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OO01mas xapaKTepucTuka paboThl

AKTyaJIbHOCTh T€MbI

Huccepranys 1ocBsieHa pa3paboTKe CUCTEMbl JIMAIHOCTUKKA COCTOSIHUS
AKTUBHON 30HBI M SKCILIyaTAIIMOHHON Oa3bl JAHHBIX siepHOTO peakTopa. CBoe-
BPEMEHHOE ODHAPYKEHNEe TEeXHUIECKUX HEHUCIPABHOCTEH, OTKA30B 000PYIOBAHUSI
1 OIINOOK B cucreMe HH(POPMAIIMOHHOTO obecieuenns HeoOX0 MO Jijis obeciete-
HiUsI O€30ITaCHOCTH, HaJAeKHOCTH 1 3 dexkTuBHOCcTH IKCILTyaTanun ADC u saep-
HOM sHepreTuku B 1esoM. Iocrosinnoe coBepiieHcTBoBanue obopypoBatnus ADC
Tpedyer MOCTOSHHOIO MPOBEJIeHKsT pabOT MO €ro OXBaTy JUArHOCTHICCKUMU CH-

creMaMu, YTO JieJlaeT TeMy JIaHHO# JiuccepTalin aKTyaJdbHOMM.

IHemu n 3amaum guccepTalmoOHHON PadOTHI

Hesbio puccepralinoHHON paboThl siBUJIaCh pa3paboOTKa KadeCTBEHHO HO-
BOro (pyHKIMOHAJIBLHOTO djIeMeHTa MHMOPMAIMOHHON TTOJIEPKKN JTeACTBYIOIIIX
ADY — cucreMmbl HENPEPHIBHONM pacyeTHO - SKCIEPUMEHTAJIbHON JUATHOCTHKHI CO-
CTOSIHMSI aKTUBHOM 30HBI M SKCILIyaTaIl[MOHHONI 0a3bl JAHHBIX PEAKTOPHON ycTa-
HOBKU.

Jlst focTr»KeHust TOCTaBAEHHOM 1€/ ObLIN PEelIeHbl CJIeIYIOIINe 3a1a9u:

e paspaboTaHbl HOBbIE AJI'OPUTMbI CHCTEMbI PACUETHO - IKCIIEPUMEHTAJIbLHOM
JIMArHOCTUKU ODOPYJIOBAHNS U CUCTEMbI MATEMATUIECKOTO 00ECIIeueHnsI CO-

CTOAHUA aKTUBHOMI 30HBI;

® JIOCTUTI'HYT Ka4€CTBCHHO HOBBI YPOBE€HDL AHUAT'HOCTHUKH 3a CYUET IIEPEXOola K

TPEXMEPHBIM MOJIEJIAM HEHTPOHHO-TEIJIOTHIPABINIECKIX TTPOIECCOB;

® [IPOI'PAMMHO peaiM30BaHa, CUCTEMa PACYETHO-IKCIEPUMEHTAJIbHON Juarto-

crukn ECRAN 3D;

® CO3JIaHHOE ITPOIrPAMMHOE CPEJICTBO BHEJIPEHO Ha 00bEeKTax aTOMHOW IMpPo-

mbiutennocTu: Kypekoit A9C, Cmouenckoit ADC;

® IIPOBEJICHA PaCUETHO-IKCIIEPUMEHTaIbHAs BepU(UKaIis U BbIPAOOTaHbI pe-
KOMeHfalun 110 3(PpPEeKTUBHOMY UCIOJIL30BAHUIO CO3JIAHHON CUCTEMbI B Pe-

AJIbHBIX YCJIOBHUAX IKCILJIyaTallun peaKTopHoﬁ YCTaHOBKHM.
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Hayuynas HoBu3Ha padOThHI

e Biepsbie pazpaboraHbl aJropurMbl JIMAIHOCTUKNA COCTOSIHUS aKTUBHON 30-
HbI U KCILIyaTalMOHHON 0a3bl JAHHBIX PEAKTOPHON YCTaAHOBKM, UCIIOJIb3Y-
IOIIME TPEXMEPHBbIE HEHTPOHHO - TEIJIOTUIPABANYCCKUE MOJEAN JIJId TTOBbI-

meHnsd 9yBCTBUTCJIbHOCTH.

e Peajin30BaH HOBBI 110JIX0J K UJICHTH(DUKAIIMN HAPYIIECHUI Ha OCHOBE TPEX-

MEPHDbIX 1abJI0HOB OTKA30B.

L P&Spa6OTaHbl HOBbDBI€ IIOJIXOAbI K ITOBBINIEHNIO CKOPOCTH pa6OTbI JANaTrHOCTU-
YECKUX aJI'OPUTMOB, OCHOBAaHHbLIE Ha HpOCTpaHCTBeHHOﬁ JIOKQJIN3allun BO3-

MyHI€eHU A IIPU BOSHUKHOBCHUN OTKa3a.

o [losyueHbl HOBBIE pe3yJibTAaThl TECTUPOBaHUsS pas3padOTaAaHHON cHUCTEMbl B

YCJIOBUSX JleficTBYIOMMX 3Heprodsiokos ¢ PBMK-1000.

IIpakTnaeckas 1MeHHOCTH PabOTHI

[TpakTrueckast 1eHHOCTH PADOThHI 3aKJIOYAETC B CJIE/IYIOIIEM:

e cozjaHa pacuerHo-n3mepuresnbiasi cucreMa ECRAN 3D, npennaznaden-
Hast JIJIsE HEITPEPbIBHON JIMATHOCTUKU COCTOSIHUST aKTUBHOMW 30HBI U 9KCILITY-

aTalMoHHOM 0a3bl JaHHbIX peakTopo PBMK-1000;

e obecriedeH TpeOyeMbIil ypOBeHb (PYHKIIMOHAJIBHO - TEXHUIECKUX TTOKa3aTe-
Jieil CHCTeMbl JMArHOCTUKY (HAOOp JMATHOCTUIECKUX MTAPAMETPOB U TOU-

HOCTHbBIX XaPAKTEPUCTUK) € TOUKHU 3PEHUst IKCIyaraiuu AV,

® [IpOBEZicHa PACYCTHO-IKCIIEpUMEHTAJIbHAA BepI/I(l)I/IKa,IlI/IH n BaJiMJallld CO-

3/IAHHOT'O ITPOTIPAMMHOIO CPEJICTBA;

e cucreMa ECRAN 3D BBejieHa B ONBITHYIO 9KCILIYATAIMIO Ha JIEACTBYIO-

mux o0bekTax aroMuoit npombiiiennoctn: Kypekoit ADC u Cmosenckoii

ADC.



Pe3y.TIbTaTbI, IIOJIYy4Y€HHbIC JINYHO aBTOPOM

e Pazpaboranbl HOBbIE BEPCUU AJI'OPUTMOB CUCTEMbl PACUYETHO - IKCIIEPUMEH-
TaJbHON JUArHOCTUKU COCTOAHUA aKTUBHOW 30HBI HA OCHOBE TPEXMEPHBIX

MOJIeJIel HeUTPOHHO-TEIJIOT U/ IPABIANIECCKUX TTPOIECCOB.

o [IpoBejyien anam3 3PPEKTUBHOCTU UCTOIH30BAHUS YJIYUIICHHBIX aJINOPUT-

MOB.
e Paspaborana u peasinzobana cucrema ECRAN 3D.

e Bripaboranbl peKOMEH AN 110 JIaJbHEeHIIeMY Pa3BUTUIO U IIPAKTUICCKOMY

UCIIOJIBL30BAHUIO Pa3pabOTAHHO! CUCTEMbI JTHArHOCTUKHA.

J1loCcTOBEPHOCTH I10JIyYE€HHBIX PE3YJ/IbTATOB

JocTOBEPHOCTE TTOJIYUEHHBIX PE3YILTATOB W BLIBOJIOB 0DECIIEYeHa, UCTIOJIh-
30BaHKEM B OCHOBHBIX OJ10Kax cucrembl juarnoctuky ECRAN 3D npoBepeHHBIX
Ha MPAKTUKE MATeMATHIECKUX MOJiesieil (HeHTPOHHO-(DU3MIECKUX U TeTIOTHIPAB-
JIMYIECKKX TIPOIIECCOB, JATUYMKOB BHY TPUPEAKTOPHOTO KOHTPOJIs u opranos CY3),

IMOJIO2KEHHbBIX B OCHOBY IIPOI'PaMM HOJAJEP2KKNU N COIIPOBOXK ACHN A IKCILJIYaTalluKn:

e nporpamma POLARIS, Bepcust 4.2.1 (nacnopr arrecramuu [IC Ne 231 or
18.09.2007);

e nporpamma TPOMKA, sepcus 7.1 (macmopr arrecranun IIC Ne 228 or
18.09.2007);

e Oubsmoreka Heiirponno-dpuznueckux Koncrant BOKP-PBMK kowmmiekca
nporpamm YHEPTUS (nacnopr arrecramun [1C Ne 231 or 18.09.2007);

e nporpamma [TPUSMA-M-AHAJIOT, Bepcust 1.6.1 (nacnopr arrvecrannu I1C
Ne 214 or 01.03.2006);

e nporpamma [TPUBMA-M (perucrpanuonnbiii Homep Ne244, jnara Bbijaun
23.09.2008).



