuem
nunoT-curHana

MpeBblweHne
nopora BER

Aa

NaoeHTuduKauma
MCKaXKeHUA

AHanus ypoBHsa
ABIlL B KaHane
nepegauu

AHanus EVM

OueHka CoobuieHune o
napameTpos

HEUAEHTU GULMP OBaHHOM
UCKaXKeHns

I
I
I
I
I
I
| VCKaXeHnwn
I
I
I
I
I
I

MpeBsblweHne
nopora

Hannune
MCKaXKeHn i

BbiBOA,
napameTpos Busyamsaupa
MCKaXKeHUA 1 cossesana
BU3yanM3auma

cosse3gunA

Busyanunsauma Coobuierne o Ananus
Cgsses MU; 3allyMIEeHHOCTH "'OBEAGHMHv
A KaHana CUMBO/IBHO 11

Bbixoa 13
anroputma

owmnbku

Bblxo,q u3 Bblxop, us3 - Bbixog u3
anroputma anroputma anroputma anroputma

Pucynok S - biok-cxema padoTsl MeTOAMKH B ci1ydae ¢a3oBoro pasdananca

Ha nepBom »sTame mpouCXOAUT MpPOBEpKa COOTBETCTBUS BEPOSTHOCTH OUTOBOM
OIMOKK 3aJlaHHBIM K CHUCTEeME TpeOoBaHUsIM. B ciyyae ee COOTBETCTBHUS CHUCTEMaA
cuMTaeTcss paboTOCOCOOHOM M OCYIIECTBISETCS BBIXOJ M3 anroputrMa. B ciyuae, ecinu
nopor BER mnpeBsliieH, TO HEOOXO0AUMO ONPEACTUTh, YTO SBIISETCS MPUUMHON YXYIITHUS
KayecTBa Mepeaayu HHPOopMaIi.

Jns pemenust 3aaaun paznuueHus BiausHuss ABI'TIl M moBopoTa CUTHAIBHOTO
CO3BE3Ms TPOU3BOIUTCS BRIUMCICHUE BeKTOpa ommOku £ VM u coxpaHeHue mokasarenen
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B Oydepe. Pa3zbueHue NpUHATBIX JAaHHBIX Ha HMHTEPBAJIbl M HMX aHAIU3 IPOUCXOIUT
AHAJIOTUYHO aJITOPUTMY JIJISI paguocUruaia ¢ moayJisinueit BPSK.

B Ttom cinywae, ecnu Ha paguOCHTHAI BO3JCHCTBYET MCKAXEHHUE MPHU
He3HauntenbHOM ADBI'II, Menuana pacrnpenesieHus, MPEACTaBICHHOTO HAa TUCTOrpaMMe,
OyJeT cMeIlleHa MPOIOPIIMOHATILHO BO3JICHCTBUIO MCKAXKEHMS, B TO BpeMs Kak pa3z0poc
OTHOCHUTEJILHO Hee OyJeT He3HAuuTeIbHbIM. B mpoTHBHOM ciyudae OyAeT HaOIH0IaThCs
oOpaTHas KapTHHA.

AMIIUTYTHBIM paz0ajaHcoM OyJeT TpPU3HAHO HWCKAKEHHE, MPU BO3ACHCTBUU
KOTOPOr0 B TMEPEIAaHHOM ATAJOHHOM COOOIIECHHUM, COJEpXkKalleM KOMOMHAIUIO OWuT,
ONPEICIISIIONIYI0 PAaBHOE KOJIMYECTBO BCEX CHMBOJIOB CHUTHAJIBLHOTO CO3BE3/Usl, XapaKTep
MOJYYEHHOTO0 AMIIMPUYECKOTO PpACOpPENeNICHUs] Jii KaXKJIOro U3 CHMBOJIOB OyAeT
COOTBETCTBOBATh OJJHOMY U3 CJICAYIOIIMX TUIIOB, MIPUBEICHHBIX B Ta0bnule 1.

