


6®2, 4
K88
YAK 621.396.96

Peoaxuyua Aumepamtypbl no eonpocam Kocmu4eckoii paouos1eKmpoHUKU

KYBLMI/IH' C. 3.

K89 OcHoBBI Teopuu LM(GPOBOII 0OPaOOTKM  PaIMOIOKA-
roHHOi uHpopMmaryu, M., «CoB. paanos, 1974

432 c. ¢ .

Marepuan KHUTM MNpPECTaBIsET COOOI Jm::menmee a3BUTHE METONOB
CUHTEe3a M &HAAH38 OCHOBHBIX ITOPUTMOB LM(POBOil 00pabOTKM UHGOpP-
Maluy, BOWENIMKX B KHUTY aBTopa «Lnppozas O6p360TKa PARHOJOKAUHON,
HOM Hucbopmau.um nananuyw B 197 .

Knura mpenHa3zHaueHa [Jis HHKeHEPHO-TEXHHYECKHX DaOOTHUKOB, CBSI-
3aHHBIX C NPOEKTHPOBAHREM U OKCIUTyaTalledl aBTOMATU3UPOBAHHBIX DPAIUO-
MUKalHOHHBX CHCTeM, a TakXke A aclUpaHTOB U CTyZLeHTOB '

'30402-064 6D2.4

4 ma

046(01)-74 14-74

@ Msnarensctso «CoBeTcKoe paguor, 1974,



IIpemucnoBue

IIIupokoe BHeApeHMe 1M(DPOBOI BHIYMCIUTENBHOM TEXHUKHU BO Bee Che--
pBl IPOU3BOACTBA U YNPABJICHUS MPUBEJIO K BOZHUKHOBEHUIO PSIa HOBBIX
Hay4HBIX HampaBieHuit. OQHUM U3 TaKUX HampaBieHUi fABiserca Uudpo-
Bast 00paboTKa HHOpMauui, B TOM uncie, nudposas oOpaboTKa paguoac-
KallMOHHOU (paAuoTeXHUYECKoit) nH(OopMalMK, NpOM3BOAMMAs B MHTEpecax
pelleHusl 3aa4 0OOPOHbI, MPU UCCIEAOBAHUM KOCMOCa U ISl pellieHUsT psiaa
HayYHO-TEXHUYECKUX W HApOTHOXO3SIMCTBEHHBIX IPOOJIEM.

B manHOI KHUWTE U3I0XEHBI OCHOBBI TEOpUM IMGMPOBO 00pabOTKM pa-
JMOJIOKALIMOHHOW MH(GOpMalIMMd  TTPUMEHUTENbHO, TIJIaBHBIM  00pa3oM,
K PJIC oGHapy:keHMsT 1 COIPOBOXICHMS. MaTtepuall KHUTY IIPEACTABIISIET CO-
0oii nmanbHeillllee pa3BUTHE METONOB CHMHTE3a M aHaju3a OCHOBHBIX aJro
puT™MOB TIpoBolt 06paboTKH, BollemImMX B KHHWTY aBTopa «Llndposas
00paboTKa pagroNoKalMOHHON HEbOpMALHYY, U3AaHHYIO B 1967 T.

Kuura cocrout m3 aByx pasmeioB. B pasmeme 1 (1. 1—4) uzmararorcs
o0I1I1e BOIIPOCH TEOPMM CHMHTE3a M aHaln3a LM(POBLIX MH(GOPMAIIMOHHBIX
CHCTEM MPUMEHUTENBHO K MpobdiieMe 00padbOTKU paaroJ0KaIMOHHON HMH(MOpP-
Mauuu. [maBa I comepXuT 2/EMEHTBI CTaTUCTUYECKON Teopur 00pabOTKU
PaauoJIOKAIIMOHHBIX CUTHAJIOB, 3JIEMEHThl TEOPUU AUCKPETU3ALUU U KBAHTO-
BaHMUSI, BBOASITCS CTATUCTUUECKME KPUTEPUU ISl ONTUMAabHOW 00pabOTKu
KBAaHTOBAHHBIX PaAMOJOKALIMOHHBIX CUTHaJIOB. B 1. 2 mpuBomsiTcsl CBe-
JeHUS U3 aOCTPaKTHON TEOPUM CUHTe3a YCTPOWCTB M AJATOPHTMOB 1715 Tiepe-
paboTKM JUcKpeTHO# mHpopmaimu. B 1. 3 paccMaTpuBaroTcsl METONbI aHA-
JI3a JUCKPETHBIX CUCTEM C MPUMEHEHMEM MaTeMaTW4yecKoro armapara Iuc-
KpeTHBIX Lierielt Mapkema /Ui ompeneneHHss BepOSTHOCTHBIX XapaKTepH-
CTHK, a TaKXe TEOPUU MAacCOBOIo OOCTY>XMBAaHUS JJISI pacyeTa IMPOITyCKHON
CIOCOOHOCTU YCTPOMCTB M aITOPUTMOB OOpabOTKM paMOIOKAIIMOHHON WH-
opmanuu. B 1. 4 paccMaTpuBaloTCsS METONbI MCCAEIOBAHUSI alrOPUTMOB
00pabOTKM paaMoIOKAMOHHOK WHMOPMAIIMK TyTeM CTaTUCTUUYECKOIO Mojie-
JIMPOBaHUS Ha yHUBepcaiabHOU LIBM.

Pazgen II (r1. 5—10) mocesieH MCCIeIOBAaHMI0 KOHKPETHHIX METOIOB
W aJITOPUTMOB LM(PPOBOM OOPaOOTKM PpagroJIOKAIIMOHHON WMH(MOPMAIIH.
B 1. 5 usnaratoTcst BOnpochl aHajiM3a M CUHTE3a aJilTOpUTMOB U YCTPOWCTB
1uppoBoil  MePBUYHON 00PAOOTKM  PaiMONOKAIIMOHHBIX — CUTHATOB. Pac-
CMaTpWBAIOTCSl BONPOCHL peaiu3alldi aJITOPUTMOB TEPBUYHON 0O0pabOTKU
Ha LIBM. B 171. 6 m3maraforcst BOIPOCH CHMHTE3a OCHOBHBIX OIepalliii BTO-
PUYHOI 00pabOTKM panroNoKallMOHHON HHMopMalu. OCHOBHBIMU 37€Ch
SIBJISIIOTCSI. BOTIPOCHI CTATUCTUYECKOM OLIEHKM TapaMeTpoB TPacKTOPUIl TMpU
(uxcrpoBaHHOM 00BeMe BHIOOPKU. B rj1. 7 M3naraioTcs BOMpOCH aHaM3a
YU peau3alluy aJlTOpUTMOB OOHApYXXEHUSI U COIPOBOXICHUSI TPacKTOPUI
ueneit. B mi1. 8 mM3naraioTcst BOMpockl OOHAPYKEHMSI U CeeKIIMU CUTHAIOB
B CTpo0ax MHAMBUIYAJIbHOTO COMPOBOXIEHUSI TPUMEHUTEIbHO K LIM(MPOBLIM
PaIroNIOKALIMOHHBIM U3MEPUTENISIM: CUHTE3UPOBAH ONTUMAIbHBIN alrOpyuTM
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OOHapyXXeHUs U CeJIeKIIMM CUTHAJIOB B JBYMEPHOM CTpoOe U MpOM3BEICH
aHaJIN3 ero CTAaTUCTUYECKUX XapaKTEPUCTHUK, PACCMOTPEHBI YIIPOIIEHHBIE aJl-
TOPHTMBl OOHApYXKEHUS U CEeJIEKLMU CHTHAJ0B B cTpode. I71. 9 mocssleHa
PacCMOTPEHHUIO TEOpUM MOCAeA0BATeABHOrQ CriaXuBaHUS ((DUILTPALIAN)
rapaMeTpoB TpaeKTopuu. PaccMoOTpeHBI BOMpOChl OOHApy:KeHUs MaHeBpa
IIeTM ¥ HEKOTOpble MeTOmbl OIIEHKHW TapaMeTpoB TPACKTOPUI MaHEeBPHUPY-
foimx 1eneir. B mi. 10 u3noxkeHbl HEKOTOPbIE BOIMPOCHI OTOXAECTBICHUST U
00BEMMHEHNST PAIMOJIOKAIIMOHHON WHMOpMAIMY, TIOTyIeHHON OT HECKONb-
KUX pa3HECEHHBIX MCTOYHUKOB.

Ilpu uznoxeHun Mmartepuana pasnena Il HemocpencTBEHHO UCHONb3YeT-
Csl TEOPETUYECKUI MaTepuas, U3JIOXKEHHbI B pasneie I.

B kHure npuHsTa TpoiiHas Hymepaiust (opmya (HOMep TNaBhkl, HOMEp
naparpada M TopsIIKOBBI HOMep (hopMyJibl B Tipenesiax rnaparpada). I[Tpu
cchliKax Ha (opMmysbl B mpenenax naparpada yKasbIBaeTcsl TOJbKO MOpPSiI-
KOBbI HOMED, MPU CChUIKAX Ha (opMysbl U3 Ipyroro maparpada Toi ke
IJ1aBbl yKa3bIBaeTCsl HoMep TMaparpada M TOpSIAKOBBI HOMeEp (hOPMYJIbI,
MpU CChIIKaX Ha (OpMYJIbI U3 APYIMX IJIaB YKa3bIBA€TCSl TOJHBIA (Tpoii-
Hoil) Homep. KHura HamucaHa mo. mMarepuajlaM OTKPBITO OTE€UeCTBEHHOM
u 3apy0exHoit surepaTypbl. CHMCOK OCHOBHOI WCIIOJIb30BAHHOW JIUTEpA-
TYpbl NPUBOAUTCS B KOHLE KaXIOW INaBhl.

[1py HanmucaHUM KHWUTM W TMOATOTOBKE €€ K MevyaTy aBTop MOoIy4dui 00Jib-
1I0€ YMCJIO TIOJIE3HBIX COBETOB M PEKOMEHIAIIMI OT CBOMX KOJUIET Mo Hayuy-
HOW U memarornyeckoir padore. OcobO HEOOXOOUMO OTMETUTH TIOAOTBOP-
HOE BJIMSIHME COBMECTHBIX pabOT C JOKT. TexH. Hayk Spyiekom B. E.,
KaHja. TexH. Hayk KomocoBbiM JI. B. u PyxxenueBbim B. H. Bcem mMm aBTop
BbIpaXkaeT CBOIO IMPU3HATETbHOCTb.

IIpu odopMiIeHNM PYKOMMCH HEQUEHHMYIO IOMOIIL oOKaszada T. M.
- Ky3bMmuHa.

ABTOp 0000 TIpM3HATEIEH pELeH3eHTaM . KHUTM JOKT. TEXH, HaykK
npod. U. A. bosabiiakoBy U AOKT. TexH. Hayk npod. B. B. JlunaeBy 3a
Psil LIEHHBIX COBETOB M TOXeJaHWiA, BO MHOTOM CIIOCOOCTBOBABIIMX YJIYY-
LIEHUIO KHHTH,

ABTOp C OOJBIIMM WHTEPECOM M OJIarofapHOCThIO MPUMET BCE 3ameva-
HUSI W TIPEIUIOKEHMS 110 CYIIECTBY BOIIPOCOB, M3JIOXKEHHBIX B KHUTE.



BBEIEHWE. TIPUHIIMITBI ITOCTPOEHMS ITM®POBOI CHUCTEMBI
OBPABOTKH PAIMOJIOKAIIMOHHOV WH®OPMAIINN

TMoHsTHE O cCTEME 0OPABOTKN PaIUOIIOKALMOHHOM nHpopmaunu. B Ha-
cTosiIiee BpeMs IIMPOKOe IMPUMEHEHUE HAaXOIST aBTOMATU3MPOBAHHbBIE CU-
cTeMbl ynpaBiaeHust U HaomomeHus (ACY) 3a BO3mylIHON (KOCMMYECKOIN)
0OCTAHOBKOM [IJIs .pELEHNs] 3a[a4 IIPOTHBOBOBAYIIHOM (N pOTHBOKOCMHYE-
CKOI1) 0OOpOHBI, a TaKKe JJIS PEIleHUs IIEJIOTO Psiia HayIHO-TEXHUYECKIX
M HaApOMHOXO3SMCTBEHHBIX 3amay (McclieoBaHUWE KOCMOca, YIpaBieHUE
BO3IYILIHBIM JBMKEHUEM U T. 1.). BaxkHeiiiei coctaBHOI YacThbio Takux ACY
SIBJISIETCSI PaJuOJIOKALIMOHHAsI cHUcTeMa cOopa M 00pabOTKM MH(OpMaLIMU
00 oObekTax (LeNsIX), MOMIEXKAIINX pa3BelKe.

B paguonoxkanuoHHylo cucteMy BxomdaT (puc. B.l1):

— W3MEPUTEIIBHBIA  PAIMOIOKALMOHHBIA  KOMITIEKC,  BKITFOYAIOIIWNA
omHy wiu Heckojibko PJIC;

— KOMILIEKC BBIYMCIUTENbHBIX CPENCTB (CUCTEMA) OOpabOTKU Paavoio-
KallMOHHOI UHMOpMauu;

— KOMILJIEKC CPEACTB Mnepeaayr UHGOpMalMM MeXIy JIeMEHTaMU Panyo-
JIOKAIIMOHHOM CUCTEMBI U K TIOTPEOUTEIISIM;

— CpeICTBa YNPaBJIEHNs, TPEAHA3HAYCHHBIE IS o6ecr[equ1/15{ corna-
COBaHHOI pabOThI BCEX B3JIEMEHTOB.

Kpyr saga4, pemaembIX paguoIOKallMOHHOW CHUCTEMOU, BapHAaHThI.NO-
CTPOEHMSI U TPEOOBAHMSI K COCTABJISIIOIIMM €€ KOMIUIEKCaM OMpPEeIeIIsTIoTCs
Ha3HaueHWeM W MpuHLUUNaMU pyHkimoHupoBaHus ACY, B KoTopolt panuo-
JIOKAIIMOHHAsI CUCTEMA SIBJISIETCSI OCHOBHBIM MCTOYHMKOM MH(bopmaiuu. Hac
B TIbHEHNIIEM OyNeT WHTEPECOBATh TOJBKO Ta YaCTh PAAUOIIOKAIIMOHHON
CHCTEMbI, B KOTOPOUl MPOU3BOAUTCSI 0OpaboTKa WH(pOpMaIuu.

Kak aneMeHT pagMoNoKallMOHHOM CHCTEMBI, CUCTEMbI 00OPabOTKM PARHO~
JIOKAIIMOHHOM WH(MOPMALMU HETIOCPEICTBEHHO CBA3aHAa C WCTOYHWKAMHU
PaJIVOIOKAIIMOHHBIX CUTHAJIOB M JOJDKHA OOecreuyuBaTh pelieHue Credy-
OIMX 3ajay:

— «OTCEHBAHHE» TIOMEX W BblIEJIEHUWE TOJEe3HbIX CUTHAJIOB, HECYIIMX
MHpOopMaIUI0 00 WHTEPECYIOIIMX CHUCTEMY YIIpaBICHUS LEJSIX;

Cucmena Cucmema
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Puc. B.1. CocTaB paiMoJIOKAIMOHHOH CHCTEMBI.



-~ ONpeJie/ieHue TapaMeTpPOB OTPaKEHHBIX CUTHAJIOB;

— «YBA3bIBAHHE» OTPAXKEHHBIX CUTHAJIOB B TPAEKTOPUM ‘H OIpENc/IEHIE
NAPaMeTpPoOB STUX TPACKTOPUIA; '

— CEeJIEKIIMS TPAaeKTOPUI LIeJIe M0 TMPU3HAKY UX BAXHOCTU Ui CU-
CTEeMBbI;

— ¢opMupoBaHuEe 0OOOIIEHHON BO3AYLIHON (KOCMUYECKO) 0OCTaHOBKH'
B 30HE OTBETCTBEHHOCTU (B 30HE ACUCTBUSI) CUCTEMBI yIpaBJIeHUS.

Ve U3 npeaBapuTeIbHOrO 3HAKOMCTBA C 3a/layaMy, pelllaeMbIMUA B CU-
cTeMe. 00paboTKU paguoIOKAllMOHHON WH(OpMalUKM, ycMaTpUBAETCSI MHO-
roodpasue BBIMOTHSIEMbIX CUCTEMOU (DYHKIIMIA, CBSI3AHHBIX C MO3TAITHOMU Tie-
pepaboTKoil OonblMX MOTOKOB MHMopMmanmu. Kaxawiii stan oOpaboTku
CBOIUTCSL K BBINOJHEHUIO ONPEIEIEHHOr0 Habopa orepaluii Hal BXOIHBIMU
CUTHAJTaMU W MOXET OCYILIECTBJSITbCS B OTAEIbHBIX YCTPOWCTBAX TOW WU
WHOI cioxHocTy. CHeTeMa o6paboTKM MOXET ObITh, TAKUM 00pa3oM, Tpe-
CTaB/ieHa KaK COBOKYITHOCTb 3JIEMEHTApHBIX TMOACUCTEM, MEXIY KOTOPbIMU
UMEIOTCSA  CJIOXKHBIE B3aMMOCBSI3U. Takue CcUCTeMbl MOJy4MIM Ha3BaHUE
CJIOKHBIX KUOEPHETMUYECKUX CHCTEM.

CJ0XHOCTh CHUCTeMBbI 00pabOTKU AeNdeT, KaK IPaBUIO, HEBO3MOXHBIM
opManuzanuio U aHaiu3 ee paboThl B 1eaoM. [loaToMy mpeaBapuTebHO
CUCTEMY TIPUXOAMTCSI pa3duBaTh Ha 2JEMEHTbl M M3y4yaThb TNEPBOHAYAIbHO
ux pyHkumoHupoBaHue. B obiiem ciaydae pa3OreHue CI0XHON CUCTEMbI Ha
3JIEMEHTbI MOXET ObITh BBITTOJIHEHO HEOMHO3HAYHO U BO MHOTOM OIIpeesieT-
Csl KOHKPETHBIM Ha3HauyeHHUeM cucTeMbl. OgHaKoO LieJecoo0pa3HO MPOU3BO-
JIUTh pa3dUeHNe TaK, YTOObI JIEMEHTHl MMEIA YETKO BbIpaXeHHOE (PYHKIIU-
OHaJIbHOE Ha3HAYeHUE W Hapsiy C 3TUM ObUIO BO3MOXKHO MPOU3BOJUTH UX
OIMUCAaHUE C TOCTATOYHO OOIIMX MaTeMaTUYECKUX MO3UIUM.

B cBsI3M ¢ TakMM TOOXOAOM IIpoliecC OOpabOTKM pagroI0KALMOHHON
nH(bOopMald MOXHO pa3ieIuTh Ha cienytolye GyHKIMOHAIBHO 3aKOHYEH-
HbIE OIepalvu.

1. OGHapyXeHUe MOJe3HbIX (OTpakeHHBIX OT Iiejell) CUTHAJIOB U (op-
MHUPOBaHUE PAAMOJIOKALIMOHHBIX OTMETOK. 3ajaya OOHAPYXEHUSl CUTHAIOB
COCTOMUT B BBIHECEHMM OJHO3HAYHOTO peIIeHUs: b0 curHai ectb (S >>0),

" 6o curHana Her (S = 0). ONTUMAJIBHOCTh PElleHUsT 3amaun GOHapyxe-.
HUSI CUTHAJIOB TMOHWMAETCS, KaK TMpaBWIO, B CMBbICIIE OOECIeUEHMUsI
MUHUMAJIBHOTO YMKCJIa OIIMOOYHBIX DPEIICHUI.

2. Ompefenenvie (OLEHKA) KOOPAMHAT PAIMOTIOKAIIMOHHBIX OTMETOK,
MOJIyYEHHBIX B PE3YJIbTATE ONHOKPATHOIO B3aMMOIEHCTBUS MCTOYHMKA (Lie-
yu) u nonydarenss (PJIC) wHpopmaimu B KaHasie cBsizu «uedb — PJIC».
B mporecce 310i1 onepauy MPOU3BOIUTCSI CTATUCTUYECKas! OLeHKa*) nab-
HOCTH 10 LeMM (Hampumep, IO 3afepKKe OTPaKEHHOIO CHUTHAJIA OTHOCH-
TEJIbHO MOMEHTA TTIOChUTKM 30HAMPYIOWEro CUrHana), CTaTUCTUYeCKasl OLeH-
Ka paJvajJbHOM CKOPOCTH LIEIU N0 AOMIMIEPOBCKOMY CABUTY 4YacTOThI OTpa-
JKEHHOT'O0 CUTHaJIa OTHOCUTEILHO YacTOThl 30HAUpYollero curdana (mist PJIC
C *paspelleHreM 10 paJuaibHON CKOPOCTH), a TAKXKE CTaTUCTUYECKas! OLIEHKa
YIJIOBBIX KOOPAMHAT 1I€W, 3aKOAWPOBAHHBIX B TapaMeTpax MOAYJISIIUU
OTpaXXeHHOro ¢HrHaMa. ONTUMAbHOCTD PEIlieHUs 3aa4yM OLIEHKU MapaMer-

*) B maremMaTM4eckoi CTATHCTHMKE TOI OLIEHKOW MOHMMAETCsl KakK IMpoIecc ¢OUeHH=
BAHHA» MapameTpa, TaK U pPe3yJbTaT 3TOr0 IMpolecca.
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POB TIOHMMAaETCSl B CMBIC/IC MAKCUMAJIBHOTO MPUOIMKEHUSI OLIEHKU K KC-
TUHHOMY 3HAaYeHUIO OIICHMBAEMOTO IapameTpa (B CMbICIE MUHUMM3ALUU
OLIMOOK OUEHKH).

Onepammu 1 M 2 BBHITIOJTHSIIOTCS Ha OCHOBE CHUTHAJIOB, ITOJYYEHHBIX
B KaxxaoM nepuoge (1mkie) oo3opa PJIC. CoBOKYyITHOCTh 3THX OIepaliii co-
CTaBJISIET COAEPXAaHUE MEPBOro dTana 00paboTKM, Ha3blBaeMOro Mep B H Y-
HO 00O0pabGOTKOWH pPagHOJOKaUHOHHON nudbopma-
I HH, ' .

3. OGHapyXeHHe TPAEKTOPUU 1IeJIM TI0 COBOKYITHOCTU PaJMOJIOKAIIMOH-
HBIX OTMETOK, IIOJIyYeHHBIX B Psiie MOCIEI0OBATEeIbHBIX IIEPHOAOB (IIMKIIOB)
o063opa PJIC. B mpoliecce BBITIONHEHMST 3TOM onepanyy Heo6xXoAKMO. ycra-
HOBUTb TIPUHAUICKHOCTh HECKOJBKMX OTMETOK M3 Pa3IMYHBIX IIEPHOIOB
0030pa K OTHOM 1IeIM, IIPUHSTH IO HUM ONHO3HAYHOE PEIIeHME O HAJIMYUM

. WIM OTCYTCTBMU IIE/IM, a TaKXKe BBIYMCIUTH HadajbHbIC 3HAYCHUsI ITapaMeT-
POB TpaeKTOpMU OOHAPYKECHHOW IICJIH.

4. CnexeHue 3a TpaeKTopueil 1eau (COMPOBOXICHUE TPACKTOPUH LIEIN ).
B mporiecce crnexeHus 3a TpaeKTOpueld HEOOXOAMMO B KaXIOM 0030pe
0TOOpaTh HOBBbIE OTMETKHU JUISI TIPOJIO/KEHUST TPAGKTOPUM W YyTOYHUTH Tapa-
METPhl TPAeKTOPHUIA C YJETOM KOOPIMHAT HOBBIX OTMETOK.

5. TpaekTopHble pacyeTbl N0 KaXAoi (WIM 4acTM) M3 HaXO[sIUuXcsl Ha

- CONPOBOXACHHH Lieleld B MHTepecax IIOTpeOuTeNneld paaroIoKallMOHHON
nHdopMmanyu. Ciofa OTHOCSTCS TOYHOE CIJIaKMBaHUE W ITPOTHO3MPOBAHE
(3KcTparnoJsiys) MapaMeTpoB TPAaeKTOPUl Ha pyOexku MPUHSITUST OKOH-
JaTeJIbHBIX PEILeHUI, OIpeaeeHre PaiioHOB cTapTa W IMajeHMs OaJTUCTU-
YEeCKUX LEIEU MW Ip.

Omnepauu 3, 4 ¥ 5 BBITOIHSIOTCS II00030PHO HA OCHOBE PafMOIOKALIMOH-
HBIX OTMETOK, IOJYyYeHHBIX B IIpolecce MepBUYHONM 00pabOTKM WH(pOpMa-
uuu, B oduleM cirydyae Heckoibkux PJIC. CoBOKYIMHOCTb 3TUX OIepauuii co-
CTaBJIsIET coliepKaHKe BTOPOTO 3Tara oopabOTKM M Ha3biBaeTcsi B T O P H Y-
HOil o00paboTKON paaHONOKaLDHOHHOH wuHDOD-
Mal#H.

6. TpetbuM 3TanioM 0OpabOTKM SIBISIETCSI OObEeTUMHEHU E MH-
bopMaAaUUH HECKONBKHX UCTOYHUKOB (ormenbHbix PJIC

. wi rpyrnn PJIC, umeroimx o0Lylo cucTeMy BTOPUYHOM 00pabOTKM) IO Lie-

JISIM, HaxXOMSIIMMCSI B OONacTU TIepeKphITHS MX 30H o030opa. B mporiecce

OObeIMHEHN MHMOPMALMKM  PELIAIOTC 3aJauyd OTOXIECTBIEHUS (HIeH-

TU(DUKALIMKM) TPAeKTOPUil, TIOTYYEHHBIX OT HECKOJBKMX UCTOYHUKOB IO OfI-

HOW M TOW e LIeJIM, W BBIYUCIICHUS TapaMeTpOB OOBSOIMHEHHBIX TpacK-

TOPUIA.

ITpy ucnosb30oBaHUM JJI1 00pabOTKM paaMOIOKALIMOHHOM MH(OpMan
rpoBbIX BeMUCIUTENbHBIX MalmH (ILIBM), mepeuncieHHBIM —orepalu-
SIM TIPEAILIECTBYeT BCIIOMOTaTe/IbHAsl OIepalusi, COCTOSIIIAsT B JAMCKPETH-
3allMd W KOAMPOBAHWM CUTHAJIOB Ha BBIXOAE BUIEOTPAKTa IPUEMHOTO
yerpoiictBa PJIC. YcrpoiicTBo IMCKPEeTHOrO npeodpa3oBaHUs U KOIUPOBa-
HMSI CUTHAJIOB SIBJISIETCSI B 3TOM CJTydae COIIaCyIOIIMM 3BEHOM MEXKIY aHajlo-
TOBBbIM pamuornpueMHbIM ycrporictBoM PJIC u tmdpoBoii cructemor 06pa60T—
KU PaaroOKalMOHHON MHGbOpMaLIUU.

IMocnenoBaTeIbHOCTh BBIMOJTHEHUST TIEPEYMCICHHBIX OIepanuii  obpa-
OOTKM pamyoJIOKALIMOHHON MH(OPMALIMK MToKa3aHa Ha puc. B.2. Onepauun
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MepBUYHOI 00pabOTKM OOBIMHO BHIMOJHSAIOTCS Ha Kaxmoi PJIC. Bropuunas
00paboTKa pamroIOKAllMOHHON WH(pOPMAIMM MOXET MPOM3BOAUTHCS COB-
MectHO 111 KoMmiviekca PJIC (yzma). O0bennHeHMe MHGOPMALIMA OOBIMHO
_ IPOM3BOJMTCS Ha KOMAaHAHBIX IMyHKTax (MyHKTax cbopa uWHMOpMAaIK)
C 1LIeJIbl0 TOyYeHUs] OOOOIIEHHON paaroJIOKAlIMOHHONW OOCTAaHOBKU B 30HE
OTBETCTBEHHOCTH PAJIMOJIOKAIIMOHHON CHCTEMBbI.

f PAC J I PAC

| OO pyxeny e !
cueHanod L MEpRE

] ; r 20 AL
| ‘\ paducnonagucnwou
I Juewra i UMNDEOHAL UL
i napasemnel ]
‘ cugRa Aol R

...l...

Obnapymerse mpaermaoud
yened
d Conpofomdenue  epou :
TRRERIMOOHSIE  PACYETI! J -
HpossT YU [ il » - HH@OoME QU
om t-eo om J-20
LEMPHERE l Bmopu ywas :idjpad'aw/rz LrmpARE

a

| Ofsedunence ~uwpoprayal l

HECKOTBIUN  UCTIOVUNOE,

AOITIEESUTIEATM

"
Puc. B.2. IlocnenoBaTenbHoeTh BhimonHeHus ONEPAUHE 06GpPaGOTKM pPaaMONIOKALIMOH-
HOIl MH(bOpMAaIIUH.

3agayy aBTOMAaTU3alUK IIPOLECCOB OOPA0OTKM PadMOIOKAIIMOHHOM MH-
dopmann. B peanbHBIX YCIOBMSIX CIEXEHMS 3a MHOTMMHU LIEJISIMM, IIBH-
KYIIAMHUCS ¢ OOJIBIIMMU CKOPOCTSIMM, Y€JIOBEK HE B COCTOSIHMU OIEpaTUBHO
OLICHMBATh MHOrOOGpa3ne cloXuBIIeiicss OGCTAHOBKH, MOJB3YsICh TOJIBKO
BU3YyaJIbHBIMM WHAMKATOpaMK. B CBA3H ¢ 3TMM BO3HMKAET IpobieMa mepe-
Ja4M 4acT! WIN BeeX (DYHKLMIN 4YesioBeKa-orepaTopa Ipyu 00padoTKe pagro-
JIOKALIMOHHOM MH(OPMALIMY BBIMUCIUTEILHBIM YCTPOICTBaM, T. €. IIpobJie-
" Ma TMOCTPOEHUsI aBTOMATU3MPOBAHHBIX CUCTEM O0pPa0OTKM pPaarOJOKalIMOH-
HOI MHMOPMAaLIVN.

ABTOMAaTH3alIMsI TIPOLIECCOB OOPAOOTKM paaroIOKalIMOHHONM MHMOpMa-
LM MOXET ObITh YaCTUYHOM WM ToaHOM. [lpym dYacTM4HOM aBTOMAaTH3a-
LIMA CO3MAIOTCS TaK Ha3bIBaeMble MOJIyaBTOMATUYECKME CHUCTEMbI 00paOOTKU.
8



Yenosek-onepatop (OIl) BXomUT B MOJyaBTOMAaTHYECKYIO CUCTEMY Kak ee
BaXHellIee 3BeHO, 03 KOTOPOro paboTa CHUCTeMbl HEBO3MOXHa (puc. B.3}.
B aBTOMaTMuecKux cuctemax Bce orepaiuyi 0O0pabOTKU BBIMOJHSIOTCS C MO-
MOIIBIO BBIYMCIUTENbHBIX YCTPOMCTB. DYHKIMU YelOBEKa B TaKUX CHCTE-
Max B OCHOBHOM OIpaHWYMBAIOTCSI HaOJMOfEeHUEM 3a pabOTOil CUCTEMbI U ee
TeXHUYECKUM oOcyxuBaHueMm (puc. B. 3).

J1s aBTOMaTU3alUM IIPOLIECCOB 0OpabOTKM HEOOXOOMMO IpPEeXKAe BCEro
pa3paboTaTh (POPMAIU30BaHHLIE MTPAaBUJA (AITOPUTMBI) BBLITOJHEHUS BCEX .
ee onepauuit, TeopeTnueckor 6a30ii AJIs1 AITOPUTMU3ALMK TTPOLIECCOB 00pa-

—
-y e S o S AL ey e s
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Puc. B.3. IIpuMHIMIIBI TTOCTPOEHMSI CHCTEMbI O6pa60TKI/I paRHOROKauHOHHOH HHdop-
. Maluu.

OOTKM SIBJISIETCS TEOPUST CTATUCTUYECKUX PELUEHUI U CTATUCTUYECKAS] TEOPHSI
panuoniokaivu. Ilomydaemble M3 TEOPUM ONTUMAJIbHBIE AITOPUTMbI OOECTIEe-
YUBAIOT MAKCUMAJTbHBIN 3(h(EKT BHITTOJIHEHUST OTlepaldii B CMbICTIE BbIOpaH-
HBIX KPUTEPUEB ONTUMAJIbHOCTH, HO O€3 yueTa BO3MOXHOCTEN peasiH3auuH,
bazoil nns peanuzaiiiu aBTOMaTU3UPOBAHHOW CUCTEMbI 00pabOTKK pa-
IMOJIOKALMOHHOM HRGOPMaLHH ciayxar B nepsyto ouepenb LIBM, a Takxke
CIelUaTu3UPOBAHHbIE AHAJIOTOBBIE U IMCKPETHBIE BHIYMCIUTEbHBIE YCTPOIA-
" c¢tBa. C TOUKM 3peHUs] HAEXKHOCTU, SKOHOMUYHOCTU U rabaputoB anmnapa-
TYpbl TPEANOYTEeHUE HEOOXOAUMO OTIaTh LM(MPOBbIM  BbIYMCIUTETbHBIM
ycTporictBaM. CuctemMa o0paboTKu, peanin3oBaHHasl Ha LIBM u apyrux cre-
LIMATM3MPOBAHHBIX IIM(DPOBBIX BBIYMCIUTETBHBIX YCTPOHCTBAX, HA3bIBACTCS
LIM(pPOoBOIi crUcTeMOit 00pabOTKM paaMOJIOKALIMOHHOKM MHMOpMalMKu, a cam
rnpouecc 00pabOTKM Ha3bIBaeTCsl B 3TOM ciiyyae UM ppoBoHoOpa -
60TKOH panuonokauMOHHOH HHOOPMaULHH

IIpu peanuszanmy cucteMbl 00pa0dOTKM Ha IIBM HOJKHBI YUUTHIBATHCS

CIIeAYIONIME OCOOEHHOCTH IMOCIEIHUX KaK IUMCKPETHBIX MpeodpasoBaTeseit
MH(MOPMALIVU;

g
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.~ st obpaborku Ha LIBM wmHpopmaims noyokHa ObITh MpecTaBieHa
-B JWCKPETHOM BMIE U 3aKOAMPOBAHA JBOMYHBIM KOAOM (WJIM OAPYTUMU Kozia-
MU, C KoTopbiMu orepupyeT [IBM);

— npeobpazoBaHue uHdopmatuu B [IBM npoussonutcst T0CIIE/I0BATE b~
HO 1o TakTaM. O0beM HHGOPMALUKKE, XpaHUMOM U Mpeodpa3yeMoil B KaxkIoM
TakKTe, SIBJSIETCSI KOHEYHBIM.

IlepBag U3 yKasaHHBIX OCOOEHHOCTEN OOYC/IOBJIMBAET - HEOOXOIMMOCTD
MpeaBapUTEIbHOM TUCKPETU3alMI M KOTUPOBAHUS PaaOIOKAIIMOHHBIX CHUT-
HajoB 1Jis1 o0padoTku Ha [IBM. AuckpeTrusauus HEU30eKHO BeIeT K IoTe-
pSIM B IIOPOTOBOM CHUTHAJIE U, CJ€A0BATEIbLHO, K ITOTEPSIM B KadyecTBe oOpa-
OOTKM II0 CPaBHEHMIO C ONTHMAJIbHOM 00pabOTKOM HeNpephIBHBIX (HEKBaH-
TOBaHHBIX) CUTHAJIOB. Pa3paboTka onTuManbHBIX (C MUHMMAJIbHBIMU TIOTE-
pssMM MH(pOPMAIIM) METONOB MNMCKPETU3AIUM PaarOI0KAIIMOHHBIX CHUTHA-
JIOB SIBJISIETCS CHelM(UUYECKO 3amayeli, BO3HMKAIOIIECH IIpM peajn3alivn
1 poOBOIi CUCTEMBI 00pabOTKM pPagMOJIOKAIIMOHHOK MH(MOpPMALIVN.

W3 Bropoii ocodbeHHocT [IBM Kak mucKpeTHOro rnpeodpa3oBaTesst MH-
(opmalu ciAenyeT OrpaHMYEHHOCTb (KOHEYHOCTb) €€ OBICTPOACHCTBUSI.
DT10, B CBOIO OYepeb, IIPUBOIUT K OTPaHUYEHUIO MPOITYyCKHOM CIOCOOHOCTH
CHCTEM, MOCTPOeHHBbIX Ha 0a3ze LIBM. Eciu Temepp yyecTb HEOOXOIMMOCTb
OIHOBPEMEHHOM 00pab0oTKM MH(OPMAIIMM O MHOXKECTBE LIeJIei, HaXOMSIIIUXCS
B 30He o030pa PJIC B peaqpbHOM MaciiTabe BpeMEHHM, TO BO3HUKAET ITPO-
OmeMa obecriedeHrsT TpeOyeMOM ITPOITYyCKHOM CITOCOOHOCTH IIM(POBOI CH-
cTteMbl 00pabOTKM. s pelieHus 3Toi MpodieMbl BO MHOTUX ClIydasiX Mpu-
XOIUTCSL YMPOILIATh (BUAOM3MEHSTh) OITMMAJIbHBIE aJTOPUTMBI OCHOBHBIX
orepalnii 00pabOTKM C 1IENbI0 WX IIPUCIIOCOOICHUS IJis pealn3aluyd Ha
LIBM ¢ 3agaHHOW oOrpaHMYe€HHOW MPOM3BOAWUTEIbHOCTBIO WM BOOOILE
* OTKa3bIBaThCS OT aBTOMATHM3AllMM HEKOTOPBIX OIepallMii. ,

Takum 00pa3om, pa3paboTKa aJIrOpUTMOB BBIITOJIHEHMSI OCHOBHBIX OIle-
pauuii 00pabOTKM, OOECIIeUMBAIOIINX MpUEMIIEMble KaYeCTBEHHbBIE XapaKTe-
PYICTUKM BBIXOAHOW MH(OPMAlMA IIPYA OTHOBPEMEHHOM Y4YE€Te BO3MOXKHO-
cTeil ux peanuzauuy Ha LIBM ¢ orpaHMYeHHON MPOM3BOAUTEIBHOCTBIO, SIB-
JISIETCSl OOHOM M3 OCHOBHBIX 3aJad aBTOMAaTH3allMM IIPOLIECCOB 00pabOTKM
Ha 0Oasze LIBM.

ANropUTMM3alIMS TIPOIIECCOB O6pa6OTKI/I MPOM3BOIUTCS Ha HadaJabHOM
CTamuy TIPOSKTUPOBAHMUSI CUCTEMbI 00pa0OTKM pPaaroJIOKAIIMOHHON MHpOp-
Manuu, B majgbHeiileM HeoOXOmMMO yBsI3aTh MEXIy COOOIl OTHEbHEIE 3JIe-
MEHTAapHble AJITOPUTMbI M pa3paboTaTh KOMILUIEKCHBI aJTOPUTM CUCTEMbI
C yYeToM peanm3alny Ha KoHKpeTHoi IIBM, ompemenuTh cTeneHb aBTO-
MaTH3alldM OIlepalliy M 3TaloB 00pabOTKM, paclpencuTh QYHKIIUU MEXITY
yesoBekoM-oriepatopoM u LIBM B cucreme u.T. a. Pemenue nepedrcneH-
HBIX 3a/a4 JTOJDKHO COMNPOBOXKIATHCA aHAIM30M 3(PMOEKTMBHOCTU ITOCTPOE-
HUSI OTIENIBHBIX ITOICUCTEM M CUCTEMBI B 1IEJIOM I10 «BHEILHHM» (3amaBacMbIM
MOTPEOUTENAMU  PAIMOJIOKAIIMOHHOM MH(MOpManuy) WM <«BHYTPEHHAM»
(crietrIecKyM IJ1sl paaroIOKAIIMOHHOM CHUCTEMbI) KPUTEPUSIM ONTHMAJTb-

HOCTHU.



Paszoen 1

OBLIME BOIIPOCHI TEOPUU LIUGPOBOM
OBPABOTKU PAIMOJIOKALIMOHHOM MH®OPMALIUU

1. DJIEMEHTbI CTATUCIWYECKON TEOPUU OBPABOTKU
JANCKPETU30BAHHLIX PAOAWOJIOKALIMOHHBIX CUIHAJIOB

1.1. Cratuctuueckue 3aKOHOMEPHOCTU
GopMHUpOBaHUS PaaMOJOKALIMOHHBIX CUIHAJIOB

B pmanHoM mnaparpade paccMaTpUBAalOTCSI OCHOBHbIE 3aKOHOMEPHOCTH
¢dopMUpoOBaHUS PATUOJIOKALIMOHHBIX CUTHAJIOB B COOTBETCTBUM CO CTaTHU-
CTUYECKOM MOMEIBI0 PaarOIOKALIMOHHOTO HabJjI0AeHHA, YTO COOTBETCTBYET
3JIEMEHTAPHOMY M3JIOXKEHUIO HEOOXOOMMBIX B JaJbHEHIIIEM OCHOBHBIX ITOJIO-
XEHUU CTAaTUCTUYECKOM TEOpUU PATUOJIOKALUU (1, 10, 13, 18].

1.1.1. Cxemnas modeav npoyecca paouosoKauUOHHO2O HAOAOOEHUs

Jns HarjasIHOCTH TIPOLIECC PATUOJIOKALIMOHHOTO —HAOMIOOCHMST MOXKHO
MPENCTaBUTh B BUIE CXeMBbI, M300paxxeHHO# Ha puc. 1.1. Huke nmpuBogutcs
3JIeMEHTapHOE OINMKMCAaHME OJIOKOB 3TOM CXeMbl M MX B3aMMOACUCTBUSL.

o o " ooy ™
en
() e~
Py E,&
&
17 g
1. PY | HA
Puc. .. CxemHasn MOJEJIb mpoliecca paI[I/IOII(;KaL[I/IOHHOFO HaOJIIOAEHUS.

1. Tlepenatomee ycrpoiictBo PITY (610K 1) sIBIsieTCS MCTOYHUKOM 30HIM-
pytoiux curHaioB PJIC. Kaxuplii 30HIMPYIOIINIT CUTHAT XapaKTepu3yeT-
csl CBOMMM TlapaMeTfiamH, TakMMU KakK SHeprus, ¢asa BHICOKOYACTOTHOTO
3aIIOJIHEHMSI, 3aKOH MOMY/SILIMM U Ip. AHAIUTUYECKU 3OHIUPYIOLINNA CUT-
HaJl MOXHO 3aIticaTh B BUIE

Seonn (0 =A (f)cos [2afet - @ () + Vypomnls
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e A (1) — 3aKOH aMIUTUTYTHON Momyasimu (orubaronas); f, — Hecy-
. IIasi yacToTa 30HIWPYIOUIETo CHUTHaia; ¢ (1) — 3akoH (pa3oBoii MOIYIsI-
LUW; Ypeuy — HaUadbHaA da3a 30HAMPYIOIIETO CUTHAIA.

HauGonee BaxHBIMU XapaKTepUCTUKAMKM OTWHOYHBIX 30HIMPYIOIIMX
CUTHAJIOB SIBJISIIOTCSI: HEPTUsl CUTHaja B, orpeaessionas MaKCUMaabHO
JOCTIDKMMOE OTHOLLEHME CHTHa.J/MoMexa Ha BbIxome paguorpakra PJIC;
LIMpUHA CIIeKTpa A/, KOTopasl OIpeAeiisieT pa3pellalollylo CIIOCOOHOCThb
IO NAJIbHOCTH; JJIATENBHOCTh CUTHAA Ty, KOTOpas OIpeNesdeT pa3pella-
IOIIYI0 CIMTOCOOHOCTh TI0 CKOPOCTH.

.CymiectBeHHBIM i1 onucanus  pyHkunonuposanusa PJIC  gpngerca
MOHSITUE  KOTEPEHTHOCTM 3OHAMPYIOIIMX CUTHaIOB. [IpuMeHUTETbHO
K HWMITYJIbLCHOMY CHUTHaly KOT€PEHTHOCTb COOTBETCTBYET OJHO3HAYHOM
CBSI3U MEXIY HAuyaIbHBIMU (a3aMU g, CICOYIOLIUX JPYr 3a JPYTOM
UMIYJIbCcOB. [TprMeHeHre 30HIUPYIOLIMX CUTHAJIOB B BUJE TMOCEN0BATEIb-
HOCcTH (Mayku) U3 N KOTepeHTHBIX WMITYJIbCOB MO3BOJISIET MPU ONTUMAITb-
HOI 00pabOTKe OTPaKeHHBIX CUTHAJIOB YBEJIUYUTh OTHOILIEHWE CUTHAJ/TIO-
MeXa M YJIy4IIUTh Pa3pellarolylo CIIOCOOHOCTh MO CKOPOCTH.

2. Yepes mepematromyto aHteHHy PJIC 3oHmupyiomme CUTHAIBI M3JTy-
YaloTcs B TIPOCTPAHCTBO. B mpoliecce ckaHUpOBaHUsI aHTEHHBI C Y3KOM Aua-
rpaMMOI HaIpaBJE€HHOCTH MPOUCXOAUT KPaTKOBPEMEHHOE O0JIyueHue eI
3JIEKTPOMArHUTHOM 3HEPrHeil 30HIMPYIOLIMX CUTHaANIOB. COBOKYITHOCTb W3-
JIYYUEHHBIX B HAIIPABJICHUU LIEJIM 30HAMPYIOLIMX CUTHAIOB 00pasyeT MHO-
3KECTBO 30HIMPYIOLIMX CUTHAIOB S,,, (cM. G0k 2 Ha puc, 1.1).

3. Henb (610K 3) sBAsIeTCS] MaCCUBHBIM OTpaXkaTesieM SHEpruu W, BCJea-
CTBHE 3TOr0, MCTOYHUKOM IT0JIe3HOM uHGpopMamu B KaHane «PJIC — uenbs.

HMHbopMallmoHHOW XapaKTepUCTUKON 1IeJU SIBJISIETCS TPaeKTOpMS ee
IBVDKEHMS, 3aJaBacMasi BPEMEHHBIMU (YHKIMAMU TEKYIIMX KOOPIMHAT.
TpaekTopust ABIXEHUS LIETH MOXET ObITh MpeCTaBlIeHa NHOO JCTCPMIHM-
poBaHH®¥ (yHKUMEH BpeMEHM M IApaMeTpoB, JMOO B BUIE CJyYaiiHOro
rpoliecca C 3aJaHHbIMM CTaTUCTUYECKUMU XapaKTePUCTUKAMU.

DHepreTMYeckoll XapakTepUCTUKOUN 1enu sBiasieTcs ee d¢dekTuBHas
orpaxaromas nosepxHocts (JOIT). B Teopuu paauojoKalMy OObIMHO MC-
NOJB3YIOT OHY M3 CIEIyIOIMX CTaTucThueckux momeneir DOIT {13]:

a) 1ieJib TIPeJCTaB/IsieT cO00l COBOKYIMHOCTh OOJBIIIONO Yuciia He3aBUCU-
MBIX U PaBHOLEHHBIX OTpaxkaTejedl ¢ 3aJaHHBIM CPEJHUM 3HAYEHUEM (-
(beKTMBHOI MOBEPXHOCTU X

0) Leb MpencTaBisgeT co0oil COBOKYIMHOCTh 3JIEMEHTOB MEPBOM MOIEIU
U COJAEPXKUT, KPOME TOTO, JOMUHUPYIOLIYIO TOUKY C IMOCTOSTHHOMN 3(hheKTUB-
HOW TIOBEPXHOCTHIO 24 (OYEBUIHO, TIEPBAs MOJENb SABISETCH YaCTHHM CaY-
yaeM BTOpoOM mpu Z, = 0).

[TnotHocTh  BepoatHocTn DOIN e Npy HalMYMU  JOMMHMPYIOLLER
«OnecTsIeii TOYKHY MMeeT BUI

_ fovavw.d f21/F00N

w(X)= .11y

a TpU ee OTCYTCTBUU

wfig=Z1exp(— /2, (1.1.2)
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rae 1y (z) — MomuduimpoBaHHas ¢GyHKIMs beccenst mepBoro poma Hyie-
BOIO MOPSIIKA. ’

4. Kaxnplii oTpaXeHHbIId OT LieJM -CUrHaJl (hOpMUPYETCsS B pesyJibTaTe
BO3MEWCTBUS HA 30HIUPYIOLIUIA CUTHAI LIEJIA U OKPYXXAIoUIEH Cpebl U MO-
KET ObITh aHAIMTUYECKU TPENCTaBIEH B BUAE HEKOTOPOW W3BECTHOMN (hyHK-
LMK BPEMEHU U CITYYaiiHbIX MAPaMETPOB, T. €. Sypp =5 {1, fr), tie & —
BEKTOp IMapaMeTPOB OTPaKEHHOIO CUTHaJA. COBOKYHHOCTB BCEX BO3MOX-
HBIX CUTHAJIOB, OTPaXXeHHBIX OT LIEJM 3a BpeMsl ee HaOJoJeHuUs, oO0pasyeT
MHOXECTBO OTPaXKE€HHBIX CHTHAJIOB SoTp (610K 4).

5. AHaJIOIMYHBIM O00pa3OM OINpENesseTcsl MHOXECTBO Ny CUTHAIOB
BHELIHMX [TIOMEX, B KOTOPOE KPOME CUTHAJIOB, OTPaKEHHBIX OT JIOKHBIX 1ie-
Jiel, BXOISIT CUTHAIBI ITOCTAHOBIIMKOB NOMEX, a TaKXe CHUTHAJIbI APYTUX
MEIIAIINX HCTOYHUKOB.

6. Ha Bxon mpuemnoii ‘antennsl PJIC BoameiicTByeT curHaji, ofpasy-
IOIMICS B pe3ysibTaTe CMELIMBAHUSI OTPAXEHHBIX CUTHAJIOB M BHELIHMX
rmomeX. B mprueMHOM yCTpOMCTBe TMOJIE3HBIN CUTHAJ TIOABEPTaeTCsT MOTTOTHM-
TEJIBHOMY HMCKaKEHMIO BHYTPEHHMMM IOyMaMu armapaTtypbl N . Tlepecun-
TaHHBIE Ha BXOA IIPMEMHOIO YCTPOMCTBA BHYTPEHHHWE IIYMbl aIIUTUBHO
CMELIMBAIOTCA C BHEIUHMMM IIOMEXaMU, 00pasys cymMMapHyro momexy Nz
(b;1ok 5), 3amMChHIBaeMylo B BUJIE r

Ne() =Na(® + Ny (1),

OOBIMHO TIPENIOJIAraeTcsl, YTO Ha BXOHE NPUEMHOIO YCTPOMCTBA CyM-
MapHas IoMeXa aIIMTUBHO CMEIIUBAETCS C OTPaKEHHBIM curHajaoMm. Cym-
MapHbI curHan (60K 6) Ha BXOIe NMPUEMHOIO YCTPOMCTBA 3alMChIBAETCS
B BUIE

u (t) = Snrp (tl 8‘) + NE (t)

7. Oxoneuroe yctpoiictBo PJIC mojaraeTcsl cOCTOSIIMM W3 IBYX Yac-
Ted: coOctBeHHO mnpriemHuka PIIpY (6nok 7), mpencTaBisiioliero coooit
ONTHUMAITbHBIN COTIACOBAHHBIN (MUILTP U Oe3bIHEPIMOHHBIN JETEKTOp, U
pewtatoriero ycrpoiicrea PY (6nok J0), cayxaiiero st rpeoOpa3oBaHust
BBIXOIHBIX CUTHAJIOB NIPHEMHUKA B pellieHre, MPUHUMAaeMOe Ha OCHOBE 3THX
curHajoB. B o0iieM ciyyae MHOXECTBO BBIXOOHBIX CUTHAJIOB IIPHEMHMKA
BKJIIOYAeT B ceOs TOAMHOXecTBO orubamommx E u moaMHOXecTBO (a3

"orubaroimx P, oTGUILTPOBAHHBIX U IMPONETEKTUPOBAHHLIX B le/leMHl/lKe
BXOIHBIX CUTHAIOB (OJIOK &).

IMpu 1mdpoBoit 00paboTKe pPaaMOSOKAIIMOHHOM I/IH(l)OpMaL[I/II/I MEXIy
' IPUEMHUKOM M DELIAIOLIMM YCTPONCTBOM CTaBSATCS MPe06pa3oBaTesNd CHT-
HaJIOB M3 aHaJloroBoi (opmel B auckpetHyo (HI, 6mok 9). B stom ciydae
MHOXeCcTBO X CHTHAJOB Ha BXONE palllaloiiero ycrpoicrsa (0mok 9)
SIBJISIETCS TUCKPETHBIM, a caMo PY mpexacrasmseT coboit umprBoe BBIUMC-
JINTEJIbHOE YyCTpoiicTBO (00K 11).

8. MHoxectBo pemrenmii Y (00K /2) B 3amade paauoJIOKallIOHHOTO
HaOMI0IeH!UsT B POCTEMIIEM Cilyyae MPeNCTaBIIsIeT cOO0i MHOXECTBO OLIEHOK
KOOpIMHAT M TlapaMeTpOB ABVDKEHMSI HAOMOMaeMbIX IIeJIei.

g cvHTe3a ONTMMATIBHBIX PEINAIOIIMX YCTPOWCTB OOpaOOTKM pamuo-
JIOKAITMOHHOK MH(MOPMALIMM HEOOXONMMO 3HATh CTAaTMCTMYECKHE XapaKTe-
PUCTAKY 00pabaThIBaeMBbIX CUTHAIOB. [103TOMY B faJibHefitieM IpOU3BOINT-
Cd HEKOTOpast JIeTaM3alnsl PACCMOTPEHHOM MOIEIM B 3TOM HANpABIEHUU .
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- 1.1.2. Cmamucmuueckue XxapaKxmepucmuKku 0mpaiceHHblX CUZHAN08

B nmanpHeiineM mmeloTcss B BHUAY, IJIaBHBIM 00pa3om, 003opHbie PJIC
(KpyroBoro Wim CeKTOpHOTo 0030pa), MpeAHa3HAYeHHbIE [JIS1 CIEeKEHUS
3a MHOXECTBOM Iiejieil. TpaeKTopus KaxIoll M3 CONPOBOXKIAEMBIX TIENIEH
CTPOMTCA B 3TOM CJIy4ae IO AWCKPETHBIM JaHHBIM (M3MEPEHHBIM 3HAYEHM-
SIM KOOPAMHAT), TOJTyYeHHbIM B ITPOLIECCE MHOTOKPATHOTO (paBHOMepHoro
WX TIPOTPaMMHOr0) 0030pa MPOCTPAHCTBA.

B kauectBe HaOmomaeMbIx KoopauHaT o63opHasi PJIC moxeT BblmaBaTh
JAHHbIE O JAJIBHOCTU r, MPONOPLUMOHAIBHON 3a1epKKe T OTPAXKEHHOTO CUT-
HaJsla, a3uMyTe 3 1 yrje Mecta €. MeTonbl U3MepeHUs] NalbHOCTU U paauajib-
HOIl CKOPOCTM, a TakKe paspeliaroiasi CrocoOHOCTb M TOYHOCTb OTCYETa
BTUX KOOPAMHAT HEMOCPEACTBEHHO CBSI3aHBI C XapaKTEPUCTUKAMU 30HAUPY-
tolero curHaia. OTcyeT KOOpAMHAThl a3uMyTa MPOU3BOAUTCS, KakK MpaBuJo,
10 MaKCUMyMY OTMOaroIaii oTpak€HHOro CUrHaia. Pasperraromasi criocoo-
HOCTb M TOYHOCTb OTCYETA a3MMyTa OIpeNessieTCsl - LIMPUHON AuarpaMMbl
HamnpaBieHHOCTH aHTeHHbl PJIC B ropu3oHTaJbHOI TUIOCKOCTU Ha TIpUeM
U Tiepenauy.

N3mepeHue yriaa mecta B 0030pHoil PJIC mpou3BoauTCsi 00BIYHO C TTO-
MOIIBIO MaplUMATIbHBIX MIOJbUaThIX AHTEHHBIX JIyyel, pacrojoXeHHbIX
B BEPTUKAJIbHOI IJIOCKOCTU ONWH Haja ApyruM. Eciam Kaxmplit Jyd cBsi3aH
CO CBOMM MPUEMHUKOM, TO YIojl MecTa OmpefessieTcsl o HOMepy KaHaja,
MPUHSBILIETO OTpaXeHHbIM curHaji. Paspelnaloias CIOCOOHOCTb M TOY-
HOCTb OTCUeTa IO YIJIy MecTa OIpenessieTcsl, B TepBOM NPUOIMKEHWH,
LIMPUHON TaplUaJbHBIX IUarpaMM HalpaBAeHHOCTU B BEPTHMKAJbHOW IIIO-
CKOCTH.

Hixe paccMaTpuBaIOTCsl CTATUCTUYECKIE XapAKTEPUCTUKKM OTPaKeHHBIX
CUTHAJIOB, TMPUMEHUTEIBLHO K OIHOMY TMapliMalbHOMY KaHajy OO030pHOM
PJIC, coBepiaromieii paBHOMEPHBII 0030p IIPOCTPAHCTBA B TOPU3OHTAJIb-
HOM MNJOCKOCTH.

IIpy paBHOMEpHOM CKaHHPOBAHYH B TOPU3OHTAIBHON IUIOCKOCTU
OIVHOYHBIN - CUTHAJI, OTPaXX€HHbIN OT MOABWXHOM 1IeJIM, MOXHO IpeacTa-
Buth B Buzne [1]

SOTP (t’ &) =A5(t)g (ﬁo, E’)S (t ‘—T) COs [Qﬂfo (t Ji—-T) -+ .
+ 2nFgt +o () + Pl (1.1.3)

rae As(f) — WHTEHCHBHOCTb OTPAXEHHOTO CHMTHANA, 3aBUCSIIAS OT 4ajdb-.
HOCTH 10 LeId U ee 3 GhEeKTUBHONM OTpaxalolleil moBepxHocTH; g {fa, P) —
orubatoiasi 00oO0IeHHON AuarpaMMbl HampabieHHocTu PJIC Ha mpueMm u
nepegady B FOPM3OHTalIbHON 1uiockocty (mpu B = Bg, g (B, B) = Di
B — TeKkymMiA a3MMYT aHTEHHBI;, ¢ — WCTMHHBIA a3MMyT LETM B MOMEHT
Jokauuu; S {f—T) — 3aKOH aMIUIMTYIHOM MOMY/ISLMM CUTHajga (MOmy-
Jmpyonast GyHKIUS); T — 3aaépXKKa OTpakKeHHOTo CUTHajia OTHOCUTE]Ih-
HO ITOCHUIKY 30HIUPYIOLIETO CUTHaja; ¢ () — 3aKOH (Da30BOM MOMYISLINN;
Yo — HauasbHas (aza OTPaXEHHOTo CHUTHaNa; £y — JOMIUIEPOBCKUIA
CABUT YacTOThl OTPaKEHHOTO CUTHaNa; f, —— Hecyllas dYacToTa CUTHAala.

Ecau oTpaxkeHHBIN CUTHal MpeACTaBlseT coO0Oi MOCiea0BaTeIbHOCTD
TIEPUOINYECKU TTIOBTOPSIOIIMXCS MMITYJIECOB (ITAYKy MMITYJIBCOB), TO MOMY-
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-mupyrotiast GyHKums B (3) OGymeT MMeTb BHI
N

Spt—1) & 2 Slt~—t—(A--1)Tgl, (1.1.4)
rme N — pacueTHOe YHCJIO UMITYJICOB B TayKe, OIpenessieMoe o (opmyiie

N =@, Fo/B, - (1.1.5)

B nocnenneii popmyie: ¢p ~— LIMPYHA TMarpaMMbl HAPaBICHHOCTU aHTEH-
Hbl B TOPU3OHTAJILHOM TJIOCKOCTM Ha 3aJaHHOM YPOBHE MOIIHOCTH (B Tpa-
nycax); Pa — CKOPOCTb CKaHMPOBAaHWSI (BpallleHWsI) Jiyda aHTEHHBI
(B epadicex); Fy— wyacrtoTa ciaenoBaHUSI 30HAMPYIOIIMX CHTHAJIOB.

B peanbHbIX ycnoBusix, 3a cuer ¢uIOKTyaluHi >ddekTuBHON oTpaxa-

IOIIei MOBEPXHOCTU LIEJIU U U3MEHEHUSI YCJIOBUM PACIpOCTpaHEHUsT Paauo-
BOJIH, OTpPakKCHHBI CHUTHAT Bcerma (DIIIOKTYHpYeT IO WHTEHCHBHOCTH, Ya-
cToTe U haze. 3agepkKa CUTHAIA W a3UMYT €ro Mpuxoia SIBISIOTCS HEeu3-
BECTHBIMU 11 HaOJtoAaTesisl rnapaMeTpaMy W, cliefoBaTelbHO, TakXke MO-
I'yT paccMaTpuBaThCsl KaK CAydaiiHble BEJIMYWHBI.
" Takum 00pa3oM, OTpa€HHBI OT MOABWXKHOW LIEM CUTHAN [IPeICTas-
JISIETCSl B BUJE 3alaHHOM (DYHKLIMM BPEMEHU C COBOKYITHOCTBIO CITyYaiiHBIX
napaMerTpoB, T. €. Sy =38 (T, o, Fi1, As, Yo, £). YacTs u3 31X mapame-
TPOB TMOMIEXKUT OlLIEHKe NMpu obOpaboTke. Takue mapaMeTpbl Ha3bIBaOTCS
CYIIeCTBEeHHbIMU. Jlpyrve mapaMeTpbl He HecyT IOoJIe3HON WHpopMaluu,
T. €. SIBJISIOTCS TIapa3uTHBIMU. B Tiporiecce 06paboTKU OOBIYHO MPOU3BOINT-
cs CTaTMCTUYECKOEe YCpeAHEeHHe TPUHUMAEMbIX CUTHAJIOB MO COBOKYITHOCTU
Mapa3UTHBIX MapaMeTpoB (ecd TaKoe YCpelHEeHHUE BOOOIE BO3MOXHO).

OCHOBHBIMY TOJIE3HBIMU TIapaMeTpaMU CUTHaJIa, TMOJIEXAIIUMU OLIEHKE
MpU TpUeMe, SIBISIOTCS 3aiepxXKa T, MPOMOPLMOHAIbHAS NAJIBHOCTU 10
uenu, U asumyr Py. IIpu CUHTE3e ONTMMAIbHBIX PELIAIOIINX IIPABII IS
OLICHKM 3TUX IapaMeTPOB MPUHUMAECTCS YCJIOBUE UX HEM3MEHHOCTH B IIPO-
11lecce OAMHOYHOTO M3MEpEeHMUs.

IMapamerp Fn comepXur MHGOPMALIMIO O PamgdabHON COCTABIISIIOLIEH
ckopoctu Lieiau. Hamuuue HezaBUCHMMOI MHOOpMAIIMKM O CKOPOCTH LI Ha
KaXI0M 0030pe IMO3BOJISIET YBEIMUUTh TOYHOCTh BOCIIPOM3BENCHMSI TPaeK-
TOPUU IIeAM, OMHAKO IMPU 3TOM YCJIOXKHSIETCS TpOolecC 00pabOTKU CUTHA-
na. B 3aBUCMMOCTH OT TOTO, BOCIPHHMMAETCSH JIM YACTOTHBIA caBUr Fj Kak
TMOJIC3HBIN I Mapa3uTHBIM TapaMeTp, paaroIOKAlIMOHHbIE CUCTEMBI JIEISIT-
Cs1 Ha CHUCTEMBI C TIOMCKOM TI0 CKOPOCTH W CUCTEMBI C YCpeaHeHeM I0 CKO-
poctu. B crucremax ¢ ycpemHeHUEM IO CKOPOCTH 3aKOH pacIipeneeHus Aor-
TUIEPOBCKUX CIOBHUTOB 4acTOThl @ (F,) Tojaraetcss paBHOMEPHBIM B pabo-
yeM MHTepBate ==Fz yae ‘

* HavanmbHast pa3a OTpakeHHOTO CHTHAja B HEKOTEPEHTHBIX CHCTEMax
TakKe SIBJISETCS Mapa3sUTHBIM TapaMeTpOM U IpeAriojiaraeTcsl pacnpege-
JICHHOI paBHOMepHO B uHTepBajie {0—2n},

IMapamerp As, XapaKTepU3YIOIIMIA MHTEHCUBHOCTb OTPAXKEHHOTO CHT-
HaJla, HEMOCPEICTBEHHO 3aBUCUT OT 3(P(EKTUBHON OTpaXalolen Hnosepxs
'HOCTH 1enu. st temm ¢ 3(pGheKTUBHON OTpaxkarolleil TTOBepXHOCThIO, OITH-
ChIBa€MOI cTaTUCTMUYecKoi Moneibio 6) (m. 1.1.1), omHOMepHasi TJIOTHOCTh
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BEPOSITHOCT MHTEHCHMBHOCTU OTPaXXEHHOTO CUTHaJla CBOAMTCS K 0606LueH—
HOMy 3akoHy Penest

w(As)=%exp(— A§+,A°)1o( U; ) (1.1.8)

rie Ay — MHTEHCUBHOCTb CUTHAIA, OTPaXEHHOTO OT JOMUHUpYoLIeil «Be-
cTAWEH TOUKM»;, 0\ — MUCTepchs] WHTEHCUBHOCTU CHUTHAJIOB, GTPaMeH-
HBIX OT COBOKYITHOCTM HEAOMHWHUPYIOHIMX 6IICCTHIJ.[I/IX TOYCK.

JIJIs1 4aCTHOTO ciydyasl CTaTUCTUYECKOW MOJENU a) IJIOTHOCTh BEPOSITHO-
CTM MHTEHCUBHOCTUM OTPaK€HHOIO CUTHaa OITMCHIBAETCS HCO606H.[€I{HBIM
3akoHOM Peies .

w(As) = As A3 1.1
s)—'a—iexP - 2034 J ( d 7)

KpoMe paccMOTpeHHBIX Mojeiel, B TEOPeTUYECKUX MCCIIENOBAHUSAX
WHOIIAa TNPUHUMAIOT MOJAEIb HEMIIOKTYMpPYIOLIETO OTPaXXEHHOrO CHUrHajla
(curHazma ¢ MOCTOSTHHOM, HO HEW3BECTHOM aMILTUTYIOM).

Jns OTpaXeHHbIX CUTHAIOB MaYe€YHOU CTPYKTYPbI HCIIOJIB3YIOTCS Clie-
Jyrole Moneau QJIRKTYalHl MHTEHCUBHOCTH:

1. Tlauka HedIIOKTYHDYIOUIMX OTPaKEHHBIX CHIHaJ0B, YTO COOTBET-
CTBYET TMPEINOIOXKEHUI0O 00 OTCYTCTBMM (DIIIOKTyallid OTpaXKalollei Tio-
BEPXHOCTU IICJIU.

2. IMauka OCTPOQAKOKTYHUPYIOUIHX OTPaXKEHHBIX CUTHAJIOB, YTO COOTBET-
CTBYeT TIPEANOJIOXKEHUI0O O HE3aBUCHMBIX JIPYr OT Apyra (QIIOKTyalusx
CUTHAJIOB B JIauKe.

3. TTauka MeQ/EHHODIIOKTYHPYIOWHX OTPaXEHHBIX CUTHAJIOB, UYTO CO-
OTBETCTBYET MPEATONOKEHUIO O MeIeHHON —(DrmioKTyarm («MepLaHHi»)
oTpaxalolieil MOBepXHOCTH LieJu. [Ipyu 3TOM cuuTaeTcs, UTO BCe CUTHANbBI
B TAa4YKe M3MEHSIOTCSI «IpPYKHO» OT IepHroga K repuomy ob3opa.

1.1.3. Cmamucmuueckue xapaxTepucTuKu nomex

CornacHo TIPMHSTOM MOIEIA Ha BXOAe MMPUEMHOTO YCTPOMCTBA OTpaXkKeH-
Hble CHUTHaJIbl WCKaXaloTcsl CyMMapHbIMM riomexaMu Nz (Gnok 5 Ha
puc. 1.1).

B o0mem ciydyae mmoMexamMu B IIporiecce IpuemMa 1 OﬁpaGOTKH:paJ.IHOJIO-
KAIlMOHHBIX CUTHAJIOB SIBJISIIOTCS; '

— BHYTpEHHHME IIYMbI TIPUEMHON ammapatypbl N, IABHBIM 00pa3oMm,
IIYMbl BXOOHBIX M CMECUTEIbHBIX KackKamoB mpueMHuxka PJIC,

— JIOXHbBIE e €CTECTBEHHOrO M HCKYCCTBEHHOIO IPOMCXOXIECHUS
(TIacCUBHBIE TIOMEXH),

— aKTUBHBIE TIOMEXM, CO3IJaBacMble CITEIUANIBHBIMUA TIepeIaTInKaMi
romex,

— TIOMEXH, CO3JaBacMble COCETHMMM WCTOYHWKAMU W3ITydeHUS.

PaccMoTpuM KpaTKO OCHOBHBIE CTaTUCTUYECKUE XapaKTEPUCTUKU Iepe-
YHCJIEHHBIX COCTABJISIONINX ITIOMEX.

BuyTpeHHUe 1IyMbl IPUEMHON anmapaTypbl O0YCIOBIEHBI (DIIOKTYal[MOH-
HBIMHM TIpOIIECCAMM B 3JIEKTPOHHBIX IpUOOpax M MPEICTaBIISIIOT co0Oit CcTa-
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LMOHAPHBINA  CclydaiHbli  rpouecc. OmHOMepHas [JIOTHOCTb, BEPOATHO-
CTU MTHOBEHHBIX 3HAYEHUI HAIPSKEHUS BHYTPEHHUX LIYMOB 3allMChIBACT-

cs B BUIE
N
1.1.8
1/2 exp [ 203,] : (1.1.9)
e Of — OUcrepcus ILIyMa.

Takoe pacripesie/ieHUe Ha3bIBAETCS TayCCOBBIM MM HOPMATbHBIM. B 00-
IIEM CITy4ae IITyMOBasl TOMEXa OMUCHIBAETCSI MHOTOMEPHBIM HOPMAaJbHBIM
3aKOHOM pacIipeieJIeH!sT BepOSITHOCTH. BakHoM 4yepToii HOpMaTbHBIX TTOMEX
SIBJISIETCS TO, YTO OHU TOJTHOCTBIO OIPENETISTIOTCS CBOMM CMEIIAHHBIM MO-
MEHTOM BTOPOTO Topsiaka (dhyHKImei koppensuun) R (T). D10 3HAYHTE/] k-
HO YIIpOIaeT Tpollecc mcciaenoBanusa. OOBMHO MPUHUMAETCS, YTO B WM-
MyJIbCHBIX 0030pHBIX PJIC BHYTpeHHUE IIIyMbl MPUEMHOM armapaTypbl He
HMMEIOT MEXIYTAaKTOBOW (OT 30HIMPOBAHUS K 30HAUPOBAHUIO) KOPPESIIUU.
ITosToMy B KauyecTBe €IMHCTBEHHOM CTaTMCTUYECKON XapaKTEPUCTUKU IITy-
MOBOIA COCTABIAIOLIEH MOMEXY OepeTcs ee MUCIEPCUs Og.

IlonpobHOE wucCCIeqOBaHUE CUTHAJIOB, OTPAXEHHBIX OT XaOTWYECKU
PacIOJIOKEHHBIX YacTUIl (B TOM YMCJE M OT objaKa IMacCHMBHBIX oTpaxkare-
neit [3]}, mokasano, 4To maccMBHYIO MOMEXY TaKXKE MOXHO PacCMaTpUBaTh
KaK CTalMIOHApHBIN CIIy4alHBIA MPOLIECC ¢ HOPMAJIBHBIM 3aKOHOM paciipe-
JleJJeHHA BeposITHOCTA. HopMallbHBIN XapakTep TAacCUBHOU MOMEX O0b-
SICHSIETCSI TEM, YTO OHa SIBJISIETCSI CyNeprno3ulMeil OOMBLIOro Yynucia He3apH-
CUMBIX CJIaTAEMBIX, OOYCITOBIIEHHBIX OTACITBHBIMA DPACCEUBAIOIIUMU YaCTHU-
naMi. HopManbHbIM 3aKOHOM MOXHO alipoKCMMUPOBaTh TakxKe pacnpe-
JleJieHUE OOJBIIMHCTBA BUIOB MPUMEHSEMBIX B PAIMOIOKAIIUA AKTUBHBIX
roMex (OCOOEHHO IITYMOBBIX aKTMBHBIX MOMEX).

B ob1iem cityyae BHellIHMe (aKTHBHAsi M MACCUBHAsI) TIOMEXY KMET MEX-
JYNEPUOIHYIO KOPPEISILHMIO, T. €. AMIUIMTYAbl HaNpPAMKEHHA 3TUX [OMEX
I/IMCIOT CTaTI/ICTI/I‘IeCKYIO CBSA3b MEXJy CBOMMM 3HAYEHUAMU B MOMEHTHI fy,

=t + Tu ts =14 +2T,, ut 1 IlodToOMy A4 UX ONUCAHMS HYKHO
3HaTb JUCHEpCUI0 O3 ¥ KO3(DGOUIMEHT MEXIYIEPUOTHON KOPPETSALUY Pgyj-

KoadhduimeHT MexaynepronHoii KOppeasiiui CMEC HeKOppeJupoBaH-
HOTO IllyMa U KOPPEJIWPOBAHHOU MOMEXY MOXHO IPENCTaBUTh B BUIE

2 a
PiJ — i)

W(N )= ==

{1.1.9)

T8
hiid

e
5., — Il npu i=jf,
Y~ 10 mpu is].

+* B kxauecTBe mpuMepa HeErayccoBOM TIOMEXM MOXHO YKa3aTbh -Ha XaOTH-
YecKylo MMMyJibcHyo nomexy (XMII), cosmaBaemyio pabOTaroIIMMKU KCTOU-
HUKAMM U3JIy4eHUs. DTa TIOMEXa XapaKTEpU3YeTCsl CKBAXKHOCTBIO Qryn
1 aMmutynon U ygq, KOTOpBIE SIBISIIOTCS CIyJallHBIMU BEJTMYMHAMU. 3aKO-
HBl paclpeleeHUs 3TUX CIy4allHbIX BEJIMUYMH MOIYT OBITh CaMBIMH IIPO-
H3BOJBHEIMH, YTO B 3HAYMTEJBLHON Mepe 3aTPyIHSET aHalIu3 BO3AEHCTBHA
XUIT B _npouecce paarooKaLOHHOIO IpHUeMa.

‘ , i7



1.1.4. Onmumanvnas 06paborka npunumaemoix paGUOAOKALUOHHLX
CUZHAA0B

B COOTBETCTBMU C BBIBOZAMU CTATUCTUYECKON TEOPUU PaIUOTIOKALMN
ONTUMATBHBI TIPUEMHHK IOJDKEH COCTOSATh. M3 IBYX OCHOBHBIX YacTeil:
ycTpoiicTBa (DWIBTPALIMK CUTHAIIOB M PELIAoIIEro yeTpoitcrsa. Ontumans-
HOE YCTPOWCTBO (DMIIBTPAIINN TOJDKHO 00ECIIeYBaTh HAMTYYIIlee BhIIETCHIE
CUTHAJIOB M3 TIOMEX W WX pa3pellicHue. Pelnarolee ycTpoicTBO NpefHa3Ha-
YEHO /ISl aHA/IM3a CHUTHAJIOB Ha BBIXOAE YCTpoiicTBa (DMIIBTpALIUU U ‘Bbl-
HECCHUS PelleHNs 0 HAIMIUY CUTHAJIOB M O TlapaMeTpax CHUTHAJIOB, HeCy-
X MHGOPMAIIAIO O IIETISX. ‘

- Yompducm8Bo . Yempodem8p

KOCEDEHMK G 3| emexmop o |rexoeepenmuod 3 Peucaroaee

dusbmpayuu | | odpadomxu lycmpoticmeo
cysnanod S en o8

Puc. 12. CTpykTypHasi cXxemMa ONTMMAJIbHOTO TPUEMHOTO YCPpOHCTAA.

- PaccMmoTpeHuio BompocoB ONTUMAaIbHON OOPabOTKM pPaaKOOKALMOH-
.HBIX CHUTHAJIOB IOCBSILIEHO OOJbIIOE YMCIO OMYOJMKOBAHHBIX PabOT COBET-
.CKMX ¥ 3apy0exHbIX aBTopoB [1, 9, 13, 18]. B ciyuae, korga ¢popMa 1 9acto-
Ta OTPaKEHHBIX CUTHAJIOB M3BECTHA, CUTHAIbI HE TMEPEeKphIBAIOTCS BO Bpe-
MEHU, a TOMeXY aAJUTUBHBI M OJM3KM K TayCCOBBIM, CXeéMa MPUEMHOTO
YCTPOMCTBA, PEAU3YIOLIETO ONTUMAIbHBIN arOpUTM OOHApyXKeHWsI CUTHa-
JIOB WIM U3MEPEHMsS] HX MapaMeTpoB, MOXeT ObITh IpelcTaBieHa B BUIE,
U300paXeHHOM Ha puc. 1.2. Bxoxdinee B COCTaB 9TO# CXeMbl yCTPOHCTBO
KOTEPEHTHOI (DUIBTPAlMKM CUTHAJIOB, B CiIydae M3BeCTHON Fp, IOIKHO

- obecreunBaTh BBIOJHEHME OTepallui KOPPEsUM TIOCTYMAloIIero Ha ero
B0z curHana V (£)-¢ oxumaeMbIM (OMOPHBIM) CHTHATOM Sgopg (£—=1),

b= SHU(‘:)SBOM(t—t)dz‘. (1.1.10)

0

Hust peamuzanuu onepaiuy Buma (10) Moryr OBITP HpHUMEHEHBI KOppe-
RALUMOHHBIH, KOpPESILIMOHHO-GUIBTPOBBI U (UIBTPOBBII CrIOCOObI 0Opa-
OOTKM BXONHBIX CUTHAJIOB.

HamnpskeHue ¢ BbIXOOA YCTPOWCTBA KOTEPEHTHOM (IIBTPAIIAM ITOCTY-
MaeT Ha JOETEKTOp, IIe BBIAeNseTcs ero orubaiomas. daHHas omepamus
yCTpaHsIeT M3 JaJbHEHIIET0 pacCMOTpeHUs (pa3y M 4acTOTy BBICOKOYACTOT-
HOTIO 3amoJIHeHHsI obpabaTbiBaeMbIXx KoJjeOaHuil. IlonydeHHOe Ha BBIXOIE
BUICOHANPSDKEHNE B NaJIbHEHIIIeM MoaBepraeTcs (QYHKIMOHAIBLHOMY IIpe-
00pa30BaHUIO U HEKOTepeHTHOM 0GpafoTke, KOTopasi JOTIONHUTENBHO YITyd-
I1aeT OTHOIIIEHUE CHUTHaJ/TIoOMexa.

OnTuMalibHOE YCTPOMCTBO HEKOTEPEHTHO 00pabOTKM BBITIOJIHSIET Be-
COBOE CyMMUPOBaHME BbIOOPOYHBIX 3HAYEHUIT OrvOarolleil HampsokeHMsT Ha
BBIXOAE AeTekTopa. CHUTHaiIbl C BBIXOJA YCTPOMCTBAa HEKOTEPEHTHOI 0oOpa-
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OOTKM SIBJISTIOTCS MCXOOHBIMU JJISI BBIHECEHMSI pellleHMi 00 OOHapy:KeHUHU
Leseid M OLEHKAX MapaMeTpoB WX TpaeKTopwid. [list aToro ciyxur pema-
JOLIEE YCTPOMCTBO WIIM COBOKYITHOCTH PEIUAIOIMX YCTPOMCTB, ObecrieunBa-
IOIMX TIO3TAITHYIO TepepaboTKy WH(MOPMALIWH. ,

B ciygae, xorma napaserp F. oTpakeHHOTO CHTHAaJa HEU3BECTEH, OITH-
MAaJIbHOE YCTPOWCTBO (DWJIBTPALIMU JOJDKHO OBITh MHOTOKAHAIbHBbIM. Pe-
IIAOIIIee YCTPOMCTBO B 3TOM CJIydae MPOM3BOOWT aHAJIN3 CUTHAJIOB Kak C
OTIEJIbHBIX KaHAJIOB, TaK M II0 COBOKYITHOCTH KaHAaJIOB.

ITo crioco®aM TTOCTPOEHMST YCTPOICTBA 0OPAOOTKM CUTHAJIOB MOXHO pa3-
JIEIATh Ha TpW TPYIIIBI: aHAJIOTOBbIe, LIM(MPOBbIE W cMelllaHHble. s ycT-
POICTB MEPBOrO TUIIA XapaKTEPHBIM SIBJISIETCS MCIIOJb30BAHUEIIS UX TIOCT-
pPOCHMSI aHAJIOTOBBIX PATUOTEXHUYECKMX DSJIEMEHTOB. YCTPOWCTBA BTOPOTO
TUTIA BBITTOJHSIOTCS 'Ha 3JIeMEHTaX LM(POBON BBIUMCIUTEILHOM TEXHUKH.
YcrpolicTBa TPeThEero TUITA COoAepKaT KaK aHAJIOTOBbIe, TaK 1 L(pOBLIE 3J1e-
MeHTBL. B HacTostiiee BpeMst UMeeTcsl TTPUHIIMITHAIbHAsT BO3MOXHOCTD [10CT-
pOEHUS ONTUMAJIBHOIO MPUEMHOIO YCTPOMCTBA TIOJHOCTBIO HA 3JIeMEHTAaX
1poBOI BHIMUCIUTENbHON TeXHUKU. OTHAKO KOTepeHTHYIO 00paboTKy 110+
Ka OoJiee ynoOHO peair30BaTh B aHAJIOroBoM Buae. UTo e KacaeTcs peadH-
3alIMM YCTPOMCTB HEKOTCPECHTHOM 0OpaOOTKM M PeIlaloIINX YCTPOMCTB, TO B
nocjieHee BpeMsl 3lIeCh HaMeTWJIach sIBHAsl TEHACHIIUS PEUMYILIECTBEHHOTO
UCIIONIb30BaHMs AHCKPETHO! BHIUMCIHTEIBHON TexHUKHM. TakuMm obpasoM,
M0 Croco0y pealn3allii COBPEMEHHBIC IIpUEMHBIC YCTPOWCTBA OTHOCSITCS
K TUIy CMeEIIaHHBIX.

B nmanpHeiiieM OymyT paccMaTpyBaTLCSI TOJBKO BOIPOCHI HEKOT€PEHT-
HOII 0OpaGOTKM CUTHAJIOB C YYETOM €€ pealM3aldid Ha 3jJIeMeHTax UHQpOo-
BOM BBIYMCIIMTEJIBHOU TEXHUKMU. ‘

1.1,5.Crarucruteckue xapakmepucmukucueHanoe
Ha ebixode demexmopa oeubaroujell.

BexomHeiM curHasiom  pagmoTexHmdeckoil (YIIU -+ merekTop) dYactu

npueMHoro ycrpoiictBa PJIC sBiseTcss HampspKeHMe Ormoarolieii cymmap-
HOTO CUTHAaJja, MocTyrnariiero Ha ero Bxofa. CTaTUCTUYECKUE XapaKTEPUCTH -
K 3TOTO0 HAIPSLKEHUS SBJSIIOTCS MCXOMHBIMU IIJIsI CUHTE3a ONTUMAJIbHBIX
YCTPOMCTB HEKOTePEHTHOI 00pabOTKM CHUTHAJIOB.
- Ecmm cnpaBemmiBa rumotesa 00 OTCYTCTBUMM  (DIIOKTyaUUi oTpa-
>KEHHBIX OT LIEJIM CUTHAJIOB, TO Ha HArpy3Ke JETEKTOpa BBIAEISIETCS] oruba-
romas Esy (0 anguTUBHON cMecH OTPak€HHOTO CHIHAla IOCTOSHHON aM-
wmTyabl S U y3KonosaocHoi noMexu Ny, OnHOMepHas TJIOTHOCTb BEpOST-
HOCTU IIJIsI BBIOOPOYHBIX 3HAYEHMII 3TOM Orubaroieil MMmeeT BUII

Esy Eiy+s® Eq,
w(Esw) = ;K;exp(— S )[o( SC:V ) Esy>0, (1.1.11)

20%

0, Esn<O

e [o (2) —MmoaueruHpoBanras ¢ynkuus beccens nepBoro poma HyJe-
BOTO TOPSIIKA.
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Breipaxkenue (11) moayymiao Ha3BaHME OOOOIIEHHOro 3akoHa Peres
w 3akoHa Pafica. TIpu S = 0, T. €. IpY OTCYTCTBUM OTPAXEHHOIO CUT-
Hajla, 3TO BbIpaxkK€HUE IIpeoOpasyeTcsl B OObIMHBIA 3aKOoH Pelest

E E? ' .
W(EN)*—"_&‘E’N‘@XP(—%—;'). (1.1.12)

Beenem crenyroniye o003HAYEHUS:
x=Egn/Oy— OTHOCHTENBHA HOPMUPOBAHHAsI) AMIUIMTYIA OTMOAIOLLEH;
a =S8/oy — OTHOILLIEHME CUTHAJIA K TIOMEXE IO HAIPSKEHUIO;

w(x|S) — ycnoBHasI TUIOTHOCTH BEPOSITHOCTH OTMOAOIIESH MPU HATMYUK
OTPaXKeHHOTO CHTHAa;
w{x|0) — yclOBHasd IUIOTHOCTb BEPOSTHOCTY OIMOAIOIIEH MpPH OTCYT-

CTBUM OTPAKEHHOTO CHTHaja.
C yueToM BBEIECHHBIX OOO3HAUCHMII MMEEM:

w(x[lS):xexp(-—xz';aw Iy (ax), - (1.1.13)
w(x|0)=xexp(_'i;). (1.1.14)

/

Beipaxkenust (13) u (14) mpemcTaBisTIOT COOOM YCIIOBHBIE OTHOMEPHBIE
TUIOTHOCTM BEPOSITHOCTU [JIsl BBIOOPOYHBIX 3HAUYeHUN HOPMUPOBAHHOM
orudaroIieii Ipyu HAIMYUM W OTCYTCTBHHM HEMIIOKTYHUPYIOIIETO CUTHAJIA CO-
OTBETCTBEHHO. AHAJIOTMYHBIM OOpa30M 3alMChIBA€TCsl YCAOBHAS MIOTHOCTD
BEPOSATHOCTH IIPU CIIPABEIUIMBOCTH MOAEIN 0) s (hIIOKTYallMH OTpakalo-
et moBepxHocTH Lieau (cm. m. 1.1.1).

Ecnu mone3Hblil curHaia IpeacTaBisieT coOOM Iadky u3 N HMITYJIbCOB,
BO3HUKAET HEOOXOAMMOCTb B 3allUCHM COBMECTHOI ILJTIOTHOCTHM BEpPOSTHOCTU
N BbIOOPOYHBIX 3HAYEeHUI oOruodaromeil. DTta COBMECTHasl TUIOTHOCTb MO-
>KeT ObITh 3amucaHa ISl ciydasi OTCYTCTBUSI KOPPEISIIUU MEXITY BBI60p—
KaMi B BUIE

@(xy,... an|Sy . Sw) =w(x1|s1)---w(xN|SN)=
N 2 2
=TI x;.exp(w—fz“—%f-?-'—)!o(akx;_). (1.1.15)

CooteeTcTBeHHO 11 N BbIOOPOYHBIX 3HAUEHUI B 00J1aCTU TTOMexu (IIpu
OTCYTCTBUM 1I€JIM) HMEEM

N .2
W(JCI XN|00)=—‘HX;‘8XP(—%‘ (11.16)

B cayuyae 6bICpr]X $AIOKTyaurH, OTpaXeHHBIX OT LM CUTHAJIOB, aM-
TUIMTyAa Orubaroleid aIIuTUBHOM CMeCU CUTHajda C Y3KOMOJIOCHOW HOp- -
MaJIbHOM IIOMEXOil pacmpedesreHa II0 3aKoHy Penest

3
w(x|S) = exp[—z—(l“m], (1.1.17)

e k* = S%ok — oTHOIEHMEe cpemHero 3HAueHMS KBagpaTa AaMILTATY/IbI
CUTHaJA K JWCTIEPCAM TTOMEXU.
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CoBMecTHasI IJIOTHOCTh BEPOATHOCTU OrMOaIMX IayKu U3 ‘N HEKOp-
PEIMPOBAHHbLIX CHUTHAJIOB B 0o0JlacTU 1IeIM  3arUILIeTCs Tenepbk B BUAC

_ x, . 1.i.18
@ (X, ., XN| Sy Sw) al:! T+a8 (’—_XP[ 2(1+k;’.}j|' ( !

B nanvHeiieM, B OCHOBHOM, OyIyT MCIOJIb30BaThCsl MPUBEACHHBIEC TPO-
CTeHIMe MOIENU CMECell CUTHAIOB M TOMeX. TaM Xe, e MoTpedyeTcsl Hc-
MOJIb30BAHME IPYIMX MOZENed, 3aKOHbI WX pacrpeleieHus Oymayr o0cy-
XKIAaThCsd 0C000.

1.2. HMCerTmauMﬂ KBaHTOBaHUE. U KOILI/IpOBaHI/le
PaaroIOKAIMOHHON WHGpOpMaLUU

Hnst 00paboTKM pagnoIOKalMOHHONM MH(MOPMALMU C TMOMOIIbI0 LG PO-
BBIX BBIYMCIUTENBHBIX CPEACTB HEOOXOAMMO IIpedBApUTEbHOE MNpPendpaso-
BaHWE aHAJIOTOBBIX CUTHAJIOB, MOJYYEHHBIX C BbIxoma Buieorpakra PJIC,
B LIM(POBYIO GopMy.

LndpoBoe mpeodbpazoBaHne OOBIMHO ITPOM3BOAMTCS B aBa 3Tama. Ilep-
BbIM 3TalloM SIBJISIETCS 3aMeHa HEeINpepbIBHON (PYHKLIMM TMOCJISI0BaTeIbHO-
CTBIO €€ 3HaueHUW (BLIGOPOK). B AMCKPETHOM psine TOYeK (3HAYeHHH apry-
MeHTa). BTOpBIM 3TaroM, Ha3bIBAEMbIM KBAHTOBAHUEM, ABJISETCH TPENCTAB-
JIeHUE BbIOOPOYHBIX 3HAYeHUI (YHKIMM HEKOTOPbIM YMCIOM, HANDHMEp,.
B JIECITWIHOMN CHUCTeMe CUMClieHusl. B mociemytolem, myreM 3KBUBAJIEHTHOTO
MpeoOpa3oBaHUsl MCXOMHOTO ajidaBuTa, MHGOpMalysa 00 aMIUIMTydaX BbI-
OOpOK MOXeT OBITh 3aKOAMpPOBaHA B JBOMYHOM KOJE.

" LlndpoBoe mpeobpa3oBaHe CUTHAIOB HEW30EXKHO TPUBOTUT K TIOTEpe
uHbOpPMALIUMK, 3aKOIUPOBAHHOM B MX MapaMeTpax. I103ToMy Mpy IPOEKTH-
pOBaHUM IMMPPOBBEIX CHCTEM OOPAOOTKM pPamvoIOKAIMOHHONW WH(MOpMAIN
BO3HMKAIOT 3aJauyd OINTUMAJbHOTO BbIOOPa MHTEPBAIOB - IUCKPETU3ALIUM
Y KBAaHTOBAaHWS C TOYKHW 3pSHUS MUHUMU3AINK 3TUX TTOTeph. OIHOBPEMEHHO
JOJDKHA TIPMHUMAThCSl BO BHMMaHME CJIOXHOCTh pealu3allid Kak Mpeodpa-
3YIOIIUX - YCTPOMCTB, TaK W YCTPOMCTB 00pabOTKM OIMbpPOBaHHON MH(pOpMa-
L. _

BonpocaM Teopur AMCKPETHOrO MpeoOpa30BaHUsI CUTHAJIOB IOCBSILIEHO
OoJbIIIOE YUCIO OMyOJMKOBAaHHBIX pabdoT. Cpemu HUX ocHoBonongraiowee
3HayeHWe MMeeT M3BecTHas paGora KoreabHukosa [6}, B koropoli Brepsbie
pellieHa 3a1aya 00 ONTUMATbHOM TEepHoAe TUCKPeTH3alu (GyHKLIMU ¢ orpa-
HUYEHHBIM CITEKTpOM. [lambHeiIme oO0OOIIeHUsT pe3yIbTaToB 3TON  pa-
OOTbI M KOHKPETHBbIE MPUJIOXEHHMS] TEOPUU IPOU3BOIWINCH, B OCHOBHOM,
MIPUMEHUTEIBHO K JAMCKPETHBIM CHCTeMaM Inepemauu maHHbix [10, 19, 141.
PaccmoTpeHHio METOIOB NHMCKPETU3allMM M KBaHTOBaHUS B OOILIEM BUIE
nocesimeHa pabora K. Mapxioca [16].

B nmanHoMm maparpade w3naraloTcsi OCHOBHBIE PpE3YJIbTaThl TEOPUU
IUCKPETU3alM ¥ KBAaHTOBAaHWS TPUMEHWTEBHO K 3amadaM IMdpoBoii 00-
paboTKM PamroOIOKAILIMOHHON MH(OpMaLIVK.
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1.2.1. Ipunyuner GUCKPETUBAYUU HenpepbleHOU (DYHKUUU 6peMenu

JlMcKpeTu3alus HelpepbiBHON (DyHKIIMKY BPEMEHUM COCTOMT B U3MEPEHUU
(oTcuete) ee 3HAUEHMi1 B NUCKPETHbIE MOMEHTbI BPEMEHM, OTCTOSIIME APYT
oT npyra Ha uHTepBan A;. MHTepBan A; Ha3bIBaeTCsl MEPUOIOM IMCKPETH-
3aumuu. OOBIMHO MEepUOJ TUCKPETU3ALMU BbIOMPAIOT MOCTOSIHHBIM.

YcTpoiicTBO AUCKPETU3alMA MOXHO pPacCMaTpUBaTh KakK MEpUONUYECKU
JEHCTBYIOLIMIT  KJTIOY, 3aMBIKAlOIMiics Ha Bpems T ¢ rnepuomoM Ag
(puc. 1.3,a). Ilpu 3TOM UIMTETHLHOCTh 3aMBIKAHUST KITIOYa T JOJDKHA OBITh
3HAUUTEIPHO MeEHbIle Tepuona A;.

BpemeHHast auarpamma npeoOpa3oBaHMsl HEMPEpbIBHON (yHKIMK B T10-
CJIeI0BATEILHOCT MTHOBEHHBIX (TTpy T — () BBHIGOpPOUHBIX 3HaueHMil x (RA )

2 ‘ uzobpaxkeHa Ha puc. 1.3, 6. BbI-

x(t) J‘} x(k4,) XOOHOW CHUTHaJd YCTPOWCTBA U~

2 CKpeTH3aluy TpeacTaBisieT co0oit

B OTOM cCJlydyae TIOCJIeloBaTeIb-
x(kd,) x(£) HOCTb MMIYJbCOB OECKOHEUHO Ma-

x4
JOM ONUTEeNBHOCTH, aMIUIATYIbI
- \k\ / KOTOpbIX paBHbl 3HAYCHUAM HE-
v ~ MPEPBHIBHOM (DYHKIIMM B IUCKPET-
# HBIE MOMEHTHI BpeMeHU EA ;. Dror
CUTHAJI MOXHO 3allmcatb B BUIC
= A
g Ex*()={ x(5)6 (k(t)A,— s) ds,
PHe. 1.3. TlosicHenue mnpoliecca TUCKPeTU3a- o
LIMU HENpPEepbIBHOM (GYHKLMU BpEeMEHU: . (].2‘])

a = MPUHLIMUIILI peaﬂggz&x‘?&- 0— spemennds nua- JF}IC k (f) =It{,At[ (]y[ — 03Haya-
eT omepaluio B3SITHSI OJKaii-

LIero LeJ0ro 4YWCia, HE MEHbIIEro g}, O (1) — penbTa-QyHKIHA.
Dyukuyg x* () B IMCKPETHONM TEXHUKE HA3bIBAETCH PELLIETYATON (PyHK-
mmeit [121. IlpencraBieHre MCXOOHOM HEMpepbIBHON (DYHKLMU X (7) B BUIE
peweryatoil pyHKUMU x* (£} BO3MOXHO TOJIbKO C M3BECTHHIMU OIpaHUye-
HusMy. OOHYM MX TaKUX OPUHLMIIMAIBHBIX OIpaHUYCHUM SIBIISIETCS TPebo-
BaHME KOHEYHOCTM CIHeKTpa auckpetusdyeMoii ¢yHkuuu. Ilo Teopeme
Kotensuukosa [10] nenpepbiBHas (yHKIMS C OrpaHMYEHHBIM CIIEKTPOM
TIOJTHOCTBIO OTIPENEIISICTCS B JIFO00 MOMEHT BpeMEHM CUETHBIM MHOXKECTBOM
JMUCKPETHBIX 3HAYEHUM, OTCTOSAIIMX APYT OT Apyra Ha BEIMYMHY A,, PABHYIO

A < 1Y v (1.2.2)

e fuane — TPAHMYHAS YACTOTA CIIEKTPAa MCXOMHONH (DYHKLUU X (?).

B cootrBercTBUM C BblpaxeHueM (2) npenenbHas . (HavMHU3ILAZI) yacToTa
MVCKPETU3AIM TOJDKHA OBITh TaKOM, YTOOBI Ha IEPHO M3MEHEHUs Hau-
BBICIIIE/l TApMOHUKU IUCKPETU3yeMOM (DYHKLIMU MOPUXOAWIOCh He MeHee
JIByX OTCUeTOB. B 3TOM cilyyae cylecTByeT B3aMMHO OTHO3HAYHOE COOTBET-
CTBHE MEXIy HETMPEepbIBHOM W pelieTdaTtoil (yHKIIUSIMH.

Bo MHorux ciayvasx (B TOM 4McClie M MpU MpUEMe PaIrOJOKAIIMOHHBIX
CHUTHAJIOB) TIPOIIECC, TOMIEXKAIIMI TUCKPETU3AIIMH, SIBJISIETCS HECTALIMOHAP-
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HBIM ¢4 aHHBIM [POLIECCOM U UMEET MPAKTUIECKN HEOTPAHUIEHHBII CITEKT.
B Takux ciyyasx HENpUMEHMMbI M TIOIXOIBI K BBIOODY IepHona IUCKpPeTH-
3allMM, OMMCAHHBIE BbIIE. JIJIsI HECTalMOHAPHBIX CIIyYailHBIX IPOLIECCOB
OTPaHMYEHHO! UTUTENBHOCTU T, C HEOTPAaHMYEHHBIM CIIEKTPOM XapakTep-
HBIM - SIBIISICTCS] OPPAHMYCHHOCTh MHTEPBAA KOPPEISALMH Tyqp, TOX KOTO-
PBIM TTOHMMAETCs TPOMEKYTOK BPEMEHH, 32 KOTOPBIil MPAaKTUYECKH MCYe3aeT
CTaTUCTUYECKAsl CBSI3b MEXIY COCEIHMMM 3HAYeHMSIMU CUTHama. Yucio He-
KOppe/MpPOBaHHBIX 3JIEMEHTOB CHUTHajla DPaBHO

irig * c[ L KOD

W Ha3bIBaeTCS UNCIIOM €r0o CTeNeHell CBOOOJBI.
[Mpu gHcKpeTH3aUHHKE HECTAIIMOHAPHOTO CUTHAJIA JOJDKHBI TTPOU3BOIUTh-
Csl aMIUIATYIHBIE BBIOOPKM, OTCTOSILIME APYT om IIpyra Ha WHTEpBal t;, HE
TPEBBILIAIONIMA WUHTEPBAT KOPPENSLNU Tyqy, (19], Peweryaras GyHKImsS
JIMCKPETU30BaHHOTO CUTHAIA OyleT MMeTh B 3TOM CIIydae BUIT
T, )
2ty = [ x(&)8k®T, —sdst €10, Ty, (12.3)
b :
roe & (f)%, -axamornyno (1.2.1) paBHO OmKaiiliieMy, He MeEHbIIEMY ¢,
YUCITY, KPaTHOMY Ty; Ty S Tygpe
OnHol M3 OCHOBHBIX 33/lad TEOPUM TUCKPETU3ALMU SIBJISIETCS] OLEHKA
noTepb MH(OPMAITUY TIPA BOCCTAHOBJIEHUM WCXOMHOM (DYHKIMM TIO TUCKPET-
HBIM NAHHBIM. [1J1S 3TOi 1ienM BBOXUTCS (DYHKIMSI MMITYJILCHON peakiun
coaxupamolero dunstna Xy (f), KoTopas MOXET, HallpuMep, NMPUHUMATH
Ha KaxJIoM HHTepBafie (f, f--T,) MOCTOAHHOe 3HadeHHe %y (f) =x* (k(f)T,),
T.e. ObITh CTYMeHYaTOH (yHKLMEN. 3a OLUEHKY KayecTBa BOCIIPOM3BEIECHUS
NPHHHMAETCR CPETHEKBAJIPATMYHOE OTKIIOHEHUE

of= == { L () —x* OF dt. (1.24)
0

B pab6ore [19] mokazaHo, 4TO HaWIy4llas TOYHOCTh BOCIIPOM3BEICHMS
VICXOMHOTO CHTHAajla JOCTHTaeTCs B ciIydae, KOIga WMITYJIbCHAs peakKIIus
COOTBETCTBYIOILIIETO CIJIAXXMBAIOIIEro (WiIbTpa  COBIMAmaeT B HWHTEpBaje
| —14/2 == 7,/2] ¢ dynkumeit koppensiuuu R {t) curHana x {(f} v paBHa HyIIO
BHE YKa3aHHOIO WHTepBaJa.

[penenpHas ommbKa BOCIIPOM3BENCHUS IPH 3TOM paBHA

=1 /2
Oy = |2\ R?(1)dr. (1.2.5)
<9
Jst mpuOAVDKEHHBIX pacyeToB (bYHKIIMIO KOPPEISIMU MOXHO aIIlpOKCH-
MUPOBAThb BbIpaXKEHUEM
R (1)= ]":TJ/TKOP'
B stom ciyyae
02 wun = (60— 1)/12a%, (1.2.6)
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e a == Ty, — /T OTHOLIGHNE MHTEPBAIAa KOPPENSLMU K MHTEPBATY BbI-
OOpKM.

Takum 00pa3oM, 3aJaBIIMCh HEKOTOPHIM JOMYCTUMbIM 3HAYEHHEM JIUC-
TIepCUX OIIMOKYN BOCTIPOH3BEAEHHSA, JIETKO HANTH MHTEPBAJI BPEMEHHON JMC-
KpeTu3aluu.

1.2.2. [1puryunel keanmosanus CAYHAGHOLY CUSHANQE

B 1mdpoBbx cucteMax 0OpabOTKU PaaUOIOKAIIMOHHONW WH(MOpMaIUU
HeoO0XOIMMO, KpOME BPEMEHHOM AUCKPETU3alluu, TPOWU3BOAUTH ellle JUC-
KpeTU3alrio IPUHUMAEMBbIX CITyYaiiHbIX CUTHAJIOB MO 3HAUeHUSIM  (DYHKLIMU
(aMnnutyne). JIuckpeTH3alus 1o aMIDIUTYIe HOCUT Ha3BaHWe KBAHTOBAaHMS.

B npoiiecce KBaHTOBaHUSI HeMpepbIBHAsI CilydaliHas BeIMYMHA Xj ==-
= Xx (kA;) ¢ IUIOTHOCTBIO BEpOSITHOCTU W (X5) IipeoOpasyercss b muckper-
2 7 HyIO ClyyaiiHylo BeauuuHy X (&), TPUHM-

T MAoIIyI0 YCTAaHOBJICHHOE YMCJIO 3HAYeHHH.
el Tak, ecau ciydaitHasi BeJIMYMHA X OIIpe-
ot A JeNieHa B VIHTEPBAIC (Xpauer Xpuy) ¥ HA3HA-
¢ [ ; YEHO 1 TIOPOTOB KBAHTOBAHMS xf,m<x1<

xy

¢ Kot UHTEPBAN (X3 auer Xuugtd M—+1 mOmBIHTED-
e 7, BQJIOB, TO 3TOM HENPEPBIBHOW CIIy4yallHOM
T 7 BEJIMYMHE MOXET OBbITh COIOCTAaBJIIEHA TUC-
_KpeTHasl ciy4yallHasl BeWYWHA, TPUHU-
Maromast 3HaueHuss X =0, 1, 2, ...c
BEPOSITHOCTHIO

>
——

Xyt
g 7 = plx{)= S) wix) dx.

*1

Puc. 14. TlosicHeHne mpoliecca KBaHTOBAHUS BbI-
OOpOK CcHUTHaJja:

a — aMmAKTYAHAA XapaKTepuCTHKa KBaHTH3aTopa;, 6 —

nhHeMans COCTaBIAIONIAs AMRAMTYAKOR XapaKTEPUCTHKH,

6 — KyCOUHO-JIMHEHAsi ~ COCTaBJISAONIAs  AMIUIATYIHOMN
XapaKTePUCTUKH.

YCTpoiCTBO 111 KBaHTOBAaHMUSI CUTHAJIOB, Ha3bIBAEMOE KBAHTU3AaTOPOM,
TPEICTaBIIIET CO00M HETMHEWHBIN JIEMEHT C aMITIMTYIHOM XapaKTepHCTH-
KoM, m300paxkeHHoi Ha puc. 14, a. MHTepBan k; UBMeHEHUST aMILTATYIbI
BXOIHOTO CHUTHaJIa MEXIY IOpOraMy X; U X; . Ha3bIBA€TCA WHTEPBAJIOM WU
111aroM aMILUIMTYIHOIO KBaHTOBaHUS. BXogHOMy curHamy, jexaiieMy B JIro-
0ol TOYKe BHYTPY WHTEpBaia A;, COOTBETCTBYET ONHO 3HAYEHWE BBIXOI-
HOTO CUTHAJIA X{. 3HAYeHMs BHIXOOHOIO CUTHAJIA MOIYT OTHOCUTBCS K JIIO-
0ol TOYKE BHYTpM WHTepBaia fj.

B obrmiem CJIy4dac mar aMIuIMTyaAHOIO KBAHTOBAHMA HE ABJIACTCA ITOCTOSAH-
HOWM BCJIH‘{I/IHOfl, YTO COOTBETCTBYET HEPAaBHOMEPHOMY PACIIOJIOXKECHUIO ITOPO-
roB Ha ocu x. OmHaKko Y4duTbiBadad CJIIO2KHOCTb TEXHUYECKOM pcajimn3alili HE-
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PAaBHOMCPHOI0O KBaHTOBaHMUsA, B Lll/l(prBle cucreMax IpuMEHAIOT B OCHOB-
HOM PpaBHOILIATOBOE KBAHTOBAHWE, a BBLIXOAHBIE YPOBHU OEPYTCS PaBHBIMU
cepenrHe COOTBETCTBYIOLIETO MHTEPBAia MEXIY IIOPOTraMu, T. €.

X = (% +x000/2. (1.2.7)

ITpy paBHOIIATOBOM KBaHTOBaHWM HeMHeHHAR XapaKTepUCTHKA KBaH-
TU3aTopa MOXET ObITh IpEACTaBJICHAa B BUAE CYMMbI IBYX COCTaBJISIOLIMX:
JIMHEVHON cocTaBisgoleil ¢ ko3dpduimenToM HakioHa vy = 1 (puc. 1.4, 6)
U KyCOYHO-JIMHENHOM cocTapistoleit (puc, 1.4, ), opauHaThl KOTOpoii pas-
Hbl Pa3HOCTU MEXJYy OpAMHATAMU UCXONHOW HEJIMHEHMHOW XapaKTePUCTUKU
WU BbIIEIEHHON JIMHEWHONM 4YacTW 3TON XapaKTepUCTUMKU. B cooTBeTcTBUM
C 3TUM ITIPOLIECC KBAHTOBAHMSI aMIUIMTY/, CUTHAJIa MOXKHO paccMaTpuBaTh KakK
HaJIOXKEHNE Ha BXOIHOI CUTHAJ X J0OABOYHOIO CUTHana Ay, OrpaHMYEHHOTO
TI0 BeJMYMHE IIOJIOBUHOM Iara KBaHTOBaHus, T. €. -—h/2 <Ax L h/2.

Ipouecc Ax xapakrepusyeT ACKaxKeHHe CUTHAJA NMPU KBAHTOBAHWUU W
Ha3bIBACTCsA LIYMOM KBAaHTOBaHU. H_IyM KBaHTOBaHUSA OOBIYHO npeacraB-
JISIETCSL B BUIE HOPMAJIBHOIO CIIyJ4aiiHOrO Ipoliecca, KOppeasiuuoHHas $yH-
KOs KOTOPOIro 3aBHUCHUT OT 4YMCiia ypOBHeﬁ kBaHTOBaHus1. C YBCJIMYEHUEM
Yycaa YpOBHEH IIyM KBaHTOBAaHWS CTAHOBHUTCS BCE MEHEE KOpPpPEIMpPOBaH-
HbBIM U TIpuOaMXKaeTcss K OejioMy IIyMmy. B mociaemHeM ciydae IJisl OLIGHKU
IOTepb KBAaHTOBAaHMSI MOXHO BOCIIOJIB30BaTbCS M3BECTHBIMU M3 MaTeMa-
tnyeckoit cratuctuku [15) MOINpaBKaMu K TPYyMNIUPOBKE (MOrpaBKaMu
Ulennapna), ycraHaBIMBAIOIIMMU CBSI3b MEXKIY MOMEHTAMU ffly UCXOIHOTO
HEMPEPBIBHOTO PACTIPE/IC/ICHNs 1 MOMEHTAMH |ty STOIO PACIIpEC/ICHMUS,
MOJyYEHHBIMU TI0 CTPYNTIMPOBAHHBIM HAa MHTEpBalaX JIMHON /i BBIOOPOY-
HBbIM (OMCKPETHBIM) 3HAYEHHAM,

JJist IepBOro U BTOPOTO LIEHTPAJbHBIX MOMEHTOB TMOIMPAaBKU H_Iennapna
"UMEIOT BUJT

pul —-ml = 0, .puz — m2 —_— h2/12. (128)

3a1aBUIKCh JOMYCTUMBIM YBEJIMYEHUEM AMCIEPCHUA 34 CYET KBaHTOBAHMS,
MOXHO OIHO3HA4YHO ONpENENUThL WHTEPBAI KBAHTOBAaHUS f.

K Bompocy BbIOOpa 4YMClia YPOBHEl KBAHTOBAHUSI MOXKHO IIOJOATH U
C TOYKM 3PEHUS TEOPUU AMCKPETU3ALMU CUTHANA C OrpaHWYEHHBIM CIIEK-
TpoM, ITpearnosoXuM, 4To MOCIeA0BaTeIbHbIE 3HAYEHUST aMIUIUTY ] LHCKpe-
TU30BAHHOTO CUTHAaJa CTATUCTUYECKM He3aBMCUMBI. Torma omHoMepHas
[UIOTHOCTh BEPOSATHOCTA W (X) TIOJIHOCTHIO ONMChIBaeT mpouecc. MDyHk-
mus @ (x) gaBisgercd HeNpepblBHOW M miamkoil gpyHkumei. Kak m3BecTHO,
. U TakoW (PYHKLMM CYIIECTBYET qDypbe o0pa3, T. €. OHa MOXET ObITb BbI-
paXeHa TPy NOMOLM TaK Ha3bIBAEMON XapaKTepUCTUYECKOH (yHKLMM @ 8]
OT HOBOI IEpeEMEHHOI [ TaKuM 00pasoM, 4To

= S‘w(x) exp{—j2nfx)dx (1.29)
) |
w() =5\ ¢ ()exp(2nfndf. (1.2.10)
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be3 3aMeTHOro MCKaXeHHsI XapaKTepHCTUYECKYI0 (DYHKIIMIO MOXKHO Or-
PaHMYUTh HEKOTOPOW YACTOTOM fygys M CUMTATh W (X) (DYHKLIMEH ¢ OrpaHu-
yeHHBbIM B 1osioce 0 << A/ <<fyaxecriekTpoM. ITo Teopeme KoTenbrnkosa Ta-
KYI0 (OYHKIIMIO MOXXHO OJHO3HAYHO TMPEICTaBUTh IOCIIEIOBATEIbHOCTHIO PaB-
HOIMCKPETHBIX BBIOOPOK €€ MTHOBEHHBIX 3HAYCHWil, B3SITBIX C MHTCPBAJIOM,
PABHBIM
=12y ke

1€ fuawe — BEPXHSASA IPaHMLA YACTOTHOTO CIIEKTPa (DYHKLIMM & (X).

PaccmarpuBas B KauecTBe (DYHKLIMM, MTOJIEXKALIEH KBAHTOBAHUIO, IIJIOT-
"HOCTH pacripefieJICHNST BEPOSTHOCTH @ (X}, a HE CUTHAJ X, MBI aBTOMAaTHYE-
CKM OrpaHMYMBAEMCSI BOCCTAHOBJIEHMEM MOMEHTOB HCXOIHOIO CHUTHaja I10
KBAaHTOBaHHBIM JAaHHBIM U HE pacCMaTpUBaeM BOCCTAHOBJIEHME CAMOIO CHUT-
Haima. Kak mokaszano B pabGore [22}, ¢ Touku 3peHUs] BOCCTAHOBJICHUS MO-
MEHTOB_J0CTATOUHO 3((PEKTUBHBIM SIBJISIETCSA TPyOOe KBAHTOBAaHUE C MHTEP-
BaJioM i = 0., D10 JaeT OCHOBaHME MPUMEHSTD TPEAEIBHO IPyboe KBaHTO-
BaHMe (BIUIOTh IO JBOMYHOTO) B TeX CAYHaAX, KOTrAa BOOOIIE HE CTAaBUTCS
3aa4a BOCIIPOU3BEICHUSI MO0 KBAHTOBAHHBIM JAHHBIM KCXOJHOTO CHIHAAZ,
a HeoOXOAVMO JIMIIb PEIlNTh, €CTh CUTHAJ WIK OH OTCYTCTBYyeT. MIMeHHO Ta-
KyI0 3afauy IMPUXOAUTCS pellaTh MpU OOHAPYXEHUU PaIrdOIOKALIMOHHBIX
CUTHAJIOB.

B 3axmoueHmne oTMeTHM, UTO IS majibHEHIIe oopadboTku Ha LIBM kBaH-
TOBaHHbIE CUTHAJIbI JOJDKHBI OBITh MPEACTABIECHbI (3aKOAUPOBAHBLI) B CHC-
TEME CUMCIICHUS, HMCIIONB3YyeMOil B cuUcTeMe 00pabOoTKM. OOBIYHO MCIOJIb-
3yeTcsi ABOMYHBIA KO, Kak HanGosee pacrpoCTPaHEHHbI B COBPEMEHHBIX
cucreMax. Yuciao paspsmoB i JBOMYHOTO KOIA CBA3AHO C YMCIOM YPOBHeH
KBAaHTOBaHUSI m + | COOTHOIIEHUEM

n =llog, (m + DI,

rae 3Hak Jal o3Hauaer okpyrieHue 210" 6JAMMKAMNIErO LENOro uucia, - He
MEHBIIIETO 4.

1.2.3. Juckpemuzayus u keanmosanue cuenanose 0830prod
umnyascuoit PJIC

PaccMoTpuM 31€Ch MPUHLMIIMAIBHYIO CTOPOHY BOIpoca © peaav3aluu
rpoliecca TUCKPETU3alU M KBAHTOBaHUS CUTHAJIOB, TOJYYEHHBIX Ha BbI-
XOJle MPUEMHOTO YCTPOICTBA OHOKaHaIbHOU ummnybcHoi PJIC o63opHOro
JIEVCTBHSL. '

CyMMapHbIii CHTHAT Ha BBIXOLE PHEMHOTO YCTPOICTBA OG30PHOI
PJIC sBisercst HenpepbiBHOW (YHKIMEH BpEMEHM M KOOPOMHAT — LEJeH.
HesaBucumo oT MeTona paauosIoKaluy 5TOT CUTHaI B IIpoLiecce 0030pa npo-
CTpaHCTBa Pa3BepPThIBAETCSI B CUTHAI X (7), 3aBUCSILUIA TOJBKO OT OIHOTO
aprymeHTa — BpeMeHHu f. OIHOBPEMEHHO B IpOLIecCe Pa3BEPTKU IMPOUCXO-
JUT €CTECTBEHHAs! TMCKPETU3aLMsl KOOPIMHAT 10 3TOMY apryMeHTY.

BospmeMm 1151 mipuMepa citydail ABYXKOOpAWMHATHOU ummynbcHoi PJIC
Kpyroporo o63opa. CyMMapHBIi CUTHaJ B 3TOM CJIydyae IPEICTaBIISIeTCs

B BHUIE g
x =x{r, B, ),
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rae r, [} — MoJSIpHBIE KOOPIMHATHI LEH OTHOCHTEIBHO MECTOIONOXEHUS
PJIC.

B pesynbraTe mepuommyeckoro o03opa MPOCTPaHCTBA C MepuomoM Ty
HeTpepbIBHbIE (DYHKIIMK KOOPAMHAT T (7) U B () mpeoOpasyloTcs B AHCKpeTs
HBIi PSI MTHOBEHHBIX 3HaYeHUU KoopauHar r{iT,), B(iT,), rae i — HoMep
0030pa. DTO MepBblii 3Tam OUCKPETU3allMU Mo BpeMeHW. bonee Mmenkas
JOMCKPETU3alusl MO BPpeMEHU ITIONy4YaeTcsl B pe3yJbTaTe JUCKPETHON MOCHLI-
KU 30HIMPYIOLUIMX MMIYJBCOB ¢ mepuogoM 7. Ilpum 3TOM omHOBpeMeHHO
IMCKPEeTU3UPYeTCsl KOOpAMHATA, COBIAfalolias C NJAOCKOCTbIO 0030pa
(B Hamem ciay4yae KoopauHata [3). CUrHajibl, Xe, MOIyYeHHbIE 32 OIVH Tie-
PUOJ TOCBUIKM 30HAMPYIOLUIMX MMIYJIbCOB, T. €. B IIPOLIECCe OIHOM pa3-
BEPTKM TAJbHOCTH, OCTAIOTCS HEMpepbIBHHIMU BO BpeMeHW. Takum o0pa-
30M, CUTHAJ1 Ha BBIXOAE MPUEMHOTO YCTPOMCTBA O0O30pPHOM MMITYJILCHOM
PJIC moxHO mpencraButh B Buae (QYHKIWM BpeMEHU

X () = x (iTy, kTq 1),

Ime { — HoMep 0030pa, kK — HOMEp 30HAMPOBAaHUS B IIpeaenaxX OJHOIO Iie-
puoma ob3opa, #, =c¢/2 — BpeMdA P3BEPTKU IATbHOCTH.

Jlerxo HOKaSaTb 4TO_ MONOOHOE BPEMCHHOE Da3BEPTbIBAHME CUTHAJIOB
MPOU3BOIUTCS B PJIC moBbix JIpPYTUX TUIOB. B nanbHeifllieM MCIOJIb3YeTCs
Mogenb curHajga ummyiabcHoit PJIC. B kavecTBe MOJE€3HOrO CUTHajaa IIpH-
HUMAETCSl MMIIYJIbC C KOJOKOJIbHOI orubaroleir Bua

S ()= Seexp [— = ()7, (1.2.11)

Ilomexa Ha BXxome MpHEMHHUKA TPEACTAaBISETCS B BUAE HOPMAJIbHOTO
CTallMOHAPHOTO CJIyYaiiHOrO TpoLEcca C HYJIEBbIM CPEIHMM 3HAYECHUEM U
JWcrepcueil G4 (Oemblil myM).

[IpenmonaraeTcs, 4To JMHEHHAs YacTh IPUEMHUKA MMeET KOJOKOIbHYIO
aAMIUIATYIHO-YAaCTOTHYI0 U JIMHEHHyI0 (ha30-4acTOTHYI0 XapaKTepPUCTUKMU.
Moaynb aMIAHTYAHO-YACTOTHON XapaKTePUCTUKU JIMHEWHON 4acTh TpHUeM-
HHKA OIUCHIBAECTCS BBIPAXECHUEM

| K(f)| = Koexp [—:rt-(f_—f“)l]. (1.2.12)

Af?

Kak m3Bectro [13], GUIBTp cTaKUMM XapaKTepUCTUKAMU SIBJISIETCS OI-
MaJIbHBIM ISl KOJIOKOJIBHOTO PaIMOMMITYJIbCa, HACTPOEHHOIO HA YacToTy
fo» PaBHYIO CcpemHeil yacToTe B 1ostoce A/ IPOIYCKaHUST ONTUMAITBHOTO Kb
Tpa. JJIUTENbHOCTh MMIyIbCA T,, M TOJOCA MPONYyCKaHMd (QuibTpa Ha
YpOBHE €Xp (—m/4) YIOBIECTBOPSIOT MpPU 3TOM YCIOBUIO T,Af = 1.

IToMexa Ha BbIXOAE JMHEHHON YacTH IMPHMEMHMKA IIPEICTaBisIeT coOoit
Y3KOIOJIOCHBIH cinydaiiHbii mpouecc. CrekTp orubaroleil momexu OyaeT Ko-
JIOKOJIBHBIM ¥ 10 (hOpMe COBIAJAIOLIMM C aMIUTUTYIHO-YaCTOTHOM XapakTe-
PUCTUKOW JIMHEWHOW YacTU TMPUEMHMKA, T. €.

2::0,'.' (f—fo)?
G() = S exp| ~ai-l ]
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DddekTrBHAST IMUPUHA CIIEKTpa TOMEXW U CiIydasi, KOTma CpEIHS:

qacToTa €€ CIICKTpa COBINAAacT C HeCYH.[CfI 4acTOTOMU CUrHamia, onperensel
Cd M3 BbIpaXCHUS ’

Af, =V nAf. (1.2.13

DyHKIMS KOppeasuuyd ToMexy cBsi3aHa ¢ 3¢ heKTUBHON TOJI0COR CO
OTHOIIEHVEM

L&il,

R =ok exp —=m— | =0} expi ——p ) . (1214
pL 4n J P <% (
om PpY Oxera Tdie ?fmam?ra
Q| EDOMENNOL o N 7 2 e Y naooey
Fucxpemu 3xquyd wbanmodawun  |x Xppeees X

A

Y

Tenepamop Cxema
Ol M7y 16008 KOFUPDOEANUR i
Jucxpemy 3ayuu UNBEDHT il

Y

Puc. 15. CrpykrypHasi cxemMa YCTpOWCTBa IMCKpETU3allMM M KBAaHTOBaHUS CHTHAaJ 0l
nvmynscHoit  PJIC.

Ipu T =14, R (1) mpakruyecku paBHa Hymo. CjemoBaTelbHO, HE3a-
BHUCUMBIE OTCYEThI Orubarollell TMOMeXU PaCIONIOXEHbl Ha PACCTOSIHUM Ty
Apyr OT Apyra.

Takum obpazoM, B uMmmyibcHoU 0030pHOi PJIC uckyccTBeHHOI ARCKpE-
THU3allMM WM KBAHTOBAaHUIO TMOMJIEKUT TMPOLIECC Ha BbIXOHe TPUEMHHKE
B TMpenenax OIHOTO TakTa 30HAMPOBaHMS (B TIpelesax OmHOW PasBEpPTKE
nanbHocTh). CTpyKTypHasi cxeMa COOTBETCTBYIOIIETO YCTpoiicTBa TPUBEAE:
Ha Ha puc. [.D, a BpeMeHHble ITUArpaMMBbI, IMOSICHSIOLIME PabOTy CXEMEI,
Ha puc. 1.6.

