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BBenenue

HckyccTBeHHBIE HEMPOHHBIEC CETH MPEJICTABIISIIOT CO00M ycTpoicTBa
IIapaJuIeNIbHBIX BBIYMCIIEHNN, COCTOSIIME U3 MHOKECTBA B3aUMOICUCTBYIOIINX
IPOCTHIX MpoIeccopoB. Takue mporeccopbl OOBIYHO UCKIIOUYUTENIBHO MPOCTHI,
0COOEHHO B CPAaBHEHUU C MPOLECCOPAMH, UCTIONB3YEMBIMHU B TIEPCOHATBLHBIX
KoMmmbroTepax. Kaxaplil mporeccop mogoOHON CETH UMEET AEI0 TOJIBKO C
CUTHaJIaMH, KOTOPBIE OH MEPUOINYECKH NOJIYyYaeT, U CUTHAJIaMU, KOTOPbIE OH
NEPUOIMYECKH MOCHUIAET APYTUM MPOLECCOpaM, U, TEM HE MeHee, Oyayuu
COEIMHEHHBIMHU B JOCTATOYHO OOJIBIIYIO CETh C YIPABIAEMbIM B3aUMOICHCTBUEM,
TaKHe JIOKAJIbHO MPOCThIE MPOIIECCOPBI BMECTE CIIOCOOHBI BBITIOHSTH 10BOJIBHO

CJIOKHBIC 3a4a4U.

Pa3paboTka nCKyCCTBEHHBIX HEMPOHHBIX CETEH Hauanach emle Ha 3ape XX
cToJIeTHs, HO ToJbKO B 90X romax, Korjaa ObUIH MTPEOJIOJICHBI HEKOTOPHIS
TEOpEeTHYECKHE Oaphephl, @ BEIUUCIUTEIbHBIC CHCTEMBI CTAIH TOCTATOYHO
MOTIIHBIMU, HEHPOHHBIE CETH TOTYUNIIN MHPOKoe mpu3Hanue. CoBo
"HCKyCCTBEHHBIE" B JAHHOM KOHTEKCTE WHOT/Ia UCIOJIB3YETCS JJIsl TOTO, YTOObI
MOTYEPKHYTh, UTO PE€Ub UET 00 UICKYCCTBEHHOM yCTPOMCTBE, @ HE O PEATbHBIX
OMOTOTUYECKUX HEHPOHHBIX CHCTEMAaX TUIIA TOW, KOTOPYIO HUMEET YeJIOBEK.
Co3naHre NCKYCCTBEHHBIX HEHPOHHBIX ceTel ObLTO HHCITUPHUPOBAHO MOIMBITKAMH
MOHATH IPUHITUIBI PAOOTHI YETTOBEYECKOTO MO3Ta M, 0€3 COMHEHUS, 3TO OyIeT
BJIUSATH U Ha JalIbHEHIIee ux pa3Butue. OMHAKO, B CPABHCHUH C YEJIOBECYCCKUM
MO3TOM, HCKYCCTBEHHBIC HEUPOHHBIC CETH CETOJTHS MPEACTABIISIFOT COO0H BechMa
ymnporieHHbIe adcTpakiuu. Korma scHO, B KaKOM KOHTEKCTE 00CYKIAr0TCS ATH
CeTH, CJI0OBO 'MCKYCCTBEHHBIN OOBIYHO OMycKaroT. KpoMe Toro, korja Tpedyercs
MOTYEPKHYTh BRIYUCIUTEIHHBIE BO3MOKHOCTH, @ HE OMOJIOTHIECKOE
COOTBETCTBHUE, HICKYCCTBEHHBIC HEHPOHHBIC CETH HA3bIBAIOT KOHHEKIMAMHU. [Ipn
ATOM IIEJIbI0 'KOHHEKIIMOHKUCTORB" SIBJISICTCS HAJICICHUE HEHPOHHOUM CETH
BO3MOYKHOCTBIO PEIIaTh KOHKPETHBIC 33/1a4H, a HE IMHUTHPOBATH C MAKCUMAIBHON

TOYHOCTHIO OMOIOTUIECKUI TTPOIIECC.



X0Ts HEHPOHHBIE CETH MOTYT OBITh pealn30BaHbl B BU/IE€ OBICTPBIX alMapaTHBIX
YCTPOUCTB (M Takue peamn3aiu JeHCTBUTEILHO CYIECTBYIOT), OOJIBITUHCTBO
MCCIIEIOBAaHUM BBIMOIHAETCS C UCIOIB30BAHUEM MPOTPAMMHOTO MOJIEITUPOBAHUS
Ha OOBIYHBIX KOMIbIOTEpax. [I[porpaMmmHoe MoienrpoBaHue 0OecrieunBaeT
JI0OCTATOYHO JICHIEBYIO U THOKYIO Cpeny ISl OMCKA U IPOBEPKHU
UCCIIEIOBATENLCKUX UACH, a VIS MHOTHX pealbHbIX IPUI0KEHUH TaKoe
MOJICJIMPOBAaHUE OKA3bIBAETCS BIIOJIHE aJI€KBAaTHBIM U JOCcTaTOYHBIM. Hanpumep,
poTrpaMMHasi peaan3alns HEHPOHHOM CeTH MOXKET HCIIOJIb30BaThCS IS
COCTaBJICHUS TJIaHA KPEIUTHBIX BBIIIAT HHIMBUyyMa, 00palaronierocs B 0aHk
3a 3aiiMoM. XOTs pelIeHre Ha OCHOBE HEHPOHHOW CETH MOXET BBITJIAIETh U BECTU
ce0s Kak 00bIYHOE IPOTPaMMHOE 0OecrieueHre, OHU PA3INYHbI B IPUHILIUIIE,
MOCKOJIbKY OOJIBIIMHCTBO pean3allfii Ha OCHOBE HEHPOHHBIX ceTel "o0ydaercs ',
a He IPOTPaMMHUPYETCSI: CETh YUUTCS BBIIOJIHATH 33/1a4y, a HE POTPaMMUpPYeETCs
HernocpeAcTBeHHO. Ha caMoMm fenie B OOJIBIIMHCTBE cllyyaeB HEHPOHHBIE CETH
UCIIOJIB3YIOTCS TOT/IA, KOT/1a HEBO3MOKHO HAMKCATh MOIXOISIIYIO TPOrpaMMmy,
WIY TI0 IPUYHHE TOTO, YTO HailIeHHOE HEMPOHHOM CEThIO PEIIEHUE OKA3bIBACTCS
Oonee coBepiieHHBIM. Hanpumep, Oy 1yun sKCIIepToM MO MpoJaxke
HEABM>KUMOCTH, BBl MOYKETE U3 CBOETO OIMbITa MPEKPACHO 3HATh, Kakue (PakTopsbl
BJIMSIOT HA MPOJAXKHYIO LIEHY KaXKI0r0 KOHKPETHOTO I0Ma, HO IIPHU 3TOM YacTO
UMEIOTCSl TaKue 0COOCHHOCTH, KOTOpbIE OyIeT BeChbMa TPYIHO OOBSICHUTD
IPOTPaMMHUCTY. AT€HTCTBO 1O MPOJIaXKe HEABMKUMOCTH MOXKET MOKEIaTh UMETh
"Mpejcka3aTens LeH Ha OCHOBE HEUPOHHOM ceTh", 00y4eHHOTO Ha MHOXKECTBE
IPUMEPOB peabHBIX MPOJAXK TOMY, Kakue (DaKTOPhI BIUSIOT Ha LIEHY
po/1aBaeMoro 00bEeKTa, U TOMY, KaKyl0 OTHOCUTENIbHYIO BaXKHOCTh UMEET KaXKIbIi
u3 3TuX (pakropoB. Ho 31eck 60see BaKHBIM OKa3bIBA€TCS TO, UTO PELICHHUE Ha
OCHOBE HEHPOHHOM ceTH sBisgeTcs 0osiee TMOKUM, TOCKOJIBKY COOTBETCTBYIOIIAS
cUCTeMa MOXET B JaJIbHEHUIIIEM COBEPIICHCTBOBATH TOYHOCTH MPEICKa3aHUH 110
Mepe HAKOIUICHUS €10 OTbITa M aJJalTUPOBATHCS K MPOUCXOISIINM Ha PhIHKE

HN3MCHCHUAM.



