OEAEPAJIBHOE ATEHTCTBO BO3/[YIIHOI'O TPAHCIIOPTA

(POCABUALIMS)

PENAEPAJIBHOE I'OCYJAPCTBEHHOE BIOJ?KETHOE OBPA30OBATEJIBHOE
Y'-IPE}K)],EHHEUBBICIHEFO OBPA30BAHUS «<MOCKOBCKUI
FOCYJAPCTBEHHBIN TEXHUYECKHWI YHUBEPCUTET I' PAXKITAHCKOM

ABUAIIUH» (MI'TY T'A)

DPAKYJIBTET ABHALMOHHBIX CHCTEM M KOMILIEKCOR

KA®E/IPA TIP30 BT

Hanpagaenune noaroroskn 11.06.01 Dnexrporka, PaaAUOTEXHUKA U CUCTEMBI

CBA3H

(KO ¥ HaHN CHOBaHHE HAlpaBJICHUA MOATOTOBKH)

Hanpasnennoers Paguonokanus u paguonasuranus

HAYYHO-KBA/IM®UKAIIMOHHASI PABOTA

Tema _ANropuT™bl KOMIUIEKCHOM MepBUYHON 069a60Tk BOC-curuanos CPHC

B COCTaBe 0OPTOBOrO HABUTALMOHHOIO 060PYIOBAHHS BO3AY LIHBIX CYJIOB

TPXIaHCKON aBUAIIHU

Obyuarommiics:

[IIukanos B.H.

.

HayuHblii pykoBoauTeib:

(®.HU.C)

K.T.H., 1oueHT Kyauros A.T.

“ (MMoamucs)

PenieHseHThI:

(yu.cTenens, yu.38anue, ®.H.0.)

K.T.H., JoueHT [ eBak H.B.

Vv

(yu.crenens. y4.3panne, ®.U.0.)

K.T.H., foueHt Crykanos C.B.

(__(Noinpcrf
: e
ﬁ%ﬂ\

PaboTa gonyuena k 3ammure:

3aBeayomuii kageapoii

(yu.crenens, yu.3sanue, ®.H.0. )

J.T.H., 10o1eHT bosenoB D.A.

(thyHCB)

—

(yu.cTenens, yu.3sanue, ©.1.0,)

MOCKBA 2023

—_y “(Moanuyés)

7



AKTyanbHOCTb ~ TEMBI  HCCIIE/IOBAHHS  IIPOJUKTOBAHA  HEOOXOMUMOCTHIO
Ppa3spaboTKu M MCCIeI0BaHHMs aIrOPUTMOB ONTHMAIBHOH 0OPaGOTKH COBPEMEHHBIX
HABUTAlHOHHBIX CHIHANOB (B TOM YHCJIE NFU KOMILUIGKCHPOBAHMH C APYIHMH
CpeICTBaMU HaBUTallMK) B CIIEJICTBUHU Y)KECTOUYEE Ul TPeOOBAHMI TSI HABUMALIMOHHBIX
ONpe/Ie/ICHHH 110 TOYHOCTH U TOMEXOYCTORYNBOCTH.

Kpyr 3azad, pemaembix rinoGanbHBIME HABUIALMOHHBIMM CITyTHUKOBBIMU
cuctremamu (I'HCC), u TtpeGoBanus, mnpeabssuseMble K HHUM 10 TOYHOCTH M
HaAEKHOCTH HABHTALMOHHBIX ONpEJENeHHH, WX OMNEPaTUBHOCTH, YCTONYMBOCTU K
OM€XaM M TNpu paboTe B YCIOBHAX MHOTOJYYEBOCTH, 3JI€KTPOMATHUTHOIN
COBMECTHMOCTH, PacTyT € Kax/biM romoM. B HacTosilee BpeMmsi Bce IMana3oHbI
4acToT, B 4acTHOCTU L nuanasoH, koropeiii otenén ans FHCC, npaktuueckn yie
3aHATHI CYIIECTBYIOIIMMH CHCTeMaMu. B Takux ycioBusx mo6oe nepepacnpe/iesieHue
WU BbIJIGJIeHHE KAKUX-JIMOO HOBBIX 4aCTOT MpeCTaBIIsieT cob0i C0XkKHYI0 Ipobiemy,
4TO 00yCIOB/IMBAeT TpeOOBaHUEe KaK MOXHO Oosee 3((EKTUBHOIO HCIONIB30BaHMS
KaXJ10ro AuarnasoHa ¢ MakKCUMaJlbHOM IIOTHOCTLIO PaIMO3IEKTPOHHBIX YCTPOHCTB U
CUCTEM Ha EIWHHMIY IIOJIOCEl 4YacTOT. Bcé€ 3TO BbI3BIBAET HEOOXOIUMOCTD
uccienosanus u BHeApeHus B npaktuky [HCC HoBbix 6osiee coBepiueHHBIX
HaBUTALIMOHHBIX CUTHAJIOB, HanpuMmep, MeaHPOBBIX LIYMOIOA00HBIX
(mmpokomnonocHeix) curnanos (MIITIC), BOC-curuanos, u pa3paboTKu aIropuTMOB
(YHKUMOHUPOBAHUA YCTPOHCTB K CHCTEM, OCYIIECTBISIIOMIUX ONTHMAIBHYIO
00paboTKy CHrHAIOB TaKOro poja B LEJsAX TMOBBILEHUS S(QPEKTHBHOCTH
HABUIallUOHHBIX OIpE/ICTICHHIA B LIEJIOM.

OcoGennocte MIIIIC, Bblpensomas uX 43 TPAJULMOHHBIX LITYMOMOM0OHBIX
curtasioB (IIIIC), ucnonszyemeix cerogus B I'HCC T'JIOHACC, zakimoyaercs B
HalIM4ud B cocTaBe Mopayiupyromed ¢yHkuun BOC-curnanoB MeaHapoBoro
nojxecyuiero konedanus (MIIK), n11uTensHOCTE MEaHAPOBBIX UMITYJILCOB KOTOPOTO
B KO((ULUHEHT KpaTHOCTH pa3 KOpo4e MJIUTETBHOCTH 3JEMEHTa IPSIMOYIoJbHOM
ncesaocnay4daitHol nociemgosarensHocTy (ITTTCIT).

Bonee s dexTuBHOE MCMONB30BaHIE YACTOTHOTO CHEKTPA MPUMEHHUTENHHO K L

AUaIa3oHy B YCJIOBHAX 3aMETHO pacTyLuero yucia noyb3osatenei T HCC cranoBHTCs



peanusyeMbiM 6arojapsi MOSBUBLICHCS BO3MOYHOCTH popmupoBaHusa Ha oxHOM M
TOH K€ HECYIeH YacTOTe CHTHAJIOB ¢ Pa3iMYHLIMU CIIEKTpaMH 3a CYET W3MEHEHMUsI
KO3 QHIIHeHTa KPaTHOCTH MeaH IPOBbIX UMITYJIbCOB B CTpyKType BOC-curnanos.

[Tocnennee  obcTosiTenseTBO  1MO3BOISIET 00ecne4YnTs  OJHOBPEMEHHOEe
(yHKUMOHMpOBaHHE HABUIALMOHHBIX CHUCTEM C TPaJIULIMOHHBIMH U HOBBIMH
PaZHOCHTHANIAMH, YTO JOCTHraeTcs Oylarolapsi «pacileryIeHHIo» criexktpa y BOC-
CUTHAJIOB (IIPH YETHOM YKCJIE UMITYJICOB B MeaHipoBoM cuMmBoite (MC)).

