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OBILIASA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJlbHOCTHh TeMbl. J[7s1 COBpeMEHHOW (PU3MOIOTUHM U HEHPOXUPYPIHUH
aKTyaJbHBIM SIBJSIETCS CO3AaHWe Oosiee HMH(POPMATHUBHBIX METOJOB PETHUCTPAITUN
BO30Y’KJIEHUS B HEPBHBIX CTBOJMax. Mcnonb3yemasi peructpaiusi akTHBHOCTH HEPBHBIX
BOJIOKOH C NPUMEHEHHUEM MHOIO3JIEKTPOIHBIX MAaTpUIl - MIETOK, MOTPYXKAEMbIX B
HEPBHBIM CTBOJI, 00JIaJa€T HEAOCTATOYHOW WH(POPMATUBHOCTHIO H3-3a OOJBIION
BEJIMYMHBI DJIEKTPOJAOB IO OTHOIIEHHWIO K HepBHbIM BoJokHam ([.P. Cadun c
coanT.,2010).

DTO HECOOTBETCTBUME MEXKIY pa3MepamMu »3JEKTPOJOB M BOJOKOH MOXKHO
MPEOA0JIETh MPU TMOMOIIM HEUPOBU3yAIM3allUH, B YAaCTHOCTH, JIFOMHUHECIIEHTHBIX
METO/IOB, HampuMmep, (QIYOpPEeCHEHTHOr0O MeToJa — 10 CBEYEHHIO IIpolecca
BO30OYxeHus. JlJi1 9TOro MCHob3yIOT (PIIYyOPECICHTHbIE KPACUTENM, HAaHOCUMBbIE Ha
HepB. Kpacurenu u3aMeHsI0T CBO€ CBEUCHHE B 3aBUCUMOCTH OT MPOIecca BO30YKICHHUS.
Ceuenue peructpupyercs crenuaibHbiM gerekTopoM (O.B. CremaHeHKO C COaBT,
2007; A.A. Kyumwuii ¢ coaBrt.,2012).

OpnHako 3TU METOAbl UMEIOT HeAocTaTKU. DIIyopecieHTHhIE BEIIEeCTBa BIMUSIOT Ha
TKaHu. Peructpamnusi Bo3MoOkHa TOJBKO ¢ moBepxHocTH Hepsa (C.B. MBanosa, JI.W.
Kuprnuenok, 2008). B cBsizu ¢ stum, TpeOyercs co3gaHue M ampoOarusi METO/0B
perucTpanus rnpoiecca Bo30yKJIeHUsI BHYTPH CTBOJIA HEPBA.

Kak wu3BecTHO (yopecleHIusT 3TO OJWH W3 BHUJOB JIIOMHUHECIICHIIUH.
JIIOMUHECUEHIINI0O B  TKAaHSAX MOXHO TakXK€ BbI3BaTh  BBICOKOYACTOTHBIM
anekTpoMarHuTHeIM nojieM (K.I'. Kopotkos, 2007).

Henb paGoTbl — XapakTepu30BaTh PACHPOCTPAHCHHE BO3OYKICHHUS B
CeJIaTUIITHOM HEPBE JISATYIIKH B BBICOKOYACTOTHOM DJIEKTPUUECKOM TIOJIE.

3agauu ucc/ie10BaHUA:

1. YcTraHoBUTHh BO3MOKHOCTh BU3YAIHM3aIllMA PACIPOCTPAHCHUS BO30YXKIEHUS B

CCaaJIMITHOM HCPBC JIATYIIKH B BBICOKOYACTOTHOM JJICKTPHUYCCKOM II0JIC.
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2. CpaBHUTH TMapaMeTpbl BU3YyAIHM3AIMA PACIPOCTPAHEHUS BO30YKIEHUS B
CECIAJIIIIHOM HEPBE OT MECTAa JJIEKTPOCTUMYJSILIMM HEPBA B MPOKCUMAIbHOM U
JIVCTaJIbHOM HAIPABJICHUAX: K MECTY BBIXOJA HEPBA U3 O3BOHOYHUKA U K MBILIIIE.

3. MeroaoM BU3yaIM3alMy OMNPEACIINTh 3HAYCHHS CKOPOCTH PACIPOCTPAHEHUS
OYaroB CBEUYEHHUS B CENAIMIIHOM HEPBE U COMOCTABUTH UX C JUTEPATYPHBIMU JAHHBIMU
CKOPOCTU pACTIPOCTpaHEeHMs] BO30YKICHHsS B HEPBHBIX BOJOKHax rpynn A, B, ¢ mo
I"accepy.

HoBu3Ha pe3yJibTaTOB HCCIeN0BaHUA. B HacTOsAIIEM UCCIEA0BAaHNUN BIEPBBIE:

1. OcyuecTBieHa BU3yaIn3alusl paclipoCTpaHEHUs BO30YXICHUSI B CEAATUIITHOM
HEPBE B BBICOKOYACTOTHOM 3JIEKTPUYECKOM TIOJIE;

2. ComocTaBlieHbl MapaMeTpbl BU3YyaIH3allMK PACIPOCTPAHEHUS BO30YKIEHUS B
CEIAJINIIIHOM HEPBE OT MECTAa DJJIEKTPOCTUMYJSILIMM HEPBA B MPOKCUMAIbHOM U
JUCTAIBHOM HAIIPABJIICHUSX: K MBIIIIE U OT Y4YacTKa JJIEKTPOCTUMYJISLUU HEPBaA N0
MECTa BbIXOJla HEpBa U3 O3BOHOYHUKA;

3. OmpeneneHbl 3HAYEHUS CKOPOCTH PACTIPOCTPAHCHHS KPYITHBIX, CPEAHUX U
MEJIKAUX OYaroB CBCUCHMS B CEHAIUIIHOM HEPBE U COIOCTABIICHBI C JIMTEPATYPHBIMU
JAHHBIMU CKOPOCTH PacIpOCTPaHEHUSI BO30YK/ICHHSI B HEPBHBIX BOJIOKHAX rpymnm A, B,
¢ o ['accepy.

Teopernueckasi M NpaKTUYeCKasi 3HAYUMOCTb PadOTHI.

