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OBYYEHUE HEMPOHHOM CETH HA OCHOBE AJITOPUTMA MYPABbUHOM
KOJIOHUMU JJIA 3AJAYUN KIIACCUPUKATINHN

Annomaunus. I[Ipeonodicen OpucUHaIbHbIL 2UOPUOHBLLL AI2OPUMM 0OYUEHUs. UCKYCCIMBEHHOU HEelPOHHOU cemu Ha
OCHOBE aN2OpUMMA MYPAGLUHOU KOJOHUU U ANIROPUMMA 0OPAMHO20 PACHPOCMPAHEHUST OWUOKU, UMeIowuUll cyujecm-
BEHHble OMAUYUA O OA308bIX KIACCUYECKUX anzopummos. Tecmuposanue anrzopumma 0bl10 Npo6edeHo Ha 0Ouedoc-
mynnotl mecmosoti baze dannwix pecypca UCI Machine Learning Repository.

Knrwouegsle cnosa: obyuenue uckyccmseeHHol HelipoOHHOU cemu, an20pumm MypasbuHou KOJIOHUU.

E. V. Kotlyarov

NEURAL NETWORK LEARNING METHOD BASED ON ANT COLONY
ALGORITHM FOR CLASSIFICATION PROBLEMS SOLUTION

Abstract. The original hybrid algorithm of the artificial neural network training on the basis of the ant colony al-
gorithm and the back propagation algorithm, having essential differences from base classical ones is suggested. The
algorithm testing was carried out on a public test database of the UCI Machine Learning Repository resource.

Keywords: artificial neural network training, ant colony algorithm.

€. B. Kotasipos

HABYAHHSI HEMPOHHOI MEPEXKI HA OCHOBI AJITOPUTMY MYPAIINHOIL
KOJIOHII JIJIs1 3AJAYI KJIACU®PIKAILIILL

Anomauia 3anpononosano opucinarbHull 2I0pUOHUL AN2OPUMM HAGYAHHS WIMYYHOT HEelPOHHOIL Mepedicl, 3ACHO8a-
HUL HA AeOpUmMMI MypauuHoi KOJIOHIL U1l aneopummi 360pOMHO20 NOWUPEHHSA NOMUTKU, WO MA€E ICMOMHI 8IOMIHHOCMI
8i0 bazosux knacuunux areopummis. Tecmyeanns aneopummy 6yn0 npogedeHe HA 3A2ANbHOOOCHYNHIl mecmosii 0a3i

oanux pecypcy UCI Machine Learning Repository.

Knrwouoei cnoea: naguants wmyuHoi HeupoHHOI Mepedici, aneopumm MypamuHoi KoAoHil.

BBenenne. Krnaccuueckue MeETOABI pellie-
HUS 3a/1a4, KOTOpbIe OB CO3JaHbl IyTeM HC-
MOJIb30BAHMS CIIOXKHBIX MaTEMAaTHUYECKHUX MOJC-
neil u npumeHsuch Oonee 20 jer Hazanm, Kak
MPaBWIO, HA CETOAHSIIHUN JEeHb pPabOTaroT
JIOJITO U 3a4acTyro — HeaddexkrusHO. [Ipuunnoit
ATOTO SIBIISIETCS MOMBITKA IPUMEHHUTH CIIOKHBIH
MaTEeMaTHYeCKU METOJ pEeIIeHUs 3aJayd Ha
0O0JBIINX 00BEMax HAaHHBLIX. PaHee, korma ObLIH
pa3paboTaHbl 3TH METObI, 00BEMBI 00padaThI-
BAacMBIX JIaHHBIX OBLIM 3HAYUTEILHO MEHBIIIE,
yeM ceituac. ITociie mosIBIEHHS CTOXaCTUYCCKUX
METOJIOB JJIsl PElIeHHUs 3ajad, B3AThIX «y MpH-
pOIBI», MOSIBUIACH U COBMENIaTh KIacCHue-
CKHME CJIOKHBIE MAaTEMaTUYCCKHE METOIbI CO
CTOXaCTUYECKUMHU alTOPUTMAMH, YTOOBI MOBHI-
CUTh CKOPOCTH PabOTHI, CHU3UTHh BEPOSTHOCTH
PacxoUMOCTH, MOBBICHUTh TOYHOCTh aITrOPUTMA
U T.].

OmHUM W3 KIACCHMYECKUX METOJO0B 00yde-
HUSI UICKYCCTBEHHO# HelpoHHO# cetu [3] siBiis-
€TCsl alTOPUTM OOPATHOTO PACIPOCTPAHCHUS
omubku, omybnukoBaHHbli B 1974 1. omHo-
BPEHHO U HE3aBHCHMO JIPYT OT Apyra B padoTax
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A.U. Tl'anymkuna [1] u [Tona x. Bep6oca [9].
JlaHHBI METOJ IPEOJOJIENl HEKOTOPBIE TEOpe-
TUYECKUE TPYIHOCTH U Jall JOINOJHUTEIIBbHBIN
TOJIMOK B PAa3BUTUM TEOPUU HCKYCCTBEHHBIX
HEHUpOHHBIX ceTeld. OOHAKO 3TOT AIrOpPUTM
MUMEET PsJl CEPbE3HBIX HEAOCTAaTKOB, K HUM OT-
HOCATCA: TNapajiiy CETH, HAJIUYME JIOKAIbHBIX
MUHUMYMOB, CJI0KHOCTb KOPPEKTHOTO BbIOOpa
pasMepa 1mara, BpEMEHHas HEYCTOMYMBOCTb
Ipolecca, KOTOphIE HE BCEraa IMO3BOJIAKT pe-
IIUTh NOCTABJICHHYIO 3a7a4y.