Kpome Toro, Moxuo oxuiarte jnoctmkedus 6Gonee BBICOKHX TOYHOCTH W
nomexosauminenHoctd  I'HCC, wucnonssyromrx mnogo6ubie CUTHAJIbl, 3a CYeT
000CTpeHHs1 OCHOBHOTO MHKA KOPPEISLHOHHOM ¢yuxmuu (K®) BOC-curnasos B CUITY
NpUMeHeHUs boJiee KOPOTKUX BUACOMMITYIbcOB B MC.

Onpenenenne 06beKTa U NpeAMeTa HCCAETOBAHMS.

O0beKT Hee/ie10BaHUA: HABUTALMOHHOE oflopynoBaHue.

IIpeamer ucciieoBaHMsI: aIrOPUTMBI KOMTJIEKCHOI NEePBUYHON 00paboTKHU
MH(OpPMalLMK B anmnaparype notpebures npuMeHnTenbHo k BOC-cHrHanam.

Lleb Hay4YHOli paGoThI: MOBbILIEHHE KAYeCTBA HABUIALIMOHHOIO 06eCeYe s
BO3MYLIHBIX Cy/10B I'A 3a CHET IPUMEHEHHUs CHHTE3UPOBAHHBIX ANTOPUTMOB.

ITocTaBiennas uesib 10CTHraETCsl PelIEHNEM CJIEAYIOLIHX OCHOBHBIX 32124:

1. BersiBiienne nyteit mobiienns kayectsa GyHKIMOHUPOBAHHS
6oprosoro o6opyoBanus THCC B cocTaBe HABHralMOHHOTO KOMILIEKCa
BO3IYLIHBIX CY10B ['A;

2. ITouck pemenuii, HanpaBIeHHBIX Ha COBMECTHUMOCTD
B3aMMO/IOTIOJIHAEMOCTh IPUMEHEHHSI TEXHOIOTUH poccuiickux u kurtaiickux THCC:

3. CuHTe3 allrOPUTMOB KOMILIEKCHOM M2PBUYHOM 06paboTky HHpOpMALHH
OOPTOBBIX paJIMOHABUTALMOHHBIX CPEJICTB;

-+ Ouenka Ka4ecTBa CUHTE3UPOBAHHBIX AJITOPHUTMOB;

3. Paspaborka MeToMKH pacyeTa MOTEHUHANBHBIX U (aKTHIECKH
JNOCTUKMMBIX XapaKTEPUCTUK TOYHOCTH U IIOMEXOYCTOMYMBOCTH CHCTEMBI

KOMIIJIEKCHON 00pabOTKU CUIHAIIOB.
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MeToabl HeeleJOBAHNS: TIOCTABIIEHHbIE 3¢1a4H peIIaroTCsA METOJaMU
MapKOBCKOH TEOPHH OLEHUBAHMUS CITyYaiHEIX MPOLIECCOB IIyTEM I103TaITHOTO
pelienus ypaBHeHnst CTpaTOHOBUYA U IayCCOBCKO alMnpOKCHMAIHH allOCTEPUOPHOI
IJIOTHOCTH BepoATHOCTH (AIIB).

Hayunasi HoBu3Ha:

° BBISIBJICHBI ITyTH MOBBIIIEHNS Ka4eCTBa (yHKIMOHUPOBAaHUS GOPTOBOTO
obopymoBanusi THCC B cocTaBe HaBUTALIMOHHOTD KOMILIEKCA BO3/IyLIHBIX CY/IOB
rpaxnaHckoi aBuaruu (I'A);

o CHHTE3UPOBAHEI AJITOPUTMOB KOMILICKCHON 00paboTky HH(OopMaImu
OOPTOBBIX paIOHABHTALMOHHBIX CPEJICTB;

o pa3paboTaHa METOAUKA MPOBEIEHHS aHAM3A TOTEHIUATbHbIX
XapaKTEPUCTHK KayecTBa HyHKLMOHUPOBAHHUs 6CPTOBOI CHCTEMBI KOMILIEKCHOM
obpadortku nadopmanuu (KON);

o paccYMTaHbl NOTEHIHATBHO JOCTHXIIMBIE XapaKTEPUCTUKU TOYHOCTH U
IOMEXOYCTOHIMBOCTH 6OPTOBON MHTErpUpoBaHHON cuctembl KOU mpu coBmecTHO
nepBUYHOH 00padoTke paguocurnanos CPHC I'NIOHACC u BAUJI0Y;

o IIPOBEJICH CPAaBHUTEILHEIN aHaIN3 NOTEHI[HAIBHO JOCTHKUMBIX
XapaKTepUCTUK TOYHOCTH U [IOMEXO0YCTONUHUBOCTH aJIrOPHTMOB KOMITIEKCHOM
00paboTku uHpopMaruu B 60pToBoii uuTerpuponannoii AIT TJIOHACC I'JIOHACC
u BOUJIOY ¢ coBMecTHOI 1 co CTPYKTYPHO pa3aesibHON NepBUYHOI 00paboTKoM
paJMOCUTHAJIOB.

IpakTHyeckas 3HAYMMOCT: UCIIONB30BAHIE KOMILIEKCUPOBAHMUS Ha YPOBHE
NepBUYHOM 00pabOTKH HHPOPMAIIMH, C YIETOM UMEOLIeHCs P STOM
UH(POPMALMOHHO} M30BITOYHOCTH, IO3BOJISET CYIECTBEHHO [OBBICHTE
IIOMEXOYCTOMYMBOCT U YMEHBIIUTD OIIUOKH U3MEPEHHs HABUTAIIMOHHBIX
[IapaMeTPOB BO3AYIIHBIX Cyn0B. IIpy 5TOM G0pTOBast HHTErpHUPOBaHHAsL CHCTEMA
KOW, noctpoennas na ociose 'HCC TJIOHACC, BOUJIOY u MHC, umeet nyumuue
XapaKTEPUCTUKH TOYHOCTH U ITOMEXOYCTOWYHUBOCTHU MO CPABHEHHIO C CHCTEMOMN
KOMILIEKCHOH 00pabOTKU paJIiOCUTHAIOB OT MUHMMAJIbHO HEOOX0AUMOTO

kosmmyectBa HKA I'JIOHACC u BeIXOIHBIX gaHH>1x MHC.
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Ios10xennst, BLIHOCHMBbIE HA 3aLIUTY:

I. AJITOPUTMBI KOMILIEKCHOH MEpBUYHOMN 06paboTku uH(popmanuu
OOPTOBBIX Pa/IHOHABHTALIIOHHBIX CPE/ICTB;

2. Pesynbrare! oneHku kauectBa (YHKIIMOHMPOBAHHUS CHHTE3UPOBAHHBIX
aJTOPUTMOB METOJAMH MaTEMaTH4YECKOI0 M HATyPHOTO MOJETUPOBAHKS
KOMIIJIEKCHON CUCTEMBEI;

3. Meronuka rpoBeeHUs aHAIN3a TOTEHIUATBHBIX XapaKTepUCTUK
KauecTBa (yHKLIHOHUPOBAHUS GOPTOBO CHCTEMI KOMILIEKCHOI 00paboTku
HHpOpMaLUH.