Pacmmpensl BO3MOXXHOCTH HM3Yy4YE€HHUS PaCIpOCTpaHEHUS BO3OYXKICHHUS B
ceqaMiHOM HepBe narymku. [lomydensl cBenmeHus o0 oxBaTre BO30YKIEHHUEM
Pa3HBIX TPYMI HEPBHBIX BOJOKOH IO CKOPOCTH PACHPOCTPAHECHUS BO30OYKICHUS U 11O
IIyOMHE UX 3aJIETaHMs] B HEPBHOM CTBOJIE.

Co3nman MeToJ BH3yalW3allMy Tpoliecca BO30YXKIEHUS B CEHAIUIHOM HEPBE
JATYIWIKW. Pe3ynbTaThl MCCIAEIOBAaHUS MOTYT MCIIOJB30BAaThbCS B HAYYHBIX
MCCJICIOBAHMSIX PACIIPOCTPAHEHUS BO3OYKICHUS IO COMAaTHYECKUM HEPBaM.

MeTtoao0s10rust ¥ METOAbI HCCIACI0BAHUSA.

NmeroTcest cBeieHUsT 0 BU3yalU3alluM Ipoiiecca Bo30YKJICHUSI B BEreTaTUBHBIX
HEpBaX B BBICOKOYACTOTHOM 3JiekTpruieckoM nojie (B.M. ITokpoBckuii ¢ coaBTopamu,

2016; FO.}O. IlepoBa c coapt., 2017). PaGor mo Bu3yanu3anuu Ipoiiecca



5
BO30Y>KJICHHS B BHICOKOYAaCTOTHOM 3JIEKTPUIECKOM T10JIE€ B COMAaTUYECKOM HEPBE HET.
PaboTa mocTpoeHa Ha HOBOW METOJIOJIOTHH — BBISBJICHUH BO30YKIECHUS B PA3HBIX T10
CKOPOCTH IIPOBEACHUS HEPBHBIX BOJIOKHAX, B PA3HBIX HAMNPABJICHUSAX B CEAATUIIIHOM
HEpBE JISITYIIKK B OTBET Ha pa3IpakKeHHE HEPBA AJICKTPUUECKUMU UMITYJbCAMU IO
oYaraMm CBEYEHUS B BBICOKOYACTOTHOM 3JIEKTPOMArHUTHOM TOJIE.

VY 00e3ABMAKEHHBIX MyTEM pa3pyLIEHUs CIIMHHOTO MO3Ta 75 O3€pHBIX JISATYIIEK
Ha Oepe BBIICTSIN CeAIMITHBIA HepB. [lox HEpB MOABOAMIM MPEIMETHOE CTEKIIO
CO CKOUIEHHBIMH KpasiMH [Ji1 OTHEJEHUS HepBa OT MbIII Jankd. Hang Hum
pacnonaranmu  ycranoBky, KOJICH, Beimyckaemyro ¢upmoit ELSYS. co3zmaromryro
BBICOKOUYACTOTHOE dJekTpuueckoe mosie (1024 ') u mojdydain KpaeBoe CBEUCHHUE
HepBa. B mepBoil cepun 3KCMEPUMEHTOB yYacTOK CEAJUIIHOTO HEPBA MPU BBIXOIE
13 CIIMHHOTO MO3ra (MMO3BOHOYHUKA) CTUMYIUPOBAIH SJIEKTPUUECKUMHU UMIYJIbCAMHU
MOPOTOBOM BEJIMYMHBI, CO3JaBAEMbIE ANEKTPOCTUMYISATOpOoM. OO ATOM CyIUIU TIO
COKpAIICHUIO MBIIII JIAMKK JISTYIIKH. BOo BTOpOH cepuu ONBITOB CTUMYIMPOBAIH
Y4acTOK HEpBa BO3JIE KOJEHHOTO cycTaBa. B TpeTbell cepuu 3KCIEPUMEHTOB HEPB
pazapaxanu nocpeauHe. Ilpu 3ToOM BHYTpU HEpBa Ha KayKIblil UMITYJILC BO3ZHUKAIN
JBIDKYIIME OYard CBEUCHMS, KOTOpOE perucTpupoBaiv Teiekamepoi (mo 1000
KaJapoB B CEKyHIy) B Buae avi — Buacopuiabma. [locieqHuii KOMITBIOTEPHOM
MIPOrpaMMOM JIEJIVIIA Ha KaJIPBI.

Pe3ynbTaThl OMBITOB aHAJIM3UPOBAIM MO KOJWYECTBY CBETSIIMXCS OYaroB B
HepBe Npu ero crumyiasiuud. Onpenensiv MEeCTO MOSBICHHS 0YaroB B HEPBE,
HalpaBJICHUE WX ABWIKEHHS MO HEPBY MNPHU CTUMYJAIUHU IEHTPAJIHHOTO Yy4yacTKa
MepEepPEe3aHHOr0 HEpPBa, BBIXOAAIIEIO W3 CHUHHOIO MO3ra, MpU pa3apakeHUuu
nepuepruvIecKoro y4acTka Mepepe3aHHoOro HEpBa, OKOJIO KOJICHHOTO CyCTaBa, MpH
CTUMYJISIIUM HEpBa TMoOcpeAuHe. PaccuuThiBaid JIMHEHHYIO CKOPOCTh JABHIYKCHHS
O4YaroB MO HEpPBHbIM nyuykamu. B pexume 3D N0 HHTEHCUBHOCTH CBEYECHUS
KOMIIBIOTEpHAsi MporpaMMa JIeJiija oOuyard CBEUYEHHSI Ha Cpe3bl, OIpeensiia
PACCTOSTHUE MEXYy Cpe3aMu U TUIONIa/lb MPOEKINUNA CPE30B.

[Tpu momomu kommeroTepHor mporpammbl «STATISTICA 6,0» ompenensnu

HOPMaJBHOCTh  pachpeneneHus.  HopmanbHoe — pacmpeneneHue  MO3BOJISIO
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UCIIONIb30BaTh MapaMeTPUUeCKUe METOJbl  CTaTHUCTHYecKoM o0pabotku. Ilo
BapHMaHTaM [IOJIYYCHHBIX pe3yJbTaTOB IMporpaMma ompenensia M, o, +m.
Omnpenensnu t-kputepuit Cteronenta. [lo 3nauenuto t-xputepuii CThIOJIEHTa, 3HAS
CTETeHb CBOOOJBI N’ OMpeesid ToKa3aTesb JoctoBepHocTH P. Ilpu cpaBHeHHn
CPEIHUX BEJIUYMH JIOCTOBEPHBIM CUUTAIOCH pazinuuue Mexxay Humu npu P <0,05.