Amnpobarus paboThI

OcCHOBHBIE PE3YJILTATHI JIMCCEPTALMNA JOKJIAIbIBAJIACH HA CJICAYIOIIUX Ha-

YUHBIX CeMUHapax, KOH(PEPEHIUAX U COBEIaHUSIX:

e Hayunaga ceccma HUAY MUOU - 2010, 2011, 2012;

22-oit u 23-uit orpacyieBoit cemnuap «Heitrponno - dpuznueckue mpobdaeMbl

aroMmHoii snepreruku (Hedirponnka-2011, 2012)»;
e Cosemanune 8 OAO «Konnepu Pocaneproaroms- 2012;

Cemunap B umxkeneprnom nenrpe 360 OAO «BHUMADC»- 2012;

o I[Ilkosia-cemunap 1o npodsemam pusnku peakropon «Bosira-2012».

IIy6ommkanmunm

ITo Teme puccepranum omyOJIUKOBAHO 8 paboOT, BKJIOUas 3 CTATbU B pede-

pUpyeMbIxX XKypHajax n3 cuucka BAK PO®.

OcHoBHBIE IIOJIO2KE€HN 4, BbIHOCUMbIE Ha 3alllUTy

1. Homble Bepcuu ajiropuTMOB CUCTEMbI PACUYETHO - SKCIEPUMEHTAJIHHON J1-
ArHOCTUKHM COCTOdAHMS AKTUBHOI 30HBI HA OCHOBE TPEXMEPHBIX MOoJlesei
HEHTPOHHO-TEILIOTHAPABINIECKUX IIPOIECCOB U TPEXMEPHBIX IIa0JOHOB OT-

Ka30B.

2. Cucrema ECRAN 3D HenpepbiBHOW JMarHOCTUKKA COCTOSTHUST aKTHBHOMN

3oubl PBMK-1000.

3. Pesymnwrarer Bepudukaiun cucrembi ECRAN 3D.

CrpykTypa 1 00beM padOThI

Huccepralyst COCTOUT U3 CITUCKA MJLTIOCTPAIINi, CITUCKa TabJIHIL, 0003HAYTe-
HUl 1 coKpalleHuit, obieil XxapaKTepucTuk padoOThl, BBEJEHU, 3 IJ1aB, 3aKJII0-
YeHUs, 2 NMPUJIOKEHUI U cliucKa JuTepaTypbl, BKodatomero 111 ncrounukos.

Obmmmit 0obem paboThl cocrapisier 91 cTpaHuily, cogep:KuT 23 pucyHka u 1 Tad-

JIAILY.



OcHoBHOe coaepxkaHue pPadoThI

B nacrosiimee Bpemsi JIOCTUTHYT 3HAYUTENbHBIA MPOTPECC B IMOHUMAHWH
pusrIecKrX OCHOB TOBEJICHUS SJIPEHBbIX peakTopoB. PaszpaboraHbl mporpaMmbi,
MO3BOJIAIONTIE JeTAaJbHO OMUCHIBATH OTJEIbHDBIE MPOTECCHI, TPOUCXOIAIINE B pe-
axTopHoil ycranoBke (PVY). OpHaKo Jaxke TaKOrO MOITHOTO WHCTPYMEHTADPUS He
Bcerjia ObIBaeT JIOCTATOYHO Jijisi ObICTPOIO 1 3P PEKTUBHOIO PELIeHMsT 3a,/1a4, BO3-
Hukaommx npu sKcimryatannn ADC. OnHoit M3 Takux 3a/a9 SIBJISETCS 3a/a9a
HETTPEPHhIBHOTO MOHUTOPWHTA W JIWATHOCTUKNA COCTOSTHWST aKTHBHON 30HBI W IKC-
IJIyaTallnoOHHON 6a3bl JAHHBIX PEAKTOPHON YCTAHOBKH.

s aktuBabpix 300 ADC ¢ PBMK-1000 k 2000 roxy ObLia paspaboTa-
Ha METOJIMKa PacYeTHO-IKCIIEPUMEHTAIbHOM JuarHocTuku. OCHOBBIBAsICh Ha ITOM
merojke Oblia peasnnzosana nporpaMma ECRAN (Experimental & Calculational
Reactor ANalisys), npe/iHasHadeHHast /I HEIPEPBIBHOTO KOHTPOJIS H3MEPUTEITh-
HBbIX JJAHHBIX, TOCTYAIOIINX OT CUCTEMbl BHYTPUPEAKTOPHOIO KOHTPOJISA, U CBOE-
BPEMEHHOTO BBISIBJICHUST OTKA30B 00OPYIOBAHUS, a TaK K€ OIMMOOK B MCXOJ[HBIX
JIAHHBIX TTPOIPAMM COTTPOBOXK ICHUST SKCITyaTanun A9V,

OjHako, KaK 3TO 9acTO OBIBAET, €CIM TTPOrpaMMa He STBIISIETCST TOCTOSTHHU-
eM COODIIEeCTBa CIENUAJUCTOB, KOTOPOE HEIPEPLIBHO ObI MOJIJIEPYKUBAJIO U COBEP-
IIIEHCTBOBAJIO ee paboTOCIIOCOOHOCTD, TO MIPOTPaMMa YCTapeBaeT U Yepe3 KaKoe-To
BpeMsi cTaHOBUTCs HepaborociiocobHoit. K coxkajienuio, Takasi cyjib0da 1ocTuriia u
nporpammy ECRAN.

Tem e Meree, pean30BaHHAs B TPOrPAMMe METOIOIOTHsT TUATHOCTHKY
AJITOPUTMBI He ObLIN yTePSHbBI, 8 BO3MOXKHOCTD »KMBOI'O KOHTAaKTa C aBTOpaMU 1
pazpabOTIMKaMHU MO3BOJIMIA, BOCCTAHOBUTH U PA3BUTH 3aJO0XKEHHBIN B METOIUKY
HayIHBI} moTeHnuast. Vcnonp3oBanne COBPEMEHHBIX KOJIOB, METOJIOB U T0JIX0/I0B
K pa3paboTke MporpaMMHOTO 00ECIIede s CIEIaJI0 MPOrPaMMYy JIHArHOCTUKN Pa-
60TOCTIOCOOHOIT 110/ COBPEMEHHBIMY OTIEPAIIMOHHBIMIA CUCTEMaMU Ha COBPEMEHHO
KOMITbIOTEPHOU TEXHUKE.

B mporecce BBIMOJTHEHUS JUCCEPTAIMOHHON pabOThl ObLIa  CO3TaHa
pacueTHo-u3MepuTebHas guarnocrundeckas cucrema ECRAN 3D. Ee anaroput-
MbI OCHOBaHbBI Ha TPEIIIOJOKEHNN, ITO BCE MPAKTUIECKN 3HATNMbIE HEMCITPABHO-
CTU W HApYIIEeHUsI MOTYT ObITH 3aperuCTPUPOBAHDI IIyTEM BBLISIBJIECHUS HECOOTBET-
CTBUS MEXKJTy W3MEPEHHBIMU JAHHBIMUA CUCTEMbI BHYTPUPEAKTOPHOI'O KOHTPOJIA 1

paCd€THBIMU JaHHBIMHA, IIOJIYYEHHBIMUA C MCIIOJIb30BaHUEM IIPOrPaMMHbBIX CPEACTB,
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OIKUCHIBAIOIIUX 11OBEJIEHUE YCTAHOBKHU.

BosibimmHCcTBO O1MMO0K M HEMCIPABHOCTEH, BOZHUKAIOIINX B XOJE KCILIY-
aTaly peakTopa, OMEePATUBHO BBIABIAIOTCA HepcoHasoM ADC 6e3 mcmob30Ba-
HUsI JIONOJTHUTEJILHBIX CPEJICTB JIMArHOCTUKHU, TIOCKOJIBLKY OHU (DPUKCHUPYIOTCS C 10~
MOIIBIO ITaTHO# cucTembl KOHTPOJst PY. CBoeBpeMentnoe obHapyKeHue JIPyrux
HEUCITPABHOCTEN TITATHBIMU CPEJICTBAMU OKA3bIBAETCS HEBO3MOXKHBIM, TOCKOJIb-
Ky TITATHBIE CPEJICTBA OPUEHTUPOBAHBI Ha MPOBEJICHNE JIMArHOCTUKW, OCHOBAHHO
TOJILKO Ha JIAHHBIX O TEKYIIEeM COCTOSHWH, U, BCJIEJICTBUE TPeOOBAHUI HE3aBUCH-
MOCTH IOJICUCTEM, HE HCIIOJIb3YIOT KOMILJIEKCHbIE MaTeMaTHYecKue MOJIEIH yCTa-
HOBKU.

