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MpeacTaBneHa MoAenb HEMPOHHOW CeTW, KOTopasi MO3BONISIET B pe3ynbTaTe NOBTOPOB MOTOPHOM NporpamMMbl (popMUpoBaHMe
COBCTBEHHOMO reHepaTopa naTTepHa akTMBHOCTU 3cdekTopa ¢ hopMoii Npoduss akTUBHOCTM, 3a4aBAEMON BHELLHEN MOTOp-
HOW MporpaMMo.

KomroyueBble c10Ba: HEVDOHHAS CETb, LIGHTPA/IbHBIN MEHEPATOP MATTEPHAE, K/IETOYHBIE MEXAHU3MbI [OBEAEHMS], OBYYEHME,
CUHarc Xeboa.

The model of the artificial neural network providing simplification of the implementation of the "external" motor program is
proposed. As a result of repetitions of this motor program, the formation of the own pattern generator of muscular activity
with the profile of the activity of the prescribed shape for each effectors occurs.

Keywords: neural network, cellular mechanisms of behavioral plasticity, Central pattern generators, Hebb synapse.

B pacnopsbkeHnu ncciienoBateneil U pa3padOTUYMKOB UMEETCsl TOCTaTOYHO XOPOLIO MpopaboTaHHas Teo-
pUs JUIA CO3JaHMs CHENHaTN3UPOBAaHHBIX HEHMPOHHBIX CETEH I0J] KOHKPETHBIC 3a/1aud, UCXOJS W3 THIIA
nHpopManmm U 3amaq 1o ee obpadorke. Kak mpaBmito, 3T0 KacaeTcs 3a/ad paclio3HaBaHHs CTATHYHBIX
00pazoB. B To jxe BpeMs Bce elle HeT aIeKBaTHBIX CTPYKTYPHO-(DYHKIIMOHANBHBIX MOJIENEH CIIOKHBIX Te-
HEpaTOpOB MATTEPHOB MBIIICYHONW AKTUBHOCTH, IMO3BOJSIOUIMX OOBSCHUTH MHOrOOOpa3ue M BBICOKYIO
CTEeTIeHb aJaNTUBHOCTH MOTOPHOTO TIOBEJCHHUS OMOIOTHMYECKHX MOJENeH K BHEIIHUM M3MEHEeHHsM. Pa3z-
JUYHBIMH aBTOPaMH MPEIararoTcsi MOAETH, KOHIENTyaJlbHO COOTBETCTBYIOIINE PAa3HOYPOBHEBHIM HEM-
POHHBIM CHCTEMaM, UMHTUPYIOIIUM T€HEPaTOPbl ABUTaTeIbHOW aKTUBHOCTH (LEHTPAIBHBIX TeHEPaTOPOB
narrepra, CPG) [1], HO ocHOBO#l OONBIIMHCTBA MOJOOHBIX MOJETEH OCTAIOTCS MPOCTHIE TPHUTTEPHBIE
cxeMbl. OCHOBHBIM HEZOCTAaTKOM CYLIECTBYIOIIMX MOJIENEN SIBISETCS TO, YTO IMOIOOHBIE CHCTEMBI HE TIO-
3BOJISIIOT OCYIIECTBISITh aBTOHOMHOE (DOPMHUPOBaHKE CIOKHBIX aIallTUBHBIX Tpoduiell maTTepHOB aKTU-
Banuu 3(PPEKTOPHBIX CUCTEM, UTO JIEXKHT 33 TPaHUIAMH (PYHKIIMOHAIBHBIX BO3MOXKHOCTEH TaKHX KiIac-
cHYecKux Mofenei [1].