Hanpstxkenue ordfatomeli ¢ BeIxoma npreMHoro ycrpoiictsa PJIC (Bpe-
MeHHag aMarpamMma /) IOCTyIaeT Ha ONMH M3 BXOOOB CXEMBI BPEMEHHOM
avckpetusauuu. Ha apyroit Bxom 3Toi cxeMbl TMOCTYMAOT MMITYJILChI Bpe-
MEHHOM JMCKPETU3ALUY JUTUTEbHOCTBIO T,xC TepruonoM A (BpeMeHHas -
arpaMMa 2). Ha BbIxome cxeMbl BpeMEHHOI AMCKPETH3allMM TOJaydaeTcs
PaBHOAMCKPETHAs BBIOOpKA aMILIMTYI Orubamlleil B mpeaenax KaXKLoFo
MMITyJIbCa AUMCKpeTH3aluy (BpeMeHHasl auarpaMma J3). Drta BbIOOpKA IOCTY-
" MaeT Ha BXOI CXEMbl aMIUIMTYJIHOIO KBaHTOBaHUA. Cxema aMIUIUTYIHOIO
KBaHTOBaHUS B OOIIEM ClTydae KEMeeT /7 TOporoB H . + 1 ypoBHel U Bblma-
€T Ha BbIXOJE HOMEp YPOBHS, KOTOpBIN TPEBBIIIEH BLIOOPKOW B KaXIOM
WHTepBaJe BPeMEHHO AucKpeTru3anu. HoMep ypoBHST MOXET OBITh B Jajib-
HEUIlleM TIPEeJCTaB/IEH YUCIOM WMITYJIbCOB CTaHAAPTHOW aMITIUTYAbl (Bpe-
MEHHas nuarpaMma 4). B yacTHOM cilyyae OTHOIIOPOIOBOIO (IBOMYHOIO)
'KBAHTOBaHUs (HalpUMep C MOPOIOM X,) CXEMa BblIAeT HMMYJIbC cTaHIapT-
HOU aMITTUTYIbl W UTUTEHOCTU (EAWHUILY), €CIA aMIUTATYyJa Orvdarolieit
B Tpezeax IMPUHBI UMITYJIbCA Tyy IPEBbIILIAET TTOPOT Xg, HIIPOIMYCK (HYJb),
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€CJIA 3TOT MOPOT He IMpeBbIIaeTcs (BpeMeHHasl quarpamma S). B cxeme KoaH-
pOBaHUs 3aJePXKU M aMIUIMTYIbl BbIGOPOK MpeoOpasyloTcss B JIBOMYHBINMA
KOJL. ‘ )

IMpy ABOMYHOM KBaHTOBAaHWM aAMILIUTYI CUTHAJIOB TNPOCTEHMINM;BapA-
aHTOM LIM(ppoBoro Mpeodpa3oBaHUs HAIPSKEHWs] Ha BbIXOAE MPUEMHUKA

(1)
G
. 7
“KU . ~>_i<_5¢8
« Lonnonnoannonaonnmn
x*re) S left A t-
- ::::i‘::“:_; f::i‘ o
x e = A4 Hw H s
e e
A8
b
d €
< % .
3 9*_,_)([';‘,'%“';:'\;”'.”'_?

Puc. 16. BpeMerwsle nyarpaMMbl, MOSICHSIIONIME TTPOLECC JUCKPETH3AMU U KBRHTG:
BaHust curHamoB PJIC

SIBJIsIeTCSl HEMOCPeACTEEHHOE KONMPOBAHUE 3aI€PXKKU U JUIUTEIbHOCTA KaX-
JOro BhI6POCE, MPEBBICUBLIETO MOPOr IBOMYHOIO KBAHTOBAHMS.

BpeMeHHas nuckpeTu3aiius BUIEOCUTHAIOB MTPUBOAMT K pa30MEHUIO pa3-
BepTKU AanbHOocTU PJIC Ha ajeMeHTapHble Y4acTKU IIUPUHOMN

A, = cA/2. (1.2.15)
l‘-II/ICJ'[,O TaKMX Y4YaCTKOB OIIPCACIACTCA M3 BbIPpAXKCHUA
o= FaagrolBrs- (1.2.16)

JRE Tyaye ~ MakCUMajbHas JaIbHOCTH OOHapyxkenus PJIC.

B npolecce nepuoauyeckon nocviaky 30HAUPYIOLIMX MMITYJIBCOB C OfI-
‘HOBPEMEHHBIM BpallleHreM aHTeHHBI 30Ha ob03opa PJIC pa3douBaercs Ha anie-

29



MEHTapHbIE YYACTKM 110 a3MMYTy. YIJIOBOIl pa3Mep dJIEeMEHTapHOTrO yJyacTKa
1o a3uMyTy (YIJaoBas AUCKPETHOCTb a3UMyTa)

rme 7'y — Mepuon MOCHUIKMA 30HAWPYIOLIMX MUMITYJIbCOB, T — IEpHOI Bpa-
IIEHUSA aHTEHHBI.

Takum 00pa3oM, B pe3ynbTaTe PacCMOTPEHHBIX IBYX 3TallOB BpeMEHHOI
mcKpeTn3anny 3oHa o03opa PJIC kpyroBoro o03opa pasdmBaeTcs Ha 3ie-
MEHTapHble YKy ¢ Tuiowmanbio S, = A,Ag, oblee yuci0 KOTOPbIX PaBHO

fy = 217y gue! DB, (1.2.18)

- Puc. 1.7. Uso6paxenue ydactka 30HBI 0630pa PJIC mocie BpeMEHHOW MKCKPETH3AUHH
H JIBOMYHOTO KBAaHTOBAaHWUSI CHIHAJCH.

KBaHTOBaHME aMILIMTYJ CUTHAJIOB MPUBOAUT K AMCKPETU3ALMU SIPKOC-
. TH M300paxeHMsl KaxIoil aMeMeHTapHOW sveiiku. B 3aBucMMoOCTH OT am-
TUTUTYAbl MPUHKMMAEMOTO CUTHAja 3Ta SIPKOCTb OyleT XapaKTepu30BaThCS
JMCKPETHOW BeMM4MHOl (uuciom). B mpocreiiiieM ciyyae TBOMYHOTO KBaH-
TOBaHUS aMILTUTYJ MOJy4aeTcss abCOMIOTHO YepHO-0enoe M300paxeHue 30-
Hbl 0030pa, Ile YepHble TOYKM 0003HAYAIOT HAIMYME KBAHTOBAHHBIX CHI-
HaJoB (eOMHMI]) B COOTBETCTBYIONIMX suelikax, a Oenblii ()OH — MX OTCYT-
ctBue. M3o0paxeHue ydactka 30Hbl 0630pa PJIC kpyroBoro ob3opa mocje
BPEMEHHOI AMCKPETU3ALUU ¥ JBOMYHOTO aMIUIMTYIHOTO KBAHTOBAHUS TIPU-
HUMaeMbIX CUTHAJIOB IIpMBEAEHO Ha puc. 17.

O06paboTKa AMCKPETU30BAHHBIX CUTHAJIOB C 1IeJbl0 OOHAPYXEHUS U OIl-
peneneHusi KoopauMHaT ueneid B 3oHe o63opa PJIC B mpocreitiiem  ciydae
COCTOMT B aHajIM3e 00acTell ¢ MOBbILIEHHO! OTHOCUTEIbHO 001Iero (oHa sip-
KOCTBIO M300paxeHus. .

i1.2.4. Bubop untepsairos Guckperusayuu
PaduoNoKayUoHHoi  uHgopmayuu

B obmem ciyyae, mpu pelieHMM 3ajad ONTHMAJbHOM AMCKPETM3alMu
pagroNoKaMOHHON WH(MOpPMaMy 00OCHOBAHMIO ITOJJIEXKAT:

— mepuoj ob3opa paguonokartopa T,
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. — Iepuof AMCKPETU3alMU BBIXOIHOIO HAMNPSDKEHUs NPUEMHUKA B TIpe-
JeJlaX OIHOTO Tiepyuoja 30HIUPOBAHUS Aj.

B cootBeTcTBMU ¢ 00IIIEH Teopuel TUCKpPEeTU3aIiK, TIPU BLIOOpE Tieproaa
0030pa PJIC momkeH y4YWTHIBATBCS TOJBKO XapakTep TPaeKTOPHWA, Momie-
JKAIlIUX  COIMPOBOXIEHMIO Iieieli. OOBIMHO KOOPAMHATHI PagrOIOKAIIMOH-
HBIX 1IeJICH TIPEACTaB/ISIIOT CO0OM Imamkue (PyHKIIMA BpPeMEHM, 4TO, Kasza-
JIoCh OBbl, JaeT BO3MOXHOCTb BBIOMpPATh NOCTAaTOYHO OOJBILION MEepHonm MX
guckpernzaupy. OAHAKO IPH pagvoIOKALMOHHOM HAOMIONEHMU Ha IIEPBOE
MECTO CTaBUTCS 3ajaya OBICTPOTO M HAJEXKHOTO OOHAPYKEHUS LIEIU B YCIIO-
BUSIX MaJIbIX OTHOIIIEHUWI CUTHaJIa K TIOMeXe, UMEIOIIMX MEeCTO Ha KpasiX 30HbI
o030opa. [ns1 pelleHUsT 3TOM 3aJayM HYXKHO YBEJIMUMBATh 4acTOTy 0030pa.
-TToBbIlIEeHNsT YacTOThI 0030pa TpeOyeT M HEOOXOMMMOCTb BBICOKOM TOYHO-
CTW BOCITPOM3BEACHUS TPagKTOPHH 1IeJM 110 AMCKPETHBIM JaHHBIM, TPU Ha-
JINIUU OIIMOOK n3MepeHus. COpyroil CTOpoHbI, MpU (PUKCUPOBAHHOM YacTO-
T€ TIOCBIJIOK 30HIUPYIOIIMX HWMITYJbCOB M 3aJaHHOW IIMPUHE AUarpaMMbl
HaIpPaBJICHHOCTU AHTEHHBI, C YBEJIMYEHUEM YaCTOThl 0030pa, YMEHBLIAETCS
YUCJIO MMITYJIbCOB B Iayke, TaK Kak

N = ¢pF/2nFs= const/F,.

C yMeHBIIIEHEM Xe YKciia MMITYJIbCOB B TaYKe YMEHBINACTCS BEPOSITHOCTD
ee OOHapyKeHUs Y TOYHOCTh M3MEPEHUST KOOPIMHAT, YTO, B KOHEUHOM CHETe,
NPHBOAUT K YXYNIICHUIO YCJIOBUI OOHapyxXeHWs TpaeKropuu Iienu. Mmest
B BUIY yKa3aHHbIC MPOTUBOMOJIOXHbIC TEHACHIIMM, MOXHO BHIOpATh OITH-
MaJTbHBI TIeprom 0030pa TIPOCTPAaHCTBAa I Kaxmoil KoHKpeTHoi PJIC
M0 BEPOSITHOCTHOMY WJIM TOYHOCTHOMY KPUTEPHUIO.

IIpn 00paboTKe PamuoNIOKALMOHHBIX CUTHAJIOB, MOJYYEHHBIX B IPOLEC-
ce KaxIoro Iepuoia 30HIMPOBAaHUsI, HE CTAaBUTCS 3aJada BOCCTAHOBIICHUS
HCXOHOTO TIpoliecca Mocie ero auckpeTudauuu. OCHOBHBIM 31IECh SIBJISIETCS
TpeOOBaHME HE MPOITyCTUTH MOJe3HbIi curHan. Iloaromy BbIOOp MHTEpBa-
JIOB BPEMEHHOU AWCKPETU3ALMU HAIPSKEHUS Ha BBIXOAC MPUEMHUKA HOOJ-
KeH ONTUMU3MPOBATHCS C TOYKU 3PEHUS MMUHUMU3ALUKU MPOMYCKOB MOJe3-
HOTO CMTHaja IpHu oOHapyKeHHuHU. JIJIsT 3TOro, OYEBUIHO, TEPUOI BHIOOPKU
JOJDKeH OBITh He Ooiblie 3(PGEKTUBHON MINTEILHOCTH OTPaKEHHOIO CHUT-
HaJja.

Ecim mipy mucKpeTM3allMM HAIpsSDKEHUsT Ha BbIXOIE TNPUEMHUKA UC-
XOIUTb 13 OOIIell TeOpUU MUCKpeTU3aly (YHKIMU C OTpaHUYCHHBIM CIICK-
TpoM, To Tipu TxAf = 1, e Af — sddexTrBHAS IMPKUHA TIOJIOCH TIPUEMHO-
ro TpakTa, monydaeM A; = T,/2, 4TO COOTBETCTBYET ABYM OTCYETaM (BBLIOOD-
KaM) Ha JUIMTEJbHOCTh 30HIMPYIOLIETO CHUTHaja. YBEJIMYEHME Yuciia OTcye-
TOB, IIPUXOASAIINXCS Ha UIMTEIBHOCTDH ITOJIE3HOTO CUTHAJA, ITOBBIIIACT BE-
POSITHOCTh €ro OOHapyKeHMsI, OIHAKO MPUBOAUT K YCJIOXEHUIO aJlTOpUTMa
00paboTKU.

Kpome paccMOTpeHHOro, NpH BPEMEHHOW AMCKPETU3aLUU pagyooKa-
LMOHHBIX CUTHAJIOB BO3MOXHEI W JIPYTHE ITOIXOMIBI:

a) C TOYKM 3peHUsI coXpaHeHUs pasperaroleii cocooHoct PJIC mo ko-
opavHaTe !, 4TO IIPUBOOUT K HEOOXOMMMOCTY BBEIOMpPATh MHTEPBAJl BpeMEH-
HOM JMCKpETU3allMM He OOoJbllle UIUTeTbHOCTU 30HAMPYIOIIETOo CUTHaja;
© 0) C TOYKM 3pEeHUSI pealM3alliy TTOTCHIMAIbHBIX Bo3MoxHocTelr PJIC
10 TOYHOCTH OLIEHKM KOOPAMHATHI 7, YTO IIPUBOAMT K HEOOXOMMMOCTH Bbi-
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oupatb A mcxond U3 AOMYCTUMOIO YBEJIMYEHMs] OLIMOOK 3a CUET AUCKPETU-
3alUiul. .

CornocTaB/ieHUE TIEPEYMCACHHBIX TTOAX0A0B MO3BOJISIET CUMTATh IIpUeMIIe-
MBIM BBIOOp TIepHona TUCKPETU3aN A, TIPUMEPHO PaBHBIM (HO HECKOJIBKO
MEHbIIMM) UIMTEJIbHOCTU 30HAMPYIOLIEro CHUrHaja. BplOOpky aMILIUTynd
orufaroued, cienyomue ¢ mepuonoM A, 1a T,;, MOXHO CUUTAaTh HE KOPPEJH-
pOBaHHBLIMM MexXay coOoii. [1oaToMy B KayecTBe CTaTUCTHUYECKOM XapaKTepu-
CTUKM BBIOOPDOK MOXET OBbITb B35Ta OAHOMEPHAH. IUIOTHOCTb BEPOSITHOCTU
oruodarolei.

o cux mop mpearosiarajioch, YTo IJIUTEIbLHOCTbh MMIIYJIbCA BPEMEHHOM
" IACKPETU3ALIMU Typ TPEHEOPEXKMMO MaJla 10 CPAaBHEHUIO C TIepromoM A,
OnHako Ha MPAKTHKE JAIUTEJIbHOCTb UMITYJIBCOB Ty, OEPETCS OOBIMHO COU3-
MEpUMOII ¢ TepuofoM A;, a WMHOIIA IPOCTO PaBHOM 3TOMY IIEPUOLY.
[MosToMy B mpoliecce MPOEKTUPOBAHMUST JUCKPETHBIX CUCTEM OOPabOTKU WH-
dopmarmm 0030pHEIX PJIC Bo3HMKaeT HEOOXOOTMMOCTh paccMaTpHUBaTh OOHA-
pyXeHUe CUTHajJla He B TOYKEe, a B IpeaeiaX MHTepBajla OrpaHUYEHHOM
UMTENbHOCTU.  [1ompoOHO 3TOT BOMPOC paccMOTpeH B juTeparype 8],
OTMeTrM, HAKOHEL[, YTO KPOME aMIUIMTYIHBIX BBIOOPOK IIPU JUCKPETU-
3allUM PaIUOIOKALIMOHHBIX CHUTHAJIOB WHOLAA OepyTcsi BBIOOPKU CpeaHEit
SHEPIUM KBAHTYEMOIO IPOLIECCA HA HEKOTOPOM WHTepBasie Af, paBHOM WU
MeHbIeM repuona Ay. KadectBo 0OHapyXeHUsI TIPU 3TOM HECKOJIBKO YIIyd-
HIAETCH, HO pealn3yeTcsl STOT METOJ 3HAYUTEIBHO CIIOXKHEE.

1.2.5.  Bvibop nopocoeé K8AHTOBAKUS paduoNOKAUUOHHBIX CUSHANO0E

ITpu BEIOOpPE MOPOTOB AMIUIMTYAHOTO KBAHTOBAHUS PaTUOIOKAIIMOHHBIX
CUTHAJIOB MCMOJB3YIOTCS JIB€ TPYMIbl KPUTEPUEB ONTUMAIBHOCTHU.

1. KpurepuH, cBA3aHHbIE C IPUHATUEM PEllieHUsT 06 OOHAPYKEHUU OfH-
HOYHOTO CUTHaJIa WM Nauyku curHajiaoB. Cpeau 3TUX KPUTEpUEB OCHOBHBIMU
SIBIISIIOTCSI KPUTEPUil MUHUMAIBHOIO pucka v kpurepuii Heitmana — ITup-
COHa.

2. MHdopMallMoOHHbIe KPUTEPUM, T. €. KPUTEPUU, CBSI3aHHBIE C TIOTepei
vHpoOpMalMKM O TOJIE3HOM CUTHAJIe B Mpoliecce KBaHTOBAHUS.

IlpuBeneM mnpexae BCero HEKOTOpble OMYyOJIMKOBAaHHBIE B JIMTEpaType
pe3yabTaThl MO OLIEHKE 3(M(MEKTUBHOCTU MHOTOYPOBHEBOTO KBAaHTOBAaHUS
aMIuUTyn curHaioB. Ecnu craBuTcsi 3ajaya BOCCTAHOBJIEHUSI AMILIUTYIbI
CUTHaja MO KBAaHTOBAHHBIM JAaHHBIM, TO BbIOOp MHTEPBAJIOB MHOTOYpPOBHE-
BOTO KBaHTOBAHUSI MOXHO MPOM3BOAUTH MO KPUTEPUIO YCJIOBHOTO PHUCKA.
Kak nokazaHo B pabote [23], aucnepcusi OIIMOKM KBAaHTOBAaHMSI C POCTOM
yucjla YpPOBHEM YOBIBAET MO SKCHOHEHIIUMAIBLHOMY 3aKOHY.

Bo3MoxeH Takxke TMOAX0oN K BbIOOPY WHTEPBAIIOB MHOTOYPOBHEBOIO
KBAHTOBAaHUSI CTOUYKM 3pEHUS] MUHUMU3ALIMU TOTepb MHGOpMAalIMK O TMOoJje3-
Hom curHane. Ionyyennsle pesynbratsl [21) nokaseiBator, uro ¢ 310it TOU-
KW 3pEeHUs] MHOTOYPOBHEBOE KBaHTOBaHME 3(PGhEKTUBHEE NBOMYHOTO TOJb-
KO TIpY CNTaObIX CHTHaAaX. [Ipy OTHOIIEHWM CUTHAIAa K TIOMEXe @ =2 ITBO-
WYHOE KBAHTOBAaHWE MCUYEPIbIBAET MPAKTUUYECKM BCIO TMOJIE3HYI0 MHGbOpMa-
Mo 00 aMIUIUTYJEe CHUTHAJIA.

HaKOHCLI, BbI60p MHTEPBAJIOB MHOI'OYPOBHEBOI'O KBAHTOBaHUS MOXKHO
OIITUMU3NPOBATb C TOYKM 3PCHUA MHWHUMU3ALMN ITIOTEPL B IMOPOIrOBOM CHI-
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HaJle TIpY¥ OOHAPYXXEHUU II0CIEN0BATEIbHOCTU (ITAYKM) KBAHTOBAHHBIX CHr-
HasoB. [loaydeHHsle pesynbratbl [20) MoKasbIBAIOT, UTO BBIMIPHILI B MOPO-
TOBOM OTHOIIEHUM CUTHaJa K MOMEXE MO MOIIHOCTU TPU MHOTOYPOBHEBOM
KBAaHTOBAaHMM I10 CPAaBHEHMWIO C ABOMYHBIM KBAaHTOBAHWEM HeE ITPEBBIIIACT
1 oe.

IMpakTuyeckast peanuzauusi 1MGPOBOl 0OPAOOTKU TIPU MHOTOYPOBHE-
BOM KBAHTOBAaHMU CUTHAJIOB 3HAYUTEIbHO CJIOXKHEE, .YeM IpU JTBOMYHOM.
IToaToMy BO MHOTMX Cllydasix CO3HATeJIbHO UAYT HA HEKOTOPOE yBETWYEHUE

' TIOTePb Pagyd TPOCTOTHI peaTnu3aluir.

I[Ipy nBOMYHOM KBAaHTOBAaHUM aAMILIATYA COBOKYITHOCTb CHTHAJIOB Ha
BbIXO/IE KBAaHTU3aTOpa IMPEACTABIISIET COOOU TOC/IeNOBaTEIbHOCTh CiTydaii-
HBIX IBOMYHBIX umcesl 0 M 1, TIOSBISIOIINXCS C BEPOSITHOCTSAMH p M ¢ COOT-
BETCTBEHHO. [Ipu M3BECTHOM pachpefeNeHUN aMIUIUTY] KBAaHTYEMbIX CHUT-
HaJIOB BEPOSITHOCTU £ Mg ONPEAENSIOTCS W3 BbIPAXKEHUM

= Cw(x) de,g= )C w(x) dx.
x 0

3amaya ompeneieHus] ONTUMAbHOTO TOpOora JABOMYHOTO KBaHTOBAaHUSI
10 KPUTEPHIO MUHMMYMa CPEIHEN0 PMCKa aHaJOTM4YHa 3aJade BbIOOpa OMNTH-
MajbHOTO MOp6ra pelieHuss Tpu OOHapyXXeHWW OIVHOYHBIX CUTHAJOB.
OnTUMANBHBIA TTOPOT MPU 3TOM MOJIydaeTcsl M3 YCJIOBUS MUHUMU3ALUN
B3BEIIIEHHON CYyMMBI OIIMOOK TIEPBOTO M BTOPOTO pona. JIrst HaXoKIeHUsT OIT-
TUMAJIBHOIO IOpora HeooxonuMo MpoauddepeHIMpPOBaTh BbIPAXEHUE IS
CpemHero pucKa 10 TMOpOry W pe3yJabTaT TPUPaBHATH HYIIO.

CpenHuii pHCK "Ipy 0OHAPYXEHUU OIMHOYHOIO HOPMUPOBAHHOIO CUI-
Hajla MOXHO 3aIlicaTh B BUIE

co

R=CIP5;S (x| $)ds+Cy P wix|0)de.  (1.2.19)
0

x
e Cy. C; — mocTosiHHBIE TIOTEPH, HpI/IHI/ICbIBaCMthG nponycky CUrHana u
JIOXHOMY OOHapyXXeHHUIO COOTBETCTBEHHO; Psq, Ps; — anpuopHble BepoAT-
HOCTU OTCYTCTBMSI M HaJIM4MS TIOJIE3HOTO CUTHAJA COOTBETCTBEHHO.
BosbMeM s TIPOCTOTHI  CIyvaii:

CI=C2=11 P50=P51=0,5.

Torna, mubdepenurpys Boipaxenve (19) no x;, nomyyuM ypaBHeHUe AJIsI
HAXOX/IEHHsI ONTUMAIBHOTO IOPOTa X gnr

w(xlo) lﬁ“"mnr=w(xls)lxi‘_“xlon1-' t (I.?QO}

Hanpumep, 11si HOpMUPOBAHHBIX AMIUIMTYA CMECH He(IIIOKTYUpYIOLIe-
TO CUTHaJa M TIOMEXM Ha BBIXOJE HETEKTOpa OrMbarolleii nMeeM

w(x[S):xexp (——ih—'—;fa—) Lo (ax),

2
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IMoncrasnsist 5T BhipakeHWsT B ypaBHeHue (20), moaydum

Infy (axyom) = a%2. (1.2.21).

VpasHenue (21) He pelaercs: B iBHOM Buze. JList cllydas c1abbIX CUTHATIOB
(axyo& 1), WMCIIONB3YS ACHMITOTHYECKOE PA3JIOXEHNE MOIUMULPOBAH-

Hoii pyHKIMK beccenst

MOTYYaeM  Xjgpe == 142

]0 (axlou'r) =~ I +a:§ x?o‘m/‘;a
In 1y (axyony) & a¥ xt,m/2,

- JIna psna 3HauYeHWi OTHOLIEHMs CUTHAlA K IOMexe {& Z=1) uncnennoe
peiieHre ypaBHeHMs (21) maeT ciemyrolnue pe3yJbTaThbl

a

2 3

XyonT \ 17,5

1,75 2.1 ’ 2,5

HpI/I YBEJIMUEHMM OTHOIICHMA CHUIHajla K IIOMEXE ONTUMAIBHBIHA Imopor

cTpeMuTCsl K a/2.

Ha puc. 1.8 npusenens! paccunranssle 1o dopmyie (19) Kkpusble cpel-
HEro pUcKa B 3aBUCUMOCTU OT MOpOra KBaHTOBAaHUS ISl HECKOJBKUX Ha-

R
0,5
44
53
g2

o1

7 7 2

Puc. 1.8, Cpennuit puck mpu OOGHapyXeHUU
OJIMHOYHOTO [BOMYHO KBAHTOBAHHOTO CHI-
HaJja.

noojee XapakKTepHBIX IS  MM-
nyiascHoit PJIC o630pHOIO meiict-
BUSI OTHOILIEHWI CHTHajia K TO-
Mexe. KpuBble HMEHOT. c1ab0 BbI-
paXeHHBIe MHHHMYMbI, YTO CBUIE-
TEJIbCTBYET O HEKPUTUYHOCTHU BbI-
Oopa mopora JBOMYHOTO KBaHTO-
BaHMs. B cpemHem, misi nmocra-
TOYHO IIMPOKOTO AMAIia3oHa OTHO-
IIeHWI CUTHajla K TIOMexe, OMNTH-
MaJbHLIE™ [TOPOrM JIeXaT B Juana-
sone”1,8—2,2, yro Aaer, BOIMOXK-
HocTh BBIOMpATh (HUKCUPOBAHHOE
3HaveHue JIOpPora IS BCeX OXU-
JaeMbIX OTHOILIEHUI CUTHaJa K Mo-
Mexe, 0e3 3aMETHOTo MPOUTpPHIIIA
B BEPOSITHOCTU OOHAPYXKEHUS.

IIpu ucnonb3oBanuu Kputepus HefiMana — IIupcoHa MOpor KBaHTO-
BaHUSI BBIOMPAETCS! TOJIBKO WCXOASl U3 3aJaHHON BEPOSITHOCTH TTOSIBJICHMSI

€IVHULILI B O0JIACTH ITOMEXHU.

Ecnu ¢ BbIxoma meTekropa OTMOAIoNIell MOCTYIaeT TOIbKO NOMEXa, T. e.
5 =0, TO BepORTHOCTb MOSBICHUS €IUHMLBI PaBHA

o ) = e

P TS . —i‘i
Tax—exp( - )



IMpu 3apaHHON BEpOSITHOCTU fy U3 3TOTO BLIPAMKEHHA MOXHO HaWTH OTHOCHU-
TEJBHBIA MOPOr aMIUIMTYIHOTO KBaHTOBaHUA

xl;:( 21n-1-)”2. (1.2.22)
Pbi

BepOHTHOCTb ITOABJICHUA CIWHUWILIBLI TIPYU HaJIUYUN He(bH}OKTyI/IpyIOH_[eFO CUr-
Haja OIpenensieTcss B 3TOM ciydae 1o dopmyie
oo
Ps (%3, a) = S X exp L
(210 1/py)t/2

)lo (a)ds.  (1.2.23)

Tlpu A1BOMYHOM KBAHTOBAaHWUU OT-

CYET BPEMEHM 3alep>KKU OOBIYHO IpO- e
MU3BOIUTCSI B TOUKE IepeceyeHust hpoH-
TOM MMITyJbCa TIOPOTOBOTO YPOBHSI Xi. N
I[lpu sTOM (ukcauusi BpeMeHHON 3a-
JNEPXKU  TPOU3BOOUTCS C - NOMOUbIG
9JIeKTPOHHBIX pesie. BoszzmeiictBue mno-
MeX CKa3blBaeTCsl B TMOSIBJIEHUM HecTa-
OMJIbHOCTU cpabaThiBaHUSI pelie, YTO
B. CBOIO Ouepelb NPUBOAUT K OIIMOKAM
OLEHKM BPEMEHHOTO TIOJIOXEHUSI WM- ——p— .
nyiabca. K Takomy xe addexry mnpu- s T

BOAST W (JIOKTyallMu, MpUCyllde ca- ¢
MOMy peJjie U3-3a HEeCcTaOWJIBHOCTM TNH- i
TaHUs, TeMIepaTypsl U T. I. Puc. 1.9. K oueHke TOYHOCTH 3amepXKKU

PaccMoTpuM BausiHMe ABouyHoro ~— WMIYJIBCHOIO — CUTHala — NpU  NBONYTHOM
KBAaHTOBaHMSI Ha TOYHOCTh OLIEHKU KBaHTOBaHUH.
BPEMEHM 3aJePXKU HUMITYJbCHOTO CHT-

Hana (puc. 1.9).
OIMHOYHBI MMITYJIbCHBI CUTHAN HA BXOIE peJie MOXHO IIPEICTABUTh B ‘BHAE

Uiy= S{—1)+ N@,

% L Ult)

\$(e-1,)

rie T, — MCTUHHas 3alepXkKa CHTHaia,
Ilyctb MOMEHT cpabarblBaHMsI f, 3alaeTCs TOUKOl IepecedeHUst Kpupoii V (f)
ypoeua U,. Tornza 3ToT MOMEHT BpeMeHM OyIeT ONpenessiTbCS YpaBHEHHEM

Site)+ N {te) = Uy,
[Ipy oTcyTcTBMM TMOMEX BBIMOJHSIIOCH Obl yCI0OBUE
S {1t = Us
[IpupaBHUBasl MONyYEHHbIE BBIPAXEHUS, HAXOAUM
S {fe) — S (t) + N (fe) = 0. (1.2.24)

[Moncrasum B (24) £, =1, — AT u pasinoxum 5 (fc) = § {t, — AT} B psn Teitnopa.
OrpaHnyYMBasAch JNMHEHHBIM NPUOIMXKEHNEM, TOJTy4aeM
S (t)AT — N {tc) =0.

Ecim N (1) — Manoe npupaiieHue orubaiouieii, oOycloBIEHHOE AEMCTBUEM ITOMeX,
TaK 4TO MOXHO MONOXUTb N ({z) = N (1), To TMHEliHOe NMPUOINXKEHNE OIIMOKM Bpe-
MEHU 3aJepKKW HaXOOUTCSI U3 BbIpaXKeHUs i

At= N (1o)/S (To),
2% . 35



rie S.(‘:’o) — KpYTM3HA GPOKTA HMIIYJbCa Ha YPOBHE U,. ducnepcus stoil omMOKM
OymeT paBHa

=0}/ 5% (7). (1,2.25)

s Momenm CuUTHalla ¢ KOJIOKOJIBHOM ormbaromnieit

S(f}=soexP|[-ﬂ{"t’>2Jr S(t) —— 3 STt .
\ Tu Tu
Jucnepcust OWMOKKA [IJIs MMIIYJIbCa C KOJIOKOJIbHOM Orubaromiei
oi=1d 0}/ S% (15} 4n% 1, (1.2.26)

BolpasuM T, d4epe3 aMIUIUTYLy UM-

65 nyJibca
T = —(ti/m)y In (S (re/Se). (1.2.27)
o6 |
|  TlomcraBasst (27) u {26) m nepexons
g,5 | K HOPMHUPOBAaHHBIM BeJIMYMHAM, NOAY-
| yaem
04 | 12
! | . S
23 ! ¥ dnet [ (x1/a)
I l
Y= = T 4nA7 x 7 In (x1/d0)
a1 Wiau, Tepexoisi K 0e3pa3MepHOMY Bpe-
” 4 MeHu v = Aff, okoHYaTeIbHO MMeeM
— =
b X, ={4nx} In (ao/x)]~1.  (1.2.28)
() 2
Puc. 1.10. Tpaduku nucnepcuii-omu- aoogMgf_ a (%) sepua  TomBKO npl./l
60K‘ OTCUeTa BPEMEHM 3aJepXKu KO- Ha puc. 110 mpuBeieHB paccuyi-
JIOKOJIbHOTO  MMITYJIbCA. TaHHble 1O dopmyie (28) rpabuku ou-

criepcuii OmIMOOK OTcYeTa BpEeMEHU 3a-
NEPXKKU KOJOKOJBHOTO MMITYJIbCa ISl HECKOJbKMX 3HAUeHWI OTHCIUEHWR CHTHAJA
K noMexe d;. U3 paccMoTpeHusi 3TuX TpadUKOB cJeayeT, 4TO IJIsl CHJIbHBIX CUTHa-
JIOB, KOIJa, COOCTBEHHO TOBOPSI, M MMEET CMBICI M3MEpSITh UX 3adepXKKy, BbIOOp MO-
pora x; HeKpuTuueH. [lo3ToMy ‘060CHOBaHHBIE BBILIE 3HAYEHMSI IOPOTa X; -C TOUKHU
3peHMs] ONTUMAJIbHOIO OOHApyXEHUsl CWIbHBIX CHUTHAJIOB ABJISIOTCS  MPUEMIEMbIMU
M C TOYKM 3PEHUS] OLIEHKU BPEMEHU MX 3aIePXKKHU.

Kak m3BectHO [13], onTuMasbHas Ipoleaypa OTcueTa BPEeMEHHU 3aIepXKU HUMITYJb-
CHOTO CUTHajla COCTOMT B HAXOXICHWU TOJIOXEHMSI Ha OCM BPEeMEHU MaKCUMyMa COOT-
BeTCTBYIOIEH (GYHKUMU MpaBaononodusi. MakcumyM GyHKLUMHU MPaBIONONOOUS B JaH-
HOM CJlyyae COBMNANaeT ¢ MaKCMMyMOM aMIUIMTYIbl CHUTHasa.

[NoteHuManbHasi TOYHOCTH OTCYETA BpeMEHU 3aJepXXKM XapaKTepusyeTcsl ciie-
Iylolel aucnepcueid ommnbdok

o2 .. =lla} Afaj"‘ 1/ad nAf?, (1.2.29)

ThnoT

a a1  6e3pasMEpPHOro BpPEMEHU
02 ar=1/aga. (1.|2.30)

Ha puc. 1.10 NyHKTUMPHBIMU JIMHMSAMU HaHECEHbl 3HAYEHMs AUCIIEPCUM IIOTEH-
LIMaJbHBIX OIIMOOK 3aAepXKKH, MoacuuTaHHble o Popmyae-(30}. Cpasnenue rpaduxos
Opy COBNANAIOUIMX 3HAYEHUSIX (G, IO3BOJISAET OLUEHUTh IOTEPM B TOYHOCTU OTCYETA
3alepXKKHA, OOYCIOBJIEHHbIE IBOMYHBIM KBAHTOBZHHEM aMIUIATYI CUTHAJOB.
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1.3. CratHctuueckuit cuutes anroputmos 06padoTy
KBAaHTOBAHHBIX CHUTHAJIOB MHadye4HOU CTPYKTYPHI

B kadecTBe 0O0IlEll TEOpETUYECKON OCHOBBI JJIsSI CUHTE3a airOpUTMOB
00paboTKM PanrOJOKALMOHHON MHGOPMALMK B HACTOSILLEE BPEMSI LIMPOKO
KCITOIBb3YETCS MATEMATUYECKUI arnapar TEOPUM CTATUCTUYECKUX PEILICHUM.
[MprmeHeHe TEOPUU CTATUCTUIECKUX PEIICHWIA TTO3BOJISIeT HAUTH aHATUTH -
YeCKd aJTOPUTMBI TeX ITPeoOpa3oBaHUii, KOTOpble HYKHO IPOW3BECTH HAaJ
CUTHAJIOM, YTOOBI TIOJYYUTH PE3YJbTaThl, ONTHUMAIbHBIC B OINPEICIICHHOM
cmbicie. [Tomumo BUa OIITUMAJIbHBIX Hp606p330BaHMfI, BA2XKHbIM ABJISIETCS
BOIIPOC O COOTBETCTBYIOIINX TOTepsX IMpeobpasoBaHus. [lostoMy paspaba-
ThIBAIOTCSA TAKXK€ METOIbI, IMO3BOJJIAIOIIHUE BbIYUCIIATHL 3TU ITOTCPH. )

‘B HacTtosiiiem maparpacde paccMaTpUBAIOTCS METOIbI HEMOCPEACTBEHHOIO
CHHTE3a ONTUMAJIbHBIX AJITOPUTMOB OOpPaOOTKM KBAHTOBAHHBIX PaLHOJNOKA-
LIMOHHBIX CUTHAJIOB HA OCHOBE KPUTEPUEB TEOPUU CTATUCTUUECKUX PEILICHUA.
B kauecTBe MCXONHBIX [JIsI CUHTE3a MPUHUMAIOTCS CJIEMYIOIIUE TIPEIro-
CBUIKHU.

1. TMone3Hblit cUTHAT UMeET TayeyHylo CTPYKTYpY M COCTOMT u3 N HM-
MYyJILCOB.

2. Tlepuom A, muUCKpeTH3aLUU HAIPSKEHUS Ha BBIXOI€ TMPHUEMHOIO
YCTPOWCTBA BBIOpaH TaK, YTOObI BCE UMITYJLCHl MPUHUMAEMOM Mayku Tora-
oajau B OAHH-H TOT XK€ HMHTEpBAJ IIO IlaﬂbHOCTI/I IIMPHUHOIO A

3. OﬁpaGOTKa MOC/IENOBATEIbHOCTH KBAHTOBAHHBIX CUTHAJIOB MPOU3BO-
JUTCS Pa3AeAbHO B KaXIOM MHTEpBaIE MO JanbHOCTH. [lanbHeiinee pac-
CMOTpEeHHe OTHOCHUTCSI K OOHOMY W3 TaKWX WHTEPBAJIOB.

] 3.1. OnmumanvHbill GAZ0PUTM OOHApYIICEHUST NAUKU
aeouu.‘to K6aHmoeanHbIx CUeHai08

C TOuKM 3peHMs] TEOPUM CTATUCTUYECKUX PELICHUM, 3ajadya OoOHapyxe-
HMSI TIaYKW JBOMYHO KBAHTOBAHHBIX CUTHAJIOB (DOPMYJIUPYETCS CIIEmyIo-
MM o6pa3oM.

IMycth mpow3BeleHa BBHIOOPKA 3HAYEHWIN Orudaroliein {xy, X5, .... Xy}
Ha N cocenHMx MO3HLHAX MO a3MMYTy B Mpeaeiax OJHOTO MHTepBajia Io
nmanbHOCcTH (CM. puc. 1.7). Kaxkmoe M3 BBIOOPOYHBIX 3HAYEHUI X3 TOIBEP-
raeTcsl 3areM JBOMYHOMY KBAaHTOBAHUIO TI0 aMILUIUTYAE IyTeM CpaBHEHMS
C TIOPOroBBLIM YpOBHEM Xy. Mcxon emMHUYHOTO WCHBITAHUSI X3 CUUTAETCS
TOJIOXKUTENIbHBIM, €CJIM COOTBETCTBYIOIIIEE BHIOOPOYHOE 3HAYEHUWE MPEBbI-
uiaer nopor (X, = 1), U OTpULATEIbHBIM, €CIM IIOPOr HE IPEBBIIIACTCS
{xa =0).

COBOKYITHOCTb UCXOIOB TOc/ie KBAHTOBAHUA (X4, X5, ..., Xn) TIpEICTAB-
© JIsIeT co0Ol TIPCIIeI0BATEILHOCTD HY/IEH M €IMHULL. DTa MOC/IeN10BaTeTbHOCTD
MOCTYIaeT Ha BXOJ PEllaloIero ycTpoiicTBa. 3ajaya peliarolero yerpoh-
CTBa COCTPUT B TOM, 4TOOBI Ha OCHOBE aHajM3a ITPUHSITOI BHIOOPKU HYyJei
M eIMHUL pernTh ONMTUMaTbHBIM 06Pa3oM, MpecTaBiseT M 9Ta BelGopKa
MayKy OTPAXEHHBIX OT LM UMITYJbCOB MJIM OHA OTHOCHUTCSI K IIOMEXE.

Jlnst pelleHnst chopMyJIMPOBAHHOI 3aIayl pelIalolee YCTPOUCTBO J0M-
JKHO 00pabaThiBaTh TMOCTYMAMOIINE CUTHAJBI B COOTBETCTBUM C HEKOTOPBHIM
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Hanepes 3amaHHBIM AITOPUTMOM, IIPUYEM ONTHMANLHLIE aIropuT™M OOHA-
PYXEHUSI, KaK U JUTS Caydas HEKBAHTOBAHHBIX CUTHAJIOB, CBOAMTCSI K MPO-
BEpKe TMIOTE3bl 1y 00 OTCYICTBMM IIOJIE3HOIO CHMIHAJA IIPOTHB albTEPHA-
TUBHOW ruroTe3bl f/; 0 ero Hamuuuu, T. €, K 00Pa30BaHMIO OTHOLIEHUS
MPaBIONOA00MsSI W CPAaBHEHUIO 3TOr0 OTHOIIEHUSI C HEKOTOPhIM Harepen
3aJaHHBIM YKCIIOM, BBIOMPAEMbIM KCXOISl M3 allPUMOPHOI BEPSTHOCTU HAU-
YWl CUTHAJIA U TOTEPh, MPUIKUCHIBAEMBIX OIIMOOYHBIM pPEIIECHUSIM (KpUTe-
puyii CpemHero pucka), WM UCXOAS U3 JOMYCTUMOW BEPOSTHOCTU JIOKHOTO
obHapyxenus (kpurepuit Heiimana — ITupcona).

JJ1s1 cuHTe3a ajropuTMa OOHapYXeHUsI HEOOXOAMMO TMPEXIIE BCEro orpe-
JeuTh (yHKUMIO MpaBaononodust runores H, u H;. O6o3Hauum pj;— Be-
POSITHOCTb IOJYYEHMSI €AVUHMLIBI HA A MO3MUMM TAauykKW, .a g — BEPOST-
HOCTb MOJTyY€HUSI HYJISl Ha 3Toii mo3uliuu. BeposaTHoCTb nosyueHus J1to6oro
U3 JBYX BO3MOXHBIX UCXONOB B PE3YJbTaTe A-TO WCIBITAHUS MOXHO 3aru-
caTb B BUIE

Pixi)=p*q, "™ (xa=0,1). | (1.3.1)

Bymem B manmbHelIeM cuuTaTh BuiGOPKHM ormbamoliecii B Ipeaenax (UKCH-
POBaHHOIO MHTEpBaja AaJLHOCTH CTAaTUCTUYECKU He3zaBUCHMMbIMU. Torma
COBMECTHAsI BEPOSITHOCTb TIOJNY9EeHUsSI HEKOTOPOil KOMOMHALMW HyJeit 1
eauHuLl Ha Bcex N IMO3MLMAX NaYKu paBHa

2 o xN)=‘]-| P g, ™. .22
A=1

Tenepp, Ha ocHOBaHMM (HOPMYJBI (2), MOXKHO 3alMCATb BLIPAXKEHUE VIS
YCJIOBHOU BEPOSITHOCTH JIFOOOK KOMOWHALIUM HYJIEW W €IVHWI] PU HATMIUU
W OTCYTCTBUM TIOJIE3HOTO CHUTHAJIA.

Ilpy HamMUMKM MOJE3HOrO CUrHasda

N
5 1 —

P(Xy, Xg o Xy | Hd = [P a5 ™™ (1.3.3)
rae ps, — BGPOHTHOCTL TOJlyYeHUS €IMHULIbI Ha A-# TO3MLIMM CUTHAIb-
HOM Taukuy; gsx = 1 — Psi.

IMpu OTCYTCTBI/II/I CUTHaJIA
N ’ i
b4 1—x

Plxy Xy xnl Ho)y = [T am ™ (1.3.4)

home ]

1€ pyp — BEPOATHOCTDH IMOJNYYEHMS €IMHMUBI Ha A-if mosuuum B obna-
CTM TIOMeX, OJIMHAKOBasi JUISl BCeX Aoavan = l—pw

Bymem cuurtarh 3amaHHBIM TIOpor oOHapyxeHust fo.° Torma, ¢ yderom
BblpaxeHuid (3) 1 (4) ycioBUE ONTUMAJIbHOIO OOHAPYXEHHUS TMayKu 3aIlv-

IETCAd B BUIC
1=
1 (fﬂ\x’”(-%i’i) sl (1.3.5)
N
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Jlorapucdmupyst BeipakeHue (5), IomyyaeM

i P, 953
Z[xkln (lﬁx;,)ln—'—}D}lnlo.
P N

A | N

[TocnenHee BbIpaXEHHUE IOCIE SJIEMEHTAPHBIX IPEOOPa30BAHMIA TPUBOINUT-
cs K BULY

Ex In 28298 - 1 z—z In S8t qS’“ . (1.3.6)
Ae=1 Pw 9sp w=1
O6o3Hauast B BhIpakeHHH (6)
N g
m=ln 22 gy — $n 2k, (1.3.62)
Py s, =

3aluvueM (I)OpMYJTy IJIs1 - aJirOpUT™Ma  ONITMMAJIbHOI'O O6Hapy>KCHI/I$[ ITa4YKHn
JBOMYHO KBAHTOBAHHBIX CUTHAJIOB B CJICOYIOIEM OKOHYATENBHOM BHUIE

Sum>% (13.7)

A=l

IocnenoBarebHOCTE KO3(P@ULMEHTOB 1);, YUYUTBHIBAIOLIAX OXUIAEMbIe
3HAYCHUST BEPOSTHOCTH ITOJYdeHHWS HyJIel M emWHWIl B 00JacTH CHUTHAJA,
HOCUT Ha3BaHME BECOBOM (DYHKIIMM OOHAPYKEHHS TBOMYHO KBAHTOBAHHBIX
curHanos (B®0). Bra ¢pyHkuus 1o popme aHAIOIrMYHA OrkOaroLeil 1uarpam-
Mbl HanpapieHHocTH aHTeHHBI PJIC Ha mpuem u mepenmady, IpudeM, Kak
ITOKA3bIBAIOT pacyeThl, 3HaYeHMS Kod(DOUIIMEHTOB 13 BeCbMa HEKPUTHUYHBI
K MHTEHCUBHOCTH OTPAXXEHHOTO OT 1IEJIM CHTHAJA.

. B coorBercTBUM ¢ (popmysioii (7) aaropuT™M ONTUMAIBLHOTO OOHAPYXKEHUS
MMaYKy KBAHTOBAaHHBIX CHUTHAJIOB CBOIMTCS K BBITIONHEHHUIO CJICMYIOIINX
OIepaLui.

1. ITpuem u 3anmoMuHaHNWE KBAaHTOBAHHBIX CUTHAJIOB (HYJIEH W €IVHMAII)
B Mpeesiax [MUPUHbI TaYKK (Ha N MO3UIHsX).

2. CyMMMpOBaHMe 3HAQUCHUN TIPEABAPUTENIBHO 3afpOorpaMMHpoBaH-
HOM BecOBOM (DYHKIIMM Ha TeX IMO3MIMIX ITaYyKW, Ha KOTOPBIX TIOMY4eHBI
STMHMIIBL.

3. CpaBHeHME IOJIyY€HHOH CYMMBI C IIOPOTOBbIM YMCIOM & U Bbllaya
peleHns 00 OO0HAPYKEHUM WIM HEeOOHAapYXeHUHU MavyKHu.

CTpyKTypHasi CXeMa peaiM3allii PaccMOTPEHHOTO  alropuTMa IpH-
BemeHa Ha puc. 1.11.

HpC,Z[HOJ'IO)KI/IM TeTieph, YTO BEPOSITHOCTU Psjp ONVHAKOBBI B TIpenesiax
BCEl INMPMHBI IMarpaMMbl HAaNPaBJIEHHOCTH, T. €. YTO MayKa MMEeT Tpsivo-
yroibHyo ¢opmy. Torna u3 BeipakeHus (6) mojiaydyaeM ONTHMAJIbHBINA ajro-

pUTM OOHApyKEHMSI TA4YKM IIPSIMOYTOJbHOM (hOpMBI B BHIE

N . .
Inly—Nln(g</q
g B o2 o L, (1.3.8)
e In(ps G/ Py 9s)
e mpasas YacTb, obo3HayeHHas depe3 %', — IOCTOSHHBIA IIODOT.
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Kaxk BunHO 13 BbIpaxeHus (8), B ciydae MPSIMOYTOJIBHOM MayKu Npo-
Lenypa OOHapyKeHUsI CBOAMTCSI K CYETY MMITYJIbCOB €IMHML], NOJYYeH
HBIX B MpeJe/ax WMPHHBI MaYKu, ¥ CPABHCHHIO HAKOIUICHHOTO YMCIa C 110-
POTOBBIM  YKCIIOM Z'. Cxema 06Hapy>K1/ITeJ1;1 MOJTyJaeTCsl Upe3BbIYATHC
MPOCTOM, JIETKO peaTM3yeMOil C MOMOIIBI0 OOBIMHOIO CUETYMKA.

Kpome Toro, B ciiyyae MpsIMOYTroJbHOM TaykKu OOHapyXKEHHUE [10.1e3HO-
IO CUTHAJIA MOXHO TMPOU3BOIUTh MO HATWYMIO JIIOO0H KOMOMHALMU U3 N’
equHuIl Ha N CMEXHBIX TTO3UITHSIX.

3y
BECOBbIX
KOIPDULUOH -
Xy Xy reeis Xy TOB
212 T 2
%, Fyy ¥
W B il CNEMULE
34 ] N z Pl 7 o8u
BXOAHbIX E Tx 7 2 £ =
cuznansod | X, .| az¢
' rfpoc v/
Puc. 1.11. CrpykrypHas cxeMa ONTUMAQJIBHOIO JITOPUTMA OOHAPYXEHUS gAOHYHO

KBARTOBAHHbBIX CUTHAJIOB.

g obnerdeHus peaiM3alldM Ha MPAKTHKE 4YAcTO MUCIOJB3YIOT YIIPO-
IIIEHHBIE AJITOPUTMbI OOHAPYKEHUST U IIPH 00pabOTKe pealbHBIX (HEIpPsSIMOY-
TOJIBHBIX) TTaYeK.

1.3.2. Kaquecrsennsie xapakxmepucmuru 00HAPYHCCHUS NAYKU
080UMHO KB8AHMOBAHHLIX CUCHAN08

PacueTr KayecTBEHHBIX XapaKTEpUCTHUK OOHAPYXEHUS TAaYKU [BOMYHO KBAHTO-
BAaHHBIX CUTHAJOB CHavajia MPOM3BOAMTCS TPU CJAEHYIOUIUX MOMYIIEeHUSX:

I. Tlauka mMeerT MPSAMOYTOJIBHYIO (GOpPMY (BEPOSTHOCTH TOSIBJIEHMS WMITYJIbCOB
eIMHUIl HAa BCEX MO3UIUAX MaYKUh OJUHAKOBA).

2. Bcst mauka HaxeAHTCA B npeaenax-cTpofa dpukcupoBaHHBIX pazMepoB. Pasmep
cTpoba IO JATBbHOCTH COOTBETCTBYET MHTEPBAJly BPEMEHHOU AMCKPETU3ALUU, a pasMep
CTpoGa MO a3uMYTy paBeH WHPHHE auarpaMMbl HampaBjieHHocTu aHteHHbl PJIC.

Ipy TNPUHATHIX NOMYLIEHUAX IIOCTABIEHHAs 3ajaya pEllaeTcs Ha OCHOBE YacT-
HOI1 TeOpeMbl 0 TTOBTOpeHUH ombITOB [4]. CorlacHO 3Toif TeopeMe BepOsSITHOCTD ng /N CO-
OLITHS, COCTOSIIETO B TOM, uTO TOuHO & ' u3 N I/IMl'IyJ'[LCOB MPEBBICST TTOPOT xl,onpeae-
JisieTcsl OMHOMUAIBHBIM 3aKOHOM

r ’ [
"N _ng ng H’smg '
e , . (1.3.9)
cT =Ny (N—Z')
— YUCJIO BO3MOXHBIX KOMOMHaumii (codeTaHuit) u3 N 3J1eMEHTOB MO <& .

OueBUAHO, TMMayka WMIIYJIbCOB OyaeT oOHapyXeHa, eclid TIOpPOTOBBIii ypOBEHb
MPEBLICAT He TONMbKO & Ho u &' -+ 1, &'+ 2 . . N umnynbcos. [TosToMy BeposT-
HOCTb OOHApYXEHUs TMavyKy OINpEAe/seTCs BEPOSITHOCTBIO COOBITHSI, 3aKJIIOYAIOIIErocs
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TOM, 4TO HE MeHee %' MMITY/IbCOB TMAYKHM TIPEBHICAT MOPOTOBBIN YPOBEHb KBAHTOBA
HUSl %;. OTa BEPOSTHOCTb OMpeENesieTcsl BbIpaXkeHUeM

Pga= X Chresas—". (1.3.10)

AHAJIOTMYHO BEPOATHOCTDL JIOXKHOI'O 06Hapy)KCHI/IH, T. €. BEPOATHOCTb IIOJIYUYUTH
He MeHee &' eqMHUIl B 00JacTu TMOMEXH, MOXET ObITh onpeacicHa I10 CJ'ICI[YIOU.ICﬁ

opmyie :

N .
Pro= 3 Chophdi™" (1.3.11)

®opmyinbl (10) 1 (11} SABASIOTCS OCHOBHBIMH Aa5 onpeaecHus 3hdheKTuBHOCTH a-
roputMa OOHApyXeHWUsl TPSIMOYTOJbHOW TMayku JBOMYHO KBAHTOBAHHBIX CHUTHAJIOB
Y TIO3BOJISIIOT, HAIIPUMED, OMpenesTh TpeOyeMoe ToporcBoe OTHOIICHNUE CUTHATA K MO+
Mexe TIpY 3aJaHHOW BEPOSITHOCTHU JIOXHBIX TpeBor (kputepuii Heiimana — Ilupcona).

HeiictButenbHo, ecii N U &' 3abuKCHMpOBaHbI, a TaKXe 3agana TOMyCTUMAast
BEPOSITHOCTD JIOXKHOTO OOHapyxeHus1, To u3 dopmynsl {11} ompenensercs: momyctiumMast
BEPOATHOCTD Py TIPEBBILICHHST BBIOPOCOM TIOMEXM YPOBHsI KBaHTOBaHus xj. [laiee mo
¢dopmyne (2.22) MOXHO HalTU 3HAuYeHHUE X;, 00ECIEUMBAIOLIEE JOMYCTUMYIO BEPOSIT-
HOCTb Pp. 3aJaBIIKMCh Tereph TPeOyeMOli BEPOATHOCTBLIO IPABUJILHOTO GGHAPYKEHRR,
no ¢opmyne (i0} HaxomuMm pg,a 3areM 10 Qopmyae (2.23) ompenenseTcsa MOPOroBoe
OTHOIIIEHME CUTHAA K IMOMEeXe/Isl 00ecTeueHus 3alaHHON BEPOSITHOCTU OOHApPYXXEeHMUS.

Jlnst pacyera BEpOSTHOCTM OOHApYXEHUs TAauyKW UMITYJIbCOB C° MPOU3BOJIBbHOIMA
orubaroleil HeoOXOAMMO 3HATh 3aKOHBI pacIpele/ieHuss BePOSITHOCTEH CyMMbI

N
Y -
24 =k211 X3 M

B 00JIACTM CHUTHajla W B O0JACTU TIOMEXH.

[TnotHOCTs BeposiTHocTH W (& 4)uepe3 m3BecTHbIE (YHKUMM HE BBIpaXkaeTcs.
IMoatoMy MpUXOMUTCSl TIOJNB30BaThCs Oojiee WIM MEHee IMOAXOMSIINM MPUOIMXKXEHUEM
IS 9TOW TUIOTHOCTU BePOATHOCTH.

ITpu Gombunx N 3 50 MOXHO HOIYCTUTb, YTO KaK B 0O0JACTU CUTHajla, TaK U B
obmactt nomex# L, MONYMHCHA HOPMATbHOMY 3aKOHY PpACIpeNe/eHNsT BEposiT-
HOCTH, T. €. :

brg ] _ A= Mz
( A)_]/an(zA) e T I

Maremaryeckoe OXMIAHUE CyMMbI z AB oﬁnacm NIOMEX DPABHO

N N
\
M (Zg)n= 2 M(xy) Tla."'_-'PN?. 211 M.
AHATOTUIHO B O6JACTH CHTHAA HMEEM

M(Z4)s L Psuhe

Jlucniepcust cymmbt Z 4 B 06MIacTH TOMexH Omperiesiercst 1o hopmyre
N 0
AAIN T PN oun 2 TR,

A =]
’ 4]



‘a B obnacTtu c:{rua;'lé no dopuyte
P (zfa)s:-pl Psa 953 i

TakuM 06pa3oM, IUIOTHOCTb BEPOSITHOCTU CYMMBI & AB 00JacTn moMexu 3anuchbl-

(EA S "1}.)2

A= |
exp == N ]

N
2y 2 M
2npy ¢ bl NN A
]/ NNy 4 N

a BePOATHOCTH JIOXHOro o6HAPYMenua onpexensercss Mo bopmyse
N

BacTCAd B BHUIEC

1

1 =
(222, = ——0 — . (1.3.19)

§ mucees = 4 :
= ]/ o ¥ nf
- PN le

e O (r) =— fexp ( ~5 \1df— dyskuus Jlamnnaca.

U3 (bopMynbl (12) cneﬂyeT YTO BEPOSITHOCTH JIOXKHOTO 06Hapy>xeﬂuﬂ 3aBUCUT KakK
OT BEJIMYUHBI TIEPBOTO nopora (KOTOPBIM OTIpEJesIsIeTCsl BEPOSITHOCTD Py}, TaK U OT Be-

JMYMHBI BTOporo mnopora &°,
AHaNOTMYHEIM 00Pa30M MOXHO TOJYy4YNTh (DOPMYNY Ul BEPOSTHOCTH MpPaBUJIb-
HOTO OGHApyXeHUs Mayku. Bra GopMyna UMeeT BU

N
o ,?\.n}. .
POGH=SWS(EA)dEA- ——o . (1.3.13)
2

]/ Z Py 955

IMorpemrHOCTh BBIYKMCIIEHUS] BepOSITHOCTH O6HapyxeHusi mo dopmyne {13} npu
N = 15 cocraBuaser 20 — 30%. .

H

1.3.3. Onrumaronsili areopumm obnapyscenus nauxu
npu  MHO20YPOBHEBOM KBAHMOBAHUU AMNAUMYO CUSHAN08

[Ipy MHOTOYPOBHEBOM KBAaHTOBAaHUU C (PMKCUPOBAHHBIM YKCIIOM MOPOTOB KaXIoe

I

BbIOOPOYHOE 3Ha4YeHWe orubaroleil Xy MpeobpasyeTcss B AUCKPETHYIO BEIMYMHY XA
B COOTBETCTBUU CO CJEIYIOILUM IMPABUJIOM: :

xy =f,  ecmu Xy <& X, =0, m,
rae x,=0, Xm4y= oo,
BeposITHOCTh COOBITHSI X4 =) paBHa
X141
=P (=1 Sy=§ w(n]|S;)dx
*3
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MpU HAJIMYUU CUTHANTA H
i1
T
P =P (=10 = S w (xy, | 0y dxy,
£3
MpU €ro OTCYTCTBUH. d
B nmanbHeiem, misi yNIpoOUICHUsI BBIKJIAAOK, OyAeM CUMTATh, YTO Mavyka WUMITYJIb-
COB MMeEeT MpsSIMOYyroyibHyto ¢dopmy. B 3Tom ciydae, misi HeKOTOporo pUKCUPOBAHHOTO

Habopa TMOpOroB {X;,Xg . . . Xm), OTHOLIEHWE TMpaBmomomodus i nayku u3 N
HMMITYJIbCOB MOXHO '3amucaTb B BUJE
m . m .
okl )= xf~ﬂsz (1.3, 14
L(xgs 25, ... x,\v)-— I1 (P;sﬂpfw;\) = {ip 1, (1.3.14)

i
tie {e= P;g) | Pynaipu ycrioBum 2 Nj=N.
[pu onTuManbHOM OGHAPYXEHWM MaYKW 5TO OTHOLIEHWE NOJKHO CPaBHUBATLCS
¢ moporoM {; (BBIGMpacMbIM T3K e Kak ¥ paHblle, Hampumep, mo Kputepmio Heit-
mana—ITupcona), T. e. JOKHO OBITh IIPOBEPEHO BBHIMOJIHCHHE YCIOBHS

L(xl, X3, ooy XY 210, (1.3.15)

IMocne norapucdmuposanust (15) ¢ yderom (14) TomydrM ONTUMAIBHBIN aITOPUTM
0o0HApyXeHUs Mayku B BHIE

m
NNjlniy > In . ' (1.3.16)
1=t

B cootBerctBuu ¢ (16) oOHapyXeHHE MPSIMOYTOJbHOM IMa4YKy WMITYJIbCOB IIPHU
MHOTOYPOBHEBOM KBAaHTOBAHMM CBOIMTCH K CyMMHUpoBaHWio umcen Ny, j =0,"m,
C BecoBbIMU Koa(pduuueHtamu In { J» KOTOpbIE paBHBI JIOTapudMaM OXMIAEMBIX OT-
HOLIECHUI BEPOATHOCTEH * MOMajaHus OrubamIeii B MHTEPBaIbl Xi: — Xjy4+3 [PU
HaIMYUM UM OTCYTCTBUM CHMTHasa. .

1.3.4. Onmumanvrolii-aneopumm oyeHKu KoopouHam yenmpa nauKy
0B0OUHHO KBAHMOBAHHBIX CUBHAAO8

OlleHKa KOOpIWHAT MTHOBEHHOIO ITOJIOKEHMSI LIEIM ITPOM3BOIUTCS
OIHOBPEMEHHO C OOHAPYXXEHMEM OTPaKeHHOro curHama (mauku). B omHOKa-
HaypHOI mmmynbcHON PJIC omenke momiexar:

~— IaJbHOCTh IO IIeJId, XapakKTepudyemas 3alep:KKOi OTpakeHHOTO
CHUTHajla OTHOCHUTEJIbHO 30HIUPYIOIIETO,

— yIJIoBasl KOOpAMHATA, 3aKOAMPOBAHHASI B AMIUIATYTHON MOMYJISIIIUN
WIMITYJIbCOB TIa4KM, B COOTBETCTBUM C (hOpMOI orubarolieil nuarpaMMbl Ha-
MpaBJICHHOCTU aHTEHHBI HAa TPUEM M Tiepeaady.

C noctaToyHOM IS MPaKTUKXA TOYHOCTBIO MOXHO CYMTaTh, 4YTO IIEJIb
HE M3MEHSET CBOEro ITOJIOXEHMUSI B MPOCTPAHCTBE 3a BpeMs IIpueMa Bcel
MaYKy OTPAKEHHBIX CUTHAJIOB. DTO 3HAYMT, YTO MAJbHOCTbH 0 LM MOXET
ObITb OlleHEeHa Mo opMmyIe

NJ
ry= 2 ra/ N,
?v'_- 1
at



a JKCIepCUsl OLEHKU NATbHOCTU paBHA

of = ap /N,
IIe 73 — JATbHOCTb MO A-MY CUTHANy Mauyky; Oy, — AUCIIEPCHS OLEHKHU
JaTBHOCTU IO OAMHOYHOMY JBOMYHO KBAHTOBAHHOMY CUTHaily; N’ — uncio
WMITYJIbCOB (EIMHUII) B IPUHSATON ITayKe.

Ilpu paBHOMEpHOM 0030pe B TOPU3OHTAIBHOU TUIOCKOCTU YIJIOBOM KO-
OpAMHATOM, MOJIeXallleil OlleHKe, OyIeT a3uMyT Leau. A3UMYT Leau CO-
OTBETCTBYET B 5TOM CJlydyae a3uMyTy ILIeHTpa mauku. [losTomy olieHKa Ko-
OpIMHATHI a3UMYyTa LIeJIM CBOAUTCS K OLIEHKE a3uMyTa LieHTpa mauku. [lomy-
MM OTNITUMAJIBHBIN aIrOPUTM OLIEHKM a3uMyTa IIeHTpa Mayky JBOMYHO KBaH-
TOBaHHBIX CUTHAJIOB. A

Ilycte mpuHuMaercs fayka'#3a N JBOMYHO KBAaHTOBAaHHBIX CUTHAJIOB
C WBBECTHBIMU CTaTUCTUYECKMMM XapakTepucTukamu. [lonoxeHue LieHTpa
Maykd HEM3BECTHO W TIOMIEXKWUT OLIEHKE M0 pe3yjbTaTaM aHaiu3a Tpu-
HMMaeMol TOC/IeA0BaTe/IbHOCTH HyJe M enuHuil. B KauecTBe Kputepus
ONTUMATBHOCT BbIOMpaeTCcs JUCIiepcusi OLIEHKM, a B KauyecTBe MeTola
OLIEHKM — METO MAaKCHMaJbHOTO npasaonofobus. VICTMHHBIA — a3uMmyT
1IeHTpa Nayky o0O3HayaeTcsl B JajibHEMILNEM fly, a ero oLeHKa f.

OyHKIMA MPaBIONONOOUs oleHuBaeMoro napamerpa By — L (Bo) momy-
YyaeTcsl HeTMOCPEACTBEHHO W3 BbIpaXKeHUSs ISl YCJIOBHOM BEPOSITHOCTUA KOM-
OMHALIMM HYJIe MU eIMHUIL MPU HAJIMYMK CUTHAJA {CM. TIPEAbIIYIINIA TyHKT)

N

Bxonsimasi B 370 BbIpakeHUE BEPOSITHOCTh OOHApYXKeHUsI CUTHalda Ha A Io-

3ULUU Psi, HANpuMmep, IS ciyyast He(bmoKTynpylomero CUTHaJia ompene-
JIsIeTcsl 110 ¢)opMyﬂe

:c,~+a,~
Py, —jx; ex o (an xa) dxy,

T. e. sBisieTcsl (GyHKIMeN a; (rmapaMeTp x; cumtaercss (OUKCUPOBAHHBIM).
OnHako Bce a; OIPEAESIOTCS OMHO3HAYHO, €CIM M3BeCTHA 3aBUCHMOCTD

ay = aog (B Po)s (1.3.17)

rne g (fa, fo) — dyHkumsa ormbaieit tuarpaMMbl HampaBJIEHHOCTH aHTEH-
ubl PJIC Ha nepenauy u npuem (puc. 1.12, a); By — 3Havenune asuMyTaib-
HOTO yIjla TpY TpueMe A-TO MMITyJIbca NauKH; @y, — OTHOILICHWe CUTHaja
K ToMexe B IIEHTpe IMavykKu.

' TakuM 00pa3oM, BePOATHOCT psy, = f (ag,f,) sBnsiercst dyHkumeit aByx
HEM3BECTHBIX MapaMeTpoB @y U fy. B manbHeiniem Oynem cumTath mapamerp
a, GUKCUPOBaHHBIM.

C yuetrom (17) U cnenaHHbIX AOIMYIIEHUH, (YHKIIMST TIPABIONOA00MS ISt
OLIEHKU f}; 3aITUCHIBACTCSl B BUIE:

N
L (By) == l—] px)' ([3,\ ﬁg) ql e (B Bo)-
A=
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Haiinem norapudm (yHKLUMK IIpaBaOIIOa00Us

In L () =2Nx;. (In p Br, Bo)—1In g (B, Bo)) + ZNln g (B Bo).  (1.3.18)

s cocraBiaeHusl ypaBHeHMs IipaBmoromoomst mpommbdepeHipyem (18)
[0 OILIEHUBaEMOMYy TnapameTpy fo:

e

dlndL - XL[ [ - 4o(By, Bo)____ ] dg (B, ﬂo)] n
Ams ]

dB, P{Br By e g(By, By  dPs
N L HE By

1.3.19
SBB) (1319
145 %
aq ‘ ,( N
- 1/, 1‘ 9{ﬂa,ﬁ7
LTI
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Puc. 11p, HORCHeHHe~Hp0Hecca OLIEHKM ITIOJIOXEHUA UeHTpa NauKh JBOWYHO KBaH-

TOBaHHBIX CHUTHAJIOB:
4 _ oruGaroiiasi BEYKRY 6 —CIABUT BECOBOW (DYyHKIIMM OTHOCUTEIBHO PeaNHIALME.

~ Bropasg cymma B nipaBoii yactu BbipakeHus (19) He 3aBUCUT OT BHIOOPKU
MPUHUMAEMBIX CUTHAJIOB, a OIMpeAessieTCsT TOJIbKO (POpMOii ArarpaMMbl Ha-
MpaBJIeHHOCTU aHTeHHBI. [Ipy cuMMeTpyuaHOil hopMe 3TOi ArarpaMMBbl pac-
_cMaTpuBaeMasi cyMMa MPUOIU3UTENIbHO paBHA HYJIIO.
VYuuthiBasi TocjeaHee OOCTOSITENbCTBO, a TAKXKE HCIIONb3YST OYEBHIHOE

COOTHOIIIEHIE
dq (ﬁ?.l B'o) _ dp (ﬁh- ﬁo)
dfq o
TIOJIydM ypaBHEHME TIPaBOITONO0NS TSI OILIEHKM ITapaMeTpa Bo B BUIC
W y
dp By, B)|
X —L =0. 1.3.20
hgl 4 (57“ ﬁo) T (ﬁ?\-r' ﬁo) dﬁo By 6» ( )
O003HaYNM ~ 5

B B = 1 dp By, B,)
R N NPT S (1.3.21)
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HuckperHyto dyHkimio (21) MOXXHO paccMaTpuBaTh Kak (PyHKIIMIO Beca
TIO3ULNY CUTHAJIBHOM MayKy B OLIEHKE asuMyTa uemu (puc. 1.12, 6). Oruba-
I011ast . 3TOU (hYHKIIMKU XapaKTepu3yeT KOJIMYECTBO MHpopMaluyu 00 a3uMyTe
LI, colepXallleecsl B UMITyJIbcax (€AMHUIIAX), PACIIOJIOXKEHHBIX Ha pas-
JIMYHBIX PACCTOSHUAX OT LieHTpa mayku. Mopma orubaromieit, BoobILe roBo-
psi, 3aBUCUT OT OTHOILICHUSI CUTHAJIA K TIOMEXe @y B LIEHTpe naykH. OmHako
YUCJICHHBIC PACYeThl MOKA3BIBAIOT, YTO 3Ta 3aBUCUMOCTh HE OUEHb XKeCTKas,
TaK YTO MPU M3MEHEHUU @y B JOCTATOYHO IIMPOKUX Ipeiesax, Mpy Mpodnx
pPaBHBIX YCJIOBUSX, (PYHKIIMS Beca TMO3ULIMIN MAYKM OCTAeTCSl MPaKTUYECKU

" HEU3MEHHOM.
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Puc. 1.13. YnpoluieHHas crpyKTypHas cxeMa ajJropuTMa MaKCUMAIbHOTO npasjpono-
no0OWsI TPU OLIGHKE TOJIOXKEHUSI LIEHTPa MavyKH.

C . yuerom (21) ypaBHenue npasmononoous (20) 3anuchlBacTCsl B BUIE
N N C
3w miB RA_D T2 99

B cooTBeTCTBUM € 3TUM YypaBHEHWEM, OlleHKa MAaKCUMaJIbHOTO MpaBaOIONO-
Ous ISl LIeHTpa MaykKu JBOMYHO KBAHTOBAHHBIX CUTHAJIOB TIOJyYaeTcsl W3
YCJIOBUSI PaBEHCTBA HYJIIO CyMMBbI 3HaYeHHid (yHKmd 1 (Ba, o) Ha mosu-
LMSIX, THE CUTHAJbHbIE MMITYJIbChl MPEBBILIAIOT OPOrOBbIA YPOBeHb aAMITIH-
TYIHOTO KBAaHTOBAHMUS (B OTUX Toukax X; = 1). IIpHHUMNHANBHO aropuT™
(22) peamm3syercs IyTeM CKauKOOOpPa3HOTO COBUTA BECOBOI (PYHKIIUM OT-
HOCUTE/IbHO IPUHSATOM pealu3alyy HylIeil M eIWHUI] WIM IyTeM COBUra
caMoif pealM3alliil  OTHOCHUTEJIbHO HETOABIDKHON  BecOBOR (pyHKIIMU
(puc. 1.12, 6). [1pn aTOM TIpOIIECC CABUTA M CYMMHPOBAlNE 3HAUSHWIT BECOBOI
(byHKLIMM HA MMO3MLMAX, IOe Xp — 1, IOBTOPSIETCS OO TeX IOp, MOKa CyMMa
(22) He cTaHeT paBHOI Hy/MIO (WJIM MEHbIIIE MO aOCOMOTHON BEIMYMHE HEKO-
Toporo ¢ukcupoBaHHoro uncia). [locie storo orcuer asuMyTa [, mpous-
BOAMTCS IO TOJOXEHUIO HA ocu [3 HyleBoil Touku ¢GyHKuuu 1 (Ba, Bo}.

VrpolueHHast CTpyKTypHasl cxeMa peajau3aiuu ajroputma (22) Mak-
CHMAJTBHOTO TIPaBAOITON00MST TIPU OLIEHKE a3MMyTa LM IO Tayke JIBOMYHO
KBaHTOBAaHHBIX CHUTHAJIOB M300paxkeHa Ha puc. 1.13. B cxemy Bxopsr:
3¥Y KBaHTOBaHHBIX CUTHAJIOB B Buie peructpa co casurom (Pr C), zamomm-
HAoIee YCTPOMCTBO NMCKPETHBIX 3HAYCHUI (PYHKLIMM Beca, Ba CyMMUPYIO-
mmx ycrpoiictea £y m 2, M YCTPOICTBO CPaBHEHMSI CYMM,
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E kamaoMm takre paboTel cxeMbl copepxumoe Pr C casuraercss Ha onuH
paspsa. Ilpu aToM B MepBblid pa3psii 3aHOCUTCST HOBasi UH(MOpMaLus (HYJIb
WM eOWHHUIIA), a U3 IOoCAeOHEro paspsma HMHdopMalus cOpachIiBacTCs.
Takum oOpa3oM cosmaercss «[OTOK» MH(POpMaLUU yepe3 peructp. PDyHK-
LMsI Beca SIBJISIETCS] «HEMOABHMKHON», MpUUYeM MpaBasi 4acTb 3TOM (DYyHKIMU
(cm. puc. 112, 6) momydaercss MHBEPTHPOBAKHOH.. B3BElEHHbIE CUTHAMBI
MOCTYIAIOT HAa BXOI CYMMHPYIOIIUX YCTPOMCTB Z, U Z,, a C BbIXOIa 3THX
YCTPOMCTB CyMMapHbIE CUTHAJTBI MOCTYMAIOT Ha JIBa BXOJA CXeMbl CPABHEHUSI.
CurHal Ha BBIXOAE CXeMbl CPABHEHUS IMOSBISETCS TOJBKO B ClIydae
paBeHCTBA CyMM 2, U 2 ,. MOMEHT IOSIBJIEHUS] CUTHAIa Ha BLIXOJE CXEMBI
CpPaBHEHHUSI COOTBETCTBYET ITPOXOXKICHUIO ILIEHTpa TMPUHUMAeMON MavKu
yepe3 HYJIEBYIO TOUKy (yHKIMU Beca. Ecim 3adukcupoBaTh 3TOT MOMEHT
Ha ocv [}, TO MOJNYYMM ONTMMAJIbHYIO OLIEHKY asuMyTa uemu [3;.

OTMeTM B 3aKJIIOYEHUE, YTO OJHOBPEMEHHAsl peaau3aliisi CUMMETpUY-
HOl BecoBOW (DYHKILIMM JJIs1 ONITUMAJILHOTO OOHAPYXKEHUSI TAayKh U HeCUM-
METPUYHON BEeCOBON (PYHKIIMM JUISI ONTUMAIBHON OLIEHKM a3uMyTa IIEeHTpa
5TOM MayKy CBsI3aHa C yBeJMYeHUeM oobema obopynosaHusi. [Toatomy mHOr-
Jla OTPaHWYMBAIOTCSI TOJBKO OMHOW CUMMETPUYHOI BecoBOU dyHKImMei (0a)
Kak JUisi oOHapyXXeHMsl, TaK W IJIsI OLEHKM a3uMyTa LIEHTpa Madyku. Asu-
MYT TIaYKW B 3TOM CJIydae OIpeesisieTcsl Mo TOJIOXKEHWIO Ha ocu 3 Makcu-
Myma B3BelleHHOU cyMMbl (7). TTOCKOJBKY 3TOT MaKCUMyM TYIOM, TOUHOCTh
OLIEHKU a3uMyTa TIPU 3TOM HECKOJbKO YXYAIIAETCS.

1.3.5, Jlucnepcus ouenku azumyma no nayke 080UYHO
KBAHMOBAHHBIX CUSHAN08

HocraTouHo mpocTast ¢opmysia Ijisl pacyeTa AUCIECPCUN OLIMOKU OLICHKU
a3uMyTa 1eJIM IO TTaykKe JBOMYHO KBAaHTOBAHHBIX CUTHAJIOB MOXET ObITh ITO-
JlydeHa TIpY JOMYIIEHWM, YTO OllEHKa MaKCHMAaJIbHOTO TPaBAONOAO0OUST AB-
ssietcss 3¢h(PEeKTUBHOM.

HuxHss rpanuia aucnepcuu 3h@eKTUBHOM OLIEHKU B ClTy4ae JUCKPET-
HOTO pacrpefesieHNs], COepXalllero rnapamerp P,, ONpenessierTcs: cieayro-
weilt ¢opmyioit [15):

2 _ _ o
O sus = 1/ [ﬁ\—dﬁﬁ—ftuj)s (1.3.29)

rae P; (B) — BEpPOATHOCTh HAJIMYMS OIHOM W3 KOHKPETHBIX peaau3aluil
HyJIell WeIWHMUL], OOLIee YNCIIO KOTOPBIX cocTasiseT 2Y; N — umcno BbIGO-
POK B KaXIOW peaju3aluy (YUCI0 UMITYJIbCOB B MauKe).

st ‘BbIBOIA pacyeTHOI (popMyJibl BO3bMEM CHauajla OOHY KOHKPETHYIO
pean3aluio U3 oOIIero yncia 2N, Hanpumep, peanusaluio, COIEpXKalllyio
eMMHULIBI Ha Bcex N TMo3uuMsaxX. BeposiTHOCTh Takoil peaiu3aluu

N
P=P{ 1. 0h)=T]~.

N A=1
a7
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Bo3bMeM Ternepb BTOPYIO peaui3alMio, coaepKalllyldo Hyiau Ha Bcex K
no3unysx (1. €. 0OpaTHYIO IepBoii). BeposTHOCTH 3Tol peanu3alny paBHA

N
=P(00..0)=[1aq,
Al

CoOTBeTCTBYIOIIMI YIeH CyMMbl B 3HaMeHatesie hopMmyibl (23) st 3Toi
pean3ali UMeEET BUJ ]

dn Py h i u
. din
7o) P dﬂaf\drsoul‘?f
A= j=1 & J=t
i#h f7en

(e

AHELHOFI/I‘{HO MOXHO HaIMcaTtb BbIPAXKCHUA TJIsI BCEX Iap cjara€MbIX
B 3HamMeHatene (23), comepxkalue B3aMMHO AOMOJHUTE/IbHbIE KOMOMHALIMU
HyJIeid M eIUHUII Ha BceX MO3ULUsIX Mayku. CyMMHpys MOJYYEHHEIE Bbl-
paxeHusda M MMeEd B BHAY OYCBUMIHLIC COOTHOLICHUA

=—a (&) =(3)
dfy T dfy /- N\ dBe/
BUIUM, YTO CyMMa BTOPbIX WIEHOB paBHa HYJIO0, a CyMMa IIEpPBbIX UYJIEHOB
NMECT BU]I -
. \% /1 1 dpa\? 1
32 ()-8 5
=\ b P O =\ dBo | P

Takum obpaszom, dopmyna Ojis HUDKHEH TpaHULbI IUCIEPCUM OLICHKU
a3uMyTa 10 Ia4ykKe JABOMYHO KBAHTOBAHHBLIX CUTHAJIOB MMEET BUJI

" N dp, \® —1
R TLAYES
csm*Lzl(. dﬁo) %] (1.3.29)

W3 obmeii opmyisl (24) mis Kaxao KOHKPETHON Monenu oOpadaThI-
_ BaeMbIX CUTHAJIOB MOXHO IOJYYUTh Gosiee YIOOHBIE U1l pacyeToB (hOpPMyJIbL.
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2. SJIEMEHTblI TEOPUN ABCTPAKTHOIO CUHTE3A YCTPOfI CTB
N AIITOPUTMOB ITM®POBO OBPABOTKHI
PAIMOJIOKAIIMOHHOM HWH®OPMAIINN

2.1. ABCTpakTHbIE CXeMbI LMPPOBLIX aBTOMATOB

B naneHeiiiiem npegnosaraercd, 4To A Peasii3alvH-8NTOPHTMOB 00-
paboTKU paavoJIOKAaIMOHHONM MH(pOpMAaLMM Ha BCeX ee dTarax MpUMEHSIOTCS
L[I/I(prBLIe BbIYUCIUTCJIbHBIC MalllMHbl W HETIPOrpaMMHbLIC L[I/I(I)I)OBLIC BbIYUC-
JIATEJIbHBIE YCTPOMCTBA CIELMAJIBHOTO HAa3HAYECHUS. XapaKTepHLIMI/I 0COo-
OEHHOCTIMU LIM(POBBIX BBIUMCIUTEIbHBIX YCTPOMCTB SIBJSIOTCS:

' — JUCKPETHOCTb MHOXECTBa BXOAOHBIX M BbIXOOHBIX CHUIHAJIOB,
— NHUCKPETHOCTb MHOXECTBA BHYTPEHHUX COCTOSHWIA,

“©
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Bepremea k Borpocy pealH3aluH COINIACOBAHHOMN  (uUibT-
paluy paguoCUTHATIOB B YAaCTOTHOW OOJIACTU C. YUETOM: IpUMe-
HeHus amroputma BIT®. CrpykTypHasi cXemMa COOTBETCTBYIO- -
IIETO BBIYMCIMTEILHOTO YCTPOWCTBA IMpeAcTaBieHa Ha puc. 1.9. .
CocraB cxeMbl M Ha3HayeHWe OJIOKOB SICHBI M3 pucyHKa. He-
00XOOMMO TOJBKO OTMETUTH, YTO Ha BXOJ npoueccopa TIpsAAMO-
ro BI1® omHOBpeMEeHHO TMOCTYMAlOT JBE - KBaJApaTypHbIE CO-
CTaBJISAIONINE, KOTOpPbIE BMECTE OOpPa3yIOT KOMIUIEKCHBIA CHUT-
Hasl, Tomtexaiuii npeo6pasosankio: . BIT® —komrmiekcHoe
yMHOX(eHHe-—OBl'FD [MostoMmy - BxoaHoe 3Y, BbIxomHOe 3Y
W BCE MPOMEXYTOYHBIE PErHCTPEHI TIOTXHBI HMETI:- JIBOMHYIO
IUTMHY Pa3psiIHOM CETKH. ' ; .

s cormacoBaHHON (QH/IBTPAUUK CHUTHATOB HEOOXOIMMO
BBIIIOJIHUTh OAHO IipsiMoe BIT®, omHo o6paTHoe BII® u nepe-
MHOXeHMe (2)XM)-ToYeuHBIX KOMIUIEKCHBIX 4Mceld. B naib-
HeIeM TPUHMMaeM M=l+n—1., Tak xak oCHOBHOE BpeMs
paGoThl < PacCMaTpHBAEMOro. BBIYMCIMTEIBHOIO  YCTPOWCTBA
TPATUTCSI HA KOMIUICKCHBIE yMHO}KeHHﬂ '-IHCJIQ onep'auni’«'r
CBEPTKH MPEICTABUM Bt BHUJC. : -

Uy =2 [(M/2) tog, M+ M=l +log, M.
Yueno oTHX OMepaLuii, NPHXONAWIEEESHT HA OmHY —mapy
KBATPATYPHBIX COCTABISIOUINX BBHIXOAHOFO: CHIHANA, ‘COCTABUT
Ney/l=M[! -{—-logg M]/l

[Ipy NpPSIMOM BBIMMCICHUM BO BPEMEHHOI- 00MacTH YMCIO
KOMIWIEKCHBIX YMHOXEHHA Ha OnHy BEIXOLHYIO. BHIGOPKY paB-
Ho n (npu [==n). CllenosaTenbHo, BBIHEPEII B yucie. orepa-
LMii KOMIIJIGKCHOTO: YMHOMKEHHA  TpU HpI/IMCHCHI/II/I np;IMoro '
BI1®

Kone = ”g/M.I]‘ + log, M} = /2]l ',-]-'log'2 2_rz]-.
Pacuetsr '110_ sToil  opmyse 'UOKasblBalb_T, YTO  BBIUTPHILII
Keno >1 Tonbko mpu 12212, no npu 4==2048 ~ K, = 85.
5. e



2.1.1. Dnemenmur aneebpor noeuku u cummes A02UMECKUX CXEM

Anrebpa JIOTMKU ONEpUpyeT C BbICKa3bIBAHUSIMU. BbICKa3bIBaHWEM Ha-
3bIBAETCSl BCSAKOE YTBEPXKIEHUE, KOTOPOE MOXET ObITb UCTUHHBIM WM JGHK-
"HbIM. VICTUHHBIM BbICKA3bIBAHUSIM TIPUMMCHIBAETCS CUMBOJ «1», a JTONCHBIM —
«0». W3 omHOro WM HECKOJbKUX BbICKA3bIBAHUI, MPUHUMAEMBIX 3a TPO-
CTble, MOXHO COCTaBJISITh CIIOXHbIE BbICKa3biBaHMS. B najbHeliieM mpo-
CTble BBICKA3bIBaHMsA OOO3HAYAIOTCS YEPE3 Xy, Xy, ..., 8 CJAOKHBIE
4epes3 Yy, 4ay ... CJIOXHBIE BBICKA3bIBAHUSI TaKXe MOTYT MPUHUMATb TOJb-
KO NIBa 3HAYEHUS] B 3aBUCUMOCTU OT MCTMHHOCTU WM JIOXKHOCTH BXOISIIUX
B HMX MPOCTbIX BbICKA3bIBAHUIA.

Bce cnoxHble BbICKa3bIBaHUSI MOTYT ObITh TMOJy4YEHbI C MOMOIIBIO TPEX
JIOTUYECKMX OTepalnii:

— orepaiuu JOTMYECKOro YMHOXeHHUsI (TiepeceueHust), KoTopasi OObIu-
HO HA3LIBARTCA KOHBIOHKIMEN win ornepauneir M m obo3Havaercst yepes /J|
Wi - (TouKa);

— orepalyy JIOTUYECKOTO CIOXEHUS (06’beJII/IHeHI/IH), KoTOopas “06kIY-
' HO Ha3bIBaeTCs AW3bIOHKIMEH Wi onepauueil MJIM u obo3Havaercs depes
Vum +;

— ofepaluy JIOTUYECKOTO OTPULIAHUS (IOTOJHEeHUs), KoTopasli Ha3bl-
BaeTcs omnepauveidr HE u obo3HavyaeTcss — (HaguepKUBaHUE).

B nmanpHelimmeMm OymeM IpHOEPXKUBATBCS CACAYIOIIMX OOO3HAYECHUIA:

— 11 KOHBIOKLIMK -« (TOYKa); Tae 3TO BO3MOXKHO, 3HAK BOOOILE OIMy-
ckaetcs; - :

— DI TA3BIOHKIAHA -+

— JUIsl OTpULIAHUST —.

KouslokuKedl IBYX NPOCTHIX BBICKA3bIBAHUN X; M X, HA3BIBACTCS CIIOX-
HOE BBICKA3bIBAHUE X;X,, KOTOPOE JIOXHO, KOrJa XOTS Obl OIHO IMPOCTOE
BbICKa3bIBaHUE JIOXKHO, W WCTUHHO, Korma oba MpOCThIX BbICKA3bIBAHUSI
uCcTUHHBL. Omepalysi KOHBIOHKIIMU peaqusyeTcsl Jormuyeckoir cxemoinr M
(cxemoil coBIageHMs).

JM3bIOHKIIMEN IBYX MPOCThIX BbICKA3bIBAHWII HA3bIBAETCS CIIOXXHOE BbIC-
KasbIBaHUE (X -~ X,), KOTOPOE UCTUHHO, €CIM XOTsI ObI OMHO M3 BXOMSIIMX B
HEro BbICKA3bIBAHUI WMCTUHHO, U JIOXHO, €CJIM 00a TIPOCThIX BbICKA3bIBAHUS
JOXHBI. Onepalivsl TU3BIOHKIIMU peaiusyeTrcsl jormveckoi cxemoii MJIN.

OTtpuilaHKeM BBICKA3bIBAHUSI HA3bIBAETCSl CJIOXHOE BBICKA3bIBAHUE Y,
KOTOPOE UCTUHHO, KOIa X JIOKHO, ¥ JIOXHO, KOIJIa X UCTUHHO (HampuMep:
y=x, [ =0, 0 =1). Onepauml OTpULIAHUSI peaM3yeTCcsl CXeMOI MHBEp-
TOpAa.

B anrebpe noruku MMeercsl YeThlpe 3aKOHA: MepPeMECTUTEbHBIN, coye-
TaTeJIbHBIN, pacnpeeauTe/IbHbliA U1 MHBepcuU. [lepeMecTUTebHBIN U code-
TaTEe/IbHBIA 3aKOHBI U OTEPALMM JIOTMYECKOTO CIIOXEHUS 3ariChIBAIOTCS
B BHE '

' g Xy =Xy x, x4 (% T oxs) = (X)) — xs
Kpome Toro, HemocpeACcTBEHHO U3 OMNpenesieHusT onepaliu JOrn4eckoro cjo-
JKEHUSI, 3allUCHIBAIOTCS CIIEAYIOLIME PaBHOCHALHOCTH™):
x+0=x, x-+\=\ x+x-—=x
*) HOFMQCCKHC BbIpaX€HMA HAa3bIBAIOTCA PaAaBHOCUJIBbHBIMU, €CIIM OHU paBHbI IIPU BCEX
BO3MOXHBIX 3HAaYCHUAX ap]‘yMCHTa.
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HEPEMQCTHTGJIBHHF! U COYETATEJIbHbI 3aKOH IJis ornepanuum JTOrm4e€Ccko-
roO YMHOXCHUA 3aIllMCbIBAIOTCA B BUIC i

Xy Xg = Xoky, {xyxp)xg= x; {x5xy),
a COOTBETCTBYIOLIME 3TOW OMEpaluy PaBHOCHILHOCTH PABHBI

20 =0, xl=x xx= x

PacrpenenuTe bHBII 3aKOH COOTBETCTBEHHO JJI  olepauuii JOTH-
YECKOTO CJIOXEHHUsI M JIOTMYECKOTO YMHOXEHUs ONpenessiercs CAelyIowHMH
COOTHOLIEHUSIMHU:

a | S . :
Xy Xy T Xg) = XX XXy,
- = i L
Xy A XaXg = (ry - Xp) (x; + xy).

3aKOH MHBEPCUH, KOTOPBIA B OOBIYHOI anreOpe OTCYTCTBYeT, ONpeAensi-:

eTcs COOTHOLICHUSIMU:

o T

Xy = Ko Ky Ky Rakg= X1 Y- X,

I"IEHOCPGHCTB@HHO 13 3aKOHa anre6pbl JIOTUKM U 3allMCaHHBbIX BbIIIC
paBHOCI/IJII)HOCTel‘/JI MOZKHO MMOJYYUTH CICAYIOIIUE IT0JE3HBIC COOTHOIUCHMUA:

xy x¢ O, xr=1, X x) X/ Xy Xy,
Xy Xt X xR X X XXXy, (X XXy Xy X,

3aKoHBl anaredpnl JOTMKUW M Ipyrue, 3aluCaHHbIe BBbILLE COOTHOLIEHMS
MO3BOJISIOT YIPOLIATh TyTeM MPeoOpa3oBaHMil CIOXHBIE JOTHYECKHe (BYHK-
LUH.

Jlornueckue (0yneBbl) PyHKLMU 0Opa3yloTcsl U3 KOHEYHOro Yucja JBOUY-
HBIX TIEPEMEHHBIX C TIOMOUIBIO OMepaluili KOHBIOHKUWW, JIU3BIOHKUUUA U
oTpuniaHus. JIJiss onmucaHusl JIOTUYECKUX (YHKIMI MCMONB3YIOTCS Tabau-
LBl UCTUHHOCTU, B KOTOPBIX [UIsl KaXIOW {-il KoMOMHAUMM 3HAYEHU mepe-
MEHHBIX COIOCTaBIeHO 3HaueHue QyHKuuu &;, paBHoe 0 wim 1. Bcero HMe-
eTca 27 KOMOMHALMIA 3HAYEHUA m MepeMeHHbIX. [loaToMy TaGiuily HCTHH:
HOCTM MOXHO TpeAcTaBuUTh B Buae Tabn. 2.1.

B COOTBETCTBUM C MpPUBEAEHHBLIMU B Tabnauie 2™ KOMOMHALMSAMM MOX-
HO oOpa3oBarb cucteMy u3 27 dyukuuii f; (xm“.l' veer Kot

. 2 - S
/Or{xm-l’xm—zv“» Xy X=Xy Xmeger Xy X

F1(Xmegs Xmogs -3 X1 Xo) = Xy Xeg oo X1 Ko

Pom (X mey Xpmepeo XpXo)—XpmXmese %y X
Kaxaash U3 KOTOPbIX NPUHUMAET 3HAYEHUE, PABHOE EIMHULE TOJIbKO I
CcOuYeTaHMsS] IEPEMEHHBIX, XapaKTepHU3yoIIuX i-}¢ KoMOuHauuo (i = 0 —
2m _ 1). O6pasyeM KOHBIOHKUHHU [;(Xm_q,..., Xg) 41, KOTOpBIE SBISIOTCS
(GyHKUMAMU 3HAYEHUI ;. )
Torma ¢yHkuus
i
Y(Emep Xmeg ST Xo) =N, £ (it Fpsigions Hgi Hoh 2.1.1)
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Ta6 anlla 2.1

i m-1 -z Ce *2 *y *a ¥

0 0 0 0 0 0 Yo

| 0 0 0 0 ! A4l

) 0 0 0 1 0 Y2
om0 1 1 D EE I I 0 Yom_,
2m—] 1 r v o 5 1 | 1 1 Yom_,

SIBJISIETCS aHAJIMTUUYECKOU 3aMUChIO JIOTMYEeCKOM d)yHKuHH, 3aaHHOM Ta6n1/1—

, Leii MCTHHHOCTH— (Tabn. 2.1).
®opma 3amnucu Jjoruueckoit GyHKIMKM B BUAe BbIpakeHus (1) mosyumia
Ha3BaHWE COBEPIIEHHON IU3bIOHKTUBHON HOpManbHOi ¢opmbl (CIAHD)
dbyukuvn. YneHsl f; o0l (DYHKLMM, KOTOPBIM COOTBETCTBYET 4y == 1, -
HA3bIBAIOTCS. KOHCTUTYEHTAMU €IMHUIIBI. AHAJOTMYHO WIEHBI f;, KOTOPHIM
COOTBETCTBYET ¥; = 0, Ha3bIBAIOTCSI KOHCTUTYeHTaMU HYJs1. OOBIMHO JIOTH-
YECKYI0 (DYHKIIMIO 3a[AI0T IyTeM TIepPeYMCIIEHUs] TU3bIOHKTUBHBIX WIEHOB.

Jlormyeckne GYHKIOMMA TIPUMEHSIOTCS UIST ONMMCaHUs (PYHKIMOHUPOBA-
HMST LUGPOBLIX aBTOMaTOB. Kaxknmast Takast (pyHKUMSI MOMUICKUT B JajlbHEl-
IIeEM peaJn3alliy C TIOMOIIBIO YCTPOMCTB, HA3BIBAEMBIX JIOTMYECKUMM BJIe-
MeHTamMu. OOHaKO TIpexae 4YeM IPUCTYIUTh K pealu3aluy, HeoOXOauMO
TOIBITATECA IPE00pa30BaTh JOTUIECKYIO (PYHKIIMIO C LENBIO €€ YIIPOIIEHMS.
CyTh TOCTIENHEr0 COCTOMT B HAXOXIEHUM KAaKOIO-TO APYIOTO BBIPAXEHUS,
TPEACTABIISTIONIETO Ty K& (YHKIIMIO, HO TS MPaKTHUECKOM peann3allii KO-
TOpOro TpeOyeTcsa MeEHbIIe OOOpydOoBaHHUs, 4YeM IS TepBOHAYaIb-
Horo BapuaHTa. JIj1g ympoleHus (MUHAMU3ALUK) JOTUYeCKIX (DYHKIIWA 1C-
MOJIB3YIOTCS B TIEPBYIO OUepedb OCHOBHBIE COOTHOIIEHUS ajareOphl JIOTUKMU.
OmHako CyIIeCTBYIOT M CITEIMAbHBIE METOOB MUHWMM3AIWNA, C KOTOPHIMUA
IpU HEOOXOAUMOCTU MOXHO O3HAKOMUTBCSI IO MHOTOYMCJICHHOW Creluab-
HOil nuTepatype (cm. Hamp. [2]).

B kauecTBe mpumepa MpoM3BEAEM CHHTE3 JIOTMUECKOM CXeMbl aBTOMATa,
(ukcupytoriero obHapykeHHe MaYKu TPHW TOSBICHUN B WCCICMYeMOM TIO-
CJeJ0BaTebHOCTH HyJIeld U eIMHUIL He MEHee TpeX SAUHUIL Ha 5 CMEXHBIX
no3unax (3 u3 5).

Beemem crenmyrone 0003HAYEHUS: X; — JIOTUUECKUE TEepeMEHHBIE Ha
KXIION U3 ST CMEXHBIX MO3ULIMHI ' (JIOTMUECKUe MepeMeHHbIC TPUHUMAIOT
‘ToNbKO nBa 3HaueHwus: 0 wm |-—npuueM HyneBble 3HAYEHUS JIOTUYIECKUX
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MIEPEMEHHBIX OTMEYAIOTCSl 3HAKOM OTPULAHUSA); Yog,i— CIIOXKHOE COOBITUE,
OIIpelie/IsIeMOe COIJIaCHO TaOJ. 2.2

Ta6bnuuya 2.2

{ X5 ol X3 *3 *1 Hobu
1 1 1 0 0 1 l 1
2 i 0 I 0 A
3 0 1 I 0 1 1
4 1 1 1 0 1 1
5 1 0 0 1 1 1
6 0 1 0 1 1 1
7 1 1 0 1 1 1
8 0 0 1 1 1 1
9 1 0 1 1 1 1

10 0 1 1 1 1 1

11 1 1 1 | i 1

CoctaBuM TaOAMIly MCTMHHOCTM MCKOMOM  JIOTMYECKOW (hyHKIIMU
(ta6m. 2.2). U3 32 BO3MOXHBIX KOMOMHALMIA B TAOIULE MTPUBEIEHBI TOJIbKO
Te KOMOMHALIMM, KOTOPBIC TPUBOIAT K OOHApPYXCHUIO MAYKU (gyp, = 1)

Jlornyeckass ¢GyHKIMS OOHapyXeHWsI MadyKy 3alMChIBAaeTCsl B BUIE

YR Gy KKy % Yobn -(JC;, X4 xaxzxr'r‘
ii ii iI ii +x5x¢x3x.‘,x14~xﬂx4x3xﬁxi-}—
7 Tl +x5x,x3x2xl+x5x4xsx2x1+

Xy Xy Xg X X)Xy X4 xsxzxrr
.+x5x4 Xg Xy Xy =+ g Xy %y 2y X, +

l Hl ll”;}LHH‘qH] Xy Xy Xg Xy Xy Xg Xy Xg Xy X1).

[ #
IMocne MuHrMM3aMK (PYHKIIMA TI0
' 3aKOHaM aJreOpbl JIOTUKU MOIYyIUM

Yoou = [(xy + x)(x, = x3) +
nau P 4 xpxy + xoxalx (21 21

N3 dopmymsl (2) cremyeT, 4ro
JUISl peaiu3aliii paccMaTpuBaeMoid
JIOTUKW OOHApy>XeHUsI IOTpeOyeT-
ca4 cxemel U n 4 cxemer WJIN.
Kpome Toro, xkak BUAHO 13 TaOI.
2.2, nas peaqud3aliyd CXeMbl aBTO-
Mara TMoTpeOdyeTcd Takxke 5 ae-
MeHTOB TaMsath  (TpurrepoB T)
IUISL 3aIcy BXOIHOM MHbopMalnu
Ha 5 cMexHbIX To3uiusax. CTpyk-
TypHasi CxeMa TOJIy4eHHOTO aBTO-
Puc. 2.1. Crpykryphas cxema apromara. MaT2 IIpeicTaBleHa Ha puc 2.1,
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2.1.2. Maremaruueckan modesv xOHeuno20 8TOMATE

OCHOBHO! MaTeMaTUYeCKO! MOJE/IbI0 KOHEYHOro LM(POBOro aBTOMaTa
SIBJIIETCS TaK Ha3bIBaeMbIi aOCTPAKTHBIA asroMat MepBoro poma A4, Ko-
TOpBIA 3aMaeTCsl COBOKYIHOCTBIO M3 IIECTH XapaKTePUCTHUK

A(I) = {Xv Y: .]I, o, Fl’ ®1}: (213)

e X = {(x;,%y, .... X¥,) — KOHEUHOE MHOXECTBO BXOIHBIX CHUTHAJIOB (aj-
(GaBUT BXOIHBIX CUTHANOB); Y = (yy, Ya, ... Ym)— KOHEUHOE MHOXKECTBO
(amaBUT) BBHIXOAHBIX CUTHANOB aBTOMaTa; A = gao, @y, .... Gp)— KOHEY-
HOE MHOXECTBO BHYTPEHHMX COCTOSIHMI aBTOMaTa; a, — MCXOAHOe (Ha-
YajibHOE) COCTOSIHME aBTOMAara, C KOTOPOTO OH HauyuHaeT paboty; F; —
(GyHKLMS MepexojoB, YCTAHABIMBAIOLIAS 3aBUCHMOCTb BHYTPEHHETO COC-
TOSHUS aBTOMAaTa B MOMEHT BPEMEHU ¢ ~+- | OT BXOJHOTO CUTHAJIA U BHYTPEH-
HEro COCTOSIHMSI B MOMEHT BpeMeHHM £, T. e.

alt +1) =F[x(t),dt)) upu £=0, a(t) =a, (2.14)

@, — OYHKUUSA BHIXOLOB, YCTAHABIMBAKOIIAS 3aBMCHMOCTb BBIXOTHOTO
CUIHaja aBTOMara OT BXOMHOIO CUTHaja W BHYTPEHHETO COCTOAHUA [JId
OIHOTO M TO X€& MOMEHTa BPEMEHM f, T. €.

gty =0, (x (), a® 2.1.5)

3nech U gajiee ¥ — MUCKPETHOE BpeMs, IIPMHUMAIOIIEE LIeJTOYMCIEHHbIE 3HA-
YECHU4.

YacTHbIM CjlyyaeM aBTOMaTa IMepBOro pojaa 4 (NBjisercss aBTOMaT BTO-
poro poma 4%, KOTOpBIA omuchIBaeTcsl (DYHKIMEHR MEPEXOI0B

a(t+1) =F; [y (0, a®)]

U (YHKUMEH BBIXOAOB
y (&) =D (a (0).

3anath JeTePMUHMPOBAHHBLI KOHEYHBIM aBTOMAT — 3HAYMT BHIPA3UTh
JJISl HETo B SIBHOM Buje (DyHKIMM MEpexofioB M BbIXOAOB. sl 3TOro mpu-
MEHAIOTCA TaOMMLbl, Ipabl U MATPULILI MEPEXOLOB.

Tabnuua nepexomoB (Tabm. 2.3) CIyXUT A HENOCPEACTBEHHOIO 3aja-
HU QYHKIMM TepexofoB aBroMaTa. CTpOKM 3TOM TaOJUIIbI COOTBETCTBYIOT
CUMBOJIaM aJ'[(I)aBI/ITa BXOJHBIX CUTHAJIOB, a CTOJ'I6LIbI — BHYTPCHHHUM COCTOA-
HUAM aBptomaTta*). B KiIeTKy TaOnMubl MmepexofoB, HAXOMAILYIOCS Ha Tepe-
CEYCHUU @; CTOJOLA U X3 CTPOKM, 3AMUCHIBAETCHA COCTOSHME aBToMara F (xy,

@), B KOTOPOE OH IIEPEXOIUT M3 COCTOSHUA a; IO BO3AEHCTBUEM BXOLHOIO
CUTHANA Xy

*) B paccmarpuBaeMOM MpuMepe ajidaBUT BXOIHBIX CHTHAJIOB COCTOMT il JBYX CHMs

BOJIOB X4, U Xj,a 4UCIO COCTOSIHMIA aBTOMAara paBHO 4.
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paxenue (2.4) ONPEAENAET anropuTM HEPEKYDPCHBHOTO (DUIBT-
pa .c asykpatHbiM UIIB (YIIB-2). [lng onpeneneHus Koad-
GULMEHTOB 3TOro (UIBTPa COCTABHM. PA3HOCTHbBIE yPABHEHMUS:

C AL =t = b = 1),

AZe, [ Il—ﬁcs[n—-ll-—ﬁcs[rzum
' (2.5)
Zes[n] = AZc{n] —Azcs - 1]=
=Ll =L — 18 [1— 2,

CJiefl0BaTebHO, KOS(I)(I)I/ILII/ICHTLI unbTpa paBHbI honhz—-—-l
hy=—2, hy==0 npu i>2. CrpyxrypHas cxema UUPPOBOTO
dunprpa HUIIB ¢ v==2 (u1a oaHoro KBaZ[paTypHOFO KaHana)
[peacrapjieHa Ha puc. 2.2.

AHanorI/ItIHo MOXHO .TIONYyYnTh KO3(QdUIMeHTs  GHABTPE
npu 3HavyeHUsAX Vv, Gombumx 2. Tak, nnsg duisrpa. UIIB ¢ v=
=3 ho=1, hl—-—S hy==3, hs—--—-l h:—O HpPI z>3 ‘aro-
pI/ITM (i)I/UIpraLII/II/I v

zcs_ {IZ} df:.s' [II]'--SZ:‘.S ["z - Il +3zcs [fi "'2] ._{:cs [” = 3] (2;6)-.

HepexkypcuBhbie LI® mpoctsl B peanusaunn O,I[HaKO ' IMeToT
‘TI0JI0THE CKaThl. aMILUTUTYIHO-4aCTOTHON xapaK'repncmxn.-
(AYX), uro yxyz[maeT 3(b(beKTI/IBHOCTb KOMHeHcaL[I/II/I nacan- '
HBIX TIOMEX.

‘Kpome HEPEKYPCUBHBIX B. Kaqecrse pe}KeKTopme L'L(I) MO-
TYT.ObITh HCHOJb30BAHE peKprI/IBHI:Ie PO, peannaymmne al-
rOpUTM: : _ L

Zeolr] '=2' alln = 16Zaln—1," @)

I‘Ile at nb;j— Koad)(bHuHeHTbI peKprHBHOI‘O L[(I)

Mertonbl CUHTE3a  pPeKypcUBHBbIX. LID PACCMOTPEHH ‘B MHO-
POuMCIeHHOH nuTepaType (Hampumep; [4,°7, 22, 26, 46]): H
BIABasChb B IIOAPOOHOCTM, OTMETHUM, YTO JUIA: peKypanHblx
pexexTopubix LI® CAL HaI/I60IIee NOAXOAALIMM  CUMTACTCS
cuHTe3 mo Kpajapaty AUX B COOTBETCTBHH. CO CJIE,ELYIOLLLEH Me-
Tonukoii '[22]. CHavana Ha QCHOBE 3aJaHHBIX ° rMapameTpoB.
BHELIHEH OOCTAHOBKM M MCXOIHBIX npennocx:mox BRIOMpAETCH -
nopaaok u ompezaensercs AUX aHanorosoro (GuibTpa-npoTo-
THMA, a 3aTeM npubamkenue - KBanpara: AUX . uudposoro
(I)Hanpa K KBa/:[paTy AYX -anHanorosoro - cpmlb'rpa npommna
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Bostbliylo HamIAHOCTh OOECTIeYMBaET 3aJaHKe aBTOMATOB C TTOMOIIBIO
HaTIpaBJIeHHBIX TpadoB. I'pad aBTOMaTa COCTOMT U3 BEPUINH(M300pakaeMbIX
KPY>XKKaMu WIA TOYKaMM), COeIMHEHHbIX cTpenkamu. IlocnemHuie Ha3biBa-
1oTcsT pebpamu rpacda. BepIinmHBI Tpada OTOXIECTBISIIOTCS C COCTOSHUSMMU
3BTOMAaTa, a CTPEJKU — C BXOOHBIMUA CUTHajiaMH. B ciydae aBromara 4(1)
Ha CTpeJIKax 4yepe3 JAPOOHYIO YePTy OTMEUAIOTCS TAKKE BBIXOMHBIE CUTHAIIBL.

%0/, /4,

Puc. 2.2. Tpap aBromara &),

BbIIaBaeMbIe TIPY TIEPEXOE aBTOMATa MO YKAa3aHHOMY BXOTHOMY CUTHAY.
B cirydae aBromara 4%} BRIXOIHBIE CUTHAJIBI CTABATCS B BepIIMHAX rpada.
Ha puc. 2.2 u 2.3 npuseneHsl TIpadbel aBTOMatoB Ay A3 zanaHHBIX
Tabn. 2.5 u 2.6 cooTBETCTBEHHO.

Puc, 2.3. T'pad aBromara &2,

s aHaTUTUYECKOro HCCAeAoBaHUsI Oosee YIOOHbI MaTPUIIbI MEPeXoa0B
KOHEYHBIX aBTOMaroB. Marpuua nepexonoB asromara 4£Yc¢ M + 1 coc-
_ToaHuaMKr comepxutr (M + 1) X (M + 1) snemeHTOB. DileMEHT CTPOKH
[ M KOJIOHKM | 00O3HAyaeTcsl W;; U OIpEneNsieTcs Tak:

= [Xz"b'm 1=‘ ,n, ®=1,m, ecwm nepexon .f . ] CylIecTByer.
- {0 + €CJIM TIEPEXOL L= { ye CyIeCTBYeT.

Iyt aBTOMATa; rpad IEpexXoloB KOTOPOro M300paxeH Ha PHC, 2.2, Ma-
TpUIIA TIEPEXOIOB WMEET BHII :

Xlo %u¥e 0 . 0 ’

M= XolYo 0. x/4 0
%y 0 (U i
Xo/ Yo 0 0 X/ Yy
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i aBTOMaToOB BTOPOro poia MaTpulia TEpeXoJOB CTPOMUTCS aHAJOTUYHO
paccCMOTpeHHOMY Bbilie. B Heil T10a ApOOHOM YEpTOM B 3JIEMEHTAX (i
CTaBUTCS BBIXOMHOM CUTHAJI, COOTBETCTBYIOIIMIA COCTOSTHWMIO Y. IS neTepMu-
HUPOBAHHBIX aBTOMATOB KaXJasl CTpOKa MaTpHlibl MEPEXONOB CONEPXKUT #
9JIEMEHTOB, He PaBHbIX HYJIIO, IJe # — YUCJIO CUMBOJIOB B ajidaBuTe BXoj-
HOIO CUTHAaJa. '

OrvervM B 3aKJHOUeHHE, yTo (opMbl 3adaHUsT LUMPOBBIX aBTOMATOB
B BUIE TaOJMI TIEPEXONOB TOJYYWIM Ha3BaHME CTaHIAPTHBIX (hOPM.

2.1.3. AbocmpakmHblil cuHme3 KOHeYHbIX A8MOMAMO8

INepBoHauaibHO AITOPUTM (PYHKIIMOHUPOBAHUSI aBTOMAaTa 3alaeTcsl B
colepxartesabHOi (cmoBecHOU) ¢opme. Ha sTame aOCTpakTHOro CHHTE3a
OCYIIIECTBJISIETCSl TIEPEXOJl OT coiepKaTesibHOM (hOpMbI 3allMCU AITOPUTMA
(YHKIIMOHMPOBAHUS aBTOMara K OIHOU U3 cTaHAapTHBIX (hopMm. Kpome Toro,
Ha 9Tafne abCTpaKTHOIO CHHTE3a MPOM3BOAMTCS MHUHUMU3ALUS 4YuCIa
BHYTPECHHUX COCTdHHMﬁ aBToMaTta, 4TO 3KBUBAJICHTHO MMHUMMU3ALIUN oobema
€ro IMaMsITH. '

HMHorpa ynmaercst cpa3y Mo OINKMCAaHUIO aJlTOPUTMa TOCTPOUTH TaOIUILY
nepexogos wm rpa¢d asromara. OgHako B OOLIEM ciydae ISl Iepexoja -
K CTaHIapTHIM (bopmam HeoOXonMMO CHavasla TIepelTh K MPOMEXYTOUHOM,
TaK Ha3bIBacMOM Ha‘{aﬂbHOl/l (I)opMe 3adaHUsd aBTOMaTa B kauyectBe Hayaib-
HOM (hOpMBI 3amaHWsI aBTOMaTa BBIOMPAIOT TaKylo, TEpeXom K KOTOpOM
OT ajroputMa, chopMYJIMPOBAHHOTO OMUCATEIBLHO, W TOAydyeHUE U3 KOTO-
poli OHOM U3 CTaHAAPTHBIX (hOPM JAOCTATOYHO MPOcTO. OJHON M3 U3BECTHBIX
HavaJIbHbIX (I)OpM 3ajaHuvs aBTOMaTa MABJSACTCA 3alliMChb ajJropuTtMa €ro
(bYyHKIIMOHMPOBAaHMS Ha SI3bIKE PETYJISIPHBIX COOBITHIA [4]. DTOT CITOCOO MOo-
3BOJISIET JOCTATOYHO TIPOCTO TMEPEXOAUTh OT CJIOBECHOTO- K CTPOTO Mate-
MaTUYeCKOMY OINUCAHUIO (PYHKIIMOHMPOBAHMSI aBTOMaTa M, KpOME TOTO,
SIBJISIeTCS Haubosiee ynoOHBIM MPU CUHTE3€ aBTOMATOB JJ1s1 00pabOTKU pauo-
JIOKalIMOHHOM MH(bOpMaIIUu.

Hwxe mpuBofiaTcs HeoOXOmMMbIE CBEIEHUS W3 aireOpbl COOBITHIA

IlycTh 3amaH HEKOTOPhIA KOHEUHbIA — andaBUT X-— (X1, Xa, 1.y Xn)
CoObrtveM S B JaHHOM alihaBuTe X HA3bIBAETCSI MPOM3BOJIBHOE MHOXKECT-
‘BO ¢j0B*) B oTOM andasute, a cam andaBuT X—— {x,,x,, ..., Xn} Ha3bIBACT-

Csl BXOIHBIM ajI(DaBUTOM 3TOTO COOBITHSI.

Jag TmpencTaBiIeHNsT COOBITHI, comepKaIllnX OeCKOHEUHOE KOJIMYECTBO
CJIOB, KOHEUHBIMHM BBIDAXKEHUSIMU BBOIAT Psii OIEpalyii Haj COOBITUSIMU,
T. €. CTposAT ajnredOpy coObiThil. B anreGpe coObITMiA paccMaTpUBaIOT TpU
OCHOBHBIC OIlepallMi: AU3BbIOHKIWIO COOBITUM, MPOU3BEICHUE COOBITHI U
UTEepaInio COOBITHIA. : ]

Ju3bloHKIMeH cobbiTiit S;, S,, ..., Sy Ha3piBaeTcs coObITHE S =
=8, + 8,4+ ... +§,, cocrosiiiee U3 BCEX CJIOB, BXOISLIMX B COOBITHS
S48y, ...y Sk, T. €. IN3BIOHKIUS OOBEIVHSET BCE CIIOBA, BXOASIINE B CO-
obrust Sy, Sy, .... S, Hampuwmep, ecim cobbitne S;"COZEPHKHT croBa X,

") Tlom CIOBOM IIOHUMAETCS TIPOM3BOJIbHASA MNOCAEA0BATEILHOCT: OykB andasuTa.



Xy KXoy XoXpy aco0bITHE SgCOHGp}KI/IT $A0BA XpXg, XX, TO IU3BIOHKINS 3THUX
COOBITHIT Sy -~ S, CONEPXKUT CIOBA Xy, XyXg XoX), XpX,.

[ycth coObiTHa S; 1 S, COCTOAT M3 MHOXECTBA CHOB (X1, X39:X53,...)
M (Xa,, X2z X32,...) COOTBETCTBEHHO. IIpou3BeneHMEM 3THUX COOBITHI Ha3bi-
BaeTcsl cobblTue S = S,S,,cocrosiliee U3 BCeX CIOB BUIA X3XyXyy Xag,
X1 Xoge +oer XroXop x,zxm, X19X33, ... T. € H3 BCEX cjoB, TNOJNyYeH-
HBIX MPUITACBIBAHUEM K KaXIOMY CJIOBY COOBITHS S, KaXIOro cjioBa coGbl-
1 S,. HeoOX0aMMo 3aMETHUTh, YTO IIPOM3BEIEHUE C06bITI/II/I HEKOMMYTaTUB-
HO, T, €. 5;S,% S

Hrepannmeit COGI:-I'H/IH S HasbiBaetcsi cobbrte {S}, cocrosiiiee u3 my-
CTOro cjIoBa e W BeeX ¢IoB Buma S, S8, 55S u T. 4. 10 OECKOHEYHOCTH.
MHaue rosopsi, eciii cOObITUE S COCTOUT U3 CJIOB /y, [4, ..., {x, TO UTEpALIUS
3TOT0 COOBITHSI COIACPKUT BCE BO3MOXHEBIC IPOM3BEICHUSI 3TUX CJIOB, KO-
HeuHble 1 OeckoHeuHble. MTepalust COOBITHSI SIBJISIETCSI OMHOMECTHOM Olle-
paiueii, Tak KaK OHa IPUMEHSIETCSI TOJIbKO K OTHOMY COObITHIO. [{J1s1 0003Ha-
YEeHUsI WTEpallMi BBOISAT (PUIYpHBIE CKOOKHM, KOTOphIE B JaHHOM CiIydyae
Ha3bIBAIOTCSI UTEPALIMOHHBIMU.

Ecnu 3amaH KOHeYHBIA BXOOHOW andaBUT X = (X;,X,, ..., Xy),TO JIO-
0oe coObITHE, KOTOPOE MOXHO MOJyYUTh U3 OYKB JaHHOTO aidaBuTa C I10-
MOIIIBI0 KOHEYHOTO YKCia OMeparvuii U3bIOHKIIUYU, TTPOU3BEICHUS] U UTepa-
1IMW, HA3bIBAIOT PETYJISIPHBIM COOBITMEM, a BBIPAXXEHUE, COCTABJICHHOE C TO-
MOIIBIO 3TUX ONepaluii, — PEeryJspHbIM BbIPAMEHHEM,

B Teopuu aBTOMAaTOB MOKAa3bIBAETCSI, YTO JIIOOON arOpUTM TMepepadoT-
'K MH(OPMALIUK, KOTOPHIA MOXET OBbITh 3aIliCaH B BHIE PETYJISIPHOIO BbI-
paXeHUsI, pealu3yeTcsl KOHEYHbIM aBTOMATOM.

PaccMotpuM TipuMep aGCTpakKTHOTO CHMHTe3a aBToOMara, IpeaHa3HAYeH-
HOT'O JIJIsI BBIICJICHWSI B OMHAPHOM NOCAEIOBATEALHOCTH KBAHTOBAHHBIX CUT-
HaJIOB TPYIIN, HAYMHAIOIIMXCS €OVMHUICH M 3aKaHYMBAIOLIUXCS CepHei 13
Tpex Hyjeil. OmnucaTrejbHO aJropuT™M pabOTBl CHUHTE3UPYEMOro aBTOMAaTa
-(bopmymupyercs criemyrommM obpazoM. Ecim Ha Bxom aBTOMaTta (TIpemBapy-
TEJIbHO BO3BPAILEHHOIO B MCXOOHOE COCTOSIHME) IIOCIe JII00OM Cepuy HyJei
MOCTYIaeT eIMHUIIA, TO aBTOMAT TEPEXOAUT B HOBOE COCTOSIHME W BbIpaba-
TBIBaCT CUTHAN Y, GuUKCUpylOLIUii Havano rpynmbl. CurHan y, 10JDKeH
BBIIaBaThCs JIO T€X TOP, TMOKa Ha BXOI aBTOMAaTa He MOCTYIIUT CEPUsl U3 TPeX
Hy.TIeI/I Ipy MOCTYIUIEHUN 3TOM CeprM aBTOMAT BbITACT CUTHAI Yy,(PHKCHP Y-
O KOHEII TPYIIITHL.

CoctaBUM peryJisipHOe Bpra)KeHI/Ie, onuceiBaiolee (GyHKIMOHUPOBAHKE
aBtoMara. [Ipy 5TOM ydTeM, YTO MHOXECTBO BXOMHBIX CUTHAJIOB COCTOMT
u3 aByx cumBojioB — Qu I, xotopble 3akogupyem: 0 —x,, 1 — x;. MHOXe-
CTBO BBIXOOHBIX CHTHAJIOB TakKXe COCTOMT W3 JBYX CUMBOJIOB Yy U Yx.
CoObITHE, cocTosiliee B TOM, YTO Ha BXOI aBTOMAaTa ITOCTYIAeT Cepust Xg,
MOXET ObITb IPEICTABICHO BBIPAXXEHUEM S; - {Xo}.

Co0bITHE, COCTOSIIIEE B TOM, UYTO TTOC/Ie CEpUM HyJIell Ha BXOI aBTOMaTa
MOCTYIUT X;, MOXeT ObITh 3alMCaHoO B CICAyIOIEM Buae S, =.{Xg}x;.
Co0bITHE, COCTOSIIEEe B TOM, YTO Ha BXOI aBTOMara ITOCTyIaeT Moc.eloBa-
TEJBHOCTb, HE cojepxKalllas TpeX HyJeil MoApsii, 3amuchiBaeTCsl B BUAC

[al



D10 MotyT BBiTh COBA Xy, XiX, AN/., X W T. L, WAH foXy £k, X%y, 311
MOT. A, WIH XpX Xy XpXpky M T. I
TakHM 06paSOM cobbITHE

Ri= 8,53 = {x}x {t + xx + xxpx), (2.1.6)

COCTOSIIIEE B TOM, YTO ITOCJI€ MIPOM3BOJILHOM CEPUU HYJIEM Ha BXOJ aBTOMAara
ROCTYN2eT enuHUIIA, a 3a Hell Jobas IPOU3BOJIbHASI KOMOMHAIMS —HyJei

Puc. 24. l"pa'q) aBTomMara % @,

n €AUHUL, HE coAcpzKalladad TPEX Hy.]'[efl noapsan, MmpeacraBJI€HO B aBTOMATe
BbIXOOHbIM CUTHAJIOM Y4,,.

CoOniTHE Ra = SES;,XOXOXO, T. e,
Ry = {x}xfv, + xpx, -+ XoXoXy }XoXoXg, 2.1.7)

COCTOAIIIEE B TOM, UYTO IMOCJIC HACTY{IJEHNH COOBITUST R 1 IOCTYIIACT TP HYJIA
noapsn, MpeacraBJI€eHO B aBTOMATE BBIXOOHBIM CUTHAJIOM {y.

ok v

Puc. 2.5. I'pad aBTOMara £,

- W3 cpaBHenus (6) u (7) BUIHO, YTO PEryJSIPHOE BhIpaxKeHUeE JUIsT COObI-
Tusl £ BXOOUT B PEryjisipHOE BbIpakeHUe Ajisi coobitust R,. CrenoBateb-
HO, JUTS OITMCaHKsI PabOThl CMHTE3MPYEMOIO aBTOMATa JOCTATOYHO 3aIicaTh
pEryJIsipHOe BBIpaXeHUe MJIsSI COOBITUSI R ,, IOMOJHHUB €ro yKa3aHHeM
MOMEHTOB BBbIIauM CUTHAJIOB Yy M Yy. B pesynbrare MojydnMm peryisipHOe
BBIPAXCHHUE '

R = {xo} %, [vg {0 20 2y 20 %0 X1} %4 X0 %, Iu,,v

onuchiBaoliee (PYyHKIIMOHUPOBAHKWE PACCMaTPUBAEMOIO aBTOMAaTa B IIEJIOM,

B crieumanbHOit muTeparype (2, 3] ony6iaMKoBaHBI TOIPOGHBIE ATOPUT-
Mbl 206CTPAKTHOTQ, cYHTE3a aBTOMATOB IO COOTBETCTBYIOLIMM DPETYJISIPHBIM
60 .



