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ITorpemHOCTH B HEMPOHHBIX CETHAX

A.H. T'op6ans, M.}YO. CenamoBa

BIIK CO PAH, KT'Y

PaccmarpuBaroTcsi HEMpPOHHBIE CETHM CIIOUCTOW CTPYKTYPBI, COCTOSILHAE U3 CJOEB
CTaHJAPTHBIX HEUPOHOB. M3yyaroTcs ommOKY, BOSHUKAIOIINE TTPH TEXHUYECKON peamnu3aiin
ceTel, a TaKXkKe MPHU IIyMaX U MOBPEXKICHUSIX.

OrnpeneneHbl MAKCUMAJIbHO JTOIYCTUMbIE MOTPEIIHOCTH, BO3MOXKHBIE JUISI CHTHAJIOB U
napamMeTpoB KaXkJIOro 3JIEMEHTa CETHU, UCXOJsl U3 YCIOBUS, YTO BEKTOP BBIXOJIHBIX CUTHAJIOB
CEeTH JOJDKEH BBIYUCIATBCA C 33JaHHOM TOYHOCTBHIO. Vcmonb3yroTcsi 1Ba THUMAa OLIEHOK
MOTPEUTHOCTH: TapaHTHUPOBAHHBIC UHTEPBAIBHBIE OLEHKH M CPEIHEKBAJAPATUUECKUE OLEHKHU
MOTPEIIHOCTEM.

[TokazaHo, YTO OLEHKH JAOMYCTHUMBIX MOTPEHIHOCTEH MOXHO TOJYyYUTh B XOJ€
CIEIMAJILHOTO Tpolecca “‘o0paTHOro pachpocTpaHeHuss ToyHOCTH . OH COCTOMT B
(YHKIMOHUPOBAHUH CETU C TOU e CHUCTEMOH CBsi3ei, HO OT BBIXOJOB K BXOJIaM U C 3aMEHOU
3JIEMEHTOB Ha JBOWCTBEHHbBIC. JTAa JBOMCTBEHHOCTHh MPUHIUIIHAIBHO OTIUYAETCA OT TOW,
KOTOpasi HCIOJB3YeTCs B KIACCMYECKOM METOJI€ BBIYHMCICHHUS] TPAJAUEHTOB OLIEHKU C
MOMOIIIBI0 00paTHOTO pacmpocTpaneHus omuook (back propagation of errors).

C moMoOIIbI0 TONYYCHHBIX pE3ydbTaTOB OOBCHSIETCS HaOIIogaeMast BBICOKAs

YCTOMYMBOCTh HEMPOHHBIX CETEH K IIyMaM U pa3pylICHUSM.

1. BBeaenue

B HacToACC BpEMA CYHICCTBYIOT PA3JIMYHBIC TCXHUYCCKHUC PpCain3allun
HeﬁpOHHBIX ceTeﬁ, B TOM 4YHUCIIC HeﬁpOHMHTaTOpr, TO €CTh KOMIIBXOTCPHBIC MOJICIIN
HEHPOHHBIX ceTeld. HelpouMHUTaTOPHI SBISIOTCA THOKUMH CPEICTBAMH ISl N3YUCHHS

ceTenl M pa6OTI>I ¢ Humu. C HeﬁPOHMHTaTOPaMH MOXHO BBIIIOJIHATD PA3JIMYHBIC



omepanuu — oOy4yaTh, ONpeneisTh HauOojliee W HAUMEHEEe 3HAuMMble CBS3H,
KOHTPacTUPOBaTh, TO €CTh y1aJIsATh HAUMEHEE 3HAUYNMBIE CBSI3U U T. .

CyiiecTByeT MOAXOM, MOJyYalolMid Bce OoJblliee pPAcIpoCTpaHEHHUE, MpU
KOTOPOM CHauaja KOHCTpyHpyeTcs U oOydaeTcsi HeWpOUMUTATOp, a 3aTEM CO3JAETCs
TEXHUYECKas peanu3alus IMOJIYYEeHHOM HEWpPOCETH C YK€ BBIYMCICHHBIMH BECAMH
CHHAIICOB.