[IpuMeHEHHE CTOXACTUYECKMX METOJOB
NpU PELIEHUU PA3JIMYHBIX 3a/ad IO3BOJISIET
CHU3UTH BBIUUCIUTENBHYIO CIOKHOCTh. OqHUM
U3 CTOXACTHMYECKUX aJTOPUTMOB SIBIISIETCS alj-
TOPUTM ONTUMHU3AIMUHN N0 MPUHLUIY MYypaBbH-
HOM KosoHUU. OH OCHOBaH Ha HEMpPSMOM B3au-
MOJEHUCTBUHA MEXIYy ABTOHOMHBIMHU areHTaMu-
MYPaBbsIMH, TIPUYEM ISl B3AaUMOACHCTBUSA OJUH
C APYTUM MYypaBbU UCHOIB3YIOT (P€POMOHBI.

[Ipumenenre THOPUAHBIX ANTOPUTMOB IS
0o0ydeHUsT HCKYCCTBEHHOW HEHpPOHHOU ceTH
nayganock B XXI B. B paborax [5,7-8] paccmar-
pPHUBAIOTCS MPUMEHEHHUS PAa3IMYHBIX THOPUIHBIX
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QITOPUTMOB. B 4acTHOCTH, OJHUM U3 TAaKUX
AJITOPUTMOB SIBIISICTCS aJITOPUTM MypaBbs [4].

B Hacrosmieil cratbe MpeiokKeH THOPH/I-
HBIA aNrOpUTM Ui OOY4YEeHHUS HCKYCCTBEHHOM
HEUPOHHOW CETH, OCHOBAHHBIM HA AJITOPUTME
ONTUMM3ALMK [0 IPHUHIMIY MYPaBbUHOH KO-
JoHuH [2]. AITOPUTM MPOTECTUPOBAH HA 3aja-
4ye yCTaHOBJICHUS JAMArHO30B 3a00JICBaHUNA MO-
YEI0JIOBOM CUCTEMBI.

Onucanune anaropurma. B kauectBe 00y-
4aeMOW HCKYCCTBEHHOM HEMPOHHOM CETH pac-
CMaTpUBACTCS MHOTOCJIOWHBIM MEPCENTPOH C
OJIHUM CKPBITBIM CJIOEM U KOJIMYECTBOM Y3IIOB
PaBHBIM N,M M P Ha BXOJHOM, CKPBITOM H

BBIXOJHOM CJIOSIX COOTBETCTBEHHO. CTpyKTypa
ceTu n300paXkeHa Ha PUCYHKE

Qp1

I

Wom Oy

Puc. Ctpykrypa HEpOHHOM ceTH
BBonsrcs cnenyronue 0003HAYCHHUS .
u= (ul,..., un) — BEKTOP BXOJIHBIX CUTHAJIOB,
V= (Vl,..., Vm) — BEKTOp BBIXOJHBIX CUTHa-
JIOB CKPBITOTO CJIOS;

€= (el,...,ep) — BCKTOp HOJYUYCHHBLIX BbI-

XOJHBIX CUTHAJIOB CETH,
C= (Cl,..., Cp) — BCKTOP 3TAJIOHHBIX BBIXOM-

HBIX CUTHAJIOB CETH.
Bektop omubok err :(errl,...,errp) Haxo-

autcst mo gopmyie err, =c, —e,,i=12,...,p

JIns 3amaHus BECOB MEXAY BXOAHBIM M

CKpLITBIM CJI0IMHU I/ICHOJ'H:3yeTC5I ManI/IL[a
W =|w;|i=12,...n, j=12,...m, MEK Ty
CKprTbIM U BBIXOOAHBIM CJIOSIMU — ManI/II_Ia
A=|a|i=12...m j=12..,p. K

HeﬁpOH CKPBITOTO W BBIXOAHOI'O CJIIOCB HMMCCT
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CMEIIICHNE, BEKTOP CMEIICHUs TSl Y3JI0B CKpHI-
TOTO clios o0o3Hayaercs

W, :HWOJ.H, J=L12,...,m, qis y3J0B BBIXOJIHOTO

crost — A, =HanH, j=12,...,p.

Jlns mojcyuera BXOJHOTO CUTHANIA B KAXKIOM
y3JI€ CKPBITOIO CJIOS MCHOJIB3YETCS KJlacCH4e-
CKas CXema. HaxOJWTCS B3BEUIEHHAs CyMMa
BCEX BXOJHBIX CUTHAJIOB, K HAaWJECHHOU CyMMe
npubaBnsieTcss B3BElICHHOE cMmermienue. [lomy-
YEHHOE 3HAYEHUE IEPENacTCi B AKTHUBALMOH-
HyI0 ¢yHKIHIO. B KauecTBe akTHBAIMOHHBIX
UCHOJB3YIOTCS (PYHKIIUU BHIA

1 1
f.(X)=——, f,(x,a)=———,
() 1+e™* :(%.2) 1+e™

L= ) -re,

fs(X) = i
1+

3HaYeHUEe aKTMBALIMOHHON (PYHKIMH U SIB-
JII€TCS BBIXOJHBIM CUTHAJIOM COOTBETCTBYIOLIE-
IO y3ja CKpBITOrO CJIOS, T.€. KOOPAUHATOU BEK-
TOpa V. AHAJOTUYHO HAXOJUTCS BEKTOP BbI-
XOJIHBIX CUTHAJIOB CETH € .

