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[naBsa 3

. IKCMEPUMEHTAJIbHbIE UCCNEAOBAHUS
HEWPOJErEHEPATUBHbBIX U3MEHEHUW NPW TNAYKOME

3.1. MOP®O0J10r M4ECKNE U3MEHEHWUA NPOBOAALLNX I'IVTEVI7I
3PUTEJIbHOI0 AHAJIM3ATOPA NPU 3KCNEPUMEHTAJIbHOU
IMAYKOME

BbykBanbHo mo mocnenHero BpeMeHu [1OYT paccmarpuBaim Kak 4MCTO
rJla3Hoe 3a00JIeBaHUE, OCHOBHBIM MPOSIBJIEHUEM KOTOPOTO SIBJISIETCS Hapy-
IIeHWE TUIPOANHAMUKM, IPUBOJSIIEE K HAPYIIEHUSIM MUKPOLUPKYJISIIINH,
WIIIEMUU ¢ pa3BUTUEM IIayKoMHoI Helipoontukonatuu (Elschnig A., 1928;
[Mpuroxuna A.Jl., 1966). OgHako cO BpeMEHEM BBISICHUJIOCH, YTO IaXe
rnocje TepareBTUYECKOro WM Xxupyprudeckoro cHuzkeHusi BIJI pacman
3pUTENbHBIX (DYHKIIMIT Bce paBHO HACTYMAaeT, IIPaBia, CYIIeCTBEHHO TTO3XKe.

JlereHepaTUBHbIE WU3MEHEHUS, TPOUCXONSIINE B TOJIOBHOM MO3Te,
JNETATBHO M3y4aloTCs MCCIeN0BaTeIsIMA TaKUX 3a00JieBaHUi, KaK 0OJie3HU
Anbureiivmepa u IlapkuHcoHa. OmHako Mop¢OJoruyeckue ocoOeHHOCTU
KJIETOK 3pUTEIBHOTO MYyTU W3yYeHBl HE B TOJIHOW Mepe. B cBs3u ¢ aTum
CTAHOBUTCSI aKTyaJIbHbIM 3KCMEPUMEHTAIbHOE M3YYeHUE COCTOSIHUSI 3pU-
TEJLHOTO TTyTH TIPU IJIAYyKOME Ha Pa3IMIHbBIX YPOBHSIX.

JIJis1 3KCTIepUMEHTATTBHOTO BOCIIPOM3BEIEHUSI IIayKOMHOTO Tpoliecca Obuia
BbIOpaHa Monenb AUT, pazpadoranHast B HU ria3HbIx 60se3Hei 1 TKaHEeBO
Teparuu M. akaza. B.I1. ®@unaroBa (JIunoseukas E.M., 1966). ITononbITHBIM
KMBOTHBIM (20 KpOJMKOB TIOPOABI cepasi IMMHIIWILIA) Yepe3 JeHb B YIITHYIO
BeHy BBoauu 0,1 mi 0,1% pactBopa snrHedpruHa (AopeHaJIrHa TUIPOXJIOPUI-
Buan®) B reuenue 3 Mec. KoHTponbHOI rpyrime XuBOTHBIX (10 KPOJIMKOB) B TOM
K€ peKuMe BBOAWIN (hU3HONIOTMIECKUI pacTBOP.

BT wn3mepsinu ToHOMeTpoM MakmakoBa Becom 10 1. McxomHbrii
ypoBeHb BI'Jl y KpoJIMKOB B 3KCIEpUMMEHTE Ha IIpaBOM IJla3dy COCTaBUII
14,3£0,26 MM pT.CT., Ha JeBoM — 13,6+0,27 MM prt.cT. B nepuon 3-mecsu-
HOTo BBeleHMA snuHedpuHa (AnpeHannHa®) HaGIIOIATOCh OTYETIMBOE
MMOBBIIIIEHWE TOHOMETPUYECKUX ITOKaszaTesieil Ha TPOTSIKEHUU KaXXIoro
mecsia. BI'JI K KoHITy akcniepuMeHTa 10cToBepHO yBeauuwmioch (p <0,001):
B rpyrie kpoiukoB ¢ AT — Ha mpaBom rnasy ¢ 14,3+0,26 MM pT.CcT. 1O
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24,3%0,17 MM pr.cT. (Ha 72%); Ha ieBoM a3y — ¢ 13,620,27 MM pT.CT. 10
23,5+0,22 MM pr.cT. (Ha 73%).