Anpobanus pe3yJbTaToB padoThl.

JluccepTallMOHHBI MaTepuan anpoOMpoBaH Ha MeEXIyHApOAHOW HAyYHOU
koH(pepenuuu (Maiikom, 2015), V Cose3ae ¢usunonoro CHI' (Coun, 2016), XXIII
chesne Guznonornyeckoro odimectra umenu M.I1. TlaBnosa (Boponex, 2017)

Hyonukanuu.

OnyOnukoBaHo 6 medaTHbIX PA0OT - 3 U3 HUX B U3JAaHHAX, BKIIOYCHHBIX B
[lepedyenb peueH3UpPYEMBIX HAYYHBIX M3JaHUM WA BXOISIIMX B MEKIYHAPOIHBIC
pebepariBHble 0a3bl JaHHBIX W CHCTEMbI IIUTHPOBAHHS, peKOMeHmoBaHHBIX BAK mpu
MunoOpHayku Poccun 1151 oryOJIMKOBaHHSI OCHOBHBIX HAyUHBIX PE3YJIbTATOB JUCCEPTALIUN

Ha COHMCKaHHUC yquOﬁ CTCIICHU KaHAWI4aTa HAayYK, Ha COMCKaHHUC yquOﬁ CTCIICHU OOKTOpa

HayK U U3aHHs, IPUPABHEHHBIC K HUM.
Crpykrypa u 00bem padoThI.
Juccepranus uznoxkeHa Ha 110 cTpaHuIIax KOMIBIOTEPHOTO TEKCTA U COCTOUT
U3 BBEJEHUS, 0030pa JUTEpaTyphbl, OMUCAHUS METOJOB HCCIEIOBaHMs, 3 TJaB
COOCTBEHHBIX  HAONIOACHWH, 3aKIIOUYEHHs, BBIBOJOB, OubOmuorpadpum (126
HMCTOYHHUKOB, U3 HUX HAa PYCCKOM f3bIKE 53 M Ha MHOCTpaHHBIX si3bikax 73). Pabota

coliepkuT 8 Tabyuil 1 32 PUCYHKOB.

OCHOBHOE COAEP KXAHUE PABOTbI

Bhe CUMYJIOUN HCPBA B BBICOKOYACTOTHOM JJICKTPHYCCKOM II0JIC Ha6J'IIOI[aJ'II/I

KpacBoe cBeueHHue (PUCYHOK 1, pparMeHt A).
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PucyHnok 1 - CBeueHure ceJalMIHOTO HEPBA JISTYIIKU B BEICOKOYACTOTHOM
AIIEKTPUIECKOM ToJIe. A — 0 pa3apakeHus HepBa (9hdexT
Kupnuan). b — ouaru 1, 2, 3, 4 BHyTpeHHEro CBEYEHUS B OTBET Ha

OOMHOYHBIN 3JIEKTPUUYECKUIA CTUMYIT

[Ipu pazapakeHun CeJaIuIIHOTO HEPBA OJMHOYHBIMU UMITYJIbCAMH C YACTOTOU
I I'm Habmromaii OAMHOYHBIC MBIIICUHBIC COKpalleHUs janku Jsarymku. [lopor
pazapaxenus coctapisia 0,6+0,1 B.

[Ipu cTumMynsiiuy HEpBA OJUMHOYHBIMU UMIYJbCAMU B HEPBE MOSBIISUIUCH OYaru
BHYTpEeHHEro cBeueHus (pucyHok 1, gparment b). Ilpu npekpamieHun CTUMYIIALUHA
OHM UCYE3AJIH.

[Ipu pazapakeHHH IEHTPATBLHOTO KOHIA CEAAIMIIHOTO HEpBa BO30YXKIEHUE
pPacIpoCTPaHsIOCh B CTOPOHY MBI (PUCYHOK 1).

CkopocTh nepemMenIeHrs 04aroB pa3andanachk. ECIM cuuTaTh CBETSIIMECS OYaru
B HEpPBE MapKepaMu O4YaroB BO30YKIEHHUS, TO MO CKOPOCTH MPOBEICHUS MOXKHO

YCIIOBHO BBIJICNIUTH BOJIOKHA TpyIiibl A u B.

KOMHBIOTCpHaJI nmporpamMma 110 OJHMHAKOBOCTHM HMHTCHCHUBHOCTH CBCUCHUSA

BBIJICIISUIA 6 TIPOCKIIMIT 04YaroB CBeueHUs (PUCYHOK 2).



PucyHnok 2 - COOTHOLIEHUE PACCTOSIHUN MEXKy OYaraMy CBEYEHUS U MPOECKIIHIMA

Oo4aroB CBCUCHHA B CCOAIINIITHOM HCPBC

Ouaru cBedeHUs U UX MPOEKINH pa3Inyaluch Mo miomaau (tTadiauna 1).
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Tabdmuma 1 - ConocraBneHue MuIoONIaJed CBETAIIUMXCS OYaroB, ABWXKYIIUXCS B
CTOPOHY CHMHHOIO MO3ra M MX MPOEKIHA B CENATMIIHOM HEPBE JATYLIKH IPH €ro