Pelenus Ha OCHOBE HEMPOHHBIX CeTel CTAaHOBATCA Bce Ooliee
COBEPIIICHHBIMU 1, HECOMHEHHO, B Oy IyIIIeM HaIll BO3MOKHOCTH TI0 pa3paboTKe
COOTBETCTBYIOIIMX YCTPOMCTB BO3PACTYT 3a CUET JIyULIErOo IOHUMAaHUS UX
OCHOBOIOJIArarOIKX NPUHIKUIIOB. HO yke ceroans umeercs: HeMayo
BIICUATIISIOIMX pa3padoToK. ba3za mpuinoxkeHuii HEUPOHHBIX CETEN MPOCTO
OTpOMHA BBISIBJICHUE (abIIMBBIX KPEAUTHBIX KAPTOUEK, MPOTHO3UPOBAHUE
M3MEHEHUI Ha (OHIOBOM OMpIKE, COCTABIICHUE KPEIUTHBIX MJIAHOB, ONITHYECKOE
pacrno3HaBaHUe CUMBOJIOB, TPO(HUIIAKTUKA U AUArHOCTUKA 3a00JI€BaHUN YeJIOBEKa,
HAOJFOICHHUE 33 TEXHHYECKUM COCTOSIHUEM MAIIIMH U MEXaHU3MOB,
aBTOMATHUYECKOE YIIpaBJICHUE ABMKCHUEM aBTOMOOWIIS, IPUHSITHE PEIICHUN TIPH
MOCAJKE MOBPEXKICHHOTO JIETATENBHOTO aImapara u T.1. JlanbHelmue ycnexu B
pa3pabOTKe NCKYCCTBEHHBIX HEUPOHHBIX CETeH OyayT 3aBUCETh OT MAJbHEHIIIETO
MOHUMAaHUS IPUHIIUIIOB pabOThI YEIOBEUECKOI0 MO3Tra, HO 3/16Ch UMEETCS U
oOpaTHasi CBSI3b: UCKYCCTBEHHbIC HEUPOHHbBIE CETH SIBIISIIOTCS] OJTHUM U3 CPEICTB, C
ITOMOIIIBIO KOTOPBIX COBEPIIEHCTBYETCS HAIIIE TPEACTABIEHUE O MPOLIECCAX,
MPOUCXOIAIINX B HEPBHOM CUCTEME YEJIOBEKA, BBICTYNAsl B KAYECTBE MOJIEIIEH

COOTBCTCTBYIOIIMX ITPOLCCCOB.

bynyiee HEUPOHHBIX CETEN KA)KETCsl BIIOJHE SICHBIM, U CETOJIHS TO Ta
00J1acTh 3HaHMI, O KOTOPOU JOJIKHBI UMETh OIPEETICHHOE NIPEJACTaBIECHNUE BCE
Hay4HBIC CTICIIUATIUCTHI, pabOTaIOIINE B 00JIACTH KOMITBIOTEPHBIX TEXHOJIOTHH,
PaBHO KaK ¥ MHOTHE MH)XCHEPHI M HAYYHBbIC PAOOTHUKN CMEXHBIX

CIIEIMAIILHOCTEMN.



1. IOCTAHOBKA 3AJJAYAN

Jlns peanuzanuv JTaHHOTO MPOEKTa HEOOXOJUMO HAMTH HAWKPOTUANIIMI
yTh ABWKEHUS C MPETISITCTBUSAMU, COOAKH K COCUCKE, TIO 3aJJaHHON KapTe.
Hawm nan pa3mep cetku - M. N. AreHT HauMHAeT B KpailHel JIeBOl siueiike B
ocHoBaHuu. Llens — camas KpaitHsis npaBas siuciika B OCHOBaHHUH, TO ecTh, (1, N). B
HEKOTOPBIX IPYTUX STYEMKAX MOXKET pacnoiiararbCs peuka. Ecinu areHtT nonajer B
Hee, TO OH ymupaert. Tak, 11eJ1b areHTa COCTOUT B TOM, YTOObI JOCTUTHYTh
KOHEeYHOro myHKTa. [IepBas yacTh pa3zpabareiBaetcs 1t Stupid dogipu momorm
randomeBo BTOpO#i 9acTH MBI HCIIOJB3yEeM T€HETUIECKUI WU IPYTHE BHIIBI

QITOPUTMOB 00YUYEHUS.



2. APXUTEKTYPA HEMPOHHOM CETU U AJITOPUTM OBYUYEHMUS

I/ICK};CCTBeHHbIe Heﬁp(;HHbIe ceTn (MHC) — maTemaTHuyecKre MOJIECIH, a
TaKXe UX MPOrpaMMHBIE WJIU aIlllapaTHBIE PEATU3alNH, IOCTPOCHHBIE 110
MPUHITUITY OpPTaHU3aIuU ¥ GYHKITMOHUPOBAHUS OMOJOTUIECKUX HEHPOHHBIX
ceTell — CeTel HEPBHBIX KIIETOK )KUBOTO OPraHu3Ma. DTO MOHATHE BO3HHUKIIO MPH
M3YYEHHUH NPOLECCOB, MPOTEKAIINX B MO3T€, U MPHU MOMBITKE CMOACIUPOBATH 3TH
npoiiecchl. [lepBoif Takoii MOMBITKON ObLTH HEUPOHHBIE ceTh MaKKaaoKka u
[TutTca. Bnocnenctsuu, nocie pa3pabOTKU aIrOpUTMOB O0yUEHHUs], TOTyYaeMble
MOJIEIIA CTAJIM UCIIOJIb30BATh B MPAKTUYECKUX LEIAX: B 3a]1a49axX

IMPOTrHO3UPOBAHUA, OJIA PACIIO3HABAHUA o6pa30B, B 3aJla4ax YIpaBJICHUA U OP.

NHC npencrapiisitor co00i CUCTEMY COSAMHEHHBIX M B3aUMOACHCTBYIOIINX
MEXTy COOOM MPOCTHIX MPOIIECCOPOB (MCKYCCTBEHHBIX HEHPOHOB). Takue
MIPOIIECCOPHI OOBIYHO JOBOJILHO TIPOCTHI, 0COOCHHO B CPAaBHEHUU C TIPOIIECCOPAMH,
HCIIOJIb3YEeMbIMH B TIEPCOHATIBLHBIX KOMITbIOTEpaX. KaxxapIii mporeccop mogoOHom
CETH UMEET JIEJIO TOJIBKO C CUTHAJIAMU, KOTOPBIE OH MEPUOANYECKH TTOIYYAET, U
CUTHAJIAMU, KOTOPBIE€ OH NMEPUOJAUYECKH MTOCHUIAET APYTUM Ipoueccopam. U tem
HE MEHee, Oy Iyur COeTMHEHHBIMU B JOCTATOYHO OOJIBIIYIO CETh C YIPaBJIsSIEMbIM
B3aMMOJICUCTBUEM, TAKHE JIOKAITBHO MTPOCTHIE TPOIECCOPHI BMECTE CITOCOOHBI

BBIITOJIHATH AOBOJIBHO CJIOXKHBIC 3aJa4n

Cxema npocToi HelpoceTu. 3eIEHBIM
0003HaYEHBI BXOHBIEC SJIEMEHTHI, KENTHIM —

BBIXOJHOHU DJIIEMEHT




C TOUKHM 3peHusl MAIIMHHOTO O0y4Y€HUs, HEUPOHHAs CETh IPEACTABIISIET
co00i1 YaCTHBIN CiTydail METOJIOB paclio3HaBaHUs 00Pa30B, TUCKPUMHUHAHTHOTO
aHaJIM3a, METOJIOB KJIacTepu3aluuu U T. 1. C MaTeMaTU4ECKOM TOYKU 3PEHHU,
oOydeHne HEMPOHHBIX CeTell — 3TO MHOTroMapamMeTpuieckas 3ajada HelTMHEHHOM
ontumu3anuu. C TOUKH 3peHusi KHOEPHETUKH, HEHPOHHAs CETh UCIIOJIb3YETCS B
3aJla4ax aJarTUBHOIO YIIPABJICHUS U KaK allTOPUTMBI AJ1s1 poOoTOTEXHUKU. C
TOYKH 3PEHUS PA3BUTHSI BBIYUCIUTEIBHON TEXHUKN U TPOrPAMMHUPOBAHMS,
HEWpOHHAs CeTh — CIOCO0 perieHus mpooaeMbl 3G PEeKTUBHOTO Tapajuieu3Ma. A
C TOYKH 3peHHs UCKyccTBeHHOro nHTemiekta, MHC sBisercs ocHOBOM
¢dunocopckoro TeyeHNsI KOHHEKTUBU3MA U OCHOBHBIM HAIIPABIICHUEM B
CTPYKTYPHOM MOJXO/€ IO U3YYECHUIO BO3MOKHOCTH ITOCTPOEHUS
(MonmenupoBaHus) €CTECTBEHHOTO WHTEIUIEKTA C TIOMOIIBI0 KOMITBIOTEPHBIX

aJITOPUTMOB.