XapakTepHbIMU [IpUMEpPaMi TaKuX OmnOoK u Hencrpasuocreit st PEMK

ABJIAIOTCA:

e omubouHOe 3HavYeHue Tumna sarpyxaemoit TBC;
e HeJ0CTOBepHOe 3HaueHue sHepropoipaboTku TBC;
e HeBepHOe MOoKasaHue moJioxKenns crepxkus CV3;

® HECBECPHOE IIOKa3aHUE MJIM BbIXOHA N3 CTPOA BHYTPHPEATOPHOI'O JdaTYHKa

(BPL);
® YACTUYHBIN WUJIM TTOJHBIN BHIXOJL U3 CTPOsT PACXO/IOMEpPa;

® HECBEPHAasl pErucTpanusd IOJIOXKEHUs 3allOPHO-PEryJMpPYIONero KJjalaHa

(BPK):;

® 10Teps [EJOCTHOCTH MMJIb3bl KJaacTepHoro perynupyioiiero opratda (KPO).

Bce nepeudnciiernbie Bbiiie OMKMOKKA 1 OTKA3bI MOXKHO TPAKTOBATH KAK BO3-
MYIEHHSI [TapaMeTPOB MaTEeMAaTHICCKOH MO PEAKTOPHON YCTaHOBKH, TTOPOXK-
JAfoIre HabJIIOMaeMblii CHUTHAJI PacCOTJIACOBAHUST — PACXOXKJICHUE MEXKy pac-
YeTHBLIMA W M3MEPEHHBIMU JaHHBIMH. VI3 dusmaeckux coobparkeHuil MOHSITHO,
YTO KaXKJIBIi THUI BO3MYINEHHS MOPOXKIAET XaPaKTEepHYIO 'TpPOCTPAHCTBEHHO-
Bpemennyio'" ¢opmy curnasia paccorsacopanusi. Ilpejaraemast cucrema jinarto-
crukn ECRAN 3D ochoBana Ha MaTeMaTuiecKd KOPPEKTHON mporeaype odpa-
OOTKM 9TOr0O CUTHAJA W IMO3BOJISIET PEIINTH CJAEYIONNE BaYKHbIE ¢ TOUKHU 3PEHUSI

6630H&CHOCTI/I, HaJIC2KHOCTU U SKOHOMMWYHOCTHU 3a/a4dU:
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® Derucrpalusd (ba,KTa, N BpEMEHU BOSHUKHOBEHNA BO3MYIIIECHMS,

® JIOKaAJIM3allud BOSMYIICHUA (onpeﬂeﬂeHHe HOMEDa KaHaJla, KOOPJAWMHATbI 110

BBICOTE AKTHBHOM 30HbI);
® onpeJieJIeHue TUITa BO3MYIICHUA.

st obecrieuenust TpebyeMoro ypoBHsI TOUHOCTH, OTIEPATUBHOCTH U HAJIC¥K-
HOCTHU B CHUCTEME JUATHOCTHKHU NPUMEHSIOTCs IITaTHbIE IPOrPAMMbI OJIJIEPIKKH
n conpoBoxkgeans skcmayaranmun PBMK-1000, Bxogsimme B cocTaB KOMILIEKCA,
SHEPTUSI (POLARIS, TPOUKA) u paspaboranubie B nenrpe 360 OAO "BHU-
NASC".

Paspaborannas cucrema ECRAN 3D npumenuma npu pabore peakropa

PBMK-1000 B sHepreTndecKoM pexKuMe Ha, CTAITMOHAPHOM YPOBHE MOITHOCTH.

Onucanme aJropuTma

Anropurm cucrembr puarsoctnkn ECRAN 3D paboraer B ukandeckom
peXKUMe U COCTOUT U3 HECKOJIBKUX OJIOKOB, KOTOPBIE BLIIOJHAIOTCA B CJIE/TyIOMIeH
nocsiefoBaTesbuoctn (puc. 1).

IIpuem HaHHBIX OCYIECTBISICTCA B HAYaJIe KaXKI0T0 ITUKJIa PAOOTHI aJIro-
puTMa JMarHocTuku. st roro npousBojuTCs aBroMaTuieckast oopadboTka 6a3bi
nanabix UNC CKAJIA-MUKPO. Janubie npuHuMaTcs B 00beMe, HeOOXO[MMOM
JIJIsT TIPOBEJICHUST pacdeToB 1o mporpammaM komiiekca DHET'PUS (puc. 2).

IIpenBapuTesbHas MPOBEPKA IMPOBOJIUTCS JIJIsT OTCEUEHUsT CJIyIaeB To-
HaJIAHUST B CUCTEMY JIMAIHOCTUKK JIOXKHBIX JIAHHBIX, KOTOPbIE HE CBSA3AHbI C pe-
AJIbHBIMK OTKA3aMHU PEAKTOPHOI0 0DOPY/IOBAHUS, & BO3HUKAIOT HEITOCPEICTBEHHO
B caMoil MH(OPMAIMOHHO-BLITUCUTEJILHON Cpejie TI0 Pa3HbIM (CquaﬁHHM 1
XapaKTePHBIM JIJisi 9TO chucTeMbl) npuanHaM. [IpegsapuresnbHoe TecTupoBaHue
JIAHHBIX TTPOBOJUTCS B BHUJE CPABHEHUS PE3YJbTaTOB PACUETOB 1O MPOrpaMMaM
[TPUBMA-M u [TPUBMA-M-AHAJIOT (puc. 3).

Baxknoii ocobernnocthio st ADC ¢ sneprodsiokamu turta PBMK siBisier-
Cs1 BOBMOYKHOCTH TTPOBEJICHUST OTEPAIY MEPErpy3Kn TEXHOJOTMIECKNX KaHAJIOB
6e3 octaHoBKM peakTopa. OJHAKO B HaCTOsdAIIee BpeMsl B 6a3e JaHHBIX O COCTOsI-
HUU SHeProd/oka nHdopMalmn o mpoMexxyrounoM nojoxkenun TBC B akTupHOi

30HE HET, 1109TOMY K3-3a HEBO3MOXKHOCTU 1IPOBEJIEHUs] KOPPEKTHOI'O HEHTPOHHO-
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NMPUEM OAHHbIX

v

NPEABAPUTENbHAA NPOBEPKA

v

HEMTPOHHO-
TENNOrMAPABNNYECKWA
PACYET

'

NMPOCTPAHCTBEHHO-BPEMEHHASA
PUNBTPALIUA

N

BbIABNEHUE U NOKOJTU3AUNA
BO3MYLLEHUA

WA ANMTOPUTMA OUATHOCTUKU
STAN AINTOPUTMA ANATHOCTUKH

WAOEHTUOUKALUA TUNA
BO3MYLLEHUA

\ BbIPABOTKA PEKOMEHOALIUA
NMEPCOHAIY A3C

Puc. 1. Biok-cxema agropurma cucrembl guarnoctkn ECRAN 3D

CEPBEP XPAHEHWA OAHHbLIX CEPBEP PACYETOB
[Mporpammebl
Manka c dannsl, pacuéTa
.| Tekywmm .| OTOBpaXEHHbIE
UMC | cocrosHnem " | B ONepaTuBHyO
CKATA- aHepro6roka namsiTtb IIMarHocTHKa
MVKPO

'

B anarHocTukm

Puc. 2. Bnok-cxema norokos jannbix cucreMbl guarnoctuku ECRAN 3D

¢gpusrIecKkoro pacuera B aJrOpUTMe JUATHOCTHKY [IPEIyCMOTpEHa I1ay3a B padboTe
Ha BpeMsl IIeperpysKi.

HeitrporHo-mn3ndyecKnii pacyeT 1POBOJUTCS ¢ UCIIOJIb30BAHUEM aT-
TECTOBAHHBIX MITATHBIX POIPAMM IOJJIEPXKKU U COIPOBOXKJICHUST KCILIyaTallUuK
PBMK-1000 (POLARIS, TPOUKA). Ins Toro, 9To6HI 3T MPOrpaMMBI MOTJIH
ObITH WCIIOJTB30BAHDI JIJIA TeJiell TMarHOCTUKU, B WX KOJI ObLIN BHECEHBI CEPBUC-
HbIE JIOMOJTHEHUST, MTO3BOJISIIONTUE OCYIECTBIATE BBITPY3KY HEOOXOIUMBIX JIJIs JTU-
ArHOCTUKU (DYHKIIMOHAJIOB: U3MEPEHHbIE, PacueTHbIe U BOCCTAHOBJIEHHbIE 3HAUYE-

HUsi MOIIIHOCTE!N B MecTax pacriojioxkenusi BP/I, nonpaBku K ceueHusiM reHepaiuu
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Mnc KOMMBLIOTEP
CKAJIA-MWKPO OAbuH
CVY3, Pacxon, BP[] » CY3, Pacxon, BP[
NMPU3MA-M NMPU3MA-M-AHANOT
Y v
MoLHoCTb ) MOIJJ,HVOCTb
JNluHenHas Harpyska ) JlnHenHas Harpyska
Koadh. 3anaca CPABHEHME | Koadp. 3anaca
= PESYJIbTATOB —

