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AKTYaJIbHOCTh Hay4YHO-KBaju(pukanuoHHoi padorsl (HKP). Baxubim
BOIIPOCOM, BO3HHUKAIOUIUM TIpU pa3pabOTKe U SKCIUIyaTalldd CHUCTEM CBSI3H,
ABigeTcsl o0OecrieueHue TpedyeMon JTOCTOBEPHOCTU IepeaaBaeMod HHQpOpMaluu
C YUETOM pEAJIbHBIX YCJIOBUU JKCIUTyaTaluHu. B CBSI3M C 3THUM HA IEpPBBIN ILUIAH
BBIXOJIUT MPOOJIeMa YCTAaHOBIICHUS U MOJICPKAHUS CUHXPOHU3AIMH B TPUEMHUKAX
CUCTEM CBSI3U JJ11 00€CIeUEHUs ONITUMAIIBHBIX METO10B 00pa0OTKH, MO3BOJISIOIINX
peanu3oBaTh  MAaKCUMAJIBHYIO  IIOMEXOYCTOMYMBOCTH  IIpUEMAa  CUT'HAJIOB.
[IppunHamMu, ONpENEHAIMMMU JHEPTETUUYECKUE TOTEPU B KaHAJaX CBSI3H,
ABIIAIOTCS: HEONTUMAJIBHOCTh METOJOB MpueMa U 00paOOTKH CHUTHAJIOB,
HECOBEPIIEHCTBO  TEXHUYECKOW  pealv3alMd  CPEICTB  CBSI3U, IOTEpHU
IIPU paclpOCTPAHEHUH AJNEKTPOMArHUTHBIX BOIH (DMB) B mpocTpaHCTBE, HAIUYUE
IIOMEX B KaHajue CBA3M M T.A. M3 Bcero KomIiuiekca IPUYUH, BIMAIOIIMX
Ha JIOCTOBEPHOCTh IMpueMa uHGOpMalMM B KaHajgaxX CBs3dM, 0C000 ciemyer
BBIJICIIUTH MOTEPH, BO3HUKAIOIIME NpU pacnpocTpaneHnu OMB. Yka3zanHblid THIT
noTepb OOYCJIOBIIEH MHOroOOpa3ueM NyTel W CIydyailHOH HEOJHOPOJIHOCTHIO
ANEKTPODU3NUECKUX CBOWCTB Cpeiabl pacnpocTpaneHus OMB u mposBiasercs
B (hopMe 3amupaHuil (MHTEpPEPEHIINOHHBIX, MOIIPU3AUOHHBIX U APYTUX). Takum
00pa3oM, OJHUM K3 BO3MOXKHBIX IyTeH OOecrneueHus: BBICOKOM JOCTOBEPHOCTH
npuemMa mnepenaBaeMord MHGOpPMAIUU SABISETCS YCTPAHEHHWE HHEPreTUYECKHUX
oTepb, OOYCIIOBICHHBIX HECOOTBETCTBHEM MOJSPU3AIMOHHBIX XapaKTEPUCTHK
npuHuMaemMoil OMB  u  anTeHHbl. Ciy4allHbIl  XapakTep U3MEHEHUU
NOJIAPU3ALIMOHHON CTPYKTYphl DMB B KaHasiax cBs3M TpeOyeT peanu3alun CUCTEM
CUHXPOHM3allUM, TO €CTb JUHAMUYECKMX CHUCTEM C  YIPaBIAEMBIMU
NOJISIPU3AalIMOHHBIMY TIapaMeTpaMy MPUHUMAEMBIX M NEPEJAIOLIIMX AHTEHH —
CUCTEMBI MOJIsIpU3alMoHHO-BpeMeHHoi 00paboTku (CIIBO). AxryansHocte HKP
ompeAenseTcss TEM, 4YTO OHa HAamIpaBlieHAa HAa pPELICHHWE 3aJayd IOBBILICHUS
MOMEXOYCTOMYMBOCTU CUCTEM IMepeAauyd HHQPOpPMalHUHU 32 CYET HMCIOJb30BaHUS
cucteM cunxponuzanuu (CC) onTUMalnbHBIX NPUEMHHUKOB C BpPEMEHHOU U

nossipu3anronHo-BpemenHo# (ITBO) o6paboTkol curHaioB.



O0bexkTOM HCCIe0BaHUsA SBISIIOTCS cucTeMbl cuHxpoHuzanuu (CC)
ONTUMAJbHBIX MPUEMHUKOB C BpPEMEHHOM M MOJSPU3ALUOHHO-BPEMEHHOM
00pabOTKOM CUTHAJIOB.

IIpeamer ucciaegoBanus — anroput™bl CC NpHEMHUKOB C BPEMEHHOH U
MOJIAPU3AIIMIOHHO-BPEMEHHO 00pabOTKON CUTHAJIOB.

Heabio padoTtsl sBisieTcs pa3paboTka u uccienoBanue CC onTUMAabHBIX
MPUEMHHUKOB MEPCHEKTUBHBIX BUJIOB CUTHAJIOB B Pa3IMYHBIX YCJIOBUAX
IKCILTyaTalH.

ITocTaBieHHasi HeJb JAOCTHraeTCs pelIeHueM CJeJIYHIIMX OCHOBHBIX
3ajgau:

1) BpiOOp CHUTHAJIOB JJIsi MPOBEACHMS IOCICIYIOIIEr0 aHajau3a C IEJIbIo
OIIPEEJICHNs] U3 HUX HanOoJiee MEePCIEKTUBHBIX MTPU MCIOJIb30BAHUM B CUCTEMAX
nepenayu uHGoOpMaIiu.

2) Cunte3 cTpykTypHbIX cxeM CC ONTHMaNbHBIX MPHEMHUKOB CUTHAJIOB
C YETHIPEXIMO3UIIUOHHON  ¢dazoBoit  Manumyssiiuedn (OM-4), MUHUMATBEHON
yacToTHOM Manunymsnuet (MUM) u  nonsipuzalluOHHO-MaHUIYJIMPOBAHHBIX
C HEMPEPHIBHBIM U3MEHEHUEM MapaMeTpoB nojsipuszanuu ([IMH).

3) AHain3 TOYHOCTHBIX XapakTepucTHK CC ONTUMAaIbHBIX MPUEMHHKOB
curHanoB ®M-4, MUM u [IMH B pexxume cnexeHus.

4) OreHKa MOMEXOYCTOWYMBOCTH MPUEMHHKOB curHaioB ®M-4, MUM u
[IMH:

— TpU HEUJeaJbHOM CHHXpPOHM3AIMU 10 (¢aze HECyIero KojaeOaHus
MPUHUMAEMBIX CUTHAJIOB (CHHXPOHHBIN MPUEM);

— [IpY HEUJeaIbHOW CHHXPOHM3AIMH 110 BPEMEHHOH 3a/IepKKe MPUHUMAEMbIX
CUTHAJIOB (KOT€PEHTHBIN MPUEM);

— TpU HEWJeaJbHOM CHHXpOHHM3alMU MO ¢aze HeCcylero KojieOaHus u
BPEMEHHOU 3aJIep’KKE MPUHUMAEMbIX CUTHAJIOB.

5) CpaBHuTenpHBIM aHANKW3 BIWSHUSA HeuaeanbHOCTH pabdorel CC

Ha MOMEXO0YCTOMYMBOCTh Tpuema curiainoB ®M-4, MUM u [IMH.



6) Anamu3 xapakrepuctuk CC npuemanka MUM u [IMH B pexxume moncka
U 3aXBara.

7) Cunte3 ctpyktypHbix cxeM CC mpu I[IBO curnanos I[IM mns citydaes
M3MEHEHHUs TTapaMeTpoB nojsipuzaiuu OMB: yrina opueHTanuu npu mMOCTOSTHHOM
3HAYEHUU YIJa SJUIMNTUYHOCTH; yIJia SJUIMOTUYHOCTH MPU MOCTOSIHHOM 3HAYEHUH
yTIJIa OPUEHTALIAH.

8) Ormenka moMexoycToWunBOCTH mpuema [IM curHaioB B ciydae HX
KBa3MKOT'€PEHTHOTO MPHUEMa U HEUJECAIBbHOCTH MOJISIPU3ALIMOHHOTO COTJIACOBAHUS
OMB ¢ aHTE€HHOU CUCTEMOM.

MeTtoabi HCCJIeIOBAHHUS. [TocraBneHHsbIe 3a/1auu pemaroTcs
C UCIIOJIb30BAHUEM METOJIOB TEOPUH BEPOSATHOCTEW U MATEMATUYECKOU CTATUCTHKH,
CTaTUCTUYECKOM TEOPUU PATUOTEXHUUYECKUX YCTPOMCTB, TEOPUU METOJ0B
ONTUMAJIbHON HENWHEHWHON (UIbTpallMd MapKOBCKUX IPOLIECCOB, TEOPHUH
CIIy4YalHBIX IPOLIECCOB, BBIYMCIUTENBHOM MATEMATHKHA, MAaTEMaTUYECKOTO
MOJIETIMPOBAHUSA PATMOTEXHUUECKUX CUCTEM.

Hay4ynast HoBM3HA pa00ThI COCTOMT B TOM, YTO B Hel BIIepBbIe: [TPOBEJICH
cuHTe3 CTpYKTypHbIX cxeM CC ontumanbHbix npuemMHukoB [IMH curnanos;
MOJIyY€Hbl TOYHOCTHBIE XapaKTEPUCTUKU cuHTe3upoBaHHbIXx CC (MUM u IIMH) u
NPOBEAEH HX CPAaBHUTEIBHBIX AHAIM3: OLEHKAa IOMEXOYCTOMYHMBOCTH U
CPaBHUTEJbHbBIN aHaln3 BIIASIHUS HEHJICATbHOCTH paboThI CC
Ha [IOMEXOYCTOMYMBOCTL npuema curHaioB MUM wu IIMH; npusenens
XapaKTePUCTHUKHU CphIBA CIIeKEeHUs 3a (pa3oit moseznoro curnaina B CC mpueMHHUKOB
MUM wu IIMH; cunresupoBanbl CC ctpykrypHbix cxem [IBO IIM curnanos
C UCIIOJIb30BAHUEM TE€OMETPUUYECKUX NapaMeTpoB dJuIMIca nojspuzanuu OMB;
MOJIyYE€Hbl TOYHOCTHBIE XapakTepucTuku cuHTesupoBanHeix CC nns [IBO
CUTHAJIOB;, MPOBEJACHA OLEHKAa IoMexoycronuuBoctu npuema I[IM curnanos
CUHTE3UPOBAaHHBIMM  TPUEMHUKAMH  TIPU  HEUJCAIBHOM  COTJIACOBAaHUHU
npuHuMmaemoit OMB ¢ aHTeHHOH, a TakKe CHHXpOHM3alUUHU MO (pa3ze Hecyliero

KoJIcOaHus.



