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B nanHOl TrMaBe 0OCYXIAIOTCSI HEUPOCETEBBIE METOMBI IOCTPOCHHS MOJEICH
CJIOKHBIX CHCTCM, OCHOBAHHBIC Ha BKCHepI/IMeHTaJILHLIX JAHHBIX. HOIIpO6HO
pPacCMOTpPEHBI TTOCTAHOBKHM THIOBBIX 3a7a4 MH(POPMAIMOHHOTO MOJICITUPOBAHUS
(MpsIMBIX, OOpAaTHBIX U CMEIIAHHBIX). M35105keHIE COMTPOBOKIAETCS MOICIbHBIMH

WUTIOCTPALMSIMU U IPUMEPAMU PEATTbHBIX PAKTHUECKUX TPUMEHEHUH.

CJ10KHBIEe CUCTEMBbI

PaccMoTpuM cuctemy, COCTOSIIIYHO U3 HEKOTOPOTO 4Mciaa KOMIOHEHT. Jlis
OTpEeJICICHHOCTH Oy/leM HMeTh B BHJy, CKa)K€M, TEPMHHAJl KPYIMHOTI'O OKEaHCKOI'O
nopTa, 0OCITYKHBAIOUIUI Pa3rpy3Ky CyAOB MOPTOBBIMU KpaHaMH, U OTIPABKY I'Py30B
aBTOMOOMJIBLHBIM U KeJIE3HOJOPOKHBIM TpaHcropToM. Harieit koHeuHoi 1enbto Oyner
MOCTPOCHUE MoOenu CUCTEMBI, ONHCHIBAIOIIECH €€ TMOBeAeHHe, M o0Jsagaroiei
npe/cKa3aTeIbHBIMU  CBOMCTBaMU. Mojienb CHocoOHa BO MHOTHX MPUIIOKEHHUAX

3aMEHHUTh COOOM UCCIIEyEMYIO CUCTEMY.
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Kaxxnas U3 KOMIIOHEHT CUCTEMbl MMEET CBOM CBOMICTBA M XapakTep MOBEJCHUS B
3aBUCUMOCTH OT COOCTBEHHOT'O COCTOSIHUS U BHELITHUX yclIoBUM. Eciiu Bce BO3MOXKHbBIE
NPOSIBIICHUSI CHUCTEMBI CBOJSATCS K CyMME IpPOSIBICHUN €€ KOMIIOHEHT, TO Takas
CUCTeMa SIBJISIETCS] MPOCTOW, HECMOTPSL HA TO, YTO YUCIIO €€ KOMIIOHEHT MOXET ObITh
BenuKo. [l omucaHus MPOCTBIX CHUCTEM TPAAMIMOHHO TPUMEHSIOTCS METO/bI
aHanuza, COCTOSIINE B MOCIEI0BATEIbHOM PACUWICHEHUH CUCTEMBbI Ha KOMIIOHEHTHI U
MOCTPOCHUM MOJiesield Bce Oosiee MPOCTHIX 3JE€MEHTOB. TakoBbIM B CBOEH OCHOBE
SBIIIETCS METOJ MaTeMaTH4ecKoro MojenupoBaHus[l], B KOTOpoM MoOelu
ONMKCHIBAIOTCSI B (GoOpME YpaBHEHMI, a TMpeacKa3aHUEe T[OBEJEHUS CHCTEMbI
OCHOBBIBAETCS HA UX PEIICHUU.

CoBpeMeHHBIE TEXHUYECKHE CHCTeMbl (HampuMep, YINOMSHYTHI BBIIIE TMOPT,
WHKEHEPHBIE COOPYXKEHUSs, MPUOOPHBIE KOMIUIEKCHI, TPAHCIIOPTHBIE CPENICTBA U [Ip.)
npUOIMKAIOTCS K TAKOMY YPOBHIO CIIO)KHOCTH, KOTJ]a UX HaOIlt0/laeMoe MOBEJIeHUE U
CBOICTBa HE CBOJATCS K IMPOCTOM CyMMe CBOMCTB OTAENbHBIX KOMIIOHEHT. [lpu
00BEMHEHUN KOMIIOHEHT B CHCTEMY BO3HUKAIOT KauecmeeHHO HOBBbIE CBOWCTBA,
KOTOpBIE HE MOTYT OBITh YCTaHOBJIEHBI TOCPEACTBOM AHAIU3A CBOMCTB KOMIIOHEHT.

B cnyuae TepmuHana mopra HeOONbIIME OTKIOHEHUS B MPOU3BOAUTEIHLHOCTH
paboThl KPaHOB, MaJIble U3MEHEHUs WM cOOU rpaduKa IBHKEHUS JKeTIEe3HOA0POKHBIX
COCTaBOB, OTKJIOHEHUS B CTENEHM 3arpy3kd M B rpaduke mpuOBITUS CYI0B MOTYT
BbI3BaTh KAUYE€CTBEHHO HOBBIA PEXHUM TMOBEIEHHUS IOPTa, KaK CUCTEMbI, a MUMEHHO
3arop. OOpa3zoBaHue 3aTOpa BBI3BIBAET OOpATHOE BO3JCHCTBUE HA PEKUMBI PabOTHI
KOMIIOHEHT, YTO MOXET MPUBECTU K CEPbE3HBIM aBapusM U T.A1. CocTosiHue 3aTopa He
MOKET OBITh B MOJIHOM Mepe IMOJIyueHO Ha OCHOBE OTIENbHOIO aHaiu3a, Harpumep,
CBOMCTB 0IHOTO KpaHa. OJHAKO B paMKax CHUCTEMbl OOBIYHBIA pexUM pabOThl 3TOTO
KpaHa MOXET MPUBOJUTH K COCTOSTHUIO 3aTOpa.

Takue cucTemMbl, B KOTOPBIX MPU BHIWICHEHUH KOMIIOHEHT MOTYT OBITh MOTEPSIHBI
NPUHIMIHAIIbHBIE CBOMCTBA, a MPHU 100aBJIIEHUH KOMIIOHEHT BO3HUKAIOT KaY€CTBEHHO
HOBBIE CBOMCTBa, OyaeM Ha3bIBaTh C10JCHbIMU. MOJENb CIOXKHONW CHUCTEMBI,

OCHOBAaHHAaA Ha IMPUHIOMUIIAX aHAJIN3a4, 6y,ZleT HCYCTPAaHUMO HEaJCKBaTHOM 1/13y11aeM0ﬁ



CUCTCMC, IIOCKOJIbKY IIpU paS6I/IeHI/II/I CHUCTCMblI Ha COCTaBJ/IAIOIMHNEC €€ KOMIIOHCHTBI

TCPAIOTCA €€ KaUCCTBCHHBIC OCOOCHHOCTH.

IpuHuunbl HHGOPMANMOHHOTO KHOEPHETHYECKOT0 MO/IeINPOBAHMS

BO3MOXHBIM BBIXOJOM W3 IOJIOKEHHUS SIBISIETCSI IOCTPOEHUE MOJEIM Ha OCHOBE
cunme3a KOMIIOHEHT. CUHTETUYECKUE MOJEIH SIBIISIFOTCS MPAKTUYECKU €IMHCTBEHHON
aNbTEpPHATUBOM B COLMOJIOTMM,  JIOJITOCPOYHBIX  NPOrHO3axX  MOroJel, B
MaKpO’KOHOMHKE, MeULIMHE. B mociennee Bpemsi cuHTeTHYECKHE WH(OPMAIIIOHHBIE
MOJIETIM UIMPOKO HCIIOJB3YIOTCS M IPU H3YYEHMHM TEXHUYECKUX U HWH)KEHEPHBIX
cucreM. B psne mpuiokeHunit MHQOPMALMOHHBIE M MaTEMAaTUYECKHE KOMIIOHEHTHI
MOTYT COCTaBJISITh €IMHYI0 MOJENb (HampuMep, BHEIIHUE YCJIOBHS ONMCBIBAKOTCS
peLICHUSIMA ~ ypaBHEHW MaTeMaTH4eCKOH (HU3MKH, a OTKIMK CHCTEMBI -
UH(POPMAIIMOHHON MOJIEIBIO).

OCHOBHBIM TPUHLIMIIOM HH(POPMALMOHHOIO MOJEIUPOBAHUS SIBISETCS MPUHLIUII
"yepnoeo awuka". B IpOTUBOMNOIOKHOCTh aHATUTHYECKOMY MOJAXOIY, IPU KOTOPOM
MOJIETTUPYETCSI BHYTPEHHSS CIMPYKMYypa CUCTEMBI, B CHHTETUYECKOM METOJIE "'YEpPHOTO
AIMKa" MOAEIUpYeTCs BHEIIHee ¢yukyuonuposanue cucteMbl. C TOUKH 3pEeHUSA
MOJIb30BATENS. MOJENIN CTPYKTypa CHUCTEMBI CHpPATaHAa B YEPHOM SIIUKE, KOTOPBIA
UMHUTHPYET MOBEACHYECKIE OCOOCHHOCTH CUCTEMBI.

KubepHetnueckuii nmpuHIMN '"depHOro smmuka" ObUT MpemiokeH [2] B paMkax
TEOPUH HICHTHU(PHUKAIMA CHUCTEM, B KOTOPOH IJsi TOCTPOCHHSI MOJIEIH CHCTEMBI
npeularaeTcss IIMPOKWA TMapaMeTpUYecKHi Kiacc OasuCHBIX (QYHKIUNA WA
YPaBHEHMH, a caMa MOJENb CUHme3upyemcsi IyTeM BbIOOpA MapaMeTPOB U3 YCIOBHS
HAWTYYIIero, Mpyu 3alaHHON (YHKIHUU IIEHHOCTH, COOTBETCTBHUS PEUICHUN ypaBHEHHN
NOBEJCHUIO cuUcTeMbl. I[IpM 3TOM CTpyKTypa CHUCTEMbl HHUKAaK HE OTpa)KaeTcsi B
CTPYKTYpE YPaBHEHUN MOJCIIH.

@OYHKIIMOHUPOBAHUE CHUCTEMBl B paMKax CHHTETHYECKOW MOJENHM ONMCHIBAETCS
YHCTO UHPOPMAYUOHHO, HA OCHOBE NAHHBIX JKCIEPHUMEHTOB WU HAOIIOACHUN Hal

peampHON cuctemor. Kak mpaBuino, WHGOPMAIMOHHBIE MOAETH MPOUTPHIBAIOT



1
dbopMarbHBIM MaTEMaTHYECKUM MOJIEISIM U JKCIEPTHBIM CHUCTEMaM [0 CTENeHU
"00BACHUMOCTH" BBIIABaEMBIX PE3YJbTATOB, OJHAKO OTCYTCTBHE OrpaHUYEHUN Ha
CIIOXHOCTh MOJEIHUPYEMBIX CHCTEM OIpPEAENseT WX BaXHYIO MPAKTHYECKYIO

3HAYUMOCTb.

Tunbl nHGOPMALMOHHBIX MOAeIel

2 o
MoxHO BBIACIIUTH HECKOJIBKO THUIIOB I/IH(i)OpMaHI/IOHHBIX MOJACICH, OTIIMYAOIIINXCA

10 XapakTepy 3arnpocoB K HUM. [lepeunciaum e HEKOTOPbIE U3 HUX:

e MoaenupoBaHHue OTKJIMKA CUCTEMBI Ha BHELIHEE BO3/ICHICTBUE

e Krnaccudukanus BHyTPEHHUX COCTOSIHUN CHCTEMBI

e [[pOrHo3 AMHaAMUKH U3MEHEHHS CUCTEMBI

e OIlleHKAa TOJIHOTHI OINMCAHUS CUCTEMBbl M CpaBHUTENIbHAs WHOOPMAIMOHHAS
3HAYUMOCTD [TAPAMETPOB CUCTEMBI

e OnruMm3anys MapaMeTpoB CHCTEMbl 1O OTHOIICHHWIO K 3aJaHHON (QyHKIUU
LIEHHOCTH

e AJAaNTUBHOE YIPABJIEHUE CUCTEMOMN

B stom paznene wusznoxkeHwe OyAeT OCHOBBIBATHCS Ha MOJIEISX MEPBOrO U3
YKa3aHHBIX TUIIOB.

Ilyctb X - BEKTOp, KOMIIOHEHTBI KOTOPOIO COOTBETCTBYIOT KOJIMUYECTBEHHBIM
CBOICTBaM cuUCTEMBI, X' - BEKTOpP KOJUYECTBEHHBIX CBOMCTB BHEIIHUX BO3JEHCTBUI.
OTKJIHMK CHCTEMBI MOXKET OBITH ONMUCAaH HEKOTOPOH (HEM3BECTHOW) BEKTOP-(QyHKIHMEH
F: Y = F(XX'), rne Y - BekTOop OTKIMKA. 3agadyeil MOAEIUPOBAHUS SBISETCA
udeHmugukayusi  cucmemsl, COCTOAIIAST B HAXOXKACHUHM  (YHKIHOHAIHLHOTO
OTHOILIEGHUS, alroOpuTMa WM CHUCTeMbl mpaBwi B oOmeid ¢opme Z=G(X.X"),

aCCOILMUPYIOIIEH KaKIyto nmapy BeKTOpoB (X,X") ¢ BeKTOpoMm Z TakuM o0pa3oM, uTo Z

1 .
WudopmanoHHbIe MOJIEIH, OCHOBAHHBIE HA JI02UYEeCKU NPO3PauHblx HEUPOHHBIX CETSX,
IpeUI0KEHHBIE B [4], B HEKOTOPOH CTENIEHU OTpa)KaroT IPUYMHHO-CIIEICTBEHHbIE
B3aMMOOTHOLIEHHSI MEXAY TapaMETPaMU MOJIEIH



U Y ONU3KM B HEKOTOPOM METpPUKE, OTpa)karouieil nenu mojaearupoBanus. OTHoILIEHUE
Z=G(X,X"), BOCIPOU3BO/SINIEE B YKa3aHHOM CMBICIIC (DYHKIIMOHHMPOBAHHUE CHCTEMBI F,

OyneM Ha3bIBaTh UHDOPMAYUOHHOU MOOETbI0 CUCTEMBI F.

Heiiponnbie ceTtu B UHGOPMALMOHHOM MOAECJIMPOBAHUH

Uckyccmeennsvie netiponnvie cemu (MHC) saBnsitoTcs ynoOHBIM M €CTECTBEHHBIM
0a3ucoM IS TpencTaBiIeHUs WHPOPMAMOHHBIX Mojeneil. HelpoceTh MOXeT OBITh
JOCTAaTOYHO (POpPMAIBHO ompesneneHa [3], Kak COBOKYITHOCTb MPOCTBIX MPOIECCOPHBIX
9JIEMEHTOB (YacTO HAa3bIBAEMBIX HelpOHAMU), OONAAIOIINX TOJTHOCTBIO JIOKAIBHBIM
(YHKIMOHUPOBaHWEM, H  OOBEAMHEHHBIX  OJHOHANPABICHHBIMH  CBS3SAMU
(Ha3pIBaeMBbIMH  cunancamu). CeTh NPHHHUMAET HEKOTOPBI 6X0OHOU CHTHAT U3
BHEIIHETO MHpA, M IPOIYCKAET €ro CKBO3b Ce0s ¢ NPeoOpa3OBAHMSIMH B KaXJIOM
IPOLECCOPHOM 3ieMeHTe. Takum 00pa3oM, B MpoOLECCE MPOXOKIEHUS CUTHaja I0
CBA35IM CETH IPOUCXOJUT €ro o0pabdoTKa, pe3ylbTaToOM KOTOpPOU SBISETCS
ONpENENEeHHbI gbixoOnoti curHain. B ykpynHennom Buge WHC BemosHser
(YHKIMOHATBPHOE COOTBETCTBHE MEXKIY BXOJIOM M BBIXOAOM, M MOXET CIYXXHTb
UHPOPMATMOHHON MOeNnbi0 G CHCTEMBI F.

Omnpenensiemass HEHpoceThI0 (DYHKIHMS MOXKET OBITh NPOU3BOJLHOU TPU JIETKO
BBIMIOJIHUMBIX ~ TPEOOBAHMUAX K CTPYKTYPHOH CIIO)KHOCTH CETH M  HAJIWYHU
HEIMHEHHOCTH B MEpexXomHblXx  (QyHKOusX  HeiponoB [4].  Bo3moxxHOCTBH
NPEJCTaBICHUS JIOO00H CHCTEeMHONW (QYHKIMU F ¢ Hamepea 3aJaHHOH TOYHOCTBIO
OnpefeNseT HEHpoceTh, KaK KOMIIBIOTEP 00weco HaszHaueHus. ITOT KOMIIBIOTED, B
cpaBHeHMH ¢ MammHONW (oH HelimaHa, WMeeT NPUHIMIHAIBHO IPYrol crocod
OpraHM3alyy  BBIYMCIMUTEIBHOIO IpOLECCa - OH He Npocpammupyemcs ¢
MCIIOJIb30BAHUEM SIBHBIX MPaBUJI U KOJOB B COOTBETCTBUHU C 3aJJaHHBIM aJITOPUTMOM, d

obyuaemcs TIOCPEACTBOM IIEJIEBOM afanTallid CUHANTHYECKUX CBA3EH (U, pexe, ux
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rpaHI/H_H:I MCKAY TUIIaMU MOJCIICH ABJISIFOTCA BECbMa YCIIOBHBIMU
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HO,Z[ CHUTHAJIOM B IMPOKOM CMBICJIC MOXKCT ITOHUMACTCA BEKTOP COCTOAHUU BXOIOB
HEHUPOCETH.



