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3AKOHOMEPHOCTHU PEOPTAHU3AIINHU OIIBITA,
ITPUOBPETEHHOTO IIPU OTHO-
U MHOTOJ3TAITHOM OBYYEHUNN!

CBAPHHUK O.E., Hnemumym ncuxonozuu PAH, Mockea

BYIIABA A. 1., Iocyoapcmeennviii axademuneckuii ynusepcumem zymanumapnoix nayx, Mockea
(DAﬂEEBA T.A. y Mncmumym ncuxonoeuu PAH, Mockea

A.]IEKCAHZIPOB 0. H., Hnuemumym ncuxonozuu PAH, Mockea

Jlannast pabora GbLiIa MOCBSIEHA UCCJE0OBAHIIO MEXaHU3MOB IPUOOPETEH S HABBIKOB OJ[HO- 1 MHOT'O-
STAIHBIM CcII0c06aMu. MbI TIPOAHAMBUPOBAIY HAJIMYIE CBS3H MEXK/Y XapaKTEPUCTUKAMU PEOPraHU3aIU
IPEBILYIIEro OMbITa (OIeHEHHOTO M0 HeHPOTeHeTUYECKUM U3MEHEHUSIM ) TPU 00YYeHUN HABBIKY Ha HOBO
CTOPOHE HKCIEPUMEHTATLHON KIETKU 1 YMCJIOM HTATOB TIPEBAPUTENHHOT0 00yUerus. B xoe akcrnepumen-
TAJILHOTO MCCJEIOBAHMUS [TPOBOAUIOCH 00yUeHUE KUBOTHBIX JBYX IPYII OJHOMY U TOMY K€ TOBEICHUIO
Pa3HbIMU CIIOCOOAMU — B OJIMH MJIM HECKOJIBKO ITAIIOB, 3aTEM JI0YYMBAHUE KMBOTHBIX 00EUX TPYIIL STOMY
HaBBIKY Ha JIPYTrOil CTOPOHE dKCIIEePUMEHTANbHON KiaeTKu. OlleHKa Ynca HeHPOHOB, MOBEPraloINXCs 13-
MEHEHUIO HKCIPECUH TEHOB, POBOJIJIACH 110 HAJIMYHUIO TPAHCKPUIIIIMOHHOTO hakTopa Oeska c-Fos. Hecmo-
TPs1 Ha TO, YTO JKUBOTHBIE 0GEUX TPYIII IEMOHCTPUPOBAJIN CXOIHOE TIOBEJIEHUE BO BpeMst 00ydYeHuUsT Ha HOBOI
CTOPOHE 9KCIIEPUMEHTAIBLHON KICTKH, YUCJI0 HEITPOHOB, BOBJICUCHHBIX B IIEPECTPOIKN 9KCIIPECCHH I'€HOB, Y
HUX JIOCTOBEPHO Pasanyanochk. TakuM 06pasoM, ObLIO TIPOJEMOHCTPUPOBAHO, YTO HPOIECCHl AKKOMOAIU-
OHHOI PEKOHCOJIUAINY (peopraHu3alis yke CyIiecTBYIONero NHANBUAYAIbHOTO OIIbITa) MIPU JOMOJIHU-
TEJBHOM 00YUYEHUU 3aBUCAT OT [IPEIBAPUTEIBHON HUCTOPUY OOYUEHUSL.

Knoueewte cnosa: IIaMsATb, 9Tallbl 06yqu1/1$1, N3MEHEHUA IKCIIPECCUU I'€HOB, MO3T, HeﬁpOH.

BBenenue

[TpakTuka moaranuoro GOpMUPOBAHUST HABBIKOB IIMPOKO PACIPOCTPAHEHA U YACTO HUC-
TIOJTB3YETCST B OKCIIEPUMEHTATBHON menxonornu. Kak mpaBmiio, moaTamnoe oOydene Xapakre-
pUBYeTCs TIOCTENEHHBIMI TIEPEXOJAMU OT MPOCTOTO K CJIOKHOMY. B 9THX ciiyuasx M3HAYaIbHO
Ha MEPBBIX JTanaX YCBOEHHbIE MPABUIA OKA3BIBAIOTCS yiKe Hed((MEKTUBHBIMU WM HEIEHCTBY-
IOTIUMH [T TIOCJTEIYTONINX 9TATOB. AJBTEPHATHBON TaKOMY MHOTO9TATHOMY (DOPMUPOBAHIIO
KaKoro-jm6o HaBbIKA SABJSIETCS 00yUYEHIE OJJHOITAIIHOE, KOT/[a BCsI IPOGIEMHASA CUTYaIUsT TIPe/l-
CTaBJIeHA I[eJINKOM C CAMOT'0 HayaJia 1 U3MEHEeHUs [IPABUJI OT JTAlA K ITAILy He IIPOUCXoauT. SB-
JISTIOTCST JIM UJIEHTUIHBIMU MO3TOBbIE MEXaHU3MbI TPUOOPETEHNSI HABBIKOB 3TUMU JIBYMsI CIIOCO-
Gamu?

