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1 Bsenenmne

CoBpeMeHHBIII WHTEpPEC K PEIIeHNO MPUKJIAIHBIX WHKEHEPHO-DU3MIECKUX 3a0ad C UCTIOTh-
30BaHUEM HEllPOHHO-CETEBBIX KOHIENIUII 0003HATNICH B MOJTHON Mepe HadwHas ¢ 1986 roma,
noc.te Toro, Kak Pymenxapt, Xunton n Bunmmamc (Rumelhart, Hinton and Williams) coo6-
MIAJTH O pa3paboTKe HOBOIO aJrOpUTMa 00YUeHUsT MHOTOCJORHBIX HEHPOHHBIX ceTell, moJTy-
YUBIIETO BIOCTEICTBUY Ha3BaHUE a.a20pumma o6pamnozo pacnpocmpanerus (back - propa-
gation algorithm). B Tom e camom romy, mosgBuica 1ByXToMHUK Pymenxapra n MaxKoes-
narna (Rumelhart and McClelland) [Tapaasesvras obpabomra dannwx: Hecaedosarnue npo-
UECCO6 PACNO3ZHABAHUA. DTa TOCJIENHAs KHUTA UMeJia, TTO-BUIUMOMY, pellaollee 3HadIeHne
IUTA YTBEPK ICHUSA METOIUKH OOpaTHOTO paclpoCTpaHeHus B KadecTBe HarmboJIee MOMysap-
HOl TIporieaypbl 00yUeHnsl MHOTOCJIONHOTO MepenTpoHa - 6asoBOW TUEHKM MPUKJTATHBIX
HEPOHHBIX CTPYKTYP.

[losiBnenwe u ganbHefiiee pasBuTHe aJropuTMa 00PATHOIO PACIPOCTPAHEHUsT MpeIcTa-
BJIAET 00O CBOCOOPAZHYIO «BEXY» B TECOPHUH W TMPAKTUKE HEHPOHHBIX ceTeil B TOM CMBICJIE,
YTO DTOT AJITOPUTM OOECIIEUNBACT BbUUCAUMEALHO I PPermucHbili MeToN OOyIeHUsT MHO-
rocjoiinoro mepientporna. I Xord HEBO3MOXKHO TapaHTHPOBATh, YTO AJTOPUTM 0OPATHOTO
pacrmpocTpaHeHnsi MOKeET ODeCIIeUnTh pellleHrne BCeX 3HAYMMBIX TPOOJIEM CTAaTHCTHUECKOf
KJaccupUKAIUT ¥ Paclo3HaBaHmsi, MOKHO C MOJHON ONpeneeHHOCThIO YTBEPKIATh, 4TO
UMEHHO TOABJIEHUE TOrO aJTOPUTMa OKOHYATETbHO YCTPAHUIO TECCHUMU3M B OTHOIICHUN
HEllpOHHBIX ceTell, KOTOPHIi BO3HWK W COXpaHssIcss B TedeHue moutu 20 Jier, HadWHasd C
1969 roma, a mMenHo, mocye n3BecTHON Monorpadgun Munckoro n [lanepra (Minsky and
Papert), comep:kasiieii, B 9acTHOCTH, MEJTYIO CEPHUIO M3AUIHBIX MaTeMaTHIeCKIX TPUMEPOB,
JEMOHCTPUPOBABIINIX PALL (PYHIAMEHTAJIBHBIX OMPAHUYCHUH, TPUCYIIAX OJHOCJIONHBIM mep-
HETTPOHAM.

*MartepuraJi TIOATOTOBJIEH CIEMMAIBLHO Il YIaCTHUKOB 03HAKOMUTEJIBHOTO ceMUHapa KoHcymbTampmorHOTO [len-
Tpa MATLAB rommanun SoftLine, 29 nrons 2001 1. 1
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Puc. 1: O6o6urenmas mMonesns meiipona.