IpakTnyeckas 3HauumMoctb HKP cocrouT B cienyromem:

1) Paccmotpennbie MeToabl noctpoeHuss CC MPUEMHUKOB U MPOBEACHHBIM
CUHTE3 TO3BOJISIIOT BbIOpaTh Hawinyullyro crpyktypy CC  onTuManbHBIX
NpueMHUKOB curHajioB ®M-4, MUM u [IMH; nHaliTu onTuMaibHbIE 3HAYCHUS
napaMeTpoB  CHUHTE3UPOBAHHBIX  NPUEMHUKOB;  OINPEAEIUTh  TOYHOCTHBIE
xapaktepucTuku CC ¢ y4eTOM CTaTUCTUYECKUX XapaKTEPUCTUK KaHaja CBS3H, YTO
ABJISIETCS HEOOXOIUMBIM JIJIs1 YU€Ta pEeaIbHBIX YCIOBUHM HKCILTyaTallUH.

2) [TomyueHHBIE Pe3yNIbTATHI IO OIICHKE MIOMEXO0YCTOWYMBOCTH TIPUEMHHUKOB
curHanos ®M-4, MUM u [IMH B ycnoBuAX HEMACANbHOCTH CHHXPOHHU3ALMHU
no ga3ze Hecymero KosieOaHus, BPEMEHHOW 3aJepKKE M TMOJISIPU3AUOHHBIX
napamMeTpoB MPUHUMAEMBIX CUTHAJIOB MO3BOJISIOT 000OCHOBAHHO CPOPMYIHPOBATH
TpeOOBaHMsI, TPEABABISIEMbIE K TMOMEXOYCTOWYMBOCTH PAJAUOIMHUN CBS3H,
paboTaIIKX B PA3IUYHBIX YCIOBUSX SKCIUTyaTallUU.

3) PesynbraThl CpaBHUTENBHOTO aHATN3a BIUSHHUS HEHICATLHOCTH PaOOTHI
CC Ha nmoMexoycTOMUHUBOCTh npuema curaioB ®M-4, MUM u I[IMH no3Bosstor
BbIOpATh CUTHAJ, 00JIaJal0lMii HAMMEHbBIIEH YyBCTBUTEIBHOCTBIO XapaKTEPUCTHK
MTOMEX0YCTOWYMUBOCTH TIPUEMa K OIMMMOKaM CHHXPOHU3AIUH.

Ha 3ammTy BBIHOCATCH  TEOPETUYECKOE U AKCIEPUMEHTAIBHOE
000CHOBaHUE 11€71€CO00PA3HOCTH HCIOIb30BAHUSI CUHTE3UPOBAHHBIX aJTOPUTMOB
CC B npuemnHukax curaanoB MUM u I[TIMH.

Pesyabtarel HKP wucnoas3oBanst B MUHUP: MITY T'A Ne06-15
«IToMexX0yCTONYMBBIN TPUEM MOJSPUZALUOHHO-MAHUITYJIUPOBAHHBIX CUTHAJIOB
C HEMPEPHIBHBIM U3MEHEHUEM napaMeTpoB NOJISIPU3ALINIY; Ne(5-21
«ITonapr3allnOHHO-MaHUITYJIMPOBAHHBIE CUTHAJIBI U METOABI UX MOJISIPU3ALMOHHO-
BPEMEHHOU 00pabOTKI.

OcHoBable motokeHUs: HKP  pokmagpiBaimch W 0OCYXJaJIMUCh  HA:
X MexayHaponHOH  HAy4YHO-IIPAKTUYECKOM  KOH(pepeHUuu  «AKTyalbHbIE
poOIeMBbI M TIEPCIEKTUBHI Tpaxkaanckoi aBuarmmu — 2021» (r. Upkytck, 2021 r.);
XIV  Bcepoccuiickoii  Hay4YHO-IPAKTUYECKOM KOH(PEPEHIIMU CTYyACHTOB H

ACIIUPAHTOB «AKTyaJ'IBHI:Ie HpO6H€MBI Pa3BUTHA aBHaHHOHHOﬁ TCXHUKH U MCTOO0B
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ee skcruryarauuu - 2021» (r. Upkyrck, 2021 r.); XV Bcepoccuilckoil Hay4HO-
IPAKTUYECKON KOH(EPEHLUH CTYACHTOB U aCHUPAHTOB «AKTyallbHbIE MPOOJIEMBI
Pa3BUTHS aBUAIIMOHHON TEXHUKH U METOJIOB €€ 3KcruryaTauuu — 2022 (1. UpKyTcK,
2022 r.); MexayHapoIHON HAy4YHO-TEXHMYECKOW KOH(EPEHIINH, MOCBSIICHHON
100-neTturo oTeuecTBEHHOM TrpakaaHCKOW aBuaumu «['paxkiaHckas aBHalMs Ha
COBPEMEHHOM dTare pa3BUTHS HAyKU, TEXHUKHU U oOmiecTBay (r. Mocksa, 2023 r.).

ITo matepuanam HKP omyGnukoBano 13 pabor.

PaboTa cocTouT U3 BBEIEHUS, IATH Pa3JIEIOB, 3aKIIOUCHUS.

B nepBoMm pa3snese padotrbl «CHHTE3 CUCTEM CUHXPOHU3ALUH ONITUMAJIbHBIX
OPUEMHUKOB C BpPEMEHHOM 00paOOTKONM  CHUTHAJIOB» Uil  alpUOPHBIX
CTaTUCTHUYECKUX XapaKTEPUCTUK KaHala CBSI3M M MOMEX, XapakTepHbix s MB
JIMana3oHa, CUHTE3UPYOTCs CTPYKTypHbIE cxeMbl CC ONTHUMaJIbHBIX TPUEMHUKOB.
OnenuBaroTcs arloCTEpUOPHBIE OUCIIEPCUH OLIMO0K ¢unbTpanumn
CUHXpPONApaMeTPOB IPUHUMAEMBIX CUTHAJIOB (TOYHOCTHBIE XapaKTEPHUCTHKH)
cuHTe3npoBaHHblX CC  ONTUManbHBIX NPUEMHUKOB M  IMPOBOJUTCA  HUX
CpPaBHUTEJIbHBIN aHAIH3.

N3BecTHO, YTO MOTEHUUAIBHYI0 MOMEXOYCTOMYMBOCTH MOXHO IOJYYHTh
IIPU IPUEME CHUTHAJIOB C IOJIHOCTBIO M3BECTHBIMM IapameTpaMmH. B peanbHOM
KaHaJle CBS3M TNPUHUMAEMbI CUTHAJ HENb3d CUYUTATh IOJHOCTHIO HM3BECTHBIM
BCJIEACTBUE HEOJHOPOJHOCTH CpEIbl paclpOCTPAHEHHs, HaJU4Ms IOMEX,
HECTAaOMJIBHOCTU XapaKTePUCTUK MepelaTYMKa U TPUEeMHUKA.

B pe3ynbrare Hanuuus MyJIbTHUIUIMKATUBHBIX MTOMEX MEPEAABAEMbIl CUTHAT
Ha IPUEMHOM CTOPOHE KaHaja CBSI3M OKa3bIBAETCS CHUTHAJIOM CO CIy4alHBIMU
napamMeTpaMM, IPUYEM B OCHOBHOM CO CIy4YalHBIMH CHHXpOIIapaMeTpamu.
CrnenoBaresibHO, IOCTPOEHUE ONTHUMAJIBHOTO MPUEMHHKA, OOECIEUMBAIOIIETO
B JJAHHBIX YCIIOBHUSX ONTUMAIbHYI0 NPOLEAYPY PpELIEHUS OTHOCHUTEJIBHO
MH(OPMAIIMOHHOIO MapaMeTpa, CBsI3aHO ¢ mocTpoeHueM ontumaibHoi CC.

Jnsa cunreza CC ONTUMAIBHBIX NPUEMHUKOB NPUMEHSAETCS MapKOBCKas
TEOpHUsl ONTUMAIBbHON HeMMHENHON QuuibTpauuu. Ilpu pemenun 3anauu cuHTE3a

YUUTBIBAETCSI, 4TO MOJe3HbIi curHan S(f) sBisieTcs AMCKPETHO-HENPEPHIBHBIM
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CIIy4ailHbIM MPOIECCOM, KOTOPBIN 3aBUCUT KaK OT AMCKpETHOro mapamerpa 6(t),
TaK M OT BEKTOpa HenpepbiBHbIX mapamerpoB A(t). Ilapamerp O(t) sBusercs

UHPOPMAITMOHHBIM, a A(t) — cTOXaCTHYECKHM BEKTOPOM, KOMIIOHEHTaMH KOTOPOT'O
SBJISIFOTCSI COOTBETCTBYIOIIME CHHXPOIAapaMeTPhl CUTHAIIA.

B 3agauax QuubTpanMu MOIIHBIM METOJOM IOJYUYCHHUS NPAKTHYCCKU
pealn3yeMbIX aJTOPUTMOB SIBIISICTCS TayCCOBCKOE MpuOmkeHne. OCHOBHAS HIes
METO/Ia TayCCOBCKOTO MPHOJMKEHHS (TayCCOBCKOW aIMpPOKCUMAIIMKA) COCTOMT
B IIPE/IIIOJIOKEHUH O HOPMAJIBLHOCTH allOCTEPUOPHON IIJIOTHOCTH BEPOSTHOCTH
W(t,A) mHenrpepriBHOTO TTapameTrpa A(t). OnTUMaNbHBIN MPUEMHUK JTOJDKEH CIICAUTD
32 MaKCHMyMOM arlOCTEPHOPHOM IUIOTHOCTH BEPOSATHOCTH (PHIBTPYEMOIO
mapaMerpa, 4YTO IPU TayCCOBCKOW aIMPOKCHMAIIMHM O3HAa4YaeT (HIbTPALHIO
B COOTBETCTBHUH C KPUTEPHEM MUHHUMYyMa CPEIHETO KBajpaTa OIHOKH.

[Tpy mpUMEHEHHH METOJIa TayCCOBCKOW alpPOKCUMAIIUU K PEIICHHUIO 3a1a4
GWIbTpalil  JUCKPETHO-HETIPEPHIBHBIX ~ TPOIIECCOB  HUCIOJB3YyeTCsl  JBa

IpeACTaBICHHUs CMEIIAHHOM arnocTepuopHOil mIoTHOCTH BepositTHocTu P(t,6,A).

PaGouum npecTaBieHUEM SBISETCS aAITOPUTM (PHIIbTpALIUN
P(t.6,A)=W(t,A)P(t,6 | A), 1)

rae P(t,6 | A) — anoctepropHas BEpOsSTHOCTb €, mpu (HUKCUPOBAHHOM 3HAYECHUU

HenpepbiBHOTO mapamerpa A(t).