HelipoHHble ceTu HE MPOrPaMMUPYIOTCS B PUBBIYHOM CMBICIIE 3TOTO
CJI0Ba, OHU 00y4YarwTces. BO3aMOXHOCTh 0O0yU€HHS] — OJTHO U3 TJIABHBIX
MPEUMYIIECTB HEMPOHHBIX CETEN Mepe]] TPAAUIIMOHHBIMU aJTrOPUTMAMM.
TexHuuecku oOydyeHHe 3aKII0YAETCS B HAXO0XKIEHUU KO PUIIMEHTOB CBsI3ei
MeXx Iy HelipoHamu. B mporiecce 00ydeHust HEHPOHHAS CETh CIIOCOOHA BBISBIISATH
CJI0KHBIE 3aBUCUMOCTH MEXAY BXOJHBIMU JAHHBIMHU U BBIXOJIHBIMU, & TAKKE
BBITNIOJIHATH 00001IEHHE. DTO 3HAUYUT, YTO, B CIIy4yae yCHEIIHOr0o 00yUYeHusl, CETh
CMOXET BEPHYTh BEPHBIN PE3yJbTaT HA OCHOBAHUU JAHHBIX, KOTOPHIE
OTCYTCTBOBAJIM B 00y4YaroIeii BHIOOPKE, & TAKIKE HETIOJIHBIX W/

«3alIyMJICHHBIX», YACTUYHO UCKAKEHHBIX JAHHBIX.
HN3BecTHBIC MIPUMEHEHUS
PacnoznaBanue 00pa3oB u Kiaaccupuranus

B xayecTBe 00pa30B MOT'YT BBICTYIATh PA3JIMYHBIE 110 CBOEH MPUPOJIE OOBEKTHI:
CHUMBOJIbI TEKCTA, U300pakeH 1, 00pa3ibl 3BYKOB U T. 1. [Ipn 00yuenuu cetu
npeaiaraloTcs pa3andHbie 00pasiibl 00pa3oB € YKa3aHUEM TOT0, K KAKOMY KJlaccy

onu oTHOcsATCs. OOpasel, Kak MpaBUIIO, MPEACTABISAETCS KaK BEKTOP 3HAUCHUN
7



IpU3HAaKoB. [Ipy ’TOM COBOKYITHOCTB BCEX MPU3HAKOB JOJDKHA OJTHO3HAYHO
OIpeNeNsITh Kilacc, K KOTOpOMY OTHOCHUTCS oOpasell. B ciyuae, eciin npu3HakoB
HEJ0CTAaTOYHO, CETh MOXKET COOTHECTH OMH U TOT ke 00pa3el] ¢ HECKOJIbKUMU
KJ1accamH, 4To HeBepHO. [1o okoHuaHUM 00yUYEHUS CETU €l MOYKHO MPEABSBIAThH
HEU3BECTHBIE paHee 00pasbl U MOIyvYaTh OTBET O MPUHAICKHOCTHU K

OIIpEAEIEHHOMY KJIaccy.

Tononorus Takol ceTy XapakTEpU3yeTcst TEM, YTO KOJINYECTBO HEMPOHOB B
BBIXOJIHOM CJIO€, KaK ITPABUJIO, PABHO KOJIMYECTBY ONpPENENIIeMbIX KiaccoB. [Ipu
3TOM YCTaHABIIMBAETCS COOTBETCTBUE MEXAY BBIXOJIOM HEMPOHHOM CETH U
KJIaCCOM, KOTOPBIN OH mpeacTapiseT. Koraa cetu npeabsBiserca Hekuid o0pa3, Ha
OJTHOM M3 €€ BBIXOJOB JOJKEH MOSBUTHCS MIPU3HAK TOTO, YTO 00pa3 MPUHAAIEKHUT
3TOMY KJ1accy. B To jxe BpeMs Ha IpyruX BbIXOAAX JOJKEH ObITh MPU3HAK TOTO,
4yT0 00pa3 JaHHOMY KJIacCy He MpHUHAIeKUT. Ecan Ha AByX min 6ojee BhIX0aaxX
€CTh IPU3HAK IIPUHAUICKHOCTH K KJIACCY, CUUTACTCS YTO CETh «HE YBEPEHA» B

CBOEM OTBETE.
IIpuHsATHE pelIeHuil U yIpaBJeHue

Ota 3a7a4a 61u3Ka K 3a7a4de kinaccudukanuu. Knaccudukanmuu noanexar
CUTYyalllH, XapaKTEPUCTUKNA KOTOPBIX IMOCTYIIAIOT HA BXOJ HEMPOHHOU ceTH. Ha
BBIXO/IE CETH IPU 3TOM JIOJKEH MOSBUTHCS MPU3HAK PELICHMS, KOTOPOE OHA
npuHsia. [Ipyu 3TOM B KauecTBE BXOJHBIX CUTHAJIOB UCIIONB3YIOTCS Pa3InYHbIC

KPUTEPUH ONHUCAHUS COCTOSIHUS YIIPABIISIEMOI CUCTEMBI.
Knacrepuzauust

[Tox xmactepuzanueit moHUMaeTcsi pa30MeHNEe MHOKECTBA BXOIHBIX CHUTHAJIOB HA
KJIACChI, IIPU TOM, YTO HU KOJIMUYECTBO, HU MPU3HAKHU KIJIACCOB 3apaHee HE
u3BecTHBI. [locne 00yueHus Takasi CeTh ClIOCOOHA OMPEACINIATh, K KAKOMY KJIacCy
OTHOCUTCS BXOAHOU curHai. CeTh TaKkKe MOKET CUTHAIM3UPOBATh O TOM, UTO
BXOJHOU CUTHAJI HE OTHOCUTCSI HU K OJJHOMY M3 BBIJIEJIEHHBIX KJIAaCCOB — 3TO

ABJIACTCA IPU3HAKOM HOBBIX, OTCYTCTBYIOIIIHUX B o6yqa}01uel71 BBI60pKC, JaHHBIX.
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Taxum oOpa3oMm, M0100HAs CETh MOYKET BBIABIIATH HOBbIEC, HEM3BECTHBIEC PaHEE
KJ1acchl cCUrHajnoB. COOTBETCTBUE MEXKY KJIACCaMU, BbIICJIEHHBIMU CEThIO, U
KJIacCaMM, CYIIECTBYIOIIMMHU B IPEAMETHOM 00J1aCcTH, YCTaHABIUBAETCA
yenoBekoM. Kimactepusanuio ocymecTBIsS0T, HAaIpUMeEpP, HEUPOHHBIE CETU

Koxonena.
IIporHo3upoBanmne u aNMPOKCUMALIMS

CrocoOHOCTH HEHPOHHOM CETH K MPOTHO3UPOBAHUIO HAIIPSIMYIO CIEAYIOT U3 €€
CIOCOOHOCTH K 000OILIEHHIO U BBIJIETICHUIO CKPBITHIX 3aBUCUMOCTEH MEXKTY
BXOJHBIMU U BBIXOJHBIMH JaHHBIMU. [Tocnie 00yuenus cetb crnocooHa
npejackasarh Oyayliee 3Ha4YeHUE HEKOM TOCIeJ0BATENIbHOCTA HA OCHOBE
HECKOJBKUX MPEIbIIYIINX 3HAYCHUI W/ KAKUX-TO CYIIECTBYIOIIUX B
HACTOSIIMK MOMEHT (hakTopoB. Cieayer OTMETUTH, YTO MPOTHO3UPOBAHUE
BO3MOKHO TOJIBKO TOI'/Ia, KOTJ1a MPEAbIAYIINE U3MEHEHUS JEHCTBUTENBHO B
KaKOW-TO CTEMEeHH Mpeaonpenesor Oyaymue. Hanpumep, nporao3upoBanue
KOTUPOBOK aKLIHI1 HA OCHOBE KOTUPOBOK 32 MPOLLIYIO HEJIETI0 MOKET OKa3aThCs
YCIICIIHBIM (2 MOXET U HE OKa3aThCsl), TOTa KaK MPOTHO3MPOBAHNE PE3YJIbTATOB
3aBTpaIlIHEN JOTEpPEen Ha OCHOBE JAHHBIX 3a nocyieaHue SO IeT mouTu HaBepHsKa

HE JJACT HUKAKUX PE3yJIbTaTOB.
CikaTHe TaHHBIX M ACCOIIMATHBHAA NAMATL

CriocoOHOCTh HEMPOCETEH K BBIBICHUIO B3aMMOCBS3EH MEXKIY pa3IHuHbIMU
napaMeTpamu J1aeT BO3MOKHOCTb BBIPA3UTh JaHHBIE OOJBIION pa3MEepHOCTH OoJiee
KOMIIAKTHO, €CJIM JaHHbIE TECHO B3aMMOCBSA3aHbl APYT ¢ Apyrom. OOpaTHbIi
IpolecC — BOCCTAaHOBJIEHNE UCXOJHOI0 HA0Opa IaHHBIX U3 YacTU

MH(pOpMAIINK — Ha3bIBaeTcs (aBTO)acCONMATUBHON MaMSIThIO. ACCOITMATHBHAS
HaMATh TTO3BOJISIET TAK)KE BOCCTAHABIMBATH UCXOIHBIN curHan/o0pas u3
3alTyMJICHHBIX/TIOBPEXKICHHBIX BXOJHBIX JaHHBIX. Pemenne 3aqaun
reTepoacCONMaTUBHON MaMATH MO3BOJISIET PEaIu30BaTh aMATh, aPECYEMYIO 110

COZCPKIMOMY.



JTanbl pelieHus 3a1a4

- COop naHHBIX 7151 O0yUYEHUS,

- IloaroroBka u HOpManHU3aMs JaHHBIX;

- Bri6op Tomonoruu cery;

«  DKCHepHUMEHTATbHBIN MOJ00P XapaKTEePUCTHK CETH;

«  DKclepuMEeHTAIbHBINA TOA00D MapaMeTpoB 00yUYEeHHUS;

«  CoOcTBeHHO O0yUYeHHUE;

- IIpoBepka agexkBaTHOCTH OOY4EHHUS;

- KoppekTnpoBka mapamMeTpoB, OKOHYATEIbHOE 00yUeHHE;

- BepOanuzauus ceTu ¢ 1eNbIo JaJbHEUIIEro NCIOIb30BAHMUS.
Crnenyer paccMOTpeTh MOJApoOHEe HEKOTOPBIE U3 3TUX ITATIOB.
COop naHHBIX 119 00yYeHust

BLI60p JaHHBIX IJIsA 06y‘{CHI/I}I CE€TH U UX 06pa60T1<a ABIACTCA CaMbIM CJIOXXHBIM
9TaIloOM PCIICHUSA 3aJa4YH. Ha60p JaHHBIX IJIA 06y‘{CHI/IH JOJKCH YAOBJIICTBOPATD

HECKOJIbBKAM KPUTEPHUSIM:

-+ Pemnpe3eHTaTHBHOCTH — JAHHBIE JOJDKHBI UJUTFOCTPUPOBATH HCTUHHOE
MOJIO’KEHUE BElIeH B MPEAMETHOM 001acTy;
- HemnporuopeunBocTh — IMPOTUBOPEUUBBIE JaHHBIE B 00yUaroliell BEIOOpKe

OPUBEAYT K IJIOXOMY KauyeCTBY OOYyUEHHUS CETH.