2 OpHoHampaBJIeHHbIe HEHPOHHBIE CETH

Heiipornasi cets mpemcrasiisier coboil cTpyKTypy HEHPOHOB, COEMUHEHHBIX MEKIY CODOiL.
Cerhb xapakTepusyeTcd BHYTPEHHUMEU CBOcTBaMu 0o0pasyolunx ee HEWpOHOB, WHIUBUIY-
aJIbHOM ToTOsTOrTEl (apXUTEKTYPOii), a Takke mpauiaMu odyderns (Tpernposku). Humxke
KOHCHEKTUBHO PACCMaTPUBAIOTCA KazKAblil KaxKAblil U3 Mepevnc/IeHHbIX KOMIOHEHTOB.

2.1 Mogesb HelipoHa

Ob6obuienHas cTPYyKTypa OTIETbHOTO HelipoHa mpencTaBiieda Ha puc. 1. HerpymnHo BumeTs,
ITO HEUpOH BBHITOJIHAET (PYHKIINIO aTalTHBHOTO CyMMAaTopa C PEryJINPYEMbIME yPOBHAMUI
BXOJ/IHBIX CUTHAJIOB, KOTOPBIA OCYIIECTBJIAEST HOMOJHUTETbHYIO JUHERHYIO MIn HeJTuHeiinyto
0bpabOTKy BBIYUCIIEHHONW CYyMMBI C TeJIbI0 MOTydeHnsd pe3ysabTrata. Heltpor mosyaaer BXoI-
HbIe CUTHAJIBI OT CEHCOPOB (CIIPaBEITNBO IJId HEIPOHOB BXOIHOTO CJIOS CETH ), NI B Ghopme
HneHTpocTpeMuTeTbHbIX («afferent») curranos ¢ BeIxomos apyrux GpopMasbHbIX fdeek (cripa-
BEIJTUBO /1 HEIIPOHOB BHYTPEHHUX CJIOEB U HEHPOHOB BBIXOIHOTO C105 ). Bxonnas GpyHK s
HelipoHa p, pacroIoKeHHOro B 1M —TOM CJIoe, peaan3yeT olepaliuio CYyMMUPOBaHMA B3BEIICH-
HBIX BBIXOIOB 0" ! mpecmHaNTH9IecKuX HEHPOHOB, PACIIOIOKEHHBIX B TPEIBLIYIIEM, 17— 1-0M
coe:

Nm_1
b;” = Z w;;o?_l —I—w;%. (1)
n=1
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3mecy N,,_1 - 9uc0 HEWPOHOB B TPEIBIAYIIEM CJIO€; CHMBOJIBI 1, P UCIOJIH30BAHBI C IIe-
JIbIO YCTAHOBJEHUA PA3INyuMd MEXKIYy HeilpoHaMM, TPpWHAIIeXKAUIUMUA PA3HBbIM CJI0AM CETH.
m 1)

3uavenne Wy B (1) onpenensieT BeIMUnHY BHEIIHETO CMEIIEHNUs, OIaBaeMOro Ha HEHpOH p,
YTO COOTBETCTBYET BKJIIOYEHUIO B MOJeb HellpoHa IONMOJTHUTEbHON CUHANTUYECKON CBA3M
¢ GpUKCUPOBAHHBIM 3HaUeHUeM CUrHasIa oy = —1.

Ecsan momesib cooTBeTCTBYET HEWPOHY, PACIIOJIOKEHHOMY BO BXOJIHOM CJIO€, TO CYMMUPO-
BaHWe 10 7 OTCYTCTBYET, & UMEHHO

b=z, (2)

