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BINWAHUE ONUTENBbHbLIX CPOKOB CTPECCOBOIO BO3OENCTBUA
HA YIIbTPACTPYKTYPY HEMPOHOB MEOYNNAPHOIO
TMrAHTOKINETOYHOIO AAPA PACTYLLUX KPbIC
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BoagelictBme cTpeccoBbiX hakTopoB NpuBoauT
K nocnegoBaTenbHOW BOMHOOOpPa3HOW akTuBaLum
cTpecc-peanuaylowmux cuctemMm, obecnevmBaroLLmnx
BbbKMBaHME 0cobu, BCcries 3a KOTOPbIMW 3anycKatoT-
Cs  CTpecc-nMMUTUpYIOLLME CUCTEMbl, CnocobCT-
BYIOLLME OFpPaHUYEHMIO HeraTuBHbIX  3dhdeKToB
ctpecca [1, 8], BO3HUKLWMX BCreacTBme npenenbHo-
ro yBENMYEHUSA Harpy3kyn Ha XXM3HEHHO BaXKHble Op-
raHbl, @ TaKkke BOCCTAHOBIIEHWUIO UCTPAYEHHbIX pe-
3epBoB [4]. OTmevaemas npu OCTPOM U XPOHU4E-
CKOM CTpecCe aKkTvBauus HEVPOHOB MMraHTOKMeTOouY-
HbIX peTukynapHeix sgep (TPA) wn psga ppyrux
0obpa3oBaHMin CTBOMA FOMIOBHOIO MO3ra MposBnseT-
cs runepakcnpeccuen Fos-npotevHa y B3poCnbIX
KpbiC 1 Mblwen [2, 12]. HecmoTpsa Ha ToO, 4Tto PA
BbINONHAT P BaXHEWLWUX (PYHKLMI MO Koopau-
HaUMM MOTOPHbIX M aBTOHOMHbIX OTBETOB, B TOM
yucre npuUHUMAalNT yvactve B moaynauuu bpaau-
Kapouu, putMa OblIXaHWusi, UHTerpauum HouuMuenTmB-
Hon uHdopmauuu [7, 9, 10, 11], ynbTpacTpyKTypHbIe
N3MEHEHNs B X HENPOHaX Mpu CTPECCOBBIX COCTOS-
HMAX OCTalTCA Marlon3y4eHHbIMU.

LENb PABOTbI

OxapakTepr3oBaTh YNbTPACTPYKTYPHbIE M3Me-
HEHVS HEeMPOHOB TUIraHTOKMETOYHBIX PETUKYNAPHBIX
A0ep pacTyLMX HernosoBO3penbiX KPbICAT, NoaBep-
raBLIMXCA BO3OEUCTBMIO SMOLMOHAnNbHO-60neBoro
cTpecca B TedeHue AnUTenbHOro nepuoaa.

METOAWKA NCCNEOOBAHUA

Wccneposanune nposefeHo Ha 40 HenomnoBoO3-
penbix Genbix kpbicax. MogenvpoBaHue BO3OENCT-
BMS OCTpPOro 3MoOLMOHarnbHO-boneBoro crpecca
(3BC) ocywecTBNAnNM MeTogoM rpynnoBow dumkca-
LMK 3a XOnKu [6] Ha GecnopogHbix 6enbix Kpbicax
B ucxogHom BospacTe 30-TM CyTOK. OKCrepuMeH-
TanbHble >XMBOTHblE MNOABEPranvcb BO3LAEWCTBUIO

OBC exxepgHeBHO No 3 yaca B CyTKM B TedeHue 15 cy-
ToK — 1-a rpynna (n = 10) n B Te4yeHune 30 cyTok — 2-5
rpynna (n=10). B 3-to u 4-10 rpynnbl BOLNN KOH-
TPOSbHbIE XMBOTHbIE, HAXOAMBLUMECA B CTaHAapT-
HbIX yCNnoBusix BuBapus, B Bo3pacte 45-u (n = 10)
n 60-tn cytok (n = 10) cOOTBETCTBEHHO. OBTaHa3Uio
NpoBOAMMM Nof 3MUPHLIM HAPKO3OM B COOTBETCT-
BuM ¢ "lNpaBunammn npoBegeHus pabdoT ¢ MCnonb3o-
BaHMEM 3KCMepUMeEHTarbHbIX XXUBOTHbIX".

