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Heitipoundopmartuka/ - M.: HaupoHaneHelid OTKpbIThIH YHuBepcuter "UHTYUT", 2016

Hetipoundbopmatika - OaMH M3 HOBbLIX /MKOB HHpoOpMaTHKu. IT0 06/1aCTh HayKu U
WHTE/UIeKTY a/lbHOH MPAKTHKH, [ePeXXKUBaoLLas Mepuo/ SKCIOHeHLMAIBHOIO POCTa: pacrer
UUCI0 BOBAEUEHHBIX Moged W nybnukaiuii, >KypHanoB v nabopaTopuil, BROKEHUH U
H300peTeHuid.

B kypce Hapsgy ¢ (yHIAMEHTaJbHBIMH pe3y/LTaTaMM, H3/I0KeHbl TeXHHYeCKHe WU
MeJULIMHCKHE MIPUJIOXKeHWS HEHPOHHBIX ceTell. B HeM TakKe npe/CTaB/ieHbl 0PUrHHAIbHbIE
aIrOPUTMBI OLIGHKH [OTPELIHOCTeH B HEHPOHHBIX CeTdX, aHaiM3 NpobJsieMbl CKPBITHIX
MapaMeTpoB W HOBBI MO/DJ K BOCCTAHOB/IEHMK) HEM3BECTHBIX JAHHBIX, OMUCAHUE
paszmuHbiX 0606menuii ceteit Xonduna, npejHa3sHaueHHbIX /U1 CO3JaHUA aCCOLUATUBHOH
MaMATH; OMUCBIBAKTCSA METO/bl IPOMU3BO/ACTBA 3HAHUH W3 JAHHBIX C OMOLIBK HEHPOHHBIX
ceTed.

(c) 000 "MHTYUT.PY", 2007-2016
(c) 2007-2016
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[Tpenucnosue

B npeamecTByomee pgecATusieTUe pasBUTHE CPEJACTB BBIYMCIUTETLHOU
TeXHUKU BO BCeM MHPe HWCOLITA/I0 CU/IbHOE BJIMSHHE CO CTOPOHBI
WHUIIMMPOBAHHOU SImoHuel nporpamMmmel "TIaToe mokosieHue KOMIbIOTEPOB'.
OCHOBHBIM JIO3yHTOM 3TOW TpOrpaMMbl  ObIO  pa3BUTHE CHUCTEM
HMCKYCCTBEHHOI'O MHTeJ/IJIeKTa Ha OCHOBE aiTOPUTMUYECKUX A3bIKOB. B 1992 1.
nporpamMa 'TIsToe mokoseHue" Oblna 3aBepiieHa W e Ha CMEHY TpUIILIa
nporpamMmMa "Beiuricienusi B PeansHoM mupe'.

B Hell peub ujeT mpexae BCEro 0 TOM, UTOOBI JaTh BBIUMC/IUTENBHBIM U
YOPaBJSIIOIIMM CHCTEMaM BO3MOXXHOCTb CaMOCTOSITe/IbHO, 0e3 momonm
"MmepeBoAUMKa'-ueOBeKa BOCIIPUHUMATL BO37EMCTBHUS BHEILIHET0 MHpa U
elCTBOBAaTh B HEM. ABTOPBI MPOrPaMMbl OTPOMHYIO posib - g0 30-40% ee
Cofiep)KaHUsl  OTBOAST UCC/IEJOBAHWID  eCTeCTBEHHBIX U CO3[JaHUI0
HCKYCCTBEHHBIX HeIIPOCETEBbIX CUCTEM.

WckyccTBeHHBIe HEUPOHHBIE CeTH, OHHM JK€ KOHHEKI[MOHUCTCKUE WU
CBSI3eBble CHUCTeMbl TPeACTABASAIOT COOOW YCTPOICTBA, MCHOMB3VIOIME
OTPOMHO€ YHMC/I0 371€eMEHTAapHBIX YCIOBHBIX peieKCOB, Ha3bIBAaeMbIX I10
MMeHHU He/laBHO yMepIIero KaHaackoro (u3unonora cuHaricamu Xe66a. Takoi
CUHAIC, KAK OCHOBY BO3MO>XHBIX MEXaHU3MOB NaMATH U noeeaeHus, [1.Xe66
onucan Teopetruuecku B 1949 ropy, T.e. B mepBbie TOAbLI MOC/Ae POXKAeHUS
KubepHeTHKU. YKe celiuac MCKyCCTBeHHbIe HelIPOHHBIE CeTH TPUMEHSIIOTCS
NI PeleHus OUeHb MHOTHX 3afau 00paboTku u300pakeHuil, yrnpaB/ieHUs
poboTamu ¥ HenmpepeIBHBIMHM MPOU3BOACTBAMM, [JIsI TOHUMaHUS U CUHTe3a
peuu, Ay ITUArHOCTHUKU 3a00/ieBaHUM JIIO[ell U TeXHUUYECKUX HEIOo/aJloK B
ManmHax u npubopax, A8 TpeACcKa3aHUs KYPCOB BaMIOT U Pe3yILTaTOB
ckauek. Ta wuyacte paboTt, koTopasi cCBsi3aHa C Ppa3pabOTKOM YCTPOWCTB
nepepaboTku MHGOpPMALUK HAa OCHOBE TPUHIJUIIOB pabOTHI eCTeCTBEHHBIX
HEMPOHHBIX CHUCTEM OTHOCUTCA K o00/acTu HelWpouHMOPMATUKH WM
HEHPOBBIUUC/IEHUH (HeMPOKOMIMBIOTUHTA). TepMHUHBI 3TH  TOSIBUIUCH
HeJlaBHO - B cepeauHe 80-X romoe.

CyTe BCeX MOAXOAOB HeHpOouHGMOPMATHKU: pa3paboTKa METO[OB CO3JaHUs
(cuHTe3a) HeHPOHHBIX CXeM, PellalMX Te UK UHbIe 3a7aun. HelipoH npu
3TOM BBIIISIUT KaK YCTPOHMCTBO OUEHB MPOCTOE: HEUTO BPOJE YCUITUTES C
OOMBLIMM YK CIOM BXOZIOB M OJHUM BBIXOIOM. Pasnuune Mexay mogxogamu u
MeTojaMu - B JeTansx MNpejcTaBaeHUN o paboTe HelpoHa, U, KOHEYHO, B
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npejcTaBaeHusx o pabote ceszeil. Co6CTBEHHO, KaK y)Ke€ OTMeualoCh BhIIIe,
YCTPOUMCTBA HeHPOUH(OPMATUKU TIPECTABASIOT CO00i CBSI3eBbI€ CUCTEMBI.
B otanune oT udpoOBBIX MUKPOIPOL[€CCOPHBIX CHCTEM, TPECTaB/SIOIMX
coboii cmokHBIE KOMOWHAI[MK TIPOI[ECCOPHBIX M 3allOMUHAKONMX OI0KOB,
HEHPOIpOoI[eCCOPbl COfilepXKaT TaMATh, PACIpPee/IeHHYI0 B CBSI3IX MEXIY
OuUeHb TPOCTHIMU Tiporjeccopamu. TeM caMblM OCHOBHas Harpy3ka Ha
BBITTOJTHEHHWE  KOHKDPETHBIX (YHKIMWA  TPOI[ecCopaMu  JIOXKUTCS  Ha
apXUTEKTYPy CHUCTEMbI, [E€Tali KOTOPOH B CBOK OUY€PE/lb OIMPeesitoTCs
MEXXHEUPOHHBIMH CBSI3MU.

Bo BBejeHUU [aH KpaTKUMil ucTopuueckuii 0630p, oOCyKAawTCs 3HAU€HUS
OCHOBHBIX TOHSTUHW M CBOMCTBA OMOMOTMUYECKUX MPOTOTUIIOB, OCHOBHBIE
JBYDKYIIMEe MOTUBBI UCC/IeIOBAaHUM B 00/1aCcTU HellpOuHPOPMaTUKH.

B nepBoii iekiuu:

Jlnst onucaHusi aITOPUTMOB U YCTPOUCTB B HelipouH(opmaTuke BbipaboTaHa
crielidanbHas 'CXeMOTeXHMKA', B KOTOPOMl 3/7eMeHTapHble YCTPOMCTBA -
CyMMaTOpbl, CHHArChkl, HEHPOHBI U T.II. OOBEAUHSIOTCS B CETH,
npeAiHa3HaueHHbIe [71s pelieHus 3aqau. CTaHAapTHEIA GopManbHBIN HeillpoH
COCTABJIeH W3 BXOJHOTO CyMMaropa, HeJIMHeHHOro mnpeoOpa3oBarens u
TOYKM BETBJIEHUS Ha BBIXOJe.

IaHo omnucaHWe OCHOBHBIX 2JJIEMEHTOB, W3 KOTOPBIX COCTaBJISIFOTCA
HelpOHHBIE CeTH. PaccMaTpUBAOTCA TOMBKO HEHPOHHBIE CETH, CHHXPOHHO
GyHKUMOHUDPYIOLME B  JUCKPETHBIE MOMEHTHI BpeMeHH. OmnucaHBbI
OCHOBHbBIE APXUTEKTYPbl HEMPOHHBIX CeTeil.

HelipoHHbIE CeTH BBIYMC/SIOT MUHEHHbIe DYHKIIMY, HeJHMHeHHbIe QYyHKITUU
OIHOTO TI€PEMEHHOT0, a TAKXKe BCEBO3MOXKHbIE CYePIO3UL[UU - (QYHKLIMHU OT
GbyHKIMH, TIOyyaeMble TIPHU KaCKaJIHOM COeJWHeHUH ceTeil. UTO MOKHO
MOJIyYUTh, UCTIOJB3Ys TOMbKO Takve omepanuu? Kakue QyHKIMM yracTcs
BBIUMC/IMUTh TOYHO, a Kakue (QYHKIUU MOXHO CKOMb YrOAHO TOYHO
anmnpoKCUMHUPOBATh C MOMOLIBI0 HeMPOHHBIX ceTel? J[aloTCs OTBEThI Ha 3TH
BOIPOCHI, B YaCTHOCTH, MIPUBE/IEHO J0Ka3aTelbCTBO TeopeMbl Kommoroposa
0 TIPeACTaBJeHUMM HEMPEepPbIBHBIX (YHKIUNA MHOTHX TepeMeHHbIX
CYNeprio3uiusaMu (QyHKUHNA OZHOTO MepeMeHHOrO W JIMHEHHBIX (QyHKUHH,
foKa3aHa (BmepBele MyO/JMKyeTCs Ha pYycCkOM si3bike) 006o0O6ueHHas
anmnpoKcuMalMoHHas TeopeMa CToyHa [i/isi IPOU3BOJIbHBIX anre6p QyHKIHA.

Brnepebie B MoOHOrpaduueckod /auTepaType MPUBOAATCS pe3ylsTaThl O
5




Unknown Hefipounpopmatika

NJIOTHOCTH TIO/TYTPYIII HelpepbIBHbIX (YHKI{UH.

[MogpobHo 06CYXKJaeTcss BOMPOC O YHUBEPCATbHBIX arpPOKCHMAI[HOHHBIX
CrocoOHOCTAX HEMPOHHBIX CETeH.

[Tpeaucnosue

WudopmaTuka CTpeMUTeIBHO MEHSIeT CBOe /MU0 - TOJBKO YCIeBau
npucrnocabnupaTtecs. Pa3BuBaeTcsi Bce: MU BO3MOXXHOCTH KOMITBHOTEPOB
pPacTyT, ¥ HOBbIEe MPOTPAMMHBIE TIPOAYKTbI OTKPBIBAIOT LBl MUP paHee
HeJOCTYIIHBIX  WUHTE/JIeKTYaJIbHBIX  YCIAY, U MEHSITCd  CTHUJH
MPOrpaMMHPOBAHUS - 0OBEKTHBIN TIOAX0/, BU3yalbHOE NIPOrpaMMUpPOBaHUE
Y Tpovas, ¥ mpoyas, ¥ rpoyas...

HetipoundopmaTtika - OqUH W3 HOBBIX JTUKOB MH(OPMATUKU. ITO 00/1aCTh
HayKi W  WUHTE//IeKTyalbHOM  TPAKTUKH, T[epexuBawollas TMepuofj
SKCIMIOHEHI[UANBHOTO POCTAa: PACcTeT UYKUC/IO BOBJIEUEHHBIX JIFOAEH WU
nyb/uKal[ui, )XypHa/IoB U 1abopaTopuil, BMOKeHUN U n300peTeHuH.

Yem 3710 KoHumTCcA? [lokuBem - yBuaMM. A TiokKa Oymem paboTatb camMu M
M3yuaTb Uy)KHe pe3ylbTaTbl, YTOObI He OTCTaTh, He OCTaTbCs HA MEPPOHe,
IS BCAe, YXO4AIeMy [oe3y HaydHO-TeXHUUeCKOro nmporpecca.

Bot yxxe ueThipe roga noapsa B KpacHosipcke B TepBYIO MATHUIY OKTS0ps
cobuparTCs AecsSTKU CIeljuaJucTOB U3 Pa3HbIX ropofoe Ha Bcepoccuiickuii
cemuHap "Helipoundopmatuka u ee npunoxeHus'. MIHTepec K ceMUHapy
pacTeT, BCe ualle HayuyHble pYKOBOJWUTEIW TIPUEe3KalT Ha Hero ¢
acrMpaHTaMu U MOJIOALIMH COTpyAHUKaMu. OJHOBPEMEHHO C CeMHHapoOM
yKe ABaXK/bI TIPOBOAMINCHE Beepoccuiickue MIKOJIbI.

B npemgnaraemoii KHWre CoOpaHO HECKOJbKO OCHOBHBIX  JIEKI[UI
Bcepoccuiickoit  umoner  "Helfipoundopmatuka-96" wu  goknagos 4
Bcepoccuiickoro  cemunapa. SIpkas  BBo#Has  jekuus  [Ipe3ujeHTta
Poccuiickoit acconuauuu HedpouHdopMmaTuku Tmpodeccopa Buramus
JIbBoBuua [lynuHa-BapkoBckoro, Tpu (QyHAaMeHTaJbHBIX JIEKI[HH aBTOpPa
psfla KHUT ¥ KIaCCHYeCKWX pe3ynsratoB rpodeccopa AsiekcaHjpa
Huxonaeswua [opbans. OTH u3BeCTHbIE YyueHble U COMpPE/CeAaTenn
OprekoMuTeTa OTKPBIBAIOT KHUTY. ABTOPBI JBYX APYIUX JEKI[UHA - MOJIOAbIE,
HO OYeHb 3aMeTHbIe B POCCHUICKOM HelpouH(opmaTuke yueHwble - C. A.
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Tepexoe u [I. A. PoccueB. OuHu ob6a mugepel: 3aB. nabopaTopueit
3HameHutoro BHUUT® (mog Yensbunckom) Cepreid AnekcaHgpOBUY
TepexoB MHOroe cfenan B pa3paboTKe TeXHUUECKUX TPUIOKEHUU
HEHPOHHBIX CeTeld, a TPU/LIATUIETHUU [AOKTOP MEIUI[MHCKMX HayK, 3aB.
CeKTOPOM MeJIMIIUHCKOM HelpouHbopMmaTku KpacHOSPCKOW MeAUI[MHCKOU
akagemuu [Imutpuii AnHatonbeBuu PoccueB - 0e3ycsioBHBIM /Hjep B
obmactTy MeAULIMHCKOW HelpouHdbopMaTuku. WX eKiuu, MOCBSIIEHHEBIE,
COOTBETCTBEHHO, TEXHUYECKUM U MeJUI[UHCKUM MTPUI0KEHHUIM HelPOHHBIX
CeTel, CY)KaT XOPOILMM BBe/IeHUeM B TIpo0iemy.

OcranbHblie nekuu Gosee crierjuanbHbl. FIX aBTOPBI, B 0CHOBHOM, MOJIOJBI -
Kak U cama HelpouHdopMaTuka. OpUTHHANBHBIE aITOPUTMBI OL[EHKH
MOTPEIHOCTe B HEUPOHHBIX CeTSIX, aHaau3 Mpob6aeMbl  CKPBITHIX
MapaMeTpPOB U HOBBIN MOAX0J K BOCCTAHOBJ/IEHUI) HEWU3BECTHBIX JAHHBIX (U
Jake 1enas TabnMija TpeAcKa3’aHWM OTCYTCTBYIOLMX B CIPAaBOYHHKAX
MOTEeHI[Ma/l0oB HWOHW3AllMKM), OMUCAaHWe pa3TuuHbIX 0000IeHuM ceTeu
Xondunga, npefHasHAuUEHHBIX [IJIs1 CO34aHUs aCCOL{UATUBHOW MaMATH - BCe
3TO BAXKHO [1JIsi TOHUMaHUsI HeMPOUH(POPMATHKH.

Ocoboe mecTo 3aHMMaeT nmocseAHss ekius. Ee aBTop - co3garesb MHOTHX
u3BecTHbIX B Poccuu Hediponporpamm E.M. Mupkec - onmucbiBaeT MeTO/bI
NMPOU3BOACTBA 3HAHWW M3 [JAaHHBIX C MOMOIIBI0 HEHPOHHBIX ceTedl. DTO -
OfIHA W3 CaMBIX CTapbIX Mpo6/eM HayKd, CTapilie, UeM KOMIbIOTEpPbI, UeM
WHpOpMaTHKa, U, TeM Oosee, yeM HelipoHHbopMaTHKa. OKa3bIBaeTCs, 4TO
obyuaemble HeMPOHHbIE CETH [aXe€ Ha MEePCOHATbHOM KOMIIBIOTEPE MOTYT
NPOU3BOAUTE (C MOMOIILIO TI0JIb30BATe/IsE) HeTPUBUAIBHBIE TEOPeTHUUECKHUe
nocTpoeHust. Mofie/TbHbIN TTPUMEp MPOCTOH, HO BaXXKHOM TTOUTOMOTHYECKOH
TEOPUH, MOCTPOEHHBIM Ha OCHOBE JAHHBIX O TIPE3U/IeHTCKUX BbiOOpax B
CIIIA, ybexpaer xoTs 6b1 B TOM, 4yTo paboTaTh C TakMMH Cpe/ICTBaMU
HHTepecHOo!

Heckonbko C€/10B 0 TOM, KAk Jiyullle T0J/Ib30BAThCS TMPeIaraeMoil KHUTOM.
Ona paccuuTaHa Ha [Be Kateropuu uurtatenei. Ecniu Bel matemaTuk umm
¢u3uK-TeopeTHK, MO0 TPOCTO UMeeTe BKYC K TEOPETUUECKOMY MBILUIEHHIO,
TO BBI MOMyurTe MHOTO YIOBOMLCTBUS, MPpopabaTbiBasi IepBbIe TP JEKIUH -
IIar 3a 1aroM, CTpaHuuy 3a crpaHuiieii. [locsie 3Toro MOXKHO 03HAKOMUTBLCS
C TIPEeKPaCHBIM U3M0XKEHUeM Pa3TUUHbIX ACTIeKTOB MPUI0KEHUN HeHPOHHBIX
ceteii ( mexinu 4 u 5), He 0C00PHHO BXO/iS B /IETA/IM, VIAEJTUTh TTOBBIIIEHHOE
BHUMaHHWe ILIECTOW JIEeKUWHU, T[e H3/I0KEeH KPaCUBBIM aarOpUTM OL|eHKH




Unknown Hefipounpopmatika
HOFPEILI]—IOCTEFI B paﬁoTe HEFIPOHHBIX CETEﬁ, H MMOUCKATb HHTEpeCyrl11e Bac
BOIMPOCHI B OCTA/IbHBIX JIEKIIHUAX.

Ecnu >xe Bac 6onblile MHTEpeCyrOT MPUIOXKeHUsT HeHPOHHBIX CeTeid, TO HaJ0
(He ocobeHHO yrny0O/IsIsiICh) TIO3HAKOMUTBCSI C IEPBLIMU Tpems jeKiusamu (1,
2 u 3), pasbupas B TEpPBYKD oOuepelb OINpeJeNeHus, I[PUMEPHI,
¢opmynupoBKM TeopeM U anropuTMoB. JlokazaTenbCTBa MOXHO (a mpH
NepBOM UTEHHUHU - HY>KHO) IIponyckaTe. Bam agpecoBaHbl ueTBepTas U nsitas
MeKIUY - YUTaliTe UX, Mo Mepe HeobxoquMOCTH 00paIasCh K MePBbIM TPeM.
U onsTe ke, mpoberuTe ocTanbHbIE JEKIUH B TIOMCKaX UHTepecHOro as Bac
Marepuana.

Exxerogubiii cemuHap nopjaepxuBaercsi KpacHospckum kpaeBbIM (GOHAOM
HayKu. JTO U3JaHKe TaKke TOATOTOBJIeHO C ero MOMOLIBHO.

OTBeTCTBEHHBIN peJakTop,

noKTop ¢u3.-Mmart. Hayk, mpodeccop E.A. HoBukos

BBenenue: HEVPOKUBEPHETUKA,
HEVPOUH®OPMATUKA, HEUPOKOMITbFOTEPHI

B.JI. [lynuH-bapkoBckuii

HUU Heitpokubeprernku um. A.B. Koranall

Pocrorckoro I'ocynuBepcuterta, PoctoB-Ha-/loHy

Temrm niporpecca B Hayke

B HacTosiiee Bpemsi Bce OKpyKarollee M3MeHsieTcss HeoObluaiiHO GbICTpO.
Pa3ymeeTtcs, Tak O6b110 Beerga. ETUHCTBeHHOE pa3muunie MeX/1y NpOLUTbIM U
HAaCTOSIIMM COCTOUT B U3MEHeHUM CyOnekTa ObicTphiX u3MeHeHu. Camu xe
U3MeHeHUs1 U OBICTPBIA, TTOPO MTHOBEHHBIM POCT MOAUMHSIIOTCS IIMPOKO
M3BECTHOMY 3aKOHY 3KCIIOHEHIIMa/JIbHOI0 POCTa B OrpaHuuYeHHOM obbeme.
HallOMHI0 UWTaTe/ssM B JBYX (JIOBaX, B UeM COCTOMT 3TOT 3akoH. OH
NpeKpacHO UJUTIOCTPUPYeTCs 3afiaueii o 6aHke ¢ MUKpoOaMu.
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Wtak: otgensHble 0cOOM MUKPOOOB BUAA M AelSTCS KKy CeKyHAY (ogHa
Ha /IBe) U HaXOAATCH B CTEKISSHHOW (TpexnuTpoBoM) Oanke. [To ycioBuwo
3ajjaui, eCIM B HayaJdbHBIA MOMEHT BpeMeHH B 0OaHKe HaxoguTCs OAWUH
MUKpPOO, TO POBHO Uepe3 0fHU CYTKU OaHKa HaroOJHUTCS /10 KPaeB.

Bonpoc 3agaun: "3a kakoe BpeMs OaHKa HAMOMHUTCA HanoaoBuHY?" OTBeT -
3a OIHU CYTKHA 03 OHOM CeKyH/Ibl.

He yknageiBaetcsi B BOOOpakeHUM TO, UTO 3a OJHU CYTKU Oe3 20 CeKyH[
DaHKa 3arosHeHa MWL Ha OAHY MUJUTMOHHYIO YacTh. PemeHue 3TOM 3aaun
MO>XKHO TIPOMJUTKOCTPUPOBATh rpadukoM - mepexoq ¢ 0 Ha 1 TPOUCXOOUT B
TeueHHe 10 CeKyH[, T.e. IPAKTUUECKU 3a OJHY AeCATUTHICSIUHYIO 4acCTh CYTOK
¥ Ha rpadwke BBIIISIAUT KaK pe3Kasi CTYMeHbKa.

3HaHUST O MexaHM3Max Mo3ra TMPeJCTaB/AfglT TUMHUUHBIA TpPUMep
JKCMOHEHI[MA/TILHOTO POCTa B OTPaHUUeHHOM oOneme. CrieManuCThI YKe
cefiuac MOTYT KOHCTaTHPOBAaTb: HaM M3BECTHO y)Xe OueHb MHoro: 1/10,
1/1000 mau 1/1000000 yacTh BCeX MexXaHU3MOB Mo3ra. Bpems
VABOGHUS 3HAHMK - Tof (WaM 5 JeT, uro B 0O01eM-To He O0uYeHb
cymectBeHHO). B nrobom ciyuae ™Mbl HaxoguMmcs BOMM3M TOW TOUKU BO
BPEMEHH, KOTJa MpakTUuYeCKu BCce 0 paboTe mo3ra Ham CTaHeT H3BECTHO.
TakoBO Moe BocrmpusiTUe "mecATHUNETHS Mo3ra', MpoBo3miamleHHOTro JIx.
bymem B 1990 1. To ecTb ceituac uccieqoBaTeIM MO3ra, BbIPaXKasiCh S3bIKOM
Konymba, "Buaat 6eper"”. [TocTtapatoch JaTh uMTaTe/lssM XOTS Obl HEKOTOPOE
npezcTaBaeHue 06 ouepTaHusix 3Toro Oepera.

Orcrynnenuve I: Poccuiickas ¢u3nosorus U Mporpecc
MUPOBOM HayKU

Benmukuit Ban [letpoBuu [1aBs0oB 06HAPY»KUT MPOCTEUIIMIA CYILECTBEHHBIH
(yHIaMeHTanbHBIM 3/IeMEHTapHbIA 00K, Ha WCIO/b30BAaHUU KOTOPOTO
CTPOUTCS,, B OCHOBHOM, paboTa mMo3ra. 3TO - 371eMeHTapHbId (U1K, CKopee -
aToMapHbIN) ycnoBHbIN pedekc. Ceituac 3To OeccriopHO U TPU3HAETCS BCeH
MUpOBOI Haykoii. Ho, pa3ymeeTcsi, Kak TpOrpecCc B COBPEMEHHOU Gu3uke
3WKAETCS Ha AoCTHKeHusX HeloToHa, HO OTHIOL K HUM He CBOAUTCS, Tak U
Mporpecc B Hayke O MO3re B CYLIECTBEHHOW CTerneHu 0a3upysch Ha HOBOM
NMOHUMaHUM  JocTikeHuin  [laBioBa, BecbMa  MHOTOCTOPOHEH U
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MHOTOITIIaHOB.

He ynepxychs u noMsHy HeloOpO# maMsITH TOfibl, KOTJa - 0, UPOHUS CYALOBI, -
B HAIllell CTpaHe YTBEP>KJanoCh, UTO BCe, KPOME YCJIOBHBIX pedieKcoB -
byp>kya3Hoe mpakobecue ([TaBnoBckasi ceccust AkazieMUu MeIUIIUHCKUX HAyK
CCCP, 1950 r). OToT mpumep MOKa3bIBaeT, UTO Jake B OCHOBE CBOEH
BepHbIe TPeATIOCHI/IKM MOTYT OTHIO/Ib He BeCTH K Xpamy 3HaHui. [na Tex,
KTO He 3actaa Te roAwsl, HamomHi: B 30-e - 50-e rogwl '"coBeTckas
dusnonornueckass Hayka' JOrMaTU3MpOBasa  pe3ylbTaThl  HECKOIbKUX
OTeueCTBEHHBIX CTOJINOB Hayku (ycjioBHBIe pedviekcel [TaBioBa, guanekTuky
TOpPMOXKeHHUs uepe3 Bo30ykaeHue (mapabuo3s, fjomuHadTa u T.1.) CeueHoBa,
BBeseHCcKOr0 U YXTOMCKOTO, (pa30BYH0 KOHLEMI[UK) HEPBHOrO BO30yXKAeHUs
Haconora u AnekcaHjpoBa), a BCe OCTaqbHOe, BK/IKOUasi KUDEpHETHKY,
npezsaBasa aHademe Kak "MeXaHUITU3M U MeTahu3ukKy'.

Wrak, A0CTaTOUHO [AAaBHO CTal0 $ICHO, YTO WHTe/IeKTyalbHble IPOLeCChI
UAyT B kope Oonbumx monymapuii. [1aBioB ykasan Ha YCJIOBHBIM peduiekc,
Kak Ha OJJMH M3 OCHOBHBIX "aTOMOB" 3TUX MPOIIECCOB B Kope. B poccuiickou
Hayke TOKOJIeHWe 4YyTh MocTapiile Hac (et Ha 10-15 ) B CU/Iy TOJIbKO YTO
YIOMSIHYTBIX TTPUYMH Pa3/ie/u/IoCk HA a/Ie[ITOB U COKPYLIUTeNIeN U/1e0/I0TUH
"kopel OOnBIMX TIOMyIIApUii"'. DTa KOpa OYeHb CJI0XKHA M, KAaK Ka3alaoCh
"muccuieHTamM", CIUIIKOM CJIOXKHA [y TOro 4ToObl BCepbe3 HaJeATbCs
MOHSATH /IeTaau NPOUCXOASAIIMX B Hell HepBHBIX npoieccoB. [opa3no Gosbiue
maHcoB Obllo  pa3obpartbcs ¢ MexaHW3MamMu paboTel Oomee mpocCTo
YCTPOEHHBIX CTPYKTYP: CIMHHOI0 MO3ra, MO3)KeuKa, THIToKamIa.

51 cdhopmupoBancs Kak CHelUasucT MO YCTPOMCTBY U paboTe MO3Keuka.
Hapo cka3zatb, uto mipuas ctymeHTom M®TU B 1962 . B TeopeTuuyecKuu
oraen Wuctutyra Guodusuku AH CCCP, Bo3maBnsBuMiica yKe ToOraa
BeJIMKUM MaTeMaTHUKOM W HblHe 37paBCTBYROLIMM akagemukom W.M.
Fenbdangom, s Obim Bcepbe3 oOMIXKEH TeM, UTO MHE BMECTO MBINUIEHUS
Mpe/I0KUMN 3aHUMAThCS YIIPABIeHUEeM [ABUKeHUSIMU, a BMECTO DOJIbILIOro
Mo3ra (T.e. KOpbl 0O/BIIMX TMOJyHIAPUNA) - MO3IKEUKOM. MoogocTs,
MOOAOCTb..., 3TO TOJbLKO B CaMOe MocC/ieJHee BpeMs CTaa0 MOHSATHO, UTO
pacrnpocTpaHeHHoe (K COXKa/leHWI0) BhICKaspiBaHue o ¢yrbonucrax, mom,
HOTU eCTb - yMa He Hajo, myboko HeBepHO. COBpeMEHHBIE CHCTEMEI
MCKYCCTBEHHOTO MHTEJ/JIEKTa TPeKPaCHO UTPAIOT B LIAXMAThI, a BOT B dyTb0M
- HayuaTcs Heckopo. C/0BOM, UHTe/IeKTyanbHasi cdepa eCcTh TOJIBKO Masas
HaJBO/AHAS 4yacThk alicbepra MBICIUTENBHOU [eATensHOCTH. S He TOBOpPIO 0
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Unknown Hefipounpopmatika
MOJCO3HATEeTLHOM B TPaAULIMOHHOM (peiJuCcTCKOM MOHUMAaHUMU (3TO -
OT/eNbHBIA TpeAMeT), a O Macce TPOL[ecCOB TepepaboTK OrpOMHBIX
00BEeMOB TTOCTYIAIOIIEeH B MO3T MePBUYHONA WHGMOPMaIlMi, COOTHECEHUHU ee C
TeM, U4TO XPAaHUTCS B MO3re, U CUHTe3e CUTHAJOB YIPABIeHUS OTPOMHBIM
YN CI0OM CcTerneHel ceobojel opraHu3ma.

Otu uHbOpPMALMOHHBIE TPOLECChl, 0COOEHHO UX Tepudeprueckas 4acTh,
CBSI3aHHAsI HETIOCPe/ICTBEHHO C CeHCopaMu U npeobpa3oBaTesisiMi BHEIIHUX
BO3JIeMCTBUI B 3HEPrUI0 HEPBHBIX HUMIYIbCOB, a TaKKe TMepBUUHAs
obpaboTka MOTOKOB  3THUX  HUMIOYILCOB, -  TpeOylOT  OrpOMHBIX
BBIUMC/IUTE/IBHBIX PECYPCOB, UMEIOLUMXCS B HEPBHOM CHCTeMe, W TIJI0X0
MOJIyYalUMXCSl B TEXHUUECKMX CUCTeMaXx.

Cka3aHHoe 3adMKCHpPOBAHO B Ha3BaHUAX U H/EOJIOTUHM BCEMUPHBIX
COBpPEeMEHHbIX HAyYHO-TeXHHUEeCKU X CyIeprpoeKToB (IporpamMm) Beka.

B mnpeamecTByiomee gecsTUIeTHe pPA3BUTHE CPEACTB BBIUUC/IUTETbHOU
TeXHUKU BO BCeM MHPe HWCOLITA/I0 CU/IbHOE BJIMSHHE CO CTOPOHBI
WHUIUUPOBaHHOU SInmoHueii nporpammsel "TIsTOe MoOKoIeHUE KOMIIBIOTEPOB'.
OCHOBHBIM  JIO3YHIOM 3TOH TporpaMMbel OBIJIO  pa3BUTHE CUCTEM
HMCKYCCTBEHHOI'O MHTeJ/IJIeKTa Ha OCHOBE aiTOPUTMUYECKUX A3bIKOB. B 1992 1.
nporpamma 'Tlaroe mokoneHue" Oblna 3aBepiieHa U €l Ha CMEHY TPUIILIA
nporpamMmMa "Beiuricienusi B PeansHoM mupe'.

Real World Computing (RWC)

51 mpUBOXKY MCXOAHOE Ha3BaHWEe ITOM MeXJyHapoAHOW mporpammbl. OHO
BO3HHMKJIO W TMPOBO3IVAlllEHO B BeCbMa MaTPUOTUYHOW W OTHIOAb He
AHI/IOS3bIYHOU SIMOHWUM, UMEHHO B TOW dopMe, Kak 37eCh HamucaHo, U 0e3
NepeBo/ia MOHIATHO HAayuyHOU ayguTopuu 060 Hal[MOHATBHOCTH.

Wrtak, nporpamMma "BeiuucieHusi 8 PeanbHoM mupe". Peub upger mpexje
BCEro O TOM, YTOOBI JaTh BBIYMCIUTENBHBIM M YIPABIAKIMM CHCTEMaM
BO3MO)XHOCTb CaMOCTOSITe/IbHO, 0e3 moMoum "mepeBoguuKa'-uesioBeKa
BOCIIPUHUMATE BO3JEMCTBUSI BHEIIHEr0 MHUpPa W J[eiCTBOBaTb B HEM.
ABTOpPBI MPOTPAMMBI OTPOMHYIO POJib - /10 30-4 0% ee copep>KaHUS OTBOAST
WCCNeJOBAaHUI0 eCTeCTBeHHBIX U CO3[JaHUK) MCKYCCTBEHHBIX HEellpOCEeTeBbIX
CHACTEM.
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WckyccTBeHHBIe HEUPOHHBIE CeTH, OHHM J>K€ KOHHEKI[MOHUCTCKUAE WU
CBsI3eBble CHUCTEMBbl TIPEJCTaB/AAOT o000 yCTPOWCTBA, WCMOIB3YIOLME
OTPOMHO€ YHMC/I0 371€eMEHTAapHBIX YCIOBHBIX peieKCOB, Ha3bIBAaeMbIX I10
WMEHH He/laBHO yMepIero KaHaackoro ¢usunonora cuHaricamu Xeb66a. Takoit
CUHAIC, KAK OCHOBY BO3MO>XHBIX MEXaHU3MOB NaMATH U noeeaeHus, [1.Xe66
onucan teopetndeckd B 1949 rony, T.e. B mepBble rofibl IOC/Ie POXAEHUS
kubepHeTUKU. YKe celiuac UCKYCCTBEHHBIe HeHPOHHBIE CeTH MPUMEHSIIOTCS
NI PeleHus OUeHb MHOTHX 3afau 00paboTku u300pakeHuil, yrnpaB/ieHUs
poboTaMu U HenpepbIBHBIMU MPOU3BOACTBAMM, /ISl TOHUMaHUS U CUHTe3a
peuu, Ay ITUArHOCTHUKU 3a00/ieBaHUM JIIO[ell U TeXHUUYECKUX HEIOo/aJloK B
ManmHax u npubopax, Ans TpeAcKa3aHUs KYPCOB BaMIOT U Pe3yILTaTOB
CKauek. fl OrpaHUUyCh TepeurcaeHueM, TMOCKOIBbKY MOAPOOHOCTH 3ailMyT
C/TUIIKOM MHOTO MecCTa.

TakoB omuH U3 "CIOHOB', Ha KOTOPOM CeHWdYac CTOUT TuIathopma
COBPEMEHHOTr0 HAyYHO-TeXHUUeCKOro MPOrpecca U OfHO M3 BaXKHEHIIMX ero
HampaB/ieHU - mnporpaMmma RWC, mipoBo3miamieHHasi SToOHWeH, Kak
MUJIeEPOM COBPEMEHHOTO HayyHO-TeXHUUeCKoro mporpecca (BO BCSIKOM
Cy4ae - B OTHOLUIEHUM TNPOU3BOACTBA NPeJMeTOB U TOBAPOB B HEBOEHHBIX
1ensx).

HelipokubepHeTurka

Ha mpoTsbkeHUM Tpex MoOCiIeAHUX AecSITU/IeTHHl, pa3 B 2-4 roja Cco BCero
CoBerckoro Comw3sa cwe3xanucb B PocrtoB-Ha-/loHy crnenuanucTel Ha
BCECOKO3HBIE  C  MEX/AYHapoAHBIM  yuaCTHeM  KOH(epeHLHH  T0
HelipokuOepHeTHKe. beccMeHHBIM OpraHW3aTOPOM 3TUX KOH(epeHIu Obla
npodeccop Anekcanap Bopucosuu Koran (1912-1989). B 1992 r. mporia
necsitasg  koHgepeHUHus 3Toro nukia. OHa Oblla MOCBAIEHA MaMATH
A.b.Korana, wuenoBeka, MpPOSIBUBIIETO  BBIJAIOLUMECd  HayuyHble WU
OpPraHu3aTopcKue CrocobOHOCTH, TMO3BOJMMBIIME €My He TOJbKO CO3[aThb
eIMHCTBEHHBIN B cTpaHe MHCTUTYT HelipokubepHeTUkH (C 1992 r. UHCTUTYT
HOCHUT UMSl CBOEr0 OCHOBATe/s), HO U OpPraHW30BaTh U CKOOPAUHHMPOBATh
YCU/IUS MCCilefloBaTe el "TaifH Mo3ra" BO BCeCO3HOM Maciirabe.

CobcTBeHHO HellpokuOepHeTHKa TIpe/icTaB/isgseT co00il MMpOKoe ToJie HayK U
TeXHOJIOTHH, CBSI3aHHBIX C MTOHUMAaHUEM YCTPOMCTBA HEHPOHHBIX CUCTEM U
NPUMEHeHHEM IMOYyUeHHbIX 3HAHUI B TeXHUKE U MeJUI[UHe.
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B HUaCTHOCTH, B I/IHCTI/ITYI'E HEﬁpOKHﬁEpHETHKﬂ HUMEHTCA Hdy4HO-
HCCneqoBaTe/TbCKH e OTOesibl (B CKODKax YKd3dHbI PYKOBOOWUTETHA
rozipasziesieHuii ):

¢ BHYTPUK/IETOUHOU OpraHu3aluu HelpoHa, BK/THOYARO I I
nabopaTopur 31eKTPOHHOW Mukpockonuu (K.0.H. B.H.I'ycatuHckwmii,
k.0.H. L M.®enopeHko);

® opraHuM3allMid HEWPOHHBIX CeTel, BKIWUaAWIMK JabopaTopuo
camoobyuaronmxcsi HelipoHHbIX cuctem (K.6.H. A.I.CyxoB, K.0.H.
B.H.E¢dumoB);

e opraHu3aguu HUHGOPMALIMOHHBIX M YIPaB/ISIOLMX CUCTEM MO3ra
(a.6.H. A.A.BypukoB);

® opraHu3aluUu BbICHMX (YHKIUMH Mo3ra uejoBeKa, BKIHOYAIOIIMIA
nabopaTopui0 HeHpPODU3HMOMOTHUYECKMX MEXaHW3MOB TMCHXWUYECKOU
nesitenbHOCTH (K.0.H. A.D.Tambues, 1.6.H. B.H.Kupoii);

® MOEe/IHPOBAHHUS  HEPBHBIX  MEXaHHM3MOB W POOOTOTeXHUKH
(A..CamapuR);

® aBTOMATH3aAlUU MeJUIIUHCKUX wucciaefoBanuut (1.6.H. T.A.Kypaes);
nabopaTtopuu:

® VIyJllleHUs ¥ BOCCTaHOBJIeHUS (DYHKIUN CEHCOpPHBIX cucTteMm (z.0.H.
E.b.Komnaneen);

¢ (u3MoI0TUMN 17} druoxumMunmn HeUpomerneTu10B (m.6.H.
A.M.MeHKepUuIKuii );

® METOIOB U CPEACTB MOJeIUPOBAHUST HEUPOOMOHWUUECKUX CHUCTEM U
HelipokoMIibloTepoB (b.A.@UHKeNbIITeiH);

® HelipouH(OpPMAaTUKU CEHCOPHBIX M MOTOPHBIX cuctem (K.0.H.
JI.H.ITognagurkoea);

® MEXaHW3MOB OpraHU3allMid HEPBHBIX TPOLIECCOB U YIpaB/eHUs
noseseHueM (K.0.H. E.B.Bepouiikuii);

® METOJOB aHanM3a KCIIePUMEHTA/NbHBIX  JIaHHBIX (n.6.H.
b.M.Bnagumupckuii);

® a TaKKe - rpyrnIa KoMreioTepHou rpaduku (k.6.H. B./1.Ilykepman).

Cpepu 3ajjau, B pelleHUM KOTOPbIX B mocneiHee Bpemsi B UucTutyre
HelpokuOepHeTUKH OBIIM CYLIeCTBEHHbIE [JOCTHXKEHMS: AQJTrOPUTMBI |
JeTaly  MeXaHW3MOB  pacCllO3HABaHUs  TOJIYTOHOBBIX  U300pakeHU
4Ye/I0BEKOM U KUBOTHBIMH, CUCTEMbl TEXHUUECKOTO 3pPeHHUs], YCTPOICTBA U
MeTO/IbI aHa/IM3a IeKTPUUeCKOTO T10JI MO3Ta YeJIoBeKa, MeTo[ U YCTPOUCTBO

E)J'IEKTpI/I'-IECKDﬁ CTHMYIALIUHA KOKH yejaoBekKa, H3/1eHHBaroIe pan
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3abosieBaHuii, CBSI3aHHBIX C YACTUUHOU aTpoduell CceTuaTKu U 3PUTEILHOTO
HepBa, TMpPOrpaMMHbIE U anmnapaTHble MOJe/Jd HeWPOHHBIX CeTed W
npoieccoB oOyueHUs B HUX, BHISB/ICHUE OTIEMbHBIX JeTased HelpOHHBIX
MEXaHMU3MOB TIaMSTH W aHaju3a CeHCOPHBIX CUTHAJIOB, aHa/I13 MeXaHU3MOB
U  (YHKIMA CHAa UM TUMHOTHYECKUX COCTOSIHUM, MEXKITO/IyIIapHOU
accuMmeTpuu, pa3paboTka MeTOOB W TIPUOOPOB MCHUXO(H3M0/I0THUECKOTO
TeCTUPOBAHUS W  JMArHOCTUKM  ONTUMANbHBIX  MPOdeCcCHOHATbHBIX
CKJIOHHOCTeH.

HelipouHdopmaruka

Ta vacTs paboT, kOTOpasi CBsi3aHa C pa3pabOTKOM YCTPOUMCTB nepepaboTKu
MHPOPMALIMA Ha OCHOBE TPUHIUMIIOB PAbOTBI €CTeCTBEHHBIX HEHPOHHBIX
CUCTeM OTHOCHUTCS K 00/1acTH HellpOMH(OPMAaTHKKU UM HEUPOBLIUUC/TIEHUH
(HelipOKOMMIBIOTHHTA). TepMUHBI 3TH MTOABUINCH HeJIaBHO - B cepeauHe 80-x
rogoB. B To ke Bpemsi cpaBHeHHe 3JIEKTPOHHOTO U OMOIOrMYecKoro Mosra
Be/leTCs TIOCTOSSHHO Ha TIPOTSDKEHWM BCeH WCTOPHUM  CYLECTBOBAaHUSA
BBIUMC/TUTE/IbHON TexHUKU. 3HameHuTas KHura H.Bunepa "KubGepHetuka',
03HAMEHOBABIIAS POXKAEHUE 3TOW Haykd B 1948 1, uMeeT mo/3aro/ioBOK
"MipaBneHue B )KUBBIX CHCTE€Max, TEXHUKe U o0rmiecTse".

HoBblit  MOLHBIA UMOYILC WUaes HeWpo-OMOHWKMA, T.e. CO3JaHUE
TeXHUUECKUX CPEeJICTB Ha HeHpOo-TIpUHI[AMax, noayuuaa B 1982-1984 . B
3TO BpeMsi pa3Mephbl 3/IeMEeHTApHBIX JeTaneil BEIUMCIUTENBHBIX YCTPOMNCTB
CPaBHSUIOCH C pa3MepaMH 3/IeMEeHTApPHEIX 'mpeoOpa3orareneii nHpopmauu"
B HEpBHOW cucrteMme. bBEBICTpOAeCTBUE 3MEKTPOHHBIX JJIEMEHTOB B
MUJITHOHBI pa3 Oosbiie, a 3(QheKTUBHOCTbL pelleHUs 3agay , 0COOeHHO
CBSI3aHHBIX C OPUEHTUPOBKOM W TPUHSATHEM pEIIeHUH B CJI0XKHOU
eCTeCTBeHHOH cpejie, y OM0/I0TMUEeCKUX CUCTEM BHIILE.

Bo3HUKI0 Mo#03peHue, UTO KUBble OPraHW3Mbl BEIMTPBIBAIOT 3@ CUET CBOMX
MEXaHU3MOB MpoL[eCcCcoB nepepaboTku nHhopmaluu. Pe3ko akTHBUPOBAIKCh
dbyHgameHTaNbHBIe U MIPUKIA[HBIE MCC/IeAoBaHus B 3Toi obnactu. Ceiiuac
HelipouH(bOpMaThKa Kak Hayka yke 00iasaer cOOCTBEHHBIM arrmapaTtoM M
npeJMeTOM UCC/IeIOBaH .

CyTe BCeX MOAXOAOB HeHpOouHGMOPMATHKU: pa3paboTKa METO[OB CO3JaHUs
(cuHTe3a) HeHPOHHBIX CXeM, PeIlaloIMX Te WX UHbIe 3ajaun. HelipoH npu
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3TOM BBIIISIUT KAaK YCTPOMCTBO OU€Hb MPOCTOE: HEUTO BPOJAE YCUJIUTENS C
DOJIBIIIMM YK CIOM BXOJOB U OJJHUM BbIXOZIOM. Pa3nuumne MeXXay MoaxogamMu
MeTO/laMH - B JeTa/six TpeJcTaBieHuid o paboTe HelpoHa, U, KOHEUHO, B
npezcTaBaeHusx o pabote cesizeir. CoOCTBEHHO, KakK y)Ke OTMEeYayioCh BhIIIe,
YCTPOUCTBA HeHPOUH(OPMATUKM TIPECTABISIOT CO00il CBSI3eBbI€ CUCTEMBI.
B otnuuue oT uudpOBBIX MUKPOMPOI[ECCOPHBIX CUCTEM, MPeCTaB/IsIOIIMX
cobo¥ Cno)KHbIe KOMOMHAIIMM TIPOLECCOPHBIX M 3allOMWHAKOUMX 0/10KOB,
HeMpOompoIecCOpPbl COflEP)KaT TaMsiTh, pPaClpe/ie/IeHHYI0 B CBS3SIX MEXIy
OUeHb TPOCTBIMU TIpOljeccOpaMHM. TeM caMbIM OCHOBHAs Harpy3ka Ha
BBITIO/THEHUE  KOHKDPETHBIX (YHKI[MH  TIPOLlecCOpaMu  JIOXKUTCS  Ha
apXUTEKTYPy CUCTEMBI, [eTalli KOTOPOH B CBOIO Ouepe/lb OINpejestoTCs
ME)XHEHPOHHBIMU CBSI35MU.

3HauUTe/NbHYI0 POMb B 00IeM MoAseme HHTepeca K Heiipornpobiemam
ceirpasia Teopusi, npeanokeHHas J>konom Xondwungom B 1982 . OHa
OyKBa/bHO 3aBOPOXKK/IA Ha TPOAODKUTENbHOE BpeMs (U3MKOB-TEeOPeTUKOB.
U X0Ts ¢ TOUKU 3peHUsI HeHPO- TEOPEeTUKOB U TEXHOJIOTOB 3Ta TEOPHs Majo
uyTO fana, Bo30OyKZeHHbIe el aHAJIOrMu M KacKaJbl TOJIOBOKPYKUTETbHBIX
TEOPeTUUEeCKUX BBLIUMCIEHUU [JOCTABUIM HEManao 3CTeTHUYeCKUX pajocTeid
agentam Hayku. Kpome Toro, Teopus 3Ta mpejcTaB/sfeT Xopollee monie s
OCBOEHUSI TIOHATUN U YIPAKHEHUH, ToMoralumx o0pa3oBeIBaTH |
Pa3BUBATh aHATUTHUYECKUE U MOJeTUPYIOLHe ClTOCOOHOCTH CTYIEeHTOB.

He yriybnssce B TexHUuUeCKWe [eTanu, CKaxy, uTo Omarogapst pabortam
Xondunma BO3HUKIO MHEHHME, UTO Hapsiay C GeppoMarHeTUKAMU WU
aHTU(eppOMarHeTUKaMU BO3MOXKHbI HeHpOMarHeTHKH, T.e. TEOPeTHUeCKUe
KOHCTPYKLJUM TOTO )K€ Kjlacca, YTO U TepBbIe [[BA, HO PA3sUTeNbHO OT HUX
OT/IMUAKIIMECs Y ONUCBIBAKOIIME TOJBKO 3allOMHHAHUE JUCKPETHBIX
o6pa3oB (WM TakK Ha3biBaeMbIX MaTTepHOB WH(OpMaI[HKU) B HeHPOHHBIX
CeTsIX.

Ipyroii BaHBIN KIacC HEHUPOHHBIX CHUCTEM BBE€H B pacCMOTPeHHe
¢unHom Teiieo KoxoHeHom. VY 23Toro Kjmacca KpacuBOe Ha3BaHHeE:
CaMOOPraHU3yIIIMecs 0TODpa)KeHUsI COCTOSITHUN, COXPAHSIFOLME TOMOIOTHIO
CeHCOpHOro npocTtpaHcTBa. Teopust KoxoHeHa akKTUBHO HCTIOJIBb3YeT TEOPUED
aJANTUBHBIX CHUCTEM, PAa3BUBABIIYIOCS Ha TMPOTHKEHUHW MHOTUX JIeT
akagemukoM PAH {.3.1IIMKUHBIM.

Becsma MNomynspHa cefiyuac BO BCEM MHpe OLe€HKa BO3MOKHOCTeH

15



Unknown Hefipounpopmatika
ofOyuarommxcss CUCTeM, B YAaCTHOCTH, HeHWpPOHHBIX ceTedl (Teopus
pasmepHocT BanHuka-UepBoHeHnkuca). Ee ocHoBa Oblyla co3maHa eie B
1966 r  coBerckumMu  ucciaefgoBarenamud  A.fl.UepBoHekHuCOM U
B.H.Bannukom.

Emie oquH k1acc HellponogoOHBIX MoZie/iell mpe/ICTaBsIOT CeTH ¢ 06paTHBIM
pacnpoctpaHeHueM oumbok. MeTog yXOAMT KOPHSAMH B /IOBOJIBHO
oTAaneHHoe mnpouvioe. B pa3BuTUM ero COBpeMeHHBIX MoaudUKalui
BeJVIIyI0 poJib chirpanu (paHUy3ckuii ucciegoBatens je KyH u mpod.
A.H.T'opbaub u3 KpacHosipcka.

Helipoundopmatika  CTasa  BHEAPATBCA B OKPYXKAIOMIyIO  HAC
JNeMCTBUTEILHOCTh B BH/IE HEWPOMPOLECCOPOB M HEHPOKOMIIBLIOTEPOB.
[MepeiiiemM K HUM.

OtcryriieHve 2: HelipoHHass 6Gom0a U TICUXOTPOHHOE
OpyXXue

Korma B xypHane "Ycrexu (pu3nueckux HayK' CTalM TIOSIBJSTHCS CTaTbU B
ctune Teopuu Xomduaga, T.e. CBsisaHHbie C (Aa30BbIMU TMepexofamMH B
HEHPOHHBIX CHUCTEMaX KOPPEKTOPbI YIMOPHO HUCIPAB/S/IM B 3TUX CTaThsX
CIOBO HEWPOH Ha CJIOBO HEWTPOH. AHalorMuyHelM obpa3om - 10
anIuTepaliu HeWPOH-HeHTPOH BO3HUK/IO CoueTaHue "HelipoHHas Gomba'.
OpHako CBs3b 371eCh OKa3ajach B JIEMCTBUTE/NLHOCTH DOosiee miybokoii. Bo
BCEM MHpe  BOEHHbIe NpOSAB/AIOT  OrPOMHBIM  HMHTepec K
HEHPOBBIUMC/IUTENIBHEIM ~ cUCTeMaM. B uwacTHoctH, HelpoceTeBbie
uccneoBaHus U pa3paboTku (MHAHCHPYIOTCS B PaMKaX MCC/IeJ0BaTeNbCKUX
nporpamm Bcex pogoe Boick CIIA: Bo MHOrMX HayuyHBIX >KypHamax
onyb/IIMKOBaHBI YC/IOBUSI KOHKYPCOB Ha (MHAHCHPOBaHWE, TMPOBOAUMBIX
TUMHU BeJOMCTBaMH. POCCHUiICKHe BOEHHbIE TaKKe MPOSIBASIOT UHTEpeC K
HayuHBIM KOH(QepeHIUsIM ¥ BBICTABKAM T10 HeHPOCEeTeBOW TeMaTHUKe,
npoeoguMelM B Poccuu. He uckIrOueHO, YTO Ha BOOPYKEHUM KaKUX-TO
CTpaH y)Ke MMEHTCS HeMPOHHBbIE CHAaps/bl-KOMHKa/3€e, Ueil HelpoceTeBou
"MHTE/JIeKT" HarpaB/ieH Ha YHUUYTO)XKEHUEe KAKUX-TO KOHKDETHBIX IIe/ei.
Takum o0Opa3om HeHpOHHBIe TeXHOJOTMM TasAT B cebe ompejeneHHbIe
MOTeHLMaabHbIe OMAacHOCTU U JIO/DKHBI TIOCTOSSHHO HAXOOUThCA B cdepe
001IeCTBeHHOTO0 BHUMAHUSL.
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Yuctro 'mo cmexHoctd" npobiemaTMku  ynoMsHy uW  mpobremy
"ICUXOTPOHHOTO OpyXus'. Peub UieT 0 TOM, YTO KAaKUMH-TO He3aMeTHLIMHU
JMEeKTPOMarHUTHBIMA WJIM  TMPOCTO CAa0bIMM  BO3J€HCTBUSAMH  MO’KHO
"3ombupoBate" bonbime Maccel mogei. Ha Mol B3mis Takasi BO3MOXHOCTh
HepeancHa. OHa Bpemsi OT BpeMeHHM MYCCHPYETCS CPeACTBAMHU MAacCOBOM
MHPOPMALIMA U BO3MOXHO [JaKe ¥ BBI3BIBAET KAKYH-TO PEaKUI Yy
MOTeHIMaMbHBIX  '3aKa3uWkoB" -  pa3pabOTUMKOB OPYXKHS WU
npotuBoopykusa. Ho, K cuacTblo, celiuac CKOJIBKO-HUOYIb Cepbe3HOM
OMacHOCTU OTCHAA He uUcxoguT. Ecnu ke, - He fgail Oor, - y cepbesHbIX
CrelianuCcTOB BO3HUKHYT OMaCeHMs, UTO MeUThbl O MCUXOTPOHHOM OPYXKHUHU
CTAaHOBSATCS PeajbHOCTBIO, TO, pa3yMeeTcs, HYKHbI obanbHBIe (Ha YPOBHE
OOH) ckoopgUHUPOBaHHBLIE [EWCTBUS MUPOBOTO COOOIECTBA, BUAUMO,
TAKOTO >Xe maciraba, Kak AeiCTBUA I0 3alMTe OT SiIepHON pajualuy UiH
neiicTeus o bopsbe ¢ HapKOTHKaMHU.

HelipokomribIoTepbl: HEOOXOMMAa O CTOPOXKHO CTh

[Mpexxge, uem paccka3aTb UTO-TO MO CYI[ECTBY O COBPEMEHHBIX
HEeMPOKOMITBIOTEPHBIX YCTPOWCTBAX, YIOMSIHY emie 00 OfHOW OMmacHOCTH,
"mpocdecCHoHaNbHO" CBS3aHHOM C HEeWPOKOMIIBIOTHHTOM. f1 Obl Ha3Banm ee
CBEpX-yrpo30i XanTypbl, TMO0XKajayi, BHYTPEHHE TIPUCYIIeH 3TOMY poAy
3aHATUH.

Ha BBICOKYIO CTerneHb OMAaCHOCTM  3TOW  yrpo3bl /Ui Haiued
npodeccuoHanbHOW o00macTu  ykasbiBaeT XoTs Obl TOT ¢akr, 4To B
HeroCpeJCTBeHHOM 0/M30CTH OT Hee TpolBeTaeT 00/1aCTh, MOJHOCTHIO
OCHOBAHHAs Ha - CO3HATe/JIbHOM MM 0eCcCO3HATeNnBHOM - XKyTbHUYecTBe. 51
UMe B BHAY BCe OTTEHKM TIApariCUXOJIOTUUU U "KOCMHUUECKOU
OuosHepreTuku'. DTO, KOHEYHO, KPAITHOCTE, HO €e C/e/jyeT UMeThb B BUy U
TIOCTOSIHHO OT1acaThCsi K Hel CKaTUTBCS.

Bpema ot Bpemenu B CMMW (CpeacrBa Maccosoir Wupopmariuu)
MOSIBJISIFOTCS TIQABAMbl U MHOTOTOJIOChSl 0 HeOOBIKHOBEHHBIX CTOCOBHOCTSIX
U BO3MOXXHOCTSIX HEHPOKOMIIBIOTUHIA, KOTOPBIA MOXKHO CJefaTh Halleu
OTeYeCTBEHHOU COXOM 3a KpaTualllMid CPOK U Pa30M BBIPBAThLCSI HA MUPOBOM
YPOBEHb Briepe/l, 1aneKko ornepeguB MOIIBI0 CBOETr0 MHTE/IeKTa HeJaleKuX, B
o0wieM-To, amepuKaHLleB U, TeM Oosiee, SMOHIIEB.
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Unknown Hefipounpopmatika
Takue rncuxonoruyeckue aTaku OBIBAIOT yCrelHBIMU He Toibko B CMU, HO
u B Kabunetax JIITP (JTuiy [Mpunumaroumx PemeHus). B mociegnem ciyuae
MOSIBJISIIOTCA pelleHUsi, OTHpaB/AIMEe B MeCOK OuepeJHYH OrPOMHYH
MOPLMI0 0OIeCTBEHHBIX CPEICTB.

TakoB HeratuB. UTO »Ke B MO3UTUBE?

B Mupe wuMeeTCss HECKO/IBKO [IeCATKOB CIeLMATu3UPOBAaHHBIX GUPM,
BBITTYCKAKOLIMX MPOAYKIUI0 B 001acTU HeHpouHMOPMAaTHKA U, KPOME TOTO,
MHorue ruranTel uUHAycTpuu (IBM, Siemence, Mitsubishi u gp.) Begyr
uccnefoBaHusi U pa3pabotrku B 3Toi obnactu. To ecTh HaMepeHUs 37eCh B
HacTosiee BpeMs cepbe3Hbie. KakoBbI ke JJOCTUTHYThIe pe3yabTaTh?

Urto Takoe HelipokommneioTep? Ha camom gene ceifuac mMexay MOHSATUSIMH
KOMIBIOTED M HEHUPOKOMITBIOTEp MPHUMEPHO TaKoe K€ COOTHOIIEHHWEe Kak
MeXy TOHSTHSMHU TOCylapb MU MHJIOCTUBBIA rocysapb. To ecTh ceiiuac
mobol HeWpPOKOMMBLIOTED He TMpPeTeHAyeT Ha 3BaHME KOMIIbIOTepa, HO
CO37aeTcs ISl pellleHHsI Kakoro-To (MKCUpOBaHHOro Kpyra 3agau. [Toxoixke,
YTO IIMPOKWEe TIPUJIOKEHUs] TIOAy4aT YCTPOHCTBA, OCHOBAHHBIE Ha
KOMOMHHMPOBAHHBIX TeXHOJIOTHSX, BKIIOUAKOIIMeE 110 Mepe HeoOXoAuMOoCTH Te
WU WHBIE HeWPOMpOI|eCCOPHBIE YCTPOMCTRA.

HekoTopyto peknamy M, COOTBETCTBEHHO, HEKOTOpbIe CpejcTBa B fAnoHuu
NOAyuusiu Npubopel  OBITOBON TEXHUKHU: TBIJIECOCH, KOHAULMOHEPHI,
3MEKTPOMNEUYKH M CTUPAJbHbIe MAIMHBI, UCTIOJB3YIOIMe HeHpOrpoLecCopsl
B YCTPOUCTBAX YIIPaBJIEHHUS.

HexoTopoe BpeMs Ha3aj MOSIBUIACh MOAA Ha MPUMEHEHUs] UCKYCCTBEHHBIX
HEeMPOHHBIX CeTel B MHAHCOBO-3KOHOMUYECKUX TMIPUIOKeHUsIX. [IpuurHoM
MOSIBJIEHUsI MOAbI CTald YCIIeXd HeMpPOCeTeBbIX cucTeM B obnactu
npejckaszaHus Oyayiero. B 9Toii u Apyrux 3ajauax Takoro poga peub UIET O
TOM, YTOOBI 10 UMEIOIIEMYCSI YUCTOBOMY U COOBITUIHOMY PAAY MpejcKa3aTh
cnenyroue ero uwieHbl. HelipoceTeBble KOHCTPYKIIMM TIOPOM PEIIAIOT 3TY
3aflauy Ayullle, yeM M30ILIPeHHbIe CTATUCTUUeCKHMEe MeTOJuKu. B uem 37ech
[1eJ10, TIOKA HeTIOHSATHO, HO ((MHAHCHUCTaM 3TO He BaXKHO.

Ha ocHoBanuu Takux ke merogoe A.H.TopbaHb cO CBOMM aMepUKaHCKUM

acnupanToM Bakcmanom emje snetom 1992 r mpepackasan mobeny bunmy

Knuutony Ha Beibopax B CIIIA. bosiee Toro, OHU MOIIH TaKkKe JaTb COBET

Bymy, kakue gelicTBUS MpeANPUHSATE, UTOOBI He TIOTePSTh BIACTb, HO By ux
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Unknown Hefipounpopmatika

He YC/IbIIA.

TpaguuuonHoO# 0067aCcTRI0 TIPUMEHEHUsI HeHWpPOIPOLeCCOPOB  OCTAKTCA
3aflaud y3HaBaHUs U300paXKeHui, peun, paZlapHbIX CUTHAIOB.

OJHO W3 HOBBIX, HO BIEYAT/SIOUMX TPUIOKEHUH - (HU3UKA BBICOKHUX
JHepruMl (3/IeMeHTapHBIX uyacTul]). B 3amauax 3TOl Hayku HeoOXoguMO B
OTPOMHOM TIOTOKe AAHHBIX OT MHOTOUMC/IEHHBIX [JAaTYMKOB CHUTHAIOB OT
3/7IeMeHTapHBIX YaCTUI] B JETeKTOpax yCKOpWTeneil pa3sHOro pofja, HalTu
KOMOMHALWMK [aHHBIX, 03HAYAKIMX HaJHuuue OIpee/IeHHBIX H3BeCTHBIX
WU/ mpe/iroJiaraeMbix coobiT. [IpeaBapuTensHas 06paboTka uHdopmaluu
B 3THUX CJydasix MOXeT ObITb BBITIOJIHEHA HEUpPOIpoLeccopamu,
"HaTpeHUpPOBAHHBIMU" MeToaMH YU C/IEHHOTO MOZeTUPOBaHUSA
COOTBETCTBYIOLIMX MPOLIECCOB HA MOUCK 3aZJlaHHBIX CODBITHH.

U Bce >Xe OCHOBHOM 00/aCTBI0 MPUMEHEHHUs] HEHpPOIpPOLeCCOPOB, CKOpee
BCEro, CTaHeT WCIIO/b30BaHUE B CUCTeMax VIIpaB/JeHUs U TMOBeJeHUs
poboramu. I'maea dupmel, 3aHUMaroIIeil 6€CCIIOPHO MEepBOe MeCTO B MHPE
no MIPUJIOKEHUSAM HelpoCeTeBBIX CUCTEM, aBTOP TepMHUHA
NEUROCOMPUTER, aMepPUKaHCKAW Tmipodeccop U3 Kaau(pOpPHUMCKOTO
ropoga Can-/luero Pobepr Xexr-HunbceH mojaraetT, uYTo OCHOBHOM
NpOAYKI[Mel, TPOU3BOJAUMON TNPOMBIIUIEHHBIMU (upmamu uepe3 10 fer,
cTaHyT "HelpoBbluMCIUTE/NBHBIE poboTel" (HBP). B uacTHOCTHM, mosBATCS
pasHooOpa3Hele pabOTEl A/ BBINOAHEHUs JoMaiuHedl paboTel (HAHBKH,
Mpauku, Kyxapku...). [Ipoussogcteo HBP ObicTpo mpeB3oiijer no o0bemy
NMpPOU3BOACTBO aBTOMOOMIe W TiepeliieT BO BCe TOAABJIAOIIEE
MPOU3BOACTBO POOOTOR, MPOU3BOASIMX POOOTOB...

[lpencTaBnisieT Takoro poja BUTOK CIHUPAM OMACHOCTh UEJ0BEYECTBY WU
HeT, s celyac cCyguTb He Oepycb. Ho peanbHble COOBITHUS 3TOM
MpeArnosaraeMoii  COBEpPUIEHHO HOBOW  TPOMBIIUVIEHHON  PEBOJIIOLUU
HAUHYTCS JIeT uepes IATh, T.e. roga ¢ 1999 (cm. pa3men 1 gaHHOM CTaThH).

HayyHo-TexHUueCKUi mporpecc U LeernojaraHyie (BMeCTo
3aK/IFOUEHUSI )

HobeneBckass peub aMepUKaHCKOTO (¢u3uosIora, Jaypeata HOOeneBCKOU
npemuu 70-x rogoB Pomkepa Crieppu MeHs MOTPSCIAa TeM, UTO Peub B Hel
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Unknown Hefipounpopmatika
Ioyia 0.. HAaydHOM KOMMYyHH3Me. §1 Torma To)Ke MpUIIeNT K 3TOM Hjee,
CaMOCTOATe/ILHO ~ paccyfas O  KolMape  Halllero  TOIZalHero
conuanucTuyeckoro obmectBa B oTOMeCKax Ii0)Kapa, MBIJIABIIETO Ha
pasBamuHax '"TIpakCKoii BeCHBI COI[MaM3Ma C Ye0oBeuecKuM nauriom". Moii
toBapuly Cepreii Agamoeuu KoBasieB Torga ecim He CUJIen yKe B TIOPbMe,
TO BO BCSIKOM C/Iydae Ha BCeX Mopax ABUrajaca B TOM HampaBiaeHUuu. MHe xe
Ka3anoch, 4YTO B I3MO0Xy [I00aNbHBIX HEYCTOMUHMBOCTEH, TMOPOXKAEHHBIX
HayuYHO-TEeXHHUUECKUM IIPOrPeccoM, Cepbe3HOe W3MEeHEeHHe TOJIUTHYeCKOH
cuctemMbl HepeanbHO. [lo3ToMy OBIJIO €CTECTBEHHO TMOMBITATHCS HAWTH
YMO3pUTENBHBIN XOTS ObI BBIXOZ M3 TyNUKa couuanu3ma. PaboTas muiagimmm
HAayYHbIM COTPYAHUKOM, i, €CTeCTBEHHO, MCKa/l HayuyHoro Bbixoga. Hy u,
KOHEUHO, Cephe3HbI TO/JUOK B 3TOM HalpaB/IeHHWU [JABad CaMH3[aTCKue
"Mebicnu..." Angpes [lmutpueBuua CaxapoBa.

OcHoBHasg ujesa moero (coBmaeiiero ¢ Meicaasmud P.Coeppu) HayuyHOTO
KOMMYHM3Ma COCTOsi/Ia B TOM, YTOOBI HayKy, T.e. JOObIBaHWE HOBBIX 3HAHUH,
MOCTaBUTh B KaueCTBe IIeH CylleCcTBOBaHUs obuiectBa. EcrecTBeHHO, uTO
obmectso, 00BeAMHEHHOE HEKOTOPOW  eAWHOW  Ie/bl0,  SIBJISeTCS
KOMMYHUCTHUecKUM. OTTyga U TOSBUJIOCH COYeTaHWe  "HaydHbIi
koMMyHH3M". UTOOBI OTAMYUTL 3Ty WK OT HEHAaBUCTHOTO MapKCH3Ma-
NMeHWHU3Ma, 5 yrnoTpebOnsim TepMUH ''eCTeCTBEHHO-HAyYHbIA KOMMYHH3M'
(EHK). B ynmomsinytoii cratbe P.Crieppu To)e oueHb 0D0sJICS, UTO ero COUTyT
3a CTOPOHHMKA MapKCH3Ma, U BeCbMa 9HePrMYHO OT 3TOr0 3alyILaacs.

O6umm mectom B Haumx co Creppu (llyTKa, KOHEYHO) Teopusix ObII0 TO,
YTO K LIe/IeNo/IaraHuio 00IecTBa Mbl IIUTM CO CTOPOHBI TIOTMBITOK TOHSITh
ycTpoiicTBo mo3ra. CoBpemMeHHbIM OypHBIH TPOTPecC HayKh W TEXHUKH B
3TOM MeCTe, BMECTe C PACTYIIed HeYCTOHUMBOCTBIO I0OATBHBIX MUPOBBIX
COLIMAbHBIX U IKOJIOTHYECKUX TIPOL[eCCOB BBOAUT, MHe KaxkeTcs, uaero EHK
10 KpaliHel Mepe B UMC/I0 UAeH, J0CTOMHBIX 00I[eCTBeHHOT0 BHUMAaHUS.

B nosbpe 1993 r 3a uamkoil uasg B HeOOBIION WHTEPHAI[MOHATLHOM
KOMITaHUHU, COCTOSIIEH U3 CTa)KepPOB yHUBepcuTeTa XOKKai /10, MHE J0BeI0Ch
npoeectu OypHble gaebaTbl "0 CMBIC/IE >KH3HU" C MOHaXOM-HE@3YUTOM,
HACTOsITeNIeM KAaTOTMUYeCKOTo xpama B mpedekrype Canmnopo rpaxaaHUHOM
lepmanuu  O.Maundpegom. I[loxoxe, uro MHe yganoch yoOeauThb
KaTOMYECKOTO CBSIEHHUKA B KOHKYPEHTOCIOCOOHOCTH eCTeCTBEHHO-
Hay4YHOTO LjejieriojiaraHus, o CpPaBHeHUIO C PeJIUTHO3HBIM.
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Unknown Hefipounpopmatika
[MToMrMO CKa3aHHOTO BBILIE, JUCKYCCUS KOCHYIACh elje OJHOTO BOMPOCa,
TPAJAUI[MOHHO PEIlaeMOro LepPKOBLI0, - MPOOIeMbl XKHU3HU U CMepTU. B 3Toi
npobieMe yKe JaBHO 3aMeTHO BJIMSIHME eCTeCTBeHHO-HayuHoro (akropa. C
O[IHOW CTOPOHBI - 3TO WU3BECTHbIE METOAUKH 3aMOPA)KUBAHUS CMEPTeIbHO
DO/MBHBIX PAKOM U IPYTUMH HeU31eUMMbIMHU 3a00/1€BaHUSIMU C HAZIEXKJ0H Ha
O’KUBJIEHWE B OTJaleHHOM Oyayiiem, "Koraa mo3BOJIAT JOCTHXKEHUs! HayKu '
C apyroil CTOPOHEBI - 3[eCh U3BECTHbIE TeOPeTUYeCKUe TpejCTaB/IeHus O
TOM, UTO WH(OpPMaLMOHHAs OCHOBA /000N KOHKPETHOMW JIMYHOCTH MOJXKET
ObITh "cuMTaHa" B KOMIMBIOTEPHBIE CHCTeMbI U 00pecTH Kak Obl
HeOMOIOTMYeCcKy0 TelecHyr 000/I0uKy. 3BYyU4UT, BO BCSIKOM C/lydyae I0Ka, -
HEeCKONBKO (aHTacTUuHO. TeM He MeHee KOHKPETHBIE TEXHOJIOTHUECKUE
3aJja4M, KOTOPBIE 371eCh BBIPUCOBBIBAKOTCS, 6eCCIIOpHO OTHOCATCA K 061acTu
HeMpOKUOePDHETUKM U HEHpPOMHMOPMATHKMU, a [/ UX PelIeHUS [JOKHBI
noTpeOoBaThCsi HEHPOKOMITBIOTePhI.

D B Hacrosmee Bpems mnpesugeHT Poccuiickoln accoumauuu
HelipouHbOpMaTUKM W HepokomnbiOTUHra  B.JI.JlyHuH-BapkoBCKui
pabortaet B MHcTUTYTe pobOsiem nepegaun uHdopmanuu PAH, Mocksa.
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B03MO0XHO CTU HEMPOHHBIX CeTeu

B pmanHOW nekiuu JAaHO OMHCaHWEe OCHOBHBIX 3/IEMEHTOB, U3 KOTOPBIX
COCTABJISIOTCSI HEeHPOHHBIE CeTH. PaccMaTpuBarOTCS TOJBKO HeHpOHHBIE
CeTH, CUHXPOHHO (PYHKIMOHUPYIOLME B JUCKPETHbBIE MOMEHTBEI BPEMEHH.
OmnucaHbl OCHOBHbIE aPXUTEKTYPbl HeHPOHHBIX CeTel

HelipoOym: 11033us U 1po3a HEMPOHHBIX CeTel

BriuncnutensHsil neHTp CO PAH B 1. KpacHosapcke

A.H.Topbaub

B c/oBax "MCKycCTBEeHHBIe HeHpPOHHbIe CeTHU' CIIBIIIATCS OT3BYKH (haHTa3uM
06 anzppougax u OyHTe poOOTOB, 0 MalIMHAX, 3aMEHSIOIMX U UMUTUPYIOIIMX
ye/oBeKa. OTH (aAHTAa3MM HHTEHCUBHO TOAJEpPXKUBAKOTCS MHOTHUMHU
pa3paboTynMkaMu HeMpOCHCTeM: PUCYeTCsl He OUeHb OTjaneHHoe Oynyiee, B
KOTOpOM po0OTBI OCBAaMBAKOT pa3uuHbIe BUALI paboT, mpocTo Habmozas 3a
4ye/I0BeKOM, a B Dojiee 0T/1a/IeHHOU MepPCIeKTUBe - Ue/lOBeuecKoe CO3HaHUe U
MUYHOCTL TIEPerpyKalTcsi B  HCKYCCTBEHHYHO HEHUPOHHYH CeTb -
MOSABJ/ISIOTCA IaHChI HAa BEYH VIO )KU3Hb.

[TosTnueckas urpa BooOpa)keHHsi BOBJIEKaeT B paboTy MO/IOAEKb, M033uUst
peKksamMbl CO3[aeT HayyHyH) MOJY W B/IMsIeT Ha (PMHAHCOBBIE BJIOXKEHUS.
MosxeTe 1 Bbl 4eTKO pa3iuunTh, Ije KOHUYaeTCss HecKopbICTHAsE TBOPUYeCKast
Urpa U HauMHaeTcs pexiaMa? Y MeHs Takoe OHO3HAauHOe pa3iMueHue He
MOJIy4aeTCs: 3TO KaK BOMPOC O UCKPEHHOCTH - MOXKHO COMHEBAThCS [Ja)Ke B
CBOeM COOCTBEHHOW MCKPEHHOCTH.

Wrak: urpa U Mofa Kak BaKHbIe ABUXKYLIHE CUJIbI.

B cnorax "MogHOe HayuHOe HarpaBjeHue" CABIIUTCA HeUTOo HeOJHO3HauHoe
- To 1 mpeHeOpe)xeHUe, CMeIIAHHOEe C 3aBUCTHIO, TO JIM eIlle YTO-TO. A
BoOOIIIe, MOZIa B HayKe - 3TO XOPOIIO WK 110x0? JlafuM Tpu OTBeTa Ha 3TOT
BOTIPOC.

1. Moga - 3to xopouo! Korga B Hayke mOsB/sieTCS HOBasi MOJa, ThICSIYU
uccnefoBaTeneil, TPYCTUBUIMX HajA CTapbIMU TeMaMH, ITOPSIKOM

HaJOEBIIMMH elle CO BpeéMeHH MHCAHUA OUCcCepTaliu, CO CBEXHM
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Unknown Hefipounpopmatika
d3dpTOM GPOCEII-OTCH B [eJI0. Hogas MO[4d ITO3BOJIAET UM OCBOﬁO,H'I/ITBCf[
OT JINUHOU HCTOPDHH.

Mbl BCe 3aBUCHM OT CBOEro TpPOLUIOrO, OT TPUBBIUHBIX [el U
MPUBBLIUHBIX MbIC/ed. Tak pgapaiiTe ke TMPUBETCTBOBaThH BCE, UTO
ocB0o0OXKIaeT Hac OT 3TOM 3aBucumocTH! B HOBO# MomHOU obnactu
MOYTH HET HAKOTIJIEHHBIX MPEUMYIIIECTB - BCe PaBHBI. DTO XOPOLLO /s
MOJIOHEKH.

2. Moga - 3to nsoxo! OHa TPOTUBOPEUUT WIyOMHE U TIIATETELHOCTH
HayuHOTO noucka. Yacto "HOBBIe" pe3ynbTaThl, MOJYUeHHbIE B TTOTOHE
3a MOZOW, CyTb BCEro-HaBCero Xopomio 3abbIThie CTapele, Aa ele
Hepeako W TepeBpaHHbIe. IloroHs 3a Mofol pacTieBaeT, 3acCTaBJiseT
nepenuchiBaTh cTapble paboTbl U B HOBOW CJIOBECHOW YIaKOBKe
BBIZIABATh MX 3a CBOM. Mojga - MCTOUHMK CBepxxanaTypel. [Ipumepos
TOMY - TBICSIUH.

'"Tenwnii - 3T0 TeprieHue Mbiciu." Tak maBaiTe ke Bcien 3a HeroToHOM
u apyrumu Benukumu KynsTuBUpoBaTh B cebe 3T0 TepreHue. He
Oyzmem nmopaBaThCs cobma3Hy MOJBI.

3. Moga B Hayke - 3TO 3/IeMeHT peajibHOCTH. Tak MOBeI0Ch BO BTOPOU
nonoeuHe XX Beka: Hayka CTaja MAacCOBOM M B Hel MOCTOSHHO
BCIIBIXMBAKT BOJIHBI MOJbl. MOXXHO JIU OTHOCUTHCS K PeanbHOCTH C
TO3UIUI [O/DKHOTO: Tak, JeckaTb, [JO/DKHO OBITh, a 3Tak - HeT?
HapepHoe, MO>XKHO, HO 3TO y>K TOUHO HETPOAYKTHBHO. BomHBI MOIBI U
peKjlaMHble KaMMaHWM CTaJd 3JIeMEHTOM OpraHu3aluid MacCOBOM
HAYKU ¥ C TUM MPUXOJUTCS CUMTATLCS, HDABUTCS HAM 3TO UJIH HeT.

HelipoHHble ceTu HBIHYE B MOJe U TI0O3THUECKas peKiaMa JejaeT CBOoe Jero,
npuBnekaer BHUMaHWe. Ho cTtouT nu cnemoBate 3a mopoi? Pecypcsl
OrpaHUueHbl - 0CObeHHO y Hac, ocobeHHO Tenepb. Bce paBHO BCero Ha BCex
He XBaTUT. Yl BO3HUKAIOT BONPOCHI:

1. HEﬁpDKDMl'IbI-OTEp - 3TO HWHTE/NJEeKTyd/IbHdA HWIPYIIKd MWW HOBasd
TeXHH4YeCKad pEBOHI-O]_]I‘IH?

2. UTO HOBOTO U TOJIE3HOTO MOKeT caenaThb HEﬁpOKDMHLI—OTEp?

3a 3TUMH BOITPpOCAMH CKPBITHI 1Bd 6a30BBIX NnpearnojioKeHHu .
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1. Ha HOBEIE HUIPDYIIKH, NdKe BICOKOMHTE/JIEKTYd/IbHbIE, CPEACTB HET,
2. HEﬁpOKDMl'[bI-OTEp AO0J/DKeH [OOKAd3daTb CBOWM HOBbBIE BO3MOHOCTH -
caendaTb TO, Yero He MOXKeT CAeJ/iaTb obpIuHasn BBM, - HMHd4e Ha Hero
He CTOWUT TPATHTLCH.

Y 9HTY3UMaCTOB €CThb CBOM peKIaMHblie CrocoObl OTBeuyaThb Ha 3aflaHHbIE
BOIMPOCHI, PUCYS CBeT/ble MOC/Ae3aBTpaliHue ropu3oHTel. Ho Bce 3TO B
Oymymem. A ceiiuac? OTBeThI Napa/|OKCaTbHbI:

1. HellpOKOMMBIOTEpPHI - 3TO HOBas TeXHUUECKas PEeBOJOLMS, KOTopas
MPUXOAUT K HaM B BUJe UHTEJINIeKTyalbHOW UTPYIIKH (BCIIOMHUTE - U
nepcoHanbHble DBM Obliu mpuiyMaHbl A1 UTPhI!);

2. pna mo0o0# 3a/1aud, KOTOPYH) MOJKET pelMTh HeHPOKOMITBHTEp,
MOXXHO TIOCTPOUTEL OoJiee CTaHJAPTHYIO Crierjuaau3uporanHywn JBM,
KOTOpasi PelMT ee He XyXKe, a yallle BCero - jake ayuie.

3aueM ke TOra HeMPOKOMITBIOTEPHI? BcTymasi B TBOPUYECKYH) WIPY, Mbl He
MOXKeM 3HaTb, YeM OHa KOHUHUTCS, uHade 310 He Wrpa. [To3a3us u pexknama
JarT HaM (GaHTOM, MPU3paK pe3ynkraTa, MOTOHS 3a KOTOPBIM - BaKHeHInas
yacTh urpel. CTOAb ’XKe MpU3pauHbIMU MOTYT OKa3aTbCsl W IpPO3auuHbIe
OTBEThbl - UTPA MOXET Jafeko OT HuX yBecTh. Ho u oHU HeobXomumbl -
TpysHO OeraTb mo o6nakaM M WJITIO3US TIPAKTUUHOCTU CTO/b )K€ BaXKHA,
CKOJIb U WJIMIO3Us BeinuMsa. BoT HeCKO/IbKO BapHaHTOB MPO3auyHbIX OTBETOB
Ha BOrMpoc "3auem?" - MOXKHO BbiOpaTh, uTo A5 Bac BaxkHee:

¢ A. HeilipokoMnbloTepsl Aal0T CTaHAApPTHBIM CrOCo0 peleHusi MHOTUX
HeCTaHJapTHBIX 3afady. WM HeBaxHO, UTO Creluaau3upoBaHHas
MallMHa Jlydllle peumT OAWH KiacC 3ajad. Baxkuee, uTto ofuH
HEUPOKOMITBIOTED PELMT U 3Ty 3ajady, ¥ APYIYI0, U TPEThIO - U He
HAJ0 KaXKAbIH pa3 TPOEKTHPOBaTh Crenuanu3upoBaHHyilo OBM -
HelpOKOMITbIOTEp C/ie/laeT BCe CaM U TMOUTH He XyKe.

e b. Bmecrto nporpammupoBanud - obydeHue. HelipokoMnblOTep yuuTCA
- HYKHO TOIbKO ¢QopmupoBate yuebHble 3agauHuku. Ipya
TIPOrpaMMHCTa 3aMelaeTCss HOBBIM TPYJOM - yuuTesns (MOXeT ObITb,
HAa/l0 CKa3aThb - TpeHepa WU/IU ApecCUpoBUMKa). Jlyule 3T0 unu xyxe?
Hu To, HU gpyroe. [IporpaMmMuUCT npeAnuCceIBaeT MallMHe BCe JeTalu
paboTel, yuuTens - co3gaer "oOpa3oBaTenbHYH Cpeny’, K KOTOPOM
npucrnocabnupaeTcss  HEHPOKOMIBIOTEP. [losaBnAwTCA  HOBbIE
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BO3MOJKHOCTH A/1 PabOTHI.

¢ B. HeiipokoMmnbioTepsl 0co0eHHO 3(dheKTUBHBI TaMm, T[7le HY)KHO
nogobue uenoBeuecKOW MHTYWLMHU - [7s pacrio3HaBaHus obOpa3os
(y3sHaBaHMA NUL], YTeHUs PYKOMHCHBLIX TEKCTOB), MepeBoja C OJHOTO
eCTeCTBeHHOTO f3bIKa Ha Apyroit u T.1. VIMeHHO [Ansi Takux 3ajad
0OBIYHO TPYJHO COUMHUTH ABHBIA AJITOPUTM.

e [ TubkoCcTb CTPYKTYphl: MOXHO pa3lIUuUHBIMM  criocobamu
KOMOMHUMPOBATb MPOCTHIE COCTaB/SIOIIME HEHPOKOMIBLIOTEPOB -
HeHUPOHBI U CBSI3U MEXAY HUMHU. 3a CUEeT 3TOrO Ha OJHOU 3JIeMEHTHOM
baze ¥ pgaxke BHYTPH 'Tesa" OZHOTO HEHPOKOMIIBIOTEPA MOYKHO
Co34aBaTh COBEpLIEHHO pa3iuuHble MaumHbl. [losBaseTcs emje ofHa
HOBas podeccust - "HeHPOKOHCTPYKTOP" (KOHCTPYKTOP MO3TOB).

e 1. HeiipoHHbIE CeTH MO3BOJAIOT CO3/aTh 3¢deKTUBHOE TporpaMMHOe
obecrieueHne /i BBICOKOMApa//IEIbHBIX  KOMIbIOTEpOB.  [lns
BBICOKOTIAPA/I/Ie/IbHBIX MAIMH XOPOIIO M3BecTHa TpobieMa: Kak MX
3¢hdeKTUBHO HCIOMB30BATh - KAaK A00UTHCSA, uTOOBI BCE 3/IEMEHTHI
OfHOBpPeMEHHO u 0e3 snumHero AyOMUPOBAHUS BBIYUCSUIA UTO-
Hubyae nonesHoe? Co3pgaBas maTemaTuueckoe obecrieueHusi Ha Dase
HEeHUPOHHBIX CeTel, MOXXHO /ISl IIMPOKOTO Kjlacca 3a/lad PelmThb 3Ty
npobnemy.

Ecnu mepeiiTu K eije 60/ee mpo3anueckoMy YPOBHIO TOBCEJHEBHOM paboThl,
TO HEWPOHHBIE CETHU - ITO BCErO-HABCEr0 CETH, COCTOSIIME W3 CBSI3aHHBIX
MeXy c000# MPOCTHIX 3IEMEHTOB - HOPMaTbHBIX HeHPOHOB. 3HAUUTETBLHOE
bosbuMHCTBO paboT 10 HelpouHbOpMaTUKe TOCBSAIIEHO TEepeHocy
Pa3/IMUHBIX A/ITOPUTMOB PeIIeHus 3a7a4 Ha TaK1e CeTH.

SAapoM ucnosb3yeMbIX Npe/CTaB/IeHUN SB/ISETCS Ues 0 TOM, UTO HelPOHEI
MO>XHO MOJIe/TMPOBATh JOBOMLHO MPOCTLIMU aBTOMAaTaMM, a BCS CII0XKHOCTb
Mo3ra, TMOKOCTE ero (YHKIIMOHUPOBAHUS U JPyrue Ba)KHeHIe KauyecTBa
OTIpefleNISIOTCS CBA3IMUA MeXAy HelipoHamu. Kaxzasi CBsi3b npe/CTaB/seTcs
KaK COBCEM TIPOCTOM 3/7eMEeHT, CAyKalui [Jas Tepefayu CHUTHasIA.
[MpeenbHBIM BBIPOKEHHEM 3TOM TOYKM 3PEHUSI MOXKET CIY)KUTH JIO3YHT:
"CTpyKTypa CBsi3ei - BCe, CBOWCTBA 3/IEMEHTOB - HAUTO".

COBOKYIMHOCTb Hjlell U HAyuyHO-TeXHUYEeCKOe HarpaBieHue, OrpejensemMoe
OTMUCAHHBIM MpeJCTaBIeHHeM 0 MO3re, Ha3bIBAeTCsl KOHHEeKI[MOHU3MOM (To-
aHTUHCKA connection - cBsaA3b). Kak Bce 3TO COOTHOCUTCA C peabHBIM
Mo3rom? Tak ke, Kak KapukaTypa WA I0ap CO CBOUM IIPOTOTUIIOM-
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4He/I0OBEKOM - BeCbMad YCIO0OBHO. 3To HOPMAJ/IbBHO: BdyXHO He 6'_YI{BEU'II:HOE
COOTBETCTBHUE KUBOMY ITPOTOTHUITY, d TPOAYKTHBHOCTD TeXHUUYeCKOH HIECH.

C KOHHEKIIMOHU3MOM TeCHO CBSI3aH CJIeIVIOIMi 610K ujeit:

1. OJHOPOAHOCTL CHUCTEMBI (37IeMEHTHl OAWHAKOBBI M UYpe3BLIYANHO
TIPOCTEI, BCE OIMpe/ieNsieTCsl CTPYKTYPOil CBsi3eil);

2. HageXHbIE CUCTEMbl W3 HEHAJeXHBIX 37eMEHTOB U '"aHA/IOTOBBIU
peHeccaHC" - UCMOIB30BaHUe MPOCTLIX aHATOTOBLIX 3/1EMEHTOB;

3. "ronorpaduueckue’ CUCTeMbl - TpPU  pa3pyllleHUW CAydailHO
BBIOpAaHHOM YaCcTU CUCTeMa COXpaHsieT CBOM TOJIe3HbIe CBOMCTBA.

[pexmonaraeTcs, 4TO CUCTeMa CBs3el [gocTaTouHo 6orata MO CBOUM
BO3MOJXKHOCTSIM M JI0CTaTOYHO u30bITOUHA, uTOOBI CKOMITEHCHPOBATH
6eaHoCTh BeIOOpA 31€MEHTOB, UX HEHAeKHOCThb, BO3MOJKHbBIE Pa3pyIIeHHS
4acTH CBSA3eH.

KoHHEKIIMOHM3M U CBsI3aHHBIE C HUM U/Ied OfHOPOAHOCTH, U30bITOUHOCTH U
roJIorpaMuHOCTUA el HUUEero He TOBOPAT HaM O TOM, KaK JKe TaKyk
CUCTEMY HAyuyuTb pelaTh peasibHBIe 337aud. XOTenock Obl, 4TOOBI 3TO
obyueHue 00X0AUIOCH HE CJTUILKOM JJOPOTO.

Ha mepBblil B3mIS[] KaXKETCS, UTO KOHHEKIIMOHUCTCKHE CHCTEMbI He
JOTYCKAlOT MPAMOT0 MPOTpaMMHUPOBaHUSA, TO eCTh (JOPMUPOBAHUSA CBsI3eH 110
SIBHBIM MpaBuIaM. DTO, OAHAKO, He coBceM Tak. CyiiecTByeT 60JIBILION K1acc
3aflau: HeWPOHHBbIE CUCTeMbl aCCOLIMATMBHOW TMaMSITH, CTaTHUCTHUYECKOU
obpaboTku, puabTpalu u Ap., A/ KOTOPBIX CBSI3W (POPMHMPYIOTCS T10 SIBHBIM
topmynam. Ho erie Gosbiie (o o6bemMy CyIeCTBYIOMIMX MPUI0KEeHUH ) 3a1au
TpebyeT HesBHOTO mpoijecca. [To aHasoruu ¢ obyuyeHHUeM JKUBOTHBIX WU
ye/IOBeKa 3TOT MPOL[eCcC Mbl TaKKe Ha3biBaeM 0OyueHureMm.

O6yuerue 06bIYHO CTPOUTCS TAK: CYIIECTBYET 3aJlAUHUK - HAOOP MPUMEpOB ¢
3a/laHHBIMU OTBETaMU. DTU TPUMEpPBI MPEAbABIAIOTCA cucTeme. HelipoHbI
MOJIy4aroT MO BXOAHBIM CBSI3fM CUTHAJIBI - "yC/I0BUS MpUMepa', mpeoOpasyoT
WX, HECKOJbKO pa3 oOMeHUBAIOTCs TMpeoOpa3oBaHHBIMU CUTHAJIAMHU W,
HakKoHeI], BBIJAIOT OTBET - Takwke Habop curHamoB. OTKIOHEHHE OT
NMpaBUILHOTO OTBeTa wrrpadyercs. O6yueHue COCTOMT B MUHUMM3AIL[UU
mrpada Kak (HesBHOM) MyHKIIMU CBs3ei. [I[pyMepHO 4eTBepTh Halllell KHUTH
COCTOMT B OMWUCAHUM TEXHUKU TaKOM ONTUMM3Al[UM U BO3HUKAKIMX MPU
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3TOM NOITOJTHHUTE/NBbHBIX 341d4.

HesieHOe oOyueHHe TPUBOAUT K TOMY, UTO CTPYKTypa CBsi3ell CTaHOBUTCSA
"HEeMOHSATHON" - He CYIIeCTBYeT MHOrO crocoba ee mMpouuMTaTh, KPOME Kak
3anycTuTh (QyHKUMOHUpPOBaHUe ceTU. CTAaHOBUTCS C/IOXKHO OTBETUTHL Ha
Borpoc: "Kak HelipoHHasi CeTb TOJyyaeT pe3yisraT?” - TO eCThb MOCTPOUTh
MOHATHYK)  UeOBEeKy JIOTMUeCKYH) KOHCTPYKLMIO, BOCIIPOM3BOJSALLYIO
e CTBUS CETH.

OTo siB/ieHMe MO)XHO Ha3BaTh 'TTIOTMUECKOW HETpPO3PayHOCThI0" HeHPOHHBIX
cereii, 0OyueHHBIX [0 HesBHBIM mpaBunam. B pabore ¢ noruyecku
HEeMpo3pauyHbIMU HEHPOHHBIMHU CETSIMM WHOT[A OKAa3bIBAKOTCS I10J/1e3HBIMU
npezcTaBaeHUs, pa3paboTaHHbIe B TICUXOJIOTHU U TIeJlaroruke, U obpaijeHue
c obyuyaeMOil CeTbIO KakK C APeCCAPYEMOH 3BepYyIIKOH MM C oOydaeMbIM
M/afIeHI[eM - 3TO elle OfWH MCTOUHHUK ujeli. Bo3mokHO, cO BpemeHeM
BO3HUKHET Takasi 00/1acTh [IesTe/lbHOCTU - "Helpomneaaroruka" - obyueHue
HCKYCCTBEHHBIX HEIIDOHHEIX CeTel.

C [pyro#i CTOpPOHBI, IPU UCIONbL30BAaHUN HEHPOHHBIX CeTeil B IKCIIEPTHHIX
cuctemax Ha PC Bo3HuUKaeT nOTpeOHOCTb MpOUMTaTh U JIOTMYECKU
NPOMHTEPIIPeTUPOBATh HaBLIKW, BbIpaboTaHHble ceThio. B gexuum 9
OMMCaHbl CAyXKallye Ajsg 3TOT0 MeTOAbl KOHTPAaCTUPOBAaHWs - IOMy4eHUs
HesIBHBIMU METOJjaMH JIOTHYeCKU NPO3payHbIX HeHPOHHBIX ceTeil. OiHAKO 3a
JIOTUYeCKYI0 NPO3pPaYHOCTb MIPUXOAUTCSH NJ1IaTUTh CHM)KeHHEeM
130bITOYHOCTH, TaK Kak IPU KOHTPACTUPOBAHUM YHA/SIOTCS BCe CBSI3H KpOMe
CaMbIX Ba)KHBIX, 0€3 KOTOPBIX 3a/jada He MOXKeT OBITh pellleHa.

Hrak, OUEBUHO Hauue JBYX WUCTOUHUKOB U/1e0JIOTUH
HelipouH(OPMaTUKKU. ITO TIPE/ICTABIEHUSI O CTDOEHUHU MO3ra U 0 Mpoljeccax
obyueHus. CyILECTBYIOT TPYIIbI UCC/AEA0BATeNe U HayuyHble MIKOJIbI, 7S
KOTOPBIX 3THU MCTOYHUKU MM HMMEIT CHMBOJIHUUECKOE, a WHOLAA [Jaxe
MUCTHUUECKOe UIU TOTeMuueckoe 3HaueHue. Ho 3TO Bce mo33usi, a Mbl TOKa
repeiieM K 1po3e - K u3ydeHur0 (GopMasibHbIX HeMPOHOB.

DJieMeHTbl HEMPOHHBIX CeTel

Inst onucaHus aiTOPUTMOB U YCTPOMCTB B HeliponH(opmaTrke BripaboTaHa
crielidanbHas 'CXeMOTeXHMKA', B KOTOPOMl 3/7eMeHTapHble YCTPOMCTBA -
CyMMAaTOpbI, CHHAlCbl, HeWpPOHbI MW T.NM. O00BeAUHAIOTCA B CeTH,
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npeAHa3HayeHHble [J1s pelleHUs 3a/a4.

WHTepeceH CTAaTyC 3TOW CXeMOTEXHUKH - It MHOTUX HAUMHAIOIINX KaXKeTCst
HeO’>KWU/IaHHBIM, UTO HU B amlfapaTHOM peajin3allii HeMPOHHBIX ceTell, HU B
npodeccuoHansHOM NPOrpaMMHOM 00eCreyeHuu BCe 3TH 3JIEMEHThI BOBCE
He 00s3aTenbHO peanu3ylOTCsd KakK OT[e/bHble YacTU WM OJIOKH.
Ucnone3yemass B HelipouHdopMaTHKe  HjeanbHasi  CXeMOTEXHHKa
npejcTapsieT cob0il 0coObIi A3bIK /15 IPe/ICTaBAeHUsI HeHPOHHBIX CeTell U
ux obcyxaenus. [lpy TiporpaMMHONl ¥  amnmapaTHOW peanu3aluu
BBITIO/THEHHbI€ HA 3TOM S3bIKe OMMCAHUSI TIEPeBOAATCS Ha SI3bIKU APYroro
YPOBHSI, 60J1ee MpUroAHbIe AJis peaaTnu3aluu.

Camblii  3aCTyKeHHBbI W, BeposATHO, Haubosee BaKHBIA 371€MEHT
HEHPOCHUCTEM - 3TO aJanTUBHBIM CymMMaTOp . AJANTUBHBIA CyMMaTOop
BBIUMC/ISIET CKalAsPHOE TPOW3BeJeHHe BEKTOpa BXOJHOT0 CHUTHajla X Ha
BEKTOp mapaMmeTpoB . Ha cxemax Oymem 0003HauaTh €ro Tak, Kak MOKa3aHO
Ha puc. 1.1. AJanTUBHBIM Ha3blBaéM €ro W3-3a HAJIUUYMsS BEKTOpa
HAacTpauBaeMbIX TapaMeTpoB ¢y. /[l MHOTMX 3aJa4 TI0JI€3HO WMEeTh
JIMHENHYI0 HEeoJHOPOAHYI (DYHKI[UIO BBIXOAHBIX CUTHA/NOB. Ee BhIUMCIEeHHE
TAaKKe MOXKHO TIPEICTaBUTL C TIOMOMIGID aJanTUBHOTO CyMMaropa,
UMeroIero n+1 BxXoq W noaydaromero Ha O -W BXoJ TIOCTOSIHHBIM
e MHUUHBIN curHau (puc. 1.2).
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Puc. 1.1. ApganTUBHBIM CyMMaTOp.
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Puc. 1.2. HeogHOpOAHBIN aJalITUBHBINA CyMMAaTop
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Puc. 1.3. HenuneliHbiii npeobpa3oBa-Tenb CUTHAMA.

Puc. 1.4. Touka BeTB/IeHUSA
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Puc. 1.5. ®opmasibHbIi HEHUPOH

HenuneliHblii mipeoOpa3oBaTens curHana u3o0pakeH Ha puc. 1.3. OH

T0JIy4aeT CKa/IAPHbIA BXOAHOW CUTHAM X U MEPEeBOJMT ero B (7(x ).

Touka BeTBIE€HUSA CAYKUT [/l PACCBIIKM OAHOTO CHUTHala MO HEeCKOJbKUM
anpecam (puc. 1.4). OHa monyyaeT CKaJsPHBIM BXOJHOM CUTHA/I X M
nepejiaeT ero BceM CBOMM BbixofaMm. CTaHaapTHbIM (OpManbHBIA HEHpPOH
COCTABJIeH W3 BXOJHOTO CyMMaropa, HeJIMHeHHOro mnpeoOpa3oBarens u
TOYKH BeTB/IeHMs Ha BeIxoge (puc. 1.5).

JluHeliHasg CBfI3b - CHUHAMNC - OTAENbHO OT CYMMAaTOPOB He BCTpedYaeTcs,
OfHAKO [JI1 HEKOTOPBIX pacCyXAeHuil ObiBaeT yI0OHO BBIJEMUTH 3TOT
semeHT (puc. 1.6). OH yMHOaeT BXOJHOW CUTHA/ X Ha "Bec cuHamca" ry.

&
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Puc. 1.6. Cunarc
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Tarke ObIBaeT mosie3HO "MPUCOEAUHUTE" CBSI3U HE KO BXOAHOMY CYMMAaTOpY,
a K TOuke BeTBJIeHHs. B pesyibrate mosjiydaeM 3/€MeHT, ABOMCTBEHHbIH
n n

afJaNTUBHOMY CYMMaToOpy W Ha3bIBaeMbli BeIxogHasa 3Be3ga ". Ero
BBIXO[HbIE CBSI3U NTPOU3BOAAT YMHOXKEHHUe CUTHasa Ha CBOU Beca.

I/ITEIK, AdHO OITHCaHHEe OCHOBHBIX 3JIEME@HTOB, M3 KOTOPBIX COCTAB/AAKOTCA
HEﬁpOHHBIE CeTH.

ApXUTeKTypa HeMPOHHBIX CeTel

[Mepeiifem Temepr K BOMPOCY: KAK MOXXHO COCTaBJiATh 3TU ceTu? CTpPOro
roBOpS, KaK YrOAHO, MUl OBl BXOABI TTOMy4anu Kakue-HUOyabs curHansl. Ho
TaKOW TPOM3BO/ CIUIIKOM He0oD03pUM, T03TOMY HCIIOJIBE3YIOT HECKOJIBKO
CTaHJAPTHBIX APXUTEKTYpP, U3 KOTOPBIX IYTeM BBIPE3aHUSA JIUIIHETO WU
(pexxe) nobaBeHUs CTPOST OOMBIIMHCTBO UCTIONB3YEMBIX CETeH.

CHauana cjiegyeT JOTOBOPUTBCS O TOM, Kak Oyger cornacoBaHa pabora
Pa3MUUHBIX HEMPOHOB BO BpeMeHHU. Kak TONBKO B CUCTeMe BO3HUKaeT Oosee
OIHOTO 3/IeMEHTa, BCTAaeT BOMPOC O CHHXPOHHOCTU (YHKI[MOHMPOBAHUSIL.
st MPUBBIYHBIX HAM BCEM TPOTPAMMHBIX UMHUTATOPOB HEHPOHHBIX CETel
Ha 1yudpoBbrix DBM Takoro Borpoca HeT TOMbKO M3-3a CBOWCTB OCHOBHOTO
KOMIBIOTEpa, Ha KOTOPOM Ppeanu3yloTcsd HelHpoHHBle ceTH. [nsi Apyrux
crnocoboB peanu3aliiy TakoW BOMPOC BeCbMa BakeH. Bce ke 37eck U ganee
paccMaTpUBarOTCS TOJIBKO HelpOHHbIe ceTH, CUHXPOHHO
GyHKLMOHUDYIOLME B AWCKPETHbIE MOMEHTBl BPEMEHHU: BCe HeHPOHBHI
cpabatbiBatoT "pazom’”.

B 300mapke HelIpOHHBIX CeTell MOXKHO BBIJIE/TUTh [IBe 0a30BBIX APXUTEKTYPHI
- CJIOUCTBbIE U TIOJTHOCBA3HLIE CeTH.
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Puc. 1.7. Cnoucras ceTb

CnoucTble CeTU: HeMPOHBI PacCIoJIOXKeHbl B HECKONbKO cioeB (puc. 1.7).
HelipoHbl MepBOro cjiosl MOMyYaloT BXOAHBIE CUTHAmbI, Tpeobpa3ylT ux u
yepe3 TOUKMA BETBJIEHWUS TepefardT HelpoHam BToporo cios. /[lanee
cpabaTbiBaeT BTOPOM C/0O¥M U T.A. A0 k -TO CJI0sl, KOTOPBIi BbI/JaeT BhIXOAHBIE
CUTHaMBl [Jis1 WHTEpHperaTopa W mojb3oBarens. Eciv He OroBopeHo
MPOTUBHOE, TO K&XKABIA BBIXOJHOW CUTHAJ 1 -T0O C/105 IOAAETCS Ha BXOf, BCeX
HEeMpoHOB 1+ 1 -r0. UNC/I0 HEHPOHOB B Ka)KAOM CJIO€ MOYKET OBbITh TH00bIM U
HUKAaK 3apaHee He CBS3aHO C KOJIMUECTBOM HEHPOHOB B [JPYTHUX C/IOSX.
CrangapTHbelii crocob mofauud BXOAHBIX CUTHAMOB: BCE HEMPOHBI MEPBOTO
Cnos TIONYYarT KaxkAbld BxogHoW curHan. Ocoboe pacmpocTtpaHeHue
MOJYUUIA TPEXCJIOWHBIE CeTH, B KOTOPBIX KaXKAbIM CJI0H HMMeeT CBOe
HaMMEHOBAaHWe: TepBbIM - BXOAHOW, BTOPOW - CKPBITBIA, TPeTUH -
BBIXOIHOM.

[ToiHOCBSI3HBIE CETH: KaXKJbI HEWPOH MepeJaeT CBOM BBIXOJHOW CHUTHAs
OCTanbHBIM HelpoHaM, BK/IOUasi caMmoro cedsi. BEIXOQHBIMU CUTHAAMU CeTH
MOryT ObITb BCE WMJ/M HEKOTOPbi€ BBIXOAHBIE CUTHA/IbI HEHPOHOB MOC/e
HECKOJIbKUX TaKTOB (YHKI[MOHUDOBAHUs CeTU. Bce BXoAHbIE CUTHAJIBI
MOAATCSI BCeM HelipoHaM.

DNeMeHTHl CJIOMCTBIX M TIOMHOCBSI3HBIX CeTeil MOryT BweIOMpaThCs MO-
pasHomy. CyiecTByet, BIpOuYeM, CTaHJapTHBIM BbIOOP - HEHPOH C
afanTUBHBIM HEOJHOPOJHBIM JIMHEHHBIM CyMMAaTOpPOM Ha Bxofie (puc. 1.5).

[nsg TO/JHOCBA3HOW CETH BXOAHOM CyMMaTOp HelpoHa (aKTUUYeCKd
pacrajaeTcsi Ha /IBa: MEepPBbIi BHIYMC/ISET TUHEHHYIO (YHKUIHUIO OT BXOZHBIX
CUTHA/IOB CeTH, BTOPOW - NUHENHYI0 (YHKIUIO OT BBIXOAHBIX CUTHAJOB

31



Unknown Hefipounpopmatika

OPYrUX HelpOHOB, MOMYUYeHHbBIX Ha TIpe/IbIAYILEM I1are.

OyYHKIUS aKTMUBALlMM HEMPOHOB (Xapakrepuctuueckas GyHkuus) 7 -
HeMMHeHHBId Tipeobpa3oBaTenb, TipeoOpasylolMii  BBIXOAHOW  CUTHAl
cymmaTtopa (cM. puc. 1.5) - MoxKeT ObITh OHOW U TOU >Ke /1719 BCeX HeiipOHOB
cetu. B 3TOM Cnydyae ceTh Ha3bIBAKOT OAHOPOAHOU (TomoreHHou) . Eciu xe
¥’ 3aBMCHUT e1lje OT OJHOTO UM HECKOJILKUX [TapaMeTPOB, 3HAUEHUS] KOTOPBIX
MEHSIIOTCS. OT HelpoHa K HeMPOHY, TO CeThb Ha3bIBAIOT HEOJHOPOAHOM
(reTeporeHHoOit) .

CocraBneHue CeTH U3 HEMPOHOB CTaHJAApTHOro Buja (puc. 1.5) He sBAseTCA
obs3arensHbIM. Cr0MCTasi UM TOMHOCBSI3HAs apXUTEKTYpPhl He HajararT
CYIIECTBEHHBIX OrPAaHWUYEHMN Ha yYaCTBYWOIMe B HHUX 3J€MEHTHL.
EnuHcTBeHHOe jkecTkoe TpeboBaHHWe, TMpeAbABsSeMOe apXUTeKTYpou K
jMeMeHTaM CeTH, 3TO COOTBETCTBHE pa3MEepHOCTH BEKTOPAa BXOZHBIX
CUTHAJIOB 371eMeHTa (OHA OmnpejensieTcs apXUTeKTypPOil) UM CITy er0 BXOZI0B.

Ecnu monHocesA3Has ceTh QYHKIMOHUPYET A0 MOJyYeHUs] OTBETa 3aJaHHOe
YMC/I0 TAaKTOB k, TO €€ MOXKHO MPeJCTaBUTh KAaK YaCTHBIM cayual k -
C/IOMHOW CeTH, BCe CJIOW KOTOPOW OAUHAKOBBI U KaXKIbIA W3 HHUX
COOTBETCTBYET TaKTy (PYHKI[MOHUPOBAHUS MTOJTHOCBSI3HOU CETH.

CyiecTBeHHOe pas3iuuue MeXAY TMOJMHOCBA3HOW W CJIOUCTOW CeTSIMH
BO3HHUKAeT TOTAa, KOTJAa YMCI0 TakTOB (YHKIMOHUDOBAHUS 3apaHee He
OTPAHUUEHO - CJIOUCTAs CeTh Tak paboTaTh He MOXKET.

Cyli1ecTBYIOT /i (PYHKIIUA MHOTUX TlePEMEeHHBIX ?

Borpoc, BeIHeCeHHBIN B 3ar0/IOBOK pa3jiena, eCTeCTBeHHO BO3HUKaeT MpU
WU3yueHUU BO3MOXKHOCTeH HeWpPOHHBIX ceTedd. U3 cxem mnpeapigymx
pa3/iesioB BU/IHO, UTO HEHPOHHBIE CETH BBIUMC/ISIOT JIMHEWHbIe (QyHKI[UHU,
HelMMHelHble (YHKIMH OfHOTO TEPeMEHHOr0, a TaKKe BCEBO3MOXKHBIE
cyneprnio3uiiuu - GyHKUMKA OT (QYHKUUWN, TOJyyaembie TPU KaCKaZHOM
coefuHeHUM ceTeddl. UYTO MOXKHO TIOMYUUTh, MCIONB3Yyd TOMBKO TaKue
onepaiuun? Kakue dyHKIUM yIacTCsi BBIUMCIUTL TOYHO, a Kakue (QYHKI[UU
MOJKHO CKOJIb YTOAHO TOUHO amnmnpOKCMMHMPOBATh C TMOMOIIBI HeHPOHHBIX
ceteii? UToOBI U3yunMTh BO3MOKHOCTU HEMPOHHBIX CETEM, HY)KHO OTBETUTh
Ha 3TU BOTMPOCHI.
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BBrE[ElHHblf;I BOIIpOC HUMeeT O4YEeHb 6OJ'[]3]_L[_Y}O HUCTOPHKO W 34BEIOMO CTaplie,
ueM ucciel0BaHHMA UCKYCCTBEHHBIX HEi:IpOHHbIX ceTeil.

Kakue ¢pyHKIIUM MOXKET BHIUYMCATE uesioBek? Eci Mbl ymeeM CKIafibiBaTh U
YMHO)KaTb UMC/IA, TO Mbl MOXEM TOUHO BBIUUC/IATH MHOTOUIEHBI |
panuoHanbHble (QYHKOUUA (OTHOLIEHUSI MHOTOUEHOB) C paljuOHa/JbHBIMU
Ko3(hduueHTaM1 OT paljuOHa/IbHBIX )K€ apTYMEHTOB.

MoxHo, oaHaKo, 3afiaBaTh QYHKI[UH C TIOMOILIBI0 ypaBHeHU. Eciu cuuTaTth
pellleHUs] HECKONbKMX TPOCTBIX VpPaBHEHWUN M3BECTHBIMU, TO KJIacc
BBIUMC/ISIEMBbIX (DYHKITUM PACHMPUTCS - PEIeHUs HeKOTOPbiX Oomee obumx
YpPaBHEHUM YAACTCS BBIPA3UTh uepes 3T, Hosiee npocTbie HyHKIUN.

Knaccuueckuit mpumep: eciu  HUCMIOMb30BaTh pajuvKaabl - PeleHUs
ypaBHEHHH x"'=a, TO MOXHO $IBHO TMOJIyYUTh PEIIEHUS MPOU3BOJBHBIX
ypaBHeHUN 2 -#, 3 -W U 4 -i creneHen. Tak, PyHKIUS 3 -X MepeMeHHBbIX a,

b, C - pelleHHe ypaBHEHUSI ax°+bx+c=0 - MOXKeT GbITb TOYHO BbIPOKEHA
C TIOMOLIBI0 CJOXKEeHWS, YMHOXeHHsd, JefleHUss U (QYHKUM OJHOrO
MepeMeHHOr0 - KBaJJpaTHOTO KOPHSL.

Bompoc: MOXHO /M TIpeACTaBUTH pelleHue mwboro anredbpanueckoro
YPaBHEHHUs C TOMOIIBK PaJIUKanoB, OBl OKOHUYATENBHO U OTPHULIATE/ILHO
pemien AbGenem u [anmya - y)Ke ypaBHeHUs 5 -U CTelneHU HepaspellMEbI B
pajuKanax.

Bce xe MOXXHO mofOUpaTh Apyrue MpocThie (GYyHKUUU HeDOBIIOro uucia
MepeMeHHBIX - CI0KHEee, UeM pajiiKasibl, HO Tpoile, uyem obipe peleHus
YPaBHEHUN BBICOKUX CTeTeHei. YAacTCs /M C TOMOIIBI0 3TUX (PYHKITUU
MOCTPOUTE peleHHe ar00oro ypaeHeHus? Bompoc Obl1 HACTOMBKO BakeH,
uyto ['MnLbepT B crivicke cBOUX npobieM, KOTOpLIE, N0 €r0 MHEHUI), JO/DKHBI
OblI  ompeaensTh pa3BUTHe MaTreMaTHKH XX Beka, 1o HOMmepoMm 13

MOMEeCTH/ CIeAYIOLIYIO 3ajauy:

[TpecTaB/sieTCst M KOPEHb YPaBHEHU S
x/+ax3+bx%+cx+1=0

(kak dyHKIMSA KO3(PDOUIMEHTOB) Cyreprno3uiiuell Kakux-11u00 HermpepbIBHBIX
(GyHKIIUI IBYX TePeMEHHBIX?
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Hnst ypapHeHU 5 -H U 6 - CTENEHM Takoe MpeCTaBJeHUEe BO3MOXKHO He
TOJIBKO C TIOMOIIIBI0 HEMPEepPbIBHBIX, HO Ja)Ke aHATUTUYeCKUX QyHKIUHA.

Oxka3anoch nose3HbIM abCTParupoBaThCs OT YPABHEHUM U MOCTAaBUTh 001MiA
BOIPOC: MOXXHO JTH TIPOU3BOJIBHYIO HEMPePLIBHYIO (PYHKL[MIO N MepeMeHHbIX
MOJYUUTE C TIOMOMILIO OTepaluil CI0KeHUs, YMHOXXEHUS U CyNeprio3uijuu
W3 HemnpepbiBHBIX (yHKUMI JByXx mnepemeHHBIX? OTBeT o0ka3asncs
nojoxutenbHeiM! B cepun pabor [1.1, 1.2, 1.3] A.H.Koamoropos, 3aTem
B.U.Apuonba 1 BHOBL A.H.KonMoropoe pemmau 3Ty mpobiemy: MOKHO
MOMYUYUTE MHO0OYI0 HempepbiBHYK (YHKIUIO 1N MepeMeHHBIX C TTOMOIIB
omeparuii C/I0KeHUS, YMHOXEHUs U CYIepro3WUllMd U3 HelpepbIBHBIX
(yHKIIUI OIHOTO TTepeMeHHOTO0.

[Mocnegusas teopema A.H.Konmoroposa [1.3] u3 3TOMl cepuu HaCTOJ/BLKO
MpOCTa W U3SIHA, YTO MBI UyTh [O3Ke MPUBEJEM ee LeTMKOM. A mokKa -
HECKOJIBKO 3aMeUYaHU# O YCJIOBUSIX TEOPEMBL.

OT yCnoBHUSL HeENpepblBHOCTH MOXKHO OTKa3aTbCAd - TOTAa IIOAYyYHTCA
JOBOJIbLHO TPUBHWA/IbHbIA  pe3ylbTaT CBfi3aHHbIA, T10 CYILIECTBY, C
PAaBHOMOIIHOCTBIO OTpe3ka U Kyba mwoboii pasmepHocTH. YcioBue
HeIPepbIBHOCTH He/b3sl 3HaYMTe/IbHO YCU/IUTh: CYIECTBYHOT aHa/TMTHUEeCKHU e
GYHKI[MU MHOTHX MEpPeMeHHBIX, KOTOpPble He [OMYCKAIT MpPeACTaBIeHUs C
MOMOIIIBI0 CYMEpro3UIUi aHAaTUTUUYEeCKUX (YHKUMN [IBYX MepeMeHHBIX.
Bonee Toro, Bce 1 pa3 HenpephiBHO gudxpepeHiiupyeMble (YHKI[UH TpeX
MepeMeHHBIX HeMb3sl MPeACTABUTH B BHUE CYMEpPHo3uuuil (GyHKUUN [AByX
MepeMeHHbBIX, KaKaash U3 KoTopbix auddepeHuupyema [21/3] pa3 u Bce
yaCTHBIE TIPOM3BO/IHbIE KOTOPBIX ToOpsAaka [21/3]  yoOBIETBOPSIOT
ycnoButo Jlunumia (BelpaxkeHue [21 /3] o03HauaeT LeNyw 4acTb YKC/IA
21/3). 310 pokazano A.I,Butynkuusim [1.4].

A Ternieps - TeopeMa Konmoropoea, 3aBepimBIiiasi CEPU0 UCCeA0BaHUN /1St
HerpepbIBHBIX (DYHKIIWA:

Kakpas HenpepbiBHasA (yHKIUs n MepeMeHHBIX, 3aJjaHHas Ha eJUHUYHOM
KyDe n -MepHOro nNpoCcTpaHCTBa, pejiCTaBUMa B BHJe

n+1 n

e T A Z g Zgﬁ[;rpj (1)
g=1 =1l
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e dyukiuu fig( 7t ) HernpepbiBHbI, a hyHKIMH l,.?‘g(;l‘p) , KpOMe TOro, erie u
CTaHJApTHBI, T.€. He 3aBUCAT OT Bbibopa dyHKiMu f.

B uwactHOCTH, KaxKpasi HerpepbiBHash (QYHKIUS [BYX IePeMEHHBIX X, V
npejCcTaBUMa B BHUJE

flzy) =Y hqleg(z) + (1)), @

g=1

Hoka3aTenbCTBO HACTONBKO MPOCTO, M3SAIHO W TOYYUTENBHO, UTO MBI
MpUBEJEM €ero TpakTHYeCKu TMOMHOCTBI [ Ciaydas n=2, cieays
n3noxenurw B.U.ApHonppa [1.5]. Bo3moxkHocTe mnpegacraBnaeHus (2)
[I0Ka3bIBAeTCsl B HECKOJTBKO TArOB.

1. '"Buyrpennue" dynkuuu O,(F) wm  10,(¥) npeacraBnenus (2)

COBEPIIEHHO He 3aBUCAT OT pasnaraemo GyHkuuu f(xr, 1.

HOns  onpegenenus 3Tux (yHKUUI HaM TOHAJO0STCS  HEKOTOpbIE
NpeIBapUTeNbHbIe TTOCTPOeHUusi. PaccMoTpuM m3o00pakeHHBIH Ha puc. 1.8
"ropoa" - cucTeMy OAiMHAKOBHIX "KBapTaioB" (HemepeceKatoIMXCsl 3aMKHYThIX
KBAJIpaTOB), pa3/leJIeHHbIX Y3KMMU 'YIUI[aMU" OfHOM W TOW )K€ IIMPUHBI.
YMeHbIIMM TOMOTETMYHO Haml 'ropof” B /N pas; 3a LEHTP TOMOTETHH
MOXXHO TIDHHSITb, HArpuMep, TOUKy | - MbI MOJyuuM HOBBII" ropox”,
KOTOpbId Oymem Ha3biBaTh "Topomom paHra 2". "Topop paHra 3" TOUHO Takxke
nonayyaetrcda W3 'ropoga paHra 2" TOMOTeTUUHBIM YMeHBbIIIEHUEM C

|

KO3(hUITMeHTOM TOMOTEeTHU N "'ropog paHra 4" mnosayuaetcs
TOMOTETHUYHLIM YMEHBIIIEHUEM B N pa3 'ropoga paura 3" u T.n1. BooOie
"ropox paHra } " moay4aeTcs U3 MCXomHOTO 'ropoga" (KOTOpbii MbI Oymem
Ha3bIBaTh 'TOPOJIOM TEPBOTO paHra") TOMOTETHYHBIM yMEHbIIEHUEeM B [\

pa3 (c ueHTpoM romoTeTuu B A ; BpoueM, BbIOOP 1{eHTPa FOMOTETUH He
CYIIECTBEHEH [UIs [aTbHeiIero).
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I || | | | L

%

BN | || N

Puc. 1.8. Cucrema kBapTanoB

[MocTpoennyio cuctemy "ropomoB" mMbl Ha3oBeM 1 -l cuctemoii. 'Topop

neporo panra f -# cucrembt" ( g —2.....5 ) monydaercs u3

n3obpaxeHHOro Ha puc. 1.8 'ropogma" npu MOMOLM Tapasaae/bHOrO

mepeHoca, COBMEIAIIEro TOUKy £ ¢ TOUKoii Aq. HeTtpygHo moHATH, UTO
"ynuuel" "ropopa” MOXKHO BbIOpaTh HACTOJIBKO Y3KMMHU, UTO KaXK[ash TOUKA
TIJIOCKOCTH OyZ1eT MOKPBITA M0 KpaiiHel Mepe TpeMsi KBapTajlaMU HallMX ITSTH
"ropogoB nepBoro paHra'. TouHo Tak e '"ropop j- -ro paHra" f -i cUCTeMbl
(k=23 ..:9g—=2,..,5) nonyuaercst u3 "ropoga }. -ro paura 1 -i

CcUCTeMbl" TapaaienbHbIM MepeHOCOM, MepPeBOAALIMM TOUKY Aif B TOUKY

Ag, e Ai[ " Ag nonyqarotca u3 Touek Ay m A, romorerneii,
nepeBopseil "ropog mepeoro paHra" 1 -i cucTteMbl (T.e. Halll UCXOAHBIH
"ropog”) B "ropof j -TO paHra" TOM >Ke CHMCTEeMbl; TIPU 3TOM KayK/as TOUYKa
MIJIOCKOCTH Oy#eT MpHHAa/A/Ie)KaTh KBapTajaM Mo KpallHeil Mepe Tpex U3 IMATH
"ropomoB" mr060ro PUKCUPOBAHHOTO paHra f: .

DyHKLUIO
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MBI OTIpefeuM Tenephb Tak, uToObI OHa pa3gensia mwobble ABa "kKBapTama"
Kakaoro 'ropoma" cuctemsl {f, T.e. uTOOBI MHOXXECTBO 3HaUe€HUM,

npunnmaemsix P, (r, /] Ha ompegeneHHoM 'kBapTame" 'ropoga j:  -rO
paHra" (3mech } - MpPOU3BOJIbHOE (PUKCUPOBAHHOE UMCI0) & -H CUCTeMBI,

He Mepecekasoch C MHOXKECTBOM 3HaueHuil, nmpunumaembix Pq(r, ) na
mobom zapyrom "kBaptane" Toro ke "ropoga’. Ilpu 3TOM Ham, pasymeercs,

OymeT [oCTaTouHO paccmaTpuBath QyHkimio P,(T, Y] Ha eguHUUHOM
KBajipaTe (@ He Ha BCe MI0CKOCTH).

Onst toro, urobel ¢ynkuus P.lr,y) = @six) + 10,(y) pasgensina
"kBapTanbl" 'Topoga MepBOro paHra', MOXKHO TioTpebOBaTh, Hampumep,

uToBBI (7, (7] Ha npoekyusx "kBapTanos" "ropoga” Ha OCb ¥ BECbMa Majo

OTNMYanach OT pa3MWYHBIX LeNblX uncen, a 1/(%y) Ha mnpoekuusx
"KBapTanoB" Ha 0Cb I/ BeCcbMa Majio OT/MYagach OT pas3/IMUHBIX KPaTHLIX

V2 (60 1 + nyv'2 = m' + n'\/2 npu uensix m, n, ', p', MIb

ect 113 — .’ ,n — n' ). [Ipu 9TOM Ha/loXKeHHbIe YCIOBUS He ONPe/esIsioT
MoKa emje, pasymeercst, GyHKUUHA (2,(7) 1 1/5( Y] (Ha "ymuax" QyHKus

Dz, y) = @q(x) +14(y) BOOGWE mNOKa  MOXET  3a7aBaTLCA
COBEpILeHHO TPOU3BOJBLHO); MCIOJBL3Yd 3TO, MOXHO MOA06paTh IpaHUL[bI

3HauUeHU# (7,(7) u 1)(Y) Ha "kBapramax" 'ropoga BTOPOro paHra" Tak,

utobel  dynxiua  Pglr, ) = @a(x) + Wy y) paspensna He ToMBKO
"kBapTansl" 'Topoga 1 -ro panra', Ho 4 "KBapTanbl" "ropoga 2 -ro panra'.
HameuenHyw mnporpamMMy MOXHO OCYIECTBUTh, ecid [\ [JOCTAaTOYHO
BEJIMKO (TaK UTO KBapTa/bl MOC/AeVIOIMX PAHTOB He COeJUHSIT KBapTabl
npeasiayumx). A.H. Konmoropoe eeibpan [ — |&. [IpuBnekas nogo6HbIM

ke 00pa3oM K pacCMOTpeHHIO 'Topofa’ TMoc/eAyHLMX PaHTOB U YTOUHSS
KaXkabli pa3 3HaueHust GyHKumit 04[] u 1,(¥), mbl B pegene nonyuum

HerpepbsiBHbIE (DYHKI[UU L,JqI:T] U i;'fql:’y,'l (MOXXHO fake moTpebOBaTh,
yTOOBI OHM OBIIM MOHOTOHHBIMH), VIOBJIETBOPSIIOIME TOCTABJIEHHBIM
YCIIOBUSM.

2. dynukuuu fig(2t) pasnoxxenus (2), HaMPOTUB TOTO, CYILIECTBEHHO 3aBUCAT

37



Unknown Hefipoundopmarika
OT UCXOAHOM QyHKUUKU [z, ).
rHJ’IFI IMOCTPOEHHA 3THUX Cl)yHKL[Hﬁ JOKa)KeM T1pexjae BcCero, 4To J'[IOﬁyIO

HenpepbIBHYIO QYHKUUIO | (i, 1/) ABYX IepeMeHHbIX © U 1 , 3a/JaHHYIO Ha
eJMHUUHOM KBaJipaTe, MOKHO MpeACTaBUTh B BU/Jie

L]

fla,y) =) h{(@y(z,9)) + filz.y) @)
g=1
e P,lx, ) = @q(x) + 15(y) - dynkuuu, nocTpoeHHsle Bbille, U
5
M, = max |fi(z,y)| < max|f e | = G;’\L (37a)

max ht';rl:'(iI?q(I;y]) < =M, (3/6)

L~.-||—LC5I'L'."I

i R

Breibepem panr j: croas Oonbimm, uToObl KoebaHue (T.e. Pa3HOCTh

Hau6Oo/bIIer0 ¥ HaMMEHBINero 3HaueHWi) GyHKUuM f(r, 1) Ha KaXkJOM

"kBapTane" n000ro u3 'TOpoJOB paHra j- " He MPeBOCXOUJI0 EM ; 3TO

d3yMeeTCsd, BO3MOKHO, TdK KdK C POCTOM pdHTa asMepnl " KBapTajoB"
t H

(271 o
YMEHBIIAIOTCSA HeorpaHH4YeHHO. ,[[anee, nycre . onpejieneHHbIH

o

"kBapTan" "ropoma 1 -# cuctemsl" (M BbIOpaHHOrO paHra J ); B TAKOM Caydae

(nenpepbiBHas) dyHkuua Py [;1', 7| TpHHMMaeT Ha 3TOM 'KBapTane"
{29) -

3HaueHU s, IpUHaAIeXKalye onpefeleHHOMY CeTMeHTY ﬂ.L ! uncnooit ocu

(mpuueM B cusy omnpefeneHust GyHKUUU D) ITOT CerMeHT He MepeceKaeTcs

C cerMeHTaMH 3HaueHUM, MpUHUMaeMbIX ) Ha Bcex Apyrux "KBapTanax'").

(1) ]
[Moso>xuM Tereps QyHKIUIO h] Ha CerMeHTe .& MOCTOSIHHOMN, paBHOM

|

E 3HauUeHus, TIpUHMMaemoro QyHkuuel  f(x,y) B Kakoi-1ubo
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- - arlif) (27)
(be3pa3nmuuHO Kakoil) BHYTPeHHEeH TOUKe Jfl KBapTana ji,; =~ (3Ty TOUKy
MO)XHO Ha3BaTh "lIeHTpOM KBapTana'"). Takum ke oOpa3om Mbl Orpeaesum

018
clJyHKU,Hm hi " Ha mrobom JPYrOM M3 CerMEHTOB, 3aJjaBaeMbIX 3HAYeHHAMHU

"o

ropoga . -ro paHra" 1 -ii CUCTeMBbl;

1

MIpU 3TOM BCe 3HaYeHUSs hg“ OyayT 1Mo MO0 He TTPeBOCXOJUTh EM (u6o

GbyHKI U tI)l(;r, y:] Ha "KBapTasax

3HaueHue f(x,y) B 'HeHTpe" moboro "kBaprana' MO MOAYIO He

1]
npeBoCcxoguT A ) ,Hoonpe,qEJmM Ternepb clJyHKuHED hﬂ I:T_[] npu Tex
3HAUeHUSAX apryMmeHTa 1ii, HPHU KaKMX OHa ellje He OIpeJeneHa, IPOU3B0OJIbLHO,
C TeM /UL, 4ToObl oOHA ObLia HelpepbeIBHA H uTOOBLI BBIMIOJHAIOCH

nepasenctBo (3%); CoBeplIeHHO aHAMOMMUHO OMpeAeNUM M BCe OCTAIbHBIE
(1) [l =
ynxiuu iy (u) (g =2,...,5).

HoxaxxeM Ternepb, UTO Pa3HOCThb

(1)

hq (Pqlz,y))

[7en

flz,y) = flz,y) — L

q

a 5 B
VIOBJIETBOPSET yCA0BHUIO (3°), T.e. UTO |_ﬂ [.T[], y“” = Eﬂ-f, e (g, yo) -
MPOM3BOJIbHAsA TOUKAa eIMHUYHOTO KBaJipaTa. JTa TOUKa (KaK U BCE TOUKH
TJIOCKOCTU) TPUHAJJIEKUT TI0 KpailiHell Mepe TpeM KBapTajiaM 'TOpPOZOB

paHra }- ", MO3TOMY 3aBeJOMO HAMJyTCs Takue TPU W3 MSATU QYHKIUM

Jrl:l:' i) I;f <
1, (®,(x, )], KOTOpBIe MPUHUMAIOT B TOUKE (I, Y] 3HaUeHHe, PaBHOe

|

E sHaueHus f(x, 1) B 'IeHTpe" COOTBETCTByIOLIero 'KBapTaza", T.e.

1
OT/IMYAIOIIeeCs OT %ffrtl: Vo) ne Gonee uem Ha EI\[ (mbo konebaHue
1
f(x,y) Ha KaXJOM KBapTane He MPEBOCXOAUT EM ); CyMMa 3THX Tpex
3HAYeHUN hé“ (@ (. 4, )) Oyser otmmuateest o1 f(xy, yg) MO Moaymo

He Oonee uem Ha Ehl A Tak Kak KaKJoe M3 OCTABHIMXCHA ABYX UMCEN
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1

hé“[f[lq(x[h-y[,:]:] B cuny (3) mo Moaym0 He TPeBOCXOJUT EP*’"I TO MBI

mojydaem:

a2
=
—_
Il

1
|f1 (0, wo)| = Zh'l (®q(20,10))| < oM +

uTO U AoKaseiBaer (39).