Pesysbrar cymMmmupoBaHus CJIyKNAT apryMeHTOM (DYHKIUN aKTHBAINN. JHadYeHre QyHK-
M7 aKTUBAINN COOTBETCTBYET OTKJINKY HepOHA Ha MTPOU3BOIBHYIO KOMOMHAIIIIO BXOIHBIX
BozfeilicTBuii. IHbIMU cJiOBaMu, MOCPENCTBOM aKTHBAIMN HEpOHA OCYIIECTBIISAETCH TPaHC-
opmarnsi MHOKECTBA BXOIHBIX BO3IENCTBUII B BBIXOTHON CHUTHAJ C KeJTAEMBIMHU XapaKTe-
puctukamu. Bmecrte ¢ mpaBustaMu KOpPEKTUPOBKU BECOBBIX K03 DUIMEHTOB Ha BXOIE Heli-
pota (mpaBuIaMu o0y IeH s ), OTTUINTETHHON 0COOEHHOCTRIO MHOTMX HEPOHHBIX CTPYKTYD
SIBJIAETCH BBIOOD (DYHKIIMU aKTWBAIMH. 3aMETUM, 9TO aKTUBAIUS HEHPOHOB MOMKET OBITH
pasIMYHoil IJ1d pa3HbIX CJIOEB.

Boixonnast GyHkiust Helipona onpejiesisteT B3aUMOCBsA3b MEXKIY YpOBHEM akTuparuu [
HelfipoHa p M —TOTO CJI0A W BEJIMINHON €ro IefiCTBUTETbHOTO BBIXOIHOTO CUTHAIA 0}, TIepe-
TaBaeMOro B MOCJENYIONINi CJI0# WIn Ha BHIXOI ceTr. B OosbiImHCTBE CIydaeB B MOIEN
HelipoHa, B KOTOpOil mpuMeHseTcs HesimHeliHad (YHKINA aKTUBAINN, HETIOCPEICTBEHHALA
nepefiavda 3HadeHud f;” Ha BbIXOJ HelipoHa OKa3bIBaeTCd JOCTATOYHON , T.e.,

or = fm. (3)

Cootroternne (3) xapakTepHO, B 9aCTHOCTH, [IJTs HEFIPOHOB 00Pa3yIONMX MHOTOCTOHHBIIT
meplenTpoH.

2.2 MHorocJiotiublii mepuenTpoH

MuorocJioitabiil mepenTpoH mpeacTaBiiser coDOit KTacCHIecKnii TpuMep OIHOHAITPaBJIEH-
Hoii (feed-forward) weiiponHOi ceTm, T.e. HelipOHHON ceTW, B KOTOPOH OTCYTCTBYIOT Kak
obpaTHbIe BO3IECTBUA CUTHAJIOB BBIXOIHBIX HEPOHOB Ha BXOI CETH, TaK 1 MEKCOeTMHEH IS
MeX Iy HeffpOHAMU OIHOTO W TOTO XK€ CJIoA. ApPXUTEKTypa MHOTOCTIONHOTO TepPIIenTpoHa fTe-
MOHCTPUPYETCH 3/I€Ch Ha MIPUMepe TPEXCIONHOTO MeplenTpona (puc. 2), ComepKallero JHilb
ONIMH aCCOIMATUBHBI (CKPBITHI) ciI0fi, 00pasoBaHHbBI YeThipbMsA HelipoHamu Aj ... Ay,
CBA3BIBAIONINI BXOMHOW W BBIXOTHOW CJIOW ceTW, HaCYUTBIBAIONINE, COOTBETCTBEHHO, 16 m
5 HelipoHOB. B MpUHATHIX B CleNUaJbHON JIUTEpaType 0DO3HATEHUAX TaKash apXUTEKTypa
npencrasigercd B Buge 16-4-5. Kak BuaHO W3 pucyHKa, accomuarnBHbiii A-cioii (mim we-
CKOJIBKO CJIOEB, B CJIydae TePIenTpoHa 6osee BBICOKOTO TTOPsAIKa) He NMeeT MPAMBIX CBA3ell
C BXOIHBIME CEHCOPpaAMU WJIM BBIXOTHBIME JaTdnkamiu. Vcrmosib3oBaHMe CKPBITOTO CJIOA B
apXUTEKTYype MHOTOCJOWHOTO TEePIENTPOHA TUKTYETCH COOOpaKeHUAMI TOCTIKEHUs Ootee
aJIeKBATHOTO COOTBETCTBUST MHOKECTBA BXOIHBIX CUTHAJIOB HAOOPY BBIXOIHBIX ITapaMeTPOB
ceTn. YBeJIMYeHne KOJINYeCTBA CKPBITBIX CJIO€B TTO3BOJIAET BBIIETATh CTATUCTUYECKUE 3a-
KOHOMEPHOCTH BBICIHIUX TTOPAIKOB, U9TO ABJISAETCS Ba)KHBIM OOCTOATEIHCTBOM B CJIydae MHO-
TOMEPHOTO BXOIHOTO cUTHa/IA. Urc10 HefiPOHOB BXOTHOTO 1031 (S-CJI05) 1 BBIXOIHOTO CJIOS
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Puc. 2: Tpexcaoiiubtii mepienTpoH