Mo3ToBBIM CyOGCTPaTOM MTPHOGPETEH ST KAKOTO-TIO0 HABBIKA SIBISIETCST COBOKYTTHOCTD Heli-
POHOB, U3MEHSIIOININX CBOU CBONCTBA, B TOM YHCJIE AJIEKTPHUECKUE. B COOTBETCTBUM C CUCTEMHO-
ceJleKIIMOHHON Teopueil oOyuenns (IlBbipkos, 1995), hopMupoBaHue HOBOrO MOBEAEHUS IIPU
HAyYEHUHU BKJIOYAET B ceOst hopMUpoBaHue HOBOU (hYHKI[MOHAIBHO CUCTEMBI — CHCTEMOTEHES;
Ha HEHPOHHOM YPOBHE 3TOMY IIPOIECCY COOTBETCTBYET (DOPMUPOBAHUE CHEUATH3AIII HeHpo-

1I/ICCJIeI_[OBaHI/I$I TIO/IIEP’KAHBI IPaHTOM PODU Ne09-06-12037 obu-m, IPaHTOM PTHO
Ne10-06-00939a u rpanrom HII-3752.2010.6.
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HOB OTHOCHUTEJIBHO 3TON crucTeMbl. Crieninaan3alist HePOHOB TIPOSBIIAETCS B BO3HUKHOBEHIH Y
paHee MOJTYAIIUX HEIPOHOB aKTUBAIIT, HEU3MEHHO TIOSIBJISTIONINXCS [TPU OCYIIECTBJIEHIH CHOop-
MUPOBAHHOTO MOBEEHYECKOTO aKkTa. B HacTosiiee BpeMsi U3BECTHO GOJIBINOE YUCAO PUMEPOB
MOBEJIEHUECKUX CIIeIMAIN3aiinii HeHPOHOB. JTO HEHPOHbBI «BOCIIPUSATHS OIPEIeJEeHHbIX TTepCo-
Haskeit» (Quiroga et al., 2007; Gelbard-Sagiv et al., 2008) y Jro/ieil, aKTOB «CONUATBHOTO KOHTAK-
Ta» C OTPeNeTeHHBIMI 0coOsIMH B cTasie ¥ 06e3bsH (Perrett et al., 1996), akToB MHCTpyMEHTATH-
HOTO TTOBEJIEHUST Y KUBOTHBIX (AJleKcaHpoB u fip., 1997), akToB yxo/1a 32 HOBOPOSK/IEHHBIMU $IT-
usaramu y osenl (Kendrick et al., 1992), akTos peanusaiuu konuenra «raesga» (Lin et al., 2007)
U IpyTHe.

Omako MOKHO TIPEAOTIOKITD, YTO HAYUYeHHe BKIIOYAeT B cebst He TOMBKO GopMupoBa-
HU€ HOBBIX CIIEIUAIU3ANNI Y HEHPOHOB, HO M PEOPTaHM3AINIO YK€ CYIIECTBYIOINUX HEHpOH-
HBIX TpyIir. HelipoHHbIe MEXaHU3MBI OOYUYEHHUST, TAKUM 06Pa3oM, MOTYT MPEAIOJIaraTh HaImdie
IIBYX BUIOB TIPOIECCOB: GOPMUPOBAHNE HOBBIX CIEIMATH3AIII HEIIPOHOB 1 aKKOMO/IAITIOHHYIO
PEKOHCOJIM/IAIINIO HEHPOHOB, yKe MMEIONMX CUcTeMHyIo crennanusanuio (Alexandrov et al.,
2001). [TockoabKy TIpoIiecchl aKKOMOJAIIMOHHOW PEKOHCOMM/IAIINN 3aTParuBaloT HEHPOHBDI, CIie-
[[UAJTU3UPOBAHHBIE OTHOCUTELHO MPUOOPETEHHOTO PAHEE OIbITA, MIPU JOYUYUBAHUU WJIH [IEpe-
YUNBAaHUH MIMEHHO B ITPOIfeccaxX aKKOMO/IAIMOHHON PEKOHCOMUIAIINN TOKHBI TPOSIBJISITHCS pas-
JIMYUS B MOBTOBBIX cyGcTparax, chOpMUPOBAHHBIX MOITAITHO WJIH OJHOITAITHO.

MexaHnu3Mbl aKKOMOJAITOHHON PEKOHCOJUAAINN OKOHYATETbHO He u3ydeHbl. OTHAKO
€CTh OCHOBAHUS TI0JIAraTh, YTO OJHUM U3 TAKMX MEXaHM3MOB MOJKET ObITh U3MEHEHUE DKCIIPEC-
cun reHoB B Heiiponax (Svarnik et al., 2008; Csapuux, 2010). MamMeHeHre aKCIIPECCUU TEHOB B
HeHpPOHax MOXKET OBITh ETEKTUPOBAHO 0 IKCIPECCUN HETIOCPEICTBEHHOTO PAHHETO TeHa ¢-f0s,
MPOAYKT aKTUBHOCTH KOTOPOTO — Gestok Fos — sBiiseTcst TpPaHCKPUTIIIMOHHBIM (haKTOPOM, MHITY-
[UPYIOIUM 3allyCK 9KCIPEcCH MHOTHX reHoB (AHoxuH, 1997). Ilenbto aHHON paboThl GBLIO
MOJTy4eHre OTBETa Ha BOMPOC O TOM, TOKIECTBEHHBI JIH MO3TOBBIE MEXaHW3MbI TIPHOOPETEHNUST
HABBIKOB OJ[HO- U MHOTO3TAITHBIM CIIOCOOAMH, MOCPEICTBOM BBISIBIIEHUSI CBSI3U MEK/Y XapaKTe-
PUCTUKAMU PEOPTAHU3AIMK MIPEBIAYIIETO OIbiTa (OLEHEHHOrO 10 HelPOreHeTUYeCKUM U3Me-
HEHUSIM) TIPU TIEPEYIUBAHIN W YUCJIOM ITATOB TPEIBAPUTETHHOTO 00yUueHust. J{Jist Toro 4To0ni
MOJIYYUTh OTBET Ha C(HOPMYJIUPOBAHHBIN BBIIIE BOIIPOC, MbI OOYYasil JKUBOTHBIX JBYX TPYIII
OTHOMY ¥ TOMY JK€ TOBEJIEHUIO PA3HBIMU CTOCOOAMHU — B OIMH UM HECKOJIBKO ITATIOB, 4 3aTeM
MepeyINBAIN JKUBOTHBIX 0OEHUX TPYII CXOAHOMY HABBIKY ¥ OTIEHUBAIU YHUCJIO HEHPOHOB, TTOJI-
BEPTraioNINXCsl U3BMEHEHUIO IKCIIPECCHH T€HOB.