Puc. 3. bnok-cxema ajropuTMa IpeiBapUTEIbHON MIPOBEPKU JTAHHBIX

(0x:(7) — mompaBouHbIii KO3hMUIMEHT K HCTOYHUKY HEHTPOHOB, 0beCTIedrBAIOTIHIT
corJiace PacueTHON MOJENH ¢ TIOKA3aHUSIMI PAJUAJbHBIX U BHICOTHBIX JATINKOB
KOHTPOJISI SHEPTOBBIJICJICHNsI, BLIODAHHBIM TAKUM 00pa30M, 4TO JIJIsT CKOPPEKTH-

POBAHHOI pacueTHoil Mojie i KOIDMUIMEHT PA3MHOKEHUST DABEH eJIMHUIIE):

(=VDIV+Eu+21) -1 = 0u(r)- (vXp- o2+ v35 - ¢1),
(=VDyV + X42) -2 = Y121, (1)

/(VZfQ'gOQ—I—VZfl-(pl)-dT = Q

Bcee oboznadenusi B hopmysiax 1 sIBJIsiFOTCsT OOIIEPUHSITHIMU.

cnonbzoBanue x(r) cBsi3aHO ¢ TeM, 4To Jijisi (PU3MUecKu GOJIBINUX PEaK-
TOpoB, KakuM sBJjsgercsd PBMK, xapakrepna BbICOKas 9yBCTBUTENHHOCTD pacipe-
JIeJICHUST SHEPTOBbBIJIEJIEHUS K HEONPEJICICHHOCTH B HEUTPOHHO-(DUBUIECKIX ceve-
HUSIX U UCXOJIHBIX JAHHbBIX JIJIsE PACUETHOR MO/ (HALIPUMED, THOJIOKEHUS! CTEPAK-
neit CY3 u sneprosoipaborkn TBC). Kpome Toro, B mrarHoii cucreme KOHTPOJIs
PBMK-1000 orcyrcrByeT TpexmepHbIil KOHTPOJIb MOKaHAJbHBIX 3HEPrOBbHIPabO-
TOK, TIOSTOMY JIJIsI TIOBBIIIEHUsT TOYHOCTH PacdeTa MPOU3BOJNUTCA WA KOPPEKTH-
POBKa HEHTPOHHO-(PU3NIECKUX CEUCHUI, MU KOPPEKTUPOBKA TPEXMEPHBIX SHEpP-
roBbIPAbOTOK € y4ETOM MOKA3aHUI JUCKPETHO PACIIOJIOKEHHBIX BHYTPUPEAKTOP-
HBIX JIATIUKOB.

OcobeHHOCTU BOCCTAHOBJIEHUSA [JId IieJieil JuarHocTuku. Boccra-

HOBJIEHHE TPEeXMepHOro moJjst 3Heprosoiaeenns 1o nporpamme POLARIS ocy-
10



IIECTBJISIETCST 1TOCPEJICTBOM aliipokcumalinu curuajoB BPII pesysnbraramu dhus-
pacuera.

ITo cpaBrenuio ¢ obbruHOl mporeypoit Boccranosenus mo POLARIS, B
JIMArHOCTUYECKOM PEeXKHMe pacdeTa KBaHTUIM oTOpakoBku curaaJo BPJI mo 3a-
BBIIIEHUIO W 3aHUKEHUIO CUJILHO YBeJIMUeHbl. B pesyjibrare JarduKuKl ¢ CUJIbHbI-
MU OTKJIOHEHUSIMU He OPaKyIOTCs, a UCIOJIB3YeTCs B IIPOIIE/LyPe BOCCTAHOBJICHUSI,
YTO TI03BOJISIET B JIAJIbHEHIIIEM TIOJIyIuTh WH(OPMAIIUIO O BO3MYIICHUN.

3aTeM IPOBOJUTCS WTEPAIMOHHAS IIPOIELYpa, IeJIbi0 KOTOPO SBJISIeTCs
nepectpoiika moJig B Mmectax 6e3 BPII. IIpu 3ToM J10712KHO OBITH BBIIIOJHEHO YCJIO-
BU€E KPUTUYHOCTU. B KavecTne napamerpa HaCTPONKHU B JIAHHOM CJIy4ae BbICTYyIIa-
IOT MOIPaBKaA K CEYCHUSM I'€HePalliy.

[Tepe nposejiennem puabTpan (GOPMUPYETCsT CUTHAJ PACCOTIACOBAHMUS.

CurnaJj paccoryiacoBatusi 0 COIEPXKUT CJAEAYIOMNE MACCUBDI JAHHBIX:

d,
5§ =14 |. (2)
Oy,
5; — WRizm - WRmscha (3)
gh — WH@'zm - WHrasch; (4)

—

rjie 0 — CUI'HaJl PaccoriacoBaHusl, WRizm — U3MEPEHHbBIE MOIIHOCTH B MECTaX pac-
nosioxkenust BPII-P; WRmsch — momuoct BPJI-P, nostydennbie mocje BoccTaHOB-
JICHUST, WHizm — U3MepeHHbIe MOIITHOCTHU B MecTax pacnojoxenus BP/I-B; WHmsch
— momuoctu BP/I-B, moixydennbie mocae BOCCTAaHOBIECHUT; gg — TIOTIPaBKH K cede-
HUSIM PeHEPAIUH.

CucreMoil TMArHOCTUKN OJHOBPEMEHHO aHAJIU3UPYETCS HECKOJIbKUX KOM-
MOHEHT CUTHAJIA PACCOIIACOBAHUS: &,gh,gg. B pesyibraTe, B ciydae HaJIAUINS
BO3MYIIEHUsI HEU3BECTHON IPUPOJILI, OHO OKA3LIBACTCS ''3a2KATO B KJIEITN' MEeXK Iy
5:, 5}1 u 52, T.e. OyJIeT BBISIBJIEHO B KAKON-TO OJIHON MJIM HECKOJBKUX KOMIIOHEHTAX
CUI'HAJI PACCOIJIACOBAHMSI.

ITpocTpancTBeHHO-BpeMeHHasA (PUIBTPAIALA OCYIIECTBISCTCS 0CIIe
IPOBEJICHNs] HEHTPOHHO-(pu3nIeckoro pacdera. CHadajia IPOU3BOJUTCA IPO-
cTpaHcTBeHHas uabTpanusd. J1js 3Toii nean popMupyeTcs BbIIIEOIUCAHHbIN CUT-

HaJI pacCorJiaCOBaHMUA (5, HOSBOHHIOHLHP'I B CJy4da€ HaJn4dud, BbIAECJIUTb BO3MYIIE-

HHUE B IPOCTPAHCTBE.
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3areM MpOBOANUTCS BpeMeHHasi (PUIbTPAIs, PeHA3HATYEHHAS JIJIST CHU-
JKeHUs YPOBHS IIYMOB B KOMITOHEHTAX CUTHAJIA PACCOTIACOBAHUS.

st mpoBejiennst BpeMeHHo# (buIbTpAIiy, MOJyIeHHbIe CUTHAJBI PACCO-
IJ1aCOBAHUA JJTA KaXKJIOI0 MOMEHTa BPEMEHU BBOJATCA B JIBE TOCJEIOBATE/ILHbBIE

ouepesn pasHoii jymab: A, B (puc. 4).

3
=0 010

curHan t=n-m-1
PaCCOrMacoBaHNs nepsasi ovepeab A BTOpas ovepenb B
o]
. D NPOCTPaHCTBEHHO-
_ = BpeMeHHas
HeBsA3Ka
y . AS
YCPEeAHEHHbIN YyCpPEeAHEHHbIN
curHan curHan

paccornacosaHusa Ne1  paccornacoBaHus Ne2

Puc. 4. Biok-cxema, ajiropuTma 1MpoCTPaHCTBEHHO-BPEMEHHOW (DUIbTPAIK

CrauaJia ocytecTBisieTcss BBo B ouepenb A. Ilo Mepe moctyrienus: Bee
HOBBIX JAHHBIX CHI'HAJ PACCOIVIACOBAHMS JIBMXKETCS K KOHILY NepBoii odepean A
W TI0 JIOCTMKEHWW KOHIIA TIEPEBOJUTCS BO BTOPYIO odepent B. Ilpu ycraperannn
JIAHHBIX BO BTOPOil ouepenu B oHM MCKJIIOUYAOTC 13 obJiactu gpuibrpanuu. [Ipu
KayKJIOM TOCTYIIJIEHUU HOBBIX JAHHBIX TMPOU3BOJUTCS YCPETHEHUE CUTHAJIOB Pac-
COIJIACOBAHUsI, HAXOSAIIMXCs B odepe/isix. [ljist 91oro Kax/jjas odepejib o0padarbl-
BaeTCs yCpeHSIoNUM U@ POBLIM (DUIILTPOM, ITPeHA3HaAYEHHBIM JIjist 00paboTKM
CUTHAJIA C IEJIbI0 TMOBBITIEHNsT OTHOIIEHWS MOJIE3HOTO CUTHAJIA K TITyMy. Brixogom
yCpeHSIONEero (pbuabTpa ABJIsdeTcd cpejHee apudMeTunIecKoe 3HaUeHue M0 JaHHO-
ro Ha BXOJ HabOpa JaHHBIX.