(R-c1ost) B MHOTOCJIOHOM TI€peIenTPpOHe COOTBETCTBYET PA3MEPHOCTAM BXOIHOTO 1 BBIXOJI-
HOTO BEKTOPOB COOTBETCTBEHHO. KOIMYIecTBO HEMPOHOB B aCCOMMATUBHBIX (CKPBITHIX ) CJIOAX
OTIpeNesTaeTCsas SMIUPUIECKIM 00pa30M U sIBJIAETCS Pe3yIbTaTOM MHOTOKPATHOTO KCIepH-
MEHTHPOBAHUSA C ceThio. UBA3M HEPOHOB BXOMHOTO CJIOS C HEIpOHAMMY TIEPBOTO CJIEMYIOIIETO
3a HUM CKPBITOTO CJIOST ABJIAIOTCH B ODIEM cCJIydae BBIOOPOIHBIMU, T.€. HE BCE BBIXOIBI S-
HelfpOHOB MOTYT NMeTh CHHAIITHIECKUE COeInHeHnsi co Bxomamn A-neiiponos. Ha puc. 2 a1o
00CTOATETBCTBO CXEMATHIECKT OTOOPAKEHO PA3IUIHON IIITPUXOBKON BXOMHBIX 1 BBIXOIHBIX
TepMuHAJIOB S U A-ssiemenToB. Beca curanTtrdeckux cBsizeil MOTyT ObITH mpu 3ToM GUKCH-
POBAHHBIMI U OCTABAThCA HEM3MEHHBIMU B Tpollecce obydenusi. HampoTus, cunanTuueckme
CBA3M MeXKIy HelfipoHaMu acCcOMaTUBHOTO M BBIXOIHOTO CJIOEB, a PABHO KaK U MKy Heii-
poOHAMU IBYX COCETHUX CKPBITHIX CJIOEB, ABIIAIOTCH BCEOOHEMITIONINMI, T.€. BBIXOI KazK IOTO
HelipoHa TpeabIayllero ¢Jjiod CoeqUHEH ¢ COOTBETCTBYIOUIMM BXOJIOM KaKIoro Heiipona mo-
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CJIEAVIOUIETO CJI0A, @ 3HaAYEHNA BECOB IMMOACTPanBalOTCA Ha O6yanOHJ;€I7I CTanunm, 9YTO CXeMa-
TIMYECKHN OTO6pa)K€HO B B e ILByHaHpaBJIeHHOﬁ HIVWHBI Ha pUC. 2