[lpumeHum Temepb TO e pasnokeHwe (3) K Bxogsimed B (3) QyHKUIMH

f1(x, 1) ; MBI mOMyunMm:

= T RV i

g=1

flz.g) =Y (@, (z,v +Zh""q@ (z,9)) + fa(z, v),
=]
e

5 £y 2
5
Mo = max|fg(.r y]l < Gﬂfl = (E) M

H

| A

o o Sl
max |2 (@, (. y}}| < <My

(=2 em ).

3aTeM Mbl IPUMEHUM pasnioxkeHue (3) K oydeHHOH QyHkunu fo(x, y) U
T.[.; TIOCJIe 73 -KPaTHOTO MPUMEHEHUs 3TOr0 Pa3ioXKeHus Mbl OyeM UMeTh:
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-

0= T HO @) + 1 WO @ylas) + folan) +

g=1

e 2 h;”_lj'[@q(;r, )+ folz, y),

g=1

e

M, =max |fa(z,9)| < ()" M

u

(5] =i ys—1
max hy (Be(z.¥))| £ 5-(5) M (
gi= 30 =1l Gim=1)

HOCJ’IEAHI/IE OLl€HKH TTOKA3bIBAIOT, UTO IIPH 1} — O IMOJTYUHM!

i) = th (T, 1)) +Zh (@, (z,¥)) + falz.v) + ...

e CTOSIMI cripaBa OecKOHEUHBIN psfi CXOAUTCS PAaBHOMEPHO; TakkKe U
KaXK/IbIA U3 TISATH PSZIOB

heY (®4(2,9)) + BD (@4 (x, 1)) + AT (@4 (x, ) + .. (
q = 1,,2 A 5)

CXOOUTCA PABHOMEDHO, UTO ITO3BOJIAET BBECTH 0603HaueHUs

ha(u) = AP + A3 + L+ ALY +
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HT&K, OKOHYATE/IbHO IToJy4ddeMm:
F@) =3 he(®u(z.0) = 3 hy [0,(x) + ¥, (v)],
g=1 g=l

TO ecTb Tpebyemoe pasnoxeHue (2).

HNo cux mop peybr LUla O TOYHOM MpejCTaBAeHUH GYHKIMH MHOTHX
MepeMeHHBIX C MOMOIIBI0 GYHKIUE OfHOTO TepeMeHHOro. Oka3anochk, UTo B
K/1acce HerpepbIBHBIX (YHKIIMI Takoe Mpe/cTaB/ieHue BO3MOKHO. Ho kpome
BOMpPOCa O TOYHOM TMPEJCTaBJIEHUU CYLIECTBYeT emle OoguH - 00
anmnpokcuMmauuu. MOXKHO [axke TIPeArnoNoKUTb, UYTO OH BakHee -
BbIUKC/IeHWe OO/MBIIMHCTBA (QYHKUUNA TPOU3BOAUTCA TNMPUOIMIKEHHO JaXke
MPU HAJTMUKUH "TOUYHBIX" OPMYIL.

[Mpubnuxenue QGyHKIUH MHOTOWIEHAMHd W PalMOHANbHBIMU (YHKI[USAMH
UMeeT WCTOpuio, eme Gosee AaBHIOW, uYeMm mpobiemMa TOUHOTO
npejcTaB/ieHus. 3HaMeHWTas Teopema Beiiepuirpacca yTBep)KJaeT, uTO

HeMnpepeIBHYIO (YHKI[UI0 HECKOJIbKUX MepeMeHHbIX f(x1,a2, ..., &, Ha
3aMKHYTOM OrpPaHMYeHHOM MHOJXKeCTBe () MOXKHO PaBHOMEpHO NMpUOINU3UTH
N0C/1e0BaTe/TIbHOCTBIO MOJTMHOMOB: /1l 1100010 = = () CyLIeCTBYeT Takoi

MHOTrOWw1eH P(xy, T2, ... L, ), 9TO

Rup | fZi; Ta, B ) = BlEy; 2, )| <&

Yrobwl chopmynupoBaTs 0000IIeHUST U yCHUIeHUsT TeopeMbl Beiiepmirpacca,
HeoOXolMMO MepeiiTi K HeckoibKo Oosee abcTpakTHOMY si3bIKY. PaccMoTpum
KOMITaKTHOE TMPOCTPAHCTBO X W anredbpy C (X) HenpepbIBHBIX (DYHKIIUA Ha

Xc BelleCTBeHHBIMH 3HAYEHHWAMH.

CunbHbIM ~ 0006IIEHMEM TeOopeMbl O BO3MOXXHOCTH PaBHOMEDPHOTO
npubAMIKeHUs1 HeMpephIBHBIX (PYHKIMI MHOTOU/IEHAMH SIBISIETCS Teopema
Croyna [1.6, 1.7]:

IMycte |, C C,‘.[f}{j - 3aMKHyTas noganrebpaB C (X), 1 & [ u ¢yHkuu us

F pasgensoT TOYKM B X (TO ecTh i oObIX pasnuuHbix 1,7 = X
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cymjecTByeT Takasi dyHkuus g & £, uto gix) # g(v) ). Torna E=C (X)

Teopema CtoyHa 06061iaer Teopemy Beiiepiirpacca o ByM HarlpaBeHUSIM.
Bo-nepBeix, paccMaTpuBalOTCs (PYHKIIMM Ha MPOU3BOJBHOM KOMITAKTe, a He
TOJMBKO (YHKUMU MHOTMX [JeMCTBUTENBHBIX MepeMeHHbIX. Bo-BTOpPbIX,
[I0Ka3aHO yTBep)K/eHue, HOBoe Aaxe st QyHKIIUI OJHOr0 epeMeHHOro (He
TOBOPSl Y’K€ O MHOTUX): TMJIOTHO HE TOJBKO MHOXECTBO MHOTOWIEHOB OT
KOOP/IMHATHBIX (YHKIIUH, HO BOOOIE KOMBI[0 MHOTOYIEHOB OT J00O0ro
Habopa dyukuuii, pasgenstoumx Toukd. CreJoBaTeNbHO, TJIOTHO
MHO>KECTBO TPUTOHOMETPUUECKUX MHOTOUYIEHOB, MHOXXECTBO JIMHEMHBIX
KoMOMHanui QyHKUUM BUja exp [- (x-%4, Q0 (x-xq) ) 1, e (x,0x) -

TIOJIOJKUTE/ILHO OTpeJieieHHast KBajipaTuuHas gopma u Jp.

Ian pelent KOHCTPYMPOBAHUSI TakuX 0OO0OIIEHUI: [AOCTATOUHO B3ATh
TPOU3BOJIbHBIA HA00p (GYHKIMH, pa3fensiolMX TOYKHA, TOCTPOUTH KOJIBI[O
MHOTOU/IEHOB OT HUX - U MTOJIYUUM M0THOE B C (X) MHOXeCTBO (PYHKI[UIA.

Pa3nokeHusi o OPTOTOHA/NIbHBIM cucTeMaM GyHKUuM (pagbl dypbe U uX
MHOTouucaeHHbie 00001eHUs) He AalT, BOOOIIe TOBOps, PaBHOMEPHOTO
npubiuMKeHus  pasnaraeMbix GYHKUME - KaKk TPaBUIO, MOXKHO
rapaHTUPOBATh JIMIIIb MOHOTOHHOE CTpPeM/IeHHe K HY/II0 MHTerpasaa KBajipaTa
octatka "yHKIMS MUHYC TIpUOMIKeHHe" C Kakoi-11ub0 MO0>KUTe/TbHOU
BecoBou (yHkiuel. Bee e, oOpamascs K 3ajjaue anmnpoKCMMalluu, HeJb3s
3abbiBaTh 00 OPTOrOHANBHBIX pasznokeHusix. [list psa MPUKIAAHBIX 3a7a4
MpOCTOTa MoJTyueHust KO3(hPUIUEeHTOB TAaKOTO Pa3/I0XKEeHUsI MOXKET OKa3aThCs
Ba)KHee, UeM OTCYTCTBHe rapaHTHPOBAHHOW PaBHOMEPHOCTHU MPH BIMKeH U .

Tak cymecTByloT i (QyHKIIUM MHOTMX MepeMeHHbIX? B KakoM-To cMbIcie -
7a, B KAKOM-TO - HeT. Bce HempepbiBHBIE (YHKIUM MHOTUX TEPEeMEHHbIX
MOTyT OBITH TIOJY4eHBI U3 HeNpephIBHBIX (QYHKI[UI OJHOTO MMepemMeHHOro C
TIOMOIIIBI0 JIMHEHHBIX orepanuil u cynepnos3uuuu. TpeboBaHus mMagkoCTy U
aHATMTUYHOCTH CYIIECTBEHHO YCIOXKHSIOT Bompoc. Ha 3tom done
COBEPIIEHHO HEO)XXH/JaHHO BBIIIAUT TOT (JakT, uTO /000 MHOTOWIEH OT
MHOTUX TEePEeMEeHHBIX MOXXeT ObIThb MOJIydeH M3 OJHOTO TMPOU3BOJBLHOTO
HETMHEeIHOTO MHOTOY/IeHa OT OZHOTO TEepPeMEeHHOTO C TTOMOMIBI0 TUHEeHHBIX
onepanuii u cyneprno3uuuu. [IpocTtoe goKa3aTensCTBO 3TOH Teopembl Oyaer
JaHo B pa3gene 6.
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YHuBepcasbHble  amnmpOKCUMALIMOHHBIE  CIO0COOHOCTU
NPOU3BO/ILHON HeMHeliHOCTU U 0000llleHHass Teopema
CtoyHa

B 3Tom pa3sgene s MHOXECTB HEMpPepPbIBHBIX (YHKIUM, 3aMKHYTBIX
OTHOCUTENMBHO MH000W HeMMHEeHHOUW omepanuu (a He TOJIBKO [Jis KOmell),
Joka3aHa o0obuieHHass anmnpokcumalMoHHas Teopema CToyHa. 3TO
WHTEPIPEeTUPYeTCs Kak yTBepXK/eHue 0 YHUBEPCATbHBIX
anmMpOKCUMALIMOHHBIX BO3MOXXHOCTSIX TPOU3BOJIbHONW HEJIUHEHMHOCTH: C
MOMOIIBI0 JIMHEMHBIX OTepaliii ¥ KacKaJHOTO COEJUHEHHS MOXKHO W3
NPOU3BOJBHOTO  HEJIUHEMHOTr0  3/IeMEHTA  MOJYYUTh  YCTPOMCTBO,
BhIUMC/SIIONIEe JI0Oyi0 HempepeiBHYHO GYHKIUIO C /1000  Hamepe[
3aZlaHHOM TOYHOCTBIO.

PaccMOTpUM KOMMAKTHOE TPOCTPAHCTBO X U anredpy C (X) HernmpepbIBHBIX
(GyHKU M HA X C Bel|eCTBeHHBIMHM 3HAaYeHUSIMU.

Kpome anmpokcumanuu (QyHKIHA MHOTOWIEHAMH U WX 0000IIeHUsSMU U3
Kostel] (QyHKUMU, pa3je/sitolMX TOUKMU, B TMOCaeaHee Bpemsi Bce Oosibliee
BHUMaHUEe YAenseTcss NpuOMKeHU0 GYHKIUI MHOTHX MEePeMeHHBIX C
MOMOIIBIO JIUHEWHBIX Omepaluid W Cyneprno3uiuil  GyHKI[UHA OfHOTO
nepemeHHoro. Takoe mnpUOIMIKEHUE OCYIIECTB/SETCS —CreliualbHbIMU
dopmManbHBIMU  "yCTpOWCTBAaMHM'" - HEMPOHHBIMU CeTsMU. Kakjgasi ceTb
cocTouT u3 (opMasibHBIX HeMpoHOB. HelipoH mosyuaeT Ha BXO4e BEKTOP
CUTHAJIOB X, BBIUMC/ISIET €ro CKa/lsipHOe MPOU3Be/jleHue Ha BeKTOD BeCOB a U

HEKOTOPYK ~ (yHKIMIO OHOTO TepeMeHHOro  (o(x, ). Pesynsrar
PacChIIaeTCsl Ha BXOJbl APYTUX HEHPOHOB WMJU TepefaeTcs Ha Boixof. Takum
obpa3om, HelipOHHbIE CeTU BBIUMUC/SIOT CYIMEPTO3UIUU TIPOCTBIX (PYHKITUU
OJJHOTO MEepPeMeHHOTO U UX JTMHeHHBIX KOMOUHAI[1H.

Hokazan psig Teopem [1.8, 1.9, 1.10] o6 anmpokcMMaiiuv HerpepbIBHBIX
(GyHKIUIT MHOTUX TepeMeHHBIX HeHPOHHBIMHM CeTSIMH C HMCI0Ib30BaHUEM
MpaKTUUeCK! MPOU3BO0JIbHOM HerlpepblBHON (YHKIIUM OJHOTO MepeMeHHOro.
B panHOM pasgenie Mbl MOKa)KeM, U4TO 3Ta (QyHKUUS JeHCTBUTE/NBHO MOXKET
ObITE  TIpOM3BOMBHOM U JoKaeM 0006menHyl0 Teopemy CToyHa,
ecTeCTBeHHBIM 00pa30M OXBaTHIBAKOMIYI0 U KIacCHuecKyr Teopemy CToyHa,
U anmnpoKCUManui (YHKUUHA MHOTHX TepPeMEeHHBIX CYMeprno3ulusMU U
MUHEHHBIMA KOMOWHaLMAMU GYHKIMH OJHOTO TTePeMEeHHOTO.
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Yrto0bbl monyunTs Tpebyemoe 0b600IIeHMe, TTEpeiiieM OT paCCMOTPEHUs KOJIel]
GyHKIIUHE K U3y4eHHUI0 UX aarebp, 3aMKHYTBIX OTHOCHUTE/JBHO HEKOTOPOU
HeJIMHeMHOW YHApHOU omepaliuu.

Iycts | C,‘.[:}{) - JIMHEeWHOe TpOCTpaHCTBO, C (R) - TPOCTPAHCTBO
HerpepbIBHBIX (yHKUMHA Ha fgeiictButenvHoi ocu R, [ & C(R) -

HenuHelHas QyHKius u s moboro g & [ BbImoONHEHO f(g) ck.B

3TOM ciyuae OyieM rOBOPUTh, UTO E 3aMKHYTO OTHOCHUTE/IbHO HeJUHeHHOM
yHapHOU omepayuu f.

OueBUJHBIN TIpUMEpP: MHOXeCTBO (yHKI[UM 1 TepeMeHHBIX, KOTOpbIe
MOXXHO TOYHO TIpeJCTaBUTh, HCIOMb3ysl 3aJaHHYIO (QYyHKIUI OJHOrO
MepPeMeHHOT0 U JIMHelHble yHKI[UU, SBJISEeTCS TMHEeHHBIM TPOCTPAHCTBOM,
3aMKHYTBIM OTHOCHUTE/IbHO HeJIMHeHHOUW YHapHO# onepanuu f.

3ameuanue. J/InuneitHoe npocTpancTeo |, T C,‘.[f}{j 3aMKHYTO OTHOCHUTE/IbHO

2

HeMMHeNHoW onepaluu f (x) =x“ TOLAA U TOJIBKO TOTJQA, KOTrAa E SIB/sSeTCA

KOJIBL[OM.

HelicTBUTENBHO, fg= % [ff g e gz] MO3TOMY  AJist

nUHeHHoro mpoctpaHcTBa | C C[f}{) 3aMKHYTOCTb  OTHOCHUTE/TbHO
yHapHOW omeparuu f (x) =x? PaBHOCH/IbHA 3aMKHYTOCTH OTHOCHTEIBHO
npousBeieHus: QyHKIUH.

CornacHO mnpuBeeHHOMY 3ameuaHuio, Teopema CToyHa MOXeT OBITb
nepedopMyTHpPOBAHA TaK.

IMycts |, C,‘.[f}{j - 3aMKHYTOe JIMHEeWHOe TMOAMpPOCTPaHCTBO B C (X),
| =R i byHKIIUKU U3 E pa3ensitoT TOUKH B X U E 3aMKHYTO OTHOCHTE/TBHO
HeJIMHeMHOW yHapHO# onepanuu f (x) -x?. Torma E=C (X)

Hame o606mense Teopembl CTOyHA COCTOMT B 3aMeHe f (x)=x° Ha
MPOU3BOJIbHYIO HEeTMHEHHYIO HeNpephIBHYI0 (QYHKIUIO.

Teopema 1. Tlycts | © (X)) - 3amKHyTOe IMHeNHHOe MOANPOCTPAHCTBO B
C(X), 1 [, dyHkuuu u3 E pasfensiOT TOUKM B X U E 3aMKHYTO
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OTHOCHTebBHO HeNWHeiiHoW yHapHoW omepauun f C C(R). Torma
E=C (X)

[Hoka3zatensCTBO. PacCMOTPUM MHOXECTBO BCeX TAKUX i & C[Rj, 4yTO

p(k) CE, To ects ana moboro g £ [i BuimonHeno: plg) € k.

O6o03Ha4uM 3TO MHOXKeCTBO Py. OHO 0bnasaeT cneaylonMy CBOMCTBAMHU:

Py - MOJIyrpynmna OTHOCUTeNbHO CyNepro3suLuu GyHKIHH;
2. Py - 3aMKHYyTOe JIHHelHOe MOAMNpPOCTPaHCTBO B C (R) (B TOMO/OTMH
PaBHOMEPHOM CXOAMMOCTH HA KOMITaKTax);

1€ Peuid € Pelid(x) = x).

4. P BKIIOYAeT XOThb OfIHY HePepPbIBHYI0 HeTMHEeHHY (QyHKLIHIO.

w

HanvHeiiliee ciefiyeT U3 TeOpeMbl 2, KOTOpasi SIBJSIETCS, [0 CYIECTBY,
MOATOTOBUTETLHON TEOPEeMOU 0 MOMYyrpymnmnax QyHKIUM.

Teopema 2. Ilycte muoxecteo P & (C(R.) ymoBnersopsier ycnousm 1-4.
Torga P=C (R) .

,HOKEBHTEIIBCTBO OIMHUpaeTcsa Ha TPH JIeMMBI.

Jlemma 1. B ycnoBusix Teopembl 2 CYIIECTBYET JBaKAbl HETMPEPLIBHO

auddepenupyemas QyHkius g & | He ABASIOMIAACS TMHEHHOMN.

Iokasarenscteo. [lycThb 1{::{] c CK(R), vi(x)=0 mpum |x|>1,

f rv(x)dx = 1. PaccmoTpum onepaTop ocpesHenus

Inst nroboro = ~» () BEINOJHEHO: Jif(-_r) c P.

Neiicteutensho, f(x -+ y) € E ana kaxaoro dukcuposaHHoro y ((T..
KOHCTaHTbl MPUHAAIOXKAT E U E 3aMKHYTO OTHOCUTE/JbHO JIMHEMHBIX
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omepariii U cynepnosduuu (GyHkiuii). MaTerpan ch(_];:] TIPUHA/JIEXKUT
E, Tak Kak E SIB/ISIeTCS 3aMKHYTBIM JIMHEeWHBIM TOATIPOCTPAaHCTBOM B C (R) ,
a 3TOT UHTEeTpasl npemnenoM KOHEeUHBIX CYyMM.

D yHKIUS Jif('lt:l npuHagIexuT 7 (R) Tax kak

1 Ll
JEfEf-.r):ff(;r+y);'!-’ (%)d-y=ff(ﬂ:1‘< ;I) :
R ) ) E h

(HaMmOMHMM, UTO V — (JYHKI[MS C KOMITAKTHBIM HOCHTEJeM).

CymjecTByeT Takoe = ~» (), uto pyHkuus g — .J. [ He sBiseTcs nuHeliHOM,

nockoneky J-f — [ He sBnseTcs /HMHENHHOW, TMOCKOMBKY = — (),
MPOCTPAHCTBO JTUHEHHBIX (QYyHKI[UI 3aMKHYTO, @ T He SIBASeTCS JTMHEHHOU
¢byuxiqueit. Takum o6pa3oMm, B TPeANONOKEHUAX JE€MMbl CYILECTBYET

HenMHelHasa dynkqus g = P (7 (R:] , KOTOPYIO MOKHO BbIOpaTh B BU/IE
g-=-Jdef
Jlemma 2. IIycTh B yC/IOBUSIX TeOpeMbl 2 CYILECTBYET ABaXK/Abl HEMPEPLIBHO

mubdepenyupyemas byukuus g & P, He smaswoupscs nuHeiHou. Torga
byHkUsa g (x) —x? TIPUHAJJIEKUT P.

HoxkasatenbcTtBo. CyilecTByeT TOUYKa X, [J KOTOpOH g”(};nj o=,

O003HaUuM r(x)=2(g(x+xg) -g(xg)-xg"' (xg))/g""' (xg).

QOueBujHO, 4yTO

re P,r(0) =0, rr([]:l =l r”([lj =2t = ;{24-0(;{2). [TosTomy

r{ex)/e? — x*npu £ — 0.
[TockonbKy P 3aMKHYTO, Ioy4aeM:; QyHKUMUA q (X ) =x? NPHUHAJIeXKHUT P,

Jlemma 3. IlycTh B yCoBUSIX TeopemMbl 2 QyHKIUS q (X ) —x? TIPUHAJJIEKUT

p. Torga P siBAsieTCsl KONbLOM - jyuisi mobeix [, @ & F ux npoussegeHue

FEi=B.
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o 2 2
HokaszatenbcTBo. [elictBuTtensho, fq = % [(f +q)° — f* — gz] U, TaKk
KaK P 3aMKHYTO OTHOCHTEJBLHO CYMEpPHO3UL{UU W JIMHEHHbIX Orepauuii, To

raeE.

HNoka3aTenbCTBO TeopeMbl 2 3aKaHUYMBAeTCsl oOpalieHHeM K KIacCHYecKOu
Teopeme Beiiepirpacca o mpubamkeHU PyHKITUA MHOTOUIEHAMU: U3 JIeMM
1-3 cnepyet, 4TO B YC/IOBHUSIX TeopeMbl 2 P SBIAETCA KOMbIOM H, B
YaCTHOCTH, COZIeP>KUT BCe MHOTOU/EeHHI (KOTOphle nojy4yarorca u3 1 u id ¢
TOMOIIIBI0 YMHOXKEHHUS U TUHeNHbIX onepauuii). [To Teopeme Betiepmrpacca
oTCrOZa cinenyet, uto P=C (R)

Teopembl 1,2 MOXXHO TpPAaKTOBaThb KaK VTBEPXKIEHHS O YHUBEpPCaTbHBIX
anmpoKCHUMALIMOHHBIX CBOMCTBAX /000 HEMMHEHHOCTH: C TIOMOIIBI)
MUHEWHBIX OTepaluii U KaCKaJHOTO COeAUHEHUsI MOXXHO W3 MPOU3BOIbHBIX
HEJIMHEeMHBIX 3/IEMEHTOB TOJIYUUTh /1H000M Tpebyemblii pe3ynsrar C JjiH000M
Hariepe[] 3aJJaHHOW TOYHOCTBIO.

TouHoe TmipefCTaB/eHUe MHOTOY/IEHOB OT  MHOTUX
MepeMeHHbIX C TIOMOILbI0 OJHOTO MPOU3BOJILHOTO
MHOTOYJ/IEHa OT OAHOTO T[epeMeHHOr0, JIMHeWHBIX
onepaLyii ¥ Cyreprio3uLuu

B 3ToM pa3sgene wuccaefyrOTCS TOJIYTPYIINBL  MOIMHOMOB OT  OJHOTO
NepeMeHHOr0 OTHOCHUTeNBbHO cyneprno3uuuu. [lokaszaHo, uTo ecnu Takas
TIOJIYTPYIINa COAeP>KUT BCe MHOTOUJIEHBI TEPBOH CTENeHU U XOTs Obl OAMH -
Oosiee BLICOKOM, TO OHa BK/IIOUAeT BCe MHOrowieHbl. Ha ocHOBaHMHM 3TOro
(hakTa /10Ka3aHoO, YTO BCerja BO3MOXKHO MPEACTAaBUTL MHOTOUIEH OT MHOTHX
NepeMeHHBIX CYIepro3ULUsMU TPOU3BOJIBHOT0 HEeTMHEHHOr0 MHOrOu/eHa
OT OJJHOTO TIEPEMEHHOT0 U IMHEeHHBIX QyHKIUHA.

BepHeMcs K K/1acCHUUeCKOMY BOTIPOCY O TPeACTaBIeHUHM (YHKIIUH MHOTHX
MepeMeHHBIX C TTIOMOIIBI0 (YHKI[UM MEHBIIeTro uKncia nepeMeHHbIX. Cresyer
elrle pa3 3aMeTHUTh, UTO KJIACCUYECKUX BOTIPOCA CYIIECTBYeT He O/IUH, a [IBa:

1. MOXHO 7nM TMOAYyYUTb TOYHOE TIpeAcTaBjieHHe (YHKIIUM MHOTHX
TIepeMeHHBIX C MOMOMIBI0 CYTEepro3uljuu QYHKUUH MEHBIIero yucsaa
nepeMeHHbBIX?
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2. MOXHO /M TIONYY4UTH CKOJIb YrOAHO TOYHYKO amnmnpOKCHMALIUIO

GyHKIIMM MHOTMX TIepeMeHHBIX C TIOMOIIBK0 HEKOTOpeIX Oosee
TIPOCTHIX PYHKIIUHN U omeparjuii?

B pamxkax nmepBoro Borpoca ocoOblii HHTEepec NMpeACTaB/IsSIOT KOHCTPYKLUH, B
KOTOPBIX [jIsi TOYHOTO TPeACTaBieHus BCeX QYHKIUA MHOTUX MTepeMeHHbIX
UCITOJIb3YeTCs OAUH U TOT Ke Habop (yHKIUI1 OAHOrO MepeMeHHOrO.

TpagUIMOHHO CuuMTaeTCs, uTO 3TU GYHKIUM [O0/DKHBI HMETh BeChbMa
CreUuanbHbIA W JOBOJBHO JK30THUYECKWW BHJ, HarpuMmep, Kak B
obcyxgaBieiics Bbille TeopeMe Ko/iMoropoea, rme HMCIOJIb30BaIUCh
CYIIECTBEHHO Hemagkue QyHKIUH.

HampoTtus, cBo60oga B Beibope GyHKIIMIT OAHOTO TTePeMeHHOTO /1Sl PeleHus
BTOPOTO BOIpPOCa MPH TOM JK€ CamMoOorpaHuuyeHWH (oguH Habop GyHKIUi
OfIHOTO TIePEMEHHOTO - JJIsi TPUBIMIKEHHOTO TPeICTaBIeHUs BCeX MyHKI[UI
MHOTMX [€PeMEHHBbIX) OYeHb BejJWKa. [l 3TOro, Kak [MOKa3aHO B
NpeabpIAyIIeM pasfiesie, MOXHO HCIO/Ib30BaTh TPAKTHUYECKH Jit06yio
HeJTMHeHYI0 QYHKIIHIO U JOCTATOYHO BCETO OJHOM.

Ilanee [0OKa3bIBAIOTCS TEOPEMbl, OTHOCSIMECS K ITePBOMY BOIMPOCY (TOUHOE
npejcTaBaeHue). B UacTHOCTH, TIOKa3aHO, UTO MOXXHO TOYHO TPeACTaBUTh
mo6ol MHOTOWIEH OT MHOTHX TMepPeMEeHHBIX C TMOMOIIBK CYITepro3UIUii
NIPOM3BO/ILHOTO HEJAMHEHHOT0 MHOrou/eHa OT OJHOIO IepeMeHHOIo U
muHeilHbIX dyHkuuii. CnefopaTesHO 0COO@HHON MpPoNacTu Mexay 1-m u 2-
M BOTIPOCOM He CyiecTByeT. MIMeHHO 3TO 00CTOATeNLCTBO MOOYIUI0 Hac
BK/IIOUUTh B KHUTY JIAHHBIM pa3/ert.

[Tycts R [ X] - KO/IBL[O MHOTOWIEHOB OT OJHOTO TIePeMEeHHOr0 Ha/l ToJieM R,
B R[}{l - JIMHeWHOe MPOCTPAaHCTBO MHOTOY/IEHOB Haj R.

IMpegnoxxenrie 1. Ecnu E  3aMKHYTO OTHOCHTENBHO CYIMEpIIO3UI[UU
MHOTOU/IEHOB, COJEPXKUT BCE MHOTOU/IEHbI TIEPBOM CTEMeHW U XOTsA Obl OAUH
MHOTOWIeH p (x) creneHH m>1, To E=R[X].

IlokazaTesbCTBO. 3aMeTHM, UTO CTeleHb MHOTroWwieHa p' (x)=p (x+1) -

p(x) paBHa m-1, U p"(}() & [/, Tak Kak E COAep>XUT MHOTOQUIeHbI

neppoii crenenu (mo3tomy ¥ -+ |1 & fJ ), 3aMKHYTO OTHOCHUTE/IbHO
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cynepriosutuu  (mostomy plx + 1) € /1 ) W /1uHelHBIX omeparuii

(mosromy p'(x) € £ ).

Emm m>2, TO TOHWXKaeM CTeleHb C TOMOLILK) KOHEUHBIX PasHOCTeit
(mepexogum K p', p'' ¥ TJ.), MOKA He MOJy4MM MHOTOUWIEH BTOpPOM
cTernenu. BpluuTas M3 Hero JMHEHHYI0 YaCThb U YMHOXKAs HAa KOHCTaHTY,
nonyuaem: -2 < f. Tlostomy ans moboro f & F umeem f? & [ (Tk E
- monyrpynna). [laneHeliiee OYeBMHO: KaK HEOAHOKPAaTHO OTMEYanoch

BBILIIe, OTCHOAA caedyetT, uto s mobeix  f,g & /7 ux npousBejgeHue

fg & P a c moMoupl0 YMHOXEHHs U CI0XKeHMS MHOTOYJeHOB MepBOi
CTeNeHU MOPOXK/JAeTCs BCe KOIbI[o R [ X ].

[Mepeiizem K 3aziade mpeACTaBAeHUSI MHOTOUWIEHOB OT MHOTHX TEPeMEeHHBIX.
O06o03HauuM R [X1, ..., X, ] KOIbLJO MHOTOY/IEHOB OT Nn IepPeMeHHbIX

Haj nmoJjieMm R.

[Insi Kayk10T0 MHOTOWIeHa OT OIHOTO MepeMeHHOr0 BBeJieM MHOKEeCTBO TexX
MHOIOY/IeHOB, KOTOpbIe MOXHO BBIPa3uTh C €ro MOMOIBK, HCHOAb3YH
CyNeprno3uIiiuu U JiuHelHble QyHKuu. [IycThb p - MHOTOWIeH OT OfHOTO
IepeMeHHOro, Ep[xl, ..., X,] - MHOXeCTBO MHOIOYIEHOB OT N
TepeMeHHbBIX, KOTOPO€ MOXXHO TOJyYUTh U3 P WM MHOTOWIEHOB TEpPBOM
CTeneH, MpUHagneXxaumx R[X,, ..., X_ ], C NOMOLIEI omepanui

CyTIepriosviuvy, CJI0KeHHA U YMHOKeHHWUA Hd YU 0.

Cnepgyroupme [Ba TMpeAJoKeHUs [JaiT yioO0Hyw [ns  JanbHeHInero

XapakTepHu3aruo Ep (X1, ..., X,] ¥ Cc1egyroT HemocpejCTBEHHO H3
ompeaeneHui.
[Ipepnnoxenue 2. MHOXeCTBO Ep (X, ..., X,] aBjasgercs JIUHEHHBIM

MPOCTPAHCTBOM Hag R u st 11060ro MHOTOWIeHa g (xq, ... ,X,) U3
By Xlpbeles o, Y e BolXy i Xy

[Mpennoxkenue 3. [I1s DAHHOTO P CeMEHCTBO JIMHEWHBIX MOATIPOCTPAHCTE

L C R[X,.....Xu|, comepkammx Bce MHOTOUTEHBI MEpBOH CTEMEHH |
VIOBJI€TBOPSIONMX YC/IOBUIO
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ecmu E(Xq,-..,X.) € L, 1o plg(Xy,.... X)) €L,

3dMKHYTO OTHOCHUTEJIBHO HEPECE‘IEHHFI. MuHUMaNbHBIM T10 BKIHOUEHHIO

3JIEMEHTOM 3TOr0 CeMeHCTBAa SIBJISIeTCS O [Xl P Xn] .

IOns moboro nuHeiiHoro  mogmpocTpaHcTBa  F T R[X-l }{u]
pacCMOTPUM MHOXECTBO anrebpaluecKux yHApHBIX OMepariil, KOTopble
TIepPeBOAT 3/1eMeHTHI E B 3/1eMEeHTHI E:

Pr= {p € R[X]|p(g(X{,-...%X,)) € E ana mo6oro g(x,,....,x,) € E}

[penioxkenue 4. [Jns  mwoboro  JAUMHEHHOTO — MOAMPOCTPAHCTBA

k. (:_R[X-l,....}{u] MHO)KECTBO TIOJIMHOMOB P SIB/ISIETCS JIMHEHHbIM

MPOCTPaHCTBOM Haj R, 3aMKHYTO OTHOCUTE/ILHO CYNEepPHO3ULIUUA U CONEePIKUT
BCe OJJHOPOAHBIE MHOTOU/I€HBI TIEPBOU CTETeHH.

Ecnu nuHeiiHOe MPOCTPaHCTBO E cofep kKUT 1, a Py BKIOYAeT X0TsA Obl OfUH

MHOTOY/I€H, CTereHu m>1 (T.e. HeJTUHEeWHBIN), TO Pr=R[X].

[Joka3aTenbCTBO. 3aMKHYTOCTb P OTHOCUTE/IbHO CYIepPNO3ULIUU ClefyeT U3
oTipefiesieHUs], BCe OAHOPOJHBIE TIOJMHOMEI NEPBOM CTeNeHU BXOAAT B Py,
MOCKOJIbKY E SIBASIETCS JIMHEeWHBIM TPOCTPAHCTBOM, OTCIO[la TAKXKe C/edyeT,
uTO Py ABAAETCA NMHEHHBbIM npocTpaHcTBOM. HakoHel, ecnu ] & [ u Py
COLEepyKUT MHOTOWIEeH CTeneHu m>1, T0 r & Fg, Ttorga Pp=R[X] mo

Mpe/IJIoKeHU 0 1.

Teopema 3. Iycrs F C R[X, ..., X,| - nuneiinoe nognpocrpancreo, Py

-

COZlep’KUT XOTs1 Obl OAUH MHOTOY/IeH CTeleHH m>1 U | &
SIBJISIETCSI KOJIBLIOM (C eIMHULIeH ).

, Torga E

[oxkasarenscTtBo. [Io npegnoxenuro 4 B ycnoBUsIX Teopembl Pp=R[X]. B
vacTHOCTH, 7 € P . OTo o3Hauaet, uto ans mwboro [ = F Takke u

fz < [ . ostomy aas mobeix f, o & K nonyuaem: fg £ B
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Teopema 4. [15151 nr0o60ro MHOTOU/IEHA P CTENeHH m> 1
E[Xy, oy Xpl=RIXy, ooy Xy

JoxkazarensCcTBO. 3aMeTHM, UTO E=E [Xq, ey X,1 - JIUHENHOoe
MOATPOCTPAHCTBO B R[Xy, ..., X,], Py comepXuT xoTs Obl OfWUH
MHOrousneH ( p ) crerneHd m>1 U E COAEPXUT BCe MHOTOYIEHBI TIEPBOM
crereHU (U Mo3TOMY Takke 1 ). B cuny Teopemsl 3, E SIBASeTCA KOJbLIOM, a

TaK KaK OHO COZIEP)KUT BCe MHOTOU/IeHBI TEPBOl CTeMeHU, TO COBIA/aeT C
R[Xq, ..., X,], TIOCKOJIEKY, HCIIO/Jb3yd YMHOX€HHEe U CJIOKeHHe

MOKHO M3 3THX MHOTO4Y/IEHOB ITOJIYHYUTDb nro0boii.

Takum o0pa3oM, U3 P W MHOTOWIEHOB TMEPBOM CTEMEHU C TIOMOIILID
omepaluid CymMeprio3uliy, CJI0KEeHUS W YMHOXKEHHUSI Ha YUC/I0 MOXKHO
IOJIyYUTh BCE@ 3JIeMeHTRI R [ X, ..., X,].

HelipoHHbIe ceTH - yHUBepCalbHble annpoOKCUMUPYIOLLIe
YCTPONCTBA U MOTYT C Jit0OOW TOUHOCTbH) UMUTUPOBATh
o060 HernpepbIBHBIN aBTOMar

Knacc ¢yHKIM, BBIYMCIUMBIA C MOMOIIBI0 HEWPOHHBIX CETeH, 3aMKHYT
OTHOCUTeNBHO JIMHeWHbIX omnepanuii. JlelicTBUTeNbHO, TMYCTh €CTh

HellpoHHBIE CeTH S, S5, ..., Sy, KOTOpble BBLIUUCIASIOT (YHKLUU
F,, F,, ..., F, OT BeKkropa BXOJHbIX CUTHanoB x. JIMHeiiHas
KoMOuHauus agta  Fi+a,Fo+. . . +a, Fy BBIYUCIAETCS CYMMaTopoMm (puc.
1.2) c Becamu a,, a;, az, ...,ajy Ha BXOJ KOTOPOrO ITOJAKOTCSH
BBIXOJHbIE CUTHAJIBI ceTe S1r Sos +...r Si. Pasuuija B uMc/ie TakToB

(GyHKLIMOHUPOBAaHUS  ITUX CeTell [0 TOAy4eHUs OTBeTa  JIeTKO
KOMIT@HCUDPYETCs "MTMHUAMH 3a/Iep)KKU", COCTaBJIEHHBIMM W3 CBsi3eil (puc.
1.6) c eAIMHUYHBLIM BECOM.

Kpowme Toro, knacc GyHKIUI, BBIUMCTUMBIA C TIOMOIIBI0 HEMPOHHBIX CeTeH,
3aMKHYT OTHOCUTE/IbHO YHAPHOMW OTeparjuu, OCyIeCTB/IsIeMOi HeluHeHHbIM
npeoOpa3oBarenemM CUrHajla, BXOASIMM B COCTaB HelipoHa (cMm. puc. 1.3,
1.5): ecsiu ceTh S BblunCsieT GyHKIUIO F, TO, MOAABAs BBIXOA 3TOU CETH Ha
BX0J| HeJlMHelHoro mpeobpasoBarens (puc. 1.3), MONyYHUM Ha €ro BbIXOJe
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dyrkuno o H).

Tem cambiM, 10 TeopemMe 1 MHOXECTBO QYHKIUM, BbIUUCIUMBIX
HEMPOHHBIMU  CETSIMM C  3a/laHHOW  HENpPepbLIBHOW  HEeJIMHEeHHOU
XapaKTepUCTUUeCKOW QyHKI[Mel, MJIOTHO B TMPOCTPAHCTBE HETPEPbIBHBIX
(yHKLIUM OT BXOJHBIX CUTHAJIOB.

Terieps - 06 UMHUTAI[UK [IJIKUX aBTOMATOB C MIOMOIIbI0 HEHPOHHBIX CETeH.
Ecnu ects BO3MOXKHOCTE C mH000M TOUYHOCTBIO TIpUOAU3UTE JTH00OYIO
HermpepbiBHYH0 (YHKI[MI0O ¥ HET OrpaHHYeHHH Ha CrocoObl COeUHEHUS
YCTPOWCTB, TO MOXKHO CKOJIb YTOAHO TOYHO MMHUTHPOBaTh paboTy ir06oro
HerpepbIBHOrO aBTOMaTa. [lokakem 3To.

Kaxkp1ii aBTOMAT UMEET HeCKOTbKO BXOI0B ( 1 ), HECKOJILKO BBIXOJOB (P ) |
KOHeuHbI Habop ( s ) mapameTpoB cocTtosiHUS. OH BBIUUCISET S+p
GbyHKUUE OT n+s TepeMeHHBIX. APryMeHTBl 3TUX (YHKUMN - BXOJHBIE
CUTHaMbl (MX n ) WU TeKylue MapameTpbl COCTOAHUA (MX s ). 3HaueHUs
GyHKU M - BBIXOAHBIE CHTHaMBl (UX D ) W TapaMeTpbl COCTOSIHUS Ha
cnenyromiem mare (ux s ). Kakaplli Takoil aBTOMAaT MOXXHO MPeICTaBUTh Kak
cucteMy u3 s+p 0Oonee mpocTeix aBTOMaroB (puc. 1.9). 3TU mpocTeie
aBTOMAThl BBIUMC/AT MO OAHON (YHKIMM OT n+s nepemMeHHbIX. CMeHa
COCTOSIHMU [JOCTUTAeTCs 3a CUeT TOTO, UTO YacCTh 3HAUEHU I 3TUX yHKIUM Ha
cneAyrolleM Iare CTaHOBUTCA apryMeHTaMH - TaK COeJMHEHbl aBTOMAaThI
(cMm. puc. 1.9).

Takum o6pa3om, 0e3 mnoTepu O0OIHOCTH MOXHO pacCMaTpHBaTh CeTb
aBTOMATOB Kak HabOp YCTPOWCTB, KaXK/J0e U3 KOTOPBIX BEIYMCISIET QYHKI[UIO

HeCKONIBKUX TepeMeHHbIX f (%, ..., ¥.). OTOT DpOCTOH, HO

(dyHIaMeHTaNBHEBIN (DAKT MTO3BOISIET UCTIOIB30BAaTh MPeAbIAYIIMe Pe3yIbTaThl.
HeilipoHHble ceTH TO3BOMSAKOT C J1000H  TOYHOCTBIO  BBIUMCJIATH
NpPOM3BOALHYK  HempepbiBHyW  QyHkuuw £ (xq, ey Xp) -
CnefoBarenbHO, € MX [IOMOLBH MOXHO  CKOb  YTOAHO  TOYHO
annpoKCUMHUPOBaTh YHKIIMOHUPOBaHUe IKO0ro HempepsEIBHOTO aBTOMATA.
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Ing_, Out(In,S) | Inp Out(In,S)
e v b ———
) ST St R
| $'(In,S) 5'(In, )
T-1 74
Int_ Inp
—3 hn —3 i |
Sr_ S
Dut(ln,SJ == o Outy_ d Wi Outy
InT_ Iny
— » g |y
St St
InT_ | Ing
— fp+] | 5 //. fp+l 5
, Sr ) St
S ([ILS) . ST x - aus ST-H.
Inp_ ~| T
L. fp+s b \—Tg fp+s L,

Puc. 1.9,

[naBHBIA BOMPOC 3TOW MEKUU: UTO MOTyT HeWpoHHBIe ceTH. OTBer
TOJTyUeH: HelpOHHBIe CeTH MOryT Bce. OcCTaeTcss OTKPLITHIM APYroi BOMPOC
- KaK UX 3TOMY HayUuTh?

Paborta Hag nexuueii Obina mopgep)kaHa KpacHOsIpCKUM KpaeBbIM (GOH0M
Hayku, TpaHT 6F0124.
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Pemienue 3a/1a4 HEﬁpOHHbIMH CceTsaAMH

B maHHO# neKuu 0MMUCcaHO HeCKOJIbKO 0a30BbIX 3a/1au Uit HEMPOHHBIX CeTel
¥ OCHOBHBIX WM MUCTOPUUECKU TIePBBLIX METOAOB HACTPOWUKHU CETeH ISt UX
peleHus

Pelenue 3a4d4 HEﬁpOHHbIMI/I ceTsaMH

BriuncnutensHsil neHTp CO PAH B 1. KpacHosapcke
A.H.Topbaub

Heliponnbie cetu MoryT Bce. Ho TouHO Tawke "BCe" MOIYT MAallMHEI
ThblopuHTa, UHTEPMOSALIMOHHBIE MHOTOUMEeHBI, cxembl [locta, psgbl Dypee,
peKkypcuBHbIe (GYHKLMHU, AU3BIOHKTUBHBIE HOPMaibHbie GopMbl, ceTu IleTpu.
B nipeabiayie# nekijuu 6b110 MOKa3aHO, YTO C TTOMOIIILI0 HeHPOHHBIX CETeH
MOJKHO CKOJIb YTOAHO TOUHO amnmMpOKCUMHUPOBATh JHOOYI0 HerpepbiBHYIO
(GyHKIIMIO 1 UMUTHPOBATh M000 HenpepLIBHLINA aBTOMAT. TO U CJULIKOM
MHOTO - HUKOMY HEe HY)KeH CTOJIb IMPOKUM K1acC (YHKI[UM, U CIUIIKOM
Majio, TaK KaK Jajek0 He BCe BaKHBbIE 33/laud CTaBATCS KAk 3afjauu
anmnpoKCUMAll U .

Ipyroe feno, uTo B KOHEUHOM UTOTe pelleHue MpakTUuecku b0l 3agaun
MO)KHO OIHCaTh, KAK TTOCTPOEHUE HEKOTOPOU dyHKI[MU, mepepabaThIBaro1ei
UCXOAHBbIE JAHHBLIE B pPe3yIbTaT, HO Takoe OueHb 00Ilee omucaHue He [aeT
HUKakoW WH(opMaluu o crocobe mocTpoeHus 3Toi GyHKUU. Mano uMeThb
YVHUBEpCalbHbIe CIOCOOHOCTH - HAJ0 [J1s KOXKA0TO0 Klacca 3a/lau yKa3aTh, Kak
NPUMEHSTh 3TU criocobHocTu. MeHHO 371eCh, MPU PaCCMOTPEHHUU METO/0B
HaCTPOUKA HEWPOHHBIX CeTeld /sl pelleHMs 33/lau JO/DKHBI BbISBUTHCS
peanbHBIE PAMKA WX MPUMEHUMOCTH. KOHEUHO, Takue peasbHble PaMKH
WU3MEHSIOTCSI CO BpeMeHeM H3-3a OTKPBITUSI HOBBIX METOZIOB U PeIleHU .

B maHHO# neKuu 0MMUCcaHO HeCKOJIbKO 0a30BbIX 3a/1au Uit HEMPOHHBIX CeTel
¥ OCHOBHBIX WM MUCTOPUUECKU TIePBBLIX METOAOB HACTPOWUKHU CETeH ISt UX
peleHUs:

1. Knaccudukanus (¢ yuurtenem) (mepcentpoH PosenOnarra [2.1, 2.2,
2.3)).
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2. AccouuartuBHas namsaTh (cetu Xondunga [2.4, 2.5, 2.6, 2.7]).
3. Pemenue cucrtem NMHeHHBIX ypaBHeHur (cetu Xonduaga [2.8]).
4. BoccraHoBneHnue nipobenoB B JaHHBIX (ceTu Xordunza).
5. Knacrep-ananu3 u knaccudwukaius (6e3 yuutensi) (cetu KoxoHeHa
[2.9, 2.10, 2.11, 2.12]).

Haunem MbI, OJHAKO, HE€ C CETEﬁ, d C CHACTeéM, COCTOAIMMX K3 OAHOrO
3JIEMEeHTAd.

HaCTPOﬁKa OAHO3J/IEMEHTHBIX CUCTEM OJIA pelleHusd 3a/1d4

Haxke cucTeMbl U3 OFHOT0 alaTUBHOTO CyMMaTOpa HaXOAAT O4YeHb 1M POKOe
npuMeHeHue., BrlunciieHne NUHeHHBIX QYHKLIUNA He0oOXOOUMO BO MHOTHX
3ajjauax. BOT HemoJsiHBIM mepeueHb '‘crieliMasbHOCTeH" aJanTUBHOTO
cymMMaropa:

1. Jluueiinas perpeccusi U BOCCTaHOBJIEHUE MpOCTeNIImMX
3aKoHOMepHoOCTe# [2.13, 2.14];

2. JlunHeliHas guasTpanus v aganTtiuBHas odpaboTka curHanos [2.15];

3. JluHeiiHOe  pa3jgeneHue  KIaCcCOB M MpOCTeHllMe  3a/auu
pacrnosHaBanus obpasos [2.16, 2.17, 2.18].

Ba,qaqa JMUHEeHHOI perpecCMd COCTOHUT B ITOMCKe HAW/IY4YIIEro JIMHEHHOr0

npubmxkenus (QyHKIUM, 3aJaHHOM KOHEUHbIM HabOpPOM 3HaueHuii: /JaHa

BBIGOPKA 3HAUEHMH BEKTOPA apryMeHTOB X, ..., x", 3a/jaHbl 3HAYCHUs

dbyHkiuu F B 3TUX TOYKax: F (x*)=f,, Tpebyerca HaWTH JIMHEHWHYIO

1?2

(HeogHOpoAHY0) GyHKUMIO 0(X) = (v, X)+ a, Omokaiwyo K F. Yrobsl
OJHO3HAUHO TOCTABUTHL 3a/ladyy, HeoOXOOUMO [0OTpefenuTb, YTO 3HAUUT
"omkaimyro". Haubonee mnomynsipeH MeTOJ HAUMMEHBIIMX KBaJ[paTOB,
COIJIaCHO KOTOPOMY 7 MINETCA U3 YCIOBUSA

T

Z (F(z*) — ¢(z*))? — min 1)

i=1

Heobxoprmo ocobeHHO MoAguepKHYTh, YTO METOf, HAUMEHbLIIMX KBaApaTOB He
AB/ISIETCSI HU €eAMHCTBEHHBIM, HU HAWYUYIMM BO BCeX OTHOILIEHUX
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cnocobom foompesesieHus 3aaud perpeccuu. Ero maBHOe JOCTOMHCTBO -
KBA/IpaTUYHOCTh MUHUMH3UDPYEMOT0 KPUTEPUS U JIMHEHHOCTb MOydyaeMbIX
ypaBHEeHUN Ha K03(pduimenTer .

SiBHBIe (OPMYIBI JTUHEHMHOW pEerpecCUy JIeTKO TOJyYUTh, MUHUMU3UPYS
KBA/IpaTUUHBINA KpUTEpU KauecTBa perpeccuu. O6o3Hauum

8= {F{z") —@l=?| i H = EﬂF me—-(- W=
=1

TTL

- Z (s =i, Ii‘) - &'11)2

g—1

Haiigem nmpou3BogHble MUHUMH3UPYeMoOl (GYHKIMU H MO HacTpauBaeMbIM
rnapameTpam:

Rl = ert i =ThumlEE =7 A

1= i=1

rie x . - j -s KOOpAMHATa BEKTOpa X -

[MpupaBHUBasE yacTHbIe MPOU3BOAHBIE H HYIIO, TOJy4yaeM YpaBHEHWS, W3
KOTOPBIX JIeTKO HalTH Bce @; ( =0, ..., n ). Pemenue y100HO 3anucarb

B obmiem Buje, ecad s Bcex i=1, ...,m 0003HaUMTH _1-1 =1 u

paccMaTpuBaTh N +1 -MEpHbIE BEKTODPbI JAHHBIX x - U KOI(QPUI[UEHTOB (Y.
Torga

1 ;
O603HauMM p n +1 -MepHbIH BeKTOp C KOOpAMHATAMU Fi — 7 Ei f;
=
Q - marpuny pasmepom (n+ 1) x (n+1) ¢ >nementamu

TTL
=l .8
ik = & ETJ"TF.:.

i=1
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B HOBBIX 0603HaUEHUAX PeLlIeHHe 3a]a4d TMHeHHON Perpeccuu UMeeT BUJ;
i _l.
w(x) = (a,x),a=Q "p. @

[lpuBegem 3To pelieHHe B TPAJULIMOHHBIX 0003HAUEHUSAX MATEMAaTHUECKOM
cratuctuki. O603HauuM M cpejHee 3HaueHUe j -l KOOPAMHAThI BEKTOPOB

UCXO[HOW BBIOOPKH:
1 = .
M;,=— E .r;
m
i=il

ITycts M - BekTOp C KOOpAMHaTamu M. Beejem Tawke 0003HaueHue s jyis

BbIﬁOpOHHOFD CpeJHEKBAAPATHYHOI'0O OTK/IOHEHH !

T
lzl:- !— 1I 12
W = e T — M;)
d L el o 3
=

BenuunHel s 3ajal0T eCTeCTBeHHBIM Macurad Ans u3MepeHus j  -X

KOOpJWHAT BEeKTOpoB x. Kpome Toro, Ham moTpeOyrOTCcs BelUUWHA S U

k03(PUIHEHTB! KOPpesUU £ € j -MU KOOPAMHATAMH BEKTOPOB X — I ¢!

L
L

I & i :
5= 3| = LUk - My My ==Y firgs =

=1 1=]

(fs — Mp)(z} — M;)
=]

SpS;

BepHeMcs K n -MepHBIM BEKTOPAaM JAaHHBIX U Ko3hduuueHToB. [IpeacraBum,
UYTO BEKTOPhl CUTHAJIOB TPOXOAAT TmpenobpaboTKy - LeHTpUpPOBAHHE WU
HOPMHPOBKY U /lajiee Mbl HME@EM [IeJ10 C BeKTOPAMH Y :

STO, B YdCTHOCTH, O3HA4YdeT, 4YTO BCE€ paCcCMaTpHMBde€Mbli€e KOODIHWMHATEHI
BEKTOpPda X MMEKT HeHVIeBYH [AWUCIIepCHH), T.e. IMOCTOAHHBIE KOODAHWHATLI
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WCK/TIOUAlOTCSl U3 PACCMOTPEHMSI - OHM He HeCyT Mojie3HON HHopMarjuu.

YpaBuenus perpeccuu Oynem wuckate B Qopme: (v = (7, v+ /.
[Monyunm:

o= M, 8=srR™!R¢, 3

rje Ry - BekTop Ko3(dduiiueHTOB Koppensuuu f ¢ j -MU KOOpAMHATaMU
BEKTOPOB X, UMEIOLMH KOOPAMHATHI r¢5, R - Marpuna Ko3(uiHeHToB
KOppessuu MeXAy KOOpAUHATaMU BEeKTOpa JaHHBIX:

LY (2} — Mi)(zi — M;)

T

rR; = —— i Y yiy!

'_i'. = : —_— = Iil j'
Feds .

B 3apmauax o00paboTkM JAaHHBIX TOYTH BCerJa BO3HUKAeT BOMPOC O
1oc/e0BaTe/IbHOM YTOUHEHUM pe3ynbTaTOB N0 Mepe MOCTYI/IeHUS HOBBIX
naHHbIX ( 06paboTka maHHBIX "Ha nery” ). CyilecTByeT, KAK MUHUMYM, [Ba
noAxofa K OTBeTy Ha 9TOT BOMPOC /s 3afauM JIMHEHHOH perpeccui.
[TepBblii TOAXOA COCTOMT B TOM, YTO H3MeHeHMs B KodddurneHTax
perpeccuy npu MOCTYIJIBHUU HOBBIX [JJaHHBIX PaCCMaTPUBAKTCA KaK Masble
M B MX BBIYMCIEHHM OTrPaHUUMBAIOTCS TEePBbIMH MOPSJKAMU TEOPUU
Bo3MylleHuH. Ilpu BTOpOM mofxofie A/ KaKJ0ro HOBOTO BeKTOpa JAAHHBIX
nefaeTcss m@Ar W3MEeHeHWH Ko3(phUIMeHTOB, yMEHbIIAIOUMK OnmMOKy

perpeccu M Z Ha BHOBb [OCTYIUBIIEM BEeKTOpe [AaHHBIX. [Ipu 3TOM
"mpeapIAyIA ONbIT" (UKCHPYETCS TOJMBKO B TeKylmMXx ko3dgbuiineHTax
perpeccuu.

B pamkax mepeoro moaxoga pacCMOTPUM, Kak Oyger U3MeHSThCH ¢y M3
(opmynel (2) npu g00aBIeHUM HOBOTO BEKTOpPa JaHHBLIX. B mepeoM mopsiake
TEeOPUU BO3MVILEHUM HalijleM u3MeHeHUe Bekropa KoddduineHTa ¢y MPU
V3MEeHEeHUU BeKTOpa p U MaTpULbl Q:

a+Aa=(Q+AQ) " (p+ Ap);
@+AQ)7'=(Q(L+QT'AQ) T =@ —QAQQ ™ +0(AQ);
Aa ¥ Q7Y Ap - AQa).

[Mycte Ha BBIOOpKE {f};’;t BBIUMCICHBl p, Q, QO '. Ilpu monyueHuu
59




Unknown Hefipoundopmarika

HOBOTO BeKTOpa JaHHbBIX x™ *' M COOTBeTCTBylomero 3HaueHusi F (x"
hy=f m +1 umeem L:

Ap = l:fm+ti‘ - p):

Mgt = 2 (74 — ) (TedQ = 2 (™ @ (™))
AQTY) = ,%H(«;TL - (@7 'z e (@ 'T™)T); @

Aoy = m+1.ﬁ:1+lQ_L;1‘m+l.

r:rz—l—J.j +1

e .&214_-1 = o= (EL;I‘ - oumbKa Ha BEKTOpe JaHHBIX x"

pPerpecCMOHHOW 3aBUCUMOCTH, TIOJIyUEHHOW Ha OCHOBAaHWHM BBLIOOPKH
1l
{z }'i:l.

TlepecunThIBas 110 TIPUBEAEHHBIM GOPMYIaM p, Q, Q™' U ¢ MOC/Ie KaXKZ0ro
MOJIyueHUsl [AAHHBIX, TOJyYaeM TMPOLeCcC, B KOTOPOM TOC/Ae0BaTeIbHO
YTOUHSIIOTCS ypaBHEHUsS JWHeWHOW perpeccuu. W TpebOyembiii 00Bbem
MaMATH, W KOMMYECTBO OMepauuii MMeT MOpigoK n° - H3-3a
HeoOX0MMOCTH HAKalIMBaTh U MOAUMULMpPoBaTh MaTpuLy O . KoHeuHo,
9TO MeHbIlle, uem noTpebyeTcs Ha obObiuHOe obpaileHue MaTpullbl Q Ha
Ka)K/IOM 11are, OfIHAKO CJIeAVIOIMM MPOCTOM anroputm eie 3koHoMHee. OH
BOBCe He obpam@aeTrcst K MaTpuiam Q, O~ ' M OCHOBAaH Ha yMeHBIIEHMU Ha
Ka)KIOM 1Iare BeTMUHHBI (.ﬁ?]?_+1 o= [ = (&.;l‘m—i'ijz - KBajipara

oumbKi Ha BekTope JaHHBIX x™ 1 perpeccmoHHOW 3aBMCHMOCTH,

TOJIy4eHHOW Ha OCHOBAaHUM BbIOOPKHU {-_1;: HiL

BHoBb obpatumcs k dopmyne (2) u Oyzem paccMatpuBaTh n +1 -MepHBIe
BEKTOPbI JTAHHBIX u K03 (hhUIeHTOoB. O6o3HaunM

r=zm A= ‘lm-l-l. = fmg1 = l:&,;rm+l:l.Tor,qa
grad, A= —-A x z (5)

[Mocnenusas snemeHTapHas ¢opMyna CTONb BaKHA B TEOPHUM aJANTHBHBIX
CyMMaTOpPOB, 4YTO HOCUT "HMeHHOe Ha3BaHue" - dQopmyna Yuapoy.
"ObyuyeHue" aganTUBHOTO CYMMaTOpa METOJOM HAaMCKOPEWIero Crycka
COCTOMT B U3MEHEHUHU BeKTOpa KO3(QdUIIMeHTOB ¢y B HalpaBAeHUU
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AHTUTPaIueHTa A Z: Ha KaXAOM wiare K ¢y gobaensercs h < A « x, rge h
- BeJIMYMHA I1ara.

Ecimu mipu KaXk[joM MOCTYIJIEHHHW HOBOTO BEKTOpPA [JaHHBIX X WU3MEHSTh ry
yKa3aHHbIM 00pa3oM, TO TIOJydMM TOCJIeA0BATENbHYIO  TIPOLeAyPY
MOCTPOEHUS TMHEMHOW amnmnmpoKCUMaluu QyHKIUU F (x ). Takod anroputm
obyueHus IETKO peasim3yeTcsi anmnapaTHeIMU CpeACcTBaMu (M3MEeHEeHHe Beca

CBs3U ©¥j eCTb MPOM3BejleHHe MPOLLIe/IIero Mo Heil CuTHaa x4 Ha oumbKy

/A ¥ Ha BennuuHy wara). Bo3Hukaert, ofHako, npobiema CXOAMMOCTH: eC/H
h C/MOKoOM Mano, TO CXOAMMOCTH OyneT MeAeHHOW, eClMu JKe CMIIKOM
BE/IMKO, TO TIPOM30HMJET IOTeps YCTOMYMBOCTM W CXOAMMOCTH He Oyzer
BOBCe. J[leTa/bHOMY WM3/I0’)KEHHUI0 3TOTO TMOAXOAA W €ro IMPHUJIOKeHUH
nocesieH yueOHuk [2.15].

3a/1aua yeTKOTO pa3fesieHUs ABYX K/1acCcoB 1o obyuarouieil BeIOOpKe CTaBUTCA

Tak: uMeercsi ABa HaBopa BeKTOpoB x, ..., x" wm y',...,y™

3apaHee M3BECTHO, YTO X OTHOCUTCS K TTIEPBOMY KJ/1acCy, a y'L - KO BTOPOMY.
TpebyeTcss MOCTPOUTH peliaioiee MPaBUIO, TO €CTh OMpeAenuTh TaKyH
dyHkiuoo £ (x), uyto npu £ (x) >0 BEKTOP X OTHOCUTCS K MEPBOMY K/I1accy,
anpu f (x) <0 - KO BTODOMY.

KoopauHats! k1accu¢uuupyeMbIX BEKTOPOB MPeCTaB/IsSIOT CO00H 3HaueHus
HEKOTOPLIX NPHU3HAKOB (CBOMCTB) UCC/IeAyeMbIX 00BEKTOB.

JTa 3ald4d BO3HHKAeT BO MHOTUX CAy4daddax: MMpH OUATHOCTHEKE 6omesneln u
onpeneneHuu HEHCHpaBHDCTEﬁ MdIIHMH II0 KOCBEHHBIM IIDH3HdKAM, IIpH
PacCliO3HdBaHHUH I/I306pa}KEHHﬁ M CHMTHA/IOB H T.II.

Ctporo roBops, KI1acCU(ULIUPYOTCS He BEKTOPbl CBOWCTB, a OOBEKTHI,
KOTOpble 0051aal0T 3TUMH  CBOMCTBaMU. OTO 3aMeuaHHe CTaHOBUTCSA
BAXHBIM B TeX C/yyadx, KOIJjJa BO3HMKAKOT 3aTPYJHEHHUS C IOCTPOEHHEM
pelatoliero  mpaBu/ia -  HanpuMep  TOr4a, KOIia  BCTPeYarTCs
NpUHAJ/IexXalpe K pa3HeIM Ki1accam OOBeKThl, WMEKIe OJUHAKOBbIe
NpHU3HaKu. B 3TUX cydyasx BO3MOXKHO HECKOIBKO PeIeHUM:

1. HcKaTb AOMOJIHUTE/IbBHBIE  TIPpU3HAKH, TI03BOJIAKOIIHE Ppa3de/luTh
K/1aCChI,
2. MIPpUMHPHTBCA C HeHn30eKHOCTRIO OLUI‘IGOK, HA3HAYHMTL 34 Ka)K.[L]:Iﬁ THII
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oumbok ceoii wrpad ( ¢, - wrpad 3a To, YTO 06BEKT NEPBOro Kacca
OTHECeH KO BTOPOMY, C5; - 3a TO, UTO 00BEKT BTOPOTO Kjlacca OTHECeH
K TepBOMy) W CTPOUTb Ppasfensiollee TMpaBUIO0 TaK, YTOOEHI
MHUHUMM3UPOBATh MaTeMaTU4ecKoe oXXujaHue mrpada;

3. mepeliTH K HEUeTKOMY pa3[jeleHur) KIacCOB - CTPOUThH TakK
HasblBaeMble "GyHKIMY TIPUHAJIEKHOCTH " fi(x)mf,(x)-£;(x)
OLIEHUBAET CTEIMeHb YBEPEHHOCTU TPH OTHEeCeHWH 00beKkTa K i -My
knaccy ( i=1, 2 ), Ajs OIHOTO U TOTO K€ X MOXXeT OBITh TakK, 4TO U
f1(x)>0,u £, (x)>0.

Junernoe pasgeyieHrue KidCCOB COCTOMT B TIIOCTPOEHHH JIMHEHHOT0
peliaromiero n1mpaBW/jla - TO €CTb TdKOI0O BeKTOpPpa ¢y W YHCOIA ¥

(Ha3pIBaeMOro MOPOroOM), YTO MPH [, c¥) => (kX OTHOCUTCA K TEepBOMY
KJIacCy, a Mpu (1, iy} < ¢y - KO BTOPOMY.

[Touck Taxkoro pemaroiero mpaBu/ia MOXKHO pacCMaTpUBAaTh Kak pasfeneHue
K1aCCOB B IMPOEKLUU Ha NpAMYH. Bekrop ¢y 3agaer NpaMyr, Ha KOTOPYHO

OPTOTOHANLHO TPOEKTUPYIOTCS BCE TOUKMU, a YUCAO (¥ - TOYKY HA ITOU
NIpSIMOi, OTZIENSIFOLIYIO MePBhIA K/1acC OT BTOPOTO.

[MpocTeiinmii ¥ ogYac oueHb YIO0OHBIN BbIOOP COCTOUT B NMPOEKTHPOBAHUHM
Ha TMpSAMYH, COeIMHSIONIYI0 I1[@HTPhl Macc BbiOopok. LleHTp wmacc
BBIUMC/ISIETCSI B TIPEAIOJIOKeHUH, UTO MacChl BCEX TOUEK OAMHAKOBBI U
paBHBI 1. DTO COOTBETCTBYET 33/IaHUI0 (¥ B BU/IE

a= (gt +r+... 4 y™")/m— E'_-.r] fegtape gl ) /n.(6)

Bo mHOrux cnyuasx yqobHee uMeThb fe/10 C BEKTOPaMH €JUHUYHOUN [TMHBL.
Hopmupys ¢y, nonyuaem:

a= ((yL-l-yE-l-...-l-ym];’-nz—[:rl -|-:f2-|-...-|--.1:”)[n);’||(-y1-|-y2-|-...-|-ymj;".rn—(;rL-I-J:E-I-...-I-I“ )/nl].

Beibop ¥ MOXeT mNpPOM3BOAUTBECS W3 pa3IUuUHBIX COOOpaXkeHWUil.
[pocrelinmii BApUAHT - TOCEpeANHE MeXY LIeHTPaMU Macc BEIDOPOK:

g = H[_'yl g ™ )/m,a) + L A =)/ n,a)) f2.

Bonee ToHKHe cr10co0bI TMOCTPOEeHHs TI'pPaHHLBLl pa3jesa KIaCcCoB ki)
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YUUTBIBAIOT PA3/IMUYHbBIE BEPOATHOCTH ITOABIEHHUA 00BLeKTOB Pd3HBIX K/14CCOB,
H OLEeHKHW IJOTHOCTH pacCripele/ieHHsAa TOYeK K/IdCCOB Ha HpHMOﬁ. Yem
MeHbIlle BepPOATHOCTL IOABJ/I€HHA [AdHHOIO KimaCCad, TeM boee rpaHudlld
pasgesia HPHGJII‘I}KEIETCH K LOEeHTDPY THAKeCTH COOTBETCTB}?}OLHEI;'I B]JI6OPKH.

MoKHO [ KaX[Oro Kjiacca IOCTPOUTh NPUOMKEHHYH TJIOTHOCTD
BEpPOSITHOCTeH pacrpejeneHUs TPOEKIUA ero TOueK Ha TMpsMyl (3TO
HaMHOTO TIPOIIe, YeM /i1 MHOTOMEPHOI0 pacripejesieHus) U BelOupars ok,
MUHUMU3UPYS BePOSTHOCTh oumbku. [1ycTh pelnatoiree MpaBuao UMeeT BUJ:

npu (a, ) > 0 X OTHOCUTCA K TepBOMY K/1accy, a npu (i, av ) < 0 - KO
BTOpPOMY. B Takom ciyuae BepoSITHOCTh oiOku ByeT paBHa

o S
P=p | pp(x)dx +p2 | p2(x)dx
— &0 [=y]
e p;, P, - AanpUOpHBle BEPOATHOCTH TIPHUHAJIEKHOCTH O0OBeKTa

COOTBETCTBYIOLIEMY KIAaccy, g1y ), p2(} ) - TJIOTHOCTH BePOATHOCTH st
pacripe/ie/ieHust TPOEKITUI X TOYEK x B KaXKJOM K1acce.

[lpupaBHSBE HYTH MPOU3BOAHYKH BEPOSTHOCTH OUMOKM MO (¥(j, TOMYyUUM:
yncao k), AOCTaBJsIONEe MUHHAMYM BepOATHOCTH OLMOKU, SBASETCA
KODHEM ypaBHEHUS:

Pim(x) = pPyp2(X), @)

mibo (ecnu y 3TOr0 ypaBHEHUS HET pelIeHUI) ONTHMAJBLHBIM SIBJISETCS
MPaBUJIO, OTHOCSIIEe BCe 00BEKThI K OHOMY U3 K/1aCCOB.

Ecnu npuHATE TMIIOTE3y 0 HOPMAaTLHOCTHU pacripefieieHui:

1 . 12 gm 3
Rl st o SR
T

TO 714 OTIpejie/ieHusl k() OIyuynM:

m E—Ey—ﬂ12-3:’2-srf 2 E_[y_a?zlzfzgg
e == . ]
V2o v 2T
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In{p; /p2) — In(o fo2) — (¥ — aszj}'_‘gf + (y — agjlz,f?crg -0

Ecnu sto ypaBHeHue uMmeeT aBa kKopHa U — (¥1.(¢z, (] < @iz ) TO
HaW/y4IUM PelIalolMM npaBuaoM Oyget: npu vy < (@, ov) < cxp 0OBeKT

MPUHA//IOKUT OZHOMY KIaccy, a MpU ¢y > (&, @) W (@, ) > g -
Apyromy (KakoMy MUMEHHO, OTpeJesisieTCs TeM, KOTOpOoe W3 MPOU3BeleHui

Difi ("l.j Oonbie). Ecu kopHel HeT, TO ONITUMAaLHBIM SIBJISIETCS OTHECeHUEe
K ofiHOMY 13 Ki1accoB. Cnydail eJMHCTBEHHOTO KOPHS MPe/CTaB/seT UHTEepeC
TO/ILKO TOrAa, Korga <1 — 2. [lpu 3TOM ypaBHeHHe TPeBpAlAeTCS B
NUHeWHOe W Mbl TIPUXOAMM K MCXOAHOMY BapUaHTy - eJUHCTBeHHOM
pa3fensoe Touke k(.

Takum o6pa3zom, pasgensitoiliee TpPaBUIO C eJUHCTBEHHOW pa3estolei
TOUKOU (¥} He SIBJISIeTCS HAW/IYUIIMM [/ HOPMa/IbHBIX pacripefesieHui u
HaJl0 MUCKaTh ABe pa3fensiolpe TOUKHU.

Ecnu cpa3y craBuTh 3agauy 00 ONTHMAanbHOM pasfe/ieHUHd MHOTOMEPHBIX
HOPMAaJIbHBIX pacrpe/e/ieHuil, TO TOMYUYUM, UTO HAWUJIyulllell pa3jenstolei
MOBEPXHOCTBIO SIBISIETCS KBAZpUKa (Ha MPSIMOM TUMWUHAsA "KBaj[puKka" - 1Be
Touku). [Ipeanonaras, yTo KOBapHallMOHHBIe MaTPULbl K/IaCCOB COBMAJal0T
(B OomHOMEpPHOM CiIy4yae 3TO MpeANonaoKeHWe O TOM, 4To | — T3 ),
MojyuyaeM JIMHEHHYIO pasfensiony0 moBepxHocTb. OHa OpTOroHanabHA
MpsSIMOi, COeAWHSIONIEH I1eHTPhl BBLIOOPOK He B O00OBIYHOM CKa/lSIPHOM

MPOU3BEJEHNH, a B CIeI[HaTbHOM: {;1‘,3;} = l:;l‘. Z_]y:], rme % - obuas
KOBapUallMOHHAsi MaTpuila K1accoB. 3a JIETa/lIMH OTChIJIaéM K TPEKpPacHO
HanucaHHoi kaure [2.17], cm. Takke [2.11, 2.12, 2.16].

Ba)kHast BO3MOKHOCTb YCOBEPIIEHCTBOBATL pa3fiesifollee MPaBuio COCTOUT
C WCTONB30BAHUU OLIEHKM He TIPOCTO BEePOSATHOCTH OnmOKH, a CpefHero
pucKa: Kaxol oumbke mpunuchiBaeTcs "HeHa" C; U MHUHUMH3MPYETCA

cymMMma C'Lpuﬁhﬂ;l_ :] c o CqPa oo [:‘J, :l OTBeT nmonyuaeTcsi NpakTUUYeCKU TeM XKe
(Bcrofy pi 3aMeHSIIOTCS HA C; P ), HO Takasg Jo0aBKa BakHa [l MHOTHX

TIPUIOXKEHU M.

TpeboBanue Oe30nnb0UYHOCTU pa3gensioOero MpaBuiaa Ha oOydaroieu
BbIOODKe MPUHIUIHATBHO OTIMYAeTCS OT OOCYKAABIMXCS KPUTEpPUEB
onTUManbHOCTU. Ha ocHOBe 3TOro TpeboBaHUSI CTPOUTCS TMEPCENTPOH

64



Unknown Hefipounpopmatika

Po3enbnatra - "neaymika" COBpeMeHHBIX HeMPOHHBIX ceTel [2.1].

Bo3bMeM 3a OCHOBY MpH TOCTPOEHWM THIEPIUIOCKOCTH, Ppa3zesstolei
K1acchl, OTCyTCTBHe oummbOK Ha oOyuaromein  Boibopke. YToOBI
VIOBIETBOPUTh 3TOMY YCJIOBHIO, TPHETCS PEIlaTh CHCTEMY JTHHEHHBIX
HEepaBeHCTB:

(z*,2) > ap(i=1,...,n)

(j'L.CL:I < agli=1,... 1)

3pecb x~ (1i=1, ..,n ) - BeKTopsl U3 o0yuarireil BbIDOPKU, OTHOCSIIMECst

K MepBOMY KJaccy, a y:— (3J=1,..,m)- KO BTOPOMY.

Yno6Ho nepedopMyTHpoBaTh 3a7ia4y. YBeIMUMM pa3MepHOCTH BCEX BEKTOPOB
Ha eJJMHULY, f0DaBUB ellle OAHY KOOPAUHATY - k() K ¥, Xg=1 - KO BCEM X U

vy =1 - Ko BceM y. COXpaHUM /i1 HOBBIX BEKTOPOB Npe)XHUe 0003HaueHus

- 3TO He IIpUBeJeT K IIyTaHHIIe.

HakoHel|, MONOXKUM z - x* ( i=1,...,n ), 2l = -y) (

j=1, ...,m).

Torga monyuum cucrtemy n  +m HepaBeHCTB

(zi.&'j >0i=1,...,n+ m)

KOTOPYIO Oyem pelaTh OTHOCUTENBHO ¢¥. EC/IM MHOXECTBO peleHUi
HemycTo, TO 060 ero 3/7eMeHT ¢y TOPOXKAAET PpellalIlee MpaBUIIo,
be3oumbouHoe Ha obyuatoiieil BeIOOpKe.

WTepaijioOHHbIHA aNTOPUTM PeIlleHHs ITON CHUCTeMbI Upe3BbiuaiiHO TTpocT. OH
OCHOBAH HA TOM, 4TO Ajs 10O0ro BeKropa x ero CKaJsipHbIM KBajapar
(x,x) Oonbme Hyns. [IycTe (v - HEKOTOPHIH BEKTOP, MPeTeHAYIOIMH Ha

POJIb pelleHUus HepaBeHCTB (z’.&':l =>0(1—=1,...,n + m), 0fHaKO 4YacTb
W3 HUX He BbIMOJHsAeTCS. [IpubaBuM Te z*, i KOTOPLIX HEPAaBeHCTBA
UMEIOT HeBEepPHbBIN 3HaK, K BEKTOPY (¥ U BHOBb TPOBEPUM BCE HEPaBEHCTBA

tz’ ) = (0 u T.A Ecm oHM COBMECTHBI, TO MPOLECC CXOAUTCS 32 KOHEYHOe
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yKcio waroB. bonee Toro, gobaBieHue z* K ¢y MOXHO TIPOM3BOAUTH Cpa3sy

rmocjse TOro, Kak ommbka ( (zi‘&-j < [) ) obHapyxeHa, He A0XHUAASICH

I[MTPOBEPDKK BCeX HEPABEHCTB - W 3TOT BAPHWMAHT a/JITOPHUTMA TOXe CXOAMTCA
[2.2].

Cetu Xonduiga

[TepeiiieM OT OZHO3JIEMEHTHBIX CUCTEM K HeHPOHHBIM ceTsMm. [lycte ©Fij -
BeC CBs3M, BeAyled OT j -ro HelpoHa K 1 -My (rone3Ho oOpaTuTb
BHUMaHUe Ha TOPSJ0K UHAEKCOB). [/l MOJHOCBS3HBIX CeTell OrpefieneHsbl
3HaueHUs “ij mpu BCex i, J, A/ APYIUX apXUTEKTYp CBf3U, BeJyle OT j
-r0 HelpoHa K 1 -My /IS HEKOTOPBIX 1, J He ompezeneHbl. B aTom ciyuae

MMOJTOAKHM D:';i_j — D

B ganHOM paszenie peub MOUAET B OCHOBHOM O TIOJTHOCBSI3HBIX ceTsx. [1ycTb
Ha BBIXOAAX BCeX HeHPOHOB IMOJIyYeHbl CUTHAMbL x4 ( J -HOMep HelpoHa).

O603HauMM x BEKTOP 3TUX BBIXOAHBIX cUTHanoB. [IpoxokaeHue BeKTopa
CUTHAJIOB X Yepe3 CeTh CBf3el CBOAUTCS K YMHOXKeHUI0 MaTpuisl ( i ) Ha
BEKTOpP CUTHANOB x. B pe3yisrare mosiyduaeM BeKTOP BXOAHBIX CUTHAjIOB

Ui — E Qij Ly
F :

HEeTMHEeHHBIX 3/IEMeHTOB HEﬁpOHOBI

DTO COOTBETCTBHE " MPOXOXK/EHUE CeTH — YMHO)XeHHe MaTPHUIIbI CBS3el Ha

BEKTOD CHUTHAJIOB " SIBJIIGTCSI OCHOBOM [|/isi TTePeB0Aa OObIYHBIX UMCI@HHBIX
METOZIOB Ha HEWpPOCeTeBOW s3blK W obOpaTHO. IIpakTHuYeCcKd BCHOAY, Tie
OCHOBHOH oOreparjieil SIBASeTCS YMHOXEHWE MaTpHIlbl Ha BEKTOp,
NpuMeHUMbI HelipoHHbie ceth. C Apyroil CTOpoHBI, /1H0O0E yCTPOUMCTBO,
MO3BOJIAIOIEE  OBICTPO  OCYI[ECTB/ISITH ~ TAaKOe  YMHOXKEHHE,  MOJXKeT
M CI0JIb30BATHCS /IS peaTu3al[ii HeHPOHHBIX CeTeH.

B wactHOCTH, BHIUMC/IEHUE TPA/IUEeHTa KBa/IpaTUUHON (POPMBI

H==z(x,Qx)

B[

MOJKET OCYILLECTB/IATLCS MOJAHOCBA3HON CeTbI C CUMMETPMUHON MaTpuliei
cesizeit: gradH — Qx ( @ij — 4ij — 4ji ). ImenHo 310 HabmogeHue
NIeXXUT B OCHOBE JAHHOTO paszena.
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YTo MOXKHO CZenaTh, €CIU Mbl YMEeM BbIUHC/ATbH TPAJUEHT KBaPaTUUHOM
thopmbI?

B nepeyio ouepe/ib, MOXKHO METOJJOM HaUCKOPeMHIlero Crnycka MCKaTh TOUKY
MUHMMYMa MHOTOWJI€Ha BTOPOro mnopsjka. [IycTe 3afiaH Takoli MHOTOUJIEH:

Plr) = %I.TQ.EJ + (b, ). Ero rpaguent paBen gradP = Qz +b.
JTOT BEKTOP MOKeT ObITh MOJIydeH MPU MPOXOXKIEHUU BEKTOpa X uepe3 CeTh
c Becamu cBsizer @i — §ij — Uji npu yCIOBUHM, UTO HA BXOAHOMU
CYMMAaTOp Ka)k/Ior0 HelpoHa MO AOTOTHUTENbHOM CBSI3M Beca b TOfaeTcs
CTaHAaPTHBINA eIMHUYHBIA CUTHAJL.

3asaauM Ternepb GyHKIMOHUPOBaHHEe ceTh (hopMyoin
=z — hgradP =z — h(Qz + b) (8)

HenuHeliHbIX 3/1eMeHTOB BOBCe He HYKHO! Kaxabiit ( j -i1) HEMPOH UMeeT
faag — . L " T e
BXOJHBIE Beca (¥;; — —/1(G;; A/si CBsi3el ¢ ApyruMu HeiipoHamu ( 1 7 ] ),
Bec —0; and MOCTOAHHOrO eJMHMUHOTO BXOJHOTO CMrHanla M BeC
a;; — 1 — hg;; nna ceasu neiipona ¢ camum coboii (mepejaun Ha HEro
ero >kKe CUrHasa C mpeabiayiiero mara). Beibop mara h>0 MoXeT BbI3BaTh

3aTpygHeHue (OH 3aBUCHUT OT KO3(DUIIMEHTOB MHUHUMH3UPYEMOIO
MHorouneHa). EcTb, ofHaKo, TPOCTOe pellleHHe: B KaKAbIH MOMEHT

OUCKpeTHOTO BpemeHU T BbIOMpaercs cBoe 3HaueHue [ip. JlocTtatouHo,
yTOOBI AT CTPEMUJICS CO BpeMeHeM K HYIK, a CymMMa LIAroB - K

' 1L
6eckoHeunoctu (Harnpumep, hip = %, um hT = VT ).

HT&K, nmpoctad CHMMETPHUYHAA TII0/THOCBA3HAadA CeTb 6e3 HeTHHeHHLIX
3JIEMEHTOB MOXeT METOAO0M HElHCIG)pEﬁLUEI‘O CITYCKa HCKATb TOYKY
MHWHHUMYMa KBaJAPaTHUYHOI0O MHOTOYJ/IEHA.

PemeHue cucteMbl JMHEWHBIX ypaBHeHUHW A1 — h cBoguTCa K
MHUHHUMH3ALUH MHOTOU/IeHa

1 | 1
P= E(chI —b), (Az — b)) = E(:r:, AT Az) — (ATb,z) — =(b,b).

HOBTOMy penieHue CUCTeMbl MOXKEeT MPOM3BOAUTLCA HEﬁpDHHOﬁ CeThHO.
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HPOCTEFILUEH CeTb, BbBIHHUIAKONIAA TI'PaJHeHT 3TOro MHOI'O4Y/ieHd, He
MO/THOCBSI3HA, 4 COCTOMT H3 JBYX CJIOE€B!: l'[EpBin:I C ManI/IL[Eﬁ CBsI3eH A,

BTOPO# - C TpaHCNIOHUPOBaHHOU Matpuijeir 4 1. TlocTosiHHBIN eAMHUYHbIH

CHUIrHaJ/l 11o4aeTCd Ha CBA3M C BeCaMH b_? Hd MepBOoM Cjoe. MI/IHHMI‘IBE[L[HF[
3TOr0 MHOTO4YJ/IeHd, 4 3HAYWUT W peleHue CUCTEMBI JIMHEeHHBIX ypaBHEHI‘Ii;I,
MOXKeT IMPOBOJWUTHCA TdK e, KdK U B OGLL]EM cjydyde, B COOTBETCTBHH C

(hopmynoii =l hgradF.  YcoBepieHCTBOBaHHbIE  BapUaHTHI

anropUTMa penieHus MOXKHO HaiiTu B pabotax CymnapukoBa [2.8].

HeGonemas mogudmkanus mo3BosseT BMecTO 0e3yc/IOBHOrO MUHHUMYyMa
MHOro4Y4/ieHa BTOPOro MOpsifka P MCKaTb TOYKY YC/JIOBHOTO MHHHUMyMa C

YCIOBUAMU i — Ci Ans & = 17, ..., 1}, TO €CTb TOYKy MHUHMMy™Ma P B
orpaHuueHuu Ha adduHHOe MHOroobpasmue, mnapasie/sbHOe HEKOTOPbIM
KOOPJAWHATHBIM MJIOCKOCTSM. 7151 3TOr0 BMeCTo (popMysibl

T =x— hegradP =z — h(Qz + b)
cneqyer UCIoJIb30BaTh:

L= C;

=
=g =h—=x;—H

§= g k; Gi;:ry + ba) )

Gy ,
NpH & 7 21, oy B

YcrpoiicTBo, crioco6HOe HaXOAUTh TOUYKY YCJIOBHOTO MUHMMYyMa MHOTOU/IeHA
BTOPOTO TIOPSiAKA TIPH YCIOBUSIX BHAA T — €5 IS L — 11, ..., i
MO3BOJISIET PelllaTh BAXKHYIO 3ajlauy - 3arloJIHATh Mpobensl B JaHHBIX (U, B
YACTHOCTH, CTPOUTH IMHEHHYI0 PErpeccuio).

[MpenmonoXkum, 4YTO TOAy4aemble B XO4€ WCIBITAHUA BEKTOPHI [JaHHBIX
MOJUUHAIOTCA MHOTOMEPHOMY HOPMalbHOMY paciipefie/ieHUuo:
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IDI:.I‘) = (__-'E:_% ((c—Maz) Q{z—Mz)) )

pie Mx - BeKTOD MaTeMaTHYeCKUX OXKH/AHWW KOOpAuHaT, () — i & -
KOBapHuallMOHHas MaTpUlia, 1 - pa3MepHOCThL IPOCTPaHCTBA JaHHbIX,

1
(2r)/2 /det T

Hanomuum onpejeneHue MaTpuLibl s

CE;I;'_-@ =M [;[:.'_'n'_'-li —_ h-‘IIij(Ij —_ I\’Ii‘_-li :]:],

=

me M - CHUMBOJ MaTeMaTUUeCKOro OXHUJAHUS, HUKHUHA HWHJIEKC
COOTBETCTBYET HOMEPY KOOpAUHATHI.

B uactHoCTH, NpocTeliliasi OljeHKa KOBapUaLjMOHHOW MaTpUIlbl 10 BbIOOPKe
Jaet:

1 . .
S=—3% (27— Mz)® (Mz’ — Mz)7,
3

e m - YUCJI0 3/1IeMeHTOB B BbIOOpKe, BepXHUH MHJEKC j - HOMep BeKTopa
JaHHBIX B BbIOOpKe, BepXHUN MHJEeKC T 03HauaeT TPAHCIIOHHUPOBaHHUe, a (X

- TIpou3BeJieHHEe BeKTOpa-cTonbija Ha BeKTOpP-CTPOKY (TeH30pHOoe
MPOU3Be/IeHME).

[TycTh y BeKTOpa JaHHBIX X W3BECTHO HECKOJIKO KOOpJAWHAT: .I'; — ; JAd

I = 1],..., 1} . Hanbosmee BeposiTHbie 3HAUEHHS HEM3BECTHBIX KOOPAMHAT
JOJDKHBI JIOCTaB/ATE YCJAOBHBIM MaKCHUMyM I10Ka3aTell0 HOPMalbHOTO
pacnpezeneHus - MHOTOUJIEHY BTOPOTO ropsiaka

((x — Mzx), Q(xz — Mzx)) (upu yonosuu &' = C; AnA L = 11, ..., ik ).
OTU Ke 3HaueHusi OyIyT YC/IOBHBIMM MaTeMaTU4YeCKUMH OXKUJIaHUSIMU
HEM3BEeCTHBIX KOOPMHAT NP 3a/JaHHbIX YCI0BUSAX.

Takum 06pa3om, 4ToOLI TOCTPOUTL CeThb, 3aIll0/THAKD rnpobesbl B JaHHBI

H
AOCTATOYHO CKOHCTPYHPOBATH CEThb AJIA MOKMCKA TOYEK YC/IOBHOTO MUHHUMYyMa
MHOTO4Y/1€Hd
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((z — Mz), Q(z — Mzx))

NpU YCIOBMAX C/IeAYHOIEro Buja: L; — C; ama L — 17, ..., 1) . Marpuua

cBaAser Q BbIOWpaercs u3 ycnosus () — 71 e 3 - xoBapmanuoHHas
Marpuija (ee oljeHKa 1o BeIOOpKe).

Ha mnepeblii B3miAg, mnomaroBoe Hakomnenue () — 571 mo  mepe
MOCTYT/IEHUS IaHHBIX TPeOyeT CUIIKOM MHOTO OTepaliuii - MOJyYUB HOBBIM

BEKTOp JaHHBIX TpebyeTcs mepecunTaTh OLEHKY Y., a MOTOM BBIUMC/IUTh

Q:Z_l. MoxxHo moCTynate ¥ MO-APYrOMY, BOCHIO0J/Ib30BABIIMCh
dopmynoii  npubnukeHHOro oOpaleHWsi MaTpUl] TIePBOT0  TOpPsAKa
TOUHOCTH:

T L e e B s e
Ecnum xe nobaeka A umeer Bug A — i yT, TO
(E+eA) T =2 Z @ (Z )T + ofe). (10)

3ameTuM, UYTO pelleHHe 33auu (TOUKa yCIOBHOIO MUHHUMYMa MHOTOY/eHa)
He MeHseTCsl TP YMHOXKeHuHU Q Ha uucio. [TosTomy nonaraem:

Qo=1,Qk+1 = Qi +£(Qu (! — (Mx)F™)) @ (Qu(2** - (Mz)F )T,

rie 1 - eJUHMYHAA MATPULIA, = “» () - JJOCTATOUHO Majoe uucno, -~ 1 - k

+1 - BEKTOp /aHHBIX, [M:::']J[“"H - CpejjHee 3HAYEHHEe BEKTOpa JaHHBIX,
yTOUHeHHOe C yueTom =51

: | S 1 !
[l = = (k(Mz)* + 1)

B dopMyne /s MOMIArOBOTO HAKOM/IeHUs MaTpUllbl O ee usMeHeHue A()
NpU  TOABJIEHWM HOBBIX [JAHHBIX II0/Iy4aeTcs C IOMOLIBGI0 BEKTOpa
y = Rl [I\.*II)H'J, npomnymeHHoro uepes cets: (AQ});; = £2:%5,
rme z=Qvy. [lapamerp = BbIOMpaeTCs AOCTATOUHO MAJBIM I TOTO, YTOOLI
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obecrieunTs IMOJIOKHUTE/IbHYIO OIIpene/leHHOCTh IMOJIY4deMbIX MATpHL] (I/I, 10
BO3MO>XHOCTH, UX O/IM30CTh K MICTHHHBIM 3HAYeHUAM Q )

OnucaHHblil mporjecc (GopMUPOBAHUS CETU MOXKHO Ha3BaTh OOyueHHEM.
Boobmie TOBOpS, MOXXKHO TPOBOAUTE (OPMaTBEHOE Ppas3TUUYeHHe MEeXIy
¢opMupoBaHHEM CeTH 1O SBHBIM (OpMyIaM W 10 aJropuTMam, He
UCIIOJIL3YIOIIMM SIBHBIX (opMyn ajsi BecoB cBsizeil ( HesBHBIM ). Torma
TepMuH "oOyueHue" mpeArosiaraeT HesBHbIE AJTOPUTMBI, a [/s1 SBHBIX
octaetcst HazBaHue "opmupoBanue”. 31eCb Mbl TAKOTO Pa3IWuus TPOBOAUTD
He Oyzem.

Ecmu npu o6ydeHMM CeTH TMOCTYNalOT HEKOMIJIeKTHbIE JaHHble 4511 ¢
OTCYTCTBUEM 3HAUeHWUM HEKOTOPBIX KOOPAMHAT, TO CHauajaa 3TH 3HAU€HUS
BOCCTaHABAMBAKTCS C MIOMOIIBI0 UMEOIIEeH sl CEeTH, a TIOTOM UCTIOb3YHTCS
B ee Jla/ibHel1emM oOyJeHuH.

Bo Bcex 3ajauax ONTHMM3Al[UU CYILIECTBEHHYIO POJIb UTPaeT BOMPOC O
MpaBuJlax  OCTAaHOBKU: KOIja  CJIAyeT  MPEKPAaTUTh  LUKIUUECKOe
GyHKI[MOHUPOBAHUE CeTHU, OCTAHOBUTHLCS U CUUTATh MOAYUEHHbBIM pe3yabLTaT
otBetom? [Ipocrelinmii BIOOpP - OCTAaHOBKA MO Maj0CTH W3MEHEHU: ec/u
W3MEHEHMsl CUTHAJOB CEeTH 3a LIMKI MEHbIIe HEKOTOPOro (pMKCMPOBAHHOTO
Masioro ¢ (TpU MCIIO/B30BAHUM TIEPEMEHHOr0 1ara ¢ MOXeT ObITh ero
GbyHKI[Hel), TO ONTUMU3AIIUs 3aKAHUYMBAETCS.

HNo cux mop peub ILla 0 MUHUMM3ALUU TOJOXKUTENBHO OMpefeneHHbIX
KBA/IpaTUUHBIX (OPM M MHOTOWIEHOB BTOpOro mnopsigka. OpHako camoe
3HAMEHUTOE TIPUIOKEHUEe TIOJHOCBS3HBIX CeTell CBS3aHO C YBeIUUEHUEM
3HAYEHUH MOJIOKUTE/ILHO OTpeJe/IeHHbIX KBaZipaTUuHbIX GopM. Peus nzer o

Hpe,ﬂ,HOHO)KHM, UTO 3daHO HECKOJIbKO 3Td/IOHHBIX BEKTOPOB [JdHHBIX

;1-L1 ....™ 1 npu o6paboTKe MOCTYNMBIIETO HAa BXOZ CUMCTEMbl BEKTOpA X

TpebyeTcs TOAYyYHUTh Ha BbIX0oJe OMKallMii K HEeMy 3Ta/lOHHBIA BEKTOP.
Mepoii cxofcTBa B MpoCTeiiiieM ciayuae OyieM CUuMTaTh KOCUHYC YITIa MEXY
BEKTOPAaMH - /il BeKTOPOB (DMKCUPOBAHHOW [JTMHBI 3TO MPOCTO CKa/ISPHOE
npousBegeHre. Mo)KHO 0XKU/JaTh, YTO U3MEHEHHME BEKTOpa x M0 3aKOHY

.Tr =r+ hz .?:kl:.r'[",i':]. (11)
Ek
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rge h - Manblil 1ar, MpPUBeJeT K yBeJMUYeHHUI0 TIPOeKLUH X Ha Te 3TalOHHI,
CKa/lsipHOe TIPOM3Be/leHhe Ha KOTOpbIe [;rj" . ) bonblwe.

OFpElHI/I'-II/IMCH pacCMOTpeHHUEeM 3Ta/JIOHOB, MW O0OXHAdeMbIX pPe3yl1bTdTOB

obpaboTku ¢ koopauHatamu -] . PazBuBas U3/M0KEHHYIO UEH, MPUXOAUM
K nudepeHIIManbHOMY YpaBHEHUIO

% — —pradH,
H = Hy + 0Hy, Ho(z) = -1 ¥ (a*, )", Hy(2) = L ¥ (a7 — 1)2,
=ik i
gradHy; = — Z;r‘"(;r‘".-.r], (gradH,); = (1}2 =E
k

rje BEepXHHUMH HWHAEKCAMH obo3HauaroTcs HOMEpa BEKTOPOB-3Td/IOHOB,
HHUXHHMH - KOODOAWHATEI BEKTOPOB.

®yHKUUg H Has3piBaeTcs " Hepruei " ceTH, OHa MUHUMHU3UDPYETCS B Xofie

tdynkiguonupoBanus. Cnaraemoe f{;; BBOAMTCA s TOro, uToOBl CO
BpeMeHeM BO3pacTasa MpOoeKIUsi BeKTOpa x Ha Te TaJ0OHbI, KOTOPbIe K HeMY

Onuke, cnaraemoe ff| obecneunBaeT CTpem/ieHUEe KOOPAMHAT BEKTOpa x K
+ 1. TlapameTp {} omnpepensieT COOTHOIIEHHE MEXIY WHTEHCHUBHOCTAMU
3TUX ABYX MpoieccoB. lleecoobpa3Ho MoCTeNneHHO MEHSTE ) CO BPEMEHEM,
HauWHasg C Ma/IbIX (] < |, ¥ IIPUXOJA B KOHLIE KOHIIOB K (] = 1.

[TogpobHee cucTeMbl acCOIMATUBHON MaMATH PaCCMOTPEHBbI B OT/EMbHOU
AeKUuU. 37eCh e Mbl OTPAHUUUMCS 0OCY)KIEHHUEM TOJIYYarIUXCs BeCOB

ces3eil. MaTpuia CBsi3eil MOCTPOEHHOM ceTH omnpegensercss GyHKuuen [,

2 f .
TaK Kak (gT&dHLJj - (I_?- == l:':lj' BBIUH CJISIeTCS HEITOCPeACTBEeHHO IpH
-M HelpoHe be3 yuacTusi ceTu. Bec cBsi3u MeXay 1 -M ¥ j -M HeHpOHAMH He
3aBUCHUT OT HampaBJ/IeHUS CBS3H U paBeH

= koK
@y = )T 13)
[

OTa npocTas GopMy1a UMeeT Upe3BbIUaiiHO Ba)KHOE 3HaYeHUe /I Pa3BUTHS
TeOpUU HeMPOHHLIX ceTeil. Bknaj k -ro 3TaioHa B CBSI3b MEXAY 1 -M U ] -M
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k_ .k . .
i, ) paBeH +1, e 1 -9 M J -5 KOOPJAMHATBI 3TOrO

3Td/IOHA UMERT O,[[HH&KOB]:IFI 3HdK, U pPdBe€H —l, eC/iIi OHH HMERT pa3HbIﬁ

HelipoHamu ( O

3H4K.

B pe3ynsrate BO30yKAeHWe 1 -ro HelipoHa miepejaetcsi J -Mmy (M
CUMMETPUUHO, OT j -TO K 1 -My), ec/id y OO/MBIIMHCTBA ITAlOHOB 3HAK 1 -#
U j -# KOOPAMHAT COBMAZAIOT. B MpOTUBHOM Cydae 3TU HeHPOHBI TOPMO3ST
JpyT Apyra: Bo30yxAeHue 1 -ro BeJeT K TODMOXeHUI j -To, TOPMOXKeHHe i
-T0 - K BO30yKgeHuro j -ro (Bo3gelicTBUe J -TO HA 1 -W CUMMeTPUUHO). ITO
npaBua0 0Opa3oBaHMs acCOLMATUBHBIX CBs3el (rpaBuno Xe66a) ceirpano
OTPOMHYIO POJIb B TEOPUU HEHPOHHBIX CeTeN.

Cetn KoxoHeHa /1 KjacTep-aHaiv3a W KjlacCUpUKALUU
6e3 yuurens

[TocTpoeHue OTHOWIPHUH Ha MHOXeCTBe OOBEKTOB - OfHA M3 CaMbIX
3araZlouHbIX M OTKPBITHIX /i TBOpYecTBa o00sacTell TpUMeHeHUs
MUCKYCCTBEHHOTO uHTes/tekra. [lepBeim u Haubosiee pacnpoCTpaHEHHBIM
NPUMEPOM 3TOM 3a/lauu siBisieTcs: Kiaccudukaius 6e3 yuntesns. 3agaH Habop
00BEKTOB, Ka)KJOMY OOBEKTY COMOCTaB/IeH BEKTOP 3HAYeHW MPU3HAKOB
(ctpoka Tabnuuel). Tpebyercss pa3bute 3TU  00BEKTBI Ha KIaCCHI
KBHUBAMEHTHOCTHU.

EcTecTBeHHO, mpexx/e, 4eM TNPHUCTYNAaTh K PELIeHUI0 3TOW 3a7iaud, HY)KHO
OTBETUThL Ha OJWUH BOMPOC: 3aUeM MPOU3BOAUTCS 3TO pa3bueHue U UTO Mbl
bynem fgenath C ero pe3ynsratom? OTBeT Ha HEro MoO3BOJIMT MPUCTYIUTE K
(dopmanbHOM MOCTAHOBKe 3ajauu, KoTopasi Bcerja TpebyeT kKomrpomucca
MEXY C/I0XKHOCTBI PpeleHUsI U TOYHOCTEH (opmanu3anuu: OGykBaibHOe
cnefloBaHUe COAep)KaTeMbHOMY CMBICJY 3aJjaud  Hepejko TMOpOXIaeT
C/IOKHYK BBIUMCIUTENBHYHO Mpo0/ieMy, a cjefjoBaHUe 3a TPOCTHIMU U
37eraHTHBIMU aITOPUTMaMH MOXKeT PUBECTH K IPOTUBOPEUHIO CO 3/]paBbIM
CMBIC/IOM.

WUtak, 3aueM HYKHO CTPOMTh OTHOIIEHUSI IKBUBAJIEHTHOCTH MEXIY
obwektamu? B mepeyto ouepeab - Aad  dukcanuu  3HaHWU. Jlogu
HaKalUIMBAKOT 3HAHMS O KilaccaXx OOBEKTOB - 93TO TPAKTUKa MHOTHX
ThICSUEIeTHH, 3adMKCUpOBaHHasi B SI3bIKe: 3HAHWE OTHOCUTCSI K WMEHHU
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K1acca (mpuMep CTaHAApTHOU JpeBHed dopMel: "moau cMepTHBI", "mrogu" -
uMsl Knacca). B pesynsrare knaccMuKaluu Kak Obl MOSIB/ASIIOTCS HOBBIE
MMeHa U [paBuJla UX IPUCBOEHUSL.

[ nst Ka>XX10T0 HOBOTO 00BEKTa MBI JO/DKHBI C/lesIaTh Ba fea:

1. HallTH KJIacc, K KOTOPOMY OH TIPUHAJJIEXKUT;
2. WCTONB30BaTh HOBYK HH(OpMaLMIO, TTOAyYeHHYI 00 3TOM oOBekTe,
JUIsi UCTIpaBJieHust (KOPPeKLMH ) MPaBuI KiacCUUKALIUY.

Kakyto ¢opmy MoOryr umeTe mNpaBu/ia OTHeceHHUsI K kinaccy? Bekamwu
OCBfIlleHA TpaAuliUA TPeJCTaBAAThL KIacC ero '"TUNHUYHBIM', "cpegHUM',
"upeanbHBIM" U T.OI. 3€MEHTOM. OTOT TUMNWYHBIA OOBEKT SBJIAETCS
WeabHON KOHCTPYKI[MEH, OTUIeTBOPSIOIIEH KTacc.

OTHeceHue o00BEKTa K K/IacCy TPOBOAMUTCA TYTeM €ro CpPaBHEHUS C
TUMMUYHBIMUA 3/IEeMEHTaMH pa3HbBIX KIAacCOB W BbIOOpa Omwmkaiiiuero.
[MpaBuna, UCMONB3YIOLME TUMHUYHBIE OOBLEKTBI U Mephbl OIM30CTH A UX
CpPaBHEHUS C APYTUMM, OUeHb MOMYISIPHBI U ceifuac.

[Mpocreiimas mepa 6;1130CTU 00BEKTOB - KBaJpaT eBKIMZOBOTO PACCTOSHUS
MEX/y BEKTOPaMU 3HAUeHWUM MX MPU3HAKOB (UeM MeHbllle pPacCTOsHUEe -
paccrosHue - Tem Omke o00BekTel). COOTBETCTBYyHOILEe OrpefeneHue
NpPU3HAKOB THUIMHUYHOTO 0OBeKkTa - cpejiHee apudMeTHueckoe 3HaueHHe
MPU3HAKOB M0 BLIDOPKE, Mpe/CTaBIsIONIeN Kiacc.

Mbr  He oroBapMBaeM = CIeLiMaJbHO  CYL|eCTBOBAHUME  ArpUOPHBIX
OrpaHUYeHUM, HajaraeMblXx Ha HOBble OOBEKTHI - eCTeCTBEHHO, UuTO
"BcesieHHas" 3a1aul MHOTO 'y>Ke U TOpa3zio onpejeneHHee BceneHHOI.

HOpyras wmepa 07M30CTH, eCTeCTBEHHO BO3HUKAawU@s Mpu o0OpaboTke
CUTHAJOB, U3006pakeHu U T.I. - KBaApaT Ko3dduiieHTa KOppeasuu (uem
oH Oonbie, Tem 6mke 0OBeKTh). BO3MOXXKHBI M MHBIE BAapUAHTHI - BCE
3aBUCHUT OT 3aJauM.

Ecnu uncio k1accoB m 3apaHee ornpejesnieHo, TO 3ajauy K1accudpukanuu 6es
YUHUTe st MOXKHO MOCTaBUTh CJIeAYIOIIMM 0bpa3om.

[Mycte {x®} - BekTOpel 3HAUEHWI TPU3HAKOB /Il PaCCMATPUBAEMBIX
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00LeKTOB U B I[MPpOCTPAHCTBE TAKMX BEKTOPOB OIlpelesieHd Mepa UX 6mm3octH
p'.l:, . ,HJ'IH oripege/nneHHOCTH IMpHMeM, UYTO YeM 6mmxe 06139KT]31, TeM
MEHBIIIe ,l':f"- C KaKAbIM K1dCCOM 6mEM CBA3LIBAThL €r0 THIMUYHBLIA O0OLEKT.
,[[aﬂee Ha3blBa€M €ro sspom Kimacca. TpEﬁyE'TCH OIpeae/nnuTb Ha60p H3 m A0ep

a yz, ... y™wu pasdbuenue {xF} Ha KIacchr:

{;E‘P} = 1 Wl Bl TR B )

MHUHUMH3UPYIOIIEE CAeAYIOIMA KPUTePUit

e

= Z D; — min, (14)

i=1

e ansa Kakgoro ( 1 -ro) kmacca J); - CyMMa pacCTOSIHUH  OT
TIpUHAJJIeXalMX eMy ToueK BeIDOPKH 10 Aapa Kiacca:

D;= ) pl”y) (15)

TP EY;

Munumym Q Gepercsi o BCEM BO3MO)XKHBIM TIOJIOXKEHUSIM sifiep y’ U BCEM
pa30bueHusmM { %P} Ha m kraccos Y.

Ecnu umncino Kmaccos 3dpaHee He orpeaeneHo, TO I10J/1e3eH KpI‘ITEpI/Ii:I
CIIMAHHWA K/IaCCOB: KIaCChI YJ'_ H Yj CMUBAKITCH, eC/Id UX dAlpad 6HI/I)KE, yemM

cpefiHee pacCTOSIHME OT 3jleMeHTa Kiacca A0 sjapa B OJHOM M3 HUX.
(Bo3MOKHBI BapuaHTBI: UCIOMB30BAaHUE CPEJHEr0 PacCTOSHUS MO 000uUM
K/1accam, UCIOJb30BaHUE MOPOTOBOT0 KO3((hUIIMeHTa, MOKa3bIBAKOIIET0, BO
CKOJIBKO pa3 J0J/DKHO PAacCTOSIHUEe MeXIy siipaMM TIPeBOCXOAUTH CpejHee
paccTosiHUe OT 3/1eMeHTa /10 ajpa u Jp.)

HUcnons3oBarhb KpI‘ITEpI/Ii:I CIIUAHKWA K1aCCOB MOXHO TdK: CHa4dadJ/ia IDHHHUMdeEM
rUrnoTe3y 0 A0CTATOYHOM 4YHC/Ie KndaCCOB, CTPOMM HX, MHHUMH3IUPVA Q,
3d4TeéM HEKOTOpbIe YJ-_ Oﬁ'bE,I[I/IHf[EM, MMOBTOpsAeM MHHHUMH3ALUIO Q C HOBBIM

HHC/I0OM KMdCCOB H T.A.

CyiecTByeT MHOTO 3BPUCTHUYECKUX AQJTOPUTMOB Kinaccudukanuu 6Ge3s
yuuTesisl, OCHOBAHHBIX Ha UCMO/Ib30BaHUU Mep OJIM30CTH MeXAy 00beKTamMu.
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Ka}Kr[[in:I W3 HHUX HMeeT CBOKW 00/1acTb [MpHMEHEeHHsA, d Haubosee
pacripoCTpaHEHHBIM HeJOCTAaTKOM ABNAETCA OTCYTCTBHUE YETKOH
(l)OpMEU'[I/I3El]_]HI/I 3d0a4i: COBEpUIaeTCda Iiepexol OT HAeH KIaCTepH3dallhuH
npaAMo K aJropuTMmy, B pe3yibrdaTe HEW3BeCTHO, UYTO HUIETCH (HO 4YyTO-TO B
mobom Cilydyde HaXogWuTCA, HHOIa - HEI'IJ'[OXD).

CereBble anropuTMbl Kiaccuukaiiuu 6e3 yuuTesns CTPOATCS HAa OCHOBE
WUTEPAlIMOHHOTO MeTOofa AWHaMHuecKux sigep. OmnwuiiemM ero cHauana B
Haubonee o0Omeii abcrpaktHoit  dopme. [lycTs 3a7aHa  BeIOOpKa
npenobpaboTaHHbIX BeKTOPOB AaHHBIX {xP}. TIpOCTpPaHCTBO BEKTOPOB
naHHbIX 0003HauuM E. Kaxgomy knaccy OygeT COOTBeTCTBOBaTh HEKOTOPOE
anpo a. [lpoctpanctBo sgep Oynem obo3Hauate A. s KaXABIX 3 & [+ #
i < A omnpegensiercs mepa 6iu3soctu d (x, a) . [aa kakgoro Habopa u3 k

agep a;,...,a, #u moboro pasduenus {x°} HAa k KIaccos

[x"} = P, UP3 U ... UPy onpegenum kputepuit kauectna:

'ﬂ‘.
D = D(a1, 02, ... 06, P, Py, ..Pe) = ¥ 3 d(z,a:) (16)
i=l zER
TpebyeTcs HaWTH Habop a1y e..rdyg u pa3bueHue

[x"} = P, U P2 U ... UPy, Muaumusupyroupte D.
Illar anropuTMa pa3buBaeTcs Ha JBa JTamna:

® 1-i1 stan - Ana ¢ukcupoBaHHoro Habopa szep aq, ..., a, HIEM

MUHUMHU3UPYIOLLee KpUTepui KauecTBa D pasbuenue
P
[x"} =P, UPaU .. UPy ; oHO [aeTcs pemaoupim mpaBHIoM:
5 & el
r e F;,eomd(x, aj;)<d(x, aJ-) npu 17 ], B TOM CJydae,
Korga Ansi X MUHUMYM d (x,a) [JOCTATaeTCs TPU HEeCKOJbKHX
3HAUeHUSIX 1, BEIOOP MeXAy HUMU MOXeT ObITh Cjej1aH MPOU3B0JILHO;
® 2-%i stan - Aas Kaxgoro P; ( i=1, ...,k ), MOAyYeHHOrO Ha

nepeOM 3Tane, WIETCA ¢y = A, MUHMMM3MDYyIOlee KpUTepHii

i —D; = E d(x, a;)

KauecTBa (T.e. cmaraemoe B D 711 JaHHOTO el
c
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Unknown Hefipounpopmatika

HavaneHble  3HAYeHH ap, ...,a, X p=P;UP2U..UPy

BbIOMpAOTCS TPOU3BOJIBHO, MUO0 1O KakOMy-HUOYIb 3BPUCTUUECKOMY
[IpaBuIy.

Ha KayKOOM Idre WM 3Tdle aJropuTMd YMEeHBbUIAeTCA KpI‘ITEpI/Ii:I KauecTtBa D,
OTCHOOa cineayerT CXOAWMMOCTh a/JITOPUTMa - MOC/Ie KOHEUHOTro 4YHCia aros

pasbuenne {x" } = Py U P2 U ... UPy yxe ne mensiercs.

Ecmu aapy a; COMOCTaBAsAETCS 371€MEHT CEeTH, BHIYMC/ISAIOLIMI 110 BXOAHOMY
curHany x  GyHkyuioo d(x,a;), TO pelialolliee TMpaBUIO [
KnaccuduKaluu JaeTcsi uUHTepripeTatopoMm 'mobeautens 3abupaer Bce™
3/IeMeHT x TPUHAJIeKUT KIaccy P, eCau BBIXOAHOM curHan i -TO

snemMeHTa d (%, a;) MEeHblle BCeX OCTA/IbHbIX

E,I[I/IHCTBEHH&JI BBIUUC/INTE/IbHAA CJI0OKHOCTL B dJITOPUTME MOKET COCTOATEL B
IMOMCKe fA7pa IO K1acCy Ha BTOPOM 3Tale ajiropuTtMa, T.e. B IIOUCKE ¢ = A ,

Dy =% dfm,a)

MHHHUMH3HU ero
pyroy Faey

B cBsaA3M c 3TuM, B GOMBIIMHCTBE KOHKPETHBIX peanu3aliuii MeToja Mepa
omm3octu d BbiOMpaeTcss Takoi, UTOOBI JIETKO MOXKHO ObIIO HAWTH a,
MUHUMU3UPYIoLIee D st JaHHOTO P.

B mpocreiimem ciyyae mpoCTPaHCTBO sfep A COBMAajaeT C NMPOCTPAHCTBOM
BEeKTOPOB x, a mepa Oiu3octu d (x, a) - TOJOXKUTENLHO OMpeje/ieHHas
KBajlpaTUuHas (popmMa OT x —a, HallpuMep, KBa/ipaT eBK/IUI0BOr0 PACCTOSHUS
WK Jpyrasi MOJI0XKUTENILHO OTpefiesieHHas KBajgpaTuuHas (opma. Torma sagpo
a;, MUHMMHU3Upymolee D, , eCTb LIeHTP TSDKeCTH Kiacca Py :

1
&= | P Z +:(17)
! ze F;
e | P, | - uuC/io 3/1eMeHTOB B P ;.

B 3ToM ciyuae TakKe YIPOI@ETCS W PEIarllee MpaBWIIO, pasiesstolee
knaccel. O6o3Hauum d (x,a) =(x-a,x-a), rme (., .) - OunuHelHas
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Unknown Hefipounpopmatika
Cl)OpMEl (ECJ'IH d - KBdZlIpaT EBK/IMAOOBOIO paCcCTOSAHHUA MEXAY X U a, TO
(.,.) - obbIUHOE CKa/IApHOe l'[pOI/IBBe,H'EHI/IE). B CHITY OMJIMHEHHOCTH

d(x,a)=(x-a,x-a)=(x,x)-2(x,a) +(a,a).

Yrobbpl cpaBHUTH d (x,a;) AIA pasHBIX 1 W HaWTH Cpeid HHX
MHUHUMA/IBHOE, [0CTaTOYHO BBIYMCIAUTHL JIMHEHHYK)  HEOJHODPOAHYH
(hyHKIHIO OT x:

dy(x,a) = (a,a;))-2(x,a;).

MunumaneHOe 3HaueHue d (x, a;) [JOCTUraeTcs MPU TOM XKe i, UTO U
MMUHUMYM d; (x,a;), II03TOMYy pellawllee TpaBUIO peannusyercss C

IMOMOLBID k CYMMaTOpOB, BBIUMCAAOUMX d (x,a) W HUHTepnperaropa,
BbIOMpAIero CyMMaTop C MUHUMAIBLHBIM BBIXOJHBIM curHanoMm. Homep
3TOr0 CyMMaTopa M eCTb HOMep Kjacca, K KOTOPOMY OTHOCHUTCA X.

[TycTs Teneps Mepa 6/130CTH - KO3(DULIUEHT KOPPESLUU MEX/Y BEKTOPOM
JaHHBIX U POM Kacca:

d(z,a) = r(z,a) = Y (x; — M:)(a; — M,)

Ozlg

4

S— ===
rae £j.@; - KOOpAMHATBI BEKTOPOB, n 5 (u ananoruuHo A

g, = H Y (z; — M,)?
3

), n - pa3MepHOCTb MPOCTPAHCTBA JaHHBIX, ‘lﬁ'
aHAJIOTUYHO Ty ).

(u

[lpeamonaraetcs, uTO JaHHbIe TpeABapuTenbHO  obpabaTbiBarOTCS
(HOPMUPYIOTCS M L|EHTPUPYIOTCS) 110 MPABUIIY:

i —.'1»{_:

€T =

Ur

Touno Taxke HOPMHpOBaHbI U LIEHTPUPOBAHbLI BeKTOpHI szep a. [losTomy
Bce oOpabaTbiBaemMble BEKTOPBI U siipa TIPUHAJIEXKAT CeYeHUI0 eJUHUYHOM
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Unknown Hefipounpopmatika
w z;l‘g =0
eBKIMJ0BOM cdepbl ( | | x| |=1 ) TMNEpPIUIOCKOCTBIO ( - )- B

TakoMm caydae d(x, a) = (&, a).

3aaya mouckKa siipa Aas JaHHOTOo K1acca P MMeeT CBOUM peLIeHHeM

ap = z =) z || (18)
xzeP

zeP

B omnucaHHbIX TPOCTEHIIMX CAyuasx, KOrja spo Kj1acca TOUHO OTpe/esisieTcs
Kak cpefHee  apudMeTnueckoe (MM HOPMHUPOBaHHOe  CpeJHee
apudmMeTHYeCKoe) 3TeMeHTOB Kjlacca, a pelarllee MpaBUI0 OCHOBAHO HA
CPAaBHEHUU BBIXOAHBIX CUTHAJIOB JIMHEHHBIX aJalTUBHBIX CYMMAaTOpOB,
HEHPOHHYK CeTh, PEAJM3YIILIYI0 MEeTO[ AWHAMHUeCKUX ffep, Ha3bIBarT
cetbto KoxoHeHa. B ompegenenuu sijep a Ajs cereil KoxoHeHa BXofsiT
CYMMBI Z * . 310 nossonser HakannMBaTH HOBBIE JUHAMUUecKue siapa,
oﬁpaﬁarblcaaﬂ M0 OfIHOMY NPUMepy U NepecunuThIBas a; Mocie MOsBIeHUs B

P, HoBoro npumepa. CxogWMOCTb MNpU Takod MoaudUKaLM{, OAHAKO,

yXyZALLIaeTcs.

3akoHUMM pa3fen pacCMOTpPeHHeM pa3/lHYHbIX Cr0COo00B HCMOIB30BaAHUS
MOTyUeHHBIX KTaCcCU(UKATOPOB.

. . i
1. ba3zoBbili crocob: f1s BeKTOopa [aHHBIX X~ W KaXKAOTO sApa a;
BbIUMC/AeTCA vV =d (%, a;) (YCIOBMUMCS CUMTaTh, YTO MPaBUIbHOMY

A4py OTBeuaeT MakCMMyM d, M3MeHssd, €C/IM Hajo, 3HaK d ); mo

npaBuay 'mobesurens 3abupaeT Bce" CTpOKa OTBETOB

npeoOpa3syeTcs B CTPOKY, [ TOBKO OJWH 3JIEMEHT, COOTBETCTBYIOIMMA
MaKCMMa/JbHOMY Yy ;, paBeH 1, OCTajJbHble - HYIH. JTa CTpOKa U
ABJIETCS pe3yibraToM (yHKIMOHUPOBaHUs ceTH. [1o Hell MoXeT BbITh
onpejeneH HOMep Kiacca (HOMep MeCTa, Ha KOTOPOM CTOMT 1 ) U
Jpyrve mokKasaTesu.

2. MeTon akkpeguTalMU: 3a CJIoéM 371eMeHTOB 0a3oBoro MeTosa,
BBIZIAIONMX CUTHA/IBI O unu 1 1o npaBuiy "nobegurens 3abupaet Bee"
(mamee  HaswpiBaeM ero cioeMm  0a3oBoro  MHTepripeTaTopa),
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Unknown Hefipounpopmatika
HaACTpaHWBdeTCs elle OOUH (&) (07 BBIXOAHBIX CYyMMATOPOB. C KdKbIM (
i -M) K/IaCCOM dCCOLIUHUDPYETCH g -MEprIiJl BbIXDr[[HOﬁ BEKTOp ZJ' C

koopauHatamu z* 4. OH MOXeT (OPMHUPOBATBCS MO-PA3HOMY: OT

JBOMYHOIO TpeJCTaB/IeHUsI HOMepa Kiacca [0 BeKTopa siipa Kiacca.
Bec cBsa3mu, Beayumeldr ot i -ro  371eMeHTa iosi  6a3oBoro
WHTepIIpeTaTopa K j -My BBIXOAHOMY CYMMAaTOpy OIpeJenseTcs B

TOYHOCTH KdK ZJ'J-. Ecnim ma stom i -m s1emedTe 0a3oBoro

WHTepnpeTaTopa MOAydYeH CUrHaa 1, a Ha OCTadbHBIX - 0, TO Ha
BBIXO/IHBIX CYMMAaTOpax OyAyT MOy4eHbl YHC/a Z .
3. Heuerkas knaccudukauus. IlycTs ais BeKTopa JaHHbIX x 00OpaboraH
C/I0eM 3JIEMEHTOB, BEIYUCISIOUMX v =d (x, a;) . Uges fancHeiiei
obpaboTku cocTouT B TOM, uTOOBI BeIOpaTh U3 3TOro Habopa {v;}

HECKOJIBKO CaMbIX OOJBIIMX YKMCes U T0C/ie HOPMUPOBKH OOBSIBUTE UX
3HaueHUsiIMU  (GYHKIMI T[PUHAAIEKHOCTH K COOTBETCTBYHOIIMM
knaccam. llpegmonaraercsi, 4To K OCTafdbHBIM — Kinaccam  OOBeKT
HaBepHsKa He TIpUHAA/IeXUT. [Ins Beibopa cemeiicTBa G Haubonbumx
y | OTpejenuM C/Ie/lyl0lMe YnCa:

1 !
Vmax — Inax{yé}w -Fhry = I Z Ui, 8 = tl = &.)J'{y g ol
i
IJle UuCc/a0 (¥ XapaKTepu3yeT OTK/IOHeHHe 'YypoBHsS cpe3a" s OT

CpelHeTO 3HaueHUst ﬂfy o [-11 1], M0 yMOJTYaHHI0 OOBIYHO
TIpPUHHUMAeTCo ¢y — (.

Muoxecrso J = -[_1 ¥; € G]— TPaKTyeTCsl KaK COBOKYIIHOCTb
HOMEpOB TeX KIaCCOB, K KOTOPBIM MOXXET TpPUHAZJeXaTb 00BeKT, a
HOPMUPOBAHHbIE HA e JUHUUHYI0 CYMMY HEOTpUL|aTe/IbHbIe BeIMUHUHBI

v — =
P
(7 — 8)

7EJ

(mpu §y = J uf = 0 BIPOTUBHOM CiIy4ae)
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Unknown Hefipounpopmatika
HHTEPIIPETUPYIOTCH KdK 3HAYeHHH Cl]}’HKL[Hﬁ MNpUHAAJIEKHOCTH 3THM
K/laCCaM.

4. Metop VHTEepIIOJIALUA Ha/CTPauBaeTcs Ha[, HeueTKou
K1accuuKauel aHaIOTHYHO TOMY, KaK MeTO[, aKKpeJUTAalluU CBsI3aH
c 6asoebiM crocobom. C KaXKIbIM KIaCCOM CBSI3BIBAETCS ¢ -MEePHBIN
BBIXOJHOM BeKTOp z'. CTPOMTCS CI0M M3 G BHIXOGHBIX CYMMaTopoB,
Ka)XKbIM U3 KOTOPBIX JO/KEeH BBI/IaBaTh CBOK) KOMIIOHEHTY BBIXOJHOTO
BekTopa. BecoBbie k03(duijueHTh! CBs3€eil, BeIyIMX OT TOTO 3JIeMEHTa
HeUYeTKOro KiraccuukKaTopa, KOTOPBIM BbIUMCAseT £, K J -My

BBIXOJHOMY CYMMAaTOpPY OIpeAensitoTCsd Kak z - -

5. B utore Bekrtop

BBIXOJAHBIX CHTHA/IOB CeTH eCTb

::Zﬁ-:’-

J

B oTpenpHBIX Ciydasx Mo CMBICTY 3afaud TpebyeTcs HOPMHPOBKa f; Ha

eIMHUUHYI CYyMMY KBaJIpaTOB W/ MOAY/IeH.

Beibop ogHOro m3 OMMCAHHBIX YeThHIPEX BAapUAHTOB MCIIOML30BAHUS CETH
(umu  kakoro-HUOyAL [PYroro) oOTmpefenseTcs HYKJAMH T0JIb30BaTels.
[Mpennaraemele ueTsipe criocoba MOKPEIBAIOT DOMBIIYIO YacTh MOTpeOHOCTEIA.

3a mpejenaMu 3TOW JIEKIUM OcCTajncs Haubosee yHUBepCalbHbIH Crocob
oOyueHUsI HEWPOHHBIX CeTel MeTOJaMM T[IaJKod ONTUMH3ALUA -
MUHUMM3ALUU QYHKIIUM OLleHKU. EMy MOCBsillieHa CIeyionas JeKIHs.

Pabora Hag nekiueit Obina nmopaep>kaHa KpacHosipckuMm kKpaeBbiM (POHAOM
Hayku, TpaHT 6F0124.

) HamomumMm, uTO A151 BEKTOPOB x, y MaTpuua x i },T UMeeT CBOMMHU
ajleMeHTaMH iVl |
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beictpoe  puddepeHpoBaHue, JBOWCTBEHHOCTb U
oOpaTHOe pacripo cTpaHeHue OLIMOKU

B fmaHHOl NeKiMK MO3HAKOMUMCS C MeTOAaMU 00yueHUs HEMPOHHBIX CeTeit
Y ONTHMM3alIMed 00yueHusi HeMPOHHBIX CeTen

BriuncnutensHsil neHTp CO PAH B 1. KpacHosapcke

A.H.Topbaub

B oToli nekuuu wm3naraeTcsi Marepuan, 3HaueHWe KOTOPOTO s
BBIYMCIUTE/NBHOM MaTeMaTUKU U BCEro TOro, YTO MO-aHIIUHCKA HMEHVIOT
"computer sciences", BEIXOAUT Aaneko 3a mpepensl HelipouHdpopmaTuku. Co
BpemMeHeM OH 0e3ycs0BHO OyfeT BKIHOUeH B NMPOTPaMMbl YHUBEPCUTETCKHX
KYPCOB MaTeMaTHuyeCKOro aHan3a.

Ob6cynum opHy "oueBuHYIO" norMy, 0e3 paspyileHusi KOTOPOl ObLIO ObI
HEBO3MOXKHO  3(pekTiBHOe  oOyueHue HeHWpPOHHBIX ceredd. [lycTh
BBIUMC/IUTE/bHBIE  3aTpaThl  (OL|EHUBaeMble BpPEeMEHEeM, 3aTpaueHHBIM
HEKOTOPbIM ~ YHUBEPCAIBHBIM  BBIUMCIAMTE/NbHBIM  YCTPOMCTBOM)  Ha
BBIUMC/IEHUE OJHOTO 3Ha4eHWs (PyHKUMU N MepeMeHHbIX H (x,, ..., x,)

npumMepHo paBHbI T. CKOBKO BpeMeHH MOoTpedyeTcsi TOMY JKe YCTPOMCTBY Ha
BbIUMCAeHUe gradH (mIpu pa3symMHOM COCTaB/JIeHHM IPOrpamMmsbi)?
BonpumHCTBO MaTeMaTUKOB C YHUBEPCUTETCKHUM IUIIIOMOM OTBETHUT:

Tgde ~ nTy. (1
OTo HeBepHO! [IpaBUMBHEINA OTBET:

Tgraau~ CTy ()

grad
rfe C - KOHCTaHTa, He 3aBUCANAS OT pa3MepHOCTH n (B OoybIMHCTBE
cinyuaeB C~3 ).

Hnst Bcex (GyHKIUII MHOTMX TNEepPeMEHHBIX, BCTPEUAKIIMXCS Ha TIPaKTHKe,
HeoOXolMble BBIYMCIMTE/NbHbIE 3aTpaThl HAa MOMCK WX TPajlueHTa BCETo
ML B [Ba-TPU pa3a NPeBOCXOAAT 3aTpaThl Ha BBIYMC/IEHHE OfHOTO
3HaueHUs. GYHKOUHU. OTO YIUBUTENRHO - BeJb KOODAWHATAMU BEKTOpa
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rpajiieHTa CJIy)KaT N 4YacTHBIX MPOU3BOAHBLIX, a 3aTpaThl Ha BBIYUC/IEHUE
OQHOW TakOW MPOU3BOJHOW B 00IEM Cjyuyae MMPUMEPHO TAaKUe Ke, Kak U Ha
BbIUMC/IeHWe 3HaueHUs GyHkuuu. [Touemy >ke BBIUMCIEHHE BCEX UX BMeCTe
JemieBJie, 4eM 1Mo-0TAeITbHOCTH ?

"Jyno'" 00bICHSETCSE JOBOBLHO MPOCTO: HY)KHO paljuOHaAbHO OPTaHWU30BaTh
BBIUMC/IEHUE TIPOU3BOJHBIX CIOXKHOM (PYHKIIMM MHOTHUX TepeMeHHBbIX,
usberass ayonupoeanus. [lns 3Toro HeoOxogumo MoapoOHO TIPeACTaBUTh
camMoO BbIUMC/IeHUE (YHKI[UM, YTOOBI MOTOM HUMETb [Jen0 He C "uepHBIM
AnmKkoM', peoOpa3ylolnMM BEeKTOP apryMeHTOB B 3HaueHHe (GyHKIUH, a C
[eTa/IbHO OMUCAHHBIM rPadoM BHIUMCIIEHU .

IMouck gradH ygoOHO TIpe/ACTaBUThL KaK HEKOTOPbIM [IBOMCTBEHHBIU
npoLecc Haj, CTPYKTYpoil BeiuncieHus H. [Ipome)xyTouHbie pe3yibTaThl,
MOSIBJISIFOIIMECS] TIPU BBIUMC/IEHUU TPAJMEHTa, SBJISIIOTCS HU UeM UHBIM, Kak
MHOXUTenssmu Jlarpawka. OKa3biBaeTcs, 4TO €C/AM TPeJCTaBUTh H Kak
CNOXKHYI (YHKI[UIO, SBJISIONIYIOCS CyNepro3uiueil GyHKIU{ Majioro yucsia
MepeMeHHBIX (a MO-PYroMy BBIUMCIATE QYHKIIMM MHOTHX TI€PEMEeHHbBIX MBI
He ymMeeM), U aKKypaTHO BOCIO0JIb30BaThCsl TPaBuioM AudxbepeHI[UpOBaHUS
CIOKHOM (PYHKI[MM, He TIPOM3BOAs MO [OpPOre JIMIIHUX BBIUUCIAEHUM U
COXpaHsisi TOJIe3Hble TMPOMEXKYTOUHBIE DPe3yIbTaThl, TO BBIUMC/IEHHE BCei

COBOKYITHOCTH ﬂHF.r’ﬁJ}c;j(i — 1.....n) HEMHOTUM C/IO)KHEe, YeM OJHOH u3
3TUX QYHKI[UHM - OHU BCe COOpaHbl U3 OMHAKOBBIX OJIOKOB.

51 He 3HAI, KTO BCe 3TO NpUAyMas rnepesiM. B HelipouHdopmaTuke criopel 0
NpUopUTeTe BeAyTCsA A0 CcuX nop. KoHel] mepeoTKpbITUSM MOJIOKUIU [Be
pabotel 1986 r.: Pymensxapra, XunToHa u Bunbsmca [3.1, 3.2] u bapiieBa u
OxonuHa [3.3]. OpHako nepBbie MyOMMKaLMKU OTHOCATCA K 70-M 1 gaxke 60-
M rofam Haiero crosietus. [To maenuto B.A.Oxonuna, Jlarpanx u Jlexxaunp
TakkKe BIIpaBe MpeTeHJ0BaTb Ha aBTOPCTBO METO/A.

OOyueHre HEMPOHHBIX CeTel KaK MUHMMM3ALMs (DYyHKLIMN
OLIIUOKU

[TocTpoenue obyueHus: KAK ONTUMHU3ALIMU [JaéT HAM YHUBEpCa/lbHbIH METO[
CO3/jaHUsI HeMPOHHBIX CeTel /i peieHus 3afad. Ecnu copmynupoBaTh
TpeOOBaHUsS K HEHMPOHHOW CeTH, Kak 3afjauy MHUHMMW3AIUU HEKOTOPOH
GyHKI[MY - OL|€HKH!, 3aBUCSILIeH OT YaCTU CUTHAOB (BXOAHBIX, BBIXOAHBIX, ...)
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U OT TMapamMeTpoB CeTH, TO O0OyueHHMe MO)KHO pacCMaTpUBaTh Kak
ONTUMM3ALUI0 U CTPOUTHL COOTBETCTBYIOIIME ajrOPUTMBI, TPOrpaMMHOE
obecrnieuenue u, HakoHell, ycrpoiicTBa (hardware). @ yHkiMs oeHKHU 00bIYHO
JOBOMBHO TIPOCTO (SIBHO) 3aBUCHUT OT YaCTH CUTHAJIOB - BXOAHBIX H
BBIXOAHBIX. Ee 3aBUCMMOCTb OT HACTPaMBaeMBIX MapaMEeTPOB CETU MOXKeT
ObITE C/IO)KHEe W BKIWUATh KaK fIBHbIe KOMIIOHEHTHl (C1araemele,
COMHOXXWUTENH,...), TAK U HesABHLIe - uepe3 CUTHabl (CUTHa/bl, OYEBUJHO,
3aBUCAT OT apaMeTPoB, a (PYHKI[US OLIeHK! - OT CUTHAJIOB).