[Tocite OKOHYAHMS KIMHUYECKOM (Da3hl KPOJIWMKK OBLTA BHIBEACHBI W3
BKCIIEpUMEHTA BO3MYIIHOI 3MO0JIMEl ITyTeM BBEICHUS B YIIIHYIO BeHy 10 M
Bo3ayxa. Mi3yyeHue CTPYKTYp 3pMTEIbHOIO IyTU IIPOBOAMIIOCH IIYTEM 3JIEK-
TPOHHOI MMKpocKonuu. [IpoBogmiau mMopdomeTpruecKne aHaau3bl cpe-
30B — IIOCYET KOJIMYECTBA KJIETOK TMCTOJIOTMYECKOTO Mperapara B YCIOB-
HOM KOOpAWHATE.

B mepByio ouepeabr MOpPOMETPUUESCKOMY aHAIWU3y OBLIM TOIBEPTHY-
Thl C€TYaTKa U 3pUTeNbHBIN HepB (puc. 3.1—3.4). IIpu 3TOM HcciaegoBaHa
Ha3ajibHasl 4acCTb CETYATKM KPOJIMKA OT LMJIMAPHOIO Teja A0 pelleT4aToi
IUTACTUHKM KaK HanboJiee mHPOopMaTUBHAasl. BISIBIIEHO, YTO KPYITHBIX KJIe-
TOK 00JIbllie TIpU NMPUOIMKEHUM K Tieprudepun TiIa3Horo sgogoka (uuauap-
HOMY TeJy), a MeJKuX — Tipu npubakeHuu K JI3H. [onydyeHHble naHHbBIE
coryiacyiorcs ¢ pesyiabrataMu padotsl ipod. H.I'. @enpaman (1951), BBIs-
BUBIIEH B CETYATKE KPOJIMKA B TAHIJIMO3HOM CJIO€ TPH TUIIA KJIETOK: MEJIKIE
KJIETKM — AuaMeTp siapa 3 MKM, CpelIHUe KJIETKM — OUaMeTp sapa 6 MKM,
KPYITHBIE KJIETKA — JUaMeTp siipa 6ojiee 9 MKM. B orbiTax ¢ peTporpagHbiM
MOBPEXICHUEM TaHTJIMO3HBIX KJIETOK (Tiepepe3Ka 3pUTeIbHOro HepBa) OHa
yCTaHOBMJIA BpEMEHHbIE 3aKOHOMEPHOCTU ITOBPEXIAEMOCTU TaHIJIMO3HbBIX
KJIETOK: BHaUaje CTpaaaiyd MeJKue KJIETKH, 3aTeM CPEIHNE 1 TOJbKO TTOTOM

Puc. 3.1. Cnou cetyatkn WHTAKTHOrO Kponuka. O6bl4HOE COofepXXaHne KNeTOK B CeTyaTke:
1 — raHrnu1o3HblIil cNoi; 2 — cnon 6UNoNAPHLIX KNEToK
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Puc. 3.2. Cnou cetyatku y Kponmka ¢ aApeHanMHUHAYUMPOBAHHOW rnaykomon. Peskoe
CHUXXEHNE COfIePXKaHNS B CETYATKE KPOJIMKA FaHrNMo3HbIX KNeToK (1), cnoit 6unonspHbix
KJeTOK (2) He n3MeHeH

Puc. 3.3. IncK 3pnTeNbHOI0 HepBa MHTAKTHOMO KPOSIMKA (YKa3aH CTPEesikom)

KPYITHBIC. AHaJloTUYHbIe 3aKOHOMEPHOCTHU rudeIn KJIeTOK TIpoCJICKMBa-
JINCHh 1 B HAIIEM 3KCIICPUMEHTE: B TAHITIMO3HOM CJIO€ KJIICTOK CETYATKU ITPpU
ANUT NIEPBOHAYAJIbHO YMEHBIIACTCA KOJINYECTBO MEJIKUX U CPEIHUX KIIETOK.
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BbipaxeHHas aTpona cnos akCOHOB FaHMMNO3HbIX KNETOK (yKaaaHa CTpeﬂKOI;I) CeT4yaTkun
Yy AUCKa 3pUTeNnbHOro Hepea

