Heripoghmsnonornyeckne MogesIm HERpPOHHbIX ceTel., Kparine coobujenns

YK [007:572. 788]. 001.57

CBsi3b BpeMEHHBIX IAPpaAMETPOB NOBEJIeHUSA
C AKTHBHOCTBHIO HEIPOHOB B 3aBUCHMOCTH
oT ee TupdepeHIUPOBAHHOCTH

© AsTopbl, 2017
© 000 «UzpaTenbcTBO «PaguorexHuka», 2017

A.T. TOPKWH — K. [ICHXOJI. H., CT. HayY. COTPYAHMK, MHCTUTYT fcuxostormy PAH (MockBa)
E-mail: agorkin@yandex.ru

E.A. Kysuna — M. Hayy. cotpyaHnk, MHcTutyT ricvxosnorm PAH (Mocksa)

E-mail: ehofir@mail.ru

[poBesieHo UccnenoBaHne C Lenbio BbISICHEHUS 06ecrieqeHnsl akTUBHOCTbIO HEMPOHOB MOBEAEHHs, B HaCTHOCTH A/IUTESbHO-
CTW noBeaeHYecKkux akToB. MPoAEeMOHCTPUPOBaHA CBSA3b BEPOSTHOCTM HaNUHMA KOPPENALWU ANMTENBHOCTU MOBESEHYECKNX
aKTOB ¥ YaCTOThI MMMY/bCALMM C MOKasaTeneM anddepeHLMpOBaHHOCTU CMalikoBOH aKTUBHOCTY KOPKOBLIX HEMPOHOB. Pabo-
74 [1044EpXKaHa rpaHToM PH® N9 14-28-00229.

[CnroueBnie cnoBa: CriavikoBasi aKTUBHOCTB, JUTMTE/IbHOCTE TOBEAEHYECKOIO aKTa, ANPPEPEHLIVNPOBAHHOCTE UMITY IbCALINA.

The study was conducted to clarify the neuronal supply of behavior, in particular the duration of behavioral acts. We demon-
strate the relation between probability of presence of correlation of the duration of the acts and spiking frequency with the
indicator of differentiation of cortical neuron spiking activity. 7/he work was supported by RSF grant 14-28-00229.

Keywords: neuronal spiking activity, behavioral act duration, differentiation of impulsation.

B psze pa6oT 6bUIO TOKa3aHO, YTO 110 AKTHBHOCTH CIIELM(MUIECKY CBA3AHHBIX C MOBEJCHUEM HEMPOHOB MO~
HO JIOBOJIFHO TOYHO OIMCATh IOBEIEHNE, PEATM30BBIBABIIEECS BO BPEMS PETHCTPALMY MMITYIbCHOM aKTHBHO-
CTH 9TUX HelpoHOB [1, 2]. B To ke Bpems CBS3b KOJMYECTBEHHBIX MAPaMETPOB MOBECHNSI, TAKUX KaK BPEMEH-
HBIE ¥ TOYHOCTHBIE €TO XapaKTEPUCTHKH, C AKTHBHOCTHIO HEHPOHOB He 6bUIa JOCTATOYHO HccnenoBana [3].

[lens paboTh — COMOCTaBUTH IUDPEPEHIIMPOBAHHOCTE aKTUBHOCTH HEMPOHA B MOBEICHHUH,
ONpeeNseMyto Kak HepaBHOMEPHOCTE YaCTOT €r0 MMITYJIbCAlluK B PA3HBIX MOBEACHYESCKUX aKTaX, C Bpe-
MEHHBIMY [apaMeTPaMU pealn3yeMbIX aKTOB MOBeIEHHs. B KauecTBe CTPYKTYphl PETHCTpaly HEHpPOH-
HO aKTHBHOCTH BHIOpaHa PETPOCILIEHHANbHAS KOPa, 3HAYUTeIbHAs JOJA HeHpOHOB KOTOpo# crenupu-
YeCKM aKTHBHPYETCS B aKTaX NMPHMEHEHHOr0 HaMH MHCTPYMEHTAIBHOIO MHIIEN00bIBATENBHOTO rnoseze-
HUS HaXaTHs Tenayeil IUis MOoXydeHWs HMUIIU U3
KOpMYIIEK.

HccnenoBanue MpOBENEHO HA YETHIPEX IIOJIO-
BO3pENBIX Kpbicax 000ero mona, 00y4eHHBIX IIOBE-
JEHUI0 JOOBIBAHUS MUY W3 KOPMYIIEK IIocie Ha-
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12 KaTHs Tefajiel TIOCNenoBaTeNbHO Ha JBYX CTOpO-
10 [ Hax DKCIepUMEHTAIsHON KieTku. IloBeneHue Ha
fé 5 2 | Ka)KTOH CTOPOHE KIIETKH (POPMHUPOBANIH B IAThH 5Ta-
4 1 [IOB, COOTBETCTBYIOIINX aKTaM Je(UHUTUBHOIO II0-
2 2 BeleHns. B KauecTBe mokaszaTens Ou(pQepeHIupo-
0 BAHHOCTH HEHPOHHON AKTWBHOCTH B TIOBEIEHUH

Hemudd. Jiudd. Hecmen.  Crmen. axT.

Jlons ciyyaes Koppensinii, %

BHIOpaHO 3HAYCHHE HeNapaMeTpHYECKOro KpUTEpHst
Jlmarpamma moJoKATenbHBIX (/) ¥ OTPHIATENbHBIX (2) Koppers- PHRAMARA JL DICHEY HEpABHOMEPHOCTH SREIOT
1UH B Pa3HEIX (GopMax aKTUBHOCTH HEHPOHOB aKTHBHOCTH B NOBEJICHIECKHX aKTaX. 13 HpOaBaIn-
3apOBaHHBIX 274 KIETOK JOs HEHPOHOB C HEpaB-
HOMEpHO# UMITyJTbCAIHEH, COOTBETCTBOBABIINK YPOBHIO JOCTOBEPHOCTH JJAHHOTO KpuTepus B 5% (p < 0,05),
3HAYMMO He pasNuuaiach B TOBEAEHUN Ha IIEPBOi U BTOPOH 110 NOpsAaKy 00ydeHus cTopoHax KieTku. OnHa-
KO JIONS CIy4aeB KOPPEJSIHMHI YaCTOTh UMITYIbCAIMK C JUTATENbHOCTBIO aKkTa Oblla JOCTOBEPHO BBILIE JUIA
aKTHBHOCTH B TIOBEIEHUH Ha TIEpBOii cTopoHe (Xu-kBapart, p < 0,001).
Pacyer KOppeJsLyii 4aCTOTHI aKTUBHOCTH HefpOHa B BBIIENEHHBIX IIATH aKTax MUIIEA00BIBATEIBHOTO
HOBEIEHU Ha OJIHOM CTOPOHE KJIETKH C MX JUIMTENHHOCTBIO MOKasal I 00eHX IpyI )KUBOTHBIX JOCTO-
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BEPHO GONBIIYIO TOM KOPPENLHMA ¢ JUIUTeTEHOCTEIO OBEIEHUYECKUX aKTOB 1A HEHPOHOB ¢ muddepeH-
LMPOBAHHOM aKTHBHOCTBIO, YeM 6e3 TakoBoi. B 1ocTOBEpHO GoMbIleM 4ycCiIe CIIyd4aeB KOpPPEIIUs 4acTo-
Tl MMITYJIbCALMH HEHpPOHA W JUIMTENBHOCTH TOBEJEHYECKOro akra Obiuia mosioxuTensHoi. Ha pucynke
NPECTABIECHBI JOMU CIYYaeB IONOXKUTENBHBIX M OTPHIATENBHBIX KOPPEeNdlMi [/ pasHbIX BapHaHTOB
b depeHIUPOBAHHOCTH UMITYJIbCALMH KOPKOBBIX HEHPOHOB B nosefenuu. 1o ocu abeiyce paHa nomns ak-
TOB ¢ OOHApPYXEHHON KOppersilyel YacTOThl UMITYJIbCAlluy HeHpoHa U AIUTeNnsHOCTH aKTa. I1o ocu opau-
HaT NpPeCTAB/IEHB! TIOCIENOBATENbHO CleAyIOlie BapHaHThl HeHPOHHO! akTHBHOCTH: HenuddepeHnupo-
BaHHAsI AKTMBHOCTH; IH(depeHIpoBaHHas aKTUBHOCTh HEHPOHOB C HEYCTAHOBJICHHOM CIeLMallM3alueH;
HecTenrduueckas aKTUBHOCTD CIIELUANH3UPOBAHHBIX HEWPOHOB; aKTUBHOCTh CIEIMANN3HPOBAHHBIX Hew-
POHOB B CHIeLH(PUIECKUX TTOBEJEHYECKUX aKTaX.