3a mpesenamMu 3ajay, B KOTOPBIX HEMPOHHBIE CeTU (GOPMUPYIOTCS T10 SIBHBIM
npaBunam (cetu  Xondunaa, TPOEKTUBHBIE CeTH, MHUHUMM3ALUA
aHaTMTUYeCKHU 33/IaHHBIX (QYHKUWN W T.1.) HAM HEW3BeCTHBI C/Tydau, KOrjaa
TpeOOBaHUsS K HEMPOHHOU CeTH Henb3s OblI0 Obl TIpeAcTaBUTHL B (opme
MUHUMM3ALUU QYHKIUM OLleHKU. He cieAyeT myTaTh Takyrw ITOCTaHOBKY
3a/1aud ¥ ee BeCbMa YaCTHBIA ciyudait - "oOyueHue c yuurtesneMm'. Y>ke MeTo[
OUHAMUUECKUX s[Iep, OMUCAHHBIN B MPEJLIAVIIENH JeKIIWH, MOKA3bIBAeT,
KakuM o0pa3om oOyueHue 0Oe3 yuuTens B 3ajjauaxX KlaCCU(UKAIL[UU MOXKET
ObITb OMUCAHO KaK MWHUMM3ALMS [1e1eBOW (YHKIMK, OIeHUBAIIIeH
KauecTBO pa3bueHus Ha KI1aCcChl.

Ecnu anda pereHus 3afaun He ynaeTcs SBHBIM 006pa3oM chOpMHPOBATh CETh,
TO npobsiemy oOyueHUs] MOXKHO, KaK MPaBU/I0, ChopMyTMpOBaTh KaK 3a/jauy
MUHUMHU3AIUKU  OLleHKH. OCTOPOXKHOCTh Tipeabiayiei dpas3bl  ("Kak
NpaBuso") CBA3aHa C TeM, UTO HA CaMOM /leJie HaM HeU3BEeCTHBI U HUKOIZla He
OyZyT M3BeCTHBI BCe BO3MOJKHBIE 3aJaud [Jsl HeHPOHHBIX ceTell, U, ObITh
MOXKET, [7le-TO B HEeU3BeCTHOCTH eCTh 3ajjJaud, KOTOpble HEeCBOAUMBI K
MHUHHUMH3ALUN OLIeHKH.

MuHUMM3aI U OL[EHKH - CI0)KHasi 1pob/ema: mapaMeTpoB aCTPOHOMHUUECKH
MHOTO ([/1s1 CTaHAAPTHBIX NPUMEPOB, peanusyembix Ha PC - ot 100 fgo
1000000 ), amanTuBHBIA penbed (rpaduk OIEHKHM KaK (YHKIIMU OT
NMOACTPauBaeMbIX I1apaMeTPOB) CJ/IOKE€H, MOXKeT COfepXKaTb MHOTO
NOKa/TbHbIX MUHUMYMOB, U3BUJIMCTBIX OBPAroB M T.11.

HaxoHet, gaxe asisi TOTo, yTOOBI BOCIIO/IB30BATHCS MPOCTEHIIIMMH METOAAMU
DIJKOW OMTHUMU3AIUU, HY)KHO BBIUMCJIATH TPAJUEHT (YHKI[UU OLIeHKH.
31eck MBI CTAJIKUBAeMCSl C OJHOW "oueBUAHOU" mormoi, 6e3 paspyiieHus
KOTOPO#1 Ob1710 ObI HEBO3MOXKHO 3thdekTuBHOEe 00yueHUe HeMPOHHBIX CeTeH.
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I'pad BbIYKC/IEHUS CZIOKHOU (DYHKLUU

CrnoxxHast pyHKIHS 3a[jaeTCs C TTOMOILBIO CYMepro3uijui HeKOTOporo Habopa
"mpocteix”. IlpocThie GyHKIIUM TIpUHAAAEKAT MCXOAHO 3a/]laBaeMOMY
KOHEUHOMY MHOXecTBy F. @opManbHO OHM  BbIJe/IeHbl  TOJIBKO
MPUHA/IeKHOCTBI0 K MHOXKECTBY F' - HUKAKUX 0053aTeTbHBIX MHBIX OTIMUUM
3TUX (QYHKI[UI OT BCEX MPOUUX B 0011]eM Cydae He mpe/rnosiaraeTcs.

B sTom pazgene Mbl U3yurM crioco6Obl 3alaHUs CJIOKHBIX QYHKIIHi, TO €CTh
opMynbl 1 CcoOTBeTCTBYyIOIMEe UM rpadel. CBoMCTBa caMUX (PYHKIIUM Hac
ceituac He uHTepecytoT (Oygem paccMaTpUBaTh HOTHI, @ He CYIIATh MY3bIKY).

Teopusi BbIpaKeHWU, ONpeJeNsIOUMX CA0KHBIe (YHKIUH, SBISETCA
MPOCTEUIIIMM pa3je/ioM MaTeMaTUueCKOW JIOTUKH, B KOTOPOM CaMU I3TH
BbIp@)KEeHHU S HAa3bIBAIOTCA TepMamu [3.4].

Tepmbl - 9TO MNpaBUABHO TOCTPOEHHbIE BBIPAKEHHS B HEKOTOPOM
tdopmanbHOM si3bike. UTOOBI 3a7aTh TAKOU S13bIK, HEOOXOAMMO OTIPEIeTUTh ero
andaput. OH COCTOUT U3 TPEX MHO)KECTB CUMBOJIOB:

1. C - MHOXeCTBO CHMMBOJIOB, OGOBH&‘I&IOLU".[/IX KOHCTAHTRI,
2. V - MHOXECTBO CHMMBOJIOB, OGOBH&‘I&IOHJ;[/IX nepeMeHHbIE,

: i oy "
3. F - MHOXeCTBO (DYHKL[MOHAIBHBIX CHMBO/IOB, { — U.fc—'l-hf’ e fL
- MHO>XECTBO CUMBOJIOB /1 0603HaueHust PyHKUI k TTepeMeHHBIX.

BBogst pa3nuuHble MHOXKECTBA CUMBOJIOB, MbI ITOCTOSIHHO oOpamjaeMcs K UxX
uHTepriperaniuu ("... CMMBOJIbI, 0003Hauatonme..."). CTporo roBops, 3TO He
HYKHO - MOXHO (a ¢ uucTo (OpManbHOM TOUKM 3peHHUs - M JI0JKHO)
omucaTh BCe TIpaBW/Ia JEeUCTBUSL C CUMBOJaMH, He rnpuberass K ux
WHTEepIpeTaliy, OJHAK0 ee MCMHO0/Jb30BaHHWe TI03BOJIAeT COKPaTUTh
u3noKeHue (OPMaIbHBIX TPaBUA 3a CuyeT oOpameHuUs K HMeLeMycs
cofepyKaTenbHOMY OIBITY.

Tepmbl onpefensitoTCSt UHAYKTUBHO:

1. moboit cumBon u3 (' || |7 eCcTb Tepm;

2. ecmut £y, ...t -Tepmbiu [ € [y, 10 fiy...f} - Tepm.
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MuoskecTBO TepMOB T TnpeficTaBiseT coboi o6beiMHeHNe:

1 _UL,

=0

me ip=CUYV,

;+L—U | i neUJJ} ER RSP e E

k=1 feF: 3=l

Ynobno pa3buTte T Ha HemepeceKawlIMecs MHOXeCTBA -  CJIOH

Siv1 = 141 \15( S0 = 1i). Onementnl S; Oyiem HasbiBaTh TepMaMu

Ll

myOuHBl 1 WMAM 1 -CIOWHBIMM TepMamMM. MHOXeCTBY S, NpHUHaZjexar

BbIpaKeHUs, obOo3Hauaronpe Te (yHKIMH OT TePMOB MpPeAbIAYIIHMX CI0€B

Sp. ..., 5;— 1, KOTOpbIE CaMH UM He anHa,qﬂe:»KaT—)
st onmepupoBaHusi C TEPMaMU OUeHb MOJIe3HBI /IBe TeopeMmsl [3.4].

Teopema 1 (o moctpoeHun TepmoB). Kakablii TepM t eAMHCTBEHHBIM

o6pa3som mnpezcTaBsieTcst B Buge fiy...f5, rge £ - mepBbiii CUMBON B t,
f € I, uncno k onpepensercano f( f £ Fj.),a ty, ..., I} - TepMmsL.

OTa Teopema SIBJII€TCSI TOYHOM (OPMYIMDOBKOW 3KBUBAIEHTHOCTH
UCITOJIb3yeMon b6ecckobouHON 1 0OBIYHOM 3aMuCH.

[lycte u W v - BBIpaXeHWs, TO €CThb IOCAeA0BATebHOCTA CHUMBOJIOB
andasuTta. CKa)kem, UTO U BXOAUT B V, €C/TU CYIECTBYIOT TaKhe BLIPAKEHUS
p U g (BO3MOJKHO, TYCThIE), UTO vV COBMAJAAeT C pud.

Teopema 2 (0 BxokzeHuu Tepma B Tepm). [lycte f & Fi, £y, ..., 11 -
TepMbl, © TpeAcTaBisercs B Buge fiy...[), T - TepM U T BXOAUT B t.
Torga unu 7 coBmajaer ¢ t, MM T BXOAUT B OAHO U3 f; (ﬁ =bis c ;;”_].

ToKa3bIBalOTCSA 3TU TEOPEMbI 3/IeMEHTAPHOW WHAYKIMEeW 10 JJIUHEe TePMOB

[3.4]. B noka3aTtensCTBe TeopeMbl 2 BBIJIENAETCS 1€MMa, MPe/ICTaBIsIoIas 1
CaMOCTOSITeTLHBIA UHTEpec.
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Jlemma 1. KB}KIE[DE BXOXEHHE nawboro cUMBoOIA B TeéPM T HaYMHaeT
BXOXKOEHHWEe HeKOTOPOIro TepMa B 1,

OmnpegenuM OTHOLIEHUE MEXJY TepMaMu {1 <. {, WHAYKTHUBHBIM 00pa3zom
"cBepxy BHMU3'" - 110 TyOMHE BXOXKAEHUS:

L t<t;
2. ecm t coemagaer ¢ fiy..bp, f € Fyp wu t1, ..t - Tepmsl, TO
1, b S L

3. ecm f) < tut<tyTot) <t

Cornacuo Teopeme 2, {1 <. {7 TOrja v TOMBKO TOTAA, KOrjja {1 BXOAUT B 2.

JIns KakJ0ro TepMa t ONpeAenuM MHOXKECTBO BXOASLMX B HEr0 TEPMOB
gt — Tlr < f'} .Ecmu f € 5;,Tonpu () < k < ; HemycTbl MHOXeCTBa

¢ £
S.i; = 5" .S).. IIpy 3TOM MHOXXECTBO 5’: COCTOUT M3 OAIHOTO 3JIEeMEHTa -
UCXO[IHOTO TepMa t.

- ¢

CBsmKeM C TepMOM t OpPHEHTHPOBaHHbIM rpad (7, C BepuMHamH,
B3aMMHOOJHO3HAUHO COOTBETCTBYIOIMMH TepMaM 13 St . Bygem oguHakoBO
0003HauaTh BEpPUMHBI W COOTBETCTBYKWOIMe UM TepMmbl. [lapa BepumH
(T1.72) obpa3syeT opueHTHpOBaHHOe OT T| K T2 pebpo rpada Gfl, ecu
TepM T2 umeet Bug fiy...Lp, f € F, £y, ..., {} - TepMbI ¥ OAMH U3 HUX
£; (fj — 1..... k) coBnagaer c T|. BepumHsl rpaca Gfl ynoOHO pacrmonarath
110 CJIOSIM Sf.

I nst npousBosibHOTO Tpada G Oynem o603HauaTh v (G) MHOXECTBO BepIIMH,
ae (G) - MHOXeCTBO pebep G.

Bo3bmeM /1 ipuMepa BelpakeHue AJisl C1I0KHOU (yHKIIUU

Ty, Ta, Ta) = falfalzi; flzr.E)); falfilzr, =), falza. 23)))-

B npunsaToii Bhile 6ecckobouHO# pedUKCHOM 3ariuCl OHO UMEeeT BU/I
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x1 hriTafsfiT123 fazazs, (3)

rje Bce yHKIMOHA/IbHbIEe CUMBOJIBI TIPUHAJIEKAT f5.

Puc. 3.1.

I'pad Gfl JUIsl 9TOTO TeépMa u300pakeH Ha puc. 3.1.

Hnst

TOro, 4TODOBI TepM OJHO3HdA4YHO BOCCTaHaBJ/IMBAJICA 110 rpac])y,

HeoOX0UMBI ellle Ba [OTIO/THEeHUS.

1.

CormocTaBuM KaXkKZO0W BepIIMHEe T & p[{?fl) MeTKY (7 ) - CUMBOI
andasuta. Ecnmu BepimHa NpUHAAIEKUAT HYIEBOMY CI0H S['*i, TO ei
COOTBETCTBYET TepM, COBMAJAKIMi C cumMBoaoM u3 (' | ) |/. DTOT
CMMBOJT M COTIOCTAB/IIETCS BEPIIMHE B KaueCTBe MeTKU. Eciu BepimHa

TIPUHAJIE)KUT ,5';.”' ( 1>0 ), To MeTKOH CAYKUT (YHKIIMOHAIbHBINA
CUMBOJI: BepLUIMHe T COMOCTaBisercs [ & [, ecniu T UMeeT BUfj
fty..k,tme f € Fj.,aty,..., t - TepmbL.

Kaxzgomy pebpy (7'.7) < e((5},), npuxogswemy B BepumHy T,
cormoctaBuM MeTky [?(7',T) - KOHEUHOe MHOXeCTBO HaTypalbHBIX
urcen (HOMEpOB): yCTb TepM T umeet Bug fi...0,mme f & Fj, a
I1,.... i - Tepmbl, TOTHA PEOpPY [TF . T ] COMOCTaB/IAETCS MHOXECTBO

Texi (] <1< k), Ang koTopbiX ' coBnagaer ¢ f;. Ha npakruke B
OO/MBIIMHCTBE C/lyyaeB 3Ta MeTKa COCTOMT M3 OJHOr0 HOMeEpa, HO
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BO3MOXXHBI M JApyrde BapUaHThl - TaK JKe, Kak (yHKIuUU BUJA
£ (x,x). [lna rpadpuueckux umocTpayui ynobHo pebpa (7', 7))

s ; IF X
uMewlnpe B CcBoed Metke [(7 .7 Oonblle OZHOTO HOMepa,

PUCOBATH Kak My4oK pebep, UAYIIMX OT BepUMHBEI 7' K BeplMHe T -

10 OJHOMY TakoMy pebpy [Jisi KaXJ0oro HOMepa U3 P[_’T’, T) ; 9TOT
HOMep U OyJeT MeTKOi COOTBEeTCTBYIOIero pebpa u3 myuka.

t
I'pad (7, BMecTe co Bcemu MeTkamu Oygem ob6osHauats (;f. Ha puc. 3.1
yKa3aHbl COOTBETCTBYIOIME METKH /Ui Pa300paHHOro mpruMepa.

WTtak, As1a BCAKOrO TepMa t TOCTPOEH OPUEHTHPOBAHHBIN Tpad Gﬁ u JBe
(byHKIUK: TepBasi COTMOCTAB/ISAET KaXKA0H BepIIMHE T & ;,'(Gf]) CUMBOJI
anasuta p(7) < ')V L[, Bropas (obosHauumm ee P ) - KaxXaoMy
pebpy [TJ,T;] = E(Gm - KOHEYHOEe MHOXXEeCTBO HaTypaJbHBIX YHCEeN

P(7',7). Ormeuennwiii rpad - nabop ( (%, p, P ) obosnauaem (7.
@yHKUMM P U P yIOBIETBOPSIOT CIEAYIOIEMY OTPaHHUEHHIO:

A) ecnu Ans JAHHOIO ¢ = §% MHOXECTBO BXOAAIMX pebep (7' T)

]

Henycto, T0 (7] — f7 & [} (aBnsgercs k -MeCTHBIM (DyHKLIMOHANIBHBIM
CUMBOJIOM TIPU HEKOTOPOM kK ) U CEMeiCTBO MHO>KeCTB

{P(T’ (1) € e(GE) }

npu (¢ukcupoBaHHOM T oOpa3yeT pa30bueHHe MHO)KeCTBa HOMEpPOB
{1,...,k}, Toectb

Pl R AP =1

I _z L
npu T F T,

T y P(r',7) ={1,..k}.

rali | r'.T:IE-\:I:GIFI |

Ha 3TOoM 3aBepinaeTcs M3M0KeHHe OCHOBHBIX (POpPManbHBIX KOHCTPYKIIH.
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HPE)K.H‘E, HeM I1epexofuTh K HMHTEepIIpeTaljuy, CCl)OpMYJII/IPYEM TeopemMy 06
SKBHBA/TEHTHOCTH rpaquecmro 15 li)OpMyT[bHO]"O npegcraB/jeHUA TEPMOB.

[lyctb G - KOHEUHBIH OpPWEHTUPOBaAHHBIM Tpad, HE WMEIIMH
OPUEHTHPOBaHHBIX 1LUKJIOB, U B G CYIECTByeT U €JUHCTBEHHA Takas
BepumHa 7%, K KOTOpo#l OT 000l BepUMHBI BeJeT OPHEeHTHPOBaHHBIH
nyrs. IlycTs, fanee, 3agansl e QYHKUMM: D - HA MHOXKECTBe BepIMH G CO
3HAUEHUSIMU B MHO>KeCTBe CUMBOJIOB andaBuTa U P - Ha MHOXeCTBe pebep
G CO 3HaueHWSMHM B MHO)XeCTBe KOHEUHBLIX HaDOPOB HaTypalbHBLIX YHUCET U
BBLITIOJTHEHO YCIOBHUE A.

TEOpEMEl 3. CyH.[ECTBy&T H €eJWHCTBEHEH TepM t, 4 KOTOpPOro
Gsz c{?lpl P:I

Hoka3zaTenbCTBO MPOBOAUTCA B ABa 3Tana. CHauasa B G yCTaHAB/IUBAETCA
MOC/IOMHAsA CTPYKTypa: CTPOMTCS pa3bueHue MHOXKECTBA BepuMH G:
splld sy U ..o U 5. MHOXKECTBO Siy COCTOUT W3 TeX BePIIMH, K KOTOPbIM He
BeleT HU ofHOro pebpa - m3-3a OTCYTCTBUSI OPUEHTHPOBAHHBIX LIMK/IOB
TaKWe BePUMHBI CYLeCTBYIOT. MHO>eCTBO Si+1 COCTOMT M3 TeX BEpPIIMH, K
KOTOpbIM BeAyT pebpa Tonmbko u3 3nemeHToB  Sp sy ... L 5.
[Mocneguuit HEMycTOW 3/7€MEHT B TMOCAeA0BATENbHOCTH S5 51 ...y 5k
COCTOMUT W3 OJHON BepumMHBI T%, BCe MpeAUIeCTBYIOLUME 3JIEMEHTHI 3TOU
MOC/IeI0BaTeIbHOCTA HEMyCThl, a 00BeJUHEHUEe BCeX S; COJEpPXKUT BCe
BEpIIMHEI G.

JlokasaTesibCTBO OCHOBHOTO YTBEPXK/JeHHsI TeOPeMbl MPOBOAUTCS UHAYKIUeid
110 YU CJIy C10€B k.

WHTepripeTaljusi COMOCTaBAsIeT TePMY CI0XKHYK ¢yHKUMI. OHA CTpoOMTCA
TakK. 3a/1aeTCs HEKOTOPOe MHOXeCTBO D - o6sacts uHTepniperaguu. Kaxoit
KOHCTaHTe C, BXOJALIeH B UHTEPIPeTUPYeMbI TePM T, COMOCTaBJISeTCS
neMeHT U3 D ( ¢ £ [) ), KaKgoMy k -MeCTHOMY (yHKI[MOHA/IbHOMY
cumBony f, Bxogsmiemy B t, corocTaBisieTcss (yHKUS k MepeMeHHBIX

i D% — IJ (MBI coXpaHsieM OfUHAaKOBOe 0603HaueHue /sl CHMBO/IOB U

WX MHTEpIpeTaljiy, 3TO BMOJIHE COOTBETCTBYET WHTYULIMM U HE [OJKHO

NMpUBOAUTL K mnyTaHuie). Kaxzaoi  mnepeMeHHOW, BXoAsmeid B

WHTEPIpPeTUPYeMbIii TepM t, COTIOCTaB/ISIeTCs MepeMeHHasi, npoberatoiijas D.

B pe3ymsraTe Tepmy t comocTaBiaseTcsi (yHKIUS 1 TIepeMeHHBIX
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Ft.e™ _. ), TAe n - UYUCIO pa3TMYHBIX CUMBOJIOB TE€PEMEHHBIX,
BXOJAIMX B t. IJTa "cio)kHas" QYHKIIAS TOJY4aeTcs CYMeprio3uiiuen
"mpocThiX" QYHKIUH, COOTBETCTBYHOIMX MYHKIIMOHAIBHBIM CUMBOJIAM.

Ecmu f £ 5, TO eCTb TepM $IB/IIeTCS KOHCTAHTOW WJIA TIePeMEHHOU, TO
BMECTO CIOXXHOW GYHKUUU ['f TOaydaeM KOHCTAHTY WM TOXK/ECTBEHHYIO
¢byHKUMIO 1d, TepeBOAfIIyr0 3HaueHUWe MepeMeHHOW B Hero xe. Ecmu
f £ 51, To cooTBeTCTByIOLIasA (QyHKUMA fBAAeTCA "mpocToi”. VICTUHHBIE
C/10>kKHble QYHKIMHU MOSABJAIOTCSA, HAUMHAs CO C10sT S,

3ameTuM, UTO 3aJaHHasg WHTepIpeTalusi TepMa t OAHOBPEMEHHO
ompejensieT UHTEPNpeTallio KaKJ0ro TepMa, BXOAILEro B t.

[lpescTaBUM MPOLIECC BBIYMCACHUS CIOXKHOW (QYHKIMHM f'f C TOMOILIBIO
otmeueHHoro rpada ¢7*. CTpOUTCs /1Ba MpeACTaB/IeHHs: CTaTHueckoe (Bce
pe3ynsTaThl TIPOMEXYTOUHBIX BBIUMCIEHUM PpacrnosiaraloTcsa Ha rpade) u
JUHAMUuecKoe (1Lar 3a 11aroM, CJI0| 3a C/10em).

[Tyctes 3amaHa uHTepriperanusi TepMa t W ompejeseHbl 3HAueHHUS BCeX
nepeMeHHbIX, Bxogaumx B t. Torga ana nrboro Tepma T. BXOAALLETO B t,
TaKKe 3ajlaHa WHTEprHpeTanus U OmpejesieHbl 3HaueHUs BcexX (QyHKIUH

F7 {7 < {). Kaxgoi BepumHe T. Bxogsuen B rpad Gﬁ, COMOCTAaB/AETCSA
3HaueHue GyHKIUU ['7 - 3memeHT D. [Ipy 3TOM BepuUmMHaM HYIEBOTO CJIOS
COOTBETCTBYIOT 3HAUeHUsI MEepPeMEeHHbIX M KOHCTAHT, a eJAUHCTBEHHOU
BepIIMHEe TOC/IeHero (BLIXOAHOr0) CJ1osi - 3HaueHue ['f. BygeMm Ha3eiBaTh
3/7IeMeHThI D, COOTBETCTBYIOIIME BepIIMHAM, 3HAUEHUSIMU 3TUX BEPIIMH U

o0o3Hauath X 7 (7).
Ins KaxkgoW BepumMHbL T, TIPUHAJJIEXKallel HEHYIEeBOMY C/I0K, MOKHO
BBITACATL ypaBHeHHEe (YHKIHOHUDPOBAHWS, CBA3LIBAIOIIEe 3HAUYEHUS

pepumH. Ilycte p(7) =f7, f7 € Fj. ¥ in(7) - COBOKYNHOCTh BXOASAIIMX
B T pebep. HamioMHuM, 4TO COBOKYITHOCTL METOK pebep, OKaHUMBaIOIMXCA B

T
[P(r',7)|(7",7) € in(7)}

oOpa3syer pa3buenue MmHOXecTBa {1,2, ..., k}.
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YPE{BHEHHE li]yHKL]HOHHpOBaHI‘IF[ A1 BepHIMHBI T HPI/IHE{,H'JTIE)KE{LL]EFI
HEeHYI1eBOMY C/I0H, UMEEeT BHU [

)= Flziiaadun ~E) @

: L 7 . 5 I

mpu § € P(T,7),(7,7T) € in(T)

B cuny ypaBHenus dyHKIIMOHUPOBaHUS (4), eciu AJist BXOAAIMX B T pebep
[TJJ} € In(7) W3BeCTHBl 3HAUEHUS Z[T’ | ¥ 3ajaHa WHTeprpeTanus
CHMBOJIA pI:T:] :fT - METKH BEpIIMHBI, TO MOXXHO HaWTH 3HAYeHHUe

BepumMHbl £ (7). Ha ocHOBanuu 3TOro (04eBHAHOr0) 3amMe4aHus CTPOMTCA
IWHAMHUUEeCKOe TIpe/ICTaB/IeHUe BEIYMCIeHUS CI0KHOU DyHKIUH.

C kakaou BepumHOW rpada T. TNpUHAAJIEXKAIeH HEHYIeBOMY CJIOH),
acCOLIMUPYeTCsl aBTOMAT, BBIYMCAAIOUME GyHKUu0 7 (21, ... 25 ), TAe
fT & Fj. - merka BepumHbl 7. ABTOMaThl CpabaTbIBalOT MO CJIOSIM B

NUCKPETHBIE MOMEHTbI BpeMeHHU (TakThl) - aBTOMaThl 1 -TO €10 B 1 -
MOMEHT BpeMeHHU. B Haua/ibHBIA MOMEHT C(hOPMUPOBAHbI 3HAUHUS BepPILIUH
HY/I€BOTO CJIOSl - W3BeCTHBI 3HAYeHUs TEePeMeHHbIX M KOHCTaHT. OHH
MOCTYMalT Ha BXOAbl ABTOMAaTOB TIEPBOr0 C/I0S B COOTBETCTBUHM C
Hymepaiueil aprymeHTtoB. [locme 1 -ro Takra (YHKIMOHUPOBaHUS

oripefie/ieHbl 3HAUEHWs] BEPIMH, MPUHAAIEKAUMX CaosM Sy, ..., S5;. Ha
i+1 -M TakrTe aBTOMaThl i+ 1 -T0 C/104 BBIUMC/ISIIOT 3HAUEHUS BepumH i +1
-T'0 CJI04, [10/1y4as BXOAHbIe CUTHAbI C TIPeAbIAYLIMX C/I0€B 110 npaBuiy (4) -

B COOTBETCTBHMHU C METKAMH BXOJAINIMX peﬁep.

BblunciieHHst Ha OpUeHTUPOBAHHOM Tpade

IOnsi  panpHeWIero rmoJsiesHo 00001eHHe W3/M0KeHHBIX KOHCTPYKIUM,
npejHa3HaYeHHOe [/Isl MM CAHUS OHOBPEMEHHOTO BBIUMCIEHUS] HECKOTbKUX
CMOXXHBIX QYHKIUMN.

Ilycte G - cBsi3HBIM (HO He o00s3aTelLHO OPHUEHTUPOBAHHO CBSI3HBIN)
opHEHTHpOBaHHLIﬁ rpaqb Ges OPHMEHTHUPOBAHHBIX LUKIOB. Kak u BbIlle,
MHOKECTBO BepLUMH G obo3xHauaeM v (G), MHOXKECTBO peﬁep - e (G).

Ilycts, panee, Kaxao0ii BepumHe 7 & v( (5 ) comocTaBieHa MeTKa - CUMBOJ
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andaBuTa (T, a KaXA0My pedpy (r’\,-:] £ e({3) comocTapisieTcs MeTKa -

KOHEUHOe MHOXECTBO HaTypanbHbIX uncen [*(7/.7) u BeImonHeHo
YC/IOBME COIVIaCOBAaHUsI A: eClIdM s JaHHOrO 7 & v((3) MHOXeCTBO
BXOJsIIMX pebep (TI.T'] HemycTo, T0 pi7) — f7 € [Fy (aBasercs k -

MeCTHBIM (DYHKIIMOHATbHBIM CUMBOJIOM TPU HEKOTOPOM k ) U CeMelCTBO
MHOJKeCTB

(B mille’ mle el@))

npu ¢ukcupoBaHHOM T o0pa3syer pa3bueHue MHOXECTBA HOMEPOB
{1,...,k}.

C MOMOILIBKD TPAH3MTHBHOI'O 3dMbIKAHUA G YCTaHaB/IMBd€éM Had MHOXECTBe

ero BepumMH v (G) OTHOINEHUS YACTUUHOTO TMOpPAAKa: T = T , eCiu

CYLLeCTBYeT OPHEHTHPOBAaHHBIM TMyTh, Begyumii ot ' K 7. W3-3a
OTCYTCTBHSI OPUEHTHUPOBAHHBIX LIUK/IOB 3TO OTHOIIEHHE aHTUCHUMMETPUYHO:

Lo

ecm 7 = 'u T ~* T, TO T COBMAJAeT C +' . MuHUMasbHBIE BepUMHBI (K
KOTOPBIM HE BeJeT HU OfHOro pebpa) Ha3biBaeM BXOAHBIMHU, a
MaKCHMMa/ibHble (OT KOTOpPBIX He WJeT HU OAHOTO pebpa) - BBIXOAHBIMH.
0O603HaUMM MHO)XECTBO BXOJHBIX BEPIIMH Vi, @ BBIXOAHBIX - Vi, METKH
BXO/IHBIX BEPIIMH SIBJISIOTCSI CHMBOJIAMU TT€PeMeHHbIX WA KOHCTaHT, METKH

OCTa/IbHBIX BEPIIMH - ClJYHKL[HOHaIIBHBIE CHMBOJIBIL.

¥ -—

OnpeaenuM TOCTOWHYIO CTPYKTYPY: u[:(?:] = gg'llapll Uk, Hynesoii
C/IOM COCTOMT M3 MUHMMAJLHBIX BEPIIMH, MepBLIM CJIOM U3 MUHUMATbHBIX
BepimH rpada, MoayyaemMoro yjajeHueM U3 G HyIeBOTO CJI0S U BBIXOAALIMX
u3 Hero pebep u T.A. - i+1 -i CJIOW COCTOMT U3 MUHUMAJBLHBIX BEpIIMH
rpada, TMOJy4yaeMoOro yngaaeHueM H3 G BCeX BepUMH 00beJUHEeHUs
sp sy ... U s; u cogepxkaumx ux pebep. IlocmegHuit Co COCTOMUT
TO/ILKO U3 BBIXOAHBIX BepumH. [Ipeapiayipe CJIOM TaKKe MOTYT COAepKaTh
BBIXOHBIE BePIIMHEL.

C xax/joi BepumMHO# rpada 7 & v((5) O4HO3HAUHO CBA3aH TepPM (KOTOPBIN
MBI, C/IeAys TPAaAULIUU TIPebIAVIIero pasjesna, Takke Oygem o603HauaTh T )
I1nst ero mocTpoeHus yAaauM M3 G BCe BeplIMHbI, KPOME TeX, OT KOTOPBIX K T
MO’KHO TIDOMTH 1O OPUEHTHPOBAHHOMY MYTH, a TaKKe CBSI3aHHBIE C HUMHU

v
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pebpa. [lonyuenHslii rpad o603Hauum (;7:
viGT) = {7 ev(G)|t =T}

[pad (77 y#moBneTBOpsieT YCJIOBUSM TeOpemMbl 3, TMO3TOMYy 10 HEMy
eAUHCTBEHHBIM 00pa3oM BOCCTaHABIMBAETCS TepM (M COOTBETCTBYHOLIAS

cnoXkHast QyHKus).

[lycte 3aaHo MHOXeCTBO D - o00/acTh WHTepHpeTallMd M yKa3aHa
WHTeprpeTalnus BCeX CUMBOJIOB, OTMEYAKUMX BepUMHBI Tpada, a Takke
3HaueHWs [epeMeHHbIX, OTBevalwlMX BXOAHBIM BepiMHaM. Torga mo
ypaBHeHUsM (GyHKIMOHUPOBaHUS (4) (OHM MOMHOCTBIO COXPAHSIOTCS U 151

paccMaTpHBaeMbIX rpadoB) MOXKHO ONpefenuTb 3HayeHus 7 (7] A1 Bcex
BepumH rpada. B pesyisraTe OMpeAensrOTCS 3HAYEHUS BCEX CJIOKHBIX
byHki Ui, GOPMyIBl [/ KOTOPBIX SIBJISIFOTCS TEPMaMU, COOTBETCTBYIOIMMU
BepimMHam rpada G.

Onwucandsie 0b6upe rpadbl MOTYT MOSIBASTECS B PA3MUYHBIX CUTyalusx. s
JanbHeMIlero Ba)KHO TO, uTO Takue rpadbl BO3HHMKAKWOT, ecaiu u3 rpada
BBIUMCJIEHUS] C/IOKHOW (YHKUWHU yJaquTh OUH UM HECKOJBKO TMOCTeIHUX
CJI0€B.

[BoiicTBeHHOe (DYHKLIMOHUpOBaHUe, Au(depeHUa/IbHbIE
omeparopbl U FPaiueHT CI0XKHOU (PYHKLUU

[Tpou3BoHasi C/IOXKHOM (DYHKLIMU OJJHOTO TlepeMeHHOTO

OCHOBHYI0O U/IH0 ABOWCTBEHHOTO (DYHKI[MOHUDOBAHUS MOXXHO TOHSTh YXKe
Ha TMpocTellneM TipuMepe. PaccMOTpUM BBIYMC/IEHHE TIPOM3BOAHOM
CNoXKHOU (yHKIIMM ogHOrO TiepeMeHHoro. [lyctek 3amaHbl GyHKIIMU OFHOTO
nepemeHHoro £, (A), £, (A), ..., £, (A). O6pa3syem M3 HUX CIIOXKHYIO

dyHKIMIO0
FC)=ty(fy1 (- (Fy (3))--))- (1)

MoKHO TIpeJCTaBUTh BBIUMCAEHHWEe F (x) Kak pe3yisrar paboTel n

dBTOMATOB, Kam,qu/i H3 KOTOPBIX MMeeT OIWMH BXOAd H BblJde€T Ha BBIXOJeE
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3HaueHue £, (A), rge A - BxogHoN curHan (_puc. 3.2, a). Yto6bl mocTpouTsb

CUCTeMYy aBTOMAaTOB, BBIUMC/AKOLYI F' (x), HaA0 JOMOJHUTHE UCXOAHBIE
aBTOMAaThl TAKWMH, KOTOpble BBRIUMCAAIOT GyHkuuu f£,' (A), rme A -

BXOZHOH CHTHaJ (Ba)KHO pa3/inuaTh NPOU3BOAHYIO f; 10 BXOJHOMY CUTHAIY,
TO eCTb MO aprymeHTy GyHKUMH £, U NMPOU3BOAHYIO CIOKHON (YHKIUU

£, (A(x)) nox;£f;"' (A) - IPOU3BOAHBIE ITO A ).

Ins Beiuucnenus F' (x) morpebyeTcs eie 1ierouka U3 n—-1 OAMHAKOBBIX
aBTOMaTOB, UMEIOIIMX MO ABa BXOAA, MO OAHOMY BBIXOAY U MOJAOIMX Ha
BBIXOZ, TIpou3BefieHHe BxodoB. Torma dopmyny TpPOU3BOZHOM CI0XKHOU

ynkiuu
2E — §* (fama(o-(F1(2))) X Fosy (o r(2)er) X oo X Fi(2)

MOJKHO peann30BaTh C MOMOILBI0 CeTH aBTOMATOB, M300pakeHHOI Ha pUC.
3.2, 6. CHauana o 3TOM CxeMe BbIUYMC/IEHUS UYT C/1eBa HAMpaBO: Ha BXOAbI
f, 1 £,' mojaroTCa 3HaueHUs x, MOC/Ae BBIYMC/IEHHM 4 (x) 3TO YHCIIO

nojaercss Ha BxoAbl £, M f,' W T.4. B KOHIle 1jenoukd OKa3bIBAKOTCA

BeIUMC/HeHHBIMU Bce £5 (£,_7 (...))wmE;"(£,94 (...)).

Alx) AlAE) FutlFa-a (A () F(x)

2 A J2 b —N T Ju »

)

AR fﬁ(u"f(x):lh“ = LA Y o 1)) ZTACH
I A Ji In-1 15

AF & F F

E l ‘ﬁ J' Efn—z l ‘fn—l |

— % % ¥ f— L.t N

Puc. 3.2. CxemaTtuueckoe Ipe/iCTaB/JieHue BbIUUCIEHUS CI0KHOW (PYyHKITUM
O[HOTO MepeMeHHOTO0 U ee MPOU3BOJHbIX.

Tem cameiM, Ui KaXJOTO aBTOMAaTa HWJXKHEH CTPOKHM, KpPOMe CaMoro
MpaBoro, OKa3biBaeTcsl CHOPMUPOBAHHBLIM M0 OJHOMY 3HAYeHUIO BXOZa, a y

CaMoro npasoro - 063, IMO3TOMY OH MOXKET CPBGOTEITB W Ha4dTh nepeiavy
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CHMIHad/la B OﬁpaTHOM HallpaB/IeHHWHW - CIIpaBd HAJIEBO. JTO0 OGPBTHOE
ABHUKeHHEe eCThb IMOoCnef0oBaTe/IbHOEe BbIUUC/IEHHE TIOTIdPHBIX HPOHBBE,I[EHI/IFI

W Tepejiaya ux HajeBo. B koHIje nonyuaem .':'if';f.fv*_:: .

[IBoViCTBEHHOE (GYHKLIMOHUPOBaHUe u ObicTpOE
auddepeHLIMPOBaHE

BerunicneHue rpagueHTa CI0KHOW (YHKIIMM MHOTUX TI€PEMEHHBIX TaKkKe
OyzeT mpeACTaBleHO KaK HEKOTOPBIM BBIUMCAUTENBHBIA TIPOLIECC, B XOfe
KOTOPOTO CHUTHA/lbl TlepeMenjaloTcss B 0o0OpaTHOM HampaBieHUH - OT
BBIXOHBIX 371eMeHTOB rpada K BxoAHbIM. W Tak ke, Kak TIPU BLIYHCIEHUU
CI0KHOM (yHKI[UU, OyIeT IBHO MPeJACTaB/IeHO MPOXOXKAEHUE KaXKOT0 y3/1a
(mogobHO TOMY, KaK 3TO C/leJlaHO B ypaBHeHUM (GyHKI[MOHUpPOBaHus (4)), a
BeCh TMpoljecc B LesIoM OygeT ckIagblBaTbCs M3 TaKUX 3I7eMeHTapHBIX
(parMeHTOB 3a CUeT CTPYKTYPEI CBsA3el Mexkay y3namu. Cama 3Ta CTPYKTypa -
Ta ke camas, uTO U [ijisl IPSMOro npoijecca.

Bcrogy B 3TOM paszesne 06/1acTh MHTEPIPETALUY - JeCTBUTebHAs TIpsMasi,
a Bce dyHKiuu auddepeHupyeMbl.

OcHoBHOU WHCTPYMEHT npu MOCTPOEHUHU JBOWCTBEHHOTO

¢yukuuonupoeanus - dopmyna anda audebepeHUMpOBaHUS "[[BYXC/I0MHON"
CJIOKHOU (DYHKIIMU HEeCKOJTBKUX MTepeMeHHbIX

k -
8 8A,
gi; * e, O

H=l H

C'}_f[ _-ll[.tl_._._x-,, j._-lgl;.zl_.....t., j......-lr-..[.rl_... B ) )
Hhx;

[lpu mpoBefeHUH UHAYKIMHM 110 YMCITy CJIOEB HaM MPHUETCs MC0/Ib30BaTh
rpadbl ¢ HECKOIBKAMU BBIXOZIHBIMHU BEPIIMHAMMU, OMTMCAHHBIE B MTPEbIAYIIEM
paszesie, mO3TOMY cpa3y OyreM paccMaTpuBaTh 3TOT OoJiee 00U Cydaid.

Wtak, mycTh G - CBA3HBIN (HO He 00s3aTe/IbLHO OPUEHTUPOBAHHO CBSI3HBIN)

OpPUEHTHUPOBaHHBIN rpad Oe3 opueHTHMPOBAHHBIX IUK/IOB. Kak U BoIle,
v (G) - MHOXECTBO BepuUmH G, e (G) - MHOMXECTBO peﬁep. IMycTs, panee,

Kak10d BepumHe T £ v((3] comocTaB/eHa MeTKa - CMMBOJ anaBuTa
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(T, a KaxaoMy pebpy (T!.T:] € @((3) comocTaB/sIeTCS METKA - KOHEUHOE
MHOXXECTBO HaTypanbHbIX uncen [(7',7) ¥ BBINONHEHO yc/IOBUE
COINMAacoBaHMs A: eCM [/ JaHHOTO 7 & v (5] MHOXeCTBO BXoAsAUMX pebep

[TF .7T) Hemycto, To pi7T)— f7 € F) (sBasercas k -MeCTHBIM
(byHKIIMOHA/BHBIM CUMBOJIOM TIPH HEKOTOPOM k ) M CeMeiCTBO MHOXECTB

[P(r'.D)|(r',7) € e(G)}

npu (ukcupoBaHHOM T oOpa3yeT pa30bueHWe MHO)KeCTBAa HOMEpPOB
{1,...,k}. [Ina KaKA0i BEepUMHBI T & -;-(C'.j 0003HAYUM MHOKECTBO
BXOJSIIMX B Hee pebep 717 [:r:] , @ BRIXOJAIIMX U3 Hee - gm‘( r:|.

Hy{ZTb VYKd3dHa HHTepIipeTalysa BCeX CHMBOJIOB, OTMEUAKONMX BEepPIIMHLBI
rpad)a, 3HQUEeHHA IIepeMEeHHBbIX, OTBEYAHOUMX BXOOAHBIM Be€pLHIMHAM H

YPaBHEHUAM (PyHKHOHUPOBaHUA (4) onpejeneHbl 3HavyeHus (7] And
Bcex BepumH rpada. B pe3ynsrate ompefesnieHbl 3HaUEHUs BCEX C/IOXKHBIX
¢byHku Ui, GopMynsl A5 KOTOPBIX SIBJISIFOTCS TEPMaMHU, COOTBETCTBYHUMMHU

sepumHam rpada G. IIpoyecc Beruncienuss /(1) Oynem HasbBaTb MPAMBIM
B MPOTUBOBEC 0O0PaTHOMY U/IM IBOMCTBEHHOMY, K OMMHUCAHUK) KOTOPOTO MBI
MepexofuM.

Ilpu 3apanHHbBIX (7] AN KaXJ0W BepLIMHBI U KaX7o0ro pebpa cTpodArcs
nepeMeHHble [BONCTBEHHOTO (YHKUMOHMpOBaHUS (UM, 6Gomee KpaTko,

ABOVCTBEHHBIE TlepeMeHHbIe ). Byaem 0603Ha4aTh UX (7 ) A/MA BEePUMH U

(7', 7) - nns peGep.

[71s BEIXOAHBIX BEPUIMH (7T ] SB/AIOTCS HE3aBUCHMBIMHU TEPEMEHHBIMH.
[Tycte ux 3HaueHUs 3afaHel. [1a BepumHbl T, He SBSIOUIENCSA BBIXOJHOM,

3HaueHUe ;.L(T:] eCTb CyMMa 3HAueHWM [JBOWCTBEHHBIX TMEPEMEHHBIX,
COOTBETCTBYIOIMX BBIXOAAIMM 13 T pebpam:

#':T:': Z |"-"|:T-TF)- (6)

(r. T Cout(T)
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Ins pebpa (7', 7) 3Hauenue #[T’ﬁrj onpejessieTcsi coracHo Gopmyne

(€)%

6 . T )
,LICT ,T:I = ,l..!(T_] Z f IC_L i - (7)

T el i

B dopmyne (7) f* — piT) € [}, - meTka pebpa T. [y,..., {}. - apryMeHTEI
"npocroit” ¢yukuuu [T, a mpoussogubie [’ 6Gepyrcs Mpu  yCIOBUSIX,
onpe/e/seMbIX MPAMBIM TPOL[ECCOM:

t; = Z(8) (8)

npu f €in(7),7 € P(0, 7).

Hns kaxgoro _] = {1, SHEE L.;'} Takoe (} CyllecTByeT U eJUHCTBEHHO B CHUIY
TOTO, YTO METKH BXOJAIMX B BepuMHY T pebep oOpa3yrwoT pa3bueHue
MHOecTBa HoMepoB {1, ..., k}.

B camom pacripocTpaHeHHOM ciiyuae BCe MeTKuA pebep P[f,—" T comepxar
10 OAHOMY 37eMeHTY. B 3Tom ciyuae dopmyna (7) npuobpeTtaeT ocobeHHO
MPOCTOU BU/

S
at.‘:l:'."".'l’:l

plr', 1) = ulr)
e

Piral =4l o]

Ucnonb3ys (6)-(8), MO)KHO 3amucaTh MpaBUjia BEIYUC/IEHUS ABOWCTBEHHBIX
nepeMeHHBIX ISl BePIMH, He UCMO/b3YIOle ABOUCTBeHHbBIX MTepeMeHHbIX
st pebep:
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(_ Mﬂﬁ)\: 3w 3 ﬁfﬁ(h.....tk;‘

\_ } at,
(r.@)cout(r) (r.B)cout(r) iEF(T.8)

e IpOU3BOAHBIE f‘q — p(#) £ ) Gepyrcs npu ycnosusix

t; = Z(n) (10)

npu 1) € in(#), 7 € P(n,d).

I'peueckumu OykBamu 7, 7], {) 3mech 0003HaueHbl BepumMHbI rpada.

Onate  Ke, B pacnpoCTpaHeHHOM Ciydae, Korga Bce (7'
OTHO3JIeMeHTHBI, IpuMeHsieM (7') BMecTo (7) U TIo/ydaem

(— ;.{[T..Eﬂ\: % o620 e )

\_ (r, e-eu.m r) } (ril) Eeutlr) Ot,(+.0)
e
P(r.8) = {i(r.8)}. ®
HarnoMHuM, UTO KaXJ0H BepumHe T. MpHUHaZNeKalleldl HEHYIeBOMY C/IOH

rpada G, COOTBETCTBYIOT TePM T U CJIOKHAsi PyHKUUS [T OT He3aBUCUMBIX
repeMeHHbBIX U KOHCTaHT, 0TMeYaloLMX BepIIMHbI HYIeBOro €101 G.

[Mporjecc  BBIUMCIEHUS  JABOMCTBEHHBIX TEPEMEHHBIX  OpraHU3yeTcs
MOCJIOMHO OT BBIXOAHBIX BepPUMH K BXOAHbIM M YacTO Ha3biBaeTCs
nponeccom obpatHoro pacripocrpaHeHusi (back propagation) unu mpocto
oOpaTHBIM NPOL[ECCOM.

Teopema 5. [lycth 3ajaHa uHTepripeTalUsi BCeX CHMBOJIOB, OTMeYarOlMX
BepumHbl rpada G, ompefeneHbl 3HAUYeHUS He3aBUCHUMBIX MepeMeHHBIX (a
TaKkKe KOHCTAHT), COOTBETCTBYIOLMX BeplIMHAM BXOAHOrO cnosi Wiy MU
3HAUEHUS He3aBUCUMBIX MTePeMeHHbBIX JABONCTBeHHOro (QYyHKIMOHUPOBAHUS
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(L[ T) DJ1s BePUIMH BBIXOAHOTO CJ10 Vout. Toraa ans moboro & vy,

; ObT
p(d) = Z p(7) g " (D)

TE Vant

rge [T - COOTBETCTBYWOILAS BepumMHe 7T QYHKIUS OT He3aBUCHUMBIX
NepeMeHHbIX U KOHCTAHT, OTMEeYarolMX BeplIMHbI HYIeBOro cinosi G, I'g -

COOTBETCTBYIOLIjasl BepLUMHe (J & ¢;,, TepeMeHHas W/IM KOHCTaHTa, a
npousBogHbie B (11) Oepyrcsi mpu (UKCMPOBAHHBIX 3HAUEHUAX MPOUYMX
NepeMeHHbIX U KOHCTaHT.

Iloka3zaTensCTBO MPOBOAUTCS MHAYKUMEH 1o uuciy cioeB. [lns rpadgor u3
[BYX CJI0€B - HYIEBOTO U IepBOro - teopema oueBugHa. Crmyck ot i+1 -
CNOWHBIX TPatoB K 1 -CJIOWHBIM MPOU3BOAUTCA C TOMOIIILI0 (DOPMYIIBI 5.

[TpoxoxaeHue BepiMHLI rpada U NMpUIeraluMX K Hell pebep npu NpsiMoM U
obpaTHOM mporjeccax MpoOUJUTFOCTPHPOBAHO Ha puc. 3.3.

a)

by
a;iiz%iz>fﬁww%hﬂg
af/

X
6)
w377 88
H=2 L
i .
mﬁfﬁmwﬂﬂ L
T

Puc. 3.3.
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CJ/10)KHO CTh BbIUMC/IeHUS (l)yHKI_[I/II/I H ee rpalueHTa

[TogcuuTaeM Temepb YMC/IO Onepaliuii, HeoOXOQUMBIX [/Isl BBIUMCIEHUS BCeX

ABOVICTBEHHBIX EPEMEHHbIX (i (7 ) A/ BepLUMH U ,I'J(TF.. 7 - ans pebep.

BO-HEPBLIX, HYKHO BBIHHC/IMTh BCE YdCTHbIE€ ITPOU3BOAHLIE

815y, . ts)
I BCeX BepuMH ) W BCeX k aprymMeHToB 'mpocTtoi" dyHKIUH,
COOTBETCTBYIOLEH KaKAoW BepumHe. UMC/I0 TAaKUX MPOU3BOJHBIX PAaBHO

CyMMe uUMC/la aprymMeHTOB [isi BceX (YHKIMOHAJbHBIX CUMBOJIOB,
COOTBETCTBYIOILMX BepIIMHaM rpada, To eCThb cyieyroleil BeTuunuHe E:

E= Z‘ P(T,8).

im8ice(l)

HoroBopumcst B 3TOM pasgene otobpaxatrs pebpa (r’\,-—'], UMerupe B

ceoux mMeTkax [?( 7', 7 Gosblie ofHOTO HOMEpA, Kak Myuku pebep, MAYLMX
OT BepUMHBI 7' K BepUMHe T - M0 OJHOMY TakoMy peOpy Ans Kaa0ro

nomepa u3 F(7’, 7). Uncno E npocto paBHo uucty pebep B rpade. Yucio
HeoOXoIUMbIX YMHOXKEHUH U UM CJI0 CJIOKEHHM I TakKe He TIPeBOCXOST E.

KonuuecTBo BeIuMCIeHud "MpocThiX" (PYHKIUM TIPU BBIYMCIEHUU CJI0KHOU
paBHO uucny BepumH rpada. O6o3Hauum ero V. OTHouweHue E/V naer
npejacTaBieHUe 00 OTHOLIPHWU BLIYMC/IUTENBHBIX 3aTPAT HAa BBIYMC/ICHHE
rpalueHTa K 3aTpaTaM Ha BeluucaeHue GyHkuuu. YTobObl mocaeoBaTenbHO
WCIO/Mb30BaTh 3Ty OLIEHKY, a TakKe HCKaTh Te (QYHKIWU, [/ KOTOPBIX
BBIUMC/IEHUE TPaZiIieHTa elle Mnpoiie, HeoOxoqumMo 3aGUKCUPOBATh UCXOZHBIE
npeamnonoxxeHus. bynem o603HauaTh T ¢ 3aTpaTkl Ha BeIYKMC/IeHUE f.

1. Jlng Kakaoil BepumMHBI rpada, COOTBETCTBYOIEH el (yHkiuu £, u
nmoboro aprymeHTa 3TOM GYHKIMM X CIpaBeJIMBa OL[€HKa

Ly =Tagraas
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2. Ona Qyskuuii  f — fr(l'ia---a-f.k-:', COOTBETCTBYIOLMX BepIIMHAM

k
TizTRE=7 &
rpada, I R i, TO €eCTb CyMMa TMEpeMEeHHbIX -
o =1
TIPOCTEUN LA PYHKL U3
3. YMHOXXEeHHE U CI0KeHHe UMEHT NMPpUMEPHO OJHHAKOBYIO C/TOKHOCTD.

B npegnonoxkenusix 1-3 3adukCMpoBaH TOT YPOBEHb TOUHOCTH, C KOTOPBIM
OynyTr menatbcst oueHku. Ilpu dhopMansHOM MCMO/B30BAHUU OTHOLIEHUS " &
npUMepHo paBHO b " Heu3De)XHbI MapajoKChl TuMa "Kyda': OfWH
KaMeHb He Kyuya, €M n KaMHed - He Ky4a, TO ¥ n+1 - TOXe,
cnefoBaTeNbHO... . UToObl M36ekaTh 3TOrO U cjenaTh paccyxzaeHus Oosee
HAISIAHBIMM, TIOCTYMUM cieayioumMm obpaszom. CnoKHOCTB "mpocTout”
GbyHKIIUM k TepeMeHHbIX U /OO0 ee YacTHOW MPOU3BOJHOW OLIEHUM Kak
ck, rae ¢ - HeKOTOpasi KOHCTaHTa, ¢ - | ; CJIOKHOCTb CyMMBI k C/laraeMbIx
(v mpousBefeHuss k CoMHOXuUTenei) ompeaenuM Kak k-1. [locnepnee
BBIUUTAHUE €JUHULIBI UMEeeT CMBLIC/ TPU PacCMOTPEHUU OOMBIIOro uucia
CyMM, COZlep KallX MaJjio claraeMbiX.

[Tycts, Kak u BhIIE, E - unciao pebep rpada, V - yuciao BepumH, V... -

YKMC/I0 BBIXOAHBIX BEPIIMH (MM HE COOTBETCTBYET HM OfHOW CymMMmbl B (6)).
C/NOXXHOCTB  TIPAMOTO  TIPOXOKJeHusi rpada (BbluucaeHUs GyHKIUN)
OLIeHUBAETCS KaK CE.

O6patHoe mipoxokaeHue rpada TpU  BBIYMCAEHUM  TPaJUEHTOB
CK/IaJIbIBAETCS U3 TPeX C/1araeMbIX:

1. BeluMcjieHHe BCeX YaCTHBIX TPOU3BOAHBIX TMPOCTBIX (YHKIMH,
COOTBETCTBYHOLMX BepiimHam rpada. Heo6xoaumo BeIUMCIUTS E Takux
npou3BoAHbIX. C/I0KHOCTh BBIUMCJIEHUS] OJHOM TakOW MPOU3BOAHOM
Ans BepumMHbl T. umeromel |in(7)| Bxogsumx peGep, olleHUBaeTCs

Kak c‘g'n(«rﬂ. OueHKa CI0XKHOCTH BBIUMC/AEHUS BCeX 3THUX
TIPOU3BOJHBIX /JaeTCsl C/IeYIOIIed CyMMOM

T = L‘Z in(7)]2(< eE?).
T

2. Bbluncienue Bcex npousBeieHui (7) Ha peOpax - E mpousBesieHU# (B
CBSI3U C TeM, YTO MbI B JJaHHOM pasjiesie repejauy CUTHaaa Ha pasHble
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BXOIbI ABTOMATa, BBIUUCSAIOIIETO fT[ . o ___H;kj, obo3Hauaem
pasnuuHbIMU  pebpamu, ypaBHeHusi (7), COXpaHfsi TIPEKHIOK
BHeNHKI (opMy, npeobpa3yrOTCs Tak, YTO B CyMMax OCTaeTcs MO
OHOMY CjaraeMoMy, OCTajibHOe CYMMHPOBaHME T[epeHOCUTCS K
BepumHam (6)).

3. Belunucienue Bcex cymm (6) - CJI0XKHOCTb paBHa E— (V-V ).

WTtoro, monHas CA10XXHOCTb OﬁpaTHD]"D IMpOX0KOEHHA CUTHA/IOB OLIEHUBAECTCA
KdK

T'=Tpis +2E - (V- Vow) =c y_|in(r)]* + 2E — (V = Vo).

-

OCHOBHYIO pO/b B TIOCTEJHEH CyMMe WUrpaeT MepBOe CjlaraeMoe - UMEeHHO
UM OTIpeJensaeTcs CI0XKHOCTh obpaTHoOro pacnpocTpaHeHus no rpady (ecau

BCE |-,:jn[:,—:]| — 1,10 Ty, s =cE, a ye B cIydae, Korja |-,:jn[:,-—::|| — . MBI
nonyuaem T ¢ =2cE ). [Tostomy moxuo nonoxuts { == {'p;¢ (ctporo

ropopst, 34 p;r = 1 = U'n;;, onHako pasnuuus B Ba-TpU pasa sl HaC
celiyac HeCyIIeCTEEHHbI).

Ecnmu  xapakrepHoe  uuC/I0 TIePeMEHHBIX Yy  MPOCTBIX  (QyHKUMH,

COOTBETCTBYIOLMX BepIMHam rpada, paBHo m (To ecTb |¢n(7 )| = e ), TO
I BBIUMCASEMON 10 Tpady CIOKHOW QYHKIIUH F MOXKHO OI€eHUTh
OTHOIIIEHUE 3aTPaT Ha BhIUKCIEHUE F U gradF ciaeayooiumm obpasom:

Torndr & c%kz — ckE, Tr = cE, —1%;’,””’ o k.

F
JTa OLleHKd, KOHeUHO, /a1y4dllle, 4eM I10JHOe YHUC/I0 IMepeMeHHBIX 1, HO BCe Xe
HCKOMOE€ OTHOLIEHHE OLIeHHBAETCA IMTPHMEPHO KaK OTHOIEHHW e YU C/1d pEﬁEp K
YiCIy BepuMH E/V (C TOUHOCTBIO [0 MeHee 3HaYMMbIX C1araeMslx). Ecau
HAaC WHTepecylT rpadbl ¢ OOJBIIMM UKMCIOM CBSI3€i, TO /sl COXpaHEHUs

3(peKTUBHOCTH  BBIUMCIEHUS TPAJUEHTOB HY)KHO OrpaHUUMBATHCA
CHelUalbHBIMU  KjlacCaMM  mpocTeix  dyHkuu. W3 uCxXogHBIX

npegnonoxennii 1-3 Haubonee cymecrsenno mepsoe (L = Taygin. ).
3ajaguMcs BOMPOCOM: [l KAKMX (YHKUUA f BBLIUMCICHHE YaCTHBIX
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MPOU3BOAHBIX BOOOIIe He TpebyeT BLIUMC/ICHU ?

OTBeT oueBHU IeH: 001N BUJ TaKUX QYHKITUU

fl:f:l_,...:n:l: z; + Z_ 25 By (12)

e jeP; ke Py

rje MHOXXeCTBa MHJIEKCOB P, P,, P3 He MepecekawTcs M, KpoMme TOro, P,
P35 WMEIT OAWHAKOBOE UYHUC/O 3JIEMEHTOB. JHaueHUd BCeX YAaCTHBIX

MPOU3BOAHBIX TAKUX (YHKUMN y)Ke M3BeCTHbI, & UCTOUHUKM (afpeca) 3THUX
3HaueHMH yKasblBarOTCs CBsA3sMU rpada. Kakue-To 3HaueHus z, BO BTOPOH

CyMMe MOTVT OLITH KOHCTaHTaMH (3HE1'-IEHI‘IH HY/1€BOTO CHDH), KdKHMe-TO -
HEe3aBHCHMBIMH TI€pEMEHHBIMHA (TBIOKE H'_YJIEBDf‘I CJ'IOFI) H/IHW 3HAYeHHHAMH,
Haﬁ,I[EHHbIMI‘I IMMpH NMPOMEKYTOUHBIX BBIYHC/IEHHUAX.

B ob6mem ciyuae dyakiuu (12) OunuHeiinsl. WX wacTHBIM ciayuaid -
nuHelHble (yHKIMM: ecid HHAekcaM U3 P, B (12) COOTBeTCTBYIOT

KOHCTaHTBI, TO GyHKIUs £ - TUHeWHasl.

U dyaxkuuu Buga (12), ¥ COOTBETCTBYIOIIME UM BEpPIIMHBI OyleM Ha3bIBaTh
KBA3U/TMHEIHBIMH.

[Tycte uHTepmpertaijusi (PyHKIIMOHANbHBIX CMMBOJIOB TakoBa, 4TO B rpade
BBIUMCJIEHUH MPUCYTCTBYIOT TOTBKO BEPIIMHEI [[BYX COPTOB: KBa3HU/TUHEHHbIE
WU C OJHOM BXOOHOW CBA3bI0 (COOTBETCTBYKOIME MPOCTBIM (QYHKLUSIM
OfHOrO nepemMeHHOro). O0O3HaUMM KONMYECTBA 3TUX BepumMH Vo U Vj

COOTBETCTBEHHO. OL[EHKEI CJIOKHOCTHU BBIYHC/JIEHHSA TPAJHEHTa O/ TdKHX

rpadoB MpUHIUNUAILHO MeHsieTcsi. ObpaTtHoe QyHKIIMOHUPOBaHUE B 3TOM
cnyuae TpeQyeT creAyOIMX 3aTpar:

1. Tlouck Bcex TIPOM3BOAHBIX (YHKUUH  OOHOTO TMEPeMEeHHOrO,
COOTBETCTBYKIMX BepumHaM rpada (YMCI0 TaKUX TPOU3BOJHBIX
paBHO V, ), C/TOKHOCTb TIOMCKA OJHO MPOM3BOAHON OLIeHHMBAEeTCs Kak
C.

2. Beruncnenue Bcex mpou3sBefieHu# (7) Ha pebpax - E mpou3BeleHUH.

3. Bbruncnenue Bcex cymm (6) - CJI0XKHOCTb paBHa E— (V-V_ ¢ ) .

104



Unknown Hefipounpopmatika
MTOFO, CyMMdpHas CMIOXXHOCTB OﬁpaTHOFO MMpOXOxKIeHHU A CHUTHa4/10B
OLEHHUBAETCHA KdK

T gradF ~ cV 1+2E-(V- V y40).
O11eHUM CJIOXKHOCTb BBIUMC/IEHUH TIPU MIPSIMOM PaCIPOCTPAHEHUU:

1. na mo0ol KBa3sU/IMHEMHOW BEpPIIMHBI T CJI0XKHOCTh BBIUHC/IEHUS

(GYHKI[UH O1[eHWUBAeTCs KaK |i]1(r']| =h
2. Ins mwoboii BepuMHBI C OJHOM BXOAHOW CBSI3bI0 CJI0KHOCTH
OLIEHUBAETCS KaK C.

MT&K, LJ1 TIpAMOTO pacIIpOCTPpAHEHH S CIOKHOCTE OLIEHHUBAETCH KdK

T F =cV 1+(E- Vv 1" Vv q)

'!g:ra.d'F D]
., BRSOl
C pocToM uwKc/ia CBs3en TF el

I'padpl BhIUKMC/IEHWH (C 3aflaHHOM WHTeprpeTanuell (GYHKI[MOHAJIbHBIX
CUMBOJIOB), B KOTOPBIX MPUCYTCTBYIOT TOJIbKO BEpPIIMHBI [JBYX COPTOB:
KBa3UJIMHEHbIe WA C OHOW BXOIHOU CBSI3bI0 (COOTBETCTBYIOIIME MPOCTLIM
(GYHKI[MSIM OIHOTO MMepeMeHHOr0) UrpatoT 0cobyo posb. Bynrem Ha3bIBaTh MX
CYILLIECTBEHHO KBa3WAMHENHHBbIMU. [ QyHKUMI, BBIYMCISEMBIX C TIOMOLIBIO
TakuX rpadoB, 3aTpaThl Ha BHIYMCIEHUE BEKTOpa TPajIueHTa TMPUMEPHO
BABOe Oosbllle, yeM 3aTpaThl Ha BbIUMCAeHUE 3HaueHus GyHKuM (Bcero!).

Ilpu 3TOM umcio cBsseit u orHomwenue ['/1” Moryr 6eITb CKOMb YropHO
fbonbummu. 3TO [JOCTOMHCTBO JlefaeT WCIOMb30BaHUE CYIIECTBEHHO
KBA3sU/IMHEHHBIX rpadoB BecbMa TIPUTSTAaTeBHBIM BO BCEX 3ajauax
ontuMu3aluu. VIX UYaCTHBIM C/lydaeM SIBISIFOTCA HEUPOHHBIE CeTH, AJiA
KOTOPBIX POJib KBA3W/IMHEHWHBIX BEpIIMH WIPAlT alalTUBHBIE JTUHEHHbIE
CYMMaTOpBI.

Takum obpa3om, obpaTHOe MpoOXOXKJeHUe aalITUBHOTO CyMMaTtopa Tpelyer
TaKWX JKe 3aTpaT, Kak WU mnpamoe. [lns Apyrux 371eMeHTOB CTaHAAPTHOTO
HelipoHa 0oOpaTHOe pacrpoCTpaHeHHe CTPOUTCS CTOJb JKe MPOCTO: TOUYKa
BEeTBJIEHUS NPU 00paTHOM TpolLjecce NMPeBPaIAeTCsS B IPOCTOM CyMMaTop, a

HemMHelHeld  mpeobpasoBatenb i+ f(xr] B  JIHHEHHYO  CBS3b
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[ f’ (7)pi € x03duLeHTOM CBSI3H f’[_r']. [TosTOMYy /191 HEIPOHHBIX
ceteli obpaTHOe pacrnpocTpaHeHHe BHINIAAUT 0CoOeHHO mpocTo. [leranu
MO>KHO HaWTH B Pa3MUUHBbIX PYKOBOACTBAX, Hanpumep [3.5, 3.6]

OTnuuune obuiero ciayyasi ot 6osiee TPUBBLIYHBIX HEHPOHHEBIX CeTe COCTOUT
B TOM, 4YTO MO>KHO WCIIO/b30BaTh OuMMHelHble KoMOuHauuu (12)
MPOU3BOJIBHBIX Y)Ke BBIYMCAEHHBIX (YHKUWH, a He TOJbKO JHUHEeHHbIe
(yHKLIUM OT HUX C TOCTOSIHHBIMU KO3(dhU1IMeHTaMu-BecaMu.

B onpegeneHHOM cMbIcie KBasuauHelHble GyHKuMU (12) BBIUMCASIOTCH
JMHeHHBIMM CymMMaTopamu ¢ Becamu 1 u 2;(j € Fo) u aprymentamu

zilie Pp) m zp(k € P3), Toneko Beca He 00s3aTeNbHO ABIAKOTCA
KOHCTaHTaMM, a MOTYT BBIUUC/IATLCS Ha T060M croe.

EcTecTBeHHO BO3HUKAET BOIMPOC O BHIYMCIUTETBHBIX BO3MOXKHOCTSX CeTeH,
BCe BepIIMHBI KOTOPBIX SB/ISIOTCA KBA3UIMHENHbBIMU. MHOXeCTBO QyHKUIMH,
BBIUMC/IIEMBIX TAKUMH CeTAMHU, COZAEP)KUT BCe KOOPAWHATHBIE (QYHKUUU U
3aMKHYTO OTHOCHUTE/IBHO C/IOKeHWs,, YMHOXEHHUSI Ha KOHCTAaHTy W
yMHOKeHUs pyHKuui. CregoBaTelbHO OHO COEPXKUT U BCe MHOTOUJ/IEHBI OT
mwoboro konuuectBa miepeMeHHBIX. JIobGas HermpepbiBHas QyHKOUS Ha
3aMKHYTOM OTpaHUYe€HHOM MHO)XXeCTBe B KOHEUHOMEpPHOM IPOCTPaHCTBe
MO>KeT OBITh CKOJIb YTOJHO TOYHO MPUOIUKEeHa C UX TOMOIIBH.

[1BoiicTBeHHOCTh 10 Jle)xaHIpy U CMBICA JABOUCTBEHHbBIX
repeMeHHbIX

[TpocmaTrpuBas TeKCT MpeAbIAYIIMX pa3fesioB, s ybeauscs, uto nogpobHoe
WU3/I0)KeHWe U 3JIEMEHTBl CTH/ISi MaTeMaTUUeCKOW JIOTMKM MOTYT JaXKe
OueBH/JHOE CJefaTh CJIOKHBIM. B 1aHHOM paszene OMUCHIBAeTCs CBs3b
JBONCTBEHHOTO (PYHKIIMOHUPOBAHUS CeTell aBTOMAaTOB C mpeoOpa3oBaHueM
JlexxaHnzipa ¥ HeorpeieIeHHBIMA MHOXKUTeAMHU Jlarpanka. To U3/I0XKeHUe
OpPUEHTUPOBAHO HA UHTaTeNs, 3HAKOMUBILETOCS C JIarPAaH)KeBBIM |
raMUJIETOHOBBIM (OpManu3MaMu U UX CBsI3pl0 (B K/1aCCHUECKOH MeXaHUKe
WM BapUallMOHHOM HcuucneHuH). PakTUUyecku Ha JBYX CTpaHuUlax Oyzer
3aHOBO W3/I0)KEH BeCh MPeAbIAVIMIA MaTepuan JeKIuu.

[Tepemennbie o6OpaTHOTO (YHKIIMOHUPOBAHUSA [!  TOSBISIIOTCA  Kak
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BCIIOMOraTe/IbHbIE IIDH BBIYMCIEHHHW IIPOM3BOAHBIX C/IOXKHOM linHI{L]HH.
HEPEMEHHBIE TdKOTO THIIA IIOAB/JIAKOTCA He Cﬂyqaf‘lHO. OHHM TOCTOAHHO
BO3HHMKAKT B 3afd4dX OTITUMH3ALHH U ABJIAOTCA MHOXHUTEIAMHA HarpaHH(a.

Mebl BBOAMM [i, wucxogs u3 mnpaBun AuddepeHUPOBAHUS CIOXKHOM
tdynkiuu. Bo3Mo)KeH ApYyroi TyTh, CBSI3aHHBIM C TepexXofioM OT (PYHKIIUH
Jlarpanxa k dyHxkuuu ['amunsroHa. M310)KUM ero ¥ mapasiiesibHO MOayYuM
psia panbHeWnmx obobuenuid. [l Bcex ceTeld aBTOMAaTOB, BCTPEUABIIMXCS
HaM B TIpeJbIAVIIMX pa3fesax U JIeKI[USX, MOXKHO BBII@TUTh TPU TPYIIIbI
MepeMeHHBIX:

® BHeIIHMEe BXOJHble CM[HA/bI X . ..,

® nepemeHHble (YHKIMOHUDOBAaHUSI - 3HAUGHWS Ha BBIXOJax BCeX
3/71eMeHTOB ceTH f. ..,
e nepemMeHHbIe 00ydeHUs & . ..

(MHOTOTOUMSMM 3aMEHSIFOTCS Pa3/IMYHbIe HAOOPHI MH/IEKCOB).

OObeJUHUM UX B [IB€ TPYIIIbI - BHIUUC/ISEMbIe BeJIMUUHBI V . .. - 3HAUCHUS
f... W 3amaBaemMble - b... (BKIKWUYaA a... U X...). YIPOCTUM
WHJeKcaluw, mnepeHymepoBaB f uW b  HaTypaabHBIMM  UYMCIaMH:
£, fy; by by

IlycTb (QyHKLMOHUPOBAHKE CUCTeMbI 3a[aeTcsi HabopoM U3 N ypaBHeHu
WLy c W, D] = Ol =10 N (13)

s TOC/JOMHOTO BBIYMCIAEHHS CJIOKHBIX  (YHKIIUM  BBIUMC/ISIEMBIE
nepeMeHHble - 3TO 3HAUeHWs BEpIIMH [/ BCeX CJIOeB, KPOMEe HYIeBOro,
3a/laBaeMblie TepeMeHHbIe - 3TO 3HaU€HUsI BePLIMH MepBOro ¢yiosi (KOHCTAHTEI
W 3HAUGHUS TepPeMeHHbIX), a YypaBHeHUs (YHKIMOHWUPOBAHUSI HMEOT
npocTelmii Buj (4), Ay KOTOPOTO

abe =) = Flznaan2els

me z; = Z(7') npu { € JD[:TIJJ-

[pegnonaraetcs, uto cucteMa ypaBHeHu# (13) 3amaer cnocob BeIuMC/IeHUs
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y:.

Ilycte umeercs yHkuus (narpaHkuad) H (v, ..., vy, b1, ..., by).
OTta ¢yHKIUS 3aBUCHUT OT b M SBHO, U HESBHO - Yepe3 IepeMeHHbIe
tdyHKigTMOHUPOBaHuUs yv. Ecu nipecTaBuTh, uTO ypaBHeHus (13) pa3pelieHsbl
OTHOCUTEeNBHO BCeX v ( y=v (b) ), To H MOXXHO MPeACTaBUThL KaK (QyHKI[UIO
oT b:

H=H; (b)=H(y; (b),....yn (b),b). (14)

Iie b - BeKTOp C KOMIIOHEHTaMH b ;.

[nst 3anaun obyuenus Tpebyercs HaiiTi npousBogHble [); — 7, I:E?)fﬂb;-
HerocpeicTBEHHO U SIBHO 3TO CZie/1aTh TPYAHO.

[Toctynum mno-gpyromy. BBegem HOBBIe TepeMeHHbIe — fll: ... fJIN
(MHO>KUTEenM JlarpaHyka) U MPOU3BOASAIIYI0 (QYHKIUIO W:

Wiy, b,pu) = H(y,b) + E it (y, b)),

B dyHkiuu W aprymeHTEI y,zb_; [l - He3aBUCUMble IepeMeHHbIe.

YpaBHeHnus (13) MoKHO 3anHCaTh Kak

oW _
g

Dife =1, N} (15)

3amMeTuM, UTO A5 TeX y, b, KOTOpbie yIOBAeTBOPSIOT ypaBHeHUsM (13), npu
mobpix M

W(v,b,u) = H(vy,b). (16)

3JTO O3Ha4ddeT, qTo AJis HCTHHHBIX 3HAYCHHN nmepemMeHHbIX

(ynkimonupoBanus y npu aanHeix b dynkuua [17(y, b, p) coenagaer c
uccieayemoit GyHkiuen H.
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[MonerTaemcst mogoOpaTh Takyk 3aBUCHMOCTh ﬁii(b]’ yTOOBI, MCMOIB3YH
(16), monyuuts ansa [); — ﬂHl(bj Jf{:ibi HauboJiee TTPOCTBIE BBIPAKEHMUSI.
Ha muoroo6pa3suu pemenuii (15)

_ QH(y(b).b) _ OW (y(b), b, (b))

ab; ab; '

[Mostomy

3ngbl 8H(y,b) Sg-(b] .
Di=——+ E o B

JNI-
W (y.b, ) W (b p) dy;(h) aw ly!”.u ey
e e sraatt il o E Ao

=1

N _
= 2 Tt ’”“”'642;1 Lt

Mul BCHOAy pasnuuaeM GyHKIU0 H (y,b), rge v U b - He3aBUCUMBIE
rnepeMeHHble, U (YHKIUI TOJBKO OT TepeMeHHBIX b H (y (b) ,b), rme
v (b) omnpemenedsl u3 ypaBHeHWW (13). AHaAMOrMUYHOE pa3TMUYeHUE

npunumaetcs ans dynkuuit 17y, b, pp) v W (y(b), b, u(h)).

Tpousson B onpezenenun yi(h) HaLo UCMOMBb30BaTL HAUMTYULIMM 06pa3oM -
BCE PABHO OT HEro NpuzeTcs u30aBATLCS, JOOTpeess 3aBUCUMOCTH. Ecu
BbIOpaTe Takue [{, UYTO cCjaraeMble B TePBOM CyMMe IOC/IeqHeld CTPOKH
BbIpakeHUs (17) obpararcs B Hynb, TO Gopmyna st D; pe3Ko YyIpOCTUTCS.

IMonoxum MMO3TOMY

SH(y,b) == 8y (y,b
(, J‘*ZF“G .3:(1# )

. — 0. (18)
By Ay;

JTo - cucTemMa ypaBHeHUH jjis onpeaenedus fii; (k=1, ...,N). Ecm [
onpefeneHsl comiacHo (18), To
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..; —

[ . ‘,'\‘:' el - 1
dH (y, b) i adv;(y, b)
e E il e e
. ¥ F
Ob; = ab;
g=1

3TO - B TOYHOCTH Te€ BBIPpAKE€HHSHA, KOTOPLIE HCITO/Jb30BdA/IHUCh IMPH TTOHCKe
MPOU3BOAHBIX C/IOXKHBIX  (yHKI[MI. B HaumMxX BBHIYMCIEHUSX  MbI
IMoONAb30BaATHCH ABHBIM OINHUCaHHEeM d)yHI{L(HDHHpDBaHHf[. METOr[[
MHO}KHTEHEFI HarpaH}Ka AOITYCKAeT U MeHee ABHbIe OITHCaHHWA CETEf‘I.

B wmarematnueckom ¢onekiope OBbITYeT Takol Te3UC: CJIOKHas 3ajada
ONTUMM3ALUHM  MOXKeT OBITh penieHa TOMBKO 1pU  3(PeKTUBHOM
WCITOJIb30BAHUM JBOUCTBEHHOCTH. MeTogs! ObicTporo auddepeHiupoBaHus
SIBJIAIOTCS IPKOW MJUTFOCTPALIMel 3TOro Te3uca.

OnTummu3alMOHHOEe 00yueHre HeMPOHHBIX ceTel

Korga moxxHO mipefctaBuTh oOyueHHe HEHWPOHHBIX CeTeld Kak 3ajauy
ontuMu3auu? B Tex ciayuasx, korjga ygaeTtcsi OLjeHUTh paboTy ceTtu. ITO
O3HauaeT, YTO MOXKHO VyKa3aTh, XOPOLI0O WM TIJIOXO CeTh pellaer
MOCTaBJIeHHbIE €W 3a/aud Y OLEeHUThb 3TO0 'XOPOILI0 WA TII0X0"
KonuuecTBeHHO. CTpoutTcss dyHkius oieHkd. OHa, Kak MpPaBU/IO, SBHO
3aBUCHUT OT BBLIXOAHBIX CUTHAJIOB CETH U HEesBHO (uepe3 (yHKIIMOHUPOBAHUE)
- OT Bcex ee TmapameTpoB. [IpocTelnmii ¥ camMblii pacrpoOCTpPaHEeHHbBIU
MpUMep OL[eHKM - CyMMa KBaJIpaTOB PAacCTOSIHUM OT BBIXOAHBIX CUTHAJIOB
CeTH /10 UX TpebyeMbIX 3HAUeHU:

H =g 3 (e8] =2 lr

TEVaut

e 7 * (7 - TpeOyemoe 3HaUEHHE BBIXOJHOTO CUTHA/IA.

Ipyroit npumep OLjeHKM - KauecTBO Kiaccudukauuu B ceTsx KoxoHeHa. B
3TOM CJiyuae OTBeThl 3apaHee HEeW3BeCTHbl, HO KaueCTBO paboOThl ceTu
OLIeHUTb MOJKHO.

YCTpo#CTBO, BEIUUC/ISAIONIEE OLIEHKY, HAICTPauBaeTCs HaJ, HeMPOHHOU CeThI0
Y TPaIueHT OLIeHKH MOJKeT ObITh BBIUMC/IEH C UCIO/Ib30BAHUEM OMHCAaHHOTO
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NpUHLIUIA ABOWCTBEHHOCTH.

B Tex cnyuasix, Korja OLIeHKa SIBJSIETCS CYMMOW KBaJpaToB OMIMOOK,
3HAUeHMUSI He3aBUCUMBIX TTePeMEeHHBIX IBOUCTBeHHOTr0 GYHKI[MOHUPOBAHUS

ji(T) AN BEPIMH BBIXOJHOTO C/IOSL Viut TIPH BBIUMCIEHHH TPajueHTa H
YCTAHAB/IMBAKITCA PABHBIMH
: oH
Urli= = ZEw)= Z(F)) 19
P ) (19)

Ha BXoJ Npu 00paTHOM (YHKIIMOHMPOBAHUU MOCTYMNAKOT OMIMOKA BBIXOJHBIX
curHanoB! ITo 06CTOSATENLCTBO HACTOMBKO BIEYATAWIIO MCCef0BaTened,
YTO OHM HasBaAM MeTO[ BbIUMC/IEHUA TPajJUeHTa OLIeHKH MeTOo0M
obpaTtHoro pacrpocrpaHeHnus onmbok. Brpouem, mocie dopmynsr Yugpoy,
OMUCaHHOU B pekiuu 2, dopmyna (19) gomkHa ObITE OUEBUIHOM.

HOnsi obyueHuss UCIONB3yeTCsl OLIEHKA, yCPeAHEHHas M0 TIpUMepaM C
W3BECTHBIM OTBETOM.

[Mpepnaraercsi paccMmarpuBath oOOyueHHe HEWPOHHBIX CeTed Kak 3ajauy
ONTUMHU3ALMK. OTO O3HAyaeT, UTO BeCh MOIIHbIA apceHaq MeTO/0B
ONTUMM3ALUHM MOXeT ObITb uchbITad Ay obyueHus. Tak ¥ BUAMTCS:
HeHPOKOMITBIOTEPBI HaWCKOPEeHIero Crycka, HelpokomneloTepsl HeroTOHa,
®jeTuepa U T.I. - MO HA3BAaHUIO MeTO/A HEJTMHEITHOW ONTHUMHU3ALUH.

CyuecTByeT, ofHaKo, psaf crnenuduyeckux orpaHuueHui. OHM CBSI3aHBI C
OTPOMHOM Pa3MepHOCTBIO 3ajaud oOyueHus. UWCI0 MapamMeTpoB MOXKeT

JOCTUTaTh 10% - wu Jaxe Oomee. YKe B NpPOCTEHIIMX TPOrPaMMHBIX
UMHUTATOpPax Ha MEpPCOHA/JbHBIX KOMIbIOTEpax Mnoj0upaeTcs 10° - 10°
rapaMmeTpoB.

W3-3a BBICOKOY Pa3MepPHOCTHA BO3HHUKAET ABa TPeOOBaHUS K a/ITOPUTMY:

1. Orpanuuenue 1o namsath. [lycte n - unciao mapameTpoB. Eciu

°, To oH BpsJ U

anropuT™ TpeQyeT 3aTpaT TaMmATH TOpsAKa n
npuMeHuM [Jjs obyueHusi. Boobuie roBops, XenaTenbHO HWMETh
QITOPUTMBI, KOTOpBIe TpeOylOT 3aTpaT mNaMaTH TMopsAka Kn,

K=const.
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2. B0O3MOXXHOCTH MapajyieTbkHOTO BHITIOJHEHUs Hauboee TPYIOeMKHUX

3TAlOB aJrOPUTMA M JKe/laTeabHO - HeHPOHHOM ceTbr. Ecimu kakoii-

mbo ocobo mpuBIeKaTeNbHBIA aIropuT™M TpedyeT MamsaTh MOpsaKa

n’, TO ero Bce )Ke MOXXHO HCIIONb30BaTh, €CIH C TOMOIIBI0 aHaIM3a

YYBCTBUTE/NLHOCTA M, BO3MO)XHO, KOHTPaCTUPOBAHUS COKPAaTUTh
410 obydaeMbIX TapaMeTPOB /10 Pa3yMHbIX Mpe/iesioB.

Eme 1Ba 00cTosTENIBCTBA CBSI3aHbl C HEHPOKOMIBIOTEPHOW Creru UKo,

1. OOyueHHBIH HEHPOKOMMBLIOTED [AO/HKEH C TMPUEeMJIEMOM TOUYHOCTBIO
pelliaTh BCe TeCTOBbIe 3ajauu (UM, ObITH MOXKET, TOUTH BCe C OUeHb
Masnoi yacTero uckmoueHui). [losTomy 3azaua oOyueHUs] CTAHOBUTCS
10 CYIeCTBY MHOTOKPUTEPHAIbHOW 3ajauell ONTUMHU3ALUMU: HAJO0
HaliTU TOUKy oOmero wmuHUMyMa OofbIIOro uwucaa (yHKIUA.
OOyueHUe HEIPOKOMITBLIOTEPA UCXOAUT M3 TUTIOTE3bI O CYLIeCTBOBAHUHU
Takoii Touku. OCHOBAaHMS TUMOTe3bl - OuUeHb Oo/blIoe YKCI0
TepeMeHHBIX U CXOACTBO Mexay ¢yHkuusamu. Camo TmioHSTHE
"cxocTBO" 37€Ch TPYAHO (GOPManU30BaTh, HO OMBIT MOKA3bIBAET UTO
TIPeAIONI0KeHHe O CYLIeCTBOBaHUM 00Iero MUHUMyMa W/TH, TOYHee,
TOYeK, [Je 3HaueHWs BCEX OLEHOK Maj0 OTIMYaKwTCa OT
MHUHUMAJIBHBIX, UAaCTO OTNpPaB/bIBAeTCH.

2. OOyueHHBI HEHPOKOMIBLIOTED [O/DKEH HUMETh  BO3MOXKHOCTh
npuobpeTaTh HOBbIe HAaBLIKU 0Oe3 yrpaTel cTapbix. Bo3moxHo Gosnee
cnaboe TpebOBaHMe: HOBBIE HABLIKA MOTYT COMPOBOXKAATHCS MOTepei
TOYHOCTM B CTapblX, HO 3Ta TMOTeps He J0/DKHA OBITH 0c0b60
CYLLIECTBEHHOW, a KaueCTBeHHble M3MEHEeHWUS [O/DKHbI  ObITh
WUCK/TIOYeHBI. DTO 03HAUaeT, UTO B JOCTaTOYHO OOJBILON OKPeCTHOCTH
HalIeHHOW TOYKM o0O0Iero MUHMMyMa OL|€HOK 3HaueHUsl 3THUX
GyHKUMN He3HAUUTENIBHO OTJIMYAKTCSA 0T MUHUMAaJIBHBIX. Masno Toro,
YTO JO/DKHA OBITH HalifleHa TOuka OOIero MMUHUMYyMa, Tak OHa erle
NO/DKHA JIeXKaTh B JOCTAaTOUYHO IMIMPOKOW HU3MEHHOCTH, e 3HaueHUsi
BCeX MUHUMM3UPYeMbIX QYHKIIUN OIU3KM K MUHUMYMY. [{51s peteHus
3TOM 3a/1auM HY)KHBI CIleliiaabHbIe CPe/ICTBa.

Wtak, umMeeM ueTbipe CreuuUUECKUX OTPAHUUEHUS, BbIESIOIIMX
obyueHHe  HelpoKOMMbIOTepa W3  OOLMX  337au  ONTUMMU3ALIUU:
ACTPOHOMMUYECKO®  UHCI0  [apaMeTpoB, HeOoOXOAMMOCTb  BBICOKOTO
napasjaienusMa npu o0yuyeHWHM, MHOTOKPUTEPUAJBbHOCTh pellaeMbIX 3a/au,
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HeoOXOqUMOCTb HAaWTH [JOCTAaTOUHO HIMPOKYH 007aCTh, B KOTOPOUl 3HAUeHUs
BCeX MUHUMM3UPYeMbIX QyHKUUI O/M3KM K MUHUMa/lbHbIM. B ocTanbsHOM -
3TO MPOCTO 3ajlauya ONTUMH3ALMM U MHOTHE KIacCHYeCcKue U COBpeMeHHbIe
METO/IbI ZIOCTaTOUHO eCTEeCTBeHHO JI0XKATCSl Ha CTPYKTYPY HEMPOHHOM CeTH.

3aMeTHM, KCTaTH, YTO eC/Id BeCTH ONMTUMU3ALMI0 (MUHUMU3ALKI0 olmbKN),
MeHsisSi TapaMeTpbl CeTH, TO B pe3yIsTaTe MOJYyUYMM pelleHue 3afaduu
annpokcuMmauuu. Eciu ke BefeTcss MHUHMMM3al|Usi 11€7eBOM HEKOTOPOi
GYHKIMU W UIYTCS COOTBETCTBYIOIME 3HAueHUs MepPeMeHHBIX, TO B
pe3yibTare pelliaeM 3ajlauy ONTUMU3aluu (X0Ts GOPMaaLHO 3TO O/IHA U Ta XKe
MaTeMaTUueckas 3ajlaua M paszfesieHMe Ha [apaMeTpbl U TepeMeHHbIe
ompeensieTCs JOTUKOM TipeMeTHOW o0mactd, a ¢ GOpManbHOM TOYKH
3peHus Pa3HUI]a TPAKTUUECKU OTCYTCTBYET).

3HauMTeILHOE YMC/I0 MyOauKauili mo MetogaM o0ydyeHUs: HEHPOHHBIX CeTeu
MOCBSIIIEHO TMEepPeHOCYy KIACCUUeCKUX aIrOPUTMOB ONTUMHU3ALMUU (CM.,
Hanpumep, [3.7, 3.8]) Ha HelipOHHBIE CETH WM TOMCKY HOBBIX peaKiuu
3TUX MeTOAOoB, 0ojiee COOTBETCTBYIOILIMX OMUCAHHBIM OTPAHUYEHUSIM -
TaKUX, HalpuMep, KaKk MeTof BUPTyaibHbIX "acTull [3.5, 3.6]. CyiecTByoT
obumpHbie 0030pbl W KypChl, MOCBSAINIEHHBIE 00y4eHUI0 HEWPOHHBIX CEeTeH
(manpumep, [3.9, 3.10]). He Oymem 3mech ocTaHaB/IMBATBLCS Ha 0030pe 3TUX
paborT - ecnu HaliZieH TPAJUEHT, TO OCTa/IbHOe TTPUI0KUTCS.

Pabora Hag nekiueit Obina nmopjaep>kaHa KpacHosipckuMm kpaeBbiM (POHOM
Hayku, TpaHT 6F0124.

D" Tpymuo ymepxartbCs OT BOMBHOCTH peun - 00paieHus K OpMaibHO elre
He BBEJIEHHOH, HO COBepIIeHHO O4YeBHJHOW uHTeprperanuu (..
obo3nauaromne...").
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HEﬁpO ceTeBbIe I/IH(l] OpMallMOHHbIE  MOJAE/IM  C/IOKHBIX
HWHXXEHEPHLBIX CUCTEM

B paHHO#l nexkuuu 00CYKAAIOTCS HEHPOCETeBbIe METOAbl TOCTPOEeHUs
MoZieJiell CI0’KHBIX CUCTEM, OCHOBAHHBIE HA JKCIIEPUMEHTA/IbHBIX JAHHBIX.
[MogpobHO paccMoTpeHBI MOCTAHOBKMA THUIIOBBIX 33/lau MHMOPMAIMOHHOTO
MO/IeTUPOBaHMUS. U3znoxxeHue COMPOBOXK/aeTCs MOZeMbHbIMU
WJUTIOCTpAL[UsIMU U TIPUMEPAMH PeasbHBIX MPAKTUYeCKUX TPUMEHEeHUH.

CJ/10)KHbIe CUCTEMbI

Jlabopatopuss ~ UckyccrBeHHbix  He#iponuwix  Ceteit, Poccuiickui
G®epgepanpabin Apepubin Llentp - Bceepoccuvickuin HUW Texauueckou
du3nuku

C.A. TepexoB

PaccMOTpUM CHCTEMY, COCTOSIIYI0 W3 HEKOTOPOTrO uUuCja KOMITOHEeHT. [lnid
ompeseneHHOCTH OyaeM WMeTb B BHUAY, CKaKeM, TEePMHUHal KPYIHOTrO
OKEaHCKOT0 MopTa, 006CAy)KMBarIMi pa3rpy3Ky CyIoB MOPTOBLIMU KpaHaMH,
W OTIpPaBKy TPy30B aBTOMOOWM/IBHBIM W JKEI€3HOMOPOKHBIM TPAHCIOPTOM.
Hamie#t koHeuHOW 1enbt0  OygeT MOCTPOEHWe MOJENIH  CHCTEMBI,
OMHUCHIBAIOIIEH ee TioBefieHWe, U obOmajaronield TpejcKa3aTe/bHbIMU
cBoMcTBaMU. Mogenib cmocoOHa BO MHOTHX MPHUJIOXKEHUSIX 3aMeHUTh COO0M
WUCCNeyeMYH0 CHCTEMY.

Kaxpgas W3 KOMIIOHEHT CUCTeMbI HMeeT CBOM CBOWCTBA W XapakTep
NMOBeJeHHs B 3aBUCHMOCTM OT COOCTBEHHOTO COCTOSIHUMSI W BHEILIHHMX
ycnoeuid. Ecnu Bce BO3MOXKHBIE TIPOSIBJIEHUSI CUCTEMBI CBOJSITCS K CyMMe
MPOSIBJIEHUU ee KOMITOHEHT, TO Takasi CUCTeMa SIBJISeTCS TIPOCTOM, HeCMOTPS
Ha TO, YTO YMCIO €ee KOMIIOHEHT MO)XeT ObITh Benuko. [lna omucaHus
MPOCTHIX CUCTEM TPAJAULMOHHO MPUMEHSAIOTCS MeTO[bl aHann3a, COCTOALMe
B [I0C/e[0BATE/JIbHOM paC4IeHeHUWHW CUCTeMbl Ha KOMIIOHEHTBl H
MOCTPOEHUU Mofenieil Bce 6osiee MPOCTHIX 3/1eMeHTOB. TakoBbIM B CBOeM
OCHOBE fIBJIS€TCA METOJ, MaTeMaTUueCckoro MofienupoBaHus [4.1], B koTopoMm
MO/ZIeSTU OTMCBLIBAKOTCA B (OpPMe ypaBHEHWM, a TpejcKa3aHWe TOBeJeHUsi
CHUCTeMbl OCHOBBIBAETCSl Ha X PeLIeHUH.
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COBPEMEHHBIE TeXxHH4YeCKHe CUCTeMEI (H{:ll'lplflMF_'p:r '_yTIOMf[Hy'I'in:I BBIIIIE ITOPT,
HH>XEHEepPHbIEe COOPYXKeHHH, HpI’IGOprIE KOMIL/TEKCHI, TPAHCITIOPTHLIE
CpeacCTBa H ,[Lp) HPHGHI/I}KBI{)TCE K TAKOMY YPOBHK) C/IOKHOCTH, KO[gd HX
Haﬁnm;[aemoe rnmoeeaeHre H CBOICTBa He CBOOATCA K HpOCTOﬁ CymMmmMme
CBOMCTB OTOe/NMbHBIX KOMITOHEHT. HpI/I OGT:EHE[HHEHHH KOMIIOHEHT B CHCTEMY
BO3HHKAKOT Kd4eCTBEHHO HOBBEIE CBOﬁCTBa, KOTOpLIe He MOryr OLITH
YCTaHOBJIEHBI MOCPEeJCTBOM daHA/TH3d CBOMCTB KOMITOHEHT.

B ciiyuae TepmuHana nopTta Hebosible OTKIOHEHUS B IPOU3BOAUTETEHOCTH
paboTel KpaHOB, Masjble H3MeHeHHss Wau cbou rpadmka [ABUXKEHUS
KeJie3HOLOPOXKHBIX COCTABOB, OTKJIOHEHUS B CTENeHM 3arpy3Ku U B rpaduke
npuOBITHSA CYJOB MOTYT BBI3BAaTb KAaYeCTBEHHO HOBBIM PEXUM TMOBeJeHUs
MopTa, Kak CHUCTeMbl, a UMeHHO 3arop. OOpa3oBaHue 3aTopa BBI3BIBAET
obpaTHoe BO3JeiCTBHEe HA peXUMbl paboTbl KOMIOHEHT, UTO MOXeT
TIPUBECTHU K Cepbe3HBIM aBapusM U T.1. COCTOsiHUe 3aTopa He MOKeT OBbITh B
MOJMHON Mepe TMOJyYyeHO HAa OCHOBE OTJeNbHOTO aHajiv3a, Harpumep,
CBOWCTB opHOro kKpaHa. OJHak0 B paMKaxX CHCTeMbl OOBIUHBIN pEXUM
paboTeI 3TOrO KpaHa MOXKET MTPUBOAUTEL K COCTOSTHHUIO 3aTOpa.

Takue cUCTeMbl, B KOTOPbIX TMPH BLIWIEHEHUM KOMIIOHEHT MOTYT ObITh
MOTepsiHbl MPUHIUMUANbHBIE CBONCTBA, a MpU [J00aB/EHUM KOMIIOHEHT
BO3HUMKAIOT KaueCTBEHHO HOBBIE CBOMCTBa, OyieM Ha3bIBaThb CIOXKHBIMHU.
Mogenb CI0OXXHOM CHUCTeMbl, OCHOBAHHAs Ha MPUHI[UIIAX aHa/u3a, Oyger
HEYCTPAaHUMO HeaJeKBaTHOM W3yuyaeMOill CHUCTeMe, TIOCKOJIbKY TpH
pa3bueHUM CUCTeMbl Ha COCTaBJISIONE €€ KOMIIOHEHThI TepsIoTCS ee
KaueCTBeHHbIe 0COOeHHOCTH.

[TpuHUUIIBI MH()O0PMAaIMOHHOTO KbepHeTUueCcKoro
MO/leTMPOBaHUSs

B03MOXXHBIM BBIXOZOM U3 TIOJIOKEHUS SIBJISeTCA ITOCTPOEHHEe MOJeNd Ha
OCHOBe CHUHTe3a KOMIOHeHT. CHHTeTHueCcKMe MOAeNH  SABISKOTCA
MpaKTUUeCKU eJJMHCTBEHHOW aNkTePHATUBON B COLIMOJIOTHH, AOITOCPOYHBIX
MpOrHo3ax MOrofbl, B MakpO3KOHOMMKe, MeAulUHe. B mociegHee Bpems
CUHTeTHYeCcKre WHGOPMalMOHHBIE MOJENU MIMPOKO HCIMOJB3YITCS U TPH
WU3yUeHUU TEeXHUUYECKUX W WH)XEHEPHBIX CUCTeM. B psie mpuioxeHui
MHPOPMALIMOHHBIE U MaTeMaTUUeCcKhe KOMIIOHEHTBI MOTYT COCTaBJIATh
eIMHYI0 MOZJe/b (HarpuMep, BHeIHUe YC/I0BUS OMUCHIBAKOTCS PeLIeHUAMU
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YpaBHEHUNW  MaTeMaTHueCckoid  (u3uKM, a  OTKIUK CHUCTeMBl -
UHGOOPMALIMOHHOW MOJIEbi0).

OCHOBHBIM TPUHIUTIOM UHHGOPMALIMOHHOTO MOJENUPOBAHUS SBJISETCS
npuHLUN " yepHoro fAnpka ". B TpPOTHBOMOMOXXHOCTE aHAIHUTHUECKOMY
MOAXOAY, TIPU KOTOPOM MOZe/MpyeTCsl BHYTPEHHS CTPYKTypa CUCTEMEI, B
CUHTETUUECKOM MeTofie "4epHOro slUKa" MOJe/lUpyeTcss BHeIlHee
¢yukuuonupopanue cucteMbl. C TOYKM 3peHUS] T0/b30BATeNs MOJE/H
CTPYKTYpa CHCTeMbl CIIpATaHA B UYEPHOM SIIMKe, KOTOPbI UMHUTHDYET

nmopegeH4vYecKne 0COOEHHOCTH CHCTEMBI.

KubepHeTuueckuii mpuHOUN "uepHoro smmka' Obl1 mipeanoxeH [4.2] B
paMKax Teopud HUAeHTU(UKAIIUU CUCTEeM, B KOTOPOW [/Isi TIOCTPOEHUS
MOfIeTM  CUCTeMbl TIpefjaraeTcsi MIMPOKWM TMapaMeTpUYecKuil  Kacc
0a3ucHBIX QYHKI[UI WM yPDaBHEHW, a camMa MOjie/lb CUHTE3UPYeTCs MyTeM
BbIOOpa TMapaMeTpoB W3 YC/JIOBUS HAWJIYUIIEro, MPU 3aZaHHOW (QYHKI[UU
LeHHOCTH, COOTBETCTBUS PeIIeHUI ypaBHeHUi MOBeAeHUI0 cucTembl. [Ipu
3TOM CTPYKTYpa CUCTeMbl HUKAaK He OTPa)kaeTCs B CTPYKType YpaBHEHWU
MOJIenu.

OYyHKI[MOHUPOBAHUE CUCTEMbl B paMKaX CHUHTETUYECKOH  MOfe/u
OMHUCBIBAGTCS YMCTO WHAGOPMAI[MOHHO, Ha OCHOBE [JaHHbBIX KCTIEPUMEHTOB
unu  HabmogeHuid  Hajg — peanbHOM — cucremo. Kak  mpaswuio,
MHPOPMALIMOHHBIE MOJeIU TPOUTPLIBAIOT (OPManbHBIM MaTeMaTHUYeCKUM
MOAenssM U JKCMepPTHHIM cuctemamY 1o crermenu "o6bsicHEUMOCTH"
BbI/IABAEMBIX Pe3yIbTaTOB, OIHAKO OTCYTCTBUE OrPAHUUYEHUM Ha CI0KHOCTh
MOJIe/TPYEMBIX CUCTEM OTIPe/Ie/isieT UX BAXKHYIO0 MPAKTUUeCKyl0 3HAaUUMOCTh.

Turbl MH(p OPMAaLMOHHBIX MO /e

MoxxHo BBIAE/THUTE HECKOJIBKO THHOBz" I/IHClJOpMElL[HOHH]:IX MO,H,EJ]EFI,
OT/IHHAKIMXCA 110 XdpPadKTepy 3alpoCcoB K HHM. HEPE‘-IHCIII‘IM JTHIIb
HEKOTOPbIE M3 HHUX:

MopenupoBaHue OTKIMKA CUCTEMBI Ha BHEIIHee BO3JelCTBUe
Knaccudukanms BHyTPEHHUX COCTOSIHUIN CUCTEMBI
[Iporno3 juHaMHUKU U3MEeHeHUs CUCTeMbl

OL[EHKEI IIO/THOTEI OIMUCaAHH A CHCTEMEI H CPaBHUTEJ/IbHAA
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HHC])OPMEIL‘I/IOHHEIFI 3HAYHUMOCTE I1apAMETPOB CHUCTEMBI
. OHTI/IMH3EIL[I/IH nmapaMmeTpoB CHCTEMBI MO0 OTHOLNIEHHHK K BH,ILEIHHOFI

GyHKUMU LIeHHOCTH
e AJanTUBHOE yripaBjieHHWe CUCTeMOU

B stom pa3iejie H3/J10KeHHue G}ﬂET OCHOBBIBATBCA Hd MOAEJIAX IMEepPBOro M3
VKa3aHHBIX TUIIOB.

[Tycte X - BEKTOp, KOMIIOHEHTHI KOTOPOTO COOTBETCTBYIOT KOJTMYECTBEHHBIM
CBOWCTBAM CHUCTeMbI, X' - BEKTOP KOJTMUYECTBEHHBIX CBOWCTB BHEILIHUX
Bo3jelicTBuii. OTKIMK CHUCTeMbI MOXeT ObITb OMHUCaH HEKOTOPOM
(HeusBecTHOM) BekTOp-(yHKUMeH F: Y = F(X,X'), rme Y - BEKTOp
OTK/IMKA. 3ajadedl MOJe/TUPOBAHUS SB/AAETCA HAeHTU(UKALIUA CHUCTEMB,
cocTosiljasi B HaxoKJAeHUM (YHKI[MOHAIBLHOTO OTHOILUEHUS, airOPUTMa WU
CUCTeMBI TIpaBuI B 00men ¢gopme Z=G (X, X'), aCCOLMUPYIOLIEH KaXKIyHO
mapy BeKTopoB (X, X') C BeKTOPOM 7 TakuM oOpa3om, 4To Z U Y OIH3KH
B HEKOTOPOl MeTpHKe, OTpakawlileil 1enu mogenupoBaHus. OTHOIEHUe
Z=G(X,X"), BOCIPOU3BOMSAIIEE B YKa3aHHOM CMBIC/Ie (PYHKIITMOHHUPOBAHUE
cuctemsl F, Oynem Ha3bpiBaTh MHGOPMALIMOHHON MOJE/IBI0 CUCTEMBI F.

HelipoHHbIe ceTy B MH(OPMaILMOHHOM MO/ e/TMPOBaHUuU

Uckyccreennble HelpoHHble cetd (MHC) sBasioTcs yooOHBIM M
eCTeCTBeHHBIM 0a3ucoM i MpeACTaBieHUsT WHGOPMAIMOHHBIX MOJemnei.
Hetipocetb moeT ObITH goctaTouHo dopmanbHO ompeaeneHa [4.3], kKak
COBOKYITHOCTb TIPOCTBIX MPOLIECCOPHBIX 3/€MEHTOB (YacTO Ha3bIBA€MbIX
HelipoHam# ), 00J1afalOIMX MOJHOCTBIO JIOKATBHBIM (DYHKI[MOHUPOBAHUEM,
U 00beAUHEHHBIX  OQHOHATPABJIEHHBIMU  CBS3AMU  (Ha3bIBa@MbIMU

cuHaricamu ). CeTh TPUHAMAET HEKOTOPBIH BXOAHOW CHTHam2! U3 BHEIIHEro
MHUpa, U TPOMYCKAeT ero CKBO3b ce0si C mpeoOpa3oBaHUsSIMU B KaXK/0M
npoieccopHoMm 3snemeHTe. Takum o6pa3om, B mporecce TPOXOXKAeHUs
CUTHA/a 10 CBA3AM CeTH NPOUCXOAUT ero obpaboTKa, pe3ynLTaToM KOTOPOi
SIBJISIETCSI OTIPe/le/IeHHbIM BBIXOAHOW curHan. B ykpynHenHom Buze WMHC
BBITIO/IHSIET (PYHKIMOHATBHOE COOTBETCTBHE MEXY BXOAOM U BBIXOJOM, U
MOJKEeT C/TY)KUTh UH(OPMALIMOHHOM MOIeNbio G CUCTeMbI F.

Onpegensiemass HelpoceTbl0 (YHKIUS MOXKeT OBbITH TMPOWU3BOJILHON MPH
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JIETKO BBITIOJIHUMBIX TpPeOOBaHUAX K CTPYKTYPHOM CJIO0XKHOCTH CeTH W
HAJIMYUU HEJIUHEMHOCTH B TepeXogHbiX (QyHKUUSIX HelpoHoB [4.4].
Bo3MorkHOCTE mpezcTaBieHus 000 cucTeMHOW dyHKIIMU F C Hamepe[
3a/laHHOM TOYHOCTBIO OTpefiesisieT HeUpoCceTh, Kak KOMIbHOTEp 001iero
Ha3HaueHUsl. DTOT KOMIIbIOTEP, B CPaBHEHWHU C MaumHoON ¢oH HeiimaHa,
MMeeT TPHUHLUIHAIBHO [PYyroil croco® opraHu3aluy BBIUHC/IUTETEHOTO
rpoiecca - OH He MPOTPAMMUPYETCSl C UCIOIL30BAHUEM SIBHBIX MPAaBUJ U
KOJIJOB B COOTBETCTBMU C 33JJaHHBIM aJTOPUTMOM, a 00yyaeTcsi MocpefCcTBOM
L[eJIeBOM afjanTalui CUHANTUUYECKUX CBsizell (U, peke, UX CTPYKTYPHOM
MoguduKalued W W3MEHeHHEeM TepexXofHbIX (GYHKI[UHA HeWpoHOB) /s
npezcTaBaeHus Tpebyemoit yHKIUMN.

B runoternueckoid cuTyanuu, korga (QyHKUHUS CHUCTEMBI F M3BeCTHA WM
M3BECTeH AQJTrOPUTM €ee BBIUMC/IeHUs] T[PA TMPOU3BOJIBHBIX 3HAYeHUAX
aprymeHToB, MaumHa ¢oH HeiimaHa fIBASieTCS HaWIYUIIMUM CPeACTBOM AJis
MOZIeTUPOBAHUS (COCTOSILIETO B BBIYMC/IAEHUM F ), U HeoOXOAUMOCTH B
MHPOPMALIMOHHBIX MOZE/ISAX OTIajaeT.

IIpy mMopmenupoBaHUM peanbHBIX C/I0KHBIX TEXHUUECKUX CUCTEM 3HAUEHUSs
CUCTEeMHOW (YHKIUM F TMOAy4arOTCS Ha OCHOBE JKCIIEPUMEHTOB WJIH
Hab/0eHnil, KOTOpbie MPOBOASTCS JIUIIL /15 KOHEYHOT0 UK C/ia TTapaMeTpPOB
X. Ilpu 3TOM 3HaueHUs KaK Y Tak U X W3MepsOTCS TPUOIMKeHHO, U
MoABep)KeHbl OIMMOKaM pa3nuuHoM mnpupoasl (cM. HWke). llesnbro
MOZIeTUPOBAHUSA SBJISIETCS MMONyYeHUe 3HAYEHUHW CHCTEMHBIX OTK/IUKOB MPH
MPOU3BOJILBHOM H3MeHeHWH X. B 3Toil cuTyalluu Mo)KeT ObITh YCIEmHO
npuMeHeHa uH$opMalMOHHAas (CTaTUCTHUeCKasl)) MofeNlb G HCCiIefyeMOu
CUCTEeMEI F.

WHbopmalioHHBIE MOJeMH MOTYT CTPOMTHCSI HAa OCHOBE TPAaAWUIIMOHHBIX
METOZIOB HerapaMeTPUUeCKOl CTaTUCTUKU [laHHas Hayka M0o3BOJIsieT CTPOUTD
obocHOBaHHBIE  MoOfend  cucteM B ciaydae  Oonemoro  Habopa
JKCMIePUMEHTANbHBIX  JJaHHBIX  (JOCTaTOYHOTO  [J/Is  [JOKa3aTenbCTBa
CTAaTUCTUUECKUX TUITOTE3 O XapaKTepe pacrpejeneHus) U TIPU OTHOCUTEILHO
PaBHOMEPHOM MX pacrpeje/ieHUu B TNPOCTPAHCTBe napameTrpoB. OJHako
NMpU  BBICOKOH  CTOMMOCTH  JKCII€PUMEHTA/ILHBIX  JAHHBIX, WM
HEBO3MO>XHOCTH TIOMYYeHUsI JOCTAaTOUHOTO MX KOJTMUecTBa (Kak, Harpumep,
TIpU TTOCTPOEHUU MOJeNnell TsHKenbIX MPOU3BOACTBEHHBIX aBapuid, M0XKapoB
U T.I.), UX BBICOKOW 3aUIyMJIEHHOCTH, HEIMOJHOTe U TPOTHBOPEUUBOCTH,
HelipoHHBIE MOJIeJTU OKa3bIBalTCs Hosee mpegnouTuTebHbIMU. HelipoHHas
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CeéTb OKAa3bIBdeTCA H36I/IpaTEﬂbHO ‘-I}?BCTBI/ITEJ'[]:HOFI B 00/1aCTSIX CKOMJIEHUSA
AAaHHBIX, U JdeT INMaAKYH0 WHTEePIOJANWI0 B OCTA/IbBHBIX obacTax.

OTa 0c0OEHHOCTh HEMPOCeTEBLIX MOJee OCHOBBIBAeTCA Ha Oosiee 0b1iem
MpPUHLIUIIE - AJANTUBHON K1acTepu3aluu AaHHbIX. OHOI U3 NepBbIX CeTel,
obmajjaronMx CBOWCTBaMM aJaNTUBHON  Ki1acTepu3aluu Oblia KapTa
camoopranu3aiuu T. KoxoHena [4.5, 4.6]. 3amaueii Heiipocetu KoxoHeHa
SIBJIIETCSI aBTOMAaTU3UPOBAaHHOE MOCTPOeHUe 0ToOpakeHust Habopa BXOZHBIX
BEKTOPOB BBICOKO Pa3MePHOCTH B KapTy KJIaCTePOB MeHbIIel pa3MepHOCTH,
npuueM, TakuM o6pa3om uTo O/IM3KMM K1acTepaM Ha KapTe OTBEYaroT
Gnu3kue APyr K APYry BXOAHBIE BEKTOpPa B MUCXOAHOM mpocTpaHcTBe. Takum
obpa3oM, MpU 3HAUUTETBHOM YMEHBIIPHUM Pa3MepHOCTH MPOCTPAHCTBA
COXpAHSIeTCSl TOTMOJOTMYECKUM TIOPSiIOK PpacloyioKeHUsi JaHHbIX. [Ipu
3aMeHe BCeX BEKTOPOB KaKJOro KjiacTepa ero LeHTPOWJO0M J[JOCTUTaeTcs
BBICOKasi CTeNeHb CKAaThsi MHGOPMALIMU TPU COXPAaHEHUU ee CTPYKTYPhl B

uenomﬂ.

Kaptel KoxoHeHa mpUMeHSIFOTCS B OCHOBHOM, Ajis AByX Leneid. [lepeas u3
HUX - Has/[HOe YIOpsAAOYMBaHKEe MHOTOMapaMeTpuueckoil nHdbopMariuu.
Ha mpaktuke 0OBIUHO HUCMONB3YHOTCS OFHOMEPHBIE W [BYMEPHBIE KapThI.
Knacreprl, 3agaBaemble y3siaMM KapThl, COfep»KaT TpPyNnbl B HEKOTOPOM
CMBIC/TIE TIOXOXKHX HaOmogeHuil, KOTOpeIM MOXKeT ObITh mnpuUnUca
TPYNIOBOIl CeMaHTHUeCKUd CMbICc. OAHUM Y3 HOBBIX 3Gh¢eKTUBHBIX
npuMeHeHul ceTu KoxoHeHa SIBsieTCsl MOCTPOEHHEe TeMaTHUeCKOW KapThbl
3MEeKTPOHHBIX CO00WeHNUH B T100anbHBIX KOMITBIOTEPHBIX ceTax. [lpu
MOMOIIM TakOW KapThl MO/b30BaTeNb TMOMAy4aeT BO3MOXXKHOCTE CBOOOAHOM
Hapuranuu B 0OeCKOHeUHOM TIOTOKe COOOIeHui, B COOTBETCTBUH C
VHAUBHUYaJbHBIM KPYrOM HHTEpECOBE}. B npuMeHeHUU K MOAEeIMPOBAHUIO
TeXHUUeCKUX cucteMm, KapTel KoxXoHeHa MOryT HCIOAL30BaThCA [/
BBISIBJIEHUS] PA3UuUuii B PeXUMax IOBeJEHUS CHUCTEeMBI, NPU 3TOM MOTYT
BBISIBJISITECS AHOMAJIbHBIE PEXWMbI. Ba)KHO, UTO MpPU 3TOM MOTYT OBITH
oOHapy)KeHbl HEOXKHUJAHHbIE CKOMJIeHUs OMM3KUX JAHHBIX, MOC/IeAYoLas
VMHTEepIpeTals KOTOPBIX MO0/b30BaTeeM MOXXeT MPUBECTH K IOJyUYeHUI)
HOBOTO 3HaHus 00 uccaeyeMoii cucTeme.

Bropasi rpynna TexHUUeCKMX TIDpUMEHEHWU CBsi3aHa C TipegoOpaboTkou
nanHbix. Kapra KoxoHeHa rpynnupyer Oiu3kue BXOJHBIe CUTHa/lbl X, a
Tpebyemast hyHKIIMs Y=G (X) CTPOMTCS HAa OCHOBE MPUMEHEHHUsi 0OBIUHOM
HelipoceTd TIPAMOrO paclpoCTpaHeHus (HarpuMep, MHOTOC/I0WHOTO
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nepcenTpoHa WM JUHeHHO# 3Be3abl ['poccbepra) K BHIXOZaM HEHPOHOB
Koxonena. Takas rubpupHas apxurtektypa Obina mnpepajioxeHa P. Xexr-
Hunwcenom [4.7, 4.8], oHa monyyuna Ha3BaHUe CETH BCTPEUHOrO
pacripoctpaHenusi. Heliponsl ciosi Koxonena obyuatoTcsi Oe3 yuutesns, Ha
OCHOBE CaMOOPTaHU3aI[uy, a HeHPOHBI PACIO3HAKIIMX CJIOEB a/JallTUPYIOTCS
C yuuTeneM UTepaljMOHHbIMU MeTofamu. [Ipu MCronb30BaHUM TUHEWHBIX
BBIXOAHBIX HEHPOHOB 3HAUEHUS] WX BECOB MOTYT OBbITb [OJy4€HBHI
Oe3uTepaljuOHHO, HENMOCPeJCTBEHHLIM BBLIUMCIEHUEM TICEeBA0-00paTHOM
Matpuiisl 10 Mypy-ITeHpoy3y.

Cetpb BCTPEYHOTO pacrpocTpaHeHusi  JaeT KyCOYHO-IIOCTOSSHHOE
npejacraBjeHHe Mojgenu Y=G (X)), NMOCKOJBKY I[IPHU BapHvallHd Bekropa X B
npeziesiax OQHOTO Kj1acTepa Ha C0e COPeBHYHUMXCS HelpoHOB KoxoHeHa
B0O30yKJaeTcsi OAMH U TOT ’Ke HelpoH-mnobeguTens. B ciayuae CUIbHO
3alIyM/IeHHBIX [JAaHHBIX, Takoe TIpe/cTaBaeHUe 00/1aaeT XOpPOUMMHU
peryisipusupylonmmn ceoiictBamu. [lpu 3tom mpoueaypa obydeHusi ceTu
BCTPEUHOTO PaclpocTpaHeHus 3aMeTHO OwIcTpee, ueM, HanpuMep, obyueHue
MHOTOC/IOMHOTO  MepCenTpoHa CTaHAAPTHBIM  MeToAoM  obparTHoro
pacrnpocTpaHeHus onmooxk [4.9].

[pyro#i ansTepHaTUBON TPAAULUOHHBIM MHOTOC/IOMHBIM MOJEJISM SIBJISIETCS
mepexoj K HeHpoceTsM TIPOCTOM CTPYKTYPbl, HO C VCJI0XHEHHBIMH
MPOLIeCCOPHBIMM 3/IeMEeHTaMH. B 4acTHOCTH, MO)XHO pacCMOTpPeTh HeHPOHBI
BBICOKMX TOPSAKOB, AKTUBUPYHOLMM CUTHAJIOM [JIg KOTOPBIX SBJ/IAETCH
B3BeIlIEHHAs CYyMMa BXOZIOB, WX TOMAapHBIX NMPOU3BeJeHUH, TIPOU3BeSeHUM
TPO€K U T.[., BIIJIOTh [0 nopsifka k.

y—f(ﬂ'“]-+ZH;1:$5+ZHE:+...+ % l'lfzh_,l‘lxg..:r;l.)

13 lea2e.. ik

Ka1plit TpO1[eCCOpHbIi 3JIEMEHT k -TO MopsifKa CriocoOeH BBIMTOTHUTH He
TOJIBKO JIWHEHOe pa3jesneHue obacTell B MPOCTPAHCTBE BXOA0B, HO TaKKe
W TIPOM3BOIBHOE pasjeneHue, 3ajaBaemMoe TMOJA-THHeHHON (yHKIHe
HECKOJTbKUX apryMeHTOB. CeMelCTBO pelaloipX MpPaBuil, OIMpeesieMbIX
HeJIMHeWHBIM HeMPOHOM 3HAUUTE/JILHO Ooraue, 4YeM MHOXKECTBO JIMHEWHO
paszgenumbix dyHkiuii. Ha puc. 4.1 mpuBeeH npuMep Peiariiero rnpaBua,
3a/laBaeMOro OfIHUM HEWPOHOM BTOPOrO TMOPsigKa, Ui KIaCCUUeCKOH

MHUHENHO Hepa3aenuMon 3agaun " uckmouatoriee UJIN ",
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A1, D=0

n4f
02 }UFU
D L
D 02 04

Puc. 4.1. Pematoiiee npaBuio Ajs 3afjauu "uckirouatoigee MJTHN".

Baxkabim AJOCTOMHCTBOM HEﬁpDHOB BBICOKOI'O mopsakKa ABIAETCHA
BO3MOXHOCTE CTPOMTDB HEﬁpDCETEBbIE MOAe/ T bes CKPBITBIX CJ/IOEB,

BOCIIPOM3BO/SIIME IMPOKAHN K1acc cl)yHKL{Hi?I@. Takue HelpOapXUTEKTYPhI He
TpeOyloT [JIMTEeNLHOTO WTEepPaljMOHHOro o0yueHus, OMTHManbHbIe Beca
JAlTCA pelleHreM ypaBHeHUM perpeccuu. [Ipyroil OTAMUYUTeNBHOW uepTol
AB/ISIETCST BO3MOXXHOCTb 3(deKTMBHOW amnmnapaTHOW (3/IEBKTPOHHOW WM
OMTUUECKOI) peanu3aluu KOppessiliuii BbICOKOTO mopsifka. Tak, Hampumep,
CYILIECTBYIOT ~HeJIMHEeWHHbIe CpeJbl, ONTHUECKHWE CBOWHCTBA KOTOPBIX
OMpeAensTCsT  MOMMHOMMAJBHONW  3aBUCMMOCTBIO  OT  aMIIUTY/bI
3/IEKTPUUECKOTO TIOJISi CBETOBOM BOJHBL. [lOTeHI[ManbHO, YCTPOMCTBA,
OCHOBAHHbIE Ha TAaKUX CpeAax, MOryT 00ecrneunTb BBICOKME CKOPOCTH
BBIUMCIEHUN CO CBOWUCTBEHHOM OINTUYECKUM KOMIBIOTEpPaM Cymep-
Mapasie/ibHOCTbI) BHIYMCIEHUH.

B 3To# eKijuu onucaHHbIe U JPyrHe HelpoapXuTeKTypbl 6yayT mpuMeHeHbl
K  MOAENbHBIM M  PEATMCTHUYHBIM  3afladyaM  WH(OPMAIMOHHOTO
MO/Ie/TUPOBAHUS CI0YKHBIX UH)XEHePHbBIX CUCTEM.

Xapakrep rnpubmKkeHud B UH(OPMALIMOHHBIX MOJ eIsIX

CrneyguduuHocts UHGOPMALMOHHBIX MOAE/eH TPOSBISETCS HEe TOMBKO B
cnocofax WX CHHTe3a, HO U Xapakrepe JenaeMblx NpubmkeHud (U
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CBA3aHHBIX C HHMH OUJHﬁOK). OTnuuus B rnopegjeHrM CHUCTEMBI U ee
I/IHd)OpMEiLU/IOHHOﬁ MOge/Tn BO3HHKAKOT BCOIeaCTBUE CBOHACTB
JKCITePpUMEHTAJ/IbHBIX JdHHBIX.

¢ UudopmarnonHueie mMogenu ab initio SBASIOTCS HEMOJIHBIMH.
[IpocTpaHCTBA BXOAHBIX U BBIXOJHBIX TTePEMEHHBIX He MOTYT, B 0011ieM
cly4yae, COJeprKaTb BCe IapaMeTpbl, CYLIECTBEHHBIE [AJis ONHCAHWA
TOBeJleHUs CHUCTeMBl. JTO CBfi3aHO KaKk C TeXHHYeCKHUMHU
OrpaHUYEHUSMH, TaK U C OTPAHUYEHHOCTBHIO0 HAILIMX NpPeJCTaBIeHUN 0O
Mogenupyemoin cucteme. Kpome TOro, mpu yBeIHUEHHH YHC/IA
nepeMeHHbIX YyKecTodaloTcsa TpeboBaHus Ha 00beM HeoOXOJUMBIX
JKCMePUMEHTA/IbHBIX JAHHBIX J/Is1 TOCTpoeHus mozenu (06 3ToM cM.
HKe). DhdheKT omyeHHbIX (CKPBITHIX) BXOAHBIX ITapaMeTPOB MOXKET
HApyIaTh OHO3HAUHOCTb MO/J@TUPYEMOU CUCTeMHOU QyHKIUHU F.

e Dba3sa >3KcnepHMeHTa/IbHBIX [JaHHBIX, Ha KOTOPbIX OCHOBBLIBA€TCS
Mofenbs G pacCMaTpUBAeTCs, KaK BHEIHAA AaHHOCTb. [Ipu 3Ttom, B
JAHHBIX BCerja MPUCYTCTBYIOT OHNMOKU pa3HOW TIPUPOABI, LIyM, a
TaKke TMPOTUBOpPEUMs OTJAE/NbHBIX W3MEepeHuu [Apyr nJpyry. 3a
HWCK/IUEeHHWeM IPOCTBIX CIydaeB, MCKaKeHWS B JaHHBIX HEe MOTIYT
OBITH yCTPaHEHBI MOTHOCTHIO.

® OKCrepUMeHTAa/lbHbIe JaHHbBIe, KAK NPAaBHUJIO0, UMEKT IPOU3BOJIBHOE
pacrpefie/ieHMe B IIPOCTPaHCTBe NepeMeHHbIX 3afaun. Kak cnencTeue,
ronaydyaembie mofenu Oyayr obiagaTe HeOQUHAKOBOU [I0OCTOBEPHOCTHI)
Y TOYHOCTBI0 B Pa3/TUYHBIX 00/1aCTAX U3MEHEeHUs TapaMeTpOB.

¢ DKCIepUMeHTa/lbHble [JaHHble MOIYT COZep)KaTb IPOMNYIIEHHbIe
3HaueHWs (HampuMmep, BCJIeJCTBHe TOTepd HHQOpPMAIMU, OTKa3a
W3MepAIMX [aTuYMKOB, HEBO3MOXKHOCTH IIPOBEJeHUs TI0JHOIO
Habopa aHanu30B U T..). [IpOM3BONBHOCTE B MHTEPIpeTalUu 3THUX
3HAUeHWH, OMATh-TAKU, YXYAIIAeT CBOICTBA MOJIe/H.

Takue ocobeHHOCTH B [JaHHBIX M B TOCTAaHOBKe 3ajau TpebyioT ocoboro
OTHOIIIeHUS K OIMOKamM WHGOPMaIMOHHBIX MO/Ie/el.

Owmmbka o6yueHust u oirbka 0600611eHUs

Wtak, npu nHdopmarjuoHHOM Togxofe Tpebyemast Mogenbs G CUCTeMBI F He
MOXKeT OBbITh TOMHOCTBKD OCHOBAHA HAa SIBHBIX TpaBUaax U (popMambHBIX
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3dKOHAaXx. HpOuECC Mmojay4eHus G H3 HMEHNHXCH OTPBIBOYHBIX
SKCIMepUMEHTAJIbHBIX CBE,I[EHI/IFI 0 cucrteMme F MOXeT paCcCMaTpUBATLCHA, KdK
OG}"—IEHHE MOAemnn G MMOBeJeHHHKD F' B COOTBETCTBUH C 3dddHHBIM KPDHUTEpHEM,
HaCTOJIBKO 6HH3KD, HACKOJIBKO BO3MOXKHO. AJ'[T'OPI/ITMH‘-IECKI/I, OG}"—IE‘HHE
O3Ha4aeT I'IO,I[CTPOIU‘IK}/ BHYTPEHHHX nmapaMmeTpoB MOge 11 (BECOB
CHHANTHYeCKUX CBA3EH B Ciaydae HEﬁpOHHOﬁ CETH) C OeJbl0 MHHUMH3allHH

oumbku mogenu f — ||G' == }-|| }

[lpsimoe w3MepeHUe VyKa3aHHOW OUMOKM MOAenM Ha TMpPaKTHUKe He
JOCTH)XKUMO, TIOCKONBKY CHUCTeMHasi GyHKUs F TIpU  TIPOU3BOJIBHBIX
3HaUeHMAX aprymMeHTa He wu3BecTHa. OJHAKO BO3MOXKHO TOAyuyeHHEe ee
OL|eHKH:

-

Er= )Y GX)-Y]
XeX

e CyMMHUPOBaHME MO0 X TPOBOJUTCS MO HEKOTOPOMY KOHeuHOMy Habopy
mapamMeTpoB X, Ha3biBaeMoMmy ofydaronmm =~ MHOXecTBOoM.  [lpu
UCMO/b30BaHUM 0a3bl [JaHHBIX HAOMIOAEHUW 3a CUCTeMOH, s obydyeHus
MOJKET OTBOAMTBLCS HEKOTOpas ee uacTh, Has3biBaemasi B 3TOM CJjlyuyae
obyuarorie#t Beibopkoi. [l 0Oyuaroix mpuMepoB X OTKIMKA CHCTeMbI Y

u3sectHbIZ. Hopma HeBsi3ku Mofje/lbHON (GYHKLMK G ¥ CHCTEMHON (yHKLHH
Y Ha MHOXeCcTBe X WrpaeT BaXHYO Ppojib B WHGPOPMalMOHHOM
MO/IeTUPOBAHUU U HA3bIBAGTCS O OKOM 0OyueHUs1 MOZeH.

Onst cnyuasi TOUHBIX M3MepeHUH (Hampumep, B HEKOTOPBIX 3ajjadax
K1accuukaluy, kKorga OTHOIeHHWe oOpa3sla K Ki1acCcy He BhI3BIBAeT
COMHEHUI) OHO3HAYHOCTb CUCTeMHOW (QYHKI[UU /151 OCTATOYHO IIMPOKOTO
K1acca G mofesell rapaHTUPYeT BO3MOXKHOCTb [JOCTHUXKEHHS TPOU3BOJILHO
Manoro 3HaueHusi oumbku oOyuenus E;. HapymeHue 0aHO3Ha4HOCTU

CUCTeMHOUW (YHKIUU B TIPUCYTCTBUM 3SKCIIEPUMEHTA/IbLHBIX OLMOOK |
HEIOJIHOTHI TIPU3HAKOBBIX IPOCTPAHCTB TIPUBOAUT B 00meM ci1ydae K
HeHyIeBbIM onmbkaMm obyueHusi. B 3ToM ciyuae mpejenbHasi JOCTHXKUMAast
oumbka 06yueHUS MOXKET C/IY)KUTh MepOil KOPPEKTHOCTH TIOCTAaHOBKM 3a/jauM
U KauecCTBa Kjacca mojenei G.

B TMPpUIOKEeHUAX I10/1b30BaTesd 0OBIYHO HHTepeCcyrT IIpeacKa3aTe/lbHbIe
CBOIiCTBa MOZeJ1H. HpH 3TOM TINTABHBIM ABJIAETCA BOIIPOC, KAKOBBIM ﬁyr?:[ET
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OTK/IUK CUCTEMbl Ha HOBOE BO3/eiiCTBUe, IPUMep KOTOPOTO0 OTCYTCTBYET B
0aze maHHbIX Habmogenuii. Hanbosiee o01MiA OTBET HAa 3TOT BOMPOC [AaeT
(mo-npexxHeMy HefocTymHasi) oumbka mMogenu E. Heu3spectHas oumbOka,
[oTycKaeMasi MOZe/ibl0 G Ha /IaHHBIX, HEe MCIO0J/Ib30BaBIIMXCS TTPU 00yueHuH,
Ha3bIBaeTcs ouMbKoii 060061eHus Mmojeny E ..

OCHOBHOW 1]e/ibl0 MPU TOCTPOEHWM MHGMOPMALIMOHHOW MOJe/NU SBJISETCS
YMEHbIIIEHUe HWMEeHHO OoumbOku 00001eHUs, TIOCKO/IBKY Majasi omMbOKa
o0OyueHHUs TapaHTUPYET a/IeKBaTHOCTb MOJIE/TU JIUIIL B 3apaHee BbIOpaHHBIX
TOUKaX (@ B HUX 3HaueHUsl OTKIMKA CHUCTEMbl W3BECTHBI U 0e3 BCSKOM
mopenu!). IlpoBoas aHanoruu ¢ obyuyeHueM B OUOIOTHH, MOXKHO CKa3arTh,
yro Masnas oumbka 0OyueHHs COOTBETCTBYeT TMPSIMOMY 3allOMHHAHUIO
obyuarome uHbopMaliuu, a Manas oumbka 06001eHUs - HOPMUPOBAHUIO
MOHSTUN U HABBIKOB, MO3BOJISIOIIMX PACIPOCTPAHUTh OTPAHUUEHHBIH OTIBIT
obyueHusi Ha HOBbIe ycioBus. [locnegHee 3HauuTenbHO 0Oo0see L@HHO MPU
NMPOEKTHPOBAHUM HENPOCeTeBbIX CHCTeM, TaK Kak [/ HermoCpeACTBeHHOTO
3amOMUHaHUsT MHOOPMAlUK Jiyullle TpUCcrocobieHbl He HeHpOHHBIE
YCTPOMCTBA KOMIBIOTEPHOW TTaMSITH.

Ba)kHO OTMETUTB, UTO MaNOCTh OLMOKK 00yueHUst He rapaHTUPYeT MaloCTh
oumbku 0006meHus. KnaccuueckuM npUMepOM  SIBJSIETCSE TIOCTPOEHHE
mozenu (GyHKIUU (anmnpokcuMalius (PyHKI[MK) MO HEeCKOJBKMM 3aJlaHHBIM
TOUYKaM MOJIMHOMOM BBICOKOTO MOPsiika. 3HaYeHUsI MOAMHOMA (MOJeN) MpU
[OCTaTOUHO BBICOKOW €ro CTeMeHU SBJSIOTCA TOUYHBIMU B OOyuarommx
TOuUKaX, T.e. onmbka oOyueHuss paBHa Hymo. OJHAaKO 3HaueHUS B
MPOMEXYTOUHBIX ~ TOYKaX  MOTYT  3HAUUTEILHO  OTAMYAThCS  OT
anmnpoKCUMUpyeMoi (yHKIIUM, ciefoBaTe/ibHO onmbka 0000IeHus Takou
MO/Ie/TA MOKeT ObITh HerpuemaeMo OOJIbILOH.

