BECTH. MOCK. YH-TA. CEP. 16. BUOJIOT'YSI / LOMONOSOV BIOLOGY JOURNAL. 2024. T. 79. Ne 28S. C. 37—45

37

Ob30P

YK 612.8+57.024

CoxKHble «IIPOCTbIC HEPBHbIEC CUCTCMbI»

J.10. Adanacnesa, I1.M. Banaban”

Hucmumym evicuiell HepHoll dessmenbHocmu u Helpoghuzuonoeuu, Poccuiickas akademus nayk,
Poccus, 117485, e. Mockea, bBymaeposa, 0. 5a

“e-mail: pmbalaban @gmail.com

HazemHble OpIOXOHOTME MOJUTIOCKM Pa3BWJIM HOBBIE CTPYKTYPBI B HEPBHOM CUCTEME IO CpaB-
HEHUIO C MOPCKUMU U BOJHBIMM YJINTKAMM, YTOOBI aalITUPOBAThCSI K HOBOI cpelie OOUTaHUS.
IloBeneHre 3TMX XMBOTHBIX KAYECTBEHHO OTJIMYAETCSl OT TOBEIEHUSI BOJHBIX OPIOXOHOTIMX
MOJUTIOCKOB M BKJIIOUaeT B ce0s1 He TOJIbKO BO3MOXHOCTh aKTUBHOTO B3aMMOJECHCTBUS C IPYTU-
MU XMBOTHBIMU, HO U JEMOHCTPALIMIO MHTEpECa aKTUBHBIM MPUOIMXKEHUEM, U30eraHue Wiu
0ercTBo B OIpeleJeHHBIX ciydasix. PeHOMEH «CTpeJibl JII0OBU», UCTIOIb3yEeMbIil TTPU OTUIONOT-
BOpeHUU, YHUKaJIeH [U1s1 [Ipuponpbl. ¥ 3TUX XKUBOTHBIX MOXHO C(hOPMUPOBATh MPAKTUYECKU
BCE BUIIBI aCCOLIMATUBHOM MaMSITH, TPOAEMOHCTPUPOBATh KOHCOIUAALIMIO U PEKOHCOIUAALINIO
MaMsTH, MPOAHAIM3UPOBATh MEXAaHU3MBI TIOAEPXKaHUs U MonuduKauu rnamsati. Ha ypoBHe
(byHK1IMOHATTBHO MAEHTU(MUIIMPOBAHHBIX HEMPOHOB U HEMPOHHBIX KJIACTEPOB BO3MOXHO HUC-
cJIenoBaTh acCOLMATUBHBIE IIPOLIECCHI in Vifro, pa3paboTaHa 3-HelpoHHas MOMeJb accollda-
TUBHBIX TOJITOBPEMEHHBIX U3BMEHEHU I CUHANTUYECKOI 3¢ (PEKTUBHOCTH.
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BBenenue

dyHIaMeHTaIbHbIE CPaBHUTEIBHO-(DU3HOIOTH -
YyecKrle MCCIeNOoBaHUS MEXaHU3MOB IIJIAaCTUYHOCTHU
HEPBHOW CUCTEMBI CTaM TPAAUMLIMOHHBIMU JIs Kade-
Jpbl (pY3MOJIOTMM YesloBeKa U KMBOTHBIX OMOJI0THYE-
ckoro dakynsreta MI'Y 6naromapst X.C. KomrrosHiry
U 1LIeJIOM TIJIesiabl ero yYeHUKoB. B ToMm yucie paGoThl
J.A. CaxapoBa M €ro y9eHIKOB Ha CaMbIX pa3HBIX BHU-
JaX MOJUTIOCKOB ObLIM MUOHEPCKUMU BO MHOTHX
acreKkTax, a 0COOEHHO BbIAENISIETCSI TUIIOTE3a TMOJIUre-
He3a MeauaTopoB, paccMaTpuBalollasi TPUYUHBI Me-
JIMaTOPHOTO pa3HOOOpa3usl U €ro IBOJIIOLMOHHbIE Ba-
puanThl [1]. UccienoBanus Hallei rpynibl B 06JacTu
MEXaHU3MOB BBICIINX (PYHKIIMIT MO3ra U Heipohusu-
OJIOTMU TIOBEIAEHMSI KUBOTHBIX BCeraa IPOXOaWIv
B TECHOM KOHTakTe ¢ Jiaboparopueit JI.A. CaxapoBa
U TIOJ BIIMSIHUEM pa3pabOTaHHbBIX UM MPeACTaBICHU.

3agauya, mocTaBieHHas mepen Hamu B 70-e IT.,
3aKjoyanach B MOMCKE MUHUMAJIbHO MPOCTOU Heli-
POHHOI CeTH, Jiexallleii B OCHOBE «IIPOCTOr0» MOBE-
JeHUs, U BHYTPUKJIETOUHOM aHaIu3e PUHLIMIIOB Op-
raHW3allMM CUHANTUYECKUX CBSI3€ B OTOW CETH.
IlepBoii MOAEIbIO MOCTYXWII TUIEBPAJIBHBIN TaHIJINIA
OOJIBIIIOTO TIPYAOBMKA, B KOTOPOM OBIJIO HECKOJbKO
COTEH HEWpPOHOB M ObUla HajeXkna, YTo, 3alucaB aK-
TUBHOCTb 3TUX HEHPOHOB, Mbl CMOXEM Y3HaTbh YTO-TO
HoBoe. Ilocie mosyTopa jer paboThl OKa3ajloch, YTO
9TOT TaHIJIMU COAEPXUT B OCHOBHOM CEHCOPHBbIE
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HEWPOHBI M HaIpsAMYIO HE CBSI3aH HU C KakKoil (op-
MOl TIoBeeHus. be3 gonrux pazgymuii Haima rpyriia
mnepelnia K HEpBHOM CHCTEME BTOPHMYHO-HA3EeMHOIO
JnerogHoro moimtocka Helix lucorum L. co 3HaYNTEID-
HO OoJjiee CIIOXHBIM ITOBEACHNEM W HEPBHOI CHCTeE-
MOII 13 NECSATKOB THICSAY HEHMpoHOB. IlpmyeM B 3TOT
pa3 MbI HavyaJIi UMEHHO C PEeTUCTpallMy MaKCHUMab-
HO BO3MOXHBIX IIPOSIBIICHUII MOBEICHMS HA CIICIIM-
aJIbHO pa3pabOTaHHOM IIpeIiapaTe C IIOJHBIM COXpa-
HEHMEM BCeX HEPBOB OT IIEHTPaJbHOII HEPBHOU
cuctembl (ITHC) x nepudepuu u perucrpauueil 1Bu-
KeHHiI opraHoB. VMIMeHHO moaxod OT ITOBEIEHUS
W IBUTATEIBbHON aKTWUBHOCTU KMBOTHOTO OKa3ayics
MIPOIYKTUBHBIM M ITO3BOJIMJ IIPOAHAIM3UPOBATh HEM-
POHHBIE MeEXaHM3MBlI IIPOCTBIX (OPM ITOBEIECHUS
¥ Jaxe IMOJOMTU K IMpobiieMe MeXaHU3MOB acColrda-
TUBHOM MaMSITH.