Meton

JKusommuwvie. B pabore MCIIONb30BAIKMCh KAIIOMIOHHbIE Kpbichl Long-Evans maccoii 200—
300 rpamm. Ha Bpemsi mpoBeZieHNST 9KCIIEPUMEHTA KUBOTHBIX TIOMEIIAIN B WHANBUIYaJbHbIE
KsieTkr pazmepoM 40x25x20 M. ObyueHre MPOBOANIIOCH Mocie neproa aganrtanui. C MoMeHTa
Hayasia 06y4YeHns AKIUBOTHbIE 9KCIIEPUMEHTAIbHBIX IPYIIT HAXOAMINChH Ha TIHUIIEBOMN AeTPUBALIUN.
[Toreps Beca 3a nmepuoz o0yuenus He npesbicuaa 20 %. JKUBOTHbIE KOHTPOJIBHON IPYIIIBI HAXO-
JINJTACH B JIOMAIITHUX KJI€TKaX BUBAPHS B T€UEHIE BCETO HKCIIEPUMEHTAIHLHOTO TTIEPUOJIA U UMENTH
CBOGOTHBII IOCTYTI K MTHIIE U BOJIE.

IKcnepumenmanvonas xiemxkda. IKCIepuMeHTalIbHAs KJIETKA cojiep:Kajia JBe aBTOMaTHye-
CKMe KOPMYIIKH, PACTIOJIOKEHHBIE B YTJIaX TIepe/IHEN CTEHKH KJIETKH, U JIBE TIe/Ialu, HaXo/IsIue-
CsI B TIPOTHBOIOJIOKHBIX YIJIaX JaJIbHEN CTEHKH KJIeTKH. BHe KIeTKH HaX0INJIach KHOIKA 9KCIIe-
PUMEHTATOpa, HaKaTie KOTOPOil 03BOJISLIO II0AABaTh KOPMYILIKY ¢ Iuilel B m0boe Bpems. I1o-
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Be/IeHNEe KUBOTHBIX PETUCTPUPOBATIOCH NIPH TTOMOIIY 1IN(POBOIT BUpeoKaMepsl. AHAIN3 BHUIEO-
3alliCH TI0BeIeHIs ObLI OCYILIECTBIIEH ¢ UCIOJIb3oBaHueM Iporpammbl Easy Track Light 1.0.3.

Obyuenue. JKUBOTHBIE TIPEABAPUTENHLHO OOYUYAIUCH MUIE0OBIBATETHHOMY MMOBEIECHIIO
Ha)KaTUs Ha Te/lajib Ha OJIHON CTOPOHE IKCIEPUMEHTATBHOM KaeTKH. JKUBOTHbBIE TIEPBOI AKCIIE-
PUMEHTATBHOU IPYIIBI 00YYaIuCch JAHHOMY HAaBBIKY MHOTO3TAHO (TPyIIa «5 9TaloB») B Te-
YeHue MATH JHeH: Bo BpeMs repBoil 30-MIUHYTHON aKCIIepUMeHTATbHON ceccun (TTepBbI /ICHD)
SKUBOTHBIE TIOJTYYaJIH TIUTIY 32 HAXOKIEHHE PSIIOM C KODMYIITKO#, BO BTOPOIT JIEHb — 3a TIOBOPOT
TOJIOBBI B CTOPOHY IeNayd, B TPETUIl — 32 OTXOJI OT KOPMYIITKU, HA YeTBEPTBHIiT ZIeHb — 32 TIOAXO0/
K I1eJIaJTh, 3aTeM, Ha IISIThIH, — 32 Ha)kKaThe Ha Ie/jalb. JKUBOTHBIE BTOPO 9KCIIEPUMEHTATBHOM
IPYIIIbI 0OOYYAIUCh JAHHOMY HaBBIKY OfiHO3TamHO (rpymima «1 stamn» ). OnHosramHoe obydyeHne
TaKsKe MPOBOIUJIOCH B TeUEHUE TISITU JIHE, HO Ha TIPOTSKEHUH BCETO HTOTO BPEMEHU KMBOTHBIE
OJIyYaJIu MUIILY JIUIIh B CJIydyae HaskaThst Ha reasb. [Tocie mpuoOpeTeHust JaHHOTO HaBbIKa JKH-
BOTHBIE 00ENX TPYIIT TPEHUPOBAIUCH B BBIMOJHEHUH 9TOTO MUTIEA0OBIBATETHHOTO TIOBEACHUST B
TeyeHye TOCIeIYIONIUX ISATH THEN.

ITocte cTabuaMs3anuy HaBbIKA HA IIEPBOIl CTOPOHE DKCIIEPUMEHTAIBHON KJIETKH )KUBOTHbIE
JOJKHBI ObLIH 00YUUTHCST AHATIOTHYHOMY HABBIKY Ha BTOPOU CTOPOHE KJIETKU (¢ UCTIOJIB30BAHH-
€M TIPOTUBOIIOJIOKHBIX TIe/Ia/Ti M KOPMYIITKK) B TedeHue mnocaeineii 30-MUHyTHOM SKCIIEPUMEH-
TaJgbHOU ceccuu. [Ipu aTOM Tie1amb 1 KOPMYIITKA Ha TIEPBOI CTOPOHE HKCIIEPUMEHTATBHON KJIeT-
K1 He QYHKITMOHUPOBAJIH.