CTUMYJIAIUHA 3JICKTPUYICCKUMHU UMITYJIbCAMHA 1FH

[Tokazarenn n=25| I'pynmsl BOJOKOH 1O CKOPOCTH TPOBEACHUS
0YaroB CBEUCHHUS
A B
Aa Al Ay
Homepa ouaros
1 2 3 4
CkopocTts nipoBenienus | M+ | 45,2+0,5 21,604 14,6+0,4 | 10,3+0,3
0YaroB CBE€UYEHHSI B M/C | M 2,5 2,2 1,8 1,7
) P,<0,001 P,<0,001 | P,<0,001
P5;<0,001 | P5<0,001
Pe<0,001
[Inomanp ouaron M+ | 8,1+0,5 4,1+0,2 3,8+0,2 2,9+0,2
CBEUYEHUS Ha m 2,6 1,2 1,2 0,8
CKaHOTpaMMe€ B MM° ) P,<0,001 P,<0,001 | P,<0,001
P3;>0,05 Ps<0,001
Pe<0,001
[1nomans npoeknui
04aroB CBCUCHUS
Ha CKaHOTpaMMe€ B MM
1 M+ | 14,240,1 9,6+0,4 16,6£0,4 | 7,3+0,3
m 0,5 2,1 1,8 1,7
) P,<0,001 P,<0,001 | P,<0,001
P;<0,001 | P5<0,001
Pe<0,001
2 M+ | 20,2+0,5 15,4+0.4 20,604 | 14,2+0,3
m 2,5 2,2 1,8 15
) P,<0,001 P,<0,001 | P,<0,001
P;<0,001 | P5s>0,05
Pe<0,001
3 Mt | 24,2+0,5 12,4+0.4 38,4+0,4 | 37,2+0,3
m 2,4 2,2 1,9 1,6
) P,<0,001 P,<0,001 | P4,<0,001
P3<0,001 | Ps<0,001
Pe>0,05
4 M+ | 49,8+0,5 64,5+0,4 66,9+0,5 | 60,7+0,3
m 2,3 2,2 1,3 15
) P,<0,001 P,<0,001 | P,<0,001
P3;<0,001 | Ps<0,001
Pe<0,001
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5 M= |62,6£0,5 | 84,8+0,5 97,8+0,3 |92,5+0,4
m 2,6 2,3 1,3 2,2

d P,<0,001 | P,<0,001 |P4<0,001

P;<0,001 | Ps<0,001

Ps<0,001

6 M=+ 85,2+0,5 |100,4+0,4 | 178,6+0,3 | 113,6+0,3

m 2,5 2,2 1,8 1,3

0 P,<0,001 | P,<0,001 |P,<0,001

P3<0,001 | Ps<0,001

Ps<0,001

[Tpumeyanue. p;— Mmokaszareib JOCTOBEPHOCTH MEXTy JAHHBIMU CTOJIONOB 1 1 2; P, —
cTonbuoB 1 u 3; p3 — crondioB 2 u 3; P4~ cronadnoB 1 u 4; Ps— cronduoB 2 u 4; Ps—

cToJNIOLOB 3 1 4;

Kak BumHo w3 Tabmuipl | HamOONBIIYIO IUIOMIAAL W3 OYaroB CBEYCHUS,
JABVOKYIIMXCS K MBILIIE, UMEET O4ar, COOTBETCTBYIOLIUI IO CKOPOCTH BOJIOKHAM Ada,
3ateM AY n AB. HauMeHbpIIylo IUIOIAgh - OYar CBEUECHMs BOJOKOH IpyImsl B
(pucyHok 3).

Ecnu ucxonuTe U3 TOro, 4TO IUIOUIA/b O4ara CBEYEHHs] OTPakaeT KOJMYECTBO
BOBJIEKAEMBIX B IIPOLIECC BO30YKIEHHS BOJIOKOH, TO 0OJIbLIE BCEro Bo30yxaaercst Aa
BOJIOKOH M MEHBIIIE BOJIOKOH Ipynibl B ceganuuiHoro Hepsa JsAryiKy.

Ha ckanorpamme (puCyHOK 2) BHUIHO, YTO OYaru CBEUYCHHS HAXONATCS HE Ha
OTHOM ypoBHE. B03MOXXHO, OHHM OTpa)XarOT pacHpOCTpaHEHHWE BO30YKICHUS B
rpynnax HEpPBHBIX BOJIOKOH, HIYIIKX B TOJILE HEPBA HA pa3HOU IiTyOuHe.

B T0 ke BpeMsi MpOeKIMK 04aroB CBEYCHHUS YKA3bIBAIOT HAa OJIMHAKOBOCTH CIIOCB
3aJieraHys HEPBHBIX IMyYKOB C Pa3HOM CKOPOCTHIO MTPOBEICHUSI.

PaccTosiHare Mexay KaXABIM CBETAIIMMCS 0YaroM, JBIDKYIIEMCS B CTOPOHY
MBIIIIE U €T0 MPOCKIUSIMHU B CEJATHUIHOM HEPBE JIATYIIKA MPU €r0 CTUMYJISIHH

QJICKTPUICCKUMH UMITYJIbCaMU JOCTOBCPHO HC U3MCHAJIOCH.
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Pucynok 3 - CootHomienue miomaaei npoekmmii (S1, S2, S3, S4, S5, S6)
0YaroB CBEUYCHHS B CSJIATMIITHOM HEPBE JIATYIIKH, ABMKYIIIHXCS B
CTOPOHY JIAITKH JISATYIIKU TIPY CTUMYJISIIUN HEPBa JICKTPUICCKIMHU
uminyascamu 111, Ouar cBeuenus 1 oTpakaeT BO30yXaeHUE
BosokoH Aa, ouar 2 — AB, ouar 3 — AY, ouar 4 — B. [Tnomams

ouara 1 mpunsirta 3a 100%
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B BBICOKOYACTOTHOM 3JEKTPUYECKOM II0JIE BHE CTUMYJIALMHM CEIATULIHOTO
HEpBa JIATYIIKM HAOJIOAATM TOJBKO KpaeBOE CBEUYCHHME, a MpPH pa3ipakeHUu
nepudepuyeckoro KOHIIA HEpBa, HapsAy C KpaeBbIM CBEUEHUEM, - OYaru
BHyTpeHHero cBeueHus. [Ipu paszapakenun mnepueprueckoro KOHI[a HepBa OuYaru
BO30YyK1eHus 5, 6, 7 pacnpocTpaHsUIUCh B CTOPOHY CIMHHOIO Mo3ra (PUCYHOK 4,

tadimua 2).

OYAI'M CBEHEHUA KPAEBOE CBEUEHUE

PucyHnoxk 4 - KpaeBoe cBeueHME CeTaTuIIHOTO HEPBA JIATYIIKN
B BBICOKOYACTOTHOM 3JIEKTPUYECKOM IToJIe U 5, 6, 7 04aru CBEYEHUsl BHYTpH

HCPBaA IIpU pa3apaKCHUU €TI0 r[epI/I(bequeCIcoro KOHIIa

Haubonpiiyto miomaae U3 o4aroB CBEUEHUS, JBHKYIIUXCS K MBIIIIE, UMEET
oyar, COOTBETCTBYIOIIMI IO CKOPOCTH BoJoKHaM Aa, 3ateM Ay u AB. bonbie Bcero
BO30yK1aeTrcst Ao BOJOKOH M MEHbIIIe BOJIOKOH Trpymmbl Al cenamuuHoro Hepsa
JSATYIIKY.