Pukcaumio, MPOBOAKY U NOCHEAYIOLLYIO 3anvBKY
06pasLoB TKaHen NPOAOMAroBaToro Mo3sra ANs dnek-
TPOHHOW MUKpPOCKONuM [5].

PE3YINIbTATbI UICCNNTEOOBAHUA

M X OBCYXOEHUE

[Mpn aNeKTPOHHO-MUKPOCKOMNYECKOM U3YyYeHUU
MeaymnnsAPHbIX  TUrAHTOKNETOYHbLIX  PETUKYNSIPHbLIX
agep (MPA) y pacTylwmx HeNnonoBo3pernbiX KpbIC, KO-
TOpbIX MoABepranv BO3OEWCTBUIO 3MOLMOHAarbHO-
boneoro ctpecca (3bC) B TeueHue ANUTENBHOIO
BpemeHu (15-30 cyTok), onpeaensoTcsa BblpaXKeH-
Hble YNbTPaCTPYKTYPHbIE U3MEHeHUs. bonbLMHCTBO
HenpoHoB PA npuHagnexaT k TeMHomMy Tuny. OHn
MUMEIT BbICOKOE SAEepHO-UMTONNasmMaTnyeckoe OT-
HoweHne. VX uUMTO30Mb XapakTepu3yeTcs BbICOKOW
3MNEKTPOHHOW NMAOTHOCTLIO. Adpa AaHHOro Tuna Kne-
TOK WMEIT OKPYIMylo, pexe oBarnbHyl ¢opmy.
AnepHaa obonouka copmupyet rnybokne uHBaru-
Hauuun. [lepuHykneapHoe NPOCTPAHCTBO Hepeako
pacwmpeHo. B ynbTpacTpykType sapa npeobnagaet
3yXpPOMAaTUKH, KOTOPbLIN HEPABHOMEPHO pacnpegeneH
B Kapuonnasme. OTmevalTCs CKOMneHus retepo-
XpomaTuHa B BWAE CKOMMEHUA MaprvHanbHOro Xpo-
MaTMHa C HEPOBHLIMU KOHTYpPamu, KOTOpble CTaHO-
BsATCA Gonee BbipakeHHbIMK Kk 30-m cyTkam. MHoraa
BCTPEYaTCH CKOMMEHMS reTepoxpoMaTuHa B BuAe
OCTPOBKOB M B accoumauun ¢ SApbILLKOM. AApbILKO
PacnonoXeHO 3KCLEHTPUYHO, UMEET OKpyrnyto dop-
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My, cpeaHue pasmepsbl (puc. 1). B cTpykType aapbi-
ka obHapyxuBalTcs HebomnbluMe NpPocBeTNeHnsa 3a
cyeT pars granulesa. Ha 30-e cyTku onbiTa BCTpeya-
OTCS1 HENMPOHBI, B KOTOPbIX SOPLILLIKO OTCYTCTBYET.

B oTtnnune ot koHTpons B GONbLUMHCTBE Hen-
POHOB OBHapyXMBaeTCs 4OCTATOYHO y3kas obnacTb
uuTonnasMbl MEpUKapuoHa BOKPYr sgpa 3a cyeT OT-
CTaBaHWsl TEMMOB CHWXEHUsI s4epHOo-LMTonnasma-
TU4eckoro oTHoweHusi. K 15-m cytkam onbiTa B ne-
pudepudeckon YacTu uUMTOMNNa3Mbl MNepukapuoHa
MOXHO YCITOBHO BbiAENWTb TPW 30HbI (KOMMNapTMEH-
Ta): NepudepnHECKyo, MPOMEXYTOYHYIO U LieHTparb-
Hyto. B nocnegHen xopollo npeactaBneHbl MHOro-
yncneHHole cBoboaHble puBOCOMbI M MOMMCOMBI,
pacnonaralwmuecs OOCTaTOYHO MMAOTHO. B nmpome-
XKYTOYHOM KOMMapTMeHTe npeobnagatowmmm ane-
MEHTaMM SIBMSIOTCS MUTOXOHAPWUM BapuabenbHbIX
pasMepoB, UMEKLUE HEMHOrOYUCIEHHbIE namern-
NSpHbIE KPUCTBI. B HEKOTOPBIX MUTOXOHAPUSAX OOHa-
PYy)XMBAETCsl MNPOCBETIIEHME MaTpUKCa, O4aroBblf
nmnauc kpuct. Kpome Toro, nosiBnsitoTCsA paclumpeH-
Hble kaHanbubl OC. B nepudepunyeckon 3oHe 06-
HapyxuBaeTca npeobnajaHne MHOrOYMCMEHHbIX
PacCLUMPEHHBLIX KaHamnbLEB WM LUCTEPH rpaHynsipHON
W arpaHynsipHo  3HAOMna3maTMyeckon  ceTw.
BcTpeyvaloTca eanHMYHbIE NEPOKCUCOMBI.