OnrumanbHOE YCTPOMCTBO Ui COBMECTHOM (HIBTPALMU JTUCKPETHOTO
UH()OPMAIIMOHHOTO MMapaMeTpa MW CHHXPOMApaMEeTPOB MPUHHUMAEMOI0 CHTHAja
COJICPKUT PEIIAIOIIYIO CXEMY, CTPYKTYpa KOTOPO#i OnpeiessieTcs: BhipakeHueM (2),

U cxemy (puibTpalu cuHXponapamMeTpoB npuHumaemoro curaana CC (3):

0" (k) = maxc™ T F@',0,N)dt+InP(t,_,...6 | N) ¢, (2
o(F(t,A"))
=a (A")+ ZK T (3)



JUiss  monydeHuss OLIEHKM  HENPEPBIBHOIO  IapamMeTpa HE0O0XOAUMO
UCIIOIB30BaTh METOJ, TayCCOBCKOM aIlIIPOKCHUMAalUU, IIO3BOJIAIOLIEH IIEpEeUTH

OT ypaBHeHMs s IwioTtHoctd  BepostHoctH W (t,A)  mapamerpa  A(t)
K TIPUOIKEHHBIM COOTHONIEHUSM IS MATeMaTH4eckoro oxumanus A (t) w

JUTSL BTOPBIX LICHTPAJIbHBIX MOMEHTOB K ; ammpOKCHMHPYOLIEro rayCCOBCKOIO

pacnpenenenus. [lpu ¢unbTpanum cUHXponmapaMeTpoB MPUHUMAEMOIO CHTHaja
UCIIOJIB3YETCSl pElIEHUWE O 3HAYCHUM JHUCKPETHOrO IapaMerpa, IPUHATOE
Ha [IPEABIAYIIEM TAaKTOBOM MHTEPBAJE, HUCIIONb3Yys OLEHKY CHUHXPOIIApaMETpPOB
IPUHUMAEMOr0 CHrHajga Ha IpeablAyIeM TAaKTOBOM HHTepBaje. Takoro Ttumna
YCTPOMCTBA OTHOCATCS K KIJIACCY YCTPOUCTB ¢ 0OpaTHOM CBA3BIO MO PEUICHUIO.

ITpu pemennn 3agauu cuaTe3a CC oNTUMaNIBHOIO IPUEMHHUKA C BPEMEHHOM
00paboTKON curHasoB OyneM IMosaraTh, YTO AMCKPETHBIM HHQOPMAIMOHHBIHI

napameTp 6(t) U BEKTOp HENpPephIBHBIX mapamMeTpoB A(t) HE3aBHCHMBI.

Komnonentamu BekTopa A(t) SBISIOTCS B3aMMOHE3aBUCHUMBbBIC —CIIy4yaliHbIC
IPOLECCHI, OMPEIEISIONINE CIYYaHYI0 COCTABISIONIYIO (ha3bl BBICOKOYACTOTHOTO
curtana ¢(t) 1 BpeMeHHYIO 3a1epxKKy 7(t) .
PacnipocTpaneHHON MOIENBIO AJ1s1 HEIPEPBHIBHBIX CIIYYaWHBIX NPOLIECCOB ¢(t)
u 7(t), ABIAETCS CHCTeMa CTOXAacTHUECKUX MU PepeHInaTbHBIX YPaBHEHUN:
¢= (a)_ a)o)"' n,(t),
o=—a(o—a)+n,(t),
£=(Q-Q)+n.(),

Q:—]/(Q—QO)-I-I’]Q('[),

rue @, =M [a)(t)], Q=M [Q(t)]

(4)

OnTtuManbHble (IO KPUTEPUI0 MUHUMYyMa IOJTHOW BEPOSITHOCTU OLIMOKH)

pemienne o auckpeTHom mnapamerpe O(t) mnpuHHMaeTcs B KOHIE HHTEpBaia

HaAO0JIIOICHMS 110 MTPABUITY MAaKCUMAJIbHOM allOCTEPUOPHOI BEPOSITHOCTH, HALIPUMED,

g DM-4 u MUM



@n+)T+c" >
sh{ j Q{t,f*,(p*}dt} _ o (5)

2n-)T+7"

[IpyuHuMas BO BHUMaHHE alpUOpHBbIE cBeACHMS (4) M ucXonad U3 00IIeH

3amucu  ypaBHeHuUW unbTparuu  (3), ToidydaeMm anropuT™M  (QUIBTpaIuu

CUHXpONapaMeTpOB MPUHUMAEMOT0 CUTHAJIA

¢ =(0" -a,)+K,, 8<F(;’;:1¢*)>,

o =-a(w - o)+ KW5<F<;,;;¢*)>’

C=(Q-Q)+ K,T@<F<g?<o*>>’ ©)
Q=7 (@ -Q) KQ98<F(;’::'<”*>>.

CxeMa onTHMMajabHOTO IMpUCMHUKA C BpCMeHHOfI O6pa6OTKOfI CHUTHAJIOB,
IMOCTPOCHHAA B COOTBCTCTBHH C aJITOPUTMOM OLCHKH JHCKPCTHBIX IIapaMCTpPOB

6,;(5) w ypaBHeHHAMM (UIBTPAMM CHHXPONAPAMETPOB  IPUHUMAEMOTO

* *
CUrHajla 7 1 ¢ , IpUBCJACHA Ha PUCYHKC 1.
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Pucynox 1 — IIpuemHuk ¢ BpeMeHHO# 00pabOTKON CUTHAJIOB



[IpueMHUK COCTOMT M3 CXEMbl OLEHKH IJUCKPETHBIX MMapaMETPOB CUTHAJIA
(COJII), obecneunBatomeld onTuMHU3anuo mnpoueaypsl pemenus, u CC,
BKJIIOUAKOIIEeH cxemy ¢a3zoBoil aBTomoAcTporku dyactoThl (DAIIY) u cxemy
ciexxenus 3a 3aaepxkkon (CC3). Cxembr ®AIIY u CC3 obpasyror equnyio CC,
BBUJy HaJM4us IEPEKPECTHBIX CBSA3EH C BBIX0/1a OHOM Ha Bxo Apyroil. Kak cxema
OAIMY, tak u CC3 uMeIOT AByXKAaHAIBHYIO CTPYKTypy. Takoe moctpoenne CC
MO3BOJISIET HCIIOJNB30BaTh JHEPrui0 Kak CHUH(A3HOW, TaK W KBaJApaTypHOUH
COCTAaBJIAIONIMX CUTHAla U 00ECIEYUBAET TEM CaMbIM MaKCHUMAaJbHOE OTHOIICHHUE
CUTHAJ/IIYM B MeTie cuHXpoHuzauuu. CHaTHe Manunyjsiuuu B Kanaiax CC
OCYIIECTBIISIETCS] TOCPEJCTBOM OOPATHOM CBSI3U IO PEIICHUIO Yepe3 HEIMHEHHOCTh

tuna th(x), KoTopas Ha NOpaKTUKE peanu3yercss B BUIE YCUWINTENA

c orpannuuteneM. OOpatHas cBs3p no pemenuto k cxeme DAY u CC3
HKBHUBAJICHTHA KCIOJIb30BaHUIO B quckpumuHaropax CC mnpopmanuu o $ha3oBoit

CTPYKTYp€ CUTHaJIa B BUJIC allOCTEPUOPHOMN INIOTHOCTH BEPOSITHOCTH JUCKPETHOTO
napameTpa 6 = {¢9i 0, } .
CC dopmupyet ornopabic ®M-4 cHrHAIBI IS CXEMBI OIICHKH JTHCKPETHOTO

napaMerpa 6’(t)={9I 1).6, (t)}, o0ecnieunBasl TEM CaMbIM KOTEPEHTHBIM WU

CUHXPOHHBIA BO BpEMEHHU ITPUEM CUTHANIOB. Cl1e10BaTENBHO, TIOMEX0YCTOMUYNBOCTh
ONTUMAJIBHOTO MTPUEMHHKA OyAeT 3aBUCETh OT KauecTBa pabotsl CC, TO ecTh OT ee
TOYHOCTHBIX XapaKTEPUCTHUK.

TouHnocTHble xapakTepucTuku padoTel CC, KOTOpbIE ONPEENSIOTCS
allOCTEPUOPHBIMHA  JTUCIIEPCUSIMUA  OLIEHKHM CHUHXPONApPAMETPOB MPUHUMAEMOTO

curHana ¢(t) u z(t), MOryT OBITh HaWJIEHbl HAa OCHOBE PEIICHUS CUCTEMBbI

YpPaBHEHHM Il SJIEMEHTOB KOBApHAIlMOHHOW MAaTPHIlhl alMpPOKCUMUPYIOIIETO
rayCCOBCKOI'0O paclpeeeHHUs.

Curnansl ¢ MUHUMAJIbHOW YacTOTHOM Manunynanuert (MUM) obGnanator
PSAIOM TIPEUMYIIECTB MO CPaBHEHHUIO ¢ cUrHaioM PM-4, OCHOBHBIM U3 KOTOPBIX

ABJIAETCS 00JIee PE3KOE CHaJaHue YPOBHS CHEKTPa BHEIOJIOCHOIO U3IyYEHUs. DTO



OOBSICHSIETCSI HEMPEPBHIBHOCTHIO (Da3bl HeCylIero KojeOaHuss B MOMEHTHI CMEHBI
MH(POPMALIMOHHBIX CUMBOJIOB.

O6mue dopmysibl, TPUBEICHHBIE paHee, CIpaBeUIMBbI U NPU PEIICHUU
3amauu cuHte3a CC ontumanbHOro npueMunka MUM.

CC cHHTE3UpOBAHHBIX ONTUMAJIBHBIX IPUEMHHUKOB COCTOAT U3 cxeMbl QAITY
u CC3, B KOTOpbIX W11 (POPMHUPOBAHUS OLIEHOYHBIX 3HAYEHUN CHUHXPOIIAPaMETPOB
OPUHUMAEMOr0 CHUTHaJla HCHOJb3yeTcss uHpopmanus o (a3oBoi CTPyKType

CUTHAJOB B BHJC allOCTCPUOPHOM IUIOTHOCTH BEPOSATHOCTH JAMCKPETHOTO
napametpa 6(t) = {6’| (). 6, (t)} (oOpaTHast CBSI3b MO PEIICHHUIO).

Cxembl DAITY cucreM cuHxpoHuzanuu npuemMHukoB O®M-4 u MUM
10 CBOeMl cTpykType ananornunbsl cxeme Kocraca, a CC3 ornuuarorcs Jpyr
OT Ipyra Kak CTPYKTYpOW, TaK M TOYHOCTBIO OLIEHKH BPEMEHHOM 3a/IEPKKHU
npuHumaemoro curnaina. CC npuemnuka MUM o6nanaer Gosblielt TOUHOCTHIO,
MO03TOMY MCIOJIb30BaHue curnagoB MUM Oosee npenoYTUTeNbHO.

Bo BTOpOM pa3gene «AHaIM3 CUCTEM CHHXPOHU3ALMHU OINTUMAJIbHBIX
NPUEMHUKOB  C  BPEMEHHOM  0OpabOTKOM  CHUTHAJIOB»  OIICHUBAETCSA
MOMEX0YCTOMYHNBOCTh CHHTE3UPOBAHHBIX CXEM MTPUEMHHUKOB BHIOPAHHBIX CUTHAJIOB
C Yy4€TOM TOYHOCTHBIX XapakTepucTuk pabotsl CC 1 MpOBOAUTCS CPAaBHUTEIHHBIN
aHaJIU3 BJIUSHUSI HEWJICATbHOCTU CUHXPOHU3AIMU Ha BEPOSTHOCTH OLIMOKH TPHU
npueMe UHPOPMAIMOHHOTO CUMBOJIA (TIOMEXO0YCTOMUUBOCTh Ipuema). Ha ocHoBe
CpPaBHUTEJIBHOTO  aHajgu3a  OOOCHOBBIBa€TCS  BBIOOp  BHJA  CHTHajla
JUISL UCTIOJIb30BaHUS B CUCTEMAX CBSI3M C MO3ULMI HAUMEHBIIEW YyBCTBUTEILHOCTH
XapaKTepUCTHK TMOMEXOYCTOMYMBOCTU IMpHUeMa K OIHUOKaM CHHXPOHHU3AIUU.
[ToBenen ananus xapaktepucTuk CC B epexoJHOM pexuMe paboThl, HCCIETYIOTCS
BOIIPOCHI CPBIBA CUHXPOHU3AIIUHU U TTOMCKA CUTHAJIOB.