HcxonHbie JaHHBIE TPE0OPa3yroTCs K BUAY, B KOTOPOM UX MOKHO IMOJIaTh Ha
BXO0/bI ceTr. Kaxkaas 3anuch B Qaiiie JaHHBIX Ha3bIBaeTCs 00yYarolIel mapon 1
oOyuaromuM BekTopoM. OO0yuaronuii BEKTOp CONEP>KUT MO OAHOMY 3HAUEHHUIO Ha
Ka)IbIif BXOJI CETH ¥, B 3aBUCUMOCTH OT THIIA 00y4YeHus (C yuuTeseM wiu 0e3), 1mo
OJTHOMY 3HAUEHHIO ISl KAKIOTO BbIxoa ceTi. OOydeHHe CETH Ha «ChIPOM»
Habope, KaK MpaBuIIo, He TaéT Ka4eCTBEHHBIX pPe3ynbTaToB. CyIIecTBYeT psif

CIOCOOOB yIYUIIUTh «BOCHPUATHE» CETH.
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- HopMmupoBka BBIIIOJIHAETCS, KOTJa HA PAa3JIMYHbIE BXO/BI ITIOJAIOTCS JAHHBIC
pas3HoM pasmMepHocTH. Hanpumep, Ha nepBbIi BXOJ CETH NOJAETCA
BEJIMYMHBI CO 3HAYEHUSAMHU OT HYJIS 10 €UHULBI, a HA BTOPOH — OT CTa 110
TeICSTuu. [Ipy OTCYTCTBHHM HOPMHUPOBKHM 3HAYSHHSI HA BTOPOM BXOJ€ OyIyT
BCEr/la OKa3bIBaTh CYIIECTBEHHO OOJIbIIEE BIUSHUE HA BBIXOJ CETH, YEM
3HA4YEHMsI Ha IIepBOM Bxoze. [Ipu HOpMHUPOBKE pa3MEPHOCTH BCEX BXOIHBIX
Y BBIXOJIHBIX JAHHBIX CBOJSTCS BOEIMHO;

- KBaHTOBaHME BBINIOIHAETCS HaJ HENPEPBIBHBIMU BEJIMUYNHAMH, JUIS
KOTOPBIX BBIJEISIETCS KOHEUHBIH HAOOp TUCKPETHBIX 3HaUeHui. Hanpumep,
KBAaHTOBAHUE UCITOJIB3YIOT JUIS 3aJaHUS YACTOT 3BYKOBBIX CUTHAJIOB IIPH
pPacro3HaBaHUM pevy;

. (DI/IJ'IBTpaHI/IH BBIITOJIHACTCA AJIA <3alllyMJICHHBIX>» JaHHBIX.

Kpowme Toro, 60JbIyt0 poib UTpaeT caMo MPECTaBICHUE KaK BXOTHBIX, TaK U
BBIXOJTHBIX JaHHBIX. [Ipearnoaokum, ceTh 00ydaeTcsl paclio3HaBaHUIO OYKB Ha
U300pKEHHUSIX U UMEET OJIMH YUCJIOBOW BBIXOJ — HOMEp OyKBHI B ajiaBute. B
ATOM CITydae CeTh MOIYIHUT JIOKHOE MPEACTABICHUE O TOM, YTO OYKBBI C HOMEPAMH
1 u 2 6onee moxoxu, yeM OyKBbI ¢ HOMepamu 11 3, 4To, B 00111eM, HEBEpHO. J1JIs
TOTO, 9TOOBI N30€KaTh TAKOW CUTYyAIH, HCTIOIB3YIOT TOTIOJIOTHIO CETH C
OOJIBIIMM YHCJIOM BBIXOJIOB, KOTIa KaXKIbIH BEIXO UMEET CBOM cMbICI. Uem
OOJIBIIIC BBIXOJ/IOB B CETH, TEM OOJIBIIIEE PACCTOSHUE MEXKIY KJIaCCAMH M TeM

CJIOXKHEE UX CITyTaTb.
Bb100op TONOJIOTMY ceTH

Bb16upate THI ceTH clieyeT UCXOAs U3 OCTAaHOBKY 337a4l U UMEIOIIHNXCS
JaHHbIX U151 00yueHus . /[t 00yduenus ¢ yunrenem TpeOyeTcst Haauuue 1Jis
Ka)KI0Tr0 JIEMEHTa BRIOOPKH <OKCHEPTHOI» o1leHKH. MHOT1a oy4YeHne Takon
OLIEHKH 7151 O0JIBIIOTO MAaCcCHBa JaHHBIX IPOCTO HEBO3MOXKHO. B 3THX ciydasx
€CTECTBEHHBIM BBIOOPOM SBIIIETCS CETh, 0Oydaromascs 0e3 yuuTesns, HanpuMep,
camoopranusytomiascs kapta Koxonena wiu HeiiponHas cetb Xonduina. [lpu

PCUICHUHU APYI'UX 3aaa4, TAKUX KaK IIPOrHO3MPOBAaHNEC BPCMCHHEIX PAOOB,
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HKCIIEPTHAs OLIEHKA YXKE COAEPIKUTCS B UCXOHBIX JAaHHBIX U MOYKET ObITh
BbIJIeJICHA MTPHU UX 00paboTke. B 3TOM citydae MOKHO HCIIOIb30BATh

MHOT'OCJIOMHBIN ITEPUENTPOH Uiy ceTh Bopaa.
IKCIEePUMEHTAJIbHbIN MOA00P XapaKTEPUCTHK CETH

[Tocne BpIOOpa 0OIIEH CTPYKTYPHI HY’KHO SKCIIEPUMEHTAIBHO MOA00PAThH
napaMmeTpsl ceTH. [l cerelt, mogoOHBIX MEPUENTPOHY, 3TO OYAET YUCIIO CIIOEB,
YUCIIO OJIOKOB B CKPBITHIX ci0siX (U1 cetelt Bopaa), Hamuyue uim OTCyTCTBUE
00XOJHBIX COEUHEHNH, NepeaaTouHble (yHKIUU HEMpoHOB. I1pu BEIOOpE
KOJIMYECTBA CJIOEB U HEUPOHOB B HUX CJEIYyET UCXOIUTh U3 TOTO, UYTO
CIIOCOOHOCTH CeTH K 000OILEHUIO TEM BBIIIE, YeM O0JIbIlIe CyMMapHOE YUCIIO
cBA3ed Mexay HelipoHaMmu. C Ipyroil CTOPOHBI, YHCIIO CBA3EM OrPAHUYEHO CBEPXY

KOJIMYECTBOM 3aIUCel B 00yJarONuX TaHHbIX.
IKCIePUMEHTAJbHBIN MOA00P MapaMeTpoB 00y4YeHUs

[Tocne BbIOOpa KOHKPETHOM TOIOJIOTUH, HEOOXOAMMO BbIOpaTh MapaMeTphbl
00y4eHUs1 HEUPOHHOU CeTH. DTOT 3TaIl 0OCOOEHHO BaXKEH JUIsl ceTel, 00yJaronmxcs
¢ yuuteneMm. OT MpaBUIBHOTO BEIOOpa MapaMeTPOB 3aBUCUT HE TOJBKO TO,
HACKOJIBKO OBICTPO OTBETHI CETU OYIYT CXOAUTHCS K MPABUIILHBIM OTBETAM.
Hampumep, BbIOOp HU3KON CKOPOCTH 00YUYEHHS YBEIHUUT BPEMsI CXOKICHUS,
OJIHAKO MHOI'/IAa MT03BOJIAET N30eXKaTh Mapajinya ceTu. Y BeJINYEHUE MOMEHTA
00y4eHHUsl MOKET IIPUBECTU KAK K YBEJITMUYEHHUIO, TAK U K YMEHBILIEHUIO BPEMEHU
CXOAMMOCTH, B 3aBUCUMOCTHU OT (DOPMBI MOBEPXHOCTH omHOKH. Micxos u3 Takoro
IIPOTUBOPEYMBOTIO BIUSHUS [TAPaMETPOB, MOXKHO CIEJIaTh BBIBOJ, YTO UX 3HAYCHUS
HY>KHO BBIOMPATh IKCIIEPUMEHTAIBHO, PYKOBOJACTBYSCH MPU 3TOM KpUTEpUEM
3aBepieHust 00ydeHus (Hanpumep, MUHIMU3AIUs OITHOKA WM OTPaHUYCHUE 110