HeilipoumuraTtop, pabGoTaromuii Ha yHHUBEpCAIbHBIX MHUGPOBEIX OBM,
MO3BOJISIET BBIYHMCIATH BECAa CHUHAINCOB C OONBIION TOYHOCTHIO, KOTOPYIO TPYAHO
NOJy4YUTh TPU JAPYTUX TEXHUUECKHUX peaju3alusx ceTd (B NEpBYIO ouepeib —
AQHAJIOTOBBIX) B CHJIy OTFPAaHMYEHHOM TOYHOCTH TEXHHUYECKHX ycTpoicTB. [losTomy
BO3HUKAET 3aJaya MPHUBEJACHUS BECOB CHHAICOB K HEKOTOPOMY HAa0OpY KOHKPETHBIX
3HaueHud. Ee yacTHbIN ciydail - 3amaya OMHapU3aIi, TO €CTh 3a/a4ya MpPUBEIICHUS
BECOB cHMHAMCOB K 3HaueHUsIM O unu 1 (cBsi3b MO0 ecTh, TUO0 HET - 63 BCSIKUX BECOB
CHHAIICOB).

[Ipu aHanOrOBBIX peanu3aluix, pa3IUnYHbIX YIPOIICHHUSIX apXUTEKTYphl (B TOM
quclie - OMHapU3aliK) TEXHUYECKH CII0XKHO MOIYYUTh Pe3ysIbTaT paboThl CETU TOM ke
TOYHOCTH, YTO U pe3ynbTar paboThl HelpoumutaTopa [3-5]. Ilostomy cremnyer
OTPaHUYUTCS HEKOTOPOW TOYHOCTHIO, C KOTOpPOM MOkeT paboTaTh CeTb, TO €CTh
BbIOpaTh MHTEpBAl, B KOTOPOM MOTYT H3MEHSTHCS 3HAUYEHUS BEKTOPAa BBIXOIHBIX
CUTHAJIOB CETH.

OneHka MOrpemHOCTed CUTHAJIOB CETH OYEHb IOJIE3HA MPHU PELICHUH 3aJaud
YOPOUIECHUSI HEHPOHHOW CETU. 3Hasl JOMYCTUMYIO IOrPEIIHOCTh BBIXOAHOTO CHTHaja
KaKoro-aubo 3JeMeHTa CETH, Mbl MOXKEM 3aMEHATH ero 0oyiee MPOCTHIMH, HO MEHEe
TOYHBIMH JIEMEHTaMH TaK, YTOOBI B UTOT€ OIIMOKA HE MPEBBIIIANA 3a/IaHHYIO.

XO0poIIo U3BECTHO, YTO HEMPOHHBIE CETU MOTYT IPOSIBIATh UCKIHOYUTEIbHYIO
YCTOMYMBOCTh K ToMexaM M pa3pymieHusM. WHorma 3tu 3¢ ¢dekTbl Ha3bIBalOT
rojorpauueckuMu CBOWCTBaMU HEWPOHHBIX CETEW, MoJApa3ymeBasi, 4TO MOJIE3HbIE
HABbIKM paclipe/iefieHbl M0 CeTH MPUMEPHO TaKk >Ke, KaK H300pakeHue - I10

FOHOFpa(i)H‘IeCKOf/'I IIJIaCTHHKC, 141 MOT'YT  COXPAHATHCA Ipu  3HAYUTCIIbHBIX

pa3pyuieHUsIX.



Kak Oyzmer mnoka3aHo HWXKe, TpU MPSIMOM MPOXOKIECHUU CUTHAJIOB TIO
JIOCTaTOYHO OOJIBIION CETH MOrPEIIHOCTH TacsTcs: MpU OOJBIIMX MOTPEIIHOCTSIX
BXOJIHBIX CHTHAJIOB BBIXOJHBIE CUTHAJBl CETH MOTYT MMETh CPAaBHUTEIHHO MaJlble
MNOTPEIIHOCTH.  OJTO OOBACHAET YCTOMYMBOCTh HEWPOHHBIX CETe K IIymMam U

MMOBPCIKACHUAM.