PaccmoTtpum paboty anroputma. Ilepen 3a-
yCKOM OOy4YeHHsS CETH OJJIEMEHThl MaTpHIl

W, A u xomnonentsl BektopoB W,, A, 3agaror-

Csl TIPOM3BOJILHBIMU BEIIECTBCHHBIMH YHUCIAMH
u3 npomexytka [-11]. Ha Bxox cetn momaercs

BEKTOP BXOJHBIX CUTHAJIOB U, 337a€TCs BEKTOP
JTAJIOHHBIX BBIXOJHBIX CUTHAJIOB C, COOTBETCT-
BYIOLIMI aHHOMY BXOJHOMY BeKkTOpy. Curnan
pPacIpoCTpaHsETCs M0 CETH OT BXOJA K BBIXOAY.
Chauana ¢popMupyercst BEKTOp V, 3aT€M BEKTOP
e, TOocJe NPOCYUTHIBACTCS BEKTOP OIIMOOK
err.

Jns ontumuzanuu oOy4eHus: HEHMpPOHHOM
CETH IPENJIAaraeTCsl UCIOJb30BaTh CICAYIOLUN
ruOpuaHbid anroput™M. CyTh anropurMa cocTo-
UT B NPEIBAPUTEIBLHOM HAXOXKIECHHUHM IIPUOPU-
TETHBIX IIYTEH IBUXKCHUSA 110 HEHWPOHHOU CETH.
JI1st 5TOro Hapsny ¢ U3MEHEHHBIM aJrOpUTMOM
0o0paTHOrO pacHpoCTpaHEeHUsl OMIMOKK Tpeasa-
raercsi MPUMEHUTh MOJU(PULIMPOBAHHBIN aJro-
PUTM MYpPaBbUHOM KOJIOHUHU.

Moaudukanus anropuTMa MypaBbUHOM
KOJIOHMHM JJIs1 BbIOOpa NPHOPUTETHBIX ITyTEH
COCTOUT B CIEIYIOLIEM: YIPOLICHO IPaBUIIO
BbIOOpa CIIEAYIOIIErO y371a, HM3MEHEH y4er
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NPOI/IGHHOTO MYpPaBbEM pACCTOSIHUS, BBelIEHA
¢bynkus ans ydera (epoMOHOB, M3MEHEH Be-
POSTHOCTHBIN YY€T JABHKEHHS MypaBbsl.

KonugectBo MypaBbeB, KOTOPOE HCIIOJIB3Y-
eTcst 1 00ydeHus, 3a1aeTcs mo hopmyie

| = B-ceil(wJ

n
rne BeN - mapamMerp, KOTOPBIM MOXET
YIPaBJIATh I0JIb30BaTENb, YTOObI YBEIHYHUTH

WIM YMEHBIIUTH KOJNYECTBO MypaBbEB Ha OJMH
BXOJHOU y3€7I,
) [X]+LxeZ
ceil(x) = :
[X],xeZ

rae [X] — memas gacte uynciaa X. KommuectBo
MYPaBbEB Ha KAXKAbIM BXOIHOM Y3€1 SBIISETCS
JOCTAaTOYHBIM [JIl TOCEIIEHUS MYpaBbsIMHU
BCEX Y3JIOB HAa CKPBITOM M BBIXOJHOM CIIOSIX
CETH.

Ilepen HavasoM IyTEMIECTBUH MYpaBbU
PaBHOMEPHO paCIPEAEIAIOTCA 110 BCEM BXOI-
HBIM y3JIaM.

IIpn mepBoM myTEHIECTBUM MYpPaBbEB B
CEeTH elle HeT PepoMOHOB. {11 paBHOMEPHOTO
[IOCEIICHUS MYPaBbsIMH Y3JI0B CKPBITOIO H
BBIXOJIHOT'O CJIO€B IIPU IIEPBOM IIyTEHIECTBUU
HCIIOJIB3YETCS CIIEAYIOIIUN IPUEM. MypaBeu
PaBHOBEPOSITHO MOJKET BBIOpaTh 000N W3
y310B. IIpu nocemenun ysna MypaBbeM JaH-
HBIA y3€J]1 MOMEIIAETCA B CIHUCOK HEIOCTYII-
HBIX K IIOCEUICHUIO Y3J0B OCTAIBbHBIMU MY-
paBbsMH, KaK Ha CKPBITOM, TaK M Ha BBIXOJ-
HOM crnosix. Korga Bce y3ibl CTaHOBSTCS He-
DOCTYIHBIMH, CIHHCKH (HAa CKPBITOM H/HIH
BBIXOJHOM CJIOSIX) OYHUINAIOTCS, M CIEIYIOUIH
MypaBeil CHOBa MOKET PaBHOBEPOSITHO BBHIOU-
paTh JOCTYIHBIE K ITOCEIIEHUIO Y3IIbL.