PesysibraroM yCpejiHEeHUsT SIBJISIOTCsT CO3JIaHHbIE Ha, OCHOBE BPEMEHHBIX
ouepejieil JiBa yCPEJIHEHHBIX CUTHAJIA PACCOTIACOBAHMUS: 5?4, 55. Tocae ycpeiHe-
HUST TTPOU3BOINTCS TOKOMITOHEHTHOE BBIUNTAHUE BTOPOTO YCPEJTHEHHOTO CUTHAJIA
U3 MepPBOro:

AS =6, — dp. (5)

Takum 00pa3oM, Ha BBIXOJE MOJIyYaeTCs PA3HUIA YCPEIHEHHBIX CHUTHAJIOB
paccorIacoBaHMii, HA3bIBAEMas MPOCTPAHCTBEHHO-BPEMEHHOW HEBSIZKOM AS w xa-

pakTepu3yIomasg IPOCTPaHCTBEHHO-BPEMEHHbIE M3MEHEeHHU B cOCTOAHIT PY.
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Ucxopst u3 TOro, 9T0 METO/IMKA JMArHOCTUKNA OPUEHTHPOBAaHA Ha Ollepa-
TUBHBI PeXXUM pabOThHI ¢ MEPUOJINITHOCTHIO MTPOBEICHNS TUATHOCTHKY COCTOSTHS
peakTopa He 6ojiee 2 qacoB, pa3zMep KaxKJ0il BpeMeHHOI ouepein BLIOpaH paBHBIM
30 MunyTaM.

[Tpumep o00paboTkKu curHaJia Jlardivka 110 PacCMOTPEHHOMY aJIOPUTMY

dbusbTpanuy npejcraBieH Ha (puc. 5).

CHrHAI, OTH. el.

CHraaJji B 0TCYTCTBIIe HIYMA

o—e CHruaa
3,
2l
1 f-
0
0 10 20 30 40 Bpems, ¢
Curnam, oTH. ex. i CHrHAJ ¢ HAJTO/ReHHBIM IIVMOM i
4 ; — CpeaHee 3HAUeHHe||
al ; +—a BepxHnii npegen ||
v— Hikanin mpegea
ok oq VAN A B A'AiM\(AV’” . A\.’ R SR o DD |
L UMITWITE N VT |
-4f : TTosiBIeHIIE OTRA3A
0 10 20 30 40 Bpems, ¢
CHrHau, oTH. el i CHTrHAJ noc/ie NPOoCTPAHCTBeHHO-BPeMeHHOI (PHIBTPpALII
3 i ~— CpeaHee 3HAIeHIIe||
2 2 +— BepxHuii npegen
) e e et g e e B .| ¥ Hizkanii npegen ||
L e oA Peeg®sga A o—e CHIHAT
0 i 'w
b e e g8 v 1 OTRAS ';-‘](l)]""c[]po];-‘]ﬂ e Bate SRR 4 -
HaxromnaeHie cTaTHCTHRI TlosiB.TeHIIE 0TKA3A
] 10 20 30 40 Bpe]\jﬂ’ c

Puc. 5. IIpumep obpaborku curhnaJjia 1o ajaropurmy (puibrpaium

BreigBiieHne m Jjiokasim3anus BO3MYMHieHusi. Kak ObLiIo 110Ka3aHO B
pabore A.A. Cemenosa "PazBurne MeTos0B HEJIUHERHON MIeHTUDUKAIIAA U MO-
HUTOPUHTA aKTUBHBIX 30H SIIEPHBIX PEAKTOPOB' ONnTUMaJsbHAas JUHEHHAs OIEHKA

BEJIMYUHDBI OTKa3a HOﬂy‘{aeTCH 110 d)OpMyﬂe:
Ci = (Aé, A5template,i)7 (6)

e ¢; — JUuHeiHas OleHKa BeJUYNHbl OTKa3a ¢ MUHUMAJILHON JUCIIepPChuei, Ag -
[IPOCTPaHCTBEHHO-BPpEeMeHHas HeBA3Ka, Aciemplate,i — OITHUMAJIbHBIA 11a0JIOH J1JIsd
OTKa3a THUIa 1.

[[TabsoH oTKaza — XapaKTepHLI oOpasel IpoCTpaHCTBEHHO-BPEMEHHOMN

nesasku. Ilabson orkasa MOJIy49a€TCd IIyTEM BbIYMTaHMW:A HEBO3MYIIIECHHOI'O CHUI-
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HaJla PaCCOIJIaCOBaHUA M3 BOSMYIIIEHHOI'O!

l

>,
Sell

vozm

nevozm ) (7)

nevozm | ‘

A(stemplate -

s
l

[=2)
=)

CuietoBaTesibHO, st paboThl aaropuT™oB dguibrpannn Tpedyercst Habop

vozm

11a0JI0HOB 0TKa30B. VM XOTsi MeTo/ibl (pUILTPAIUK C KCIIOJIb30BaHUEM I1a0JI0HOB
OTKA30B JIJIsI TPEXMEPHbBIX I0JIeil MPaKTUIEeCKU HE OTJIMIAIOTCA OT METOJ0OB, IPHU-
MEHSIEMbIX JIJIs1 JIBYXMEPHBIX MOJIeH, OJIHAKO ¢ TOYKHU 3PEHUsT ITPOIPAMMHON pea-
JIN3AIMN PA3HUIA CyIIeCTBeHHA. B JIByMEpHOM CJiydae KOJUIECTBO MECT BO3HUK-
HOBEHWST OTKA3a OIPAHMIEHO KOJUIECTBOM YCTPOHCTB, KOTOPHIE MOT'YT OTKA3aTh.
IIpu sTOM npejmosaraercs, 9To (popMa JIBYMEPHOTO I0JIsl SHEPIOBBIJIEIECHUsT MaJIO
MEHSIETCsI IIPU U3MEHEeHU U aMILIUTY/IbI OTKa3a. B TpexMepHoM ciydae ¢popma, moJIsd
SHEPTOBbIJICJCHUST CUJIBHO MEHSIETCS IPU U3MEHEHUH aMILIATY/IbI OTKA3a, [TO3TOMY
PE3KO pacTeT KOJUIECTBO MA0JOHOB, ¢ KOTOPBIMI HAJI0 CPABHUBATH OTKJIOHEHWS
noJieit. IIpu 3TOM HAJI0 YUUTBIBATD, UTO IIAOJIOH IIPH U3MEHEHUHU II0JIOXKEHHS Op-
rana perysuposanusi (OP) CY3 B sT0M ciiydae 3aBHCAT OT JIByX MapaMeTpOB:
MCXOJIHOT'O ¥ KOHEUHOTI'O TOJIOXKEHU Toraomaroriero ajieMmenTa CY3. Kpome Toro,
Ha TTOPSIJIOK PACTET Pa3MEPHOCTh BEKTOPOB, HaJ KOTOPBIMHU MTPOU3BOJISITCS OTIepa-
I[MH, 9TO CBSI3aHO C YBEJMYEHNEM KOJMUIECTBA, CJIOEB 10 BLICOTE. DTO MPUBOJNT K
yeaoxkaenunio 3aga4un npumepno B 100-1000 pasz. B pesynbrare Bo3HHKaeT 3aja49a
0 pa3paboTKe M peajm3alliid HOBBIX METOJOB, KOTOPBLIX HE OBLIO B JIByXMEPHOI
Bepeun cucreMbl ECRAN, 1103BOISIONINX MUHUMU3UPOBATH YUC/I0 TPUMEHSIEMbIX
1mrabJIOHOB 0e3 CyIeCTBEeHHON ToTepr TOYHOCTH JuarHoctupoBanus. [losatomy B
paboTe TpeIaralTcs yIpoIeHHbie, HO ObICTPOAEHCTBYONINE aJTOPUTMbI OIEH-
KU BEJIMYMHBI OTKa3a, KOTOpbIE Jlajiee HAa3bIBAIOTCS aJI'OPUTMAMU JIOKAJIU3AIIUN
OTKA30B.

ITepes Tem Kak HadgaTh MOMCK OTKa3a IMPOU3BOJIMUTCS CBEPTKA 00HEMHOTO
110JIs1 MIONPABOK K CevYeHusiM renepanuu Ox(z,y, z) ¢ BbICOTHOIH (hopM-dyHKIHed
f(2). Pesynbrarom Takoii CBEpPTKH sIBJISIETCS TIJIOCKOE T10JIE MONpPaBoK Oy (T, y),
IOJIYIEHHOE IIyTeM CYMMHPOBAHMS IIONPABOK II0 BBICOTE B KarKJIOM TOILJIUBHOM

s (a,y) = / 5s(2,9,2) - (2)dz. ®)

st noBbliieHrsT M30MPATEJILHOCTH 1IPU JIOKAJIM3AIMU BO3MYILEHUI pas3-

jauanoro tuina: nojgoxkernrne OP CY3, sneprosoipaboTKa, u Jp., MOXKHO KCIIOJIH30-
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BaTh BbICOTHBIE (POPM-(DYHKIUKU PA3JIMIHOrO BUJA. [IpuMepbl BHICOTHBIX (DOPM-

bYHKIHUI JJTsT PA3IMIHBIX TUIIOB OTKA30B MPEJICTaBIeHbl Ha (puc. 6).