BBIpAXEHUSAM. I nphsepoB, aHATOTMUHBIX pactMaTpUBAeMOMY, KpPATKOE
OINMCAaHUE BCEX DTAIIOB COCTABIEHMSI OTMEYEHHOM TaO/IMILIbI TIEPEXOIOB aBTO-
Mara A%, umeerca B xuure [6]. 3IeCh TOJBKO 3aMETUM, 4TO A8 HECAOK-
HBIX . AITOPUTMOB  TafaHIly TIEepeXomoB WIM TIpad COOTBETCTBYIOIIETO
aBTOMAara MOXHO ITOCTPOUTH HEMOCPENCTBEHHO II0 PErYJISIPHOMY BbIpaxe-
HIIO, 0e3 TIPUMEHEHHUS ClelHa bHEIX METONOB CUHTE3a.

s paccMaTpuBaeMoro aaropuTMa Ha puc. 2.4 nocrpoeH rpacd aBroMara
Broporo poma 4(*),a Ha puc. 2.5 — rpad aBroMara rnepsoro poxa A,
W3 cpaBHeHUs rpadoB ciiemyeT, 4To B aBTOMare .4(!)OTCYyTCTBYeT COCTOSI-
HUe 4, Tak Kak OHO oObenuHsercd ¢ cocrostHueM 0. CrenoBaresibHO, 0o0LLee
YUCJIO COCTOSITHWI aBTOMaTa yMEHbIIaeTcs Ha -eiHHHLY. B mambHelem
OyneM UMeTh B BUIy TOJBKO aBTOMAaThl MEpPBOro poma  4(1),

2.1.4. Komnosuuus (ceepmia) uugposvix a8ToMATOB

CoBMecTHas paboTa aBTOMATOB 3aJaeTcs olepalMeil KoMno3uuuu. B obiem ciy-
‘ yae TI0[ KOMIO3MIMEel MOHUMAIOTCS Pa3MYHbIe CMOCOObI COeTMHEHUN W BUIBI PaGOTHI
aBTOMAToOB, TaKWe KaK ITOCIeqoBaTeNbHOE, MapajieIbHOE H CMEIIaHHOE COEIMHEHUE,
OIHOBpEeMEeHHass M TMoovepenHasi pabora u T. 1.
Mbl B nmanbHeiiiieM OygeM paccMaTpuBaTh

TOJBKO CHOCOObI COENMHEHUS LU(BPOBLIX ABTG- xig) | "_""|g,(t)__" %, (£)

MaToB. o A ; ! Ae 3
PaccMoTpuM cHavama TMpOCTEWIIWIA CITy- ‘———

Yaii KOMIO3WLIUM — TIOCJIEeNOBaTEIbHOE COEIH-

HEHME J[BYX aBTOMAaToB %) ¥ <% ,(puc. 2.6). Puc. 2.6. IlociemoBarelbHOE COEIM-

Ha Bxome aBromara %, IeilCTBYeT CHTHAI HeHHe JIByX aBTOMATOB.

“x; (). ABTOMar £, TTOJIydaeT Ha, BXOI BbiX0A-
Hile CHTHaNbl aBroMaTa &, T.€.

=4 ()= D la ) x O

Jnst HopMasibHOTO (YHKLMOHMPOBAHMSI BTOPOTO aBTOMaTa HeeSX0AMME, 4YTOOBI
a(haBUT BBHIXOOHBIX CUTHAJIOB aBTOMAra ~&;coBmamail ¢ ajadhaBUTOM ‘BXOIHBIX CHTHAJIOB
'aBTOMaTa v#y. CUrHaI Ha BBIXOJE BTOPOrO aBTOMAaTa MOXHO 3amucaTb B BUIE

¥z (0 =y {(‘12 0. @ [ay (0. x4 13 } =@, fg 0. az {8, x {0l
Ecm kaxnyio mapy coctostHuit @, (f) W az ({) cocraBisiommx aBTOMATOB CBS3aTh
C OIHMM COCTOSIHMEM @ (f) OGBEeLMHEHHOro aBTOMATa, TO MOJNyYMM
)= g (= Ola(), x @l
a(t+ 1) = F\a (D x ()

TakuM 00pa3oM, OOBbENMHEHHBI aBTOMAT % €CTE KOHEYHBbI aBToMar. Eciau as-
Tomar &y umeer M; -+ | cocroaumii, a aBromar £z~ My + 1, To obuee ¥HEAD co-
CTOsIHUI 0ObeanHeHHOTo aBTomMata M ~+ 1 = (M; -+ 1) X (M; + 1). Kaxnoit mape

COCTOSIHMIA 2BTOMATOB v#, U s#¢ COOTBETCTBYET CAHO COCTOSHHE ABTOMATa ~%. Cocrosi-
HUSI OOBEIMHEHHOTO aBTOMaTa 00O3HaualTcs (@; +» a‘,).

069
yepes i
BUJTY

1)
];la‘{I/IM 3JICMEHTbI MaTpuLbl MEPEXOAOB MEPBOro aBroMara Hif , a BTOPOFO —

3
2
I Torma sneMeHTBI MaTpulbl TEPEXOI0B aBToMaTa J& ONpeacCIAI0TCA I10 Ipa-

: 2
Picyk, el =P5;”jf§u) (2.1.8)

VMHOXEHHME 3EMEHTOB MAaTpULl IIePeXOi0B MPOU3BOAMUTCS cieayiomum obpasom |B].
1

Iycte (x,/y;) — mapa BXOL — BBIXOH, COOTBETCTBYIOLIAsl MEPEXOIY }lf/),a (xe/tg) —

61



(2
aHanoruuyHas Napd ans nepexona }1!:!)- Torna
p1d (2 {xln'er Yr==4,,
i P 0, .ecmm Y= Xg.

JlonasuuTebHEIC TIpaBUIa YMHOXEHMS 3JE€MEHTOB MAaTpUL YCTAaHABJIMBAIOTCA Ha
_OCHOBAHMU 3aKOHOB M PAaBHOCUJILHOCTEH anredpbl JOTUKH. )

PaccMoTpUM MNpUMep MOC/IEJOBaTENbHOTO COEAMHEHMs OBYX aBTOMATOB, Mpe-
- HA3HAYCHHBIX IJIsi OOPaGOTKM CTALMOHAPHON MOC/IEIOBATEbHOCTH INCKPETHBIX CHI-
HaNOB, KaXIblii U3 KOTOPBIX MOXET MPUHUMATh TOJBLKO [IBA 3HAYEHUS — HYIb U €IU-
HUILIA.

IMycts aBTOMAT ¥, NMpenHa3HAa4YeH IJIs BOCCTAHOBJIEHUS OJMHOYHBIX IPOMYCKOB
€IMHUIL BO BXOIHOM NOCaefopaTedbHECTE CUTHAIOB, MaTpulia MEepPeXonoB 3TOr0 aBTO-
mara umeer suz (10)

2.1.9)

£0/0 I/1 |
|‘0/1 '1/1" 2.1.10)

Bropoii aBTromat aﬂ’,nonyqaeT Ha BXOJ BBIXOZHBIC CHIHAMY aBToMara %1 U mpen-
Ha3HayeH [JIs1 BBIACJIEHUS CepUid U3 4YeThIpeX M OoJjiee eIMHUIl B HOCJ‘[eﬂOBaTCJ‘ILHOCTI/I
9TUX CUTHAJOB.

Marpuiia mnepexomoB aBromara o, umeer Bum (L1}

My= |

10/0 10 0 0 }‘
|00 O 1/0 ol (2.1.11)
O/O 0" ].fO!

]

11|

Q/OO |

IMonp3ysice mpaBuioM (9), o6pazyeM MaTpHIly MEepexomoB OOBbEAWHEHHOTO aBTO-
Mata %, GPefCTaBaRioWero coboil MocieoBaTebHOE COEIMHEHUE ABTOMATOB %) U
o#y. DTa Marpuia uMmeer BUI

000 0ol 02 003 1ol lel 1e2 |3

0-000 0 0 0 0 10 0 O
Oellgg 0O O 0 0 0 10 0
0o2fgo 0 0 0 0 0 0 10
M—MM,= 00300 0 0 0 0 0 0 1 . @1.12)
i0l0 ob 0O 0 0 10 0 0
lelf0 0 ob O 0 0 10 0
l+20 0 0 o ob 0 0 0 10
1«30 0 o 01 0O 0 0 1/1

W3 marpunsl (12) ciaemyer, yro coctosHue 1 «+ 0 aBTOMaTa ABJISETCS HE JTOCTHU-
KUMBIM M3 JII000TO Apyroro cocrosinus. CieqoBaTebHO, €ro MOXHO MCKIIIOYNTh. [Ipn
9TOM UCKJIIOYaeTcsl Takxke cocTosHue 0 ++ |, B KOTOpoe aBTOMAT NepeXOAMT TOJIbKO

"H3 cocTeAHHA 1 « 0.

Takum 00pa3oM, OOBEIMHEHHBII aBTOMAT MMeET 6 COCTOSIHMN M (DYHKIIMOHUPYET

B COOTBETCTBMM C MaTpuleil nepexomoB (13)

" 000 0 0 O 0 O I[

‘ 00 0 0 0 0 1/0 lr

M- Q0 0 0 00 2.1.13)-
1 0 b 0 0 i/0 0 "
' 0 0 oo 0 0 [/0y
io o0 o1 0 o0 11!



*paccMOTPUM Terepb TpuMep OGojiee CIOXHON TOoCiIeq0BaTeIbHO-MapaiebHOMI
KOMIIO3ULIUM aBTOMAaTOB, B COOTBETCTBMM CO CXeMOW CoelAMHeHHs, MpUBEIECHHON Ha
puc. 2.7.

[TycTh aBTOMAT ¥, BBIIAET CUTHAT (EAMHUILY), €CJIM BO BXOIHOW IMOC/IEIOBATENb-
HOCTU KBAaHTOBAaHHBIX CUTHAJOB (HyJell M eNWHUI) TMosIBisieTcs (0OHapyKUBaeTCs)
cepusl U3 IBYX €IVHWI] WIM YCJIOBJICHHAss KOMOWHAIIMS W3 IBYX CIWHUIL HAa TPEX CMEX-
weix noakudax (11 wm 10}). Asromar <%, npenHasHayen mis GuUKcalMu BO BXOIHOM
MOCJIEIOBATEIbBHOCTY KBAaHTOBAHHBIX CUTHAJIOB CEpPUN M3 IBYX HYJICHA.

BbIXOIHbBIC CUTHAJIBI aBTOMATOB oy M oy TMOCTYMAIOT Ha BXOX TPEThEro aBTOMATa

‘o# g, TIPEIHA3HAUYCHHOTO [UIS cYeTa TAaKTOB OT MOMEHTAa CpabaThIBaHMsI aBTOMATa ¥y
£0 MOMeHTa cbpoca HaKOIUIEHHOU HHbop-

o5 }
MalMy Tpv TOSIBJIEHUU CEPUM U3  JIBYX X L/ T
nyneii. [lpu cOpoce aBTOMaT #g BbIIAET ¢ Af —. > ’43 S
B JIBOMYHOM KOJ€ UHCJIO TAKTOB MEXIY < g
cpabaThIBaHWSIMU aBTOMATOM w#; U ofy. A 2

B kadecTBe aBrOMara s#g4 B AadbHediiem « O-—mmq
BLIOMPAETCA JABYXPA3PSIAHBIA  JIBOMYHBIA *
CYETYHK. i X
O6pa3yeM cHayana CBEpPTKY aBTOMa- 1 2
TOB %, U ¥, COCNMHEHHE KOTOPBIX SIB- )
AgeTcqa  CMelaHHbIM  (TociienoBaTeIbHO-
napanIenbtbiM).
B cOOTBETCTBMM C aJITOPUTMOM pPabOThI
- aBTOMaTta ~#; W C yUeTOM BO3IEHCTBUS Ha
€ro BXOJaX CHUTHAJIOB Xjr1y M Xgi) = Yz (1DaBUT 3TMX CUTHAJIOB OJIMHAKOBBLIA M CO-
NEepXKUT TOJBKO nBe OYKBbI — 0 M 1) MaTpuiia ero mepexoaoB MMeeT BUI

Puc. 2.7. TlocnesopaTenbHo-napaiies-
Hasi KOMITO3UMIIMS aBTOMATOB.

01/0-00/0 0 1070 0 i

M, 0100 +00/0 0 0 /1 (2.1.14)
0 0170 4000 0 10/0 |‘
01/0 0 0 1071400711

B marpuue (!4) BXxomHble cuTHAIBI 0603HAYEHBI IBYMs CUMBOJIAMU, TIEPBBIA (JIe-
Bblif) U3 KOTOPBLIX COOTBETCTBYET CUTHANY Xy (1, @ BTOPOH (IpaBblil) — CHUTHANYy Xg(y).
AndaBUT BXOOHBIX CHUTHAJOB aBTOMaTa TeIlepb COAEPXUT 4yeTbipe OykBbl — 00, s
10, 11. W3 nux 6yksa 11 gBisgercs 3amnpelleHHO, Tak KaK, UCXOAA U3 JIOTUKU pabo-
Thl ABTOMATA w&y, CUTHAI EIMHMIA HA €T0 BBIXONE HE MOXET TOSBUTLCA OJIHOBPEMEH-
HO C TOJy4YeHUEM EIUHULLI BO BXOOHOW IOCIENOBATEIbHOCTH 00padaThIBAEMBIX CUT-
HaJIoB.

ManI/ILla nepexoaoB aBTOMaTa Jg‘g 3ANMNHCLIBACTCA B BUIC

ho/1 174

=lom 10

{2.1.15)

aﬂeMEHTbI !‘ll ok Marpulbl TEPEXOI0B IJIsd MOCI€AOBaTEIbHO-IIapaljiC]ib-

sl
HOTO COEIMHEHHUs aBTOMAaTOB 00OPasyloTCs IO MpPaBUIY
£ oy NI ) w2 (B wpu 1) %94, G =y(kD,
2) Xy (1) (iy=x2 (R
0 Mpu 1) X3(1) () Fy2 (k) nan
2) Xy (1)(1-]-):#'?2(&[)

Bick, jol =
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nmeeTﬂﬂgn ZE)ac(:ManI/IBaeMOI/I KOMIIO3ULIMY ABTOMATOB &y U o#;, MaTpuIa IEpexoroB

0/0L 0 0 00 100 0 0 j
0/0000 0 0 0 1/00 0 |
loot o 0 00 0 0 1/10*
My=M My=]0/000 0 00 0 @ i ;l‘.
.0 0 0/01 00 O 0 1/10 (2.1.16)
0 00/0000 0 0 110
1! 0/0L0 0 00 0 0 §/10
il 0 0 0 00 0 0/10 1/10]

1
S
-~

Puc. 238 Ipad aBroMaTa, IOJNYYCHHOTO B DPE3YIBTATE MOCAEIOBATENBHOLD coeaHue:
HUA OBYX aBTOMATOB.

B sroit Marpuie cocToaHUA § «+ [, | « 1, H 2 «» 0 aBAAIOTCS HEZOCTUXKUMBIMU. Bpi-
4YepKUBas 3TM COCTOSIHUSL U IIPOU3BOIS npeoﬁpasosaﬂuﬁ, MOJYYNM OKOHYATEIbHO

MaTpHLy e

[0t 0 100 0 ‘

1‘ 00 0 0 0 1/10 |

M7=l 0 000 0 0 100 f (2.1.17)

oo 0 0 0 t/10 ll
0

H
o o 0/10 1710

B coorserctsun ¢ marpuueil (17) Ha pHc. 2.8 umsobpaxkeH rpa¢p asTomara ofi,
MOJIYYEHHOTO B PE3YJbTAaTe CBEPTKU ABTOMATOB &y u w#,llo rpady Jerko mpocneauThb
(YHKIMOHMPOBAHKE 3TOr0 ABTOMATA.

PaccMOTpUM Temepb Noc/ieioBaTeibHoe COSNMHEHUE aBTOMATOB JF gl oy,

B kauecTBe agToMATa & zMbl YCIOBUINCH U TPOCTOTHl B3ATh ABYXPa3pAMHBIN
CYETYMK, HA BBIXOAE KOTOPOrO MOXHO IIOJYYUTh CUTHAIbI, COOTBETCTBYIOWHE HaKOM-
JICHH D 0, I, 2 u 3 enquHwullL.

Matpuua mepexonoB aBToMarta ~#y (ABYXPA3PAAHOLO CHETHEKE) MMEET BUA

! 0070 (00) 10:0(00) 0 0
Ml 0071 (01)+01/10D) 0 10/0(00) 0 ﬂ_ @.1.18)
00/1 (10) 40171 (10) 0 0 10/0(00) l'
00/1 (11) 40171 (11) 4 1071 (11) 0 0

‘B aT0if MaTpulle BXOOHBIE CUTHAJIbI TakXKe MOMEYEHbI IByMsl CMMBOJIAaMU, B COOTBETCT-
_BUM C aihaBUTOM BBIXOIHBIX CUTHAJIOB aBTOMaTa »% 5. [Ipn Hammuum curHana 00 Ha BbI-
Xole aBTOMaTa %4 CYeTYMK cOpackiBaeTcst B Hysb. IlocienHee ycioBue cpabaTblBaHUS
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aBroMara g ABAATCA [OMOJHUTENLHBIM K YCTAHABJHBALTCA MCXOUsT M3 TpeGyeMoi
MOCJIeIOBATEJIbHOCTU PabOThl CXEMBI.

BoixogHble CHTHAAK CUETYMKA TAKXE MMEIOT [BOiHYI0 HyMmepauuio. IlepBbrii
MPEACTABIAET CO00I CHrHaln OOHapyXeHUs (€OMHMLA) WM. HEOOHApYXeHUs (Hylb)
3a/laHHOM KOMOMHALMKM HyJeil U eIMHUI] HA BXOIE aBTOMaTa g, a BTOpOi (B CKOO-
Kax)—4HCJA0 B JBOMYHOM KOMIE, CHUMAaeMOe CO CYeTYMKa B MOMEHT cOpoca HaKOTUIEH-
HOl MH(bOpPMaIUK.

IMopsimox cocTaBiaeHUs] MaTPULbl TMEPEXOAOB MPU MOCIEeI0BaTEIbHON KOMITO3UIUU
JIByX aBTOMAaTOB pacCMaTpuBajICsl Bbille. 31€Ch Mbl OMYCTUM TPOMO3JKHE TPOMEXY-
TOYHBIE OINEpALMM M TIPUBEIEM TOJbKO B CKOHYATeAbHOM "BHJe rpad IOIyd4eHHOro
00bEeIMHEHHOTO aBTOMATa, IMPEACTaBJISIONIEro co0oil  MocjaenoBaTeIbHO-Mapaieib-
HyI0 KOMIIO3MLMIO M3 TpeX PAcCMOTPEHHBIX aBToMaToB (puc. 2.9).
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0/ 1/0000) N/ 10(00) \\y 1/0(00)
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Puc. 2.9. I'pad o6neanHesnord asromara.

PaccMoTpeHHble NpuMepbl KOMIIO3ULUM aBTOMATOB OXBATbIBAIOT MPAaKTUYECKU
BCe ciyyau, BCTpevarolluecss NPH cuHTe3e CNeUH & TH3HPOBAKHBIX yCcTpoiicTB LUGPOBOIA
06paboTKy PAAHONOKAUHOHNOR uHbOpMaIn.

B nmanpHeiilieM B KHUTE 3Tambl CHMHTE3a M KOMITO3MLMHU aBTOMAaTOB 6y)1yT OI1y-
CKaThCA.

2.1.5. Moodeav Korewro020 aemomama co CAVHAQUHbIMU Nepexo0amu

Jo cnx mop paccMaTpuBaJICh KOHEUHBIE aBTOMATHhI, JJIs KOTOPBIX 3a1a-
HUE BXOJHOTO CUTHasa (BXQIHOTO CJIOBa) X, U coctronuua a (£ —I) omHo3HaY-
HO OIIpeNesIsieT BBIXOMHOW CHTHA (BBIXOIHOE CJIOBO) 4;¥ HOBOE COCTOAHME
a (f). Takue aBTOMAThl HA3BIBAKOTCS J€TEPMUHUPOBAHHBIMMU.

Hapsny ¢ nerepMUHUPOBAaHHBIMA B TIPWJIOKECHUSIX HAXOIAT TPHUMEHEHNE
KOHEYHbIE aBTOMAThl, B ROTAPHIX MEpEeXOdbl U3 COCTOSIHUSI B COCTOSIHUE
SBIISIOTCS CIyJaliHBIMM. Takue aBTOMAaThl Ha3bIBAIOTCS aBTOMaTaMU CO CIIy-
YailHBIMKA TIEpexoJaMu. B aBromare co CJIydailHBIMU IepeXojaMK 3ajaHue
BXOJHOTO CHUTHAJTa W COCTOSIHUS OIPENENSET JIMIUb BEPOSTHOCTH iy (X)
repexona U3 COCTOSIHUS &; B COCTORHHUE @) MOJ] BO3ICCTBUEM BXOJHOTO CUT-
Hama X; OUYEBHIHO,” NAaTepPMUHUPOBAHHBIN aBTOMAaT SBJISETCA 4YacT-
HbIM ClIydaeM 8BTOMaTa co CaydallHbIMM IIepexoJaMM, TaK KaK B HEM.
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_ BEPOSITHOCTH OIHOTO OTPEAENIEHHOTO MEPEXOA PaBHA EIMHULE, a OCTallb-
HbIX — HymIO.

B o6mieM cimyyae KOHEUHBI aBTOMAT CO CIYYalHBIMU TIEPEXONaMU 4 ,
3amaeTcs CIeAyIolell TUeCTEPKOH XapaKTepUCTHUK

Ae=Ae{X, VY, A, a, I{x)D la (&), xq}, (2.1.19)

rae Xu y_ HEITYCThIE KOHEYHbBIC MHOXECTBA BXOOHBIX M BBIXOOHBIX CHUI'HaA-
JIOB aBTOMarTa, 3JIEMCHTbI KOTOPLIX 0003HavYaroTCd 4yepe3 xg " Yy COOTBET-
CTBE€HHO, A — HEITYyCTO€ KOHECYHOEC MHOXECTBO (1)I/I3I/I‘IeCKI/IX COCTOSTHUM
aBTOMaTa; @ — HayaJbHOE COCTOSTHMe aBTomata; [1 (x;} — MHOXecTBO
KBagpaTHeix Matpul mopsiaka (M 4+ 1) X (M + 1), tme M + 1 uucno
COCTOSTHU aBToMarta, OIIpCACIAIOLICe BCpOHTHOCTHbIﬁ 3aKOH HU3MCHCHUA
COCTOSIHMIA aBTOMaTa IO BO3IEHCTBHMEM BXOMHOIO CHUTHAJa X; (2JI€MEHTHI
Mi(X¢) OTOM MATPUIIBI OMPENENISIOT BEPOSITHOCTh TOrO, YTO B pE3YJbTaTe
BO3ﬂeﬁCTBHﬂ CUTHaJla X; Ha BXOJE aBTOMarT, HaXOD,ﬂU.[VIVICﬂ B COCTOM-
HUU &; B MOMEHT BpEMECHU { — 1, nepefmeT B COCTOAHHUE aj B MOMCHT
Bpemenu 1); @ [a (1), x,) - HecnyyaliHagbyHKIMS "BBIXOZOB aBTOMATa,
npeacraBdromiasn coboit OTO6pa_}KeHI/IC MHOXECTBa I1ap COCTOSIHUIA aBTO-
Mara U BXOIOHBIX CUTHAJIOB Ha MHOXECTBO BBIXOOHBIX CUTHAJIOB Y

TakrM 00pa3oM, aBTOMAr cO CIY4alHBIMU TEPEXONAMU OTIMYAECTCS OT
MEeTEPMUHUPOBAHHOTO aBTOMaTa TeM, 4YTO BMECTO IeTepMUHUPOBAHHOMN
(I)YHK]_II/II/I MEpExXoaoB €ro (l)yHKLII/IOHI/IpOBaHI/IC OITPEACIACTCA MHOXKECTBOM
MaTpUIL TIEPEXOTHBIX BEPOSITHOCTEM. )

B Teopum cuHTE3a YCTPOMICTB M aJTOPUTMOB IM(MPOBOIl 0OPaGOTKHI
paaMoJIOKalIMOHHON MHGOopMaIMK 0CO00e MECTO 3aHMMAaeT KOHEYHBI aBTO-
MaT ¢ HEM3MEHHOM CTPYKTYpO#, Ha BXOI KOTOPOTO ITOCTYilaeT IOCIeIoBa-
TEJIBHOCTD CyYalHBIX CUTHAJIOB, NPUHUMAOIIMX 3HadeHus 0 u 1 ¢ BeposT-
HOCTSIMU J .H p COOTBETCTBEHHO (p + ¢ = ). Ilepexonsl aBTOMaTa U3 On-
HOTO BHYTPEHHETO COCTOSIHMSI B JPYroe HOCSIT B 3TOM CJiydae BEpOSITHOCT-
HBII XapaKTep, TaK KaK OHM OIPEHCISIOTCS CIAyYaliHBIMM BO3IEHCTBUSIMU
«Heuitte#f cpenwin, ClenoBaTeNbHO, CHUCTEMY «Cpeja — aBTOMAT» MOXHO
paccMaTpHUBaTh KaK HEKOTOPYIO BEPOSITHOCTHYIO CUCTeMY, (YHKIIMOHUPO-
BaHNE KOTOPOH aHAJOTMYHO (PYHKIIMOHMPOBAHUIO aBTOMATa CO CIIy4aiHBI-
MH TIepEXOIaMHI.

B nmanbHeitiem moa aBToMartaMy CO CIyYaliHbIMM — TI€peXOoiaMM  TOHU-
MaeTcsi UIMEHHO PAacCMOTPEHHasi CHCTeMa «CjyYaiHbi BXOIHOM CUTHalM —+
JeTepPMUHUPOBAHHBIN OMHOBXOMOBBII aBTOMAaT». MYHKIIMOHMPOBAHUE TakKoro
aBTOMaTa TIOJIHOCTBIO OIPENENAETCA C TIOMOLIBIO €IMHCTBEHHOM MaTpHULIIbI
TIePEXOIHBIX BEPOSITHOCTE. [IJIsl OMpENeNeHHOCTU CY#TAETCH,. YTO TIepBasi -
CTpOKa (KaK ¥ IepBbIii CTONOEL) MATPULBbI IIEPEXONHBIX BEPOATHOCTEN CO-
OTBETCTBYET HadyaJIbHOMY COCTOAHUIO aBTOMaTa. BbIXO,Z[HbIe CUrHajisl B Ma-
TPULE NIEPEXOIHBIX BEPOSITHOCTEN HE OTMEYAIOTCHd (OTOXIECTBIAETCA C CO-
CTOSHHSAMH), .

Ecnu BEposITHOCTM ¢ U p HE U3MEHSIIOTCS BO BPEMEHH, T. €. OT TaK-
Ta K TaKTy paOOThl aBToMara, TO aBTOMAT CO CJIyYaiiHbIMUA IepeXonaMu
Ha3bIBaeTCsl ogHOpomaHbIM. Hampumep, Marpuiia mepexomHBIX BepOSITHOCTEH
OOHOPOZHOIO aBTOMaTa CO CJIy4YalHBIMUA IIEPEXOJaMH, 3SKBUBAJIEHTHOTO
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NETePMUHUPOBAHHOMY aBTOMAaTy, CHMHTe3MpoBaHHOMY B I. 2.1.3 (rpad Ha
puc. 2.5), WMeeT BUI

0§
0]
8 (2.1,.20)
1
% i
||
ITo maTpuue mepexogHbIX BeposITHOCTEW A1 GAHOBXOAOBOIO aBTOMAaTta
CO CJIy4YailHBIMU IepexoJaMH OObIMHBIM 00pa3soM MOXET ObITh ITOCTPOEH
rpad, Oyr'M KOTOPOTO OTMEUAIOTCS BEPOSITHOCTSIMU TIEPEXONOB MEXIY CO-
‘OTBETCTBYIOLIMMU COCTORHHAMH.
MOXHO MOKa3aTh, YTO MATPUIbI TEPEXOAHBIX BEPOSATHOCTEH 00JamaroT

CJICAyIOLMMHA CBOMCTBaMU:

a) DJMIEMEHTBl MAaTPWIBl TIPEACTABISIOT CO0OW HEOTpULIATENbHBIE Bellle-
CTBEHHBIE YUCHA, T. €. 7;; (X;) > 0;

0) cyMMa 3JIEeMEHTOB JIIOOOW M3 €e CTPOK paBHA eOUHMIIE, T. €.

o o O

n=|
|

N © S
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B) B MaTpulle He MMEETCS CTOJIOLIOB, COCTOSAIIMX M3 ONHUX HYJEH, 4To
COOTBETCTBYET OTCYTCTBMIO B aBTOMAaTe COCTOSIHMiII, BEpOSITHOCTb Tiepe-
X0la B KOTOpbIE paBHA HY.O, T. €.

M
3y lx) >0

=0

Takue MaTpuLbl Ha3bIBAIOTCH CTOXaTMYECKMMHU. M3BECTHO, YTO CTOXACTH-
YeCKMMU MaTpULIAMM OIKMCHIBACTCS B TEOPUM BEPOSTHOCTEH IIMPOKUIA KJlacc
CIIy4aiiHBIX ~ TOCIENOBATEbHOCTE!,  HA3bIBAEMBIX IPOCTHIMM  LIETSIMU
MapkoBa. DT0 IO03BOJIIET aHAIU3UPOBATh aBTOMAThl CO CIydallHBIMU IIepe-
XolaMM ¢ NOMOILbl0 annapata ueneii Mapkosa [7, 9.

Jlns Gonee TOJHOM aHAJOTUU ¢ MAPKOBCKUMU LIETISIMU HEOOXOOMMO pac-
CMaTpUBaTh HE MPOCTO aBTOMATBI CO CIIy4YaiiHBIMU MEpPeXodaMi, a TaK Hasbl-
BaeMble CJydaiiHble (CTOXaCTMUYECKWE) aBTOMAThl, Y KOTOpBIX ClydaiiHa He
TOJIBKO (PYHKIMSI TIEPEXON0B, HO U BHIOOP HAYaJIBLHOIO COCTOSIHUS. B mab-
HelllleM Takasi aHaJOTMsl TIO3BOJUT OMMCHIBATH (DYHKIIMOHUPOBAHUE aBTO-
MAaTOB IO BO3JEWCTBMEM KaK CTAllMOHAPHBIX, TAK M HECTALIMOHAPHBIX [0+
CJIeIOBATEIbHOCTEM CUTHAJNIOB.

Bo3MoxxHOCThONIMCAHUST (PYHKIIMOHUPOBAHUSI aBTOMATa C ITOMOILBIO Ma-
TEeMaTUYECKOIo aIllapara Ierneii MapkoBa He OrpaHMYMBAETCSI TOJIBKO pac-
CMOTPEHHBIM CITy4aeM OTHOBXOIOBOTO aBTOMAaTa M JBOWYHOTO KBAaHTOBAHMS
curHajaoB. M3BeCTHO, YTO aBTOMAT C MHOTMMU BXOJAMM IIyTeM 3KBUBAJICHT-
HOro NpeoOpa3oBaHusl MOXET ObITb CBENEH K aBTOMATy C OJHMM BXOIOM IpU
COOTBETCTBYIOIIIEM pacIIMpPEHNM MHOXKECTBAa BXOOHBIX CHUTHajaoB. K momy-
YEeHHOMY TaKMM 00pa30M SKBMBAJIEHTHOMY aBTOMATy NPUMEHHMbI PacCMOT-
pPCHHBIC BHIILIE METOObl aHAJIM3a. :
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2.2. AGCTpakTHbIE ¢X€Mbl aJTOPUTMOB

[ peanu3anyyd OCHOBHBIX MPOLIECCOB MepepadoTKKU MHpopMaly B pa-
JIOJIOKAIIMOHHOW  CUCTEME  UCIIOJIb3YIOTCSI  MPOTrpaMMHBIE  aBTOMAThI,
KaKOBBIMM SIBJISIIOTCSI B YAaCTHOCTU LIM(POBBIE BHIUMCIUTEIbHBIE MAallMHbI
(IBM). Ocobennocteio 1IBM dpisercss ee alropuTMuyeckas yHUBEp-
CaJbHOCTb, T. €. CIIOCOOHOCTb PEaM30BaTh JIOObIE AJITOPUTMbI. AJITOPUT-
‘MKYecKaa yHuBepcaibHOCTh [IBM obGecrnieunBaeTcss HEOOXOAMMBIM HabOpOM
ornepauuii 1 ocoObIM MPUHIIMIIOM OPraHU3alMU YMpaBieHUs B Mpolecce Ux
BBITIOJTHEHUSI.

AOcTparupysich ot pusmieckoi peanuzaunu, [IBM MoxHO npeacTaBUTh
KaK HEKOTOpBI TUCKPETHBIN ITpeoOpa3oBaTesib MH(GOPMALUM, OIEepUpYIO-
LW ¢ BXOOHBIMU CHUTHAJIaMU, KOTOpbIE MpENCTaBlIeHbl B BUIE CJIOB B KO-
HeYHOM ajihaBUTe, M BBIIAIGWHA WMHDOpMAILMIO TakKkKe B BHAE CJIOB B He-
KOTOPOM BBIXOTHOM aichaBuTe, .B OOLIEM Ciydae, OTIMYHOM OT BXOTHOTO.
IIporecc npeodpazoBaHusl MHGOPMALIMM CBOAWUTCSI K YCTAHOBJICHUIO OIHO-
3HAYHOTO COOTBETCTBUSI MEXIYy CJIOBaMM BXOJHOTO M BBIXOOHOIO afda-
BHTOB, Besikasi (GpVHKLUHA, CONOCTAB/ISIONIAsi C/IOBA BBIXOZHOrO ajidasuTa
CJIoBaM BXOJHOTO aiiaBuTa, Has3biBaeTcs ajlhaBUTHBIM OMNEpPaToOpoM WU
a1(paBUTHBIM OTOOpaKeHneM [4],

Bce koHkpeTHble ayihaBUTHBIE OMEpaTOpbl MOTYT ObITh 3alaHbl C TIO-
MOILIBIO TTPaBWJI, TTO3BOJISIIOIIMX 3@ KOHEUHOE YUCA0 Wla208 YCTAaHOBUTDH Bbl-
XOHOE CJIOBO, COOTBETCTBYIOIIleE JIIOOOMY Harepes 3aJaHHOMY BXOTHOMY
CJIOBY M3 00JacTU omnpeneneHust anchaBUTHOro oneparopa. AsadaBUTHBIE
ornepaTopbl, 3a7aBaeMble C TOMOIIBI0 KOHEYHOUM CHCTEMBI TTpaBWJI, TMPUHSITO
Ha3bIBaTh aJrOpPUTMaMHU.

B coBpeMeHHOI MaTeMaTHKe TMOHSITUE aIropuTMa TPAKTYeTCSI HECKOJIb-
KO IIMpe, a UMEHHO, KaK peaiu3alusl BbIMMCICHUS] 3HAUEHWUI KaKO-J110o
(yHxkuuu, 3agaHHON B Buje (opMyibl Wi B JoboM JIpyrom Bume. Jo cux
MOp MbI TOJIb30BAIMCH TMOHATUEM aJiTOpUTMa HWMEHHO B 3TOM CMBbICIE.
OnpeneneHne yCTaroBaeHHCe B aOCTPaKTHON TEOPUM aJITOPUTMOB HE MPOTHU-
BOpEUUT OOUIeNpUHATOMY. Pa3HuIla COCTOUT TOJILKO B TOM, YTO B abCT-
PaKTHOI TeOpUU 3aBEOMO MMEETCSl B BUAY aJITOPUTM MepepabOTKU JUCKPET-
HOW WH(bOpPMalMK, TPEACTaBIEHHON B HEKOTOPOM KOHEYHOM alihaBuTe.
OTUM TMOAYEPKUBAETCSI NPHHUHMNHANLHAA OCOOCHHOCTh peau3aliuy  aji-
roputMoB Ha LIBM.

AjropuT™MaM TPUCYIIM  CJIEAYIOIIMe OOIIUe CBOICTBA:

1) HAeTepMUHUPOBAHHOCTb, COCTOSIIIIAsE B TOM, YTO MeETOd JACUCTBUS
(BbIUMCIEHMIA) 3a7aeTCsl HACTOJBKO TOYHO M OOIIETPUHSTO, YTO HE OCTaeTCs
MecTa TIPOU3BOITY;

2) MacCOBOCTb, COCTOSIIAsl B TOM, YTO aJTOPUTM CIYXKUT HE IJIsl pele-
HUSI KaKoW-TMb0 OMHOM KOHKPETHOM 3ajauu, a IJisl peleHus 1eJoro Kiac-
ca 3ajad;

3) pe3ynbTaTUBHOCTb, COCTOSIIIAsi B TOM, 4YTO aJrOpUTMHUYECKasl Mpo-
Lienypa JODKHAa OCTAaHOBUTBCS Yepe3 KOHEYHOe YMCJIO IIAaroB, MOcie Yero
MOXHO TIOJyYUTh Pe3yJIbTar.

CnocoObl TIpeNcTaBieHUsI U Mpeodpa3oBaHusl aTOPUTMOB B camMoM 06-
1IEM BUJIE PACCMATPUBAIOTCS B aOCTPAKTHOM TEOPUM aJITOPUTMOB. DTa Teopust
MOJTyYMsIa IIMPOKOE Pa3BUTHE B TPYAaX COBETCKMX YYEHBIX, O YeM CBUIE-
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TEJILCTBYET OOJIBIIOE YMCIO MyOJIMKAIMi B TEPUOOMUYECKON TeYaTH U ' MO-
Horpadumsax [1, 4, 10, 11].

B nmanHOM maparpacde mM3araroTcs 3JeMEHTapHBIE BOIPOCHI abCTPaKT-
HOM TEOPHH aJITOPUTMOB, KOTOpBIE OYIYyT HMCIIONB30BaThCs B HabHEHIIIEM.

2.2.1 Cnocobbl 3a0anusi QAZ0PUTMO8

B a6CTpakTHON TeOpUM aIrOPUTMOB Pa3pabaThbIBAIOTCS HEKOTOPBIE 00-
e crnocoObl 3aJaHusl alrOPUTMOB, OOJANAIOLIME CBOMCTBOM YHHBEpCAJ/b-
HocTu. [Ipu TOM MOKa3BIBAECTCS, YTO BCSIKME OOIIME CITOCOOBI 3aJaHMST alro-
PUTMOB BKJTIOYAIOT B ce0sl OOBEKThI ABOSIKOM MPUPOIbI, OMTHU M3 KOTOPBIX
Ha3bIBAIOTCS OIepaTopaMy cueTa, a ApYyrue — JOTMYeCKUMU OIepaTopaMu
WIM pacro3HaBaTeIsIMU. DJeMEHTapHble OIepaTopbl cueTa 0003HAYyaloTCs
AyAg,.... Al ... ¥ TIPEACTABIAIOT COOOM JOCTATOYHO IIPOCTHIE ANaBUT-
HbIE OTepaToOpPhbl, C MOMOILIBIO TTOCIEI0BATENBHOTO BBIMOTHEHUSI KOTOPBIX OCY-
IIECTBIISIETCA TiepepaboTKa MHpopMarmu. Pacrio3HaBaTenn, o003HauaeMbIe
B AanbHeHmeM uepes Py, P,, ..., Py, cayxar g pacrnosHaBaHUs TeX WIN
VHBIX CBOICTB TepepabaThIBacMOM aJrOpUTMOM MHMOpMALMK U JJISI U3Me-
HEHHWH, B 3aBUCMMOCTM OT Pe3YJIbTaTOB pacCllO3HaBaHUS, TOPsIKA. CIENO-
BaHUS BJIEMEHTApPHBIX OINEPATOPOB CUeTa.

OnmHuMm 13 HanboJsiee M3BECTHBIX CITOCOOOB 3aJaHUsl aTOPUTMOB SIBJISIIOT-
cs OJ10K-cxeMbl WM (hOpPMYJIbHO-JIOTMYECKHE CXeMbl airopuT™MoB. Ha 0nok-
CXEME QITOpUTMa KaXIbIA BJIEMEHTAPHBIA ONEpaTop M pacro3HaBaTesb
MPENCTABIAIOTCS B BUAE TIeoMeTpuueckux Guryp (IpsSIMOYrOJbHUKOB,
POMOOB, KPY:KKOB U T. II.). DT (PUTYPHI COSAMHSIOTCS MEXITy COOOM CTpes-
KaMM B COOTBETCTBMM C 3aJaHHBbIM B aJrOpUTME IOPSIKOM CJeNOBaHUS

- DJIeMEHTapHBIX OIEpPaTOpOB cyeTa M pacro3HaBareneil. BHyTpu ¢uryp 3a-
MUCHIBAIOTCS HA3BaHUSI WM cojepxaHue orepauuii. MHoraa BHyTpu duryp
3alMChIBAIOTCS  (DOPMYJIbI BBITIOJHSIEMbBIX OIMepaliuii U MpoBepsieMble JIOTH-
yeckue yciaoBus. Torga roBopsiT, 4YTo cxemMa aJropuTrMa siBisieTcs dop-
MYJIbHO-JIOTUYECKOM.

Kpome G0K-cxemMbl, aJropuTM MOXET ObITh 3adaH OIepaTOpPHOI cXxe-
Mo OrepaTopHOI cXeMOH aJropuTMa Ha3bIBaeTCs BBIPAKEHUE, COCTABIICH-
HOE M3 BJIEMEHTApHBIX OMNEepaTOpOB cyeTa, paclio3HaBaTeieil (JIOrMYecKuX
ONepaTopoB) W yKaszaTeseil IMOoc/ienoBaTeIbHOCTU WX BbIMOJAHEHUs. Kpowme
TOrO, B OIIEPATOPHYIO CXEMY BXOIST OCOOBIE OIEPATOPHI ITYyCKa Ay ¥ OCTaHO-
Ba A,‘ Hanpumep, u3 oneparopoB A;, A,, Az, A H A; u pacrniosHaBaresieii
P:, P,, P3u P, MoxHO cocTaBUTb cneﬂylomyro onepa‘TopHylo cXeMy

3 1 2 3 2 4 4
At P AP IR A AP A A, @2D)

B or10ii cxeme 3HaK 4 O3HayaeT HavyalO CTPEJIKHU, a 3HAK | e KOHELl.
OnMHAKOBBIMU HOMEpaMM OTMEYaroTCs Havajdo W KOHEIl OMHOM M TOM Xe
crpenku. Pabora aaropmtMa HayMHAeTCI CO cpabaThIBaHUS —oOIlepaTopa
mycka. [lopsmok paboThl Opyrux OJMOKOB OMEpPaTOPHOM CXeMbl Cliemy-
IOLIUIA; eCMM TIOCJeMHMI cpaboTaBIIMii 60K OBUI OIEpaTopoM cueTra, TO
CITCAYIOMMM PaboTaeT OYepeIHOM MO TMOPSAKY OJOK, eCM 3Ke TOCeTHUIA
cpaboTaBIIMi O0K ObLT pacfio3HasaTeseM, TO BO3MOXHBI JBa cllyyas.
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B ciyyae BuiMOAHEHHA [IPOBEPSIEMOrO YCIOBUSI pabOTaeT COCEOHMIA cripaBa
6siok. Eciam 310 ycinoBue He BBIITOJIHEHO, TO CJEAYIOIIMM JODKEH paboTaTh
070K, K KOTOPOMY BElEeT CTpesiKa, HauyMHAIoLIasICsl IMOCie TAHHOTO pac-
no3HaBaTensi. Pabora ajropuTma IMpekpalliaeTcs Torma, Korga ITOC/IeIHMIA
13 cpaboTAaBIIMX OJIOKOB CONEPXKUT YKa3aHUWE O TIIEPEXOHe K OIepaTopy
ocTaHoBa Ayg.

11 orepaTopHbIX CXEM CJIOXKHBIX aJTOPUTMOB 4YacTO MCIIOJIb3yeTcsl He-
CKOJIBKO OTJIMYHBIA OT OIMCAHHOIO CII0COO O0O3HAYeHUsI IOC/Ieq0oBaTE Ib-
HOCTM cpabaTbiBaHUsA OJOKOB, WIM, KaK IPUHATO TOBOPUTH, CIIOCOO Iepe-
Jadyy yIpaBjieHus1 oT OJ0Ka K OJIOKY.

[lepemaya yrpaBjieHUsI OT OIIEPATOPOB CYETA K OIEPATOPY, HE CTOSILEMY
psimoM, o0o3HaYaeTcsl MPUITMCHIBAHMEM K CUMBOJIY OIlepaTopa CIipaBa BBEp-
Xy HOMepa TOTO oIlepaTtopa, KOTOpOMY repenaeTcs yrpapieHue. Hampumep,
sarmch A} o3Ha4aet, 4To OT omeparopa A; yIpaBieHME TEpeNaeTcsl OIle-
paropy 3. dakr mnepemauv ymnpaBieHUS JaHHOMY oOIlepaTopy 00O3HayaeT-
cd HOMEPOM TOIO ONEpPaTopa, OT KOTOPOrO TIepelaeTcs  yIIpaBIeHHE,
3alMChbIBAEMBIM CJIeEBa BBEpPXY OT CMMBOJIA JaHHOro orepartopa. Hampumep,
3amuch %A, O3HAyaeT, dYTO OIepaTopy A, yIpaBleHUE IIEPENaeTcs OT
onepatopa 9.

Hust n300paxkeHus repejadyn yIpaBJIeHUs] OT JIOTMYECKMX OIepaTopOB
HUCHOJIB3YIOTCSI CTPEJIKM ¢ HOMEpPAMM TeX OIEPAaTOPOB, KOTOPhIM IlEpenaeTcst
ynpasiaeHue. CTpejika, IOCTaBjJIeHHas CIIpaBa BBEpXYy OT CHMMBOJIA JIOTH-
YeCcKOro oreparopa 00O3HayaeT Iiepefady yopaBieHHMsI B cliydae, Koria
YCJIOBHME, IIPOBEPSIEMOE HaHHBLIM JIOTMYECKMM OIIEpaTopoM BBIITOJHEHO,
a ylnpapjeHHUE JOJDKHO ObITh MEPENAHO HE DANOM CTOsALLEMY OJIOKY (orepa-
topy). Crpenka, IIOCTaBjeHHas1 CIpaBa BHU3Y OT CHMBOJA JIOTMYECKOIO

_omepaTopa, 0003HayaeT Iiepedady YIpaBjleHUSI B cliydae, KOria YCJIOBUE,
NPOBEPAEMOE JTAHHBIM JIOTHIECKMM OIEPATOPOM, OKA3bIBAETCH HEBBITIONHEH-
HbeiM. Hampumep, 3amnuch P|4 03HAYaeT, 4YTO OT JIOTMYECKOIro OIeparopa
P, ynpasieHue cieayeT IiepenaTh OIEpaTopy 3, eCau YCIOBUE IPOBEpSI-
emoe P, BBITTOJTHEHO, WM orepatopy 4, ecii 3TO yCJIOBHME HE BBITOTHEHO.

B HOBbIX 000O3HaUYeHMSIX omeparopHas cxeMa (1) 3amuchiBaeTcs B BUIE
Ay A Pys Ay Pyyr Psii Ay A, Psix Ay BA,. 2.2.2)

Buicokast cTeneHb aOCTpaKIMKM TOCTUTACTCS TPU. 3alaHWUW aJITOPUTMOB
C TIOMOLUBIO MATPULL ¥ HANpPABICHHBIX TpadoB 0coboro pona, KOTOpbIe
Ha3bIBAIOTCS I'path-CXeMaMH aJrTOPUTMOB.

MatpuyHasi cxeMa aJlrOpUTMa WMEEeT BUII

A, A, .. A, Ay
A ‘| %1 - @ |
Al S I Ol |
A= Agw 0‘21 Cap oo Uan Gyl (2.2.3)
o Fer eor e B
. Aﬂ !l oA Ty = g a,m.
rae oy =ay(Py, Py ... PO i =0, 1,2, .un, =12 nnt+1

— Jlornyeckue  (YHKLMHU, YIOBIETBOPSIONIME CIIEAYIOIIEMY YCIOBHUIO:
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€CJIM TTOCJIe BBIMOJHEHUsT orepaTopa A; QYHKIMS o Ipu HEKOTOpOM Hafo-
pe Jsormueckux nepeMeHHbXx Py, P, .. . P;, npunumarommx 3HaueHms

P; = 1 wm P, = 0, paBHa equHMIIEe, TO CACAYIOIIMM IOJDKEH BBITOIHSITHCS
oneparop A;. Bo3MoxHO, uto HekoTopble (DYHKLMU O;; =1, Torza Hemoc-
PEICTBEHHO 3a oreparopoM A moKkeH BBITTOMHATECS onepatop Aj;. C apy-
TOil CTOPOHBI, HEKOTOPbIE W3 &;; MOTYT OBbITb TOXIECTBEHHO PABHBI HYIIIO
(ot;; =0). IMocnenHee o3HavaeT, 4TO MpU paboTe ANTOPUTMA, OMMUCHIBAEMOTO
JAHHOI MATPUYHOM CXEMOW, HEIIOCPEICTBEHHO IIOCJIE OIleparopa Aj
HEBO3MOXHO BBIIOIHEHME oOIleparopa A; HM IIpU KAKOM HaOope 3HAYeHUid
JIOTUYECKUX TIEPEMEHHBIX.

st anropuTMa, OIEpaTOpHAasl CxeMa KOTOPOTO 3alicaHa BBIPAKEHHEM
(1), MaTpuuHas cxemMa MMEET BHUI

Al A, As A A A
AL 0 0 0 0 o0
1‘;1?.‘_’. P, PP, 0 0 0}
_a B0 PP B0 o (2.2.4)
A=Agi 0 0 0 1 0 o! o
Ad o o B, |

==Y
Sy —

A0 o 0: 00

IMycts 3amuck A; — A; o3Havaer, yTo TOCHE BHIMOMHEHHS oreparopa
Ay crenyer BoimonHATH orepatop A;. B omneparopHoii cxeme —aaroputMma
9TOi 3aIMCH COOTBETCTBYeT HEIOCPEICTBEHHOE CliefoBaHue orepatopa Ay
3a omnepatopoM A;, T. e. AiAy, a B MatpuuHoOil cxeme ¢y = 1. 3anuch

Ay = oaph FoapAy L+ apnhs. (2.2.5)

O3HAYaeT, 4YTO IOC/IE BBINOJIHEHUs oreparopa A; cileayeT BBLINOJHATh TOT
omneparop, y KOTOporo (GyHKLMSI ¢, CTOSIIAsE HEMOCPEJCTBEHHO CJieBa OT
oneparopa A; B Boipakenuu (5), paBHa eauHuue. Jpyrue (I)YHKJ_II/II/I Olifs
[ 5£j, OydyT Mpy 3TOM DPaBHBI HYJIO. g

BolpaxeHue (5) HasblBaeTcsl (OpMYJIOil Iepexona U orepartopa Aj.
Takue HOpMyIIBI JIETKO MOTYT OBITh COCTaBJICHBI IJISI BCEX OIEPaTOPOB CUe-
Ta aIropuTMa, 3aJaHHOrO MaTPUYHOM CXeMoH. I 3Toro HeobXOmMMO:

a) Kaxnplii orepatop A; (f = 1,2, ..., 1, n + ) yMHOXWTH Ha JOTHYe-
CKyI0 (DYHKIIMIO, KOTOPOI OH TTOAUMHEH ITOCiE omeparopa Ai;

0) BCe MPOM3BENCHUS & ;A 5, TIOTYyJeHHBIE U3 3JIEMEHTOB {-ii CTPOKU W CO-
OTBETCTBYIOUHX oIepaTopoB, COSNUHUTh 3HAKOM IU3BIOHKIIVU.

Tak, n3 MaTpUIHOI CXeMbI (4) ITOMydYaeM CIICOYIONIYI0 CHUCTeMy (hOpMYyJI
nepexona

(2.2.6)
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JpyrumM crnocodoM opMansHOT0-ONHCaHKs aITOPUTMOB SIBASIETCS TIpel-
cTaBieHue ux B Buae Tpad-cxem. I'padp-cxema anroputma ecTb KOHEUHBIN
OPUEHTUPOBAHHBIN Ipad, yIOBIETBOPSIONIMIA CIEAYIOLIUM YCIOBUSIM:

a) B KaxmoM rpade ecTh JBa OTMEUEHHBIX Yy3Jia: BXOMHOW (COOTBETCTBY-
IOIMIA OrepaTopy IycKa), M3 KOTOPOro BBIXOAMT TOJBKO OIHA CTpeJiKa,
1 BBIXOIHOM (COOTBETCTBYIOLIUII OrepaTopy OCTaHOBa), U3 KOTOPOTO HE BbI-
XOIUT HU OIHOM CTpPEJIKH;

0) M3 KaXIoro y3ja, OTIMYHOIO OT BXOZHOTO H/H.BBIXOTHOTO, BBIXODUT
b0 omHa cTpenka (A-ysen), 6o aBe (P-y3en); cTpenku, BBIXOOSIIUE K3
P-y310B, orMevarorcs 3HakamMu -+ u — wiam mmdppamu 1 u 0;
~ B) KaxaoMmy A-y3Jy OIHO3HAYHO COMOCTaBJICH OMepaTop Mpeodpa3oBa-
Hust uHGboOpMamK Ay, a KaxmoMmy P-yany — jorumdeckuii omepatop Pj.
B rpad-cxemax anroputMoB A-y3ibl, a TakXe BXOQHOM M BBIXOTHOU Y3/ibl-
YCJIOBHO M300paxaloTcsl MPsIMOYrOJIbHUKaMHU, a P-y3ibl — KpyXKamu.

IToctpoenue rpacd-cxeMbl alropuTMa, PaBHOCWIBHON (T. €. C TOM Ke
MOCeJ0BaTeIbHOCTBIO ONEepaTOpOB) 3aJaHHOM MaTpUYHOM cXeme, MPU3BO-
JUTCS CAEOYIOLINM 06pa30M

1) cHayaa CTPOATCS YacTHbIe rpaq)b[ (noarpacdsr), paBHOCUIbHBIE (DOp-
MyJiaM Tepexojfia JaHHOW MaTpUYHOM CXEMBbI;

2) 3aTeM IPOM3BOAMTCS Olepalus oObeAUHEHUS] PaBHOCWIBHBIX BETBEH
noarpados;

3) HakoHell, MPOU3BOAMTCS OTepalus O0beAMHEHUS OJWHAKOBBIX OIle-
paTopoB U OKOHYaTeJbHOE o(opmMieHue Tpad-cXeMbl.

Y100bI TONYYUTH Tpad-cXxeMy C MUHMMATIbHBIM WM OJU3KUM K HEMY
yuciaoM P-y3moB, HeobXomumo Mo 3aJaHHbIM (opMyJaM Tiepexoa . IoCTpo-
UTh NoArpadbl TakKKe ¢ MUHUMAIBHBIM WM OJM3KKUM K HEMY YKMCJIOM TaKUX
y3710B. Yucnao P-y3710B MOXHO yMEHBIIMTh MyTeM OOBEAMHEHUS! OJHAKOBBIX
BETBEI COCTABJISAIONIMX MOATrpacdoB.

MeToarKy MOCTpoeHUsI U MpeoOpa3oBaHus Tpad-cxeM alropuTMOB IMPO-
MJUTIOCTPUPYEM Ha KOHKPETHOM IIpMMEpE, B3sSB B KauyeCTBE MCXOAHOM Ma-
TpUYHYI0 cxeMmy ainroput™a (4). McxomHbIMM IJIs TIOCTpOEHUs Tpad-cXeMbl
aBJIsTI0TCST bopMmynbl  Tepexopa (6). ITo atum dopMysiaMm cHadaja JOJIKHEI
OBITH MOCTPOCHBI MOArpatbl sl KaXI0ro 13 onepatopoBAg, Ay, Ay, ..o, A

[Toctpoenue moarpada HauumHaeTcsi ¢ MpuUBEACHUS] (GOPMYJIbI Mepexoaa
K CKOOOYHOH ¢opMe, comepxkKalleil pas3ioXeHHWE COOTBETCTBYIOILIEH JIOTH-
yeckoil (DyHKIMM MO KaXIoi M3 BXOANILHX B Hee nepeMeHHbIX. Hampumep,
dopMyna mepexonma

A, —P P,A +LP A, + P, PsA,

Mocyie MPUBEAEHUST 3alUCBhIBACTCS B BUAE
A —P A+ P (P, A, + P, A).

AnanornyHo dopmyna mepexoma it A, Tocie TPUBEACHUS UMEET BUI
A,—P,(P;A; + P,A) + P, A,

Hpyrue GopMyibl nepeiozta B BbIpaXeHuM (6) NMpHUBEAECHHUS He TPEOYIOT.

Temeph yXe JIETKO MTOCTPOUTH MOATPadBI KaXIOi omepanuu. DU moarpadbl
n3o0paxeHbl Ha puc. 2.10.
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CrnenyolmmM 3TaroM SIBJISIETCS TIOUCK U OOBEAUHEHUE PABHOCUJIBHBIX
BeTBeil. B HamieM cilydyae paBHOCWIBHBIMU SIBJISIIOTCST BETBU TOATrpacdoB O
U 6, HaYMHaoIIMecs ¢ oreparopa Py 1 00BeleHHbIE TYHKTUPHOI JIMHUEIH.
ITocne oObenMHEHUS PAaBHOCWUIIBLHBIX BETBEU TMoydyuM moarpad, u3odpa-
XKeHHbIW Ha pwuc. 2.11. JIpyrux 5KBUBAJEHTHBIX- BETBEd B paccMmarpu-
BaGéMOM AaJITOPUTME HET.

A, AS

Y

-+ p‘! e Al(
A A,

0 e

Puc. 2.10. TMoarpadsl onepauuii anroputMa.

HakoHen, mpou3BoauTcsl OO0beIMHEHME ONMHAKOBBIX OIIEPAaTOPOB CUeTa
U TIOJlydeHNEe OKOHYATEIbHON rpad-cxeMbl aJlflOpMTMa 3KBUBAJEHTHOTO 3a-
JAHHOM MaTpuMYHOM cxeme. B oKoHuaTeJlbHOM BuIE Ipad-cxema paccMaTpu-
BaeMOIo aJTOpWUTMa TMpHBeIeHa Ha puc. 2.12.

Takvm 00pa3oM, pacCMOTPEHHBIN CIIOCOO MOCTPOEHUs Tpad-CXeM aaro-
PUTMOB TIO 3aJaHHO MaTPUYHOI CXeMe IMO3BOJISIET IPOM3BOAUTH MUHUMM-
3alMI0 YUCIA JIOTUYECKUX OIEPaTOpPOB ajl-
TOpUTMAa M TeM CaMbIM CIIOCOOCTBYET €ro
VOPOLICHUIO. DTal MUHUMM3ALUU 4YKCIa
OIIepaToOpOB SIBJISIETCSI HEOOXOMMMBIM  3Ta-
IIOM IIOATOTOBKM aJITOPUTMA K MAaIIMHHOM
peanmm3anuu. B pmampHeilmem OygeM CHH-
TaTh, YTO IIPM CHUHTE3€ AJITOPUTMOB OOpa-
0OTKM  pagroJOKAIMOHHOW WHMOpMaIn
MPUHATBL BCE Mepbl K MUHHUMM3ALUU €Tro

CTPYKTYpPBI. Puc. 2.1[. OGbenuHeHHBIA MOMI-
rpad paBHOCWJIBHBIX BETBEil O U B.

Ilpn aHamu3e CBOMCTB M Ka4eCTBEH-
HbIX XapaKTePUCTUK aJTOPUTMOB, Npek-
.CTaBAGHHBEIX rpad-cxemMamu, LEIECOOOpPa3HO AajpHelliee = Mpeodpa3oBa-
HYe TTOCTICAHNX C LIENbI0 OOBCIMHEHUST OIepaTopoB cdeTa C JOTHYECKHMH
orepatopaMu (ITOTTAPHO WJIM HECKOJIBKO OIEePaTOpPOB CYETa C OMHWM JIOTH-
YeCcKVM OIepaTopoM) B Y3JIbI, KOTOpBIe IIpeIHAa3HAYEeHBI IS pean3a-
My Ooree WIM MeHee KPYIHBIX dacTeid anropuTma. M3 Kakmoro takoro
OOBSIMHEHHOTO y3Jla OyldeT BBIXOOUTH B¢ CTpedku. CTpeika obo3HadaeT-
cd 3HaKOM «—» Wi «l», ecu B pesy/brare BBITIOMHEHUS OIEPAIlliM y3J1a
[IPOBEPSIEMOE YCJIOBUE BBIMOJIHSETCS, M 3HAKOM ¢—» i «0¥, eciu 310
VCJIOBUE HE BBITTOTHSIETCS. '
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Hampumep, fng amroputma, rpad-cxeMa KOTOpPOro IpuBeIeHA Ha
puc. 2.12, MoxHO npousBecTu cieayoliee 00beJUHEHNE ONEPaTOpoB B 6JI0-
KU (BXOZHOI U BBIXOZHON Y3/IbI HU C YeM He OOBEIMHSIOTCS):

al,""’ Alpl' Qg ~ :Azpzl as ~ Pa, ag ~ A4P4s Gy ~ ASAﬂbdv @y ~ As.

IMonyyaemas mpu 3T0M IIpeoOpa3oBaHHAS rpa(b—éxeMa anropuT™Ma-n3odpa-
XeHa Ha pwuc. 2.13.

+ + +
Dkt ¢ A4
AD = Ax
+
.‘ Af A, P"L A!

Puc. 2.12. TI'pad-cxema afropHTMa,

CpaBHeHMe Mpeodpa3oBaHHOU rpad-CxeMbl aJITOPUTMA C PACCMOTPEHHBI-
MK paHee rpacdaMy KOHEUHBIX aBTOMATOB ITOKA3bIBAeT MX MOJHYIO aHajo-
rmio. BOta aHajorust Ilo3BojsieT B JajdbHEHIEM ITOAXOOUTb K MCCIEIO-
BaHHKIO. aiTOPUTMOB, PEATM3YEMbIX C TMOMOIIBIO KOHEYHBIX aBTOMATOB U all-

0
L A,
7 '/ab.
7 i
10 7 -
Aﬁ’ as,

Puc. 2.13. IIpeoGpa3oBaHHas Tpad-cxema ajJropuTma.

TOPUTMOB, peajln3yeMbIX HA YHHUBEPCAIbHBIX IPOrPAMMHBIX —aBTOMATAX
(IIBM) ¢ enuHOI1 TOUKM 3p€HUS] U C TIOMOIIBIO OMHOTO M TOTO K€ MaTrema-
TUYECKOTO armapara.

2.2.2, Komnosuyus areopummoe

Kak ¥ paHee, mox KOMIIO3MLIMEA alrOPUTMOB MOHUMAKOTCH pas3ind-
Hble cnocofsl COeMMHEHUST alrOPUTMOB C LIEJIbI0 00ECIIeYeHNs] X COBMECT-
HOMl paboTel. [Ipy 3TOM, €CTeCTBEHHO, pEIIaloTCsA 3amadyl MHHHMU3AIII
YKciia - ONepaTopoB OObEAMHEHHOTO aJITOPUTMA: _

OnmHuM U3 HauOoJiee pacIpoOCTPAHEHHBIX BUIOB 'KOMITO3ULIMU aJITOPUT-
MOB SIBJISIETCS MIX CYNEepITO3WIUs. [Ipy Cyrmepno3uiMy ABYX aJTOPUTMOB A
1 B BbIXOTHOE CJIOBO TIEPBOTO arOpUTMa A pacCMaTpHMBAeTCS KaK BXOIHOE
CJIOBO BTOPOTO aJITOpUTMa B, Tak 4To pe3ysnbTaT.CyNepIio3uInu (aJTOpUTM
) moxHo npenctaBuTh B Bume [ = B (A). Br1o ompeneneHue, ecTecTBEH-
HO, pacmpocTpaHseTcsl Ha CIyJdail CYINepHo3WIIMM KaKoTo YTOTHO KOHEY-
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HOTO 4MClia airoputMoB. [lnsa mnomydenus rpad-cxemsl . oObEAMHEHHOTO
aJITOpUTMAa JTOCTATOYHO B 3TOM CJIy4ac BBIXOTHON y3eJ KaXKIOTo IIPEIbImy-
IIETO aJITOPUTMAa COBMECTUTH C BXOMHBIM Y3JIOM ITOC/ICAYIOIICTO aJITOPUTMA.

JpyruMu BO3MOXHBIMU METONAMU KOMITO3ULIMKA aJTOPUTMOB SIBJISIFOTCS
UX OObEIMHEHNE, PA3BETBIEHUE, TIOBTOPEHME (UTepallus) U T. A. Ml B 1ajib-
HellIeM pacCMOTPUM MPOCTEHILMIA clTydail oObeAMHEHUS ABYX aJrOpPUTMOB,
3aJaHHBIX MATPUYHBIMU CXEMaMM.

Hrak, mycth pelnaercs 3amaya OObEIMHEHUS ABYX aJllOpUTMOB. B Ka-
YECTBE MEPBOI0 COCTABJISIONIETO alrOpyMTMa BO3bMEM’ aJITOPUTM, paccMma-
TpUBaeMblii B TpeablAylleM MyHKTEe W 3aJaHHbIi MaTpuuei (4). MaTtpuyHas
CXeMa BTOpPOIO COCTaBJISIOLIECIO ajJlropuTMa HMEeT BUII

A, A, Ay A, A A
Al P, B, 0 0 0 o0f
Al o 10 0 0 0
A, =4, 0 B, P, 0 0 o0l (2.2.7)
Ajdl 0 0 0 0 1 0
As! 0 0 0 Pp,p, PP, P,;
A, 0O 0 0 Py B, O]

B KaxX1moM u3 OObEAMHSEMBIX AITOPUTMOB IOPSIOK CIIENOBAHUS OIEpa-
TOPOB CY€Ta, IOC/IE MPOBEPKU OOHUX U TEX K€ JIOTMYECKMX YCJIOBUI, Kak
MPaBUIIO, pasnuuHblii. Hampumep, B paccMaTpyMBaEMOM CJIy4ae IIPU BbIMOJI-
HEHUM YCJIOBUIA JIOTUYECKOTO OIIEPaTopa Py B IIEPBOM aIrOPUTME BbIIOIHSIET-
cs oreparop A,, a Bo BropoM — ormeparop A,. I1osToMy B 00beIMHEHHBIIA
QJITOPUTM JIOJDKHBI OBITh BBEIEHBI JOMOIHUTENLHBIE JIOTUYECKHME IEPEMEH-
HBbIE, OIpEIENSIOIIUE IPUHIAIEXHOCTD OIIEPATOpA CYETa K TOMY WIA UHOMY
ajroput™My. YKCIO K ACGMOAKUTEIbHBX [IEPEMEHHBIX CBA3aHO C YKUCIOM N
OObEeUHAEMBIX AITOPUTMOB ¢ooTnomesem 2k 2=N. B Hawmem ciyyae go-
CTaTOYHO BBECTU OIHY HOBYIO JIOTMYECKYIO IIEPEMEHHYIO 7T U IIOJOXUTh,
YTO JUISI OMEDATOPOB CYeTa AITOPUTMA .4; OTa IEepeMEHHasl MPUHUMAET
sHayenue 1(+), a m1g onepaTopoB amroputMma A, — 3HaueHue 0 {(—).

Wtak nonoxum:

— 11 omepatopoB anroput™ma 4, — AU AR, ALY, AYTARY — Jo-
MOJIHUTENIbHASA TIepeMeHHass — T = [;

— 1151 omepatopoB amroputMa 4, — A, A, ALY, AP, ALY —
JIOTOJIHUTEIbHAS TIepeMeHHast 11 = 0

s onepatopoB A Ag, Kaxmblii U3 KOTOPHIX BXOOWT TOJBKO B OIMH
U3 AJITOPUTMOB TEpPeMeHHasl J1 MCKITIOYaeTcsl.

B npoliecce pelilieHUst MOCTaBIEHHOW 3a1auu MPEXIe BCEro COCTaBISETCs
MaTpyula OOLEAMHEHHOIO aIrOpUTMa. DIEMEHT ¢;; OTOM MAaTpULBI 00pasy-
eTcd KaK IU3bIOHKIINS JIEMEHTOB ¢ ;) MaTPUL] COCTABIISIOLINX aJTOPUTMOB,
YMHOXEHHBIX Ha COOTBETCTBYIOLLME 3HAYeHUS JTOIMOJHHTEIbHON MepeMeH-
HOIi (B 001IEM cilydae, Ha COOTBETCTBYIOIIME KOMOWHALIMK AOTIOTHUTEIBHBIX
epeMeHHBIX).
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CocTaBleHHasd MO 3TOMY IpaBUIy MaTpUYHass cXema OObEIMHEHHOTO
arOPUTMa, COCTABISIONIMMU KOTOPOTO SBJAIOTCS aATOPUTMBI, FTPEXCTAB-.
JIEHHBIC MATPUYHBIMU CXEMaMH 4) u {7}, umeer BUL

Ay A, Ay - Ay As A, A,
Al 5 =Py =P, 0 0 0 0
A, P, P, P, 0 0 0 0
Ay ﬁ%zgi o aP,P,iL ab, 0 0 0
A=A 0 o aP, a+apP, o 0 0
A, 0 o 0 0 =aP, .7 =P,
Ax 0 o 0 0 ab,P, aP,P, n+aP,
Al 0 0 0 0 P, P, 0
(2.2.8)

Ot matpulibl (8) MOXHO gajee MepeidTH K rpad-cxeme, MCMOJb3Ys IS
3TOTO CMOCO0, OMMCAHHBIA B MPEABIAYIIEM ITYHKTE.

[MpuBeneHHBIe (GOPMYIBI TIepexona IJISI paccMaTpUBaeMOro OObeIMHEH-
HOTO aJITOPMTMa WMEIOT BUI

Ao""ﬂAx‘{‘R(psAz'FﬁsAa).

A1"‘p1A2+}31 (psAa +§3A1)-

Ay—a [Py (Ps A+ PA) + DA +71A,,

A,—n A, +w(P,A, +D A, ' (2.2.9)
Aj—~n(P Ay +P,A) +n A

Ag— A+ TIPs A, Py (P Ay + Py Ay,

Ay—P; A, -}~ﬁ3Aa.

ITo atum dopmynam nanee ctposTca moarpadsl onepauuii. OdbeauHsAsA 3a-
T€M paBHOCHUJIbHBIE BETBM M COBMELUAA oIlepaTophbl cyeTa, MOJYyYUM rpad-
cXeMy OOBEIWHEHHOTO ajropuTMma. IlocTpoeHHMe 3TON CXeMbI rlpe)lnaraeT—
Cd YUTATENsIM IPU CaMOCTOSITENIbHOM paboTe ¢ MaTepuajioM.

B paccMaTpHBaeMoM. IpHMEpe oObeJIUHEHNUsl aJITOPUTMOB Mbl HE YYMUTbI-
BaJIM CIOCOO M3MEHEHWS 3HAaYeHW JOIMOJHUTEIbHOM IMepeMEHHON W, cle-
JTOBATEIbHO, TOPSLOK BHLIMOJAHEHHA COCTaBISIIOMINX aJTOPUTMOB. YUecThb
9TO MOXHO MyTeM BBEIEHUS NOMOJHUTEIbHOrO YIIPaBISIONIEr0 aJropuTMa,
KOTOPBIA OOBIYHO HAa3bIBAETCS aJITOPUTMOM-AuUcHEeTYepOM. JlucrmeTuepusa-
LIS BBIMTOJIHEHUs aJITOPUTMOB B COBpPEMEHHBIX yrpaBigomux [IBM Haxo-
IUT WHPQKOE ‘npuMeHeHue [5].
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DHepreTuka M ABTOMaTHKa», 1962, Ne 3,

3. MATEMATUYECKME METO/Ibl AHAJIU3A AJITOPUTMOB
LIM®POBOI1 OBPABOTKH PALHOJ OKALHOHHOA MH®OPMAIIUU

3.1. Kpurepun onenku 3(peKTHBHOCTH AJITOPUTMOB
00paboTKM paJIuoIOKAIMOHHON MHbopManumn

OnmHUM M3 YCJIOBMH YCIEIIHOIO pellieHus 3a1a4 MPOeKTUPOBAHUS CUCTe-
MBI LIM(POBOI 00PaOOTKM pagvoNOKaLMOHHONW MH(MOPMALIUK' ABJISETCS yMe-
HYe KOJIMYECTBEHHO OlLIEHMBATh 3(P(hEKTUBHOCTH METOIOB U aIrOPUTMOB 00-
paboTKM, a TaKXke TeXHWYECKHUX CPEACTB, MpeIHa3HAUCHHBIX IJIsI UX pPeas
ausauuu. B ofiem criyyae 3amaya Takoil OLIEHKM CBOAMTCS K Bblfopy cre-
LUAJBHBIX KPUTEPUEB, KOTOPBIE MOTYT CIYXKUTb Mepoil 3(h(eKTUBHOCTH
COOTBETCTBYIOILLIMX AJTOPUTMOB, a TaKXe K OINpele/ieHUIO MyTeli HaXoxmie-
HUSI MX 3HAYEHWI MpU BLIOPAHHBIX IapaMmeTpax CUCTeMbl M BHEUIHUX BO3-
IeicTBUSX. DTa 3aJaya HasbIBaeTCs 3alayeil aHaiu3a aJropuTMOB (d71e-
MEHTOB) CHUCTEMbI OOPaOOTKU.

B mporiecce aHanmm3a MPOM3BOAMTCS OIIEHKA BO3MOXHBIX BApHAHTOB TI0-
CTPOEHUS aJITOPUTMOB U YCTPONCTB MPOEKTUPYEMOI cucTeMbl. Jlanee ImyTeM
CpaBHEHMUSI paCCMOTPEHHBIX BApMAHTOB MOXET ObITh pellieHa 3ajaya BbIOOpa
HaWIyylllero B OMPEIEeJIEHHOM CMBICIE alroputMa wiu ycrpoictsa. He-
00XOIMMO MMETh B BHAY, UTO BO3MOXXHOCTM aHaJIM3a CJIOXHBIX CUCTEM B lie-
JIOM, OCOOEHHO aHAJIMTUYECKMMU MeTodaMM, orpaHuyeHbl. [loatoMmy aHamu3
cucteMbl 1IMGPOBOI 0OPaOOTKU PanMOJOKAIIMOHHOM MH(GOpMALIMA OObIYHO
MPOM3BOAMTCS MO 4YacTsIM, B paMKax OCHOBHBIX OIepaluit o6pa60T1<1/1
MePEeYMCIeHHBIX BO BBEICHUMU.

Ilpy aHanM3e alropuTMOB O0PAOOTKU PaAMOIOKALMOHHON MH(pOpMAIIK
JIOJDKHBI  YYUTBIBATBCSI OCOOEHHOCTH, BBITEKAIOIIME M3 CIOco0a WX peaiu-
3allMd Ha LM(PPOBBIX BBHIYMCIUTEbHBIX YCTPOMCTBAX. DTM OCOOEHHOCTU
4YacTo MPUBOMAST K MOSIBJIEHUIO HOBOTO KauecTBa, 0e3 yuera KOTOPOro aHajiu3
HE OTBEYaeT CBOMM LIEJISIM.

Ilpn pewienrn Bompoca O BbIOOpE KpUTepHEB S(HGHEKTUBHOCTH OOBIYHO
PEKOMEHJIyeTCS TI0JIb30BaThesl  CIEAYIOIMMU coobpaxenusmu  [6]:
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— BbIOpaHHBIN KPUTEPUI MTOJKEH OTpaXkaTb OCHOBHOE Ha3HauyeHWE ajl-
roputMa (YCTPOICTBa), a TakxKe COOTBETCTBOBaTb LIEJIM AHAJIH3A,

— WCITIOJIb3yeMbIii B KauecTBe KPUTepHsl IOKa3aTelsb JOJDKeH OBITh KpU-
THYCH 10 OTHOLICHMIO K BaphHpYeMbIM [apaMeTpaM,

— WCHONIb3YEMbIA KPUTEPUIA JOJDKEH OBITh HALIATHBIM 1 TI0 BO3MOX-
HOCTHU TIPOCTO OIPEIC/ISIEMbIM.

-B COOTBETCTBUU C 3TMMU COOOPAXKEHUSIMU, IIPU CPABHUTEILHOM aHAIM3E
aJTOPUTMOB O0OPa0OTKM PanMoJIOKALMOHHON WH(bOopMaly I/ICHO]Ib3y}OTC$[
CJIeyIOIME TPYNIbI Kputepues 3(dekTuBHOCTH {3]:

1. Kputepuu, omnpeneisrone BO3MOXHOCTH aJITOPUTMOB IO  TTOJTHOTE
oToOpaxeHus peajbHON 00cTaHOBKM B 30He 0030pa PJIC. ITonmHoTa oToOpa-
JKEHMSI OOCTAaHOBKM XapaKTepu3yeTcCsl, B KOHEYHOM CueTe, BEPOSITHOCTBHIO
TpaBWJILHOTO OOHApyXkeHMsI OObEeKTOB M TIomeX. Eciau 3a BpeMsi o063opa
IIPOCTPAHCTBa B cpelHeM OBHapysupaercad N 00beKTOB U3 Ny HAXOMSAIIMXCS
B 30HE 0030pa, TO BEPOSITHOCTb MPABUJIBHOTO OOHAPYXeHUsI paBHA Pygy &2
& N/N; n, tak kak N =Ny, 10 Pyg, 1. 3HaueHue P4, BeCbMa KpH-
TUYHO K 3HepreTmyeckuM xapakrtepuctukam PJIC, a Takxe CyllecTBEHHO
3aBUCUT OT BbIOpaHHOTO MeToma OOHapyxkeHus ueneil. K paccMmaTtpuBaemori
rpyIirne KpurepreB 3(h@MOEKTUBHOCT OTHOCSTCSI TaKXKe KPUTepUU, XapaKTe-
pU3yIOIIEe METOmbl (aJIrOpUTMbI) OOpabOTKM II0 pa3pellaloleil CIIOCOOHO-
CTH, TIO CITOCOOHOCTU pa3jIndyaTth 1LIeJb ¢ Majloi 3((MEKTUBHON OTpaxKarolei
MOBEPXHOCTbIO Ha (hoHE OJMU3KO PACIIONIOXKEHHBIX MeEIIAIoIX O0BEKTOB
uT. A

2. Kputepumu, onpenesitoiirie BOSMOXHOCTH aJITOPUTMOB O JIOCTOBEP-
HOCTU OTOOpaxkeHUs1 00cTaHOBKMU B 30He 0630pa PJIC. B cucreme mmdpoBoii
00pabOTKN panroJOKaIlMOHHON MH(MOPMAaIMK JOCTOBEPHOCTh OTOOpaXKEeHUS
XapaxTepu3yeTcs OOBIYHO YKMCIOM JIOXKHBIX OTMETOK (TpPaeKTopuii), OoOHa-
PYKHBaEMbIX WM TIepenaBaeMbIX Ha COTPOBOXIEHUE B KAXKIOM Teproze 00-
sopa PJIC. KpoMe HemocpeacTBEHHBIX IMOTEPh, CBA3AHHBIX C.HEOIpPEIesIeH-
HOCTBIO CHTyallui (JIOXKHBIE TPEBOTH), YBeIMYeHHe oObeMa oOpabaThiBac-
MO# JIOXKHOM MH(MOPMAII TTPUBOIUT K TIeperpy3Ke BBIUMCIUTEBHBIX Cpe-
CTB Y YMEHBIIIEHHIO BO3MOXHOCTEN CUCTEMBI TI0 00pabOTKe ToJIe3HOM MHMOp-
MaryH.

3. Kputepuu, omnpenensitonive AMHAMUYECKHME XapaKTEPUCTUKU ajiro-
PUTMOB M COOTBETCTBYIOIIMX MM LM(MPOBBIX (GuabTpoB. s XxapakTepu-
CTUKM TWHAMMYECKUX CBOMCTB (DMJIBTPOB, PEaTU3YIOLINX aJITOPUTMbI 0Opa-
OOTKM paIUOIOKAMOHHOM MHMOPMALMK, MCIIOIL3YIOTCS OOBIYHBIE B TEO-
pUM UMITYJIbCHBIX CUCTEM IIOKa3aTesI: XapaKTep MepeXoJHOro Ipoliecca,
YCTOHUHBOCTB, TUHAMMYECKME M CIIydaiiHble OLIMOKM B YCTAaHOBMBLIEMCS
pexumMe pabotel M T. O. Hambosee oOleii TOYHOCTHON XapaKTepUCTUKOMN
aJITOpUTMOB 00pabOTKKM MH(MOPMALIMK SIBJISIETCS KOPPEJSLIMOHHAs MaTpulia
OIMOOK OIIEHKM TIapaMeTpOB Ha pybOeXaxX BbIIaud WHGOpMAIMM, TIPU 3a-
JJAaHHOM 3ama3[IblBaHMM B BbIZaue TAaHHBIX.

4. Kpurtepum, omnpeieisIioliMe 3aTpaThl Ha peaju3alliio aJrOpUTMOB
00pabOTKM € TIOMOIIbIO CIENUATU3UPOBAHHBIX LIU(PPOBBIX YCTPOWCTB WU
Ha [IBM yHuBepcanbHOro TMNA. 3aTpaThl Ha pealu3alUIo XapaKTepr3yIOT:
Cs1 VCJIOM OIepalliil, BBIMONHSEMBIX B MPOLIECCE OXHOKPATHOTO KCNOJB3Q-
BaHUS aJropuTMa, a Takke 0OBbeEMOM IMaMSITU BBIYMCIUTEIBHOTO YCTPOKCTBA
(LIBM), 3aHsITOro B mpoliecce ero peajr3alivu.

73



IepedncaeHHbIE KPUTEPUM XapaKTEPU3YIOT KadeCTBEHHBIE IOKa3aTe-
JI1 BbIIaBaeMON MH(OpMAIMM M 3aTpaThl BBIYMCIUTEIBHBIX PECYPCOB IIPHU
OJIHOKPAaTHOM UCIIOJIb30BaHUU AJIrOPUTMa, T. €. Ipu obpaboTke hHdopMa-
M1 o0 ogHOi Leau. B peajbHBIX Xe YCIOBUSIX padoThl 0630pHOil PJIC
00paboTKe MOMIeKUT MHGMOPMAITUS O MHOXKECTBE 1IeJIci, OMHOBPEMEHHO Ha-
xonsmmxcs B 30He oo3opa PJIC. IMpouecc 06pabotkn MHGOpPMALIAM B 3TOM
cly4yae CBOAMTCS K MHOTOKPATHOMY MPMMEHEHUIO COOTBETCTBYIOILIMX AaJlfO-
PUTMOB TI0 KaXHOW M3 oOpabarbiBacMbIx Iiesieil. Ha omHokpaTHOe Tprme-
HEHME aJIfOpUTMa TPATUTCS OMNpEAEICHHOE BpeMsi, B T€4eHUE KOTOPOIo
LIBM (uMeeTcst B BUIy OMHOIIPOrpaMMHasT) He MOXeT.ofpafaTeiBaTh MHGOP-
MalMIO O APYrux Ieyisix. Bmecre ¢ TeM o0paboTKa JOKHA OBITh peaym3o-
BaHa B peaJbHOM Maciutabe BpemeHu Ha LIBM ¢ orpaHuuyeHHON Mpou3s-
BOAMTEILHOCTBIO. [1oaTOMY, Hapsimy ¢ mpobjaeMaMy KadyeCTBEHHOM 06paboT-
K1 MH(pOpMalM O KaXIOil OTACIBbHOI IIe/IM, BO3HMKAeT IIpodJjieMa opra-
HU3aLuK 00paboTKKM MH(OpPMALIMKM O MHOXKECTBE Liejeil. st aToro mpouecc
00paboTKM PaaroIOKALIMOHHON WHGOpMallM TOJLKEH paccMaTpUBaThCs
Kak TIPOLECC MaccoBoro 08cnyxusauMs, a IIBM, npenHasHauyeHHas IS
peanu3aluuu aJropuTMOB 00pPabOTKH,  KaK OOCTy:KUBaIOIIWiA mpudop (arm-
rapaTt) COOTBETCTBYIOILLEH CUCTEMbl MaCCOBOIO OOCIIY>KMBAHMSI.

OCHOBHbBIM TTOKa3aTesieM 3(MGhEKTUBHOCTU CUCTEMbl MAacCOBOIO OOCITYXKM-
BaHMS SIBJISICTCSI €€ IIPOMYCKHAsI CocoOHOCTh. [loaTtoMy mpm peanusanuu
COBOKYITHOCTM QJITOPUTMOB OOpPabOTKM Ha KOHKPETHBIX BbIYMCIMTEIbHBIX
CpEeACTBax, aHalM3Yy MOMJIEXKUT MPOMYCKHAsI CIIOCOOHOCTb COOTBETCTBYIOLLICH
obcmyXMBarolleil cucteMbl. Ecmy 4ymnciio obpabGaThiBaeMbIX Lieieii U COCTaB
aIrOpuTMOB 00pabOTKM 3aAaHEl, TO. MPEACTABISIETCS BO3MOXHBIM TTPEIb-
SIBUTh TpeOOBaHMSI K BbIYMCIUTEIbHBIM CPEACTBAM MO OBICTPOACHCTBUIO
1 €MKOCTH 3allTOMMHAIOIINX YCTPOMCTB.

Jlerko Bumeth, 4T0 KpuTepuii 3(PEHEKTUBHOCTH II0 IIPOITYCKHOM CIIOCO0-
HOCTU CHUCTEMbl OOpabOTKM TECHO CBsI3aH C KPUTEPUSIMU, XapaKTepU3ylo-
MM Ka4eCTBO 00pabOTKM MHGOPMAIIMU O KaXIoM OTIe/IpHOM 1enu. Jdocra-
TOYHO, HANpPHMER, 3aMETUThb, YTO MPU HEeU3MeHHOI sHepretuke PJIC mus
MOBBIIICHUSI BEPOSITHOCTH OOHApyKeHUs W YJIy4IIeHUs] TOYHOCTA OLECHKU
MapaMeTpoB IBWXEHUS LeTu TpeOyeTcsl MCIOJIb30BaHUE OOJiee CIOXHBIX
aJITOPUTMOB 0OpPAaOOTKM, UTO TIPUBOAUT K YBENHUEHHID 0ObeMa BBIMMCICHUI
1 00beMa XpaHWMOI B I1POLECCE BBIMUCIIEHUI -MH(MOPMAIIM B OIEPaTHBHOM
3anomuHamomieM ycrpoiictee (O3Y) LIBM. A 310, B CBOIO. ouepenb, IPUBO-
JIUT K MOBbILLIEHUIO TpeboBaHuii K LIBM mno OvicTponeiicTBuio 1 0obemy O3V,
WM K YMEHBILICHUIO TPOITYCKHOM CMOCOOHOCTA NPM 3alaHHBIX I1apameT-

pax LIBM.

3.2. MeToabl aHanM3a BEPOSATHOCTHBLIX XapakTepPUCTUK
anropntMoB 00paboTKN PaanoNoKaLMOHHON MHMOopMaLn

B nmanbHeiiiieM 1oa BEPOSTHOCTHBIMKM ITIOHMMAIOTCSI XapaKTePUCTUKH,
OTHOCSIIIIMECS K OLIEHKE IOJIHOThI M JOCTOBEPHOCTU OTOOPasKEHMSI OOCTAHOB-
ku B 30He 0630p2 PJIC. Clona OTHOCATCS, DJIABHBIM 00pa3oM, BEPOSITHOCTD
MPaBUJILHOTO OOHAPYXEHUsSI MOJIE3HBbIX (MCTMHHBIX) CUTHAJIOB U TPAaeKTO-
pUii, BEPOSITHOCTb JIOKHOTO PELICHUS O HAIMYMKU CUTHaja (TpacKTOpUu)
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N3-3a BJIIMAHUA TIOMEX WIM COOTBCTCTBYIOLIECC YMCIIO JIOXKHBIX pemem/lﬁ
B mpenenax (UKCMPOBAHHOTO BPEMEHHOIO HHTEpBaa.

PaccmaTtpuBaemble B maHHOM Iaparpade Merombl aHajiu3a BEPOSITHO-
CTHBIX XapaKTEPUCTUK aJITOPUTMOB 00pPabOTKN pPaJUOJIOKALIMOHHON HH(OD-
Mallid OCHOBBIBAIOTCSI HAa CIIEAYIOIIMX MCXOMHBIX ITPEATOChLIKAX;

1. BxomHble CHUTHaIBI MPEICTABIISIOT COOOM OMHAPHYIO TIOCJIEIOBATEIb-
HOCTb CJIyYaiiHBIX 4rcell (Hyleil ¥ equHull). BeposTHOCTH IOSIBIEHUs 3Je-
MEHTOB 3TOH IOCJICIOBATEILHOCTU, B OOILEM CiIydae, U3MEHSIIOTCS OT TaKTa
K TakTy. KoppenasnmmoHHast CBsI3b MEXIY 3JIEMEHTAMM I10CIeI0BATEIbHOCTH
pacIpoCcTpaHsIeTCsl TOJbKO Ha COCEMHUE TAKThI, T. €. IOC/IEIOBATEIbHOCTh
BXOIHBIX CUTHAJIOB IIPEICTaBISIET COOOi IpOCTyio Hermb MapkoBa. Beipo-
SKIEHHBIM CJTydaeM 3TOM LIeTH SIBJISIETCSI TOC/IeA0BaTeIbHOCTh HEKOppesI-
POBAaHHBIX BXOOHBIX CUTHAIOB (TIOCJIEIOBATEIbHOCTh bepHYUIM WM, 4TO
TO Xe, 1erb MapKoBa HYJIEBOTO TOPSIAKA).

WUcnonb3oBanue IJI4 OIIMCaHMs BXOJHBIX CHUIHAJIOB JHUCKPETHOI'O CIIy-
YaifHOro mpolecca 0e3 TOCIEICTBUSI HE OrpaHHYHBEET CKOJIBKO-HUOYIb
OOIIIHOCTA  TIOJyYaeMbIX pe3yJIbTaTOB, TaK KakK Ienmb MapkoBa 0Oosee
BBICOKOT'O, YeM IIEPBbIi, MOPSIKA C IBYMSI COCTOSIHASIMU MOXET OBITb IIpe00-
pa3oBaHa B Lielb MapkoBa TepBOTO MOpsiKa 3a CYeT PACWIHPEHHR. MHO-
KecTBa coctosgHuit [14],

2. ucdpoBbie ycTpoiicTBa M alropuTMbl, peanusyembie Ha 1IBM, mpen-
CTaBJISIIOTCS. B BUIE KOHEUHBIX aBTOMATOB (QJIFOPUTMOB) C (DMKCHPOBAHHOM
CTPYKTYpOii U ClIydaliHbIMU Tepexogamu. Kak M3BecTHO, (DyHKIIMOHUPO-
BaHUE TAaKMX YCTPOMCTB OIMCHIBACTCS CTOXaCTMYECKMMM MaTpULIaMM Iiepe-
XOIHBIX BEPOSITHOCTEM, UYTO TO3BOJISIET CYIIECTBEHHBIM OOpa3oOM HCITOJIb30-
BaTh IIpM MX aHaJIM3€ MaTeMaTWYeCKUIi ammapaT IIPOCTHIX Hereii Mapkoba.

BompocaM mpuMeHeHMsI MaTeMATHUYECKOro armapara Lerneil Mapkosa
IUTST aHaJIM3a TPOLIECCOB OOHAPYKEHMSI CIIEMIOB TPACKTOPHIA TTOCBSIIIEHBI Oy~
OJIMKOBaHHbIE B JUTepaType padotsl [12--14]), Cucremarmyeckoe M3noxe-
HIE METOIA aHAIM3a BEPOSTHOCTHBIX XapaKTEPUCTUK OOHApYXUTEIEH ¢ UC-
TOJIb30BAHMEM allllapaTa Leneil MapKoBa MMeeTcss B KHUTe [4].

3.2.1. OcHosnbie ceedenus uz Teopuu npoctsix ueneii Maprkosa

Ony6iMKoBaHHas JiuTepaTypa 1o Teopuu Lierneii MapkoBa HacuMThIBaeT
JIeCITKA TOMOB. B Hallly 3amady He BXOAMT CKOJIbKO-HUOYIb TOAPOOHOE
paccMoTpeHue 3Toil Teopur. OrpaHUUMMCS 3IECh TOJBKO HEKOTOPHIM Cripa-
BOYHBIM HAOOpPOM OIpeAeSeHU A U COOTHOIIEHUH, KOTOpble OYIyT MCIOJb-
30BaThCsl HEIMOCPEACTBEHHO TpY aHaJIU3€ BEPOSITHOCTHBIX XapaKTepUCTUK
CXeM U aJlTOPUTMOB OOpabOTKM paaMOJIOKAIIMOHHON WH(OpMaIUH.

Ilyctb HekoTopasi u3uyecKasi cucreMa B MOMEHT BpeMEHU fo HaXOIWT-
CS1 B OMHOM W3 COCTOSIHUM (g, t;. ... Qiy eren B ¢uxcupoBaHHble MOMEHTHL
BpeMeHHn f;, {5, ..., £y CHCTEMa TIOJ BO3ICHCTBUEM CIIydaiiHBIX (PaKTOPOB
(CUTHaJIOB) MOXET TEPeXONUTh M3 ONHOTO COCTOSIHUSI B ApYyroe, IMpuueM
B JIIOOOM MOMEHT BpeMEHM I; BEpOSITHOCTh 0Ka3aThCsl B Hamepel 3aJaHHOM
COCTOSIHUU @; OIPEAesieTCsl TOAbKO TEM COCTOSIHUEM &j, B KOTOPOM OHa
HaXOIWIach HEMOCPEICTBEHHO Tiepel] CKAYKOM, T. €. B MOMEHT BpeMeHHM fx_j,
M HE 3aBUCHUT OT BCEX OCTAIbHBIX COCTOSIHUIA, B KOTOPBIX 3Ta CUCTEMa HaXo-
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AuIach 10 MOMEHTa fj_;. Torma roBoOpAT, YTO MOBENECHUE 3TOW CHUCTEMBI
OIHMCHIBAETCS TPOCTOM 1iemblo MapkoBa (LIETbI0 IIEPBOTO MOPSIKA).

"~ YcioBHas BEpOSITHOCTb TI€PEX0a M3 COCTOSIHUSI @; B MOMEHT BpEMEHU
{x-1 B COCTOSIHHE &; B MOMEHT BpeMEHU I

nyylk — 1, k) =p {a;, talante-y)

HA3bIBACTCSl IEPEXOMHON BEPOSTHOCTBIO 3TOM LIEIH.

Ilenr MapkoBa 3a[la€TC9[

— BekTop-ctpokoit P (0) =] Py (O)P, (0)...P; {0)... | BeposTHOCTEI
HAYaJIbHOTO COCTOSIHMS CI/ICTBMBI B MOMEHT BpPEMEHHU fy,

— MaTpullell IepexomHbIX BepogtHocTed II {k — lk),., 3JIEMEHTAMMU
KOTOPOW SIBJISIIOTCSA TIEPEXOAHBIE BEPOSTHOCTU Myzlk = 1, _

Ecin nepexoaHble BEPOATHOCTH ty; (R — 1,4} HE 3aBUCAT OT BPEMEHH,
T. €. nu(k — 1, k) =n,k =1,2, .., 70 uenb MapkoBa Ha3bIBaeTCs
OIHOPOIHOI. )L[Jm OIIHOPOIHOM uerm MapKOBa CIIPaBEIUIMBBL  CIIEAYIOIIUE
COOTHOILEHMS:

1. besycioBHas BEpOSTHOCTh Iepexoda CHUCTEMbI B COCTOSIHMM & 3a
OIMH IIAr MO ONIPEACNCHUI0 PaBHA

P1(1)=E P, (0) nyy, 3.2.1)

]
rae P: (0) — BepoSITHOCTH COCTOSIHUS @; npu ¢ = 0.
2. be3ycioBHasi BepOSITHOCTb TOIO» YTO CHCTEMa 3a A IIaroB Tiepeiier
B COCTOSIHUE &y, PaBHa

(=S PO, i=1,23 . (322

rie 7t4}— ycloBHas BepOATHOCTH Mepexoia M3 COCTOSIHMSA G; B COCTOSIHME
@y 33 N LIATOB.

BeposttHocth nii}’ yIOBIETBOPSAET ClIEMYIONIEMY PEKYPPEHTHOMY YpaB-
HeHMIo (ypaBHeHUI0 MapkoBa):

n‘?’—Enfi’ a7, s =0, n, (3.2.3)

[I¢ CYMMMPOBAHUE IPOBOAMTCH IO BCEM COCTOSIHMSIM.

3. Ecnu mpeacTaBUTh BEPOSITHOCTH INEPEXOJ0B nf.?’B BUJE MaTpULBI, TO
MOMYYAM 7-10 CTEIEHb MAaTpHLbl BeposiTHocTeil mepexomoB I1, 1. e. II7.
C yyeroM 3TOro, BEKTOP-CTpPOKa BEPOSTHOCTEH COCTOSIHMIA CHCTEMBbI IOCIE

JI I1aroB OmnpeacadaceTCca M3 COOTHOLICHUA.
P()=P(0)"=P(n—1) 11 (3.2.4)

3. ]_lel'[b MapKOBa Ha3bIBACTCA 9pFOZ[I/I‘{eCKOI/I €CIN BEPOATHOCTU COCTO -
HI/[I/I P 7 (I’l) IIpy YBEJIUYCHUU n CXO)IHTCH K HpCI[eJIbeIM BCPOATHOCTAM
j, KOTOPBIC HC 3aBUCAT OT Ha4aJIbHBIX BCpOHTHOCTCI/I P, (0) T. €. Korja

lim Py(ny="P; /=0, 1,2, 3,

BepOHTHOCTI/I P J Ha3bIBAIOTCA (I)I/IHaJ'IbHI)IMI/I BCPOATHOCTAMU COCTOSIHMIA )
CUCTEMBI.
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®uHanbHbIC BGDOHTHOCTI/I SBJEIOTCS PCILICHUEM CJ'[CZ[YIOH_ICI/I CUCTEMBI
JIMHEMHBIX ypaBHCHI/II/I

PJ =Z P'V n"h» V= 01 l» 2 . . X (32.5)

W3 cootHowEHus (4) mocine MpeiebHOro Tepexoa Mpy f# — oo 1oAYy~
YyM CJIENYIOLIEe MATPUUHOE YPAaBHEHUE, CBA3BIBAIOLLEE BEKTOP-CTPOKY (pH-
HAIBHBIX BEPOATHOCTEN COCTOSIHWIA CUCTEMBI C MATpPULICH €€ MEPEXOMHBIX
BEPOSTHOCTEN

P=PIl, P=[P,P,..P..]. (3.2.6)
IMpuyem, cyMMa KOMITOHEHTOB STOrO BEKTOpA pPaBHA €IMHULIE
Sp=l, j=0,1,2 . . (327

Jlng TpOM3BONBLHOM (HeoAHOpORHOH) Lemd MapkoBa BEPOSTHOCTH
Tiepexona U3 COCTOSIHUS &y B-MOMEHT BPEMEHHU fx B COCTOSIHUE @j B MOMEHT
BpeMEHM £, OIPENEIIeTCS M3 COOTHOIIECHMS

(8, 9) = St 1, (1, 9, k<r<s,  (3.2.8)

KOTOpOe HasblBaeTcsl ypasHeHMeM Komvoroposa — Ysnmena.
Martpuiia epexoqHbIX BEPOSITHOCTEIl 3a § IIAroB (HaYMHasi ¢ MOMEHTA
BpeMeHH ?) OyIeT B 3TOM Cllydae paBHA IPOU3BEACHUIO S ManPIIl,- T. €.

Dk, ) =0¢kft+1) ITk+1, £+2).. IIk+s—1, ft +s).

Ecnu m3BecTHa BeKTOP-CTPOKA BEPOSITHOCTEll HAyabHOTO COCTOSTHMSI CH-
crembl P (ff) B MOMeHT BpeMeHM #x, TO BEKTOP-CTPOKA BEPOSITHOCTEH CO-
CTOSTHMIA TIOC/IEe S IIaroB (IIEPEeXOI0B) OIMpeNessieTCsl BhIpaKeHHEM

P(s) = PR)IL (&, 9). (3.2.9)

Bexrop-cTpoKy BEPOATHOCTEH COCTOSIHMA MOXHO TAKXe OINpPeACIIsTh
TOCJIeIOBATEIbHO, TI0 PEKYPPEHTHOM (hopmyiie

P =P(Es—DI(s—1,s. (3.2.10)

Ecin nenbs MapkoBa ABIAETCS OIHOPOIHOM, TO NEPEXONHBIE BEPOAT-
HOCTU #i;{S, 1) 3aBUCAT JIMLIb OT PA3HOCTH ! — S:

my(s, 1) = syt —s).

Jlist onHopomHO# Lienm MapKOBa MMEEeT MECTO CJIeyromast Knaccnq)m(a-
LIMSI COCTOSTHUIA:

a) COCTOSIHUE @, Ha3bIBAaeTCs HEBO3BPATHBIM, €CJIM CIYCTs HEKOTODBIA
KOHEYHBI TMPOMEXYTOK BPEMEHM ! CHUCTeMa C BEpOSITHOCTbIO | HuKorma
Oosbllle HE BO3BpaTUTCS B 3TO cocTosiHue. COCTosiHME a;, KOTOPOE He SIB-
JISIeTCSl HEBO3BPaTHbIM, HA3bIBAETCSI BO3BPATHBIM;

0) TOBODSAT, YTO COCTOSTHUE @Gy AOCTHXHMO U3 COCTOSIHUS dy, €CIU Ty X
X (s, s 4+ !} 550 11 Kakoro-HUOYb {; COCTOSIHUSI @; U @y Ha3bIBAIOTCS CO-
OOLIAIOIIMMUCS, €CIM OHM JIOCTVDKMMBI ApYr u3 apyra. Ecim kaxmoe coc-
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TOSTHUE LIEMH JOCTVKMMO W3 JIFOOOTO IPYTOro COCTOSIHUS, TO 1ienb MapKosa
Ha3bIBAETCS HENPUBOIUMOIA;

B) COCTOSIHME &} HA3bIBAETCS MEPUOANYECKIM, ECJIM BO3BPAILEHNE B HETO
BO3MOXHO JIMILb YEPE3 YMCIIO IAroB #, KPATHOE HEKOTOPOMY LIEJIOMY YKC-
ay k;

I) COCTOSIHME &; HAa3bIBAETCA TONIOILAIOLINM, €CIM U3 3TOTO COCTOSIHUS
HEBO3MOXEH IIEPEX0] HU B KAKOE JPYTOe COCTOSTHHE.

3,2.2. Ilpumenenue mamemamuueckoeo annapama yeneii Mapxoaa
0151 AHAAU3A 8ePOSTMHOCIHBIX XAPAKMEPUCMUK QA0 PUTMOB
0b6HapyceHus

B 1. 2 ObUTO TIOKA3aHO, YTO AJITOPUTMY IU(MPOBOI 0O0PadOTKM TBOUY-
HO KBaHTOBAHHBIX CUTHAIOB MOXHO TIOCTaBUTb B OJHO3HAYHOE . COOT-
BeTCcTBUE Tpad co ciaydaitHbiMM TepexonaMu. PYHKIIMOHUPOBAHUE TaKOTO
rpacda npu TMOCTYIUIEGHMM Ha €ro
BXOJ  MOCJIENOBATEIbBHOCTA  CITy-
YaHBIX CUTHAJIOB, MPUHUMAIOIINX
TOJIBKO JIBA BO3MOXHBIX 3HAUEHMUSI
(O wm 1), onuceIBaeTCsI CTOXacTH-
YECKOW MaTpuLEel TEepeXOAHbIX Be-
POSITHOCTE.

. IIpeobpa3zoBaHue JaeTepMUHU-
poBaHHOro rpada B rpad co Cciy-
YailHBIMU TIEPEXONaMU TOJy4YaeTCs >
OCOOCHHO TPOCTO, €CIIM BXOIHBIE  DPuc. 3.1, Tpad co clyuaiiHbIMU nepexoga-
CUTHaJIbI MPEACTAaBJIAIOT Co0Oii He- MM Ui ciyyasd HEKOPpPEeJIMPOBAaHHOM TIO-
Koppe_]‘[ﬂpoBaHHy}o I10CJIea0Ba- CJI€A0BATCJIIbHOCTU BXOAHBIX CHUTHAJIOB.
TETbHOCTh HyJEl M emuHul (To- .
ciemoBaTelbHOCTh bepHymm). B 3ToM ciydae mpeoOpasoBaHue Co-
CcTOUT B (hOpMaJIbHOM 3aMeHe (DPU3UUECKUX CUTHAIOB, KOTOPHIMM OTMEUEHBI
Mepexonabl IeTePMUHMPOBAHHOTO Tpada, COOTBETCTBYIOIIMMI BEPOSITHOCTSI-
MU TIOSIBJIEHMSI BTUX CHCHAJ0B (BMECTO €IWHMIBI — p, BMECTO Hy-
I — q).

B kauectBe mnpumepa, Ha puc. 3.1 npuBemseH rpad co Cayd4aiiHBIMM
TiepexoJaMt IS ooHapykuTeass KomonHamii 11 u 101, cmHTEe3MpOoBaHHOTO
B 1. 2.1.4 B pe3yiabTare TMapajjieIbHOW KOMITO3UIIMM JBYX aBTOMAaTOB
(pue. 2.8). CooTBeTcTByIOIas MaTpvlla TEPEXOMHBIX BEPOSTHOCTEH WMMeeT
BH],

0 1
O?vq 0

2
! P
1Hq 0 0
n=2i10 g 0
3;q0 0
foo 0

3

|
“ @21

Q O~ o O

4
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CTpoKM 3TOi MaTpMilbl, COOTBETCTBYIOIIME cOocTOosiHUAM | u 3, sBAsIOTCSA
OIMHAKOBbIMU U, Ka3ajoch Obl, YKa3aHHbIE€ COCTOSIHUSI MOXHO OObeAU-
HUTb. OnHaKo B HCX0AHOM rpade (puc. 2.8) mepexoabl B cocTosiHUS 1 u 3
OTMCUCHBI PA3MMYHBIMU BBIXOIHBIMM CHTHatamu. CrefoBaTebHO, OHM He
MoAJIeXaT OOBEAVMHEHUIO.

Bo MHOmMx cayyagx. KOTOpble 37eCh HE KOHKPETHU3UPYIOTCS, TIO-
cTynapomue s o6pafoTKH cUTHaIbl KOPPEIMPOBAHBI B IBYX COCEOHMX
TaKTaX M OOpasyloT MpOCTyIo 1Ielb MapkoBa. Marpuiia IlepexOmHBIX BEpo-
ATHOCTEN 3TOM LeNU HMEET BUIL

; ;
M= Mo Torj (3.2.12)
g T

[lepexontbie BepOSTHOCTH T j TIPEICTABJISIOT Cc000Ii YCIIOBHBIE BEPOSITHO-
CTM TIOSIBJIEHMS CUTHaia | mocie curHana { (i, f = 0,1}
JIsT TIEPEXOIHBIX BEPOSTHOCTEH ;; BBIOJIHSOTCS COOTHOLICHUSI

Tan —1" M =

KpoMe Toro; B COOTBETCTBUU C ypaBHeHUEM (6), aGCOMIOTHBIC BEPOSITHOCTH
P W g SIBISIIOTCS. (PMHATBHBIMA BEPOSITHOCTSIMU  PACCMATPUBAEMOM CUCTEMBI
U CBS3aHBI C TEPEXOOHBIMA BEPOSATHOCTSMU COOTHOIICHUSIMHI

Gfigy —~ PRgy =g, Gy Pryy = p. (3.2.14)
Jns onpenesneHUs BEPOSITHOCTU IIEPEXONOB fT;; 4Yepe3 abCOMIOTHBIE Be-
POSITHOCTH p M ¢ HEOOXOOMMO 3HaTh KO(PGUIIMEHT KOPPEISLIMMI . MEXIY CO-
CeMHUMM cuUrHajamu. B oOmieM ciaydyae 3TOT KO3(PUIIMEHT 3amuChIBacTCs
B BUIE '
= 22\ 2
0i, 141 = (X Xigg — X} Ox;
IJe X; — BXOOHOM cuTHai, npuHuMatommii 3HaueHus 0 m 1. Ecim mocneno-
BaTeJIbHOCTh BXOAHBIX CHUTHAJIOB CTaIlMOHApHA, ITOyYMM

o = (pan — ppg-
Pemras teneps coBmectHO ypaBHeHMs (13) u (14) ¢ yyeToM BbIpakeHUS ISt
p, TOIy4yuM ;
Toe = g + PP, Top =pF _ PP
T = 4 — PG Ap=p T 04
TakuM 00pa3soM, MaTpuia TEPEXOOHBbIX BEPOATHOCTEN Liermn Mapkosa,

ONUCHIBAIOLIEH CTAlIMOHAPHYIO NOCAeA0BaTeNbHOCTL MMOMApPHO KOPPEJIrpo-
BaHHBIX CHTHAJIOB, MMeEET BUJ

ZHQU"T'PJ FLui—y) N (3.2.15)
g(l—p) p(1+9)

OnemMeHTsl MaTpulibl (15) IPeACTaBIITIOT CO00M YCIOBHBIE BEPOSITHOCTH TIOJTY-
YEeHMS f-r0 CUTHAaJIa MOcJe {-TQ CUTHala B MOCJIEIOBaTeIbHOCTU CUTHAJIOB,
MOCTYMAIOIIMX Ha BXOJ YCTPOMCTBA, PEaM3YIOLIETO 3aJaHHBIA aJlTOPUTM
00paboTku. CleaoBaTeNIbHO, BEPOSITHOCTU IIEPEXOIOB COOTBETCTBYIOIIETO
rpaca OmnpeneNsioTcsl Terepb He abCOMIOTHBIMU BEPOSITHOCTSIMU OTCYTCTBUSI
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(q) n Hamuug (p) CUTHAJOB, a YCIOBHBIMHU BEPOSITHOCTSIMU, OIIpeaessi-
eMbiMU M3 Matpuunl (15).

Jnsg npuMepa Ha puc. 3.2 mM3o0paxkeH rpad co CIydaiiHBIMU Tepexoaa-
MU JUIS pacCMaTpUBAEMOrOo B JAHHOM TYHKTE OOHapyXKUTessi, MpU BO3-
JIEACTBUM Ha €ro BXONE IONapHO KOPPEIMPOBAHHBIX CTAIlMOHAPHBIX CHUTHA-
JioB. Ilo 3ToMy rpady OObIYHBIM OOpPa30M COCTABIISIETCSI MaTpuUlia TEPEXO.-
HBIX BEPOSITHOCTEW IJisI aHajim3a padOThl CXEMBI.

IMockonbky monydeHue rpada (yHKIMOHUPOBAHUS ajropuTMa oOpa-
OOTKM TP HAJMYUKM TIONAPHO KOPPEIUPOBAHHBIX BXOIHBIX CUTHAJIOB U W3-
BECTHOM KO3 (PULIMEHTE KOPPEISILUNU,
HE TIPEACTABISIET NPUHIMITHAIBHBIX
TPYAHOCTEH, B JaJIbHEWIIEM MPU aHa-
m3e OymeM IIpearnoJiaraTh, YTO BXOI-
Hble  CUTHaJbl HEKOPPEJIUPOBAHBI
MeXIy Cco00ii, a MOCJeI0BaTeIbHOCTh
CUTHAJIOB TIPEACTaBJIsIET TMOCe0Ba-
TeTbHOCTh bepHyIun.

IepeiineM Terepb HeMQOCPEACTBEH-
HO K aHa/lIu3y aJroputMa oo0pabOTKH,
3aaHHOTO TpadoM U MaTpulieil Tepe-

Puc. 32. T'pad co cinyyailHbIMM TIie-

XOMHBIX BEPOSITHOCTEW TIpU BO3IEW- PEXOIAMM IS CIyuasi IOMapHO KOp-
CTBUM Ha €ro BXOA€ CcTalMOHap- pPEJIMPOBAHHOM  TIOCJIEIOBATEIbHOCTU
HOM TMOCJIEN0BATELHOCTU CIIy4alHbIX BXOZHBIX CHTH&JOB. -

OBOMYHO KBAHTOBAaHHBIX CUTHAJIOB.

B paccmaTtpuBaeMoM cilydae ¢ pOCTOM 4YMCJIa TIEPEXOA0B 7 BEPOSATHOCTH
COCTOSIHMIA aJTOPUTMA CTAHOBATCHA HE3aBUCUMMBIMU OT €r0 HayaJbHOTO CO-
CTOSIHUS, T. €. MBI MMEEM JIEJIO C 3proauyeckoii nenso Mapkosa. Ij1s apro-
JUYECKUX 1ereil MapkoBa MOXKHO ONpPEAETUTb BEPOSTHOCTU COCTOSTHMIA
Py, KaKk BepOSITHOCTM TOTO, YTO IIEeMb HAXOAUTCS B COCTOSIHUM @; TOCHe
OoNbIIOr0 4muclia repexodoB. Bekrtop-ctpoka P ¢ komroHeHTamu P; (i =

=0, M), Oyger Torma IpeIesoM IOCIENOBATEILHOCTH BekTOpoB P (n),
KOIrma # CTpeMHTCsS K OecKoHeuyHOCTH. BekTop-crpoka P HasbiBaeTcst Bek-
TOPOM TIpeNIe/IbHBIX ((DUHATBHBIX) BEPOSITHOCTEW IIETIH.

Ilpy mojydeHUM SIBHBIX BBIPAXKEHWI IS TIPedeNbHBIX BEPOSITHOCTEN
COCTOSTHMIA 3proguveckoii 1ernd MapkoBa HCIONb3YIOTCS OCHOBHOE MaTpUd-
HOe ypaBHeHHe (6) H OOMOTHUTENIbHOe HopMmupytoilee ycinoBue (7), UtoGwr
HE YCJIOXHSTh JajibHellee U3I0XEeHUe Mbl TPOUJLTIOCTPUPYEM TIpUMEHe-
HME 3TUX COOTHOIIEHMII Ha KOHKPETHOM IIpMMEpE OIpeNe/ICHUS IIpeneiib-
HBIX BEPOSITHOCTEU COCTOSIHMI OOHapyXKUTEJsi, MaTpulla MEePEXOIHbIX BEepO-
SITHOCTelr Kotoporo mmeer Bun (11). -

MarpuyHoe ypasHeHue (6) 3anuiiem B BUIE:

qgqO0OpoOO
A00O0DP
P=|P,P,P,PyP|x|O q O O pj.
q0O0O0ODP
O00O0Ggnp
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OTKyz[a rojyyaem
Py _Q(PO'*'P'LPB) P1=P2¢'P2=P0P-
Py=Pyg, P,=p (J1+2: + +J1).
Kpome Toro, u3 ycnosus HopmMupoBku {7) mosyyaem
P0+P+P2 Py + P, =1,

B pesyabrate mojydeHa CHCTEMA M3 6 JNMHEMHBIX YPABHEHWM, a HEW3BECT-
HBIX TOJIBKO TIAITH (Py—=—P,). YTOOBI MCKITIOYNTh HEOTHO3HAYHOCTD PEIEHUS,
OIIHO M3 YPaBHEHMI CHCTEMbI HATIO MCKITIOYMTh, HO TaK, YTOOBI HE HAPYILIHUThH
CBA3M MEXIY NepeMEHHBIMM. JTOMY. YCIOBHIO YIOBJIETBOPSAET ypaBHEHHE
4ns P, KOTOpoe M HMCKIIOYaeM.

PelieHue ocTaBIIENCS CUCTEMBI YPABHEHMI ITOJYYaeTCsl B BUIE

Py =4¢4% Pi=¢ P,=q%;
Py=pg(l—g%; P, =p (1 —~4g%. (3:2-16)

Boipaxkenust (16) u ompenensior npeaeibHble BEPOSITHOCTH COCTOSIHUI pac-
CMaTpuBaeMoro ajaroputMa. HeTpyaHo BuaeTh, YTO aHAaJOTMUHBIM OOpPa3oM
MOIYT OBbITh PaCcCUMTaHbl IpedeIbHBIE BEPOSTHOCTH [UIS JIOOBIX IPYIHX
aJTOPUTMOB, €CIM 3alaHa MATHLA IEPEXOIHBIX BEPOSITHOCTEH COOTBET-
CTByIOILLIEil 3PrOHYecKo uenm Mapkosa.

Kpome mpenesibHbIX BEPOSITHOCTE COCTOSIHMIA, ISl PacCMaTpUMBaEMbIX
CXeM YacTO MHTEPECYIOTCSI BEPOSITHOCTBIO IEPBOrO JOCTIKEHMUSI 3aJaHHOIO
COCTOSIHUMSI B KaM¥IOM-TaKTe paboThl. Tak B pacCMaTpMBaeMOM CXeMe YCTa-
HOBJIECHHOMY KpuTeputo oGHapykeHus (11 wm 101) coorBeTcTByeT mepBoe
JOCTHXEHUE COCTOSIHUSL 4. BeposSITHOCTh 3TOro COOBITHSI paBHA

=Py + Pyp.

IIpu aHamM3e ‘BO3AECMCTBUSI Ha OOHAPYXKUTEIM CTAllMOHAPHBIX ITOMEX
BEPOSITHOCTh TIEPBOTO JOCTMXKEHMS] YCTaHOBJIEHHOTO KpuTepusi ofHapy-
JKEHUSI COOTBETCTBYET BEPOSTHOCTHU JIOKHOTO OOHAPYKEHUS B (l)I/IKCI/IpOBaH—
HOM TakTe paboThl (Ha (PMKCUPOBAHHOI ITO3UIIMK).

IMpu o6paboTKe HecTauMOHAPHOW MOCIeN0BaTeIbHOCTA JIBOMYHO KBAH-
TOBAaHHBIX CUTHAJIOB C IIeJIbI0 OOHApYKEHMST (BBISIBJICHMS) 3adaHHOI KOM-
OMHaIMK, 3aJadya O BEPOSITHOCTSAX COCTOSIHWM OOHApYy:KUTEIsSI B OIpee-
JICHHBI MOMEHT .BpeMeHH MOXeT OBITh pellleHa TOJIBKO ITOC/IeIOBaTEIbHO,
IyTeM MHOTOKPATHOIO MpuMeHeHusT dopmyisl (9). [1Jis 5TOro Hamo 3HaTh
MaTpHIy TEPEXOIHBIX BEPOSATHOCTEN CHCTEMBI HA KaXIOM Iare M BEKTOP
BEPOSITHOCTEN UCXOMHOTO COCTOSIHMSI CHCTEMBI.

Matpuiia mepeXoAHbIX BEPOSITHOCTE OOHAPYKUTENIS MO CBOEMY Xapak-
Tepy OCTaeTcsl TPEeXHEH, OIMHAKO 3HAYCHWsI BEPOSITHOCTEH IepexOodoB Ha
KaXIoM 1Iare OymyT pa3IMYHbIMU. DTU BEPOSITHOCTU JOJDKHEI ObITh M3BECT-
HBI 3apaHee.

IIpu OMpe/Ie/IeHUN  BEKTOpa BEPOSITHOCTEH  MICXOIHOTO COCTOSTHMSI BO3-
MOXHBI, TI0 KpaiiHeil Mepe, OBa ciydas:

1. Ilone3Hsplii curHan (HAIpUMep, Madyka MMITYJIbLCOB C IIPOM3BOJILHOM
orubarolieil) TpUHUMAETC Ha (hOHE CTALIMOHAPHBIX ITOMEX, a 06JIACTh IT0-
MeX [0 IIOSBJICHMS MOJIE3HOI'O CUTHajla JHOCTATOYHO MIPOTSDKEHHASI, BCJIC-
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CTBME YEro MOXHO CUMTaTh, UYTO Mepeid MOCTYIUIEHUEeM TI0JIe3HOTo CUTHata
MMeeT MECTO YCTAaHOBMBILIUICSA PeXUM paboThl OOHapyxuTess. B 3tom ciy-
‘yae BEPOSITHOCTU WCXOMHOTO COCTOSIHMSI OOHApYXWTEssl Teped MOcCTyIlie-
HUEM IOJIE3HOTO CUTHAJIA OMPENESIIOTCSl MPeneTbHbIMU BGPOHTHOCTHMI/I €ero
COCTOSIHUI B OOJIACTM CTallMOHAPHBIX TTOMEX.

2. CurHaiibl SIBJISIIOTCSl HECTAlLIMOHAPHBIMU B TEUEHUE BCETO BpeMeHI/I pa-
00Tl OOHAPYXUTENSI. DTO UMEET MECTO, HalpuMep, MpU OOHAPYKEHUM Tpa-
EKTOPUM LIeJIM MO TOCIeNOBATENbHOCTU JIOKALIMOHHBIX OTMETOK, MOJyYeH-
HBIX OT NpuOMVDKaoLIehncsa (yoamsomeics) uenu. B atom caydae BeposT-
HOCTM HMCXOJHOTO COCTOSIHMSI OOHAPYXXKUTENS TOJKHBI ObITh 3aJaHbl 0C00O.
B 4acTHOCTH, BEpOATHOCTH HAYAIBHOIO COCTOSIHUS MOXET OBITh B3dTa PaB-
HOW eIWHMIIEe, a BEepOSITHOCTU OCTAJIbHBIX — HYJIIO.

‘B maHHOM cilyyae 1efblo aHanu3a SIBJSIETCSI OMpPENeSIEHNE BEPOSITHOCTU
0OHapyXeHUsl CUTHaJa WIM TPaeKTOPHUM, YTO. COOTBETCTBYET BBISIBJICHUIO
YCTAaHOBJIEHHON aJITOPUTMOM OOHAPY>KEHMSI COBOKYITHOCTU 3JIEMEHTapHBIX
cUrHajuoB (OTMETOK). [Ipy TOSBIEHMU TAKO COBOKYITHOCTH OOHAPYKMUTENID
JIOCTUTAET OIpPeJeSIEHHOTO COCTOSIHUSI, TIPUYEM BEpPOSITHOCTb €€ OOHapyxKe-
HMSI HapacTaeT OT TakTa K TakTy, T. €. C TMOJyyeHUeM KaxIoro HOBOIO
3JIEMEHTApHOTO CHUTHaJja.

[T BBIMMCIICHUSI HApACTaOIIEd BEPOSTHOCTM OOHApYXEHUSI WCXON-
Hasl 1lenb MapKoBa u COOTBETCTBYIOIIMIA eli rpad co caydailHbIMU Tiepexo-
JaMM, TOJDKHBI OBITH IIpeoOpa3oBaHbl B 1ielb (Tpad) ¢ MOIIOIIAIINIM 3Kpa-
HoMm. [lornomatonmii 3KkpaH COBMEIAETCS C COCTOSTHUEM, MEPEXON B KOTO-
poe TIPUBOAMT K BBIMOJHEHUIO YCTAHOBJAEHHOTO KPUTEpUsI OOHApyKEHWUS.

YcraHoBJIeHME TTOMIOMIAIONIET0 9KpaHa MPUBOAUT (DaKTUUECKU K OTOpa-
CBIBAaHUIO YaCTM COCTOSIHUM, JOCTMXKEHHE KOTOPbIX B WCXOMHOMW IIETU BO3-
MOXHO TOJIbKO TOCJ€ JOCTUXKEHUSI COCTOSIHUSI, B KOTOPOM YCTaHOBJIEH
MONIOLIAIONIMK 2KpaH. DTOT (hakT HAZO YYUTHIBATh MPU 3aJaHUU BEKTOpa
BEPOSITHOCTEN MCXOMHOTO COCTOSIHWS ~ OOHapyxwuressi. . B yacTHocTH,
C leIsl0 © coxpaHeHMs ycaoBusa P = l,mpenenbHble BepATHOCTH

I

OTOPOIIICHHBIX (3aKOPOYEHHBIX) COCTOSTHMI HOOABIISIIOTCS K TIpeleabHOI Be-
'POSITHOCTU COCTOSIHUSI, B KOTOPOM YCTaHOBJIEH IMOIJIOMIAIOIIMI 3KpaH.