Bo Beex ciydasx (PHCYHOK) JIOJH MOJOKUTENBHBIX ¥ OTPUIIATENbHbIX KOPPENSLUM JOCTOBEPHO OT-
JIMYAIOTCA M0 KPUTEpHI0 XU-KBaapaT. Pasnuure NONH HONOXKUTENBHBIX M OTPUIATENBHBIX KOPPEIAui
TaK)Ke€ JOCTOBEPHO MEXIy ClIydasmu HemudbepeHIMpoBaHHOH, mupdepeHnupoBaHHON U crenupuye-
cxoif aktupHOCTH. OOpamaer Ha ceOs BHUMaHVNe UHBEPTUPOBAHHOE COOTHOILIEHHE KOPPEIALUHA Pa3HOro
3HaKa A4 crienu(puIecKoy akTHBHOCTH.

® ViccnenoBaHue IOKA3alio, YTO MOXET OLITh BBIABIEHA CBA3DL YACTOTHI aKTMBHOCTH HEHPOHOB C JJH-
TEIbHOCTBIO MOBENEHYECKHX AKTOB YKUBOTHBIX, ¥ 3Ta CBA3b PasiMYHA I HEWPOHOB C PasHOMH cTe-
neHpro nubdepeHIMPOBaHHOCTH aKTHBHOCTH B MX IOBEJCHNUH.

Paboma nooodepoicana epanmom PHD No 14-28-00229.
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In this work, we compared the neuronal activity differentiation in the behavior, defined as the unevenness of its frequency in
different behavioral acts, with temporal parameters of the realized acts. As an area of registration of neuronal activity were
selected retrosplenial cortex, a significant proportion of which neurons are specifically activated in the acts of applied food-
acquisition instrumental behavior of pressing the pedals to obtain food from the feeders.

The study was conducted on 4 mature rats of both sexes, which were trained behavior on two sides of the cage. As an
indicator of differentiation of neuron activity in behavior we selected nonparametric Friedman's criterion for the assessment
of uniformity of frequencies of activity in behavioral acts. From 274 analyzed neurons the proportion of cells, corresponding
to the confidence level of this criterion in 5% (p<0.05), did not significantly differ in the behavior on the first and second
sides of the cage. Calculation of correlations between the frequencies of neuronal activity in behavioral acts on each side of
the cage with their durations showed a significantly greater number of correlations for neurons with differentiated activity
than without it. In all cases of differently differentiated neuronal activity the rate of positive and negative correlations was
significantly different by Chi-square criterion. The difference in the proportion of positive and negative correlations was sig-
nificant between undifferentiated, differentiated and specific activity.
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MpoBeaeHo conocTasnieHne ocoBeHHOCTEN 06ydeHUs MHOTO3BEHLEBbLIM WHCTPYMEHTalbHbIM HaBbikaM Y KpbiC, npeasapy-
TENbHO 0BYUYeHHbIX OAHOW WK ABYM MPOCTHIM 3afadvam. OnucaHa pasnuyalowascs AMHaM1Ka NoBeAeHYEcKUX XapakTepucTuk
BbINOJIHEHWS MHOMO3BEHLEBOW MOCNEAOBATENBHOCTU Y XUBOTHBIX C PasHbIM YUCIIOM 3TanoB MpeaLecTBytolero obyyeHus.
Pabora riogaepxara rpaHtom PH® N2 14-28-00229,

Krouesbie crosa: ncropus 0ByyeHns, TOBELEHNE, KpbIChl, MHOMO3BEHLEBLIE [IOCTIEAOBATENILHOCTH, WHCTPYMEHTA/IbHBIN
HaBbIK, ANPPHEPEHLNELNA. :

Characteristics of chained instrumental skills’ formation were compared in rats that were preliminary taught to perform one or
two simple tasks. We found significant differences in behavioral dynamics of acquisition of chained sequences in animals with
different number of stages of preceding learning. 7he work was supported by RSF grant 14-28-00229.

Keywords: history of learning, rats, chained behaviour, instrumental skill, differentiation,

Tpaekropus audepeHIHauy CHCTEMHONW CTPYKTYPBI ONbITa NMPU GOPMUPOBAHUN HOBOT'O €€ KOMIIOHEH-
Ta 3aBUCHT OT XapaKTepUCTHK 3aJa4d ¥ HCTOPUM NpeuecTByromero ooydenus [1, 2]. OnHako B Moze-
19X 00y4YeHHUs MPOCTHIM HHCTPYMEHTAIBHBIM aKTaM IIpH aHalIK3e MOBEeIeHYEeCKUX MoKa3aTenei, Kak pa-
BIJIO, BEISBJISIETCS BKJIAJ TOJBKO IMepBoro ¢akropa [1], B oTMuue oT MeToquK 00y4eHus MHOTO3BEHbE-
BBIM IIOCJIEIOBATENBHOCTAM aKTOB [3], KOTOpBIE IO3BOISIOT TAaKXKe MOMOIHUTENBHO KOHTPOIUPOBATH

9TaIbl IpUOOpeTeHNsT HOBOTO HaBhbIKa [3, 4].

% 9 Tpymma 1 Ilensr pabOTH — CONOCTABHTL Xapak-

E 4 N TepUCTUKH (OPMHUPOBAHUS ABYXNENATbHOHN (IBYX-
g5 29 s 3BEHBEBOI) IOCIEeOBATENFHOCTH aKTOB Y KPBIC C
=E 0 . . gt . PA3HBIM YHCJIOM 3TAllOB MPEIIIECTBYOIEro oly-
£ 2 24 4 5 ¢ 7 | 4eHWS 5TOMY IOBEIEHHIO.

5 _4- JiBe rpymmbl kpbic auauu Long-Evans (06oe-

2 ¢ Tpyima 2 ro nona, 7-14 mMec.) o6yJanuch HaKMMAaTh Ha JIBE

mefanu B (PUKCUPOBAHHOHN MOCIENOBATEILHOCTH
U TIOTMYYEeHHs OHOM MOPITMY MWUMLY W3 KOPMYIL-
xu. [lepBas rpymnmna xpeic (n=7) ObLia IpeaBapH-
TeNbHO O0yd4eHa IBYM OJMHAKOBHIM OIHOIIENAllb-
HBIM («IPOCTBIM») IMKJINYECKAM HaBbIKaM Ha
NIepBOH U BTOPOHM CTOpOHAX SKCTIEPUMEHTANBHOH
KJIETKH, & BTOpas Ipymnmna (7 = 5) — IpocTOMYy LIUK-
JIy TOJIBKO Ha OJHOM CTOpPOHE KJIETKH. B IBYX3BEHbEBOM MOCIENOBATEIBHOCTH ¥ BCEX KHBOTHBIX IIEPBOH
0 MOPSAIKY HaxkaThi OblIa IepBas U B MCTOPHUU OOy4YeHHs Nefalb, a BTOpas HaxXOIWIach MOCEPEIHHE
KJIeTKH. BpUIo 00HapyXeHO, 4To o0ydeHHe IepBOMY OJHONENAIbHOMY HaBBIKY Yy Kpblc 00€MX TpyIII
npoucxoauio 6pictpee (10 Hone 3P PeKTHBHBIX UKIOB B CECCHH OOYUEHUS K MX CpeIHEMY YHCIY B Jie-
(UHUTHBHOM TIOBEIEHUH Y JaHHOTO KUBOTHOTO TIPY PEATM3aLlUH KaXIOH MOCIeI0BaTeIbHOCTH aKTOB),
yeM aByxnegaabHoMy (Mann—Whitney Z = 2,54, p = 0,012), HO B mepBoii TpyIie AIUTEIFHOCT LIUKIA B
MPOCTOM HaBbIKe ObLTA 3HAYMMO BBIILE, YeM B AByxmnenansHoM (Wilcoxon Z = 2,13, p =0,032), a Bo BTO-
poit rpymiie 3To cootHomeHue 610 o6pataeM (Wilcoxon Z = 1,99, p = 0,046) (pucyHoK).