Boinee Toro, B xone onmchiBA€MOro 3KCIIEPMMEHTa, KaK U B Psie UCCIEN0-
BaHWI1 IPYTrMX aBTOPOB, OBLIO BBISIBJIEHO, YTO B CETYATKE CTPANAIOT JIMIIb
TPEThbU HEMPOHBI — TaHIJIMO3HBIE KJIeTKU. [lopaxkeHue Apyrux HEipOHOB,
B 4aCTHOCTHU (hOTOPELIENTOPOB, Kak W B uccienoBaHuu J. Jonas u coasbT.
(1992), He oT™MeueHo.

I1pu nmoacyeTe KJAETOK TaHIIMO3HOTO cjos B rpynmne AW ycraHoBie-
HO JOCTOBEPHOE CHIXXKEHHEe MX KojaudecTBa Ha 45,5% (c 509,67%+12,35 no
279,00%5,18). Dt 1M pbl 00BEKTUBUZMPYIOT BU3YAIBHYIO KapTUHY pa3-
PEXEHHOI'O TAHIIMO3HOIO CJIOS. YMEHBIIEHHE KOJIMYECTBAa TaHIJIMOLUTOB
3/1eCh IIPOMCXOAMT B OOJIbIIEH Mepe 3a CYET MEJIKMX KJIETOK — CHIXKEHUE Ha
49% (c 184,00%5,55 no 93,50%2,74). KonnuecTBo cpeqHUX CHMXKAETCS Ha
46% (c 229,17£12,41 o 123,83%1,82), kpynHbeix — Ha 36% (¢ 96,50%3,58
1o 61,67+3,91). BeiaBnsiercsa HapylieHUe COOTHOLIEHUSI MEJIKUX, CPEIHUX
M KPYIMHBIX KJIETOK: B KOHTPOJIBHOM TIPYIIIE 3TO COOTHOIIEHHE COCTABUIIO
psin 36—45—19%, a npu AU — 33—44—23%. YMeHbILAeTCs TOIIUHA CII0S
AKCOHOB FaHIIMO3HBIX KiIeToK Ha 39% (c 129,15+1,86 no 78,85+1,86 MKM),
yTO (hbopMUpPYET HOBOJBHO BhIpaXeHHYI0 aKckapanuioo JI3H. B mpenammu-
HapHOM 4aCTU 3pUTEILHOIO HepBa HabJIIonaeTcss HepaBHOMEpHAs TOMIIMHA
OCEBBbIX LIWIMHAPOB C o4yaraMu Bakyosmu3auuu. [lo3agu penieTyaToil ria-
CTMHKY MUEJTMHOBBIE 000JIOYKH XapaKTepU3YIOTCsI HA0yXaHWEM U 04aroBoit
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JNECTPYKIIMENH, MECTAMU OHM TOIBEPIIIMCH PACTBOPEHUIO C OOpa30BaHUEM
CUTOOOPA3HBIX IMMPOCTPAHCTB.

Takas Mopdoornyeckas KapTrHa CIYXUT TIPOSIBIEHMEM TaK Ha3bIBae-
MO KaBepHO3HOI AUCTPO(UU 3pUTEILHOIO HepBa. XapakKTepeH MpeKaIiI-
JISIPHBIA CKJIEPO3 U MCUE3HOBEHMUE IJIMKO30aMUHOIJIMKAHOB, YTO OTMEYaeT
npu iaykome A.H. Neufeld u coaBr. (1997). TunuyHble IS TIayKOMBI
U3MEHEHUS B 3PUTEJIbBHOM HEpBE IMOATBEPXKIAIOTCH JIEKTPOHHO-MUKPO-
CKOITMYECKUM MCCIICHOBAaHUEM.