* B panmpHelilieM METOOWKY pacueTa HapacTalolleil BepOsSITHOCTH OOHa-
pYXeHUsI HecTallMOHApHOTO CUTHaja MNpPOWUIIOCTpUpYeM Ha TIpHMepe,
Bo3bMeM B KauecTBe MCXOIHOIO alrOpUTM, Tpad KOTOPOro M300paXeH Ha
puc. 3.1, u OyneM cumMTaTh, YTO HECTALIMOHAPHBINA TIONE3HBIA CUTHA TOSB-
JIsleTcsl TIocJIie TOTO, KaK HACTYMWIO CTAallMOHAPHOE COCTOSIHHE OOHAPYXKU-
TedsT B o0jacTd momexu. Ilommomiarommmii 5KpaH COBMECTHM C COCTOSIHHEM
@4, Tepexol] B KOTOPOE IMPUBOIUT K BBITIOJTHEHMIO KPUTEPUST OOHAPYXEHUS.
‘CocTosiHME @3 B 3TOM ciydae Oymer otOpoireHo. ClemoBaTeNlbHO, IIpeneiib-
HY!0 BEpOSTHOCTb AOCTMXKEHMS] ITOTO COCTOSIHMSI B OOJIAcTM TIOMEXH Hamo
NMpuOaBUTh K IIPEACIbHOM BEPOSTHOCTU IOCTIDKEHMSI COCTOSIHMSI &, B TOM
Xe obymactu. BekTop-cTpoka BEpOSITHOCTEM MCXOTHOIO COCTOSIHMS OOHapy-
KWUTEJIST Teped IOCTYIUIGHHEM II0JIe3HOTO CUTHaja B 3TOM. ciiydae OymeT
paBHa

P (0) =[Po (0P, (0)P; (OP; (0§, e Pi =Py +P,
ManI/H_Ia TIEPEXOIHBIX BepOHTHOCTCfI IenmM C IIOIIoIIAaromivM 9KpaHOM
3aMMChIBACTCS IS KAKAOW MO3ULIMM, TIE IIPUCYTCTBYET HCCTaHHOHapHLIfI
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curHan. a8 A-f MO3UIMM HECTALMOHAPHOIO CUTHAJIA 3Ta MaTpUIA UMeEET
BUI (WIS paccMaTpUBaeMOro OOHAPYKUTEJs)

N A 0;1
% ° 0 Al
e I|0 ql 0 p?‘il

00 0 1]

BekTop-cTpoKy cocTosHMiIT el Ha A-if TIO3WIIMM TIOJIE3HOTO CUTHAJIA
MOXHO 3amucaTh B BUIE
PR)=PH—1I1 Q).
Bruucinenust paror
Po ) =[Py ( - ) 4 PL (A —Dlga, Pr{A) =Py (h— i,
Py () =Po -Upan Py (3) =[P (- 1) +Py (h—Dpa +
P, (A — 11). _ (3.2.17)

Ilocnennee ypaBHeHUe cuctembl (17) ompeaelisieT HapacTaloIIyl0 Bepo-
SITHOCTb JOCTVDKEHUS COCTOSTHUS @4 Ha A-M 1mare. OHO COCTOWT W3 IBYX
cllaraeMbIX: IIEPBOE M3 HMX XapaKTepU3yeT BEPOSITHOCTb IOCTWKEHUS CO-
CTOSTHMSI &, TOYHO Ha A-H TO3MIMHU, a BTOPOE — BEPOSTHOCTH TOTO, YTO 3TO
COCTO?[HI/IG. YK€ OJOCTUTHYTO Ha MNPEAbIAYIINX IMO3UIIMAX.

PaCCMOTpeHHbIC QJIEMECHTApPHBLIC IIPUEMBI HMCIIOJIb30BaHUA MaTreéMaTnyc-
CKOTO armapaTa 1erneii MapkoBa [UIsl pacyeTa BepOSITHOCTU OOHapy:KeHUs
CTallMOHAPpHbIX M HECTAalMOHApPHbLIX CHUI'HAJIOB IIPUIOJHLI B MH)KCHCpHOﬁ
npakTvke. HamoMHuM ele pas, 4rto 3Ta METONMKA H€ K U3MEHMTCS, eCIu
BXOJTHO CHUTHaJl TMpENCTaBJsIET COOOM CTAllMOHAPHYIO WM HecTallMoHap-
HyI0 TIPOCTYIO Liellb MapKoBa.

3.3. Meroapl aHalM3a AWHAMHUYECKUMX M TOYHOCTHBIX XapaKTePHCTUK
aJTOPUTMOB LU(MPOBOM 006PabOTKM PaarOJOKAIMOHHON WMHMOpMaALIUU

Hapsiny ¢ oOHapy:XeHHeM CUTHAJIOB (TpaeKTOopuii) B Mpolecce o0padoT-
KA pajHONCKALUHOHHOK mHbOpMaimy pelaeTtcss OoJbIlias TPYIIa 3amad,
CBSI3aHHBIX C BOCIIPOM3BEACHMEM WU CIJIaXKMBaHMEM IMapaMeTpOB TPAEKTO-
pUii, a TaKXe ¢ TIpeodpa3oBaHUEM 3THUX MapamMeTpoB. [1pu sToM nocaeaoBa-
TEJTBHOCTh BXOTHBIX CHTHE/J0B mpeoOpa3yeTcsl B COOTBETCTBUU C aJITOPUT-
MaMKM OOpa0OTKM B BBIXOOHBIE CUTHAJIBI, HECyIIre MH(OpMAIIO 00 MCKO-
MBIX TapaMeTpax WM (YHKLUSIX 3TUX I1apaMeTpOB.

AJITOPUTM TIPe0OPa30BaHMsI BXOMHBIX CHUTHAJIOB B BBIXOMHBIC HA3bIBACT-
€A TaKXe JUCKPETHLIM OINEpPaTopoM, a COOTBETCTBYIOULEE YCTPOWMCTBO, pe-
. aJIM3yIoIlee TUCKPETHBIM oIepaTop — AMCKPeTHBIM uibTpoM. Ecam anro-
put™ peanusyeTcsa Ha LIBM, 1o B 3TOM ciIydae MmocaeaHsIsl BHICTYIIAET B pOJIA
MppoBoro GUIbTpAa.

" LlndpoBoil GUIbTp sIBISETCS CHUCTEMOI IMCKPETHOTO NEWCTBUSI, IMpPU-
yeM AUCKPETHOCThb IIPOSIBISICTCSI B IBYX OTHOIICHUSIX: BO-TIEPBBIX, BXOM-
"HbIe CUTHaJbI SIBJISIIOTCSI NUCKPETU30BAaHHBIMU MO BPEMEHU B COOTBETCTBUU
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¢ npuHATbIMUA B PJIC mpuHUMIaMy MOJydeHUs] CUTHAJIOB U OpraHu3aluu
0030pa TIPOCTPAHCTBA; BO-BTOPHIX, CUTHAIBI (KaK BXOOHBIE, TaK W BBIXOI-
Hble) MPEICTABISAIOTCS B BUAE 1-PA3PAAHBIX JBOUYHBIX KOJOB, YTO COOTBET-
CTBYeT MX MHOTOYPOBHEBOMY KBaHTOBaHWIO0. Hainuuve KBaHTOBaHUS MO
YPOBHIO Hapsilly ¢ OKpyIJIeHUsIMU BblunciaeHuit B LIBM nenaet cooTBeTCTBY-
ol 1rMdpoBoit GUILTP Cyry0O HETMHENHHBIM, UTO B 3HAUMUTENbHOW CTe-
MEHU 3aTPyJHsIET ero aHasus.

1St BBISICHEHUS] TTPUHLMIUABHBIX BOMPOCOB, CBS3aHHBIX C aHAIU30M
1MppoBbIX (GUIBTPOB, B AajlbHelillleM OylieM MpearnojiaraTb, YTO Ha BXOI
MOCTYIMAaeT HEKBAHTOBAHHBIH NMCKPETHBIM CUTHAJ, a BHIUMCICHUSI TIPOU3BO-
JATCSl abCOMIOTHO TOYHO. B 3TOM cilyyae Mpu aHaiv3e MOXHO OTBJIEUbCS
OT (PMBMYECKUX TIPUHIIAIIOB, TTOJOXEHHBIX B OCHOBY pabotel LIBM m cum-
TaTh OCHOBHOW X2paKTepPHCTHKON 1mbpoBoro ¢GpuibTpa TOJBKO pealmn3ye-
MbIii aJlrTOpUTM TMPeoOpa3oBaHUsl BXOAHBIX CUTHAJIOB B BBIXOAHBIE.

OOBIYHO AITOPUTMBI OOPAOOTKU PAAMONIOKALMOHHOM MH(pOpMALIMU, CBS-
3aHHBIE C BOCCTAHOBJIEHWEM TIapaMeTPOB TPACKTOPUIA, SIBISIIOTCS IMHEHBI-
MU WA JHHeapH30BaHHbMH, [losToMy M cooTseTcTByIOLIME LM(DPOBLIE
(ubTphl ABASAIOTCS JUHEWHBIMU. JIOMOJHUTENbHO K 3TOMY HEOOXOIUMO
MPEAnoaoXUTh, YTO B MPOLIECCEe peaiM3alluy ajirOpuTMa He MPOBEPAIOTCS ™
JIOTUYECKME YCJIOBUSA M QTSYTCTBYIOT YCIOBHBIE IIEPEXONBI, TAK KaK IIpU
HaIMYUU TIOCIEAHUX BO3HMKAIOT JOMOJHUTEIbHBIE TPYIHOCTU B aHAJIM3e.

Takum oOpa3omM, MpU aHalM3e TMHAMUYECKHUX WM TOUYHOCTHBIX XapakTe-
PUCTHK JITOPUTMOB OOpPaOOTKM paavoNOKALMOHHON MH(opMalnu, peaiu-
3oBaHHbIX Ha LIBM, B najibHeiieM NMpMHUMAIOTCS CIEAYIOLIUE AOMYIIEHUS:

— BXOIIHBIE YW BBIXOIHBIE CUTHAJIBI TUCKPETU30BAHEI, HO HE KBAHTOBAHS!,

— aJITOpUTMBbI  00pabOTKM HHGOpMAlIMU, U, CJIeI0BaTEeIbHO, COOTBET-
CTByIOIIME (DUJIBTPBI SIBJISIIOTCS JIMHEMHBIMMU.

Ilpy caenaHHBIX JOMYIIEHUSIX JJISI aHaIM3a MOXET ObITh -UCIOJIb30BaH
MaTeMaTU4YeCKUi armapar TeOpUU JIMHEHMHBIX UMITYJbCHBIX CHCTEM.

B nanHoM maparpade paccMaTpuBaloTCsi HEKOTOPblE OCHOBHBIE BOMNPO-
Cbl TEOPUM WMIYJIbCHBIX CHUCTEM, MCMOJb3yeMble B JaJbHEHIIeM AJ1s1 aHa-
Jii3a JUHAMUYECKUX XapaKTePUCTUK aJrOpuTMOB 1IM(MPOBOI 00paboTKU
paaroIoKallMOHHOM MH(OpMaIIUK. .

3,3,1. Pewemuamoie (pynkuyuu u ux Z-npeobpasosarue

Iycts f (f) — HenpepsiBHAs GyHKUMA BpeMeHM. COOTBETCTBYIOIIAS € pelreTya-
Tag (YHKLUS, UMEIOINAs OTIMYHBLIE OT HyJIs 3HAUYEHWs B MOMEHTHI { = fils, rme n =

=0, 1, 2, ...; Ay — mepuon AUCKPETU3ALUU, ONPELEIAECTCA BhIpaKEHUEM
F() npr f=ndy,
=t@={ "
pu #J’IA‘.

Jlns aHammM3a peleTyaThiXx (YHKIMA HCMOAb3YeTCsl MaTeMaTUYeCKUi armrmapat
KOHEYHBIX PA3HOCTEN M CYMM, SIBJISIIOIIMXCS OMCKPETHBIM aHajioroMm nuddepeHinania

U WHTeTpaja.
KoHeuHble pPa3sHOCTM MepBOro TOpsAKa Aasl peurerTuartoit dyHkumu f (m) MoxHO

BBIYUCIIUTH C TIIOMOILIBIO CJICAYIOLIUX COOTHOILLIEHU:
Afimy=fn+1) —f(n), 3.3.0)
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e Af (n) — MpsAMas pasHOCTb NEPBOIO NOpAIKA: )
i = —f(r—1), (3.3.1a)

rne vf(n) — o6parHas pasHOCTb IEpBOro nopsaxa. B manbHeimem OyayT wcnodns
30BATHCA TOJBKO MPSIMble KOHEUHbIE PA3HOCTU PEIlEeTYaThIX (QYHKIIMIA.

" Koneuynas pa3HocTh ft-ro TopsiKa OMpemersieTcs] peXKypPpeRTHO KaK pasHocts
TIePBOTO TOPSIKA OT pasHocTH (k& — 1)-To mopsaka, T. €.

AP y=a(8F= D f (] =a%=Df (n 4 1) —a=} (2}, (332

s BbIYMCIIEHUST pa3HocTH fc-ro mopsimka B HEKOTOPOU TOUKe r TpebyeTcsl 3HaTh 3Ha-
ueHHA peleTyaTod QyHKIUM B & + 1 TouKax.

CootHomieHre MexXmy pemnerdaroir GyHKImen f (1) ¥ ee pa3sHOCTIMM Pa3INYHBIX
nopsakoB A*f (n) HasbIBaeTCS ypaBHEHMEM B KOHEYHBIX PAa3HOCTSX. YPaBHEHUSMU
B KOHEYHBIX Pa3HOCTSAX (Pa3HOCTHBIMU YpaBHEHWSMM) OMMCHIBACTCS TIOBEACHUE M-
CKpeTHBIX (IMMpPOBBIX) cucTeM. JIMHEHHbIe AUCKPETHBIC CHCTEMBI OMMCHIBAIOTCS JIM-
HEWHBIMU Pa3HOCTHBIMU YpaBHEHUSIMU.

Pentenne NMHEWHBIX Pa3HOCTHBIX YpaBHeHH? 3HAYHTENBHO YIPOIIACTCS IpUME-
HEHMEeM TaK Ha3blBAeMBIX OMEPALMOHHBIX METOAOB. DTM METOMbl OCHOBAHbI Ha MEpexo-
Jie OT pelleTyaThix (YHKIMIA K UX H3obpameHnam,” B KauecTBe M300paxeHUs pelieT-
YyaToil yuKuwy B AUCKPETHOW TEXHMKE HCIOJNB3YIOT IUCKPETHOE MpeoOpa3oBaHue
Jlarmaca wiu Z-npecGpazoBaiue.

PasHocTHOe ypaBHeHME B 00JaCTM M300paXeHWH CBOAUTCS K alredpanvyeckomy;
MocyeIHee PelaeTcsl JOCTATOYHO MPOCTO.

JuckpeTHoe TpeobpasoBaHue Jlamaaca 1isl pelieTyatoil GyHKIUM 3amuchbiBaeTCs
B BUIE -

o
— pna
Zi=3 fine™ "0

i =0
. : Lo —PAy
oTciofa Z-npeofpasosaHue pemeTyaToil GYHKINM TIOTyJaeTcsl MOICTAHOBKOM ¢ =

= 7 T.e. '

o

zifml= X fmz™ (3.3.3)

n=0

O6pino U 3amicK  Z-npeoSpazoBafds MCIONb3yeTcs oOo3HaveHue Z {f {n)] =
== [* (2}, ]Ing naxoxpenns Z-npeoSpa3oBanyd pelieTyaThlX (PYHKLIMN CIeayeT MOjb-
30BaThCsl CMELMATbHBIMU Ta0JMLIAMU, MOMEIIEHHBIMA B KHUIAX [0 TEOPUM UMITYJIbC-
HBIX CHMCTeM ympapieHusi (Hampumep, {3, 7]). 3mech HpuBeseM TONBKO HEKOTOPBIE
BasHue CBOICTBA Z-npeofpasoBAHHA, KOTODBIE IOTPEOYIOTCS B AaibHEHLIEM.

1. CgoiictBo nuneitHoctu. Ecmu Zl1fy (m)] = F} (2), ZIfy (n)] =F§ (Z), 10

Zlafy () +bfy (1)) =aF} (2) +bFF (2). (3.34)

2. CpoiicTBO 3ama3fbiBaHusl (Teopema 3amasabiBaHus). PaccMoTpuM peleTyaTyo
GyHKUMIO f (1) M Ty Me camylo peLIeTYaTyio QYHKLMIO, HO CABUHYTYIO Ha & IEPUONOB
JIUCKPEeTU3allMK B CTOPOHY 3amasiblBaHusi, T. €. f(n — k). Teopema 3ama3nblBaHMs
yrBepxnaet, yro ec Z[f (n} = F* (Z), 10

ZIf n — &Y = Z~kF* (2). ’ (3.3.5)

AHAJOTMYHBIM 06Pa3oM MOXET ObITb chopMyauposana TeopeMa yrpexaenus Z [f (n i
+ k) = ZEF* (2).
+3. Cseprka pemeryaThix ¢yHKuuii. Ecmm

flny= 3 Iin=k) falk) = X fi(R) fa(n—Ah),
k=m0 - h=0
TO
F*(2)="F} (2) F}(2). (3.3.6)
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4. HauanbHoe 3HaueHue pemeryatoir (GyHkuuu. Ecmm Zff (n)] = F* (Z), 10
‘ Z—1
f{0) = lim ‘== F* (Z), (3.3.7)

* 5. KoHeuHoe 3HaueHUWe PetieTHaToN QyHKUMK

—1

lim !(")__'z.”]r.rio F* (). (3.3.8)

n-oo 7

3.5.2. Ilepedamounvie ¢ynkyuu ouckpemuvix HuibTpho8

B obmem cJyqgac BBbIXOIHOM CUTHAJI JUCKPETHOIO qamb'rpa B MOMCHT
[ = fTA; OIIPEACIACTCA 3HAaYCHMEM BXOOHOIO CHMIHajla B TOT K€ MOMCHT
BpeMeHH, a TaKXKE 3HAYCHMUAMM BXOJHBIX M BBIXOJHBIX CUTHAJIOB B IIPECAIIIC-
CTByIOHIiy¢ MOMEHTH! BpEMCHMH, T. €.

Y =FXXners s Xpom Ynenr oo Y- (3.3.9)

Ecau 3aBucumocTdb (9) sIBasieTCsl IMHEWHOM, TO AUCKPETHBIA (DUIBTD Ha3bl-
BaeTcd JIMHEWHBIM. B JmanmbHeillieM OrpaHMYMMCSI pacCMOTPEHUEM TOJMLED
JIMHEWHBIX TUCKPETHBIX (DUILTPOB, AJISI KOTOPHIX BBIXOAHOM CHUTHAJ OIpe-
JeNsieTCsT U3 ypaBHEHUS

Yn=0oXn+ G X+ ... +0Xpem—b yn1—.. =B Yp1.  (3.3.10)

JIVHeHbI! TUCKPETHBIN (PUIBTP YAOOHO OMUCHIBATH C TTIOMOIIIBIO TIepeaa-
TOYHOU (PYHKIIMU, TIOA KOTOPOU MOHUMAETCSI OTHOILIIEHUE Z-TTPeo0pa3oBaHUs
BBIXOJHOTO CUTHajla K Z-npeoOpa3oBaHUIO BXOAHOIO, T. €.

- K* (Z)y = Y* (2)iX* (2). (3.3.11)

C yueroM cBoiicTa 3anasnbiBaHus Z-npectpasopatre ypasHeHus (10)
UMeeT BUJ

Y*(Zy (M + 0,270 4 . +b,Z°) =X* (Z)(gg+a, 271+ ... -+ apZtm).
OTkyma moyJdaem
Kn(z) _ O +@ -t apZ-™ . (3312)

.

ITo Bumy mepenaToyHoll (YHKIMU TUCKPETHbIE (DUILTPHI NOApasies-
I0TCS Ha J1Ba TUIA: PEKYpCUBHbIE U HepeKypcHUBHbIe. BbIXOmHON curHai
PEKYPCUBHOTO (DUIBTpA OIPEACIISIETCSI, TIOMUMO TEKYILETO U TIPEAbLIyIIX
3HAUeHHH BXONHOTO CHWTHAJA, ellle W TIPeObIIyIIUMHA 3HAYCHMSIMHU BBIXOI-
HOTO CUTHaJIa, YTO 9KBUBAJIEHTHO BBEACHUIO 3a/iep>KaHHON 00paTHOI CBsI-
3u. PekypcuBHOMY (DMJIBTPY COOTBETCTBYeT mepemarouHast ¢dyHkums {12),°
BbixomHo#l curHaj HepeKypCUBHOTO (DUIbTpa 3aBUCUT TOJIBKO OT TEKYIE-
o 3HauYeHUs M KOHEYHOTo 4Yucjia TPeIIecTBYIOIIMX 3HAUYeHUI BXOIHOTO
curHana. IlepemarouHasi (YHKLUS HEPEKYpPCHMBHOIO (PUIbTpa SIBJISICTCS
YacTHBIM caydaeM-(12), a MMeHHO: MHOrOWwIeHOM ot Z~1,

K'(Z)= X ai{Z-Y), (3.3.13)
i=0
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Ilpu peiieHnu 3amauy 1McbpoBo 00padOTKU WMHMOPMalUKM TTPUMEHEHUE
PEKYPCUBHBIX (DUIBTPOB MO3BOJISIET OOOUTUCH 3HAYUTETHbHO MEHBIIUM O0b-
€MOM MaMSTU W MEHBIIMM ObICTPOAEHCTBUEM 10 CPABHEHMIO C HEPEKYPCUB-
HbiMU buabTpaMu. OIHAKO HEPEKYPCUBHBIE (DUIBTPBI OONANAIOT  PSIOM
MPEUMYILECTB TMEPE PEKYPCUBHBIMU U TOXE HAXOMAST NMPUMEHEHUE B CUCTE-
Max 0O0pabOTKU pPaarOIOKAIIMOHHOU MH(MOPMALIVN.

B xauvectBe mpumMepa Ha MOJy4YeHME TMepenaTouyHoi (hyHKIIMU HEepeKyp-
CHUBHOTO (puyibTpa paccMOTpUM 3ajady SKCTPanojsiliuu (MpOrHO3UpoBa-

HUSI) JIMHEMHOW (YHKIIMM Ha OOWH IIe-
Xy + Frers pyo IUCKPETU3ALMKU I10 IBYM 3HAYEHMSIM
BXOJIHOTO CHMTHaJia, B3STbIM Yepe3 WHTep-
BaJI BpeMeHH! 7 .

- BXOI[HOI/I CUTHaAJI B 3TOM CJ'Iy'-IaC HUMEET
Z BHA,

Puc. 3.3. CrpykrypHas cxeMa X (f)=x0+£o L.
3KCTPAINOIUPYIOLIETO unbrpa.

JluckpeTHble 3HaYeHUs curHama B MoMeHTHl (fn — 1} Ty u nTy paBHbI
X=Xg % 0Ty,  Xpoy =Xg +xo(n— 1) To. (3.3.14)
W3 pelieHus cucreMbl ypaBHeHuil (14) Haxomum
Xg =X, —N (X —%noy),  Xe={Xn— Fn-iTh
DKCTpanoaupoBaHHOE 3HAYEHHWE KOOPIMHATBI PaBHO
Ya+1, 57— Xg+ (n+l) TO xﬂ_—n LXp—Xnp-1-

[IpuMeHsIsT K TOMy4EeHHOMY YpaBHEHUIO oneparmio Z-npeobpa3oBaHHu4,
MOJYYMM TEPENaTouyHyl0 (PYHKUMIO B BUIE

K .., (5)=@Z—1)Z.

Jng HarasigHOTO NpPEACTaBIeHUS (PYHKUMOHUPOBAHUSI JUCKPETHBIX
(unbTpOB CilyKaT CTPYKTYPHbBIE CXEMbI, COAEPXKAIIUE SJEMEHTbI 3aJEPXKKU
Ha TIEpUOJ IUCKPEeTU3aLnK (M300paxaeMble MPSIMOYIOJIbHUKAMM), MHOMH:
TeJIbHbIE YCTpOICTBA (M300pakaeMble TPEYroJlbHUKaAMK) U CyMMUpYIOIIKE
ycTporictBa (1M3o0Opaxaemble Kpyxkamu). CTpyKTypHash cxeMa paccMo-
TPEHHOTO BBIIIE 3KCTparoJMpylomero (puiabTpa M300pakeHa Ha puc. 3.3.

3.3.3. Memodu: anaauza xapaxkTepucTux Ka4ecTéa Juckpemmuvix
usbTpOE

OCHOBHBIMM TIOKa3aTeJISIMM KauyecTBa JUCKPETHBIX (UIBTPOB SIBJISIIOT-
cs: XapaKTep nepexoAHoro Ipolecca, T. €. HoBefeHUe GuisTpa b Heycra-
HOBMBIIIEMCSI pEXMUMe pPAOOTBI; YCTOMYMBOCTh QWIIBTpA; AMHAMUIECKHE
U CIIydaiiHble OIIMOKM B YCTAHOBMBLIEMCSI PEXUME PabOTHL.
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[Tepexomuelii mpoliece B (UIBTPE UCCIENYETCA IIPU MOJAYe HA €ro BXOJ
TUTIOBOTO CHUTHAJa, MpPEeNCTABISIONIET0 CO00M MMCKPETHYIO CTYIEHYATYIO -

(hyHK1MIO ;
0, n<O,

l (rI ==
) I, n>=0,
Z — mpeobpa3oBaHue KoTopoii paBHO | (Z) = Z/H{Z — 1).
[Ipu 3amaHHoii mepemarouyHoi (yHkuuu unstpa K* (2), 2-npeod-
pa3oBaHUe €ro MepeXONHOI XapaKTepPUCTHKU TONy4aeTcst B BUIE

H* () = KY2)Z/(Z ).

Ecnu Ttemepb ymaetcs TpeACTaBUTb TEPEXOAHYIO XapaKTepUCTHUKY
B BUIE psaa MO OOpPAaTHBIM CTeNeHsIM 2, TO Koa(duimeHTsl ipu Z=4 u B -
I0TCSl OpAMHATAMU TEPEXOMHOT0 Mpolecca Ui MOMEHTOB BpeMeHU id;,
rme A; — Mepuo AMCKPEeTU3allMK 0 BPEMEHHU.

JIMCKpeTHBIN (GUIBTP HAa3bIBAETCS YCTOMUMBBLIM, €CJIM TIEPEXOAHbBIE IIPO-
LlecChbl B HEM 3aTyXaloT C TeyeHueM BpeMeHu. [lis uccaeloBaHusl YCTONYM-
BOCTU COCTaBJISIETCSl XapaKTepPUCTUYECKOE YpaBHEHHE (uibTpa ImyTeM
NPUPABHUBAHUS HYMIO €ro XapakTepUCTHYECKOTO MOTMHOMA.

JIng HaxoxXaeHWsl XapaKTepUMCTUYECKOro TOJMHOMA TepeaaTovHast
GbyHkuus GuIbTpa MpeACTaBISeTCS B BUIE APOOHO-PAIIMOHATIbHOM (DYHK-
uuu ot 2. TloamHOM, cTOsIMIA B 3HaMeHates e 3Toi (DYHKIMM, Ha3bIBaeT-
Sl XapaKTepUCTUYECKMM TOJMHOMOM M 3allMChIBAeTCd B BUIE

B* (Z) =b.2' + b2 4+ 4- by
CooTBeTCTByIOLLEE XapAKTEPUCTUYECKOE YPABHEHME TOLNA UMEET BUI
B* (£} = 0. '

Jasa Toro 4tobbl (PUILTP ObUT YCTOMYMBLIM, HEOOXOAMMO U JOCTaTOYHO,
9TOOBI BCE KOPHU €T0 XapaKTEePMCTUYECKOTO YpaBHEHUST OBUIM PacIIONIoXKe-
HBl BHYTPU OKPYXXHOCTH €IMHUYHOTO paguyca ¢ LIEHTPOM B Hayajie KOOpau-
Hat miaockoct Z. CremoBaTeNbHO, 3afaya MCCIAEHAOBaHUSI YCTOMYMBOCTU
CBOIMTCS K M3YYCHMIO PACIOJIOXCHMS KOpHEH XapaKTepuCTHYEeCKOTo ypas
BHEHMSI OTHOCHUTEIBHO eIMHWYHON OKpyxXHOCTH Z = l.JIns pemeHus 3Toi
3aa4y MCIONB3YIOTCS KPUTEPUM YCTOMYMBOCTU AMCKPETHBIX CHUCTEM aBTO-
MaTH4YecKoro ympapJeHUs, Takue Kak kputepuii Payca-—I'ypeuna, Hai-
KBHcTa, MuxaitnoBa u Ap. B yacTHOCTH, IpU MCIONB30BAHUM KPUTEPUS
Payca — I'ypBuma ycmoBus yCTOMYMBOCTH (uIbTpa  (HOPMYIUPYIOTCS
B BHIE HEpaBEeHCTB, HAKJIAAbIBAIOUIMX OTPaHUYCHMS ‘Ha KOIDPUIMEHTBI |
XapaKTepUCTHYECKOrO ToJMHOMA. Tak Hampumep, Iisd QuiabTpa, CTeleHb
XapaKTepUCTHIECKOr0 MOIMHOMA KOTOpOro {, =1, ycioBUe yCTOMYMBOCTU
3aIlMCBHIBAETCS B BUIC ' o

by + by >0, by — by > 0,

a U (GUIbTpa, CTENeHb XapaKTepUCTUYECKOTO MOJMHOMA KOTOpOro { == 2,
3TU YCJOBUSI UMEIOT BHA,

b0+b1 +b2>0, bo—bl+ bz>0, bg —bg>0
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C yBeJlIMYCHUEM CTETIEHM XapaKTePUCTUYECKOTO MOJMHOMA CBbIlle 3— 4
MPUMEHEHUE PAcCMaTpPUBAEMOTO KPUTEPUST CYIIECTBEHHO YCJIOXHSIETCS.

"~ .C npUMEHEHMEM APYTUX KPUTEPUEB MOXHO O3HAKOMUTHCS TI0 CIIELIAATb-
Hoil nutepatype [l111.

[ns onpeneneHWs yCTaHOBUBIIETOCS peXuUMa AMCKPETHOTo (uibTpa
JIOCTAaTOYHO CUMTATh, YTO JNEMCTBME BXOMHOIO CHUTHala X (/) Hayalochb He
B MOMEHT BpeMmeH: ! = (0, a B MOMeHT { =— oo. [lpu 3TOM YCTaHOBHBE-
1ieecss 3HaAUY€HME BBIXOMHOTO CUTHAIA OIpeessieTCSIBbIpaKeHUEM

00
Yn = X Xp-1Mu (3.3.15)
: r=o :
e 1; — Ko3hPULMEHTHl (DYHKIMM Becda, XapaKTepU3ylollMe cTereHb
Y4YacTUsl BXOMHBIX CUTHAJIOB C pPa3jIMUHON 3a7epXKoili B (HOpMUPOBAHUU
BBIXOJJHOTO CUTHAJla B MOMEHT IMCKPETHOTO BPEMEHU A.

Mexny nepenatouHoii (yHKumeil GuibTpa W ero BecoBOH (1)yHKuI/IeI/I
cyLueCTByeT O/IHO3HAYHOE COOTHOILICHUE

K*(Z)= ZmZ—"- ©(3.3.16) -

[MpeanosoXum Terepb, YTO JUIS TIONYYEHMs] BbIXOAHOrO curHaia
B (DMIIbTpE UCIIONB3YeTCsl TOJMBKO k ~+ 1 TIOCHEMHMX MTUCKPETHBIX 3HAYECHUI
BXOJIHOTO CHTHaja. DTO 3HAYMT, YTO B BbIpaxeHUH (15} OyIyT paBHBI HyITIO
K03(pHUHEHTH BECOBOH (BYHKIMN HAYMHAS C Npyq, T. €.

M1 =Mpte = .. =0. | (3.3.17)

Takoii ¢uabTp Has3biBaeTcsl (DUIBTPOM C KOHEUHOW MaMsIThIO.
i Eciu xe npu ¢opMUpPOBAHWUM BBIXOAHOIO CUTHAIa WCIIONB3YIOTCS BCE
‘TIpENBIAYIIME 3HAUeHUs] BXOIHOTO curHaia (k — co), To (UIbTp Ha3bIBaeT-
csl pUIBTPOM C OECKOHEUHOM MaMSIThIO.

Paccmotpum Tenepb 3amady omnpeaeseHUs] TOYHOCTHBIX XapaKTepUCTUK
JMUCKPETHOTO (DWIbTpa B YCTAHOBUBIIEMCS pexkuMe padoTel. [lpu atom,
€CTeCTBEHHO, TMpEArNoJaraercs, 4To BXOMHOM - CUTHAI (UIbTpa HapsLy
C TIOJIE3HO COCTaBJSIIOIIE S, CONEPXWUT AIIUTUBHYIO COCTABJISIOLIYIO
momexu N,,T. e. x, =S, + N,, a TpeOyeMbIM BBIXOIHbIM CHMIHAJIOM
(punbTpa ABIAETCA PE3YJILTAT BHIMOIHEHUS KelaeMoil onepaumu B Han
MOJIE3HBIM CUTHAIOM Sy, T. €.

bn = BS,. (3.3.18)

HOCKOHbi(y BXOOHBIC CUTHAJIBI COACPpXKAT Hapsaay C ITOJIE3HbBIMU CHUTIHaJlaMH
MOMeXy, TO BCJIMYMHA BLIXOAHOrO CHrHaga ynﬁy,lle’r B MPHHIOHNE OTIMYATh-
¢ oT TpeOyeMoll BeHUHHEL b,. Pa3Hulla MexXIy NeiCTBUTENIbHBIM M XeJla-
€MbIM BbIXOIHbIM CUTHAJIOM .

En = Yn— bn

MPEICTaBIISICT COOOM MOJHYIO OLIMOKY (DUIbTpA.
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C yuerom (15) m (18) moxHO 3ammcatb (W11 puiIbTpa ¢ OECKOHEYHOM
MaMSThIO)

1= + Ny n—BS,,
HIH .
&, = ( 2 Sn-:m—BSn)+nTNn-:- (3.3.19)

W3 BoipaxeHus {19) BUAHO, 4TO MOJHAS OMMOKA (UABTPA COCTOUT U3
JIBYX COCTaBJISIIOILIMX

£q =dn + Ens

rae d, — IMPEACTaBIsieT CO00M AMHAMMYECKYIO OINMOKY (uibTpa, &, —-
CnyyaitHylo ommOKy (uibTpa.

BennuvHa nuHaMuyecKoii ommoKM d, MO3BOJSAET CYIUTh O TOYHOCTH TIpe-
00pa3oBaHMsl MOJNE3HOTO CUTHajla, a BelMYMHA CIyyaiiHOW OIIMOKM Xapak-
TepU3yeT CTereHb TMofaBieHus (QuabTpaluu) TMoMex.

Paccmorpum  Oosee 1mOApPOOHO — BBIYMCICHME TUHAMMYECKON OIIMOKU
dbunsTpa. . ‘

*  bymem momarath, 4YTO0 Ha JIOOOM OTPE3KE BPEMEHH, COM3MEPUMOM
C JUIMTEJbHOCTBIO TIEPEXOMHOTo TMpolecca B (PUIBTPE, MOJE3HbIH CHUTHAT
MOXHO TpEACTaBUTh B BUAE MOMMHOMA CTENEHU T, T. €.

S(g-r)_=’$t_s,¢4‘_st;_+ o AL (:m S,

e S¢, Sty..0y S§7 — MPOM3BOMHBIE MOME3HOTO CHTHAMA B MOMEHT BpEMe-
HU ¢ (npu t= 0). Ha BXone auckpeTHOro (puibTpa MOJIMHOMUATBHBINA MOJNE3-
HBIIl CHUTHAN Iielecoobpa3Ho MPeACTaBUTb B BUAE psAda, KodhdULIMEeHTaMU
KOTOPOTO SIBISIIOTCS HE IPOM3BOAHBIE, a KOHEYHbIe pa3HOCTH. [Ipu arom
nosyyaeM

Suc1=Su—AIS, [+4BS, . 4(—1yans, L, (3320)

rae At'S,— KOHeYHas pa3sHOCTb -TO MOpSAKA.
TpeOyeMblii CUTHalI Ha BbIXOAE (DUIBTPA MOXHO IIPEACTaBUTH B. BUIE

b,=BS,=0,8,+a,ANS, L+ ;—fg<2)sn+... +%Amsn, (3.3.21)

rae 3HaueHus KoahduimeHToB a; (f =0, 1, ..., #) ONpemeNsSIOTCS BUIOM
orepalnyy, BbiIonHsAeMol ¢uabTpoM. Hampumep, ans dunbTpa, mpen-
HA3HAUEHHOTO M/ CIJaXWBAaHUA W 3KCTPAIOJALMM ITIOJE3HOrO CUrHaua
a; = (ATy)!, mpuueM npu  criaaxuBaHuu A =0, a NOpU SKCTPANONSILUU
A paBHO WHTEepBaly 3KCTPAMOJSLUU, BbIPAXCHHOMY YKMCIOM IEPHOIO0B
JTUCKPETU3aLUH.

ITycTtb Tenepb GuabTp 00JagaeT KOHEYHOM MaMmATbiO, paBHOM N mepuo-
noB muckperusauuu. IloactaBuB Bripaxenre (20) u (21) B opmyny s
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JrHaMudeckoi oummoku (19) u mpuHsaB Bo BHUMaHue (17), moayuum BbIpa-
KEHHE :

_ L, AIDS L I ~ J(r) C T 29N
n=Cp OpT G O O 4 L T & AV, (3.9.2%)
IIe BeJIU4YMHa
c; =p;— a;fil (3.3.23)
Ha3bIBaeTCsl KO3(PULUMEHTOM AMHAMUYECKON OIIMOKU,
N
W= L",-:l,i’n {50, 2, e, (33.24)
1=0

MpeACTaBIsieT CO0OM BBIpaK€HME JJISI MOMEHTOB BECOBO  (DYHKLIMM
¢mbTpa. : .

AHaJOrMYHO CHUCTeMaM yIIpaBJieHUs, (WIBTP Ha3bIBa€TCS acTaThuye-
ckuM (T *~ 1)-ro mopsiaka, eciii OH He o0JiafaeT AMHAMUYECKOM OIIMOKOM
" IpY BOCITPOM3BEIEHNM BXOAHOTO CUTHAJIa, TOYHO OIMMCHIBAEMOIO TOJIMHOMOM
crenieHn T. Jnst momydeHust ¢wibTpa ¢ actaTu3dmoM (I —+ 1)-ro mopsiaka
HeoOXoamMo 00eCITeYnTh PAaBEHCTBO HYJIIO BceX T -+ 1 KoadduimeHToB mm-
HAMUYECKO# OIIMOKY, T. €. £i~= W —a,/i= 0, i =0,1, ..., . Tlpu ¢ ~=
= (0 mosyyaeM (pWIBTp C acTaTU3MOM IIEPBOTO TOPSIAKA, MPU €y = €; —
= () — QWIBTp C acTaTU3MOM BTOPOIO MOpSAKA U T. II.

Ecnm ke cremeHb IOJIMHOMA, OIMCBHIBAIOILETO IIOJIC3HBIA CHUTHAJI, HE
COOTBETCTBYET acTaTU3My (DWIBTPa, TO TOSBISIOTCS TUHAMUYECKUE OIIMO-
KU, OINpelenseMble HeydTeHHBIMKA ¢ - [, 7 <42, ... U T. 1, TIPOU3BOIHBI-
MM BXOTHOTO CHUTHAaJa. j

OTMeTUM B 3aKJIIOYEHUE, YTO JJISI PEKYPCHBHBIX (DWIBTPOB, BBIXOMTHOM
CUTHAJI KOTOPBIX BBIPAXKAeTCsI 4epe3 ITocenHee 3HAaYeHWE BXOAHOTO CHI-
Hajla ¥ IIpeAblaylleeé 3HaYeHUE BBIXOAHOIO, KO3(h(UIMEHTbl JMHAMWYCCKOM
OIMOKM OIIPENeNIIoTc W3 BhIpakeHus [S1

1 dKr@ n o
€= ['—'— TJZ_I N (3320)

i

rne Kt(Z) — nepenarounas (yHKiuMsa GUIBTpAa [0 CUTHALY OLIMOKM,
ompenensieMast U3 BeipakeHuss Kx (2) =1 — K* (2).

PaccmoTtpuM Tenepb 3amady orpefesieHus] ClydyaiiHbIX OIIMOOK (hvib-
Tpa B YCTAHOBHMBILIEMCSI pexume paboThl. [Ipu 9TOM [UIs1 yrpolieHus: OyaemM
MpeanojaraTb, Yro rnomexa MpeacTaB/sieT cO0OM HOPMabHBINM CTalMOHAp-
HBI CIy4yailHbIl TIPOLIECC M BBIOOPKM TIOMEXM HE KOPPEJMPOBAHBI MEXTY
coboil. B atom ciyyae momexa Ha BXoae (puiIbTpa IMOJHOCTbIO XapaKTepH-
3yeTcsl IUCTIEpCUeN Ogx, a AWCIepCcusl CAYYZHHOH OIMOKM Ha BBIXOIE
(unbTpa omnpenensercss U3 BbIpAXKEHUS

N
Oiux =GCax X Mi. (3.3.26)

KauvectBo (I)I/UILTpa C TOYKM 3pC€HUSA IIOAABJICHMA IIOMEXM MOXHO Xa-
PAKTEPU30BATh B OTHOCUTECIIbHBIX CAWHUIAX

2 N
PICLLL R S 3 (3.3.27)
Uax =0
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Ecnmu  BbluMcieHue @* 1o dopmyie (27) 3aTpyIHUTENBHO, TO MCMOJb-=
3yeTcsl QMCKPETHbIM aHaor ¢opMyas.TlapceBans

‘ K* (2)K* (—Z2)Z-4d2Z. (3.3.28)

¢ = —
2“} |z]u 1-

HMuTerpan B paBoii yacTy BeIpaxkeHUs (28) yIoOHO BBIYUCISATh, UCTIOIb=
3ys1 3aMEHY IepeMEeHHOM Z Ha V, IO IpaBUIy

v=(Z—DIEZ+ .
IIpousBensa Takyio 3aMeny, rnojyvaeM

Joo
1T e mk =

2 :
Y= ) Ttrwa—w

Bsenem o0003HaYeHUS

K* (v) =90 K=Y oy (—w).
L4y 1—v
Torna - e '
Fe - S P (v) P (—v) dv. ) (3.3.29)
— oo

WuTterpan B mpaBoif yacTé BbIpaxeHHWs (29) aHAJIOTMYeH WMHTErpaiy,
MCTIONBb3YeMOMY TpPY BBIYMCICHUW KBAIPATUYHBIX MHTETPATbHBIX OIEHOK
HETpePBIBHBIX chcTeM W uMeromemy Bun [10]

A + oo b
L=2L { Y({@Y(—p)dp, ©(3.3.30)
rae
Y(py=22, y(—p=2=il=g
d'slp) ‘i(_'p)
cp)= I cpt, doy= /,
P tP @~ X 4°
{0 f=1

¢, v dy = TOCTOSTHHBIE KOO(DMULIMEHTHI;, m << kp — KOMIUIEKCHAS Tepe-
MEHHas. .

Hns wunterpanoB Buga (30) cocTaBieHBl YOOOHBIE TaOIUIBI, KOTOpPBIE
npusenens B [10],

Taxkum obpazoM, uHTerpan (28) Moxer ObITh cBeneH K uHTerpany (30).
[locne BbMMCNEHMS TOCAEIHErO AMCIEPCHS CIyYaiiHON OIIMOKM OIpese-
JsieTcs 1Mo opmyiie

Olux =21, 0% _ (3.3.31)
Bolunicienue gucrepcuy CilydaiiHbIX OHIMOOK MM KOpPpearMpOBaHHBIX

BXOIHBIX CHTHAJaxX TPEACTaBIsAET cOO0M 3HAUMTENTBHO GGIBIYKO TPYAHOCTD
1 37ech He "paccMaTpUBaeTcs.
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34. Anamuz mporiecca o6pabOTKM  panvoNIOKAIIMOHHON  MHGbOpMalun
Kak Tpoliecca MaccoBOTrO O0CTy>XKHMBaHUS

Kak yxe orMedanoch, 111 aHajaM3a IIPOLECCOB 0OpPabOTKM MH(pOpMa-
MK 0 MHOXecTBe 1enei Ha [IBM ¢ orpaHudyeHHON IPOM3BOIUTEIBHOCTHIO
HEOOXOmMMO TIPMMEHSITh METOIbl TEOPUMM MAacCOBOro obciyxuBaHus. Cu-
cteMa 00pabOTKM MH(pOpMALIMKM B 3TOM cJiydyae IPEeACTaBIsSeTCS B BUIE
COOTBETCTBYIOIIE CHUCTEMbI MAacCOBOTO OOCITYKMBaHMUSI.

JIto0ast cucTteMa MaccoBOro OOCITY>KMBaHUs B3aMMOIEUMCTBYET C MCTOY-
HMKaMU TpeOoBaHMI (3asBOK) Ha oOciyxkuBaHue. B paauosiokallmoHHON
CHCTEME B KAyeCTBE MCTOYHMKOB TpPeOOBaHWI Ha OOCIIYXXMBAHHE BBICTYIIA-
0T BO3IYIIHBIE WM KOCMUYECKHE OOBEKThI (LIeJIM), HaXOOSIIUECs B 30HE

HomOovnun Jamuux  |8x, ¥ Cucmema i
m [|Bxodaupui _ | Berxofruue
p f;f{fg“ - W mpedodanid MM—"ﬁf“ ——
° %
(ueau) {RIC) nomok "uEM) oION

‘Puc, 34. TlpencraBieHue cucTeMbl 00paGOTKM PAAMCAOKAUHOHHOR uHbOpMalmu B BU-
JIe CUCTEMbl MAacCOBOTO OOCITYyXXMBaHUS.

o630pa PJIC. D mcTouyHMKM TpeOOBaHUIA .B3aMMOAECHCTBYIOT C CHUCTEMO
00CITy>KMBaHUsI He HEMOCPEACTBEHHO, a Yepe3 JaTUMKU MH(MOPMALIMKU O Tpe-
00oBaHUIX, poab KOoTophiX BeITIONHSAIOT PJIC. B npnemrom ycrpoiictee PJIC
TpeOOBaHUS TPeoOpasyoTcs (KOIUPYIOTCS) B CUTHAJIBL.

YnopsimoyeHHast B Ipoliecce 0030pa BpeMEeHHasl I10CIIeIOBaTeIbBHOCTD
CHUTHAJIOB, TIOCTYIAIOIINX IJI1 00pabOTKM, 0Opa3yeT BXOMSIIUI ITOTOK Tpe-
0OBaHMI1I CHUCTEMBI MAaccOBOro ooOciyxuBaHust (puc. 3.4). DiaeMeHTapHbIC
TpeOOBaHMUS BXOASIIETO MOTOKAa BO3AHMKAKOT. B ClyyaiiHble MOMEHTHI Bpes
-MeHM. TI03TOMY. cTaTMCTUYECKM BXOUSIIIMIA TIOTOK XapaKTEePHU3YeTCst 3aKO0-
HOM paclpele/ieHiss MHTEPBAIOB  MEXIY JABYyMsl TIOAPALL CJ'IC,Z[YIOH_[I/IMI/I
TpeOOBaAHUSIMU.

Cucrema oOCIy:XMBaHMSI B JAaHHOM CJIydae IIPEICTaBIIsIeT COOOil KOMII-
JIEKC BBIYMCIATENBHBIX CPEACTB, MpeAHAa3HAYEHHBIX Ui 00paboTKM pa-
IroJloKallMoHHOM wWHhopMarmu (pHe. 3.4). nsg oOCIyXWBaHUS KaxXIOTO
TpeOGOBaHUsI 3aTpauuBalOTCs pas3jinyHble (B OOIIeM CJly4ae, ciyyaiiHble)
. BpeMeHHbIe MHTepBajibl. CTaTUCTUYECKU IIPOLIECC OOCTy:KMBaHMS TpeOoBa-
HMIA B CHUCTEMe XapaKTepu3yeTcsl 3aKOHOM paCHpeleNeHHs . BpeMeHU
00CTy>KMBaHUSI.

Taxk xak B 30He 0030pa PJIC 11e1b MOXKeT HaXOOUTHCS JIMIIb OTpaHUIEH-
HOE BpeMs, a cUcTeMa OOC/Iy>KMBaHUsI 00JiaaeT OrpaHUYEHHON MPOU3BOIU-
TEJIbHOCTHIO, TO YacTh TPeOOBAaHMI, MOCTYNUBIINX B CUCTEMY, MOXET OBITh
‘obciIyXeHa TOJIbKO YaCTMYHO WM He 00cCiIy>XeHa BoBce. IlosTomy BbIXOms-
M TTOTOK paccMaTpUBAEMOI CHCTEMbI MAacCOBOIO OOCTYXXMBAaHUS COCTOUT
Kak 13 06CAY¥eHHBIX, TAK U HEOOCTY>KEHHBbIX TpeOoBaHMii. B cofepxarenn-
HOM €MBIC/IE BBIXOMSILUI HOMOK 00CAYXceHHbIX TPEOOBAHWIA B cucTeMe o0pa-
OOTKM pamuOJIOKALMOHHONW MH(OpMAIMM TIPEACTaBIIsIeT COOOi ITOC/IenoBa-
TEJbHOCTb OIICHOK ITapaMETPOB COIPOBOXKIAEMBIX IIEJICHA.
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B nmanHoMm mnaparpacde paccMaTpUBaIOTCS XapaKTepUCTUKU IIpoliecca
MAacCOBOTO OOCTYXMBaHUSI MPU 0OpabOTKE paaMOIOKAIIMOHHON WH(bOopMa-
LIMA U TPUBOAITCS HEOOXOOMMbIE CBEICHUS U3 TEOPUU MACCOBOIO OOCITYXKM-
BaHMWSI, KOTOpbIe MOTPEOYIOTCS B AajbHEHIIEM.

3.4.1. Xapakrepucruka exodawezo nomoxka OARf cucmemol
ob6pabomku paduosOKaYUORKOH qubopjvzauuu

ITepBoii 3anaqeu KOTOpasi BOBHUKAET TPU TIPENCTaBICHUU CUCTEMbI 00-
paboOTKM B BUE CUCTEMbI MAacCOBOTO OOCITY>KUBaHUSI, SIBISIETCSI U3ydeHHE
MOTOKa TpeOOBaHMI, KOTOpbIE MOCTYMAIOT B OOCTYXXMBAIOUIYIO CUCTEMY.
IIpr 3TOM Ype3BBHIYATHO BaXKHBIM SIBISIETCS KOJMYECTBEHHOE OIMMCAHUE
3TOro IMOTOKa.

ITpouecc nmocrymiaeHus: TpeboBaHMI Ha OOCTyXMilaHWE e€CThb Cay4YalHbIN
nporecc. DTOT MPOLECC MOXET ObITh ONMMCAaH HEKOTOpod (yHKuumen X (1),
ONpeAessIIoNIeld YMCIO TPeOOBaHWM, HYXKIAIOIIMXCSI B OOCIYXXMBaHUU 3a
npomexxyrok Bpemenu (0, #). dynkuusa X (1) MoxeT NPUHUMATH TOJIBKO
LIEJIOUMCIIEHHbIE TIOJIOXKUTENIbHbIE 3HaueHus1. [1oaToMy NI TMOJIHOTO OfIpe-:
JIeJICHNS TI0TOKa TpeOOBaHMIA TOCTaTOYHO 3HATh, KaKOBa OyJeT BEPOSITHOCTH
toro, uro 3a Bpems (0, £;) moctymur &, TpeGoBaHuii, 3a Bpemsi (0, ;)
— k, TpeOoBaHUMit W T. 1.

3amanue (QyHKUWN -

F s tavenr tuy Ry By kn) =P X)) =k X () =Fa o,

IS OObIX £y, <Zf, << ... <<t.u ky <<k, <C..<C k,NONHOCTBIO OIpEnE-
JISeT TIOTOK TpeOoBaHWil. B 4YacTHOCTM, MOXHO OIpeneInTh BEPOSITHOCTh
TOro, YTO 3a poMeKyToK Bpemenu (0, f) noctynurTouHO k(8 = 0, 1, ..., 1)
TpeboBaHU. BepoITHOCTb 3TOro COObLITUS paBHA

Fit, )= PiX O =k =P,

3nasa Gyukuuio f {£, k), MoxHo Takxe HaiiTu pyHkuyio w (¢}, npencras-
JISIIONTYI0 COOOM TUIOTHOCTh pacHpeAe/ieHHs JINTEIbHOCT MHTEPBAJIOB Bpe-
MEHU MEXIy IBYyMsI TpeOOBaHUSIMU ITOTOKA.

IToTrokoM HMCTOYHMKOB TpeOOBaHMIA IJII PAAMOJIOKAIIMOHHON CUCTEMbI
ABJIAETCA TOTOK 1ieJieid, BieTalomux B 30Hy ob3opa PJIC. B panbHeifiuem
IPHHUMAETCA, UTO STOT MOTOK SIBJISIETCSl TTPOCTEUIIINM, T. €. TIOTOKOM, 00Ja-
JAIOIIMM CBOMCTBAMU CTallMOHAPHOCTH, OPAVMHAPHOCTU M -OTCYTCTBHA MO-
CJIEICCTBUS:

st TIpocTeiilliero moToKa paclpeieieHue MIATSIbHOCTH WHTEPBAIOB
MEXIy COCEMHUMU LENSAMM SIBJISIETCSI TTOKa3aTeJbHBIM, T. €.

w {f) = Ay exp (— Ay, (3.4.1y

a BEPOSITHOCTh IOSIBIEHUSI B mpoMexyTke Bpemenu (0, ?) pOBHo k neneit
omnpenensieTcs: 3akoHoM [lyaccoHa
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Fi g
Pult)= ‘i\—:;”— exp (— Ay f), (3.4.2)

rae A, — mapameTp TOTOKa, PaBHBIIA CpeHEMY YMCIy LEJeH, repeceka-
lOlJJ,l/lX BHELIHIO T'PAHUIYy 30HBI 0030pa B €IUHUIY BPEMEHU.

Ilpu Brnere B 30HY-0030pa PJIC 1enp moctynmaer Ha oOOCITyXKMBaHME
pavoyoKalMoHHO! cuctemoit. OOCTyXKMBaHUE MpeKpalaeTcsi, Korna ueib
MOKWIAaeT 30HY o030pa. Bpemsi HaxoXmeHUs 1LienM B CUCTEME MacCOBOTO
00CTy>KMBaHHsI OOBIMHO MOXHO CUMTaTh CIIy4ailHOM BEJTMYMHOMA, 3aBUCAILEN
OT KOH(UTypalMu 30HbI 0030pa U MOJOXKEHUS TPAEKTOPHH OTHOCHTEILHO
touku ctosiHust PJIC. PacnipeneneHue atoli caydyailHOUM BEIVMYMHBI OOBIMHO
MIPUHUMAETCSI PAaBHOMEPHBIM.

3Has cpepHee Bpems !, NpeObIBaHMS LIEJIM B 30HE 0030pa U MapaMmeTp
noToka Ay, MOXHO TOICYMTATh CpEHEee YKCIIO 1iesieil, OIMHOBPEMEHHO Ha-
xomsumxcst B 30He o63opa PJIC: Ny = Ayt

B nanbHeilzeM TIpeArioNaraeTcsl, 4YTO LENW pacIipenesieHbl B 30HE
0030pa paBHOMEPHO C ONMHAKOBOM CpPEIHEN IUIOTHOCTHIO Ha EIMHUIYY €ee
o0bema.

Ha Beixome mpuemuoro ycrpovictBa PJIC mpocTpaHCTBEHHass KapTHHA
pacIioNoXeHusl Leleil B 30He 0030pa MpeodpasyeTcss BO BPEMEHHYIO TIOCTIe-
JOBATEJILHOCTh COOTBETCTBYIOIINX PAIMOIOKALIMOHHBIX cuTHaioB. Ilocnen-
HME U SIBJISIOTCS] TPeOOBaHMSMM BXOJSIILIETO TTOTOKA IS CHCTEMBI 00paboT-
Ku. TTOTOK CHMTHAJIOB, OTPaXKEHHBIX OT LIEJIHM, TAKXKE TIPUHUMAETCS TPOCTEN-
M ¢ napamerpoM Ay =N, T, rie T, —nepHoa npocmMoTpa 30HbI 0630pa.

l'vunore3a O IpocTeillieM IOTOKE OTPaXEHHBLIX OT LigJIieid CMTHAJIOB Ha
BXOJE CHUCTeMbl OOpabOTKM BO MHOIMX CITy4asiX SIBJSIETCS TPYObIM IOIY-
meHreM. OCHOBHOE BO3paKe€HME BhI3LIBAET JOIYIIEHUE 00 OTCYTCTBUM IO-
CJIefCCTBUSI B MOTOKE, TAK KaK LIEJH, KaK MPaBUjIo, TPYIIIIUPYIOTCS B 30HE
o030pa ompeneseHHbIM 00pa3oM. "He Bcerga BBIMOMHSAETCS TaKXkKe YCJIOBHUE
OpIMHAPHOCTU TIOTOKA, OCOOEHHO, KOTZma CHCTeMa OOpabOTKM NONYyYaer.
I/IH(I)OpMalJ,l/I}O OT HECKOJIbBKMX MCTOYHUKOB I10 OTACJIbHBIM KaHajlaM CBSA3U.

Tem He MeHee, MPUMEHEHMEe TUIIOTe3bl O MPOCTEHIIIeM BXOJSILEM TTOTOKE
TpeOOBaHUI MpPU IPOSKTUPOBAHUM CUCTEMbl OOpPaOOTKM paguoJIOKAI[MOH-
HOI MH(OPMaMK MOXET ObITh JOIYIIEHO, MO KpaliHel Mepe, 1o ABYM MpHU-
yuHaM: [) BBUIY TOro, 4TO aHAJIN3 CHUCTEMbI MacCOBOTO OOCTY>KMUBaHUS TIPU
MPU3BOJIBHOM BXOJAIIEM TOTOKE SIBJISIETCSl 00Jiee CJOXKHBIM; 2) BBUIY TOTO,
YTO MPOCTEUIINIA TTOTOK SIBASIETCSI JUISI CUCTEMbI MAacCOBOTO OOCTY>KMBaHUSI
HauboJsiee TPYIHbIM, TaK YTO CUCTeMA, CIPOEKTUPOBAHHAS [JIsl €ro oOCiy-
>KUBAaHUS, JAeT TapaHTHK} YCIIEUIHOTO OOCIIYXXMBAHUS ILPYFI/IX BO3MOXKHBIX
MIOTOKOB C TéM Xe rapametpoM [1].

Hapsimy c mone3HbIMM CUTHaJTaMM, OTpaXeHHBIMH OT IieJiel, Ha BXOI
CUCTEMbl OOpabOTKU B KauyecTBe TPEOOBaHUI Ha OOCTYXKMBAHWE MOCTYMAOT
JIOKHBIE CUTHAJIBI, 00pa3oBaHHbBIC BHYTPEHHUMM M BHEITHUMU TIOMEXaMH.
IToToK OXHBIX TpeOOBaHUIN €CTECTBEHHOTO MPOUMCXOXIEHMS (OT BHYTPEH-
HUX IITYMOB, THUIPOMETEOPOB W T. N.) C IOCTATOYHOM CTETIEHBI0 TOYHOCTH
MOXHO CYUTATh HpOCTCﬁL[IMM. Z[.Hf{ NCKYCCTBEHHBIX ITOMEX T'MIIOTE3a O ITPO-
CTeHllieM TTOTOKE MOXET ObIThb MPUHSITA, OYEBHAHC, C OOJBLIMMU JOITyIIe-
HUAMU.

4]



3.4.2. Xapakmepucmuka cucmembl GOpaboTki paduosoKauuoHHO
UHOPpMAUUU KAK CULTEMbL MACCO8020 OGCAYMUSAHUR

OCHOBHOI1 TPOOJIEMOII TEOPMU MACCOBOIO OOCIYXXMBAHUS SIBJISIETCSI
" MIOJIydeHUe OIMCaHUs Tpoliecca (DYHKIIMOHWPOBAHUSI CUCTEMbI YCTPOMCTB
(ammapartoB), MpeAHAa3HAYSHHBIX MJISI OOCIY:KMBAHMSI BXOMISIIETO ITOTOKA
TpeboBanmii. [Tox oOcyXMBaOILEd CUCTEMON TIPU 3TOM IMOAPA3yMEBAIOTCSI
KaK YCTPOWCTBA, OCYILLECTBISIONUIME HEMOCPEACTBEHHOE O0CTyX1BaHNe
TpeOOBaHU, TaK U YCTPOMCTBA, MpeAHAa3HAYECHHBIC A1 XpaHEHUSI O4Yepeau
MO/UIEXKAIX OOCTY>KMUBaHUIO TpeOOBaHUIA.

B obuiem ciydae cucremMa oOCTY>KMBaHUSI XapaKTepU3YeTCs:

1) yHcaOM "yCTPOHCTB (KaHaloB), KOTOPBIE MOTYT OOCIYXHUBaTh TPeGO-.
BaHUSI OMHOBPEMEHHO;

2) YKCIOM YCTPOMCTB (MeCT), MpeaHa3HAYEeHHbBIX IS XPAaHEHUsT Odepe-
I Ha OOCIyXKUBaHUE;

3) IMCLUMITIIMHON OOCTY:KMBaHWNS;
4) pacripeieJIeHEM BpeMeHU OOCTYXXMBaHUSI OTHOTO TpeOOBaHUS.

IIpu oOpaboTke pamroIOKALMOHHONM MH(pOpPMALIMK B KAYECTBE CHCTEMBbI
o0cayXuBaHUsI TIpUMeEHsIoTCsl oTaeabHble [IBM wmmum xomruiekcel 1IBM.
Kaxmas LIBM MoOXeT OTHOBPEMEHHO OOCIYXMBATL TOJBKO OAHO .Tpebo-
BaHUE, T. €. SIBISIETCS OJHOKAHATbHON CHUCTEMON OOCITYyXKUBaHUS, a KOM-
IJIEKC U3 7 TapajuleibHo paboraoimx L[[BM — n-Kananbro#t cuctemoit.

OObIYHO B cuUCTEME 0OPaOOTKM OpraHU3yeTcsl ouepeb TpeOOBaHUA, OXU-
Jlalolmx o0cayXuBaHusl. Takasi cucTeMa MaccOBOrO OOCTYXKMBaHMSI Ha3bl-
BaeTCsl CUCTEMOUM ¢ oXxuaaHueMm (ouyepenbio). JUITMTEeIbHOCTh OXUAAHUS
00CTy>)KMBaHWS M COOTBETCTBEHHO UYMCJIO OXMIAMOIIMUX OOCTYXUBAHUS Tpe-
GOBBHHE, SABJIAIOTCS Cﬂy‘{aﬁHblMl/l BE€JIMUMHAMU, 3aBUCALLINMMU OT CTaTU-
CTUYECKMX XapaKTEPUCTUK BXONSAIIErO TIOTOKA MU WHTEHCUBHOCTU OOCITY-
KMBaHUS.

HucuurivHa oOCTy>KMBaHUSI OTpeAessieT MopsI0K BbIOOpa TpeOOBaHUIA
IJIS. 00CTY>KMBaHUSI U3 YMCIA yKe TMOCTYNMUBIIMX U HAXOMSIIMXCS B ouepe- '
nu. Paznuyaror oOciayxxuBaHue TpeOOBaHUN B TOPSIIKE UX MOCTYIUIEHUS Ha
BXOJl CHCTeMbl (KTO paHbllle MpUIlies, TOT paHblle 0OCTYyXUBaeTCcs), Ciy-
YaliHbIi BHIOOp TpeOOBaHUI U3 ouepear U OOCTYKMBAHUE C MPUOPUTETOM,
KOIIa IpPEUMYIIECTBO B OOCIYXKMBAHMM IpeAcTaBiseTcs Haufonee. Bax-
HbIM (B COOTBETCTBMU C YCTAHOBJIEHHBIM KPUTEPUEM OLIEHKU BaKHOCTH)
TpeOOBaHUSIM. ’

’

OO6cnyxuBaHue TpeOOBaHMI B cuUcTeMe 0OpabOTKU paaroIOKalMOHHOW
rHdOpMaLMKM CBOIMTCS K pealu3alMu 3apaHee pa3pabOTaHHBIX AJTOpPUT-
MOB. Bpemsi, 3aTpaurBacMoOe Ha KaxXAyl0 PeaIM3alyio allOPUTMA, [0 MHO-
MM TIpUYMHAM SIBJISIETCSI CIydalHOW BEIMYMHOM M, CJIEHOBATEIbHO, MOXET
OBITb 3aJaHO TOJIbKO CTaTUCTUYECKU. Ecinm 0003HauUMTL BpeMs OOCIyKuBa-
HUS 4epe3 T, TO MCYEPIBIBAIOILIECH €ro XapakKTepUCTHUKOM KaK CIydyalHOU
BeJIMYMHBI, OymeT GyHKUUs pacnpenenenus W (1) = P (1 <<i), t 20,
WIM IUIOTHOCTH pacIipefefieHus w (T).
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B xauecTBe MOMEHTOB 3aKOHa pacmHpeleNeHUs] BpeMEeHM O0OCTyXHuBa-
HMSL OOBIYHO OepyT:

CPEIHIO JUIMTENBHOCTb ONEPALUU OOCTyXUBAHUA T (WM CPEIHIO0

CKOpOCTh OGCHyXMBaHus W) T = - = | 7w (t)dx,
o

JMCTIepcHIo  BpeMeHM obcyxupanus 63 = | (1 — 1)2(t)dr.
0

Ocoboe MecTo B TEOPUM MacCOBOTO OOCHYKMBaHUSI 3aHMMAIOT CUCTEMbI
C OKCTOHEHIIMATBHBIM paclipeieieHueM BpeMeHM OOCTYXXWBaHUS, ST KO-
_TOpbIX @ (T) == U eXp (—uT).

Jlucnepcusi BpeMeHM OOCIyXMBaHMsS B 3TOM ciydae paBHa 1/p2.

DKCMOHEHIINALHBIA 3aKOH BPEMEHM OOCITYXKMBAHUS .SIBISETCS Hanbo-
Jiee COIJIaCOBaHHBIM C IMyaCCOHOBCKMM pacrpeieieHMeM BXOJSIIEro MoToKa,
YTO TO3BOJISIET AOCTATOYHO MPOCTO MPOM3BOAMTH AHATMTUYECKUI pacyer
CUCTEM MAacCOBOTO OOCTYXMBAHUSI C MYaCCOHOBCKMM  BXOMSIIIUM TIOTOKOM
1 SKCITOHEHIIMAIBHBIM BpeMeHNEM OOCITy>KUBaHMS.

B HEKOTOpPHIX cucTeMax IpOLIECC OOCTYXMBAHUS OCYLIECTBISIETCS Psi-
JIOM 3JIEMEHTAPHBIX JIMHUMA, KaXaas M3 KOTOPbIX MMEET SKCIIOHEHIIMAb-
HOE pacrpenjieHue BpeMeHu obciyxuBaHusi. Hampumep, oHU Moryt coc-
TOSATh U3 K MIEHTUYHBIX JMHUI CO CPeHEN MINTEIbHOCTBIO OOCITYKMBaHUA
T/k ~= 1/kp.. TINOTHOCTb BEPOSITHOCTU BPEMEHU OOCITYXWBAHUS JUISI TAKON
CUCTEMBI OTIpENesIIeTCS] BhIpaXKeHUEM

QRPE o (k). (3.4.3)

wlt) = ke

KOTOpOE Ha3bIBACTCS CTCHMATBHBIM pacrpe/ie/ieHeM DpiiaHra.

B Bbipaxenun (3) ciyyaro k = 1 COOTBETCTBYeT SKCIOHEHIIMATIbHOE
pacrnipenesieHue BpeMeHU oOcayXuBaHus. [lpu yBeNHYeHHHH Kk nucrepcust
BpeMeHHU O0CTy:KMBaHUSI YMEHBILAECTCS, TIPU kK == oo OOCITYKMBaHUE OJHOTO
TpeOoBaHUsl OylEeT BHIMOJHSATHCS TOYHO 3a 1/l eqMHUIL BpeMEHU.

CylLEeCTBYIOT U ApPYyrue pacripeleseHusi, KOTopble MOTYT ObITb MpeacTaB-
JIEHBI, HECKOJIbKUMM 3KCIIOHEHTAMU C . pa3JIMYHON CKOPOCTBIO 3aTyXaHWSI.
[IpencraBneHue pacrpenejaeHust BpeMeHU OOCTyKMBaHUSI B BUIEe KOMOMHa-
LMY 9KCIIOHEHIIMAIBHBIX COCTABJISIONIMX IT03BOJISIET aMIMPOKCUMUPOBATh
npoiiecc 0OCTYKMBaHMSI MapKOBCKUM TPOLECCOM W TOJYYMTh aHAJIUTHU-
YyecKoe pelleHue 3amavymu.

K coxaneHnuto,-B cucteMax 00pabOTKM paanoOKallMOHHON MH(pOpMaLIUH,
peanuzoBaHHbIX Ha [IBM, IUIOTHOCTb pacropeneieHusl BpeMeHH OOCIYXu-
BaHUSI OOBIYHO OTJIMYAETCS OT SKCIOHEHIIMAIbHOW M HE CBOAUTCS K 3pJlaH-
TOBCKMM pachpeieeHUsIM. DT0 MPUBOAUT K HeOGXOIHUMOCTH HCCNEA0BAHUA
BOTIPOCA O 3aKOHAX pacCrpeeeHUs] BpeMeHU OOCTYXWUBAHMS B - KaXIOM
KOHKpeTHOM ciiyyae. CooOpaxeHusi O 3aKOHax pachpeieseHus] BpeMeHU
OOCTy>KMBaHUSI TIPM peaTn3alii allTOPUTMOB 00PabOTKM PamvONOKAIMOH-
Hoii uH(opmaimn Ha LIBM paccmatpuBaioTcst B AajiibHeitieM (1. 5 u 7).
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3.4.3. Kpamkas xapakmepucmuxa 8blx008UUY nOMOK0E
cucmemsl 00pabomKu paduosoKaAuUOHHOU UHDOpMayuu

OO0BMHO 00pabOTKAa PaIMOIOKAIIMOHHOW WHGOPMAIIA TTPOU3BOIUTCS
PSIIOM TIOCJ/IEAOBATENILHO PACHOIOKEHHBIX BBIUUCIUTEIbHBIX LIEHTPOB, 000-
pynoBaHHbIX [IBM, Hanpumep, B COOTBETCTEHH ¢ OCHOBHBIMU 3TariaMu oopa-
. BOTKHM, PACCMOTPEHHBIMU BO BBeleHMM. Ha Kakmblil IMOCIEmyIOIIMii 3Tarl
" 00paGOTKM TIOCTYIAIOT JIMIIb TPeGOBAHMUS, KOTOPbIe OBUIA MOJHOCTBIO 00-

CIIyXeHbI Ha npeabiayiieM artamne. Kpome T0ro, B npouecce ofpatoTKHu mpo-
HCXOIUT Mpeodpa3oBaHKe MTOTOKOB: BXOMSIINI TOTOK JJISI TIEpBUYHON 00pa-
OOTKM — 3TO IOTOK 3JIEMEHTAPHBIX CUTHAJIOB, a BBIXOASIIIMI IOTOK — IIO-
TOK paIUOJOKALIMOHHBIX OTMETOK, BXOMNSIIWIA TIOTOK IS BTOPUYHOI 00-
pabOTKH —3TO MOTOK OTMETOK, a BHIXOAALKH —IOTOK TPaeKTOPUil U T. 1.

Takum o0pa3zoM, B Ipolecce 00padOTKM BBIXOMSIUUIA ITOTOK ITpedblay-
LIET0 dTamna sIBIsSIeTCS BXOAMIIMM IMOTOKOM Mocienytoiiero. [lostoMy Bax-
HOe 3HauyeHUe TMPUOOPETAIOT CTATUCTUYECKUE XapaKTEPUCTUKU BbIXOMIS-
IINX TIOTOKOB B TIpollecce OOpPabOTKM.

HenocpencTteeHHOe omnpeneieHne CTaTUCTUYECKUX XapaKTEPUCTUK- BBIXO-
JSIIUX TOTOKOB MO CTATUCTUYECKUM XapaKTEPUCTUKAM BXOJSIIMX MOTOKOB
M 3aKOHaM paclpeneseHus] BpeMeHU OOCTy>XMBaHUsI BbI3bIBAET CYyIIECTBEH-
Hble 3aTPYJAHEHUS, TaK KaK B TEOPMU MACCOBOIO OOCTYXMBaHMS, BOOOIIE
TOBOpSI, OTCYTCTBYIOT PETyJIsSIpHbIE TIPUEMbI pellieHus 3Toi 3aaauu. [lostomy
B KaXJOM KOHKPETHOM CJlyyae 3aKOHbl pacIpe/esieHUs] BBIXOASIIUX TOTO-
KOB ONpEAESIOTCS 3KCIMEPUMEHTAIbHO, WIA Ha OCHOBE COOOpaKeHMid,
HE OTHOCSIIMXCS K TEOPUM MAaccOBOro OOCTy>XKMBaHUS.

B Hamem ciydae 0OBIMHO yIaeTcs MPEACTABUTH BBIXONAIIMI TTOTOK KaX-
JIOTO 13 3JIEMEHTOB CHUCTEMbI 00paOOTKM B BMIE ITPOCTEHIIIETO ¢ M3BECTHOM
MHTECHCUBHOCTBIO. B KauecTBe cOOOpazkeHMIT B ITOJIB3Y TAKOTO 3aKITIOUCHUS
MOXHO IIpUMBECTH clieayomye. IToTOK CMTHAJIOB Ha BBIXOAE IICPBUYHON
00pabOTKM SBJISIETCS TIOTOKOM OTMETOK OT meneit. Ecam BepHO ycioBume
0 PaBHOMEPHOM pacIipeic/IcHUM 1ieieii B 30He 0030pa, TO MOTOK MCTUHHBIX
OTMETOK OyeT NpocTeHiliuM. AHAJIOTMYHO MPOCTEUIIMM OYIEeT U TOTOK JIOXK-
HBIX OTMETOK. BBIXOmAIIMII OTOK CUCTEMBI BTOPUYHOII 00paObOTKU IPEICTaB-
JISIET co0O0il CyMMy ITOTOKOB COOOIIECHMIT 00 MCTUHHBIX M JIOKHBIX TPAEKTO-
pusIX, OTHOCUTEILHO KaXIOro M3 KOTOPBIX TaKXKe MOXHO BBICKA3aTh aHa-
JIOTUWYHBIE cooOpaxkeHns1. Eciam MOTOKM COOOIIEHMiT Ha BBIXOIE KaxKIoit
PJIC aBnsiioTcs mpocTeilnMu, TO M IIOTOK Ha BXOAE CHUCTEMbl OObLEIMHE-
HUs WHOpMay OyIeT IMPOCTECUIIINM.

YuciaeHHble 3HAYEHUS napaMETpoB COOTBETCTBYIOIIMX IIOTOKOB MOTIYT
OBITh OIIPCACIICHbI C YYCTOM BPCMCHHDbIX COOTHOIIEHUM MEXOy ImapaMeTpa-
MU BXOZAWMHX ITOTOKOB Y UHTEHCUBHOCTBIO O6CJ'IY)KI/IBaHI/I$I.

3.4.4. Memoobl @HAAU3Q cUCEM MACCOB020 OOCAYNUBAHUR
C oxcudanuem 8 YCTaHo8UBUIEMCA pedcume pabombl

B maHHOM MyHKTe B O3HAKOMHTENbLHOM TOpSIKE H3AATAGTEA OCHOBHBIC NOJA0Ke-
HUSI TEOPUU MAaCCOBOTO OOCIYXWBaHWs, MPUMEHMUTEIbHO K CAHOAHHeHHHIM cucreMam
¢ oxungaHueM, T. €. K CHCTeMaM C OJHMM OOCIYXHMBAIOIIMM afliapaToM M «GyHKepoMs
IS XpaHeHusl odepenu. B kauecTBe MeTona aHanu3a BuISpan TakK Ha3ulBaeMulil AHb-
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tdhepeHUHANBHEA MeTom, B OCHOBY KOTOPOTO IOJIOXEHO IpeNCTaBlIeHHe Ipolecca 06-
CIAYXXUBaHUS B BUIE IMCKPETHOIO MapKOBCKOTO rpoiiecca (LIeNu) ¢ KOHEYHbIM MJIM CYeT-
HBIM MHOECTBOM COCTOSIHUIA.

[Mpu aHamUTHYECKOM HECAEQ0BEHHH IPOLECCOB MAcCOBOrO OOCIYXMBaHUSI Kiac-
CHYECKMM SIBJISIETCS CJIydail IPOCTEMINEro BXOMASIIEro MOTOKa TpeOOBaHMiI M ITOKasa-
TEJIBHOTO (3KCITOHEHIIMAJILHOTO0) paclipe/ie/ieHUsI BpeMeHM oOciyXuBaHus. B a3tom
cllyyae COCTOSIHME CUCTEMbI MacCOBOTO OOCIIYXKMBAaHUs TOJHOCTBIO OIPEAENSIeTCS YHC-
JIOM V HaxXOMSIINXCS B Heil TpeGoBaHMil. JeHCTEBHTEILHO, B CBA3M CO ¢REURPHUSCKHMH
0COOCHHOCTSIMU T10Ka3aTeJbHOIO0 3aKOHAa, BEPOSITHOCTh TOTO, YTO CleAylollee TpeGo-
BaHME MOCTYMUT B MOMeHT {f -+ Afy) W 4TO0 OOGCHYXMBaHHWE TpPeOOBaHMUs, HAXOMAA-
IIErocsl B CUCTEME, 3aKOHUUTCH B MOMEHT (7 -j- Af;), He 3aBUCUT OT TeueHUs Ipoliecca
MaccoBOTO 06CJ‘[y>KHBaHI/IH B mponuioM. CremoBaTesibHO, CiydaitHbiii mponecc Vv ({)
SBJISIETCS OUCKPETHBIM MAPKOBCKMM IIPOLIECCOM C HEMpPEPBIBHBIM BPEMEHEM.

MHaue oOcTouT neno, Korma 3aKOH paclpefesieHUs BpPeMEeHM OOCIyXHUBaHUS
SIBJISIETCSI TIPOU3BOJIbHOW (yHKIMel, Torma BepoOSITHOCTb BBIXOIA TPEOOBAHWST W3
CHCTEMBI B TE€UEHHE IPOMEXYTKAa BpeMeHM (¢ + Af) MOXeT 3aBMCETh OT MOMEHTAa Ha-
yajia 00CHyXKMBaHUsI dTOr0 TpeOOBaHMS, a TpolecC U3MEHEHUsI COCTOSIHUI ¥ () yxe
He SIBJISETCS MapKOBCKMM.

B Teopuu MaccoBoro oOGCIyXHMBaHUs pa3paboTaH CHELMATbHBIA METON CBEICHUS
HEMapKOBCKHUX TPOIIECCOB K IeMmsiM MapkoBa. DTOT METON Ha3bIBaeTCSI METOIOM BJO-
KeHHOI e Mapkosa 8] n mosponser onuceBaTh POCTOIi LIENbI0 MapkoBa (GYHKINO-
HUPOBAaHUE CUCTEMbl MAacCCOBOTO OOCITYXXWBAHWSI TPHU TIPOCTEUIEM BXOISIIIEM TIOTOKE
Y TIPOM3BOJILHOM 3aKOHE pacrpenesieHus BpeMeHU "00CTyXUBaHUsI.

[Ipy BBefeHMM ITOHATUA BIOXEHHOH 1emu MapkoBa CyIIECTBEHHO MCIIOJIb3YETCs
10 OGCTOATENBCTBE, UTO B COydyae MPOCTEHMINEro BXOMSIIETO IOTOKA MOMEHThI BPEMEHU
Korma TpeOOoBaHUMS TOKUIAIOT CUCTEMY, SIBJISIFOTCS TaKUMKM MOMEHTaMM, 4To WHMOp-
Malusi O TMOBEIEHUM CHCTEMBI 0 3TOTO MOMEHTAa He BJIMSIET Ha MPOTHO3 AajbHEHIIero
MOBe/leHUsI Tpoliecca.

Ecnn fyy, #pg, ... O3HaYaeT MoOCIENOBaTEBHOCTh MOMEHTOB BBIXOIA TPEOOBaHMUIA,
TO cToXacTuyeckasd TMOCIEN0BATENLHOCTh V (fp¢ = 0) umciaa TpeGoBaHWil B cucTeMe
B MOMEHTBI, HEIMOCPEICTBEHHO - CAelYIoUIHe 3a MOMeHTaMu & ¢, 00pasyeT NpOCTYIO
1erb MapKOBa. OCHOBHBIM COOOpaxXeHHEM [l BBEAEHUS! BIOXEHHOI lenu Mapkosa
SBJISIETCS TOCeyloliee MpUMEHEeHUe arnmapaTta Lerneil u mpoueccoB MapkoBa 1Uisl aHa-
JIM3a UIMPOKOro Kjacca CHCTeM MaccoBoro obciyxuBaHus. [locienHee oOCTOSATENbCT-
BO MMeeT OOJIbLIIOE METOM0JIOTMYECKOe 3HaUeHHe, TaK KaK MO3BOJIsAeT, 10 KpaiiHeil Mepe,
C TPUHUMIIMAIBHON TOUYKM 3PEHHA, TOAXOAWUTb K HCCIENOBAHUIO PA3IUYHBIX CTOPOH
(GYHKLIMOHUPOBAHMUSI CHCTEMbl 00pabOTKM WHGOPMAlMM Ha OCHOBE €IWHOTO Marema-
TUYECKOro armapara.

Hac B nmanbHeiiliiem OyneT MHTEPECOBATh CTAllMOHAPHBIN PEeXUM pPabOTHI CUCTEMBI
MaccoBoro obcnyxuBaHusi. [lo3ToMy OmHON M3 BaXXHBIX 3a4ay SIBISIETCS HAaXOXAECHUE
YCJIOBUU, TPU KOTOPBIX CTAllMOHAPHBIA peXuM cyllecTByeT. JloKa3aTeJabCTBO €ro cy-
LIECTBOBAHMSI CBS3BIBAIOT C JOKA3aTeJIbCTBOM CYLIECTBOBAHUSI CTALlMOHAPHOIO CIy-
YaifHOTO TIpollecca, OMMUCHIBAIOIIET0 (PYHKIIMOHUPOBAHUE CUCTEMBI. [IJIsT 3TOro B CBOIO
ouepelb KCMOJIBb3YeTCs] TMOHSATHE PEreHepUpyolIero Tpolecca. PereHepupyromuM Ha-
3pIBaeTCs Ipouecc Vv (f}, Yy KOTOPOro MMeeTcss 0coboe COCTOSIHHME Vg, OOyajaroliee TeM
CBOIICTBOM, 4YTO TIOCJIe TIOTIaJIaHUsI B 3TO COCTOSTHME AAJIbHEHIINIT XOA Tpoliecca He 3a-
BHUCHUT OT TOrO, KaKMM O0pa3oM OH NpoTeKal A0 3TOr0 MOMEHTa. MOMEHTBI, COOTBETCT-
BYIOLIME COCTOSIHUIO ¥,, Ha3bIBAIOTCA MOMEHTaMM (TOuyKamu) pereHepauuu. O603HaAUMM
yepe3 T; = {4y — f; MHTEpPBaJ BPEMEHU MEXIY COCEIHUMM TOYKAMU pPETEHEpaLVU.
DTOT WHTepBal SpAsSeTcs CIydyaiiHOW BEJIWYMHOM.

JlokazaHo [l], uyTo mpolecc OOCIyXMBaHMs 00JamaeT CTallMOHAPHBIM pacIipeie-
JICHUEM, €CJId BBITIOJHSETCS KaKoe-JIM0O W3 NIBYX YCIOBUIA:
1. Marematuyeckoe OXHOaHHE ¥p KOHEUYHO.
2. C BepOsITHOCTBIO, PAaBHOU eIWHUIIEC
lim N (0, TV/T > O,

rae N (0, T) — uucio Touek pereHepauuu B mHTepBajie (0, I').
Kak mokaszaHo B [8], mJisl BBIMOJHEHUS 3TUX YCJIOBUM NOJKHO BBIMIOJHSATHCS COOT-
HoleHue A/u < 1.

B kauectBe NINIOCTpallui ITPUMEHCHUA MaTeMaTUyeCcKOoM TEOpUN eneun MapKOBa JJ1
aHaJinda CHUCTEM MacCOBOI'o O6CI[y)KI/IBaHI/IH B YCTAaHOBHMBLIECMCA pPEXUME pa6OTBI,
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Out]

¥ BO3bMeM CHayala NpOCTEHINMIA claydail, Koraa WMHTepBaibl Mexay TpeSoBAHHAMH
BXOZAUlEro IOTOKA pacIpele/eHbl 10 I0Ka3aTeJbHOMY 3aKOHY C IapaMeTpoM A U
BpeMsl OOCITYXXMBaHUS PACTPEAEICHO IO TOMY Xe 3aKOHY C IMapaMeTpoM L.

IycTh Xdf — BepoSTHOCTb MOCTYIUIEHMS TpeOOBaHUS B MHTepBajie af, a WAl —
BEPOSTHOCTh OKOHYAHUSI OOCIYyXHBAaHUS TPeOOBAHUS B STOM HHTEpPBajc. YCIOBUMCS
; Jajiee CuMTaTh, YTO B MHTEpBale (1, ! —+ Gf) BO3MOXHO MOSIBJIEHUE He 0OJIEE OIHOIO
TpeGOBaHUSI BXOMSIIETO IOTOKA. AHAJOTMYHO B OTOM HMHTEpBaje BO3MOXKHO OKOHYA-
HUEe OOCIyXMBaHMUS He Oojiee OMHOTO TpPeGOBaHUS W HEBO3MOXHO OIHOBPEMEHHOE
HACTYIUIEHHE IBYX COOBITHI: TOsIBJIEHHE TPeGOBAHHA BXOMIIEIO TMOTOKA M OKOHYa-«
HUe OOCIYXXMBAaHMS OYEPEIHOro TPeGOBaHMSI. : d

Kak u paHee, 0603HaYMM Vi COCTOSIHME, NPU KOTOPOM B CUCTEME HAXOAUTCH {
tpeboBanuit, i =0, M |, rne M — eMKOCTb yCcTpoOiicTBa XpaHEHUS O4epeau.

i e T-(Asp)dt 7-(ueR)dt  7-(Aep)dt

LdE

Puc. 3.5. Tpad co ciyyaifHBIMM TNepexofamMy IS CUCTEMbl MAacCOBOIO OGCITYKMBAHUS
(BXOISIIWIA TMOTOK TPOCTEUININI, 3aKOH pachpenesieHUus] BpeMeHM OOCITyKMBaHMs MO«
Ka3aTeJbHBIN).

Ipu cpenaHHBIX 06O3HAUEHUAX U JIOMYLIEHMAX MATPULA BEPOSATHOCTEN Iepexona
T1 paccMaTpuBAEMOro IpPOLECCa, 3/MEMEHTbl KOTOPOii iy XapaKTEPU3YIOT BEPOATHOCTH
Nepexofia U3 COCTOSIHUS | B MOMEHT BPEMEHU ! B COCTOSIHUME j B MOMEHT BpeMmenu (f
=+ df), umeer Bun

0 1 2 ce M1
0 | j—rds At 0 0
pdt  1=QA+pdt Xdt 0
=y 0 udt I—(A+pat - 0o |- @44
M+1] o o 0 vor le—pdt

CoorBeTcTBylOLIMI TPa co cyyailHBIMU NepexoqaMu M300paxeH Ha pHC. 3.5.
, PaccmarpuBaemas uenb MapkoBa ¢ KOHEYHBIM YMCJIOM COCTOSIHMil siBisieTcsl Hes
MpUBOAMMOI M amepuonudeckoin. CremoBaTelbHO, CYIIECTBYeT CTallMOHapHOe Pac-
npenejeHue BeposTHOCTed cocrosiHuit Py (i= 0, 1, 2, ..., M + 1), sgBasioieecs
pelieHreM MaTPUYHOIO ypaBHEHUS

P =PIl
M+1
C TPHUCOCIMHEHHBIM K HEMY YCJIOBMEM HOPMUpPOBKM 3, Pj= 1.

Pemrenue aToro MaTpu4YHOIro ypaBHEHHUSI IIOJydaeTcs B BUIE
le=n

- l_pm.r,. <. oV »

rae p = A/u HasbiBaeTcs KO3GMMUIIMEHTOM 3arpy3kKu CHUCTEMBI.

IIycTth Temepb B CHCTEMy IIOCTYIIaeT IPOCTEMINMIA MOTOK TpeOoBaHuWii ¢ Napa-
METPOM A, a 3aKOH pacrpe/esieHusi BpeMeHU OOCYXMBaHUS @ (T) MPOU3BOJIbHBIN (HO
u3BecTHBIN). Kak yXe oTMeyanoch, MpOLECC U3MEHEHUsI COCTOSHUMN® CUCTEMbI B 3TOM
cllydyae MOXET ObIThb MpeACTaBlieH BJIOXEHHOH 1ernblo MapkoBa, Mepexoibl B KOTOPOM
MPOUCXOAAT B MOMEHTbI BpeMeHU fp¢ OKOHUaHMs 0OCIyXMBaHUS ouepegHoro (i~ro)
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TpeGoBaHuA. DJIeMEHTAMU MATPULLI MEPEXOIHLIX BEPOATHOCTER 119 BIOXEHHOW Lenu
MapkoBa SIBISIOTCS BEIUYMHBI

M= P [V (for41) = 1] v (fer) =1],

KOTOpBIe HEMOCPEACTBEHHO 3aBMCAT OT paclpeneieHus yucia TpeSoBauWf, nmocTynus-
MUX B uHTepBage Tp = ({pi4y — o). Ipu v {lb ) > 0 MHTEpBa; Ti Dapen
MPOJOKUTENLHOCTH 00cayxuBanus {{ 4= 1)-ro TpeGOBaHym

BeposSTHOCTD TOCTYIUIEHUST & TpeOOBaHMA 3a BpeMs OOCIYXHMBAaHUS OIHOTO Tpe-
6oBaHUS

o k
Pp= £ w (1) (7&;1) exp (—Az) dx. . (3.4.5)

Puc. 3.6, I'pap co Cﬂy‘ial/lelMl/l HepexonaMy ISl CHCTEMbI MaccOBOTO obCaAYKHBARKA
{BXOARWKA MOTOK NPOCTEHINMI, 3aKOH pacrpeleieHus] BpeMEHM OOCIyXMBaHMS npo-
H3BONBLHREIR).

Ecmu v (fp3) = 0, To mepBoe TPefoBaHMe, KOTOPOE MocTymaeT MOCIE MOMEHTa
{y {, HEMEIJEHHO HauyMHaeT OOCIYXMBATbCS, a YUCIO TPeOOBaHUI, KOTOpbIE MOCTY-
MAT 32 BpeMsi OOCJIYXMBaHUSI 3TOrO TpeOOBaHUS MMeeT pacmpeneieHue (5).
VuuThIBasg, UYTO B PacCMAaTPUBAEMOM cUCTeMe omvH OOCIYKHBalWHA npubop,
a eMKOCTb YCTpOMcTBa IUld XpaHeHMs odepenu paBHa M, umeem

Top==pn, k=0, M,
Tp=py-t+1, >0, /=0, p,

T, M4 =—k-=-MZ[+£ 3, =p}.

CilefopaTensHo, MaTpulia IEPEXOIHBIX BepOHTHOCTel/I BroXeH Ho#t uenn Mapko-
Ba MIMEET BUJ

0 1 2 M M+1

0 Po A p. - Pm P,P:,f.l_[

1 Po P1 Pz +* Pm p,’u+1

= - 0 Po P1 *r Pu—y Py
M 00 o ... Pi L
M+1] 0 0 o .. P pi

* CooTBeTCTBYIOWUTA oTOi MaTpuue rpadp CO CIy4alHBIMU nepexoziami n300paxeH
Ha pHE. 3.6.

BroxeHHas uenb MapkoBa TakXe SIBJSICTCSI HEMPUBOAMMON M aneproIuM4eOKoi
W U Hee CTPaBeUIMBO 3aMMCAHHOE BbILIE MATPUYHOE YPABHEHUE U YCIOBUE HOPMH-«
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poOBKH. Ha peureHusT MaTpPUYHOIO YpaBHEHUS IOJYYAIOTCS CICAYIOLIME OKOHYATE b
HBIC BbIpAXCHUA IJIA (bI/IHaJ'II)HI)IX BCpOHTHOCTeﬁ COCTOSTHUM

Pi=bi Py, =1, 2, ..., M+,
e
Fo ) Po
B (lmpi meBy Pymbios Py by Ploy=Piag] .
b,-—=[l 1{i=p)—bi_ppy ;aps 1 Pim1P1 1}’ =1,2.3, ... M1,
; "
L P A (34.6)

@opmynel {6) MITIOCTPUPYIOT MPUMEHEHWE MeTona BJIOXEeHHOW uermu Mapkosa
- A8 aHAJIMTUYECKOTO pacyeTa BEPOSTHOCTHBIX XapaKTepUCTUK OJIHOKAHAJIbHOW CHUCTe-
MBI MaCCOBOTO OOCIYKMBAaHUsI C OTPAHMYCHHOM OYEpeIblo MPU MPOCTEIEM BXOISIIEM
MOTOKE M TMPOM3BOJLHOM paclipefie/leHnu Bpemedy o0cayxuBaHus. OOHAKO 3TOT Me-
TOA JaeT BO3MOXHOCTb MCC/IEIOBAaTh COBEPLICHHO aHAJTOTMYHBIM 00pa3oM  (QYHKIMO
HUPOBAHME CUCTEMBbI U B Ciyyae, 0OPaTHOM PacCMOTPEHHOMY, T. €. KOTIa 3axoi pac-
MpeaeNieHUs] BpeMEH! OSCAYMHBAHHA TOKa3aTeJbHbIN, a BXOMSIIMN MOTOK — ¢ MPO-
M3BOJIbHBIM 3aKOHOM pacIpesiesieHusI.

3HaHuEe TMpeneabHbIX ((UHATbHBIX) BEPOSTHOCTEH COCTOSIHMIA ITO3BOJISIET He-
MOCPENCTBEHHO OMpeNeNsiTh CeAyolue XapaKTePUCTUKU CUCTEMBI:

1. BeposITHOCTb TOro, 4YTO OYepemHOe TpeOOBaHME IMOJIYYMT OTKa3 B OOCIYXMBa-
HuK. Tak Kak Mo YCJIOBUIO O4YepenHOMY TpeOOBaHMIO OyleT OTKa3aHO B OOCIYXMBa-
HUM TOTAA, KOTJa B ouepedud yxXe CTOUT M paHee MOCTYyMUBLIMX TpeOOBaHUM, TO Be-
POSITHOCTh OTKa3a paBHa

POTK=PM+]' (3-4.7)

2. Marematuueckoe OXMIAHHE JUIMHBI OUEPENH, T. €. CPEIHEE YUCIO TPEOOBAHUM,
OXMIAIOMMX Hauana ofcayxusalina, KOTOpoe BBIUMCISETCS MO (opMye

M1

n= 3 (i—1) P ' (3.4.8)
fw=l

PaccMoTpuM Temnepb OMMH M3 METONOB HEMOCPEACTBEHHOTO BBIYMCIECHMS MOMEHTOB
pacmpesieleHUs] JJIMHBI OYepem M BPEeMEHW TNpeObIBaHMSI TpeOOBaHMS B CHUCTEME
C TIPOM3BOJILHBIM 3aKOHOM pacrpele/eHUs] BpeMeHHU OOCITYyXMBaHUSI.

O003HauUMM j4epea fy CIydyailHOe YMCIIO TPeOOBaHWIA, HaXOASALIMXCS B OYepenu
B MOMEHT OKOHYaHUS OOCIyXWBaHUs {-To TpeOOBaHUS, a yepe3 k; — 4YUCIO Tpedo-
BaHWii, TIOCTYMUBIIUX B CUCTEMYy 3a BpeMsl OOCIyXHWBaHUS TpeOOBaHUSI C HOMEPOM i.
3HaueHUsl n; U kg SBJISAIOTCS CIIyYallHBIMKM BEJIMUYMHAMM, CBSI3AHHBIMU COOTHOILICHMSI-
MU: .
_ [ meath—1 noy >0,
n—\ (3.4.9)
1 &y, nj-1 =0. ;

[lepBoe cooTHoOIIEHME O3HAYAET, YTO OYepelb IOCIe OOCIy:XMBaHUS (-rd  Tpebo-
BaHMs paBHA CYMMe, YMEHbBIIEHHOH Ha eIWHWUILy OuYepelu, OCTaBILIeics Tocie 00CTy-
xkuBaHus {f — 1)-ro TpeGoBaHMsA, M 4YUCIAa TpeOOBAHWIl, IOCTYNMBILMX 3a BpeMS
o0cyX1BaHus i-Ta TpeboBaHUs. BTOpoe cooThowenHe O3HAYAET, YTO MPU OTCYTCTBUM
oyepend B MOMEHT Hayaja oOCIyxXuBaHUS i-ro TpeOOBaHMUS Ovyepeab, OCTaBIIAsICS
B MOMEHT OKOHYAHMSI €ro 05CAYMHBAHHS, PaBHA YUCIy TpeboBatitfi, MOCTYMMBIIMX
B CHUCTeMYy 3a BpeMsi OOCHyXMBaHUs {-ro TpeOoBaHUS.
"CootHoreHue (9) MOXHO 3amucath B CBEPHYTOM BHUIE

ny=ni_1—08 (ni_1)+ky, (3.4.10)
rne
5(”1-1)={ 1, ecmu ng-3 >0,
0, ecm np-q=0.
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YroObl ONpeneIuTh CTAaTUCTUYECKUE XapaKTepUCTUKU #1§, HEOOXOOMMO 3HATh
CTaTUCTUYECKUE XAapAKTEPUCTUKM BCEX COCTABISIONIMX, BXOASIIMX B BbipaxeHue (10).

Ilpu npocTeifilieM BXOASIIEM TOTOKE M TPOM3BOJBHOM paClpeneieHUN BpeMEHH
06CIIyXXKMBaHUA 3aKOH pacrpeleleHus #j 3amaeTcs BbIpaxeHueM (5), a MateMaTHdecs
KO€ OXMIaHWe M AUCIEPCHs] PaBHbI COOTBETCTBEHHO

M) =k=At=0p, oh=p2+Atot.
Ipu p < 1 cyuiecTByeT CTalMOHAPHOE pacIpeleieHue BEPOATHOCTU
lim P (n=N)=Py,

{~o0

B crauMoHapHOM peXuMe BEpOSITHOCTHBIE CBOWCTBA #ij_y U fij OJUHAKOBBHI,
caenosarensHo, M (mi_y) =M (ny) u onpenends MareMaTUYECKOe OXMIAaHUE BbI-
paxenusa (10), nmomyuum M [6 (ns_ ;)] =p. Kpome Toro, ouesummo, #:8 (n;} =
= ny.

Tenepb MOXHO OMNpeeJuTh Matematuueckoe oxuaanue M (ng). dns storo Bo3-
BedeM B KBaapaT BbipaxeHue (10) ¥ mpuUMEHMM TMOWIEHHO OIepallydio BBIYMCICHMST Ma-
TEMaTUYECKOro OXuJaHus. B pesynbrare moiayuyum

MInl=MI[n]— ] +M (8% (mi_ )] + M [&}] +
+2M [y k] —2Mk; & (ry-y))—2M [my_y].

2 3
Tak kak B ycraHouswemcs pexume M [ni] = M [n] _1] MU TaK Kak ff u

flj_ 3 HE3aBUCUMBI, U3 TIOJYYEHHOTO YPABHEHHA IMOIyIUM
h

M) =n =p +(p"4‘~.?~° odiz (1 —p). : (3.4.11)

OGo3HayuM vepe3 £y BpeMa mpeObiBaHus {-ro TpeGoBaHusi B CHCTeMe. Torma, eciu
o6CITyXuBaHUE TPeOOBAaHMU TPOMCXOAMUT B TOPSIIKE WX ITOCTYIUIEHUS, TO

MUt =1 = (/5 Min.
CremoBaTeIbHO,
p2+(1 + 0f/52)
2(l—p)

Bropoit uneH BoeipaxeHus (12) mpenctaBisieT coOOl cpeaHee BpeMsl OXUIaHUS
00C/y>KMBaHUS IS TIOCTYNUBIIETO Ha BXOJ CHCTeMbI TPeOOBAHMUSI.

IMonyyeHHbIe BbIpaXkeHUsI MCIOJIb3YIOTCS B JaJbHEWIEM MPH pacyere MmapameTpoB
IIBM, npenHaszHavyeHHBIX MJIs1 00paOOTKM paauoJOKallMOHHON MHMOpMaluu.

T =14 (3.4.12)

3.4.5. Hugpposas eviuucaumenvhas mawuna Kax cucmema
MAcco8o20 00CAYHCUBAHUS

IIpouecc 06pabOTKM paguoNI0KalMOHHOM MH(pOpMAaLMM CBOOUTCS K IO-
CJIEOBATEIBHOMY MPOCYETY LIENOr0o psila YaCTHBIX aJrOPUTMOB, KOTOPBIE
B COBOKYITHOCTU 0Opa3yloT KOMIUIEKCHBI aJropuT™M cucTembl. [loatomy
B 0O0IIEM cJlydae 3amada ITPOEKTHPOBAHUS 1M(POBOIl CUCTEMBI 00pabOTKMI
C MPUMEHEHHWEM TEOPUM MACCOBOTO OOCIY>KMBAHUSI COCTOMT B pacyeTe Oc-
HOBHBIX TE€XHMYeCKUX mapameTpoB LIBM, HeoOXomuMmbIx IS peanu3aniu
KOMIDIEKCHOTO &ITOPUTMA CUCTEMBI B PEANLHOM MaciuTabe BPEMEHHU.

PeleHue ykazaHHOM 3a1aun B Takol OOILIEH MOCTaHOBKe siBjsieTcsl B Ha-
CcTOsIILiee BPEMsl EJIOM UPE3BbIYAIHO TPYIHBIM, BO3MOXHBIM pa3Be 4TO MPU
HCTIOJIb30BaHMM CTATUCTUIECKOTO MOMIEIMPOBaHUSI Ha yHUBepcaibHbIX [LIBM
OOJIbIION IPOU3BOAUTEALHOCTU. [IpM 3TOM BO3HMKAeT LEJbIA Psil npoﬁ-
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JieM, JaJIeKO BBIXOISIIUX 32 PpaMKU COOCTBEHHO TeOpuHU LIM(PPOBOil 0O0padboT-
K1 PaaroIOKalMOHHON MH(MOPMAaIIUH.

B nanbHeiiiieM B KHUTE pedyb OyIET UATM HE O pacyeTe TeXHUYECKUX Ma-
pameTpoB LIBM B 1iesioM, a 06 oligHKe TpeOOBaHMI K OCHOBHBIM MapamMeTpam
IBM npu peanuzaiii KOHKPETHBIX aJITOPUTMOB POOPAOOTKU.

Kak usecrtro, LIBM, moctpoeHHas MO YHUBEPCAIBHOW CXEMe, Xapak-
TEepU3yeTCs GOTBIIM  4HCTIOM TEXHUYECKUX TMapaMeTpoB (qncno TOJIb-
KO  CYIIECTBEHHBIX IapaMeTpOB NOCTUIAeT JBYX NECATKOB M oonee [2).
EcrectBeHHO, He Bce M3 HMX B OJMHAKOBOW CTEIEHM BaXXHbI U TOJIKHBI
VIUTHIBATECS TIPU OLEHKE PEAIM3YEMOCTH aITOPUTMOB C TOYKU 3PEHMUSI TEO-
puM MaccoBoro ooOciyxxuBaHus. Kpome TOro, MHOrOYMCIEHHOCTh YUYHTHI-
BaeMbIX MMapaMeTPOB B CUJILHOM CTENEHU 3aTPyIHSIET pelleHue caMoi 3aia-
yn oneHku. [ToaToMy mpexme Bcero HeoOXOMMMO BHIOpaTh HEMHOTOYMCIICH-
Hyto rpynmny napameTpoB [IBM, momiexarux pacueTy, KOTOpbIE C OIHOM
CTOPOHBI XapakTepu3oBaau Obl KauecTBO padboThl LIBM kak cucrembl
‘MacCoOBOro OOCTY>XKMBaHMS, a C APYroil ObLIM OBl CBSI3aHBI OJHO3HAYHBLIMU
3aBUCUMOCTSIMU C TOKa3aTeIsIMM KadecTBa BbIIABAEMOM CUCTEMOI I/IH(bop-
Malluu.

B nmanbHelinieM B KadecTBe TaKMX ITApaMETPOB BBIOMPAIOTCS:

— TpebyeMoe OBICTpOACICTBME apudMETUYECKOro ycTpoiictBa (AY)
[IBM nipu peasmzaiiuu aaropuTMa;

— YKMCJIO STYeeK * OIepaTMBHOIO 3aloMuHaroliero ycrpoiictea (0O3Y)
LIBM, 3aHATBIX B TPOLIECCE PEATU3ALUUA AJITOPUTMA!

— uyncio g4yeek OydepHoro sanomuHaiolero ycrpoiictsa (b3VY) LIBM,
HCO6X0,Z[I/IMI>IX TPU  pealn3alui  airopuT™Ma B pearbHOM Macirtabe Bpe-
MEHU.

OcraHOBUMCSI Ha.KpaTKol XapakTepUCTHUKE IEPEYUCIEHHBIX MapaMe-
TPOB. ) '

Ilon GwicTponetictBuemM I1IBM (koTopoe ompenensieTcs, IIaBHBIM oOpa-
30M, ObICTpOAEHCTBMEM AY) NOHMMAETCs CPEeIHEe YUCIO OIepauuii, Bbl-
MOJIHSIEMBIX B €IMHUITY BpeMEHU IIPY peajn3alliid IIPOrpaMMbl KOHKPETHOM
3amaun M omnpeneiasemoe o gopmyne V = 1/Z p,t,, rae 1, — BpeMs BbIIOI-
HEHMS omnepaluuy I-I'0 TUMA; p; — 4YacToTa BBIMOJHEHUS] orepaluu i-ro
tumna. Takum o0pa3oM, B oOLleM ciiydae ObicTponeiictBue LIBM meHsieTcs
OT 3ajlayn K 3ajaye. YroObl M30aBUTHCS OT 3TOTO HEAOCTaTKa, BBOZ[I/ITCH
TIOHSITYE TIPUBEIEHHOTO OBICTPOAEHCTBUS

Vap = U1np,

e Tpp, — BpeMsi, 3aTpauMBaeMOe Ha BBIMOJHEHME OHOH IpMBEIEHHOM
oriepaiuu (Harmpumep, KopoTKoif). [lpuBeneHHOe OBICTpONACIUCTBUE HE 3a-
BUCUT OT peIllaeMOil 3a/la4yu U MO3BOJISIET C HEKOTOPOU CTENMEHbIO JOCTOBEP-
HOCTU TPOM3BOAUTH OPUEHTUPOBOYHOE cpaBHeHUe [IBM 1o 3tomy mapa-
METpY.

C osicTponetictBeM LIBM HermocpencTBeHHO CBSI3aH TaKoO# ITOKa3aTesb
KayecTBa CHCTeMbl 00pabOTKM, KaK BpeMsi, 3aTpauyMBaeMoe Ha peanusaiuio
‘aJITopUT™Ma U onpezessieMoe no Qopmyse

T = Ngp/Vip,
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rie Ny, — KOJ'II/I'ICCTBO TIPVIBEICHHBIX OHepaL[I/II/I TpeOyeMbIX Uil peaTu-
3allMyd  aaropurMa.”

KonudectBo omnepaiuii aaroputMa, B CBOIO OY€pelb, HAXOAUTCS B He-
MOCPENCTBEHHOW 3aBUCUMOCTU OT CTENEHM COOTBETCTBUSI alroputma (pusu-
YECKOU CYIIHOCTH OINMKCHIBAEMBIX SIBJICHUI (ONTUMATbHOCTh aJlTOPUTMA), CTe-
TMEHU €ro MPopabOTKU, KAyecTBa MPUMEHSIEMbIX YUCICHHBIX METONOB pellie-
HUSI, Ka4YecTBa MporpaMMUpPOBaHUs U T. I. OObIMHO ONTUMATbHBIE ATTOPUTMBbI
Oosiee CIIOXHBI W TPEOYIOT [JIsi CBOE peaiun3aliuy OOJbIIOro Ymncia ore-
paiuii. YrpollleHHbIe aJTOPUTMBbI TPeOYIOT MEHBIIIETO YUCIA ONMEpauil Ipu
MalIMHHON pean3alliu, OJHAKO OCHOBHbIC KAUeCTBEHHbBIC XapaKTePUCTUKU
TaKUX aJrOPUTMOB [0 0OPAOOTKE MH(POPMALIMK XY3KE, YEM Y ONTUMAJIbHBIX.
Takum o0pa3oMm, KMeeeTcsl HEMOCPEACTBEHHAasl CBsI3b  MEXIy KayeCTBEeH-
HBIMA XapaKTEPUCTUKAMK JITOPUTMA U TpeOyeMOil N1POK3BOAHTENBHOCTHIO
LIBM. B1y cBs13b HEOOXOOVMMO MMETh B BUIY KaK MpU pa3pabOTKe alrOpUT-
MOB, TaK W Ipy BbIOOpE TeXHUWYECKUX IapameTpoB LIBM.

OueHka o0beMa BHIUMCIHTENBHOH PabOThl, OOYCJIOBJIEHHOTO comepxka-
HMEM aJIfTOpUTMa U OOLLIMMU 3aKOHOMEPHOCTSIMU ero peanusauuu Ha 1IBM,
[IPOU3BOIUTCS B CJIEAYIOILEH MOCIEN0BATENbHOCTH [21:

~ — COCTaBJIeHUE Ipad-CXeMbl MAIIMHHOIO aJrOpUTMa (IIPOrpaMMbl B yC-
* JIOBHBIX aJipecax), BEpIIMHbI KOTOPOTr0 OOBEAWHSIIOT TPYIIbI MOAPS Clie-
JYIOIIUX OIepaluii, BBITTOJHIEMbIX 0€3 MPOBEPKU JIOTUYECKUX YCJIOBUIA;

— ONpeJe/icHUe KOJMMYEeCTBA TPUBENCHHBIX OIepaluid, MpeaCTaBICH-
HBIX BeplIMHaMu rpada;

— Onpee/icHre BEPOSITHOCTU WCIOJIb30BaHUS ‘BepIIMH rpada mpu pea-
JIN3alUUA  aJITOPUTMA;

_ — TIoJlyuyeHue (bopMaJIbHBIX 3aBUCUMOCTEM, XapaKTEPU3YIOLIUX O0bEM
BBHYHCAUTENEHON paboTHI.

OObHO B KauecTBe (yHKUHH, XapaKTePU3YIOLIEH 00bEM BbIYUCIUTEIb-
" *HO#I paGoTBI NP peanu3alliy aJrOpUTMa, MIUETCS IUIOTHOCTh pacrpeese-
HUSI 4Yuca TMPUBEICHHBIX OMepalvii MW TIOTHOCTh pacIpeiesieHusI Bpe-
MEHM, 3aTpayMBaeMOro Ha peaju3allvio aJlfOpUTMa, YTO aHAJIOTMYHO Ha-
XOXIECHUIO TUIOTHOCTU pacIipeieSIeHUsI BpEMEHU OOCIYy>XXWBAaHUSI B CUCTEME
MacCOBOTO OOCITy>KWUBaHUSI.

3arpy3ka O3Y LIBM onieHUBaeTCsl YUCIOM -MHOTOPA3PSIAHBIX STYEEK,
JaHATHIX B MpOILIECCe pealu3allii aJITOPUTMA. DTO YMCIIO TaKXKe HENOCpe/-
CTBEHHO CBSI3aHO C XapaKTepoM (CIOXHOCTBIO) aaropurMa O6p&60TKI/I H,
KpOME TOTO, 3aBUCUT OT CJeAyIolux (haKTOPOB:

— cnoc06a npeodpa3oBaHUsT MHOTOMEPHOM HpOCTpaHCTBeHHO BpEMEH-
HOi 06CTaHOBKU B 30He 0030pa PJIC (MHOroMepHOro o6pasa) B OJHOMEp-
HYK' BpEMEHHYIO MOCJIe0BAaTeIbHOCTh TPEOOBAHUIA, nozmexamnx obpa-
_ Gotke; .

- = cnoco6a 3allUCH BXOMSILMX COOOILIEHMI (TpeOOBaHMIA) UM pe3ysbTa-
TOB MPOMEXYTOUHBIX BbruMciieHuii B O3V

— Kputepuss ouuctku O3V or ycrapeBuieil HMH@OpPMAaLIUU.

OOBIYHO YUCIIO UCXOMHBIX JAHHBIX W MPOMEXYTOUHBIX PE3YJIbTaTOB, KO-
TOpPbIE HEOOXOAMMO XPaHUTh MNPU PEAIU3aLUU AJITOPUTMA, U3MEHSIETCS: CILy-
YaiiHbIM 00pa3oM OT peanu3anu K peanusainuu. CrenoBaTebHO, 3arpy3ka
O3Y sBnsieTcs ciydyailHOU BEJIMYMHON U 3aJada B KOHEYHOM CUETE COCTOUT
B OIpENECIEHUN 3aKOHA PACIpEeNesICHUs] 3TOW CIIy4yallHOW - BEIMYMHBI, YTO
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COOTBETCTBYET OMNPENCICHUIO 3aKOHA DPACIIPEICTICHUS YWClIa 3aHSATBHIX Ka-
HaJIOB B MHOTOKAHAJIbHOI CHCTEME MAacCOBOIO OOCIY:KMBaHUS.
ITockonasky 1IBM omHOBpeMEHHO MOXET 00padaThiBaTh TOJBKO OIHO
COOOIIIEHNE, TO BCE ITOCICAYIONINE COOOIICHMsI, MOCTYIIMBIINE B MHTEpBajIc
BpPEMEHH, KOra MalllMHa 3aHsTa, MODKHBI OBITh 3amvcaHbl B B3Y, oTkyma
OHU BBIOMpAIOTCS i1 00pabOTKM B 3aJaHHOM focdaegoBatenbHoctd. Ilpu
npoektrpoBannn LIBM Bo3HmKaeT 3amadya BeiOOpa oobema b3V mcxons ms
TOrO, YTOOBI MPU 3aJAHHOM ITOTOKE TPeOOBAaHMII 1 M3BECTHOM BpEMEHU 06-
paBoTKH -Kax[0I'C M3 HUX BEPOSITHOCTH MOTepy HOBBIX TpefbeaHmil ms-3a
orpaHnyeHHoro obbema b3y Obuta Mana.
Ora 3amada TakXke OTHOCUTCA K KJaccy 3a-

Jady MacCOBOIO o§cny>KHBaHHH. , ol I 4,
B cootBercTBUM ¢ OGOCHOBAaHHBIMU 3[ECh

OCHOBHBIMM T1apamerpamu LIBM, mommexka-

IIUMUA OLIEHKE METONaMU TEOPUU MAaCCOBOIO

o6cnyXHBAHHA, B NalbHelilieM OyaeM mpe- Ay

crapisitb [IBM B Buzme TpexyssioBOW cHUCTe-
Mbl MaccoBOro OOCTYXMBaHUSl, CTPYKTypHas Pue. 3.7 Tpencrapneue

cXeMa KOTOpOii npuBeaeHa Ha puc. 3.7. LUBM B Bume Tpexyaionof
% A . 6 CHCTeMbl MacCOBOIO  OOCIy-
3en A,3TOl CUCTEeMbl MOIEIMPYET Pabo- KUBAHMS.

OycdepHOro 3arOMHHAIOLIETO YCTPOKCTBA
(b3Y). TpeboBaHust BXomdliero IoToka 3amuchiBaiorcsi B B3V B mo-
psake noctyiieHust. Beidop coobiienmii w3z b3V mis manbHeieil obpa-
OOTKM TIPOM3BOIWTCS B ToOpsake Tpoctoii odepenn. Ilpm anammze b3y
cunTaercs GeablBepLHOHHBIM YCTPOHCTBOM (BpeMsl 3alMCU U CUUTHIBAHMSI
PaBHO HYJIO)..

Vzen A , Momenupyet paboty AY U SIBISIETCS. OMHOKAHAIBHBIM IIPUOOPOM
MaccoBoro o6ciayxkuBaHus. DyHKUIMOHMpPOBaHWE Yy3na A, 3akiouaercs
B 00paboTke TpeboBaHUil, BbibUpaeMbix U3 b3VY. Ora o6paboTka cBOOUTCS,
B OCHOBHOM, K WJIEHTHU(UKAILIMM HOBOTO TPEOOBAHMS C paHee MOCTYMUBIIMMU
Y XPaHAIMMHUCA B O3Y. Tlpu aHanmuze AY nmpuHUMAETCS, YTO TIPOTPAMMBI
BBIUMCJIEHUI 3aMucaHbl B crielMajbHOM 3Y U BpeMsi Ha BbIOOp W BBOI IPO-
rpaMM He pacXxomyeTcs.

Vzen JI 3 Mmoaenupyer pa60Ty 0O3Y. B O3y XpaHHTCH TOJILKO pe3yJibTa-
Thl IPOMEXYTOUHBIX BbIYUCIEHUIA. BpeMsi 3aHATOCTY MHOTOpa3psiAHOM sueli-
ku O3Y onpenensiercss MPOAOKUTENILHOCTbIO XPaHEHUsT MPOMEXKYTOYHBIX
pe3yJbTaTOB OOpPabOTKM II0 KaXXIOMY CHTHalIy (TpacKTOpWHu) M SBIISIETCS
cnydaitHoit BenuuuHOW. [TostoMy O3Y MOXHO cuMTaTh MHOTOKAaHAJTBHON
CHUCTEMON MAacCOBOTO OOCTYXXMBaHUSI C MOTEPSIMHU.

- Taxkum o6pazom, IIBM MoxHO paccMaTpuBaTh KaK CHCTEMY MacCOBOIO
00CIyXMBaHUs, B KOTOPOM:

— BO3MOXHbI OTEpH TpeOOBaHWI H3-38 OrpaHUYCHHOU emkoctn b3V
u 03Y;

— TpeGOBaHI/IH 3alMcaHHbIe B B3y 00s13aTeTEHO  OOCITY>KMBAIOTCS;

— BpeMs OXUAaHUsl OOCTYXWBaHUS B OYEpeNd €CTh clydyaiiHas BedH-
4UMHA, 3aBUCAIIAS OT MHTEHCUBHOCTU BXOJIAIIETO MOTOKA U CKOPOCTH oocy-
KHMBaHUS.

Takue cuCTeMbl HA3bIBAIOTCA CHUCTEMAMM MAacCOBOIO  OOCIyXUBAHMS
C OTPAaHMYEHHOM OYePenbio (OrPaHNICHHBIM BPEMEHEM OXHIAHMUSA).

111



CIIUCOK JHTEPATYPDLI

I. Tuenenko B.B., Korpaaen ko M. H. Bsexsenue B TeOpHio Macco-

Boro o6cayxupanusa. M., «Hayxas, 1966.
2. Foay6es-Hosoxunos 0. C. MHOromMaliMHHble KOMIUIEKCHI BbI-

yucauTenbHbIX cpencts. M., «Cos. paguor, 1967.
3. Kontopos . C, Toay6es-HoBosuaop I0. C. BsencHue

B PaLHONOKALMOHKOK cucTeMoTexHuky. M., «Cos. pagmuos, 1971,
4. KyabpmMmun C. 3. lUudpopas 06paboTKa paguoNoKaLUOHHONH MH(MOPMAIMH.

M., «CoB. pamno», [967. .
5. Mepos B. II. Cratuctuvyeckuii cUHTE3 UMIYJIbcHbIX cucteM. M,, «CoB.

paagor, 1909.
6. HBerxos J. T, TIpHHUHIB! KOMMUECTBEHHON OLEHKU 3((HEKTUBHOCTHU

pannosnexTpoHHbIX cpeacts. M., «Cos. pammo», 1971. .
7. Ubinkuun S 3. Teopusa umnynbcHbx cucteM. M., ®usmarrus, 1959.

8. Kodopman A, KpooHn P. MaccoBoe o6cnyxusanue. Teopust U Mpuiio-
xenue. Ilep. ¢ ¢panu. IMon pen. M. H. Kosanenko. M., «Mup», 1965.
9. Kokce/I., CmuT B. Teopus ouepeneir. Ilep. ¢ anrn. Iox pen. A. . Co-

nosbeBa. M., «Mup», 1G66.
10 Hewrtou JI.,, Tyan JI., Kafizep JI. Teopuss AMHEHHBIX Cclems-

mux cucreM. M., ®usmarrus, 1961.
1. ®enopos C. M., Jursunos A. Il. Apromaruyeckue CHCTEML

¢ uudpoBbIMKM yIpaBisioOmMMKU MainuHamu. M., «DHeprus», 1965.

12. ®ypwman f. A HaxoxiaeHue TpaeKTOpUil Lesedd MO JaHHBIM PaguoJIO-
KALMOHHOTO HaOJIOfEHMs TPY yYeTe CBSI3M MEXIY COCEIHUMH OTCYeTaMHu. — B KH.:
Teopuss U TexHuka paguosnokauuu. M., «MawnHocTpoeHuer, 1968.

13. Brookner E. Recurrent Events in a Markov Chain — «Jnformation and

Controls. 1966, v. 9, Xs 3. 3
14. Y a k ¢ H. VYayuuieHue OTHOLIEHUS CUTHAI/IIYM W CTaTUCTUKA CEMEMCTB

ClIeIOB TpaeKTopuii. — «Bompochkl paauMooKaLMOHHON TeXHHKH», 1956, Ne 1.

4. WCCJIEIOBAHUE AJITOPUTMOB OBPABOTKHN
PAIMOJIOKALIMOHHOM MH®OPMALIA
METOJIOM CTATUCTUYECKOIO MOJEJIUPOBAHUSA
HA YHUBEPCAJIBHBIX ITM®POBBIX
BBIYNCJIUTEJIBHBIX MAIIHAX (LIBM)

4.1. OOmuMe BOIPOCH CTAaTUCTUYECKOIO0 MOICIMPOBAHMUS
; CJIOKHBIX CHUCTEM

JIo6asg cinoxHas MHPOPMALMOHHAs CHUCTEMAa, K KAKOBBIM OTHOCHTCS
1 crcTeMa OOpabOTKM PAIMOJOKALIMOHHON HHGOPMAUHH, (YHKIMOHUPYET
B YCJIOBMSIX BO3HEUCTBUS LIEJOrO psiia CAy4yailHbIX (DaKTOPOB, Y4eT KOTO-
pBIX 3aTPyAHUTEJIEH TMpU TPOBEAEHWU AHAIUTUYECKOTO MCCIIEAOBaHUSI..
TToaTOoMy Hapsiy ¢ aHATUTUYECKUMU METONaMU TIONYYMITH [IIMPOKOE MPU3HA-
HUE W DPaCIpOCTpaHEHWE METOmbl MCCIIENOBAHUS TAKUX CHCTEM ITyTeM CTa-
TUCTUYECKOTO . MOAEJMPOBAHUSI HA YHUBEPCAJIBHOI OBICTPOAEHCTBYIOLIECH
1IBM, :

ITo Teopuu M MpakTUKe MOAEIUPOBAHUS CJIOXHBIX CUCTEM UMEETCS 0OJb-
110€ YUCIIO OMyOIMKOBaHHbIX pa6or {1, 51 ap.]. B manHom nmaparpade usna-
raloTcsi OCHOBHBIE CBEEHUSI O METOAE CTAaTUCTUYECKOr0 MOIEIUPOBAHUS
CIIOXHBIX CUCTEM, MPUMEHUTENIbHO K 3alayaM, pellaeMblM B TIpoLiecce
00pabOTKM paaroIOKAIIMOHHONM MH(MOPMAaIIH.
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4.1.1. Cmamucmuueckoemoderuposanue KakK MeTod
UCCACOOBANIUA CLONCHBIX cUCmeM

B o0iiem ciydae mom CTaTUCTUYECKUM MOJEIUPOBAHMEM MOHUMAETCS
Jobast MpoLenypa, BKIOYAIOLIas UCKYCCTBEHHOE (DOPMUPOBAHUE CTATUCTHU-
YecKON BBIOOPKM - M €€ 00paboTKy IS MPUOTMKEHHOTO pEIIeHUS - (hU3U-
YECKMX M MaTeMaTM4ecKuX 3ajad. Bo3MOXHOCTM MpakTUYecKOW peanu3a-
LMKM CTATUCTUYECKOTO MOIEIMPOBAHUS CBSI3aHBI C IOSIBICHUEM OBICTPOIEIi-
CTBYIOIIMX LM(MPOBBIX BbIYUCIUTENBHBIX MalllWH.