I'paduueckoe NpeACTaBICHUE PA3HHUIbI B JIIUTEIBHOCTH IIAKIIH-
YECKHX IOCIIE/I0BATEBHOCTEH aKTOB IpH OOYyHCHHH OJHOIIE-
JTAIBHOMY H JIBYXIIE€JaIbHOMY HaBBIKAM B JABYX TPYyIIax KpPhIC
(o ocu aGenuce — MOPSIKOBEIA HOMEP KPBICHI B KaXKJO0H TpyII-
1€, 10 OCH OpJIMHAT — Pa3HUIA B JIUTEILHOCTH MEXTY OJHOIC-
JAJIbHBIM U JBYXIICIAIbHBIM IUKIAMH, C)
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Oxa3anock, YTO B MEPBOU TPyIIe KUBOTHBIX JOCTOBEPHOE COKpAIEHNE CPENHEr0 BPEMEHH IIUKIIA

MPOMCXOMUT TIpH OOYYEHUWH BTOPOMY OIHOTIENAIBHOMY HaBBIKY, aHalOrmyHoMy nepsoMy (Wilcoxon

Z:

2,37, p=0,018), u 3HauUMO He yBeNWuMBaeTCAd NPH (POPMHPOBAHUK [BYX3BEHLEBOTO IOBEACHMS

(Wilcoxon Z= 0,67, p=0,5); Takxe OTHOCUTEIHHOE YHCIO 3QPEKTUBHBIX LUKIOB ObLIO HAHOOIBIIMM
npu 06y4YeHnr BTOpOMY oqHomenansHoMy Haseiky (Wilcoxon Z = 2,55, p = 0,01). Ananu3s ocoGeHHOCTEH
HOBEJEeHNs B JBYX TPYIIaxX KPhIC B TeYeHWe 00y4ICHHUS U TPeX JHEH MOBTOpEHHs JBYX3BEHLEBOM IOCIIE-
JOBATEILHOCTH TI0Ka3ajl, 9TO B NEpBOH rpymie ObUIo Oonble «OMMOOYHBIX» HUKIOB B MUHYTY, B TOM
YuCle ONUHOYHBIX HAXATHH Ha CPETHIOI0 Meqajib W MOCIeNOBATeNbHOCTeH HaXaTul 0T CpefHel K nep-
Boii mefamu (Mann—Whitney Z = 2, p = 0,044).

O6yuenne KpeIC BTOPOMY HPOCTOMY WHCTPYMEHTaIbHOMY HAaBBIKY, aHAJIOTUYHOMY I€PBOMY, C O~
HOM CTOpOHBL, o6erdano GpopMupoBanue Gonee CIOKHOH IBYX3BEeHbEBOH NOCIEI0BATENLHOCTH (110
BpEMEHHBIM ITapaMeTpaM MOBEIEH¥s), a C JPYroi, — NPUBOJMIO K 3HAUMMOMY YBEIHIEHHIO HE3(-
(EKTHBHBIX LIUKIIOB, 110 CPABHEHHUIO C KUBOTHBIMHU, 00YYEHHBIMH TOIBKO OJHOMY IIPOCTOMY LIMKITY.

Paboma noodoepoicana epanmom PHD Ne 14-28-00229.
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The task of the present study was to compare behavioral performance during learning a two-pedal chained sequence in two
group of Long-Evans rats (6 males and 6 females, 7-15 months) that had previously acquired a different number of simple
(not chained) skills: one group of rats (n=7) had learned two similar one-pedal operant behaviors on the opposite sides of
the experimental cage, and a second group (n=>5) — only one of simple skills. The two-pedal sequence in both groups always
began with the pedal that was the first in the history of learning, and a second pedal was located in the middie of the cage.
We found that both groups of rats learned the very first one-pedal skill significantly faster than two-pedal chain, though the
first group performed more slowly during the first one-pedal learning than during training in the two-pedal task, in contrast to
the second group that had the opposite proportion of durations on these tasks. It appeared that significant decrease of a
mean cycle duration in the first group occurred during learning a second one-pedal skill. When comparing the performance of
two groups of rats in the course of four days’ training on the two-pedal sequence we found that the first group had signifi-
cantly more “test” cycles per minute. It can be supposed that shorter mean cycle duration and larger overall proportions of
effective and “test” cycles in rats that had learned two similar one-pedal skills, can be related to the possibility of a simulta-
neous actualization of components of experience in this domain that emerged during learning a second simple behaviour,
while the development of relevant components and their interrelations in a second group began with the start of the two-
pedal sequence learning.

This work was supported by Russian Science Foundation grants N214-28-00229,
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MMokasaHo, YTo nocrne obyueHWUst BTOPOMY MHCTPYMEHTaNIbHOMY HaBblKY, CXO[HOMY C MEpBbIM, Y KPbIC MPOUCXOANT 3HauMMoe
yBeNMUeHre [0NK HelipOHOB PeTPOCI/IEHWanbHON Kopbl, CreLnani3upoBaHHbIX OTHOCUTENIBHO MOBEAEHHECKUX aKToB, CBA-
3aHHbIX C MOAXOAOM U HAXKaTUEM Ha Nedanb, Mo CPaBHEHWIO YUCTIOM KIETOK, CreLn@UUECKN aKTUBHbLIX B KOPMYLUEYHbIX aK-
Tax NULLEN0BLIBATENLHOTO LMKNa. PaboTa BIMONHEHA B PaMKaX MCC/IEA0BATENLCKON MPOrpaMMbl BeayLesi Hay HoW LWKOsk!
P® «CrictemHas ricvixogusnosnornsy (HLL-9808.2016.6) n noggepxaHa rpaHToM PO@U Ne 17-06-00999.

KonoyeBsie CIoBa: 06yHEHNE, MHCTDYMEHTA/IBHOE [TOBELEHHE, KpbICh], CIIELNA/NZALINS HEVPOHOB, PETPOCIVIEHHE/TBHAS KOPA.

We found that after learning a second operant skill there was an increase in the proportion of neurons of rats” retrosplenial
cortex specialized in relation to acts of approaching and pressing the levers as compared to the number of neurons specifical-
ly active in feeder acts of the food-acquisition cycle. 77is work was conducted as a part of the research program of Leading
Scientific Schools of RF “System psychophysiology” (NSh-9808.2016.6) and supported by RFBR N¢ 17-06-00999.

Keywortdls: learning, operant behaviour, rats, specialization of neurons, retrosplenial cortex.

Ilpu GpopMuUpOBaHUH Psiia CXOMHBIX HABBIKOB 00yUEeHHE KaXIOMY MOCIENYIONIEMY MOBEASHHUIO TIPOHUCXO0-
JUT OBICTpEE, €CIIM Y KUBOTHOTO €CTh BO3MOXKHOCTh HCIIOJIB30BaTh IPEbIAYIIUH OMBIT B HOBOH CHTYya-
1y [1]. B Takom ciiydae B mponecce 00ydeHHs MOXeT HabMroaThCa aKTHBAlMs 9acTH HEHPOHOB, Clie-
[MAIM3UPOBAHHBIX OTHOCHTENBHO PaHee BhIyYEHHBIX NMOBENECHYECKHX aKTOB, B aHAJIOIMYHBIX aKTax HO-
Boro nosenenns [1, 2]. OnHako B neUHUTHBHOM TOBEAECHUH B 3KCIEPUMEHTaX C PErMCTpalded aKThB-
HOCTH HEHpPOHOB KOPHI ¥ KPOJIMKOB U KPBIC HE OBLIO 00HAPYXKEHO 3HAYMMBIX PasiHYiil MEXIY MPOIOp-
[USIMH KJIETOK, CIIEIUAIM3HPOBAHHBIX HA CXOIHBIX NOBEIEHYECKUX akTax [2]. YToObI BEIACHUTD, KaK Me-
HAETCS paclpeeNeHre akTHBHOCTH KOPKOBBIX HEHPOHOB mHocie 00y4eHHs BTOPOMY, CXOIHOMY C Tiep-
BBIM, TTOBEICHHIO, IPOBOAMIIN CPaBHEHHUE NATTEPHOB CHECHMANU3AIMM HEHPOHOB PETPOILIEHHANBHOM KO-
pot (PK) kpsic mocie 06y4eHus MHCTPYMEHTaIbHOMY HAaBBIKY — HXAaTHIO Ha TIEPBYIO ¥ BTOPYIO MEANH.

[epsyto rpymiy kpsic (Long-Evans, camipl, 6-15 Mec., n=4) 1no sTanam o0ydYain HaXuMaTh Ha
OJIHY Tieqaib Ui TONyYeHus NHUIMY M3 KOPMYLIKH, PacIOIOKEHHON B TIPOTHBOIIOIOXHOM YIIIy SKCIIe-
PUMEHTAIBHON KIeTKH. D Tan bl 006y de HH A — HOAXOX K KOPMYIIKE, OTXOJ] OT KOPMYIUKH, IOAXOT
K IeJadyd ¥ HakaThe Ha Iefais. Bropyro rpymmy Kpbic (7 =4) cHadana Takxe II0 3TanaM o0ydaliy LHUK-
JINYECKOMY HABBIKY Ha IIEPBOW CTOPOHE, a 3aTeM — aHAJOTHYHOMY IOBEEHHIO Ha BTOPO# CTOPOHE KIIeT-
KH, HO 3a oxuH stan [3]. Perucrpaumio akrusHocTH HeiipoHoB PK (AP=4,5, L=1) npoBoawiu CTEKIsH-
HBIMH MHKPO3JIEKTPOaMH, 3arnonHeHHsvy 2,5 M pactBopom KCl ¢ umnenancom 2...4 Mom uepes Hezie-
JI10 TIOCIIE 3aBepiieHus ooyueHus [4].