Tadauna 1 - Onucanue npeodJiagaoneid OIMOKH I aMILIUTYIHOT0 pa3dajianca

Tumn 1 Tumo 2
IlepenaBaeMblii CUMBOJT [Ipeobnanarorias [TepenaBaemMbliii CHMBO [Ipeobnanaromas
OIINOKa olIrOKa
S(00) S(00-10) S(00) S(00-01)
S(01) S(01-01) S(01) S(01-00)
Sa1) S(11-01) Sa1) S(11-10)
S(10) S(10 - 00) S(10) S10-11)

B cnyudae (azoBoro pazbanaHca JOCTaTOUYHBIM yCIOBUEM OYJIET SIBISTHCS HaJTUYHE
B TIEPEIaHHOM 3TAaJJOHHOM COOOIICHHH, COJIepKaIIeM KOMOMHAIIUIO OUT, OTPEIEISIONTY IO
paBHOE KOJIMYECTBO BCEX CMMBOJIOB CUTHAJILHOTO CO3BE3/Us, MpeobIagaHusl OIIMO0K IpH
nepeiaye CHUMBOJIOB OJHOW W3 JUaroHajed CUTHAJIBHOTO co3Be3aus (Tabswmia 2).
[ToporoBsiM 3HaUE€HHEM OYAET CUNTATHCS JBYKpPATHOE MpeodiagaHue.

Tadauuna 2 - Onucanue npeodaagawueid ommoky 11 (pa3oBoro pazdananca

Tun 1 Tun 2
S(00-11)>S5010-01) S(00-11)<S510-01)

Ommubka OyJeT cuutatbes Mpeodagaroliei B ciaydae, eCiii OHa OYJET COCTABIIATh
6onee 0,5 or obmiero konuuecTBa clyduBIIMXCS ommbOok. [lpuBenem aHamuTHYECKOE
BBIPQXCHHUE KPUTEPHS:

2
k m—k
o=
kz k'( _ k)' pp)gv( pprev) 5
rie Pprev — BEPOATHOCTH JOMUHHUPYIOIIEH OLIMOKH, m— KOJWYECTBO MPOHM3OLIECIIINX

OIIMOOK.
Ha pucynke 6a npuBeneHa nuarpaMmma pad0Thl METOAUKH B CICAYIOIINX YCIOBUSX:

Sz E,
yros ¢a3zoBoro pazbamanca u3MeHsieTcss B npenenax ot O mo g ° COOTHOWIeHKE —=

0
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usmensiercs or O no 12 ab, anuHa Kazapa, Ha KOTOPOM BBIYMCISIETCS BEKTOP OLIMOKH,
pasHa 1024 Gura, KOJMYECTBO IEPEAAHHBIX CUMBOJIOB paBHO 4%107,

QObnactb Obnacte

uccnegosaHuAa uccnegoBaHuWA

0 Lo

ST -

1 11

10 10

9 9

8 8

; 7

6 6 |

< 5

4 4

3 3

) 2

1 1

0 A e 0 A I/Q

0 10 20 30 40 50 o 01 02 03 04 05
a) 0)

PucyHnok 6 - Jluarpamma pa6oTbl MeTOAMKH B YCJIOBHAX pa3daianca: a) (¢pa3oBoro;
0) aMILLINTYAHOT O

Ha pucynke 60 mnpuBegeHa padoTa METOJIMKH B CIEAYIOUIUX YCIOBUAX: YIOJ
aMIUIUTYIHOTO pa3danaHca u3MeHnsiercs B npeaenax or O no 0,5 (-6 nb), cooTHOLIEHNE

£, wusmensiercs ot O 1o 12 ab, mmHa Kaapa, Ha KOTOPOM BBIYHMCIISIETCS BEKTOP OIINOKH,
NO

paBHa 1024 GuTa, KOJIUYECTBO MEPEIAHHBIX CUMBOJIOB — 4*107.

VYcraHoBieHo, 4TO uAEHTHPUKauus (a3oBOro paszdasaHca BO3MOXKHA IPU €ro
BenuunHe Oosiee 10° m OCHI OGonee 6 nb. B ycnoBusix ammiauTyaHoro paszbdanaHca
HAOJIIOTAIOTCSL CXOXKUE PE3yJIbTaThl, 3a UCKItoueHneM Bbicokux oTHomenune OCI okomno
11-12 nb nmpu Manbsix BenmuuuHax paszbanaHca. J[aHHOE sBJIEHHE OOBSICHSIETCS BBICOKOM
MIOMEX0YCTOMYMBOCTBIO paguocurHania ¢ moayisiuuet QPSK.