[IpoBeneH Takke aHaIM3 BIMSHUSA TOYHOCTHBIX Xapaktepuctuk CC
MPUEMHUKOB cUrHajioB ®M-4 u MUM Ha noMexoycToMunBOCTh nprueMa. OCHOBOM
JUIS aHAJIM3a BIUSIHUSI TOYHOCTHBIX XapakTepucTuk CC Ha MOMEXOYyCTONYMBOCTH

IMpucMa CHUIHaJioOB CIIYKHUT CPCAHCC 3HAUCHHC BCPOATHOCTHU OIINOKHU IIpu IMpUCMC
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ogHOoro Owrta WHGOpPMALKMK MPH HAIWYUU OMIMOOK CHHXPOHM3aIMU 1O (ase

*

W =0—¢ u3anepKKe 7=~
2T

<Pe(z,l//)>: j_[lae(Z’W)f(z,W)dZdW, )

-r-1
e o, 7T u @, T* — HMCTHUHHBIC 3HAYCHUA (1)331)1 @ u BpCMeHHOﬁ 3a4CPXKKU T

IPMHUMAEMOIO CUTHAJa M MX OLECHOYHLIE 3HAUYEHHA @ U 7, GOPMHUpPYyEMBIE
B cucteMe cuHxpoHmszanuu; f(z,iy) — COBMeCTHas amocTepuopHasl TMIOTHOCTh
pacrpezeneHus omuOoK CHHXpoHU3alu w u Z; P,(Z,y) — ycinoBHas BEpOsTHOCTh

OlIMOKM B TMpUEME OJHOrO OuTa HH(POpMAUMKM TpH 3aJAHHBIX OLIMOKax
CUHXPOHU3ALIHH.

VYuutsiBas, yto CC onTUMaIbHBIX NPUEMHHKOB CHHTE3MPOBAHBI B paMKax
rayCCOBCKOr0 MNPUOIMKEHHUS] MapKOBCKOM TEOPUU ONTUMAJIBHOM HEJIMHEHMHOU
¢GunbTpanum, B HENSIX COXpPaHEHUs €IUHCTBA paccMoTpeHus B (7) menecoodpasHo

HCII0JBb30BaThb HOPMAJIBHBIC IIJIOTHOCTHU PACHPCACICHUSA BepOHTHOCTCI)'I OIHO0K

CHHXPOHH3AIINH:
1 v
fly)=——e —-T<y<r, (8)
27K,
f(z)=;e_2’<ﬂ, -1<z<1. 9)
2K,

Cpennsiss BepOSITHOCTh OIMOKH B TpueMe HMHGOPMAIIMOHHOTO TMapameTpa

B K&XKIOM U3 K4AHAJIOB CXCMbI OHICHKHW JHCKPCTHOI'O IIapaM<cTpa 9:{6},91-}

npu HeuaeanbHocTu pabotel CC ompeaensiercs mno ¢opmyine (7). O6mas xe

MIOMEX0YCTOWYNBOCTh CUHTE3UPOBAHHOIO MPUEMHUKA CUrHainoB ®M-4 0 = {9' : Hj}

npu  HeuaearbHocTH paboTrel CC Oyaer XapaKTepu30BaThCS BEPOSITHOCTHIO

OILIIUOKH:

(P(z.¥)),,, . =2(P.(z,¥)), A—(P.(z,y))) - (10)
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HOJ’Iy‘-II/ITB AHAJIMTHYCCKOC BBIPAKCHUC IJIA pacdC€Ta BCPOATHOCTH OIIHMOKHU

<Pe(Z,l//)>®M_4 HE YyJaercsi, MO3TOMY KOHKPETHbIC YMCIIOBBIC 3HAYEHUS ObLIN

NOJIyYEHbl YHMCJIEHHBIM HHTEIPUPOBAHUEM (KOMIBIOTEPHOE MOJEIMPOBAHUE) U
IIPUBECHBI HA PUCYHKE 2.
Ha pucynke 2 mnpuBeneHbl rpaukd 3aBUCUMOCTH BEPOSATHOCTU OIIUOKH

(I%(z,l//)>®M_4 OT OTHOUIEHUSI CUTHAJ IIyM JIJISl pa3JIMYHBIX 3HAYCHUHN alpUOPHBIX

CTATUCTUUYECKUX XaAPAaKTEPUCTUK CHHXPOMApPAMETPOB MPUHUMAEMOrO CHUTHaja
MIpU HOPMAJIbHOM (CIUIONIHAS JMHUSA) U OTIMYHOM OT HEro (IyHKTUpP) 3aKOHax

pacrnpeneneHus omrO0K CHHXPOHU3AIUH.

: q

107"

(PS [:zzu/‘|>

SM-4

Pucynok 2 — 3aBucumocty BepositHocTu omubku (P (z,y)),

OT OTHOLICHMUS CI/IFHa.]'I/ HIyM:

1) wmeanabHBIN IpHUEM; 6) G% 10, 4= 1072 :
2) "% =30, 4 =10": @

o 7) %/ =20,u=10";
3) "/:10,#:103;

« 8) "/ =30, £ =107;
4) “%:20,;;:10-3; @

@ 9) C’% =100, £ =1072.
5) "% =30, =107 *
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ATIOCTEpHOPHBIE AUCIEPCUU OLEHOK CHHXPONApaMETPOB BBIYUCIAIUCH
o (o
JJIsl COOTBETCTBYIOIIECTO  3HAYCHMI (  1OpH % = %ﬂ" N3  rpadukos

Ha PUCYHKE 2 CIIEIyeT, YTO HeuneaabHOCTh padoThl CC BBI3BIBACT CYIIECTBEHHOE
CHIDKEHHE MOMEXOYCTOWYMBOCTH TMPUEMA CHUTHAJIOB. 3HAUYUTEIbHOE YBEIUYCHHE
BeposTHOCTH omubku (P,(z,y)), ~, TPOUCXOJAUT MpPH PACIIMPEHHH CIEKTpa
JOIUIEPOBCKUX (IyKTyaluid, MIMPUHA KOTOPOTO 3aJaeTcs mapamerpoM u=aol .
Tak, yBenmuuenne o ot 1072 10 102 npu q =16 IpUBOAUT K TOMY, YTO BEPOSTHOCTD
OIMOKKA yBelWyuBaeTcs Oosee, yeM Ha mopsaok. lIpu 3HaueHusx mapamerpa
al <10  1oMexOyCTOMYMBOCTH  NpHEMHHMKAa curHanioB ®OM-4  Onuska
K MOTeHIManbHOW. M3 cpaBHeHHS TpaduKOB BHUAHO, YTO OCHOBHOW BKJIAJ
B CHUKEHHUE TOMEXOYCTOMYMBOCTU ITprueMHuKa ®M-4 BHOCAT OIUOKH, CBSI3aHHbBIE

C HEUJEaIbHOCTHIO paboThl cucteMbl GAITY.

Cxema OIlGHKHM IUCKpPETHOTO mapamerpa 6(t) = {6?| (). 6, (t)} IpPUEMHHUKA
MUYM cursanoB OTAMYAETCA OT aHAJOTHYHOW cXeMbl npueMHuka PM-4 tem, 4to
B KQUECTBE  ONOPHOIO0  CHTHajda  TAKTOBOM  YacTOThl  HCIOJb3YETCS

MMOCJICAOBATCIIBHOCTE HC IIPAMOYTOJIBHBIX, a@ KOCHHYCOHWAAJIBHBIX HMITYJIbCOB.

MOMEHTHI OLICHKH TUCKPETHBIX WH(POPMAIIMOHHBIX apameTpoB cuHdazHoi Q, (t)
u kBagpatypHoi Q,(t) cocransiomux curhana MUM mpou3BOAMTCS, Kak u
B npueMHuke ®M-4, B MOMEHTBI BPEMEHH, CIBUHYTHIX OTHOCUTEIBHO APYT Apyra

Ha T.

BepositHocTs omOku B npueme uH(popManuoHHoro cumsona P,(z,y), .,
Oynet onpenenarscsi B coorBeTcTBUM € (7), rae P (z,y), sBiasercs pe3ynbTaTom
ycpenHeHuss  BeposTHocTh  P,(Z,iy), 1O  COOTBETCTBYIOLUIMM  3aKOHaM
pacrnpenenenus omrbok cuaxpormnzanuu y 1 Z (8), (9).

Pesynbratel pacuera BepositHoctH ommbku  P(Z,y),., NpHUBEICHBI

Ha pucynke 3. IlpencraBmeHHble TpaduKu HILTIOCTPUPYIOT  3aBUCHUMOCTH

BepositHocTH ommnbOku P,(zZ,y),,,, OT OTHOIIEHUS CUTHAI/IIYyM ( I8 JBYX

3aKOHOB pacrpe/elieHuss OmMOOK CHHXpOHHU3aluu: HopMaiabHoro (8), (9)
13



(CIUTOIIHBIE JIMHUM) U OTJIMYHOIO OT HEro (MMyHKTUpHbIE JuHUM). V3 cpaBHEHHS
rpauKOB Ha pUCyHKax 2 u 3 cienyer, yTo npueMHUK MUM meHee uyBCTBUTENIEH
K OIIMOKaM CUHXpOHM3aluu, yeM npueMHuk ®M-4. Kak u B npenpiayieM ciydae
(OM-4), OCHOBHOE CHHUXKEHHE IOMEXOYCTOMYMBOCTU MpueMa curHaioB MUM
CBSI3aHO C OIMOKaMU CUHXPOHHU3AINH 110 (pa3e y , XOTsI OHU U OKA3bIBAIOT MEHbBIIIEE
BIUSIHAE Ha TMOMEXOYCTOMYMBOCTh Tmpuema curHaioB MYUM, yem OM-4.
HeunneansHocth padboTel CC3 mpu BbIOpaHHBIX 3HAYEHUSX CHHXPONApPAMETPOB U
KOT'€pEHTHOM IIpHEME NMPAKTUYECKU HE CKA3bIBAETCSl HA BEPOATHOCTU OMIMOKH, YTO
ABJIACTCS  CYILUECTBEHHBIM IPEUMYILIECTBOM IpUEMHHKAa curHaios MUM

M0 CPABHEHHIO C TPUEMHHUKOB CUTHaNIOB ODM-4.