CTPYKTYpHOU Moau]UKanMeil 1 M3MEHEHHEM MEepPEeXOAHbIX (PYHKUUNA HEHPOHOB) IS
npeAcTaBiIeHus TpeOyeMoi (yHKIIUH.

B runoreruueckoii cutyanuu, koraa QyHKIUS CUCTEMbI /' U3BECTHA WM U3BECTEH
QITOPUTM €€ BBIYHUCICHUS NP MPOU3BOJIBHBIX 3HAYEHUSX apryMEHTOB, MallnHa (HOH
Helimana Hamydmum cpeicTBOM JUIsl MOZEIHUPOBAHUS (COCTOSAIIETO B BBIYUCICHUU
F), 1 He06X0AUMOCTH B MHPOPMALTMOHHBIX MOJIENSIX OTIA aeT.

[Ipy MopenupoBaHMM pEATbHBIX CJOXKHBIX TEXHUYECKUX CHCTEM 3HAueHUs
CUCTEeMHOW (QyHKUIMU F' MOITy4aroTcsi HA OCHOBE SKCHEPUMEHTOB WM HAOJIIOICHUN,
KOTOpBIE€ MPOBOAATCS JIUIIB JUIsl KOHEYHOTO napameTpoB X. [Ipu aToM 3HaueHus kak YV
Tak U X U3MEPSIOTCA MPUOIMKEHHO, U MOABEPKEHBI OLIMOKAM Pa3Iu4yHON MPUPOIbI
(cm. Humxke). Llenplo MoaenupoBaHHsS SBISETCS MOJyYE€HUE 3HAYEHUM CUCTEMHBIX
OTKJIMKOB IIPU MPOU3BOJILHOM U3MEHEHUU X. B 3Toil cuTyanum MoxXeT ObITh YCIEIIHO
npuMeHeHa nH(opMaloHHas (cTaTucTUYecKas) Mojienb G ucciueayeMon cucteMsl F.

HNudopmanimoHHble MOJEIH MOTYT CTPOUTHCS HA OCHOBE TPAAMIIMOHHBIX METOOB
Henapamempudeckot cmamucmuky JlaHHas HayKa TO3BOJIIET CTPOUTh OOOCHOBAHHbIE
MOJIETM CHCTeM B cliyyae OOJbIIOrO0 Habopa HKCMEPUMEHTAIBHBIX JaHHBIX
(TocTaToyHOro ISl JOKa3aTeNbCTBA CTATHUCTUYECKUX THUIOTE3 O XapakTepe
pacnpeneneHus) M NpPU  OTHOCUTEIBHO PAaBHOMEPHOM HX paclpesiefieHud B
npocTpaHcTBe mapaMerpoB. OIHAKO MPU BBHICOKOW CTOMMOCTH 3KCHEPUMEHTAIbHBIX
NAHHBIX, WM HEBO3MOXXHOCTHU TIOJNYyYEHHUS JOCTAaTOYHOIO HUX KOoJuuecTBa (Kak,
HanpUMep, PHU MOCTPOCHUU MOJEINIEeH TSKENbIX POU3BOJCTBEHHBIX aBapuid, M0OXKapOB
U T.I.), UX BBICOKOW 3alTyMJIEHHOCTH, HEIMOJHOTE U MPOTHUBOPEUYUBOCTH, HEUPOHHBIE
MOJIETIM OKa3bIBalOTCA Oosiee MpeanouTUTeNbHbIMU. HelpoHHas ceTh OKa3bIBaeTCs
n30UpaTeNbHO YYBCTBUTEIBHON B O0JNACTAX CKOIUICHHSI JAHHBIX, M JAeT IJIaJKyHO
UHTEPIIOISIINIO B OCTAJIBbHBIX 00JaCTsIX.

Ota 0CcOOCHHOCTh HEHWPOCETEeBBIX MoOJIeleil OCHOBBIBaeTCs Ha Oolee o00IIeM
OpUHIIMIE - aJanTHUBHOW KiacTepu3auuu JaHHbIX. OAHOW W3 MepBBIX CETEeH,
00Ja1al0IMKX CBOMCTBAMH aIalITUBHOM KJIacTepU3alliy ObLIa KapTa cCaMOOpraHU3aIuu
T. Koxonena [5,6]. 3agaueii Heiipocetn KoxoHeHa sBiS€TCS aBTOMAaTHU3UPOBAHHOE

MOCTPOCHHE OTOOpakeHHsI Habopa BXOJIHBIX BEKTOPOB BBHICOKOW Pa3MEPHOCTH B KapTy



KJIACTEPOB MEHbILIEH Pa3MEPHOCTH, MPUUYEM, TAKUM 00pa3oM 4YTO OJIM3KUM KilacTepam
Ha KapTe OTBEYaloT OJIM3KKME JpYyr K JpYry BXOJHbIE BEKTOpa B HCXOJHOM
npoctpancTBe. Takum oOpa3oMm, NHpU 3HAYUTEIHLHOM YMEHBIICHHUH Pa3MEPHOCTH
MPOCTPAHCTBA COXPAHSIETCS TOMOJOTUYECKUN MOPSIAOK pachojiokeHus AaHHbIX. [Ipu
3aMEHE BCEX BEKTOPOB KaXJOro KiacTepa ero IEHTPOHIOM JOCTUTAETCS BBICOKas
CTereHb cKaThs MHGOPMALHH [PH COXPAHEHHH e CTPYKTYPHI B LIEIOM .

Kaptel KoxoHeHa mpuMeHSIOTCS B OCHOBHOM, Ui ABYyX leneid. IlepBast u3z Hux -
HaTJISITHOE YIOPSAOYMBAaHUE MHOromapamerpuueckoi mHbopmauuu. Ha npaxtuke
O0OBIYHO HCIOJIB3YIOTCS OJHOMEpHBbIE M JBYMEpHbIe KapThl. Kiactepbl, 3amaBaembie
y3JllaMH KapThl, COJEpP>KaT TPYNIbl B HEKOTOPOM CMBICIE TOXOXUX HAOJIOICHUN,
KOTOPBIM MOKET OBbITh MPUIIMCAH TPYIIOBOM ceMaHTH4YeCKudl cmbica. OgHUM u3
HOBBIX dA((eKTUBHBIX NpuMeHeHUd ceth KoxoHeHa SBJSETCS TOCTPOEHUE
TEMaTUYE€CKOU KapThl 3JIEKTPOHHBIX COOOIIEHHUH B T7100aIbHBIX KOMIBIOTEPHBIX CETSX.
[Ipy momomM Takod KapThl IMOJI30BATENb MOJY4aeT BO3MOXXHOCTh CBOOOJHOM
HaBUTAIMM B OECKOHEYHOM IMOTOKE COOOIIEHUI, B COOTBETCTBUU C MHAMBHUAYAIbHBIM
KPYTOM HHTEPECOB’. B IpUMEHEHHH K MOJICIMPOBAHMIO TEXHUYECKUX CHCTEM, KapThl
KoxoHeHa MOTyT KCIOJIb30BAThCs ISl BBISIBIICHUS! Pa3lIMyMil B PeKMMax MOBEICHUS
CUCTEMBI, IIPU 3TOM MOTYT BBISIBISITHCSI aHOMaJIbHbIE PEKUMBI. BakHO, 4TO Mpu 3TOM
MOTYT ObITh OOHAPYXEHbI HEOKUIAHHBIE CKOTUICHUSI OJU3KUX JAaHHBIX, MOCIEAYIOIIas
UHTEpIIPETAIs KOTOPHIX IOJIb30BATENIEM MOXET MPUBECTU K TMOIYYEHHIO HOB020
3HaHus 00 UccIeayeMon CUCTEME.

Bropas rpymnmna TexHHYecKHX MPUMEHEHHWH CBs3aHa ¢ NpenoOpaboTKON JaHHBIX.
Kaprta Koxonena rpymnmnupyer Onu3kue BXOJHBIE CUTHaNBI X, a TpeOyeMas (yHKIUS
Y=G(X) ctpouTrcss Ha OCHOBE NPUMEHEHHS OOBIYHOW HEHPOCEeTH MPSIMOro
pacnpocTpaHeHus (HampuMmep, MHOTOCIOMHOTO MepCcenTpoHa WM JIMHEWHOW 3Be3fbl

['poccOepra) k Boixogam HeilpoHoB Koxonena. Takas ruOpuaHas apxuTekTypa ObLia

4
[Tpu 3TOM, KOHEUHO, YacTh HH(opMaruu Tepsercs. OHaKo, 3TO He OYEHb MPUHLIUIHAIBHO,
Harpumep, pH CKATUU N300PAKECHHH.
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DJNEeKTPOHHBIN aapec nHTepakTUBHON KapThl Koxonena WEBSOM ¢ cooOueHusIMu 1o
TEMaTHKe HEMPOHHBIX CeTel, pa3pabOTaHHON B YHUBEPCUTETE B XEIbCUHKU TPYIION
camoro T.KoxoneHa, B cetu Mumepnem: http://websom.hut.fi



npeioxena P. Xext-Hunbcenom [7,8], oHa moJjiydnsia Ha3BaHUE CETH B8CMIPEUHO20
pacnpocmpanenus. Heiiponsl cnos KoxoHnena oOywaroTcsi 0e3 yuuTelns, Ha OCHOBE
CaMOOpraHu3aluy, a HEWPOHBbI PACIO3HAIOIIMX CJIOEB AJANTHPYIOTCA C YYUTEIEM
UTEpPalMOHHBIMU MeToJaMu. 1Ipu HMCnoab30BaHUM JIMHEMHBIX BBIXOJHBIX HEHPOHOB
3HAUEHUSI UX BECOB MOTYT OBITh IMOJYYEHBl O€3UTEPAIlMIOHHO, HEMOCPEACTBEHHBIM
BBIUYHCIIEHUEM TICeBA0-00paTHON MaTpulibl o Mypy-Ilenpoysy.

CeTb BCTPEYHOIO pPACHPOCTPAHEHUS HAET KYyCOYHO-TIIOCTOSIHHOE IIPEICTABICHUE
mMonenu Y=G(X), moCKoNbKy MpU BapHaluu BeKkTopa X B Mpejaesax OJHOro Kjactepa
Ha CJI0e copeBHYyIoUMXcs HeiipoHoB KoxoHeHa BO30yKIaeTcsi OIUH U TOT YK€ HEWPOH-
noOequtenb. B ciaydyae cuiabHO 3alllyMIIEHHBIX JaHHBIX, TaKoe IMpeICTaBlIeHUE
o0yasiaeT XOpOIIMMHU PEryJSIpU3UpYIOIIMMH  cBoiicTBamu. [lpu 3TOM mpouenypa
oOyueHHusi CeTH BCTPEYHOIO PACHpPOCTPAHEHMsI 3aMETHO OBICTpee, ueM, Harpumep,
oOyuyeHne MHOTOCIOMHOTO TEPCEeNTPOHA CTAaHAAPTHBIM  METOJOM  OOpaTHOro
pacrpocTpaHeHus omuookK [9].

Jpyroii anbTEpHATUBON TPAJULHUOHHBIM MHOTOCIOWHBIM MOJENSAM  SBISIETCS
nepexo] K HEMpOCeTSIM MPOCTOM CTPYKTYPhI, HO C YCIOXHEHHBIMU IPOLIECCOPHBIMU
JJieMEHTaMu. B 4acTHOCTH, MOYKHO pPacCMOTPETb HEUPOHBI BBICOKUX IOPSIKOB,
AKTHUBUPYIOIIUM CUTHAJIOM JUIsI KOTOPBIX SIBISIETCS B3BELIEHHAs CyMMa BXOJOB, HX

IMOIIapHbIX HpOHSBeHeHHﬁ, HpOH3BeI[eHPII>'1 TPOCK U T.H., BINIOTH JO IMOpAAKa k.

y=f w4 z Wl.(l)xi + Z W;;z)+...+ z I/Vig_'fl.lxlxz..xk
i i<j il<i2<.<ik
Kaxx1p1ii IpoLecCOpHBIi 3JIEMEHT A-TO MOpsiiKa CIIOCOOEH BBIIOJHUTH HE TOJIBKO
JUHEIHOe pa3zesieHne o0aacTel B MPOCTPAHCTBE BXOJOB, HO TaKXE M MPOU3BOJIBHOE
pa3nenceHue, 3aJaBacMoOe MOJU-TMHEHHON (YHKIMEH HECKOIbKUX apryMEHTOB.
CeMelicTBO  pelIalOIIMX  OPaBWI,  ONPEIAEISIEMBbIX  HEIMHEMHBIM  HEHPOHOM
3HAYUTEIHHO Oorade, YeM MHOXKECTBO JIMHEHHO pasaenuMmbix (yakomii. Ha Puc. 1
NPUBEIEH MPUMEP PELIAIOIIErO IPaBWIIA, 334ABAEMOI0 OOHUM HEHUPOHOM BTOPOIO

MOpsIZIKa, JJIA KIACCUUECKOM JIMHEMHO Hepa3aenuMon 3aaauu "ucknrouarowee UJIH".



A1,1)=0

0.2 f0,0=0

Puc.1 Pewarowee npasuno ons 3a0aqu "uckirouarowee UJIH".

BaxHpIM JOCTOMHCTBOM HEWPOHOB BBICOKOIO IOPSAKA SIBISETCS BO3MOYKHOCTH
CTPOUTh HeMpoceTeBble MOJETN 0€3 CKPBITHIX CIIOEB, BOCIPOU3BOMAAIIME IIHUPOKUMN
KJ1acc (pyHKuI/Iﬁ6. Takue  HeHpoapXWUTEKTypbl HE  TpeOYylOT  JUIMTEIbHOTO
UTEPALIMOHHOTO OOyuYeHUusi, ONTHUMAaJIbHbIE Beca JAlOTCS pEIICHHEM YypaBHEHUM
perpeccun. J[pyroil OTIWYUTENHHOM YEPTON SBISETCS BO3MOXKHOCTH 3((HEKTUBHOU
anmapaTtHoON (SJIEKTPOHHOM WIIM ONTHYECKOM) peaiu3aluu KOPPEsiuil BBICOKOTO
nopsiaka. Tak, HarmpuMmep, CYIIECTBYIOT HEIMHEWHBIE CPElbl, ONTUYECKHE CBOWCTBA
KOTOPBIX  ONPEAENSIIOTCA  MOJIMHOMHAIBHOM  3aBUCHUMOCTBIO  OT  aMILJIUTY]IbI
AIIEKTPUUECKOTO MOJIsi CBETOBOM BOJIHBIL. [loTeHIIManbHO, yCTPONCTBA, OCHOBAaHHBIE HA
TaKUX CpellaX, MOT'YT OO€CIEUYHUTh BBICOKHE CKOPOCTH BBIYHCIEHUN CO CBOMCTBEHHOMU
ONTHUYECKUM KOMIIBIOTEPAM CyINEp-N1apaiieIbHOCThIO BEIYUCICHUM.

B »Toli rnaBe ommcaHHbIE M JApPYrue HEHPOAPXUTEKTYpbl OyayT NPUMEHEHBI K
MOJIEJIbHBIM M PEATTUCTUYHBIM 3a/1adyaM WH()OPMALIMOHHOTO MOJAETUPOBAHUS CIOKHBIX

HHXXCHCPHBIX CUCTCM.

6 HyxHO0 3aMeTuTh, 4TO KJacc HelpoceTeil 6e3 CKPBITHIX CIIOEB HE SIBISACTCS NOIHbIM B
CMBICJIC BO3MOKHOCTH MPUOIMKEHUS TPOU3BONIbHON (pyHKImMu. Tak, 171 mpeacTaBiIeHus
pEIIAIOIMX MPABWII AJIS IBYX IIEPEMEHHBIX BCE MHOr00Opa3ue (pyHKIMI CBOANUTCS JTUILb K
Maze (1,1)-npubmmwkenusm (runepooam).