[TockosbKy HCTUHHOE 3HaueHWe oumbku 00001PHUS He [AOCTYNHO, B
MpaKTUKe UCMOJIb3YeTCs ee OljeHKa. [[is ee mo/yueHus aHATM3UPYeTCsl YaCTh
NMPUMEPOB U3 uUMeloleiics 0a3bl JaHHBIX, AJi KOTOPBIX MU3BECTHBI OTK/IUKU
CUCTeMbl, HO KOTOPble He HCIO/b30Ba/uCh npu obyueHuu. JTa BbIOOpKa
NMpUMEPOB  Ha3blBaeTcs TeCcTOBOW BbelOopkoil. Oumbka o00600meHus
OLIEHUBAETCs, KAK HOPMa YK/IOHEHHsI MOJIeIi Ha MHOXKeCTBe MPUMEPOB U3
TeCTOBOM BbIOOPKH.

Ouenka oumbku 00001eHUS SBASETCS MPUHLMUNIHAIBHEIM MOMEHTOM TPH
nocrpoeHud UHGOpPMAaLUMOHHOW Mogenu. Ha mepBbili B3mIAL MOXeT
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MOKa3aThCsl, UTO CO3HATeJbHOE He WCI0/Ib30BaHUE YaCTU TMPUMEPOB TMPU
00yueHUM MOJXKET TOJILKO YXYIIUIMTh UTOTOBYHO Mofenb. OaHako 6e3 3Tama
TEeCTUPOBAHUSl €QUHCTBEHHON OI|eHKOW KauecTBa Mojenu OygeT nuiib
oumbka oOyueHus, KOTOpas, Kak YKe OTMEYajoCh, Maji0 CBs3aHa C
npe/CKa3aTeJibHbIMUA  CMOCOOHOCTSMU  Mofend. B mpodeccuoHanbHbIX
UCCIeJOBaHUSIX MOTYT MCIIO/AB30BAThCS HECKOJbKO HE3aBUCUMBIX TECTOBBIX
BbIOOPOK, 3Tanbl 00yueHUs U TECTUPOBAHUS MOBTOPSIFOTCS MHOTOKPATHO C
Bapualllell HauaJbHOTO pacripe/ie/ieHusi BeCOB HeHpPOCeTH, ee TOMOJIOTUU U
napameTpoB o0yueHusi. OKOHuUaTeNbHBIM BBIOOD "Hauayulnei" HeHpoceTH
BBITIO/THSIETCST C  y4eTOM UMelolerocss obbemMa U KauecTBa [JaHHBIX,
cneuudUKy 3ajaud, C Ie/bl0 MMUHUMM3ALUKU PUCKA OO0/bLION OnmbKu
0060011IeHUS TTPU IKCTITYaTALUU MOZIEJTH.

[lpssmble, oOparHble W KOMOWHUpOBaHHBIE  3a/jQuu
VMH(}OPMAaLMOHHOTO MO/Ie/TMPOBaHUS

[pu dopMynMpoBaHUM  TOCTAaHOBKM  WHGOPMALMOHHOW  3a7auM
npejCKa3aHWs peakluu WCCAe[yeMoil CHUCTeMbl TIPH ee W3BeCTHOM
COCTOSIHWU Ha 3a[jJaHHbIe BHEIIHUEe BO3/JeiCTBUS, T.e. TOyUYeHUs BeTUUUH Y
NpHU 33laHHBIX X UCC/IeJoBaTenb UMeeT Je0 C MpaAMoi 3agaueit. [Ipsmas
3ajaua SBJISIeTCS TUMTUYHOM MPU MOZEeJTUPOBAHUU MOBE/IeHUSI CUCTEMBI, €CITH
3arpockl K UH(OPMaLIMOHHON MOJIeNT HOCAT XapaKTep uTo—e CJIN.

Opyrum Ba)KHBIM KIaccoM WH(OPMAaLMOHHBIX 3ajauy SIBJSIOTCS OOpaTHBIe
3agaun. Llenbro oOpaTHON 3a/auM BHICTYMAeT MOMyYeHHEe BXOAHBIX BeJUUUH
X, COOTBeTCTByWOUMX HabmwpaemMblM 3HaueHUsM BeixogoB Y. [lpwu
MOZIeTUPOBAHUM CJIOKHBIX CHUCTEM COOTBETCTBYHOIIMH 3ampoCc K MOJeH
dopMmynupyeTcs, Kak TOUCK BHELIHUX YCAOBUM, KOTOpble TIPUBENH K
peann30BaBUIEMYCS OTK/IUKY CHUCTEMBI.

Inst GoMbUMHCTBA TPUIOKEHUH uYUCTO oOpaTHbIe 3ajjaud BCTPEUarTCs
OTHOCUTETBHO PeJIKO, TaK KaK 0OBIYHO UMEIOTCS JOTIOIHUTEBHEIe CBe/lIeHUs
o cucreme. Harpumep, Kpome M3MepeHHOr0 OTKIMKA, MOTYT ObITh W3BECTHEI
MepeMeHHbIe COCTOSTHUSI CHUCTeMBI M 4aCThb MapamMeTpoB Bo3geicTBus. B
3TOM CJlyyae 3a7a4a OTHOCHUTCS K KIacCy KOMOMHMPOBAHHBIX 3ajad: I0
M3BECTHBIM 3HAYeHWUSAM YaCTU KOMIIOHEHT BXOJHOTO X U BBIXOJHOTO Y
BEKTOPOB BOCCTAHOBUTL OCTAaBLLIMECS HEM3BECTHbIE KOMITOHEHTHI.
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B obwem cnyuae wmogenupyemasi cucTeMHas (YHKIHS MOXeT ObITb
npeicraBjieHa B BHAE (X,Y)=F (X, Y). B »stom cayuae
KOMOWHUPOBAHHBIA BEKTOp (X, Y) pacCcMaTpUBAeTCsi ONHOBPEMEHHO, Kak
BXOAHOW M BBIXOAHOW. B 3TOM cmbIic/ie, mpou3BoO/bHAS 3ajjaua JOMycKaeT
KOMOMHUMPOBAHHYIO ITOCTAHOBKY.

HekoppeKTHO CTh 06paTHOi 3a1auu

OtnuuutensHas o0cobeHHOCTb O0OpaTHBIX U KOMOMHMPOBAHHBIX 3a/ad
COCTOUT B TOM, UTO OHU OOBIUHO SIBJISIFOTCS HEKOPPEKTHO MOCTaBJIeHHBLIMU
[4.10], u mnostomy TpebylOT crHelUaIU3UPOBAHHBIX METOAOB TIOHCKA
npubnwkenneix pewenuii. ComracHo JK.Ajamapy, A1 KOPPeKTHOCTH
MOCTAaHOBKM 3aJauu HeoOXoqumo:

® (CylIeCTBOBAHUE PellieHUs [IPU BCeX JONYCTUMbIX UCXOAHbBIX JAHHBIX;
¢ e/MHCTBEHHOCTh JAHHOTO pelleHus;
® YCTOHUMBOCTH PelIeHHs K U3MeHeHUsIM (MasibIM) UCXOAHBIX JAHHBIX.

PaccMOTpUM  XapakTep BO3MOXKHBIX HapYIIEHWH [JaHHBIX YCJIOBUHA TMpu
PEIIeHU N MOAenbLHOI 06paTHOM 3aauH.

[Tycte uMeeTcsi TpU MCCHIeyeMbIX CHCTeM, OINMCHIBA@MBIX KYCOUHO-
JIUHEeWHbIMA  (GYHKI[MSIMA OJHOW TMepeMeHHOW vy=F (x) Ha OTpe3ke
[0..1]. Cuctembl OTIWYAKOTCA APYrT OT /pyra BeIMUMHOW CKauka h
cucteMHoU GyHkuuu (cm puc. 4.2). [Ipsamas 3azjada COCTOMT B IMOCTPOEHUH
npubnmxenns G K QyHKUMM F, C MCIO/B30BaHMEM TMap 3HayeHMH {x,

yi;=s (x;)}, mie x; - KOHeuHbld Habop N_ C/IyyaliHBIX DPaBHOMEDHO
pacripegeneHHbIXx Ha [0..1] Touek. OOpaTHas 3ajaua 3aKTOYAETCS B
HaxoJeHUM (yHKLMH, anmnpoKCUMHPYIOIIeH COOTHOIeHus x; (yi). B

3aBUCUMOCTA OT BEeIMYMHBI CKAYkKa MOJeNupyemMoid (QYHKIMU MO’KHO
BbI/IE/IUTh TPU BapyUaHTa.

1. Cucrema A ( h=0 ). Mogens sBaseTCS MUHEWHON: v=x. Jlas1 mpsiMoi
3a/1a4M JIETKO TIOJIYYMTh MCYe3aroly0 ommbOKy obyuenuss f; == (), u
manyod oumbky 0606weHust Eq. Jns obpaTHON 3aaud MOJIy4arOTCs

TdKH € e pe3y/braTbl, TdK OHd IIPH TOYHBIX 3HAYEHH {Xi ’ yJ'_} He
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COZIEP>KUT HEKOPPEKTHOCTH. 3ajjauyu C PelleHUsIMUA, KOPPEKTHBIMH Ha
BCcell obmacTu onpezeseHUss U MHOXK@CTBe 3HaueHUH, Oynem Ha3blBaThb
Oe3ycioBHO KOppeKTHbIMHU. KOppeKTHOCTb MOCTaHOBKM oOpaTHOMH
3afaud I cUCcTeMel A ONpejensieTcs  CYIIeCTBOBAaHUEM

OIHO3HAYHON M HeMpepbIBHON (GyHKIMK F -,

| s(x) 1 s(x) i ; six) = u

A B C

Puc. 4.2. MogenbHble CACTEMBI C Pa3TMUHbBIMUA BEIHUMHAMHU CKauka
CUCTeMHOU (QyHKI[MH.

Cucrema B ( 0<h<1 ). [Ipamas 3asaua B 3TOM C/iyuae TakKe XOPOIIO
ornpejiesieHa, ¥ TpU UCTI0Ab30BaHUHU JI0CTATOUHO HOraToro MHOXKeCTBa
0asucHBIX (YHKIIUA MOXKHO TIPOM3BOJIBHO YMEHBIMThL OHIMAOKY

obyuenus ( [y == () ) npu xopomem o6o6mennn. ObpaTHas 3ajaua
XapaKTepu3yeTcsi Ha/MUMeM Ha MHOXKeCTBe 3HaueHuu obmacteil ¢
ogHO3HauHouW ( y > 0.5+40.5h; vy < 0.5-0.5h ) wu

HeoAHO3HauHOM (v & [0,5 — 0.5h.0.5 + D,!}hl ) obparHoii
byukiueii. B obOmactsax ogHO3HAUHOCTH (YHKIIMHU MOTYT ObITh
MO/yueHbl MPOU3BOJILHO TOUHBIE Pe3yIbTaThl s 0OpaTHOW 3ajaui.
OpHako B OTpPe3Ke HapylIeHWs OfHO3HAUHOCTH oumbka obyueHus (u
oumbka 006001IeHNS) OCTAaHETCSI KOHEUHOM, MMOCKOJILKY TTPOTHBOpeune
B JAHHBIX, TOJIYyUCHHBIX U3 Pa3HbIX BeTBel oOpaTHOUW (yHKIUM, HE
yCcTpaHuMO. 3HaueHue oumbKku 00001IeHNSI TIPOTIOPLIMOHA/IBHO [JITHHE
oTpe3ska HeogHo3HauHoctu h. Takue  3amauu, KOppeKTHoe
(eAMHCTBEHHOE W YCTOWUUBOE) pelIeHUe KOTOPBIX MOXEeT ObITh
MIO/IyYeHO TOMBKO [i/Isl HeKOTOPOH Mofo6/acTH MHOXKeCTBa 3HaYeHUH,

GyeM Ha3bIBaTh YCIOBHO (/M YaCTHYHO ) KOPPEKTHBIMU,

Cucrema C ( h=1 ). Tlpsamasi 3amaua mMO-TIpeKHEMY KOPPEKTHO
rnocTaB/ieHa, TpeOyemoe oOyueHue u 0000meHUe MOXKeT OBbITh
pocturHyto ( E'p == () ). OfHako CUTyalusl KaueCTBeHHO MEHSeTCs
anst cnydast obpatHou 3agaun. ObparHas dyHKI[Us JBy3HAUHA Ha BCEM
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MHOXeCTBe 3HE1'~IEHI/IFI, I/IHli)OpMElL[Hf[ 0O ee 3Hd4eHMHM MHHHMAJJIBbHA.
OﬁpaTHaﬁ[ 3d/iddd IMOJTHOCTBHO HEKOPPEKTHO IMOCTABJ/IEHA.

Yto obiero mMexxay BCeMHU 3TUMM NpuMepamu? B kaxaoMm u3 HuX oumbka
00001IeHUs TIpU pelleHuM 00paTHOW 3aZladM He MOXKeT ObIThb MEeHbIIe
3HaueHus, OMNpejenseMoro pasmMepoM 007acTM  HeOAHO3HAaYHOCTH h,
KOTOPBIM, TakuMm 00pa3oM, MOXKET pacCMaTPpUBaThCs, Kak Mepa
HEKOPPEKTHOCTU 3afiau. B ciyuae, ecnu fisi peieHusi obpaTHOU 3afauu
UCTIO/TBb3YeTCs MEeTOf CO CTabMIM3UPYIOIMMU CBOMCTBAMHU (Harpumep, C
Ma/ibIM UKUCJIOM CBOOOAHBIX TapaMeTpoOB M0 CPaBHEHUID C UUCJIOM
obyuaronx mpuMepoB), OyaeT MoaydeHO [Majikoe pellleHWe C HeHYIeBO
onmbOKoi 00OyueHus, onpeessieMou mapaMeTpom h.

3ameTuM, UTO rpsMas 3aja4a sBseTcsi 0e3yCc/I0BHO KOPPEKTHOM TOJIBKO TIPH
MOJIHOM OTCYTCTBMM lyma B oOyuaronmx AaHHbIX. [Ipy Hanuuuu ciydaiHbIX
KOMIIOHEHT B 3HAUeHUAX X uMeeTcsl 1jesoe "oOmako" peleHU# mnpsiMOM
3aflaud, IpuyeM pasMep obsaka MpoOMOpLHMOHANeH BeJHuuHe IIyMa. Takum
obpas3oM, HapylaeTcss eJUHCTBEHHOCTb pelleHHs MPAMOM 3afayd, U OHa
CTaHOBUTCSI HEKOPPEKTHO MOCTAB/IeHHOM.

Perynsipu3zaniysi B HeHpo CeTeBbIX MOeISIX

Knaccuueckum MeTofoM pellleHUsT HEKOPPeKTHBIX 3a7iad SIBJISIETCS MeTOf
perynapusauuu  A.H.TuxonoBa [4.10]. Cyrs MeToma COCTOUT B
WCTIOMb30BAHUU  JIOTIOJIHUTE/bHBIX  allPUOPHBIX  TMPEANoNokKeHud o
xapakrepe pemeHus. OOBIYHO B KayeCcTBe TaKOBBIX HCIIOB3YHOTCA
TpeOOBaHUS MaKCMMa/lbHOW  WIAAKOCTH  (YHKIIMM, TIpeCTaBJSIOIIEH
pemieHue 3a7a4v. [laHHBIM TPUHLIUI TIOJTHOCTBIO COOTBETCTBYET Wjee
OputBel OKKama, COIIaCHO KOTOPOM CiefyeT TpeANovyecThb MpocTeiiiiee U3
BO3MOXXHBIX  PpellleHWd, ecad HeT yKa3aHWud Ha  HeoOXoguMoCTh
UCIT0JIb30BaHus OoJiee C/I0’KHOTO BapuaHTa.

B mnpunoxeHuu K HeMpoCeTeBble MOJEsiM, Peryispu3UpYIOLIe MeTO/bl
CBOJATCS K ONTUMHU3ALUK (GyHKIMOHa/MA OoumMOKU (B MpOCTeIeM ciydae -
CYyMMbI KBaIpaTOB YKJIOHEHWUH MOZIe/TU OT 3KCIEePUMEHTaTbHBIX 3HaUeHUM) C
aAIUTUBHON [J00aBKOM, WCUe3arollel T0 Mepe YIyJIlleHUsI CBOWCTB

IaAKOCTU DYHKI[UU:
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N,

BlGgl=3_ (G[f“j = ;;3“3')2 + A G

=

3mecb ) - peryiapu3UpyrOUmMid QYHKUWUOHAN, ) - HeoTpUljaTenbHas
KOHCTaHTa peryasipu3aljui.

3ameuaTebHOM 0CODEHHOCTBH) HEMPOCETeBBIX Mojesel (anmpokcuMaliiuu
CUCTeMHOU (YHKIIUM Ha OCHOBE KOHeuHoro Habopa HabmrofeHuil) sBASIOTCA
WX BHYTPEHHUE pPeryIsipusupyiole CBOWCTBA, MO3BOSIONME TMOJydaTh
Masible onmbOku 0000meHuss. Ilo/ie3HOCTH perynsipu3upylonMx CBOUCTB
HEHPOHHBIX CeTel TIPOSIBJSIETCS B CUTYAl[UsX, KOLA 3KCIIepUMEHTATbHbIe
JAHHbIE 0 CHUCTEMe CO/IepP>KAT BHYTPEHHIOK H30bITOUHOCTh. V30BITOUHOCTD
MO3BOJISIET TIPeACTaBUThL COBOKYMHOCTh [aHHBIX MOJeNbi0, COJepiKallei
MeHbIllee YMCI0 TapaMeTpoB, YeM HMeeTCs [AaHHbIX. Takum obOpasowm,
HelipoceTeBasi MOJE/Nb CKUMaeT SKCIEePUMEHTaNbHYI HUHGOpMaIuio,
yCTpaHsisi 1IyMOBbIe KOMIIOHEHThI M TOJUYEepPKUBasi HEMpepbIBHbIE, DIaJKUe
3aBUCUMOCTH.

Crenyer OTMETHTb, UTO B C/Iydae MOJIHOCTBH CAyUalHBIX OTOOpaXKeHUit
MOCTPOEHWE MOAeJU C Majaol onmbkoi o00001eHUsT He BO3MOXKHO.
IlocTaTouHO paccMOTpPeTh MPOCTOM MPUMEP, B KOTOPOM armnpOKCUMUPYeTCs
oTobpakenue pamunuii aboHeHTOB TesepoOHHOU ceTH (BEKTOp BXOJ0B X ) B
HOMepa ux TenedoHOB (BeKTOp BbIxO0B Y ). [Ipu nto6oii cxeme mocTpoeHUs
obo0maroIeit Moenu nipeickazaHue HoMmepa TesiecoHa HOBOTO aboHeHTa mo
ero hamunuu npeacTaBssieTcst abCypAHBIM.

WUmeercs obumpHass HayuHas Oubnuorpadwus, mocssimeHHas 000CHOBaHUI)
OMTUMA/JLHOTO BbIOOpa HEHPOAPXUTEKTYP ¢ MepexXofHbBIX (yHKIUH
HePOHOB UCXOAs M3 Pa3TMUHBIX BU/JOB PETYISIPU3UPYIOLMX (YHKI[MOHAIOB

i (cm., Hanipumep [4.11] u nuTHUpPyeMyt0 Tam nuTeparypy). [Ipakruueckas
HarnpaBJIeHHOCTh JIAHHOW JIelIMU He MO3BOJISeT U3/I0KUTh MAaTeMaTHUYeCKHUe
getanu. OHUM W3 TIPOAYKTUBHBIX MOAXOA0B K MOCTPOEHUIO HEMPOCeTel ¢
XOpoummu 0600 NMMH CBOWCTBAMM sIB/IsieTcsl TpeOoBaHue yObIBaHUS
BBICOKMX rapMoHUK @Dypee mnepexogHbix (yHkuui. Pa3nuuHble 3aKOHBI
yObIBaHUSI TIPUBOJSAT K JIOKAJbHBIM CIUIAaWH-METOJaM M HeHpOoCeTsM C
paguanbHeIMU 6a3uCHBIMU QYHKI[USIMHU.

B cinyuae curmouganbHOW mepexofHod (yHKIMM abCcomMOTHAs BeMYMHA
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xo3bdurentos dypoel? acumnroTnueckn G5ICTPO yOBIBaeT. ITO CBOHCTBO

oTuacTU  OOBSACHSET  peryisspusupyrolie  CBOWCTBA  MOMYISPHBIX
MHOTOC/IOMHBIX CeTeH C TAKMMHU TMepPexXofHbIMU (PYHKIUSIMHU.

PaccmoTpuM 0cO6EHHOCTU peryisipu3upOBaHHBIX pelleHu 00paTHBIX 3a/au
MOZIeTUPOBAHUS OTMMCAaHHBIX cucTeM A, B u C. OObyuaronjasa Beibopka B
pacuerax cogepxkama 200 map x-y, B KOTOPBIX BeJIMYMHA X C/y4allHO
paBHOMepHO pacrnpefeneHa Ha otpe3ke [0, 1], a 3HaueHUe y OMpeJenseTcs
MojeTupyeMoi  QyHKiMei. PacueTbl TIpOBefieHbI [JIsI  HEMPOCETH C
oOpaTHBIM pacrnpocTpaHeHWeM OIMOKM W  HeHpOoCeTH BCTPEUHOro
pacripoctpaHenus. Emje 500 ciydailiHBIX MPUMEPOB CJYXKUIH [/ OL[eHKH
onmbku 0600meHusE. B Tpex cepusix pacueToB BeJTMUMHBI v M3 00ydaroineu
BbIOODKM HArpy)kajMchb BHEIIHEH IIyMOBOW KOMIIOHEHTOM C aMIUTATYIOU

%, 10% u 50% coorBercTBeHHO. OOyueHHe MPOBOAMIOCH Ha oOpaTHOM
3aBUCHUMOCTH X (), T.e. BeJIMUUHBI ¥ UCIOJb30BATNCh B KaUeCTBe BXOJ0B,
a ¥ - BBIXOJIOB HEMPOCeTH.

[TpoBeseHnHble pacueTsl NpecyiejOBaAu CaeAyolMe OCHOBHbIE 11e/In:

® BLIICHEHHE BO3MOXXHOCTH T[IOJyY€HHs] OI[€HKA HEeKOPPEeKTHOCTH
3a1aui 13 Hab/ofeHni 3a oumbkoi oOyueHHs u 00001eHM,

® L3yueHHe POJIA IyMa U €ro B/MSIHUS HAa TOYHOCTb OL[€HKH CTEereHH
HEKOPPEKTHOCTH,

PesynsraTel MofemMpoBaHus NpyuBefieHbl Ha puc. 4.3, 4.4, 4.5, 4.6 u 4.7.
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Puc. 4.3.

Ha puc. 4.3 nipescTtaB/iieHo u3MeHeHWe OIMOKH 0OyueHUs (MU MPaKTAUECKH
coBMajawmiel ¢ Heil onmbku 00001eHUsT) TPU POCTe CKauKa MOJIe/TUPYeMOU
¢yaxkiquu.  Oumbka TpU  pa3NMUHBIX  YPOBHSX  IIyMa  TPSAMO
MpOMOPLIMOHAILHA ~ BeJIMUMHE CKauyka, OIpejensieMoro IapameTpoM
HEKOPPEeKTHOCTH h. [In1f cu/ibHO HeKoppeKTHOM 3afjauu ( h=1 ) pe3ynsrarsl
MOMHOCTEI0 He 3aBUCAT OT IIymMa B [JAHHBIX. TeopeTHYeckw, Ajd
HeorpaHuueHHOro obyuaroiiero Habopa Jj1s1 MOAETUPYEMBIX CUCTEM UMeeTCs
TOuHOe (JIMHeWHOoe) pelleHue, MUHUMH3UPYIOIEe CpPeAHEeKBaAPaTUUHOe
YVKIOHEeHHUe, KOTOpoe B TpeZielbHOM ciayuae ( h=1 ) gaeT 3HaueHUe OmMOKH
0.25. PacueTHOe 3HauUeHHe Ha PUC. 4.3 B 9TOM HauXylleM ciaydae 6/113K0 K
aHHOW TEeOPeTUYeCKOW BeTMUMHE.

Takum o6pa3om, CkedJUHT OIMOKKM O00yueHWsI BBISIB/ISIET CTEMEeHb
HEKOPPEeKTHOCTH 3a/jauyi He3aBUCUMO OT MPUCYTCTBUSA aJUTHUBHOTO LIymMa B
ofyuaronmx gaHHbBIX. JJaHHBIE IIyM MOXXET OBITh BbI3BaH KaK HETOYHOCTHID
usMepeHuid, Tak W 3(QdekTom "CKPBITBIX' TapamMeTpoB, HEYUYTEHHBIX B
MOJIeNH.
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Ha cnepgyromemM pucyHKe NpUBEJEHO  peryasipu30BaHHOE  pellleHHe
npezielbHO HeKOPPeKTHOM 3agaun ( h=1 ), maBaeMoe HeHPOHHOW CETBIO C

obpaTHBIM pacnpocTpaHeHueM, 00yueHHOH Ha 3alIyM/IeHHBIX JAHHBIX.
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Puc. 4.4. Perynspu3oBaHHOe perieHUe (TOYKH) Mpeje/lbHO HEKOPPEeKTHOM
obpaTHON 3ajauM, TOMy4eHHOe TIPU TIOMOIM HeHWpoceTH C oOpaTHBIM
pacrnpocTpaHeHueM ONMOKM Ha 3alIyM/IeHHBIX JaHHBIX (KPYXKKH ).

Peilenne oTBeuaeT MHHHUMYMY CpeJHEKBAJpaTUYHOTO YKIOHEHUS OT
oOyuaromMx [JaHHBIX, UTO SBJSETCS TUMWYHBIM [/ CeTed C
CUTMOUJATEHBIMUA (QyHKLIMSMUA.

YkakeM $IBHO, B uUeM COCTOUT XapaKTep anpUOPHBIX TMPeANnoI0KeHUH,
NPUHUMAEMbIX TIPU TIOCTPOEHUU HeHpoceTeBbIX Mofeneil. EnuHCTBeHHOe
npeAnosoxkKeHue (KOTOPOTO OKa3bIBAeTCS JOCTATOUHO [Jis Pery/ispHu3aliui)
COCTOUT B yKa3aHUM 0a3MCHOI apXUTEKTyphbl HEHPOCETU C OrPAaHHUYEHUEM ee
CTPYKTYpHOU cyo>KHOCTH. [locnefHee CylieCTBeHHO, T.K., HallpuMep, MpH
HeOTPAaHUUYEHHOM YBeJIMUeHUM UMCJIa HePOHOB Ha CKPLITOM CJioe, CeTh
criocoOHa [IOCTaTOYHO TOYHO 3alIOMHUThL AUCKPETHBIM obOyuaroumii Habop.
[lpu 3TomM BMecTo mnaAKoro pemeHus (puc. 4.4) Oymer noay4eHO
"munoobpa3Hoe” pereHue, KoaedIroEeecss MeXX1y AByMs BeTBIMH 00OpaTHOU
(byHKL MM, TPOXOAS uepe3 Bce 00yJaroiiye TOUKHU.
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OuddepeHurpoBaHHas OLleHKa CTeleHu KOPPeKTHOCTU
oOparHOM 3aZjauM Ha OCHOBE K/IaCTEPHOTO aHa/i3a CeThbI0
KoxoHeHa

O6paTtHas 3agaua MOXET CUWUTAThCA YCIOBHO KOPPEKTHOHW, ecid B
MPU3HAKOBOM MPOCTPAHCTBE BLIXOAHBIX TePeMeHHbIX UMEKTCA 001acTu, rae
obpaTHoe oToOpakeHHWe OfHO3HAYHO (KaK B (CjIydae CUCTeMBl B C
MIPOMEXYTOUHBIMU 3HAUeHUsSMHM CKayka h ). [lng pacCMOTpeHHBIX B
npeAbIAyIeM MyHKTe OfHOMapaMeTPUUYecKUX CUCTeM 00/1acTH KOPPEKTHOCTH
MOTYT ObITh BBISIBJIEHBI IpU rpaduyeckom NpeJCTaB/IeHUu A
JKCMePUMEHTaNbHBIX  JaHHBIX.  OtgeneHune  obmacrteit  yCJIOBHOM
KOPDPEKTHOCTM B MHOTOMEPHBIX TPOCTPAHCTBAxX I[apaMeTPOB SB/AETCS
KaueCTBeHHO Oonee cnokHOW 3amadeii. B 3Tom pa3gene mnpepnaraercs
UCCNeZ0OBaTh BO3MOXKHOCTU HEHPOCETEeBBIX ajrOPUTMOB  a/IaliTUBHOM
K1acTepusaliui JaHHbeIX 18 JuddepeHlnanbHbIX OLeHOK obsacTeit
YCIOBHOW KOPPEKTHOCTH.

[Tpyu mpou3BOIBLHOM pacripejie/ieHMH TOYeK B MHOTOMEpPHOM IPOCTPaHCTBe
3ajjlaua TaKCOHOMMHU (T.e. pa3feneHUs BCeX TOUEK Ha HECKOJIbKO KOMIaKTHBIX
TPYIII, HA3bIBAEMBIX K/IaCTePaMu ) IBJISI€TCS JOCTAaTOYHO CJIOXKHOW, HECMOTPS
Ha TO, UTO WMEeTCsl Lesblid psg MeTomoB ee peiueHusi. Curyanus
JOTIOJTHUTENILHO YC/IOKHSeTCS B BAXKHOM ITPaKTUUeCKOM C/Iydae, KOIja yncio
K1aCTepoB 3apaHee He U3BeCTHO.

Ha kmacce HeHpOCETEBbIX a/TOPUTMOB TaKkKe TMPEAT0XKEHO HEeCKOIbKO
noaxopoe [4.5, 4.6, 4.12, 4.13]. Knaccuueckum SIB/SIETCS TIPJI0’KeHHbBIH
TKoxonenom [4.5] anropuT™M MOCTPOEHUS CAaMOOPTraHW3YIOIEHCS KapThl,
KOTOpas TpefcTaB/seT coboii oTobpakeHHe MHOTOMEPHOTO pacripefesieHus
TOUEK Ha JBYMEDPHYIO PEIeTKy C PEryIsipHbIM COCEJCTBOM MEXIy y3/IaMHu.
[Tpu 3TOM 6/IM3KUM y3/1aM Ha KapTe OTBeuaroT 6/M3KMe BeKTOpa B HCXOAHOM
MHOTOMEDHOM TPOCTPAHCTBE, T.e. COXpaHSIeTCs HEe TOJBKO CTPYKTypa
pa3bueHust TOUeK Ha KIacTepPbl, HO W OTHOINEHHS TOMIOJIOTHYECKOU 6/1130CTH
MeX1y HUMH.

Ecim  gns  OpUIOKEHWH — JOCTaTOYHO TOJMBKO — OL[€HKA  TUJIOTHOCTH
pacripefieleHUsi TOYEK [0 KIacTepaM C COXpPaHEHWEeM JIHMIbL OJIMXKHEro
MopsiiKa B KIacTepPU3al[uM, TO Takoe pa3bDMeHue MOKeT OBITb BHITIOJTHEHO
bonee 3¢dekTHBHO Ha OCHOBe Mofenu " HelpoHHoOro rasa " [4.12, 4.13], B
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KOTOPOW COCEACTBO Y3/710B He (MKCHUPOBAHO, 4 JUHAMHUYECKA MEHSeTCs T10
Mepe ynyudllleHus KnacTepusanuu. B oTHocuTensHO HeflaBHel MogudUKauu
MeTo/ia, MOIYYUBIIEH Ha3BaHUe " paclmMpsONMACcs HelpoHHbId ra3 " [4.13],
TepeMeHHBIMU SIBJISIOTCS HE TOJBKO OTHOIIEHUS COCeACTBA, HO W YHUCIIO
HeHPOHOB-KIaCTepoB.

B panHoi nekiuu 6osee moapoOHO paccMaTpUBAIOTCS MPUIOXKeHUs Oosee
YacTo UCIOJIb3yeMoi KapThl KoxoHeHa.

Metop nuddepeHLMaTbHOU OLIeHKH CTerneHu
HEKOPPEKTHO CTU 3ajauu

OcHoBHasi wujes TmpeajaraeMoro MetoAa JuddepeHIManbHOW OL[EHKH
CTeNeHW HEKOPPEeKTHOCTH 00paTHOW UM KOMOWHUPOBAHHOW 3ajauu
COCTOMT B peajiM3aliuu Ce[yIoLIero niaHa:

e [locTpouth pacripeneneHue BeKTOPOB oOywaromieii BbeIOOpKM 110
K1actepaM, cofepXkaumpm Onu3khe 10 BeIMUYHMHE [1apaMeTpoB
Habmopenus. Knacrepu3sanus BefieTcsi IO BBIXOAHBIM KOMITOHEHTaM Y
s uiMCcTo 0DpaTHOM 3a/lauM, WM MO COBOKYITHOCTU BXO[HBIX U
BBIXOJIHBIX KOMIIOHEHT (X, Y) A KOMOMHUPOBAHHOTO OTOOpaXkKeHus
(X, Y)=F(X,Y);

e [lpoectu oOyuenue Habopa (MO uYKMCAYy KIAaCTepPOB) MabIX
HelipoceTeli ¢ 0OpaTHBIM pacIpoCTpaHEHHEM Ha [JJaHHBIX KaXKI0TO
KlacTepa, OLeHUTb OnmMbKy oOyueHusi (M, ecid B PacCroOpsDKEHUU
UMeeTCs JO0CTAaTOUHO JaHHBbIX, onMOKy 00061eHust). [TpoBectu Habop
CTaTUCTUKU TO pe3ynsraTaM O0O0yueHUs HECKOJIBKUX BapUAHTOB C
Pa3sMMUYHLIMU peanu3alusaMU CIy4alHON WHUIMANIU3aluu BecoB. s
TOy4eHUs HECMEIeHHBIX OL[eHOK CjIelyeT y4ecTh, UTO K/IaCTepsl
MOTYT COAEpPIKaTb Pa3HOe YU CJIO BEKTOPOB;

e [locTaBUTE B  COOTBETCTBHE  KAKJOMYy  K/IacTepy  JaHHBIX
KOJTMYECTBEHHYI0 CTereHb HEKOPPeKTHOCTH oToOpa)keHus B obyactu
JAHHOTO Ki1acTepa. B KauecTBe Hee MOXKET BBICTYIaTh Be/JHUYMHA,
TIPOMOPLIMOHA/IbHAS JIOKaMbHOW oumbke o0yueHus [ JAAHHOTO
KacTepa;

¢ BribpaTe Henpuem/eMblil YPOBeHb HEKOPPEKTHOCTH (B TPOCTeHIIeM
cllyuae TIpM  TIOMOILM T[OPOTOBOr0 TIpaBWja) [Jjsi TIOCTPOEHUS
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rubpu/JHON CHCTeMBl, aHAJIOTHUHOW MasbIM 3Kcreptam [4.4], koTopas
JAaeT PeryIsipu30BaHHOE pellleHHe C JIOKAJbHOW OLIeHKOW TOYHOCTH B
obmactsx ¢ "Manoi" HEKOPPeKTHOCTbH), U  TIPeAyNpekaaeT
Mo/Mb30BaTeNsl O IUIOXOM OOyC/IOBIEHHOCTH 3a/jaud, ecjd 3ampoc
OTHOCUTCS K 00/1acTH "CUTBbHON" HEKOPPEKTHOCTH.

Ba)kHO OTMeTHTh, UTO B JAHHOM TIOAXOJ€ TMO/b30BaTe/b MOJIydaeT AJis
KOKIOro 3armpoca K HeHpOCeTeBOHM MOfenu a/IeKBaTHYIO JIOKA/IBHYHO
TOYHOCTh TO/IyUYaeMOrO pe3ylkTaTa, M KOPPEKTHbI OTKa3 B Bbljjaue
pe3ynsraTta B 00/1aCTH BBICOKOW HeperyisipHOCTH 3afaud. IToCKOMBKy Kapra
KoxoHeHa faeT BBICOKYHO CTeleHb HANIAJZHOCTH TPU  HM3y4YeHUU
pacnpezeneHUsi IKCIIePUMEHTAIbHBIX JaHHBIX, TO pacrpejeseHHe CTeleHH
HEKOPPEeKTHOCTH M0 Hel TpejCcTaB/isgeT OoraTelii MaTepuan st TOHUMaHUs
ocobeHHOCTeH Mofen U ee mapameTpoB. HeomHopoaHocTH B "packpacke"
KapTbl MOTYT OTBeuaTb pa3/lMuHBIM pPeXUMaM I[IOBeJeHUs WH>KeHEepHOU
ycTaHOBKM uiu npubopa. IIpu mozenupoBaHUM TeXHUUECKUX CUCTEM I3TO
YacTO MOXKeT C/IY)KUTh yKa3aHMeM Ha HeKenaTesbHbIe (UM aBapuiiHbIe!)
COOTHOLLEHUS TTapaMeTPOB TMPHU IKCILTyaTalUu.

[Mpumep  BbIsiB/IeHUSI 00/aCTM  HEKOPPEKTHOCTU B
MO/leJIbHOM 3ajjaue

st unmocTpaluy MpejjiaraeMoro MeTojla pacCMOTPUM €ro NMpUMeHeHHue K
yKe MCIMOMb30BaBIIMMCA MOJENbHBIM cHUCTeMaM A, B u C. [Insi mpoCTOTEHI
paccMOTpeHusi (M CHMDKEHUSI UKMc/ia HeoOXO[UMBIX BBIUUCIEHWU) MOKHO
NIPUMEHUTL YIPOLIEHHBIN aJTOPUTM IOJIyU€HUS] OL[€HKA HEeKOPPEeKTHOCTH.
51 9TOT0 BMECTO UCM0Ab30BaHUs Habopa MasbIX KCTIePTOB OTPAaHUYUMCS
OJHUM MepcenTpoHOM (6e3 CKPBITHIX CJI0EB), BXOAbl KOTOPOTO 3aMKHYTHI Ha
BBIXObI HEHpPOHOB KapThl KoxOHeHa, a YMCIO BBIXO/IOB COBMAajaeT C
PasMepHOCTBH) TIPU3HAKOBOTO TIPOCTPAHCTBA BHIXOAOB 3ajaud. Takas
rubpugHas  HelipoapXuTeKTypa,  Ha3blBaeMass  CeTbK)  BCTPEUHOrO0
pacrnpocTpaHeHus , npeanoxkeHa P. Xexr-HunwceHowm [4.7, 4.8].

Kaxapiii K1actep coOpeBHOBATe/NBLHOTO €051 KOXOHeHa B CeTH BCTPEUHOr0
pacrpocTpaHeHusi BKIOUaeT B cebsi HeCKONbKO BEeKTOPOB 00yuaroiero
MHOXecTBa. [lpeabsiBneHUe Ha BX0J HeHPOCeTH HEKOTOPOrO BeKTOpa
BBI3BIBAET COPEBHOBaHUeE B c/10e KoxoHeHa, Mpu 3TOM B pe3ynsTaTe 0CTaeTcs
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aKTUBHBIM JIWIIL OfWH HEHPOH, BO30yKAeHHe KOTOPOTO 3aTOPMO3WJIO BCe
ocTafnbHBIe HeHpPOHLL. Beixog mobeauBiero HelipoHa (HOPMHUPOBAHHBINA Ha
eAVHUL]Y) BOCIIDUHUMAETCA MEePCenTPOHOM, B UTOre (POPMUPYeTCS BEKTOP
BBIXOJJ0B HEeHpOCeTH B 1e710M. Hy)kHO OTMeTUTB, UTO BCe BXO/IHbIE BEKTOPA B
npeziesiax OqHOrO K1acTepa Hepa3IuuuMel (T.K. UM BCEM COOTBETCTBYeT OfUH
U TOT ke rmobeauTens), TMO3TOMY BBIXOABI CeTH BCTPEUHOrO
pacrnpocTpaHeHUsi He WU3MEHSATCs, €C/IU MPU CMeHe BXOAHBLIX BEKTOPOB He
MpOM30HJeT Mepexof, OT OAHOTO KiacTtepa K apyromy. Takum obpasom,
HeHpOHHAsl CeTb BCTPEUHOrO PaclpOCTPAHEHUs [1aeT KYCOUYHO-TIOCTOSIHHOE
npubIKeHue K MoJeTupyemMoit hyHKIIWH.

YKkoHeHHe KyCOUHO-TIOCTOSIHHOUM TIOBePXHOCTH OT 3HAUeHWN BBIXOZHBIX
BEKTOpPOB oOyuatomieli BbIOOPKH, COOTBETCTBYHOLMX BXOfaM B TIpejesax
3a/JaHHOr0 KjlacTepa NMPUHUMAETCs 32 OL{eHKY CTelleHU HEeKOPPeKTHOCTHU B

obmactu sTOrO KHaCTEpElm.

Puc. 4.5. I'nagkoe peryispru30BaHHOe pellieHue (KPY)KKHA) CeTbi0 C 00paTHBIM
pacrnpocTpaHeHueM oum0OKu A c/1ab0 HeKOPPEKTHOM 3a/lauy ABY3HAUHOTO
oTobpakeHus1, 3a/IaHHOTO AUCKPETHLIM HaDOPOM MPUMEPOB (TOUKH).

Ha Puc. 4.5 u 4.6 mpuBefeHO CpPaBHEHUS MIAJKOTO PeryispHU30BaHHOTO
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penieHu, ornpeaensemMoro MHOTOC/IOHHOHA CeTbHD C OﬁpaTHBIM
pacripoCTpaHeHHWeM, W pelleHHd, MMoJay4aeMOoro IrnpH MmoMOILIHA HEﬁpOCETI/I
BCTPEUHOI'0O pPACIIpPOCTpPAHEHHA. PacueThi poBeaeHbl O/1d CUCTEMBI B AJIs
Ciyddass OTHOCHTE/IBHO cnaboii HEKOPDPEKTHOCTH C MaAJIbIM 3HdYeHHEM
Be/JIUUYHUHEBI CKauKa h.

Jlerko 3aMeTUTh COBEpPIIEHHO pa3/IMYHbIA XapakTep peryaspu3aijuu,
JlaBaeMbli 3TMMU MOJE/ISMH. YKIOHEHHEe pellleHUs] OT TOueK 00yuarorero
MHO)K€CTBA B MHOTOCJTIOWHOM CeTH C TIAaAKUMU TEPeXOAHBIMH (DYHKI[ASAMU
oxBaTbiBaeT Oosee UMpPOKyrd 00mact, uyem coOCTBeHHO 00/1acTh
HekoppekTHOocTH ( 0.4<Y<0.6 ). Kpurasa pewenuss u oumbOka [1ajko
pacrpocTpaHsitoTcss B 0071aCTh, Te TOBefeHWe MOJeTHPYEMOM CHUCTEMBI

perynsipHo.

B cnyudae ceTd BCTPEUYHOTO paclpoOCTpaHeHUsI, HAlPOTUB, PETyIIPH30BaHHOEe
pellleHre COAepKUT MUHHMajbHble OIMOKM B 067aCTH  peryisipHOCTH
(pa3bueHue Ha K1acTepbl 3aMEeTHO TOJMBKO BO/MM3M Y=0 u Y=1 ). Pemenue
)Ke B 00/1aCTU MHOTO3HAUYHOCTH (YHKIIMHU He SBJISIETCS] Peryisipu30BaHHbBIM -
K1acTepbl CO 3HaueHUsMU 00enx BeTBel 00OpaTHOM (YHKIMU XaOTHUYECKH
MepernyTaHbl.

[Tone3HocCTh TOTO UM UHOTO TPeJCTaB/I€HUSA PeIIeHUsI MOXKeT ONpee/TuThCs
TOBKO B  KOHTEKCTe KOHKPeTHOrO0 TpuiokeHus. [lns  cucremsl,
npeAymnpexjawiiei o0  BbICOKOW  onmbke  pemeHusi B obnactu
HEKOPPEeKTHOCTH, TO-BUAUMOMY, C/lelyeT TpeAIiouecTb pe3ylkraT CeTH
BCTPEUHOTO pacnpocTpaHeHusi (puc. 4.6), Tak HCKAKEeHUSA peleHus B
obnacTsx, rae 3To pereHue UMeeT CMbIC/I, MUHUMAJIbHBL.
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Puc. 4.6. KycouHo-nocTosiHHOe B 00/1aCTH  peryisipHOCTA  pellieHue
HeKOPPeKTHOM obpaTHOM 3a7jauu, MoJydeHHOe C TIOMOIIBI0 CeTH BCTPEUHOTO
pacripocTpaHeHus (CM. moANucs U 0003HaueHust Ha Puc.4.5).

O6patumcs Temepp K  HW3YUeHHID BO3MOXKHOCTHM  aBTOMAaTUUeCKOTO
BblJlefIeHUs] 00/1aCTU HEeKOPPeKTHOCTH. B HeUpOHHOW CeTH BCTPEUHOro
pacrnpocTpaHeHusl K1acTepbl, PAcloyioKeHHble B 00/1aCTH HEKOPPEKTHOCTH
3ajaun  OynyT cojep)kaTtbh OnM3Kue BEKTOpa, [/ KOTOPBIX 3HaueHUs
MofieTupyeMoil (yHKI[UM OTHOCSATCS K Pa3HbIM BeTBSIM HeOJHO3HAUHOCTH.
[TepcenTpoH BBIXOJHOTO C/10S1 HEHPOCETH B 3TOM ciaydae OymeT obyuaTbcs
CpefHeMy 3HAYeHWI0 Ha BEKTOpaX KiacTepa, Mo3Tomy ommbka obyueHus
OCTAHETCS] KOHEeUHOM.

B npusegeHHom mnpumepe, npu h=0.2, Teoperuyeckoe 3HaueHUe
npenenbHoM oumbku oOyueHus: (CpefjHeKBaApaTUUYHOE VKIOHEHWE) AJis
JaHHBIX OfHOro Kiacrepa paBHO O0.1. Pacmpegenenue oumbku 10
K1actepam, Habmogaemoe B pacuerax, npuBefeHO Ha puc. 4.7. Obnactb
HEKOPPEKTHOCTH MOXKeT OBITh JIeTK0 aBTOMAaTHYeCKH! BhbIJie/IeHa P ITOMOIIH
MPOCTOrO pellaroliero npaBuia.
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Puc. 4.7. Pacnpenenenue oumbku o00ydyeHHsT MO TPOCTPAHCTBEHHBIM
knactepam Kaptel camoopranuszauuu KoxoHeHa € JieTKO Bblfe/iseMOU
00/1aCTbI0 HEKOPPEKTHOCTH 3a/IaUu.

[TopBesem HeKOTOpble HMTOTM PacCMOTPEHHUsI MOAEIbHBbIX 3afay. MoskHO
BbI/Ie/IUTh /IBA OCHOBHBIX NYTH NPUMEHEHHS HeliPOHHBIX CeTeld BCTPEUHOro
pacripocTpaHeHMsi [Jjia  pelleHUst o0OpaTHBIX ¥ KOMOMHHPOBAHHBIX
HEKOPPEeKTHO MOCTaBJIeHHbIX 3a/au.

Bo-miepBbiX, Cn0OH CaMOOPraHU3YIOIMXCS HeWpoHOB KapThl KoxoHeHa
MO3BOJISIeT TIONYYUTh JIOKaNbHYI AuddepeHlnanbHy0 OLeHKY CTeleHH
HEKOPPEeKTHOCTH 3aJlaud YW TIPOCTPAHCTBEHHOE pacrnpeje/ieHue OmmOKu
o6061ieHusdA, genaeMoil ceThio. KiactepHoe pasnoKeHUe OJMHAKOBO JI€TKO
BBITIO/THSIETCS B TIPU3HAKOBBIX TPOCTPaHCTBAX IH000# pa3MepHOCTH.

AnroputMm Kiactepusanuu KoxoHeHa ierko 00001iaercst Ha ciiydaid Hanuuus
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I[MpOIIYCKOB B JOdHHBIX. HOCKDJ'[BKy 411 OTHeCeHMHd HEKOTOPOro BEKTOpd K
KnacTepy Tp96}1€TCH JIMIIIb BBIYHC/ITHUTB EBKHH,[LOBO pacCTOAHHUE MEXAY 3THM
BEKTOPOM H TEeKyIIHM HpHﬁHI/I)KEHI/IEM K LEeHTpOouay Kiaactepa, H HaWTH
Kmactep ¢ MHUHHUMA/JIbHBIM DPACCTOAHHEM, TO IIPH HA/IHYHWH MNPONYIEHHBIX
KOMIIOHEHT B BeEKTOpe paCCTOAHHE MOXXHO BbIHUCIATL IM0 HMMEHIHUMCAH
KOMIIOHEHTaM. JTO 3SKBHBA/JIEHTHO IMOHUCKY OJ1yKaiero K1acCTepa B
nogrnpoCTpaHCTBE HM3BECTHBIX KOMIIOHEHT. SHMEanEHBHO, 4qTO CeTb
BCTPEUHOTO PpPAaClpOCTPAHEHHA MOXKeT Oﬁy‘-lEITbCH daxkKe eClii B KdXJI0M
Oﬁy‘-lElI-O]_LLEM BEKTOpe MMEKTCHA IMNpONnyluleHHbIe KOMIIOHEHTHI. HpH 3TOM He
TpEGyETCf[ 3dlTOJTHEHHS ITPOMYCKOB UCKYCCTBEHHBIMH 3HAYEHHAMHA.

BTopoit npukiagHOM acreKkT COCTOMT B TOM, UTO B 00/1aCTsIX KOPDPEKTHOCTH
3a/laud pellleHue, 1aBaeMOe CeTbI) BCTPEUHOrO0 PACIpOCTPAHEHUSs SBJISAETCS
BeCbMa TOYHBIM. JTO CBSI3aHO C JIOKaJbHBIM XapakTepom o0yueHusi B
npejenax KaKAOro KiacTepa, U, COOTBETCTBEHHO OTCYTCTBHeM 3(eKros
PaBHOMEPHOr0 pacrnpejeneHus onmbKM 1o KiactepaMm. B 3Tom cmbiche,
perynspusyoumii  3bdeKT CeTu BCTPEUYHOrO pPACMpPOCTPAHEHUS MeEHBbIIe,
HEXeIM Yy  TPagWuIIMOHHOW  MHOTOCJIOWHOW ceTu C  oOpaTHBIM
pacrpocTpaHeHUueM.

HPHKHELZ[HOE I/IH(l)OpMaI_[HOHHOE MOA€/IMPOBAHHUE B 3d/d4e
OL€EHKKW PHUCKa TIpU SKCIUTyaTaluu CJIO)KHOM HH}KEHEPHOﬁ
CUCTEMEI

Cro>kKHbIe UH)XEHEpPHBIe YCTPOMCTBA MPU BO3/IeHCTBUM BHEUHUX (HAKTOPOB
MOTYT JeMOHCTPUPOBAThL pa3HooOpa3Hoe HenuHelHOe nmoBeeHne. C TOUKH
3peHUs IKCIIyaTalliu TaKUX CUCTeM OTK/IMK MOXKeT OTBeuaTb HOPMa/lbHOMY
pexxuMmy paboTel, a TakKe AaHOManbHBIM U AaBapUMHBIM peXxumam. B
nocieAHeM ciaydae TpeOyeTcss MIpUHSTHE CTIELUA/BHBIX Mep A/ CHUXKEeHUS
pUCKa TTOC/IeJCTBUN UHLIUAEHTA.

3agaua WHGOPMALMOHHOTO MOAENTUPOBAHUS TPHU OL[eHKe pPHUCKa 12) ons

0bBekTa MnpH BHeIHeM HAI'DYKEeHHWH COCTOHMT B HEOGXOr[[HMOCTH
npeacrd3aHud ero nmoBejeHusd B 0OBLIYHLIX M aHOMAa/IbHBIX YCIIOBU AX.

OmnucaHue I/IH)KE‘HE‘[)HOﬁ CHCTEMBI
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HPI/IMEPOM 3dd4H OLl€HKH PHUCKd SIBJISIETCH 3KCIIAydTallWuAd KDHTEi:IHepEl FinIb: s
nmepeBO3KH HUJIH XpdHEHUA MPOMBIILUIEHHBIX OTXOO0B (HBHPHMEP, Aesdanpecsa
MdTepHajlbl B OTpaﬁOTaHHbIX TB3/1dX dTOMHBIX BHEKFPOCTBHHHﬁ, HUITH
TOKCHYHBIEe XMMHUYECKHe BE].U.ECTBEI). B kauecTBe aHOMAa/JbHOTO BHEIIHEro
BO3r[[EfICTBI/IH TPEGYETCFI paCcCMOTpeHH E mo2Kapa C Pa3TUUYHbIMH
mapaMeTpaMH. OTKIHK K{)HTEﬁHepa (I‘IBMEPF[EM]:IFI OL[EHKDFI COXpPaHHOCTH
COoepxumMoro M1 He TPOHUKHOBEHHMEM €ro BO BHEUNHIOH CpE,I[}I) MOXKeT
H3MEHATbCA B 3dBUCHMOCTH OT TeKyLero COCTOAHHMA CUCTeMbl, HAlIpHUMeED,
CTerneHb BO3MOXXKHBIX HOBpE}Kr[[EHHﬁ B aBapHﬁHbIX YCIIOBHAX.

PaccMOTpUM OTHOCUTENTBHO TIPOCTYHO W TIOJIE3HYIO C TPAKTUUeCKOH TOUKH
3peHUsl MOfe/b, OCHOBAHHYK Ha [IaHHBIX W3MepeHUH T[apamMeTpoB
KOHTeHHepa Mpu Pa3/MyHbIX YCI0BUAX TNorkapa. dakTuuecku, MoCTpoeHHas
MO/le/1b OCHOBBIBA/IACh HA pPe3y/sraTax YMC/IeHHOI0 MOZe/IMPOBaHus, a He Ha
peanbHBIX AAHHBIX. JTO, OJHAKO, He CHMXaeT L|eHHOCTb pacCMOTpeHMUs,
MOCKOMIBKY B UWUC/AEHHBIX pacueTax YIaeTcs Yy4yecThb MIMPOKUU CIIEKTp
MOXKapoB /11 OZHOTO U TOTO0 J>Ke KOHTeiliHepa. HeompegeneHHOCTh B
k03(hduHeHTax, OMUCHIBAIOIIMX TeTJIO(HU3UUeCKre CBOMCTBAa MaTepUasoB, a
TaKKe YHUCIeHHble 3(deKTbl, BHOCAT IIIYyM B MCIOAb3yeMble [JaHHbLIE,
npubnwkasi yc/iOBUSI MOJE/TUPOBAHUS K peanbHBIM. B cioxupieiics
MpakTUKe HeMpOCeTeBOT0 MOJeNMPOBAHUS AAHHBLIE TAKOTO POJA Ha3bIBAKOT
peauCTUYHBIMHU (B OT/IMUKE OT UCKYCCTBEHHBIX U PeasbHbIX JaHHBIX).

baza coOpaHHBIX [aHHBIX COAEP)KUT 8 TapaMeTpPoB, OMUCHIBAIOIIMX
KOHTeHHep U yCc/I0BUS ToXKapa. [Ipi3HakoBoe MpoCTPaHCTBO BXOJ0OB COCTOUT
U3 6 TIepeMeHHBIX - OJHOW TepeMeHHOW COCTOSHUSI KOHTeiiHepa
(oKkcriepTHasi OLleHKAa CTEeNeHW TIOBPEXJEeHUs KOHTeiiHepa) U IISTH
rapamMeTpoB BO3/eiCTBUSA (CBOMCTB MoXKapa).
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¥

KonrefHeap

Puc. 4.8. Cxema pacrono)keHWsi KOHTelHepa W 00/7acTH, OXBaue€HHOM
TIJIaMeHEeM.

[MapameTpsl mMoO)Kapa BKIOYAKT /Be KOOpPAWHATHI 007acTv mMjIaMeHwH,
auaMmeTp 3ToM 00/1aCTH, TeMIepaTypy noxkapa U ero JJUTenbHOCTb.

IIByMsI BBIXOAHBIMH TEPEMEHHBIMU SBJISIOTCS MaKCUMMa/bHO@ 3HaueHHe
TeMIepaTypbl BHYTPU KOHTeHHepa Ha MPOTsHKEeHUU BCEro T0Kapa, a Takke
OTpPe30K BpPeMeHH, B TeueHHe KOTOPOro TeMIiepaTypa BHYTPU KOHTeliHepa
MpeBbIlllaia  HEKOTOpPOe  TOPOrOBOe  3HaueHHe,  COOTBETCTBYHOLIee
KPUTUYECKOMY  YPOBHIO  BO3MOXXHOTO  TIOBPEXJEHUS  COJAePKUMOTO
KOHTeHHepa.

HetlipoceteBasi UH)OpMaLlMOHHAsI MO/Ie/lb CUCTEMBI

WudopmauoHHas Mojenb OTKIMKA KOHTeHepa CTPOU/IACh HA OCHOBE CEeTH
BCTPEUHOTO PacrpoCTPAaHEHUS! U MHOTOC/IOMHOW ceTu € oOyueHHeM I10
MeToay obpaTHOro pacrnpocTpaHeHus: oumOku. Bl paccMOTpeHE! nipsMas,
obpaTHast U1 koOMOMHUPOBAHHAS 3aJjauu.

HeiiponHas ceThb Jj1s1 IPSIMO#A 3a/jaud COZEPIKUT 6 BXOAOB U 2 OLIEHUBAeMbIX
BeIXoAa. [lpsmas 3ajaua A8 JaHHOTO TPUJIOKEHUS MO3BOJIAT OTBETUThL Ha
cneAyrole BONpOoChI:
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¢ KakoBa 6yr[[ET MdKCHMAJ/IbHAS TeMIIepaTypada BHYTPH KDHTEi:IHepEl npH
HM3BECTHBIX [TdapaMeTpax I'IO)KEipEl?

. HpEBbICI/IT HJ/IHW HET BHYTPEHHSAA TeMIIepaTypad 3aJdHHOE KPDHUTHYeCKOe
3HaueHHe? Ecam dd, TO KadaK A0JTr0 CHUCTeMd 6}E[ET HaXOAHUTBCA B
KPUTHYECKHX YCHOBI/IEX?

¢ Uro OTBEeYdeT 6OJ'[]3]_L[EMy PHUCKY TIIOBpeXOEHHUS COLAEepPHKHUMOIo
mHTEﬁHEpa: KDpOTI{PIﬁ, HO BLICOKDTEMHEpaTypHBIﬁ Mmokap, HJIH
AJIATEe/IbHAadA YMEepPeHHAA TeljioBasd Han}?BKa?

OO6parHast 3alaua COOTBETCTBYeT OL[eHKEe TapaMeTpPOB  BHEIIHEro
BO3JeHCTBUS 110 U3MEePeHUsIM OTK/IMKA CUCTeMbl. TennoBoil pexuM BHYTPU
KOHTelHepa MpU 3TOM KOHTPOJIUPYETCs JaTUUKAMU TeMIepaTyphl. 3arpoCkl
K 0OpaTHOM Moie/In HOCAT AUAarHOCTUYeCKU# XapaKTep:

¢ KakoBa A/IMTELHOCTh U TEMIIepaTypa njiaMeHu?

e Kak Ja/eko OT KOHTeHHepa IMPOU30IIIes MoXKap, U KakoB ObLT pa3mep
njaMeHu?

¢ KakoBa (hakTHuecKasi CTerneHb MOBPEXK/IeHUsI KOHTelHepa?

Haubonee HHTepeCHasd KDMGI‘IHI‘IPOBEIHHEI_‘E[ 3afda4d pPdCCMAaTPpHUBAeT YadCTb
IMapaMeTpOB KdK M3BECTHbBIE, d OCTA/IbHbIE, KAK HEU3BECTHLIE. HDH DGY‘IEHHH
HEﬁpOCETH KDM6HHHPOB3HHOﬁ 3aja4dye MHOXeCTBa ImepeMeHHBIX,
HCIIOJ/JIB3YyeMbIX KdK BXOAHbI€e W KdK BbBIXOAHBIE, MOTYT YdCTHYHO HJ/IH
MOTHOCTBHO TTEePEeKPbIBATLCA.

KombuHMpoBaHHas 3ajada OTBe4aeT Ha BCe 3alpoChl NMpsAMOil U obpaTHOM
3ajja4, HO UMeeT J0NOJJHUTe/bHble BO3MOKHOCTH:

¢ OueHKa COCTOSHHMS KOHTeiiHepa [0 BHEIIHUM ¢ BHYTPEHHUM
U3MepeHUsIM.

¢ KakoBbl HauTsDKenellMe yCJIOBUS TI0XKapa, MPU KOTOPbIX KOHTeHHep
ellle COXpaHseT CofepKumoe?

O6paTHyl0 ¥ KOMOMHUPOBAHHYK 33/laud C/leJyeT pacCMaTPUBaTh, Kak
HEKOPPEKTHO MOCTaB/IeHHEBIe.

O6nacTe BO3MOXKHBIX 3HauUeHUN (M3MUeCKUX MMapamMeTpoB OrpaHUYMBAJIACh

MakCHMManbHbIMU TeMIepaTypaMy Mo)kapa (JoCTUraeMbIMH TPU TOPeHUHU

o0orameHHOT0 TOMJ/IMBA), PACCTOSHUSIMU M pa3MepaMu T[JIAMEHU, TMPU
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KOTOpPBIX Telljionepenayda mHTEﬁHepy NIpUBOOUT K TeMIlepaType OKOJIO
2000C (THHI/I‘IHBIFI mopor njs MoxapoO-CUTHA/TM3HPYHOIIHUX ,H'EIT'-II‘IKDB).
,HIII/ITEJ'[BHOCT]: MoKapa OrpaHU4YKMBA/1daCh 3HAYEHH EM 1 yac.

[Tocne BBegeHUsi BCeX OrpaHUYeHWH JaHHble W3 0a3bl JAHHBIX ObLIM
JMHeHBIM TpeoOpa3oBaHueM NpuBeeHsl B "cepoiit” gopmar [0. . 1].

HHTEFpaHbHaﬂ OLl€HKa KOPPEKTHO CTH MO/ eJIn

Ha mnepBom 9rame B TmipejAnaraeMod TeXHOJOTMM HCCel0Baach
KOPPEKTHOCTb 3a/lauM Ha Bcedl obOsactu 3HaueHWi mapameTtpoB. C 3ToM
L[eTbI0 TI0C/Ie0BATe/bHO BbIOMPATUCh CeMb T[1apaMeTpoB W3 BOCHMH,
BK/IIOUEHHBIX B MOJe/b. OTU TMapaMeTpbl CUMTAIUCh W3BECTHBIMH, a
OCTaBIIMNACSA BOCBMOI MapameTp - HeU3BecTHbIM. TakuM o0Opa3oMm, KaKAbli
W3 TMapaMeTpoB MO oOdepeAd TEeCTHUPOBA/CS, Kak Hewu3BecTHbi. [lpu
MO/IeTUPOBAaHUU OITpejiesisiack ommbka 00yuyeHUss MHOTOCTOMHOM CeTH C
obpaTHBIM pacrpocTpaHeHueM. Bce pacueTsl POBOAUIKUCE AJis HelpoceTei

6onbroro2 pasmepa, M03TOMY TOJIyueHHasi OIMOKa CBS3BIBAETCS TOJBKO C
HEKOPPEeKTHOCTBI0 3aaud. Bein ucmonb3oBaH ciefyloumi Bup (QyHKIUH

oum6bKku (Ha3bIBaeMoM MPOLEHTOM CPeJHero Keajipara Omm0Ku 14) ):

N Nows
e v T L
b e DO e R
a

1V oy

YucneHHoe MofeIMpPOBaHHEe TOKa3ano, 4yto obe mpsMbie 3afaud, Korza
HEU3BECTHBIMU CUMUTAMCH BBIXO/HbIE TT€PEMEHHbIe 3a/jaui - MaKCUMajbHasi
TeMrepaTrypa BHYTPH KOHTeHHepa U [IMTeNbHOCTb MEPUOAA MPEBBIeHUsS
3a[laHHOTO YPOBHSI TEMIIepaTyphl, SIBJIFOTCS KOPPEKTHO MOCTABIEHHBIMHU.
3naueHue onmbku obyueHus: He mipeBblmasio 1%. HampoTus, Bce mIeCThb
00paTHBIX/KOMOMHUPOBAHHBIX 3a/lau OKa3a/TMCh HEKOPPEKTHBIMHU C OIMOKOM
obyueHus Maciraba 25-35%. JanHbie pe3yisTar ABJIAETCS
NPUHLIMITUAIBHBIM [l TJIAHUPOBAHUS TOCAeAYIOIMX SKCIIEePUMEHTOB C
HUH(OpPMaIMOHHON MO/IE/BIO: MOMBITKY OLI@HKU PellieHusi 0OpaTHBIX 3a/1au Ha
Bceil obactu 3HaueHu# (6e3 audibepeHIIMaTLHOTO aHaIM3a KOPPEKTHOCTH)
OyayT HeymauHbIMHU.
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[TpuKnagHast HeMpo ceTeBasi MO/le/ib AJ1s1 IPSIMOM 3az,auun

HOns Boibopa sdpexkTuBHON HelpoceTeBoil wmofenu aas  (KOPPEKTHO
MOCTABJIEHHOW) TpPSAMON 3afiaud Oblla M3yyeHa 3aBUCHMMOCTb OHMOKH
obyueHusi 1 00001eHUS OT 06BbEMa UCIT0/Ib3yeMbIX TPU 00yUeHUU JaHHBIX U
uKC/ia CBOOOJHBIX BECOBBIX TAPAMETPOB B HEHPOHHOM CeTH.

an

25

20

13

10

aono 300 1000 1100 1200 1300 1400

Puc. 4.9. O6siacTi Ha NIOCKOCTH "TeMrepaTypa njaMmeHu" - "IUTeNbHOCTh
noxapa', B KOTOPbIX MakCUMajbHasi TeMIlepaTypa BHYTPU KOHTeiiHepa
npeebiaet 3Hadenus 200, 500 u 800 rpaaycos Henscusi.

I nst npunoxenuii TpebyeTcs KOMNakTHasi U ObICTpasi HelipoceTeBasi MOJeJib,
nerko obyuaeMasi ¥ MMeEHIIAs HEBBICOKYI0 OnmMOKy o0o0meHust. [laHHbIe
TpebOBaHUs B HEKOTOPOM Mepe MPOTUBOPEUUBHI, TO3TOMY ObI/T CYMMUPOBaH
OMBIT OOJBIIOTO YKC/Ia KOMITBIOTEPHBIX IKCIIePUMeHTOB. bbiin 06HapyxKeHbl
cnenyroipe 0coOeHHOCTH:
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e Crenenb 0000meHus ynyumaercs aunk Ha 50-80% mpu pocre
obrema 6Oa3bl oOyuaronmMXx JaHHBIX (M COOTBETCTBEHHO, 3aTpaT Ha
obyuenue!) B 3-4 pa3a. CnegoBaTeslbHO, MOXKHO H30exaTh 60IbImX
00BeMOB JJaHHBIX.
¢ llcrionb3oBaHue HEHPOHHBIX CeTel C YMC/IO CBODOHBIX MapaMeTpoB,
OMu3KMM K 4yucay 3anvceil B 0a3e JaHHBIX MPUBOAUT K OHMOKe
0000menusi, B 10 pa3 Oonbiieii, uem oumbka obyueHus. B 3tom
c/iy4yae npefcKasaTe/lbHble BO3MOXHOCTH CUCTEMBI He BeJINKH.
¢ [logxoxsimasi HeHpOHHAs CeThb [Jis TPAMOM 3a/laud XapaKTepHU3yeTcs
10-15 HeWpoHaMHM Ha CKpPBITOM cioe C wMacmraba 100
CMHANTUYeCKUMHU CBSI3AMHU, oOydueHHast Ha 0a3e maHHbIX U3 300-500
3aruceil, OHa TOKa3bIBaeT OHMOKy oOyueHMsi 2-3% mpu ommbKe
0000mmenus 1o 5%.

Ha ocHoBe BbiOpaHHOI HelipoceTeBOW Mojenu Obl0 MpPoBeseHO obyueHue
HeHUpOCeTH U UCC/IeI0OBaH psiZi UH(GOPMALIMOHHBIX 3aIPOCOB K HEM.

[lepeass cepusi 3anpocoB Ovlia BBIMOJHEHa [J/si omnpegeneHus o6macTu
TeMrepaTyp M [JUTEJbHOCTeH T[10)Kapa, MpPU KOTOPLIX COAEPKUMOe
KOHTeliHepa He meperpeBaeTcs. PaccMaTpuBanuce 1oykapsbl, MPOU CXOAALIME B
HerocpeJCTBeHHOW G/IM30CTH K KOHTeHHepY U UMerole AuaMeTp o 15 m.
W30nuHUM TemriepaTyp BHYTPU KOHTeiHepa Toka3aHbl Ha puc.4.9. PacueTsl
COOTBETCTBYIOT TPEM pa3/lM4HbIM 3Ha4eHWsAM Harpesa cogepxxumoro 200,
500 u 8000C. [laHHble pe3ylbTaTbl B TPUMEHEHUU K KOHKDETHBIM
obpa3iam KOHTeHHEepOB MOTYT COCTaBUTh OCHOBY TeXHHUECKHUX TpeboBaHUM
K TIpOTUBOMOXapHBIM ciykbam. Tak, wHampumep, kpuBas 2000C
MOKa3blBaeT TapaMeTphbl, TIPU  KOTOPbIX cpabaTeIBalOT  TUMHUYHBIE
TeMIepaTypHble JaTuhkd. EciM  KpUTHYECKHWM [  9KCIJIyaTalluu
OKasblBaeTcs pexuM mnpesbllleHUA 5000C mpd Temmeparype IjlaMeHH
8000C, To, Kak cimefyeT u3 puc. 4.9, koHTeliHep crocobeH BBIJEPKUBAThb
TAKyH) Harpy3Ky B TeueHHe 2 2 MHUH.
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Puc. 4.10. 3aBucCUMOCTb JJIMHBI TIPOMEXYTKa BpeMeHU (B MHUHYTax), B
TeUeHUH KOTOPOTO TemrepaTypa BHYTPU KOHTeliHepa TIpeBhIlaia
KPUTHUECKUN YPOBEeHb, OT PACCTOSAHHS [0 SMULIEHTpa Toxkapa (B MeTpax)
NIl ABYX 3HaUeHUU AuameTpa ruiamenu (15 u 20 m).

Bropas paccmoTpeHHas 3ajaua CBsi3aHa C H3y4yeHMEM 3aBUCUMOCTH
TET/IOBBIX YCJIOBUM BHYTPU CUCTEMBI OT PACCTOSIHUS 10 SMHULIEHTPA MoXKapa.
Ha puc. 4.10 npeacraBieHa 3aBUCUMOCTH JJIUTEJbHOCTU 3aKPUTUUYECKOTO
HarpeBa (B MHHYTax) OT pacCcTosHus A0 obnactu mokapa (B MeTpax).
HOnuTenbHOCTH moOXapa cocTaBasina 1 uyac. VHTepecHO OTMETHTh, UTO
Hab/r01aeTCs HEKOTOPOe TTPOMEXXYTOUHOe 3HAaueHUs PACCTOSIHUS JI0 TT0XKapa,

MpU KOTOPOM TeruIonepeaadya K KOHTeiHepy MakcrHMasbHaY,

Ha ocHoBe manHOU Mogenu MOXKeT ObITH MCCIEIOBAHO MHOXKECTBO APYTHX
MpakTUUeCKuX BOMpOcCoB. [loCKOMBKY MpW aHanu3e 3ampocoB HeWpOHHas
cetb paboTaeT TOMBKO B pEXHUME TIPSAMOTO  HEHarpy)kKeHHOro
(yHKLIMOHUPOBAHUS, BpeMSs BBITTOTHEHHUS 3alIPOCOB MUHUMAIBHO.
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B03MOXHO CTH perysnsipu3aliuu 00paTHOM 3aaun

3alimemcsi Teriepp pacCMOTpeHHeM 00paTHOW M KOMOMHMpPOBAHHOW 3ajau.
Kak MbI yke ybeauinch Ha OCHOBE PAacyeToB, 3TH 3ajaud 06/1a/1at0T SIPKO
BbIP@)KEHHOMN HEKOPPEKTHOCTBIO,  CBSI3AHHOM C  HEeYCTpaHUMOM
HEeOHO3HAYHOCTBI0 00paTHOW (YHKI[UU, MTOITOMY WHTEpeC Mpe/CTaBJIseT
BO3MOJKHOCTb JIMIIb MX YACTUYHOW Peryispu3aliiiu.

HEEN

j ]
LI o0
| 1]

]

Puc. 4.11. Pacnpegenenue onmbok oOyueHHs 10O KIacTepaM KapThl
Koxonena. Oumbka Ha JAHHBIX Ka)XKJOT0 KIacTepa TMpOMOPLIMOHAIBHA
pasmMepy COOTBETCTBYIOIIETO KBaJpaTa.

Hnst uccnenopanuii Ovlyia BoIOpaHa KOMOMHUPOBAHHAA 3a7aya OTpeeseHus
JuaMeTpa IJIAMEHU MO0 OCTaJbHBIM MapaMeTpaM MoXKapa U HU3MepeHUsIM
BHYTPHW KOHTelHepa. JTa 3ajlaua UMeeT MHUHUMAIbHYI OUmMOKy o0OyueHuUSs (
22% ) mpu WUCNONB30BAaHWU JAHHBIX W3 BCell obnactu mapametpoe. [Is
JaHHOM 3afauv OblI BBIMOHEH KIAaCTepHBIN aHaau3 Ha OCHOBE CeTH
BCcTpeuHoro pacrnpocTtpaneHus. Cnoit KoxoHeHa mpepcraensin coboi kapTy
U3 5x5=25 wuelpoHoB. puc. 4.11 oTpakaeT pacnpeaeneHue OMMOKU
oOyueHUsI CeTU 1O K1acTepaM KapThl, onpeenseMbiM HeiipoHamu KoxoHeHa.

Pesynsrupyroiee pacripefienieHue oumboK 6/1M3K0 K paBHOMEPHOMY, OJHAKO
uMeroTcs ase obmactu (k1actepsl 1 -2 U 4 -3 B MaTPUUHBIX 0003HaUeHUSAX)

C OTHOCHTE/NbHO MajJbIMM OoHmMOKaMu. DTH KnaCTepel OIpenenstoT obnactu
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YaCTUYHOM PeryisipHOCTH 33/iaud B 7 -MepHOM MPOCTPAHCTBe TlapaMeTpoB.

Haubonee perynsipHoii siBisieTcss 06/1acTh Kinactepa 1-2. AHanu3 3HaUeHUM
rapaMeTpoB, OTBeUawIMX IEHTPOUJAY [JaHHOTO KjiacTepa, I03BOJISeT
3aKTIOUUTh, UTO HAaUMMeHbLIAsg oumbKa orpefiesieHUs JuameTpa IJIaMeHH
nyTeM perieHUsi 0OpaTHON 3a/lauu JOCTUTAETCS [l BBICOKOTEeMITepaTyPHBIX
(okoio 10000C ), pauTensHBIX (OOsee To/yyaca) TIOXKApOB TMPH
MPOMEXYTOUHBIX PAacCTOSHUAX [0 SnuileHTpa (Macwraba Jguamerpa
TJIaMeHH ).

CnepyroiMil 1Iar UCC/ieI0BaHU COCTOST B Knaccu(uKaliuu 3anucei B Dase
NaHHBIX MO TIOCTPOEHHBIM Kiactepam oOyuenHoit cetu Koxonena. U3
nonHoro Habopa wu3MepeHWil O0KoJI0O 2.5%  [IaHHBIX  OKa3aJioCh
OTHOCSIIMMUCS K Haubosiee peryisipHoOMy Kj1actepy 1 -2. OTU JaHHbIe ObUIH
UCIOJBb30BaHbl  Ajig  00yyeHUs MHOTOC/IOMHOW ceTH C oOpaTHBIM
pacripocTpaHeHueM C 7 BX0JaMM W OJHMM BbIXOJOM. Pe3ynsTupyoiias
oumbKa peryisipu3oBaHHOTO PpeIeHUsI COCTaBMIa JIMIbL 8 .5%, uTo
npubIU3UTENTBLHO B TPU pa3a MeHbIle onmbku oOyueHUs Ha MOHOM Habope
BEKTOPOB.

PesynbraThl OMUCAHHBIX HUCC/AEJOBAaHUNA MOTyT ObITb 0000mIeHBI B
HelPOCeTeBYI0 TEXHOJOTUIO pelleHUuss 00paTHbBIX W KOMOWHHPOBAHHBIX
3ajiau:

e J[ina pJaHHOW KOMOMHMPOBaHHOHM 3a/lauM OL|€HUBAETCSl CTeeHb ee
HEKOPPEeKTHOCTH 10 oumbke oOyyeHUst HEIIPOHHOU ceTU C 0OpaTHBIM
pacrpocTpaHeHHeM, UCIO/Bb3YIIIeH MW3BEeCTHbIEe [apamMeTpsl B
KaueCTBe BXOJOB, a 3ampallBaeMble [apamMeTpel B KauecTBe
OL|€HUBAEMbIX BEIXOJOB.

e Ecnu ykazaHHas oumbka Mana (MMeeTcs CXOAMMOCTh HelpoceTeBOH
aNMpoOKCUMAal[lUM), TO IIOCTPOEHHAs HeHpoCceTb [aeT HCKOMOe
peuenune. Crenyer janee oujeHUTh oumbKy o0o00mieHus, ucxops w3
ArIPUOPHBIX TEOPETHUeCKUX COOOpPa)KeHUH O C/I0KHOCTH HeHpoceTH,
WM HAa OCHOBE TPSAMBIX BBIUMCIEHUM C UCMOJBL30BAHUEM TECTOBBIX
naHHbiX. [lpu  HepocraTouHOM  KauecTBe 0000LIeHUS MOXKHO
MOMBITATEC  YMEHBIMTh YHCJIO HEHPOHOB B  CKPBITBIX CJIOAX
HelpoCeTH U MPUMEHUTH AJITOPUTMEI yarieHUsl HAUMeHee 3HauMMbIX
cBsi3ei.

® B cinyuae Henpuemsemo 6Gonbumx oumbok 0OyueHUSI MPUMEHSETCS
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Y:Ke OITHMCdHHas TexXHOJIOTHs ,[LHC]I]JEPEHL[HE—]HBHOFI OLJéHKH CTelleHH
HEKODPEKTHOCTH 3aJa4yH. IMTocne KMaCTepHOro dHa/IM3a [OJdHHBIX Hd

ocHoBe cetn Koxonenal® OLIEHUBAETCSA pacrmpejeneHue oumbOK
oOyueHUsI B TIPOCTPAHCTBe mapameTpoB Mofenu. [lamee cTpouTcs
cUCTeMa MasbIX 9KCIePTOB, MCIOAb3YIOUMX [JaHHBIX OT/JeabHbIX
K/1aCTepOB, UM CTPOUTCS Oosiee yKpylHeHHas OljeHKa Ha OCHOBE CeTH
BCTPEYHOr0 pacrnpoCTpaHeHHusl.

[TpomebinieHHast HelipoceTeBasi MOJeNb, CO3JaHHas M0 AAHHOU TeXHOJIOTUH
OyzmeT comep>kaTb MaTePUHCKYHO ceTh KoXOHeHa U ceMeliCTBO MajbIX CeTei-
JKCMepToB € oOpaTHbBIM pacrhpocTpaHeHueM oumbku. Takass cucTemHas
MO/IeJb TIPeOCTAaBJIsIeT TT0Ib30BaTeT

® CeMelCTBO peleHuu /1 NpsSIMbIX 3a7ay

® peryigpu3oBaHHOe pemieHHe OOpaTHBIX W KOMOMHUPOBAHHBIX
HEKODPEeKTHO TOCTABIeHHBIX 3ajlau C OL[eHKOW TOYHOCTH, B 06/1acTsx
3HaUeHWH  MapaMeTpoB  C  Majoil  JIOKaJIbLHOM  CTeNeHBH
HEKOPPEeKTHOCTH 3ajauu, 1100

® UAarHOCTUUYECKoe COooDljeHHe O HEBO3MOXKXHOCTH  YBEPEHHOr0
TIPOTHO3a BCJIeCTBUE MPUHA/IEKHOCTH BEKTOPA T0Jb30BaTETECKOTO
3arnpoca 06/1acTy CUTBHOM HeyCTPaHUMOW HeperyIsipHOCTH 3a/jaui.

[Mpepnaraemelii moaxos K HEHPOCETEBOMY MOJEIHUPOBAHUIO CJIOXKHBIX
TeXHUUECKUX CHCTeM  OTHOCUTEe/NbHO TMPOCT B  pealu3aljuu WU
HEMOCPeACTBEHHO  COOTBETCTBYET  €XeJHEeBHBIM  HMH(OpPMalMOHHBIM
NoTpeOHOCTAM WHXXEeHEPOB, CBS3aHHbBIX C SKCITyaTaljueil TakuX CUCTeM.

HTtoru

[Togeenem utoru 3To nekuu. HelipoHHBIE CeTH AB/SIOTCS €CTeCTBEHHBIM
WHCTPYMEHTOM /Ui MTOCTPOeHUSs 3(MPeKTUBHBIX U TMOKUX WH(OPMALMOHHBIX
MoZiesiell UHXKeHepHBIX CUcTeM. Pa3nmuuHble HeHPOapXUTEKTYPbl OTBEYAIOT
Pa3/IMUHbLIM MTPAKTUUECKUM TpeOoBaHUsIM.

CeTu ABOIICTBeHHOTO (YHKIJUOHUPOBAHUS C 0OpaTHBIM pacpoCTpaHeHUueM
oumbKA M CeTH BCTPEUHOrO paCIpOCTpaHeHHsi 00/1a/al0T XOpPOUMMHU
00001ArOIIMMHY  CBOMCTBAMM M [JAIOT KOTMYECTBEHHBIE peleHus A
NpsAMbIX HH(POPMAI[UOHHBIX 3a7iay.
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BHyTpeHHue  perynspusupyionme  0CoOEHHOCTM  HEMPOHHBIX  CeTel
MO3BOJISIIOT pellaTh TakKe oOpaTHble W KOMOMHHMDOBaHHBIE 33/laud C
JIOKAJIbHOW OII€eHKOW TOUYHOCTU. [In1 HEeKOPPEeKTHO TMOCTaB/IeHHBIX 3a7ady
MO/IeTMPOBaHUs MPeUIOXKeHa HelpoceTeBass UHPOPMaI[MOHHAs TeXHOJIOTUS
MOCTPOEHUS rubpuaHON HelpPOapXUTeKTYPhI, coaep katiei
K1actepusyroiylo kapty KoxoHeHa u cemelicTBO ceTeir ¢ oOpaTHBIM
pacrnpocTtpaHeHueM, oOyyaeMbIX Ha JAHHBIX UHAUBHU/yanbHBIX KIacTepoB. B
3TOU TeXHOJIOTHH BBISBIAIOTCS 00/1aCTH YaCTUUHOW KOPPEKTHOCTH 334, B
KOTOPBIX [IA€TCsl peIIeHWe C BBICOKOM JIOKaJIbHOW TOYHOCThIO. [Jlns
ocTanbHBIX  ObOnacrei MPU3HAKOBOTO MPOCTPAaHCTBA  HeHpOCeThb
aBTOMATUUeCKU KOPPEKTHO OTBEPTaeT MO/b30BaTe/IbCKUe 3arpOoChI.

B pabore paccmoTpeHbl TNpUMepPbl TMPUMEHEHUsT METOAUKU pPelleHUs
oOpaTHBIX 33/lay K MOJAEJHMPOBAHUIO OTKIWKA CIOKHOW WHIXXeHePHO
CUCTEMBI - POMBILIUIEHHOTO KOHTelHepa Ha BHEIIHNWEe aHOMaJIbHbIe YC/I0OBUS
(TenioBas Harpy3ka BCIeJCTBUe Mo)Kapa). Pe3ylsTaTbl UCC/IeJ0BAHUNA MOTYT
OBITH MCITO/IB30BAHBI /i TEXHUUYECKUX PEKOMEeHJaluii u TpeOoBaHUM K
MPOTUBOMOXKAPHBIM CyK0aM U pecypcam.

ABTtop Onarogapen B.B.JleroubkoBy u JI.W.IIubapmoBy 3a Tmone3Hbie
obcy)KaeHUs U KOHCY/IBTAl[UH.

D' MudopmanuoHHbIe MOZEIM, OCHOBAaHHBLIE Ha JIOTMUYECKH MPO3PAaYHbIX
HEHPOHHBIX CeTsX, Mpe/yIoKeHHbIe B [4.4], B HEKOTOPOI CTeMeH! OTpaXkaroT
MPUYMHHO-C/1e/JCTBeHHbIE B3aMMOOTHOILIEHUS MEXK/Y MapaMeTpaMHu MO e/u
2) TpaHuLbl MEXy TUTIAMU MOJE/ei SB/ISIOTCS BeCbMa YC/I0BHBIMU

3) [Tog curHanoM B LMPOKOM CMBIC/IE MOXKET TOHHMMAaeTCsi BEKTOp
COCTOSIHUY BXOZIOB HEMPOCETH.

4 Tlpu 3TOM, KOHeuHO, 4yacTb MHpopMaluuu Tepsercs. OJHAKO, 3TO He
OueHb MPUHLIUIIHATLHO, HATIPUMep, TIPH CKaTHU U300paXkeHU .

5 DeKTPOHHBLIM ajfipeC MHTePakTMBHOM KapThl Koxomena WEBSOM c
CcooOIIeHUSAMM TI0 TeMaTHKe HeHpOHHBIX ceTel, pa3paboTaHHOU B
yHUBepcuTeTe B Xe/qbCUHKM rpynroi camoro T.KoxoHeHa, B cetu IHTepHeT:
ccoinka: http//websom.hut.fi - http//websom.hut. fi

6) HyxHO 3aMeTHTh, UTO K1acC HeipoceTeil 0e3 CKPBITBIX C/I0€B He
SIBJISIETCS] TIOJTHBIM B CMBIC/IE BO3MOXKHOCTH TIPUOIMIKeHUS] TTPOU3BOJILHOU
¢byukuuu. Tak, pAAs8 TpefCTaB/IeHUs PeIIAIMX TPaBUA [/ JIBYX
nepeMeHHBIX Bce MHoroobpasue dyHKiMi cBogutcs aunm K [Tage (1,1)-
npubnavxeHusm (runepbosam).
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7) C y4eToM OMHUCAHHBIX BbIlle 0COOEHHOCTEH IKCIEPUMEHTATbHbIX
JaHHBIX.

8) D10 pmocTuraercs, Hampumep, MCMOAbL30BAaHWEM HEHPOHHOW ceTu Ge3
CKPBITBIX CJIOEB C TIPOM3BOJIbHOW TepexogHod QyHKI[uell HelpoHOoB,
UMeroIei 0/TM3KuN K IMHeHHOMY y4acTOK M3MeHeHUsI.

9 B xkuwre [4.1], cTp. 563, yCIOBHO-KOPPEKTHBIMM HAa3BaHbl 3a/auM, B
MOCTAHOBKY KOTOPBIX JA00aBIeHO  anpuoOpHOe  TIPeAroNoKeHHe 0
CYLIIeCTBOBAHUM pelleHUs] Ha HEKOTOPOM KoMrakTe. [Ins maHHOro peleHus
Jo/mkHa OBITH  [OKa3aHa TeopeMa eAWHCTBEHHHOCTH. B  Hamewm
pacCMOTpPeHUH B KaueCTBE TAaKOTO KOMIIAKTHOTO MHOXKeCTBA BBLICTYMAKT
OTpe3KH, Ha KOTOPbIX obpaTHast QyHKIMs OfHO3HaYHa.

10) WNwmeercs B BuAy uHTerpan Pypbe B CMbIC/Ie IJIABHOTO 3HA4eHUS
(vHTeErpan oT KBaZpaTa CUTMOUAATLHON QYHKIINU, OUeBUAHO, PACXOJUTCS).
1) [lenTpe! KnacTepos 3a7a0T pa3bueHue MPU3HAKOBOTO MPOCTPAHCTBA Ha
MHOTOTpaHHUKM BopoHoro (B AByMepHOM ciiyuae - Ha siueliku [Iupuxme ).
Bce Touku B mpejenax OJHOTO MHOTOTpaHHUKA Omke K L@HTPOUIY
COOTBETCTBYIOILIETO K1acTepa, YeM KO BCeM OCTa/lbHbIM K/lacTepam.

12) TIpo6nema olleHMBaHUA CaAMOM BeMUYMHBI PUCKA TTPH 3TOM OCTAeTCs 3a
paMKaMM JaHHOTO paccMoTpeHus. OJHUM U3 MeTOAOB BbIUMC/IEHUS] PHCKA
NpyU  U3BECTHBIX U3  MHGPOPMALMOHHOTO WM  MaTeMaTUUeCcKoro
MOZIeTUPDOBAHUSA PeXUMax paboTbl CUCTeMBbl SIB/ISIETCS B3BelMBaHUE
BEpPOSITHOCTEH peanu3aliiy Pa3TuuyHbIX PE)KUMOB C 3KCIIEPTHBIMU OL|€HKaMH
uX nocaencTBuil. [lanee yrmpaBjieHHe JKCIJlyaTarjMeil CUCTeMbl COCTOWT B
MUHHUMH3ALUU PUCKA.

13) " nsa onpenenenus HeoOGX0QUMOTO uMC/la HEHPOHOB Ha CKPLITOM CI0€
Oblsa BBIMOTHEHA CEepusi PACueTOB C YBEJIMUMBAIOIMMCS Pa3MepoM CeTH.
Hanee mCronb30BasoCh TOMYUYeHHOE Tpefe/bHOe 3HadeHUe (A Hailuen
6a3b! gaHHBIX U3 ~ 9()){) npuMepoB notpeboBanock 30 HeHPOHOB).

14)

15)

WcxonHblil aHITAMCKUE TePMUH - squared error percentage .

Hanuuue KOHEUHOTO pacCTOsIHUS, TPU KOTOPOM TerJornepefada
MaKCHMaJbHa, MOATBEPXK/aeTCst MPOCTBIMU reoOMeTPUUeCKHUMHU
COOTHOILEHUSIMK [JIsl OJHOPOJHO W30TPOMHO M3TYYalolero HCTOUHHKA
KOHEUHBIX Pa3MepOoB.

16) Cerb KoxoHeHa 3pech TpeArnouTHTE/NbHEE APYIUX aJrOPUTMOB
Kl1acTepu3aliui, TaK Kak T1pu 0Opa30BaHUM OTHOCUTENBHO OOABIIMX
obnacteli KOPPEKTHOCTH, OHU OyAyT TMpeACTaBleHbl MAKpPOKIaCTepOM

MPOCTPAHCTBEHHO OIU3KUX HEHPOHOB.
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MeauiMHCKasi HeMpouH(pOpMaTuka

B  pganHO#Ml  nekiuu  mogpoOHO  OCTAHOBUMCS HA  TIPUMEHEHUH
HelpOuHGMOPMalIMOHHBIX TEXHOJIOTUNA B MEeJUI[UHE

Beepnenue

Otpen meuIIMHCKOH HerponHpopMaTukn, Kpac'MA

O.A.Poccues

B mnocnegHee BpeMsi CUIBHO BO3pacTaeT 3HaueHUe WH(OPMALMOHHOIO
obecrieueHHsl CaMbIX Pa3HBIX MeAULMHCKAX TexHOnorui. OHO CTaHOBUTCS
KPUTHUECKUM (DJaKTOPOM Pa3BUTHS MPAKTUUYECKU BO Bcex 00nacTsax 3HaHUS,
nosTomy paspaboTka u BHeZpeHHe WH(OPMALIMOHHBIX CUCTEM SIBJISIETCS] Ha
CerofIHSIIHUM JeHb OJHOM M3 CaMbIX aKTYya/JbHbIX 3a/1au.

AHanu3 TIPUMEHEHUSs TMepPCOHANbHBIX DBM B MEAMIIMHCKUX YUPEXKIAEHUSIX
MOKa3bIBaeT, uTo Haubosiblllee WCMOMb30BAaHUE KOMIIBIOTEPOB WIET /s
00paboTKM TEKCTOBOM AOKYMEHTAI[UM, XpaHeHUs U 00paboTku Oa3 JaHHBIX,
BeJIeHUSI CTAaTUCTUKM U (UHAHCOBBIX pacueToB. OTaenbHbI mapk DBM
UCII0/Tb3YeTCs COBMECTHO C PA3/IMUHBIMU JAMArHOCTHUYECKUMU U jeuebHbIMU
npubopamu.

B OombumHcTBe 3THX O007acTel UCMONb30BaHUSI SBM  MPUMEHSIHOT
CTaH/apTHOe mporpaMmHoe obecreueHue - TeKCTOBbIE PeJJaKTOPhbl, CUCTEMBI
ynpaByieHus 0a3amMu [JaHHBIX, CTaTUCTUUYeCKUe makeTsl U aAp. OjHako
HEKOTOpPble M3  BaXHEWIMX  yYyaCTKOB  Jjieue0HO-UarHOCTUYECKUX
TeXHOJIOTMH TMPAKTUYeCKH He HCMOMB3YIOT BO3MOXHOCTH 3BRM. [lpexae
BCEro 3TO [AWAarHOCTUKA, Ha3HaueHHe JIeueDHBIX  MepOINpUSTHH,
MPOrHO3UpOBaHKe TeueHus 3ab01eBaHUN U UX UCXOJOB.

[IpuumMHBI 3TOr0 HOCAT UPEe3BBIYAMHO CJIOXKHBIA XapakTep U TIOCTOSIHHO
IUCKYTUPYIOTCS. OCHOBHBIE M3 HUX - HEJJOCTaTOUHO pa3BUTasl TeXHUUeCKas
Oa3a, HU3Kasg KOMIIBIOTEpHasi TPaMOTHOCTb YYaCTHUKOB TEXHOJIOTUM.
Bosnbitioe 3HaueHUe UMeeT MCUXOJ0TUYECKA M acreKT npuMeHeHust 3BM. OTo
cepbe3Has MPUYMHA, CBA3aHHAsA C XapakrepoMm paboTsl Bpaua. Bpau sBnsiercs
uccnefopaTteneM, U ero pabora HOCUT TBOpPYeCKWIl XapakTep, OJHaKo OH

153



Unknown Hefipounpopmatika
HeceT IIpAMYyH) OTBETCTBEHHOCTb 34 pe3yibraT cBoeil JedATe/IbHOCTH.
HpHHHMaH peneHue 0 JHdrHo3e HMJ/IM JIeHeHWH, OH OMMHUPaeTCd Hd 3HdHHA U
OITBIT, CBOH cobCcTBeHHBIE U KOJIJIer, SABJAKMIMXCA O/ HEero aBTOPHUTETOM.
OueHb BaXKHO IIpH 3TOM obocHoBaHMe peunieHHdA, €C/IM OHO IO CKA3bIBATCA
CO CTOpPOHBEI. PEBYJI]:TEIT, HO,[I'CKEIBEIHHBIFI KDMI’[]JI-OTEPHOIL:I HpO[‘pElMMOi;I,
paGOTa}omeﬁ mo aJIropuT™My, CO030dHHOMY [ApyIUM  4YeJIOBEKOM, KdK
MOKA3bIBA€T TIPAKTHKd, BO MHOIOM JIMIIdeT HCC/IeAOBaTesIsd TBOp‘-IECKDi:I
HHHIIMATHELIL. HapsizanHOe Takum OﬁpaBOM peneHue, Odxe 6y,[[y‘-IH
AOCTOBEPHBIM, IMCHUXOJIOTHYECKH IogBepraeTcda Cepbe3HOMY COMHEHHIO.

CyleCcTBeHHYI0 POb UTPAKT Takke 0COOEHHOCTH MeANKO-O0UO0I0rnyecKkon
“HpopMaLMU. BONBIMHCTBO MEJUIIMHCKUX JAHHBIX UMEIT OMUCATebHBIH
XapakTep, BHIPAXKAKTCS C TOMOIIBI0 (JOpMaIM3MOB, TIOABEPKeHHbBIX KpailHel
BapuabenbHOCTH. [laHHBIe, Aa)Ke BhIpa)KaeMbie C MOMOIIBI0 UKCesI, TAKKe B
OOMBLUIMHCTBE C/IyuaeB He MOrYT OBbITb XOpOWIO VIOPSAOUEHBl U
K1accu(UIIUpyeMbl, T.K. WU3MEHSIOTCS B 3aBUCHUMOCTH OT KIMHUYECKUX
TPAAUIIUNA PA3NUYHBIX IIKOJI, Te0COLUaNbHBIX OCODEHHOCTe!l peruoHOB U
Jaxke OTAeMbHBIX YUPeXKAEeHHH, a TakKe OT BPEMeHH.

Bce 3apjauu, pemaembie 4es0BEKOM, C TO3UIUA HeldpouHGOPMAlMOHHBIX
TeXHOJIOTM MOXXHO YC/IOBHO K1acCU(UIIUPOBATh Ha /IBe TPYIIIIHL.

1. 3amaum, umeronMe U3BECTHBIA U OMpe/eneHHbId Habop yc/ioBuUii, Ha
OCHOBAaHWHM KOTOPOro HeoOXoAWMO TMOMYUUTh UeTKWM, TOUHBIH,
HEJBYCMBIC/IEHHBIM OTBET 10 W3BECTHOMY U OIpejeleHHOMY
aJITOPUTMY.

2. 3agaud, B KOTOPBIX HE TIPEJACTaBJIeTCS BO3MOXXHBIM YUeCTb BCe
peasbHO UMEIOIMecs YCI0BUs, OT KOTOPbIX 3aBUCHUT OTBET, a MO>KHO
MUl BbIAEMUTh NpubAu3uTenbHbI Habop Haubosee BaKHBIX
ycnoBuii. Tak Kak yaCTh yC/JIOBUI NPU 3TOM HE YUHUTHIBAETCSl, OTBET
HOCUT HETOUHbIM, TIPUOAU3UTE/NBHBINA XapakTep, a ajropuTM
HAaX0XK/IeHUS OTBETa He MOXKEeT ObITh BBITUCAH TOUHO.

Insi peueHWs 3ajau MepBOM TPynmbl C OOMBIIMM  YCIIEXOM MOXKHO
WCIT0JIb30BaTh TPAAUI[UOHHBIE KOMITBIOTEPHBIe nporpaMMsbl. Kak 661 HU ObIN
CMOXKeH  aNropuTM, OrpPaHUUeHHOCTb Habopa yCIOBUN  (BXOZHBIX
rapamMeTpoB) [JaeT BO3MOXXKHOCTh COCTAaBJIEHUSI A/JTOPUTMAa pelleHus |
HaluCaHUsl KOHKPETHOW TIpOrpamMMbl, peIarIei gaHHy 3agzauy. Her
HUKAKOTO CMBIC/Ia B MCMOJ/Ib30BAHUU HeHpOMHAOPMALIMOHHBIX TeXHOIO0TUM
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A1 pelnieHusI TdKUX 3d/1da4, TdK KdK B 3TOM CiIydde HEﬁpOCETEBBIE MEeTObL
ﬁyﬂ}’T dIIPUOPHO Xy’Ke pellldaTb TdKHe 3dJd4H. Er[[HHCTBEHH]:IM HCKMTHYeHHEeM
ABIAETCA Cﬂyqaﬁ, KOTld aJITOPUTM BBIYMC/IEHHA OTBETA C/JIMIIKOM 60/ILIION 1
l"pOMOB,ELKHfI U BpeMs Ha peleHune I'(DHKPETHOﬁ 3a[d4Hd MO 3TOMY aJITOPUTMY
He VyIOBJETBOPAET IIPAKTHYECKHM TPEGOBBHI‘IFIM; KpoMe TOro, IIpH
[MOJy4eHHUH OTBEeTd He TPEGYETCFI abconmroTHAg TOUHOCTE.

[lpu pemeHuwn 3ajau BTOPOW TPYINbLl TPUMEHEHHEe HeHPOTeXHOJIOTUH
orpaejbiBaeT cebsi 1Mo BCeM MapameTpaM, MPU BLIMOIHEHUU, OfHAKO, JIBYX
YCIOBUH: BO-TIEPBBIX, HAJIWYMUSI YHUBEPCATBHOTO THUIIA ApPXUTEKTYPbl |
eMHOT0 YHUBEPCaNTbHOT0 anropuTMa obyueHus (oTcyTcTBHE
HeoOxoguMoCTH B UX pa3paboTKe [as1 KaKAOTO THUIA 3a7ad), BO-BTOPBIX,
Hauuusi TPUMEpPOB (TIpeAnICTOPUM, (GUKCUPOBAHHOTO OIBITA), Ha
OCHOBAHUU KOTOPBIX TPOU3BOAUTCS oOyueHue HeWpOHHBIX cereil. [lpu
BBITIOJITHEHUU ITUX YCJIOBUH CKOPOCTh CO3JAHUSA 3KCIEPTHBIX CHUCTEM
BO3pacTaeT B /IeCATKH pa3, U COOTBETCTBEHHO CHUXXAeTCSI UX CTOUMOCTb.

[MpakTnuecku Bt MeIUIIMHCKAs U ODronornyeckasl Hayka COCTOUT UMEHHO U3
3ala4, OTHOCAIIMXCS KO BTOPOW rpymne, U B OOMbBUMHCTBE 3TUX 3ajay
[0CTaTOUHO Jierko HabpaTe HeoOxogMMOe KOMMYECTBO TPUMEPOB  [JJist
BBITIOJIHEHUST ~ BTOPOTO YCTIOBHSL. 9T1o 3a/aun JUarHOCTHKH,
muddepeHanbHON JMarHOCTHKA, TIPOTHO3UPOBAHUs, BbIOOpa CTpaTeruu u
TAaKTUKU JIeueHus: U Ap. MeJuLMHCKUe 3a/jaud MMPAKTUYeCKH BCErjja UMEHT
HECKOJIBKO  CrocoOOB  pemeHUss W "HEUeTKUH"  Xapakrep OTBeTa,
COBIMAIA0IMH CO cTOcOO0OM BhIflauu pe3y/ibTaTa HeHPOHHBIMU CETSIMH.

Pa3paboTka MaTeMaTM4YeCKUX METOAO0B PELIeHHsT MeAMKO-O0HOMoriuecKux
33/la4 BEJIETCS y)Ke He OfiHY COTHIO JIeT. YUeHbIMU TIPe/JI0’KeHO OTPOMHOe
KOTMYeCTBO CrocoDOB NMpOBepKU TUIIOTe3 M MPOAYKLUHU BHIBOJOB. B 60-e
rogbl Obi  pa3paboTaHbl MeTOABl aHaMW3a, TMOAYYHBIME HEKOTOpoe
pacripocTpaHeHHWe W BbI3BaBIIME BOJIHY Nybsnukanuii. OOIMM mpU3HaKOM,
00BeAUHSAIONMM WX, SABISETCS HA/JIWUUE SBHBIX aJTOPUTMOB TIPUHATHSA
pemieHui. "[IlMarHOCTMYECKHUI aJTOPUTM BK/IKOYAaeT B Ce0si COBOKYIHOCTh
TpaBuJI, OTpeessOIMX MOPSAAOK epepaboTku MeJULIMHCKOW WHGOpMaluu
C 1enpl0 TMOoCTaHOBKMA pauarHo3a” [5.1]. HecmoTps Ha To, uto Haubomee
TOMYSIPHbIE METOAbI 0 CUX TMOP aKTUBHO UCMOMB3YIOTCA B TEOPETHUeCKOU
buoorMK U MeAUIUHE, B KTMHUUECKOW TTPAKTHKe OHW HE HallUTA HMPOKOTO
NMpUMeHeHUsi, JTO CBs3aHO, BO-MEPBLIX, C TeM, UYTO METOJbI,
OpHUEeHTHPOBaHHLIEe Ha 00pabOTKy rPyNMOBBIX AaHHBIX, C1a00 MPUMEHUMBI K
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OoTAenbHBIM 00BeKTaM, a BO-BTOPBIX, C OCOOEHHOCTSAMH CaMOW MeAHKO-
duonornueckoit uadopmariuu. PemeHusi B MeMIIMHCKUX U OMOMOTHUECKUX
3ajja4ax 3aBUCAT OT OOMBILIOTO KOTMUYECTBA HEOAMHAKOBBIX M0 3HAYMMOCTH
dakropor. [losTomy, make ecau yaaeTcss BBICTPOUTH TMpaBUJIa BBLIBOJA,
CBSI3BIBAIOIIME YCJIOBUS 33/laui C PelleHueM, MEeTO[, KaK MMPABUJI0, XOPOIIOo
paboTaeT TO/NBKO Ha TOW rpymnre 00OBEKTOB, Ha KOTOPOW TPOM3BOAUIUCH
uccnenopanusi.  EcTecTBeHHO, C037aTb  YHUBEpPCaAbHBIA  QJTOPUTM
HEBO3MO>KHO, ¥ MTPU UCTI0/Ib30BAHUU METOAA /ISl IPYTOi 1of006HO0M TPk
00BEKTOB €ro MOUTH BCEra TPUXOJUTCS MOJHOCTBI MEPeKOHCTPYHMPOBATh
MpaKTUUeCKH 3aHOBO.

MHoroneTHue WMCCAeA0BaHMs, TMPOBOAWMBIE C CAMBIMH pa3TUUYHBIMH
SBHBIMM a/TOPUTMaMM, TOKa3aJd, YTO MEJUIIMHCKHE 3a7iaud, WMEIOIHe
HeABHBIA XapakTep, PpelAlTCsS SBHBIMH MeTOJaMH C TOYHOCTBIO W
yno6CcTBOM, COBEpIIEHHO HEeA0CTAaTOYHBIMHU [Jis IHMPOKOTO TPAaKTUUYeCKOT0
MCIT0/Ib30BaHUsI B KOHKPETHBIX 3a/jauax AMArHOCTUKH, MMPOTHO3UPOBAHUS U
NpUHATUS perteHui [5.2].

[Tonckn U “3ydyeHUe HEeABHBIX AJTOPUTMOB, MO3BOJANMIMX aBTOMATHYECKU
HaKalIMBaTb W 3aTeM MCIO0/b30BaTh OMNBIT 1pu  obOyueHuu [5.3],
npopo/karoTcst yke 6omee 100 mer [5.4]. OpHako mepebie Cepre3HbIe
MOMBITKA CO3J@aHUSI HEHPOHHBIX ceTeit Oblmu caenansl B 40-50-Xx rogax,
korja Y.Makkanox u Y.JIMTTC BHIABUHYIM OCHOBHBIE TOJJ0XKEHUS TEOPHUU
paboTsl roioBHOTO Mo3ra. C nosiB/ieHHeM JelieBbiX D BM Mpou301iies pe3kdii
CKauoK B 3TOM obsactu, koTtopas B Haudane 80-x rogoB chopmupoBanack B
11eJIyI0 HayKy - HelipouHpopmaTuky [5.5, 5.6, 5.7].

HesiBHbIe 3afjauu MeAUIIMHBI U OMOJIOTUU SIBUUCH U/I€ATbHBIM TI0JIEM [I7Ist
NpUMEHEeHUs HeHpPOCeTeBbIX TEXHOJIOTWM, U HMMEHHO B 3TOW obnactu
HabmogaeTcs Haubosiee APKUAU MPaKTUUYeCKUU ycriex
HelpouHGMOPMalIMOHHBIX METO/IOB.

PaCCMOTpHM HEeCKOILKO Hanbomee HHTEepPeCHBIX HEi:IpOCETEB]:IX l'IpI/IJ'IO)KEHI/Ii:I
AJIs 6uonoruu u MeJULIMHBI, CO30dHHBIX Pd3JIMUHBIMH aBTOPAMH H
MKOJIaMH.

Haubonbumii MHTEpec A PaKTUYeCcKoro 3/JpaBOOXpPaHeHUs TPeCTaBIsiOT
CUCTEeMBI 11 JUArHOCTUKW U  auddepeHIIUanbHON  AUArHOCTUKH
3abonepanuii. Ilpu 3TOM A1 IPUHSATUSA PELIEHUN MOTYT HMCIOMB30BaThCA
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CdMEIe paBHOOﬁpEBHBIE JaHHbIe - dHdMHE3, KIMHAYeCKU I OCMOTp
(CO3,H|EII-OTC$I JKCIIepTHbIe CUCTEMBI [OWUATHOCTHKH, OrpaHUYHMBAKOIIHMeCHa
TOJIBKO 3THM HaﬁOpOM [ﬁ]), pe3ynbTaThl naﬁopaToprlx TECTOB M CIOXXHBIX
ClJYHKLLI/IOHaI[BHbIX METOAO0B. Cnucok obmacreit MeJULHHBI, B KOTOPBIX
Haud/I¥ TIpUMEHATBCA HOBbIe TEeXHOJIOTHH, '-IPEBB]:I‘-IEIFIHO OGIJIHPEH H
MMpoaoJ/IKaeT pacTH.

Opuum 13 Haubosee MHTEHCUBHO DPA3BUBAeMbIX HAMPAaB/IeHUUN SBJISETCS
NpUMeHeHue HelipoceTeill B KapuOJI0THH.

B Urtanuu pa3paboraHa upe3BbIUaiiHO MHTEpPeCHAas IKCIIepTHAas CUCTeMa AJis
OUAarHOCTUKA W JleyeHUs aprepuansHod runeprtoHun [5.9]. Cucrema
BK/IIOUaeT B ceDsS TP HeWpPOCeTEeBBIX MOAYIS, TPUYEM OTBEThI OJHUX
ABJIIFOTCA BXOQHBIMM [aHHBIMU [ [pyrux. B Hauane wucciegoBaHus
OONMBHOMY TMPOBOAAT W3MepeHHe CHUCTOJIMUEeCKOTO U IUaCTOTUYeCKOro
[aBJIeHUs KaXK[ble [ojiuaca B TedyeHUe CYTOK. JlaHHBIe 3a KaKAblil dac
ycpeaustoTcsa. Takum obOpasom, obpasyercsi mMaccuB u3 48 BeluuuH
apTepuaabHOrO AaBjeHus (1Mo 24 /i CUCTOANUeCKOr0 U AMaCTOMNUYeCKOro).
[Tocne 3TOro MepBLIA MOAYIb, COCTOSIIMI U3 ABYX TPEXC/IOMHBIX HeHpPOCeTeH
(B Ka)KZI0W U3 KOTOPBIX 2 BXOAHBIX, 4 "CKPBITHIX' U 24 BBIXOJHBIX HEHPOHA),
Ha OCHOBAaHWM [IJaHHBIX O TOJie W BO3pacTe OOMBHOrO pacCUUTHIBAET
aHasoruyHble "JO/MKHbIE" Be/MUMHBI U CPaBHUBAKOT MX C pealbHLIMM.
[MapannensHO BTOPOUM MOAY/Ib (ABYXCIOWHast HelipoceThb ¢ 17 BXOAHBIMU U 4
BBIXOAHBIMM  HelpoHamMH) Ha OCHOBAaHUM  KIMHUUECKUX  JAHHBIX
(cumniToMaTHKa, AaHaMHe3) PpacCUUTLIBAeT  BO3MOXKHbIe  COUeTaHUSA
TUTIOTeH3UBHBIX  JIGKADCTBEHHBIX  CPeACTB, KOTOpPbIe  MOTYT  OBITb
WCIIOJIb30BAHLl I JleueHUs [JaHHOTrO OoneHOTO. [laHHBIE, CHSITBIE C
BBIXOZI0B 000MX MOAy/eld, BMeCTe ¢ KIMHUYECKUMHU [JaHHBIMHU TMOAAITCS Ha
BXOJ| TIOC/Ie[IHero, TpeThero mMoays ( 6 -cyioiiHas HelpoceTh). DTOT MOJYIb
onepupyer 4 TrpyIlnaMyd TUNOTEH3UBHBIX [penapaTtoB (AUypPeTHKH,
OeTaagpeH06/10KaTOPHI, UHTUOUTOPEI aHTMOTeH3UHa, BoKaTopel
KaJbI[MeBBLIX KaHanoB). Llenb - Ha3HaUMThb CYTOUHBIN (MTOYaCOBOW) rpadmk
npuema OOTBHBIM JIEKAPCTB KaXKAoH (eciu Tpebyercst) u3 4 rpynm. [Tostomy
3TOT MOAYTbL MMeeT 96 BBIXOAHBIX HEMPOHOB ( 4 mpemapata x 24 uaca). C
Ka)X/IOTO BBIXOZHOTO HeHpOHa CHUMAeTCsl 71032, COOTBETCTBYHOLIAsS OZHOMY
rperapaTy, Ha3HayaeMOMYy Ha [aHHBIH uac CyTOK. ECTecTBeHHO, uTO B
peasibHOM CUTYaluy OOMBUIMHCTBO BBIXOAHBIX [JaHHBIX PABHBI HYIO. Takum
obpa3oMm, co3gaeTcsi ONTUMaAbHAas [JIsi TIalfMeHTa CXema JIeueHus

TMIMepTOHUHA. H}OKHO OTMETHUTb, 4YTO CHCTEeMa Y4YHMTBIBAET HEKOTOPbIe
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ocobeHHOCTH rnpyuemMa IIpelriapaToB GOHIJHI:IMI/I, HaIllpyuMep, 34aTpyojHeHHue
MnmpHeMa IMpernapaToB HOYBHD (HaBHEl‘-IElET HOYHOH IpreM TOJIBKO B KpaﬁHHX
CJ'[}"-IEIH_X), 3dllpeT Ha Ha3HAYeHHe MOYETrOHHBIX JIEKAPCTB HAd HOYb.

OT/IUUUTEILHOW YepTOl CHUCTEeMBI SIBJSIETCA BO3MOXKHOCTE T10JIb30BATesis
(Bpaua) mepefiaBaTe HeMPOHHOW CETH CBOU OMBIT. [I7s1 3TOTO CO3JaTENSIMU
MporpamMmel MPeJyCMOTPEeH CreluanbHbelil O/I0K, KOTOpBIM BBIBOAUT Ha
9KpaH KOMIbIOTepa CYTOUHble KpHBbI€ apTepPUaJbHOrO [aB/eHUd W
npejjaraerT Bpauyy BBeCTM B KOMIBIOTEp CYTOUYHYH) CXeMmy [ipuema
TUMOTEH3UBHBIX TIPErnapaToB B HeoOXOQUMBIX, TI0 €ro MHEHHI, [103ax.
BBenennsblii mpumep nomemiaercss B 0a3sy gaHHBIX. B m0boe BpeMss MOXKHO
WHUIMUPOBATh JOYYMBAHUE HEIPOHHBIX CeTell C HOBBIMH TPUMEPaMH.

B ogHoit 13 paboT mMpUBOAWUTCA METO[ BBISIBJIEHWUS aTePOCKIePOTHUYECKHX
Onsmek B aprepusx [5.10]. Jlng 3Toro mnpuUMeHSIeTCS HEWpPOCeTh,
WUHTEPIpeTUpyw@as (Uil0OpeciieHTHbIe  CIeKTPhbl, TMOJiydyaeMble TpPU
UCCIeJOBaHUM TKaHeH C MOMOIIBIO Jla3epa.

AHanoruuHbiM ~ 00pa3oM  TPOBOAMTCS ~ AMArHOCTMKA  3abosieBaHuii
nepudepudeckux cocygos [5.11], Hanpumep, onpegeneHue GopM apTepuuUTa
[5.12].

[TpoBOAMTCS KOMIJIEKC MCCIeIOBAHUM T10 UCMIOTL30BAHUIO HellpoceTel Ajis
MUArHOCTMKA WHbapkra Muokapaa [5.13,5.14,5.15]. ABTOp TNPUBOAUT
laHHble 1Mo uyBCTBUTeNbHOCTH ( 77, 7% ) u cneguduunoctu ( 97,2% )
HelipoceTteBoro Tecta. B pabore [5.16], Kpome TOro, C MOMOIIILI0 HEHPOHHOU
CeTW  YCTAaHABIMBAJIM  [JUATHOCTUUECKYH)  3HAUUMOCTh  KIMHUYECKUX
rapamMeTpoOB TPU JUarHOCTUKe WH(apKTa MUOKapa.

HelipoceTeBo#l aHa/M3 aKyCTUUECKMX CHUTHAIOB TMO3BOJISIET TPOBOAMTH
OUAarHoCTUKy KIalmaHHbIX I1IyMOB  cepaua [5.17], u  oueHuBarthb
CUCTO/IMYECKYH) M [AMACTONMYecKylo as3bl Cep/eyHoro COKpalleHHs C
MOCTaHOBKOM MpeIBapUTebHOr0 AuarHo3a [5.18].

HelipoceTu MCHonB3ylOTCA TepanmeBTaMM [jisi AUArHOCTHKU 3abosieBaHuit
TeueHu 1o j1abopaTOPHBIM IAHHBIM UCC/IeA0BaHusl QyHKI[UM neueHu [5.19];
auddepeHManTEHON AMArHOCTUKY 3a0oeBaHui meyeHu [5.20] 1 >kemT4HOTO
ny3eips o Y3U [5.21].

HeiiponporpaMmsbl MOTYT C ycrexoMm paboTarb ¢ MeAUIIUHCKUMU [aHHBIMHU,
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OTHOCAIIIMMHUCS K Cyﬁ'bEKTI/IBHBIM KaTeropusaM, HdIIpUMep, B IICHXWMATPHH
[ﬁ] OL[EHKEI C}IGBEKTI/IBHBIX JddHHBIX OdeT BO3MOXXHOCTb pPdCIIO3HABAHHA
MCHXHYECKUX CHMIITOMOB H [JHWATHOCTHKHM KW H3YUEHHMA HEKOTOPBIX
MCHXHATPUUECKHUX CUMIITOMOKOMIIJIEKCOB.

AKTyanbHasi mpobsieMa AMarHOCTUKHU 3710KaueCTBEeHHbIX HOBOOOpa3oBaHU,
BO3MOJXXHO, TIOJIYUUT HOBBII YPOBEHb OCMBIC/IEHUS] C HAuajOM MPUMEHEeHUs
Helipoanroput™oB. Tak, B pabore [5.23] moka3aHa 8 0% -1 TOUHOCTb paHHeH
JUArHOCTUKA ME/MaHOM KOXHM - OJHOTO M3 CaMBIX 3/10KAYeCTBEHHBIX
3aboneBaHui.

OgHUM U3 Cepbe3HBIX HArpaB/IeHUN TIPUMEHEeHUs HEeUPOHHBIX CeTel
ABJISIETCSI UHTEpIpeTalus MeJULMHCKUX JaHHbIX. B mocaepgnue roabl ujer
OypHOe pa3BUTHe HOBBIX CPEeACTB [AMAarHOCTUKA U JieueHus. [lpu 3ToMm
HabmogaeTcs "BTopass Bo/iHA" M3y4eHUS UM MCIIOJ/Ib30BAHUS JIDEBHUX,
CTapUHHBIX METOZOB, W, HA00OPOT, MPUMEHEeHHe TIOCAeJHUX TeXHUUYECKUX
HoBulecTB. Hepegko u Te W fApyrde MeTOAbl MPU  MCIIOJL30BAHUU
MpeAoCTABSOT Bpady MAacCy CaMblX pa3HooOpa3HbIX AaHHBIX. [lpu 3ToMm
BCcTaeT mpobsema WX rpaMOTHOW W KOPPeKTHOM WHTepripeTanuu. [Touck
DIyOMHHBIX ~ 3aKOHOMEDHOCTEeH  MeXZAy I0JydaeMbIMU  JAHHBIMU |
MaToJIOTMYeCKUMHU TIPOLjeCCaMM HAuWHaeT OTCTaBaTh OT pa3paboTku Bce
HOBBIX U HOBBIX METO/IOB, TTO3TOMY ITPUMEHEHUe ISl 3TOU LieJId HellpoceTei
MO>KeT OKa3aTbCs YPe3BLIYANTHO BHITOSHBIM.

B ogHO# 13 CTApUHHBIX METOAMK JUAarHOCTUKYU T10 MYILCY UCTIONB3YIOTCS 14
XapaKTepPUCTUK MY/IbCa, U3MepseMbIX C HeCKOIbKUX ToueK. Pacrno3HaBaHue u
WHTepIpeTalyus JaHHBIX TpeOyeT OrpoOMHOro OmbiTa Bpaya, NMpaKTHYeCKd
HEBO3MOXXHOTO B COBPEMEeHHBIX ycaoBusax. HelipoceTs Oblia mpuMeHeHa Jjis
"y3koi" AMArHOCTUKM TOMBKO IO OAHOW W3 Touek [5.24], mo3BosstOIen
OlLleHUBaTh COCTOSIHUE /1eBOW Mouku. [IynbC CUMTHIBAETCS CrieliMaTbHBIM
JATUMKOM, COBMelIeHHBIM ¢ MUKpodoHoM. IlonyueHHass mynbcoBasi KpUBasi
(churmorpamma) mepenaercs B KoMObOTep.  Brawane  mporpamma
aHA/IM3UPYyeT HeCKOIBKO MYILCOBBIX BOJIH U BBICTPAUBAET ''Cpe/IHI0I0" BOJIHY.
[Tocne 3TOoro mo 5 TOYKaM 3TOM BOJIHBI HEHPOHHAs CeTb OL|€eHUBAeT
COCTOSIHUE JIeBO TIOUKH.

Knaccuueckolt mnpobnemolt B KapAMOAOTUM SBMASETCA HHTEpPHpeTanus
3/IeKTpoKapauorpamM,  Tpelyioljasi  3HAUMTE/NBHOTO  OMbITAa  Bpaua.
CotpynHuku YHuBepcuterta ['nasro (BenukoOpuTtanus) BeyT UCC/IeJOBaHUS
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110 IPUMEHEeHUI0 HellpoceTell ajig 3KI' -AMarHOCTUKU UH(APKTOB MHUOKapa
[5.25]. BxogHBIMU [AHHBIMU /I CETel SB/SIOTCS W30paHHbIE TapaMeTpPbl
12 -KaHaTbHOU 3JIEKTPOKAp AU OTrPaMMbl “u 12 -KaHaTbHOU
BEKTOPKapAUOTpaMMbl (ATHHBI 3yOI[OB, pacCTossHUSA MexAy 3ydramn).
UccnepoBarenn oOyurd OrpOMHOE KOJIMYeCTBO Helipoceredt ( 167 cerert
[JIs IMaTHOCTUKY WH(apKTa MUOKap/a repefHel CTeHKUM U 139 ceTell ajd
uH(bapKTa HWKHeH  CTeHKM) Ha  MacCuBe  JaHHbBIX U3 360
snekTpokapauorpaMMm. OOyueHHBIE CeTHM 3aTeM TEeCTUPOBANU OTAE/IbHYH
BBIOOPKY C 3apaHee M3BeCTHbIMHU OTBeTaM ( 4 93 ciyuass). OfHOBpEeMeHHO
[71s1 TIONy4eHUs OTAEeMbHOM CepuM OTBETOB Ha TeCTHUPYeMOUl BbIOOpKe ObIn
UCII0/b30BaH JIOTUUECKU MeTof (C 3apaHee 3aJJaHHLIM aArOPUTMOM). 3aTeM
CPAaBHUBAIUCH Pe3yIbTaThl TECTUPOBAHUS BBIOOPKH JIYUIIMMU HEHpPOCEeTSIMH
U C TIOMOLBK JIOTHUeCKoro anroputma. CpaBHeHHe MOKas3aja0, uTO BO
MHOTUX C/Tyuasix YyBCTBUTEIBLHOCTb U CIIeLIU(UYHOCTE HEUPOCETeBOTO TecTa
OKa3a/IMCh BBIIIE, YeM Y JIOTHYeCKOT0 MeToja. ABTOpHI [JefarT
CTpaBe[/IMBBLIN BBIBOA, YTO B CAydasiX, KOTAA JIOTUYECKUAH aJrOpUTM
pellleHus 3aJaud BCe-TaKh MOXKHO BBICTPOUTH, PA3yMHO KOMOMHUPOBATH B
JKCMePTHBIX CHCTeMax 00a rmoaxoza.

WuTtepnperanius 2KI' ¢ momoupr HelpoceTedl 0Oblia mpuMeHeHa Ajid
OUarHOCTUKA  3/10KAYeCTBEHHBIX  JKeMyNOYKOBBIX  apuTMuil  [5.26].
TpexcnoiiHas cethb ¢ 230 BXOAHBIMA CHHaricamMu Obljia obyueHa Ha 190
naiueHToB ( 114 C XpOHUYECKOW Cep/leuHOM HeA0CTaTOUYHOCTBI0 U 34 C
OUATALMOHHONW MHOKapjAuomnaTthei) pa3nuuats Hanuuue (y 71 marueHTa)
u otcyrctBre (y 119 maiueHTOR) KeyIOYKOBOM TaXMKapAuu. Pe3ynsrarsl
TEeCTUPOBAHUS CPaBHUBAJIMCL C JIOTUYECKHM METOAOM HHTEpIpeTalnuu
nanHbix, [lokasaHo, uTO HedpocereBoid TecT obOnagaetr Oonbiei
YYBCTBUTENBHOCTBLIO ( 73 % Mo cpaBHeHUK ¢ 70 [/ TOTMUECKOTO MeTofia) U
crieriu UYHOCTBIO ( 83 1 59% ).

WutepecHas pabora onuckiBaeT MOJeIMpPOBaHUe MPUMeHeHUsl HelipoceTeii
ansi paboTel  3MEKTPOKapAUOCTUMYISTOPOB (MCKYCCTBEHHBIX BOAUTENeH
putma) [5.27]. Brimyckaembie 3a pyDeKOM 37€KTPOKapAUOCTUMY/ISTOPHI
3a/lal0T PUTM He JKeCTKO, a B 3aBUCHUMOCTH OT HMCXOJHOTO pHUTMa,
reHepUpyeMOro CHHYCOBBIM y3/I0M cepAiuia. Hampumep, eciv CHHYCOBBIH
y3es1 MpU Kakoi-1ub0 MaToJIOTMU TeHepupyeT HeJOCTaTOUHOe KOIMUeCTBO
UMITYILCOB, BOAWUTENb PUTMAa KOMIEHCHpPyeT puTtMm. Takum obpasom,
3MEeKTPOKapAUOCTUMYISTOP  TpeAcTaBiasieT  coboil  cucremy  BXOf-
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>mnipeobpa3oBaHue->BBIXOf, [ BXOAOM SIBJISETCS PUTM CHUHYCOBOTO y37a,
BBIXOZIOM -  COOCTBEHHBIM PUTM  3MEKTPOKApAMOCTUMYIATOpPa, a
npeobpa3oBaHue OCYLECTB/ISETCS MO 3aJaHHOMY JIOTHYECKOMY aJrOPUTMY.
ABTOpBI CMOZIESTUPOBA/IUA 3aMEeHY JIOTUUeCKOro mpeodpa3oBaressi HeHPOHHOU
CeThl0, TaK KAK B3aUMOOTHOIIEHUS MEXJy TreHepalueil HMIYIbCOB B
CUHYCOBOM Yy37e U TpeOyeMBIM PUTMOM He JTHHEWHbI U TMPUMEHsSeMble
anropuUTMBI Ha TIpakTUKe He Bceraa s¢dexTuBHbl. HelipoceTs, oOyueHnHas Ha
277 300POBBIX JIIOASX B CUTYallUsiX C Pa3TWYHOM (PU3MUECKOW HAarpy3kou,
MoKa3zajia ropasjo JIyUlllyl0 CocoOHOCTh 3aflaBaTh PUTM, YeM JIOTHUECKU
aNropUTM, MPUMEHSIOIIMHCS B 3eKTPOKapAUOCTUMYISITOPE.

OpHOW W3 caMbIX C/IOXKHBIX 3ajiad [/ HeWpoceTeil B MPaKTHUeCKOU
MeauliuHe siBisieTcss 00paboTka W pacrio3HaBaHUe CJIOKHBIX 00pa3soB,
Harpumep peHTreHorpamMm. B pabore [5.28] omuchiBaercs SKCmepTHas
CUCTeMa WHTEpIpeTaluyd pPEeHTreHOrpaMM TPYOu Y HOBOPOXKAEHHBIX C
BbIOOpPOM OfIHOTO U O0JIee JUarHo30B U3 1 2.

Co3maHel  HeHpOCeTeBble JKCMEPTHbIE CUCTEMBl [ KiacCu(UKaiuu
OMyXoJieil MOJIOUHOM KeJe3sl (onpejeneHusi, J0OpoKaueCTBeHHasi OMYXO/b,
WU 3/10Ka4eCTBEHHAst) 110 JaHHBIM MamMmorpaduu (CKaHOrpaMMa MOJIOUHOM
xene3nl) [5.29]. Ilo gaHHBIM, KOTOPBIe MPUBOAAT AaBTOPBI, TOUHOCTb TAKOTO
BBIBOJA [0 TIPUMEHEHUsI HelpoceTH cocTaBissia He Oomee 75%. Ilpm
TeCTUPOBAHUU CUCTEMbI, HEHPOCeTh, AaHAIM3UPYIOIIAS. CKAHOTPaMMY, JlaBasa
npaBuabHBIN OTBeT B 100% ciyuaes. [Ipu TectupoBanuu wu3obpaxkeHue,
rojyuaemMoe B pesyibTaTe MeTofa, NMpeJCTaB/isgeTCs B BH/le MaTPULIbl TOUEK
pasmepoM 1024x1024 nukcena ¢ 10 -OMTOBOW WIKanol SPKOCTH.
W3ob6paxkenue mojaeTcsi Ha HeWPOCeTb, HUMEKIIY0 2 BXOAHBIX, 80
"CKpBITBIX' W 2 BBIXOJHBIX HeiipoHa. [Ipy 3TOM OAMH W3 BBIXOAHBIX
HelipoHOB "oTBewaeT" 3a [JOOpOKaueCTBEHHYIO OMNyX0Jib, JAPYroW 3a
3/10Ka4eCTBeHHYK. JluarHo3 ompejensieTcsi B 3aBUCUMOCTH OT BBIXOJHOTO
HelipoHa, BeIZABIIEr0 OonbIMA 1O BenuuuHe OTBeT. CTO/b BBICOKUM
MpPOLIeHT TPAaBUJILHOCTU  PAclO3HAaBaHWS, BO3MOXHO, CIy4aeH, W
00BSICHSIETCA HEJAOCTATOYHBIM KOJIMUECTBOM MPUMEPOB, UCIOJ/Ib30BABILMXCS
npu obyueHuu U TecTUpoBaHuW Heipocetu (o 10 mpumepor). OpHako
IaKe MpPU Takol Manou oOyuaroiied BbIDOpKE HEWpPOCeTh BbIUTPLIBANA T10
CPaBHEHUIO C TPAJULIMOHHBIM METOZOM UHTEPIpeTallui CKAHOTPAMMEL.

Heckonbko paboT mocBsmieHbl HelpoceTeBoil o0paboTke abopaTOpHBIX
aHanu30B U TecToB. [IpUBOAUTCS HeWPOCETeBOM MeTOJ] WHTEeprpeTaljuu
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nabopaTopHBIX JaHHBIX OMoxuMHueckoro aHanu3a kpoeu [5.30]. B pabore
MOKa3aHbl MPeUMYIeCTBa HeMPOHHBIX CeTell B CPaBHEHUU C JUHEHHBIM
JUCKPDMMUHAHTHBIM aHaaM30M, KOTOPHIM mapasnensHo obpabaTbiBannch
JaHHbIe.

Ocoboe wmecTo cpeiu HEWUPOCETEBBIX SKCIEPTHBIX CHUCTEM 3aHUMAKOT
MPOrHOCTUUYECKH e Mofesu, TIpUMeHsieMble, Harnpumep, ons
MPOTHO3UPOBAHUS UCXOJ0B 3a00/1eBaHuUi.

