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AHHOTAIIMSI MATUCTEPCKOM JINCCEPTAIIUA

Hacrosimass  nuccepranmvoHHass pa0oTa TOCBAIIEHA HCCIEOBAHUIO
COBPEMEHHBIX METOJIOB u aJrOPUTMOB OLICHKH HAJIC)KHOCTHU
TEJICKOMMYHUKAIIMOHHBIX ~CeTeH, pa3pabOoTKe ¥ CO3JaHUI0O METOJOB U
AJITOPUTMOB OLCHKM HAJIC)KHOCTU C IOMOIIBIO HEMPOHHBIX CETEH, a TAKKE
ONTUMU3ALUU pabOThl HEUPOHHOW CETU IMyTeM MOAU(GUKAIMU TPOTrPaAaMMHOIO
KOJIa ¥ [TapaMETPOB CUCTEMBI.

AKTYaJIbHOCTh HMccJeqoBaHusi. Ha CcerogHAmHWI J€Hb, TPYIHO
MPEACTaBUTh HAIly KU3Hb 0€3 CPEICTB CB3M U TEICKOMMYHHUKAIUH.
TenekoOMMyHUKaMs CTAJI0 HEOTHhEMIJIEMOM YaCThIO >KM3HU Ka)XJI0ro u3 Hac. U
MBI T0JIb3yeMCS UX BO3MOKHOCTAMU MPAKTUYECKUHN Be3Ae. Mbl 3HaeM 4TO Hall
BeK, Bek mHpopmarmonnsix texnonoruit (MUT), Bpems korma UT pasBuBaroTcs
BBICOKMMHU TEMIIaMH, W OXBaThIBaeT Bce cdepnl *ku3HU. Poct pasmepHOCTH
TEXHUYECKUX U MPOTPAMMHBIX CPEJICTB XapaKTEPU3YETCS B HACTOSIIECE BpEeMs
pOCTa TEIEKOMMYHHUKAIIMOHHBIX CETEU, BKIIOYAIOIIUM OT THICSIYM 10 MUJIJIMOHA
AJIEMEHTOB — Y3JIOB M KaHAJIOB B3auMOJEUCTBUSL. C POCTOM pa3MEpPHOCTU CETH
MPOUCXOJUT PAAUKAILHOE NIEPEPACTIPEACIICHUE BAXKHOCTU PEIICHUS PA3IMYHbBIX
KJIACCOB 3a/lad pa3paboTKH M DJKCIUTyaTallud MOJOO0HBIX O0BEKTOB. Pe3ko
BO3pAcCTaeT 3HAYMMOCTh aHaM3a HAJEKHOCTH Takux ceTed. Takum oOpazom
OYCHb BAXXHOM CTAHOBHUTCS 3ajlaya, IOCBSIIECHHAs pa3pabOTKe METOJOB H
aJTOPUTMOB OLIEHKH HAJIEKHOCTH TEJIEKOMMYHHUKAIITMOHHBIX CETEH.

O0bexT U npeamer uccjaeaoBaHusa. OOBEKTOM UCCIEIOBAHUS SBIISTFOTCS
Helpo-uH(OPMAIIMOHHBIE METOIbI TUATHOCTUKU CUCTEM Ha OCHOBE HEUPOHHBIX
CeTeM, METOJIMKA W CPEICTBA BBIYMCIUTEIBHOTO SKCIIEPUMEHTAa 110 OLIEHKE
KOPPEKTHOCTH, JIOCTOBEPHOCTH U IP(HEKTHBHOCTH TMOCTPOCHHBIX MOJEIECH M
anroput™MoB. [IpenMeToM ucciaeqoBaHus SIBISETCS METObI OLICHKH HAJCKHOCTH
CHUCTEM, MOJICIIA U AJITOPUTMBI.

Henar m 3apaum mcciaenoBaHusi. OCHOBHOM IEJIbBIO MCCIICAOBAHUU
ABJISIETCS pa3paboTKa METOJOB U aJTOPUTMOB OIICHKU HAJIEKHOCTH HAa OCHOBE
HEUPOHHBIX CETEM.

JIns TOCTHIKEHUS TTOCTaBIICHHOM IIEJTUB PabO0Te pPEIIaroTCs CICAYIOIINE
3a/1a4u:

— 0630p cyuwecTBYOWNX METOAOB U aNrOPUTMOB OLLEHKM HaAeXKHOCTU
cUCTeM.

— CpaBHWTENbHBIM aHANN3 CYLLECTBYIOLWEro NPOrpaMmHOro obecneyeHums.

— PaspaboTka meTO4OB M ANTOPUTMOB  OLEHKM  HAZEeXHOCTM
TEeIEKOMMYHMKALUMOHHbIX CeTel Ha OCHOBE HEMPOHHbIX CETEMN.



— AHanu3 cywecTsylowee coctoaHMe npobnembl pa3paboTkm mopenen
OLEHKM W HEeNpOHHbIX meToaoB 06paboTkm uHbOpmaumm npu umx
ONTUMANbHOM  YNpaBAEHUM ANA  peweHna  3aday  ceTew
TeNIeKOMMYHMKaLNK;

— PeweHuWe 33834 OUEHKM HAAEXHOCTU TeIEKOMMYHUKALMOHHbIX CeTen C
MCNONb30BaHMEM HEMPOHHbIX CETEN.

Metoasl  ucciaenoBaHusi. B pabore  UCHONB3YIOTCSI  METOJIbI
MAaTEMATHYECKOTO0 M CTPYKTYPHOTO AaHAIW3d, ONTUMHU3ALUU IPOTPAMMHOIO
KOJIa, 3aICHUCTBOBAH MAaTEMAaTUYECKUN armapar Juisi MOJEJINPOBAHMS IIPOLIECCOB
HEUPOHHBIX CETEU.

Hayuynasi HOBU3HA JaHHOW pabOTHI 3aKIOYaeTcss B TOM, YTO B XOJI€
UCCJIEIOBAHUM U pa3pabOTKU MPOTPAMMHOI0 oOecrieueHusl ObUIN pa3paboTaHbI
HOBBIE METOJbl aHAJM3a W ONTUMM3ALUU PAOOThl CUCTEMbI IyTEM BHECEHHS
VW3MEHEHUS B CYLIECTBYIOIINE METO/IBI U AJITOPUTMBL.

HayuHo-TeopeTnyeckasi M NpakTuyeckasi 3HaUMMOCThb.Pazpaborannas
CHUCTEMAa METOJUK TO3BOJISIET ONTHUMAIbHBIM 00pPa30M IMOCTPOUTHh U HACTPOUTH
HEHPOHHBIE CETU IJISi OIEHKH HAJC)KHOCTU TEJIEKOMMYHUKAITMOHHBIX CETEH.
PazpaboTanHoe mnporpamMMHOe oOecredeHrue MOXKET OBITh HCIIOJIb30BAHO B
AHAJIOTUYHBIX CUCTEMaX IJisi JUATHOCTUKH M TPOTHO3UPOBAHMS, a TaKKe IS
oOecrieueHus: CTaOMIbHOCTH.

Crpykrypa M 00b€éM MArucTepCcKoil AMCCEPTANUOHHON PadOTHI.

Jlannass guccepTallMOHHass padoTa COCTOMT U3 BBEIEHHUSA, TpeX TIJaB,
3aKJIIOYEHUs, TpeX MNpUIOKEHUH u Oubiauorpaduyeckoro cmnucka u3 42
HanMeHoBaHuii. PaboTa u3nokeHna Ha 86 cTpanumax, Bkiodas 1 Tabmuiy u 19
PUCYHKOB.

B Xxojie BBIMOTHEHUS! TUCCEPTAITMOHHONW paOOThI TIOMYUEHBI CIICTYIOIIHE
pE3yNbTATHI:

1.UccnenoBanue COBPEMEHHOE COCTOSSHUE OIIEHKM HAJEXKHOCTH CHCTEM

MO3BOJISIET pellaTh 3aJady OLEHKH CUCTEMbl IMPU HEOOXOJUMOM YPOBHE
JIOCTOBEPHOCTH.

2. Ilpu mocTpoeHUU HEUPOHHBIX CETEW ISl OLICHKH HAJIEKHOCTU CETU HAJ0
MPEABAPUTENILHO MOJTOTOBUTh BXOJIHBIE /IAHHBIE W MPUBECTU HUX OJHOMY
BUy. JlaHHBIE JOJKHBI OBITH JOCTOBEPHBIMH M OOOCHOBAaHHBIMHU IS
MOJIYYEHHUSI peaJIbHbIC TOKA3aTENIN HAJIC)KHOCTH.

3. KonuyecTBO HEMPOHOB B HEHMPOHHOM CJIOK HAJI0 MOJ00paTh ONTUMAJIbHBIM
oOpa3zoM. Tak Kak MOBBIIEHUS KOJUYECTBO HEUPOHOB 3aMEUISIET padOThHI
[1O, a moHMWXeHUs yBEIMUUBAET UCKaxeHUs. [Ipu MOBBIIEHUU KOJUYECTBO
HelpoHOB Oosbiie 5 Ha onHo u3MepeHus [IO oOyueHHs TPOU3BOIUIOCH



OYCHb JIOJTO TaK KaK KOJUYECTBO HEHPOHOB BHYTPEHHEM CIIO€ JOCTUTAJIO
390625 mt. O6yuenus: mpou3BoauIach 0osiee 15 ThIC. TaHHBIMHU.

4. Knaccel 0110 yciioBHO pazzaeneHo Ha 5 (A, B, C, D, E). Ho MoxxHO MeHSTH
KOJIMYECTBO KJIaCCOB Ha OOJIbIIIeEe KOJUYECTBO I HAa MEHBIIIEE.

5. AITOpUTM MOKHO YCIIOKHHUTH U MOIU(DUIIUPOBATH JJIS TTOTYUCHUS

OoJeenyqIInX Pe3yIbTaTOB U YCKOPUTH OOYUYEHUE CETH.
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BBenenue
Hacrosimass  muccepranmvioHHas  pa0oTa  TOCBSIIEHA  MCCIIEIOBAHUIO
COBPEMEHHBIX METOJ0B U aJIrOPUTMOB OLICHKH HaJIEXKHOCTHU
TEJICKOMMYHUKAIIMOHHBIX ~CETeH, pa3padOTKeE © CO3JaHUI0 METOJOB U
QITOPUTMOB OILIEHKH HAJI)KHOCTH C TMOMOILIBI0 HEMPOHHBIX CETEM, a TaKXKe
ONTUMH3ALUU PAa0OTHl HEUPOHHOW CETU IMyTeM MOAU(UKAIMU TPOrpaMMHOTO
KO/JIa ¥ [TapaMETPOB CUCTEMBI.

AKTYaJIbHOCTDH UCCJIEI0BAHUI

Ha cerogusiimauii 1eHb, TPYAHO TPECTABUTh HAITy KU3Hb 0€3 CPENCTB
CBSI3M M TEJIEKOMMYHUKAUHUH. TeleKOMMyHUKAIMsS CTajl0 HEOThEMIIEMOM
YaCThIO JKHU3HU KaXI0ro u3 Hac. M Mbl mosib3yemMcs MX BO3MOXKHOCTSMH
MpaKTUYECKUii Be3de. MBI 3HAaEM 4YTO HAll BEK, BEK HWHOOPMAIMOHHBIX
texnonorui (MT), Bpems korma WT pa3BuBarOTCA BBICOKMMHM TEMIIAMH, U
OXBaThiBaeT Bce cdepbl KU3HU. POCT pasMEpHOCTH TEXHUYECKUX W
MpPOTPAMMHBIX CPEACTB  XapaKTEpPU3YeTCs B HACTOAIEE BpeMs pocTa
TEeJIEKOMMYHUKAITMOHHBIX CEeTeH, BKIIOYAIOIIUM OT THICAYM A0 MULIMOHA
AJIEMEHTOB — Y3JIOB M KaHaJIOB B3auMOJEUCTBUS. C POCTOM pa3MEpPHOCTU CETH
MPOUCXOJIUT PAJAUKAIILHOE TIepepacipeieICHUE BaXKHOCTU PEIICHUS Pa3IMUHbBIX
KJIaCCOB 3ajlad pa3pabOTKM U OKCIUTyaTaluu IMOJ0OHBIX OOBEKTOB. Pesko
BO3pACTaeT 3HAYMMOCTh aHAM3a HAJEKHOCTH TaKux ceTed. Takum oOpa3zom
OYCHb BAXHOM CTAHOBHUTCS 3ajlava, TOCBSIICHHAs pa3pabOTKe METOJOB H
aJITOPUTMOB OLIEHKH HAJIEKHOCTU TEIEKOMMYHUKAIIMOHHBIX CETEH.

B nameit PecnyOnuke nns paszButust UT cdepsl Obut NpUHSATHL Psif
3aKOHOJATENBHBIX JIOKYMEHTOB, Kak Vka3z Ilpesunenta PecnyOnnku
V36ekuctan ot 30 mas 2002r. Ne VII-3080 «O panpHeimeMm pa3BUTHH
KOMIBIOTEpU3aALIMM W BHEIPEHUM HHPOPMAIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOTUI» W B IENSIX OOECIeUeHHUs] MPAKTUYECKUX MEp IO peaau3aiiuu
CTpPaTErnYECKUX MIPUOPUTETOB B obnactu nH(OpMaIMOHHO-
KOMMYHUKAIIMOHHBIX ~ TexHojoru mnpuHsAto IlocranoBinenne KabOunera

MunuctpoB Pecriybnuku V36ekuctan Ne 200 ot 6 utons 2006r. «O mepax 1o
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JaNbHEUIIEMY Pa3BUTHUIO KOMIBIOTEPU3AMH M BHEAPEHUIO HH(DOPMAILIMOHHO-
KOMMYHUKAILIMOHHBIX TEXHOJIOTHIN.

[TpunsaTE ocHOBoOmonararomue 3akoHbl PecnyOnmuku Y30ekuctan «O06
uHpopMatuzauum», «OO0 snekTpoHHOM 1uppoBoi moamucuw» u  «OO0
AJIIEKTPOHHOM J0KyMeHTooOopoTe». B 3akone PecnyOnuku VY30ekucran «O0
ANIEKTPOHHON LU(POBOI MOAMUCH» MPUHITO MOHATUE SIEKTPOHHBIA JOKYMEHT
— uHopmanus, 3apUKCUpPOBaHHAs B JJIEKTPOHHON (opMme, MOATBEpPKIACHHAS
ANEKTPOHHOM HHU(PPOBOM MOANMUCHIO W  HMMEIoUas JIpyrue PEeKBUBHUTHI
3JIEKTPOHHOTO JOKYMEHTA, MTO3BOJISIONIAs] €T0 UACHTHPHUIIMPOBATD.

B 3akone «0O0 wunHpopMaTH3aluMu» BHEPBbIE MPHUHATO TOHSITHE O
coOcTBeHHUKE MH(GOPMAIIMOHHBIX PECYPCOB WM MH(GOPMAIIMOHHBIX CHUCTEM, a
TaKKe O BIaJAeNble HHYOPMALMOHHBIX PECYPCOB WIM HHPOPMAIIMOHHBIX
cucteM. MHpopMaImoHHbIi pecypc B 3JEKTPOHHOU (DopMe cTaid OCHOBOW sl
pa3BuTHs UMH(OpPMATH3allUM B TOCYJAPCTBEHHBIX OpraHax yIOpaBiIeHUS U
BJACTH, a TaKKe B CEKTOpaXx »JKOHOMHMKM CTpaHbl M B  JIPYyTUX
cTtpykrypax.UlHpopMallMOHHBIE pecypcbl W HMH()OPMAIMOHHBIE  CHUCTEMBI
JIOJKHBI  (DOPMUPOBATBCS HA OCHOBE HCIOJB30BaHUS UHPOpManuu B
AJIEKTPOHHOM BHUJE M 3Ta MHPOpPMalUS MPHU BBINOTHEHUH BbIIICYKA3AHHBIX
TpeOOBAHMI MOXKET Ha3bIBATHCS AJIEKTPOHHBIM JJOKYMEHTOM.

AK «Y30€eKTeneKom» SIBIIAETCSA KPYITHEUILINM oIepaTopoM
TEJICKOMMYHUKAILIMM, KOTOPBIM OXBATHIBAET CBOEH CETHIO BCH) TEPPUTOPUIO
PecrmyOnmku VY30ekucran. B LEJSIX JAJIbHEMIIIEro pa3BUTHS
TEJIEKOMMYHHUKALIMOHHBIX CETEN U BHEAPEHUS COBPEMEHHBIX yciyr B 2012 romy
OHa OCYLIECTBUJIA PsJ] KPYNHBIX HHBECTUIMOHHBIX MPOEKTOB U MPOHOJIKHUT
paboThl B 3TOM HalpaBiIeHUU. Tak, B paMKax pealu3allid WHBECTHUIIMOHHOM
nporpammbl PecniyOnuku Y36ekuctan Ha 2012 roa ObUI0 TOCTPOCHO U CAAHO B
JKCIUTyaTanuo 175 KUJIOMETpOB ONTHUKO-BOJOKOHHBIX JIMHUM CBA3U B
HampaBieHusx boiicyn-JleHoB u Ypryr-Illaxpuca63. beuia yBeandeHa eMKOCTb
MEXIYHAPOJHBIX KOMMYHHUKAIIMOHHBIX ILIEHTPOB B 2 pas3a, a MPOIyCKHas

CIOCOOHOCTH IIeHTpa MexIyHapoIHOM MakeTHOW KOMMYHHKAIMH - B 4 pasa.
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OTO MO3BOIHUIIO YBEIUUUTH CKOPOCTh COEANHEHUS ¢ uHTepHeToM 10 40 ['0ut/c
YHUCJIO €ro MOJIh30BATENCH, a TAK)KE€ CHU3UTh CTOUMOCTh Tapu(OB Ha YCIYTH.

Jns oka3zaHHMS COBPEMEHHBIX TEJIEKOMMYHHKAIHOHHBIX YCIYT HACEIEHUIO
Y TOBBIIICHUS] KaueCTBa OKA3bIBAEMBIX YCIYT Ha OCHOBE TEXHOJIOTUH HOBOTO
nokojenus  ceteir (NGN)  Obuta  OCyIIECTBIIGHAa  MOJIEPHM3ALIUS
KOMMYTAIlMOHHBIX CTaHLINM, AKCIUTYaTUPYEMBIX B MECTHBIX
TEJICKOMMYHUKAIIMOHHBIX CETAX. B 1ensx pa3BuTHsl yciayr MOOUIBLHOM CBSI3U, B
YAaCTHOCTH, OpPraHM3aliMd TEPENauYd MIHPOKOIOJOCHBIX JAaHHBIX 4Yepe3
MobmibHbIe ceT ctannapTa CDMA Obi1o yctaHoBieHo 140 6a30BBIX CTaHIIHIA
U TIOCTPOCHO 5 KOMMYTAllMOHHBIX LEHTPOB. [0 mToram peanuzanuu JaHHOTO
MIPOEKTa YPOBEHb OXBaTa HACEJIICHUS CEThIO JOCTUT 71 MPOILICHT.

Ha ceronusamnmii nens co ctoponsl punuana « TILITT» nponoxxeno 598,8
KM BOJIOKOHHO-OINITHYECKMX JUHUN CcBsI3U 110 2 075 3mammit. B 873 3pmanmuax
ropoga TaiikeHTa co3l1aHa BO3MOXHOCTh OKa3aHUS YCIYr HACEJIEHUIO C
eMKocCTbI0 22 344 noptoB Ha ocHOBe TexHonoruu FTTB.

O0beKkTOM HCCIeA0BAHMS SIBISCTCS TEJICKOMMYHUKAIMOHHBIE CETH,
cpencTBa obecreueHrs HaJSKHOCTH PadOThl TEIEKOMMYHHUKAITMOHHBIX CUCTEM
U WX Yy3JI0B.

IIpeameTomM wuccaeA0BaHMS SIBISETCS METOJbI OIEHKH HAJACKHOCTH
CHUCTEM, MOJEIIA U AITOPUTMbIHA OCHOBE HEMPOHHBIX CETEM.

OCHOBHO#M 1eJbK HCCICAOBAHUN SIBIsSETCS pa3pabOoTKa METOJIOB H
AJITOPUTMOB OLICHKH HAJEKHOCTH HA OCHOBE HEMPOHHBIX CETEM.

IHocTranoBKka 3a1a4u:

OCHOBHBIE pE3yJIbTATHI UCCIIEIOBAHUI CBOAATCA K CIEAYIOIIEMY:

- O0630p CyHIECTBYIOIIMX METOAOB W AJTOPUTMOBOIIEHKH HAJEKHOCTHU

CHCTEM.

~  CpaBHUTENBHBIN aHAJIU3 CYHIECTBYIOLIETO MPOrPaMMHOT0 00€CTIeUeHUSI.
- PaspabotatbmMeTO b1 u AT OPUTMBI OIIEHKH HaJIe’)KHOCTHU

TCJIICKOMMYHHKAITHUOHHBIX CETel Ha OCHOBE HCﬁpOHHBIX CeTel.
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~ AHanu3upoBaTh CYLIECTBYIOIIEE COCTOSIHUE MPOOJIEMbI pa3padOTKu

MoJieJIiell OLIEHKH M HEHMPOHHBIX METOJ0B 00pabOTKH MH(GOpPMAILUU MPU

UX ONTUMAJIbHOM  YIIPaBJICHUHU JUIsL  pelieHus 3aJad  CeTeu

TEJIEKOMMYHUKALIVH;

- PemmTh 3a7a4MOLIEHKM HAIEKHOCTH TEJIEKOMMYHUKAILMOHHBIX CETEU C

VICITOJIB30BAHUEM HEHPOHHBIX CETEM.

OcHoBHast mpolGsemMa M rumore3a ucciaenoBanus. OCHOBHOU
npo0JieMOl B UCCIIEOBaHMM SIBISIETCA 3ajada pa3padOTKH COBOKYIHOCTH
METOJMK Il OLEHKM HAJEKHOCTH TEIEKOMMYHUKALIMOHHBIX CETEeH C
UCITOJIb30BAaHUEM HEWPOHHBIX ceTeil. ['mnoTe3a [uisl pemeHus: JaHHOU Mpo0OJIeMbl
3aKJIIOYaeTCss B TOM, 4YTO JJsi TIOCTPOEHUS TakOM CHUCTEMBI HEO0OXO0IuM
KOMILJIEKCHBIM MOAXOJ B BBIOOpPE HEMPOHHBIX CETEW, aHAIM3€ UX CTPYKTYpHI,
OBICTPOAECUCTBHUA M CTAaOWIIBHOCTH, MOJU(UKALUU IPOrpaMMHOIO Koja U
pa3paboTKe JONOJHUTEIBHOTO IIPOTPAMMHOTO 00ECTIEUEHMUS.

Metoabl  uccaenoBanusi. B pabore  HCHONB3YIOTCS  METOABI
MaTEMaTU4YeCKOr0 M CTPYKTYPHOIO aHaiW3d, ONTHUMM3ALUU IPOrPAMMHOIO
KOJa, 33JI€iICTBOBaH MaTEMaTUYECKHI anmapar JAJi1 MOAEIHUPOBAHUS [TPOLIECCOB.

HayuyHo-Teopernyeckasi U NPaKTHYeCKas 3HAYUMOCTh
uccjaegosanmus. PaszpabortaHHas cucTeMa METOJIUK I103BOJISIET ONTHUMAJIbHBIM
0o0pa3oM MOCTPOUTh U HACTPOUTH HEUPOHHBIE CETH JIJIsl OLIEHKH HAJEKHOCTH
TEJIEKOMMYHUKALMOHHbIX ceTel. Pa3paboTraHHOE mporpaMMHoOe oOecredyeHue
MOKET OBITh HCIIOJB30BAHO B AHAJIOTMYHBIX CHUCTEMax IJsl AUArHOCTUKU U
MIPOTHO3UPOBAHUS, a TAKKE JJIs1 00€CTIeUeHUs CTa0OUIILHOCTH.

Hayuynass HOBM3HA JaHHOW pabOThl 3aKIIOYAETCSI B TOM, YTO B XOJ€
UCCJICIOBAHUM M pa3pabOTKU MPOTPAMMHOTO OOeCTIeUeHHsI ObLIN pa3paboTaHBbI
HOBBIE METOJBI OLIEHKU HAIEKHOCTH CUCTEMBI ITyTEM BHECECHHsI U3MCHEHHS B
CYILIECTBYIOIINE METObI U AJITOPUTMBI.

Crpykrypa pabotbl. JlaHHas nuccepTaldoHHas paboTa COCTOUT U3

BBEJICHUS, TPEX TJIaB, 3aKIIFOUCHUS, TPEX MPUIIOKEHUN U OUOIHOTrpaduIecKoro
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cnucka u3 42 nanmeHoBanuil. Pabora musnoxkena Ha 86 ctpanunax, Bkmouas 1
Tabnuiy u 19 pucyHkos.

Bo BBeseHHM paccMOTpeHa akTyaJlbHOCTh JaHHOUW paboThl, onpeeneHa
1€J1b, TOCTABIICHBI 33]Ja4H, OMHCAaHa CTPYKTypa paOoThI.

B nepBoii ri1aBe mpoBeEH aHAIN3 COBPEMEHHBIX TEXHOJIOTUI 1O OLIEHKE
HAJCKHOCTU CHUCTEM, TMPUBEAEHA METOAbl M MX OINHUCAHUSA, aHaJu3
CYLIECTBYIOILIETO MPOrpaMMHOr0 oOecredyeHusl il OLEHKH HaJeKHOCTH,
onpeeeHbl TpeOOBaHUs K pa3pabaTbiBaeMOi cucTEME.

Bo BTOpOM TI7naBe MNPOBEACHO HCCICAOBAHWE MATEMATUYECKOTO
oOecrnieueHns HeHPOHHBIX ceTell. [loapoOHO H3yUueHs! mpoiecchl GOPpMUPOBAHUS
BXOJIHBIX JIaHHBIX, 00Y4YEeHUSs, CTPYKTYpbl HEHPOHHOM CETH.

B Tpetheit rmaBe paspaboTaHa W peaqu30BaHA METOJHUKA OIECHKH
HAJIe)KHOCTU TEJIEKOMMYHHUKAIIMOHHBIX ceTeil. Pa3paboTaHbl METONBI U MIPUEMBI
onTUMHU3alUu pabOThl M oOecreyeHus: CTaOMIBHOCTH cucteMbl. OmnucaHa
IporpaMMHasi peanusanus pa3pabOTaHHBIX METOAOB M MPHUEMOB ONTUMHU3ALUU
paboOThI CUCTEMBI, MPOTPAMMHAS peATU3ALMS JOMOTHUTEIBHOTO MPOTPAMMHOTO
obecrieueHuns, CTPYKTypa HEHPOHHOW CETH OICHKH HaJeKHOCTH. [IpomsBeneH
aHaJM3 MOJIyYEHHBIX pe3yJbTaToB. [lo1BEAEHBI UTOTH UCCIIEIOBAHUM.

B 3akiroueHnn MpuBENEH KPaTKHUM OTUET O IpOJIeSIaHHON padoTe.

AnpoGauuss  padoThI OcHOBHBIE ~ pe3yJbTaThl  MCCIIEOBAaHUU
JTIOKJIa]IbIBAJIMCh Ha MEXAyHapoJaHOW HaydHoU KoHpepeHimu«IIpobdiemsl
HOBBIIICHHSI KaueCTBa KaJpOB JJI OTPaACiei CBA3M U UH(DOpMATHU3ALIUI.

Ony0auKoBaHHOCTH Pe3yJbTaTOB. OCHOBHBIE PE3YNbTATHI TUCCEPTALUU
onmyOJIMKOBaHbI B BHJIE€ HAy4HBIX CTaTeil, MarepuanoB KoH(pepeHuui. Cnrcok

myOJUKAIHi MPUBENICH B CIIUCKE JINTEPATYPHI.
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I'naBa |. AHaau3 cymecTBYHOIIMX MEOTIAOB /ISl OLEHKH HAEKHOCTH.

B nmanHoil riame, B pesynbTaTe 0030pa MH(DOPMAIMOHHBIX HCTOYHKOB,
IIPOBEJCHBI ONOPHBIE TOHATHS, AHAIW3 IPUHLMUIIOB OLICHKA HAIEKHOCTH H
CpPaBHUTEJIbHBIM aHAJIW3 CYIIECTBYIOIIUX MPOTPAMMHBIX MPOAYKTOB ISt
peanu3anuy CUCTEMbI MYJbTUMEAUNHOTO BEIIAHUSI.

[TosiBnenue rimobanpHOM "cetn cereil”" Internet u pacrtylee rpoMaJaHBIMU
TeMIaMu KOJIMYECTBO ee Tmosb3oBarenein (15% exemecsauno; B 1998 rony
oxugaercss 100 mummonoB; ¢ abrycra 1997 roma mo sHBaps 1998-ro, mo
naHHbIM  kommanud Relevant Knowledge, 9mcio TOJNBKO aMepUKaHCKHUX
nosibzoBatenner WWW  ysennumiioce Ha 10  MWUIMOHOB) CTaHOBHTCS
IJJAHETAPHBIM SIBJICHHUEM, KOTOPOE MOXET IPUBECTU NAXKE K COLHAIBHBIM
WU3MEHEHHUSIM.

Jpyrumu cioBamMu, MUPOBOE COOOIIECTBO MPUOJINKAETCS K TAKON CTENEHU
3aBUCUMOCTH CBOETO CYIIIECTBOBAaHUS oT (YHKITMOHUPOBAHUS
WH()OPMAITMOHHBIX CETeH, KOTOpash CpaBHUMA C 3aBUCHMOCTBIO OT CHCTEM
obecrnieyeHus dJEKTpOIHEpPruei. DTO KpOME OYEBHJIHBIX JOCTOMHCTB MMEET U
obpatHyro ctopoHy. OTKa3 ceTH CBA3M MOXKET WMETh TMOCIEACTBUS,
MPEBOCXOIAIIME TIOCIEACTBUS aBAPUM DHEPrOCUCTEMBI. B CBA3M ¢ 3TUM

npoOJieMa OLIEHKU U 00ecTieueHUsI HaJIe)KHOCTH CETEH SIBJISIETCS aKTyaJIbHOM.