2.3 ApxurekTypa IeplenTpoHa

ApxurekTypa mepluenTpoHa MIPOeKTUPYETCsd MCXOAs U3 (PU3MUECKOro COHep:KaHus 3aladl,
pa3sMepHOCTH BEKTOpa JaHHBIX, KOJHYeCTBa MapaMeTpoB, ONUCHIBAIONIMNX BOCCTaHaB/IMBaE-
MYI0 HEOTHOPOIHOCTH, & TakK:Ke Tpebyemoii TouHocTH maeHTHdUKaIun. PasmMepHocTb Bek-
TOpa HaHHBIX ONpeNe/IsieTcs, B CBOIO oUepellb, YacTOTOl NUCKpeTU3allil BXOIHOIO CUTHAJIA,
eC/I PErnCTPUPYIOTCS BpeMeHHbIEe [IOCIeI0BATe/ IbHOCTH, JUO0 KOJIMUECTBOM HU3MEpPUTE b
HBIX JaT4uKoB. Yuc/io mapamMeTpoB HCKOMOI GYHKINN WK KO3 (P PUIMEHTOB ee pa3/iokKeHus
10 OTHOLIEHWIO K HEKOTOPOMY 0a3ucy ycTaHaBJIMBAaeTCs Ha Talle MOMEeIUPOBaHUs MPsIMOit
3a/a9d ¥ He MOXkKeT ObITh MPOM3BOJBLHO OOIBIINM.! BHyTpeHHsAS CTpYKTypa HeplenTpoHa
(qmcsTo CJT0EB, KOTMIECTBO HEPOHOB B CJT0€, BHIOOD (DYHKINN aKTUBALNN) ABIAETCH B OOITh-
HIMHCTBE CJIy4aeB Pe3y/IbTaToM MHOTOKDPATHOIO 3KCIEPUMEHTUPOBAHUS C CEThIO, IIPU KOTO-
POM aHaJIM3UPYyeTCs IMOBedeHNe CEeTH B IIpollecce 00yUeHUsl, CKOPOCTh IIpolecca o0ydeHusd,
TOUHOCTH 00pabOTKM HAaHHBIX, HE MCIOJIb30BAaHHBIX B IIpolecce odoyderusa u T.n. Obcros-
TeJIbHOI Teopuu, KoTopasi Obl IO3BOJIM/IA OINTUMU3UPOBATH STOT MPOLECC, IOKa 9TO He Cy-
LIECTBYET.

CJ10KHOCTD CeTH IOJIKHA COOTBETCTBOBATH pasMepHOCTH 00ydJalollero Habopa, T.e., I0-
OaBJIeHIe HOBOTO BHYTPEHHEI'O CJIOsi B apXUTEKTYPY HEHPOHHOI ceTu ¢ LeJIblo HOCTUKEHIS
6oJ1ee TOUHOI alIpOKCUMAIAN, JOJLKHO CONPOBOKIATHCHA YBEJIUYEHUEM UYUC/Ia 00y YarOIInX
nap. Ecan obyuatouuii Habop ocTaHercs IpekKHUM, B TO BpeMsi KakK ceTh craJia 60J1ee CJI0XK-
HO#i, CITOCOOHOCTH ceTn K 0bobIienuio Oyner cunkarbes. U maobopor. Beibop coummkom mpo-
cTOil s IpelsIoKeHHOIo Habopa HaHHBIX CTPYKTYPhI CETH MOMKET COIPOBOXKIAThCHd yTIpa-
TOil ee CIIOCOOHOCTH OIpele/IsdTh OCHOBHbBIE MapaMeTphbl OTOOPaKeHMs.

TpagununoHHo HelipOHHBIE CeTU UCIOIb3YIOTCs I 3adad Kaaccudukanu. B aTom ciy-
Yae BBIXOIHBbIE CUTIHAJIbl IIpeIHaMEepPEHHO IIPelCTaBJ/sioTcss B OMHapHOl dopme, a IeJIbio
IPOIETY Pl ABJIAETCS ONpeeseHre TpIHAITeKHOCTH BIXOJIHOTO BeKTopa (0bpasia) HeKo-
TOPOMY 3apaHee U3BECTHOMY MHOXKeCTBY. BUHapHBIA XapakTep BbIXOIHBIX CHTHAJIOB peaJli-
3yercs B apXUTEKType HelipoHHOI ceTu B popMe IOporoBoil pyHKINN aKTUBAIUN BBIXOIHBIX
He[ipoHOB, & UMEHHO