IprMeHUTENBHO K MCCIEIOBAHUIO CIOXHBIX CHUCTEM peau3aliusi MeTo-.
Jla cTaTUCTUYeCKoro mopenvpoBaHust Ha [IBM cBogutcs K penieHuio clie-
JYIOIIMX 3a/1ay:

— BBIOOp anropuTMa, WMWTHPYIOIIETO Tporecc (YHKUHOHHPOBAHHA
WCCIIEAyEMOI  CUCTEMBI,

Anzapunms Anzopams Apanpums

;:;%Z.‘;Z%u uccredyrmod odpadomny
Exoowe/x CUCENS! PEIgrsmamos
cuena ol MoGenupodasur

Puc. 4.1. TIlpocreiimas QyHKIIMOHAIbHAsI CXeMa ajropuTMa CTaTUCTUYECKOTOo MOoJe-
JINPOBAHMUSI.

— WMUTAlUs BbIOOPOK CIyYallHbIX BXOJHBIX CHUTHAJIOB C 33JaHHBIMU
CTaTUCTUYECKUMU XapaKTEePUCTUKAMU;

— MHOTOKpaTHasl peajinu3alysl WCCIEAyeMOro ajaropuTMa ToN BO3Iei-
CTBUEM BBIOOPOK CJIyYaliHBIX BXOJHBIX CHUTHAJIOB;

— cTaTucTHyeckasi 0o0paboTKa TMOJYyYEHHBIX DPE3YyIbTaToB.

IMpocreiiiast ¢pyHKIMOHANIBHAS CXeMa AJITOPUTMA CTaTUCTUYECKOTO MO-
JeaMpoBaHus u300paxeHa Ha puc. 4,1. IlepBblif GIOK STOM CXeMBI IPEI--
HazHaueH IUI IIOJMIyYeHUS peaau3aluil BXOAHBIX CHI'HAJO0B, IOIIEXalINUX
00paboTke, OOBIMHO 3TU CUTHAIblI CONEPXKAT KaK PEryaspHylo, TaK H-CJIy-
YafiHyI0 cocTapisiione. TeHIeHIMsT COBPEMEHHOT0 pa3BUTHUSI pacCMaTpH-
Ba€MOro METOJ]a COCTOUT B TOM, YTO O0€ 3TW COCTABJISIIOLINE HOJ‘[y‘Ia}OTCH c
TIOMOIIBIO peau3allu ClelnuaabHbIX TporpamMM Ha [[BM.

Bropoii 610Kk mpeacTaBisieT coboii MporpaMMHO-PEeaIM30BaHHYIO CHCTe-
My (2JTFOpHTM), INOMIEXALLYI0O MCCIENOBAHMIO. B Ipouecce mccienoBaHus
OObIMHO CTaBUTCS 3aJadya CPaBHUTEJBHOM OLIGHKM pPa3IM4YHbIX BapUaHTOB
NMOCTPOEHHRA aJITOPUTMOB C IIEJIbIO BBISIBJAEHHA; BO-TIEPBBIX, MX Pa0dOTOCIIO-
COOHOCTH, a BO-BTOPBIX, C LEAbI). OmpeieicHusT KauyeCTBEHHBIX XapaKTe-
PUCTUK, HE TOANAMOIIMXCS aHAUTUTUYECKOMY HMCCIISIOBAaHMIO.

Tpetnii 610K cxeMbl Ha puc. 4.1 BBIMOJIHSIET PYHKIMA W3MEPUTEIIHBHOTO
npr6opa, (UKCUPYIOLIErO Pe3y/bTaThl MOAEIUPOBAHUS. Pe3yibTaThl, Mo-
JIydeHHbIE TIPY ONHOKPATHOW pealv3alyu ajiroputMa, B CWIYy JAEWCTBUS
CIIy4yaifHbIX (haKTOPOB OYAyT pealn3alUsIMU CIAy4aiHOro IIpolecca U B3si-
Thie B OTIEJIBHOCTH HE MOTYT OOBEKTMBHO XapaKTepPU30BaTh  UCCICAYyEeMbIii
“anroput™. ITosToMy MCKOMBIE XapaKTepUCTUKM IIPU KCC/IENOBAHUM AJro-
PUTMOB METOZOM ~CTATHCTHYECKOTO  MOZCTMPOBAHMSI nonyqa}OTcsl yTeM
YCpeIHEHUs MO OOJBIIOMY YUCIy peau3aliyid.
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Merton cratuctrdyeckoro mojaenuposaHusi Ha LIBM seaseres, BooOle
TrOBOpsI, CHEMAJbHBIM 00pa30M ITOCTPOSHHBIM YMCICHHBIM METOIOM pellie-
HUSI, TJIaBHbIM 00pa3oM, BEPOSTHOCTHBIX 3agad. OgHako B OTIMYME OT
OOBIYHBIX YMCJCHHBIX METONOB, IIPU CTaTUCTUYECKOM MOICIMPOBAHUM CO-
XpaHSIeTCsl JIoTMJecKasi CTPYKTypa WUCCIIEAyeMON CHUCTEMBbI, TOCJIEI0BaTE/b-
HOCTb ITPOTEKaHMS BO BpEMEHM MPOLIECCOB e¢ (PYHKIIMOHUPOBAHMS, XapaKTep
U coCTaB MHMOPMALIMU O COCTOSTHUSIX cUCTeMbl. C 3TOI TOYKU 3pEHUS] UMEET
MECTO HEKOTOpasl aHaJoTHs MEXIy MCCICIOBAHMEM CHCTEMBI METOIOM CTa-
TUCTUYECKOTO MOJAETVMPOBAHUSI U METOJIOM HATYpPHOTO IKCIIEPUMEHTA.

Merton CTaTUCTUYECKOTO MOJEIMPOBAHUS OCHOBAH HA CaMBIX OOLIMX TEO-
peMax Teopuu BeposTHOCTU (Teopema YeOnlleBa, TeopeMa bepHysin)
U SIBIISIETCSI YHMBEPCATbHBIM METOIOM WCCIIEIOBAHMUS CJIOXHBIX CHCTEM.
Ecnu uccnenyeMblii Ipoliece yaaeTcsl OIKUCATh ¢ TIOMOILBIO HEKOTOPOil CUCTe-
Mbl MaTeMaTHYECKUX COOTHOLIEeHMIA (POPMYJ, TOTMUYECKUX YCIOBHUIA, Omepa-
TOPOB U T. J.), TO CTATUCTUYECKOE MOJEIMPOBAHME 3TOTO IpoLecca He Ipe-
CTaBIISIET TPUHIIMIIMAIBHBIX TPYIHOCTEH M HE HajaraeT IOIOJHMTEIbHBIX
OrpaHWYEHUI Ha BbIILIEYKa3aHHbIE COOTHOLIEHUSI.

OCHOBHBIM TIPEMMYILIECTBOM METOIa CTAaTUCTUYECKOI0 MOJIEIMPOBAHUS
SIBJIIETCST BO3MOKHOCTD PEIIeHHs 3amay MCKITIOYMTETLHON CITOXXHOCTH, He-
JIOCTYITHBIX PEIISHUIO aHAIUTUYeCKUMU MeTogamu. Heobxomumo Takke OT-
METUTb YIOOCTBO, OBICTPOTY M OTHOCUTENIbHYIO HEIIEBU3HY 3TOr0 METOIa,
TaK Kak I[pY MOIEJMPOBAHUM He TpebyeTcsl co3aaBarh CIIEMAbHYIO arna-

paTypy. )

Bwmecte ¢ Tem, MeTon o0agaeT CylIeCTBEHHBIM HEIOCTaTKOM, COCTOSIILIUM
B TOM, UTO TOJyYeHHbIC PEIIeHNSI HOCAT YACTHBIA XapaKTep, COOTBETCTBYIO-
Ui (pUKCMPOBAHHOMY 3HAYEHUIO MapaMeTpOB M HayalbHBIX YCJIOBUI. DTO
MIPUBOAUT K HEOOXOTMMOCTM MHOTOKPATHOTO MOAETMPOBAHUS JaXKe IS Ka-
.YeCTBEHHOTO aHajiM3a XapaKTEePUCTUK HCCIIAyeMOW CUCTeMbl B HEKOTOPOM
Iuana3zoHe yclioBhil. [TosTroMy Hanboliee pasyMHBIM SIBJISIETCSI COBMECTHOE
NMPUMEHCHUEC YIIPOIIECHHBIX aHaJIMTUYCCKMUX METOAOB aHaJin3a, ITO3BOJISIO-
IIMX YYECTh XapaKTep BIMSHUS Pa3IMYHBIX (PaKTOPOB, M METONA CTATHCTH-
YeCKOTO MOJICJIMPOBAHUS, TO3BOJISIIONIETO TMPOU3BOAUTH 0OJiee TOYHBIE
OLIEHKA B OTPaHMYEHHOI 00JIaCTH.

4.1.2. Merodet modeaupoeanus na 1IBM
noc1e006amenbHOCMU  CAYHALHbIX HlCen

-TIp® craTMcTHYeCKOM MOIETMPOBAHUY 3aqava TOJYYEHUS CIyYaiiHBIX BO3HEi-
CTBUI C 3aJlaHHBIMU CTaTUCTUYECKUMM XapaKTePUCTUKAMU SIBJISIETCSI ‘TIEPBOCTENEH-
HOI, TaK K&K OT €ro YCIEIIHOrO pelleHUs] 3aBUCUT YCMeX pPelleHUs 3aladyd B I1IeJIOM.

[nst hopMUpoOBaHUS 3HAYEHUI CIIyJailHOU BEJIMUMHBI C 3aaHHBIMU CTATHCTRYEC.
KAMM XapaKTepUCTUKAMU OOBIYHO B KauyeCTBE MCXOMHBIX MCIIOJb3YIOT YUCIA C PaBHO-
MepHBIM pacripenesnieHueM B uHtepBaie (0,1). MMmeetcs, mo kpaiiHeir Mepe, TpH criocoba
MOJIydYEeHUST TIOCAeA0BAaTEIbHOCTU CJIyYalHBIX YMCeJ, paclpele/eHHbIX IO 3aKOHY
paBHOII BePOATHOCTH: 1) BBIOOpPKA U3 TAaGJUIBI CITyYallHBIX YUCEN, 2) MCIOIb30BAHUE
(usnueckux NaTYMKOB CHy4YailHBIX %H<est, 3) TeHepupoBaHUE ICEBIOCTyYalHBbIX YU-
cen Ha DLIBM.

TabGnuiel Cayd4ailHBIX YMCEN MCIOJB3YIOTCS TOJbKO TMPU MPUKUAOUYHBIX pacyeTrax
BBITTOJTHSIEMbBIX, KaK TMpPaBUJIO, HAa KJIABUILIHBIX MallMHaxX WA Bpy4yHywo. Pusnueckue
JATYMKU CIYyYalHBIX YMCEN XOTS M HaXOoJAT MpUMEHeHue Mpu MoaennupoBaHuu Ha LIBM,
OIHAKO O00JIANAOT CYIIECTBEHHBIM HEIOCTATKOM, COCTOSIIIMM B TOM, YTO B HUX HMeeT
MECTO TPYAHO KOHTDOJMPYEMBIA «Ipeid pacrpeneneHus».
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Haubonee pacmpocTpaHeH B npaKThke MOIEIMPOBAHMS METOA TEHEpalMu Tak
Ha3bIBaEMbIX TCEBIOCTYYAlHBIX YMCE]l C PAaBHOMEPHBIM 3aKOHOM pacrpefefeHus] He-
nocpeactBeHHO Ha LIBM. [Ins1 atoro mpeasokeHo OOJbLIOE YUCIO ajJrOpUTMOB, YUu-
TBIBAIOIUX OCOOCHHOCTH KOHKpeTHBIX LIBM, JlocTOMHCTBOM MeToma reHepaLuu ICeBa0-
CJIyJaiiHbIX 4YMCeN SIBSIETCSl TO, YTO Ha TIONyYEeHUE KaXAOTro Yuciaa 3aTpayrBaeTcs
BCEr0 HECKOJIKO IMPOCTEHLIMX OMNEPALMi, TaK YTO CKOPOCTb T'€HEPUPOBAHUS CIydyai-
HBIX YMCeJl MMeeT TOT Xe MOPSA0K, YTo U CKopocTh paboThl IIBM; mobas nocneno-
BaTEJbHOCTh TCEBAOCTYYalHBIX YMCET MOXET OBbITh MPU HEOOXOAMMOCTM MHOTOKPAaTHO
MOBTOPEHA; HYXHO TOJbKO OAMH Pa3 MPOBEPUTh KAYECTBO MOC/IEN0BATETbHOCTH, 3aTeM
€e MOXHO MHOTOKDAaTHO MCIOJb30BaTh NMPM PELICHUU CXOAHBIX 3a4aY.

[NceBnocnyyaiiHple yncia ¢ paBHOMEPHBIM 3aKOHOM pacrpele/ieHus] B MHTepBalie
(0,1) HemocpenCTBEHHO  WMCTOJB3YIOTCS TMPU MOJAETMPOBAHUM CIyYallHBIX COOBITHI
W TUCKPETHBIX CIyYallHBIX BEJTMUYMH. .

[Tycth HeoOXxomuMoO peanu3oBaTh ciyyaiiHOe coObITHE A, HacTymaioliee ¢ 3a1aH-
HO# BeposiTHOCTBIO p. OmpenenuM A Kak cOObITHE, COCTOSIIEE B TOM, UTO CIy4yailHOe
4ucao &1, BHIODAHHOE M3 COBOKYIIHOCTM YMCEN &, PABHOMEDHO DachpefefeNesiuy
B unteppane (0,1), ymOBIETBOpsET HEPABEHCTBY

& < p. 4.1.1)

BeposiTHOCTb cOOBITHSI A, OYEBUIHO, paBHA

(4]

Ha ocHoBe cooTHowenuit (1) u (2) nomyyaem cienyroliee MPaBUIO MOJETMPOBAHUS
paccMaTpUBaeMbIX CIyYalHBIX COOBITUIA:
— BHIOMpaeM 3Ha4yeHue § W CpPaBHMBAEM C p,
— ecnu HepaBeficrso (1) BbIMONHSIETCS, TO COObITUE A TPOU3OILIO,
— ecau HepaBeHCTBO (1) He BBIMOJHSIETCS, TO COObITUE A HE MPOU3OLLIO.

Takast mpolueaypa MCIHONb3yeTCsl B JadbHEHMIIEM MpU MOIEIMPOBAHUM TIOCIEN0-
BaTeJbHOCTU JBOMYHO KBAHTOBAHHBIX CUTHAJIOB (HyJel W eIMHMII).

[ycte temepp Ay,A3, ..., Ag ~ TOMHAs Tpynma cOOBITHI, HACTYMAIOIINX C Be-
s

DOSITHOCTSIMU Py, P, ... Psy & P) ==1. Omnpenenum Ay kak cobbiTHe, cocTosliee
ol

B TOM, UTO BBIOpaHHOE 3HaueHHe §; CIYJAHON BEMWYMHBI Z yACB/I€TBOPAET Hepa-
BCHCTBY

Praasgis P (I=1, ..., 9, (4.1.3)
rae !
Pr= % p, (4.1.4)
=
AHanornyHo (2) MOXHO 3ammcarb
£
P(A)= J dx=p,
Prey

IMporeaypa MofeMpPOBaHUSI B 3TOM Cilydyae COCTOMT B IMOCJ/IEIOBATEILHOM CpaBHE-
HUM 4ncen § ¢ BeamuuHamu Pp. VIcXOIOM WCTbITaHMs! siBIsieTcst cobbitme Ay, eciu
BBIMIOJIHSIETCS YCIOBUE (3).

Takast mpouenypa TPUMEHSIETCSI MPU MOAedMPABAHEY MOCIeN10BATENILHOCTH CHT-
HAJIOB Ha BBIXOAE CXEMbl MHOTOYPOBHEBOTO KBAHTOBAaHHUS. -

OCTaHOBUMCSI, HAKOHELl, Ha MPUHIUIAX MOAEIUPOBAHMSA COOBITHIL, 00pa3yo-
umx MPOCTYI0 OIHOPOIHYIO liemb MapkoBa ¢ MaTpuueil TEPEXONHBIX BEPOATHOCTEH

=y, 4 j=0,k. B03MO)KHbIMI/l pesyJbTaTaMU VICTIBITAaHUIl SIBJISIIOTCSI'B STOM
cnyqae COCTOSHMSA LeTH g .... @y, BexTop-cTpoka BepOSTHOCTEIl HayaJabHOIO
coctosiHug uenu P (0} = r|P (0) Py (0), voey Py (0) j] momxHa ObITH 3amaHa.

[Mpouenypa monmenupoBaHusi uenu MapkoBa cocTouT B chemyromeMm. CHadana
BbIGI/IpaCTCH HavyaJIbHOC COCTOAHMUE LCMU @; B COOTBCTCTBUU C BEPOATHOCTAMHU Hayalab- -
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HBIX COCTOSIHUIA. JIJIs1 3TOrO MCIojb3yeTcs mpolemaypa (3), (4), toe B KauecTBe p; Ge
pyTcs BepostHoctu Py (0). 3aTem BbIGMpaeTcsl Cleaylollee ClyyaitHoe 4UClIo 5, Xo-
TOpOE TAKXKe CPABHMBAETCS C BeMMuMHOM Py, OIHAKO 31eCh B KauyecTBe p § A1 ompe-
neneHusi Py GepyTcsl 37I€MEHTHI MaTpPUIIbI TIePEXOIHBIX BEpOSITHOCTEH Ty,  [lyrem
CPaBHEHMS YCTAHABJIMBACTCS HOMEpP COCTOSIHUS iy, JUIL KOTOPOTO CIIPAaBEMIUBO YCAQ-
Bue (3). Torma creayrommm cOObITHEM [AHHOM peanusaluy Lemu OyreT coObITHe @y,
AHaJIOTUYHO TOCTYNAIOT M B JajbHeiieM. OueBUIHO, KaXAblii HOMEP ip, onpegeaser
co0oi He TOJBKO oYepeHoe CobbiTHe af,, HopMUpyeMOit peain3allii, HO U pacrpene-
JIEHWe BEpOSITHOCTH ISl BbIOOpa nocneﬂy}omero HOMEDPA i 4 1.

PaccMoTpuM Terepb HEKOTOpBIE aJTOPUTMBI MPeoOpa3oBaHUS PAaBHOMEPHO pac-
MpeaeeHHBIX CIyYyalHBIX 4YHUCeJ, TO3BOJISIIONIME TOJYYUTh CIydailHble BEJTUYMHbBI
C 3aJaHHBIM 3aKOHOM pacripeieieHus. BO3MOXHOCTh TaKoTO TMpeoOpa3oBaHUST BBITE-
KaeT U3 CIeAyloleil TeopeMbl [1]: ecnm ciydaiiHas BeIMuMHa X UMEET TUIOTHOCTH pac-
npeneneHus @ (X), To pacrpeneieHue caydailHON BEJIMYMHBL

X
t= J w(x)dx
—0
sIBJISIETCSl paBHOMepHBIM B MHTepBasie (0,1).

Ha ocHoOBe 9Toil TeOpeMbI MOJIYYCHO CIEAYIOLIee MIPABUIO 06pa3oBaHUS MOCIENO-
BaTeJIbHOCTU YHMCEJ, paclpeiesieHHbIX 1o 3akoHy w (x): 1) T0JIy4aeM YUCII0 %i, U3
MHOXECTBa 4YMCeJ, paclpelesieHHbIX MO0 3aKOHY paBHOMEpPHOW TIJIOTHOCTM B WHTEP-
Baje (0,1); 2) HaxogWM BEJIWMYUHY X3 U3 PEIICHUS YpaBHEHUS

Aj
b= | w(x)de (4.1.5)

—o0

B KkauecTBe MepBOro mpuMepa MPUMEHEHHUs] TOTO MPABWIA TMOJTYyYUM BbIpaXeHue
IUisi 00pa3oBaHMsI YKMCEN Xf, paclpefeieHHBbIX MO MMOKa3aTeJbHOMY 3aKOHY W (x) =
= JI exp (—Ax).
Ha ocHoBanuu {3) 3amuchiBaeM
*
Ei=1J Aexp(—Ax)dx
-—0
OTKyna, TOclie WHTeTPUPOBAaHUS, IMOIYYUM
xp = —(l/A) In 1 — &)

AHAJIOTUYHO TMosy4yaeTcss ¢dopmyia sl TMOJNyYeHUs CIYYallHbIX YuCcen X§, pac-
MpeaesieHHbIX M0 3akKoHy Penes

y=aVZIn{l—Ey.

NznoxeHHass mMeTromuKa SIBJISIeTCS YHMBepcasibHOUW. OmHAKO BO MHOTHX CIIy4asix
uHTerpan tuna (5) B3sATh He ymaercs. Torma TpUMeEHSIETCSI APYroi MpUeM, COCTOSIIINIA
B MCITOJIb30BAHUU crielU(PUUecKuX 0COOEHHOCTeH 3aKOHOB pacripeaesieHus .

Hanpumep, miss mosydeHUs] 4uceN, paclpelesieHHBIX 0 HOPMaJbHOMY 3aKOHY,
WCTIOJIB3YeTCSl OJTHO M3 OCHOBHBIX CBOMCTB 3TOrO 3aKOHAa, COCTOSIIEE B TOM, YTO CyMMa
JIOCTaTOYHO OOJBIIOTO YKCIa BEAHYHH, paclipelie/IeHHBIX IO JIIOObIM 3aKoHaM, Oyaer
pacmpeznesieHa 1o HOpPMATbHOMY 3akoHy. CreloBaTebHO, 4MCIa ¥§, Paclpele/eHHbIe
N0 HOPMaJILHOMY 3aKOHY, MOXHO MOJNYYMTb U3 YCJIOBHUS

n
2% rre > 10

)
MaremaTuueckoe OXHMAaHWE W CpeIHEKBaApaTUYHOE OTKJIOHEHUE TOJYYEHHOU CIIy=
YaiiHOU BEJIMYMHBI PaBHbBI

Mzl=n/2 o, =14/2V3
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Ecmn  cnyyaiiHble 4Mcna g JOJDKHBI MMETh HOpMalbHOE pacmpeneneHue ¢ M [y) =a
U Oy =0, TO TOMYYCHHOE BBILIEC YNCIO ¥{ HAlO Mpeobpa3oBaTh CIEIYIOLINM 00pa3oM

(x;—n/2) 0 ‘a
VarlVs

B xauectBe BTOpOro npuMepa MCMOJb30BAHUA PACCMATPUBAEMOTO MeTOfA MpH-
BemeM MpaBuiia (OPMUPOBAHMS CIYJalHBIX BENMYMH, pACTpeNcTeHHBIX MO 00OOIIeH-
HOMYy 3aKOHy Penes, umetoimemy Bum

{5 Z’“’); —)
"o:”(“ or ) o\ )

B npaBujia CBOAATCA K BBINIOJHCHUIO CJICAYIOIIUX OHepaHI/Iﬁi

— monmyyaeM CJIyYyailHOe YMCIO xj, PACTpeNeeHHOEe IO HOPMAIbHOMY 3aKOHY

o 2
C mucmepcueil ¢x M MareMaTudecKuM oxumanwemM M [x] = O,
— Toyyaey CiaydaiiHOe YMCIO gy, PACTIPEJENEHHOE M0 HOPMATbHOMY 3aKOHY
C IUCTepcheil o W MaTeMaTHYecKuM oxupanueM M [y/=s,

— HaxoguM 4YHuCJIO
=) x}+yt.

[TocnemoBaTeIbHOCTD {Z{} OymeT pacrpeneieHa IO 0000LIeHHOMY 3akoHY Penes c
" aucrepcuen

- ~ ¥

B 3akiioueHue paccCMOTPUM COco0 TMOMYYEHUs] CIyJailHBIX YHMCEN, pacrpenesieH-
HbIX O 3akoHy IlyaccoHa

ot
Pa= ST exp (—a)

C MaTeMaTUYeCKUM OXUIaHUEM d.

«lng storo ucnonb3yercs Teopema [lyaccoHa: ecnmu py — BEpOSTHOCTh Hacryn-
JICHUsI COOBITUSI A TIpU ONHOM MCITBITAHWUHU, TO BEPOSTHOCTb HACTYIJIEHUSI B COOBITHIA
MPY J1 HE3aBUCUMBIX MCTILITAHUSIX K A~ oo, py - ( aCUMITOTUYECKU paBHA Pg.

BeibepeM aocTatoUHo OONMBIIOE #, TAaKUM OOPa3oM YTOOBI

Pn=aln

Oblla 3aBeIOMO MeHblIe equHuIbl (He Oonee 0,1 — 0,2). Ecnu temepb MojaenupoBaTh
CepUM O J1 HE3aBUCUMBIX MCIBITAHUI, B KaXIOil M3 KOTOPHIX cofutie A TPOMCXOIUT
C BEPOSITHOCTBIO Pn,TO B KAaueCTBE CIyYalHBIX UMCENl X;, MMEIONIMX pacrpeneiecHue
[Tyaccona, HeoOXOmMMO BBIOMPATh KOJWUYECTBO CIy4yaeB (PaKTUYECKOTO HACTYIUIEHUS
cobbiTist A B {-f cepuu MCTIBITAHUIA.

4.1.3. Ipunyuns nocmpoenus u peasusayuu Mooeaupyroueo
areopumma

B cocTaB KOMIJIEKCHOrO MOIEIMPYIOLIETO aJITOPUTMA BXOJST:

— aJTrOpUTM BBIPAOOTKM BXOJHBIX CUTHAJIOB,

— HCCHENYEeMbIii aJIrOPUTM,

— QITOpPUTM OO0pabdOTKU pPE3yIbTaTOB MOMNEIUPOBAHUS.

Ilpu mocTpoeHMU ajropuT™Ma BBIPAOOTKM BXOMHBIX CHIHAJ0B HCIIONb-
3yIOTCSI WAEU, M3J0XEHHBIE B IIpeablmyllieM HyHKTe. Heobxommmo TOJIEKO
106aBUTh, YTO HAPSIAY CO CIydallHBIMUA COCTABJISIIOILIMMMU BXOAHBIX CHTHA-
JIOB, BO MHOTHX CJIy4asXx TIPUXOINTCS TakKKe€ MOIEIMPOBATh HeCIydYaliHbIe
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BO3JEMCTBUS, a TakKe KOMOMHAIIMM HECIyYalHbIX W CIyYallHbIX BO3ze
CTBH.

AJIS cocraBieHMS MOIETMPYIONIETO alTOpUTMa MCCIEAyeMOil CHCTeMb
HEeOOXOMVMO TpeXIIe BCEr0 MMETh MONpoOHOe (popMajibHOE OMUCAHUE W3y
yaeMbIX B Heil $iBJAeHHH. CIOXHOCTb ¥ MHOTOOOpA3sKe TUX SIBJIEHUIA OObIY
"HO He TO3BOJISIIOT COCTaBUTb MOJEIMPYIOLIMIA alTOPUTM B OOLIEM BUIE, NPH-
TOMHOM IS MCCJEAOBAHUS JIOOBIX CTOPOH (DYHKIIMOHUPOBAHMS CUCTEMbI
[TosToMy cTpykTypa MOJIE/IMPYIOLLETO AITOPUTMA UMEET CHeLndUKY, CBS:
3aHHYIO C THMITOM 3ajad, IJI PelieHWs KOTOPBIX TpeaHa3HauyeHa MOIETb.

IIpu MonenvpoBaHUM C LENbIO UCCIEAOBAaHUS paOOTOCIIOCOOHOCTH U CTa-
TUCTUYECKMX XapAKTEPUCTUK BbIIaBAEMOH WH(OPMALMK, MOIEIUPYIOLINIA
aJITOPUTM IIPAKTUIECKM HUYEM HE OTJIMYAeTCS OT aJlfOpuTMa (hyHKIIMOHU-
poBaHUs CUCTeMbl. Eclii Takue OTJIMYMS U €CTh, TaK TOJIBKO B TOM, YTO'B MO-
JIEJIAPYIOIIEM aJrOPUTME C LIEeIbI0 MCCIeAOBaHUS (PUKCUPYIOTCS B MpoLecce
peanu3alMy Bce MHTEpECylolue HecaeioBaTens napameTpsl. [pir monenu-
pOBaHMM e, HaIlpuMep, C ILIeabio onpeaenenus 3arpy3kn O3Y 1IBM
B Tpoliecce peaau3alu alropuTMa HeoOXoauMo paspabaThlBaTh CrielMallb-
_* HyI0 Moenb CHCTeMel MaccoBoro obciyxusaHus. [lpm 3TOM u3MEHUTCA

U XapaKTep BXONHBIX CHUTHAJIOB, U BbIAAaBacMbIC PE3YJIbTaThI. '

[potiecc uccnenoBaHust aIrOPUTMOB METOIOM CTATHUCTUUECKOTO MOJIENH-
POBaHUSI MOXET ObITh pa30UT Ha CIIEAYIOIIME ITATIbI:

‘ 1) nopaboTku aﬂFOpl/lTMa C LEJBI0 €ro peajiusali Ha yHl/IBCpCEUIbHOI/I
‘UBM;

2) omiaaka Mporpammbl MOJENH;

3) mnpoBepka pabOTOCIIOCOOHOCTM AITOPUTMA IMyTeM AaHaJIM3a ero peak-
LIMM Ha YacTHbIE CUTyalluU (3aJaHHbIC CUTHAJIbI), B pe3yJbTaTe KOTOPOI OIl-
penensitoTcsl ciaabble Mecta U’ OLLII/I6IG/I MPU COCTABJIEHWN U TPOrpaMMMPO-
‘BAHUM AJITOPUTMA;

4) craTucTUYeCcKOe UcCiieJoOBaHKMe aJlTOpUTMa TyTeM 3aaHusi MHOXEeCTBa
peanuz3auuii BXOAHBIX CUTHAJIOB U PETUCTPAIlMU PE3yJbTaTOB MX 00padoT-
KHU.

IMonyyeHHbIE TIPpU MOJECIMPOBAHUM CTATUCTUYECKUE XapaKTepUCTHKU
JMCIIONIB3YIOTCS. JISI OLUEHKU auroputma. EcTecTBeHHO, MOIEIMpoBaHUE
‘TIO3BOJISIET -0TPabOTaTh TOJBKO OCHOBHBIE BETBH CJIOXKHOTO aJlTOPUTMa U HE
TapaHTUPYET OT OTKA30B B HEMPENBUAECHHBIX CUTYyallUsX.

OCTaHOBUMCS Temepb KpAaTKo Ha Crocodax OpraHM3alMy IpoLecca
HETOCPEICTBEHHOTO CTaTUCTUYECKOTO MCCJIeOBaHUS aJITOPUTMOB.

ITporiecc (yHKIIMOHUPOBAHUSI CUCTEMBI, TPENCTABICHHOW MOJEIUPYIO-
LM QITOPUTMOM, MOXHO PacCMaTpuBaTh KaK MOC/IEIOBATCTIbHYIO CMEHY
€e COCTOSIHWMM, OIUCHIBAEMYIO HEKOTOpbiMKM GbyHKumsamu &y (£}, &y (£)....
Eciu d)yHKuI/H/I & {f), 8,(1) ¥ 1. 0. ABTSIOTCH TIATKUMU, TO LCTECTBEHHBIM
CMOCO0OM OpraHu3alliy Mpolecca MOACIUPOBAHUS SIBJISIETCS TMOC/IeNOBa-
‘TeJIbHasg peaju3alysd 3HAYeHUI 5TUX (PYHKUMI 4Yepe3 paBHbBIE MHTEPBAILI
Af B 3amaHHOM nuanasoHe f,, fy + T, roe ¥; — HavaibHOe 3HAYEHHE, a
T ~— wHTepBan BpeMEHU MOIEIMPOBaHMWSA. TakK, HalpuMmep, OpraHU3yeTcs
-IIPOLECC MOJEIMPOBAHUSL C LIEJIbIO MCIBITAHUSI AJTOPUTMOB CIJIAXWBAHMS
MapaMeTpoOB TPAEKTOPUU MPY 00pabOTKe PaauoOKAMOHHON WH(OpMaLIUU.

B HEeKOTOpBIX Cily4asix, KaK Harmpumep, NPH MORENTHPOBaHHH, CHCTEM
.MacCOBOTO OO0CJy>KMBaHUs, 11eJIeCO00pa3HO MOJEJIUPOBATh COCTOSIHUSI CHC-
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TEMbI TOJILKO B OCOOBIX TOYKAX, COBIAAIOLIMX C MOMEHTAMU TTOCTYILICHUSI
BXOJHBIX CUTHAJIOB, MOMEHTAMHU BBIIAYM BBIXOAHBIX CWUTHAJIOB, MOMEHTaMH
TMOJIHOM 3arpy3Ku CHUCTEMbI WM €€ TMOJHOTO OCBOOOXIeHUs U T. 1. Ecrect-
BEHHO, CBOMCTBA TaKMX CHCTeM OUeHHEBAKTCA 1Mo mHpopManmyu 00 0COOBIX
COCTOSHHAX.

Ha npakTtuike BO3MOXHbBI COUETaHUSI PACCMOTPEHHBIX CMOCOOOB OpraHu-
3allAU MONIEJTUPOBAHMSI.

@ukcammsi ' 1 00paboTKa pe3yIbTaToB Mo,:leanOBaHm TIPOU3BOIUTCS
COOTBETCTBYIOIIMM aJITOPUTMOM. DTOT aJIrOPUTM NODKEH OHITh 5 1OCTPOEH
TaK, YTOObl MCXOMHBIM Marepuan JUisl OLIEHKHM MCKOMBIX BeIII/I‘II/IH dbopmu-
pOBaJICA TMOCIEIOBATEIBHO B XOJE MOJEIVPOBAHUSI U 3aHUMaJ MUHWMAJIb-
Heli o0beM O3Y I1IBM.

OObIMHO MpU MOJAETMPOBAHUM B KAueCTBE WCKOMBIX BEJIVMYWH (I)I/Irypn—
pPYIOT: BEpOSITHOCTh HEKOTOPBIX COOBITWIA, BEPOSITHOCTUM BO3MOXHBIX 3Ha-
YEeHUI TUCKPETHOU CIydaiiHOW BeMWMYUHBI (psiA pacrpenesieHUs), CpenHee
3HAYEHUE CIIyYalHOW BEJIWYUHBI, JUCIIEPCUS CIYYalHOU BEJIMYUHBI, KOppe-
JISIIMOHHBIE MOMEHTBI CITyYallHBIX BEJTWYWH.

PaccmotpuM mipoiiecc mnociaenoBaTelbHOro (GOPMUPOBAHUST TIEPEUUCTICH-
HBIX XapaKTePUCTUK.

B kauecTBe OLIEHKM i1 WCKOMOU BEPOSTHOCTU TOSIBICHUSI COOBITHUSI.
A UCTIOJIb3YeTCs YaCcTOTa HACTYTUIEHUSI 3TOTO COOBITUSI TIPU (PUKCUPOBAHHOM
yucsne ucnbitaHuii N. [losTroMy B mpoliecce MoaeaMpoBaHusl (opMUpYeETCs
(HakaruIMBaeTCs) YUCIO M TOJIOXUTEbHBIX WMCXOMOB, a OILIEHKAa BEpOSIT-
HOCTUA HAXOJWTCS, MOcje TpoBeAeHusT Bcex N UCHbITaHWH, TTo (opmyrie

p(Ay=miN.

AHJIOTUYHO TIOOXOASAT M K OIICHKE JMCKPETHOTO psla PACIIpemeTeHMs
CIyJaifHO! BenW4uHBL. J[J1s1 3TOro 00JIacTh BO3MOXHBIX 3HAYEHU Clrydaii-
HOU BEJIMYMHBI pa30dMBACTCS HA 1 WHTEPBAJIOB M B MPOLIECCE SKCIIEPUMEHTA
HaKarIMBaloTCcs 4ucna My (8 = 1, 2, ..., m) monamaHuii .cy4aiiHOU Be-
JIMYMHBI B COOTBETCTBYIOIIME WHTEpBaIbl. OLEHKOU 111 BEPOSTHOCTU MNO-
MaJgaHusl CITyJ9aifHON BEJIMUMHBI B MHTEPBAJ C HOMEPOM R SIBIISIETCSI

= m, /N, (;}Jh = 1_).

711 OIIEHKW CpeIHEero 3HAYeHWS X CIIyJalfHON BEJMYMHBI X B TIpoIiecce

MOJIC/IMPOBAHMSl B CICLMAIBHON sYEiiKe HaKalUIMBAaeTCsl CyMMa Xk I10-
:

JIyYeHHBIX 3HAYCHWI X;. B KOHIle MomenMpoBaHMsI CpeqHee 3HAYeHHWe Ha-

XOIUTCS 110 hopMyJIe
- 1
X = ‘}\T 2 xi.
i=1l
I[J'IH OLCHKMU OUCIIEPCUN CJ'[y‘-IafIHOﬁ BeJIMYMHBI X B IIponecce Moacam-

POBAHWsI IOTIOJHUTENIBHO HAKAIUIMBACTCS CyMMa S'xf, aBbIUKCIIEHUS] TIPO-
WU3BOISITCSI, TIO (DopMyITe : ‘

, N * N2
it -4 (3)

fa=]
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AHAJIOTMYHBIM 00pa30oM, I BbIYMCIAEHUS] KOPPESILIMOHHOTO MOMEHTA
MEXy 3HAUYCHUSIMU X; W 4, clydaliHbIX BeuyuH X, Y HeoOXoauMo Hakar-
JIMBaTh %}’Ctyz, 3%, XY, 3BBIUMCICHNS TIPOU3BOIUTD 1O opMyJIe

i

_ | N ;X N
ny =N 121 X Yy - gl ’_"'t Igl Y-

Kpome‘ YKa3aHHBIX IPOCTEHINMX CIydyaeB HAXOXICHUS OIEHOK MCKOMBIX
BEJIMYMH IO pe3yJibTaTaM MOJEJIUPOBAaHUsI, BO3MOXHBI U OCOObIE CiIydaw,
HETIOCPEICTBEHHO CBSI3aHHBIE C XapaKTEepPOM MCCIEAyeMbIX cucTeM. Takue
ciydard 0CO0O YYMTHIBAIOTCS MPU COCTABICHUM KOHKPETHBIX MOIEIUPYIO-
11X aJITOPUTMOB. _

OcTaHOBMMCH, HAKOHEL, Ha HEeKOTOPhIX COOOpaXeHMAX IO IPEeNCTaB-
JICHUIO MOJIEUPYIOLIEro ajropuTMa.

IIpexnae Bcero xenareabHO 3anMCcaThb MOIEIMPYIOUIMI aJTOPUTM B Ta-
KOM BUIE, YTOOBI B HEM OTpakaslach, IJIaBHBIM 08pa3zoM, OCOOEHHOCTb €ro
CTPYKTYpbl 0€3 M3NMIIHEN AeTaqu3alii U HE3aBUCUMO OT XapaKTepUCTUK
LIBM, Ha KOTOpoO#i 3TOT alroput™m peanusyercs. [loaroMy, Kak mpaBuio,
MOLGAUPYIOWHA anroput™M NPEeICTABARETER B BUIC ONEPATOPHOM CXEME,
colepXalleil Mocaea0BaTeIbHOCTb OMEepPaTOPOB, KaXKIbld M3 KOTOPBIX M30-
OpaxkaeT JOCTaTOYHO KPYIHYIO TPYyMIy 3JeMEeHTapHbIX orepaiuii. Takas
3aI1Ch MO3BOJISIET CBOOOIHO OPMEHTUPOBATHCS B OOIIEH Miee ITOCTPOCHUS
QITOpUTMa M JOCTATOYHO MOJTHO OTPaXaeT €ro JIOTMYECKYI0 CTPYKTYpY.
Kpome omepaTopHOi cXeMbl, MONEIMPYIOIINI aJTOPUTM MOXET OBITh IIpemd-
CTaBJieH B Bujie rpad-cxeMbl, Ha KOTOPOi CTpejiKaMM M 3HaKaMu MoKa3aHa
IIOC/IEI0OBATEIbHOCTD BBITOJIHEHMS OIIepalIMii.

4, 1.4. Ouenxa mounocmu pe3yabmamoe, N0ay4eHHbIXMemo0oM
CMamucmu4ecK020Mo0eAupo8anus

OO6111ast MOCTaHOBKA 3aJaUH O BBIOOPE YMClia peaiu3alvil Mpu CTaTUCTHU-
YeCKOM MOJIETMPOBAHNN COCTOMT B criemytoriieM. [lycTh MEeTomoM CTaTHCTH-
YECKOTO MOJIEIMPOBAHMSI OTHICKMBAETCS HEKOTOPBIA napameTp a. OUEHKOM
IUTS a OyZeT CIYXWTh BEIMIMHA @, SBISTIOMAscs (GYHKIIMEH OT pe3yabTaToB
MoJenupoBaHusi. Ho pesynbTaThl MOJETMPOBAHUS TPEACTABISIIOT COOOM

CIyJaiiHbIE BEJIMYWHBI, CJIENOBATENBHO, W @ SIBJSIETCSI CIYyYaliHOW BEJIMYM-
HOW, CTENeHb MPUOIDKEHUST KOTOPO K @ 3aBUCUT OT YMCa UCTbITaHWid N.
I'oBopsT, YTO MPUOIVIKEHHOE PAaBEHCTBO

aza
YMEET TOYHOCTb € C JIOCTOBEPHOCTBIO (HAEXHOCTBIO) &, €CIM BEPOSITHOCTh
HepaBeHCTBa | @ — a | <(e paBHa a, T. e.
P(la—a|<e) =a.

3anava, cienoBaTeIbHO, COCTOMT B TOM, YTOOBI IO 3aJaHHBIM € W & Ompele-
JIUTh Tpedyemoe uucio peanuzanuii N.
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PaccmoTpuM cHavazna 3amady o BBIOOpE YMCia peanu3aluii Ipu OLEHKE
BEPOSITHOCTH p TI0 YacToTe MOJoXUTeIbHbIX McxomoB m/N. Tak Kak 3Ha-
yeHue m/N MOXHO TNpPEICTABUTh B BUIE CYMMbl HE3aBHCHMBIX, OJIMHAKOBO
pacrpe/ie/IeHHbIX CIyYalHbIX BEIWYMH py/N, TO B CHIy LEHTPaJbHOM Mpe-
JIeIbHOM TeopeMbl TEOpUM BepOSTHOCTH, ciiyyaiiHasl BeauumHa m/N  acum-
NTOTUYECKM HOpManbHa. IloaTomy mst Oonmblnux 3HayeHMir N, 0OBIYHO HC-
MOJIb3YEMbIX MPU CTATUCTMYECKOM MOJETMPOBAHUU, Mbl MOXEM OTpPEAEIUTh
3aBUCUMOCTh MEXTy &, & U N, TOJNb3ysCh CIEAYIOIIUM BbIPaKEHUEM

p( <tul/£ﬂN__m.)=a,

OTKYa, NPH 3AIAHHOi TOUHOCTH € TOMydaeM
N=B2U=r 12, (4.1.6)

gd

= —p
N

3HaueHue fy ompenesercs 1o TabiuiiaM HOpMajbHOrO pacrpeneneHus [31;
HampuMep, A1d a = 0,95 umeem fy =0,96.

B mpakTuke MomenMpoBaHUS BEPOSTHOCTb p OObIYHO Hem3BecTHa. Ilo-
aTOMYy ‘U ONpeAeNeHus TpeOyeMoro uucia peaausalivii cHayana BblOM-
paercsd Ny = 50 — 100, nmo pesynbraM KOTOPOrO OINpEIENAeTcss MpUbIIu-
XeHHoe 3HaueHue g = mfNg, TIe m — YKUCIO TMOJOXUTEIbHBIX HCXOIOB.
3aTeM, TNpUHUMAs p =¥ P, BBHIUMCISAETCS OKOHYATeNbHOE 3HaueHue N
B COOTBETCTBUHU ¢ hopmyIioit (6). MakcumanbHoe unciio N, cOOTBETCTBYIOIIEE
p = 0,5 paBHO .

Nysawe = ta/4e?. (4.1.6)

Tpebyemoe umcio peaim3aliMii TPU OLEHKE MaTeMaTHYECKOTO OXHMIaHUS
CIY4aifHOM BEJMYMHBI (C TOYHOCTHIO € M HANEXHOCTBIO a) IO CPEeAHEMY
apU(pMETUYECKOMY €€ 3HAUECHUI OmpenesseTcs U3 YCIOBUS

N == (& 0%/e3, (4.1.7)
e 6* — IMcTepcust MCCIenyeMoi ciydaitHoi BemunHbl. OmHAaKO 3HAUeHUe

AUCTIEPCHUM 3apaHEC HCU3BECCTHO M IIPUXOAUTCA I10JIb30BATHCA HpI;ICMOM,

AHAJIOTMYHBIM PacCMOTpeHHOMY Bbille. CHavajia TPOM3BOAUTCS OLICHKA o2
s 0 mo ¢opmyiie (7) mpy HEKOTOPOM HEOONBIIOM YHCIE peanu3aluii
Ny. Iocne atoro yrounsiercd 3HaueHue N 1o (opmyie [1]

N =44’ 0%/¢?,
rie ¢ — TabynupoBaHHas QyHKIMS a M kK = N — 1 11d pacrpeleneHus
~ CrprogeHra.
B kavectBe OLEHKM I AMCIEPCUU MCCIEAYEeMON CIy4ailHOI BEIUYM-
Hbl TIpUHMMAeETCsl BeJauuuHa ¢%, mojydeHHas 1o (gopmynene (7) mocne mpo-
BeneHust Bcex N peanmsaumit. Ecim Xe cTaBUTCS 3amaya ONpeneauTh o2

C OH_II/I6KOI7I, HE HpCBbILHaIOHleI 3aJaHHYy10, U HaACXKHOCTbIO 4, TO I10JIb-
3yIOTCA COOTHOLICHUEM

a=P(ojo<g),

rne d — tabyaupoBaHHass ¢GyHKuMsS a U k=N — 1.
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“cTpoba TMEepBUYHOTO 3aXBaTa, PasMephbl KOTOPOTO BHIOMPAIOTCA
I/chozt;[ 13" BO3MOXHOTO nepeMeleHus Lelu 3a Iepuos 0030-
‘pa. Ecniu B crenyioneM 0630pe B. ¢TPOO- MEPBUYHOIO 3axBaTa
‘ronajga ogHa Win HECKOJBKO OTMETOK, To. 1Mo Ka)Ao# M3 Hux
«saBﬂSHBaeTCﬁ» HoBas Tpaekropus. [lpu orcyrcrsum OTMETOK
B CTpobGe MEepBUYHOrO 3axBaTa HAUaJbHAas OTMETKA WK cbpa-
" chlBaeTcsd Kak. JIOXKHas - (KpUTepuil 3aBfSKH - «2 u3 2»), win
_ocTaBjiseTCs s NOATBEPXKAEHUST B cnez[ylomnx ob3opax, - mpu
3TOM COOTBeTCTBeHHO YBEIHUUBAIOTCHA pasMepbl cTpoba Tep-
BUYHOTO ~3axBaTa (Z[pOGHbIe Kputepumn «2 u3z m», m>2),.
‘Hocne 'TOrO KaK TPAaeKTOpHUs 3aBsA3aHa, ONPENE/IAETCA HaNpaB-
JIeHWe M CKOPOCTb ABMXCHHUs TPEANoJaraeMoi eim, 4ro [o-
_3BOJISIET ' 9KCTPAIOIIMPOBAaTh M CTPOOMPOBATH €€  IMOJOXKEHHE
" Ha cnenytomne o63opel. [lpu momamaHuu B 3TM CTPOOBI HOBBIX
OTMETOK TIPUHUMAETCSI OKOH‘IaTeJ'ILHOC pemeHue 00 - 06Hapy—
KEHUU TPAEKTOPUU.

Taxkum o6pasom, nponecc 06HapY}KeHI/IH TPAaeKTOPUU ' pa3-
; GHBaeTCH Ha JBa JTafa: Ha MEePBOM OCYILECTBISIETCS 3aBH3Ka
(06Hapy}KeHI/Ie) TpaeKTOpI/II/I MO KpUTEpUIO «2 U3 My, Ha BTO+
' POM  TPOU3BOAUTCS HOATBEPXK/IEHUE 3aBA3AHHON TPAeKTOPUH,
T, & OKOHYAaTeJIbHOE - O0HapyxkeHue TpaeKTOpI/II/I 10 KPUTEPUIO
.«l/n» (L w3 n). B YaCTHBIX cllyyasx BTOPOro 3Tamna 06Hapy>Ke-
HUSI TPAaCKTOPHM MOXET U He GBHITH.
_ A)IFOpI/ITM 3aBA3KHU TPaeKTOpUU 10 'KPUTEPUIO «Q/m» CoB-
mectHo C -aJITOPUTMOM MOATBEPXKACHMS = (OKOHYATEIBHOTO 00-
Hapyx{eHHH) TPAEKTOPUH' HO KPHTEPHIO «l/n» o0Opasyer 00b-
CAMHEHHBIN alTOPUTM OOHapyXeHMUs TpaekTopHii 10 KpI/ITepI/IIO
"«2/m-{-l/n» ;

OCHOBHHMH BBEIYHCAHTENBHBIMHI OHepaL{I/IHMI/I BBIIIOJIHSAC-.
MBIMU B TIpOLIECCE 06Hapy}KeHI/I$I TPAaeKTOPUU, SIBJISIOTCS: -OLIEH-
. Ka_ CKOPOCTH,’ OKCTPANOJISALNs KOOPAHHAT m. CTpO6I/IpOBaHI/Ie.
.-OTMETOK. OTHOCHTeJmHo STHX oIllepalinii B IajbHEHIIeM IIpH-
. HHMaI-OTCﬂ CNeAYIOIKE. IPEATIOCHIIKT:
: . DKCTpanossiumsi KOOPAMHAT TIPOU3BOAUTCS B COOTBETCT-
SBHI C I‘HI‘IOTeaOl'»'I 0. paBHOMepHOM M npsIMonI/IHeI/IHOM JIBH}Ke-
- HUH TIEJTI.

S22 CTp06H !-Ia BCEX . aTanax 06Hapy>KeHI/I$1 TpaEKTOpHH
AMeIoT ' POopMy 3JIEMEHTA C(bepnquKoro caost (M. PHC.: "3.8)..
s Pasmepbx cTpo6oB Aferps ABerp, A€crp BBHIOUPAIOT MCXONS - U3
'CYMMAapHBIX OIIMOOK M3MEPeHUsl H.9KCTPANOMALMH KOOp/IMHAT
“HA COOTBETCTBVIOUIEM 3Taile OOHAPYXEHMUS TpaeKTopHH _
.. .3, 3a'enunHuny obbema cTpoGa MPHHHMAETCH pa3peH_[aIO—
‘mas cnocoGHocTs- PJIC no COOTBETCTBYIOLMM KOOPAHHATAM,
B 5TOM Cliyyae pasMepHl CTPOGOB He: 3aBUCAT OT.JAAJBHOCTH 1,
KpOMe: TOTO, - PACMPeLe/IeHUE JIOKHBIY OTMETOK B. 30HE oﬁsopa
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1) Ione3Hblil cUrHAI MpeACTaBasSeT OO0 IayKy MMITYJIBCOB C H3BECT-
Hoil ornbaroweii 1 pukcupoBaHHbIM yncaoM N nosuuuii. Hanoxenue mome-
XU TIPUBOOUT K MCKaxXeHMI0 oruobaromiedl mauku. Ilocie IBOMYHOro KBaH-
TOBAHUS MayKa MPEACTABIsAET COO0M HECTALMOHAPHYIO MOC/IEN0BATEIbHOCT
HyNneil U eIVHMII.

2) IMomexa mpencTaBisgeT coOOil CTALMOHAPHBI MPOLIECC TUIA OEI0ro
myMa. BocmpousBeneHue aMILIMTYAHBIX BBIOOPOK IOMEXHM Ha (DUMKCHPO-
BaHHBIX IIO3ULMAX U [JBOHYHOE KBAHTCBAHME OTUX BBIOOPOK IIPUBOIIT
K TOSIBICHMIO CTallMOHAPHOM IOCIENOBaTeIbHOCTH HYJIeH W eOMHUILL.

3) Urobbl yuyecTb BAMSHUE MOMEX Ha Kpasx Mayku B MOIAEIUPYEMOH TI0-
CIIeIOBATEIbHOCTY, OHA (Mayka) M0JKHA OBITh pa3MellieHa Tak, YToOBI Clie-
Ba M CIIpaBa OT MOJIE3HOTO CUTHaja ObLIM O0JIACTH «4HCTOH» MOMEXH.

Takum o6pasom, Kaxnasd peanu3alus BXOIHOTO CUTHala JENUTCA Ha
CREeAYIOIUE 00J1acTH:

— HayajibHasg 00/acTh MOMEXM, KOTOpas 3aHUMAeT Mg IBOMYHBIX Pa3-
PSIIOB,

— o0nacTh TOJE3HOTO CUTHAja, OmpeaenasieMas LIMPUHON Mauyku N,

— KOHEYHas 00J1acTh TOMEXU, KOTOpasl 3aHMMAeT #, JBOMYHBIX Paspsi-
noB .CyMMapHOe YMCIIO 2MIEMEHTapHbIX CUTHANOB (HyJeH M eIMHWI) B pea-
JM3aUMK PaBHO ng= ny + N = ny. KenareabHo, 4TOOBI YUCIO A xBMELLA-
JIOCh B Pa3psaHYIO ceTKy yHuBepcaabHoit LIBM, Ha KoTopoil mpou3BoauTCs
MOJIeTMPOBaHUE.

[Ipy cnenaHHBIX MPEANOCHUIKAX BEPOSITHOCTh MOSIBJIECHUS E€AMHMI] Ha
KaXJIOi TO3UIKU B 00JaCTU TIOMEXH OmpenesseTcsd Mo (opmyie

Dy = exp (—x}/2) . 42N

[ie ¥, — NOPOr IBOMYHOTO KBAHTOBAHWS, ONpPENENAEMBbId UCXOId U3 [0-
MYCTUMO BEPOSTHOCTH JIOXHOTO OOHApYXKCHMUS.

Jsl MIMITyIbCOB MAaYKM, HApUMep, MOXET ObITh B3sITa MOJEIb aIIUTUB-
HOW CMECH HECITYYailHOTO CUTHAJIA W Y3KOITOJIOCHOW CTAlIMOHAPHOM MTOMEXH.
Torga BepoSTHOCTb ROABJEGHHA CIMHHMIBI HA M- MO3MLMH . Mayku (A =

= [, N) ompenensercst U3 BbIPAXEHMUSI

, x4 2, 0
X+ @
Psa=1— j‘x;, exp ["—‘T'] Totan x3) dxa, (4.2.2)
0
TOE &) = aufa; 4.2.3)
@, — OTHOILCHME CUTHaja K IOMeXe B IIEHTpE IIauKH;
g, — orubarolas MMIy/IbCOB MayKu, KOTOpask B pacCMaTpUBaeMoii Moze-
JI1 MOXeT OBIThb B35iTa B BUIE (DYHKIIMU
e i off, Dk ©omh 2 N—1 . N-—I
— sin? ¥ A=—————~:~————). 4.2.4
& (N—l)/(N—l. ( 2 2 (424)

BO3MOXHEl, KOHEYHO, JIOObIE APYrie MOIENM TMOJE3HOro CHrHama*).

*} Tlpy MomenupoBaHWM yHOOHee OpaTh Mayky ¢ HedeTHbIM N.
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ITocne BBIMMCIEHMS BEPOSITHOCTU IIOSBIACHUSI SOUHUIIBI HA OYepeIHOMN
{-# nosuimu (i ~ 1,7 Ag) npou3BomMTCs BBIOOp CiIydaitHOrO yncia §; ¢ pap--
HOMEpHBbIM pactpeneieHreM B uHTepBaie (0, 1) ¥ cpaBHEHME 3TOTO 4YKCIIa
CO 3HAYEHWEM PACCUMTAHHOI BEPOSITHOCTHU, T. €. TIPOBEPSIETCS HEPAaBEHCTBO
£, =<p,. [Ipu BBHINOHEHNN 3TOTO HEpaBeHCTBA B paspsn sueiiku O3Y LIBM,
COOTBETCTBYIOLIMI {-# MOZHUKH, 3aIKMCBIBAETCS E€IMHMLA, 4 IPU HEBBIIOI-
HEHUU — HYJIb.

Ilepexonsg oTr mo3uumM K MO3uLMK, B Tipenenax i = (1, ng), dopmu-
pyeTcsl MOC/eNoBaTeIbHOCTh HYJEH W eAMHMI, Tojiexalias aaibHeiulel
o0pabotke. McxomHbIMU JaHHBIMM TSI (DOPMUPOBAHUST KaXKIOW peanusa-
LMY BXOJIHOTO CHMTHa/a SIBJISIOTCS 3allaHHbIC 3HAYCHUS ap, Xi, N, gh.

4.2.2. Modeav aseopumma obpabomku

ITocKobKy 1IeNbl0 MOAEIMPOBAHMUSI OOBIYHO SIBJISIETCSI MCCIIEIOBaHME
KAYeCTBEHHBIX XapaKTEePUCTMK pPa3IMYHBIX aJTOPUTMOB 0OpabOTKU, TO
MOAEIMPOBaTh TIPUXOMUTCS KaXIblii TakKoi anroputMm. B Hamem ciaydae
B KayecTBe NMpUMepa BO3bMEM aITOpPUTM OOHapyXeHUs M GUKcaluu rpa-
HUILI TIaYKU 10 Kputepuio «mim — k» (cM. 1. 5). B cooTBeTcTBUUM € 3TUM
KpUTEpUEM, Tayka cyuTaeTcsi o6HapyKeHHON, eclii B WCCIeayeMOl peau-
3allMd HaMOEeTcs XOTsI Obl OmMHA KOMOMHALIMS M3 m €IUHMI] Ha M CMEXHBIX
MO3ULIMAX. B MOMEHT OOHapyXeHUsl Mauku (puKcupyercsa ee Hadano. Ko-
Hell TTaYKy (UKCUPYETCST TIPY TTOSIBJIEHWU B pea3alliyd K HyJIei TOoApsiI.

AHanmu3 Kaxmaou peanuzaludy HyJedl W eIVHUIL] TTPOU3BOAUTCS CIEmylo-
mmM obOpa3oM. BeigensieTcss m TEpBbIX pPa3psiAoB  TOCIENOBATEIEHOCTA
U CPaBHUBAETCSI C KpUTepreM oOHapyxeHus. Eciu kpurepuit oOHapyXeHuUst
VIOBJIETBOPSIETCS, TO (DMKCUPYETCH MO3UIMS ¢ HOMEPOM A == 1, KakK Io-
3ULMS, HA KOTOPOH 3a(MKCUPOBAHO HAYAJIO0 OOHApyXeHHOW nauku. Eciau
KpUTEPUI OOHAPYXEHMs HE BBIITOMHAETCS, MPOU3BOIUTCA CABUI pearn3a-
LIMA Ha OWH pa3psiji BJIEBO U CHOBA IMPOBEPSIETCS] KPUTEPUN OOHApYKEeHUSI
1 T. 1., JO TeX MOp, [OKa He OyneT HaiiaeHa mo3uLust A, GUKCUPYIOILAs Ha-
4yajio Mayku, WIM Noka He OyIyT MpOCMOTPEHbl BCE pa3psiibl UCCIELYEeMOi
peanuzanmu. B mocnenHem ciyuyae (ukcupyeTcs (akT HeoOHapyKeHMs
Mmayku (TOJIE3HOTO CUTHAJIA).

Kak Toi1pKO Hayano mauyku OOHApy:XeHO, OCTaBlIasics yacTh pealiH3a-
LMY TOCJICAOBATEe/IbHO, MyTeM IMOPa3PSIAHOIO CABUIA, CPAaBHUBACTCS C KpU-
TepreM KOHIIA Madyku. [Ipy BBIOMHEHWM KPUTEpUs KOHIIA IMAaYKU (DUKCHU-
pyeTcsl COOTBETCTBYIOLIAS IMO3ULIMS L M YUCIO MO3ULIUIA Vv = W — A B 00-
HapyXeHHOI mauke. [lociie oOHapyXeHMsI KOHIIA TTaYKW OCTaBIIAsICS YacTh
peanu3alii CHOBa MPOBEPSIETCS] Ha YIOBJIETBOPEHUE KPUTEPUIO OOHapyXkKe-
HUsA. OTO TMO3BOJISIET BBHIABUTH BO3MOXHBIE CIIYYaU <«PacLIEIUIEHHs» MadKu
Ha JIBE WIA HECKOJbKO OOHApy>KMBaeMbIX 4YacTeil.

Takum oOpazoM, B paccMaTpMBacMOM CIy4dae ITPOCTEHMIIIEro ajJropuTMa,
MOJIeJTMpOBaHKE Tpoliecca 00pabOTKM CBOIUTCS K TOC/IEA0BATETbHOMY CIBU-
Iy peaju3alli M CpPaBHEHMIO Ha KaXIOM Illare cHadaja ydacTka W3 m
paspsiioB ¢ KpuTepueM OfHapy»KeHHA, a 3aTeM yyacTKa M3 K paspsioB
C KpuTeprueM KOHIIA.
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4.2.3. Qukcayus u obpabomka pesyArsTaTos ModeAuposarus

B paccmatpuBaeMoil MomenM MCCEIOBAHUMIO IMOAJIEXAT CICAyIOLIME Xa-
PaKTEPUCTUKH:

a) BEPOATHOCTb OOHAPYXEHUA MauKh PygaNpu (HUKCUPOBAHHOM Be-
POSITHOCTH JIOKHOTO OOHApyXKEHUsI,

0) ommbKa OLEHKM LEHTpa Ta4YKH, ompeaenseMas aucrepcueit of,

B) pachpefesnieHre BEpPOSTHOCTH JAJISl YMClia MMITYJbCOB B mauke (¢ yue-
TOM BOCCTAHOBJIEHMSI K — | M MeHee NMPOMYCKOB HAa MO3MLUSAX I1a4Ku),

I) BEPOATHOCTb «pacllefeHHs» Mauyku P. :

Jlnsg pacueta BEpOSITHOCTHBIX XapaKTepI/ICTI/IK Mayku H- pacrpeneseHust
YKCcaa MMIIYIbCOB B MAyke B IPOILECCe MOACIMPOBAHUS (DUKCUPYETCS Kax-
J0€ U3 MOMYYEHHBIX YUCEN V = L — A. JLJIS1 3TOTO OPraHU3YETCS Vyygye CUET-
YUKOB, TJE Vi axe OCPETCS PABHBIM YKCITY TO3MIMA B MOJAETUPYEMOU Moc/e-
JIOBATEJIbHOCTU. B KOHIE 3KCMEePUMEHTAa BbIYMCISIOTCS BEPOSITHOCTH TO-
SIBJIEHUS B Mavyke (mocjie 0OHapyXeHHUsI). POBHO V UMIYJIbCOB MO (opmyJie

pv=<ncq'\? >/N0: (425)

Toe {fleywy — YMCIO peanu3aluii, B KOTOPBbIX 3a(UMKCUPOBAHO V MO3U-
uuii; Ny — oOmee uyncino peanu3anuii. 3aBUCUMOCTD py = f {¥) Ipeacras-
JseT coboii 3MIMPUYECKYIO ILIOTHOCTD pacnpeueneﬂnﬂ 4YHCTa MMITY/bCOB
B OOHAapyXCHHOM ITayKe.

BepOHTHOCTL 00HapyXXeHHUsI BBIYMCISACTCS MO (dopmyie

Mnnc

Ps= "3 pu (4.2.6)

Jlns pacyeTa BepOSITHOCTH PACIIEIUICHUs MAyKy B aITOPUTME IOJKEH
OBITb MPEAYCMOTPEH CYETUYMK TauyeK, OOHApyXMBaeMbIX ABa U Oonee pa3
(cy p). BeposTHOCTb paclueruieHUsT paBHA '

Py =(r >INy, 4.2.7)

e {Mggpd — YMCIO pEanu3alyii, B KOTOPHIX 3a(MKCHMPOBAHO «pacle-
JIeHHe»,

WcxonHble naHHbBIE U pacyeTa AUCIEPCUM OMIMOKM OLIEHKM YTJIOBOTO
TIOJIOXEHUS TIEHTpa TayKy TMOJMYYaroTcsl B IPOIECCe MOMETUPOBAHUS Clie-
aytormum obpazom. Ha Kakmom Imare mpoM3BOAMTCS BHIYMCICHUE TEKYILETO
3HAYEHMS OTHOCHUTENIbHOM OIMOKM 110 (opmyIie -

Afy ) Adp—N (o
BBy g [T AHR=T e 19, - (4.2.8)
rie Ag — yrioBas IMCKPETHOCTb MMITYJIbCOB B MOJENMPYEMOii Mocieno-
BaTeNbHOCTU; Af; — abCOJIOTHASL MOTPELIHOCTh OLEHKM a3uMmyTa. Tekylias
OTHOCHUTEJIbHAS OIIMOKA HAKAIIMBACTCSl OT peanusalmi K peanmaunn MO-
JIeIH, T. €. obpasyeTcs cyMMa 24, a TaKKe cymMMa EA;,. KOHIle MOAGNH-
]

pPOBaHMS PACCYMTHIBACTCS MaTeMaTHYecKoe oxmz[aHHe ook 1o Qopmy-
e

m=Mial= 3 A&n, 429
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Yiane

e n = 3 flewy— 4KCIO 00HApYXEeHHBIX peaTu3aluil.
DMIIpUYECKOe 3HAUYCHNE BTOPOTO MOMEHTAa OIIMOKM PaBHO

n .
my,=MI[AY | = D A?/n. (4.2.10).
Mckomad aucrepcus OMIMOKM BBIYMCIAETCA IO (opMyIie
oh = 0f/A} =m,—ml. (4.2.11)

PesynbTaThi pacyera BceX XapaKTepPUCTHUK BBIIAIOTCS Ha IMevaTb.

[pu ompenenennn uncna Ny TpeOyeMbIX peanu3alliii B JAHHOM CJTydyae
HEoOXOMMMO YYUTHIBATh CAEAYIOULHE ~0COGEHHOCTH:

— B MpOIECCe MOJETMPOBAHMS PACCUMTHIBAIOTCS PAa3HOPOMHbBIE Xapak-

TEPUCTUKH, MOITOMY N, HAlO OMPENENITh HCXOMH M3 oOecreyeHusl 3aaH-
HOW TOYHOCTM M HAIeXHOCTM pacyeTa TOW XapaKTepUCTHKM, KOTOpas Tpe-
OyeT HauOOJBLIETO YMCIA peaTu3aluii Mpu MOIEIUPOBAHUM; -

— BEPOSITHOCTb TMOSIBIEHUSI MMITYJIbCOB B Mayke €CTh BEIMYMHA CYryoo
nepeMeHHas, U3MEeHsIIoAsicsl B LIMPOKKX TIpeesiaX OT 3HAueHUid, OJIU3KUX
K HYJIO Ha KOHLIAX MayKW, 10 3HAYeHWii, OIM3KUX K eIUHMIE, B-€¢ IIEHTPE.

[Toaromy mst oGecriedeHMsT BHICOKOM TOYHOCTM M HAIeXKHOCTH TOJyda-
eMbIX TIPM MOJEJIMPOBAHMM 3HAYEHWH BEPOSTHOCTM OOHApPYXXEHUs TPHUXO-
AuTCcS OpaTh MaKCMMAaJbHOE YMCIIO peajln3alivii, B COOTBETCTBUM C GOpMy-
noii (1.6, a). TlocnenHee 0OCTOSITENBCTBO SIBJISIETCS PELIAIONIMM ISl OIIpe-
neneHust Ng B LIENOM, 7S BCEro SKCHepMMeHTa. Tak, eciu 3aiaTbcsd a =
=(,95, e =0,02, HaxomuMm 1O TaOaMIIaM MHTErpaJbHON (PYHKIIMU HOp-
MalbHOTO pacnpeneneHus fq = 0,96. Torna Ny yaue = 1225 peanusauuii.

4.2.4. KomnaekcHbiii Modeaupyrouuii areopumm oopabomxu
navex OG8OUHRO KBAHTOBAHKBIXCUSHAN06

[TpuBeneHHbII B JaHHOM IIYHKTE€ KOMILIEKCHBIA MOIEIUPYIOLIMA all-
TOPUTM TIpefHA3HAUeH JJIS1 MCEC/AefOBaHMA JIOTMUECKMX OOHapymutreneti,
peaNn3yIOlNX KPUTEPHH ofHapyxenus Tuna «m u3 m» (m/m) u duken-
PYIOIIMX KOHEIl MaykKu 1o K mpomyckam moapsd. [IpuHumaercs, 4to B He-
ClIelyeMoil TMOCIen0BaTeIbHOCTY KBAHTOBAHHBIX CHIHANOB HavajlbHAsd 00-
JIACTh TIOMEXW 3aHMMAcT TOYHO n, =m — | pa3psmoB, a KOHeYyHas 00-
JIaCTh MOMEXM TOYHO f, = K paspsiioB. [Ipu 3TOM mocTHUraeTcss HEKOTOpoe
VIPOLIEHUE MOIEIMPYIOIIET0 JITOPUTMA 3a CYET MCKIIIOYEHUS psga Ipo-
BEpPOK 00J1aCTU cpabaTbiBaHUsI cxeMbl. OIHAKO TaKO€ YIPOIIEHWE MPUBOIUT
M K HEKOTOpOW HeameKBAaTHOCTM MOMEIM MCCIAEAyeMOMY IIpoleccy, T. K.
B JICCTBUTENIbHOCTH 00JAaCT CMIHala IIPEALIeCTBYET NOCTATOUYHO <«OOIIMp-
Hasg» 00JaCThb ITOMEXHU.

HpI/I COCTaBJICHUN MOICIMPYIOIMICTO aJIrOpUTMa HMCIIO0Jb30BaHbI CICOYI0-

IIME OIepaTopHl:
D, — BBOJ HOBBIX NaHHBIX: &g, ¥, N, £, m, K; :
A2 — BBIUKC/IEHHE BEPOATHOCTH py MOSIBICHUS CIMHULBI B 0bractu
nomexu 1o Qopmyne (1) U 3amoMUHAHKME 3TOH BEPOSITHOCTH;
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A, — BbluncieHue gy mo dopmyne (3) ¥ BOCCTAHOBJICHUE HyMepalu
A\ B Topsnke cienosanus nosuumii (A =1, N);
A, — BbIUKCIICHUE BEPOSITHOCTU psX TOSIBJICHUSI eMHULIBI B 00JIACTH
curHasa (mauku) 1o cdopmysie (2) H 3anOMRHAHHE 3TOil BeposIT-
HOCTW;
F, — 3amuch emuHUIBI B CYETIMK Ynciia chOPMUPOBAHHBIX Pa3psioB
peanuMzalMyd B HayaJbHON oOmactu nomexu «Cu iy + 1 —-
- (C'l[ t}l)); . ; A
(0, — ToNyyeHUe CIIy4ailHOTO 4YMcia §, ¢ paBHOMEPHBIM 3aKOHOM
pacnpeneienust B unrepsaie (0,1);
P, — nposepka HepapeHcrBa &; <Zpw;
Fy — 3amuch B i-ft paspsin peructpa cGoOpMHPOBAKHON peanuzaluu
(Pr P) emuHuupl, ecim ycioBue oreparopa Ps BBINOJHEHO;
F, — 3anuch B i-it paspsn peructpa Pr P Hyns, eciu ycioBue ore-
paropa P, He BBINOIHEHO;
Py, — mposepka ycnoBust (Cui,> = n,;
F;; — ecim ycioBue omneparopa Py BBIIIOJHSETCS, TO COAEPXMMOE
cuerynka {Cuf,> cOpachiBaeTcs;
F|, — 3amuch eqyHUIBI B CYETYMK YKCIa CPOPMUPOBAHHBIX Pa3psIOB
pealM3allMi B 0OOGJACTM Moje3Horo curHana «Cy Ay 41 —
— (Cyd>);
@, — noayuenye ciydailHoro umcia &, ¢ PAaBHOMEPHBIM 3aKOHOM
pacmpenenenuss B uHtepsane {0,1);
P1s — mpoBepka ycnoBusi &) <psa;
F,s — samuce B (n, - A)-it paspsan peructpa Pr P -emuHumipl, ecim
ycaoBUe oreparopa Py, BBIMOJTHSETCS,
Fis — samuce B (n, < A)-i# paspsan perierpa Pr P nyas, ecan ycio-
BUE oreparopa P, He BBIIOJIHICTCS;
P,; — nposepka yciosust (CylA) = N;
Fya — cOpoc ¢Cu i}, mpy BBHIIOJHEHUM YCIOBHUSI orepartopa Pyq}
Fis — 3ammch eqMHMIBI B CYETYMK 9KCIa COPMUPOBAHHBIX Pa3pAIOB
peanuMzauMy B KOHeyHOW o6mact miomexu ({Cuj,.> + 1 —=
= (Cq 1 1 )
@y — monmyyeHue ciaydaifHOr0 umcna &, ¢ PaBHOMEPHBIM 3aKOHOM
pacnpeneneHust B uHtepBane (0,1);
P,; — nposepka ycinosus §; <pw;
Fes — 3amuch B (n, + N —+j)-fi paspsn peructpa Pr P emvnuipl,
€ciu ycjoBue orepatopa P,, BBIIOJHSETCS;
Fy3— samucek B (1, -+ N + j)-it paspsa peructpa Pr P nyna, eciu
ycioBue onepatopa P,, He BbIMOJIHsAETCS,
.P., — mposepka yenoBust {Cu jy > = ng;
Fas — copoc (Cujyd, mpu BbIMOIHEHWMM YCIOBHs orepatopa Pay;
F2s — sammce emynuinl B cuetanik (C4 A) NMPOCMOTPEHHBIX Pa3psAmIoB
c6pabartbiBaenmoll peammsauun; «Cu A> + 1 — <Cu A»;
F,; — BbloeneHue u3 peaausalluyl 7 MEPBLIX Pa3psuoB (cieBa);
28 — TIpOBEpKa KpUTepusi OOHapYXKEeHWSI;
20 — (pUKcaLUsl CONEPKMMOIO CUeTYMKA A, YTO COOTBETCTBYET 3allO-
MUHAHWIO A-ii TIO3MLMK, Ha KOTOPOW BIEPBbIe BBITTOJHSIETCS
KpUTEPUIL OOHapyXEeHUSI;
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F 3y — cosur peanusauuy BJIEBO Ha # Pa3psIOB;

F3; — npubasnenve B C4 A m eIVHNL;

F3, — BblIe/NcHWE U3 OCTaBILCHCS pealu3allMM K IIEPBBbIX DPa3psiioB;

P33 — mpoBepka Kputepusi OOHAPYKEHHUSI KOHLA MAYKU;

F 3, — dukcanms comepXuMoro cueTynka A, 4T0 COOTBETCTBYET 3arlo-
MWHAHUIO TIO3ULIMK |, HA KOTOPOii BITEPBbIE BBITTOIHSIETCS KPH-
TepUil OOHAPYXEHWsI KOHILA ITayKU;

Pss — nposepka ycnoust <Ca A> <<(n, — N — m};

3¢ — CIBUTI OCTaBIIENCS peaJv3ald Ha OOUH paspsil BIEBO;
P3; — npoBepka yenmoBust <Cu A> <<(n, =+ N -+ n, =~ K);
8g — CJBUT OCTaBILEICS pealn3aliii Ha K pas3psaloB BIEBO;

Fgg — dukcanmss B kavectBe KoHla mauyku (1,4 N +ny)-# mo-
3ULINY;

F, — cOpoc ocraBlieiics peannsannm;

F,1 — copoc comepxxumoro cuetynka A (<CyA) — 0);

P,s — npoBepka HanMuus 3amucu A U Y

P, — nposepka uncia 3anucaHHbx map A, u {[A, p] >1);

Fi — mpubapieHre eOMHULIBI B CYCTYMK YHUCIA «PacllenyieHHBIX»
avex;

F,s — npuGasnenne eIMHULBI B CYETYMK MPOCYMTAHHBIX peaTv3aliMii;
({CuNg) + 1) = (Cu Ny;

P4y — nposepka HepaBeHcTBa (CulNpd) <IN,y

Ay; — BolUMCIEHME V = U — A;

A4 — npeobpasoBaHue v B anpec cOOTBeTCTByIoNIero cuerunka (Cu v);

Fyo — 3ammch emuuuibl - B cgetdnk — Cuv ((Cuv) + [ = ¢Cuv));

Ayp — BBIUMCIIEHME TEKYILEH OMIMOKM 1O dopmyie (8);

n LT

Ay, — Beumcnenve lZ[A; = IE} A ALy

n=—1

< 2 2

L .

Ay — BBIUKCIIEHME {Z A = 2 AL+ AL
: !

=]

Ags — BbIMUCIIEHUE BEPOATHOCTU Py MO (opmyne (5) ¥ mneyaTs; -

Agq — BBIUMC/ICHHE BEPOSITHOCTH OOHApyXeHUs Pogy IO dopmyne (6)
W TIeYaTh;

Ags — nomyuenne P, o dopwmyne (7);

Ajs — BbUMCITEHNE My TTO popmyste (9) M Teyars;

Ag; — BbluncieHue Mgno dopmyite (10) u meuars;

Ay — BBIMMCIEHME ucriepcuu ommoku 1o Gopmyne (11) m mevars;

Py —IpoBepka, Bce JM BapUaHThl 3aJauyd IIPOCYUTAHBL;

Fgg — mpubaBieHyie eqmuuipl B cdeturk BapuantoB ({CaW) + 1 -~

- (CulV3);

$1s3 — ocraHOB.
Temneph MOXHO 3aIKcaTh ONEPATOPHYIO cCXeMy aaTepHTMa, MOomelpylo-
LIETO MPOLIECC MCCIEAOBAHMS JIOTUYECKUX CXeM OOHAPYKEHMS TavyeK JTBOMY-
HO KBAaHTOBAaHHbBIX CUTHaJIOB. OH MMeeT CICAyIONIViA BUI:
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Pic. 4.2. Tpadb-cxema MOAETMPYIOLIETO alroputMa oOpabOTKM [TaYeK ABOAYHO KBaH-
TOBaHHBIX CHUTHAJIOB.
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I'pad-cxema Momenupyloniero ajroputMa mpuBenaeHa Ha puc. 4.2.
B PACCMATPUBACMOIA  CXEME OIIepaTophbl 1—-25 mpeacTaB/IsSIIOT MOAEIUPYIO-
0111407 aIIFOé)I/ITM (opMupoBaHus peasn3alMi KBAaHTOBAaHHBIX CUTHAJIOB, OIle-
paropsl 2 — MOJEUPYIONINIA aJITOPUTM UCCAENOBaHUS CHOPMUPOBAH-
HOIl peanuzanuu, a omnepaTopbl 42—60 — MogeaupyromMii aaroputT™M pac-
yeTta M BblIauu Pe3yJBTaTOB MONEIMPOBAHMUS.

4.3. MoaempoBaHie MoCJeI0BATEILHOCTH PATHOIOKAIMOHHBIX
O0TMETOK, OTpaXkeHHBIX OT OAWHOYHOW LIeTIN

IIpu wuccnemoBaHUKM METONOM CTAaTMCTMYECKOTO MOAEIMPOBAHUSI IIPO-
1IeCCOB  BTOPMYHOM 06pa60TKI/I PamVoIOKAIIMOHHON WH(pOpPMaIM HeoOXO-
JUMO 3a1aBaTh BXOAHYIO MH(OPMALMIO B BUAE IOCIENOBATEIBHOCTA OTME-
“TOK, OTPaKEHHBIX OT LIEJM 3a BCE BPEMSI €€ HaxOXAeHHs B 30He 0030pa PJIC.
MopenupoBaHye Takoil mocjemoBaTeibHOCTH Ha LIBM BRaOuaer. pelieHue
CeMyIOIIMX 3ajay: MONCIMPOBAHME TPACKTOPUU IBWKEHUS IIEIW; MOJe-
JIMpOBaHUE IIpollecca OOHAPYXKEHMS 'OTMETOK OT LIeJIM; MOISIMPOBAaHUE
OIIMOOK JIOKALIWH.

Monenvpyloliyii  aJifOpUTM JIOJDKEH OTBeYaTh TPEeOOBAHUSIM ITOJIHOThI
OTOOpaXXeHUsI pealbHBIX ITPOILIECCOB, CYIIECTBEHHBIX C TOYKU 3PEHUS pe-
LIaeMBIX 3aa4 UccieqoBaHus. Hapsay ¢ 5TMM BaxHbIM TPeGOBaHHEM,
TPEIBSB/ISIEMBIM K MOJICTUPYIOLIEMY JITOPUTMY, SIBISICTCS SKOHOMUYHOCTH
u y,)106CTBO peanuzauuu Ha IIBM.

B manHoM maparpacde paccMaTpuBaeTCsl OIMH W3 BO3MOXKHBIX BapHaH-
TOB MOJEJMPOBAHUS TOCIEAOBATEbHOCTH PaIUOIOKAMOHHBIX OTMETOK,
OTpaXXeHHBIX OT LEJM — caMoJjeTa.

4.3.1. Modens MpAeKmMopuy O8UNCEHUs Yeau

Jnsa vccmenoBaHusT alTOPUTMOB 00paOOTKM PaIrOIOKAIIMOHHONM MHMOP-
Mal1 JOCTaTOYHO pacCMaTpMBaTh ABVKEHME LIEHTpa Macc Leau. JBrkeHue
LIEHTpa Macc LI MOXET OBbITh ONMMCAHO, €CJIM 3adaHbl 3aKOHBbI M3MEHEHUS
€ro IOJIOKEHMSI B HEKOTOPOil BBIOPAHHOM CUCTEME KOOpAMHAT.

B o0LieM citydae IBUKEHUE LETA MOXHO PacCMaTpUBaTh B MPAMOYIOJIb-
Hoit cucreme koopmuHaT 0XYZwm 0XYH, tne H — BpIcoTa 1iean, wWin
B cepuueckoil cucteMe KoopauHar (r, f, €) ¢ HayaJoOM B TOYKE CTOSHUS
PJIC. Kak yxe oTrMeyanoch, B JIOOOH M3 yKa3aHHBIX CHUCTEM KOOPIWHAT
TPacKTOPUIO ABVKEHUS LEJIM MOXHO arIIpOKCUMUPOBATh BPEMEHHBIMU II0-
mHOMamMu. OIHAKO MpH TTOJIMHOMUAIBHOM TIPEACTABICHUN JOCTAaTOYHO CJIO-
JKHOW TpaeKTOpUU (MMEIOIIEH TTPSIMOJTMHEWHBIE U KPUBOJMHEHbBIE YYaCTKHN)
BO3HUKAIOT TPYIHOCTH B MOIEIMPOBAHUU IIEPEXOIOB C OLHOIO.yYacTKa Ha
npyroii. IloaToMy BbIrOmHEE MCIIONB30BaTh ITapaMETPUYECKOe OMNMCaHUE
TPaeKTOpUM, a B KavyecTBE ITapaMeTPOB BbIOpaThb TaKWe, KOTOPbIE MMEIOT
HaMJISIAHBIA TEOMETPUYECKUIN CMBICII.

B nmanbHeiilieM TpaeKTOpMs ABMXKEHUS LeJM 3aJaeTCsl Ha IUIOCKOCTH
(cuutaercst, uto M == const) B MPSIMOYIOJbHOI CHUCTEME KOOpPAMHAT
C LIEHTPOM, BBIHECEHHBIM M3 Touku cTossHuA PJIC Ha BemmumHy R 2 Naney
TIE Tyaye MAKCUMaJIbHASA OalbHOCTL gAeiicTeusg PJIC kak mo KOOpIMHATE
X, Tak 1 mo KoopauHate Y (puc. 4.3).
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IMepBeiM BaxHbIM [lapameTpoM, X4parTepu3yioulim TpaékTopHid ueat,
SIBJISIETCSI TOYKA €€ BJeTa B 30HY JCUCTBUSI pacCMaTpUBAEMOU CUCTEMBI 00-
paboTku. B kauecTBe rpaHUIIbl 30HbI JEMCTBUS CUCTEMbl JOJKHBI MPUHU-
MaThbCsl TpaHUllbl 06MaCTH, 00pa3oBaHHON BpalllcHUeM JAvarpaMMbl HaIlpaB-
nennoct PJIC. VrpolleHHBIM BapMaHTOM 30HBI SBJISIETCS LIWIMHAD, pa-
JIMYC OCHOBAHMSI KOTOPOIO paBeH MakcuUMalibHOW pganbHocTu PJIC, a 06-
pasyollias — MaKCUMAaJIbHON BBICOTE 30HBI 0030pa.

't

2 x

Puc. 43. K MomeampoBaHWIO TPacKTOPHH ABHXEHUS LIEIH.

Touka Bneta uenu B 30HY JEHCTBUSI CUCTEMBI XapaKTepPU3YETCS:

— BpeMeHeM BieTa fg,

— TMPSIMOYTOJbHBIMU KOOPAWHATAMM HaYaJlbHOW TOYKU TPAaeKTOpUU
X0, Yo

Ha yyactkax paBHOMEpPHOTO M MPSIMOJWHEWHOTO JBWXKEHUS LIeW 3aa-
FOTCSI:

— CKOpOCTb ABWXKeHUsl ueau V,, rae ! — HoMep yyacTKa TpaeKTOpUH,

— yron o;Mexay ocklo X u BeKTOpoM cKopocTd meinn Vi,

— YUCJIO TOYEK JoKauuu Ny,

— WHTepBal BPeMeHN MEXIy TOYKaMU JoKarmu Af,

be3 HapyiieHus OOLIHOCTM HaYadbHBIA YYaCTOK TPAEKTOPUU MOXKET
ObITb B3AT MPSIMOJMHEWHBIM.

IMpenmonaraercst, 4To Ha y4acTKax BUpaxa (MaHEBpa) NBUXKEHUE LA
OCYILIECTBIISIETCS TIO IyTe OKPYXXHOCTH U, CJIEN0BATEIbHO, MOXET ObITh OMU-
caHO clieayllmMmu napaMmerpamu (puc. 4.3):

— HOPMAJIBHOM TEPETPY3KOM Ha BUPAXE M,

— DIyOMHOW BHMpaxa ¢, MO/ KOTOPOW MOHWMAETCsl yroj, Ha KOTODPBIA
. LIeJIb M3MEHSET NIEPBOHAYAJIbHBII Kypc 3a BpeMsl BHpaxa,

— CKOpOCTBIO LIeJIM Ha BUpaxe V,,

Kpome Toro, ¢ ucnob30BaHUEM MEPEUNUCTICHHBIX MapaMeTPOB, BBIUUCIISIIOT-
csI: )
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— pamuyC Bupaxa 10 QopMyIie
Ru=Vilg, V ni—1, (4.3.1)

VI ($ gﬂ — YCKOPCHUC éI/U'[I:-I TSKECTU,
— YMCJIO TOYCK JIOKAlIMM Ha BHUPAXKCE
Ny = JRugu/VyAl], (4.3.2)

rae [p/ o3Hadaer, 4T0 TIpM pacdyeTe OepeTcsl OnvpKaifIiee 1iejoe YUCIo, He
MEHBIIEe p. .

HauanbpHast Touka BHMpaxa COBITAZAaeT C KOHEYHOI TOUYKOM ydacTK
MpSMOJIMHEMHOro ABMXKEeHMs. IlocaemoBaTeIbHOCTh YepedoOBaHMUS y4acT-
KOB TIPSIMOJIMHEHOTO IBMKEHMS M BUpaka 3a1aeTcsl 3apaHee.

Takum 00pa3oM, BCSI TPAaEeKTOPUS IBVKEHWS LMW IIPEICTABIISETCS
KOMOMHALIMET OTPE3KOB IIPSIMBIX, COIPSDKEHHBIX IyraMyd OKPYXKHOCTEH.
Jlns1 3amaHus Takol TpaeKTOpMY HEOOXOMMMO 3a[aTh €€ mapaMeTphl B TOU-
Kax CONpsDKeHMs (3T TOYKM HAa3bIBAIOTCSI TaKXKe ONOPHBIMU TOYKAMMU).
COBOKYITHOCTb TIapaMETPOB B OIIOPHBIX TOUYKAX PAaCCUMTHIBAETCS 3apaHee
u 3anuceiBaercs: B O3Y 1IBM.

ITocne Toro, Kak OnopHbIE TOYKM OIpeIe/IeHbI, ITOCTPOSHUE TOYEK JIOKa-
MM Ha TPaeKTOPUM B MPSIMOYTOJIGHOM CHCTeME KOOPAMHAT ITPOM3BOIUTCS
no dopmyam:

A. Ha mnpsiMmonnHeiiHOM y4yacTKe (HauMHasi OT WCXOMHOW TOYKW)

Xy =x;., + Vycos oAl
Y1 = Yi-y + Vain o AL, (4.3.3)
b. Ha ygactke Bmpaxa:

1) cHavajga BBIUMCISIOTCS TIPSIMOYTOJbHBIE KOOPOWHATHI IIEHTPAa OK-
PYXHOCTM BHpaxa Xy, ¥y (cM. puc. 4.3)

Xy =x%x— | R} sign Risinan
Yy =Yg +1RuI sign Ryucos @; (4.3.4) -
1€ Xy, Yy ~ KOODAMHATHI KOHEUHOIl TOYKM MpebLIyILero ydacTKa TPaeKTo-
pun,
{1, ecom Bupax neBbiit,

ion P T
- |—1, ecmu Bupax npaekbiH;

2) 3aTeM BBIYMCISIETCS HAYAJIBHOE 3HAu€HUE yria Y, (puc. 4.3)

v, =a,__-32-‘— sign Ry, - (4.3.5)
3) TeKyLﬁee 3HaueHue vy, ¢ = 1, ..., fy,BBIUUCTICTCS 1O opmyIe
¥ =%i-1 1 Ag | signe, ' (4.3.6)
e "
8¢ = ¢u/Ny,

+ 1, ecim BHUpaxX JICBHIN,

signg = y
—1, eciu Bupax npasblii;
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4) KoOpIMHATBI OYEPETHOWM TOUKM JIOKALMM Ha YYyacTKe BHpaxa orlpe-
JENSIIOTCS 110 (hopMYyJIaM:

X 3.7)
a COCTaB/IAIOIIME CKOPOCTU pPaBHBI
Xppi—Xpi=1 , Ymf—Ymi-1
Uxnt =M M Y Uym:—'_—. (438)

Af At

PanvonokaliMoHHbIE KOOPAMHATHI OYEPEIHOM TOYKM JIOKAIMM BO BCEX
ClTydasiX ONpenelsTioTcs 1o (opMyiam:

ro=V{&x)+(Ay,)%

if mpu Ax,; >0, Ay, >0,
n—p; mpu Ax,>0, Ay, <0,

By = , 439
n4p; mpu Ax; <0, by, <0,
2n—B; npu  Ax, << 0, Ay, >0,
e
Ax;=x;—Xpnc; Ay, =y, —yenc; . (4.3.10)
Bl == arctg 155l (4.3.11)

[ Ayl

®opmynel {1)—(11)} ncnonesyrorcst B paneHeiimem (. 4.3.4) npu co-
CTaBJIEHUH MOIEIMPYIOLIETO aJIrOPUTMA.

4.3.2. Modeno npouecca oOHapydiceHus ommemoK om uyeau

MozennpoBaHue Tpoliecca OOHAPYKEHUsSI OTMHOYHBIX OTMETOK Ha TpaeK-
TOPUU MOXHO MPOU3BOJAUTH B COOTBETCTBUM C MpPUEMAMU, WU3JIOXEHHBIMU
B § 4.2. JIns 3TOro npeaBapuTebHO 3a1aI0TCSl YUCIOM WMITYJIBCOB B Mayke
N u Momensio oTpakeHHOTo cuTHaja. OTHOIICHMWE Xe CUTHajla K ITOMExe
B LIEHTPE MaykKM PacCUMTHIBAETCS Ha KaXIOM Ilare B 3aBUCUMOCTU OT Jajib-
HOCTU IO 1IEJIU. :

Pacyer oTHollleHUS1 cUrHaja K TMOMexe JJIs OIMHOYHOIO WMITYJIbCHOTO
CHTH&q1a, NpMHMMAaeMOro B MakCMMyMe Iuarpammbl HampasiieHHocTu PJIC,
MIPOM3BOIOUTCS CHEAYIOLIMM 00pa3oM. M3BecTHO, 4To Mpy (PUKCHPOBAHHBIX
mapametrpax PJIC m addekTnBHOI oTpaxkalomeil MOBEPXHOCTHA LN Jajhb-
HOCTb OOHApyXeHMsSI eCTb (DYHKILMS OT HEKOTOpPOro Koa(gulMeHTa #,
YUUTBHIBAIOLIETO TPEBBILLIEHWE TMPUHUMAEMOIO CUTHada Hal TOMEXOi Io
MouHocTh. TTosromy (opMyily pamuonIoKauuu MOXHO 3amnucath B Buae [4]

d, = r;/ro =y—H4,

rae rp — nanbHocTh aeiicteust PJIC mpu « = 1.
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OTHoOIlIEHWE CUTHajJIa K IIOMEXE I10 MOIIMHOCTM MOXHO IIPpEACTaBUTDH
-B BUIE

ul‘;__'aa.’/Q'

roe @p: — OTHOLUEHME CUTHajJa K IOMeXe IO HaIlpsIKEHMUIO.
C YYETOM IIOCJIEAHETO COOTHOIIECHUS BbIPAXKEHUE ~IJI51 d; 3aIMCbIBACTCA

B BUIE
Fy—142
diﬁ‘"’ (aotf VQ) #,
OTKyZIa TIOJyYaem

o =V 2/d} (4.3.12)
Takum o0pa3oM, MOPAROK pacuera @y CJACTYIOLIMUIA

— 3agaeMes MaKCUMAaJTbHOM JIATbHOCTBIO OOHApYXeHUs ry, I KOTO-

poitfloo= V2, - '
. .— TIOCJe pacyeTa JaIbHOCTU £; OYEPEAHOM TOYKM JIOKALMK HAXOIUM
dg= r,/ro,
PAacCUUTHLIBAEM aO, no ¢opmyne (12).
Hocne 5TOT0 peaau3yercs - AIrOpUT™M (OPMUPOBAHUS TMAYKU U aJTOPUTM
ee OOHapy>XeHUsI B COOTBETCTBUM C M3JIOXEHHBIM B § 4.2.

Hpyroii moaxom kK MOIEIMPOBAHUIO IIpoliecca OOHApPY:KEHUsI OTMETOK
COCTOMT B TOM, YTO BEPOSITHOCTH OOHAPYKEHMSI PaCCUMTHIBACTCS HETOCpe-
CTBEHHO, 0€3 peaju3aliuy MpoLeaypbl (OpMUPOBaHUSI U OOHAPYKEHUs May-
ku. PacuetHasi opmyna Jjisi BEPOSTHOCTA OOHApyXeHUsI OTMETKH TMoy-
qyaeTcs CJedylolIMM 00pa3oM.

ITycTh B COOTBETCTBUM C IPUHSTON Momeblo, 3(h(eKTUBHAS OTpaxkalo-
11as1 MOBEPXHOCTD LI pacrpelnesieHa 1o 1MoKa3aTeJIbHOMY 3aKOHY C ILIOT-

HOCTBIO BEPOATHOCTU 1 ¥
Ww(Zy= —exp{——];
5 5 )

e X — cpeaHee 3HaueHUe S(MMEKTUBHON OTpakKamolleil MOBEPXHOCTHU.
IIpeanonoxum ganee, 4To oOHApyXeHUE 1€ BO3MOXHO, ecau 3(PheKTrB-
Hasi ‘OTpaxarolliasi MOBEPXHOCTh HE MEHbIE HEKOTOPOro (GPUKCUPOBAHHOTO
yKcia X, Torma BEpOSTHOCTh OOHAPYXEHUSI paBHA

pe= I w(z)dg - I -Ei- exp (——%—) dZ = exp (—%) (4.3.13)

B dopmyne {I13) kak Z,, TaK ¥ > MOXHO Bblpa3I/ITb yepe3 JabHOCTh
00HapYyXeHUS.

" Ha ocHoBaHuu GOpMyJIbI PagMONOKAIIMKM JIJIST nopormson JaITbHOCTH
‘OOHapyXeHUs 1LieJIM MOXHO 3alucaTh

r0=k ]/2—0’
rie kK — KO3(hOUIMEHT MPOMOPIMOHAIBHOCTH, OTKYlA  IMOIydaeM
. 2, =rykt. _ 4.3.14)
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CpenHsis 1anbHOCTh OOHAPYXXEHMSI paBHA

-]

= 5 =
3 exp (—-‘_é-) dz/3.
Berucienuss maror
T=hIHT (5/4), (4.3.15)
.tne T () — ramma-GyHKIusI.
W3 cootHOmeHus (15) momyyaem
2 =T (5/4). (4.3.16)

C yuetoMm cootHoweHuit (14) u (16) nomydaem

2,8 = (r/7) T4 (5/4) ~ 0,68 (-’_;2-)‘

CrnenoBatelIbHO, TEKyIllasi BepOSTHOCTH -OOHAPYKEHMSI paBHA
p: =~ exp (—0,684f), 4.3.17)

e d; =ryr,

ITocie BbIUMCIEHUS £ MPOLEAypa OOHAPYKEHMS OTMETKM Peau3yeTcst
CIICYIOIMM 00pa3oM: BBIOMpAETCsl CIIydaifHOe YMCIO &, pacmpesesieHHOe
paBHoMepHo B mHTepBaie (0,1} m mpomsBomurTcst cpaBHEHHE 3TOrO YuMciIa
cpu ;

Ilpy BBHIMONTHEHUM HepaBeHCTBA &; <p; OTMETKAa CUMTaeTCsi OOHapy-
>KEHHOIA. '

4.3.3. Mooeaupoearnue owubox AOKQYUU

Mornenb OIMMMOOK JTOKAITMU peaiu3yeTcsl Il KaXmol OOHapy:KeHHOM
OTMETKM B TOM CHCTeMe KOOpAMHAT, B KOTOPOW MPOM3BOMSTCS IEePBUYHBIC
n3MepeHusl. B manpHeinmeM cydTaeTcs, YTO M3MepsieMbIMUA KOOpPIMHA-
TAMU SIBJISIIOTCSI IOJISIPHBIE KOOPAMHATBL LIETU *i, By,

B 3aBHCMMOCTH OT pelllaeMbIX IMPY MOACIMPOBAHMK 3ala4 B COCTAaB MO-
NeTM OIMMOOK MOTYT OBITh BBEICHBI pa3TMUHBIE COCTABJIIONINE: CITydaii-
Has IIyMoBasi, ciydaiiHas (JIOKTYalHOHHAEH, MEIUICHHO MEHsoasics 1o
3aIaHHOMY 3aKOHy, CHUCTeMaThdeckasd W T. I. Hmke B KadecTBe mpmmepa
paccMaTpuBaeTCsl MOIEIMPOBAHUE TOJNBKO ILIYMOBOM U (AIOKTYAUHOHHOH
COCTABJISIIONIEN CITyJaiftHBIX ommOoK. [lpmueM Kaxkmash M3 HUX CUYMTAETCS
pacrpeseJieHHON 1O HOPMaJlbHOMY 3aKOHY.

Jucrepcusi 1IyMOBO COCTaB/SIIONICI CUMTAETCsl 3aBUCHILEH OT QTHOLIE:
HUSI CUTHaJIa K TTOMeXe IO MOIIMHOCTA M OIIpEeAeIIsieTCS MO (popMyJiaM:

ry \d 2 2 re \A
62y, = o} (-_) . Ofw = o} (--) : (4.3.18)
i on Fon. i o0\ ron.
rae 03“ Uﬁauzmcnepcmn IIYMOBOI  cocCTapjsitolleid Ha (puKcupoBaH-
HOI (OMOPHOM) JATbHOCTHU fon {Fon HE paBHA 7, M3 MPESObIIYIIETO ITYHKTA).

135



Hucnepcus OIOKTYAUHOHHOA OMMOKM Ty MPUHKMMAETCS TTOCTOSHHOIA,
HE 3aBUCAIIEN OT 3HAYEHU KOOpAUHAT.

CyMmapHast TUCTIepCHsI CIyJaifHOM OIMMOKM IO KaXKIOI M3 He3aBUCHUMBbBIX
KOOpIMHAT OIpeIesieTcss mo (popMyiaM:

0}, = 0%y, +07y, O = Oy, +0ks. (4.3.19)

MaremaTHyecKoe oxunaHue CIIydaifHBIX OIIMOOK MPUMHMMAETCS PABHBIM
HYJIIO. .

TakuM o00pa3oM, 3agaya MOIEIMPOBAHMSI OIIMOOK B JAHHOM Cllydae
CBOIUTC K TOJNYYEHUIO CTydaiiHbIX uncen Ary, AP, ¢ HOPMAIBHBIM 3aKOHOM
pacnipeacji€Husa 1 N3BECTHBIMU zmcnepcueﬁ N MaTEMATUYCCKNM OXKUIOAHUEM.
IIponenypa monydeHWs TaKuUX uucen omrcaHa B §4.1.

TMocne nony4yeHust cnydalHbiX yncen Ary u AP, «HaMepeRHEe» 3HAYCHUS
KOOPIMHAT OTMETOK OIPEHessIIoTcsl Mo (hopMyiaM:

i ’ f: = r; +Ar1s ﬁ; = ﬂ!+Aﬁi' (4320)

OTU 3HAYeHUs KOOPIMHAT U TOIeXaT JadbHeIneir oopaboTke,

Eciu  obOpaGorka pagHOJ0KaOHOHHON uH(OpMALMU IPOU3BOLUTCS
B IIPSIMOYTOJILHOM CHCTEME KOOPIAMHAT, TO BBIYKMC/ICHUE AUCIIEPCHUIA CITydaii-
HBIX OIIMOOK <«M3MEPEHMs» STUX KOOPAMHAT MPOMU3BOAMTCS IO hopMysiam:

2 oim2 2 2 2 2 2 2cinl 3
oz, =07 sin® B, + rfcos? B, 0f , 0y, =07 cos®P, +-risin? B, 08, (4.3.21)
a.KOppeIALUHOHHBIH MOMEHT CBSI3M MEXy 3TMMK OLIMOKAaMU 1o (hopMmyrie

Ry y, = sin2Bylor,—ri og) /2. (4.3.22)

4.3.4. Modeaupyrowjuii aA20puTM popmuposanus
ROCAe008ATEABHOLTI PAOUONOKAUUOHHBIX OMMEMOK

IIpu cocraBneHMM paccMaTpyMBaeMOrO B JAaHHOM ITYHKTE MOIEIUPYIO-
IIETO aJITOPUTMa IIPEAIIOJIarajoch:

1. HavanbHBI yJ4acTOK TPAaeKTOPUM SIBJISETCS JIMHEIHBIM.

2. OOpaboTka MHMOPMALIMK O TPACKTOPUM ITPOM3BOIMTCS B ITOJISIPHOM
CUCTEME KOOpIMHAT.

3. OOHapyxXeHUE , OTMETKH IMPOM3BOAUTCSI Ha OCHOBE CpaBHEHMS Be-
POATHOCTUA CO CIYYalHBIM 4YKCIIOM §;

Monempylolmii alropuT™M  cocTaBlieH B omnepatopHoit ¢gopme. Cocras
M Ha3Ha4YeHHME OIIEPaTOpPOB CIICAYIOIIE:

(D, — BBOI HAYAIBHOTO Y4acTKa TPAaeKTOPHM, XapaKTEePU3YIOLIETrocs -
KOOpIMHATAMU HAYaJbHOI TOUKH 7y, Pg, CKOpOCTbIO Yo, YTAOM
¢y U 4YKUCIOM TOouek Np;

— (hopMHMpOBaHUE MIpH3HAKA OTCYTCTBMS BUpaXa, TaK KaK Hadalb-
HBIA YYacTOK SIBJISIETCS 110 YCJIOBHUIO JIMHEWHBIM;

Fs— samuch B cuetunk (Cu {) uymcia N, Touek Ha JIMHEHHOM ydacT-
Ke TpaeKTOpMM, B HaJbHEHIIEM, II0 HOCTIDKEHUU HYJIEBOTO
COCTOSIHMSI 3TOTO CYETYMKA, (PUKCHPYETCS KOHEIl MOAEIMPO-
BaHMSI JMHEHHOIO yJacTKa TPaecKTOPUM;

A, — BBIUMCIICHME TIPSIMOYTOJBHBIX KOOPIMHAT Xj, 43 OYEPETHONA
TOYKM Ha TPAeKTOPUMU;

136



Ay — BBIYKC/IEHME TONSAPHBIX KOOPIUHAT Fy, fy TOH Xe TOUKM;

A, — BBIUMCIICHUE BEPOSTHOCTU P; OOHApYXEHUs OTMETKU ¢ KOOpAd-
Hatamu f;, B; o dopmyne (17);

P; — BbIOOp unC/a, PABHOMEPHO PACTIPENEICHHOIO B MHTEpBAIE 0,1,
U TIpOBEpPKA HEPABEHCTBA &1 ZP1;

A; — BbIUKCIIEHKME AUCTIEPCUI CYMMapHBIX OIIMOOK M3MEPEHHsT KOOp-
nuHat 1o: popmymnam (18) u (19);

@y — dopMmupoBaHMe CiIyJailHbIX yncen Ar; u Aﬁ,, pacnpe}le.neHHbrx
10 HOPMAIBHOMY 3aKOHY C AMCIIEPCUSIMU Gf, M Of, ¥ MareMa-
TUIECKUMU OXHMIAHUSIMHA, PAaBHBIMHU HYJIIO;

Ajg — BBIUUCIICHHME TEKYIINX 3HAUYCHUN KoopawHat 1o (opmymam (20);

Fi;— dopMupoBaHue Npu3HaKa OTCYTCTBHMsA OTMETKM mpu ee HeobHa-
PYXEHUH;

K;; — yMeHBIIIEHHE COOEPKMMOIO CYETYMKA YKC/IA TOYCK JOKALIMKA Ha
nuHeitHoM ydactke {C4i) Ha emuuuuy «Cy {) — 1 =+ <Cy i });

P,s—1mpoBepKa, He paBHO Ju Hy/IO comepxumoe Cu i}

P,,— mpoBepka mnpusHaka Bupaxa (Im = 1);

P,y — TpoBepKa HAaNHYHA OYEPEIHOTO yyacTKa TPaeKTOPUMU;

1¢ — BBOI OUYEPETHOTO YJacTKa TPAaeKTOPHH, XapaKTepU3YIOIIeToCs
napamerpaMu @y Rupn Vi Ni, o5

P,; — mpoBepka @; >>0, T. e. sBIdgETCA JIM OYEPEOHON BBEACHHEIH,
YYACTOK ~— Y4acTKOM BHUpPaxa; ’

F1s — dopMupoBaHue NpU3HAKa HaIMYUsl BUPaXa,

Fi¢ — 3ammch B Cu  uncna Ny = N; Touek Ha Bupaxe;

Ay — BBIUKCIICHME KOOPOWHAT IIEHTPA OKPYXHOCTH BHpaxa I0 (bop—
Mmyie (4);

— BBIUKC/ICHHE HAYAIBHOTO 3HAYCHUSI yria §y o dopmyne (5);
A,z—- BLIYHCJIEHHE TeKyIllero 3HavyeHus yriaa ‘y; no dopmyne (6);
P43 - mpoBepka Ha IOJOXUTEILHOCTh VIVIA Yi}

A, TpeobpazoBaHWe YIJia Yy B COOTBETCTBUU C (HOPMYJIOH Y4y =
=Y~y + 2m;

Ay — BHIUMCIEHME TIPSMOYTONBHBIX KOOPAMHAT TOYKM HAa YyYacTKe
BUpaxa 1o dopmyne (7);

A4 — BBIUMCIICHUE COCTABJISIOIIMX BEKTOPAa CKOPOCTH LIEJIM Ha y!{aCT-
Ke BUpaxa no ¢opmynam (8);

197 — oxoHuaHue BBIYHCAEHHH, ecim Bce yyacTKu TRAEKTOPHH BBese-
HBI ¥ BCe TOYKM HAa HMX MPOCYHUTAHBL.

Ternepb MOXHO 3amucaTh OIMEPATOPHYIO CXEMY aJfOPWUTMa, MOIEIUPYIO-
IIero Tporecc (GOpMHUPOBAHUS TIOCTEMOBATETLHOCTH PATMOIOKAITMOHHBIX
OTMETOK, OTpaXkeHHBIX OT ONMHOYHOM Leau. OH uMeeT CICAYIOIMiA BHI:

O, VE F A A A, Py Ay @y AL Py
mez p;als Pf‘a?'ilspls +27 Fla P”,QF“ Fm Aﬂo Am
WA IS Ay PRy A V8, (4.3.23)

CootBercTByIomas rpag-cxemMa ajJropuTtMa IpuBeneHa Ha puc. 4.4. .
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TakuM oOpa3oM, B paccMaTpyMBaeMOM aJlropuTMme orneparopbl 1 u 16
JIpelHa3HauYeHbl JJIsi BBOJAA HAYAJIBHOTO U TMOCJEIYIOIIUX YYaCTKOB TPaeKTO-
pun. HammoMumm ere pa3, 4to mapaMmeTphbl 3THMX YYaCTKOB PAaCCYMTHIBAIOTCS
WM BBIOMpAroTCs 3apaHee u 3amchiBaroTcst B O3Y 1IBM B KadecTBe orop-
HbIX TOYEK MojenupyeMoil Tpaekrtopuu. Orneparop 4 mnpeaHazHayeH Jisi
BBIYMCJICHUS TIPSIMOYTOJIBHBIX KOOPIMHAT TOYEK JIOKAIIMK Ha yJacTKax Mpsi-

7 74,21
¢ ] (R Ay
+
Y +
FZ % ﬁs 23
L 4
Fs Am 87 Ap
.
+
L 4 L4
A I Fu 1 Ars
Y 4
A = fj F 3
s [€0 12f 18 Azs
) 4 5
Aza » ﬂZT
¥V
A

Pue. 44. Tpad-cxeMa MOIENUPYIOLIETO alIrOPUTMa (OPMUPOBAHMSA TO-
CJIeOBATEILHOCTY PAalMOJIOKAIIMOHHBIX OTMETOK.

MOJHHEHHONO Y pPaBHOMEPHOTo ABMXKeHud enn. Oneparopsl 20--25 BhinoJs
HAIOT Ty Xe (DYyHKLMIO Ha ydacTKax Bupaxa. Onepatop 5 mpemHasHayeH
ZJ/18, BBIMUC/IEHUS TIOJISIPHBIX KOOPAMHAT OTMETOK IO MX IPAMOYTOJIBHBIM
KoopayHaraMm. Onepartopbl 6 U 7 pealu3yloT arOPUTM OOHAPYXKEHUSI OT-
METOK, a omeparopsl 8—10 — anropurM (GhopMUpPOBaHUS OLIMOOK M3MeEpe-
HUS M pacyeTa M3MEPEHHBIX 3HAYEHWII MOJSPHBIX KOOPIMHAT OOHAPYXKEH-
HBIX OTMETOK. Eciin oTMeTKa He oOHapyxXuBaercd, To orepartopoM 11 dop-
MUpPYETCS CIEUMANBHBIA MTPU3HAaK Ipornycka. OcTaabHbIE ONEPAaTOPbl MOIE-
JIMPYIOILETO aITOPUTMA SABJISIOTCS BCIOMOTATETbHBIMU.
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4.4. TpyHIMIIBI MOAETNPOBAaHUS THHAMUYECKOW OOCTAaHOBKHU
B 30He 0030pa PJIC

Bo MHorux ciaydasix M, B 4aCTHOCTH, MPU MCCIETOBAHWU CJIOXHBIX CH-
cTteM 00pabOTKM MH(OPMALIMM M YIIPaBJICHUSI BO3HUKAIOT 3a1a4yd MOICIH-
pOBaHUsI JUHAMMYECKOW BO3MYIIHOW 00cTaHOBKM B 30He o00O3opa PJIC.
B KauecTBe NpyMepa MOXHO COCJIATHCH HA CUCTEMY NAJIBHETO OOHAPYXKEHUS

" ¥ YIpaBJeHMSI B 30HE KPYITHOTO a3poIiopTa, pacCCMOTPEHHYIO B JHTEPaType
[1]. MBI B nanbHeiiem Takxke OyIeM MCXOIUTh U3 CHEUAPHKH 3aja4 Mojie-
JUpoBaHusI 00cTaHOBKM B 30He aeiictBusi PJIC majgpHero oOHapyXeHUs
1 COIIPOBOXICHMSI CAMOJICTOB.

Monenb 00CTaHOBKHU B 30HE neiicTBus 0030pHOoii PJIC BKimouaeT: Moneib
CIIy4aifHOrO ITOTOKAa CaMOJIETOB, IIEPECEKAIOIINX BHEIIHIOIO TPAHMILY 30HBI
oo63opa PJIC; momenb cCiydailHOTO TOTOKA paaMOJIOKAlIMOHHBIX OTMETOK,
OTpaXeHHBIX OT CaMOJIETOB, Haxondwuxcs B 30He ob3opa PJIC (c yuetom
BEPOSITHOCTH MX OOHApYXKEHUS M OIIMOOK JIOKAIIMM); MOJIEIb ITOTOKA JIOXK-
HBIX OTMETOK. .

MHorue 4acTHBIE 3aIadd, BO3HMKAIOIIME IIPU MOICIMPOBAHMI JTUHAMU-
YeCKOM BO3MYILIHON OGCTAHOBKH, pellaauch Bhille. [103TOMy B JaHHOM mMa-
parpacde OyoyT M3/IOXKEHBI, ITIaBHBIM 00pa3oM, CIeln(pUIecKrue BOIIPOCHI,
CBSI3aHHBIE C MOAEIMPOBAHMEM IIOTOKOB CIYYaliHBIX COOBITHIA.

4.4.1. Modeauposanue nocaedosamenbHOCMU MOMEHMO8 8pPEeMeHU
u Koopounam mouex érema ueneii 6 3oy 063opa PJIC

MoMeHTBI BpeMEHM TMOSIBJCHMS Iejieli Ha TpaHulle 30HBI 0030opa PJIC
(MOMEHTHI BJIeTa 1ieieil) 00pa3yroT CIIydallHBI IIOTOK COOBITHIL. B ycTaHo-
BUBILIEMCSI PEXHMMe PadOThl KPYITHOIO a’poApoMa Ha JOCTaTOYHO MpPOMOS-
JKUTEJTbHOM MHTepBajie BpEMEHU 3TOT MOTOK MOXHO TMPEACTaBUThL B BUZE MO-
TOKa OIHOPOIHBIX COOBITUI, 0003HAYAEMBIX fg;, Lgg, ...y Fgn.

[MocnenoBaTebHOCTh  {foz} MOXKHO TPENCTaBUTb B CJIEAYIOIIEM BHIE

t01 = Ty,

by = Ty Ty

fis = Ty +7, T Ty

o =7 +1,+... +1 L+ ... T “4.4.1)

roe T; — ciydJaiiHas BeJIWYMHA, ONpEIesioniasl JIMHY BPEMEHHOTO MHTEp-
Bajla MEXJy TIOC/IEAOBATEIbHBIMA MOMEHTaAMU fg;.

Jns1 ompeneneHMsT 3TOM ITOC/IENOBATEIbHOCTH TOJLKEH 6bITb 3aaH 3a-
KOH pacIipefe/icHusI T;. B 4YacTHOCTM, MOXHO IIPEIIIOJIOXWTh, YTO ITOTOK
LieJiei, TepeceKarolX rpaHully 30HbI o630pa PJIC SIBJISIETCS l'lpOCTeI/ILUI/IM
C IUIOTHOCTBIO BEPOSITHOCTH BHIA

@ (1) == A exp (—AT), T >0,

rme A — mapaMmeTp MOTOKa, PaBHBIA MaTeMaTUYECKOMY OXMUAAHUIO Yucia
meseit, mepecekaronx 30Hy o63opa PJIC B emuHmily BpeMeHMN.
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Cnyyaiinble uncna {T;} C IVIOTHOCTHIO pacripefeneHus W (T) MOIyT ObITh
nosydyeHsl Ha [IBM myteM mnipeoOpa3oBaHusl MOCIEIOBATEIBHOCTU TICEBIO-
ciaydaiinbix wncen {&;}, paBHOMepHO pacripeneieHHbIX B uHTepBaie (0, 1).

B ciydae mpocTeiiiiero motoka, MEXIy CIydalHbIMH YUCIaMU &; U T;
CyILECTBYeT MpOCTasi aHaJIUTU4YecKasl 3aBUCUMOCTb {§ 4.1)

T, =—(In {1 — E)VA, 4.4.2)

KOTOpasi MO3BOJISIET PELUUTb MOCTABICHHYIO 3ajauy.

Takum o0Opa3oM, MoeIUpOBAaHUE MOMEHTOB BJETa liejiell B 30HY 00-
3opa PJIC cBoamTcsl K BBITIOJTHEHUIO OMNeEpaluii: BHIOOPKU TOCJIEN0BaTE b~
HOCTU CJTyJaliHbIX YMCesl, pABHOMEPHO pacripeneseHHbix B uHTepBaiie (0, 1);
BBIUMCIIEHUS T; 1o chopmyre (2); BeryHcnenHs fy; o dopmyne (1).
IMocnenosarenbHOCTh {fy;} 3amucbiBaeTcss B O3Y LIBM.

Kpome MOMEHTOB BpeMeHU BJeTa, HEOOXOMUMO TakKXe MOAEIMpPOBATh
VIJIOBbIE KOOPAMHATBI TOYKM BJIETA Kaxaoi Leaum B 30HY ob63opa PJIC.
IIpy 5TOM XenaTesbHO YYMTHIBATH CIOXKMBILYIOCS TEHAEHIMIO B HalpasJie-
HMSIX TIOJJIETa CaMOJIETOB K a3poapoMy M pacrnucaHue IBHXKeHus. Eciu xe
MPEeUMYIIECTBEHHBIX HaIlpaBJeHUIA ToJJIeTa HET WM OHW He YYUTHIBAIOTCS,
TO MOXHO TIPEANOJIOXUTh, YTO TOUYKM BJIETA pacrpene/ieHbl PaBHOMEPHO TI0
JyTe OKPYXKHOCTU PAaIuyca 7, C 1IEHTpOM B Touke crostHus PJIC, Ilpu stom
M a3uMyT TOYKM TlepeceyeHUs] 30HbI 0030pa pacrpelesieH paBHOMEPHO
B unHrepBane (0,2n), T. e. w (Bpx) — 1/2n. Temeps, Mpyu MOMOLIM TCEBIO-
CIyYaiHBIX YMCENT §&; MOXHO OIpENEeIUTh a3suMyT BXoza 10 (opMyJie

Boxi = 27‘%{-

TakuM 00pa3oM, MOJSIPHBIMKA KOOPAMHATAMM TOYKHM BXOja {-H LI B 30-
Hy 0030pa SIBJISIIOTCS NAIBHOCTb oy ¢ U A3UMYT g, . [IpsMoyronbHble
KOOpIMHAThl TOYKHU BJIeTa {-H LeJIM MoJydaroTcsl Mo dopMysiaam (IIpu ycio-
BUM, 4YTO MKCIIOJNB3YEeTCS CHUCTEMA KOOPOWHAT TMpeAblayllero mnaparpada):

14

1pH ﬁaxi g.. “é“

' x0!=rsx(l +Siﬂﬁu i) }

Yoi == Tpx {14-cos an i)

Xop =Ty [1 +sin(n—_P8a )l
Yo "—:rax[ 1 -—COS(#’I-——ﬁB“)]J
x0,~=r5x[1—-sin (ﬁaxl_n)] _3_':'_5_
y0i=r“[1—cos (ﬁuxi"“ﬂ)] } e n<ﬁ“i\<\l2“ ’
A= rn;“ —sin (Qﬂ—ﬁaxi‘n 1
Yo =rnx[1- +08(27 —Pye M J

ITPH ?i < ﬂ'sxi g T,
(4.4.3)

3
npH ‘2_5:[' < ﬁx! "-<-. 27,

JaHHBIe 0O MOMEHTe BpeMeHU fy; M KOOpAMHATAX TOUKU BJICTA Xgis Yoi X3+
pPaKTepU3yIOT HauaJIbHYIO OMOPHYIO TOUKY [-H TPAaeKTOPUU M UCTIOJIb3YIOTCS
B IAJTbHEMIIIEM TIpU pacyeTe KOOPAMHAT TOYeK JIOKAIIMU B 30HE 0030pa.
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4.4.2. Modeauposanue muna, evicomor u ckopocmu nOAETE uyeau

IIpu cozgaHuu Mojeny BO3AYLIHOM OOCTAHOBKU HEOOXOAUMO HCXOIWTh
U3 TOTO, YTO B 30HY 0030pa MOTYT BJIETaTh CAMOJIETHl PA3IUYHbBIX THUIIOB,
KOTOpbIC OTIMYATCS 110 CKOPOCTU M BBICOTE TOJIETA. Yyer pa3HOTUITHOCTU
1esieil MOXeT ObITh TPOM3BENEH CIEIYIOIM OGPa3OM.

Cocrapnsiercs Tabnua, B KOTOPOW [JIsSi BCEX MPEANosaraeéMbIX TUIIOB
CaMOJIETOB 3aIMChIBAIOTCS CKOPOCTU T0jieTa B AMAria3oHe JOIMYCTUMBIX Bbl-
cor (tabm. 4.1).-

Tabnunua 4.1

ﬂlyéil:[ra?’(g;) AH;-_-zh.'g-:-Hi_l (Ho=0)
AH | AH, | AHy | .. .| AHm
Tun camonera CKOpOCTb, KMf4ac
! I V. | Vi | Vis ' I -
2 = | Va | Va ] Vam
k L= 1 = 1 Vs | Vim

Ora Tabmmua xpanurcas B 3Y LIBM. [damee cumraercs, 4to TepeceuycHe
BHEIIIHEl TpaHUIbI 30HBI 0030pa CaMOJISTOM TOTO WJIM MHOTO THUITA HOCUT
BEPOATHOCTHBIA XapakTep, MOSTOMY MCXONd M3 aHaju3a MpearoaracMoi
BO3IYIIHOM OOCTAHOBKM 3apaHee YCTAHABJIMBAIOTCS BEPOSITHOCTU TOSIBIIE*
"HMA yKa3aHHBIX B Ta0j. 4.1 camoneros (1o tumnam). OG03HAYMM 3TH BEPOST-
HOCTU Py,P3, .... Pr U TPEANOJOKHM, UTO BBIMOJHSETCS YCIOBUE HOPMU-
poBku 2 Pi — 1. Torma mpouenypa MoneaupoBaHUs TUIa camosera ¢O-
CTOUT B CpaBHeHI/II/I cay4aiiHoro 4mcia &;, pacnpeneseHHOrO 110 PaBHOMED-
HOMY 3aKouy B HHTepBare (0, 1) ¢ BeauuyHHamu P;—; H P, onpenensembi-

MM TI0 (hOpMyJIaM:

/=1 P
Piy= ZP: - Pp= Zpi' ({ =1, k).

Bribupaercss ToT T camosieTa {, Ul KOTOPOIO BBIIOJHSETCA YEIOBHE
P <k <P

ITocne Toro Kak TUI camojiera BbIOpaH, B Ta0J1. 4.1 OTHICKHBAETCH nua-
IMa30H BBICOT I10JIETAa CAMOJICTOB JAHHOI'O TUIIA. Haan/IMep, TSI CaMOJICTOB
2-To TMMa IMana3oH BBICOT cocTaBisieT (H, — Hy).[lanee onsars TaKH 38y
JIAIOTCSI BEPOSTHOCTH TIOJIETA CAMOJIETA HA PA3IMUYHBIX Y4acTKax AQIYCTH-
MOTO JMana3oHa BBICOT W MEeTOAOM, PAaCCMOTPEHHBIM BbIILE, HAXOAMUTCS
nopamanasod AH;, npunuchBaEMBIA MOIETUPYEMOMY CAMOJIETY.

CkopocTh caMoseTa BbIOMpaeTcss u3 Tabia. 4.1 mocie Toro, Kak onpene-
JIEHa BBICOTAa €ro IOJIeTa.

