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BUOMETPUYECKASA XOII-OYHKIUA

YJIK: 004.032.26, 004.424.47
Mariopos A.B

Jano ompeneneHne HEYETKON XAUI-(QYHKIMH, YKa3aHbI €€ CBOMCTBA M OTIWYHA OT KJIACCUYECKON
xom-¢pyHkuuu. PaccMoTpeHa mpocTas peaiM3zans  HEYETKOW XdII-GYHKIUH C [OMOLIBIO
KJaccudeckux Kpunrorpapuueckux QyHKuuid. IlokazaHbl HENOCTATKM HEYETKOM XdMI-()yHKLUH,
IIOCTPOCHHOM HAa OCHOBE HEYETKOH Joruku. [ XdmupoBaHus OHOMETPHYECKHX JAaHHBIX
MpeJIoKeHa pealn3alui HeYeTKON X31I-(DyHKINK Ha OCHOBE MCKYCCTBEHHBIX HEWPOHHBIX CETEH M
BBITIOJTHEHO J10Ka3aTENbCTBO €€ CBOMCTB.

BBenenune

[lpu paboTe C HEYSTKHMHU JaHHBIMH, HampuUMep, OUOMETPHYCCKMMH HWHTEPECHOH U
NPaKTHYECKH 3HAYUMOH SBJISIETCS 3a]a4a MpeoOpa3oBaHus UX B CTAOMIBHBIN Koa. Takas mporenypa
Ha3bIBACTCS] HEUETKUM XCLIMPOBaHHEM M onuchiBaercs kak H(X) = h, rae X — BxonHoe 3HadeHue, h —
BBIXOZHOW KOJ WM Jaipkect. OCOOCHHOCThIO HEUETKOTO XCIIMPOBAHMS SBJISETCS BO3MOYKHOCTD
NOJYYCHHs Ha BBIXOJIE HEKOTOPOTO MOIMHOXKECTBA Hcgpi TOMBKO TPH MOJAUe HA BXOJ BEKTOpa
3HAQUEHWH JIOBEPEHHOTO MHOXeCTBAa Xcgon (MHOXecTBa «CBomx» o00pa3oB). 3HaueHHs, He
IPUHAJJIEKALINE JOBEPEHHOMY MHOXECTBY (MHOXXECTBO 00pa3oB «Yyxkue»), Aar0T BBIXOJIHOE
3HAYCHHE, OTIMYHOE OT H (g C OONBIIOI BEPOSTHOCTHIO.

Bxoonoe mnoscecmeo obpazos Buixoonoe mnooicecmeo
3HAYeHuu
Heuemkou Xeu-QyHKyuu

—e

¢

Bcee ocralibHbie
HE OMOMETPUYECKUE
JTAaHHBIC

Puc 1. Ilpoekuyst HEUETKUX JAHHBIX HA BBIXOJHOE MHOKECTBO

CBoiicTBa HeueTKON XenI-(pyHKIINHN KaK KJIACCHYECKON XeI-(PyHKITUH:

1.1 3uauumenvro ymenvuwaem npocmparncmeo noucka. D(H) > E(H), 20e D(H) - o6racme
onpeodenenus xeuw-gpynxyuu, E(H) — obnacme 3navenuii xewr-ghynxyuu,

1.2 He usmensiemes 60 épemenu u npocmparcmee. 7' X1 = X2, 7H(X1) = H(X2);
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1.3 Umeem xonnuzuu. FH(X1) = H(X2), o X1 # X2 u D(H)>E(H).

[Ipu pemeHuu 3ama4 1o 3amUTe WHOOPMAIMKM HMHTEpECHA peaM3alus HEYETKUX XeIlI-
byHKIHi, 00Ja1al0NMX CBORCTBAMU KpunTorpadguyeckux xemr-Gyuximii [1]:

2.1 Hensiemcss oononanpasiennou, mo ecmo eviuucienue X no H(X) eapammuposanno
CILOJICHO;

2.2 Obnaoaem cmoiikocmvlo K omulckanuio npooodpasza. Ilo vixooHomy kody h 0ondicho
ObIMb CLONCHBIM OMBICKAHUE MAK020 3Ha4eHus X, 0st komopozo h = H(X);

2.3 Obaaoaem cmotikocmvio K OMbICKAHUIO 8MOPo20 npoobpasa. Ilo exoonomy 3Hauenuro Xi
OO0JIICHO ObIMb CILOIACHBIM OMBICKAHUE 8MOPO20 8X00a X2, X1 £ X2, maxoeo, umo H(X1) = H(xy);

2.4 Obnaoaem cmotikocmvto K KOAMUSUAM. J[ONJCHO Oblmb CLONCHLIM OMBICKAHUE O8YX
PpaszHblx 3navenuti X1 u X maxux, umo H(X1) = H(xy).