[Ipu pazgpakeHuu HepBa MoceperHe BO30YKICHHUE pACIPOCTPAHSIETCS B ABa
KoHIIa. B Hamux HabmoneHusx ouaru cBedeHus 1, 2, 3, 4 nepeMenainuch B CTOPOHY

MBIIIIIBL, a oyaru 4, 5, 6, 7 B CTOPOHY CIIMHHOTO MO3ra.



Ta0auna

CTOPOHY  CHHHHOIO

MoO3ra
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n ux

MNpOEKUUA B

2 - ComocraBieHue IUIOMIAJEH CBETALIMXCS O4YaroB, IBHXKYILIHMXCA B

CCAaJIMIITHOM HCPBC

JUITYIIKH IIPH €T0 CTUMYJLIIUU JICKTPUYICCKUMU UMITYJIbCaAMU IFH

[lokazarenu N=25 | I'pymnmbsl BOJOKOH MO CKOPOCTH MPOBEACHUS
0YaroB CBEUCHUS
A
Aa, AB | Ay
Homepa ouaros
5 6 7
Ckopoctb nipoBeficHust | M+m | 45,2+0,5 21,5+0,4 15,6+0,4
o4yaroB CBE€YEHHA B |0 2,4 2,2 1,8
M/C P,<0,001 P,<0,001
P3<0,001
[Inomanp ouaron M=m | 7,44+0,5 6,8+0,4 3,8+0,2
CBEUEHMS Ha ) 2,5 1,9 1,1
CKaHOTpaMMe€ B MM° P,<0,001 P,<0,001
P3<0,001
[1nomans npoeknui
0YaroB CBCUCHUS
Ha CKaHOrpamMMme B
MM
1 M=tm | 20,2+0,5 40,6+0,4 12,6+0,4
) 2,4 2,2 1,9
P,<0,001 P,<0,001
P3<0,001
2 M=tm | 40,2+0,5 62,4+0,4 20,5+0,3
) 2,5 2,2 1,7
P,<0,001 P,<0,001
P3<0,001
3 M=tm | 48,2+0,5 84,4+0,4 26,4+0,5
) 2,5 2,2 1,9
P,<0,001 P,<0,001
P3<0,001
4 M=£m | 88,7+0,3 127,5+0,4 59,8+0,2
) 1,3 2,2 1,2
P.<0,001 P,<0,001
P3<0,001
5 M+m | 146,6+0,5 159,8+0,4 119,84+0,3
) 2,5 2,3 1,3
P,<0,001 P,<0,001
P3<0,001
6 M=+m | 208,4+0,5 147,6+0,5 113,6+0,3
) 2,4 2,4 1,8
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P,<0,001 P,<0,001
P;<0,001
7 M=+m | 208,4+0,5 147,6+0,5 113,6+0,3
d 2,4 2,4 1,8
P,<0,001 P,<0,001
P5;<0,001

[Ipumeuanue. O003HaUeHUA Kak B Tabnuie 1.
3AK/IIOYEHUE

Hacrosiiiee nccienoBaHue MOCBSIIEHO CO3JaHUIO M allpoOMPOBAaHUIO METOJa
BU3YaIH3aI[Mi PACIpPOCTPAHEHHUs] BO3OYXKICHHUS B COMAaTHYECKOM (CEIaTUIIIHOM)
HEpPBE B BBICOKOYACTOTHOM 3JIEKTpUuecKkoM moiie. IlpuHuunamu co3maHus Merona
ABJISITIACh BBICOKAsl pa3peluarouiasi criocOOHOCTb, MIPOCTOTA, JACLIEBU3HA, YCTPAaHEHHE
HEJO0CTAaTKOB MPUMEHSIEMbIX METOJIOB BU3yalIn3allui BO30YKICHHS B HEPBE.

[IpennoxkeHHBIA METOJ MNPUHUUIHAIBHO OTJIMYAETCS OT HUCHOJIb3YEMbIX
(bAFOOpPECIIEHTHBIX METOIOB BU3YyaIH3aIlluu BO30YKIECHUS, OCHOBAHHBIX Ha CBEYCHUU
(1yOpEelieHTHOTO BELIECTBA HAHECEHHOT'O Ha MMOBEPXHOCTh TKaHU, MPU CTUMYJISILIUU
Kpacuresst aydom sazepa (JI1.B. Posenmtpayx ¢ coart., 2009).

OpHako perucTparus Mpu MOMOIIM ONTHYECKOTO METOAa BO3MOXKHA TOJBKO C
MOBEPXHOCTH, YTO SBJISIETCSI OYEHb CYIIECTBEHHBIM, TaK KaK B TOJILE HEPBHOTO
CTBOJIa TIPOXOJUT OTPOMHAs Macca HEPBHBIX BOJIOKOH, HEHpOHaJIbHAas aKTUBHOCTDH
KOTOPBIX JTAHHBIM METOZOM HE OTpa’kaeTcsl.

[ToaToMy B HalleM HCCIEIOBAaHUM MbI MCIIOJIB30BAIM CBEUCHHE CEAAIUIIIHOIO
HEPBa B BBICOKOYACTOTHOM JJIEKTPHUYECKOM TIOJIE.

B BBICOKOYACTOTHOM D3JEKTPUUECKOM II0JIE BHE pPa3ApaxeHHsl CEAATUIIHOIO
HepBa JISATYIIKH, B HEpBE HaOmoan KpaeBoe cBeueHne. KpaeBoe cBeueHne KUBbIX
U HEXUBBIX 00BEKTOB ObLIO OTKpbITO cynpyramu Kupnuan (C.J. Kupnuan B.X.,
Kupnuan, 1964) - «odbdext Kupanan» (A.Il.boituenko, M.A. Illycros, 2003).

Oddext Kupamana 370 KOPOHHBIN pa3psii B BEICOKOYACTOTHOM AJIEKTPUIECKOM

rone. OH MMpUCyll KakK JKUBbBIM, TaK WU HCKHBbIM 00BEKTaM. HpI/I 9TOM Ha XXHBBIX
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o0BeKTax OH oTpaxkaeT coctosinue camoro oowekra (A.Il.boituenko, M.A. lllycToB,
2004).