2. /IBa 0230BBIX OAX0/1a K OLIEHKAM NOTPEIIHOCTH

PaccmoTpuM 1Ba TOJX0Ma K PEIICHUIO 3a7a4d BBIUYMCIICHUS MOTPEUTHOCTEH
curHaioB cetu. [lpu mepBoM moaxone (eapanmupoeanmvie UHMEPBATbHBIE OYEHKU)
BBIUUCIIIOTCS TOTTYCTUMbIE HHTEPBAJIBI JIJIS1 IOTPEUTHOCTEH CUTHAIIOB CETH TaKHE, YTO
MIOTPEITHOCTh BEKTOPA BHIXOJHBIX CUTHAJIOB FapaHTHPOBAHHO (C BEPOSTHOCTHIO 1) HE
npeBbIaeT 3afgaHHylo. [Ipu BTOpoM moaxone (cpednexkeadpamuueckue OYeHKU
noepewHocmeti) BBIYUCISIOTCS CPEIHEKBAIPATUYCCKUE OTKIOHEHHS TOTPEIIHOCTEH
curHaioB. [Ipy 3TOM 4acTO HCMONB3YETCs MPEINOI0KEHHE O TOM, YTO TMOTPEITHOCTH
Pa3IMYHBIX CUTHAJIOB SIBIITFOTCSI HE3aBUCUMBIMU CITyYaifHBIMH BEJTMYMHAMHU.

CymecTByeT NPUHIMITAATBHOE PA3INYHE MEXKITY 3TUMHU JABYMSI TUTIAMH OIEHOK.
['apaHTHpOBaHHBICE HMHTEPBAJIBHBIC OIICHKH HCXOIAT W3 PACCMOTPEHUS HaWXYAIINX
BO3MOJKHBIX CITy4aeB, CKOJIb ObI Majiol He ObLIa MX BEPOSATHOCTH. [loaTOMY OHH, Kak
NPaBUJIO, 3aBBIIIAIOT PEATHHO UMEIOIIYI0 MECTO OIIHOKY M CIIMIIKOM TIECCUMUCTHYHBI
C MPaKTUYECKOH Touku 3peHus. CpeaHeKBaJpaTHYHbIC OIEHKU, HA00OPOT, CTUPAIOT
BO3MOJKHBIC OOJIBIIINE YKIOHEHHSI K MOTYT OKa3aThCsl CIIMITKOM OMTHMHUCTHYHBIMH.

BaxxHoe paznuune Mexay ABYMS TUTIAMH OLIEHOK JEMOHCTPUPYIOT CIIETYIOIINE
Gopmynvl crodceHus.

1. @opmyna croxcenus 0 unmepganvbHwvix oyerok. IIycTh IUTsl IByX BEIHUYUH X,
¥ OIIpejieNieHbl FapaHTUPOBAHHBIE MHTEPBANIBI 3HAYEHUH X=X+ Ay, y=yo+A, . Toraa mns
MX CyMMBbl MMEEM TapaHTHPOBAHHYIO OHEHKY: Xty= Xotyy H(AtA,), To ecThb
Axiy=ActA .

2. @opmyna crodxcenus 015 cpeOHeKk8aopamuynbvlx ykionenui. [1ycTs st 1ByX
He3a6UCUMbIX BEIMYUH X, y ONPEJeIeHbl CPEIHEKBAIPATHYHBIE YKIOHEHUS Oy , Oy .

_ 2 2172
Tornma o,= (6" to,7) .



3. CTpykrypa ceTn

[Ipennonaraem, 4To CE€Th UMEET CIOUCTYIO CTPYKTYpPYy. DTO CaMOOTIPAHUYEHUE
MMO3BOJIUT HCCKOJIBKO COKpPAaTUTb H3JIOKCHHUC, HO HC BJMACT Ha O6IHHOCTI>
PacCMOTPCHUA - HCCICAOBAHUC JI000H CETH MOXKET OBITh (1)OpMaJ'II>HO CBCIACHO K
HN3Y4YCHHUIO CIIOUCTBIX CeTel.