[Tpoekiusi BXOMHBIX JAHHBIX Ha BBIXOJHOE MPOCTPAHCTBO 3HAYCHHM HEYETKOW XOIII-
¢yHKIMU okazaHo Ha Puc.1.

IIpocreiimas peaau3anus He4eTKOH X31I-(pyHKIMHU

[Ipocrelimmii BapuaHT HEYETKOW Xenl-pyHKIMH, MOXHO peaqu30BaTh C IOMOIIBIO
KJIaCCUYECKOH Xel-pyHKIKHU 10 popMmyIie:

H(XCB()L?) +C= HCBOLZ (1)

rae C — MHOXECTBO 3HAYEHUL-00NOIHeH U, COOTBETCTBYIOIIUX KAXKIOMY Xi € Xcgoi-

3HaueHue Cp (03 Cn-1 Cn
f_H A N A N —— ~7 A
!H(X1+d) H(x,+d) l_. l H(.xn_1+d) L |'.|(Xn+d) |
kmou Ko ky ko Kn
-
—
H(x+d)

Puc 2. beckoMiipoMaTHoe CBSI3BIBAaHUE X(g0; B C € TOMOIIBIO ACCOLMATUBHOM TaOIHIIBI

Jst oroOpaskeHust Xcgo; B BBIXOJIHOE MHOXKECTBO 3HaueHUM Hcgo; 0€3 KOMIpomeTarum
dakTa NPUHAIIEKHOCTH BXOAHOTO 3HAUEHUS MHOXKECTBY Xcgoi NPEASIAaTaeTCs HCIONb30BaTh
JIOTIOJTHUTEIILHOE TTPeo0pa30BaHNE: COTIOCTABUTH KAXKI0€ 3HAYCHHUE X(go; C COOTBETCTBYIOIIUM C(goi
IpY TIOMOIIM aCCOUMATUBHOMN TabmuIpl T. Kniouom tabmuibl siBisitorest 3HaueHue H(x+d), roe d —
(UKCUPOBAHHOE CMEIICHHUE; 3HaueHuem - 4Yucio-fgomoigHeHue C. UToObl MackupoBaTh (akT
COOTBETCTBUS Cj KOHKPETHOMY 3HAYEHHIO Xj, BBIXOJJHO€ MHOKECTBO pa3OMBaeTCs Ha N MHTEPBAJIOB
(o uwmciy 3HaYEHUH Xcgo;) TAKAM 00pa3oM, 4YTOOBI B KXKABIM M3 HHX MPOCIHHUPOBATIOCH B
CIYYaifHYIO TO3HMIUIO TOJMBKO 1 Xi € Xcgos, Kak 3TO MoOkazaHo Ha Puc. 2. Kaxxgomy uHTepBamy
CTaBUTCI B COOTBETCTBUE OJTHO C;..

Takum oOpazom, hopmya s HEYETKOM Xell-(QYHKIIUY 3aMUIIeTCs Kak:

T ={([ko,kd] ,c1),([ks,kal ,C2) ..., ([Kn-1,Kn]\Cn)},
k=H(x + d), d = const @)
H(x) = H(x) + Ty

CnoXHOCTh peanu3alui HEYETKOW XAII-PYHKIMU TMPU IMOMOIIYM MHOXKECTBA KIACCHUYECKUX
XAMI-PYHKITUH 3aKIII09aeTCs B HEOOXOAMMOCTH TIPEIBAPUTEIHLHOTO (POPMHUPOBAHUS aCCOIMATUBHON
TaOJIUIBI ¥ TIOJICPKKU (PYHKIIMU MTOUCKA IEMEHTOB B Hell. OrpaHUYeHHE COCTOUT B BO3MOKHOCTH
PpabOTHI TOJBKO C JUCKPETHBIMU MHOKECTBAMH BXOJIHBIX 3HAUCHHI.