B BBICOKOYACTOTHOM  AJIEKTPUYECKOM TII0Ji€ TMpPU CTUMYJSAIMM  HepBa
ANEKTPUICCKUMHU UMITYJIHCAMHU OT AJIEKTPOCTUMYJISITOPA, UMEET MECTO TOSBIICHUEC B
HEM [IBIDKYIIMXCS OYaroB CBEYEHUS Ha (OHE KpaeBOTO CBEUCHHUS. IJTH O4Yaru
ucye3ajau MpHU MPEKPaAIEHUU pa3IpaxeHus, B TO BpPEeMsl KaK KpaeBOE CBEUCHHUE
coxpaHsioch. OdYarn CBEYCHHs BBI3BIBAM COKPAICHUS JIAMKH JIATYIIKA. OTO
YKa3bIBA€T HA TO, UTO OYATH SIBIISIIOTCS MapKepaMu Ipoliecca Bo30yxKACHHUS B HEPBE.

OOmIen3BeCTHO, YTO OPTaHU3MOM JKMBOTHBIX M UEJIOBEKA TEHEPUPYIOTCS
ANEKTPUYECKUE U ApyTHE Mojs. DaKT CyNmeCTBOBAaHUS KBAHTOBBIX MTOTOKOB B KUBBIX
CUCTEMax NPHUBEIT K BO3SHHUKHOBEHHIO KBAHTOBOW OHOJIOTMM — Hayke 00 M3y4eHHH
Oouosiornyeckux mpoieccoB Ha ypoBHe kBaHTOB (B.I1. Kaznauee,2015; JI.B. Taunun,
2007).

Bompoc 0 KBaHTOBBIX NMOTOKaX B OHOJIOTMYECKHUX CHCTEMaxX B JIUTEpAType
MOJHAT B IIecTUaecAThie Toabl 20 Beka, a HMCCIICIOBAHMS OMOJOTHYECKOW PpOJIH
KBaHTOBBIX MOTOKOB HauumHas ¢ pabor A.I'. I'ypsuua. A.I'. T'ypsuu B 1923 rogy
onucain mutoreHerudeckuit a¢pdext (b.H Tapycos, 1967).

B 30-e rompl mpomuioro Beka ObUI CKOHCTPYHMPOBAH MPUOOP ISl M3MEPECHMUS
Takoro cBeueHus — poroyMHoxurelnb (F0.d.Bnagumupos, E.B.IIpockypuna, 2009).

[Tomy4yeHHBIC TaHHBIE TIPU TOMOIIHA ATOTO MPHOOpaA MOKA3aJIH, YTO KUBBIC TKAHH
MOCTOSIHHO UCITYCKaIOT cllabble CBETOBBIE OTOKH B criekTpe 360 — 800 HMm.

[Ipudyem, 3TO CBEUEHHWE OTIMYACTCS OT MHUTOTEHETHYECKOTO HE TOJBKO
CIEKTPaJIbHBIMA XapaKTePUCTUKAMH, HO M OWOJOTHYCCKHM JEHCTBHEM: OHO HE
OKa3bIBACT BIMSHUE HA KJIETOYHOE JeiieHne. IHTeHCHBHOCTh CBEUEHHUS 3aBHCENa OT
YpOBHS  OOMEHHBIX  TMPOIECCOB M  MOJYYWJO  Ha3BaHWE  CIIOHTAHHOTO
MeTtabonnyeckoro cBeuenus (Xaouoymind P. P. ®denocos A. B., 2006).

NudopmarimonHyro poiabr B OHOJIOTMYECKHX CHCTEMaX MOTYT BBITIOJIHATH
KBAaHTOBBIC ITOTOKH. IIOCKOJNIBKY B JKHMBBIX KIJIETKaX IPOUCXOMIT COTHH THICSY

(hepMEHTAaTUBHBIX PEaKIUid, a Kaxaas moaudepMEeHTATUBHAS PEaKlUs MPOTEKAET C
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YY4aCTHEM KBAHTOBBIX MEXaHHW3MOB, TO OHM SIBJIAFOTCS MCTOYHHMKOM XapaKTEpPHOIrO
JUTSL 3TUX KJIETOK 3nekTpomarautHoro nojs (B.I1. Kasnauees ¢ coasrt., 2015).

Perucrpatiysi onTuyeckoro U3Iy4eHUs HEpBa BBIMOJHEHHOE MOJATBEPKAAET ITO
npesmnoiokenue. M3mydenue ObLTO 3almMcaHo ¢ MOMOIIBIO KBaHTOMETpa. B kauecTBe
oObeKTa ObUI B3ST CENAIMIIHBIA HEPB JIATYIIKH, HU3JIYYEHHE KOTOPOTO
CTUMYJIUPOBAJIOCH JJIEKTPUUECKUMH UMITyJIbCaMu, MoJaBaeMbIiMu Ha mipenapart (B.I1.
KasnaueeB c coaBrt., 2015).

Takum oOpa3zoM, HaOIIOJaeMbIE B HAIIMX OMbBITAX OYard CBEUYECHHs B HEPBE, IO-
BUJIMMOMY MMEIOT MPUPOY, OJM3KYIO K Ci1ad0oro cBeueHuro. i ero BbISBICHUS B
HEPBE Mbl HCMOJIb30BAJIM BEHICOKOYACTOTHOE JIEKTPUUYECKOE MOJIE.

B Hamem nccieioBaHUM OKA3aHO, YTO MIPHU Pa3ApaKEHUN HEHTPAIBHOIO KOHIIA
CEIAJIMIIIHOTO HEPBa JJICKTPUYECKHMMHU HMITyJbcaMu C dYactorod 1I'm B Hem
BO3HMKAJIM OYaru CBEYEHHMsI, KOTOPHIE JABUTAIHNCH B CTOPOHY MBIIIIBI U BBI3bIBAIN
OJIMHOYHBIE MBIIIEYHBIE COKPALLECHUS.

[Ippu  cTumMynsiuu  nepupepuvyeckoro  KOHLA  CENAJMIIHOIO  HepBa
ANEKTPUYECKUMHU HMMITYJIbCAMU B HEM TaK K€ BOZHUKAJIW OYaru CBEYECHMS, KOTOPBIE
JBUTAINCH B CTOPOHY CIMHHOTO MO3ra.

IIpu pa3apaxeHUH CENaIUIIHOIO HEPBA 110 CEPEAMHE OJHU CBETSIIHMECS OYaru
pacupoCTPaHsUIMCh B CTOPOHY MBIIILBI, & IPYTrMe B CTOPOHY CIMHHOTO MO3ra. JTO
YKa3bIBa€T HA JIBYXCTOPOHHEE MPOBEACHUE BO30YK/ICHUS B HEPBHBIX BOJIOKHAX.