Hmmynozucmoxumusi. JIJist MccieloBaHusT SKCIPECCHH PAHHETO TeHa ¢-{0S 1MOCJe MoCTe]-
Hell 9KCIePUMEHTATbHON CeCCUU KPBICHI OBbLIH TIOMEIIEHb! B JoMaliHue KiaeTku Ha 1 1 15 muH,
MOCJIe Yer0 YCHITITIEHbI MHTAIAIMOHHBIM 3(DUPHBIM HApKO30M U JieKannTuposanbl. Hemocper-
CTBEHHO IOCJIE HTOTO MO3T JKUBOTHBIX OBLIT M3BJIEUEH U 3aMOPOKEH B JKUAKOM a3ote. JKUBOTHbIE
KOHTPOJIbHOU IPYIITbI (TPYIINa «<KOHTPOJIb» ) ObLIN B3SITHI U3 IOMaIllHEH KIETKH HEITOCPEICTBEH-
HO TIepeI IeKaNTaIiex.

IKCIPECCHUIo TeHa ¢-f0S OIEHUBAINA B PETPOCILIEHUANBLHON KOPE 0 HATMYHIO TPOIYKTA
ero akcrpeccnu — 6esiky c-Fos. Perpociiennanbhas Kopa Obijia BhiOpata /st aHaIi3a, TI0CKOJb-
Ky 3Ta 06JIaCTh KOPBI TOJIOBHOTO MO3Ta KPBIC XapaKTEPU3YETCsI OTHOCUTENBHO OOJIBIITUM YHCTIOM
HEHPOHOB, AJIEKTPUUECKAs AKTUBHOCTD KOTOPBIX CHENM(UIECK CBI3aHa C BBITIOJTHEHUEM JIAHHO-
ro muiieno0bBaTebHOrO HaBbika (Svarnik et al., 2005).

Brim mpurotosiiensr GpoHTATbHBIE KDHOCTATHBIE CPE3BI PETPOCIIIEHHATBHON KOPBI TOIOB-
HOTO MO3Ta KPbIC TOJIuHOM 20 MkM. B3siThie cpe3bl ObLK paciosioskeHbl Ha YPOBHE —4.5 OT Oper-
Mol [Tocse dukcanum B 4-niporieHTHOM apadopMasbieriie U IMPOMBIBKH CPe3bl MOMETIATNCDH B
YCTaHOBKY /Il UMMYHOTHCTOXUMIYECKOi peakimu (Sequenza Immunostinding Center, Shandon,
UK) u npeaunkybupoBasich B hocarHom Gydepe ¢ qobasieHneM 2,5-MpOIeHTHON HOPMaIbHON
KO3bEH CHIBOPOTKH JIJISI CHUIKEHUST HecelupruIecKoro okpanBanust. VIHKyOaIust ¢ IepBUYHbI-
mu antutenamu c-Fos (AB-5, oncogene Science, USA) B passenernu 1:2000, o 95 MKJT Ha cTek-
JI0, IPOBOIIACH B Teuenue 18—20 yacoB mpu KoMHATHO# TeMmieparype. [locse unkyGanuu ¢ nep-
BUYHBIMU aHTUTEIAMU CPE3bI OBLIN MPOMBITHI 1 MHKYOUpoBaHbl co BropuunbiMu (Vectastain Elite
ABC KIT, Vektor, USA) B passenerun 1:200, 10 95 M1 Ha cTek10. IHKYOATHst TPOBO/IIIACH B Te-
yeHwre JBYX 4acoB. ITocjie TIPOMBIBKM CTEKJIa CO cpe3aMi OBbLIN MHKYOMPOBAHBI CO CTPENTABUINH-
6uotrHoBbiM KoMmIuiekcoM (Vectastain Elite ABC KIT, Vektor, USA), mociie yero momerieHs B
IITATHBbI 151 BBISBJIEHUS [IEPOKCUIA3HON peakiny qruamuHobensuanHoM (Sigma, USA). TTocie
TOsTBJICHYsT OKPacKH (7 MUH) CTeKJa OBLUIN JIeTHAPATHMPOBAHbI TPOBEICHUEM Yepe3 CEePUIO CITHp-
TOB BOCXO/IAIIEH KOHIIEHTPAITMM 1 KCUJIOJI, & 3aTeM 3aKJII0YEHbI T0JT TOKPOBHbIE CTEKJIA.
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Cpesbi o posbiBaauch npu 10-kpaTHoM yBennuernn Ha mukpockorne Olympus BX-50 ¢
nomolisio Beicokopaspemaoieit CCD kameps: (Nikon DMX-1200) 1 BBOAMINCH B KOMIIBIOTED
UL aHAJIN3a PacIpesiesiennsi MMMYHOTIO3UTUBHBIX KJIeTOK B Mo3re. OKpallleHHble KIeTKU B KC-
CIIEYeMBIX 0OTACTSIX MO3Ta OBLIH MTOACYUTAHBI HA KOMITHIOTEPE € TIOMOTIHI0 MOPHOMETPUIECKOH
mnporpamMmbl Image Pro 3.0 (Media Cybernetics Inc., USA).

[l OTIEeHKM CTaTUCTUYECKOH I0CTOBEPHOCTH PA3IIYUil TIOBEIEHUECKUX MTOKa3aTeseil
MIPOTIEHTOB FOS-TI0T0KUTETbHBIX HEIPOHOB B PETPOCTVIEHWMATBHON KODE Y JKUBOTHBIX Pa3HBIX
IPYIII MCIIOJIb30BAJICS HellapaMeTpuueckuil kpurepuii Manna-Yurnu. Pasmimuust cunranucs io-
croBepubiMu 1ipu p<0,05.