OO0yueHne ¥ MaMATh y OPIOXOHOTHX MOJLTIOCKOB

OOyyeHue U TTaMsITh — OCHOBHOI MEeXaHM3M J0JI-
TOBPEMEHHOM afanTaliyi OpraHMu3Ma K OKpyxKarolein
cpene. bproxoHorme yauTku o00JIaZAlOT MHOTUMU
CBOIicTBaMu, 00JIeTYaIOIIMMU aHAIU3 MOBEICHUS U3-
32 OTHOCUTEJIbHO CTEPEOTUIIHOIO MOBEACHUSA U He-
OOJIBILIOTO KOJIMYECTBA HEMPOHOB B HEPBHOM CHUCTe-
Me. DbproxoHorne MOJUTIOCKM SBJISIOTCS HauboJiee
pa3HOOOpa3HbBIM KJIACCOM B TUIIE MOJUTIOCKOB. AHa-
TOMUY, TOBEICHUE, IUIIEBbIE U PENPONYKTUBHBIE
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MPUCIIOCOOIEHUST OPIOXOHOTMX MOJUIFOCKOB 3HAUM-
TEJbHO Pa3jIMyaloTCsl OT OJHOTO CeMENCTBa K IPYyro-
My. IloapoOHbIII aHaMM3 MHOTMX MCITOJIb3YEeMBbIX
B TTOBEJIEHUECKUX HUCCIEeI0BaHUSIX OPIOXOHOTUX MOJ-
JIIOCKOB MOXXHO Halitu B kHure P. Yeiiza [2]. Haub6o-
Jiee UCIoJib3yeMble B HelipoOuosiorun BUnbl Aplysia
u Lymnaea stagnalis IBASIIOTCSI BODTHBIMU YKUBOTHBIMU
C IOBOJIbHO OrpaHUYEHHBIM MoBeneHueM. HazemHble
OpIOXOHOTHME  MOJUIIOCKM, AbIIIAIlMe  BO3AYXOM
(Pulmonata, Stylommatophora), BTOpUYHO amamnTH-
POBANCH K XM3HU Ha CYIIIe ¥ pa3BUIN HOBBIE (POPMBI
TOBEICHMS, TTOAIEePXKUBAacMble HOBBIMU TSI MO3Ta
VIINTKA HEWUPOHHBIMU CTpyKTypamu. Hampumep,
y Ha3eMHOro OproxoHOroro wosuiocka — Helix
lucorum (BUHOTPATHOM YJIMTKM), KOJIMYECTBO HEMPO-
HOB, YYacCTBYIOIIMX TOJbKO B OOOHSHMU, COCTABSIET
okoz10 80 000, B To BpeMsI, KaK B OCTAJIbHOM HEPBHOM
cucteme Bcero Toabko okojo 20 000 [3]. CootBet-
CTBYyIOILLIME OO0JACTM MO3ra OTCYTCTBYIOT Y BOJHBIX
YJIUTOK M3-32 Majioil poJIM OOOHSIHUS Y 3TUX XKUBOT-
HBIX. Y BUHOTPAJTHON YIMTKH XOPOIIIO BUIHBI MAHTHS
U JbIXaTeJbHOE OTBepCTUE (ITHEBMOCTOM), Y Hee eCThb
IBe TIapbl BTSITUBAIOIINXCS IIyTAJell ¢ CEHCOPHBIMU
00JIaCTSIMM Ha KOHIIE KaxKJoro IIynajblia 1 rjia3amu
Ha KOHYMKEe Oojbmmx Imynajel (oMMaTodopshl).
[TepBoe GoJibllioe UCCAeA0OBaHUE AbIXaHUSI BUHOTPaI -
HOI yauTKu omnybaukoBaHo B 1803 r., ydoeauTeabHO
MoKa3aHO HaJIMYue JIETKOro, akThl BAOXa M BBIAO-
xa [4]. HazemHBbIe CIU3HU, ¥ KOTOPBIX HE OCTalOCh
BHEILIHEN PaKOBUHBI (KaK y ciaudHeul Arion u Limax),
Takke 00J1analT OOJIbIION OOOHSATENbHON 00JacThIO
B HepeOpallbHBIX TaHTIUSIX, W TOJBKO B 3TOM YacTH
HEPBHOI CHUCTEMBI MOXET ObITb 3aperucTprupoBaHa
CIIOHTaHHAas pUTMUYECKast aKTUBHOCTb B MO3T¢ YIIHT-
KM, aHaJIOTMYHasi MO3TOBBIM BOJIHAM Y MJIEKOMUTAl0-
mux [5]. B HacTosIeil rmaBe Mbl COCPEaOTOYNMCS Ha
Ha3eMHBIX YIUTKaX W OymeM WCITONb30BaTh BB
Helix B xauecTBe Mpumepa.

IToBenenuyeckuii penepryap Helix

B moBenmenun HaseMmHbIX ynuTok (Gastropoda,
Pulmonata, Stylommatophora) MoXHO OOHapyXWUTh
BCE OCHOBHBIE (DOPMBI, XapaKTepHBIE IS BBHICIINX
TTO3BOHOYHBIX, BKITIOYAsl YeIoBeKa. DTO MUIIEBOE MO-
BelleHWE, OTIepruBaHue (uM3beraHme), MCCaea0Ba-
TeIbCKOE W ITOJIOBOE MoBemeHre. MBI KpaTKO OITH-
meM Bce 3TU (OopMbl MOBeAeHMs], UCToiab3ysl Helix
B KauecTBe IIpruMepa.

Pa3BuTHe Ha3eMHBIX YIMTOK IPOUCXOINT TOYTH
WCKJTIOUMTEIBHO BHYTPU SiAIa OKOJIO 3 Hemelb. [1o-
HOILICHHBIE MOJIOAbIC YIUTKHU ITOXOXW Ha B3POCIBIX,
HO C MEHBIITUM KOJMYECTBOM HEPOHOB ¥ 3HAYUTEITh-
HBIMHM pa3iM4usMU B TTOBelAeHUH. BbIIO TMoKa3aHo,
YTO B MEpPBBIC HEINEIN IOCNE BBUIYIICHUS I0BEHUIIb-
HBIE YIIUTKN UMEIOT MUHUMAJIBHOE KOJIMYECTBO CEPO-
TOHMHA B CBOEW HEPBHOM CUCTEME, HECMOTPS Ha Cy-
MIECTBOBAHNE CEPOTOHMHEPTHUECKIX HEMPOHOB, 1 HE
JEMOHCTPUPYIOT YCWJICHUS peaKIuii M30eraHus, Xa-
paKTepHBIX JIJIST TTOBEACHUS B3POCIBIX VIUTOK |3, 6].

Iluweeoe nosedenue

Bce Bunnr Helix (H. lucorum, H. aspersa v np.) siB-
JISIIOTCSI YHUBEPCAIbHBIMU TPaBOSAHBIMU. [ojlogHbIE
VIUTKM VYJIABJIWBAIOT 3amaxy MUIIUA C PACCTOSHUS
20—50 cM ¢ MOMOIIBIO OOOHSITENBHBIX PELEITOPHBIX
obacTeil, pacIiojIOKEeHHBIX Ha KOHYMKAX KaXI0To U3
UX 4eTelpex Inynajgen. B mpucyrctBum numm Helix
BBIBOpAYMBaeT I'yObl, HA KOTOPBIX HAXOOUTCS OOJIb-
III0€ KOJIMYECTBO XEMOPELEITOPOB, M KacaeTcsl I10-
TeHLMAJBHOM MUIIY MaJeHbKUMHU IIyIaIblIaMu (py-
Hodopamu). B muieBoM moBeneHWM YIUTOK JIETKO
Pa3IUYMMBI alllIeTUTUBHAS 1 KOHCyMMAaTopHas ¢a3a.
AnmnerutuBHas (paza BKIIOYAET aKTUBHOE MepeMelle-
HUYE B HaIlpaBJICHUM IUIIK. 3aBepiiamias ¢asa co-
CTOMT U3 MOMHSTUS TOJOBBI, KACAHUS IMUINN IrydoaMu
M HayaJla pUTMUYHBIX IBDKEHUN TJIOTOYHBIX MBIIIIII,
MIPUBOISIINX K COCKAOJIMBAHUIO TUIIY XUTUHOBBIMU
pamyjiaMy, KOTOpPble MMEIOT OO0 3 ThIC. MUKPOCKOIIM -
yeckux 3y0oB. OKoOHUATelIbHOE pEIleHHe O Hadaye
«K€BaHUsI» OCHOBBIBAETCS HAa XEMOCEHCOPHOM WMH-
¢dopMany, IOJYYEHHONM OT XEMOPELENTOPOB TIyO.
B cnydyae HempuSTHBIX 3allaXxOB YJIMTKA BTSITHUBAET
LIyIajgblia ¥ IIpeKpallaeT IBIKeHHE, 3aTeM MEHSIEeT
HallpaBJieHue ABIDKeHUs. PasHUIIa MeXIy IT0JIOXKU-
TEJIbHOM U OTPULIATEIbHON peaKIMEN Ha MUIILY Kade-
CTBEHHAsI — MPUOIDKEHNE B CJIydae IMOJIOXUTEIbHOM
peakuny 1 n30eraHue B cIydyae OTpULIATEeIbHOM peak-
uun. B ciemyrommx pasgenax OyaeT omnrcaHa CIoco0-
HocTb Helix accompoBaTth 3arax IUIIKA C IIOCIeIy-
IOIIAM yIapOM 3JIEKTPUYECKOTO TOKA Y M3MEHEHUS
MOBEJeHNS Ha aJIbTEPHATUBHOE.