141



Takum o6pa3oM, B MPOLIECCE MOAEIMPOBAHMS THII&, BHICOTBI M CKOPOCTH
TOJIETA CAMOJIETA TIOMyYaeTCsl TPEThS KOOPAMHATA HAYaTIbHOM TOYKM TPAaeK-
TOPUM U MOMYJIb BEKTOpa CKOPOCTU MOJIeTa camojieTa. DTU JaHHbIE TaKKe
UCTIOBb3YIOTCS TPY (POPMUPOBAHUM HOBBIX TOYEK JIOKALMM HA TPAEKTOPUMU.

4.4.3. Modeauposanue mpaexkmopuu 6 3ome 0b630opa PJIC

IMpy MOIEIMPOBaHUM TPAEKTOPHK B 30He 00630pa PJIC HEoOXOaMMO yuu-
ThIBaTb OCOOEHHOCTH (DYHKIIMOHUPOBAHMSI CUCTEMBI YIIpaBJI€HUs, 1151 KOTO-
poii ata PJIC gBnserca mcroyHmkoM mH@popManmu. B paccmarpuBacMoM
cllyyae aBTOMaTM3MPOBAHHOI CUCTEMbl YIPABJIEHUs IBIXKEHUEM CaMOJIETOB

r ool

X

Puc. 4.5. MonenupoBaHue TpaeKTopuii B 30He oG3opa PJIC.

B palloHe KPYIHOro a’poapoMa 3TU OCOOEHHOCTU OMpEAe/sIOTCs, TJIaBHbIM
00pa3oM, TeM, YTO B COCTaBe aBTOMATU3WPOBAHHOW CHUCTEMbI YIpPaBJICHUS
aspoapoMa, KpoMe.CHUCTEMbI JalbHETO OOHAPYKEHUSI U YIIPaBJIEHUSI, UMEET-
cs TaKXe cucrema cnenon MOCajK/l CaMOJIETOB, (bYHKuI/IOHI/IpOBaHHe KOTO-
poii HauMHaeTcsl Moclie BbIBOJA CAMOJIETA B 3aJaHHbIN CEKTOP Ha 3aJaHHYIO
JaJIbHOCTh. YUWTBIBasi 3TO, MPU MOJEIMPOBAHWU TPAEKTOPUM IOJIETa caMo-
JeToB B 30He ob3opa PJIC HaGmromeHus 1 ympaBjieHHUsI a3poapoMa MOTIYT
OBITH TIPUHSATHI CIICAYIONINE MCXOTHBIC MPEIITOoChTKN (puc. 4.5): _

1. HavanbHOli TOYKOIl TpaeKTOpHMU B 30HE 0030pa SIBJISIETCSI TOUKA BJje-
Ta, PACIOJOXEHHAs: Ha Jyre OKPYXKHOCTH pamnyca fpy = R. -

2. KOHEuHOi#1 TOYKOI TpaeKTopuM SBISETCS Ji06af Touka Ha Jyre
OKDY)KHOCTH Dallyca 7 ¢, - COOTBETCTBYIOWEra N1AJILHOCTH 3aXBaTa ¢ucre-
MBI CJIETION TIOCAIKM B 3aJaHHOM CEKTOpe Aﬁcn. - .
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3. Bcs TpaekTopus IBUXEHMST caMmosieTa B 30He o63opa PJIC HabGmone-
HUSI U YNPABJICHUSI COCTOUT M3 JIBYX YYaCTKOB: HAYaJIbHOTO ydacTKa Mpsi-
MOJIMHEHOTO IBWXKEHUS U KOHEYHOIO y4yacTKa BUpaxa. B KoHeyHoii Touke
‘BUpaxa caMoJIET TIepeaaeTcsl B CUCTEMY CJIETION TOCaaKU, U, CJIEAOBATEbHO,
€ro TPaeKTOPUS  CUMTAETCsl 3aKOHUEHHOM.

YTOYHUM HEKOTOpble M3 Hepe‘{l/ICﬂeHHle MPENINOChUIOK C LIENbI0 JeTa-
JIN3alMA U YTIPOIIEHUST 3alayu.

BrI6Op KOOpIMHAT KOHEYHOI TOYKM TPAEKTOPUM MOXKET 6bITb YTOYHEH
HarnpuMep, U3 yCIOBUSI, UYTO TOUKM BXOJla CaMoJjieTa B CEKTOp 3aXBATa CUCTe-
MBI CJIEMOH MOCAIKM pACIIpeleeHbl 10 HOPMAJILHOMY 3aKOHY C MaTeMaTu-
YeCKMM OXMIAHWEM, PaBHbIM cepeluHe ayru cektopa Af., Ha JaabHOCTH
2.p+ VM M3BECTHOM nucnepcueil. B panbHeiiiem mjisi MpocTOTHI ‘OyneM cuu-
TaTh, YTO TOYKA BXOHA caMoJieTa B 30HY 3axBaTa CUCTEMbI CJIETION MOCaKU
MIPOCTO COBMAJACT C CEPENMHON AYTH, cTruBaioieii cektop Afl oy Ha naib-
HOCTU [ cg.

W3znoxeHHbIE BbIIe OOIIME COOOpaKeHUS U TIPEANOCHUIKA OTHOCSITCS
K TOCTPOCHMIO MOJEM TPAeKTOPUM caMmoJjieTa, BAETAWOUWRro B 30HY 0030pa
PJIC n coBepliamollero rnocajky Ha aspoipoMme. B oblieMm ciiydae, Kpome
TPAEKTOPUi «MPASHIBAIOUINXY CAMOJIETOB, HEOOXOOMMO MOIEIUPOBATH TaK-
K€ TPAGKTOPUU CaMOJIeTOB «YObiBAICGHIUX Y, T. €. B3JIETAIOIIUX C a3poApoMa
U ABIKYLIMXCH K TpaHule 30HbI 0630pa PJIC, BILIOTH IO BbIXOHA U3 HEE.
O4eBUIHO, MOXKHO TIPUHSITh, YTO B3JIETAIOLIME CAMOJIETHI BXOMAST B 30HY 00-
3opa PJIC HaGmoneHusT ¥ yrpaBJIeHUSI Ha TpaHULIE 30HbI NECTBUS CHCTEMBI
cJIeroil mocaaku.

Jnsa cuctembl 00pabOTKM pagvoIOKaIIMOHHON MHMOPMAIINA 00CITyKIBa-
HME TIOIJICTAIOIINX M YJIETAIOIIMX CaMOJIETOB SIBJISIETCS MASHTUYHBIM. [lo-
5TOMY, €CJIM LEJIbI0 MOAEIMPOBAHUS SBJISETCS TOJIBKO HCITBITAHNE CUCTEMBI
00paboTKM, MOXHO OTrPaHMYUTHCS OTHOCTOPOHHMM TIOTOKOM CaMOJIETOB.
IIpu mccrenoBaHWM K€ CHCTEMBI YIIPABJICHMSI B LICJIOM TpeOyeTcs MOpenH-
poBaTh MOTOK KaK IPMOBIBAIOIINX, TaK M YOBIBAIOIIMX CaMOJIETOB.

B najnpHeiieM orpaHUYMMCS MOIENMPOBAHUEM TPAEKTOPUIA IMOMJIETAO-
uMx camoseroB. Kpome Toro, IUisl ympoLIeHUsI pacyeToB OyneM Mpearnosa-
raTh, 4TO TOCaJOYHas MOJ0oca pacrojiokeHa BAoiAb ocu X (puc. 4.5), a
NPSIMOJIMHEWHBIA TOJET U BUPaX CaMoJieTa IPOU3BOIUTCSH HA HEU3MEH-
HOU BBICOTE, T. €. B TOPU3OHTAIBHON TIJIOCKOCTH.

Hametum tenepps dopmynbHylo CxeMy pacueTa MapamMeTpoB TPaeKTOpUU
rnojiera camosieta B 30He o63opa PJIC. Ot{eBHnHo TpaekTopusi Oyner 3ana-
Ha, €CJIi OyayT WU3BECTHBI:

— KOOPAMHATHI HAYaJbHOM TOYKU TpaekTopuu A (x5, o),
— CKOpoCTh Vg OBUXKEHHUSI HA IPSIMOJMHEAHOM YyYacTKe U Yroj o
(n 4.3.1),
KOOPAMHATHI KOHEYHOM TOUKU TpaeKTopuu D (X, Ys),
— CKOpPOCTb ABVIKEHUSI Ha ydacTKe Bupaxa Vy,
— pamMyc BUpaxa Ry,
— KOOpPIOMHATBI LIEHTpa OKpY:XKHOCTH Bupaxa C (x ( w Y
— KOODIMHATbI TOUKM CONPSDKEHHUs MPAMONTMHEHHOTO M KPUBOIMHEN-
HOTO YYaCTKOB TPAeKTOPUK B (x1, 1),
' — DIyOMHA BUDPAXa Qy.
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YacTh U3 yKa3aHHBIX ITApaMETPOB OIpeAesIeHbl B IMPEAbIIYLINX ITYHKTAX.
Hekotopble npyrue, Takue Kak KOOPAUHATbI KOHEYHON TOUKM TPAeKTOPUM,
CKOpOCTb Ha Y4YacTKe BUpaxKka, JOMyCTMMasl TMeperpy3ka Ha BUpaXKe JOJIK-
HbI ObITh 3a/IaHbl B MCXOIHBIX JAHHBIX. PaCHeT 0CTadbHEIX TapaMeTpoB Mpo-
U3BOJAUTCSI B CJISAYIOLICH ITOC/IeNOBATEIbHOCTH:

1. Ompenensiercst pamuyc Bupaxa mo dopmyre (3.1):

2. LleHTp OKpPYXHOCTM BMpakKa HAaXOAUTCS Ha JIMHUU, KacaTeJIbHOMU
K OKDYXHOCTH C DaIMyCcOM ’¢nB TOuke D (X4, ¥,). KoopauHarel 1ieHTpa
HaXOASATCS U3 BBIPAKEHUIA: -

) Xy =Xy Yy =Ys T Rw ecm Yo =R
(BUpax B 3TOM Cjlyyae — TIpaBbIii),
Xg= X5 Yg =Ve— Ry, ecm th <R
(BUpaxX B 3TOM Cjydae — JIEBBIN).
3. KoopamHaThl TOYKM COTIPSKEHMS B HAaXOMATCS U3 CICAYIONIUX YCIIO-
BUI: '
npsaMble TMHUM JIB m CB TiepeceKaloTcs Mol TPSIMbIM YIJIOM; M3 3TOTO

YCIIOBHSI TIOJTYJaeTCst TIepBoe yPaBHEHHe, CBSI3BIBAIONICE KOOPIMHATHI TOUKM
B (x,, yl) ¢ KoopauHartamu Touek A {(¥g, yu) u C (xg, 4y)

xp—ax, +yt —ay, +¢c =0, (4.4.4)

e @ =X T x5 b =y tygs ¢ =Yg+ X
iomans TpeyroabHuka JIBC cBa3aHa ¢ KOODIVMHATAMI YIJIOB STOrO
TPEYTrOJIbHUKA COOTHOLIEHMEM

28apc =% (g —4) T2y — %) +x Go 4.
H.S 3TOro COOTHOLICHUA II0JIy4Ya€M BTOPOC YPAaBHCHME B BHUIE: )
dx, +eyy +f =0, (4.4.5)

e d = Yo — Yy e——Ky— Xo, f = Xog— Xgfo— 28,
S =Ry Vike —RY¥2, lic=e +d&

CoBMecTHOe pellieHre ypaBHeHU (4) u (5) maeT eAMHCTBEHHOE KBaapar-
HO€ YypaBHEHHUE I KOOPAWHATEHI Y; 6 BUIE

ay;  +Py+v=0, {4.4.8)
rue - .

., € o 2ef . ae . af
a=l 42 B==ti b y=LitLic

Pelienue atoro YpaBHCHUA OacT
W =(—p + Vm)ma.

MoxHO noKasarts, YTO B pacCMaTpUBaEMOM Cilydae ypaBHeHue (6) nmeer
TOJIBKO BEILIECTBEHHBIE kopHu. [locne pentenns ypaBHenust (6) BoIOMpaeTcst
OoJiblliee 3HAYEHHE KOPHS, €CIU Xp <Xy, Yo~ R uan x, =Xy o < < R,
B ocTanbHBIX cilydasgx BbIOMpaeTcs MeHblllee IHAYEHHE KOpPHS.
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ITocne BbMMCIEHMS KOOp}lHHinI A KOOpJJ.HHa‘I‘a %y HaXOMMTCA OIHO-
3HAYHO M3 ypaBHEHUS (D).

4. T'myOuHa BHMpaxa ¢, HaXQOUTCS IIO O,Z[HOI/I U3 CJIEAYIOIINX (popMyJI,

a) ecJar MaHEBp TIPaBBIN,

Gu= 1 — arctg™ =T mpn 5 <Xy 6> Yo
n .
————}-arctgy‘ i“ APH X, 2> Xy, Y1 Yo
M

1

¢M=-’;——arctg Bl npn x>y, Y24

x—x“

0) ecu MaHEBp JIEBBIIA,
. a— %1

@y = M — arctg 2 pu %, <Xy, <o
yu—Y1

Yan—4
Py = -:— +arctg xln__ x; npH X, > Xq Y1 Yuo

[ ——q}-—arctg yL_. NPH X > Xy Y122 Yoo

F4 X\ —
5. UYucno Touek Ha Bupaxe ompenensietcss mo dopmyie

rne Ty — mepuon o63opa PJIC,
6. YnCIIO TOYEK Ha JMHEHHOM Y4acTKe TPacKTOPMU OMPENENsieTcs M0
(bopMyJIe

u ] b 0[’

.
2
e las =V (Xg— %) + (go— 7)™ ,
7. Yron o, onpeaesionMii HarpaBigHue MojieTa ¢amMonera Ha JIMHei-
HOM YyYacTKe TPaeKTOPHH, ONpeaefsieTcss U3 COOTHOLICHWH (VTSI TIPaBOTO
BHpaxa)

G==- -+ arctg fo—i Py mpu - Xy > x{, Yo = Y1y
o, =1 OpU Xy == X1, Y4 = Y1»
0= K + arctg v ;" NpU X3 =X, Yo == Y1,
[t 5} "
Gy = 333/2 npu $H=Ys X=Xy
dp=—n -+ arctg OpU X, > Xy Hy = Yoo
2 —Xp

-AHAJIOTUYHBIE BBIPAXEHUS IS cnyqaﬂ JIEBOTO BHMpaxa MOTYT OBITb TOJY-
YeHbl “HEMOCPEACTBEHHO U3 puc. 4.5,

[Tocne BbrumciaeHuit B 3Y LIBM 3ammchiBaloTCSl OTAEABHO MapaMeTpPhI
JIMHETHOrO y4acTKa TPaeKTOpPUU (Xg, Yo» Vm» g, Ng) M ydacTka BUpaxa
(x1s 10 Vi ©a00 N .

Takum obOpa3oM, B PaccMarpHBaeMoM clyyae MpoLecc MOAEIUPOBAHMS
TpaekTopuy B 30He 00630pa PJIC cocrour B cnenyiomem. CHavana mogenu:.

L 145



pyeTca MOMEHT BAETa camosieTa B 30HY 0030pa KaK O4YepemHOe COObITHE
CJIy4aifHOTO TIOTOKA OJHOPONHBIX COOBITMIA. 3aTeM Ipu (DPUKCMPOBAHHOM
MOMEHTE fpy MONETMPYIOTCS TUIOCKOCTHBIE KOOPIMHATBHI HAYalbHOW TOUKM
TpaekTopuu (Xg, ¥), Bbicota Hyu ckopocts Vg mosera camonera. Janee
TPaeKTOPMsl CamoNieTa CTPOMTCSl B BHIE IBYX COTIPSKEHHBIX YYACTKOB:
NPSMOJIMHEHOTO ¥ KPYTOBOTO.

BO3MOXKHBI, €CTECTBEHHO, U GOJIee CIIOXKHbIC MOICTN TPAEKTOPHH,

4.4.4. Modeauposarnuenomoka ucmunHbIX U A0NHCHBIX OMMEMOK
Ha 8xole cucmembvl 00pabomku paduosOKAUUOHHOU UH@DOPMAUUU

Ipouiecc dopMupoBaHus PaaUOIOKALMOHHBIX OTMETOK OT CaMOJIETOB,
Haxomgmmxcs: B 30He 0030pa PJIC, MOXHO MpencTaBUTh CICAYIOIIM 00pa-
3oM. Jlyy nuarpammbl HanpasieHHoctu PJIC, Bpainasce paBHOMEpHO, Iie-
pECceKaeT TpaeKTOpUU CaMOJIETOB, HAaXOSIIMXCS B ee 30He ob3opa. Ilomy-
Yallyecsl MpyU 3TOM TOYKU TepecedeHust SIBISIOTCS «MICATbHBIMU» TOY-
KaMu JIOKalluu. .

Takum o0Opa3oMm, IJii MOAETMPOBAHMSI KOOPIMHAT <«UIEATbHBIX» TOUYEK
JIOKAllMKM HEeoOXOAMMO pelllaTh COBMECTHO YpaBHEHUE TPAeKTOPUU U YypaB-
HEHUE JABMXEeHUS nuarpaMMbl HanpasiaeHHocT PJIC, kotopoe MOXHO 3amnu-
caTb B BUIE

B (1) = po + /T,

rie (i, — asumyr mcxonmHoro HampasiaeHust (00bHO fg = 0); Ty — me-
puon o63opa PJIC,

OmHako TpolecC MOIEIMPOBAHUSI MOXKHO YIIPOCTUTh, €CJIM CHaJala B
MMPOU3BOJILHOM TIOPSIIKE BBIMUCIIATh KOOPAMHATHI KAXIOW TPaeKTOPUHU, a
3aTeM pACIOJIOXKUTh TMOJTyYeHHbIC 3HAYCHUS B TOPSIIKE BO3pacTaHUS Aallb-
Hoctd r 1 asumyTa B. [TockosbKy KoopavHara 3 OMHO3HAYHO CBsI3aHa C Te-
KyLIUM BpeMeHeM £, TO TIpU YHOPSIIOYEHUM KaXkIOil Tape KOOpAMHAT i,
f; MOXHO mpunuUcaTh BpeMsl JOKALMK #;.

IMonyyeHHbIE TAKUM 00pa30oM TOYKH JIOKALIMU TIPUHAIJIEXKAT caMoJIeTaM,
HaxomgmMcs B 30He 003opa PJIC. OmHako He BCe 3TW TOYKM B IEHCTBU-
TEJILHOCTH OyoyT OOHApy:KeHBI B TeKyIlIeM ob3ope. Heobxommmo, erepoBa-
TEJIbHO, YYECTb BEPOSITHOCTb OOHAPYXEHMSI CaMOJIETOB KakK (YHKIIUIO
JaNbHOCTH £ (CM. TIpenblIyImii naparpag). [asee 1ist Bcex OOHAPYXEHHbIX
«UAeasIbHbIX» TOUEK JIOKALIMU HEOOXOIMMO YYECTh OIIMOKM M3MEPEHU KOOp-
miHat. MomenpoBaHue ONMOOK NPOH3BOAHTCH B COOTBETCTBMH C TPOILIE-
Iypoii, ommcaHHOW B TpeabimylleM Iaparpade. [lomydeHHBIe clydaiiHbIe
OIIMOKM TPUOABISAIOTCS K KOOpAMHATAM «HAEANBHLIX® TOYEK JIOKALIUM.
B pesynbraTe mMoiydaroTcs KOOPOWHATHI «PEafbHEIX» PaguoIOKALIMOHHBIX
OTMETOK. o

Takum o6pa3om, 1Ist (GOPMUPOBAHHUS MTOTOKA PAAMOIOKAIIMOHHBIX OTME-
TOK OT MHOXECTBA CaMOJIETOB, HaxXomsuIuxcss B 30He o63opa PJIC, moxHO
WCTIONIb30BaTh BCE TE OIEpaIlii, KOTOphIe HMCIIOIB3YIOTCS TIPU MOIEIUPO-
BaHMM TOC/IENOBATEILHOCTH OTMETOK OT . OAMHOYHOIO camMojiera, RoGapis
K HUM OMEPALMIO YIOPSIIOYCHNsT OTMETOK IO BPEMEHH JIOKALIUH. ‘

INepeitneM Temepb K BOMPOCY MOAEMHPOBAHUA MOTOKA JIOXHBIX OTMETOK
B 30He o630opa PJIC.
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Kaxmyto " J1oXHyI0 OTMETKY, TakK XK€ KaK M MCTMHHYIO, OylneM 3aaaBaThb
(pu pacCMOTPEeHMM IIJIOCKOM KapTWUHBI) TpeMsI IapaMeTpaMu: KOOpauHaTa-
MU 7y, Pri MOMEHTOM JIOKALUU £y ;.

CrnyJaifHble MOMEHTHI {, ; TIOSIBJICHHWSI TIOMEXH MOTYT OBITh 3amaHbl Kak
CIIyJaiiHbIN ITOTOK OTHOPOMHBIX COOBITWI. B KauecTBe MHTEepBajla BpeMEHHU,
Ha KOTOPOM pacCMaTpUBAIOTCS peaJM3allii 3TOr0 IMOTOKa, JOLKEH ObITh
“ BBIOpaH Tiepror oo3opa 7 g.

IMocnenoBaTeIbHOCT — ONEPALMiA  MGEAHPOBAHHA JIOXHBIX  OTMETOK
CBOIMTCSI K CIIE/yIOLICH CXeMme:

— MOZEJMpPYETCH TMOTOK MOMEHTOB BpeMeHH fn; B wuHTepBanie (O, T)
B COOTBETCTBUM C METOIWKOM, M3TIOXEHHOH B 1. 4.4.1;

— HaXOOWTCSI a3uMYT JIOXKHOM OTMETKHU 1O (hopMyIie

ﬁnl ny Aﬂ'

e n; = [f; /Tyl— uenas 4yacTh OTHOLIEHMS TMPOMEXYTKA BPEMEHU [
K JUTMTEJIbHOCTH Tiepuona 3oHmupoBanust 7n; Ag = (2/Tp)Tz— yrioas
JIMCKPETHOCTh 30HAMPOBAaHUS IPOCTPAHCTBA;

— HaXOAUTCSl MAJbHOCTh JIOKHOM OTMETKM IO (hopMylie

Far=C (AL, 42), 4.4.7)

e Ay =1ty — nTy;c =3+ 10% xa/cex.

HOJ'IY‘ICHHaFI 1o opmyae (7) 1aTbHOCTh CPABHMBAETCS C MAKCUMATBHOM
nanbHocThI0 PJIC, Tlpu gy < Puske CYMTAETCH, UTO JIOKHAS OTMETKA Ha-
xonutcs B 30He 0030pa PJIC, B mpoTBHOM cCily4ae UH(OpMaLUs O Hell CTU-
paertcs. _ -

AHaJTornyHbBIM 00pa3oM (OPMUPYIOTCS KOOPAMHATBI APYIUX JIOKHBIX
OTMETOK.

OTtnenbHO B3STasg IOCAEIOBATENLHOCTD JIOXKHBIX OTMETOK — SIBJISIETCS
YIIOPSIMOYEHHOI 10 BpeMeH! JoKauuu. O1HaKe. NPH HAIMYMUA U UCTUHHBIX,
M JIOXHBIX OTMETOK HOOXOIMMO MPOM3BOAUTb COBMECTHOE WX YIOpSsiIove-
HUE, YTOObI MOJTYYUTh OOBSAMHEHHBI TOTOK UCTUHHBIX W JIOXKHBIX OTMETOK.
[anee, BooOllEe TOBOPSI, HEOOXOAMMO €llle MPOBEPUTh COOTBETCTBUE pac-
CTOSIHUN MEXy COCEMHMMM OTMETKaMM IIOTOKa paspellaolleil CrocodHO-
ctu PJIC, HO mpu He oveHb OOJNBUIMX IJIOTHOCTSX MOTOKOB MCTUHHBIX U
JIOXKHBIX OTMETOK TIOCJICHIOI OIEpalivio, C LEJbI0 YIPOLIEHUS, MOXHO
HCKJIIOUHT.

B 3akimroueHWe cocTaBUM OIEpaTOpHYIO CXeMy airoputma GopMHpoOBa-
HUsI TIOTOKAa DPaAUOJIOKAIIMOHHBIX OTMETOK Ha BXOAE CUCTeMbl OOpabOTKU
paauofokalMoHHO uHdopmanuu. Cxema sIBiseTcsl YKpynHeHHoit. [lpu-
HSTbIE B Heil omepaTopbl MUMEIOT CIIEAYIOLINIA CMBICT:

A, — ompeneneHre MoMeHTa ¢ x OKOHYAHMS OYEPETHOTO TIeprona 0030-
pa PJC, ¢ =t + To

P, — nposepka ycnoBusi #g, ; <<fx NPUHAUIEKHOCTH MOMEHTAa Bpe-
MEHM BJETA OYEPETHOro {i-FO) camojera TEKyLIeMy IIEPUOILY
0030pa,

Fs — mpuGapneHue eIMHMUBI B CYETYMK YUCIA /7 TPAEKTOPMIA
B 30He o030pa PJIC ((Cum) ~+ 1 —(Cum)),

A, — MomenMpoBaHKMEe KOOPOMHAT HAYAIbHOW TOYKM HOBOM TPAEKTO-
puu,
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Puc.

7

4.6. T'pad-cxema MoImeIUPYIOIIEro aaroput™Ma (GOpMHpPOBaHMSI TOTOKA MCTUHHBIX

M JIOKHBIX OTMETOK H@ BXOIe CHCTeMul 06pabOTKM PaniHONOKaUHOHHON HHGOPMAUKH.
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A; — MOIenMpoOBaHME CKOPOCTM M BBICOTHI TIOJIETA CaMOJIETa,

Ay — MozmenMpoBaHVe KOOPIMHAT OMOPHBIX TOYEK M IMApaMeTpOB HO-
BOWl TPAaeKTOPWUHU,

A; — MomenupoBaHME MOMEHTa 534, BXOIA cnez[yfomeﬁ e
B 30HY 0030pa PJIC,

@, — opraHuzaunus .cyera NPOCMQTPERHBIX TpaeKTopI/II/I (opranusa-

g cuerynka — Cu m)

F, — npubasnenne B Cu m' enuHULIEBI,

Ajo — BbIOOD OYEpEmHOIl COMPOBOXIAEMOII TPAEKTOPHUU,

P, — npoBepka umcia TOYEK, npOCMOTpeHHLIX Ha TpaeKTopI/II/I
(Ni <<Nu: + Ny,

A, — cOpoc TpaexTOpHH,

F,s — BbluMTaHMe eOMHUIIBI M3 CYETYMKA M YUCJIA TPAEKTOPUIA B 30HE
ob63opa PJIC «Cu m>— { = <Cq m)),

A4 — MozenmpoBaHue «uneanbHOI» TOYKM JIOKAUWH i-# TpaeKTopuy,

P,y — MomenmpoBaHue NpoLecca -OOHAPYXEHUSI OTMETKM,

Ay — popMUpOBaHME OIIMOOK M3MEPEHUSI KOOPIMHAT,

~ PACyYET KOOPAMHAT «PEAILHBIX» OTMETOK,

P18 — TPOBEPKa, BCe JIM TPAaCeKTOPUM B 30HE o63opa PJIC npocmortpe-
Hbl «Cu m') < m),

P,; — mposepka yciosusgs Cu m =0,

Ay — GOpPMUpPOBAaHME JIOXHBIX OTMETOK,



A; — ynopszoueHMe JOXKHBIX OTMETOK M Bblada MX B CHCTEMY 00~
paboTku, ;
P,, — mposepka ycnosuss N <<Ny, tne Ny — 3amannoe uucno peanm-
3aumit,
23 — ocranos. .
OrnepaTopHasi cxeMa AIrOpUTMa MMeeT BHA

22A P F.A_A_AA_i® DISF 187
1y 20 21 ¥Z 4 28
CoortBeTrcTByIonias rpadi-cxemafapisbienal na puc. 4.6.
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Paszoen 11

METO/IbI I AITOPUTMbI HV!(I)POBOVI OBPABOTKH
PAJIMOJIOKALIMOHHOW UH®OPMALIMU

5. IIUP®POBAA TIEPBUYHASI OBPABOTKA JBOUYHO KBAHTOBAHHBIX
PATMOJIOKAIIMOHHBIX CHUI'HAJIOB

5.1. Obuias xapakTepucTHKa 3aay MEepBUYHONW 00paboOTKU
PaaroI0KallMOHHbBIX CUTHAJIOB

IlepBuuHast 0OpaboOTKa SIBJISIETCSI HAYaJIbHOW CTagueit M3BJICUCHUS WH-

_ (popMaLy 0 LEJIAX HA OCHOBE CUTHAJIOB, ITOJTyYEHHBIX HA BBIXOJIE IIPUEMHOIO

yerpoiictBa PJIC. O6bIuHO mepBrYHAst 00paboTKa OpraHU3yeTCsT IO TAKTaM.

B cnydae mmmynbcHoil PJIC mpomoXuTeTbHOCTh TaKTa 0OpabOTKM paBHA
JUTUTEJIBHOCTU TIEproaa 30HIUPOBAHMUS. )

B mporiecce mnepBuYHOIT 00OpaOOTKM peIIalOTCsT CIEOYIOIINEe OCHOBHBIE
3aa4u: *

— TPYNNUpOBaHUE «pa3RpolbieHibIXs OTPaKEHHBIX CUTHAJIOB U hopMHU-
poBaHUE MayekK; ‘

— TPUHSATHE pElIeHUI O TIPUHAIIEKHOCTU C(OPMUPOBAHHBIX IaYeK
K MCTMHHBIM LIeJISIM (OOHApyXeHHe);

— oOIpelesieHe KOOpAMHAT LIEHTpa NayeK, TPUHATBIX 32 WCTUHHBIE,
YTO COOTBETCTBYET OINpENEJEHNI0O MIHOBEHHBIX 3HAYeHUI KOOpIWHAT liesei
B MOMEHT JIOKAllUU;

-— MpHUBS3KA K KOOpAMHATAM BPEMEHM JIOKALIMU, YTO HEOOXOOUMO ISl
JajabHelnIeir o0paboTkM MHGpOpMaly O LEJsIX.
. Paccmotpum Gosiee moapoOHO TiepevyMciaeHHbIe 3aaayuM.
Oddexr «apobaeHrsa» OTPaXEHHOrO OT LEIM CUTHAIA HAa LEJbIA psIn dne-
MEHTAPHBIX COCTABJISIOIIUX WMEET MECTO, BO-TIEPBbBIX, BCIEACTBUE MHOIO-
‘xaraneHoeTH PJIC. Tak, Bo MHorux PJIC o630pHOro aeiicTBusl AuarpaMma
HanpaBJIeHHOCTU B BEPTUKAJIbHOW IUIOCKOCTU (DOPMUPYETCS] C TOMOIIIBIO
MapUMaIbHBIX JIyded, KaXIblii U3 KOTOPBIX 00Opa3yeT OTHeJbHbIA KaHasl
00pabOTKM OTPaXEHHBIX CUTHAIOB. BcnemcTeBrue TOTO, 4YTO MaplUAATbHBIC
JarpaMMbl CUJIBHO TI€PEKPBIBAIOTCSI, CUTHAbI, IPUHUMAEMble B HECKOJIb-
KUX COCENHMX KaHajlaX, MOIYT MpPUHAIJIEXATh ONHOW LeAH. AHaJIOoTHYHOe
apaenue nmeer mecro B PJIC, npennasHauyeHHBIX 11 M3MepeHMs PadHalib-
HOIl CKOPOCTM 1ieJieil ¢ MOMOIIBbI0 Habopa TMapajulieibHO BKJIIOUEHHBIX JOTI-
MIepoBckux GuiabTpoB, T. €. B PJIC, umelonmx MHOTOKaHaJIbHOCTb IO pa-
IUATbHOI CKOPOCTU. BTOpOIi IpUYMHON «Ipo0JICHUST» OTPaKEHHOTO CHUTHA-
JIa SBIISIETCSI JUCKpeTU3alus 1o BpeMeHM (maimbHocTv). Kak yxke ormeda-
JIOCh, C LIENbI0 HCKAMOMEHHA TIPOITYCKOB OTPaXKEHHBIX CHUTHAIOB, MEPUON
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JUCKpeTU3aluy OepyT MeHBIe IJIUTEJIBHOCTYM 30HAMPYIOIIEr0 CUTHaa.
310 00YCIIOBIMBAET BO3MOXKHOCTh (PUKCALIMK OTPAXKEHHOTO OT OTHOI IIen
CUTHaJIa B IBYX M 0oJiee COCeMHUX MHTEpBalaX BPEMEHHON NTMCKPETU3AIIUU.
3nemeHTaprle CUTHaAJIbI, TIOJYYECHHBIC OT LIC/JIM B PE3YJIbTAaTC OAJHOKPATHOIO
30HIMPOBAHUS, ITOMICKAT OOBSIMHEHUIO TIPU 00paboTKe.

Jlanee HEOOXOMMMO WMETh B BHIY, YTO OOBIMHO OTpPaXXEHHBIM OT M
CUTHaJl MMeeT TTaYevHyro CTPYKTYPY, TaK Kak 3a BpeMsl HaXOXIEHUS LIeNn
B JIyde OrarpaMMbl HarlpaBieHHOCTH aHTeHHBI PJIC mochutaeTcsl HECKOIBKO
30HIVPYIONINX CUTHAJIOB M TPWHUMAETCS CTOJBKO K€ OTpakeHHBIX. [lo-
3TOMy B TIpollecce 0OpabOTKM BO3HMKAET 3amada OObSIMHEHNS B TTAYKK CHT-
HaJIOB, TIOJIyYEHHBIX B PSIE COCENHUX TaKTOB (TIEPHONOB 30HIMPOBAHMS).
BO3MOXHBI, €CTECTBEHHO, CJIydau, KQrJa OTpaKEHHBIA CUTHAN SBISETCS
«MOHOMMIYJILCHBIM» U omiepaniisi (OPMUPOBAHUS TIaY€K OTCYTCTBYET.

ITocne Toro, kak mayka cchopMUpoBaHa, BOZHMKAET HOBas 3agaya, CO-
CTOSIIIIasi B TOM, YTOObI MPUHSTH PElIEHHe: SBJSIeTCS JIM 3Ta nayka WCTHUH-
HOW, T. €. MPUHAIEXKAIICH WHTEPECYIOIIEN HAac LeNA, WM OHA SIBIISIETCS
JIOXHOM, T. €. oOpa3oBaHHOI NoMexo#. Jls 3Toro peraercs 3aiaya oOHa-
pyXxeHust ueiau. B cooTBeTcTBUMHM, Hampumep, ¢ Kputepuem HeiimaHa —
IupcoHa oOHapyXeHUe LeIM TPOU3BOTUTCS IO YMCIY MMIYJIbCOB, CO-
CTaBUBIIMX Mauyky. Eciu 3TO yucio paBHO WM 0OJblile HEKOTOPOIO IMOpo-
ra, YCTaHOBJIEHHOIO B COOTBETCTBMU C IOIYCTUMOI BEPOATHOCTBIO JIOXHOIO
OOHapyXeHHs, TO IIPMHUMAETCS pellieHue 00 OoOHapyXeHMHu Liead. B mpo-
TUBHOM CJlyyae cuuTaercsi, Yto cchopMUpOBaHHAs TMayka SIBJISIETCS JIOXKHOM
U TOWIEXUT cOpocy. BO3MOXHBI U Apyrve Kputepur OGHAPYKEHHA, Npu
(hopMHPOBaHUM KOTOPBIX YYUTBIBAETCSI HE TOJBKO YKCIO, HO U &KYYHOCTbY
o6pasyloWHX Mayky MMITY/IbCOB.

Ilpu pemieHMy 3agauv OOHApPYXKEHMSI B 3HAYMTEIbHOU CTEMEHU OTCEH-
BAalOTCS JIOXKHBIE MAYKW M TeM CaMbIM YMEHbBIIAETCS OObeM MH(pOPMALVH,
MomJIeXaIleli JajabHeleir oopadoTke. OmMHAKO B IIpoIIeCcCce peaan3alliy 3TOi
olepaly IMPOU3BOIUTCS OTCeB (COPOC) M HEKOTOPOI YaCTH MCTUHHEBIX TTauek,
OCOOEHHO OT -1IeJiei, HAXOMSIIUXCS Ha OOJBIINX PACCTOSTHUSIX, TOE OTpa-
JKEHHBIN curHai ciab. Ecim ykazaHHast ToTepsl MICTUHHBIX IMAYeK CUMTACTCS
HeXeJIaTeJIbHOM WM JaXe HeAOIMYCTHMOM, TO omepauusi oOHapyKeHUs Ha
aTarne MepBUYHON 00padOTKU He BHITIOIHSIETCS. B 3TOM citydae kaxnmasi rmayka
MPUHMMAETCS 3a MCTUHHYI0O U BCS TSKECTh OTCEBa JIOKHOM MH(popMaimm
JIOXKWTCS Ha TOCIeAyIolMe 3Tanbl oopabotku. O0beM IepepabaTbiBaeMOi
MH(pOpMaLMKM Ha TOCJIEAYIOIIMX 3Tanax Ipy 3TOM pe3Ko Bo3pacTaeT. B manb-
HEHIeM Mpearoaraercsi, 4yrto orepalusi oOHapy>XeHUs Maykyd Ha ITare
MHepBUYHON OOpabOTKU peain3yeTcs.

Janee mid KaxIOi MauyKy, NPUHATOM 3a MCTMHHYIO, HEOOXOIMMO OIfl-
pEeneuTh €6 KOOPAWHATHI, YTO COOTBETCTBYET (PUKCAIIMMA KOOPAWHAT MIHO-
BEHHOTO TIOJIOXEHHUSl LEIM B MOMEHT Jiokauuu. OObIMHO 3HAYeHUsT KOOp+
JVHAT LEJM COOTBETCTBYIOT KOOpAMHATaM LEHTpa Maykyd B {-MEpHOM Ipo-
crpaHcTBe u3MepsieMbix PJIC koopmuHar.

HakoHell, K KoopayHaTaM KaXIOW MCTMHHOM MAYKK JTOKHO ObITh MPH-
MMCaHO BpeMs ee IOJIy4eHHUs, MpUOIDKEHHO paBHOE BPEMEHHU JIOKALIMU
COOTBETCTBYIOIIEH Lieu. KoopayuHaTbl MTHOBEHHOTI'O ITOJIOXEHUS LIEAU B MO-
MEHT JIOKAlIMM ITOCTYIAIOT IJIST AajIbHeMIneil o0paboTKM.
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5.2. (I)OpMI/IpOBaHI/Ie nayeK paanuoJJOKallMOHHbIX CUTHaJIOB

 Pewrenue 3amaun oObeaMHEHNST 37IEMEHTAPHBIX JBOMYHO KBAHTOBAaHHBIX
CHTHAJIOB B TTAYKW CHUTHAJIOB, OTHOCHMBIX K ONHOHM IIeJIM, MOXET OBITh BBI-
NONHEHO TOJIBKO C MTOMOIIBIO 1OCTATOYHO ObicTponericTBytoieil [IBM. Mmes
B BUIY 3TO OOCTOSTEILCTBO, B JAHHOM ITaparpade paccMaTpyBarOTCSI TIPWH-
LIAITBI MAIIMHHOM pean3alyy Mpolecca OObeIMHEHNST KBAHTOBAHHBIX CHUT-
HaJIOB B Mmauku misl TpexkoopauHaTHoi PJIC xpyroBoro (ceKropHOro) o6-
30pa C IMapUMaIbHOM CTPYKTYPOM AuarpaMMbl HAaIpaBJICHHOCTH B BEPTHU-
KaJIbHOM [MQCKOCTH.
IIpenmnonaraercs, 4To AMCKPETH3alMsI M KBAaHTOBAaHME CHTHAJIOB Ha BbI-
xone NpHeMHOro ycrpoiictsa PJIC mMpou3BOIUTCA OTHOBPEMEHHO BO BCEX
MapUyalbHBIX KaHalaX. B pe3yibTaTe B KaXIOM MHTepBajie AHCKPETH3A-

Cuenans: § yaaoMecmyelx -
REHTALX
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Puc. 5.1. Komorpamma wuHdopmaimu, dopMupyemas LI KaXIOro HH-
TepBaja MHCKPETHIAUHH. '

LMK TI0 BpeMEHM (JaJTbHOCTM) CHUMAaeTCs fM-MO3HUHOHHAA (IO YUCTy Iap-
LIMAJIBHBIX KaHAJIOB) MOCJIEA0BaTebHOCTD HYJIe U €AUHUII, TPUYEM HOMED
MO3ULIMM B TOCAEI0BaTeIbHOCTU COOTBETCTBYET HOMEpPY MaplMajibHOTO Ka-
~ Hasna. Homep mHTepBaa NalbHOCTU KOAMPYETCS JBOUYHBIM KOIOM.

Konorpamma uHdopMmaiu s i-ro MHTepBala IUCKPETU3allMU 0
JAJILHOCTY MMEET B, MOKa3aHHbI Ha puc. 5.1, Kaxmaa rakas KogorpamMmma
3armmchIBaeTcsl B OydepHoe 3anmoMmmHaloiee ycrpoiicto (b3Y) LIBM B mo-
psiKe YBEJIUMYEHUs JaTbHOCTH.

B pesysnbTaTe paBHOOMCKPETHOH BBIOOPKM CUTHANOB 6004b Pa3BEPTKU
JTILHOCTH OJTHOBPEMEHHO BO BCEX MapLMaIbHbIX KaHajax ¢opmMupyeTcs
JVCKPETHBII aHaJIOT ceueHust 30HbI 0630pa PJIC IIOCKOCTBIO F, € HA (DHK-
CHPOBAaHHOM &3HUMYTaNbHOM HarmpasieHuH fi;. JMCKpeTH30BaHHOE CeYeHIe
30HBI 0030pa cXeMaTUYEeCKU MOKa3aHO Ha puc. 5.2, a. DleMeHTApHbIe KBaH-
TOBaHHbIE CUTHAJIbl (EAMHMIIBI) M300paXkeHbl Ha 3TOM PUCYHKE TOUYKAMM,
a TIPUHSITBIC CSATHAIBI (OTpaskeHHbIE OT LIEJM UM JIOXKHbBIE) MPEACTaBISIOTCS
IPYNIIAMU TOYEK, OOBENEHHBIX IYHKTMPHBIMU JMHMAMU. B  cremyrommmx
TaKTaX 30HAMPOBAaHMS TPOM3BOISTCS AHAJIOTMYHBIC OMNepalii BbIOOPKM,
B pe3yJbTaTeé KOTOPbIX MOMVYAIOTCS JUCKPETHbIE aHAJIOTUM CEYEHUS] 30HbI
0030pa B HampasieHuu Ps, Bg M 1. 1. (PHC. 5.2, 6 u B). JIMCKpETHDII aHas

JIOT CHTHAaJja TadyeyHOM CTPYKTYphl OOBelIeH Ha pHC. 5.2 IITPUX-TTyHKTHP-
HOU JINHUEN.

3anava, pemacMas Ha [IBM, B KOHEUHOM Cue€Te COCTOUT B TOM, YTOOBI
 MOJIyYEHHbIE MPU [IHUCKPETU3ALMU 3JIEMEHTapHble CUTHAIbl OOBEAWHUTD
B IPYIIbl U IMaYKM, a 3aT€M OLEHWUTh KOOPIMHATHI LIEHTpA KaXOOH IMauyKu
MU BblIATh UX IJIg JajbHEMIIelr o0pabOTKM. -
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Pewsenve chopMyIMpoBaHHON . 3amadn  1I1€1€CO00pa3HO ITPOM3BOIUTH
B [IBa Tamna:;
' 1) oObeauHEHMe 3MEMEHTAPHBIX CUTHAJOB B TPYIIIBI B IJIOCKOCTHU £, €
_ U onpelesieHre KOOPIMHAT «LeHTDA TspKecTu» 3Tux rpynn. [lapa momyuen-
HBIX TAKMM O0pa3oM KOOPIWHAT fy;, €g; HA3BIBAETCSI PaIMOJIOKAIIMOHHOM
OTMETKO;

2) oObenMHEHUE MOMYIEHHBIX OTMETOK B IMAYKW B IIOCKOCTH [3 M OIIpe-
JIeJICHWE KOOPOWHAT LIEHTpa Mayek.
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Puc. 52. Cxemaruueckoe wu3o0paxeHue HHCKPETHIOBAHHHX CUTHAIOB
MAYeyHOM CTPYKTYPHI. ~

Ha nepBoM stare 3agaua peliaercs IMyTeM IOPa3psHOTO OObeIMHEHUS
eIMHUI] U3 COCENHMX WHTEPBAJIOB AUCKPETU3ALMU IO JaJIbHOCTH. B mpo-
tecce 00benMHEeHUsT HOPMHPYIOTCH YaCTUYHO CTPYNITMPOBAHHBIE MTOCTIENOBA-
TEJIBHOCTH HYyJIeH W €IWHMUILI, TEK YTO Ha KaXKIOM Iare oObeAMHEHUST CpaB-
HEHUIO TIOJJIeXXaT MPeaBlAyilas, YacTUYHO CTPYNIMPOBaHHAS TOCIEN0Ba-
TEJBHOCTb, OTHECEHHAs] K MHTEpBay OUCKpeTusanyuu Ar;_y, M HoBag Io-
CJIEIOBATENILHOCTD, IOJIyYEeHHAas B MHTepBaie Ary.

IMycts dopMupoBaHue k-ro paspsida HOBOM YaCTUUHO CIPYITITMPOBAH-
HOM ITOCJIEIOBATEIBHOCTH ITPOU3BOIUTCS 10 MPABUILY

o ~ — -— k k41
yfk) — (k) (x(k) ygk_) (k) sk) ) (x}k 1) (k 1) +x( + 1) y(_+ ))
= (5.2.1)

Iie Pal (;5’”) JIOTUYECKAsl TlepeMeHHasi B R-M paspsiie HOBOIi HOCIIeIo-
BaTeJIbHOCTH W3 WHTepBaia Ary (O JOTMUECKMX TEPEMEHHBIX CM. TI. 2);
S.. (ygf.)l) — JIorMYecKast TlepeMeHHast B R-M paspsiie 4YacTUYHO crpyn-
MMPOBAHHOl TOC/IENOBATEBHOCTY, OTHECEHHAs K WHTepBalny Ari-g.

B cootBerctBuu ¢ (1) eamHuua B k-M paspsiie HOBOH YacTMUYHO CIpYIl-
MMPOBAHHOI ITOC/IEAOBATEIbHOCTA IIOJyJaeTcsl B Cliydae, €CJIM B CpaBHM-
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" BaEMBIX IOC/IENOBATENBHOCTAX B 3TUX paspsigax CTOSAT CAMHULBI WM €CIH
B OHOM W3 CPaBHMBAEMBIX TIOCIEIOBATEJBHOCTE B £-M pa3psijie CTOUT
HYJIb, HO B COCEIHMX CIpaBa WJM CjieBa pas3psiiax CTOSIT 00€ eIMHUIIBI.

Hocne popmupoBaHusi HOBOI YACTUYHO CrPYMIMPOBAHHON MOCIE10Ba-
TEJLHOCTY HEOOXOAMMO PEIIUTh €Ile ABE 3aJauu:

1. BbisiBuTh, HeT nu B npuHsAToit u3 b3V mnocienosarenbHOCTH Hayasia
HOBOW TPYTIIBI.

2. BbisiBUTbH, HET iU B npeﬂbmymen YaCTMYHO CIPYNIUPOBAHHON T10-
CJIEIOBATENIbHOCTU TaKUX TPYIIN, KOTOPbIE HE MONTBEPXKIAIOTCS B JAHHOM
LIMKJIE CPaBHEHMUS, KOTOPBIE, CIEAOBATENBHO, MOXHO CYMTATH 3aBEPLICHHbI-
MU (3axonqeam=1mu)

Cepyisi eIvHUL (WIM OHA €IMHWULA) B HOBOH MOC/IEI0BATEIbHOCTH MpPU-
HUMAETCsl 32 Ha4YaJIo TPYIIIbI, €C/IM OHA HE COBMANAET HU C OJHOM M3 cepuii
eIMHULl B YaCTMYHO CTPYNMMPOBAHHOW MOCAen0BaTeNbHOCTH. 151 BbisIBIE-
HUSl Hayal HOBBIX TPYII MPOM3BOAUTCS «BHIYKTAHHE» M3 HOBOM IOC/IEIO-
BATENIbHOCTU X; TOJNIBKO YTO TMOJYYEHHOH YaCTUYHO CTPYMITMPOBAHHOM MO-
cienoBatesbHocTH Yy, @opmupoBaHue k-r¢ paspsaa Koga pasHOCTH Tpo-

* M3BOIMTCS B 3TOM CIy4ae IO TMPABUITY

Yl = xfo ;';k), N (5.2.2)

Jns BbIAEACHHBIX TAKMM 00pa3oM CEepUil eIUHMI] BHIYUCISIETCS KOODIM-
HaTa yIrja MecTa, IOCJIe Yero KOOPIAMHATBI ryyU &,y 3amucbiBalorcad B O3Y
[IBM kaxk Hayajio HOBOW TPYIIIbI.

Jlns BbISIBIEHMS 3aKOHUEHHBIX IPYIIN U3 MPEAbIAYLICH YaCTUYHO CIpyIl-
MUPOBAHHOW  TMOCNENOBATEBHOCTH ¥y, BBIUMTACTCS HOBAs YACTMYHO
CTPYNIMPOBaHHAs II0C/IEA0BaTeIbHOCT Yy, @ PE3YAbTUPYIOLIME CUTHAJBI
B KaXIOM paspsijie (bopMprIOTCH Mo IpaBRAY

=y 7P, (5.2.3)

BoineneHHble TakuM o6pa30M TPYIIIbI CYUTAIOTCS 3aKOHYUBLIMMUCS
B i~1-M HUHTEpBaJ€ OaJlbHOCTH. Z[IIH "HUX BBIYUCIETCA W KOOUPYETCA
JIIBOMYHBIM * KOAOM YIOJI MeCTa eﬁﬂaTeM IIPOMU3BOAUTCA IIPHUBA3Ka Hayall
M KOHIOB 3aKOHYMBIIHNXCA TPYIII IIO IIPaBUITYy

|3k;’_£HJ |'~<Ascm l Irx]""rnb f<~.Arca- (524)

B naibHeiilieM BBIMMCISAIOTCA KOOPIMHATHI LIEHTPa KaXaoi copmupo-
BaHHOW rpymnmnbl. BeluncieHure npousBoautcs 1no Gopmynam

roj___m"i'f:d_' 301=E‘.'_-!.m.‘ . (525)

2

[TosryyeHHbIE KOOPIMHATHI PaiHONOKAUHOHHON OTMETKM 3aMMChIBAIOTCS
B O3V u ucnoss3yoTcs B JaiabHelIeM A1 GOPMUPOBAHUA Mayek. * .

Takxum o0pazom, B Tpoliecce peaau3aly MEpBOrO 3dTarna 00pabOTKU
BCE TpyIIbl OyayT 0ObeAMHEHbl B OTMETKM M Tepejadbl Ha BTOPOM 3Tal
bb6pabotku, [ns peanuzauuu oOpabOTKM B peajbHOM Maciiutabe BpeMeH!
Heo0XoaMMo, YTOObI K Havanly CIeAyloIIero HuKaa(nepuoaa 30HANPOBAHMS)
uHGbOpPMaIMs TPEAbIAYINETo IMKIa ObLTa IMONHOCTHIO ofpaborana..
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OObeIMHEHNE PAAUOIOKALMOHHBIX OTMETOK B MAaykKW MPOWU3BOIMUTCS My-
TeM CpaBHEHUSI MX TI0 KoopaumHataM. HoBas oTMeTKa ¢ KoOpauHaTaMU fyj,
Bos, €py OOBENMHSETCSA C HE3ABEPIIEHHOH MayKoii, WMEIOIIE KOOPAUHATBI
rase Boyy €njy €CAH OMHOBPEMEHHO BBIMIOIHSIOTCS YCIOBHSI

| Bas—Bos | << AR, (5.2.6)
| ens— 8o | << Aey,

rne Ary, ABg m Agg — 3apaHee BbIOpaHHBIE pa3Mepbl 30H CBSI3M IO COOT-
BETCTBYIOILIMM KOOPIWHATaM.
- JIns BbIYMCIIEHMSI KOOPAWHAT HE3aBEPLUEHHBIX I1aueK MOXET ObITb HC-
0JIb30BaH, HanMpUMep, MeTol cpeaHeBsBereHHbx [2]. KoHer mayku dukcu-
pYeTcsl MO YUCITY TMPOIYCKOB OTMETOK, OOBEAMHSIEMBbIX B Mauky B GHKCH-
POBaHHBIX TPaHUIAX MO KOOPAMHATAM f U €.

YcnoBuMcs B JajbHEHIIEM CUMTaTh, YTO JJISI MEPBUYHOU 0OpabOTKU
MOCTYNaoT Cc(OpMUPOBAHHBIC MAYKU CUTHAJIOB (OTMETOK).

5.3. AnemMeHTsl. CMHTE34 ONTUMAIBHBIX JIOTUYECKUX CXEM
= -
Ul MEePBHYHOM 00pabOTKM I1ayeK JABOMYHO KBAHTOBAHHBLIX CUTHAJIOB

3agauu CUMHTE3a ONTHUMATbHBIX AJITOPUTMOB MEPBUYHON OOpabOTKU Ta-
YyeK JIBOMYHO KBAHTOBaHHBIX CUTHAJIOB periaauch B 1. 1. ns peanuzauuu
“TIOTyYEHHBIX TaM aJTOPUTMOB MPEI0Narajioch UCMOIb30BaHUE CHELUATN-
3UPOBAHHBIX LHPPOBLIX BHIMHMCIUTEIBHBIX YCTPOMCTB C TPOTPaMMHBIM YII-
paBieHveM win o0brdHBIX [IBM. Ha npakTtuike MOryT BO3HUKHYTH 3aTpyaA-
HeHUsi ¢ obecriedeHMeM TpeOyeMol MPOW3BOAUTEIbHOCTA YKA3aHHbBIX BbI-
YUCIUTESbHBIX CPEICTB MpU 00paboTKe MH(pOpMallMM BO Bceil 30He 0030pa
PJIC. TTosromy He MILeHBl OCHOBaHMii TIOUCKY Gosiee 3(h(HEKTUBHBIX METOIOB
peanuz3aluuu ONTUMAIbHBIX AJITOPUTMOB OOpadOTKM Mavyek, B YaCTHOCTU
C TIOMOIIBIO HETPOTPAMMHBIX BBIYMCIIWUTENEN, TOCTPOEHHBIX MO MPUHLIMITY
KOMOWHATOPHBIX JIOTUYECKUX CXEM, OOJaNaloluX BbICOKON HaIeXXHOCThIO
U OBICTPOAEHICTBUEM.

3agava peanuzalliu ONTUMAIBHBIX aJITOPUTMOB 00PAOOTKU MayekK TBOMY-
HO KBAaHTOBAaHHBIX CUTHAJIOB C TIOMOIIBIO HETPOTPAMMHBIX BBIYMCIIHTENEH
' CBOAMTCSI B KOHEYHOM CUETe K 337a4ye CUHTE3a TaK HA3bIBAEMBIX ONTUMAJb-
HBIX JIOTMYECKMX CX€M, MpWYeM IIOA ONTUMAJbHBIMU ITOHMMAIOTCS TaKMe
JIOTUYECKUE CXEMbI, MpU CHHTE3€ KOTOPBIX WCMOJb3YeTCsl BCS NOCTYITHAsI
cTraTicThueckasgs MH@opManmst o0 oOpabaThIBaeMBIX CUTHanax. B manHoM
naparpade paccMaTpuBalOTCSI IIPUMEPBI CUHTE3a ONTUMAJIBHBIX JIOTHYECKUX
cXeM IS OOHapyKeHMS Ta4eK TBOMYHO KBAHTOBAaHHBIX CHUTHAJIOB.

5.3.1. Cunme3 onmumanbHoU N02UMECKOU cxembl OGHAPYHUTENR NaHeK
NOAHOCMbBIO U3BECMHbIX GBOULHO K8AHMOBAHHBIX CUBHAAOS .

OO01LIMIT MOAXOM K PelICHUIO 33Ja4i CTATUCTUYECKOIO CUHTE3a ONTUMAaJIb-
HBIX JIOTUYECKMX CXeM OOHapyxXuTeaeil MOJHOCTBIO M3BECTHBIX CHTHAJIOB
~ MIaYe4HOIA CprKTypr COCTOHT B cnenyromeM [6].
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BhINKCHIBAIOTCS BCE BO3MOMK HEIE KOMOMHALIMYM HYJIC M eIMHULI HA 03U~
umstx madyku. Takux komOuHauwin 6ynet 28, Nasiee nuist Kaxkaoi KOMOMHALIMK
BBIYUCIISIETCS]  YCIIOBHAsI BEPOSITHOCTh, €€ TTOSIBJICHUST B O0JIACTA CHTHaJa U
B 00JIaCTM IOMEXU, PacCYUTLIBAETCH OTHOLICHME MPaBIOMOAOOusT I; H}
B COOTBETCTBUM C BBIOPAHHBIM KPUTEPHEM OMNTHMAIBHOCTH, MPUHUMAETCS
perieHre 06 0OHapyXKeHUN WIM HeOOHAPYXeHUW CUTHAJIA TIPU TIpHUeMe TaH-
HOil KoMmOuHauuu. B mpolecce mepebopa MHOXECTBO BceX .KOMOHHaLHH
~ U = 2N pas6uBaercss Ha 1Ba TIOJIMHOXECTBA, OMHOMY M3 KOTOpbix U, cra-
BUTCSI B COOTBETCTBHE pellieHUe O HaJIM4YMK TOJIE3HOTO CUTHAja, a JIPYroMy
Uy — peienre 06 ero orcyrctBuM. 3aTeM st nomMmHoxectsa U; 3ammchbli-
BacTCsl COBEpIICHHAsT MU3LIOHKTUBHAs HOpMalibHasi (hopMa JIOTUIECKOM
GbyHKIIMYM, TIPOM3BOMMTCS €€ MUHMUMHU3ALUS M CTPOUTCS KOMOHHATOpHAS
cXema, peau3syiolias MUHMMaIbHY0 dopMy. IlomydeHHast cxema M OymeT
ONITUMATTBHBIM OOHAPYKUTETEeM, SKBUBUTICHTHBIM 110 CBOMM CTATUCTUIECKUM
XapaKTepUCTUKAM aJTOPUTMY BECOBOTO HAKOIUICHHWSI, CHHTC3MPOBAHHOMY
B . 1 (popmyny {1.3.7}).

TakuM 00pa3oM, OTIMYME B TIOAXOMAX K CHHTE3y ONTUMATBHBIX aJIro-
PUTMOB M ONTHMAJIbHBIX JIOTMYECKUX CXEM COCTOMT B TOM, YTO IJISI TTEPBBIX
yKa3bIBaeTCsl TOJNBKO TOC/IEOBATEIbHOCTD ONePaliHil, KOTOPbIE HANO BBITION-
HHTb TIOCJIe TipueMa BHGOPKH CUTHAJIOB IJIS TIPUHATHS pellieHrs 00 oOHa-
PYEHHH, a JUIS BTOPBIX — BCE 3TW OIEpalliy TTPOMIENIBIBAIOTCS 3apaHee. 3a
CYET 3TOr0 OOECTIEYMBACTCSI CYIICCTBCHHOE IIOBBIIIEHUE OBICTPOICHCTBIS
ITOCTIETHNX TIPW TIPUHSATHH PEIICHUT.

YkaxeMm Temepb Ha HEKOTOpHIE ITPaKTUYEeCKUE TPYIHOCTHM CHHTE3a OIl-
TUMAJIBHBIX JIOTMYEeCKUX cXeM. Bo-mepBblx, npu 0osbimx N 4UCIO KOMOM-
HaLMii OyIeT HACTOJbKO BEJIMKO, YTO IIepeOdOp MX, BBIYMCICHHE OTHOIICHMIA
MPaBIOIIONO0MS Y IIPUHSITUE YaCTHBIX PELICHUII CTAHOBUTCS 3aMaveii TPyaHO
BBIIIOJTHUMOM, Iaxe ¢ moMollbio ObicTponeiicTByroiieid IIBM. ITlostomy BO3-
HMKaeT 3aJa4a MOISPHU3ALUU OOILel METOAMKHU C LIEJbI0 COKPAIEHUS YKC-
Jla mepebopoB. Bo-BTOphIX, Ha MPaKTUKE OOBIYHO 3alaeTCsl HE MOpOr 0b-
HapyXeHus1 {;, a JOMyCTUMAas BEPOSITHOCTH JOHHGOro OOHapysKeHUs P},‘?,’
DTy BEpOSITHOCTh W' XKeJIaTeJIbHO MCIIOJIb30BaTh HEMOCPEACTBEHHO MPU CUH-
T€3€ ONTUMAIBLHON JIOTMYECKOM CXEMBL.

IMpouenypa cuHTE3a ONTUMAIILHOM JIOTMYECKON CXeMbl. OOHAPYXKMUTENS
Ha OCHOBE 3aJlaHHOI JOIMYCTUMOM BEPOSITHOCTU JIOKHOTO OOHAPYKEHUSI CO-
crout B cieaymoomieM. CHayajga BbIOMpaeTcsl KOMOMHALMS X; C HAMOOJBIIM
OTHOLLIEHUEM MpaBIONoOAoOus {; ¥ [JIs Hee PACCUMUTBLIBAETCS BEPOSITHOCTh
mosiBIeHusT B obmactu momexu P (X, |0) mo dopmyne (1.3.2). 3arem BbIOH-
paetcst clieayronias Mo BeJIMYMHE OTHOIIEHMS IMPaBIONOm00MsT KOMOUHALIVS
X3, PACCUMTBIBACTCSI BEPOSITHOCTD ee MOosiBIeHMsI B obacti nomexu P (x, {0}
U onpeeNsieTcs . cyMMapHasi BeposiTHOCTb P (X J 0) 4 P (x, | 0) noasnenus
JBYX TIEpBBIX KOMOWHALIMii, DTa cyMMapHasi BEpOSITHOCTb M OydeT BEpOSIT-
HOCTBIO JIOKHOTO OOHApYXEHMsI, €ClId pellleHue o0 OOHapyKeHHMu HpPH-
HMMAaeTCsT TOJIBKO IO JIByM OTOOpaHHBIM KOMOWHauusM. B mambHeitieMm or-
OOp HOBBIX KOMOWHAIMK TIO TPU3HAKY /{14y <%; TIPOM3BOOUTCS IO TeX
Mop, TOKa CyMMapHasl BEpOSITHOCTH TOSIBJICHUSI XOTSI ObI OIHOI M3 OTO-
OpaHHBIX KOMOWHAIMI B 00JIACTH MMOMEXU HE MPEBBICUT AOMYCTUMYIO BEPOSIT-
“HOCTb JIOXXHOTO OOHapykeHMsl. OUeBUIHO, BCe KONOBBIE KOMOMHAIIWMU, IS
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k
KOTOpbIX 2 P (x| )= PL?,), MOP'YT ObITb NpPUHATBI B KAauyecTBe CHI-
HAaJIbHBIX. -

O160p KOMOMHALIMIA 10 MPU3HAKY YMEHbIIEHUST OTHOLIEHMS ITPaBAOITOI0-
OMs1 He MPeaCTaBIIsIeT OCOOBIX TPYIHOCTE M He TpeOyeT mepedopa BceX BO3-
MOXHBIX KOMOMHanumid. JIasT 3TOro MOCTaTOYHO IIOC/IEIOBATEIbHO OTOM-
paTth KOMOWHAIIMKA TI0 YMCITy M MECTY TIPOITYCKOB E€IMHUIL C YIeTOM BEPOSIT-
HOCTH 3THX MPOIYCKOB B CUTHAJILHOM MaykKe.

JanbHeiiliee noapoOHOE PacCMOTPEHUE BCEX STAllOB CHUHTE3a JIOrM4e-
CKOI CXeMbl OOHapyXUTeJis MpOoM3BedeM Ha KOHKpeTHOM mpumepe. Ilyctb
CUTHAJIbHAsT TTaYKa COCTOMT M3 IIIECTH MMITYJIbCOB. BeposTHOCTM MOsBIC-
HUS €AVHMLL HA TTO3MLMAX NAaYKM PaBHBI COOTBETCTBEHHO ps, = pse =0,1,
Psa — P$» = 0,36, ps3s— psy =0,78. IIpu OTCYICTBUM IOJIE3HOIO CHI-
HaJIa BEPOSITHOCTH TTOSIBJICHUSI €AVHUITBI Ha BBIXOIE KBAaHTHU3aTOpa HE 34BH-
CUT OT HOMepa no3uuuii U pasHa py = 0,09. 3amaguMmcsa BEpOSATHOCTBHIO

JIOKHOTO OOHApy:KeHUs P <= 3.10-%. B rta6n. 5.1 MPUBENEHBI KOIOBHIE
KOMOMHALIMY B TIOPSIIKE YOBIBAHKS OTHOLLEHUI MTPaBIONION00Us U 3HAYEHU
BeposTHOCTU P ,(R), mosnyyaemble, ecim BCEM KOMOMHAUMAM OT 141 1o
£-P IOCTaBUTb B COOTBETCTBME DEILEHUE 00 OOHAPYXKEHUM IOJIE3HOTO CUI-
Hajta. DTa BEPOSTHOCTh PACCYMTBIBAETCS 10 GopMyJe.

k

Py, (R) = s P(x,|0). (5.3.1)
{=m]
Tadbauma 5.1

¢ | Konosble XxoM8HHaun Ly | Pao (%)
1 NEEEE 1444,18 0,005,104
2 0 11111 1343,45 0,05-10-4
3 111110 1343.45 0,10-10-9
4 0 11110 1249,94 0,625-10-4
5 10 1111 250,75 . 0,676.10-*
6 111101 | 250,75 0,726 104
7 00 1111 232,23 i,245.10-4
8 111100 232,23 | 1,764.10-%
9 011101 232,23 2,283.10-¢
10 101110 232,23 2,802.10-4 <§§,’w_
i1 00 1110 215,91 |  8,119.10~ LB

" :

M3 tabnuibl BUIHO, 4YTO YCJIOBUE P noS ,f,o) BBITTOJIHACTCA OJId TIE€P-
BBIX JIECSITH KOMOMHAIWM. DT KOMOMHAIIMU U CJICayCT NMPUHATD B KA4Y€CTBC
CUTHAJIbHBIX )
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Teneps ocraercst 3amucaTh COBEPLICHHYIO IM3bIOHKTUBHYIO HOPMATbHYIO
(opMy JIOTHIECKHMX TIEPEMEHHBIX ISl OTOOPAHHBIX KOMOWHAIMIA

Yoo = X1XoXaXXeXg -+ XiigXgXgXpXy + X1 XoXaX XeXe +
TX X Xg XXy X | Xy XXX XXy T Xy XgXaXoXgXg T X1 XgXpXXe¥g T
o Xy XXX XgXe - XyXaXgX,XpXg - Xy KXo XgX Xe X

IMocne MUHUMU3ALMKU TI0 TIpaBUIaM OyJIeBO anreOpbl MOIYYUM

.y.oﬁn"'_" xgkels (g +x0) + 2 (¥, +x5)l. (5.3.2)
Pl %4 %] 051 (%] 1% ]
! | v 1 7s Tz I Ty |

Hhn

H

¥
[}

b

Puc. 5.3. Jlornyeckas cxeMa ONTUMAJIbHOIO OOHApYXMTENIs MadyKU.

Jlornyeckasi cxema K OOHAPYXUTENS, PEATU3YIONIETO MOMYYEHHYIO MUHU-
MU3MPOBAHHYIO (DYHKIIMIO, TOKa3aHa Ha puc. 5.3. Kpome coOCTBEHHO KOM-
OMHATOPHOI CXeMbl, Ha 3TOM PUCYHKE MMOKA3aHO TakXe 3allOMUHAIOIIEE YCT-
POICTBO BXOMHBIX CUTHAJIOB Ha ILECTH MO3MLMSX mayku. HamomHuwm, 4to
paboTa paccMaTpvBaeMON CXeMbl MPOUCXOIUT CIEIYIONIMM 00pa3oM: CHa-
Yaja B 3aMOMMHAIOIIEM YCTPOMCTBE HAKaIlIMBAIOTCI BXOAHBIC CHMIHAJIBI
B Mpenenax Beeir Mayku, a 3aTeM c(hOpMUPOBAHHAS TayKa TMOJAaeTCsl Ha BXOJ
KOMOMHATOPHOI 4acTu 06Hapy>KI/ITeJm

B 3aKiI04eHre HEOOXOIMMO 3aMEeTUTh, YTO B JAHHOM ClIy4yae B IIPOLieCCe
CHHTe3a OOHApYXWUTENS MOXET OBITh IOACYMTAHA W BEPOSITHOCTH OOHApY-
KeHMsI Mayku 1o (opmysie

Pogy = EP (x:}S), (5.3.3)

rIe k — YMCI0 OTOOpPaHHBIX KOMOMHALIWIA.
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5.3.2. Ocobernocmu pabomol ONMUMANBHO20N02UHECK020 OBHAPYIUTEAS
npu Heu38ecmHOM ROAGMEHUU RaYKU ‘

Ipy cUHTE3e ONTUMAIBHOM JOIMUECKOM CXeMbl OOHAPYKUTENS IMPEIIO-
JIATaJIOCh, YTO MOJIOXKEHWE CUTHAIA (IIauKy) H3BECTHO. 2TO U 00YCIOBUIO
OCHOBHYIO TpOLeIypy OOpaGOTKM; CHavyala KBAaHTOBAHHBIC CUTHAIBI Ha-
KaIUIMBAIOTCA B TIpeleiax BCell Mayku, a 3arTeM IIoJIydeHHas IocieqoBa-
TEeNBHOCTh HyJell M EIMHMIL aHAIM3UPYETC KOMOMHATODHOM cXeMoW Ha
MIPEAMET NIPUHATHAS PELIEHNS O €€ OOHAPYKEHUU WIM HEOOHAPYKEHUH.

B peanbHBIX yCIOBMSX IOJOXEHME TMadkyd 3apaHee HewsBectHO. Crre-
JIOBATEJIbHO, aHaJM3 BXOOHBIX CHUTHAJIOB HalO IPOM3BOAUTL ITOCIIEN0BA-
TeJIbHO (IT0 TaKTaM), a pellleHre NMPUHUMATh Ha KaXIOoM TakTe. B KadecTBe
3aITOMUHAIOIIETO YCTPOMCTBA B 3TOM CJIy4ae MCIIOJIb3YeTCsl PETUCTP CO
COBUTOM. B KaXmoMm TakTe COmEpXMMOE DEerMcrpa CABUATAETCS Ha OOUH
paspsiz, a B CBOOOIHYIO SYENKY 3aNKChIBAETCS BHOBb ITOCTYITUBILNIA CUTHAI
(aynp wim equuunia). [loce prueMa O4epemIHOro CUrHajia COIEpXKUMOE pe-
IMCTpa aHAJM3UPYETCH KOMOMHATOPHOI CXEMOW OOHAPYXUTEIS.

IMocnenoBaTeIbHBIN COBUT IBOMYHO KBAHTOBAHHBIX CUTHAJIOB B PETHCTPE
MIPUBOIMUT K TOMY, YTO HEKOTOPBIE KOIOBbIE KOMOWHAIMH, YIOBJIETBOPSIOLIVE
JIOTUKE OOHApyXXeHWs, TepeXOAsiT IOCj€ ONHOIO WIA HECKOJIbKUX CIBU-
rOB B Jpyrue KOMOMHALIMM, TaKXe YIOBJIETBOpSIONIe 3Toi joruke. Ha-
IpuMep, IIpuBeneHHas B Tabi. 5,1 xomosas komouHanms 011111 moce on-
HOIO CIBWMIA IIEPEXOOUT B OOHapyxXuBacMble KoMOuHaumu 111110 win
111111 (coBur nmpoucxomut cnpaBa HaneBo); Komosas koMmOuHauws 001111
HE3aBMCUMMO OT BXOJHOIO CUTHA&IA TAaKXe IEPEXOAUT B OOHApyXXUBaeMbIe
komOuHatmu 011110 wm 011111 n T. 1.

PaccMoTpuM, Kak MOXHO TpeoOpa3oBaTh BbIpaXKeHHWE ISl JIOTMYECKOM
(GyHKLIMKM OOHAPYXKUTENIS C YYETOM B3aMMHOIO Iepexona KOMOHHAUHA apyr
B APYTra mpu casure wuHdOpMaUu B perucTpe. B KauecTBe mprMepa BO3b-
MEM MWHUMU3MPOBAHHYIO (QYHKLMIO, MOTYYEHHYIO B MpPEABIYLIEM MyHKTE

Yoon = XaXgXeXg -t XaXaXeXy - XpX3XgXg - X5XeXeXe. (5.3.4)

B 3T0i1 QyHKIMY MHIEKCH Y JIOTMYECKUX MePeMEHHBIX MPEICTABIISIOT COOOM
HOMepa Mo3uiii nauku. OJHAKO HAM HEU3BECTHO IMOJIOXCHME MauykH, I0-
3TOMy HyMepalMsl UMITYJIbCOB MTAYKN He MMeeT cMeicaa.. Termeph CylecTBeH-
HbIM (DaKTOPOM SIBJISIETCS TOJBKO «KYJYHOCTb» €AVHUIL B MBHHUMAaEMOE 1o-
CJIEMOBATEIBHOCT W OT HyMEpalluy TO3WIIMIA MMaYKW Hamo MEepeiTH K HYMe--
pary paspsioB PETUCTpa, T. €. CYUTaTh, UYTO JIOTMIECKHUE TepeMeHHbIe
MMPOHYMEPOBAaHbBI B COOTBETCTBUM C UX TOJIOKEHUEM B PETHCTpE.

B cootsercTBUM € 3TUM Tpeodpa3yeM NM3bIOHKTUBHBIE WIEHbI B BbIpaxke-
HHK(4) TakuM 0Opa3oM, YTOOBI TMepBasi IBOMYHAS MEPEMEHHAs! KaXIOro M3
HUX WMeJla B MHIEKCEe eMUHUILY, UYTO COOTBETCTBYET €€ HAXOXKIECHWIO B [1€p-
BOM pas3psiic PerucTpa cO CABUTOM. JIJisi 3TOrO JOCTaTOYHO BBIYECTh U3
MHJEKCOB BCEX MEPEMEHHBIX CTOJIKO €IMHMIL, YTOObl MHIEKC caMOi KpaiiHeli
cjieBa MepeMeHHOU ObUT paBeH enuHule. [lomoOHoe mpeoOpa3oBaHuE, ode-
BUJHO, HE HAPYUIMT YCJIOBUS OOHApYyXXEHUs BCEX BXOMSILIMX B BbIpaXKEHUE
(4) KomoBbIX KOMOMHALIMII M, BMECTE C TeM, OOHapyXMBaeT ITOBTOPSIEMOCTb
HEKOTOPbIX ITU3bIOHKTUBHBIX WICHOB. EciaM Temepp MCKIIOYMTBH MOBTODA-
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1IMecs TU3bIOHKTUBHBIE WIEHBI, TO OYIET MOJy4eHa YNpOLleHHas, C y‘IeTOM
CIABUTOB, (popMa JIOTMUECKON (DYHKIIMH,
IIponenas ykazaHHBIE OIEpPallid B paCCMAaTPUBAcMOM TIpUMepe, MOITYyIUM

Yoou = X1X3XXs -
= X XpXaXy T XpXgXgXs = XyXaXgXs (5.3.5)

WY, TIOCJIe TIpeoOpa3oBaHuiA,

Foon = Avalile + 2 (g -+ 5 {2.3.6)

CooTBeTCTBYIOIIAsI JIOTUYECKAs] cXeMa OOHapyXuTessi (COBMECTHO C pe-
TUCTPOM CO CIOBUIOM) IpuBefeHa Ha puc. 5.4. CpaBHEHUE CXEM, IIOCTPOEH-

Pe. COB. : )

Lirs [ 7 | n | = | & H
s 1 x, T I.\(S_l'__l)v(z T X,
|

Puc. 54. Jloraveckas cxema oOGHapyXuUTelds TIpY HEU3BECTHOM  TIOJIOXKeE-
HUM TIAYKU.

HBIX [0 UCXOOHOU (puc. 5.3) u mpeoOpa3oBaHHON C y4eTOM CIBUIOB (puc.5.4)
JIOTMYECKUM  (DYHKLMSIM, TIOKa3blBaeT, 4TO IpeoOpa3oBaHUE MPUBEIET
K HEKOTOpOMY YIIPOILIEHUIO cXeMbl OOHapyxkuTens. Ilnaroit 3a Takoe ym-
POLLIEHUE SIBIISIETCSI COOTBETCTBYIOILIEE YXYNIIEHWE KAYECTBEHHBIX XapaKTe-
PUCTHK cXeMbl. B yacTHOCTH, cxema pHC. 5.4 MpU OIMHAKOBOM BEPOATHOCTH
MPaBUJILHOTO OOHAPYXXEHUS MOJIE3HOTO CUTHAala MMEET OOJIBIIYI0O BEpOST-
HOCTb JIOXKHOTO OOHAapYKEHMUSI.

5.4. BeaBecoBas o0pabGoTKa Mauek ABOMYHO KBAaHTOBAHHBIX CHUTHAJIOB

OcCHOBHbBIE TPYIHOCTHM, BO3HMKAIOLIME IPU INPUMEHEHUU OINTUMAIbHbIX
JIOTMYECKMX CXeM OOpabOTKH, COCTOSIT B TOM, UTO YMCJIO HMITYJIbCOB
B peaJIbHBIX MTayKaxX He SIBJISIETCS MOCTOSIHHBIM, a U3MEHSIETCSI B 3aBUCUMOCTU
OT 3(Pp(EeKTUBHOIM OTpaKaoIIel MOBEPXHOCTH IIeJIel, MaJTbHOCTH O IIejeH,
yria Mecta ¥ T. 1. ONTUMasbHbBIE Xe€ CXeMbl KPUTUYHBI K YMCITY BXOIHBIX
MEPEMEHHBIX 1 TIEPECTAIOT OBITh TAKOBBIMM, €CJIM 3TO YMCJO OTIMYAETCS OT
MPUHSTOrO MpU CUHTE3€. B CBA3M ¢ 3TMM Ha MpaKTUKE YaCTO UCHOJIBb3YIOTCS
VIPOIIEHHBIE METOIbl 00Pa0OTKM MayeK ABOMYHO KBAHTOBAHHBIX CHUTHAJIOB.
VYrpolieHust cBsI3aHbI, IJIJaBHBIM 0OOpa3oM, C OTKa30M OT MCIIOJb30BaHUS
nH(opMaluu o ¢opMme madek Impu oopadotke. B atoM citydae eqMHCTBEHHBIM
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TNPU3HAKOM, 10 KOTOPOMY MOXKHO OTJIMYUTH OOJIACTH LIEJM OT OOJAaCTH TI0-
MeXH, SIBJISIETCS YBEJIMMCHNE TIOTHOCTH SIMHALL B HEKOTOPOM d)I/IKCI/IpOBaH—
HOM MHTEpBaJie IO3ULIMIA. .
O6paboTtka 6e3 ydera mHMopMaumy o GopMe NayKy Ha3LIBaeTes B Jailb-
HeieM 663BCCOBOI/I B nanHowm naparpade npousBonutcst onvicaHue u Gop-
Manu3alusd MPOCTEHIINX aNTOPUTMOB 6€3BECOBOil OGPAaGOTKM Mavex.

5.4.1. Aneopummoi 6e3eecoeoii 0bpabomku navex
060UYHO KBAHTOBAHHLIX CLJ_.EHQ/}OB

B xavecTBe MCXOMHOI MPEANIOCHUTKY JJISI TOJIYYEHUs YIPOILIEHHBIX METO-
JIOB 00pabOTKM MavyeK ABOMYHO KBAHTOBAHHBIX CUTHAJIOB MOXHO B3SITh pe-
3yJbTaThl, IMOJAYYEHHbIE B 1. 5.3.2 NpU CHUHTE3E€ ONTUMAILHON JOTHYECKOH.
CXeMbl OOHAPYXEHUS! MAUYKKM ¢ HEM3BECTHBIM IMOJIOKEHMEM Havasa. FloayyeHd-
Hag TaM Jiorndeckas cxema npu N. == 6 BbigaeT curHan oSHapyKeHHs, eciu
Ha BXOJAE TIOSIBUTCS ONHA W3 CICOYIOIIMX KOMOMHAIMN HyJIe M eIMHULL
1111, 10111, 11101, T. e. TIp¥ TIOABJIEHUN YETBIPEX E€NWHUL] HA TIATH CMEX-
HBIX mo3numax (uckmodas komouHaimio 11011). OueBrano, yro Takyio win
ITOIOOHYIO JIOTUKY MOXHO MCTIONB30BaTh M JUISI OOHAPYXKEHUS TadeK C YnC-
JoM #Mnyabcos™N >>6, Ho Temeph OHa yXKe He OyleT ONTUMAJIBLHOM, T. €.
‘OyzeT obecrieurBaTh MEHBLIYIO, YeM ONTUMMalbHAas JIOTMKA, BEPOATHOCTDH
OOHapyXeHUs1 Pygy, NPU TOM Xe BEPOSITHOCTH JIOKHOTO 06Hapy>KeH1/151 22
Ha mpakTuke IIMPOKO HCIIONB3YIOTCSI CXEMbI JIOTUYECKUX OOHApYXKMTEIe
C KpUTEpUSAMU OOHapyXeHus Tuma «I/m» wi <« u3 m», roe { <m, m=D.
OOBIMHO 3TV KPUTEPHUM HA3bIBAIOTCS KPUTEPUSAMHU (DUKCAIIMM Havyajia TavyKu.
Kpurepuii pukcanmm Havasa madyku SIBISIETCS] OMHOBPEMEHHO KPUTEPHEM ce
oOHapyXeHUsI.

s WCKIIOYeHUSI HEOMHO3HAYHOCTH TIPM OTCUETe KOOPAMHAT TaykKu
B Ipoliecce ee OOHApyXKEHUsl YCTAHABIMBAETCS TAaKXKe KPUTEPUIl KOHIA
mayky. OOBIYHO KOHEI MauykKu (GUKCUPYETCST 10 HAJIUYUIO CEPUM U3 K IPO-
nyckoB nogpAl (k=2 — 3). Ecim sormueckyio cxemy dukcaiyu Havasia
MavYKy OOBEIUHUTD C JIOTUYECKOM cXeMoil (prKcalMy KOHIA MayKu TakK, 4TO-
Obl CUTHaT OOHAPYXXEHWSI Y, BBIIABAJICSI TOJIBKO B MOMEHT TIEPBOTO BBIMOJI-
HEHMs KpuTepus «//m», a CUTHAJ f,TOJNBKO B MOMEHT IIEPBOTO BBIMIOJIHEHUS
KPUTEpUS K, TO MOJYyYMM TaK Ha3bIBAEMBI JIOTUYECKUI OOHAPYKUTEIb
¢ ¢pukcanmeit rp'aHmi mMayky. B mampHElIIeM KpuTeprii cpadaThIBaHUS . JIO-

IMYECKOTO OOHAPYXUTENA C (PUKCAUMeld TIpaHUL] MadKy 3alliChIBAETCA
B BUIE ¢l/m — Kk».

BeiGop momxoAsiiero Kputepus cpabaThIBaHUSI JIOTMYECKOTO OOHapy-
SKUTEJIS IPOM3BOMUTCS IyTeM CPAaBHEHMS Pa3IMUHBIX BAPUAHTOB IO BEPOSIT-
HOCTM OOHApYXXEHUSI U TOYHOCTU OMpEAEICHUsT LIEHTpa MadyKyd Npu (DUKCU-
POBAaHHOW BEPOSITHOCTHU JIOXHOTO OoOHapyxeHust P,,. CTpyKTypHasi cxema
JIOTUYECKOTO OOHAPYXKUTENISI MOXET ObITh IOCTPOCHA MCXOMS M3 OIMUCAHMS
YCJIOBUI €ro cpabaThlBaHMsI C MOMOIIBIO JJOTMYECKUX (DYHKIUIA TBOMYHBIX
MepPEeMEHHBIX, MOIOOHO TOMY, KaK 3TO JIeJIaloCh MPU CUHTE3¢ ONTUMAJIbHON
Jornyeckoil cxembl (cM. Takxe § 2.1). AnropHTM: paGoThl JOTHYECKETO 00-
HapyXHUTENIsT MOXeT OBITh TaKXke peann3oBaH Ha L[BM.
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Hpyroii Kiacc MPaKTUYECKUX CXeM OOHapy;KuTelell o0pasyroT Tak Ha-'
3bIBa€MblE HAKOITUTEIM KBAHTOBAHHBIX CHI'HAJOB. ANTOpUTM pabOThI HAaKO-
MHTEAN HEROAPERCTBEHHO [10JTyYaeTCs U3 ONTUMAJILHOTO alrOpUT™Ma OOHapy-
KEHMs TAyKW JIBOMYHO KBAHTOBAHHBIX cuTHamoB [cM. dopmyny (1.3.7)],
. €CJIM TIOJIOXKUTb, YTO UMITYJIbChI TAUYKW MMEIOT OAMHAKOBBIE BEPOSITHOCTH T10-
SIBJICHUS (naqKa TIPSIMOYTOTBHOM $opmbt). [IpocToTa peanuaauyy airopur-
Ma HaKOIUIEeHMS] OOYyCJIOBIMBAEeT €ro TMpUMEHEHUE W B CIyYasX pealbHbIX
ravek (mavyek ¢ MPOM3BOJIBHOM Oruoaromieit).

Hayvano nmayku ¢pMKcHUpyeTcsl HaKOMUTEIeM I10 MEpBOM eIUHUIIE, ITOIy-
YeHHOM mMocjie copoca cueTunka. KoHell Mmayku (pUKcUpyeTcs TIpH ITOsIBIIe-
HUM CepUU U3 K HYJIEH, T. €. TakKKe KaK U B JIOTUUECKUX OGHADYKUTENAX,
CurHan oOHapy:KeHHUsI BBIIAeTCsl B MOMEHT cOpoca CUeTYMKa, €ClIM HaKOII-
JIEHHOE B HEM 4YMCJIO €IMHUILL paBHO MM OOJIbIlIE ITOPOTOBOrO YMCia Ng.
‘ B HEKOTOpBIX cydasix cxeMa HaKOITMTENS CTPOUTCS TaK, YTO CYETIMK
. cUMTaeT (HaKarulMBaeT) He KOJHUYECTBG €IUHUIL B TTaYKe, a KOJIUYECTBO TIO-
3ULIMIA (TaKTOB), HAYMHAS C TIEPBOM €IVMHUIIBI U A0 BBITIOJTHEHUS KPUTEPHSs
KOHIIA TIauKu. I1pu 3TOM MpOITyCKM €IMHUII Ha BHYTPEHHMX MO3ULIMSIX HaYKU
BOCCTaHABJIMBAIOTCS (€CIM MX YHGAO MEHBIIE TTOPOTOBOTO Yucia i cOpo-
ca). PerieHue 00 oOHapy:KeHUM IIPUHUMAETCSI, TaK e KAK 1 paHblle, ITyTeM
CpaBHEHMST HAaKOIUIEHHOTO 4Yucia ¢ MOporoBbiM. CTpyKTypHasi cxeMa oOHa-
PYXUTEIISI-HAKOIIUTEISI TIOJyYaeTcs IyTeM OObeIMHEHUS ABOMYHOIO CYeT-
YHKa CO CXeMOM yIpaBJIEHUSI COPOCOM 1 JIOTUYECKOM CXeMOU (hUKCalluid KOH-
a mayku. Bo3MoxkHa, eCTeCTBEHHO, HEIOCPEACTBEHHAs] peaau3allusl ajiro-
putMa HakoruieHus1 Ha LIBM.

PaccMOTpUM Termepb BO3MOXKHBIE CIOCOOBI OLEHKM MOJOXKEHUS EHTpa
Mmayku (asumyTa 1ieu) Ipy Oe3BecoBoli 00paboTKe. B KaueCTBe CUTrHAJIOB,
110 KOTOPBIM OLIEHUBAETCSI TIOJIOXKEHWE CEPENMHBI ITaYKU, WCITOIB3YIOTCS
CUTHAJIBI, BbIIABaEMble OOHApyxXuUTeleM, B cxemax JIOrMYeCKMX OOHAapyXKu-
tenei «lim — k», cUrHasaMu, IMO3BOJIMIONIMMU OLEHUTH ITOJOXKEHHUE Cepe-
JIMHBI TTAYKK, SIBJISIIOTCSI CUTHANIBI, (DUKCUPYIOIIME HAYalo M KOHeL[ MAadKH,
B HakomuTensax A 3TOM LEJU UCIOJIb3YeTCd CUTHaJ, BbIIABAEMBbIi TpU
(bukcanmu KoHIla OOHAPYXKEHHOW TMaykKd WM, KPOME TOTO, YUCIIO no314u1/11/1
MeXITy HAyaloM M KOHLOM Tauku {LUHpHHA naqKn)

OreHKa a3uMyTa iefiH I0 TIEPEeYNCIEHHBIM BBIIIE CUTHAJIAM MOXKET OBITh
MPOM3BENEHa TI0 CIIEAYIOIIM (hOpMYJIaM:

1) mo asumyTaqbHOMY MOJIOKEHUIO CUTHAJIOB, cby[Kcupyfommx Hayajo
u KOH&E TTaYKu

Bo= (B B.)/2, (5.4.1)

r1e B, — OLIEHKa a3uMyTa Liely; $, — a3MMyT HAayaJabHOTO MMITY/IbCa TIau-
K1, ﬁg —— a3UMYT KOHCYHOI'O UMIITYJIbCa ITa4KH,
2) MO a3MMyTaJIbHOMY TIOJIOXKEHUIO KOHEYHOIo I/IMHy.JIbCa MauKu Py
Y EIMPUHE MauKu
-1 -
Bo = Pa_l\—E_) Ag, (5.4.2)

rme N,, — YUCIIO TIO3WIINI, COOTBETCTBYIOIEEe IIMPUHE OOHapyXeHHOMN
mayky; Ap — yruoBas OUCKPETHOCTh MMITYJIBCOB B TTAyKe.
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@opmysibl (1) 1 (2) uype3BBIYATHO TIPOCTHI B peaﬂuaauuw B srom HX®
MPEUMYILECTBO MO CPABHEHMIO C &ITOPUTMOM ‘ONITMMAIBHOM OLIEHKH a3uMy-
Ta, PacCMOTPEHHbIM B TJ. 1.

OTMETHM B 3aKJTIOYCHHUE, YTO AITOPUTMBI OE3BECOBOIT 0OPabOTKH IIBOH'-!<
HO KBaHTOBAHHBIX CUTHAJIOB BEIOMPAIOTCS IIEPBOHAYATILHO U3 MPAKTUYESCKUX -
COOOpaXXEeHUIA, ‘CBA3aHHBIX C MpocToTOi peanusanmu. Ilpu stom cratucTu-

+ YECKUI CMHTE3 3aMEHSETC aHAJIM30M BHIOPAaHHBIX BADUAHTOB U CPAaBHEHUEM
VX Ka4eCTBEHHBIX XapPAKTEDPHCTHK.

5.4.2. Abcmpakmmuoie cxemvt (epaghot) ubgd)boebtx oOHapyxcumeneil

VHUBepcalbHble METOObl IMOCTPOCHMsI aOCTPAKTHBIX CXeM LIM(POBBIX
aBTOMATOB ¥ aJITOPUTMOB M3JIOKEHHI B TJ1. 2. B mTaHHOM TTyHKTE TIPUBOISATCS
[IPUMEPBI TIOCTPOEHMsI TpacoB LU(PPOBBIX JOTMYECKUX OOHAPYXUTENEH 1 Ha-
KOIMUTEJIell HeMOCPEICTBEHHO IO JIOTMYECKON (DYHKIMKM cpabaThIBaHUS CXes
MBI WJIM TIPOCTO HA OCHOBE CJIOBECHOTO OIMCAHMSI alrOpUT™Ma pabotsl 0fHa:
_pyxutessi. Bo3MOXHOCTb MpUMEHEHUsI MPOCTEHIINX (B TOM YMUCIE U IBPU-
CTUYECKMX) METONOB MOCTPOSHMsI abCTPAKTHBIX CXeM OOYCJIOBJIEHA OTHOCH:
TEJIbHOW TPOCTOTOM MPUMEHSIEMBIX aJITOPUTMOB 0OpabOTKMH.

B xavecTBe TmepBOro IpriMepa BO3BMEM OOHAPYXKWTEb, PEaTM3YIOLINIA
JIOTMYECKUI KpuTep il «3/4—2», Jlornueckast (GyHKLMsI OOHAPYXEHUS Iad-
KM B JAHHOM CJIydae MMEET BUII

Yy =Yogu =X1XgXy T X1XpX3Xy - X1 XaXgX,, ' (5.4.5)

a Jjorndeckas (GhyHKIMS (UKCAlMM KOHIA TTaYKh paBHA

Yy =X1X5. (5.4.4)

I'pad crpoutcsi mo yacTsMm; cHavasta JUisl JJOTMKWM OOHAapyXeHUsl Mayku,
3aTeM ISl JIOTUKW (DUKCAllMM KOHLA Mayku U, HAKOHE, MyTeM OObeauHe-
HUS (KOMIO3MLMM) MOJYYEHHBIX COCTaB/sIoUMX rpagoB, cTpoutcsl rpad
OOHAPYXUTENST B 1IEJIOM.

PaccmoTpuM mpakTuyeckuii pueM NOCTpoeHus rpacda Mo NOTHUecKoNyY
BoipaxkeHUto (3). CHauana BbIOMpaeM WCXOMHOE COCTOsSIHME rpada dg U,
HayuHasl U3 3TOTO COCTOSIHUSI, CTPOMM 1IETIOUKU TEPEXO0B ISl KaXa0ro us
KOHBIOHKTHBHBIX WICHOB BBIpaxkeHMs {3). BeplmMHaMm ILIETOYKU TIPUITMCHI-
BalOTCSl 3allOMWHAEMble B HMX KOMOMHALIMM HYJleWd U €AUHMI], a ayram —
BXOIIHbIE CUTHAJbI, MO BO3ACHCTBUEM KOTOPBIX I'pad MepexoauT U3 Mpeibl-
JYIIETO COCTOSIHUS B Mochenyoiiiee. Eciu i nepeMeHHbIX, BXOISIIMX B Clie-
JIYIOILIYI0 KOHBIOHKIIMIO, COBIAIAIOT C aHAJTOTMYHBIMU MEPEMEHHBIMU U3 TIpe-
JbITyIIEd KOHBIOHKIIMM, TO OvepeqHasl 1Ieroyka TepexoioB HauuHaeTCs
M3 BEPLIMHBI &;, IPMHAMLIEXKAILIEH Opeapiaylleil Lerodke. KoHeuHoil Bep-
IIMHOM KaXJOW IIETIOYKU SIBJIIETCS COCTOSIHME, OTMEUEHHOE KOMOWHAaluel
MepeMeHHbBIX, MPUBOMSINE K cpafaTbiBaHHI0 CXeMbl OOHApPYXEHUs, T. €.
K BblIA4€ CUTHAIA Y,q,-B pe3yabraTe TaKoro mocTpoeHUs nonquM rpad
TUMA IepeBa, U300pakeHHbIA Ha puc. 5.5, a.

B nmampHeiiimeM TTPOM3BOIUTCST YIPOIICHKE Tpacda IMyTeM OOBbEIMHEHUST
SKBUBAJICHTHBIX COCTOSTHMIA. 1o SKBUBAJIEHTHBIMU COCTOSTHUSIMHU B TaHHOM
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clydyae MOHHMAEKTEA TaKMe, MEepeXxodbl B KOTOPbIE M3 TIPEObIAyIIMX $OCTOH-
HUIT OCYWECTBIIAIOTCA 10 BO3ICHCTBUEM OMHUX M TeX XK€ BXOTHBIX CUTHAJIOB
Y MpY 5TOM BBIIAIOTCS ONMHAKOBBbIE BBbIXOAHbIE CUTHaIbL. Kak criemyer u3
puc. 5.5, a, 3TOMy YCIOBUIO YIOBJIETBOPSIIOT COCTOSIHUS g aqU 43, KO-
TOpble MOXXHO 00beAMHMTD. Ilocie 3Toro B MoaydeHHOM rpade HeoOXOmuMo
JIOOTIPEIESIUTh HEKOTOphle mepexonnl. JloornpeneaeHue MPOU3BOAUTCS Ta-
KM 00pa3oM, YToObl He Hapylllajach JIOT,MKa paboThl CXEMbI U, KPOME TOTO,

Puc. 5.5. K mocrpoenuio rpada oOHapyKUTes:
a — WCXOIHBI Tpad; 6 — OKOH2TeAsHER rpad.

HE TePSUINCh YaCTUYHbBIE KOMOMHAIINK, KOTOPhIE MOTYT BOMTU B OMHY 13 KOM-
OMHALIMI, TIPUBOISAIIMX K OOHApY:KeHUIO Madyku. B Hailem mpumepe ¢ 3Toi
TOYKM 3peHUs] Hambojiee ITOKA3aTeJIbHBIM SIBJISICTCS JOOMNpeAccHUue Iepe-
X0lla U3 COCTOSIHMSI &33 N0 BxomHoMmy curHany 0. K sTomy mepexomy Ipu-

pomut KoMmOmHamumsa 1010. /IBa mociaemHmx cuTHaiIa

s 9TOl KOMOWHAIIMM MOTYT B JalibHeilieM oOpa3oBaTh
(bi* koMouHaumio 1011, mpuBomayo K 0OHApPYXEHUIO.
o 0 f 0/ 2 llostoMy repexol U3 COCTOSIHUSI @ggllo curHaiy 0
; Hajl0 HalpaBUTh B COCTOSIHUE gy, KOTOPOMY COOT-
BeTcTByeT KoMmOmHaumst 10.

CremyeT OTMETWUTb, YTO IIOCJIE HOOIPEIeTICHUS
MEPEX0J0B MOXHO B psilie CIy4aeB MPOMU3BECTU elle
pa3 MUHUMU3ALUIO CTPYKTYphI Tpada, IMyTeM OObeOIUHEHUSI SKBUBAJICHT-
HBIX COCTOAHMI. B okoHuarenbHOM Buie rpad JIOTMKM OOHApyXeHUA
«3/4» mpuBeneH Ha puc. 5.5, 6.

I'pad nnst jnoruku ukcalmm KOHIIA TAuyKW CTPOMTCS aHAJIOTMYHO.
IIpocToTa 3TOl JOTMKM B HAaIlleM IIpUMepe TO3BOJISIET Cpa3y MpPeACTaBUTh
ec rpad B BHIE, M300paskeHHOM Ha puc. 5.6. [Ipn oObeIMHEHNN {KOMIO3H-
1Y) TIOJyYeHHBIX TpadoB MOXHO HCXOOUTh HEMOCPEACTBEHHO U3 YydeTa
MOCJIENOBATeIbHOCTU PabOThl 2JIEMEHTOB OOHapyXuTessl. B Haiem ciydae
CHavasa «paboTaeT» JIOTMKa OOHapyXeHus1 madyku. Ilocie Bbimaun CurHasia
Yogy HAUMHACT <«pAOOTaTh» JOTHKE (HKCAUM¥ KoHUa mauyku. [losromy
‘00beIVHEHHBIA Tpad OyIeT MPeaCTaBIATh COOOM IMOC/IENOBATENBHOE COEU-
HeHYe IBYX cOoCTapistonmx rpacoB. s ero mocrpoeHusi HEOOXOAMMO BCe
niepexobl MepBoro rpada, KOTOPbIM TPUITUMCAH CUTHAN Yqgy, HAPABUTDH
B MCXOIOHYIO BEpIIMHY BTOpOro Tpada, a Tepexon BTOporo Tpada, oTMedeH-
HbIii BBIXOIHBIM CUTHAJIOM Y,, HAIlpaBUThb B MCXOIHYIO BEpIIMHY IIEPBOTO
rpacda. B pesynbrate nomyuum rpad 1MbpoBOro oOHApYXKUTeJs, peaiay-
" JOULErO JIOTUKY «3/4—2», KOTOpBIA M300pakeH Ha puc. 5.7, AHAJIOTMYHBIM

Puc. 56. TIpad oOHa-
PYXUTEJIA KOHLIA NMayKu.
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o6pa30M MOTYT OBITb MOCTPOEHBbI rpadbl ISl IPYTMX JIOTMYECKUX OOHapy-
SKUTEIEH.

Paccmotpum TCHCpb IPUMEpBI TOCTpOeHMsT rpaoB [UIsi HAKOIHUTENICit
KBAaHTOBAaHHBIX CUTHAJIOB, aJTOPUTM pabOThl KOTOPBIX 3aJaH CIIOBECHO.
IlycTh HaKOIUICHME HAYMHAETCS C MOSIBICHUST NePBO eAMHULIBI [TOCTIE CepU

Puc. 5.7. Tpad uudpoBoro oOGHAPYXUTENsS, PEATU3YIOLIETO JIOTUKY «3/¢—2».

n3 K U Oonee Hynei. CurHai 06Hapy>KeHm{ BbIIAETCS TIPU HaKOIUIEHUU
Ny enununn. ITocne Hakomaenus: moporosoro uucia Ng HacTymaeT HachlIie-
HUE CXEMBI, T. €. €¢ COCTOSIHUSI B JajibHElIIeM He u3MeHsoTcsl. KoHell mauku
¢ukcupyeTcst M0 K MpoIycKaMm OIS,

J 2 ‘ o o+t

Pue.’ 58. Tpad oGHAPYMKHTEaA-HAKONHTENA:
a— rpad cyeTsnka Oe3 cOpoca; 6 — rpad cwesanka co COPOCOM.

Hdns peanusaiiuyd paccMaTpUBaeMOro ajJropuTMa HakKOIUJIEHUSI HeoOXo-
UM CYETUYMK C HACBIILECHUEM -1 CXCMa (I)I/IKCElLll/lI/I KOHIIa Ima4yKu. le/l‘-lCM TN
CXEMBI JIOJDKHBI OBITb BKJIIOUEHBI I1apauIEIbHO.

IMoctporM cHauyana rpad cHersHka c| HacbleHueM. OUeBHAHO, 4TO
COCTOSTHME CUETYMKA OIpeJesisieTcsl HAaKOIUIEHHbIM B HeM uncioM. [lostomy
o0llee YMCIO COCTOSIHMI HAKOIMUTENS OOJDKHO ObITh Ny -+ 1 - (BKiIrouas
1 ucxomHoe coctosiHue). Ilpy MocTyruieHUy eIMHULIBI CYETYMK TOJKEH Tie-
peiiTi B Cleayrolliee COCTOSIHUE; MPU MOCTYIUICHUW HYJSI COCTOSTHUE CYeT-
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4HKa He meHgercq. npﬂaocmxéﬁun KoHeuHoto cocTostHus CHetti K JlommkéH
OCTaBaThCs B HEM, HE3aBMCUMO OT CUMTHaja Ha cyerHom Bxoge. CooTBeT-
CTByIOIIMI Trpad m3obpaxeH Ha puc. 5.8, a. I'pad oOHapyXKuTeasT KOHIIA
navyky (it K = 2) paccMaTpyBaJICS BBIILIE M TpUBeleH Ha puc. 5.6.
PaccmoTpuM Ternepp mapaijieibHyI0 KOMITO3ULIMIO IBYX PAaCCMOTPEHHBIX
rpacoB. O4eBUIHO, TIPU JIOOOM COCTOSTHUM CHETYHMKA, KPOME MCXOIHOTO,
OOHapYXUTEb KOHUA MAauYKW MOXET HAaXOOWUTHCS B OTHOM M3 IBYX COCTOSI-
Huii (HasoeM ux 0 u 1}, COOTBETCTBYIOIMX 4YKCIIy IPOIYCKOB ITOAPSI.
IToaToMy B pe3ysibTaTe KOMIO3UIIMU KaX/I0€ COCTOSTHME CUETYMKa @ Mpel-
CTaBJIsIETCSI B BH/E IBYX COCTOSIHUIA at® u af"’. O6vemHeH B rpa¢ oOHa-

Puc. 59. I'pad wakenHTels ¢ BOCCTAHOBICHHEM IMPOIYCKOB €IMHHUIL.

pyXWTesisl MoKasaH Ha puc. 5.8, 0. B 3TOM rpadge cCUTHaJI OOHapYXKEeHMUS
MIPUITUCHIBAETCS TIEPEXOAY B COCTQSHUE a&,’, a curHaj (uRcaluMyd KOHILA
NayKH —Iepexoay H3 COCTOAHHUA Y, B HCXOLHOE cocToRHHE a,. Hapue.5.9
MoKasaH rpad HaKOIMUTeJsI, B KOTOpOM flpOH3BOSHTCA BOCCTAHOBJICHHE TIPO-
IyCKOB €AWHMII, €CJTM UX YKcyio (Tompsia) He Oonbine omHoro. Kpome Toro,
CYETYMK B 3TOM CJIyyae CUMTAeT BCE a3UMYTajJbHble TMO3UIIMA MEXIy Ha-
YaJioM ¥ KOHLOM Nayku. CurHaa oOHapyXeHUs BbIIAETCA NPH TOCTKEHUU
ypoBHs (mopora) N.

B 3akmmroueHMe 3TOrO MyHKTa HAITOMHHM, YTO TIPH HEOOXOTMMOCTH, yXKe
TTOCJIe TOr0 Kak TOJTydeH rpacd oOHapYKUTEIsI, MOXET OBbITh JIETKO 3aIThcaHa
M MaTpuIla ero mepexomoB. [IpencraBieHre pabOTHI CXeMBI B BUIE MATPHIIBI
TIEPEXONOB SIBIISIETCSI WICXOMHBIM IIIATOM TSI JajTbHEWIIIETO COCTaBICHUS
MAaTpHIIBI TIEPEXOMHBIX BEPOSATHOCTEN COOTBETCTBYIOIIETO Tpada co cirydaii-
HBIMH TIepeXOIaMHU.

5.5. CratucTudyecKuil aHanm3 HU@pPOBLIX OOHaApYXKUTeEIeit

IIpu cratrcTUYECKOM aHaIM3e KaueCTBEHHBIX XapaKTepUCTUK LIM(PPOBBIX
JIOTUYECKUX OOHApYXKUTENe W HAKOIUTEJIeil OCHOBHAsI TPYOHOCTH CBsI3aHa
C MHOrooOpa3sfeM aIrOpUTMOB 00pabOTKHU, MOIeXaluX aHauu3y. Kaxnbrii
M3 alTOPUTMOB MMEET CBOU CITeLM(rIecKrue 0OCOOEHHOCTH U, CIeAOBATENIBHO,
OTJIMYHBIE OT APYTMX KavyeCTBEHHbIE XapaKTepUCTUKHU. BpiOpaTh Hamryd-
IIWiA aJlTOpUTM CpeAd MHOTroo0pasusi BO3MOXKHBIX MOXKHO TOJBKO ITyTEM -
CPABHEHMS X ITOBEIEHMS IO BO3AEHCTBUEM CUTHAJIOB C OIMHAKOBBIMU CTa- .
TUCTUYECKUMH XapaKTepUCTUKaMU. [Ipy 3TOM HEOOXOOMMO TaKXKe YUMTHI- -
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BaTh CJIOXHOCTh IIPAKTMYECKOM peaju3alliyd ajaroputma. Hawumydimii,
OUYEBHIHO, OYyIET TAKOM aJITOPUTM, KOTOPBIM IIPU IPHEMJIEMBIX TPEOOBAaHMSIX
K 00beMy OO0OpyHdoBaHUsSI (CJIOXHOCTM MporpaMMbl peanu3aiuu Ha LIBM)
JIaeT JIydiree MpUOMDKEHNEe K KauyeCTBEHHBIM XapaKTEPHUCTUKAM OITUMAallb-
HBIX aJrOPUTMOB OOPaOOTKM.

B maHHOM maparpade 0OOCHOBBIBaeTCS METOIMKA W MPOM3BOIUTCS CTa-
TUCTUYECKUN aHAIU3 KOHKPETHBIX YCTPOWUCTB (ITOPUTMOB) 1M(bPOBOH 00-
pabOTKM MayeK JBOMYHO KBAHTOBAHHBIX CUTHAJIOB. [IpUBOIATCS HEKOTOpbIC
pE3YJIbTaThl, MOJYYEHHBIE - METOIOM ' CTATUCTUYECKOTO MOAEIHPOBAHHA Ha
yHuBepcaibHOi [[BM.

&L Ananus eosodeiicmeus CIMAYUOHAPHBIX NOMEX
HA UUGPOBoIl NoeuHecK il 06Hapymcume/1b

ByneM cuuTaTh, YTO BXOOHAsl IOCIENOBATENLHOCTh 0OPabaThIBAEMbIX
CUTHAJIOB TIPEACTABISIET COOO IMOCIIEI0BATEIBHOCTh MCIIBITAHMI BepHysm
C MCXONAMM HyJb W €IMHULIA. B 3TOM ciyuae COBOKYIHOCTb COCTOSIHMIA
0GHapYXUTENIsL IIPEACTABIseT co60 MPOCTYIO SPrOAUYECKYIO Lenb Mapkosa
C MaTpulieil MepexoNHbIX BEPOSITHOCTEN, KOTOpast ILIsl alropHTMA 0OHapy-
xXeHust «m/m — k» umeeT BULI

0 1 2 3 - mm+l . ik
b ypPy 00 5 0 0 |

,:qN 0 PN 0 ... 0 0. e 0
2 :'qtv 0 0 PN (XX} 0 0 ’ 0 |
Inm _, m~-1 I[qN 00 0 ... py o e 0 i
- m 10 000 ... p, g, 0:

I
m+k—1ii0 oo0o0 .. O . g, :
m+k bg, 0 00 gy 0 . 0 |
(5.5.1)

‘TIe Py — BEPOSTHOCTH IOSIBJICHUST €OVMHUIILI 33 CUCT ITOMeXU; Gy = 1 — Pu.
s sprogmyeckoit e MapkoBa BeKTop P (mHAIBHBIX BepOSITHOCTEM
 COCTOSIHUI HE 3aBUCUT OT BEKTOpa BEPOSITHOCTEH HAyalbHOIO COCTOSIHUS
U CBsI3aH C MaTpHULEl TepexXOmHbIX BeposTHocTell 1 BeKTOpHO-MaTpUYHBIM
cooTHoleHneM (3.2.6) ¢ JOMONTHNUTEILHBIMU YCJIOBUAMU HOPMUPOBKU (3.2.7).
YKazaHHbIe COOTHOLICHUS TTO3BOJISIIOT HEIMOCPEICTBEHHO HAXOAUTh (PMHANIb-
HbIE BEPOSITHOCTU COCTOSIHUI, €C/IM U3BECTHA MATPULA IIEPEXOIHBIX BEPOST-
HOCTEll aHAJIM3WPYEeMOTro ajropyuTMa.
Hast anroput™Ma OOHApyKEHUS MO KpUTEepHIo «mim — k» ¢ Marpuieit
repexofdHbiX BeposTHocTeit (1) pemeHne ypaBHeHus1 (3.2.6) ¢ ydeTom
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(3,2.7) momydaercsa B BUIE

_ %

R R R T S
Py =P, pp,
Pr=Pypi,

T (552
Pm—1=PoPﬁ_lr

m, k
Py =Pypnlan
k—1
Pragxe1 =Pmgn -
DopmyIts! (2) TTO3BOJISIIOT HAXOOUTH (PMHATBHBIC BEPOSITHOCTH COCTOSTHUIA
uera MapkoBa TIpY IIPOM3BOJILHBIX 3HAYeHMSX 11 H K.

BeposiTHOCTD J10OXKHOTO OOHApY:KEHMSI Ha KaXKIOil M3 paccMaTpUBaeMBbIX
Mo3UIMi omnpesessiercss o (opmyse

p! —P n.. A 83

T. €. paBHA BEPOSITHOCTU JOCTUKEHUSI COCTOSTHUSI &y, HAUUHAST U3 WCXOTHOTO
COCTOSIHUSL Q. DTy BEPOSITHOCTb HEJNIb3Sl IyTaTh C BEPOSTHOCTBIO P, Tak
KAaK COCTOSTHUE @, MOXET OBITH JOCTHIHYTO HE TOJNBKO U3 COCTOSTHUS @py-i
HO M M3 JIIOOOTO COCTOSTHUSI C HOMEPOM j 3.

IIpy HEOOXOMMMOCTH OIIPEICTNTL BEPOSITHOCTD JIOKHOTO OOHAPYKEHMUS
XOTsI Obl Ha ogHOM M3 N MO3ULIMI MOXKHO BOCIIOJIb30BaThCs MPUOIKEHHOM
dopMyItoit

Poo= Py o N. (5.5.4)

Paccmotpum Terieps anroputM tuma ¢f/m — kK». K coxanennio, Hu rpad,
HU MAaTpully TIEPEXONHBIX BEPOATHOCTEN TAKOIO alropuTMa HE YAAeTCsd
NPEJCTABUTL B OOIIEM BUIE, IS NPOU3BOJIBHBIX { U m. 3ITOMY TIPUXO-
JUTCS aHAJIU3MPOBATh OTHEIbHO KaXIblii HOBBIA aJTOPUTM.

Mg anropurma tvna «2/3 — K» Marpuia IepexogHbBIX BEPOSTHOCTEN
MMeeT BUIL

| 9% Py 0 0 0 - 0 Jo
0 0 g, p, 0 - 0 |1
. gy 00 0 12
Hojpz—we =] 0 0 0 ,v 9y - 0 3 (5.5.5)
o0 0 ,, 0 - gy |3+k=2
Gy 0 0 p, 0 - 0 13 +k—1
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‘ DuHanbHbIE BEPOSITHOCTH COCTOSIHMII 3TOrO aJITOPUTMAa OIPEICIISIIOTCS
U3 BbIpAXXEHU

_ %W
oy +(1—di)
Pi=8ypy; Py=Pypyqy; (5.5.6)

oy (L — ¢}
Py = Po—Ng—""ﬁ); P,=P3qN;
Pyixe1=Pyqy "
BCpOHTHOCTB JIO2KHOTO O6Hapy)KeHI/IH Ha IIO3MIIMM paBHaA
Pio= (Py+Py) py =: Pl — gk). (5.5.7)

Marpuua nepexofHblX BEPOATHOCTeR Ul anroputMa «3/4 — K» MMeeT

BIA s ;
9y Py 0 O O O 0 o 0
0 0 py 9 0 0 0 O .. O
0 0 0 0 0 9y py O ... 0
gy 0 0 0 p,y 0 0 o ,. O
o o 0 g0 0 0 py O ... O
Meajs—xe =} Gy 0O 0 o O O PN O ... 0 (5.5.8)
0 0 0 0 0 0 py 9y 0
0 0 0 0 0 0 py o Ty
g9 0 0 0 0 0 py O .. O

DuHanbHbIe BEPOSATHOCTU COCTOSIHUM JJISl 3TOTO aJIropuTMa HAaxOMASITCH .
U3 BbIPAXEHUI

k
I
Po= T e ;
Pr k(1= 20y —ay P}) T4gn(t +93)
o [(l —pi)+ Tormre Pl (~————1_p~ o )(1-:;3,)
gn P " p2 q2
Py =Pypy; P3=P0Pi,; PS=P0—-_—1':;N};N; P4=Po'(1_NpNN?N) '
Py=P,pk qn; Py=Po— (ph +——p&-q—”—— +pk qN); P,=P,qu;
ay (1= 4y)
Pox—1=Pyqh " ' (5.5.9)
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BeposTHocTs JIOKHOTO OOHapyXeHMs Ha MO3MLMMU Onpelessercs Io
dopmyie

o = (Py+Pu-Py) by = P, (pﬁx +—-—"M’——

+ ok g ) (5.5.10)

AHJIOTMYHBIM  QBPa3OM  PACCUMTBHIBAIOTCA (DUHAIBHBIE BEPOSTHOCTU
COCTOSIHMIA UL APYTMX JIOTMYECKMX OOHapyxuTeneil. IlomuepKHeM, dTO
WCXONHBIM IIaTOM TP aHaIu3e
BEPOSAATHOCTHBIX ~ XapaKTEPUCTUK
KOHKPETHBIX aJTOPUTMOB JIOTWYE-
CKMX OOHapyXuTeJaeh SBIsIeTCS
coctapieHre rpada ¥ MaTPULIBI
MepexonHbIX BepositTHocTeil. Tak
KaK BO MHOIMX CiIy4asix TIpad u
MAaTpULa TIEPEXONHBIX BEPOSITHO-
CTeli MOTYT OBITb COCTaBJIEHbI Ha
OCHOBE CJIOBECHOTO OITMCAHUS YC-
JIOBUI cpabaThIBaHUSI OOHAPYXU-
TEJISI, TO CTATUCTUYECCKUN aHaIu3
OOHApYyXUTENST MOXET TMpeaIIecT-
. BOBaTb CHUHTE3Y €r0 CXEMBI.

r

197

Ha psac. 5.10  wuzobpaxeHsI
rpaduKku  BEPOSATHOCTU JIOXKHOTO
OOHapyXeHUs Ha Mo3uuuu Pge
JUISI HEKOTOPBIX AJITOPUTMOB THIIA
«mim —k» u «l/m—k» B QyHK-
LIMA Om BEPOSITHOCTH fy IIPEBbIILIC-
HHSI TIOMEXO YpPOBHSI KBaHTOBA-
. HUS. OTU IpaduKU AAIOT HarJsa-
0 HOe TMpeacTaBlieHne O (GUIbTPY-

' ‘ IOLIel  CITOCOOHOCTM  Pa3IMYHBIX
aJITOpUTMOB 1T POBOIT 00PaOOTKM
Mmayek [JABOMYHO  KBAHTOBAHHBIX

curHaioB. Jloruku «{/m» u, B 4a-

1 l  cTHoCcTH, «m — l/m» Xyxe Quib-

908 4t 42 T p TPYIOT  TIOMEXY, 4YeM JIOTMKU
Ld

wn/m». BausHue K HaUMHAET CKa-
3bIBaTbC TOJBKO IIpU OOJIBIIMX
PN = 0,1 BeIXomgiux 3a TIpene-
JIBL [IPAKTHUECKH IlOl'IyCTPI\dex 3HAYEHU M. HoaTOMy B OOJBIIMHCTBE CIIy-
YaeB BIMSHMUEM JIOTMKM (DMKCAIMM KOHIIA MadYKH Ha BEPOATHOCTD JIOXK-
HOTO OOHApy>KEeHUs MOXKHO TIpeHeOpeyb.

Hapsiny ¢ Takoii oOIIENPUHATON XapaKTepUCTUKON (bUIBTPYIOIIEH CIIo-
. COBHOCTM OOHAPYXUTeNeH, KaK BEpPOSATHOCTb JIOKHOTO OOHApY:KeHUS £jen
4aCcTO HEOOXOMMMO 3HATh CPEIHEE YMCIIO JIOXKHBIX OTMETOK Ngo, (DUKCHPY-
e€MBbIX Ha BBIXOAEC OOHAPYKWUTEJS B SAVMHUILY BPEMCHM. CPEIIHEC YHCO JOXK=
HbIX OTMETOK B €IMHUIYY BPEMEHM SIBJISIETCS HAIJISIAHOM XapaKTepUCTUKOMN
(OWIBTPYIOIIEH CIMOCOGHOCTU KOHKPETHBIX aITOPUTMOB OOHApyXeHMs. JTO.

Pue. 5.10. T'paduku BEpOSATHOCTH JIOXHOTO
OOHapyXeHUsI.
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YUCJIO HEOOXOMUMO 3HaTh ISl MpeabsiBieHus1 TpebosaHuii Kk [IBM Bropuu-
HOIt 00pabOTKM PaavoIOKAIIMOHHON WH(pOpMalMM 0 €MKOCTH 3arlOMUHAa-
IOINX YCTPOMCTB M OBICTPOACHCTBUIO.

Ecnu paccmaTtpuBaTh OOHO KOJIBLO JAJIBHOCTU (OOVH MHTEPBAl BPEMEH-
HOTO KBAaHTOBAHMUSI), TO CPENHEE YHCJO JOMHBIX OTMETOK B HeM Oyner

Nﬂol = bPro,

e b — JKCIIo MO3UINIA B KOJIbIIE JATBHOCTH (OMMHAKOBOE TSI BCEX KOJIeIN).

Ecnu umcio Kosel JanbHOCTH B 30HE 0030pa paBHO #,,a Tiepuoa 0630pa
paBeH Ty, TO CpemHee YMCIIO JIOKHBIX OTMETOK B €IMHMILY BPEMEHMW OIIpEe-
JsgeTca mo dopmysie

Ny = (67T} Pis. (5.5.11)

5.5.2. Ananuz 8030elicT8UR CMAYUOHAPHBIX HOMEX
Ha yugpoeoii Hakonumenv

PaccMoTpyM B KauecTBe mpumepa UHGPOBOH HAKOMUTENb, pean3y-
IOLIMIA TIPOrpaMMy HAKOIUIEHUsI ¢ HAChIIEHWEM, ONMCaHHYyIo B 11.°5.4.1 npu
K = 2. Martpuiia nepexoIHbIX BEpOSITHOCTEN B ITOM CJIlydyae UMEET BUJL

0 1O | 9 20 30 .. ye NO
O I 9y pn 0 0 0 o -« 0 O
10 0 0 gy oy 0 o 0 0
101 g, 0 0 . 0 O .. 0 0O
My-o =274 0 0 0 0 g4 0 0
2M 1 g, 0 0 0 o ., 0 0
N@y 0 0 0 0 0 0 ..o oy 9y
N | g, 0o 0 0 0 o v , 0
(5.5.12)
Hcnonb3ys MeTOAHKY, nonpo6}'10 OIKMCAHHYIO BHIIIIE, MOTYYUM
PotPioy+ P+ o + Py +Py =1
Pia=PipPyi Py =Popyay ‘
Pg(o)-_—PopN(l—“Q,%); P2(1)-‘=P0PNQN(1—-G§,);
Pyw =Popy(1—a0)% P =Pipyay(1—a3)%
............................ (5.5.13)

P n@=Poby (1=92)""%  Piy_ iy =Pobyqy (1—03)%

py (1—gi)N-! py ay (1 —g2)N—1
Py b2 o pnap, ”"’(2"’)

% I
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M3 pemenns cucteMbl ypaBHeHWii (13) cHavyajla HaxXOOUTCS BEpOSIT-
HOCTh MCXOIHOTO COCTOSHUSI Py. B maHHOM cilydyae 5Ta BEPOSTHOCTH paBHA

Py=q7 . (5.5.14)

Boipaxenue 115 Py u cuctema ypaBHeHuit {13) 1aior BO3MOXHOCTB onpeie-
JINTh BCE COCTABJISIONIME BEKTOpa (PUHABHBIX BEPOSITHOCTE COCTOSTHUIA
HakonuTensi. Eciau, Kpome Toro, 3amaH mopor oOHapyxeHust Ny, TO Be-
POSITHOCTb  JIOXKHOTO 06Hapy}K€HI/IH Pio = Pn,, tHe Py, — duHambHas
BEPOSAITHOCTh HAKOIUIeHUs Ny eaMHUI] B 00JIaCTU ITOMEXU.

AHATIOTMYHBIM O0PA30M pellaeTcsi 3amada onpeneneHus P, wis apy-
WX TPOrpaMM HAKOIUICHMUSI.

5.5,3. BeposmHocmb 0OHapyyceHUs: NAHKU CUSHAN08
A02u4ecKuM oOHapyicumenem

B cootBeTcTBUM C OOIIMMU COOOpaKEHUSMU, U3NIOXKEHHBIMUA B M. 3.3.2,

MpY aHaJIM3€ BEPOSITHOCTM OOHApPY:KEHMS IOJIE3HOIO CHTHaja (ITayku) JIo-
TMYECKMM OOHApYXXUTEJIEM HEOOXOAUMO YUYUTHIBATh CJIEAYIOLIME OCOOEH-
HOCTH: ;
I. K MOMeHTy MOCTYIUIEHUSI CUTHaja (3TOT MOMEHT SIBJISIETCSI TIPOU3-
BOJIbHBIM), Tpac OOHAPYKUTENISI MOXET HAXOOUThCS B JIIOOOM 13 BO3MOX-
HBIX COCTOSIHUI 3a CYeT BIMSIHUS MoMeX. Eciiu BXOmHbIE CUTHAIbI dHaJiH3H-.
PYIOTCSI BO BCEM KOJIBLIE AaNbHCCTH WIM B TIPENenax IMPOKOTO a3uMyTalb-
HOro CTPofa, TO B KAYeCTBE BEKTOPA-CTPOKM BEPOATHOCTEN HCXOIHOIO
cocTosgHus Tpada (Tepen IMOCTYIUIEHHEM ITOJIE3HOTO CHTHAjla) HEoOXOmMMO
MIPUHATL BEKTOP-CTPOKY P = | PyPiP,... 1 (uUHAABHLIX BeposaTHOCTEN
B oOnacti ToMmexu. BeKTOp-CTpOKy BEpOSTHOCTEl MCXOOHOTO COCTOSTHMS
o6ozHaunMm P (0) = [P, (0) P, (0) ... [, rne 3Hayok (0) MOKa3bIBALT, UTO STOT
BERTOP OTHOCUTCS K HYJIEBOW MO3UIIMU MAYKHU.