Xapakrep npudauKeHuid B UHGOPMAIMOHHBIX MO/IEJIAX

CrnennuduanocTh HHOOPMAIIMOHHBIX MOJIEJICH MPOSIBISIETCS] HE TOJIBKO B CIIOCO0ax MX
CUHTE3a, HO W XapaKTepe JelaeMbIX MPUOIMKEHU (M CBS3aHHBIX C HUMHU OIIHOOK).
OTnuuuss B TOBENEHUU CHCTEMBI W €€ HWH(POPMAIMOHHOW MOJIENH BO3HHUKAIOT

BCJICACTBUC CBOMCTB 9KCIICPUMCHTAJIbHBIX JJAHHBIX.

e Uudopmamnuonnsie mMoaenu ab initio sSBIAIOTCS HemodHbIMHU. [IpocTpancTBa
BXOJIHBIX U BBIXOJHBIX IEPEMEHHBIX He MO2yni, B O0ILEM CITy4ae, COAEPKaTh 6ce
apaMeTphl, CYLIECTBEHHBIE JUIsl ONUCAHUS MOBEAECHUS CHUCTEMBI. DTO CBS3AHO
KaK C TEXHWYECKUMHU OIPAaHUYCHUSAMHU, TaK U C OIPAaHUYECHHOCTHI) HAIIMX
IIPEACTABICHUN O MoJenupyeMon cucreMe. KpoMe Toro, mpu yBenM4eHuu 4uciia
NepEMEHHBIX  YXKECTOYaloTCs  TpeboBaHUS Ha  00bEM  HEOOXOAWMBIX
9KCIIEPUMEHTANIBHBIX JAHHBIX JUIS MOCTPOEHHS MOAENU (00 3TOM CM. HHUXKE).
D¢ dekr omymeHHBIX (CKPBITBIX) BXOJHBIX MapaMETPOB MOXKET HapyllaTh

OJTHO3HAYHOCTH MOJEINPYEMOI CHCTEeMHON (hyHKIHHU F.

e ba3a sKcrnepuMEHTaIbHBIX JAaHHBIX, Ha KOTOPBIX OCHOBBIBaeTcsi Mmojaenb G
paccMaTpuBaeTcs, Kak BHEIHAA NaHHOCTh. [Ipm 3TOM, B JaHHBIX Bceraa
IPUCYTCTBYIOT OLIMOKM pa3HOW NPHUPOABI, IIyM, a TaKkKe HIPOTUBOPEUUs
OTIENbHBIX W3MEPEHUN Apyr Ipyry. 3a HCKIIOUYEHHUEM IPOCTHIX CIIy4aes,

HNCKa)XCHUA B JAHHBIX HC MOTYT OBITH YCTPaHCHBI TOJTHOCTBIO.

e DKCHepUMEHTAJIbHbIE JIaHHBbIC, KaK MPaBWIO, HUMEIOT MPOU3BOJILHOE
pacrmpeieieHie B TIPOCTPAHCTBE TMEPEMEHHBIX 3anauu. Kak crienctaue,
nojiydaemMble MoJieinu OyayT oOnagaTh HEOJAMHAKOBOM JOCTOBEPHOCTHIO H

TOYHOCTBIO B PA3JIMYHBIX 007aCTIX U3MEHECHUS mapamMmeTpoB.

e DKCINEPUMEHTAIbHBIC JIaHHBIE MOTYT COJEPKAaTh MPOMYIICHHBIE 3HAYCHUS
(Hammpumep, BCIICACTBUE MOTEPU MH(MOPMAIMH, OTKa3a U3MEPSIONIUX JTaTINKOB,
HEBO3MOXKHOCTH  TPOBEACHHUS  MOJHOTO Habopa aHaIM30B U T.OL).
[Tpou3BOILHOCT, B WHTEPIPETAIIMN 3TUX 3HAYCHUH, OIMATH-TAKU, YXY/IIAeT

CBOMCTBA MOJIEIIH.



Takue 0COOCHHOCTH B JaHHBIX KW B IIOCTAHOBKC 3aJlayd Tpe6YIOT 0co00ro

OTHOILIEHUS K OIIHOKaM I/IH(l)OpMaHI/IOHHI)IX MOJICIICH.

Ommnbdka 00yyeHUus1 ¥ OIKNOKA 00001EHHU ST

Wrak, npu nHpOpMallMOHHOM NOAX0/€ Tpedyemas Mosieab G CUCTEMBI /' HE MOXKET
OBITH MOJIHOCTHIO OCHOBaHA Ha SIBHBIX IMpaBHJIaxX W (QopMaibHBIX 3akoHax. [Ipomecc
nosydyeHus: G U3 UMEIOIIMXCS OTPBIBOYHBIX SKCIIEPUMEHTAIbHBIX CBEACHHUM O CUCTEME
F Moxer paccmarpuBaThes, Kak obyuenue moaenu G MOBeAeHUIO F B COOTBETCTBUH C
3aJJaHHBIM KPUTEPHEM, HACTOJIBKO OJIM3KO, HACKOIBKO BO3MOXKHO. ANTOPUTMHUYECKH,
oOyueHue O3HayaeT MOJACTPOMIKY BHYTPEHHUX [apaMeTpoB MoJenu (BecoB
CUHANTUYECKHUX CBSI3€H B Clydae HEHPOHHOU CETH) C IENbI0 MUHUMUBALUUA OWUOKU

Mmooenu E = ||G—F||.

Hp}IMOe HU3MCPCHUC YKaBaHHOﬁ OIINOKHU MOJCIIMN Ha IIPAKTHUKE HC HOCTHIKHUMO,
IMOCKOJIBKY CHUCTCMHasA (bYHKI_II/I}I F IMpu IPOU3BOJIBHBIX 3HAYCHUAX aAPryMCHTA HC

HN3BCCTHA. OI[HaKO BO3MOJKHO ITOJIYYCHUC €C OLCHKH:

b

E, = Z;{HG(X) -Y

I71€ CyMMUpOBaHME 10 X MPOBOJAUTCS IO HEKOTOPOMY KOHEUYHOMY HalOopy
napameTpoB X, Ha3bIBAEMOMY 00yyaiowum mHoxcecmeom. IIpu ucnoab3oBaHuu 6a3bl
JAHHBIX HAOJIOJIEHUH 3a CUCTEMOM, IIsi 0O0Y4YEeHUs MOXKET OTBOAHMTHCS HEKOTOpas ee
4acTh, Ha3bIBaeMasi B 3TOM cllydae obyuaroweli 6bioopkoi. J{ns o0ydaronux NpuMepos
X OTKIMKH CHCTeMBbI Y H3BECTHBI . Hopma HeBsizkm mopensHOU (yHKIHH G H
cucteMHO (pyHKIMM Y Ha MHOXKeCTBE X MrpaeT BaXHYIO pOJib B WH(POPMAIIHOHHOM
MOJIETUPOBAHUY U Ha3bIBACTCS OWUOKOU 00YYeHUss MOJIEIIN.

Jns  ciaydass TOYHBIX UM3MEpeHUN  (Hampumep, B  HEKOTOPBIX  3ajayax
KjIaccu(ukanuy, Koraa OTHOIIEHHE oOpas3lla K KiIacCy HE BBI3bIBAET COMHEHUH)
OJTHO3HAYHOCTh CUCTEMHOW (PYHKIIMH JJIsl JOCTATOYHO IIMPOKOro Kiacca G Monenen

rapaHTUpPyCT BO3MOKHOCTH JOCTHXXCHUS IPOU3BOJIBHO MAJIOTO 3HAYCHHA OITHOKH

7 o
C Y4€TOM OIIMCAHHBLIX BBIIIC 0COOEHHOCTEN OKCIICPUMCHTAJIbHBIX JaHHBIX.



oOyuyenuss E;. HapymieHwe OIHO3HAYHOCTH CHUCTEMHOW (YHKIMHM B TPUCYTCTBHU
AKCIIEPUMEHTAIBHBIX ONIMOOK M HETOJIHOTHI MPU3HAKOBBIX MPOCTPAHCTB MPUBOJIUT B
o0mieM ciaydyae K HEHYJeBBIM OIMMOKaM oO0y4eHus. B sToM ciydae mnpenenbHas
JOCTY)KMMasi OIMOKa OOYYeHUS MOXKET CIY)KUTh MEPOH KOPPEKTHOCTH MOCTAaHOBKH
3aJ1a4M ¥ KavyecTBa Kiacca mojenei G.

B npuiioxeHusx monp30BaTensi 00BIYHO WHTEPECYIOT MpejcKa3aTelbHbIe CBOWCTBA
mojiend. [Ipu 3TOM TJIaBHBIM SIBISIETCS. BOIPOC, KAKOBBIM OYAET OTKJIMK CHCTEMBI Ha
HOB0e 8030elicmaue, TIPUMEpP KOTOPOTO OTCYTCTBYET B 0a3e NaHHBIX HAOIIOJICHHIM.
HaubGonee oOmuii 0TBET Ha ATOT BOMPOC JaeT (MO-IPeKHEMY HEIOCTYIHAs) OImuoOKa
monmenmu E. HewsBectHas ommOka, gomyckaemass Moaenbto G Ha JaHHBIX, HE
WCITOJIH30BABIIMXCS MPU 00YUEHUH, HA3BIBACTCS owubdOKol 060ouenus moaenu Eg.

OCHOBHO# 1EJbI0 TIPU TIOCTPOCHHHM WH(GOPMAIIMOHHOW MOJETH  SIBIISICTCS
YMEHbIIIEHHE MMEHHO OIIMOKM OO0O0OIIeHMs, MOCKOJIbKY Manas omuOka oOyueHus
rapaHTHPYET aJIeKBaTHOCTh MOJICIH JIMIIb B 3apaHee BHIOPaHHBIX TOYKaxX (a B HUX
3HA4YCHHs OTKJIMKA CUCTEMbI M3BECTHHI U 0e3 Bcskon monenu!). [IpoBons anamoruu c
oOy4eHHeM B OMOJIOTHH, MOKHO CKa3aTh, YTO MaJiasi OIIMOKAa O0YYEHHUsI COOTBETCTBYET
npamomy 3anomunaxuio oOydaromed uHbopmaiuu, a mManas ommoka o0oOmeHus -
Gopmuposanuio noHAmMull U HABbLIKOG, TIO3BOJIAIONINX PACTIPOCTPAHUTD OTPAaHUYCHHBIN
ompIT OOy4eHHs Ha HOBbIE ycioBus. llociemHee 3HaYMTENBHO OoJiee IEHHO TpPH
NPOCKTUPOBAHUHM HEHPOCETEBBIX CHUCTEM, TaK KaK Ui HEMOCPEICTBEHHOTO
3allOMUHAHUS WHGOpPMAIMK JIyYIlle TPUCTIOCOONICHB HE HEHPOHHBIE YCTPOMCTBA
KOMITBIOTEPHON TIAMSITH.

BaxxHO OTMETUTh, YTO MaJIOCTh OINMOKU OOYYCHHS He TapaHTUPYEeT MaJloCTh
ommOku 0000meHus. KiaccuyeckuM mpuUMEpOM SBISETCS TMOCTPOSHUE MOJIEIH
GyHKIIMU (anmpoKcUManus GYHKIUN) 0 HECKOJIBKUM 33JaHHBIM TOYKAM TTOJTHHOMOM
BBICOKOTO TOpsAKA. 3HAYCHHs MOJMHOMA (MOJETH) MPU JOCTATOYHO BBICOKOH €ro
CTETICHU SIBJISIIOTCS MOuHbiMY B OOYYArOIIUX TOYKaX, T.e. OMMOKAa OOyYeHHUs paBHA
Hymr0. OHAKO 3HAYCHHS B MPOMEXKYTOYHBIX TOYKAX MOTYT 3HAYUTEIBHO OTINYATHCS
OT anmpoOKCUMUPYEMOH (DYHKIIMH, CIIEIOBATEIHLHO ONIMOKa 0000IIEHUST TAKOH MOIEH

MOET OBITh HEMTPUEMIIEMO OOJIBITION.



[TockobKy MCTHHHOE 3HAYCHHE OMIMOKU OOOOIIEHUS HE JOCTYIMHO, B MPaKTHUKE
UCIIONIB3YeTCS €€ OIleHKa. [[7s ee MoiydeHus aHaJIu3UpPYyeTCs 4YacTh MPUMEPOB U3
UMeEIoIIIeics 0a3bl JaHHBIX, TSI KOTOPBIX U3BECTHBI OTKJIUKH CUCTEMBI, HO KOTOPHIE He
ucnonwv308anucy Tpu OOydeHHH. JTa BBHIOOpKA MPUMEPOB HA3BIBACTCS MeCmoBoll
svlooprou. Omunbka 00OOIIEHHUS OICHWBAETCS, KaK HOpMa YKJIOHEHHS MOJEIU Ha
MHOECTBE MPUMEPOB U3 TECTOBON BHIOOPKH.

Onenka ommOKH 000OIIEHUST SBISETCS MNPUHIMIHAIHPHBIM MOMEHTOM TIpH
MOCTpOeHUH MHOOPMAITMOHHON Mojenu. Ha mepBbIil B3MISIA MOXKET MOKa3aThCs, YTO
CO3HATeNbHOE HE MCIOJIb30BAaHWE YaCTU MPUMEPOB TPH OOYYCHHH MOXKET TOJIBKO
YXYAIIUTh WUTOTOBYIO Mojenb. OmgHako 0Oe3 3Tama TECTUPOBAHHUS €IUHCTBEHHOM
OIICHKOM KauecTBa MOJECIM OyaeT Juilb omuOKa OO0ydeHHUs, KOTopas, KaK YxKe
OTMEYaJIOCh, MaJI0 CBs3aHa C TIPEACKa3aTeIbHBIMH CIIOCOOHOCTSAMH Mojenu. B
poQeCCHOHATBHBIX MCCIICIOBAHUIX MOTYT HCIIOIh30BAaThCSI HECKOJIBKO HE3aBUCUMBIX
TECTOBBIX BBIOOPOK, ATalbl OOYYEHHUS M TECTUPOBAHUS MOBTOPSIOTCS MHOTOKPATHO C
BapuallMel HayaJbHOTO pacMpelelieHus BECOB HEUPOCETH, €€ TOIMOJOTHU |
napameTpoB  oOyueHus. OKOHYATENbHBIA BBIOOp  "Hawmmydmie"  HeWpoceTh
BBITIOJIHSIETCS. C YYETOM HMEIOIIErocs oO0beMa M KadecTBa JaHHBIX, CHEIU(UKH
3a/1a4d, C LEeTbI0 MHUHHUMH3AIMA pUCKa OOJBIION OmUOKK OO0OOIIeHHUS TIpHU

9KCIITyaTallu MOJICIIH.

IIpsimbie, 0OpaTHbIE 1 KOMOMHMPOBAHHBIE 321a4¥ HH(POPMALMOHHOT O

MOAC/ITHPOBAHUA

[Tpu GpopmynrpoBaHUU OCTAHOBKHU UH(DOPMAIIMOHHOM 3a7]au MpeicKa3aHusl peakuu
UCCJIElyeMON CHUCTEMBbl TPH €€ HU3BECTHOM COCTOSHMM Ha 3a/laHHble BHEIIHUE
BO3JICHCTBUS, T.€. MOJTYYCHHsI BEIMUMH Y MpuU 3aaHHBIX X HCCIe0BaTeNb UMEET JeNI0
c mnpawot 3anadeil. Ilpsimas 3amaya sBISETCS TUMWYHOW TNPU MOJEIMPOBAHUU
MOBEJICHUSI CUCTEMBI, €CJIM 3anpochl K WH(GOPMALMOHHOM MOJAENU HOCAT XapakTep

umo-eciu.



JpyruM Ba)XHBIM KJIACCOM MH(OPMAIMOHHBIX 3a7a4 SIBISIOTCS 0OpamHble 3aJauu.
[lenpto  oOpaTHOW 3amadW  BBICTYMAET TIOJYYCHHWE BXOIHBIX BEIMYUH X,
COOTBETCTBYIOIIMX HAOIIOaeMbIM 3HAYEHUSM BbIX0g0B Y. [lpm MomenmpoBaHuU
CJIO)KHBIX CHCTEM COOTBETCTBYIOIIMH 3ampoc K Mojenu (GopMmymupyercsi, Kak MOUCK
BHEIIHUX YCIIOBHIA, KOTOPBIE MPUBEIN K PEATH30BABIIEMYCSI OTKIIUKY CUCTEMBI.

Jns  OOJNBIIMHCTBA TPHJIOKEHWH YHUCTO OOpaTHBIE 3aJaydl  BCTPEYAIOTCS
OTHOCHTEJBHO PEIKO, TaK KaK OOBIYHO HMMEIOTCS JIOTOJHHUTEIbHBIE CBEICHHUS O
cucreMe. Hampumep, KpoMe H3MEPEHHOTO OTKIMKA, MOTYT OBITh W3BECTHBI
NepeMEHHbBIE COCTOSIHUSI CUCTEMBI M YacTh IMapamMeTpoB BO3NEHCTBHs. B 3ToM ciydae
3aja4a OTHOCHUTCS K KJIACCy KOMOUHUPOBAHHBIX 3a/ad: 1O W3BECTHBIM 3HAYCHHSIM
YaCcTH KOMIIOHEHT BXOJHOTO X M BBIXOAHOTO Y BEKTOPOB BOCCTAHOBUTH OCTAaBIIHECS
HEM3BECTHBIE KOMITOHCHTHI.