Oboponumenvhoe nogedenue

B oTBeT Ha omacHble pasAPAXKUTENUN (TaKTUIb-
Hble, XMMHMYECKHUE, TEIJIOBble, BUOPALIMOHHBIE, BbI-
KJII0YEHUE CBEeTa) Ha3eMHBbIE YIMTKU AEMOHCTPUPYIOT
peakiliMyd OTAEpruBaHUs IIyIajell, KOTOpble MOXKHO
paccMaTpuBaTh KaK KOMIIOHEHTBHI TOBEACHUS ITac-
CUBHOro M30eraHusi, COMPOBOXIAIOIIUECS BbIaele-
HUEM CJIM3M U3 MAHTUHWHOIO BaJIMKa B cydyae O4YeHb
CWJIBHBIX pasapaxuresieii. MOXHO BBIACIUTb TpHU
TUMNA peaklM¥ Ha TaKTWIbHYIO CTUMYJSLUIO KOXU.
IlepBbIii TUIT — BTO JOKAJlbHbBIE COKpAIEHUs KOXH
U MBIIIL B MeCTe CTUMY/SILIMU B OTBET Ha cJiaOble
(naBneHue 5—6 r/MM2) pasnpaxuTenu. DTa peakilus
He ornocpenoBaHa IITHC 1 MoxeT HaGM0gaThCs Y K1~
BOTHBIX C yIOAJ€HHBIMU LUEHTPaJbHBIMU TaHTJIUSIMMU.
JIaTeHTHOCTb 3TOrO JIOKAJbHOTO OTBETa, OMOCPEIO-
BaHHOTO TepupepruIecKMMU HeiipoHaMU, COCTABJISIET
okoiio 0,1 c. Bropoii Tun peakiuu — 3To MOBeAcHYE-
cKasl peaklydsl Ha TaKTUJIbHbIE Pa3ApaXKUTENIU yMe-
peHHOIl uHTeHcuBHOCcTH (15—40 r/MM2), KoTopas
ucuesaet nocie ygajaeHust LIHC. Dra peakiius BKIIIO-
yaeT 3aKpbITUE MHEBMOCTOMA (OTBEpPCTHE JIETOYHOM
MOJIOCTH), COKpallleHWe IIynajell U BTSITMBaHUE TO-
JIOBbl HE3aBHCUMO OT MeCTa CTUMYyJSIUMU. JlaTeHT-
HOCTh cocTaBiisieT okosio 0,2 c. Ha aToit ctanuu Teyio
VJIUTKU HEe BTITUBAETCs B paKOBUHY, HO TepeIBHXKE-
HUEe mpekpaliaeTcsi. TpeTuili TUMN TMOBeAeHYECKON
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peakiUuy Ha CWIbHbIE OMACHBIE PA3IPaKUTEH 000N
MOJAJIBHOCTU BKJIIOYAET B ceOsl BCe Mpelblaylline pe-
aKllMMd U TeHepaJM30BaHHYIO peaklMIO0 TMacCUBHOIO
u30eraHusl: BTSITMBaHWE BCEro Teja B MaHLUUPb U3-3a
COKpalllgHUsI KOJYMEJUISIPHBIX MBIIIIL, COIMPOBOXIA-
ollieecsl 3allUTHOU peaklueil BblAEJACHUS CIU3U U3
MaHTUIHOTO BajvMKa. AKTMBHOE IOBeJleHUEe u3bera-
HuUsl (0ErcTBO) y Ha3eMHBIX YJIMTOK MOXHO HabJto-
JaTh TOJBKO B TeX clydyasx, KOTAa CTMMYJbI cJiaboi
WJIM YMEPEHHOW MHTEHCUBHOCTU MTPUMEHSIIOTCSI MHO-
TOKpaTHO, B T€YEHUE HECKOJIbKUX MUHYT, HO HE BbI-
3bIBAIOT T'€HEPaTM30BAHHON OOOPOHUTENBHON peak-
uu. YToObl n30€XKaTh TaKOW CTUMYJISILIMU, KMBOTHOE
aKTUBHO YXOMIMUT.

Hccaedosameanvckoe nosedenue

TpynHO TIpOBECTH pa3IWyKre MEXIY almneTUTUB-
Hol (ha3oit KOpMJeHMSsI, BO BpeMs KOTOPOUl yIuTKa
aKTUBHO TIEPEIBUTAETC, U UCCIENOBATEIbCKOW JIO-
Komonmeri. Bo BpeMs1 Bcex BUAOB JBUTATEIBbHON aK-
TUBHOCTH JTaX€ CHITbIE YIUTKA KOHTAKTUPYIOT C CyO-
cTpaToM ry0aMu U puHO(OpamMu, WHOTHA IbITASICh
MPOIJIOTUTh €ro, COBepllasi CKpeOyllue IBUXKEHMS
panyioii. Cienyer OTMETUTb, YTO HACBHITUBIIHECS
YJIUTKA OOBIYHO HE NBUTAIOTCS, a OCTAIOTCS HEIOI-
BVDKHBIMM B pakoBUHax. MHTepecHBIN ciiyvaii uccie-
JIOBATEIbCKOTO TIOBEACHUS MOXHO JIETKO YBUIETh
B OTBET Ha cj1abylo IOBTOPSIOUIYIOCS TaKTUJIbHYIO
ctumyssiio. BMecto Toro, 4toObl OTCTpaHUTHCS,
YJIMTKA TIOBOPAYMBAET TOJOBY K CTUMYJIUPYEMOMY
MECTY U TIBITAETCS aKTUBHO CBSI3aThCSI CO CTUMYJIAPY-
IOIIMM OOBEKTOM M UCCIIEN0BATh €ro. Bricokas Biax-
HOCTb W YPOBEHBb BOJBI BBHI3BIBAIOT BHICOKWAI YPOBEHb
JNBUTATEbHOM AKTUBHOCTUA HaXe y CHITBIX YJIWTOK,
YTO MOXHO paccMaTpyBaThb KaK MCCIENOBATEIbCKYIO
aKTUBHOCTh, TTO KpaliHeil mepe, yacTuuHo. M HOrma
VJIUTKA B TaKUX YCJIOBUSIX MPEOHOJIEBAIOT HOBOJIBHO
OospuIoe paccTosiHue. BaxkHoit yacThio MccienoBa-
TEJIBLCKOTO MOBEACHUS ABJISIETCA TEPUOINYECKOE MO/ -
HSITHE TOJOBHOM YacTH TeJia BO BPEMST aKTUBHOTO Tie-
PEIBVDKEHUSI W TIOBOpAYMBaHWE IIyIaJel] B JIEBYIO
U TIpaBYIO CTOPOHBI (rearing), TakuM o0pa3oM yJIuTKa
HUCCIIEAYET OKPYXKAIOLIYIO CPEny.

Iloaoeoe nosedenue

[TonoBoe noseneHue Helix yHuKaabHO B IpUPOIE.
JlerouHble YIUTKU — UCKIIOUUTENBHO repMadpoanThl
C MOJIHBIM HabOPOM PENpPONYKTUBHBIX OPraHOB 000UX
MOJIOB, Pa3MHOXEHNE TOJbKO MyTeM IepeKPECTHOIO
OILJIONOTBOPEHUSI. BOJIBILIMHCTBO JIETOUHBIX HA3€MHBIX
VJIUTOK, JbIIIAIIMX BO3AYXOM, JEMOHCTPUPYIOT CTEpE-
OTUITHOE TAKTUJIbHOE TMOBEIeHUE YXaxKMBaHUS Tepen
COBOKYIUICHUEM. YXaXMBaHUE y 3TUX repMadpoauT-
HBIX YJIMTOK JJIUTCS OKOJIO 8 4 U coCcTOUT u3 12 pas-
JIuYHbIX crtamuii [2]. HeckonbKo ceMmelcTB 3Toi
rpyrmbl (Stylommatophora) comepxXaT BUABI YIUTOK
U CJIM3HEN, KOTOPbIe CO3MaI0T B CIIelIMaIbHOM OpraHe
U3BECTKOBbIC WJIM XUTUHOBBIE «CTPEbl JIOOBU» IJIU-
Hoit 1o 8 mMm. KynbMuHalmen yxaxkuBaHusl SIBJISIETCS