ITocne OKOHYaHUS MEPBOrO MYTEUIECTBUS
BCEMHM MYpaBbsIMHU IIPOUCXOIUT Iepepacipe-
nenenue GpepoMoHOB B ceTu. MypaBeil ocraB-
aseT (epoMOHBI Ha JBYX MNpOIJeHHBIX peo-
pax. KommuecTtBo ocraBisieMbIX (pepoMOHOB
Ha Ka)XXJOM HPOWJIEHHOM pedpe BBIYMCIISIETCS
no ¢opmyie

pher, :i,izl,z,..., P,

lerr|
rac Q — 3a/laBacMasl KOHCTAaHTa, paBHasA KOJIU-
4ecTBY (EPOMOHOB, KOTOPOE MOKET pPacIpo-
CTPaHHUTbh OJMH MypaBeil 3a OJHO MyTeIIECTBHE.
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erl’i — BEJIMYMHA OLIMOKHU B i-M BBIXOJHOM Y3-

J1e, B KOTOPBIU IIPUILIE]I MypaBei.
Jlns 3ajaHus ypoBHS ()epOMOHOB Ha peo-

pax UCHOJB3YIOTCS MaTpUibl  (HEPOMOHOB!
® =|p;i=12...n,j=12,..m, (MexITy
BXOJIHBIM nu CKpI:ITBIM CHOHMH) n
¥ =yl i=12...m, j=12...p, (MexIy

CKPBITBIM M BBIXOJHBIM CJI0siMHU). HauanbHbrid
ypOBEHb ()EPOMOHOB B CETH PaBEH HYJIIO Ha
Bcex pebpax.

[Tpu BTOPOM M HOCHEIYIOMUX MyTEIecT-
BUSIX MypPaBbH HCIOJB3YIOT YIPOILIEHHOE Ipa-
BHJIO BBIOOPA, KOTOPOE OCHOBBIBAETCS TOJIBKO
Ha ypoBHe (epomoHa Ha pedpe. MypaBell BbI-
Oupaer cienyromuil y3en, K KOTOpOMY BeIEeT
pebpo ¢ HauBBICIIEH KOHIIEHTpauueu ¢epo-
MoHOB. Ecim Takux pebep HECKOJIbKO, Mypa-
BEil C paBHOW BEpOSTHOCTBIO BEIOMpPAET Jt000e
U3 HUX.

[Tocne pacnpocTpaHeHHs: MypaBbiIMH (e-
POMOHOB NPOUCXOJUT UCHIApeHHE PEPOMOHOB,
YTOOBI KIPUTYIUTH» BHUMAHHE MYPaBbEB K
Majo mocemiaeMbiM pedpam. OcTaHOBKa ITy-
TELIECTBUNH MYpaBbEB MPOUCXOAMUT TOTAA, KO-
r7a IpH JIBYX MOCJEA0BATENbHBIX HUTEPAIUIX
NyTH MYpaBbeB HE W3MEHMWINCH. [loaydeHHBbIC
YpOBHU (EepOMOHOB Ha KaXJoM pebpe wuc-
MOJIB3YIOTCS JUIsI KOPPEKTUPOBKH BECOB CETH.

Jlis yuera BAUsSHUA (EPOMOHOB IPH KOP-
PEKTUPOBKE BECOB CETH BBeJEHa (YHKLHUS
1n(x,K) nns yuera pepomonos, rne k — mapa-
metp. s Kaxaoro (PUKCUPOBAHHOTO JIOIYC-
TUMOTO 3HaueHHWss mnapamerpa K ¢yHKuus
n(x,K) obGnamaer cremyromuMu CBONCTBAMH:
OHa SBJISIETCS HENPEPBIBHOW II0 NEPEMEHHOU
x na cermente [01], ctporo MOHOTOHHO YOBI-

BAIOLLEH 110 MEPEMEHHOM X, M Ha KOHIIAX Cer-

MEHTa NPUHUMAET 3HAYCHUSA

n@k)=1n(0,k) =n,(k),n,(k) >1. Ilpu mpo-

BEJICHUU HKCIIEPUMEHTOB  HCIOJIb30BAINUCH
cienyromue GyHKIUU IS yueTa epOMOHOB:
k k k

X7k = +1__1 X1k = +1——,
k) x+1 = 2 72(%.K) X +1 7 2

ns(%, k) =k, n,(x,k) = k *arccos(x) +1.
KoppekTupoBounbie k03 uimeHTs BecoB
CETH IpeyIaraeTcsi HaXoAuTh 1Mo (hopMyiam
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O :(Ci_ei)ei(l_ei)n \Iv,lij K,

i=12,..m,j=12..,p,

p
, Djj
Jj :Zajké‘jk Vi(L-v ) @ —. k.
k=1 max
i=12,.,n,j=12,..,m,
rne LIlmalx = i:mﬁ_)'(m'v/ij u q)max = |:£T;a)$1 qoij y k
j=.2,...p i=,2,..m

3ajaBaeMblii mapametp. OOHOBIIEHHE BECOB Ce-
TH ¥ CMEIICHUI CeTH MPOBOAATCS 1O (popmyam
a;*=a; +00;€;,i=12,..m,j=12..,p,

W *=w; +00;u;,1=12,....n, j=12,...,m,

ay*=ay +0a, max 6;,i=12,.,p,
j=1,2,...m

i=12,..m,

i

14,
WOi*:WOi +9‘N0iﬁz5'
j=1

rae 0 — 3amaBaemblii KO(GOUIMEHT 0OyUeHHS
CeTH.