1. Hage:KHOCTh TeJIeKOMMYHHKAIIMOHHBIX ceTel

TepMUH TeIEKOMMYHUKAIIMU COCTOUT U3 JIBYX CJIOB: Tene (B MepeBOJE C
IPEYECKOro 03HayaeT — "naneko") 1 KOMMYHUKAIMs (B MEPEBOJAE C JIATBIHU —
"cooO1ieHue, CBA3b") U O03Ha4YaeT "JMajabHAS CBSI3b" WM "CBSI3b, COOOIICHHE Ha
paccTosiHUM .

TenekoMMyHHUKAIIUK - 3TO JIOOBIE (POPMBI CBSI3HM, CIOCOOBI TIEpenaydu
uHdopMmauu Ha OoJibllIMe PAcCTOSIHUS. TeNeKOMMYHHMKALMU — 3TO TaKXKe
MPOIIECCHI TIepeaaun, MOoaydeHus U 00paboTKu MH(OpPMAIMK HA PACCTOSIHUU C
PUMEHEHUEM DJIEKTPOHHBIX, JIEKTPOMArHUTHBIX, CETEBBIX, KOMIBIOTEPHBIX U

UH(OPMAIMOHHBIX TEXHOJIOTHUH.
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3HaHUST W YMEHHUA CIICNHAIUCTa 1O  TEJICKOMMYHHUKAIIMOHHBIM
TEXHOJIOTUSIM TPUMEPHO HAIMOJOBHHY - 3TO HWH(GOPMAIMOHHBIE TEXHOJIOTHH
(mporpaMMHUpOBaHHE,  HACTpPOilka, KOH(MUTYpUpPOBaHHE,  HCIOJIb30BAHUE
TEJICKOMMYHHUKAIIMOHHBIX CHCTEM, OOOpYAOBaHUS, IPOTOKOJIOB CBS3U) U
HANOJIOBUHY - 3HaHWE TPUHIUIOB pabOThl, YMEHHE MPOCKTHUPOBATH
TEJIEKOMMYHUKAIIMOHHOE 000py/I0BaHNE, YCTPOHCTBA M CHCTEMBI.

OCHOBHBIMH  OTPACIISIMH  TEJICKOMMYHHKAIIUW HA CETOJMHSAIIHUN JCHB
sBistoTCA:  VMlHTepHET, MOOWJIBHAs CBSI3b, CETH Tepefadd  JIaHHBIX
(ObecripoBOIHBIE, OMTOBOJOKOHHBIE W T.NI.), CIYTHUKOBBIE CHCTEMBI CBS3H,
nudpoBOe W aHAJIOrOBOE TEJNEBHUJACHUE, Tene(OoHHAs CBS3b, AIIEKTPOHHBIN

OaHKHUHT (CM. PUCYHOK).

TenekoMMyHUKaLWK

M WHTepHeT
B WafuneHanA cEAsb
7] CeTh nepepaqn gaHHeR

B ChyTHWKOBRIE CHCTEMBI
CBA3M

MW UwhpoBoe M aHanorogoe
TENEBUIEHWE

B TenedgoHHan cBA3E
B 3nekTpOHHLIA BaHKUHT

Puc.1./Ilnarpamma TeJI€KOMMYHHUKALUU.

[lo manaeim  FOHECKO, B Hactosimee Bpemsi 0ojiee TOJIOBHHBI
TPYJIOCIIOCOOHOTO HACEJCHHsS] Pa3BUTBIX CTpaH MPSIMO WU KOCBEHHO
MPUHUMAET y4acTHUE B MPOIIECCE MPOU3BOJICTBA U pacmpeieieHuss nHpopmaIuu.
Tpu Benmymme otrpacid WHOOPMAIIMOHHOTO  CEKTOpa  OOIIECTBEHHOTO
MPOU3BOJICTBA (BBIYMCIIUTENIbHAST TEXHUKA, MPOMBIIUICHHAS JJICKTPOHHUKA U
CBSI3b) WUIPAIOT Celyac isl 3TUX CTpaH Ty K€ POJib, KOTOPYIO Ha ATale MuX

WHyCTpUATIU3alUY Urpalia TsKenask POMBIILIEHHOCTb.
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HanexxHOoCTh - 3TO CBOMCTBO 00BEKTa (CHCTEMBI), 3aKIIOYAIOIICECS B €ro
CIIOCOOHOCTH BBITIOJHATh 3a/laHHbIE (DYHKIIUUA TIPU OTMPEICICHHBIX YCIOBUSIX
sKcIUTyatanui.  KOJWYECTBEHHO  HAJAEGKHOCTh  XapaKTEPU3YETCS  PSAIOM
MoKasaTelield, COCTaB W CIOCO0 OmpeneNieHrus KOTOPBIX 3aBUCAT OT THIA
aHAJM3UPYEMON CUCTEMBI.

Teopus HaIEKHOCTH SBIISICTCS OCHOBOM MH)KCHEPHOM MPAKTHKU B 00J1aCTH
HAJSKHOCTA TEXHUYECKUX wu3aenuii. YacTo 6€30TKa3HOCTh OMPEACISIIOT Kak
BEPOSTHOCTh TOTO, 4YTO W3JCIHe OYJIET BBINOJIHAT, CBOM (QYHKIHHA Ha
OTIPEZICTICHHOM TIEPHOJIE BPEMEHHM TPH 3aJIaHHBIX YCIOBUAX. MaTreMaTudecKu

3TO MOXKHO 3aIHCATh CISAYIOIINM 00pa3oM:

R(t) = Pr{T > t} = ftm f(z)da

H

rae - (QyHKOMS TUIOTHOCTH BpeMEHM HapaOOTKM J0 OTKa3a, a t —
OPOAODKUTENBHOCTh TEpPHOJa BPEeMEHM (PYHKIIMOHUPOBAHUS W3JAETHUS, B
IPENOJIOKEHUH, YTO H3/eNe HauuHaeT pabdoTaTh B MOMEHT BpemeHH t=0.
Teopuss HageKHOCTH  MpEANoOJiaracT  CIEAYIOIINE YeThIpe OCHOBHBIX
JIOTYIIEHUS:

— Ortka3 paccMaTpuBaeTCs Kak ciydaitHoe coObiThe. [IpuumHBI OTKa30B,
COOTHOIICHHS MEKy OTKa3aMH (3a UCKIIFOUEHUEM TOTO, YTO BEPOSTHOCTD
OTKa3a ecTh (DyHKIMS BpeMeHH) 3adaroTcs (DYHKIMEH pacrpencsieHus.
WmxeHepHblid TOAXO0J K HAJACKHOCTH pPacCMaTPUBAET BEPOSTHOCTH
0e30TKa3HOM pPabOThI KaK OIEHKY Ha OMNPEIEICHHOM CTaTUCTHYECKOM
JIOBEpUTEIHHOM YpPOBHE.

— HanexHOCTh CHCTEMBI TECHO CBsi3aHA C MOHSATHEM «3aJaHHas (YHKIUS
cUCTEMBD». B OCHOBHOM, paccMaTpuBaeTcs pekuM paboThl 0€3 OTKAa30B.
OnHako, eciii B OTAENbHBIX YaCTAX CUCTEMbI HET OTKa30B, HO CUCTEMa B
[IEJIOM HE BBINOJMHACT 3aJaHHBIX (YHKIMA, TO 3TO OTHOCUTCS K
TEXHUYECKUM TPeOOBaHUIM K CHCTEME, a HE K IOKa3aTelsiM Ha/IeKHOCTH.

— HanexxHocTh cucTeMBl MOXET paccMaTpUBaTbCS Ha ONPEICICHHOM

OTPE3KC BPCMCHU. Ha IMPAaKTHUKEC 3TO O3HAYACT, YTO CHUCTEMA MMCCT IIaHC

19
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(BeposiTHOCTH)  (YHKIIMOHHMPOBATH  3TO  BpeMs  0e3  OTKa3oB.
XapakTepucTUKu  (IIOKA3aTeNM) HAAEKHOCTH  TapaHTHPYIOT, 4YTO
KOMIIOHEHTbl U MaTepuaibl OyAyT COOTBETCTBOBATH TPeOOBAHMSIM Ha
3aJJaHHOM OTpe3Ke BpeMeHHU. B o01ieM ciiydae HaJeKHOCTh OTHOCUTCS K
HNOHSTHIO «HAapabOTKa», KOTOPOE B 3aBUCUMOCTH OT Ha3HAUYEHUSI CUCTEMBI
U YCJIIOBUH €€ MPUMEHEHUS OIpPENESeT NMPOJIOJIKUTENIBHOCTh NI 00bEM
pabotel. HapaboTka MoxeT OBITh KaKk HENpPEepbIBHOM BEIMYHUHOM
(IPOIOIKUTENHHOCTE PA0OThl B HacaxX, KWJIOMETpa)xk Mmpodera B MUJIAX
WIM KWJOMETpax M T.I.), TaK W LEJOYUCICHHOW BEJIMYMHOM (YHCIIO
pabovMX IMKJIOB, 3aITyCKOB, BHICTPEJIOB OPYXKHS U T.I1.).

— CornacHo ompenesneHuI0, HaJeKHOCTh PAacCMATPUBAETCS OTHOCUTEIBHO
3aIaHHBIX PEXKUMOB M YCIOBUA NPUMEHEHUS. OITO OIPAaHUYEHUE
HEOOXOMMO, TaK KaKk HEBO3MOXKHO CO3/IaTh CHUCTEMY, KOTOpas CIOCOOHA
paborarh B JIOOBIX yCIOBHSX. BHemiHue ycnoBusi (GyHKUMOHUPOBAHUS
CUCTEMBI JOJKHBI ObITh U3BECTHBI Ha 3TAIe MPOEKTUPOBAHUSI.

MeToabl OLIEHKM HAJEKHOCTH CYLIECTBYET HE MEPBBIN AeHb. PaccmoTpum
HEKOTOpbIE U3 HUX:
1. CrpykrypHble METO/BI pacueTa HaJEKHOCTH.

CTpyKTypHBIE  METOABI  SIBJISIFOTCSI OCHOBHBIMHM  METOJAMM  pacueTa
mokasaTened  HaJeXKHOCTH B  MpOIEcce  MPOCKTUPOBAHUS  OOBEKTOB,
NOJJIAIOIINXCSA Pa3yKPYITHEHUIO HA 3JIEMEHTHI, XapaKTEPUCTUKU HaJIEKHOCTH,
KOTOpPBIX B MOMEHT IIPOBEJIEHUS pPACUETOB M3BECTHbl WIM MOIYT OBITh
ompeneneHsl  IpyruMH — MeTojJamMu. Pacuer mokasaTened  HaleKHOCTH
CTPYKTYPHBIMH METO/IaMHU B OOLIEM CITy4ae BKIIIOYAET:

~ TpeAcTaBlieHHE OOBEKTa B BUJE CTPYKTYPHOH CXEMbl, OMHCHIBAIOIIEH
JIOTUYECKHE COOTHOILECHUS MEXKIY COCTOSHUSMH 3JIE€MEHTOB U O0BEKTa B
HEJIOM C  YYE€TOM  CTPYKTYpHO-(QYHKIMOHAJIbHBIX  CBS3€d U
B3aMMOJCHCTBHSI 3JIEMEHTOB, IPUHATOMN CTpaTeruu 00CIyKUBAHUS, BUIOB

U CIIOCOOOB pe3EpPBUPOBAHUS U IPYTUX (PAKTOPOB;
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~ ONHUCaHWe IMOCTPOCHHOM CTPYKTYPHOM CXEeMbl HAJEXKHOCTH OOBEKTa
aZCKBAaTHOM MAaTEMATU4YECKOM MOJEIbI0, IIO3BOJISIIOIIEN B paMKax
BBCJICHHBIX IPEAIONO0KEHUM W JONYIICHUM BBIYUCIUTH I10KA3aTEIN
HAJC)KHOCTH OOBEKTa MO JAHHBIM O HAJAEKHOCTH €ro JJIEMEHTOB B

paccMaTpuBaACMbIX YCIOBUAX IIPUMCHCHMUS.

B kauectBe CTPYKTYPHBIX CXEM HAJACKHOCTH MOTYT IPUMCHATLCA:

~  cxeMmbl (DYHKIIMOHATLHOM IIEJIOCTHOCTH;

~ CTPYKTypHBIE OJIOK-CXEMBbI HAJI)KHOCTH,

— JIepEBbA OTKA30B,;

~ Trpadbl COCTOSTHUI U IEPEXOI0B.

2. Jloruko-BepOSTHOCTHBIN METO/I.

B noruko-BepositHocTHBIX MeToAax (JIBM) ucxoiHast mocTaHOBKA 3a7a4u U
MOCTPOEHUE MOJIeTH (PYHKITMOHUPOBAHMS HCCIETYEMOTO0 CHUCTEMHOTO OOBEKTa
WM  T[pPOILECCa  OCYIIECTBIACTCA  CTPYKTYPHBIMM UM QHAJIUTUYECKUMU
CpEICTBAMHM MAaT€MAaTUYECKOM JIOTMKHM, a pacdeT [OKa3aTeliel CBOMCTB
HAJIC)KHOCTH, JKUBYUYECTH W O€30MaCHOCTH BBIMOJHAECTCS CPEICTBAMU TEOPHUU

BEPOSATHOCTEM.

JIBM 4BISIIOTCS METOJIOJOTHEN aHalin3a CTPYKTYPHO-CIIOKHBIX CHUCTEM,
pPELIEHHs] CUCTEMHBIX 3aJad OPTaHU30BAHHOM CJIOKHOCTH, OLIEHKM W aHalIu3a
HAJIS)KHOCTH, O€30MaCHOCTH U PUCKa TexHUYeckux cucreM. JIBM ynoOubl s
UCXOAHOM (OpPMANM30BaHHON TMOCTAHOBKM 3a7ad B (opMe CTPYKTypHOTO
OMHCAHUSI MCCIEIYEMbIX CBOWCTB (DYHKIIMOHMPOBAHHUS CIIOXHBIX M BBICOKO-
pasmepubix cucreM. B JIBM pazpaGotanbl mporenypbl IpeoOpa3oBaHus
VUCXOIHBIX CTPYKTYPHBIX MOJEIEH B HMCKOMBIE PACUYETHBIE MAaTEMaTHYECKHE

MOJCIH, YTO ITIO3BOJIACT BBLIIIOJHHUTL HUX AJTOPUTMHU3AIWIO W PCaIn3aldioO Ha

SBM.

3. OOt JIOTUKO-BEPOSATHOCTHBIA METO/I.
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http://ru.wikipedia.org/w/index.php?title=%D0%94%D0%B5%D1%80%D0%B5%D0%B2%D0%BE_%D0%BE%D1%82%D0%BA%D0%B0%D0%B7%D0%BE%D0%B2&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BB%D0%BE%D0%B3%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9
http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9
http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9

Heo6xonumocts pacnpoctpanenusi JIBM Ha HEeMOHOTOHHBIE MPOIECCHI
npuBeiIa K CO3JaHUI0 OOIIEr0 JIOTMKO-BeposiTHocTHOro Metona (OJIBM). B
OJIBM pacudeTa HaJie)KHOCTH amiapaTr MaTeMaTUYECKOM JIOTUKH UCIIOJIb3YETCS
JUIST TIEPBUYHOTO Tpauueckoro W aHAJTUTHYECKOTO OIMHUCAHUS YCIOBHI
peanu3auuu QyHKIUI OTIETbHBIMU U TPYIIIAMU 3JE€MEHTOB B MPOECKTUPYEMOM
CUCTEME, a METObl TEOPUU BEPOATHOCTEN U KOMOMHATOPUKH MPUMEHSFOTCS JIsI
KOJIMYECTBEHHOW OIEHKU 0€30TKA3HOCTH W/WJIM OMAacHOCTH (DYHKIMOHUPOBAHUS
MPOEKTUPYEMOM cUCTEMBbl B 1iesoM. [l ucnosb3oBanus OJIBM  1omxHBIL
3a/1aBaTbCs CIICIIUAJIbHBIC CTPYKTYPHBIE€ CXEMBI (GyHKIIMOHATBLHOM
LEJTOCTHOCTH UCCIEAYEMBIX CUCTEM, JIOTUYECKUE KpUTEPUU ux

(GyHKUMOHUPOBAHUS, BEPOITHOCTHBIE U JIPYTUE TapaMeTPhI JJIEMEHTOB.

B ocHOBE MOCTaHOBKH M PELICHHS BCEX 33/1a4 MOJICIIMPOBAHUS U pacyeTa
HaJIE)KHOCTU cucTteM ¢ nmomoibo OJIBM jexuT tak Ha3bIBaeMbIii COOBITHITHO-
JOTMYECKUN TOAXO0A. ITOT NOAXOJ MPEeayCMaTpPUBAET IOCIEI0BATEILHOE
BBIIIOJIHEHHE CIAEAYIOIINX YETBIPEX OCHOBHBIX 3TanoB OJIBM:

— 3Tan CTPYKTYPHO-JIOTUYECKOW MOCTAHOBKHU 33]1a4U;

~  3Taml JIOTUYECKOr0 MOAEIUPOBAHUS;

~ 3Tan BEpOATHOCTHOTO MOJICIIMPOBAHUS;

— 3Tamn BBHIIIOJHEHUS PACUETOB MOKA3aTEJIeH HAJIC)KHOCTH.
4. Metop nepeBbEB OTKA30B.
5. Metoa MapkoBCKOTO MOACITMPOBAHUS.

[IporpaMMmHBIE CpEACTBA, MpPEIHA3HAYEHHBIE [JIsI AHAIA3a W pacyera
HAJIS)KHOCTH, TOTOBHOCTH ¥ PEMOHTOIIPUTOTHOCTH (B aJipaBUTHOM MOPSIKE):

- APBUTP

- APM Hanexuoctu

- ACOHHKA-K

- AnyGraph

- CRISS

- BlockSim

- ITEM Software
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http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%B1%D0%B8%D0%BD%D0%B0%D1%82%D0%BE%D1%80%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%A1%D1%85%D0%B5%D0%BC%D0%B0_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B9_%D1%86%D0%B5%D0%BB%D0%BE%D1%81%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B8
http://ru.wikipedia.org/wiki/%D0%A1%D1%85%D0%B5%D0%BC%D0%B0_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B9_%D1%86%D0%B5%D0%BB%D0%BE%D1%81%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B8
http://ru.wikipedia.org/wiki/%D0%A1%D1%85%D0%B5%D0%BC%D0%B0_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B9_%D1%86%D0%B5%D0%BB%D0%BE%D1%81%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B8
http://ru.wikipedia.org/wiki/%D0%90%D0%A0%D0%91%D0%98%D0%A2%D0%A0

- Reliability Workbench
- Windchill

2. N3yyeHue CymecTBYIOUIIUX METOJOB H NPOrPaMMHBIX CPeICTB [JIA

peleHus JAHHOM 3a1a4u.
IIporpammubiii kommiiekc APBUTP.

APBUTP - 510 mnporpaMMHBI KOMIUIEKC «ABTOMAaTU3UPOBAHHOIO
Pacuera besonacnoctn UTexunueckoro Pucka». B nacrosmee Bpems IIK
APBUTP mno3BonsgeT aBTOMAaTHUYECKH CTPOUMTh MATEMATUYECKUE MOJCIU U
pacCUMTBHIBATh IOKA3aTENIM  CBOWMCTB HAJAEKHOCTH, CTOMKOCTH, KUBYUYECTH,
YCTOMYMBOCTH, TEXHUYECKOTO PUCKA, OKUIaeMOTo yiepoa n3pHeKTUBHOCTH, a
TaKKE€ pelarh 3aJayd ONTHUMHU3AIMU HaAekHOCTH. lIpenHazHauen s
WHKXCHEPOB-MIPOCKTUPOBIIMKOB, pa0OTAOMIMX B  Pa3IUYHBIX  OTPACIAX
MIPOMBILICHHOCTH, JJI NPOBEACHUS HAYYHBIX MCCIECHOBAHUN M OPraHHU3aliH

y4eOHOro mpoiiecca.
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Puc. 2. Untepdetic nporpammel APBUTP.
[Ipenpiaymue HazBanus nporpammHoro komiuiekca: [IK "ACM", TIK

"ACM 2001", IIK "ACM C3MA".
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http://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%B4%D0%B5%D0%B6%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%96%D0%B8%D0%B2%D1%83%D1%87%D0%B5%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%AD%D1%84%D1%84%D0%B5%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D1%8B

[TporpammustitkommiekcIIK APBUTP Obin arrectoBan B "CoBere 1o
aTTeCTallMi NPOrpaMMHBIX cpeacTB" HaydHO-TEXHHMUECKOTro LIEHTpa IO SIEPHOM
u paguanuonHor OeszomacHoctd (HTL[ APB) denepanpHOi Ciiy)Obl 110
IKOJIOTUYECKOMY, TEXHOJOTMYECKOMY W aTOMHOMY Haazopy (Pocrexnanzop)
P®. APBUTP arrecroBan 21 depasiss 2007 1. cpokom Ha 10 jieT u pa3pernieH K
IIPUMEHEHUIO Ha npeanpusaTusx Pocrexnanzopa PO.

Teopernyeckoit OCHOBOM MPOTPAMMHOTO KOMIUIEKCA SIBIISETCS OOIIHIA
JIOTUKO-BEPOSITHOCTHBIA MeTo/. B kayecTBe rpaduueckoro cpeicTBa onmucaHus
GyHKIIMOHUPOBAHUS CUCTEM UCIIOJIB3YETCS CXEMA GyHKIIMOHAIBHOM
LEJIOCTHOCTH.

OcCHOBHBIE BO3MOKHOCTH
—  npexncrapnenue B ucxoanon COI] (B cyneprpade CDILI) no 400 snemeHTOB

(BepmmH) 1 A0 100 351€MEHTOB B Ka)XJ0W JEKOMIO3UPOBAHHOW BEPIIMHE
(moarpadax COIL]) ocHoBHOro rpada wucciegyemMo cucremsl (T.e.
BO3MOKHOCTh BBOoj1a 10 40 000 BepiuH);

—  ABTOMATUYECKOE IMOCTPOEHUE JIOTMUECKUX (YHKUUNA, MPEACTABISIOMINX
Kpatyaiime  myTd  ycnemHoro  (ynkuuonupoBanusa — (KIIY®),
MUHUMaJIbHbIE ceueHuss oTkaz3oB (MCO) wuiam uX HEMOHOTOHHBIE
KOMOUMHAIMU (SIBHBIE AETEPMUHUPOBAHHBIE MOJEIH UCCIIEIYEMBIX CBOMCTB
CUCTEMBI);

—  aBTOMAaTUYECKOE MOCTPOCHUE BEPOSTHOCTHBIX byHKIINH,
o0OecreunBaOIMX  TOYHBIM  pacueT  MoKa3aTeleil  yCTOWYMBOCTH,
3(PEKTUBHOCTU U PUCKA UCCIEAYEMBIX CUCTEM;

—  pacyer BEpOSITHOCTU peaIN3alliM 3aJlaHHBIX KPUTEPUEB, MPEICTABIISIONINX
CBOMCTBa YCTOWYMBOCTH (HAJEKHOCTH, CTOMKOCTH, MXKHUBYYECTH) U
0e30macHOCTH  (TEXHMYECKOTO pHUCKA, BEPOSTHOCTEN BO3HUKHOBEHHMSI
aBapUUHBIX CUTyallMi U aBapHil) CUCTEM;

—  pacueT BEpOSTHOCTH O€30TKa3HOW paldOThl WJIM OTKa3a U CpeaHel

Hapa60TKI/I J0 OTKa3a HCBOCCTAaHAaBJINBACMbIX CUCTEM,
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http://ru.wikipedia.org/w/index.php?title=%D0%9E%D0%B1%D1%89%D0%B8%D0%B9_%D0%BB%D0%BE%D0%B3%D0%B8%D0%BA%D0%BE_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%BD%D1%8B%D0%B9_%D0%BC%D0%B5%D1%82%D0%BE%D0%B4&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=%D0%9E%D0%B1%D1%89%D0%B8%D0%B9_%D0%BB%D0%BE%D0%B3%D0%B8%D0%BA%D0%BE_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%BD%D1%8B%D0%B9_%D0%BC%D0%B5%D1%82%D0%BE%D0%B4&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=%D0%9E%D0%B1%D1%89%D0%B8%D0%B9_%D0%BB%D0%BE%D0%B3%D0%B8%D0%BA%D0%BE_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%BD%D1%8B%D0%B9_%D0%BC%D0%B5%D1%82%D0%BE%D0%B4&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%A1%D1%85%D0%B5%D0%BC%D0%B0_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B9_%D1%86%D0%B5%D0%BB%D0%BE%D1%81%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B8
http://ru.wikipedia.org/wiki/%D0%A1%D1%85%D0%B5%D0%BC%D0%B0_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B9_%D1%86%D0%B5%D0%BB%D0%BE%D1%81%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B8
http://ru.wikipedia.org/wiki/%D0%A1%D1%85%D0%B5%D0%BC%D0%B0_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B9_%D1%86%D0%B5%D0%BB%D0%BE%D1%81%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B8

pacuer kod(dduimeHTa TOTOBHOCTH, CpemHeW HapabOTKWM Ha OTKas,
CpEIHEro BpEMEHH BOCCTAHOBJICHHSI U BEPOATHOCTH O€30TKa3HOU pabOThI
BOCCTaHABIIMBAEMBIX CUCTEM;

pacyeT BEpPOSITHOCTU TOTOBHOCTH CMEUIAHHBIX CHCTEM, COCTOSIIUX U3
BOCCTAHABJIMBAEMbIX U HEBOCCTAHABIMBAEMBIX 3JIEMEHTOB;

pacyeT 3HAUMMOCTEH, MOJOKUTEIbHBIX M OTPULIATENLHBIX BKIIAJOB BCEX
AJIIEMEHTOB  HUCCJEAYEMOM CHUCTEMbl B  BEpPOSITHOCTh  pealli3aluu
UCCJIEYEMOTO CBOMCTBA, MCTOJIB3YEMBbIE NIJIsi BHIPAOOTKA M OOOCHOBAHHMS
YIOPABJICHUECKUX PEHICHUH MO O0ECHEYeHUIO0 YCTOWYMBOCTH, KHUBYUECTH,
6e3onacHOCTH 3(PEKTUBHOCTU U pHUCKa GYHKIIMOHUPOBAHUS;
BCIIOMOTATENbHBI  PEXUM  MNPUOTMKEHHBIX  PAcueToB,  KOTOPbIE
BBITIOJTHSFOTCS 110 IBYM METOJIMKAM: JJIsl HE3aBUCUMBIX OTKAa30B 3JIEMEHTOB
(aHazor MeETOJMKH, uCIHOJb3yeMoil B Komiuiekcax '"Risk Spectrum",
[Berusi) u "Saphire-7" (CILIA)), m ¢ y4éToM Tpex THUIOB OTKAa30B
aneMeHToB — "oTka3 Ha TpeOoBaHue", "OTkKa3z B pexume padoThl" U
"CKpBITBI OTKa3 B pexuMe OXugaHusa" (MeToasl pa3paboTaHbI
cnermamuctamu  OI'YII OKBM um W.U.AdpuxkantoBa u Brepsbie
peanu3oBaHbl B arTecToBaHHOM Komiuiekce "CRISS 4.0");

pacdeT BeposATHOCTH peanu3aiuu oTaeabHbIX KITY® nunn MCO cuctemsr;
pacdyeT 3HAYMMOCTH W CYMMApHOW 3HAYMMOCTH CEUYEHUM OTKa30B IO
Fussell-Vesely;

pacuer 3HAYMMOCTH, YMEHBIICHUS M YBEJIUYEHHUS PUCKA DJIEMEHTOB IO
Fussell-Vesely;

NPUOIM)KEHHBIM  pacdyeT BEPOSTHOCTHBIX XAapaKTEPUCTUK CHUCTEMBI C
y4€TOM TpeX THUIOB OTKAa30B 3JIEMEHTOB: OTKa3 Ha TpeOOBaHWE, OTKa3 B
pexumMe paboThl M CKPBITHIM OTKAa3 B PEKUME OXUAAHUS (TI0O METOIUKE,
peanuzoBanHoi B [IK CRISS 4.0);

CTPYKTYpPHBIM W aBTOMATHYECKUH YYET OTKA30B TPYMN 3JIEMEHTOB IO
obmeit  mpuumne  (momenu  anbda-daktopa, Oera-pakTopa U
MHO>KECTBEHHBIX I'PEYECKUX OYKB);
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YYET pA3JIMUYHBIX BHUJOB 3aBUCUMOCTEM M MHOKECTBEHHBIX COCTOSHUM
AJIEMEHTOB, MPEACTABIISIEMBIX C TTIOMOIIBIO TPYIIT HECOBMECTHBIX COOBITHIA,
YYET JIIBYXYPOBHEBOU JNEKOMIIO3ULIAU CTPYKTYPHOU CXEMBl,
JTA3BIOHKTUBHBIX M KOHBIOHKTUBHBIX KPAaTHOCTEW CJIOKHBIX DSJIEMEHTOB
(moacucrem);

y4€T HEOrPAaHUYEHHOI'O YUCIa IUKINYECKUX (MOCTUKOBBIX) CBS3EH MEXKITY
3JIEMEHTaMH U MTOJCUCTEMAMMU;

y4€T pa3nuuHbIXx KoMOMHATOpHBIX oTHOmeHu (K u3 N) Mexay rpynnamu

DJIEMEHTOB.
Cucrema ACOHUKA.