HTKMC-2009. ®I'VII « I THUDWN»

Heuerkas x31m-(pyHKIUS HA OCHOBE HEYETKOM JIOTUKH

Pa3BuTHE NmpemioskeHHOro crocoda MOCTPOSHUSI HEUETKON (PYHKIMH TPEICTaBISIET cXema
HOJTyYeHHs CTaOMJIBHOTO BBIXOJHOTO KOJA M3 3allyMJICHHBIX W OMOMETpHUYCCKHX MaHHBIX [2]. B
OCHOBE CXEMBbI JIEKUT IMpOLEAypa BbIIEICHUS KIOYEBBIX IPU3HAKOB BO BXOAHOM oOpasze (X
IpescTaBiIsieT co00i BEKTOp 3HAYEHUI), peajJr30BaHHasl ¢ MOMOIIBIO HEYEeTKOW JIoTUkH. Oxkuuas
CHJIbHBIC UCKXKCHUS M 3alllyMJICHHOCTh OMOMETPHUYECKUX 00pa3oB, B CBOMX paborax aBTOpHI [2, 3]
npeiaraloT MoJay4yaThb JOCTATOYHOE Ui HPOAYKIMHU CTaOWJIBHOTO KOJA YHCIO KITFOYEBBIX
MPU3HAKOB, BOCCTAHABIIMBAs CUJIbHBIC MPU3HAKU IO CIAa0bIM NpHU3HAKaM IPU TMOMOIIM KOJIOB,
MCIIPABIISIONINX OIIHOKH.

OnHako, OYEBHIHO, TAKOHM MOJIXOJ HE JIMIIEH He0CTaTKOB. Bo-mepBoIX, mpoueaypa oToopa
CWJIbHBIX MPU3HAKOB IO BXOJHBIM 0Opa3zam TpeOyeT (opmanuzalnuu U ABisieTcs TpynoemMkoi. s
BBIJICTICHUS] CHJIBHBIX MPHU3HAKOB HEOOXOIMMBI JKCIEPTHBIC HCCIENIOBaHUsS W Oojblmas 0Oa3a
BXOJIHBIX 00pa3zoB. Bo-BTophIX, mpoueaypa o0yueHuss HEYETKOro peodpazoBaTesis He TapaHTHPYET
YCHEIIHBIA pe3ylbTaT BO BCEX CIydasX W, KaK CIEJICTBHE, HE IMPOBOJAUTCS B aBTOMATHYECKOM
pexxumMe. B-TpeTbrx, aBTOPBI HE YUUTHIBAIOT TO OOCTOSITETLCTBO, YTO BXOAHbBIE JAHHBIE MOTYT OBIThH
HE TOJBKO MCKa)KEHBI M 3aIIyMJICHBI, HO U CHJIBHO KOPPEIUPOBAHHBI MEXIYy COOOM, a 3HAYUT,
TOJIbKO MaJIO€ YHUCIJIO MPU3HAKOB BXOJHOTO 00pa3a JIMHEHHO Pa3fAeuMO U MOKET ObIThb B SIBHOM
BUJIE MCIIONIBb30BaThCs Ui Kiaccupukauumu. Ha mpumepe nuHaMUYecKOro pyKOIMCHOro obOpasa
9KCIIEPUMEHTAIIFHO MOATBEPXKIEHO, YTO TOJIBKO OKOJO 5% JaHHBIX OMOMETPHUYECKOro obpasa
00J1a1aeT BHICOKMM TOKa3aTesieM KayecTBa. B-ueTBepThIX, KO/bI, UCIPABISIONINE OMIUOKHA TPEOYIOT
3HAYUTEIbHOM U30BITOUHOCTH BXOAHOTO 00pa3a il KOHTPOJIS SIBHBIX MTPU3HAKOB [4].

Heuerkas xem-¢pynknus Ha ocnoBe UHC u nociexyomuM xemupoBaHueM

Pa3paboranHblie anropuT™Mbl OBICTPOro 00yueHus: HCKyccTBEeHHBIX HelpoHHbIX cetel (MHC),
MO3BOJISIIOT MCHOJb30BaTh JJisi OOydeHHMs W TecTUpoBaHMs 10 95% wuHopmanuu, pasMbITOd B
ouomerpuueckux oOpazax. Ilostromy 3aBemomMo «uioxHue» (CHJIBHO KOPPEIMPOBAHHBIE)
O6uomerpuueckue oOpassl MOTYT ObITh Hcmonb3oBaHbl st oOyuenus MHC. Ilponecc oOydenus
MIOJTHOCTHIO aBTOMATHU3UPOBAaH M TO3BOJISIET MPOBOJUTH OOyUeHHE HaKe Ha HEeOOJBIION BHIOOpPKE
00pa3oB JOBEPEHHBIX MHOKECTBA X(soi [D]-

gvixoonou koo MHC
bo.7 bs.15 D1g.03 bo4.31
i imaz 31_ D | i
imae 2 i
| @ T !
wae 1
@