BPEMCHH O0YUCHHS).
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CoOcTBEeHHO 00y4eHHe ceTn

B mporecce oOydennst ceTh B ONPEACICHHOM MOPSJIKE POCMATPUBAET
oOyyJarortyro BEIOOPKY. [Topsimok mpocMOTpa MOKET OBITh TTOCIICIOBATEIHHBIM,
CIIy4aifHbIM | T. 1. HekoTopsie ceTH, oOydarommecs 0e3 yuauTels, HanpumMep, CeTH
Xondunga mpocMaTPUBAIOT BHIOOPKY TOJIBKO OJWH pa3. Jlpyrue, Hanpumep, ceTu
KoxoHeHa, a Takke ceTd, 00yJaroluecs C yIuTeIeM, IPOCMaTPUBAIOT BRIOOPKY
MHO>KECTBO pa3, IPHU STOM OJIMH TOJIHBIA MPOXO/T TI0 BEIOOPKE HA3BIBACTCS SMOXOM
obydenwus. [Ipu oOyuenuu ¢ yunrteraem HaOOp UCXOAHBIX JAHHBIX JCIIAT HA JIBE
4aCTH — COOCTBEHHO 00YJarONIyI0 BEIOOPKY M TECTOBBIE TaHHBIC; IPUHITHIT
pa3zieneHust MOKET ObITh MPON3BOILHBIM. OOyJarOIINe TaHHBIC TTOTAFOTCS CETH
JUTst OOy4YeHHUsI, a TPOBEPOYHBIC UCIIONB3YIOTCS JUIsl pacueTa OMUOKA CeTH
(mpoBepoUYHbIC TaHHBIC HUKOT/A JIJIsl OOYYeHUs CETH HEe MPUMEHSOTCs ). Takum
00pasoM, eciii Ha MPOBEPOYHBIX JAHHBIX OMMOKA YMEHBIIAETCS, TO CETh
JEWCTBUTEILHO BHITIOJIHAET 000011eHre. Eciu ommbka Ha 00yJaronux JaHHbIX
IPOAOKAET YMEHBIIATHCS, a OIMOKA HA TECTOBBIX JTAHHBIX YBEINYUBACTCS,
3HAYUT, CETh MIEPECTalIa BEITIOIHATH 0000IEHUE U TIPOCTO «3aIIOMUHACT
oOyJaromye JaHHble. DTO SIBICHUE HA3BIBAETCS Mepeo0ydeHnEeM CETH UITH
oBepurTuHroM. B Takux cinyyasx o0ydeHue oObIYHO TpekpamiatoT. B mporecce
00y4YeHHUsI MOTYT MPOSIBUTHCS IPYTHE MPOOIEMBbI, TAKHE KaK Mapaand UiIH
TIOTIaJJAHUE CETU B JIOKAJIBHBI MUHUMYM ITOBEPXHOCTH OMIMOOK. HeBO3MOKHO
3apaHee MPeICcKa3aTh MPOSIBJICHUE TOW WM HHOU MPOOJIEeMbI, pAaBHO KaK H 1aTh

OJIHO3HAYHBIC PEKOMEHIAINH K UX Pa3pEIICHHUIO
IIpoBepka aIeKBATHOCTH 00yUY€eHUS

Jlaxxe B citydae yCIentHoro, Ha MepBhIA B3I, O0yUYeHUS CETh HE BCETIa

o0ydJaeTcsi IMEHHO TOMY, Yero OT He€ XOTeJ co3zarenb. MI3BecTeH ciaydai, Korua
ceTh 00yyJasiach pacrio3HaBaHUIO U300paKeHUN TaHKOB 10 (hoTorpadusaM, OAHAKO
MO3/IHEE BBISICHUIIOCH, YTO BCE TAHKHU ObLIM cPOTOrpadupoBaHbl HA OJJHOM U TOM

xe QoHe. B pe3ynbTaTe ceTh «Haydnaach» paclo3HaBaTh 3TOT TUN JaHAmadTa,
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BMECTO TOTIO, YTOOBI KHAYYUTHCA> paCliO3HABATL TaAHKH. Takum 06p330M, CCTh

«IIOHUMAET» HE TO, YTO OT HE€ TPeOOBAJIOCH, a TO, UTO MPOIIE BCEr0 000OIIUTD.
Knaccudpuxanus nmo tunmy BXoaHoi naopmanumn

« AHaJjoroBble HEHPOHHBIC CETH (MCIOJB3YIOT HHPOPMAITHIO B (hopme
JCWCTBUTEIBHBIX YHCEN);
- JIBOoW4HBIC HEHPOHHBIE CETH (OTEPUPYIOT ¢ MHPOPMALIUEH, TPEeACTABICHHON

B IBONYHOM BHJIE).
Kaaccupukanus no xapakrepy o0y4eHust

«  OOyueHue C yunuTesieM — BbIXOJITHOE ITPOCTPAHCTBO PEIICHUN HEHPOHHOM
CETH U3BECTHO;

«  OOGyuenue 0e3 yuurtesnsi — HEUPOHHAS CETh (POPMUPYET BHIXOTHOE
MPOCTPAHCTBO PEIIEHUM TOJIBKO Ha OCHOBE BXOJIHBIX BO3JACHUCTBUM. Takue

CCTH Ha3bIBAIOT CAMOOPraHU3yIOIIHUMHCH,

OOyueHue ¢ moJKpeIUIeHHeM — CUCTeMa Ha3HaueHus TpadoB U MOOLIPEHUN OT

cpenbl
N3BecTHBIE THNBI ceTel

- Ilepcentpon Po3enobinarra;

«  MHOrOoCI0MHBIN NEPUENTPOH,;
« Cersp [IxxopnaHa,

. Cetp DnMmaHa;

« Cetp XOMMHHTA,

« Certb Bopna,

« Cetp Xondunaa;

« Cetb KoxoHeHa;

« Heuiponnsii rasz

- Koruurpos;

« Heokornurpos,;
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- XaoTudeckass HEMpOHHAas CETh,

«  OcuumaropHas HEHpOHHAs CETh;

« CerTp BCTPEUHOTr0 pacpoCTpaHEHHUS;

- Certb pagnanbHbix 0a3ucHbix ¢yakwii (RBFceTs);
- Cetb 000011I€HHOI1 perpeccuy;

- BeposiTHOCTHas ceTb;

« CunaMckas HEpOHHas CETb;

« CeTu afanTUBHOTO pPE30HAHCA.
OT1iu4us OT MalIMH ¢ apxuTeKTypoil ¢pon Heitmana

BoruncnuTenbHbIE CUCTEMBI, OCHOBAHHBIE HA HCKYCCTBEHHBIX HEMPOHHBIX CETSX,
00J1a1a10T PSIOM Ka4eCcTB, KOTOPbIE OTCYTCTBYIOT B MAILIMHAX C APXUTEKTYPOil

¢on Helimana (HO pHCYyIIA MO3TY YEJIOBEKA):

«  MaccoBblii mapajIelIn3m;

- Pacnpenenénnoe npeacrapieHue HHGOpPMAIIUU U BBIYUCICHUS,
«  CnocoOHOCTh K 00y4eHHUI0 1 0000IICHHIO;

« AJanTUBHOCTD,

«  CBOICTBO KOHTEKCTYyaIbHON 00pabOTKK MHPOpMAIUY;

- TonepanTHOCTH K OMIHOKaM;

- Huskoe suepronorpedienue.
HeilipoHHble ceTH — YHUBepCaJbHbIE AIIIPOKCUMATOPHI

HelipoHHbIE ceTH — yHHUBEPCAIbHBIE AaNIITPOKCUMHUPYIOIINE YCTPOKUCTBA U MOTYT C
110001 TOYHOCTHIO UMUTHPOBATH 000N HEMpPEPHIBHBIN aBTOMAT. Jloka3ana
0000111EHHAs aNMPOKCUMAIIMOHHASI TEOPEMA. C TIOMOUIBIO TUHEHHBIX ONIEpaluii U
KACKaTHOT'O COETMHEHUS MOXKHO U3 IMPOU3BOJIBHOIO HEJITMHEWHOIO DJIEMEHTA
MOJIyYUTh YCTPOUCTBO, BHIYHUCIISAIONIEE JIIOOYI0 HEMPEPBIBHYIO (DYHKIIMIO € JTH000H
Harnepén 3aJaHHON TOYHOCTBIO. JTO 03HAYAET, YTO HEJIMHENHAS XapaKTEePUCTUKA
HEHPOHA MOXET OBITh IPOU3BOJIBHON: OT CHTMOUJATHHON IO MPOU3BOIBLHOTO

BOJIHOBOTI'O ITaK€Ta NJIH BCﬁBHCTa, CHHYCa WX MHOI'OYJICHA. Ot BBI60pa
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HEJTMHEWMHOU (PYHKIIMHM MOXKET 3aBUCETh CI0KHOCTh KOHKPETHOM CETH, HO ¢ JII000H
HEJIMHEMHOCTBIO CETh OCTAETCS YHUBEPCAIBHBIM AIIMPOKCUMATOPOM U IIPU
MPaBUILHOM BBIOOPE CTPYKTYPhI MOKET CKOJIb YTOJHO TOYHO alllIPOKCUMUPOBATh

GbyHKUIHOHUPOBaHUE JIFOOOT0 HEMPEPHIBHOI'O aBTOMATA.

