A.1U.Kybapko', FO.4.Kybapxo?
JInHAMHKA CaKKaJUu4YeCKUX ABHKEHHUH rJ1a3 U ee MeXaHU3Mbl

Kagheopa nopmanvuou gpusuonoeuu bI'MY
MuHckuil KOHCYTbMAMUBHO - OUACHOCMUYECKUL YeHmp *

B crarbe npuBeIEHBI JaHHBIE KOJTUYECTBEHHOM OLIEHKN JUHAMUYECKHUX MOKAa3aTeaen
CAaKKaJWYECKUX JIBMXKEHUH IJ1a3 3J0POBBIX JIFOJEH: TATEHTHOCTH, YCKOPEHUS U CKOPOCTHU
CaKKaJ, CIMTHOCTU JBMKeHUU. OOCYy)KIal0Tcs LIEHTpalbHbIE U nepudepuieckue
MEXaHNU3MbI KOHTPOJISI CAKKAUYECKUX JIBUKEHUH TJ1a3.
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A.l.Kubarko, J.A.Kubarko
A dynamic of an eye's saccades and its mechanisms
The datas of a quantitative estimation of dynamic parameters saccadic eye movements of the
healthy people: latency, acceleration and velocity, conjunctive of eye movements are given
in the articles. The control mechanisms of central nervous system for saccadic eye
movements are discussed.
Key words: eye saccades, control mechanisms

BBIC’[pBIe NI CAKKaAIWYCCKUE NBHKCHHUA PA3BUIINCH B 9BOJIOIWHA JJIA OCYHICCTBICHUS
OPHUCHTUPOBOYHBIX U JPYIUX OTBECTHBIX ABUTATCIBbHBIX peaKHI/Iﬁ Ha HCOXKUIAHHOC
MOSIBJICHUE PA3IpAKUTENIEH PA3TIMYHOU MOJAIIBHOCTH. Y PsAia MIO3BOHOYHBIX OHU
peanu3yroTcs B BUJIe OBICTPOro MOBOPOTA FOJIOBBI B CTOPOHY BOZHUKIIETO Pa3apasKUTEIIs.
OnHako, 1o Mepe YBEIMYEHUS MACChI TOJI0BBI, OCYIIECTBICHUE TAKUX JBUKEHUMN
CTAaHOBUJIOCH 3aTPYAHUTCIIBHBIM U Yy JKUBOTHBIX, POCT MACChI I'OJIOBbI KOTOPBIX ObLI
oOycIioBJieH yBennueHneM Maccol Mo3ra, B LIHC popmupyrorcst MHOrounciieHHbIe
CTPYKTYPBI JJIsd oOecrieueHUss MTHOBEHHBIX OPHUCHTUPOBOYHBIX pe(l)JIeKCOB, B BUJC
MEePBOHAYAJILHOTO IOBOPOTA IJ1a3 B CTOPOHY BHE3AITHO MOSIBUBIIETOCS pas3apakutes [3].
Ecnu npu 3TOM yron noopota ria3 npessimaer 20 rpaj, To cakkabl ria3 JOMOIHSIIOTCA
IMOBOPOTOM I'OJIOBEI. Taxum O6p2[30M, Y 4CJIOBCKA U BBICHINX JKUBOTHBIX 6BICTpBIe ABUXKCHUA
rj1a3 cTajiu obecrneurnBaTbh MTHOBEHHBIN MEPEBO/] B30pa Ha 3aMHTEPECOBABIINI O0BEKT, €ro
3axBaT 3PpCHUEM U (bHKC&L[I/IIO Ha HCM 3pUTCIIbBHOI'O BHUMAHUS.

bricTphIE NBUMKEHUS TJ1a3 UCIIOJIB3YIOTCS TAK JKE JUI BO3BpPATa B30pa B LIEHTPAIBHOE
TIOJIOKECHUEC, €CJIA 110 KaKUM-JIH00 IMpUYINHAM MIPOU30MIIJIO €TO0 OTKIIOHCHHC. 9TO, HarpumMmcp,
Ha6JIIOIIaeTCSI IIpn BGCTI/I6y.II$IpHOM H IIPpU OITOKMHETUYCCKOM HUCTAIrMe. B IIOCJICIHEM
CjIy4dac, Korja B yCJIOBUAX ITaHOPAMHOI'O ABHKCHHA BU3YyaJIbHOT'O IPOCTPAHCTBA BO3HHUKACT
I1aBHOE pedIeKToOpHOE cMeleHre B3opa (MeayieHHas ¢a3a HucTarama), OHO
KOPPHUTUPYETCsT OBICTPHIM BO3BPATOM IJIa3 B HEHTPAIbHOE MOJIOXKeHHE (ObICTpast HiTH
cakkaamyeckas ¢asza Hucrarma). C pa3BUTHEM psiJia TIIa3HBIX TOJIEH B KOpe OOIBIINX
Honymapnﬁ, YCJIIOBCK U BBICIINEC ) KUBOTHBIC HpI/IO6peJII/I BO3MOKHOCTb OCYHICCTBJIICHUA
IMPOM3BOJIBHBIX CAKKaa JJIA HCJIICHAIIPABICHHOI'O 3pUTCIIBHOIO IMOMCKAa MHTCPCCYIOIMINX
00OBEKTOB U UCCIEI0BAHNS BU3YaIbHOTO MPOCTPAHCTBA.