B d4erBeproM TrJIaBe UCCIENYETCS BIMSHHUE PA3JIMYHBIX MCKAKEHUM Ha
paguocurHana c emie Ooisiee cioxHoHW Moxyisiuedn QAM-16, mpuBOIHUTCS METOIUKA
UIeHTH(PUKAIINN CKaXKCHUH, BO3JICHCTBYIOINX HA JJAHHBINA PaguOCUTHA.

[lepeiizem K pacCMOTPEHHUIO TaKMX HWCKAKEHWM Kak pasz0aiaHC KBajpaTyp u
CMEIIIEHUE CUTHAJILHOTO c03Be3ausi. [[ins Toro 4yToObl MOJYyYUTh UX MaTeMaTUYECKHUE
MOJENH, MPUBEAEM aHAIMTUYECKYIO 3anuch curHaina QAM-16:

S'(t) =g, (t) A, cos(27f1)+ jg, (1) Ay sin(27 f 1)
k,lel.AIM;
Ay > Ay :{(Zm_l_\/ﬁ)};

2
—;tel|0,T
gOZ,/T [0.7],

O;tsf[O,T]
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rae S'(t) — TeKyllee MOJI0KEHHE CUTHAIBHOTO BEKTOPA, T. €. NEPEJaBaeMblil B HACTOSILMI
MOMEHT CHMBOJI CHUTHAJIBLHOTO CO3BE31Us, A,,4, — €ro KOOpAUHATBI, f, — Hecyllas
4acTOTa paJlocurHana, I — NepuoJ CUMBOJA, g,(¢) — HopMUpoBouYHas QyHKIHA. Beenem

B AaHAJIUTHYECKYyl0 3amuch curHaia QAM-16 wMopenu UCKaKEHUH — CMEIICHUs
CUTHAJIBHOTO CO3BE3Us U pa3daiaHca kBaaparyp. COOTBETCTBEHHO, MOJIy4aeM:

S'(1) =g, (1)(A4, +ofs, )cos (27 fit) + jg, (t)(AZQ +of9Q)sin(2zrfst);
S'(1) =gy (1) Ay cos(27 [t + @y )+ j&o () A SN (27 f 11 — Py )5
TIIe ofs, U ofs, — CMEIICHUE 10 KBAJPATYPHBIM OCSIM, Ppp — ¢dazoBoe cMeIeHHE.

Kak yxe oTmMeuanoch, BCe BBIIICONMCAHHBIC METPUKU B YHCTOM BHUJIE JAIOT JIHIIb
WHQOpMAIIMIO O CTEMEHW WCKAKEHHOCTH pAJMOCUTHANA W, CJIEeJOBaTeNbHO, O
MIOMEXOYCTOMYMBOCTH CHCTEMBI Tepeaadn IuQpoBod HWHPOpPMALUU, HO O MPUPOJC
UCKaXEeHUsT OHM HH(popManuu He AaroT. OYEeBHIHO, YTO B CJIy4ae BBIUYMCIICHUS Ha
JI0CTaTOYHO OONbIIOM (peiiMe, OJAMHAKOBBIE 3HAYCHHUS EVM MOTYT OBITh IMOJTYYECHBI
IyTEM BBEJICHUS B PAJMOCUTHAI PA3JIUYHBIX NCKKECHUH.

BbrauciuM mocnenoBaTenbHO YCPEIHEHHYIO BEIMYMHY BEKTOpa OINMHMOKH IS
Ka)XJOTO CHMBOJIa CHTHAJIBHOTO co3Be3nus. nmuHa dpeiiMa, IS KOTOPOIl MPOBOIUTCS
pacuer, paBHa 4-10'0ut (10’cuMBosioB). Ha pamarpammax pucyHKa 7 TpPHUBEICHBI
pe3yabTaThl MOJACTHPOBAHHUS.