K 30-m cytkam onblTa KOMMAapTMeHTanusauus
OpraHenn CTaHOBWUTCH MeHee 3aMeTHoW. Paclumpen-
Hble aneMeHTbl TOC C cooepXMMbIM HU3KOM 3nek-
TPOHHOWM MIIOTHOCTU 3aHMMAKOT 3HAYUTENBHYIO YacTb
uutonnasmbl nepukapuoHa (puc. 2). OTek pacnpo-
CTPaHsieTCa Ha aNeMeHTbl kKomnrekca Monbaxu, KoTo-
pble TEPSIOT XapakTepHY OPUEHTUPOBAHHOCTbL. MMpo-
ncxoaut bornee peskoe pacluMpeHre LMCTEPH ANKTMO-
COMbl CO CTOPOHbI LMC-MOBEPXHOCTU. B oTaenbHbIx
HEMPOHaX MPOUCXOOMT Pe3Koe YBESNMYEHNE KONMYECT-
Ba rMaponasHbIXx BE3WKYN C 3f1EKTPOHHOMMOTHLIM CO-
OepXKuMbIM.  MUTOXOHAPUM  UMEIOT  OTHOCUTEMBHO
KPYMHbIE pa3mepbl, OKPYIMyH UM OBanbHyto opmy,
pacnpefeneHbl HepaBHOMEPHO. HekoTopble MUTOXOH-
OpUnM HabyxalT, UX KPUCTbl pa3obLUeHbl U TepsiioT
XapakTepHoe B3aMMOpAaCroSIoKEHVe, MaTpUKC Npo-
CBeTNeHHbIN. [na3martuyeckas membpaHa nepuka-
pVYOHa HEMPOHA UMEET HEPOBHLIE KOHTYpLI, 0Opa3y-
€T Hebonbluoe KONMUYECTBO CUHANTUYECKUX aKCOo-
COMaTUYeCKNX KOHTaKTOB pasnmyHoro tuna. B npecu-
HanTUYeCKNX YacTaX HEKOTOPbIX CMHaMNcoB, chopmu-
POBaHHbIX BapUKO3HLIM PaCLUMPEHNEM aKCOHa U CO-
JepXalwmx Menkve ccepuyeckne cruHanTu4eckme ny-
3bIPbKM C ANEKTPOHHO-NPO3paYvHbIM COAEPXKUMbIM, 00-
HapyXMBalTCS aKCOaKCOHarbHbIe CUHArChI.

B ynbTpacTpykType €AMHWYHbIX HENPOHOB
"cBeTnoro" Tuna ob6HapyxuBalwTCA MeHee Bblpa-
XKEHHbIE YNbTPacTPYKTYpHblE U3MEHEHUS, HOCALLME
CXOLHbIN XapakTep.