IIpuMeHeHHe aaropuTMa JJIsi yCTAHOBJIE-
HHUSA JAHArHO3a 3a200JIeBaHMH MOY€INo0JIOBOM
CHCTEMBI.

JI1st TECTUPOBAHUS AITOPUTMA UCTIOJNB3YETCS
obmenocrynHbiii pecypc UCI Machine Learning
Repository, mnpenocraBiseMblii Uil POBEPKU
KauecTBa OOYYeHUS] HEUPOHHOW CeTH Pas3IUYHBI-
MU anroputMamu. Pecypc conepxutr Habop 00-
IICNPU3HAHHBIX ~CIELHUAIBHO I10JINOTOBIEHHBIX
JaHHBIX B BUJIE KOJJICKUIMH 0a3 JaHHBIX U TeHepa-
TOPOB TECTOBBIX JAHHBIX. DTH HA0OPBI UCIIOIb-
3yrorest  cooOmectBom Machine Learning  mns
U3y4EHHS ¥ SMIIMPUYECKOTO aHAIN3a aITOPUTMOB
oOyuenusi. B nanHoi paGote omucaHbl pe3ysbTa-
Thl AKCHEPUMEHTAJBHBIX TECTOBBIX HCIIBITAHUI
Ha mpuMepe 6a3bl CUMNTOMOB 3a00J1€BaHUIl MO-
YETI0JIOBOM CUCTEMBI.

Llens TecTHpOBaHUSI — MOKa3aTh HpakKTHYe-
CKYIO IIPUMEHUMOCTb NPEIOKEHHOTO aIrOpUT™Ma
JUTSL pelIeHns 3a/1a4 KJacCU(PUKAIMU U TPOBECTH
CPaBHUTENIFHYIO OLICHKY pa3HbIX BapHaHTOB Ha-
CTPOMKM TMapaMeTpoB AITOPUTMa U €ro 3JIeMEH-
ToB. PaccMmatpuBatoTcsi pasnuuHble HAOOpHI Hap
¢byskumid (akTuBaroHHas GYHKIUS ¥ (QYHKLIHUS
ydera (epOMOHOB) M BIMSHUE WX BHIA Ha (-
(EeKTUBHOCTH U Ka4eCTBO 00yUEHHS.

[pennoskeHHBIN aITOPUTM MIPUMEHUM K pas-
JMYHBIM 3aJa4aM Kiaccudukaimu. B Hacrosmiei
paboTe OH MPOTECTUPOBAH HA 3a/iaye OIpejiesie-
HUS JMarHo3a 3a00JieBaHUK MOYENOJIOBOM cuc-
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TEMBI TI0 JaHHBIM 0a3bl JaHHBIX [6], KoTOpas
CO3J]aHa TMOJIbCKUM JIOKTOpOoM  Guiocouu
Jlxacukom llepnakom (Jacek Czerniak) B un-
CTHTYTE HCCIEeI0BaTeIbCKUX cucteM I[lombckoii
akajieMun Hayk. ba3za mpezcrasiser coOoii Ha-
0Op JaHHBIX JIi TECTHPOBAHHUS MpEaroJiarae-
MOro JHMarHo3a JBYX OOJE3HEH MOYEerOoJIOBOM
cucrembl. OHa cocraBieHa 11 c¢espans 2009
rona, comepxxut 120 mpumepoB. 3agauda ompe-
JCTICHUS THarHo3a OTHOCHUTCS K 3ajlayaM KJiac-
cupuKaIuu.

Xapakrepuctuka 0asbl: 06a3a cocrout u3 6
BXOJIHBIX aTpUOYTOB, XapaKTEPU3YIOIIUX CO-
CTOsIHUE OOJILHOTO M JIBYX BBIXOJHBIX aTpHOY-
TOB JIJIsl yCTAHOBJICHHSI TUArHO3a 3a00JICBaHUSI.

BxoaHbIMU aTprOyTaMK SIBIISTFOTCS:

e temmeparypa namuenta (ot 35°C no
42°C);

MPHUCTYIBI TOMTHOTHI (€CTh, HET);

MOsICHUYHBIE 00JU (€CTh, HET);

Henepkanue Mouu (ecTh, HET);

001 IPU MOYCHCITYCKaHUU (€CTh, HET);
® SKXKCHHE YPETPBI, 3y[, OIMYXOJM BBIXOJA

ypetpsl (ecTh, HET).

Bce Bxomnbie aTpuOyThl, KpoMe MEPBOTO,
NPUHUMAIOT IIeJI0YKCICHHbIe 3HaYeHus (1 wu
0), a mepBsIii — BemecTBeHHbIe Buaa 35+ 0,1n,
rre n=01,...,70.

BbIxoHBIMU aTpUOyTaMu SIBJISIFOTCS JMar-
HO3bI 3200JICBaHHIA:

e BOCHAJICHHE MOYEBOTO IMy3bIps (ecTh,
HET);

e BOCHAJICHHUE MOYKH (€CTh, HET).