Bce KphICHI JOCTOBEPHO OBICTpee 00yJaIHCch BTOPOMY HaBBIKY (KpuTepHi 06ydenus — cemb d(Qek-
THBHBIX IUKIOB MOApSM), 0 cpaBHeHuto ¢ nepesiM (Wilcoxon, Z=3,7, n=19, p<0,001), no B nedunu-
THBHOM TIOBEJEHHHU CPEIHsIs JTUTEeIFHOCT IMKJIOB Ha NIEPBOH M BTOPOM CTOpOHaxX oOydeHHs He pasinya-
nack (4,64 + 1 ¢ Ha mepBo# cropowe, 5,17 = 1,37 ¢ — Ha Bropo#, Z= 1,33, n= 10, p = 0,183). HecmoTps Ha
TO, 9TO MEXy AByMs IPYINaMu KPbIC He GbLI0 0GHAPYKEHO 3HAYMMBIX PasIuduii B CyMMapHOH JioJie Hewl-
POHOB, CTIENHATM3UPOBAHHBIX OTHOCHTENBHO aKTOB HOBOTO moBezieHHs (25 u3 171 — B mepso¥ rpymie, 40
u3 215 — Bo BrOpO#i, Fisher exact, p=0,18), unciao KIeTOK, aKTUBMPYIOUIMXCH B MOBEIEHYECKUX aKTax
«KOPMYIIeUHO#» (TOIXOM ¥ 3aXBaT MU W3 KOPMYLIEK) H «IeJaTbHON» (OIXO/ U HaXKATHE Ha TE/ANIH)
MIOJOBHHAX MHUIIEN00BIBATENBHBIX HUKIOB, TOMEHSUIOCH. ECIIN B IIEpBOM I'PYIIIE UBOTHLIX B CEPHUH C Of-
HOTIEIABHBIM LIHKIOM J0JI «KOPMYIIEUHBIX» ¥ «IIeHalbHBIX» HelipoHOB Gblia omuHakoBoil (N(mex) = 12,
N(xopm) = 10), To mocie HOYIMBaHUA BTOPOMY HABBIKY IIPOM3OILIO 3HAYNMOE YBEINIEHUE HOJIHU KIETOK,
CHENHAT3HPOBAHHBIX OTHOCHTENBHO «IENATBHON» YacTH IMKmHdeckoro mosenenus (N(menm) =23,
N(xopm) = 10, Fisher exact, p = 0,02). Onnaxo, kax GbLIO IOKA3aHO TPH CPABHEHHH MATTEPHOB Crieny(u-
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YeCKoM akTHBHOCTH He#ipoHOB PK KpbIc Ha mocneoBaTeNnbHbIX 3Talax KOHCOMMIAMH HHCTPYMEHTaIbHO-
IO HaBBIKa HAKATHS Ha OIHY Ile[allb, B «IENATLHOW) IpyIIe KIETOK Taoke Haboanock 3Ha4uMO 00Jib-
11€ JOTMOMHUTENHHBIX AKTUBALIMH B TIEPBBIE JHU, YeM depe3 Helelmo nocie o0yuenus [4].

MOXHO TIPEAIONOXUTE, YTO, 00yUeHHe caMoMy NEPBOMY MHCTPYMEHTaIbHOMY HABBIKY ¥ HOYYHUBa-
HH€E HOBBIM aKTaM, CXOIOHBIM C paHee BBIyYEHHHIMH, CBS3aHO C «IIOBBIIEHHEM) aKTyaluHu3aluy CUC-
TeM, MIPENCTaRICHHbIX Heliponamu (Mo kpaiiHeM Mepe, Ha ypoBHe PK), cenuanusupoBaHHBIMH OT-
HOCHTENBHO aKTOB, COOPMHPOBAHHBIX IIOCIEAHUMH B HCTOPHH 00YyYEHHS JAHHOMY IIOBENECHUIO.

Paboma 6vinoiHeHa 8 pPAMKax UcCcie008amensckou npozpammuvl Beoyweti nayynot wkonst P®
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In the course of learning a set of similar skills, every subsequent behavior develops more rapidly when the animal have the
possibility to make use of its previous experience in a new context. In this case, some neurons that have specific activations
in already learned behavior can be active also during learning a similar skill. Therefore, our task was to track possible
changes in the distribution of neuronal activity after learning the first and second similar skills by comparing the proportions
of selectively active neurons in the rat retrosplenial cortex (RC) following the acquisition of the first and second lever-pressing
tasks. One groups of rats (Long-Evans, male, 6-15 months, n=4) gradually learned to press a lever and earn a piece of
cheese from the feeder. Second group of rats (n=4) after gradual acquisition of the first operant behavior, also learned a
similar skill on the opposite side of the cage. Recordings of single neurons of RC (AP=4,5, L=1) had been conducted follow-
ing a week after the last learning session. We used glass microelectrodes filled by the 2,5M solution of KCI with the imped-
ance of 2-4 Mom. All rats significantly earlier reached a criterion during learning a second skill compared to the first one.
There were no significant differences between groups in the overall ratio of neurons with specific activations in the learned
behaviour, yet the number of cells that had activations in acts of the “feeder” part (approaching a feeder and taking food)
and the “lever” (approaching and pressing a lever) half of the behavioral cycle had changed. Whereas the first group of rats
had the same proportion of neurons with specific activations in the “feeder’ and “lever” segments, the percent of “lever” cells
in the second group significantly increased compared to the proportion of “feeder” cells that had not changed. So, it can be
supposed that learning the very first and additional operant skills had the same “increased” level of actualization of systems
represented by neurons (at least in RC) specialized in relation to acts that had been acquired at the most recent stages of
formation of the given behavior.

This work was conducted as a part of the research program of Leading Scientific School of RF “System psychophysiology”
(NSh-9808.2016.6) and supported by RHF N@ 17-06-00999.
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Pa3paboTaHbl ¥ anpo6MUpoBaHbl METOALI, MPOTOKON MpoBEAeHUSA 0BCNefoBaHNI, KOMMbIOTEPHLIE MOAEN COBMECTHOM Aes-
TENLHOCTY ABYX MCTBITYEMBIX Ha OCHOBE OBPATHOM CBS3M OT WX MIEKTPOMUOrPahUHECKUX CUrHANOB: KOHKYPEHTHaA 1 Koone-
paTvBHasi, ToAroToBNEHbI Criocobbl CHHXPOHHOW PervicTpaunu v aHanusa 3neKTposHLedanorpaMmM ¥ KapauMoputMa AByX
Cy6beKTOB B NPOLIECCe UX B3aUMOAEHCTBHUIA.

KnroveBsie c/I0Ba: COBMECTHASA [IEATE/IbHOCTL, KOHKYPEHLINS, KOOIepaLns, 3/1EKTPOMUOrpamMma, 33r, Bapnabe/ibHoCTL Kap-
ANOPHUTME, ITEPCKaHNPOBAHNE.

Developed and tested methods, Protocol surveys, computer models of joint activities of 2 subjects based on the feedback of
their EMG signals: competitive and cooperative. Prepared by the methods of synchronous recording and analysis of EEG and
heart rate variability of the two subjects in the process of their interactions.

Keywords: joint activity, competition, cooperation, electromyogranm, EEG, heart rate variability, hyperscanning.

VccrnenoBanusl MICHXO(PH3HOTIOTHYECKHX TIPOLECCOB, B YACTHOCTH HEHPODU3HOIOTHIECKUX M COMATO-
BEreTaTUBHBIX MEXAHU3MOB, 00ECIIEUHBAIONINX MHTETPAIMIO YeJIOBeKa B COBMECTHYIO IPYMIOBYIO J€i-
TeTBHOCTD, SBJIAIOTCS AKTyaThHBIMA U COBPEMEHHBIMH B HOBOW 00JacTH HelpoHayK — HetpocoyuoImo-
noeuu. B ocneHee BpeMs HEKOTOPBIMU aBTOPaMy HAYaThl HCCIENOBAHMUS CUHXPOHHBIX n3MeHeHul ak-
THUBHOCTH Pa3NU4HBIX 00nacTeil Mo3ra y mofeH, OCyIMEeCTBIAIOMMX COBMECTHYIO NEATENBHOCT, 32 CYET
perucTpanuu CIIEKTPATbHO-KOTEPEHTHBIX XapaKTEPHCTHK HX SNEKTPOSHIEDATOrpaMM U ¢dMPT =elpo-
KapTHPOBAHKS, DTH METO/IbI MOMYYHIA Ha3BaHUe «I UnepCKanuposanuey.