BoipaxkeHHbIE M3MEHEHUSI ObUIM BBISIBIIEHBI W BBIIIE T10 3PUTEITLHOMY
IyTH TOJIOBHOTO Mo3ra. [Ipy MakKpoCKONMMYECKOM MCCIIEIOBAaHUN YCTaHOB-
JIEHO, YTO 3pUTE/IbHbIE LIEHTPHI (JaTepajbHble KOJIEHYAThie TeJia U 4eTBe-
pOXOJIMK€E) MMENIM MEHBIIIE pa3Mephbl, YeM Y MHTAaKTHBIX KpoJuKoB. Kpas
OOJTBIIVIX TIONTYIIAPWIA OBLTN CITAasTHBI C MIPOIOJITOBATHIM MO3TOM, OTAEIISIIIUCH
¢ TpynoM. I1py1 MUKPOCKOIIMYECKOM UCCIEI0BAHUY BhISIBICHBI BEIPAXKEHHbIE
arpodudeckre n3MeHeHns] HepBHOU TKaHU. Cocyibl MUKPOILIMPKYISITOPHO-
rO pycJia B 9TOM 00J1aCTH CITaBIIMECS, TIPOCBET UX HEPABHOMEPHO CYKEH WU
3UsIeT B IIpeaesiax ogHoro cerMmeHTa. CTEeHKM COCYIOB HECKOJIbKO YTOJILIEHbI
1 TOMOT€HU3MPOBaHbI. B TKaHM OTIpenessitoTcs sIBJIeHUST BBIPAXKEHHOM aTpo-
¢un. BugHbI KpyHBIE Yy9aCTKH TPYIIIIOBOTO PACITONIOXKEHUS TUKHOTHYECKUX
CMOPILIEHHBIX HEHPOHOB, TUTPOU HE OIIPELISICTCS, IAPO MMKHOTUYHO, YTO
yKa3bIBaeT Ha HEN30EeXKHYIO0 THOeTh 3TUX KIIeToK (puc. 3.5). B 3oHax pacmpo-
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Puc. 3.5. 3puTenbHble LEHTPbI FONIOBHOTO MO3ra KpOAnUKa npu 9KCNepuMeHTanbHON rnaykome:
1 — NWKHOTUYHbIE CMOPLLEHHbIE HEAPOHbI C UCTOHYEHHBIMW OTPOCTKAMMU; 2 — Y4acTKM
paspexxeHus raun; 3 — y4actku 04aroBoin nponudepanm rnum; 4 — HempoHoarus
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CTpaHEeHUS TaKUX KJIETOK BBISIBJISIIOTCSI pa3HbIe 3Tallbl aTpoGUU HEUPOHOB,
KOTOpPBIE COYETAIOTCS C YYaCTKaMU Pa3peXeHMsT U 09aroBoi Iposdepaun
[JINH, 9YTO YKA3bIBAeT Ha XPOHWYECKUH, IUTMTEIIHFHO IIPOTEKAFOIINIA IIPOIIECC.
ATpodus uMeeT paclpoCTpaHEHHBINM XapaKTep, OTMEYaloTCs KpPYIIHbIC
30HBI aTpO(UN HEPBHBIX KJIETOK, HAXOASIIIMXCS HA Pa3HBIX TAlax MMKHO3a
¥ CMOPIIMBAHMS, C U3BMEHEHNEM (POPMBI KJIETOK, TIPeBPAIIEHNEM UX B ITUpa-
MUIAIBHEIE, TIIe MUKHOTUIECKOE SIAPO CIMBACTCS C TOMOTEHHOM ITUTOILIA3-
Moil. MHBIMU c0BaMH, BCE OTHEbI IIEHTPAJbHOIO YYacTKa 3pUTEIHHOIO
MYTH BIIOTh 10 KOPKOBOTO OTHENa MMEIOT BhIpaXeHHbIE JereHepaTUBHbIC
W3MEHEHUSI, XapaKTep KOTOPBIX YETKO YKa3blBaeT Ha eIMHO0Opas3ue IHC-
TpopUIECKNX U3MEHEHUI OT CETIATON 000JIOUYKM 10 KOPKOBBIX IIEHTPOB.