Cucrema ACOHUKA copuentupoBaHa Ha pa3padbotunka POA. B cocrar
komiuiekca ACOHMKA  Bxomsar 18  moacucTeMm,  CBSI3aHHBIX  C
MOJIETUPOBAHUEM a’pOJIMHAMUYECKHX, TEIIOBBIX, MEXaHUYECKUX

BO3JECHUCTBUI HA PAAUOICKTPOHHYIO almnapTypy.

B mnoncucremax ACOHUKA-M u ACOHUKA-TM paszpabotanbl
crienuanbHbie  WHTEp(EHChl I  BBOJA  TUIOBBIX  KOHCTPYKIIMHA
paaroseKTpoHHoM anmaparypsl (POA) — mkadoB, 6710KOB, ITEUATHBIX y3JI0B,
YTO 3HAYUTENIbHO YIpoulaeT aHanu3 ¢puznyeckux npoueccoB B POA. Eciu 6b1
MOJIB30BATENh CTPOWIT MOJIENTb MEXaHMYECKUX TMPOIIECCOB CIOXKHOTO ImKada
uiau 070Ka B OOBIYHOM KOHEUYHOAJIEMEHTHOM cucteme, Harpumep, ANSYS,
eMy Obl MPHUILIOCH BHAYaje MPOWTH CIElualbHOE OOydeHHe M HaOpaThCs
OTBITA, YTO 3aHSUIO OBl IPUMEPHO OKOJIO TOJIa, a 3aTEM B TEUEHHE HECKOJIbKUX
4acoB BBOJUTH camy mozenb. B cuctreme ACOHUKA He Hy>KHO MpOXOIUTh
CIEIUATLHOTO OOYy4YeHHUs, HYXHO TMPOCTO BBOAUTH Ha JIOCTYITHOM
KOHCTPYKTOPY S3bIKE TO, YTO MPEACTaBICHO Ha uepTexke. BBoj Toro xe

CJIOJKHO mKa(ba MOJKET OBITh OCYIICCTBJICH B TCUCHHUC I10JIydaca.

Takum 00pa3oM, NOJHOLICHHBI KOMIUIEKCHBIM aHanu3 Iukada Ha

TCIIJIOBBIC 141 MEXaHHYCCKUC BOB,ZICﬁCTBPIH BIIJIOTH a0 KaxxXJ1010
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anektpopaauouzaenus (OPU) (momyyaeM YCKOpeHMSI U TeMmmepaTypbl Ha

Ka)XJIOM 2JIEMEHTE) MOXKET ObITh ITPOBEJICH B TeUEHHE 1 JHS.

Crpykrypa crpaBouyHOM O0a3bl ndaHHBIX 10 mnapamerpam OPU u
napameTpaM MaTepualloB KOHCTPYKIM POA oTiiMuaercs OT CyleCTBYHOIIUX
HaJIMYHMEM IOJHBIX YCIOBHBIX 3anuceid DPU, HamnuueM moneneil BapuaHTOB
ycTaHoBKA OPH, MO3BOJIAIONIMX 3HAYUTENBHO COKPATHTH BPEMS HA BBOJ
reOMETPUUECKUX, (PU3NKO-MEXaHUIECKUX, TEIVIOBBIX U Jp. napameTpoB DPU,
BO3MOYKHOCTBIO CO3JaHUsl HOBBIX MOJIEJE€H BapHaHTOB ycTaHOBKH OPU,
HAJIMYUEM HEOOXOIMMBIX rpapUuecKuX I[apaMeTpoB, IO3BOJISIFOIIMX
OpuIaBaTh peajucTUYHOCTh u300paxkenntio DOPU B mpocTpaHcTBe,
BO3MOXXHOCTBIO CO3/1aHHS JOTOJIHUTEIBHBIX Tabmui mnapamerpoB OPU,
COJIEp)KallIUX YHUCIIOBbIE, CTPOKOBBIE, (YHKIMOHAIbHbBIE, JIOTMYECKUE,

TEKCTOBBIE U Tpaduyeckue nanHbie 00 DPU.

Cucrema sBIS€TCS OTKPBITOM, TakK Kak MO3BOJISIET BKJIKOYATh
JOTIOJIHUTENNbHBIE Tporpammbl, Hamnpumep Pro/ENGINEER, Ha ypoBHe
nosib3oBateNst 0Oe3 TmpuBieueHUs mnporpammuctoB. Ha teppuropun PO
JlaHHasi CHCTeMa aHaJIOroB HE HMMeeT W paspabarbiBaeTcst Brepsbie. [lo

3apyOeXHbIM aHajoraM MH(OpMaIus B OTKPHITON NIeYaTH OTCYTCTBYET.

Cucrema «ACOHUKA» c 2000 r. mpoxoauT ampoOaiuio Ha
npeanpusaTusx, BeinoHsgsomux 'O3 u noaaepxkusaercs 22 [ITHUM MO PO,
BeintycTuBIKM B 2000 1. (pea. 2003 r.) PJIB 319.01.05-94 o npuMeHeHU0
aproMatu3upoBanHo cucteMbl «ACOHHMKA» ¢ 1uenpi0 MNOBBIIIEHUS
HAJSKHOCTU MPOEKTUPYEMOMW armapaTypbl Ha OCHOBE MAaTeMaTH4eCKOro
MOJIECUPOBAHUS, DIEKTPUUECKUX, TEIJIOBBIX, a3pO(-TUIPO)IUHAMUYECKUX U
MEXaHUYEeCKUX (BUOpaIuii, yapoB, JTUHEHHBIX YCKOPEHUSIX, aKyCTHYECKUX

IIYMOB) MPOLIECCOB.

IIporpammuoe odecnieuenue AnyGraph.
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[Iporpammuoe obGecnedenne AnyGraph co3maHo C IETbIO  yIIPOCTUTH
pa3pabOTKy CHUCTEMHBIX MOJIEJCH HCHOJIB3YEMBIX IMPHU pacdere HaIeKHOCTU
CJIO’KHBIX TEXHUYECKUX CHUCTEM U UX aHAJIM3.

Teopernyeckne U METOAOJOTUYECKHE OCHOBBI IPOTPAMMBI.

Teopetnueckoir  ocHoBot  IIO  AnyGraph  sBisItOTCS  JIOTHKO-
BEpOSTHOCTHBIE MeTojabl (JIBM) MoaenupoBaHUs, KOJUYECTBEHHOM OIICHKH
HAJIC)KHOCTU U OE30MAaCHOCTH, CIOXKHBIX TEXHUUYECKHX CHUCTEM, pa3paboTaHHbIE
noja pykoBojictBoM mnpodeccopa Psoununa U.A. 10 AnyGraph ucnonb3yet
HauOosee 3¢ dekTuBHYI0 pazHOBUAHOCTH JIBM a mMeHHo pa3paboTaHHBIN B
Havasie 90-x rogoB npodeccopom A.C. MoxkaeBbIM METOJ] CHCTEMHOTO aHAIIN3a
CJIOKHBIX TEXHUYECKUX CUCTEM — OOIIUI JIOTUKO-BEPOSI THOCTHBIN METO/I.

“JIOTMKO-BEPOSTHOCTHBIMU METOAAMH HA3bIBAKOTCSI METOJIBI CUCTEMHOTO
aHajau3a, B KOTOPBIX almapar MaTEeMAaTHYECKOM JIOTMKA MCIOJNb3YETCA JIs
NEPBUYHOTO CTPYKTYPHOTO M MPOMEKYTOUYHOTO AHAIMTUYECKOTO OIMHUCAHUS
3HAHUM O TMpaBWiaXx M YCIOBUAX (YHKIMOHUPOBAHUS DJIEMEHTOB B
UCCIIeIyeMON cucTeMe, a METOAbl TEOPUH BEPOSTHOCTEH MPUMEHSIOTCS JUIS
KOJINYECTBEHHOM OLIEHKU Pa3JINYHbIX CBOWCTB PaCCMaTPUBAEMOM CHUCTEMBI, Ha
OCHOBE 33JJaHHBIX BEPOSITHOCTHBIX U JPYTUX MAPAMETPOB €€ IJIEMEHTOB.

bazosoii konueniueit [10 AnyGraph saBnsiercst npeactaBieHue MoIeIu Kak
HabOpa B3aUMOICUCTBYIOUINX MEXKIY COOON y37I0B (TEXHUUYECKHUX 3JIEMEHTOB) U
JIOTUYECKUX CBSI3eM MexAy HUMU. Jlornyeckue CBA3U ONpPEAessiioT KOHKPETHbIE
YCJIOBUSL pEalu3aluu y3JIaMu (3JIEMEHTAaMU TEXHUYECKOW CHUCTEMBbI) CBOUX
byHKIMA.

[Toctpoennas ¢ mnomombio rpagpuyeckoro penakropa [0 AnyGraph
MOJIEIb MMEET BBICOKYIO CTENEHb HArJISIAHOCTH, KakK MpPaBUJIO, CTPYKTypa
CO3JJaHHOW MOJENHU MOBTOPSET MNPUHIUIHUAIBHBIE TEXHOJOTHMYECKHE CXEMBI
pa3paboTaHHbIE HA PA3IUYHBIX 3Talax CO3/JaHMUSI TEXHUYECKOW TOKyMEHTaluu
UCCJIEYEMBIX ITPOECKTOB.

Merononmornyeckass ocHoBa JIBM  xapakrtepusyercs — ClEAYIOLIMMU

ITOJTOXCHHUAMM .
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— COCTOSTHHE y371a B MOJENSAX HAICKHOCTH U O€30MaCHOCTH KOAUPYETCS
JBYMsI HECOBMECTHBIMM MCXOJIaMH HYJIEM WA €IUHUIICH:

— 1 — cocTostHue paboTOCTIOCOOHOCTH y371a MOJEIH (BKJIIOUEHO YCTPOMCTBO,
BBITIOJTHEHO Kakoe JIMOO JAeHCTBUE U T.J1.)

— 0 — oTka3o0Boe COCTOsIHME y37a MOJENU (HE BKJIIOYEHO YCTPOWCTBO, HE
BBITIOJTHEHO KaKoe JIMOO AEHCTBUE U T.J1.)

— OCHOBHBIM  CIOCOOOM  OMMCaHUsl 3aJay  SBISETCA  rpaduueckoe
MOCTPOCHUE CXEMbl HAJIEKHOCTH WM CIICHapHUsi BOZHMKHOBEHHS aBapuu
HCCJIEYEMON CUCTEMBI.

— C mnoMmomblo (YyHKIMA anreOpbl JIOTUKH 3alMCHIBAETCS  YCIOBHE
paboTociocoOHOCTH (HE PabOTOCTIOCOOHOCTH) MOJIENH Yepe3 COCTOSHUS
€€ 3JIEMEHTOB.

— noyiydueHHasi (yHKIusi aireOpbl JIOTHKH, SABISIETCS OCHOBHOM (popMmoii
NPEACTaBICHUS] MOJENU, MpeolOpa3zyeTcss U3 JOrudyeckoil (opmsl B
BEPOSITHOCTHYIO C MOMOIIBK) KOTOPOM MPOBOJIUTCS KOJWYECTBEHHAs
OIICHKA Pa3JIMYHBIX CBOMCTB UCCIEAYEMON CUCTEMBI.

OYHKIMOHAI U COCTaB MPOrPaMMBI.

Oyukiuonan — npeactaBieHHslidi  [I0  AnyGraph — mpeacraBisieT
YHUBEPCAIbHYIO aJbTEPHATUBY NPOrPaMMHOMY OOECHEUYEHHI0 B KOTOPOM
OCHOBHBIM anmnapaToM MOAEJMPOBAHUS U pacueTa MoKas3aTeslell HaJle)KHOCTU U
0€30MacHOCTH CIIOKHBIX TEXHUYECKUX CHCTEM SIBIISIIOTCS JEPEBbS OTKA30B,
JepeBbsl COOBITUH, Tpadbl CBA3HOCTH a TAK)KE€ MaPKOBCKUE MOJIETH.

[1O AnyGraph cocTouT u3 IByX MOJIYJIEH:

['padrueckuii MOyIb, C TOMOIIIBIO KOTOPOTO OCYLIECTBISETCS:

- POEKTUPOBAHUE U JOKYMEHTUPOBAHUE MOJEIHN UCCIEAYEMOUN CUCTEMBI

- mepenadya B MareMaTu4ecKui MOJyJb CO3JaHHOW MOJENIU HUCCIEAYEMOU
CHUCTEMBbI ISl BBIMOJHEHUS TOYHBIX AHAIUTUYECKUX WM CTATUCTUYECKUX
pacyeToB

- 0OTOOpaKeHUE PE3YIbTATOB BBIOJHEHHBIX PACUETOB
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MareMatTuyeckui MOAyJb, C TMOMOIIBK) KOTOPOTO IMPOBOIATCS PaCUEThI
PAa3JIMYHBIX TOKA3ATENEN HAJIE)KHOCTU UCCIIEAYEMON CUCTEMBI.
Blocksim: cucremMa Hage;KHOCTH W PEMOHTONPHUIOJAHOCTH AHAJIU3

NPOrPaMMHBIX CPE/ICTB

Pastom

£, detins
i v
i o et

e

Puc. 3. UnTepdetic H}ghri);ﬂbl EGCkSim.

ReliaSoft uHCTpyMEeHT mpemocTaBisieT KOMIUIEKCHYIO — IaThopMy
JUTSL CUCTEMBI 00ECIIEYeHHs] HaJIeKHOCTU, TOTOBHOCTU, PEMOHTONPUTOTHOCTH U
COOTBETCTBYIOIIINMN aHAIIU3 .

[IporpammHOe  obOecrmieueHWe  TpeyiaracT  CIOXHBIA  Tpadudeckuit
uHTep(deiic, KOTOphI MO3BOJSET MOJACIUPOBATH MPOCTEUININE WM CaMble
CJIO)KHBIC CUCTEMBI u IIPOLIECCHI C MOMOIIBIO OJIOK-
cxemHanexxuoctu (RBDS)ummananus nepesa otkazo (FTA) - unu komOuHamus
000X ITOAXO0H0B!

Ocobennocmu npoepammol

BlockSim mnoanepkuBaeT OOMIMPHBIN HAOOpP OJIOK-CXEMbI HaJIEKHOCTH
(RBD) kondurypamnuii nanamm3 aepeBa otkazoB (FTA) Bopora u coObiThii, B
TOM 4YHCJE PACHIMPECHHBIE BO3MOXXHOCTU IS MOJEIUPOBAHUS CIIOKHBIX
KoH(Urypauuii,  pacnpeneieHue  Harpy3kd, B  PEKUME  OXKUIAAHUS

U30BITOYHOCTH, (a3bl U paboUnX MUKIIOB. Mcronb30BaHNE TOUHBIX BBIYUCICHUI

U / WU MOJETMPOBAHUS AUCKPETHBIX coObITHiA, BlockSim oGmeryaer mmupokuit
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CHEKTP aHAJIM30B JIsi OOOMX PEMOHTY M HEBOCCTAHABIMBAEMBIX CHUCTEM. DTO
BKJIFOYAET B ce04:
— AHnanu3 HaJIe)KHOCTU CUCTEMBI
— Wpentudukanuss kputuueckux komnoHeHToB (Mepbl HanexxHocTthb
3HAYEHUS )
— OnrumansHoe pacnpenenenue HagexxHoctb
— Tlonnepxxky cuctembl aHaiau3a (OMPENEIUTh ONTUMAJbHBIE HHTEPBAJIbI
NpOPHUIAKTUYECKOTO TEXHUYECKOTO OOCTy)KMBaHUS, 3alacHbIX YacTel
TOJIOKEHUS U T.11.)
— JoctynHocth  cuctembl  aHanu3a (Paccuurtath  paboThl,  TpOCTOS,
JOCTYITHOCTb U T. 11.)
— IlponyckHas Pacuer (BBISIBUTH  yY3KHME  MECTa, OLIEHKA E€MKOCTH
MIPOU3BOACTBA U JIp.)
— JKu3HeHHbIN IUKJ aHaIM3a 3aTpaT
CuHTe3 UHTEerpauuu
C Beixogom Bepcuu 8 BlockSim ananm3oB XpaHATCS B IEHTPAIM30BAaHHOM
0a3e JaHHBIX, KOTOpas MOJACP>KUBACT OJHOBPEMEHHBIM OCTYIl HECKOJBKHX
MOJIB30BATENIC U aKIM COOTBETCTBYIOIIEH HHGOpPMAIEH MEXITy CHHTE30M
HAJI©KHOCTU C TMOJJACPKKONW MPOrpaMMHBIX CpeAcTB. i1 KOprnopaTuBHOTO
ypoBHsI xpaHuwiuiiax, kak Microsoft SQL Server ® wu Oracle ®
NOJIJIEP>KUBAIOTCS.
HocTtymnHo oOy4eHue
ReliaSoft mpennmaraer Tpu y4yeOHBIX KypCOB, HAIpPaBICHHBIX Ha TEMY
CUCTEMBbI HAJEKHOCTHU, PEMOHTONPUTOAHOCTH M COOTBETCTBYIOLIMN aHAIHU3 C
WCIIOJIL30BaHUEM JuarpamMmbl HajexxkHocTu Osoka (RBD) unu ananus aepesa
otkazoB (FTA) momxoma. O0beAMHUB TPOUYHYIO TEOPETUYECKYIO OCHOBY C
NPaKTUYECKUMH TMpUMEPaMU TMPUMEHEHHUS] U TPAKTUYECKYI0 MOJATOTOBKY IO
UCIIOJIb30BAaHUIO MporpaMMHOTo cpenactBa BlockSim, »Tu kypcel jmact Bam
3HAaHWS U HABBIKM BaM HYKHO Ui YCHEIIHOTO MPUMEHEHHS 3THUX BaXKHBIX

METOJ0B HAACKHOCTH.
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[TpumeneHus 1 MpenuMyIecTBa

[Tporpammuoe oOecneuenne BlockSim mpenocTaBiser mMpoKHil CHEKTp
UHCTPYMEHTOB, KOTOPbIE TIOMOT'YT BaM MOJICJIMPOBAHMS U aHAM3a CUCTEM U /
WM TIporieccoB. HekoTophie U3 MOTEHIMATBHBIX IPHIIOKEHUN U IPEUMYIIEeCTBA
UCIONIb30BaHusl Onok-cxeM HajexHoctn (RBDS), ananu3 nepeBa o0Tka3oB
(FTA) u BlockSim ReliaSoft mporpammHoro obecrnedeHus BKIOUYAOT B ce05:

— BrIsBIeHHE KPUTHYECKHX KOMIIOHEHTOB (MJIM OTKAa30B) M OMPEICTUTH
HaubOosee 3(h(PeKTuBHBIE TYTH JJIs TIOBBIMICHUS MPOU3BOIUTEIBHOCTH
CUCTEMBbl TYTEM YCOBEPIICHCTBOBAaHUS KOHCTPYKIIMM W / WU
MJIAHUPOBAHKUE TEXHUYECKOTO 0OCITY)KHBAHUS.

— Hcnonb3oBaHWEe MOACIUPOBAHUS JUISA TIOJYYCHHS] PACUETHOH METpHUKaM
MIPOU3BOAUTEIIBHOCTH, KOTOpPBIE MOTYT CIIOCOOCTBOBATh IPHHATHIO
pPEIICHUI B Pa3IUYHBIX 00JIACTSIX, TAKUX KaK TUIAHUPOBAHUE TUIAHOBOTO
TEXHUYCCKOTO OOCITY)KMBaHUs, IJIAHUPOBAHUE Ha 3a9acTH, BBISBICHHUS
Y3KMX MECT B TIPOM3BOJACTBE MW TMPOMYCKHAs OICHKE CTOMMOCTH
KU3HEHHOTO IUKJIA.

— Omnpenenenue ya3BUMOCTEd B CHUCTEME€ W ONpPENETUTh Haubojee
s PekTUBHBIE CTOCOOBI CHIKEHUS PUCKA.

Reliability Workbench.

Reliability WorkbenchsBnsercs daarmanom Jliokc M3zorpad 1o
pa3pabOTKe MPOTPAMMHOTO OOeCleueHusT HaACKHOCTH, O€30MacHOCTH |
peMOHTONIPUTOTHOCTH. [IporpaMmHOe oOecriedeHre HaXOUTCS B HEMPEPHIBHOM
pasButuu ¢ 1980 roma. 910 MPOCTON B UCIOIB30BAHUU U SIBISETCS OTIMYHBIM
WHCTPYMEHTOM JIJI1 BCEX HAJACKHOCTH U TEXHUYECKOMY OOCITYyKUBaHUIO
po¢eCCUOHAJIOB.

KimtoueBsie ocobennoctu Reliability Workbench

Reliability WorkbenchBkitouaer B cebst Bce MHCTPYMEHTBI, KOTOPBIC
NOHAA005TCS ISl YIIpaBJIEHUs! HAJEKHOCTHIO U 0€30MaCHOCTHIO UCCIICIOBAHUS:

- FMECA u FMEA

— FaultTree + Ananu3 nepeBa 0OTKa30B
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— Hanexnocts bnok-cxema ananmsa
- Pacnpenenenne HanexnocTts 1 pocta
- CobbiTHe [lepeBo u ananusza MapkoBa
— BeiiOymna aHanu3a UCTOPUYECKUX JAHHBIX
HEJIOCTaTOYHOCTBIO
- Kowmmnekcras bubnmnorekn 3am4acteit
- PacmmpeHnHsble cpeacTBa NOCTPOEHUS OTUYETOB
— NMnopT u 3KCnopT 00BEKTOB
— [Ipenmpusatrie HHCTPYMEHT KJIACCOBOI'O COTPYIHUYECTBA
Reliability = Workbenchmospoasier  paspabaTeiBaTh  MPOEKTHI €
MCIIOJIb30BaHUEM OJTHOM MJIM HECKOJIbKUX MHTETPUPOBAHHBIX MOJYJICH aHaIn3a.
Kaxnaplii u3 Monynell ABISETCA MOIIHBIM MPWIOKEHUEM B CBOEM
COOCTBEHHOM TpPaBe U MOXKET ObITh MCIIOIB30BAH CAMOCTOSTEIHHO, HO OObILIEH
MOIIHOCTH JOCTUTAETCS 3a CUET MHTETPallMi MOAYJIEM B OKPYXKAIOLIECH Cperae
Reliability Workbench.
Moaynu MOTYT JUHAMUYECKH OOMEHUBATHCS JAHHBIMH JJIS TPOCTOTHI U
MOCJEA0BAaTENBHOCTU. [l0JIb30BAaTEN0 HYXKHO TOJBKO BXOJHBIE JaHHBIE OJIHMH

pa3, HO MOKCT MCII0JIb30BATh €TI0 HCCKOJIBKO pPas.

| Reliability Workbench - D:\Temp'\Project\TutorialComplete.rwb o (Sl
File Add Edit Tables Diagram Shift Miew Tgols Special Functions  Apalysis  Parts  Help
Ao H®ETAd B RBRVERS 2 A HS M@ 2B VEE IO
% Fault tree + ‘AGrid #Plot & Diagram & Grid 2y Plot & Grid ¢ Libraries 4 Parts Library ] Reports | SYSTEM -
= _ﬂ Fault Tree Pages
| |2 sysTEM
— == Event Trees
© LeEEM
=4 Events SYSTEM
.73 CPU:CPU Bo 9209951
{3 MEM:Memon| _
{3 DIS:Display | | |
& POW:Priman CPU Board Memory Unit Power Supply
-} POW_BAKE Display
3y LOW:-Little o FILEEE

-3 RED:Redund T

I
=-fEf Generic Data A A |

N L |
FF POWER cPU MEM & DIS POWER
'ﬂ cPu Q=0.8706 Q=0.643
B MEM | | | ‘
D5
=~ /i CCF Models
i b7 MST:Moistur

Conseguences
) safety

& Financial
a Environment _

- i o~
] T * < T »

Ready

Puc. 4. Narepdetic nporpammer Reliability Workbench.
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[Tpu aHanu3e napaMeTpoB CUCTEMHON HAJIEKHOCTH YYUTHIBAETCA CTPYKTypa
CHUCTEMBI, COCTAaB U B3aMOJEHCTBUE BXOSIINX B HEE JIEMEHTOB, BO3MOXHOCTb
NEPECTPONKHU CTPYKTYpPbl U AJITOPUTMOB €€ (PYHKIIMOHUPOBAHUSI TPU OTKa3ax
OT/ICJIbHBIX JIEMEHTOB.

Haubonee  yacto B MHXXEHEpPHOM  NpPaKTUKE  pacCMaTPUBAIOT
MIOCJIEA0BATEIBHOE, rapajuiesibHOE, CMEILIaHHOU (mocnenoBaTeNbHO-
napajuyiebHOE M MapajuIeIbHO-TIOCIEN0BATEILHOE) COCIUHEHHE JJIEMEHTOB, a
Takke cxembl Thna «K u3 N», MOCTUKOBBIE COETUHEHUSI.

[ITo BO3MOXHOCTM  BOCCTAQHOBJIGHHS M  OOCIY)KUBAaHHUSI  CHUCTEMBI
NOAPA3JCISAIOTCS  HAa  BOCCTAaHABIMBAa€MblE W HEBOCCTAaHABIIMBAEMBIE,
oOcnykuBaemble W HeoOcnmyxkuBaembie. [lo  pexumMy  NpuUMEHEHHS
(pyHKIIMOHUpPOBAaHMS) — HA CHUCTEMBl HEMPEPHIBHOTO, MHOTOKPATHOTO

(IMKJINYECKOTO) U OJTHOKPATHOTO IPUMEHECHHUSI.

3. 3agaya kiaccu(puMKaUM B HEHPOHHBIX CETAX
JUis pelieHus MOCTAaBJIEHHOM 3aaauu OyAeT OpaTbCsl 3a OCHOBY 3a/Jauu
tuna «Knaccuduxarms».
Pemenne 3amaun kiaccuukanuu - SIBISETCA OJHUM U3  BaKHEHIINX
IIPUMEHEHUN HEMPOHHBIX CETEM.
3anava knaccu(uKalMy MPeACTaBIseT coOOW 3a1auy OTHECEHUsl o0pas3la K
OJTHOMY M3 HECKOJBKUX IOMAPHO HE IepeceKarolmxcs MHoXxecTB. [Ipumepom
TaKUX  337ad  MOXET  ObITb,  HampuMep,  3aJadya  ONPEICIICHUs
KPEAUTOCIIOCOOHOCTH KJIMEHTa OaHKa, MEIUIMHCKUE 3aJaud, B KOTOPBIX
HEOOXOJUMO OIpPENENNUTh, HAIpUMeEp, UCXOJA 3a00ieBaHMs, pELICHHE 3aaay
yIpaBieHUs MOpTQeneM HeHHbIX Oymar (MpoaaTh KynuTh WK "Tpuaepk arhp”
aKIMU B 3aBHUCHUMOCTH OT CHUTyalldd Ha pbIHKE), 3ajJada OIpeaeicHUs
YKU3HECTIOCOOHBIX U CKJIOHHBIX K OaHKPOTCTBY (hHUPM.
Cetn C npsiMOi CBSI3bIO SABIISIOTCS YHHUBEPCATbHBIM
CPEICTBOMAINIIPOKCUMAIMM (PYHKIIMKA, 4YTO TO3BOJSAET HX HCIOJIb30BaTh B
pemreHny 3aaa4 knaccupukanuy. Kak mpaBuio, HEMPOHHBIE CETH OKa3hIBAIOTCSA

HanOosee 2(h(PEKTUBHBIM CITOCOOOM KJIacCHU(UKAIUHU, TIOTOMY YTO TE€HEPUPYIOT
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(dakTuyecku  OOJBIIIOE  YMCIO  PErpecCHOHHBIX  Mojened  (KOTopble
UCIONB3YIOTCS. B pEIICHMH 33Jad  KiIaccu(UKalMu  CTaTUCTUYECKUMU
METOJIaMU ).