2. TlocnemoBaTeIbHOCTh AMCKPETHBIX COCTOSIHMIA OOHApYyXUTEIsl B 00-
JIaCTU HECTAllMOHAPHOTO CUrHaja (MaykKu CUTHAJIbHBIX WUMITYJBCOB C MPO-
M3BOJILHOI orubaroieii) obpa3yeT HeomHOpOmHylo Iierb Mapkosa. [ljs
HEOTHOPOTHOU 1ernm MapKoBa Helb3s1 BEIUUCIUTD (PUHATIbHBIE BEPOSITHOCTU
cocTosiHUI. 3amavya pacueTa BEKTOP-CTPOKU BEPOSTHOCTEN COCTOSTHMIT MOXKET
ObITh pelleHa Terepb TOJbKO PEKYPPEHTHO (MO Inaram) MyTeM IocjeqoBa-
TEJIBHOTO IIPUMEHEHMST (DOPMYJIbI

P =P (— DIT (), (5.5.15)

rae IT (\) — marpuiia nepexoaHbIX BEPOSITHOCTEM HEOTHOPOMHOM Lieru Map-
KoBa Ha A-if mosuumy mayku (A = I, N); P (A — 1) — BeKTOp-CTpOKa Be-
posTHocTell coctossnuii Ha (A — 1)-f mosumy mauku.

3. Jlns pacuera HapacTalolleil OT N@3uUKH K TO3UIMM BEPOSTHOCTU
OOHapyxXeHHusl Mayku YIoOHO MpeoOpa3oBaTh MCXOAHYIO lienb MapkoBsa
B 1lenb MapKoBa C IOIJIOLIAIOIIMM 3KpaHOM (TIOIJIOMIAIOIIMM COCTOSTHUEM).
[Nornomaronmii 3KpaH OOJDKEH ObITh COBMEIIEH C COCTOSIHMEM, II€PEeXOJ
B KOTOpOE MPUBOAMT K BBHITIOJTHEHUIO KpUTepusi oOHapyxeHus. B mporecce
[peodpasoBaHMs UCXonHOM Lemd Mapkosa B Lenb Mapkosa ¢ ROTAQULA-
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JOLLM 5KPaHOM HEOOXOIMMO TaKXE IPEOOpPa3oBaTh BEKTOP-CTPOKY MCXOM-
HbIX BeposTHocTel coctosiHuii P (0) Tak, 4roObl ero pasMepHOCThb COOTBET-
CTBOBaJIa Pa3MEPHOCTU MAaTPULIbI MIEPEXONHBIX BEPOSITHOCTEN LIEMU C TOIIO-
[IAIOIIMM 3KPaHOM M TIpU 3TOM BBIMIOJIHSUIOCH YCIIOBUE NP, 0 =1.
: L

TlpeoBpazoBante 510, KaK yKa3aHo B I 3.3.2, MPOM3BOAUTCS IIyTeM O0b-
eIMHEHUsT BEPOATHOCTEH NOCTMIKEHUS «3AKOPOUEHHBIXY COCTOSIHUIA € Bepo-
SITHOCTBIO COCTOSTHMSI, B KOTOPOM YCTAHOBJIEH TONIOIIAIONINI 9KPaH.

PaccMoTpyM Terephb MpUMEpP pacyera BEPOSITHOCT OOHApyXeHUs Iay-
KM JJISl aJITOPUTMA, PEAM3YIOLLIETO JIOTUKY OOHAPYXKEHUs «rm/my,

IMycTh uW3BeCTHAa IPeOOpa3oBaHHAsl BEKTOP-CTPOKA BEPOSITHOCTEN MC-
xomHoro cocrosiuust P {). ITycth, KpoMme TOro, 3agaHbl BEPOSITHOCTH IIO-
SIBIIEHMsSI €OVHUIL s U HYIER §s; = | —pga Ha KaXIOW MOZUIMU HAYKH.
Jlasee, B COOTBETCTBMM C JIOTUKOW PabOThI OOHAPYKUTENIS U C YJETOM IIO-
DJIOLIAIOILETO KPaHa, COBMELIEHHOIO C COCTOSIHUEM @, O0BIMHBIM 00pa3oM
MOXHO. 3aIKMcaTh MaTpPUIy IEPEXOMHBIX BEPOSITHOCTENM COOTBETCTBYIOLIEN
uen MapkoBa Ha A-if TO3UIMU JJaYyKU. DTa MaTpuila UMeEeT BUI

s« P, 0 0 -+ 0
4, 0 Py 0 - O
T (=992 O 0 P 0 00 (5546
s 0 0 0 . Pg
00 0 0 ... 1

BeKTop-CTpoKa BepOSITHOCTE! COCTOSAHMIA OOHAPYKMTENIS MOCJie TpreMa
MEePBOTr0 WMIYJIbCA TAYKH ONpefessieTcs YMHOXKEHHEM BEeKTOpAa-CTPOKM
BEPOSITHOCTEl MCXOTHOTO COCTOSIHUASI HA MATPHILY TEepPeXOIHbIX BEpPOSITHO-
creii mpu A = 1, T. e,

P()={[Py () Py (1) - Pr(D) || =

9sy %y ° 0 . O
g, 0 pg O 0
= P, ()P, (0)...PL(OI x| %1 o o s -+ 0 |,

0 0 0 o ... 1
e P;R(O)=Pm(0)+Pm+1(O)+ + Pk (Q).

Berauciienus  marot )
P0(1)=q31 (l-——P;n(O)),
P (1)=P,(0)pg, ,

L T T T .

Pr (1) =Pp1 (0 pg, + P, (0),
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-[Tocne HpI/IeMa BTOPOro MMIIyJIbCa ITa4YKM HMCCM
9s2 Ps2 0 ¢
92 0 pg 0
PQ) =P(I)x}9s2 0 0 Ps

..................

_IponenaB BBIYMUCICHUS, TOJy4NM
Po (2) =Qgq (.1 ~Pn (1))»
Py(2) =Py (1) Psor

P (2) =Py, 1(1)P52+P ().

HOBTOpHH aHAJIOTMYHbIE BBIUMCIECHMS I CACOyOIUX A == 3, 4 . N,
MOXHO pPacCYMTaThb BEPOSTHOCTH COCTOSIHUM OOHApYXUTENs IOCHe IpueMa
Bceld mayku. OKOHYaTeNbHbIE PEKYPPEHTHbIE (POPMYJIbI IS BBIYMCICHMUS
BEPOATHOCTEN COCTOSIHUI TOCIHE TPUEMA A-XO MMILYJIbCA MAUYKU MMEIOT BUJL

P, (A) =qS;_(I_Pm (A’_l))‘!
ﬂfl(l)=P0(A"_.l)ps;\_:

Pp(dy=Ppoy (A—1) pg, + P (A—1).  (55.17)

B cucreme (17) P, (\) mpencrasisieT coboii BEPOATHOCTH OOHAPYXKEHUS
curHana (mayky) Ha A-ii mo3unuu. CymMmapHasi BEpOSTHOCTb OOHAPYKEHMUSI
.nauYk¥ u3 N HMITyJIbCOB paBHA -

Pogx = Pui(N)=Ppy (N—1) pgyy + P (N—1). (5.5.18)

Ipy UCMOIB30BAHMMU JIOTUK OOHAPY:KEHMsI TUIA «I/rm» 3amaya BbIYUCIIE-
HUSI BEPOSITHOCTM TPAaBWJIBHOTO OOHApYXXEHUsI pellaeTcsl aHajJOTMYHO.
B uacTHOCTH, st joruku <«3/4» BEPOSITHOCTUM COCTOSIHMIT OOHapY>KUTENs
Ha A-i MO3ULIMK MaYyKKU BBIUMCISIOTCS O (hopMysiaM

Po(h) =qg [Py (A1) + Py (A—1) + Py (A — 1)1,
P}y =Py (=1} pg,,

Py(A) =Py (b
Py(Wy =[P (A—1)+

)ps,b,
e
P, (A)mpa(x*- 1) pe,.
)
)

Po(A—1)] g, (5.5.19)

P, (A) =Py (h— 1) gy,
Py () =[Py (h— 1)+ Py (h—1) + Py (A—1)) p$l+p (h—1).
CYMMapHaSI BEPOATHOCTD O‘6Hapyl)K€HI/I${ Imayky B 9TOM CJiydya€ paBHa
Puga = Py (N). |
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Jns TpéRHpOBKHM 4YMTaTeNIsIM INpeJIaraeTcs CaMOCTOATEIBHO [MOAYUHTH
(opmyJibl [UISI BEPOSITHOCTE COCTOSIHUI OOHAPYKUTENS, pPeaan3yIoIero
anroput™ 1KpPOBOr0 HAKOTUICHUS.

Ha puc. 5.11 npusenens! rpadukn BepoATHOCTH OOHAPYKEHUS Ul He-

. CKOJIBKMX JIOTHK TMPH YKCJIe UMITY/bcoB B madke N = 11 u Ppo=2. 10-¢,
B 3aBUCHMOCTH OT OTHOLIEHUSI CUTHAJI/IUYM B LIEHTpe Nauku. CpaBHEHUE 3TUX
rpa¢MKOB MOKAa3bIBaeT, YO HAWIYYIIe, C TOYKU 3PEHUST BEPOSITHOCTH 00-
HAapyXeHUsI, SIBSIeTCS JIorTuka «3/4». OmHako BCe pacCMOTPEHHBIE JOFHRH
MMEIOT OJIM3KUE KAYEeCTBEHHBIC XapaKTePUCTUKU IO BEPOSITHOCTH OBHApy-

e

Puc. 5.11. I'pacduku BepositHocTu ©GHa-  Puc. 5.12. I'paduku BEPOSITHOCTH  «pac-
PYMKEHHRA Iayku. Wennenun» NAauKH.

KEHUSI. AHAJTOTMYHBIE PE3Y/IbTAaThl MMEIOT MECTO M TIPH IPYTMX 3HAYCHMSIX
yyciaa N UMITYJIbCOB B IMayKe U JOIYCTUMBIX BEPOSITHOCTEH JIOXHOrO OOHa-
DPYXEHUSI.

Ha puc. 5.12 u3o6paxeHbl MMOITy4eHHbIE METONIOM CTATMCTUYECKOTO MOJIE-
JIMpOBaHUs TpadUKU I BEPOSITHOCTU «pacClUEIUIEHUs» Nadyku u3 15 u 19
UMITYJIbCOB JIOTUYECKUMU OOHAPYKUTENAMHU «2/3—2», 3/3—2», n «3/4 —2»
npu Pn, =2-10-% U3 3mux rpadukoB ciemyeT, BO-TIEPBBIX, YTO BEPOST-
HOCTh «Paclienienyas mocraroyHo Mana (He mipesbimaer 0,05), a Bo-BTO-
PBiX, C 3TOW TOYKM 3PEHMs JIOTMIKA OOHapyXeHMs «3/4» MpearovTuTe TbHee
LPYTHX.

5.5.4. Tounocmb oueHKU NON0ICCHUS UeHMPA NAYKU
A02UYECKUM OOHapYyIcumenem

Kak yxe 0TMe4anoch, pu oOpabOTKe Mavyku C TOMOIIIBIO JIOTUYECKOTO
OOHapyKUTEJIS TTOJIOKEHUE ee LIEHTpa OMpeAessieTcsl Mo KOOpIWHATaM CHT-
HaJ0B, (DUMKCUPYIOLIMX HAYalo M KOHel madku. Ecim 3 asumyT mosuimu,
Ha KOTOPOWl MPOU30LLIO OOHAPYXeHHEe Mavyku, a B, — a3suMyT NMO3MLMU Ha
KOTOpO# 3a(pMKCUpOBaH KOHEIl MayKu, TO a3UMYT CEePemvHbI IMauykKu, COOT-
BETCTBYIOLIMIT a3UMYTy OOHApyXeHHOW Liesin, ompenessiercss no GopMmysae

By=(Br+Bu)/2.
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ITycTh OTCYET KOOPAMHATBHI B BEJETCS OT HYJIEBOH IO3MLMU TTAYKU.
Torma usMepeHHOE 3HAYEHUE a3UMyTa PaBHO

Bu=(=52) 45,

roe A — HOMEDP MO3MLMM, Ha KOTOPOi 3a(PMKCHUpPOBAaHO HAyallo IayKM;
{ —- HOMep MO3ULMM, HAa KOTOpOd 3aUKCUpOBaH KOHell Mauyku; Ap —
yriaoBad JUCKPETHOCTb MMITYJILCOB B ITA4YKE.
. McTuHHBIA a3¥¥%T cepeVHbI MAuYKK OIPEAENsieTCs B 3TOM ClIydae I1o
(opmy.ie
@
Bo=‘l_;;l'~aﬁ'

rie N — MCTMHHOE YMCJIO0 UMIIYJIbCOB B MauKe.
O1mbKa OLEHKM a3uMyTa paBHa

AB= + (fii‘-—i‘-ii) Ag. ©(5.5.20)
2 2

®opmyrnoit (20) ompenensieTcsi cymMMapHasi OIIMOKa OLIGHKW a3uMyTa,
BKJIIOYAIONIasi KakK CIy4YaiiHyl0, TaK U CHUCTEMaTUYECKYIO COCTaBJISIOIIME.

Cucremaryeckasi COCTaBJsSIIOLIasl OIIMOKKA OOYyCJIOBJI€HAa TeM, UTO CMTI-
Ha/Ibl Hayaja M KOHIIA MayKy BBIIAIOTCS TOJIbKO MOCJE BBIMOJIHEHUS JIOTUK
obHapyxeHus 1 copoca. B ciyuae anmropurma obpabotku «m/m — k» cMme-
ILIEHUEe BIIpaBO MOMEHTa (bMKcallMy Havajla Mavykyd paBHO m — 1 TMO3ULIUH,
a CMelleHre B Ty XK€ CTOPOHY MOMeHTa (buMKcallMyd KOHIIA MauykKu paBHO K
no3numit. CyMMapHasi crcTeMaThdecKasl OIIMOKa B OIIEHKE IIeHTpa OOHa-
PYXKEHHOH TMaykyd B 3TOM cCjy4yae paBHa

K —-
ABeyer = (m___—l- 5 —l) Ag. ‘ (5.5.21)

Dra ommMbKa MOXET ObITh CKOMIIEHCUPOBAaHA CXEMHBIM ITyTEM.

Ipyu npuMeHEHUH anropuT™a obpabotky «l/m — k» cMelleHHe BITPaBoO
MOMeHTa (bMKCALUMM Hayaja Madyky sIBISIETCS CIIyJaiiHON BEJIMYMHOM, pac-
npeneneHHoil B uHTepBane or {({ — 1) mo (m — 1) mosunmit. OOBMHO W
BITOM CIIyyae CXeMHBIM ITyTEM YYMTBIBAIOT CMelleHue B (m — 1)no3nuni,
a HECKOMITEHCUPOBAHHYIO YaCThb OTHOCAT K C/Iy4aifHbIM OILIMOKaM. —

CityqaiiHble OIMOKYU OLIEHKM a3uMyTa OOYCIIOBJIEHBI, TJIABHBIM O0pa3oM,
HECUMMETPUYHOCTBIO MPOITYCKOB CUTHAIBHBIX UMITYJILCOB Ha Kpasix Mayku,
I1e OTHOIIEHWE CUTHajla K ToMexe . Mayio. Jlucmepcusi OTHOCUTENIbHOM
CJly4aiiHOI OILIMOKM OLEHKM a3uMyTa oIlpenensiercs mno Qopmyse

o} CA4pl [ [A4p]\2 - s
=2 —m P m TR (5.5.22)
rne N-+k
}“'HJ )2P p
- - ?\.;h
L 2 J A,;lp,r;-ﬁ-k( 2
N N4k
Atu)_ A ;
m‘[ 2 ]"2 2 ( 2 )P"“‘
Lﬂlﬂ!ﬂlﬁ-k
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Pw-—— COBMECTHasI BEPOSITHOCTh (pMKCALIMM Hadaja IMayky Ha A1 MO3ULINN,
a KOHIIAa — Ha U-U TTO3UIIMH.
BepositHOCTh P;»LM MOXHO IIPEeACTaBUTb B BHUIIE

Pu=PyPup, | (5.5.23)

rme P, — 0e3yclIoBHas BEepOATHOCTh (MKCAMM Havaja Tadyku Ha A-i
TIO3ULIMK, KOTOPasi, HAIIPUMeED, IUIsl JIOTMKM OOHAPYXCeHUsT «m/my» omnperne-
JsieTcsi U3 BhIpakeHMS (I 5.5.2)

Pr="Ppy (A—1) pg,., ' (5.5.24)

Py — YyCIOBHAA. BEpOSITHOCTb (UKCAUMKM KOHL@A MAykKu Ha [l MO3ULMU
(TIpy YCJIOBUM, YTO HAYaJIo MAavKu 3aUKCUPOBAHO Ha A ITO3UIINH).

IIpy u3BeCTHOM KpuTeprU cOpoca K BBIUMUCICHUE BEPOSITHOCTU Puﬁ- po--
W3BOMUTCS CIICHYIOITM 00Opa3oM.

1. Crpourca rpad co cCiIydaiiHBIMU IIepexoiaMu i JIOrMKu cBpoca’
oOHapyXeHHOI mayku. VICXOMHBIM Y3710M TaKoro rpada siBisieTcsl KOHEUHBII
y3en rpaga; TOCTPOCHHOTO IS JIOTUKM OOHApY:KeHWS Tauyku (Y3el O
B rpade 0OHAPYXUTENSA, PEATU3YIOLIETO JOTUKY ¢m/m»). KOHeUHBIM Yy37I0M
rpada SIBIASETCS Y3€N @y, k,» COOTBETCTBYIOLIMI BBIMOIHEHUIO KPUTEPHS
copoca. C KOHEYHBIM Y3JIOM Tpada COBMEIIAETCs ITOIJIOMIAIONINIA 3KpaH.

IMonmyyeHHslii rpad HauMHaeT (hYHKIIMOHUPOBATh IOCE OOHApyKeHUS
navyky Ha A mo3unmu. ClienoBaTesibHO, BEKTOP BEPOATHOGTE! ero cocTosTHUi
Ha A MMO3NLMN MMAYKN MUMECT BUI

P(u=3) = [P (0 =) Prags (=2 .. Prssc (=AY [ =[] 1 0 0 ... O]

ST0T BeKTOp SABISAETCA BEKTOPOM BEPOSITHOCTEI MCXOMIHOIO COCTOSIHMS ITPU
BBIUKCIICHUN BEPOSITHOCTH Py

Matpuiia MmepexomHbIX BeposATHOCTel rpada Ha | MO3WILIMK TAavyku 34-
MMCHIBAaCTCA B BUOEC '

. | pSu qSu. {) e a
= Psy 0 ds, -
eq)=f@cc-vvvoesnssns (5.5.25)
Psy 0 0 - g,

0 0 0 ... 1

me u=A+k =N +k
. 2. TlyteM TIOCNEAOBATEILHOTO YMHOXEHHsI BEKTOPA-CTPOKU  BEpOST-
HOCTell coctosiHuMil Tpada Ha mnpenpimyiiem imare P (uw — I) Ha maTpuiry
TepeXomHbIX BeposTHocTeii Il (W) moaydaem cucTeMy ypaBHEHWIA IS Bbi-
"YUCNIEHWSI BEPOSITHOCTEN COCTOSTHUI Ha CJeAyIolleM Imare. DTa cuctema
uMeeT BUI
P ()= Psy 11 =Py (u— 1], _
o Prp(W)=Ppp—1)qg, (5.5.26)
Pryic (1) “‘Pm+k 1(”‘1) qsu +Pm+k(u“‘"1) '
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3. YcnoBHast BEpOSTHOCTb OKOHYAHUS MAYKU Ha |l MO3ULIUM, fIpu Y&a0-
BUM e€e OOHapy>XeHUs Ha A TO3WIIMM, paBHA

Ha puc. 5.13 npuBeneHsl paccuutaHHble 1o (popmyie (22) rpapuku or-
HOCUTEJIbHBIX 3HAYEHUI CpemTHeKBaApaTUYHBIX OIIMMOOK OLEeHKH a3uMmyTa
nayky HePJIOKTYHPYIOUWMX CUTHAIOB [UIA HEKOTOPBHIX AJITOPUTMOB OOpa-

2 -
S _
4k W33-2"
A\ . I
\ _ Xy 4% = 2 .
\\ _ A e D R
\ P s o 4 — 3/4_2”
\ ”
z N \\ W= rE
\\ \\ P =p.4p"*
\ \ : o
7 |-
17 i : 1 ‘
2 3 & ‘ Z,

Puc. 5.13. Tpaduku OTHOCUTENbHBLIX 3HAYEHWil CPeIHEKBAAPATMUHBIX OIIMGOK OLEHKH
’ a3uMyTa I1ayKHu. '

ootku «m/m — ky ¥ ¢lfm— x> npu N = 15 u Pp,=2 . 10-% CpasHe-
HUE 3TUX IpadUKOB IO3BOJISIET CAENTATh CJIEMYIOIIVE BHIBOIBL:

1. PaccMOTpeHHBIEe aJiTOPUTMBI TIPH JOCTATOUHO OOMBIIMX OTHOIIEHMSIX
CUTH&JIA K TIOMeXe MaJlo OTJIMYAIOTCS IO TOYHOCTH OLEHKM a3uMyTa TayKwu.
' 2. Asroput™ «3/4 — 2» He sBAsieTCS HAWIyYIIMM C TOYKU 3PEHUS
ObGecrieyeHrs1 MaKCUMaJIbHOM TOYHOCTH OLIEHKH 1ieHTpa Mmavyku. C aToil Touku
3peHUS NPEANOYTHTENbHEE AITOPUTMBI C KECTKOM JIOTMKOW OOHapyXEHU:
«3/3» u «4/4».

5.6. Peanusanusa nepBuyHoii o6paborku Ha 1IBM

B mpenpiaymmx maparpadax -paccMaTpuBaiach TEOpUsl TEPBUYHON 00-
paboTKKM ABOWYHO KBAHTOBAaHHBIX PaJMOJOKAIIMOHHBIX CUTHAJIOB B IIpeAe-
JIax OTHOTO MHTepBajia BPEMEHHON MUCKPETU3alluu, T. €. B Ipeaeax OmaHO-
TO KOJbIIa HaThbHOCTH HMpHHOIO A,. O6paboTKa CHTHAJIOB BO BCeil 30HE
o63opa PJIC Bo3MOXHa 10O ITyTeM MapajuleIbHOTO BKJIIOUEHMST PACCMOT+
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PEHHBIX BbILIE OOHAPYXUTEEH B KAXIOM HMHTEPBAJIE BPEMEHHOU NUCKPETHU-
3alMy, C TOCIEAYIOIIMM OOBSAMHEHUEM NAaHHBIX, JIMOO ITyTeM ITOCJIeIoBa-
TEeJIBHOTO aHajnn3a WHGOpMalMM BO Bceld 30He ob3opa PJIC ¢ momorisio
LIBM. TTepBblii ciocod MpoCT IO UIEE, HO YPE3BLIYAITHO IPOMOBIOK B PEAI-
3anuu. Bropoii Tpedyer mpuMeHeHnsT ObicTponeiicTByronmmx LIBM, crroco6-
HBIX OOECIICYMTh ITOC/IEIOBATE/IbHYI0 00pabOTKY MHGOPMALIMK B pPEaTbHOM
MacIITabe BpeMEHM.

B manHom maparpade paccMaTpHBarOTCS anHLLHl’lbI ‘P3N ep-
BUYHOM 00pabotku Ha LIBM g ciyyas OAHOKARAJILHOW MMITYJILCHOM
PJIC xpyroBoro o63opa.

5.6, 1. Bapuanm nocmpoenus cucmems! Y posed nepeuutoli
obpabomku

Ha puc. 5.14 mpuBeneH BapmaHT OJIOYHOM CXeMBI ammapaTypbl, OCY-
IECTBISTIONIEH 1TM(MPOBYI0 MEPBUYHYI0 0O0paOOTKY Ha BBIXOAEC OMHOKAHAIb-
Hofi mMmnynbcHoir PJIC.  PaccMoTpuM IMOC/I€A0BATENbHOCTD ITPOXOXKICHMS
“H(pOpMaLIMU B 3TOM cxeMe U (YHKUUU OTIHEIIbHBIX OJI0KOB.

Hacumadree axnynece: T

!n. ’.',{..N
Eﬁ) bnox Baox i e 53¥ Lol Ay
xiﬁﬁ’iﬁ?’m [\ modupobasun - ) "“"‘"’}
! .
1 Te—=T
|
i
1 I I I | Lt |
N L 73y I?
fepoau Macwmaduse : !
UMRYABCSS | ysm a0 -;

Puc. 5.14. Bapuanr 6aouxoh cxempl anmapaTypnl hepeuusoh ofSpatorkn PJIU.

B Gyoke KBaHTOBaHWSI MPOU3BOLUTCA:

* — JWCKPUMMHALMS orudarolleil HanpskeHus ¢ Bbixona aerektopa PJIC
Ha YPOBHE U,

— CeJIeKUMSI BbIOpOCOB OrMOAloUIell MO JUIMTEIbHOCTH; B pe3ynbraTe
CEJIEKLIMH 1O JUTMTETbHOCTH OTCEMBAIOTCSA CHTHAJIBI, UTUTEILHOCTD KOTOPBIX
MeHbIIe T, (MEHBIIE ITOpora Mo IJIMTEIbBHOCTH),

— HOpManmM3alus II0 aMIUIATYIEe TPOMIICIIINX CEJIeKIIMI0 BHIOPOCOB.

Ha Bbixome Osoka KBaHTOBaHUsI o00pa3yeTcsl II0CIeI0BaTeIbHOCTD
(ITOTOK) VIMITYJTbCOB OIMHAKOBOM aMl'U'II/ITy,Z[bI HO CAy4yaiHOI IJIUTEIbHOCTU
(c orpaHUYEeHHEM CHU3Y).

Takum 00pa3oM, B paccMaTpMBaeMOM CXeMe OTCYTCTBYET IIpeaBaph-
TeJIbHAsl JUCKPETU3AllMsl BBIXOJAHOTO HampsikeHus mpueMHuka PJIC 1o
BpEMEHMU.

B KO,E[I/IpYIOLLICM YCTPOICTBE IPOU3BOIUTCS:

— KOOMPOBaHME (B IBOMYHOM KOIE) BPEMEHM 3aNEPXKKMU (DPOHTA Kaxk-
JIOrO TIPOLLEIIIETO CeJIEKLIMIO BEI6poca; LieHa MIIAILLIETO paspsiga Koma Bpe-
MEHN 3aJepKKM XapaKTepU3yeT NMCKPETHOCTh OTCYeTa HAITBHOCTH,
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— KOZUPOBAHHE B JBOMYHOM KOJIE JUIMTEILHOCTH  KaXJIOTro BbIOpOca
Ty, TIpUYEM IIigHA MIIAAIIEr0 pas3psga IIpY KOAMPOBAHUU UIUTEIBHOCTHU
BbIOpOCA MOXET ObITh MEHBILIE 1IEHbI MJIAMIIETO pa3psiia MpU KOAUPOBAHUU
3aJIePKKH;

— KOIWPOBaHHE B JIBOMYHOM KOJIE TEKYILEro a3uMyTa aHTEHHBI ;.

broxu kBaHTOBaHMSI M- KOOUPOBAHMS SIBJISIOTCS OJIOKAMM  COIIpsDKe-
Hug PJIC ¢ LIBM,

[TonyyeHHble Ha BbIXOAE YCTPOWCTBA, KOAMPYIOLIETO BpeMsl, 3HAYEHUsI
3aJepXeK W JIMTEIbHOCTEe CUTHaja IocTymaiT Ha Bxon LIBM, kortopas
MpeaHa3HaueHa ISl TOCJIemoBaTeIbHOM 00pabOTKM ITOTOKA BXOMHBIX CHI-
HaJIOB C LIEJIbI0 OOHAPYXKEHUSI MOJIE3HOTO CUTHAJIAa M OLIEHKU €ro KOOpIu-
HaThl maabHOCTA. CUTHANIBI C BBIXOAA YCTPOMCTBA, KOAMPYIOIIEro [3, Hc-
TIOJIB3YIOTCST ISl OLIEHKM a3uMyTa Mauykwu.

LIBM niepBuuHOI 00pabOTKM TpeamnosaaracTcsl IMOCTPOSHHOM T10 YHHUBED--
caJlbHOM cxeMe M MMeeT B CBOEM COCTaBe: OydepHOe 3arlOMWHAIOIIEE YCT-
poiictBo (B3Y), onepatuBHOe 3amomuHaroriee ycrpoiictBo (O3Y), apud-
METUYECKOe YCTpoiicTBO (AY) u ycTpoiictso yrpasienus (¥YVY). B3V npen-
Ha3HA4YeHO /IS XpaHEHWsT Odepenyd OTMETOK C KoopmuHatamu £y, T;, TO-
CTyMaIIMX Jyisi 00paboTKu. 3anuch KoaoB #;, T; B b3¥Y 00buHO Mpou3Bo- -
INTCS B TIOpSIKE WX ToCTyIuieHus. Beidbop komoB m3 B3V Takke Moxer
OBbITH YIIOPANOYEH IO BpPeMEHM (HAuMHAsg C MUHMMAJIBbHOW 3amepXkKy ;).
B AY peammsyeTcsd OCHOBHOI aJITOPUTM OOpPaOOTKM MPUHWMAEMBIX CHUTHA-
JIOB ¢ LieJiblo (DOPMUPOBAHUS TayeK, OOHAPY>KEHUsI 1eJiell U OLIEHKU WX
koopmuHat. O3Y npemHazHAYeHO IJISI XpAaHEHMUSI B CBEPHYTOM BHIE IIPOMeE-
JKYyTOYHBIX PE3yabTaToB (DOPMUPOBAHUSI MavyeK. YCTPOUCTBO YIIpaBJICHUS
ofiecnedsBaeT 3aJaHHYIO TOC/IEIOBATEIBHOCTD BBITONIHEHUS OMNepalun aj-
roputMa 0OpabOTKW TMOCTYMAIOLIMX CUTHAJIOB.

O6paborka uHdpopmaimu B 1IBM opranusyercs mo taktam: LJanTeab-
HOCTh TaKTa paBHa IJIUTeIbHOCTU mepuona 3oHaupoBanus PJIC. K Hauamy

CJIEMYIONIETO TaKTa WHMOPMALUST TPEABIIYIIero TaKTa JOJIKHA OBbITb ITOJI-
HOCTBIO 00paboTaHa.

5.6.2. Xapaxrepuctura nomoka cusHanoé Ha exode L[BM
nepeu4Hoil oopabomiu

ByneM mpenmosnarath, 4To oOpaGOTKE MOUIEXAT CUTHATIbI HEKOTEPEHT-
Hoit PJIC. Torma HanpsixeHue Ha Bxole OJOKa KBAHTOBAHMSI CUTHAJIOB
MpeACTaBISIET co0Ol OrmbaroIIyl0 Y3KOIIOJIOCHOTO CTAllMOHAPHOIO CiTydaii-
HOTO Tpoliecca B 00JacTH, TAe eI OTCYTCTBYIOT, M OTMOAIONIyI0 CyMMBI
CTallMOHAPHOTO TIpoIecca M MMITYIBCHOTO CUTHAjIa B OOJIACTH LLeJH,

[Ipeanonoxum cHayanga, YTO CUTHaAJ OTCYTCTBYET; HANPSDKEHUE OrU-
Garoleil moMexu B OJI0OKe KBAaHTOBAHMSI OrPAHUYMBAETCS HA YPOBHE .
IIp JOCTAaTOYHO BBICOKUX IIOpOTax Xy, = #i/ay>>1, Tme gy — cpemHe-
KBaJIpaTUYHOE 3HAYEHUE HaIpsiKeHUs] ITOMEXM, ITOJIy4deHHBIE ITOCJIe Orpa-
HUYEHMSI BBIOPOCHI MOXKHO CYMTATh HE3aBUCHMBIMU PEIKMMU COOBITUSIMMU.
Torma uuciio BBIOPOCOB, MOSIBUBIIMXCS B UHTEPBAIC f, MMOMUMHSETCS 3a-
koHy IlyaccoHa

Pty = <2C0exp (A () 1) (5.6.1)
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EnuHCTBEHHBIM MapaMeTpoM 3TOr0 3aKOHa SIBJISICTCS MaTeMaTH4ecKoe
OXUIaHME YKCIa BBHIOPOCOB B exmHMIly BpemeHH JI {xy), KOTOpoe ISl OTH-
aroleil cTallMOHAPHOIO HOPMAJBbHOIO CIIyYaiiHOTO mpouecca (Ipu OTCYT-
CTBMM TIOJIC3HOTO CHTHANA) BRIYMCIsIETCS 1o dopmyne [3]

Axy) =22 x exp [—-’-‘H 652

rae. 0 — IIMPMHA CHEeKTpa cnyqaﬁHoro npoiecca, Kotopas 1t GuiabTpa
C KOJIOKOJBHOM aMIUIMTYIHOM XapaKTepHUCTUKOHN (TaKyio XapaKTepUCTUKY
nMmeer, Kak npaeuao, YIIU npuemuuka) cpsazaHa c monmocoit Af YITU
HpI/I6JII/DK€HHbIM pasencreoM 8w = 0,4Aw = 0,8nAf.

CpenHsisi IMTEbHOCTb BBIOPOCOB, TPEBBICUBLIMX OTHOCHUTEJbHBIN MO-
por X, ompezensiercsi Mo Gopmyie

T~ v IR (baxy = 1/Afxy. (5.6.3)

Cenexuusi BBIOPOCOB IO JUTMTEIFHOCTH HE MEHSET 3aKOHA pacrpeiese-
HUS MX 4KMC/Ia Ha BBIXOAE CXeMbl KBaHTM3aTopa. [l ompemeneHUs cpel-
HEro 4YmMcja BHIOPOCOB OTrMOAIOIIEi, TPOIMICAIINX CeIeKIMI0 TI0 TUTENb-
HOCTU Ha YpOBHE T;, HEOOXOMMMO 3HATh 3aKOH pacIpeieieHUs] ATUTeNb-
HOCTM BBIOPOCOB orubaromieit. B TeopeTwueckux wHCCIeqOBAHUSIX TOJb-
3yI0TCSl aNMpoOKCUMALMSIMK 3TOro 3akoHa: (pyHKuueit Penes wim mokasa-
TeJbHOM (yHKIMeR (Mnu GyHKIMeld Peness Ha HayaabHOM yJ4acTKe M TIOKa-
3aTe/IbHOM (DYHKLIMENR HAa OCTANBHBIX YYACTKAX, KaK 3TO NMPEMLIokeHo B [3]).

B nmanbpHeiineM mpuHUMAETCS, YTO TUIOTHOCTh pacHpeneeHUs ITUTeNb-
HOCTU BBIOPOCOB ONMCHIBAETCA MOKA3aTeNbHON (yHKUMEH Buaa °

exp | - eeriel. | (5.64)

Torma cpemHee 4MCIO -BHOPOCOB MOMEXM, NPOIIEHIMX CeJIEKIHI0 IO
aMIUIMTYIE U IJTUTEJIbHOCTH, OyJeT PABHO

W(T) =

Alxy, ©)=A (x1)°§ w(t)di= A (x) ex— . (5.6.5)

T
3anuiieM YCIOBHYIO TIOTHOCTh BEPOSTHOCTH IJTMTENbHOCTH BhIOPOCOB
MIPOLIEAIINX CENEKIUIO MO IIUTEIbHOCTU B BUAE [4]

w {3 1

T R
wy) = Jumda Y | (5.6.52)

T

0 ,Tng._

CpenHsist IUTMTeTbHOCTD BEIOPOCOB, TPOIIEIIINX CEIEKIINIO 110 aMILTUTYIE
U JUIATENbHOCTH, OyleT paBHA

T{xy T -——STZEJ (-f—) dv=v,+7(x). (5.6.6)

181



Takum obpaszom, Ha Bxox LIBM mnepBuuHOi 00pabOTKM MMOCTYIMAET my-
ACCOHOBCKMIA TOTOK JIOXKHBIX CHTHATOB C HHTCHCHBHOCTBIO JI (%), T)
W CpelHEeil IUINTENTHLHOCTBIO T (X5, Ty).

Ha puc. 5.15 nzoGpaxeHsl paccYMTaHHBIE TIO q)opMynaM (2) u (5) ma-
pameTpbl MHTEHCUBHOCTM TIOTOKAa JIOXHBIX CHUTHAJIOB B 3aBUCMMOCTH OT
OTHOCHUTEJILHOTO TOpora Xj, MPU OTCYTCTBUM CEJIEKLIMU CUTHAJIOB MO JUIW-

TenbHOCTH (KpuBas f) mwnpn 1y = 0,8.10-8cex, Af =108 2y (xpuBas 2).
A‘F .
sk
“r 1) Afry) 1078
Al i EPE
2L

2)A(x,Ty) 1078

4 145 2 25 3 35

Puc. 5.15, I'paduku MHTEHCHMBHOCTH INOTOKA JIOXKHBIX CUTHAJIOB.

CpenmHee YMCIIO JIOXKHBIX CUTHAJIOB 3a BPEMA OTHOW Da3BEPTKU Jailb-
HOCTH (32 BpeMsl OIHOIO TakTa 0OpabOTKM) paBHa

A = A(t, Tt (5.6.7)

e ¢, = 2Fpanc/Cs Taaxe. — MAKCHMasbHasl TaIbHOCTH oOHapyxeHust PJIC;
¢ — CKOPOCTb  PacHpOCTPaHCHHSI OJICKTPOMArHUTHOM SHEPruu. 3aBHCH-
MOCTb A, OT TOpora X, npu Fyaxe = 300 xkm NOKasana Ha puc. 5.15
(kpuBast 3) -

VureM Tenepb COCTaBmuomylo BXOJISILIETO MOTOKA, o6ycn013neHHy10
MOJIe3HBIMU 'CUTHAJIaMU, . OTPpaXXEHHbIMU OT 1ieneii. byaem cuurtath, 4TO
B IIpelieaaxX OJHOrO TakTa OOpabOTKM (Ha OIMHOM A3 “MYTaJLHOM HalpaBJe-
HWM) YUCJIO NONe3HbIX CUTHAJIOB Tak:Ke MomuMHeHo 3akoHy [lyaccoHa c MaTe-
MATHYECKUM OXWAAHUEM #,, OJIeMEHTapHble PACYeThl MOKA3bIBAIOT, YTO
Jaxe TMpU OuYeHb OOMbIION IJIOTHOCTU 1ieJieil B 30He 0030pa 1, He IpPeBbI-
maer Heckompkux egvHuL. YWCIo Ke JIOKHBIX CHTHAMIOB MOXET JOCTU-
raTb HECKOJIbKUX IECATKOB M Jaxe coTeH eauHul. CienoBaTenbHO, CyM-
MapHOe CpegHee YMCI0 00padaThIBaeMbIX CUTHAJIOB, nocwnaroumx Ha BXOJL
LIBM HepBI/I‘{HOI/I 00paboTKu, paBHO ’

; N, =t n. & A - (5.6.8,
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Takum 00pa3oMm, OoCHOBHyIO 3arpy3ky mist LIBM mepBuuHOM 00pabOTKM
.paAHONOKALHOHHOR HHPOPMALHH COCTAaBIAET OOpabOTKa IIOTOKA COOOLIe-
HUI O JIOXKHBIX CUTHajax.

5.6.3. Mawunnoiii qreoputs yugpoeoil nepeuuHoil obpabomku

PaccMoTpuM @AHH M3 BO3MOXHBIX BAPUAHTOB pealu3alliy ,aJropuTMa
nepBUYHOil 06pa6oTk Ha LIBM. B OCHOBYy MOCTpOeHMs MALIMHHOIO ajl-
TOPUTMA TIEPBUYHON OOpabOTKU MOJOXEHBI CIEAYIOLINE MPEATIOChUIKY.

1. @opmupoBaHue TayeK IMPOM3BOAMUTCS O METOAY COBMANCHUIN CUr-
HIOB U3 DPAa3IMYHBIX IIEpUONOB 30HAMpoBaHHA. CoBlaneHUe CUTHAJIOB
(ukcupyeTcs Ipy HAIMYUK OOLLIEH 30HBI MX MEPEKPBITUS BO BPEMEHU.

T Pek
ABowvmri xod 2y JB. xod TL JB.xod Ny |8|1]ee- 0

Puc. 5.1b. CrpykTypa kxoma mHbopMarmu, xpanuMoii 3 O3Y LIBM II10.

2. B mpomecce oOHapy:KeHWUS TIa4KW peaJM3yeTcsT MeTon ILM(PPOBOTO
HAKOILICHUS MO3UIMIA MEXIy Ha4aJloOM M KOHLIOM C(POPMUPOBAHHOII MAYKU.
Pemenue 06 oOHapy:XeHUM TIPUHUMAETCS TIPY HAKOTUIEHUM 33JJaHHOTO YKCIia
Np. KoHel mauku ¢puKcupyercs 1o cepur U3 K IPOIYCKOB rmoapsa. B mpo-
llecce HaKOIUIEHMSI K — 1 M MeHee TPOITYCKOB BOCCTaHABIMBAETCS.

3. A3uUMyT IIeHTpa Tayku (asumyT ]_ICJ'[I/I) OMpeaesieTcsl MO TEKYIEMY
a3UMYTy KOHIIA TTAYKW W YMCITY MO3HUMI-B Tauyke (MMMPUHE ITaYKH).

4. JInsa cokpamieHust oobema O3V IIBM npumMeHsieTcs: Ciemyonmii cro-
co0 3anucu UHGOpMallMKM, OTHECEHHOW K ONHOW Mayke: ‘

— TMIpU COBMAJEHUU JBYX W 0OJiee CUTHAJIOB U3 PA3IUYHbBIX TEPUOIOB
30HAMPOBAHMS 3aIlIOMUHAIOTCSI YUCJIOBBIE KOMbI BPEMEHM 3aJCPXKHU I;
(wnu, 4TO TO XK€, NaTbHOCTU rj) M JUTUTETBHOCTH ATy 30HBI UX TEPEKPBITUSI
(cosnanenm)

— (ukcupyercss uucno no3uuuii Ny, Ha KOTOPBIX BBINOJHSETCS YCJIO-
BU€ MPONOJDKEHUS] Mayku (YyCJIOBUE OTCYTCTBMS KOHLA MAYKM);

— 3aIOMHUHAETCS K-pas3psiiHbli MO3ULIMOHHBIA Koi Ky, ciayxXaiuui s
aHaJIM3a MaYKU Ha YIOBJIETBOPEHUE KPUTEPUIO cOpoca f10 K IMPOIycKaM MoJ-
psii, mpuyeM OOHOBJIeHWe Koia k; mocje KaxIoro Takra oOpabOTKU IMpo-
MU3BOAMTCSL TO MNPUHLMITY 3anucd WHbopMauuu B K-paspsiiHbIii peructp
CO CABHIOM.

_ Crpykrypa kona uHdopmaluu, xpauumoil B O3V no Kaxaoi uenu, 1no-
KaszaHa Ha pHC. 5.16.

IMopsimox 3anHCH, cpaBHEHUS, CBEpThIBaHUSI UM cOpoca MHGOPMALIN
B Mpoliecce ee 00paboTKU MpU K == 2 WUIIOCTPUPYETCS BPEMEHHBIMU Ua-
rpaMMaMu Ha puc. 5.17.

IMycth B HavyanbHbIA MOMeHT BpemeHr O3Y ouwmiueHo. Torma Komsl #y,7T;
CUTHAJIOB, TIOTyYeHHBIX B TpolLiecce TepBOro Meprona MockUioK 7y, CHavama
sammmmayres B b3V, a 3arem momHocTeio mieperiayrcss B O3Y (BpeMeHHBIE
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anarpammel / 1 2). 3amucannble B O3Y Kompl ynopsioueHsl 10 BpeMEHH
TTOCTYIDICHU, T. €. TI0 MabHOCTU. [1ycTh majee B Ipoliecce BTOPOTO 30HIM-
poBanus nonydeH us b3V (2) curnan (I} ¢ 3apepxKoil £; U IIUTENTEHOCTHIO
T; (BpeMeHHas muarpamMma 3). DTOT CUTHAJI CpaBHUBACTCSI Ha COBITANCHHE
C IEPBBIM 10 MOPSLAKY 3anmucu curHanoM u3 O3Y (f). Kak BumHo 13 pucyHKa,
y paccMaTpMBaeMBIX CUTHAJIOB COBMAIeHWe OTCYTCTBYeT. OUYeBUIHO, W Clie-
aytone (rosiBUBIIMecs: To3xke) curHainsl u3 b3V (2) He coBmamyt c pac-
cMmarpuBaeMbIM curHaioM (I} m3 O3Y (1), tak kxak oHM OymyT UMETh OOJNb-
LIYyI0, YeM TEPBBIiA, aIbHOCTD. [To3TOMy KOmBI epBoro curHana us O3V (/)
nepemnuchiBaiorcst B O3V (2) ¢ mprU3HAKOM OTHOIO IPOIIycKa (B MEPBbIii pas3-

L8 [0 ] B ] ] .
7 2 3 ok 5 & *
, 039 3« o] 1 | s 5]
¢ 5
7
5 534(2) ] pﬁ 1744
Tt z 3 4 5 'y

4035{(2) @ 3T s[4 ‘ s 1 5[] 71 8l o[ 0]
¢

5 53%(3) I
, 1 Y 2 3 % £
oo O A . ., ACI6E @[ 0.,
) 1 2 3 4 5 6 7 8 1

Puc. 5.17. IMopsimok 3amucu u cBepThiBaHusl nHpopManmu B O3Y 1IBM I10.

psill XapakTepucTUKM K; 3ammchiBaeTcsi HyJb). [locie 3TOro BbIGMpaeTcs
curdain (2) uz O3V (/) u cpaBHUBAETCS HA~COBIAIEHUE C TEM XK€ CHIHAJIOM
(1) u3 B3V (2). 13 pucyHka cienyer, 4to 3TW CUTHaJIbl COBIAAAIOT, 0Opa-
3ys ofutyio; 30Ry#AT;. Kombl 3a1epXXKU U JUTUTETbHOCTH 3TOi 30HBI 3aIH-
ceiBaforcss B O3Y (2) ¢ mpu3HaKoM COBIAACHHA (B MEpBBIA pas3psil Xapak-
TepucTHKM k; 3amuceiBaeTcs eauHuua). Ha stom 3akaH4MBaeTcs o6paboTKa
curHana (1) uz b3V (2). Ilpu npueme curtana (2) uz b3VY (2) oH cpaBHU-
BaeTca ¢ curHanoM (3) us O3Y (1). U3 pucyHka BUIHO, 4TO CUTHaI (3)
3 O3Y (1) He coBmagaet ¢ cHrHAAOM (2) u3 b3V (2) u uMeer GobIIIYyIO, YeM
curHan (2), 3amepxky. Orcioma ciemyeT, 4ro curHaia (2) He HYXHO
CpaBHMBaTh C IpyruMu curHazamu u3 O3Y ([), Tak Kak OHM MMEIOT elle
Goabliyio, yeM curHan {3), sazepxky. Kon curnana (2) momxeH ObITh Tie-
peniucan B O3Y (2) ¢ npusHakom Havana Hosoit mauyku {Ny=1,k; =0... 1).

AHaJTOTMYHBIM 00pa30M IPOM3BOAUTCS CpaBHeHUE HA COBMAIEHUE C CHUT-
Hamamu 13 O3Y Beex HoBBIX (noctynaronumx H3 B3Y) curnanos. B pesyib-
tate B O3Y HakamumMBaeTCs M XpaHWUTCS B CBEPHYTOM BHue WH(OPMAIIVS
0 YacTUYHO C(OPMUPOBAHHBIX Mauykax. [IpM OTCYTETBUM MONTBEPXKICHUIA
B NIByX COCCOHMX TaKTaxX ITayKa CYMTAeTCS OKOHYATENEHO CHOPMUPOBAH-
HOl M oHa cOpackiBaeTcs u3 O3VY.
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BcnencrBue ynopsimoueHHOTO pacHoJIOKEHMST KOMOB YAaCTUYHO C(OpMU-
poBaHHBIX madyek B O3Y, kaxmprii HOBbIM curHan u3 b3V cpaBHUBaercs
TOJIBKO € YaCTUYHO C(hOPMUPOBAHHBIMU ITAYKaMU, UMEIOIIUMU MEHBIIIYIO, YeM
OH caM, 3alepXKy M (IpA OTCYTCTBUM COBMAICHUS C ITUMM ITayKamu)
C OmHOII YacTM4YHO copMupoBaHHOM madykoil u3 O3Y, umelolieil GONBIIYIO
3anepxkKy. IIpu 3ToM BpeMst 00paboTKM (0OCTy:KMBaHMSI) KasKIOTO CHMTHaja
3HAUYUTEJIbHO COKpAIAeTCsl MO CPaBHEHMIO CO CJIydaeM HEYIIOPSAOYEHHOMN
3alMCU KOMOB (B JaJIbHEMIIIeM OyleM 3TM KOIbl Ha3blBaTh KOOPAMHATAMM)
YacTUYHO C(HOPMUPOBAHHBIX ITayeK.

B cooTBeTCTBUM ¢ M3T0XEHHBIMU TPUHIMIIAMU CBEPTHIBAHMSI U XpaHe-
Hus1 nHpopmaru B O3Y, anroput™m paboThl apr(MeTUIECKOro yCTPOMCTBa
IIBM MOXHO TIpeACTaBUTh B BHUIE CIEAYIOLIEH OIEepaTOPHOI CXEMBI:

1,10, 11, 12, 15 20.25,26 @y AgP, 152 Pou 1

I 8.041 Bl
v ArPai12Poi i @ip " @1 @iz *AsPrii10 AsPresar

Pi7.19®@is "' "Pig, 22 @50 '°Dyy lgpzz{zs A2z Azy DI P03 (5.6.9)

OmnepaTopbl 3TOTO aJTOpUTMa TNpeTHa3HAYeHbl [UISl peLeHUs - CIemy-
IOIIMX 3a7ay:

@, — BbiOOp U3 b3y KOZIOB f;, T, OUEPENHOIO HOBOIO CUTHAma,

®, — Bbibop u3 O3Y koopmmHar (¢, Ty, Ny, k;) ouepenHoit 4acTHYHO
c(hOpMUPOBAaHHOM TTAYKH,

Aj — BBIYHCIEHHE Pa3HOCTM BpeMeHM 3alepXKu CHrHajda u3' B3Y
OTHOCHTENIbHO JaCTUYHO cpopmupoBanHoii Imauku u3 O3V,
- - vy - rav oty S

P, — npOBepKa yCJIOBI/Iﬂ At,;>0

Ay — mpu Aty >0 (3amepxkka YacTUIHO cHOPMHUPOBAHHOM MAYKU U3
O3Y oonblire 3agepxku curHana u3 b3VY) mpousBomurcs mpo-
BepKa HAJIMYMS COBIAJECHUS MEXIY BbIOPAHHBIMU CHTHAIAMU,
JUIE 4ero Bblumcisiercss Aty == 1; — Alyy,

P, — mposepka ycinosua At; > O,

A, —mpu Ar; > 0 (coBmameHue eCTL) BBIYUCIISICTCSl BETMYMHA 6 =
= 1; — Aty

Py — nposepka ycnosus §; >0,

Py —mpu &; >> 0 mpuHMMaercs, 4to 30HA COBMAIeHMsT paBHA ATy
U IpoBepsieTcs ycnoBue Aty 27, IOe Ty — JOIMYCTHMAsT MU-
HMMaJIbHasi 30HA COBIIANCHMS,

Dy — npu ATy >=T; B ONEpPaTUBHOM 3allOMMHAIOLIEM  YCTPOICTBE
3aIMMCHIBAIOTCSI KOOPOMHATHI YTOYHEHHOM YacTHIHO C(POpMHPO-
BaHHO# mauku: riAty, Nj 41, (1—=Prk), e B ckobxax{ >
MOKa3aHa olepalysl 3anucy eAUHULBI B MW pa3psi peru-

. CTpa K TIOCJie CABUTA €T0 CONECPXKMMOTO Ha OIWH pPa3psii BIEBO,

@,; — NpPH HEBBINOJIHEHUN YCIOBMsS OIepaTopa Py CUMTAETCH, 4TO 30-
Ha COBMAJCHMs OTCYTCTBYET M CHTHAl U3 b3V 3ammceiBaeTcs
B O3y KaK HavaJIbHBI CUTHAT HOBOM TMaykKW C KOOPIMHATAMMU
t;, Nj—l <1—* I’),
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@,, — TIp¥ HeBBINONHEHUH YcIoBUs omepatopa Pg, 1. e.. mpu §; <O,
B KayecTBe 30HbI COBIANEHUS PUHUMAETCS AJIUTEIBHOCTD 30HEBI
COBIafeHMs Npeaplaymedt, yacTuHO c(HOPMUPOBAHHON MAyKU
Ty 1 B O3Y 3amuchiBaloTcsi KOOpAMHATHL : &y, T4, N; -Ll
¢i—Pr L,

A;s — npu Al <D (3amepxkKa YaCTUYHO C(’popanOBaHHon Mayku W3

" O3Y wMeHblle 3amepxkyu curHaga u3 b3Y) mpousBomurcs
MpOBepKAa HAIWYMsI COBIANEHUS MEXIy BBIODAHHBIMU CHI-
; Hanamu, 1Us yero Bbrumcisietcst Aty = 15 — Afyy,

P,, — mpoBepsietcst  yciosne Aty >0,

Ajs — npu Aty > 0 (coBmameHue eCThb) BBIYMCISETCS BelMduHa §; ==
=T — AT_’,

P,e — mpoBepka ycmoBus 8; == 0,

Py; — mpu 6; >0, npuHmMmaercs, 4to 30Ha COBMaZICHMs1 PaBHa, ATty
M TpoBepsieTcsi ycioBue ATy =Ty,

@5 — npu AT; = T, B O3V 3anmChIBalOTCS HOBBIE KOOp,Z[I/IHaTbI qac-

TUYHO ccpopwupoaaaﬂoﬁ mauku: ¢y, Ay, Ny 4+ 1, <l = Pr k),

Py — mipu ATy <ty IpOBEpSIETCS YCIIOBUE (Kpmepnu) (I)I/IKcaLlI/II/I KOH-

) na mayku k; =K,

@,y — TPY HEBBIMOIHEHUN KPUTEPUsST KOHIIA MAyKu, T. . Mpu k; &K,
yacTMYHO CGOPMHMpOBAaHHAS Tlauyka BHOBL  3aIIMCHIBAETCS
B O3V ¢ koopmuHatamu: ty, 74, Ny + 1, <0 — Pr k>,

@,, — npy HeBBINIONIHEHNM YycioBus onepaTtopa Pyg, T. e. nipu §; << O,
B KA4yeCTBE 30HbI COBIAIECHUS MPUHUMAETCS UINTEIbHOCTh CUT-
Hana Ty, nomydeHHoro u3 b3V, u B O3Y 3anuckiBaioTcs Koop-
auHatel £, Ty, Ny =1, <1 = Pr k,

P,, — mpoBepsieTcsl  YCIOBUE BBIMOJHEHUSI KPUTEPUsS] OOHAPYXKEHMUS
mauku: Njy.2= Ny,

A,s — BBIUMCIISIETCSl YMCIO ; BIEMEHTAPHBIX MHTEPBAJIOB OT IOCHEN-

. Hell yYMUThIBAEMOM MO3MLMHU MMAaYKy (€ BBITOIHIETCS KPUTEPUI
(bukcaumy KoHIIA MAa4YKM) IO MO3UIIMK, COOTBETCTBYIOLIEN LIEHT-
py OOHapy>XeHHOI Iayku II0 dopmyne

Q=N+ k — 1)/2, (5.6.10)
A,, — BbBIUMCIIIETCS a3UMYyT LICHTpa MavKu 0 dopmyne .
' B.1=Biy—Q; Ap, (5.6.11}

@, — BblTaYa KOOPIWHAT 7y, Py, N; OOHapyXeHHOW MayKH,
@, — copoc u3 O3Y MHPopMaLMU O 3aKOHYEHHOH (CPOPMUPOBAHHOIA)
Mayke, He YIOBJIETBOPSIOUICH KpUTEPUIO OOHApYKEHMS.

CoorsercTayromasn rpad-cxeMa aaropurMa IEPBUMYHON OOpaOOTKM cHr-
HajtoB npuBeneHa Ha puc. 5.18. ITo rpad-cxeMe MOXHO paccMOTPETh (DYHK-
LMOHUPOBAHUE AJITOPUTMA IO YaCTSIM, COOTBETCTBYIOIIMM KaXIOMY U3
BO3MOXHBIX BApUAHTOB PACIMOJIOXEHNsI CpaBHUBAEMbIX CUTHaIOB. [Ipu sToM
OOLLIMMU JJ1S1 BCEX BapuUaHTOB SIBJISIOTCS olepaluu BbiOopa kona f,, T, odye-
penHoro curHajga n3 b3V {onep. 1), BEIGOp KOOpIMHAT YaCTUIHO CHOPMI-
posaHHo# nauku 13'O3Y (onep. 2) u obpasopanue pasHoctu At ;; — #; —
(omep. 3).
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1. YactuuHo ccopmupoBanHas mauka 43 03Y nmeer Gosbluyio, uyem
curHan u3 b3V, 3agepxky (Af;;=>0). ConageHue CpaBHUBAEMBIX CUT-
HayioB otcyTcTBYeT (AT; << 0). B ToM ciyyae curHan u3 bB3Y npuHumaetcs
B KauyecTBe HAyaJbHOTO CUTHajIA HOBOH mayku {omnep.: l-—2—3—4—5—6~
. _ .

2. Ecmu B pesynbrare BbIIOIHEHUs omnepauuii 1—5 monyueno Aty =0,
TO. 3TO CBUIETEJLCTBYET O HAIMYMM COBIANEHUSI CPAaBHUBAaEMbIX CUTHAJIOB.

10,11, 12,18, 21

¢!
p—
¢2

16 A‘s’l’r
| L
A3 = Ps? Aza
p"-! n > % ¢>fg lj')25
+ P 7 |2
A G2 [ " Fyp [
'l +
_ 2
PS > Afs qszg
L z
A'7 F;# ¢21 3
+ |
Vg ¥is Y7

Puc. 5.18. Ipad-cxeMa anropur™a NepBUYHON 0OPABOTKH.

B nmanpHeiimeM mpoBepsieTcsl, TpeAcTaBisieT Ju AT; IIMPUHY 30HBI COBIMA-
neHust. Jns storo At; cpaBHuBaetrcs c T; (oHep. 7).

a). Ilpu t; <CAt, mmMpuHa 30HBI coBnageHusl pasHa Ty. B O3V 3amu-
ChIBAIOTCA KOOPAMHATHL. f;,T;, Ny -+ 1, (1 — Pr k> (onep. 12) u aaro-
pUTM TIEpeXOOuT K BEIOOpY HOBoro curHaiga uz b3YV.

6). Tlpu T; >AT; mmMpWHA 30HLI coBManeHus paBHa AtT;. TIpoBepsieTcs
(omep. 9), ynosneTBOpsieT JU AtT; MUHMMAJIBHO JONYCTMMON BEJIMYMHE
30HBI COBMAmEHUsT To. Ilpm At; Z=2t, B O3V 3anmuceBaOTCS KOOPAMHATHI
30HBI coBranenust: &, Aty, Ny + 1, (1 = Pr k> (onep. 10) u amroputm
MEPEXOIUT K BbIOOPY ouepenHoro curHama us B3Y. Ilpu At; <IT1, curHan
n3 b3Y mnpuHuMMaercsi B KayecTBe HayaJlbHOIO CUTHAJa HOBOW ITaykKM.
B O3V sanmceiBarorcst KoopauHarsr: ¢, T;,N; =1, ( 1 = Pr-k) (omep. 11)
1 OCYIIECTBIIIETCS Tepexo] K BbIOOpY HOBOro curhajga u3 b3V.
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3. YactuyHO C(bopMI/IpOBaHHaﬂ J1ayka Ha O3Y wumeer MeHbIIYIO, YeM
curHat n3 B3V, zamepxky (Af;;<7 0). Connajenue cpaBHMBAaEeMBIX CUTHA-
JoB orcyretByer (Av; < U). B 3TOM ciay4yae g 4acTU4HO cHOPMUPO-
BaHHOW Tauku u3 O3Y mnpousBoauTcs NPOBCPKA Ha YIOBIETBOPEHUE KpU-
Tepuio copoca (KoHUA mauyku). IIpoBepka IPOM3BOAUTCS ITyTeM CpPaBHEHUS
cozmepKUMoro perrcrpa Pr x ¢ cepueitr u3 K Hyneid (orep. 19). Ilpu orcyrer-
BUM COBIAmeHUsS K; ¢ K, 4aCTHUHO ccpopMI/IpOBaHHaﬂ Iayka CHOBA 3aIlMChl-
Baerca B O3Y ¢ HpI/I6aBJ'IeHI/ICM 1 x Nj u 3amuceio 0 B MIamimii paspsj pe-
riucTpa Pr kK mocie caBura ero coaep:KMMOIO Ha OIMH pa3psid BiaeBo. [lajee
'BbIOMpaeTCs IUISI CPaBHEHMSI HOBas YaCTMYHO COpMUPOBAaHHAs I1ayka M3
0O3Y (omep. 20). '

IMpu coBnagenuu k; ¢ K (k; == K) MpoBepsETCS BBIMOIHEHUE KPUTEPHUS
obHapyxenus (omep. 22). Ecimu kpurepuii oOHapyXeHUsl HE BBIIOIHSET-
cs1, To uHpopmauwst ¢, T;, Ny, ¢ Pr k » cOpaceBaercs uz O3Y (omep. 26)
U aJrOpUTM TEPEXOAUT K BbIOOPY caeAylolledl yaCTUYHO C(OPMUPOBAHHOM
mauku n3 O3Y. Ilpu yooBAETBOPEHWM KPUTEpUsT OOHAPYKEHUST BBIION-
HSIIOTCA orepanyu 23 1 24, B pe3y/IbTaTe Yero BBIYMCISTIOTCS a3uMYT LeHTpa
nmauyku. B 3akimoueHue (omep. 25) KOOpAMHATHI paavoJOKAUIMOHHONA OTMETKU
t; (r;}, 3, N; Bblmalorcs nyist mayipHEiIIeidl oOpabOTKM U aJTOPUTM Tiepe-
XOIUT K BBIOOPY Cliemyrolleil yacTudHO chopmupoBaHHON mayku u3 O3Y.

4. Ecim B pe3synbpraTe BBITIOJTHEHWS orepaimy 13 momydeHo Aty =0,
TO 3TO CBUIETEJILCTBYET O HAJIMYMU COBIIAACHMSI CPAaBHUBAEMBIX CUTHAJIOB.
B ianpHeflitieM mpoBepsieTcs, TpencTaBisieT U At; MIMPUHY 30HBI COBIA-
nenus. [ atoro cpaBHUMBaeTcsi AT; C JUIMTENBHOCTBIO WMITYJIbCA T;
(omep. 15) '

A. Tlpu 7, >At; 3o0HOU coBrmaneHust sinsiercs: ATy, TIpoBepsieTcs
(omep. 17), ymomnerBopsieT i AT; MUHUMATBHO NOMYCTUMOM BETMYMHE
30HBl COBIAACHUS To. Ilpu A-r, =73 B O3Y 3anuchiBalOTCsl KOOPIMHATHI
30HHI coBriagenus #;, Aty, N; —1, ¢ 1 = Pr x> u airoputM nepexoaur
K BBIOOPY OY€peIHOro CUTrHajla w3 B3Y. Ipu AT; < T, BBITOIHSACTCS OIle-
pauus 19 U Bce mocienyoollye orepalvu, pacCMOTPEHHBIE B MPEIbIIYILIEM
ITyHKTE.

B. Ipu t; < At; mmupuHa 30HBI coBnageHus: paBHa T;. [loatomy B O3Y
3amMChIBAIOTCS KOOpAMHATHL f;, T;, Ny -+ I, (1 == Pr x} (omep. 13)
U aJiITOPUTM IepeXoAuT K BbiOOpy HoBoro curHaia u3 b3V (omep. 21).

TakuMm o00pa3oM, pPacCMOTPEeHbI BCE BO3MOXKHBIC KOMOMHALIMKM PACIIOJIO-
JKEHMSI CpaBHMBAE€MBIX CUMTHaJIOB. B mporiecce 00pabOTKM KaXKIoro HOBOIO
curHana u3 B3Y oH cpaBHMBaeTCs ¢ KOOpAMHATAMM HECKOJbKMX YaCTHUHO
copmmpoBanHbIx madyek n3 O3Y; umciao cpaBHeHmit ciaydaiftHo. [losTomy
U Bpemsl 00paboTku curHaia u3 b3V sBiasiercst ciiydallHON BEJMYWMHOMN,
YTO JTOJDKHO YUWTHIBATHCA TIpU BhIOOpe ImapameTpoB LIBM mepBuuHoit 06pa-
0OTKM.

5.6.4. Cpeodusis wacmoma cosnadenuil ¢uzHaA08
He3aeUCUMBIX NOMOKO8

s mpenbsBieHus TpeboBanmii K LIBM nepeuunio#t obpabotku 1o
emkoctn O3Y mipu peaiuzalliv PaCCMOTPEHHOTO B MPEIBIIYIIIEM ITyHKTE
atroputMa (M JAPYTUX AHAJIOTWUYHBIX AITOPUTMOB I[M(POBON 0OpabOTKM),
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HEOOXOMMO 3HATh CPEIHIO YacTOTY COBIMAJEHWIA BHIOPOCOB MOMEXU B CO-
CemHUX (WM C MPOITyCKOM) TaKTax o0paboTku. PaccMoTpum pellieHue 3Toit
3a/1a4uu.

bynem cumraTh, YTO MOTOKM (paBHHBaEMBIX HAa COBIANEHUE BHIOPOCOB
ABJISAIOTCA CTaMOHAPHBIMM, HE3aBUCMMBIMM M, KPOME TOIrO, YILOBJETBO-
PAIOT YCJOBHIO

Bi=H—ta > Ty

e f,_,, Tj_, — 3alepXKa U JUIMTeJbHOCTb (' — 1)-ro  BBIGpOCA,
8, — MHTepBal BPEMEHM MEXIy COCEIHMMHU BBIOPOCAMH.

B 3ToM ciydae cpefHee 4MCIIO COBIMAneHuii [ 13 m BBIOPOCOB (! coBmase-
HUIT B /M TIOOPS CIEOYIOMIMX TAKTaX), BBIUUCJICHHOE MPU YCJIOBUHU, 4UTO
MPONOKUTEIBHOCTD MX TEPEKPHITHSI HE MEHee Ty, OINpPENessieTCs] COOT-
HoieHuem {4)

B m (W)= 5 3o 2R P (5.6.12)
I (S]
Pt =A(x, TI)S szw (t/1,) dt, . (5.6.13a)
QT =A(x,, tl)io dzgow(e) a0, (5.6.136)
Te z ’

w (©) — IUIOTHOCTb BEPOSITHOCTU UIMTEIHLHOCTH I1ay3.

IMoncraBnsast B (13a) dopmyny (5a) st YCJIOBHOM IIOTHOCTH BEPOSIT-
HOCTU OTCEJIEKTUPOBAHHBIX IO JJIUTEILHOCTH Ha YPOBHE T; BBIOPOCOB U MH-
TErpUpys, .MOAYHHM

P(t) =1 (xy m)Tldexp [— (5 - wiT()],  (5.6.14)

rme T (%;) — CPemHsis IINTEIbHOCTb BBIOPOCOB, MPOLIEIIINX CEJIEKIUIO 10
,AMIUIUTYE Ha YPOBHE T,. '

EciM monoXuTh, 4YTO IUIOTHOCTb BEPOSITHOCTH [UIMTENILHOCTH I1ay3
OIMCHIBAETCSI IKCIOHEHILIMANbHOM (DyHKIMER

w(8) = ———exp [—6/8(x, )] (5.6.15)

U (x;, T1)

e O (x;, T,) — cpeaHee 3HAYeHME UINTEIBHOCTU IIay3, TO, IOACTABUB
(15) B (136), mociae MHTErPUPOBAHMS MTOIYIUM

O (tg) =J1 (x,,7,) 8 (x,, T,) €Xp [—-Tolg(xl,rl)] . - (5.6.16)

Tenepp u3 BeipaxkeHust (12) ¢ yaerom (14) u (16} MOXHO MOTYy4UTh (hop-
- MyJIbl [UISl YaCTOThI COBIaJeHMII BbIOPOCOB HE3aBUCHMMbIX IMOTOKOB IPH JIIO-
ObiX { U T.
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Tak, B nipocreiinieM cinydae [ = m = 2 MOJy4nM

T o T B n
Pz (To) ey {A(xl, )0 (2, T,) exp{ e ]+ |
A(x:, (‘Eo—‘fx)l 2
+yA (% tl)r(x,)exp[ e } o (5.6.17)

AL

£
LT, 08 10  cex
LF=10% Yeex

/ {2.%)

2.2)
(3.5)

kg ®

{34)

-3.3)

10°

Pvc. 5.19. TI'paduxu cpenHero uucna coBnageHuii BbIOPOCOB HE33BHCH-
MBIX MOTOKOB.

Bomonnus B hopmyne (17) omnepaiu L[I/I(bd)epeHuMpOBaHI/m M TIpeodpa-
30BaHMS, HaliIEeM

b (To) == 2% (xy, )T () exp [ —2 (i— )/ (x1)]
AHaIOTUYHBIM 00pa3oM ISl { = = 3 TOJIyYnM
Mas (1) = BA® (xy, 1) 7 (%) exp [ —3 (to—1)/T (%)) -
B obwem ciayuae mis { — m dopMysa ISl CpeIHEro Yuciaa COBHAACHUIA
* IMEET BHI
B (To) = MA™ (23, )T () exp [ —m ((— T)/T(1)] . (5.6.18)
190



Ipu 06OOLIEHMM pElleHnsl Ha Cclyyail moObix [ <im Tpu T, = T, TIO-
JlydaeTcs cienyolas ¢hopMmysia Ijisl ONpenejeHus CpeaHero 4Yucja COBIIa-
JeHuil { U3 m BBIOPOCOB

i (70) =Chy J(m-!} + %} AR (x,7) X

T{x)) .
T (x,) Gm— G+ 1) _Eo_(_”ﬂ]
X! (%) B (ﬁﬂﬂﬂp[ =2, (56.19)

me Ch =mliim—n1.
Bxonsiiee B copmyny  (19) CpefiHee 3HAYeHME JUIMTEIHOCTM Iay3
0 (%1, To) cBs3ano ¢ JI {xy, Tg) ¥ T (X, Ty} CAEAYIOLIMM COOTHOILIEHHUEM

0.(xy, T) = (1 —JT {xy, T,) T (%, TH/A (%1, T

e T(xn Ty) =T +¥ T (xy).

Ha puc. 5.19 npuseneHsl paccurtaHHbIE IO GOPMYIIE (19) rpabuKu IS
CpEIHEr0 4KCa COBIAAEHUII BBHIOPOCOB HE3ABUMCHUMBIX ITOTOKOB B (DYHK-
IIMM  OT Topora OorpaHuyeHus X; npu T = 1, = 0,8-10-% cex, Af =
= 108 2y4.

CpenHee 4MCIIO COBHAAeHUI 3a (pUKCHUpoOBaHHOE BpeMst I, (Bpems pas-
BEPTKM JAJIbHOCTU) HAXOAUTCS W3 BBIPAKECHUS

Efﬁ =I—er fer (5.6.20)

KOTOpOe TIPUMEHSIETCS TIPU pacdeTe CPeaHEro Ynciaa COBIAICHUI BHIOPOCOB
MOMeXM B TIpeaesax OOHOrOo TakKTa O0pabOTKMH.

5.6.5. Pacnpedenenue uucna 3anamoix sueexk O3Y

Paccmorpum cHauvana 3arpysky O3V noxnoit nHdopmatueii. CoriacHoO
M. 5.6.2 TOTOK JIOXKHBIX CHTHaJOB Ha Bxome 1IBM mepBuuHOll 00paGOTKM
sBisieTcs nyaccosoBckuM. Ha Bxom O3Y curHass! moctymatot ¢ b3Y. Eciu
B3Y paccuntaHo Tak, 94TO BepOSITHOCTh IOTEPH TPeOOBAHMIT 1M3-3a €ro Iepe-
IPY3KM MaJjla, TO IOTOK curHajioB Ha Bxoje O3Y Takxke pacrpeneyieH Mo
3akoHy [lyaccoHa ¢ mHTEeHCUMBHOCTBIO JI (X,;,Ty).

IIpu 3anucu B O3Y coBnagaionye CUrHajJbl OOBLEAUHSIOTCSI B IMaykKMH,
a HecoBMajalolre o0pa3yloT 11a4ana HOBbIX Tayek. OMHOBPEMEHHO MavkKH,
HEMOATREPAHBIIHECHA B KTaKTaX, COpAchIBAIOTCSI U COOTBETCTBYIOILVE STYEH-
ku O3Y ounmrarorcs. Yepes3 HEKOTOpoe Bpemsl MOcie Havyajia HaOIIOneHUs
HacTyIaeT CTalMOHapHbI pexuMm 3arpy3ku O3V, nmpu KOTOpoM cpenHee
YUCJIO 3aIMChIBAEMBIX B KaXXJIOM TaKTe Hayajl HOBBIX TMa4eK paBHO CpemHe-
My 4Mciy cOpacbiBaeMbix u3 O3Y mauyex.

IIpy 1yacCOHOBCKOM BXOMSIIEM MOTOKE JIOKHBIX CUTHAJIOB 3aKOH pac-
npeneyeHrss yucia 3aHaThix syeek O3Y Takske OymeT MmyacCOHOBCKMM C
WHTEHCUBHOCTBIO, PABHOM CpeaHeMy 4Yuciay XpaHuUMbIX B O3Y HeszaBepllieH-
HBIX JIOKHBIX TTaYex.
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PaccmorpuM, yeMmy OydeT paBHO CpelHEe 3a TaKT YMCIO JIOXKHBIX He3a-
BEpILIEHHBIX TavyeK, XxpaHuMbIX B O3V, mpu pacCcMOTPEHNOM BhIllle criocobe
CBEpThIBAHUS I/IH(I)OpMaJ_[I/H/I (BpeMeHHbIe auarpaMmbl  Ha puc. 5.17),

IIycTh 4KCIO JIOXKHBIX CUTHAIOB, MocTynatolux Ha Bxog O3Y, B nepBoM

TakTe paBHO A, (1), a BO BTopoM 7*.,. (2). Ilocne nByx TaktoB B O3V Oyner
3aI1MCaHO :

Mae (2) == A (1) + 2, (2)— i) (1, 2),

e k%% (1,2) — 4yncno coBnaneHuit BHIOPOCOB Momexu U3 1 U 2 TAKTOB.

Ecay B TpeTbeM TakTe MOCTYNiIo A, (3) BHIOPOCOB TMOMEXM, TO M3 HHUX
B O3V Oyzer 3amucano A, (3) — k{7 (2, 3) — g (1, 3), tme piy (1, 3) —
YHCJIO COBMANEHUI BBIOPOCOB U3 NIEPBOIO U TPETHEIO TAKTOB, a My )2, 3) —
YIICIO COBMAICHMIT BHIOPOCOB M3 BTOPOTO M TpeThero TakToB. Kpome Toro,
B TPETbeM TakKTe OymeT COpolIeHO (BCICOCTBUME JBYXKPAaTHOIO HEIOMI-
tBepxkaeHus) A, (1) — ui2 (1, 2) — uit (1, 3) yactnuHo cHOpMUPOBAHHBIX
navek. IloatoMy B KoHIIe TpeTbero Takta B O3Y OymeT 3amucaHo

mm(s)=mm'(2>u (3)—niy @3 —p{) (L3 —1 () +
pi (1,2) -+ uld (1,3) = A, (2) + 4, (3) — i (2,3).
Paccymaﬂ. AHAJIOTMYHO, MOXHO IIOKa3aTb, 4YTO IIpU K = 2 " I[IO6OM
iz
Mue (§) =X, ({— 1) +2, (0 —piR ('—1, O
B cpemHeMm, npu (pUKCUPOBAaHHOM {, MOXHO CUUTATh
R ll] =8 (2 =2 e s ()=
piR (=1, 0 =ni (1,2) = "‘ (2 )= =l

rac p,gz — cpeJIHee YUCJIO COBMNAICHUMN JABYX CHUTHAJIOB B JABYX COCCIHHMX
TakKTax.

C y4eToM YCpeIHEHUsI MOJYIMM OKOHYATEIbHO

.m=2l —pln. - (5.6.21)

AHAJIOTMYHBIE PACCYXKACHUSI ITO3BOJISIIOT ITOJIYYWUTb COOTHOLLUCHMUS [IJIst
cpenHero yucna 3aHsAThIX stdeek O3Y mpu Apyryux 3HAYEHUSIX KPUTEPUs
copoca k. Tak, mpu K = 3 moaydyum

7, = 3%, — 205 — 40, (5622)
B 001meM ciydae MOXHO 3armicarhb
My = ko —(k— DR — k=2t — ... —p¥h- (5623)

TakuM ob6pazoM, Mo dopMyie (23) MOXKHO OIPEACITUTh CpeaHee UYKCIIO
ssueek O3Y, 3aHATHIX JIOXKHOI MH(pOpMaLIUEH.

PaccMoTrpuM Tenepb coobpaxkeHusi o pacuere 3arpy3ku O3Y LIBM mo-
JIe3HOM mMH(pOpMaLeld, T. €. MHGOpMaLMei o 1ensax. bymeMm mpemmomnarats,
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YTO CEJIEKLUIO TT0 aMIUIUTYAE W JUIUTSIIBHOCTY MTPOXOAST NPAaKTHUUECKU BCE
OoTpakeHHBIE OT 1M MMITYJIILCEL. B 3TOM ciydae cpemree umcio stueek O3Y,
3aHSTBIX He3aBepIICHHBIMU MauKaMU CUTHAJIOB, OTPAXEHHBIX OT LedeH, Gy+
JET PABHO CPEIHEMY YMCJIy LIeJIEd, OMHOBPEMEHHO HAaXOAALIMXCS B IIpeesax
IIAPVHBI TrarpaMMbl HampasieHHocTd PJIC. Ecim nmpuHITE MOTOK Heei
MyaCCOHOBCKMM C TapaMeTpoM Ay, TO HETPYIHO MOACYMTATh 3TO YMCIIO IO
(hopmyne “

my = Ay To®o.se /M, (5.6.24)

rie @o,5p — MOJIOBMHA IUIMPUHBI AMarpaMMbl HarpasieHHoctu PJIC Ha
yposHe 0,5P, B pad. Haripumep, npn Ay =40 cex=t, T, = 10 cefc, Go,5p =
=1 epad nonyyum my == 2.

CyMmmapHoe cpenHee 4uciIo 3aHsAThIX styeek O3Y paBHO

Mgy = Miag - My, (5.6.25)

‘a BEPOSITHOCTh TOTO, YTO YUCJIO TPeOYeMBIX siueeK OymeT paBHO #1, OIpe-
JeseTcss 1o Gopmyiie

(mo3y)™ = '
P = ———exp(—mggy). (5.6.26)

OGbIMHO 03y » 10. B orom ciyuae pacnpeneneHue IlyaccoHa MOXeT
ObITb ANMPOKCUMKIPOBAHO ~HOPMATLHBIM PACIIPE/IE/IeHUEM CO CPEIHUM 3Ha-
YeHUEM, PaBHBIM M3y s ¥ CPEAHEKBANIPATUYHBIM OTKJIOHEHUEM, pPaBHBIM

Vmoay. Torma IUIOTHOCTb pacIpefeseHUsl Yucia 3aHATBIX gueek O3Y
3aMMCBhIBAETCSI B BUIIE

w(rﬁ)=(2n?zo3y)"”2 exp [—(m —-rﬁoay)2/2?;63y] . (5.6.27)

OueBunHO, 066eM O3Y Hamo BHIOMpAaTh U3 YCIOBHA

' - S

Mosy "mosy +a Vo Mogy» (5.6.28)

I @ — TIOJIOXKUTEILHOE YUCIIO (uenoe WM IpOOHOE), BBIOMPAEMOE MCXOIS
U3 3aJaHHON BepoATHocTM nepenoynHenus O3Y.
BepositHocTh miepernionHeHnst O3Y BEMYHCIAETC] 10 (I)OpMyJIe

Pexy = jw(m)dm_—‘- I—@ 2T 1, (5.6.29)
Moay ’ V2m03y

2 &

e P} = —=\exp(—¢® di—odyuxuusa Jlannaca.
Vn g
0
7 3ak. 614 . 193




Thsy T [IpeoGpasyeM apryMeHT (DYHKIH
R VLT Jlannaca, ucnons3yst yciaosue (28)

! mosv—moay / V2 Mogy = @/ V—

Torma
Poe= 12[1—@ (a/VT)]. (5.6.30)

] - Takum ob6pa3oM, Mo 3aIaHHOI J10-
oMyl MYCTUMOUM BEPOSITHOCTU TIEPEIOJIHE-
A 240 /cec | HMSL MOXHO OINPENENUTb a 1o (op-
myne (30), a sarem mno dopmyne (28)
omnpeneauTb Tpedbyemblii oobem O3Y.
\5 | Ha pwuc. 5.20 mpuBeneHsl Tpadu-
BN KU 3aBUCUMOCTH TpeOyeMoro oobema
_ j \ N O3Y B GQyHKUMM OT IOpora Xy Impu
[N (DUKCUPOBAaHHBIX 3HAYEHMAX K = 2,
I W\ 3, To=1,=0,8 - 10-% cex, Ap=
N\ 240 cek, Pope= 104w 1073,

\ B 3aximouenne 3TOrO HyHKTa 3a-

\ N metuM, uto oobem O3Y}LBM nep-

wil LN BUYHOI 00pabOTKM OKa3bIBaeT HEMO-

¢ 45 20 "25 3¢ 35 x  CDEICTBEHHOE BJIUsSHWE Ha KayecT-

_ BEHHBIC XapaKTEPUCTUKH OOHapyxKe-

Pue. 520. Tpaduku TpeGyeMoro o0b- HMs TMOJE3HBIX CHUTHANOB: JleilcTBU-

ema Q3. TEJIbHO, TIPU OTPAHUYEHHOM OO0beMe

: O3V BbIOOp TmOpOTa X; MPUXOAUTCS

IIPOM3BOAUTH HE U3 YCIIOBUIU 00eCIIeueHNsT ONTUMATBEHOTO OOHAPYXKEHMS, a

U3 ycinoBuii mpegoTBpaiieHus mnepertoiHeHuss O3Y. IIpu aTom, yeM MeHb-

me oobeM O3Y, TeM BbIIIE MODKEH OBITH TIOPOT X; U, CJIEI0BaTEIbHO, TEM
MEHBIIIE OylIeT BEPOSATHOCTh OOHApPYKEHUS IOJIE3HOIO CUTHAa.

2

k2

w0t |-

5.6.6. 3akon pacnpedenenus 8pemMertt obcayxcusanus mpebosanuii ¢ AY

B cooTBeTcTBUM C MallIMHHBIM aJITOPUTMOM LMGPOBOI IEpBUYHOI 00pa-
60oTkM (1. 5.6.3) B AY TNpoM3BOOUTCS UHKIHUECKOE - CpaBHEHHME Ha COBIA-
JEHWE YaCTUYHO C(HOPMMPOBaHHBIX MMayeK, xpaHuMbIx B O3Y, ¢ curHamamu
TOJyYeHHBIMU B TEKYIIIEeM TakTe 00pabOTKM, KOTOphIe BeiOMpatorcst n3 b3Y.
Lk cpaBHeHMSI MOBTOpSIETCSI B KakmoM TakTe. K Hauaay CJeayroIiero
TakTa b3¥Y momKHO OBITE OYMINEHO OT WH(OPMALIMKM TIPEABIAYIIETO TaKTa.

AHaJM3 anropuTtMa U nyreil (BeTseit) 06paboTKu nmokaseisaeT (puc. 5.18),
YTO YWCIIO OIllepaluii, 3aTpaunBacMbIX HAa CpaBHEHUE KaXKIOW Tapbl CUT-
HaJIoB C Mocieaytoliein oopadboTkoit u 3anuceio B O3Y pe3ynbTaToB CpaBHE-
HUA, ABISETCS PA3JMYHBIM B 3aBUCUMMOCTU OT B3aMMHOIO PAaCIOIOXEHUS
- CUTHaJIOB. MUHMMaJIbHOE YMCJIO OIlepallvii 3aTpayMBaeTCs MpU 00paboT-
KE€ CHWrHaja, NPUHMMAEMOrO 3a HaJyajlo HOBOM Mayku (6 omeparmii: -

1—2—3—5—6—11). MakcumanbHoe uncio onepauuit (13) 3aTpaunBaercst
‘TIpW IPUHSITUHU pellieHnsT 00 0OHAPYKeHUM MAYKM C ITTOCIICAYIOIMINM PacuyeTOM
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KOOpIWHATBI  a3MMYyTa. BBilny ciay4aiiHoro BzammHOro pacnonomenis
CpaBHMBAEMbIX CHIHaI0B YUCIO OMEpalii, 3aTPaunBAEMbIX Ha WX CpaBHeE-
HUE, RBJAAETCA CTYYallHOU pesHuuuo#t, IpUYeM 3aKOH pacIipelieJIeHUs] 3TOi
cayyafiHOH BEJIMUYMHBI AHAIUTUYECKM MOJIYYUTb HE YHAETCH. ‘

B nanpHeiiiem Oynem cumTaTh, 4TO B CPEIHEM HA OJHO CPAaBHEHUE INPH-
XOIUTCS OAMHAKOBOE YMCIO omepanuii. B 3ToM ciydae Bpemsi obciyxuBa-
HUSI Kaxmoro BeiOpaHHoro u3 b3V TpeOoBaHuMsa ompenessieTcsl TONBKO
YUCJIOM CMTHAJIOB (He3aBeplleHHbIX mayek) B O3Y, pacronokeHHBIX MEXIy
IBYMSI COCEIHUMM CUTHAJaMM BXOISILIETO IMOTOKA. JlefCcTBUTENbHO, eciu
B MHTEpBaJe 3aepKeK MEXIY TPEIbIIYIIMM M HOBBIM CHUTHAJIOM BXOJSILETO
notoka B O3Y Her He3aBepIleHHBIX MayeK, TO BpeMs 0OCTYXUBAHUS HOBO-
ro TpeOoBaHMS OyleT MUHMMAIbHBIM, PAaBHBIM BPEMEHU CPaBHEHMS Tapbl
CUrHaioB (BpeMeHHasd auarpamma Ha puc. 5.17). Ilpu Hanmuum B 3TOM
uHteppane 1, 2, ..., m mayek B O3Y, Bpems ofcaysuHBaHHA BO3pacTeT
B2, 3 .. . m -+ 1 pa3 COOTBETCTBEHHO.

BeposTHOCTs Hamuums m nayek B O3Y B uHTepBale 3amepxek Af; iy
MEXIy COCeIHMMM CUTHAJaMU BXOJSILETO IMOTOKA OIpenessieTcss 3aKOHOM
[Tyaccona

( mosvm } e
t, 141 =
! m
exp ( 03y

Pn (Ati.H-l)"_" 2 e At[,g-j-l)' (5631)

r

ﬂHH CpCOAHCIO MHTCpBAJla BPCMCHM MCXKIOY COCCOIHMMU TpC6OBaHI/IHMI/I

BXOJSIILETO TIOTOKA, pPaBHOTO Af; ;.5 £,/N,, BEpOSTHOCTb HAIMYMS
m mayek B O3V paBHa _ »

( E('.)33") _ )
~X N S oevp (—39-3—“’-) (5.6.32)

ml

Boipaxenue (32) onpeaenser 4yucio cpaBHeHHH Ipu, OOCTyXMBAaHWUU
OITHOTO CHTHaJa BXOJSIIEro MOTOKA 0e3 yyeTa MOCTOSHHOM COCTaBJISIONIEH,
paBHOW enuHuLe. [lanee HEOOXOOMMO YYECTh ITY MOCTOSIHHYIO COCTABIISIO-
1IyI0, YTO MPUBOAUT K CMelleHHOMY 3aKoHy IlyaccoHa, KOTOpbIA 3amuchi-
BaeTCs B BUIE

i mogy \" T Mmoay
Pn = ( N, ) ¢Xp (— N )/(ft—l)i, n>= 1, (5633)

r

0] , n<<l.

Maremardieckoe oxulaHue B 3TOM cilyyae paBHo 1 + Mmoay/N,, a
aucnepcust moay/N,. IloaToMy a8 MaTeMaTHYECKOTO OXUIAHUS M IUCTIEp-
CMM BpPEeMEHU OOCIYXMBAHUSI MMEEM COOTBETCTBEHHO

Tosen = Te (1 -+ mosy/N,), (5.6.34)
OZogon =& Moay/N,, - (5:6.35)

IJe Tc'— BpeMsl CPaBHEHWUs Mapbl CUTHAJIOB.
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Ipy HEOOXOMMMOCTHM AMCKPETHBIA 3aKOH PACHpPENESIEHNsI BPEMEHU 00-
CIYXXMBAaHUSI MOXET ObITh aNmpOKCUMUPOBAaH TOAXOMSIE (DyHKLMEH He-
npepbIBHOrO mapaMerpa T. B HalleM ciydae, mpu HEGOMBLIMX IJIOTHOCTSIX
nomex {Pn<& 1) oTHoweHNe Mo3y/N, YK, T. e. paBHO TPUMEPHO TIPUHS-
TOMy KpuTepuio copoca nayku. O0bHO K =2 — 3. [Ipy 3TOM CMeEILEeHHBIA
3akoH [lyaccoHa MOXeT ObITh ANMPOKCHMMMPOBAH CMEILEHHBIM HOpPMaab-
HbIM 3aKOHOM U TEMM XK€ MaTeMaTHMYeCKUM OXWUIAHMEM U JUCIIEPCHEA.

5,6.7. Tpebosanus k 6icmpooeiicmeuio AY u emxocmu 53Y
npu peaaudayuu areopumma nepeuuHoll 06paboTKU

Hns onpenenenust Tpedyemoro ObicTponeiictBust AY 1IBM B mpouecce
peanuzaluyy alroputMa oOpabOTKU paauojoKallMOHHON WHMOpMalud He-
00XOMMMO MpeXe BCero 3a1aThcsl KOAhMOULIMEHTOM ero 3arpy3Ku Kak OfIHO-
KaHaJIbHOI cHCTeMbl MaccoBoro obcmyxuBaHus (§ 3.4). Hac untepecyer, '
[JIaBHBIM 00pa3oM, CTAIMOHAPHBIA PEXMM pPabOTBl CUCTEMBI, CYIIECTBO-
BaHUE KOTOPOTO OOYC/IOBJICHO BBIMOJHEHUEM YCIOBHS P = N Togen < 1,
rne N, — MHTEHCUBHOCTh CYMMapHOTC BXO[MIIETO ITOTOKA. '

Kak yxe ormeyanoch, neppuyHas 00pabOTKa CUTHAJIOB OCYLIECTBIISETCS
N0 TaKTaM, B MpeZeiax KaxIoro MHTepBaja BpeMeHU 30HAauMpoBaHus. [Tpu
9TOM BpeMsT 06pabOTKY, paBHOE TEPHUOLY 30HAMPOBAHUS I, Kak IPaBUIIO,
OOJTbIIIe BPEMEHN Pa3BEPTKU NATBHOCTH £, B TEUEHUE KOTOPOTO TIPUHUMAIOT-
Cs BXOIHbIC CUTHAIBI. CIIENOBATENIbHO, €CIM MCXOIUTh U3 YCJIOBUS P <,
TO OyIyT IMOJY4eHbl HECKOJIbKO 3aBblILIEHHbIE TPeOOBaHMsI K OBICTPOICHCT-
B0 AY. OnmHako MBI B JaJIbHEHIIIEM OyIeT IMOJb30BaThCS YCIOBUEM P << 1,
BO-TIEPBbIX, BBUIY HEOOXOAMMOCTU TMPEAYCMOTPETh PE3EPB OBICTPOIEICT-
BUSI HA BBITIOJTHEHUE HEYUTEHHbBIX Ofepalivuii U onepanuii, CBSI3aHHbIX C KOHT-
posieM KadecTBa BbluuciaeHuit LIBM, a BOBTOPHIX, MOTOMY, 4TO IS Tpe-
BapUTEJIbHBIX PACUETOB ONPEACISIIOIIMM (haKTOPOM SIBJISIETCSI MIPOCTOTA Pe-
IIEHUs 33Ja4M AaHATUTUYECKUMU METOJAMMU.

Hrak, nycts p << | 3amaHo. Torma momycTMMoe cpeaHee Bpemst obcity-

JKMBaHMs OJHOTO TPeOOBAHUA B AY PaBHO Tygen == P/N;,

Ecmmu teneps mcmonb3oBath BeIpaxkeHue (34), TO MOXHO OINpPEISTUTH
TIOIYCTUMOE BpeMsI T, Ha CpaBHEHVE BHOBb MPUIIEIIIETO Tp660BaHI/IH c on-
HUM TpeOOBaHMEM W3 O3Y o gopmyire

To = Togon/(1 + MoaviN,). (5.6.36)

HomycTuM Jajee, 4YTo IIPSIMbIM TIOACYCTOM WIM IIyTeM HpeaBapUTe/Ib-
HOTO MOJEJIMPOBAHMS AJITOPUTMA ITOJIYYEHO CPENHEE YUCIO Ne TpHUBENEH-
,HBIX KOPOTKHUX OIlepallyii, BLITONHAEMLIX B IpOLECCe CPaBHEHMS I1apbl
curHasoB. Torma morpedHoOe ObICTponeiicTBre AY 11 peaym3any PaccMas
TPMBAaEMOI0 AJIFOPUTMAa IIEPBUYHOM OOpPabOTKM OIpeneisieTcs Mo (opmyJie

Voo N ,(1 m;“”! | (5.6.37/
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Ha puc. 521 mnoctpoeHsl rpaduku Tpebyemoro ObictpopeficTaua AY
B (bYHKIIMM OT MOpOra Xy MPU TeX K€ MCXOAHBIX MPEANOChlIKaX, YTo U MpUu
pacuere Tpedyemoit eMkoct O3Y. B kauecTBe He3aBHCHMMOIO IlapameTpa

_ B34TO TpeOyeMoe 4ucio onepaunii N, 3aTpaunMBaeMbIX Ha CPABHEHME Maphl
curHajos. U3 PaCcCMOTPEHHSI rpaduKoB CJIeAyeT, 4YTO HEOOXOAUMOE 6LICTpO—
JIECTBUE B CWJIBHOM CTerle-
HM 3aBHCHUT OT ITOpora orpa-

[ oneg
HUYEHUS] CHUTHAIOB B YCT- Lm] :\ ' ;

pOICTBe KBaHTOBaHMSI. \ N £09 |
15 ompeneneHust eMKo- A7 <
ctu b3Y Heobxomumo ObLIO F R . | R0
Obl BOCITIOJIb30BAThCSI METO- - " o
JIOM BJIOXEeHHOW 1menu Map- - r r 1
- e

KOBa U pacCuuTaTh (UHAIL-
HBIE BEpPOSITHOCTH  COCTOSI-
HUI CHCTEMBI MAacCOBOIO 00-
ciayxuBanus «B3Y — AV»
(§ 3.4). Yucio cocrosHMit
STOM CUCTEMBI 1 TIpU 3aIaH- .
HOIl BEPOSITHOCTU  IOTEPU

TpeboBaHuit u OYAeT paBHO ¥
yucity  TpeOyeMbIX — sSdeek i
B3V (tounee, umcio gdeek ¢
B3Y paBuo m — 1), OnHa-

A

T-T"TTTIr

T Ty

KO pacyeT (UHAJIBHBIX Be- 2f
POSITHOCTEN COCTOSIHUM BJIO- °
JKEHHOW Lernd MapkoBsa npu = L5 ? 45 & %

JIOCTAaTOYHO  OOJBIIUX M
Ype3BbIYAHO rPOMO3/IOK.
bonee ynobHo cHauvama pac-
CUMTATh CpelHEe BpEeMs Y. HaXOXJEHUS TpeOOoBaHUs B ouepeau 1o opmy- .
je (3.4.12), a 3areM, umed B Buay, uro b3VY kak «XpaxuJuller ouepenu
SIBJIIETCS MHOTOKAHAJIbHOW CHUCTEMOM MAacCOBOIO OOCIYXXWUBAHUSI C TOTe-
psIMU, BOCMOJIB30BaThCsl JUISI pacueta uyuciaa sueek b3V dopmynoit
OpnaHra

Pue. 521. TIpaduku TpeOyemoro ObICTpomeii-
ctBus AY.

P =(N;?)“ 2 (N;Irf . (5.6.38)
ip — L =0 4

3nas Py, o 310ii opmysie MOXKHO HAWTU 17 — TPeOYEMOE YUCIIO S9YEEK
B3YV.
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6. METOIbl U AJITOPUTMbI OCHOBHBIX OIIEPALIMI BTOPHYHOR
OBPABOTKM PAIMOJIOKALIMOHHOW MH®OPMALIUU

6.1. Kparkasi XapaKkTepuCTHKA
OCHOBHBIX ONepanMii BTOPUYHO 00padOTKU

B npouecce propmuHoil OGpPaGOTKH paadoIOKALIMOHHON WMHMOPMAIIIN
PEIIaloTCst  CIICAYIONIME OCHOBHBIE 3a1ayu:

— oOHapyXeHHe TpaeKTOpHuil teneH,

—— COIpPOBOXJEHUE L, .

— TpaeKTOpHbIE pacyeTbl B MHTEpecax MOTpeOuTesiell paaroaoKaluoH-
HOU MH(pOpMAaLIUU.

Puc. 6.1. ToscHeHMe crocoba aBTOMATHMYECKOTO QOGHADPYIKEHMA U COIpO-
BOXICHUST TPACKTOPHIA.

B manHOM naparpade paccMaTpMBAIOTCS OCHOBHBIE OIEPALMH, BBINON-
HsieMble B TIpollecCe peIleHMs] TepeuyMCIeHHBIX 3aaad.

OOHapyXeHue TpaeKTOpUi 1ieJieil B Tpoliecce BTOPUYHOMN 06pa6OTKI/I
OOBIYHO OCYIECTBJISIETCSl aBTOMaTU4ecKu, ¢ nomoinpio 1IBM. Paccmorpum
OMH W3 BO3MOXHBIX CIIOCOOOB aBTOMATMUYECKOTO OOHApyXXeHUs TpaeKTo-
pUM LieJU MO JaHHBIM JAByxKoopauHaTHoi o63zopHoit PJIC (puc. 6.1).

Ilycth mnosiBUuiach OAWHOUHAS OTMETKA B HEKOTOPOW TOYKE 30HbI
o03opa PJIC. OueBumHO, 3Ty OTMETKY HEOOXOOVMMO IIPUHATH 3a MEPBYIO
(HayaJIbHY10) OTMETKY TpaeKTOpUM HOBOW 1ieau. Temnepb, €cClid W3BECT-

198



HBbI Vg — MHHHMABHAA CKOPOCTD IBUKCHUS HEMH, U Vpaye — MakcH-
MajibHasl CKOpPOCTb IBIDKEHUS IIeJId, TO 00JacTh S;, B KOTOpOii cCliemyer
HWCKaTh IIPUHAIJICKAIIYIO 3TOil leMH. BTOPYIO OTMETKY B CJCAYyIOIIEM 00-
30p€, MOXHO IPEACTaBUTh B BUJAE KOJblA, BHYTPEHHUI PaauyC KOTOPOIO
Ryes =VamaaTo, @ BHEIIHMA — R youe = Viane? 0- Orepauust  popmupo-
BaHMA 00aCTU S; Ha3bIBAETCS CTPOOMPOBAHMEM, a cama 3Ta O0JacTb —
cTpoboM. B c1po6 Sy MOXKET IomacTh He 0[Ha, a HECKOIBKO OTMETOK. Kax-
IyI0 M3 HUX CJIEAyeT CYMTaTh KaK BO3MOXKHOE IPOAOJIKEHHE IIpearoarac-
Mmoii Tpaektopuu (puc. 6.1). Tlo AByM OTMETKaM MOXHO BBIMUCIMTH CKO-
POCTh U HampaBJICHHUE IBMKEHUST KaXIOW M3 TMpeArionaraeMbIX Lieneit, a 3a-
TEM PacCYMTaTh BO3MOXHOE ITOJIOXKEHME OTMETKM Ha CIICAYIOIIMIA (TpEeTHil)
0030p. Omepanust pacueTa HadaJbHBIX 3HAUCHWI ITapaMeTpoB (CKOPOCTH,
HaImpaBJIeHUs IBUKEHMST) HA3bIBAETCsI OLIEHKOM 3TUX 3HAYeHHH, a omepaLys
pacyeTa BO3MOXHOTO TTOJIOKEHMSI OTMETKM Ha CJeAyloluii 0030p — 3KCTpa-
noJsiueit (IpeackazaHueM).

Boxpyr sKCTpamoanMpoBaHHBIX OTMETOK (KOTOpble Ha puc. 6.1 0603Ha-
YeHbl TPEYTOJbHMKAMM) BHOBb 0Opa3yloTcsl KpyroBble CTPoGH! Sy, pasMephl
KOTOPBIX OMPEIENSIIOTCSI, MCXOAsl W3 BO3MOXHBIX OIIMOOK TpeacKazaHus
¥ GOpMUPOBAHKA OTMETOK. ECaM B Kakoii-1mbo ctpod S, B TpeTbeM 0030pe
IoIlajla OTMETKAa, TO OHA CUMTAeTCsl IPUHAIeXKAIlell K OOHapy:XKMBaeMoOi
TPAEKTOPUM M TpaeKTopus Ipomoirkaercs. IIpu IMonmagaHuyd OTMETOK B &
CTpOOOB TMOAPs MPUHUMAETCs pellieHre 00 OOHapyKeHWM TpaeKTOpUH,
1 OHa IepelaeTcsl Ha COIPOBOXKICHUE.

TakuM o6pa3zoM, B mpoliecce OOHAPYKEHUST TPACKTOPUM BBITIOTHSIOTCS
clefylone oIepalyn: CTpoOMpOBaHMe, MPOBEPKA KPUTEpHS OOHapyxKe-
HUS, OLIEHKAa HAYalbHBIX -3HAYEHUN I1apaMeTpOB TPACKTOPUU I10 MUHU-
MaJIbBHOMY OOBbEeMY JAHHBIX, 3KCTPAIOJSALMS IapaMeTpOB.

CrexeHre 3a TpPaeKTOpHEN LM COCTOMT B HEMPEPHIBHOM IPUBI3KE
K Heil BHOBb IOJYYCHHBIX OTMETOK M YTOUHCHUM IapaMEeTPOB [BIKCHUSL.
ABTOMATUUECKOE CIIEXEHNE 32 TPAEKTOPHEN LM OOBMHO HA3BIBAETCS aB-
TOCOIIPOBOXIEHUEM IIEJIH. -

PaccMOTpYM MPUHLIKIT pean3alii aBTOCONPOBOXIEHMS LI TIPU BTO-
puYHOi 00paboTKe MH(OpMalMKu 0030pHOK ABYX KoopauHatHoi PJIC.
ITycTb 10 OTMETKAM, IOJYYEHHBIM B TpeX 0030pax MOAps, IMPUHATO peLile-
HUe 00 OOHApYXeHWM TPAeKTOPHMH W OHA IIepedaHa Ha COIPOBOXIEHUE.
IepBast omepaliusi, TOMIEXaIast BBITOJIHEHUIO B MPOIIECCE aBTOCOITPOBOXK-
JEHMsI, COCTONT B YTOYHEHWMH IIapaMETPOB TPAEKTOPUH II0 JaHHBIM BCEX 3a-
MEpOB_KOOPAMHAT, PEalu30BaHHBIX B NPOLECCE OOHAPYKCHUS TPACKTOPUN.
Bropoii oneparyeif, peiaemoit B npowecce BTOCONPOBOKACHHUS, SIBISCTCS
SKCTPAIOJISILYS NAPAMETPOB Ha Crelylomii 0630p. B ominune ot panee
PacCMOTPEHHOM 3aaui OOHAPYKEHUS TPAEKTOPUU 3IECh 3Ta OIEepaIlius MO-
KET OBbITh BBIIOJHEHA 3HAYMTEILHO OOJIee TOYHO.

BreimermiM Temeph B 30HE 0030pa HEKOTOPYIO CTPOOHMpPYEeMyIO OO0JIacThb
C LIEHTPOM, COBIANAIOIIMM C 3KCTPAIlOJMPOBAHHOI TOYKOM. 3T1a 00JacTh,
KakK ¥ TIpexie, MOXeT ObITh KpYroBoil (Ha puc. 6.1 cTpoOBbI COIPOBOXEHUS
OTpaHWYEHbl NBOMHBIMU JIMHUSIMM). Eciu M3BECTHBI CTaTUCTUYECKUE Xa-
PaKTepUCTUKHU OIIMOOK SKCTPAMOJISILIMU U U3MEPEHUST KOOPAUHAT, TO MOXKHO
OnpeaeuTh BEpOsITHOCTb TMOMAaNaHus HOBOW OTMETKU B CTPOO COIPOBOXKIIE-
Husi. HaoGopoT, 3amaBIIMCh BEPOSTHOCTBHIO TMOIMAJaHMSI HOBOW OTMETKU B
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CTPOO, MOXHO DaccyuWTaTh €ro pa3Mephl. Temeph, €C/IH:pasMepsl cTpoba
BBIOpaHBI TaK, YTO BEPOSTHOCTh MOMAJAHUSI B HEr0 UCTUHHON OTMETKU BEJIH-
Ka, TO OTMETKY, ITOMAaBIIYIO B CTPOO, CJeAyeT CUMTATh NPHHAAJNEKAIRH TaH-
HOIl TpaeKkTOpMM, a OTMETKM, OKasaBIIMecs 3a IIpeaejaMu crpoba, —
JIOXKHBIMY WV NIPUHAUIEXAIIUMUA IPYTUM TPACKTOPUSAM.

B crpo6 compoBoxaeHMS MOXET IIOIAcTh HE ONHA, a HECKOJIbKO OTMe-
TOK (T7TaBHBIM OOpa3oM 3a CYET JIOXKHBIX OTMETOK). B cBfA3mM ¢ 3tM 1pe-
OyeTcsl BBIIOJHUTL HOBYIO OIlEpalldio — OTOOp IJISL .IIPOMOJIKECHUS TpaeK—
TOPUM OJHON OTMETKM W3- HECKOJBbKMX IMOMABIIUX B CTPOO.

HakonHe1, MoXeT BOHMKHYTh TaKasl CUTyalllsI, KOrga B CTpoOe He OKa-
KeTCsl HA OOHOM OTMeTKU. B 3TOM ciydyae Hambollee pa3syMHO IPUHSTH
SKCTPATIOIMPOBAHHYIO OTMETKY 32 MCTHMHHYIO M CUWTATh €€ IPOIOJIKCHNEM
TPaeKTOPUU. )

Takum 00pa3oM, B IPOLIECCE ABTOCOMPOBOXIEHUS LIEAU BBIIOIHSIOTCS
clIelylollle OIlepalliy: OLEHKa [tapaMerpoB TPaeKTOpPUU LENU; DKCTpa-
MOJISILIMSL TTapaMeTPOB TPAEKTOPUM Ha CIEAYIOIIMIA 0030p WM "HECKOJIbKO
0030pOB; BBIIEIEHNUE YIPEXICHHOU obnactu (cTpoba), B KOTOpOW C HEKO-
TOPOM BEPOSITHOCTBIO OXUAAETCS MOSIBJICHUE HOBOM OTMETKM; CEJIEKLIMS
OTMETOK B CTpOOE C LICJII0 BBIOOpA OMHOM M3 HUX I IIPOAOJDKEHUS
TpackTopun. CpaBHEHME ITOKa3bIBaeT, UYTO B TIpollecce OOHAPYKECHUS
TPacKTOPUM U aBTOCOIIPOBOXKACHUSI LIEJIA BBITOJHSIOTCS (DaKTHUUECKU OIHU
N Te Xe OoIepalnu.

HpI/I TPACKTOPHBIX pacyeTax IPOMU3BOIATCA TIJIABHBIM 06pa30M BbIYUCJIN-
TCJIbHBLIC OII€palrn TOYHOM OLIEHKU mapaME€TpoB TPACKTOPHUHN U ISKCTpario-
JIAOUU IapaMEeTpOB Ha OoJIbIIIME BPEMCHHBIC MHTCPBAJIbI.

6.2. CurHajibl ¥ TIOMEXM Ha BXOJAE CUCTEMBI
BTOPUYHOM 00pabOTKU

Ha Bxox crcteMbl BTOpUYHOU OOpabOTKM TOCTYMAOT (B BUIIE YWCIIOBBIX
KOIOB) OTMETKM, TMPEJACTABJISIONIME 3HAYeHUS] KOOPAUHAT MIHOBEHHOTO
TOJIOKEHUSI UCTUHHBIX IIeJICH, a TaKKe KOOPAWHAT TaK Ha3bIBAEMBIX 4JIOXK+
HbIX Leaek», 00pa3oBaHHBIX MOMEXaMH, MPOLICALIMMH (GUIBTP MEPBUIHOIM
.00paboTKu.

B 00lIEM BUIE CUTHAI Ha BXOIE CUCTEMBI BTOPUYHON OOpPaOOTKH MOX-
HO IPEACTaBUTb B BUIE CYMMBI IIOJIE3HOTO, CUTHAJIA U IIOMEXU, T. €.

Uy=U@® 6 +N (0, (6.2.1)

rae U (9, 1) — monesHblii CUTHAJ, TPEICTABISIONIMI CO00I TPaeKTOPUIO
nprkenus uemu; N (f) —momexa, mom KOTOpOW ITOHMMAETCS CITydaiiHbIA
NpOoLece, MCKAXAIONINI TPaeKTOpUIO, a TakXke 3aTpyIHSIONui ee obHa-
PYXEHUE U BOCIPOU3BENECHUE.

B nmanHoM mnaparpade PAcCMaTPUBAIOTCS  MPUMEHSIEMBIC B TpOLIEcCe
TMPOCKTUPOBAHMS CHCTEM BTOpI/I‘{HOI/I 00pabOTKM MOJEIU TOJIE3HBIX CUTHA-
JIOB U TIOMEX.
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6.2.1. Mamemamuueckue modenu 0ns ORUCAHUR mpaeKkmopuii yeaeil

TpaekTopusl IBUKEHUSI LIEIXA 3aBUCUT OT MHOTUX (DaKTOPOB U YCJOBHH,
TaKWX, KaK TUIT 1IeJU (a3poaruHaMIdecKas WM OaJUTHMCTUYecKas), BBICOTa
ToJieTa, CKOPOCTh, MaHEBPEHHbIE BO3MOXHOCTM W T. 1. Kpome. Toro; Ha
TPAEKTOPUIO LIEIM OKAa3blBACT BIMSIHME LEJbld psif caydaiiHbIX (DaKTOPOB,
CBSI3AHHBIX C BOMOXXHOCTBIO MPOTUBOACHCTBUS MPOTUBHMKA, HEPABHOMep-
HOIi TUIOTHOCTBIO CPElbI, B KOTOpOI/I TIPOMCXOMUT TIOJIET, HETOYHOCTHIO YII-
paBJIeHMS U . o .

IepeunciaeHHble (aKTOphl BBIHYXKIAIOT OTHOCUTb MHOXECTBO [0AJe:
WAUHX COMPOBOXKICHUIO TPAEKTOPUI K KATErOPUM CIYYaHBIX IMTPOLIECCOB.
1Sl CTAaTUCTUYECKOrO OIMMCAHMS 3TOrO MHOXKECTBA HEOOXOIUMMO 3HATh 3a-
KOHBI pacrpefenieHns BepostHocty ¢yukuyn U (@, {) wm napamerpos,
ee ompenemstioninx. OOIHAKO, KaK MPaBUIO, TAKKMX 3aKOHOB IOJIYYUTh HU
TeOPeTHYECKH, H 9KCIIEPUMEHTATBHO HE YIAeTCsI, YTO CBSI3aHO C U3BECTHOM
«anpuopHOi TPYAHOCTRIOH. ITosToMy B Ipolecce pa3pabOTKU aJrOpUTMOB
BTOPMYHOM 0OpabOTKM PAAHOJOKAUHOHHOA MHGbOPMAIIMK TIPUXOAUTCS 3a-
JAaBaTbCSI HEKOTOPHIMU -IIPEANONOXEHMSIMM (TMIIOTE3aMM), O XapakTepe
TMIOJIE3HOTO CUTHAJIa, T. €. MCXOMUTh M3 0ojlee WM MeHee HpaBﬂOHOILOGHbIX
MaTeMaTUYECKUX MOMEIEH TPaeKTOPHIA.

Huxe maTtemMaTryecKre MOIEIHU TpaCKTOpI/II/I pacCMaTpuBarOTCA OTJIEJ'I]J-'
HO ,[[J]ﬂ KOCMI/II{CCKI/IX I/I BO3£[YHJHI)IX LEJICH.

A. Monmenp TpaekKTOpUM KOCMHUYUECKOR wmenum [6,7]

HeBo3MylLleHHbIE TPAeKTOPUM KOCMHMUECKHUX LieNeit (KIL), non xoropbl-
MM BIajlbHEHIIeM IMOHMMATCS Oamnuctudeckue pakeTol (bP), umckyccr-
BeHHble cryTHUKK 3eMAH, (MC3) n kocMuyeckure Kopabim OTHOCATCS K KJ1ac-
Cy JeTePMUHUPOBAHHBIX q)yHKuI/H/I BpeMeHM 1 T1apaMeTpoB, BekropHoe mud-
¢epeHIMaTbHOE YpaBHEHUE BTOpOro NOPALKA, OIMChIBaIOIICe TPACKTOPUIO
nermkeHnsT KII B 1mose TsIroTeHUS 3eMITM, MMeEET BHIT [8]

b =1 (p/p%), | 6.2.2)

rme p — pammyc-Bektop KII oTHocuTensHo ueHTpa 3emm (pHC. 6.2);
u=3,986.10* ku¥/cex? — rpaBUTALIMOHHAA TMOCTOSAHHAS 3EMJIM.
BektopHoe mmddepeHUMaNbHOE ypaBHEHME (2) MOXET ObITh 3aMEHEHO
‘CHCTEMOJ M3 Tpex CKaAfPHHX nud@epeHLnaNbHbIX YPAaBHEHUI BTOPOIoO
Mopsiika, 3alMCcaHHbIX B KaKOW-JMOO cucteMe KOOpAWHAT. Hampumep, B
chepryeckoil cucteMe KoopAuMHAT (I — AAJIBHOCTh, [ — a3uMyT, B —
yroa MecTa) ¢ ueHTpoM B Touke mpussasku PJIC, cucrema mubdepeHImab-
HbIX ypaBHeHMI nBrkeHusa KII 3amucbiBaeTcs B BUIE

P4 fo(r, By e, 1, By &)= —p—S——,

pt
Agrcose +f5 (rr ﬂl g, f., B,.B)-':O
R-_\coss
8r+fa !’,[3 &, 2 ﬁl )-— —u. p‘ 4 . (6'2-3)
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* + & -
e ', B, e == ckopoctn u3MepeHusi cepPUYECKUX KOOPIMHAT; R3— pa-
auyc 3eMITH. . 3

Cucrema (3) ompenenseT ceMelCTBO KPUBBIX BTOPOIO MOPsIKA, 0 KOTO-
poiM MoxeT nBuratbcsd KII. [Ins BbIOOpa KOHKpPETHON KPHUBOM M3 3TOro
ceMeiicTBa HEOOXOIMMO 3HATh HadalbHble YCMOBHA, KOTODHIE NpeAcTaB-
JISIIOT cO0O0il TMOCTOSIHHBIE MHTETpUpOBaHMSI cUcTeMbl ypaBHeHUi (3). [Tos
CKOJIbKY CHCTeMa BKJIIOYaeT

Tpu I depeHIMaTbHBIX
ypaBHEHUsI BTOPOTO MOPSI-
K3, TO IOCTOSIHHBIX WHTET-
pUPOBaHUS  JOJKHO  OBITh
LIECTb.

ITocTosiHHBIE MHTETPUPO-
BaHUSI TPUHSATO Ha3bIBATh
napamMeTpaMi  TPacKTOpUU
KII. B kayecrtse ‘mapamer-
POB TPaeKTOPUU B paccMar-
pUBaeMOM  CJIydae  MOTYT
ObITh | BEIGpAHB! Tpu 3HAYe-
HUSI KOOPAWHAT ry, [, 8 U
TPU COCTaBIISTIONINX CKOPO-
CTW U3MEHEHUS 3TUX KOGPIH-
Har fy, fy, €4 B MOMEHT Bpes
_ MeHU 15, TIPUHATHIA 34 Ha-
Puc. 62. K mnpencrasienmio Tpaekropun KII.  yano greyera.

K coxanenuio ypaBHe-
HUsl (3) He UHTErpupyloTCsl B 3aMKHyToM Buae. [loatomy mpuxomutcs
JIM00 TPUMEHSTh YMCIEHHbIE METOObl WHTETpUpPOBaHUs, JUOO MCKATh
NpuOaKeHHbIe pelieHus1. OIHMM U3 BO3MOXHBIX TMPUOJMKEHHBIX METO-
JIOB pellleHus sIBjsieTcsl TpeactabieHue kKoopauHaT KII B Bume BpeMeH-
HbIX HOAHHOMOB

rig) = ro+;o(f““fo)+%(f—-to)z -}-:;—1 (F==f)8 ..
B (1) =Bot B (¢ —1,) +%(f—to)z+%(t--—to)3+...,

e(t) = eyt ey (f—1o) + 2 (t—tof'+ St — P+ (6.2.4)

. B mpoliecce peleHust cucTeMbl YpaBHEHUI (4) mapameTphl 7o, 7o Por Bos
€y, Ep OLCHMBAIOTCS 10 Pe3y/ibTaTaM paioJIOKALMOHHBIX HabaoneHHH,
BTOPbIC ITPOU3BOIHBIC OIIPCACIAIOTCA HEMOCPECACTBEHHO M3 YpaBHCHUU IBU-
JKEHUSI, a BbICILIME TIPOU3BOMHbBIE (TpPEeThsl, YeTBepTash M T. JA.) HaxXomsTcs
MyTeM TIoc/IenoBaTeIbHOro v depeHIMpoBaHus ypaBHeHUI ABHMEHHA,

YpaBHeHUST NBUKEHUST MOTYT OBITh 3allMCaHbl B IPYTMX CUCTEMax KOoop-
JIVHAT, YTO B CBOIO OuYepelb MPUBOAUT K M3MEHEHUIO Habopa IMOCTOSTHHbBIX
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UHTerpupoBaHus. Tak, Halpumep, npyu 00pabOTKE B MECTHOM IIPSIMOYTOJIb-
HOHI cucteMe KoopmuHar (puc. 6.2), ¢ LeHtpoM B Toyke O (och ¢ — 1o
MepuauaHy Ha ceBep, OCb Y — B 3¢HUT, ocb X — IIO IapaJlle/Id Ha 3aman)
TIOCTOSIHHBIMKM  MHTETPUPOBaHMsl OYAyT MpsSIMOYroJibHble KoopauHatel Kl
(%o, Ho» 2p) ¥ CKOPOCTYM U3MEHEHUS 3TUX KOOPIMHAT (Xp, Yo1Zo) B MOMEHT l,
MPUHSITHIA 3a Hadajo orcyera. IIpuOIMKeHHOE pellieHre ypaBHEHWIA OBU-
KEHUsI B 9TOM CJly4ae MIIETCS B BUIE MOJIMHOMUAIBHOIO IPENCTaBICHUS
KoopauHat x (£}, y (1) u e (1).

OTMETHM, YTO NOJMHOMAMM KOHEYHOM (HEBBICOKOIA) CTENEHN MOTYT ObITh
MpEACTaBICHbl  CPAaBHUTENBbHO  HEOONbIIME YYaCTKHA  OaTUCTUYECKOM
tpackTopur KII. B aTOM cCylecTBeHHBIII HEIOCTAaTOK ITOJIMHOMHWAJILHOIO
TIPUOTMKEHUS.

Pue. 6.3. Dumunruyeckaa op6uta KII.

PaccMOTPHM elle OOIMH M3 BO3MOXHBIX BapHaHTOB IIPEACTABIECHUS TPACKTOPUU
mBukeHuss KI[ [12].

Tpaekrtopusi aBuxenusi KII Ha ydacTke moJieta, MPOUCXOASIIETO MO AEUCTBUEM
cuil wHepuuu, HasbiBaetcs opoburoit KII. Opbuta MoxeT ObITH JTUNTUYECKOU (Kpy-
roBoit), mapaGoanvYecKoil U TUIepOoInYecKoi. OrpaHUYMMCST 3[eCh TOJIBKO Clydaem
SJUTMIITUYECKON OPOUTHI.

OCHOBHBIMM TOYKAMU M JIMHUSMU SJUTUNTUYECKON OpOUTHI siBisiiOTCs (puc. 6.3):
Il — mepureit — Oamxaiimass K 3emjie To4ka oOpOuTh; A — amoreii — HauboJjee
yoajeHHass OT 3eMJIM TOoYKa OpOuWTHI;, auHus All — JHHHA ancung;, Todka B — Boc-
XOIAIIni y3en OpGHTH —— TOYKA, B KOTOPOIl OpOMTa IepecekaeT IUIOCKOCTb 3KBATO-
pa npu nepexone KII u3 1oxHOro moiymapus B ceBepHOe; Touka H — HucXomsmuii
y3eq OpOUTBHI — TOYKA, B KOTOPOil opOMTa TepecekaeT IUIOCKOCTh dKBAaTopa IpH Iie-
pexome KII[ u3 ceBepHOro mojyimmapus B IoXHoe; nuHUs BH, coemmusmonas Bocxo-
ISIIAN M HUCXOISIIUA y3JbI, Ha3bIBaeTCsl JHHHCH y3710B.

OpueHTalus, TUIOCKOCTH OPOMTBI B MPOCTPAHCTBE OMNpenessieTCss IByMsl Tapamer-
pamu: 1) HakimoHeHumeM op6uthl { (pHe.6.3) — YIIOM MeXIy IUIOCKOCTBIO 3KBaTopa
M IUIOCKOCTBIO OPOHTH, 2) TPSIMBIM BOCXOXICHHEM BOCXONANIETO y37da Q — YIJIOM
MeX/y HalpaBJIeHUEM HA TOYKY BECEHHEro PaBHOAEHCTBUS Y M Ha BOCXOMSLIMU y3el
B, OTCUMTHIBAEMBIM B TUIOCKOCTHM 3KBaTOpa IMPOTUB YaCOBOM CTPENIKH.

IMonoxXeHe OpoUTHI B e TIIOCKOCTH ONpenensieTcs apryMeHTOM Tiepures @ —
YIJIOBBIM PACCTOSIHUEM TIepUTesi OT BOCXOJSILIETrO y3ja, OTCUYMTHIBAEMBIM B IJIOCKOCTH
opObuThl MO HamnpapieHuo mnojera KII. '

- Bum v pasmepsl 3JTUNITUYECKONH OPOUTBI OMPEICNSIIOTCS OOJIBIION TMOJYOChI0 Op-
OUTHl @ U ee SKCUEHTPUCUTETOM e. Bonbmias moiyoch OPEHTHI—3TO pacCcTOSIHUE, PaB-
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HOC [0JIOBMHE [UIMHBI JIMHUI amncull, a 3KCLEeHTPUCUTET e — OTHOLIeHHe (POKYyCHOTro
paccTosiHUs K OOJbIION Tojyocu. MexXIly a U e MMeeTcsl OIHO3HAauyHasl CBSI3b

= p/(\ — €Y,

rae p — HasbpiBaeTcs (POKalIbHBIM MapaMeTpoM opOuThl. IlosToMy st XxapaKTepuCTUKU
OpOUTHI MOTYT OBITb TAKXe B3ATHI MAapaMETpPhl p U e.