[TockonbKy cakkaau4eCcKUe IBUKEHUS I1a3 KOHTPOIUPYIOTCS PsJIOM 001acTeit Mo3ra,
KaXxJaas U3 KOTOPbIX BHOCUT CBOU BKJIaJ] B XapaKTCp, AMHAMHUKY U KOOPAWHAIONIO 3TUX
HBH)KGHHﬁ, TO UCCJICAOBAHUC PA3JIMYHBIX okasareJjeu CakKkKaJd CTAHOBUTCA OOAHUM U3
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OOBEKTUBHBIX METOJIOB OILIEHKH COCTOSIHUS (DyHKLMIA 3TUX obnacteil. OcoOblil uHTEpeC
MPEICTABIIAET UCCIAEAOBAHUE TUHAMUKN CAKKaJUYECKUX JIBH)KEHUM ri1a3, U3MEHEHHUE
KOTOPOI MOXKET HAOIFOIaeTCsl TPH MHOTUX HAPYIICHUSIX (PYHKIIMNA HEPBHOW CUCTEMBI [5)].
[lo moka3zarensiM U3MEHEHUs] AMHAMUKU CaKKaJ| IPE/ICTABIAETCS BO3MOKHBIM IPOBOAUTh
pPaHHIOIO TUarHocTuky 3adoneanuit [{HC.

[enp10 HACTOSIIETO UCCIIEN0BaHUs ObUIO TPOBEIEHUE CPABHUTEIBLHOTO aHAIM3a
nokasaresieil JUHAMUKH ObICTPBIX IBU)KEHHI I71a3, OCYIIECTBISIBUIMXCS B YCIOBUSIX
NpeabaBIeHUs 310pOBbIM HcTibITyeMbIM 18-40 sieTHero Bo3pacta BU3yalIbHBIX U 3BYKOBBIX
CUTHAJIOB.

Marepuansl 1 MeTObl. TEXHHUKA pEruCTpalMy IBUKEHUN T1a3 METOI0OM
anektpookyinorpadun (30I'), ynpaBieHre XapaKTepoM JBIKEHUI, CKOPOCTHIO,
HaIpaBJICHUEM U IPYTUMHU MapaMeTpaMu JABHXKEHUI BU3yalbHbIX OOBEKTOB HA SKpaHe
MOHHUTOPA, a TaK XK€ MOJEIUPOBaHNE PEDIECKTOPHO-TIPOU3BOJIBHBIX U MPOU3BOJIBHBIX
CaKKaJMYeCKUX JBUKEHUN TJ1a3 KOHTPOIUPOBAIUCH OPUTMHATBHBIMA KOMITbIOTEPHBIMHU
nporpaMMaMu M onricanel Hamu paHee [1]. KoaddurimeHT ciuTHOCTH cakka 000uX riia3
PACCUMTHIBAJICSA MO Pe3yJIbTaTaM COMOCTABIEHUS CKOPOCTEH MPUBOISALIETO U OTBOJSILIETO
IJ1a3, a TaK ke aMIUTHTY/I UX OTKJIOHEHUs [2] .

[Ipoananu3upoBaHo Oosiee 2-X ThIC. [IUKIOB CAaKKaIMUECKUX JIBUKEHUM ria3,
BBITIOJIHEHHBIX 20 370pOBBIMH HCTIBITYEMbIMU. [I0Ka3aTeny TMHaMHUKN CaKKaJ UCTIBITYEMBIX
(CHHXPOHHOCTH IBUKCHHUSI OOOUX IJIa3, yroJl OTKJIOHEHHS, JJIUTEILHOCTh CAKKaJl, CKOPOCTh
MPSIMOM U BO3BPATHOM CaKKaJlbl, TPACKTOPUS, TOYHOCTh, HAIMYNE TUCMETPU, OIIUOKHU
cakka, JareHTHbIH nepuoa (JIIT) KoppeKIMOHHBIX CaKKa/I) pACCUUTHIBATIUCH C TIOMOIIBIO
OPUTMHAJIBHBIX KOMIIBIOTEPHBIX TPOrpaMM U BbIPAXKaIUCh CPEIHUMH 3HAUCHUSIMH,
BBIYHMCIIEHHBIMU U3 MHOTMX LIUKJIOB JIBUKE€HUM, BBITIOJHABIIUXCS KAKIbIM UCIIBITYEMBbIM.