Fa +1  ecnm b;” >0 (4)

p 0 B DpoTHBHOM CJIydae,
OueBunno, 9To GyHKIMHA (4) He ABIAETCA yIOBIETBOPUTETBHON B PEKOHCTPYKTUBHBIX TIPH-
JIOXKEHUsAX, IIOCKOJIBKY KaKias U3 KOMIIOHEHT BBIXOIHOTO BEKTOpa ABJIAETCH B OOJIBIIMH-
cTBe cJly4yaeB HempepbiBHON ¢yHKIueil. [Ipencrapierne HenpepbIBHOIO BBIXOJHOIO CUTHAJIA
s dekTuBHO peasim3yeTcd B HEHPOHHON CeTH ¢ MOMOIIBIO TaK Ha3bIBACMON «CHTMOMIHOMN»

! Cosmarmre adpex THBHOE apXUTEKTYPH OJHOHAIIPABICHHEX MHOTOCTOMHEIX ceTelf ¢ BHICOKOH PasMepHOCTBIO BH-
XOIMHBIX TAHHBIX ABJIAETCA CYIIECTBEHHO Goslee TPYIHONW 3amadeli 0 CPAaBHEHNIO C KOHCTPYMUPOBAHUEM CTAHIAPTHBIX
HeWPOHHBIX KJTaCCMPHUKATOPOB, COMEPKAIINK He OosIee TpeX BEIXOIHBIX HEHPOHOB. DT0 0OBACHAETCA TEM 0OCTOATE TH-
CTBOM, UTO TIOBEPXHOCTH, Pa3IeAOINNE MOANPOCTPAHCTBA PENIEHNt, KOTOPble (POPMUPYIOTCA B TIpollecce 0OydeHrA
CeTH, UMET B 9TOM CIIy9ae CKOJIb YTOHHO CIIOXKHBIE POPMBI, 9TO, B CBOIO OUEPENb, OTPUIIATEIBHO CKa3BIBAETCA HaA
YCTORIMBOCTY M HAOEXHOCTH PEKOHCTPYKTHUBHON KITaCCUpPUK alTHH.
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Puc. 3: Curmonnnas PYyHKIMA aKTUBALMA U €€ TIPOM3BOIHAL.

(sigmoid) GyHKIME aKTHBAIMN:

f;ﬂ 1 + eX]gl)(—bm) (5)
»
Bun dysrmmu (5) npencrasien Ha puc. 3. Popma curMonnHolt GyHKINK TO3BOJIAET pac-
cMaTpuBaTh HeHpPOH KaK aJalTHBHBIH yCHIUTE b CyMMapHOTo CHrHaJIa, HOCTYIIAIoero Ha
ero Bxonpl. C/1aObIii CUTHa/I IPW TOM YCUJIUBAETCH, a CATHAJ BBICOKOIO yPOBHA HE CHU-
KaeT d9yBCTBUTETbHOCTH HelipoHa. Kpome Toro, dyuKIms (5) ABIA€TCA HEMPEPHIBHO 1 (-
dbepennupyeMoil, a ee mepBas IPOM3BOIHA ABJAETCH IPOCTONH PyHKIMEHd BhIXoA:

Pl = f@)1 = ) am f(0) = e ()

ITO 0OCTOATETTHCTBO OKA3BIBAETCS IPE3BBITANHO BaKHBIM KaK IJId Peasi3aliui aJropuTMa
obparHoro pacmpoctpaterns (8), Tak U 1A 2P PEeKTUBHON HellpoHHO-ceTeBOT 00PabOTKM
CJIOKHBIX OTOOpaKEHU, HEJIMHEHHBIX MPOIECCOB U 3a1ad PEKOHCTPYKITUH.

2.4 OOydyeHue mneprenTpoHa. AJITOpUTM 00pPaTHOrO PACMpPOCTPAHEHUS

YmossrerBopuTebHOE (YHKIIMOHTPOBAHIE MHOTOCTOWHOTO TIPEIENTPOHA TPU PENeHnuN TOoi
WM WHOI TPUKJIAIHON 3aladu onpeesisieTcss BEPHBIM BBIOOPOM apXUTEKTYPhI CETH U -
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(beKTUBHOCTBHIO TIPOBEIEHHOTO Tipotiecca ee obydernus. [Ipu aTom, mom mpomeccom obyuenns
MOHUMAEeTCs aJITOPUTMUIECKasd KOPPEKTUPOBKA BECOBBIX KO3(PPUINEHTOB CHHATTHIECKUX
CBsA3€ll KaXK[I0TO yYIaCTBYIOIIETO B Ipollecce obyUueHusd HelipoHa, HalpaBJIeHHasd Ha TOCTH-
KeHe MIHIMAJTBbHOI OITMOKT B OTIPeleIEHIH TTapaMeTPOB BBIXOIHOTO BEKTOPA [T KazkK I0T0
13 BXOIMHBIX «00Pa3IoB».