Puc 3. Cxema cMemmBaHus CTa0MIBHOTO KOJIA JIJIS TTOJTYUSHHSI Al KecTa XenI-(h yHKITHH

[Ipemiaraercss peanu3oBaTh HEUETKYIO XelI-(QYHKIMIO C MOMOIIbI0 oaHocnoinoit MHC.
buomerpuueckuit o6paz mogaercss Ha Bxoa oOyueHHoi MHC. ITlomywyaemsblit Ha ero BBIXOzE
CTaOWJIbHBIM KOJ TOJaeTCsl Ha BXOJ KpunrTorpauieckoil Xem-(pyHKIUH, OCYIIECTBIISIOUICH
CMEIINBaHMs ero OuT. B npenoxeHHONM cxeme HeueTKui npeodpa3oBarenb CIYKUT Ul Iepexona
OT HEJIMHEHHO pa3feTUMbIX MHOXKECTB BXOHBIX JAHHBIX K JIMHEHHO pa3AeilrMbIM, a Xell-()yHKITH
— JJISL YCIIOKHEHUSI CXEMbl BOCCTAHOBJICHHSI MCXOJHBIX JaHHBIX MO BBIXOJAHOMY Koly. B kauecTBe
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MPOCTON Xem-PYHKIIMHA JTOMYyCTUMO UCIOIB30BaTh OJOYHYIO OIMEPAIHIO CIOXKEHHS MO0 MOIYIO 2,
npuMeHseMyto co cxemod Ha Puc. 3. Kaxnawii cinegyrommii OJ0K MO HEHW HCHOJB3yeTCs IS
COKPBITHSI OCTaBILIEHCS YaCTH BBIXOJI0B UCKYCCTBEHHONW HEHPOHHOU CETH.

HocrounctBom MHC siBisieTcss KOppekTHass paboTa B YCJIOBHSX YaCTUYHOTO pa3pylICHUS
CTPYKTYpHl ceTU. TeopeTHuyecku BO3MOXKHO IMOJIYYEHHE NPABHIBHOIO KOJa Ha BBIXOAE IpHU
noBpexaeann cetu 10 50%. Kpome toro, MHC o6nagaroT crnocoOHOCTBIO K BOCCTAHOBJICHHUIO
uH(OpPMAIIMHU, YTO MO3BOJISIET TOTy4YaTh KOPPEKTHBIN BBIXOJAHON KOJ Jake MPU MpeIHAMEPEHHOM
WCKaxxeHUW curHaia Ha Bxoje. [Ipeumymecra MHC mnoctaBuin Bompoc O BO3MOKHOCTH
pealM3aliid  HEYETKUX  Xell-PyHKIMH, B TOM 4YHCIEe W  OONAJaroIIUX  CBONCTBAMH
KpUNTOrpaguecKux, ¢ UCIOJIb30BaHUEM TOJIBKO MaTemaThuieckoro anmnapara MHC.

Heuerkas xam-gpynknus Ha ocnope MHC

Baxxueim Bonpocom mnpu co3ganuu MHC sBnsercss Bompoc o pacnpeneneHuu KOJUIM3UN B
BBIXOJTHOM IIPOCTPAHCTBE 3HaueHUH. B ujpeanbHOM Xemr-QpyHKIUM, KOJUIM3UU PpaCHpeAessOTCs
paBHomepHO. B THC 310 He Tak. [IpunsaB popmyity 175 pacyeTa BBIXOJHOTO 3HAUEHUS OJTHOTO CJIOSI
HNHC 3a a = f(Wp+b), rne a — Beixomnoii Bektop 3HaueHuii MHC; f — BekTop HenMHEHHBIX
byHkuui; p — BXOAHOM BekTOp 3HaueHuid; W - marpuma BecoB ciosi; b — Bekrop 3HaueHwMii-
MIOJICTaBOK, OTMETUM €€ CBOMCTBA.