®dasosblii pasbanaHc ksagpatyp Henuneiinoe nckaxenne

100
80
a‘{ 60 -
L a0

20
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Pucynok 7 - luarpamMmma nocuMBOJIbHOI0 u3MeHeHusi EVM B 3aBHCHMOCTH OT CTeNeHH
HCKakeHHus: a) (a30Bblil pazdaanc; 0) HeJlMHelHHOe HCKasKeHH e

[To BepTHKaNbHOW OCH OTJIOKEH BEKTOP OIIMOOK, BBIPAKEHHBIM B MPOLEHTaX, IO
bpoHTATBLHON — HOMEP CHUMBOJIA, OTPAXKAIOIIUN €r0 MO3UIIMI0 B CUTHAJIBHOM CO3BE3/HHU.
TpeTbst 0OCh OTpakaeT B 3aBUCUMOCTH OT rpaduka 1ud0 yroi pazdananca KBaaparyp, 1u00
MOIIIHOCTh PAJMOCUTHANA, TTOJaBAEMOT0 Ha YCHJIMTEJb MOIIHOCTU. M3 mpeacTaBIeHHBIX
ayarpaMM BHUIHBI OYEBHIHBIC Pa3IMUMs B XapakTepe IOBEJCHHUS BEKTOpa ONIMOKH B
3aBUCHMOCTH OT THIIA HMCKaXCHUS paguocurHaiza. Bo3Hukaer HE0O0X0IUMOCTH
chopMyTupOBaTh KPUTEPUU, HA OCHOBE KOTOPBIX BO3ZMOXKHO Pa3TUIUTh UCKAKEHUS.

Beimenum xapakTepHble 0COOCHHOCTH TOBEACHUS BEKTOpPAa OIIMOOK IMPU KaXKJIOM
BUJIC UCKAXKEHMUSI, ONIPEJICTUM CUMBOJIBI, JJISI KOTOPHIX BEJIMYMHA BEKTOpa OIIMOKU OyaeT
MaKCUMaJIbHON WJIM MUHUMAJbHOM, a TAKKE XapPAKTEPHbIE COOTHOLICHUS MEXIY HUMU. B
ciydae (a3zoBoro paszbanaHca, Kak TMPEACTaBICHO Ha PUCYHKE 7a, HaAWOOJbIIEMY
HMCKQKCHUIO TOABEPraloTCiI CUMBOJIBI ¢ HOMepamu 2, 7, 8, 13, a MeHee HCKaXEeHbI
CHUMBOJIBI 3, 6,9, 12,
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B cinyyae HenmHEHHOrOo HCKa)XaroIIero BO3ACUCTBUA (PUCYHOK 70) CTemNeHb
HCKQKEHUSI OMpEENsieTCs] SHEPTUEe CUMBOJIA, COOTBETCTBEHHO Hau0oJiee CHIIBHO OyayT
uckaxkeHbl cuMBOJBI 0, 2, 8, 10, a HaUMEHBIIEMY MCKOKEHHUIO OYIyT IOJBEP>KECHBI
CUMBOJIBL 5, 7, 13, 15. OT™MeTUM, YTO TIPU HETMHEHHOM HCKaXXECHUU CUMBOJIbI, UMEIOLIUE
OJIMHAKOBYIO JHEPTUI0, HUCKaXEHbl OJMHAKOBO, BHE 3aBUCUMOCTH OT WX TMO3UIMH B
CUTHAJIBHOM CO3BE3/IMH, B OTIMYHE OT ()a30BOT0 WIIM aMILTUTYTHOTO pa30aiaHCoB.

IIpu ammuTynHoM pazbanaHce, BBEJIICHHOM IyTEM CXKaTusl KBaJapaTypHOW OCH,
MaKCHUMAJIbHO UCKaKE€HbI CUMBOJIBL 4, 12, 6, 14. DT0 00BSICHSACTCS TEM, UTO KBaJpaTypHas
COCTaBIIsAOIIAs TIpeodagaeT npu GOPMUPOBAHUU CUMBOJIA U HECET OOJIBIIYIO YacTh €ro
sHepruu. B chmyuae cMemnieHus CO3Be3usi HaWOOJBIIEE HCKAXEHHE IPETEPIeBalOT
CHMBOJIBI C HAMMEHBIIEN YHEPTHUEN.