Pesynbratel u o0cyxaenue. Ha puc.1l npuBeneHsl anekTpookynorpaMmmel (30I)
OJIMHOYHBIX LIMKJIOB TOPU3OHTAJIBHBIX CAKKAJAMUYECKUX JBUKEHUH TJ1a3 UCIBITYEMOTr0, Ha
KOTOPBIX IEMOHCTPUPYIOTCS OCHOBHBIE CTATUYECKUE U TUHAMUYECKUE MTOKA3aTEeIN CaKKa/l.
HcnpiTyeMble 0OBIYHO BBINOJHSAIN HOPMOMETPUUECKUE CAKKaAbl TPU YCIOBUH, €CIIA UX
B30 IPH €ro MepPeBoJie B HOBYIO TOUKY (hukcarmu TouHo gocturan neiu (1A,B Ha puc 1). B
psizie cirydaeB (Yaiie mpu OCYIISCTBICHHN aHTHCAKKA]l U CITYXOBBIX CaKKaJ) B30p MOT HE
JIOCTUTaTh KOOPJIMHATHI 1IEJIM B pe3yJIbTaTe “ HEJ0JIeTa” U MPHU 3TOM OCYIIIECTRIISIACH
runomerpuueckas cakkaaa (B2), kotopas 00bIYHO KOPPUTUPOBATACH HEOOIBIION
KOppeKInoHHOH cakkanoit (B3). B apyrux ciyuasx (4amie npu BO3BpaTHBIX —
[CHTPHUIIETAIBHBIX CAKKaIaX M aHTHCAKKA/1aX) B30P UCIBITYEMbIX MOT HE JJOCTHTaTh I[EJIH
BeilencTBUe ee “niepesera’. [Ipu 3ToM peructpupoBaiachk TuepMeTpudeckas cakkaaa (A3),
KOPPHUTHPOBABINASCS HOBOW KOPPEKIIMOHHOM cakkaaou (A4).
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Puc.1. JlunamMuueckue XapakTepUCTUKN CaKKaIUYECKUX JIBUXKEHU I1a3 Ha
NpeIbSIBICHHE BU3YAIbHBIX 00BbEKTOB. A (cBepxy): 1 — npsimbie (LIeHTpudyTaIbHBIC)
HOPMOMETPUYECKHE CaKKabl, 2 — BO3BpaTHAas (LIEHTPUIICTATIbHAS) HOPMOMETPHUYECKAS
Cakkaja, 3 — BO3BpaTHas TUIepMeTpUUecKas cakkaaa, 4 — KOppeKTUpOBOYHAas cakkajia. B
(cBepxy): 1 — mpsiMasi HOpMOMETpUYECKasi, 2 — MpsiMasi TAIIOMETPUIecKas, 3 —
KOppeKIMOHHas, 4,5 — HOpMOMETPUUECKUE BO3BpATHBIE Cakkaabl. A,B (BHH3Y): H3MEHEHUE
VIJIOBBIX CKOpocTel rna3 1*, 2*, 3* 4%, 5* Bo BpeMs ocyiiecTBienus cakkan 1,2,3,4,5,
cootBeTcTBeHHO. JIIT,JII11,JIT12 — naTeHTHBIE IEPUOIBI CAKKAI.

Kaxk BuHO Ha 37€KTpOOKyJIOorpaMmax pedaeKTOpHbIX, IPOU3BOJIBHBIX U
KOPPEKIIMOHHBIX cakkaa (puc 1), KaKaas U3 HUX MOXKET ObITh MpeACcTaBiIcHa 3-Ms
oTpe3kamu. HayanbHbIM — KOPOTKUM OTPE3KOM HapacTaroulell CKOPOCTH ABUKEHUS Ti1a3a B
pe3ysbTaTe NpUAaHus TJIa3HOMY 070Ky UMITYJIbCA MOJOKUTEIBHOTO YCKOPEHHUS; CPETHUM
— 0oJ1ee AIUTENbHBIM, OTHOCUTEIBHO JIMHEWHBIM OTPE3KOM, Ha KOTOPOM JTOCTUTaeTCs
nuKoBas (MaKCHMabHasi CKOPOCTh CAKKaJIbl) 1 KOHEYHBIM — KOPOTKUM OTPE3KOM
CHIDKAIOIIEHCS CKOPOCTU JBUKEHUS B PE3yJIbTaTe NPUJaHUs [N1a3HOMY 070Ky UMITYJIbCa
OTPULATEIBHOTO YCKOPEHUS WU TOPMOKEHHS. OOBIYHO, B HOPMAJIbHBIX YCIOBHUSAX
BOCXOJSII[asi U HUCXOAsIIas KpuBble, oTpaxkatomue Ha DOI' TuHaMUKy U3MEHEHUs
CKOPOCTH JABUEHUS TJ1a3a BO BPEMsI OCYILIECTBICHUS CAKKA/Ibl, pacloilaraloTcs
CUMMETPHUYHO (HMXKHHIA Psii KpUBBIX Ha puc 1 A,B).