B 1990 ronmy amepukaHckas ¢duvpma " Anaun Menukn Cucrems HWHK."
yCTaHOBU/IA B PEaHHWMALMOHHOM OTZAe/JeHWU OfHOW u3 OonbHUIL] 1ITaTa
MuuuraH 3KCHepTHyw cuctemy " Amaum - IIT " [5.31]. Ee nens -
MPOTHO3UPOBaHUe UCXo/a 3a00eBaHus Y O0MBHBIX, HAXOAANIMXCS B TSHKEI0M
coctosiHUU. [Iid TPOTHO3a B KOMMBIOTED Heobxogumo BBecTH 27
napamMeTpoB OOBHOrO: MEPBUYHBIN [UArHO3, CUMIITOMEI, CTENIeHb YTPAaThI
co3HaHus, Hamuuue unu orcyrcreue CIIU] u apyrux 3aboneBanuii. IToce
JTOr0 CHCTEMa BhIJlaeT BEPOSATHOCTb BEDKUBAHUS OOIBHOTO B JjMana3oHe OT
0 mo 100 mpoueHTOB. LleHHOCTb MPUMEHEeHHsI CHCTEMBbI 3aK/IHOUAeTCS B TOM,
UTO OHA TI03BOJISIET OUeHb OBLICTPO OLEHUTh [AUHAMHUKY HW3MEHeHUs
cocTosinusi O0MBHOTO, He3aMeTHY0 "Ha mia3". Hampumep, MOXXKHO TIOJIyUUTh
OTBET Y CUCTEMBI [J0 U MOC/ie BBeeHUs KAKOTO-T100 /IeKapCTBa, ¥, CDAaBHUB
OTBeTHI, MOCMOTpeTh, Oymer nu Habmogatscsa 3ddext oT Tepanuu. be3s
MpOrpamMMmel >Ke W3MeHeHHWe COCTOSIHWS WHOI[A He yaaeTcss 0OHAapyKUTh B
TeueHUe HeCKobKux AHeil. TecTupoBaHue moka3ano, uTo 95% TIPOTHO30B,
KOTOpBIe JleflaeT MporpaMma, COBIBAKOTCS C TOYHOCTBHO 10 3%, 4UTO
3HAUUTENBHO TOUYHee, YeM y aydyumx Bpaudeii. HeoOxogumo OTMETUTB, UTO
cuctemMa Obizia oOyueHa Ha JAHHBIX, B3AThIX U3 UCTOpUM Oonesneir 17448
MalueHToB, JeunBnmxcs B 4 0 GonpHMIlax mwrata B 1989 rogy. OueBupgHo,
uTO eC/Ii KauecTBO PaboTbl cucTembl 0bOecrieurMBaeTcss TakuM OOMBLIAM
obvemMom BBIOOPKH, BO3MOKHOCTH TEPEeHACTPOMKU CUCTeMbl He CJIULIKOM
Be/uKU. Mpeonorus aBTOpPOB, CO3[ABIIUX 3Ty CUCTEMY, 3aK/IHYAeTCS B Kak
MO>KHO 0O0J/IbIIIeM OXBaTe pa3lTUUHBIX TPUMEPOB M BApUAHTOB (COOpP maHHBIX
B 40 OonpHUIAX), @ HE B BO3MOXXHOCTH WH/UBUJYaTU3aAL[UA CUCTEMBI K
KOHKpeTHOW wiuHuKe. [losTomMy [fgaHHass cucrema He crnocobHa K
MOAYyYUBAHUIO B Mpoijecce paboThl, OMBIT "3alMT" B HEe JKeCTKD. ITO MOXKET
OBITH CYIIIECTBEHHBIM HE/JOCTAaTKOM TPHU YCTaHOBKE MPOTPAMMBI B PErHOHBI,
PE3K0 OT/IMYAIOIIMEeCs M0 COLUaTbHO-reorpaduuecKuM yCIOBUSM OT TeX, Ije
npoeoguiock obyueHue. Kpome TOro, orpoMHbIii MacCUB TIPUMEPOB Ajis

OG}"—IEHHF[ MOBLIIAET CTOMUMOCTD ITPOTPAMMBI.
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[MporHocTUueckre HeWpoOCeTeBbIe MOZENIM MOTYT HUCIO/b30BaThCS B
nemorpadmMu ¥ oOpraHu3auuu  3apaBooxpaHeHus. Co3gaHa JKcrepTHas
CHACTeMa, MpeJCKa3blBaKL@sa, YMpPeT /M 4YejoBeK (B Bo3pacTe 55 qeT U
crapuie) B 6mkaiiume 10 set. [IporHo3 genaeTcs 1o pe3yibraTaM OTBETOB
Ha 18 BOMNpOCOB aHKeThl. B aHKeTy BK/IIOUEHBl Takue BOIMPOCHI, KaK paca,
Mo, BO3pacT, BpeJHble TPHUBBIUKH, CeMeiHOe TOJIOKeHHe, CeMelHbI
aoxod. 4 U3 18 BONPOCOB BBISIBAAKT UHAEKC Macchl Tena ( body mass
index ) B pa3Id4HBIe [EepUOAbl JKW3HU pecnoHgeHTa. HHAekc
PacCUMTHIBAETCS KaK OTHOIIEHHE Beca K KBajpaTy pocTta (MHgekc Oosee 27
KI/M CuHMTaeTcsl TYUHOCTBH). [loBEIIIEHHOE BHUMaHue K 3TOMY [10Ka3aTesl
TOBOPHUT O €ro 3HAUMMOCTH [iJ1s1 TIPOTHO3a XKU3HH.

PaspuTue HEﬁpOCETEBBIX MeTOAOB [OddeT BO3MOMXHOCTB HMX MCIIOJ/Ib30BAHHA
KdK HHCTPYMEHTAa HAYUHBIX I/ICCJ’IEr[[OBElHHi:I, C MOMOIIBKD KOTOPOI0 MOXKHO
H3y4ydThb 00BLeKTHI U ABJICHUA.

Cyas 1o J/MTepaTypHbIM [JaHHBIM, HMMEHHO OHO/JOTHUYEeCKHe HaydHbIe
UCCIeJOBaHUs fBJSAIOTCA Haubosee pa3sBUBaeMOM 00/1aCTbI0 TPUMEHEHUS
Heripoceteir [5.32]. B mocnegHee Bpemsi Ouosord, 3HaKOMbIE C
UCCnejOBaHUsAMU B 00/1aCTH HeMPOWH(OPMATUKKU, TIPUXOIAT K BBIBOAY, UTO
MHOTHE CUCTEMBI B JKUBBIX OPraHMW3Max paboTaroT 1o MPUHIIUIAM, CXOAHBIM
C aJropuTMaMM HEWPOHHBIX ceTedl (MMM HaoOOPOT, HEHPOHHBLIE CETH
paboratoT 1o mpuHUUNy 6uocucrem). Takum obOpa3om, MOKHO HabIHOAATH
"B3aMMHOe CTHMYIMpOBaHMe"' HayuyHbIX pas3paboTok B Ouomoruu u
HelipouHdopmaruke. B pabore [5.33] 3HJOKpUHHAas CUCTEMa ue/0OBeKa
paccMaTpUBaeTCsl Kak HeWpoHHas ceTb M3 30 23/71eMEHTOB, KOTOpbIe
Npe/CTaBAeHbl Pa3TUUYHBIMU TOPMOHAMH, B3aUMOAEWCTBYIOLUMMU [IPYT C
PYroM C MOMOIIBI0 TIPSIMBIX U 0OpaTHBIX CBsizeil. [loxoXkue uccieoBaHus
MIPOBOASATCS [A/15 UMMYHHOW cucTembl [5.34].

[MpumeHeHnue HelipoceTel /s UCC/e0BaHUN B 00/1acTH Helpodu3u0I0Tuu
CTPOUTCS Ha TMOXOXKUX MPUHIUNAX (QYHKIMOHUPOBAHUS HeWpoceTed u
HEPBHBIX CTPYKTYpP JKUBBIX opraHusmoB [5.35]. C momoupio HelipoceTu
OCYIIIeCTB/IEHA TOMbBITKA MOJETUPOBaHUs TMPOCTelleil HePBHOW CUCTEMBI
[5.36].

CpenaHa TMOMBITKA TPUMEHEHUsI HeMpOCeTH MAasi K1acCU(UKAIlUU S>KUBBIX
opranusmoB [5.37]: Hepegko OuosioraM, OTKPLIBAKOIIMM HOBbIE BH/bI
opraHu3moB, TpelyeTcs ofnpefenuTb, K KakoMy BHUAYy (K1acCy, TUIY)
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OTHOCHUTCS TOT W/IH HHOHA npencrTaBUTe/b dl])'lOp]:I HIIA Cl)ElyHBI (KEIK INpaBHMI0O,
3TO KaCdeTCs MUKPOOPraHM3MOB H paCTEHHﬁ). Cucrema criocobna paﬁOTaTb
Inpu OTCYTCTBHUH HEKOTOPBIX BXOOHBIX JAdaHHBIX. 31O ABIAETCHA
CYILIeCTBEHHBIM TIPEMMYIIECTBOM, TdK KdK 4YdCTO IMPH H3YYEHHUH KHBBIX
00LeKTOB He BCerd BO3MOYXHO IMOJIYYHUTH BCHO HEOﬁXO,H'I/IMyI-O I/IHCl)OpMEl]_]HIO.

Heiipocetn ucnonb3oBaHbl /s UAEHTUUKALUU Ye/I0BeUeCKUX XPOMOCOM.
B Ouonormueckux HCCIeJOBAaHUAX, a TAaKKe B KPUMHHAIUCTHKE, YacTO
ObIBaeT HY)KHO OMpeJeNUTh, K KaKOW U3 23 UMEIOIIMXCS V uesioBeKka map
XpOMOCOM OTHOCHTCSl BbIJe/IeHHasd XpoOMOcCOMa. TOYHOCTBb CYLIeCTBYHOIMX
MeTO/I0B AocTurasia 75 - 85%. HelipoknaccudukaTop, Ha BX0J, KOTOPOTO
nogaetcss 30 TMpU3HAKOB M300pa)keHUs XPOMOCOMBI, OTpeJensieT OTBeT C
TOYHOCTHIO, MpubMKaromeiics K 100% [5.38].

AHanu3 nyO/uKaluii 0 TPUMEHEHWM HeWpPOCeTeBbIX TEeXHOJIOTMA B
Me/IUIIMHE [10KA3bIBAeT, UTO TMPAKTUUEeCKd OTCYTCTBYIOT Kakue-1ubo
METOJ0/IOTUU Pa3paboTKu HEeNpOCeTeBbIX MEAULIMHCKUX CHCTEM, O ueM
CBU/IETEIbCTBYET KAaK OTCYTCTBHE PaboT Takoro mpodmiis, TaK U OTPOMHOE
pasHoobpa3ue TMOAXOAOB K HeWpOCeTeBbIM anroputMam obyueHuss u
apPXUTEKTYpaM HeHPOHHBIX CeTeil. DTO MOATBEP)K/JAeT TO, UYTO MeJUI[UHCKas
HelipouH(}OpPMaTUKa KaK HAyKa HAXOAWUTCS €Ille, B OCHOBHOM, Ha CTaJluU
HakorieHus (hakTHUYeckoro MaTepuara.

Hy)kHO OTMETHTh, YTO BCe MEAMUIIMHCKUE TPUJIOKEHUS HEMPOHHBIX CeTel
[Jis  TIPAKTMUYeCKOTO  3[paBOOXPaHeHHsi  ([UarHOCTWKa,  JIeuyeHue,
MPOrHO3UPOBAHKWE) CO3[AaHbI 3apyOEKHBIMM aBTOPAMHU. BOJBIIMHCTBO
OTeYeCTBEHHBIX PabOT HAMpaB/ieHO HA WMCC/IeIOBAHWE CAMUX HEHUPOHHBIX
ceteii ¥ MOJEIMPOBaHHE C WX T[MOMOIIBI) HEKOTOPBIX OHOOrMUYeCKUX
npoieccos (B OCHOBHOM, QYHKLIMA HEPBHOU CHUCTEMBI).

OO6mas uepra, 00BeAMHSIOMAS TIPUBEJEHHBIE TIPUMEPBI - OTCYTCTBUE
eIUHOM YHUBEPCAJIbHON TEeXHOJOTHUU CO3/laHUSl TaKUX TMPUIOKeHHI. B
nyOnMuKyeMbIx — pa3paboTKax  UCIMOJB3YHOTCS  caMmble  pa3HooOpa3sHbie
apXUTEKTYPbl U aIrOPUTMbI (YHKIIMOHUPOBAHUS HEHPOHHBIX CeTei. IDTO
MPUBOJUT K TOMY, UTO /IS TOUTH 171 KaXKA0H 3a7a4u pa3pabaTbiBaeTcsi CBOs
coOCTBeHHast apXUTeKTypa, W UYAaCTO - YHUKAIbHBIA aarOpUTM WM
YVHUKanbHasi Moaudukanus yke cymectBytomero. C  Touku 3peHus
MpPakTUYeCKOro TMPUMEHEHMUs TakKue JKCIepTHble CHUCTeMbl MOYTH He
OT/IMUAKOTCS  OT  TPAAUIMOHHBIX TPOTPAMM  TMPUHSTUS  PELIeHUi;
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NpeJIOXKeHbl Jake MeTOAbl npeobpa3oBaHUs TPAJULIMOHHBIX IKCIEPTHBIX
cucteM B HelpocereBbie [5.39]. Ux pa3pabotka TpebOyer yuactus
CreLHuanuCcToOB M0 HeHpouHGOPMATHKe, a BO3MOXXHOCTH KOHCTPYHMPOBaHUS
MO/b30BaTe/IeM TMPaKTUUeCKd OTCYTCTBYIOT. JTO [efaeT TAaKhue CHCTEMEI
ype3BbIYAIIHO [JOPOTMMM W He OueHb YJO0OHBIMM [Jisi TIPaKTUUeCKOTro
NPUMEHEeHHUS], TI03TOMY B NMYD/JUKALIUAX aBTOPEl B OCHOBHOM CPAaBHUBAIOT
KauecTBO pabOThI HENPOCEeTEeBBIX AaNrOPUTMOB M TPAaJUIIMOHHBIX CUCTEM,
paboTaroupx Mo npaBuIaM BeIBOAA.

YTo Ke MOXKHO TIpeyIoKuTh B3amMeH? OO0 3Tom u moiligeT peub HWXe. Ha
MPOTSDKEHUH HEeCKOIBKUX JIeT KpaCHOApCKas HayuHas rpynmna " HempoKowmn
" [5.40], obbeguHsmOMIAs yUeHbIX-MaTeMaTUKOB U MeaukoB (KpacHosipckuii
Bl CO PAH, KI'TY, KpacHosipckags MeguiiuHckas AkajeMuss U psf
KIMHUUECKUX YUpeXXJeHuu ropoga), paspabaTbiBaeT TeXHOIOTMM CO3/aHUS
HEeHpPOCeTeBBIX  JKCMEPTHBIX  CHUCTeM, KOTOpble  MPUMEHSIIOTCS B
MpakTUuUeCcKold MeauuuHe M Ouonormu Ha 00bIuHBIX [BM-CcoOBMeCTHMBIX
KoMIbioTepax [5.41, 5.42, 5.43].

Haubonee BaxXHbBIM OTAWUYMEM TIpejJlaraeMoro TMOAXofa  SBJISETCS
BO3MOXXHOCTb KOHCTPYMPOBAHHS 3KCIEPTHBIX CUCTEM CAMUM BpauOM-
CTIeliUaIuCTOM, KOTOPBIM MOXKET TmepejaTb HEeUPOHHOW CeTH CBOM
WHUBUJYA/IBHBIA OMBIT, OMNBIT CBOMX KOJUIEr, WKW 00yuaTb CeTb Ha
peanbHBIX JAaHHBIX, TIOJYyYeHHBIX yTeM Habmogenuid. [Ipu ucnonbs3oBaHUM
pa3paboTaHHOTO HaMH TlakeTa mporpaMm MultiNeuron 2.0 [5.44] anda
KOHCTPYMPOBaHUS ~ JKCMEPTHOW  cucTeMbl He  TpefyeTcsi — yuacTue
CTHeIUaTUCTOB-MATeMaTUKOB M TIPOTPAMMMUCTOB, UTO /IeJlaeT CO3/jaBaeMble
cuctembl Oosee OellleBbIMU, a [IABHOE, aJalTUPOBAHHBIMU K KOHEUHOMY
M0JIb30BATeTHO.

Hanee MBI pPacCMOTPUM OCHOBHBIE TPHHIIMIIBI W OCOOEHHOCTH 3THUX
TeXHOJIOTUH.

Bce HeanropuTMupyeMble UM TPYILHOAITOPUTMHUPYEMBbIe 3a[auu, pellaemMble
HEHPOHHBIMH CeTSMHU, MOXKHO KJIacCU(ULIMPOBATh HA /IBa NMPUHIUITHAILHO
pa3nuMualronMXcs THMA B 3aBUCHMOCTHM OT XapakTepa OTBeTa - 3aja4u
K1accuUKaluM 1 3a/jauul NPeJUuKLHHU.

3ajaun KnaccuUKalUM - OCHOBHAs U O4YeHb OONMpHas rpynra Meauko-
buonornuecknx 3agau. OTBeTOM B HUX SAB/ISETCH KiIacC - BeIOOp ogHOrO
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BapuMaHTa M3 3apaHee u3BecTHOro Habopa BapuanToB. Knaccudukanus
MoKeT ObITb OMHapHOU (3/71eMeHTapHas KiacCu(UKalus) - B 3TOM C/y4dae
Habop BO3MOXKHBIX OTBETOB COCTOMT M3 [IBYX BapUAHTOB (K/IacCOB), U n -
apHoM, rme uMciao0 KriaccoB Oomee aByx. [Ipumepamu  GuHapHOM
K1accu(pUKallui MOTYT C/TY)KUTh Kak 00beKTUBHBIE KaTeropuu (T10/1 YeoBeKa
- MY)KCKOM MM J>KeHCKHU; XapakTep OMyXoiu - A0OpoKayeCTBEHHBIM WU
3/10KaUeCTBEHHbIN), TaK U CYOBEKTHBHBIE KaTeTOPUU (30POB YENIOBEK WU
OosieH; HanMuMe WM  OTCYTCTBHE CKIOHHOCTH K  TPOCTYIHBIM
3aboneBanusM). B HEKOTOPBIX C/yyasix He TPEJCTAB/ISIETCS BO3MOXXHBIM
OTHECEeHHe OTBeTa 3a/laud K 00beKTUBHOM MMM CyOBbEKTUBHOUM KAaTerOpuu, U
3TO He WMeeT NPUHLUIUAIBHOTO 3HaueHus [asi oOydeHuss u paboThI
HEMpPOoCeTeBOU IKCIePTHON CUCTEMBI.

BaxkHoii uepToili 3agaud KiacCU(UKALIMKA 10 OIpefie/IeHU0  SBJISeTCS
BO3MOXXHOCTb BbIOOpa OfIHOTO U TOJILKO OfIHOTO BAPUAHTA pelleHus (kacca).
[TosTOMy mOCTaHOBKAa [UarHo3a HE  MOMKET  CUUTaThCd  OFHOMU
KlacCu(UKAllMOHHOM  3aflauell, T.K. Yy OJHOTO UEJIOBEKA  MOXKeT
OHOBPEMEHHO TMPUCYTCTBOBaTh HECKOJIbKO maTojoruii. B ciyuae
HEBO3MOXXHOCTH BbIOMpaTh OAWH BapuaHT OTBeTa (MHOXXeCTBEHHOCTU
BbIOOpa) 3ajaua mMoApasfenseTcs Ha TMO0A3a/aud, KaKaas M3 KOTOPBIX
npe/iCTaB/sieT co00M KiacCUuUKAIMOHHYIO 3ajauy.

Hpyro#t Buj 3ajau /i HelpoceTell - 3afjaud  TPeAUKIIUU, WK
npejckazaHua. OHU Mofpa3fenstoTCsA Ha TpeficKa3aHue yucia (ofHOMepHast
TpeJUuKIUsl) U BeKTopa (BeKTopHasi Tpeaukiiusi, Oosiee oOmmil ciayuaid).
OTtnuune OT KiacCU(UKALIMOHHBIX 3a/jauy 3aK/IHUaeTCsi B TOM, YTO OTBET B
3aflayax IpeJUuKIMU MOXKeT ObITh APOOHBIM U TIPUHUMATH HOObIe 3HAUEHUS
Ha KakoM-1u60 UHTepBase.

BekropHasi nmpeguKIUs NpeAIonaraeT, YTo OTBET MOXKeT ObITh MpefCcTaB/eH
B BH/|€ HECKOJIbKMX HE3aBHCUMBIX JIPYT OT Jpyra uuces, 0Opa3yromx TOUKy
(unu BekTOp) B MHOTOMEPHOM MPOCTPAaHCTBE, pa3MepHOCTb KOTOPOro PaBHO
KOMMUeCTBY [Mpe/cKasbiBaeMblX uucen. Yucio KoopAuHAT  BeKTopa
HAa3bIBAeTCs IPU 9TOM Pa3MepPHOCTBIO BEKTOpa OTBeTa.

[lpu pemeHun peanbHBIX 33lad BO3MOXKHBI Pa3MUyHbe KOMOWHAIUU
NpeJuKIUU U KiaccuUKalliy, U TOCTAHOBKA 33/laud JI0/KHA ObITh CefaHa
CcaMUM MPeJMEeTHBIM CITe[HaTUCTOM.
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ApXUTeKTypa HeMPOHHOU CeTH

OcHoBo# paboTel camo00y4aroMXCsi HEMPOMPOrpaMM sIBJISIeTCSI HeHMpOHHas
ceTh, mMpejCTaB/sionas €000 COBOKYMTHOCTh HEWPOHOB - TIPOCTHIX
3/IEMEHTOB, CBsI3aHHBIX MeXy coboit onpegeneHHbIM 06pa3om. HelipoHbl u
ME@XKHEUPOHHBIe CBSI3M 33/lal0TCS TPOTPAMMHO Ha OOBIUHOM KOMMBIOTEpe
WIA MOTYT WMeTb "MaTepuasbHyl'" OCHOBY - 0co0yl0 MHUKpoCxemy
(Heiipoummn), KOTOpble TIPUMEHSIIOTCS B CHeLUaTbHO  CO3AAHHBIX
HelipokoMmmnbioTepax. CTpPyKTypa B3aMMOCBsi3ed MeXAy HelpoHaMu B
HEPOKOMITbIOTEPe WJIA  HEeHpOINporpaMMe aHajJOTMYHA TakOBOM B
buonornueckux oobekTax. MCKycCTBEHHBIN HEHPOH UMEeT KOMMYHHUKAI[UH C
OPYTMMH HeWpOHaMu uepe3 CUHAIChl, Mepejalolie CUTHAIbl OT JAPYTUX
HEHPOHOB K [JAaHHOMY (ZeHAPUTHI) WM OT [JaHHOrO HeWpoHa K APYIUM
(akcon). Kpome Toro, HeiipoH MOKeT ObITb CBsi3aH caM ¢ coboii. Heckonbko
HEMPOHOB, CBA3aHHBLIX MeXJy cobol omnpeneneHHbIM o0Opa3om, o0Opa3ylOT
HEHPOHHYIO CeTb.

HeiipoceTs, Tawke Kak 1 OMOIOTMUECKUN aHaMOoT, J0/KHA UMEeTh KaHasIbl AJis
CBs3M C BHemHUM MuUpoM. OJHU KaHanel 0oOecreynmBarwT MOCTYIJIEHUEe
MHPOpPMALIMM K3 BHEIIHero MHpa HAa HeUpoceTh, [ApPYyrUe BBIBOJAST
WHOOPMALIMIO U3 HeMPOCeTH BO BHemHUH MHD. [lo3TOMy OOHU HeHpOHBHI
CeTH paccMaTpUBaeTCs KaK BXOAHBIe, JpyrHe e - Kak BbIXogHble. YacTb
HEHPOHOB MOXKeT He COo00MAaThLCS C BHEIIHUM MUPOM, a B3aUMOJeCTBOBATh
C BXOAHBIMH, BBIXOJHBIMU U TaKUMH K€ HeHpoHaMmu (''CKpbIThIe" HEHPOHBI).

OueBH/HO, UTO CYIIECTBYET OTPOMHOE KOJIMUECTBO CIIOCOOOB COeAMHeHUs
HEHPOHOB, pacTyljee C yBeJMYeHUEM uuc/ia HelipoHOB B cetu. Haubosee
yroTpeOuTeNnbHON SIB/ISIETCSI C/IOMCTasi apXUTEKTypa, B KOTOPOW HEWpPOHBI
pacnionaratotcs "cmosimu". B Haubomee o06iem ciydae akCOHBI KaXK[oro
HelpOHA OIHOTO CJIOs HalpaBJ/ieHbl K HEHPOHAM C/Ie/IVIOMIeTro Cjios. Takum
o0Opa3oM, HeMpOHBI TEPBOr0 C/0s SBASKOTCS BXOAHBIMU (TIPUHUMAKUMMU
MHPOPMALIMIO U3 BHEIIHEro Mupa), HEeHPOHBI MOCIeJHero Ccaosi -
BBIXOAHBIMM (BBIJAKOIMMU UHAGOpPMalUw BO BHemHu#d Mmup). Cxema
TPEeXC/I0WHOM ceTu n3obpaxkeHa Ha pucyHke 5.1.
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N1 " N3 - T S—

N2 N4 N6

Puc. 5.1. TpexcnoiiHasi ceTb C 6 HelipoHaMHu

I pyroii BUJ apXUTeKTYPhI - TTOJIHOCBSI3HAsA, KOTJ[a KK bl HeIpOH coeiuHeH
C K&K/IbIM, B TOM uKC/ie caM ¢ coboii. [Ipyumep npocTeiiinei HeiipoceTu U3 3
HellpOHOB MOKa3aH Ha pucyHke 5.2. Jlns ynobcTBa n306pa>keHus U3 Kax10ro
HelipOoHa BBIXO[UT HE OfIUH, a HECKOJIBKO aKCOHOB, HAlpaBJ/IeHHbIX HA JPyTHe
HeHpOHBbl WM BO BHEIHWW MHP, UTO AHAJIOTUUHO MPUCOEJUHEHHBIM K
OIHOMY aKCOHY Uepe3 CUHAT Chl HeCKOTbKUM [IeHPUTAM.

C/oUCTBIE CeTH SBJISIOTCS YaCTHBIMM ClIy4adsMH IMOJTHOCBA3HBIX.

[ nst mOCTpOeHUs IKCTIEPTHBIX CUCTEM MbI BHIOPAaTu UMEHHO TOTHOCBSA3HBIE
HelipoceTH, WCXoAs U3 ciegyloumx coobpaxeHuil. Bo-mepBriX, npu
OAVWHAKOBOM UWCJIe HEHPOHOB TIOJHOCBSI3HBIE CeTH UMeT 0Oosbliee
KOTMYeCTBO MEeXHEHPOHHBIX CBs3el, YTO yBeJIMUYMBAeT WH(OPMALIMOHHYO
e€MKOCTh CeTH. BOo-BTOpBIX, MOMHOCBA3HAsA apXUTEKTypa SB/SETCS HaMHOTO
bonee yHuBepcanpHOUM, UTO He TpeOyeT JKCMEPUMEHTOB C BapHUalUsMH
CXeMBl COeIMHEHWM Ui KaXKI0W 3ajauv. B-TpeTbUX, B Ciydae IMYISLUU
ceti Ha O00OBIYHOW 3BM MONHOCBS3HBIE ceTH 00/1aJal0T Cepbe3HbIMU
MpeuMYyIleCTBaMy, TMpeXJAe BCero B CKOPOCTH (YHKIMOHUDOBAHUS WU
MpOCTOTe MPOTPaMMHOM peanu3anuu 6e3 yiepba kauecTBy obyuaemocTH.

—

* Hefipon 2

i i

Heiipor 1 ; Hefipon 3 |
[ |

Tlomata CHIHATA 35 BrEog cirHATIA EO
BHELUHETD MHP & BHELHHE 1oL
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Puc. 5.2. Cxema npocreiieii HelipoHHOU ceTH U3 3 HelipoHoB. CeTh UMeeT
13 cuHancoB, 4 W3 KOTOPBIX CHYXKAaT [ CBSI3UW C BHEIIHUM MHPOM, a
OCTanbHbIE COeIUHSIOT HEMPOHBI MeX 1y Co00M

®yHKIIMOHMPOBaHUe HelpoHa

PaccmoTpum  ycTpolicTBO ¥ (DYyHKIIMOHUPOBaHUE OTAEJbHOTO HeWpoHa.
Kaxkgoe coeauHeHue OT HelipoHa K HeHpOHY Ha3biBaeTcs cuHaricom. Ha
pucyHke 5.3 TMpeACTaBieH HEWPOH C TPYNION CHUHAMCOB, COEJUHSIIOIIMX
HelipoH ubo C ApyruMu HelipoHamu, MO0 C BHEIHUM MHUpOM. [lns
paccMmoTpeHusi paboTel HeHpOHA HEeBAXKHO, MPUXOAUT JIM CUTHAM K HEHPOHY
13 BHEIIHEero Myupa UJu C Jpyroro HelpoHa, U HeBa)KHO, Kya OTIPaBJIAeTCS
CUTHAJ C HelipOoHa. B MOMHOCBSI3HBIX CETSIX BBIXOAHOW CUTHAJ HarpaBJIseTcs
BCEM OCTaJIbHBIM HelpOHaM.

HeiipoH cocTtouT u3 ABYX (PyHKIMOHAMBHBIX H/I0KOB: BXOJHOTO CyMMaTopa U
cobcTBeHHO HellpoHa, Uy npeobpa3oBaresis.

CytmaTop |Mpeofpazoearens —
—Cwancs |

Puc. 5.3. Cxema HeiipoHa
O YHKIMOHUPOBAHUE HeHPOHA MPOUCXOAUT CJIeAYIOIIMM 006pa3om.

B Tekyimii MOMEHT BpeMeHU uepe3 BXOfIHble CUHAMCHI (Ha PUCYHKE UX 3 )
Ha HEHWpPOH HAaMpaB/SIOTCA CUTHalAbl OT JPYTUX HEHPOHOB W/UMM U3
BHemHero mupa. Kakablii CHHANC uMMeeT IapaMeTp, Ha3bIBaeMBI BeCOM
CHUHAIMCa, U TPeJACTaB/AIIMNA Kakoe-mubo uucmo. CuUrHan, TPOXOASIIMM
yepe3 CHMHAIIC, yMHO)KAeTCsl Ha BeC 3TOT0 CHUHArca. B 3aBucumocTu oT Beca,
CUTHA/M MOXeT ObITh ycuaeH (Mogyib Beca > 1 ) unu ocnabnen (Mofgyib
Beca < 1 )mo amnutyge. CUrHasnbl OT BCEX CHHATICOB, BeYIIMX K JAHHOMY
HeHPOHY, TPUHUMaeT CyMMaTop.

CymMmaTop MpPOM3BOAUT CYMMHUPOBaHWE BCEeX MPULIEAINIMX CUTHAIOB W
nogaer Ha cobcTBeHHO HelipoH (mpeobpa3oBartenb) OZHO YMCIO -
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MOyUeHHY cymmy. BennunHa 3T0T0 uMcna Oyger 3aBUCeTh Kak OT BeJIMUUH
WCXO[IHBIX CUTHAJIOB, TaK U OT BECOB CHHAMNCOB. HelpoH, MoMyuyuBImMiA 3TO
uKCa0, ipeoOpa3yeT ero COomiacHO CBoel (YHKIMM, B pe3yisTaTe KOTOPOM
MO/Iy4aeTcs APyroe YUCI0, U OTIIPAB/ISieT ero Mo "akCoHy' BCeM OCTaJbHbIM
HelipOHAM uepe3 COOTBETCTBYKWINMEe CHUHArchl. [locneaywoupme HeHpPOHBHI
MPOU3BOAAT C MOJYUEeHHBIMU CUTHAIaMHM TaKHUe JKe OTeparjuu, JUlb C TeM
pasnuuueM, UTO BO-TIEPBLIX, BeCA UX CHHAICOB MOTYT OBITH Y)Ke APYrUMH,
BO-BTODPBIX, [pyrue HEHWpPOHB MOTYT UMeTb [Apyroil Buj (QyHKIUH
npeoOpa3oBaHus. B KOHCTpyHpyeMbIX HaMHU HEMPOHHBIX CETSIX BCe HeUPOHBI
UMET OfHYy U Ty ke QyHkuuwo. OTta ¢yHKUUSA, Ha3blBaeMas
XapaKTepUCTUUYEeCKOH, UMeeT BUJ:

f(X) = X/AC+[X]) (1)

rje X - CATHaJ, NOCTYNaeMblid ¢ cymmaTopa, C - KOHCTaHTa, Ha3blBaemas
XapaKTepUCTUKOW HellpoHa. DKCITepUMeHTANbHBIM MyTeM MbI TTIOTYYU/IH, YTO
ONTUMAJILHBIM [UAara30H XapaKTepUCTUKU [JI PEeLIeHHs TOAABJISIOILIEr0
OonpmHCTBAa  3ajau cocraBaser ot 0,1 mo 0,8. TIpaduk
XapakTepucTUueckoil (QyHKIMK TipeAcTaBieH Ha pucyHke 5.4. Beibop
¢yHKIMM TakorO BUAA O0OyC/IOB/IEH TeM, UTO OHa IaJKasi, HelpephIBHAs Ha
BCeM Juara3oHe NepeMeHHBIX X, Tharna30oH 3HaueHWU BCerjja OTpaHuyeH.

0,8 +
0,6 +
0.4 T+
0,2 1

Ik i
L] L1} |

1 05 g2 0,5 *

Puc. 5.4. I'padmk xapakTepuCTHUeCKOW QyHKI[UU

@D yHKIIMOHMPOBaHUE HEUPO CeTU
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B cnyuae omynsuuu  HeillpoceTd Ha 0OBIYHOM  KOMITBIOTEpe  BCe
MaTeMaTHuecKde OIepaluu OCyIIeCTBseT Tnporpamma. HelipoHHas ceTb
MIpU 3TOM TpejCcTaB/isieT C060# MaCCUB CUHANTHUECKUX BECOB. DTOT MacCUB
MOXKET HaxXofuThCsi /MO0 Ha [JuUCKe KoMObOTepa B Buze daiina
ompeaeneHHOro dopmata (MpU XpaHeHUHW HelpoceTH) MMb0 B ormepaTUBHOM
MaMsaTH KOMITbIOTepa (Korga HelpoceTs QyHKIMOHUPYeT).

[lpu co3gaHUM HOBOM HEHPOCETH B MaMATH KOMIIbIOTEpPA OTBOAMTCS MECTO
MoJ, MacCUB CUHANTUUeCKUX BECOB, Ha3biBaeMbIWl KapToOil. JTOT MacCUB
3aMO/IHSIETCST COBEPILEHHO CAyuyallHbIMM UWC/aMU W3  OMNpejeneHHOro
guarnaszoHa. [ToaTomy Kakzasi co3aHHasi CeTh Ja)Ke MPH OJHUX U TeX XKe
napamerpax (UMCI0 HeMPOHOB, UX XapaKT@PUCTHUKA) SIBJISIETCS YHUKAJIBHOM.
YHUKA/ILHOCTh CeTell TMPOSIB/ISeTCS B TOM, UTO CEeTU C OJUHAKOBBIMU
napamerpamu, oOyuaroniecs Ha OJWHAKOBBIX 3ajlauax, BeAyT cebs
HEOAMHAKOBO. JTO KacaeTcsi BpemMeHM OOyueHus, KauecTBa oOydeHwUs,
YBEPEHHOCTH B BbI[JaBA€MbIX OTBETAX MPU TECTUPOBAaHUU. B 3TOM elie ogHO
CXOACTBO ceTel ¢ buoobbeKTamu.

Paccmorpum paboty cetn 6e30THOCHTeNBHO K mpoijeccy ofyueHHsT WU
Belauu peiteHus. [locne wHUIIManM3alUuu CeTH Beca BCeX CUHAICOB
cnyuaiiHbl. B HauanbHBIM MOMEHT BpPeMEHU Ha BXOAHBIE HEHPOHBI uepe3s
BXO[JHble CHHAmNChl (OJUH MM HECKOJbKO) TOfaeTcsi U3 BHEIIHero Mupa
BEKTOpP BXOAHBIX CUTHAlOB, TpeACTABSONMII Habop uucen (UM OFHO
yncao0). [Jamee 3TOT CUrHasm HauMHAaeT PaclpOCTPaHATHCA 0 BCEM CBA3AM
MeX/y HelpOHaMH, U3MEHSSICh TIPU TPOXOXKJeHUHW Yepe3 KaKAbli HeillpoH
cornacHo cxeMe (YHKIMOHHUDOBaHHs HellpoHa. B KoHeuHOM uTOre, mocie
OIHOTO TIPOXOJA BBIXOHBIE HEMPOHBI BHIJA/YT BO BHEIIHWUM MUP KaKue-
nubo curHanel. Bes mporjeypa OZHOKPATHOTO MPOXOXKAEHUsI CUTHANIOB I10
HeIPOHHOU CeTH AB/SAETCS TAaKTOM (YHKIIMOHUPOBAHHS CeTH. MOXKHO He
CUMTBIBATH CUTHANbl C BBIXOAHBIX HEHPOHOB T1OC/Ie OJHOrO Takra
(yHKLIMOHUPOBAHMUS, a MPOJO/LKUTE 0OMEH CUrHajamMu ellje HeCKOJIBbKO pas,
He TioaBasi CUTHajJoB Ha BxoAd. OOBIUHO KOJIMYECTBO  TaKTOB
(yHKLIMOHUPOBAHUS MEX/1y Noflaueli CUTHA/IOB Ha BXOJ U CHSITUEM CUTHAJIOB
¢ Bbixoga GUKCHPOBAHO Ajis JaHHOW ceTH. Kak mpaBuio, 3TOT mapameTp
3ajjaeTcsl TIPA WHUIMANIM3aLUU CeTH W XpaHUTCA B (aiine ceTu BMecTe C
MaTpuleil k03pdUIIMeHTOR (KaK U HEKOTOpbIe Apyrue rapameTpsl - YUCTI0
HelPOHOB, XapaKTepUCTHKA HEHPOHOB U T.7.).

Takum oOpa3om, HelipoHHas CeTh, MOJy4yalOIIAss Ha BXOJe HEKOTOPLIH
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curHas, crnocobHa moc/ie Mpoxoja ero 1o HellpoHaMm BbIIaBaTh Ha BBIXOJE
OTpeZe/eHHbIH OTBET, KOTOPbIH 3aBHCUT OT BeCOBLIX KO3((UIIMEHTOB BCeX
HelIPOHOB U OT camoro curHana. OueBHUHO, YTO TIPH OCYILECTBIEHUH TaKMX
npoleayp Ha TOMBKO YTO WHULMATU3UPOBAHHOM CeTH MbI Oyaem momyuarsb
Ha BBIXOJle CUTHa/bl, JUIIEHHbIe BCAKOTO CMbIC/IA (BecOBble KO3(hUIIMeHThI
cnyuaiinel). UtoOwl go06uThCcAa BBIZAauM ceTbl0 Tpebyemoro pesynsrara,
HeoOXoauMMo OOyuuTH ee.

O61mas cxema 00OyueHHsT HEHPOHHOU CETH

HOnsi obyuenuss HeWpoHHOW ceTu Heobxoguma obyuaroias BwIbOOpPKa
(3agaunuK), cocTosiast u3 npuMepoB. Kaxkapiit mpumep npejctas/sier coboi
3a/lauy OJHOTO W TOTO XK€ TUMa C WHAWBUAYaTbHBIM HAabOpPOM YyC/IOBHUI
(BXomHBIX TMapaMeTpoB) W 3apaHee W3BeCTHBIM OTBeTOM. Hampumep, B
KaueCTBe BXOJHBIX MMapaMeTPOB B OJHOM IPHUMEpPE MOTYT HCI0/b30BaThCs
naHHbie obcnemoBaHWs OgHOrO OOMBHOrO, TOLAA 3apaHee W3BECTHBIM
OTBETOM B 3TOM TpHUMEpPe MOXET ObITh AuarHo3. Hecko/bKO MPUMEPOB C
pa3HbIMH OTBeTaMu 00pa3yroT 3ajauHUK. 3aJlauHUK pacriojaraetcs B Dase
JAHHbBIX, K&XK/ast 3aMMCh KOTOPOU SIB/SIETCS] TIPUMEPOM.

He octaHaB1MBasiCb Ha MaTeMaTUUeCKUX alrOPUTMax, MogpoOHO ONMMCAHHBIX
B MoHOrpaduu [5.45], paccmoTpum 0011yt0 cxemy oOyueHWst HeHPOCeTH.

1. U3 obyuaromeii BeiOOpKM OepeTcs TeKymmid mnpuMep (M3HaAUYa/IbHO,
MepBblii) UM ero BXoAHble TmapameTpel (MIPeACTaB/SOLME B
COBOKYITHOCTH BEKTOP BXOJHBLIX CUTHAJIOB) TIO[Al0TCSl €r0 Ha BXOAHbIE
cuHarncbl oOyuaemoi HeiipoceTd. OOBIUHO KaKJbIM  BXOAHOU
rapamMeTp MpUMepa TOJAeTcsi Ha OAWH COOTBETCTBYIOUIMU BXOAHOM
CUHaTIC.

2. Heiipocets MPOU3BOJUT 3a/laHHOe KOJILUeCTBO TaKTOB
GYHKIMOHUPOBAHUSI, TIPU ITOM BEKTOP BXOAHBIX CUTHA/OB
pacrpoCTpaHseTcss MO0 CBsA3IM  MeXAy HelipoHamu  (mpsiMoe
GyHKIJMOHUPOBaHUE).

3. V3MepsitOTCS CUTHAJIbl, BbIJJaHHBIE TE€MH HEHMPOHAMH, KOTOpbIe
CUMTAIOTCS BHIXOJHBIMU.

4. TIpou3BOAUTCS UHTEPIIPETALIUs BbIIAHHBIX CUTHA/IOB, U BBIUMCIISETCS
OLlEHKA, XapaKTepu3ylollas pa3iuuhe MEeXKAY BbIJAHHBIM CeThI0
OTBETOM M TpeOyeMbIM OTBeTOM, UMewummcs B npumepe. OljeHKa
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BBLIUMC/ISETCSA C MOMOIIBI0 COOTBETCTBYHOLIEH (QyHKI{MHU OljeHKU. Uem
MeHbIlle OIleHKa, TeM JIyullle paclo3HaH TMpumep, TeMm Oamxe
BBIJAHHBIH CceTbl0 OTBeT K Tpebyemomy OIlleHKa, paBHasi HYIIO,
03HauaeT yTo TpebyeMoe COOTBETCTBHE BHLIYMC/IEHHOTO U WU3BECTHOTO
OTBETOB JOCTUTHYTO. 3ameTum, 4TOo TOJIBKO 4TOo
WHUIManM3upoBaHHasa (HeoOyueHHas) HellpoceTb MOXKeT BBIJATh
MpaBU/IbHBIN OTBET TOJIBKO COBEPIIEHHO CIy4aiHO.

5. Eciu o1jeHKa nmpumepa paBHa HYII0, HUYero He npejnpuHumaercs. B
NPOTHUBHOM  (/lydae Ha OCHOBAaHWM  OL[€HKU  BBIUHCISIOTCS
rnonpaBoYHble KOIGMOUIIMEHTH A5 KaKJOT0 CHHANTHYeCckoro Beca
MaTpuLibl  CBsA3eH, [0CAe 4Yero TPOMU3BOAUTCA  TOACTPOIKa
CUHaNTHUYeCKUX BecoB (obpaTHoe ¢yHKUMOHUPOBaHUe). B Koppekiun
BECOB CHHAICOB U 3aK/IiouaeTcs obyueHue.

6. OcywecTBiasieTcss mepexof K ClefyrolleMy NpUMepy 3ajjauHUKa U
BBILIEIePeUNC/IeHHbIe Ofepaluy MOBTOPsIOTCA. [Ipoxos mo Bcem
npuMepam obyuarorreii BEIOOPKM C TTepBOro 1Mo MOC/AeJHUNA CUMTAeTCS
OHUM LIUK/IOM 00yueHHs .

[lpy mNpPOXOXKAEHUM LUKIA KaKJblH TIPUMEpP HMeeT CBOK OL|eHKY.
Beruncnsiercs, kpome TOro, CymMmapHasl OLjeHKa MHO)XeCTBa BCeX IPUMepOB
obyuaronieil Beibopku. Eciu mocie MpoxoskjeHHst HeCKO/IbKUX IJUK/IOB OHa
paBHa Hymo, oOyuyeHMe CUMTAeTCs 3aKOHUYEHHBIM, B TIPOTMBHOM CJyyae
L{UKJIbI TOBTOPSAIOTCSL.

KonuuectBo uuKI0B obOyueHusi, Takke Kak U BpeMms, TpeOymoieecs nis
MoJHOTO 00yueHusi, 3aBUCAT OT MHOTHX (PAKTOPOB - BeJIMUMHBI 00ydaroiieu
BbIOODKM, KOJIMUECTBA BXOJHBIX [apaMeTpPOB, BHJA 3ajaud, THUMA WU
MapaMeTpoOB HEMPOCeTH U JaKe OT CAy4yaliHOTO packiaja BecOB CHHAIICOB
NpU UHULAANTU3AL[UU CeTH.

MeTopo/10TMUeCKre acrieKTbl 00ydueHust Helpo ceTei

Wnorgma (mpu peieHUM MeAMKO-OMONOTMYECKMX 3ajjau - KpaiHe pejKo)
BCTPEUAKTCA CUTYal[UH, KOTZa CeTb He MOXKeT 00yuaTscsi. DTO TPOUCXOAUT B
TOM CJjlyyae, KOI[a Ha OMpeJe/ieHHOM 3Tarne OOyueHHUsI HMCUepIbIBAKOTCA
JanbHelle BO3MOXKHOCTH TTOMCKA 3aKOHOMEPHOCTel Mexay 0byuaroinmmu
rnapameTpamu U pe3ynsraTamu. [IpocTeiinas cuTyauus - Koraa ABa rnpumepa
C COBEpILIEHHO OQMHAKOBLIMU HabOpamMHu mapameTpOB TOAAIOTCSA CETH Kak
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NpUHAa/Iexalpe pa3TMuHbIM KiaccaMm (B KiaccuUKaTopax) UId UMEOIHe
pasiuuHoe 3HaueHWe oTBeTa (B mipeAukropax). OueBugHo, 0b6a 3THX
npuMepa Bceraa OyayT momnagats B OAHY U TY )K€ TOUKY B NPOCTPAHCTBE, UX
HEBO3MOXXHO OyieT oTAenuTs APYyr OT Apyra, W mpoiecc obyueHus
octaHoBUTCs. [IporpaMma, yrmpapmsiroiiasi HeHpoCeTs MU, CUTHa/IU3UpPyeT 00
OKOHUAaHUM Tipoliecca oOyueHHsi, TpPUYEM VKa3biBaeT, UTO [ajbHeiilee
obyueHHe HEBO3MOJXKHO. 3ajlaua crieljuanucra, obyuaroiero HelipoceTu -
n30exaTh TaKUX CUTYALUi, [/ 4ero HY)KHbl UeTKas MOCTAaHOBKAa 3a/jadd U
TIIATEeIbHBIM KOHTPOJIb 00yuaroItieil BbIOOPKH.

OOyueHHasi HeMPOCeTh ABTOMATUUECKU 3alIMCHIBAETCS Ha IMCK KOMMBIOTEpa
Kak OOBIKHOBEHHBIN (Daii1 1 MOXKET XPaHUTBLCSI TaM, CKOMBKO HeoOxoaumo. B
mo6oii MOMEHT BPEMEHM MOXKHO CUMTATh CEeTh C AUCKA U TMPOAO/DKUTh
oOyueHWe peIeHUI0 [JaHHOW 3ajJaud CO CTapod WM HOBOW oOyuarotei
BeiOOpkoii. OpHa HelpoceTh 00yuaeTcs peliaTb TOABKO OAHY 3afjauy
Klaccu(puKalluy WAM TPeAUKIUU, OJHAKD MOXKET WCIOAb30BaTh [I/Is
obyueHus pa3nuuHbie obyuaroupe BbiOOpKHM. OHU MOTYT pPa3TMuaThCS MO
KOJIUECTBY MIPUMEPOB, HO [O/DKHbI COOTBETCTBOBATH APYT APYLY M0 UKCTY
o0yuaronx nmapaMeTpoB, YMCIY KIacCoB (B KiaccM(UKALIMOHHOM 3ajjaue), a
DIaBHOE, TI0 CMBICITY.

ToBopsi 06 06yueHuu HelpoceTel, CleAyeT PaCCMOTPETh €Ile OAWH Ba)KHBIH
acreKT 3Toi TemMbl. MBI yke 3HaeM, UTo ycrex oOyueHust BO MHOTOM 3aBHUCHUT
OT 4YKc/jila HeMPOHOB B CeTH, WM, TOUHee, OT 4HMC/la CHHaNcoB. MUMeHHO
BeCOBble KO3(dUI[MeHThl CUHAMCOB XpaHAT "ombIT" ceTh. TeopeTUueckw,
DeckoHeUHO yBe/lWuMBasi UUCA0 HEUPOHOB M CHUHAMCOB, BCEIa MO>KHO
nobuTbcsa monHOro oOyueHWsi CeTM HAa JAHHOM 3aJaUHUKE, OJHAKO 3TO JIU
SIBJIIETCSI L]eJTLE0 CO3/IaTesIst 3KCIIepTHOU cucteMbl? OueBugHO, HeT. [ 1aBHOe,
yrobbl OOyueHHass CeTh XOpOIIO pacrio3HaBajia MPUMEpPbl, Kak pa3 He
BXOZSAIIME B 3a[JaUHUK.

[lpobnema 3akmwouaeTcs B TOM, UTO CeTb C 3aBeJoMO 6OBLMM
(u30bITOUHBIM) UHCJIOM CHHANCoOB (OTHOCHUTEILHO JaHHOTO 3a/jJauHHKa)
MOXKET XOpOHI0 O0Oy4UTHCS, MPOCTO "MEXaHWYEeCKH 3allOMHUB" HMMERIecs
npumepsl. Takad ceTb 06yunTcs ObICTPO (HeT HeOOXOZUMOCTH KaK MOXKHO
bosiee TOUHOM MOACTPOHMKHU BECOB) 3a CUET KOJTMYECTBA, a He KauyeCcTBa.

Xopoumm MpakTUYeCKUM BBIXOAOM M3 JAHHOW 3aTPYOHUTE/NbHOW CUTYal[UuH
Obmu Ob1 ceTH, criocoOHBIe aBTOMATUUeCKU HApalMBaTb YUC/IO HEeHPOHOB
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NpU HEBO3MOXKHOCTHU JlaibHeiero obyueHus, He Tepsisi MPU 3TOM YyxKe
uMeronerocsi omneiTa. [locsefHee ycioBHe BBI3BIBAET 3HAUUTETbHBIE
TpyagHocTu. HelipoceTs mpepcraBisier coboit eauHoe 1je1o0e, U gobaByieHue
HOBOTO HeWpoHa K ceTd, paboTawieli B paMKax HMEIOIIeHcs ceidac
KOHILIETLIMHU, MPUBEAEeT K HeoOXOUMOCTH TOJHOCTBI TMePeyuyruBaTh CeTh.
Oto Tpebyer obparmieHusi K MepBOHAYaJILHOMY 3a/JadHUKY, UTO BO MHOTHUX
C/lyuyasix HeTmpuemIemo.

[TosToMy co3paTesto caMOOOyJalOIMXCS CUCTeM TMPUXOAUTCS HUATH Ha
KOMIpoMuUcc: nubo JenaTb CeTb C HEKOTOPbIM U30BITKOM HEHPOHOB,
MMEIOIIYI0 Pe3epB [Jisi HAKOTIJIeHUs OTbITa, HO 006/1a/Iaf0liyl0 OTHOCUTEIBHO
HU3KOM CIIOCOOHOCTBIO K 3KCTPAMOASI[UM, MM00 00yduTh CeThb C HeDOJIbIIIMM
YMC/IOM  HEHMpPOHOB, KOTOpas Bpsii /U CMOXeT HabpaTb MOTOM
JOTIOJTHUTENLHBIN OMbIT. Bce 3TO, KOHEUHO, 3aBUCUT ellle U OT 3aJauyHuKa -
HaCKOJIbKO ~ TeCHbIe  B3aMMOCBSI3M  UMEHOTCS  MexAy  obydanoummu
nmapaMeTpaMM M M3BeCTHBIMM OTBeTaMu mpumMepoB. Uem 6osbllle Takux
B3aMMOCBSI3el, TeM  MeHblle HeoOXoAUMOCTE B "MEXaHHUeCKOM
3annoMuHaHuM" mnpumepoB. [IpakTMKa TOKa3bIBaeT, uTO OOMBIIMHCTBO
OuonorMueckux M MeAUIMHCKMX 3aJjad UMEIT [J0CTaTOUHO XOpOIle
B3aMMOCBSI3M, KOHEUHO, MPH TPaMOTHOM TOCTAaHOBKe 3afiaud M BbIOOpe
obyuaronx mapametrpoB. OHAKO B paMKaXx MpejjaraeMoil MeTOZ0I0TUH, C
YUETOM BBICOKOW CKOPOCTH o0OyueHUs HelipoceTel pa3paboTaHbl CTpaTerus u
TaKTUKa 00yueHus, MO3BOsIONMe 000UTH BhIIeYKa3aHHBIA KOMIIPOMMCC, 3a
cueT, rpaB/a, 60JibIIeT0 BpeMeHU, HeobxoAuMoro fjist 00yueHusl.

TecTupoBaHue IpUMepoB

[lpu TecTUpOBAaHUM TIPUMEPOB HEOOXOAUMOCTH B CHCTEMe TOJCTPOUKH
BECOB CHHAIMCOB OTMajaeT, MO3TOMY MPU CO3JAHUM 3KCIEPTHBIX CHUCTEM
0710k mporpamMmel, COAEp>KAlMU anropuTMel  OOyuyeHHs, MOXKET He
BK/IKOYATLCS B TIPOrpaMMy B CJlydae, eC/IM He TIpeAIoJiaraercs J0y4uBaTh
ceTH B miporjecce paboThl IKCIEPTHOHW CUCTeMBl. TeCTUpOBaHHWe MPUMEPOB
HEHPOCeTHI0 MOXKET MPOBOJUTHCS C PA3TUUYHBIMU LIeJISIMU:

1. TIporepka Toro, kak oOyunacs HeMpPOCeTh;
2. PellleHMe KOHKPETHBIX 3ajau.
3. MogenupoBaHue.
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B mepBoM cnyuae OCYIIECTBIsSIeTCS TeCTHpPOBaHWe BBLIOOPKA C 3apaHee
WU3BECTHBIMM OTBeTamMu TpumepoB. Takum o00pa3oM MOXHO TIPOBEPHUTS,
MpaBUILHO U CEeTh OMpejessieT OTBEThl MPUMEPOB U HACKOJILKO YBEPEHHO
oHa 3T0 genaet. Ompefie/IeHHbIH CETBIO OTBET MPUMepa CPAaBHUBAETCS C
3apaHee u3BecTHbIM. Kak mpaBuio, cHauana TeCTHpPOBaHHWE MPOBOAUTCS Ha
Toll BeIOOpPKE, Ha KOTOpOW ceTb oOyuanace. Eciu cets oOyumnach
MOJIHOCTBIO, TO MPU TeCTUPOBAaHUU TOW ’Ke caMol oOyuaroiieii BbIOOPKH
OTBeTHI BCeX NMPUMepPOB OyayT onpeaensTbCs npaBuasHO. l[opa3go Gonbumii
WHTepec Mpe/CTaB/sieT TeCTUPOBAHME aHAJIOTMUUHOW BBIOOPDKM C 3apaHee
W3BECTHBIMM OTBETaMH, HO MIPUMepPhI KOTOPOH He y4aCTBOBA/IU B 00yuyeHUH
cetu. HenmpaBunwHOe ompejeneHUe OTBETOB HEKOTOPBLIX MPHUMEPOB MOJXKET
OBITH BBI3BAHO HECKOJTBKUMHU MTPUYMHAMM:

1. Bribopka, mo koTopo# obyuyanach HeMpOCeTb, HEAOCTATOYHO IMOJIHO
OTpa’kaeT KAPTHHY COOTBETCTBUSI OTBETOB OOyuarOLMM MapameTpam,
HHaue roBops, B o0ydaroiell BbIOOpKe CMILKOM Maso IPUMepOoB.

2. Boibopka, moO koTOpoil oOyuasack HelpoceTb, COCTaBJIeHa
TeHJEHI[MO3HO. OJTO O3HauaeT, 4Tto nAns obyueHus mnogdUpaTUCh
TIPpUMepbI, KOTOPbIe, 0 MHEHUIO MCC/Ie0BaTesl, "SB/sSIOTCS CaMbIMU
SAPKUMU TIPEACTABUTENSIMM CBOEr0 Kiaacca WAM rpymnmnbl’. 3TO
cepbe3Has oumbka. Ilpu Takoit BbIOOpKe, KOHEUHO, HelipoceTh Oyzer
00yuaTbCsi HAMHOTO Jydllle, HO CIOCOOHOCTb ee K TeCTMPOBAHUIO
APYTUX TIPUMEPOB CYIIECTBEHHO TajaeT. B elCTBUTENTBHOCTH
HeoOxomumo o6OyuaTh CeTb Ha peasbHbIX JAAHHBIX, KAKUMU Obl OHH
MpPOTUBOPeUnBbIMU HHU Obiiu. Ecnu ceTb He cMoxkeT OOyuuTHCS
MOMHOCTBI0, MOXXHO TIPUMEHUTh HEKOTOPble Mephbl, KOTOpbie OyayT
PacCMOTPEHbI HUXE.

3. Obyuaroujas BeIOOpPKAa UMeeT HeJOCTATOUHOE KOJIMUecTBO 0Oydaroimx
rapamMeTpoB M CeTb HE MOXKeT HAWUTU 3aKOHOMEPHOCTH MEX[y
BXOIHBIMU CUTHATIAMU U OTBETAMHU.

4. Tlpu co3gaHUM CeTH He ONTHUMAanbHO ObLIM BbIOpPAHBI HEKOTOPHIE
CeTeBble MapaMeTpbl, HAMpPUMep, UKUCI0 HEMPOHOB, UMC/IO TAKTOB
GYHKIMOHUPOBAHUSI UM XapaKTePUCTHKa ceTh. Huske MbI moapoOHO
OCTAaHOBUMCSI Ha METOAOJOTMU ONTUMAaJbHOTO BbIOOpa 3THUX

3HAUEHUH.
5. 3agaHa HeBepHas wilaccu®UKAllMOHHasE Mmofenb (npu obyueHUH
HeWpoceTeli - KraccudukaTopoB). Bo3moxHO, Ha camMoMm [esne

TIpUMephl TPYNNUPYIOTCSA B 3 Kaacca, a MoJb30BaTeNlb 3a/aeT TOJBKO

2. [lanee OygeT pacCMOTPEH MeTOJ KOPPEKLMHM KI1acCUu(UKALIMOHHOM
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MOJeJH.

[Tpu pemeHUM KOHKPETHBIX 3a/la4 CeTH MOAAIOTCs MPUMepPhI, OTBET KOTOPBIX
Heu3BecTeH. B 93Toil cuTyauu TiporpamMma He MOXXEeT TIPOBepPUTh
NPaBUIbHOCTD pPelleHUS.

B knaccudumKalMoOHHEBIX 3afjayaxX MPU OTBeTe HeHpPOCeTh He TOMBKO BBIJAET
pe3ynksTaT - Kacc TecTupyemMoro npumepa. Kak y)ke roBopunoch, B OTIAUHE
0T OOMBIIMHCTBA KCMEPTHBIX CUCTEM, PabOTalOIMX MO YETKUM IpaBuUJIaM,
pelieHue 3alaud Ha OCHOBE OfbITa BCerga MMeeT "HeueTKWi'" Xapakrep.
[TosTomy Kpome Kjiacca TeCTUPYeMOrOo TIIpUMepa CeTb BbIUMC/ISAET
KO3hdULHeHT yBepeHHOCTH B  JaHHOM peweHuu. Koadduuuenr
YBEPeHHOCTH 3aBUCHUT OT 3a/JaHHOTO YPOBHS HaZleXKHOCTU U pPaCCUUTHLIBAETCS

o dhopmyne:
KY = (Max1-Max2) / R x 100%, )

rme Maxl - OTBeT BBIXOJHOIO HeWpOHa, OTBEuYawIero 3a Kaacc-
"mobeguTens”, Max2 - OTBET BBIXOAHOTO HEHPOHA, BHIJABILETO CIeAYHOIIMMA
M0 MAaKCHMMalbHOU BeJMYMHE CUTHal, R - ypoBeHb HajexHoctu. Cyada mo
¢opmyne SICHO, UTO YBEPEHHOCTh CETH 3aBUCUT OT TOTO, HACKOJIBKO
HaubONBIIMI M3 BBIXOJHBIX CUTHAJIOB MPEBHILIAET BTOPOW MO BeJIUYHHE
curHan. EcrectBeHHo, ecnu  KY  nonydaercsi Oosmee 100%, OH
NpUPABHUBAETCS K 9TOMY unciy. M3 Toro, uto B 3HaMeHarese MpaBoil yacTu
(opMynEl CTOMT YpOBEHb HAJIe)KHOCTH, CJIe[yeT, Ha TMepBbld B3I,
nmapajlokcanbHBIA BBIBOJ: CeTh, OOyueHHas yuile (YyPOBeHb Ha[eXXHOCTH
DonbIIe) JACT MEHBIIYI0 YBEPEeHHOCTh B OTBETe, UeM CeThb, 0OydeHHas Xyxe.
OjHaKo MpU BHUMATEJLHOM PacCMOTPEHUU MpoO/ieMbl esiaeTcs SICHO, UTO
Npy TeCTUPOBAHWHU TpHUMepa TMepPBOiMl CeThi0, BhIPa)KEHHe, CTOosilee B
ynCauTeNne, Takke Oymer Oosblie (OTBET OJHOTO HelpoHa OygeT HaMHOTO
Honeie oTBeTa Apyroro) BeaeAcTeUe aydineit obyuenHoctu. Kpome toro, KY
BbIp@)KaeT BCe >Xe YBEePEHHOCTb KOHKDETHOW CeTH, KOTOpas BO MHOTOM
3aBUCHUT OT TOTO, HACKOJIBKO TECTHUPYEeMBIid mpuMep O/M30K K mpuMepaM, Ha
KOTOPBIX 00yuanack 3Ta CeTh.

Eciu npumep oTnuuaeTcst 10CTaTOYHO CUILHO, Jyulle o0yueHHast ceTh OygeT
1 COMHeBAaThbCs 00JIbLIIe, YeM CeTb C MeHBLIMM "'ObITOM".

OpuH 13 nokasaresell KauecTBa oOyueHus - onpezeneHue TPOrHOCTHUECKOH
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criocobHoCTH HEﬁpOCETH - COCTOMUT B IIoAcCUHeTe IIpOLiéeHTa I[IpdBUJ/IBHO
PaCIiIO3HAHHBIX TIpPHUMeEpPOB. HpH CPpaBHEHHHW Ka4yeCTBd Oﬁy‘-IEHHH ABYX
HEﬁpOCETEﬁ, B CJjiyuade, KOorga obe cetn AT OAWHAKOBYH) ITPOTHOCTHYECKYH)
CHOCOﬁHOCTb, MOXHO IOACUHHUTBIBATH CpE,ELHI‘Iﬁ MpOLEeHT YBEPEHHOCTH IMpH
TeCTUPOBAHUH BblﬁOpKH. OH PAaCCUHMTLIBAETCA KdK CpeJHAA EipI/IqJMETI/I'-IECKElf[
[MpOLeHTHBIX Be/JIWYHH YBEPEHHOCTH, IIOJY4Y€HHBIX IIpH TeCTHPOBAHHH
KA>XJ0T0 ITpUMepa 34 HM3BECTHBIN pe3ynbrdr.

WHorga HeobxoAMMO 3HATh, K KAKUM eIle K1accaM, Kpome Haii/[eHHOrOo,
OMM30K TecTUpyeMbld TIpUMep. OTO MOXKHO CJenaTh HECKOIBKUMHU
crnocobamu, M3 KOTOPBIX I0CTaTOUHO TPYAHO BhIOpaTh HAMIYUIMM, OJHAKO
CcaMblil ONTUMAJBHBINA, Ha Hal B3IV, 3aK/IH0UAeTCs B TOM, 4TOOBI MPOCTO
CPAaBHUTBL CUTHABI, TIOJIyYeHHBIE CO BCEX BBIXOJHBIX HEMPOHOB (MX MO’KHO
BBLIPA3UTh B IPOLIEHTAX OT MaKCUMaabHO BO3MOXHOr0). [ToHAaTHO, 4TO KOTZA
BCe BBIXOAHBIE CHUTHanbl O/MM3KU [JPYr K APYTY, CeThb 3aTPYAHSETCH JaTb
YBEpeHHBIUN OTBeET.

V3 BBIIIECKA3aHHOTO BHITEKAET OYEHb TM0Je3HBbIN /I TPAKTUKH BBIBO[.
V3meHsisi B pa3NWyYHbIX HarpaB/ieHWAX 3HaueHWs MapaMeTpPoB MpHUMepa U
MOBTOPsisi €r0 TeCTUPOBAHWE, MOXXHO BHUJI€Th, UTO MU HAa CKOJIBKO HYKHO
WU3MEHUTh, YTOOBI MPUMep CTajl MPUHaAJIexaTh K Tpebyemomy kimaccy. 3To
MOXXeT  ObITh  TOME3HBIM IS  MEAULMHCKOH  AMAarHOCTUKM U
nporHo3upoBanus. [Ipeanonoxum, uro cetb obyueHa gudpepeHipoBaTh
OONMBHBIX W 3[0POBBIX el Mo Habopy KIMHWUYECKHX TMapamMeTpoB.
V3meHsisl Ha KOMITbIOTEPE 3T MapaMeTpPhbl, MOXKHO A0OUTHCS, YTOOBI TpUMeEp,
ompeaensieMblii Kak "00/ILHO#'", CTanm TIpUHA/JIeXaTh Kaccy "30poBBIA".
Takum 00pa3om, CTaHeT SICHO, KaKve KIMHUYECKHe MapaMeTphbl MOoJJiear
W3MEHEHHUI0 IS YIYULleHUs COCTOSTHUSI O0TBHOTO.

Co 34aHHe MeJHLHMHCKHX HEprO CeTeBbIX  SKCITePTHbIX
cucremM

JTrobas skcriepTHasi CUCTeMa [JOJDKHA COCTOSTh YCIOBHO M3 UeThIpex GJ10KOB:
uHTepdeiic ¢ nonas3oBaresneM, 0a3a 3HaHWM, BBIUMCIUTENbHBIN 010K, 610K
00BbsICHEeHU, TI03BOJISIONMI T10/Tb30BATE/IO TIPOCEAUTD X0/ pacCyKaAeHui"
CUCTeMbl B KOHKDETHOM ciyuae. CBS3yIOIMM 3/IeME@HTOM MEXAY 3TUMU
G70KaMu SIB/ISIETCS METO[, C TIOMOIIBI0 KOTOPOTO 3KCIEepTHas CUCTeMa B
OTBET HA 3arpoC TO0Jb30BaTeNs BbIJAeT pe3ynsraT (3akitoueHue). Takue
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METOAbl MOXHO pa3fejIMTh Hd TPH OCHOBHBIE I'DYIIIBLL

1. MeToabl N1OTMUECKUX MpaBua "B UACTOM BHje", Korga (Gopmanu3aius
TIpPaBUJI MOJIyYeHHUs pe3ynsTraTa OCYLLeCTB/ISAeTCs CIelualucToM;

2. Te xe w™erofbl, ogHako dopmanu3alus TMPABUJI OCYLIECTBISETCS
uccnefoBateneM, HabmogaoupM 3a  paboToll  cmeruanucTta  Cco
CTOPOHBI;

3. MeTtojbl, OCHOBaHHbIE HAa MPUHI[UIE "CMOTPHU U YUUCH'.

Co3gaHue gayke MPOCTBIX 9KCIE@PTHBIX CUCTEM, OCHOBAaHHBIX HAa MeTO/ax 1 U
2, mpenctaBiasieT co0oil Henerkyr 3ajauy, MpeXkie BCEro MOTOMY, YTO
TpebyeT COBMeCTHOI pabOThl CHELMATUCTOB pa3IUUHOTO TPOduIs.
TpaguIMOHHBIE JKCTIEPTHBIE CUCTEMbI, OCHOBAaHHBIe Ha 0a3ax 3HaHUN U
MOTUUECKMX TIpaBWJaX, TPeOYIOT [ CO037aHUs [JOBOJBHO OOJBILIOTO
BpemMeHu u cpefacTB. Co3aHue TPAJULIMOHHON 3KCIIEPTHOM CUCTEMBI
MO’KHO YCJIOBHO Pa3/ie/IuTh Ha HECKOJIBKO 3TaroB.

1. TlocTaHOBKa 3afaud: orpejeseHue 1eaeil paboThl IKCIEPTHOM
crcTeMbl, Habopa BXOQHBIX JJAHHBIX U (OPMBI TIPE/ICTAB/IEHUSI OTBETA.

2. Cbop panHbix: HaOOp pernpe3eHTATUBHOTO  MaTepuana s
CTaTUCTUUECKUX MCC/IeIOBAHUNW W  ero CTPYKTypUDOBaHHe -
pasfesieHre Ha TOATPYIINbI 110 pa3HO0Opa3HbIM MPU3HAKaAM.

3. Craructuueckasi  oOpaboTKa:  BbIsIBIeHWE  3aKOHOMEPHOCTEH,
CBSI3bIBAIOIMX BXO[AHBbIE [JaHHBIE C OTBETOM - pacyeT CPeAHUX H
OTHOCHUTENIbHBIX BEJIWYMH, WX CpPaBHEHWE, KOPPEJISI[HOHHBIH,
perpecCUOHHbIN, PaKTOPHBINA aHATU3bI U T.[.

4. Cosmanue 0a3bl 3HaHU: OdGOpPMIIEHHE JIOTUYECKAX TPAaBHI, [0
KOTOPBIM [JO/DKHA paboTaTh IKCIepTHast CUCTeMa.

5. TlporpaMMupoOBaHue aarOPUTMOB: MEPEeHECeHHE JTOTHUYECKUX TPaBUII
Ha SI3bIK IPOTPAMMHPOBAHMUSL.

6. Co3ganue uHTepdeiica CUCTEMBI: pa3paboTka CpeJiCcTB
B3aMMO/eMCTBUSI CHCTEMBI C TM0JIb30BaTe/ieM - (OPMbl BBOJA [JAaHHBIX,
BBIBOJja OTBETA U T.II.

7. OTnajka ¥ TeCTUPOBaHWe: TMpoOBepka paboThl MpoOrpaMmbl U
UCTBITAHKWE B PEATbHBIX YCIIOBUSIX.

[lpu co3gaHUM JIOTUYECKUX IKCIIEPTHBIX CUCTeM HaubOoMBIIyI0 uacTb
BPEeMeHM 3aHMMAKwT 3, 4 u 5 3Tansl, Tpebylolpe COBMeCTHONW paboThl Kak
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rnpegMeTHBIX CIIeqUd/JIMCTOB, TdK HW [IPOIrPaAMMHCTOBE W MATEMdTHKOB.
HECMOTpﬂ Ha TII0dAB/IeHHEe KOMIIBKOTEPHBIX CpeidCTB TIPOEKTHPOBAHHA
JKCIIePTHBIX CUCTEM, OCHOBHAa#d paﬁoTa BCeé PpaBHO BO3JI0KE€HA Hd
CIIetyMajarucTOB. HpH 3TOM BO3HHKAKOT CPa3y HECKOJILKO CePbe3HbIX HpOﬁJ’IEM.

[TepBas U3 HUX COCTOUT B TOM, UTO MPHU PelIeHUU CIOKHBIX PeanbHbIX 3a7au
(9KOHOMMKA, TIPOEKTHPOBaHUWe, WHXKeHepHs, OMOJIOTHS) UHC/IO JTOTHYECKUX
TIpaBuUJI 3HAYMTENbHO yBenuuuBaeTcs. YacTo BO3HMKAET HACTOMLKO CJIOXKHAs
CUCTeMa B3auMOCBSI3el MeX/Jy HUMHU, UTO ee TPOCTO He YaeTCsi OCMBICTUTE.
Pa3buBka 3aaun Ha 0/I0KM TaKkKe He BCerja MoMOraeT: BO-TIepBbIX, 3TO TOXe
He Bcerja TMPOCTO CAenaTb, BO-BTOPBIX, NMPU pa3bUBKe HHOTAA MOTYT
TepATLCA HEeKOTOPble B3aUMOCBSI3U.

Bropas, emje 6onee cepbe3Has mpofiieMa COCTOUT B TOM, YTO [JajleKk0 He
BCErJa V4aeTCs BBIPA3UTb BLIYMCAWUTENBHBIA TPOLECC JIOTHUEeCKUMHU
npaBuaamMu. DTO MOXKeT OBITh CBSI3aHO KAK CO CJIOXKHOCTBIO CaMOM 3ajauu,
TaK U C OCODOEHHOCTSAMU [eSTeJbHOCTH TIPeJMEeTHOr0 CreluaaucTa.
OcobeHHO SIDKO 3TO TIPOSIBJIIETCS B MeAUWLMHE, T[e TPOLecC MPUHSATHUS
peleHuss BO MHOIOM ONMPAeTCsi HAa MHTYULMK WU ONBIT Bpauda, He
ABJIAIOIIETOCS 3KCepToM B obsactu cobcTBeHHOro MbiuvieHusi. Bo Bcex
9THUX C/y4yasxX TOBOPAT, UTO 3ajlaua He MOAJaeTCs aJlrOPpUTMHPOBAHUIO.
Kpome TOro, pgaxke ecnu co3gatensiMm yaaetcst pa3paboTaTh anropuTM,
HUKOT[]Ja HeT [JOCTAaTOUHOW rapaHTUH, U4TO OH OygeT KOoppekTHO paboTaTh B
peasibHBIX YC/IOBUSAX, @ 3TO MOXKHO TIPOBEPUTH TOJILKO [10C/Ie OKOHYaHUSA BCeX
paboT 1o Co3IaHUI0 CUCTEMEI.

B CO30dHUH camooﬁyqa}om,eﬁcs CUCTEeMbI TdKXe MOXKHO BbIOE/JIUTh
HECKOJIBKO 3TdIlIOB, 4YdCTb H3 KOTOPBIX COBIaAdeT C 3TadllaMH CO30dHHA
TPaOULTHOHHBIX CHCTEM.

1. TMocranoBka 3agaun. To ke, YTO U [/ TPAAUIIUOHHBIX CUCTEM TITFOC
BeIDOD ONTHUManbHOW CTPYKTYpbl HEHPOHHOW CETH W METOf0B
o0yueHwus (11 OOMBIIMHCTBA 337a4 CTPYKTYPa U METO/bl CTAH/JAPTHBI).

2. Cbop obyuaronmx gaHHbix. Habop mpumepoB pnsi oOyueHus certw,
Kbl W3 KOTOPBIX TPEJCTAB/SIeT MACCHUB BXOAHBIX [JaHHBIX U
COOTBETCTBYIOLIMI eMy 3apaHee U3BeCTHBIM OTBET.

3. Co3manue u obOyuenue Henpocetu. [aHHblii 3Tan He Tpebyer
MpPOBEeIEHUsI  CTaTUCTUUYECKUX BBIUMC/IEHWM, a ec/id  3ajaua
YK/IabIBA€TCS B CTaH/APTHYIO cXemy (B OOMBILIMHCTBE C/lyyaer), TO U
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nporpamMmuctckoi pabotel. Eciu 3amaua HectanpaprtHasi, TpeOyercs
a/lanTanus CTPYKTYpPhl HEMPOCETH U METO/a BLIYMCIeHUS OL[eHKU TIPU
obyueHun. OOyueHue HelpoceTd B OOMBIIMHCTBE CTaHJAPTHBIX
c/lydaeB TIpecTaBisseT COO0W aBTOMAaTHUECKHH TIPOI[ecC, KOTOPbI
TO/MBKO TIOC/Ie €ro OKOHYaHUs TpebyeT ywyacTus Creldanucra s
OLleHKU pe3ynsraToB. EcTecTBeHHO, uYacto MoxKeT TpeboBaThCs
KODPEeKTUPOBKA, CO3JaHWe [OTMOJTHUTE/NbHBIX CeTell C [JPYTUMHU
rnapaMeTpamMud M T.[., OAHAKO BCerla eCcTb BO3MOXXHOCThH OL|€HHUThb
paboty cucrembl Ha mobom 3rtane oOyueHus, TPOTECTUPOBAB
KOHTPOJIbHYI0 BbIOOpPKY. PaspabaTbiBasi MeTOAO/IOTHIO  CO3JaHUS
HEeUPOCeTeBBIX 3KCIEPTHBIX CUCTEM, Mbl UCXOAUIA U3 BO3MOKHOCTU
paspaboTku Haubonee MHAUBUAYATA3UPOBAHHBIX (PaCCUYMTAHHBIX Ha
OIHOTO KOHKDPETHOTO TI0/Ib30BaTeNsi-CrieliHaanucTa) CUCTeM CaMUM
3TUM CrielianuctoM. KoHeuHo, HUUTO He MemiaeT 00beJUHSATH B
OIHOW CHCTeMe WH/JUBU/YaTbHBIA OMNBIT HECKOJIBKUX CIELIUaTnuCTOB.
OTcyrcTBHE "MaTeMaTHUueCKUuX" 9Tanos peanu3yer Takue
BO3MOJKHOCTH. [TpegmeTHBIN CTIeL[UATACT B COCTOSIHUHU
CaMOCTOSTeILHO TOCTABUThH 3ajauy, Oosiee TOro, HUKTO, KPOMe HEro,
He CMOXeT chenats 3710 syuiie. COop MaTepuana Tawke [O/DKeH
OCYLIeCTBJ/IATE TpeAMeTHBIN crieruanuct. CXeMbl TTOCTAaHOBKM 3a1ad,
crocoObl  TIpe/ICTaB/IeHUsI JAHHBIX W CIIOCOOBI TIPOAYKIUM OTBeTa
HelipoceTsl0 pa3paboTaHbl TakuM 00pa3om, UTO OOMBIIMHCTBO 3ajau
BO MHOrMX 007acTsX YyK/IQJbIBAIOTCS B 3TU CTAaHJApPTHBIE CXeMBI.
[losToMy mpu HanMUMU XOPOWIO TMPOAYMAHHBIX MHCTPYMEHTA/BHBIX
MPOTPaMMHBIX  CpeICTE  paboTel € HEHPOHHBIMM CETAMH U
JOKYMEHTallUM K HHUM OOJIBIIMHCTBO CHELUaJUCTOB CIIOCOOHEI
CamMocCTosATeNBHO pa3pabaTbiBaTh He OUYeHb CJIOXKHBIE HeHpoceTeBbIe
TIPUJIOXKEHUS.

4. Co3ganue untepdeiica. To ke, UTO U A TPAAULIMOHHBIX IKCTIEPTHBIX
CUCTEM.

5. Ornagka u TecTUpoBaHHe. DTan BKIUYaeT B OCHOBHOM OTIaJKy
paboTel mporpaMMbl, T.K. TeCTUPOBaHHE UaCcTO TIPOBOAUTCS B
npoijecce o0yueHus ceTei.

6. JoyunBaHue. JTar, XapakTepHbIH TOABKO [/ OOyUalOUMXCST CUCTEM.
[Ipy co3gaHUM  HEHPOIKCIIEPTHBIX MPOrpPaMM JOBOJLHO PeJKO
BO3MOJXKHO cpa3y cobpaTb [J0CTaTOYHOE KOJWUeCTBO [JAaHHBIX [JIs1
xopowero oOyuenust cetu. Ilo3Tomy, co3maBas HeHWpPOCUCTEMY,
UCC/eoBaTeTH OMpejesioT Hauaydlle T[apaMeTpbl CeTel u
MPOBOAAT cTaproBoe ofyueHue. B mociieayiomeM M0Jb30BaTeNu
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JOYUHUBAKOT CHUCTEMY B YCIOBHUAX pEEU'I]:HOi:I paﬁOThI U peajlbHbIX
JdHHBIX, TIiepeldaBas eii onoIT. Bonee TOro, KOpPEHHO€ OT/JIH4YHe
MEeTOAO0JIOTHH CO3ddHHA HEﬁpOCETEBbIX CUCTEM OT TpPaAULUHOHHBIX
COCTOUT MMEHHO B TOM, YTO CHCTEéMa HHKOIlda HE CO30deTCA Cpa3y
]"OTOBOFI, u ©Oosee TOro, HHEKOIJda He HABIAeTCA TI10/JHOCTBH
3ElKDH'-IEHHOﬁ, NpoaoJKas HaKallJIMBdThb OIIBIT B rponecce
JKCII/IyaTallhH.

Pe3tomMupyeM wuMelOLMeCs TPEUMYIECTBA HEHPOCETeBbIX JKCIEePTHHIX
cucteM TmepeJ; OOBIYHBIMH, KOTOpbIe, KaK YK€ TOBOPUJIOCH, MPOSIBIISIFOTCS
TOJIBKO TIPY peLIeHUU TPYAHOAJITOPUTMHUPYEMBIX 3a/ad.

1. HeilipoceTu NpUHUMAKOT pellleHHsI HA OCHOBE OMbITa, TpHodpeTaemMoro
UMM caMmocToATensHOo. "CaMocToATeIbHO" B TAHHOM CJ/iydae O3HauaeT
TO, UTO CO3/IaTEeJII0 IKCTIePTHOUM CUCTEeMBbI He TpeOyeTcs yCTaHABIMBATh
B3aMMOCBSI3M  MEXJY BXOJAHBIMH JaHHBIMM W  HeoOXoquMbIM
pelleHHeM, 3aTpauvBasi BpemMsi Ha pa3HooOpa3Hyw craTobpaboTky,
nogbop MaTeMaTHueCcKOro anrapara, Co3JaHue U  TPOBEpKY
MaTeMaTU4eCKUX MOZeJIei.

2. PemeHue, MPUHUMAaeMOe HeHPOCETHIO, He fB/ISIETCA KaTerOPUYHBIM.
CeTb BBIJJaeT pelIeHe BMeCTe CO CTeNEeHbI0 YBEPeHHOCTH B HeM, 4YTO
OCTaB/isieT MOJ/Ib30BaTeN) BO3MOKHOCTb KPUTHMUECKU OL|eHUBAaThb ee
OTBeT.

3. HeiipoceTs m03B0/sIET MOJETMPOBATH CUTYALIUIO IPUHSITUS PEIIEHUSI.

4. HeiipoceTd [mal0T OTBeT OYeHb OBICTPO ([OJMM CEKyH/bl), UTO
1103BOJ/IAeT UCII0/b30BaTh UX B pPa3/IM4YHbIX JUHAMHUYECKAX CHUCTEMax,
TpeOyr1MX He3aMeJIUTeTbHOTO TPUHATHS PeLIeHUS.

5. Bo3mokHOCTH HelpoceTell (KOppekiiyus KiacCuhUKaliuOHHOW MOofenu,
MUHHMMU3ALUS 00yyarOIMX mapaMeTpoB U [Ip.) MO3BOJISIFOT YIPOLATh
TpoLecC CO3/aHUsl IKCIEPTHBIX CHCTeM, OMpefensTb HarpaBieHUs
HAay4yHOTO MOMCKA.

I'naBHBIM KpHUTepHeM paﬁDTbI HEﬁpOCETEBbIX SKCIMePTHBIX CHCTEM [NOJIXKHdA
OLITh MPpdKTHKA - MHOIOKPATHbBIE€ MHCIIBITAHUA W TIPOBEPKH B CdMBIX
Pa3/IMUYHBIX YCTOBHUAX.

OnpegeneHHBIM  MPENsSTCTBHEM  HCIOAL30BAHHUS HeWpoceTedl  MOXKeT

ABJISIETCS BCe JKe HeKOTOpasi OTPaHMueHHOCTD 3a/ia4, pellaeMbix M. VHoraa

B 0O/IoKe TpPYJHOAITOPUTMUPYEMbBIX 3aJa4, peIIAeMBIX C TOMOLIBIO
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camoo00yuaroieicst IKCIepTHON CUCTEeMbI, MOTYT ITPUCYTCTBOBATh 3/1IeMEHTHI
YeTKUX TMpaBui. B TakoMm ciiyuae COBEpIIEHHO JIOTMYHO KOMOWHUPOBATH B
OQHOU SKCMEepPTHOW CHUCTeMe HEeCKOJbKO HelpoceTedl WU Jake 0ObIUHBbIe
MaTeMaTUUeCKUe MeTOAbl U CTPOUTDL U3 HUX Mepapxuueckue OI0KU, OHU U3
KOTOPBIX MCIOMB3YIOT A/ CBOMX AEHCTBUI pe3ynsraThl paboThl JPYTHX.
CnenyeT TOAUEPKHYTb, UTO TIPUMEHEHHWEe HesfBHBIX aJIrOPUTMOB He
NPOTUBOPEUYUT U HE OTMEHSIeT MCIO/Ib30BaHHe (opMarTbHBIX METOJOB, a
MOXXET [OTOMHATECS WUMH Mpu HeobxogumocTtu. Hampumep, ecimu c
MOMOIIBI0  HEMPOCeTH  OMpejieNisieTcss  ONTUMaJibHas  KOMOWHanus
JIeKapCTBEHHBIX [IPenapaTroB [/ JIeYeHUs T[AllUueHTa, U HMeeTcs
COBEpLIEHHO YeTKoe TPOTHBOIMOKA3aHWe K Ha3HauyeHUI0 Orpe/ie/IeHHOro
mperapata, B OJKCIEPTHYH CHUCTEMY MOXeT ObITb BBeleH TIPOCTOM
JIOTUUeCKU# ONI0K, TIPensTCTBYIOIMHA HAa3HAUEHWI0 3TOr0 JIeKapCTBa
HE3aBUCUMO OT pPelleHUsI HeUPOCeTen.

Hwuke MbI pacCMOTPHUM MIPUHIUTIBL M1 0COOEHHOCTH CO3JaHUS HellPOCeTeBbIX
JKCMIEePTHBIX CUCTeM 151 OUOIOTHY U MeAUL|UHBI.

ITocranoBka 3aJd4H

ITocTanoBka 3a0d4H BCeraa  SABJAETCHA HpEpOTaTHBOﬁ npeaMeTHBIX
CITerHaIruCcTOB.

[Tpexxge Bcero, HeoOXoUMO OMpeAenuTb, UTO MpPeACTaBIsieT coO0il akT
paboThI SKCMEePTHON CUCTEMBI, HAUMHAIUMNCSA CO BBOAA AAHHBIX (YC/I0BUS
3alaud) I0/Ib30BaTeeM U 3aKaHUYMBAaIOLMiiCcs Beljaueil orBeta. Hanpumep, B
MeJULIMHCKUX AUAarHOCTUUECKUX 3ajlauax akT pabOTel CUCTeMBbI Yallje BCEro
HAuMHAaeTCsl C BBeJeHUS B S5BM [aHHBIX O MalueHTe (CUMIITOMaTHKa,
aHaMHe3, pe3ylbTaThl aHaau30B U T.J.) W 3aKaHUMBAeTCs BbIZauei
BO3MOJKHOTO JMarHo3a u/uau nporHo3a. Yacto ogHa 3ajaua KOMIIOHYeTCS U3
HeCKOJIbKUX TMof3ajad. B 93ToM ciaydae KakAodl Tiof3ajade MOXKeT
COOTBETCTBOBATh OTJEMbHBIN aKT PabOThkl CUCTEMBI, XOTs AJid T10J1b30BATes
3TO MOXeT ObITb COBepIIeHHO He3aMeTHbIM. Hampumep, mo [JaHHBIM O
naiueHTe TpebyeTcsi yCTaHOBUTh JAMAarHO3 W HA3HAYUTh COOTBETCTBYHOLIEe
JeyeHUe. YCTaHOB/IEHUe JUarHo3a Ha Oa3e BBeJeHHBIX TapaMeTPOB - IepBast
noj3ajava, Ha3HayeHHe Tepanuu - BTOpasd, NpPU 3TOM [/ Ha3HauYeHUsd
Teparuyu HY)KHBI He TOJBKO HUCXOAHBbIE AAHHBIE, HO W Pe3yIbTaT pelleHus
npeAbIAyLIel 3aauu - JUArHo3.
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[MTonesno Cpa3sy e [Ons Ka)K.Il‘Oi:I rnoa3sanddn ornpejfenuTb ee THII
(KHEICCHCIJHK&L]HH, NnpeguKL s, BEKTOPDHAA ]'IpE,ELI‘IKL]HH).

OO6BIUHO KaXK/1asi mofi3a/laua pPelaeTcsi OfHON HelpOCeThbi0 UM HeCKOJIbKUMU
HelipoceTsiMU, 00beIMHEHHBIMHM B OAWH (YHKIIMOHAMbHBIA 00K (Masnbie
skcrieptsl  [5.46]). Ilpu  3TOM  BBeJEeHHBIE  [aHHBIe  TOAAKTCH
MoC/e[j0BaTe/IbHO Ha KaXK/yl HelpoceTb 0JioKa M KaXKJash HelpoceTh
BbiZlaeT OTBeT. OTBeTbl MOTYT pa3IuuaThCs, TOITOMY B TaKOH CUTyal[uu
tpebyeTcss paspaborars criocob mosyueHusi eJUHCTBEHHOTO OTBeTa. JTO
MOJKHO CJleflaTh ABYMsI criocobamu:

1. Tlyrem normueckux nmpaeua. Hanpumep, eciu 5 HelipoceTell BbIJanu
oTtBeT "3m0poB", a 2 - "GoseH", To oOuiee peieHue - "30poB", T.K. 3a
Hero mporoyiocoBano Oosiblliee 4KC/Io HelpoceTel-3kcnepToB. Ecau
He ygaeTcs GOpManu30BaTh MPaBUIO0, MOXXHO MPUHUMATE pellleHue Ha
OCHOBAHWU CTETEeHeH YBePeHHOCTH KaXKI0U U3 CeTeN.

2. Ilyrem HaacTpoiiku Haj O0KOM ManbIX SKCIEPTOB HeWpoceTu-
"cynepBu3opa", KoTopasi oOyueHa IpUHUMATh pPellieHue 110 pe3yIsTaTam
paboThI 3ITUX MabIX IKCTIEPTOB.

[Tocne ompepenenusi akta paboTel cuctemsbl U pa3bueku (ecnu TpebyeTcs)
3a/ja4 Ha moj3ajaun ciaeayeT pa3paboTka cxembl 00ydarOMX MPUMEPOB AJis
KaKaoW w3 mnoazagay. Cxema mnpuMepa BKIHOUYAeT CHHUCOK BXOAHBIX |
BBIXOJHBIX TAPAMETPOB /ISl JaHHOM 0/3a/4auu.

OnpengeneHue CrNUCKa BXOAHBIX [aHHBIX - KBajuduuupoBaHHas pabora
NpeAMEeTHOrO CIeljuanucTa, TpeOyroupsi 3HaHUS HW3ydaemMou obnacTu u
OPUEHTHPOBOYHOUN BaXXHOCTHU TeX UJIM UHBIX TTaPaMeTPOB, HeOOXOAUMBIX A/1s
nosiyueHusi oteera. JKemaTenbHO B Hadaje paboTel Haj, TPOEKTOM 3aJjaTh
HEKOTOPYH0 M30BITOUHOCTh CIHUCKA BXOAHBIX [JaHHBIX. B ganbHeimem
"nmumHue" mapaMeTpel MOXKHO OyeT JIerko MCKIHUUThE U3 PaboThkl CUCTEMBI,
n00aBUTH ’Ke HOBBIE HECKOJBKO TpPYAHee, TMpeXJae BCero IOTOMY, uTO
notpebyeTcss BHOBbL 00pamjaThCsd 3a 3TUMH TapaMeTpaMyd K HMCTOUYHUKAM
JaHHBIX.
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Brnok ExonHbE napaMeTRoE

!

Enow 1z 5 mefipoceted-skoaeptos M1, IS

!

5 OTEETOE

.

Jlornvecknit GNoK TolocoBAHEA

'

AN HTEIEH O PELICHHE

Puc. 5.5. Cxema aBukeHusi UHGOPMAL[UU [/1s1 SKCIIEPTHONW CUCTEMBbI C 5
HeHpOoCeTsMH-3KCIIepTaMH, PeLIAIIIMMU OHY U TY >Ke 3a/ja4y U JIOTHYeCKUM
O710KOM, OCYLIECTB/SIOIMM T[O0COBAaHUE [UIS BBIZAYM 3aKTHOUMTETBHOTO
peleHus

Hanee >kenaTresbHO COCTABUThL HAMSAHYK CXeMY ABUKeHUs WH(POPMALIUU B
SKCIePTHOM CHUCTeMe HauWHasi CO BBOfA [JaHHBIX U3 BHEIIHEro Mupa M
3aKaHUMBas BBIBOAOM OTBeTa (OTBETOB) mMoJib30BaTent0. [Ipumep Takoi
CXeMbl TIPUBE/IEH Ha DUCYHKe 5.5.

Heobxogumo  ompezenuTs OpPUEHTUPOBOUHBIE  pa3Mepbl  OOydarommx
BbiOopok. Tak, B wiaccu(uKaliMOHHBIX 3ajjadax (Mof3ajavax) >keaaTesbHO,
yTOOBI KaXK/IBIM K/IacC OTBeTa ObI MpeACTaB/ieH JOCTaTOYHBIM KOJTHUECTBOM
npumepoB. Heobsi3aTenpsHO, HO KenaTeNbHO, UTOOBI KOIMYEeCTBa MPUMEPOB
Ka)K[]0TO K/1acca He pPa3/inuajiuch CIULIKOM CUIbHO (6osee, uemM Ha MOPS0K).

[MpenpaputenbHoe obOyueHWe W TeCTUPOBAHUE HeHpoOCeTel MOXKHO
MPOBOAUTh Ha HeOOJIBIIIOM KOJUUYECTBe MPUMEPOB C LIeJIbI0 OTIPeae/eHUus
ManbHeuIeld CTpaTerMu M TaKTMKA o0OydeHUs, a TakkKe YTOUHEHUs o0Iero
pasmepa obyuatoireil BEIOOPKH.

[TpeacraBneHye oOydaronux AaHHbBIX
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Cnepgyroumii 3Tan paboTel Haj TPOEKTOM - pa3paboTka Mpe/CTaB/IeHUs
obywaronmx  JgaHHbIX. Helipocetu  omepupyloT C  uHdbOpMaluen,
NpeACTaBAeHHOW TONBKO B BHUJe uucen. Yucaa MogarOTCs Ha BXOJHBIE
CUHAICbl HEWPOCeTH; OTBEThI, CHUMaeMble C BBIXOJHBIX HEHPOHOB, TaKKe
npeAcTaBastOT co0oil uucila, MO3TOMY [Jisi OLIEeHKM TIpuMepa 3apaHee
W3BECTHBIA OTBET TaKkKe J0/DKeH ObITh Mpe/CTaB/IeH B BUAe uucia (uucen).
Wudopmarus xe, HAa OCHOBAHUU KOTOPOW HEMPOCeTh JO/DKHA AABaTh OTBET,
MOXeT ObITb caMOro pa3HooOpa3HOTO BH/A: TEPMHHEI, OIMHCLIBAKOLIMeE
Kakue-nubo  CcuTyaluM, uMcAa Pa3IMuHOTO BHU/A U BETMUUHBI,
JWHAMUUeCKue pPsbl, MaCCUBHI, rPauKi, AUHAMUUYECKUEe KPUBHIE, [ABYX- U
TpexmepHble wu300pakeHusi U T.a. [lo3TOoMy BO3HMKaeT HeoOXOAUMOCTb
KODPEeKTHOTO TpeJCTaBleHUsT 3TOW HWHOpMALMU B  BHUZE UHCE,
COXPaHSIIIMX CMBIC/T MU BHYTPEHHHE B3aMMOCBSI3U B IaHHBIX.

CyliecTByeT OrpOMHOE KOJTMUeCTBO CriocoboB mpepcTaBieHuss HHGOpMaIuu
[71s1 pa3/InuHBIX LIesei.

Insi paboTbl HEHPOHHBIX CeTell C MeAUKO-OUOJTOTUUYECKHMH JaHHBIMU MBI
npejnaraeM 10 BO3MOXKHOCTA TIONIHYIO KlacCUUMKAIL[UI0 [JaHHBIX, C
KOTOPBIMM MOXXET CTOJKHYTBCSI CO3[aTeb MEJUIUHCKUX JKCIEepPTHBIX
CUCTeM, U OMTUMabHbIe CIOCOOBI MX MPEACTABIEHUS] B UMC/IEHHOM BHU[E,
yuuThIBarOIpe creuduky paboTel HelipoceTeBbiX cucTeM. OIHAKO 3TO He
rOTOBbIE PELeNThl, TOTOMY B KaXK0M KOHKPETHOM CJlyuyae Bce XKe TpedyeTcs
KBamMUIIMpOBaHHOE pellieHre Crel[HalnuCTa.

1. Yucno ¢ "mnaBatomieid Toukoi'. OIMH U3 CaMbIX PacrpoOCTpPaHEHHbBIX
TUMOB JaHHBIX. JlaHHBIE TAKOr0 TUMA MOTYT MPUHUMAThL JHO0ObIE
3HaueHwUs1, [poOHbBIe MU 1jenkle. Yare BCero OHU TMOJIOKUTENBHBI, HO
MOTYT ObITh M OTpUljaTe/ibHbIMU. HemanoBakHO, 4TO st paboTel
HEUPOHHBIX CeTeil MpaKTUUeCKd He WUMeeT 3HaueHue, MOAUUHSeTCS
WU/IM HeT BapHUALIMOHHBIM Psifi 3TUX [aHHBIX 3aKOHY HOPMaabHOTO
pacripesienenud. Kak nmpaBuso, gaHHble Takoro BHJA pacriojararTcs
HAa KakoM-1u00 MHTEpBajse C HeUeTKUMM TrpaHuuamu. [Ipumepom
MOKET MOCAYKUTb DONBIIMHCTBO AAHHBIX j1abopaTOPHBIX aHa/IH30B.
IanHble B BUJe uuMcen C 'MiaBaroleid TOUkod'" He TpeOyrOT Kakux-
nubo mepepacueToB M MOTYT HCMO/B30BaThCs B TOTOBOM BH/E.
Cnenyer ocobo OTMETHTb, YTO CrocoObl KOJUPOBAHUS TaKUX
Toka3artesneil myreM pa30MBKA HAa UHTEPBA/bl U MIPUCBOECHUS KaXKJOMY
WHTepBaly TMOPSKOBOTO HOMepa He)KejaTelbHbl [isi HeHPOHHBIX
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ceTel.

2. Bzaumoucknwuaroupe papuanTtel. OauH u3 Haubonee C/I0KHBIX
TUMOB  JaHHBIX, TpPeOylUMX NPOAYMAHHOTO TpeACTaB/IeHMUS.
WUndopmariusi npu 3TOM MpeJCTaBieHa B BUAE OJHOTO U TOJBKO
OIHOTO BapHaHTa W3 3apaHee W3BEeCTHOrO U OrpaHMUYeHHOro Habopa
BAapUAaHTOB ¥ He MOXeT TPpUHMMaTh BHJ JpoOHOro umcha.
[TpocTelimM TIPpUMEPOB MOXKET CIY)KUTh T10J1 UeJIOBEKa - MYIXKCKOH
unu xeHckuil. Takas nHpopmaLus TpebyeT UMCIEHHOTO KOAUPOBaHMUSI.
B npuBefieHHOM NpUMepe MOXXHO 3aKOIMPOBATh MY)KCKOM MOJ Kak 1,
JKeHCKUAH - KaK 2 uiau HaobopoT. O/HAKO Jafneko He BCerna MOXKHO
cZlenaTb Takoe MPOCTOe U MPOU3BOIbHOE KoAupoBaHue. s obyueHus
HeiipoceTell MogoOHYI0 WHGOPMAIMIO JIOTUYHO TIOApa3AeNsTh Ha 3
OCHOBHBIX TTOJTHUTIA.

© HeynopsifoueHHbIe BADUAHTEI - TIPUBEEHHBIN TPUMEP C M0JIOM
yesoBeKa. VX MOXXHO KOJUPOBAThb NMPOU3BOJIBHBEIM CITIOCOOOM.
YacTo K 3TOMY TUNY OTHOCATCA laHHbIE, TIPeiCTaB/sieMble BCEero
JByMs BapyaHTaMH4 (Jja - HeT, CoraceH - He comiaceH, bonen -
He Oonen u T.1.).

© VYmopsijoueHHble BapuaHThl. Takue [aHHBIE HaXOOATCSA B
ompefie/IeHHBIX B3aUMOCBA3SX APYr C APYroM, KOTOpPbIe MOTYT
OBITH BBIPD@KEHBI OTHOILIEHWAMU TUTIA "Dosbie", "MeHbIIe",
[TpumMepoM MOXKET CHIY)KUTb CTeNeHb TsHKeCTH 3aboneBaHust (
I,II,IIT ). B mobom cnyuae BapuMaHThI pacIio/iararmTCs B
ompe/ieIeHHOM TMOPSAJKe - Kak MpaBW/IO, BO3PaCTaHUs W/IH
yOBIBaHUSI.

© YacTuuHo YIOpsiZJ0UeHHbIe BApUaHThI. Cnocob
YIIOPSiZIOUMBAHUS HEe OYeBU/IEH, OJHAKO €r0 MO)XKHO HAMTH, eciiu
3TO HeoOXoAUMO [1/151 pelleHus 3a1auH.

3. Coemectumble BapuaHThl. MH$opManus MoxeT ObITH Npe/CTaB/eHa
OIHUM UJTH OJHOBPEMEHHO HeCKO/JbKHMH BapUaHTAMH M3 U3BECTHOIO
¥ orpaHuuyeHHoro Habopa BapuaHToB. [IprumMepoM MOXKeT SBIATHCA
Hamuue y  obcimegyemoro  Kakux-nmbo — 3aboneBaHuit UM
3aboneBaHU, MepeHeCceHHBIX B JeTCcTBe. B Takux ciydasix umeercs
[IBA pa3/IMUHBIX MOAX0/la K KOAUPOBAHUIO JAHHBIX.

o Ecnu BapuaHTBEl HeYNOpsAAOUYEeHHble, Hauayuumi (HO, K
CO’Ka/IeHU10, He Bceraa yno0HbIi) criocob COCTOUT B TOM, UTOOBI
pa3buTe TIpU3HAK Ha HECKOJBKO TIPU3HAKOB, KOJMUYECTBO
KOTOPLIX PaBHO KOJIMUECTBY BAapUAaHTOB M KaXKIbIA M3 HUX

KOAMPOBaTh OTAenbHO. KaKAbld MOANPH3HAK B TAaKOM CIydae
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JleflaeTCsl  CaMOCTOSITe/IbHBIM ~ MPU3HAKOM U TIOfAAeTCsl Ha
OT/Ae/bHBIA BXOAHOW CUHAIC HeHpoCeTH.

© Eciu BapuaHThl yIOPSJOU€HHbIE, MOXKHO TPUMEHUTh TTPUHIIUII
OUTOBOM MACKH.

4. Jlara, Bpemsi. OueHb YacTO MEAMIIMHCKUE [aHHBIE COJEP)KaT ATkl
pa3UuHbIX COOBITUM B JKU3HU O0Ocneayembix. [lisi 4MCJIEHHOTO
Mpe/ICTAB/IEHUS] BPEMEHHBIX TOUEK HEeoOXoQUMO B KaXKIOM MPHU3HAKe
BbIOMPaTh COOTBETCTBYIOIIYIO TOUKY OTCUeTa M, OTTA/IKUBAsSICh OT Hee,
BbIp@KaTb BPEMEHHOW WHTepBan B yA0OHBIX egUHUIAX (CeKYHAbI,
yacel, CyTku, rogel). Hampumep, eciu y OonbHOro yka3aHa para
BO3HUKHOBEHUS Kakoro-nubo 3aboneBaHus, ynobOHee repeBecTu ee B
BO3pacT, KOTOPbIA COOTBETCTBOBANA 3TOMY COObITHIO. CZlesiaB 3TO /s
Bcex oOcieayeMbIx, CHEIUAJUCT TPUBEET TOKa3aTenb K eJIuHOU
ukane. Ecnu tpebyeTcs Apyroit moaxofi, MOXKHO MOCUYMUTATh, CKOJIBKO
BPEMEHU TMPOIUIO C MOMEHTa BO3HUKHOBeHUs 3aboneBaHusi [0
MOMEHTa HacTosiero obcnegoBanus. B KaKaoM ciiyuae npegMeTHbIH
CreluaaucT [o/bKeH BbIOpaTh cmocob mnpeacraBineHusi, Haubonee
XOPOIIO OTPaKAKIMI CMBIC] ITapaMeTpa.

5. I'padmku. Paspaborka cmocoba mpezacTaBneHusi rpadukoB YacTo
TpebyeT A0BOBHO OOJILIIOTO BpeMeHH.

o Haubonee mnpocTol, HO He BCerja BO3MOXHBIA Crocob -
JUCKpeTHOe pasnokeHue rpaduka. OfHAKO [/s MOAAUM TaKon
uHopmaruu mnotpebyeTcsi 0Oonblliee KOTMYECTBO BXOZHBIX
CUHAICOB HEMPOCEeTH.

© MoXHO u3MepsATh Ha rpaduke CrelUasbHO BbIOpaHHbBIE
BE/JIMUMHBI, OTpa)kawlme Haubosiee Ba)KHbIE XapaKTePUCTUKU
saBneHusi. Hampumep, anga DKI' - 3T0 IMpUHA W BBICOTA
pa3UuHbIX 3yOLI0B, HAa/IMUKMe OTPULlATe/bHBIX 3yOLI0B (fa, HeT)
u T.4. Takoil cmocob® MOXKeT o0Ka3aTbCsi U SKOHOMHEe, U
s¢dexTuBHee, oaHako TpeOyeT XOpOLIero 3HAaHUS W3y4aeMoro
saBfeHUs. Bo MHOTMX cCJydasix TPUXOJUTCA Tmipuberatb K
COBMeIIeHH0 000X METOI0B, 0COOEHHO B 3KCTIePUMEHTATbHbIX
paboTax TIpM WM3yUPHUM HOBBIX SIBJEHUH C TIOMOIIIBIO
HEeUPOCeTen.

6. IlpousBonbHble u300pakeHus. [ns mnogaun wu300pakeHUs Ha
HelpOoCeTb OHO TMPEeACTAaB/SIeTCS B BUAE OOJBIION0 MacCUBa UYUCEN
(MHOTA COCTOSIIEro U3 COTeH ThICSY 3/1eMeHTOR). Kaxaoe uucio npu
3TOM  OTpakaeT  COOTBETCTBYIOLYIO  TOUKy  u300pakeHuUs,
pa3zie/IeHHOTO Ha ManeHbkue ¢parmeHTbl. Uem Oosibiiie hparmeHTOB,
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TEeM TOUHee TpeJCTaBjeHue U300pakeHUsi, HO TeM DOnBIIMI MacCUB
ansg storo Ttpebyercs. CtaHgapTHoe rpaduueckoe wu3o0pakeHHe
xoMmrbroTepoB IBM AT 286 umeet pasmep 640*350 Touek U MOXKeT
ObITh MpeAcTaBIeHO MaccuBoM u3 224000 wuucen. Koguposka
KOKJ0M TOUKM MOXKeT ObITh paszmuuHoi. Eciu  u3obpakeHue
MOHOXPOMHOE U He J0MYCKaeT MO/JyTOHOB, KaxK/jasi TOUKa MOXKeT ObITh
otobpakeHa 3HaueHusimu 0O (Oenast) unu 1 (uepHasi) UM HaoOOPOT.
[nst XpaHeHUsI TaKOrO 3HaueHWsl JOCTaTouHO 1 Outa mHbopmaruwm,
M03TOMY [ TIpeACTaBAeHUs1 Bcero u3o0OpaxeHus mnorpeldyercs
28000 6OaiTt, uTto BrOAHe TipuemaeMo. Ecnu ke wu3obpaxeHue
LIBETHOE WJIM UMeeT IT0JIYTOHA, TO KaXK/as TOUKa J0/DKHA BhIPaXKaThCA
YUC/IOM, Pa3psAgHOCTL KOTOPOrO [JO0CTaTOuHA [/ Tpe/CTaBIeHUs
mr000ro 1IBeTa UK MOJTYTOHA.

[Tocne pa3spaboTku crnucka 0OydarolMX MapamMeTpoB [Jis KOKJAO0W Toj3afaduu
U omnpefeneHus cnocoba TpeAcTaBiAeHUsT KKAOrO MapaMeTpa U OTBeTa
MO)XHO TIpUCTyNaTth K GOpMUpPOBaHUIO oOyuaronmx BbIOOpOK - cbopa
uHpopmaluu u nomeieHus ee B 6a3bl JaHHBIX.

Nuuupanusanus HeMpOHHOU CeTH

[Mocne (hopmupoBaHuUst oOyuarorei BbIOOPKH TIPOU3BOAUTCS
WHUIMANU3allusg HeMpOHHOW ceTu (CeTeil), A/ KOTOPOW OIpeesitoTCs
CTapTOBble mapameTpel. [laHHBIM pa3gen TMOCBSIIEH BbIOOPY CTapTOBBIX
rapaMeTpoB HEWpPOCeTH B 3aBUCUMOCTH OT oOydaroieid BeIOODKM U 1ie/H
obyueHus.

PaspaboTaHHasi HaMM MeTOMKA CO3[aHUS HEHPOCETEBbIX IKCMEPTHBIX
CHCTEeM BKTIOUaeT (DMKCHpPOBaHHBIA HAabOOP CTAPTOBBIX MMapamMeTpoB, BbIOOP
KOTOPBIX MOJKET OCYIIECTBJIAThCS TPEAMETHBIM crerjuanucrom. OaHako
gaxke 3TOT Hebosbmioli Habop MoXeT ObITh MHUHUMHU3WPOBAH MyTEM
ABTOMAaTH3al[MK YCTAHOBKU [JOCTATOYHO OUEBU/JHBIX TAPAMETPOB.

CnucoK CTAapTOBBIX TapaMeTPOB  BKIKUAeT  CHAeAYIOIME  MYHKTHI
(mapametpsl, BLIOOP KOTOPBIX MOKET OBLITH aBTOMAaTHU3MPOBAaH, MOMEUYEHBI
3BE3A0UKaMMU ):

1. * Beibop Tumna HeiipoHHOH ceTH;
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2. * WNwms (aiina HelIPOHHOM CeTH;

3. Cxema nogaun oOyuarolMX JaHHBIX, KOTOpasi OTpeJesieT KOJUueCTBO
BXOJHBIX CUTHA/MOB M COOTBETCTBYIOUMX UM BXOAHBIX CHHArcoB, a
TaKkKe OTBET;

4. * BxyroueHHe UM BBIKIIOUeHHe HOPMHUPOBaHMS BXOJHbIX CUTHAMOB;

* KonuuecTBO HEMPOHOB;
6. * [NapamMeTp M/IOTHOCTH (KOJTMUECTBO HEMPOHOB, Ha KOTOPHIE MOJAeTCS

OZIUH BXOZHOU CUTHA);

7. * Bpemss OTKIMKa HeHpoceTH (YWC/IO TakTOB (YHKIIMOHUPOBAHUS

HelpoCeTH TP TMPOXOXKAEHWUU OFHOrO MpUMepa C MOMEHTAa TOAauu

BXOJHBIX CUTHA/IOB [10 BbIIa4¥ OTBeTa);

b

8. * BenuuuHa XapaKTepUCTUKA HEMPOHOB.

Kak BHJHO, B MHMHHMH3HPDOBAHHOM BdpPHWaHTE CIIMCKd I1apaMeTpOB
CITeHaAMHUCT-I10/Ib30BaTe/Ib [NO/DKeH BCero J/Wllb II0CTABHUTHL 3dd4dy, He
3a0YMBIBAsACE O BBIGOPE OCTa/IbHBIX I1dPdMETPOB.

PaccmoTpuM MeTOAMKYy 3ajjaHusl Ka)K[JOro mapamMeTpa, a Takke BapHaHT,
KOTODPBIN MPUHUMAETCS MMPU ABTOMATUUCCKOM YCTaHOBKE.

Crnenyer 3aMeTHTh, UTO B paMKaX TPUHSTOH HaMW H/I€0JIOTHH CO3/IaHUE
HelpoceTell [JO/HKHO OCYIECTB/IATHCS MPU HAJIMUUU CTAPTOBOM 00Oydaroinen
BbIOOPKU, Haxomselics B Da3e JaHHBIX, UTO 3HAYMTE/NLHO obOnerdaet BoiOOp
nmapaMeTpoB TOJb30BaTe/ieM U /laeT BO3MOXXHOCTh aBTOMaTH3alluu Beibopa
nmapaMeTpoB.

1. Beibop Tuma HelipoHHOW cetu. OrmpegenseTcss TUIIOM 3aJauM
(xnaccudukausi, TIpeJUKUMsA, BeKTOpHasi npegukuus). [lepen
BeIOOpOM HeoOxoauMo yOeaMTLCS B COOTBETCTBUH OOyuaroiei
BrIOOpKM TUMy HelipoceTu. [Ipu aBTOMaTueckom BeIOOpe TIporpaMma,
Toc/e onpejeneHus Mmosb3oBaTteseM Habopa obyuaroupx mapameTpoB
u Beibopa mosnsa 6a3bl JaHHBIX, B KOTOPOM COJEP>KHUTCS OTBET,
OCYLIeCTBJISIeT aHA/IU3 ITOrO 1o/, ECiu JaHHBIe B HEM TIpe/|CTaB/IeHbl
[eJbIMM uKMCiaMU HeOOosbIIoNH pa3MepHOCTH WM (UKCHMPOBAHHBIM
Habopom umcen ¢ 'mnaBawmeld  TOUYKOM', yCTaHAB/IMBAETCS
KI1acCU(UKAI[MOHHBIM TUI HEWpoHHOU ceTu. Ecau Xe gaHHBIE
TpeCTaB/J€Hbl YMCAaMM C 'TUIaBawoIeidl TOUKOM" € JJOCTaTOYHO
IIMPOKUM BapbMpPOBAaHHEM, YCTaHABIUBAETCS TIPeJUKIMOHHBIA THUII
HEeUpOoCeTH.
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2. Umsa daiina HelipoHHOU ceTtu. [Ipu aBTOMaTHueckol yCTAHOBKE UMS
(haiiia CBSI3bIBAGTCS C YCTAHOBJIEHHOM 3a/1aueid.

3. Cxema mogauu oOyualIMX [JaHHBIX W OTBeTa He MOXeT OBITh
ABTOMAaTU3UPOBAHA, TaK KaK W3HayalbHbIA Habop obyuaroumx
rapaMeTpoOB U IapaMeTphl, COAep)kallie OTBeT, MOTYT OBITh 3a/aHEI
TOMBKO camMuM creuuanuctom. [lpu  Hanuuum 0as3bl  JaHHBIX
T0B30BaTe/Ib YKa3bIBaeT, Kakue Mo 0a3bl pacCMaTpPUBAKTCA Kak
ofyuaronie, 1 B KakuUX MOJIX cofepykaTcs oTBeThl. Kaxjas 3amuch
0a3bl sIB/IIETCST IPUMEPOM, eC/M sUeiiKa B T0Jie, COAep)KallleM OTBeET,
He MyCTa, U eC/IM MO0Jb30BaTeNb ClelHanbHO He yKasaja, YTo JaHHas
3alUCh He [0J/DKHA Yy4acTBOBAaThb B o0yyeHuu. Kaxablii BxogHOU
(obyuaronmii) mapameTp MOXXHO TMpU OOyueHWHM W TeCcTHPOBaHUU
To/laBaTh Ha OUH (CTAaHAAPTHO) UJIM HECKO/ILKO (MTPU HeobXoqumMoCTH)
BXOJIHBIX ~ CHHAllCOB  HelpoceTd. BTopoii  BapuaHT  MO’KHO
WCMOMb30BaTh B TeX C/yyadx, €CAu I0/b30BaTe/lb 3apaHee CUMTAeT,
YTO KakoW-mub0 mMapaMmeTp [oO/DKeH Urpatk ocoboe 3HaueHue /st
ToAyyeHUe OTBETA M €ro BWSIHUE HeOoOXoAuMO YyCUIuTh. [ns
rnpuMepa pacCMOTPUM aABe cxembl. IlepBasi (Tabauia 5.1) 3amaercs
MpOrpaMMOM MO YMOIYaHUIO (CTaHJAapTHO) U HE MEHSeTCs, eC/H
co3jaTesit0 HeMpoceTH HeT HeoOXoAMMOCTH Tepeonpeaensite (Gopmy
rnojaud AaHHbIX. Bropas cxema (tabmuia 5.2) siBseTCA pe3ynsTaToM
HarpaB/IeHHbBIX AEMCTBUM CO3/aTe/isi HeHpPOCeTH.

Tabsuija 5.1. Cxema rogaun 00yuarOMX MapaMeTpoB U OMpejeieHne
OTBeTa, yCTaHaB/IMBaeMble CTaHJapTHO

KonuuecTBo BXOAHBIX Homepa BxogHbIX
[Monst 6a3sl CUHAIICOB, HAa KOTOPLIE CHUHAIICOB, HA KOTOPLIE
MaHHBIX nogaetcsi oOydaronmin rojaeTcs ooyuaromm
napameTp rnapameTp
1. Auarnoz 1 - (OteeT)
2. Bospact 1 1
3. Tlon 1 2
4.
KonnuectBo 1 3
PUTPOLIUTOB
5.
KonnuectBo 1 4

NeUKOI[UTOB
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6.
Femornobux

1 5

B mnepBoii cxeme 0a3a DAHHBIX COJEPKUT 6 TIONeH, COAEepIKalux
naHHble 00 obcnesyembix. IlepBoe mosie cofepXUT OTBeT (AMArHo3s),
ocTajibHble ToJiA ABAAIOTCS obydaroupmu. Ecnu mosne, copepxkaiiee
OTBeT, repeoe B Da3e gaHHBIX, He TpebyeTcst mepeonpegenaTs oTeeT. B
TIpUBEJIEHHOM TipuMepe 5 ofyuaroumx 1osiedd, AaHHbIE KaXKJOTO M3
HUX OyAyT MopaBaThCsA Ha OAUH COOTBETCTBYHOIIMI BXOJHON CUHAIC.

Bo BTOpOM mpumepe mone, cofepsKaljee OTBET, CTOUT MOCIeJHUM;
KpOMe TOT0, UMEKTCS MOJid, COofeprkalpe ko obciiegyeMoro u ero
damunuio. B 3TOll cuTyanuu mosb3oBaTesb [JOJDKEH yKa3aTb, UTO
OTBETOM SIBJIsIeTCA UMeHHO mnoJie "[luarnos".

[TopaBaTe Ha BXOf HelpoceTH kof 00CIeyeMOro He MMeeT HUKAKOrO
CMBIC/IAa, [MO3TOMY [aHHOE I[10JIe BBIKIHUAeTCS M3 CXeMbl I10a4d
BXOAHBIX CUTHAIOB, HECMOTPS HA TO, YTO OHO MOXXET UMeTh UUCJIOBOU
tun. Ilone, cogepxaijee dQamunuio  obcieayeMoro,  Takke
BBIK/IIOUAETCA M3 CXEeMbl, T.K. OHO sBJIA€TCS He YUC/IOBBIM, a
cuMBOIBHBIM. [lons, conepskaiiee JaHHbIE O KOJTUUEeCTBE SPUTPOLUTOB
U reMomioOMHe, TIOJAIOTCS COOTBETCTBEHHO Ha 2 M 3 BXOAHBIX
CMHAamca co3/aBaemMoil HeHpocetu, uro Oyger onpenensTs HUX
OTHOCUTeNbHO OoJiblliee BAMSIHUE Ha BbIJauy OTBeTa y OOyueHHOMN
cetu. Takum o6Opa3om, HeCMOTpPS HAa TO, YTO UKUCJIO OOy4arOIMX
rapaMeTpoOB PABHO M0 TIPeXXHEMY 5, YMC/IO BXOAHBIX CUHAIICOB OyzgeT
YBEeJIWYeHOo [0 8.

Tabmuiga 5.2. CxeMa mogauu 00y4uarOUMX rMapaMeTpoB U OTpeeeHue
OTBeTa, 3a/]JaHHbIE CO3[aTeneM HelpoceTu

KonuuecTBO BXOAHBIX Howmepa BxogHbIX
[Mons 6a3et CUHAICOB, HAa KOTOPbIE CHUHAIMCOB, HAa KOTOPbIE
MaHHBIX nogaetcsi oOydaronmin rojaeTcs ooyuaromm
rmapameTp rnapameTp
1. Kog,
nalueHTa i )
2. ®.1.0.

MalnueHTda

192



Unknown

Hefipounpopmatika

3. Bospact 1
4. ITon 1 2

5.

KonunuectBo 2 3,4
3PUTPOIUTOB

6.

KonuuectBo 1 5
NeNKOI[UTOB

7.

6,7,8
l'emomiobun

8. Juarnosz - - (OteeT)

[Togauy HEKOTOPBIX BXOAHBIX IMapaMeTPOB HAa HECKOJIbKO BXOJHBIX
CMHAINICOB MOXXHO PEKOMEHJ0BaTh U B C/Iydasx, Koraa olilee 4ucio
00yuaroImMXx MapaMmeTpoB Maso (eUHULIbI).

BxiroueHre W/IM BBIKIHOYEHHWEe HOPMHUPOBAHMUS BXOAHBIX CHUIHAJIOB.
HopmupoBaHue BXOAHBIX CUTHAJIOB TMpeJCTaBjisgeT cob0¥ oguH U3
BUJOB TMpenobpaboTKu U AB/ISETCS WCKIUWTE/NBHO BaXKHBIM B
METOOJIOTUM CO3JAHUS HEeUPOCeTeBbIX HJKCMepPTHBIX cucrem. [lpu
HODMHPDOBAHMM Ha BXOJHOW CHHANC TIOJAeTCAd He BeJUUYhHA
rnapamMeTpa (A5 JaHHOTO MpHUMepa), a ee SKBUBAJEHT, MOJy4eHHBIN
TyTeM T[epecueta TI0 OMNpeAeleHHOW cxeme. Mbl TIpUMeHsieM
HOPMHPOBAHUE BXOAHBIX CUICHaJIOB HAa pguanasoH [-1...17.
CucrtemMa HOPMHUDOBAHUS UMEET JIBa aCMeKkTa - MeTOJO0JOTHUYeCKUM 1
TexHonoruueckui. [lepBelii COCTOUT B TOM, UTO HOPMHPOBaHHE
1o3BosisieT YHU(UIUPOBATh TNpeACTaBieHHe HWH(OPMALUU BHYTPU
"yepHOTrO SMKa" HEHPOCeTeBOM JKCIEPTHOW CHUCTEMbI U TI03TOMY
OTMeHsieT  HeoOXoAUMOCTBH  CO3JAaTeN0  W/UAW  TI0/IB30BaTeN
SKCIIEPTHOM  CHUCTeMbl KOHTPOJWPOBATh  [JUAMAa30HbI  UHCIOBBIX
3HauUeHUH MeJUKO-OMO0/I0THUeCKUX JaHHBIX. TeXHOMOTMYeCKUil acreKT
3aKTiouaeTcss B cneaywooilem. PaspaboraHHas TexHosorusi obydeHus
HEUPOHHBIX CeTell TpeJyCMaTPUBAeT YHUBEPCATLHYI CTPYKTYPY U
aIrOpuTMBl O0OyueHUsT A7 MeOUKO-OMOIOTHUYeCKUX AAHHBIX JH000ro
XapakTepa. OpgHaxo B pesynsrare IIPOBOAUMBIX  HaMu
MHOTOUYHUC/IEHHBIX IKCTIEPUMEHTOB OBbIIO yCTaHOBJIEHO, YTO Haubosee
yHUBepcanbHast U ObICTpoOOyuaromascsi apxXuTeKTypa IO/JHOCBS3HOU
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CUTMOU/JHON (MMeEIOIIel XapaKTepuCTUUecKyo (YHKIUI0 HeHpPOHOB)
HelpoceTH ONTHUManbHO paboTaeT TIpU HaXOXKAEHUU BXOAHBIX
CUTHAIOB B [AuarnaszoHe npubnusutensHo [-1...1]. Tlpu
pacuMpeHUH 3TOT0 [uarnasoHa MPOUCXOAWUT CHadyajsa MpakTA4YecKd
He3aMeTHOe, TUJIaBHOE, a 3aTeM OBICTPO HapacTawliee CHUKEeHHe
KauecTBa oOyueHUs, OCOOEHHO SIPKO TMPOSIBJSIOLEECS TMPU CHUIBHO
PpasnuyarLMXCs AMana3’oHax y pasHblX BXOAHBIX CUTHANax.

Eme B  Oonbueit  cTemeHW  HOPMUPOBaHWE — BAMSIET  HA
JKCTPAroasUOHHbIE BO3MOXHOCTH  Heipocetu. MccnemoBaHus
T0Ka3a/y, 4YTO NPOLEHT MpaBU/IbHO paclO3HaHHBLIX [IPUMEpPOB, He
BXoASUMX B obyuaroupyto BbIOOPKY, MaKCUMaleH TaKkKe [pU
HOPMHPOBAHWH BXOJHBIX JAHHBIX Ha Auana3oH [-1...17.

YuuTbiBasi pe3ynbraThl 3KCIIEPUMEHTOB, pa3paboTaHHasi METOA0I0TUS
npeycMaTpUBaeT HOPMHUPOBaHUWE BCeX BXOAHBIX [1apaMeTPOB Ha
quana3oH [-1...1]. Kakaplii BXOAHOW CUTHAs Mepej rojadyed Ha
CUHAIC TTePecUnuTHIBAETCS 0 (popMyrie

Y= 2 * (x; - min) / (max; - min;) - 1 (3),

Ije x - WMCXOAHBIM CHUTHam, Y, - TIO/Myd4aeMbli HOPMHPOBaHHBIN

CUTHaJ, min ©W max - COOTEETCTBEHHO MHHHMA/IBHOE H
MdKCHMMd/IbHOE 3HdUeHWA HMHTEpPB4/Ia BXOAHLBIX II4paMETpPOB B I107e,
mojaBaeMOM Hd CHHAIIC i.

Nuarna3zoH BXOAHBIX MapaMeTPOB PACCUUTBIBAETCS AJIsl KXKJO0T0 IO,
10JaBaeMoOro Ha CHHAMChl HelpoceTu. PacueT mNpouCXoguT mpu
co3gaHuu Heiipocetu. [locne co3gaHust HEMPOCETh XPAaHUT MUHUMYM
U MakKCHMMyM Juaria3oHa B cBoeMm (aitne. Pacuer auana3oHOB
TPOUCXOAUT ABTOMaTUUECKU UCXOAs W3 3HaueHWH, 3a/laHHBIX B
npumMepax obOyuatomieir BeiOOpku. [lo3TOMYy KejlaTenbHO, UTOOBI
obyuaroijasg BeIOOpKa copeprkasa MpUMepsl C BO3MOXXHBIMUA KPaHUMH
3HaueHUsIMA Bcex ofyuatommx mnapameTpoB. Eciu BHoc/ieAcTBuH,
Hanpumep npu A000yuyeHUM WM TeCTUPOBAHWH, Kakoe-mubo
3HaueHHe OyeT HaXOAUTCS BHe MPOMEXKYTKa Min..max, epecuYuTaHHOe
3HaueHHWe OyIeT COOTBETCTBEHHO JieXKaTh 3a TpejesiaMy [uara3oHa
[-1...1]. Ecmn "BeimaseHue" M3 uWHTepBana OygeT HeOoiblMM
(mecsiThle  JO/MM), 3TO TMpPAKTUUECKA He TIOBJUSIET HA KaueCTBO
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noo0yueHHs ¥ TeCTUPOBaHUe.

Tem He MeHee, peKOMEH/IYeTCsl TOC/Ie CO3/[aHusl HellpoceTH ([0 Hadaia
BCAkOro  oOyueHus!) BHUMaTe/bHO TMPOCMOTPETh  JUAra3oHBbI
3HAYeHHW#, COOTBETCTBYIOIME KaXKAOMY BXOAHOMY CHHAIrICy, U €C/ B
OymyiieM mpearnoaaraeTcs rmojada 3HaU€HW BHE JAHHOTO JMaria3oHa,
BPYYHYIO U3MEHUTH €ro. HU B KoeM ciiyuae Hejib3si MEeHSITh JHara30HbI
nocsie obyueHWs HEMPOCETH, T.K. 3TO TPHUBEAET K IOC/IEAYIOIei
HEKOPPEeKTHO 00paboTKe BXOAHBLIX CUTHAOB, COOI0 MpPH A000ydeHUU
M HEKOPPEKTHOMY TeCTHPOBaHWIO. [IpM aBTOMaTHYeCKOM 3aJaHUU
rmapaMeTpoB  CeTH  BCeIfja  YCTaHABJIMBAETCS  HOPMHPOBaHWUe,
ABTOMATHYECKHI MOJCYET AWara30HOB 3HAYEHUH W pacCIMpeHue uX
Ha 3a/IaHHYI0 OTHOCUTE/IbHYI0 BennuuHy. OTMeHa HOPMHUPOBaHUS
MpelyCMaTpUBAeTCs B OCHOBHOM /JI/Isl IPOBE/IEHUSI IKCTIePUMEHTOB U
MCC/IeJ0BAHKH, KaK BO3MOXKHOCTh JOMOJHUTETbHON HACTPOMKH.

Kpome HOpMHUpOBaHMSI BXOJHBIX CHUTHAOB, VCTaHaBIUBAaETCS
HODMHPOBAaHME 3HAUe€HWM OTBETOB Yy HelpoceTel-TpeJuKTOPOB.
[IpoBefeHHbIE IKCIIEPUMEHTHI MOKa3aau 6e3ycioBHOe TPeruMYIleCTBO
Takoro noaxoga. HopmupoBaHue 3HaueHUUW OTBETOB TPOBOAUTCS MO
cxeMe, AHAJIOTUYHOU HOPMUPOBAHUIO BXOJHBIX CUTHAJIOB.

5. KomuuecTBo HeWpoHOB. OTOT mMapameTp OMpejesiseT CyMMapHOe
KOTMYeCTBO CHHANTUUeCKUX CBsi3ed HelpoHHOW cetu. [ns
TIOJTHOCBSI3HOW HEWpPOCeTH OHO paBHO KBAZpaTy 4YMC/Ia HEeWPOHOB.
Ecnu ceTh ucnonb3yeT aJaniTUBHYK) MaTPULy BXOAHBIX CUTHA/OB (B
Hamel  MeToAMKe 3TO  JejlaeTcs  Bcerga), obmee  uucio
TOACTPAauBaeMbIX CBsA3€il PaBHO KBaJpaTy uuc/ia HEHPOHOB TLIHC
TpoM3BeJieHUe YKMCAa BXOAHBIX CHHANCOB M TJIOTHOCTH TMOAA4YM
BXOAHBIX CUTHAJIOB (Ha CKOJIBKO HEHPOHOB TTOZAeTCS KaXKAbIH BXOJHOU
CUTHAJ).

OnTuManbHOE KOJMYECTBO HEMPOHOB BO MHOTOM 3aBUCHT OT
pellaemMoi 3agauu. Bosibiliee UMc/I0 HEHPOHOB MOBHIIIAET TaPAHTUIO
ycremHoro obyueHus, HO yBeJIMUMBAET pa3Mep HeMpOCeTH, a 3HAUMT,
Bpemsi ee cpabaTbiBaHMsS TIDU TeCcTe W BpPeMsi ee 3arpy3kd C JHCKa
KOMIBIOTepa B MamaTb. B o0iem ciiyyae, 4dcjiio HeMPOHOB MOJXKET
ObITH paBHO uMCay 0OyuarolMX rapameTpoB. B knaccudukaropax 6e3
alaTUBHON MaTpPUI[bl BXOJHLIX CUTHA/JIOB KOJHUUECTBO HEWPOHOB
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YCTAHAB/IUBAETCA dBTOMATHYECKHM H DABHO CyMMe YMCJld Dﬁy‘-IEII-OU_]I/IX
ImapaMeTpOB W KOJIMYECTBA KIdCCOB B 3ajadye. Ecnu Haﬁop BXOOHBIX
ImapaMeTpoB 1306pITOUCH (npegnonaraerca, 4yTO 4J1d Oﬁy‘IEHHﬂ MO>KHO
000OWTHUCHL NHIIL YaCTBH) 3TOr0 Haﬁopa) MOXHO 34a0dBdaTb YHCJIO
HEﬁpOHOB MEHBIIMM.

He  mpepcraBnsieTcsi  BO3MOXKHBIM ~ KOPPEKTHO  HMCCIe[0BaTh
3aBUCUMOCTh KauecTBa oOyueHHsi OT uMC/lIa HEHPOHOB, T.K.
HEBO3MOXXHO CO03/jaThb CeTU C OJUHAKOBLIMU CTAapPTOBBIMU KapTaMH U
pasHbBIM YMCIOM HelipoHOB. [Ipu cpaBHeHHU ceTell C pa3TUUYHBIMU
KapTaMMd Ha KauecTBO OygeT BauATh (XOTS W HE CHUJIBHO)
WHAUBU/YAJILHOCTh CETH, OIpejesnsieMasl CIy4alHbIMH CTapTOBBLIMU
3HaQYeHUSIMU CUHANITUYeCKUX BEeCOB.

[Ilpy aBTOMATHUeCKOM 3aJJaHMM UWCIA HEWPOHOB TpeJJaraeTcs
crefyrolas TexHosorus. MHuuuanu3supyercs u obydaercs HellpoceTh
Cc He0OMBIMM KOJUYECTBOM HeWpoHoB (Hampumep, 2 ). Ilpu
HEBO3MOXXHOCTH 00yueHHs, B 3aBUCHUMOCTH OT CyMMAapHOH OLIeHKU U
KOJTMYeCTBA BXOJHbIX CHHAIICOB PaCCUUTHIBAETCS HOBOE, YBEJIMYEHHOe
KOJTMYeCTBO HelpoHOB. MHuuanusupyercs u obyuaeTcss HOBasi CeTb,
TIOBTOPSIIOIAST TIAapaMeTphl MpeAbIAYILel, HO HWMeKIlas 3aHOBO
ycTaHOB/IeHHOe Gonbiree uncio HelipoHOoB. [Ipoiuecc moBTOpsieTcs: 10
TeX TOop, MOKAa Kakasg-1ubo u3 cereii He O0Oy4YHUTCS MOJHOCTBHIO.
Hepocratkom MeToja ABJIAETCA yBeJM4YeHue BPEMEHHU,
3aTpaunBaemMoro Ha oOyuenue. [lpemmyiectBa -  co3jgaTento
JKCITePTHOM CHCTeMbl HeT HeoOXOAMMOCTH 3KCIIePUMEHTUPOBAThL C
Pa3sMMUYHLIM KOJIMUECTBOM HEHPOHOB, Ha UYTO B KOHEUHOM HTOTe
MoxeT moTpeboBaTteca ropasgo Oonbme BpemeHu. Kpome Toro,
npejnaraembiii  crnocob mo3BonsieT wu3bexKaTb CO3JaHUSI 3apaHee
C/IMIIKOM K30BITOUHOW CeTH, KOTOpass MOXKeT OBICTPO U XOPOIIO
00yunThCs Ha oOyuaroiieil BbIOOpKe, ogHako Oygmer oO/agaTh HU3KOU
JKCTPAroasUOHHON CTOCOOHOCTEIO.