Pe3yabraTsl

ITosedenue acusomivix npu 00yUeHUU Ha NEPEOT CTOPOHE FKCNEPUMEHMATLHOU KiemKu. YKu-
BOTHBIE IPYIIIBI «1 9Tal» 1 JKHBOTHBIE TPYIINBI «5 9TAMOBY> IIPEABAPUTETbHO OOYUUINCH MTHIIE-
H0GBIBaTEIBHOMY TIOBEIEHUIO HasKaThsI Ha T1elajib Ha TIePBOiil CTOpoHe KJeTKu (cM. paszien «Me-
Toj1» ). ObydeHre U B OJHOM, ¥ B IPYTOM CJIydae 3aHsJI0 AT AHeil. Ha nsaThiii 1eHb sKUBOTHbBIE
BBITIOJIHSUIA IUKJINYECKOe IUIen00bIBaTeIbHOE MOoBeeHne HaxkaThs Ha 1efaab. Cremyronue
MIATh THEH JKUBOTHBIE OCYIICCTBIISIN BEIyUeHHOE TIOBEe/IeHUE, TIOCTETICHHO YBEIUUUBas YUCIO0 Ha-
JKaTUW Ha Teiasib. Pa3manii B BBITIOJIHEHUH JAHHOTO TTIOBE/IEHUS Ha JIECSIThIN JIeHb MEXILY sKU-
BOTHBIME 0GEMX 9KCIIEPUMEHTAIBHBIX TPYIIT OGHAPYKEHO He ObLIO.

ITosedenue scusommvix npu 00yuenun Ha 6MOPOL CMOPOHE IKCNEPUMEHMANLHOU KLeMKU.
ITocse crabuinsanuy HaBbIKa Ha IIEPBOH CTOPOHE HKCIEPUMEHTAJIbHOM KJIETKH KUBOTHbIE
00yyanInuch 9TOMY Ke MUIeJ00bBaTeIbHOMY HABBIKY Ha BTOPOI CTOPOHE KJIETKU B TEUEHUE 110~
caenneit 30-munyTHOU ceccun. [ToBeseHne JKUBOTHBIX 06EUX 9KCIIEPUMEHTANBHBIX IPYII ObLIO
IPOAHATU3UPOBAHO MPH ToMoIu porpamMbl Easy Track. Tpeku moBeieHIsI PEIPe3eHTATUBHBIX
JKUBOTHBIX TPYIIIIBI «5 ATAIIOB» ¥ TPYIIIBI «1 aTars mpecraBieHs Ha puc. 1.

5 10 15 20 25 30 HuH
Puc. 1. TIaTuMUHYTHBIE TPEKH TOBEJIEHIS PEITPE3EHTATUBHBIX JKUBOTHBIX IPYIIIBI «5 9Tanos» (A) u rpymisl « 1 atams
(B) nput 06yueHun ruie00bBaTEILHOMY HABBIKY Ha BTOPOIl (PACIIOJIOKEHHOIT CIIPaBa) CTOPOHE KJIETKU B TEUEHHUE MO~
cnenueit 30-mMmuHyTHOU ceccrn. Bepxuue KBaipaThbl — 30HbI KOPMYIIIEK, HIJKHUE KBAIPATHI — 30HbI [1e/1aJIei

Bb110 06HAPYIKEHO, UTO [INHA TPEKOB, T. €. JUIMHA TIPOUIEHHOTO My TH 334 BCE BPEMST TIOBE-
JIEHYECKOI CecCru, y JKUBOTHBIX rpymiiel «1 aTam» cocrasisier 15832,8+4065 cm (31ech u ganee —
cpeliHee * CT. OTKJIOHEHHE), 8 Y JKHBOTHBIX TPYIIEI «5 sTanoB» — 10883,6+2026 cm. Takum o6pa-
30M, JITMHA TPEKA Y *KUBOTHBIX TPYTITHI «1 aTarm» oKasamach JOCTOBEPHO OOJIBIIE, YeM Y JKUBOT-
HBIX FPYIIIBI <3 3TarnoBy (z=-1,98; p=0,047) (puc. 2).
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& CpenHsiT ¥ MaKCHMaJbHAsT CKOPO-
] R s e CTU ’KUBOTHBIX B JIBYX 9KCIIEPIMEHTAIBHBIX
1e00 rpyiimnax He pasiangaiaucs (z=-1,36; p>0,05).
o [loBenerme KUBOTHBIX B TeUeHUE
el % NN HOCJIETHEH TIOBEAEHYECKON cecCun ObLIO

paszaeneno Ha HeagPeKTUBHOE (BBHITTOTHE-
HUe paHee BBIYYEHHBIX TTOBEICHIECKUX aK-
10000
_ ToB) 1 addexTrBHOE (IPUOOPETEHHOE B
S —— “1 Min-Max ~ TeueHue mocienneii ceccun). [loBenenue
- £325%-75%

P p—— o & Mdian JKMBOTHBIX OBIIO OIIEHEHO 0 YETHIPEM Ka:
value TeTOpUsM: TIOBejleHue y Hea(heKTUBHOM
Puc. 2. JlnuHa TPEKOB JKUBOTHBIX TPYIIIbI <5 3TANOB» U .
KOPMYIIIKH, TIOBefieHne y HeahHeKTUBHOM

rpymibl «1 aTams .
nenanu, moexeHue y ahdexTuBHON KOp-
o 0 MYIIKH ¥ ToBefieHre y ah(eKTUBHOI Ie-
namu. JKuBoTHbBIE 00EMX TPYIIT He PasJiu-
YAJIUCh TI0 YKUCJIYy BXO/I0B B 30HYy Headdek-
tuBHON nepasu (z=-1,15; p>0,05) u o cym-
MapHOMY BpPEeMEHH, TIPOBEICHHOMY B 30HE
%* neadexrusroi negamm (z=0,73; p>0,05).
JKuBoTHBIE 06€UX TPYIIT TaK/Ke HE Pa3iu-
YaJIMCh 110 YUCTY BXOJIOB B 30HY Headdek-
tuBHO# Kopmytiku (z=0,10; p>0,05). Ox-

g

T Min-Max
w ! . ‘?'12\;”/375% HAKO CyMMapHOe BpeM:, IIPOBEICHHOC B
edian

<5 oranos» <« oram> value 30He Hea(P(HEKTUBHON KOPMYINIKH, Y K-
Puc. 3. CymmapHoe BpeMs, IIpoBejieHHOe B 30He Headhek- BOTHbIX T'DYIITIBI «5 aTanoB» ObLIO JOCTO-
TUBHOI KOPMYIITKH, Y )KUBOTHBIX I'PYIIIbI 5 3TANOB» 1 IPYyII- BEpHO 60]11)]].[6, YeM Y JKUBOTHBIX T'DYIIIIbI