0 - 8 12 16 20

_ 4|

10

P(z.¥ )ynns

PucyHok 3 — 3aBucumocTs BeposiTHOCTH OIUOKU P, (Z,¥/) 0,

OT OTHOIIIEHUS CUTHA/ mrym:

1) mpeanbHBINA TpUEM; 5) 0% ~10, 1 = 1072
2) "%:10,#:10—3; o
& 6) %:20,;1:10—2;

3) 0/:20,;1:103;

@ 7) G%::ao,u:lo—z;
4) ‘7% =30, u=10"°; o

@ 8) %:100,;1:10—2.
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Crnenyer OTMETHTh, YTO 3HAUYEHUS CTATUCTUYECKUX XapPaKTEPUCTHUK
CHHXpPOIIApaMETPOB MNPUHUMAEMBIX curHaioB ®M-4 u MUM npu pacuere

BeposiTHOCcTH ommOku  P,(z,iy) BbIOMpanmuch W3 YCIOBHS HMX MEUICHHOTO

u3MeHeHusl. HeBbIlonHeHrne 3TOro yciaoBHsS NMPUBOIUT K PE3KOMY YBEJIMUYEHHUIO
BEPOSTHOCTH OITHOKH.

PaboTy npuemMHHKa CHHXPOHHOW CHCTEMBI CBSI3M MIPUHITO XapaKTepU30BaTh
JBYMsI COCTOSIHUSIMH: COCTOSSHUEM IIOMCKa CHTHajJoB (PEeXHM IIOMCKA) U
COCTOSIHUEM CJIEKEHHS 32 CHHXpONapamMeTpaMH IMPUHUMAEMOro CHrHajia (pexum
cliekeHus). PexuM crlexeHHs HacTylmaeT IIOCle 3aBeplIeHUs] TIOucKa H
ocyuiecTBieHus 3axBara B CC mpHUEMHUKA M COOTBETCTBYET PEXHMY IEpeaadu
undopmarmu. Jlo 3aBeplieHUs] MOMCKAa W OCYIIECTBIICHUS 3axBaTa CHTHala
nepenaya UHQOpPMALMM HE UMEET CMBICIA, MO3TOMY MapaMeTphbl PeKUMa MOHMCKa
ABJISIIOTCSL  BaXXHEHIIMMU  XapakTepuUCTUKaMu KaudectBa pabotel CC, a,
CJIeIOBaTEIbHO, U BCE CUHXPOHHOM CUCTEMBI IU(PPOBOH CBS3H.

OnepaTUBHOCTh CBSI3W B CHHXPOHHOM CHCTEME Iepefadd LU(ppoBOU
uHbOpMaAIlMd B CYIIECTBEHHONM Mepe 3aBUCUT OT BpPEMEHU BXOXKICHUS

B CUHXPOHU3M |

> KOTOPOC CKIIAABIBACTCA U3 BPCMCHH IIOHMCKa CHUT'HaJIA T17 n

BPCMCHH YCTAHOBJICHUA CHUHXPOHHU3MA TVCT .

T,=T,+T,

YCr* (11)

Pemenne 3amauuM mMoucKa OCYHIECTBIISIETCSl TyTeM OOHApy>KeHUsS W
pacrno3HaBaHHs CUTHAJIOB. Pacrno3HaBaHuWe mnpeanonaraeT OLEHKY CpeaHen
TEKYIIEH YacTOThl CIIEKTpPAa W BEJIMYMHBI 3aJCPKKH (3ama3[bIBaHUsI) CUTHAJIA.
B Teopun 0OHapy>XeHHs] CHUTHAJOB B YCIOBUSAX IOMEX OOJIbILIOE BHUMaHUE
yAeNsieTcss  3ajayaM = CHHTe3a  OOHapyXuTeled  CUTHAJIOB,  KOTOpbIE
paccMaTpHUBaOTCS KaK JMCKPETHO-HENPEPBIBHBIE MAPKOBCKHUE MPOLECCHl. Takoi
NOJAXOJ SIBISIETCS JOCTaTOYHO OOLIMM, a €ro MCHOJIb30BaHUE MO3BOJSET
paccMOTpeTh 3ajauyy CHHTE3a OOHapyXHUTeJIell mpH TeX K€ TEeOPEeTUYECKUX
NPEANOIOKEHUAX, KOTOpble Obut TpuHATHI Tpu cuHTe3e CC NpUeMHUKOB

IU(POBBIX CHTHAIOB M aHAIM3E€ HMX IMOMEXO0ycTOH4YMBOCTH. CHHTE3MpPOBAHHBIN

NPUEMHHK BKJIIOYaeT B ceOs 0ok omeHku (bOm) m O6mok obnapyxkenus (bO)
15



(pucyHok 4), mpuyem 3amada OOHAPYKECHHS CHHXPOIAPAMETPOB pPEIIaeTCs
COBMECTHO C M3MEPEHUEM €ro CHHXPOIMAPaMETPOB (OLIEHOYHO-KOPPENSIIMOHHBIN
OPUHIUI 00pabOTKH).

JloctratrouHo  OOHIMIT  anTOPUTM  JIEWCTBHSI  MPUEMHOTO  YCTPOWCTBA
3aKJII0YAEeTCsl B TOM, YTO CUTHaJN mocTymaeT Ha Oyiok nowucka (BII, pucyHok 4) —
NepBbI 3Tan 0O0paOOTKH, TZI€ OH BBIJAEISIETCS HAa COTJACOBAHHOM (PUIBTpE.
[Tpu npesbimenuu curnaiom nopora B b1 cpabareiBaet 6:10k 3axBara (b3) u, BBOs
HayaJIbHbIE YCJOBHMS [0 YacTOT€ M BpPEMEHHOM 3aJiep’KKe, BKIIOYaeT OJoK
¢unprpanuu (b®) — BTOpoi 3Tan obOpaboTku. B kadectBe Osoka (uibTparuu
B 3aBUCHMOCTH OT TMpuHUMaemMoro curHaia (®M-4 wmu MUM) wMoxer
UCIIOJI30BAThCS OJIHA M3 CHHTE3UPOBAHHBIX BO BTOpoM riaBe CC, Bkirovaronas
koineio PAIMY u CC3. CC dopmupyer omopusie curHamnsl st CO/II,
oOecrieuynBas TE€M CaMbIM BBIJICJICHHE MMOCTymarome nadopmanuu. Kpurepuem
YCTAHOBJICHUSI CHHXPOHU3MA B MPUEMHUKE MOXKET CIY>KUTh OTCYTCTBUE «ITAKETOBY

OoImuO0YHO MPUHATHIX PJIEMEHTOB Ha BBIXO/Ie 010Ka orieHKH nHopManun (bOund).

-

I bnok obnapv:xerma (BO) |

| .| bBnok roucka .| bnox zaxeara I
| &I (B3) I
I BKIL. BKIL |
l B® TTOMCK |

Brnok ¢punsTparpm
(bP)

h 4

A

BEBIX.
Cxema OLIEHKH THCKPETHOTO i

> mapameTpa —t——
(CoAIn |

Brok ouenxu (BOr) |

|
|
|
() |

ettt o wie
|
|
|
|
|
|
|

Pucynoxk 4 — CtpykrypHasi cxemMa 0OHapyKUTeJsl CHTHAJIOB
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IIpu aHanu3ze mnpouenypbl IOMCKAa M 3aXBaTa CHUTHAJNA IIOJTYYEHBI
3aBUCUMOCTH: ONTUMAJIBLHOTO BPEMEHU HAKOIUICHUS, OOHAPYKEHHUS; 3aBUCUMOCTHU
BEPOSITHOCTEN MPOITYCKa U JIOKHOM TPEBOTM OT BPEMEHH HAKOIICHUS.

ITepexoaHoi1 pesxuM pabOThI CUCTEMBI CHHXPOHHU3ALUH IPUEMHHIKA CUTHAJIOB
MUM.

Hcnonb3oBaHue clendiux CUCTEM A IpuemMa U oOpaOdOTKH LU(PPOBBIX
CUTHAJIOB IMPEANOJaracT MNEPBOHAYAIBHBIM HMX BBOJ B PEXHM CHHXPOHHOIO
CJIe’KEHHUA 3a MapaMeTpaMy MPUHUMAEMOTro CUTHasla. Pexxum ciaexeHus] HacTynaeT
1I0CJI€ YCHEIIHOIO 3aBEPIICHUs MOMCKA CHUTHANIA U MO OKOHYAHUIO MEPEXOJIHOTO
npouecca B CC npuemnuka. [lepexoanoii mpouecc B CC nprueMHUKA ONpeesieTcs
BPEMEHHBIM MHTEPBAJIOM, B TEUYEHUU KOTOPOTO CIEAsIas cucTeMa 00ecrneynBaeT
3aJJaHHYl0 OIIMOKY OLIEHKHM (uiapTpyeMplx mapameTpoB. JIUTENbHOCTH
MEePEeXOAHOr0 Mpoliecca HapsALy ¢ MPOJAOHKUTEIILHOCTHIO TTOMCKA BIUAET Ha BpeMs
BXOJKJICHUS B CBSI3b IIPU MPHUEME, &, CIEAOBATENIbHO, U HAa ONEPATUBHOCTh CBA3U.
[To3TOMy BaXHBIM BOIIPOCOM SBJISIETCSI OLIEHKA JJIMTEIBHOCTU IEPEXOJIHOTO
nporecca B CC npuemMHuKa.

Paccmorpum CC npuemnuka curHaioB MUM. B npeanonoxeHuun
HezaBucumMocTu padbotel cxem DAIMY u CC3 cucrema (1.2.12) moxer OBbITh

NpeaACTaBJICHA ABYMs HE3aBUCUMbBIMU CUCTCMAaMU:

- g cxeMsl OAITY
K N, —2+KZF, +2K,,
o =5 T oo
K, =—aK,, +K,, +K K, F it (12)
K :N7— 20K, +K2F .
- 11 CC3
Ko-NerkiE vaky |
Ko =—7Ko+ Kog + K oF K, ; (13)
Koo = N7 —2yKoq + KGF...
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I'padukn  3aBUCHMMOCTEl ~ OTHOCHUTENBHO  OWMOOK  (UIBTpaluu
oT Oe3pa3MEpPHOro BpeMEHU 7 =al, MOCTPOEHHBIE MO pe3yibTaTaM BBIYMCIICHUH,

IpUBEACHBI HA pUCYHKaxX Sa, 50 (rpaduku nepexoanoro npouecca B cxeme GAITY

CC npuemnrika MUM).
1 =
\ S \\
\(\\ NG e
107! oK~ WL N \N
A \ E=miai
NI
SN, NRE
1072 /
L
/
/
/5K
107° //
Ba
e g=3 )
v// ol =107
-4 // £ _ 2 | ot

) 5K,,.0K,,.0K
1 =]
N N
g )
SK
10'1 \K \ D)n’l
\ | ——— \ \k
\ mEniiil
\ \
N ~]
10 2 s N ™~ alll .‘-\\_
/// == st
/ ~
I / JoK,.
107° ; a
/ /
/ q=20 )
. // of =107
10—4 / . - I Ot
10°° 1072 107* 1073 1072 107} 1
6) 5KGJ?5KJ:«J?5K@&J

Pucynok 5 — I'paduku nepexognoro mnpoiiecca B cucreme OAIY
CHUCTEMbI CUHXpOHM3aluu IpueMHuka MUM:
a) =5, of =107; 0) q=20, oT =107
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B Tperbem pa3sgesne «CHHTE3 CHUCTEM CHHXPOHHM3aLMU ONTHUMAJIBHBIX
NPUEMHBIX YCTPOMCTB C MOJSPU3ALUOHHO-BPEMEHHOW 0O0pPaOOTKON CHUTHAIOBY
pemaerca 3amada cuHTe3a ontuManbHblx CC mpuemHbix yctporcts [IMH
CUTHAJIOB, SIBIAIOIIMXCS NEPCHEKTUBHBIMHU [UI MCIIOJIB30BaHUSA B CHUCTEMAax
nepenayu udpoBot HHPOpPMaLIUU, C YIETOM UX MOJISIPU3AIMOHHBIX CBOMCTB.