Ecnu cunTaTh cBeTAlIMECS OYaru B HEPBE MapKepaMH 04aroB BO30YXKJIEHUS, TO
[0 CKOPOCTU MPOBEACHUS MOXHO YCJIOBHO BBIIENUTH BOJOKHA rpynmbl A (Aa, AB,
AY) n B. Ha 5To ykaswblBaeT CpaBHEHHE CKOPOCTH JBUKEHHsS OYaroB CBEUCHHS C
JUTEPATypHbIMU JTaHHBIMH CKOPOCTH TPOBEACHUSI BO30YXKACHHUS IO BOJOKHAM
CeIaUIIHOrO HepBa (Tadmuia 3).

CkopocTh pacnpocTpaHEeHHUs! BO30YXKACHHUS B HEPBHBIX MHEIMHOBBIX BOJIOKHAX
3aBHCHUT OT UX TOJIIMHBL: YEM BOJIOKHO TOJIIIE, TEM OO0JIbIIE CKOPOCTh

Kax u3BecTHO, CyliecTByeT mpsiMasi 3aBUCUMOCTb MEXK/y TOJIILIMHON BOJIOKHA U

CKOpPOCTBIO IIPOBCACHHSA HCPBHBIX HMMITYJIBCOB. B TOJCTBIX MHEIHMHOBBLIX BOJOKHAX
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CKOPOCTB POBCACHHA HCPBHOI'O UMITYJIbCA 6OJ'H)HIG, 4€M B TOHKHUX. Hnomam) o4yaroB

CBEYCHMSI Ha CKaHOTpaMMax yMeHbIIanach OT rpymmsl Aa k rpynne B (tabnuma 4).

Tabauua 3 - ConocTaBiaeHUE CKOPOCTH CBETAILIMXCS 0YaroB B CEJAIMIIHOM HEPBE
JATYIMIKK TIPU  €r0  CTUMYJSIUM  JJEKTPUYECKMMHU  ummyinbcamu  1I'm ¢
JUTEPATYPHBIMH JAHHBIMH CKOPOCTU PACIIPOCTPAHEHUS BO30YKICHHSI IO BOJIOKHAM

I'PYIIIIbI A u BoJIoKHaMm B CCAAIIMITHOTO HCPBA JIATYIIKH.

[Tokazarenu ['pynmbl BOJIOKOH MO CKOPOCTH IPOBEIACHUS
O0YaroB CBEYCHUS
A B
Aa AB Ay
CkopocTb mposenenmst | 45,2+0,5 | 21,6£0,4 |14,6=0,4 |10,3+0,3
OYaroB CBEUCHHS B M/C IIO
JTAHHBIM
HCCIICTOBAHUS
CkopocTb npoBenenus | 42,0 25,0 16,0 10-15
OYaroB CBEUCHHS B M/C TIO
JTAHHBIM
N.B. MyxuHa, A.B.
['pubkosa (2010)

Tabumua 4 - [1nomany CBETAMMXCS 04aroB B CEAAIMIIHOM HEPBE JIATYLIKH IIPU €TI0
CTUMYJILIMM 3JIEKTPUUYECKUMU uMITyslbcamMu 11’ ¢ auTepaTypHBIMH JaHHBIMU

KOJIMYCCTBAa HCPBHBIX BOJIOKOH TI'PVYIIIIBI A Bonoxnam B B CCAAJIMITHOM HCPBC

JATYIIKH.
IToka3arenu ['pynnbel  BOJIOKOH B CEHAJUIIHOM HEPBE
JSTYIIKA
A B
Aa AB Ay

I[Imomanes odaroB cBeueHus | 8,1+0,5 4,1+0,2 3,840,2 2,94+0,2
Ha CKaHOTpaMMe B MM

3,2-8,0 2,4
JlnameTp BOJIOKOH B MKM IO 25-16,0 3,0
nanabeiM M.B. Myxuna, A.B.
I'pubkona (2010)
KonunuecTBO BOJIOKOH B 2000

CeJAIMIIHOM HEPBE JIATYIIKH
1o nanHeiM M.B. MyxuHa,
A.B. I'pubkona (2010)
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N3BecTHO, 4YTO HEPBHBIE BOJIOKHA CrPYHNIUPOBAHBI B OTAEIBHBIE ITyYKH
paznuyHoro kanuopa. CeqanuiHbIi HEPB OTHOCUTCS K MHOT'OITYYKOBBIM HEPBaM.

Ha ckanorpammax BHJIHO, YTO O4ard CB€YEHUs HaXOJATCS HE Ha OJJHOM YPOBHE.
B03MOXHO, OHH OTpPa)KarOT paclIpocTpaHEHUE BO30YKIECHHsS B Ipynmax HEPBHBIX
BOJIOKOH, MIYIIUX B TOJILE HEpBa Ha pa3HOM IiiyOuHe. B To ke Bpemsi, MPOEKUUU
OYaroB CBEYEHHUs YKA3bIBAIOT HA OJMHAKOBOCTH CJIOEB 3aJ€raHusl HEPBHBIX IYYKOB C
Pa3HOM CKOPOCTHIO TPOBEICHUS.

Takum 00pa3zoM, MPOEKIMU OYAroB CBEYEHHUS HA MOBEPXHOCTHU CENAIMILHOTO
HEpBa HE OTPAXKAIOT OYaru CBEUYEHHUs, a, CIEA0BATEIbHO, U IPOLECCHl BO30YKIEHUS B
riiyorHe HepBa. IMEHHO 3TO fABIISIETCS OCHOBHBIM MPEUMYIIECTBOM MPEIaraéMoro
METOJla 1O OTHOUIEHMIO K METOAY PETUCTPalUU ONTUYECKOIO  CBEPXCIIadoro

M3JIy4eHUs HEpBa U (PIIFOOPECIEHTHBIX METOJA0B BU3YyaJIU3allMd BO30Y K ICHHUS.