3.2. Aaroput™M o0yuyeHust

B Teopun HEMpOHHBIX CeTel CYIIECTBYIOT JIBE aKTyaJbHBIX MPOOJIEMBI, OJTHON
U3 KOTOPBIX SIBJISIETCS BEIOOP ONMTUMAIbHON CTPYKTYPBhl HEMPOHHOM CeTH, a APyrou
- mocTpoeHue 3(H(HEKTUBHOTO aIropuT™Ma 00yueHus: HEHPOHHON CETH.

OnTtumu3zanust HEHPOHHON CETH HaIlpaBJIeHa HAa YMEHbIIEHHE 00bEMa
BBIYHCIICHU MTPU YCITIOBUU COXPAHEHUsI TOUHOCTH PEILICHU 3a/1a4d Ha TpeOyeMoM
ypoBHe. [lapameTpamu onTuMu3aIiuyi B HEUPOHHOU CETH MOTYT OBITh!

Pa3MEpPHOCTh U CTPYKTYpa BXOJHOTO CUTHAJIA HEHPOCETH;

. CUHAIIChI HEUPOHOB ceTH. OHM YIIPOIIAIOTCS C TIOMOIIBIO yIaJIeHUS U3
CeTU WJIM 3a/IaHUEM "HY>KHOUW' WJIM "ONTUMaJbHON BEJTWYUHBI Beca
CHHAIICA,

. KOJIMYECTBO HEUPOHOB KaXKIOTO CJIOSI CETH: HEHUPOH IEITMKOM YIAISIETCS
U3 CETH, C aBTOMATHYCCKUM yIaJICHHEM T€X CHHAIICOB HEHPOHOB
CJICIYIOIIETO CJI0SI, T0 KOTOPBIM MPOXO/INI €r0 BRIXOAHOW CUTHAT,

. KOJIMYECTBO CJIOEB CETH.

Bropas npo6iema 3akitouaercs B pa3paboTKe KaueCTBEHHbBIX alITOPUTMOB
00y4eHusT HEHPOCeTH, TTO3BOJISIONIUX 32 MUHUMAJILHOE BPEMsI HACTPOUTh
HeHpoceTh Ha paclo3HABAHKE 33JaHHOTO0 Ha0Opa BXOAHBIX 00Pa30B.

[Tporecc 0OyueHuss HEHPOHHOM CETH 3aKIHOYACTCS] B HEOOXOUMOCTU HACTPOUKHU
CETH TaKUM 00pa3oM, 4TOOKI /71 HEKOTOPOT'O MHOKECTBA BXOJIOB J1aBaTh
xenmaemoe (MM, IO KpaiHel Mepe, 0r3Koe, Co00pa3HOe ¢ HUM) MHOYKECTBO

BBIXO/IOB.
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CII0H 1 CIT0H 2
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Pucynok 1 - O0ydenue "c yuurenem" MHOTOCIOMHOW HEHPOHHOU CETH

Crparerus "o0y4enwue ¢ yautenem” (puc. 1) mpearmonaraet, 4To eCTh
oOyuaroree MHOKecTBO {X,Y}.

OOyueHue oCyIECTBISETCS MMyTEM MOCIE0BATENBHOTO MPEbIBICHUS BEKTOPOB
00ydJaromero MHOXXECTBa, C OJHOBPEMEHHOMU MOJACTPOIKOIN BECOB B COOTBETCTBUU
C OIpeJEICHHON MPOLIeypOi, TOKa OIKMOKAa HACTPOMKHU MO BCEMY MHOKECTBY HE

AOCTUTHCT MPUCMIICMOI'O HU3KOT'O YPOBH:I.

i=l

3aBHCHUMOCTh PEATBHOTO BBIXOJHOTO CUTHAMA Y OT BXOAHOTO cHrHajia X MOXKHO
3anmcath B Bujae. Y = F(W,X)+Err,tae:

F(W,X) -HexoTopast GyHKIHs, BUA KOTOPOH 331aeTCs allTOPUTMOM
00yueHUsI HEHPOHHOM CETH;

W -MHOEeCTBO TapaMeTPOB, TTO3BOJISIONTUX HACTPOUTH (QYHKIIUIO HA
pellIeHUE ONPEICIICHHOM 3a/1a4uK pacio3HaBaHus 00pa3oB (KOJMYECTBO
CJIOEB CETH, KOJMYECTBO HEUPOHOB B KAXKJIOM CJIO€ CETH, MaTpHIla
CHUHAINTUYECKUX BECOB CETH);

Err -nexoTopas ommbka, BOZHUKAIOIIAsl U3-3a HETIOJIHOI'O COOTBETCTBUS
peanbHOro 3HAYEHUS BBIXOJHOTO CUTHAJa HEMPOHHOM CETH TpeOyeMOMy
3HAYECHUIO, a TAKXKE MTOIPEIIHOCTH B BBIYUCIICHUAX.
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B mocnennee Bpemst miist 00y4eHUs MHOTOCIIOMHOTO TIEPCENTPOHA IITHPOKO
HCIIOJB3YCTCA IMpoucaypa, HOJIyUHUBIIasA HaA3BAHUC aJIrTOpUTMaA C O6paTHBIM
pacnpoctpaneHuem ommbku (error backpropagation).

O,Z[HaKO 9TOMY AJITOPUTMY CBOMCTBEHHBI HEOO0CTaTKU.

1. BO3MOXXHOCTH MPEKAECBPEMEHHON OCTAHOBKH M3-3a MMOMAJaHUs B 00J1aCTh
JIOKAJIbHOTO MUHUMYMa,

2. He0OXOIMMOCTh MHOTOKPATHOTO MPEIbABICHHUS BCETO 00YYaroIero
MHO>KECTBA JJIsl IOJyUEHUs 3aJJaHHOT0 KaueCTBa pPaclio3HaBaHUSI.

3. OTCyTCTBHE CKOJBKO-HUOYAb MPUEMIIEMbIX OLIEHOK BpEMEHH 00yUeHHUS.

[Ipo6emsbl, CBsI3aHHBIE C AITOPUTMOM OOPATHOTO PACTIPOCTPAHEHHMSI IPUBEIH K
pa3paboTKe anbTepHATUBHBIX METOJIOB pacueTa BECOBBIX KOA(PPUIIEHTOB
HelipoHHbIX ceteld. Briepsrie B 1989roay [»Bua Monrtana u Jloypenc J{sBuc
UCTIOJIb30BAJIM TeHETUYECKHE AITOPUTMBI B KAUECTBE CPECTBA MOICTPOIKU BECOB
CKPBITBIX U BBIXOJIHBIX CJIO€B AJis (PUKCUPOBAaHHOTO HAbopa CBsI3eH.

['eHeTMYECKUI aITOPUTM SIBJISIETCSI CAMBIM M3BECTHBIM HA TAHHBIA MOMEHT
MPEICTABUTEIIEM SBOJIIOIMOHHBIX AJITOPUTMOB U TIO CBOEU CYTH SIBJISIETCS
QITOPUTMOM JTSI HAXOKICHHSI TII00aTbHOTO SKCTPEMYMa MHOTO3KCTPEMAIbHON
dbyukiuu. OH 3aKI04aeTCs B MapauiebHOM 00paboTKe MHOXKECTBA
BTEPHATUBHBIX peeHuid. [Ipr 3TOM MOMCK KOHIIEHTPUPYETCS Ha HauboJee
MEePCHEKTUBHBIX U3 HUX. ITO TOBOPUT O BO3ZMOKHOCTH UCTIOJIb30BAHUS
TEHETUYECKUX AJITOPUTMOB TP PEIIEHUH JTFOOBIX 3a/1a4 HCKYCCTBEHHOTO
MHTEJUICKTA, ONTUMHU3ALNY, TPUHATHS PELICHUM.

['eHeTHueckue aaropuT™MBbI JJisl MOJICTPONKHU BECOB CKPBITHIX U BBIXOJIHBIX CJIOEB
UCIOJIB3YIOTCS ClIeayromuM odpa3zom. Kaxkaas xpomocoma (perieHue,
MIOCJIEI0BATEIbHOCTD, HHIMBHYaJIbHOCTD, "poauTens”, "moToMoK", "pedeHok")
IPEeICTaBIsIET COO0M BEKTOP U3 BECOBBIX KOI(PGHHUIIMEHTOB (BeCa CUNTHIBAIOTCS C
HEHPOHHOW CETH B YCTAHOBJICHHOM ITOPSIJIKE - CJIEBAa HAIIPABO U CBEPXY BHHM3).

Xpomocoma a=(a, ay, ag, ... ,&) COCTOUT U3 I'EHOB al, KOTOPhIC MOTYT HMETh
YHUCJIOBBIE 3HAYEHMSI, HA3bIBAEMBIE "aJlJIENA .

[Tomyssiiieit Ha3pIBAIOT HAOOP XPOMOCOM (pEILIeHUI).