IMonoxenne KLl Ha opbute omnpenensercss MCTUHHON aHOMaiMeil O — yraom
MeXIy HampaBjieHUeM B mepureil 1 B Touky MectoHaxoxneHusi KII Ha opb6ute, or-
CUMTBIBAEMBIM B TJIOCKOCTH OpOMTHI MO HampamieHuio mnojera KII.

Takum obGpa3om, IIecTepka mapaMeTpoB i, Q, @, p, e, O IOJIHOCTBIO OIpenessaeT
auntuyeckyto opouty KILI. Bo3moxHbl u npyrue Habopbsl mapameTpoB [0].

[TapaMeTpbl 3JUTUTITUYECKON OPOUTHI MOTYT OBITH HETMOCPENCTBEHHO BBIYMCIICHBI
[0 pe3yJbTaTaM paavOJOKALMOHHBIX HabJKAeHAH, nmpuueM Ui BBIYMCIIEHUS] Hadyallb-
HBIX 3HAYEHWI 3JUTUNTUYECKUX TapaMeTpoB HEOOXOMMMO WMETh [1BA pPa3HECEHHBIX BO

- BpeMeHU m3MepeHus: chepuyeckux KoopauHat KII [7]. IMocrenyiomue n3MepeHUs MC-
MOJIL3YIOTCS TSI YTOUHEHUs (CTJIaXXWBaHUsI) 3THX IapaMeTpoB. ;
~ HenocpenctBeHHoe criiaxkMBaHue B Ipoliecce BTOPUYHOI 0OpabOTKM IapaMeTpoB
opOouTH obOieryaer 3amaunm oOHapyxXeHus MaHeBpa KII, mo3BoisieT cpaBHUTEIBHO
MpocTo TNpousBoauTh kiaccudukanuio KL mo Tunam, obierdaer pacyeT Touek crapra
u nameHuss bP u 1. n.

K HemocraTkam Takoro MeTtoma TipeactaBieHusi Tpaekropuu KII oTHocsTCs:

I. CnoxHocTb BBIYMCIIGHMS TIApAMETPOB OPOUTHI 4Yepe3 HabJIogaeMble KOODAU-
Harer KL

2. MemieHHasl CXOOMMOCTb Mpoliecca YCPeIHEHUsI 3TUX TapameTpoB H3-3a 0O0Jib-
IIUX ONIMOOK BBIYMCIICHUS W CJIOXHOW CTATUCTUYECKOW CBSI3M MEXIY TEKYIIMMU BbI-
YUCJCHHBIMU 3HAYCHUSIMU.

OrkinoHeHus: Tpaekropuu mosneta KII ot 3amanHoi muddepeHIIMaIbHBIM YpaBHE-
HMEM [ABMXEHUs (2) Ha3bIBAIOTCS BO3MYIICHUSIMU, a COOTBETCTBYIOLLAA TpaeKTOpUs
Ha3bpiBaeTcsl BOaMylleHHoH., OCHOBHBIMM BO3MYUIAIOLIMMU CWJIAMM  €CTECTBEHHOTO
MPOMCXOXICHUST SIBJISTIOTCSI CUJIbI, BO3HUKAIOUIME M3-3a HELEHTPAIbHOCTH TIOJS Tsi-
roteHust 3eMiau U cwibl npuTskeHus JIyHbsl, CojiHIIA M TUTaHET.

BosMmymatonye CHIbI €CTECTBEHHOTO ITPOUMCXOXACHUS B OOJBIIUHCTBE CAYHa&B
MOTYT OBITb YYTEHBI B TPOLECCE MOCTPOEHUsS TPAEKTOPMM Kaxmoi KOHKpeTHo# KII.

BosMmymaromue cuiabl MCKYCCTBEHHOTO IPOUCXOXIEHUSI OOBIMHO  CO3MAIOTCS
BKJIIOYEHHMEM CITeLIMaIbHBIX paKeTHbIX aBurarenein misi MaHeBpa KII ¢ menbio mepexoma
C OIHOM OpPOUTHI Ha NPYTYIO. DTH CWIBI, OCOOEHHO B KOH(JIUKTHBIX CUTYaIUsIX, MOTYT
ObITh YYTEHBI TOJBKO CTAaTHUCTUYECKH.

I'paHnyYHbIC 3HAUEHUS] YCKOPEHUI MaHeBpa MOTYT ObITh OLEHEHBI CJ'ICI[yIOLLII/IM 00-
pasoM.

BpeMsi omHOpa3oBOro MaHeBpa OIpeiessieTcss 1Mo (opmye

tM = GTM-”GC’

rie Gpym — BEC TOIUIMBA, TMpeIHAa3HAYeHHOTO [UIsl JBUraTessi MaHeBpa (aAM), Ge —
CeKyHOHBIM pacxon TorumBa JIM.

CBs3b M3MeHeHMs] MoayJsi BekTopa ¢kopocT® KI[ ¢ pacxomoM TomuiMBa Ha ero
cosmpanue onpenensercs mno gopmyne LlnoakoBckoro

>
AVy=V, Inp ——, (6.2.5)
GS"'GTM

roe Gz — Bec K1l go Bkmouenus IM; Vi — BeKTOp’ CKOpOCTH HCTEYeHKA IIPONYKTOB

cropanus mpu pabore IM.

O0bIHO BeKTOp AVy NPUKIANBIBAIOT MOM HCKOTOprM YIJIOM K BEKTOPY CKOPOCTHU
KII. HampuMep, mpu TOPMOXEHUM C IIeJIbIO Tepexoma Ha 0ojee HMU3KYIO OpOUTYy, BEeK-
Top AV)y TpUKIanbIBaeTCS TION YIJIOM a K HampaBieHuio Bekropa ckopocti KII
(puc. 6.2). B srtom cayyae 1o Q)opMyne (5) ompenensieTcs l'IpOCKLlI/IH MpuUpalieHus
BekTOopa ckopoctn AVy = AV COS a.

Taxum o6pasoM, ecnu ussectHbl Bec KII, 3amac TomiuBa Ui MaHeBpa M Xapak-
. TEPUCTUKU JIBUTATENsl MAHEBPA, TO BOCIHOJIB30BABIIMCH OYEBUIHBIM COOTHOIIEHUEM
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AV = iy, MOXHO OIpEAeIUTh BEKTOP AOMOJHUTEIbHOTO yckopeHus KL Ha yvact-
Ke MaHeBpa. Pasmaras majee BEKTOp gy I10 OpTaM NPHHATOR cucrembl KOOPIMHAT,
MOJIyYUM COCTABJISIIOIIME BEKTOpa MOIMOJTHUTEIBHOIO YCKOPEHUS, KOTOpble HA00XOmM-
MO TIpuOaBUTh B IpaBble YacTW CUCTEMbl YpaBHEHMI IBMXeHMsT (3), 4TOOBI ONMCATh
TpaeKTOpUI0 NBUXeHUs MaHeBpupyoueid KII.

B nanpHeiinieM CcOCTaBIAIOIINE BEKTOpPAa gy OyIeM Ha3bIBaTh WHTEHCHBHOCTHIO
MaHeBpa II0 COOTBETCTBYIOIIMM KOOpPAMHATAM.

OOBbIYHO CUUTAIOT, YTO B MOMEHT BKJIIOYeHUs [IM HMHTEHCHMBHOCTb MaHEBpa U3Me-
HSIETCS CKAUYKOM OT HYJISl IO MAaKCHMaJbHOIO 3HAYeHUs M OCTAeTCs Hajee HEM3MEHHOM
0 KOHLA MaHeBpa. CNeoBaTeRbHO, Kaxaas OTAeN]bHAasd TPAeKTOPUS MAaHEBPUPYIOILEH.
KII moxeT ObITh TIpeicTaBjieHa B BUAE IIpoliecca CO CKAYKOOOpasHbIM B CiydyailHble
MOMEHTBl BpEMEHHM H3MEHEHHeM IlapaMeTpoB. /sl MHOXeCTBa TpaeKTOPUU MaHEBpU-
pytouiux KII MHTEHCUBHOCTh MaHeBpa IO KaXJA0W KOOpAMHATe MOXHO CUUTaTh CIy-
YaliHOI BeJIMYMHOM, paclpeie/eHHOI PABHOMEPHO B MHTepBase {—gumaxe =& &m Mauc)

Tak Kak NpoAOJHHTeIbHOCTHL MaHeBpa orpaHuyeHa (mopsiaka 30—=-300 cex), TO,
€CTeCTBEHHO, OOJIBIIIYIO YacTh BpeMeHU mnosera Tpaekropus KL sBiseTcs HeBo3MylleH-
Hoil. BeposTHOCTh TOro, uro tpaektopusi KII siBasieTcss HeBO3MYIIEHHOH, MOXHO
MPUOTMKEHHO OMpeneNuTh Mo dhopmyse . 3

=1 —py =(ty _?M)-"?H'

rae fy — cpeaHee BpeMsi HaOmoneHust tpaektopuum KII, {4 — cpeaHee Bpemsi Mas
HeBpa KII, pPu — BeposATHOCTb Hanuuus MmaHeBpa KII. ¢

PacnipeseneHrie MOMEHTOB BpeMEHM Hayaja M KoHLA yyacTka MaHeBpa KII Todk-<
KO B TPOCTEHIIeM Cilydyae MOXHO MPHUHATh PAaBHOMEPHBIM B MHTEepBaje BPEeMEHU Ha-
omonenus tpaektopuu KII. B koHbauKTHBIX cuTyaunusix, rAe maneap KII moxer
OBITh MCITOJIB30BaH KaK CPEICTBO MPEOAOJIeHUs] 000POHBI, 3TO pachpesesieHue, eCTecTs
BEHHO, HE SIBJISIETCSI PAaBHOMEPHBIM M JIOJKHO OBITh OLEHEHO B KaXIOM KOHKPETHOM
ciydae.

b. Monens TpaeKTOpPHMHU BO3AYIIHON Ii€JH.

Tpaektopusi BozmymHoit 1eau (BII) He oTHocUTCs K Kiaccy AeTepMU-
HUPOBaHHBIX GYHKUHHA H 418 Hee, BOOOIIE TOBOPS, HE MOKET ObITh 3aIICaHO
ypaBHEHHUE, OINpeaessoliee (PYHKIMOHAIbHbBIE CBA3M MEXIy NapaMeTpamu,
KaK 3TO MMeeT MecTo [t Tpaektopun KII. OqHAKO M B 3TOM CJIy4ae OCHOB-
HbIM SIBJISIETCS TIOJIMHOMUATbHOE TIpeACTaBlieHWe TPAaeKTOPUM Ha BCeX
yJacTkax NosieTa, npuyeM Bce KO3(hOUIIMEHTHI TOJMHOMA IOJDKHBI TeTlepb
OLIEHMBATLCS IO JAHHBIM M3MEPUTENIbHOM CHUCTEMbI, T. €. IO-RaHHBIM pa-
JIMOJIOKAITMOHHBIX ' HAOMOAeHN. B 3TOM COCTOMT CyILECTBEHHOE YCIOXKHE-
HMe 32[a4¥ BOCIIPOU3BENEHUS 10 PATUOIOKALIMOHHBIM JTaHHBIM TpaeKTopI/II/I
BII o cpasuenuio ¢ tpaekropueir KII.

O6bIyHO TpaekTopuio BLI 1e1T Ha yJ9acTKU NPAMOJIMHERHOIO U PaBHO-
MEPHOTO ABMXXEHUSI W Y4YaCTKM MaHEBPUPOBaHUSI, KOTOpbIE YepemyloTCs
CIyJaiiHbIM JJIsS1 Ha3eMHOro Habjtomaresisi (CMCTeMbl 0OpabOTKU) OOpa3oM.
ManespupoBaHue BIl MoxeT ObITh IT0 CKOPOCTH 1 HaIlpaBjlIeHMIO. MaHeBpu-
POBAHNE MO CKOPOCTH OrPAaHMYEHO JIOMYCTUMbIM TaHTCHUMATLHBIM YCKOpe-
HyeM, He IIPEBLILIAIOIIHM (0,8 v 1) g. ManeBpupoBaHue 10 HApPaBIEHUIO
(Bnpa>|<) MOKET OCYLIECTBJIATLCA CO 3HAYHTEbHO OoJbIlIell TIEPEerpy3Ko,
nopsnka (3—>5)gs. B mpocTeiinem cirydae MOXHO ITPEIIONIOXKHUTD, .YTO OC-

_ HOBHBIM BMAOM MaHeBpupoBaHus BLI siBisieTcst BUpax no Kypcy Ha HOCTO-
STHHOM BBICOTE C MIOCTOSTHHBIM HOPMaJIbHBIM YCKOpPEHWEM (TIeperpys3Koii), T. &.
IO Jyre OKPYyXHOCTU. B 3TOM ciygae mpoekums tpaektopuu BIl Ha Fo- -
PU3OHTATBHYIO ITIOCKOCTD “TIPENCTABISIET- ¢060f TOCIeIOBaTeIbHOCTD TIPS~

* MOJIMHEMHBIX OTPE3KOB, - CONMPSDKEHHBIX AyraMu OKPYXKHOCTEW pa3IuyHOro
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paauyca. MUHUMAaNTbHBIA paguyc AyTU OKPYKHOCTM BUpaxa CBsI3aH C JO-
MyCTUMO# TNEPErpy3KON oy (POPMyYIION

RMnH=Vi/go ]/nion—“l- (6.2.6)

Bupax cuurtaercss paBHOBEPOATHBIM B 00€ CTOPOHBI OT TE€HEPATLHOIO
Kypcd. [IJI0THOCTD BEpOSTHOCT KPUBU3HBI £ — [/RIyru OKpYXHOCTH BR-"
paxka MOXET ObITb alIIPOKCHUMUpPOBaHA (PopMyJIoit

w (K) = (1 — py) § (K— 0) + mexp( %) (6.2.7)

I€ Py— BEPOSTHOCTb MAaHEBpa LIENM, ONpeleieMas U3 alpyUOPHBIX NaH-
HbIX WIM IO pesyiabrataM HabmomeHuii; 6 (K — 0) — nenbra-GyHKIm;
O% — AWCMEpPCHN KPUBU3HBI OYTM OKPYXKHOCTU BHpaxXa.

BMecTo ITIOTHOCTM BEpOSTHOCTH IS KPMBU3HBI IYTH OKPYKHOCTU BU-
paxa, aHaJOTMYHBIM OOpa3oM MOXeT ObITh 3ammcaHa ¢opMyna IS IUIOT-
HOCTU 'BEPOSITHOCTA HMHTEHCUBHOCTA MAaHEBPA Ly

HeobxommMo mMeTh B BUAY, YTO IpU 00OpabOTKe B cPpeprUIECKOM CHUCTEME
KOOpAMHAT M3MEHEHME BO BpPEMEHM TEeKYILIMX KOOPAMHAT JaKe HEMaHEBpU-
PYIOLIEH LIEJM MOXKET OBbITh IPEACTABIEHO TOJBKO ITOJMHOMAMH, CTETIEHH
BbILIE TIEPBOM. DTO 3aTPYIHAET CEJIEKLUUIO YYACTKOB IPSIMOJIMHERHOIO
mornera BIl or ydacTkoB BMpaxa maxe B paccMaTpiBaEMoM MpocTenIIeM
clyJae.

B najbHeWIEM IpeAnosaraeTcs, 4yro MaHEBPUPOBaHUE BLl OCYIIIECTB-
JISIETCST HE3aBUCHUMO 0 KXol U3 HabmomaeMbIx KoopauHat. I[Iponecc u3-
MEHEHUsI OTIEAbHO B3SITOM KOOpAMHAThl MaHeBpupyloluein BLl mpencraB-
JISETCS B BUAE CyMMbl NMOJHHOMH&EAbHON (QYHKIMM, OIMCHIBAIOLLEH IBIKE-
HME Ha JIMHEWHOM YUACTKe, U CIyJalHOro Ipolecca C HyJIeBbIM MaTeMaTu-
YeCKUM: OXXMIaHWEeM M KOPPEISIIIMOHHON (DyHKIIMEH BUOa '

R (1) = 074 exp (—AT), B (6.2.8)

e O'gu'-"-I[I/IC]'IepCI/IH MHTCHCHBHOCTU MaHEBpPA, A — CpCaHAAd 49aCTtoTa M3-

MCHCHUA MHTCHCUMBHOCTHM MaHEBpaA.
Takast mMomenb TO3BOJSIET YUYUTLIBATL CBA3b MHTCHCUMBHOCTHM MaHCBpA

B HACTOSILLIMI MOMEHT C HHTEHCHBHOCTBIO MaHEBpa B MPEABIAYILIIE MOMEHTH,
T. €. IO3BOJISIET PacCMaTpUBaTh IPOLECC M3MEHEHMsSI MHTEHCUMBHOCTM Ma-
HeBpa Kak MapKOBCKEH mporecc.

6.2.2. Cmamucmuueckue xapaKxmepucmurku nomex

Momexamn TPH BTOPUUHOIK 0GPAaGOTKe PATMOIOKAIIMOHHOI vHbopMAIK,
_rnapHbIM 06pa3oM, ABISAIOTCS:

— OLMOKM M3MEepeHUsl KOOPIMHAT,

-— JIOXKHBIE OTMETKMU.

A. Omunb6ku u3mepeHH A OTHOCUTENIBHO 3THUX olm6oK o6qu-
HO' IPUHUMAIOTCS CJIEAYIOIIUE UCXOMHBIE TMPEITOCHUIKN:

1. OumbKy HM3MepeHus MO HE3aBUCUMBIM HaOIIOJaeMbIM KOOpIMHATAM
Lend He3aBHCHMBL MeXIy coOoi. DTO MO3BOJIAET PACCMATPUBATL CTATUCTU-
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YyecKre XapaKTePUCTUKU OIIMOOK M3MEPEHUST IO KaKIOW He3aBHCHMOY 13-
MepsieMOil KoopAauHate pasfenbHOo. B nmanbHeifiieM B KauyecTBe HaOoma-
eMoil KoopauHaThl OyneM OpaTh AabHOCTh £ W MPENCTaBIISITh U3MEPEHHOE
3HAYEHHE 3TOM KOOPAWHATHI B BUAE

ry=r (%, fzj+Af:.

rne r (&, {)) — uctMHHOe 3HaueHWe KOOPIMHATBI B MOMEHT BpeMEHU f;;
Ar; — ommbKa u3MepeHus; ¢ — BEKTOp IapaMETPOB TPAEKTOPHH.

2. Oumbku Ar; Kaxmoro OTAEIBHOTO M3MepeHUs HaOIomaeMoil Koop-
AWMHATbl TOAYMHEHbBI HOPMAJIbHOMY 3aKOHY pacrpeacjCeHus BEPOATHOCTU.
HﬂOTHOCTb BEPOATHOCTU [JId OAMHOYHOIO 3HA4YCHUA r'; 3aIlMcCbIBacTCA

B BUJIE
ry— 2
w(rilﬁ)z—l_—exp[——ﬁ—M],- (6.29)
Vene;,

e 6% — aucrepcus (-ro OTcYeTa KOOPAMHATHL.

3. COBOKyIHOCTb OmmboK Ary, Arg, ..., Arn U3MepeHUsT KOOPIUHATEHI
B MOMEHTHI BpeMeHHU Iy, fg, ..., En IIPENCTABISIET COOOM IC-MEPHYIO CUCTEMY |
KOPPEIMPOBAHHBIX, HOPMAajbHO PACMPEIeNOHHEBIX CIYJAHBIX BEJIMUYMH.
I CTaTUCTMYECKON XapaKTEPUCTUKKM TAaKOM CHUCTEMBI CITYYalHBIX BeJHs
YUH HEOOXOIMMO 3HaTh: f MateMatrdeckux oxunanunii M [Ardli= 1,2, ...,
vevey JI); N OUCTIIEPCHIA or’a; n{n — 1)/2 KOppeIsLMOHHBIX MOMEHTOB
N = M[Ar,Ary], xapakTepusyronmx MonapHylo KOPPEISLMIO BCEX CITy-
YafHBIX BEJIMYMH, BXONAIINX B CUCTeMY. JMCIIEpCMM M KOPPETSLMOHHBIE
MOMEHTBI YIOOHO pACITOJIOKWTh B BUIE KBAIPaTHOW MAaTpWLLI pa3sMep-
HocThio (1t X 1)

2
or, Nu Ny ... Ny,
Nau Ur: Nog . Ny,

+ 2

N=I| Ny Ny Org et Ny o

e weewh S P

an Nn'& 'Nna vee Or

DTa MaTpuUa Ha3bIBAETCH KOPPETALMOHHONW Marpulieil ommoboK. Juaree
HaJIbHBIE 3JIEMEHThl KOPPEISILMOHHOM MATpUIbl OLIMOOK IS OOLIHOCTH
MOXHO 3aIlMcaTh TakXXe B BUIE cr?‘ = Ny CuMMETpUYHBIE OTHOCUTEJIBHO
IVATOHAIM 3JIEMEHTHI KOPPEJAIIMOHHON MaTpuIlbl CLIHOOK . paBbe‘Memny
C060ﬁ, T. €. NU = N“.

B ciydae, xorga ommOKyA M3MepeHWs HEKODDPEeAHPOBaHbI, BCE 3JEMEHs
Thl KOPPEJSLIMOHHON MaTpMIIbl, KpOME JUAarOHAJIbHbBIX, paBHbI HyI0. Takas
MaTpulia Has3bIBaeTcsl JHATOHANBHOH,

" 4. HauGosee CyIIECTBEHHBIMHA COCTABIISIIOIIAMU OINMOOK HM3MEPEHMS
KOOPIWHATHI SIBJISIOTC: _

IlymoBas cocTtapisoniasi, o0ycJIOBI€HHAsI BIUSHUEM BHEIIIHUX U BHYT-

pPEeHHMX ITOMeX. 3HA4YeHMSI IIyMOBOM COCTaBJISIONIEH OIIMOOK SIBJISTFOTCSI
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HE3aBUCUMBIMU OT U3MEPEHUS K M3MEPEHUIO U XapaKTepU3YIOTCH KOppes-
LIMOHHOW MATpHUe# Buma

o, 0 ... O
1 7
O Ow .,. O
N = LT
m_ LA LRI *» + « * e i
0 0. o.in

JIMaroHaabHbIE TIEMEHTHI 3TOM MaTPULBI, TIPEACTABIIAIOLIME COOOM 3HAUYEHMSI
JIMCTIEPCUM 1IIYMOBOI COCTABJISIIONIEH, 3aBUCST OT OTHOIIEHHMS CUTHaJIa K TI0-
MEXe U OIPEHCNISIoTcS 110 (hopMyIie

1 Gy = Ouig {7/ 7o),
Ime ro — HeKoTopas (UKCHUpOBaHHAS AaJbHOCTh, IUIsI KOTOPOM orlpene-
JICHO 3HAYeHUe CTEy-

OAOKTYaUHOHKHAA COCTaBNAIONIAs, OOYCJIOBICHHAsT OBICTPHIMU  CITy-
YallHbIMU BO3MYLUEHUSAMU, *HMEIOWKMH MECTO B M3MEPUTEJIBHOM CUCTEME
PJIC. 3nauyenus GIIOKTYaUHOHHOA coCTaBIsolell NPUMHUMAIOTCS He3a-
BUCUMbIMHM OT OAJTBbHOCTU M XapaKTCPUI3YIOTCA KOppeHH]_lI/IOHHOVI MElTpPILleI
BUIA
.- N(b = 0% In,

e Oq, — JIUCIIEpCUS (meKTyauHOHH ot cocrapnsoleit; [, — eIMHUYHAs
MaTpulia Mopsiaka (ern)(T €. MaTpHlia, B KOTOpPOW JMaroHajJbHbIE ane;
MEHTHI paBHBI €IUHUIIE, a OCTaJbHHE — HYJIIO).

- Cucrematnyeckasi COCTABJISIIONIASl, MMEIOIAsl TIOCTOSIHHYIO BEJIMYUHY
nnsg ganHoii PJIC B TeyeHMe OHHOTO ceaHca M3MEPEHUI, HO CIIydailHO U3-
MEHIoIasicsl OT ceaHca K ceaHcy. KoppensiuuoHHasi MaTpulia cUCTeMa-
TUYECKOI COCTABIISTIOILEH 3aIlMCHIBAETCS B BUIE

Ny=0alE,, A

rme O — RHCMEPCHS CHCTeMAaTUYecKOM cocrapnstiolieit; K, — matpuia
nopsiaka (n ), CoCTaBlIeHHAs. U3 €OUHUL.

MemieHHO MEHSIIOIIMECS] BO BPeMEHU M IIPOCTPAHCTBE COCTaBIISIOIINE,
OCHOBHBIMM W3 KOTODBIX sABJIsOTCs [2]: peryiasipHas tpomnocdepHas u HHO-
cdepHas oImIMOKM, HEeperyiasipHas TporochepHass U MoHOchepHas! OIIMOKU.

OnIHOBpeMEHHBIM YJeT BCEX COCTABJSIIOLIMX OIIMOOK W3MEPEHUS! BPSII
I 1ierecoo0pa3eH M3-3a BO3ZHMKAIOIIMX TPU 3TOM OOJIBIIMX TPYIHOCTEH
CHHTEFA aITOPUTMOB OLIEHKM IIapaMeTpoB TpaeKropuu. OGbIMHO BO Bcex
CHCTEMAaX YYUTBIBAIOT CIyJaiiHbIe (IITYMOBYIO M (DIIOKTYallMOHHYIO) U CHCTe-
MaTU4ecKyto coctapsitonie. I[Ipu 3ToM cymmapHasi KOppeisiiMOHHass MarT-
puLia OMIMOOK M3MEPEHMs KOOPAMHATHI HAXOMWTCH IO TPaBUILY

o N = Ny + Ny + Ny

HaroMHuM elie pas, yTo cyMMapHasl KOppelsLIMOHHAs MaTpULia OMIMGOK
HMBET mopsimok  (nXn}.

& 208 * | -



5, VcoBHas IUIOTHOCTb BEPOSTHOCTH A-MEPHONR BHIOODKH Koppenu-
POBAaHHBIX HOPMAJIBHO PACTIPENCIICHHBIX CIyYalHBIX BEJIWYMH 3aMTHCbIBaeTca”
B BHIEC

' ! 1Kyl
W(ry, Igseonr Ty | )= ——I—exp [ Ar,Ar,] ;
(2a)nlle i 1_2”21 IN o
(6.2.10)

rne |N| — onpenenurenb KOppersiiMOHHO Matpuiibl N OIIMOOK HM3Mepe-
Husg  KoopauHatel, | Ky |-— anrebpanueckoe nomonHeHue  onemeHTa Ny
B onpenenutene j N |, IpeacTapisioliee coboii onpenennTeb MATPHLE, MO-
JIy4€HHOM 13 MaTpuuibl N BHIYEPKHBARHEM {-# CTPOKHU 1 f-ro cronbua, YMHO-
KeHHbIi Ha (—1)¢+.

JBofiHas cymMa mos 3HAKOM SKCTMOHEHTHI B BbhipaskeHuu (10) HasbiBaeTCs
KBagpatudyHoi $opMof. JIns KBaapaTMYHO (DOPMBI MOXHO ITOJNYIUTH 0O-
Jee ynoOHoe TpU MpeoOpa3’oBaHUSIX U SKOHOMUYHOE B 3aNHCH BEKTOpHO-
MaTpUYHOE MPEJCTaBICHNE. YCIOBUMCS MOCIEI0BATeILHOCTD OIIMOOK W3-
mepenus Ary (i = 1, 2, ..., n) NpeNCTaBIATL B BUIE M-MEPHOTO BEKTOp-
crosoua

ArT=)Ar, Ary .. Ary,

rme T — 3HaK TPaHCIIOHUPOBAHUSI.

Onementel | Kyz|/| N | B Boipaxenuu (10) o6pasyior KBaJIpPaTHYIO MaTpu-
Iy TOpsAKa N X 11, KOTopas SIBISETCS OO0paTHOM K KOppeJ'ISILH/IOHHOI/I Mar-
pulie OIIMOOK H3MEepeHHs, T. e.

|KybIN|=N7* 4 j=12 n,

tne Nj;' —snement o6paTHOH KOPPEJISILIMOHHOM MAaTPHLIBI OLINOOK M3Mepe-
HUSI, CTOSIILIVIA Ha TiepecedeHnu i-H CTpOKM W j-r0 croidua (3HauyoK (—1)
CAYHHT /il 0003HAUYEHUSI OOpaTHOW MAaTpULLBI).

Hcnonb3ys BBefieHHBIE 0003HAYCHUST, KBAIPATHYHYIO (hopMy B BbIpaxke-
Huu (10) MOXHO MpencTaBuTh B Bm[e CJ/leqYIOIEL0 BEKTOPHO-MAaTPHYHOTQ
TIPON3BENCHNS

2 E lK”i.Ar‘ArJ=AI"TN'1Ar- . (6‘2.“)
e ] fm=1] ENd

B crpaBemmMBOCT BBIpasKeHUS (11) JIETKO YOemUThCsI HETOCPEICTBEHHBIM
TTOICYETOM.

I[pu BekTOp HO-MATPUUKHOM IPEACTABICHNN KBALPATUYHO!M - GQPMI
VCJIOBHAST TUIOTHOCTB- BeposiTHOocTH (10) 3aImvchiBaeTCsSl B BUIE

@7y, gy v 1| ) = exp [—-‘- ArTN'IAr]. (6.2.12)

1
@m™EIN]'2
Beipakenne (12) siBisieTcsi OCHOBHBIM TP CHUHTE3€ ONTUMAIBHBIX ajl-
TOPUTMOB OLICHKH IapaMeTPOB TPacKTOPUHU. £
b. Tox HE ¢ 0TMeTKH, Ecin noMexa gBasgerca crauuouapaoﬁ,

TO JIOXHBIC OTMETKM BO3HMKAIOT CJIyYaillHO M HE3aBUCUMO IIpYT OT Jpyra.
OOBIYHO B 3TOM CJIy4Yae CUMTAIOT, YTO BO BPEMEHH IOTOK JIOXKHBIX OTMETOK
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ABJSETCS. OPIMHAPHBIM U HMEET IOCTOSIHHYIO 1MOTHOCTE'A; B mpouecce
0030pa JIOXXKHBIE OTMETKM TIOMAIAlOT B HENEpeKpPhIBaeMble OoONacTH 30HBI
0030pa He3aBUCHMMbIM 00pPa3oM.

IIpu cobmoneHNn TepeYMCACHHBIX YCIOBHMIA YMCIIO JIOXHBIX OTMETOK /M,
MOMNANAIOIINX B JIIOOYI0 00jacTh D (IByXMEpPHYIO WIM TPEXMEPHYIO), pac-
npeneisiercs 1Mo 3akoHy Ilyaccona.

= (a™/m!) exp (—a), (6.2.13)

roe &4 — CPEAHEE YuCiio JIOXKHBIX OTMETOK, IMOMNajarllnX B obnacte D.
Jast aByXMEepHOro ciiydast :
a=38 D ‘\'!3,

tie Sp — ruomans 061acCTH D Vg =—UHCN0 JIOKHBIX OTMETOK Ha e,Z[I/IHI/IL[y
nJomanH. .
JIIs1 TpeXMepHOTO cirydast

a .-=VD M

rme Yo — ob6beM obmact D} ¥y — 4KCI0 JIOKHBIX OTMETOK Ha €IUHMUILY
obbema.

~Ilpn xpyroBoM (CEKTOPHOM) 0030pe IUIOTHOCTb JIOXKHBIX ,OTMETOK Ha
equHUIY IUTomamu (o0beMa) 30HBI HE SIBIISIETCS IIOCTOSIHHOI, a 3aBUCHUT
OT JaJbHOCTU. PaccMOTpMM 3Ty 3aBUCHUMOCTD IJISI Cydasi IBYXMEPHOI 00-
nactm  D.
7 Paznenum 30Hy 0630pa PJIC Ha konbua, mmpuHa A,, KaXIoro u3 Koro-
pBIX paBHa pa3pellalleil CIOCOOHOCTM I0 JajdbHOCTU. Yucno Koielr
rum,f A,. 3Has oOllee YMCII0 JOKHBIX OTMETOK, BO3HUKAIOIINX B 30HE 00-
30pa 3a mepuoxn o63opa Ty, paBHOE ATO. Y y4UThIBas TOT daxr, yro cped- -
HEE YMCJIO JIOKHBIX OTMETOK B KaXIOM KOJIbLE A, OIIMHAKOBO (0030p paB-
Homep}lblﬁ), MOXHO OTPE/IEIUTh YUCIO JIOXKHBIX OTMETOK, MpUXOMslleecs
Ha OMHO KOJBIIO 5

I1nomanb Kojblla HA JAJIBHOCTU T OyIeT paBHA S = QﬂrA,.. “Cnenosa-
TEJIbHO, Ha SAMHMILY IUIOIIAAN 0030pa Ha HAIBbHOCTU & TIPUXOIUTCS

ver = v§/S, = ATo/2nry. 0 lommiem®l,

CpenHsisi MJIOTHOCTb JIOXXKHBIX OTMETOK-B 00JIaCTU, OTrpaHUYEHHOU 3Ha-
ueHfAMH TaJbHOCTU ) == Iy, ONpENENSIeTCS U3 BbIPaXKEHUS

r
ATy tdr AT Inlin) g9 14
: 2r (rg — ) ruame J 7 InrMaKe  Fa—=rl

Boipaxxenue (14) mo3BoJisieT pacCYMUTHIBATh CPEAHIO TUIOTHOCTb JOX- .
HBIX OTMETOK B oOiacTsx {CTpobax), TPOTSDKEHHBIX MO KOOPIUHATE NATh-
HocTU. Pacyer umcia JOXHBIX OTMETOK B CTPOOE M B 3TOM CJIydae ITPOM3-
Boautcst 1o opmysie (13), Tak Kak ISl HATMYUS IIyaCCOHOBCKOTO pacIipeae-
JICHUsI YCJIOBUE TIOCTOSIHHOM IUIOTHOCTH v HecymiectBenHo [1}. B mporecce
BBITIOJIHCHHST OCHOBHBIX OIIEpaIldii BTOPUYHOM 00paOOTKN BIMSHHE JTOXKHBIX
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OTMETOK, B OCHOBHOM, CKA3bIBAETCSI HA KAUECTBE CEJIEKLIMM OTMETOK B CTPO-
Oax. Ilpy sTOM HempaBHMJIbHAs CeNEKUMs MPUBOIUT K YXYIIIEHWIO TOY-
HOCTHBIX XapaKTePUCTUK OLCHKU TapaMeTpOB M B KOHEYHOM CYETE MOXKET
TIPUBECTA K COOIO0 COINPOBOKICHUSI.

6.3. Ouenka mapaMeTrpoB NMOJMHOMHAIBHON (DyHKIMN
npy (PUKCHPOBAHHOM O0BbEeMe BBLIOOPKH

Ilycte R (1) — npMHMMAaeMbIii CIy4aiiHbBIi TIPOLIECC, IPEICTABIISIONINIA
co0OM ammUTUBHYIO CMeCh Tojie3Horo curHaima e (¥, £) n momexu Ar O-
ITone3Hblii curHaaT — Npolecc U3MEHEHUs BO BPEMEHU HE3aBUCUMOM KOOp-
JUHATBl 1eJId — TIPEACTABIIsIeTCS B BUAC MOJHHOMHAJABHOR (DYHKLIMU, CTe-
MEeHb KOTOPOH ONpEenessieTcsl MPUHATONW MOIENBIO Tpa'eKTopHH: .

T = eJ-elzJ~e,—+--- 4. ‘—l— 291 . (63.)

B BeIpaxkennu (1) -KoahdUIIMEHTH TTOTMHOMA UMEIOT CMBICT KOOPIMHATEHI,
CKOPOCTU M3MEHEHUS] KOOPAMHATbI, YCKOPeHUS U T. A. OObMHO OHM Ha3bl-
BAIOTCsl MapamMeTpamu TpaeKtopuu 1ear. COBOKYIHOCTb MapameTpoB 8,
3alMcaHHas B BUIE CTOJ'I6LIa oﬁpasye‘r S  1-MepHBIii BEKTOp IapaMeTpoB
tpaektopun & = || 6,0,...8, || T.

IMomexa, mon KOTOpOI/I MOHUMAIOTCSI OIIMOKW M3MEPEHUs] KOOPAMHATHI,
MPEICTaBIsIeT COOOM HOPMAJIbHBIN CiIydaliHBIA IMPOLIECC C M3BECTHOM KOp-
PETALIMOHHON (DYHKIMENA M- PABHBIM HYJIIO MATEMATHYECKMM OXUIAHUEM.
IIporiecc u3MepeHUsI COCTOUT B TOIYYEHUM BbIOOPKM 3HAYECHUU fi, Fay +-.,

.rn OyHkK K (7). B MoMeHTbI BpeMenu ¢ < f, < ... <Zf,. COBOKYIIHOCTb
3HAYCHUI £y 0OpasyeT f-MEepHBI BEKTOP-CTONGEl BHLIOOPOUHBIX 3HAYCHMIA

r=|rnr. nil’

6.3.1. Ar20puUTM ONMUMANbHOL OUEHKU NapaMempos mpaeKmopuu
no  Kpumepuio MaKcumanbHo20 npasdonododus (obuguil cayuai)

[lpn cuHTe3e ONTUMATBHOTO ANTOPUTMA OLEHKU HEOOXOMMMO TPEXIe
BCEro 3anucaTh (PyHKILMIO MPaBIONOAOOUs [JIs1 OLEHMBAEMOIO BEKTOPHOTO
napamerpa fr mo pesyapratam #f-MepHOH BBIOOPKM CilydyailHOM (QyHKUMU
R (¢). B Hauem citydae 5Ta (byHKLUMST 3a[IMCHIBAETCS] aHAJIOTMYHO YCJIOBHOM
TUTOTHOCTY BEPOSITHOCTH H-MEPHOH BBIOOPKM KOPPEIVPOBAHHBIX HOPMAJbe
HO pacrpelneseHHbIX CIy4ailHbIX BEIMYUMH U B BEKTOPHO-MaTPUYHOM TIpe-
. CTaBlieHUM mmeeT Bua [em. (2.12)1:

L= cexer--El- ArTN'lAr],

B manbHelreM ymoOHee MMETh JIeJI0 ¢ HATypaJbHBIM JIoTaprudMoM (YHKIINT
MpaBIONoa00Us

InL(®)=In c—é-;—(AtN‘l Ar). (6.3.2)

.
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Teliepb, 4TOGBI BOCITONIB30BAThCsl OOLIMM TPABUJIOM HAXOXKICHUS Olle-
HOK TT0 METOIly MaKCUMaJTbHOTO TIPaBIonono0usi, HeooxomumMo npoaHdxbepen-
IIMPOBAaTh BEIpaxkeHUe (2) TI0 BeKTOpHOMY Tapametpy 1. I[IpaBmimo mudde-
PEHIIMPOBAaHMS KBaApaTUYHON (POPMBI ITO0 BEKTOPHOMY IapaMeTpy 3arycChi-
BaeTCd B BUIE:

L@ N An) = L AT (NIAN = AT L (N 4

dAr dAr

+(N-1AR)T 280 _ APTN-1 257 4 ApT(N- l)T ‘m"

Tak Kak o0paTHas KOPPEIsSLUOHHAs MAaTPULIa CUMMETpUYHA, TO (N72)T==

CrnenoBaTelbHO, MOXKHO 3aItvcaThb

* - "
2 (APTN-1AP) = 2ArTN-1 200 (6.3.3)
dy de .
A
ITonyyeHHoe BbIpaXkeHUE SIBJISIETCS BEKTOp-CTpokoil. Ham ke, B cooT-
BETCTBUU C TIPUHSTHIMU paHee 0003HAUCHUSIMU IIJIsI BEKTOpa OLICHMBAEMBIX
rapaMeTpoB, HEOOXOIMMO TMPEACTaBUTh BEKTOp OILICHOK B BUIE BeKTop—
cronbua. Tpancrionupys (3), nomydnm

[-%(ArTN“lAr)] =3 ( ‘ii’) N1 Ar.

TMoncTaBiss Terepb B MPaBYlo YacTh 3TOTO BHIPAKEHWS 3HAUECHUE
Ar=r—r(¥, 1) u npupasnuBas Hymo, mpu & =&, nomyyaem
dlr (8,0 '

- N-1 (r_’(‘il t)) =0.
de

(6.3.4)

HNwmesa B Bumy, 4to [ (B' HT }}* MpescTaBisieT CO0OI BEKTOP-CTPOKY C CO-
crapnsmouvu F(&, #,), i = 1, J1, 3aMuleM NPOM3BOIHYIO B BHIE
@, T = dr(&ﬂ. ) dr(&.Atz), .__dr(&.n tn)
a@ a8 dé - db

WIN, Tiepeins K auddEpeHIMpOBAHMIO 10 COCTABISIONIMM B; BEKTOPHOIrO

napamerpa i, nonydum Marpuiy nopsaka (s + 1) X n

dr (%, l.‘[) dr (%, i, dr (%, {,)
db, - dd, dé,
PR dr (8, &) dr (8, £) dr ($, t,)
S lr@al’=1"am ", #, | (635
dr (8, 4,) dr (&, t,) dr (8, tn)
dd, 46, 48,
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O603HauuB Marpulty (5) yepe3 AT u moxcrasnss ee B (4), 3anuiiem Be-
TOpHOE YpaBHEHHE TpaBIOImonoOHs. B OKOHYATEIbHOM BUIIE .

AN (r—r (& g)=0. (6.3.6)

JanbHeie mpeoOpa3oBaHUsl ypaBHEHUSI (6) IO3BOJSIIOT HEMOCpPE.-
CTBEHHO BBIPA3UTh BEKTOP OLIEHOK & yepe3 BeKTOp M3MEPEHUH T.

J1s MOMMHOMMAIBHON TPaeKTOPMH BEKTOP r(¥, ¢) TIpencTaBUM B BUIE
npousseneHust # (¥, 7) = A¥. Torma u3 (6) moaydnm oo

F=(ATNT' AT ATN
0603Ha‘{I/IB nanee ManI/ILIy ATN-1A yepes B, moayuuM OKOHYATENLHO
¥=B"'ATN"'p , (6.3.7)

OKOH‘-IaTeJTLHOé PEIEHNE, B COOTBECTCTBHM C BBIPAXKCHUEM (7)| oy-
4acTCd TIpU 3agaHUM KOHKPECTHBIX 3HaYEeHU H, T U CTaTUCTUKU IIOMEX.
B YACTHOCTH, ecim OIIIMOKI M3MEPEHUA KOOPAWHATBI ABJIAIOTCA HBKOppE*
JINPOBAaHHbIMU, TO

Wyl
Nf‘lrzrf___' Wz‘rz ,

] Wora

e w; —l/o} |,
Beipaxxenue (7) B 3TOM Cily4yae 3alMCBIBAeTCSl B BUIE °

¢=B"'ATr. (63 8)
Pemrenne (8) B TOYHOCTM COOTBETCTBYET OLIEHKAM, nonyqaeMbIM METOZOM
HAaMMEHBIIMX KBaaparoB [5, 7).

6.3.2. Owubku oyenku nGpamespog
MemoodoM MAKCUMAAbHO20 Npasionodobus (obwuil cayuait)

CucremMa ypaBHEHUI MpaBOONOAOOMS B OOIIEM cilydyae sIBJsIeTCSl Heu-
HeliHol. [ToaTomy ISt ompeeieHusT OIMOOK OLIEHKU TapaMeTpoB HeoOXo-
JUMO BOCIIOJIb30BaThCSl METOJIOM JIMHeapu3allMu 3Toi cucTeMbl. JIMHeliHoe
MpUOIKEeHUe OyaeT JOCTATQUHO XOPOIIMM TIPM MaJIbIX OIIMOKaX eIuHAY-
HBIX M3MEPEHMi, 4yrto OOBMHO BbimosHsiercsas B PJIC  paccmaTpuBaeMoro
KJlacca. _ _ '

JluHeapuzanusi cucTeMbl YpaBHEHUI MPaBIONoA00MsT TPOU3BOIUTCS Clie-
JyIOIIMM 00pa3oM. 3aruilieM BEKTOp M3MEPEHHBIX 3HAYeHUI KOOPIUHATHI
B BUne .

| F=r@®.) +Ar, , (6.3:9)

rie A7 — BEKTOp OIIMOOK GAHHOUHLIX MU3MEPEHMUIA KOOp[[I/IHaTbI & —pex-
TOP MCTHMHHBIX 3HAYEHU IapaMETpoOB,
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BosbMmeM nanee BexTOp-yHKUHIO r(lf‘)-, 1) ¥ pa3nokuM ee B pan Teitmopa
B OKPECTHOCTY MCTUHHOTO 3Ha4YeHHsl BeKTOpHoro napamerpa &. IlpeneGpe-
rasi WICHaMH BTOPOTO M 00Jiee BBICOKHX HOpH,Z[KOB OTHOCWTEJTFHO BEKTOpa
oumbok AY =fr — &, noayunm

rid g 2r@d, 0 —+———d'(° 2 HE:3.10)

O6Go3HauuM, 10 aHajJorMu ¢ BblpakeHueMm (5), dr (&, {)/d# =A — ma-
Tpuua fopsaka n X (s == 1).
Torna

rd, 0 xr® ) +AAD, (6.3.11)

[oncrasum Bhipaxenust (9) 1 (11) B YPaBHCHNE TPaBIOIONO0HS (6).
B pesysibTaTe TOIYIMM JIMHEIHYIO CHCTEMY YPaBHEHMil OTHocHTeIbHO Ad

ATN [AAﬁ—Ar] =0, (6.3.12)
.- Pelrenne 3TOfi crcTeMbl IojydaeTcsl B BUIE
AP =B~ ATN'Ar, (6.3.13)

e, Kak u npexae, B = ATN-1A —maTpuna nopsizka (s 4 1) X (s + 1).
KoppensiiimonHasi MaTpuiia olMOOK OLIEHKH MapaMeTpoB II0 {1 M3MEPEeH-
HbIM 3HAYCHUWAM KOOPAMWHATHI I OIIPECACIACTCS I10 npaBHny

¥ =M [AdADT] .. (6.3.14)

ra€ B KBaApaTHBIX CKO6KaX CTOUT NPSIMOE MPOU3BENECHUE BEKTOPOB, M —
oIepaTop MaTEéMAaTHYECKOTd OXUIaHWA,

ABT= ArT(N)T A (BT,
Tak xak N~! u B*! kpangpaTHble cMMMeETpUYHBIE MATPULIBI, TO

(B—l)T B! (N—I)T =N-1

CrenoBaTenbHO,
AT =ArTN"' ABY, (6.3.15)
Moxncrasnsaa BelpaxeHusa (13) u (15) B (14), momydum ,
¥=B"'ATN"' M [ArArT]NT'ABTH, (6.3.16)
rie M [ArArT] =N — marpuna ommb0K M3MeEpEHMUI.

~ YuuteIBas janee, 4To MPOM3BeNeHUE MPSMON M OOpaTHOM MaTpPHII JacT
eMMHIYHYIO MaTpPHILy, ITOCIe TPeoOpa3oBaHUs B COOTBETCTBUHM C 3TWUM IIpa-
BWIOM BbipaxeHus (16) momyunm oKoHuarenbHO

¥ =B =(ATN™' A)-‘ (6.3.17)

I[aJIbHelmeaﬂ JeTa/I3aLHs BbIPKEHUS (17) TPOM3BOIUTCS U1l KOH-
 KPETHBIX TPAeKTOPUIA.
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6.3.3. Onmumanvnuiii ancopumm oyenku napamempos AUHeiiHoL
mpaexmopuu

PaccmotpuM pelirleHre ypaBHEHMIA TpaBIOIIOAo0Ms (6) IUTS CTydast OLeH-
KU TIapaMeTPOB JIMHEHMHOW TpPaeKTOpUU. DTOT Ciiydaili UMeEeT BaxKHOE i
MPaKTUKA 3HaYEHHe, Tak Kak Jiodasi TpaeKTopus (B TOM 4uCiIe U Oaun-
CTUYECKAsI) HA OrpaHUMYEHHOM HHTEpBajie HaOMOIeHUsT MOXeT §bITh Ipel-
CTaBJIeHAa B BWJIE JJMHEWHOrO TMOJIMHOMA (MOJIMHOMA TIEPBO CTETEHM).
B kayecTBe olleHMBaeMbIX MapaMEeTPOB MPUMEM KOOPAMHATY AaJbHOCTH
- 7p M CKOPOCTb €€ M3MEHEHUs 7y B HAuyaJIbHbIi MOMEHT BpeMeHM f,. 3aKOH
W3MEHEHUST KOOPIWHATHI MPEACTABISIETCS B BUJIEC

1 (8, £)=ro+ry(t—1o),

a OlICHKA 3TOil KOOpAMHATBI B MOMEHT BpeMeHM f; %i; paBHa
- ~A d
r=ry+rTy
e Ty =(ty—"tc)-
Taxkum OﬁpaSOM, B paccMaTpMBacMOM CJIydyae BEKTOpP OLIEHMBAacMbIX
rmapaMeTpoB VMEET BUIL ’

o | Ty

a TpaHCHOHHpOBaHHaH Matpuia auddepeHInaIbHbIX onepatopoB  (5)
paBHa

+ | dh @ 4 11 .1
P R BN
PO ) i

11 IpOCTOTHI MPUMEM TaKKe, YTO KOPPEJISILMOHHAS MaTpylia OLIMOOK
n3MepeHuss N SBIsIETCS TMArOHaJIbHOM.
Torma mMoxHo 3an#catb:

Nefof 8yl  N-t=]w8y],

rie 0’,?1 — IUCHEPCHUsT M3MEPEHUS KOOPAMHATBL B E-H MOMEHT BPEMEHU,
Wi — «BeC» (-0 U3MEPEHNs;
1 mpu ¢ ==j,

.{;”: O npu isef.
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C y4eToM crenaHHBIX O0OO3HAYeHUH, romiexaniee PELICHHIO ypaBHEHUE
MPaBAOIIOAO0MST AJIsI JIMHEMHOM TPaeKTOPUM 3aIlMChIBACTCS B BUIE

Wy 0 ... 0 'i“‘"of"'o"x

.1 ] o ] | O WQ cee O rg"-'ro""-rotz =01
T? 12 §u8 TR” P P
l 0 0 ... wyllrm—re—retnl

I1e ri — COCTAaB/ISIIONIME BEKTOpa W3MEPEHHBIX 3HAYEHWU KOOpIWHATHI £,
B pesynbpTare BBINOMHEHUSI ONEpalyy MEPEMHOXEHUST MaTPULL nonyth

CUCTEMY M3 JIBYX JIMHEWHBIX ypaBHeHI/II/I C IBYMA HCHU3BCCTHLIMU r o U fo.

n
”03““’:'{"0 W T = e W T,
Fui+ng ).
~ N > n 3 n i &
Te X WT+r 3 witl= Jwytr. (6.3.18)
fi . =1 = |

PellieHre 9T CHCTEMbI OTHOCHTEIIBHO; MICKOMBIX OLICHOK fo 1 g Iapa-

METpOB 7 U fg JAETCSI B BHIE

n n

Ewi’i z_;w Yoy Wi
2 iml =3 {==1 : ‘
To= - ~ ey g (6.3.19)
2w=2w.rz—(2wm)
=1 f=x ] . I

Wi Ty

5 Wity ' '
ro= Z 2"" —"'21 “’"“2“ (6.3.20)
Zw‘2wr, {QWH’z)

fm]l (el \i=t

l'lpomBez[eM TeTepb JaJIbHEIIee YIpOoIeHNE 3aMaui 1 TIPEIITOIOXIM,
YTO M3MEpPEHHBIC 3HAYEHUSI KOOPAMHATHI F; IIOCTYIAIOT 4Yepe3 paBHBIC MH-
TepBaIbl BpeMeHU To. DTO COOTBETCTBYET CIIydal0 OLEHKM IIapaMeETPOB
TpaekTopun 1o AaHHbIM PJIC ¢ paBHOMEpHBIM MEPUOIUYECKUM 0030pOM
rpocTpaHcTBa (B 3ToM ciiydae Ty — mepuon 0630pa). Kpome Toro, orHeceM
HCKOMBIE OLIEHKUA K MOMEHTY BPEMEHU {, MOCIIEIHEIO U3MEPEHUSI U IIPUMEM
STOT MOMEHT 3a Hayajo IITKaJbl OTCYeTa BpPEMEHM.

B pesynbTaTe M1 BXOOAIIUX B Bblpa)KCHl/Iﬂ (18) uHTEepBaJIOB BpeMeHU
T{ MOXHO 3ammcaTh (puc. 6.4)

T = —(n—1i0)T,, ' ) . (6.3.21)

BBeLLeM najgee Cleaylole o0O3HAYEHUS:

2 = fp, }_"w,(n—:) =g, Ew‘(n—i)‘-- " (6.3.22)

e ],
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C yueroM BbipaxeHus (21) u obGosHauenuit (22) cucrema ypaBHeHHH
MPaBIOINIOMO0MS IJISI OLICHKM ITapaMeTPOB JIMHEIHON TPacKTOPHU IPU paB-
HOIMUCKPETHBIX U3MEPEHUAX WMEET BUL

" 2 n

tnfn—"nTogn =‘Elwlri'

;ngn'_’:n Toh'n= 2 Wy (n_[) i
{w ]

P N
o
ﬁ”

"
7 | | -
L _tn-s tys Tpes t, ¢
. L , 1 5,
GayT 2l T _PRh G T

Puc. 64. K oleHke TapaMeTpoB TpackTOpHMH MpPH PaBHORHCKPETHEHIX
" VIBMEPCHUSIX.

Pemienue 3Toii cucTeMbI ypaBHCHI/Ifl IIOJIy4a€TCd B BHIC

n n
“n LirmiieTER LWl W eef) 1y
F=td - . 3 (6.3.23)
T

&n E wirt—fn ZWI (n—i)ry

fmm|
n = To KI : T b}
me Ko = fohn — gk

JlonyctM Tenepb, YTO HAa OrPAaHUYEHHOM WHTEpBase Ha6JIIO,£[€HI/IH
I/ISMepeHI/Iﬂ 3HAYCHU N KOOpHI/IHﬁTbI MO2KHO HpI/IHHTb paBHOTO‘{HbIMI/I TOFI[a

(6.3.24)

P Y

Beca M3MepeHMii Wi OyIyT OIMHAKOBBIMU (W; =W, = ... =W, = W),
a BBEICHHbIC BbILEe KOO(DOULWMEHTbIf,, gr, fin OyIyT PABHBI COOTBETCTBEHHO:
f n =AW, A
d ‘ =
ga=w 3 (-n—z)=£‘£‘2__‘l.w, | 1(6.3.25)
l—l : ‘
o 1 E (n— =0 (n—1) (Qn-—-l)
=t 6
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Tloncrapnsis o 3HayeHus B BoipaxeHus (23) u (24) u mpousBeas 2neMeH-
TapHbIe NMPeobpa3oBaHMUs, MONY4aeM OKOHYATENbHbIE (OPMYIbI IS OLEH-
KU TTapaMeTpoB JIMHEWHOM TPaeKTOPUHU TPU PaBHOAUCKPETHBIX M PAaBHOTOY-
HBIX M3MEPEHUSIX: #

Fo= ﬁ N () 1y, (6.3.26)
Fid
o= i‘ﬂ- @& 1, (6.3.27)
=17 _
e
() =(Ei—2n—n(n+ 1), (63.262)
Ny = (12i~6n—6)Tyn (1), (6.3.27a)

— BCCOBBIC Q)YHKHI/II/I OLCHKN KOOpAWHATbl M CKOPOCTHU COOTBETCTBEHHO.

7 (i) . 5
s ver ' 27 1ss
rd
gl i AN LW,

~HEVT

Puc. 6.5. BecoBble (yHKIIMU OLEHKM KOOPAMHATHI U CKOPOCTU IpU m=3,

Jlng mpuMepa pacCMOTpUM HpPUMEHEHME IMOJYYSHHBIX (OpMYyT B IpO-
cTelillleM ciyyae, KOrJa OLEHKM IapaMeTpOB JMHEWHOM TPaeKTOPUM HAaXo-
ASTCS -TI0 pe3y/ibTaTaM ABYX M3MepeHuit (n = 2). :

[Moncransst B dopmyasl (26) u' (27) i = 1, 2, monydyaem

: re=ra ?rs""i‘(fz“_' .
IMpu n = 3 umeem:
ne()=-—=16, n; (1)=—~1/2T,
1, (2)=2/6, 1; (@=0,
n, (3) = 5/6, n, (3)=1/2T; |
CremoBatenbHO,
- ry = (5¥y -+ 2r,—r1)/6, Fs'=(fa""1)/2To~

Ha puc. 6.6 u3o0paxeHbl paccuuTaHHble 10 (opmynam (26a) u (27a)
BECOBbIE (DYHKIMU OLEHKM KOOPAMHATHI M CKOPOCTH €€ M3MEHEHHUS Ipu
n = 3. 3aMeTuM, YTO IS BECOBBIX KO3(D(UIMEHTOB BCErga BHIMOAHROTCH
YCIIOBUS

2n@=1 3, (1) =0,
im] Ime |

Bn YCHOBHH MOTYyT OBITb MCIIONB30BaHbI 151 KOHTPOJIA BBIYMCIIEHUIA.
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VropouieHHas CTPYKTYpHARA: cXeMa TUMCKPETHOTO (DMIITpa Ul peaansa-
LXK aropUTMa OLIEHKM OIHOTO M3 MapaMeTpOB JIMHEIHOW TpaeKTOpUM Mpu
(brKcMpoBaHHOI BEIOOPKE M3MEPCHHBIX 3HaYeHRH KOOpIMHATHI M300paXeHa
Ha puc. 6.6.

IIpu peanuzanyy alropuTMOB OLIEHKM IapameTpoB Ha IIBM Beibopka
M3MEPeHHBIX 3HAUEHH{L KOOpIMHATH XpPaHUTCS B OIEPATUBHOM 3aITOMH-
HatomieM ycTpoliictBe 1IBM, 3HayeHUsT BeCOBBIX KO3(M(GUIIMEHTOB XPaHSITCS
B JIOJITOBPEMEHHOM 3allOMMHAIOIEM YCTPONCTBE, a OmNepalrd YMHOXEHUSs
Y CYMMMPOBaHUS TIPOM3BOISITCS TTOCTICIOBATENILHO IS KaMKA0T0-OleHHBAe-
MOIO IMapameTpa B ONepaliOHHOM YcTporictBe LIBM. ’

Il n n
I, anf o ”n-2
»{z-?

b 4

AN
i
-

| ‘7‘2{0) <72(n— 1/ f(ﬁ-?)

A
”
n
£

Puc. 6.6. CrpykrypHasi cxema RMCKpeTHOro Guibtpa.

Hapsiny c ouieHKol MapamMeTpoB, Ha KaxIOM Iare o0pabOTKW JOJKHa
BBIYMCIISITBCSl KOPPEJSILIMOHHAs MaTpylia OIIMOOK OlIeHKU To dhopmysie (17).
Marpuna B. B paccMatpyBaeMOM CIlydae 3alMCHIBAETCA B BUIE

Wi 0 0 .. 0 J]1 T'll

B S D R T 0 w, 0 .. 0 1 T
lm T T o T 0 0 wy .. 0 l“'l.'a |

0 0 0 o Wy 1 Tnk

B PE3YALTATEC BLITIOJTHCHUA onepauuﬁ YMHOXCHUS Had COCTaBJIAIOIINMUA
MarpulamMu, ITIOJIyYUM OKOHYATCIbHO

-~

n n
FW 3w
o= l=xn]

B = n n 2
Z W, T 2 W T
=1 fo=]
OrnpenenureNnb 3TOM MaTpPUIIbl paBeH
n n : n 2
|B|= % w, ¥ w,r;———(Ew,*r,) .
fr=] =3 lew |
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[Mpumensas Temepb OOBMHOE IPABUJIO OOpaLICHMs MATPHL, IOIyYUM

l

1 =t fma}

VYmBt - . ) 5 (6.3.28)
Bl YWt 3w 7

l= fo= |

.

[lou  PABHOMVCKPETHRX J3MEPEHNUSX

2,49 . KOOPIVHATE VMeeM
1 ;
5}- lBlzT:(fnhn_gle)':TgKn'
) 1 th K P A
‘ : Y| r0n VL (6.3.29)
12 i fg‘_ o &nToivn (a5 &ivn |
r
. e Ecnu, KpOMe Toro, MojoXuTh, YTO W3-
MepeHUs KOOPIWHATBHI B MHTEepBaie HalIo0-
28 JEHUSI PABHOTOYHBI, YTO COOTBETCTBYET
w; =.w=1/0% TO HemocpeicTBEHHbIE
oy pacueTbl [AIOT CJIEAYIOIIEe OKOHYATEJILHOE
4 BBIpAXXEHUE JUISI KOPPEJSILIMOHHOW MaTpH-
LBl OLIMOOK OLIEHKM MapaMeTpPOB:
72 4 § 8 Y(n)=0* X
Puc. 6.7. DnemeHTeI 6Koppenauu— " (2n~—~Unn+1) 6in(n+1) To q'
OHHOI -MATPULbl OUIMOOK OLEHKU 3 .
MMapaMeTpoB  JIMHEMHOM  Tpaek- 6/ nin+1) T 12/ TD ( e 1)
TOPUU. ) " (6.3.30)

‘Hampumep, npu n = 3 KoppesgLUOHHAas MaTpuLia OH_II/I60K OLICHKU TIa- .
paMeTpoB JIMHEMHON TPAaeKTOPUM WMEET BUJ

¥ (3= l5/6 1/2T,

/2T, 172T31

CI[CI[OBaTCJ'[bHO, Z[I/IéHCpCI/IFI CIVIAXKEHHOM KOOpOWHATBHI M0 TpeM PAaBHO-
TOYHBIM 3aME€paM COCTaBJIACT 5/6 JUCIIEPCM OOUHOYHOIO M3MEpPEHUs, AHCe
nepcusa IpUpalleHUsT KOOpAWHATBI 3a CYET HETOYHON OLIEHKU CKOpOCTH

0;(1);1 , e A®ry = ry Ty, coOCTABISAET MOJOBKUHY IUCIIEPCUM OJMHOYHOTO
VM3MEPEHNSI U KOPPEISIIIMOHHBIE MOMEHT CBSI3M MEXIY OIICHKaMU KOOPIH-
HaTbl U €€ NpPUPAIICHMs] TOXE pPaBeH IIOJIOBUHE TUCIIEPCUM OIMHOYHOIO
M3MEpPEHNS] KOOPIMHATHI.

Ha pwuc. 6.7 npuBencHbl rpadMKy HOPMUPOBAHHBIX 3JIEMEHTOB KOPPEIs-
IIMOHHOM MATPHUIIBI OIMMOOK OIIEHKM ITapaMeTpOB JIMHEHHOW TpaekTopRH.
M3 aHanm3za 3TMX TpaMKOB CJIEMYeT, YTO IJIST MONYYSHUS JOCTATOYHO TOY-
HBIX OIICHOK ITapaMeTpoB JIMHEHHON TPaeKTOPUN HEOOXOMMMO TTPOM3BOIMTH
COBMECTHYIO 00pabOTKy He MeHee MATH-IIEeCTH MTOAPSIT CACHYIONIMX H3MepEeH-
HBIX 3HAYCHWII KOOPOWHATHI.
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63 4 OnmumanvHolii a/zeopumM OUEHKU NApPaMETPOs TpaeKTOpul,
3a0a6aemoil NOAUHOMOM B8MOPOIl CTenexu

PaccMoTpuM Temepb NpUMEHEHME MeEToJa MAaKCHMMAaJIbHOTO MpaBAONOAoOUs st
OLIEHKM I1apaMeTPOB TPAECKTOPUM, MPEACTABISIEMON BpPEMEHHBIM I[OJUHOMOM BTOPOW
crerneHu. B kayecTBe olleHMBaeMbIX RAPAMETPGB NpUMEM KOOpPAMHATY [ajbHOCTU

I, CKOPOCTb M3MEHEHHUsI NaJlbHOCTU Tn U YCKOPEHME MO NaJIbHOCTU fp B MOMEHT Bpe-
MEHU [p TOCIEIHEro M3MepeHUs. 3aKOH M3MEHEHUs! [albHOCTU IPEACTABAAETCH
B BTOM cCJjly4yae IOJMHOMOM ’

r@ ) =ratrn(t—th)  {Paf2) (t=ta)?, o
a ee OLIEHKa B MOMEHTHI BpeMeHM {j =={p paBHa
o - LN
ry=rnbrp 7 +(fn!'2) ‘F?,
roe Tt = (i — ta),

TpaHcnoHWpoBaHHasi MaTpHLA uu(p(l)epenunanbnblx OonepaTopoB AT 5"510M cays.
yae paBHa

—

I 1 ves

AT — Ty T3 ccr Tn
1 1 w2
noh %
2 2 2

KOppeﬂﬂLll/lOHHle MaTpully OUIMOOK M3MEpeHUsl, KakK U npexne 6yﬂeM CYUTaTh
auaro#ankbio#, . e.

] =|wi by, wi=1/0},
5 f1 npui=f,
I Vo npm 1),

~ Bocmosb3yeMcsi sl H3XOMAEHHS BEeKTOpa OLIGHOK # BoipaxkeHuem (8), ompene-
JSIIOIIMM HETIOCPEACTBEHHYIO CBSI3b OLIEHOK W PE3YJNbTaTOB M3MepeHMsa. Marpuua B
B HalleM ACﬂyqae I/lMeeT BUA

SR
1 - T -
2
1 1 .-+ 1 wig 0 .« O 3
T ‘fg'-‘ Tn 0 Wg - ¢ l Tg £
=i ' 2 P v s . 2 =
. 2 ‘rn 5 g @ 2 PRI
2 00 - W, -
2
n n n r?
Wy Wit Z Wiy
[ {omf ) =
n n 'r?
= wi T wi ! wy =
’ - igl :21 L 2 2 -
n Tt 7 38 A T4
i { {
A AP AL A
{m=] {us| fam |
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_Onpéneinrens $Tolt MATPUUN paBeH
1 S wite ]
/B = *{EW:‘:‘[EW: 3w vp— (2 ) J+
{=1 f=] fe=
n
+ wa'[ﬂw;n 21"‘1"_2‘" * w,«c]

T ]

fw]
a anredpauyeckue JOTOJHEHUS KU orpefensaoTcsa 10 Gopmyram

K;;:— [Ewr,Zwt‘ (Ewm,)},
f 1 ' n
Kip=Kyn= T[ > wit Ew £ _ 2 w,t} Zwrr?]
{=1 i=1 te=1
n n 2
Swn St —( S wat) |
lax [
. - -
Kyg=—" Yw,r}—(zw,r?) l.
1
n n : n ) :
wy .,§1 ? gw;n IE.W‘T,’ '1,
i n 2
K.3=[ E w; Ewt-rf-( 2.“’!71) }
= f=1

Takum o6pa3om, obpamieHHas matpuua B! umeer Bun

x Ky Kz Kis ‘
B-_1==-— Kay Raa Faf. (6.3.31)

Key Kag Al

3aMeTnM, 4TO B cooTBeTcTBHe ¢ opmynoit (17) marpuuma B! mpemcraBmser cob6oit
KOPPEIALMOHHYI0O MaTpully Oii#Sor oueHku mnapameTpoB. CienoBareibHO, MaTpula
(31) aBasieTcss KOPPENSIUIMOHHON MaTpulleil OIMOOK OIEHKM IMapaMeTpOB TPAaeKTOPHH,
3a/laBaeMOil TIOMHOMOM BTOpO# cTerneHU. bosiee mMoapoOHBIN aHAIM3 3TONH MATPHUIIBI
OyleT MpoBeleH B na{leeMmeM Bxonsiiee B BbIpaxkeHue (8) MATPHYHO-BEXTOpHOE
npoussenenue F = A'r’' B Hamem ciyuae 3anmuchIBaeTcs B BUIE

11 oo 1| [wyrs D wir
. f==]
. . n
F—[ Ty T3 -+ T Waly = E witere |- - (6.3.32)
' i - ES
l n
£ 1} — 2
'2L o o | wern Py ;lwt'tl y




[Moacrasnsis Tenef)b {31) u (32) B ypaBHenue (8), moayuum ¢)0pi\4yﬂy 151 OUeHKH
BEKTOpa TapaMeTpOB B’ BUIE

{n | Ky Ky K, Fq
b =| rn ==‘|‘E'I' Ky K Kss Fs ||
n Ky Kss Kl [ Fs

W3 3T0it (hopMysbl IOIydYaeM
Fn=(Ky Fy+ Ky Fy+ Ky Fa)/1 B,
'fn=(Kn Fi+ Ko Fa+Kes Fo)/I B, (6.3.33)
Foo= (Kot Fit-Koa Fa gk | FoliBI.

®opmyibl (33) onpenensioT oileHKH TapaMeTpoB B oOlIeM BUIE.
JlonycTum Tenepb, YTO M3MEPEHUsl MPOU3BOASATCS PABHOAHCKDETHO, T. e.

Tt = —(n — i)TD.

JIOMONHUTENBHO K 0603HaueHusaM (22) st fn, ga,fn BBeleM Takxke cleayloliue
0003Ha4YeHUS

n n
dn = 3 wi{n—i), en= 3 w(n—i).
S | le

Torma nomyanm
IB}=T} In/4,

me In _—__[e'n (fn hn—g2) 4 dp (&n in—Fn dn) + fn (gn dn—Hh3)}.
Torma ’ i
1 ]
K= ~—T% an, Kia=Kg—->T§ ¥n.
4 , 4
K18=K3.1=‘T£‘.' Ti6n. Kzz———q_:‘T%Cn,
1
Ku=Ku=--2~T.% N, Kss — T,

n n E n
Fi= X wiry, Fy=Ty Xwiln—~i)ry, Fy=12T} X wi(n—i)ry,

{e=] i=] =1
e
on = (hn en —dn), Yn=(gn en— fndn), ‘
n =(&n dn"“hf‘t)- En=1(fn -‘—’n“‘?'n),

N =(fn dn—gnhn}, %n={fa hn—gn).

MozicTaBuB 3TH 3HavYeHUS B (33), MOAYyYUM ISl COydasl PaBHOAMCKPETHBIX M3Me-
peHuit:

n n n
rn=7"(an Swiritvn X wila—i)ri+8, 2w (”"')"’)'
n =y fe=1 f=1
n

2 1 P
’n=_('}’n ZW{ Vritnn 2‘”!(’1‘-’1)"!)

Toln te=] =1

4 2
’n'—Tz, (5n Zwm—nn ;w,(n-a)r,+n,,”21w, (n-—-f)’r,). (6.3.34)
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bl

KoppensunmoHHass MaTtpuua OmMOOK OLiEHKM MaPAMETPOB nMeer B ITOM ciydae
clefylolui BUL ’

Yo 2
S A
1 Yn En 205
VYopB-lo—| 22 2 - __fn
B I Te TI T3 (6.3.35)
2o 2un dxn
T} T3 T¢.

[Ipennonoxum TeNe€Rb, 4yro M3MEPEHUS] KOOPAMHATHI €llleé U PAaBHOTOYHBI, T. €.
Wi = w. Torma, Hapsay cC BbIpaXeHUsIMUA (25), MOIyYUM

hw P02
=]

n = ] — ¥ - .
et B it Aln—l) @n—)) Br=3n—1)

j 30 . (6.3.36)
-] ;

MckoMmble OLIECHKM MapamMeTpoB B 3TOM ciydyae MO)Kl-iO npeAcTaBHTb ‘B BUIE
- o 5 4
fn= Xy fa= X0 U, = 07,
{o=] : (=] {eal

rae 9y (i}, L&Y 0, Tl-r-(f) — RHCKPETHBIE BecoBble (DYHKIMM OLIEHKM KOOPIMHATHI, CKO-
POCTH U YCKOPEHHUS COOTBETCTBEHHO.
DopMyIibl AJIsI pAcyeTa BECOBBIX (GYHKIMHA MMEIOT BUI:

N (D)=

[(3+ 1) {n +2) —2i (4n4-3) + 108],
n (a4 1) (142)

n, () i ,‘_(nz_él)(ng_ﬂ {(n+1) (1 +2) {Bn—T7) —2i {16a—19) +30i* (n—1)}, -

e ”
@ =T°’n (nt=—1) (n®—

LB+ (49— (3+1) +60).

[TonyyeHHble OpMyYJIBI MOKA3bIBAIOT, YTO B CiIydyae PaBHOAUCKPETHbIX U PABHO-
TOYHBIX MU3MEPEHUM, ONTHMMaJbHAas OLIEHKAa MapaMeTPOB TPAeKTOPUMU, MpPeNCTaBIseMOi
MOJIMHOMOM BTOpOil CTENEHW, CBOAUTCS K B3BELIEHHOMY CYMMUPOBAaHUIO M3MEPEHHBIX
3HaYeHUl KoopAuHaThl. BecoBble KO3 dUIIMEHTH! SABIAAIOTCS GYHKUMSIMUA 4YUCIa U3MeE-
PEeHUI J1 U TIOPSIIKOBOTO HOMEpa M3MepeHusi ¢ B oopabaTeiBaeMoil cepui. EctecTBeHHO,
MUHUMAaJIbHOE YUCJIO U3MEPEHUiIl B CEPUM B 3TOM CJIy4yae pPaBHO TPEM.

[Ipy MUHMMaIbHOM 4Mcie U3MEPEeHU (00beMe BBIOOPKHM) MapaMeTpbl TPAaeKTOPUU
BHYHCAAITCA, 10 dopMmyaaM

rg=ry,

rys= —(rg{2—23+3r/2)/Ty,
rg=(rs—2r, +r)/TE.

Ha puc. 6.8 mpeicraBneHbl 3#aYeHHS BECOBBHIX, KOI(DOULMEHTOB Yr ), 1]'; (AT, n
. .(i)Tg npu a1 = 4. U3 pucyHka cienyer, yro orubaroiiue 3Tux Koab@UIMEeHToB He
r ; -
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SIBJISIIOTCST JIMHEWUHBIMU (DYHKLIMSIMU. O,)ZLHaKO KaK U B cilydae JIMHEHHO TPAEKTOPHH,
BBITTOJIHAIOTCSL  yCJIOBUS;

Fﬂr{l)-—l S"I] (f)n $1|Tl (;):0. )

i e

Koppendaunonnasa maTpuua omMOOK OLEHKM NMapa&MeTPOB NI pacCMaTPUBAEMOTO -
ciydasi paBHOTOYHBIX H P2BHOIMCKPETHBIX M3MEPCHWM IOJYYaeTCsl U3 MATPULBI (35).
Npy TOACTAHOBKE B (OPMYJIBI 1d Ik, &y, Tn: 6, fn: TMn U ¥p COOTBETCTBYIOLIMX

A ?n(i)

/

/
/11820
/
/

' v
1/20 A3/20
S=33/20

a
N5 ?‘/50
/ P9/60 \

- '27/50
-53/50 .

Az

l
i

49,007}

1
0 < ///] iz
. \\]:'f/z e I ‘
8 i« & 8  wn

Puc. 6.8. BecoBble GyHKIMU OLEHKU Puc. 6.9.  DieMeHTbI KOPPEISIIMOHHON
KOOPAHHATHL, - CKOPOCTM M YCKOPEHMUsI MaTpULibl OLIMOOK OLEHKH . MapaMeTpoB
' A npu k=4, KBaJpaTUYHOM TPaeKTOPHUMU.

3TOMY CIIyYalo 3HaYeHUI f_n.'gn, fin, dn, en, onpenensieMbix dopmynamu (25) u (36).
Pe3ynbTaThl pacueToB 3JEMEHTOB Koppenﬂunonnoﬁ Matpuisl ¥. NOAYHAWTCR B BHRe

3 (3n%—3n +2) o
B ()"
. ‘18 @n—1) '
Yig== Py =— Te(i+ 1) i 4] n oz,
&0
Vio =P, = T (n+ Dint2) °
12@n—1) Bn—11)
Vo= g (D) A
"8 3ak. 64 225

P =




360
Tin (P—4) (1 + 1)0"
720 o
Te(d—4) (B —D)n '

q’ﬁl- ’i’sa

Py =
Hanpuwmep, npu n =3, KoppenﬂuI/IOHHaH MaTpULa OLIMOOK OLIEHKHA MapamMeTpoB
EMEPT BUI
J —30}}/27‘0 o¥/Tt
¥ (3) -—-30"‘/2T o 1302/2T¢ —6a¥T}
0’/7‘{, —603/ T3 603T§

Ha puc. 6.9 npuseneHbl rpadvkyu M3MEHEHUs] HOPMMPOBAHHBIX 3JEMEHTOB KOp-
PeSILMOHHONW MaTPUIIBI OIIMOOK OLEHKW MapaMeTpOB KBaApaTHUYHOW TPACKTOPUU TPU
yBennueHUM K. CpaBHEHHME OTUArOHAJIbHBIX 3JEMEHTOB 3TOM MaTPHUK, XapaKTepu3yio-
LIMX TOYHOCTH OLICHKM KOOPAMHATBI M CKOPOCTH C aHaJOTUYHBIMU BJIEMEHTaAMH KOp-
PESILMOHHON MaTPUILIbl OIIMOOK OLIEHKW JIMHEWHOU TpaekTopuu (cM. puc. 6.7) moka-
3bIBACT, YTO MPU HEOOJBUIMX 3HAYEHUSX R TOYHOCTb OLECHKH MapaMeTpOB JIMHEWHOM
TPAEKTOPUM 3HAYUTENLHO OOJIblE, YeM KBaApaTHuHOM. DTUM HOKas3bIBaeTCs TOT (akT,
YTO Ha HEOOJBIIMX YYyacTKax HaONIoJeHUsT KBaIpPaTUYHYIO TPAcKTOpUIO 0oJiee BbI-
JFOOHO MPEACTaBIATH MOJUHOMOM TepBOil crereHu. [Ipu 3TOM HocTUraeTcsl 3HaYMTETb-
HBIIA BBIMTPBIIT B QUIbTpALlUM CIydyalHBIX OMIMOOK. Bo3HUMKalolMe Xe u3-3a HecooT-
BETCTBHUSI TMIOTE3bl IBMXECHUS AMHAMUYECKUE OLIMOKM BCJEACTBUE MAJIOCTH ammpoK-
" CUMMPYEMOTO Yy4acTKa TPaeKTOPUU HE HMEIOT CYNIECTBEHHOTO 3HAYCHMSI.

-6.3.5. Ouyenxa napamempos NOAUHOMUANBHOU MPAeKmopuu
npu QukcuposanHoil 8bIOOPKE HE3ABUCUMbBIX UBMEPEeHUl
K0oOpOouHamol u CKOpocmu

IlycTh, Kak M Tpexne, TPAaeKTOpUs 3IAZAETCH IMOJIMHOMOM CTETeHU S, a HabJIo-
JlaeMblii CJIy4allHBbI IMPOLECC MPEeAcTaBIsieT COO0O MOCIeN0BaTEIbHOCTh HE3aBUCUMBbIX
W3MEpeHNIT KOOPAWHATHI M CKOPOCTH, OmmMOKM M3MepeHUs He KOPPEIUPOBAHBI MEXIY
coOoli M pacrhpeieseHbl MO HOPMAJIbHOMY 3aKOHY C U3BECTHBIMU KOPPEISIIUOHHBIMU
(GyHKIMSIMM ¥ paBHBIMM HYJIO MAaTeMaTUYCCKUMHU OXUIAHUSIMHU.

n-MepHBIE BEKTOPHI audopowux 3HAYEHUI MMEIOT BUI (B TPaHCIOHUPOBAHHOM
BUJE)

T . ® ST i
rsp el S e o

3agaya COCTOMT B TIOJYYCHUWM OLIGHOK [JIsI BEKTOpa IMapaMeTpOB TPaeKTOPUU
8T = |18 8, ... By | MeTOZOM MaKCHMATBbHOTO MPABIOMOIOGHS.

Bciencreue He3aBUCMMOCTU BEKTOPOB BBIOOPOYHBIX 3HAYEHUI, (DYHKIMS NpaBao-
nonobusi BeEKTOPA oLeHMBAEMBbIX NMapaMeTPOB 3alMCHIBAETCSI B BUIE

L (b) =c exp l_ % (ArTNF PAr 4AF N;‘Ar' )].

rie

l ”r(e 0 ||

|| n—r (¥ ¢n) || || Fn—r (¥, r) \

' rp=r (&. t)
Ar=

Nr-l ~ QOpATHAR KOPPEeNAUNOHHAR MaTpyLa OLIMOOK HIMepPeHHA KOODRMHATH
N=1 — ofpaTHAS KOppEISILMOHHAs MaTpPUlla OLIMOOK M3MEpPEHUs] CKOPOCTH.
5 -
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[IpumeHsisT OOBIYHYIO TIpOLIEAYpY HAXOMAEHHA OLIEHOK METONOM MaKCHMaJIbHOTO
NPaBIOION00OMs, MOJYYUM BEKTOPHOE ypaBHeHUe NPaBLonofodHs B ciepyoeM OKGOHs
4aTeJIbHOM BUIE

ATN7!Ar+AT NT'a7 =0, (6.3.37)

rac :
E . L J— a d
T T AT=-2 T, g L
Ale = Ir (&, 1)) VAr aa_[r(&.f)} r(#, 0 dt-r(&t)

. Janee, ucrojb3ysl Npolenypy JUHeapu3aluu CHUCTEMbl YpaBHEHUI MpaBOIONO-
OMsI, TOIYYUM Co

AN (A, A8 —Ar) + ATNTVA; 2B —AF) = 0.
Pelrenune 31oil cucTeMbl KMMEET BUO
AB=-C-1[AT N,—IAr+A}" NTIAR ] (6.3.38)

rae " i N \
CATNT! A +ATNTA, =B, +B;

— Marpuua, nopsaka (s = 1) X (s -+ 1). ‘

Hcnoabays tenepb o6biuHoe npasuio ¥ = M [A% A fi'], monyunm dopmyny s
BBIYMCJICHUST KOPPESILIMOHHON MATPHIE! OWKGOK OLEHKM NApaMeTpoB B CIEAyIOLIEM
OKOHYATEeILHOM BHIIE

¥=C~1 B,C-14C-1B; C-1=C-1, (6.3.39)

Jns WIocTpauuy MpUMEHEeHUs MOJYYeHHBIX (POPMYJI pacCMOTPUM Cilydail OLeHs
KM MapaMeTpOB JIMHEWHOW TPACKTOPUU 7 (1) = fy = fpn (f — Iy} TIPU ONHOBPEMEHHOM
PABHONHCKDETHOM M3MEPEHUM f; M 7j Yepe3 MHTEPBaJIbl BPEMEHU [ g.

B aTtoM cnyuae

’ A T 10 O ++ ©
AT=| . | a Lon mmei l
= v
“wr. 0 i ' bW, 0 ... 0
i . : |
N-! = 0w, 0 ' N;Tl=| 0w, 0 L W=
R W R B e :
0 0 Wrn i, 0 0 W'n"

IToacraBinsiss 2T MaTpUuYHbIE BBIpaXEHHUS] B ypaBHeHUe mpaBgomnomodust (37),
rnocjie Mmpeo6pa3oBaHMsT TMOJYYMM CHUCTEMY K3 IBYX YpaBHEHWM.

R s
E Wry {ri-ra—rat) =0,
ya
n ’ -~ OA. n ~
U W (ri—rn—rn T} + X Wi (p—r)=0. (6.3.40)
e ‘ =1

Pemast 3Ty CHCTeMy C NMpPUMEHEHMEM BBEICHHBIX BbllIe 0003HaueHWH s fn, €n»
hp, Kn,1y = —(n — 1)Tyu nononHutensHo 06GO3HaUas

n .

2 wf.‘ =fﬂ‘|

fm]
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honyltae!v: OKOHYATEJbHbIC BBIDAXEHMS [T HEKOMLIX QUeHOK napaMmerpos.

n oa "
Z wr(n—i)ri+fnfn E wrri+Tofnén 2 Wr'l"l]
=1 {aa |

s &
T3fn [hn 2 Wry't—&n
-~ fes]
'n= . N =
" Tifn Kn+F2F,
{ " 1 i n .on b
{40 én ‘2 Wr;"l—fn 2 Wr! (ﬂ—-i’) fi] +fn “;‘ .1':1,""
4 o= | - i= | =1 |
b =l 3 = .
" T3 in Kn+f2f,

Jnst caydasi paBHOTOUHBIX MU3MEPEHUI AaTbHOCTU U CKOPOCTH, KOraa

; n{n—I
/1 =nw, fn =0V . En= ( 3 ) s
n(a—D @r—1) . ¥ (nd—1)
hp =—————— w,, Kp=———"w?
n 6 r n i 12 r
ABHBIC BbIpaXCHUA IJ1d OLHCHOK JAaJIbHOCTU U CKOPOCTHU MMEIOT BUI
i 2 (n—1 ol ( 6c “
NN s © S | ) ry+3c Si |,

n n(ni_l+l2c) i‘?:‘.]. 3 1’: + n—1 i-i.- ‘gl ¢

i=a]

~ i) n
; . [E(?E—n——l)r;-i—% Zsl}.

"= e n (2= 1120 e

e = o"&ﬂois,. 5i =T0fl.
Ipu OTCYTCTBUU W3MEPEHUN CKOPOCTH (C =p. s; = O)Ymonyuaem

= ; Z.oof0l—1-1)ry,
"Tap+l) = ek
) . . o
D ZGi—n—~1ry,

r’_‘= To (ﬂ"""‘ l)n (=l

by

TO COBIIAfaeT C BBIPAXKECHUSIMM, IMOJIYYEHHBIMU B 1. 6.3.3 HACTOsILEi IIaBhL.

[Monyynm Takxke KOPPEISILIMOHHYIO MAaTpUIly OINMOOK _ OILEHKH  mapaMeTpoB
B IIPOCTEMIleM ciiydyae J == 2 MU IpYd PAaBHOTOYHBIX M3MEPEHUSIX.

Wcnonb3yst obiee cootHouleHue (38), mosydaem

i 2w, ~ToWr |0 0

: =
[—Tow,. Tiw, | : 0 2w. -
r

[

Br-'=

2w, —anr |l

c '_| —ToWr ‘T‘gwr-i~2w.r "|’
! ow . .

C_1=_LuT°w,+ LE Tow, u'
1€l Tow, A

jCl=2T} w§+4wrwr. —T3wi=T3} w}+4wrw’. )
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OKOH‘{aTeJII)l-Ioe Bpra)KeHI/IC JJ1 KOppCJ’IHL[I/IOHHOI/I MaTpUIbI OLIMOOK MMeEEeT BI/I[[

T’w,—-{-?w |
¥ (2 Tow L.-'l-'w,-w. T§W,+4wr. \

Ty 2 '
Tiw, + 4w . Twr+ dw J

Mpu orcyrcTBuM M3MepeHMit ckopocTu (W) = 0) mojyuum

YTO COBMAAACT C BbIPAXEHHUEM, IOJYYEHHBIM ISl aHAJIOTMYHOro ciydass B I. 6.3.3.

Jlns1 TPaeXTOPHM, NpEACTaBIseMOil HONHEOMOM BTOPOIl CTEMEHM, yyeT He3aBHCH:
MBIX M3MEPEHUI CKOPOCTU TMPOM3BOAMTCS AHAJICTHYHO, OIHAKO (DOPMYJIbI TOJYYalOTCs
IPOMO3IKUMM. '

6.4. OKcTpanoasuus (npencr<a3aHue) rapaMeTpPOB -TPACKTOPUHU

3ajiaua SKCTPATONISIMY 3aKII0YaeTCs B Haxom[erm napaMeTpOB Tpa-
C€KTOp1Hn B TOYKe, ﬂexamen BHE€ MHTEpBajia Haﬁﬂ}OﬂeHHﬁ, 1o ux 3Ha‘{eHI/IHM
BHYTPH 3TOTO WMHTepBajia. B obIieM ciydae 3amaya 3KCTPaIoJISIIIMK Tiapa-
METPOB CTABUTCSI CIEAYIOIIMM OOpa3oM.

IlycTh MPOM3BOAMTCS BHIOOPKA H3MEPEHHBIX 3HAYEHUI KOOPIMHATHI
B- MOMEHTbl BpeMeHM {; <l I, <l ..<IHa WHTepBaIe HaOMOAEHUS

{¢4s ¢n). BoIOOpPOYHBIE 3HAYEHMsI KOOPOWHATHI, KAK U IPEXIE, PABHEI
' ry =r (&, ) 4 Ary.

Ionesupiii curHan r (4, ¢;) npeacTaBasieTCss M3BECTHON MOJMHOMMUATIBHOM
dyukupeit. Iomexa Ary — ciydaiiHas TOCIENOBATENLHOCTh OLIMOOK M3ME-
PEeHMSI C U3BECTHBIMU CTATUCTUYECKVMU X&PaKTepHCTHKaMH. 3amaya COCTOUT

B HaxoxaeHuu ¢byHkuuu r (¢, {;) B MOMEHT BpeMeHHU fy, HaXOMSLIMMICS 3a
npeaeyaMy MHTepBajla HaOMIONeHNS BXOMHOM NOCAefoBaTeldbHOCTH. B Ko-
HEYHOM CYeTe 3Ta 3a1a4d CBOIMTCS K HAXOXICHHMIO OLEHOK BEKTOpa napa-
MeTpoB & B Touke f.

Peluemste mocraBieHHON 3a4a4¥ MOXET OBbITh BBHIIIOJHEHO MO KpaikHéf
Mepe IBYMSI CIIOCOOAMM.

1. TlyreM HEMOCPEICTBEHHOIO pacyera IapaMeTpOB TPAeKTOPHHU B SKC-
TPANoJIMPOBAHHON TOYKE IO JaHHBIM BBIOOPOYHBLIX 3HAYEHWIH KOOpPIMHAT. |
Ilpn 3TOM MOIHOCTHIO MOTYT OBbITh MCIIONB30BAaHBI METOmbl GUEHKH, M3I10-
XKEHHBIE B TIPebIIyLIeEM Maparpade.

2. TlyreM MCIIONB30BAHMA IJISI SKCTPATONALNAN CIIAXEHHBIX (HHTEpro-
JIMPOBAHHBIX) 3HAYECHUIA napaMeTpop B BRIOPAHHOI TOUKE BHYTPH MHTEpBaTa
HAOMIONEHNs M TUIOTE3bl O 3aKOHAX M3MEHEHMsl 3TUX MapaMeTpOB BHE
MHTepBaja HabIoqeHMs.

. C TOYKM 3pEHUS] KOHEUHBIX pe3yJIbTaToB 006a 3TH cnoco6a SIBJT?[}OTCH
paBHOLIeHHbIMU. Ha mpakTuke GoJiblilee TPEANOYTEHUE OTIACTCSI” BTOPOMY
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€rmoco0y, TaK KakK BBbIUKMCIEHME CIIaXKEHHBIX (MHTEPIIOIMPOBAHHBIX) 3HAUeE-
HUI TTapaMeTpoB B Ipolecce 0OpaOOTKM pagroNIOKAIIMOHHON MH(pOpMAII
MPELCTAaBIAET CAMOCTOATENbHYIO 8aAa4y, a BLIYUCIEHUE IKCTPATIONMPO-
" BAHHBIX 3HAYEHUI ITapaMeTpoB II0 WX CIJIAXXEHHBIM 3HAYeHWSM 0ojee Ipo-
CTO, YeM II0 MCXOOHBIM PE3yJabTaTaM M3MEPEHMUS. .

B nanHom maparpade paccmaTpuBaeTCs pellleHMe 3aJayM SKCTparmoJs-
MM T1apaMeTPOB MOJMHOMMANBHOM TPAEKTOPUHU II0 IIPEABAPUTEILHO IOJY-
YEHHBIM OLIEHKaM 3THX IapaMeTPOB HAa MOMEHT £, TOCIEIHEr0 M3MEpEHMUs.

6.4.1. Aneopummol 2KCMpanosayuu napamempos NOAUHOMUANLHOU
TPASKTOPUU

[Ipy MOMTMHOMUAILHOM TPEACTABICHUM HE3aBMCUMON KOOPIMHATHI (Ha-
NpUMep, NaTbHOCTH F) SKCTPAroJMpOBaHHbIE HAa BpeMs f, MapameTpsl Ofl-
penensiiotess 1o (hopMyaam :

A B— .
~ ~ 7 7 Ta ’i!) s
r9=rn—|—rnra+rn-2—+-~- —{-rn s_l
A . §5—1

. = ] - Lcousn » ‘(S)___E_____
O RO T sk s S el (6.4.1)
(35) = f(ns}‘
e T, = ({, — fn) — BpeMsl IKCTPAMOJIALMY.
B BekTopHO-MaTpuuHOil hopme BhipaxeHus (1) MOXHO 3amucaTh B BUIE

4,= F,0,, (6.4.2)
e Fy — MarpuuHblii Omepatop SKCTPANOJALMM, 3alUCHIBAEMBI B BUIE

1 P ) ]

Fo=lo 1 T, e

rs rn
5 r W
05 = »B ] 0?1 = .ﬂ +
23 BES

Beipaxenue (2) mo3BoJIsSIeT- HAXOOUTh SKCTPANOIMPOBAHHBIE 3HAYCHMUS
napamerpos Ul KaXIOT0 KOHKPETHOrO CJy4asl MpeICTaBAeHUs TPaeKTo-
pHUH.
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[TycTb, Hampumep, TpaeKTOpusl SIBISETCS JIMHEHHOW. B atoMm ciydae
oreparop SKETPancasilu _
1 T,
o1
Ecm teriepb MPEANonOXUTh, YTO M3MEPCHHs NPOM3BOLIIIACH PABHO-

JVICKPETHO, C TIepHomoM Ty, TO BEKTOP SKCTPArOIMPOBAHHBIX 3HAUCHHI
mapamMeTpoB OyleT MMeTb BHII

Fa=l

L7 ]

Tn + o P TO

B | 2 %

o l L
Tac p =T9/ To — OTHOIICHHMC BPEMCHMU SKCTPAIIOIAINU K IICPUOaY M3MEPC-
HUs. dn

[ToncTtaBUB COOTBETCTBYIOIIME BBIPAXKEHUS IS “CIIAKEHHBIX IapaMeT-
pOB, nonyun

I’ III pTy

Q;‘)

[(fl +pgn) Z‘th!—(gn'f‘an Z“:(n—‘)’t]

{=] {=]

s

f

‘\

ECJII/I, KpOME TOT0, M3MepeHKsi KOOPIMHAThI IMHEMHON TPaeKTOPUHU B«
JIIOTCS PaBHOTOUHBIMU, TO 3KCTPanoJaHpOBaRAHOE 3HAYCHUE KOOPIMHATHI
MOXHO TPEICTAaBUTh B BHIIE

y = ‘ZI n, (‘) +7 ", (1)1 ry.

[pu 7, == Ty, T. €. IPW FKCTPAMNONSALMYN HA OTMH TIepros 0030pa, HoaY-
YUM OKOHYATEJIbHO

=S, 0, (6.4.3)

{e=1

e Ny, {f) = 6i—2n—4)/n(n—1)
— BecoBast (PyHKIMS M3MEPEHHBIX 3HAUCHMIA IIPY SKCTPAITOJISIIUY HA OOUH
nepuof, 003opa.

Hampumep, npu # = 2 3KCTpaloJMpoOBaHHOE Ha TpeTHii 0030p 3Haue-
HUE KOOPIMHATHLI OIMpeaessaeTcs mo dopmysie

Ua 8 = 2.' 2 —"71-
Takum o6pazoMm, (opmyna (3) MO3BOMSAET HEMOCPEACTBEHHO ONPEHC/ISATh
9KCTPAIoJMpOBaHHOE 3HAYECHME KOOPIMHATBHI IO €€ 3aMepaM B 7 TOYKaX.
Or1a dopMyna, €CTECTBEHHO, MOXET ObIThb IOJIy4eHA ITyTeM HEIOCPEACTBEH-
HOTO CHHTE3a ONTHMAJIBHOTO aJropuTMa SKCTPAMOSLMK TI0 KPUTEPHIO
MAaKCHMAaJIbHOTO IPaBIONOA00MS.
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,HJ'IH cﬂyqaﬂ, Korjga He3aBMCHMasl KoopJauHara NpeiCcTas/IfAeTCA MoJIMHO-
MOM BTOPOM CTENEHU, OMEpPaTop SKCTPATOIALMU WMEET BUI :

11 T, Ts /2|
F, l olrw |.
loo 1 ‘

Hcnonw3ys tenepb ¢opmyiibl (3.34) njist onpeaenaeHus OLEHOK MapaMeT—

POB IIpY PAaBHOAUCKPETHBIX HAOJIONEHUSIX, ITOJYYUM B COOTBETCTBUU C Bbi+
paxeHuem (1)

;a =-'}l"'[(°‘u+PYn+Pz 6n) i.wi r:+(?n+an+p2 rln) é Wy (fl—f)fi-l-

=] =1

+(6n+pnn +,02 xn) i wi (n_£)3 rl]!

l—l

Fa=5.—‘-[(vn+pan) S W, (G oM S W () 1

i—l {== ]

+(nn + pxn) i wt (n'—':)2 r[] '
=]

A ~

r —r
‘g ins

IIpy paBHOTOYHBIX M PABHOIHCKPETHBIX U3MEPEHUAX 3HAYEHUs SKCTpa-
MOJIMPOBAaHHBIX MApPaMETPOB KBaAPAaTUYHON TPacKTOPHUM MOTYT OBITh BbIpa-
JKEHbI HETTOCPENICTBEHHO 4epe3 M3MEpeHHBbIe 3HaueHusl koopauHat. Hampu-
Mep, TIPU SKCTPANoNSLUM Ha OOVH Iepvol ob3opa (p = 1) mus pacuera
3KCTpaHOJ'II/Ip0BaHHOI/I KOOpI[I/IHaTLI TojyJaercs ciemyiomas ¢hopMyia

- 2, g () 71
. (=1
rme .
o " () = 31(n4+2) (n +3)—2i (42 +7) + 10t}
e n(n—1) (n—-2}' '
IIpu n =3

fo = — 3rg + 3rs.

C ICJIbIO CAMOKOHTPOJIA ITOJIYYCHUC AHAJIOTUYHON (bOpMYJH:I JJIs1 OKCTpa-
IO AN CKOPOCTU PEKOMECHAYCTCA YMTATCIIIO.

6.4.2. Koppeaayuonnas Mm:puz{a CUUBOK SKCMpPanoaayuu napamempos

"KoppesiimonHast MaTpiiia OIMMOOK 3KCTPATIOISIIIANA TTapaMeETPOB BBIUM-
CJIAETCA  CIIEAYIOIMM OOPa3oM. "y
B cootBercTBUM C hopMysioil (2) ISl BEeKTOpa OIIMOOK IKCTPANONAALHHK'
[apaMeTpoOB MOXKHO 3aIlucaTh

A®, = F, A%,
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Ilo ompenenenuro, ‘
¥, =M [49, 48]],

e M — 3HaK MareMaTM4YecKOro OXMIAHWSI.
Wwmes B By, 490 Ads T =ABTFY, nonyyaem ¥, = F M [AﬂnAOT] FJ.
3amensiss M [A&n Aé;{] =Y, nomyyaeM OKOHYATEJIHHO i

¥ =F. ¥YF.. {6.4.4)

TakuM 00pa3oM, KOppessIlIMOHHAsT MaTpulla OLIMOOK: KCTPAMOJISIIUN
Tojly4aeTcs Iyrem mpeobpa3oBaHusl MaTpUUYHBIM orepatopom F, koppens-
LMOHHOM MaTpulbl ¥ OLIMOOK OLEHKU ITapaMeTpoB.

dnsg cioydas JUMHEMHOW TpaeKTOPUM MpU PaBHOAMCKPETHBIX 3MEPEHH-
sIX Ha OCHOBe hopMyJbl (4) TOTydrM

. S
\I,_“1 oTollll Ke T ” 1 ol_
g T . . =
0 1 & _In pTo 1 I
ToKn TiKa :
Bn+2p8n+ 0% 0 gn+0fn
Kr; ) ToKn‘
&n + pin [n
Ty Kn T} Kn

Eciu u3MepeHusi, KpoMe TOTO, U PABHOTOYHBI, TO IUISI SJEMEHTOB KOp-
PEJIALMOHHOM MaTpuiibl ¥, TIONYHHM

; 2[(n—1) (2n=1) +Bp (n— 1) +6p°
1|J8|11=0};I+p: = L Lt0e (o )"J"GP] 02;

nind—1)
] - Glin—1)4+p)
‘1{5.12 ‘Pé.Ql " (n3~l) To =Ur
— 12 2
Wo.20 Am—1T2 "

DeMeHTbl KOPPENSIIMOHHON MaTpullbl OMIMOOK 3KCTPAToOISILUU Mapa-
METPOB KBAJPaTUYHON TPAeKTOPUM WMEIOT BUJL

Po,11 = ]_l; (e, +p (Sn_QYn) +p2 (Ga 0,y —20° 1, + pix,]s

¢9.13=¢a.21=T 7 [""?n +p(cn+26n)_3p2nn+2pskn]!

2 £
‘Pa 1="VYoz = !n = (8, —pn, + Pz_”n)v
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"Pp.20= }'%—l]':(gn"—‘lp'fl,} +4pPu,),

. . 2
P28 = Py, 59 == Y (Ma +4p%,),
Sin

i 4
Voan =g

bonee HOJIpO6HHC BbIYMCJICHUSA MOIYT OBITb ‘cAeNaHbl AJs KOHKpCTHLIX
3HAYCHU I p 1 NIpU YyCIOBHUM PAaBHOTOYHOCTU I/I3MepCHI/II7L

6.4.3. Ocobennocmu sxcmpanosayuu napauerpoe
barnucmuueckoii  mpaexkmopuu

[MapameTpbl GaTMCTUYECKON TPAGKTOPUU CBSI3aHBl RHxbepeHunasb-
HbIMU ypaBHeHuAMHU ABrxeHus KII. 3TH ypaBHeHUs B MecTHoii cdepuye-
ckoit cucreme koopaunar (MCCK) uwmeror Bun

s p5 ¥ 2y r+Rysine
r=re +rB2cos?e—p % -+

+2rf—w, B cos?e—w (B sin e cos e cos p—e3sin P)I,

ff=

- [([3-—03,) (re sine—rcos g)—

reose . .
—w,cosB(rsine-trecose)), (6.4.5)
'B =__2',e9 ‘52 sesine+ 20, cose sine -+

+20, (—'Slﬁi -+ B costecos [3) — R3 sty

rie R3 =6371 gm.—paguyc 3emum, U ""-—3__,___!_3_86-10” xmd/cex® — rpasu-
' TalMOHHas TocTosHHas 3eman, p = V' R¥ r*+2R3rsin g, w, =
=@ sin @', 0, = ® cos ', ® — yrIOBasg CKOPOCTb BPAIIEHUS 3EMIIH,
¢’ — nomonHeHue 10 reorpaduueckoil MpoThl Touku croauua PJIC.

Kak yxe -oTMeyanoch, B KayecTBe MapaMeTpoB OalJIMCTUYECKOH Tpa-
eKTOPUU JOJKHBI OBbITh BHIOPAHBl 6 IIOCTOSHHBIX (HAYaJbHBIX YCJIOBUIA)
WHTErpUPOBAHUS YPaBHEHMI ABMXEHUS. B HalleM ciyyae TakKUMU MapameT-
paMu SBJISETCA BEKTOP OLEHOK KOOPAMHAT U BEKTOP OLIEHOK CKOPOCTU MU3-
MeHeHus: KoopauHaT KII. TMockoibKy Mo pe3ynbTaTaM HU3MEPEHUil OLeHU-
BAIOTCA TOJIBKO MapaMeTphl JMHEHHON 4acTH OaIMCTUYECKO} TPaeKTOPUH,
TO HAXOXJIEHUE OLIEHOK MOXHO IMPOM3BOAUTH PA3LEJbHO MO KaxIoil W3
KOOpAMHAT {r, B, €), HECMOTPs Ha TO, YTO TH KOOPAMHATHI ABJISAIOTCS CBSI-
3aHHBIMMU.

J s BHIYMCICHUS TIApaMETPOB B YIPEXKICHHOW TOYKE HEOOXOAMMO TPO-
MHTErpUPOBaTh YpaBHEHUS ABMXEHUS (5) ¢ yKa3aHHBIMHU BbIIE HAYaTbHbI-
MU YCIOBUAMM. MHTErpupoBaHWe MOXET OBITH BBITIOJHEHO TOJBKO YMCICH-
HbIMU METOJAMM, YTO MOTPeOYeT BHIMOTHEHUST OOJBIIOrO YKcia OIepaliMii
Ha LIBM, IlosToMy mipu 3KCTpamoasginy Ha HeOOIbIINEe MHTEPBAJIBl BpeMeH!
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MOXHO BOCTIOJIb30BAaThCsSl TIPUOMKEHHBIM TPEACTABICeHUEM YpaBHEHUI
JBKEHUS B SKCTPAIIONMPOBAHHOM TOUKE B BUJE MOIMHOMOB 3—4 cTerneHu.

Jns cnyvass TIpeACTaBJICHMS] pelleHUs] B BUIE TOJMHOMA 3 CTereHU
C HaYaJIbHBIMU YCJCBHEAMY, COOTBETCTBYIOLUIMMU IapaMeTpaM B TOYKE # T10-
CJIeTHETO 1/13MepeH1/1$1 TTOJTYYUM

0,=0,+U,%+0,2 +U
(6.4.6)

-~ -~ o~
b3

_ 2
U,=U,+0,, + T’.

e R 5
) 6 . "y

Ly= 69- d U, = ,ﬁ?.

EB éS

Bxonsiyie B popMyinel (6) BTOpEIE HpO‘I/I3BO£[HbIe 0 KOOpIWHATaM T, [3
U € HaXOJsATCS U3 YpaBHCHUI NBMXKeHMS (5) Mocie MOACTAaHOBKY B HUX OUe-
Hok mapamerpos U, u U,. _

Jisi HaxoXIOeHWS TPeThell TMPOW3BOAHON OUEHEBAeMbIX T1apaMeTpOB
CHauajia MpOM3BOAUTCST uddepeHIIMpoBaHre 0 BPeMEHU ypaBHEHUI TBU-
XeHusA. B HaimeMm ciyyae yIpOILEHHBIE PE3yNbTaThl AU((EPEHIMPOBAHMS
TOJy4aloTcsi B BUE

ravret+ 2 ee-rf2coste -+ 2rBPcoste—2reftcosesine,

B 2[38 sin e 4-2[3 - sine +o B2 B e? QB} 2[3}' ,_Q_B_r'_’_

1
cose . Ccoste r r r2

(6.4.7)

. 3
e ~2e —2e— 2g —2BB cosesinet
+f2esinte—ptecoste
IMoncraBus TENephb B MOTYIEHHbIE ypaBHeHI/IH OLICHKU Un, U U pesyJib-
TaTbl BBIYUCJICHWA BTOPLIX ITPOU3BOIHBIX U IOJIy4nM I/ICKOMI)IC 3HAYCHUS U
Hcronbays oueHKM napameTpoB U, u U Y BBIYMCJICHHBIE [1¢ 3TUM T1apa-

MeTpam BTOpbIe U U TPETHH U TNPOM3BOIHBIC, 110 (opMyIam (6) HaxomaTca

BKCTPAroIMpOBaHHbIE 3HAYEHHS TTapaMETPOB b u U, B MCCK.

AHaJOTHYHBIM 00pa3oM peIlaeTcs 3amavya dKCTPAIoJSLUU IapaMeTpoOB
Oa/UTMCTUYECKOM TPAeKTOPUM B OPYTMX CUCTEMAX KOOPAMHAT.

Takum o0Opa3oM, TpU SKCTPAMOJSIIUU MapaMeTPoOB OaTUCTUIECKOMN
TPAaeKTOPUU CYILIECTBEHHBIM 00Pa30M UCIIOIb3YIOTCS YPAaBHEHMS IBUKEHUS
12 B 31OM coctouT mepBasi OCOOEHHOCTb paccMaTpUBAEMOM Orepaluun
J1s1 OTUCTUUYECKON TPAeKTOPUM IO CPaBHEHMIO C OOLIMM CIydaeM TOJu-
HOMUAJIBHOM - TPAEKTOPUU.
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Hapsmy C 3KCTpaHOHHLII/I€I71 IMMapaMeTpoB NOJDKHA BBIMUCITBCA KOPPE-
JIILIMOHHAsT MaTpUL@A OUIMOOK OLEHKU MapaMeTPOB B JKCTPaNOAHPOBAHHOH
TOYKE. HOCKO)‘ILKy B JaHHOM CJjiydya€ OLICHMBAIOTCA I1I0 PE3yJabTaTaM HU3MEPE-
HUII TOJBKO MOJIOXEHUE U CKOpPOCTH I10 KEDKILOFI KoopanHare, 4To aHallo-
TMYHO OLIEHKE IMapaMeTpOB JIMHEWHOM TpaeKTOpUU, TO, BO-NIEPBBIX, JOCTU-
raercsl Hawiaydinass (UabTpaluvs CIy4ailHbIX OIIMOOK W3MEpEeHMs, a BO-
BTOPBIX, OINEPATOP SKCTPAIOJSLMA KOPPEISLMOHHONW MAaTpUibl OLIMOOK
OLEHKM TapaMETPOB COOTBETCTBYET OMNEPATOPY 3KCTPANOJALMU KOPPEss-
LII/IOHHOI/I ManI/I]_IbI OH_II/I60K OLCHKM I1apaMETpOB JIMHEHON TPaCKTOpUHU,
T. &

l T,
0 1

.

[MocnenHee OOCTOATENBLCTBO OOYCIOBIMBAET BTOPYIO OCOOEHHOCTH BbI-
MOJIHEHUST OIEPALIMMA  SKCTPATOIALUMU [1apaMeTPOB U OaJUTMCTUYECKOM
TPaeKTOPUM TIO CPAaBHEHMIO C OOIIMM CIydaeM ITOJIMHOMMAILHON TpaeKTo-
puM 1 COCTOAIYIO B TOM, YTO HE3aBMCUMO OT 3aKOHA SKCTPAroJISILMK Mapa-
METPOB OIIMOKM OLEHKW MapaMeTpoB GAJUTMCTUYECKON TPAeKTOPHM DKCTPa-
MOJIUPYIOTCS 10 -JTMHEMHOMY 3aKOHY.

6.5. CrpoGuposaHHe 1 ceneKMsI OTMETOK B CTPOOAX

Kak yxe oTmeuanoch, OmTHOM M3 OCHOBHBIX ONEPAINiA, BBITIOIHSIEMBIX
B Mpollecce aBTOMaTHYECKOrO CONMPOBOXKASHHUA LIEJIel MO JTaHHBIM 0030pHOM
PJIC, saBnsercss oTbop OTMETOK (M3 4YMciIa TOMYyYEeHHBIX B HOBOM 0030pe)
JJISI TIPOJOJIKEHUST KaXKIOW M3 COIPOBOXKIAEMBbIX TpaekTopuii. OTOop oT™Me-
TOK M WX «[PHBA3KA® K COMPOBOXIAEMBbIM TPAEKTOPUSIM MPOM3BOAUTCS Ha
OCHOBE CPaBHEHMSI HOBBIX OTMETOK C 3KCTPArojMpPOBAHHBIMU KOOpAUHATA-
MM M XapaKTepUCTUKaMH COIIPOBOXIAEeMbIX TpaeKTopuii. B mpocreliem
cilyyae CeseKIvsl TTPOU3BOIUTCS TOJBKO IO KOOPAWHATAM.

CpaBHCHI/IC KOOpAMHAT HOBLIX OTMETOK M 3KCTPAIIOJIMPOBAHHBLIX TOYCK
B MPUHIMIIE MOXHO TMPOM3BOAUTL BO Bcell 30He o63opa PJIC, Hanpumep,
M0 KPUTEPUI0 MUHUMATBHOTO PACCTOSIHUSI MexXAy HUMHU. OmHaKO 00beM
BBIYMCIICHNI B 9TOM Clyyac OyleT upe3BbINAifHO BeiuK. Jljisi yrpoleHNs]
npolecca CeJeKUMU  TPAEeKTOPMA M COKpalleHusi oObeMa BBIYHCAEHHH
CpaBHEHME KOOpAMHAT HOBBIX oTMeTOK (HO) M 3KCcTpamoimmpoBaHHBIX TOUEK
(®T) o0bMHO IPOM3BOAMTCA B CTpODAX. - -

[pu cnexxeHM 3a HECKOJBKMUMM IIEJISIMUA B TIPUCYTCTBUM TIOMeX (BHYT-
PEHHMX U BHEIIHMX) B CTPOO MOIYT IIONAafaTh He TOJbKO OTMETKM, MPUHALI-
Jiexalllye Toi TPaeKTOPUU, sl KOTOPOil OH MOCTPOEH, HO U JIOXKHBIE OTMET-
KM, 06pa30BaHHbIe NpoIleAMMY GUIBTP NMEPBUYHON 00pabOTKY MOMEXAMH,
WM Jaxe OTMETKU, IpUHAUIEXalye - IpyruM TpaekropusaM. [lostomy
IIPU CEJIEKUMH: TIyTeM CTpOGHPOBAHHA BO3HMKAECT HEOOXOAMMOCTH CENEKLIUU
OTMETOK, TIOMaBIIMX B CTPOO, C LIEJNbI0 BbIOOpA OMHOW OTMETKH, BEpOsIT-
HOCTb MIPUHAIEXKHOCTU KOTOPOIi K COTPOBOXAAEMOI TPAEKTOPUM HAUOOIb-
mwas. B Hacrosiiiem maparpade paCCManI/IBaIOTCH METO/bI CTpO6I/Ip0BaHI/IH
U CeJeKIMU OTMETOK B CTpo6ax
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6.5.1.Ctpobuposanueommemox.
Buibop dopmut u pasmepose cmpoboé

B cooTBeTcTBMM ¢ OCHOBHBIM MPUHIIAIIOM TTOCTPOCHUSI TPAeKTOPUA, MpU
BTOPUYHOI 0OpabOTKEe pPaguoJOKalMOHHON WH(pOpMalM HOBasi OTMETKa
MOXKET OBITh MCITOJIb30BaHa IJIsI MPOMOJIKEHHUS COIMPOBOXKIaeMoli (0OHapy-
KMBaeMoii) TPaeKTOpUM, €CIM €€ OTKJIIOHEHME OT LIEHTpa cTpoOa He TpPeBbI-
IIaeT HEKOTOPYI0 (DUKCUPOBAHHYIO BEJIMYMHY, OIPEIe/IIeMylo pa3mepaMM
cTpoba, T. €. ecln

l U!—Ual_l ‘-<-. AUIcrpv (6-5-1)

rne Uy == (r;, fi, &) — COBOKYNHOCTb KOOpAMHAT {-H HOBOW OTMETKHU,
U,; =y Bep 8 1) = COBOKYMHOCTB KOOpAMHAT LIEHTpa CTpoda uisl
L# tpaexropun; AU grp = (877 0rp0  ABiorpy A81crp) — pasMepsl cTpo-
- 6a 10 KOOpIHMHATAM ¢, P, e mna I-#t TpaekTopun. OcHOBHOI 3amayeii, BO3-
_HHKAlOLllel B TIpolLiecce CEeJIEKLUM TPAaeKTOpUil IyTeM CTpOQHpOBaHHﬂ,
SIBJISIETCSI BBIOOp (DOpMBI M pa3MepoB CTPOOOB Ha OCHOBE NETAIBHOTO HU3Y-
YEeHUS] CTATUCTUIECKUX XapaKTePUCTUK OTKIIOHEHUsI UCTVHHBIX (IpHHAZJMe:
KaLUX - COMPOBOXIAEMOM TPAEKTOPHM) OTMETOK OT COOTBETCTBYIOLIMX 3KCT+
- ParoJMPOBAaHHBIX TOYEK.

OTKIIOHEHNE MCTHHHOW OTMETKH OT LICHTPA CTPOGA OIPENCIISIeTCS CyM-
MapHbIMU (CyJaiiHBIMU TUTIOC JMHAMWYECKMMM) OIIMOKAaMU IKCTpPaIojsi-
LMKM KOOPOMHAT TPACKTOPUM IO MPEAbIIYLIMM CIIAXKEHHBIM 3HAYCHUSIM €€
MapaMeTpoB W OIIMOKAMU €NMHWYHOTO W3MEpeHHsT KOOPIWHAT HOBO OT-
MeTKi. PaccMotpum Gonee AETaabHO CTATMCTHMYECKHE XapaKTePUCTHKU
9TUX OLIUOOK, npuMeHmeano K TpexxoopauHaTHoit PJIC oG3opHoro neii-
CTBMSL.

ITycth N0 RaHBREIM nipeapiayiimx (1 — 1) 0630poB MPOM3BENICHA SKCTPa-
MOJISILMST KOOPIMHAT TPaeKTOPUU LM Ha CJICAYIOLMIL J1-if 0630p. [Tooxe-
HUE DKCTPaIloIMpOBaHHOM TOYKKM 0003HauuM O (puc. 6.10). B sT0il TOUKe
[OMECTAM HAYyaJlo JEeKAPTOBOM CUCTEMbl KOOPOMHAT M HAIpaBMM OCh Y
no HanpasieHuto «PJIC — nenb», och X — NepHEeHANKY/ISPHO STOMY- Ha-
TIPaBJICHWIO B CTOPOHY BpallleHWsI 8HTE€HHBI,"a OCh Z — TaK, 9TOOBI 06paso-
BaJIach IpaBasi crcTeMa KoopauHat. CyMMapHbIe OTKJIOHEHUsI HOBOM OTMET-
KM OT 3KCTPAIOJMPOBAHHON TOYKY B BHIOPAHHOM CHCTEME KOOPAMHAT Oynem
0003Hayarb Axg, Ay;; 1 Az, BelMUMHBI 3TUX OTKIIOHEHUI paBHBI (IIPY Y CJI0;
BUM OTCYTCTBUSI CHCTEMATHUUYECKMX OIIMOOK I/I3MepeHI/IH)

Axz =4 x-+84x,, Ayﬂ =80y D84 Ye A2z =Acnz +44 2, (6.5.2)

* Ilpy BBHIOPAHHBIX HAINPABIEHUIX OCEl KoopuHaT s CIIy4aiiHbIX CO-
crasiolnX B¢n X, Aony, Aonz Hmeem™*)

AGJI X z:h r (Acn BO +AB)
A,_.,,y:i(Acur,-}-Ar), Acnz,-.,;t r{A.ne, -{—Aa) (6.5.3)

rae AF AB, Ae — ommbKy M3MepeHus.

*) 3naku l'lpl/l6J1Vl)KeHHOl"O PaBCHCTBA MMEIOT MECTO BCAECACTBHE 3aMCHBI Oyr :};J’Aﬂ
u rA% COOTBETCTBYRUIHMH XopaaMu. .
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DTU COCTaBJISIONINE CTATUCTMYECKM HE3aBUCHUMBI MEXIY COOOW U TIO-
YUHEHBl HOPMAJIBbHOMY 3aKOHY pPACIpEdeeHUs] BEPOSITHOCTU C HYJIEBBIM
MaTeMaTHIeCKUM OXHMIAHMEM U MCTIEPCUSIMU GF, GF 1 0| COOTBETCTBEHHO.

[TI0THOCTb BEPOSITHOCTU JUISI CUCTEMBI TPEX HE3aBUCHUMBIX CIIyYailHBIX
BeMUMH Bon X, Bony m A2 Oyner

) — 1 3 1 IIAMA” Acn y’ Acn Vi
B8 % Bealhs bea™ "W—c?f}(p[j?.\ o3 + I &3 o} ) '

HOBCpXHOCTb, OTBeyarolas OAMHAKOBOU IINIOTHOCTHU BEPOATHOCTHU, OII-
PEOCIACTCA YpaBHCHUEM

Benx? | Seny® | Ben?? _ag : JINER
- r—_s_j —= — A 10.0.4)

rge A — MoCTOSIHHAs ¥ COBEPLIEHHO ITPOM3BOJIbHAS BEJIMYMHA.
PasnenuB mpaByio ¥ JIEBYIO YacTh (4) Ha A2, monydmnm

Aep x? |-Acn y?  Agn2?
- - =

(Aax)®  (Aoy)?*  (Aoy)?
IonyyeHHOE ypaBHEHHUE IIPEACTABIISIET COOOM ypaBHEHME SJUIMIICOMIA,
OTHECEHHOTO K COTPSDKEHHBIM MONYoCAM AGy, A, n A0,. Ilpu A = 1 no-

JIydaeM eIMHUYHBINA 3JUTATICOMI, T. €. DJUTATICOU, OTHECEHHBINA K COTIPSIKEH-
HBIM TIONYOCSIM Ty, O, U O, (amncounn [/ Ha puc. 6.10).

(6.5.5)

" Hanmpalbrewue
W PA0 = e

Puc. 6.10. K BBIGOPY (OPMBI U pa3MepoB CTPOOA.

bBymeM aanee’ cYHTaTh, 4YTO COCTABJISIOIIME AMHAMUYECKMX OLIMOOK
. OKCTPAITOJALUN TAaKXe TMMOJYMHEHBI HOPMAJIIBHOMY 3aKOHY pacIIpeneieHUs
BEPOSATHOCTH U MMEIOT HE3aBMCHUMBIE COCTABIAIONIME IO ocsiM f, g u ft, mep-
"Basl 13-KOTOPBIX COBMANAET C BEKTOPOM CKOPOCTH IIeJIM, BTOpasl HarpasJiie-
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Ha MPOTUBOIOIOXHO TaHFeHL[I/IaJ'IbHOMy ycxopenmo, a TPEThsl NOTMOJHSET
cUCTeMy KOODAMHAT 10 HpaBOI/I Hauano nosy4yeHHOW cHUCTEMBbI _KOOpauHar,
TaK Xe KaK W Npenulayilled, coBMamacT ¢ 9KCTPAITOJMPOBAHHOM TOYKOM 0.
Onnako, 4roObl YIPOCTUTH M300paxkeHHe, Ha puc. 6.10 510 Hayaao BbI-
HECEHO B TOYKY 0 . ‘

. B TpexmepHOM MpoOCTpaHCTBE NMHAMUYECKHE OIIMOKM OOpa3yloT 3JUIUII-
‘CouJI paBHBIX BEPOATHOCTEH, ypaBHEHUE KOTOPOTO UMeEeT BUJL

2 3 2 B
IS o n BE (6.5.6)
(hop)t * (Rog)? ' (Aow)? .

Hns cnygas A = 1 stor s/ummnconn H3ofpaxen na puc. 6.10 (BJIJ'[I/IH-
coun 2).

Dumncounsl I H 2, ckiansiBasgch, 00pa3yioT B IPOCTPAHCTBE CyMMAapHbIi
SJUTMIICOn, &, HaIlpaBJIEHKWs] CONPSDKEHHBIX ITOJIYOCE KOTOpOro (Hampas-
JIEHUST OCeii IEKApTOBOiA cucteMbl KoopauHar Ongd} mo oTHOLIEHUIO K OCsIM
cucTeMbl KoopauHat OXYZ u BelWYUMHBI CpeIHEKBaApaTHUYHBIX OTKJIOHE-
HUI Oy, Gy U O 110 3TUM MOJYOCSAM ONPENEIAIOTCS 110 MPABUIIAM CIOXKEHUS
B IIPOCTPAHCTBE HE3aBMCUMBIX BEKTOPUAIbHBIX OTKJIOHEHMUI, OOYCIOBIEH-
HBIX CydalHBIMA M JMHaMuuyeckumu ommmbkamu [11]. Ha pwuc. 6.10, nisa
HAIJISIHOCTH M300paKeHNs, HAYaJo CUCTEMbl KoopauHar OMEL BbIHECEHO
B Touky {".

[1TOTHOCTh BEPOSITHOCTH CHMCTEMBI CIIyYaiHBIX BemmumH Ar, A, AC
3alMChIBAETCS B BUIE

1 Al
w(An, AE, Al) = G o ooy exp (——2—) ) (65.7)
Te 3

rac
a2z Ant o ARR . AL
CER of

TakuM o6pa3oMm, TTOBEpXHOCTh PABHOBEPOSITHOTO OTKJIOHEHUSI WMCTWH-
HBIX OTMETOK OT LICHTpa CTp06a IpEACTaBJIACT cobout Q