B o0miem citydae Mogenupyemast CUCTeMHast QyHKIIAS MOKET ObITh MPEICTaBIICHA B
Bune (X, Y)=F (X, Y). B »rom cnydae KOMOMHUpOBaHHBIM BeKkTOp (X,Y)
paccMarpuBaeTcsi OJHOBPEMEHHO, KaK BXOJHOW M BBIXOAHOH. B 3TOM cwMmeIcTe,

IMPpOU3BOJIbHAA 3alada JOITYCKACT KOM6I/IHI/Ip0BaHHy1-O IMOCTAaHOBKY.

HexoppeKkTHOCTH 00paTHOM 3a1a4M

OTnruuTenbHass 0COOCHHOCTh OOpAaTHBIX WU KOMOWHUPOBAHHBIX 3371a4 COCTOUT B
TOM, YTO OHHU OOBIYHO SIBIIIOTCS HekoppekmHo nocmasieHHuimu[10], U mosTomy
TpeOyIOT CHEIMAIM3UPOBAHHBIX METOJOB TOWUCKA TMPUONIKEHHBIX  PEIICHHA.

Cornacno ’K.Anamapy, 1l KOPPEKTHOCTH ITOCTAHOBKH 3a7a4l HE00X0IMMO:

® cyulecmeosarue pCiCHUA IPU BCCX JOMYCTUMBIX UCXOAHBIX JAHHBIX;
® COUHCMBEHHOCb JaHHOTO PCIICHUA,

® ycmouuu8oCcmy pelieHUs: K U3MEHEHUSIM (MaJIbIM) UCXOJIHBIX IaHHBIX.

PaccmotpuM XapakTtep BO3MOXKHBIX HAapyLIEHUW NAaHHBIX YCJIOBUU IIPU pPELICHUU

MOJIETTLHOM 00paTHOM 3a/1auu.



[Tycte uMeeTcs TpU HUCCIEIYyEeMBIX CHUCTEM, OMHCBHIBAEMBIX KYCOYHO-JTMHEHHBIMU
GYHKIIUSAMH OJTHOM TiepemMeHHo# y=F(x) Ha otpe3ke [0..1]. CucTeMbl OTAMYAOTCS APYT
OT Jpyra BEJIMYMHOW cKauka h cucteMHod (ynkmuu (cm Puc.2). Ilpsmas 3amada
COCTOMT B mocTpoeHuu npubmmkenus G k QyHkuuu F, ¢ HUCMIONB30BAaHUEM Map
3Ha4YeHu {x;, );=s(x;)}, TAe X; - KOHEUHbIH HaOop N, CIy4allHbIX PaBHOMEPHO
pactipeneneHHbix Ha [0..1] Touek. OOpaTHas 3amaya 3aKiOYaeTCs B HAXOXKICHUU
byHKIMY, anmpoKCUMUPYIOLEH COOTHOIICHUs Xi();). B 3aBUCHMOCTH OT BEIMYMHBI
CKayKka MojieTupyeMoi (yHKIIMU MOKHO BBIJICUTHh TPU BapHAHTA.

Cuctema A (h=0). Monenp siBisieTCs JTUHEWHOM: y=x. J[JIa mpsiMOM 3a/auu JIErKO
MOJIY4YUTh UCUE3AOIIYIO OMMOKY 06yueHust £y ~ 0, 1 Manyo® omuoKy oGobmenus Eg.
Jlnst oOpaTHOM 3a7aud MOJIydaloTCS TaKHe K€ pe3yiabTaThl, TaK OHA TMPU MOYHLIX
3HAUCHUS {X;, y;} HE COACPKUT HEKOPPEKTHOCTH. 3a7auu C PEIICHUSIMH, KOPPEKTHBIMU
Ha Bceil 00yiacTu omnpesesieHrs U MHOKECTBE 3HaueHuM, Oy/ieM Ha3bIBaTh 0e3)Cll06HO
koppekmubimu. KOppeKTHOCTh IOCTAHOBKM OOpaTHOM 3ajaud i CUCTeMbl A

o o 1
OIpCACIACTCA CYIICCTBOBAHUCM OJHO3HAYHOU U HCIIPCPBIBHOU q)YHKHI/II/I F.

s(x) s(x) . s(x)

A B C

Puc 2. MooenvHuie cucmembi ¢ pasnuunblMuy 8eIULUHAMU CKAYKA CUCMEMHOU QYHKYUU.

Cucrema B (0<A<1). [Ipsmast 3aaua B 3TOM Cllydae TaKkKe XOPOIIO OIpe/esieHa, U
NPU KCIOJB30BAaHUM JIOCTATOYHO OOraToro MHOMKECTBa Oa3MCHBIX (PYHKIIMH MOMXKHO
MPOU3BOJIBLHO YMEHBIIUTh OMHUOKY oOyuenust (E; ~ 0) mpu XopoiieM 000OIIECHUH.
OOpaTHas 3amada XapaKTepU3yeTCsl HaJTMYMeM Ha MHOXECTBE 3HA4eHHUU oOyacTeil ¢

onHo3HauHou (y > 0.5+0.5h; y < 0.5-0.5h) u Heomnosnaunout (y € [0.5-0.5A,

8 . .
DTO0 OCTUTAETCSI, HAIPUMEp, UCIIOIb30BaHUEM HEUPOHHOMN CeTH 0€3 CKPBITHIX CIOEB C
MIPOU3BOJILHON MEepex0oaHON (PYHKITMEH HEHPOHOB, UMEIOIICH OJU3KUN K TMHEHHOMY



0.5+0.5Ah]) ob6paTtHO¥ (yHKIMEeH. B o0nacTax oaHO3HAYHOCTH (YHKIIMA MOTYT OBITh
NOJYYeHbI TPOU3BOJILHO TOYHBIE pPe3yJbTaThl sl oOpaTHOW 3amaun. OnHAKO B
OTpe3Ke HApYIICHHWs] OJHO3HAYHOCTH OIMOKa oOydeHHs (M ommOka 0O0OOIICHHS)
OCTaHEeTCs KOHEYHOM, MOCKOJIBbKY NMPOTUBOPEYHE B JAHHBIX, IMOJYUYECHHBIX U3 Pa3HBIX
BeTBEl 0OpaTHOW GYHKIMHU, HE YCTPaHUMO. 3HAYCHHE OIMOKH OO0O0OIICHHS
NPOTIOPIIMOHAIEHO JUTMHE OTpe3Ka HEOMHO3HauyHOCTH h. Takue 3amadu, KOPPEKTHOE
(6IMHCTBEHHOE M YCTOWYMBOE) PEIICHUE KOTOPBIX MOXET OBITh MOJYYCHO TOJIBKO IS
HEKOTOPOH TOJ00IaCTH MHOXKECTBA 3HAYCHUH, OyAeM Ha3bIBaTh VCa06HO (WA
YACTMUYHO) KOPPEKMHBLMIL .

Cucrema C (h=1). Ilpsmas 3agaya MO-TIPSKHEMY KOPPEKTHO TIOCTaBJICHA,
TpeOyeMoe oOyueHune u 0000ImeHne MokeT ObITh nocturHyto (E; =~ 0). OmgHako
CUTYyalMs KaueCTBEHHO MEHSETCs IUIsl ciiydast oOpatHoii 3amayn. OOpaTHas QyHKIUsS
JIBy3HaYHa Ha BCEM MHOKECTBE 3HAYCHHIA, MH(DOpMaIUs O ee 3HAaUeHUH MUHUMAIIbHA.
OOpaTHas 3a/1a4a MOJHOCTHI0 HEKOPPEKTHO MOCTABJICHA.

Uro o0mero Mexay BCEMH STHUMH INpuMmepamu? B kaxmom u3 HHX omimOka
0000IIeHNsT TIPH pelIeHnHn OOpaTHOM 3aJayd HE MOXKET OBITh MEHBIIE 3HAYCHUS,
OTIPENEISIEMOT0 pa3MepoOM O0JIACTH HEOJIHO3HAYHOCTU /1, KOTOPBIM, TaKUM 00pa3zom,
MOJKET pacCMaTpUBaThCS, KaK Mepa HEKOPPEKTHOCTH 3afadu. B ciydae, ecnm s
perreHust 00paTHOM 3a/1a4K MCIIOJIb3YETCS METOJI CO CTA0OMIIN3UPYIONTMMH CBOWCTBAMH
(HampuMep, C MaJlbiM YHUCIOM CBOOOJHBIX TApaMETPOB IO CPABHEHHIO C YHCIIOM
o0yJaromux MpUMEpoB), OyAET MOIYYEeHO TJIAJKOe PEIICHHE ¢ HEHYJIEBOH OIMMOKON
o0y4eHHsI, OTIpeIeIeMON TTapaMeTPOM A.

3aMeTuM, 4YTO TpsMasi 3ajgada SBISIETCS OE3YCIIOBHO KOPPEKTHOH TOJIBKO TIpU
MOJTHOM OTCYTCTBUM IIIyMa B OOYYalOImUX JaHHBIX. [IpM Hamu4um CIydaiHbIX

KOMIIOHEHT B 3Ha4YeHHsIX X uMeeTcs 1enoe "oOmako" permieHud mpsaMoil 3amayw,

Y4aCTOK U3MCHCHHA.

? B kuure [1], cTp. 563, yc10BHO-KOPPEKTHBIMH Ha3BaHbl 3aJauyl, B IOCTAHOBKY KOTOPBIX
700aBJIEHO alPUOPHOE TPEATIONI0KEHUE O CYILIECTBOBAHUH PELICHHS HA HEKOTOPOM
KOMITaKTe. J{J1si JTaHHOTO pelIeHus T0JKHA OBITh JoKa3aHa TeopeMa eIMHCTBEHHHOCTHU. B
HAaIllEM PACCMOTPEHUHU B KAUYECTBE TAKOI'O KOMIIAKTHOI'O MHOKECTBA BBICTYIAIOT OTPE3KH, HA
KOTOPBIX 0OpaTHas GYHKIUS OJHO3HAYHA.



npuueM pasmep o0aka MPOMOPIUOHANIEH BeJIWYMHE IymMa. Takum oOpas3om,
HapyllaeTcs €AMHCTBEHHOCTh peUIeHUs TMpsSMOM 3aJayu, U OHa CTAHOBUTCS

HCKOPPCKTHO MMOCTaBJICHHOM.

Peryasipuzauusi B HelipoceTeBbIX MOIEJIAX

KnaccuueckuMm METOAOM peEIIEHUsS HEKOPPEKTHBIX 337a4  SIBISIETCA  METOL
perymspuzauun  A.H.TuxonoBa [10]. CyTp MeTOga COCTOMT B HCIOJIb30BAHUU
JIOTIOTHUTENLHBIX anpuopHulx TIPEANONOXKEHUN 0 Xapakrepe pemieHus. OObIYHO B
KaueCTBE TAKOBBIX HCIOJB3YIOTCS TPeOOBaHUS MaKCUMAIBHON TIAAKOCTH (PYHKIIHUH,
MPEACTABIISIONIEN pelmeHne 3aaadd. JlaHHBIA NPUHLOHI IOJHOCTBIO COOTBETCTBYET
unee opumevl OKKama, COTIACHO KOTOPOW ClIeyeT MPEArnoYecTh MpPOCTEHIee U3
BO3MOXXHBIX PEIICHHM, eCIM HeT yKa3aHUN Ha HeOOXOJMMOCTh MCIOJIb30BaHUs Ooliee
CJI0’KHOTO BapHaHTA.

B npunoxeHun Kk HEMPOCETEBBIE MOAEISAM, PETYISAPUIUPYIOLIUE METOIBI CBOISATCS
K ONTUMU3AIMKN (DYHKIIMOHAIA OMIMOKHU (B MPOCTEHIIIEM Ciydae - CyMMBI KBaJpaToB
YKJIOHEHUH MOJENH OT AKCIEPUMEHTAIbHBIX 3HAYEHUM) C aAJAUTHUBHON 0OABKOH,

MCYE3al0NIeH 0 Mepe YIIyUIICHHs] CBOWCTB TJIAKOCTH (PYHKIIHH:
N, )
E[G]=3.(GGE*)-7“)" + A4[G].
a=1

3nech @ - perymsapu3upyromuil (GyHKIMOHAN, A - HEOTpHIATeNIbHAas KOHCTAHTA
peryJsipu3aluu.

3ameyaTenbHOW  OCOOEHHOCTBIO  HEMPOCETEBBIX  MOJENe  (ammpoKcUMaruit
CUCTEeMHOW (YHKIIMM HA OCHOBE KOHEUHOTO HAaOOpa HAOIONCHMIA) SIBISIOTCS HX
BHYTPEHHUE PETYISPU3UPYIOLINE CBOMCTBA, MMO3BOJISIOLIME MOJyYaTh MaJlble OLIMOKH
0000menus. I[lome3HocTs  perynasipu3MpyIONIMX  CBOMCTB ~ HEWPOHHBIX  CETEH
NPOSBIIAETCSA B CUTyalMsIX, KOI/Ia SKCIIEPUMEHTAIbHbIE JaHHbIE O CUCTEME COJEpPKaT
BHYTPEHHIOIO M30BITOYHOCTH. M30BITOYHOCTh MO3BOJSET MPEACTABUTH COBOKYITHOCTD
JAHHBIX MOJIENbIO, COAEPIKAIEH MEHbIIEE YUCIO apaMeTPOB, UEM UMEETCS JAHHBIX.

Takum  oOpa3oMm, HelipoceTeBas  MOAENb  cocumaem  SKCIEPUMEHTAIBHYIO



UHPOPMAIIMIO, YCTPaHss NIYMOBbIE KOMIIOHEHTHl M TIIOJYEPKHBAs HEMPEPBIBHEIC,
TJIaIKKE 3aBUCUMOCTH.

Cnemyer OTMETUTh, YTO B Cllydae TIOJHOCTBIO CIIy4alHBIX OTOOpakKeHUH
MOCTPOEHHE MOJICNH C MaJlod OmuOKOW 0000UIeHUS He 603ModcHO. JlocTaTouHO
paccMOTpeTh TPOCTOM TpuMep, B KOTOPOM aNIpPOKCUMHPYETCS OTOOpaKeHHE
dbamunuii aboHeHTOB TeleOoHHON ceTH (BEKTOp BXOA0B X) B HOMepa UX Teie(OHOB
(Bextop BeIXOAOB Y). Ilpm mro0oif cxeme mMOCTpoeHHUs 000O0IIaroIeld MOJCIH
npeJcKazaHue Homepa TeledoHa HOBOro abOHEHTa 1O ero (GaMHIIUK MPEACTaBISIETCS
aOCypIHBIM.

Nmeercst oOmmpHas HayyHas OuOnmorpadus, TMOCBAIICHHAas 00OOCHOBAaHUIO
ONITUMAJIEHOTO BBIOOpa HEUPOAPXUTEKTYP M MEPEXOTHBIX (DYHKIMIA HEHPOHOB MCXOs
U3 Pa3IUYHBIX BUJOB PETYISAPH3UPYIOMUX (QYHKIUOHATIOB @ (cM., Hampumep [11] u
UTHPYEMYIO TaM JuTeparypy). [IpakTuueckass HampaBICHHOCTb IAHHOM TJIaBbl HE
TIO3BOJISICT M3JIOKUTh MaTeMaTu4eckue netainu. OTHUM U3 MPOAYKTUBHBIX TIOJIXO/I0B K
NOCTPOSHHUIO HEeHpoceTell ¢ XOpOIMMH OOOOIIAIONIMMUA CBOWCTBAMH  SIBIISICTCS
TpeOoBaHNEe YObIBaHHUS BBICOKMX rapMOHHK Dypbe nmepexonHbix GyHKuui. Pasnmudnbie
3aKOHBI YOBIBaHHS TIPUBOAAT K JIOKAJIBHBIM CIUIAHH-METOJaM H HEUPOCETSIM C
panuanbHBIMU 0a3UCHBIMU (DYHKIIHSIMHU.

B caydae curmompanbHOW mepexomHoW (QyHKIMH aOCOJIOTHAs BEJIUYHMHA
koo drmmento Pypre'’ acummToTHUECKN GBICTPO YOBIBAET. ITO CBOHCTBO OTYACTH
OOBSICHSICT PETYIIPU3UPYIONIME CBOWCTBA TMOMYJSAPHBIX MHOTOCIOHHBIX CeTel ¢
TaKUMU TEPEXOTHBIMH (DYHKIIHSIMH.