DBOITIONIUS TIOMYJISIUH - 3TO YepeOBaHUE MTOKOJICHHH, B KOTOPBIX XPOMOCOMBI
M3MEHSIOT CBOM MPHU3HAKHU, YTOOBI KaXK/1asi HOBAsI MOIYJISIUS HAMTYYITUM
crocoboM mpucnocadbauBaiach K BHEIIHEH cpefe.
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Hauanphas nomysmsiust BeIOMpaeTcs ciyqaitHo. [{i1st 00ydeHus ceT K HadallbHOM
NOMYJISALIUA IPUMEHSIOTCS IIPOCTHIE ONIEPALUU: CENEKLUs, CKPELIUBAaHUE,
MyTalusl, - B pe€3yJIbTaTe Y€r0 TEHEPUPYIOTCS HOBBIE ITOMYJISLUN.

Y reHeTH4eCcKOro ajJropuT™Ma €CTh TaKOe CBOMCTBO KaK BEpOSTHOCTD. T.e.
OTIMCHIBAEMBIEC ONIEPATOPHI HE 00513aTETHLHO MPUMEHSIFOTCS KO BCEM XPOMOCOMAaM,
YTO BHOCHUT JIOTIOJTHUTEIBHBIN 2JIEMEHT HEOMPEICTICHHOCTH B MPOIIECC MOMCKa
pemenusi. B manHOM ciyuae, HeompeaeaeHHOCTh He MOApa3yMeBaeT HETaTUBHBIN
dakTop, a ABISIETCS CBOCOOPa3HOM 'CTENEeHbI0 CBOOO Bl Pa0OThl FTE€HETUUECKOTO
ITOPUTMA.

Omneparop cenekmuu (reproduction, selectiomcymecTrisier 0TO0p XpoMocoM B
COOTBETCTBUH CO 3HAYCHUAMH UX (DYHKIIUHU MPUCIIOCOOIEHHOCTH. 31eCh
npuMeHuM MeTon pyJieTku (roulette-wheel selectiong,momormsio koToporo
ocymiectisiercst oToop. Koseco pyaeTku COAEPIKUT MO0 OTHOMY CEKTOPY IS
Ka)KJIOT0 YICHA MOMyJIsAuK. Pa3mep i-ro cekropa nponopiuoHaieH
COOTBETCTBYOIIEH BearnunHe Psel) BRIYHCIAEMOI 11O hopMmyIIe:

fi(x) - 3HaueHne neneBoit GyHKIWH I-if XPOMOCOMBI B IIOMYJISIIIHY;

)
sumf (x)

sumf(X) -cymmapHoe 3Ha4YeHHE 1eJIeBO (YHKIIMH BCEX XPOMOCOM B
HOMYJISIINY;

Jlns Berauciienns MuarmyMa Gyakiun f(X) Tpedyercs HallTH HOPMaIM30BAHHYIO
senmunny Ki: Ki2p™-p;

PP - penHee 3HAUEHIE HOPMAIM30BAHHOM BEJIMYMHBI .

Osku1aeMOoe YUCIIO KOMHUM I-if XpOMOCOMBI IIOCIIE OIepaTopa CeIeKIus
onpexaenstores Tak: Ni=kin

r€ N - 9YUCJI0 AaHATU3UPYEMBIX XPOMOCOM.

[Ipu TakoM oTOOpE UJIECHBI MOMYJISINH ¢ 60Jiee BBICOKOI MPUCTIOCOOIEHHOCTHIO
OyIyT Yaiie BRIOMPAThCS, YeM 0COOU ¢ HU3KOMU MPUCIIOCOOTICHHOCTBIO.
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1 0.6 6%0
2 0.2 31%
3 0.1 19%
4 0.9 44%0

Pucynok 2 - Onepatop ceneKiuu THIa Kojeca pYJIETKH C MPONOPIHOHATbHBIMU
GyHKUIHUU MPUCTIOCOOIEHHOCTH CEKTOpaMu

Omneparop kpoccoBepa (Crossover operatonyHoraa Ha3pIBaeMbIii
KPOCCHHTOBEPOM, SIBIISICTCS. OCHOBHBIM T'€HETUYECKUM oriepatopom (puc. 3),3a
CYeT KOTOPOTO MPOU3BOAUTCSA OOMEH YaCTIMHU XPOMOCOM MEXIY ABYMsI (MOXKET
OBITH ¥ 0OJIBIIIE) XPOMOCOMAMH B TOMYJISIIIUK. MOXET ObITh OJJHOTOYCYHBIM HITH
MHOTOTOYeYHBIM. OTHOTOYEYHBIM Ha3bIBACTCSI KPOCCOBED, €CIIH MPH HEM
POMTEILCKUE XPOMOCOMBI Pa3pe3atoTCs TOJIBKO B OJIHOM citydaitHo# Touke. [Ijis
peanu3aiuu N-Toue4qHOro KpoccoBepa M.0. UCIIOJIb30BAHO J[BA MOIXO0/1A !

Touek pa3pbiBa MEHbBIIIE, YEM T€HOB B XpPOMOCOME, JINOO

Ecnmu mymaa xpomocomsl L GuToB, TO 4mcio Todek paspbiBa paBHo (L-1), mpu
TOM MOTOMKH HACIHEAYIOT OHUTBHI CJIEAYIOIIMM OO0pa3oM: IMEPBOMY IOTOMKY
JOCTAIOTCA HEYETHbIE OUTHI NEPBOrO POAUTENS] M YETHbIE OWUTHI BTOPOTO; Y
BTOPOTO K€ MOTOMKa Bce Hao0opoT. T.e. mosrydaercst Kak Obl "pacuecka’.

KpoMe onrcaHHbIX TUIIOB KPOCCOBEPA ECTh €€ OAHOPOIHBIN Kpoccosep. Ero
0COOEHHOCTb 3aKJIIOYAETCS B TOM, YTO 3HAYEHHUE KAKJIOTO OUTa B XpOMOCOME
MOTOMKa OTIPEEIIAETCS CIIy4allHbIM 00pa30M U3 COOTBETCTBYIOIINX OUTOB
poauteneit. [y aToro BBoauTCs HeKoTopas BennunHa O0<R<1,u ecnu ciyyaiiHoe
9HCII0 OOJIbIIE Py, TO HA N-FO MO3ULIMIO NIEPBOTO MOTOMKA MONaaaeT N-i Our
MEPBOTO POAUTEINS, @ HA N-F0 MO3UIUIO0 BTOPOTO - N-1 OUT BTOporo poaurens. B
IPOTUBHOM CITy4yae K IEpPBOMY IMOTOMKY IMOMaiaeT OUT BTOPOTO POAUTENS, a KO
BTOpOMY - IiepBoro. Takas oneparusi IpOBOJUTCS AJIE BCEX OMTOB XPOMOCOMBI.

BeposiTHOCTB KpoccoBepa camasi BBICOKAs CPEIU TeHETUYECKIX ONEPaTOPOB U
paBHa 006b619HO 60%u GoBIIIE.
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Pucynok 3 - Onepatop ckpeuBaHus

Omneparop mytanuu (mutation operator) eroxacTudaeckoe U3MEHEHUE YaCTH
xpomocoM. OH HeoOX0IuM Jis1 "BBIOMBAHUS MOMYJISIIUU U3 JIOKAJIbHOTO
IKCTPEMYMA U CIIOCOOCTBYET 3aIUTE OT NPEKIEBPEMEHHON CXOIUMOCTH.
JlocTuraroTcst 3TU 4yzeca 3a CYET TOTO, UTO KaXK/blil T€H CTPOKH, KOTOpas
IOJIBEPraeTcss MyTalluy, C MaJIOM BEpOSITHOCTEI0O PMuUtMeHnsieTcs Ha 1pyroil red

(moGamnsiercs cimyyaitnas BenmunHa Mexy -1.0u 1.0k Becy). D10 moka3aHo Ha
pucyHke 4.
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Pucynok 4 - Oneparop MmyTanuu

Tak ke Kak 1 KpOCCOBEP, MyTalUsl TPOBOAUTCS HE TOJIBKO IO OJHOW CIy4ailHOMN
Touke. MOKHO BBIOMPATh HEKOTOPOE KOJIMUYECTBO TOUEK B XPOMOCOME JIJIS
U3MEHEHHUS, IPUYEM UX YUCIIO TaKKE€ MOXKET ObITh ClIy4alHbIM. Takke MOXKHO
U3MEHSTh CPa3y HEKOTOPYIO IPYMIy NOAPAI UAYIIUX TOYEK. BeposTHOCTB

MyTallu 3HAYUTCIbHO MCHBIIC BEPOATHOCTU KPOCCOBEpPA U pEAKO IIPEBLIIIACT
1%.

OO6b1uHO npu peanuzanuu ['A k ckpenBaeMbIM 0CO0sIM CHavalla IPUMEHSIOT
OTIepaTop KPOCCcoBepa, a MOTOM OIEePaTOp MYyTAIMH, XOTSI BOBMOKHBI BAPUAHTHI.
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Hampumep, onepaTop MyTamuy MOKHO IPUMEHSTH TOJIBKO €CIIM K JAaHHOU Mmape
POIUTENBCKUX 0COOCH He OBbLI MPUMEHEH OIepaTop KpoccoBepa (CBOHCTBO
BEPOSATHOCTH). B pHHIINIIE, HUKTO HE MEIIaeT BOOOIIE HE MCIIOIh30BaATh
BEPOSTHOCTh MPOBEACHUS JAHHOTO FT€HETHYCCKOTO OIepaTopa U MPUMEHSTh
KpPOCCOBEp KO BCEM OTOOpaHHBIM 0c00sM, a MyTaluio Kk kaxxkaomy 100motomky. B
00111eM 371eCh - MOJIHAA ¢BO0O1a IEWUCTBUM.