PesynbTaTel Hay4Hoii pa6oTel uenoab3osans B UHUP:

«MccnenoBanue myTeit MOBBILEHHUSI KauecTEa (GYyHKLHOHUPOBaHHS TII06ATBHBIX
HABUTAlIMOHHBIX CIyTHUKOBBIX CHCTEM HA OCHOBE KOMILIEKCHOM 06paboTKH
curnanoB 'HCC I'JIOHACC u BAUJIOY. Ananus ocobenHocTel
¢yuxunonuposanus THCC I'NIOHACC u BOUJIOY ».

OCHOBHbIE MOJIOXKEHHUsI HAYYHOI paBOThI JOKIIAABIBAIKC, 00Cy ) JaNnuch U
myOJIMKOBaIUCh B paMKax: 55-x HayuHbix yrenuii namstu K.D. Llnonkosckoro.
«DyHKUMOHAIBHOE MarHOCTUPOBaHUe GOPTOBOIO HABHIALIMOHHOTO obopynoBaHust
BC». Kanyra, 2020; Mex1yHapo/iHOl Hay4HO-TeXHHIECKOit KOH(epeHIIuH,
nocesmenHo 50-netuio MI'TY T'A. «IIpuMeHeHne alropuT™MOB HACHTHDUKALUH 1
aJlalTUBHOI'O OLCHMBAHHS K 3a/1a4aM ()YHKIHOHAIBHOTO AHAarHOCTUPOBAHHS
00pTOBOrO 060PY0BAHMS BO3LYLIHBIX CYIOB IPaXIAHCKO aBHaluu.» MockBsa,
2021; Beepoccuiickol HayqHO-TexHHUYeCKOH KoH(pepenmun XIX HayuHrble uteHus
Mo aBUalKy, nocesiueHHble naMati H. E. XKykoBckoro. « AropurMsl KOMILIEKCHOM
00paboTKu MH(OPMALIUH TII06ATBHBIX HABUTAIIMOHHEIX CITyTHHKOBBIX CHCTEM
I'JIOHACC u baiinoy B 60pToBOii anmaparype BO3AyIIHEIX CyI0B.» Mocksa, 2022; B
Hayunom ectauike 'ocHUM I'A Ne 40. «AnropuT™bl KOMILIEKCHOM 06paboTKH
HH(OpMAaLK r00aNbHBIX HABUIALMOHHBIX CITYTHHKOBBIX crcteM I JIOHACC u

baiinoy B 6opToBoii annaparype Bo3aymHbIX cya0B.» MockBa, 2022. BXoauT B
BAK.
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Hayunast paGoTa cocTOMT U3 BBeNleHHs, YeThIPEX [J1aB, 3aKTIOYeHUS U
[IPUIIOKESHUS.

B nepsom pasjene paccmaTtpuBaetcs aHamis YCIIOBUY [IPUMEHEHUS
CIyTHUKOBBIX paZiIiOHABUIALIMOHHBIX CUCTEM B COCTaBe GOPTOBOIO HABHTALIMOHHOIO
000py/10BaHMSI BO3JYLIHBIX CY0B IPaXIAHCKOH aBUAIIMH.

CylecTBeHHOTO MOBBIIIEHHS KauecTBa (ynxuuonuposanus CPHC I'JIOHACC
MOXHO ZIOCTH'b 32 CYET MHTerpupoBanus ee ¢ ApyruMu PHC, a Takxke myTtem
COBEPLICHCTBOBAHUS CPE/ICTB U METOJIOB KOHTPOIIS LIEJIOCTHOCTH CHCTEMBI.

IIpumenenue muddepeHIHanbHOro pexuMa O3BOISIET MOBBICUTH TOYHOCTh
HaBUTallMOHHBIX OINpPEAEIICHUN 3a CUET KOMIIEHCE LIUHA CUCTEMATHYECKIX
COCTaBJIAIOMINX MOrpelHocTeli Mectoonpenenenus BC. Eciu npu atoM peanusosats
JITOPUTMBI KOHTPOJISt UEJIOCTHOCTH, TO CTAHET BO3MOXKHA Iepe/iaua MH(YOPMALHHU O
LIETOCTHOCTH CHCTEMBI 110 KaHaJIaM Tepeiavyi KOPPeKTUPYoLel HHOpMaLiH.

Kpome TOro, MOXHO OXHAATh NOCTHKEHUS OOlee BBICOKHX TOUHOCTH M
nomexosamuueHHocT 'HCC, ucnonb3yromux BOC-curuansl, 3a cyer obocTpeHus
OCHOBHOTO mMKa KoppelnsurMoHHON ¢yHkiun (K@) BOC-cursagos B CHILY
NpUMeHeHHsl 0oJlee KOPOTKHX BUAEOUMITY15cOB B MC.

OnHako wWCroNb30BaHME TAKOr0 poJa CHTCHAJIOB HMEeT psil HEeOCTAaTKOB,
CBA3AHHBIX C TPYJHOCTSIMHU 3axBaTa U OOecleueHHs] OJHO3HAYHOTO CJIEKEHUs 3a
OCHOBHBIM KoM K®. BmecTe ¢ 0TMe4eHHBIMU 0CO0CHHOCTAMY, (YHKIIHOHUPOBAHHE
I'HCC B wuHTepecax HaBHralMOHHOTO OGECNEYeHUsI BO3JYIIHBIX cynoB (BC)
rpaxnaanckoit asuauuu (['A) ocnoxHsercs ciexylommMu  (QakTOpamu: IUI0Xas
reomeTpus BUAMMBIX HKA; BEpOSTHOCTH BO3HUXHOBEHMUS CUIIBHBIX PAZMONOMEX OT
HENIPEIHAMEPEHHbIX W [peJHAMEPEHHBIX  PaJUOU3JIydaTeNel;  JIOKaIbHBIE
HEOHOPOIHOCTU HOHOC(EPEI.

YeroitanBocts QyHkunonuposanus THCC 3 mogo6HbIX aHOMATBHBIX YCIOBHAX
CYMIECTBEHHO 3aBHCHT OT [IOMEXOYCTOWYMBCCTU IPUEMHHMKOB IOTpebuUTeeil.
Iomexoycroitunpele mpuéMuaukn [HCC MoryT 6bITh MOCTPOCHBI Ha OCHOBE WX
KOMIUIEKCUPOBAHUS ¢ APYTHMH H3MEPHUTEIISIMH 4 pealli3allid METOJ0B MepBUYHOM