Cetp cnoucrtoi CTPYKTYPBI COCTOHUT H3 CJIOCB CTAHAAPTHBIX HeﬁpOHOB,
CBA3aHHBIX MCKIY co00l cHHAmcCaMM C BC€CaMHU, IIOJIYYCHHBIMU IIpU 06y‘IeHI/II/I.
HpI/I‘IeM CUTHAJIbI ICPCAAOTCA TOJIbKO B OJHOM HaIIpaBJICHUHU, C IPCABIAYIICTIO CI0A
Ha cnenyroutuid. [lox ctanmapTHeIM HelipoHoM [1,2] moHMMaeTcs HA0Op AJIEMEHTOB,
COCTOHHII/Iﬁ U3 aJallITUBHOIo CymMMaropa, HEJIUHEHHOT O HpeO6p330BaTeH$[ Hn TOYKHU
BCTBJICHUA (pI/ICl) Touxka BETBIICHUS — 3TO OJICMCHT, HOCBIH&IOHII/Iﬁ BBIXOI[HOﬁ CHUT'HAJI
HEJIUHEHHOT O HpeO6p330BaTeH$[ Ha BXOJ HCCKOJBKUX CTaHAAPTHBIX HeﬁpOHOB

caeayromero Cios.

Xy 24y X
' X
X, —2

Puc.1. CrannapTHBIH HEHPOH.

2~ aJlanTUBHBIA CyMMaToOp, (0 — HEJIMHEHHbII
npeoOpa3oBaTelib U TOUKA BETBICHUS.

Tak kak MBI UMEEM JIeTIO C CETSAMHU CIOUCTOM CTPYKTYpPbI, COCTOSIIIIMMH U3 CIIOEB
CTaHJApPTHBIX HEUPOHOB, TO BBIXOJHBIE CUTHAJIBl OJJHOTO CJIOS SIBJISIOTCS BXOJHBIMHU
CUTHAJlaMUu JIpyroro ciiosi. B cBoro oyepens, BHyTpU camMoro CTaHAApTHOrO HEHpoHa
BBIXOJAHOW CHTHAjJ OJHOTO 3JeMeHTa (Hampumep, CyMMAaTopa) SIBISIETCS BXOJHBIM
CUTHAJIOM JIpyroro 3JeMeHTa (Hampumep, HeIuHeHHoro mnpeoOpaszoBarens). Takum
o0pa3oM, MOXHO MPOCIEIUTh, HAYWHAS C BBIXOJHBIX CHUTHAJIOB CETH, OT KaKOro

9JICMCHTA CCTH IIPUIICITI CUTHAJI K JAHHOMY 3JICMCHTY.



CranmapTHBIN HEWPOH SABISETCS TUIMUYHBIM y4aCTKOM JIFOOOW HEHPOHHOU CETH.
[Io3TOMY OCTATOYHO BBISICHUTH, KAK BBIYUCISAIOTCS JOIYCTUMBIE MOTPEIIHOCTH IS
AJIEMEHTOB CTAHJIAPTHOTO HEMpOHa. B pe3ynprare mosiyduM BO3MOKHOCTh BBIYUCIUTH
JIOTTYCTUMBbIE MOTPEUTHOCTH JIs JIF0OOT0 y4acTKa CeTH, JBUTAsICh 10 CETU OT HEHpoHa

K HEUPOHY.

4. MeTo1 00paTHOT0 PACNIPOCTPAHEHUSA TOYHOCTH
JJISl TAPAHTHPOBAHHBIX HHTEPBAJIbHBIX OL[EHOK
Hy'CTB HaM 3aJaHbl AOITYCTHUMBIC ITOT'PCHIHOCTH BBIUMCIICHUHN JJI1 BBIXOJHBIX