[anee paccmarpuBaerca 3agaya cuHTe3a CC onTUManbHBIX IPUEMHBIX
ycrpoiictB [IMH curuanos ¢ yueToMm MoJsipu3alluOHHbIX cBOMCTB DOMB, pemraemas
METO/IaMH HEJIMHEWHON MapKOBCKOW (PUIIbTpAIMU, OCHOBHBIE MOJIOKEHUSI KOTOPOUH
IIPUMEHHUTENBHO K TUCKPETHO-HENPEPBIBHBIM MPOLIECCAM H3JI0KEHBI B IIEPBOM U
BTOPOM pazzenax.

B kadecTBe 0DJIEMEHTOB BEKTOpa HENPEPBIBHBIX IapaMeTpoB  A(t),
XapaKTepU3yOIINX MOJIAPU3ALUOHHY IO CTPYKTYpY OMB, BbIOEpEM
r€OMETPUYECKHE MMAPAMETPBI AJUTUIICA MTOISAPU3ALMU: YTOJ opueHTauuu f(t) u yroiu
AIUIMNTUYHOCTH &(t) . IMeronuecs B HaCTOsIIEE BPEMS PE3YJIbTaThl TEOPETUUECKUX
U DKCIEPUMEHTANbHBIX HCCIIEOBAHUN MO3BOJISIIOT B HEKOTOPOM NPHUOIMKEHUU
paccmaTpuBaTh (IYKTyallMd T€OMETPUYECKUX MNapameTpoB mnosspuzanuu OMB
B KQ4E€CTBE rayCCOBCKHUX IPOLIECCOB.

Hcnonb3ys Metoquky u pe3ynbTaTel cuHTe3a CC, NpUBEAEHHBIE B IEPBOM U
BTOPOM pazjieiax, moaydyaeM ajifrOPUTM OLIEHKH JUCKpeTHOro napamerpa (14), (15)
COBMECTHO ¢ ypaBHeHHMsAMH (uibTpammu Bekropa A (t) (16), (17), omHO3HAYHO
onpenesnsrone onTuManbHyo cxemy CC M NpHEMHOIro yCTpONCTBA CHTHAJIOB
[IMH B ciywyae nuHedHO-nonsipu3zoBaHHO OMB. Dta cxema mnpencraBieHa
Ha pUCYHKe 0.

CTpyKTypHO [aHHasg CXE€Ma COCTOMT H3 CXEMbl OLIEHKH JHUCKPETHOIO

napamerpa a, (COJII), cuctembr a3oBoii cunxponmsanuu u cuctembl (CC)

MOJISIPU3ALUOHHO-BPEMEHHOM 00paboTKH, OCYIIECTBIISIOLIECH CJIEKEHHE
(cuHXpoHM3aIKI0) 32 (GIAYKTyalUsIMU yIjla OPUEHTAIMU TUIOCKOCTH TOJSPU3AINU
npuanMaemMoit OMB. Cuctema (a30BoOil CHHXpPOHHM3AIUHU, pean3yeMasi CXeMOU

DOAIIY, ananorngyna u3BecTHoi cxeme Kocraca.
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AJNTOPUTM OILIEHKH TUCKPETHOTO WH(OPMAIIMOHHOTO TTapaMeTpa a, :

a, =1
P(t,a,, =1|A”
(t.2, =1 ) 71, (2n=DT <t<(@n+D)T (14)
P(ta, =-1|A") <

a, =-1

a;n+l:1
P(t,a,., =1|A
(t. 2, =1 ) 71, 20T <t<2(n+D)T (15)
P(t,a,,,=-1A") <

a;n+1=_1

VpaBHeHus GUILTPALMHK IJIs OLEHKH BEKTOpa coCTOsHusA A (1)

ﬁ* =—0!(ﬂ*—ﬂo)+ KﬂﬁFﬂ(tlA*) ; (16)
¢ =(@ -m,)+K,F,tA) 17

o =—y(0 —w,)+K,,F,tA).]
=(1) a,
s, N — | comm |——
) | VB coBo [
=1 + T

A
- DATTY
CTC -+

Pucynok 6 — Cxema CC ontumansHoro npuemauka [IMH
Mpu JTUHENHHON nonsipuzanuun OMB
[TonyueHHass B pe3yJibTaTe CHUHTE3a CUCTEMA MOJISPU3ALMOHHO-BPEMEHHOU
o0pabotku (CIIBO) curHanoB OCYIIECTBIISIET HENPEPHIBHOE CIIEKEHUE 3a YIIIOM
OpPUEHTAIlMM  IUIOCKOCTHM  MOJSpU3aluu  npuHuMaemo OMB, peanusys
NOJIAPU3AILIMOHHOE COTJIACOBAaHME (CHHXPOHM3AIMI0) Ha IPUEMHOM CTOpPOHE.
VYerpoiictBo  B3BemmuBaHusT W KomreHcanuu  (YB)  ocymiecTBiaser  yuer

MOJIAPU3AIIMOHHBIX CBOMCTB IIMPOKOTOIOCHON (DIIyKTYyaIlMOHHON MTOMEXH.
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B cnydae npuema SIIMNTHYECKH IOISPU30BAHHOM AJIEKTPOMArHUTHOU

BOJIHBI pPa3MEPHOCTh BEKTOPA HEMPEPBIBHBIX MMapaMeTpoB A(t) yBennuuBaeTcs:
A(t) =|B1), e(t), o(t), (b)) . (18)
VpaBHeHue GUIbTPALIUK JJIsI OLEHKH BeKTopa A’ (t) MOKET OBITh 3aIMCcaHo:

B =—af + K Fy(t,A) + K, F (t,A)
& =—we + K, F(t, A")+ K F (t,A)
(t,A")
(t,A").

¢ = (@ ~0)+K )

W/’FCD
& =—y(0 -a,)+K

pw F(ﬂ

ANTOPUTM OLEHKM MHPOPMALMOHHOTO MapaMeTpa, MpeCTaBICHHBIN
COBOKYITHOCTBIO anropuTMoB (14) u (15), coBMecTHO ¢ ypaBHEHUSAMHU QUIBTPAIIUN
BEeKTOpa HempepbiBHbIX mapameTpoB A(t) (18), (19) ompemensioT onTUMAaIbHYIO
ctpykTypy CC nmpueMHoro yctporcrBa curHasioB [IIMH miia cinydas simunrruaeckoin
noJsipu3anuy npuHuMaemon OMB.

CocraBnenue anroputmoB (14)—(19) mo3Bonsier caenaTh BBIBOJA, YTO HX
OTJIMYME 3aKII0YAeTCs B HAJIMYMM y MOCJIEAHEr0 KaHajda CHUHXPOHM3AlUU yria
simmnTraHocTH £(1), BXoasamiero B coctas CIIBO.

B 4erBepTOoM pasnesie «AHAIM3 CHUCTEM CHHXPOHH3AIMHA ONTHUMAIBHBIX
PUEMHUKOB C MOJISPU3ALMOHHO-BPEMEHHOU 00paO0OTKOM CUTHAJIOBY» OIIEHUBAETCS
apdextuBHOCTE CC npu 00pabOTKE MPUHUMAEMBIX CUTHAJIOB TaK K€, KaK U paHee
(BO BTOpOM paszmene), TO €CTb IO PE3yNbTUPYIOIIEMY  YJIYYIICHHUIO
noMexoycronunsoctu npuema [IMH curnanos.

VYcnoBHas BEpOATHOCTb MojHOM ommOku P,(A) ompenensercs Ha OCHOBE
aHaJaM3a AJrOPUTMOB OLEHKM AMCKPETHOrO MH(YOPMALMOHHOIO Mapamerpa a,,

MOJIYYCHHOTO B COOTBCTCTBUU C KPUTCPUCM UACAITIBHOT'O Ha6J'IIOI[aTeJI$I

i
(RM)= [ [ [P a(Ba(e)o(y)dpdedy . (20)

Conocrasnenne CC npuémubix ycrporcts [IMH curnanos, nmpuBen€HHbIX
B TPETHEM pa3fesie, IO3BOJIAET BbIABUTh, 4YTO KaHAJI OLEHKU JUCKPETHOIrO

WH(OPMAIIMOHHOTO TapaMeTpa He MpeTepreBaeT KaKuxX-In00 M3MEHEHUH. DTOT
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dakt MO3BOJISIET HCII0JIb30BaTh o011yro METO0JIOTHIO aHanusa
nomexoycronunBoctu npuéma [IMH curnasos.

YuuTeiBas, 4TO0 CUCTEMbI (DUIBTPAIIMHU AJIEMEHTOB BEKTOpa HEMPEPHIBHBIX
napamerpoB CC ontumanbHbiXx npuemMHukoB [IMH curnanoB cuHTE3MpOBaHbBI
B paMKax TayCCOBCKOI'O TMPHUOJMKEHUS MAapKOBCKOM TEOPUU ONTUMAJIbHOMN
HEJTMHEWHOW (UIbTpalUM, B IEIIX COXPAHEHUS EJAUHCTBA PACCMOTPEHUs

B paBeHcTBe @(y) M @(Af) uenecoobpasHO HCIONB30BATh HOPMATBHYIO

MJIOTHOCTh paclpeiesIeHUs] BEpOSITHOCTEN OMMOOK (GUIBTPALIUHN:

1 4
@ =————8exp<— , Ty <, 21
v) 2T T v (21)
2
a)(A,B):;exp _AB . —r<AB<r, (22)
27K ,, 2K,

rie Ky, u K & — anocrepuopHsie AMCIEPCHH OIIHOOK (uibTpauuu (asel n yria

OpHUCHTAIHH IIIIOCKOCTH ITOJIAPHU3AIINUH.

Pe3ynbraTsl pacyera BEpOATHOCTH OIIMOKK P, MpencTaBiieHbl HA PUCYHKE 7.