Tl <1 oram> «1 atam» (z=1,98; p=0,047) (puc. 3).
w0 JKuBOTHBIE 0OEHMX TPYIIT HE PasJiu-

YJaJIich HU MO YUCIY BXO/OB B 30HY 3d-

= dbexruBHOM KOpMyTIKH (2=-1,36; p>0,05),
= HU I10 BPEMEHH, TIPOBEZIEHHOMY B 30HE 3(-
= dbexrusnoil Kopmytku (z=-0,73; p>0,05).
" JKuBoTHbIE 00€UX TPYIIl TaKKe He Ipo-
0 JIEMOHCTPUPOBAJIA PA3HUIIBI BO BPEMEHH,

1IpOBe/IeHHOM B 30He 9 (hEKTUBHOMN T1e/a-
au (z=-0,52; p>0,05), wiu B 4yucsie BXOI0B

—T— Min-Max
, 125%75% B 30Hy addexTunoil neganmn (z=-1,57;
«5 3TanoB> «1 aTam»> e MEdl"n
value p>0,05) (puc. 4).

Puc. 4. Yucso Bx010B B 30HY 9(hhHEKTUBHOI IEaIN Y K1~ Hetipozenemuueckue UBMEHEeHUS
BOTHBIX TPYIIIIbI «5 3TANOB» U Ipyiinet «1 arams
npu 00yuenuU HABLIKY HANCAMUSL HA 6MO-
POl CMOopoHe IKCNePUMEHMANbHOU KlemKuy. AHaIN3 HePOTeHeTHIECKNX U3MEHEHH TPOBOINII-
sl Ha OCHOBAHUU HAJIMYHST TIPOLYKTA 9KCIPECCHI HEMOCPECTBEHHOTO PAHHEro TeHa ¢-fos — OeJi-
ka Fos, aBigiomnerocs mapkepoM nameHeHus axcrpeccuu renoB (Anoxus, 1997). U y xusot-
HBIX TPYIIIIbI <5 9TAIOB», U Y JKUBOTHBIX TPYIIIIbI « 1 aTar» yrco Fos-1momokuTebHbIX HeHPOHOB
B PETPOCILIEHUANBHOI KOpe OBLIO JOCTOBEPHO BBIIIE, YeM Y KOHTPOJIbHBIX KUBOTHBIX, B3STBIX
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U3 JIOMAIHel KJIETKA U He MPOXOJAUBIITNX
obyuenue (z=2,24; p=0,03). Yucno Heii-
POHOB, cozepskanux Genok Fos, B perpo-
CIUIEHUAIbHON KOPE Y JKUBOTHBIX TPYIIIIbI
" *# «1 aTam» okasanoch pasHbIM 181 + 35 Kite-
Tok B 1 MM% a y JKHBOTHBIX TPYIIIIBI
«5aranoB» — 90 +3 6 kierok B 1 Mm% Ywuc-

am *

w 10 Fos-11o10KuTebHbIX HEI'/JIPOHOB Yy Kun-
. BOTHDBIX TPYIIIIbL «1 sTam» okasajoch 0~

—a— — Min-Max CTOBEPHO BBIIIIE, YeM Y JKMBOTHBIX TPYIIIILI
. £325%75% _ R

<KOHTPOJIb> <5 ITANoOB» «1 aram» = Mleshan «5 DTanoB> (Z 2’40’p 0’015) (pHC 5)
value
Puc. 5. Yucno Fos-nonoxureabHbix Heiiponos B 1 MM B Oﬁcymz[eHne

PeTPOCIIEHHAILHOI KOPE Y JKUBOTHBIX KOHTPOJIBHOMN IPYIIIIbI,
rpyIbl «1 aTam» U rpymsl «5 a1anos>. * - p<0.05 110 cpasHe- B namnom mceseosanum 6bi10 06-
HUIO C TPYIIIO «KOHTPOJIb», # - p<0.05 110 cpaBHEHUIO C TPYTI- Hapy>KeHO, YTO HEe3HAYNTEeJbHbIE Pa3JIn-

noit «1 sramn
« > yunAa Me>1</1y IIOBe/IcHEM JKUBOTHDBIX JIBYyX

AKCIIEPUMEHTAIbHBIX TPYII TIPU TIEePEYUYNBAHUN HAKATHUIO HA Te/lajb Ha BTOPOU CTOPOHE 3KC-
MIEPUMEHTATBHON KJIETKU COMTPOBOKIAIOTCS TIOCTOBEPHBIMI PA3JINUMSAMU B YNCTIe HEHPOHOB, CO-
nepskanx 6esok Fos u, cieoBaTe/IbHO, TIPETEPIEBAIONIINX M3MEHEHHUST DKCIPECCHI TeHOB. [/[Be
JIAaHHbIE 9KCIIEPUMEHTAJILHDIE TPYIIILI PA3JINYaJINCh 110 TIPe/IBapUTEIbHON ucTopun (hopMupoBa-
HU4 HAaBbIKA HAXKATHUS Ha e/lajib: OJHU c(hOPMUPOBAJIM HABBIK Ha TI€PBOI CTOPOHE B OJIMH JTAIl, a
JIpyrue — 32 HECKOJIbKO 3TAIOB.