K coxanennto, B IpUMEHEHNH HEMPOHHBIX CETEU B IIPAKTUYECKUX 3aJadax
BO3HMKAET psj npobiem. Hampumep, 3apaHee He M3BECTHO, KAKOM CIOKHOCTH
(pazMepa) MOKeT MOTpPeOOBaThCA CETh MJIsA JIOCTATOYHO TOYHOM pean3aliu
OTOOpaKEHHs. JTa CIIOKHOCTbh MOXET OKa3aThCs YPE3MEPHO BBICOKOM, YTO
noTpedyeT CIOKHOW apXUTEKTyphl ceTed. Tak MuHckuii B cBoeil pabote
"[IepcenTpoHbl" QOKa3al, YTO MPOCTEHIIME OAHOCIONHBIE HEHPOHHBIE CETH
CHOCOOHBI pemniaTh TOJBKO JIMHEWHO pa3JeNuMble 33Jadyd. DTO OTpaHUYEHUE
MPEOJIOJIMMO MPU UCIOJIH30BAHUU MHOTOCIOMHBIX HEHPOHHBIX ceTel. B obmiem
BUJIE MOXXHO CKa3aTb, YTO B CE€TU C OJHHUM CKpPBITBIM CIIOEM BEKTOp,
COOTBETCTBYIOIIUIA BXOJHOMY 00pa3ily, IpeoOpa3yeTcsi CKPBITBIM CIOEM B
HEKOTOPOE HOBOE MPOCTPAHCTBO, KOTOPOE MOKET UMETH JAPYTYIO PA3MEPHOCTD,
a 3aTeéM THUIEPIUIOCKOCTH, COOTBETCTBYIOLIME HEMPOHAM BBIXOJHOIO CJIOS,
pa3nensitoT ero Ha kjacchl. Takum o0Opa3oM ceThb pPaclo3HAET HE TOJBKO
XapaKTepUCTUKUA MCXOAHBIX JAHHBIX, HO U "XapaKTEPUCTUKH XapPaKTEPUCTHUK',
c(OpPMHUPOBAHHBIE CKPBITHIM CIIOEM.

s moctpoeHusi kinaccudukaropa HEOOXOAWMO OIpEACIUTh, KaKue
napaMeTpbl BIUSIOT Ha MPHUHITHE pEIIeHHs O TOM, K KakoMy Kiaccy
npuHaaiiexuT obpaseu. [Ipu 3TOM MOryT BO3HUKHYTH MpOOJIEMBI, TAKUE Kak,
€Clii KOJMYECTBO IapaMETPOB Maylo, TO MOXKET BO3HUKHYTh CHUTYyallus, NpHU
KOTOpPOW OJUH U TOT XK€ HAOOp MCXOAHBIX JAHHBIX COOTBETCTBYET MpHUMEpaM,
HaxXOJAIIMMCA B pa3HbIX Kjaccax. 1orja HEBO3MOXKHO OOyYHUTb HEUPOHHYIO
CeTb, U CUCTEMA He OyJeT KOPPEKTHO paboTaTh (HEBO3MOXHO HAUTH MUHUMYM,
KOTOpPbI COOTBETCTBYET TaKOMY HA0Opy HCXOAHBIX JaHHBIX). cxoaHble
JaHHBbIE 0053aTENbHO JIOJKHBI OBITh HENPOTHUBOPEUMBHI. JlJIs pemeHus 3Tou
poOJIeMBbI HEO0X0IMMO YBEJIUYHTh pPa3MepHOCTh MPOCTPAHCTBA
MPU3HAKOB (KOJMYECTBO KOMIIOHEHT BXOJHOIO BEKTOPAa, COOTBETCTBYIOILETO

oOpasiy). Ho nipu yBenndeHnn pasMepHOCTH MPOCTPAHCTBA MPU3HAKOB MOXKET
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BO3HUKHYTh CUTyallHsi, KOTJa YUCIO MPUMEPOB MOXET CTaTh HEAOCTATOYHBIM
JUIsl OOyYeHHUs CETH, U OHA BMECTO O0OOIIEHUS MPOCTO 3alIOMHHUT MPUMEPHI U3
oOyuaromieil BBIOOPKM M HE CMOXKET KOPPEKTHO (YHKIIMOHUPOBATh. Takum
o0pasoM, Mpu ompeIeICHUN MTPU3HAKOB HEOOXOIMMO HAWTH KOMIIPOMHUCC C UX
KOJINYECTBOM.

Jlanee HE0OXOIMMO OIpPEAENIUTh CIOCOO MPEACTABICHUS] BXOJHBIX JAHHBIX
JJIsi HEUPOHHOM CEeTH, T.€. ONPEACNIUTh Crocod HopMupoBanus. HopMupoBka
HEeoOXo/aMMa, TOCKOJbKY HEMpOHHBIE CEeTH paldoTaloT C  JIaHHBIMH,
MpEACTAaBICHHBIMU 4HMciaaMu B auana3zoHe 0..1, a ucXomHble JaHHBIE MOTYT
UMETh MPOU3BOJLHBIN JHAMA30H WJIM BOOOINE OBITh HEYMCIOBHIMU JIAHHBIMHU.
[Ipy 2TOM BO3MOXKHBI pa3IMUHbIE CIIOCOOBI, HAUUHAS OT MPOCTOrO JTUHEUHOTO
npeodpazoBaHus B TpeOyeMbIi JIiana3oH 151 3aKaH4YMBas
MHOTOMEPHBIM aHAJIU30M IMapaMETPOB W HEJIMHEWHOM  HOPMHUPOBKOW B
3aBUCUMOCTH OT BJIMSIHUS [TAPAMETPOB JIPYT HA APYra.

Jlist periennsi mog00HOTO Pojia 3a7ad XOPOIIO MOAXOMSIT UCKYCCTBEHHBIS
HEUPOHHBIE CETH, TaK KAK ISl OIEHKU HAJIeKHOCTH TEJICKOMMYHHKAIIMOHHBIX
CeTell HYXXHO YYECTh OTPOMHOE KOJUYECTBO (PAKTOPOB, a TaKXKE TPYIHO
MOJICITUPOBATh 3aBUCUMOCTh HaJIC)KHOCTH OT ITUX (DAKTOPOB.

[ToTeHUHATBHBIMU OOJIACTSIMU TPUMEHEHHUS! MCKYCCTBEHHBIX HEWPOHHBIX
CeTell SBIAIOTCS TE, TJI€ 4YEJIOBEUYECKHH WHTEUIEKT ManodpQexTuBeH, a
TPaUIIMOHHBIC BBIYUCIICHUS TPYAOCMKH WU (PU3MUECKU HEa/IeKBATHHI (T.€. HE
OTPaXaloT WJIHM TUIOXO OTPAXKAIOT peabHbIe (PU3NIECKUE MPOIIECCHl U OOBEKTHI).

JIeCTBUTENBHO,  AKTyaJlbHOCTb  IIPUMEHEHUS  HEUPOHHBIX  CETEU
MHOT'OKpPaTHO BO3pACTaeT TOrJa, KOrja MOSBISETCS HEOOXOIUMOCTh PEelICHUS
10X0 (popMaTN30BaHHBIX3a/1a4.

Tunosele 3amauu, pelaemMple C [OMOLIBIO HEHPOHHBIX CETeU U
HEUPOKOMIIBIOTEPOB CIEAYIOIIHUE:

— aBTOMaTH3alus Mpoliecca KiiacCu(puKaInm;

— aBTOMATH3aLMS ITPOTHO3UPOBAHUS;

— aBTOMaTu3alusg Imponecca nmpeacKa3aHus;
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— aBTOMAaTH3alMs NPOLECcCa MIPUHITUS PEIICHUN;
— yOPaBIICHUE;

— KOJHMPOBAHUE U JICKOAUPOBaHWE WH(DOPMAITUH;
— anmpoKCcUManus 3aBUCUMOCTEN U Ap.

HepBHas cucTteMa M MO3T 4eJIOBEKA COCTOSIT M3 HEMPOHOB, COEIMHEHHBIX
MEXIy co00i HEpBHBIMU BOJIOKHaMH. HepBHBIEC BOJIOKHA CITOCOOHKI TIEpe1aBaTh
AIIEKTPUYECKUE HWMITYJIbChl MEXIy HelWpoHamMu. Bce mponecchl nepenauu
pa3apaKEHUM OT HALIEW KOXH, YIIEH U TJIa3 K MO3TY, IIPOLECCH MBIIUIEHUS U
YIIPaBJICHUSI JAEUCTBUSMU — BCE 3TO PEATU30BAHO B KMBOM OPraHU3ME Kak

nepeaaya MEeKTPUUECKUX UMITYJILCOB MEX1y HEHPOHAMHU.

Axon
(Carries signals away)

Nucleus

Dendrides
(Carries signals in)

Puc. 5. buonorndeckuii (UM €CTECTBEHHbIN) HEUPOH

buonornueckuii Heripor(Cell) umeer sapo(Nucleus), a Takxke OTpOCTKH
HEpPBHBIX BOJIOKOH JAByX TUNOB — jAeHapuThi(Dendrites), mo KOTOphIM
npuHUMaroTcs umnyiabebl (Carries signals in), 1 equHCTBEHHBINH akcoH (AX0N),
0 KOTOpOMY HEHpOH MoOeT nepenaBatb umnyibe (Carries signals away).
AKCOH KOHTAaKTHUPYET C JACHAPUTAMU JPYTUX HEUPOHOB UYEpe3 CIEIHAIBLHBIE
00pa3oBaHus — cUHANCHI(Synapses), KOTOpPhIE BIUSIOT HA CUJy TIepeaaBaeMoro
UMITYJIbCA.

CrtpykTypa, cocTosimias U3 COBOKYIMHOCTH OOJIBLIOTO KOJMYECTBA TaKUX
HCHpPOHOB, TIOJyYHMJa Ha3BaHHE OWOJOTUYECKON (MM  E€CTECTBEHHOM)
HEUPOHHOM CETH.

Uckyccmeennvlti Hetipon (nanee — HEUPOH) SBISIETCS OCHOBOM J1H000M

MCKYCCTBEHHOW HEMPOHHOU CETH.
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Hetiponsl mpenctaBisitor co00H OTHOCHTEIBHO MPOCTHIC, OIHOTUITHBIC
AJIEMEHTHI, HUMUTHpyIOIIHe paboTy HellpoHoB Mosra. Kaxaelii HelpoH
XapakTepU3yeTCsl CBOMM TEKYIIMM COCTOSSHUEM IIO AHAJIOTMM C HEPBHBIMHU
KJIETKaMHd TOJIOBHOTO MO3ra, KOTOpble MOTYT OBITh BO30YXICHBI U
3aTOPMOIKEHBL.

HcKyCCTBEHHBIN HEMPOH, TAKXKE KAaK U €r0 €CTECTBEHHBIA IPOTOTHUII, UMEET
IPYIIly CHHAICOB (BXOJOB), KOTOpPBIE COEIMHEHBI C BBIXOJAMHU JIPYTUX
HEWPOHOB, & TAKXKE AaKCOH — BBIXOJHYIO CBA3b JTaHHOTO HEWpOHA — OTKyZAa
CUTHal BO30OYXXJIEHUS WM TOPMOXKEHHMsS MOCTYHaeT Ha CHUHAICHl JPYTUX

HEHUPOHOB.

—w [Sp=Tjwpsy; |5 N

—t
B
| —

64

Puc. 6. ckycCTBEHHBIN HEMPOH — IPOCTEHUIIHI 2JIEMEHT UCKYCCTBEHHOM
HEUPOHHOM CeTH

Y] — CUTHAJI, TIOCTYTAIOIIMIA OT HEHPOHA |;
sk — ckansipHOE IPOM3BEICHNE BEKTOPA BXOIHBIX CUTHAJIOB U BEKTOPA BECOB;
fk — GyHkIHst BO30y)aeHMs; YK — BBIXOIHOM CUTHAI HEHPOHA

Kaxnplii CHHANC XapakTepU3yeTcsl BEIUYUHOW CUHANMUYECKOU CB8A3U
UIIN6ECOM wi, KOTOPBIN 1o CBOEMY ¢uznyeckoMy  CMBICITY
DKBUBAJICHTEHIIEKTPUYECKON IIPOBOJUMOCTH.

Tekyliee COCTOSSHUE HEWpPOHA OINPEHEIAETCA KAaK B3BEUICHHAs CyMMma

CIroBX0O40B:

n
s= X Xxiwi
i=1

re X — BX0OJ, HepoHa, a W — COOTBETCTBYIOIIIHI 3TOMY BXOJy BEC.
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BriBoasbl no riase |
B rnaBe pmaHa aHanM3 METOJOB M CYHIECTBYIOIIUX MPOTrpaMMHBIX
obecrnevyeHnii 1o OI[CHKE HA/ICKHOCTH CUCTEMBI.

B ocHoBHOM, B KauecTBe mapameTpa HaJEeKHOCTH HCIIOJNb3YETCS CpEAaHee
Bpemss 10 otkaza (MTTF), koropoe MoxeT OBITh OMNpENeeHO uepes
WHTCHCHUBHOCTh OTKA30B WJIM 4Yepe3 YHUCIO OTKA30B Ha 3aJaHHOM OTpEe3Ke
BpeMeHH. VHTEHCHUBHOCTh OTKa30B MAaTEMaTHUYECKH ONpeaeNserca Kak
yCIIOBHAsl TUIOTHOCTh BEPOSITHOCTH BO3HUKHOBEHHUS OTKa3a W3JEHHUS TpPHU
YCIOBUH, YTO JIO paccCMaTpPUBAEMOI0 MOMEHTa BPEMEHH OTKa3 HE MPOU3OILIEII.
[Ipu yBenuYeHMM HMHTEHCUBHOCTH OTKAa30B CpelHee BpeMs JI0 OTKasza
YMEHBIIIAETCS, HAJICKHOCTD n31enus nagaer. OOBIYHO cpeiHee BpeMs 0 0TKaza
U3MEpSETCS B Yacax, HO TAaKX€ MOXXET BBIPAKATHCS B TAKUX EIUHUIAX, KaK
IIUKJITBI 1 MUJIH.

B npyrux cnydasx HaJeKHOCTh MOXKET BBIPAXKATHCS YEPE3 BEPOSTHOCTH
BBHITIOJIHEHUS 3a7a4yn. Hampumep, HaaeKHOCTh MOJIETOB TPAKIAHCKON aBHAIUH
MOKET OBITh Oe3pa3MepHOii, MM WMETh Pa3MEpPHOCTh B MPOICHTAX, KaK 3TO
JienaeTcsli B TMPAKTUKE CHCTEMHOW Oe30macHOCTH. B OTHenbHBIX ciydasx
YCIEIIHBIM ~ PE3yJbTaTOM  CHCTEMBI  MOXET  SBJISATHCS — €JUHO-PAa30BOE
cpabaTpiBaHHe. OTO aKTyaldbHO JUIS CHCTEM, KOTOpBIE pacCYMTaHbl Ha
cpabateiBaHue Bcero 1 pas: Hampumep, TOAYIIKKA 0€30MacHOCTA B aBTOMOOUIIE.
B »ToM citydae 3amaeTcsi BEpOSITHOCTh cpabaThIBaHUS WM, KaK, HAIPUMED, IS
pakeT, BEPOSTHOCTh MOMAaHUs B 1eb. JIJIsl TAKMX CUCTEM MEpOi HaJIeKHOCTH
SBJISIETCS] BEPOSITHOCTh cpadaThiBaHusA. /{7151 BOCCTaHABIMBAEMBIX CUCTEM MOKET
3aJ]aBaThCs TAKOW MapaMmeTp, Kak cpeHee BpeMsi BOCCTAHOBJICHHs (PEMOHTA) U
BpeMs TPOBEPKH (TecTUpoBaHus). HacTo mapameTpbl HAJIC)KHOCTH 3a/1al0TCS B
BUJIE COOTBETCTBYIOIUX CTATUCTHUYECKUX JTOBEPUTEIHHBIX HHTEPBAJIOB.

HeliponHble ceTH MOpPOAEMOHCTPUPOBAIM CBOIO CIIOCOOHOCTh pelaTh
COXHBIE 3amaui. OHU MMEIOT YHUKAJIbHBIC MOTEHIUAIBHBIE BO3MOXKHOCTH,
XOTSl HE CBOOOJHBI OT OTPaHMYEHUI W BOIPOCOB, Ha KOTOPHIE O CHX TOP HE

CYLIECTBYET OTBETA. Takas CUTyalusi HACTPAUBAET HA YMEPEHHBIN ONTUMU3M.
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I'nasa Il. OueHka HaIe’KHOCTH CETH HA OCHOBE HEHMPOHHBIX ceTeil

HanexxHocTh cucTeMbl 3aBUCUT OT OOJIBLIOTO YKciia (PAaKTOPOB, TAKUX KaK
CTPYKTYpa, anmapaTble y3ibl, 11O craHimii, 3arpy>K€HHOCTH KaHAJOB CBSA3H,
OPUPOJHBIN (aKTOphl, YeIOBEUYECKH ¢akTop W T.A. Tak Kak BHJ 3THUX
3aBHCHUMOCTEH HEM3BECTEH, TO CTaHAAPTHBIE METObl aHANIN3a HeI()(HEKTUBHEI B
3ajaue OLIeHKU HajaexHocTH. Kak mpaBumiio, 3Ta 3aada pemaercs SKCIepTaMu,
pabGoTatonmuMu B JaHHOM o6Osactu. HemoctaTkoM Takoro moaxoaa SBIISETCS
CyObEKTUBHOCTb OIICHIIMKA, a TakXe BO3MOXKHBIE pA3HOTJIACUS MEXIY

Pa3IMIYHBIMHA SKCIICPTAMMU.

Cucrema Ha OCHOBE HEHPOHHOM ceTH crocoOHa 3(PPEKTUBHO pEIIaTh
IIUPOKUN CHEKTP 3a7a4 00bEKTUBHOM OIleHKU.OOBIUHO, /1 YBEPEHHOM OIICHKH
OTBITHOMY OJKCIIEPTy HEOOXOAMMO TPOBECTH JOCTATOYHO MHOTO TECTOB H
y4ecTh (DaKTOphl, YTO 3aHMMaeT MHOro pecypcoB. CucreMa Ha OCHOBE
HEUPOHHOM CeTH CIIOCOOHA C TOM K€ JOCTOBEPHOCTHIO ONPEICTUTh HAIC)KHOCTh
CUCTEMbl B TEUYEHHE BCEr0 HECKOJbKUX MHHYT, MpUueM O0€3 ydacTus
KBaJIU(DUITMPOBAHHOTO MEPCOHAJIA.

B nmanHOWM T1aBe MPOBOAMTCSA  HKCCIENOBAaHHE MATEMaTUYECKOIO

oOecrieueHus HEWPOHHBIX CETEH, a TAK)Ke METO/Ibl UX 00yUEHHS.

1.Heiiponnbie cetn KoxoHnena.

HckycCTBeHHBIM HEMPOH MMUTHUPYET B TMEPBOM NPHUOIMIKEHUH CBONCTBA
Ouonoruyeckoro HelpoHa. Ha Bxol HMCKYyCCTBEHHOro HEHpOHA MOCTYHaeT
HEKOTOPOE MHOKECTBO CHUTHAJIOB, KaXKJbIA M3 KOTOPBIX SBISETCS BBIXOJOM
apyroro HedpoHa. Kaxnaplii BXOJ YMHOXKAETCS HAa COOTBETCTBYIOIIMHI BEC,
aHAJIOTUYHBIA CHUHONTUYECKOW CHJIE, U BCE IMPOU3BEIAEHUS CYMMUPYIOTCS,
Omnpenelisisi YpOBEHb AaKTUBAlMU HEHpoHA. MHOMKECTBO BXOJHBIX CHUTHAJIOB,
o003HayeHHbIX X1, X2,:, Xn, MOCTYMAaeT HAa HCKYCCTBEHHBIM HEUPOH. OTH
BXOJHBIE  CUTHAJIbl, B  COBOKYNHOCTH, OO0O3HauaeMble  BEKTOPOM X,
COOTBETCTBYIOT CUTHAIaM, MPUXOSIIMM B CHUHAICHI OMOJIOTMYECKOr0 HEMpoHa.

Kaxnpiii curHaa yMHOXXA€TCsl Ha COOTBETCTBYIOIIMKA Bec wl, w2,..., wn, u
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NOCTyNaeT Ha cyMMupyrommuid 6mok. Kaxapiit Bec cooTBeTcTBYeT "cuie" oaHoi
OMOJIOTMYECKON CHHONTHYECKON CBsI3U. (MHOXKECTBO BECOB B COBOKYIHOCTH
obo3navaercsa BektopoM W.) Cymmupyroniuid 00K, COOTBETCTBYIOIIUN TeTy
OMOJIOTMYECKOT0 3JIEMEHTa, CKJIaJbIBA€T B3BEIICHHBIE BXOJbI ajiredpanyecku,
c03/1aBasi BBIXO/I.

M cKyCCTBEHHBIE HEUPOHHBIE CETH — MATEMATHYECKUE MOJENH, a TAKXKE UX
IPOrpaMMHBIE WJIM annapaTHble pPeaM3allH, I[OCTPOECHHBIE MO MPUHLUITY
opraHuzali ¥ (QYHKIMOHUPOBAHUS OMOJIOTMUECKMX HEUPOHHBIX ceTed —
CeTel HEpPBHBIX KIETOK >XMBOTO OPraHW3Ma. OTO IOHSITHE BO3HUKIO IIPH
U3Y4YEHUU TPOLECCOB, MPOTEKAOIIMX B MO3re, U MPU MONBITKE CMOJIETUPOBATH
9Tu Tiporiecchl. [lepBoil Takol mombITKON ObLIM HEHPOHHBIE ceTH Makkajaoka u
[MutTca. BmnocnenctBum, 1mocie  pa3pabOTKU — aJITOPUTMOB  OOy4YEHHS,
MOJIy4a€Mbl€ MOJIEIN CTalIW HCIOJIb30BATh B MPAKTUYECKUX LEJSIX: B 3aJadax
POTHO3MPOBAHUS, AJIsl paclio3HaBaHUs 00pa30B, B 3a7a4ax yNpPaBICHUS U JIp.

HckyccTBeHHBIE HEHPOHHBIE CETH MPEACTABISIOT CO0OM  cucTteMy
COCIMHEHHBIX M B3aUMOJEHCTBYIOLUIUX MEXJYy COOOH MPOCTHIX MPOILIECCOPOB
(MCKyCCTBEHHBIX HEWpOHOB). Takue mpoieccopbl OOBIYHO JOBOJBHO MPOCTHI,
0COOEHHO B CpPaBHEHHMM C MPOLECCOPAMH, HCIOIb3YEMBIMH B IMEPCOHAIBHBIX
KoMmmbioTepax. Kaxaplii mporeccop MoJ00HOM CETH HMEET JIeJI0 TOJBKO C
CUTHAJIaMH, KOTOPBIE OH MEPUOJANYECKH IOITY4YaeT, U CUTHAJIIAMHU, KOTOPBIE OH
NEePUOJIMYECKH TOChUIAeT JApYruM mpoueccopam. M tem He meHee, Oymydu
COCIUHEHHBIMU B  JOCTaTOYHO  OONBIIYIO Ce€Th €  YIPABISAEMbBIM
B3aMMOJICHCTBHEM, TaKHe JIOKAJbHO MPOCTHIE MPOLECCOPhl BMECTE CIHOCOOHBI
BBINIOJIHATH IOBOJIBHO CJIOKHBIE 3a]a4H.

CymiecTByeT MHOTO Pa3HOBHIHOCTEH HEHPOHHBIX CceTei, HO Haunbosee
pacnpocTpaHeHHbIMU  sIBJIsItOTCsT  ceT  Koxonena, Xondwuiga, oOpaTHOTO
pacnpocTpaHeHuUsl OLIUOKH.

Jlist mpuMeHeHus HeUpoHHBIX ceTeld KoxoHeHa B 3amadax KiaccupUKaIUu
TpebyeTcsi Hekotopas (popmanuzanus. Kaxapiii 0ObEKT, KOTOpbIA TpeOyeTcs

Kiaccu(uIpoBaTth, TPEACTABIACTCS B BHJE  HEKOTOPOTO  BEKTOPA,
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IIOJAIOIIETOCS HA BXOJ HEUMPOHHOU ceTh. KoamyecTBO HEHMPOHOB BO BXOJHOM
CJI0€ OIpenensaeTcs KOJIMYECTBOM KOMIIOHEHTOB 3TOr0 BXOJHOI'O BEKTOpA.

KomnyectBo ke BBIXOAOB OIIPCACIACTCA KOJIUYCCTBOM KJIIACCOB, T.C€. CCJIH

BCETO M

KJIACCOB, TO KOJMYECTBO HEHPOHOB B BBHIXOJHOM CIIO€ TOXKE OyAeT M
Takum 006pa3oM, KaxAbITHEHPOH B BHIXOJJHOM CJIO€ «OTBEYAET» 3a CBOM KIiacc.
3HaueHus, KOTOpbI€ NPUHUMAIOT HEHPOHBI B BBIXOJHOM CJIOE€, OTOOpa)aroT
HACKOJIBKO BEKTOp KJIACCU(PUIIUPYEMOTO 00BEKTa Ha BXOJIE OJIM30K, 10 MHEHUIO
HeliponHol cetn KoxoHeHa, K TOMYy WIM HHOMY Kiaccy. Yem Oosblie
«YBEPEHHOCTBY», UYTO OOBEKT MPUHAUICKUT K TOMY HIM HMHOMY KIIAcCy, TEM
OoJpIIe 3HAYEHUE NPHUHUMAET HEMPOH COOTBETCTBYHIOLIEro Kiacca. MHoraa
IPUMEHSAIOT CIEUUANbHYI0 (YHKLUHIO aKTHBALMIO, KOTOpas JENaeT CyMMY
BBIXOJIOB CO BCEX HEMPOHOB PABHOM €IMHMIE. B TakoM cilydyae Ka)KIbli BBIXOJ
MOKHO TpaKTOBaTh, KaK BEPOSTHOCTh TOIO, YTO OOBEKT IPHUHAJIEKUT K
JAHHOMY KJI1accy.

CToUT OTMETUTb, YTO CYLIECTBYET WM Oojee mpocTas peaau3anus
HelipoHHOU ceTn KoXxoHeHa, KoTopasi Ha3bIBaeTCs «I00equTeNb 3a0MpaeT BCey.
B TakoM ciyyae Ka)KIblii HEMPOH BBIXOAHOTO CJI0S1 MOXKET IPUHUMATh 3HAYCHUE
a10o HOJb, 1100 enuHuna. [Ipu 3TOM A7 OJHOTO BXOJHOTO BEKTOpA €IUHHULIE

MOXET ObITh PaBeH OJAWH M TOJHKO OJWH HEMPOH BBIXOJHOTO CJIOS, T.€. OJMH

00BEKT HE MOJKET OTHOCUTBLCS Cpas3y K IBYM KJIaCCaM.

2.CeTH BEKTOPHOI0 KBAHTOBaHMS, 00y4aeMble ¢ yUUTeIeM

Henponnas cerb KoxoHeHa - 3TO IIMPOKUM KJIACC CETEM, HACUUTHIBAXOLINN
HECKOJIBKO  JICCATKOB  pealu3ainuid, OOBEeIUHSAEMBbIH OOIIMM  TE3HCOM
"[To6eautens momydaeT Bce". CeTh oOydaercs "0e3 yuutens': mpocMaTpruBaeTCs
BXOJIHAsl BHIOOPKA BEKTOPOB M BBISABISIOTCSA 3aKOHBI WX pacmpeneneHus. CeTb
KoxoHeHa ucmoap3yeTcs I perieHns ABYX 3a7a4: HauIydIlel KBaHTHU3alu:d
BBIJICJICHUS TJIABHBIX KOMITOHEHT. B 3TOM KauecTBe OHa MOKET MCTOJIb30BaAThCS
CaMOCTOSITEILHO WJIM € B KadecTBE IEPBOTO CIIOSI CETH OoJiee CIIOXKHON

apxuTeKTyphI (Hanpumep, cetu Koxonena-I'poccoepra).
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Cnoit KoxoHeHa COCTOMT M3 HEKOTOPOIO KOJHMYECTBA 1t MapalIeIbHO
JCUCTBYIOIIMX JIMHEUMHBIX AJIEMEHTOB. Bce OHM MMEIOT OJMHAKOBOE YHCIIO

BXOJOB 11l 1 TIOJYYarOT Ha CBOM BXOABlI OOAWH MW TOT XK€ BCKTOP BXOJHBIX

curnanos & = (T1,--Tm), Ha Brixome Jro nuHeiiHOro dieMenta HOJTy4aeM

CHUTHAIT
T
Y; = Wio + Z Wi T,
=1
rne Wit —  BecoBoit  ko’dduuumeHt iro  BXoja Jro  Heiipona, Wi0 —

MOPOTOBbIN KOA(DPUIIUEHT.
[Tocne mpoxoxkaeHUs CIOST TMHEWHBIX 3JIEMEHTOB CUTHAIIBI TIOCHIIAIOTCS Ha
00paboTKy MO TpaBWIy «MMOOETUTENh 3a0MpaeT BCE»: CPEAN BBIXOIHBIX

i o Jmax — arg lﬂﬂx{yj}
CHUTHAJIOB <.1 NIIICTCA MaKCHUMAaJIbHBIN, €ro HOMep N .

OKoHYaTEeNbHO, HA BBIXOJIE CHUTHAJI C HOMEPOM Jmax paBEH €IUHMUIIE,
OCTajbHbIE — HYyJI0. Ecim MakcuMyM OJHOBPEMEHHO JOCTUTaeTCs IS
HECKOJBKHX Jmax, TO JHOO TPHUHUMAIOT BCE COOTBETCTBYIOIIUE CHUTHAJIBI

pPaBHBIMU €AWHHUIIE, TUOO TOIHKO MEPBHIN B CIIUCKE (TI0 COTTIAIICHUIO).

SR KB
§ / " ._' " HE}, veey 77
:"." 7N KoxtHena

Puc. 7. Heiiponnas cetb Koxonena
Bonbmioe pacnpoctpanenue mnoiydwin ciod KoXxoHeHa, MOCTPOECHHBIE

CIEIYIOIUM  O0pa3oM:  KaXIAOMY (jMy) HEHUPOHY  CONOCTABIAETCSA
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W, =

rouka Wi = (Wjt, - Wjm) g 1M.-MEPHOM IPOCTPAHCTBE (IPOCTPAHCTBE

curHanoB). Jlas  BXogHOro  Bekropat = (Z1, T JppmumcismioTes  ero
€BKIIMIOBLI PACCTOSHUS pilz) 0 TOYEK W; u «6mmxaiimmit HOJIy4aeT BCE» —
TOT HEHPOH, I KOTOPOrO 3TO PACCTOSHME MMHMMAIILHO, BBIAAET €IMHMILY,
ocTanbHble — Hyad. CIeayeT 3aMeTHTh, 4YTO JJIs CPaBHEHMS PACCTOSHUM
JOCTaTOYHO BBIYUCIIATH JTUHEHHYIO (DYHKIIUIO CUTHAJA!

m
2 2
* —2) wuz + |7

i=1

pi(x)” = |z = Wi|* = [[W;

371€Ch ||EJr || - EBkiinioBa yiMHA BEKTOpA:

lyll* = > v

2
[locnennee cimaraemoe [&d| OJIMHAKOBO ISl BCEX HEUPOHOB, MOATOMY IS
HaXO0XJEHUs OiMKailedl TOYKM OHO HE HY)KHO. 3ajlada CBOJUTCS K IOUCKY

HOMEpPA HanOOJIBIIIETO U3 3HAYCHUHN JTHHEHHBIX ()YHKITHIA:
L 1
Jmax — aTg “1;_3'3 Z Wiy — 5”“’3‘
i=1

| 2

TakuMm 00pasoM, KOOPAUHATHI TOYKU Wi = (wj1, - Wjm) COBIMAAAIOT C
BECaMM JIMHEMHOro HelipoHa cinos Koxonena (IIpy 3TOM 3HaY€HHE IOPOrOBOIO
kos(dummenta Wio = —|[W; 1/ 2y
W; =

(wit, '"”*"Jm), TO 11.-MEPHOE IIPOCTPAHCTBO

V-

1.