[Toka3aHa KOTepEHTHOCTh aKTMBHOCTH MO3TOBBIX CTPYKTYP y IHIOTOB rpaxJaHCKON aBHAllMU TIPH
coBMecTHO# pabore Ha TpeHaxepax [4]. TIpemmaraercs ¢ MOMONIbIO METOIOB THIICPCKAHUPOBAHHA HC-
CJIEOBATh SMOLMOHAIBHBIN KOMIOHEHT B3aMMOJEHCTBHA HECKONBKHX CyOBEKTOB B IPOIECCE MPOCTy-
mBaHus My3sikd [1]. JpyrumMu aBTOpamu ¢ MOMOIIBIO THIEPCKAHUPOBAHNUS MarauTosHIedanorpaMm
IOKA3aHa 3aBHCHMOCTb CHHXPOHHOM aKTHBALHU M KOPPEJIALMYA MO3IOBOH aKTUBHOCTH IIBYX CyOBEKTOB B
KAHEMATHYEeCKMX 3a7aYax B 3aBUCHMOCTH OT MX POJIM B IPOIECCE B3aMMOIEHCTBHA: IUASPCTBA WIIH BE-
JIOMOCTH MCIIBITYEMBIX IIPA COBMECTHO# JeATebHOCTH [2, 3].

Hens mccoemoBaHMS — pa3pabOTKa KOMIBIOTEPHBIX MOZENEH, IPOTOKOJIOB MPOBEICHHA
obcrenoBanmii U anpobanys IPOrpaMMHO-aNNapaTHEIX KOMILIEKCOB I aHAM3a KOMILIEKCa IoKa3aTe-
Nl (OT TICHXONOTHIECKHUX [0 HeMpOYU3HOTOTMYeCKHX) IPH COBMECTHOH AEATENbHOCTH HCTIBITYEMBIX.

Icuxodusuonorndeckue o0cien0BaHus NPOBENEHE! C yIaCTHEM 20 yCIIOBHO 3[JOPOBBIX HCIIBITYE-
MBIX T0GpOBOIBIEB 060UX T10M0B (6 MyxuuH, 14 sxenuH, 2073 1eT). PaspabGoTaHbl IPOTOKOJIBI TIPOBE-
Jenus 06CTeOBAHNH HHAMBHUAYATbHBIX KAYECTB MCILITYEeMBIX, KOTOPBIE BKIIFOYAA HECKOIBKO ITAMOB.

Drtan | — ICHXONOTMYECKHE AaHKETUPOBaHUE (TECTHI HA JIMYHOCTHYIO ¥ CHTYalMOHHYIO TPEBOXK-
HOCTB, OTpocHHK KerTena).

Dran 2 — BeIMBICHHE WHIWBUIYAIBHBIX IIOKa3aTellel MPU BBIIOIHEHUH 3PUTEILHO-MOTOPHOTO
tecta «CTpenok» (CKOpOCTh OOy4eH¥Ws, pe3yIbTaTHBHOCTb, PUCKOBAHHOCTB, CTaOUIBHOCTD, yCTONYH-
BOCTB K TIPOIIECCAM PAacCOrIaCOBAHHS TOCHIe OMHMOOK, aJaNTHBHOCTh K HOBU3HE, YPOBEHD TPUTA3aHAN U
aIeKBATHOCTb CAMOOLIEHKH PEe3yJIbTATOB JEATENHHOCTH).
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Ortan 3 - o0yyeHHe HCOBITYEMBIX YIPaBIATh BICOTOH «CTonOHKa», KOTOPEIM JTUHAMHYECKH U3~
MEHSETCSA B 3aBUCUMOCTH OT NapaMeTpoB snekTpomMuorpaduyeckoro (OMI') curnana, perucTpupyemoro
TesemerpuueckuM narunkoMm «Komubpu» oT crubateneli wmm pasrubareneit ero xuctu pyku («BOC-
xunesuc» OO0 «Heiiporex», r. Taranpor, Poccus).

IIBer cToNOMKa OTpa)caeT NOCTHIAEMBlH PE3yJIbTaT — YAEpP)KaHHE B OIPEIETIEHHOM B IIOPOTOBOM
JMana3oHe: KpacHbId — pe3ynabTaT He JOCTHTAeTCs, XENTHIH — OJM30K K MOPOTY, 3€/IEHbIH — JOCTIKEHHE
pesynbTara. '

Ha crnenyromem stane 06cIeNOBaNCE Taphl UCIBITYeMBIX, KOTOPBIX TECTHPOBAIM B TIPOLECCE esi-
TENBHOCTH BKJIIOYABILEH IPOTHBOIONIOXKHBIE BUIb B3aHMOOTHOIEHHH. [Ipy KOHKYpPEHTHON AEATENbHOCTH
JBYX HCHBITYeMBIX Oblia MCIIONB30BaHA Ta XK€ MOIENb B MOAMDHKALMH NapajluebHO MPENCTaBICHHBIX
JIBYX CTOJIOMKOB, HO ¢ MHCTPYKTHPORaHHEM ¥ MOTHBHPOBAHHEM YYAaCTHHKOB COPEBHOBATHCA B 3 hexTur-
HOCTH [JOCTYDKEHHS CBOMX COOCTBEHHBIX pe3yJbTaToB. [t u3ydeHus McuxoMH3HOIOTHYECKHUX MPOIECCOB
IpY KOONEPAaTHBHOM NEATELHOCTH ABA YUACTHUKA HOJDKHBI OBLIH 33 CYET COTIACOBAHHBIX MBIIIEYHBIX CO-
KpaleHHi KMCTel PyK yAEepKHUBaTh BBICOTY OIHOTO CTONOHKA B yCTAHOBIEHHOM Kopuzope. ObecreueHvie
JOCTY)KEHHs OOIIEro pesylbTaTa NOCTUIaoch MO AMHAMHKE CyMMapHOW pe3yNbTHPYIIUEH OT WX ABYX
OMI -curnanos. HayvHas co BTOporo srana oOCHeNOBaHHM MHIMBHIAYAIBHOW W MAPHOK EATENBHOCTH
NPOBOAWIACE CHHXPOHHAA PETHCTPALMs KapJUOPUTMa U 3MEKTpOdHIe(danorpaMMsl 0O0UX HCTIBITYEMBIX
IUIs IOCIEAYIOLIEro KPOCC-KOPPESIMOHHOTO aHan3a (THIepCKaHUPOBAHNS ).