KomOunHanmm Bcex BO3MOKHBIX BXOJHBIX 3HAUEHUH JTMHEHHAS 9acTh (POPMYIIBI I KaXKIO0TO
HelpoHa B cilydae cOaJaHCUPOBAaHHBIX BECOB (CymMMa BecoB paBHa () 1aeT HEKOTOPOE HOPMaJIbHOE
pacopenenenue, 4ro nokazaHo Ha Puc. 4a-0. IlnoTHocTh pacnpeneneHus KOJUIM3HIM BBIXOJHBIX
3HAYEHUH 3aBUCUT OT BbIOOpa BECOB: BbIOOp 3HAYEHUN BECOB, MMEIOIIMX MEHbIIEEe KOJIMYECTBO
COMHOXMHTENEH NPUBOAUT K YMEHBIIEHUIO 4YHCIAa KOJUIM3UMM, YTO I0Ka3aHo Ha Puc. 4s.
HepaBHOMepHOE H3MEHEHHE BECOBBIX KO3()(PUIMEHTOB NPUBOAUT K CMELICHHIO IIEHTpa
pacrpesiesieHUs] ¥ TOSBICHUIO BOJIH KOJUTM3MiA. 3MEeHeHHe 3HaueHHs MOJCTaBKUA D TPUBOIAMT K
CABUTY paclpeiciieHuss OTHOCHUTEIbHO Hauyala KOOPAMHAT M, COOTBETCTBEHHO, W3MEHSET
pacnpeneneHie KOJUIM3UM Ha BbBIXOAE JIUCKPETHOM HeNMHEeWHOW QyHkuuu. OYeBHAHO, UYTO B
pacripesielleHul CYLIECTBYIOT cabble TO3UIMHM, B KOTOPBIX YHWCJIO KOJUIM3UM MEHbIIE, YeM B
coceqHux. Iloaromy cynepno3unusi mosied MOXET OCHa0IsATh CIOXKHOCTb pacyeTa BBIXOJHOTO
peLIeHus.

Hcnonb3oBaHne HEIMHEMHBIX JUCKpeTHBIX ((pyHkuMs XodBHCaiija, 3HaKa, OCTaTka oOT
neneHust, QyHKIMHA ¢ HAChIILIEHHEM), a TaKXKe NePUOINYECKUX (PYHKIIUH M03BOJIsIET cOalaHCUPOBATh
pacrpenesieHie KOJUIN3UI Ha BBIXOJAOM IPOCTPAHCTBE 3Ha4eHMM. [110CKOIBKY Bce HEMPOHHBIX JArOT
KOJIJTM3HUH, T.€. CY’KalOT MPOCTPAHCTBO MOMCKa, TO cBOMCTBO 1.1 st xem-QyHKIMI B HEHPOHHBIX
ceTsAX BbINONHAETCS. CBOMCTBO 1.2 BBINMOMHAETCS TOI/AA, KOTJA@ MCIOJB3YIOTCS HEHPOHHBIE CETH
«0e3 mamsATH», T.e. He TWHAMHYECKHe HEMpOHHBIE CeTH, 00ydyaeMble OAHOKPATHO Ha oOydaromiei
BbIOOpKE. CBOMCTBO 1.3 BBIMOMTHSAETCS MO ONMPEICICHHIO, UTO cienyeT u3 Puc 4.

X 104 X 104
2 - . . . . 2 -
15 1 1.5
1F 1+
0.5 1 0.5F
O L r . k| —r 0 | 0 L r i H L S —
a) -100  -50 0 50 100 6) -100  -50 0 50 100
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x 10°
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Puc 4. JIuneiinas yacTh HelipoHa: a) co cOalaHCHPOBAHHBIMU BecaMu; 0) C YBEIMYEHHBIM
JMana3oHOM BECOB; B) CO COAJTaHCHPOBAHHBIMH BECAMH M3 MTPOCTHIX YHCEIT;

Jluneitnas wacte MHC mnpencraBiser co0Ol MHOXKECTBO OJMHOYHBIX CYMMAaTOpOB,
XapaKTepU3yEeMbIX HOPMAIbHbIM PaclpellelleHueM KOJUIM3Mi. POocT uncna Koyum3uii 3aBHCUT OT
JIMAria30HOB BXOJIHBIX M BBIXOJIHBIX 3HAYEHHUH U sBIseTCS NmoauHoMuaidbHbIM. [lostomy mns MHC,
UMEIOILEr0 YMCIIO BXO/I0B OO0JIbIIEE YHCIIA BBIXO/I0B, T0JIyY€HHE €UHCTBEHHOTO PEILICHUS SBISETCS
MaJIOBEPOATHBIM, CIIE€A0BATENbHO, CBOMCTBO B 00meM ciyyae 2.1 BBINONHSETCS. A IOCKOJIBKY
JUCKPETHBbIE M LUKIMYECKUE HEIMHEWHBIX (DYHKIUH akTHBaluM OaJlaHCHpPYET pacHpeieieHue
KOJUIM3HI B BRIXOJHOM I10JIC 3HAUYCHUH, TO cBOMCTBO 2.1 BRmoausercs u a1 MHC.