BBICTPE/IMBAHME «CTPEJIbI IFOOBM» B mapTHepa. Ctpeia
CONEPXKUT TOPMOHOIMOAOOHBIE MENTUAbI, KOTOpPbIE
CMOCOOCTBYIOT BbIXKMBAHUIO CIIEPMATO30UI0B U U3ME-
HEHUIO ToBeAeHUs peuunueHTta [7]. Yepe3 KopoTkoe
BpeMsI IEHUC BHIBOPAUMBAETCS U HAUMHAETCSI COBOKY-
IUICHWEe, KOTOpOoe TpomojrKaeTcs oKojo 6 4. I'pymma
HeHpoHOB B MeTallepeOpaibHOl 10Je MO3TOBOIO TaH-
ust Obl1a uaeHTuguimponsaHa P. UeitzoMm [8] kak oT-
BETCTBEHHAsl 3a BBICBOOOXIEHUE «CTPENbl JIIOOBU»
U BbIBOpauMBaHHE IOJIOBOrO 4ieHa, MHTMOUpOBaHe
aKTMBHOCTM HEHPOHOB, YYacTBYIOLIUX B OOOPOHU-
TeJbHOM moBeneHuM [9]. OOBIYHO B TMOBEAESHYECKOM
uepapxumn Helix obopoHUTEIbHOE TOBEAEHUE TOAa-
BJISIET MUILIEBOE MOBENCHUE U UCCIeI0BATENbCKYIO JIO-
KOMOIINIO, HO OBIJIO TTOKa3aHo [7], 4TO Hayajio I10JI0-
BOrO MOBENCHUSI MOXET TMOJaBsATh MUILIEBOE
MOBelIeHUE U JIOKOMOLIMIO BO BpeMsl CriapuBaHusl, Of1-
HaKo 000OpPOHUTEbHBIE PeaKlUU MOJABJISIOTCSI He3HA-
YUTEJbHO, U CUJIbHBIE OMTACHbIE CTUMYJIbI MOTYT OCTa-
HOBUTD CITapvBaHMUE.

DyHKIMOHATIBHAS CTPYKTYPA HEPBHOIA CHCTEMBI
Ha3eMHBIX YJIUTOK

AHaJIN3 HEHPOHHBIX MEXaHU3MOB HOJTOCPOYHBIX
U3MEHEHUI B MOBENCHUM TpeOyeT 3HAHMS JexXalllux
B OCHOBE HEHPOHHBIX CeTell U CUHANITUYECKUX CBSI3Ei
BOBJICUEHHBIX HelipoHOB. [ToBeneHUYeckass HelipoOuo-
JIorust 6€Cro3BOHOYHBIX Hauajaach ¢ (PyHKIIMOHAIBLHO-
ro OINKWCAHUSI OTHEIbHBIX HEUPOHOB, CITOCOOHBIX
BbI3bIBaTh TOBeAeHYecKuit akT [10]. ¥V HazeMHBbIX
OPIOXOHOTUX MOJITIOCKOB MOP(OJOTUYECKU U (PYHK-
LIMOHAJIBHO OBbLTA UAEHTU(MULMPOBAHBI YeThIpe (hyHK-
LIMOHAJIBHBIX KJIacca WASHTU(ULUUPYEMBIX HEPBHBIX
KJIETOK, YY4aCTBYIOIIMX B OOOPOHMTEIHLHOM IOBEHE-
HUM, KOTOPO€ OOBIYHO MCIIOJIb30BAIOCH IUJISI TIOBE-
JEHYECKUX DKCIEPUMEHTOB MO OOYyYeHUI0O U 3aIlo-
MuHaHuo [11].

11 €pBUMHbIE MEXAHOCEHCOPHbLIE KAemKU

B neBpanbHOM U napueTaqbHOM raHrusx Helix
ObLM UaeHTUdULIMPOoBaHbl Hebobire (10—40 MKM)
KJIETKHU, pearupyoliue Ha TaKTWIbHYIO CTUMYJISILIMIO
OIpeaeIEeHHOTO HEOOJBIIOr0 yJyacTKa KOXM YIUTKU
KOPOTKO-JIAaTEHTHbIMU UMITyJIbcaMu. be3 ctumys-
LIMW 3TU KJIETKW MOJYad, HO PearupoBau JJIUTeNIb-
HOIl TunepIrospusalyeil Ha CTUMYJISILIMIO BCEX APY-
rux obnacteit. CnalikoBble pa3psiibl B OTBET Ha
TaKTUJIbHbIE CTUMYJIbI 3aBUCEJIM OT MECTOIOJOXKEHMS
U UHTEHCUBHOCTHU CTUMYJIa U BBI3BIBAJIUCH JaXe CTU-
MyJIaMU, KOTOpbIE ObLIM MOATIOPOTOBBIMU JJIsI TIOBE-
JeHuYecKuX peakiuii [12]. BHyTpukieTouHass CTUMY-
JISILMST OJHOM TaKOW KJIeTKM HUKOTIa He BbI3bIBajia
HUKaKOI MOBeAeHYECKOU peakluu. beuio oOHapyxke-
HO, YTO MOYTH BCe 3TU KJIeTKU (0Kojio 30 B KaXXIoM
TaHIJIMM) MOHOCUMHANTUYECKU CBSI3aHbI CO BCEMU JIe-
BSITBbIO MMPEMOTOPHBIMU (KOMaHIHBIMU) UHTEPHEPO-
HaMM, YYacCTBYIOIIUMU B 3alycKe OOOPOHUTEIHHOIO
MoBeNeHUs. bblIo MoKasaHo, UTO HEHPUTHI 3TUX CEH-
COPHBIX KJIETOK BBIXOJSIT Ha Mepudeputo.
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Jleucameavnuvie (momo)neripornt

HeiipoHtbl, nocklIalone CBOU HEMPUTHI K TIEpH-
¢depuyeckuM opraHaMm, ObLIM OOHApyKEHBI IyTeM
PETPOTrpagHOro OKpalllMBaHUs BO BCEX TaHIVIMSIX Ha-
3eMHbIX yJIMTOK. [ToMMMO paHee onmrMcaHHbBIX IEPBUY-
HO-CEHCOPHBIX KJIETOK, ObLIM OOHApPY>KEeHbI CIIOHTaH-
HO akTHUBHBIe HelipoHbl. B n3omupoBanHoit THC >t
KJIETKH OOBIYHO PUTMUYECKM aKTUBHBI, B TO BpeMs,
Kak B TIperapaTax ¢ WHTaKTHBIMU 3(ddexTopaMu —
HaOJofaeTcs CUJibHasl CHUHAINTUYECKas MOMYJISIIIUSL.
CrioHTaHHas 3ajIoBasi aKTUBHOCTb KOPpEIUPYET CO
CHOHTAHHBIMU JIBMKEHUSIMU 3(h(HEKTOPOB, NTHHEPBU-
PYEMBIX BTUMM KJI€TKaMM. DTU KJIETKHA IOCHLIAIOT
HEHpUT (aKCOH) K ompenesieHHOMY 3((MEeKTOpy U CU-
HaIITMYECKM pearupyloT Ha BCe BHEIIHUE pa3apakKu-
T€JU, BBI3BIBAIOIIME MOBEAESHUYECKME PEeaKLMU OTIEP-
TMBaHMSI C y4yacTHeM 3Toro 3(peKkTopa U3MEHEHUEM
YacTOThI CIIOHTAHHOM aKTUBHOCTU. BHYTpUKIIETOUHAS
CTUMYJISILIMSI OMHOTO U3 MOTOPHBIX HEMPOHOB OOBIYHO
HE BBI3BIBAET LICJICHAIIPABJICHHOM MOBEICHYECKOM pe-
aKIMM, HO COKpAILIEHMS YaCTU MBIIIIL MOXHO Ha0JI10-
JIaThb BO BpeMs CWJIbHOM akTuBalu. CHHANITUYECKOM
WIM DJIEKTPUYECKOM CBSI3U MeEXAY 3TMMM KJIeTKaMu
y Helix ormeyeHo He Obu10. CBOMCTBA MOTOPHBIX HEMl-
POHOB IpennoyaraloT ux (yHKIMOHUMPOBAHUE KaK
IPYIIIbLl KJIETOK C MOJMMOIAJbHBIM CEHCOPHBIM BXO-
JIOM U (PyHKIIMOHAIBLHO OOIIM BBIXOAOM.