Ecnn 3aJaHbl TOYKH
p8.36I/IBaCTC}I Ha COOTBCTCTBYIOIINC MHOI'OI'PaHHUKH BOpOHOFO-I[I/IpI/IXJ'IC

MHOTOTPAHHHK Vi coctour ns TOYEK, KOTOpbIE OJIMKE K W; , 9eM K JIPyTUM Wi (
k # J)

33}13}13 BCKTOPHOI'O KBAHTOBAHUA ck KOOOBBIMHM  BCKTOPAMH

Wi nna
3aJAHHOM  COBOKYITHOCTH BXOJHBIX BEKTOPOB.S CTaBUTCA KaK  3ajaya
MHUHHUMHU3ALUK UCKAKEHHS TTPU KOJUPOBAHUH, TO ECTh TIPU 3aMENIEHUH Ka’KI0T0
BEKTOpa M3 .S COOTBETCTBYIOIIMM KOJOBBIM BEKTOPOM. B 0a30BOM BapuaHTe

cereit KoxoHeHa HCIIOJIB3YCTCA MCTOJ HAMMCHBIINX KBAJ[PpATOB U UCKAXKCHUC D

BbIUKCIIAETCS 110 hopMyIIe:
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k
D=3 3% llz-Ww’

j=1zekK;

K

j COCTONT W3 Tex Todek T € S, koTopble OmmKe ij, yeM K

K

j COCTONT W3 TeX TOouek & € 5,

rjae
IpYTUM Wi (‘E 7 j). JIpyrumMu  CIIOBaMH,
KOTOPbIE KOAUPYIOTCA KOJIOBBIM BEKTOPOM W

Eciau cOBOKYMHOCTB S 33JJaHa U XPAHUTCS B MaMSTH, TO CTAaHAAPTHBIM
BBIOOpOM B OOy4eHHH COOTBeTCTBYIoleH ceTu KoxoHnena spisiercss meton K-
CPEIHHUX. DTO METOJI PACILEIIIICHUS:

NPy JTaHHOM BBIOOpE KOJOBBIX BEKTOPOB (OHM K€ BECOBBIE BEKTOPBI
CETH) H’j MUHHAMHM3aIMeR [) HaX0aMM MHOKECTBa ﬁj — OHHU COCTOHUT H3 TE€X
S W; W-
TOYEK T € O, KOTOphIe Oke K ' j, 9eM K apyrum ¥Vi;
IpH JTaHHOM pPa30HMeHHU S Ha MHOXKECTBA fii MuHUMHA3anMen [J) Haxoaum

ONTUMAJIbHBIEC TO3UIMU KOJOBBIX BEKTOPOB W JJIs. OLEHKU IO METOIy
HAaUMEHBIIUX KBaJAPATOB 3TO MPOCTO cpez[HHe apudmeTnyeckue:

ZI

el

W; =

J

rIe | Kj Kj .

Hanee urepupyeM. DTOT METOJ PACHICIUICHUS CXOAWUTCS 32 KOHEYHOE
YHCIIO MIArOB U TAET JOKATBHBIH MUHUMYM HUCKaKCHHUS.

Ecnu ke, HanpuMep, COBOKYITHOCTh S 3apaHee He 3a/laHa, WM 110 KaKUM-
nu00 TPUYUHAM HE XPAHUTCS B MAMSTH, TO IMIMPOKO HCIIONB3YETCS OHJIAHH
MeToZl. BeKTopbl BXOJHBIX CHUTHAJOB I 00pabaThIBAlOTCA IO OJHOMY, JIst

KKJIOr0 W3 HHUX HAxXOAMUTCS OJVMIKaWIIUA KOJOBBIM BEKTOp («IMOOETUTENbY,

KOTOPBIM «3a0upaer BCEN) Wi(). Tlocne sroro JAHHBI KOJIOBBIA BEKTOP
NepecYnTHIBAETCS 10 hopmyIie

WIS = Wis (1 - 6) + 6,

ilz) ilz)

0 e

rac (D‘ 1)— mar 06yquI/151. OcTtanbHbIe KOIOBBIC BCKTOPbLI Ha 3TOM

mare He NBMCHAIOTCA.
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Jlnst  obOecrieueHnss CTaOWIBLHOCTH MCIOJIB3YeTCS OHJIAWH METOJ C

3aTyXaroleld CKOPOCThIO 00y4YeHUs: eciii I — KOJIMYECTBO MIaroB oO0ydeHUS,

to monaraior ? = (7). CDyHKuI/I}om:T) > 0 ppiGupator  TakuMm  06pasom,

S 0(T)

uro6e H(T) =+ 0 vonorommo npu I — 00 1 4TOOHI P T=1 pacxoauics,
Hanpumep, 0(T) = 0o/ T

BekTopHoe KBaHTOBaHUE SIBISIETCS HaMHOTO Oosiee oOIIed orepanue,
YyeM KJIacTepu3alusi, MOCKOIbKY KJIACTephl JOKHBI OBITh Pa3/eeHbl MEXITY
co0O0H, TOorma Kak COBOKYIHOCTHU K; JUISL Pa3HBIX KOJIOBBIX BEKTOPOB Wi he
00s13aTeNBHO MPEACTABISIIOT cO00M pa3zaenbHble kiaactepbl. C Ipyroil CTOPOHSI,
OpU HaJUYUM PA3JEISIOIUXCS KJIACTEPOB BEKTOPHOE KBAHTOBAHUE MOXKET
HAXOJIUTh UX U MO-Pa3HOMY KOJIUPOBATh.

Hampumep: Pemraercs 3agada knaccudukanmu. Yuciao KIaccoB MOXKET
ObITH M0OBIM. MI310%UM anroput™ s AByX kiaccos, A u B. HcxomHo mis
00y4YeHHUs] CHUCTEMbI MOCTYMAIOT JaHHBIE, KJIacC KOTOPBIX HM3BECTEH. 3ajaya:

A
HalTH 1 Kimacca A HekoTopoe KomuuecTBo KA KOOBBIX BEKTOPOB Wj , a JJIs
kinacca B Hekotopoe (BO3MOXKHO Tpyroe) KoJmuecTBO KB Kom0BBIX

wpe

TakuM 00pa3oMm, 4ToObl uUTOroBas cerb KoxoHeHa cka+kn

W wp

1 (oObeauHsieM 00a ceMelcTBa) OCYIECTRIsIIA

BEKTOPOB

KOJIOBBIMH BEKTOpamMu
KJIACCU(PUKALIMIO 110 CIEAYIOUIEMY PEIIAOIIEMY IPABUITY:
€CJIM JIsi BEKTOpPA BXOJHBIX CUTHAJIOB X OJIMDKAWIINKA KOJOBBIA BEKTOD
(«mmobenutenb», KOTOophlil B cinoe KoxoHeHa «3a0upaeT BCE») MPUHAMIEKUT
A
{“’j }

CEMENCTBY , TO T mpuHaIexuT knaccy A; ecnu sxe Ommkaimmii K

7B
KOJOBBI  BEKTOp IPUHAMICKUT CEMEUCTBY {W, }, TO &' TIPUHAJIICIKUT
kiaccy B.
C  KaxaplIM  KOJOBBIM  BEKTOPOM  OOBEAMHEHHOTO  CEMeicTBa

(W u{w?}

CBA3aHMHOTOrpaHHUK Boponoro-Jupuxie. OO003HauuM 3TU

A
7

MHOTOIPaHHUKH : cooTBeTcTBeHHO. Kinacc A B mpocTpaHCTBe CUTHANOB,
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A
CorjlaCHO pfmaromcMy IpaBuily, COOTBETCTBYCT O6’bC,Z[I/IHCHI/IIO U-"'D.r]' , a

B
xinacc B cootBercTByeT 00benHeHMHIO I Vi I'eometpust Takux 0OBETUHEHUIA
MHOTOTPAaHHUKOB MOKET OBITh BechbMa CJIOXHOU (cM. Puc ¢ mpumepom

BO3MOKHOTO pa30MEHUs Ha KJIACChl).

4

Puc 8. Paznenenus npoctpanctBo BopoHoro-/lupuxiie Ha aBa Kiacca

[IpaBuna oOy4yeHUs! CETH OHJIAWH CTPOUTCS HAa OCHOBE 0Aa30BOrO MpaBuia
00y4eHHs] CEeTH BEKTOPHOIro KBaHTOBaHMS. IlycTh Ha BXOJ CHUCTEMBI MOAAETCS
BEKTOp CHUTHAJIOB ', KJacc KOTOporo u3BecTeH. Ecnm oH kiaccuduuupyercs
CHCTEMOW TPABWJIBHO, TO COOTBETCTBYIOIIMU X KOJMOBBIN BekTop M cnerka
CIIBUTaeTCsl B CTOPOHY BEKTOpa CUTHAJIA («ITOOIIPEHUE )

WY = W (1 —6) + 26,

Ecnu ke x xnaccupuuupyercss HENpaBUIbHO, TO COOTBETCTBYIOIIMH &
KoZoBbIH BekTop W citerka caBuraercss B MPOTHBOIIOJIOXHYIO CTOPOHY OT
CUrHaja («HaKa3aHue»)

W = WM (1 4 9) — 26,

rne @ € (0,1) — oy oOyuenus. Jlna oOecrneyeHus CTaOMIBHOCTH
UCIIOJIB3YETCSI OHJIAH METOJT C 3aTyXarolIe CKOPOCThI0 00ydeHuss. Bo3MOXKHO
TaKk)K€ WCIOJIB30BAHUE pA3HBIX IAroB Ui «IOOIIPEHUS» MPaBHUIBHOTO

PCIICHUA U OJIA «HAKAa3aHWA» HCIIPABUIIBHOI'O.
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3.3amauu A5 peaju3anid MeTOAa

3amayeil JMaHHONPAOOTHI SIBISETCS CO3JaHHE METOJOB  aJIrOPUTMOB

OOCHKKM HAaACKHOCTH TCJIICKOMMYHHUKAIIMOHHBIX CeTeM C MCOOJIb30BAaHUEM

HelpoceTeil. [l ee BbImosHEHUs Obliia BhIOpaHa HelipoHHas ceTb KoxeHeHa.

Jlig pemueHus 3ama4uu::

1.

Pabora ¢ maHHbBIMH

CocTaBuTh 0a3y JIaHHBIX U3 IPUMEPOB, XapaKTEPHBIX JJIsl JAHHOH 3a7aun

Paz0uTh BCIO COBOKYITHOCTh JIaHHBIX HA JIBA MHOXECTBA: 00yJaromiee 1
TECTOBOE (BO3MOXKHO pa3OMeHne Ha 3 MHOXKECTBA: 00y4arolee, TECTOBOE
Y TIOATBEPKIAIOIIIEE).

[IpenBaputenbHas oOpaboTKa

BeiOpathb cucteMy MpU3HAKOB, XapaKTePHBIX JUIsl JaHHOH 3a/1a4H,

U IpeoOpa3oBaTh JIaHHBIE COOTBETCTBYIOIIMM 00pa3oM /ISl OJa4M Ha

BXOJ] CETH (HOPMHUPOBKA, CTaHJapTU3alus 1 T.1.). B pe3ynbrate
KeJaTelIbHO MOJyYUTh IMHEHHO OTJEIsIEMOE MPOCTPAHCTBO MHOKECTBA
00pasIos.

Bri0Oparth cucteMy KOAUPOBAHMS BBIXOJAHBIX 3HAYCHUH .
KonctpynpoBanue, 00yueHHe U OlICHKAa Ka4eCTBa CETH

BriOpaTh TOMONOTHIO CETH: KOJTMYECTBO CIOEB, YNCIIO HEUPOHOB B CIIOSX
U T.J.

BriOpaTh QYHKIIHMIO aKTUBAIIUKU HEUPOHOB (Hampumep "curmounya')

BriOpaTh anroputm o0ydeHUs CeTH

O1eHUTh KauecTBO pabOThI CETH Ha OCHOBE MOATBEPIKIAIOIIETO
MHOYECTBA WX IPYTOMY KPUTEPHUIO, ONITUMH3UPOBATH APXUTEKTYPY
(YMEHBIIIEHHE BECOB, IPOPEKMBAHUE ITPOCTPAHCTBA MTPHU3HAKOB)
OcTaHOBHTCS Ha BAPHAHTE CETU, KOTOPBI 00ECTICUNBACT HAMITYUIITYIO
CHIOCOOHOCTH K OOOOIIEHHIO U OIICHUTh Kaue€CTBO PAOOTHI [0 TECTOBOMY
MHOXECTBY

Hcnomnb3oBaHue u AUAarHoCTHKa
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— BbIsicHUTH CTETIEHb BAUSHUS Pa3TUIHBIX (DaKTOPOB HA MPUHUMAEMOE
perieHue (3BpUCTUYECKUN TTOAXON).
— Y06eauTcs, 4To CeTh AaeT TpeOyeMyI0 TOYHOCTh Ki1acCupUKaIUU (YUCTIO

HEIPaBUILHO PACIIO3HAHHBIX PUMEPOB MaJIo)

— Tlpu HEeoOXoaMMOCTH BEpHYTCS Ha 3Tal 2, U3BMEHHUB CTII0CO0

MPEICTaBIICHUS 00PA3I[0B WK U3MEHUB 0a3y JaHHBIX.

— TIpakTH4eCcKH UCTIOJIB30BaTh CETh IS PEIICHHMS 3aa9H.

Jlns TecTUpoBaHUSA CO3JaHHOTO Kjacca Oyner coszmaHo Windows-
MPWIOKEHUE C HMCIOJb30BAaHUEM BU3YalbHBIX KOMIIOHEHTOB. TecTupyromas
porpamMma J0JKHA OCYIIECTBIIATh BBOJI TEKCTOBOW MH(pOpMalu 13 (aiina u ¢
KJIAaBUATYPhl, a TaKKe BBOJ TMapaMeTPOB HEHPOCETH: KOJIMYECTBO DIOX
00y4eHMs, KOJIMYECTBO HEUPOHOB CKPBITOTO CIJIOS, MOMEHT U KOd(DpuImeHT

00yueHus.
4. @opmMupoBaHUEe BXOJAHBIX TAHHBIX J1JI1 HCHPOHHOM CeTH.

JIJIsi MTOHUMaHKST METOJIOB aHajM3a U CHHTE3a HEOOXOIUMO ONPEISTUTh
bakTopsl, BIIMSIONIINE Ha  HAJEKHOCTh CC.Ananus MIPOLIECCOB
(GYHKIIMOHUPOBAHUS CETEH CBS3M MO3BOJSET OTHECTU K YUCITY Takux (akTOpOB
CJIeIYIOLME TOTOKHU:

— OTKa30B M BOCCTAHOBJICHUN TEXHUYECKUX CPE/ICTB;
— 3asBOK Ha ucnois3oBanue CC (3arpy>XK€HHOCTb);

—  ©CTeCTBEHHBIX TIOMEX;

— HCKYCCTBEHHBIX TIOMEX;

—  pa3pylarnMX UCKYCCTBEHHBIX BO3ICHCTBUI;

— ommboKk nporpammuoro obecneuenus CC;

— OTKa30B, BBI3BAHHBIX JIEATEILHOCTHIO YEIOBEKA;

— OTKa30B, BbI3BAHHLIX ITPUPOAHBIMU SIBJICHHUAMMU.

JIns OIleHKM 3HAYMMOCTH TOW WJIM HWHOW Tpynmbl (GakTopoB Oyaem

HCIIOJIB30BATh PE3YJIbTATbl CTATUCTHYCCKOI'O dHalInM3a HWHTCHCHBHOCTH U
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MOCNEACTBUM OTKA30B, BBI3BAaHHBIX OSTUMH (akTopamu (cM. Tabm. 2.1), Ha

IpUMepe BBICOKOABTOMATU3UPOBAHHON IIUPOKOMACIITAOHOW pacipeneIeHHON

CC CIHIA PSTN (PublicSwitchedTelephoneNetwork).

Tabnuna 1.
Pacnipenenenne otka3os B cet PSTN.
0JIs1 oT
. [Torepu
o011ero
['pynmna daktopos N10JIb30BATEIb-
KOJINUECTBA

CKOro BpeMeHH, %
0TKa30B, % p ’

OTKa3bl TEXHUYECKUX CPEJCTB 19 7
Ileperpy3ku cetu 6 44
Ommm6xu [10 14 2
Ommbku nepcoHana 25 14
Bannamusm 1 1
HCI‘[pCI[HaMCpCEIHa}I pa3pylMTeNbHas 24 14
NEeSTEeIBHOCTD JII0IeH
[IpuponHbie siBIECHUS 11 18

Xapaktep otkazoB TexHudeckux cpeactB CC  u  OOBIYHBIX
PaZMOAIEKTPOHHBIX CHUCTEM WJAECHTUYEH. BiusHuME NOCTENEHHBIX OTKAa30B,
BBI3BaHHBIX BO3JECHCTBUEM TaKMX (AKTOPOB, KaK HECTAaOWMIBHOCTh IMHUTaHU,
TEIJIOBbIE BO3JIECUCTBHS, BIIAXKHOCTh, IEpENajbl NABJICHUS, 3albUICHHOCTb U
arpecCUBHOCTb CPENbl, KOMIIEHCUPYETCS KOHCTPYKTHBHBIMU METOJAaMHU IIpH
CO3JJaHUM YCTPOMICTB M HCIIOJIb30BAHUEM CIIEHMAJIBHBIX 3aIUTHBIX YCTPOWCTB
(cTrabmnu3atopbl, TEpPMOCTaThl, 3KpaHbl). Takum 00pa3oMm, NpH OILICHKE
nokazareneid HajgexHoctu CC ciaenyeT ydyuThIBaTh TOJIBKO NMOTOKH BHE3AIHBIX
oTka30B. Cpey BHE3aIHBIX OTKA30B BBLACISAIOT YCTOWYUBBIE OTKA3bl U COOH, TO
€CTh KPaTKOBPEMEHHBIE CAMOYCTPAHSIOIIMECS OTKA3BI.

Jlist ydera xapakTepucTuk mnotoka cOoeB anemeHTa CC 10CTATOYHO

HCIIOJIb30BATh MHTCHCUBHOCTDL 3TOI'0O IIOTOKA, a JJIA y4CTa IMOTOKA YCTOfIQHBBIX
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OTKa30B M TOTOKAa BOCCTAHOBJIICHUW CJEIyeT HCIONb30BaTh Ko3(hduIreHT
TOTOBHOCTH W WHTEHCHUBHOCTh OTKa30B JHOO cpeaHee BpeMsi HapaOOTKH Ha
OTKa3 U CPEAHEE BPEMs BOCCTAHOBJIEHUS TeXHHUeCcKuX cpeacts CC.

OtmeruM, uyto mosib3oBaTemo CC Oe3pa3nuyHO, YeM BBI3BAH OTKa3 B
00CTy>KMBaHUM €ro TpeOOBaHUSI HA YCTAHOBJICHHE CBS3M - OTKa30M 3JIEMEHTOB
CC wimm uxX 3aHATOCTBIO OOCHyKHMBaHHEM Jpyrux 3asBoK. COBpEeMEHHBIC
Meroabl aHanu3a CC MO3BOJSIOT YYMTHIBATH 3aHATOCTH 3jeMeHTOB CC mpu
OLIEHKE MOKa3aTeNel ee HaAeKHOCTH.

Yame Bcero HEUTpanu3alus BIUSHUSA IMOTOKA E€CTECTBEHHBIX IOMEX
JIOCTUTAeTCs  IyTEM  BBEJIEHUS  BpEeMEHHOW uiu  MHGOPMALMOHHON
M30BITOYHOCTH, JIUOO MPUMEHEHHEM MOMEXO0YCTOMUYMBOTO KOAUPOBAHUS, JTHUOO
MHOTOKpPATHOH Iepeaadyei CoOoOIIeHHs (UTO MOXKHO pacCMaTpUBaTh TaK )K€, KaKk
NPUMEHEHUE CBOEOOPA3HBIX IMOMEXOYCTOMYMBBIX KOJOB). BiusHue »TOro
(dakTopa y4HMTHIBAETCA MYTEM COOTBETCTBYIOIIETO YBEIMYEHHUS IJIUTEITHLHOCTH
CeaHca CBSI3U C IMOCJIEAYIOIHUM HCIOJb30BAHUEM 3TOTO 3HAYEHUS MPU pacyeTe
BEPOSITHOCTU MOJICPHKAHUS CBSI3U.

XapakTepHble OCOOCHHOCTM BO3JEUCTBUS TIOTOKAa HMCKYCCTBEHHBIX
NMOMEX TMO3BOJISIIOT pacCMaTpuBaTh HCKYCCTBEHHYIO IOMEXYy, Kak cOoif
JJIEeMEHTa, W YYUTHIBaTh BIUAHHME H3TOro (akropa Ha HAACKHOCTHBIE
xapaktepucTuku CC aHaJIOrM4HO croco0y ydeTa cO0eB TEXHUUYECKUX CPEICTB.

XapakTepHbIMU  JUIsI  BO3JEHCTBHUS ~ TOTOKOB  MCKYCCTBEHHBIX
pa3pymaInX BO3JCUCTBUIN SBISIOTCS: TOJHAS TMOTEPs] pabOTOCIIOCOOHOCTH
anementa CC, TOABEPKEHHOIO 3TOMY  BO3JEHWCTBHIO;  BO3MOXHOCTb
OJIHOBPEMEHHOTO MOBPEXKICHUSI HECKOJIBKUX 3JIEMEHTOB; YCTOMUUBBINA XapaKkTep
NOBPEXKJECHHSA, TO €CThb OTCYTCTBHE CAMOBOCCTAHOBJICHUS JJIEMEHTA IOCHE
OKOHYAHMSI  BO3JCHCTBUSA; BOCCTAHOBJIEHHWE JJEMEHTa IOCJI€  TaKoro
BO3JICUCTBHUSI BO3MOXKHO TOJBKO IIyTEM €ro PEMOHTA WU 3aMEHBbl. OTH
OCOOCHHOCTH  aHAJOTMYHbl  YCIIOBUSIM BO3HUKHOBEHUS U  yCTpaHEHUs

YCTOMYMBBIX OTKAa30B 3a HCKJIIOYEHHEM BBICOKOW KPaTHOCTH HapyLICHUN

o1



paboOTOCIIOCOOHOCTH  3JIEMEHTOB, OOJBIIETO0 BpPEMEHHU BOCCTAHOBIEHUS U
3aBUCUMOCTH OTKA30B 3JIEMEHTOB JPYT OT Apyra.

[Ipupoga ommbok mnporpamMmmuoro obecnedenuss CC  CyliecTBEHHO
OTJIMYAETCS OT MPHUPOJIBI 0TKa30B TexHuueckux cpeAactB CC. Ha xomuuecTBo u
KaueCTBO OLIMOOK MPOrpaMMbl B OCHOBHOM BJIMSIIOT CyOBEKTHUBHBIE (PAKTOPHI.
[TosTomy otka3 IIO - 3To coObITHe, 3aKiIOYalomieecss B IPOSBICHUU, MPU
OTIPEJICIICHHBIX TTOCJICIOBATEIHLHOCTSIX BXOAHBIX JAHHBIX, TEX OMTUOOK, KOTOPHIC
ObLIM onyiieHbl npu pa3padotke [1O 1 He BBISBICHBI PU €r0 TECTUPOBAHUU.
B 10 xe BpeMs 0TKa3 TEXHUYECKUX CPEJCTB - OTO COOBITHE, 3aKITFOYAIOIIEECs B
U3MEHEHUU €ro MapaMeTpoB M NPUBOSIIEEe K IMOTepe pabOTOCTIOCOOHOCTH.
BTtopoe cyiecTBeHHOE OTIMYHME COCTOUT B TOM, YTO MPOrpaMMa HE CTapeeT, TO
€CTh C TEYCHHEM BPEMEHH KOJIMYECTBO OMHKMOOK B TpOrpaMMme He
YBEJIMYMBACTCS, @ MOXKET TOJBKO YMEHBIIATHCS B PE3yJbTaTe UX OOHAPYKEHUS
U ycTpaHeHus. [[pyrue oTiuuus: eciiv omubdKa mporpaMMbl UCKITIOUEHA, TO OHA
Oonpilie B HEW HE MOSBUTCA;, MPEIBAPUTEIBHBIA aHAN3 BIHMSHUS OIIMOKH
MPAKTUYECKA HEBO3MOXKEH M3-3a OOJIBIIOTO YMCIia CIIOCOOOB BIMSIHUS OLIMOKH
Ha TOBeJieHUE TporpamMmbl. KoJWYeCTBEHHBIM TIOKa3aTelieM KOPPEKTHOCTH
MpOTpaMMbl  SBJISIETCS YHUCIO OHIMOOK, OCTaBIIMXCA B MpOrpamMme TOcIie
3aBEpIICHUS OTJIAJIKM M TecTHpoBaHUA. [lo aHamormm ¢ KOJWYECTBEHHBIMU
MOKa3aTeNIMA O€30TKa3HOCTH TEXHUYECKUX YCTPOWCTB HCIOJB3YIOT TaKXKe
BEPOSTHOCTh 0E€30TKAa3HOW pabOTHl MpPOrpaMMbl Ha HMHTEpPBAJiE BPEMEHU M
WHTEHCHUBHOCTD MTOTOKA OIIHUOOK.

OTka3bl, BBI3BAHHBIC JIEATEILHOCTHIO YEIOBEKA, MOXKHO pa3/einTh Ha
OTKa3bl, BbI3BAHHBIC JCATEILHOCTHIO OOCITYKHMBAIOIIETO MEepcoHaNa, U OTKa3bl,
BBI3BaHHBIE JIEATEILHOCTHIO APYTHX JHOJIEH.

IlepBasi rpymnma oTkKa30B OOyCJIOBJIEHa OIIMOKAaMHU TIEPCOHAIA TIPU
skcruryatanuu CC. Mx xapakTep U MHTEHCUBHOCThH CYIIECTBEHHO 3aBHUCST OT
ypoBHsi aBToMaTtuzanuu npoieccoB ynpasiaeHus CC. IlpumenurensHo k CC
PSTN oTka3pl 93TOH Tpynnbl BbI3BIBAIOTCS  CIAEAYIOUIMMH  OIIMOKaMM:

OKCIUTyaTalliil ¥ PEMOHTa Kalesei, CUCTeM MHUTAaHUsI, TEXHUYECKUX YCTPOUCTB,
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KOHTPOJISI TMHTAaHWs, WCIOJb30BaHUS HE TE€X BEPCHA MIPOrPAMMHOTO
obecrieueHrs; HEKOPPEKTHOW WHCTAJULIIUN W OMNpeAeTeHus] KOH(pUrypamum
IporpaMMHOro oOecrieyeHus:i (UCKIItoYas OIIMOKH, BHOCHUMBIE B TEKCTHI
mporpamMm); HEBEPHOTO BBOJA naThl. BTopas rpymma OTKa30B 00yCIOBICHA
npegHaMEepeHHON (BaHAAIM3M) M HENpeIHAMEPEHHOW pa3pyIIUTEILHON II0
otHomeHHI0 K CC neaTenbHOCThIO JTH0/IeH, He sBisitommxcst nepconaniom CC,
KOTOpasi TMPOSIBISIETCS B HAPYIIEHWW IEJIOCTHOCTH Kabene u Jpyroro
000py/IOBaHUs  BCIEJACTBHE KaTaCTpOPUUYECKUX COOBITUM (B OCHOBHOM
aBTOMOOUJILHBIX aBapuil).

K orkazam, BbI3BaHHBIM TPHUPOAHBIMHU  SIBICHUSIMU, OTHOCSTCS
MOBPEXKJICHUs Kabelel, CHCTeM NMUTaHUS W APYTHX YCTPOMCTB JKMBOTHBIMU, a
Tak)Ke MOJHHEH, yparanamu, 3eMJICTPSICCHUSIMHA W HABOTHCHUSIMH.

BbIX0IHBIMU KJIacCaMH MBI MOKEM YCIIOBHO pa3/IeiuTh Ha 5 uiu Oosee
JTMCKPETHBIX Kiacca st metoaa «[loGeaurens 3adupaeT Bcey.
Bce BxoaHbIe mapaMeTphl MPUBOIATCS K MHTEpBay OT 0 . . 1 B 3aBUCUMOCTH

OT MPEJIeTIOB JAHHOTO (paKkTopa.

5. KoncTpyupoBanue, 00yyeHue ¥ OLIEHKA Ka4eCTBA CeTH.

HckycCcTBeHHBI HEMpPOH SABISETCS AJIEMEHTApHBIM  (DYHKIIMOHATbHBIM
MoOayJieM, U3 MHOXecTBa KoTopbix cTpositcss MHC. On mpencrasiser coboid, B
HallleM MOHWMAaHHUM, OTIEIBHO B3ATYIO JIMYHOCTh COOOIIECTBa, OAHAKO, JUIIb B
CMBICIIE  OCYIIECTBIISIEMbIX €K  IpeoOpa3oBaHui, a He  crnocoba
(dyHKIIMOHUpOBaHUA. B3anmoaeiicTBIE OTACIBHBIX WICHOB MPECTABIAET CO00it
CETEBOE COOOIIECTBO.