PaccMoTprM  OCOOCHHOCTH  pEryNspH3UpOBAHHBIX PpEIICHWH OOpaTHBIX 3amad
MoJienupoBaHusl onucanHbIX cucteM A, B m C. OOydaromas BbIOOpKa B pacuerax
conepxaina 200 map x-y, B KOTOPhIX BEJTMYMHA X CIIy4allHO paBHOMEPHO pacrpe/iesicHa
Ha otpe3ke [0,1], a 3HaueHuWe y ompenensercs MoaenupyemMon (yHkmuen. Pacuers
NPOBEICHBI /Il HEHpOCeTH ¢ OOpaTHBIM PacHpOCTPAHCHHEM OINMOKU W HEHpoCceTH

BCTpeuHoro pacnpoctpanenud. Emre 500 ciydaliHbIX TPUMEPOB CIYXWIH IS OLICHKH

10
Nwmeercs B By unterpain Oypbe B CMBICIIE TIIaBHOTO 3HAUCHHsI (MHTErpall OT KBapara
CUTMOMJAIbHOM (DYHKIIMH, OYEBHIHO, PACXOAUTCS).



omuOKku 00001meHus. B Tpex cepusix pacyeToB BEIMYMHBI y U3 00ydaronield BHIOOPKHU
HarpykaJIuChb BHEIIHEW IIyMOBON KOMIIOHEHTOM ¢ amruTynoil 0%, 10% u 50%
cooTBeTcTBeHHO. OOyueHue NPOBOAMIOCH Ha OOpaTHOM 3aBUCHUMOCTH Xx()), T.e.
BEJIMYMHBI ) UCTIOJIH30BAIKNCH B KAU€CTBE BXOJIOB, & X - BBIXO/I0B HEHPOCETH.

HpOBe,Z[eHHI)IC PacCyYCThI MIPCCIICAOBAJIN CICAYIOINC OCHOBHLIC LCIIN:

® BLIAACHCHHUC BO3MOXHOCTH IIOJIYUCHHA OHLOCHKH HCKOPPCKTHOCTHU 3aJda4uu U3

HaOIr0IeHUH 32 OMTMOKON 00y4YeHHS U 0000IIeHHUS,

® HN3Yy4YCHUC POJIHM IIyMa MW Cro BJIHWAHUA Ha TOYHOCTb OLCHKHU CTCIICHH

HCKOPPCKTHOCTH,

PesynbTaThl MOgenupoBanus npuBeneHsl Ha Puc. 3 - 7.
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Puc. 3 3asucumocmo owubku obyuenus E; (kpyoicku) u owudbxu o6oowenus Eg (mouku) om

cmenenu Hekoppekmuocmu h 0opamuotl 3a0a4u npu paziudHsblX YPOSHAX Wyma

Ha Puc. 3 mnpeacraBieHO u3MEHEHHE OIIMOKM OO0y4eHHs (M TPAKTHYIECKU
coBmajaronied ¢ Hed omuOku 0O0O0OIIEeHHs) HpU POCTE CKauka MOJIEIHpyeMOi
¢ynkumu. OmmOKka TpU pa3IuyHBIX YPOBHIX IIyMa MPSMO MPONOPIIMOHAIbHA

BEJIMYMHE CKAauKa, OMNPEIEISIEMOro IMapaMeTpOM HEKOPPEeKTHOCTH h. [lns cuiibHO



HEKOPPEKTHOH 3a1auu (h=1) pe3yabTaThl MOJHOCTHIO HE 3aBUCAT OT LIyMa B JIAHHBIX.
Teopetnuecku, Ajii HEOrpaHUYEHHOro oOydaromero Habopa Ui MOAETUPYEMBIX
CUCTEM uMeeTcs TOYHOE (JIuHelHOoe) pelieHue, MUHUMU3HPYIOIIEe
CpelHEeKBaIpaTUYHOE YKIIOHEHHE, KOTOPOE B MpeesibHOM citydae (A=1) naet 3HaueHue
omnOku 0.25. PacuetHoe 3HaueHue Ha Puc.3 B 3TOM Hauxyamem ciydae OJIM3KO K
JTAHHOW TEOPETUYECKON BEJTMYUHE.

TakuMm 006pa3oM, CKEHJIMHT OMUOKKA O0yUYEHUS BBISBISIET CTEIIEHbh HEKOPPEKTHOCTHU
3a/laydl HE3aBHCHUMO OT NPHUCYTCTBHS AJJUTHBHOTIO IIyMa B OOYyYarolIUX JaHHBIX.
JlanHble IIyM MOXET OBITh BBI3BaH KaK HETOYHOCTHIO M3MEpPEHUM, Tak U 3pdexToM
"CKpBITHIX'" TapaMeTPOB, HEYYTEHHBIX B MOJICIIU.

Ha crnenyromem pHcCyHKE TNPUBEIEHO PEryIspU30BaHHOE peUIeHHe MpeeabHO
HEKOppEeKTHON 3amaun (h=1), nmaBaemMoe HEHWPOHHOM CEThIO C OOpaTHBIM

PacCIpoCTPaHCHUCM, 06y‘l€HHOﬁ Ha 3alllyMJICHHBIX JAHHBIX.
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Puc. 4. Pecynapuszosannoe peuwiernue (mouku) npedeivHo HeKOPPEeKmHOL 00pamuoll 3a0adu,
ROJYHUeHHOe NPU NOMOWU Helpocemu ¢ 0OPAMHBIM PACHPOCIMPAHEHUEM OWUOKU HA

3AUIYMIIEHHBIX OAHHBIX (KPYIHCKUL).

Pemenue orBeuaer MHUHHUMYMY CPCAHCKBAAPATUYHOTO YKIIOHCHHUA OT OGY‘I&I-OIHI/IX

JaHHBIX, YTO ABJIACTCSA THUIIMYHBIM IJIA ceTell ¢ CUrMOMIAIbHBIMU q)YHKHI/I}IMI/I.



VYkaxeM SBHO, B 4YeM COCTOMT XapakTep amnpHOPHBIX MPEIOJI0KCHHIA,
NPUHUMAEMbIX TPH  T[OCTPOCHWU  HEWpOCETeBBIX  Mozeneil. EamHcTBEeHHOE
NPE/OI0XKEeHHE (KOTOPOTO OKAa3bIBACTCS OCTATOYHO IS PETYISIpU3allii) COCTOHUT B
yKa3aHUH Oa3MCHOW apXUTEKTYPbl HEUPOCETH C O2paHuyeHuem ee CMmpyKmypHOU
cnooxcnocmu. IlocnenHee CyIIeCTBEHHO, T.K., HAmpuMep, TNpPU HEOTPAaHUYECHHOM
YBEITMYCHUHU YHUCIIa HEUPOHOB Ha CKPBITOM CJIOE, CETh CIIOCOOHA JOCTATOYHO TOYHO
3allOMHHTH JUCKPETHBIA oOy4aromuii Habop. [Ipu 3TOM BMECTO TIAJKOTO PEIICHHS
(Puc.4) 6yner monmyueHo "muimooOpaszHoe" pelieHue, KOJeOroIeecs MEXIy ABYMS

BETBSIMM 00paTHOM (PyHKIMHU, IPOXOJs Yepe3 Bce 00yUarole TOUKH.

JAuddepenunpoBaHHAS OLIEHKA CTeNIEHU KOPPEKTHOCTH 00PATHOI 3a1a4u

Ha OCHOB€ KJIACTEPHOIo aHaJIu3a CCThbIo Koxonena

OOparHasi 3a7a4a MOXET CUYUTAThCSl YCIOBHO KOPPEKTHOW, €CIM B MPHU3HAKOBOM
NPOCTPAHCTBE  BBIXOJAHBIX IIEPEMEHHBIX HMMEIOTCS  o0iacTu, rAe oOpaTHoe
OoTOOpa)keHue OJIHO3HAYHO (KaKk B CiIyd4ae CcHUCTeMbl B ¢ MNpOMEXyTOYHBIMU
3HAUEHUSIMU  CKauka A). JIas  pacCMOTpeHHBIX B  MNpEAbIAyIIeM  IYHKTE
OJIHONIAPaMETPUUECKUX CHUCTEM OOJACTH KOPPEKTHOCTU MOTYT OBITh BBISBICHBI MPHU
rpauyecKoM MPEJICTABICHUN AKCIEPUMEHTAIbHBIX NaHHBIX. OTaeneHue obiacteit
YCIIOBHOM KOPPEKTHOCTH B MHOTOMEPHBIX MPOCTPAHCTBAX IAapaMETPOB SIBIISETCS
KayecTBEHHO OoJiee CIOXKHOU 3amayeil. B aTom paszzpene mpesjaraercsi UccienoBaTh
BO3MOYXHOCTH HEHPOCETEBBIX AITOPUTMOB AJANTUBHOW KIIACTEPU3AIMU JAHHBIX IS
b depeHIMalIbHBIX OLIEHOK 001acTel yCI0BHOW KOPPEKTHOCTH.

[Tpu mpou3BONILHOM paclpeIeIeHHd TOYeK B MHOTOMEPHOM IPOCTPAHCTBE 3ajaua
maxconomuy (T.e. pa3felieHds BCEX TOYEK Ha HECKOJIBKO KOMITAKTHBIX TPYIIIL,
HA3bIBAEMBIX KJlacTepaMH) SIBISIETCS JIOCTAaTOYHO CJIO)KHOM, HECMOTpsS Ha TO, 4TO
UMeeTCs Ueblid psll METO/I0B ee pemeHusi. CUTyalusi JOMOTHUTENbHO YCIOKHAETCS B
BaXHOM IMPAKTUYECKOM CITy4yae, KOT/ia YUCIO KJIaCTepOB 3apaHee HE U3BECTHO.

Ha xmacce HelpoceTeBbIX aJITOPUTMOB TAKKE MPEJIOKEHO HECKOJIBKO IMOAXO0/I0B

[5,6, 12-13]. KnaccuueckuMm siBisieTcss npemioxkeHHbli T.Koxonenom [5] anroputm



NOCTPOCHUSI  CAMOOp2aHUu3yowelicss  Kapmol, KOTOpas TpPEICTaBiIseT  coOoi
O0TOOpa)KeHUE MHOTOMEPHOTO pacIpeiesieHUus] TOYeK Ha JBYMEPHYIO pPEIIeTKY C
PEryISIpHBIM COCEIICTBOM MeXAy y3iaamu. [lpu 3ToM OMM3KUM y371aM Ha Kaprte
OTBEYalOT OJIM3KHME BEKTOpa B HCXOJHOM MHOTOMEPHOM TPOCTPAHCTBE, T.€.
COXpaHsieTCsl He TOJBKO CTPYKTypa pa3OueHHs TOYEK Ha KJacTepbl, HO U OTHOLICHUS
TOTOJIOTUYECKON OIM30CTU MEXKAY HUMH.

Ecnu nnst mpuinoxeHuil JOCTaTOYHO TOJIBKO OLIEHKH TUIOTHOCTH pacrpeiesieHust
TOUYEK IO KIJIACTepaM C COXpaHEHHUEM JIUIIb OIUdNCHe20 NOpsOKA B KilacTepU3aluu, TO
Takoe pa30ueHrue MOXKET OBITh BBITIOJIHEHO Oojiee 3(P(HEeKTUBHO HA OCHOBE MOJICITH
"netiponnoeo eaza" [12-13], B KOTOpOHl COCEACTBO Yy3710B HE (PUKCHPOBAHO, a
JUHAMUYECKH MEHSIeTCS [0 Mepe YIydlleHus KiacTepuszauuu. B OTHOCHUTENbHO
HeJaBHEH Monaudukanuum MeToja, NOJNy4YyUBLIEH Ha3zBaHWe "pacuupsaowutics
Hetpounsli 2a3" [13], mepeMeHHbBIMU SBJISIOTCSA HE TOJIBKO OTHOIIEHHUS COCEICTBA, HO
Y YHCII0 HEWPOHOB-KIIACTEPOB.

B nanHo#l rnaBe 6osee moapoOHO paccMaTpUBAIOTCS MPHIIOKEHHs] Oojiee 4acTo

ucnoiib3yemoit kaptel Koxonena.

Metoa nuddepeHunaIbHON OLEHKU CTENEHM HEKOPPEKTHOCTH 3a1a4H

OcHoBHas wjaes mpemiaraeMoro Merona AuddepeHINaTbHON OIEHKH CTETCHU
HEKOPPEKTHOCTH OOpaTHOW WM KOMOWHHPOBAHHOW 3a/ladyll COCTOUT B peaH3aIluu

CJICOYOUICTO IJIaHa:

e [locTpouth pacmpeneneHne BEKTOPOB OOYYArONIICH BBIOOPKH IO KIIACTEpaM,
coJiep KamuM OJTM3KHUE 10 BEIMYMHE TapaMeTpoB HaOmroaeHus. Kiacrepuzamus
BEJICTCS 110 BBIXOJHBIM KOMITOHEHTaM Y Ui 94iCTO OOpaTHOM 3ajaduu, WU TIO
COBOKYITHOCTH BXOJHBIX M BBIXOJIHBIX KOMITOHEHT (X,Y) i KOMOMHUPOBAHHOTO

orobpaxkenus (X,Y)=F(X,Y);

e [IpoBectn oOyueHume Habopa (IO YMCITY KJIAcTEPOB) MAaNbIX HEUPOCETEH C
00paTHBIM PacHIpPOCTPAHEHHEM Ha TAaHHBIX KaXIOTO KIacTepa, OLUEHUTHh OIINOKY
oOy4yeHus (W, €Cld B PACIOPSHKEHUH HWMEETCS IOCTATOYHO JAHHBIX, OIIHOKY

0000menus). [IpoBect HaOOp CTATHCTUKA MO pe3yibTaTaM OOydeHUs



HCCKOJIBKHUX BapHaHTOB C Pa3’ InYHbIMHA peain3danusiMu CHY‘IaI;'IHOI;'I
HMHHUIMAJIN3allli BCCOB. I[J'I}I IIOJY4YCHUSA HCCMCUICHHBIX OLICHOK CIICAYCT YUCCTD,

YTO KJIACTCPBI MOT'YT COACPIKATh PA3HOC YHCJIIO BEKTOPOB,

e [locTaBUTh B COOTBETCTBHE KaXXIOMY KIIACTCPY JdaHHBIX KOJIMYCCTBCHHYIO
CTCIICHb HCKOPPCKTHOCTH OT06pa}KeHI/I$[ B o0Ojactu JAaHHOTO KJIACTCpa. B
Ka4CCTBC HCC MOKCT BbLICTYIIATb BCJIMYMHA, IIPOIIOPHHUOHAJIbBHAA JIOKaJIbHOM

omuoKe O6Y‘I€HI/I$I JJIA JaHHOI'O KJIaCTepa,

e BriOparh HenpuemieMblil ypoOBEHb HEKOPPEKTHOCTH (B MpOCTeiIeM ciydae npu
MOMOIIM TOPOrOBOI0 MpaBWia) sl TOCTPOCHUS THOPUIHOW CHUCTEMBI,
aHAJIOTMYHOM MasbIM dKcrepTaM [4], KoTopas 1aeT peryispu30BaHHOE pelleHHe
C JIOKaJbHOM OIIEHKOH TOYHOCTH B 00JacTsAX ¢ "Mayoi" HEKOPPEKTHOCTBIO, U
IpenynpexaaeT TMOoJdb30BaTelsl O IUI0OXOM OOYCIOBIEHHOCTH 3aJauyd, €clid

3ampoc OTHOCHUTCS K 00J1acTH "CHUIIbHOM" HEKOPPEKTHOCTH.

BaxxHO OTMETHTH, YTO B JTaHHOM IOAXOJ€ MOJIb30BATEb MOMY4aeT JAJIs KaXIOoro
3ampoca K HEeHpOCeTeBOM MOJENU adeKkgamHylo JIOKaJbHYI0 TOYHOCTH IOJY4aeMOI0
pe3ynbTata, U KOppeKmHblli OTKa3 B BblJaue pe3ynbTara B O0OJACTH BBICOKOU
HeperyasipHocTu 3aaauu. [lockonbky kapra KoxoHeHa JaeT BBICOKYIO CTENEHb
HATJISITHOCTA TPU  W3YYEHHUH pacIpe/iesieHUs] SKCIEPUMEHTAIBHBIX JaHHBIX, TO
pacnpe/ielieHle CTEeNeHn HEKOPPEKTHOCTU MO HeW MpeNCcTaBiseT OoraThlii MarepHal
JUIsl TIOHUMaHUsi OCOOEHHOCTEH Mojaenu M ee mapameTpoB. HeomHopoaHoctu B
"packpacke" KapThl MOTYT OTBEYATh PA3IUYHBIM PEKHUMaM IMOBEACHHUS MH)KEHEPHOU
YCTaHOBKM Wiu mpubopa. [lpu MoaenupoBaHMM TEXHUYECKHMX CHUCTEM ATO YacTo
MOKET CIYXXUTh YKa3aHHEM Ha HeXellaTelbHble (MM aBapuiiHble!) COOTHOLICHUS

napaMeTpoB MPH IKCIUTyaTaIUH.