Modyaupyrowue neiiponot

B HepBHoI1 cucteMe Helix nerko nuneHTAGUIIAPY-
IOTCSI HECKOJIBKO CKOIUICHUM CEepOTOHMHEPTHUYECKUX
ki1eToK [13]. CepoToHMHEpPrUYeCcKasi TMTaHTCKAs KJIeT-
ka Homep oguH (CG1), pacnoioxkeHHass Ha BEHTPalb-
HOM TTOBEPXHOCTH IIepeOpaIbHBIX TAHTJIMEB M y4acT-
BYIOIIIasi B KOHTPOJIC THIIEBOTO TIOBEACHUS, MICHTH-
(umpyercs y Bcex OpIOXOHOTMX MOJUTIOCKOB, TaK Xe,
Kak u rpymmna u3 10—15 oyeHb MaaeHbKIX CEPOTOHU-
HEPruveckux KJIeToK psiioM C 3TUM HelpoHOM. bbuio
obHapyxeHo, yTo CG1 MOHOCMHANITUYECKN KOHTPO-
JIIPYeT MOTOPHBIE HEMpPOHBI OYKKATbHBIX TaHTJIUEB,
YYacTBYIOIIME B THIIEBOM TToBemeHnH. Kpome Toro,
ObUTO0 mokazaHo, yto rpymma u3 100—150 ceporoHu-
HEePIUIECKUX KIIETOK B POCTPATLHOM YaCTH IeTaTbHBIX
TaHIJIMEB CITIOCOOHA MOMYJIMPOBAaTh CHUHANTHYECKMI
BXOII TIPEMOTOPHBIX WHTEPHEHPOHOB, YYACTBYIOIINX
B CETH, JIeXKallleil B OCHOBE 00OPOHUTEILHOTO TIOBEIC-
HMS. BHYTpUKIIeTOYHasl aKTUBAIlMsI 3THUX KIETOK He
BBI3BIBAJIa HEMEJICHHBIX TOBENCHUECKNX 3G (EKTOB,
HO M3MeHsIIa (MOIYIMpPOBajia) aMIUIUTYIbI TTOBEICHIC-
CKMX peakKIIMii Ha OIacHBIE BHEITHWE Pa3IpaXkKMTETN
B T€UeHME MHOTMX MUHYT. YacToTa CITOHTAaHHOMN aK-
TUBHOCTH B 3TMX HeMpOHaX 3aBHCesIa OT YPOBHST HACHI-
MIeHNs KUBOTHOTO. OTIacHbIe CTUMYIIBI (TaKTHIIBHEIE,
XUMUWYECKHUE, HOIUIIENITUBHBIC ) BEI3BIBAIM aKTUBAITUIO
CEPOTOHMHEPTUIECKMX TedaTbHBIX HelipoHoB. Cepo-
TOHMHEPTUYECKNE KIIETKH, PACIIOJIOXEHHBIE B pO-
CTPAJTBHOM YaCTH MeJaTbHBIX TAaHTINEB, 3JIEKTPHUECKU
CBsI3aHBI C COCEISIMU TT0 TPYTITIE CO CPeTHUM KO3 hu-
LIMEHTOM CBs31 0Kojio 0,1, TakmMm oOpa3om, IIpUBIIE-

Kasi MHOXECTBO KJIETOK W3 TPYIIIbI, KOIJa OHA U3 HUX
OblJ1a aKTMBMpPOBaHA MOJMMOAATLHBIMU CEHCOPHBIMU
BXOJJAMUW WA BHYTPUKJIETOYHOW CTUMYJSILIMEN OTHOM
3 KiIeToK [14, 15].

Ilpemomopnbie unmepheiiponst
000pOHUMEAbHO20 N0BEOCHUSL = KOMAHOHbBLE HellpOHbL

bbL10 OKa3aHO, YTO BHYTPUKJIETOUHAs aKTUBa-
1Y 1€BATU UAEHTUDULIMPYEMbBIX TUTAHTCKUX HEWPO-
HOB B TTapUeTaAJIbHBIX U TIJIEBPAJIbHBIX TAHTJIMSX 3aIly-
CKaeT peaklMI0 OTMEHbl y Ha3eMHbIX yauTok [11].
AKTUBHOCTb TIITU TUTAHTCKUX HEWUPOHOB MapueTasb-
HbIX TaHIIMEB BbI3bIBAJIa COKpallleHWe OCHOBHOM
MBIIIIIIbI, COEAUHSIONIEH TeJIO U PAKOBUHY, COKpallle-
HUE MaHTUWHOTO BajJMKa, 3aKpbITWE OTBEPCTUS Jie-
TOYHON MOJIOCTU. AKTUBHOCTh YEThIpEX TMUTAaHTCKUX
HEMPOHOB TJIEBPAJIbHBIX MAHIJIMEB BbI3bIBaJla COKpPa-
1LIeHM€ MBIIIII] 11yTNajel ¥ BTITMBaHue TOJIOBbI.

Crenyiolne 0COOEHHOCT OOOPOHMTENIBHBIX MH-
TEPHEWPOHOB TO3BOJISIIOT paccMaTpuBaTh UX KakK KO-
MaHIHble HeHpoHbl: (1) BHYTPMKJIETOYHO BbI3BaHHAs
aKTUBHOCTb ¢ YactoToil 3 I'l 1 GoJiee BbI3bIBaja CKO-
OPIVHUPOBAaHHBbIE OOOPOHUTENbHBIE TMOBEIEHUYECKUE
peakuuu, crienuuIHbIe I KaXIoi KiIeTku; (2) oT-
BETHl Ha OMNACHYI0 CTUMYJISILMIO PAa3jIM4YHBIX MOIAJb-
HOCTel Bcerga TIPenllecTBOBaIM WM COBMNAAaIn
C 00OPOHUTEILHBIMU peaKLuaMU; (3) IIepBUYHO-CEH-
COpHbIE MEXaHOPELENTHUBHbIE HEMPOHBI MOHOCHHAII-
TUYECKU CBSI3aHBI C STUMHU KJIeTKaMu; (4) CIIOHTaHHBIE
paspsiibl B 3TUX HEHPOHAX HE KOPPEIUPOBAIM C IBU-
KEeHUsIMU 3(PpHeKTOpoB, HE BbI3BAHHBIMU BHELTHUMU
pazapaxuTenssMu (Harpumep, 3aKpbITHUEM THEBMOCTO-
ma); (5) MexaHOpeLeNTHMBHBIE, XEMOpPELIENTUBHEIE,
(hoTopenienTUBHBIE U TEPMOPELIENITUBHbBIE MTYTH (MO -
MOJAJIbHBII CEHCOPHBII BXOI) KOHBEPIUPYIOT Ha 3TUX
KieTkax; (6) BHYTPMKIIETOUHAS] aKTUBALIMS ITUX KJle-
TOK aKTUBHUPYET MOTOHEUPOHHI; (7) BHYTPUKIICTOUHAS
TUTIEPIIONSpU3alls OJHOK M3 3TUX KJIETOK YCTpaHseT
U3 00OPOHUTETILHOTO MOBEAEHUSI KOMITIOHEHT, aHaJlo-
TUYHBIA KOMIIOHEHTY, BbI3bIBAEMOMY BHYTPUKJIETOU-
HOIT akTUBaluel Toil xxe Kietku [14]. Bce 3Tu neBsarhb
UIEHTU(DUIMPOBAHHBIX MHTEPHEHPOHOB  COMEPXKAT
Heliporpancmurrep FMRFa, koTopsiii (pyHKIIMOHAIb-
HO JEHCTBYET PELIMITIPOKHO CEPOTOHUHY, U MOTYT ObITh
(byHKIIMOHATBHO OMKMCaHbl KaK MPEMOTOPHbBIE KIIETKH,
KOTOpbIE CITOCOOHBI 3aIycKaTb KOMITOHEHThI (KOMaH-
JIOBaTh KOMIIOHEHTaMM1) OOOPOHUTEILHOTO ITOBEAECHNS
Ha OCHOBE KOHBEPTEHTHOTO MOJMMOJAIbHOTO CMHAM-
TYecKoro Bxoma. HelipoHsl u3 3Toil (pyHKIIMOHAIb-
HOU TpyIIbl MOXHO Ha3BaTh KOMaHIHbIMU KJIETKaMU
B COOTBETCTBUU C ompeneneHueM [16, 17], TOCKOIBKY
OHU HEOOXONMMBI U TOCTATOUYHBI [JIS1 3aIycKa KOOpau-
HUPOBAHHBIX MMOBEAEHYECKUX aKTOB.