OYHKITMOHAIOM OTAEIBHOTO WiIeHa coodmiecTBa ((hopMalbHOTO HEMpOHA)
MO>KHO CUUTATD

1.  Haxomnenue naHHBIX (aIaNTUBHBIA CyMMATOpP).

2.  Ananu3 (GyHKIUS aKTUBAIUN).

3.  Ilepenaya ompbiTa IPpYyrUuM 4jieHaM COOOIECTBA (TOYKA BETBICHHUS ).
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Puc. 9. ®opmanbHblil HEMPOH
bonpmoe pacnpocrpaneHre nojydwsin ciion KoXxoHeHa, MOCTpOEHHBIE
CIeNyIOMUM  00pa3oM:  KaXIOMY (jMy) HEUPOHY  CONOCTAaBJISETCS
H’rj = (u;jlj ...H,-'jm)

TOYKa B 172.-MEpPHOM MIPOCTPAHCTBE (mpocTpaHCTBE

curanos). Jluga  BXomHoro Bekrtopa <t = (3’1! "'Im)BI)I‘II/ICHHIOTCH ero
EBKJIMJOBBI PACCTOSIHUS Pj(ff) JI0 TOYEK H’rj U «ONKaWIMi MojydaeT BCE» —
TOT HEUPOH, JJII KOTOPOrO0 ATO PACCTOSIHUE MUHUMAJIBHO, BBIJAET E€IUHUILY,

OCTAJIbHBIC — HYIJIH. Cne,uyeT 3aMCTUTb, YTO MJId CPABHCHUSA paCCTOHHI/Iﬁ

JIOCTATOYHO BBIYUCIATH JIMHEWHYIO (DYHKIMIO CUTHANA:

m
2 — 2> wjiz; + |||

i=1

pi()* = lle = W5 |I* = [|W;

371eCh ]l - EBximmnioBa jyimHa BEKTOpA:

lyll* =>"v:

2
Ilocnennee cimaraemoe ||| OJIMHAKOBO [UJIS1 BCEX HEUPOHOB, IOTOMY IS
HaXOXJIEHUs OMKaiiedl TOYKM OHO HE HYXKHO. 3ajlaya CBOJUTCS K MOHUCKY

HOMepa HauOOJIBIIETO U3 3HAYCHUMN JIMHEHHBIX (PYHKIIHI:
i 1
Jmax — arginax Z Wiy — 5”“’3‘
N .
=1

| 2

H’F.:

TakuM 00pa30M, KOOPIHMHATHI TOYKH 'Y i (wit, - Wim) COBIANAIOT C
M

BECaMU JIMHEWHOro HelpoHa ciosi KoxoHeHa (Ipy 3TOM 3HAaY€HUE MOPOTOBOTO

*/2y.

koo duumenta Wio = —|[W;
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W

i = (wj, -"”"'J-M), TO M-MEPHOE IPOCTPAHCTBO

V.

J.

Ecnum 3agmanbl TOYKH
pa30uBaeTCsl HAa COOTBETCTBYIOLIME MHOTOIpaHHUKH Boponoro-Jlupuxie
MHOT'OTPaHHUK Vi coctour u3 TOYEK, KOTOPbIE OJIMKE K w}_, gem k apyram Wi (
k7 7)

(0,1,0) (1,1,0)

(0,1, 1) | / 1,1, 1)

(0, 0, 1) (1,0,1)

Puc 10. OOy4deHHbIe HEUPOHBI B 3X MEPHOM MPOCTPAHCTBE MPU3HAKOB.
3amaya BEKTOPHOTO KBAaHTOBAHUS C K KOJOBBIMH BEKTOPAMH Wi nna
3aJJaHHOW  COBOKYITHOCTM  BXOJHBIX BEKTOPOB .S CTaBHTCS Kak 3ajada
MUHUMH3ALUU UCKAKESHHSI IPU KOJAUPOBAHUU, TO €CTh IPU 3aMELIEHUH KaXI0TO
BEKTOpa M3 .5 COOTBETCTBYIOUIMM KOJOBBIM BEKTOpOM. B 0azoBoM BapuaHTe
cereii KoxoHeHa MCIONB3yeTCss METOI HAMMEHBIIIUX KBaPaTOB M MCKaxeHue [)
BBIUHCIISIETCS 110 hopMyIIe:
k
D=3 |-’
j=1z€eK;

rae Ij cocronr w3 Tex Touek T € S, KOTOpBIE OJIMKE kWi, gem x

npyram Wi (lE 7 j). Hpyrumu  cinoBamu, Kj cocront u3 tex Touek T € S :
KOTOPBIE KOAUPYIOTCS KOJIOBBIM BEKTOPOM W,

KonmgecTBo BHYTPEHHHX HEHPOHOB MOXKHO OyAeT 3aJaTh B PYYHYIO, Ha
Kaxmoe wu3MepeHus. HelipoHHas ceTka pacmnpenensieTcs pPaBHOMEPHO IO
U3MEpPCHUSIM W MEHseTcs BXxojae oOydeHus. Yem Oouibllie W IJIOTHEE

pAacloJIOKEHbl BHYTPEHHUM CJIOM HEUPOHHOM CETH, TEM TOYHEE BBIBOJAUMBIN

pe3yabTaT, HO TeM MEJJICHHEE padoTa CeTH.
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http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%B0%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0_%D0%92%D0%BE%D1%80%D0%BE%D0%BD%D0%BE%D0%B3%D0%BE
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%BD%D0%B0%D0%B8%D0%BC%D0%B5%D0%BD%D1%8C%D1%88%D0%B8%D1%85_%D0%BA%D0%B2%D0%B0%D0%B4%D1%80%D0%B0%D1%82%D0%BE%D0%B2

BriBoasl no riase ||

HeliponHble ceTH He NPOrpaMMHUPYIOTCS B MPUBBIYHOM CMBICIIE 3TOTO
cloBa, OHHU oOyyatroTcsa. Bo3MOXHOCTH  00y4YeHHs OAJHO U3  TJIABHBIX
IPEUMYIIECTB HEUPOHHBIX CETed INepel TPaJAULMOHHBIMU aIrOPUTMaMHU.
TexHuuecku oO0yyeHUE 3aKIIIOYAETCS B HAXOXKIECHUU KOIPQPUIIMEHTOB CBs3Eil
Mexay HelipoHamu. B mpoiiecce o0yueHus HeMpoHHast CeTh CIIOCOOHA BBISBIIATH
CJIO’KHBIE 3aBHCHUMOCTH MEKIY BXOJHBIMHM JIaHHBIMU M BBIXOJHBIMH, & TAKXKE
BBITNIOJIHATH 00001IEHNE. DTO 3HAYUT, YTO B CIIy4ae YCHEUIHOro OOyYEHHUs CETh
CMOXXET BEPHYTh BEpHBII pe3yJbTaT Ha OCHOBAaHUU JAHHBIX, KOTOpHIE
OTCYTCTBOBaJIU B OOydarmiei BBIOOpKE, a TakKe HEMOJHBIX W/WIH
«3alIyMJIEHHBIX», YACTUYHO UCKA)KEHHBIX JAHHBIX.

C TOukM 3peHus MAIIMHHOTO OOYy4YeHHS, HEWPOHHAs CETh NPEJCTABISCT
co0OM YacTHBIA Cllydail METOJOB paclo3HaBaHUs 0OPa30B,IUCKPUMUHAHTHOTO
aHaJu3a, METOJIOB KJlacTepu3aluuu U T. . C MareMaTU4eCKOW TOYKHA 3pEHHS,
oOyueHue HEUPOHHBIX ceTen — 3TO MHOI'OIIapamMeTpuyecKas

3aJIayaHeIMHEMHOMONITUMHU3AII .

56


http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC
http://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D0%BE%D0%B1%D1%89%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%88%D0%B8%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D0%BF%D0%BE%D0%B7%D0%BD%D0%B0%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2_(%D0%BA%D0%B8%D0%B1%D0%B5%D1%80%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0)
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D0%BA%D1%80%D0%B8%D0%BC%D0%B8%D0%BD%D0%B0%D0%BD%D1%82%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D0%BA%D1%80%D0%B8%D0%BC%D0%B8%D0%BD%D0%B0%D0%BD%D1%82%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D0%BA%D1%80%D0%B8%D0%BC%D0%B8%D0%BD%D0%B0%D0%BD%D1%82%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
http://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81%D1%82%D0%B5%D1%80%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/w/index.php?title=%D0%9C%D0%BD%D0%BE%D0%B3%D0%BE%D0%BF%D0%B0%D1%80%D0%B0%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B7%D0%B0%D0%B4%D0%B0%D1%87%D0%B0&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=%D0%9C%D0%BD%D0%BE%D0%B3%D0%BE%D0%BF%D0%B0%D1%80%D0%B0%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B7%D0%B0%D0%B4%D0%B0%D1%87%D0%B0&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=%D0%9C%D0%BD%D0%BE%D0%B3%D0%BE%D0%BF%D0%B0%D1%80%D0%B0%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B7%D0%B0%D0%B4%D0%B0%D1%87%D0%B0&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=%D0%9C%D0%BD%D0%BE%D0%B3%D0%BE%D0%BF%D0%B0%D1%80%D0%B0%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B7%D0%B0%D0%B4%D0%B0%D1%87%D0%B0&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D1%82%D0%B8%D0%BC%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)

I'nasa |11. Peasm3zanus anropurmMa v nporpaMmMbl OLIEHKH
HA/IE’KHOCTHU TeJIeKOMMYHHKAIMOHHBIX CeTel ¢ MOMOIIbI0 HEHPOHHBIX

ceTeil.

B nmanHOlf TinaBe ommcaHbl pa3pabOTaHHBIE METOIbI W IPHEMBI
ONTUMHU3AIMU PAOOTHl M OOECMEUECHHUS CTaOWIBHOCTH CHCTEMBI, a TaKXKe
CTPYKTypa paszpabarbiBacMoil HeipoHHOU ceTu. OmnuchIBaeTCS MpOorpaMMHast
peanu3aius pa3paboTaHHBIX METOJOB W MPUEMOB, OMHUCBHIBACTCS METOJOJIOTHS
pa3paboTKu mporpaMMHOro odecrnieueHus: HeMpoHHoM ceTu. [IpoBoauTCs aHAIU3

IIOJIYYEHHBIX Pe3ynbTaToB. [101BOAATCA UTOTM UCCIIENOBAHNM.

B pamkax wuccrnemoBanus Oblla HamWcaHa MporpamMMa peaau3yromas

aJITOPUTMBI U METObI OLIEHKN HAJIE)KHOCTU, HA OCHOBE HEUPOHHBIX CETEH.
Jiis peanuzanuu ObLIO BBITOIHEHO:

1. U3yueHue CylecTBYIOIIMX METOJOB M MPOTPAMMHBIX CPEACTB IS

pELIEHNS TaHHOM 3a1a4uH.
2. COOp UCXOAHBIX TAHHBIX JAJIsi OOyYEHUs U TECTUPOBAHUS.
2.1. COop naHHBIX.
2.2. HopwmupoBaHme KaXkJI0T0 IMOKa3aTels.
2.3. Paznenenus Ha oOy4aroliyde U TECTOBBIC JIaHHBIC.
3. Co3gaHue KJIaccoB M MPOTPaMMbl HEHPOHHOM CETH.
4. TecTUpOBaHUE U aHAIHU3 PE3YIbTATOB IPOrPAMMBI.
1. Anroputm 00y4eHHsI CETH.

Cytp oOyuenus HeilpoHHOW cetu KoxoHeHa 3akitouaeTcsi B Takou
MOJICTPOMKE BECOB, NpU KOTOpOl OJM3KHE BXOAHBIE BEKTOpPHI OyayT
aKTUBUPOBATH OJIMH U TOT k€ HelpoH KoxoHeHa.

Ecnmu coBOKYMHOCTP S 3a71aHa W XPaHUTCA B IMAMATH, TO CTaHIAPTHBIM
BbIOOpPOM B 0OyueHuu cooTBeTcTBYMOLIeH ceth KoxoHeHa siBisercst meron K-

cpeaHuX. ITO METOJ PaCIICTUICHHUS:
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http://www.aiportal.ru/articles/neural-networks/network-kohonen.html
http://ru.wikipedia.org/wiki/K-%D1%81%D1%80%D0%B5%D0%B4%D0%BD%D0%B8%D1%85
http://ru.wikipedia.org/wiki/K-%D1%81%D1%80%D0%B5%D0%B4%D0%BD%D0%B8%D1%85

[Ipu manHOM BBIOOpPE KOJOBBIX BEKTOPOB (OHU K€ BECOBBIE BEKTOPHI

CETH) W; MUHAMHM3aIMeR [) HaX0auM MHOKECTBa Kj _— owu coctour u3 Tex

4!

i, gem k gpyrum Wi

K

i MuauMM3anuen [) mHaxoaum

Touek T € S, KOTopble OIIHKE K

py JaHHOM pa3OueHwH S Ha MHOXKECTBa

ONTUMAJIBHBIC TIO3MIMHU KOJOBBIX BCKTOPOB ‘H}J‘ — JII OLOCHKH II0 MCTOAY

HAaMMCHBIIMX KBAAPATOB 3TO IIPOCTO CPECAHUC apI/I(I)MCTI/I‘ICCKI/Ie:

) 1
I‘I’j—m Z x,

el

K

J.

| K

rae — YUCJIO 3JIEMEHTOB B
Janee wurepupyem. OTOT METOJ PpACIIEIUIEHUS CXOOUTCA 32 KOHEYHOE
YHCJIO MIAroB U Aa€T JTOKAJbHBI MUHUMYM MCKAXEHUSI.
k-means (meTon k-cpeannx) — Haubosee HOIYJISIPHBIH
MeTroakiactepusanuu.beumszooperén B 1950-x romax Maremartukom ['yro
[lIteitnray3omu moutu  ogHOoBpeMeHHO Crtioaptom Jhimoigom. Ocobytro
HOMYJSIPHOCTHIPUOOPEN mociie paboTl MakKkyHHa.
JlelicTBue airopuTMa TaKOBO, YTO OH CTPEMUTCS MHUHHMU3HPOBATH

CYMMApHOC KBaJApaTHYHOC OTKIOHCHHUEC TOYCK KIACTCPOB OT LCHTPOB OTHX

KJIACTEPOB:

iz
2

V=> (; — pa)
i=1 x;e8;
rJe k — YHCII0 KIACTePOB, Oi — IonydeHHble Knactepbl,t = 1,2, ...,k
uki — uentpsl Macc Bektopos Li € O,

[To aHANOrMK C METOAOM TIJIABHBIX KOMIIOHEHT LEHTPHI KJIACTEPOB
Ha3bIBAIOTCSA TAKKE [JIABHBIMU TOYKAaMH, & CaM METOJ Ha3bIBAETCS METOIOM
IJIaBHBIX TOYEK M BKIIOYAETCSs B OOLIYI0 TEOPHUIO ITIaBHLIX OOBEKTOB,
00€CIIEYBAIOIIMX HAUITYYIIYIO alPOKCUMAIIUIO JAHHBIX.

AnroputM npencraisieT coooi Bepcuto EM-anroputma, npuMensiemoro

TaKxe TUISE pazzeneHus CMECH T'ayCCHaH. On
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http://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81%D1%82%D0%B5%D1%80%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A8%D1%82%D0%B5%D0%B9%D0%BD%D0%B3%D0%B0%D1%83%D0%B7,_%D0%93%D1%83%D0%B3%D0%BE
http://ru.wikipedia.org/wiki/%D0%A8%D1%82%D0%B5%D0%B9%D0%BD%D0%B3%D0%B0%D1%83%D0%B7,_%D0%93%D1%83%D0%B3%D0%BE
http://ru.wikipedia.org/wiki/%D0%A8%D1%82%D0%B5%D0%B9%D0%BD%D0%B3%D0%B0%D1%83%D0%B7,_%D0%93%D1%83%D0%B3%D0%BE
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%B3%D0%BB%D0%B0%D0%B2%D0%BD%D1%8B%D1%85_%D0%BA%D0%BE%D0%BC%D0%BF%D0%BE%D0%BD%D0%B5%D0%BD%D1%82
http://ru.wikipedia.org/wiki/%D0%90%D0%BF%D0%BF%D1%80%D0%BE%D0%BA%D1%81%D0%B8%D0%BC%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/EM-%D0%B0%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC
http://ru.wikipedia.org/wiki/%D0%93%D0%B0%D1%83%D1%81%D1%81%D0%B8%D0%B0%D0%BD%D0%B0

pa30MBacTMHOKECTBOIIEMEHTOBBEKTOPHOTOIIPOCTPAHCTBAHA3apAaHEE N3BECTHOE
YHCIIO KIIacTepoB K.

OcHOBHasi wWes 3aKIIOYaeTCs B TOM, YTO HA KaXIOW HWTEpaIuu
NIePEBBIYUCIIICTCS IEHTP Macc Il KaXKIOro KiIacTepa, IONydeHHOTO Ha
IpeAbIIyIIeM IIare, 3aTeM BEKTOPbl pPa30MBAIOTCS Ha KJIACTEPhl BHOBb B
COOTBETCTBHH C TeM, KaKOI M3 HOBBIX IIEHTPOB OKa3aJICsl OJIMKE MO BEIOPaHHON
METpHKE.

AJITOpUTM 3aBepIIaeTcs, KOraa Ha KaKOW-TO UTEepalud HE MPOUCXOIHUT
MU3MEHEHHS KJIACTEPOB. DTO MPOUCXOIUT 32 KOHEUHOE YUCIIO UTEPAIUH, TaK KaK
KOJINYECTBO BO3MOXKHBIX pPa30MEHHMI KOHEYHOTO MHOXKECTBAa KOHEYHO, a Ha
Ka)JIOM IIIare CyMMapHOe KBaJIpaTUIHOE YKJIOHCHHE V YMECHBIIACTCS, TIOATOMY

3a0UKJIIMBAHUC HCBO3MOKHO.

@ . ®
- o ] o
o O - ~
o ® O —
o o O L ]
2, . 2 e
oo oo

Puc 11. O6yuenue HeitpoHHOI ceTu MetoaoM K-cpenHux.

Ho sToT MeToa He rapaHTupyercs ITOCTHKEHHUE TJI00ATIbHOIO MUHUMYMa
CyMMapHOTr0 KBaJpaTUYHOIO OTKJIOHEHUS V, a TOJBKO OJHOIO M3 JOKAJIbHBIX
MUHHMYMOB.

Pe3ynbTaT 3aBUCHT OT BBIOOpAa MCXOAHBIX ILIEHTPOB KJIAcCTEPOB, HX
ONTHUMAJIbHBINA BEIOOP HEU3BECTEH.

Yuciio KIacTepoB HAJI0 3HATH 3apaHee.

OBK (o0yuaromiee BeKTOpHOe KBAHTOBaHHE).
AnroputMm KBaHTOBaHUs oOydaroriero Bekropa (LVQ) 6bu1 mpuayman tem
xe TysBo KoxoHeHOM, KOTOpbIA H300pen CaMOOPraHU3YIOUIUECS KapTbl

IIPU3HAKOB (KOTOPBIE B HAILIEM MTAKETE Ha3bIBalOTCA ceTaMH KoxoHeHa).
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http://ru.wikipedia.org/wiki/%D0%9C%D0%BD%D0%BE%D0%B6%D0%B5%D1%81%D1%82%D0%B2%D0%BE
http://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BD%D0%B5%D0%B9%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%BE
http://ru.wikipedia.org/wiki/%D0%A6%D0%B5%D0%BD%D1%82%D1%80_%D0%BC%D0%B0%D1%81%D1%81
http://commons.wikimedia.org/wiki/File:K_Means_Example_Step_1.svg?uselang=ru
http://commons.wikimedia.org/wiki/File:K_Means_Example_Step_2.svg?uselang=ru
http://commons.wikimedia.org/wiki/File:K_Means_Example_Step_3.svg?uselang=ru
http://commons.wikimedia.org/wiki/File:K_Means_Example_Step_4.svg?uselang=ru

KBantoBanue 00yy4aromuiero BEKTOpA NPEICTaBIISIET co0oii
npeoOpa3zoBanHblil  MeTon oOydeHuss Koxonena. CTaHIapTHBIA aaTOPUTM
KoxoHeHa ¢ MOMOIIBIO UTEPAIMOHHOW MPOUEAYPHl MOJOUpPAET MOJIOKEHHUE
BEKTOPOB 00paslioB, XpaHSAMIMXCA B paauanbHOoM ciioe cetd KoxoHeHa,
YUUTHIBASI TOJBKO TOJOKEHHSI CYUIECTBYIOUIMX BEKTOPOB U OOYyYaloOlUX --
JAHHBIX. DTOT aJTOPUTM CTPEMUTCS MOMECTUTH BEKTOPHI 00pa3lioB B IIEHTPbI
KJIACTepOB O0y4aronMx AaHHbIX. [Ipu 3TOM HE NMPUHUMAIOTCS BO BHHUMaHUE
METKH KJIacCOB oOOywaromux HaoOmoneHuid. st IOCTMKEHHS HaWITydIlero
KauecTBa  KjacCHU(UKAIMKM, JKEJaTeIbHO, YTOOBI  BEKTOPHI  0OpasIloB
(GbopMHUPOBATUCH HA OCHOBE MMEIOLIMXCSA KJIACCOB, T.€. YTOOBI OHH OTpaKkaju
€CTECTBEHHbIE TPYIIbI B KaXKIOM OTAelbHOM kiacce. Ckopee Bcero, oopaserll,
pacmojIoXEHHBI HA TPaHUIlE, HA OJIMHAKOBOM PACCTOSHUM OT HAOIIOIEeHUIN U3
JIBYX KJIAcCOB, Oyner Oecrojie3eH sl paclio3HaBaHUs 3TUX KiaccoB. B To ke
BpeMs KpaliHe BaXKHYIO POJIb MOXKET UTpaTh 00pasell, paclooKEeHHbIN BHYTPH,
JIOCTATOYHO JTAJIEKO OT TPAHMIL.

CyliecTByeT HECKOJbKO BapHAaHTOB METOJIa KBAHTOBAHUS OO0YyYarollero
BEKTOpa, U TpHu U3 HUX peanms3oBanbl B nporpamme STATISTICA HeitponHsble
Ceru. OcHoBHas Bepcusa, LVQI1, odeHbp moxoka Ha ajroputM oOOy4YeHHUs
KoxoneHna. Beibupaercs oopasel, Onvkaiinii K o0ydaroiieMy HaOI0AeHUI0, U
ero IMoJyiokeHue Koppektupyercs. Opnako ecnu B anroputme KoxoneHa
oOpa3zell MpoCTO CMEIIAETCA B CTOPOHY OOydYaroulero HaOJIOJEHUsl, B METOe
LVQ1 mnpoBepsieTcsi coBMajeHHE METOK KJIacCOB oOpas3la M O0ydarolero
HaOmoaeHus. Ecam Takoe coBmageHue MMEET MECTO, oOpaszel] CMENIaeTcsl K
oOyyaronieMy HaOJIOJIEHUIO, a €CJIM COBIAJIEHUS HET - CMELIEHUE MTPOUCXOIUT B
IPOTUBOMOJIOXKHYIO cTOopoHy. Emie 6onee rubkue anroputmelr, LVQ2.1 u LVQ3,
YUUTBIBAIOT M JONOJHUTEIbHYI0 HHGopmaruio. OHU  omnpenenstor JABa
OmpKkammMx K oOyuaroriemMy HaOmoaeHuo obOpaszna. Ecim oguH U3 3THX
o0pa31oB MMEEeT MPaBHJIBHOE 3HAYEHHE Kjacca, a APYroil HEempaBWIbHOE, TO
npaBWibHBIM ~ oOpasel; cMmemiaercss K  oOywaromieMmy HaOJIOJEHUI0, a

HEeMpaBWIbHBIA - OT Hero. Meronq LVQ3 cmemaer B cTopoHy 0O0ydaromiero
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HabmoaeHus 0o0a oOpasiia, eciii OHU 00a UMEIOT MPaBUIIbHBIN Ki1acc. OCHOBHOM
cMmbica oOoumx wmeromoB, LVQ2.1 m LVQ3, 3akmouaeTcss B IOCTEICHHOM
nepeMeneHn: 00paslioB B T€ MECTa, TJIe CYIIECTBYET OMAacCHOCTh OIMUOOYHOMN
KJIaCCU(pUKALUH.

Texuudyeckue 3amedaHus. J[Jas KOPPEKTHPOBKH BECOB HCIIONB3YIOTCS
CIIeyIOIINe TTpaBUIa;

@, = @, ) +17,(x— &)

eciii oOpaselr 1 o0ydJaroriee HaOJIroIeHNe TIPUHAIIeKAT OJHOMY KJIaccy;

@, =@, ) — (%t o)

€CJIM HE TPUHAJIekKAT.

X - obOyuaroliee HaOr0ACHHE, Ny - CKOPOCTH OOYUCHHUSL.

B metome LVQ2.1 nBa Ommxaiimmx oOpasiia KOPPEeKTHPYIOTCS TOJIBKO B
TOM CITy4dae, €Clid OJIMH U3 HUX MPUHAIISKHUT MPaBUIBHOMY KJIacCy, a Ipyroi
HEeT, U o0a OHU HaAXOJATCS Ha '"NMPUMEPHO OJMHAKOBOM'" pACCTOSTHUU OT
oOyuaromero  HaOmopenus. s ompeneneHuss THOHATHS — "TIPUMEPHO

OJIMHAKOBBIM" HCIOJB3YETCS CHEHHUAIBbHBIA MapamMeTp, €, M CIEIYIOIINUe

(bopMyIIBI:

B merone LVQ3 ucnonb3yercs aHamoruddas Gpopmyna ajsi TOro, 4ToObl
OTIpENIeTINTh, PACIONOXKEHBl JM JBa OmmkaWmmx oOpasiia Ha "TPUMEpPHO

OJIMHAKOBOM" PaCCTOSIHUM OT 00YyYaroIIero HalO01CHUS:

A d - sie)
4 d,
Kpome Toro, B merone LVQ3 ob6a Ommxaiimmx oOpasma CMENIaroTcs B
CTOpPOHY OOydYaromero HaOIIOJIeHHs], €CIIM OHM MPHUHAMIEKAT OJHOMY KIaccy.
[Tpu >TOM cTanmapTHBIN KO3()PUIMEHT CKOPOCTH O0yUEHHUs AJIs JaHHOM SMOXHU

YMHOXaeTCs Ha KoddurmeHT b.
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2. ApxutekTypa HeliponHoii cetu Koxonena.

CrpykTypa HelipoHHOM ceTu KOXOHEHa cOCTOUT U3:
e BxoaHOoro cnos
e (1051 KOJOBBIX BEKTOPOB (HEMPOHOB)

e (JI04 KJ1aCCOB.

/N

Q (I_) Q ([) ::}Gruuping

Winner takes All

O O O Z-nd Layer Meurons

Input Layer {M -
dimensional space)

@ Class Layer

Puc.12. Ctpykrypa HeliponHoii cetu KoxoHeHa.
BxonHo#l cioif ompenenseTcss KOJIMYECTBOM (DaKTOPOB BIIHSIOIINX
KOHEYHBIN pe3ynbTatr. Bee mannble nomkHbI ObITH B uHTEpBae 0..1.

B Hamewm ciyyae BXOAHBIX TapaMeTPOB &:
— CTAaTUCTUKA OTKA30B U BOCCTAHOBJICHUN TEXHUYECKUX CPE/ICTB;
— 3asBOK Ha ucnoiibzoBanue CCuin 3arpy>XKeHHOCTb CETH;
—  3aIIMIIEHHOCTh OT ECTECTBEHHBIX IOMEX;
—  3AIIMIIEHHOCTh OT UCKYCCTBEHHBIX TOMEX;

— 3alIMIICHHOCTL OT paspylarouX NCKYCCTBCHHBIX BOSHCﬁCTBHﬁ;

Ha

— CcTaTuCTMKa omuoOok mnporpamMmmHoro obecneuenuss CC WM ypoBEHb

Hanexuoctu [10;

— 3allMIIICHHOCTLb OT OTKA30B, BBI3ZBAHHBIX ACATCIBHOCTBIO YCJIOBCKA HWJINU

YPOBCHb aBTOMATHU3aIINH,

— 3allIMIICHHOCTDL OT OTKAa30B, BLI3BBAHHBIX ITPUPOAHBIMHA ABJICHUSAMMU.
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Crnoii KOJOBBIX BEKTOPOB MOXHO 3a/laTh TMPEIBAPUTEIBHO, Tepe
o0yueHHeM U 4eM OO0JbIle UX TEeM MEHbBIE OIMMOOK, HO MEJJIeHHEee paboTaTh
Oyner.

Croii KJaccoB cofepaT CIHUCOK KOIOBBIX BEKTOPOB OTHOCSIIHECS K
3TOMY Kjaccy. B HameM ciydae MbI 3a71aeM S KJ1acCOB HaJEXKHOCTH ceTh: A, B,
C,D,E

CooTBeTcTBEHHO A KIIacC C CaMbIM BBICOKMM YPOBHEM HaJIE)KHOCTH, a E
KJIACC CaMbIM HU3KHUM YPOBHEM HaJI€KHOCTH.

3.CO0p MCXOHBIX JAHHBIX I 00yYeHHUs U TeCTUPOBAHUS

WcXoaHpIMU JTaHHBIMH MOTYT TOCITYXHUTh CTATUCTHYECKHE ITaHHBIC WIIN
3HaHUS KCIIEPTA.

HaznexxHOCTh CUCTEMBI MPOTIOPIIMOHATICH BXOAHBIM MMapaMeTpaM HEHpOHHON
ceth. HO HEKOTOPBIX COCTOSIHMSIX, C HECKOJbKMMHU HHM3KHMH IapaMeTpaMH,
CHCTEMa MOXKET COXPAHSTh CBOIO Pa00OTOCIIOCOOHOCTb.