IIpumep BbIsIBJIeHHUA 00/1aCTH HEKOPPEKTHOCTH B MO/IeJIbHOI 3a1aue

JIns wuTIocTpanuy mpeaaracMoro MeToia pacCMOTPUM €r0 IIPUMEHEHHE K yKe
MCIOJIb30BABIINMCS MOJENbHbIM cucteMaM A, B u C. [{ns mpocToThl paccMOTpEHUS

(M CHM)KEHHUS 4YHuClIa HEOOXOAMMBIX BBIYMCIEHUI) MOYKHO HPUMEHUTH YIPOIIEHHBIN



AJITOPUTM TOJTYYEHHUs OLICHKH HEKOPPEKTHOCTH. JIJIsi ATOrO BMECTO HCIIOIh30BAHHS
Habopa MajbIX dKCIEPTOB OIPAHUYUMCS OJHUM MEPCENTPOHOM (0€3 CKPBITHIX CIIOEB),
BXOJIbl KOTOPOT'O 3aMKHYTHI Ha BBIXOJIbI HEHPOHOB KapThl KoXOHEHa, a YnuCcI0 BBIXOJ0B
COBIIAJIa€T C Pa3MEPHOCTHIO MPHU3HAKOBOTO IMPOCTPAHCTBA BBIXOJOB 3ajaud. Takas
ruOpuHas HEHPOAPXUTEKTypa, Ha3blBaeMasi CEThIO BCMPEUH020 PACHNPOCMPAHEHUS,
npenoxena P. Xext-Hunscenom [7-8].

Kaxxnpiii kmactep copeBHOBaTelbHOTO ciios KOXOHEHa B CETH BCTPEYHOTO
pacrpoCTpaHEeHHs] BKJIIOYAET B Ce0s HECKOJBKO BEKTOPOB OOYYAIOIIETO MHOXECTBA.
[IpenpsBaeHrne Ha BXOJ HEMPOCETH HEKOTOPOTO BEKTOpa BBHI3BIBAET COPEBHOBAHUE B
cinoe KoxoHeHa, mpu 3TOM B pe3yjbTaTe€ OCTAeTCS AKTMBHBIM JIUIIL OAWMH HEWUPOH,
BO30YXXJIEHHE KOTOPOT'0 3aTOPMO3HUIIO BCE OCTalbHBIE HEUPOHBI. Bhixoa mobenuBIero
HelipoHa (HOPMHUPOBAHHBIM HA €IMHHILY) BOCTIPHHUMAETCS MEPCENTPOHOM, B HTOTE
dbopMupyeTCsT BEKTOpP BBIXOJOB HEWpoceTH B IieinoM. HyXHO OTMETHUTh, YTO BCE
BXOJHBIC BEKTOpa B TMpeJenax OJHOTO KiacTepa HEpa3au4MMbl (T.K. UM BCEM
COOTBETCTBYET OJIMH M TOT € MOOEIUTENh), TO3TOMY BBIXOJBI CETH BCTPEYHOTO
pacrpoCTpaHEHHUS] HE U3MEHSATCS, €CJIM NP CMEHE BXOJIHBIX BEKTOPOB HE MPOU30MIET
nmepexoJ; OT OJHOro KiacTtepa K JApyroMmy. TakuM o00pa3oMm, HEHpOHHAas CETh
BCTPEYHOTO PACTIPOCTPAHEHHUSI JAeT KyCOYHO-TIOCTOSIHHOE MPUOIIDKEHHE K
MOAEIUPYyEeMOl (PYHKITHH.

VYKIJIOHEHHE KYCOUYHO-TIOCTOSTHHOM TTOBEPXHOCTH OT 3HAYEHUN BBIXOJHBIX BEKTOPOB
oOydaroreii BBIOOPKH, COOTBETCTBYIOIIMX BXOJaM B Tpelesiax 3aJlaHHOTO KjacTepa

11
MPUHHUMACTCA 3a OICHKY CTCIICHN HCKOPPCKTHOCTHU B 00J1aCTH 3TOTO KJIactepa .

H L{eHTpHI KTaCTEPOB 3a/1al0T pa30MeHNE MPU3HAKOBOTO IPOCTPAHCTBA HA MHO202PAHHUKU
Boponozo (B nBymepHOM ciyuae - Ha aveuxu /Jupuxne). Bce Touku B npezenax 0JHOro
MHOTOTPaHHHKA OJIMKE K IIEHTPOU Ty COOTBETCTBYIOIIETO KJIacTepa, 4eM KO BCeM
OCTaJbHBIM KIIACTEPaM.
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Puc. 5. I'maokoe pezynsapuzosannoe pewieHue (Kpysicku) cemuto ¢ 00pamubvim
pacnpocmparnenuem owuoKu 0isi c1abo HeKOPPeKMHOU 3a0a4 08Y3HAYHO20 OMOOPANCEHUS,

3A0AHHO20 OUCKPEMHBIM HAOOPOM NpuMepos (MouKu).

Ha Puc. 5 u 6 npuBeneHO CpaBHEHMS INIAJIKOIO PETYJISPU30BAHHOTO PELICHMS,
OIPEENIIEMOI0 MHOIOCJIOMHON CEThI0 C OOpaTHBIM PAacHpPOCTPAHEHHEM, M PEILEHUs,
MOJy4a€MOro TpHU IOMOIIM HEWPOCETH BCTPEYHOrO paclpocTpaHeHus. Pacuersl
IPOBEJEHBl JJI1 CUCTEMbl B ISl ciaydass OTHOCUTENBHO CJIa0OW HEKOPPEKTHOCTH C
MaJibIM 3HaYE€HUEM BEJIMYMHBI CKauKa /1.

Jlerko 3aMeTUTHh COBEPIIEHHO Pa3JIMYHBIM XApaKTEp peryspu3aluu, JaBacMbli
3TUMH MOJEISAMU. YKIOHEHHE pELIEeHUs OT TOoueK OOy4arolulero MHOXECTBa B
MHOTOCJIOWHOW CETH C TJIAAKUMH NEPeXOAHBIMH (YHKIHMSIMH OXBaThIBAaeT Oolee
HIMPOKYI0 00J1acTh, 4eM COOCTBEHHO 00iacTh HekoppekTHocTH (0.4<Y<0.6). Kpuas
pemieHUs W OmMMUOKAa TJIAAKO pPACIPOCTPAaHSAIOTCA B O0JacTh, TI/A€ TOBEICHHUE
MOJIETUPYEMOI CUCTEMBI PETYIISIPHO.

B cnyyae cerm BCTpEYHOro pacHpOCTPaHEHHUs, HAIpPOTUB, PEryJISIpPU30BAHHOE
pELIEHNE COAEPKUT MUHUMAJIbHbIE OIIMOKHU B 00JACTU PETYISPHOCTH (pa30ueHue Ha
KJacTepsl 3aMeTHO Toinbko BOmM3M Y=0 wu Y=1). Pemenme xe B oOnactu
MHOTO3HAYHOCTH (YHKIMU HE SBISIETCA PEryIspPU30BAHHBIM - KJIACTEPhl CO

3HaYeHUSAMHU 00enX BeTBel 00paTHON (HYHKIIMK XaOTHUECKU TepEIyTaHbl.



[Tone3HOCT, TOTO WJIM HMHOTO TMPEACTABICHUS PEIICHUS MOXET OINpeAeUThCS
TOJIbKO B KOHTEKCTE€ KOHKPETHOTO MpHIIOKEeHHsI. JIJIsl CUCTEMBI, MPeaypexIatoiei o
BBICOKOW OIIMOKE peuieHus: B 00JaCTH HEKOPPEKTHOCTH, MO-BUIUMOMY, CIIETyeT
NPEeoYecTb pe3yabTaT CeTH BCTpeYHOro pacrnpoctpanenus (Puc. 6), Tak uckaxeHus

PCUICHUA B OGJ’I&CTHX, rAc 5TO pCICHUC UMCECT CMBICJI, MUHHUMAJIbHEI.

Puc. 6. Kycouno-nocmosinnoe 8 obaracmu pe2ynapHocmu peuieHue HeKoppeKmHou oopamuoui
3a0ayu, nony4eHHoe C NOMOUbIO Cemu 6CMPEUHO20 PACNPOCMPAHEHUs (CM. NOONUCH U

obosnauenus na Puc.5).

OOpatuMcst Tenepb K H3YYEHHUIO BO3MOXKHOCTH aBTOMATHUYECKOTO BbIAEIICHUS
0o0JacT HEKOPPEKTHOCTU. B HEHpOHHOW ceTH BCTPEYHOro paclpoCTpaHEHUS
KJIaCTephl, PACIIOJIOKEHHbIE B 00JIACTH HEKOPPEKTHOCTH 3agaud OyayT coiepiaTh
ONIM3KMEe BEKTOpa, JJII KOTOPBIX 3HAYEHUS MOJAENUpyeMOol (YHKIIMM OTHOCATCA K
Pa3HBIM BETBSAM HEOAHO3HAUHOCTH. [lepcenTpoH BBIXOAHOIO CIOSI HEMPOCETH B ATOM
cinydyae Oynmer oOydarbcs CpelHEMY 3HAYEHHIO Ha BEKTOpax KIacTepa, MOITOMY
omnOKa o0yuyeHus: OCTAHETCS KOHEYHOM.

B npusenennom mnpumepe, npu /h=0.2, TeopeTHMuecKOe 3HAYEHHUE MpeaeTbHOU
omnOKK 00ydeHus (CpeAHEKBAAPaTUYHOE YKIOHEHHUE) Ul JaHHBIX OJHOTO Kjactepa

paBHo 0.1. Pacnpenenenue ommOku MO KiacTepaM, HabOloJaeMoe B pacuerax,



IMPpUBCIACHO Ha Puc. 7. O6nactb HCKOPPCKTHOCTH MOXKCT OBITH JIETKO aBTOMAaTHYECKH

BBIACJICHA ITPH ITIOMOIIH ITPOCTOTI'0 PCIIAOIICTO IIpaBUJIa.
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Puc 7. Pacnpeoenenue owubxu o6yuenus no npocmpancmeenHuim kiacmepam Kapmoi

camoopeanuzayuu Koxounena c necxo evioensemoti obnacmoio HEKoppeKmHocmu 3a0a4u.

[TonBeneM HEKOTOPBIE UTOTM PACCMOTPEHUS MOJENBHBIX 3a/1a4y. MOXHO BBIJIEIHUTH
JIBA OCHOBHBIX IIYTM INPUMEHEHMS] HEHPOHHBIX CETEH BCTPEUHOI'O PAaCIpPOCTPAaHEHUS
JUISl peIeHHs] OOpAaTHBIX U KOMOMHUPOBAHHBIX HEKOPPEKTHO MOCTABIEHHBIX 3a/1a4.

Bo-nepBbIx, €10 CaMOOPraHU3YIOIIUXCS HEUPOHOB KapThl KoxoHeHa mo3BOJISAET
HOJYYHTh JIOKATbHYIO TU(PPEPEHITHATBHYIO0 OIIEHKY CTENICHH HEKOPPEKTHOCTH 3aa4u
¥ IPOCTPAHCTBEHHOE pACHpEIEICHUE OIIMOKM 0000IIeHus, OeTaeMOi CeThIo.
KnacrepHoe pasnoxeHHe OJMHAKOBO JIEFKO BBINOJHSAETCS B  MPU3HAKOBBIX
IPOCTPAHCTBAX JIIOOOH Pa3MEPHOCTH.

AnroputMm kiactepusauuu KoxoHeHa serko o0oOmaercss Ha cCiiydaid Hajaudus
IPOIYCKOB B JaHHBIX. [IOCKOJIBKY AJi1 OTHECEHMS] HEKOTOPOrO BEKTOpa K KIlacTepy
TpeOyeTcsl JHIIb BBIYUCIUTH EBKIMIOBO PACCTOSHUE MEXKIYy 3TUM BEKTOPOM H
TEKYILUM MPUOIMKEHUEM K LIEHTPOMAY KilacTepa, U HalTU KJIAcTep ¢ MUHUMAJIbHBIM
paccTOssHUEM, TO MpPU HAJTMYHMM TMPOMYIIEHHBIX KOMIIOHEHT B BEKTOPE PacCTOSHUE

MOXHO BBIYHUCIATH IO HMCHOINHMMCA KOMIIOHCHTAM. OTO HPKBHUBAJICHTHO IMOUCKY



OnuoKkaifiiero kjaacrepa B MOJAMNPOCTPAHCTBE M3BECTHBIX KOMIIOHEHT. 3aMeyaTelslbHO,
YTO CETh BCTPEYHOTO PACIpPOCTPAaHEHHS MOXKET 00ydaThCs Ja)Xe €Cld B Ka#cOOM
oOyuaroleM BEeKTOpe UMEIOTCS MPOMyIeHHbIe KOMIIOHEHTHI. [Ipu 3TOM He TpebyeTcs
3aroJHEeHHs MPOMYCKOB UCKYCCTBEHHBIMU 3HAYEHUSIMU.

Bropoii npukiaaHoi acekT COCTOUT B TOM, YTO B 00JIACTAX KOPPEKTHOCTH 3aJ1auu
pelIeHne, 1aBaeMoe CeThbI0 BCTPEUHOTO PACIPOCTPAHEHUS SBIIAETCS BEChbMa TOYHBIM.
DTO CBS3aHO C JIOKAJIBHBIM XapakTepoM OOydeHHs B Mpejesiax KaxAoro Kiacrepa, u,
COOTBETCTBEHHO OTCYTCTBUEM 3(PPEKTOB paBHOMEPHOTO pacipeneseHusi OUIMOKH Mo
KinactepaM. B 3ToM cMmbiciie, perynaspusyomuid  3G@(eKT ceTh BCTPEUYHOTO
pacnpoCTpaHEHUs MEHbIIE, HEXENU Yy TPaJUIUOHHOW MHOTOCIONHONW CeTH ¢

0o0paTHBIM paclpOCTPaHEHUEM.

Ipuxnagnoe nungopManoOHHOe MO/eJMPOBaHNE B 3a/1aUe OIEHKH PUCKA

NPHU IKCIUIYATALUM CJIOKHOM MHIKEHEPHOM CHCTEeMBbI

CrnoxxHble WHKEHEpPHbIE YCTPOWCTBA IMPHU BO3JEHCTBUM BHEIIHUX (DAaKTOPOB MOTYT
JEMOHCTPUPOBATh pPa3HOOOpa3Hoe HenuHeHoe moBeneHne. C  TOYKH 3peHuUs
AKCIUTyaTal[Ml TaKUX CUCTEM OTKJIMK MOXET OTBEUaTh HOPMAJILHOMY PEXUMY PabOThI,
a TakKe aHOMaJbHBIM M aBapUilHBIM pexumaMm. B mocineanem ciydae tpeOyeTcs
NPUHSITHE CIIEHUATIbHBIX MEP JUIsl CHUXKEHUS PUCKA TOCEACTBUI UHIIU/IEHTA.

3agaua HHGOPMALMOHHOTO MOCINPOBAHKS IPH OLICHKE PHCKa'> UIs 06BEKTa IpH
BHEIITHEM HAarpy>X€HUU COCTOUT B HEOOXOAMMOCTH IpEACKa3aHWs €ro MOBEICHUS B

OOBIYHBIX ¥ AHOMAJIBHBIX YCIIOBUAX.

12 [Tpobnema onleHUBaHUS caMOW BEIMYMHBI PUCKA IPU 3TOM OCTACTCA 32 PAMKaMU JIaHHOTO
paccmoTpenus. OJHUM U3 METOJ0B BBIYMCIEHUS pUCKA IIPU U3BECTHBIX U3
UH(POPMALIMOHHOTO MM MaTEMAaTUYECKOT0 MOACITUPOBAHUS PEKUMAX paOOThI CHCTEMBI
SIBJISIETCS B3BELIMBAHUE BEPOSITHOCTEN peaanu3alyy pasIMuHbIX PEKUMOB C IKCIIEPTHBIMU
OLICHKaMHM MX IOCJIEACTBUM. Jlanee yrpaBiaeHUue SKCILyaTallue CUCTEMBI COCTOUT B
MUHHUMM3ALUH PUCKA.