CHUTHAJIOB CCTH. I[J'IH KaXXa0ro 3JICMCHTAa PCIINM 3alady: OIPCACIIUTb OOITYCTHMBLIC
MNOTPCHIHOCTH Ha BXOJaX JJICMCHTA II0 3aJdHHBIM MAKCHUMAJIBHO HOOIIYCTHMbIM
MOTPCUIHOCTAM Ha €TI0 BBIXOIC. Ecnu 9Ty 3aa4y pCIINTh OJIA KaKA0TO 3JICMCHTA CCTH,
TO MOXHO OLICHUTH AOOIMYCTHMBLIC ITOTPCHIHOCTH JIA BCCX CHUIHAJIOB, IPOXOAAIINUX
qcpe3 CCTh, IICpexXoas 110 CCTU OT 3JICMCHTA K 3JICMCHTY B 06paTHOM HallpaBJICHHUHA (OT
BBIXOJOB CCTH K C€C BXOI[aM). OTOT npounecc ™Mbl HA30BEM oﬁpamnbm
pacnpocmpanenuem mouHocmu. B xo1e Hero aBuKEHHE CUTHAJIOB MPpOUCXOOUT OT
BBIXOJOB KO BXOJaM, CHI'HAJ, HpOXO,Z[}IHII/IfI II0 CBsA3U B 06paTHOM HaIllpaBJICHHUH,
ABJIACTCA HOHYCTHMOﬁ IIOTPCHIHOCTBIO CUTHAJIA, MPOXOAAIICIO II0 OTON CBS3U B
IMpsAMOM HaAITpaBJICHUH.

[locneaHuM >JIEMEHTOM CTaHAApTHOTO HeﬁpOHa ABJICTCSA TOYKA BCTBJICHUA,
IMO9TOMY Ha4YHWHACM PACCMOTPCHUC MCTO/1a 06paTHOFO PacIIpoCTpaHCHUA TOYHOCTHU
HNMCHHO C HCC.

Touka BETBJIICHUSI UMEET HECKOJIbKO BBIXOOB. HYCTI) JJIA KaXXJ0ro €€ BbIXOJa4

3aJjaHa JOIycTUMas MOrpemHocTs &; (i - Homep BbIxoma). s TOro, 4roOsbl

YAOBJICTBOPHUTL BCCM O3THUM OI'PaHUYCHUAM IIOI'PCIIHOCTH, H606XOIII/IMO n JO0CTAaTO4HO,

YTOOBI BXOJHOM CHTHAJ TOYKH BETBJICHUS UMEJ MOTPEIIHOCTh & = min{gi}{;l. Taxum

o0Opa3oM, Mmpu 0OpaTHOM PACIIPOCTPAHEHUH TOYHOCTH TOKA BETBIICHHSI 3aMEHSCTCS Ha

JBOMCTBEHHBI JJIEMEHT, BBIOMpAIOIIMN U3 MOCTYNAMOIIUX CHUTHAIOB  &; (T.e.

MOTPEITHOCTEH ) MUHUMAJIbHBIH.



Crenyromum 3JI€MEHTOM CTAaHAAPTHOTO HEWpOHA SIBIAETCS HEJIUHEHHBIN

npeobpazosarens. [lycTh BXOAHOM CUIHAI HEIMHEWHOrO MpeoOpa3oBarells paBeH 4,
@ — ero (QyHKUUS aKTUBalMHU, ) = ¢(A4)) — BBIXOJHOM CUTHAI M &] — JOIyCTUMAas
MNOTPEIIHOCTh BBIXOJHOTO CHTHajia. BBIYMCIMM MaKCHUMalbHYIO TMOTPELIHOCTh &
BXOJIHOTO CHUTHaJla HEJIMHEHHOro mnpeoOpa3oBaresisi, TO €CTh HalJIeM OTPe30K

[4y — &, Ay + €] Takoii, uro must moboro x €[4y — & Ay+¢€] ¥ = @(x) oTnmyaercst oT
vy =@(4y) He bonee, uem Ha &1: |y —P|< g1
Beuny HenpepbiBHOCTH U auddepeHIupyeMOCTH  (PYHKIIMHM — aKTHUBAIUU

HEJNMHEHHOro mpeoOpasoBaTens OdYeBUAHO, 4dYTo E£X¢&1/ max|@'(x)|, rae

-1 -1
xelo (y—¢),¢ (y+e)].
[ToiimeM TpaauIMOHHBIM ITyT€M, OIICHHMBAs JOMYCTHMYIO ITOTPEIIHOCTh B

nuHEeNHoOM npubnmxeHun: @(Ay + &) = p(A4y) £ ¢'(Ay)- €. Ilo ycnosuro

e12lp( Ay &) —p( Ay) |~ @'(Ay) - &l

[Tonw3ysick 2THUM HEpPaBEHCTBOM, TMOoAOEpeM & CIACAYIOIMUM 00pa3oMm:
e<e/|9(A4y)|. B ostom ciywae ¢opMyna IS BBIYHCICHHS JOIMYCTUMOM
MOTPENTHOCTH 0oJiee MPOoCcTasi, HO MEHEe TOYHASI.