HcxogHapIMi  JaHHBIMA BO3BMEM TOYKH B N-MEPHOM MPOCTPAHCTBE.

172
MaxkcuManbHas IJMHA BEKTOpA TOYKU MOXET ObITh 8

. OTy JJIMHY pa3AesiuM
Ha 5 OTPE30K U OINpPEACTUM IPaHHIIbI KJIACCOB:

— E knacc — ot 0 1o 8Y%/5

— D xacc — ot 0 o 2*8Y%/5

— C knace — ot 0 10 3*8"%/5

— B xmacc — ot 0 1o 4*8Y%/5

— A xiacc — ot 0 110 gL
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Puc. 13. pazaenenus npocTpaHCTBa HA 5 KIIACCOB.

VY Hac 8 BXOAHBIX NapaMETPOB:
— CTaTUCTHKA OTKA30B U BOCCTAHOBJICHUM TEXHUYECKUX CPEACTB;
— 3as8BOK Ha ucnosib3oBanne CC uim 3arpyK€HHOCTh CETH;
—  3alIMIIEHHOCTh OT €CTECTBEHHBIX IIOMEX;
—  3alIMIIEHHOCTh OT UCKYCCTBEHHBIX ITOMEX;
—  3alMIIEHHOCTH OT Pa3pyLIAOIINX UCKYCCTBEHHBIX BO3JACHCTBUN;
— cTatucTuKa omuOoK mporpammHoro obecrneuenuss CC uiau ypoBEHb

Hanexuoctu 110;

— 3alIUMUIEHHOCTh OT OTKAa30B, BBI3BAHHBIX JEATEIIBHOCTHIO YEIOBEKA WJIU

YPOBEHb aBTOMATH3ALINH;

—  3AlIUIIEHHOCTb OT OTKA30B, BEI3BAHHBIX MPUPOIHBIMU SBJICHUSIMU.

XapakTep OTKa30B TEXHUYECKUX CPEACTB CHUCTEMbl U OOBIYHBIX
PAIMORIEKTPOHHBIX CHCTEM HWJICHTHUYEH. BIusHHE NOCTENEHHBIX OTKAa30B,
BBI3BAHHBIX BO3JICUCTBHEM TakKuX (DAKTOPOB, KaK HECTAOWJIBHOCTh IMUTAHUS,
TEIUIOBBIE BO3JCHCTBUSI, BIAXKHOCTb, MEpenaabl TABICHUS, 3albUIEHHOCTh M
arpeCCUBHOCTb CpE/bl, KOMIICHCUPYETCS KOHCTPYKTUBHBIMU METOJaMU IIPU
CO3/IJaHUHM YCTPOMCTB M HUCIIOJIb30BAHUEM CIIEIIUATIbHBIX 3aLIUTHBIX YCTPOMCTB
(crabunmu3atopsl, TEpPMOCTaThl, OJKpaHbl). Takum o00pa3oMm, TPH OIECHKE
MOKa3aTeJIed HaJIe)KHOCTU CHUCTEMBI CIEAYET YUYWUTHIBATH TOJBKO TMOTOKHU
BHE3aMHbIX OTKa30B. (Cpelyd BHE3AMHBIX OTKA30B BBIJIEISAIOT YCTOMYHBBIC
OTKa3bl U COOH, TO €CTh KPAaTKOBPEMEHHbBIEC CAMOYCTPAHSIOIIUECS OTKA3bI.

Jlns  ydyera XapakTepUCTHUK TOTOKa CcOOEB DJIEMEHTa CHCTEMBbI
JIOCTATOYHO HMCIOJIb30BaTh MHTEHCUBHOCTh ATOTO MOTOKA, a JJIsl y4eTa MOTOKa
YCTOWYMBBIX OTKa30B M IOTOKAa BOCCTAHOBJICHHWH CIIENYET HCMHOJIb30BaTh
KOA((PUITMEHT TOTOBHOCTH U MHTEHCHUBHOCTH OTKAa30B JUOO CpelHEee BpeMs
HapabOTKH Ha OTKa3 U CpeHEee BpeMsi BOCCTAHOBJICHHUS TEXHUYECKUX CPE/ICTB
cuctemsl. [lonydeHHbIN MOKA3aTENb AEIUATCA HAa MAKCUMAJIbHBIM MOKA3aTENb U

OTHUMAaeETCH OT 1.
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OTMeTHM, YTO MOJI30BATEII0 CUCTEMBbI 0€3pa3InuHO, YEM BbI3BAH OTKA3
B 00CIIy’)KMBaHWHU €r0 TPEOOBaHMS HA YCTAHOBIIGHUE CBSI3U - OTKA30M AJIEMEHTOB
CUCTEMBI WJIM UX 3aHATOCTBIO OOCITY>KMBAaHUEM JpYyrux 3asiBoK. COBpeMEHHbIE
METOJbl aHaju3a CHUCTEMbl TIO3BOJSIOT YUYUTHIBATH 3aHSATOCTH SJIEMEHTOB
CHUCTEMBI NIPU OLIEHKE MOKA3aTeNIe €€ HaAeKHOCTHU. 17151 OLIEHKU BO3MOKHOCTEM
CeTH HAJI0 OIEHWUTHh 3allaCHyl0 IIHPUHY KaHala U OecrnepeOOMHOCTh
obcmyxuBaHus. [[7151 3TOTO CpeHIO 3arpy>KeHHOCTh KaHaja yMHOXaeMm Ha 1,5
U JIeJIUM Ha IPOIYCKHYIO CIIOCOOHOCTh KaHaa. Pe3yiabTaT oTHUMaeMm ot 1.

Yame Bcero HEWTpanu3alusl BIUSHUS IMOTOKA €CTECTBEHHBIX IMOMEX
JOCTHTAETCS  TyTeM  BBEJCHHMS  BPEMEHHOW wWid  WHGOPMAIMOHHON
M30BITOYHOCTH, JIUOO MPUMEHEHHEM MOMEXO0YCTOMUYMBOTO KOIUPOBAHUS, JTHUOO
MHOTOKPATHOM nepenadeit cooOIIeHus (4ToO MOKHO paccCMaTpuBaTh TaK K€, KaK
NPUMEHEHUE CBOEOOPA3HBIX IMOMEXOYCTOMYMBBIX KOJOB). BiusHue »TOro
(dakTOpa yUYUTHIBACTCS MYTEM COOTBETCTBYIOIIETO YBEIWMYCHUS IJIUTECIHHOCTH
CEaHCa CBA3U C MOCJIEAYIOIINM HCIOIb30BAHUEM ATOTO 3HAYEHUS MPHU pacueTe
BEPOSITHOCTHU MOJIJICPKAHUS CBSI3HU.

XapakTepHble OCOOCHHOCTHM BO3JEHCTBUS TOTOKA HWCKYCCTBEHHBIX
MOMEX TIO3BOJISIOT pacCMaTpuUBaTh HCKYCCTBEHHYIO IIOMEXYy, Kak cOoif
AJIEeMEHTa, W YYMUTHIBaTh BIMSHHUE JTOro (akropa Ha HaJAEKHOCTHBIC
XapaKTEPUCTUKNA CUCTEMBI QHAJIOTHMYHO CHOCO0y ydeTa cOOEB TEXHUYECKUX
CPEICTB.

XapakTepHbIMU 111 BO3JCUCTBHUS  IMOTOKOB  HCKYCCTBEHHBIX
pa3pymaInX BO3JCUCTBUI SBISIOTCS: TOJHAS TMOTEPS] pabOTOCIOCOOHOCTH
AJIEMEHTAa CHUCTEMBI, IOJBEPKEHHOTO H3TOMY BO3JCHCTBUIO; BO3MOXKHOCTH
OJIHOBPEMEHHOTI'O MOBPEKICHUSI HECKOJIBKUX AJIEMEHTOB; YCTOWYMBBIA XapaKTep
NOBPEXJIEHUS, TO €CTb OTCYTCTBHE CAMOBOCCTAHOBJIIEHHUS OJJIEMEHTa IOCHe
OKOHYAHMSI ~ BO3JCHCTBUA; BOCCTAHOBJIEHHWE JJEMEHTa IIOCJIE€  TaKoro
BO3JICICTBUSI BO3MOXHO TOJIBKO MYTEM €ro PEMOHTAa WM 3aMEHbl. OTH
OCOOCHHOCTH  aHAJOTUYHBI  YCJIOBUSIM  BO3HHUKHOBEHHMS UM  yCTpaHEHUS

YCTOWYMBBIX OTKA30B 3a MWCKIKOYEHHEM BBICOKOW KPATHOCTH HAPYLICHUH
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paboOTOCIIOCOOHOCTH  3JIEMEHTOB, OOJBIIETO0 BpPEMEHHU BOCCTAHOBIEHUS U
3aBHCHMOCTH OTKa30B JIEMEHTOB JIPYT OT ApyTa.

[Ipupoaa ommbOOK NPOrpaMMHOT0 00ECIIEUEHUsI CUCTEMbBI CYIIECTBEHHO
OTIIMYAeTCs OT TMPHUPOJbI OTKAa30B TEXHUYECKHUX CpEeACTB cuctembl. Ha
KOJMYECTBO M KA4eCTBO OIIMOOK TNPOrpaMMbl B OCHOBHOM  BIIUSIFOT
cyobekTuBHBIE akTophl. [ToaTomy oTka3 [10 - 310 coObITHE, 3aKiTIOUaroIeecs B
IPOSIBIICHUH, TIPU OINPEAEICHHBIX MOCIEA0BATEIbHOCTAX BXOJHBIX JaHHBIX, T€X
OIMOOK, KOTOPhIE OBLIN TOMYIIeHBI Ipu pa3padoTke 110 u He BBIABICHBI MPU
ero TecTUpoBaHuU. B TO ke Bpems 0TKa3 TEXHUYECKUX CPEJICTB - ITO COOBITHE,
3aKJIIOYaloleecss B M3MEHEHHHM €ro MapaMeTpoB M MPHUBOJSIIEE K MOTepe
paboTtocniocoOHOCTU. BTOpoe cyliecTBEeHHOE OTIMYHE COCTOMT B TOM, YTO
nporpaMMa He CTapeer, TO €CTh C TEYECHHEM BPEMEHH KOJMYECTBO OHIMOOK B
IporpamMMme He YBEIIMYMBAETCS, @ MOXKET TOJIBKO YMEHBIIATHCS B PE3YJIbTATE UX
oOHapyXeHHs W ycTpaHeHus. J[pyrue oOTiaWuus: eciau OommuOKa MPOTrpaMMbl
UCKJIIOYeHa, TO OHa OoJbllle B HEW HE MOSBUTCS; MpEABAPUTENIbHBIN aHaIn3
BJIUSIHUS OUIMOKM MPaKTUYECKU HEBO3MOXKEH M3-3a OOJIBIIOr0 Yuciaa crocoOoB
BJIMSIHUS OIIMOKHM Ha MOBEJIEHUE mporpamMMmbl. KolnyecTBEeHHBIM MOKa3aTeieM
KOPPEKTHOCTH MPOTPAMMBI SIBJISIETCS YUCIIO OMMOOK, OCTABIINXCS B TIpOrpaMMme
mociie  3aBepIICHMs OTJIaAku ©  TectupoBaHusa. [lo  aHamormm ¢
KOJIMYECTBEHHBIMU TOKa3aTeasIMU O€30TKa3HOCTU TEXHUYECKUX YCTPOMCTB
UCTIONB3YIOT TakKe BEPOSTHOCTh O€30TKa3HOW paboThl MPOrpaMMbI  Ha
MHTEpBaJIe BPEMEHU U MHTEHCUBHOCTH MIOTOKA OLUIHOOK.

OTKa3bl, BbI3BaHHBIE JIEATEILHOCTHIO YEJIOBEKA, MOXKHO DPa3leiIUTh Ha
OTKa3bl, BBI3BAHHBIC JESITEIHLHOCTHIO OOCTYXKUBAIOIIETO MEPCOHANa, U OTKa3bl,
BbI3BaHHBIE JEATEIBHOCTHIO IPYTUX JIOJCH.

IlepBasi rpynma oOTKa30B OOyCJIOBJIEHa OIIMOKAMU TEpCOHAIa TIPU
IKCILTyaTalliu CUCTEMBI. VX XapakTep U MHTEHCUBHOCTH CYIIIECTBEHHO 3aBHCST
OT YPOBHS aBTOMaTH3aI[MH [IPOLIECCOB yIpaBiieHUs cucteMoil. [IpuMeHuTenbHO
k cucreMe PSTN oTka3bl 3TOI IpyNIibl BbI3BIBAIOTCS CIEAYIOIIMMU OIIUOKAMMU:

IKCIUTyaTalliil ¥ PEMOHTA Kalesei, CUCTeM MHUTAaHUsI, TEXHUYECKUX YCTPOUCTB,
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KOHTpPOJISl MHUTaHUs, WCIOJB30BAHUSI HE TE€X BEPCUU MIPOTrPaMMHOIO
obecrieueHrs; HEKOPPEKTHOW WHCTAJULIIUN W OMNpeAeTeHus] KOH(pUrypamum
IporpaMMHOro oOecrieueHus:i (UCKIItoYas OIIMOKH, BHOCHUMBIE B TEKCTHI
mporpamMm); HEBEPHOTO BBOJA naThl. BTopas rpymma OTKa30B 00yCIOBICHA
peHaAMEpEeHHON (BaHJANIM3M) M HENpeIHAMEPEHHON pa3pylIUTENbHOU I10
OTHOILIEHUIO K CUCTEMEC NESITENBHOCTBIO JIFOAEH, HE SBIIAIOLIMXCS MIEPCOHATIOM
CC, xoTopas TpOSBISETCS B HApPYIICHUH IETOCTHOCTH KaOelel W Jpyroro
000py/IOBaHUs  BCIEJACTBHE KaTaCTpOPUUYECKUX COOBITUM (B OCHOBHOM
aBTOMOOUJILHBIX aBapuil).

K oTkazaM, BbI3BaHHBIM MPUPOJAHBIMH  SBICHUSIMH, OTHOCSITCS
MOBPEXJEHUS KaOesel, CUCTEM NMUTaHUS U JIPYTUX YCTPOUCTB >KMBOTHBIMU, a
TaKXe MOJIHUEH, yparaHaMmH, 3eMJICTPSICEHUSIMU U HABOITHECHUSIMH.

Bce BxoaHbIe mapameTpsl NPUBOAATCS K HHTEpBaidy oT 0 . . 1 B 3aBUCMMOCTH
OT mpenenoB JaHHOTO ¢akTopa. BeposTHOCTHBIE (DaKTOPHI BBIYUCISIOTCS U
YYUTHIBAETCS BEPOATHOCTH PAOOTOCIIOCOOHOCTH, TO €CTh BEPOATHOCTh OTKa3a
OTHUMaeM oT 1.

4. Peaqu3zauus ajJropuTtMa HeHMPOHHOW CeTH ISl OLEHKHU HAJeKHOCTH
TeJIEKOMMYHHUKAIIMOHHBIX CeTei.

AJNropuTM OBLIT peaM30BaH B BUJIE IBYX KJIACCOB:

— kJyacca Neuron.

— kJacca Leyer.

Knacc Neuron mpexacraBisier monenb HedipoHa Koxonena. Knacc umeer
CJIEIYIOLUE TTOJISL:

— private String cIName;

— private int count;

— private double[] weights;

TakxenmeeTcieyIneMETOIbI:

— public void addPoint(double[] point)

— public void setNeuron(double[] point)

— publicvoidsetCIName(String cIName)
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— publicvoidgetCIName()
— public double test(double[] point)
Knacc LayernpencrBasisier Mopaenb HOWpoHHOro ciosi KoxoHeHa w
COACPIKHUT B cebe HGﬁpOHBI CJIOA U UMECT II0JIC:
— public Neuron[] layer;
TaxxenmeeTcie 1y oueMeTO bl
— public int searchWithName(double[] point, String cIName)
— public int search(double[] point)
— public void study()
— public ArrayList<String> test()
— public void setLayer(int points)
BBox nanHbIX ocymectBisercs ¢ 6a3nl qanabix MySQL, 3 Tabmu STUDY
u TEST.
CrtpykTypabasbl JaHHBIX BHITISIUT CIETYIONUM 00pa3oM:
CREATE DATABASE 'NEURON';
USE 'NEURON';
CREATE TABLE
‘STUDY" (
id” INT(11) NOT NULL AUTO_INCREMENT,
“parl’ DOUBLE NOT NULL,
“par2” DOUBLE NOT NULL,
“par3” DOUBLE NOT NULL,
“par4” DOUBLE NOT NULL,
“par5” DOUBLE NOT NULL,
“par6° DOUBLE NOT NULL,
“par7” DOUBLE NOT NULL,
‘par8 DOUBLE NOT NULL,
“class’ CHAR(30) NOT NULL,
PRIMARY KEY(id")
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CREATE TABLE
“TEST (
id® INT(11) NOT NULL AUTO_INCREMENT,
“parl’ DOUBLE NOT NULL,
“par2’ DOUBLE NOT NULL,
“par3’ DOUBLE NOT NULL,
“par4” DOUBLE NOT NULL,
“par5’ DOUBLE NOT NULL,
“par6” DOUBLE NOT NULL,
“par7” DOUBLE NOT NULL,
“par8” DOUBLE NOT NULL,
“class’ CHAR(30) NOT NULL,
PRIMARY KEY(id")
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Onucanne kiaacca Neuron
Kitacc Neuron umeer cnenyromye mos:
— private String cIName;
— private int count;
— private double[] weights;
[Tone “cIName” — mpezacraBiseT HauMeHOBaHUs Kiacca. Mcmonb3yercs
JUTISL UACHTU(PUKAIIMY KITACCOB.
[Tone “count” — mpeacTaBisieT KOIMYECTBO OOBEKTOB O0yUEHUS HEMpoHa.
[Tore “weights” — mpencraBiasieT Bechl HEHpOHA JUIS BXOJHOTO BEKTOPA.
JlnrHa MaccrBa COOTBETCBYET JJIMHE BXOAHOTO BEKOPA.
Kitacc Neuron umeercnenymmeMeTobl:
— public void addPoint(double[] point)
— public void setNeuron(double[] point)
— publicvoidsetCIName(String cIName)
— publicStringgetCIName()
— public double test(double[] point)
Meton “addPoint” mpuHrMaeT B KadecTBe Mmapamerpa BXOIHOW BEKTOP
JUIs 0OyYeHHMs U He BO3BpAIllaeT HUKAKOE 3HaUEeHUE. DTOMY METOy oOpalaercs
s oOydeHusi HeipoHa. [IpUHATBHIM BEKTOp CMeIIaeT BeChbl HEMpOHa CBOIO
CTOpOHY 10 cienytouei hopmye.

(W * count + X)

W =
count + 1

Takum oOpa3zom dYem Oombiie 00y4arOTCS, TEM MEHbBIIE CIBUTAOTCS
HEHPOHHBIE Beca. DTOT METOJI OTHOCUTCS TUHAMUYECKOMY OOYUYEHHIO HEHPOHA.

Meron “setNeuron” mnpuHuMaeT B KauecTBE B30JIHOIO IMapameTpa
HayaJbHbIC Beca HEWPOHA U HE BO3BpAIllaeT HUKAKOE 3HaYCHUE.

Meton “setCIName” nmpuHHMaeT B KaueCcTBE BXOIHOTO IMapaMeTpa CTPOKY
Y HUKAaKO#l mapameTp He Bo3Bpallaer. Meros yCcTaHaBIIMBA€T Ha3BAHHUE Kiacca

KOTOPOMY OTHOCHUTCSI HEHPOH.
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Meton “getCIName” He mpuHMMaeT HHKAKOW MapaMeTp W BO3BpaIlacT
CTpoKy. MeTo1 BO3BpaIIaeT Ha3BaHUE KJIacca KOTOPOMY OTHOCUTCSI HEHPOH.

Meton “test” B kauecTBe BXOJHOTO IapaMeTpa MNPUHUMAET BEKTOP
BXOJIHBIX TIAPaMETPOB U BO3BPAIACT YUCIIO C IUIABYIOMIEH 3amsITON. DTOT METO
BBIYKCIIIET PACTOSHHE OT BECOB HEWpOHA [0 BXOAHOTO BEKTOPA.paCTOSIHHUE

BBIYHCIIAETCS 110 cienyrouei hopmyre:

A= Z(Wi — x;)?
i=1

Onucanme kiaacca Layer.

Knacc Layer umeer cieayroiye moisi:

— public Neuron[] layer;

[Tone “layer” mpencraBnser ciaoli HEHMPOHOB M COCTOUT W3 MHOXKECTBO
HEUPOHOB OTHOCSIIIUECS HECKOJBKMM KiaccaM. KoyinuecBo HEMPOHOB B CIIOKO
dbopmupyeTcst BO Bpemsi paboThl TPOrpaMMBbl apaMeTpaMu MOJIb30BaTENS.

Kinacc Layer umeert cieayronmueMeTo bl

— public int searchWithName(double[] point, String cIName)

— public int search(double[] point)

— public void study()

— public ArrayList<String> test()

— public void setLayer(int points)

Meton “searchWithName” mpuHMMaeT B KadyecTBE MmapamMeTpa BXOJHOMU
BEKTOP M CTPOKY M BO3BpAILAET LIEJIOYHCIECHHOE 3HAYEHHE. DTOT METOJ WIIET
camblii OJIM3KUII HEWPOH BXOJHOMY BEKTOPY OTHOCSIIUMCS K OINpeAeICHHOMY
KJIACCYH BO3BpAILla€T NHJIEKC HEWPOHA B CJIOIO.

Meton “search” mpuHHMaeT B KadecTBE IMapamerpa BEKTOp OOBEKTa u
BO3BpAILIAET IIEJIOYHCIIEHHOE 3HAaYeHUE. DTOT METOJl MIIET CaMbIil OJIM3KHii

HEUPOH BXOJHOMY BEKTOPY M BO3BPAILAET MHAEKC HEMPOHA B CIIOKO.
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Meton “study” HenmprHHMAaeT U HEBO3BpallaeT HUKAKKUE IMapamMeTpbl. MeTos
IPOU3BOAUT O0yueHHe HeHpoHHOro ciod. OO0yueHue MPOU3BOAUTCS MOUCKOM
OJM3Koro HeWpoHa W oOydeHneM ero. OOydeHUs NPOU3BOJIUTCS W3 TAOIHIIBI
“STUDY” 6a3bl JaHHBIX.

Merton “test” HempuHUMaeT HUKaKHUE TapaMeTphbl M BO3BpAIIAET JUCT CTPOK.
Meton nmnpoBepseT OOYYEHHCTh HEMPOHHOTO CJIOSI Ha OCHOBE TECTOB
XpaHsauecss B Tabmuue 6a3pl  ganHbix  “TEST”. Merong Bo3Bpaiaer
MOJIOKHUTENbHBIA WM OTPULATENbHBIA PE3YJIBTAT KAXKI0I0 TECTA B JIUCTE.

Meron “setLayer” npuHHMaeT B KaueCTBE MapaMeTpa LEJ0€ 3HAYCHUE U HE
BO3BpAIlaeT MmapaMeTphl. MeTo/l Ha OCHOBE MPHUHSATOTO MapaMeTpa BBIYUCISIET
KOJMYECTBO HEMPOHOB W PABHOMEPHO paclpeiesisieT B MNPOCTPAHCTBE.
[IpuHATBIA MapaMeTp ONPEAEISIET CKOJIBKO HEUPOHOB IIPUXOIUTCS HAa KaXIO0€
u3mepenue. Hampumep: Eciau BeneM 1pidhpy 3 TO KOJMYECTBO HEUPOHOB Ha
KQKJI0€ U3MEpPEHHE MPUXOAUTCA MO 3, y Hac § m3MepeHuil noisydaercss N =
n™ = 3% = 6561, To ecTh 6 561 HeliPOHOB B CIIOE.

5.Pe3yabTaThl NPOrpaMMbl
[Iporpamma juisi peanm3anuu MeToaa Obula HamucaHa Ha s3bIKE Java B
cpene NetBeans kak KOHCOJIBHOE MPUITOKEHUE.

NetBeans IDE — cB00OO1HAst HTHTErpUpOBAHHAS cpena
pazpaborkunpunoxennii(IDE) Ha SI3BIKax
nporpammupoBanuslava,JavaFX,Python,PHP JavaScript,C, C++, Arau  psna
TIPYTHUX.

IIpoektr  NetBeans IDE  monnepxuBaercss CIIOHCUPYETCS
kommnanuent Oracle, omnako paspabotka NetBeans Bemercs He3aBHUCHMBIM
coobmecTBoM  paszpabotunkoB-sHTy3uacToB  (NetBeans Community) w
komnanuen NetBeans Org.

Ilo xadectBy M BO3MOXKHOCTAM mnociennue Bepcun NetBeans IDE ne
YCTYMAIOT JIYYIIMM KOMMEpPYECKMM (IJIaTHBIM) HMHTETPUPOBAHHBIM Cpeaam
pa3paboTKu TUTSE SI3bIKA Java, TaKUM, kak IntelliJ IDEA,

noaiep kuBasspeHakTOPUHT, MPOPUINPOBAHNAE, BBIJACICHHE CHHTAKCUYECKUX
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http://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%BE%D0%B1%D0%BE%D0%B4%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D0%B3%D1%80%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D1%80%D0%B5%D0%B4%D0%B0_%D1%80%D0%B0%D0%B7%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%BA%D0%B8
http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D0%B3%D1%80%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D1%80%D0%B5%D0%B4%D0%B0_%D1%80%D0%B0%D0%B7%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%BA%D0%B8
http://ru.wikipedia.org/wiki/%D0%AF%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%AF%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%AF%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/JavaFX
http://ru.wikipedia.org/wiki/Python
http://ru.wikipedia.org/wiki/PHP
http://ru.wikipedia.org/wiki/JavaScript
http://ru.wikipedia.org/wiki/%D0%A1%D0%B8_(%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F)
http://ru.wikipedia.org/wiki/C%2B%2B
http://ru.wikipedia.org/wiki/%D0%90%D0%B4%D0%B0_(%D1%8F%D0%B7%D1%8B%D0%BA_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F)
http://ru.wikipedia.org/wiki/Oracle_Corporation
http://ru.wikipedia.org/wiki/IntelliJ_IDEA
http://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D1%84%D0%B0%D0%BA%D1%82%D0%BE%D1%80%D0%B8%D0%BD%D0%B3
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%84%D0%B8%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_(%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)

KOHCTPYKUHMH I[BETOM, aBTO-OMOJIHEHHE HAOMpaeMbIX KOHCTPYKIUH Ha JIETY,

MHO>KECTBO MPEAOIPEIeIEHHBIX IA0JOHOB KOAA U Ap.

®aiin MNpaska Bug Mepexoa Wecrounnk Peopranwsauma kopa Beinonwwte Otnagka MNpodunwpeosate pynna Cepewc Okno Cnpaska

LTSS D TR IPR-&-

" | Dains |Cny | = @ Layer.java Nl@} Neuro.java H‘ @ Komanaa SQL 3 Nl@ Neuron.java Hl
@JSHDEC"Ud HUOHHHK_]MUDDV]H = E-E "'a%@;‘@{b‘}[}‘gﬁlu O @ =
BQ Neure 1 package neuro;
¢ Bl Maxes nooansn Koa P
=5 newro 3
@ Layerjava q
[E Neuro.java z
: (8] Newon.java @ import neuro.Neuron;
G-l BubnnoTeri 7
@ Relax L T import java.sgl.*;
9 import java.util.ArrayList;
10 public class Layer {
11 public Neuron[] lawer;
12
13 public int searchWithName (double[] point, String clNHame)
14 [ {
15 int ind = 0;
18 double min = 3;
17 for(int i=0;i<layer.length;i++)
18 {
13 if (layer[i] .clName.equals (clName) | | layer[i] .clName.equals("") ) {
20 double near = layer[i].test(point);
21 if (near<min)
22 {
23 ind = i
24 min = near;
25
28

Puc. 14. Cpena pazpadotku NetBeans.

baza nannbix a5 oOydeHUs W TeCTHpPOBaHHs ObUIO MpEACTaBIECHO B 0asa

nanaeix MySQL.
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@ Layer.java mHE} MNewurao.java m| @ KomaHaa SQL 3 ﬁ| @ Neuron.java ﬁ| @‘] KomaHaa SQL 4 ﬁ|

McTounuk | WMcTopua  CoeaWHeHwe; 'jdhc:mysql:fﬂncalhost: 3306 /neuron?zeroDateTimeBehavior =convertToNull [root Ha CxeMa No YMONYEHWKD,
1 select * from study;

2

select * from study e |

HEEEE @K € > M Pasmepcpamus: |30

F id parl par2 par3 pard pars pars par7 pard dass
1 0 0.453459 0.0133258 0.976558 0.599251 0.119921 0.653167 0. 246466 0. 737715 C
2 1 0.747047  0.830575 0.651747 0.0732816 0.740895 0.74625 0.779636 0.0621228 B
3 2 0.92706  0,153672 0.85109 0.0805433 0.919797 0.167294 0.43942 0.343576 C
4 3 0.462453  0.424609 0.78001 0.825588 0.149692 0.594935 0.917409 0.0774042B
5 4 0.450139 0.306167 0,711275 0,510595 0.403938 0.82106 0,308775 0.381084C
5] 5 0.455535 0.0863699 0.311806 0.1133 0.232933 0.295534 0.49599 0.13121D
7 & 0.601734  0.843694 0.460621 0.6096 0.113552 0.863296 0.902226 0.252361E
8 7 0.0906116  0.234182 0.299125 0.301273 0.8048 0.4338957 0.670342 0.736285C
9 8 0.134161  0.432629 0.729458 0.997064 0.651109 0.0245134 0.192527 0,135627 C
10 9 0.58119 0.34423 0,218638 0.876163 0.416509 0.314394 0.963249 0.660688 B
11 10 0.774556  0.103111 0.00592163 0.392967 0.13599 0.0208261 0.973152 0.258174C
12 11 0.424082  0.404145 0.06141 0.692048 0.99382 0.604944 0.15158 0.300852 C
13 12 0.530322  0.324455 0.393199 0.292217 0.389033 0.1581041 0.475368 0,767005C
14 13 0.644313 0.581011 0.550939 0.0436039 0.498265 0.673759 0.89156 0.0386102C
15 14 0.998493 0.415736 0,423334 0.611652 0.171013 0.541897 0,101715 0.697126 C
16 15 0.293924 0.549514 0.677516 0.991934 0.892615 0.635422 0.735451 0.945816 B
17 16 0.178937  0.896518 0.437579 0.8097 0.0799639  0.00246267 0.950838 0.537494 B
13 17 0.704695  0.980258 0.0495865 0.408058 0.085197 0.712315 0.38964 0.336618 C
19 13 0.291786 0.24273 0.0324716 0.978695 0.572991 0.0110924 0.459025 0.894522 C
20 19 0.994761 0.683231 0,560012 0,239054 0.178118 0.375356 0.664132 0.667397B
21 20 0.0930022  0.552804 0.0733062 0.40985 0.613927 0.2537134 0.762411 0.753838 C
22 21 0.329147  0.941431 0.870748 0.496861 0.624396 0.775738 0.363449 0.284347 B
23 22 0.224865 0.623584 0.773257 0.13088 0.457422 0.0777954 0.246572 0.838207 C
24 23 0.434198  0.429645 0.212421 0.4909734 0.758997 0.945858 0.868939 0.518732B
25 24 0.994609 0.937381 0,339211 0.916293 0.0519298 0.45017 0.736739 0.5651B
26 25 0.86592 0.393384 9,15329E-4 0.656356 0.208773 0.311528 0.952433 0.629777C
27 26 0.257264 0.05739 0.68396 0.270329 0.579104 0.113412 0.130013 0.100426 D
28 27 0.532232 0.4129381 0. 770265 0.922606 0.681313 0.959017 0.04156186 0.0952311B
29 28 0.72736 0.93538 0.704791 0.882551 0.619101 0.306074 0.268185 0.0105158 B
30 29 0.969114  0.357837 0,921948 0,330938 0.632718 0.213679 0,276806 0.743582B

Puc. 15. Ta6auua STUDY 6a3sr nanasix NEURON.