W3 npeacTaBiaeHHOTO B HHXKHEM psAly Ha puc. 1 cemeilcTBa KpUBBIX, OTPAXKAIOUIUX
M3MEHEHUS BEJIMYHUH JOCTUIaeMOM MaKCUMalbHOW CKOPOCTH MPHU OCYLIECTBICHUU CaKKa
Pa3INYHON aMIUTUTY bl (BEPXHHM PsIT KPUBBIX) BUIHO, YTO MEKIY CKOPOCTHIO CAKKaJ] M UX
aMILTUTYIO0H (IJTMTENLHOCTBIO) MMEETCSI ONpeIelICHHAsl 3aBHCUMOCTh. M3 ee rpaduueckoro
otpaxenus (puc.2) BUIHO, YTO T 3aBUCUMOCTbD SIBJISICTCS] TIOYTH JIMHEHHOM, T.€ YeM Ha
OOJBIIMI YroJl OTKJIOHAIOTCS TJla3a BO BPEMsI CAKKaJlbl, TEM C OOJIBIIMMHU CKOPOCTHIO U
YCKOPEHHEM OCYIIECTBIISIETCS] IOBOPOT IJIas3.

C ydeToM Macchl TJ1a3HbIX S0JIOK U ACHUCTBYIOMIMX HA HUX CHJI TPEHHS CO CTOPOHBI
TKaHEW OpOMTHI CIEIYET, UTO YEM Ha OOJIBILINN yroJl JOJKHBI OTKIIOHUTHCS I1a3HbIe sI0JI0KU
MIPU OCYILIECTBICHUH CAKKaJl, TEM OOJBIINI NepBOHAYAIBHBIA YCKOPSIOUIUI UMITYJIbC
JOJKHBI IPUAATH II1a3HOMY SI0JIOKY Hapy»HbIE MBILILBI I71a3a, U TEM OOJIbIILYIO
MaKCHUMaJIbHYI0 CKOPOCTh OHO JOJKHO Pa3BUTh HA BTOPOM OTPE3KE CAKKAJIbI.
JIeHCTBUTENIBHO, U3MEPEHHUS TTOKA3AJIN, YTO [PU JJIUTEIBHOCTH NPSIMOU BU3YaJIbHON
cakkajbl 67,877,8 Mc, nuk yckopeHus gocturaics k 24,172,2mc, a MakcuMalbHasi CKOPOCTh
k 30,673,9 mc. HeTpyaHo paccuuTaTh, UTO MUK YCKOPEHUS NMPU OCYUIECTBICHUH MPSIMO
TOPU30HTANBHOM cakkabl Ha yroi 20 rpaj A0CTUTANICS K MOMEHTY OTKJIOHEHHUS Ii1a3 Ha
35,5% ot o0111e# ATUTETLHOCTH MPEACTOSIIEH CaKKaIbl, a MAKCUMaJIbHAsI CKOPOCTh K

3



MOMEHTY OTKJIOHeHUs Ha 45% OT JINTEeNbHOCTH cakKabl. Ho mpu BHIMOJHEHUH CaKKa]l Ha
MEHBILIUHI yroJl, HallpuMep Npu JUIUTENbHOCTH cakkaabl 41,378,4 Mc, Uk ycKopeHus
nocturaics k 17,273,5 mc wiu npu 41,6% ot oluielt JIuTeIbHOCTH, a MaKCUMalTbHasI
CKOPOCTh TOJIbKO K 23,174,7 Mc, uiau K MOMEHTY OTKJIOHEHUS ri1a3 Ha 56% OT JJIUTEeIHbHOCTH
npejcTosiel cakkaabl. Ha ocHOBaHMYM 3TUX HAOIIOEHUI MOXKHO MPE/Ioiararh, 4YTo
CTBOJIOBOM r'€HEpaToOp CaKKaJl U, B YaCTHOCTH, MOTOHEHPOHHI sI/ipa OTBOJSIIETO HEPBA
o0ecrneYnBalOT NOCHIIKY K MPSIMBIM JIaTEPAIbHOM U MEAUATBLHON MBIIIIaM
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Puc. 2. 3aBucuMoCTh pa3BUBaEMbIX IJ1a30M MAaKCUMAJILHON YTJIOBOM CKOPOCTHU
(BepxHwMii rpaduk) u ycKopeHus (HIKHHI rpadyK) OT aMILTUTY bl TOPU30HTAIBHBIX CAKKAI.