[Tomy4ynmu MOTPENIHOCTh, JOMYCTUMYIO JUTsl BXOJHOTO CHTHAJIA HEJTHMHEHHOTO
npeobOpa3oBaresisi, KOTopas OTHOBPEMEHHO SBIISICTCS TOIMYCTUMOMN MOTPEUTHOCTHIO IS
BBIXOJIHOTO CHUTHaja CyMMaTopa. AHAJIOTHYHO MOXXEM BBIUYUCIUTH TOTPEIIHOCTD
BXOJIHOTO CHTHaJIa HEIMHEHHOTO TpeoOpa3oBarens J000ro CTaHJApTHOTO HEHpOHa,
€CJIM U3BECTHA MOTPEITHOCTh €T0 BHIXOJAHOTO CHTHAIA.

JIBOWCTBEHHBIN K HEIMHEHHOMY ITPeoOpa3oBaTelIio JJIEMEHT - MPOCTO JIMHECHHAS

cea3b! Ee Bec pasen 1/]¢'(4p) | nns nmuneitnoro npubmkeHus B Gopmyse ommoKu

win 1/ max|@'(x)| - B Gonee obmem ciydae (B mocneaHein GopMysie MaKCHMyM

OepeTcs 1Mo OTpe3Ky x €/ (p_l( y—¢&) ,(p_l( Y+ &)/ - Tak 4TO JIUHEUHOCTb 3[ECh yXKE

KaXKy1asics).



[Tepeitnem Kk cienyromemy 3JIE€MEHTY CTaHAAPTHOTO HEMpOHa — aJalTUBHOMY
CYMMaTopy C n CHHAarCaMH, SBJISIFOIIMMUCS €ro BXOJaMHu. AaNTUBHBIA CyMMaTop —

3TO CyMMAaTop, B KOTOPOM BXOJHBIE CUTHAIIBI X; CYMMHUPYIOTCS C BECAMH ;.
Kaxzapli BXxon x; cymmaropa X, HMEET HEKOTOPYIO MOTPEIIHOCTh &;,

KOTOpasi BHOCHUT CBOM BKJaJ B JOMYCTHUMYIO IOTIPEHIHOCTh BBIXOJHOTO CHUTHAJA
CyMMaropa. DTH MOTPEUTHOCTH MOTYT UMETh Pa3JINYHbIe BEJIMYMHBI B 3aBUCUMOCTH OT
TOr0, Kakoi Croco0 pacrpesiesieHus T0MYyCTUMOM MOrPEIIHOCTH BBIXOJIHOTO CUTHAJA
o BXOJaM cymmaropa Mbl BblioepeMm. IlorpemHoctu mo BXojam cymmaTopa MOTYT
pacnpenensiThCsl paBHOMEPHO, TPOMOPLHUOHAIBHO U PUOPUTETHO.

PaccmoTpuM cHadana paBHOMEpHOE pactipeaeneHue. /s atoro momnaraem, uto

Ha BCEX BXOJax IMOIPEHIHOCTH PaBHBI MexAy coboil (& = ¢&;,i=2,...,n).Ilyctp

n
Ay = ¥ a;-x; — BBIXOAHOU cuUrHan cymmaropa 0e3 morpemHocreidl. Torma {4y} —
=
MHOKECTBO BBIXOJHBIX CHTHAJIOB CyMMATopa, IOIy4YatoIHXCsl, KOTJa BEKTOP BXOIHBIX
CHUTHAJIOB CyMMaTopa HpoOeraeT BEepIIMHBI 7 -MEPHOTO Kyba C LEHTPOM B TOYKE

n n
(x,xp,...,x,) m pebpom gmumel 2¢&1: {Agi=> a;-(x;teg) = T a;ix
i=1 i=

n n

+ 3 a;-(xg)=A4y+ ¥ a;-€-z;, tae z;e{-11}. Ham Ttpebyercda, d4roObl Bce
i=1 i=1

MHOXKECTBO  3HaueHMH {A)} mnomamo B wuHTepBan [A4y-—&, Ay+¢&]. Jdast atoro

n n
Heo0XoauMo, 4ToObl max| ¥ «;-¢&;-z]= X |a;te; <&, rae MakcumyMm Oepercs 1o
i=1 i=