Cmpyxkmypa nellponHol cemu, aexcauieli 8 0CHOGe
000pOHUMEAbHO20 U NUWLEB020 NOBEOCHU

B nonbiTKe onmcaTh y YIUTKU HEAPOHHEBIE CETH,
JieXXaliue B OCHOBE IMUIIEBOTO M OOOPOHUTEEHOTO
MTOBEJECHUS, KOTOPbIe aKTUBUPOBAJIVCH MIPU acCOIMa-
TUBHOM OOYYEHWH YJIUTKH (3allax MAILIK + yaap dJeK-
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TPUUECKUM TOKOM), MOXHO OYEPTUThb IMPOCTEHIIYIO
LIETIOYKY CEHCOPHO-TTPEMOTOPHBIX HEMPOHOB C HECU-
HalTUYECKUM YIpaBJieHUEeM OT MOAYJIUPYIOIIUX WH-
TepHelipoHOB. CxeMa CHHAITUYeCKUX B3auUMOCBSI3ei
U creluGUIHOCTU HeHpoMearuaTopoB, OCHOBaHHas
Ha BHYTPUKJIETOYHOW 3aluCU OT UAEHTU(ULUPYE-
MbIX HEIPOHOB U KJIACTEPOB HEHPOHOB, UMMYHOXHU-
MUWYECKOM aHaJli3e, MokKa3aHa Ha PUCYHKE.

[ToMuMO BXOAOB OT IPEMOTOPHBIX (KOMaHIHBIX)
KJIETOK, MOTOHEWPOHBI TMOJY4YalOT CHUHANTUYECKYIO
nHGOPMALIMIO HETTOCPEACTBEHHO OT CEHCOPHBIX Kile-
TOK, MOCKOJIbKY JaTeHTHOCTh CMHANTUYECKON peak-
LIMY Ha OTIaCHbIE CTUMYJIbl B MOTOPHBIX U MHTEPHEN-
poHax onuHakoBa. Bo3M0OXHO BbI3BaTb KOMIIOHEHThI
00OPOHUTEJIbHBIX peaklnii 6€3 yuacTusi MHTEpHepo-
HOB (KOMaHIHBIX KJIE€TOK), Y HUX BKJIaJ B OCHOBHOM
HeoOXoauM 111 ObICTpOro U 3((EeKTUBHOTIO 3amycka
O0OPOHUTEIbHBIX peakiiuii OMacHBIMU CTUMYJIaMMU.
[TuieBoe MmoBeneHUe MOXeT ObITh BBI3BAHO MOBBIIIIE-
HUeM KOHULEHTpaluu nogaMuHa BO BHEKJIETOUHOM
pactBope (remonum@e). BaxkHo OTMETUTD, UTO MOMY-
JIMPYIOILIME CEPOTOHMHEPTUUECKUE KIETKM BBICBO-
00XIaloT TepeaaTYMK B OCHOBHOM HECUHAITUYECKH,
U3 BapUKO3HBIX PacCIIUPEeHUI, TAKUM 00pa3oM BiIusIs
Ha OOJIbLIYIO TIJIOIIAAb HEUPOMUJISl, MHOTHE HEHPOHDI
[13, 14, 18, 19]. IleganbHBIA CEpOTOHMHEPTMYSCKUIA
KJacTep TIpeAcTaBisieT co0oi  (hyHKLIMOHAIbHYIO
IPYIIY HEUPOHOB, MOAYJIUPYIOIIUX CETh OOOPOHU-
TEJbHOTO MOBEACHMUS YIUTKU.

Mexanu3mbl (D)OPMHUPOBAHMSA, IOAAEPIKAHUS
1 Moau(HUKAIMH NAMSATH Y HA3eMHBIX YJIHTOK

Ilogedenueckasn naacmu4nocms u accouuamuenas
namsmo y HA3eMHbBIX YAUMOK
[Be mpocreiiiiuve (GopMbl MOBEICHUECKON TIia-
CTUYHOCTU — TMpUBBIKAHUE (HEraTUBHOE OOYy4YeHUE)
U ceHcuOuam3auus (dacuiuranusi, AeraduTyarus
U T.0.) — OOBIMHO paccMaTpUBAIOTCS, KaK Heacco-
LIMaTUBHBIE (DOPMBI TIJIACTUYHOCTU, MOCKOJbKY OHU

BO3HMKAIOT 0e3 accollMalMu ABYX CTUMYJIOB, Mpea-
CTaBJIEHHBIX 3KCIIepMMEHTaTopoM. B peajibHOCTU TO-
BEJIEHUYECKUX IKCIIEPUMEHTOB, €CJIM Bbl MPEIbSBIsICTE
OIMH CTUMYJ, OH HEU30eXHO acCOLUUMPYETCsl ¢ KOH-
TEKCTOM, B KOTOPOM OH ObLI TpenbsiBieH. Takum o6-
pasoM, TIpedbsBlIeHUE JIO00ro CTUMYyJda CBS3aHO
C KOHTEKCTOM, U €CJIA 3Ta aCCOLMALNS TPOXOAUT CTa-
U0 KOHcomuaauuu (4—6 4), To BOCIOMUHAHUE Clie-
JIyeT paccMaTpuBaTh KaK acCOLMATUBHYIO JOJIIO-
BpeMeHHyl0 TaMsTh. K coxaneHuto, B JuTepaType
CyILIECTBYeT HErJIaCHOE MPaBWJIO CYUTAThb U3MEHEHMSI
B MOBEJIEHUH, BbI3BAHHBIE MTPEIbSIBIEHUEM TOJBKO Of-
HOro cTUMyJja, HeaccouMaTuBHbIMU. [Ipumepom Mo-
JKET CIY>KUTb XOPOIIIO U3YyYeHHBIN (peHOMEH H0JIroBpe-
meHHoli ceHcutu3auuu (Long-Term Sensitization,
LTS) y Mopckoro MoJsuttocKa ariu3uM, KOTOpbIi pac-
CMaTpUBAeTCsl B CTAaThsIX KaK HeaccoUMaTuBHBIN [20],
HecMOTpsl Ha TOT (bakT, YTO B ITOH XKe J1abopaTopuu
ObLJIO TTOKAa3aHO, YTO CEHCUTHU3ALMS aCCOLMAaTUBHO 3a-
BUCHUT OT KOHTEKCTa, €CJIM TECTUPOBATh Uepe3 NeCsATKU
yacoB [21]. B aTnx skcnepuMeHTax XKUBOTHbBIC IEMOH-
CTPUPOBAIM TaMSITh (YCUJIEHHbIC peaKluu OTaepTrrBa-
HUSI) TOJIBKO B TOM CIydae, Korma ux Ouid TOKOM.

B maBioBCKUX TpamuIMsSIX BCe OOJTOBpEMEHHbBIE
(mHU, Hemesln) BOCTIOMUHAHMSI CYMTAIOTCSI accollua-
TUBHBIMU. Bce BUIBI MaMATU 3aBUCSIT OT KOHTEKCTa,
B KOTOPOM OHU ObLIU c(hOPMUPOBAHBI, U CEHCOPHbIE
CUTHaJIbl SIBJISIIOTCSI 4YacTbl0 KOHTEKCTa, KOTOPBIi
MOHO MCITOJIb30BaTh OTAEJbHO MJIs1 IeTaJbHOTO aHa-
JIN3a MEXaHU3MOB TMaMSITU. Y Ha3eMHBIX OPIOXOHOTUX
MOJITIOCKOB ObUIM TIPOJIEMOHCTPUPOBAHBI TOJOXHU-
TeJIbHbIE U OTpULIATEIbHbIE BOCTIOMUHAHUS O 3araxax
MUIIKU, OOYCOBJIEHHbBIE OTBpAlllEeHUEM K KOHTEKCTY
(okpyxarwuieid cpene), Bce BUAbl 00YCJIOBIMBa-
Hus [23], caMOCTUMYISILIUS CBOOOTHO BEOyIIUX CeOsl
VJIMTOK 3JIEKTPOAaMU, UMILIAaHTUPOBAaHHBIMU B M€30-
LepeOpaabHble KJIETKW, YYacTBYIOIIUE B TI0JOBOM
akre, roBeacHue [24], n maxe heHOMEH PEKOHCOJIM-
JaIAK TOJITOBpEMEHHOM maMsaTu [25].