BbBIBO/IbI

1. B BBICOKOYAaCTOTHOM 3JIEKTPUYECKOM I0JI€ B CEJAIULIHOM HEPBE JIATYLIKU
OpyU  pa3lpaXEHUH  IJIEKTPUUYECKUMU  MMIYJIbCaMH  LEJIOCTHOIO  HEpBa,
nepu@epruyeckoro MWIM LEHTPAIBHOTO KOHIA MEepepe3aHHOro HepBa Hapsaay C
KpaeBbIM BBISIBJICHO BHYTPEHHEE CBEUYEHHME, MPEACTABICHOE CBETAIMMUCA OYaram,
OTJIMYAIOLIMMUCSA IO TUIONIAJAN U CKOPOCTH PaCIpOCTPAHEHUS.

2. [Ipu mpexpallleHun pa3pa)keHUs HepBa BHYTPEHHEE CBEUCHHE MCYE3allo, B
TO BpeMsl KaK KpaeBO€ CBEUYECHHE MPOAOJLKANOCh. [Ipu mpekpaiieHuu IeiCTBHS
ANIEKTPUYECKOro TMOJsl KpaeBoe cBeueHue wucyesano. CregoBaTenbHO, OYaru
BHYTPEHHEI0 CBEUECHUSI OTPAXatoT Mpoliecc BO30YKIEHUSI HEPBHBIX BOJIOKOH.

3. IIpy cTUMYIISIIIMKM LEHTPATBLHOTO KOHIA TIEPEPE3aHHOr0 CEAIUIIIHOIO HEepBa
B BBICOKOYACTOTHOM DJJIGKTPUYECKOM TM0JIe HAOMIOAanuch 4 CBETAMIMXCS ouara,
KOTOPBIE IEPEMEILATIMCH B HAIIPABJICHUH K JIAIIKE U BbI3bIBAJIM €€ COKpAILECHUE.

4. PaznipaxkeHue nepu@epruueckoro KoHIa Nepepe3aHHoro CeIaMiHOr0 HepBa
BBI3BIBAJIO OYaru CBEYEHHUsI, KOTOPBIE JBUTAIINCH B CTOPOHY CIIMHHOTO MO3ra.

5. CTI/IMYHHHI/IH CCAAIMIIHOIrO HEpBA IMOCECPCANHC IIPHUBOAHIIO K ITOABJICHHUIO
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ABYX I'PYIIII O49aroB. Olea rpyuiia asurajiaCb K CHIMHHOMY MO3TY, JApyrasa — K JIaIlIKe.
6. B BBICOKOYaCTOTHOM QJIICKTPUICCKOM I10JIC BBIABJISACTCA Imponecc

BO30YXJIeHHs B HEPBHBIX BosiokHax Aa, AP, Ay, B.

ITPAKTUYECKHUE PEKOMEHJIALINHN

1. /laHHBIE HACTOSILErO0 HWCCIENOBAHUSA CIY)KaT OCHOBOM JUISI  W3y4YEHMS
nporecca IMPOBENCHMs ITyCKOBBIX CUTHAJIOB B COMATHYECKUX HEPBaX.
2. PexoMeHnyeTcs BKIIOYMTH MX B JIEKIMOHHBIM KypC IIO HOPMaJbHOM

¢du3mnoaoruu.

NEPCHEKTUBBI JAJIBHEHIIEN PASPABOTKHA
TEMbI HCCJUIIEJJOBAHUA

1. ITonyyenHble cBeneHHS OYIyT MCIOJB30BATHCS B JAJbHEHIIMX HAy4YHBIX

MCCJIEIOBAHMSIX MPOIIECcca PacpoCTpaHeHUs BO30YKICHHS 0 HEPBaM.

CIIMCOK PABOT, OITYBJIMKOBAHHBIX 11O TEME TUCCEPTALINHN
CraTbu B BeAyILIUX HAYYHBIX U3AaHUSAX PeKOMEH10BaHHBIX BAK PO

l.*Bugyanuzanusi BO30y)XJI€HHUS B  CENAJUIIHOM HEpBE JISATYIIKA B
BBICOKOUACTOTHOM 3iiekTpuueckom mojie / H.B. Kopuunosa, B.I'. AGymikesuu, A.T.
[Toxoteko, E.I'. [loTsraiino // Kybanckuii HayqHbIH MeIUIMHCKUANA BecTHUK. — 2015,
—Ne 5 (154). — C. 85-809.

2. *Kopuunoa, H.B. Bwusyanmmzamus pacnpoctpanenuss BO3OYyXKICHHUS B
cenanmuiHoM Hepse Jisiryiiku / H.B. Kopauosa / CoBpeMeHHbIE IPOOIEMbI HAYKU U
obpazoBanus. — 2015. — Ne 6; URL: www.science-education.ru/130-23445 (nara
obparienus: 04.12.2015).

3.*Busyaimzanmsi mporiecca Bo30yXkaeHHs B HepBax Jarymkd [/ B.M.
[Toxposckmii, B.I'. A0ymkesuu, H.B. Kopuamnosa [u np.] / Kybanckuii Hay4dHBIHA

MeauimHcknil BecTHHK. — 2018. — T. 25, Ne4, — C. 51-54.
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4.IToxoteko, A.I'. Busyanuszanus Bo30yxaeHust B Hepse / A.I'. IToxotsko, H.B.
Kopuunosa, B.I'. AGymkeBuu // B cOopuuke: MexaHu3mbl (DYHKIIMOHUPOBAHUS
HEPBHOW, OJHIOKPMHHOM W BHCIEPAIBHBIX CHUCTEM B MPOLECCE OHTOreHe3a
Marepuaibl MexXaIyHapoJHOH HaydHON KOH(EPEHIMH, IOCBAIIEHHON 75-JIeTHIO
Anpirelickoro rocyaapctsenHoro yuusepcurera. — 2015. — C. 387-389.

5. Busyanmmsammsi mporiecca Bo30yxkIeHuss B Bo30yaumbix TkaHsx / HO.IO.
[Tepora, B.A. Munkun, H.B. Kopuunosa [u np.] // V cbe3n ¢pusunonoros CHI™: 6.
Hayd. Tp. — Counm, 2016. — C. 161.

6. AOymkeBuu, B.I'. Buzyanuzauust Bo30yx/1€HHUsS B HEPBE B BBICOKOYACTOTHOM
anektpuueckom monie / B.I. AOymkeBuu, H.B. Kopuwmmora, A.I'. Iloxotbko //

Martepuanbr XXI1 ®usnonornueckoro obmecrsa umenu W.I1. [1aBnosa. — BopoHex.
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