6. [Mapamerp mnnotHocTu. IlnOoTHOCTE TOAAaUM BXOAHBIX CHUTHAJOB
oripeziensieT, HA CKOTbKO HeHPOHOB OyleT OZHOBPEMEHHO TOJaBaThCs
CUTHaN C KaXXJ0T0 BXOAHOTO CHHarca (He MyTaThb MOAayy HEKOTOPHIX,
onpejensieMbIX CO37aTe/leM CeTH, CUTHA/J0OB Ha HECKOJIbKO BXOJHbBIX
cuHaricoB). [Ipu umcne HellpOHOB, PABHOM KOJHUUYECTBY BXOJHBIX
rapaMeTpoB, YU TJIOTHOCTH, PABHOW eJWHUIE, KaXKAbIH BXOJHOU
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CUTHAJ TIOZlaeTCsl Ha OAWH COOTBETCTBYHOUMU HelpoH. Eciu B 3TOM
Ke Cciaydae TJIOTHOCTh OyJeT paBHA UMy HEeHPOHOB, TO KaXKAbIH
BXOAHOW curHan OygeT mogaBaTbCsi Ha Bce HelpoHbl. Takoe
"pa3MasbiBaHue" CUTHA/IOB 0 HeMpoHam obecreunBaeT afanTHBHAas
Matpuila BxogoB. B o0mwem ciayuae, 3TO Bcerja NPUBOAUT K
VIyJIIeHUI0 KauecTBa oOyueHMsi, XOoTd W 3amefjsieT cpabaTeiBaHHe
CeTH U HEe3HAYMTe/LHO yBeluuuBaeT ee pasMep. [Ipu aBTomaTuueckom
3aJJAHUU TIJIOTHOCTHA OHA YCTaHAB/IUBAETCS PaBHOUM UMCITY HEHPOHOB.

7. Bpewms otkiuka. OnpefensieT uuc/i0 TakTOB (yHKIJHOHMUPOBAHUS CeTH
C MOMEHTA MOJaul BXOAHBIX CUTHA/IOB 10 MOMEHTA CHATHS BBIXOJHbIX
CUTHANOB. OJKCIEepPUMEHThl [OKa3ajh, UYTO B TMOAABJIAIOIIEM YHCIIe
MeauKo-OUOIOTUUeCKHUX 3aiay  C/leyeT 3alaBaTb 3TOT TapaMeTp
paBHbIM 2 (peaxo 3 ). OTO CBf3aHO C OTHOCHUTENbHO TECHLIMU
B3aMMOCBSI3AMH  (YaCTO  NPUOMMIKAUMMUCT K JIMHEWHBIM),
TIPUCYTCTBYIOLMMH B MEAUILMHCKUX [JaHHbIX. bonblume 3HaueHUs
BPEMEHU OTKIHMKa, KaK MTPaBUJIO0, IPUBOAAT K 3aMe//IeHUI0 00yueHud U
CHUJKEHUWI0 TPOTHOCTUUECKOW crocobHocTtu Helpocetu. Heckonbko
Oonpume 3HaUeHWSI BPeMEHU OTKIMKA MOXKHO MOPEeKOMEeH/10BaTh [JJIst
CeTen-npeJuKTOPOB.

OKCIepUMEHTBHI TOKa3aau, uTO YBeJIMYeHUEe BPEMEHM OTK/IUKA
NMPUBOAUT TakkKe K yBeIMUYEeHHI0 O0OILero uMc/ia  TaKTOB
GYHKIIMOHUPOBaHUs, HE0OXOMQUMOro s MOJHOTO O0yueHus1 ceTeil
MpaKTUUeCKA HAa BCEX MeAULMHCKUX 3aflauax, 0OCyKJaeMbIX HUXe.
Kpome Toro, yBenuueHue peasbHOTO BpeMeHU, TpeOyeMoro Ha OfuH
TakT paboTbl HelpoceTu mTpu OOBILIOM BpPEMEHU OTKIHKA,
yBEeJIMUUBAET ellle M MalMHHOe Bpems, Tpebyemoe s oOyueHUs.
[TosToMy TpuU aBTOMATHUUECKOM 3aJaHUM BpPEMEHU OTKIMKa OHO
MPUHUMAETCS PABHBIM 2.

8. BennuwHa xapakTepuCTHKU HelpoHOB. Kak yXe roBopuioch, npu
TIPOXOXKJAEHUU CUTHaja uepe3 HEMPOHBI OH TePeCYUTHIBAETCA T10
GyHKIUY HelpoHa, UMEHIeH 3alaHHBIN MapaMeTp XapaKTePUCTHKH.
B pe3synbraTe BelMuMHAa CATHaAa BCerjja yMEHbLIAETCs, MIPUYEM 4YeM
Oonbllle XapakTepUCTHKA HeHPOHA, TeM CYyLIeCTBEHHee yMeHbILIeHUue
O[THOTO W TOTO Ke CUTHasa (DUCVHOK 5.6).

Kpome TOro, pasHOCTb [ByX MOJAaHHBIX CHUTHANIOB (y)Ke HOPMHPOBAHHBIX)
nocie WX TipeoOpa3oBaHUs MO XapaKTepPUCTHUUeCKOW (yHKuu Oyaer
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pa3/MuHON B 3aBUCHMOCTH OT XapaKTePUCTUKU U 30H, B KOTOPBIX HAXO[ATCS
NnofaHHble cUrHajbl. PYHKIUA C Malod XapakTepucTUKOH obecreunBaer
OTHOCHTEeNLHO OOMbLIYI0 Ppa3sHOCTh MeXy Npeobpa3oBaHHBIMU CUTHalIaMH,
KOTOpble 10 TpeoOpa3oBaHMs HAXOAW/JWCh WM HA 3HAUUTETbHOM
pacCTOsIHUM APYr OT Apyra, Wau TPYNNUPOBalINCh B 30He Haubosee KPyToro
yuactka ¢yHkiquu (okosio  Hyns). Haobopot, dyHkuusa ¢ Gosbiioin
XapakTepUCTUKON JTyullle pa3jesisseT CUTHA/IbI, 10TNa/jalolipie B KpallHHue 30HbI
U Haxofjsupecss Ha HeOOMbIIOM pacCTOSIHUM Jpyr oT apyra. Tak Kak
JOBOMBHO 3HAUMTENbHAs YacTb MeAUKO-OMO/IOTMUeCKMX TI1apamMeTpoB
NOAUMHAETCA 3aKOHY HOPMAanbHOTO pacrlpejesieHuss WA K€ HOCAT
JUCKDeTHBIH XapakTep, HeHpPOHHbIE CeTH C Malold XapaKTepUCTUKOU
HelipoHa 00yuarOTCsl Ha 9TUX JJaHHBIX ropasfio 6wicTpee, 0COOeHHO, eCu B
3ajlaue, HarpuMep, K1accuUKaLUM, K1acChbl JOCTAaTOYHO JIETKO pa3fe/nMbl B
NpPOCTPAaHCTBE  BXOAHBIX mapamerpoB. OgHako cetu ¢ Oosbiuen
XapakTepUCTUKON 00/1a/jal0T 3HAUUTETbHO JIYYIIMMH 3KCTParnoJIA{MOHHbIMU
CcrocoOHOCTAMM, XOTS U Xy>Ke 00yuaroTcs.

0.4 0,6

— &—C=0,1
—9—C=08

Puc. 5.6. Cxema W3MeHEHMs CUTHa/a TIPU MPOXOXKAEHUU Uepe3 HeHpOH B
3aBHCHMMOCTU OT BE/IMUMHBI XapaKTepPUCTUKHU

Ecnu xapakTepuCTHKa yCTaHaBIMBAeTCS TOJIb30BaTeeM, PEeKOMEeHJyeTCs
BHauasie 00y4yaTb CeTb C HeOO/bINOW XapaKTePUCTHKOW, a TPU YCIelHOM
obyueHUM TreHepupoBaTh M 00OyuaTb HOBBIE CE€TH, YBeJIUUMUBAs 3TOT
napametp. Heyb3s MeHATH XapakTepUCTUKY y oOyuarotneiics uinu o0yueHHOU
CeTH, T.K. 3TO NMPUBEJET K HeKOPPeKTHON 00paboTKe BXOAHBIX CUTHANMOB. MBI
PEKOMEeH/IyeM auara3oH 3HaueHWH xapakrepuctuku ot 0, 1 g0 0, 8.

HpH dBTOMATHUUYECKOM 3dJdHWH 3TOTO IdpPpaMeTpPd XdPdKTepHUCTHKd BHd4a/le
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YCTdHAB/IHUBAETCH HEGOHI:LUDFI, d 34TeM, B Clydade YCIIemHoro OG}"—IEHHF[
HEﬁpOCETH, IIOCTEINneHHO IMMOBLIIIdeTCH.

Crparerusi ¥ TakTuka 00yueHUsi HBMPOHHBIX CeTeil

[Mox cTparerneit obyueHnst HelpoceTel MOHUMaeTCs 00N maaH obyueHus,
BK/IIOUAIOUMKA pa3bMBKy 3alaud Ha TMoA3ajaud, OmpejeseHHe TUMA WU
KOJIMUeCTBA HelipoceTeil, 00y4aeMbIX [0 Ka>K0W U3 HUX, TPe/BaPUTETbHbIe
nmapaMmeTpel CeTel, TMJaHWpPOBaHHe [eHCTBUM B C/ydyae BO3MOXKHBIX
3aTpyIHEHU.

Taktuka npejcTaBasieT coboil BO3MOXKHOE BMEIATENbCTBO OMEpaTopa B
npoiecc oOyueHUsT C I[efIbIl0 €ro YCKOPeHHs, TOACTPOMKA HEKOTOPhIX
MapaMeTpoB, a TakKe ONTUMaJbHbIe [AeUCTBUS TIPU HEBO3MOXKHOCTU
JasbHelero ooyueHus CeTH.

Copmynupyem 1jeb 0OyueHus, Ha AOCTH)KEHHWE KOTOPOW HarpaBieHbl
cTpaTerusi U Taktuka. Llesibto OyemM cuuTaTh MOJHOE Ha JaHHOM 3aJauHHKe
obyuenue HelpoceTu (Habopa HeHpOCETeH-IKCIEPTOB) C MWHHUMAIbHO
BO3MOJKHBIM UYHCJIOM TIOACTPAMBaeMbIX CBsi3ed, MaKCMMaJbHO BO3MOYKHOM
XapakTepUCTUKOW W MaKCHUMajlbHO BO3MOXKHBIM YPOBHEM HaJeKHOCTH
(MUHUMATbHBIM YPOBHEM OTKIOHEHHUsl). JlOMOJHUTETbHBIM YCIOBUEM
MOXeT ObITh MUHMMa/lbHOE (WM OMpeJie/IeHHOE TMO/Ib30BaTeeM) YHC/IO0
BXOJHBIX CUTHAJIOB.

Kputepuem poctuxkeHus uenu Oygem cuuTaTe pe3yIsTaT TeCTUPOBAaHUS
Habopa MpPUMEPOB C M3BECTHBLIMU OTBETAaMH, HE BXOJAIMX B OOy4aroIyro
BbIOOPKY. TpeOyeMblii pe3ynsTaT ornpe/ensieTcs moib30BaTeneM.

PaccMoTpuM, Kak BAMSIOT Ha KaueCcTBO M JITUTENBHOCTh 0OyueHus
HEKOTOpble mapameTpel. B Tabmuia 5.3 cBefeHBl 3aBUCUMOCTH MEXIY
obOyueHuem (TpebyeMbIM BpeMeHeM M KaueCTBOM) CETH, ee TapaMeTpaMmHu,
0CO0EHHOCTAMHM 3aJaYu U UCI0/Ib3yeMOro KOMITbIOTepa.

Tabnurja 5.3. 3aBUCUMOCTb BpEMeHU U KauecTBa 0OyueHus HelipoceTei 0T
WX NapaMeTpoB, 0COOEHHOCTEH 3aaul U MPUMEHIeMOTr0 KOMITBIOTepa.
CTpenku B IByX NPaBbIX KOJIOHKAX MOKA3bIBAIOT, KAK U3MEHSIFOTCS
JUTUTe/ILHOCTb U KaueCTBO 00yueHUs TIPU M3MEHEeHUU TTapaMeTpa,
yKa3aHHOTO CJieBa
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JmurensHocTh KauecTBO
IMapameTp

oOyueHust oOyueHus
YBennueHue TAaKTOBOM UaCTOTHI KOMIBIOTEPA I -

Brieog nHdopmanuu B riporjecce obyueHus Ha
JKpaH B rpaduueckoM pexxume (10 CPABHEHUIO C i -
TEKCTOBBIM PEKUMOM)

YBenuueHue KOJIHUeCTBa MNpuMepoB [‘ [‘
YBenuueHue KOJIHUeCTBa OﬁyanOH_H/IX [MapaMeTpoB r r

YBenuueHue KOJIMUECTBA K1accoB (B

KnaccuruKaTopax) I L
YBenuueHue pa3MepHOCTU BeKTOpa OTBeTa (B

NpeIUKTOpax) I L
By3koe KOIMYeCTBO MPUMEPOB KaXKA0T0 Kj1acca

(B kMaccudmkaTopax) L I

IToBbileHME YPOBHA HaEKHOCTH (B

K1accuukaTopax) I I
[ToBbileHHEe YPOBHS OTKIOHEHUS (B

npearuKTOpax) L L
YBenuueHue uuciia HeMPOHOB

YBenuueHue ImapaMeTpa IJ0THOCTHA

[ |
[ [
YBennueHue BpeMeHU OTK/IMKA CETH i |
YBenrueHue XapaKTepUCTUKU I I

Pa3paboTtaHHasi MeTOZOMOTUS BK/IKOUAeT [Be CTPATerdu: C ydacTHEM
nosib3oBaresnsi 1 6e3 Hero. ABTOMAaTU3UPOBAHHOE BBLITIOJHEHHE CTPaTeruu
MO>KET TPOBOAUTLCS B ABYX BapuaHTaX - MOBTOPSATh NMPUHLMIIBI "pydyHON"
CTpaTeruy, WaW WCIOAb30BaTh Jpyrue mnpaeuaa. Kpome Ttoro, cTpareruu
aBTOMAaTHUeCcKoro 00y4yeHUs Mofpasfe/stoTCs ellle Ha JIBa K1acca - CTpaTeruu
pellleHus T0A3aJa4yl M CTPaTeruu pelleHus eIMHOUN 3aJauu, COCTOSIIeH H3
B3aWMOCBSI3aHHBLIX (MapajielbHO MAM  Hepapxvyeckd) mof3afad. Mel
3apaHee OTKa3aJuCh OT "pyyHOH" CTpaTeruu pelieHus eJUHON KOMITIEKCHOMU
3a/laud, Tak Kak, BO-TEePBbIX, OHHU BCTPEUAIOTCS He TaK YK 4acTO, BO-BTOPBIX,
npu ux pemeHUn (0coOeHHO TpPH AOCTaTOYHO OOMBILIOM KOTHMYECTBe
CBfI3aHHBIX TI0f33/la4) YMC/A0 TMOACTPauBaeMbIX apamMeTpPoB, 3a KOTOPBIM

HEDGXD,H,I/IMD CNeJUTh ITO/MB30BdTE/NMH, MOXKEeT O4YeHE CUJIBHO BEIPACTH.
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HPI/IMEPOM MOXKeT CIYKHUTh MUHHUMH3AIIHUA Haﬁopa oﬁyqa}oumx ImapaMeTpoB
B CUCTeMe M3 HECKOJIbBKHX HMepdPXHUYeCKH CBA3dHHBIX HEﬁpOCETEﬁ, OO0HH H3
KOTOPBIX UCIIOJIB3VOT AJid BbIJdUKM pPe3y/bTdTd OTBETBI APYIHMX KdK BXOJAHLIE
mapaMeTphl. CJ'IE,I[YET 3dMETHTb, UYTO I[I0JIb30BA4Te/Ib BOBCE HE OO0JIXKEeH
oﬁna,qarb S3HAHHAMH 3STHX CTpaTEl’TIIUi. MmenHO Al TaKOTO  C/iydad H
p33p360TaH1':.1 dBTOMATHU3HPOBdHHBIE CTp4ATEeruH OﬁyLIEHHH. PEICCMOTPI/IM
BHd4aJ/le TIPHHIHIIEI ”py‘-lHDﬁ” CTpaTeriu Ajd peleHHuA O,H'HOFI noa3agddu
(CBE,[[EHHOI;'I K BHEMEHTBPHOﬁ - KHEICCI/ICI)I/IKEH_U/II/I HITH l'IpF_'r[[HKL[HH).

Kak mpaBusio, mepBBIM CTpaTerMuecKWil mar Jjs pelleHus Toj3ajadd -
Co3JaHUe HeHpOoCeTH C I[apaMeTpaMM, MAaKCUMAalbHO BBITOAHBIMHU AJis
noATBepXKAeHUs (akTa MPUHLUIUATBEHON BO3MOXKHOCTH 00yueHus. B atom
Cnydae 3aaeTcsi YUCI0 HEHMPOHOB U TIJIOTHOCTh, PaBHBIE MCXOZHOMY
KOJIUuecTBy oOyuaronmx mapameTpoB (B cayuae K1acCU(UKA[MOHHBIX 3aau
3TH TlapaMeTpbl MOXXHO ellle YBeIUWUYWTh Ha YMCIO0 KIacCoOB B 3ajade).
3ajal0Tcsl MHUHUMAaJbHBIE 3HAUEHHUS] BPEeMEHHM OTK/IMKA HeHWpoceTH,
XapaKTepUCTUKa U YPOBHS HAAEXKHOCTH (A1 TPeJUKTOPOB - Tpebyembrid
YPOBEHb [OIMYCTUMOTO OTKIOHeHUs). Ecnu Takasi HeiipoceTb oOyuaercs
VCIIelHO, MOXKHO CUMTaTh, YTO 3ajJaya UMeeT 3aKOHOMEpHOCTH,
CBSI3bIBAIOIM e BXOHBIE TTapaMeTphbl U pe3y/bTarT.

Hanee >kenaTenbHO HAWTH MaKCMMa/lbHbIM yPOBeHb HaeXXHOCTH (B
K1accuukaTopax) WAM MUHUMAABHBIH  YPOBeHb OTKIOHEeHUs (A/d
NpeJuKTOPOB), C KOTOPbBIM MOXKeT OOyuuTbCsl CeTb. /[ 3TOro HeT
HeoOXOAMMOCTH TeHepUupoBaTh HOBYK HelpoceTb. Pa3paboTaHHBIM HaMH
MPOrpaMMHBIA UHCTPYMeHTapui (mporpammbel "MultiNeuron 1.0 "u"
MultiNeuron 2.0 Professional ") mo3BonsieT 3ajaThb PeXUM
JOyuMBaHUS C aBTOMaTHYeCKMM CTYII€HUYaTbIM [IOBBLILIEHUEM YPOBHS
HaJeXHOCTH. JTO O03HaA4aeT, 4YTO II0C/Ae KaX[JOro YCIeUHOro I0JHOT0
oOyueHHUsI ypOBeHb HAfIe)KHOCTH OyleT aBTOMaTUUeCKUd TIOBBIIATHCS Ha
3aJjaHHYK MOJib30BaTeneM BequuyuHy (war), U  oOyueHuwe  Oyzer
MpOA0/DKATECS, MOKAa He mepecTaHeT ObITh Bo3MOXKHBIM. [locse okoHuaHus
npoijecca npeAplAyIMil YpPOBeHb HA/IeKHOCTH, IPU KOTOPOM CeThb 00yunsiach
MOJIHOCTBIO, U SIBJISIETCS MaKCUMalbHO BO3MOXKHBIM [IJIsl JAHHOUN CeTH.

B cnyuae mnpeiMKTOPOB UCMO/bL3yeTCAd IOHATHE YPOBHS OTK/IOHEHWUS,
KOTOPBIA OMpejensieT MaKCUMajbHOE PpacxXoXJeHue Mexay TpebyeMbim
(3apaHee M3BeCTHBIM) M BBIYMC/IAEMbIM CETbIO OTBeTaMH, NPU KOTOPOM
NpUMep CYuTaeTcsli IMpaBUJbHO pacno3HaHHbIM. [Ipu 3ToM KaueCTBO
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OG}"—IEHHF[ TeéM BBbIIIe, YeM MEHBIIHM A YPOBEHb OTK/IOHEHHSH II03BOJIAET CeTH
TeCTUpPOBATL BCe TIIpMMeEpPbI IIPABWJ/IBHO, T.€. YBE€IHWYHBAETCA TOYHOCTH
OTBETA CeTH. ABTOMaTHYECKUH PeXHM TIIpH 3TOM CHHXAET YPOBEHb
OTK/IOHEHHA MMoCjIe KaXA0ro ImoJHOTro OGYLIEHI/IFI. MHUHUMAIBEHO BO3MOXKHBII
YPOBEHL OTK/IOHEHHWA DPABEH HY/IH (EIGCOHIOTHOE COBITaJeHH e OTBETOB) H
[MpaKTHYeCKH HEe MOXKeT OLITH JOCTUTHYT.

OJuH Y3 TIPUHIIUMIIOB CTpPaTerMu - co3JaHue U obyueHue AJd KaXKou
MoA3ajlaud He OfHOW, a HeCKOJbKUX HeiipoceTeil. JKemaTenbHO CO3/]aTh
HECKOJIBKO CeTell C pa3HbIMU XapaKTePUCTHKAaMM M Mocjie ux obyueHus
CPaBHUTb UX MPOTHOCTUUECKHE CrOocOOHOCTU. Becbma BeposiTHO, UTO MpPU
TeCTUPOBAHUU KOHTPOJILHOM BbIOOPKM Pa3HBIMU HEHPOCeTAMU Y KaXKJ0U U3
HUX Oygyr cBou cobOcTBeHHBle OUMOKU. PelleHWe B TakoM Cilyuae
NPUHUMAETCs Ha OCHOBAaHWUU TOJIOCOBAHUS U CpPaBHeHUs KOI(UI[HEeHTOB
YBEPEHHOCTH KaXK/I0H U3 CeTeil.

Kak mpaBuio, K1acCU(UKAaTOPbl, pAaCO3HAIIIMe HEeCKOJIBKO KIacCoB
ONHOBPEMEHHO,  00yuarOTCs  HECKOBKO  Xy)Ke, ueM  OuHapHbIe
K1accuukaTopel. B Hammx ucciefoBaHUAX BCTPeYanuch CUTYallMH, KOTZa
3aflaua C 5 Ki1accamMuM He MoOIIa ObITh pelleHa OJHUM 5 -KJIaCCOBBIM
K1accu(UKaTOpOM, a CUCTeMa M3 HeCKOJIbKUX OMHApHBIX KI1acCU(UKaTOPOB
MpeKpacHO peliana 3afady. B mogo0HBIX CUTyal[UsIX eCTb HECKOJIBKO
crioco6oB perieHust MpobIeMbl.

MN3MmeHeHMe BeCOB K/1aCCOB.

[Tpu obyyenuu knaccudukaTopa KaXkJomMy KIaccy 3a/jaud MO>KHO TIPUCBOUTD
Bec - ""CTerneHb BHUMaHUs'", KoTopas GyleT yaensTsCsi HelpoCeThio pUMepam
JaHHOro knacca. McxogHo Beca BcCex Ki1accoB paBHblI eauHuue. [lpu
yBeIMUEHUH Beca Kakoro-nmbo Kiacca oOLeHKa KakJoro TIpumepa,
MpUHAJJIeXKAlIero 3TOMYy Kiaccy, OygeT yMHOXKaTkCsli HA ero Bec. Takum
obpa3om, HelipoceTs OyeT mpuiaraTe 0coOble yCumHsi /11 pacrio3HaBaHUs
NpUMepoB 3Toro knacca. Ilpu 3agaHuM HyneBOro Beca OLIEHKU BCeX
NpUMEpPOB Ki1acca OylyT paBHBI HYIK W 3TH TIPUMephbl OyIyT CUMTaThCA
pacrio3HaHHbIMU. [IpakTHueckM 3TO SKBUBAJeHTHO MCKIIOUEHUID BCeX
NpUMEpOB K1acca u3 obyueHus.

HN3meHeHMe BeCOB KIAacCOB - 37€MEHT Kak CTpATETHH, TdK H TdKTHKH. B
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CTpaTernyeckoM IlJlaHe MOJKHO  CIIPOEKTHMPOBAaTb CUCTeMY  "MajbIX
skcneptoB". Ecimu 3ajaua  BK/INOYaeT, HamnpuMmep, 3 Kilacca, MOXKHO
UCITOJIb30BaTh 3 HEeHMPOCeTH, KaXKasi U3 KOTOPBIX 00ydaeTcs C MOBBIILIEHHBIM
BecoMm "cBoero" knacca. B urtore Takas HelipoceTh OygeT pa3iudaTh BCe 3
Knacca, Ho "cBoM" Kimacc - ocobeHHO xopoino. Ilpy TecTHpOBaHUM TIpUMepa
pellleHWe TIPUHUMAETCd ONATh TaKd TOM0COBaHWEM C y4eToM ocoboro
MHeHHUs "IKCrepToB'.

Pa3nenenue 3azaum.

Ecnu omHa HelpoceTs He MOXET OOyUMThCs pa3nuuaTh HECKOJIbKO KJ1acCOB
WU [Ie/1aeT 3TO HEeAO0CTAaTOYHO XOPOILO, MOXKHO pa3fie/UTh 3afauy Mex.Iy
HECKOJIbLKUMU Pa3HBIMM CeTAMU (NPUHLIMII, OCHOBAHHBIM HA JAUXOTOMUH).
9To genaetcs cneayronmm obpaszom. [Ipeanonokum, 3agaua uMeeT 4 Kiacca.
Co3maercs 3 OuHapHBIX Kinaccudukatopa. [lepeeiii obyuaeTcss oTIMuaTh
npuMepsl 1 Kiacca oT MpuMepoB 2, 3 U 4 K/IacCoB, 00beJUHEHHBIX B OUH
kn1acc. Bropoii 6uHapHbIi knaccudukaTop obydyaeTcss OTIMYAThE TPUMEPHI 2
Klacca OT MpUMepoB 3 U 4 Kiacca, Takke 00beJUHEHHBIX B OfMH KIacC.
Tpetbsi ceTh oOyuaeTcs pa3nuuaTh MpuMepsl 3 U 4 knacca. TectupoBaHue
npuMepa TPU 3TOM OCYLIECTBJISIETCS Tak: NMPUMepP MOAAeTCsl MepBOil CeTH.
Ecnu oHa OTHOCHUT ero K 1 Kiaaccy, OTBET U eCTh 1 KJIacC, TeCTUPOBaHUE
npekpaiiaercs. Eciu ceTb OTHOCUT MpUMep KO 2 KJIaccy, 3TO 03HayaeT, uTo
Ha CaMoOM jleJie OH MOXET MpUHajIexats 2, 3 uau 4 wiaccam. [lostomy
NpUMEp TMOAAeTcs BTOPOM CeTH. B 3aBUCMMOCTH OT ee OTBETa TeCT MOJKET
OCTaHOBUTHCS UJIH MTPOJO/DKUTLCS TPEThel CeThio. B Takoli cucteme mpumep
B KOHLIE KOHIIOB OKa3bIBAeTCsl PACMIO3HAHHBIM.

Inst IpeJUKIIMOHHBIX 33/lau MOA0OHBIN Cr1ocob HermpuemsieM IO TPUYHHE
OTCYTCTBUS KJIACCOB, MMO3TOMY MPOCTEHIIMNA cr1oc0b - BEIYMCIEHUe CPejHero
OTBeTa y HEeCKOJIbKMX HelpoceTel. bonee C/10)KHBIM METOf - MPUBJIEUEHUE
K1accuUKaTOpOB [/id penieHUs TIPeAUMKUMOHHBIX 3a7ad. B  ciayuae
OZHOMEDHOM TpeAMKIIMHA MOXKHO pa3duTb MHTepBan 3HayeHWIl OTBeTa Ha
HECKOJIBKO YYacTKOB (HeoOsi3aTenbHO paBHBIX) M 00yuMTH KilacCHUKaTOp
pacrno3HaBaTh, K KaKOMy Y4acTKy NpUHaAIeXuT npumep. Eciu TouHoCTH
OTBeTa HeJ0CTaTOUHO, AJig KaKAOT0 yyaCTKa CO3/aeTcss U obyudaeTcst CBOiA
MpeANKTOP, YMEKIMA ONpefessTh OTBET TOJbKO Y NMPUMEPOB, OTHECEHHBIX
K1accuQUKaTOpoOM K 3TOMY Y4acTKy. 37ech Mbl HabmrofiaeM HepapXuuyecKyro
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CUCTEMY HEFIPOCETEIUL B KDTOPOﬁ NpegruKTOPLI ITOAYHHEHbI ”L(EHTPEIHI:HOMY"
KHEICCH[i]PIKElTDpy. HOr[[OGHElf[ CHCTEéMa MOXKeT paﬁora’rb H B 3djd4dadx
KHEICCH[i]PIKaL[I‘II‘I, KOTAd YK C/I0 K1aCCOB C/IMUIIKOM BEJ/THKO.

IMocne yCIiemHoro OﬁquHI/IH MO BBINIETIDMBEAEHHBIM CXe€MdM KeJjldTe/JIbHO
HEpEOﬁ}"-II/ITB CeTH C TIOBBINIEHHUEM XdDAKTEepPHCTHKH, ocobeHHO B cinydae
HeJOCTATO4YHO YOOBJ/IETBOPHUTE/TBHBIX Pe3ynbTdTOB KOHTPOJBHOIO
TeCTUPOBAHHU .

B o6mem ciyuae, ymeHbIleHHe KOMWYeCTBA CBsizel HelpoceTu (myreM
KOHTPaCTUPOBAHUS CYIIECTBYIOLIeH ceTH WM 0OyueHHs] HOBBIX CeTel C
MEHBIIIMM YHCJIOM HEMPOHOB U TJIOTHOCTEIO) Jy4Ille BCEro MPOM3BOAUTH B
MOC/eIHIOK OdYepeab, TOCAe TOro, Kak ObITM HACTPOEHBl MpeAbigylue
rapaMeTpbl M pe3ylbkTaTbl TeCTHPOBaHUA [0-TIPEKHEMY BBICOKUA. To ke
KacaeTcss U MUHUMM3ALMM BXOJHBIX [apaMeTpPOB, KOTOpas, TaK ke Kak U
MIPUHIUATIBEI ABTOMaTHUeCKOH CTpaTeruu, OyyT pacCMOTPEeHbI HUKe.

TakThKa 0OyueHus.

B nogaenstoiiem GonbimHCTBe ciiydaeB npu obydueHuun cetu He Tpelyercs
HUKAKOTO BMeIIATEe/IbCTBA B 3TOT mpouecc. OpHako Bce ke ObIBarOT
CUTyalluH, KOTJja CeTb He MOXXeT o0ydarbcs. 37eck TpeOyrOTCs HEKOTOpbIe
JIeliCTBUS T0JIb30BATe/Isl, KOTOPbIe MbI Ha3biBaeM 'TakTHKOUW oOyueHus". Kak
npaBuso, HelipoceTk mepectaeT o0y4yaTbCsi He Cpa3y, a uepe3 HEKOTOpoOe
BpeMsi Tocjie Hauasa miponjecca. [Ipu 3TomM HeiipoceTeBasi mporpamMmma
CUTHA/M3UPYeT OmepaTopy O HEeBO3MOXXHOCTHU JAajbHeHIero obyueHus U B
MpPOCTeHIIeM CTydae OCTaHABIUBAET MPOLjecc.

[lepeoe, uTo HeoOXOMUMO CJenaTb - MPOBEPUTb KOPPEKTHOCTH 3aJlaHHBIX
napametpoB Helpocetu. Camas TMpocTas NPUYHHA - HEJOCTAaTOUHOE
KOMMYeCTBO HEWPOHOB, Majasg I[UIOTHOCTh MW CIAWIIKOM  BBICOKas
xapakrepuctuka. Ecnu ke Bce mapaMeTphl 3aJjaHbl ONTUMAJbHO, MOKHO
TIPUMEHMTH CTeljdalbHOe CPeJCTBO, Ha3biBaemoe "ymap'.

Yiap MOXKeT TOMOuYb B CHTYyallMH, KOTAAa CeTh MOMaZaeT B JIOKAJbHBIH
MUHUMYM TIpU MUHHUMH3aLUA LeneBod ¢yHkuuu obyuenusi. Korga
MPOU3BOAUTCS yAap, B KapTy CMHANTHYeCKUX BECOB BHOCHTCS C/TydailHBIN
BK/IaJl, MakKCHUMajbHas BeJMYMHA KOTOpPOro 3agaeTcsi 3apaHee. HoBoe
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3HaueHHMe CUHANTUYEeCKOTO Beca BBIUMCIISeTCs 0 Gopmyre
X=X+ B* (Random- 0,5) 4)

e X - HOBOE 3HadeHWe CHHAlITHYeCKOTO BeCd, X - MCXOQHOE 3Hd4YeHue

CHMHANTUUeCKOro Beca, B - 3a7laHHbIN ypoBeHb yaapa (B AuanasoHe 0. .1 ),

Random - cimyuaitHO creHepupoOBaHHOe /151 JaHHOTO CHHANTUUECKOrO Beca
yucno (B guanazoHe 0. .1).

[Tocne ymapa o6OyueHue mpogomkaercs. I[IpoBeseHHBIE 3KCIIEPUMEHTHI
NokKaseiBamu, uto ocobeHHO 3GddexkTBeH yaap y ceTeld € aJanTUBHOM
MaTpUlledl BXOJHBIX CUTHAMOB. 3ajaHWe ONTHUMAaabHOTO YPOBHS yaapa
BPYUYHYIO MOKeT mOTpeboBaTh HEKOTOPOTO OTbITa MOjb30Baresns. s aToro
)KenaTeslbHO HabmoAaTh 3a AMHAMUKON CHUDKEHUSI Cpe/lHeld OLeHKA Ha
MPOTSDKEHUM HECKOJBKUX JIeCATKOB LMK/IOB [0 MOMEHTa OCTaHOBKU
obyuenwusi. Eciiu 3a 3TOT mepuof, oLieHKa CHUXKalack OBICTPO, JTyullie 3a1aBaTh
ypOBeHbL yhapa B mnpefenax 0, 1-0,2. Eciu oueHKa Ha TPOTSDKeHWUU
MHOTMX [UK/IOB "3aBUC/A" OKO/MIO Kakoro-yiubo 3HaueHus, cjieayeT 3afiaTh
Hebonbmioii  ypoBens ymapa ( 0,0001 - 0,001 ). 3amanue
MaKCHUMaJIbHOTO YpoBHS yaapa ( 1, 0 ) mpakTU4eCcKH MOJHOCTBI0 00HOB/ISET
KapTy BeCOB, YTO PaBHO3HAUYHO MHHUIMANU3al[H1 HOBOM CETH.

YacToe npuMeHeHHE yaapa HeBOJIbIIIOr0 yPOBHS MOXKET ObITh TT0JI@3HBIM [IJIst
CO3/aHHsI TOMEXOYCTOMUUBBIX HEMPOCETeN.

B pa3paboTtaHHBIX HaMHU HeWPOCETeBBIX MPOTpaMMax MCIOIb3YeTCsl Kak
PYYHOM, TaK ¥ ABTOMaTUUECKUN PeKUMBI yjapa. B mocnennem ciyuae mocie
OCTAaHOBKM 0OyueHHMs] mporpaMma TIDOM3BOAUT yAap U IIPOAO/DKAeT
obyueHue. Tonbko eciu ToCe Tpex (MM KOJMUeCTBA, OMpefeneHHOro
Mo/B30BaTeNIeM) TMOMBITOK ygapa oOyueHUe TO-TIPEXXKHEMY HEeBO3MOJKHO,
nporpaMma oCTaHaB/IMBaeT npoLecc.

Eciu ¥ mpumeHeHwe ygapa He  TPUHOCHT  3ddekra, MPUUYHUHY
HEBO3MO>XKHOCTH 00yueHHUs cyieqyeT UCKaTb B oOyuaromieit Beibopke. Kak yxe
rOBOPUJIOCH, CaMasi yacTasi IPUYMHA - Ha/IMUKe B BbIDOPKE WIEHTUUYHBIX 110
obyuarolM MapamMeTpaM TIPUMEpPOB, WMEIONMX pa3uuHblii OTBET. B
NIPUHI[UITE, 3TO TIOYTH TYITUKOBAsi CUTYyallisl, ¥ eUHCTBEHHLIM BBIXOJOM W3
Hee SBJISIETCS YBEJUUEHHE KOMMUYeCTBa OOyuyarommx TMapaMeTpoB, TMpu
KOTOpOM jo0aBjieHHBIe rapamMeTpsl OyayT pas3MyHBIMU Y TaKMX ITPUMEPOB.
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B camom Jdeje, O4eBHIHO, 4YTO pPd3/IM4HHbLIE OTBETLI B TakKoH CUTYydllUH
OTipenendarTCd Cl)ElKTOpElMH, He HaleJAlMMH OTpdKeHHe B Dﬁy‘-IElI-OU_]I/IX
mapaMeTpax. B HpOCTEﬁLUEM Cjiiydyae MOXHO HMCKIHYHUTbL OIJWH U3
HAEHTHYHBIX TIPUMEPOB, OJHAKO B TdKOM C/ydade€ B 3KCIEPTHYH) CUCTEMY
3dpdHee 3dK1aJbIBdeTCA BO3MOXHOCTD OIIMOKH,

Hero3moxHOCTB fanpHelero o0yueHusi B K1acCu (PUKaTOpax MHOTAA MOXKET
OBITH CIIPOBOLIMPOBAHA HEBEPHOUM MOCTAHOBKOM 3a/laud, TOUHee, 3aJjaHHOU
KnaccuMKallMoHHOUW Mopenbslo. Hampumep, npu 6MHapHOW KnaccuUKaiiuu
NpUMephl OJHOTO M3 K/IaCCOB MPeACTaB/IAI0T Ha CAMOM Jefe ABa pa3/uuHbIX
nofKiacca, TPyNMNUPYIOIMXCSA MO TlapaMeTpaM 'Mo pasHble CTOPOHBI" OT
JIpyroro kiacca 3ajaud. B 3ToM ciyuae MOXKHO MCMIO/IB30BaTh HEMPOCETh JJIst
KOppeKUUH Kiaccu(rKaliMoOHHON MOJe/u TyTeM K/1acTepHu3aliy [TPUMEpOB.

CylecTByeT HeCKOJIbKO METO/I0B HeHpoceTeBOW KiacTepu3auuu, Haubosee
MPOCTOM M3 KOTOPBIX 3aK/IHOUAETCS B TOCAe[0BATeTbHOM MCKIHUEHUHN U3
npoijecca obyueHuss Haubojiee TPYOHBIX TIPUMEPOB C TOMOIBIH '"c/1abbIx"
HelipoceTeil, HaCTpoWKa TMapaMeTpPOB KOTOPBIX 3apaHee He [aeT
BO3MOXKHOCTH [ TOMAHOro obyueHus (Hampumep, C/UIIKOM Majoe 4rciio
HelipoHOB). B nporjecce npoxoxxAeHus KaXXA0ro [{UKIa 00yuyeHus mporpaMma
OTC/Ie)KUBAET CaMblid TPYAHBIM TpUMEpP HA 3TOM LUKIe - TIpUMep C
Haubouibiel orjeHkoi. [Tocsie 3axofa CeTH B TYNMUK MOXKHO UCKIHOUUTEL 3TOT
npuMep U3 JanbHelero o0ydeHus, TOMETUB €ro, U MPOJO/DKUTH MPOLjecc.
B koHLIe KOHL[OB MOKeT HaKOMUTBHCSA HEKOTOPOe KOJMUYEeCTBO UCKIHYEHHBIX
MIPUMEPOB, MMOC/Ie Yero ceTb 00yuuTCcs mOMHOCTRIO. YacTo mosyyaeTcs, 4To
BCe MCK/IIUEeHHble MpPUMepbl MPUHAZJ/IEeKaT TOJbLKO OAHOMY M3 K/IacCOB
3a/jau, UTO ABJAETCSA CBU/AETENLCTBOM HEOLHOPOAHOCTH Kaacca. DTO MOXKHO
MPOBEPUTH MYTeM OOBIYHBIX CTAaTHCTUUECKAX METOAOB, CPAaBHUB T[PYIIY
VCKJIHOUEHHBIX IIPUMEPOB KaK C 0CTaBIIMMHUCSA TPUMepaMH 3TOr0 XKe Kracca,
TakK U C MpUMepaMM JPYrUX Ki1accoB. Pa3nuuns MOryT MOCAYKUThH NTOBOJOM
[71s1 ©U3MEHeHHU sl K/1acCU(PUKAaLIMOHHOW MOJe/u.

OTO He caMblil Myulmii crocob K1acTepyu3aliiy, OAHAKO OH MOXKeT C YCIIeXoM
NPUMEHATBCS KaK MPHU CO3[JaHUM SKCIEepPTHbIX CHUCTeM, TaK U B HayYHbIX
UCCIeJOBaHUAX Il M3ydeHHs pa3nuuHbIX sBaeHU#. Ilo cpaBHeHHIO C
MHOTOUHC/IeHHBIMU CYILECTBYIOIMMHU Crioco0amu K1acTepus3aliid OH UMeeT
omnpejie/leHHOe  TMPEUMYIIeCTBO,  3akiwpouawolieecs B~ BO3MOXKHOCTH
"HaBeleHHOW" KlacTepu3alluu, T.e. TakolW, K KOTOPOW TI0J/Ib30BaTe/b
'mogrankuBaer” NporpaMmy, He 3Has 3apaHee TOYHBIX KDUTepHUeB -
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rapaMeTpoB, MO KOTOPBIM ee CjlelyeT TIPOBOAUTb, W HMes JHIIb
WHTYUTUBHOE MpeJCTaBJeHHe 0 BO3MOXXHOM pe3ynsrare. B mpakTuke Bpaua-
UCCreZioBaTes TAKDEe MOXKET BCTPeUaThCsl AOBOJIBHO UacTo, HarpuMep, Korjaa
OH UHTYUTUBHO OTHOCHUT Kakue-1ubo 2 nmpumepa K pa3HbIM K1accaM, OHAKO
He MoeT (opManu3oBaTh TIPUHIUN pasgeneHus. [IpuMeHeHue HellpoceTH
MO>KeT TTIOMOYb B 3TOM CJlydae HAlTH 3aKOHOMEPHOCTh U 3KCTPariogupoBaTh
ee Ha OosbION HAOOP JJAaHHBIX.

Kak yke roBopunoch, H3MeHeHHe BeCOB KIaCCOB MOKeT CUMTaThCs
TAKTUUeCKUM [IeHiCTBHEM, TaK KaK MOXXeT OCYIIeCTBJIATLCS MPSIMO B MpoLjecce
obyuenusi. [loBogom pAns M3MeHeHHsI Beca Kjiacca OOBIUHO CHIYKUT €ero
cpeiHsAs OL|€HKA, 3HAUUTENbHO (B HECKO/IBKO pa3) MpeBOCXOAAIAs OLIeHKU
OCTaNbHBIX K/1aCCOB.

ﬂOHOHHI/ITEHbeIe BO3MO>KHO CTH HEﬁpO ceTeu 141
dBTOMATHU3HUPOBdHHBIE CTPATEr'vd U TAKTHUKA OGYLIEHHFI

B stom pa3sgene OyayT paccMOTpeHbl HECKOIbKO —[/JOTIOJTHUTENbHBIX
BO3MOJKHOCTel HeiipoceTeii, pa3paboTaHHBIX B paMKax MOCTPOEHUS TeOPUH
¥ MeTOJOJIOTMU CO3JaHUSI HeHPOCETeBbIX IKCIEPTHBIX CUCTEM, U TIOE3HBIX
[71s1 TPAKTUYeCKOTO ITPUMEH eHU .

O6yueHHasi HeMpOCeTb He TOJILKO YMeeT pacro3HaBaTb TMPUMEphI, HO U
XPaHUT [JOCTATOYHO Ba)KHYH HWH(OPMALHI0, KOTOPYH) MOXXHO TOJIYUUTh,
rpaMoTHO CHOpPMYTUPOBAB BOMPOC [Ajs CeTH. B0O3MOXHOCTBL HelpoceTei
cojepykaTenbHO OTBeYyaTb Ha IIOCTAaBJeHHbIE BOMNPOCHI  T103BOJISIET
UCMO/B30BaTh WX HE TOMbKO Kak "pelmaroipe” YCTPOMCTBA, HO MU Kak
WHCTPYMEHTBI /1151 TPOBeJeHUS HayuHbIX UCC/IeJ0BaHUA.

BbruucsieHue MHMOPMATUBHO CTU 00ydarolIMX rapaMeTpoB
Y MUHUMU3ALMs UX Habopa.

Bpau, crapsammii guarHo3 607bHOMY, BCerga CTapaeTcs aHalUu3upoOBaTh BeCh

KOMIIJIEKC CBeJeHUM O TalueHTe - >kaynobbl, aHaMHe3 DOJIe3HU U KU3HHU,

JlaHHbIe KIMHUYECKOro 0CMOTpa U 1abopaTopHbIX aHanu3o0B. [Ipu 3ToM ofHa

YyacThb IapaMeTpoB HMeeT MNPUHLIMNHANbHOe 3HaueHWe [/ TPUHATUSA

pelleHMsi, Jpyras JkKe He CTOJb Ba)KHa U Jae MOXeT MpOCTo
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HIHOPHUPOBATLCA.

He#ipoceTs, MpUHUMalOII@s PellieHne Ha OCHOBE OMbITa, MOCTYMAeT CXOAHbIM
obpaszom. [losToMy wucCcnefoBaTesll0 OYeHb Ba)KHO 3HATh, Kakue W3
rapaMeTpoOB Ba)KHbI [/l CETH, a Kakue - He oueHb. CleayeT CKa3aTb, 4TO
abCcoMOTHO HE3HAUWMbIX MMAPAMETPOB TMPAKTHUECKU He ObIBAeT, U KaXK/bIi
BXOJHOU CUTHa/ B OOJbIeld WM MEHbIeH CTeneHU BAUseT Ha TPUHATHE
pelleHusl.

PaspabGoTaHHblii HaMM METOJ, TO3BO/SIET BBIABUTH OTHOCHTE/IBHYHO
3HAYMMOCTh  BXOJHBIX T[MAapaMeTpPoOB, KOTOpas MOXXET TIpeCTaB/IATh
CaMOCTOSITe/TbHBIA WHTEPeC U/IH CAYKUTD [1JIs1 TOC/IeAYIoIed MUHUMUA3AI[UH
ux Habopa [5.47].

st 3TOrO0 BK/IIOYAKOTCS HECKOMBKO LUK/IOB 00yueHUs] HEHPOHHOM CeTH C
3apaHee 3aBbILIEHHBIM YPOBHEM HaJeXHOCTU W BHECEHHWEeM B MaTpully
CUHAICOB CJIyUaliHOTO BKIaZia MOC/e TPOXOXKAeHUs Kaxzgoro nukia. [lpu
MPOXOXKJEHUH LMK/IOB MCIO/Ab3YeTCs MeTQ[ TMofcueTa TpajueHTOB Io0
BXOJIHBIM CHUTHajaM, MoJjaBaeMbIM Ha HEHPOHHVIO CeThb, U TTOC/IEIYIOIIEro UX
CpaBHEHUS, OCYIECTB/ISIEMOro ABYMS Pa3/IMUHBIMM METOAAMH MO BbIOOpY
M0JIb30BaTe/Is IPOrpamMMBbl.

[lepBbIii MeTOJ HACUMTHIBAET 3HAUMMOCTh KaXKJOTO IapaMeTpa Kak
MakCHMManbHOe 3HaueHWe MOAyIs TpajueHTa MO BCeM NpuMepam. IOTOT
PEKUM TIOIE3HO TIPUMEHATh B TeX CJlyuyasix, Korjga B olyuaroieir BeIOOpKe
UMEIOTCS TpuMepsl, "BbiOMBaroImecs" U3 o0Imeil Macchbl, U KOTOPbI€ MOTYT
CYIL]eCTBEHHO B/IUATH Ha MPUHsATHEe pelleHUs o6 oTBere. JlaHHBIN MeTO[
OyzeT mpekJe BCero yUuTHIBATh HATMUMe TAaKUX PUMEPOB.

Bropoii meTog HaCUMTHIBAET 3HAUMMOCTh Ka)K/JJOTO TapaMeTpa KaK CpeJHIO
BEeJIMUMHY MOZYIS TPaJueHTa Mo BceM mpumepam oOyuaroieil BbIOOpKH.
Pesynsrar npumeHeHus 3TOr0 MeToAa MOKas3biBaeT CPEJHIK 3HAYMMOCThb
rapaMeTpoB 1o Bceil oOyuaromieil BeiOopke. Eciu B oOyudatomieil BeIOOpKe
UMEIOTCS TpuMepsl, "BbiOMBaroImecs" U3 o0Imeil Macchbl, U KOTOPbI€ MOTYT
CYILIECTBEHHO BJIMSITh Ha MPUHATHE pelieHusi 06 0TBeTe, TO BIUSIHUE TaKUX
NpUMEPOB HAa 3HAYMMOCTL TapaMeTpoB OymeT HUBenupoBaTbCs. [laHHBIN
MeToJ I0/Ie3HO TPHMEHSATL B TeX Cydasx, Korga oOyuaromjas BbIOOpKa
JI0CTaTOYHO OAHOpOZHA U HeobxoguMo, yTOOBI BO3MOXXHbIE
"BpiOMBatonecs’ TpUMepbl CYIIECTBEHHO He BJMS/IA Ha OLEHKY

3HAYMUMOCTH ITapaMeTpoOB. PEB}UIBTEITOM NMpUMEHEHHWA MeTOa ABJIAeTCA Haﬁop
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3Ha‘-IEHI‘IIUi, KaXX[10€e M3 KOTODBIX COOTBETCTBYET OIIpefe/leHHOMY BXOOHOMY
nmapaMeTpy U MOKeT CPaBHHEBATBHCA C OCTA/IbHBIMH.

[MpuMeHeHUe MeTO/la UMEeT L[eHHOCTh Kak /sl HayuyHbIX UCCIeJOBaHUM, TaK
U TMPU TIPAKTUUECKOM TPUMEHEeHUH HeHpoceTell /sl 3KCMePTHBIX CUCTEM,
TaK Kak MO3BOJISIET YMeHbIATh HabOp BXOAHBIX IMapaMeTPOB, IMOAABaeMbIX
HelpoceTH [ TOJydyeHUss OTBeTa. JleMCTBUTeNBHO, 4YacTo AJid
IWAarHOCTUKUA U TIPOTrHO3a OOMBEHOMY TIPOBOJAT CIOKHBIE W [JOPOTOCTOSIIHAE
MeTOAbl UCC/Ie[i0BaHUsl, MOpPOM Hebe3ppeaHbie /s 370pOBbi. OgHAKO BO
MHOTUX C/Ty4yasix peCTaB/IsIeTC S BO3MOXHBIM MOTYYUTh OTBET U Oe3 Hux.

B HeiipoceTeBbIX TiporpamMmax MpeJyCMOTPeH KakK py4YyHOW, Tak W
aBTOMATUYECKUIl pPeXXMMbl MHUHUMH3ALWKU BXOAHBIX MapaMeTpoB, NpUUeM
NoC/IeJHUA MOXKeT TIPUMEHATbCS KaK CaMOCTOSITebHO, TaKk M B Cjlydyae
3a/jlaHus aBTOMaTHUUeCKOro onpefeneHus cTpaTeruu o0yueHwusI.
Wcnonb3oBanue "pydyHoit” MUHUMM3AIUKA MTapaMeTPOB UMEeT CMbIC/T TOJTBKO
1ocje TOro, Kak HeWpOCeThb J0CTAaTOYHO Xopouo obydyeHa, B NMPOTHBHOM
Ccaydyae UCKIHOUEHHWe T[apaMeTpOoB MOXKeT TIPHUBeCTHM K  YXYALIeHUI
9KCTPANOJIAL[HOHHBIX BO3MOKHOCTEH CeTH W 3aTPYIHEHHUIO TMOCeyIIero
obyueHus.

Ecnu pexkum MHHUMM3al[uM BKIOUEH, OH HauuHaeT paboraTte mnocse
nosHoro oOyueHUss HeWpPOHHOM ceTu. [Ipu 3TOM  OCYIIECTBJIAETCS
BBIUMC/IEHMEe OTHOCUTE/IbHBIX MOKa3aTeeil 3HauMMOCTH U BXOAHOM CHUHATC,
UMEIOIMI MUHUMAIBHYI0 3HAUMMOCTb. [locjie 3TOro 3TOT CHHAIC
OTK/TFOUAeTCsi OT TMpUeMa CUTHaJoB, U oOOyueHHe MPOJO/DKAETCS.
[Mpeamonaraercs, 4YTo HeWpoceTb CMoXeT oOyuuTbcs 6e3  JgaHHOTO
napamerpa. Eciu ceTh BHOBb 00Oyumniach, moc/ie MOBTOPHOTO BBIYMC/I€HUS
3HAUMMOCTH BBIK/IIOUAETCSl CHAeAVIOLUMHA CHHANC W T.J. B wuTore ceth
nepectaHer 00yuaThbCsi, Korga Habop BXOAHBIX MapamMeTPOB OyIeT CIUIIKOM
MaJl /15l IOJTHOLeHHOro obyuenusi. [Tocie 3TOro MOXKHO TPOAHa/IU3UPOBATh
pa3uuHbIe BapUAHTBl MCKIIOUEHUS TapaMeTpoB U Bbibpath HX
ONTUMabHbIA HabOp. DKCIIEPUMEHTHI C CAMbIMU Pa3HbIMU MeJULIUHCKUMU
3a/lauaMi TOKAa3bIBa/d, UYTO BO MHOTUX C/y4asix MpuUOIU3UTENBHO UeTBEPTh
obyuarolMx  MapamMeTpoB  MOXeT ObITb  HCKIHOUEHAa  COBEpIIEHHO
Oe3bone3HeHHO. 3JTO  MOATBEPXKZAAeT  TUMOTe3bl 00  anpuopHOi
U30BITOUHOCTH JIAaHHBIX B  33jauaX MeJULIMHCKOM JUAarHOCTUKU WU
MPOrHO3UPOBAHUS, PeIlaeMbIX Ue/I0BEKOM.
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[TopcTpoiika TMapaMeTpoOB mMpuMepa [Jjsi  MOJIy4eHust
TpeOyeMOro oTBeTa Helpo CeTH.

[lpy npumMeHeHuu o0OyYeHHOW HEMPOHHOM CeTHU MOXKET BO3HUKHYTh
obpaTHas 3a/1aua, OTHOCALIASCSA K 001aCTH HEMPOCEeTeBOro MOAE/UPOBAHUS -
BBISICHUTb, B KakOM HAIMpaB/e€HUM U HA KaKue BeJUUYMHBI HeoOXogqumo
W3MEHUTh TapaMeTpel TMpuMepa, uToObl ceTh Beiana Tpebyemblil OTBET.
[lpuBeaem npoctoii runoterrnueckuii mpumep. [Ipu TectupoBanuu npumepa
CeThI0, pa3jesisonieii O0/JBHBIX U 3I0POBLIX, TTOyueH oTBeT "DosbHoM", Kak
HY)KHO M3MEHUTb MapaMeTprl 3TOTr0 nmpumepa, 4yTobbl oH "mepemen” B K1acc
"3m0poBbIi'"? Kak y)Ke TOBOPU/IOCH, MOKHO BPYUHYI0 MU3MEHATH TTapaMeTphl,
KaKAbIA pa3 TeCTHUPys MPUMep Mocjie Takoro usMeHeHus. OJHAKO 3TO He
camblii ObICTpBIi W ymo6HBIN criocob, ocobeHHO, ecau YKMCI0 TTapaMeTpoB
BE/IMKO, a pelleHHe TPUHUMAeTCs HEeCKOMBKMMHU HelpoceTsamu. [lostomy
HamMu Obi1  paspaboTaH croelUanbHBIN  ABTOMATU3UPOBAaHHBINA  METOf
MOJCTPOHKM TTapaMeTpOB AJisl ToJydeHust TpeOyeMOoro oTBeTa HelpoCeTH.

[pu peiieHuu JaHHOU 11pobaemMbl Mpexkae Bcero HeoOXoAuMO pa3e/uTh BCe
rnapaMeTpsl INpuMepa Ha TMOACTPaUuBaeMble U  HEMNOACTpPauBaeMble.
Hanmpumep, HeBO3MOXXHO W3MEHUTH BO3PACT MALMEHTa, MO3TOMY TaKOU
rmapameTp SB/seTCs HemnogcTpauBaeMmbiM. [locme omnpepenenusi Habopa
NOACTPAUBAeMbIX [1apaMeTpPOB /I KaXK[O0r0 W3 HUX 3a/aeTcs JuarasoH
BO3MOXXHBIX H3MeHeHHU. HeoOXoquMO TMOMHUTh, UTO B C/Iyuae KaxkJ0ro
npuMepa 3TH [Juara3oHbl MOTYT AUKTOBAThLCS KOHKPETHOUM CHUTyaljue
(omHOMY 60/IBHOMY JOMYCTUMO CHU3UTh YaCTOTY CePJeUHBIX COKpaIIeHUM 10
50, ApyroMy e - ToJBKO o 70 ).

[Tocne sToro st Kak[aoW HelpoceTd (eCIM WX HECKOJbKO) HeoOXoaumo
3ajaTh TpeOyeMblil OTBET - TOT, KOTOPOTO /10/DKHA A0OUTHCS 3Ta ceTh. BaxkHOo
OTMETUTb, UTO BBIMIOJIHSIEMass 3aTeM aBTOMAaTUYecKas TIpoleaypa
MOJCTPOUKKM BBITIOTHSAETCS OJHOBPEMEHHO HECKOJIbKUMHU HEeHpOCeTsIMH, Tak
KaK MOACTPOIKA, BLITIOJHEHHAs OJHOU CEeThI), MOXKET Pe3KD YXYILMTh OTBET
apyrux. Takum obpa3om, Kaxkjasi ceThb, KakK MPAaBWJIO, W/IeT HAa HEKOTOPLIH
KOMITPOMHUCC.

B utore BripabaTbiBaeTcsi ONTUMabHOE pelieHHe, OJUHAKOBO XOPOUIo (Mu
MI/I0X0) VAOBIETBOPSIOLee BCe CeTH, NPHHABIIME ydyacTHe B TMpoLejype.
UccnepoBarennb MOXKeT TNpOaHaAUW3UpOBATh pellleHHe, CPaBHHUB OTBETHI
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Ka)K/I0M HellpoceTH /10 U Moc/Ie oACTPOoHKu npumepa [5.48].
ABTOMaruyeckoe 3d/ldHHUEe CTpAaTeruu 06Y‘-IEHI/IH.

PaccmoTpuM  TMOAHOCTBIO  aBTOMAaTHM3MPOBAHHOE  3ajlaHMe  CTPaTeruu
nocrpoeHusi pemawomiero 6soka. [Ipexxge Bcero omnpegensieTcss CHHACOK
nojA3ajiau, MPUUeM B KaKAOW Mof3ajjaue OTIpejesieTCss CIIMCOK 00ydaroimx
napameTpoB (0H MO)KeT ObITb OOIIMM [ BCeX Tof3ajad) U OTBeThl. 3aTeM
3a/laeTcsl, CKOJIBKO HeMpoceTei-3KCrepToB OyayT pelaTh KOKAYI0 MofA3ajauy
(B mpocreiiiiem ciydae - 1o opHomy). [anee ompegensiercs, OyieT nu
NPOBOAUTCS MUHUMM3aLUsl 0Oyuaroumx napameTpoB. Eciu f[a, TO MOXHO
3a/laTb  MPOU3BOJILHYK) ~ MHUHUMM3ALMIO  (HAXOXKIEHWe  MHHUMAILHO
BO3MOJXKHOTO /ISl PeIlleHus 3a[jaul CIUCKA MapaMeTpOB) WK OMpeJesisieTcs
Habop mapameTpoB, KOTOPBIM JKelaTelbHO OCTaBUTb B CIUCKE WIIH,
HaobOpOT, MCKIIYUTL M3 COUCKAa. OTy OMepaluid MOKHO TIPOBECTH
OTZe/IbHO Ui KKA0M Moj3ajauu, 1/1s TPYIIN MofA3ajau Uin Ui BCeit 3afauu
B 1enoM. Kak JOMOMHUTeMbHBIM MapaMeTp, MOXKHO YKa3aThb Ui KaXK[JOu
MoA33/laud  KOHTPOJIbHbIE BHIOOPKM, Ha KOTOPBIX OyayT mMpoOBepsAThCS
pe3ynsTathl 0OyueHuss U Tpebyemoe KauecTBO oOyueHusi (B MpoOLIeHTaX
MpaBUJIbHO pacCmO3HaHHBIX MPUMEPOB (Aas K1acCM(UKATOPOB) WM
MaKCMMaJIbHO JOMYCTUMOTO OTK/IOHEeHUs (fJis MpeAuKTOPOB). 3TO BCe, UTO
JO/DKeH CZleflaTh MO0JIb30BaTelh TPU aBTOMaTHU3UPOBAHHOM ITOCTPOEHUH
pematoirero 6y10ka.

HenocpencTtBeHHO oOyueHue MPOBOAUTCS UCXOAS U3 CAeAYIOMIEH CTpaTeruu.
OO6yueHne KaXJOro OJKCIepra B KaKAOW TMofA3ajaue HAUMHAETCA C
aBTOMATUUeCKOW MHUI[HATA3AL[UU HEeMPOCeTH MUHUMA/IBHOU KOH (pUryparuu
(uMc/io HeWpOHOB - 2, MJIOTHOCTh - 1, XapakrepucTthka - 0, 1, ypoBeHb
HagexxHoctd - 0, 1 (gnas k1accudUKAaTOpPOB), YPOBeHb OTKIOHEHUS AJis
NpeAUKTOPOB - TpeOyeMblii MM BBIYMCIEHHBIM HUCXOAS U3 Xapakrepa
3HaueHUW oTBeTa (B camom oOmiem ciydae Oepercsi 1/3 MUHMMaJIbHOM
Pa3sHOCTH MeXAy 3HaueHUsIMH OTBeTa), Bpemsi OTKIMKa - 2. [lpoBogutcs
obyueHue HeiipoceTH. /lanbHeWIIMe AeMCTBUS OMPEAEISIOTCS Pe3ylIbTaTOM
obOyuenusi. B cnywyae ycrmemmHoro oOyueHUsl TIPOBOAMTCH TeCT YKa3aHHOU
KOHTPO/JbHOW BBIOODKM M B CJlydae HeyIOBJETBOPUTE/NLHOIO pe3ynkraTa
WHULHAMU3UPYeTCs HOBash CeTh C YBEJWYEHHOW XapaKTepUCTUKOM (Iiar
yBenuueHus - 0, 1 ). [Ipy HeBo3mMoXHOCTH OOyueHHSI MHULUATU3UPYETCS
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HOBas CeThb C DOLIIMM YHCIOM HEﬁPOHOB H TITOTHOCTBHO.

Takum criocobom mipoBoauTCcs oOyueHHe ceTell MO BCeM Tof3ajauam.
OO6yueHHble ceTH 3aroMuHalTCd. Eciu 3aflaHa MUHUMU3allUsi TapaMeTpoB.,
co3garoTcsi paboune KomuMu OOyueHHBIX HeWpoceTeid W TMPOBOJUTCSH
BBIUMC/IEHUEe 3HAUMMOCTM TapaMeTpPOB Ui KaXKJOW CeTH, TI0C/Ie Uero
ceayeT MUHMMM3alUsl TapaMeTPoOB Y KakJou Helpocetu. Eciu Tpebyercs
CBsI3aHHasi MUHUMU3alKs (A5 HECKOTbKUX HelpoceTel OfHOBPEMEHHO),
OKOHUATEe/IbHOe OTK/IIOUeHHe MUHHMATbHO 3HAUMMOTO0 Ha JAaHHOM 3Tare
obyueHUs TapaMeTpa MPOU3BOAUTCS TOMBKO MOC/Ie TOr0, Kak BCe HelpoceTu
B CBsI3aHHOW Tpynre ycoemHo O0OyuuaIuch C HUCKIHOUEHUEeM [JaHHOTO
napamerpa. B mporecce o0yuyeHUsi MOTYT aBTOMaTHYECKA MPUMEHSATHCS
TaKTUUeCKue MeTosl (yap, U3MeHeHue BeCOB KIacCoB).

Ucxonss ¥3  TpPUBEJEHHOTO  OMUCAHWS,  VIPaBJeHWEe  CTpaTeruei
OCYIIECTB/ISIETCS TI0 3apaHee 3afaHHOMY anroputmy. [Ipu HeoOGxogumocTu
M0JIb30BaTe/Tb MOXKET KOPPEKTUPOBATh CTPATETMI0 B MPOLIECCe TMOCTPOeHUS
pematoiero 6/10ka Ha r00O0M ero 3Tare.

OKCIIepTHbIe ~ CUCTEeMbI,  CO3/laHHble  Ha  OCHOBeE
Helpo ceTeBOM TexHoioruu rpymnroi "Helkipo Komi"

Co3ganue ka0 5C MPOBOAMIOCH COIACHO pa3paboTaHHON TeXHOIOTUU
U BK/IIOUAJIO: U3yueHUue mpoOieMbl; MOCTAHOBKY 3afiaur; Habop obydarommx
JAHHBIX U TECTUPYIOIMX MPUMepoB; obyueHue HelpoceTeli; ompejeneHue
ONTUMAaNbHON cXeMbl 3C ; MPOBeJEHUEe NOMOJHUTEBHBIX YKCIIePUMEHTOR;
pa3paboTKy W co3gaHue uHTepdeiica MPOrpaMMbl; TIOAKIIOUEHUE K Heu
00yueHHBIX HeHpOCeTel; UCTIBITAHUE CUCTEMbl Ha TIPUMepax, He BXOASIIMX B
obyuarollyto BbIOOPKY; JOyUHBaHUE CUCTeMbI Ha 3TUX MPUMepax.

[TporHo3upoBaHue 0 C/I0KHeHU UH(papKTa MUOKap/a.

[Toucku BO3MOXXHOCTEH TIPOTHO3UPOBAHUS OCJIOXKHEHWH, KOTOpPbIE MOTYT
BO3HUKHYTH B TOCIHUTAIbHBIM Tiepuon WHGApPKTa MHOKapjAa, OYeHb
aKTya/lbHBI U SIBJISIIOTCA ONHOM U3 Haubosiee C/I0KHBIX 33/1au KapAUOJIOTHUH.
[TporHo3upoeaHue HeoOXOAHMMO OCYILECTB/ISATE MPU MOCTYIJIEHUH OOJILHOTO
B CTalMoOHap, Cpa3y e T[0C/ie TpPOBeJeHWs CTaHAApPTHBIX MEeTOZO0B
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OGCJ’IE;{OBEIHH:F[. Ono HAOJIKHO OLITH 6BICprIM, NpoOBOOUTLCA HEOOHOKPATHO B
rnponecce Haﬁf[}{)ﬂ'EHHH 3a OOJILHEIM 10 Mepe MOCTYIIJIEHW A HOBBIX OdHHBIX O
€ro COCTOAHHH.

[TonyueHue mporHo3a OCJOKHEHUH TMO3BOJIIeT Bpauy Ie/leHarnpaBaeHHO
NpPOBOAUTL  MPOMUIAKTHKY, yCUIUTh HabmwogeHue 3a  OONBHBIM,
CKOPPEKTUPOBATh peXXuM (PM3MUecKoil aKTUBHOCTHM TauueHTa (0Cco0eHHO B
npejrosaraeMble CPOKM BO3HUKHOBEHMSI OCH0KHeHUs). [IporHo3 moxet
onpezenars Hosee AUTeTbHOE U UHT@HCUBHOE JIeueHUe aHTUKOATYISIHTaMU
npu yrposze TPoMO03IMOOMUUECKUX OC/IOKHEHUH, aHTHapUTMUUECKUMHU
npernapaTamu - /sl TpOQUIaKTUKA apUTMHHA.

I[Tpu co3manuu H6a3oBoro siipa 3C MPOrHO3MPOBAHUS OCI0XKHEHUM Hpapkra
MUOKapJa BbibpaHo 4 BHJA OC/I0KHEHWH, A0CTaTOYHO YaCThIX W/UIK
MOBOJIBHO  omacHeIX  [5.49]. O9to  ¢ubpunnsauus  mpeacepaui,
TpoMO0IMOOTMUECKHe OCTOXKHEHUS, TIepUKapJuT W BO3HUKHOBeHUe/
ycyrybnenue xponuueckod CH. IIpu mocTaHOBKe 3afaud Mbl MUCXOAWUINA U3
HeoOXoIMMOCTH TIPOTHO3UPOBATh BO3MOXKHOCTh BO3HUKHOBEHUS KaXK/OTO U3
ueTbIpeX BbIOpaHHBIX OCJIOKHEHUI B OT/[eIbHOCTU U BO3MOXXHOTO CPOKa €ro
MOSIBJIEHUsI, CUUTAass OT MOMEHTa MOCTYIUIeHUsi OO/NBHOTO B CTaljMOHap.
Takum o6Gpa3om, 3ajaua pa3buBaeTcs Ha 8 MOA3ajad, YEThbIPpe M3 KOTOPBIX
pelaTcs HelipoceTssMU-KI1accuUKaTopaMu (BO3HUKHOBEHHE
OC/IOKHEHWI), W  ueTelpe - HeHPOCeTSIMU-TIPEJUKTOPAMU  (CPOKH
BO3HUKHOBEHHUS OCJIOKHEHU ).

Boiin BeIOpanbl 32 00y4amompx MapaMeTpa, OTPaKarwlpe KIMHHUYeCKOe
cocTosiHie 60MBHOrO HMH(PAPKTOM MHOKAapZia Ha MOMEHT TMOCTYIJIEHUS B
KIMHUKY, [JaHHble aHamMHe3a W  pe3yisTaThl  J1aDOpaTOpHBIX U
GbyHKIIMOHA/NBHBIX WCCIE0BAHUM: BO3pacT, MoJj, DyOMHA W JIOKa/Iu3alus
uH(papkra (MO JaHHBIM 37€KTPOKapArorpaduu), KOMUueCcTB0 WH(GApPKTOB B
aHaMHe3e, XapaKTepUCTHKA TMPe/IeCTBYIONeH CTeHOKapJuu, Haluude Hu
TSDKECTh THUIIEPTOHWUYECKOM 60/Ie3HH W CepeyHOd HeJ0CTaTOUHOCTH,
Ha/MuWe B aHaMHe3e HapyIIeHWH CepJeYyHOro pUTMa W TMPOBOAUMOCTH,
IHJOKPUHHBIX 3abosieBaHuii, TpoM003MOONMMiA, XpOHHUUYECKOTO OpOHXMTA,
KOHIIEHTpAI[|sl KaJusi ¥ HaTPUs B KPOBU, YaCTOTA CEPJEUHbIX COKpAI[eHUMH,
XapaKTepUCTUKa BbIOpaHHBIX TMOKa3aTeseld SKI', pasMepbl OT[EJIOB Cepjiia
M0 JaHHBIM 3X0KapAuorpaduu.

Uccnegoranel 300 KIMHWUYECKHMX mnpuMepoB (Ttabmuua 5.4). [nda
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JKCMIepUMEHTOB U3 o00meli BrIOOPKM OTAENBHO [/ KaXKJ0ro THIIA
HelipoceTeil OblM BbIfle/IeHBl OOyuatomjasi rpynmna ( 250 4e/loBeK) |
KOHTpOJIbHas (Tectupytoniasi) rpynmna ( 50 uenoeek). Pa3neneHue BbIOOPKH
MPOU3BOAUIOCH C/Ty4alHBIM obpa3zom. Ons MPOTHO3UPOBAHUS
BO3HUKHOBEHMUS Ka)KJOTO OCJIOXKHEHUS CO3JaBaTuCh HECKOIBKO HelpoceTei,
COCTaBJIAIONMX KOHCHIUYM. Bce HelipoceTn BHauane o6yvanuce Ha 250
nagueHTax obyuaromieit BEIOOPKU, a 3aTeéM TeCTUPOBATUCH HA KOHTPOILHOM
rpynmne. Pe3ynsraTel TecTa ONpeiensyiiCh TOJIOCOBAHHEM B  KaXA0M
KOHCU/IMyMe.  Pe3ynbratel  TecTa  KOHTPOJIBHOM — BbIOOpPKM  Ajid
MPOrHO3UPOBaHus GUOPUNNALMY MTpeACcepAuid MPUBe/IeHbl B Tabmuila 5.5.

Tabnuiia 5.4. KonmnuectBo 601bHBIX MH(PAPKTOM MUOKAp/ia MOKIaccam B
Ka>K/IOW M3 UeTbIpex BbIJIeIEHHBIX M0 OCJIOXKHEHUSM TTOATPYIII

Konuuectro
OcnoxxkHeHue
DOMBHBIX
HeT
217
MapoKCU3MasbHas
Oubpunnsius npeacepaui (hopma i
MOCTOSIHHAsA 23
dopma
HeT 172
[Tepukapaut
PUKAPA ecThb 128
HeT 242
Tpombo3mMboIMUecKre 0CI0KHEeHUS
eCcThb 58
HeT 144
Bo3HUKHOBEHUE UH yCyryDieHue
Cep/ieuHoi HeJ0CTaTOUHOCTH eCcThb 156

Tabnuia 5.5. Pe3ynsraTel TeCTUPOBAHUS KOHCUTHYMa
HelipoceTel, MPOrHO3UPYIIMX BO3HUKHOBEHHUE U
dopmy ¢ubpunnsuuu npeacepauii (®I1), npoBeseHHbIE
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Ha KOHTPO/JILHOU BbIOOpKe U3 50 npumMepos, He

Y4aCTBYIOIMX B 00yueHUn

. BriuncneHo kak...
U3BecTHBIN K1acc
Knacc 1 Knacc 2 Knacc 3

Her ®I1
28 2 -
- 30 npumepoB

[Tapokcu3manbHas Gopma PI1

- 12 npumepoB

[Toctostnuas dopma PI1

- 8 npumepoB

[TpojeHT MpaBUIBLHO paclO3HAHHBIX NMPUMEPOB B TeCTHPYIOLEeH BbIOOpKe
NMpyU TIPOTHO3UPOBAHUU BO3HUKHOBEHUS TMepPUKapAUTa COCTaBUI 76%,
Tpomb03MboMit - 82%, BO3HUKHOBEHUS/YCYryONeHUsI  Cep/leuHOU
HEeJ0CTaTOYHOCTH - 785,

OTtpenbHO 6b11M Co3/jaHbl U 00yYeHBl HeHpOCeTH-TIPeAUKTOPLI JJIs TPOTHO3a
CPOKOB BO3HHMKHOBEHMSI OC/TIOKHEHHWH (HauWHas C MOMEHTa MOCTYIJIeHUS
D0NBHOTO B KIMHHUKY).

CucremMa Ha3HaueHUs] ONTHUMA/ILHOW CTpareruul JiedeHus
00/IbHBIX 06/ IMTEPUPYIOIITUM TPOMOAHTUUTOM u
MPOTHO3UPOBAHMUSI €r0 HEeTO CPe/ICTBEHHBIX UCXO/0B.

O6nutepupyronmii  Tpombanruut  (OosiesHs  bBroprepa) - TshKenoe
BOCMa/UTeNbHOe 3a0o0/leBaHUe COCYIOB MeJIKOTO M CpelHero Kanubpa,
compoBoKjawirneecss TpoMO0O30M U HapylleHWEM HUX TPOXOSUMOCTH.
OTtuonorust 3Toro 3abosieBaHus [0 HACTOSILET0 BPEeMEHU OCTaeTcs
Heu3BecTHOU. [lomaBssromiee OOABIMHCTBO OOMBHBIX TPOMOAHTUMTOM -
MY>KUMHBI MOJIOAOTO Bo3pacTa (18 - 45 mer).
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Jleuenue OﬁﬂHTEpprI-OLL]EFO TpOMﬁaHl"I/IHTa - TpydHasA, O4/IEKD ele He
peleHHas 3dJa4dd. B Ha4ya/JIbHBIX CTagusax 3aboneBanus 00BLIYHO
OTPAaHHUYHMBAKOTCA TepalneBTUYeCKMMH MEPOINPDHUATHAMH - Hd3HdAY€HHEeM
Ae3arperaHTos, [MTPOTHUBOBOCITA/IMTE/IbHBIX H dHTHTHCTAMHHHBIX
peraparos. O,ELHEIKO 3ab0/eBaHKe YACTO HOCUT 3/I0KAYECTBEHHBIA XdpakTep
H 6IJICTPO MMPHUBOOUT K aMIIYyTAl1lHHX KOHEUYHOCTH.

B 1990 - 1994 rr. B oTaeneHuu xupypruu cocynoB Kpaesoit KnuHuueckou
BoneHunel Ne 1 . KpacHosipcka mop HabmwogeHuem Haxoauaock 130
OonbHBIX 00MMTEpUpyHOUMM TpoMbanruutoM. Ha kaxzgoro 6OosibHOTO
3anoJiHAMACh aHKeTa, COCTOosIas U3 3 pa3zenos.

[Mepesiii pa3gen (104 myHKTa) BK/IKOUAeT BOMPOCH], KaCarIMecs aHaMHe3a
JKU3HU U JaHHOrO 3aboneBaHusi, COMyTCTBYIOIMX 3aboneBaHuil; COCTOSTHHE
OPraHOB M CUCTeM, ToApoOHOe omucaHWe UMeRIerocsi y 00JILHOrO
TPpOMOAaHTMUTA C XapaKTePUCTUKON COCTOSIHUS COCYOOB KOHEUHOCTeH,
JaHHbIe 1a00pPaTOPHBIX U MWHCTPYMEHTA/JBHBIX METOJOB MCCIeJ0BaHMUS,
XapakTepHUCTUKY MMPOBOAUBILIETOCS paHee jeueHus. [IpyruMu cioBamMM, 3TOT
pasjienn OTpaXkaeT UCXOAHBIN CTaTyC BOMBHOTO HA MOMEHT €ro MOCTYIJIeHUS B
CTalMoHap.

Bropoit pa3gen ( 11 myHKTOB) XapakTepu3yeT MPOBeJEeHHOe B CTaljuOHAape
JieyeHHe (KOHCEePBAaTUBHOE U/UMH OTIEPAaTUBHOE).

Tpetuit pa3pmen ( 4 MyHKTa) COAEPXKUT CBEJEHUSI O HEMOCpPeCTBEHHBIX
UCX0ZlaX TIPOBE/IeHHOTO JIeUeHHS.

CyiecTByo1Me MeToAbI JeueHus: TpoMbaHTUTa 4acTo ManodddeKTuBHEI U
MPOLIeHT BBIMOJHSAEMBIX aMITyTallud OcCTaeTcs BhICOKUM. [lepen Bpadom
CTOUT 3ajaua mnojoOpaTe ONMTUMAanIbHOE COYeTaHWEe MEeTOJOB JIeUeHHs,
JeHCTBYIOIIMX HA BeAyIMe 3BeHbs MaToreHe3a y KOHKPETHOTO OOMBHOTO.
Llens10 MPOBOJMMOTO MCC/IeOBAHUS CTAN0 CO3[laHue HelipoceTeBou 3C s
MpPOTrHO3a  HEMOCPeJCTBEHHBIX UCx0foB  3abonepaHus u  BbIOOpa
ONTUMA/IILHOTO  COYETAaHUS  TEPANeBTUUYECKUX U XUPYPrUUYECKUX
Bo3gelicTBuii. COOTBeTCTBeHHO 3TOoMy SC TMoApa3jenseTci Ha JBa

GyHKIIMOHA/IBHBIX 0JI0Ka, KaXKAbIM M3 KOTOPBIX pellaeT CBOM KPYr 3ajau
[5.50].

Opun 6710k (610K " V1 " - MCXOfIBbI) TPOTHO3UPYET HETMOCPEe/ICTBEHHBIE UCXO/IbI
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3abosieBaHus, KOTOPbIE 3aBUCAT OT JBYX rpynmn napaMmeTpoB. Ilepeas rpynmna
- UCXOAHBIN cTaTyc 00/MBHOTrO, UKCUPOBAHHBIE TAapaMeTpPhl, OTpPaKarolue
coctostHe DOMBHOTO HA MOMEHT MOCTYIJIEHUS B KJIMHUKY, a TAKKe JaHHbIe
aHamHe3a. OjHako ucxof 3a00/1eBaHUSI 3aBUCUT HE TOJIBKO OT HCXOZHBIX
rapamMeTpoB, HO U OT MPOBOJUMOrO B KIWHUKe jedeHud. [loaTomy BTOpas
rpymnma rnapameTpoB, HeoOxoguMmasi [jisi TIPOrHO3a - NMPUMEHEHHBIe MeTOZbI
nedeHUst. DTH MapaMeTPbl HeU3BECTHBI NIPU MOCTYIJIEHUH, HA 3TOT MOMEHT
UX MOXKHO TOJBKO mpeanosaratb. OgHako npu o0yueHUM HeHpoceTH
UCTIO/B3YIOTCSL  Y)Ke TpojieueHHbie 0oJibHBIE C H3BECTHBIM Habopom
TepareBTUUYeCKUX M XUPYPruueckux Bo3gelctBuii. OOyuuB HelipoceTH
MPOTHO3UPOBATh MCXOAbl TPOMOAHIMHTA B 3aBHCUMOCTH OT HCXOJHOIO
cTaTyca W TIPOBEJEHHOTO JIeUeHWs, MOXXHO MOAEe/IUPOBATh pe3yIbTar,
OCTaB/IfA HEeU3MEeHHBIMH (MKCUPOBaHHBIE TMapaMeTpel U TOACTpauBas
npeAnoaraeMble MeTOJbI JIEUeHHUSI.

Hpyroii 6nok 3C obOyuaetcs mnpsmMomy BbiOOpy Haubosiee ONMTUMATIbHBIX
MeTo10B jedeHust (610K " JI "), MCMOMb3ys TOIBKO TepBbld, (PUKCUPOBAHHBIU
Habop mapameTtpos (puc. 5.6).

C yueToM TIOCTaBJIeHHOW 3afauu OblTM  CHOPMUPOBAHBI  TIOATPYIIIEI
npumMepoB s obyueHus HelipoceTel. [lns pemeHus nof3azgad Osoka " U "
npuMepbl ObITM  CTPYNMNMPOBaHbl MO KIaccaM UeThIPbMs Crocobamu
(Tabawuiia 5.6), ans 6oka "JI " - 11 cnocobamu (Tabauia 5.7).

HOns  TectupoBaHus 0Oy4eHHBIX HeWpoceTell WCMHOMB30BAMUChL 35
KIMHUYECKUX TPUMEPOB 00C/IeJOBAaHHBIX M TPOJ€UeHHBIX OOMBHBIX C
WU3BEeCTHBIMM HCxXofamu 3aboseBaHus. OTU TPUMEpBl He BXOAUIA B
oOyuaromiyro BbIOOpKy. TecT Kakgoro mnpumepa TMPOBOAWIICS CAeAYHOIIUM
obpa3om. CHavana TeCTUPOBANUCh 4 HEMPOCeTH, MPOTHO3UPYIOLME HUCXOb
3abosieBaHus, IpUYeM B KayeCTBe MapaMeTpPOB JieUueHWUs, TIPOBEJEeHHOTO B
KIMHUKe, UCIO0/b30BalUCh [JaHHBIE O peankHO Ha3HAUeHHOM XUPYpramu
nedyeHWHU. 3aTeM TIpUMep TEeCTUPOBA/ICS HEWpPOCeTSMU, Ha3HaYarwUMMH
ONTUMAJILHBIA HabOp METO/IOB eueHwUsl.

[Tocne 3TOTO MIPOBOAUIICS MTOBTOPHBIN TeCT HelpoceTsaMH,
MPOTHO3UPYIOLMMHU  UCXOfbl, HO Temepb B MpHMep MOACTaBJIAIUCH
npe/rosaraeMbie MeTO/bl JIeUeHUsl, Ha3HAUEeHHbIe HeHPOCeTIMU.
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B oMLHOH o0 HTepHP YIOIHM TP OMOAHTHIITOM
! '

EBop (HMKCHpOE aHHBIX NTapa- BEOD DaHHEL, TapaKTepHs VoMU
METPOBE HCEONHOIO COCTOAHHA \ , NpelIoNarasMoe eHeHHs

(I)_H; R YIRIAS HeiipoceTn Ooka
HepoceTk G10Ka ] W
iiJI!!
Enaccudukanma bolkHoTO o L
NpenoIaraeko i ye e O CTH TIpOTHOZUPORAHKE HCEOTIOR
Sencieg NpeAnoIaTaeMoro TEUeHHT U ero

KOPPEeKLHA IpH HeobhXomHMooTH

OCHOBHBIE HEIpO-
cetd dmoxa “JI"

It NpednonaraeTcy VCIIe I HOS NedeHie, orrpeasneHHe OIITHMAMRHC -
[Q COHeTaHMA TEPANCEBTHHOCKIE H KHPpYVPIHHeCKIX MEpDHpHHTHﬁ

Puc. 5.7. Cxema dyakiuonupoBanus 3C

Tabnuua 5.6. IMog3agauu nmepeoro ("U") 6moka 3C

Uucno
[Topzapmaua Knaccel
NpUMepOB
1. YmeHbllleHU e UILIEMUUT 85
2. be3 usmenenui 38
1. Tlporuo3 AUHAMUKA UIIIEMUAUN
3. Ycunenue uiieMuu 7
1. luHaMUKHA HET 50

2. I[Iporgo3 pfuHaAMHKH
P A 2. YMeHbIIIPHHE

TpOoUUECKUX PACCTPOUCTB . 80
TpodrUeCcKuX pacCTpOHUCTB

1. Bonu ocTtanuck 57
3. [Iporuo3 ucue3HoBenus Hosen
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B ITOKOe

4. AMnyraijus

Tabnuna 5.7. Ioazagauu BToporo ("J1'") 6inoka 3C

[Ton3agaua

[TporHo3upoBaHue
BO3MOXXHOCTH YCIEILIHOTO

neuenus ("Gunsrpyromas”
HEeUpOCeTh)

1. HazHaueHue BazarpocTaHa

2. [Tnasmodepes,
MMMYHOIIPOTEKTOPBI

3. [lynscTepanus

4, CUMIATIKTOMHU A

5. JlecTpykijus HaATlOUEUHUKOB

1

Hebnarorn PHATHBIM HUCXO40M

II

2. BonbHbIE ¢ 61AaTONIPUATHBIM

H

CMOAe/TMPOBAHHBIM JIEHEHH €M

2.

2. Boau ucuesnu

1. He mpou3Bogunach

2. lpousBogunack

Knaccer

. BonsHEIe C

ocCie JeyeHuAd

CX0O0M H 6oBHEIE CO

. He Ha3HauaTh

. Ha3nauats

. He Ha3Hauath

. Ha3nauats

. He npoBroguTth

. ITpoBogUTE

. He npoBroguTth

. OpHocTOpOHHSAS
. JAByXCTOpOHH 5i51
. He npoBoguTh

OJHOCTOPOHHSAA

Hefipounpopmatika

73

123

Yucno
IIPUMEPOB

24

106

122

111

19

126

104

21

84

25
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3. JIByXCTOpOHHSA 21
1. He npoBoAUTE 82
6. Ombomu3anusa 2. OJHOCTOPOHHSIS 41
Ha/IMTOUYEeUHUKOB
3. IByXCTOpOHH A 7
1. He npoBoguTHL 120
7. K POT
OMIIaKTOTOMMUS UJIH 2, TposouTs 10
1. He npoBoAUTE 127
8.P
CBH3HA 2. IporoguTh 3
1. He npoBoAUTE 125
9. A
Mryranus 2. IlpoBOAUTE 5
1. He npoBoguTh 126
10. PekoHCTpyKTUBHas
orepanus 2. IporoguTh 4
1. He npoBoAUTE 125
11. H
CKPIKTOMHA 2. IporoguTh 5

PaccmoTpuMm pe3ynstatel mepBoro Tecta. HelipoceTs, NpOrHo3upyroljas
AUHaAMHUKY UILIEeMUH, CJlejiazia MpaBUAbHOe 3aKiioueHue B 2 9 ciyuaax u3 35 (
82, 9% ). Perpecc Tpoduueckux pacCTpOCTB MPOTHO3UPOBAJICH MTPABUIBLHO
B 14 u3 17 ciydassiXx UMEHNIMXCSl TPOPUUECKUX PacCTPOUCTB (TOMBKO y 17
DO/ILHBIX MMENUCh TpodUueckue PpacCTpoiiCTBA, MO3TOMY B OCTalbHBIX
CnyJasix TIPOTHO3 He WMes CMbIcaa). ATo coctaBuno 82, 4%. HeipoceTs,
MPOTHO3UPYIOLAS AWHAMHUKY 00/IeBOTO CHHApPOMA, CZefana IpaBUJILHOE
npejcka3aHue B 22 u3 25 cnaydaeB ( 88% ). OTBeThI CeTH, OTBeUarIeil 3a
npe/rnoaaraeMyr amnyTraijui, cCopnani B 33 cayuaax u3 35 ( 94, 3% ).
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Bcero B Tectupyromeit Beidbopke uMesnock 9 60JBHBIX, ¥ KOTOPBIX He COBIIAJ
X0Ts1 OB OIUH TIPOTHO3. Y OCTANBHBIX MAJUEHTOB BCE MPOTHO3bI Jeanuch 4
HelipoceTsiMA TIpaBWABHO. M3 3Tux 9 Oo0AbHBIX 7 OBIIM OTHECEHBHI
HelpoceTklo-"huaIbTpoM" K KaTeropuu "TpyHbIX'.

VHTepec npejcTaB/asioT ABa (GopMasbHO HEBepHBIX pe3yibraTta HelpoceTH,
NPOTHO3UPYIOIeH ammyTarjuio. ¥ [JaHHbIX OO/MBHBIX aMmmyTanusi He Oblia
NpoBejleHa B CPOKU MOCIUTAIN3ALMK, OAHAKO Oblaa BLIIIO/IHEHA B MepBble 2
Mecsja nocie BeINUCKU. HelipoceTs npaBU/IbHO NpeficKasana OTCPOYEHHEBIe
MCXO/bl, TO3TOMY 3TH /IBa C/Iy4asi HeJlb3sl CUATATh IBHBIMU OIIMOKaMu.

PaccmoTpuM  pe3ynsTaThl TeCcTa HeWpOCeTel, Ha3HAYAKIMX JedeHue
OboneHBIM. Y 12 mpumepoB u3 25 ( 35 NMpUMepoOB MHHYC TpPU3HAHHbIE
"rpyaHBIMEI" HenpoceTwio-"punsrpom") jieyeHue, Ha3HaueHHOe
HeHpOoCeTsMH, MOTHOCTBI COBMAN0 C PeajibHO Ha3HAueHHBIM XUDPYPramu, U
TOJILKO B OJHOM CJlydyae TIPOTHO3 HCXOZI0OB OMpaBjancs Uik B Oosee
No3gHUe CPOKU. PaccMOTpuM 3TOT ciyuaii.

bonenoit C., 42 net, 6o/ieH B TeueHUe 5 JeT, TOCTYMU C KPUTHUYECKOU
umemuer (IV crenenu). bonbHOMy Oblla Ha3HaueHa KOHCEpPBaTHUBHas
Tepanus U BaszampocTtaH. Ha ¢oHe Takoil Tepanmuu 3 u3 4 HelipoceTeu
MPOTHO3UPOBANU yAyullleHHWe coCTosiHUS. OJHak0o Ha MOMEHT BBIITUCKU
s¢ddexra oT neueHuss He Habmoganoce. Tem He MeHee, TIpU JanbHEHIIEM
Habmogenun 3a  OO/MBHBIM ~ OTMEUAiCsi perpecc WIIeMHH, perpecc
TpOoMUECKMX PaCCTPONCTB U KynupoBaHue Oomeil B okoe.

B octanbHBIX cinydasx Hab/MO[aIMCh HEKOTOPbIe pacxoxaeHus. [Ipu sTom y
10 OONBHBIX HeHpOCeTH Ha3HAYWUIU [Jpyroe JeueHWe, KOTopoe (IO
pe3yibTaTaM aHanau3a XMPYProB), MOKHO ObLJIO [eHCTBUTE/NbHO Ha3HAUUTh
naHHBIM O0sbHBEIM. MCcXoBl, MPOrHO3MpyeMEbIe M0C/Ie TAKOTO JieueHus, Obliu
TaKUMH >Ke, KaK ¥ B CJ/Tydae peajlbHO Ha3HAUeHHBIX jeueOHbIX MepOTpUSTHIA.
B 3 mpumepax seueHue, Ha3HAUeHHOe HeWpoceTsMHU, ObIIO TOXOXKe Ha
peasibHO Ha3HaueHHOEe, OfHAKO MPEeBOCXOAUJIO €ro M0 MOUHOCTUA. B 3Tux
C/ly4yasix TPOTHO3MPOBAIMCh UCXO/bl, TOpPa3/o Jydilke, yeM HabiofaBumecs
B peanbHOCTH.

Cucrtema paud@epeHIMaIbHOW [IUarHOCTUKU ''OCTPOTO
JKUBOTA".
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3agaua guddepeHUManEHON AUMArHOCTUKUA "OCTPOTO >KUBOTA'", HECMOTPS Ha
OTPOMHOE€ KOJIMYeCTBO Ppa3paboToK B 3Toil 00/1acTH, [/ MPaKTHUeCKOU
XUPYPTUU OCTAeTCsl OQHOM M3 CAMBIX aKTyalbHBIX Npobsiem. Ceeime 90%
OO/MILHBIX ~ XMPYPrMUECKUX CTAllMOHApOB - 0OonbHBIE C  OCTPLIMH
XUPypPTUUECKUMHU  3a00/IeBaHUSIMH ~ OpPraHoB  OpHOUHON  MOJIOCTH;
OTepaTUBHbLIE BMEIATEe/IbCTBA TIPU ITOU TMATOJOTHU COCTABJSAIOT OT 20 A0
40% Bcell OmepaTUBHOUN JesITeTbHOCTH XUPYPTUUeCKUX CTallHOHAPOB.

[Tpu mocTtaHOBKe JuarHo3a U MJIaHUPOBAHUWHU JIEUeHUsI OT Xupypra Tpedyercs
NIPUHATHE eJUHCTBEHHO NPAaBU/ILHOTO PelleHUs, OT KOTOPOTO YacTO 3aBUCUT
Xu3Hb OonpHOro. Pemenue o/mKHO OBITH NMPUHATO KAaK MOXKHO B Oosee
CKaTble CPOKU, MPUUEM B YCAOBHSX, 3a4acCTyH0 He TMO3BOJSIOLMX MOJYUUTh
pa3BepHYTHIe JaHHbIe 1ab0paTOPHBIX U HHCTPYMEHTAIbHBIX UCCIeI0BAHUM.

OneIT MpakTUYeCKOW XUPYPrMH TOKa3biBaeT, uTo Haubojiee 4YacTo
BCTPEUAKIMMUCSA OCTPBIMH 3aboneBaHUssMU OPIOIIHOW TOJIOCTU SIBISIFOTCS
CleAyrolMe: OCTPbId anmeHAUUUT ( OA ), OCTPbId Xo/menqucTtuT ( OX ),
ocTpbiii maHkpeatuT ( OIl ), OCJIOXKHEHWSI SI3BEHHOU 00JIe3HM JKenygka |
BEHA/II[aTUMePCTHON KUIIKU, OCTPasi KUIIeUHash HerpoXoAuMOocCTh ( OKH ),
nuddepeHunantHasg JUArHOCTUKA KOTOPBIX TIPeACTAB/sSeT B HEKOTOPBIX
C/ydasix 3HaAuUMTeNbHBIE CJI0O)KHOCTH, OCOO@HHO TPH MOCTYIJIEHUU OOTBHBIX
B KTMHUKY B OTJa/leHHbIe CPOKU OT Hadasa 3abo/eBaHus WA C U3HAYAJILHO
aTUMUYHBIM WJIM CTEPTHIM MPOLIeCCOM.

W3yuennr 216 ucropuil O0ne3Hed M3 apXMBOB KIMHUYECKUX OOMBHUI] T
KpacHospcka, CrieLiuamu 3U PYHO I XCS Ha npueme IKCTPEHHOH
xupypruueckoi narosioruu - Kb N 7, KKb N1, TECMII, uro no3Bonuio
paboTtate c yxe BepuUIIUPOBAHHBIMM [UArHO3aMHU, TOATBEP KJeHHBIMU
KOMIIJIEKCHBIMUA ~ KTHHUKO-71a00PaTOPHBIMU ~ UCC/IEJOBAaHUSIMU, TaHHBIMU
TUCTOJIOTHUYECKOTO UCC/IeIOBAaHUS U OTlepallMOHHBIX HaxXoAoK. [laHHEbIe elre 0
49 mauueHTax ObIIM TIOMY4eHBI B pe3ylsTaTe HENOCPeACTBEeHHOI0
KIMHUYECKOTO HAOMIOAeHUsT OT MOMEHTA TOCTYIJIEeHUS B XUPYPrUueCKui
CTAl[MOHAP U /10 TOCTAaHOBKKA OKOHYATE/ILHOTO AMarHo3a.

Bcero npoananu3upoBaHo 2 65 KITMHUUECKUX nipumepoB ( OA - 63, OX
- 64, OII - 52, OKH - 27, KAB - 37, 0OAB - 22).

[lpu ompefeneHUH BXOAHBIX MMapameTpoB, HeoOXoAUMBIX Ajs paboTel 3C,
NpoaHaJM3UpPOBAHAa CTPYKTypa HUCTOpUit OonesHed pas3snMUHBbIX KIMHUK,
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AaHHbBIE JTUTEPaTypPbl, BO3MOXHOCTH HaGOpElTOpHO-I/IHCTPYMEHTEHBHBIX 6a3s
XUPYPTrUUeCKHX CTallHOHAPOB. Taxkum 06pa30M, Haﬁop BXOAHBIX IMapaMeTpPOB
OTpa’KaeT KTMHAYECKUH MHUHHMYM OﬁCHE,H'DBElHI/IH MalHueHTa, HCHOHBBYEMBIFI
BpaddMH XUDYPTHUYECKHX OT,[I'EHEHHi:I B HpaKTI/IQECKDﬁ AedATe/IbHOCTH.

Hnst cbopa KIMHUYECKUX [AaHHBIX Obla pa3paboTaHa aHKeTa, Cofeprkalias
Habop BXOAHBLIX MTApaMeTPOB U JUAarHO3, SBJIAIOLMICA OTBeTOM (BCcero 131
MOKa3aress).

[Tpu moctaHOBKe 3afauu s oOyueHUsl HeMpoceTe Mbl UCXOJUJIA U3 TOTO,
uro 3C [go/mKHAa BbIOMpPaTh OAWH WM HECKOJIbKO TPeJrojiaraéMbixX
MUarHO30B U3 3a/aHHOro Habopa ( 6 AWMAarHO30B) Ha OCHOBaHWM 131
napaMmeTpa MalUeHTa MpPU TIOCTYIJIeHUW B KIMHUKY. I/ 9KCIepUMEHTOB
co3maBanuch Habopsl U3 7 HellpoceTeil. B kaxkgom Habope ogHa HelpoceThb
Tpe/CTaR/siIA COOOM IIeCTUK/IACCOBBIM KnacCU(MUKATODP, BBHIJAIOIMU B
KauecTBe OTBETA OAIMH JUarHo3 U3 ILIeCTH, a OCTa/IbHbIE LIeCTh HelipoceTen -
OuHapHble Ki1acCUUKAaTOphl, oOOyuawompecs OTAMYATH KaXKAbIM U3
paccMaTpUBAaeMBbIX [MATHO30B OT BCEX OCTaTbHBIX.

Insi 00yueHusi HeiipoceTell ObLIM B3AThl 21 6 TIPUMEPOB, AAHHBIE KOTOPBIX
OblIM B3STHI U3 UCTOPUM OOJIE3HU TAIUEHTOB C Y)XKe MOATBEeP>KAeHHBLIMU
nuarHo3amu. OctanbHbie 49 npumepoB 00/bHBIX, HaAOMOJABUMXCS B
KIMHUKe, ObIIM OCTaB/I€HBI [1JIs1 TECTUPOBaHUs 3C.

Pe3ynbraThl KIMHHUUYECKOW NMTPOBEPKA MPUBeAeHEl B Tabnuiia 5.8.

[Mpornoctuueckas cnocobHocTs 3C MOC/e CTAPTOBOTO 00yueHuUsi CoCTaBuIa
83, 7%. OgHako Mbl TIPOBE/M THIATeILHBIM pa3bop Bcex ciaydyaeB OMHMOOK,
KOTODPbIY BBISIBUJI CJIEYIOIIME 3aKOHOMEPHOCTH.

OCHOBHOE KOMMYECTBO OIMOOK BO3HUKANO TMPH [AUATHOCTUKE OCTPOTO
XOJMIEIUCTUTA UM OCTPOTO TMaHKpPeaTuTa, TMpPUUEeM B ITHUX CAydasx
HelipocucTeMa TyTana 3TH AMArHo3bl Mexay coboit. bonee Toro, npu 3Tom
MpaBUJIbHBIN AMarHO3 Habupan BeC (CyMMy BBIXOJHBIX CUTHA/IOB HEHPOHOB
HelipoceTeil, OTBeTCTBEHHBIX 3a /IAHHBIM K/IacC), HaXOAAIMNECS Ha BTOPOM
Mecte. DTO 03HAUaeT, YTO B CJiydae [JUArHOCTUKA OCTPOTO XOJICLUCTHTA
(HaubonblumMii BeC) OCTPBIM TMAaHKPEATUT OKA3bIBAICSA HAa BTOPOM MeECTe
(cnepyroumii mo BesMuMHe Bec) U HaoO0poT. Kak M3BeCTHO, MPU Pa3BUTHU
MaTO/JIOTUUYECKOTO TPOLIecca B OJHOM M3 OPraHOB MaHKPeaTo-AyoaeHa bHOM
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CHUCTeMBbI ApYyr¥Me OpraHbl, KdK IIpdBHMJ/IO, He€ OCTAlOTCAd HWHTAKTHBIMH, H
KIMHHYEeCKH pelmMTh BOTIPOC O l'IpEOﬁHEl,H'aHI/II/I MMaTOJIOTHH B OJHOM M3 HHUX
3a4dCTYHO He TMpeacTaBsdeTCAd BO3MOXXHBIM. B Takux C/Iydasx GOHIJHOM}’
BBICTABJ/IAETCA OWUATHO3 XOJIELUCTONIdHKPEATHT. 5 u3 6 MNpHUMepOB, KOTOPLIE
NpH TeCTHPOBAHWHU PpPACIIO3HABA/IMCh onmboyHO (OCTpBIfI XOMMerUCTUT KdK
[MTdHKpEeaTHUT H HaDOﬁOpOTJ OTHOCHWJ/IMCh, CyAdA I10 dHA/JIU3Yy KIMHHYECKHUX
AaHHBIX, KdK Pa3 HMEHHO K TaKOH rpyrmrie. HOBTOMY pe3y/ibTaThl, BbIJdHHBIE
HEﬁpOCHCTEMOﬁ AT 3THX IpUMepOB, He ABMNAKOTCA ABHBIMH
AUArHOCTHYEeCKHUMH DUJI/IGKEIMH, TdK KdK B 3THX ClIy4dadsx oba AUarHO34d
3dHHUMAJIH MMepBbI€ ABA MeCTa 110 HaﬁpaHHbIM BeCamM.

Tabnuia 5.8. Pe3ynsrate! Tecta 49 npuMepoB KOHCHUIMYMOM U3 14
HelipoceTei

HOuarno3 Yucno npumepoB Yncsio npaBUibHO pacro3HaHHBIX IPUMEpPOB

OA 19 19 (100%)

0X 7 4 (57%)

oIl 12 10 (84%)

OKH 2 1 (50%)

KB 3 3 (100%)

ip 6 4 (66%)

Bcero 49 41 (83,7%)

Jst HeMPOCUCTEeMBI TIpe/ICTaB sy orpejiesieHHbIe TPYAHOCTH

guddepeHUHanbHBI  AMArHO3  MEXJY  OCTPBIM  TTAaHKPEaTUTOM U
nepdopaTuBHOU s3B0M ( 2 ONMOKM), UTO MUMEET MECTO M B KIMHUUECKOU
MpakTHUKe - TTPU OCTPOM TaHKpPeaTUTe C BEIpaKeHHBIM 00eBBIM CHH/IPOMOM
B 4 quyuasx u3 265 NpoaHa/iU3MPOBAHHBIX KIMHUUYECKUX I[IPUMEpPOB,
BpauaMM TIPUEMHOr0 TIOKOsS BBIHOCMJIWCh o00a [AuarHo3a B KayecTBe
NpeiBapUTENBLHOTO W IpeAIouTeHHe OJHOMY K3 HHUX OTAABalIOCh YXKe B
mpoiecce AMHAMUUECKOTO HaOMHOeHHs 3a COCTOsSTHMeM TmanueHTa. Tawke
cneiyeT YUMTBIBATH, UTO AOCTAaTOYHO HeDObINOE KOJIMUECTBO NIPUMEPOB 6
Kiacca (mepdopatuBHas s3Ba - 22 ), KaK TOKasalau pe3ylsTaThl TecCTa,
HECOMHEHHO, HeZJOCTaTOYHO /1J1s1 KaUueCTBeHHOro obyueHus HelipoceTeil.

B omHom ciyuae 3C pacrmo3HaBaia npumep 4 knacca ( OKH ) Kak OCTPbIM
anmenguuuT. Ilpu aHamM3e mnpuMepa BHIsSIBIEHO, uTo o0a [AuarHosa

BbBIHECEHBI BPd4YOM TPUEMHOI'0 TMOKOS B KA4UeCTBE IpeaBdpPUTE/ILHOTO U B
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JanpHeNIeM, TIpU U3y4eHUM JaHHBIX UCTOPUHU 00/1e3HU BBISICHU/IOCH, UTO
boneHAas Mmocse TpoBeJeHUsI KOHCePBATUBHOM Tepanmuu Oblja BhIMHMCAHA C
MUarHo3oM "KuineuHas Konuka'. JlaHHas ommOKa A0CTaTOYHO Ccepbe3Hasi u
TOBOPUT O HEOOXOAUMOCTH paclUMpeHus CIIMCKA AUArH030B, OMPeesisieMbIX
3C.

[Mpu co3gmanuu 3C MBI UCXOAUIU U3 HEOOXOOQUMOCTU BBIBEJEHUS MOTHOU
MHPOPMALIMKA O Becax BCEX [JUArHO30B, BBHIJABA€MBLIX CHCTEMON B KaXKI0M
cnyyvae. Tak KaK guarHo3sl X0jeLCTONaHKpeaTUTa ogpa3yMeBal0T HaTuuue
OLHOBPEMEHHO 2 OTBeTOB (ABa Kjacca), Caydad, KOIja Beca 3THUX [OBYX
OTBETOB HAXOJATCS PSOM, HE MOTYT pacCMaTPUBATHCS KaK OMMOKU paboThl
CUCTEMBI, MPU 3TOM Hauboyiee BEpOSITHBINA AMArHo3 GOPMYIHPYeTCs Kak
xonenqucronaHkpeatut. C  y4eToM 3TOW TMOMPAaBKUA, TMPOTHOCTUUECKas
crnocobHOCTb cucTeMbl cocTasisieT 93, 9% ( 3 oumbku U3 4 9 MPUMEpPOB).

[TpoBeneHHBIN aHANMU3 3HAUMMOCTH 00yuyaroMX JaHHBIX [T0KAa3ajl, YTO TpeMs
Haubosee 3HAYMMBIMHU TTapaMeTpaMu SBJIAIOTCS D0Jb B TpaBoM mogapebdepse,
cumnitom OpTHepa U Ha/lMuKMe KaMHEeH B KeT4eBbIBOASALMX MyTsaX. B uncno
HauboJsiee 3HAUMMBIX TapaMeTPOB TIOMAad OCHOBHBIE XapaKTePUCTUKU
boneBoro cuUHApPOMA, Ba)KHBIE [AMArHOCTUUECKUAE TPU3HAKK (CUMIITOMBEI
Koxepa, Illetkmuna - bBmombepra, PoB3unra, BockpeceHckoro) w
DONMBIIMHCTBO  OCHOBHBIX  XapakKTePUCTHUK KJIWMHUUYECKOTO  COCTOSIHUS
nagueHTa. MUHUMA/NBHO JOMYCTUMBIM 15 paboTel 3C spasieTcst Habop u3
2 9 mapameTpoB, MIPU 3TOM HeOOXOAMMO YUUTHIBATh, UTO YBEJIUUEHUE UMCIIA
BBOAMMBIX TlapaMeTpPOB  CYIIeCTBEHHO TMOBbIIIAET JAUArHOCTUYECKYH)
TOYHOCTb CUCTEMBI.

HetipoceTu /151 i3ydueHUss UMMYHOPeaKTUBHO CTU

Henoctatok ueTkuX /1abOpPaTOpHBIX KPUTEPHEB  MMMYHOJIOTHUYECKOH
HeJ0CTaTOUHOCTH, Oonbliasg BapuabesbHOCTh Pa3IMUHBIX [10KA3aTenei
COCTOSTHUSI UMMYHHO# cuctembl [5.51], ocobeHHO Mpu pa3HbIX MAaTOJIOTUSX,
onpezenseT HeoOXOQUMOCTh TMOMCKA MPOCTBIX U 3(hGEKTUBHBIX METO/OB,
no3BosiiouMX  AudpepeHIpoBaTh  COCTOSHUST UMMYHOPEAKTUBHOCTH.
Haubonbimeit WH(OPMaTUBHOCTLIO obsagaroT MoKasareau
CyOTIOnyIAIMOHHOrO COCTaBa JUM(QOLIMTOB KPOBH, a TAKXKE MapaMeTpbl MX
BHYTPUKIETOUHOTO MeTabonu3ma [5.52]. OaHako TPyIHO [e/iaTh BBIBOJ, O

COCTOAHHH I‘IMMYHHOﬁ CUCTEMBI, OCHOBBIBAsSICb Hd BE€IHYHHAX OTAE/TbHBIX
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[apaMeTpoB. H906XD,IU/IMB KOMILJTIEKCHdA OLIeHKa, YUHUTBIBAKOIIAA
MHOFOOGPBBHE FOMEOCTaTUUYeCKUX COCTOSTHUH I/IMMYHHC)ﬁ CHCTEMEI.

Mbl TMOMNBITAMUCh TIPUMEHUTh HEWMPOCeTH /Ui JUAarHOCTUKWA BTOPUUHOM
UMMYHOJIOTUYECKON HeJOCTaTOYHOCTU - uMMmyHogedurura ( M ) [5.53].
[lpyuuriHaMu ero SBJAOTCA MHOTMe (AKTOPEI B Ppa3IMUHOM COUYETaHUH
(mpyrue 3aboneBaHus, BpegHbIE TIPUBBIYKH, HacaeACTBeHHAas
NpepacroioKeHHOCTb, IKOJIOTHUeCKHe U COLjUa/IbHBIE YCIOBUS, TTUTAHUE,
ABUTAMUHO3 U 7p.). B oTnuume ot mepBuuHOro /]I, MPUUMHON KOTOPOTO
SB/ISIFOTCSA SIBHBIE, JIETKO BBIAB/ISIeMble TeHeTHueckue nAedekTbl, AMArHo3
BTOPHUYHOIO M| BecbMa C/I07KeH.

[Tlpu umMmyHoOsOTHUeckoM 00c/iefOBaHMU B KPOBU OONBHOTO OMpeessitoT
pa3/iiuHbIe TOKa3aTesld, DIaBHbIe M3 KOTOPBLIX - KOIUUeCTBO AUMQOI[UTOB
(K1eTOK MMMYHHOW CHUCTeMbl) W abCONMOTHBIE W OTHOCUTENBHBIE
(cooTHOMIEHUST) KOJTUUECTBA Pa3TUUHBIX K1accoB nuMmdonutoB. Kpome Toro,
MOJIe3HO OLIEHUTh AKTUBHOCTh OCHOBHBIX BHYTPUKIETOUHBIX (PEPMEHTOB
TUMQOLUTOB U CoAep)KaHWe B KPOBU UMMyHornoOymnHoB. Ha ocHoBaHuu
MOJIyUeHHOM MMMYHOTPAMMbI HY)KHO YCTaHOBUTb, UMeeTcs Ju Y
obcneayemoro M]1. CI0KHOCTh 3aK/IFOUAeTCs B TOM, UTO JaXKe Y 3J0POBOr0
ye/ioBeKa MOryT HabmHJaTbCsi  CYLIECTBEHHbIe CABUTH  OTJETbHBIX
rapamMeTpoB, a SIPKUM OOJBHOW MOXKeT UMeTb He3HauuTeJIbHble M3MeHEeHHUH .
Bce 3To cBfi3aHO BO-MEpPBLIX, C WHAWUBHU/JYATBHBIMH OCOOEHHOCTSIMHU
WMMYHHOW CHCTeMbI, a BO-BTOPBIX, UMMYHHAasi CUCTeMa MOXEeT Ha KOPOTKoe
BpeMsi CpearMpoBaTb Ha Kakue-iub0 BHelHHe BoO3AeHcTBUA (CTpecc,
nepeoxyiaXaeHue, MepeyToM/ieHHe) BecbMa HerpeackasyeMbiM o00Opa3om.
[TosToMy HeoOX0AUMO OLI€HUBATH BECh KOMIIJIEKC ITapaMeTPOB Cpa3y BO BCEX
HMMEIOLMXCA B3aHMOCBA35IX, UTO Ha I1a3 CJje/laTh J0BOJbHO TPYIHO AaKe /s
JOCTAaTOYHO OIBITHOTO Bpaya.

[TepBoHauanbHO HelipoceTu Obla MOCTaB/IeHA 3afaya HAYUUTHCS 1O Habopy
MapaMeTpoB [JaBaTh MPOCTOH OTBeT: uMeeTcs V]I y 6onbHOro uau Het. bbina
chopmuporana ofyuatomasi  BeIOOpKa, cocTosiias U3 TIIATEBHO
o6cnej0BaHHBIX HOEH, IMarH03 KOTOPbIM Dbl yCTaHOBJIEH Ha OCHOBaHUHU
KIMHUUYECKOTO U MMMYHOJIOTHUeCKOro aHanu3a. OHa cocTosila u3 [JIByX
K/1aCCOB; TIE€PBBIM - 340pOBbIe /oAU ( 51 uenoBeK), BTOPOH - C AMarH0o30M
U ( 42 uenoBeka). ¥ obcnegyemMbiXx H3ydyaiaCb aKTUBHOCTb OCHOBHBIX
BHYTPUK/IETOUHBIX  (epMeHTOB  JumbouuTtoB [5.54], mpoBoauIUCH
WMMYHOJIOTUUECKMEe TeCThl MepBoro ypoBHS [5.55]. Omnpegensioch
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cofiepkaHue B KPOBU JIEMKOIL[UTOB, UMMYHOIIOOYTMHOB Pa3/MUHBIX KIaCCOB
(Igh, IgM, IgG, IgE ), UUPKYIMPYIOIMX UMMYHHBIX KOMIIJIEKCOB (
[IMK ), OTHOCHUTe/NbHOEe U abCOMIOTHOE KOMUUeCTBO JIUMGOLUTOB U HUX
cyOmomynsiuii: TOTaldbHBIX po3eTkoobOpasyroumx kietok ( T-POK ),
TeOOUITMHPE3UCTEHTHBIX ( TO®P-POK ), TeodU/NIMHUYBCTBUTEIbHBIX (
TdU-POK ), panHUX ( p—POK ), u crtabuneHbiX ( c-POK ) [5.56]. OTn
MOKa3aTeau CAYKUIN 00yJaronMy mapaMeTpaMu.

HecmoTps Ha KaXKylyrocs TIPOCTOTY 3aJadyd U MHOTOYMC/IEHHBIE TIOTBITKH,
HelipoceTs He cMomia OOy4HUTHCA pemaTh 3aZjady B IOCTABJIEHHOM BH/E.
Torga ObI110 pelIeHO MOCTENEHHO HUCKIHUaTh U3 00yueHUS camble TPYAHBIE
NpuUMepsl (MUMelIe MaKCMMAalbHYK OLIeHKY), 4TO0Bl JOOUTBECS MOJIHOrO
obyueHusi Ha ocrtaBumxcsi. [Iporpamma MN TRATN pgemana 3TO
aBTOMATUUeCKH, HWCKIYass TPYSHEHIMH TIpuMep KaXKAblii pas, Koraa
HelpoCeTh 3axo/ii/ia B JIOKAJbHBIH MUHHUMYM M He MOIJa o0y4yaThCs gasnee.
EcTecTBeHHO, B KOHIIe KOHI[OB CeTh 00y4MIach MOJHOCTbIO, UCKIIOUUB U3
obyuaromieit BbiObopku 30 mpumepoB. I[Tocne obyuenus Obi10 oOHapyKeHO,
YTO BCe [0 OAHOTO WCK/IKUYEHHbIE TPUMEPbl OTHOCATCS KO 2 KiIaccy
(6bonbHbIe ¢ W] ). Takum obGpasom, rpymmna npuMepoB 2 Kiacca 0Ka3anach
pa3zesieHHOUM HeMPOCeThI0 Ha 2 TOATPYIIbI (MCKIHOUYEHHYI0 U OCTaBLIYIOCSH).
Hanee 6bia mpoBejeHa cTaTUCTUUecKasi 00paboTKa MOyueHHbIX TPYIIII.

OO6muias rpynna UHAUBUYYMOB C AMArHo3oM V]l JOCTOBEPHO OT/IMYanach OT
TPYIITBI 30POBLIX TOTBKO IO OAHOMY ITOKAa3aTelr KIeTOUHOro Metabonmmn3ma
(bon HAIN®-MIT, Tabmuua 5.9) W ogHOMY TIOKa3aTer) KIeTOUHOTO
UMMyHUTeTa (COoOTHOlleHWe TOP-POK/TOU-POK, Tabauma 5.10).
OcraBuiascs ke rpyrma JuL JOCTOBEPHO OT/IMYanach OT 3[40POBBIX JIIOJEH
yKe 1o 8 wucciaefyeMbIM IapaMeTpam (MpUueM BCe OHM [IpeBbIIIAIH

aHa/IOTUUHBIE TTapaMeTpHI Y 340POBBIX THei).

Tabmuua 5.9. AktuBHocTb HAJI(®P)-3aBHCUMBIX IerHAporeHa3s mMuMGoIuTOB
KPOBH Yy 3JOPOBBIX JIFOfIeH, IUL] C UMMYHOAEe(PUIIUTOM U B TPYIIAX,
BbI/IeJIEHHBIX HelpoceTbio (MKE + m)

I'pyminet aurg ¢ U
310poBblie obugas OCTaBIIASIC ~ MCK/IIOUEHHas

n=51 n=42 n=12 n=30
[TapameTpsl
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®on [6@IT

®ou I'3IT

®on JIAT

®on MT

®on HAJD-
MAr

®on HA[®-
rar

®on HAJI-TIT

T6d/IT

I3®/IT

JLAT

M/IT

0,03 + 0,002 0,03 &+ 0,003 0,03 + 0,006

515 + 0,71 5,12 + 0,78 7,49 + 2,32

2,51 + 0,44

5,10 & 0,77

0,11 + 0,01

0,44 + 0,11

3,16 + 0,42

4,75 + 1,05

6,38 + 1,09

2,44 + 0,33

4,51 - 0,69

0,08 £ 0,007

P,<0,05

0,48 - 0,12

3,67 4+ 0,40

5,73 4+ 0,90

6,38 + 1,22

3,50 + 0,59

6,97 - 1,65

0,09 & 0,01

1,05 4+ 0,35

P,<0,05

5,24 + 0,90

P,<0,05

9,75 + 2,19

P,<0,05

11,65 + 3,15

8,06 + 1,03 8,29 + 0,85 9,33 4 1,43

14,77 + 1,59 14,53 + 1,40 17,02 £+ 2,80

Hefipounpopmatika

4

0,03 +
0,003

4,17 + 0,59
2,01 + 0,38

P4<0,05
3,52 + 0,66

P,<0,05

0,08 +
0,008

P4<0,05

0,26 + 0,08
P,<0,01
3,04 + 0,40
P4<0,05
4,12 + 0,78
P4<0,01
4,27 + 1,00

P4<0,01

7,87 4+ 1,05
13,53 +
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M/IT

HAJI®-MT

HAJI®-TT

HAJI-TAT

Hefipounpopmatika

14,77 + 1,59 14,53 £ 1,40 17,02 + 2,80 1,64

2,54 + 1,17

0,92 & 0,26 1,78 £ 0,50 P <005

1,53 + 0,51 1,75 &+ 0,57 2,53 + 1,02

6,68 - 0,68 7,16 & 0,83 9,77 & 1,93

75,30
O6paruas JIAT 38,90 + 9,10 35,60 + 9,80 _ .’ o
28,40
O6patnas MIT" 151,00 + 109,20 + 181,10 £+
19,60 15,20 35,10

I'P

6,38 + 0,86 6,55 + 0,86 8,53 + 1,13

1,47 + 0,54

1,44 + 0,69
6,11 + 0,84

P,<0,05

19,69 + 6,9

P4<0,001

80,4 + 13,7

P,<0,01

5,76 + 0,87

Tabnuia 5.10. UMMyHOI0OrMUecKre MmoKa3are/id KPOBHU Y 3[0POBBIX JTHO/IeH,
JIUL] C UMMYHOZeUIJUTOM U B TPYINAX, BbIJETeHHbIX HEHPOCEThIO

I'pyniner aurg ¢ U/

[TapameTpsl

JIe KO U THI

310poBbIe OCTaBIIASICST
obmas (2
1) et (3)
n=51 B n=12
ey - I
597 + 0,34 6,38 & 0,42
P,<0,05

JTumbouuter % 44,7 + 1,2 43,5 += 1,5 41,8 £+ 3,2

JIumbouThI

3,28 + 0,37

HCKITHYeHHad

“4)

n=30

5,85 - 0,38

P5<0,05

442 + 1,7
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T-POK %
1-POK abc.

TdP-POK %

TDP-POK abc.

TdU-POK %

TdY-POK abc.

p-POK %
p-POK abc.
c-POK %

c-POK abc.

ToY / TOP

IgA

IgM

IgG

62,6 + 2,0 68,1 & 1,9 69,5 4 4,0
1,74 + 0,12 1,91 + 0,13 2,24 + 0,21

40,9 + 1,7 453 &= 1,9 39,8 + 3,4

1,11 & 0,09 1,26 = 0,11 1,23 £ 0,23
32,1 + 5,5

24,0 1,5 24,6 2,3
0 = 1, 6 = 2, P,<0,05

0,67 + 0,07 0,68 == 0,08 0,95 4 0,16

46,3 + 1,5 453 4+ 1,8 44,7 + 3,8

1,29 &+ 0,1 1,28 4 0,10 1,49 £ 0,22

81+ 11 854 10 93+ 1,8
0,39 4+ 0,09

0,23 + 0,03 0,28 - 0,04 P <0,05

2,94 + 0,4

2,07 £ 0,17

P1<0.05 1,68 + 0,38

2,17 & 0,45 1,54 & 0,08 1,56 4 0,13
0,92 - 0,26
0,57 & 0,04 0,67 &= 0,09 P <005

8,97 + 0,41 8,80 &= 0,37 9,43 4 0,59

Heiipoundopmarika
67,5 + 2,3
1,78 + 0,15
47,3 + 2,3

P,<0,05

1,27 £+ 0,13
21,7 + [2.3

P5<0,05

0,58 + 0,08

P4<0,05

45,6 + 2,1
1,19 + 0,11
81+ 1,2

0,23 £ 0,04

3,42 4+ 0,52
P,<0,01,

P4<0,05

1,54 £+ 0,10

0,57 + 0,06

8,53 + 0,47
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IgG 8,97 + 0,41 8,80 = 0,37 9,43 &= 0,59 8,53 & 0,47
15,76 = 15,34 +
I E b ]
g i v 11,82 + 3,72 16,74 + 4,65
3568 | 3143 1| 3455 +
HK b b
H 5,29 4,71 8,05 B0:00) - (6,12
156.6
160
140
120
100
%o 8o

60
40
20

Puc. 5.8. Wnmioctpaiius cABUTOB KIETOUHOTO MeTabosm3Ma TUMGOIIUTOR
(mpuUBefeHbl CyMMAapHble OTHOCHTENBHBIE BEeIWUYUHBI) Y OOMBHBIX C
UMMYHOAEe(ULIUTHBIMU COCTOSIHUSIMU B CPABHEHUH CO 3J0POBBLIMH JIFOIbMH.

YporeHs K1eTOYHOTO MeTabomu3Ma TUMQOIIUTOB:

1. B rpynne 3q0poBbixX Arofed (mpuHaT 3a 100% )

2. B rpynne  GOnMBHBIX  UMMYHOAe(UIIUTHBIMHU COCTOSIHUSIMU
(paccurMTaHHBIA Ha BCIO TPYIIY)

3. B noarpynmne OO/BHBIX, TIPUMEpPbI KOTOPBLIX OCTAJUCh B IpOLiecce
oOyueHust HeiipoceTH

B noarpynmne 60/ibHBIX, TPpUMepPBl KOTOPLIX OBITA UCK/IKUYEHBI B TpoLjecce
obyueHus Heipocetu McKiioueHHasi Tpyrina /JOCTOBEPHO OT/aM4Yanach OT
TPYNIBl  3[0POBBIX TIO0 2 TIOKa3aTeasM HWMMYHHOro craryca. OjHako
Haubosblllee KOJTMUECTBO [JOCTOBEPHBIX Pa3iuuuii HaOMHOAanoch MeXAy
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AHanu3 HampaeJieHWH TapaMeTpoB B TOJAYYeHHBIX TOATPYMIIax I0Ka3asl
IIPOTHBOIIO/JIOKHYIO HAIMpaB/JIeHHOCTL CABHUIOB HEKOTOPBIX W3 HHUX II10
CpPaBHEHUIO C TPYMIoi 310poBeiX. Haubosnee sipkue npoTUBOHANpaBaeHHbIE
CABUTM  HaDOMOAATMCh MOUTH [0 BCeM [apaMeTpaM aKTUBHOCTH
BHyTpuuM@oIuTapHbix (epmeHToB (puc. 5.7). WHTepec mpejcTaBisieT
TaKKe [JOCTOBEPHBIM pa3HOHATpaB/JeHHbIA CABUT COOTHOIIEHUs TOP-
POK/T®U-POK, VyKa3plBalOIMii Ha pa3TUYHYK  HarNpaB/JeHHOCTb
nuddepeHIMPOBKA TUMGOLIUTOR B MOATPYITAX, BblJeIeHHBIX HEHPOCETHI.

AHanu3upys npuMepsl OOJILHBIX, MTOMABIIMX B pa3Hble MOATPYIIBI, MOXKHO
NpeANnoNoXKUTh, UYTO HeHpoCceTb, HUCMONb3yS 3ajaHHbBle obydaroume
rnapameTpel, pasfenuna o0mlyr0 BeIOOPKY suIly C U] Ha ABe TPYNObl C
Pa3NUUHBIMU COCTOSHUSIMU UMMYHOPEaKTUBHOCTH.

B ocraBmeiics rpynmne mpu JenpeccMd MMMYHHOTO OTBeTa Habmopaercs
KOMITeHCAaTOpHAasi peakuusi UMMYHHOM CHUCTEMbI, TPOSIBJISIOMASCS TIpexje
BCEro yBeTMYeHUeM aKTUBHOCTH BHYTPUKIETOUHBIX (JepMEHTOB.

B ucKiwueHHBIX TIpuMepax OO/MBUIMHCTBO MeTaboJMYecKux MoKa3arenen
npubIMKAeTCsl K aHAJIOTMYHBIM TapaMeTpaM 340POBBIX WHUBHU/IYYMOB H,
BEpOSITHO, HAaOJIIOMaeTCss KOMIEHCATOpPHAsi PEeaKIUsi, BbIPa)KAIIAsCs B
aKTHUBAI[M¥M UMMYHOPEaKTUBHOCTH [5.57].

Takum oOpa3om, B [JaHHOM Ciyuyae HeWpOHHasi CeTh, 0OOyyaBIIMCbh Ha
HEBEePHO 3aJlaHHOW KIacCU(UKAIIMOHHOW Mopenu (U4To CHavana He ObLIO
W3BECTHO MCC/IeOBATeIsIM), CTajla UCTOUHUKOM TUTIOTE3bl O Pa3HOPOJHOCTH
OJIHOTO U3 K/1aCCOB.

C y4eToM CKOPPEKTMPOBAHHOW KIaCCU(GUKAITMOHHOW Moaenu Obliau
WHULIMATU3UPOBAHBI 10 HOBBIX HelipoceTeli-IKCIepToB Jil
K1accu(ukaluy Temepb y)Ke BCeX 3 MOAyueHHbIX rpymnn. Helipocetu umenu
napaMmeTpel, aHaJOTHUHbIe TIpeAbiAyieli. Bce oHU MOMHOCTBIO 06yuuach
pasnuuaTh 3afjaHHble 3 HOBBIX Kiacca. [lpu aHanmu3e 3HAUMMOCTH

of0yuaronmmx  rapamMeTpoB CaMBIMHU UH(POPMATUBHBIMU OKasaauch
cooTHOmeHHe TOP-POK/TOU-POK M aKTUBHOCTU  [JerujporeHas

muMQOIUTOB.

Takum 06pa3om, HOBbIE 3 -K/TaCCOBBIE HEMPOCETH HAKOMUJIM OTpefe/1eHHbIH
onbIT AUGGEpeHIIUPOBKM TpeX COCTOSIHUM WMMYHOPEAaKTUBHOCTH -
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Takum OGPEBOM, HOBBLIE 3 -K/acCOBBIe HEﬁpOCETH HaKOIIHJIH OHPE,ILEHEHHBIFI
OIIBIT ,H'Hli)q:lepEHL[HpOBI{H Tpex COCTOSAAHUH HMMYHOPDEAKTHBHOCTH -
XdpaKTepHOT0o AJjid 300POBBIX J'[I-O,I[EI\;I ( 1 KHEICC) u aBe li)ﬁBbI HW3MEHeHHOH
HMMYHODEAKTHBHOCTH, xapaKrepHOﬁ AJTs COCTOSIHUH BTOPHUYHOIO

uMmyHogeduiuTa ( 2 ¥ 3 Kmaccel).
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[TorpemHo cT¥ B HEPOHHBIX CETAX

[MTogpo6HO M3MaraeTcsi 1 paCCMaTPUBAETCS AITOPUTM OL|€HKU MOTPeIIHOCTe
B paboTe HelpOHHBIX CeTei

[TorpeHo CTH B HEHPOHHBIX CETAX

BIIK CO PAH, KI'Y

A.H. Topbaub, M.H). CeHaiioBa

PaccmaTpuBalwTCcs HeMPOHHBIE CETH C/IOMCTON CTPYKTYPHI, COCTOSIIME M3
C/I0€B CTaHJApPTHBIX HeHpoHOB. M3yuaioTcsa oumbOKd, BO3HUKAIOUMe MPU
TeXHUUECKOH peanu3aliiy ceTed, a TaKkKe MPHU LIyMaX U MOBPEXAEHUSIX.

OmnpepeneHbl MakCUMa/bHO [OMYCTUMbI@ TIOTPEIHOCTH, BO3MOXKHBIE 7S
CUTHAJIOB U TIapaMeTPOB KaKJOrO 3/IeMeHTa CeTH, UCXOAs U3 YCIOBUS, UTO
BEKTOP BBIXOAHBIX CUTHAJOB CEeTU [O/DKEH BBIUHCIATECS C  3a/IaHHOM
TOYHOCTBIO.  Mcmonb3yloTCcss  ABAa  TUMA  OLIGHOK  TOTPEIIHOCTHU:
rapaHTUPOBAHHBIE MHTEPBabHbIE OLEHKA W CPeJAHEKBaJpaTHUeCKUe
OLIeHKM TIOTPEeIHOCTeH.

[Toka3aHo, UTO OLIEHKHU [JOTYCTUMBIX ITOTPEIIHOCTeH MOXKHO MOJYYUTE B XOfe
crieliianbHOTO Tiporiecca "obpaTHoro pacmpocTpaHeHusi TouHoctu'. OH
cocTOUT B (DYHKIIMOHUPOBAHUU CETU C TOW K€ CUCTEeMOM CBsi3el, HO OT
BBIXOJOB K BX0JaM M C 3aMeHOW 3/IeMEHTOB Ha [BOWCTBeHHbIe. JTa
JBOWCTBEHHOCTb TIPUHIUIMIUAJBHO  OTAHWYaeTCs OT TOH, KOTOpas
UCITOJIb3YeTC B KIAaCCUUYECKOM MeTOfle BBIUMC/IeHUS TPaJJUeHTOB OLIeHKH C
nomMoliipio obpatHoro pacnpoctpadenust oumbok (back propagation of errors).