MonyyeHHble pe3ynbTaTbl ybeauTenbHo Ae-
MOHCTPUPYIOT BbIP@XEHHblE U3MEHEHUs1 B YynbTpa-
CTPYKTYpP€E HENPOHOB IMraHTOKINETOYHbIX PETUKYNSAP-
HbIX S4ep PacTyWwux KpbICAT Nog BrUSHMEM Afu-
TenbHOro CcTpeccoBoro Bo3gencTeud. OTmeyaemoe
30HaNbHOE paclMUpeHNe KaHanbLeB W LNCTEPH
3HOOMNIIa3MaTNYEeCKon CeTU, pacnpocTpaHsioLLeecs

Pwuc. 1. Ynetpactpyktypa HepoHa 'PA npogonrosatoro
Moa3ra KpbICbl B ucxogHom Bo3pacTe 30 cyToK, NoaBeprHy-
Ton OBC B TeyeHne 15 cyTok. dNeKTpoHHast MUKPOO-
rpamma. YB. x10000

Pwuc. 2. Ynetpactpyktypa HepoHa 'PA npogonrosatoro
Mo3ra KpbICbl B ucxogHom BodpacTe 30 cyToK, NoaBeprHy-
Ton 36C B TeueHne 30 cyTok. AnNEKTPOHHas MUKPOGO-
rpamma. YB. x17000

B OAMHaMuKe Ha nepudepuyeckne oTaenbl KIeTku
B COYETAHUN C SABMEHUSIMU BHEKMNETOYHOro oTeka,
COMpPOBOXJAAKTCA  YNbTPACTPYKTYPHLIMU  U3MEHe-
HUSIMWU CO CTOPOHbI COCYAOB MWKPOLMPKYNSTOPHOTO
pycna u rnuouutoB [3, 5]. O6HapyxeHHass Mopdo-
niornyeckasi KapTuHa MOXeT ABMASTbCS NPOSiIBNIEHNEM
CUCTEMHbIX HapyLleHWA BOOHO-3MNEKTPOSNIMTHOro ba-
naHca. llogobHasi To4yka 3peHus KOCBEHHO Moa-
TBepXX4aeTcs OOHapy>XeHMEeM BbIPaXXeHHbIX ynbTpa-
CTPYKTYPHbIX M3MEHEHUN U YBENMWUYEHHbLIX YPOBHEN
rOpPMOHarnbHOW CEeKpeLunn B KPYMHOKINETOYHbIX Sapax
rmnoTanaMmyca HemnonoBO3penbiX KpbIC nocrne nsaT-
HaguaTUCyTo4HOro Kocmmndeckoro noneta [8]. MNepe-
pacnpegeneHne N yMeHblUeHWe B HEeKOTOpPbIX Hen-
POHax COXpaHHbIX KaHanbLeB rpaHynspHoOn 3HAOO-
nnasMaTM4eckoh CeTM COOTBETCTBYHOT OOHapyxu-
BaeMbIM NPV CBETOBOW MWKPOCKOMUW SIBIIEHUSIM
LeHTpanbHOro u nepudepmyeckoro xpomaTtonuaa
B HeripoHax PA [3].

OuHammka ynbTpacTpyKTYPHbLIX M3MEHEHWUI Ba-
puabernbHa B pa3fUyHbIX HEMPOHaX, YTO NPMBOANT
K YCUINEHMIO KIETOYHOro retepomopduama B ycro-
Busix ObC. CTeneHb ynNbTPacCTPYKTYPHbIX U3MEHe-
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HUA 3aBUCUT, NO-BUOMMOMY, HE TOMbKO OT COCTOS- JIMTEPATYPA

HUSA MUKPOOKPYXEHUSI U foKanu3auumn HerpoHa, Ho 1. Bespykux M.M., CoHbkuH B.[., ®apbep /[.A.
Takke cTagumn LMTOreHesa, Ha KOTOpPOM Haxoaunacbh BospacTtHas dusmonorus: (Puanonorusa passuTus

KneTka Ha MOMEHT Hayana BO3eNCTBUS CTPECCOBO-
ro dpakropa.