MoTtopHas
nporpamma Or1

MoTtopHas
nporpamma Ml

waasnnng
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Pucynok. CxeMa HEPOHHBIX ceTelt 00OPOHUTETBHOTO U MULLEBOTO MOBEAEHUSI.
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OKCIEepUMEHTBI, IEMOHCTPUPYIOLINE BO3MOX-
HOCTb CaMOCTUMYJISILIUM, OBbLUIM MPOBEAEHBI HA CBO-
0OMHO TIepeNBUTaIOIIMXCS YIUTKAX C 3JEKTPOAAMH,
XpPOHMYECKM UMILJIAaHTUPOBAaHHBIMA B Me30liepe-
OpaJibHYI0 00JIaCTh, TJIe PACITONOXKEHBI KJIETKH, yda-
CTBYIOIIIE€ B MOJIOBOM MOBeAeHUU. KUBOTHOE OBLIO
3a(pMKCHPOBAHO 32 PAKOBUHY TAKMM 00pPa3oM, YTOOKI
OHO MOIJIO IBUTAThCS C 1000 CKOPOCTHIO 110 TlaBa-
IOIIEMY B BOJIE MsI4Y, HO IIPU 3TOM OCTaBaJIOCh Ha OJ1-
HOM M TOM K€ MECTE, U MOXHO ObUIO PacHoJOXUTh
Ha pacCTOSTHUU 5—7 MM OT TOJIOBBI phlyar, KOTOPbIi
3aMbIKaJl LIeNb JOKAJbHOW BHYTPUMO3IOBOM CTHUMY-
asauun. Uaes skcnepuMeHTa COCTOsla B TOM, YTOOBI
HAWTU YCJIOBUSI, NMPU KOTOPBIX YyJIUTKa OymeT cTpe-
MUTBHCS YBEIMUMBATh WM YMEHbBIIATh YaCTOTY HaXa-
TMSI Ha pblyar, IoKasblBas TaKUM 00pa3oM, 4TO UM
«HPABUTCSI» WIN «HE HPABUTCS» aKTUBALIUS OIpEe-
JIEHHOI Tpymnbl HelipoHOB. B ciyyae anekTpuyeckoi
CTUMYJISILIMM MO3ra TakKue «CUMIIaTMU» He 00YCJIOB-
JIEHBI TOJIOAOM WU KaKOW-JIM0O (PpU3MOJIOTUYECKOMN
MOTPEOHOCTHIO, M PE3YJIbTaThl MOXHO MHTEPIIPETUPO-
BaThb KaK HajauuWe y OECO3BOHOYHBIX ITPOLIECCOB,
MOJOOHBIX 3MOLMSIM. Pe3ynbTarhl SICHO IMOKa3au,
YTO B CJy4yae CTUMYJSLMU HEHPOHOB, COAEpKaIIUX
9HKe(haIMHBI, XKUBOTHbIE 3HAYUTEIBHO YBEJIMYMBAIN
YaCcTOTY HaXXaTus Ha pblyar, B TO BpeMsI KaK IIpU CTU-
MYJISIHUM  TIPEMOTOPHBIX HEWPOHOB, COAEpKaIIUX
FMRFa u yyacTByouux B 000pOHUTEIBHOM IMOBEJIE-
HUM, >KMBOTHBIE IIOYTU IIOJIHOCTBIO II€pecTaBajiu
MpuKacaThes K pbryary [24, 26]. D11 pe3yabTaThl CBU-
JIETEeJIbCTBYIOT O CYILLIECTBOBAHMM B HEPBHOI CHCTEME
0eCITI03BOHOYHBIX ITPOLIECCOB, MOJOOHBIX SMOLIMSIM.

PexkoHconumauusi mpeacTaBiisieT cOO0M YHUKAJb-
HOE SIBJICHME JJaOWIM3alMy U OOHOBJIIEHHOM KOHCOJIH-
JAlWU CYLLIECTBYIOIIEN JOJTOBPEMEHHOM MaMsTH, Bbl-
3BaHHOE HaroMuHaHueM. KOHTeKCTHO-3aBUCUMAas
JIOJITOBpEMEHHasl MaMsITh Obla MPOAEMOHCTPUPOBaHA
Y MOPCKUX U MPECHOBOJHBLIX MOJITIOCKOB [21]. ¥V Ha-
3eMHBIX YJIUTOK acCOLMaTUBHAsE KOHTEKCTyaJlbHas Ia-
MITh Oblla TOApPOOHO ommcaHa paHee [13, 14, 27]
U OBLJIO TPOIEMOHCTPUPOBAHO, YTO OJIOKATOP CUHTE3a
OeslKa aHM3OMMIIMH YXYAIIAaeT KOHTEKCTYyaJbHYIO Ia-
MSITh, €CJIM €70 BBOAUTH Cpa3y IOCJe peaKTUBALMU T1a-
MSITH, YTO MPEATIONAraeT CYLLECTBOBAHME (ha3bl PEKOH-
CONMIALIVIY 151 TIOJAepKaHMS TTaMsITH [25].

Oona cepomonunepeuteckas (Mooyaupyrouias) Kiemrka
ModHcem onocpedosans accoulamueHblii npouecc
00.1208peMEHHOY CEHCUMU3AUUN CUHANMUMECKUX 6X0006

Tpu dyHKIMOHANIBHO  pa3lIMYHbIE  TPYIIIbI
CEPOTOHUHEPIUYECKUX HEWPOHOB OBLIM OMUCAHBI
B Helix [28]. Iloka3zaHo, 4TO LepeOpajbHas rpyrnia
CEpPOTOHUHEPTUYECKUX KIIETOK MOAYJINPYET MUILIEBOE
MOBEJACHNE U MOHOCUHANTAYECKA KOHTPOJIUPYET MO-
TOPHBbIE HEMPOHBI OYKKAJIbHBIX FAHIJIMEB, YIIPABISIO-
IIKUX MUIIEBBIM MoBeneHueM [27]. I'pynma cepoToHu-
HEPIrUYECKMX KIJIETOK, PACHOJIOXKEHHBIX Ha TPAHWUIIE
MPaBOro NapueTATLHOTO U BUCILIEPATBHOTO TaHTJIMEB,

MPEATOIOXUTEIFHO YY4aCTBYET B KOHTPOJIE ACATENb-
HOCTH CEPJIIA U XEJIyTOYHO-KUIIIEYHOTO TPAKTA, XOTS
UX TOYHas1 (PYHKIIUs 10 cuX TMop HeusBecTHa. Cepo-
TOHUHEPruyecKue KJIETKU IMenaJbHbIX TaHTJIMeB yda-
CTBYIOT B MOIYJSIIMM OOOPOHUTEIBLHOTO TOBele-
Hus [19] 1 BO3BMOXHOM KOHTpOJIe JTOKOMOILIMU, O YeEM
CBUIETEBCTBYET UX CXEMa BETBJIICHUSI.

bru10 MOKa3aHO, YTO TOABKO OAHA CEPOTOHWHED-
rAJYecKas KJieTKa W3 TPYIIbl, paciloOXeHHOW B po-
CTpaJIbHOM YacTH ITeJajbHBIX TaHTJIMEB (KieTka Pd4),
MOCBHIJTa€T CBOM OTPOCTKW B HEWPOIWIIb MapUETaTb-
HBIX TaHTJWEB, TAE PaCHOJOXEHBI CUHATICHI MEXIY
CEHCOPHBIMM UM TIPEMOTOPHBIMM HelipoHamu [13].
NMMyHOXMMHWYECKOE UCCIEAOBAHNE TTOKA3aJI0 HAIU-
Y€ CEPOTOHMHEPTUYECKNX OKOHYAHUU B HEWpOTIHMIe
U B OKPYXEHUU TeJl MPEMOTOPHBIX MHTEPHEHPOHOB
MapUeTATbHBIX TAHTJIMEB, YTO YKA3bIBA€T HA BO3MOX-
HOCTh TIPSIMBIX B3aMMOIEUCTBUN MEXITY CEPOTOHM-
HEpPruuyecKUMM HelipoHaMu U MHTepHelipoHamu [18].
B MonenbHOM cuTyalmu, KOTAa CUHANTUYECKHAE BXO-
Jbl B TIPEMOTOPHbIE MHTEPHEUPOHBI COBIMAAIN WU
SIBHO HE COBITAJAJIM BO BPEMEHU C BHYTPUKICTOUHON
aKTHUBalLMell MOAYJMPYIOLIMX KJETOK, ObLIO MoKa3a-
HO, YTO BHEKJIETOYHASI aKTUBALIMsl TPYMIIbl POCTpaib-
HBIX CEPOTOHMHEPTUYECKUX KJIETOK MOXET CIYXUTh
MONKPEIUIEHUEM [JI1 aCCOIMAaTUBHBIX W3MEHEHUN
B CMHAIITMYECKUX KOHTaKTax. B aTnx akcnepuMeHTax
OBLJIO TI0OKA3aHO, YTO B MPOCTEMIIE CUCTeMe U3 TpeX
HEepOHOB 3((HEKTUBHOCTh CHMHAICA MEXIY CEHCOP-
HOI KJIETKOW M MHTEPHEHPOHOM MOXET U3MEHSThCS
B T€YEHNE HECKOJBbKMX YAaCOB ITyTEM COBMAACHUS BO
BPEMEHM MOHOCHHAIITMYECKOTO BXOJa WM BHYTPUKIIE-
TOYHO WHIYLIMPOBAHHON aKTUBHOCTU B OMHOM CEPO-
TOHUHEPTUYECKOM MOAYIMpyloleM HelipoHe [13].
bruto moka3zaHoO, 4YTO BHYTPUKJIETOYHOW aKTWBALIUK
ONHON MIEHTU(PUIIMPOBAHHON CEPOTOHUHEPTUYE-
CKOW KJIETKM JOCTATOYHO 1151 (DOPMUPOBAHUS acco-
LIMaTUBHBIX U3MEHEHU B MOHOCHHAINTUYECKUX
cBA3sX mocpeactsoM yseamueHns [Ca?t] B mocren-
HanTU4eckKoi kieTke [29] B mpocToii CeTH, COCTOSI-
e BCEro M3 TpeX HEWPOHOB: CEHCOPHOIO, MPEMO-
TOPHOTO WHTEPHEWpPOHA W MOMYJIMPYIOLIEH CEpOTO-
HUHEPTUYECKOM KIIETKH.