C momoupo MOoydyeHHBIX pe3ylsTaToB 00BsACHseTCs HabmofaeMast BeICOKast
YCTOMUYMBOCTh HEMPOHHBIX CETeH K IIyMaM U Pa3pyILeHUsIM.

BBenenue

B Hacrosunee Bpemsi CyLIECTBYIOT pa3IMyYHbIe TeXHUUECKHe peanu3aliuu
HEeMPOHHBIX CeTel, B TOM UM C/le HeHPOUMHUTATOPEI, TO €CTh KOMITbIOTePHEIE
MOZIeIu  HeUpOHHBIX ceTeil. HelipoumuraTtopbl sBAsSIOTCA TUOKUMU
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CpeaCTBaMHM O/ U3YUEHHUSA ceTell u paﬁOTbI ¢ HumH. C HEFIPOPIMI‘ITEITOPEIMH
MOKHO BBLITTIOJIHATE PAd3/IMYHEBIE OlMepaljin - Oﬁyanb, onpenensaTb Haubosee
H HdMMeHee 3HdYMMbIe CBA3H, KOHTPACTHPOBATL, TO €CTh yAd/14ATh HAUMeHee
3HA4YMUMbIe CBA3H U T. O.

CyiecTByeT mofgxo[, Mosjy4daroumii Bce Oonbllee pacnpocTpaHeHue, MpH
KOTOPOM CHauajaa KOHCTpyupyeTcss U oOyuaeTcss HelpOMMHUTATOp, a 3aTeM
CO37aeTcs TeXHUUeCKas peanu3alids IOJYyUeHHOM HelpoceTH C  yxe
BBLIUMC/IEHHBIMH BeCaMy CUHAIICOB.

Hetipoumuratop, pabotatonmii Ha yHUBepCaabHBIX I1UGPOBBIX IBM,
MO3BOJISIET BBIYMC/IATE BeCa CHHAINCOB C OOMbBIIONH TOYHOCTHIO, KOTOPYHO
TPYAHO TOJIyYUTh MPU JPYTUX TeXHUUECKUX peanu3aiusax cetTu (B MepBYO
ouepe/b -aHAJNOTOBBIX) B CHJy OTPAHMYEHHOM TOUHOCTH TEXHUUYECKHX
yctpoiicTB. Il0o3TOMy BO3HUKAeT 3a/aua TPUBEJEHUSI BECOB CUHAINCOB K
HEKOTOPOMY HabOpy KOHKDeTHBIX 3HaueHWi. Ee uacTHBIM ciydail - 3afjaua
OuHapu3alKK, TO eCcTh 3a/laua MPUBEJEHUs BeCOB CMHAMCOB K 3HaueHusM (
umn 1 (cBs3b b0 ecTh, MO0 HeT - 6e3 BCAKMX BECOB CUHATICOB).

[Tpu aHanoroBbIX peanu3alysix, pa3IU4HbIX YIIPOLIEHUSX apXUTEKTyphl (B
TOM uucjie - OWHApU3alUU) TEXHUUECKUA CJIOKHO TIOJYYUTb pe3ynbTar
paboThI CeTH TOM >Ke TOUHOCTH, UTO U pe3ynsTaT paboThl HelipouMHTaTOpa
[6.3, 6.4, 6.5]. TloaTOMy ciieiyeT OrpaHUUYMTCH HEKOTOPOW TOUHOCTBIO, C
KOTOPO#H MO>KeT paboTaTh CeTh, TO eCTb BLIOpPAaTh HHTEPBA/, B KOTOPOM MOTYT
M3MEeHAThCS 3HaueHU s BeKTOPa BbIXOJHBIX CUTHA/IOB CeTH.

O1jeHKa MOTPeIHOCTel CUTHANOB CeTU OUeHb M0JIe3Ha MPHU PellieHu ! 3a7aduu
YIpOLLeHUs] HeHPOHHOU CeTH. 3Hasi AOMYCTUMYK TMOTPeUHOCTE BBIXOJHOTO
CUTHana Kakoro-nubo 371eMeHTa CeTH, Mbl MOXKEM 3aMeHATb ero Oosee
MPOCTBIMHU, HO MEHee TOUHBIMH 37IeMeHTaMH Tak, YTo0bl B UTOTe OnmMbKa He
NpeBbIlIaa 3ajaHHYIO.

Xopoiio  M3BECTHO, 4YTO  HeHWPOHHbIE CE€TH  MOTYT  MPOSIBJISATh
UCK/ITIOUUTE/IbHYI) YCTOWUMBOCTh K MOMeXaM W paspyieHusM. MHorga 3tu
3(pekTbl Ha3bIBAlOT rosiorpadMuecKMMU CBOWCTBAaMU HEWPOHHBIX CeTeM,
noApa3ymMeBasi, UTO TOJe3HbIe HABBIKA PAaCIpe/e/ieHbl M0 CeTH MPUMEPHO
TaK e, Kak W300pakeHWe - Mo rosorpaduuyeckoi TIaCTUHKe, U MOTYT
COXPaHSTHCSI TIPU 3HAYUTEIbHBIX Pa3pyILIeHHUSIX.

Kak 6mET MOKA3aHO HHXKe, TIpH [NPpAMOM TMPOXOXIAEHHHW CHUITHAJIOB TIO
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AOCTATOYHO 60/1B11I0#1 CeTH MMOrpemHoCcTH  racsiTcd: TIIpH 60MBIIIMX
MOrpemHoOCTAX BXOAHBIX CHIHA/IOB BBIXOAHBIE CHMIHAJ/IBI CE€TH MOTYT HUMETH
CPpAaBHHUTEJBHO MadJible IIOTrpemHOCTH. D10 00BACHAET YCTOﬁHHBOCTb
HEﬁpOHHBIX ceTel K IIyMaM M IMMOBPEeXAEeHH AM.

ﬂBa 0a30BBIX noaxoad K OjeHKaM IorperHo CTH

PaccmoTpuM fABa moAxofa K pellieHUI0 3a/laud BBIYMC/IEHUS TOTPEeHHOCTeH
curHanos cetu. [Ipu nepBom noaxofe ( rapaHTUPOBAHHbIE MHTEPBA/bHBIE
OLIeHKA ) BBIUHUCIAIOTCS [JOMYCTUMble WHTEPBAJbI [/ TOTPEIHOCTeH
CUTHA/JIOB CeTH TakKue, UTO MOTPEelHOCTb BEKTOpPAa BBIXOAHBIX CHUTHAJOB
rapaHTUPOBAHHO (C BEPOATHOCTBIO 1 ) He mpeBblmaeT 3ajaHHyl. Ilpu
BTOpoM Tmogxofe ( CpefHeKBaJpaTHUeCKHe OLIeHKA TIOTPerHoCcTed )
BBIUMC/IAIOTCSL  CPe/IHEKBaJpaTHYeckue  OTKIOHEHUS  TOTPeHHOCTel
curHasnos. [Ipu 3TOM uacTo MCMOAB3yeTCs MpeAnoNoKeHWe O TOM, UTO
MOTPEIHOCTH PAa3/IMUHbIX CUTHAJIOB SIBJISIOTCS HE3aBUCUMBIMU C/Ty4allHbIMU
BeJIMUYMHAMH.

CymecTByeT TNPUHLMOHAABHOE pasnuuude MeXAy 3TUMH [ByYMS THUIaMH
onjeHoK. ['apaHTHpoBaHHble  HWHTepBaJbHbIe  OLIEHKUM  HCXOOAT U3
PacCMOTPeHUST HAaUXYAIIMX BO3MOXKHBIX CJyuaeB, CKo/ib Obl Manoi He Oblia
UX BepoATHOCTb. [lo3ToMy OHM, Kak TIpaBUJ/O, 3aBBILAIOT peajlbHO
UMEILIyI0 MeCTO0 OoumOKy W CIWIIKOM MeCCUMUCTHYHBI C MPaKTHYeCKOH
TOukd 3peHus. CpelHeKBaJpaTUUHbIe OL|€HKH, HaobOpoOT, CTUparT
BO3MOJXKHBIe  OOnblMe YKIOHEHUS] M MOTYT  OKa3aTbCsid  CJULIKOM
ONTUMUCTUUHBIMU.

BaxHoe pasnuune MexAy [AByMSI THIaMM OLIeHOK [eMOHCTPUPYIOT
cneayromme GOpMYIbl CIOKEHUS.

1. ®opMmyna CA0XKeHUsl AJjisi UHTepBadbHbIX OLleHOK. [lycTe Anst ABYX
BEJIMUMH X, Y OMpeJe/eHbl TapaHTUPOBAaHHbIE UHTEPBA/bl 3HAUCHUH

}{:K[]ﬂ:ﬁI, 3':}'||:|:-’iy. Torga panst WX CymMMbl UMeeM

rapaHTHPOBAHHYIO OL[eHKY: X + V — :*C”-l-j:.'”:l:(fi.T +Ly), TO eCThb
ﬂ‘.r-l-y: ﬂ‘r+&y-

2. d®opmyna c/0KeHus [J1s1 CpeiHeKBaIpaTUUHBIX YKIOHeHUu!. [1ycTe ajis
JBYX HE3aBUCHMMBbIX BEJIMUHMH X, y OMpe/e/ieHbl Cpe/IHeKBaJpaTHYHbIe
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ST, R
yKnoHeHus T, Ty. Torga 0,4 ,— (0 —|—-:Ty:l .

CTpykTypa ceTu

[lpegnonaraeM, uYTO Ce€Tb  HUMEeT  CJAOMCTYH  CTPYKTYpy.  ITO
CaMOOTPaHUYEHHE TIO3BOJIUT HECKOJBKO COKPAaTUTh M3/I0KeHWe, HO He
B/MSieT Ha ODOLHOCTL pacCMOTPeHHs - WCCIeJoBaHue Mr000 ceTH MOXKeT
ObITE hopManbEHO CBEIEHO K M3YUEHUIO CIOUCTBIX CeTeH.

CeTb C/IOUCTO# CTPYKTYPbl COCTOMT W3 CJIOEB CTaHJAPTHBIX HEHPOHOB,
CBSI3aHHBIX MeXAy co00i cHHAmcaMud C BeCaMH, TMOJy4eHHBIMH TPU
obyueHuu. [IpyueM CUTHAIBI MEPeAAIOTCS TOMBKO B OJHOM HAMpaBjeHUH, C
MpeAbIAYIIEro cios Ha cneayioumid. [Tog ctangapTHeIM Heliporowm [6.1, 6.2]
MOHUMaeTcsi HAabop 3/IeMEHTOB, COCTOSIIMM M3 aZanNTUBHOTO CyMMaTopa,
HenuHeiHoro npeoOpa3oBaTens ¥ Toukd BeTBiaeHusi (_puc. 6.1). Touka
BETBJIEHUS - 3TO 3JI€MEHT, MOCHIIAIIMI BBIXOAHOM CUTHAN HEeJIUHEeNHOro
npeoOpa3oBaresnsi Ha BX0J, HECKOJIbKUX CTaH/IaPTHbIX HEMPOHOB CJIe/[YIOIIEro
CI1osi.

X iﬁ

2— AmaUTHEHBEH CYMMATOp, ¢ — HEIHEeiHBIH
Ip enfBpazopaTell H TOUKA BETEIIEHA A,

Puc. 6.1. CtangapTHbIi HelpOH

Tak Kak MBI UMeeM [e/l0 C CeTSIMH CJIOUCTOM CTPYKTYPBI, COCTOSIIIUMUA M3
C/I0EB CTaHAAPTHBIX HEHPOHOB, TO BBIXOAHbIE CHUTHAJIbl OFHOrO CJIOS
SIBJISIFOTCSL BXOJHBIMM CHUTHAnaMu JApyroro cnosi. B cBow ouepenb, BHYTpH
CcaMoro CTaH/ApTHOTO HeHpOHA BBIXOAHOW CHUTHAJM OAHOTO 3JeMEeHTa
(HanmpuMep, CyMMaTopa) SIBASIETCS BXOAHBIM CUTHA/OM [JPYIOro 37eMeHTa
(nHanpumep, HenuHeiHOro mnpeoOpa3oearensi). Takum o0pa3oMm, MOXKHO
NIPOC/IeAUTh, HaUUHas! C BLIXOAHBIX CUTHA/IOB CETH, OT KaKOI0 3/IeMEeHTa CeTH
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rnpuniesa CMraad/n K 1dHHOMY 3JIEMEHTY.

CTaH/IapTHBIM HEUPOH SBJSETCS THUITUYHBIM Y4aCTKOM /000U HelpOHHOU
cetu. [lo3TOMy [JOCTAaTOUHO BBISICHUTh, KaK BBIUMCIISIFOTCS [OMYCTHMbIE
MOTPEIHOCTH /I 3/7IeMEHTOB CTaHJAPTHOrO HelipoHa. B pe3synkrare
MOJIyYUM BO3MOXKHOCTh BBIUYMC/IUTh JAOMYCTUMBIE TIOTPEIHOCTH [171s1 1106010
yJacTKa CeTH, JBUTASICh 110 CETH OT HelPOHa K HeHPOHY.

Metosr 00OpaTHOrO PpacrpoCTpaHeHUss TOUHOCTH IS
rapaHTUPOBAHHBIX UHTEPBAJ/IbHBIX OL|eHOK

[TycTe Ham 3a/1aHBI AOMYCTUMBIE MOTPEIIHOCTH BBIYMCIEHUH [JI51 BBIXOZHBIX
CUTHA/0B ceTW. [lns KakJOro >s/neMeHTa pelmMM 3ajady: OnpejenuTb
JOTYCTUMBIe MOTPEIIHOCTH Ha BXOAaX 3/IeMeHTa MO0 3aaHHBIM MaKCUMAaTbHO
JOMYCTUMBIM TIOTPEIIHOCTSIM Ha ero Bbixoge. Eciu 3Ty 3amauy peumTs Ajist
Ka)K/IOTO 371eMeHTa CeTH, TO MOXXHO OL|€HUTH J0MYCTUMBIE TIOTPEIIHOCTH AJIs
BCEX CUTHA/IOB, TPOXOJAIIMX Uepe3 CeTh, Tepexofs Mo CeTH OT 3JIEMeHTa K
9MeMeHTy B 06paTHOM HampaB/jeHUHU (OT BBIXOJOB CeTH K ee BXofjam). DTOT
rporecc Mel Ha30BeM 00paTHLIM pacnpoCcTpaHeHueM TOUHOCTH. B xone Hero
OBV)KEHWEe CUTHAJIOB TPOUCXOAUT OT BBIXOJOB KO BX0[aMm, CHUTHAs,
MPOXOASIMU 1O CBSi3W B 0OpaTHOM HarpaB/AeHUM, SBJSIETCS JOMYCTUMOM
MOTPeIHOCTEI0 CUTHA/MA, TPOXOAAIIEro MO 3TOM CBSI3UM B TNPSAMOM
HarpaB/IeHUH.

[MocnegHUM 371eMEHTOM CTaHJAPTHOTO HeWMPOHA SIBJISIeTCSI TOUKA BETB/ICHMUS,
M03TOMYy HauMHaeM pacCMOTpeHuWe MeTofia 00paTHOro pacrpocTpaHeHUs
TOYHOCTU UMEHHO C Hee.

Touka BeTB/eHUS UMeeT HEeCKO/IBKO BBIXO[OB. [TyCcTh A/ KaXkgoro ee BbIXoja
3ajjaHa AoMyCTUMAast TIOTPeNIHOCTE =; (1 - HoMmep Bbixoga). s Toro, yToOs!
VIOBIETBOPUThL BCEM 3TUM OTPAaHUUEHUSIM TIOTPEIHOCTH, HeoOXoAuMo U
JI0CTaTOUHO, YTOOBI BXOJHOM CUTHAJI TOUKHA BETBJIEHUS UMeJ TTOTPEIHOCTh

g:]ni[]{ge—}f":.l. Takum o6pa3om, npu oOpaTHOM pacrpoCTpaHEHUH
TOYHOCTH TOYKA BETB/IEHHs 3aMEHSETCS Ha JABOWMCTBEHHBIA 37EMEHT,
BbIOMpawONMii W3 TMOCTYNawIMX CUTHAIOB £; (T.e. TMOTPEmHOCTen)
MHHHUMa/ILHBIA,

CreayiolM 371eMeHTOM CTaHJapTHOrO HellpoHa fB/SETCS HenuHeHHbIH
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npeobpasoBarens. [lycTh BXogHOM curHaa HenuHeHHoOro npeobpasoBarens

paBeH A, & - ero dynkiusa aktusaiuu, y = o Ap) - BbIXOAHON curHan
U £] - [ONyCTUMAasi MOTPELHOCTh BBIXOAHOTO CHUTHala. Bbrunciaum
MaKCMMa/lbHYH) TIOTPEIIHOCTh = BXOAHOTO CWUTHA/la HEJIUHeHHOro

npeoOpa3oBaresi, TO €CTb HalJeM OTPE30K [Al, — g Ag 4+ 5] TakoM, 4ToO
aia moboro g [Al, . e El i — (x) oTmuaeTcs or
y = @(Ap) He Oonee, uem Ha £1: |y — | < £

Beugy HENpepeIBHOCTH u muddepeHLupyeMoCTH byHKMM
AKTUBAL[UUHeIMHeHHOro npeobpasoBate/is OUEBM/IHO, 4To

£ < g1/ max |’ ()| » Tae
z€[p  y—e)ye  (y+e)l

[MoiiieM TpafMIMOHHBIM TIYTeM, OL[€HUBAas [OMYCTUMYE MOTPEIHOCTb B
naueiinom mpubmaxenun: oAy +2) = o Ag) £ ¢ (Ag) 2. Tlo
YC/IOBUIO

E'lEl‘-Fl:a pte) Au]lml"l:qu -E‘.

o

[Monme3ysick 3TUM HepaBEeHCTBOM, TmogbepeM = cieayoupMm obpa3om:

- i __‘I.ll kY v
e < =1/ (Ag)|. B atom ciaydae dopmyna A/is BHIYMCIHHS JOMYCTUMOM
MOrpemHoCTH bosee MpocCTasd, HO MeHee TOYHAA.

[Mosmyuuu MOTpemHoCTb, JOMYCTUMYIO /151 BXOAHOTO CUTHAsa HeJIMHeHOro
npeobpa3oBarenss, KoTOpas OOHOBPEMEHHO  SIBJISIETCA  JAOMYCTUMOM
MOTPEIHOCTBLI0 /11 BBIXOJHOTO CHUTHala CyMmaTtopa. AHaJOTMYHO MOXKeM
BBLIUUC/IUTD MOTPelHOoCThb BXOJIHOT'O CUTrHana HeJINHEeIHOro
npeobpa3oBarens m00O0Or0 CTaHAAPTHOrO HeWpOHa, €CIM  HM3BeCTHA
MOTPEIHOCTh €r0 BbIXOJHOrO CUTrHana.

JIBOVICTBEHHBIN K He/JIWHeWHOMY mpeoOpa3oBaTesi0 3/IeMEHT - TPOCTO

nuHeiHas cBsisk! Ee Bec paBen 1Jf|.¢"|:f1[]:|| JUTSL TIAHEHHOTO TPUOIKeHus

B dopMmyne oumbku MU lff max ‘.;r:":;r:|| - B Oomee obwem cayuae (B
roc/eJHei thopmyrne MaKCUMyM bepetcs o OTpe3Ky

rclo My —e).¢ (y +e1)] - Tak uTo IMHeAHOCTH 37eCH YXKe
239




Unknown Hefipounpopmatika

K KYLLAsACS).

[Mepeiizem K ciieqyroIeMy 3JIeMeHTY CTaHJapPTHOTO HeMpOHa - alalTUBHOMY
CyMMaToOpy C 77 CHHAICaMH, SIBASIOUMMMCS €ro BXoJaMu. AJIarTUBHBIU
CYMMAaTop - 3TO CYyMMAarTop, B KOTOPOM BXOJHLIE CUTHANbLl 1 CYMMHPYHOTCS
C BecaMu ¥, .

Kaxaplii Bxof I; Cymmaropa »); MUMeeT HEeKOTOPYH0 MOIpelHoCTb =,
KOTOpasi BHOCUT CBOW BKJIaJ B [OMYCTUMYH MOTPEUIHOCTb BBIXOJHOTO
CUTHasa CyMMaTopa. DTH MOTPEeIHOCTH MOTYT UMETh PA3/TMUYHbIE BeIUUYUHEI
B 3aBUCHUMOCTH OT TOro, Kakod crocob pacripegeneHusi AOMYCTUMOU
MOTPEeHOCTH BHIXOAHOTO CHUTHa/la MO0 BXOJaM CymMMaTopa MbI Bbibepem.
[MorpemHocTH MO BXOAAM CyMMAaTOpa MOTYT pacrlpefensTbCs PaBHOMEPHO,
NPONOPLIMOHAILHO U MPUOPUTETHO.

PaccMOTpUM CHauana paBHOMEpHOe pacrpejeneHue. [Ias 3TOro mosaraeM,

YTO Ha BCeX BXojax TIOTPEIIHOCTH  paBHbl  MexAy  coboi
L]

(61 = &;,1 = 2, ___,n:]. IlycTs Ay = zzl @ - Ly - BRIXOAHOW CHUrHan

cymmatopa 6e3 morpemmHocTeii. Torza {AU} - MHOECTBO BBIXOJHBIX

CUTHA/MIOB CYMMAaTopa, MOJYJYarLMXCsA, KOIAa BeKTOP BXOQHBIX CHTHA/I0B

cymMMmaTopa rpoberaeT BepuUMHBI 73 - MEPHOro Kyba C 1]eHTPOM B TOUKe

(r1,&2, .., &, ) 1 PeOPOM JTHHBI

2=L{A}—_

II_[“‘]::

(ited= T ot oo (ed)=Aot T ;65 2
i=1 =1 1—1

e z; £ {—1,1}. Ham Ttpebyercs, utoObl BCe MHOXKECTBO 3HAUeHUU

A} momano B unreppan (A, — =, Ay + |- [na atoro Heobxopumo,
4yTOOBI
Ti
max | Ea vEa s il e e £

=1 1=1

rge MakCUMMyM GEPETCFI o BCEM f:-"j. M3 storo HepaBeHCTBd U CAeJIaHHOTO
BBl TIPEATIONIOKEHUST O =; T[oaydaeM TpeOyemyr OI[eHKYy AJis
PaBHOMEPHOTO pacrpeje/ieHus £; 110 BXoAaM CyMMaTopa:
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i <ef B o,

m

I3

=1

[lpy mnponopLUMOHANEHOM Ppacrpeie/leHUH TOTPeHHOCTeH AoMmycTUMas
MNOrpemHoOCTb BBIXOAHOI'0 CHMIHA/Id CyMMATOpad Ae/TUTCA CHaddd/ld Hd YHMC/I0
BXOJIOB, a 3aTeM /Jisi Ka)KJOr0 BXOZa JAE/JMTCS Ha COOTBETCTBYIOIMH BeC
cuHarica. To ecTb MOTPEHOCTH pacripele/ndarOTCAa IPONOPLHHMOHAIBHO BeCaM
COOTBETCTBYIOIIMX CHHaricoB., PopMyna pacuera JONMYCTUMOW MOTPEIIHOCTH

1
AOMYCTHMas TIOrpemHOCT: BBIXOAHOIO CHMIHd/a CyMMmdaTopad, 7l - YHCI0

BXO[OB CymMaropa, ¥; - BeCa CHHAIlCOB COOTBETCTBYHLMX BXOZAO0B
cymMmMaropa.

JUIS KaXJO0TO BX0oja CymMMaTopa HMeeT BUJ: £; — E;”(R-Ctz']l, e £ -

[Tpu mpuopuTeTHOM pacmpejie/leHUH MOTPElHOCTeM CHavajla Ha3HayarTCs
MOTPeIHOCTH /151 TeX BXO0B, KOTOpbIe Haubosee 3HaYMMBI 110 KAKOMY-TH00
TIPU3HAKY, a 3aTeM OCTaBILIYKCS YaCTh JOMYCTUMON MOTPEHOCTH BBIXOJHOTO
CUrHajsa CyMmaTopa pachnpefensitoT MeX/1y OCTaBUIMMMCA BXOJaMH
PaBHOMEPHO MUJIM NPOTMOPLMOHANBHO.

AHA/IOTHYHO MOXXHO BBIUMC/IMTh AONYCTHMBI€ TIOTPEHIHOCTH O/ BXOJHBIX
CHUITHA/IOB CyMMATOPd nmoboro CTaHAAPTHOTO HEﬁpOHa, eC/Ii HM3BECTHEI
MOrpemHoOCTH 4Jid BBIXOAHOI'O CMTHdJ/Ia CYyMMAaTODAd.

Onsa  apganTUBHOIO CyMMAaTopa MOJXKHO BBIYHC/ATL KAk JONYCTHMbIE
MOTPEeIIHOCTH BXOAHBIX CUTHAJIOB CyMMaropa, TaK W JOMNYCTUMBIE
MOTPEeIIHOCTU  BeCOB  CHUHAMNCOB. [lnd  BBIUMCAEHUS  JAOMYCTUMBIX
MOTPEIHOCTe BECOB CMHAIMCOB TAK)Ke MOXXHO MCI0/Ib30BaTh PABHOMEPHOE,
MPOMOPLIMOHATILHOE U TIPUOPUTETHOE pacrpejeneHue norpemHocTeit. [Ipu
PaBHOMEpPHOM pacrpejie/ieHUM JONyCTHMble TIOTPElHOCTH [/ BeCOB
CHUHAICOB BBIYUC/AIOTCA 10 hopmyrne:

e .'; - BXOAHBIE CUTHA/IBI CyMMaTopa.

[Ipu nmponopLuoOHAaNBHOM pacnpefiesleHud [JONYCTHMble MOTPELHOCTUA AJis

» i in ot ol L
BECOB CHHAICOB BBIYMCIAIOTCA MO (opmyne: =; < -_-J.r(n-_r!- ), THE T -

UM /10 BXOA0B CYMMATODA, ..; - BXOAHBIE CMIHa/Ibl CyMMAdTOPA.
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HPH [MIPUOPUTETHOM paciipefe/ieHHH CHad4dd/lda Hd3Hd4dlOTCH [OOIIYCTHUMGLIE
MOrpemHoCT 4jd TeéX BeCOB CHHAIICOB, KOTOPLIE Haubosiee 3HAYMMEL 10
KEIKDMy-IIHﬁO MPpHU3HAKY, 4 34aTeM OCTdBUIYKOCA YdCTb ,H‘Ol'[yCTI/IMOi:I
MOrpemHoCTH i BBIXOAHOIO CHUIrH4/Ida CyMMdTOPaA PAacCIIipefeadroT MexKAy
OCTaBUIIMMHCA Be€CAMHW CHUHAIICOB PABHOMEDHO HUJ/IKM MPOINIOPLHMOHATBHO.

[Mpu obpaTHOM pacnpoCTpaHeHUM TOUHOCTH UMeeT MeCTO crerjuduueckas
BOWCTBEHHOCTb - 3JIeEMEHTHI CeTH 3aMeHSIIOTCS Ha [BONCTBEHHBIE WM.
OpHako, 3Ta /IBOMCTBEHHOCTh OT/JMYaeTCsd OT TOW, C KOTOPOW Mbl
BCTpeuaeMcsi TIpU HM3yueHUHU 0OpaTHOTO pacrnpocTpaHeHUs oumbku ass
BBIUMC/IEHUSI TpajueHToB (QyHKMU OLeHKU. Tak, ecniu B 0ObIUHOM
obpaTHOM pacCrnpoCTpaHeHWHM [JBOMCTBEHHBIM 3JIEMEHTOM K TOUKe
BETBJIEHUSl  SIBJISeTCS  MPOCTOM  CymMmaTop, TO T@pu  obpaTHOM
pacrpocTpaHeHUM TOYHOCTH BMECTO Hero, Kak Ob1JI0 MOKa3aHo, TOsBJISeTCS
37IeMeHT, BBIUHUC/SIOUMH MUHUMYM TIPDUXOASIAX HAa HEro CUTHAsoB.
Henunelineiii npeobpa3oBaTens npy 06paTHOM pPacnpoCTpaHEHUU TOYHOCTH
3aMeHsieTCsl JBOWCTBEHHBIM €My 3/7eMeHTOM, YMHOJXKarIMM CHUTHal Ha
uncno. Ho ecnm mpu obpaTHOM pacrnpocTpaHeHWH OUMOKA MHOXKXHUTeeM
AIBJISIETCSl 3HAUeHUWe IPaJiMeHTa, TO B HalleM C/Iyyae CUTHAJl YMHOXKaeTcs Ha
BeJIMUMHY OOpaTHYH TIPOM3BOAHOW OT BXOAHOrO CUTHA/MA HEJIMHEeHHOro
npeobpa3oBares. AfanTUBHBIN CyMMaTop TaKoKe 3aMeHSeTCs
BOWCTBEHHBIM €My 371eMeHTOM. ODTOT 3JIeMEHT $B/seTCs CBOoeobpa3Ho
TOUKOU BeTBjieHHs. Ho, B OTAMUYMU OT MPOCTONW TOYKM BETBJIEHUS, OH
CcHauasia npeobpa3yeT TPUXOAAIMI K HeMy CUTHal B COOTBETCTBUU C
BbIOpAHHBIM pacrpejieleHHeM TIOTPeIHOCTeH MO0 BXoJaM aJanTHBHOIO
CyMMaTopa, a 3aTeM IepejaeT MoJjiyueHHble CUTHAJbI Jajiblie.

Tenepr ™Mbl 3HaeM, KakuM 00pa3oM BBIYMCASATE TApPaHTUPOBAHHYH)
WHTEPBAIbHYIO OLIEHKY MOTPELHOCTH [Jid /000ro 3/emMeHTa CTaHJapTHOTO
HelipoHa MeTOZ0M 00paTHOTO PacpoCTPaHeHUsI TOUHOCTH.

1. Touka BeTrBaenus. Ecau AO0MYCTHMbIE€ TIOTPEIIHOCTH BBIXOOAHBIX
CUTHA4/IOB TOYKH BETBJ/IEHHUHA DPABHBI £1,E2. ...}k, TO B KauecTeBe
MorpenmmHoCTH BXOAHOTO CHMIHd/ld TOYKM BETBJIEHHA BbIﬁHpaETCﬂ

min{s; }¥ | (puc. 6.2).
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4|
- k
mind &= £3
S
Puc. 6.2.
HenuHelHbI npeoOpa3oBaTeb. [MycTtb npu MPSMOM

GYHKIIMOHUPOBAHUU BXOJHOW CUTHA/ HeJTMHEHWHOTO mpeobpa3oBaresst
paBeH A, ero BBIXOAHOW CHUrHalM paBeH 1 ¥ HEIUHEWHBINA
npeo6Gpa3oBatens uMeeT GyHkiUi0 aktuBanuu 7. Eciu gomyctumasi
MOTPeIHOCTE BBIXOJHOTO CHUTHajla HeTMHeWHoro mnpeobOpa3oBarens
PaBHSIETCS =, TO TOTPEIIHOCTb €ro BXOZHOTO CUTHaja He [0/DKHA

npessimate £/ max |’ (z)|, me z € [~y — &), ™y + &)]
W/ B IMHEWHOM TMpUOIHKeHU N 5};’[—;’(}1” (puc. 6.3).
ef|gf A g

Puc. 6.3.

ApanTtuBHbld cymmaTtop. Eciu npu obpaTHom pacnpocTpaHeHUU
JOTyCTUMasi  TMOTPelHOCTh  BBIXOAHOTO CUTHA/la  a/lallTUBHOTO
CYyMMAaTopa PaBHSETCS = , TO MOTPElHOCTh KaK/A0T0 BXofla CyMMAaTopa

He [JO/DKHA TIpeBBIIATh £;, TAe &; < E;';E?:J_"Iil Jib
PaBHOMEPHOTO pacnpeje/nieHUss U Ei =&f(n- o) ans
MPOTNOPLUMOHANILHOrO pacnpefeneHus (puc. 6.4).

£
— 1) Ang paBHOMEpHOT S

£

;) . % pacnpeqenen:a

(LR} ‘— —_—

£y = &7 ny=pl eyl
’ En 2) BNA IpONo PUH0HANEHOT O
pacopERENEH A

g =&l o)

Puc. 6.4.
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3HEIH, KdK BBIHHOUIAKOTCA AOINYCTUMLBIE TIOTPEIHOCTH O/ BCeX 3J/IEMEHTOB
CTdHOAPTHOTO HEi:IpOHEl, MOXHO BBIUHC/IWUTE JAONYCTHMBIE TIOTPEHIHOCTH
CUTHAJIOB [OJ1d BCEeH CeTH. PEICCMOTPHM Y4aCTOK CeTH, COCTDF[LL]I/IFI H3
CyMMaTOpa E[] U HeJIHHeHHOro HpEOGpaBOBaTEHH, pPe3yibTdTOM pElﬁDTbI

KOTOPOTO fIBJISIETCS BBIXOAHOM CUTHa/I 1/, a Takke U3 CyMMAaToOpoB 3: U
HelMUHelHbIX mpeobpa3oBareneil, BLIXOAHBIE CUTHAMbI KOTOPBIX SIBJSIFOTCS
BXOJHBIMM CHTHajlaMM CcymMMmaropa ».; (puc. 6.5). To ectb MbI
paccMaTpuBaeM JBa TOC/AeJHUX CI0sI HEWPOHHOUW CeTH, COCTOsIMe U3
CTaHJAPTHBIX HEHPOHOB.

4, Ly

1
I

|

X 1"21.5'

§
b
R

|

& — BECA CHHATICOE, X; — CHTHANH CETH,
@ — HenuHHeBHHe Npeobpa’oBaTell, & — CYMMAaTOPEH,
A; - BHEOAHHE CHTHANH CYMMaTop OB

Puc. 6.5.

Ecnu 3aiaHbl 10MyCTHUMbIE TIOTPEIIHOCTH A/ BBIXOAHBIX CUTHAJIOB CETH,
MO’KHO BBIYMC/IUTh [JOMYCTUMbIE MOTPEIIHOCTH [IJIsl TIOCeJAHEro Caos CeTH.
Korga BbIUMC/IEHBI [OMYCTUMbIE TOTPELUIHOCTH BCEX BXOAHBIX CUTHAJOB
MOC/IeJHEr0 /IS  CeTH, TIepexXoiuM K BbIUUCIEHUIO JIOMYCTHMBIX
MOTPeIHOCTed Tpenoc/iefHer0 cios U Tak Janee. [lepexois Mo ceTH B
oOpaTHOM HampaBAeHUM OT (/IO K CJI0K, MbI MOXEM BbIUYMC/IUTh
[OTYCTUMbIE TTOTPELIHOCTH BCeX CUTHA/IOB CeTH, B TOM YMCJIe [0MYCTUMbIe
MOTPEIHOCTH BXOJHBIX CUTHAJIOB.
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Mal paccMOTpe/id, KdK H3MEHAKTCA I[OIpelHoCTH CHUIH4/I0B  IIpH
MPpOXOKAEHHUH Yepes3 3JIEMEeHThI CeTH. HpEﬂHOHO}KHM Ternepb, UTO He TOJILKO
CHUIrHa/Ibl HMMEKT IIOIrpemHoOCTH, HO W BCe 3JIeMeHThbl CeTH TIiepeddrdT
Npuxogdle K HHM CATHA/JIBI C HEKOTOPBIMH TIOTPelmHOCTAMHA. HyCTb
cobCcTBeHHEBIE norpemHoCT 3/1eMEHTOB HM3BECTHBI H Cl)HKCHpOBElH]:I.
BbIﬂCHI/IM, KaK BJMAIOT COOCTBeHHEbIE [MOrpemHocT 3/IeMEHTOB Ha
MOrpemHoOCTH CUTHAJIOB.

BeisicHUM, Kak [eWCTBYIOT 9J/IeMeHThI CeTH, HUMelolMe COoOCTBeHHbIe
MOTPeNHOCTH, TIPU NpsAMoi paboTe ceTu.

Touka BeTB/ieHUs MOXKeT 1100 BOOOIE HEe WUMeThb MOTPeIHOCTH, 1ub0 OHa
uMeeT COOCTBEHHYIO TIOTPELIHOCTh 4. B TMocaegHeMm ciiyyae CUTHaI
NpU TPOXOXKAEHUU uYepe3 TOUKY BeTBJIeHUs OyeT M3MeHSTbCsl, 0CTaBasiCh B
MHTEpBane &I =t £4, (puc. 6.6).

T L
X b o ol 18
xt oz,

Puc. 6.6.

[Tpemonokum, UTO CyMMaTOp UMeeT COOCTBEeHHYI MOTPeHOoCTh =3, Toraa
BO3MOXKHBI C/1e/lylO1[ie BapHAHTHI:

1. morpeumHocTs npubaB/sgeTCss K BBIXOAHOMY CUTHalIy CyMMaropa, T.e.
MpU TIPOXOXKAEHUW CUTHANOB .I'; 4Yepe3 CyMMAaTOp BBIXOAHOW CHTHAs

T
cymMmaropa OymeT UMeTb BU/I: é;t a; - L; T €x;
2. TOTPeIHOCTL ~ CyMMAaropa  JIeMCTBYeT 10  KKIOMY  BXOAy

T =
TPOTIOPIIMOHANBHO :EL a; - (T, + EJE:' (puc. 6.7).
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o
o Mo+ : RV S |
X3 4 | v =10y XJ—EE.; xq tay ¥ =13 (IJ—E!Z) =
o
X, %n x,tew &
Puc. 6.7.

] o
CuMTaem mpu 3TOM, YTO MOTPEIIHOCTU £y PaBHBbI MeXJy COOOH U paBHBI

£v/72, TAE 72 - UMCIIO BXOJOB CyMMAaTopa.

[Tycte cobGcTBeHHasi TOTPEIHOCTh HeJWHeMHOro mnpeobpa3oBaTess paBHa
S, I - BXOOHOW CUTHa/! He/IWHeWHOro mnpeobOpasoBartens, .7 - ero

¢byukuus akruBauuu. CoOCTBeHHAs MOTPEIHOCTE MOXKeT 1006aBAsITLCS UTH K

; ;
BXOAHOMY CHTHany 1 : P(r+2.), WIM K BBLIXOAHOMY CUTHay

V)

HeMMHelHoro npeobpasoBarens: (1) + £ (puc. 6.8).

xts, Pt a,) ot gy
— al— T

Puc. 6.8.

Mbl BBIACHH/IM KaK BBIYHCIAIOTCSH JAOMMYCTHMbIE€ TIOrPeImHOCTA CHIHAJIOB
CeTH. HpH 3TOM MBI HE BbIOEIATH ocobo TOT BK/IaM, KDTO]_J]:IFI BHOCAT B
NorpemHoCTe CHUIHad/lda CdMH  3JIeMEHTHI. PaCCMOTpHM Ternepb, KdkK
BBIUHMC/IAKOTCA OOMNMYCTUMEIE TMOTPeIHOCTH CHUIHAJIOB CeTH IIpH OﬁpElTHOM
pacripoCTpaHeHHWHM TOYHOCTH C Y4YeTOM COOCTBEHHBIX HOI‘pElLIHOCTEi:I
3JIEMEHTOB CTAHAAPTHOTO HEﬁpOHa.

HauHeM BBIUMC/IEHHE JOMYCTUMBIX MOTPeLHOCTe CUTHAIOB CeTH C y4eTOM
COOCTBEHHBIX MOTPEHIHOCTeH 3/1EMEHTOB C TOUKM BeTB/IeHMs. I1yCcTh TOuKa
BETB/IEHUS MMeEeT COGCTBEHHYH0 MOTPeIIHOCTb Z4y. IIPeArnonoKuM, 4To
JOMYCTUMbIe MOTPEHOCTH BBIXOAHBIX CUTHAI0B TOYKM BETBJIEHUSI PAaBHBI
E1 * €ty Ea L Etyyeeny EE L Ete. s yBeTUUYeHH S TOYHOCTHU
BBIUMCICHUI HeoOXOAMMO HakKIaJplBaTh Ha [AONYCTHMbIe IOTPELIHOCTU
naubonee >kectkue TpeboBaHug. I[l03TOMy B KauecTBe JONYCTUMOMN
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MOTPeIIHOCTH BXOAHOTO CHUTHAala TOYKWA BEeTBJEHHs TpU oOpaTHOM
pacnpoCTpaHeHUHU C/ieflyeT BbIOMPATh MOTPEIHOCTb Mil{=; — =, HE:L‘

Cnepyroupmii ~ 3/IeMEHT  CTaHJZApPTHOTO  HeWpoHa -  HEJIWHeWHbIH
npeoOpa3oBaTenb. Ecnu  HenuHeilHbId  mipeoOpa3oBatesnb  UMeeT
COOCTBEHHYIO TIOTPEUIHOCTb =¢>, KOTOpasi A00aBisieTcss K ero BBIXOJHOMY
CUTHaMY, W TMOTPelIHOCTb ero BBIXOAHOTO CUTHAajia paBHfAETCA £], TO

JOMyCTHMas MOTPeIHOCTh BXO/IHOTO CurHana He/TMHEeNHHOro
npeo6pasoBaTens papHseTca £ < (21 — £, )/ max |io" (z)], rme
e ol -ﬂ_-l # = g .n_]‘ -
TE | [y—e1+e)e (U+ 81 —8p)

o ¢ = ! L
WIM B JIMHEHWHOM  TIpUGIMKeHUU £ < (g1 — €4)/ |y’ (Ao)|

.HpE,ELHOJIOH(HM Ternepb, 4YTO cobcTBeHHas MOrpenmHoOCTb He/TUMHeHHoro

npeobpasoBatensi=,- 06aBaseTCs K €ro BXoAHOMY curHamy (21 x 4 =), u
HpH OﬁpaTHDM paCHPDCTpaHEHI/II/I TOYHOCTH HOFPEUIHOCTB B]:IXD,U'HOFO
CUrHajsa HeIMHeWHoro mpeoOpa3soBartensi paBHsieTcs £]. PaccMoTpum
HaWXy[IMH BapUaHT, KOLJA BXOAHOW CUTHa/ HeJIMHeHHoro npeobpasoBaress
HaXDﬂHTCﬂ B I/IHTepBaﬂe
T - = Bl
T—&—€E.T+E+e,.

B 3TOM Cﬂyqae ,H'OHYCTI/IMQH HOFPE]_L[HOCTB BXD,U'HOFO CHUT'Ha/I1a HEJ‘[I‘IHE:‘[;IHOFO
npeobpa3soBare/s BLIUMC/IAETCA CIeAyoIUM 00pa3om:

E

£1/l¢ (z)] - £,

|4

mez € [y —a1) —gp, 0 My + 1) + 5,

PaccMOTpUM [IOMYCTUMYEO TTOTPeIHOCTE B JIMHEHHOM MPUOIMIKeHUHN
-'.I..T(,‘{“ 4 |:E -+ E:—"';I.:I —~ C;—l:f:lu) - T?F(;q.[|] 3 tn‘:_ + E'T"“:]'

ITo ycnoButo

£ =

(Ao =+ (£ + £,)) — ¢(Ao)| = |’ (Ao) - (£ + &)
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[Tonyaaem:

W, nHakoHer], mepeliieM K BBIUKMCAEHUIO [OMYCTUMBIX TOTPELHOCTe
BXOJHBIX CHUTHAJIOB CyMmaTtopa. PaccMoTpum BapuaHT, NOpHU  KOTOPOM
coOCTBeHHasi MOTPEIHOCTL CyMMaTopa £¥ fo0aB/sieTcss K ero BBIXOZHOMY
CUTHa/Ny, W JOMNyCTHMasi TOrPeIHOCTh BBLIXOAHOTO CHUTHana Cymmaropa
paBHsiercsi = . [Ipu obpaTHOM pacrpocTpaHeHUW TOUHOCTH TOIy4aeM, 4TO
PaBHOMEpPHO, TPOINOPLIMOHANILHO W TPUOPUTETHO IO BHILIE MOJYYEHHBLIM
(opmynam pacnpesenseTcsi MOTPeIHOCTh £ — £3..

Ecnmu ke cobcTBeHHass TOrPeHIHOCTb CYMMaTopa TPOMOPI{MOHAIBHO

pacrmpejensieTcss Mo ero BXoJam, M JONYCTHMMasi MOTPEIIHOCTb BLIXOAHOTO

CUrHajia CyMMaTopa paBHAETCA =, TO JAONYCTUMbIE TMOIPEIIHOCTH [JJ1s

BXOIOB CyMMaropa BBIUMCASIOTCS  ciegyooumm — obpazom.  Ilyctb
n

Ay = _E-l @ - Ty - BLIXOAHOW CWMrHan cymmaropa 6e3 MOrpelHOCTeH.
1=

Torga {A{,} - BBIXO[HBIE CUTHajJbl CyMMaTropa C y4eTOM COOCTBEHHBIX
MOTPeIHOCTe CyMMaTopa =y- U MOTPELIHOCTeN BXOAHBIX CUTHA/IOB ;!

{ [l}:.

1

o e E ;.- (ifs) g 1 S C:I:EEE) =

a; - (T ke, £e) =
1 =1 =1

3 _
T n ;
=Ag-F ¥ @E i m+ ey e

=1 =1

Il [+ 3
Il 13

Y

1=

me z; £ {—1, 1}. st Toro, 4To6bl BCe MHOMECTBO {A{l} nonaao B

HHTEepBal
I‘4U =g .:"j.l(_l + E]

HeobxoquMo, 4ToOBI

m

="

m
]
+
N
,..D
M
it e
i
I
1
)
m
+

max | ﬁ Q; - T o ek <

=1 =1 a=l] a=]




Unknown Hefipounpopmatika
rne MdkCHMyM GEPETCH o BCeM =Zj. U3 sToro HepdBeHCTEd, IIpearoJjaras
yTo £, PAaBHBI MEXAY COE’I'OFI, nmojydaem Tp96y9My1-O OL€HKY O/14 Eq:

LE—E

M

| A

=

I3

. L
L8 o)/ B ol

i=1
Mol nonyuunu Gopmynbl fjis BBIUMCIAEHUS JOMYCTUMBIX MOTPEILIHOCTeH
CUTHAJIOB A/ Mr000ro ydacTKa CeTH C y4eTOM TOTO, UTO BCE 3/1eMEeHTHI
UMeIOT COOCTBeHHbIe TIOTPELIHOCTH, KOTOpble BHOCAT CBOW BKIajg B
MOTPeIHOCTh BLIXOAHOIO CUTHA/A 3TUX 3/IeMeHTOB.

Metog, oOparHOro pacnpocCTpaHeHUsi TOUHOCTU —[Jist
aHa/M3a  peajM3yeMOCTM ceTreli ¢  COOCTBEHHBIMU
MOTPELLHO CTSIMU 3/IeMeHTOB

Panee Obin1 paccmMoTpeH MeTop 0OpaTHOTrO pacnpocTpaHeHUsi TOUHOCTHU C
yueToM COOCTBEHHBIX MOTPEIHOCTed 31eMeHTOB ceTu. Ho 3TOT MeTop
MO’KeT ObITh MCIO/b30BaH He Ui Bcex ceTeil. Ilpu mpumeHeHUU MeToa
MOXXeT BO3HUKHYTb CHUTYalUsl, KOrAa COOCTBEHHAs MOrPElHOCTb 371eMEeHTa
MpeBbIIAeT MOTPeIIHOCTE CUTHAjA, KOTOPBIM [JO/DKEH BBIXOAUTH U3 3TOrO
snemeHTa. Hampumep, eciu coOCTBeHHasi MOTPeIIHOCTL HEUpOHa =iz,
KoTopass Jo0aBsisieTcsi K BBIXOAHOMY CUTHaly HeHpOHa, TIpeBbIIIAeT
JOMYCTUMYH) TIOTPeIHOCTh €r0 BBIXOJHOTO CUTHana £1, TO 1o dopmyne

=< (21 —e.)/ 9" (A)], e = - norpeumocTs BXoAHOTO CHMrHana
HeJTMHEeHHOoro rpeobpasoBaTe/isi, MOy4aeM OTPUL[ATEJIbHYIO MOTPEIHOCTb.
OTpullaTe/ibHbIe TIOTPEIIHOCTA B MeTOAe 00paTHOro pacrpoCTpaHeHus
TOUHOCTM HEe MMEIOT CMBIC/Ia, TaK KaK Mbl PacCMaTpUBaeM J[OMYyCTUMYIO
MOTPeIHOCTL KaK BeJIWYMHY WHTEPBana, B KOTOPOM MOXET W3MEHSAThCH
norpermHocTh. To e caMoe MOXKHO CKa3aTb OTHOCHUTE/IbHO TOUKU BETBJIeHUS
¥ CcymMMartopa. B ciyyae MosyueHuWs OTpPUI[ATeLHOW MOTPELHOCTH METOf
06paTHOro pacrnpoCTpaHeHUsi TOYHOCTH He MOXKET MPUMEHATHLCA. B Takoi
CHUTYal[UU [OTMYCTUMbIE MOTPeIHOCTH HYKHO pacrpejesaTh CreldalbHbIM
obpa3zom.

PEICCMOT]_JHM KOHKDPETHYHO CeThb C 3dddHHBIMHA COOCTBeHHBIMH
MOrpemHoCTAMHA 3/IEMEHTOB. H_Y)KHO Oorpeae/nnTb, BO3MOKHO JIH TIPOBeCTH
BBIUHMCJTIEHH A AOMMYCTHMBIX l'IOFpELUHOCTEi:I MeTo4g0oM OﬁpaTHOFO
pacrnpoCTpaHeéHHudad TO4YHOCTH C Y4YeTOM COOCTBEHHEBIX HDI‘pELUHOCTEﬁ
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3JIEMEHTOB [OJjisi BCeX CUMIH4/I0B CeTH, Hd4WMHds C BbIXOAHBIX M KOHYAA
BXOOHBIMH CHTHd/1aMH. ,[[J'If[ 3TOTrO HYXHO BBITIO/THHUTH npamoe
ClJYHKLLI/IOHI/IpDBaHI/IE CeTH C 3dadHHBIMH COOCTBeHHBIMH MOrpemHoCTAMHA
3JIEMEHTOB KM C TOYHBIM BEKTOPOM BXOAHBIX CHUIHA/JIOB CETH. Ecnn
HOHy‘IEHHbIﬁ BEKTOP BBIXOAHBIX CUTHAJ/IOB IIPH 3TOM 6yr[[ET OT/MIHUYaTbCA OT
TOYHOI'0 BEKTOpPd BBIXOOHBIX CHUIHA/IOB GOJ'[EE, yeM Ha l'j (ADHYCTI‘IMY}O
MNOrpemHoOCTb BBIXOAHBIX CHMIHAJ/IOB CETI/I), TO C TakKUMH COOCTBEHHLIMH
MOrpemHoCTAMHA JJIEMEHTOB  [JId ,H'EIHHOFI CeTH MeTOo[ OﬁpaTHOFO
pacripoCTpaHeHHWss TOYHOCTH HEBBITIOJTHHM. B stom Ciiydyde MOXKHO nubo
YBE/JIUUYUTE [JONYCTHUMYHO TIOIPEIHOCTE BbBIXOAHBIX CHMTHAJI0B ,5, mmbo
YMEHLBIIMTDL COOCTBEHHBIE NOrpemHOCTH 3JIEMEHTOB.

Ham HYKHO OmnpegejiiTb, KdK BBIHHCIATE [AOINYCTHMBbIE IIOTPEemHOCTH
CHI'HAJIOB, eCci1iu 3TO HEeBO3MOXXHO caenaTb MeTO40M OﬁpaTHOFO
pacripoCTpaHeHHWA TOYHOCTH. BbIﬂCHHM, BCeria jii BO3MOXXHO pacClipeiae/IuTb
HX TakK, uyT0OBI COBCTBEHHEIE MNOrpemHoCcTH 3JIeMeHTOB He I1peBbINIdINd
AOIIYCTHMBIX l'lOFpE]_LIHOCTEﬁ BBIXOJAHBIX CHMTHA/JIOB 3THUX 3JIEMEHTOB, W IIPpH
3TOM ITOTPeHOCTb BBIXOAHBIX CUTHA/IOB CE€TH He ITPEeBbIIId/Iad ,5 e

Ins TOUKM BeTBAEHWSI U HeJIWHEWHOro mnpeobpa3oBarens (opMysbl
BBIUMCJ/IEHUSI [JOMYCTUMBIX TOTPEIIHOCTeN CUTHANIOB MeTo[oM obpaTHoro
pacrnpocTpaHeHusi TOYHOCTHU 3aJaHbl >KeCTKO. EAMHCTBEHHBIM 3JIEMEHTOM
CeTH, KOTOPBIN MO3BOJIIeT BIUATH HAa CUTYALUIO, SIBJIsSeTCS cymmarop. s
CymMmMaTopa BO3MOXXHBI TpPU BapuaHTa pacnpejesneHus AOMYCTUMBIX
MOTPenHOCTell 10 ero BXojaMm, B TOM uucjie TnpuopurtetHoe. [Ipu
MPUOPUTETHOM pacrpefie/leHUd MOXXHO Ha3HauaTh TMOTPEUHOCTU [JIs TexX
BXOZIOB, /Ui KOTOPBIX COOCTBeHHAasi MOTPEIHOCThL 3JIeMEeHTa TIPeBhIIIAeT
MOTPeNHOCTh BEIXOJHOTO CUTHAasA.

Ecnmu Ha kakoMm-TO M3 3/1eMeHTOB (He/lWHeHHBIN mpeobpa3oBaTenb, TOUKA
BETBJIEHUSI WM CyMMaTop) COOCTBeHHass TMOTPEUHOCTb  3JeMEeHTa
MpeBBIIAeT [JOMYCTUMYH) TIOTPEIIHOCTL €ro BBIXOAHOTO CHUrHama, To
BO3Bpal@emMcsi K TOMY CYMMAaTOpY, UbUM BXOQHBIM CHTHAJIOM SIBJISI€TCS
BBIXOAHOM CHUTHA/ JAHHOTO 37eMeHTa. [l 3TOro cymMMaTopa pacripejensiem
JOMYCTUMBIE TIOTPEIIHOCTH IO ero BXo4aM TakuM o0Opa3oMm, uTOOBI MOXKHO
ObIIO BBIUMC/IUTL [JOMYCTHMYH TIOTPEIHOCTh BXOJHOTO CHUTHAsa TOTO
3/IeMEHTa, KOTOPbI HAaC UHTEPeCyeT.

Ectb CHUTYyallUH, Hd KOTODbIe BJ/IMATH HEBO3MOXKHO. K HuM oTHOCHTCS
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cnefyolMe:

1. ecnmu COGCTBEHHBbIE TOTPENIHOCTH HeIMHeNHOoro mnpeobpasoBaTens
WM CyMMaropa CTaHJAPTHBIX HEMPOHOB BBLIXOAHOTO C/IOS CETH
MPEeBLILIAIOT MOTPEIHOCTH WX BLIXOAHBIX CUTHA/IOB;

2. ec/iM B BBIXOJHOM C/I0€ CyMMa C Kod(hduiueHTaMn (¥; COOCTBEHHBIX
MOTPeNHOCTel 3/1eMEeHTOB =;' ', BBIXOAHBIE CHMTHAlbl KOTOPBIX
ABIAIOTCA  BXOQHBIMM  CUTHAJAMH  CyMMaToOpa,  [peBbILIaeT

AOMMYCTHUMYK) TIOrpenmHOCTh =  BBIXOAHOI'O CHIHad/la CyMMAaTOpA:
T . OIS =
Eéizlﬂiz.‘_é ::’._.
Ecmu cobcrBeHHas MOrpemHoOCTb IIpeBbIIIdeT MAOMNMYCTHUHMYH) IMOTPelHOCTb
BBIXOOHOTO CHMIHa/ld Y 3JIEMEHTd CKPBITOI'O HMJ/IM BXOAHOIO C/lM0f, TO MOXHO
MOoMnbITaTbCA  pacrnpegeyiiTb JAONYCTUMBIE€ TIOTPEIIHOCTH  TdkK, uTOOBI
MNpoaoJ/IXKUTh BBIUMC/IEHH A.

Ham Heo6xoauMo ONTUMAaNBHO pacnpeenuThb AOMYCTUMBIE TTOTPeIHOCTH 10
BXOlAM CyYMMAaTopa, TO eCTb pacrpeAe/uTh WX TakuMm obpa3om, uToObI 1O
KOKIOMY BXOQy  [JONYCTHMble  TMOTPEIHOCTHM  BXOAHBIX  CHUTHAJIOB
MaKCHUMAaJIbHO TpPEeBbIAMN COOCTBEHHbIe TMOTPEIHOCTH 3/IeMEHTOB, YbH
BBIXO[HbIE CUTHAMbI SIBJIAIOTCSA BXOJAHBIMU CUTHA/laMy CyMMaropa.

PaccMOoTpuM ydacTOK ceTH MexAy AByMsI CyMMaTopaMu 1 U 3o (_pHC.
6.9). [lycTb = - 3TO MOrPelHOCTb BBIXOJHOIO CUrHajaa CymMmaropa ¥ -, A -
TOYHBIN BBIXOAHOW CUTHAN HeJIMHEeWHOro npeoOpa3oBaTessi.

— K
— A

v

Puc. 6.9,

Hpe,[l,HOHO)KHM CHa4da/da, 4YTO cobCTBeHHEBIE MMOrpemHoCT >3JIeMEHTOB
,I[OﬁaBJ'IHIOTCf[ K BBIXOJHEIM CHMTHa/1aM 3THX 3/IEMEHTOB. To ecTh MOrpenmHoCTb
BXOAHOTO CHIHaJd HeTUHeHHOoro HpEOﬁpaBOBEITEIIH BBIUHMC/IAETCA TIIO

dopmyne & < (21— £,)/ |7 (A)

, d OJId TOUKH BEeTBJ/IEHHA IMOIPEIHOCTh

251



Unknown Hefipounpopmatika

— 1 - TL
BXOJHOTO CUTHAa/a ONpeJesnseTcs Kak = — Iin {51- — £y ]’:‘:L‘
[ns Kaxporo BXoja CymMMaropa Y., HaM HeOOXOAMMO BBIUMCIUTbL TakKue
JOTMYCTUMBIe TIOTPEIIHOCTH, KOTOPhIe TT03BOIUIA OBl MPOBECTH BHIYMCIEHUS
JOMYCTUMBIX TIOTPEIHOCTed [ TOUKM BETBJIEHUS, HeJIUHeHHOro
npeobpazoBarenss M cymMmaropa 3); Tnpeabigymero cios. Ilpuy  3ToMm

AOMYCTHMasdA IIOTPelHOCTh BBIXOAHOI'0 CHMIHA4/Ia CyMMaTOpa El. AO/XHAa
I[MpeBbINIATE ero COﬁCTBEHHy}O IMorpenHocCTb. JTO rapadHTHPYET BbIYUC/IEHHE

JOTYCTUMBIX MTOTPELHOCTeH A5 €105, IpeILeCTBYIOIIero CyMMaTopy 3.

[Tycte cymmaTop 33 MMeeT COOCTBEHHYIO MOTPEIHOCTh =3, HeMMHeHHbIH
=
npeobpa3oBaTesib MMeeT COOCTBEHHYH TIOTPEHIHOCTE S WU 4y -

cobcTBeHHAA MOrpemHoCTs TOYKHW BETB/IEHHA.

BeruncnuM norpemHocTs =Tt | KoTopas NMpUeT K BXOAY CyMMaropa .o
npu NpsAMOM (QYHKIHMOHUPOBAHUM CETH, HAauWHAs OT BBIXOJHOTO CHUTHasa

cymMmaropa 3:q.
e = ex, - [¢'(A)] + € + €.

Beruncnsiem fonycTUMble MOTPEIIHOCTH £; [J1 BXOJ0B CyMMaTropa 3 o MpH
MpPOMOPLIMOHATILHOM U PAaBHOMEPHOM pacripegeneHuu. Ecnu xotsa Ol asnid

part
OAHOro pacripeaejneHusa I10 KaXI0OMY BXOOYy E:i < £:, TO MOXHO
MpoaoJ/KaTe BBIYMCIEHWA, MCIIOAB3YyA METO[ OﬁpaTHOTO pacrnpoCTpaHeHH A
TOYHOCTH C y4YeTOM COBCTBEHHBIX HOI‘pELLIHOCTEFI 3/IEMeHTOB ceTH. Ecimu xe

w art
s oboux pacripeie/ieHUM XOTHA OBl 1O OOHOMY BXOOY Ef } £, TO

HeoOXoqUMO  pacmpefieNiaTe [OMYyCTUMbIe TIOTPEHIHOCTA [0 BXOfAaM

cyMMaTopa *.- ClefyroiMMm obpa3om.

part

Ecm cymma ¢ kosddunuentamu (¥; TMOrPelIHOCTeN = MeHbIIIe
JOTYCTUMOMH TIOTPEeIHOCTH BBIXOAHOTO curHanma ( 2, ¢v; - grart < £ ), TO
S e & Js
BbBIUHC/IAEM Pa3HOCTb E Oy - I__pﬂr’f ==HE Ocrar CcAa JacThb
=1 e A 1Hyro

JOMYCTUMOW  TOTPELIHOCTH  BBIXOAHOIO  CHUTHAa/lIa  CymMMmaropa =
pacrnpejensieM paBHOMEPHO IO BCEeM BXofaM, 4YTOOBI JOMYCTUMBIE
MOTPEIHOCTU BXOJOB TPEeBBILIAMN TMOTPEIHOCTA 3JIEMEHTOB Ha OJHY U Ty
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xe Benmuuny £. Torma

n ; _part S e n . party e s
Ei=lc}.z - ILIC +Lt) —_— = Lc; —_— I:-\_ 3 Ez=l‘a4 '-\_E' :IIII'IE==ID:;.
rHCII_[YCTI/IMI:;IE MOrpermHoOCTH BXOAHBIX CHUIHA/IOB CyMMATOpPa 6}"[[}"[' PABHEI

part -

£; = E. =fEtEL,

i

Hy{:Tb Terepb CcoOCTBEHHBIE IMOrpemHoCTH 3/1eMEHTOB ,[[DGEIBHFII-OTCH K HX
BXOAHBIM  CHMTHaAJ/IdM. ,HOH}’CTI/IMEIH MNOoTrpemHoCTs BXOAHOrO  CHrHa/id
HeTUHeHHoro npeoﬁpa?.OBaTenH IIpd  3TOM BBIYHCIAETCA CHeAYHOIMM

£ fil, aF
obpasom: £ = =1/ ‘L;J (-’-1)| + £,.. CobcTBeHHass MOrpenHoCTb CyMMaropa

T 3 _z
¥, paBHa X |0y * £y, . [onycTumas MOTPelHOCTL TOUYKA BETB/IEHHS
BBIUMC/ISIETCHA KdK 6BIHO OITMCAaHO BBILIE.

part
=F .
B sTom cinydae MmorpemHoCTH = £ BBIUHMCJIAHOTCA I10 cbopmyﬂe.

g5 = (ex, - B |ai| — &,) - [ [A)| + Eto.

OcTanbHble BBIYUC/IEHHS Aass JOIMYCTHUMbBIX l'IOFpEIJ_IHOCTEf‘I 4 BXOJHBIX

CUTHA/IOB CYMMATOP4d EE MMpoOBOAATCA dHAJIOTHUYHO.

w oL
Bo3moxen APYrou I1ogxom. MO’KHO BBLIUHC/IATH MOorpenHoCTH E? AJIs

w oL
BCeéU CeTHu Cpasy. HDTPELUHOCTI/I fi—j , BBIHHC/IEHHbIE [/ OOHOI0 CJ10s

CeTH, CYMMHUPYIOTCS C KoddduumeHTamu (¥; TOro CyMmaropa, uepes
KOTOPBIN OHM JJOJKHBI TPOXOAUTE. [TonydeHHast MOTPeIHOCTE HUCIIO/b3YeTCs

part
111H =L
Adainblie a4 BbIYWC/IEHHA I10rpe 0CTH &; cneaywouero Cjod. HpH
OﬁpaTHOM MpOXOXKAeHWKW CeTH [OJid BXOAOB Ka)J10ro cymMmaropa ﬁer_[ET

part
H3BECTHO, KdKHe ITOrpenmHoCcTH E,‘ MNpUXOAAT IO KaXKAOMY BXOAY, H KdK

cnefyeT pacmnpefensTh AOMYCTHMble TMOTPelHOCTH curHanos. [lpu stom

art
IMOTpemHoCTH E? BBIYHUC/IAKOTCA OAWH pada3 WM He TpeﬁyETCH Aenarb

rnepecuer.

Takum o06pa3om, MBI pacCMOTpenu Kak paclpejenstoTcss AOMYCTHMBIE
MOTPeIHOCTH CUTHA/NIOB [J/si CeTell C COOCTBEHHBIMH TMOTPEIHOCTSIMHU
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Unknown Hefipounpopmatika

3JIEMEHTOB. MCHOHB3}1ETCH BCTpedHOe pacripoCcTpdHeHHe HOFpELUHOCTEi;I

part
Ei , KOTOpbI€ HACUUTBIBAKOTCA IIPH TIPAMOM Cl)yHI{L[I/IOHHpOBaHHH ceTH, 1

AOMYCTHMBIX HOFPELUHOCTEﬁ CHUTHAJ/IOB, KOTOPhbIE BBIYUC/IAKTCH B OﬁpaTHOM
HAIllIPpaBJIEHHUH.

Metog, oOparHOro pacnpocCTpaHeHUsi TOUHOCTH —[Jist
OLIeHKU CpeJIHeKBaJiparhyeCKUX OTKIOHEHUM

PaCCMOTpHM OGYLIEHH_YIO HEﬁpOCETh C BBIUHC/IEHHBIMH BeCdMH CHHAIICOB
;. C‘-IHTEIEM, UTO MOrpemHOCTH BXOAHBIX CUTHA/IOB, BHYTPEHHHX CMI'HAJ/IOB

CeTH M 3/IeMEeHTOB OTCYTCTBYIOT. [Ipy BeKTOpe BXOAHBIX CUTHAIOB {;‘”}

oud ot
rnojyyaeM BEKTOD BBIXOAHBIX CHUTHAJIOB {y . Bexktop {y 51
BHYTPE€HHHE CHI'HAJIbI CeTH Ty 6yr[[EM CUHUTATh TOYHBIM BEKTOPOM BBIXOJAHBIX
CHTHAJIOB U TOUHBIMH CHMTHA/IdMH CETH.

PaccmoTpuM Temnepsb 3Ty Ke CeTh, HO MPeANON0KUM, UTO BCe CUTHA/bl CeTH
MMeIT HeKOTOphle mnorpemHocTH. [lycTsb {y’} - BEKTOp BbIXOAHBIX

CHTHAJ/IOB, MOJIYYEHHBIH MPU TOM K€ BEKTODEe BXOJHBIX CUTHanoB {z'"},
HO C MTOTPelHOCTAMHU BHYTPEHHUX CUTHA/IOB CETH.

HPE'HIHOIIEFBEM, UTO BHYTPH Ka)KOOTO C/I0d TMOTPelHOCTH CHUTHa/l0B =
ABIAKOTCA HE3aBHMCHMBIMH CJ'Iy‘-IEli;IHbIMI/I BeJIMUMHAMHU. ITO npegrnojioxKeHue
IIO3BOJIAET Ha/jaaraTb MeEHee MeCTKHe TpEﬁOBaHI‘IH TIpyd  BBIYHMC/IEHHWH
HDFpElLIHOCTEi:I CHTHAJ/IOB.

Hy{:Tb HaM 3d/dHd ,5 - AOIIYCTHMa# MOrpelHOoCTb BbIXOAHBIX CUTHA/IOB CETH.

i
To ecTb BekTOp {y’}- MOXKeT OT/IMYaThCA OT BeKTopa {y“'} He Oonee,
yeM Ha 4. bygem cuutate 4 BeJIMUYMHOH CpeJHEKBAaJpPaTUUeCKOr0

OTK/IOHEHUS T4 BBIXOAHBIX CHTHA/IOB CETH {y’} .

Ham HYXHO BBIICHUTH, KAKUM 00pa3oM MOTYT pacrpefensiTbCs AUCTepCUU
CUTHA/IOB TPU 3aJaHHOM T,¢ W BBIUMCAUTH CPeAHEKBaJpaTHUeCKUe

OTK/JIOHEHUA (TJ; — '\-"-D'i Anda BCeX CWUIrHa/loB CeTH TadKHe, yTOOBI

CpelHeKBapaTHUeCKOe OTK/IIOHEHWE€ BEKTOpa BBIXOAHBIX CHUTHAJIOB {y’}
PABHSIOCh Tyt .
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3uas CpefHEeKBalpaTHYeCKOe OTKIOHEHHE BbIXOAHBIX CHUIHA/IOB, MOXKEM

o
BBIYUC/IUTE AUCIIEPDCHIKO BBIXOAHBIX CHIHAJIOB Doui :G—;uf’ d 3aTeM,

rnepexoid OT 3/IEMEHTd K 3JIEMEHTY B OﬁpaTHOM rnopsjake, BbBIYHCIHUM

aucnepcuu f); W CpeJHeKBAaJipaTUYeCKUe OTKIOHeHMA 7; — +/[); [na

BCeX CMTHa/I0B CeTH.

TUNUUHBIM ~ y4aCTKOM CeTH SBJAeTCS CTAaHJAPTHBIM  HelipoH. U3
CTaH/ApPTHBIX HEMPOHOB COCTOUT /i0bass HelipoHHas ceTb. [loaTomy Ham
[IOCTAaTOUHO OMpeJe/NuTh, KaK BBIUUC/AITCI CpPeAHeKBaJpaTUuecKue
OTK/IOHEHMSsI CUTHAJIOB JIsl 37IeMeHTOB CTaHZApPTHOro HelpoHa. Torga Mel
Oynem UMeTb BO3MOXKHOCTb BHIUMC/IUTh CPEHEKBAAPATUUECKIEe OTKIOHeHUS
s 1oboro yyacTtka CeTH.

BbISICHUM, KaK BBIUMCJISIOTCS CPEJHEKBA/[PATUUECKUEe OTKIOHEHUS [/s
BXOHBIX CUTHA/JIOB TOUKU BeTB/IEHWS, HeNMHelHoro mnpeobpasoBaTess u
CyMMAaTOpa, ecii HaMm OyayT W3BeCTHbI CPpefiHeKBaJpaTUUecKue OTKIOHeHUs
BBIXOAHBIX CUTHA/IOB 3TUX 3/IEMEHTOB.

Ecmu gucriepcuy BBIXOAHBIX CUTHAMOB TOYKM BerBieHus [}, [la, ... [
npu obpaTHOM pacnpoCcTpaHeHWM He paBHBI MeXAy cobol, TO B KauecTBe

MUCTIepCUM BXOAHOTO CUTHAJIa TOUKUA BETBJ/IEHUS BhIOUpaeTcs min{Dé }?—:1

[Tycte 1 - cpepgHekBajpaTUUecKoe OTKIOHEHHE TOrPellHOCTH BLIXOAHOTO
CUTHasa HelWHeHHOoro mnpeobOpa3zoBatens. [lycTe ciaydaiiHas BenMuMHA =
(morpelHOCTL BXOJHOTO CUTHajAa HeTWHeWMHOro mnpeoOpa3oBarensi) uMeeT
HEKOTOPYIO MJIOTHOCTh pacrnpegeneHus [z . CuuTaem, 4YTO MaTeMaTU4eCKOe
0)KM/jaHHe TTOrPeIHOCTHA BXOAHOI0 CUTrHaua

¥

U Jucrepcus

(]

_“'Eal
DE:] I:E—J"Lf,:lzpadf a

0
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Unknown Hefipoundopmarika

[Tycte HenuHelHBIA npeobpa3oBaTens umeeT (YHKUIO aKTUBALUU 7 |
TOUHBIM BXOAHOM curHan 4 . PaccMoTpum fnuHeliHOe TIpUOAMIKEeHUe
dbyHKIIMK akTHUBaLMU 7 B Touke A . JIMHelHOe NpubIMKeHUe UMeeT BUJ;

@(A+e) = p(A) £ (A) e

Haiizlem MaTeMaTHueCcKoe 0)KM/aHHE U JUCTIePCUI0 BeTMUuHBl (o A | 2.

oG
-'?l"f-,mi.ri+qr:| = ':";':A:’ # 5—7!(‘4-:' : 5) i F’Edf == ":-:':LA}-

— a0

Doatey = | ((A) + ' (A) - £ — p(A))? pede = ' (A)°a?.

C [gpyroéi CTOpPOHBI, HaM H3BECTHO, YTO [AUCIEPCHUs BBIXOAHOTO CHUTHaa

HeJTMHeHoro npeobpa3oBaTens paBHa gf. Orcropa nonydaem

W T e PR
AT T R

Takum OﬁpﬂBOM, MBI BBIYHC/IW/IW CpedHEKBaJpaTH4YeCKoe OTKJIOHeHHEe
BXOOHOTO CHUTHaJIa HeJTMHEeHHOTO l'IpEOﬁpaBDBaTEIIH AJIsA nmoboro
pacripeeqeHus MMorpemHoCT BXOAHOI0 CMIrda/aa = .

Mal MOJAYy4YHJIA CpedHEeKBaJpaTHYeCKOe OTKJIOHE€HHe BXOAHOI'o CHrHasld
HeTUHeHHoro HpEOﬁpﬂBOBﬂTEJ’[HG’ , KOTOpOe OJHOBPEeMEHHO #ABJ/IAeTCA
CpeIHEKBAJIpATHYECKMM OTK/JIOHEeHMeM BBIXOJHOI'0 CHIHd/la CyMMdTOpa C
MOrpemHoCTAMHA BXOJHBIX CUTHA/TOB

Tl't-'j::
2
B
+
n

I

| !

P
Il
Il

| Wi !

,F'
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Unknown Hefipounpopmatika
TE

roe z’ELClE..‘Té -  TOYHBIA BbIXDr[[HOﬁ CHTHAJ CYMMBTOpa.BBIqI/ICI[PIM

CpeJHeKBaApATHUUYeCKHEe OTK/IOHEHHU:A 0; BXOOHBLIX CHTHa/JIOB CyMMATOPA.

PaCCMOTpHM A 3TOro AUWCIIePCHUK0 TIOTPEIHOCTH BbIXOAHOTO CHIHAJ/Id

CyMMaTOpa

[MpeAnonoXXKuM JOTIOTHUTEBHO, UYTO F; PAaBHBI MEXAY co0OM.
.) - n n - n .}
0 =D(X a;-6;)= ¥ DNy -65) = X o} - De; =
=1 =1 i=1

2
T

[Monyunnn hopmyny ISt PaBHOMEPHOTO pacnpejesieHus
Cpe[iHEKBaJpaTUUECKMX OTKJIOHEHWM 7; 10 BXojJaM cymmartopa. Eciu B
Ka4yeCTBe MOTpPelHOCTH KAa>KJ0I0 BXO4d paCCMATPUBATL HE £i,a (¥; = &5, TO
MOAYy4YUM thopmyny J7st TPOTOPIMOHANTBHOTO pacrtipefiefieHUs
Cpe/IHEeKBaJpaTUUECKMX OTKIOHeHHWI F; MO BX0faM CyMMaTopa.
o LT e S TL 2 ) T
o' =D[X o, -g;)= ¥ Dla;-g;) = ¥ o =0, = —.
A=l i= r—

Kpome  paBHOMepHOTO M  TpPONOPLIMOHAJIBHOTO  pacrnpejeneHus
CpelHeKBapaTHYeCKUX OTKJIOHEHUH MOTPeIHOCTel Mo BXoJaMm CyMMaTopa,
MOXKeT ObITH MCII0/Ib30BaHO TIPUOPUTETHOE pacripejeneHue
CpelHeKBaJpaTUUYeCKuX OTKIOHeHW#. [Ipy 3ToM cCHauasma Ha3HAYAKOTCA
CpeJHeKBAaJpaTUUeCKHe OTK/JIOHEHUsI TMOTPeIIHOCTeH /sl TeX BXOJOB
CyMMaTopa, KOTopble HauboJiee 3HaUMMBI 110 KAKOMY-T1M00 MPU3HAKY, a 3aTeM
OCTaBUIASICSI 4YacTb CpeJHEKBAJApaTU4YeCKOro OTK/IOHEHUS TMOTPeIHOCTH
BBIXOAHOIO CMTHajna CyMMaTopa pacrnpejenseTcs MO OCTajdbHBIM BXOJam
pPaBHOMEPHO MUJIM NIPOTMOPLMOHAIBHO.

Mal paccMOTpe/id, KdK HMW3MEHAKTCA TIOIpelHOoCTH CHIHA/I0B  TIpH
MPpOXOKAEHHUH Yepes3 3JIEMEeHThI CeTH. HpE,I[HDHO}KI‘IM Ternepb, UTO He TOJILKO
CHUIrHa/Ibl HMMEKT IIOIrpemHoOCTH, HO W BCe 3JIeMeHThbl CeTH TIiepeddrdT
Npuxogdle K HHM CATHA/JIBI C HEKOTOPBIMH TIOTPelmHOCTAMHA. HyCTb
CpedHEKBaJipATHYeCKHe OTKIIOHEeHHA l'[OFpEI.UHOCTEf‘I 3JIEMEHTOB HM3BeCTHEI H
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Unknown Hefipounpopmatika
Cl)I/IKCHpOBaHLI. BbIﬂCHHM, KdK BJ/IMAKOT COOCTBEHHEIE MMOrpenmHoCcTH
3JIEMEHTOB Hd INOTPeNMHOCTH CHUTHAJIOB.

Brruncnum CpeJHEKBaJApdTHYeCKHMe OTKIIOHEHHA BXOJAHBIX CUTHA/TOB TOUYKH
BEeTBJ/IEHHA, HeIUHeHHOoro HpEOﬁpﬂBOBaTEHH H CyMMaTOpd, eC/Ii H3BeCTHBEI
CpeJHeKBAApATHUUYeCKHEe OTK/JIOHEHHS BBIXOAHBIX CHTHA/IOB H cobcTBeHHEBIE
MOrpemHoOCTH 3THX 3JIEMEHTOB.

[lyctb TOuka BETBJIEHHUS HMeeT COOCTBEHHYH) TIOTPElHOCTb Z4y; W
CpeHeKBagpaTHYeCcKoe OTKIOHEHUEe COOCTBEHHOU MOTPEeHOCTH PABHO Ty

CoOcTBeHHasi MOTPEIIHOCTL £¢, [A00aBAAeTCA K KaXKJOMYy CHUTHANY,
BBIXOAAIIEMY U3 TOUKH BeTBJICHUS.

Ecnu npu obpaTHOM pacnpocTpaHeHUH IOJydaeM [UCIIEepCUU BBIXOZHBIX

cur"anos Touku serenenus [}y, [Js. ..., )} He paBHBIe Mexay co0oii, TO
B KauecTBe JUCIEePCUMM BXOJHOTO CUTHA/Ia TOUKM BETB/IEHMS, C y4eTOM

CcoOCTBEHHOM TOTPEIHOCTH, BEIOMpaeTcst min{Dé '}-i"_L = gfv.

[Tycte cpegHeKBaApaTHYeCKOe OTKIOHEHWEe COOCTBeHHOW MOTrpPenHOCTH
HenuHeilHoro mnpeoGpasoearenss paBHo J», a CpegHeKBaJpaTUUECKOe
OTK/IOHEHU e BbIXOJHOTO CUTHA/Ia HeJIMHeHHOoro rpeobpa3oBaresis paBHO T .
CobcTBeHHasl MOTPEIHOCThL HEIWHEHMHOro MpeoOpa3oBaTenss £, MOXET

'

nobaBnaTecs b0 K pe3ynsraty paboThl HelMHeWHOro npeoOpa3oBaTesis:
W A+e)+ AT mbo K  BXOJHOMY CUTHaly  HeJMHEeWHOro

npeobpa3soBarens: (7| A+e+ Ewx ]

PaccmoTtpum oba BapuaHnra.

[Tycte morpemmHocTs =4 gobaBiseTcs K pe3ylsTaTy paboThl HeJIMHEHHOro
npeobpa3oBarens. PaccMOTpuM AucCriepcuo
2

D(p(A+ ) +£,) =D(@(A + &)+ D(c,)=05,,+0,=07 ..

Orcioga mosiyyaem, UTO AMCIEPCUsi HENOCPe[CTBEeHHO BBLIXOJAHOTO CHTrHasa
HeJTMHeHoro npeobpa3oBaTens paBHa

- e LR
O g =01 — T -

[y
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Unknown Hefipoundopmarika
CPEAHEKBBAPBTH‘IECKDE OTK/IOHEeHUWEe [jid BXOAHOI'0 CUIrHasla He/TUMHeHHoro
HPEOGPBBOBETEHH BBIUHC/IAETCA KaK YKAa3aHO BbIIIe. B kauectBe AHCIIepCHH
BBIXOOHOTO CHMIHa/la B ll)OpMYJ"[E HCIIO/b3YeTCA BBIYHMC/IE€HHaA AJUCIIepCUd

2 = = 2
Town—T1—T,. CpeAHEKBAaJpaTUYECKOE  OTKIOHEHHE  MOTPEIHOCTH

BXOJHOTO CHMTHala HeIMHeiiHoro mnpeo6pasoBaTens OygeT PpaBHATHCA
S ¢ !

0 = Ooun/ | (A)] -

IlycTs Temeps COGCTBEHHAs MOTPELIHOCTL HEIMHENHOro npeoOpasoBaTess

nobapnsieTcss K ero BXOJHOMY CHTHAIY: Lpl:f:l +E t‘HJ). B stom cnyuae
MOTPEIHOCTh BXOAHOI0 CUTHAIA UMeeT MaTeMaTU4yeCckoe 0)XKuJjaHue

&

Meye, = j (e+e.) pudie+&,) =0

— B

U AUCTIePCUID
(€ + 2o — Mere, ) ped(e +£,) = 0° + 0.

BblunciMmM MaTeMaruueckoe OKHUdHHE W JUCITePCHK0 BBLIXOAHOIO CHTHaJld
He/JIMHeWHoro npeoOpa3oBaresis, pacCMaTpuBasi JTUHEHHOEe TpUOIMKeHue
w(A+e+e,).

2

M(atrete,) & ] (w(A) + ¢'(A) - (£ +2,)) - pedle +2,) = p(A).

~

7 = Dytaresen ® [ (@A) +¢(4)- (e +2,) — oA pedle +2,) =
= ¢'(A)*(0* +07)

Orcropa nony4yaem




Unknown Hefipoundopmarika
HEPEFI,[LEM K BBIUMC/JIEHHWIO CpeqHEeKBaJApaTUUeCKUX OTK/IOHEeHH BXOOHBIX
CHTHAJIOB cymMmMaropa. HYCTB CcpeadHeKBaJpaTU4YeCKoe OTKIIOHeHHe
BBIXOOHOTO CHI'Ha/la cymmMmaTopa PaBHO T, cobCTBeHHOE
CpeJHeKBaJpaTHYeCcKoe OTK/IOHeHHU e IMOTpelHOCTH CyMMaTOpa paBHO 3.

CoOcTBeHHasl MOTPelIHOCTL CyMMmaTropa MoXKeT jobaBnstecsi nubo K
BBIXOAHOMY CUTHaIy CyMMaropa:

2 a;-(x;+£;) +ex,
=1

mbo K KaXKI0OMY BXOJly CYMMATOpa:

[Tycte cobcTBeHHass TOTPemHOCTL A00aB/SeTCS K BBIXOJHOMY CUTHANIY
cymmartopa. Beluncium cpefHeKBapaTUueckoe OTKIOHEHUE TOTPerHOCTeH
[/ BXOOHBIX CUTHANMOB cymMMaTtopa. PaccMoTpuM 151 9TOT0 AUCIIEPCHI0

Inss paBHOMEPHOro pacrpejeneHHsl CpegHeKBaJpaTHUUeCKUX OTKIOHEHUU
ripe/irosiaraeM, 4To F; paBHbBI MEXAY cOOO0H.

i e
DY a;,-gi+ex)=D(E a;-£,)+ D(eg) =
™ freg =
= 'Ela? g '::'-a'2 4—@-% = 0J; = \',;T:ﬂr:r
S =10

Ecnu  Oymem  paccmaTpuBaTh — MPOTMOPLMOHANBHOE  pacripefeneHue
CpelHeKBapaTUUeCKUX OTKJIOHEHWH BXO[HBIX CHUTHAJIOB CymMmaTopa, TO
MOJIYyYUM

=
)
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L
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B
]
+
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I
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Hy{:Tb Terepb cobcTBeHHOE CpeJHEeKBa/IpaTHYeCKOe OTKIIOHEeHHEe CYMMAdTOPd
ﬂOﬁaBJ’[HETCH K KaXXJA0MY BXOAY CYMMATODA:

Y ;- (z; +2; +e5).
i=1

BeiunciuM  cpefiHeKBaipaTUUeCKOe  OTK/IOHEHHe TOTPelHOoCTed /s
BXOJHBIX CUTHAJIOB CymMMaTopa. PaccMoTpuMm /151 9TOTO JUCHIEpCUI0

D(E a;-[e; +e%)) = .

Inss paBHOMEPHOro pacrpejeneHHsl CpegHeKBaJpaTHUUeCKUX OTKIOHEHUU
NpeArnoaraeM, uto F; paBHBI MEXy COOOM.

Dl y @& -(e;4ep)) = Bl Y b - e} -+ D[ 8 o -6%) = 5 oof o)
= a=". 1= 1=

Sy R

=1 Ti=1 i

[ ]

£)
[ =5
|-\-
A
|

Ecnu  Oymem  paccmaTpuBaTh — MPOTMOPLMOHANBHOE  pacripefeneHue
Cpe/lHeKBapaTUUeCKUX OTKJIOHEHWH BXO[HBIX CHUTHAJIOB CymMmaTopa, TO
MOJIYyYUM

0’ =D(% 0;-(g; +eb)) = ¥ o? + 3 o - (o) >
=1 =1 A=l

i g i =
f ¢ i y3 TN Z
'G'_—LG'T-__I_':F:]_&.;

O Y 5

3Hasl, KaK BRIUMC/ISIOTCS CPeJHeKBa/IpaTHYeCKie OTK/IOHEHHUs MMOTPelHOoCTel
O BCeX 9J7eMeHTOB CTAaHJAPTHOTO HeWpOHAa, MOXXHO BBIUHUC/IUTH
CpeHeKBaJpaTHUYeCKue OTK/IOHEHWS TOTPeHHOCTel CHUTHAlIOB [JJsi BCeH
cetu. Ecnu 3ailaHbl cpefiHeKBaApaTHUeCKUe OTK/IOHEHUSI TTOTPelHoCcTel s
BBIXOJHBIX CHUTHAlOB CEeTH, MOJXKHO BBIUUC/IUTE CpeJHEeKBaJpaTHUeCKue
OTK/IOHEeHM S TIOTPEUIHOCTeN [/ TOCAeHero cyiosi ceTu. Korga BHIUMCIEHE

CpegHeKBaApATHYeCKHEe OTK/IOHEHHW A l'IDI'pEIJ_IHOCTEi:I BCeX BXOAHBIX CMTHAJIOB
nmociaegHero Cinoda CeTH, rnmepexogrm K BBIYMC/IEHHWKD CpedHEeKBaJpPpaTHYeCKHX
OTK/IOHeHUH l'[DFpEIlIHOCTEﬁ rnpegrnociaegHero Cjiod ¥ Tdk gdjee.

Paccmorpum nipumep Ha puc. 6.10. ITycTs gaHa ceThb C Tpemsi HelpOHAMH
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Unknown Hefipoundopmarika
BXOJHOTO C/I0sl, ABYMSI HeHPOHAaMM CKDBITOTO C/IOS W OJHUM BBIXOJHBIM
HelipoHoMm. Ha pucyHKe TOKa3aHbl CUTHAajbl, MPOXOASALME T0 CETH TpPH
[JaHHOM BEKTOpe BXOAHBIX CUTHAJIOB, U Beca CBsizell. B gaHHOM mpumepe
37eMeHTHI cetH He UMEFOT COOCTBEHHBIX MOTPeNHOCTeH.
XapakrepucTtuueckast PyHKIIUsI HeTUHeHHBIX TpeoOpa3oBaTesieil UMeeT BU/I;

w(x) :;;._~J;*[j2'—|-|-_r|j, e 1 - BXOJHOW CHIHAA HeJIWHEeHHOro
npeobpa3oBarens. CpejHeKBagpaTUUYeCckoe OTKIOHEHHEe BEKTOpa BBIXOZHBIX
CUTHaNMOB ceTu JToy¢ paBHsieTcda 0.01. CpegHekBaJpaTuueckKue
OTK/IOHEHHUSl TOTPeIlHOCTeM [0 BX0AaM CYMMAaTopa BBIUHUC/SIOTCSA C
HCII0/Ib30BaHUEM thopmynel AJs1  paBHOMEpPHOIO pacrnpezeneHus
CpeHeKBaPAaTUUeCKUX OTKIOHEHU.

27 93
73 0.64
5.34.0-28 i
T |3.11 ﬁ.

2.16-9:73,
a.42 034,
346041 T 6.21:/;?\ 0.76/ _—

\7) 0.87
.28 028,
Puc. 6.10.

BerunciuMm cpegHekBajpaTHuecKie OTKIOHEHUsA [l BCeX CUTHAIOB CeTH
NpU JAHHOM BEKTOpe BXO[HBIX CUTHa/N0B. Bce BbIuMC/leHHble 3HAYeHUs B
3TOM TpUMepe OKPYIISIIOTCS [0 [IBYX 3HAKOB mocne 3ansToit. Ha puc. 6.11
MOKa3aHbl BBIUMC/IEHHbIE Cpe/IHeKBaJpaTUuecKue OTKIOHEeHUs [/ JaHHOTO
npumepa.
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Fig
—

Fig
A

g
UL

Fig
]

o

s
Folid
2
Puc. 6.11.
0.01
o, = T out _ f _ i
' (A)]  2/(2+0.32)2
0.03 0.03
To g DDD?LBE = UG%ED-L T :
oy = .- ' . _ _ 0.08:
2/(240.14)2  0.44
0.04 0.04
O = — . _ _ 0.3
2/(2+1.53)2  0.16
0.08 0.08
. = =01
. 0.112 4+ 0.612 + (0.382 0.7
0.23 0.23
i = = 0.18;

0.732+0.532+0.872 1.25
os = g9 = 010 = min{os, 07} = 0.11;

4 = .11 — IR e
L i 2}"':2"'5.[].3}3 — 0.03 — 3.-_'-_!_
— @11 S o i [ (LI i,

512 - 2;"’|:2+J.JJIE o “-“B - 1-—.1:3.

2

Heliponugopmarika

Rt
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0.11 0.11
2/(2+6.21)2 0.03
3.55 3.55
[ — - = - = 2.3&:
0.32 +0.952 4 0.642 1.49
1.43 BNy
15 = > e — = 1
0.282 + 0.752 0.8
3.67 3.67
g1 = —— — - = 2 = 503;
0.54% + 0.412 +0.282 0.73
Takum obpasom, MOJIydeHbI (hopmyne ans BBIUMC/TEHUS
CpeJHEKBAApPATHYECKHUX OTK/IOHeHUH ]'IO]."pELUHOCTEﬁ CHUTHa/IOB CeTH, B
npearnoyioXKeHnu, uTo MOrpemHoCTH ABJIAKOTCA He3aBUCHMbBIMH

Cﬂy‘-lafiHbIMH Be/IMYHMHdAMH.

AHamu3 peaar3yeMo CTU ceTeu Cc CoOCTBEeHHLIMU
[MOorpeuHo CTsAMH 3J/IeEMEHTOB MeToa0M 06parH0r0
PacCIIpo CTPAHEHHA TOUYHO CTH AJIA OLIEHKH
CpeaAHEKBAJPpATUYECKHUX OTKJ/IOHEeHUH

Bce u3nokeHHbIe BbIlE COOOpaKeHHUs: 0 BBIMOJHUMOCTUA MeToja 0OpaTHOro
pacripoCTpaHeHUsi TOYHOCTU CHOpPaBeJIMBbI M [ MeToAa o0paTHOro
pPacTipOCTpaHeHUs] TOUHOCTH [Jis CPeAHEeKBAaJAPATUUECKUX OTKIOHEHUM
MOTPEIHOCTeH C yueTOM COOCTBEHHBIX MMOTPeIIHOCTelH 31eMeHToR. OTanune
COCTOUT B criocofe BLIUMC/IEHHUS NPOMEXYTOUHBIX CpefHeKBaJpaTHUYeCKUX
OTK/IOHE@HUWI MOTPeIHOCTeH.

Kak u BbIllle, paCCMOTPUM YUYaCTOK CeTH, U300pakeHHbIN Ha puc. 6.9. /s
3TOT0  y4aCcTKA HaM  HeoOXOAMMO  BBIUUCJIIUTH  [POMEXYTOUHOE

CpeHEKBaIpATHYEeCKOe OTKIOHEHK e MTOIPeIHOCTH G.pa:ri .

[Tycte cobcTBeHHOE Cpe/lHEKBagpaTHUYeCKoe OTKIOHEHUEe TOTrPemHOCTH
cymmartopa 1 PpaBHoO T3, coOCTBeHHOe cpeJHeKBaJpaTHuecKoe
OTK/IOHEHHe TIOTPelIHOCTH HeJWHeHHoro mnpeobpa3oBaTtens paBHO Ty U
T4, - CODCTBeHHOe CpegHeKBAaJpaTUUeCKoe OTK/IOHeHHe I1OTPelHOCTH
TOYKHU BETB/IEHHS.

PaCCMOTpHM CHa4daJjid BAPHAHT, KOrga COOCTBEHHEIE MOrpemHoCTH
264




Unknown Hefipounpopmatika
3JIEMEHTOB ﬂDﬁaBﬂﬂI—OTCH K BBIXOAHBIM CHUI'Ha/1dM 3THX 3JIEMEHTOB. B sTom
Ciiydyde CpeJHeKBaApdTUUeCKOe OTKIOHEHHE IMOTrPeHOCTH BXOAHOI'0 CMIrHaJ/ld
HeTUHeHHoro Hp806pa3OBaTEﬂH BBIUHUC/IAETCA Ino cbopmyne

0 = Oouwn /|2 (A)] , 1€

— 2 2
T gurn — \\,.' G—L e G—_‘J|
Tl - 06]_U|EIH MOTPeIHOCTb BBIXOAHOTO CUrHasmaa HeJIMHEeHHOro

npeobpa3oBarens. /lnis  TOUKA  BeTBJIEHUSI  CpPeQHEKBaJpaTUueckoe
OTK/IOHEHHEe TOIPelHOCTH BXOAHOTO CHUTHala OMpejenseTca  Kak

min{D;}£, — o7,

CpejHekBaJpaTHueCkoe OTKIOHEHUE TMOTPelHOCTH s PaT#  KOTOpoe Mpujer
K BXOAy CyMMarTopa *.; NMPU NMPsAMOM (YHKLIMOHUPOBAHUU CETH, HAUUHASA OT

BBIXOJHOIO CUTHasa cymmaropa 3y (puc. 6.9), paBHo

/ =
gt = v’a%l - @' (AP + 02 + gl

- part
Cpe/iHeKkBafipaTMUeCKHe OTKIOHEHHUS TOTPelHOCTed 7, NpUAYT K
KaKIOMY  BXOAy  Cymmaropa Yo Ecnu  cymma  KBajipaToB

v _pari .
Cpe/jHeKBaJpaTHUeCKUX OTKIOHeHUH (7 c ko3hduirenTamu ¥; MeHbILe
KBaljpaTa CpeIHEKBAApPATH4YEeCKOr0 OTKIOHEHHSA TIOTPeIHOCTH BbIXOAHOTO

9 - part

curHana cymmaropa ( X7 a7 - (7, ¥ < @?), To BBIUMC/ISEM PA3HOCT

L [Jfari:lz =, OcraBuyrocs 4acThb KBajpara
CPeJHEeKBa/jPaTHUeCKOr0 OTKJIOHEHHsl TOrPelIHOCTH BBIXOJHOIO CHUTHANA
CymMMaropa ( pachpejensieM pPaBHOMEPHO [0 BCEM BX0AaM, uTOOBI
CpeJHEKBa/JPaTHUeCKHe OTKJIOHEHMs MOTPeIHOCTeHl BXOZOB IPEBBILIAH
COOCTBEHHBIE  CPEJHEKBa/paTHUeCKue  OTKIOHEHWs  [OrpelHoCTeil

3JIEMEHTOB HA OJHY W Ty ke BequuuHy & . Torga mosmydaeMm CieyrOLIyiO
opmyry

L0}« (07 +€) =a* > &= \/(6? - B0 - (o772 /E, .

e g=
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Unknown Hefipounpopmatika

CpeaHexkBagpaTHuecKie OTKIOHEHHs MOTPeIHOCTeH Mo BXoJaM Cymmaropa

part,

)
OynyT paBHBI (7; = v [J] )2 4+ £2,

[Tycte Temeps COOCTBEHHBIE MOTPEIIHOCTH 37€MEHTOB A00aBASIOTCA K
BXOJHBIM CHUTHA/laM 3THUX 371IeMeHTOB. B 3TOM ciydae cpefHeKBaJpaTUuecKoe
OTK/IOHEHUEe MOTPelHOCTH BXOJJHOTO CUrHasa HeJINHEeIHOro
npeobpa3oBaTesist BEIYUCISeTCA 110 popmyne

— f 24 AF T
T =\ 01/¥ (A = e,
e 71 - MOTPelHOCTb BHIXOAHOIO CHIHA/IA HeJIMHeHHOro npeoGpa3soBaressi.
[lnsi TOUKM BeTB/IEHMSI CPe/HEKBA/|PaTHUeCKOe OTKIOHEHHEe [OTPELHOCTH
BXOJHOIO CHTHA/Ia OMPE/e/IsIeTCst KAK ObI/I0 yKa3aHO BBILLE.

CpesHekBajpaTHUeCKOe OTKJIOHEHHE MOTPElHOCTH PaT# B 9TOM Ciiydae
paBHO

orrt = \/(Z1,07 - (0%, 2+ 02) - [P (AP +03,.

BenuuuHbl £ A9 BBIYMCIEHUS CPEeJHEKBAJPATUUECKUX OTKIOHEHHH
MOTPEeHOCTe!l BXOAHBIX CUTHANOB T; BBIUUC/ASIOTCS KakK OBIIO TOKa3aHO
BBIILLIE.

[MpomexyTouHble Cpe/lHeKBafipaTUUeCKie OTKIOHEHHWS TOTPelmHocTel
(7PaT# MOXKHO BBIYMCJISTH KAK [/1s1 YUaCTKOB CETH, Tak U [Jisl CETH B L|@JIOM.

Takum  obpasom, Mbl Toaydunau  GOPMYIBl A BBIUMC/IEHUS
CpelHeKBapaTUYeCKUX OTKJIOHEHUH TOTPemHOCTell CUTHAI0B HEeHpPOHHOU
CeTH ¢ COBCTBEeHHBIMU MOTPEIHOCTSIMH 3/IEMEHTOB.

Tunbl NOTpeIHo CTeit

B meTope obpaTHOrO pacmpocTpaHeHus TOUHOCTHU TIPUBeieHbl GOPMY/bI 75
BBIUMCJIEHUS TIOTPEIIHOCTeH CUTHAIOB CeTH. DTH (POPMYIbI PACCUUTAHBI IS
CUTHAJIOB, TMOJIyYeHHBIX TIPU TPSMOM (YHKLIMOHUPOBAHUM CETU C OJHUM
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Unknown Hefipounpopmatika
rnpyuMepoM M3 OGy‘-IElI-O]_UIEi:I BBIﬁOpK_I/I B Kd4UecTBe BXOJHBLIX CHUI'H4/IOB CEeTH.
BOOﬁIl[E robopsd, AONYCTHMBbIE€ TMOTpPelmHOCTH CHIHAJIOB 3dBHCAT OT BHd
BXOAHBIX CHUIHA/JIOB CeTH. HCXO,H.H u3 3TOro, nJjs MeTodd OﬁpaTHOFO
pacripoCTpaHeHHWsA TOUHOCTH MOXHO BBIJE/JIWTH YEThIpe THUIla AOINYCTHMBIX
TOTPeIHOCTe:

1. MOrpelHOCTH, BEIUYMCIEHHBIE [/Isi OAHOTO PUMepa;
TIOTPeNHOCTH, BBIUUC/IEHHBIE /1 BCel oOyuaroiein BbiIOOpKY;
3. TOrpeIHOCTH, BBIUMC/IEHHBIE /I TIPUMEPOB, KOMIIOHEHThI KOTOPBIX

N

npuHagiexat obmacu A, < x; < Bj,i—=1.n, me n -

pasmepHocTs obnactu, A;, B; - nelicTeuTenbHbIe unCa;
4. TOrpenmHoOCTH, BBIYMC/IEHHbIE [ MPUMEpPOB, KOMIIOHEHThI KOTOPbIX

r > -
npuHazexxat obmactu E?_L;rf < =, tne R - [OeUCTBUTE/ILHOE

YHUCIO0.

[MorpemHOCTH TEpBOTO THUIIA BBIUUCASIOTCSA MO (GOPMyIaM, OMHCAHHBIM B
MeTozie 00paTHOro pacrpoCTPaHeHUsI TOUHOCTH.

Hnst Toro, uToObl BBIYMC/IUTE MOTPEIIHOCTH BTOPOTO THUIIA, BBIUKCIISEM
MOTPeIHOCTH /ISl KaXKAO0TO Tipumepa u3 obydaromieii BeiOOpku. 3aTeM B
KauecTBe [OMYCTUMON TOTPEIHOCTH [ KaKJOTO0 3JeMEeHTa CeTH
BbIOMpaeTCd MHUHUMYM JOMYCTUMBIX TIOTPEHIHOCTEH 3TOr0 3JIeMEHTa,
BBIUMCIEHHBIX [ KXKI0r0 npuMepa u3 obyuatoiieii Be1O0OpPKU.

PaccmoTpuM, Kak BBIUMCASIOTCS [ONYCTHUMBbIE TMOTPEIIHOCTU TPEeThero U
yeTBepTOro TUMOB. B dopmyrax [gnd BBIYMCIEHUS  [AOMYCTUMBIX
MOTPeHOCTell BXOJHOW CHUTHAl UCIONAB3YeTCS TOMBKO Yy HEJMHEeHHOro
npeobpasoBarens. JlonycTUMbIe MOTPEIIHOCTH OCTaAbHBIX 37IEMEHTOB CETH
OT BXOAHBIX CUTHANOB He 3aBUCAT. [l03TOMy /11 BBIUMC/IEHUS 9TUX TUIIOB
MOTPeNHOCTel CleflyeT BBIACHUTh, KaKWe CUTHabl OyIyT BXOAHBIMU AJis
HeMMHeNHBIX TpeoOpa3oBaTesneil, ecIM  BXOAHBIE  CUTHAIBl  CETH
npuHaziexaT 061acTy, KOTopas AB/ISIeTCS MPSIMOYTOJIbHUKOM HJTH LIAPOM.

Ins Hauana pacCMOTPUM [JOMYCTHMble TOTPEIHOCTH TPeThero TUMa, TO eCThb
Te JOMYyCTHMble MOTPeIHOCTH 3/1eMEeHTOB CeTH, KOTOpble MOJy4arTCsl MpU
BXOJHBIX CHUTHanax, NpUHAAIeKalnMx MpsaMoyroacHod obnactu. Ham
M3BeCTHbl MHTEpPBa/bl, B KOTOPBIX M3MEHSIOTCS BXOAHbIE CUTHAa/bl CETH.
Tpebyercst BBIUMCAMTL WHTEPBaabl IS BXOJHBIX CHTHAIOB KaXK0TO
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Unknown Hefipounpopmatika
3JIeMeéHTa CeTH. B}ﬂEM BBIUHCUIATE HX CIeAyIOINIHUM 06138301\-"[. HpH
MPOXOKIAEHHUH HHTEpPB4J/IOB yepes CYyMMATOD KOHIBI HWUHTEpPBAJ/IOB
COOTBETCTBYHOIMX BXOAOB YMHOXAKTCA Ha BeCa CHHAIICOB Ck; M 3aTeM
CKMaAbIBAOTCH. HpEﬂHOHO}KHM, qTo li]y’HI{L]I‘IH dKTHBAII|HH HeIMHeHHOro
Hp906p330BaTEﬂH HerpepbiIBHA WU MOHOTOHHA. TOl"r[[El B KdyeCTBe KOHIJOB
HHTEpBdJ/d €ro BhIXOAHOI'O CHUI'HAJ/la 6Ep}’TCﬂ 3Ha4YeHH A XEIPEIKTEPI/ICTI‘I'-IECKDFI
(lJYHKLLI/II/I He/MHeHHOro npeoﬁpamBaTenﬁ OT KOHLJOB HHTEPBd/Id BXOAHOTO
curHana. Touka BeTBAeHUS IOCBL/IAeT HpHmﬂHLUTHf‘I K Hel HWHTEpPB4/I Hd
BXOAbI CMeAYHOIMX 3JIEMEHTOB. Takum 06133301\-"[, A1 KaxKJ0ro 3/;ieMeHTa CeTH
Mbl MOeM BBIYHC/IMTb WHTEPBA/J, B KOTOPOM H3MEHAKTCA €ro BXOAHLIE
curHanel. Hac HHTepeCcyr0T MHTepPBA/Ibl, B KOTOPBIX H3MEHATCH BXOAHLIE
CUTHA/ILI HeIUHEeHHBIX HpEOﬁpaBOBaTEHEﬁ. ,HJ'IH TOro, yTOOBI BBIYHC/IUTE
AOIIYCTHMEBIE MOrpemHoCTH BXOOHOTO CHTHaJ/la He/TUMHeHHoro
Hp906p330BaTEﬂH, HEOGXOr[[HMO BBIYUCIIUTE MAKCHMYM l'[pOH3BO,H|HOi:I
(lJYHKLLI/II/I dKTHBAIIUH He/TMHeHHOTro Hp806PHBOBaTEHH Ha HWHTepBasiae
H3MEHEeHHS ero BXOAHBIX CHIHAJIOB W 34TeéM pa3de/IuTh Hd 3Ty BeIUUYHUHY
AOIIYCTHUMYHO MOorpemnHoCTb BBIXOAHOTO CHUTHaJ/Ia He/TUMHeHHoro
Hp906p330BaTEﬂH.

Takum 06[)8301\-"[ BBIUHUC/IAKTCA AOIIYCTHMBIE TIOTPEIIHOCTH CHUMIrHA/JI0B CEeTH
AJIs HpHMO}TOJ’[LHOﬁ obmactu BXOJAHBIX CUTHA/IOB CeTH.

PaccmoTpum nipumep, B KOTOPOM OyZ1eM BBIUMC/ISTH MOTPELIHOCTH TPEThEro
tuma. Bocrone3yemcst HelipoceThro, n300pakeHHO# Ha puc. 6.9. HeiipoceTb
MMeeT TakKue >Xe Beca CHHAMCOB, HO BXOJHbIe CHUTHAIbl TPUHAZJIeXaT
MIPSIMOYTOTbHOM 00/1acTH:

h=[-2,6:k=[3,11):k= [L.5,4]:l4= [2,7]:Is= |4, 10]:/6= [-5,5];
= [1,8]:Ig= [—4,8].
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BE 5

I
Ty

III
—..

Puc. 6.12.
CurHasbl CeTU U3MEHSIIOTCA B C/IeAYIOIMX UHTepBaax:

Iy=[-0.6,3.6]:[10= [2.85,10.45]:I,, = [0.96, 2.56]:I,,= [0.56, 1.96];
I3= [3,7.5):04= [-2.7,2.7); 5= [0.41, 3.28]: 5= [-1.12,1.68);

L= [3.21,16.61);115= [3.56,9.46];I10= [—3.41, 7.66]: 20= [0.62,0.89];
In = [0.64,0.83);:50= [~ 0.63,0.79):Ias= [0.07,0.1]:I24= [0.45,0.65];
Ins= [0.39,0.51]:Las= [0.34, 0.44:L5,= [0.2, 0.26]: L= [-0.55,0.69);
Izg= [0.26,0.86); 5= [0.24, 1.78); 15, = [0.12, 0.3]:[s2= [0.1,0.47);
Iyz= [0.04,0.1);13,= [0.07,0.32];I35= [0.11,0.42];I36= [0.05,0.17).

Msbl MO’KeM BBIYMC/IUTb MAaKCUMYyM MPOM3BOAHON (YHKLIMM akTHBAllMK Ha
WHTepBase U3MeHeHHs BXOJHOro CUTHaJIa HellMHeHHoro npeobpa3oBarersi.

¥ -
max 3 31 16.61) — 007

Hiax 'pEL{.EU.EJ.-IU] = 0.06;

mnax 531—3.4'1.7.55] =0.07;

ax ¢ 'EJ .26,0.86] — = 0.39;
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’
MAaX Pg,.24,1.78] = 0.4

st = C
MAX 10.11,0.42] = 0.45,

3Hasag 3TH Be/IHYHHBI, MOXHO BBIUHC/IHMTE [AJONYCTHMbIE I[MOTPEIIHOCTH
TPEeThero THIld.

BrisicHuM Terepb, KdK BbIHHMC/IAKTCA OOIIYCTUMbBIE TMOI'PENHOCTH CHI'HAJ/IOB
4eTBepToro TWIld, TO eCTh MOrpemHOoCTH, IMOJAY4YAKIIHeCHd, KOIrd obnacTe
BXOJHBIX CUTHA/IOB CETH ABJIAETCHA 1IapOM.

PaccyxgeHus, mnpuUBefeHHBIe BBIIE IS [JOMYCTUMBIX TOTPEHIHOCTeH
TPeThero TUMA, CIPaBeJJUBbBI W [si JONYCTUMBIX TIOTPEIIHOCTeH
yereproro Tuna. OTaMuMe COCTOMT B TOM, YTO HaM HeoOXoguMo
"pa3BepHyTh" IAapoByl0 o001actb TakumM oOpa3om, uYTOOBI TOMYYUTh
WHTEePBaJbl, B KOTOPBIX U3MEHSKTCS BXOAHbIE CUTHAJIBI 3/IEMEHTOB.

PaCCMOTpHM AJIs 3TOT0  KBaJpdTbl BbBIXOAHBIX CHUIHA/IOB CYMMdTOPOB
BXOOHOTO CJI0A CeTH. I/ICHOHLB}’H HEepPaBeHCTBO KOHJH, noaydaemMm

A= (2% oum ) < Bho? BE 22 < RP.Th of = |A| < RyfEL 2,
[Ie Jj- - UMC/I0 BXOAHBLIX CHUTHA/JOB CymMMmaTopa. IIonyuyuau MHTEpBabl, B
KOTOPBIX H3MEHSAKTCA BbBIXOAHbLIE CHUIHA/IbI CYMMdTOPOB BXO0JQHOro Cioda
HEF‘IPOHHOFI CeTH. I/ICHOH]:BYH OTH HWHTEPBAJIbI, MOEM BbIYHC/IHTb
HHTEepPBAdJ/Ibl, B KOTOPBLIX H3MEHAKTCA BXOAHbIE CHTHAJIbI 3JIEMEHTOB CeTH.
BBTEM, KdK yXKe OLIJI0O  OIMHMCAHO BbIllle, BbIUHUC/IAEM  OOINYCTHMBIE
IMOTpPemHOCTH BXOAHBLIX CHTHAJ/IOB HEeTHHEeHHBIX HpeoﬁpaBOBaTEHEﬁ.

O6cyxaeHue

Kak metog oOpaTHOTO pacrpocTpaHeHUsi TOYHOCTH, TaK U MeTof, obpaTHOro
pacrnpocTpaHeHus] CpPeJHEKBaJpPAaTHYeCKUX OTK/IOHEHUH TOTPerHOoCTeH
MO>XHO TIPUMEHSTH K CeTAM He TOJIbKO CIIOMCTOW CTPYKTYPbI, HO TaKke K
UUKIUYECKUM U MIOJTHOCBSI3HBIM CeTaM. PaccmarpuBasi  TakT
(GyHKIITUOHMPOBAHUS CeTH KaK CJI0i, 'pa3BopauMBaeM'’ IMKIUUYECKHE W
MOTHOCBSI3HBIE CETU B CeTHU CJIOMCTOM CTPYKTYPHI. Beruncisiem gomycTuMblie
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Unknown Hefipounpopmatika
MOTPeNHOCTH (CpeJlHeKBaJpaTUUeCKue OTKIOHEHUs! TMOTPeIHOoCTel) A
CUTHAJIOB CTaH/apTHBIX HEHPOHOB Ka)KJOro cyos. 3aTeM 'cBOpaurBaem"
CIOUCTYIO CeTh B UCXOAHYI. Tak KakK Ka)KAbIM C/I0H TOJIyUeHHOW CeTH Ha
CaMoM [iefie SIBJISIeTCS TAKTOM (YHKIJMOHUPOBAHUS, TO JIJIsl KA)KJOTO CUTHAja
CeTM Ha pa3HbIX TakKTax I107y4aeM pasHble JONYCTAMBble [IOTPelHOCTH
(cpegHekBaZipaTUueCcKWe  OTKJIOHEHUs  MorpemHocTeit). B kauecTBe
JOTMYCTUMOMN MOTPeILHOCTH (cpegHeKBaApaTUUECKOTO OTK/IOHEHHS
MOTPeNHOCTH) [ Ka)KAOTO CHTHaja CeTU BBIOMpAaeTcsi MUHHUMYM 3THX
BEeJIMUMH I10 BCEM TaKTaM.

Vpes 3TUX METOZOB BO3HUKIA TIPU PpeELIeHWH 3ajjaud OWHapu3aluu
HeHPOHHOU ceTH. BUHapu3alus COCTOUT B MOCTPOEHUU TaKOU CeTH, KOTopas
(yHKLIMOHUPYET TakK >Ke, KAK U UCXOZHAasi, HO UMeeT Beca CUHAICOB, PaBHbIE
0 unu 1 (BapuaHT: +1 unmu -1 ).

Ho wmetom obpaTHOro pacrnpocTpaHeHHss TOYHOCTH W MeToj obparHoro
pacrnpocTpaHeHus] CpPeJHEKBaJpPAaTHYeCKUX OTK/IOHEHUH TOTPerHOoCTeH
CUTHAJIOB CeTH UHTEPeCceH He TOBKO U He CTOJILKO B MIPUJIOXKEHUH K 3a/aue
bunapusanuu. VX MOXXHO TIpUMEHSITb TPU PelIeHWH psijla JPYTUX 3ajau.
Hanpumep, BBIYMCIUB JOMYCTUMBIE TOTPEIIHOCTH (CpeJHeKBapaTHUeCKue
OTK/IOHEHMS TIOTPEIIHOCTeH) /i BCell CeTHU, MOXKHO BBISICHUTb, B KaKHUX
npeziesiax MOXKHO BapbHPOBATh BXOJHbIE JaHHBIE M CHUTHA/ABI Ha Jir0OOM
y4acTKe CeTH, UTOOBI BEeKTOP BBIXOAHBIX CUTHA/IOB MPH 3TOM H3MEHUJICS He
Bonee, ueM Ha 3aJJaHHYIO BEJIUUUHY.

Metop o6paTHOro pacrnpocTpaHeHUs1 TOUHOCTH [i7isi CpeJHEeKBaJpaTUUeCKUX
OLIEHOK TOTPEeILIHOCTH TMO03BOJIeT MoaydaTh (GOPMYIbl [AJjisi BBIYMC/I€HUS
MOTPeNHOCTell CUTHANOB CeTH, Hajlaralliyie MeHee >KeCTKHe OrpaHUYeHus
Ha BEeMMUYWHY TOTPEIIHOCTeH 10 CPaBHEHWID C TapaHTUPOBAHHBIMU
WHTEPBalbHBIMU OLleHKaMU MOrpelmHocTaIMu. Ecnu g rapaHTHpOBaHHBIX
WHTEPBAMbHBIX OL[EHOK NMpPU 00paTHOM MPOXOXKJE€HUH CJI0€B AOMYCTHMBbIE
MOTPEIIHOCTH CUTHA/NIOB YMEHBIIAKTCSA, TO [ CpeJHeKBaJpaTUueCKHX
OLIeHOK IMMOTPeIHOCTeld eCTh CUTYAl[UY, KOTyla MOTPEeIHOCTH YBeTUUUBATCS
OT TOC/IeJHero cos K nepBoMy. ECiu MOrpemmHOCTH CHUTHA/MOB SBSHOTCSA
HE3aBUCUMBIMHU C/Iy4ailHBIMM BeJIMYMHAMH, TO, KaK M0OKa3aHO B TMpPUMeEpe,
Jaxe TIpU OOMBIMX TMOTPEHIHOCTAX BXOAHBIX CUTHAJIOB [OJIY4arOTCS
JOCTaTOYHO TOYHbIE BBIXOAHBIE CUTHAIBI.

3aK/Ir0ueHue.
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Takum OﬁpEBDM, penieHMe 3a0a49H¥ BBIUHC/IEHHUA OOIMYCTHUMBIX l'[O]"pE]_LIHOCTEi:I
(CpEﬂHEKBaﬂpaTHQECKHX OTK/IOHEHHWH HOFpeu.]HOCTEﬁ) A KKA0T0 CHTHald
CeTHu MeToaoM OﬁpaTHOFO pPaCripoCTpaHeHHW A TOUHOCTHU YOHMBHUTE/IBHO IMOX0XKe
Ha MeTOo[ OﬁpaTHOFO pacCripoCTpdHEHH A OI_L]I/I6KI/I, HO C JPYTHMH IT1paBHJ/IdaMH
MPOXOXKOEHUA IJIEMEHTOB. METOr[[ IMO3BOJIAET d)OpM}UII/IpOBaTB TpEGOBaHHﬂ K
TOYHOCTH BbIHHCUIEHHA MW pedlH3dllMH TeXHHYeCKHX YCTpOﬁCTB, eciim
H3BECTHEI Tp96OBaHI/IH K TOUHOCTH BBIXOAHBIX CUTHA/IOB CETH.
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CKpbITbIe ITapaMeTpbl U TPAHCIIOHUPOBAHHAS PerpeCCusl

B manHo# nekiuu OymeT pemaThcs 3afaua BOCCTAaHOBJIEHMSI HEZOCTAIOIIMX
JlaHHBIX, TO3HAKOMUMCS C TUTIOTe3aMU U TeOpeMaMH O CKPBITHIX ITapamMeTpax

BeruncnurensHsiit eHTp CO PAH B 1. KpacHosipcke

A.H.KupduH, A.FO.Hoegoxo0bvko, B. I'.[[apezopodyes

Pemaetcst Kimaccuueckas nmpobaemMa BOCCTaHOBJIEHHST HEJOCTAIOIIMX JaHHBIX
B C/eylolled TOCTAaHOBKe: HAWTH [id KaXA0ro 00BeKTa Hauaydiiyr
(opmyny, BHIP@KAMIIYI €ro MpU3HAKU Yepe3 MPU3HAKA [JPYruX 00BEKTOB
(KOTOPBIX JO/DKHO OBITH MO BO3MOYKHOCTH MeHbIe). DTa GopMyna JO/DKHA
ObITh ~ WHBApMAHTHA  OTHOCHUTEIBHO  CMEHBI  IKal  H3MEpPEeHHs.
VMHBapUaHTHOCTb [OCTHTAeTCs TEM, UTO PEIeHWEe TPeCTaB/sSeTCSI B BHUJIE
CYMeprio3uIiiy OAHOPOAHBIX APOOHO - MMHEeHHBIX DYHKIIUH.

CTtpouTcs OTHouleHue '"00BLeKT - omopHas rpymmna obwektoB". OmopHas
rpynna Bbije/leHa TeM, YTO MO TpH3HaKaM ee 3/1eMeHTOB HauIyulliiM
o0pa3oM BOCCTaHABIMBAKTCS TIPU3HAKW HUCXOAHOro obOwbekra. Pemenue
JaeTcsi C TIOMOLBK) HEHPOHHOW CeTH CHelHanbHOU apXUTEKTYpPHI.
[Mpepnaraercsi cmoco® MUHUMH3ALUM OMOPHOW TPYINIMEI, UCHOIL3YIOIMM
MpenMYyIeCcTBa HeHPOoCeTeBOro MoJgXxoja.

MeTon, ~ TPaHCIIOHMPOBAaHHOW  perpeccHMM TpPUMEHsieTcss K 3ajaue
WHTEpIOJIALUN CBOMCTB XMMHYECKHX 371eMeHTOB. MccimeayeTcsi TOUHOCTb
VHTEPNOALUHA TOTeHL|HMAJ0B MOHU3ALMU XUMHUECKUX 3eMEHTOB [pU
MOMOIIM  TPAaHCIIOHUPOBAHHOW  JUHEWHOW perpeccuu. JlocTurHyras
TOYHOCTL TI03BOJIIeT TpeJcKa3aTb OTCYTCTBYyIOLMe B  CIIPaBOUHOM
nuTeparype 3HaueHUs BbICHMX (C 5-ro mo 10-i) moTeHI[ualoB MOHU3AIUH
[I7151 37IeMEeHTOB C aTOMHBIMU HOMepaMH OT 59-ro 10 77-T0 U peKOMeH/0BaTh
METOZ, 751 WHTEpIOJSLUU HUHBIX (U3NUECKUX U XUMHYECKUX CBOWCTB
371eMeHTOB U COeJUHEeHUM.

['mnoTe3a 0 CKPBITHIX ITapamMmeTpax

[lycte 3ajjaHO HEKOTOpPOEe MHOXEeCTBO OOBEKTOB U  COBOKYITHOCTb
("HoMmeHK/IaTypa') MPpU3HAKOB 3THUX 00BEKTOB. JI/1s1 KaXKA0TO 00BEKTa MOYKET
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ObITh OMpeJe/seH BEKTOP 3HAUeHWM ero TPU3HAKOB - TOMHOCTBIO W/
yactuuHo. Ec/ii 3TH 3HaueHusl A5 Kakux-1ub0 OOBEKTOB OrpefiesieHbl He
MOJIHOCTBIO, TO BO3HUKAeT Kjlaccuueckas TmpobaemMa BOCCTaHOBJ/IEHUS
npobesios B Tabnuiax gaHHbIx [7.1].

Haubonee pacrnpocTpaHeHHBI TMyTh ee pelleHusi - TIOCTPOeHue
perpecCHoOHHBIX 3aBucHMoOcTed. [lpeamonaraercs, uyTO OAHU CBOWCTBA
KOXA0ro U3 OO0BEKTOB MOTYT OBITH C [OCTAaTOYHON CTENeHbI TOYHOCTH
OMUCaHbl KaK (QYHKIUU [APYTUX CBOWUCTB. OTU (YHKIUM OAUHAKOBHI [7Is
pasnuuHbIX 00BekToBR. [locneaHee peanonoKeHue BBITOJHSIETCS JaleKko He
BCera.

Yrto pgenath, eciu He YHAAETCs MOCTPOUThH PErpecCMOHHOM 3aBUCHUMOCTH,
obi1rieit ast Bcex 00bekToB? B 3TOM ciiyuae eCTeCTBeHHO TMPeNoI0KUTh, UTO
CYILIECTBYIOT HEOTNHCAHHbIE U HeU3MepeHHble CBOWCTBA OOBEKTOB - U
MMEHHO B HUX W 3aK/IHOUAIOTCSl CKPBIThIE PA3/IUuusl, He [allKe TOCTPOUTh
WUCKOMBIE 3aBUCUMOCTH. JTH HEYUYTeHHble U HEM3MepeHHbIe CBOICTBA; OT
KOTOPBIX 3aBUCAT HabiwaemMble TapaMeTpbl, HAa3bIBAKOT "CKPBITBIMU
napameTpamu’, a peAroioKeHHe 0 TOM, UTO BCe [|e/I0 B HUX - THIOTe301 0
CKPBITBIX [TapaMeTpax.

[TpobGrema CKpBITHIX MapaMeTPOB CTajlia 3HAMEHUTOMU, Oiarozapsi KBAaHTOBOM
MexaHuKe. MHOroseTHue NMONBITKA CBECTH KBAHTOBLIE HEOTIPee/IeHHOCTH K
pa3nMuMi0 B 3HAUEHUAX CKPBLITBIX MapaMeTpPOB M TMOWUCK 3THUX CaMbIX
rapamMeTpoB He YBeHYAJIUCh ycrexoM. B aTom ciyuae mpobiema oTCyTCTBUS
OJHO3HAUHBIX CBS3€il MeXJy XapaKTepUCTHKaMu OOBeKTOB o0Ka3asach
miyb)ke, a KBAHTOBbIe HEOTPEJe/IeHHOCTH TMPHU3HAHBI HECBOAUMBIMM K
pa3MuMi0 B 3HAUEHUAX HEW3MEePeHHBIX, HO B MPUHI{UIIE [OCTYIHBIX
WU3MEPEeHUI0 BEeMUYMH - /I KBAHTOBBIX OOBEKTOB MHUKPOMHUPA CKPBITHIX
rapaMeTpoB He HalUIH.

3a mpezienaMi MHUDOB KBAaHTOBOM MeXaHUKMU Pa3iuuus Mexay oObekramu
BCcerga OOBSCHUMBI Ha/JMUKMEeM CKPBITBIX MapameTpoB. B Hamem o6biuHOM
MakpOCKOITMYeCKOM MUpe npobemMa COCTOUT He B CYLLECTBOBAHUHU CKPBITHIX
rnapameTpoB, a B 3(QbeKTUBHON Mpolieype UX MOMCKA U yueTa, a TaKkkKe B
pa3fefnieHUU CUTyaud Ha Te, Uil KOTOPBIX PAa3yMHO HCKATh CKPBITHIE
napaMmeTpel, U Te, S KOTOPbIX O0o0Jbllle MOAXOAWUT TMpeACTaBieHHs O
HEyCTPaHUMBIX (B JaHHOM KOHTEKCTe) C/Ty4ailHbIX Pa3TuuusiX.

Opna u3 npocreiinmx Gopm MpeAnosokKeH!us O CKPLITBIX TMapaMeTrpax -
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TUNOTe3a 0 KaUeCTBeHHOW HeofHOpPOAHOCTH BhIOOpKM . OHa 03HauaeT, 4TO
CKPBITBI€ TlapaMeTpPbl MPUHUMAKOT CPAaBHUTEILHO HeDO/bIIoe KOHeYHOe
YMC/I0 3HaYeHWH M BCH BLIOOPKY MOXXHO pa30UTh HA KIacChl, BHYTPH
KOTOPBIX CKPBIThIE TAPaMeTPhl, CYIIECTBEHHBIE [JjIsl PELIEHHUST HHTePECYIOIIeH
HAaC 3a/lauyd perpeccuu, ToCTOssHHbI. Kakaoi Takoir BbIOOpKe Oyger
COOTBETCTBOBATH "Xopouias' pezpeccuoOHHAs 3a8UCUMOCMb.

[Moctpouts knaccudukanuw (6e3 yuuTens), COOTBETCTBYHOUIYIO JaHHOM
TUTIOTe3e MOKHO TOABKO Ha OCHOBEe MPEANONOXKeHUu o dopMe HUCKOMOi
perpecCMOHHOMN 3aBUCUMOCTH Hab/I0aeMbIX TapaMeTpoB OT HabmrogaeMbIx
»Ke mapaMeTpoB BHYTPH KIaccoB ( 3ajaua o Mo3au4HOU perpeccuu ). Ecmm
NpeAnoaraeTcss TUHeWHas 3aBUCHAMOCTb, TO 3Ta 3ajaya KiaccuuKaiuu
peliaeTcs MeTOZOM JUHAMHWYECKUX f/ep, TOJbKO MEeCTO TOUeK - L|eHTPOB
TSDKeCTH KiaccoB (kak B ceTsx KoxoHeHa) - 3aHUMAIOT JIMHeHHbIe
MHOroobpasusi, Ka)kgoe ¥3 KOTOPbIX COOTBETCTBYeT JTMHEHHOMY
perpecCHOHHOMY 3aKOHY CBOero kiacca [7.2].

PerpeccroHHBIE 3aBUCUMOCTH, KOTOPbIe CTPOSITCSI C TTOMOIBI0 HEeHPOHHBIX
ceTedl, Takke 00pa3ylOT BIIOJHE OMpeJe/JeHHBbIH KIacC W [Jid HUX TOXKe
BO3MO)XHa COOTBETCTByIOIIasi Kiaccudukaius 6e3 yuutens. W3siHbiii
croco6oB peneHUst po6aeMbl CKPBITBIX MMAapaMeTPOB [ HeMPOCeTeBbIX
ypaBHEHUW perpecCcuu peanu3oBaH B makete "MultiNeuron "[7.2, 7.3].
HoctaTouHo Oonbluass HeHpPOHHas CETh MOXET OCBOUTh JiHOOyI0
HeMpPOTUBOPeurBy0 ofyuaroiyio BbIOOPKY, 0HaKD, KaK TOKa3biBaeT OIIBIT,
ecsii Masasi HeMpOHHas CeTh He MOXKeT OOyuMThCS, TO M3 3TOr0 MOXKHO
u3Bieus Tmone3Hywo wuHbopmauuioo. Eciu He  ygaeTcs  MOCTPOUTH
VIOB/IETBOPUTEBHYK) PErPeCCUOHHYI0  3aBUCUMOCTh TPH  33JaHHOM
(HeOonbiIOM) uMCIe HEUPOHOB W (UKCUPOBAHHOM  XapaKTepUCTUKE
("kpyTH3He" (yHKYuu axkmueayuu) KakKJ0TO HellpoHa, TO U3 obyuarouell
8bl60pKU UCKTIOUAIOTCsE Haubosiee CI0XKHBbIE TTPUMEpBI 10 TeX Mop, M0Ka CeTh
He o00yuutcsa. Tak mosydaeTcss KIacC, KOTOPBIM TPEANOI0XKUTEIBHO
COOTBETCTBYET OJHOMY 3HAu€HHI0 CKPBITBIX mapamMeTpoB. [lanee obyueHue
MO’KHO TIPOJIO/DKUTEL HAa OTOPOLIEHHBIX TPUMepPax U T.J.

[Mpumep. B ojHOM M3 TPOBOAMMBIX UCCeoBaHui [7.3] HelipoceTb 0Oyuamu
CTaBUTh JAMArHo3 BTOPUYHOTO UMMYHOZeduIUTa (HEZOCTATOUHOCTH
UMMYHHOW CUCTE€MBbI) 1O MMMYHOJOTHYECKUM U  MeTabosuueckum
napamerpam JUMQOLUTOB. B peanbHOW CUTyal[uu MO CABUTaM TaKUX
napaMeTpoB MHOrZa ObIBaeT TPYAHO CjenaTh BepHOe 3akirueHue (U 3TO
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XOPOLIO U3BECTHAasi B UMMYHOJIOTUM MpobieMa COOTHOIIEHUS! KTHHUYECKOH
KapTUHBI W OHOXMMHYECKMX TMPOSIBIEHUM WMMYyHOAeGUuUuTOB). bbimu
obcnenoBaHbl  340pOoBble W DOJIBHBIE  /THOAM, TlapamMeTpbl  KOTOPBIX
MCI0/Bb30BaUCh s 00yuenus. OHako HelipoceTh He o0yuanach, mpuuem
XOPOLIO pacro3HaBanaa BCe A0 e[MHOr0 NPUMephl 340POBBIX JIFOJeH, a uacTb
npuMepoB OONBHEBIX MyTana co 340poBbIMUA. Torma ObLT cAenaH Ciieyronmi
IIar: KaKAbld pa3, Korga CeTh OCTaHaBaWBana paboty, u3 obyuaroweil
eblbopku yOupascs mpumep, Ha AaHHBIM MOMEHT CaMblM TPYIHBIM /s
pacrio3HaBaHUs, U TIOC/IeE 3TOTO BHOBBL 3aMycKaacs mpoiecc oOydeHUs.
[MocTenienHo u3 obyuarwell 8bibopku ObLIM MCKIIOUEHA MPUMEPHO OfiHa
TpeTb OOMBHBIX (TIPU 3TOM HHU OJHOTO 3A0POBOro!), U TOMBKO TOrJA CEThb
obOyunnace monHocThHO. Tak Kak HU OAWH 3[0POBBIN UeNOBEK He Obla
UCKTIOUeH u3 oOyueHWs, rpynma 340pPOBBIX He HW3MEHW/IACh, a TPyMIa
DonbHBIX OKa3zanach pasfesieHa Ha 2 TOATPYNNbl - OCTAaBIIMECS WU
UCKITIOUeHHbIe TIpuMepbl OonpHBIX. [locse mpoBefeHUs CTaTHCTUUECKOTO
aHanu3a BBISICHU/IOCKH, YTO TPYIA 3/10POBLIX U MCXOAHAs rpynra O0abHBIX
MpaKkTUUeCKU He OTIMYAKTCA JPYT OT Apyra 1o TokKa3arensM Metabonu3ma
mumdonuToB.  OpHako — monyudBUmMecss 2 TOATPYNNBEl  OOMBHBIX
CTaTUCTUUECKUA JOCTOBEPHO OTIUYAKITCS OT 3/10POBBIX JIIOAEH W [Pyr OT
Jpyra 10 HEeCKOJBKMM [10Ka3aTeassM BHYTPUKIETOYHOro meTtabomusma
numdonuToB. [lpuuem B ofHONM mofrpymnmne HaOMHOLANOCh yBeTUUYEHUE
AKTUBHOCTU OONMBIIMHCTBA TUMQOLIUTAPHBIX (EPMEHTOB MO CPAaBHEHUIO CO
3J0POBBIMHM, @ B APYrOi MOATPYIIIE - Aenpeccusi (CHUXKeHUe aKTUBHOCTH ).