OTNITUMANBEHOM (CyOonTUMaNBEHOI) 00pabOTKU pafHOCHTHAIOB.
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MonuTopunr konuuecTsa BHAMMEBIX Ha TeppuTopun Poccuiickoit ®enepanuu
HKA wu 3mavenuit reomerpuuexoro dakTopa, onpenenstomero XapaKTePUCTHKH
Tounoctu pasnuyHelx I'HCC (I'NIOHACC, GPS, Ianmieo, BBﬁﬂOY) [I0Ka3bIBAET,
YTO B OOJNbIIEH CTeNeHu JUIs MOCTPOCHHUS MHTEIPUPOBAHHON MPHEMOHHANKATOPHOM
allllapaTypel, pPealM3yIOlell alirOpuT™Mbl KOMILUIEKCHOH MepBHYHOM 00paboTku,
noaxomsat poccuiickas I'HCC TJIOHACC wu kutatickas 1536101 (0)% (BDS). B
HaCTHOCTH (CM. puc. 1-4), KOMMYECTBO HABUIAUMOHHBIX CITyTHHKOB COCTABIISET B
cpenHeM 23, a 3HaYeHHe reoMeTpryeckoro daktopa PDOP B Cpe/IHEM He IMpeBhIIIaeT
1,06, B To Bpems kak mis GPS »tu nokazarenu cocraisior 10 BUJIUMBIX CITYTHUKOB,

a 3Ha4eHue reomeTpuyeckoro paxkropa PDOP — 1,56 u Beiiie.
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Puc. 4. 3nauenne reomerpuueckorn pakropa THCC GPS
Kpome Toro, tot dakr, uro 8 THCC BRMIOY usHavansHo ucnoins3yrorcst BOC
curdanel, a B I'HCC TI'JIOHACC mnapsny ¢ BOC-curHanamMu npuMeHSIOTCS
TpaguuuoHHbie [ITC, no3sonser npeanonokuTE, 4To UCIOIb30BaHHE ITUX CHIHAIOB
B CHUCTEME KOMIUICKCHOW mMepBHYHOM 00pabotku uHMOpPMAIMU B cOCTaBse
HaBUTalMOHHOTO o6opynoBanus BC moBeicHT 3(EKTUBHOCTh HABHTALMOHHBIX
OIpe/IeNieHH Ha pa3IMYHBIX JTanax nonéra. Takke He ClieqyeT OTKA3bIBATHCS OT
MCTIONB30BAHMS HHPOPMALK OT HEPAIMOTEXHHYECKHX CUCTEM, B IEPBYIO OuYepeh
HHepuHaibHbIX HaBuranuoHHbIX cucteM (MHC). Hcnons3oBanue Takoro pona

HHCbOpMaI_[HOHHOfI U30BITOYHOCTH TO3BOJIUT IOBBICHUTH HOMEXOYCTOﬁ‘IHBOCTB
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CHCTEMBI KOMIUIEKCHOM 006padotku undopmanru (KOU) u B 3HAYMTENBHOM Mepe
YCTPaHUTh HEJOCTATKH, OOYC/IOBICHHbIE OCOOEHHOCTBIO CTPYKTYphl M IMPHUHIUIIAMK
(Gopmuposanus BOC-curnanos.

AKTyaJIbHOCTh MCCIIC/[OBAaHUH B JaHHOM HANPABICHHH TAKWKE IIOATBEPKIAETCS
noamucanueM B Hostope 2021 rona poccuiicko-KuTaickoii 10poxkHO KapTs! B 061acTH
CIyTHMKOBOW HaBuraumm Ha 2021-2025 romsl. Onupasice Ha wuMerLMecs
AOCTHKEHUS U CTPEMSICh 00ECIIEYUTh UHTErPUPOBAHHOE H HHHOBALIMOHHOE PAa3BUTHE
cuctreM ['JIOHACC wu EBFII[OY, CTOPOHBI OMpPEAeNIUIN CIeAyIolHe 3aJadd U
HalpaBJICHUsI COBMECTHOI'O COTPYJHUYECTBa: OOECIIEYEHUEe COBMECTHMOCTH WU
B3aumostonosusiemoctu cuctem [ JIOHACC u BOUJIOY, passutue (YHKLHOHATBHBIX
JIOTIOJIHEHUH M M3MEPUTEJIbHBIX CTAHIMM, OCYIIECTBIEHHE MOHMTOPUHIA M OLIEHKH
xapaxrepuctuk ['HCC, a Taxke peannsanust mpoekToB [0 COBMECTHOMY NPUMEHEHHIO
texHosorui 'HCC.

Bo BTOopom pasjeiie npoBOAUTCS CHHTE3 ONTUMAIBHBIX U CYOONTHMABHBIX
aJIrOPUTMOB KOMILIEKCHOH 00paboTku HH(pOPMALHU B OOPTOBOW MHTErPUPOBAHHOM
anmaparype rotpedureneii CPHC I'JIOHACC u BRUJIOVY.

Pemenue 3agaun cunresa anroputMoB KOU B AT THCC BBINONHEHO METOIaMH
MapKOBCKOH TEOPUH OLIEHUBAHHUS CJTy4alHbIX IPOLECCOB IIyTEM ITOITAITHOTO PEIIEH s
ypaBHeHuss CTpaToHOBUYA U TayCCOBCKOH amNpOKCHMALMKM  arocTepHOPHOIL
IJIOTHOCTU BeposiTHOCTH (ATIB).

BO3MOXHOCTE  NpuUMeHEHMS MeTOAa MOJTAllHOTO pEIUeHHs YypaBHEHHs
CrparoHoBHYa 00yciIOBIeHa OOOCHOBAHHBIM YIPOLIEHUEM MOJEIeH OIeHHBAEMBIX
IIPOLECCOB, CYTh KOTOPOI'o 3aK/I0YAeTCs B ONUCAHUH AUHAMHKH BEKTOPA COCTOSHHS

X(t) Ha nonyuHTEpBaNaX [t,.t, +T) KBa3UCIy4alHBIM [TPOLECCOM:

X(r)=£(t. X)), [ti.1:+T), X(t0)=X,

rae f(-) — u3BecTHast BEKTOpHAasi (YHKILIUSI CBOUX £PTyMEHTOB.
[IpesncraBiienre BEKTOpa COCTOSIHUS B BUJE KBasUCIy4alHOro mpouecca

[TIO3BOJIAET CBECTH 3aaa4dy HEJIMHEMHOI0 OLIEHUBAHUS K 3ajaqe HEJIMHEMHOMN OLCHKH
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napameTpoB.  Ilpu  sTOM  ymaéres  moOmyYMTR  aHANUTHYECKOe peleHue
COOTBETCTBYOLIEro ypaBHeHUs] CTpaToOHOBHYA.

Kpome Toro, mcnons3osanne rayccosckoii annpokcumauuu AlIB mossonser
TIOy4UThb  BBIDAXEHMs AJISl  allOCTEPUOPHBIX MaTeMaTHUECKHX OXHMIAHUN W
IGHTPAbHBIX MOMEHTOB 2-T0 TOpsJKa, KOTOpbIE ONPENeNsioT CyGOonTUMAaTbHbIe
aIropuT™Mbl ()OPMUPOBAHKS OLIEHOK BEKTOpA COCTOSHHS Ha [EPBOM Tamle, T. €. Ha
JTane 00paboTKM HabmoJeHHH. YKasaHHbe ANrOPHTMBI IS IIEpBOro 3Tamna

OIKCBIBAIOTCS CJIIEAYIOLIMMH BBIPAKCHUSIMMU:

I
X (te|te +T)=X"(t )+ R(te |t +T) SN L7, (1)

i=l

R(ty|r +T)= { = zx,km”',:”}_, (2)

i=1

rae X' (rk |rk +T ) — OLICHKa BEKTOpa COCTOSIHMsI Ha [IEPBOM 3Tarle; R(rk]tk £ ) — Marpuua

arloCTEPUOPHBIX LEHTPAIBHLIX MOMEHTOB 2-ro mopsaka; X (fx) u R(fx) — oueHka
BEKTOpa COCTOSHHS W MAaTpHIA allOCTEPHOPHBIX LEHTPANBHBIX MOMEHTOB 2-T0

TNops/IKa rocjie NpoBe/ieHus HabJroieHuii Z(f) Ha MpeblayeM UHTEePBae;

IR (LY, »_ " 5 TToF(xY,)
)= j { N, Jd’r , 0= j [ay,.k] W, dr

Yi=Y; (1) L Yir =Y, (1)
— IIépBas ¥ BTOpasi MPOU3BOHKIE JiorapudMa (PpyHKIMOHaNA MpaBaononobus (JIOIT)

[T0O KOMIIOHEHTaM BEKTOpa paauOHaBUTallAOHHBIX napaMeTpoB Y,‘, BBIYHCJ/IEHHEIE ITPH

Y=Y (1);

F(,Y3 ) =N {26, (05 (1, Li{e (6, X ) -S2 (e, L{E (e X))}

X =X(1)

— [Ipou3BOAHAas 110 BpeMeHu oT JIDIT,
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_OL{f(1X, )}

L;

Xe=X'(1y)

~ MaTpula MpsMOro MpeodpasoBaHHs KOOPIAMHAT, OSIEMEHTHl KOTOpOH s

t€[t,.1,+T) MOXKHO CUMTATh TOCTOSHHBIMHL.

Hcnonszyemsie B (1) u (2) oueHku napameTpoB OTKa30B A (OPMHUPYIOTCS Ha

OCHOBE alTOCTEPUOPHBIX BCpOﬂTHOCTeﬁ, BLIYUHUCIIEHHBIX B COOTBETCTBUU C

BBIPKCHUEM

te+T
Pyt +T X, )=Cpy (1, +T|X Jexp [ Fy(t, Li{t (2, X, )b he= j)dr, j=0,1, (3)

Iy

rae C — IOCTOSHHBIN MHOKHTE]Ib, OIPe/IENeMBIil U3 yCIIOBHS HOPMHPOBKH;
1 i
Py (X ) =2y py (1 [X )
=0

[Ipu sTOM B KauecTBe ONTHMAIBLHOH OIEHKH M) BbIOMpaeTcsi 3HauyeHue

napameTpa oTKasa, iss KOTOPOIo anocTepHOpHAas BEPOSTHOCTH (6) MaKCUMaIbHA:

T :max p; (6, +T|X; ), j=0.1. 4)
j

Ha BTopom 3tame, T. e. npu 00paboTke JIUCKPETHBIX HAOMIOJEeHUN B MOMEHTEI
BPEMEHHU 1, =t,+kT', k=0,1,2,..., UCIIOJB3YIOTCS a.ITOPUTMBI, IMOJyYEHHBIE HA OCHOBE

peleHus peKyppeHTHOro ypaBHeHUs CTpaTOHOBHYA:

X*(fm )=an +K (11 )I:Eu (ths1) =D g (1 B ()~ Pz (1 )X$({k ‘fk +T):|, (5)

K(t11)=[ @ (R(1;]t+T)OL 4 B = [ @2, R(ti|t,+T)OL, +B2z | (6)
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R(IJ’(H ) =|:(D xx R(Iklrk +T)(I) I'x + B.\'x:[— K(rh-l )l:(b .r.rR(Ik ‘rk +T }(D ;x +B.rEj|T’ (7)

riue an=(I)MX"‘(rk|rk+T)+‘PU(rk), R(ty,) — wmarpuua allOCTePUOPHBIX LEHTPaIbHbBIX
MOMEHTOB 2-r0 IOpsiiKa MOcie MPOBEAECHUS HAGIIOIEeHNS (2); ©,, ¥, O=,, Bz= —
M3BECTHBIC MATPHIIBI.

Ha Bropom sTarne B kauecTBe HaualbHBIX 3HAYEHHI OepyTcs olieHKa BekTOpa

cocTosiHust X' (r,]r, +7) ¥ MaTpuua anoCTEPUOPHBIX LEHTPATBHBIX MOMEHTOB 2-I0

nopsiaka R(r,|r,+T), HOTydeHHble HA IePBOM JTare B COOTBETCTBHH ¢ (1) 1 @)

Kax BuaHo u3 (1) u (2), OCHOBHBIMH 3JIeMeHTaMU aJITOPUTMOB J|JIs1 IEPBOTO ATarna
ABJIAIOTCS MHOTOMEPHBIE JMCKPUMHHATOPBI, KOJHYECTBO KOTOPBIX COOTBETCTBYET
IUCITy OTHOBPEMEHHO IIPUHUMAEMbIX CUTHAIOB OT BeeX [ BuauMbix HKA.

AJIFOPUTM KOHTPOJIs LIETOCTHOCTH COCTOMT 13 | MIEHTUUHBIX KAHATOB, B KAXKIOM
U3 KOTOPBIX coryiacHo (3) u (4) ocyuecTiseTcs pOpMHUPOBAHHE OLCHKH napaMmeTpa

OTKa3a ); COOTBETCTBYIOLIErO HH(POPMALIMOHHOI'O KaHAIA.
B cootserctBuM ¢ (5)—(7) oKoHuYaTeNbHBIE OIEHKH X' (t,..,) dbopmupyrorcs Ha
OCHOBE COBMECTHOH 00paboTKM oOUeHOK X' 1|, +T) u HabmoneHuit =,(1y),

nocTynaromux ¢ Beixoga MHC B MOMEHT BpeMeHHU f4).
OcoOEHHOCTBIO CHHTE3UPOBAHHAIX CyOOITUMANIbHBIX aJITOPUTMOB  SIBJISETCS

HaJIIHe IIEPEKPECTHBIX CBA3EH MKy KaHAIaMK 00pabOTKH CHIHAJIOB OT Pa3IHYHbIX
HKA na ypoBHe nepBu4HOi 00paboTKH CUTHAJIORB.

Hanuune nepexkpectHbix cBsi3elt Meskay KaHa1aMu 06pabOTKM paIHOCHTHAIOB Ha
YPOBHE MEPBUYHOH 00pabOTKM CO37aéT oOmNpelenéHHble TPYAHOCTH MPH HX
MPAKTHYECKOH — pealu3allii M YCIOXKHAET — MpOoUedypy  peKOH(HTyparuu
WHTETPUPOBAHHON CHCTeMBI. Tak, MpH W3MEHEHMH B COOTBETCTBUM C TEKYILIHMH
YCIOBUSMH (yHKUHOHMPOBAHMS COCTaBa COBMECTHO 0OpabaThIBAEMBIX CHIHAIOB
NoTpeOyeTCst H3MEHSTh CTPYKTYPY alllOPMTMOB, Pealu3yeMbIX HA YPOBHE TIEPBUYHOI
00paboTku pagumocurHanoB. Kpome Toro, HeOGXOAMMO YUHTHIBATH, YTO KOHIEMIUS