3.2. YNIbTPACTPYKTYPA MWTOXOHZAPUI KNETOK nPOBOAALINX
NYTEN 3PUTENBHOI0 AHAJIN3ATOPA NPU 3KCMEPUMEHTAJIbHOW
IMAYKOME

Cyl1iecTBYIOT yOeauTeNIbHbIE TOKa3aTeIbCTBA TOTO, YTO BAaXXHYIO pOJIb
B pa3BUTUHU HelipoIereHepalluy M THOEIN KJIIETKH T10 TTyTH aIioIlTo3a UTPAfoT
MUTOXOHIPpUH. 1 MMEHHO MUTOXOHAPUH SIBJISTIOTCSI MUTIIEHBIO BO3IEICTBUS
HEePOIPOTEKTOPHBIX MpenapaToB. B akcleprMeHTaNIbHbIX U KIMHUYECKUX
HCCIIEOBAaHUAX IIPM TIJIAyKOME II0Ka3aHO CHIKEHUE (QYHKIIMOHAIBHOI
AKTUBHOCTU MHUTOXOHApWii. OmHAKO H3ydeHHEe MOP@OIOTHUUECKUX OCO-
OCHHOCTE MMTOXOHAPHWN KIETOK 3PHUTEIHBHOTO ITyTH OT TaHTJIMOHAPHBIX
BOJIOKOH CETYaTKM JO KOPbI TOJIOBHOTO MO3Ta HaXOIUTCS TOJbKO B Haua-
Jie TIyTU. A Belb IPOBOMSIIME IMYTU 3PUTEIBHOTO aHAIM3aTOpa SIBIISIIOTCS
LIEHTPaJTLHOM YaCcThIO OpraHa 3peHMsT U MOTYT TaK:Ke TTOABEPraThCs TPaHC-
CHMHANTUICCKON AeTeHepaln, KakK W IpH IPYTUX HeWpomereHepaTUBHBIX
3a00J1eBaHUSIX. B CBSI3U C 3TUM CTaHOBUTCS aKTyaJlbHbIM U3yYEHUE COCTOSI-
HUSI MUTOXOHAPHIA 3puTesIbHOro HepBa, xua3Mbl U JIKT npu skcnepumeH-
TaJIbHOM TJIayKOME.

CymiecTByeT MHOXECTBO PYTUHHBIX KIIMHUYECKIUX METOIOB [IJIST MCCIIe-
JIOBAaHUSI MUTOXOHAPHUAJIBHON IAaTONOrMu (OMOXMMUYECKHUE, MOJIEKYISp-
Hbl€, LIUTOXMMUYECKHUE, UMMYyHoOJIornueckue). OnHakKo caMble OOBEKTHB-
HBbIE pe3ylbTaThbl HAJIWYUS WU3MEHEHHMI B COCTOSTHUM MWTOXOHIPWI TaeT
5JIEKTPOHHAS MUKPOCKOITHSI, TIOCKOJIBKY HapYIIeHUE X CTPYKTYPHI TIPUBO-
JIIUT K BBIPAXXEHHOMY YTHETeHUIO UX QYHKLUU. B ¢BSI3M ¢ 3TUM ObLIM IpoO-
BEJCHBI 3JICKTPOHHO-MUKPOCKOIIMYECKHME UCCIIEAOBAHUS CPE30B TOJIOBHOTO
MO3ra Ha YPOBHE IMPOBOISIIINX MyTeil y KpoimKoB ¢ AUT, KoTopyio Boctipo-
M3BOIWIIM TIO CXeMeE, OTTMCAHHOM B TIPENbIAYIIei T1aBe.
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IIpu 27eKTPOHHOI MUKPOCKOIUU CPE30B KOHTPOJIbHOM TPYMIIbl KUBOT-
HBIX YCTAHOBJICHO, YTO MUTOXOHIPUM KIIETOK 3PUTEIBHOTO TYTH WMEIU
VIUIMHEHHYI0 (hOPMY, 3JIeKTPOHHO-TIIOTHBIN MaTPUKC M OTHOCUTEIBHO Peli-
KUe TUTaCTUHYAThle KPUCTHI (puc. 3.6).