B nayunom ¢onsknope npobseMa CKPBITBIX 1TapaMeTPOB OMUCBIBAETCSA Kak
3ajjlaua OT/ie/IeHHUs1 KOMapoB OT MYX: Ha CTOJIe CUJAT BIIepeMeXKy KOMapbl U
Myxu, TpeOyeTcsi MPOBeCTH pa3Zfessionlyl0 TOBePXHOCTh, OTZESIOIIYI0
KOMapoB OT MyX. [laHHBIe 37eCh - MECTO Ha MI0CKOCTH, CKPBITHIM MapaMeTp -
BU/I0OBas IPUHA/|IEXKHOCTb, U OH Yepe3 JaHHbIe He BbIpaXKaeTCs.

Teopema 0 CKpBITBHIX ITapaMeTpax

Pan anropuTmoB pemeHusi npobneMbl  CKPBITBIX [apaMeTPOB  MO’KHO
MOCTPOUTEL HA OCHOBE CreAyrouleil TeopeMsl. [lycTe n - ynucio cBoiCTB, N -

KOJIMUeCTBO 00BLEKTOB, {-_r“ ::L - MHOXXECTBO BEKTOPOB 3HauyeHWUU
npusHakoB. CKakeM, 4TO B J[aHHOW T[pylme O0ObEeKTOB BBITTOIHSAETCS

AN
yPaBHEHHs PErPecCHU PaHra r, eCTi BCe BeKTOpbl |’ }.' | mpuHaamexar
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n-r -MepHOMY JMHelHOMY MHoroobpasuio. Kaxk mpaBuao, B peanbHbIX

33/ladax BBIMIOJHSETCS ycaoBue N>n., Eoum e 11 == N, TO BeKTOpSI

{-_ri };":L npuHajiexat N-1 -MepHOMY JMHeHHOMYy MHOroobpasuio u
HeTPUBHUAJIbHbIE PErPeCCUOHHbBIE CBSI3U BO3HUKAIOT JIMILIb MPU PaHTe r>n-—
N+1. PaHr perpeccuu r u3MepsieT, CKOJILKO He3aBUCHMBIX JIMHEHHBIX CBsI3el
JOTMYCKAlOT HUCCiiegyeMble CBoiicTBa o0OwekToB. Uucno r  sBaseTcs
KOPa3MepHOCTBK) TOTO JIMHEMHOTO TOAMPOCTPAHCTBA B MPOCTPAaHCTBE
BEKTOPOB MPU3HAKOB, KOTOPOMY TIPUHAJIEXAT HabOmM0[aeMbl BEKTOPBI
npu3HakoB  obvekTtoB.  Pasymeercsi, nmnpu  obpaboTke  peambHBIX
JKCMePUMEHTANbHBIX JAaHHBIX HeoOXoauMo BCrogy mobaBnars 'C 3ajaHHOM
TOUHOCTBI'", OHAKO TMOKa OyJ1eM BeCTH peusb 0 TOUHBIX CBS3SIX.

Crnenyioljas Teopema O CKPBITBIX T[apamMeTpax I[103BOJIIeT TIpeBpaliaTh
BOTIPOC O CBSI3X MEXK/Y Pa3/TMUHBIMU CBOMCTBAMU OJHOTO 00beKTa (OAHOU U
TOW JKe /151 Pa3HbIX 0OBEKTOB) B BOMPOC O CBSI3M MEXAY OJHUM U TEM XKe
CBOMCTBOM pa3nuuHbIX O0OBEKTOB (OJWHAKOBOW CBSI3U [Jis PA3/IMUHBIX
CBOMCTB) - TpPaHCIOHUPOBAThb 3ajauy perpeccuu. [Ipu 3TOM BoOMpoOC O
KaueCTBeHHOW HeOJHOPOAHOCTU BLIOOPKM 'TpaHCMOHUpYeTCss” B 3ajauy
TOUCKA JI/IsT KKJIOTO 00BeKTa Takoul rpymIibl 0OBLEKTOB (OMOPHOM TPYIIIbI),
yepe3 CBOWCTBa KOTOPBIX pa3iuuHble CBOWCTBA [JAHHOTO 0OBEKTa
BBIP@)KAIOTCS OAMHAKOBO ¥ HAaWIydimM o6pasom.

Teopema. Ilycte pgns HekoToporo r>0 CymecTByeT Takoe pa3bueHue

{-f ]’:’:L HA IPYIIIEI

i A k
frha=0%;
=1

4To r>n—NJ- +1 (tme NJ- - YUCJIO 3/IEMEHTOB B YJ- ), ¥ ANA KaXJ0ro Kiacca

Y, BBIMOMHAIOTCA ypaBHeHMs perpeccuu panra r. Torza pns kaxzgoro

i iy N o
obbekTa x - U3 {-_r ]’i:L HalJeTcsl Takoe MHOXECTBO W, (omopHas rpymmna
obwekTa x* ) U3 k 00beKTOB, UTO 11 — 1 + | == kk ¥ A5 HekoToporo Habopa

k03(PuLneHToB Ay

5l = N K = L.

e W vEW;
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TlocejHee 03HAYAeT, YTO 3HAUCHUE KAXKJOI0 MPH3HAaKa 00BbeKTa x - AB/IAeTcCs
MMHEeNHOW (yHKIMel 0T 3HaYeHUU 3TOro TMpU3HaKa AJjid 0OBEKTOB OMOPHOU
rpynmel. DTa MMHelHasa QyHKIUS OfHA U Ta )Ke IS BCeX MPU3HAKOB.

JluneiiHas 3aBUCUMOCTL (1) OTIMUaeTcs TeM, UTO OHA WHBapUaHTHA K
WU3MEHeHUsIM eJWHUI] HW3MEepeHUs CBOWCTB M CJBUTraM Hauajga OTCUeTa.
HelicTBUTENBHO, TYCTh  KOOPAWHATBI  BCeX  BEKTOPOB  TPU3HAKOB
MO/ BEPrHYThI HeOZHOPOAHBIM JIUHEHHBIM npeoOpa3oBaHUsIM:

i+ a;r; + b;, mme 5 - Homep koopaunarel. HetpygHo yGeauTses, uto
MpU 9TOM JIMHelHas cBs3b (1) coxpanuTcs. UHBapHaHTHOCTb OTHOCHTE/IBHO
npeobpa3oBanus Maciuraba obecrieunBaeTcs JMTUHEHHOCTBI0 u
O[IHOPOAHOCTBLID CBSI3W, @ WHBAPMAHTHOCTh OTHOCHTENBLHO CABMra Hadaja

OTCuUeTa - eIje ¥ TeM, UTO CymMMa Ko3(puIMeHToB A, paBHa 1.

CdopmynupopaHHas Teopema TO3BOSET MepPexoJuTh OT OOBIYHON 3afauu
perpeccuu (IMOMCKa 3aBUCMMOCTEI 3HAUeHHUs TPU3HaKa OT 3HAUeHUH APYrux
TIPU3HAKOB TOrO >Ke 00BeKTa) K TPAaHCIOHUPOBAHHOW 3ajjaue perpeccuu -
MOMCKY TMHEWHON 3aBUCUMOCTH MPU3HAKOB 00BEKTa OT MPU3HAKOB JPYTHX
00BEKTOB M OTHLICKAHWIO OTOPHBIX TPYII, A/ KOTOPBIX 3Ta 3aBUCHUMOCTb
SIBJIA€TCS HAUTyULIIei.

Jloka3aTesbCTBO OCHOBAHO Ha TOM, YTO Ha KaXXJOM k -MEPHOM JTHMHEHHOM
MHOrooGpasuu Ass m00oro Habopa U3 g TOYEK Y1, Yo, ..., Yq [PH

g> k+1 BBINTOJIHEHO COOTHOILIEHUE

q
Z )-.J.;yj ="
i=l1

[A71s1 HEKOTOporo Habopa Ay jz A=l uekotopsie A; 7 0.

C wMmaTemMaTHueCKOM TOUKMA 3pEeHHs TeopeMa O CKPBITBIX IlapaMmeTpax
npezcTaBasieT coboil BapuaHT YTBEP)KAEHUS] O paBeHCTBE paHTra MaTpHLIbI,
BBIUMCJIIEMOTO 10 CTPOKaM, PAaHTY, BEIYUC/IIEMOMY MO CTOI01am.

TpaHcnoHUpOBaHHas 3aJjaua JIMHEWMHOW perpeccuu
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W3noxxenue B 3TOM pasgene ciexgyer paboram [7.2, 7.5, 7.6]. [locTaHnoBKa
0oObIUHON 3a7ia4d perpeccu (UIM MO3aUUYHON perpecCcuy) HCXOAUT W3
TUTIOTe3bl O TOM, YTO OAHHM XapakTepUCTHUKM OOBLEKTOB MOTyT OBbITh
GyHKUUAMHY APYTUX U 3TH (QYHKLMHU OfHU U Te XKe [/ BCeX 00beKToB (uin
COOTBETCTBEHHO KIaCCOB 0OBEKTOB).

Tpancnonupyem Tabsuily AaHHBIX (TOMEHsIeM MeCTaMu cjioBa "0ObekT" M
"mpu3Hak'"). PaccMOTpUM THUIIOTE3y OT TOM, YTO 3HAUeHWA MpPU3HAKa OJHOTO
o0bekTa MOTyT ObITh (YHKIMAMH 3HAUeHWH TOTO K€ TIPU3HAKa JAPYTrUX
00BEKTOB M 3TU (PYHKLUMHU OHU U Te Ke IS BCeX MPHU3HAKOB (MU KIacCOB
npusHakoB). llomyuaem  dopmansHO Te ke  3aaud  Perpeccuu
(TpaHCcriOHMpOBaHHBIe  3ajaun  perpeccuu). Ecth, opHako,  [Ba
cofepyKaTebHbIX OTIUUUSA TPAaHCIIOHUPOBAHHBIX 3a/1a4 OT UCXOJHBIX:

1. MHBApUaHTHOCTL K CMeHe [IKaJl  HU3MepeHUus -  KaxKeTcs
MasoBepOSITHBIM, UTOOBI CYIIECTBEHHBIE CBSI3U MEXJY TPU3HAKAMU
pPa3sMMUHLIX OOBLEKTOB 3aBUCEMM OT UIKaTbl HW3MEPeHUsi, MO03ITOMY
HeoOxoMMo, uTOOBI ypaBHEHHS TPaHCIIOHHUPOBAHHOI perpeccuu
OblIM WHBApPUAHTHBI OTHOCHUTENBHO CMEHbl WIKAMbl U3MEpPeHUs
moboro mnpu3Haka (0OBIUHO -  JIMHEHHOrO0  HEOAHOPOAHOTO
npeobpa3oBaHus x ' =ax+b OQHOPOAHAS YAaCTh KOTOPOTO OMUCHIBAET
CMeHY eJWHULIBI U3MepeHHUs, a CBOOOAHBIN ujeH - CABUT Hadanaa
OTCUeTa);

2. B TPaJUIIMOHHBIX 3alauaX PErpecCUM MPeAro/araeTcs, uto 00BLEKTOB
JOCTaTOYHO MHOro ( N ), MO CPpaBHEHUI C UYUC/IOM TPHU3HAKOB 1,
vHaue (mpu N<n ) TOUYHbIe /HHEHHBIE COOTHOLUEHWUSI BO3HUKHYT
TIPOCTO M3-3a Majoro unciaa oOBEeKTOB, Tak Kak uepe3 N TOueKk Bcerja
MOXXHO TIPOBECTH JUHelHHoe MHorooOpasme pasmepHoctu N-1. B
MpPOTUBOBEC 3TOMY 'TpaHCIOHWPOBaHHOe" TIpeAnojoKeHue 0
pocratouHo OonbwioM  uyucnae mnpusHakoB ( n>N ) KaKeTcs
HepeaJuCTUYHBIM.

TpeboBaHMe WHBAPUAHTHOCTU K CMEHE IIKaJ MPUBOAUT K CIelUaJbHbIM
OTPAaHUUEHUNM Ha BUJ (yHKYuUll pezpeccuu, a HeJOCTaTOUHOCTb KOJTMYeCTBa
NMpU3HAKOB (B CpPaBHEHUM C UHUCJIOM OOBEKTOB) /i TIOCTPOEHUs
TPAHCIIOHUPOBAHHOW perpeccuy BBIHYKIaeT Hac A Kaxaoro obbekra
MUCKaTb HeOOJIbLIyI0 TPYIY, 10 CBOHMCTBAM KOTOPBIX MO)KHO BOCCTAaHOBUTH
XapaKTepUCTUKU JAHHOTO.

279



Unknown Heiipounghopwamuka
3ajaua MOCTPOEHUS TAKUX IPYII 00BeKTOB Obljia upe3BbIUaiHO MOMYIsSPHA B
XUMMHU Mepej, OTKpbITHEeM MeHeneeBbIM Nepuoauueckoro 3akoHa (1871 r).
C 1817 . (JebepeitHep) OblIM OMyO/JMKOBaHBI AECATKHA PabOT Ha 3Ty Temy
[7.7]. ImeHHO OHU TIOCTAaBMUJIM UCXO[HBIM MaTepuas [jisi CUCTeMaTH3alluu
3nemeHTOB. JlebepeitHep 0OHapyXu/1 Tpuajbl, B KOTOPBIX CBOWCTBa
CpelHero 37eMeHTa MOTYT OBbITH OIleHEeHBl KaK CpeJHHe 3HAUeHHUs ISTUX
CBOWCTB J/151 KpaHUX WieHOB Tpuazgel. Ero Tpyael mpomomxumu ['menuH,
Inagcron, [Jroma u gpyrue. BoT HeKoTOpbIe U3 TaKUX TPUAZ:

K-Na-Li, Ba-Sr-Ca, Cl-Br-J, S-Se-Te, P-As-Sb, W-V-Mo, ...

OpuH u3 Hanbosee MOJMHBIX CIMUCKOB TpHUaf Obin onybnukoBaH JleHceHOM
(1857). OH ke 3ameTuJ1, yTO /151 OO/BIEH TOYHOCTU WHOT/IA TI0/Ie3HO OpaTh
"3HHea/pl" - IeBATKU, COCTAaBJIEHHbIE U3 TPEX TPUAJ,

MEH,ELEJ'IEEB nmucant:

"...MEXKJy BCEMH... YyUYPHBIMHM, KOTODbIe paHbIIE MEHS 3aHUMAUCh
CpaBHEHHEM Be/IMYUH aTOMHBIX BECOB /1eMEHTOB, s CUMTaKw, uTo 00s3aH
npeuMyiecTBeHHo AByM: JleHceny u [lroma. S u3yuusa ux vuccneoBaHus U
OHU MeHs MOoOyIUIN UCKaTh JIeHCTBUTE/TbHBIN 3aKOH"

(turt. mo [7.7], c. 220-222).

Bosee obummM 0Opa3om 3ajjaua CTaBUTCS Tak: HAWTHU IS KaXKA0TO 00BeKTa
HaUYUIIyl0 AUHEeHHYI0 (OPMyly, BBIP@KAIOLIYI0 €ro BEKTOp MPU3HAKOB
yepe3 BEKTOPbI MPU3HAKOB APYrUX OOBEKTOB (KOTOPBIX AO/DKHO OBITH MO
BO3MOXXHOCTA MeHbIe). JTa GopMmyna fAomkHa ObITh MHBApUAHTHA
OTHOCHUTETBHO CMEHBbI IIKaJI.

Wtak, TpebyeTcsi TIOCTPOUTH OTHOLIEHHE, CBS3BIBaKOIee OOBEKTHI C
rpynmnamMu 00BLeKTOB, MO KOTOPBIM [Jisi HEr0 CTPOSITCS WHTEPNOJISILIMOHHBIe
topmynel. [TpogenaB 3ty pabory "B n0o6" ( mo 6Oa3am gaHHBIX U Oe3
obpameHUsT K UHTYMLUU XUMHUKOB) [isi OOMBILIOTO 4YHCIA 3JIEMEHTOB
(00BeKTOB) M TMOTEHIMAJIOB MOHM3ALUKU (MTPU3HAKOB), MbI [TOJIYUUIIH
Xopolee coriacMe C 3KCIIePUMEHTOM U TpeJCKa3alau psij, HEeu3BeCTHBIX
paHee BBICHMX TMOTEHLMAJIOB MOHM3A[MU. Pe3ynsratel OyayT omucaHbl B

cneyrolieM pasgene.

[peamonokumM, UTO HEKOTOPbIM Oosbioil HabOp CBOWCTB - BHEIIHHUX,
280




Unknown Helipoungopmamuka
SMITMPDHUYECKHX [OdHHBIX 06 obnekre (ﬂBHEHHE) ABIAEeTCH CI'OPT:EICLU/IEFI
HeO0/IBIIoro Haﬁopa BHYTPEHHHX, TEOPETHYECKH X IMepeMeHHbIX (CYH_H-IOCTI/I).
JTa Haesa 1Mmo3BOJideT CAe/1aTh IpeariojioxeHue 0 ToOM, UTO pasmep OHOpHOﬁ
TPVIIIIBI Oﬁ'bEKTOB, Imo KDTOpOﬁ HaWIyUIlIMM 06pa30M BOCCTdHAB/IHMBAKOTCH
CBOMCTBA JAaHHOTO oﬁhema, He TOJIBKO He OOJ/IXKeH TIPeBOCXOOMTL pa3Mep
Haﬁopa CBOCTB (I/IH&‘-IE 3dBeIOMO BO3HHMKHYT TOYHLIE MTAHeHHbIe
COOTHO].L[EHI/IFI), HO ¥ OBITL MAasbIM HACTOJIBKO, HACKOJIBKO 3TO I103BOJIAET
3ajlaHHast TOYHOCTh [7.2, 7.3, 7.4, 7.5].

Ecnmu  npeamonoXuTe, 4YTO [AAS HEKOTOPOTO MHOXeCTBa 00BEKTOB
3aBUCHUMOCTb MEXJY TeOPeTUUYEeCKUM U IMITUPHUUECKUM JIMHeHHA, U BeKTOPHI
TEOPeTUUeCKUX T[1apaMeTPOB OOBEKTOB [JAHHOTO MHOJXKECTBa JiekaT B
MUHEeHHOM MHOroo0bpa3uu pasMepHOCTH ¢, TO pa3Mep OMOPHOU TIPYIMbI He
OymeT mpeBOCXOAUTL g+ 1.

Ipyroe ycroBue, HajaraeMoe Ha  HMCKOMYH  Gopmyny, Tpebyer
WHBAPMAHTHOCTM K CMEHE IIKajl W3MepeHWi. PasymMHO cCuuTaTh, uTO
yOMHHBIE CBSI3M HE 3aBUCST OT €[WHUIL], B KOTOPLIX BbIPAKEHbLI 3HAUeHUS
CBOICTB O0OBEKTOB:

flay'+b, ..., ay"+b) =af(y', .., y*)+b

Ecnu B KauecTBe MCKOMO# (hOpMy/ibl pacCMaTPUBATh AUHEUHYHO KOMOUHayuro
8eKMOp08 OMOPHOW Tpynmbl, TO TpebyemMoii WHBAapUAHTHOCTH MOKHO
[OCTUUb, HAJIOXKUB HEKOTOPOEe YC/IO0BHE Ha KOAGMMUIIMEHTHI pa3oKeHHs.
TakoBBIM YC/IOBUEM SIB/ISIETCS PABEHCTBO CYMMbI KO3(DULIMEHTOB eAUHULIEe:

- -! g
y_E aiy,Eai_l.
2 z
Ilnsi HeMMHEWHOW pPerpecCud eCTeCTBEHHO WCIO0/Ib30BaTh OJHOPOJHBIE
panoHanbHble GyHKIuH [7.2].
PaccMaTpuBaiuch Ba BUA pemeHust. [lepBbiii:

2 . 1 1<
Fomy+ Y B8 (¥ - my)er=8+ = EZ G (2)
i=1 k=1
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[Ie ¥ - BOCCTaHOBJIHHbII BEKTOP CBOWMCTB, y» - BEKTOpP CBOWMCTB i -T0
00BbeKTa OMOPHOU IPYMIIbI, - MOIIHOCTb OTMIOPHOM TPYIIMHI,

1y
my = Zy’.

9 =l
- CpegHee 3HaUeHHe.

Bo BTOpOM ciiyuae B kauecTBe 1My, BLIOMpAsCS OAUH U3 BEKTOPOB OMOPHOM
TPYIObL.

q q
F=y'+) B -¥)m=Bm=1-) & g

=1 k:_]_
k#t

3aMeTHUM, UTO JIeTKO TMOCTPOUTh HEHPOHHYK CeTh, BHIUUC/SIOUIYI0 TaKUe
tdopmynsl [7.5, 7.6].

W3-3a mpeanonokeHusi 0 MajoOCTA OMOPHOW TPYMNMbl 00BEKTOB B KauecTBe
OIHOTO M3 MyTel peleHus npejyaraercs nepebop Bcex HabopoB 3aaHHOTO
pasmepa. Bris10 pe/yi0kKeH0 MCKaTb MUHUMYM OJHOTO U3 [IByX KPUTEPHUEB:

* i ¥ ||CE||2 — min.

¥ —¥
* |y — ¥l +¢|al = min.

B cnyuae a) TouHOe pereHUe HAXOAUTCS U3 CUCTEMBI JIMHEHHBIX YPaBHEHUIA.
Beenem obo3HaueHust:

® Y - MaTpulia BEKTOPOB OMOPHOW TPYMIbI, N CTPOK, ¢ CTONAOLOB. n -
YK CJI0 U3BECTHBIX KOMITOHEHT BOCCTAaHAB/IMBAeMOT0 BEKTOpa v .

s W= ij}"!—m_}.j - MaTpulla Y B KOTOPOM U3 KaXKA0ro ctosdija BeIUTeH
BEKTOP i, ( y" B cayuae 2).

® M - MaTpuUlia, BCEe 3JIEMEHThI KOTOPOU paBHBI 1,

® m - BEKTOP, BCE KOMIIOHEHThI KOTOPOTO PaBHbI 1,

E - elMHAYHAs MaTpHUlla,
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® v, /7 - BeKTOpa pa3MepHOCTHIO J.
[ns Beipakenus (2)

¥ =y + YA

e =l |
a=im+ (E qI\fI) 3

NudepeHiiupya BeIpaKeHHe a) U IPUPABHUBAA HYIIO, TIO/Iy4aeM:
-T = 1 i =~ i
¥ ¥ el Beane | e iremy)
'}

Hns Beipaxxkenus (3),

et - BEKTOp, £ -ad KOMIIOHEHTa KOTOPOTO pPAaBHA 1, ocTransHbIe O,

L. = (e") - marpuua, cTon6I{bl KOTOPO¥ PaBHBI BEKTOPY € .

LIL, =M, LTe! =m

Hmeem
¥ =3"+¥ga.
a=e +(E-L) 3
sy Y\ 2 — wT { t
Y Y+(E+M))3=Y (y-y')+em
Cucrema ypaBHEHI*If*I pemiaeTcsa Ajasd H3BEeCTHBIX 3HAYeHUHU KOMIIOHEHT

BeKTOpa Yy, MOJy4eHHOe pelleHue WCIOoAb3yeTcss [ TpefCKa3aHUus
HEU3BeCTHBIX 3HAUCHUH.

B cnyuae kputepusi 6) B KauecTBe HA4YaJILHOTO MPUOIMXKEHUS [7is KaXKJ0ro
UCTBITYeMOro Habopa paccMaTpUBAIUCh |7 MUHUMHU3HDYIOIME He@sa3Ky

£y = ||y — ¥|| - Munumym KkpuTtepus Haxoau/csa BEGS -meTogom [7.8].
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Hamu paccMOTpeH BapuaHT HaXOXKAEHHS ONTUMATbHOU OMOPHOMN TPYIIIbI
(bvKCMpOBaHHOTO pa3Mepa B 3ajlauyé TPAHCIIOHUPOBAHHOW JIMHEHMHOM
perpeccuu, KOrja ONTHMAaJbHAs OIOpHas rpynna orbupanace B xofe
nosHoro mnepebopa BCcex BO3MOXHBIX OMNOPHBIX rpynm. [pyroii
Npe/10XKeHHbBIN BapuaHT (onmTUMU3AIUOHHBII) npeAroaraeT
NepBOHavYasbHOe 3a7laHue U30bLITOUHOTO UhC/ia 0OBEKTOB B OMOPHOU rpymre
U TIOCTefylollee COKpallleHHe ee pa3Mepa B pesyisrate otOpaceiBaHus
HauMeHee 3HAYMMBIX [TapaMeTpOoB.

[Mporpammuasi peanu3auuss u 1nepebOpHOro, W ONTUMHU3ALUOHHOIO
BAPUAHTOB peIleHUs TPAHCIIOHUPOBAaHHOW 3aauM JIMHEeWHOW perpeccuu
BBITIOJTHANIACE B cpefe MS DOS € UCIOMb30BaHUEM TpaHcasaTopa Borland
C++. TekcT mporpaMMbl COOTBeTCTBYeT ANST -cTaHAapTy si3bika C++, 4TO
JelaeT BO3MOXKHBIM [EPEeHOC IIporpaMMbl Ha [JpyrHe anrnaparHble
naathopmel (uTO W Jenanock Oonenme 06a3bl MeAULIMHCKAX JIaHHBIX
obpabarteiBanace Ha KomnbelOTepe Alpha Station kopnopauuu DEC ).
[Tpu 3TOM 3aBHUCHMBIE OT OTMEPAlJUOHHON CUCTeMBI (PparMeHThl ITPOrPaMMEI
MOJK/IHYAOTCA IIPU IMOMOIM YC/JIOBHBIX JAHUPEKTHUB IIPerporneccopa fA3bIKa.
Tak, gns obecrieuenusi pabotel ¢ 6onbimimu (daitaMu JaHHBIX B cpege MS
DOS wucrnonb3yercs obOpamieHue K uHTepdeiicy DPMI (MpeAoCTaB/sgeTCs
DPMI -pacllMpUTeNsIMHA M ONEepalMOHHBIMH cHcTeMaMu OS /2, Windows
3.xx, Windows 95, Windows NT ) jans TIepeKlIwuyeHHUa B
3aWuwjeHHbIl pexcum U 00xoa orpaHuueHus B 64 0K maMaru.

[lporpamma mO3BO/IIET TO/NL30BATeN  ompejensaTs (ala  [JaHHBIX,
obpabateiBaembie CTPOKHU (00BeKTbI) U cTONOLBI (CBOMCTBA OOBEKTOB),
BbIOMpaTh MeXAy BapuHaHTaMHM peLleHUs W BHUAAMH (YHKUMM KpUTEpHS,
3a/laBaTh 3HAYEHUS MHBLIX MTapaMeTpoB Metoga. [as 06paboTku mopsijkoBbIX
NMpPU3HAKOB BO3MOXKHA  CrieqU@UKalMs HEKOTOPBIX  CTONDOLOB,  Kak
CofeprKallX 3HaYeHUs He U3 HelPepsIBHOTO0, a U3 IUCKPETHOI0 MHOXXeCTBa
3HaueHui. [IporHO3HEIe 3HAUEHHUS] OTCYTCTBYKIIMX JAHHBIX B 3TOM Cilydae
OyayT mpUBOAUTLCA K OmurkaliemMy 3HAUEHUIO U3 AMCKPETHOTO MHOXXeCTBa
3HaueHH.

Pe3ynsraTom paboThl mporpammbl siBasiercss aiin otuerta. s Kaxaoro
obpabarbiBaemoro oOBekTa (cTpoku 60a3el [gaHHBIX) B (aitisie oTueTa
comep>kuTcss WHbopMaruss 00 ONMTUMaabHBIM 00Opa3om npub/IMKaroIIeH
00BEeKT OmopHO# rpyrie (Homepa 00BeKTOB, BXOASIIMX B OTMOPHYH) TPYIINY, U
KO3(QULIMeHTHl pa3noXKeHusl), 3HaueHUe (GYHKIUU KPUTEpHsl, OIMOKU
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WHTEPIOJIALUU U3BECTHBIX CBOMCTB 00BEKTAa M MPOTHO3HbIE 3HAYEHUSs /ISt
HEU3BeCTHBIX CBOWCTB. B koHIIe (aiisia 0TueTa BBIBOASATCS MaKCUMaJlbHbIE U
cpegHue OmMOKM — anmpoKCMMAl[UM W3BECTHBIX JAHHBIX /Ui BCeX
obpabaTeiBaeMbix cTO/I0I[0B Oa3bl JaHHBIX (CBOWCTB 0OBEKTOB).

TecTupoBaHue npejaraeMoro MeToAa MPOBOAUIOCH HA MOZIe/TbHBIX JAHHBIX.
[lpy  mocTpoeHUM  MOAENBHBIX  JaHHBIX  33/Jal0TCS  pa3MepHOCTb
TEOPeTUUECKOW TPOeKIUU (UUC/IO CKPBITBIX TEepeMeHHBIX), pa3MepHOCTb
IMIUPUUECKOW TMPOEKIUU (UMC/I0 CBOWCTB 00BEKTa), UMC/IO Pa3TAUHBIX
K/1aCCOB, BEKTOP CpeJHero U pa3bpoca /sl reHepupyeMbIX JaHHBIX B KaXXI0M
Knacce. /I KaKJOTO K1acca ciydaiiHbIM 00pa30M MOPOXKAAeTCs JIMHeUHbBIH
omepaTtop, OTOOpakarwUMid TPOCTPAHCTBO CKPBITHIX TEPEMEHHBIX B
MPOCTPAHCTBO CBOWCTB 00BEKTOB. J[l/is KaKJ0ro OOBEKTa Cay4alHBIM
o6pa3om BbIOMPAIOTCS 3HAUEHUS] CKPLITBIX NTePeMeHHBIX U PAaCCUMTHIBAKOTCS
3HaueHUs cBoicTB. TecTupoBaHUe MPOBOAUIIOCE B CKOMB3AIIEM PEXHUME T10
BceMy 3asauHuky. [lonyueHuble pe3yisrathl (Tabn.1 Tabamma 7.1)
MO3BOJISIIOT 3aKIUYUTL, YTO TPEeAJIOKeHHBIM MeTo BecbMa 3(eKTHuBeH,
Kputepuii Buja 6) c OGonbiedl 3hheKTUBHOCTBIO OTpeieNsieT OMOPHYH
rpynmny npu u3bbITOUHOM U HEeJO0CTATOUHOM Habopax 00LeKToB (Jyulle, uem
MHK a) ), a pemieHHe BHja (2) maeT AyuliMe 1o cpaBHeHUw c (3)
pe3ynsTaThl NPy U30bITOUHOM Habope 0OBLEKTOB.

Tabnuia 7.1. KauecTBO BOCCTaHOB/I€HUS 110 MOJIE/TbHBIM
JTAHHBIM C TEOPeTHYEeCKOW Pa3MepHOCThIO 3

cpefiHssi OTHOCHUTe/bHAs oumbka, %

< KDPUTepUH BUJ NPU pa3mMepe OTMOPHOM TPYIIbI

3 4 5 18

0.01a 1 5 0 15 66
a 2 |E 0 15 66

6 1 5 0 13 40

6 2 |E 0 13 66

0.1 a 1 10 16 30 72
a 2 10 16 30 72

6 1 10 14 40

2 6 10 14 66
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[lpu pemeHuwu 3ajaun 3arojiHeHUs TNpoOesoB B Tabnuijax AaHHBIX A7
moboii Tabmuibl o0IIeH pekoMeHaluel SBSeTCS TIPOBEeJeHHEe Cepuu
NpoOHBIX TMPOTHO30B /i OMNpeJe/ieHUus ONTHMAJbHOIO COYeTaHUs
rapamMmeTpoB.

I/IHTE‘DHOJ]FII_[HH CBOMCTB XMMMUECKUX 3/IeMEHTOB

Vpess MHTeprionfiiuui CBOMCTB 3JIEMEHTOB BO3HUK/IA B XUMWUHU elle 70
co3JaHus repuoauueckoi cuctemsl [7.7]. B Tpuamax /lebepeiinepa (1817t)
XapaKTepUCTUKUA CPeJHEero 3/eMeHTAa TpHuajbl HAXOAWIUCh KAK CpeJHue
apudmMeTrueckue 3HAUEHMN XapaKTePUCTUK KPaWHUX 3/IEMEHTOB. bbiiu
NMoneITKW paboTaTe € TeTpajamu, "HHeagaMu" (COCTaBIEHHBIMU U3 TPeX
tpuaz) u T.0. [lepuoguueckas Tabnuia MeH/jeneeBa mo3BosiseT Mo-pasHoOMy
ompejensTs Tpynny Ommkallmx cocefeil A/ WHTEPIONALUH: OT JIBYX
BePTUKA/IBHBIX COCefel MO psgy TabauIbl [0 OKPY)KEeHHUsI M3 BOCBMH
31eMeHTOB (Ba M3 TOro Ke psijla U Mo TPU U3 cocefHUX psgoB). OgHako
WHTEpNoJALUsS CBOWCTB TyTeM B35THSA CpeJHEero apudMeTUUecKoro I0
Omkalinmm 3memeHTaM Tabnuiel He Bcerja (He Ui BCeX CBOWCTB U
37IeMEeHTOB) /laeT MpUeM/eMble pe3ynsTaTsl - Tpebyercsi mubo uHOI BbIOOD
coceneit, mubo gpyras npoiesypa UHTEPIOJISALUH.

bonee obumm o6pa3om 3apauy MHTEPIOSALUA MOXKHO TTOCTABUTE TaK: HAUTH
[7s1 KaXKI0r0 37eMeHTa HaWIyullylo (GOopMyly, BbIPaXKArOILyI0 €ro BeKTOp
CBOWCTB uepe3 BeKTOPbI CBOMCTB /IPYrUX 37IeMeHTOB. DTy 3a/auy U peliaer
MeTOJl TPaHCIIOHUPOBAHHOM Perpeccuu.

B pabotax [7.9, 7.10] uccnegoBasics moayIMIIUPUUECKU MeTO[, OM13KUi 110
ujee K MeToly TPaHCIIOHUPOBAHHOU perpeccuu. EAMHCTBeHHOE U IaBHOE
OT/IMUMeE 3aKIH0Uanoch B TOM, UTO CPeJU TMapaMeTpoB cpa3y UKCHPOBAJICS
Habop '‘reopeTnyeckux" U CTPOUIMCH 3aBUCUMOCTH OCTaTbHBIX CBOWCTB OT
HUX (B YaCTHOCTH, 3aBUCUMOCTH TOTEHIIMA/JIOB MOHM3ALUU OT ATOMHOIO
HOoMepa).
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o 25
m

-
(]

HOTEHIIHEUI HOHHZAOHH,
()

16 89 1317 21 25 29 33 37 41 45 489 53 57 61 665 63 73 77 §1 85 89 93

AToMEHE HoMep
Puc. 7.1. 3aBucumocts 1-ro [IM ot aToMHOTO HOMeEpa

Wcnonb3yem MeToA, TPaHCIOHUPOBAHHOW JIMHEMHOW perpeccuu Ajs
UHTEPTIOSAIMU U TIPOTHO3a BBICHMX TMOTeHIjHanoB wuoHusanuu (TTH).
HanmomHuMm, uTO n -W mOTeHUMAn WOHM3ALUUU A - JSHEPrus, KOTOPYH

HeoOXoquMO 3aTpaTUTh, YTOOLI OTOPBAThL N -W 3/MEKTPOH OT MOHA A (n-1)+ (
n-1 pa3 WOHU3UpPOBaHHOro artoma A ). 3aBucumocts [IM ot aTomHOro
HoMepa (_puc. 7.1) HenMMHeWHa U C/I0KHA.

Cnenys gopmansHOMY cMbicay, n -# [T aToma A cnefyer OTHOCHTE BCe K
ToMy ke artomy. OJHaKo CTPYKTypa >HepreTMUeCKUX YpPOBHeW HOHa
ompejensieTCss 3apsAA0M spa U YUCIOM 3/1eKTPOHOB. [lnsi aToma oba 3THX
yKuCla COBMAZAaT C aTOMHBIM HOMEPOM, HO //15 MOHOB yXKe pa3nuuHbl. Kak
u B pabotax [7.9, 7.10], n -¥ mOTeHI[Ma/T MOHHU3ALMKA aTOMa C aTOMHBIM
HOMepoM m OygeM uckaTh Kak (yHkuui oT m-n+1. O6bekramu OygyT
CNyXUTb, CTPOr0 TOBOpPSA, He aTOMbl C aTOMHBIM HOMEpOM m, a m -
3JIEKTPOHHBIe cuCTeMbl. Takum obOpa3zom, BTOpou [IM renusi (aToMHBIN
Homep 2), tpetuit I nuTtus (aTomMHBIA HOMEp 3) WM T.J. OTHOCATCS K
OIHO3JIEKTPOHHOM CHCTeMe TIPU pa3MMuHbIX 3apsax sapa. OcyilecTsiseTcs
MpUBS3Ka NMOTeHI[Mana HOHU3alUU y>Ke MOHU3MPOBAaHHOIO aTOMa He K 3TOMY
)Ke aToMy, a K m -371eKTPOHHOM CHUCTeMe C m, paBHbIM UMEHIIEMYCS YHACTY
3JIEKTPOHOB B HMOHE.

PaccmoTrpum  pesynsraThl TIpOOHOrO TpOrHO3a BBICHIMX [TOTEHIMANIOB
noHusayuu. [IpuBesem pesynbraTbl, NMOJAy4YeHHble NPU MCHOJb30BAaHUU B
GyHKIMM KPUTepUsi HOPMbI B BHJe CYMMbl aOCOMIOTHBIX 3HaueHUH
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KOMITOHEHT BE€KTOPd M 3HAYCHHUSA =— [}_-J_, INOCKOJIEKY TdKO€ CO4YeTaHHE IIpH
TeCTUPOBAHHUHM T10Ka34/10 cebs HaWJTyUIlIMM DﬁpaBOM. ,}_IJ'IH TOTO, yTOORI
HeeA3KU TII0 KaXI0OMY CBDFICTBy PaBHOMEPHO BXOAWJHW B JIEBYIO 4YadCThb
CbYHI{U,I/II/I KPUTEpPHsA, BBINIO/JHAIOCE HOPMHPDOBAHHE KaAXKA0TO CBOICTBA
(HpHBE,ELEHHE K HYIEBOMY MAT€MdTHUYECKOMY OXHIAdHHUKO W eJHHHYHOMY
CpeHEKBaIpATHYECKOMY YKHOHEHHI-O).

18 MaKcHManE HaA ownbKa, % 2

Cpennas ousibika, o

14
132

19 —4— 2 ANEMEHTS

—f— 3 3NEMEHT S

g | —&— 4 aneMeEHTa
g 0F -
04
< 02
a t t t t t t | n t t t t t t |
3 4 a &1 7 3 9 10 3 4 5 B T 3 9 10
MaTeHUaN MOHA3E LMW 1T EHLAZ IHOH I3 SLYAM

Puc. 7.2. 3aBucuMocTb onmbku nporHo3a 3-10 T oT uucia 371€eMeHTOB B
ornopHo# rpynmne. OMopHbIe TPYNNbl U PerpecCHOHHbIe 3aBUCUMOCTH [I7Is
kaxxgoro [T crpounuce o npegsiaynmm [TA

Ha puc. 7.2 nokasansl onmmbku mporHosa ITU (¢ 3-to mo 10-i1) mpu pasHbIx
pa3Mepax OnopHbIX rpynm (2, 3 u 4 31eMeHTa B onmopHoi# rpynre). [Ipu 3Tom
ana kaxpgoro [T omopHble rpynmel CTPOMJIHCH IO npefeiayumm [1W.
BenuuuHBl MakCUMalbHOM M CpefHel oumbOOK MoKasaHbl B MPOLEHTaxX OT
JuamasoHa M3MeHeHHs BenuuuH cootBercTBytowero [IM. Ha ocHoBe
NpUBeIeHHbIX rPadMKOB MO>KHO PEKOMEH/I0BATh UCIO/b30BAHHUE KaK MOXKHO
bonemero Habopa OAHOPOAHBIX CBOWCTB AJi AOCTHXKEHHUSI ONTHUMAJILHOTO
MpOrHo3a.

[nst MOMBITKM MPOrHO3a OTCYTCTBYIOIMX B CIpPaBOUYHON nuTepatype [7.11,
7.12] 3nauenuut Beicumx [IM (¢ 5-ro mo 10-i [IM gnsg 31emMeHTOB C
aTOMHBIMU HOMepamMu OT 59-ro go 77-ro) u3yuuM BAUSIHME pasmMepa
OTIOPHO# TPYMIIBI HA TOYHOCTE MTPOTHO3a TIPU MOCTPOEHUH OTOPHOW TPYIITHI
no nepBeiM uetwipem [T (_Puc. 7.3). YooBneTBopuTensHas TOYHOCTb
[IOCTUTAeTCS TIPU TPEX U UeThIPeX 3/IeMeHTaX B OMIOPHOMU TPYIIIIe.
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MakcHH an=HaA ow UTKa, % ] CpenHAA oWl HOKa, %
12 4 1,2
10 4 1
- 0.8
E og §
: : —t— 2 aneMeHTa
d 0.4 4 —&— FaneMedTa
o) 0z —O— J aneMeHTa
a 1 u] t t t t !
kel g 7 g 3 10 5 =3 7 =] g 10
[oTeHutan HOHKZ ALK MOTEHLWAN HOHK3ELMK

Puc. 7.3. 3aBucumocTb oumbOK nporHo3a 5-10 [T oT uucia 371eMeHTOB B
ornopHoit rpynmne. OTmoOpHBIE TPYIIBl U PErpecCUOHHBIE 3aBUCUMOCTH
CTPOUJIUCEH 1O MepBbIM yeTbipeM [TU

HanbHeiilee yBelMueHWe 4YKMCIAa 3JIEMEHTOB B OMOPHOUM rpymre cebs He
onpas/blBaeT. YBeIMUEHHUK MOYHOCMU NPOZHO3d MELIAKT W MOIPeLIHOCTH
Npu 3KcepuMeHTanbHOM orpeaenenun [1U, ocobenHo Bricumx. B Tabmuige
7.2 Tabnuiia 7.2 NpUBOAUTCS MPOTHO3 OTCYTCTBYHOLIMX 3HaueHui TTH.

Tabsurja 7.2. IIporao3 BeICHIMX MOTEHIIMAJIOB UOHU3AIIUN OTeTbHBIX
XUMHUUYECKMX 3/IeMEeHTOB

AtomubIii HOMep DnemeHT 5-UllN 6-ullA 7-ullA 8-ull 9-ulln 10-ullr
59 Pr 50,7

60 Nd 49,2 69,6

61 Pm 53,6 67,7 97,1

62 Sm 559 72,9 87,9 123,7

63 Eu 56,3 76,3 93,9 110,8 153,6

64 Gd 61,9 77,2 984 117,7 1359 186,9
65 Tb 67,4 849 99,8 1238 142,9 63,8
66 Dy 483 922 1102 1259 151,5 171,3
67 Ho 52,6 65,8 119,5 138,0 154,5 181,6
68 Er 545 72,1 84,6 149,7 169,1 185,7
69 Tm 549 74,5 93,4 106,1 182,8 203,5
70 Yb 52,4 748 96,1 117,3 128,6 219,9

71 Lu 57,8 71,7 96,2 120,6 143,9 154,0
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72 Hf 63,1 792 922 1210 1478 1732

73 Ta 85,8 102,4 1152 1474 177,1
74 " 110,5 128,2 140,7 176,6
75 Re 139,0 156,9 168,7
76 Os 170,1 188,6

77 Ir 203,7
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HEﬁpOHHbIe CeTH ElCCOI.lI/IElTI/IBHOﬁ MMaMAaTHu

B panHo#M nekiuu OygeT paccMaTpuBaThCA KauyecTBO paboThl ceTH, KOTOpoe
BO3pacTaeT C pOCTOM pa3MepHOCTH TIPOCTPAHCTBA U BaJeHTHOCTH,
TOTOBOPHUM TakK ke ¥ 00 3dhdeKkTHBHOCTH ycTpaHeHUs o1 60K

HEﬁpOHHbIE‘ ceTu ElCCOI.[I/IElTHBHOﬁ MNaMAaTHu

BriuncnutensHsil neHTp CO PAH B 1. KpacHosapcke

E.M.Mupkec

PaccmaTpuBaTcss  HelpOHHbIe ceTH accolMaTUBHOH namsTu,
BOCCTaHABAUBAKIIME 110 MCKOHKEHHOMY W/MJK 3allymieHHOMY o06pas3sy
OMMKaMImMil K HeMy 3Ta/loHHBIN. MccnenoBaHa MHGOPMal[MOHHAsS €MKOCTh
ceTeil M TIPE/JIOKEHO HECKOJbKO TyTell ee TMOBBILIEHUS, B TOM YUC/e -
OpPTOTOHA/BHBIE TEeH30pHbIe (MHOrOUacTUuUHbIe) ceTh. [TocTpoeHsbl criocobsb
npefo6paboTku, TMO3BOMISIONME  KOHCTPYMPOBATh  HEMPOHHBIE  CETH
accolMaTUBHOW mamsaTH ajas  oOpaboTtku 00pa3oB, WHBapUAHTHOM
OTHOCUTENBHO Tpymnn npeobpa3oBaHuii. ONKUCAH YMCIEHHBIM KCT@PUMEHT
M0 MCMOJIb30BAHUI0 HEMPOHHBIX CeTeM /i [eKOAUPOBAHUSI PA3TUUHBIX
KO/IOB.

BBenenue

[pexxe ueM 3aHUMATHLCS KOHCTPYMPOBAHUEM CeTell acCOIMAaTUBHOMN MaMsTH
HeoOXOqUMO OTBeTUTH Ha ciefyooupme aBa Bompoca: "Kak ycrpoeHa
acconnatuBHas naMsaTh?" 1 "Kakue 3amaun oHa pemmaet?". Korma mbl 3agaem
3TH BOTIPOCHI, UMEeTCsl B BUJY He YCTPOMCTBO OTJE/I0B MO3ra, OTBEYarIMX
3a accoyuamueHylo namsms, a Halle MpeACTaBIe€HHe O MaKpOIpolleccax,
TIPOUCXOASIIMX TIPU MTPOSIBJIEHUU aCCOLIMaTUBHON MaMSITH.

[IpyHATO TOBOPUTH, UTO y Ue/NOBEKAa BO3HUKIA acCoLUalus, eCcad IpH
MOJyYeHUHM HEKOTOPOW Hemo/MHOHW WHGOopMaluu OH MOXeT TMoapoOdHOo
onucath 0OBEKT, K KOTOPOMY IO er0 MHEHHUI) OTHOCHUTCS 3Ta UH(POPMALUsL.
HoctaTouHO  XOpPOLIMM  TPUMEPOM  MOXKeT  C/AYKUTb  ONHCaHHUe
MaJI03HAKOMOTO YesioBeka. K nmpumepy, rnpu BbicKa3biBaHuu: "Ciyimaii, a uTo
3a TapeHb, C KOTOPbIM ThI BUuepa pa3rOBapuMBajl Ha BeuepUHKe, TaKoO
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BBICOKUM OsoHAuH?"™- y cobecegHuKa BO3HHKAaeT 00pa3 BuepammHero
cobeceHMKa, He OrPaHUUYMBAIOIIMIACA POCTOM U LIBeTOM BOJOC. B oTBeT Ha
3a/laHHBIM BOINPOC OH MOJXKeT paccka3aTb 00 3TOM uYe/loBeKe JOBOJIBHO
mHoro. Ilpuy 3TOoM cresyeT 3aMeTHUTh, UTO COJEpXKallelcs B BOIMpPOCe
uHopManuu  SBHO  HEAOCTATOYHO [yis TOYHOM  HAeHTU(HUKAIL[UU
cobecegnuka. bonee Toro, ecnu BuepamHui cobeceqHUK ObIN ClTydallHBIM,
TO 6€3 JONOIHUTEeNbHON HH(POPMAL|UK €ro U He BCIIOMHST.

B kauecTBe Apyroro mpumepa MOXKHO pPacCMOTPeTb CUTYyallMl0, KOIjla Balla
OJHOKYPCHUI]A TIOSIB/IAETCS B UHCTUTYTE C COBEPIIeHHO HOBOW MIPUUECKON U
B He3HAkoMo¥ BaMm ogexje. IIpu 3Tom BbI, TeM He MeHee, yalje BCEro ee
y3HaeTe W CMOXXeTe OrMpeaenuTb ueM ee HOBbIA o0pa3 oTiMyaeTrcs OT
MPUBBIYHOTO. MOXXKHO TMpPEANOI0XKUTE, YTO 3TO MPOUCXOAUT CAeAYHOIIUM
obpazom. Ilpu Buge ee HoBoro o6nMKa B Baieidl MaMsATH BO3HUKAET
acconuanus C IPUBLIYHLIM J71s1 Bac. A Jjajiee CpaBHUBAs 3TU /IBa 00/1MKa BHI
MO>KeTe OTpeJle/IUTL OT/TUUUS.

HCXDr[[ﬂ H3 PaCCMOTPEHHBIX MMPHUMEPOB MOXHO CKd3dTb, YTO ACCOLUATHBHAaA
amMATh II03BOJISIET II0 HEIOJAHOHA H AaxKe 4YdCTHUYHO HE,[LOCTOBEPHOF{
I/IHCl)OpMEiL[I/IH BOCCTAHOBHUTBL JAOCTATOYHO IIOJ/IHOE OINMHMCAHHME 3HAKOMOI'O
obnekta. C/I0BO 3HAKOMOIO $BJ/AETCS OYEHbL BdKHBIM, II0OCKOJ/IBKY
HEBO3MOXHO BbI3BATb dACCOLIMAIIHHW C HE3HAKOMBIMH oObeKTaMu. HpH 3TOM
00BLeKT AOJIKeH OBLITE 3HAKOM TOMY, ¥V KOTO BO3HHKAKOT dCCOLHALIMH.

OJHOBpPEMEHHO pacCMOTpPeHHBIe TIPUMEpHI TO3BOJSAT CHOPMYIHMPOBAThH
peliaeMbie acCOLMATUBHON MaMSATBIO 3a[jauu:

1. CooTHecTu BXOJHYH HWHGOPMAIUK) CO 3HAKOMBIMM OOBeKTaMu, |
JOTIOJTHUTE ee /10 TOUHOTO OMUCAHUs 00beKTa.

2. OrdunerpoBaTs M3 BXOAHOW HHGOpPMALUM HEAOCTOBEPHYK, a Ha
OCHOBAHWH OCTABLIEHCS PEIIMTh MEPBYIO 3a/auy.

OueBU/HO, YTO IO TOUHBIM OMUCAHWEM OObeKTa C/ieflyeT MOHWMATh BCIO
nH(popMaL10, KOTOpas AOCTYIIHA acCOLUaTUBHOM mamsaTH. Bropas 3ajaua
pelaeTcss He T[I03TalHO, a OJHOBPEMEHHO TMIPOUCXOJUT COOTHECEeHUe
NMoJiyueHHOW wWHGOpMAlMK C HW3BECTHBIMH  obOpasijaMd ©  OTCEeB
HEJOCTOBEPHOI WH(bOPMaLUH.

ITocTraHoBKa 3aJa4H
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[Tyctes 3ajaH Habop M3 777 ITANOHOB - 7 -MEPHBIX BEKTOPOB '{.r’}
TpebyeTrcs mMOCTPOUTHL CeTb, KOTOpas TpPH TIPeABSIBIEHUM HA BXO[
NpOU3BOJLHOTO 0Opa3a - BekTopa x - fAaBana Obl Ha BeIxofe "Haubosee

TMOXOXKUH'" 3Ta/IoH.

Bcrogy nanee obpasbl U, B TOM uuc/e, STATOHBI - 73 -MEPHbIe BEKTOPBI C
KoopauHaTamMu -+ 1. OTanoH, "Haubosiee MOXOKUI" HA x - OMIKAUIMHA K X
BeKTOp 4+'. Jlerko 3aMeTuTh, uTO 3T0 TpebOBaHMEe IJKBUBAIEHTHO
TpeOOBaHHWI0 MAKCUMa/IbHOCTH CKA/IAPHO20 NpOU36edeHUsi 8eKMopo8 1= |

7.

€I

|z — || = IzI® + ||| - 2 (z.2") .

o

[Tepebie aBa cylaraeMeiX B PAaBOM YaCTH COBMAJAIOT A1 M0OBIX 00pa3oB

M !, TaK KaK JJIMHBI BCEX BEKTOPOB-00pa30B paBHBI ﬁ Takum obpa3zom,
3aflaua noucka Gmkaiiiiero obpasa CBOAUTCS K MOMCKY 00pa3a, CKaispHOe
Npou3BeJeHre C KOTOPbIM MakCHMMajibHO. DTOT MPOCTOM (aKT MPUBOAUT K
TOMY, UTO CPAaBHMBATb MPU/IETCS TMHelHble PyHKI[UU OT 00pa3oB, TOra Kak
PacCTOsSTHUE SIBJISIETCS KBAJIPAaTUUHOU DyHKITUeH.

Cetu Xondunga

Haubonee wu3BeCTHOW CeTBIO AaCCOLMATHBHOW TMaMATH SBISETCS Cemb
Xongunda [8.1]. B ocHoBe cemu Xoncunda nexut cnepywoiias upes -
3anumemM cuctemy auddepeHIUANBHBIX ypPaBHEHUM [ TPaJueHTHOM
MUHUMU3aUK "IHepruun" H (pyHkiuu JIsnyHoBa). Touku paBHOBECHS TaKOM
CUCTEeMBI HAXOAATCS B TOYKAX MUHHUMyMa 3Hepruu. @ YHKIUIO IHEPruu
Oyzem CTpOUTb U3 CAeAYIIMX COOOpaKeHUI:

1. Kaxaplil 3TanoH Jo/KeH ObITh TOUKOM MUHUMYMA.
2. B Touke MUHMMYyMa BCe KOOpAUHaThbl 00pa3a JO/DKHBI UMETh 3HaueHUs

el

DyHKIUSA
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)

12 o) +a ) (= -1

I-J||—

He YIOB/IeTBOPSIET 3TUM TPeOOBaHUSIM CTPOTO, HO MOXKHO TIPE/II0J1arath, UTo
nepeoe cyaraemoe 00ecreudT MPUTsHKeHWe K dTajioHaM ([ BeKTopa x
(GUKCHpOBAHHOW [IMHBI MakKCUMyM KBajparTa CKajJsgpHOTO MPOW3BeeHUs

Y2 ) 3 (22 -1)°
T,r") [OCTWTAeTCA MPU X=x, ), a BTOpOe cjlaraemoe - i

- B _'l‘:
npubIU3UT K efuHHULle abCOMIOTHBIE BEJIMUMHBI BCEX KOOPAMHAT TOUKU

MUHHUMyMa. BennunHa ¢y Xapakrepu3syeT COOTHOLLIEHHUE MeXJYy ITUMH [IByMS
TpeOOBaHUSAMM U MOXKET MEHSITLCSI CO BPEMEeHeM.

Wcromnb3ys BeIpaskeHUe [/l IHePruM, MOXKHO 3arucaTh CUCTeMY YPaBHeHHUH,
OTMUCKIBaKOIMX DYHKIIMOHUPOBaHUe cemu Xonguaoa:

Ly
; =—0H[dz; = E (1‘ T ] — 4a (.1‘ )I_i; (1)

i=1
Cemb Xoncunda B Buze (1) SBASE€TCS CETbIO C HEMPEPLIBHBIM BPEMEHEM.
370, OBITH MOXeT, W YAOOHO /ISl HEKOTOPBbIX BAPUAHTOB aHAIOTOBOM

peanu3anu, HO ISl LJU(PPOBBIX KOMITBIOTEPOB JIy4llle BOCIOIB30BaThCSA
ceTsiMU, QYHKIUOHUPYIOLUMMH B TUCKPETHOM BPEMEHHU - LIAr 3a LLaroM.

[Toctpoum cemb Xonguada ¢ puckpetHeiM BpemeHeM. CeThb A0/KHA
OCYIIeCTBATH Tpeobpa3oBaHue BXOAHOTO BEKTOpPa - TakK, YTOObI BHIXOAHOM

BEeKTOp o/ Obln O/MJKe K TOMY 3TaOHY, KOTOPBIM SIB/ASETCS MPaBUIBHBIM
orBetoM. [Ipeobpa3oBanue cetu Oygem UCKaTh B C/I@AYIOILIEM BHJE:

"= Sign Z w.z' |, Q)
=1

e W; - BeC j -ro 3Tajg0Ha, XapaKTepU3yHLMi ero 6/1M30CTb K BEKTOPY 7,
Sign. - HeTMHeNHBIN OMepaTop, NepeBosIi BEKTOp C KOOpAUHATaMu 1

B BEKTOP C KOOPJUHATAMH SiqGTLY;.

®yukiuoHupoBanue cetu. Ceth paboTaeT ciefyoiupmm obpasom:
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1. Ha Bxop cetu nogaetcst obpas 77, a Ha BbIXofle CHUMaeTcsi obpas .
2 oap !
2. Ecmu g # @, TO mojlaraeM 5 — ' Y BO3BPALAeMCs K LIary 1.
3. TNonyuyeHHBIH BEKTOP -/ SIB/ISIETCS OTBETOM.

Takum o6pa3om, OTBeT Bcerga SBASIETCS HEMOABWIKHOW  TOYKOM
npeoOpa3oBaHusi ceTd (2) ¥ MMEHHO 3TO YyCIO0BHEe (HEU3MEHHOCTb TMpPH
obpaboTke 0bpa3a ceTbl0) U SABISETCS YCIIOBUEM OCTAaHOBKH.

IMycts ;% - HOMep 3TanoHa, 6imkaiiero K 0bpasy ;- . Torma, eciu BeIOpaTh
Beca MpPOMOPLMOHANBHO O/IM30CTH 3TAJIOHOB K MCXOAHOMY 00pasy 1, TO

cielyetT oXuzarth, uTo o6pa3z ;' Gyger OsiKe K ITANOHY 57 , ueM 77, a

[ -
nmoc/ie HeCKOJIbBKMX UTepdliliH OH CTAHET COBIIaAdTh C 3TA/IOHOM ;?_J "

Haubonee mpocrtoii cetelo Buaa (2) ABASETCS AUCKPETHBINA BapuaHT cemu
Xonguada ¢ BecaMu paBHBIMU CKaISIPHOMY TPOM3BEJEHUI0 3TAJIOHOB HA
TpebsABIsieMbIid 00pa3:

e

' = Sign Z [;I:, -.:L") ]|.@®

g=1

O cersax XDI'ICI)I/IJ'I,I[EI HU3BECTHO, 4YTO OHH CIIOCOOHBI 3alTOMHHUTL M TOYHO

Bocrpoussecty "mopsaka (}.]14n c<r1abo ckoppenupoBaHHBIX 06pa3soB”. B
9TOM BBICKa3bIBaHUHU COAEPXKUTCA jBa OTPAaHUYEHHUS:

® UKC/I0 9TA/IOHOB He NpeBocxoauT (), ] 4dn .
® STajloHbI C/1a00 CKOPPE/IMPOBAHHBI.

alH EE B[: 1-[i
Puc. 8.1. a, 6, ¢ — 3Ta/NoOHBI, T — OTBET CETH Ha MpeAbsBJeHHe HO0T0
3TaJI0OHA

Haubonee CYLIeCTBEHHBIM fABJIA€TCA BTOpPO€ OIpaHUYEeHHE, II0CKOJBKY
DGPBBBI, KOTOpbIE CeTb [OOJIXKHAa OﬁpaﬁaTbIBaTb, YdCTO OYEHb II0XO0XKH.
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[Mpumepom Moryr cnyxuth OykBbl naTuHCKoro andaeuta. [lpu obyueHun
cemu Xongunda pacrio3HaBaHWIO Tpex mepBbiX Oyke (cm. puc. 8.1 a, 6, B),
NpU MpeAbABIEHUU HA BXOJ CeTH 00O0ro UX 3TAJOHOB B KaueCTBe OTBeETa
nosiyuaetcst 00pa3, npuBeJeHHbIN Ha puc. 8.1 T.

B cBsi3u c TakuMu npuMepamu TIepBBIIl BOTMIPOC O KauecTBe paboTel ceTH
acCOLIMAaTUBHOM TAaMATH 3BYYUT TPUBHUANLHO: OyIeT /1M CeThb MPABUJILHO
obpabaTeiBaTh caMu 3TanoHHBIEe 00pa3bl (T.e. He UCKaXKaeT UXx)?

3aBucumocts pabotel cemu Xonguada OT CTeneHU CKOPPEeTUPOBAHHOCTH
00pa3oB MOXXHO JIeTKO TIPOJEMOHCTPUPOBATh Ha CJIeJYyIOLEM IIpHUMepe.

[TycTh maHbl TpU 3TasIOHA ;1-15 -_1;2‘ 4 Takux, uTo

L 2 ) S,
(=, 22} + (22, 2%) > n, A
(zt, 2%} + (22,2%) > n @
(2%, 27) > 0(¥i,5)

Hnst mroGoit KOOPAWHATEI CYLIECTBYeT OfjHA M3 UeThIPeX BO3MOXKHOCTEH:

1)z} = =j=1(¥%, ),

2};1'}: = —;r;:;l'f“:l,
x; = —-.rf:;rf‘: -1,

)z = 3= —1(V4, 5).

B nepeom cnyuae npu npeabsBieHun cetu { -ro sTasioHa B cumy GopMysbl

q
= gy g ot =

(3) mnonywaem Iy = Sign Z (:I y oL ) x1] = ]-, Tak Kak BCe

CKaJIAPDHBIE TPOHU3srarHmn llUJlUﬁP’}lt‘Jlbﬂbl 1HU YUIUBXARY (4) AHa/IOTUYHO

i S5 G
MoJlyyaeM B UeTBEPTOM Cydae €; — =i,

Bo BTOpOM C/lyuae pacCMOTpPHM OT/ie/IbHO TPU BapuaHTa

= ;1'é,;r; — Sign ;:— l:.z'*,;l'i) - {Té,i‘jj + (1";;{"“)] — )|
=2, 5 = Sign|— (—.rf.;ri + :rj,:::j) + [;1'3};1'3”')) =9
T = x°, 2 = Sign (= (x¥, 2"+ (2F 28] + (k2R = 1
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TaK KakK CKanspHbIN KBajpat moboro obpasa paBeH 73, a CymMa JIBYX JTFOObIX
CKaJISIPHBIX TPOUW3BEIEHUN 3Ta/loHOB Oosbilie 77, 1o yciaoeuto (4). Takum

oy,
OGPBBDM, HE3dBUCHUMO OT IIpedbsAB/IEHHOI'0 >3Ta/I0OHA4 I10/AyddeM ﬂ-_;.‘ = ]-

il 25
AHa/IOTMYHO B TPEThEM C/Tydae mojydaem &L; — 1.,

OkoHuaTe/IbHbIN BBIBOJ TAKOB: €CJIA 3TA/IOHBI YIOBJIETBOPSIOT YC/IOBUSM (4),
TO TIPH NpebsiB/IeHUH T000ro 3TamoHa Ha BeIxofe Beeraa Oyaet oquH obpas.
JToT 006pa3 mMokeT OLITH ITA/IOHOM WM "XMUMEpOH', COCTaBIEHHOM, yalle
BCEro, M3 Yy3HaBaeMbIX (ParMeHTOB Pa3/lIUUYHBIX 3TAJOHOB (MIPUMEpPOM
"xumepnl" MOXKET C/Iy)KUTb o00pa3, mnpupegeHHbId Ha puc. 8.1 T).
PaccmoTrpenHbIil paHee npumep ¢ OykBamu /IeTanbHO WU/UTHOCTPUPYET TAKYHO
CUTYALUIO.

[lpuBeneHHble  BBIIIE  COOOPa)KeHUs  MO3BOJSAOT  CHOPMYIHMPOBATH
TpeboBaHue, JeTanu3upyroupme TMOHSATHe 'c1abo  CKOppeTHpOBaHHBIX
obpa3oB". [l MpaBU/IBLHOTO pacro3HaBaHUsS BCeX ITAJIOHOB JOCTAaTOYHO (HO
He Heobxogumo) moTpeboBaTh, UYTOOBI  BBIMOJHSNIOCH — C/Ie[YHOLIEE

T

s |(;1‘2,-.rf:| | <n,Vj
HEPABEHCTBO ;| . Bonee npocroe u HamsagHOe, XOTA U

157 =y s

ey

Oosiee CHILHOE YCIIOBME MOXKHO 3allicaTh B BUJE ‘ [-.1:’ y .Tj:l ‘ < i Ve = 3
. U3 3Tux ycnoBui BMAHO, uTO ueM 0OJIbILIE 3aJlaHO 3Taj0HOB, TeM 0oJjee
)KeCcTKHe TpeOOBaHUs MPeAbLABIATCS K CTEIIeHU UX CKOPPeJIMPOBaHHOCTH,

TeM O/1MXKe OHH AOJTXKHBI OBITE K OPTOTOHA/IBHBIM.

Paccmotpum npeobpa3oBaHue 3) Kak CYMeprio3UL[HUI0 JABYX
npeoOpa3oBaHMIA:

Pz = Z (E2t)at, 2" = Sim{Pa). i)

1=1

T
i = = Ve
O6o3HauuM  uyepes3s L ({‘T }jl =q%lz= Z:LCI;J! 0 € R
JIMHEeIHOoe MNpOCTPAHCTBuU, HdAdlxHY1UE Ha lﬂrlU}lEtTLl.bU F1ld/IUHUBE. I'or,qa
rnepeoe HpeoﬁpaBOBaHI/Ie B (5) MnepeBoguT BEKTOPBI M3 R” B I ({Iz}j

Bropoe mpeobpasoBanune B (5) TmepeBoAMT  pes3yakTaT  MEpPBOrO
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npeobpasoBanus [’ B OAHY H3 BepumMH 2unepkyba obpasoB. Jlerko
MoKasaTb, UuTO BTOpoe mpeobpa3oBaHue B (5) MepeBOAUT TOUKYy [’7- B
OMu>Kauiyio BepumMHYy 2unepkyba. [lelicTBUTeNbHO, MyCThb ¢ W h [JBe
pasnuuHbBIe BEPHMHBI 2unepkyba Takue, uTo ¢ - Omwkaimas Kk P, a
h— . U3 Toro, uto ¢ ¥ | PpasIUuHbBl ClegyeT, 4TO CYIIeCTByeT
MHO>XeCTBO UH/EKCOB, B KOTOPBIX KOODAUHATHI BEKTOPOB ¢ U } Pa3TUUHBL.

O603HauuM 3TO MHOXKECTBO uepe3 [ — {fj T@y = —bi}- N3 BTOpOrO
npeobpazoBanus B (5) ¥ TOrO, UTO }; — ', C/IEAyeT, UTO 3HAKU KOOpJAUHAT

BEeKTOpa [’ BCera COBIAJalT CO 3HAKaAMM COOTBETCTBYHILMX KOOpAUHAT
BEKTOpa /. YUWUTbIBas pa3vuve 3HAKOB ; -X KOOPJUHAT BEKTOPOB (1 U

P 1pu e MOHO 3anmucaThb
|a; — (Pzx),| = |ai| + |(Pzx);| = 1+ |[(Pz),| . CoBnagenue 3naros j
-X KOOpAWHAT BeKTOpoB § W g mpu j < [ [03BOMAET 3amucaTth
creayroiee HEepPaBeHCTBO
|b; — (Pz),| = ||ai| — [(Pz);|| < 1+ |(Pz),|. Cpasuum paccrosmus

OT BepUMH ¢ U } [0 TOUKU [

Ti

lb— Pz|| = ¥ (b - (Pz),)* = Efwi — (Px),’ + ¥ (b: — (Px),)* <
i=1 i€ i#l

par |(Pf);‘”2 T = (P'-’:Ji:'g = i (a; — ilPI:',-)z = |- Pz
o iE ] =1

[MonydyeHHOE HEpaBEHCTBO ||b e P,TH < ||.:1 = P:.::” NPOTUBOPEUYUT TOMY,
uTo ¢} - OnmwKakmasi K [’3. Takum o0Opa3om [o0Ka3aHO, YTO BTOpOeE
npeoOpa3oBanue B (5) MepeBOAUT TOUKY [P B O/MMOKAWIIYI0 BEPLUIMHY
2unepkyba o6pasoB.

OPTOFOHaﬂbeIe ceTH

Ins obecrieueHusi MPaBUILHOTO BOCIPOM3BEJEHUSI ITAJIOHOB AOCTAaTOUHO
notpeboBaTh, uToObI MepBoe mnpeobOpa3oBanue B (5) ObIIO TakuM, UTO

7! — Pz*'. OueBUHO, UTO €C/IU TIPOEKTOP SIBJISIETCS OPTOTOHA/BHBIM, TO
5 1
3TO TpebOBaHUe BBITTOHIETCS, TOCKOJIBKY - — [P tipu 2 & [ ({.r }:I, a

el ({.Tz}) T0 OTIpefie/IeHUI0 MHOXKecTBa [, ({Iz}]
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r[[I]FI obecneuenus OPTOTOHANTBHOCTH IIPOEKTOpad BOCIIONb3yeMCH OYa/IbHBIM
MHOKEeCTBOM BEKTOPOB. MHO0XecTBO BEKTOpPOB 1, ({I! }':] Ha3bIBAETCHA

IyaJbHBIM K MHOKECTBY BEKTOPOB {1“} eCM BCe BeKTOpa 3TOro
MHOXXECTBA 1)) YIOBJIETBOPSIOT C/IeAVIOLMM TPeOOBaHHSIM:

1. (:-_r’lﬂ.lj:] =18y = 0, opu & £ fitys =1 opu 2 = 35
2. W eL ({:ﬁ'z}]

[Mpeobpa3zoBanue Pz = Z (‘T‘ ”1) v eV ({‘IJ }') ABJISI€TCSA

1=

OPTOTrOHA/ILHBIM ITPOEKTOPOM Ha JIMHEWHOe MPOCTPaHCTBO [, ({.Tz } lj .

OpToroHanbHasi CeTh acCOLIMATUBHOM MamATH TmpeoOpa3yer o6pasbl Mo
thopmyrne

e

' = Sign Z {I.i'é:l x' ] . (6)

i=1
HyanbHOe MHOKeCTBO BEKTOPOB CYILECTBYeT TOL[Aa U TOJBKO TOTZa, KOrja

MHOXECTBO BEKTOPOB {IJ}' JUHeHHO He3aBucUMO. EcaM MHOXKeCTBO

3Ta/l0HOB {1‘*} MVUHEeWHO 3aBUCHMMO, TO WMCKIKOUYMM K3 HEro JIMHeHHO
3aBucuMble oOpa3el u Oygem paccMaTpuBaTh TOMYYeHHOE YCEeUeHHOe
MHOJKEeCTBO 3Taj0HOB KaK OCHOBY //i IOCTPOEHUS AyaJlbHOTO MHOXeCTBa U
npeobpa3oBanus (6). OOpasbl, MCKIIOUEHHBIE W3 UCXOJHOTO MHOXXECTBa
JTallOHOB, OyOyT MO-TIpe)XHEMY COXPAaHSTbCS CeTBH0 B HCXOAHOM BHjE
(mpeobpa3oBsiBaThCsi B caMux cebs). [deliCTBUTENbHO, MYCTh ITaJOH
SIBJIAETCS JTMHEMHO 3aBUCHMMBIM OT OCTalBHBIX 777 3TasoHOB. Torga ero
MOXKHO TMpe/ICTaBUTh B BUJE

m

o 1

i E T,
=1

[MogcTaBuB TOnydeHHOe BbIpakeHWe B TipeoOpa3opaHue (6) U yuuThIBas
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CBOMCTBA AYaJIbHOI'0 MHOKeCTBa ITOJIYYHM!

TTi UL

= =Sign| ¥ {.?:, 1.'3') 2| ="Bagn 5 i a;x? vt | &

= s=1 \ =1

=gwgn| E ay (;1‘-?'.1”') 2t = Signil ¥V ast] =Sign(E) =%
1. 9=1 =1

Paccmorpum  cBoiictBa cetu  (6) [8.2]. Bo-mepBBIX, KOIMUeCTBO
3aIOMMHAeMbIX W TOYHO BOCIPOUW3BOAUMBIX 3TaJlOHOB HE 3aBUCHUT OT
CTeNeHU UX CKOPPeIMPOBAaHHOCTU. Bo-BTOpHIX, hopmanbHO ceTb criocobHa
paboTaTh 0€3 MCKa)KeHUH MpHU H000M BO3MOXKHOM UHCJ/Ie TAaT0OHOB (BCETro
ux MoxeT ObiThb g0 2™ ). OfHaKo, €C/d YUCI0 JIMHEHHO He3aBUCHUMBIX
JTa/IOHOB (T.e. paHI MHO)XKECTBA 3TaJlOHOB) paBHO 7i, CeTb CTAHOBHUTCSA
Mpo3payHoil - Kakoi Obl 0Opa3 He MpeaBABUIM HAa ee BXOf, HAa BHIXOAE
OKa)keTcsi TOT ke oOpa3. /lelicTBUTe/NbHO, KakK ObLIO Moka3aHo B (7), Bce
obpa3bl, TMHEHHO 3aBUCHUMBIE OT ITAJIOHOB, MPe0OPa3yrOTCA MPOEKTUBHOM
yacTeto mpeobpaszoBanus (6) camu B cebsa. 3HAUMT, eCIM B MHOXKECTBE
JTAJIOHOB €CThb 71 JIMHEHHO He3aBUCUMBIX, TO /wboii obpa3 MoKHO
NpeACTaBUTL B BUJE JUHEHHOW KOMOMHAIUM ITaloHOB (TOUHee 713
JIMHEIHO He3aBHCHUMBIX ITAaJIOHOB), a MPOEKTUBHAS 4acThk npeobpa3oBaHus
(6) B cuny dopmynsl (7) mepeBoauT a0yl JUHEHHYH) KOMOWHAIIWIO
3TaJIOHOB B camy ce0si.

Ecnu uucno nMHEMHO He3aBUCUMBIX 3TaJIOHOB MEHbIIE N, TO CeTh
npeobpa3syer MOCTYMAIIUA obpa3s, OT(UNBTPOBBIBAs TIOMeXH,
OPTOTOHA/BHBIE BCEM 3Ta/I0OHAM.

OTtmeTuMm, uTO pe3ynksrathl paboThl ceteil (3) u (6) SKBUBANEHTHBI, €C/TH BCE
3Ta/OHbI NTOMAPHO OPTOTOHA/BHBI.

OcCTaHOBUMCSI HECKDJIBKO TIOpo0Hee Ha aJirTOPUTMe BHIUMCIEHUS AYaJbHOTO
MHOXecTBa BekrtopoB. O6o3nauum uepes [ ({;‘a"}) matpully ['pamma
MHO>KECTBA BEKTOPOB {I‘}. OnemMeHThl MaTpulbl ['paMma umerT BUJ

= (_-.r’,.?:j') ( 27 -wiii 2memMeHT MaTpuibl [paMMa paBeH CKaJsIpHOMY

MPOM3BEAEHUIO j -TO 3TajoHa Ha | -blil). VI3BeCTHO, UTO BEKTOPBI
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AYya/IbHOTO MHOKeCTBd MOXHO 34IIMCaTh B C/IedYHOIeM BHUe:

r
e Z.J;ll._?‘ ®)
i=1
e rjj_L - 371IeMeHT MaTpPHI|bl |t ({r’}»] [TockonbKy onpedenumesnb

mampuybl 'paMma paBeH HYIK, eC/Ii MHOXXECTBO BEKTOPOB JIMHEWHO
3aBUCHUMO, TO Mampuya, obpamuasa K matpuiie I'pamma, a ciejoBaTeNnsHO U
JlyajlbHOe MHO>KeCTBO BEKTOPOB CYLLECTBYeT TOJIbKO TOLZA, KOLJla MHOXeCTBO
9TaJIOHOB TMHEHHO He3aBUCUMO.

HOns paborbl cetu (6) HeoOXoAMMO XpaHUThL 3STAJIOHLI W MaTPHUIY
r (=)

PaccmoTpum mpoijeaypy aAobaBiieHuss HOBOro 3TasoHa K cetd (6). Ora
omeparus 4yacTo Ha3blBaeTcsi JooOyueHneM ceTH. BaKHbBIM KpuTepuem
OLIeHKM anroputMa (OPMHPOBAHUS CETH  fBJAETCS COOTHOILEHUE
BBIUMC/IUTE/IBHBIX 3aTpaT Ha obOyueHue u pgooOyueHue. 3arpaTel Ha
nooOyueHue He O/HKHBI 3aBUCETh OT UKMC/Ia OCBOEHHBIX paHee 3TaJIoHOB.

HOnsi cemeli Xonguada 310, OUEBUAHO, BBITIOMHSIETCS - J0DaB/IeHUE elle
OJHOTO 3TajiloHa CBOAMTCS K mnpubaBneHu0 K GQyHkuuu H  ogHOro

. 4 2 »
cilaraemMoro (I, Im+lj , d MO,I[HCI)I/IKE!LU/IH CBsA3€eH B CeTH - COCTOHUT B
. o o+l _m+1 5
npubaBseHuyd K Becy 13 -W cBssu uucna ;T - BCEro p

omepanui.

Inst paccMaTpuBaeMbIX CeTell C OPTOTOHATBHBIM MPOEKTUPOBAHUEM TaKKe
BO3MOJKHO mpocToe AoobyueHue. Ha mepBeIil B3I, 9TO MOXKET MOKA3aThCs
CTPAaHHBIM - ecinu J00aBnsSieMbIN ITAJIOH JMHEHHO HE3aBUCHUM OT CTapbIX
3TaJIOHOB, TO BOOOIje roBOps He0OXoAMMO mepecuuTaTh MaTpuuy I'pamma u
obpatuth ee. OJHAKO CHMMETPUYHOCTb MaTpullbl ['paMma Mo3BOJIfET He
NMpOU3BOAUTL  3aHOBO  mpoueAypy  oOpaijeHuss BCeld  MaTpULBL.
HelicTBuTenbHO, 0603HauuM uepe3 (&, - MaTpully I'pamma /711 MHOXKeCTBa
U3 777 BEKTOpPOB 4% ; uepe3 K, - eQUMHUUHYIO MaTpPHULy Pa3MepHOCTH
m ¥ q1z. Ilpm obpawenun wmatpul Merogom [laycca wucnonb3yeTcs
cnepyrolas mpoleaypa:
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1. 3anuimemM MaTpULly Pa3sMepHOCTH 1 ¥ 2413 C/e[yiollero BHja:

(Gm |Em )-
2. Ucnonb3ys omepauuu CA0MCEHUSl CMPOK W YMHOXXEHUSI CTPOKA Ha
HEeHyleBOoe 4uc/I0 Tpeobpa3yeM JieByHO KBaJIpaTHYIO TMOAMaTpuly K

eIMHUUYHOMU. B pe3ynsrate nomyunm I:Em |G;L )

ITycte u3BecTHa G;_l - obparHas K matpuue [paMma A/1s1 MHO)KeCTBA M3 1M

BEKTOPOB % . lobaBUM K 3TOMY MHOXKecTBY BekTop ™11, Torga marpuua

anst obparenust matpuipl (55, -+ Metogom aycca Gyger umMeTs BUJ:

/ (aam) \

Gm Fim+1 | -

:::m.:.f’""'lj
(.._I-l‘-_rm-l—l] (;rm‘;rm—l—l.) (Im+1~3'm+"1:|

[Tocne mpuBeseHuWsi K eAMHUYHOM MaTpHlle [IABHOTO MHUHOpAa paHra m
MOJIYYUTCS C/IeIyIOIIas MaTpULia:

( ; o)
: -1 :
E._ : G~ |
brn
(ST e WgmEmli g ) e @1
roe Ib!, - HeHW3BeCTHble BE/JIHWYHHBI, IIO0JIYUEHHbLIE€ B XO4e TIIpHUBeJdeHHA

JIaBHOTO MUHOpPa K eAMHUYHON maTtpuiie. [Ins 3apepiueHus obpaieHus

matputlbl (5,41 HeOOXOAUMO MPUBECTH K HYIEBOMY BH/Y I[epBbie m

3/1IeMeHTOB TNocaejHell cTpoku u (772 + 1) -0 cronbua. [Jna obpamenus B
HOJIb 1 -0 371IeMeHTa MOoC/eIHel CTPOKM HeoOX0qUMO YMHOXHUTE 1 -0 CTPOKY

Ha I:-.r’,rm“”) U BBIUECTh U3 mocieaHel ctpoku. [locse mpoBeaeHus

3TOro npeoOpa3oBaHUs MOTYUUM
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( . o
: -1 :
E,, : Gm ‘
b, 0
0 0 b“ 1 Crn 1
e
e
b[] = (i_m+l:,_rm+l) e 5 (i_i,__tm-l-l:l b}_‘
=1
T
e  amtl —1
C; = — E (;1‘3,;1 :]Gm.ji'
=1
by = () TOMBKO eciyM HOBBIM 3TA/IOH SIB/IAETCS JIMHENMHON KomOuHaijueit

Fd
nepebIx m 3TanoHoB. CiexoBarensHo by 7 (. [lns 3aBepmenns obpateHust

HeobOXolMMO pa3sfle/IuTh NMOCIeJHION CTPOKY Ha by, U 3aTeM BbIUeCTb U3 BCeX
NnpejblylMX CTPOK TMOCAeJHIO, YMHOXXEHHYH) Ha COOTBETCTBYIOIlee

HOMEpY CTPOKHU h; . B pe3ynsraTe monyuyum cjieAyroLy0 MaTpULly

( 0 —b1 /b \
E,. E F : ‘
0 b/ B0
0 -« 0 1] efg -+ cmfhy 1/bq
me Fi;= G,::z-j- — bic; /bo.  Mockonbky mampuya, obpamuas
CHMMETPUUHOM, BCerja CHMMETPUYHAa monmydaem ¢; /by — —b; /by npu
Beex i. Takkak by 7= () cnegoBarensro h; — —¢;.

O603HaunM uepe3 ¢] BEKTOP
[(:;r],i'm"'l] N (:-.rm,-.rm"'l]:l .

uepe3 b - BeKTOp [b]q_ s ﬁbmj. Wcnonb3yst 3T 0003HaUEHHUsT MOKHO
3anMcaTh
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B=G dim =" .7 =B,

M s
ElTpPI]_]El e | 3dIIMCEIBAeTCHd B BH,[[E

g-! — 1 WGl +beb -b

m+l = §y —b 1
Takum obpasom, npu fo6aBneHUH HOBOTO 3TaqoOHa TpeOyeTcst MPOM3BECTU
C/eAyroLe onepanuu:

1. Berunciute Bekrop l ( 777 CKansIpHBIX TIPOU3BeAEHUN - 17271
onepauuii, mn < n? ).

2. BeluuiuTh BeKTOp b (YMHOXKEHHE BEKTOpa Ha MaTpuily - gp;2
omeparjuii).

w

Beruncnute by (ABa CKansipHBIX TPOU3BEIEHUs - 172 - 72 OIeparuii).
4. YMHOXUTb MaTpUIy Ha YUCI0 U 100aBUTH TEH30pPHOE MPOU3BEJeHHe
BekTopa b Ha cebsi ( 2y ? onepaiuii).

5. 3anucaThb G;f,_l

Takum obpa3om, 3Ta nipoueaypa Tpedyet 172 + 1 + mn + I omeparjui.
Torpa kak cTaHapTHAas CxeMa MOJHOTO TepecyeTa moTpedyet:

1. Berumcnuts Bcro matpuny I'pamma ( 1zim (1 + 1}{'2 oreparuii).
Metogom T[aycca TmpuBeCTH JIeBYyHO KBaJpaTHYH MaTpUIy K

eqMHUYHOMY BUAY ( 2y~ omepanuii).

3. 3anucaThb G;f,_l

Bcero 2m*° + nm (m + l)f? omepaluii, 4To B 777 pa3s Gosble.

Wcnone3yss opToroHanbHyi ceTh (6), yaanochk A00UThCS HE3aBUCUMOCTH
crnocoOHOCTH CeTH K 3allOMMHAHWK Y TOUHOMY BOCIPOU3BEJeHUI0
ITA/IOHOB OT CTeNeHH CKOPPe/MpPOBAHHOCTU 3Ta/oHOB. Tak, Hampumep,
OpTOrOHANBHAsE CeTh CMOIZIa TIPaBUJLHO BOCIIPOM3BECTH BCe OyKBEHI
NMATUHCKOTO asaBUTa B HAaMMCAaHUM, TIPUBEJIEHHOM Ha puc. 8.1.
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Y cetu (6) MOXKHO BBIJIE/IUTH ABa OCHOBHBIX HeJlOCTaTKa:

1. Yucno nMHEHHO HEe3aBHCHMBIX 3TallOHOB AOJIXKHO OLITH MEHBIIIe
Pa3MepHOCTH CHCTEMBI 71 .

2. HEI/IHBapI/IaHTHOCTbI{] - eC/Ii [OBa BH3YAJBHBIX 06]_3333 OTIHUYaKTCHA
TOJBKO CBOMM II0/I0KEHHEM B pdaMKe, TO B O0MBIMHCTBE 3a4a4
JKeaaTeabHO Oﬁ'bE,[[HHHTb HX B OJWH 3TaJ/IOH.

O6a 3TUX HEAOCTaTKA MOXXHO YCTPAaHWUTh, W3MEHUB BbLIOOD BECOBBIX
ko3 (durueHTor B (2).

TEHBOprIe ceTHn

ﬂﬂﬂ YBe/TMUYeHHA YU Cild JIMHEeHHO He3aBUCHMBIX 3Ta/IOHOB, HE MPHBOOAIINX
K IMPO3pa4HOCTH CEeTH, HCIIOJb3YeTCdA IIpUEeM Ilepexod K TeH30DPHBIM HJ/IH

TEHBD])HI:IM MpoMv3BeJeHHuEeM k 72 -MEepDHBIX BEKTODOB yl,‘ LTI '_EJ,"EL-

Ha3blBAETCSl J; -WH/EKCHAsl BeIMYMHA [ ...;,, Y KOTOPOHl BCe WMHJEKCHI
He3aBUCUMO mpoberatoT Bech HAOOp 3HAYeHWIl OT eAWHHULIBI [0 72, a

b

Ha3bIBATh BEKTOD =K, TO/NydeHHbIM KAaK TEH30pPHOEe TMpOU3BeJeHHue J

S k 9 o )
ipeiy — Yy M5, V- k -Of TEH30DHOM CTENeHBIO BEKTOpA Oymem

BEKTOPOB 1 . Bektop ©F sasnsercs ;% -mepHbiM Bekropom. OjiHako

Bk
At

MIPOCTPAHCTBO L ({1 }) MMeeT pa3MepHOCTb, He TMPEeBBIIAKIIYIO

ke .

= 2 47

BeIMUMHY | n.k = E c“n—l, e Cg =

r=1
P no 4. ‘

]

EsniPll = o
Q‘[EP—G'"! - YHC/JI0O COYEeTaHHH H3

Teopema. Ilpy k < n B paHr 7Tn k MHOXKeCTBa '{:Ec’?i"}- paBeH:

k .
Tk = 2, €L,

2=II
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5 11 |15 |16

& e |26 |31 (32
7 22 |42 |37 |63 |64
2 29 64 |92 120 (127 |128

9 37 193 (163 219 247 |255 |256
10 |46 |130 236 [382 466 |502 |511 [512

A1 112121405 A6 11717118 f118 | 110

Puc. 8.2. "Ten3opubiit" TpeyronbHUK Ilackans

HeGonemas mopepHusanust mpeyzonbHuka Ilackans, TI03BOMSIET JI€TKO
BBIUUC/IATE 3Ty BenuuuHy. Ha puc. 8.2 npuBe/ieH "TeH30pHBINU" mpey201bHUK
ITackans. Ilpu ero noCTpoeHUU UCNONbL30BaHbI CAeAYIOIMe NTpaBUia:

1. TlepBas CTpOKa COIEpPKUT ABOMHKY, MOCKO/IbLKY NIPU 1n=2 B MHOXXeCTBe
¥ BCero AjBa HeKOJITMHeapHbIX BeKTopa.

2. Tlpy mnepexofe K HOBOM CTpPOKe, MEpPBbIM 3JIeMEHT MO0JydyaeTcs
nobaBieHUEM eJUHULIBI K TIEPBOMY 3JIEMEHTY MpPeJAbIAYIIeil CTPOKH,
BTOPOM - KaK CyMMa [epBOr0 W BTOPOr0 3/IEMEHTOB IMpe/blayileu
CTPOKU, TPETUM - KaK CyMMa BTOPOTO U TPeThLEero 3J1eMeHTOB U T.[.
[Tocneguuii 371€eMeHT TOMY4aeTCsl YABOEHHEM IO0C/eJHero 3j1eMeHTa
npebIyield CTPOKH.

Tabmuua 8.1.
n k nk Ck_1n+k_1rn,k
5 225 15 11

3125 35 15
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1031000 220 130
6 1 000 000 5005 466
8 100 000 000 24310 511

B rtabnuua 8.1 mpuBegeHO cpaBHeHHe TpeX OLIEHOK WHGOPMAalMuOHHOM
eMKOCTH TeH30PHBIX CeTell /11 HeKOTOPBIX 3HaueHUU n u k. [lepBasi olleHKa

k k-1 o e
- p™ - 3aBeJIOMO 3aBbllIeHa, BTopas - L ;. | - maerca dopmynoii Dunepa
71T pa3MepHOCTH TMPOCTPAHCTBA CHMMETPUUHBIX TEH30PDOB W TPEThbS -
TOYHOeP 3HaueHue ''n.k

Kak nerko BuzeTs u3 Tabnuuel Tabauna 8.1, yrouHeHue TpU Tepexofe K
OLleHKe 7. fAB/ISeTCS BecbMa CyllecTBeHHbIM. C Jpyroil CTOpPOHBI,
npezenbHas UHGOPMAIUOHHAsA eMKOCTh TeH30PHOH CeTH (UMUC/I0 MTPABUJIBHO
BOCIPOU3BOJUMBIX 00pa30B) MOXKET CYIIECTBEHHO TMIPEBLIIIATE YHUCTIO
HellpOHOB, Hanpumep, Ajd 10 HeHPOHOB TeH30pHas CeTh Ba/leHTHOCTH 8
HUMeeT TIpe/ie/TbH Y0 WH(POPMaIMOHHY eMKOCTb 51 1.

Jlerko MMOKa3aTb, 4YTO eC/Id MHOKeCTBO BEKTOPOB {IJ}' He COOEepKHT

S m
e
B3aMMHO OOpaTHBIX, TO Pa3MepPHOCTb MPOCTPAHCTBa L ({1 }) paBHa

YU CY BEKTOPOB B MHOXECTBE '{.r’ } . CeTs (2) gns cnydast TEeH30PHBIX CeTel
uMeeT BU/J,

I TTi

¥ = Sign Z (-.r'?kﬁi"_m) ' | = Sign Z (:I'..;l‘é)k ' ], 9)

=1 a—=1
d OPTOTOHA/IbHAA TEH30DHAaA CeTb
- S k= y . - ==y ; < -
' = Sign g (.r "j“.-r“:l 2 | = Sign E E '}1.}.1 (;1‘.;1‘“*] e s
e =1 5=l )

-

rie V;; - 371eMeHT MaTPULIbI
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(=)

CeTsb (9) xopomo paboTaeT Ha c1ab0 CKOppeMPOBAHHBIX 3TaJOHAX, a CETh
(10) He uyBCTBUTENbHA K CTEMIEHU CKOPPEJMPOBAHHOCTH 3Ta/l0OHOB.

CeTu A1 UHBapUAHTHOM 06paboTKU 1300parkeHui

HOnsi Toro, utobbl mpu 00paboTke mMepeBOAUThL BU3yanbHbIe 00pas3os,
OTJIMYAIOIIMECS TOJBKO MMOJIOKeHUEM B PaMKe M300paXKeHusl, B OfUH 3TaJIOH,
npuMeHsiercsi  cneaywoumii  npuem  [8.7].  [Ipeobpa3dyem  ucxomHoe
nu3o0pakeHUe B HEKOTOPbIM BEKTOP BEeIMYMH, HEe W3MEHSIOUMXCA TMpPU
capure (Bektop uHBapuaHToB). Ilpocrelinmit Habop MHBApUAHTOB [AKOT
AaBTOKOPPEeJISAITOPHI - CKasipHbIe Tpou3BeeHust obpa3a Ha cBUHYTHIM 06pa3,
paccMaTpuBaeMsble Kak (yHKIIMU BEKTOpa CABUTA.

B  kauectBe  mpumMepa  pacCMOTPMM  BBIUMCIEHHE  CABUTOBOTO
aBTOKOppesiATopa A5 uepHO-6enbix u3obpaxkenuii. [lycTe naH gBYyMepHBIH

obpaz 5 pasmepom pi % g — 1. O603HauMMm Touku obpasa Kak Jij.

DnemeHTamMu aBTOKOppenaTopa Ae (S GyAyT BeTMUnHbI

T |
'JA-!:E E P Py T

=1 ;=1

rne Sij=[] IIpH BLBITMMOTHEHHH noboro H3 HepaBeHCTB

1< 1,i>mp, 7 < 1.7 ¢q. Jlerko npoBepuThb, UTO aBTOKOPPEJSATOPEI
moOBIX AByX 00pa3’oB, OTIMUANIMXCS TOJBLKO PacrooXeHHeM B PaMKe,

cosnagator. OTMetum, uto i — @—i —; mpu Bcex 7,7, u ;; — U npu
BBITMIO/THEHUU noboro u3 HepaBeHCTB

r< 1l —pi=>=p—1,7<1—9q,7>g—1. Takum o6pa3om, MOXHO

CUMTaTh, UTO pa3Mep aBTOKOppensaTopa paseH 1 % (2 + 1).

ABTOKOppeNATOpPHAas CeTb UMeeT BUJ
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= , o A 3an
' = Sign Z (Ae(z), Ac (.r’)) e

=1

Cets (11) mo3Bonsier obOpabarbiBaTh pa3nvuHble BU3yadbHble 00pa3ssbl,
OT/IMUAKIIMEeCS TOJILKO TIOJIOKEHUEeM B paMKe, Kak OfH 0Opa3.

[TogBoAs UTOTH, MOXKHO CKa3aTh, YTO BCe CETH aCCOI[MATUBHOM MaMsTH TUIIA
(2) MO>KHO TTOYUUTD, KOMOUHUDYS Ceytole mpeobpa3oBaHus:

1. IlpousBonbHOE npeobpa3oBaHue. Hanpuwmep, nepexof K
aBTOKOPpEesSTOpaM, TO3BO/SIONMNA OOBeAUHATE B OQUH BBIXOAHOUH
o6pa3 Bce 06pasel, OTIMYAIOIIMECS TOMBKO MMOJ/I0XKEHUEM B PaMKe.

2. TenszopHoe mpeobpa3oBaHue, TI03BOJISIIOIIEE CUIBHO YBEJIUUUTH
CcrocoOHOCTE CeTH 3alTOMMHAThL U TOYHO BOCITPOU3BOJUTh ITAJIOHEI.

3. Ilepexos K OPTOrOHa/sLHOMY TIPOEKTOPY, CHUMAKUMH 3aBUCUMOCTh
HA/Ie)KHOCTH paboThI CeTH OT CTeNeHU CKOPPeTMpOBaHHOCTH 00pa3oB.

Haubonee cnoxHasi cetb OygeT uMeTb BUJ:

i T
' = Sign ZZ 77 (1‘ (z), F (1‘3)) z* | , (12
=1 g =i
Die V;; - 3/eMeHThl MaTpuupl, 00paTHOH Marpuue [paMma cHCTeMbl

BEKTOpPOB

e ({r (=)}

B (;rj - TIPOM3BOJIbHOE TIpeoOpa3oBaHue.

YucieHHbIN JKCITEpPUMEHT

Pabota OpTOroHaNBHBIX TEH30PHBIX CeTel TMpPU HAaIUYUU  TOMeX
CpaBHUBANACh C BO3MOXXHOCTSMM JIMHEMHBIX KOJOB, MCIPABJISIOIIMX
oumbKku. JIMHEWHBIM KOAOM, MCTOPABASIONMM k oOuUMOO0K, Ha3biBaeTcs
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NUHeilHOe MOANPOCTPaHCTBO B I -MEPHOM MPOCTPAHCTBe Haj GE,, Bce

BEKTOpa KOTOPOrO yzajieHbl APYr OT JApyra He mMeHee ueM Ha 2k+1 (cm.,
Hanpumep, [8.8]). JIMHeWHBINA KOJ, Ha3bIBA€TCS COBEPIIEHHBIM, €C/IU [JIs
noboro BekTopa n -MepHOTO TNPOCTPAHCTBA CYILLECTBYeT KOJOBBIM BEKTOP,
yoaneHHBIA OT JaHHOro He Oosee, uem Ha k. TeH30pHOU ceTH B KauecTBe
3TaJIOHOB TI0/]aBA/IMCh BCE KOJOBbIE BEKTOPbI M3OpaHHOTO Asi CPaBHEHUS
Kozia. UucneHHble SKCIIEePUMEHThI C COBEPLIeHHBIMHM KOAAMHU MOKas3aau, uTo
TeH30pHasg CeTb MHUHUMAJBHO He0oOX0AUMOW Ba/NeHTHOCTH TPABUJILHO
JleKoiupyeT BCe BeKTOphl. [l HecoBeplLIeHHbIX KOJOB KapTMHA OKa3aiach
Xy’Ke - CpeIi YCTOMUMUBBIX 00pPa30B TeH30PHOW CeTH MOSIBUINCH "XUMepbl" -
BEKTOPLI, He MPUHa//IeXxaliie MHOXeCTBY 3TaJIOHOB.

B cnyuae n=10, k=1 (cm. Tabn. 8.1 2 u 3, cTpoka 1) nMpu BaJIeHTHOCTAX 3 |
5 TeH30pHas ceTb paboTana Kak eQUHUYHBIM OMEepaTop - BCe BXOJHBIE
BEeKTOpa MepeiaBajuch Ha BeIXOf ceTH Oe3 m3meHeHuil. OHAKO yKe MpH
BaJIGHTHOCTH 7 UWUCJIO0 XUMEpP Pe3Ko COKpPaTUI0Ch W CeThb IPaBUJILHO
nexkomupoBasa Oosmee 60% curHanoB. [Ipy 3ToM ObLIM  MPaBUIBLHO
JeKOOUPOBAHBI BCE BEKTOPHI, yAajJeHHble OT Onvkaillero 3TajoHa Ha
paccTosiHUe 2, a 4aCThb BEKTOPOB, ylaneHHBIX OT Onwykallliero sTajioHa Ha
paccTosiHve 1, ocTanuch xuMepamu. B cnydae n=10, k=2 (cm. Tabn. 8.1 2 u
3, ctpoku 3, 4, 5) Habmomanoch yMeHbIIEHHE UHCIa XUMEP C POCTOM
BA/ICHTHOCTH, O/IHAKO YaCTh XUMep, VAA/J€HHBIX OT Ovkaiiliero 3TajioHa Ha
paccrosiHue 2 coxpaHsnack. CeTk TpaBUIBHO JekogupoBana Oomee 50%
curHanoB. Takum o06pa3oM TIpU MasbIX pa3MepPHOCTSIX U KOfax, JajeKuX OT
COBEpIIEHHBIX, TEH30pHas ceTb paboTaeT AOBOIBHO M10X0. OJHAKO, YKe TPH
n=15, k=3 u BaseHTHOCTH, bosbirert 3 (cm. Tabn. 8.1 2 u 3, cTpoku 6, 7),
CeTb TMPAaBU/BHO [EKOAUPOBajsa BCe CUTHanel C TpeMs oumbkamu. B
DONMBIIMHCTBE 3KCIIEPUMEHTOB YHCIO 3TaloHOB Obuto Oosbie uwucnia
HEMpPOHOB.

[TogBofAs UTOL, MOXKHO CKa3aTh, UTO KauecTBO paboTbl ceTH BO3pacTaeT C
POCTOM pa3MepHOCTH MPOCTPAHCTBA U BAjeHTHOCTU U T0 3(hEKTUBHOCTH
ycTpaHeHUs1 OmMOOK ceTh TpuOMMKaeTcsi K KOAy, TapaHTUPOBAHHO
U CITPABJISIOLIEMY OILMOKH.

Pabora BrinmosiHeHa npu nogaepkke KpacHosipckoro kpaeBoro (oHa HayKH,
rpaHT 6F0124.
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Jlornuecku IIpO3pd4yHLIE HEﬁpOHHBIE CEeTH U TIPOU3BOACTBO
SIBHbIX 3HAHUM U3 JdaHHBIX

B naHHOM NeKIIMK OTMCBIBAIOTCS METO/bI TPOM3BOACTBA 3HAHUM U3 JAHHBIX
C TIOMOIIBI0 HEMPOHHBIX CeTein

BriuncnutensHsil neHTp CO PAH B 1. KpacHosapcke

E.M.Mupkec

[Mpou3BOACTBO SIBHBIX 3HAHWUW W3 HAKOMJIEHHBIX JaHHBIX - Mpobiema,
KOTOpasi HAMHOTO CTapiile 4eM KoMmbioTepbl. Ofyuaembie HeHPOHHBIE CETH
MOTYT TIPOU3BOAUTH W3 [JJaHHBIX CKPBIThIE 3HAHUS: CO3[JAeTCS HAaBBIK
npejCKazaHus, KilacCu(UKALlMU, pacno3HaBaHusi 00pa30B M T.M., HO €ro
7orTUuYecKasi CTPYKTypa OOBIYHO OCTaeTcsi CKPBITOM OT T0/Ib30BaTelis.
[Mpobnema mposiBneHusi (KOHTPACTUPOBAHUS) 3TOM CKPBITOW JOTHYECKOU
CTPYKTYPhI peliaetcsi B paboTe myreM TNpUBeAEHUsI HEUPOHHBIX CeTel K
CrelanbHOMY 'JIOTMUeCKU Ip03pauHOMY' pa3pekeHHOMY BULY.

WccneaytoTcst [Ba BOMpOCa, BCTAOIMe Tepej KaKIbIM HCC/IeJ0BaTesieMm,
PEeLIMBIIMM  KCMOJb30BaTh HelpoHHble ceTu: "CKOMbKO HEHPOHOB
HeoOxoguMo asis peweHus 3ajgaun?” u "KakoBa A0/mKHA ObITH CTPYKTypa
HelipoHHOU ceTu?" OOBeaUHSA 3THU ABa BOTMPOCA, MBI TIOAy4aeM TPETHM:
"Kak cpenate paboTy HeUPOHHOW CeTH TOHSATHOW /s TI0J/Ib30BaTesst
(lorueckd TMPO3pauHOil) M KAaKWe BBITOAbI MOXXET TIPUHECTH TakKoe
noHumanue?" OmnucaHel CcnocoObl TOMYYEHUs] JIOTHUYECKH TIPO3payHbIX
HelipoHHBIX cereli. [lpuBeseH mnpumep U3 00/1acTU  COLMANBHO-
MOJIUTUYECKUX TpeJCKazaHul. [[/11 ompe/ieIeHHOCTH pacCMAaTPUBAKTCS
TOJIbKO HeHpOHHBbIE CeTH, OOyueHHWe KOTOPBIX €CTh MUHWUMH3ALUS OL|€HOK
(oum60K) ¢ ucrnonb3oBaHWEM rpaguveHTa. ['paueHT OLeHKU BBIUUCIIAETCS
METOZIOM J[BOWCTBEHHOCTH (€ro 4YacTHBIA Caydall - mMemoo o006pamHo20
pacnpocmpaHeHus owubku).

CKOJIbKO HEMPOHOB HY)KHO MCI0JIb30BaTh ?

[Ipu oTBeTe Ha 3TOT BOMPOC CYIIECTBYeT /[Be MPOTHUBOIMOJJ0XKHBIE TOYKU
3peHusi. OpHa M3 HUX yTBepXKJaeT, uTo uYem Oosblle HeHPOHOB
UCI0Mb30BaTh, TeM Oojiee HajexHas CceTb MOMAY4UTCss. CTOPOHHUKU ITOM
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MO3ULUM CCBIJIAKOTCSA HA TMPUMEP Ye/I0BeuecKoro Mosra. [JeliCTBUTeNBHO,
uyeM 0oO/bIlle HEMPOHOB, TeM O0OJbIlle YKUC/IO CBSi3ed MEXAY HUMH, U TeM
Oonee cioXKHBIE 3ajaud CriocoOHa penmTh HelpoHHas ceTb. Kpome TorO,
€C/T¥ MCTO0/Ib30BaTh 3aBefoMo 0Oosiblliee UYMC/I0 HEMPOHOB, YeM HeoO0XogquMo
I pelleHusl 3ajladyd, TO HeWpOHHas CeTb TOYHO oOyuutcsa. Ecmu ke
HauMHaTh C HeDOMBIIOr0 uMc/la HEWPOHOB, TO CeTh MOXKET OKa3aThCs
HecrmocoOHOW 00yuMTbCS peIeHUI0 3ajlaud, W BeCh IPOLeCcC TIPUEeTCs
MOBTOPATh CHavasa C OOMBIIMM UMCIOM HEHPOHOB. JTa TOUKa 3peHus (uem
bonbille - TeM Jydilie) MOMylIspHa Cpead pa3paboTUMKOB HEWpPOCEeTEeBOTO
nporpaMMHOro obecreuenus. Tak, MHOTHE U3 HUX KaK OJHO M3 OCHOBHBIX
JOCTOMHCTB CBOUX TPOTPAMM HAa3bIBAKOT BO3MOKHOCTb HCIIOJIb30BaHUS
moboro uMcia HelpoOHOB.

|12 (13 )4

Fools |4 |s]3

! a) MonuHoMm 341 cTeneHn

10

D T T T T 1
g 1 z c 4 ;\5

20

&) MonuH oM B-11 cTenelu

30 -
20 -
10 1
a i NG
Iu T T UI 1
ol 1 z 3 4 5

Puc. 9.1. Annpokcumariusi TabnuuHoM GyHKIIUN

Btopas Touka 3peHUs omUpaeTCd Ha Takoe "IMMHMPHUUECKoe' MPaBUIO: YeM
DoJibllle MOArOHOYHBIX MMapaMeTPOB, TeM XyXKe anmnpokcuMarus GyHKIUU B
Tex obnactax, rge ee 3HaueHusi OblIM  3apaHee Heus3BeCcTHBl. C
MareMaTHUeCKOl TOUKM 3peHMs 3ajaud  o0yueHUsT HEWPOHHBIX CeTeH
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CBOJATCS K MPOAO/DKEHUI0 (DYHKLMH 33/1aHHOM B KOHEYHOM UHCJIe TOUeK Ha
Bcro obnacte omnpefenenus. [lpu TakoMm mofgxoqe BXOAHBIE [NAaHHBIE CETH
CUMTAKOTCA apryMeHTaMu (YHKI[UM, a OTBET CeTH - 3HaueHHeM (yHkuyuu. Ha
puc. 9.1 mnpuBeAeH mNpuMep aNMpOKCUMALMU TabIUuHOU QYHKIUU
nosuHoMamu 3-# (_puc. 9.1.a ) u 8- (_puc. 9.1.6 ) creneneii. OueBUgHO,
YTO anmpoKCUMAI[Us, TOJydyeHHass C TOMOIIBI TOJUHOMA 3-edl CTenmeHH
Oonbllle COOTBETCTBYeT BHYTPEHHEMY TMPEACTAaBIeHUID O "MpaBUILHON"
anmnpoxkcumanuu. HecMOTpst Ha CBOIO MPOCTOTY, 3TOT NMPUMEP J0CTAaTOUHO
HaUIAAHO JeMOHCTPUPYET CyTh MPODOIeMBI.

Bropoit moaxon ompejensieT HY)KHO€ YKMC/IO0 HEHPOHOB KaK MHHUMAILHO
Heobxopumoe. OCHOBHBIM HE/IOCTATKOM SIBJISIETCS TO, UTO 3TO, MMHUMAJIBHO
HeoOXoiMMOe uMC/I0, 3apaHee HeW3BEeCTHO, a TPOolieAypa ero Onpeae/ieHus
nyTeM TOCTeNeHHOr0 HapalMBaHUs UKCla HeMPOHOB BeChbMa TPYAOEMKa.
Onupasick Ha onbIT paboTel rpynnbl HeiipoKomn B o6act MeAUIIMHCKOU
muarHoctuku [9.4,9.5,9.9], kxocmMuueckoit HaBuranuu M rcuxosioruu [9.10]
MO>KHO OTMETHUTb, UTO BO BCEX 3THUX 3ajauax HU pazy He notpeboOBaroCch
GoJiee HeCKO/IbKUX JIeCSITKOB HeMPOHOB.

[MopBoas UTOr aHanMM3y ABYX KPalWHHUX MO3UIIUNA, MOKHO CKa3aTh C/leAyroLiee:
CeéTb C MUHUMA/JbHBIM UHC/JIOM HEHPOHOB M0/DKHa Jyuie ('mpaBunbHee',
boslee mIagKo) aNMpOKCUMUPOBATh (YHKIMIO, HO BBISICHEHHE 3TOTO
MHUHUMA/IBLHOTO YHC/a HeUpoHOB TpelOyeT OOMBIMX HMHTEIeKTyaaTbHbIX
3aTpaT ¥ JKCmepuMeHTOB Mo obyueHuro ceredi. Ecim umcio HeillpoHOB
M30bITOYHO, TO MOXKHO TIONYYUTEH pe3ylsTaT C TepBOM TMOMBITKH, HO
CyI1leCTBYeT PUCK MOCTPOUTH '"'TUIOXyr0" annpokcumaliuio. MctriHa, Kak Bcerja
OblBaeT B TaKUX C/lydyasix, JIOKUT MOCEpPeIMHe: HY)KHO BbIOMpATh uMCIO
HelipoHOB 0OosbumMM ueM HeoOXoAMMO, HO He HaMHOro. OJTO MO’KHO
OCYIIECTBUTb TyTeM YIBOEHHUS YuC/a HEHMPOHOB B CeTHU TMOC/e KaXKJOu
HeylauyHOW mMOomnbITKM 00yueHus. OJHAKO CyIIECTBYeT Oosiee HaJeKHbBIU
cnoco® OIeHKM MWHUMAJIBHOTO YHC/Ia HEHPOHOB - MCIOAb30BaHUE
npoueaypbl  KoHTpactupoBanus [9.1]. Kpome Toro, mpoueaypa
KOHTPaCTUPOBAHUS TI03BOJIIeT OTBETUThH M Ha BTOPOM BOMPOC: KAKOBA
[0/DKHA ObITh CTPYKTYpa CeTH.

[Tpouiesypa KOHTpaCTUPOBAHUS

Hpoue,qypa KOHTPACTHUPOBdAHHWSA OCHOBdHA4 Had OLeéHKe 3HAa4YHMOCTH BeCOB

cBsi3eil B ceTu. BriepBbie mpolieiypa KOHTPAaCTUPOBAHUsI HEUPOHHBIX CeTeit
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Ha OCHOBeE TOKa3aTeseil YyBCTBUTENLHOCTH OMUCaHa OJHOBpeMeHHO B [9.1]
U (cymectBeHHO Oosiee uacTHbIM BapuaHT) B [9.2]. B kuwure [9.1] yka3zaHsbl
OCHOBHBIE I]e/TH KOHTPAaCTUPOBAHMUS: YIIPOCTUTh TEXHUUECKYI0 Peayn3aljuio
CeTH U C[e/1aTh HaBbIK CeTH 0oJiee MOHSATHBIM - SIBU30BATh (C/e1aTh IBHBIM)
3HaHUe, MTOIYYeHHOe CeThI0 B XoZe o0yueHuUs.

Pe3ynsraTel 3KCIIEPHMEHTOB 110 KOHTPACTHPOBAHWK HEHPOHHBLIX CeTel
onybnukoBanel B [9.7, 9.8]. CylecTByIOT TakKe MOAX0/bI, He UCIOIb3YIOIHe
MoKasaread 4YyBCTBUTeNbHOCTH [9.3]. Yke B [9.1] omucaHO HECKOIBKO
Crioco00B BBLIYMC/IEHUWS] TOKa3aTeled 4YyBCTBUTENbHOCTH. [IpuBegem aBa
HauboJiee MM POKO UCITOJb3YeMbIX.

KOHTPEICTHPOBE\HHE Ha OCHOB€ OLIeHKH

PaccmoTpuM ceTh, MpaBU/BLHO PeIIAMOIyI0 BCe TpUMepbl 00yuaroiiero

MHOxecTBa. O603Haunum uepe3s Wy, P — L, ..., 7 Beca Bcex cesaseil. Ipu
obpaTHOM (PYHKIIMOHUPOBAHUM CETH MO TMPUHLUIY ABOMCTBEHHOCTH WU
MeTony 0oOpaTHOro pacnpocTpaHeHUsi OUMOKUA CeThb BBIUMUC/SIET BEKTOP
epadueHma ¢yHkyuu OLI€HKH H o Becam cBsizei -

y Fa s F

Grad(H) = {dHf':ng_}‘p=l_[{_n. ITycte 44" - Tekynmit Habop BecoB
CBfA3ei, a OljeHKa Tekyulero npumepa paBHa jff'. Torma B nuHelHOM
npubAMIKeHUH MOXKHO 3amucath (yHKI[MIO OL[eHKM B TOUKE W Kak

Ti
R aH ¢ .0
‘H Erll"t' :I = H s Z alr ( TLF b PJ A I/ICHOHBByﬂ 3TO HpHﬁﬂH)KE‘HI/IE

[
MO>XHO OLEeHHMTbL H3MeHeHHe OLeHKHM TIIpd 3dMeHe wp Had KdK

Ly _ | 8H o A
x(p,q) = B, | ‘“ULP = “p|, rme g - HOMep Mnpumepa 00ydarolero
MHO)XeCTBa, [I/isi KOTOPOT0 OBIJTA BHIYMCJIEHBI OI[eHKa U TPaJiueHT. Bemuuuny

| Oyzmem Ha3bIBaTh M0OKa3aTesieM UYBCTBUTEIBHOCTH K 3aMeHe Wp Ha
VLN

+
Wy, npns npumepa g . [lanee HeoOXoZMMO BBIYMC/IUTE T10Ka3aTeslb
YYBCTBUTENBLHOCTH, HEe 3aBUCALIMI OT HOMepa rnpumepa. s 3TOro MO>KHO
BOCMO0J/1b30BaThCs M10060H Hopmon. OOBIUHO HCMOMB3YeTCd paBHOMepPHast

HOpMa (MakCUMyM MOAYIA): X(p) :mqaxx(p.q_]_ YMes: BBIUMC/ATH
MoKas3aTenu 4YyBCTBUTENbHOCTH, MOXHO TMPUCTYNaTb K M[poLegype
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KOHTPACTHPOBAHHSL.

[TpuBegem npocTeiimii BapuaHT 3TOM MPOLeAyphl:

BbIUKMC/1s€M [10Ka3aTe/IM YyBCTBUTEIbHOCTH.

HaxoquM MHHMMAa/bHBIM Cpeau IoKasaTe/liell uYyBCTBUTENLHOCTH -
Xp*.

3aMeHUM COOTBETCTBYIOLMI 3TOMY I10Ka3aTeIl0 YYBCTBUTENLHOCTH
BeC LUJ,;:n Ha lU;;,v, ¥ MCKII0UaeM ero U3 IpoLegypsl 00ydeHusl.
[IpeaLABUM CETH BCEe MpUMephl 00ydarolero MHOXecTBa. Eciu ceTsb
He JONYCTH/Ia HU OfHOM OuMOKM, TO MepexoauM KO BTOPOMY LLATY
MpOLeypEl.

[TeiTaemcss  0OyuMThL  OTKOHTPAaCTMPOBAHHYI CeTh. B ceThb
oOyunnace 0e30UMO0UHOMY pELIeHUIO 3aJaud, TO IePexoguM K
[epBOMY LIAry MpOLeAypbl, B TPOTUBHOM C/ydae II€PexoguM K
IIECTOMY LLIATY.

BoccraHaBiuBaeM CeTb B COCTOSIHME [0 IIOC/AEQHEro BBLITIOIHEHUS
TpeTbero mara. EC/iu B Xofe BLITIOIHEHUS 111aroB CO BTOPOTO T10 MSATHINA
Obl/1 OTKOHTPACTUPOBAH XOTS Obl OAMH BeC, (UUCIO0 00yyaeMbIX BECOB
M3MEHMIIOCh), TO MePexoAuM K MepBoMy wmary. Eciu HM OguH Bec He
Obl/1 OTKOHTPACTUPOBAH, TO ITOy4eHa MUHMMA/bHas CeTh.

Bo3M0)XHO WHCronp30BaHUE pa3MHuHbIX 00001eHNUI 3TOW TpOLeAypHI.
Hanpumep, KOHTpacTMpOBaTh 3a OAMH IIAr NMPOLiAYPHI HEe OJUH Bec, a
3a/laHHOe TI0/1b30BaTesieM uucio eecoB. Haubonee pajukansHas npoueaypa
COCTOUT B KOHTPaCTMPOBaHWUM TIOJIOBUHBLI BeCOB cBs3ed. Eciu monoBuny

BeCOB

OTKOHTPACTUPOBATL He YyAd4de€TCdA, TO IIbITaeMCA OTKOHTPACTHPOBATH

yeTBepTb U T.J. OTMeTUM, 4TO TPU ONHCAHHOM METO[e BbIUMCIEHUS
ToKa3sareseil UyBCTBUTEIBHOCTH, TIPEATI0JIaraeTcsi BO3MOXKHBIM BEIUUCIEHU e
GyHKLIUM OLIEHKM U TIPOBEJeHUS TIpoLeJypbl OOyueHWUs CeTH, a TaKkKe
npe/rnoaraeTcss U3BeCTHbIM 00yuaroiliee MHOXXeCTBO. Bo3MoXkeH U [pyroii

NyTh.

KonTpactrpoBaHue 6e3 yxyaiieHus

[lycte Ham JaHa TONBKO OOyuYeHHas HeupoHHas cemb U oOyuaroiee
MHOKecTBO. [lomycTum, uTo BUJ (QYHKIIMA OL[EHKH W TIpoleAypa ofyueHus

315



Unknown Helipoungopmamuka
HeﬁpOHHOﬁ cemu HeH3BeCTHbl. B 3ToMm cinydae TaK e BO3MOXKHO
KOHTpPACTHPOBaHHE CETH. HPEAHOHO}KHM, UTO AdHHAaA CeThb HAEed/IbHO pellaeT
3aJd4y. TOF,H'El HaM HEOﬁXD,H'I‘IMO TdK OTKOHTPACTHPOBATHE BeCd CBFIBEFI, yTOORI
BBIXOAHBI€ CUTHAJbI CETH INPH pelleHHH BCeX 3aa4 U3MEHUJ/IUCh He bonee
4UeM Hd 3ddHHYIO BEIHYHHY. B sTtom C/ydyde KOHTPACTHpPOBaAHHE BECOB
[MpOU3BOOUTCH HOHEﬁpOHHO. Ha BXone KaKa0ro HEFIPOHEI CTOMT
a,[l'a]'ITHBHbIIjI CYyMMATOD, KDTOprﬁ CYMMHDYET BXOOHBLIE€ CHIHAJIbI HEﬁpDHa,
YMHOXE€HHbBIE Hd COOTBETCTBYHOILME BecCad CBsI3ei. ,HJ'IH HEﬁpOHa HauMeHee
UYBCTBUTE/JIbBHBIM 6}ﬂET TOT BeC, KDTOpri:I MIpH peleHHWH IpumMepa A4cCT

o =
HauMeHbIMN BKIag B cymmy. ObOo3HauuB uepe3 L'y BXOHBIE CUTHAJIBI
paccMaTpUBaeMoOro HelpoHa TMpU pelIeHUWM g -T0 MpUMepa Mojydaem

thopmymny LS IoKa3arTesns YyBCTBUTE/IBHOCTH BECOB:
. » ;
x(pq) = | {lUp = ’Uu‘p] -:1§‘ . AHarnorMyHo paHee PAacCMOTPEHHOMY
) — ™ 7 .
monyuaem A \P) = ‘ (ﬂ'p u p) ‘ : 11]:?9*}{ |~1 ;p| . B camoii mpoueaype

KOHTPACTHPOBAHHWUA €CTb TOJIBKO OAHO OT/IM4YMe - BMeCTO IPOBEPKH Hd
Haauuue oummbok IIpU I1peabsAB/JIeHMH BCeX TIPHMEPOB IMIPOBEpPAETCdA, YTO
HOBBI€ BBIXOJHbI€ CHTHAJIbI CETH OT/JIMYAKOTCHA OT MEePBOHAYA/IbHBIX HE bonee
4eM Hd 3dJdHHYH) BE/IHUYHHY.

Jloruuecku Mpo3pa4HbIe HEﬁpOHHbIe CeTu

OfHUM W3 OCHOBHBIX HEJOCTATKOB HEHPOHHBIX CeTei, C TOYKA 3PeHus
MHOTHUX T0/Ib30BaTe/Iel, SBJSETCS TO, UYTO HeWpPOHHas CeTh peIaeT 3ajauy,
HO He MOXXET pacCKa3aTh Kak. HBIMH cioBaMu M3 00yueHHOW HEWPOHHOU
CeTH Hejb3si M3BJeUb aIrOPUTM pemieHus 3afaur. OJHAKO CrelHaJbHbIM
o6pa3om rocTpoeHHasi Tpolie/iypa KOHTPACTUPOBAHUS [T03BOJISIET PEIMTh U
3Ty 3ajiauy.

3agaguMcst  kiaccom cemeil, XoTopble OyieM CuuTaThb JIOTMUUECKH
MPO3pauHbIMH (TO €CTh TAKMMM, KOTOPbIe PellatoT 3a7a4dy MOHATHBIM [/ HaC
cnocobomM, 71 KOTOPOro Jierko copMyIUpoBaTh C/IOBECHOE OMHUCAHUS B
BUZle sIBHOro anroputMa). Hampumep mnorpeGyem, 4ToObl BCe HeHPOHBHI
uMesu He Oosee Tpex BXOAHBIX CUTHAIOB.

3agaauMcs HEMPOHHOU CEeTBH Y KOTOPOUM BCe BXOJHBI€ CUTHAJIbI MMOAAKTCS
Ha BCe HelpOHBI BXOJHOTO CJI08, @ BCe HeHPOHBI KaXK/J0TO C/IeyIOIIEro Cos

NPUHUMAIOT BBIXOJHbIE CHUTHAJbl BCEX HEUPOHOB TPEJbIAYIIEro CJIos.
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O6yuum ceTb Ge301mMO0UHOMY peleHU0 3aaul.

[Tocne sToro 6ygem mMpoOW3BOAUTL KOHTPACTHPOBAHHWE B HECKOJBKO 3TAarloB.
Ha mepBoMm 3Tame OygemM KOHTPacTHMPOBATh TOJLKO Beca CBsi3eil HePOHOB
BXofgHOro cyios. Eciiu mocne KOHTpPaCTUPOBaHUSI Y HEKOTOPBIX HEHPOHOB
oCTanock Oosible TPeX BXOAHBIX CUTHAIOB, TO YBETUUYMUM UUCJIO 8XOOHBIX
HellpoHOE. 3aTeM aHaJIOTMYHYK TPOLeyPYy NPOH3BeeM IM00YepesHO AJis
BCeX OCTanbHBIX cyoeB. [loce 3aBepieHUsi OMUCAHHON TIpoLeypsl Oyaer
MmojayuyeHa  JIOTMUECKM  Tpo3pauHas  ceTb.  MOXHO  NpPOU3BECTH
JOTIOTHUTENTbHOe KOHTPACTUPOBAHUE CeTH, UTOOBI MO/yYUTh MUHUMAIBHYIO
cetb. Ha puc. 9.2 mpuBeieHnl BOCéMb MHUHUMaNbHBIX ceTedd. Eciu mop
JIOTUUECKH TIPO3PAaYHBIMH CETSIMH TMOHUMATb CEeTH, Y KOTOPBIX KaXKAbIU
HelpoH uMeeT He Dosiee Tpex BXOJOB, TO BCe CETH KPOME MATON U CeIbMOU
SIBJISIFOTCS IOTUUECKHU MPpOo3pauHbIiMU. [IdTas u cegbMas ceTu 1eMOHCTPUPYIOT
TOT (aKkT, YTO MHHHUMAIBLHOCTH CETH He BJleYeT 3a CO00H /OrMyeckKou
MPO3PayHOCTH.

B kauecTBe mpumepa NMpuBeJeM MHTEPIIPeTALUI0 aJrOPUTMa pPacCyXIeHUuH,
MOJIyYeHHOTO 10 BTOPO#l ceTW mpuBeleHHOW Ha puc. 9.2. IlocTaHoBKa
3ajjaui: MO OTBeTaM Ha 12 BompocoB HeoOXoguMO TipejcKasaTb mobeny
npaBsiledd WM OMMO3WLHUOHHOW mnapTuu. Huwke TIpuBefeH CIHCOK
BOIIPOCOB.

1. Ipaesiias mapTusi Obiia y BaacTu 6osee 0HOTO CpoKa?
2. TlpaBsimasi maptus mnonayuuaa Oosbine 50% TOMOCOB Ha TPOLUIBIX
BBIOOpAx?
3. B rop Bbi00OpOB Obljla akTUBHA TPEThs MTapTUs?
4. boina cepbe3Has KOHKYPeHLIMSI TPU BBIJBH)XEHUHM OT [IPaBsIiei
NapTUu?
5. KanauzaT ot npaesiieit mapTuu ObLT TPe3u/IeHTOM B rofi BEIOOpOB?
6. bbun u rog BeIOOPOB BpeMeHeM Criajja Ui JJerpecCun?
7. Bvln 1A pocT cpefHero HalMOHA/NILHOTO Ba/IOBOrO TMPOAYKTA Ha JYLIy
HaceneHwus 6onsiue 2.1%?
8. TlpousBen v TpaBALMH TPe3U/JeHT CYIECTBEeHHble W3MeHeHUs B
TIOJIUTHKe?
9. Bo Bpems mpaB/ieHHs OBIJIN CYILIECTBEHHBIE COL[UA/IbHBIE BOTHEeHUS?
10. ApMUHUCTpauus MpaBdliell NMapTHUU BUHOBHA B CEpPbe3HOW OumMOKe
WY cKaHjane?
11. KaHpgupar oT mpaBsileid mapTHH - Hal[MOHA/IbHBIA TePOn?
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12. KanauzaT oT ONMO3ULMOHHOMN MapTUH - HALlMOHAILHBINA repoi?

OTBeTHI Ha BOTIPOCHI OMUCHLIBAKOT CUTYAl[UK) HAa MOMEHT, MPeJIeCTBYIOIMHI
BeiOOpaM. OTBeTH KOJUPOBAIUCH cieayioimm obpasom: "ma" - eguHwuIla,
"HeT" - MuWHYC eauHulla. OmpuyamenbHblll CU2HAA HA BBHIXOAE CETH
WHTEPIpeTUPYeTCs Kak TMpefckasaHve 1obeapl TmpaBsiledl mnaptuu. B
MPOTUBHOM C/yyae OTBETOM CUMTaeTcsi rmobefa OMMO3UIUOHHON MapTHUM.
Bce HelipoHBI peany30BBIBAIIM MOPOTOBYH (YHKIMIO, PABHYK 1, eciu
anrebpanueckas CyMMa BXO[HBIX CUTHA/IOB HelipoHa Oosbiie mubo paBHa 0,
U -1 nipu cymme MeHbilei 0. OTBeT cetu Da3upyeTcs Ha MPOSIBIEHUAX JIBYX
CUH/JPOMOB: CUH/IPOMA MOJUTUUECKON HecTabu/IbHOCTH (CyMMa OTBETOB Ha
BOMpPOCKk! 3, 4 ¥ 9) U CUHAPOMA TIJIOXOW MOMUTUKA (OTBETHI Ha BOTIPOCH! 4, 8
u 6). 3aMeTM YTO CHUMIITOM HeCOIJIacus B MpaBsLIell nMapTuu Boiuen B oba
curapoma. Takum obpaszom, ans mobeawl mpaBsiieil MapTUA HeoOXoauMo
otcyrcTBue ( —1 ) 000UX CHHIPOMOB.
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@ H ei-”IpDH;EI:m,qHDf& CETHAN, ——p U BEASE MEMEJYW SIEMEHT aMH CETIH,

“+7 77 JHAK CEATH e [ 0494 II0CT O ZEHOCD CHCHANA.
Puc. 9.2,

Ha puc. 9.2 npuBegeHbl CTPYKTYPbl IIECTH JIOTUUECKH TIPO3PauHbIX
HEMPOHHBIX CeTeH, PpelarwIMX 3aJady O TpeACKa3aHUU pe3yIbTaToB
BeIOOpOB mipesugenta CIIIA [9.6, 9.11]. Bce ceTH, mpuBeJeHHbIE Ha 3TOM
PUCYHKE MUHUMA/IbHbI B TOM CMBIC/IE, UTO U3 HUX HEJb3s YIaJUTh HU OJ[HOU
CBSI3U Tak, 4ToObI CceTh MOmIa OOyuMTHCS TPAaBUILHO pemnaTth 3aaauy. [lo
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Huany HEﬁpOHOB MHMHHMA/IbHA ITATadA CeTh.

3amMeTuM, 4YTO BCe TMOMNBITKM aBTOPOB O0OyunThH HEHPOHHBIE CETH CO
CTPYKTypaMu,  u300paKeHHbIMM  Ha  puc. 9.2, U C/Ty4aiiHO
CreHepUPOBAHHBIMU HauyaJbHBIMU BECAMH CBSI3eM 3aKOHUMJIUCH TPOBAJIOM.
Bce ceru, npuBeseHHble Ha pUC. 9.2, ObIIM MOYU4eHBI U3 CYLECTBEHHO
DobIIMX ceTel C TTOMOIIBIO MPOLeypbl KOHTpacTupoBaHus. Cetu 1, 2, 3 u
4 ObIIM MOMYYEHBI M3 TPEXCAOWHBIX CeTel C MecaTbl0 HEMpOHAMU BO
BXOAHOM U CKpbITOM cnosix. Cetu 5, 6, 7 u 8 Obl/IM TOJydeHBI U3
JBYXCITOMHBIX CeTell C [ecsATbl0 HeHpPOHaMH BO BXOAHOM cjioe. Jlerko
3aMeTHUTb, UTO B CeTsX 2, 3, 4 U 5 U3MEHU/IOCh He TO/IbKO UM C/I0 HeHPOHOB B
cnosix, HO U uuciao cnoeB. Kpome Toro, moutu Bce Beca CBsi3eld BO BCeX
BOCBMU CeTsX paBHbI b0 1, mubo -1.

3ak/roueHue

TexHosiOrUsSI MOMTYU4eHUS IBHBIX 3HAHWUW M3 [JaHHBIX C MTOMOILIBI0 00yuaeMbIx
HEHPOHHBIX CeTed BBINIAJUT JOBOJIBHO MPOCTO W Bpoge Obl He BBI3BIBAET
npobsieM - HeoOXOAUMO ee TPOCTO peanr30BBIBATh U MOJIb30BAThCS.

[Tepewiii 3Tam: obyyaemM HeHPOHHYIO CeTh pelaTk ODa30Byr 3agauy. OOBIUHO
6a30BOit  sB/ISIETCS  3ajlaua  pacro3HaBaHWs, TMpe/CKasaHusi (Kak B
MpeJbIAYILeM pa3fiesie) u T.i. B 60/bIIMHCTBE C/y4aeB ee MOXKHO TPAKTOBATh
KaK 3afiayy O BOCHOJHeHWHW mnpobenoB B [gaHHbIX. Takumu mpobenamu
ABJIIFOTCS U UMst 0Opas3a mpu pacro3HaBaHWM, ¥ HOMEp Kjlacca, U pe3yibraT
MIPOTHO3a, U Ap.

Bropoit 3Tanm: ¢ ToOMONmBIO aHanM3a  IOKasaTeslled  3HauMMOCTH,
KOHTPaCTUPOBAHUSl U [OydUBaHHA (BCe 5TO TMPHUMEHseTCs, yvalle BCero,
HEOJIHOKPaTHO) NPHUBOAUM HEHPOHHYIO CeTb K JIOTMUeCKH IIPO3PauyHOoMy
BUJY - TaK, YTOOBI MOMY4eHHBIA HABBIK MOXXHO OBb1/10 "MpounTaTh".

[TonyueHHBIA pe3ynsTaT HEOAHO3HaueH - eC/Jd CTapToOBaTb C [JPYrou
Haua/bHOW KapTbl, TO MOXHO TOJYYUTh JPYTYKO JIOTUUECKHd MPO3PauHyo
crpykrypy. Kaxxzoii 0a3e JaHHBIX OTBeuaeT HECKOJLKO BApPUAHTOB SIBHBIX
3HaHUHU. MOXKHO CUMTATh 3TO HEJOCTATKOM TEXHOJIOTHU, HO MBI I10JIaraem,
uyTO, HaoDOpOT, TEXHOJIOTHS, AAKUAsS eJIUHCTBEHHbIM BapUaHT SBHBIX
3HAHUH, HEJOCTOBEpPHA, a HEeeJUHCTBEHHOCTb pe3ylbTaTa SBJSeTCS
(byHgaMeHTaIbHBIM CBOWCTBOM MPOU3BO/CTBA SIBHBIX 3HAHWUM U3 IaHHBIX.
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