Henr pab®oTBhl — NPEUIOKUTH BAPHAHT HEUPOHHOU CETH, OOCCIICUMBAIOIINN TUHAMHYECKOES
oOJieryeHre peajiu3aluy YIpaBiIsieMol «M3BHE» MOTOPHON mporpaMMbl. OCHOBHOHM HMOAXO[ 3aKIF0YAETCs
B TOM, 9TO B (pOPMHPOBaHUHU OONIErde€HUS] MOTOPHOU MPOTPaMMBI M, COOTBETCTBEHHO, B TIOSBJICHUU OT-
JIENbHBIX TeHepaTtopoB 3(P(eKkTOpHOM aKTHBHOCTH, YHaCTBYIOT BCE CTPYKTYPHI CETH, 3aJciCTBOBAaHHbIC B
MOTOPHOI Tporpamme, — 3aAeCTBOBaHHbIE KaK B (DOPMHUPOBAaHNH YIPABISAIOLIETO CUTHANIA, TaK U B BOC-
MPHUSATAN UHPOPMAIIUU O JAHHON aKTHBHOCTH.

[TomoOusie B3mIsAMEl Ha ipupony CPG, OTIMYHBIE OT KIACCHYECKUX TEOPUH, CETOMHS TaKKe IOSB-
nstotes [2]. CeTh COCTOMT M3 B3aMMOCBS3aHHBIX OJIOKOB, 00ECIIEUMBAIOIINX €€ IIACTHYHOCTDL B IIIAHE
00yCIIOBITMBAHMS CUTHAIIOB; B JAHHOM CETH pean3yloTcs NpuHIuIbl Xe06a (puc. 1). [ltactuanocTh NpH
3TOM CBS3aHa KakK ¢ N3MEHEHHEeM BO30YIMMOCTH OTIEIbHBIX HEHPOHOB, TaK U C 3(h(pEeKTUBHOCTHIO CHHAIT-
TH4ecKkoi nepenauu [3, 4]. B pesynprare MOBTOPHBIX NMPEABABICHUNA OAHON M TOMl e MOTOPHOW Mpo-
rpaMMBbI IPOUCXOIUT aBTOMaTH4YeCcKoe (popMUpOBaHIE COOCTBEHHOTO reHepaTopa narTepHa 3pQpeKTopHOi
aKTUBHOCTH, JOIMOIHUTEIHHOTO K BHEITHEMY. B Momenu mpucyTCTBYET MOMEHT CTOXaCTUYHOCTH, BBIpa-
KAIOIUKCS B pa3dpoce mapaMeTpoB IEMEHTOB, KaK KII04eBasi BO3MOKHOCTh HEOAHOBPEMEHHOM, 1MOCIIe-
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Puc. 1. Obwas cxema cety, obecrieunBaronas GpopMUpoBaHHE COOCTBEHHOrO IeHepaTopa MaTTepHa MOTOPHOW AaKTHBHOCTH:
Snl — mepBuuHOCEHCOpHBIE Heliponbl; SN2 — BropudHOCEHCOpHBIE HelpoHsl; IN2 (Activator) — OGJOK aKTHBalMU IMATTEPHA;
NI(CPG) — 6110k opMupoBaHusi MOTOPHOH mporpaMmsl; MN — MOTOHEHpOHBI; «Muscle» — 3 dexTopst

JIOBaTeIbHOM aKTUBALlMU MHTEPHEHPOHOB, oOecneunBaroias (GopMupoBaHUe Ul KaXI0ro MOCIeqyomIe-
TO DJIEMEHTa CBOETO BXOJHOTO 00pasa, co/iepKaliero ONMKallIyio npepICTOPHIO.

@®opMHpOBaHNE CIOXKHOW BBIXOIHOW AMHAMUYECKOM AaKTHBHOCTH, COOTBETCTBYIOIEH IWHaMHue-
CKOMY BXOZHOMY 00pa3y, obecneunBaeTcsl 6aaropaps CeHCOpPHON MH(OPMAINK, MEXHEHPOHHBIM CBSI35IM
B O0soke IN(CPF), a taxxe csazu IN(CPG) ¢ Omoxom IN2, yrpasisiroliuM aKTHBHOCTbIO MOTOHEHPOHOB
MY BBHIMOJTHEHWW HEKOW BHEIIHEH MOTOpHOU mporpaMmsl (puc. 1). B kauecTBe Monenu HeiipoHa BEIOpaH
(hopMaITbHBII TOPOTOBBIN AIIEMEHT, 00JaMaroIINi (HOPMATEHON CITANKOBON aKTUBHOCTHIO 0€3 IeTaIhbHOTO
onrcaHus (POPMEI CTIaKoB [4].