WMHas kapTrHa ObLIa 3aperucTpUpoBaHa MpY JIEKTPOHHON MUKPOCKOITMHI
BOJIOKOH 3pUTEILHOTO HEPBA Y KPOJIMKOB C IKCMIEPUMEHTATBHON TJIAYyKOMOM.
B otniume ot cpe3oB KOHTPOIBHOM TPyTIIbI, y XKUBOTHBIX ¢ AWT Habmomamich
OTYETJIMBBIE SIBJIEHUSI HAPYILEHUS YIbTPACTPYKTYPbl MUTOXOHIpHUIA (puc. 3.7).
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Puc. 3.6. 3nekTpoHHas Mukpockonus. MUTOXOHLPUKM B MOMEPEYHbIX CPe3ax 3pUTENbHOro
Hepsa (A), xuasmbl (B), 3putensHoro Tpakta (B) u natepanbHoro konewyaroro Tena (I)
B HOPME Y MHTaKTHbIX KPOSIMKOB



3.2. YnbTpacTpyKTypa MUTOXOHAPWIA KIETOK MPOBOAALUMX YTEM... 127

Puc. 3.6. OkoH4aHne

Ipexne Bcero, aTo BBISBISIOCH B YBEJIMUEHUU KOJMYECTBA MUTOXOHIPHIA,
pa3zHoo0pa3usl MX BEJTMYMHBI, (DOPMBI U BHYTPEHHEN CTPYKTyphl. HekoTopskie
U3MEHEHUsI CTPYKTYPbl OBbLIM HACTOJBKO AAlEKO 3alleflllMMU, YTO TaKue
00pa3oBaHuUsI MOXKHO C TPYIOM UIEHTUGUIIMPOBATh KAK MUTOXOHIPUU.

Ilpu 37eKTPOHHONW MMKPOCKOMNUU KJIETOK XHA3Mbl BBISBICHO, 4YTO
MUWTOXOHIPUM OB C SIBIICHUSMM IeTeHepallnu U JecTpyKumu (puc. 3.8).
B kiieTKax 3puTeIbHOTO MyTH HAOMI0IAIOCh PE3KOE MPOCBETIEHUE MaTPUK-
ca mutoxoHapuit (puc. 3.9). Kpuctbel ObuM yKOpOUEHbBI, peaylUpPOBaHbI,
Je3UHTErPUPOBAHbI, OTMEYATIOCh YMEHBIIEHUE Pa3MEPOB KPUCT, PacIoio-
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KPONIMKOB Npu  aApeHaNuHUHAYLMPOBAHHON rnaykome: W3MEHeHHas MUTOXOHAPUA
C NPOCBET/IEHHbIM  MaTpPWUKCOM, BaKyonamu W peayunpoBaHHbIMU  KPpUCTaMu,
pacrnonoXeHHbIMM BOIM3U MeMBpaHbl; 0TCNOUBLIAACA MUENUHOBAS 060104Ka

Puc. 3.8. 3nekTpoHHas MUKpPoOcKonus. Xnaama KponuKOB Npu afpeHaNMHNHAYLMPOBAHHON

rNMaykoMe: WM3MEHEHHas MUTOXOHLPWUA C MNPOCBETNEHHbIM MAaTPUKCOM, BaKyonamu

1 pefyuUpOBaHHbIMKU KPUCTAMW, PACMOJIOXKEHHbIMU BOIM3N MEMOpaHbl; OTCIOMBLUASACA
MuenuHosas 060104Ka

JKE€Hbl OHM BOJIM3U MeMOpaHbl. B MUenInMHOBOI 0007104YKe BU3yaJIM3UpPOBa-
JIOCh OTCJIOGHUE Pa3HOU CTENEeHU BbIPAaKEHHOCTH, MECTaMU pacCIOSHUS.
BoabIIMHCTBO MUTOXOHIPMI OBLIM PE3KO YBEIMYCHBI U IIPOCBETICHBI.
BoisiBnsiiuch HaOyxiyde opraHesuibl. B HUX BU3yalM3uMpOBaIMCh BaKyoJIu.
EnyHu4YHbBIE MUTOXOHAPUU ObLIM U3MEHEHBI B (hopMe.