Onucanue MHKEHEPHOI cUCTEMBbI

[Ipumepom 3agaunM OIEHKM pHUCKa SBISAETCS OKCIUIyaTallusi KOHTEHHepa s
MEPEBO3KM WJIM XPaHEHUsI MPOMBIIUIEHHBIX OTXOJOB (HAampumep, AeIsIIHecs
Marepuaibl B OTpaOOTAHHBIX TBAIJaX ATOMHBIX DSJIEKTPOCTAHLUM, WU TOKCUYHBIE
XUMHUYECKHE BEIIECTBA). B KauecTBe aHOMAJIIBHOTO BHEIIHETO BO3JIEHCTBUS TpeOyeTcs
pacCMOTpeHHE ToXkapa C pa3lIdyHbIMU mapaMmerpaMud. OTKIMK KOHTEHHepa
(u3MepsieMbli OLIEHKON COXPAaHHOCTU COJIEPKUMOTO M HE MPOHHUKHOBEHHUEM €ro BO
BHEILIHIOIO CpEAYy) MOKET HU3MEHSATHCS B 3aBHCUMOCTH OT TEKYIIEr0 COCTOSHHS
CHUCTEMBbI, HAITPUMEDP, CTETIEHbIO BO3MOKHBIX TTOBPEXKICHHUIN B aBAPUNHBIX YCIOBHSIX.

PaccmoTpyM OTHOCUTENBHO MPOCTYIO U MOJIE3HYIO C MPAKTHUUYECKOM TOYKU 3PEHUS
MOJI€JIb, OCHOBAaHHYI0 Ha JaHHBIX H3MEPEHUM MapaMeTpPoB KOHTEHHEpa MpHu
pPa3IMYHBIX YCIOBUSX Mokapa. DaKTUUECKH, MOCTPOCHHAs] MOJENIb OCHOBBIBAJIACH HA
pe3ysbTaTax YMCIEHHOTO MOJEIUPOBAHUS, & HE Ha PEAIbHBIX JaHHBIX. DTO, OJHAKO,
HE CHHUXAET IIEHHOCTh PAaCCMOTPEHHUSA, MOCKOJBbKY B UHCIEHHBIX pacyeTax yAaeTcs
y4yecTb I[IUPOKUM CHEKTpP TMOXKapoB i OJHOTO M TOro K€ KOHTEeHHepa.
Heonpenenennocts B k03 PuIEeHTaX, OMUCHIBAIOIINX TEIIO(PU3NISCKUE CBONCTBA
MaTEPHUAJIOB, a TAKXKe YHCIEHHBIE Y((EKThl, BHOCAT IIIyM B HCIIOJIb3yeMbIe JaHHBIC,
npuoJIMKasl yCIOBUS MOJIEMPOBAHUS K pealbHbIM. B clioXuBIIelcs MpaKkTUKE
HEHPOCETEBOr0 MOJIEIMPOBAHUS JJaHHBIE TAKOTO poja Ha3bIBAIOT pearucmuyHvimu (B
OTIIMYME OT UCKYCCMBEHHBIX U PeaibHblX TAHHBIX).

baza coOpaHHBIX MaHHBIX COJEPKUT & MApaMETPOB, OMUCHIBAIOIINX KOHTCHHED W
ycioBusl noxapa. [Ipu3HakoBoe MPOCTPAHCTBO BXOJOB COCTOUT U3 O MEPEMEHHBIX -
OIHOU nepemMeHHOU CcOCmosiHus ~KOHTEWHepa (dKCIEepTHas OlLEHKa CTENeHHU

MOBPEXKACHUS KOHTEHHEpA) U ISATU napamempos eozoeticmaus (CBOUCTB Moxapa).



Konreiinep

4

T
X

Puc. Cxema PAacnojloscenus KOHmelszepa u 06Jzacmu, OXBAYEHHOU NIIAMEHEM.

HapaMeTpLI Imokapa BKIIHOYAOT ABC KOOPANHATLI obnactu IJIaMCHHU, TUAMCTP 3TOM
O6J'IaCTI/I, TCMIICPATYPY ITOXKapa U €ro AJIUTCIbHOCTD.

I[BYM}I BBIXOJHBIMHU MNCPCMCHHBIMH  ABJISAIOTCA MaKCUMaJIbHOC 3HA4YCHUC
TCMIICPATYPbI BHYTPH KOHTefIHepa Ha IPOTAKCHHUH BCCIO IIOXKapa, a4 TAKKC OTPC30K
BpPpCMCHHU, B TCUCHHH KOTOPOIro TCMIICPpATypa BHYTPH KOHTefIHepa IIpCBhbIIIAalIa
HCKOTOPOC IIOPOroBoC 3HAYCHHUC, COOTBCTCTBYHOHICC KPHUTHUUYCCKOMY  YPOBHIO

BO3MOJKHOT'O ITIOBPCKIACHUA COACPKUMOTI'O KOHTCﬁHepa.

HeiipocereBasi uHGoOpManMOHHAS MO/IeJIb CUCTEMbI

Nudopmanmonnas MoAenb OTKIMKAa KOHTEHHEpa CTpPOMIach Ha OCHOBE CETH
BCTPEUHOIO PACHpPOCTPAHEHHUS] W MHOTOCIOMHOW CETH ¢ OOy4eHHEM I10 METOAY
00paTHOTO pacmpocTpaHeHus: OomHOKU. BpuTM paccMOTpeHbl mpsimasi, oOpaTHas U
KOMOMHUPOBAHHAs 3a]]a4H.

HeliponHas cetb s mpsiMOM 3adadd COAEPKHUT 6 BXOAOB M 2 OLEHUBAEMBIX
BbixoAa. Ilpsimas 3ajmaya 11 J[aHHOTO NPWIOKEHHS IO3BOJSAT OTBETUTh Ha

CJIEIYIOIKE BOMPOCHI:

e KaxoBa Oyner MmakcuMaibHasi TeMIIEpaTypa BHYTPH KOHTEHEpa MpU U3BECTHBIX

napaMmerpax noxapa?



L HpeBBICI/IT WJIX HCT BHYTPCHHAA TCMIICPATypa 3aJIaHHOC KPUTHUYICCKOC 3Ha4YeHHUE?

Ecnu Ja, TO KakK JOJI'O CUCTEMA 6yz[eT HaXOOUTbCA B KPUTHYCCKUX YCJ'IOBI/IHX?

e Uro orBeuyaeT OOJIbLIEMY PHUCKY MOBPEXKICHHUS COJEPKUMOTO KOHTEHHepa:
KOPOTKH, HO BBICOKOTEMIIEPATYPHBIH MOXap, WM JUIMTEIbHAs yMepeHHas

TEIUI0Bas Harpys3ka?

OOpatHasi 3a7jaua COOTBETCTBYET OIICHKE MMapaMeTpOB BHEIIHETO BO3JEHCTBUS MO
U3MEPEHUSIM OTKJIMKA CUCTEMbl. TEIUIOBOM pEeXUM BHYTPH KOHTEWHEpa MpH 3TOM
KOHTPOJIMPYETCS JaTYMKaMHU TeMIepaTyphl. 3ampockl K OOpaTHOW MOJENU HOCAT

JTMAarHOCTHUYECKHI XapakTep:
e KaxoBa 1muTeNbHOCTh U TEMIIEpATypa MIaMeHu?
e Kak naneko ot KoHTeitHEpa MPOU30IIEIN MMoXKap, U KAaKOB ObLI pa3Mep IiaMeHu?

e KaxkoBa ¢aktuyeckasi CTeNeHb MOBPEXKACHUS KOHTeHHepa?

Haubonee HHTCPCCHAA KOM6I/IHI/IpOBaHHaH 3a/lada pacCMaTpuBacT YacCTb
mapaMeTpoB KaK H3BCCTHBIC, a OCTAJIbHBIC, KaK HCHU3BCCTHBLIC. HpI/I O6y‘IeHI/II/I
HeﬁpoceTI/I KOM6HHHpOBaHHOﬁ 3a/1a4C MHO’KCCTBA IICPCMCHHBIX, HMCIIOJIb3YCMbIX KakK
BXOIHBIC 1 KaK BbIXOAHBIC, MOT'YT YaCTUYHO HJIN IMOJIHOCTBIO IICPCKPBIBATHCA.

KOM6I/IHI/IpOBaHHaH 3a/lada OTBCYACT Ha BCC 3aIllPpOChI Hp}IMOﬁ u O6p3THOI>i 3aJa4,

HO MMCCT JOINOJIHHUTCIIBHBIC BO3MOKHOCTH !
L4 OHCHK& COCTOAHUA KOHTefIHepa IO BHCIIIHUM U BHYTPCHHHUM U3MCPCHUAM.

e KakoBbl HauTsKeICHIINE YCJIOBUS II0XKapa, IMPHU KOTOPLIX KOHTefIHep CIIc

COXpaHACT coneme/IMoe?

OOpatHyl0 ¥ KOMOWMHUPOBAHHYIO 3aJladydl  CleAyeT paccMaTpuBaTh, Kak
HEKOPPEKTHO MOCTaBJICHHbIE.
OO6nacTh BO3MOXHBIX 3HaYeHUN (PU3MUYECKUX TApaMeTpOB OTpaHUYMBAIIACH

MaKCHUMAaJIbHBIMH TeMIICpAaTypaMu Imoxapa (I[OCTI/IFaCMI)IMI/I Ipu TOPCHUU



000TaleHHoro TOIUIMBA), PACCTOSHUSAMH M pa3MepamMu IUJIaMEHHU, MPH KOTOPBIX
TeIIonepeaaya KOHTEHHEPY PUBOAUT K TeMueparype 0koio 200°C (THIMYHEIH TOpOr
JUTSL TIOKAPO-CUTHATM3UPYIONIUX AATYUKOB). JJIUTETHHOCTh TOKapa OrpaHUYHBaIach
3HadYeHueM 1 gac.

[Tocne BBemeHMsI BCeX OTrpaHWUYCHUMN JaHHBIE M3 0a3bl JAHHBIX OBLIM JTMHEHHBIM

npeoOpazoBaHueM IpuBeeHbI B ""cepbiii” dopmar [0..1].

HNuTerpanbHas oeHKa KOPPEKTHOCTH MOEIH

Ha nepBom sTane B mpemnaraeMod TEXHOJIOTMH HCCIIEIOBAIACH KOPPEKTHOCTH
3aa4M Ha Bceil obOmacTu 3HaueHWd mapameTpoB. C ATOW NENbIO IMOCIIEIOBATEIHHO
BBIOMPAJIUCH CEMb MapaMeTPOB U3 BOCHMH, BKJIIOUEHHBIX B MOJENb. JTU MapaMeTphl
CUUTAJICh M3BECTHBIMM, @ OCTABIIMICA BOCBMOW MapaMeTp - HEU3BECTHBIM. Takum
00pa3oM, Kbl U3 mapaMeTpoOB MO OYEPEaN TECTUPOBAJICS, KaK HEeU3BECTHBIN. [Ipu
MOJICTTUPOBAHUHU OIpeeIsiiach OmMMOKa 00y4eHUs] MHOTOCIOWHOM CEeTH ¢ OOpaTHBIM
pacrnpocTpaHeHueM. Bce pacdeTsl OPOBOAWIMCH I  HEUpOCETEl 6OMIBIIOro
pa3Mepa, MOATOMY TOJYYCHHAs] OIIMOKA CBS3BIBACTCS TOJIBKO C HEKOPPEKTHOCTHIO
3amaund. bpul wWcmonp3oBaH cienyromuil BuA  (QYHKUMM OIIMOKH  (Ha3pIBaeMOM

14
IPOLIEHTOM CPEAHEr0 KBaJpaTa OMNOKU ):

YucneHHOE MOJEIUPOBAHUE II0KA3al0, 4YTO o0be npamvle 3aiadd, KOraa
HEU3BECTHBIMU CUMTAJIUCh BBIXOAHBIE IIEPEMEHHBIE 3aJadyd - MaKCHUMaJIbHAs
TEMIIEpaTypa BHYTPH KOHTEHHEpA U UIMTEIBHOCTh MEPHOJA MPEBBILICHUS 3aJaHHOTO
YPOBHSI TEMIIEPATYyphl, SBIAIOTCS KOPPEKTHO IOCTABIEHHBIMU. 3HAUEHUE OIIMOKU

oOyuyenus He mpesbimano 1%. Hanpotus, Bce wecmsv o0bpammbix/kOMOUHUPOBAHHbIX

P N ompesieNieHrs HEOOXOJUMOTO YUCIIa HEHPOHOB HAa CKPHITOM CJIO€ ObllIa BHIMTIOTHEHA
Cepusl pacueTOB C YBEIMUYMUBAIOLIIMCS Pa3MepOM ceTH. Jlanee HCIoib30BaIOCh MOJTyYeHHOE
npenenbHOe 3HaYeHue (11 Hatiel 6a3bl nanHbIX U3 ~9000 mpumepoB norpedoBanock 30
HENPOHOB).

14 . .
VicxonHbli aHTTIMICKHI TepMUH - squared error percentage.



3a/lay OKa3aJIMCh HEKOPPEKTHBIMU C OUIMOKOW 00ydeHus Macmtaba 25-35%. lanubie
pe3yabTaT  SABISETCS  NPHHIUMUAIBHBIM Ui [UIAHUPOBAHUS — MOCIEAYIOIIUX
IKCTICPUMEHTOB ¢ MH()OPMAITMOHHON MOJIENIBIO: TIOMBITKH OLEHKH PEIIeHUs] 00paTHBIX
3a/1a4 Ha Bcel oOmactu 3HaueHui (0e3 auddepeHImanbsHOro aHaau3a KOPPEKTHOCTH)

OyayT HeyIauyHBIMH.

Ipukiaagnas HelpoceTeBass MOJEJIb JAJIA NPAMON 3a1a4u

s Be6opa s dexkTrBHON HelpoceTeBO MoAenu Ais (KOPPEKTHO MOCTABICHHOM )
npsAMoil 3amaun OblIa M3ydeHa 3aBUCHUMOCTh OMIMOKKM OOy4deHHs W OOOOIIeHHS OT
o0beMa HCIIONIb3YeMbIX TNpu OOyYeHHH [aHHBIX M YHCIa CBOOOJHBIX BECOBBIX

MapaMeTPOB B HEUPOHHOW CETH.

30

B R00 pp—
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Puc. 9. Obnacmu na nnockocmu "memnepamypa niamenu” - "Onumenvnocms nodxcapa”, 6
KOMOPbIX MAKCUMATIbHASL mMeMnepamypa 6Hympu KoHmetnepa npesviuiaem 3uavenus 200,

500 u 800°C.

Jnis IpuItoskeHu# TpeOyeTcsi KOMITAaKTHAsI U ObICTpasi HeWpoceTeBask MOJIENb, JIETKO
obydyaemasi ¥ HMMeEIOIas HEBBICOKYIO OMMUOKY 0000meHus. [laHHbie TpeOoBaHUS B
HEKOTOPO# Mepe MPOTHBOPEUUBHI, TIOATOMY OBUT CYMMHUPOBAH OMBIT OOJIBIIIOTO YHCIIA

KOMIIBIOTCPHBIX 3KCIICPUMCHTOB. beun O6H3pY)KeHI>I cacayromuce OCOOCHHOCTH:

e Crenenb 00o0OmIeHus ymydmaercs quib Ha 50-80% mpu pocte oobema 0a3bl



00y4JaronuX MaHHBIX (M COOTBETCTBEHHO, 3aTpaT Ha oOydenwme!) B 3-4 pasa.

CJ'IeI[OBaTCJII)HO, MOKHO M30€KaTh OOJIBIINX 00BEMOB JaHHBIX.

e lcronp3oBaHUE HEHPOHHBIX CETEH C YMCIIO CBOOOIHBIX MApaMeTPOB, OJIM3KHM K
YUCITy 3amucedl B 0a3e MaHHBIX MPUBOJUT K omuOke oOobmenus, B 10 pas
Oonpield, yem omuOka oO0ydeHus. B 3TomM ciydae mpelcka3aTelIbHbBIC

BO3MO>XHOCTH CUCTCMbI HC BCJIMKH.

e [logxondimias HEWpOHHAs CETh IJIs NpAMON 3amaud xapakrtepuszyercs 10-15
HEpOHaAMHU Ha CKpBITOM ciioe ¢ MacmTaba 100 CHHANTHYECKUMHU CBS3SIMH,
obyueHHas Ha 0Oasze maHHbIX W3 300-500 3amuceil, oHa MOKa3bIBAE€T OIIMOKY

oOyuenus 2-3% npu ommbke 06061enus 10 5%.

Ha ocHoBe BbIOpaHHOW HEHWpPOCETEeBOM MoJaenu OBUIO TPOBEACHO OOydYeHHE
HEHUPOCETH U UCCIEAO0BAH Pl MHPOPMAIIMOHHBIX 3alPOCOB K HEM.