I'papukn WIIIOCTPUPYIOT 3aBUCHMOCTh CpEIHEHl BEPOATHOCTH OIUOKH P,

OT OTHOILIEHUS CUTHAI/IIyM [Jis JABYX paccMaTpUBaeMbIX Cly4aeB: a) Koraa
Ha MPUEMHOW CTOPOHE OCYIIECTBIISICTCS CHHXPOHHM3ANUs (COTJIACOBAHUE) IO YTITY
OpUEHTAIIMU TUIOCKOCTH mojsipuzaimu OMB f(t) (xpuBas 2), 6) kKorjga Takoe
corjlacoBaHue He peanusyercs (kpuBbie 3-6). st cpaBHEHHs mpejacTaBiIeHA
3aBUCUMOCTb BEPOATHOCTH OMMOKH P, OT OTHOIIEHUS CHUTHAN/IIyM B CIydae
uneansHoro (A =0, w =0) npuema curnanos [IMH (kpuBas 1).

CpaBHeHHE rpaUKOB Ha PUCYHKE [ MO3BOJIAET 3aKJIIOUUTh, YTO CHUYKEHUE
MOMEXO0YCTOUYUBOCTH npuema, 00yCIIOBJIEHHOE NOJIAPU3ALIMOHHON
pPaccoriacoOBaHHOCTHIO MO YTy (1), MOKET ObITh CYIIECTBEHHBIM.

I'paduk, mpencraBieHHBI HAa PUCYHKE §, XapaKTepHU3yeT 3aBUCHUMOCTb
CpellHel BEpOATHOCTH OMIMOKHU P€ OT OTHOILIEHUS CUTHAJI/IIYM U CXEMBI IPUEMHOTO
YCTPOMCTBA, B KOTOPOM OCYILECTBIIIETCS MOJISIPU3ALMOHHOE COIIACOBAHUE

(cMHXpOHM3aIMsA) N0 YTy OPHEHTALMH IJIOCKOCTH noispuzanuu OMB. Ouenka
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HOMCXOYCTOﬁQHBOCTH IIpu U3MCHCHUMN YyIJia SJUIMIITUYIHOCTHU JacCT aHAJIOTUYHBIN

pe3ynbTar.

107 \

AN
\

INBO
N

107

10 1\ 2 3
Pe

PucyHnoxk 7 — 3aBUCUMOCTB BEPOSITHOCTU OIIUOKH

OT OTHOIIEHHUS CHTHAN/IYM (o), =107 pao®, o, =107 pao®): 1) — nieansHbIi NpHeM;

2) m,=m_=10;;3) B,=0; 4) f,=716,5) fy=n14,6) p,=x/3

4 8 12 16 20

q

N\

107

107

N\

Pucynok 8 — 3aBUCHMOCTb BEpOSTHOCTH OIIMOKHU

n

10+
P.

OT OTHOIICHUs cHrHa/myM (M, =m, =10): 1) nneansHblii npuem; 2) o, =107;
0'5 =107; 3) 02 =10" G; =10"; 4) GZ, =10" G; =107%; 5) GZ, =10" a; =10"
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Manbiii ypoBeHb DJHEPIeTUYECKUX IOTEPb, OOYCIOBICHHBIA OIMMOKaMU
bunpTpanuu AT(t) = H L), e),w(t)

00 s dextuBHOCTH padoThl CC 10 reomeTpuueckum napamerpam OMB u OATTY.

) IIO3BOJIACT CAcCIaTb BBIBO/,

[lepexoqnoit pexum pabOThl  CHEASIIUX CHCTEM CHUHXPOHHU3ALMH.
OddekTuBHOE HCMHOJBb30BAHUE CIENAIIMX CHCTEM C 1elblo  obecredyeHus
CUHXPOHM3ALUH NPUEMa CUTHAJIOB 10 ONPEAEICHHBIM MMapaMeTpaM MPEANoaaracT
oOecrieyeHue uX pPabOTBl B PEXHUME CIECKEHHUS, KOTOPOMY MPEILIECTBYET
MIEPEXOJHON pEXUM. BaXHOM XapaKTEpUCTHKOW NEPEXOAHOIr0 Ipolecca,
MPOTEKAIOIIETO B CIEASIICH CHCTEME, SIBISETCS €ro JJIUTEIbHOCTb, TO €CTh
BPEMEHHON MHTEpBaJl (OTCUUTHIBAEMBI C MOMEHTBI 3aXBaTa CUTHANA), B TEUCHUE
KOTOPOTO CIeJsmias cucreMa oOecreyuBaeT 3aJaHHYH OIMMOKY OIICHKHU
(GUIBTPYEMBIX TAPAMETPOB.

[IpoBenemM aHanM3 [JIMTEIBHOCTH MEPEXOJHBIX IPOIECCOB B CIEAAIINX
CIIBO u cucreme (azoBoit cunxponusaiuu curaanoB [IMH. Tlpu sTom B kauecTBe
UCXOJHBIX HCIOJB3YIOTCA Au(depeHInanbHble ypaBHEHUs, OINPEACISIONIe
HBOJIIOITMI0O BO BPEMEHU aroOCTEPUOPHBIX JHUCTIEPCUN OMUOOK (DuibTparuu
HETPEPHIBHBIX MAPaMETPOB.

ArnocTepropHas Iucrepcus OlMOoK PUIbTpaluy NapaMeTPOB MOJSIPU3ALUU

omnpenensiercs nuddepeHInanbHbIM YpaBHEHUEM BUIA

2
K, =—2aK, +%Ni +K2F. (23)
TouHOCTH pPabOTHI CHEAANIMX CHUCTEM YaCTO XapaKTEPU3YIOT BEIUYHHOU
KBajJpaTa OTHOCUTENbHOM ommOku ¢uisTpauuu OK.. I'paduku 3aBucuMocTel
oK, =f(r,) mpencraBneHsl Ha pHUCyHKE 9 A ABYX 3HAYEHHH OTHOLICHUS
curHai/mym (=5 u =20 (pucynku 9a, 96), a Takke Tpex 3HaUYCHUH MapaMmeTpa
¥ JIBYX 3HaueHmi mapamerpa o7 , pasasiM 107, 1072, 107°.

HpeI[CTaBJ'IeHHBIe 3aBUCUMOCTHU ITIOKA3bIBAIOT, YTO XaPaAKTCP IMCPEXOJHOTO

npoiecca B CIIBO curnana [IMH B 3HaunuTennbHOM Mepe ONPEAEISIETCS BEIUUYNHON
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oT u ( Ha BXxome mpueMmHmka. Ilpu stom mis q=20 mpu ol =107 Bpems
ycranosnenus t, = (80+100)T , npu aT =10" t,,=@+5)T.

4 3 2 -1
) 0 10 10 10 1 100“

\ ol =1072

al =1073
g=>5
0.1
SK..
a) i3
4 3 -2 -1
IRO 10 \10 1 1om
\ ol =107
al =1072
qg=20
0.1
SK. ol =1072
6) is

Pucynok 9 — I'paduku nepexoaHOro mnpoiecca B CHCTEME MO PU3ALUOHHO-

BpeMeHHOM o0paboTku curnana [IMH
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AHQJIOTUYHBIM ~ 00pa3oM  ONpPEACNSIETCS  JIUTEIBbHOCTh  MEPEXOHOIO
npouecca aJist cucrembl OAITY.

IaTelii pa3nen «MojenupoBaHUE CHUCTEM CHUHXPOHHU3AIMU MPUEMHHUKA
curnanoB [IMH». B mpeapinymux pazaenax paboThl MPUBENCH CTPYKTYPHBIH U
KoJn4yecTBeHHBIN cuHTe3 CC ONTUMAaNbHBIX CTPYKTYP NPUEMHUKOB C BDEMEHHOW U
MOJISIPU3aIIMOHHO-BPEMEHHON 00paboTkoil. B mpobieme uccienoBaHusi METOJIOB
BPEMEHHON W TOJSPU3ANUOHHO-BPEMEHHOW OOpabOTKH MOXXHO BBIICTUTH
CJIEIYIOIIME 3aJaYu:

- OLIEHKa paboTocnocoOHOCTH cuHTe3upoBaHHbIX CC;

- KOJINYECTBEHHBIN aHaJIn3 OCHOBHBIX xapakrtepuctuk CC;

- KOJIMYECTBEHHBIN aHaIN3 KayecTBa (GUIbTPAIUU 3JIEMEHTOB HETPEPHIBHBIX
napaMeTpoB MPU HETOYHOM pean3aluy aarOpUTMOB ONITUMAIIbHON (QUITBTPAIIHH.

N3 Bcex BO3MOYKHBIX METOJOB PELICHUS MOCTABJIEHHBIX 3aJa4 B JAaHHOU
paboTe UCIOJIb30BAHO UMUTALIMOHHOE MoJienupoBanue. [IpernmyiinecTBOM JaHHOTO
METOJa SBJSETCA: CpaBHUTENbHAS MPOCTOTa IMpoOIecca MOJEIUPOBAHMUS;
BO3MOXKHOCTh HCCJIEJIOBAHUSI TIPOIIECCOB JIIOOOW CIIOKHOCTH; BO3MOXHOCTH
OJTHOBPEMEHHOTO KOHTPOJSI BCeX (DaKTOPOB W PE3yJIbTATOB, WX HAKOIUICHHE H
najapHenas oopaboTka.

Paccmotpum mopenupoBanune cuHte3upoBaHHor CC B TpeTbeM paszfaene
ontuManibHOro npuemHuka [IMH curmana pma ciyyas wW3MEHEHHs yria
opueHtaruu  nomsgpusanmu  OMB.  Ilensto  MonaenupoBaHHMS — SIBIAETCS
MOATBEPKACHUE CIPABEIJIUBOCTH PE3YJIbTaTOB TEOPETUUYECKOTO HCCIECI0BaHUs,
MPOBOAUMOIO B TpPETbeM U 4eTBepTOoM paszaenax. Ha ocnoBe mogenn CC
ONTUMAJIBLHOTO IpUEMHHUKA MIPOBOJAUTCS aHau3 YyBCTBUTEJILHOCTH
CUHTE3UPOBAHHBIX AJITOPUTMOB (DHIBTpAIMU HEMPEPHIBHBIX TapameTpoB (yria
OpHEHTAIlMU TUIOCKOCTH moJisipu3zanun OMB u (as3el curnama) K OTKIOHEHUSIM
OT anpPUOPHBIX JIAHHBIX.

B kauecTBe wuccienyeMoi pagMOCUCTEMBI BBICTYMAET CHUHTE3UPOBAHHAs

cxeMa npueMuuka [IMH npu nuneitHo# nonsipuzanuu SMB.
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[IpoBepka paboTOCTIOCOOHOCTH CHHTE3UPOBAHHOTO MTPUEMHHKA 3aKITI09aeTCs
B KOJIMYECTBEHHOM aHAJIM3€ TAKHX €r0 OCHOBHBIX XapaKTEPUCTHUK, ONPEAEIISIOIINX
1IeJICBOC HA3HAUCHUE TIPUEMHHKA, KaK CPEIHSS BEPOSITHOCTh OMUOKH TIPH MIPUEME
OJTHOTO WH(OPMAIIMOHHOTO CHMBOJIa M CPEIHUN KBaJpaT OMIMOOK (UIbTPAINH
HEMPEPHIBHBIX MapaMeTpoB CUTHaJA (yrjla OpUEHTAIMU IJIOCKOCTH MOJISIpU3aIuU
B(t) 1 has3sl ¢(t)), a TAKKE B CPaBHEHUH UX C PACUCTHBIMHU.