ITpu uccnenosanuu mutoxouapuit kiaetok JIKT y kponukos c AUT 6butn
BBISIBJIEHBI HauOoJiee XapaKTepHble U3MEHEHUsI, O0YCIOBJIEHHBIE OCOOEH-
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Puc. 3.9. 9nekTpoHHas MUKPOCKONMSA. 3pUTENbHbIA TPAKT KPONMKOB NpU aApeHanuH-

WHLYUNPOBAHHOW rNaykoMe: M3MEHEHHas MUTOXOHAPUS C MPOCBETIEHHbIM MaTPUKCOM,

BaKYONSMW W PEAYLMPOBAHHLIMI KPUCTaMW, PacnoNOXeHHbIMU BOAN3U MeMOPaHbI;
paccnouBLLascs MnennHoBas 060504ka

HocTssMu KpucT (puc. 3.10). B HEKOTOpBIX ciydasx OTMeYaaoch yIJINHEHNE
CaMUX MUTOXOHJPWIA, OHU CTAHOBUJIUCH JIEHTOBUIHBIMU, B APYTUX Cilyya-
SIX — CIIUPAJIbHOE 3aKpyYMBaHUE U YKOpOUEeHUE KPUCT. I3MEHEeHHO BbITJISI-
Jiefia U CTPYKTypa BHYTPEHHE! MeMOpaHbl MUTOXOHAPUN — KPUCTHI CTa-
HOBUJIUCH U3 IJIACTUHYATBIX TpyOuaThiMU. Bce 3TO MOXHO paccMaTpuBaTh
Kak TMOIIBITKY CKOMIIEHCUPOBATh HEAOCTATOUHYIO 3((HEeKTUBHOCTD (PYHKIIUU

WAD “ﬁr SE X

Puc. 310. 3neKTpOHHAA MIUKPOCKONUS. CTPYKTYpbI NaTepasbHOro KONeHYaToro Tena Kponuka

Mpy aapeHanuHUHAYLMPOBAHHOM rNaykome: 1 — U3MeHeHHast MUTOXOHAPUA C MPOCBETNEHHbIM

MaTpPUKCOM, BaKYONAMM 1 PeAyLIMPOBAHHbLIMU KPUCTaMU, PACONOXeHHbIMU BENN3M MEMBDaHbI;
2 — PacCNouBLLASCA MUENIMHOBAA 060/104Ka; 3 — 1ecHOPMUPOBAHHOE HEPBHOE BOMOKHO

e N v
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IBIXaTeJIbHOM 1IETTOYKM B MUTOXOHAPMSX. Jpyroii pacipocTpaHeHHOM 0Co-
OEHHOCTBIO Ne(PEeKTHBIX CTPYKTYP OBLJIO HAJIMYME B HUX BaKyOJIeii.

Takum o6pa3oM, Mpu MpoBeaeHUM MOPGOJIOTUIECKUX, B TOM YHCIIE
3JIEKTPOHHO-MUKPOCKOMMYECKNX, MCCICIOBAHUII MUTOXOHAPUI KIJIETOK
rojioBHOro moara rpu AT BhISIBIIEHBI BEIPaXK€HHbBIE U3MEHEHUS CTPYKTYPhI
U3y4aeMbIX OpTaHesUl, KOTOpble MOTYT MPWBECTH K BBHIPAXKEHHOMY YTHE-
TeHUI0 UX (GYHKIW. MUTOXOHApPUATbHAS AUCOYHKIIMS SBISETCS OTHUM
M3 OCHOBHBIX 3BEHbEB IIaTOreHe3a HeWpoIereHepaTUBHBIX 3a00JIeBaHMIA.
MOXHO TIpeAroIOXUTh, YTO HapylleHue (QYHKIUN MUTOXOHIPUU WUTpaeT
OIpPENEeIEHHYIO POJIb B Pa3BUTHUM IJIAYKOMBI MOCPEICTBOM IPSIMOTO ydYa-
CTUS B psiie OKMCIUTENbHBIX KJIETOYHBIX IpoleccoB. OmpeneneHue poju
MUTOXOHIPUI B TaTOTe€He3¢ TIAyKOMBbI MOXET IaTh HOBBIE BO3MOXHOCTHU
JUISl paHHE# TUarHOCTUKHW, MaTOTEHETUIECKOTO JICUCHUs] TIIAyKOMBI, Mpe-
YVIOPEXACHUS Pa3BUTHS U IIPEKpallleHUs MPOrPeCCUPOBAHUSI ONTUYECKOM
Heitponatuu tipu [TOYT.