® [IpennoskeH OpUIMHANBHBIN (HU3HONOTHYECKHH METOA ¢ GHONIOTHYECKOM 00paTHOM CBA3BIO, TO3BO-
JSAOMIMN MOAEIMPOBATE ¥ H3Yy4aTh IPOIECCH COBMECTHOM JEATENEHOCTH OBYX JIONEH.
Pa3pa6oTaHbl [[Ba QuU3aiiHa TECTHPOBAHWS HCIBITYEMbIX, KOTOPHIE MO3BOJIIIOT HCCIIENOBAThH
Ncuxo(U3MOTOTHIECKHE MEXaHU3MBI JOCTIKEHUS 5P HEKTHBHOIO KOOMEPaTHBHOTO PE3yNIbTaTa Co-
BMECTHBIX NEHCTBHH U CPaBHUTH UX OTJIMYHSA OT MEXaHH3MOB IPU KOHKYPEHTHBIX B3aMMOOTHOIIE-
HUSIX Tex e cyOnpekroB. Kpome Toro, paspaGoTaHHBIH MPOTOKOJ IO3BOJMT HCCIEN0BATh B3aHMO-
cBA3b 3P HEKTHBHOCTH OM-CYyOBEKTHOM NEATENPHOCTH B 3aBHCUMOCTH OT MCXOAHBIX HHIVBHIYAIb-
HBIX XapaKTEePUCTHUK.
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Studies of psychophysiological processes, in particular neurophysiological and somatic-vegetative mechanisms for human in-
tegration into a joint group activities are relevant and contemporary in the new field of neurosciences — neuro-socio-ethology.
In this regard, the purpose of the study — to develop computer models and protocols for investigation, and approbation of
software and hardware systems for the analysis of a set of indicators (from the psychological to the neurophysiological) dur-
ing the joint activities of the subjects. Psychophysiological examination was conducted involving 20 healthy subjects volun-
teers of both sexes (6 men, 14 women, 20-73 years). Protocols had been developed for surveys of the individual qualities of
the subjects, which included several blocks: 1 — psychological surveys (tests on personal and situational anxiety, Cattell ques-
tionnaire); 2 — identification of individual indicators when performing visual-motor test "Shooter" (the learning rate, perform-
ance, riskiness, stability, resistance to processes of mismatch after errors, adaptability to novelty, level of claims and the
adequacy of self-evaluation of rezults). The third stage consisted in training the subject to control the height of the "Column",
which dynamically changed depending on the electromyographic (EMG) signal recorded by the telemetric sensor "Kolibri"
from the flexors or extensors of his hand ("BOS-kinesis", LLC "Neurotech", Taganrog , The Russian Federation). The color of
the column reflected the achieved result — the retention in the specified in the threshold range: red — the result is not
achieved, the yellow is close to the threshold, the green is the achievement of the result. At the next stage, pairs of subjects
were examined in the course of joint activities that included opposite types of relationships. In case of competitive activity of
2 subjects, the same model was used in the modification of the 2 columns submitted in parallel, but with the instruction and
motivation of participants to compete in the effectiveness of achieving their own results. To study the psychophysiological
processes in the cooperative activity, two participants were required to maintain the height of one column in the established
corridor due to the agreed muscular contractions of the hands. Ensuring achievement of the overall result was achieved by
the dynamics of the summing resultant of their 2 EMG signals.
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AHanuz riokasarenieit YCrelHoCcT BbiGopa YCIOBHbIX CUIHANOB NOKA3as, YTO Y XKUBOTHLIX «MU30NAHTOR» 3aMefieH MpoLecc
0ByueHus Mo CPaBHEHMIO C KPbICaMK rpynnoBoro cogepxatus. OBHapysKeHbl pasnuuusi obydeHys XUBOTHLIX B 3aBUCKMOCTH
OT TWMa UepapXUHEcKoli opraHusaLym B rpynnax (MoOHO/MoMKAOMUHAHTHOCTb) ¥ UHAMBUAYALHONO CTATYCa KaXKAOH KpbiChl.

KmoueBpie cnoBa: CaMonpoH3BOJILHOE OBYYEHNE, BLIOOP, COLMATIbLHAA UOTISILINS, HEDAPXUHECKIH CTaTYC, KPbIChI.

The analysis of the successfull of the selection signals and reinforcements is shown, that in animals "isolates" the learning
process was slowed compared to group-fed rats in household boxes. Differences in the success of training animals of joint
content were found depending on the type of hierarchical organization in their groups ("mono-" or "poly-dominance™) and the
individual status of each rat.

Keywords: spontaneous learning, choice, social isolation, hierarchical status, rats.

Vccnenosanne HEHPOPU3HOIOTHUIECKUX MEXaHU3MOB 300COLIAIBHEIX B32aHMMOOTHOIIEHMH y XMBOTHBIX
SIBJISIETCS aKTYaJIbHOW ¥ COBPEMEHHOM Hay4uHO# mpobneMol Gpu3nonoruy BhICIIEH HEPBHON AEATENBHO-
CTH, 0COOEHHO TeX MOIMyNALMH, KOTOphle BeOyT I'PYIIOBOM U cOLMalbHbIH 06pa3 oOuTaHus M MPUCIIO-
coOJIeHUs K M3MEHSIOMUMCS YCIOBUSIM OKpy»karomeit cpennl. IToxaszaHo 3HaueHue COIMAIBHOIO ONBITA B
BBIOOpE GpavHBIX MAPTHEPOB, POAUTENHCKOM MOBEAEHNUH, Iponeccax 00ydeHus MONOAbIX 0cobell HOBBIM
HaBbIKaM, HaWIy4mied aJanTUBHOCTH CyOMOMymsAuuil XHBOTHBIX M B IIPOLECCAaX DBOIIOLMH OTHEIBHBIX
BUIOB. B COBpeMEHHOM TEPMHHOJIOTHH TaKHWe HCCIENOBAaHWA OTHOCAT K HOBO¥M 00nacTy HEHpOHAyK —
«HEHPOCOIMOITONIOTHI. :

BbISBIIEHBI arPeCCUBHOE, KOHKYPEHTHOE, B3aHMOBBITOJIHOE, WKIUBEHYECKOE, aAIbTPYHCTHYECKOE U JIpY-
rie (HOpMBI 300COLHMATEHOIO TIOBEIEHHUS ¥ KMBOTHBIX. [10Ka3aHBI pasianHus 300CONMATBHBEIX (HOpM NoBezie-
HUS Y CAMIIOB ¥ CaMOK, JIMIUEHHBIX COLVAIBHOTO OMNBITA (BBIPALICHHBIX B M30ILMH) [3], a TaxoKke BBIACHAIOT-
cq HeWpOQU3UONOTHIECKHe MEXaHU3Mbl (OPMHUpPOBAHUA COLUMAIBHBIX OTHOILIEHMH. YCTaHOBJIEHO y4acTHe
(bpoHTAITEHBIX 00IacTel KOphI TOJIOBHOTO MO3ra B PETyJIALMH 300CONHAILHOIO NOBENEHN), a TaloKe UX I10-
mymapras acuvmMeTpus [1]. TlokasaHb! pasmaaus MeIHAaTOPHBIX CHCTEM IOJIOBHOTO MO3Ta (Jo(aMHuHIpruye-
CKOM, SHIOTeHHOM ONMMAaTHOH M cepoToHMH3pruyeckoit) [1, 4]. Ocraercs MHOTO BOMPOCOB OTHOCHUTENIHHO
TPOLIECCOB BBIOOpPA TAKTHK COLMAJBLHOTO TIOBEAESHNUS OTHEIBHBIMU CyOBEKTaMH B 3aBHCHMOCTH OT HX MCXOJ-
HBIX WHAWBHIYATEHO-THIIONIOTHIECKUX OCOOEHHOCTEH, BKITF0Uas KOTHUTHBHBIE CIIOCOGHOCTH, OOLIYIO JBUra-
TENBHYIO U MCCIEN0BATENbCKYI0 aKTHBHOCTD, HEPAPXUIECKUHN CTAaTYC B CyONOMyIIALVAX.

Ilens paGoThl — BhIABIEHHE B3aHMOCBA3H COLHMANBHOIO ONbBITa ¥ MEPapXUIECKOTO CTaryca
KPBIC B IPYIIE CO CKOPOCTHIO HX O0YYEHHUS CIIOKHOMY HHCTPYMEHTAILHOMY HaBBIKY BBIOOPa YCIOBHBIX
CHTHAJIOB U TIOJIKPEIICHUH B HHTEPaKTUBHON cpefe.

Pa6oTy mpoBOQMIN Ha caMmilax KpbIC MHUE Wistar, KOTOpBie ObLIM pa3feNieHs! Ha 4 TPyl COBMeE-
CTHOTO cofiepkanus (TI0 5 KpBIC) ¥ TPYIILY, COAEPKaILyIocs B MHAMBUIyanbHbIX Gokcax (11 xpsic). Beex
KphIC 00y4YaIy WHCTPYMEHTAIbHOMY HaBBIKY BBHIOOPA YCIOBHBIX CHTHANIOB M COOTBETCTBYIOIIYX IHIIEBO-
O WM TNHTHEBOTO TOIKPEIUIEHWH B 3KcrepuMeHTanbHO# ycTraHoBke Rat Touch Screen Chamber
(«Lafayette Instrument», CIIIA) mocne cyrouno# nempuBaimy o nume u Boge [2]. ITocne 11 ceancos
00y4eHHs KPIC-«M30IAHTOBY 0OBEIUHATHN B IpyIITy 10 5 1 6 ocobeil B nomanmHeM GoKce U MPOJOIDKAIH
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o0ydeHHe mapajielbHO C OCTANbHBIMHU. Ilepen W B Tpoliecce 00yYEHHS IMOCIE Hadala COIMaln3allyiy
«U30JIIHTOBY ONPEETIAIN HEPAPXHUUECKYIO CTPYKTYPY BO BCEX IPYIIAaX KPbIC, BBIABIIAA JOMUHAHTHBIX H
cyOIOMHHAHTHBIX 0CO0OEH, HAa OCHOBE aHaN3a KOHKYPEHTHON aKTHBHOCTH K ONHOM TIOMIIKE MOCIE CY-
TOYHOH BOIHOM HETPUBALUH.