Paccmotpum Gosiee moapoOHO anroput™M pabOTBI METOIWKH OIICHKHA KadecTBa
paawiocWrHajga Ha BbIXojae mnepenatumka (pucyHok 8). CHavama HEOOXOAMMO
chopMUpoBaTh MAKET TECTOBBIX JIaHHBIX. Jlamee MpPOUCXOOUT Mepenavya JaHHBIX MpH
MOMOIIM TECTUPYEMOTO YCTPONCTBA U BBIUUCISAETCS BEKTOP OIIMOKH C MCIOJIb30BAaHUEM
OTIOPHOTO paJuocurHaia. B ciydyae ecnu ycpelHEHHBIH BEKTOpP OIIMOKHA HE MPEBBIIIACT
3aJJaHHOTO 3HAYEHUsS, KA4YE€CTBO pPAJMOCHUTHAJIA CUYUTAETCS YIOOBJIETBOPUTEIbHBIM, B
POTUBHOM CIIy4ae MPOU3BOJUTCS MOIBITKA UICHTUDUIIMPOBATH UCKAXKEHUE, & €CIU ATO
HE yJIaeTCs, TO MPOU3BOIUTCS BBIBO COOOIIEHUS 00 OITHOKE.

MoaroToBKa
nakeTa TeCTOBbIX
OAHHbIX

L

MNepepaya naketa
TeCTOBbIX AaHHbIX

L

Bbluncnenune
ycpeHeHHoro
EVM

EVM < nopora

AHanus Bbixog, n3
nosegeHma EVM anroputma
Ha cooTBeTCcTBME

KpUTepuio
UCKaXKeHuA

MckaxeHne
onpeaeneHo

BbIBOA, COOBLLEHMA O HANNYMM
Bbixog u3
HenaeHTMGMUMPOBAHHOTO
anroputma
MNCKayKeHUs

PucyHnok 8 - biiok-cxema padoThl cucTeMbl HACHTH(PUKANMT HCKAKEHU I

OrnpenenuB Bce HEOOXOAMMBbIE KPUTEPUU JJI PACIO3HABAHUS OCHOBHBIX THIIOB
UCKOKEHUA M OOIMe MPUHIUIBI PA0OThI CUCTEMbl WUIECHTU(UKAIUHU, CIEAYET OIEHUTH
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3G (HEKTUBHOCT, UX pabOTHl. YCTAaHOBJIEHO, YTO ISl YCHUIIMTEIBHOM XapaKTepUCTUKU
Polyfet MLCQ-02 xputepuii ycmemHo padoTaeT, HaYWHAs C YCPEAHEHHON MOIIHOCTH,
nofgaHHOW Ha ycwiutenb W paBHou 0,03 nbm. da3zoBbiii pazbaniaHCc IETEKTUPYETCH,
HayuHas ¢ 10°. [nsg amrumtrygHoro pasz0aiaHca TOPOTOBBIM SIBIISIETCS OTHOILICHUE
KBaJpaTtyp, paBHoe — 0,9, U1 CMCHICHHUSI CUTHAJIbHOIO co3Be3ausd — 0,1 OT IIOJOBHHBI
MUHUMaNbHON SHepruu cumBoja. Ha pucynke 9 mnpuBenena pauarpamma paOOTHI
KPUTEPUEB NPHU PA3TUYHBIX MOTPEIIHOCTIX U3MEpPEHUs] EVM W IIYMOBOW TeMIEpaType
yewurensi, paBHod 290 K. CTouT OTMETUTH CHJIBHYIO 3aBUCHMOCTH HICHTU(PHUKALUU
¢$a30BOro M aMIUIUTYIHOTO pa3daliaHca OT 3aKJIaJbIBAEMON B METOAMKY MOTPEHTHOCTU
u3MepeHus. TakKe BaXXHBIM MOMEHTOM SBJSIETCA TO, YTO, HECMOTPS HAa TPOMO3IKYIO
3alUCh JIOTUYECKUX BBIPAKECHHM, OMUCHIBAIOIIUX KPUTEPUHU PACIIO3HABAHUS MCKAXKECHUM,
OHM MOTYT OBITh JAKOHUYHO U 3(PPEKTHUBHO pPEaqTn30BaHbl MPU MOMOIIU OOJBITUHCTBA
COBPEMEHHBIX S3bIKOB IPOTPAMMUPOBAHUS.