H

a3, - OTH. eIl

1.0

~— BPI-P/TBC
0.2 «—a KPO

v BPJI-B

e—e Pacxonm

— OP CV3

Puc. 6. [Ipumepnt BbicOTHBIX (POPM-PYHKIUET jIJist pa3HbIX TUIIOB BO3MYIIECHU
(nu1st sryaiero npejcrapienns GopM-GYHKIMH CMEIIEHbI 10 TOPU30HTAILHOI

ocn)

[Tocsie cBepTKHU ¢ BBICOTHOM (pOpM-(DYHKIUEH, ITPOU3BOJIUTCA aHAJIN3 KOM-
IOHEHT IPOCTPAHCTBEHHO-BPEMEHHO! HEBsI3KU ASF ,oine k= 1,...,n, n — Kojude-
ctBo aneMenToB B BPJI-P, BPJI-B u B cBepHYTBHIX IOIpaBKax K CEUYCHUAM MeHepa-
muu. st 9T0oro 3a Kaxk o ASF HPOU3BOJIUTCS TIOCTOSTHHOE HabJITOJIEHUE, B XOJIe
KOTOPOT'O ASF CPaABHMBAETCsI CO CBOMMU MHJIMBHU/YaJIbHBIMU IIOPOTaMU TIyBCTBU-
TEeJTLHOCTH.

Ecnu obnapy»keH ¢pakT IpeBbIIIeHNs IOPOra UyBCTBUTEILHOCTH, TO TPO-
U3BOJIMTCS JIOKAJIM3aIist MecTa Bodmytnenus. C 9Tol 1Ee/blo B IJIOCKOM T10JI€ 110~
IIPABOK K CedeHusiM reHepaiuu 0x (T, y) BbIJIEJISETCS MECTO ¢ MAKCUMAJIbHbBIM 110

BEJINYMHE OTKJIOHEHNEM OT CPpEeIHEro 3Ha4YCHUA:

(0, y0) = argmaz|(0s(w,y) — on(z, 1))’ (9)

[Tocsie aTOro B aKTUBHOI 30HE BbIJIE/IsIETCS KBaJIpaTHas [OJMsIeiiKa pas-
MepoM 9X9 KaHaJOB € IEHTPOM, PACTOJOKEHHBIM B MECTE€ MaKCHMaJbhHOTO BO3-
Mmytienust (g, yo). s kanaaos, 00pasyronux noaustueiiky, IpoBOIUTCA UJEeHTH-

dpukaiums Tra BO3MYIICHHSI.
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N nearudukanusa BO3MYIIEHU [IPOU3BOJIUTCS B CJIydae, eCiau 00HaPy-
JKEHO 3aMeTHOe BO3MYINEeHNEe CBONCTB aKTUBHOW 30HBI W 3TO BO3MYIIEHWE JIOKa-
nn30BaHo. JIJ1s1 9TOTO MpocTpaHcTBEHHO-BpeMeHHash HeBsI3Ka AS CPaBHUBAETCH C
HAaOOPOM I11aOJIOHOB OTKa30B. IIporieypa cpaBHeHUsI OCHOBaHA, Ha, CKAJISIPHOM IIe-
PEMHOXKEHUU JIBYX BEKTOPOB — HEBA3KM M 11a0JIOHA; IIPU 9TOM 110JIyUaeTCsl YUCIIO

Ci j, OTpazKalolliee BeJIMYUHy COBIaJieHus cocroanuda PY ¢ mabsonom orkasa:
Cij = (A(i A(?template,i,j)- (10)
Hanee, cpenn Bcex ¢; j BbIOUpaeTcsa MakcuMaJjbHOe 3HAUCHHe:
Cmaz = maX[HCiJM- (11)

Taxum 00pa3oM, CONMOCTABJISS Cppay U Aciemplatem, OIIpeJieisieM MECTO BO3-
MYITIeHUSI ¥ €ro THII.

Cuukxenne ypoBHdA miyma. /[ljisi ycrpaHeHusi U3 HPOCTPAHCTBEHHO-
BPEMEHHO} HEBSI3KM XapaKTEPHBIX KOMIIOHEHT TyMa ObLIT MCHIOJB30BaH TOJXO]
Ha ocHose Oasnca runasabix Kommonent (BI'K).

Yro Takoe BI'K paccMmorpum Ha npuMepe 3aJ1aui 0 HAXOXKJIEHUH B HEKOTO-
poM 6aHAXOBOM IIPOCTPAHCTBE HAMIYUINEro 6a3uca, JIJisd allpoKCUMAIINN 33, 1aHHO-
ro Habopa BEKTOPOB 3TOro OaHaxopa mnpocrpaHcrsa. [lo mocrpoenuto sror HGaszuc

obJs1a1aeT CBOMCTBOM:

N M
D NE =) augiell — min, (12)
I=1 k=1

N> M+1,
[=1,N,
k=1 M,

rjie &) — almpoKCUMUPYeMblil Habop BEKTOPOB, Ui, — nckomblii basuc (BI'K).

Kakx MOXKHO 3aMeTUTh, 9TOT MOAXOJ SKBUBAJCHTEH MPUMEHEHUIO METOJa,
PJIABHBIX KOMIIOHEHT WJIM [PUMEHEHUIO B KadecTBe Dasuca (PyHKIUH KaHOHUYE-
CKOI'O pas3jioxKeHusi. MeToj1 rIaBHbIX KOMIIOHEHT TAKXKe MOXKHO BCTPETUTD B JIATE-
parype 10J] Ha3BAHMEM MCTUHHOE MJIM COOCTBEHHOE OPTOIOHAJLHOE PA3JIOKEHUe
(Proper Orthogonal Decomposition (POD)).

B namewm ciyuae BI'K crponsicsi Ha ocHOBe NMpoCTpaHCTBEHHO-BPEMEHHbBIX

HEeBA30K. TecThbl NpOBOAUINCH JIJIsi pa3HbIX padMepoB BI'K u Ha pasHbIx Habopax



BXO/JIHBIX JlaHHbIX. Bo Becex ciyuasix BI'K crpousicst Ha jlaHHBIX, KOTOPbIE 3aBEJ10-
MO HE COIEPXKAJH OINNOOK.

SareMm npuMeHsjica 1ojaxos Ha ocHope BI'K, mospossroniuit B ciydae
HAJIMUMs BO3MYIIEHUs, KOTOpPOE He SBJISIETCS XapaKTepHbIM JJisd Habopa JiaH-
HbIX, Ha KOTOpbix crpousics DI'K, jionosinuresibHo ero BbLieuThb. [jist 9roro
IPOCTPAHCTBEHHO-BpEMEeHHasl HeBsA3Ka rpoerupoBajach B BI'K, madbsonbl orka-

30B Tak>Ke TpoenuporaJinch B BI'K.
ak - (A(i ASEGK): (]‘3)
k < N3
Qtemplatei,j — (Aétemplate,i,jy A5BGK) .

HaJjiee cTpounsiach pasHuila MeXKJIy UCXOJHBIMU BEKTOPAMU U UX TPOEKITU-

avu B BI'K:

M
AE = AS -3 AT 1
k=1
M
Agtemplate,i,j = A51,‘emplate7i7j o Zatemplate’i’j A(SBGK’
k=1
E = 1,M,
CZ,] —_— (AE«T; Aéemplateaiﬂj) :

3a BeJIMUUHON ¢; j IPOU3BOJIUIOCH HAOJIIO/ICHUE.

PesysnbTaThl pacdeTHBIX TECTOB ¢ HCIIOJIb30BaHUEM T0IX01a Ha ocHOBe BI'K
IIOKA3aJ11 TIOBBIIICHUE OTHOIIEHMsI IOJIE3HOr0 curnaa K mymy na 5—12%. U xors
B Hacrosmee Bpemst B cucreMe jguardocruku ECRAN 3D jganmbiit mojaxos me
UCIIOJIB3YETCA BCJIEJICTBUE MOBBIIICHUS BPEMEHM Pacuera U YCJIOXKHEHHS pacueT-
HOII CXeMbl, OJIHAKO OH BIIOJIHE NMPUMEHHUM JJis BBIJEJICHUs] HeXapaKTePHbIX JIJIsI
obbekTa HabJIOjIeHusT Bo3MyLeHuii. VI3 pe3y/ibraToB 3TuX 9KCIHEPUMEHTOB MOXK-
HO CJIeJIaTh JIONOJHUTENbHBINA BbIBOJI, UTO KCIIOJIb3yeMbl HERTPOHHO-(DUBNIECKUE
MOJIEJIM KOPPEKTHO OIMCHIBAIOT MOBEJIEHUE YCTAHOBKM.