BCEM Zz;. N3 sToro HCPAaBCHCTBA U CACIIAHHOI'O BBIIIEC MPCAIIOJIOXCHHUA O &; IOJIy4acM

TpeOyeMylo OIIEHKY Ul PaBHOMEPHOTO DPAacIpeAeNeHHsi &; IO BXOJaM CyMMaropa:
n

&< el Yy |ay.
i=1

[Ipy mpomopHHOHAIBLHOM  pACHpelesieHUd  MOTPEIIHOCTeH  JOMmycTHMAast
MOTPEIIHOCTh BBIXOJHOTO CUTHAJIa CyMMaTopa JEIUTCs CHavajla Ha YUCJIO BXOJOB, a

3aTCM IJId KaXAo0ro BXoJa JCIHNTCA Ha COOTBGTCTBYIOIHI/II‘/JI BeCc cuHamnca. To ecThb



MMOTPCHIHOCTU  PACIIPCACIIAIOTCA MMpOonmopuruOHAJIbLHO BC€CaM  COOTBCTCTBYIOIIUX
CHHAIICOB. CDopMyJIa pacucTa HOHYCTHMOI;'I MOTPCHIHOCTU I KaXXA0ro BXOda

CyMMaTropa UMeeT BUl: &; = &/ (n-a;), A€ & — JOIMYCTUMasl IOTPELIHOCTh BBIXOJHOT'O
CUrHajla CymMMmaropa, n — UHCIO BXOJOB CyMMaropa, «;— BeCa CHHAICOB

COOTBCTCTBYIOIIUX BXOJ0B CyMMaTopa.

HpI/I IIPUOPUTCTHOM PACIIPCACIICHUN HOFpGHIHOCTGfI CHa4dajJla Ha3HaA4YarOTCsi
MNOTPCHIHOCTU OJIA TCX BXOAOB, KOTOPBIC HauOoyiee 3HAYUMBI II0 KaKOMy-J'II/I6O
IMPU3HAKY, a 3aTCM OCTAaBIIYIOCA 4YaCTb HOHYCTHMOﬁ IIOTPCUIHOCTHU BBIXO/JHOTI'O
CUTHaJIa CyMMaTropa pacCrnpCacisoT MCXKAY OCTaBIIMMHUCA BXOJaMU PABHOMCPHO HIIA
MMPpOIMOPUHUOHAJIBHO.

AHAJIOTMYHO MO>KHO BBIYHUCIHUTH AOIMMYCTHUMBIC TIOTPCIIHOCTU IJIsI BXOJHBIX
CUTHAJIOB CyMMarTopa JIF000T0 CTaHAApPTHOTO HeﬁpOHa, CCJIM U3BCCTHBI ITOTPCHIIHOCTH
JIA BBIXOJHOI'O CUT'HAJIa CyMMarTopa.

I[J'ISI AalITUBHOI'O CymMMaTropa MOXHO  BBIYHCIIATE KaK  JOIIYCTHUMBIC
IMOrp€IIHOCTH BXOJHBIX CUT'HAJIOB CyMMATOpPa, TaK U JOITYCTUMBIC IOTPCITHOCTH BECOB
CHHAIICOB. I[J'I}I BBIYHUCIICHHUA OJOIIYCTUMBIX HOFpCHIHOCTCI‘/JI BE€COB CHHAIICOB TaKXE
MOKHO HCIIOJIBb30BAaTh PaBHOMCPHOC, IMPOIIOPIHUOHAIBHOC 141 IIPUOPUTETHOC

pacnpenenenue mnorpemnocteil. [Ipu paBHOMEpHOM pacmpeleieHHH JTOMyCTHUMbIE

n
MOTPELIHOCTH ISl BECOB CHHAIICOB BBIYHCISIOTCS 110 dopmyne: & <&/ I [x;], rae x;
1=

— BXOJHBIC CUTHAJIBI CyMMaTopa.
HpI/I MIPOIIOPHIUOHAIBHOM PACIPCACIICHUN OOIIYCTUMBIC IIOTPCIIHOCTU IJIA

BECOB CHHAIICOB BBIYMCIIIOTCA 1O Gopmyne: &; < &/(n-x;), TOe n — YNACIO BXOAOB
CyMMAaTopa, X; — BXOJHbIE CUTHAJIBI CyMMaTopa.