Bce BbIxojiHBIC aTpUOYTHI IPUHUMAIOT Iie-
nouucieHnbie 3HaueHus (1 wum 0).

ba3a cnyuaiinpiM o0Opa3om pa3buBaeTcst Ha
102 oOywaromux u 18 TecToBBIX NPUMEPOB.
ANropuT™M TECTHpYETCS NpU IOMOIIM 5 pas-
JIUYHBIX aKTHBAIIMOHHBIX byHKIINH
f (x),k=14,5, f,(x,a),k=2,3 u 4 paznuunbix
byHKIHI JUIS yuera (bepomMoHOB
n,(x,k),i=1234. IIpu sTOM, eciu y BbIOpaH-

HOW (YHKIIMH €CTh MapamMeTp, TO IKCIIEPHUMEH-
Thl NPOBOJATCS U PA3JIMYHBIX 3HAYCHUU I1a-
pameTpoB. BennumHa MakcHManbHON OIIMOKH
CETH BO BCEX DKCIEPUMEHTAX I10JI0KEHA PABHOU
0,01.

[Ipu npoBeneHUN HKCHEPUMEHTOB OBLIU
3aJ1aHbl CJIIEAYIOLIUE ITapaMeTpPhl:
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n=6,m=4, p=2,60=02, Q=1.

B Tabn.l mpuBeneHsl CpaBHUTEIbHBIE pe-
3yIbTaThl JIBYX OKCHEPUMEHTOB. OOy4YeHHS
HEHPOHHOM CETHU KIACCUYECKUM aJIrOPUTMOM
00paTHOTrO pacnpocTpaHeHHs OLIMOKH 1 00y4e-
HUsS HEUPOHHOM CETH IpU IOMOIIU IpeIo-
’KEHHOT0 THOPHIHOTO alropuTrMa, Ie B Kaue-
CTBE aKTUBAI[MOHHON (PYHKIIMH BbIOpaHa (hyHK-
ma f,(X,4), a B kauecTBe QYHKIUH ydeTa de-
POMOHOB — hyHKIHSA 15(X,5).

B nepBbIX OBYX CcTOJIOIAX MpUBEICHBI Mpa-
BUJIbHBIE OTBETHI, KOTOpPbIE TOJDKHA JaTh CETh
(KOMITOHEHTBI BEKTOPa 3TAJIOHHOTO BBIXOJIHOTO
CHUTHaJIa C 3alMCaHbl B OJHOW CTPOKE IMEPBBIX
JBYX CTOJIOLIOB).

B 3- u 4-m cronOax nmokasaHsel OTBEThI IPU
OoOy4eHHH CeTH KIACCUYECKUM alrOpPHUTMOM
00paTHOTO pacnpoCTpaHeHUs OMIMOKK (B OJHOM
CTPOKE CTOJIOIIOB 3alMCaHbl KOMIIOHEHTHI BEK-
TOpa BBIXOJIHOI'O CHUT'HAaja, KOTOpBIA, HE Orpa-

HUYKMBas OOIIHOCTH, TOXe OymeM 0003HAYaTh
qepes € ).

B 6- u 7-M cronbuax ykazaHbl IpaBUJIbHbIC
OTBETHI CETH, KOTOpas oOydanach MpEIJIOKCH-
HBIM THOPHUIHBIM aJITOPUTMOM (B OJTHOM CTpOKe
6- U 7-ro CcTOJOLIOB 3amKMcaHbl KOMIIOHCHTHI
BEKTOPa BBIXOJJHOTO CUTHAJIA € ).

dopmyna OlEHUBAHUS MPABUILHOTO OTBE-

Ta UMEET BUJ! |e1 —C1| <0lmu |e2 —C2| <01, roe
e,i=12 — |- KOMIOHEHTa BEKTOPa BBIXOJHO-
ro curHana: C,i=12 — i-1 KOMIOHEHTa BeK-

TOpa ATAJOHHOTO BBIXOJHOTO cuUrHana. Ecium
HEPABEHCTBA BBIMOJHAIOTCSA, TO MOJYYEH Ipa-
BUJIbHBIN OTBET, 3anuchiBatoT (1), B MpOTHBHOM
cilyyae — mpaBuiIbHBIH oTBeT He nosyueH (0). B
5- 1 8-M cTonbuax mpuBeaCHBI Pe3yabTaThl Mpa-
BUJIBHOCTH OTBETOB Ha COOTBETCTBYIOIINE TPH-
Mepbl. MeToa 00paTHOrO pacmpoCTPaHEHUS
omuOKy mokaszan 78 % mpaBUIBHBIX OTBETOB, a

rubpuaneiii meron — 100 %.