Pesynbratel, mosydeHHbIE B JAHHOM MCCJIEIOBAHUHT, CBUIETE/ILCTBYIOT B TIOJTH3y HATUYUS
IIPOIECCOB AKKOMOIAIIMOHHON PEKOHCOTM/IAIINH, T. €. TIPOIIECCOB PEOPTAHUBAINH YKe CYIIEeCTBY-
OIIEr0 WHAMBUIYATHHOTO OIBITA, 3aTPArWBAIONINX HEHPOHBI, CIEINATU3NPOBAHHBIE OTHOCH-
TeJIbHO paHee chOPMUPOBAHHOTO MToBeeHusA. MexanuamMamy, JiexkaliiMy B OCHOBE TaKUX Peop-
raHu3aluil, MOryT ABJISATHCS He TOJIBKO IIePeCTPOMKU 9KCIIPECCUM T'eHOB B HEPOHAX, HO U CTPYK-
TYpHbIE U3MEHEHUS B CBA3SIX MEXK/y HElpOHAMM, HAIIPUMED, B YUCJIE U MATTepHAX paciipejeie-
HUST MECT KOHTAKTOB MEsKy HelipoHamu. Tak, Harpumep, ObLIO TIOKA3aHO, YTO 00YUEHMeE JI0TOJ-
HUTEJIBHOMY HaBBIKY He YCTPAHSIET Y/Ke CYIIECTBYIOIINE CHHAIICHI, a T00aBJIsieT HOBbIE Y TeX Ke
Heiiporos (Xu et al., 2009; Yang et al., 2009).

HexoTopble napameTpsl 110Be/leHNs KUBOTHBIX 1IpU (POPMUPOBAHUM HABbIKA Ha BTOPOM
CTOPOHE KJIETKU B HAIleM HCCJIE0OBAHUN PA3IMdYainuch. BbLIo, HalpuMep, 0OHAPYKEHO, YTO
ob6mas aHa 0OEKEK, COBEPIIEHHBIX KIUBOTHBIMU 32 BCE BPEMsl TOCJEHEN 9KCIIEPUMEH-
TaJIbHO ceccun, Obla OOJIbINE Y JKUBOTHBIX TPYIILL «1 aTamn». TTOCKOIbKY Y KUBOTHBIX J[aH-
HBIX T'PYIIT HE Pa3jiMyaJiiCh HU BBIPAKEHHOCTb HEA(MDHEKTUBHOTO MOBEEHUS, H BBIPAsKEH-
HOCTb 9(MEKTUBHOTO TTOBEACHUS, Haanure GoJbineld 00IIell MOTOPHON aKTHBHOCTH MOYKeET
CBUJIETETIHCTBOBATH O TOM, YTO OPUEHTUPOBOYHO-MCCIENOBATEIBCKOE, U TIPOOHOE, TIOBE/Ie-
HUe OBLIO Y HUX BbIPaskeHO B GoJibIneil crereHu. [yt M3y4eHus: 3TOTO BOTIPOCA HEOOXOAUMO
HCII0JIb30BATh WHBIE METO/bI aHaMu3a nosefenus. OfHAKO paHee HAMU OBLIO TIOKA3aHO, YTO
UMEHHO TTPOOHOE MOBE/IEHIE KOPPEIUPYET ¢ OOJIBIITUM YHCJIOM HEHPOHOB, MADKUPOBAHHBIX 110
6esky Fos ipu Hayuenun (CapHuk u ap., 2007). Kpome Toro, B paboTax APyrux aBTOPOB MHO-
TOKPaTHO OBLIO MPOJAEMOHCTPUPOBAHO, YTO YBEJIUUEHHUE YNCIa HEHPOHOB, COJEPKAITUX OET0K
Fos, He Koppeupyer ¢ KOJU4eCcTBOM MOTOPHOIT akTuBHOCTH Y kuBoTHBIX (Kleim et al., 1996;
Anokhin, Rose, 1991).
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B 10 ke BpeMst 610 0OHAPYKEHO, UTO TIOBE/IEHUE JKIUBOTHBIX TPYIIITBI <5 ATAMOB», IO CPaB-
HEHUIO € )KMBOTHBIMU I'PYIIIBI «1 aTally, XapakTepusyeTcs yBeJIuuyeHneM BpeMeHt, ITPOBeIeHHO-
ro y HeadeKTUBHON KOPMYIIKHU. /laHHDBIN TapamMeTp TMOBEJICHUS OTPasKaeT IMPEABIAYIILYIO UCTO-
puio GOpMUPOBAHUS HABBIKA, TOCKOIbKY KUBOTHBIE TPYIIBI «) HTAMOB» MHOTOKPATHO IIPOXO0-
N depe3 (hopMupoBaHUe U PACCOTIACOBAHNE MTPH aKTyIN3aIlNN JAHHOTO 3JIeMeHTa MH/IBH-
JyaJIbHOTO OTIbITa. Kaskablii IpoiieHHBIN aTar (GOPMUPOBAHUS 3TOTO TUIIEA00BIBATETBHOTO T10-
BEJICHUS XapaKTepU30BaJICS U3MEHAIONMMUCS YCJIOBUSAMHU NoJjaun 1iepBoil kopmyuiky. CHava-
JIa KUBOTHBIE 0OYYATIUCh TOMY, UTO ISl OJYYEHUs TIUIIA JOCTATOYHO HAXOAUTHCS OKOJIO KO-
MYIIIKH, HO 3aT€M 9TO MPABIJIO OTMEHSJIOCh, U JUIs TIOJYYEHUS AN HY5KHO OBLIO OTXOIUTH OT
kopMymIky. [locse 3akperieHns 5TOro NOBeACHNUS IPABUJIO CHOBA MEHSLIIOCH, U JIJIST MOJTydeHUS
UM OBII0 HEOOXOAUMO TTOIXOMUTD K CEPEITNHE CTEHKU KIETKH, 1 Tak aanee. TakimM o6pasoM,
TIpeBIYTIast UCTOPUsT (POPMHUPOBAHUS JAHHOTO TIOBEIEHIS OTPAsKAeTCs B TapaMeTpax TeKylie-
TO TIOBE/ICHUS W BIUSET HA COCTaB MPOOHBIX AKTOB, TECTUPYEMBIX MPU MEPEYUNBAHUN HA BTOPOI
CTOPOHE DKCIIEPUMEHTAIbHON KJIETKU.