HecmoTps Ha TO, ytOo PA gaBnsetcs cocras-
HOW 4acTbl0 PETUKYNAPHOM dhopMauun CTBosia ro-
NOBHOrO MO3ra, y4yacTBys B nepegade nHdgopmarmm
Ha HEeNPOHbI naTepanbHbIX POroB rPYAHbIX CEerMeH-
TOB CMMHHOrO Mo3ra, obecneuyuBarolive peanusa-
Um0 cmmnaTtudeckux peakuui [10], He mucknovaeTcs
BoBne4veHne HerpoHoB PA B mMeaynnapHbIi KOM-
nnekc, obecnevmBaroLLnn NapacuMNaTNYECKUn KOH-
Tponb cepaeyHon pedarenbHoctu [11]. YuuTbiBas
oBHapyXeHHble  yNbTPacTPYKTYpHble WU3MEHEHMS,
MOXHO MNPeAnOnOXnTb, YTO pasfuyHble Nonynauum
HEepoOHOB M3y4yaemoro sapa Moryt obecneuyuBatb
HapylweHne cbanaHCMpOBaHHOrO OTBETa aBTOHOM-
HOW HEPBHOW CMCTEMbI NPU CTpecce.

3AKIIOYEHUE
B ycnosuax gnutenbHoro Bo3gencteus 3B6C
oOHapyXuBaeTCcs BbIpaXeHHbI  reTepoMopdn3m

pacTylimMX HENPOHOB TUraHTOKNETOYHOrO PETUKY-
NSAPHOro siapa, KOTopbin obecnevnBaeTcs pasnuy-
HOW OMHaMUWKOW YNbTPaCTPYKTYPHbIX WU3MEHEHUN.
BbisiBNeHNe paclUMpeHHbIX 3reMEeHTOB 3HOOoMMas-
MaTU4ecKon CeTn B coveTaHuu ¢ ApYyrumu npuaHa-
KamMn BHYTPUKIIETOYHOrO MNOBPEXAEHUA W BHEKMe-
TOYHOro OTeKa pacLeHVBaeTCs Kak MposiBNeHne no-
KanbHbIX U3MEHEHWUIA CO CTOPOHbI MUKPOOKPYXEHUS
HENpPOHOB, a TaKKe CUCTEMHbIX HapyLUEeHUN peryns-
unn romeocTtasa.
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OLEHKA MOP®O®YHKLMOHAJIbHOIO COCTOAHUA CTOIMNbI
Y OETEN CO CKOJIMO3OM
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Mpobnema yHKLMOHANbHOW AMAarHOCTMKN Mo-
BpexaeHuss n 3aboneeaHusi CTon SABMSIETCA akTyarnb-
HOW B BbIDOpPE TaKTUKM M COCOBOB NEYEHUST N OLEH-
kn ero acpcekTnBHocTn. Cpean pasnuyHbix aedop-
MauUuA  HWKHUX KOHEYHOCTEeW Hambonee 4acTto
BCTpeYaeTcss MIIOCKOCTONME, XapakTepuayoLleecs
ynroweHnemM npogosibHOro 1 NMonepeyHoro CBOAOB
CTOMbl B COYETAHUMN C NMOBOPOTOM BOKPYI MPOAOSb-
HOM ocu, a Takke ee oTBeaeHueM. [NpeobnagaHue
NIOCKOCTONMUS B CTPYKTYpPe MaTosiorMmM CTon cBuae-
TENbCTBYET O HEOOXOAMMOCTM COBEPLUEHCTBOBAHMUS
METO[0B ANArHOCTUKM 3TOFO COCTOSIHUSA.

OunarHocTnka natonornv CTonbl TPASULMOHHO
OCHOBLIBAeTCA Ha HECKOIbKUX HeaBTOMaTu3npo-
BaHHbIX MeTofax: BM3yarbHOM, MOOOMETPUYECKOM,
PEHTreHONOrM4YeckoM, nraHTorpauyeckoMm u ap.
B nocnegHve rogpl Bce valle ctanv NpuMeHsiTb aB-
TOMaTU3MPOBaHHbIE METOAbl AUArHOCTUKKU, CMOcob-
CTBYHOLLME OLIEHUTb BbICOTY CBOAA CTOMbI U CTEMEHb
ee pacnnacTtaHHocTu. B yacTtHocTu, umeetcs meTo-
Ovika, no3Bofsiiollasl oueHuBaTb xapaktep gedop-
Mauuy CTonbl MpU MOMOLLU TEH30OUHAMOMETpPUYe-
ckux nnatcpopm. OgHako nocnegHun cnocod Tpeby-
€T W3roTOBIEHWs1 cneumnanbHOro npucnocobneHus,