1. CpaBHUTENBHAS XapAaKTEPUCTHKA OJHOTO SKCIIEPUMEHTA

HcxonHble nannHbie Knaccuueckuii anropurm ['uGpuaHbIi anropuT™M
Bocmnaine- Bocnane- | IIpaBuib- Bocnane- | IIpaBuiib-

Bocnane- Bocnane- Bocnane-

e MIT | M€ TOY- | g | HM€ TOY- | HBIE OTBe- | o G\, | HHE I0Y- | HblE OTBe-

KU KU ThI KU ThI

1 1 0,996433 | 0,973468 |1 0,949135 |0,970348 |1

1 1 1,010835 | 0,966738 |1 0,949559 | 0,970078 |1

1 1 0,902378 | 1,077965 |1 0,941608 | 0,969365 |1

1 0 1,100665 | -0,07727 |0 0,998376 | 0,045349 |1

1 0 0,957106 | 0,06966 1 0,998584 | 0,072254 |1

1 0 1,101753 | -0,0781 0 0,998377 | 0,045697 |1

1 0 1,101753 | -0,0781 0 0,998377 | 0,045697 |1

1 0 1,09956 -0,07654 |1 0,998376 | 0,044997 |1

1 0 0,934433 | 0,054723 |1 0,99734 0,010665 |1

0 1 0,066425 | 0,970014 |1 0,029716 | 0,962446 |1

0 1 0,042195 |1,014323 |1 0,046371 | 0,986826 |1

0 1 0,032558 | 1,000972 |1 0,046523 | 0,986805 |1

0 1 0,063246 | 0,954598 |1 0,039631 | 0,962291 |1

0 1 0,049078 | 0,885318 |0 0,048577 |0,986602 |1

0 0 -0,00082 |-0,01534 |1 0,001257 | 0,055145 |1

0 0 -0,04893 | 0,025587 |1 0,001263 | 0,059214 |1

0 0 -0,09856 | 0,067057 |1 0,001272 | 0,063726 |1

0 0 0,015453 | 0,027975 |1 0,001985 | 0,016544 |1
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Jlanee MPOBOAMIINCH CPAaBHUTENIBHBIE HKC-
NEPUMEHTHI: OJJMH — METOJOM OOpaTHOro pac-
NPOCTpaHEeHUs1 OUIMOKH, OCTalbHBIE 32 — ¢ pas-
JUYHBIMU aKTUBAIMOHHBIMU (DYHKIMSIMHU U pa3-
JUYHBIMUA (QYHKIMAMHU JUIS ydera (pepoMOHOB.
Ecnu yka3anHbple QyHKIIMH UMEIH MTapaMmeTp, TO
paccMaTpUBaINCh KOHKPETHBIE 3HAYCHHUS Mapa-
METpOB. Pe3ynbTaThl 3KCIIEPUMEHTOB OTPaKEHbI
B Tabu. 2. [log TOYHOCTBIO AITOpUTMA MMOHUMA-
€TCs OTHOIICHWE NPAaBUIIBHO PEIICHHBIX IpH-
MEpPOB IPU MMOMOIIX JAHHOTO aJropuT™Ma K 00-

IIEMYy KOJIMYECTBY pelIaeMbIX MmpumepoB. Tou-
HOCTb QJITOPUTMA BBIpa)KEHA B IIPOIICHTAX.

B mnepBoii crpoke Tabn. 2 mpuBeneH pe-
3yJIbTaT, MOJYYSHHBIH MPU MOMOILHU aJrOpPUTMa
oOpaTHOro pacnpocTpaneHus omuoku. Bo Bcex
OCTAJIbHBIX CTpPOKax Taba. 2 ykKazaHO, Kakue
aKTUBAIIMOHHAS QYHKIMS U QPYHKIUS A yyeTa
(epOMOHOB HCIOJIB30BATUCH B IKCIIEPUMEHTE,
KpPOME TOTO, YKa3aHO KOJMYECTBO 3aTPauCHHBIX
UTepanun.

2. Tabnuua pe3yabTaToB SKCIIEPUMEHTOB

AKTHUBallMOHHAS i{ﬁzuql)deﬁpo- Kom/lqecnvso ToutocTs, %
byHKIHISA MOHOB UTepaIuii
ANroput™M 0OpPaTHOTO 3 78
pacipoCTpaHEHUs] ONINOKH

f,(X) 1,(X,5) 16 89

f,(X) 1,(x,5) 18 83

f,(x) 15(X.5) 72 94

f,(x) 1,(X,5) 9 83

f,(X) 1,(x,10) 9 83

f,(x) 1,(x,10) 12 83

f,(x) 1;(x,10) 70 78

f,(X) 1,(x,10) 18 56
f,(x,2) 1,(X,5) 9 89
f,(%,2) 1,(x,5) 7 89
F2(x.2) 15(X.5) 17 89
f,(x,2) 1,(x,5) Cerb He 00y4HITACH
f,(x,4) 1,(X,5) Cetb HE 00y4HITACH
f,(x,4) 1,(x,5) 12 100
f,(x,4) 1,(X,5) 12 89
f,(x,4) 1,(x,5) Cetb HE 00y4HITACH
f,(x,3) 1,(X,5) 13 83
f,(x,3) 1,(X,5) 14 89
f,(x3) 7,(x5) 57 94
f,(x,3) 1,(%,5) 7 89
f,(x,5) 1,(X,5) 10 83
f,(x,5) 1,(X,5) 8 83
f,(x,5) 1,(X,5) 22 89
f,(x,5) 1,(x,5) 10 78
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Pe3ynbTaThl SKCIIEPUMEHTOB MOKA3aJIH, YTO
Hawnyuinas TouHocth (100 %) mocturaercs mpu
MOMOIIHM THOPUIHOTO AITOPUTMA, €CIH B Kade-
CTBE AaKTHBAIlMOHHOM  (yHKUMH  BBIOpAThH

f,(x,4), a B xauectBe QyHKUUH A5 ydera (e-
pomoHOB — (yHkumi0 1,(X,5). Xopommue pe-
synbTathl (0T 85 10 99 %) mocturaroTcs mpu
nomomu ciepyommx nap ¢ynkmuid: f(X) u

m(x5); f,(x) m ny(x9); f,(x,2) m n(x5);
f,(x,2) m n,(x5); f,(x2) un,(x5); f,(x4)
u 1n;(x5); f,(x3) m n,(x5); f;(x3) u

n5(x.5); f;(x,3) m n,(x,9); f;(x,5) n n,(x,5).