[lepBas cepusi 3ampocoB ObLIa BHITIOJHEHA JJIsl ONpeesieHus: 00JacTH TeMIeparyp
U ITUTEIBHOCTEN MoXkapa, IpU KOTOPBIX COAEPKMMOE KOHTEHHEpa HE MeperpeBaeTcsl.
PaccmaTpuBanuch MOXaphl, MPOUCXOSALIME B HEMOCPEACTBEHHON OIU30CTH K
KOHTEHEepy M uMmewoume auamerp a0 15 M. M3omuHumM Temmepatyp BHYTPHU
KOHTEliHepa IoKa3aHbl Ha Puc.9. PacyeTsl COOTBETCTBYIOT TpEM pa3InYHbIM
3HaueHMsM Harpesa cozepxumoro 200, 500 u 800°C. JlaHHble pe3yibTaThl B
OPUMEHEHHMH K KOHKPETHBIM oOpa3laM KOHTEHHEPOB MOTYT COCTaBUTh OCHOBY
TEXHUYECKUX TpeOOBaHUN K MPOTUBOMOXKApHBIM ciyxOam. Tak, Hampumep, KpuBas
200°C  mokKasbIBaeT  IapaMeTphl, MPU  KOTOPBIX  CpabaThIBAIOT — TUIHYHBIE
TEMIIepaTypHbIE JaTYMKU. ECIM KpUTHYECKUM AJI SKCIUTyaTallui OKa3bIBAETCS PEXKUM
npesbinenns 500°C npu temneparype miamenu 800°C, To, kak cienyer us Puc.9,

KOHTEIHEep CrOCOOEH BBIJIEPKUBATH TAKYIO HArPY3Ky B T€UEHHUE 22 MHH.
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Puc. 10. 3asucumocmov Onunsl npomexcymka epemeHu (6 MUHYmMax), 8 medeHuu Komopo2o
memnepamypa 6Hympu Konmetinepa npesvluiana KpUmuieckuil ypoeeHb, om paccmosHusi 00

InUYeHmpa nodicapa (6 mempax) 0as 08yx 3HaweHull ouamempa niamenu (15 u 20 m).

Bropas paccmorpeHHas 3ajaya CBsi3aHAa C M3YYEHUEM 3aBUCUMOCTH TEIUIOBBIX
YCIOBUI BHYTPU CHUCTEMBI OT pacCTOSIHUS 10 J3nuieHTpa noxapa. Ha Puc. 10
IpeICTaBICHa 3aBUCUMOCTD JUIMTEIbHOCTH 3aKpPUTHYECKOr0 HarpeBa (B MHUHYTax) OT
paccTosiHuA 10 00s1acTy noapa (B MeTpax). JuTenbHOCTh okapa cocrasisiia 1 gac.
WNHTEepecHO OTMETUTb, 4YTO HAOMIOAAETCS HEKOTOPOE IPOMEKYTOUHOE 3HAUEHUS
PACCTOSHUS 710 MTOKApa, MPH KOTOPOM TEIIoNepeada K KOHTEHHEPy MaKCHMATbHa .

Ha ocHoBe naHHOW Momenn MOXET OBITh HCCIEIOBAHO MHOMXECTBO APYIHX
NPAKTUYECKUX BompocoB. [lockoibKy npHM aHanu3e 3alpocoB HEHPOHHAas CeTh
paboTaeT TOJIBKO B PEXHMME IMPSIMOTO HEHArpy>KEHHOTO (YHKIIMOHWPOBAHUS, BPEMs

BBIITOJIHCHUA 3alIpOCOB MUHUMAJIBHO.

Bo3moxxHOCTH peryJsipu3anuu o0paTHOi 3a1a4m

3aiiMemMcsl Tenepb paccCMOTPEHHEM OOpaTHOM U KOMOMHHMpPOBaHHOM 3anay. Kak mbl

YiKC Y6GI[I/IJ'II/ICI> Ha OCHOBC pacydcToB, 3THU 3aJda4du 06J'IaI[aIOT SAPKO Bpra)KeHHOﬁ
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Hannuue KoHEUHOT0 paccTOSHUS, TPU KOTOPOM TeIIonepeaadya MaKkCUuMabHa,
MOJTBEPKIAETCS MPOCTHIMU T'€OMETPUUECKIUMH COOTHOIICHUSMHU ISl OJHOPOIHO
U30TPOITHO U3JIYYaIOUIEro HCTOYHUKA KOHEUHBIX Pa3MepOB.



HCKOPPCKTHOCTLIO, CBSI3aHHOM C HGYCTpaHHMOﬁ HCOAHO3HAYHOCTBIO O6p3THOI>i
q)YHKHI/II/I, IMOOTOMY HHTCPEC IMPCACTABIIICT BO3MOXHOCTDL JIMIOb HX YaCTUYHOU

peryisipu3aiym.

Puc. 11. Pacnpeoenenue owubox obyuenus no kiacmepam kapmol Koxonena. Owubka na

OGHHBIX KAHCO020 KIACMepa NPONOPYUOHATIbHA PA3MEDPY COOMBEMCMEYIOWe20 K8aopama.

Jnst uccnenoBanuii Obula BbIOpaHa KOMOMHHMpOBAHHas 3ajadya OMPEIEIICHUS
IaMeTpa IUIaMeHM 10 OCTaJbHBIM MapaMeTpaM IMoKapa U HU3MEpPEHUsIM BHYTpPU
KOHTEiiHepa. JTa 3ajJaya UMeeT MUHUMaIbHYIO OmMOKYy oOyueHus (22%) mnpu
UCIIOJIb30BAHUM JTAHHBIX W3 Bceil oOmactu mapameTrpoB. s maHHOM 3amauu ObLI
BBITIOJTHEH KJIACTEPHBIM aHaJU3 HAa OCHOBE CETH BCTPEYHOro pacmpoctpanenus. Croi
Koxonena mnpencraBisn coboit kapTty u3 5x5=25 wuediponoB. Puc. 11 orpaxkaer
pacnpeneneHre OIMOKM OOydeHHs CEeTH MO KIacTepaM KapThl, OMNpeaessieMbIM
Heiiponamu KoxoHnena.

PesynbTHpylomee pacnpezesieHde OIMOOK ONM3KO K pPaBHOMEPHOMY, OJHAKO
uMerTCcs nBe obmactu  (kjmactepsl 1-2 u 4-3 B MaTpuyHBIX OOO3HAYEHMSIX) C
OTHOCHUTEJIbHO MaJIbiIMU OLIMOKaMHU. DTH KJIacTepbl OMpPENeNsioT 00JIaCTH YaCTUYHOMN

PETYJISPHOCTHU 3a/1a4 B 7-MEPHOM MPOCTPAHCTBE NMapaMETPOB.



HaubGonee perynspHoil saBnserca oOnacTh kiactepa 1-2. AHanu3 3HaueHUU
napaMeTpoB, OTBEYAIOIIUX LIEHTPOULY JAHHOTO KJlacTepa, MO3BOJSET 3aKI0YUTh, YTO
HauMEHbIIasi OIIMOKa OMpeneseHUs] TuaMeTpa IJIaMEHU IyTeM pelleHus OO0paTHOMN
3a71a4M JOCTUraeTCs I BRICOKOTEMIIEpaTypHbIX (okoso 1000°C), nuurensHbix (6osee
noJjiyyaca) IMo>kKapoB MpPU MPOMEXKYTOUHBIX PACCTOSHUSAX 10 SMHULEHTpa (Macmirada
JTaMeTpa TUIAMEHH ).

Crnenyroumii 1mar uccieIOBaHUN CcOCTOSI B KiaccupuKkanuu 3amuceil B 0ase
JAHHBIX TI0 MOCTPOEHHBIM Ki1acTepaMm o0ydeHHo cetu Koxonena. M3 monHoro Ha6opa
U3MepeHui okoo 2.5% MAaHHBIX 0Ka3aJ0Ch OTHOCSAIIMMUCS K HauOoJee PeryisspHOMY
kiactepy 1-2. DT naHHbIE OBLIM UCIIOJIB30BAHbI ISl 00yYEHUS MHOTOCIOMHOM CeTH ¢
o0paTHBIM pacIpoCTpaHEHHEM C 7 BXOJaMHM M OJHHMM BBIXOAOM. PesynbTupytomias
omnoOKa peryisipu30BaHHOTO PEIICHUS COCTaBUiIA JHIb 8.5%, 4TO MPUOIUZUTEIHHO B
TPH paza MeHbIIEe OIMOKN 00y4YeHHs Ha MOJTHOM Habope BEKTOPOB.

Pe3ynbTaThl OmucaHHBIX HUCCIEAOBAHUNA MOTYT OBITH OOOOIIEHBI B Helpocemesyio

mexrnoocuro pCuICHUA O6paTHI>IX 141 KOM6I/IHI/IpOBaHHI>IX 3aJay:

e J/lns naHHOW  KOMOMHHMpPOBAaHHOW  3aJayd  OLEHUBAETCS  CTENeHb €€
HEKOPPEKTHOCTH TIO0 OlIMOKe O0OydeHus HeHpoHHOW ceth C oOpaTHBIM
pacnpoCcTpaHeHHEM, UCTIONb3YIOIIEeH U3BECTHBIE apaMeTPhl B KAUeCTBE BXOJIOB,

d 3allpalIBACMBbIC ITaPaMCTPhI B KAYCCTBC OICHNUBACMbIX BBIXOJIO0B.

e Ecium ykazanHas omubka Mana (MMeeTcsl CXOAMMOCTh  HEWpOoceTeBOn
anmnpoKCUMAIlMK), TO TIOCTPOCHHAs HeMpoceTh AaeT uckomoe pemienue. Crienyer
nanee OLEHUTh OUIMOKY 00O0O0IeHUs, UCXOAS U3 alpPUOPHBIX TEOPETHYECKHUX
COO0paXKeHUH O CII0)KHOCTU HEMPOCETH, WIIM HA OCHOBE MPSMBIX BBIUKCICHUI €
UCIIOJIb30BAHUEM TE€CTOBBIX JaHHBIX. [Ipn HepocTaTOUHOM KadecTBe 00001IEeHUs
MO’KHO TOIBITAThCSI YMEHBIIUTH YUCIIO HEHPOHOB B CKPBITHIX CIIOSX HEUPOCETH

N IIPUMCHUTDH aJITOPUTMbI YAAJICHUA HAUMCHCC 3HAUUMBIX CBSI3CH.

e B ciywyae wHenmpuemsieMo OOJBLIMX OIIMOOK OOy4YeHHUS TPHUMEHSETCS YKe

OIMMCaHHas TCXHOJIOI'UA ,HH(i)(i)epeHHHaHBHOI)'I OLOCHKHU CTCIICHU HCKOPPCKTHOCTH
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3agaun. Ilocne KIIACTCPHOI'O aHaJIn3a HJaHHbIX Ha OCHOBC CCTU Koxonena

OICHUBACTCA PaACHPCACIICHUC OIINOOK 06y‘IeHI/IH B IIPOCTPAHCTBC IIapaMCTPOB
MOJICIIH. I[anee CTPOUTCA CHUCTEMA MAJIbIX 3KCIICPTOB, MCIIOJB3YIOIIUX JAHHBIX
OTACIIbHBIX KJIACTCPOB, HIIK CTPOUTCA Oounee YKpPpYIIHCHHAs OLICHKAa Ha OCHOBC

CCTU BCTPCUYHOI'O PACIIPOCTPAHCHHUA.

HpOMI)IHIJ'IeHHa}I HeﬁpoceTeBaﬂ MOJCJIb, CO3JaHHas I10 JJAHHOW TE€XHOJIOTUHU 6yz[eT
COACPKATb MATCPUHCKYIO CCTb KoxoHeHa u ceMeiCcTBO MaJlbIX ceTeﬁ-axcnepTOB C
06paTHI>IM PacipoCTPaHCHUCM omunOku. Takas cucTeMHas MOJCIIb IPCIOCTABIIACT

I1OJIB30BATCJITO
® CEMEMCTBO pemeHHﬁ A IIPAMBIX 3a/1a4

® DPErylsipU30BaHHOE pEIIeHHEe OOpaTHBIX W KOMOWHHUPOBAHHBIX HEKOPPEKTHO
MOCTABJIEHHBIX 33/1a4 C OLIEHKONW TOYHOCTH, B 00JIACTSAX 3HAYEHUI MapamMeTpoB ¢

MaJIoM JJOKaJIbHON CTEIEHbIO HCKOPPCKTHOCTH 3aaa4U, h1%(s0)

® JTHArHOCTHYCCKOC COO6HI€HI/IG O HCBO3MOKHOCTH YBCPCHHOI'O IIPOTHO3a
BCJICACTBUC INPHUHAMJIC)KHOCTH BCKTOpPA II0JIB30BATCIILCKOI'O 3aIipoca obnactu

CHWJIbHOW HEYCTPaHUMOMW HEPETYISPHOCTHU 3aJJauH.

HpezmaraeMLIﬁ 1o AX0 0 K HCﬁpOCGTeBOMy MOACIIMPOBAHUTIO CJIOKHBIX
TCXHUYCCKHUX CHCTEM OTHOCHUTCIIbBHO IIPpOCT B pcaliu3alliid MW HCIIOCPCACTBCHHO
COOTBCTCTBYCT CHKCIHCBHBIM I/IH(i)OpMaHI/IOHHI)IM HOTpe6HOCT}IM HNHXCHCPOB,

CBs3aHHBIX C BKCHHyaTaHHeﬁ TaKUuX CUCTCM.

16
Cetp KoxoHeHa 3/1ech npeAnouTuTeNbHee JPyruxX alfOPUTMOB KJIACTEpU3AINH, TaK KaK
npu 00pa30BaHUM OTHOCUTEIHHO OONBIINX 00IaCTe KOPPEKTHOCTH, OHU OYayT
NPECTaBICHbI MAKPOKIACMEPOM TIPOCTPAHCTBEHHO OJIM3KUX HEHPOHOB.



HUrorn

I[TonBenem wrTorm »droM TiaBbl. HeEWpOHHBIE CETHM SBIAIOTCS €CTECTBEHHBIM
UHCTPYMEHTOM ISl MOCTPOEHUs 3()(HEKTUBHBIX U THOKMX WH(OPMAIIMOHHBIX MOJIEIeH
WUH)XXEHEPHBIX CHUCTEM. Pa3nuuHble HEHPOApXUTEKTYyphl OTBEYAIOT Pa3IMYHBIM
NPaKTUIECKUM TPEOOBAHUSM.

Cetn [NBONCTBEHHOTO (YHKIMOHHPOBAHUS C OOPAaTHBIM pPaCIpPOCTPAHEHUEM
OIIMOKHU U CETU BCTPEYHOTO PACIPOCTPAHEHUSI 00JaJal0T XOPOIIMMHU 0000IIAIOIINMU
CBOWMCTBAaMH M [AIOT KOJWYECTBEHHBIC DPELICHHS IS TMPSMBIX HH()OPMALMOHHBIX
3az1ay.

BHyTpeHHuEe perynspusupyrommue OCOOEHHOCTH HEMPOHHBIX CETEH IO3BOJISIOT
pemarh TaKkKe OOpaTHbIE W KOMOMHHMPOBAHHBIE 3a7audl C JIOKAIbHOU OYEHKOL
mounocmu. JlJI1 HEKOPPEKTHO ITOCTABIEHHBIX 3a/1a4 MOJEIMPOBAHUA NPEIIOKEHA
HelpoceTeBas uHpOpMaIMOHHAS TEXHOJIOT U MOCTPOEHUS TUOpUAHON
HEHPOAPXUTEKTYPBI, COAECPIKALIEH KIaCTEpU3yroulyro kaprty KoxoHeHa m ceMeucTBoO
ceTeld ¢ OOpaTHBIM pacHpOCTPAHEHHWEM, O0y4aeMbIX Ha JAHHBIX WHAWBHIYaTbHBIX
KJacTepoB. B 3TOil TEXHONOrMM BBISABIAIOTCS O0JACTH YAaCTUYHON KOPPEKTHOCTU
3a7a4M, B KOTOPBIX JAETCA PEIIEHUE C BBICOKOM JIOKAIBHOM TOYHOCTHIO. [lns
OCTAJIbHBIX 00JIacTE€ll MPU3HAKOBOIO IPOCTPAHCTBA HEHWPOCETh ABTOMATHYECKHU
KOppEeKmHo OTBEPraeT MOJIb30BaTEIIbCKUE 3aIPOCHI.

B pabote paccMoTpeHBI MpUMEpHl MPUMEHEHUS METOAMKH pEIIeHus: 0OpaTHBIX
3a/1a4 K MOJEIUPOBAHUIO OTKIIMKA CJIIOKHOM MHXXEHEPHOU CHUCTEMBI - IPOMBILLIJIEHHOTO
KOHTEIIHEpa Ha BHELIHUE aHOMAJbHBIE YCIIOBUS (TEIUIOBas Harpy3ka BCIIEJICTBUE
nosxkapa). Pe3ynbTaThl HcCI€I0BaHUNA MOTYT OBITH HCIIOJIB30BaHbI JUJISI TEXHHUUYECKHX
peKoMeHIalui U TpeOOBaHUI K IPOTUBOIOKAPHBIM CIIY>)k0aM U pecypcam.

ABtop Onaronapen B.B.JleronskoBy u JI.W.11IubapuioBy 3a none3Hsle 00CyXACHUS

1 KOHCYJIbTAllUuM.
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