® [Joxa3zaHO JOCTOBEPHOE 3aMEIEHUE Mpoliecca 00YUSHHUS Y IKUBOTHBIX «U30JISTHTOBY MO CPABHEHHUIO
C KphICaMH IPYIIIOBOrO COAepaHVsA. BEIABICHBI iBa THIIA HEPAPXUIECKON OpraHU3alMi B IPYIIIax
KPBIC COBMECTHOIO COIEPXKAaHUs: MOHO- U NOIMIOMHMHAHTHOCTE. OOHApYXEeHBI B3aUMOCBSI3H THIIOB
HepapXu4eCKOi OpraHu3alliy XKHUBOTHBIX B IPYIMNAaX U MHIUBHAYAIBHOTO CTATYCA KaXKIOU KPBICHI C
JMHAMUKaMM TI0Kas3aTelled rponecca oO0ydeHus: YCIEeNHOCTh O0yYeHUs Y TOMUHUPYIOMHUX 0cobeit
ObL1a BBIIIE, YEM y 0CO0O€H, 3aHMMAIONIMX MOJINHEHHOE TIOJ0XKEHNE B TpyIIe. JIHHAMUKY NPOLIEC-
COB 00y4eHHs y XHMBOTHBIX C «IOJMIOMHHAHTHOUY» HEpPapXUUYecKOl CTPYKTYPOH ObLIH CXOXH B
oTuX rpymnax. OTMeueHsl 0cO0eHHOCTH (POPMHUPOBAHUS HEPapXUIECKON OpraHwW3alluy B IPYyIIiax
«H30JIIHTOBY, 4 TAKXKe YCKOPEHHe Npoiecca 00y4eHns B IPOLecce UX CONUATU3AIUN,
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The aim of this study was to identify the relationships between social experience and the hierarchical status of the rats in the
groups with the successfulness of their learning complex instrumental skill to choose the conditional signals and reinforcements.
Adult male Wistar rats were divided into four groups with 5 animals in each, whereas 11 rats were kept isolated in the individual
boxes. After 24-hours of food and water deprivation rats of all groups were placed into Rat Touch Screen Chamber (Lafayette In-
strument, USA) where had to learning to the instrumental skill to choose conditional signals followed by eating and drinking rein-
forcement. After 11 learning sessions, previously isolated rats were united into two groups with 5 and 6 in each, with consequent
learning along with the other four groups. Before and while learning, as well as after socialization of isolated rats evaluation of
hierarchic structure by identifying dominant and subdominant animals in the groups was performed. Analysis of hierarchic struc-
ture in the groups was based on an assessment of animals™ competitive activity towards one drinker after 24 hours of water
deprivation. It was shown that isolated rats demonstrated deceleration of the learning process in comparison to the rats kept in
the groups. Two types of the hierarchical structure were revealed during the experiment: monodominant and polydominant.
There were also found the connections between the types of hierarchic structure of animals in the groups, individual status of
each rat and dynamic of learning process. Rats with the dominant position in the group appeared to succeed in the learning
process more than subordinate rats. Dynamic of the learning process in the groups with polydominant structure had the same
rate for all animals. There was also demonstrated an increase in the learning process rate in previously isolated rats after their
socialization along with the formation of hierarchic structure in the groups.
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MposeneH aHanus oblero KynbTypHOro passuTus yesioBeka (OKP), OCHOBAHHBIN Ha PaccMOTPEHWM KyNLTYPbl C TOUKHK 3pe-
HUS Pa3niMuHbIX (DOpM e& NpeaCcTaBNeHys U OCBOEHMS CYEbeKTOM Kadkaol U3 HWX. B pesynbTaTte KpOCC-aHanu3a BbisBNEHb!
KOpPenaThl CKOPOCTH 0BYHEH!s, NCUXOMUIMONOoruIeckux napamMeTpos U OKP.

Kmouessie cnosa: oblyee Ky ibTypHOE passuTiue, BapraBe/ibHOCTb CEPACYHON AEATE/ILHOCTY, CKOPOCTE OGYYEHNS, CPEa.

Analysis of the overall cultural development of man (OCD) is based on the consideration of culture in terms of the various
forms of its representation and mastering by each of them. As a result of cross-analysis, correlates of the speed of learning,
psychophysiological parameters and OCD were revealed.

Keywords: general cultural development, variability of cardiac activity, rate of learning, environment.

ITonnmManwe JlyXOBHOTO CTAHOBJIEHHA 4YeI0BEKA B KYJIbTYPE KaK IIyTh TBOPUECTBA B COBPEMEHHOM MYJIb-
TUKYJIGTYPHOM MHPE ABJIAETCA JAJIEKO HEe TPUBHAIILHON 3a1ader.

Ilens pa6oTH — Ha OCHOBAHWH HCIIONB3YEMBIX JUIS HCCIENOBAHMS METONONOTHH ¥ TEXHOJIO-
ruii OHpeenuTh U 000CHOBATh B3aMMOCBA3Y MoKa3aTenell o0Iero KyabTypHOTO PasBUTHA W TCUXOQH-
3HOJIOTMYECKUX XAPaKTEPUCTHK 4YeloBexa. I1onydeHHbIe Pe3yabTaThl MOTYT IOCIY)XHTh OCHOBOHM s
CO3aHMs MOZENIEH O3HaHKA ¥ KOHCTPYHPOBaHUs 00pa30BaTeNbHEIX cpex [4].

B xoHnemiuy QyHKIHOHANIBHBIX CHCTeM (hakTopaM BO3NEHCTBHS BHEUIHEH cpelbl BCETAa yIels-
JIOCh OCHOBHOE BHHMaHHUE: «...MHOOPMAIMOHHBIH YPOBEHb 3aTParuBaeT MPOLECCH OTPAXKEHUS MO3TOM
BHYTPEHHUX COCTOSHHH OpraHM3Ma, M pa3sHOOOpa3sHBIX BO3AEHCTBHII Ha HErO MHOIOYHCIEHHBIX (aKTo-
pos BHemHe# cpempl». [1, ¢. 21]. OcoGeHHOCTBIO TIOIX0M2 aBTOPOB CTATHH ABIAETCS PACCMOTPEHHE
KyILTYpBI C TOYKM 3PEHUS Pa3IH4HBIX (OpM €€ MpencTaBIeHNsI B COOTBETCTBHM C IIOCTHEKIACCHIECKOM
KoHuenuuer kynsTypsl [2]. Kaxnas u3 ¢opm mpencrapineHus KyIbTyphbl XapakTepU3yeTcs Chenuduye-
CKMMH KOMIIOHEHTAMH:. aKTOPOM KYJIbTYpBI, IIEHHOCTBIO, 3aKOHOM M 3aKOHOMEPHOCTSMHU €€ pasBUTHA,
cnenyduueckuMy apTH(akTaMu (peaMeTaMy U IPOLECCaMy KYJIbTYPhI), a TAKXKe €& A36IKoM. MeToauka
onpezenenus obmero KynsTypHoro pasputus (OKP) HanpaBieHa Ha aHANU3 KONMYECTBA HCTIONB3YEMBIX
axToOpoM (HOpM IPESCTaBIECHUS KyIbTYPhl ¥ YPOBHS OCBOSHUS KaXoH u3 Hux [3].

Onenka ncuxoU3HOJOTHYECKUX TIOKa3aTelNell NpoBeJeHa C IIOMOUIBI0 MPOrPaMMHO-AMIAPATHOTO
KOMIUIEKCa «AKIENTOP» Ha OCHOBE BBHIMOTHEHMS HCIBITYEMBIMH CIOXXHOTO CEHCOMOTOPHOTO TecTa [6,
ctp. 650]. IMapamiensHO PErHCTPUPYETC KapOHOWHTEPBAIOIPaMMa, 10 KOTOPOM pacCUMTHIBAIOTCH 06-
IIETIPUHATBIE TIOKAa3aTel¥ BapuabGeNnbHOCTH CEpPHSYHOM HEATENbHOCTH C MOMOWIBID MPOrPaMMHO-
anmapaTHoro komIuexca «Bapuxapny [5, crp. 2]. O6cnenoaHus npoBeneHs! Ha 10 UCHBITYEMBIX — H06-
poBoublax (keHmuHaxX, 2740 nert).