Br160op mopora wyBcTBuUTEIbHOCTH. [Ipu paszpaboTke cpejicTB IrarHo-
CTUKK OOBITHO MPUXOJUTCS UATH HA KOMIPOMHUCC MEXK]Iy HMPUEMJIEMbIM YPOBHEM
ombOK 1epBoro (JIoxKHasi TpeBora) U Broporo pojia (IpoIyck oTkasa). 3adacryio
JULST IIPUHSITUST PEIIEHKUST O HAJUYUK HAPYIIEHUsI UCIIOJIb3YeTCsI IIOPOroBOe 3HaUe-
HIEe, KOTOPOE MOYKET BapbUPOBATHCS C IEJIbI0 CAEIATH TecT 0ojee CTPOrUM MJIH,

HaobopoT, Oosiee MsaArKuM. Hampumep, MmoBbllIeHHE UYBCTBUTEJBHOCTU CPEJICTBA



JIMArHOCTUKHU TPUBEJIET K YBEJMICHUIO PUCKA OMTMOKU MEPBOTO POjia, a MOHUNKE-
HUE 9yBCTBUTEJLHOCTH — K YBEJIMUEHUIO PUCKA OIMMOKK BTOPOro pojia (TpormycK
OTKa3a,).

Hnsg cucrembr ECRAN 3D Bompoc o BbIOOpe mopora 4yBCTBUTEILHO-
cTu ObLI PEIeH UCXO/Is U3 OIEHOK CTaH/IaPTHOIO OTKJIOHEHUsI ITPOCTPAHCTBEHHO-
BPEMEHHBIX HEBA30K, MOJYUYEHHBIX 1IpU 00paboTKe apXuBHON MHMOPMAIMU O CO-
cTosiHUSAX dHEprodsioka. [Ipu sTom Oblia MpuUHSTAa HOPMaJbHAas MOJIE/Ib PacIpe-
JIeJICHUsT TIIyMOB U3MEPUTENLHON anmapaTypbl U pacueTHBIX JAHHBIX HEHTPOHHO-

pusnIecKux Mojeei:

N
N 1 I
N NZA(Sp, (15)
p=1
R A—
oF = mZ(Aék—A@’;)?, (16)
p=1
AGRUPLIm - — Ak 4 Mok, (17)
Agk-Drlim - — Agk — Mo*, (18)

—k
rjie k — 3JIeMEeHT IIPOCTPAHCTBEHHO-BPEeMEHHON HeBsi3ku, Ad  — cpejneapudme-
TUHYEeCKOe 3HAYeHHe BLIGOPKU 10 3j1eMeHTY k, oF — crammaprHOe OTKIIOHEHHe, P
— 3jeMeHT BbIOOpKHU, N — pasmep BbiOOpku, M — mapaMeTp HACTPOUKH IIOPOra

9YBCTBUTEJILHOCTHU CUCTEMBI.

PGByJ'H)TaTbI pacCdeTHbIX NCCJieJJOBaAaHUN

B pamkax pabor mo teme "TorimBoncnosb3oBanne, HOBbIE BUIBI siep-
Horo romiuba, OP C¥Y3. Paspaborka METOIUKU U IPOrPAMMHOIO OOECIIeUeHHSI
ONEPATUBHON IMArHOCTUKH TesocTHOCTH b3 KPO mo jgokanbHoMy m3aMenennio
MOIIHOCTEH TOILIMBHBIX KaHAJIOB B paiione pacnosokennss KPO" B nenrpe 360
OAO "BHUUNASDC" n OAO "HUKUSDT umenn H.A. Homnexans" ©Oblao mpu-
HSITO pelleHre pa3padoTaTh U IPOrPAMMHO Peajin30BaTh METOINKY ONepaTHBHOIM
JIMATHOCTUKH 3a/iiBa Tiiib3bl KPO ¢ ncmonb3oBamnuemM nporpaMMHBIX CPEJCTB CO-
IPOBOXK ICHUST SKCILIYATAIIH.

B OAO "HUKUIDT wumenun H.A. osmnexass" wHa 06aze mporpamMMHOTO

komriekca, SADCO 6b11 co3gan nporpammubiit Mmojyib " JInarnoctuka CY3".
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B nerrpe 360 OAO "BHUNASC" 6b1j10 NpuHSTO peleHue neinoib30BaTh
mist quarnoctuku KPO nmporpammbr kommiekca QHEPT'UA n anroputv crcrembr
ECRAN 3D. B cBa3u ¢ 5TuM IepedeHb 0TKA30B, JUATHOCTUPYEMbBIX CHCTEMOi
ECRAN 3D, 6b11 paciiupen Ha ciydail 3ajuBa Bojoi ruib3bl KPO.

ITpumepsnr moucka 3ammBa ruiibd KPO. Tlockosibky TouHOCTHbBIE Xa-
PaKTEPUCTUKHU JINATHOCTUIECKON CUCTEMBI JIOJIKHBI ObITH 000CHOBAHBI PACIETHDI-
MU HCCIEJOBAHUSIMU, OBLI TPOBEJEH aHaIn3 JaHHbIX 10 dKciryaranun KPO n
nHdOopManny 1o HapyirennsaM B pabore ADC, CBI3aHHBIM € 3aJIMBOM BOJIO M'IJIb3
KPO na Kypckoit u Cmosenckoit A9C.

Jlist HArIsIIHOIO HIpejicTaBjeHust nHMOPMalUK, 110JIy4aeMOil B 1IPOLEcce
aHan3a apxXuBoB 3KcIryaTannoHHbIX gaHHbIX ADC nmo cucreme ECRAN 3D,
MCTIOJIB3YIOTCST BEJMIUHBI COBIAJIEHNST MTPOCTPAHCTBEHHO-BPEMEHHOW HEBSI3KU C

mrabJIoOHAMHU OTKAa3a TUIIa 3aauB ruiab3bl KPO:

CKRO,j — (Agy A(g‘template,KRO,j)- (19)

PesynbraThl TeCTUPOBAHUS IIPEICTABICHBI HIXKE.

JInaraoctuka coctosHuii 1-ro ’Heprobdsioka CmoseHckoit ADC.
Bbu1 1poBe/jieH onck HapyieHusi, ¢cBsizanHoro ¢ 3ajusoM KPO 4615, st 1 sHep-
roosioka Cmosernckoit ADC. Hapyrmenne 6nu10 3acdukcuposano 10.06.2010. B mo-
menT Bpemenn 22:21 10.06.2010 wa (puc. 7) BuIHO Havag0 (DUKCAIMHT BO3MYIIE-
HUsI, CBSI3aHHOT'O ¢ 3amnosiHeHueM ruyib3bl KPO Bojoit. B momenT Bpemenn 23:50
10.06.2010 mpoucxXoauT BBIXOJ, 32 IPAHUILI JOIYCTUMOI'O KOPHUIOpa OE30TKA3HOMN
pPabOThI, CBUETEJLCTBYOIIMI 0 HAJIMIUU OTKa3a, TUIa: Boja B ruibze KPO 4615.

st KaxK 1010 9HEpProbJI0Ka, IOPOT YyBCTBUTEIHLHOCTH K OTKa3y OIpeieis-
eTcs MHJIMBUJIYAJIbHO, UCXOJA U3 XapaKTePUCTUK MCIIOJb3YeMONl M3MepUTe/bHOM
anmnapaTypsl. [Ipu cHUXKEeHUM TOpora 4yBCTBUTEILHOCTH HE TOJBKO YMEHbBIIAETCS
BpeMst OOHAPYKEHKMSI OTKA3a, HO ¥ MOXKET IPOUCXOIUTH PErUCTPAIMST OTKA3, JIJIsI
cocequnx KPO. Onako KagaJ ¢ peajJbHBIM OTKa30M UMeeT OOJIBIIYI0 MHTEHCHB-
HOCTh 110 CPABHEHUIO C OCTAJbHBIMU, 1TO3TOMY JIOTIOJIHUTE/IbHAsT PErUCTPAIs He
SIBJISIETCS HEJIOCTATKOM aJIlOPUTMa, a JIUIIb CBUJIETEJIHLCTBYET O TOM, UTO PailoH
O3 KPO 4615 3acyiyKuBaeT MOBBINNIEHHOTO BHUMAHMS.