HpI/I MMPUOPUTCTHOM PACHPCACIICHUN CHAa4dYaJla Ha3HA4YaroTCA OOIIYCTUMBIC
MOTPCHIHOCTHU IJIA TCX BECCOB CHMHAIICOB, KOTOPLIC HanOoJIee 3HAYMMEI 10 KaKOMy-J'II/I6O
IMPU3HAKY, a 3aTCM OCTAaBIIYIOCA YaCTb HOHYCTHMOﬁ IIOTPCHIHOCTU I BBIXOIAHOI'O
CUTHaJIa CyMMAaTopa pacunpcaciaroT MCOEKIAY OCTAaBIIMMHUCA BCCaMHU  CHUHAIICOB

PaBHOMCPHO HJIN IIPOIIOPIHUOHAJIBHO.



[Ipu oOpaTHOM pacmpoOCTpaHEHUH TOYHOCTH HMEET MECTO chernuduyeckas
JIBOMCTBECHHOCTh - 3JIEMEHTBHI CETH 3aMCHSIOTCS Ha ABONCTBeHHBIC MM. OJHAKO, 3Ta
JIBOMCTBEHHOCTh OTJMYAETCS OT TOM, C KOTOPOM MbI BCTpEUaeMcsi NpPU H3YYCHUU
00paTHOTO pAaCMpPOCTPAHEHUSI OMIMOKU JJISI BBIYUCICHHUS TPagUeHTOB (DYHKIIMH
ornleHKH. Tak, ecid B OOBIYHOM OOpaTHOM pPacHpPOCTPAHEHUHM JIBOMCTBEHHBIM
AJIEMEHTOM K TOYKE BETBJICHHS SIBISETCA IMPOCTOW CymMMaTop, TO TMPH OOpaTHOM
pacrpoCTpaHEHUH TOYHOCTH BMECTO HETro, Kak ObLIO MOKa3aHO, IMOSBISICTCS 3JIEMEHT,
BBIUMCIISAIOIIAN MHUHUMYM [NPUXOASAIIAX HA HEr0 CUTHAIOB. HennHenHbIn
npeoOpazoBateslb TpPH  OOpPaTHOM  pPACHpPOCTPAaHEHWHW TOYHOCTH  3aMEHSETCS
JIBOMCTBEHHBIM €My 3JIEMEHTOM, YMHOXAIOIIMM CUTrHail Ha uyucio. Ho ecnu mipu
00paTHOM PacrpOCTPAaHCHUH OMUOKH MHOKHUTEJIEM SIBIIICTCS 3HAUYCHHE TPaUeHTa, TO
B HallleM CJIy4ae CHTHaJl YMHOXXAeTCs Ha BEJIUYMHY OOpaTHYIO MPOU3BOJHOW OT
BXOJIHOTO CHUTHaja HEJIMHEWHOro mpeoOpa3oBaTens. ATaNTHUBHBIA CyMMAaTOp TaKXKe
3aMEHSETCS JBOMCTBEHHBIM €My 3JIEMEHTOM. JTOT 3JIEMEHT SBISETCS CBOCOOpa3HOM
TOYKOW BeTBieHUA. Ho, B OTIMYMHU OT NPOCTOM TOYKM BETBJIICHUSA, OH CHauala
npeoOpazyeT MNPUXOMSAIMIMA K HEMY CHTHal B COOTBETCTBHHM C BBIOpaHHBIM
pacnpenesiecHueM TOTPEIIHOCTEN IO BXOJaM aJalNTUBHOTO CyMMaTopa, a 3aTeM

NEpEAacT MOJTYYCHHBIC CUTHAJIbI JAJIBIIIC.