3akinoueHue

[IpemioskeH OpUTMHAIBHBIA  THOPUIHBIN
aNropuT™M OOYYeHHUS! HCKYCCTBEHHON HEHpOH-
HOM CETM Ha OCHOBE aJIrOpUTMa MYypaBbUHOU
KOJIOHHM M aJropuTMa 0OpaTHOTO pacrpocTpa-
HEHHs OIIMOKH, MMEIOUINH CYIIeCTBEHHBIE OT-
T4 OT 0A30BBIX KIACCUYECKUX allTOPUTMOB.

ANropuTM MYypaBBUHON KOJIOHMH MCIHOJIb-
3yercs JUis opraHuzanuu 0osiee 3pPpeKTHBHOTO
[IOMCKA U BBIYUCIICHUS BECOB HEHMPOHHOU CETH
MIOCPE/ICTBOM BbIOOpa Oosiee KOPOTKHX ITyTen
JBU)KEHUS II0 HEMPOHHOW CETHU W WHIAMBUIY-
IILHOTO T0J00pa BECOB CETH MPH MOMOIIH ¢e-
poMoHOB. Ilo cpaBHEeHHUIO ¢ 6a30BBIM, AITOPUTM
MYPAaBbUHOM KOJIOHHMM CYLIECTBEHHO H3MEHEH.
B 0a3zoBOoM airopuTrMe 3a OCHOBY B3ST y4YeT
pacCTosiHUA MEXIYy KaKIOM MMapod COEIHUHEH-
HBIX Yy3JIOB. B IpeUIOKEHHOM alropurMme 3a
OCHOBY OepeTcsi ydyeT BEJIMYMHBI OIIUOKU B
KOHIIE IyTeniecTBUsl MypaBbd. Kpome Toro,
U3MEHEHHE D3JIEMEHTOB MaTpHll (EpOMOHOB C
y4ETOM BEJIMYMHBI OIIMOKHK Ha KaXKJIOM BBIXO]I-
HOM y3Iie (BMecTO yueTa oOmieil onmOKu ceTn)
MO3BOJIMJIO YCKOPHUTH MpPOIecC 00yUeHus.

KoppekTtupoBka Bcex BECOB CETM U BCEX
CMELIECHUN MPOUCXOAUT TOrAa, KOraa MpUOPH-
TETHBIE NYTH JABM)KEHHS 1O CETU MYpaBbIMH
BbIOpaHbl. [lpu 3TOM Beca ceTu M3MEHSIOTCS C
y4eTOM 3HaueHHH 3JEeMEHTOB MaTpullbl (epo-
MOHOB, OIIMOKM Ha KaXJOM Y3Ji€ BBIXOJHOTO
CJIOS. M TPEJIOKEHHOM (QYHKUMU A7 y4yera
(hepoMOHOB.

TectupoBanue ObUIO MPOBEIEHO HA TECTO-
BOIl 0a3e JMaHHBIX 3aJa4M YCTAHOBJICHHS Juar-
HO30B 3a00JIeBaHUIl MOYENOJIOBOW CHUCTEMBI.
Cetb oOyyasach ABYMS alrOpuTMaMH: KJIaccCH-
YECKUM aJITOPUTMOM OOpaTHOIO pacHpocTpaHe-
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HUSI OUIMOKM W TMPEJIOKEHHBIM B HACTOSIICH
paboTe rUOPHIHBIM AITOPUTMOM C PA3THYHBIMU
aKTHBAlMOHHBIMH (YHKIHSMH W Pa3IMIHBIMH
byHKIMAMEU Ui yaeTa ¢pepoMoHoB. TecT moka-
3a] paboTOCIIOCOOHOCTh MPEATIOKEHHOTO alro-
purMma. [Ipu TecTupoBaHUM BapbUPOBAIHCH Ia-
paMeTpsl A JOCTIDKCHUS HAWIy4IIero pe-
3ynbTara. BeiieneHsl HaOOpbl map (YHKIHH,
OpU KOTOPBIX JIOCTUTACTCS HAMIYYIIMHA BO3-
MOKHBIN pe3ynbraT — 100 % npaBuiIbHBIX OTBe-
TOB IPU TIPHEMIIEMOM BPEMEHH BBIUYMCIICHHH .
[Tonmy4yeHHbIe pe3ynbTaThl MO3BOJISIOT OXKH-
1aTh, YTO TAaKOH MMOAXOJ MOXET JaTh XOPOIIHE
pe3yNnbTaThl TPH PEIICHHH pPEATbHBIX 3a1ad
KJIacCHU(UKAIMK Ha PEabHBIX JTaHHBIX.
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