[IpoBenienHble HAMM paHee dKCIIEPUMEHTBI TOKA3JI1, YTO YMCJIO HEHPOHOB PETPOCILIICHH-
AJIbHOU KOPBI, CHEIUATU3UPOBAHHBIX OTHOCUTENIHLHO aKTOB MHIEA00BIBATEIBHOTO TTIOBEIEHS,
cOPMHIPOBAHHOTO OHO- ¥ MHOTOITATTHBIM CIIOCOOAM, PA3TNIAETCS: UX TOCTOBEPHO GOJTBIITE BO
Bropom ciydae (cm.: Alexandrov, 2008). ConocraBiieHre 9THX U TIOJYYeHHBIX B HACTOSIIIEM HC-
CJIe/IOBAaHUM HeHPOreHeTHYeCKUX JAHHBIX JIaeT OCHOBAHUE IIPEAIIOIOKUTD, YTO YPOBEHD IKCIIPEC-
CHUU PaHHUX I€HOB CBsI3aH cKopee (MU B OTHOCUTEJNBHO GOJIBIIEI CTETIEHN) ¢ TeM, KAKOB 00beM
peopranusaiiuu panee chOPMUPOBAHHOTO OTIBITA HEOOXOAUM MPU HOBOM O0YYEHUU, YEM C TEM,
KaKOBO YMCJIO HEHPOHOB, aKTHBAITHS KOTOPBIX ATOT OMBIT 0becednBaeT. BoaMoskio, mocse psita
IIPOM/IEHHBIX PEOPraHu3aInii («5 9TANOB» ) CJAELYIONAst OCYIIECTBISIETCS, BO BCSIKOM CJIYyYae 110
M3y4aeMOMY KPUTEPUIO, C MEHBINEH 3aTPATOM a/al TaIlMOHHBIX BO3MOXKHOCTEH.

MpbI TaksKe IPOJEMOHCTPUPOBAJIN, YTO OIHOITATHOCTD MJIM MHOTOITAITHOCTD ITPe/bIYIIei
ucropuu (HOpMUPOBAHKS JAHHOTO HABbIKA HE BJIMSIOT HA CKOPOCTh MPUOOPETEHMs HABbIKA Ha
BTOPOIi cTopoHe KjaeTku. Kak B 0/HOI, TaK U BO BTOPOU 9KCIEPUMEHTATILHOM IpyIIie BCTpeva-
JIICB KUBOTHBIE, TPOIEMOHCTPUPOBABIINE HEOGOIIBIIOE YNCI0 I(DPEKTUBHBIX MOBEAEHUECKUX aK-
TOB, T. €. HeHayuuBimecst. OMHAKO OBLITO OBI MHTEPECHO ONMEHNTD, HACKOIBKO MTPOTHO COXPAHSIET-
Cs1 IaHHBII HABBIK B 3aBUCUMOCTH OT TOTO, O[HOATAITHO JIM MHOTOITAITHO OH OBLIT c(hOPMUPOBAH
¢ camoro Havyasia. [ToCKoIbKY 9KCITpecchst TeHa ¢-f0s B HelfpOHax sSIBJSIETCS] HEOOXOIUMBIM YCIT0-
BueM (HOpMHUPOBAHMS JOJITOBPeMeHHOI mamaTy o Hasbike (Mileusnic et al., 1996; Grimm et al.,
1997; Tolliver et al., 2000), HaiiieHHbIE HAMU PA3JIUYHUS IO IKCIIPECCUU C-f0S Y JKUBOTHBIX J[BYX
AKCIIEPUMEHTAIBHBIX TPYIIIT MOTYT CBU/IETEJILCTBOBATH O PA3JUYHON MPOYHOCTH TTAMSTH O JIaH-
HOM HaBBbIKe., DTOT BOIIPOC TPEOYET JalbHENIIET0 HCCIe[OBAHMSL.
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CONFORMITY TO NATURAL LAWS OF MEMORY
REMODELING OF SKILLS, FORMED AT THE SINGLE-
AND MULTI-STAGE TRAINING

SVARNIK 0. E., Institute of Psychology, RAS, Moscow

BULAVA A.L, State Academic University of Humanitarian Sciences, Moscow
FADEEVAT. A., Institute of Psychology, RAS, Moscow

ALEXANDROV Yu. L., Institute of Psychology, RAS, Moscow

In this research we tested if the neuronal bases of one-stage or several-stage acquired skills are identical.
In order to do this we analyzed the link between the neurogenetic changes during additional learning and
the number of stages during previous learning. To answer this question we trained two groups of animals
in one stage or several stages, re-trained them the same skill on the other side of the experimental chamber
and evaluated the number of neurons with change gene expression. While the animals of both groups
demonstrated similar behavior during additional learning, the number of neurons with changed gene
expression differed significantly. Thus we demonstrated that accommodative reconsolidation processes
(reorganization of previously acquired individual experience) are dependent on previous learning history.

Keywords: memory, learning stages, gene expression changes, brain, neuron.
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