BroAHan PasbanaHc PasbanaHc Cmewerne
Mou:nl-;cw, das, ° aMnanTyA, Cf(izzﬂbl:‘;,
24,0 + 95 + 0,054 0,95+
15,9 1 90 T 0,10 T 0,90+
10,5 T 8 T 0,15T 0,85+
7,96 T 80 + 0,20+ 0,80+
6,00 T 75 1 0,25+ 0,75+
3,98 + 70 + 0,30 + 0,70 4
3,00 T 65 + 0,35t 0,654
2,00 T 60 T 0,40 + 0,60 +
1,50 T 55 T 0,45 1 0,55+
1,00 + 50 + 0,50 + 0,50 +
075 T 45 1 0,55 1 0,45+
0,50 T 40 T 0,60 T 0,40 4+
0,30 T
0,25 T
0,19 T
0,13 T
0,10 T
0,06 T
0,03 T
He mMHeiHoe dazosblit AMMAMTYIHBI  CMelleHune
UCKaKEHME pasbanaHc pasbanaHc CUFHaNIbHOTO
KBaapaTyp KBaapatyp co3Be3aunsa

Pucynok 9 - Ilmarpamma padounx odsiacreii KpurepueB HICHTHPUKALUYN UCKAKEHUI

[Ipennoxxena meroauka UACHTU(GUKAIIMA UCKAKCHHUS Ha BBIXOJIC MEpeIaTyuKa Mpu
aHanuse paavocurHaia ¢ moxyisanuein QAM-16, B oCHOBE KOTOPOM JIEKUT BBIYHCICHUE
BEKTOpa OMHOOK.

[IpuBeneHbI KpUTEPUHU UACHTU(DHUKAIINY JJISI OCHOBHBIX THUIIOB UCKAYKEHUM.

[IpoBeeHO  KOMILJIEKCHOE  MOJEIUpOBaHWE U OleHKa 3G (PEKTUBHOCTH
NPEJIOKEHHOW  CHUCTEMBbI, B  pe3yJbTaTeé Yero BbISBICHA  YYBCTBUTEIHLHOCTH
MPEJIOKEHHOW METOJIUKU K TOYHOCTH U3MEPEHUS BEKTOPA OLITUOKH.
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['panunia cpaGaTeiBaHUSI ONPENESAECTCS BBOAUMBIM B HETO TOPOTOM pa3pelieHus: A.
VY cTaHOBIEHO, YTO MPU CHUKEHUU 3TOTO MOpora HaubOoJjbllee yXyAIICHUE MOoKa3aTesen
paboThl METOAMKM HAOMIOJaeTcss Mpu UJAeHTU(UKAUU (PA30BOTO W aAMIUIUTYAHOIO
paz0bananca. ToOYHOCTP HACHTUPUKAUMUKA HEIMHEHMHOTO UCKAKEHUS CUTHAIBHOIO
CO3BE3/IUSI W CMELICHUS CHUTHAJbHOIO CO3BE3[UsA IPOJEMOHCTPUPOBAIA MEHBIIYIO
3aBUCHUMOCTB OT IOPOTa TOYHOCTH.

OCHOBHBIE PE3YJIBTATHI PABOTDI

Ha ocHOBaHuM NpOBENCHHBIX HCCIEIOBAHUM B pabdOTe MOJYYEHBI CIEAYIONINE
OCHOBHBIE PE3YJIbTATHI:

1 PazpaboTan airoput™m JETEKTUPOBAHUS U KOMIIEHCAIIUA UCKAKEHUSI CUTHAIBHOTO
co3Be3aus ¢ moayisinuerr BPSK, Gaszupyrommiicss Ha OCHOBE aHaJIM3a BEKTOpa OMMOOK U
CTATUCTUYCCKUX  TIOKa3aTeJie  CHUCTEMBI  Tepemadd  mupoBod  HWHPOPMAIIHH.
[IpeninoxkeHHblid aNrOPUTM TMO3BOJISIET PA3JIUYUTh BIUSHHE HA IMOMEXOYCTOMYHUBOCTH
TEJIEKOMMYHUKAITMOHHON CUCTEMBI UCKA)KEHUSI CUTHAJIBHOTO CO3BE3NIHSI OT BO3JIECUCTBUS
ABI'Il.  JlanHBIi  anropuT™M  OOECIEUHMBAET  TOBBIIMICHHUE TMOMEXOYCTONYHUBOCTH
TEJIEKOMMYHUKAIIMOHHON cuctembl 10 1,3 n1b. YcraHoBieHo, 4to o007acTh pabOTHI
aIropuT™Ma, B KOTOPOM BHOCATCS YJIy4IlI€HUs, orpaHudyeHa cBepxy 3HaueHuem OCIII,
paBHbIM 11 1b (MOPOrOBBIM 3HAYEHHEM, OIpPEACNISIEMbIM TPeOOBAHUAMH K OIIHOKE B
kaHaie nepeaaun), cHuzy — OCII, paBueiM 6 nb (rpanuineii pa®oThl KpuUTepus
UJEHTU(PUKAIIMU CO3BE3/Ms), ClieBa — MPEAEIbHOM KPUBOUM Il BHIOPAHHOW BEJIMYMHBI
Kajapa.