ry1a3 0oJiee MOIIHOTO U, BEPOATHO, 00JIee KOPOTKOTO 3aJila HEPBHBIX UMITYJIbCOB JIJIsI
OCYIIECTBJICHHSI CaKkKa OOJIbLIEH aMITUTY/Ibl 1 MEHEE MOILHOTO, HO 00JIee JUIUTEIbHOTO -
JUTSL OCYILIECTBIICHUS HU3KOAMIUIUTYIHBIX Cakkal. C yueToM MexaHU3Ma COKpalleHUs
MONEPEYHO-TIOI0CATHIX MBILIL, MOKHO OKHJATh, YTO IPU MOCTYIJIEHUH K TJIA3HON MBIIIILIE
6osiee MoIHOTO 3(PhepeHTHOrO MPUTOKA, B COKpaIlleHne OyAeT BOBJIEKATHCS OOJIbIlee
YHCJIO OBICTPBIX MOTOPHBIX €AMHUI] IPSIMON OTBOJASAILEH MBIIIIBI. DTO NPUIACT TJIA3HOMY
s10JI0Ky OOJIBIIUM UMITYJILC YCKOPEHUS, YTO U 00ECTICUUT JOCTUNKEHNE 00Jiee BEICOKOM
MaKCUMaJIbHON CKOPOCTH U OTKJIOHEHME ria3a Ha Oosbiuil yroi. [Ipu nocrymienun k
YIOMSIHYTOM MBIIIILE MEHEE MOLIHOTO OTOKa 3(h(PepEeHTHBIX HEPBHBIX UMITYJIbCOB,
COOTBETCTBEHHO CO3JAI0TCS YCIOBHS JIs1 OTKJIOHEHHUS ri1a3a Ha MEHbIIUHN yToJl.

N3BecTHO, YTO Oyny4yH MapHBIMU CEHCOPHBIMU OpraHaMu, HalIH TJla3a BCerjaa
COBEPIIAIOT JBUXKEHHUS MPAKTUYECKH OJHOBPEMEHHO, YTO 00ECIIEUNBAET ONTUMAJIbHBIE
BO3MOXHOCTH JIJISl CIIMSIHUSL M300PaKEHUN U MOJIyYeHHS] MAaKCUMAJIbHO YETKOTO 3PEHUSI.
OpHako, 1ake ONBITHBIN O(PTATBEMOJIOT MPHU BU3YaIbHOU OLEHKE HE MOXKET
3aperucTpUpoBaTh TOHKMNE U3MEHEHUS TIOKa3aTeel, XapaKTepu3yoIue CIMTHOCTD
CaKKaJMYeCKUX JBUKEHUN 000UX ria3, CPeAr KOTOPbIX: CAHXPOHHOCTh Hayaja Cakka,
JUHAMUKA MPUPOCTA, BpEMS JOCTUXKEHUS MAKCUMAJIbHOW CKOPOCTH, TMHAMUKA CHUKEHUS
CKOPOCTH, CHHXPOHHOCTb 3aBEPIICHUS CaKKad. ITH MOKa3aTeI MOKHO OOBEKTUBHO
OLICHUBATH MPU aHAIU3E 3AMKUCEN IBUKECHUU TJ1a3.

AHanu3 OKyJI0rpaMM MOKa3bIBAET, YTO A0COJIOTHO CIMTHbBIE, CHHXPOHHBIE IBUKEHUS
rjia3 otMevarorcsa Heyacto. OJIHa U3 NPUYMH Pa3IUunid B JUHAMUKE JIBHXKEHHS] 000X IJ1a3
OUYEBHJIHA U CBSA3aHA C TEM, YTO MPU FOPU3OHTAIBHBIX CaKKaJAaX IPUBOASIINANA U OTBOISIIMIMA
rjia3a IOBOPA4YMBAIOTCA HA pa3Hble yriibl. Jpyrue npuuuHbl HECIUTHOCTH CaKaJ, Yyalle
CBsI3aHbl C 0COOCHHOCTSMU (DYHKIIMOHUPOBAHUS TJ1a30/IBUTATEIbHBIX CUCTEM Mo3ra. Tak,
JaKe Y 37J0POBBIX MOJIOJIBIX JIFOJICH MOXKHO HAaOJIF0IaTh HECUHXPOHHOCTH (B Mpe/Iesiax OKoJIo

4



10 mc) Havasa u/Miaym 3aBEpIICHUs CaKKal, pa3indus B TUHAMUKE IPUPOCTA U CHIDKCHHUS
CKOPOCTH.