Teneps nokaxem, uro st 6oabmux MHC ¢ 2-Ma u Gosee c10sSMHU BBIIOIHSETCS CBOHCTBO
3.2. [y saToro Oynem yxecrouaTsh TpedboBanust K MHC u nccinenoBats ee Ha MpeAMET BBIOJIHEHUS
cBoicTBa 3.2.

Paccmotpum omnocnoitnyro MHC ¢ nuHeiHON (yHKIMed akTUBAlMH, COAep X amei m
BXOJIOB U N BBIXOJIOB (HEHPOHOB). YpaBHEHUE 3TOM CETH 3aMUIIETCS B BUJE:

W11P1 + ... + WimPm +b; = ay, 3.1)
WniP1 + ... + WpmPm +bn = an,

O4YeBUIHO, YTO HAXOXICHHS KopHeil Pi..pn CJIAY mpocto: cioxuocts pasaa O(m®). Eciu
N > m, TUIIHUE YpaBHEHUS MOXKHO UCKIIOUUTh. Eciiu m > n, To m-n ypaBHeHuit oTOpackiBaroTcs, a
Pn..Pm 3aMEHSIOTCS HYJIIMU. 3HAYUT, cBOKWCTBO 3.2 11t oaHocnoiHo MHC ¢ nunelinoit ¢pyHkuei
AKTHUBALIUN HE BBIIIOJIHSETCS.

Bozbmem Ty ke oanocnoiinyio MHC ycnoxxHeHHYI0 HenMHEeHHON (yHKIMEH aKTHBALUU U
OTPaHUYEHUEM BBIXOJHBIX 3HAYEHUH (CUETHBIM MHOXKECTBOM HWJIM JHAra3oHOM), OMHCHIBAEMYIO
ypaBHEHUEM:

f(Wllpl + ...+ WimPm +b1) =a, (32)
f(Wnips + ... + WnmpPm +bn) = ay,

Ecnm obpatHas ¢yHKIus f7 st f BBIUKMCITIMA, TO ypaBuenue 3.2 ceenercs k 3.1. Ho, eciu B
KauecTBe HEIMHEWHOM KIIMM WUCTONb3YyeTCS AUCKPETHAs WU TepHoAndYeckas (QyHKIHUS, He
umerornas ooparHoit, To f' It Hee 3amuIIeTCss KaK MHOYKECTBO YAaCTHBIX PEIICHUH M ypaBHEHHE 3.2
MpPUMET HOBYIO (popmy:

W11P1 + ... + WinPm +b1 = 01 = {0y, ...,0k}1, (3.3)

Whn1P1 t ... + WnmPm +by=0,= {01, ~~-,0k}n,

[Tockonbky Bce pemieHus: O yIOBIETBOPSIOT MCXOJHOMY YPaBHEHHUIO, TO JIJISl HAXOXKICHHS
KOpHEH ypaBHEHHS JTOCTATOYHO BBHIOpATH 10001 Habop KodddummenTos 0 u pemmtsh CJIAY.

Vxectounm TtpeboBanus k HMHC wu morpeOyeM, 4TOOBI HMMEIO MECTO OTrpaHUYCHHE
JMara3oHa BXOJHBIX 3HAYCHUH Pi...Pm. B 3TOM cimydae He Bce KOMOMHAIIMHM PEIICHHMA f7 OoynyT
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VIOBJICTBOPATh JIOMYCTUMBIM BXOJIHBIM 3HadeHHsiM. (CIeIoBaTeNbHO, BBHIOOP TMEPBOTO WIH
cinydaifHoro Habopa He OyzAeT SBISATHCS CTPOruM pemieHueM. JlJis HaXO0XACHUS pelleHus: B 00IIeM
cllyd4ae MpHAETCS HaXOAWTb BCE JONMyCTHMble pemieHus ypaBHeHus. llepenmmem CJIAY 3.3,
MPEJICTAaBUB 01...0n B KAUECTBE HEM3BECTHBIX !
V1101 + ... + V1nOn = Py, (34)
Vm101 t ... + VmnOn = Pm,

[TockonbKy MO YCIIOBUIO BXOHBIC 3HAUCHUS SIBJISIOTCS AUCKPETHBIMH 3HAYCHUS WA UMEIOT
OTpaHMYEHUE Ha 00JIACTh 3HAYCHWIA, TO ypaBHEHHE 3.4 MpeoOpa3yercs B CHUCTEMY HEPaBEHCTB.
Pance B smreparype [6] Uepnukosoit H.E. ObII0 MOKa3aHO, YTO CIIOKHOCTH PEIICHHS CHCTEMBI
JUHEHWHBIX HEPABEHCTB MOKHO OLICHUTH KaK:

O(nm/2+1) (35)

rJe N — YUCJIO HEM3BECTHBIX, M — YKCJIO HEPABEHCTB, B COOTBETCTBUU ¢ 3.4. CremoBarenbHO, s
NHC ceru, C JAMCKPETHOM WM MEPUOAUYECKONM HEIMHEHHOW (YHKIMEH, CIO0XKHOCTh
rapaHTUPOBAHHOTO HAXOXICHUS KOPHEW YypaBHEHHS SBIISICTCS SKCIOHEHIMaNbHOW. [locKombKYy,
4ToOBl  peanu3oBaTh (UIbTPALMIO BXOAHBIX 3HAUEHUH IO JUAMa30Hy WIM JTUCKPETHOMY
MHOKeCTBY HyxeH BTopoil cioit MHC, cBoiicTBO 3.2 cTpOro BBINONHSETCS ISl IBYXCIOMHBIX ceTel
NHC c¢ uyucioM BBIXOJOB, MEHBIIMM 4YHUCIa BXOAOB. CBOMCTBO 3.3 BBINOJHAETCS, MOCKOJIBKY
CJIOXHOCTBH OTBICKAHHUS BTOPOT'O MPO0OOpa3a TAKKe 3aBUCHUT OT CIOXKHOCTH pPelIeHUs ypaBHEHHS 3.4.
CBoiicTBO 3.4 BBINOJHAETCA, IOCKOJIBKY JUIsl HAXOXJACHHUS KOJUIM3UKA NPHUAETCS pPa3pelluTh
ypaBHeHue 3.4.

Mepa 6an3ocTn xem-@GyHKIUH, HCIOJB3YIOIIMX KOPPeJIMPOBaHHbIC JaHHbIC

[IpaBunbHBI BBIOOP BECOBBIX KOI(PQGUIMEHTOB M YCTPAaHEHHE YACTHBIX CIIy4aeB
No3BoJIIeTCs M30eXaTh OCIa0IeHNsI CTOMKOCTH CUCTEM K aTakaM nojoopa. OHaKo, Ha MPaKTUKE,
U3-3a BBICOKOW KOPPEINPOBAHHOCTH BXOJIHBIX JIaHHBIX, CTOWKOCTh HEYETKOM Xem-pyHKIK Ha 6a3e
NHC wMoxeT 3HauuTenbHO CHMXKAThCA. U1 OIEHKHM ONM30CTH HEYETKOW Xell-(pyHKIMH
npejlaraeTcsi BBECTH Mepy OJIM30CTH K MJIeabHOW Xeml-(DyHKIMM 4Yepe3 BbIUUCIIEHHE CpeaHen
CTaOUIIPHOCTH BBIXOJHBIX OUT KOJIa HEUETKOMN XelI-QyHKIINH.

s uaeanbHON KpunTorpadpuueckoi Xem-QpyHKIUN He3HAYUTEIbHOE U3MEHEHNE BXOTHOTO
3HAuEHUs JI0JDKHO MPUBOJUTH K CHIIBHOMY M3MEHEHHIO BbIXOAHOrO 3HaueHus. Ha Puc 5.a mokazan
pe3yibTaT TeCTHUpPOBaHUs Kpunrtorpapudeckoil xeum-¢pyHkuuu MDS Ha OGonbuioit 6aze o0pa3os.
Kaxaplii OUT BBIXOAHOrO 3HaueHHs mnpuHUMaeT 1 u 0 MpakTUYECKH PaBHOBEPOSITHO, YTO
MOJTBEPK/IAET BHICOKOE KaueCTBO KpUNTOrpaduyeckoit Xemi-)yHKIHH.

Jlis HekauecTBEHHOM Xeml-QyHKIUH, B KOTOPOW BBIXOJHBIE OWUTHI ci1ab0 3aBUCAT OT
BXOJIHBIX 3HAa4eHUH, OyJeT MMeTh MECTO MpeodiajaHue OTAENbHBIX 3HaueHuil OutoB. B 3TOM
clydae pacrpejeineHue npumer Buia kak Ha Puc 5.0. Ha pucyHke mnokasaHbl pe3yiabTaThl
TECTUPOBAHUS, PH KOTOPOM 78 OUT Bcerna npuHUMaiy 3HaueHust «0», a ocraBmecs 256-78 6ur 0
TOJBKO «1».