2 Pa3paboraHa MeTOAWKA, JCHCTBYIOIIAss HAa OCHOBE KOMIUIEKCHOM OIICHKH
KauecTBa KaHajla Tmepeauyd HHGOpPMAMU W TIO3BOJIAIONIUMN ONPENeNaTh Haluyue
UCKOKEHUH U uaeHTU(UIHUpoBaTh uX Tl B mupokom auamnazoHe OCI ¢ 3amanHOU
BEPOSTHOCTBIO, UTO TMO3BOJISIET TMOBBICUTh CTENEHb AaBTOMAaTHU3allUM  IpoIlecca
TECTUPOBAHUSl  PaJUOdIEKTPOHHOro  obopynoBanus. HMnentudukauusa  (da3oBoro
pazbaranca Bo3MokHA mpu ero BeiauwumHe Oosiee 10° m OCI Gonee 6 nb. B ycrmoBusix
aMIUTUTYJTHOTO pasz0ajiaHca HAOTIOAI0TCS CXOXKHE pe3yJbTaThl, 32 UCKIIOUCHUEM Ooliee
BbicOkUX oTHomeHudt OCHI — okono 11-12 nb, npu manbix BenuunMHax pazbanaHca.
JlanHOe sBJICHUE OOBICHSACTCS BBICOKOH IMOMEXOYCTOMUMBOCTBIO PAJAMOCHTHANIA C
Moayisiuueit QPSK.

[IpennoxkeHHass MeToAMKa 00JIa/1aeT BHICOKOW COBMECTUMOCTBIO C COBPEMEHHBIMU
WU3MEPUTEIBHBIMU MPUOOpPaMHU, 4YTO TIO3BOJISIET OCYIIECTBUTH €ro BHEJAPEHUE B
MIPOU3BOJICTBO 0€3 JOMOJHUTEIBHBIX 3aTparT.

3 PazpaboTana mMeToaMKa, OCHOBaHHAs Ha aHaJIM3€ TMOBEJCHUSI BEKTOpa OIIMOOK,
MO3BOJISIONIAS HE TOJIBKO OLICHUTh Kaue€CTBO U3JIy4aeMOro MepelaTuukoM paJuoCUTHaA,
HO W WACHTU(MUIMPOBAThL THUI HUCKAKEHUS, BO3JCHCTBYIOIIETO Ha pPagUOCUTHAI C
moxayisiuuen QAM-16. Meroanka oOecriedyMBaeT BO3MOXKHOCTh pa3iauyvarh (Pa3zoBblil U
aMIUTUTYAHBIM THUIIBI paz0ajiaHca KBaApaTyp, CMEIICHUE CUTHAJIBHOTO CO3BE3NIUSI U €ro
HEJIMHEHHOE UCKaXKEHHUE TIPU UX BETUYHHE OT OoJiee 4yem 5°, OTHOIIEHUHW KBaapaTyp Oosee
0,95 u cmemennn 6onee 0,05 oT KBagpaTypHOI/CHH(pA3HON COCTABISIONIEH CHMBOJA
CO3BE3Us1 C MUHUMAJIbHOW SHEPTUEH.

4 ITpensioxkeHa METONMKA CO3JaHUS MOJIENIEH paJruO’IEKTPOHHBIX YCTPONCTB B
cpene Matlab Simulink, koTopple MakcHMal bHO TOYHO COOTBETCTBYIOT IapaMeTpam
YCHJIMTEILHOTO MOJYJIs, BRBIOPAHHOTO pa3pabOTUYUKOM, U TIO3BOJISIIOT OIICHUTh BHOCHMBIC
HEJINHEWNHBIC HCKAXKEHUS.
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