CO3/1aHusl HMHTEIPUPOBAHHBIX pPaJHOHABUTAIIMOHHBIX CHCTEM npeaycMmaTtpuBacT
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HUCTIOIB30BAHUC PAJMOHABUTALMOHHOIO TMONS W APYTHX CHCTEM. [Tootomy mnpu
BKJIIOYCHUM B COCTAB MHTETPUPOBAHHOW CHCTEMBI HOBBIX M3MepHUTelNlell Ha OCHOBE
ONMCAHHOH METOMMKM CHHTE3a BOSHUKHET HEOOXOIMMOCTh H3MEHEHHUS TeX od 0J10KOB
W YyCTPOHCTB, B KOTOPHIX peau3yeTcs 06paboTka cOGCTBEHHO PaJIMOCUTHANIOB, YTO
3aTPYAHUT JAJIbHEHUILY 0 MOAUDUKALIMIO YIKE CO3TaHHOM 0OpTOBOI HHTErPUPOBAHHOM
AIl. YuuTeiBas ykasaHHBlE HENOCTATKH, CBOMCTBEHHBIE CHUHTE3UPOBAHHBIM
alITOPUTMaM, MPOBEAEM JallbHEHIee yNpOIIeHHe H MOTyYUM CYGONTHMATbHbIE
AJIFOPAUTMBI, KOTOPEIE MO3BOJIAT NPOM3BOAUTE CTPYKTYPHO Pa3/eNIbHYI0 KOMILIEKCHYO
00pabOTKy paJMOCHTHAIOB paccMAaTPUBAEMOro Kjiacca Ha YPOBHE MepBUYHOMN
00paboTKu HH(pOPMALIUH.

IlepexpecTHble cBA3M Mekay KaHanamu 06pPaGOTKH paHOCUTHANIOR (KOPC) Ha
YPOBHE I€pPBUYHON 00pabOTKK MHYOPMALMK MCIKHO MOMBITATECS UCKIFOYUTH, €C/IU
BBITIONIHATL ~ UX  CHHTE3 B KOODAMHATAX PaJMOHABHIALMOHHBIX AapaMeTpPOB
COOTBETCTBYIOIIMX TOJNIE3HBIX PAJHOCHTHANIOB, a 3aTeM MOIyYUTh AIrOPUTMbI
COBMECTHOW 0OpabOTKM BBIXOJHBIX JAHHBIX 3THX KaHanoB u MHC B KOOpJMHaTax
BEKTOpa COCTOSIHUS.

Ilpennaraemslii noaxox K paspaGoTke 1T0106HBIX anroputmoB  KOU co
CTPYKTYPHO pa3iesibHOM nmepBUYHOM 00paborkoi paguocurdanos [HCC I'JIOHACC
| 591712103/ 3aKjro4aeTcs B nocnegosatensHoM cuntese KOPC, Ha BbIXoze KOTOpBIX
(GopMHUpYIOTCS  OLEHKM  [apaMeTpoB  COOTBETCTBYIOUMX  PaJMOCHUIHAJIOB
(TiceBROaNbHOCTEH, TICEBAOCKOPOCTEH, CITyUaiiHbIX (a3) U aNrOPHTMOB COBMECTHOIH

00pabOTKK BBIXOAHBIX JAHHBIX STHX KAHAIOB COBMECTHO ¢ nanusivu MHC.,

PaccMOTpHM BeKTOpBI paMOHABUIallMOHHEX MapameTpoB Y, (1)=[d:.d.. ¢, A, ],
i=1,I, OT KOTOPBIX HEMIOCPEACTBEHHO 3aBUCST MOME3HbIE CHTHAIIBI S ¥t 0] -

st 3ajaHus  IUHAMHKH W3MeHeHusT BeKTopoB Yi(f) Ha XapaKTepHBIX
MoJyuHTepBanax [f,,f, +7) BOCHONb3yeMCsl MOIENbIO B BHAE KBa3UCIyYailHOro

nporecca:

Y (1)=A (.Y, ), te[te, i, +T), Y;(£) =Y,
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rae Ai(-) — u3BecTHast BEKTOpHas (hyHKIIUS CBOMX. apryMEHTOB.

IIpy >TOM KBa3HONTHMAIbHBIE B rayCCOBCKOM MpPHONMKEHUMH 1-ro mopsgka

alroput™Mel 00paboTku HaOmomenuit &(r),i=1,/, Ha BpEMEHHOM MOIyMHTEpBAJE
[t,t¢+T), TONyYeHHBle Ha OCHOBE pEIIEHHS COOTBETCTBYIOLIETO YpaBHEHUsI

CrparonoBuya Ha sTare 0OpabOTKU PaJMOCHIHAIOB, IIPUMEHUTENIBHO K ONHOMY W3

KaHaJlOB OIMMUCBIBAKOTCA BbIPpAKCHUSIMU:

Cwlar(y)] o
Y (0]t +T) =Y (0)+ R (14T [ | ————=| de=Y, (1 )+ R, (1|t + TN @' (1, +7), (8)
I ik
44T, oF,(v.Y;) B
- k T i 1:, ik e = % s .
Ri(ty|te+T) = R ()N j [ a*] { - ¢ ]d‘c :{R;'(rk)wx,-kd),-(rkﬂ")} I, 9)
) ¢t oYy

R (1) =17 (X3 )ReLi(XG), L:(x:j{w} i=1,1,

rae Y/ (t,)=L(X}),X; — ouenka Bektopa cocTosHusi X(f) B MOMEHT BpeMeHHU I,
Gopmupyemas B pe3ynbTaTe COBMECTHOH 00palOTKH OLEHOK paAnOHABHIAI[MOHHBIX
napameTpoB Y, (¢, |r,,+7) ¥ BeIxomHbIX JaHdbix MHC; R;(1|t,+T) — maTpuua

LIEHTPAJTbHBIX MOMEHTOB 2-I'0 IOPsAAKa OLIMOOK (DUIBTPAMK KOMIIOHEHT BekTopa Y,
Ry — MaTpuiia LEHTpPaJbHBIX MOMEHTOB 2-TO TOpSAKa OLIMOOK (HUIBTpaLUU

KOMITOHEHT BeKTOpa X, KOTOPbIE UMEIOT MECTO B pe3yJibTaTe COBMECTHOM 00paboTKH

HabmoneHuit E,(t) 1 Y, (1 |tia+7T);
F(.5) =N {28, ()8 (1 ACYG) 52 Al YR)))
@/(1,+T) u @/(t,+T) — nepsas u Bropas npou3BogHbie JIPIT cooTBETCTBEHHO.

[IpucyrcrByromue B (8) u (9) oueHKH NapaMeTpoB OTKA30B ONMPENeISIFOTCS, KaK

U B Cllydyae ajJrOPUTMOB C COBMECTHOU MepBUYHON 00paOOTKOH paguOCHUIHAJIOB, B
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COOTBETCTBHM ¢ mpaBuiaoM (1) Ha OCHOBE amoOCTEPHOPHBIX BepoOSTHOCTEI],

BBIYHCJICHHBIX COI'JIACHO BBIPpaXXECHHUIO

ty+T

Pi (fk +T, 7‘~k5:?‘]Y:1 ):CPf(fk A= -*‘I Yi )exp _[ Fi(,Yy, hy=r)dr, (10)
Iy
rae r=0,1; C — OCTOSHHBIA MHOXKHTEIb, ONIpe/IesIeMBbIi 13 YCIIOBHSI HOPMUPOBKH,
# : i
Pi (fk A= "‘Yk ):Zﬂn- Pf(l;_l 3 lk,-=!|Y;)-
=0

PaccmatpuBast nanee ouenku Y, (1, |, +7) B kauecTBe HAGMOACHHUIA, 10Ty UM

aJIrOPUTMbI OTITUMAJILHOTO JIMCKPETHOI'O OLEHUBAHHUS 3HAYEHUH KOMIIOHEHT BEKTOpa
coctosinus X(7). Peanusanust 5TUX aJirOPUTMOB, IO CYTH, SIBISETCS BTOPOH CTYIEHbIO
00paboTku MH(pOPMAIIHH.