Heuerkne MHC xem-GpyHKIMM 1O pe3ylbTaTaM TECTHPOBAHUSA OYIYyT JeXaTb MEXIY
KpaiiHuMH cocTostHusIMU. CeTh, mMoka3zaHHas Ha Puc 5.r, obmamaer XyammmMu CBOMCTBAMHU TIO
CpaBHEHHIO C CeThl0 PHcC 5.1, MOCKOJIBKY BBIHOC OTAENBHBIX OUT ropasnio OJrke K HeKaueCTBEHHOU
CeTH, ueM y Apyroil cetu. OTMeTHM TakuM 00pa3oM, UYTO AUCIIEPCHS paclpeaeseHUs] BEpOSITHOCTEN
NOSIBJICHUS OTJEJIbHBIX 3HAUEHUN B BBIXOJHOM KOJE OTHOCHUTEIBHO PABHOBEPOSTHOIO COCTOSHHUS
MOYKET MCIIOJIb30BaThCs JUIsl CPAaBHEHMSI XeI-(DYHKIMH, HCIIOIb3YIOLINX KOPPEINPOBAaHHbBIE JAHHBIE
Ha BXOJE.
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Puc 5. Pactipenenenne ctabmibHOCTH OUT BBIXOHOTO Koa 1ysi: @) MD5 6) HekauecTBeHHO xel-
¢bynkumii B) Heuetkor MHC dyakumu Nel 1) Heyetkoit UHC dynkimm Ne2

KagectBo Hewerkoit MTHC xem-pyHKINN CHIIBHO 3aBUCUT HE TOJBKO OT BBIOOpA MPaBUIIbHON
HacTpolKu OanaHca BecoB ceTu Ha «CBoux» o0pa3ax, HO M OT 6a3bl 00pa3oB «Hyxo0il», B yaCTHOCTH
or ux koppemsiuuu. Ha Puc. 6.a-1 noka3aHO Kak HM3MEHAETCS paclpeieieHHe CTaOUIbHOCTU
HEUeTKOM Xenl-()yHKIMHU, IIPU CABUIe BXOJHBIX MapaMeTpOB HAa HEKOTOpoe 3HaueHue. UeM OoJiblie
OJIHOBPEMEHHBIM CABHI, TeM Oousblie Koppemauus obpasza. M3 pucyHka crnenyer, 4yTo CHIIbHAs
KOpPpEeJsALHs MOXKET IPUBOIUTH K 3HAYMTEIBHOMY OCJIA0JIEHUIO HEUETKON XemI-(hyHKIUH.

il

a) 0'_‘ 0.5 1 6) 0 0.5 1 B) 0 0.5 1 r) 0 0.5 1 H) 0 0.5 1
Puc 6. Ycunenne xoppensiiuu yepe3 cMmenienne BxooB Ha: a) 0.056) 0.1 8) 0.2 1) 0.4 1) 1.0

3akjao4eHue

Taxkum 00pazoM paccMOTPEHbI HEUETKHE XeI-(DyHKIMH, TaHO UX ONpe/ielIeHue U OCHOBHBIE
cBoiicTBa. OnucaHbl pa3IuyHblEe CIIOCOOBI UX peanu3aliy C MCIOJIb30BAaHUEM KJIACCUYECKUX XeIll-
(GyHKUMH, HEUETKOM JIOTMKH, MCKYCCTBEHHBIX HEWpoHHBIX cerel. Jlokazano, uto MHC wmoryr
UCIIONIb30BAaThCS B  KAuecTBE HEUYETKUX Xelm-QyHKUWH, OO0JajarolMX CBOWCTBaMHU  Kak
KJIACCUYECKUX, TaK W KpuUnTorpadpuyeckux xem-(QyHKUMid. [ u3MepeHHus KadecTBa HEUETKOU
xem-¢pyakuu Ha 6aze MHC npensoxena Mmepa 6JM30CTH K HI€aIbHBIM XEII-(yHKIIHSIM.

[Ipennonaraercs pa3BUTh pabOTy B HANpaBICHUU YIIyOJEHHOTO HCCIEIOBaHMS CBOWCTB
HeueTkux xem-¢pyHkuui Ha 6aze MHC u npakTudyeckoro ux MCIMOJIb30BAHUS MPU PELIEHUM 3ajad
3alUThl UH(QOpPMAIMK B AMHAMUYECKUX CUCTEMAX.
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