® Tekymias MoJEb HSHPOHHOW CETH W MpenjiaracMblid TOAXOA B IIEJIOM IO3BOJIMIN TPUOITU3UTHCH K
00BSICHEHHIO HEKOTOPBIX BOITPOCOB, BOSHUKAIOIIUX MTPY aHAJH3E JaHHBIX 3JEKTPOPU3NOIOTHIECKIX
JKCIIEPUMEHTOB. B WacTHOCTH, 3TO KacaeTcs HAONIOMAaeMBIX MO3AHUX OTBETOB IPH YaCTOTHOW CTH-
MYJSILIMA B 3JIEKTPOPHUIUOIOTHUSCKUX IKCIIEPUMEHTAX IPU BBIIOJIHEHWU XOPOIIO 3HAKOMOU CyOb-
€KTY MOTOPHOM MPOTPaMMBbl, 3aBUCUMOM OT KOHTEKCTA.

Paboma evinonnena 3a cuem cpeocme cybcuouu, @vl0eNeHHOU 8 PAMKAX 20CYOAPCMEEHHOI NOO-
oeparcku Kazanckozo (Ilpueonsicckozo) ghedepanvnozo ynusepcumema 6 ueisax noBblUeHUs €20 KOHKY-
DEHMOCROCOOHOCIU CPeOU 8eOYULUX MUPOBLIX HAYUHO-00PA308AMETbHBIX UEHMPOB U RPU NOOOEPIHCKe
PODHU (zpanm Ne 15-44-02697).
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On the basis of the original software the variants of the neural structures configurations have been tested. These networks
provide plasticity on the level of conditioning the signals coming from the neural blocks of different functions, which allows
the implementation of the principle of Hebbian plasticity. It was found a principal architecture of dynamic stochastic artificial
neural network, which provides facilitation of the execution of the motor program. It was shown forming of the pattern
generator of muscle activity with the activity profile of the single muscle of any specified waveform. The interconnections
between the elements, which lead to the sequential activation of elements during the formation of the motor activity patterns
present in proposed model. These interconnections allow for explaining the modulation polysynaptic responses observed in
the electrophysiological experiments after applying of frequency stimulation. The described scheme also explains the
necessity of optimal sensory input in restoring pre-existing motor programs, including motor programs after injuries, as well
as the necessity of the additional activation or loading for improving of the motor response.

The work Is performed according to the Russian Government Program of Competitive Growth of Kazan Federal
University and supported by RFBR (grant No. 15-44-02697).

REFERENCES

1.

2.

3.

Rybak I.A., Shevtsova N.A., Lafreniere-Roula M., McCrea D.A. Modelling spinal circuitry involved in locomotor pattern generation: insights from
deletions during fictive locomotion // J.Physiol. 2006. V. 577. N2 2. P. 617-639.

Sidorov A.V. Central'ny'e generatory' ritma i funkczional'naya aktivnost' nejronny'x setej mozga // Novosti mediko-biologicheskix nauk. 2010.
T. 1. N2 2. S. 243-250.

Tarasova E.A. The electrical characteristics of command and motor neurons during acquisition of a conditioned defensive reflex and formation of
long-term sensitization in snails // Neuroscience and Behavioral Physiology. 2000. V. 30. N2 1. P. 81-88.

Andrianov V.V., Gajnutdinov X.L. Model' plastichnoj nejronnoj seti oboronitel'nogo povedeniya vinogradnoj ulitki na osnove spajkovy'x formal'ny'x
nejronov s formal'noj aktivnost'yu // Nejrokomp'yutery': razrabotka, primenenie. 2015. N2 4. S. 16-17.

HelipokoMnbloTepbl: pa3paborka, npuMmeHeHue, N2 5, 2017 r. 51