Cpennsis BEpOATHOCTh OIMMOKKM B TIpHEME OJHOTO0 WH(OOPMAIIMOHHOTO
CUMBOJIa B MPOIIECCE MOJEIMPOBAHUS OLICHMBAJIACh KaK OTHOCUTENIbHAs 4acToTa
TIOSIBJICHUST HEBEPHO MPUHSATHIX CHMBOJIOB:

R =M,/N,

rae N — HeoOxonumblil 00bEM BBIOOPKH HMH(MOPMALMOHHBIX CUMBOJIOB; M =~ —

[

KOJIMYECTBO OMIMOOYHBIX CUMBOJIOB U3 001ero yucia N.
HeoOxonumelii  00beM  BBIOOPKHM  ONpENENsics B COOTBETCTBUU

c HepaBeHCTBOM N >N 1pu «=0,05, »=0,95 18 3aJaHHBIX 3HAYCHUI

OTHOIIICHUS CHUT'HAJI/ myM ( ¢ Y4€TOM OJHO3HAYHOI'O COOTBCTCTBUSA paCC‘{HTaHHOﬁ

BEPOSITHOCTU OMMOKH P, = f(q).
Pe3ynpTaThl momy4eHHON 3aBUCHMOCTH CPEIHEH BEPOSTHOCTH OMIMOKH P

OT OTHOIIIEHUS CUTHAJ/IIyM (] moka3aHbel Ha pucyHke 10, rme xpuBas 1 oTpaxkaer
TEOPETUYECKYIO 3aBUCUMOCTb, a KpHBas 2 — 3aBUCUMOCTb, IOJYYEHHYIO
B pe3yJiibTare MojieaupoBanus. I3MeHeHus: TpeOyeMoro OTHOIICHHS] CUTHA/IITYyM (]
3a/1aBaIUCh B MOJIETIM COOTBETCTBYIOIIMMH M3MEHEHUSIMU aMIUTUTYAbl CUTHaIA Ao
npu  (QUKCHUPOBAHHBIX  3HAYCHUSIX  TapaMerpa  JUCKPETHOTO  YaCTHYHO
NOJIAPU30BAHHOTO IIyMa HaOmroAeHus. B nmponecce MoaennpoBaHus 3aBUCUMOCTh

P’ =f(q) ompenensanach B Juamna3oHe 3HaYeHW (=4+10. OrpaHMYMBaIONIUM

daktopoM (Qmax = 10) mpu >STOM SBIsUIaCh BBICOKAs MPOJOJHKUTEIHLHOCTD
UCIIBITAHUM, OTIpeiessieMasi HEPEPHIBHBIM BPEMEHEM pacueTa, KOTopasi COCTaBuIa

t,, ~3 4aca mpu N =3,5-10° cuMBOJIOB (ompenensemMas HepaBeHCTBOM YeOblmeBa

BenmunHa N, cocTaBisieT 3,2-10° cuMBOJIOB sl o =0,05, y =0,95).
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0'; =107;
o, =107
al =yT=10"

10!

T 7N

103
Q\
1

104
P.

Pucynok 10 — 3aBuCHMOCTh BEPOSITHOCTH OIIUOKHU OT OTHOIIEHUS
curHain/mym: 1 — TeopeTudeckasi; 2- mojaydeHHasi B pe3yJbTaTe MOJICTUPOBAHUS
CpaBHHUTENIBHBIH aHaIM3 TOJYYCHHBIX 3aBHcUMocTeill (pucyHok 10)
MOKAa3bIBACT, UTO MOMEX0ycToMunBoCTh npuema [IMH curnanos, obecnieunBaemas
CUHTE3UPOBAHHBIM NPUEMHUKOM WM pEaM30BaHHOM B BHJI€ LU(PPOBOM MOJENH,
JIOCTATOYHO OJu3Ka K TeopeTndeckoi. [lpu 3TOM BenUuMHA PACXOKIEHUS

pE3yNbTaTOB paBHAA

He mpeBblmaer (0,1+0,15) Juis 3HAYEHUN OTHOIICHHWS CUTHA/IyM (<10
(P,>1,6-10°). JlaHHOE pacXOoXxJeHUE SP, OOBSICHIECTCS COBOKYIMHOCTHIO TMPUYHH,

CpeIr KOTOPBIX 0CO00 CleAyeT BBIICIUTh CIeayIomue: OMU30CTh 3HAYCHHS

BbIOpaHHOTO oOO0bema BBIOOpPKH N TMpH  OTHOIIEHMH CHTHAN/mym (=10

K MUHUMQJIbHOMY N ; pa3iIudue 3HAUCHUH anoCTEPHOPHBIX JUCIIEPCHIA OMIHOOK
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bunprpanun K s U K, , IOyYCHHBIX B PE3YyJIbTATE MOJICINPOBAHHUS ( K;ﬂ =9,2-107,

op 2

*

K" =5,84-107% misa q=10, aT =T =10") U TEOPETHUCCKH.

(24 -
B 3aks0ueHnH pOpMUPYIOTCS OCHOBHBIE BBIBOJIbI 110 pe3yibTaTaM padoThl.
OcHosHbIe pe3yabTratbl HKP cBomsATCS K cnenyromemy:

1. Ha ocHOBE MapKOBCKOW T€OpHH ONTUMATHLHOW HETWHEHHON (QMIbTpanuu
JUCKPETHO-HENPEPBIBHBIX MPOLECCOB CUHTE3UPOBAHbI CTPYKTYPHBIE CXEMBI CUCTEM
CUHXPOHU3allUd ONTHMAJIbHBIX MPUEMHUKOB CUTHAJIOB C BpeMmeHHol (DM-4,
MUM) u nonspuzarnmonHo-BpeMerHoi (IIMH) o6paboTkoii.

2. C TOYKM 3peHUsI NMPOCTOTHl PEATU3ALUH MPEANOUYTEHUE CIEAYET OTAATh
curHaiaM MUM, a ¢ Touku 3peHus 3HepreTudeckoil sdpdexrusHoctn — [IMH
CUTHAJIAM.

3. OrueHeHbl TOYHOCTHBIE XAapaKTEPUCTUKH CHUCTEMBl CHHXPOHU3ALMHU
B PEXKUME CIIEKEHUS U NPOBEICH MX CPABHUTEIBHBIN aHAJIN3, KOTOPBIM IIOKAa3al,
YTO CUCTE€Ma CUHXpOHH3aUMu npueMHuka MUM 1pu npoyux paBHBIX YCIOBUSX
oOecrieunBaeT 0oJiee BBICOKYI0 TOYHOCTh CIEXKEHHS 3a CHHXpOIapaMeTpamu
IPUHUMAEMOr0 CUTHAJIa, YEM CHCTEMa CHHXpOHM3auuu npueMHuka ®M-4. Oto
PEUMYIIECTBO 00YCIOBIEHO 00sIee BEICOKO TOUHOCTHIO PA0OTHI CXEMBI CIIEHKEHUS
3a 3a7epkKoi mpuHuMmaemoro curnaia CC npuemarka MUM.

4. CucreMa CHHXpPOHU3AIMU NPUEMHUKOB C MOJISPU3ALMOHHO-BPEMEHHOU
00pabOTKOM CI0KHEE BPEMEHHON BBUIY HaJUYMsl IBYX KAHAJIOB U CXEM CJICKEHHUS
3a (pIyKTyalus MU yTJI0B OPUEHTALUH U SJUTMITUYHOCTH.

5. IlpoBenieH aHaNW3 BIUSHUS HEUACATBbHON CUHXPOHM3ALHUHM NPUEMHUKOB
OM-4, MUM u [IMH Ha nomexoycTOWYMBOCTH npuema. Pe3ynbrarbl aHanmsa
[I0KA3aJi, YTO OCHOBHOE CHIDKCHHME ITIOMEXOYCTOMYMBOCTH IIpUEMa CHUTHAJIOB
CBA3aHO C BIMSHUEM B3aWMHBIX MEXKKAHAJIBHBIX IOMEX, OOYCIOBIEHHBIX
HEHU/I€aJTbHOCTHI0O CHHXPOHHU3AIMN MPUEMHHUKOB IO (pa3e HECyIIero KojeOaHus.
MeXCUMBOJIBHBIE ITOMEXH, BO3HMKAIOIIME IIPU HEHUJEATbHOCTH CHHXPOHH3ALUU
IIPUEMHHMKOB IO BPEMEHHOM 3aJep>KKe NpUHUMaeMbIX curHaios ®M-4, MUM u
[IMH, oka3bIBalOT CYHIECTBEHHO (IIPUMEpPHO HaA MOPSIOK) MEHbIIEE BIUSHUE

Ha HOMGXOYCTOI\/JI‘II/IBOCTB IMpucMa CUTHAJIOB.
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6. Iloka3zaHo, YTO HEUAECATBHOCTh pPa0OTBl CHUCTEMBl CHHXPOHH3ALUU
HKBUBAJICHTHA CHM)KEHUIO OTHOUIEHMSI CHUTHAI/IIyM Ha BXOJE IPUEMHOIO
yctpoiictBa (MUM u [IMH — na 2 nb, ®M-4 — Goiiee, uem Ha 3 1b).

7. CpaBHUTENbHBIM aHaIW3 BIWSHUA HEUJCATHHOM CHUHXPOHHU3AIUU
Ha BEJIMYMHY SHEPreTHYECKHX MTOTEPH MOKa3ajl, YTO NPUEMHUKH curHainoB MUM u
[IMH MeHee 4yBCTBUTENBHBI K OIIMOKaM CUHXPOHHU3aLUU, YEM PUEMHHUK CUTHaja
OM-4.

8. [IpoaHanm3upOBAHO BIMSHUE MOJIOCHI POMYCKAHUS CIAEASNIUX YCTPOKCTB
Ha JUIMTENBHOCTH NepexonHoro npouecca B CC CHHTE3MPOBAaHHBIX IMPUEMHUKOB
MYM u I[IMH.

9. Cunte3zupoBanbl onTuMaiibHble CC NPUEMHHMKOB C MOJIPU3ALUOHHO-
BpeMeHHO# 00paboTtkoii (IIBO) curnanos (mmst paznuyHbIX nossipuzanuii DMB).
Omnpenenenbl (pyHKkuMOHaNBbHBIE cBs3u cucreM [IBO ¢ npyrumm cucremamu
npuemHoro ycrpoiictea I[IMH: cxemoil OLIEHKH TUCKPETHOTO MH()POPMALMOHHOTO
napaMerpa; cucteMoi (a30BOM CHHXPOHM3AIMM W OLEHKU MOJSPU3AIMOHHBIX
napameTpoB OMB.

10. Onpenenensl xapaktepuctuku CC npuemnunkosB ¢ [1BO curnanos.

11. TIlpoBeneH aHanmM3 BIMSAHUS HA I[OMEXOYCTOMYMBOCTH IpHUEMA
HENJICAJIbHOTO MOJIIPU3ALMOHHOIO COIIacOBaHus NpuHUMaeMorn OMB ¢ aHTeHHOU

CUCTEMOMW U HeueanbHou (a3zoBoit cuaxponuzanuu [IMH curnana.
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