Y pazianuHbIX 6€CITO3BOHOYHBIX ObLIO MOKA3aHO
y4acTue OTAETbHBIX MOLYIUPYIOIINX KJIETOK B MOIM-
(ukanusix nmopeneHusi. BHyTpuKIeToUHast CTUMYIISI-
HUsT UASHTUGULIUPYEMBIX LIepeOpabHBIX HEMPOHOB
CB1 ammm3um cnocoOCcTBOBajIa MOBBIIIEHUIO 3(PdeK-
TUBHOCTU CWHArCa MEXIY CEHCOPHBIMM HEWpOHaAMU
M MOTOPHBIMM HEWpOHAMHU, TOATBEPXKIas ydacTUe
OTHEIbHBIX CEPOTOHWMHEPTMYECKUX KIETOK B IIpe-
cuHanTuyeckoM obnerueHunn [30]. CoobOmanochk
O HECKOJbKMX TIpUMepax WIASHTU(DUIIMPOBAHHBIX
MOIYJSITOPHBIX ~ MHTEPHEUPOHOB,  yYaCTBYIOIIUX
B TUIACTUYECKHUX HOJTOBPEMEHHBIX W3MEHEHUSX.
bbu1o mokazaHo, 4To UAEHTU(ULIUPOBAHHBIM OKTO-
NaMUHEPTUYECKUN HEWUPOH MOXET OIOCPEIOBATH
MOJIKperIeHUe Yy MEeIOHOCHBIX MYesl BO BpeMsi 000-
HSITEJIbHOTO O0YCIOBIMBaHUS. DTOT HEWPOH pearu-
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pyeT Ha caxapo3y (BO3HarpaxjaeHue) IJIUTEIbHbIM
BO30YKIECHUEM, U €r0 AeHOoJSIpU3alvs 3aMeHsIeT BO3-
HarpaxiaeHue Mpyu OJHOKpaTHOM codyeTaHuu [31].

MoxHO chnenath BBIBOA, YTO BO3MOXHOCTH LTSI
OIHOTO MOAYJIUPYIOLIETO HEWPOHA CIIy>XUTh OCHOBOM
MOOKPETITIEHNS TS INTUTENbHBIX TJIaCTUYECKUX U3ME-
HEHUU CUHANTUYECKUX CBSI3EU CYIIECTBYET Y MHOTUX
BUIOB Y TEMOHCTPUPYET IIPUHIIUIT 3BOJTIOLIUA TOJITO-
BPEMEHHOM TNIACTUYHOCTH.

Pazauunas poav nelipomodyaayuu 6 cueHaibHoll
U KOHMeKCmHol namsamu

DKCIepUMEHTAJIbHBIN aHalU3 U3MEHEHU B aK-
TUBHOCTU MHINBUIYAJTIbHO UACHTU(MULIUPYEMBIX Heil-
POHOB, YYaCTBYIOIIMX B CETSX, JieXKalllUX B OCHOBE
MOBEACHUSI MPU THIIEAOOBIBATEILBHOM U OOOPOHU-
TEJIbHOM TTOBEJIeHUU HA3eMHbBIX YJIMTOK, 0, BO BpeMs
U TIOCJIE aBePCUBHOTO OOYUYEHUS in Vitro TIOKa3ai, 4To
peakliuy Ha MUY B «yCUJIMBAIOLIUX» CEPOTOHUHED-
TMYECKUX HEHpPOHAX, yU4acTBYIOIIUX B OOOPOHUTENb-
HOM TIOBEIACHUM, 3HAUUTEIBHO W3MEHUJIUCH IIOCIIe
0o0y4yeHMs, TToApa3yMeBasi, YTO 3TU CEPOTOHUHEPTU-
YyecKMe KIJIETKU YYacTBYIOT B peaKTUBALIMU MaMsITU U
B 3allycKe Ipoliecca peKoHcoauaanuu [32].

C ucnosb30BaHEM CHeU(pUIecKoro JIjsl CepoTo-
HUHEpPrM4yeckKux HeWpoHoB HeWporokcuHa 5,7-DiHT
(5,7-dihydroxytryptamine), = KOTOpbIli  HapyIlaeT
(GYHKUIMOHUPOBAHUE CEPOTOHUHEPTUUECKON CHUCTe-
Mbl Y YIUTKHU, OBLJIO MOKA3aHO, YTO CEPOTOHUHEPTU-
yecKre HeHpOHBI HEOOXOOUMBI AJjisi (hOPMUPOBAHMS
aBEePCUBHOI MaMSITH, HO HE SBJISIIOTCSI HEOOXOAUMBI-
MU JJIs1 TIOAAEpKAaHUSI M WM3BJICUCHUS] 3TON MaMsITU
[6]. B moBeaeHYECKMX DKCIIEPUMEHTAX OBLIO ITOKa3a-
HO, YTO HapyllieHue (PYHKIIMOHUPOBAHUSI CEPOTOHM-
Heprudeckoit cuctemsl 5,7-DiHT He Bausio Ha 1oa-
nepxaHue naMsatu. [Tpu omHOKpaTHOM TeCTUPOBAaHUU
yepe3 HeCKOJIBKO JHEH Mmociie HapylIeHUs! CepOTOHU -
HEPTUYECKOM CUCTeMBI TTaMSITh IIPUCYTCTBYET, HO He-
CKOJIBKO JHEeW TecTUpoBaHUS (HAIIOMUHAHMWE OIWH
pa3 B IcHb) TIPUBEIHN K TTOJTHOMY MCUE3HOBEHUIO KOH-
TEKCTyaJIbHOI MaMsITU, B TO BpeMsl KaK Y KOHTPOJb-
HBIX XXMBOTHBIX M3-3a TIpoliecca PEKOHCOIWIALINN
naMsTh He ucuesla [32]. CurHajbpHas maMsTh Ha 3a-
Max MUIIM ObLia 3HAUMTENBHO CHUXKEHA B YCIOBUSIX
HapylIeHUs CepOTOHMHEPTUYECKON CUCTEMbI, HO BCE
ellle 0cTaBajach CTATUCTUYECKU 3HAYUMOM IMOCJIe Mo~
BTOpHOI1 peakTuBaliuu. IToayyeHHbIE pe3yabTaThl MO-
3BOJISIIOT MPEIIOJ0XUTh, YTO yracaHue maMsTtu (3a-
ObIBaHMWE) MOXET OBITh pe3yJIbTaTOM OTCYTCTBUS
aKTUBHOCTHU B MOAYJISITOPHBIX HEpOHAX MPU BOCCTA-
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clenaTh BbIBOJ, YTO Ha3eMHbIE€ YJIUTKU Pa3BWIM HO-
Bbl€ CTPYKTYPhI B 3HAUUTEIBLHO OOJIbIIIEH MO KOJINYe-
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Terrestrial gastropods have evolved new structures in the nervous system compared to marine
and aquatic snails in order to adapt to their new habitat. The behavior of these animals is
qualitatively different from the behavior of aquatic gastropods, includes not only the possibility
of active interaction with other animals, but also the demonstration of interest by active
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approach, avoidance or escape in certain cases. The “arrow of love” used in copulation is unique
to Nature. Almost all types of associative memory can be formed in these animals, consolidation
and reconsolidation of memory can be demonstrated, and mechanisms of memory maintenance
and modification can be analyzed. At the level of functionally identified neurons and neural
clusters, it is possible to study associative processes in vitro, a 3-neural model of associative long-
term changes in synaptic efficiency has been developed.

Keywords: neuron, synaptic plasticity, invertebrates, behavior, memory, reconsolidation
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