Tabnuma STUDY umeer 6omee 15000 3anuceit s 00yueHus: HEMpOHHON
CETH U COJIEP>KUT BXOHBIE MTApaMETPhI U KIacChl KOTOPHIM OHU OTHOCSTCSI.
Jlns TecTUpOBaHUS HEMPOHHBIN ceTh co3ana Tabiuna TEST. Kotopsrit

coziepkut 6osee 730 TECTOB AJIsi TECTUPOBAHUS CUCTEMBI.
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@ Layer.java ﬁl @ Meuro.java ﬁ| Ef] Komanaa SQL 3 le @ Meuron.java $| Ef] Komanaa SQL 4 ﬁ| @ KomaHaa SQL 5 &2
McTouHuk | WMcTopuAa CoenuHEHWE: .jdhc:mysql:fﬂocalhust: 3306 /neuron?zeroDateTimeBehavior =convertToMull [root Ha CxemMa no yMoN4aEHMIo]

1 select * from test:
2

select * from test & |

HEEE 2 € € » ¥ Pasvepcrpaniue: |30

id parl par2 par3 par4 pars pars par? pard cass

4k

1 1 0.0357547 0.0121794 0,0563554 0.108506 0.0653247 0,182307  0.0301094 0.101269 E
2 2 0.06133% 0.047413 0.00567252 0,.0354455 0.0534667 0.075115 0.111377 0.0549331E
3 3 0.0937339 0.0647539 0,0923953 0,.135995 0.11223 0,12913 0.140732 0.0252432 E
4 4 0,120063 0,122312 0,109391 0,0114553 0.177035 0.0422246 0.103132 0.143552E
5 5 0.0811479 0.024322 0,1582227 0.0333367 0.133957 0,135122  0.0157558 0.0736626 E
(=} =} 0,190038 0,0695396 0,177561 0,194737 0,107704 0.0595101 0,190352 0.192151E
7 7 0.0841302 0,0339209 0,192933 0,0945145 0.13047% 0.0452002  0.0304131 0.172083E
8 8 0.0193527 0,143547 0.04753544 0.0655216 0.174331 0.085666 0.108055 0.170954 E
9 9 0.161835 0.00850729 0, 144657 0,0812006 0.132193 0.0393914 0.114777 0.153633E
10 10 0.0862325 0.166533 0,120401 0.151306 0.169145 0,134861 0.130858 0.191065E
11 11 0,0359502 0,121163 0,157615 0,107545 0.0434309 0,17497 0.107322 0,0655391E
12 12 0.152525 0.0132217 0.0744433 0.119911 0.011347 0.0226426 0.108567 0.15329E
13 13 0.132519 0,113392 0,163393 0,151993 0.111922 0,163429 0,0995151 0.045212E
14 14 0.017272 0,177665 0,198275 0.0535636 0.0494317 0.018574 0.140079 0.0764326 E
15 15 0.0735399 0. 143441 0,0787367 0,0266543 0.124122 0,12043 0.0613497 0.0653554 E
15 15 0.17205 0,122077 0,0324543 0.0575397 0,.0746066 0,107599 0.135523 0.0654216 E
17 17 0.120009 0,0536455 0,143214 0. 140639 0.12624 0,1642837  0.0666522 0.0516109 E
13 13 0,0563391 0,107599 0.026345 0.180767 0.172229 0,154544 0.116738 0.198218 E
19 19 0.0649293 0.00931465 0,119302 0.10817 0.0710754 0,174481 0.193666 0.0622313E
20 20 0.01397%9 0.007593603 0,107305 0,.134053 0.0920294 0.0801416 0,105952 0.0582542 E
21 21 0.0781061 0.0901416 0,0568572 0.150611 0.190629 0.00670239 0.0254217 0.0472862 E
22 22 0.0503413 0.00209342 0,0663485 0.127292 0.0463669 0.141598 0.052338 0.115659 E
23 23 9.7026%E-4 0,109143 0,120174 0.0038395633 0,0445017 0.0649318 0,03093313 0,0693936 E
24 24 0.0903187 0.0547133 0.0494373 0.0311733 0.0340633 0.0204738 0.149771 0.0233041E
25 25 0.192434 0,198157 0,173227 0,159302 0. 144066 0,130542 0.137374 0.100013E
26 26 0.0370447 0.0721923 0.0721134 0.123499 0.189971 0.0179412  0.0854222 0.132343E
27 27 0.0257795 0,147304 0,0587375 0,152033 0,0524262 0, 1453442 0,192303 0,0771921E
28 28 0.131437 0.0449349 0.0399239 0.159971 0.060313 0.0563758 0.186591 0.127271E
29 29 0,135574 0,177567 0,165074 0,18682 0,0601573 0.0702458 0,00763697 0.142952E
30 30 0,112502 0.0704243 0,185085 0.164531 0.103342 0,191103 0.193343 0.0805241E
Puc 16. Tabnuia TEST 6a3sr nanasix NEURON.
JlanHbie TaOwI] 0a3bl JAHHBIX OTJIMYHBI IPYT OT JApyra ¥ Ha

TTOBTOPSIOTCSI.

[Iporpamma TecTupoBagach pa3HbIMU BXOJIHBIMU ITapaMeTpaMH, Ipu 2, 3,
4 pa3nenieHUl Ha U3MEPEHHUS.
[Tpu 2x pa3geseHnusIX Ha U3MEPEHHUS:
— KonunyectBo HelipoHOB 256.
— Oo6yuatomnue gaaabix — 15007.
— TecroB — 731.
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— Bpewms pabotsi — 1 c.

33
34
35 double[] p = new double[8]:

36

é; MNeura } () main §

BuiBOg |

U> |I{0Hconb oTnagkK |I{0Mar-u13 50l 4 BenonHeHke 3 | Komadoa SQL 5 BminonHenwe 8 | MNeuro {run) =

u> rumn:

|_| BEGEIN

2~8=25¢.0

%% Got connection

15007

ot connection

YES TZg NO 5

CEOPKA VCIENHO ZABEPMEHR (obmee EpemMa: 0 cexyHO)

Puc. 17. Pe3ynpTaTsl pabOThI IPOTpaMMBI IIPH 2X pa3/esICeHUsIX Ha U3MEPEHUs

[Ipu 2x pazgeneHusix Ha u3mMepenus pesyaprar 726 uz 731, To ects 99,31%.

[Tpu 3x pazaeneHusx Ha UBMEPEHUS:
— KonnuecTBo HeMpoHOB 6561.

— OOyuarormue nanabix — 15007.

— TecroB — 731.

— Bpewms padotsl — 4 c.

32 SYSCem.out.printin( (String) l1terator.next());
33

34

35 double[] p = new double[8]:;

36

§) Neuro 3 ([ main } B
BriBOg = |

D> | KoHcons oTnagkKn 5 | Komanaa SOL 4 eeinonHerme 5 | Komanga SOL 5 BeinonHeHwe 5 | Meuro (run) =
H> rumnc:

|_| BEGEIN

3~B=g5cl.0

%& ot connection

15007

Got connection

YES 730 NG 1

CEOPKRA VCIIENHO ZABEPNEHR (oBmee spema: 4 cemymm)

Puc. 18. Pe3ynbTarsl paboThl MpOTrpamMMBbl TIpH 3X pa3zesiCHUsX Ha N3MEPEHUS
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[Ipu 3x paznenenusx Ha usmepenus pesyabrat 730 uz 731, To ectb

99,86%.

[Ipu 4x pa3neneHusX Ha U3MEPEHMUS:
— KomnuuectBo HeltpoHoB 655306.

— OoOyuaromue gaHHbeix — 15007.

— TecroB — 731.

— Bpewms paboter — 44 c.

44 p[7] = 0;

45 System.err.println ("CLASS: "+layer.layer[layer.search(p . c1lHame
48 =

47

48 ¥

§, r‘~l».=_~ur-::n1 } iy main }
Buisog 2 |

[D |KOHmnb oTnagky 2B |I{cMaH.u.a SOL 4 BrinonHeHke 3 | Komadaa SOL 5 BeinonHerne & | Meuro {run) =

BEGEIN

4~8=g553€.0

% Eot connection

15007

ot connection

YES 730 HO 1

CEOPKA VCIENHO ZSABEPIEHE (cbmee spema: 44 cexyeEom)

|

Puc. 19. Pe3ynpTaTsl paboThl IpOrpaMMBbI IIpH 4X pa3/iesieHUsIX Ha U3MEPEHUs

[Ipu 4x pazpenenusx Ha uzmepenus pesynsrat 730 u3z 731, To ectb 99,86%.
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BriBoasl no riase |11

OnTuManbHBIM TTApaMETPOM SABJISIETCS MPU 3X pa3lIeNICHUSIX HAa U3MEPEHUSL.
[Tpu 3TOM CKOpPOCTH PabOTHI U PE3yJIbTATUBBHOCTH ONTUMAJIBHBIM.

AJTOPUTM MOXKHO YCIIOXHUTH UMOIUMDHUIIMOPOBATE I MOJy4YeHHST OoJjee
JY4YIIUX PE3YIbTaTOB U YCKOPUTH OOYUYEHHUE CETH.

Jlaxke B cilydae yCHEIIHOIro, Ha MEPBBIA B3I, 0Oy4eHHUsl CeTh HE Bceraa
oOydaeTcss UMEHHO TOMY, 4ero OT He€ xoTea co3naTenb. M3BecteH ciyuai,
Korja ceTh oOydJanach pacro3HaBaHHUIO U300paKEHUN TaHKOB 10 GoTorpadusim,
OJIHAKO TIO3/IHEE BBIICHUIIOCH, YTO BCE TaHKU ObUIM coTorpapupoBaHbl Ha
OJTHOM U TOM k€ poHe. B pesynbpTaTe ceTh «HAyIMIaCchy Pacro3HaBaTh 3TOT THI
JaHAmadTa, BMECTO TOrO, YTOOBl «HAYYUTHCS» PACIO3HABAThb TaHKU. TaKuM
o0pa3oMm, CeTb «IIOHHUMAeT» He TO, 4TO OT He€ TpeOOoBasloCh, a TO, YTO IMPOILE
BCET0 00OOIIUTE.

TectupoBanue kauecTBa 0Oy4eHHUS HEMPOCETH HEOOXOAMMO MPOBOJIUTH HA
nmpuMepax, KOTOpble HE ydacTBOBaM B ee oOydenuu. [Ipu sTOoM umcio
TECTOBBIX MPUMEPOB JIOJKHO OBITh TeM OOJIbIlIe, YeM BBIIIE KadeCTBO
oOydenusi. Ecnu ommOKky HEMPOHHOW CETH HMMEIOT BEPOSTHOCTH OJIM3KYIO K
OJHOW MWJUIMAPIHOM, TO W IS MOATBEPKIACHUS DTOW BEPOSATHOCTU HYKEH
MUJUIMAP]] TECTOBBIX MpuMepoB. llomydaercs, 4To TECTUPOBAHHE XOPOIIO

00y4eHHBIX HEHPOHHBIX CETEH CTAHOBUTCS OYCHb TPYIHOMU 3a/1avueil.
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3akirouenue

HeiiponHbsie ceTH MNPOAEMOHCTPUPOBAIM CBOIO CHOCOOHOCTH peuIaTh
cioXHble 3anauu. OHM MMEKT YHHKaJIbHbIE NOTCHIMAIBHBIE BO3MOKHOCTH,
XOTsl HE CBOOOJHBI OT OTPaHUYEHUN U BOIPOCOB, Ha KOTOPHIE O CHUX MOp HE
CyIIECTBYET OTBeTa. Takas cuTyalus HaCTpauBacT HA YMEPEHHBIN ONITUMHU3M.

C TOukM 3peHus MAIIMHHOTO OOYy4YeHHs, HEWPOHHAs CETh NPEJCTaBIISIET
co00i1 YacTHBIA Ciay4yail METOAOB pacno3HaBaHHs 00pPa30B,TUCKPUMUHAHTHOTO
aHaJIM3a, METOJOB KJacTepu3aluu U T. .  C MareMaTu4ecKou TOYKU 3pEHMUS,
oOyueHue HEUPOHHBIX ceTen — 3TO MHOI'OIIapaMeTpuyecKas

3ala4aHEIMHENHOMO TUMHU3AIINH.

HccnepoBanne  METOAOB W aTOPUTMOB  OLEHKH  HAJEKHOCTU
TEJICKOMMYHUKAIIMOHHBIX CETeH TMO3BOJISIET CHOPMYIUPOBATH CIICIYIONTUE

BBIBOJBI.

1. COBpCMCHHOC COCTOAHHUE OLCHKHM HaACKHOCTHU CHCTEM IIO3BOJIACT

pemars 3a/1la4y OLCHKN CUCTCMBI ITPH H€06XOI[I/IMOM YPOBHC JOCTOBCPHOCTH.

2. Ilpu mocTpoeHUM HEHWPOHHBIX CETEW MJIs OLICHKH HAJIeKHOCTH CETU
HaJI0 MPEABAPUTEIBHO MOJATOTOBUTH BXOJHBIE JAHHBIE U MPUBECTU UX OJHOMY
BUuy. JlaHHBbIE JIOJDKHBI OBITH JIOCTOBEPHBIMM M OOOCHOBAaHHBIMHU JUIS

IMMOJY4YCHUA PCAJIbHBIC ITOKA3aTCIIN HAACKHOCTH.

3. KommuecTtBO HEWPOHOB B HEUPOHHOM CJIOK HAAO0 Mmoao0paTh
onTuMaIbHBIM 00pa3oM. Tak Kak MOBBIIIEHHS KOJTHMYECTBO HEHPOHOB 3aMeIIseT
pabotel I1O, a moHmwkeHuss yBenu4MBaeT HCKakeHus. [Ipu moBblIeHUH
KOJIMYECTBO HEHpoHOB Ooinbiie 5 Ha oxHo wu3MmepeHus I[IO0 oOyuenus
IPOU3BOJIMIOCH OYEHB JIOJITO TaK KaK KOJIMYECTBO HEHPOHOB BHYTPEHHEM CIIOE

nocturano 390625 mr. OGydeHnust mpousBoauIachk 6osee 15 Thic. JaHHBIMH.

4. Knaccel 0bu10 ycioBHO pasneneno Ha 5 (A, B, C, D, E). Ho moxHo

MEHSTBH KOJIMYECTBO KJIaCCOB Ha OOJIbIIIee KOJHMYSCTBO MW HA MEHBIIICE.
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http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%88%D0%B8%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D0%BF%D0%BE%D0%B7%D0%BD%D0%B0%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2_(%D0%BA%D0%B8%D0%B1%D0%B5%D1%80%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0)
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D0%BA%D1%80%D0%B8%D0%BC%D0%B8%D0%BD%D0%B0%D0%BD%D1%82%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D0%BA%D1%80%D0%B8%D0%BC%D0%B8%D0%BD%D0%B0%D0%BD%D1%82%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D0%BA%D1%80%D0%B8%D0%BC%D0%B8%D0%BD%D0%B0%D0%BD%D1%82%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
http://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81%D1%82%D0%B5%D1%80%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/w/index.php?title=%D0%9C%D0%BD%D0%BE%D0%B3%D0%BE%D0%BF%D0%B0%D1%80%D0%B0%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B7%D0%B0%D0%B4%D0%B0%D1%87%D0%B0&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=%D0%9C%D0%BD%D0%BE%D0%B3%D0%BE%D0%BF%D0%B0%D1%80%D0%B0%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B7%D0%B0%D0%B4%D0%B0%D1%87%D0%B0&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=%D0%9C%D0%BD%D0%BE%D0%B3%D0%BE%D0%BF%D0%B0%D1%80%D0%B0%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B7%D0%B0%D0%B4%D0%B0%D1%87%D0%B0&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=%D0%9C%D0%BD%D0%BE%D0%B3%D0%BE%D0%BF%D0%B0%D1%80%D0%B0%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B7%D0%B0%D0%B4%D0%B0%D1%87%D0%B0&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D1%82%D0%B8%D0%BC%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)

[1O pa3paboTaHHOW B XO0J/I€ BBITIOJHEHHS HCCIIEIOBAHUUOBIIO CO37aHO
JUTSL MCCIIEAOBaHUS U TIPOBEPKH paboTocnocoOHOoCTH anroputma. IIporpamma

OTpakaeT MPUHITUIT pabOTHI OJTHOM M3 BUJIOB HEMpOoHHOMU ceTn KoxoHeHa.

IIpumenenne 3TOro MeTroja yMECTHO B TeX Ciaydasx, korga Jlerko
MOJIYYUTh BXOJIHBIE MAPAMETPHI 11 HEMPOHHOU ceTu. HelpoHHYI0 ceTh Jyyiie
o0yuaTb W3 3HAHUW OKCIEPTOB I JOCTOBEPHOM pabOTOCIIOCOOHOCTH
cet.O0yUeHHBIM CeTh MOXKET BbIIaBaTh OBICTPBHIE U TOUHBIE pe3ynbTatrhl. [Ipu
TaKUX YCIOBUAX pe3yJdbTaThl OyAyT HUMETh JOCTATOYHYIO JOCTOBEPHOCTH

OLICHKU HaJEKHOCTH.

OnTuManeHbIM APAMETPOM SIBJIAETCS MPU 3X pa3lelICHUsAX HAa U3MEPEHHUS.
ITpu 3TOM CKOpOCTH pabOTHI M PE3yJIbTaATUBBHOCTD ONITUMAJIbHBIN.

AJTOpUTM MOXKHO YCIIOKHUTh U MOAM(DHUIIMOPOBATH ISl MOJTy4YeHHs Oosee
JTYYIINUX Pe3yIbTaTOB U YCKOPUTH OOYUEHHE CETH.

TectupoBanue kauecTBa 0Oy4eHHUS HEMPOCETH HEOOXOAMMO MPOBOJIUTH HA
npuMepax, KOTOpble HE ydacTBOBaIM B ee oOyuenuu. [Ipu sTtom wymcio
TECTOBBIX MPUMEPOB JAOJKHO OBITh TEM OoJibllle, YEM BBIIIE KayeCTBO
oOyuenus. Ecnu ommOKu HEWPOHHOH CEeTH MMEIOT BEPOSITHOCTH OJM3KYIO K
OJHOW MWJUIMAPJHOM, TO W JUISI TOATBEPKIACHUS DTOW BEPOSATHOCTU HYKEH
MUJUIMAP]] TECTOBBIX MpuMepoB. llomydaercs, 4ToO TECTUPOBAHHE XOPOILIO

00y4YeHHBIX HEHPOHHBIX CETEH CTAHOBUTCS OYCHb TPYIHOM 3a/1a4ueil.
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3akon PecnyOnuku VY36ekucran Ne560-11 «O6 undpopmaTuzanum» ot
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HNoxnan Ilpesunenta PecnyOnuku Y36ekuctan Mcmama KapumoBa Ha
3aC€JaHUU IPaBUTEIbCTBA [0 MTOraM COLMAJIbHO-?’KOHOMUYECKOTO

pa3Butus ctpansl B 2010 roay u BaxkHenmmM npuoputeram Ha 2011 rox.
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IIpuioxxenue.

JImctunr kmacca Neuron.
packageneuro;

public class Neuron {

public String cIName = "";

private int count = 0;

public double[] weights = new double[8];

public void addPoint(double[] point){
for(int i=0; i<8;i++)

{
weights[i]=(point[i]+count*weights[i])/(count+1);

¥

count++;

¥

public void setNeuron(double[] point){
for(int i=0;i<8;i++)weights[i] = point[i];

¥

public void setCIName(String cl){

cIName = cl;
}

public double test(double[] point)
{

double near = 0;
for(int i=0; i<8;i++)

near+= (weights[i]-point[i])*(weights[i]-point[i]);
}

returnMath.sgrt(near);

}

Jluctunrkmnaccal ayer.
packageneuro;

importneuro.Neuron;
importjava.sql.*;
importjava.util. ArrayList;

public class Layer {
public Neuron[] layer;
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publicintsearchWithName(double[] point, String cIName)
{

intind = 0;

double min = 3;

for(inti=0;i<layer.length;i++)

if(layer[i].cIName.equals(cIName)||layer[i].cIName.equals("")){
double near = layer[i].test(point);
if(near<min)

ind=1i;
min = near;

3
¥

returnind;

}

public int search(double[] point)
{

intind = 0;

double min = §;

for(inti=0;i<layer.length;i++)

{
if("layer[i].cIName.equals("")){
double near = layer[i].test(point);
if(near<min)

{
ind =1i;
min = near;

}

}
}
returnind;

}
public void study()
{

Connection con = null;
intpo = 0;
String url = "jdbc:mysql://localhost:3306/neuron?user=root&password=1";
//String url = "jdbc:mysql://localhost:1527/neuro?user=root&password=123";
try {
con = DriverManager.getConnection(url);
//Class.forName("org.apache.derby.jdbc.ClientDriver").newlInstance();
Class.forName(*"com.mysql.jdbc.Driver").newlInstance();
System.out.printin("Got connection™);

} catch (Exception e) {
System.out.printin(e);

try {
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Statement selectl = con.createStatement();
String ss1 = "select * from study;";
ResultSet resultl = selectl.executeQuery(ssl);

while (resultl.next()) {

po++;

double[] p = new double[8];

p[0] = Double.parseDouble(resultl.getString(2));

p[1] = Double.parseDouble(resultl.getString(3));

p[2] = Double.parseDouble(resultl.getString(4));

p[3] = Double.parseDouble(resultl.getString(5));

p[4] = Double.parseDouble(resultl.getString(6));

p[5] = Double.parseDouble(resultl.getString(7));

p[6] = Double.parseDouble(resultl.getString(8));

p[7] = Double.parseDouble(resultl.getString(9));
String cIName = resultl.getString(10);

intneuronindex = searchWithName(p, cIName);
//System.out.printin(layer[neuronindex].cIName+" / "+cIName);

layer[neuronindex].addPoint(p);
layer[neuronindex].setCIName(cIName);
}
} catch (SQLException ex) {
ex.printStackTrace();

System.out.printin(po);
¥

publicArrayList<String> test()
{
int yes = 0;
intno =0;
Connection con = null;
ArrayList<String>ar=new ArrayList<String>();
String url = "jdbc:mysql://localhost:3306/neuron?user=root&password=1";
//String url = "jdbc:mysql://localhost:1527/neuro?user=root&password=123";
try {
con = DriverManager.getConnection(url);
Class.forName(*com.mysql.jdbc.Driver").newlInstance();
System.out.printin("Got connection™);

} catch (Exception e) {
System.out.printin(e);

}

try {
Statement selectl = con.createStatement();

String ss1 = "select * from test;";
ResultSet resultl = selectl.executeQuery(ssl);

while (resultl.next()) {

87



double[] p = new double[8];
p[0] = Double.parseDouble(resultl.getString(2));
p[1] = Double.parseDouble(resultl.getString(3));
p[2] = Double.parseDouble(resultl.getString(4));
p[3] = Double.parseDouble(resultl.getString(5));
p[4] = Double.parseDouble(resultl.getString(6));
p[5] = Double.parseDouble(resultl.getString(7));
p[6] = Double.parseDouble(resultl.getString(8));
p[7] = Double.parseDouble(resultl.getString(9));
String cIName = resultl.getString(10);
//System.out.printin(p[0]+" / "+p[1]+" / "+p[2]+" [ "+p[3]+" / "+p[4]+" / "+p[5]+" /
“+p[6]+" / "+p[7]);
intneuronindex = search(p);
//System.out.printin(layer[neuronindex].cIName+" / "+cIName);
if(layer[neuronindex].cIName.equals(cIName))
{
ar.add("YES");
yeS++;
} else{
ar.add("NO");
no++;
}

}
} catch (SQLEXxception ex) {

ex.printStackTrace();

}
System.out.printin("YES "+yes+" NO "+no);

returnar;

}

public void setLayer(int points)
{
intind = (Integer)Math.round((float) Math.pow(points, 8));
layer = new Neuron[ind];
//System.out.printin(ind);
Ilayer[0].tes();
for(inti=0;i<ind;i++) {layer[i] = new Neuron();}
int index =0;
double[] w = new double[8];
for(inti=0; i<points;i++)

{
w[0] = (i+0.5)/points;
for(int j=0; j<points;j++)
{
w[1] = (j+0.5)/points;
for(int k=0; k<points;k++)

{
w[2] = (k+0.5)/points;

for(int I=0; I<points;l++)

{
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w[3] = (1+0.5)/points;
for(int m=0; m<points;m++)

{
w[4] = (m+0.5)/points;
for(int n=0; n<points;n++)

w[5] = (n+0.5)/points;
for(int 0=0; o<points;o++)

w[6] = (0+0.5)/points;
for(int p=0; p<points;p++)

w[7] = (p+0.5)/points;
layer[index].setNeuron(wy);
index++;

}
¥

public void look()
{
for(inti = 0; i<layer.length; i++){
double[] d = layer][i].weights;
System.out.printin(layer[i].cIName+" / "+d[0]+" / "+d[1]+" / "+d[2]+" / "+d[3]+" / "+d[4]+" /
“+d[5]+ / +d6]+ /4 [7])}
}

public void ins()
{

Connection con = null;

String url = "jdbc:mysql://localhost:3306/neuron?user=root&password=1";
try {
con = DriverManager.getConnection(url);System.out.printin(1);
Class.forName(*"'com.mysql.jdbc.Driver").newlInstance();
System.out.printin("Got connection™);

} catch (Exception e) {
System.out.printin(e);

for(int j=586; j<100000; j++){
try {
double delta = 0;

String cIName = "";
double[] p = new double[8];
for(int i=0; i<8; i++)

{

p[i] = (4+Math.random())/5;
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delta+=Math.pow(p[i], 2);

delta = Math.sqrt(delta);
if(delta<Math.sqrt(8)/5) cIName = "E";

else if(delta<2*Math.sqrt(8)/5) cIName = "D";
else if(delta<3*Math.sqrt(8)/5) cIName = "C";
else if(delta<4*Math.sqrt(8)/5) cIName = "B";
else if(delta<Math.sqrt(8)) cIName = "A™";

String ss1 = "insert into test (id, parl, par2, par3, par4, par5, par6, par7, par8, class)
"+
"value("'+j+","+p[0]+","+

System.out.printIn(ssl);
PreparedStatementpreparedStmt = con.prepareStatement(ssl);
preparedStmt.execute();

} catch (SQLEXxception ex) {
ex.printStackTrace();

¥
¥
¥

JluctuurssimonusromerokiiaccaNeuro.

packageneuro;

importneuro.Layer;
importjava.util. ArrayList;
importjava.util.lterator;

public class Neuro {

/**

* @paramargs the command line arguments
*/
public static void main(String[] args) {
System.out.printin("BEGGIN");

Layer layer = new Layer();
Il layer.ins();

layer.setLayer(4);

System.out.printIin("4"8="+Math.pow(4, 8));
ArrayList<String>ar=new ArrayList<String>();
layer.study();
ar = layer.test();

Ilayer.look();
for (Iterator iterator = ar.iterator(); iterator.hasNext();)

{
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System.out.printIin((String) iterator.next());

double[] p = new double[8];

p[0] = 0;
p[1] = 0;
p[2] = 0;
p[3] = 0;
p[4] = 0;
p[5] = 0;
p[6] = 0;
p[7] =0;
System.err.printin("CLASS: "+layer.layer[layer.search(p)].cIName);
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