® B pesynbrare aHanusa B3auMocBs3ed mokasarenedt OKP M MHAMBUIYATbHBIX NCUXO(U3HOIOTHIE-
CKHX XapaKTepUCTUK ObLIO BBIABIEHO, YTO 1) ypoBeHh (QYHKIMOHAIBHOTO COCTOSHHSA OpraHW3Ma
HMEET NPAMYIO KOPEJUISUHUIO ¢ YPOBHEM OOLIEro KyIbTYPHOTO Pa3BUTHs HCIBITYEMOTO, 2) JOCTH-
XEHHE PE3y/IbTaTOB NCUXUYECKOH NeATENBHOCTH (CKOPOCTh 00ydyeHns) rpyu Gojiee HU3KOM YPOBHE
OKP compoBosxgaercs 6onee BEICOKHM HANPSHKEHHEM PETYISITOPHBIX CHCTEM, 3) BBICOKHE MOKA3a-
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TENU CKOPOCTH O0YUEHHUSI KOPPENUPYIOT C BHICOKOH BaprabenbHOCThIO CEpAEYHOTO PHTMA U BBICO-
KO# cyMMapHOW MOIITHOCTBIO ciiekTpa npu nokaszarene OKP npumepro 70%. [JaHHbIe BRIBOIBI OBI-
JIV CHEJaHBI JJIs1 CIyvas MOHUMAaHHS UCTIBITYEMBIX KaK KOJUIEKTHBHOTO PACTIPEeIeIEHHOr0 CyOBeKTa.
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Understanding the spiritual formation of human culture as a way of creativity in today's multicultural world is nontrivial task.
We attempt to identify and justify the relationship between indicators of general cultural development and psycho-
physiological characteristics on the basis of the methodology used for the research and technologies. These results may serve
as a basis for creating models of cognition, learning environments and individual trajectories of development.

A special feature of our approach is to consider culture, from the point of view of the various forms of its presentation in ac-
cordance with the post-non-classical concept of culture.

Each of the forms of representation of culture (FPK) are characterized by specific components: actor of culture, values, the
laws and regularities of its development, specific artifacts (objects and cultural processes), as well as its language. Methods
of determining the general cultural development (GCD) is described by two parametres: number of FPK used by actor and
the level of exploration each of them. The psychophysiological indicators was carried out with the help of hardware and soft-
ware "acceptor” on the basis of the implementation of complex subjects sensorimotor test. Parallel registers Cardiointervalo-
gram which are calculated by the conventional cardiac variability using hardware and software complex "Varikard". Surveys
conducted on 10 subjects — volunteers. An analysis of the relationships of the GCD indices and individual psychophysiological
characteristics revealed that 1) the level of the functional state of the organism has a direct correlation with the level of gen-
eral cultural development, 2) the mental productivity (% hit, the speed of learning) of actor with low level of GCD is accom-
panied by high level of tension its regulation systems, 3) high rates of learning speed are associated with high heart rate va-
riability and high total spectrum power, with an OCD value of about 70%. These conclusions have been made for the case of
awareness of the subjects as a collective distributed subject.
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lMpuBeaeHsbl pe3ynbTaThl UCCNeaoBaHvit (YHKLUUOHANBHON MeXaHOAVHAMUKN JEHAPUTOB Ha HAHOCTPYKTYDHOM YpOBHE B3au-
MoaeicTeus pabotkl Na- v K-kaHanoB feHapuTHON MeMBpaHbl. MeTogamy MaTeMaThieckoro MoAenvpoBaHus BOCMPOU3BO-
AWUCH UBMEHEHUSA Pe3yNbTAaTUBHOCTU UX PaBoTbl, CBASAHHbIE C AWHAMUKOWM CTPYKTYpbl MeMBpaHbl, BbI3BAHHOM (YHKUMO-
HaNbHOM aKTUBHOCTBLIO ieHApUTa HelpoHa. MonyueHHble pesynbTaThl MOTYT paciuuMpuThb NPeacTasieHnus 0 hyHKLKOHpOBa-
HUM HEWPOHOB Wi HEPBHOW CUCTEMbI. MCCIERoBaHNE BBINTOTHEHO MPH (MHAHCOBOMH noaaepxiwe PIH® B pamkax rpoexta N9
15-03-00519a «[ToCTHEK/IGCCHHYECKas apaanIMa HCKYCCTBEHHOIO MHTE/IIEKTa»,: .

Kniowessie croBa: BUDTYA/ILHOE ONUBJIEHNE, HAHOPa3MEDHASA CTPYKTYPA, KaHAa/lbl, JEHAPUTHAS MEMOPAHE, MEXAHOLMHE-
MUKA,

The results of investigations of the functional mechanodynamics of dendrites at the nanostructured level of interaction of the
Na and K channels of the dendritic membrane are presented. Methods of mathematical modeling reproduced changes in the
effectiveness of their work, associated with the dynamics of the membrane structure, caused by the functional activity of the
neuron dendritic. The results obtained can broaden the understanding of the functioning of neurons and the nervous system.

Keywords: virtual "revival’, nano-scale structure, channels, dendritic membrane, mechanodynamics.

Panee, Ha ocHOBaHMM HCCIENOBaHuK aBTOpPOB [1] BHepBsle CHOPMYNHUPOBaHEI 0OBEKTUBHEIE KaUECTBEH-
HbIE ¥ KOJIMYECTBEHHBIE OTIMYHS XKUBBIX CUCTEM OT UCKYCCTBEHHBIX, CO3JaHHBIX YEJOBEKOM, B TOM YHC-
Jie HEPBHOM CHCTEMBI OT MCKyCCTBEHHBIX HeipoHHBIX ceTedl (MHC) u uckyccrBennsix Heliponos (MH).
HecMmotps Ha TO, YTO MHXKEHEPHO-TEXHUYECKHE CIELHAIUCTHl YTBEPXKAIOT OTCYTCTBHE BCAKOIO MOTHBA
BOCIIPOM3BEEHUA KaKOro-1bo 1mogous cBoiicTs xuBoi HepBHOM cuctemsl B UTHC u WH, mpeBocxonct-
BO JKMBBIX CHCTEM B PELIEHHMH ONPENENEHHBIX (B TOM ducie, MHPOpPMaMoHHbIX) 3a1ad Hamuo [2]. Kap-
JVHAJIBHOE OTIMYHME TEXHUYECKMX CHCTEM COCTOMT B MX aKCHOMAaTHYECKOM mocTpoeHuu. [Ipu aTom noc-
TaTOYHO U3MEHHTh aKCHOMY — M TIOIyYUTCs] COBCeM Apyroil Habop cBoiicTB. MoxeT ObITh, 3TO U HE HYX-
HO ITIpH peIleHUH Y3KOH TeXHHYECKOH 3a/iauy B ciydae MOCaNbHOTI'O HOCTHXXeHHs HeoOxomumoil 3 dex-
THUBHOCTH €€ PEILEHHUs, HO B ClIy4Jae NO3HaHUs 3aKOHOB (DYHKIIMOHUPOBAHUS PEabHBIX 00BEKTOR 3TO CO-
BEPILIEHHO HEHOMYCTHMO.

IHens paboTh — OPOMLIIOCTPHPOBATH HA KOHKPETHOM IIpUMepe W3yUeHUs 3aKOHOMEPHOCTEl
(YHKIHOHUPOBAaHUA HEHPOHOB BaKHOCTh BHIOOpA WJIM CMEHBI aKCHOMEI, YCTAHABIUBAEMOM B OCHOBE HC-
CIIE[IOBAaHMS WM CHCTEMBI MOJEJEH, a Takke IOMydeHHE HOBOI'O Pe3ysbTaTa MyTeM NpHMEHEHHs yKa-
3aHHOM METOHOJIOTHH.

Mi3BecTHO, 4TO AeHpUTHAs MeMOpaHa HelipoHa conepxkuT BerpoenHsle HCNy u HCN, (tuneprons-
PH3aLHOHHO-aKTUBUPYEMbIE YIIPaBIsieMble IMKIMIECKMMH HYKIICOTHIAMH) KaHAIbHbIE OEJIKH, BOPOTHAS
MOTEHLMAJI03aBUCHMas CHCTeMa KOTOPBIX OCYIIECTBISET PETYJLALHI0 MEeMOpaHHBIX MOTEHHHaIoB [3].
Vi3BecTeH Takxe psJ, MEXaHOYYBCTBHUTENbHBIX KaHAIBLHBIX TPAHCIOPTHHIX GENKOB KIETOK (HAIpHUMED,
HPOKapPHOTUYECKHX), OCYIIECTBIIAIOMNX, KaK NPaBuIo, MAKPONIHMHOLIUTO3 B OTBET, HATIPHMED, HA YBEJH-
qeHue pasMepoB KiIeTkd [4]. OnHako MeXaHOUYBCTBUTENBHOCTh NMOTEHIMAN03aBUCUMBIX Na- U K-ka-
HAJIOB M CBS3b C 3THM HMX 3JIEKTPONPOIYKTHBHOCTH JO CHX NOp He Oblia o0HapykeHa.
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