Jmnarnocrtuka cocrosinuii 4-ro saneprodsioka Kypckoit ADC. Boun
IIPOBEJIEH MTOMCK HapyIeHusi, cBsizanuoro ¢ 3ajguBoM KPO 3245, st 4 sneprobsio-
ka Kypckoit ADC. Hapymenne, cstsannoe ¢ mosiByiennemM Bojbl B rusb3e KPO,

obL10 3adukcupoBano Mexay 14.12.2010 — 15.12.2010. OHaK0 TOYHOIO BpeMeHH
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CKPO‘ 4615 OTH.€A. Polaris SAES1: 4615
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Puc. 7. Iamenenne Bo BpeMeHHM aMILIUTY/IbI IHATHOCTHICCKOTO CUTHAJA,
nosydennoro ¢ nomotnsio nporpamm POLARIS u TPOUKA, nist CADC-1 KPO
4615

HavaJja BOSHUKHOBEHMS HapylleHus He 3adukcupoBano. Ha apxuBe gaHHBIX ObLI
IPOU3BEJIEH TMOUCK OTKa3a. Pe3y/ibraThl MOUCKa U MOC/IEJ YOI aHaAIU3 apXUB-
HO# mH(OpMAIMK TOATBEPININ PabOTOCIIOCOOHOCTD MPEJII0KEHHOIO JUATHOCTH-
JeCKOTO aJITOPUTMA.

B mowmentst Bpemenn 01:55 09.11.2010 ra (puc. 8) BuHO HATAIO BCIIECKA
(OTMequo YEPHON CTpeﬂKoﬁ), COOTBETCTBYIOIIEE MOABJICHUIO B aKTUBHOU 30HE
HapyIIeHnsi, cBst3aHHOTO ¢ 3ajuBoM Trub3bl KPO. B moment Bpemenu 02:05
09.11.2010 mporCcXOAUT BHIXOJ, CUT'HAJIA 38 I'PAHUIIBI JIONYCTUMOIO KOPHIOpa 6e3-
oTKazHOo#l paborbl. OTKa3 oOHapyKeH. BpeMmsi oT mosiBjieHns 0TKa3a, JIo ero ooHa-
pyxkenus coctaBuyio 10 MuH.

Jmnarnocrtuka cocrosiuuii 1-ro saneprodsioka Kypckoit ADC. Boun
IIPOBEJIEH TMOWCK HapyIieHusi, cBsizannoro ¢ 3ajguBom KPO 3225 mgist 1 sHepro-
osioka. Kypckoit ADC, zadukcenposannbiv 22 niosst 2010 1. [lo ganansiv apxusa
B MOMeHT Bpemenn (07:40 mpom3o0IIIO0 pe3Koe yBeIndeHue Pacxojia BOJBI ¢ 9,D
no 8,3 M®/u B PK CVY3 3225 (KPO). B momentsl Bpemenu 07:44 19.07.2010 na
(puc. 9) BUjIHO HAYAJI0 HApACTAHUS CUI'HAJIA (OTMEYEHO YEPHOIl CTPEJIKOI), COOT-

BETCTBYIOIIEC ITOABJICHUIO B AKTUBHOU 30HE HapymeHund, CBA3aHHOT'O C 3aJIMBOM
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CKPO, 3245 UTH.€A. Polaris KAES4: 3245
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Puc. 8. I3menenune BO BpeMEHU aMILIATY/IbI JIMATHOCTHYECKOIO CUTHAJIA,
nostydennoro ¢ nomorpio nporpamM POLARIS u TPOMKA, mis KADC-4 KPO
3245.

ruib3bl KPO. B moment Bpemenn 08:14, mpoucXopuT BbIXOJ, BEJUUUHBI COBIIA-
JleHUsi ¢ 111abJIOHOM 33 I'PAHMILbI JIOIYCTUMOI'O KOPHUJI0pa 0e30TKa3HOM PadoThI.
Orkasz obrapy»)en. Bpemst oT mosiBjieHnst OTKa3a J0 ero 00HAPYYKEHUsT COCTABUIIO

30 MuH.

Cocrosinue OHbITHO-HpOMbIH_IJIeHHOﬁ IKCILJIyaTalllin

B macrosmee Bpems cucreme ECRAN 3D naxoaurcss B OIBITHO-
HPOMBIIILJIEHHO 9KcITyaTanun Ha 3 6J10ke Kypekoit u 1 6s10ke Cmoutenckoit ADC.
Ha Kypckoit ADC myst jmarnoctukn KPO ucnonbsyercst cucrema ECRAN 3D
u porpaMmMubIii Moaysth " [Inarnocruka CY3".

Kax mokazaJia MpaKTuKa OMbITHOW-IIPOMBIIIIIEHHON SKCIJTyaTaIllil CHCTe-
Ml ECRAN 3D, B ciyuae oOHapy»KeHMsI BO3MYINEHUS, CIenrajucTaM, padbo-
TAIOIIMM C CHCTEMOM, »KeJaTeJIbHO UMETh BO3MOXKHOCTH YIU1yOJIEHHOIO aHaJn3a
npowusoltie/iero coobrrust. st aroro Tpedyercst Budyasuzalus napamerpos PY

B BUJIe rpadWKOB U KapTOrPaAMM.
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CKPO, 3225 OTH.84. Polaris KAES1: 3225
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Puc. 9. smenenne Bo BpE€MEHUN aMINIUTYJAbl JUAI'HOCTHUYICCKOI'O CHUI'HAJIA,

nosyuentoro ¢ nomornsio mporpamM POLARIS u TPOUKA, ama KADC-1 KPO
3235.

B macrosiee BpeMsi BeyTcsd pabOThI MO TOBBIMIEHUIO 9YBCTBUTEITHLHOCTH
cucreMbl ECRAN 3D K ciydasiM BBIXOJIa U3 CTPOsI PACXOJOMEPOB U HEBEPHOI
perucrpanus nosoxkennit SPK. Kak nokaszasu pesysibrars! npeiBapuTe/bHbIX HC-
CJIeJIOBaHW, JIJIsi KAUeCTBEHHON JINarHOCTUKHU TEIJIOTNU IPABJIMIECKUX TapaMeTPOB
OJTHOTO TOJIbKO HEATPOHHO-(DU3UIECKOTO pacueTa OKa3bIBAETCS HEJOCTATOYHO U
TpebyeTcst TpUBJIeUeHUE TEIJIOTHIPABINIECKUX MOJIeIeil, aHAJOTUIHBIX HUCIOJIb-
gyembiM B niporpammax JAMATUIPA, TJIPA, KOHTYP-M.

[Tocie ycrpanenusi  3amMedaHuil, [OJYYEHHbIX B  XOJI€  OIIBITHO-
MTPOMBITIIJIEHHOW IKCILIyaTannn, 1anupyercs ycranoka cucrembl ECRAN

3D na npyrux osokax Kypckoit u Cmostenckoit ADC.

OcHOBHBIE BBLIBOJIbBI

1. Coznana pacuerno-uamepurenbhas cucrema ECRAN 3D, npeanasna-
YeHHas JIUIA JIMAIHOCTUKM COCTOSIHUSL aKTUBHOM 30HbBI M SKCILIYATAMOHHON 06a3

JaHHDbIX. PaBpa6OTaHbl HOBbIE€ AJITOPUTMBI JJUAI'HOCTUKHN COCTOAHUW A AKTUBHOM 30-
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Hbl ¥ 3KCILIyaTalMOHHON 06a3bl jgaHHbIX PV, ncro/b3ylonme TpexMepHbie 1POo-
IPaMMbI TOJJAEPKKIA U COITPOBOXK ICHUST SKCILIYATAIINN, 1 00J1a IaI0II1e TTOBbIIIEH-
Hoit uyBcTBHTE/bHOCTHIO. B cucreme ECRAN 3D peaJinzoBan HOBBIi OJIXO K
nJIeHTH(DUKAIIIT HapYIIEHN Ha OCHOBE TPeXMEPHBIX 11a0JJOHOB OTKA30B, a TaK ¥Ke
LIPUMEHEHbI HOBbIE 110JIX0Jibl K IIOBBIIIEHUIO CKOPOCTH PabOThl JUAIHOCTHICCKUX
aJI'OPUTMOB, OCHOBaHHbBIE HA, IIPOCTPAHCTBEHHOM JIOKAIN3AIMKA BO3MYIICHUS.

2. Obecrieven Tpebyembiii ypoBeHb (DYHKITMOHATHLHO-TEXHUIECKUX TTOKa3a-
TeJiell CUCTEeMbI JIMArHOCTUKY C TOUKHU 3PEHHs dKCILIyaTaiun A9V,

3. IlpoBenenbl BepuduKalusg U BaJUJalldsd CO3JAHHONO MPOIPAMMHOTO
CpeJICTBA.

4. Cucrema ECRAN 3D BBejiena B ONBITHYIO 9KCILIyaTanuio Ha Kypcekoi
n Cwmosernckoit ADC.

5. IlokazaHo, 4TO METOAUUECKUN IOJXO0J 1 OOJIBIIMHCTBO PeaJIU3YIONNX
ero aJrOPUTMOB SIBJISIOTCS OOIUMU JIJIsT BCEX OCHOBHBIX THUIIOB PEAKTOPOB, XO-
Tsi pasBUTUE W anpobaliydsi METOJIMK U AJIOPUTMOB OLEPATHUBHON JUAIHOCTUKH
IIPOBOJIMJIOCH B TPOIECCE Peau3aluy MOCTaBJIEHHON 3a/a9i MPUMEHUTEIHHO K

peakTopam PBMK.
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