Pe3ynbTaThl H3MEpEeHUsI MAKCUMAJIbHBIX YTIIOBBIX CKOPOCTEH MPSAMBIX U BO3BPATHBIX
BU3YaJIbHBIX CaKKaJl 000MX rj1a3 00CIeJOBAHHBIX HAMU UCTIBITYEMbIX U 3HAYCHUSI
pacueTHOTO Kod(pduIMeHTa CIUTHOCTH JABUKEHUS TJ1a3 MPUBECHBI B TA0JI. 2.

Tabun. 2

MakcuMalbHbI€ YTIIOBbIE CKOPOCTH U CIUTHOCTh TOPU3OHTAIBHBIX BU3YaJIbHBIX CaKKa/l

Mo c 8 MATEH &1 Avmnuryna otsnenennsd  Fosdd.
Eua u ganpasncAne CEOROCTD {1mE) CHHTHOCTH
Camrrame (YT rpagic) npaEH i xeerfi | Jewsenna

DpaEH A KEBEIE T3

ITpawmas eopapo 362.83X72.3 34611853 | 173.5453.5] 162.9462 19 2.0750.63
BoseparHaz cnpaea 341.0467.4 381.0£93.5 | 181.2458 4] 192.6£76.09 1.7430.74
HpAmas encec 35214764 | 3454724 | 173.2ESB.6] 162.4458.47 1.983K0777
BosspaTHas cassa 402 2+100.6% | 328 257183 | 200.1¥76 6] 166. 8158 81 1434059

* P?0.01 k ckopoCTH JIEBOTO ria3a

Kax BugHO Ha puc.1l u B Ta0ia. 2 cpeiHee 3HaY€HUE JOCTUTaeMON MaKCUMAaJIbHON
YIJI0BOM CKOPOCTH MPHU OCYIIECTBIEHNN TOPU30HTAIBHBIX cakkaa Ha yroa 20 rpan
cocraBuiio 357,7 ?79,9 yrin.rpaa/c. Ilpu 3TOM, CKOPOCTH MPUBOIAIICTO U OTBOJSIIETO TJ1a3
OTIUYAJIUCH HECYIIIECTBEHHO, a MPHU CaKKaJe BIEBO, CKOPOCTh OTBOJSILETO ria3a Oblia
OO0JIbIIIEH, UeM CKOPOCTh MPUBOASAIIET0. PacueTHbIi KOG (DUIIMEHT CIMTHOCTH 000MX I1a3
IIPU OCYILECTBIEHUH TOPU30HTAIBHBIX CAKKaIUYECKUX JABMKEHUH Koyie0ascs B Mpejaeniax
1,49 —2,07.

Kax 310 BUiHO Ha puc.1l npu oCymIeCTBICHUH 3I0POBBIMU UCTIBITYEMBIMU IIPSIMBIX
CakKKaJi, Ha OKYJIOI'paMM€ MOTJIM PErUCTPUPOBATHCS XOPOILIO PACTIO3HABAEMbIE
TUIIOMETPUYHBIE TBUKEHUSI, KOTOPbIE KaK MPaBUIIO KOPPUTUPOBAIMCH HOBOM CaKKaIou.
[TogoOHBIE UM, YETKHE TUTIEPMETPUUHBIC TBUKEHHSI TIPU BHIMIOJTHEHUN TIPSIMBIX CaKKa],
HaAOIIOAANIMCH PEAKO. Y HEKOTOPBIX UCTBITYEMBIX JIMOO0 AJI OJHOTO, IM0O /71l 000X IJ1a3,
PErMCTPUPOBAIUCH TUIIEPMETPUUHBIE TIPSIMbIE€ LEHTPU(YTaIbHbIE CAaKKaIbl B BUJE
OBEpIIYTa, KOTOPbIE OOBIYHO HE KOPPUTHPOBAIHCH HOBOM CAaKKaJ0M|, a MEPEXOANIIN B
MJIABHOE IIIMCCAANYECKOe CMEIEHNE MOJIOKEHUS TJ1a3 B MPOTUBOIOI0KHOM HaIlpaBiIECHUU
(puc.3). [Ipu ocyriecTBICHUN BO3BPATHBIX — IICHTPUIIETATLHBIX CAKKaJl, HAOIFOIaIHCh KaK
YETKHE, KOPPUTHPOBABIIUECS TUTICPMETPUYHBIC caKkkabl (puc.l), Tak U OBEPIIYTHI,
nepexoauBime B rimccanst (puc.3). Ha nmpuBeieHHBIX HA prc. 3 OKyJIOrpaMMax BUIHbI U
Ipyryue NPU3HAKUA HECIUTHOCTU JBUKEHUH TJ1a3.
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Puc.3. OkysnorpamMMbl rOpU30HTATBHBIX CAKKA]] PAKTHUECKU 37J0POBBIX HCIIBITYEMbBIX
(BepXxHHE KpUBBIC — JIEBOT'O, HIDKHUE — ITPaBoro riasa). CTpenkaMu 0003HAYCHBI: A -
OBEpIIYT NPsMOH (LIeHTpU(yraabHOMN) caKKabl JICBOIO I1a3a BIIeBO; B - oBepmyT u
rJIMccaaa Bo3BpaTHOU (IICHTPUIIETAIbHOM) CaKKaIbl MPABOTO riia3a