Eciu  ycnoBus NPUMEHMMOCTH  MeTOJA raycCOBCKOW — ammpoKCHMaluu

BBIIIOJIHSIOTCSI, TO YKa3aHHBIE aJITOPUTMBI MOTYT OBITh IPEACTABIIEHB] B BHJIE

O'(1,+7)

XI |=X1+K1{ 1 H E ] #
" ' Ek+|—Hk+z“(Darxk—q’ﬂ;[-"-'-m*Hka]

=X, +KinZpa, (11)

rae (6 +7)=[®}(t,+T)..... P)(1,+T)]" — 3Hauenns mepseIx npou3BogHbIX JIDIT, Ky —
MaTpula ONTHMallbHbIX KOI((QHUUEHTOB mepenad; Zi. — BEKTOP HEBSI30K
U3MEPEHUH.

CTpykTypHas cxemMa CHCTEMBI, peaaH3yIOIel [MOJyYeHHBbIE AIrOPUTMBI,
npejacrasjieHa Ha puc.S. OCHOBHBIMH 3JIEMEHTAMH CXEMbl SBISAIOTCS: KaHAaJIbI
obpabotku paguocurnanos (KOPC1-KOPCI), 610k ynpasnenus crpykrypoii (BYC),

onokx obpaborku gaHHbIX (BOJl) M 610k oOpaTtHOro mpeoOpa3oBaHUS KOOPIAMHAT

(BOIIK).
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OcobeHHOCTBIO JaHHOM CXeMbl SIBJISETCS OTCYTCTBHE IEPEKPECTHLIX CBS3eil
MeXy KaHaslaMu 00pabOTKH paZinOCUTHATIOB, HO JIOCTOMHCTRA KOMIIJIEKCUPOBAHUs Ha
YPOBHE MEPBUYHOH 0OpabOTKM COXPaHSAIOTCS, Tak Kak (hOPMHPOBAHHUE OIOPHEIX
CHIHAJIOB  OCYINECTB/ISICTCH HA OCHOBE OLEHOK HABHTAl[MOHHBIX MapaMeTpOB,
ABJIIOLIMXCSL  pe3ysIbTaTOM — KOMIUIEKCHOH  00pabOTKH  paJMOHABHIAlMOHHBIX

NapamMeTpoB 1 BeIXOAHbIX naHHbIX MHC Ha BTOpO# cTynenu 00paboTKH.

() §u(n)

............................

1
|
1
| P
A
KOPC 1 | KOPC
1 T
| |
i

o
A
v

Puc. 5. CtpykTypHas cxema cucteMbl KOMIUIEKCHOM 00paboTku HH(GOpMaLuu

B Tpernem pasaesie npoBoANTCS aHAN3 MOTEHIMAIBHO JOCTHKHUMbIX
XapaKTEPUCTHK KauyecTBa (PyHKIIMOHUPOBAHUS OOPTOBOM HHTErPUPOBAHHON CUCTEMBI
KOMIIJIEKCHON 00paboTKH MH(POPMALIKH.

PaspaboranHast MeToAMKa pacuéTa MOTEHUHATBHBIX XapaKTePUCTUK TOYHOCTH U
MIOMEXO0YCTOMYMUBOCTH  OOPTOBOM  MHTErPUPOBAHHON  CHUCTEMBI  KOMIIJIEKCHOM
00pabOTKM IUCKPETHO-HENPEepPBIBHBIX, HMITYyJLCHBIX W JAMCKPETHBIX CUTHAJOB

[O3BOJIAET KOJUYECTBEHHO oOueHuTh CKO ommbok ONpeacicHuss OCHOBHBIX
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HaBUTALMOHHBIX NapaMeTPOB M HA OCHOBE 3TOI) KOPPEKTHO MPOU3BECTH CpaBHEHHE
KayecTBa (DYHKLMOHHPOBAHUS CHHTE3UPOBAHHOMN boprosoit cucremsr KOU mpu
Pa3/IIHBIX BapUaHTax KOHHUrypauuu cucteMsl. Kpome storo, pesynpratsl pacuéroB
MOTCHUHATLHBIX — XapakTEPUCTHK — TOYHOCTM M [IOMEXOYCTOMYMBOCTH  JAlOT
BOSMOXHOCTb OLCHHUTB NPOUTPBILI B Ka4eCTBE ()yHKIMOHUPOBAHMUS TIPU IEPEXO/ie OT
CXCMBI C COBMECTHOH MEPBUYHON 00pabOTKOM pajIHOCUIHAIOB K CXEME, peanusyronieit
CTPYKTYPHO pa3sfeNbHyI0 HX 00paboTKy.

AHali3 MOJTyYeHHBIX Pe3yJIbTaToB IO OLEHKE MOTeHLIHAIBHBIX XapaKTePUCTHK
TOYHOCTH U IOMEXOYCTOMIMBOCTH OOPTOBOI MHT2IpHpoBaHHOM crcTeMbl KOV THCC
I'JIOHACC, BOUJIOY 1 MHC nokasal, 4To HCITONb30BaHHUe KOMIUJIEKCUPOBAHUS Ha
YPOBHE MNEepBUYHOM 00paboTkM MH(pOpMaLMHU, ¢ Y4ETOM HMeroLeiics IIPH 3TOM
MH(QOPMALIMOHHON  M3OLITOYHOCTH,  MO3BO.ISET CYLIECTBEHHO  TOBBICHTH
MOMEXOYCTOHYMBOCTD ¥ YMEHBLIUTh OMMOKM M3MEPeHMS HABHMIAl[MOHHDBIX
napamerpos. IIpu stom 6opTosasi uHTerprpoBanHas cucrema KOU, MOCTPOEHHAas Ha
ochose 'HCC T'JIOHACC, BOUJIOY u UMHC, umeer Jy4llide XapaKkTepUCTHKH
TOYHOCTH M IOMEXOYCTOMYMBOCTH 110 CPaBHEHHIO C CUCTEMON KOMILIEKCHOM
00pabOTKM PpaZMOCHTHAIOB OT MHHMMAIbHO HeoOXOmMMOro konamuyectBa HKA

['JIOHACC wu Bbixoausix ganusix MTHC. Hanpuwep, npu g =107 (tunosoii BapUaHT

npumenenust ['JIOHACC) ycranosusimecs ¢ 3nauenns CKO ommbok oneHnBanus
KoopauHat coctaBnaor 0,4 u 0,68 M, coctaBnsrommx ckopoctu - 0,029 u 0,036 m/c

cootBeTcTBeHHO st cuctem KOU IJTIOHACC/ERUIOY/MHC u TJIOHACC/UHC.