CrnemyeT 3aMETHTh, YTO TCHETHICCKUE AJITOPUTMBI OYAyT HanOoJIee MOJIe3HBI
I IOJICTPOWKH BECOB B 33J1a4ax, IJie 00paTHOE pacIpOCTPaHCHUE U €r0 aHAJIOTH
HE MOT'YT UCIOJIb30BaThLCs, HAIPUMED, B HEKOHTPOJIMPYEMBIX 33Ja4ax, Korjaa
OIMOKa BBIX0JIa HE MOKET ObITh BBIYUCIICHA. DTO YaCTO MMEET MECTO IS 3aj1a4
HEHpOYIpaBJICHHsI, B KOTOPHIX HEHPOHHBIC CETH UCITOJIb3YIOTCS, YTOOBI YIIPABIIAThH
CJIOKHBIMH CUCTeMaMU (HarpuMmep, MpoBeIcHUEe POOOTOB B HE3HAKOMBIX
OKPYKarOIIHUX Cpejiax).
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3. PABPABOTKA ITPOT'PAMMHBIX MOJAYJIEN CUCTEMBI

Jliis peanuzanuu mpoekTa Oblaa BIOpaHa cpea nporpammuposanus Borland
Delphi 6.0.Bei6op odyciosnen tem, uro Borland Delphi 6.®a3upyetcs na
TEXHOJIOTUHA 00BEKTHO-OPHUEHTHUPOBAHHOTO MTPOTPAMMHUPOBAHUS U TIO3BOJISIET
CO3/1aBaTh MPUIIOKEHHS 01 onepanoHHbie cucteMbl Windows 9x, XRe
yIOOHBIM JJIs1 IOJIB30BATENS HHTEPPEcoM.

[{eap10 KYpCOBOTO MPOEKTA SIBISICTCS MCCIICIOBAHNE HEHPOHHBIX CETCH IS
MIPOTHO3WPOBAHUS U alNpOoKcUMaIuu GyHKIUHA. B COOTBETCTBUM € ATUM OBILIO
pa3paboTaHO IPOrPaMMHOE 0OECTICUeHHE, TTO3BOJISIONIEE MTPOBOIUTE 00yUeHUE

HCﬁpOHHOﬁ CCTH AJId BBIIIOJIHCHHA JAHHBIX 3a14a4.

Huxe nmpeacTaBieHbl MOAYIN pa3pabOTaHHON CUCTEMBI:
MO —rnaBHBIN MOAYIb,
M1 —Mogynb paboThl C KapTOH;
M2 —Moayns pabotsl ¢ “Random Walker”;
M3 —Monyns pabotsl ¢ “Genetic algorithm?”;

M4 —noctpoenue rpagpuka pabotsl Moy M3;

[Tpu 3amycke moaynst MO mMbl BuAuM riaBHyto Gpopmy Ha KOTOPOH U300paKeHo
10JIe TJI€ MBI OYJIEM yCTaHaBIMBAaTh OOBEKTHI. TaKkke BHU3Y PACIIONOKEHbI
KJIABUIIH JTIsI paOOThI C MPOTPaMMOH.

Ha moayne M1 mMbl mpou3BOIUM pacCTaHOBKY 0OBEKTOB. JlJisl HAIIEeTo 3a/1aHus
3TO — cobaKa, COCHCKa U peKa.

Monyne M2 paboTaeT ¢ KapToii ¢ y>Ke yCTaHOBJICHHBIMH 00beKTaMu. PaHI0MHO
HaXOJAMT ITyTh, TMOO K€ ero He HaxoAuT. M Ha kapTe noka3bIBaeT POl ACHHBIHI
NYyThb U1 JOCTUKEHUS LIEIH.

Monyns M3 paboTaet Takke ¢ KapTOil C YCTaHOBICHHBIMH OOBEKTaMU, HO JIJIS

HaXO0XXACHUS ONITUMAJIbHOI'O ITYTH UCIIOJIB3YCTCA FCHETUYCCKUU AJITOPHUTM.
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Moayne M4 wucnons3yercss sl MNOCTpoeHUs rpaduka pe3yJbTaToB
noJiydeHHbIX U3 Moayiast M3. Ha ocu X yka3piBaeTcsi HOMEp MOMYISAINH, a HA OCH

Yy CpE€AHECC 3HAYCHUE KOJIMICCTBA IAroB AJIA IMOIMYJISALNH.
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4. TECTUPOBAHUME CUCTEMBI

Ha pucynke 5 npejcrasiena riaBHas (popma ¢ KOTOPOil Mbl TPOU3BOAUM

OCHOBHBIC OIICpaluu.

-'_I" Y cemester Project ﬂ S g

Dog | Sauzage | |

River - double mouse click |

Position Dog

quatity of steps Position Sausage

START

Clear |

Fresult |Genetic Algorithm j

Pucynox 5.I'maBnas popma

Ha Heit MbI paccTaBisieM Mo3uuy 00bEKTOB. 3a1aeM KOJUYECTBO IIAroB B MOJIC
Quantity of stepsKuomnkoii DOQ MBI ycTaHABIMBAEM MOJIOKEHHE COOAKH, KHOITKOM
SausaQQCTaHaBHI/IBaeM MMOJIOJKEHHE COCHUCKH, IBOMHBIM IICTYKOM MBIIIH

ycraHaBiMBaeM peky. B crincke Beioupaem Random Walker.Rucynok 6)
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7 Semester Projeck

Dog | = auzage | | River - double mouse click |

Pozition Dog 0:0
guantity of steps I'I oo Paozition Sauzage 5.6

START | Ceer |

IHandu:um W alker j

Rezult: The purpose is reached

Pucynok 6. 3anonnennas ¢popma ais Random Walker
[Tpu Haxxatum Ha kHONIKY START MBI IosTydaeM pe3yibTaT JOCTUTHYTA I1eJTh
1100 HeT, n300pakeHue MPorACHHOTo MyTH B Tojie Quantity of stepgkasbiBaeTcs

KOJIMYECTBO IIAroB, 3a KOTOPbIE ObLIA JOCTUTHYTA 11ejb. (PUCYHOK 7)
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G -
i-7 Semester Projeck

Dag | S ausage | | River - double mouse click |

Pozition Dog 00

qguantity of steps 33 |1 0ao Position Sauzage 5:5
START | Clear |
Result: The purpoze iz reached IHandDm WAL j

Pucynok 7.Pe3ynbraT MeToga Random Walker

B pesysbrare nmonydaeM rpaduku ycnemHnbix areHToB (Pucynok 8, 9) st pazubix

3aJIaHHBIX 3HAUYCHUH.
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Pucynok 8. KonmnuectBo ycnemnsix arentoB (5000arentor u 200xu3HeiH)

i Graphics E E
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Pucynok 9. Konmuuectso ycnemasix arentoB (100000arentoB u 300xu3HeiH)
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I[JI?I MMOJYYCHUA PC3YJIbTATOB IIPHU IMOMOIIHU I'CHETUYCCKOI'0O aJIrTOPUTMa MbI TaAKIKC

HacTaBisieM 00beKkThl. B crircke BeiOupaem Genetic algorithmRucynok 10).

7 semester Projeck ﬂ S EB

Dog | Sausage | | River - double mouse click |

Poszition Dog 0:0

quantity of steps I Puosition Sauzage 7:8

START | Clear |

Rezult: The purpose is reached

Pucynok 10.3amonnennas gopma s Genetic Algotrithm

[Tocne naxarus Ha START BBotMM KosTMuecTBO nomyisiiuii (Pucynok 11)

7 " Genetic Algorithm

Type a count of populations
£ -

ok Cancel |

Pucynok 11.BBoxa konudecTBa MOMyISIIANA

U xomuuectBo maroB (Pucynok 12)
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7" Genetic Algorithm

Type a count of steps
| 500 2

ok Cancel |

Pucynok 12.BBoj koudecTBa 11aros

B pesynbrare nmonyuaem rpaduk i koauuectBa nokosieHuid (Pucynok 13), mms

oOydeHHOro areHta ¢ JuimHHOM BekTopa 100u 50 (Pucynok 14, 15).

T Graphics ﬂ & B

600

oo Lo il
i

L)
100 150 200 250 300 80 400 450 S00

Pucynox 13.KonudecTBo mokoiaeHui
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T Graphics
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Pucynok 14 O6yuenue arenrta ¢ nnmuHHoi Bektopa 100
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Pucynok 15.006y4enue arenra ¢ nmuHHON BekTopa S0.
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SAKIIOYEHHUE

B xonme mpoBeneHHON paboThl ObUIa HamucaHa MOPOrpaMMbl JJIsl TOHUCKa
HauWKpaT4yalIlero myTd OT OJHOro oObeKkTa 10 Apyroro. Pabora pasnmensiach Ha
JIB€ 4acTH. B mepBoM MOKUCK HAaMKpaT4auulero MyTH OCYIIECTBIIICS P3HAOMHO.

Bo BTOpOﬁ ’K€ 4aCTH Mbl HCHOJIb30BAJIM T€HETUYECKUMN AJITOPHUTM.
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