HecrHXpOHHOCTD JABM)KEHUS IJ1a3 MOXKET OBITh 00YCIIOBIICHA H3MEHEHUEM COCTOSIHHS
(YHKIIMU HAPYKHBIX MBIIII] TJ1a32, OTPAHUYCHUSIMU JIBIYKCHHUI TJ1a3 CO CTOPOHBI TKAHEH
OpOUTBI ¥ COCTOSTHHEM (DYHKIMH LEHTPAIBHBIX CTPYKTYP MO3Ta, KOHTPOJIUPYIOIIMX
IJ1a30/IBUTATENbHBIN anmnapat. MI3MeHeHne cocTosiHuS (DYHKIMH TJIa30/IBUTaTeIbHBIX
CTPYKTYp MO3Ta MOXET HAOJIIOAATHCS Y 3I0POBBIX JIFOJICH MPH Pa3BUTUH YCTAIOCTH,
THITOKCHH, 3aCBhIIAaHUH, IPUEME aJTKOTOJIsl, HAPKOTUKOB, CEJIATHBHBIX JIEKAPCTB U APYTUX
COCTOSTHUSIX.

IIpy 0HOBpPEMEHHOW PETUCTPALIUM IEKTPUUECKOW AKTUBHOCTH MBIIILL I1a3a U
HEHPOHHOW aKTUBHOCTH PA3IMYHBIX IIEHTPOB MO3Ta Y 00€3bsIH BO BPEMSI BBITOJTHECHHH
CaKKaJI MOKa3aHO, YTO aKTUBAIIHSI U COKPAIICHUE MBIIII JOCTHTACTCS MPAKTUICCKU
OJTHOBPEMEHHO C PE3KHM B3PhIBOOOPA3HBIM MOBBINICHHEM aKTUBHOCTHU TaK HA3bIBAEMBIX
BCIIBIIIKOBBIX HEHPOHOB, PACIIOIATAOIIUXCS B PETUKYIISIPHOH Gopmanuu MocTa (LeHTp
TOPU30HTAIBHBIX CAKKaJl) U CPEHEr0 Mo3ra [7]. DT HeWpOHBI TCHEPUPYIOT TPEMOTOPHBIC
3¢ PepeHTHBIC HEPBHBIC UMITYJILCHI, TIOChIIAEMBIC HEITOCPEICTBEHHO K MOTOPHBIM HEWpPOHAM
sJIEp TJIa30/IBUTATENBHBIX HEPBOB (pric.4). OTHOBPEMEHHO HAOIIOIAETCS aKTUBAIHS
PACIIOIOKEHHBIX B POCTPAIBHOM MPO0JITOBATOM MO3I'€ TOPMO3HBIX BCIBIIIKOBBIX
HEHPOHOB, 00ECIICYNBAIONINX PEIUIPOKHOE TOPMOKECHUE MOTOHEHPOHOB MBIIIII
AHTArOHUCTOB TJIa3HBIX SOJIOK.

npAman i YH |H+ PHUAMON

CpeaHdA
moar

MocT

YH VI POM HRALL

|

|

:hh'rmleipm-u Bonhuwkoena  OM-ngys-

I HEHEOH bl LIS HEFDa i

Puc.4. CxemaTtrueckasi MOJIesIb CTBOJIOBOI'O F'€HEpaTOpa CaKKaJU4eCKUX JBUKEHU N
rna3 (Leigh R.J., Kennard C. [5]). Cokpamenusi: YH |11, VI —siapa 3-eit u 6-oii nap
yepenHsbiX HepBoB; PHAMIIII — pocTpanbHOE HHTEPCTULHAIBHOE PO MEAUATIBHOIO
nponoapHoro myuka; UAK —unrepctunmansaoe aapo Kaxana; IS — npeno3utHoe
nepunoabsA3bIYHOE A51po; MBS — MeauanbHoe BecTuOynsipHoe sapo; POM — petukynsipHas
dopmanus mocta; UALL — unTeprnio3utHoe sapo mBa. Jpyrue nosicCHeHus JaHbl B TEKCTE.