Ha »ramne obydernust Ha BXOI CeTH MOCTIENOBATETBHO MOMAIOTCA BXOIHBIE CUTHAJIBI U3 3a-
pamee TOATOTOBJIEHHOTO IJIsi TPEHUPOBKN ceTu Habopa. Kaxmomy m3 BXOTHBIX CUTHAJIOB
(TaHHBIM) COOTBETCTBYIOT 3apaHee M3BECTHBIE MapaMeTPhl BBIXOIHOIO BEKTOPA, OTpeesTe-
HIEe KOTOPBIX [IJId TPOU3BOJIBHOTO HAabOpa MAaHHBIX, B TOM UHCJIEe He UCIOJIb30BAHHBIX B MPO-
mecce o0yUeHWs, ABIIAETCA MEJIbIO 3aa49n . TakuMu mapaMeTpamMu MOTYT ObITh, HAIIpUMep,
JIOTHYeCKre yTBEPKIEHU TPUHAITIEKHOCTH BXOIHOTO BEKTOPpa TOMY WJIM WHOMY KJIacCy pe-
IIEHWI WU €T0 COOTBETCTBUS OIHOMY U3 TECTOBBIX 00Pa30B, KO3(MDMDUIUEHTHI Pa3IOKEHIA
BXOMIHOW (DYHKIINY OTHOCHTETHHO HEKOTOPOTO Hasmca u T..I.

BraxkmoMm TakTe oOydUeHWS TMEpIENTPOH OMEPUPYeT OMHOBPEMEHHO ¢ omHoil m3 K-map
BEKTOPOB U3 BXOIHOTO W COOTBETCTBYIOIIETO €MY BBIXOIHOTO MPOCTPAHCTB, COCTABJIATOIINX
MHOKeCTBO asieMenToB obyuenusi S = {W, X} pasmeproctu K. [locsie npenbssienus Ha
BXOJI TIEPIIENITPOHA BCEX MMEOIINXCA B PACTIOPKEHIN 37IeMERTOB S (310Xa 00y uerns ), ole-
HUBaETCs 3HAUEHNE CYMMAapPHOIl BBIXOMHON CpelHeKBaIpaTuIHONR ONnOKMT

1 K A ke
S PO g "
k=1

MepIenTpoHa ¢ MaTpuiiell BecoBbiX K03 unmenToB Wy, cooTBeTCTBYIOMIER d-TOl 00y Taio-
. k
uieii smoxe. B dopmyiie (7) Bekrop X" cOOTBETCTBYET «UCTUHHOMY» BEKTOPY W3 00y daro-
k

mero Habopa, a BEKTOP X MpencTaBsIsieT coboil pe3ysibTarT HellpoHHO-ceTeBOl 0OpPabOTKM
BxomHOTO curHata WX B §-Toil smOXe. [Honcrpoiika Becosoit MmaTputibl W ocylilecTBIg€TCA
MuHUMEI3anuneil pyHKInoHa a s nTepupoBaHEM IO 3MOXaM OOYUIEHUsT ¢ TOMOIIBIO aJIro-
puTMa 0OpaTHOTO PacHpPOCTpAHEHUS:

OFEs
OW

rae [, vV - napaMeTphbl aJITOPUTMa, OIIPpEAC/TAIOININE CKOPOCTDh U yCTOﬁqI/IBOCTb NTEPAIMOHHOIO

Wi = W5 —p +v(Ws — Ws_y), (8)

Irponecca.
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