[Ipu ymenblueHnn oTHOWeHMs cHrHan/ym ot ¢ =107 o ¢ =107 CKO omm6ok

OLICHHBAaHMA KOOPAWHAT U CKOPOCTH yBEJIMYUBAITCSA COOTBETCTBEHHO 110 4 M u 0,096
M/c jans uHTerpupoBaHHoi cuctembl ['JIOHACC/BRUIOY/MHC u no 6,98M u
0,12m/c mns cucremsr KOU I'JIOHACC/MHC.

CpaBHHUTENBHBINA aHATN3 PE3yJIbTATOB MCCIEAOBAHMS XAPAKTEPUCTUK KAuecTBA
(pYHKLMOHMPOBAHMS ¥ BEIYUCIUTEIBHON CIOKHCCTH CHHTE3UPOBAHHBIX AITOPHTMOB
KON B Goprooit wunrerpuposannoit cucreme I'JIOHACC/BPUIOV/MHC c
COBMECTHOH U CO CTPYKTYPHO pa3/IebHON MepBUYHON 00paboTKON paauOCHrHAJIOB

[IOKa3bIBA€T, YTO, NPHUMCHHUTEIBHO K pELICHHIO 3aJ1a4 TIOBBIIICHUS KayecTBa U
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Hapéxnocth HBO BC T'A namGonee mnpuemsieMbIM —BapHaHToM o0paboTku
uHpOpManuu B 60pToBoii mHTerpupoBannoii Al THCC TI'JIOHACC wu BAUI0Y
ABIISIOTCS QJITOPUTMBI C COBMECTHOM MEPBUYHOM 00pabOTKOM paJIMOCUTHAIOB, TAK KaK
10/J0OHbIE AIrOPUTMEI OKA3bIBAIOTCS GOJlee MIOMEXOYCTONYMBBIME B 06CCIeUNBAIOT

JIYYIIIHE€ TOYHOCTHBIC ITOKa3aTelld B CIOMXHOH IIOMEXOBOM 00OCTAaHOBKE (g, =10r°),

KOTOpas B peaJIbHBIX YCIOBUAX peainbHOU sKciLTyartauuu BC I'A Becbma BeposiTHa.
CKO oumboxk ouennBanusi KooparHat 1 ckopoctu JIA mpu coBMecTHO [EPBUYHOM
00paboTKe palMOCHTHAJIOB IIPU ¢, =10~ COCTABISIOT COOTBETCTBEHHO 94% 1 79% oT
AHAJIOTMYHBIX  TMOKasaTened [Uis cilyyas pe3[enbHOM mepBUYHOM  0OpaboTKu
paZlMOCUTHAJIOB.

OrMeueHHBIe allrOPUTMBI OKA3bIBAIOTCS Goliee HANEKHBIMH U B clly4ae, Korja
3aja4a onpenenenus KoopauHaT JIA ocyuiecTBiseTcs B yClOBUSX MaHEBPEHHOTO
MaJIOBBICOTHOIO 11071€Ta. VX HCII0/Ib30BaHHe CHIDKAET BEPOSTHOCTH CPbIBA CIIEKEHMS
3a curHanamu OPHT u nosBonsier cOKpaTHTh BpeMs MOMCKa CHTHAIOB M BXOIa B
CUHXPOHU3M IIPY  KPAaTKOBPEMEHHBIX TMpONajaHusx curaanos. Kpome Toro,
alropuTMbl C COBMECTHOH NMEpBUYHONH 00paboTKOM paHOCHIHATIOB Tpu 06paboTkKe
M30BITOYHBIX HAOMIONEHUH TPeOGYIOT 3HAUMTENBHO MEHBIINX BBIYHCITHTENbHBIX
3aTpar.

AIITOPUTMBL €O CTPYKTYpPHO  pasfelibHOH  IIepBHYHOM 00paboTKO
PafiMOCUTHATIOB MOTYT OBITB PEKOMEHIOBAHEI JIIsi HCIOJL30BaHHS B GOPTOBOlL
anmaparype uHrterpuposanubix PHC, npeanasmadeHHoit mns paGoTel B MeHee
CIIO)XHOH ~ IIOMEXOBOM OOCTaHOBKe, KOrma TpebyeMblli YpOBeHb KadecTa
(QYHKUMOHMPOBAHMA MOXET OBbITb HOCTHTHYT IPU HCIIONB30BAHUM MEHbIIErO
xonmdecTBa MK. Ilpu stom ynactes momyunts AIl oramuaromryrocs IIPOCTOTOM
MPAKTHYECKOH peaiu3ali IIPH CPaBHUTENHO HEBBICOKMX TPeOOBAaHHAX K
BbIYMCIIUTE/IbHBIM BO3MOXKHOCTSIM BIIBM.

B yeTBepTom pasjene npoBoauTcs aHanu3 GaKTHUECKH JOCTHRKAMBIX
XapaKTePUCTHK KauecTBa (PyHKLHMOHUPOBAHUsI GCPTOBOM HHTErPUPOBAHHOM CHCTEMBI

KOMIUTEKCHOM 00paboTku nH(pOpMALIMH.
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Paspaborana Metosika pacuera u aHanM3a (paKTHUECKH OKMIAEMbIX
XapaKTEPHCTUK Ka4yecTBa (QyHKIIMOHUPOBAHUS (TOYHOCTH M ITIOMEXO0YCTOUIHUBOCTH )
pexondurypupyemoit cucremsl KOU B cocTane Goprosoit AIT uHTerpupoBaHHOM
PHC, nocrpoennoit na ociose CPHC I'JTOHACC u BOUJIOY. Ipennaraemas
METOIMKa OCHOBAaHA HA MPUMEHEHNH METO/Ia CTATUCTUYECKOTO MOICTUPOBAHHUS
CHIHAJIOB Ha BBIXO/aX MHOIOMEPHBIX JUCKpUMUHATOPOB. OHa M03BONseT pH
CPaBHHTENBHO HEOOJIBLINX BLIYUCIIUTENBHBIX 3aTPATAX UCCIIEN0BATD HEJIMHEeHHY 10
CTaTHCTUYECKYIO IMHAMHUKY (DAaKTHYECKHX OIIMOOK OLEHUBAHUS 1 YYECTh OTIHUME
XapaKTePUCTUK AUCKPUMUHATOPOB OT ONTUMaNbHbIX. [IpuMeHeHue qanHOk
METOAMKH 1aeT BO3MOXHOCTD IIPOU3BECTH KOJIMYECTBEHHOE CpaBHEHUE (PAKTHYECKH
OKMIACMBIX XapaKTEPUCTHK TOYHOCTH U [TOMEX0YCTONYMBOCTH CHHTE3UPOBAHHOM
cucreMbl KOW fnist pasinu4HbIX BapHaHTOB ee KOH(GUIYpaIHH U YCIIOBUM
[PUMEHEHHs], OLCHHTh 000CHOBAHHOCTD MPUHSTEIX JOINYIIEHUH, a TaKKe
HCCIIe/I0BaTh CTENEHb KPUTHYHOCTH K OTKJIOHEHKAM XapaKTePUCTUK U TTapaMeTpoB

BXO/IHBIX BO3JEMCTBUN U OLIEHUBAEMbBIX IIPOIIECCOB OT PACUETHHIX.