ITocKOMBKY aKTUBHOCTH BCEX TUIIOB BCIIBILIKOBBIX HEHPOHOB LICHTPOB
TOPU30HTAIIBHOTO U BEPTUKAJIBHOI'O B30POB HAXOAUTCS 10 TOHUYECKUM TOPMO3HBIM
BJIMSIHUEM OMHUITAY3HBIX HEUPOHOB, PACIIOIATAIONINXCS B HHTEPIIO3UTHOM sijIpe miBa (1o
CpeIHEe JIMHUM MEX/Ty BBIXOJIOM KOPEIIKOB a0 IylieHca), TO ISl CHHXPOHU3AIUH 3aITyCcKa 1
MOCJIEYIONIEH OCTAaHOBKH CaKKaJl 00OUX TJ1a3 HEOOXOAMMO MTHOBEHHO IOJIaBUTh, a 3aTEM
JUCUHTMOUPOBATh AKTUBHOCTh OMHUIIAY3HBIX HEUPOHOB. DTO OCYIIECTBISAETCS HEUPOHAMU
psana ctpykryp LIHC, npoenupyromuxcs k 006J1acTi pacroaoKeHUs OMHUIIAY3HBIX
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HEHpOHOB. Takue CTPYKTYphl BKIIOUAIOT POCTPATIbHBIN MOIIOC BEPXHUX OYTOpKOB, TJIa3HbIE
0JI KOpBI JIOOHOU J10J1H,

JOIIOJIHUTEIIBHOU MOTOPHOM KOPBI, TEMEHHOU KOPBI, psiia LEHTPOB CPEAHErO MO3Ia,
MOCTa, spa marpa u, BeposatHo, apyrux odnacteit [IHC [4,6]. [TonaBnenue akTHBHOCTH
OMHMIIaY3HBIX HGprOHOB oOecIieuynBaeT OOAHOBPEMCHHOCTb aKTHBAllUU ITPEMOTOPHBIX
CaKKaJIMYECKUX BCIBIIIKOBBIX HEHPOHOB, CIOCOOCTBYSI CHHXPOHM3AIIUU OBICTPOTO MTOBOPOTA
rjia3 BO BpEMs CaKKald, a MOCICAYIOmaaA pCaKTUBAIUA 3THX HeﬁpOHOB CHOCO6CTByeT
YACPKUBAHUIO YCTOP'I‘IHBOFO B30pa B HOBOM ITOJIOKCHHHU T'JIa3 IMOCJIC 3aBCPIHICHUA CAKKa/bI.
KOHTpOJIB MPOAOIZKUTCIIBHOCTHU paspAaa BCIBIIIKOBBIX HGprOHOB OCYHICCTBIIACTCA TAKIKEC
10 BHYTPEHHUM KaHaJlaM 0OpaTHOM CBSI3H.

OnHOCTOpOHEE MM JBYXCTOPOHHEE HAPYLIEHUE AKTUBHOCTH OMHMIIAY3HBIX HEHPOHOB
B DKCIIEPUMEHTE WY MPpHU 3a00JIeBaHUSAX B 00JIACTH CTBOJIA MO3Ta SIBJISICTCS OJHOU U3
IMPpHUYHUH PACCHUHXPOHU3AIIHUH U 3aMCIJICHUA T'OPU30OHTAIIBHBIX U BEPTUKAJIBHBIX CAKKa/I.
JpyrumMu npuyuHaAMU MOTYT OBITh HApyIIEHUs (PYHKIMU CTPYKTYpP MO3Ta,
MIPOELUPYIOUIUXCA K OMHUIIAY3HBIM HEUPOHAM WJIM HEMPOHHBIX IIyTEN IPOECKUHU IOCIIETHUX.

Tun HapyleHui cakkaa U CIMTHOCTU ABUKEHUN 000UX riia3, 3aBUCUT KakK OT
XapaKkTepa MOCBUIKHU IMYCKOBBIX HCPBHBIX UMITYJILCOB, TaK U OT XapaKTCpa TOPMOKCHUA
CaKkKazu. I[JISI OCYHICCTBJICHUS HOPMAJIBHBIX CaKKaJd MCXKAY ITYCKOBBIMU 1 TOPMO3HBIMHU
BJIIMAHUAMMA JOJIKHO ITOAACPIKUBATHCA OIPEACIICHHOC COOTBECTCTBUC. HquHHOﬁ HapyImcHUs
TAKOT'0 COOTBETCTBUSA MOKET OBITh N3MEHEHUE (bYHKHI/IOHI/IpOBaHI/Iﬂ CTBOJIOBBIX N
MO3KCYKOBBIX MCXdHU3MOB KOHTPOJIA CaAKKa/.

Takum oOpa3om, IIEHTpaJIbHAsI HEPBHAsI CUCTEMA YeJIOBEKa PacrojiaraeT CJI0KHBIMH,
I[y6JII/IpOBaHHBIMI/I MCXaHU3MaMHU KOHTPOJIA CaKKaAUYCCKUX IIBI/I)KGHPIFI Tjia3 u ux
JUHAMUKH. DTO MPEANoiaraer, 4yro enie npyu pyHKIMOHAIbHBIX HAPYIIEHUAX MEXaHU3MOB
KOHTPOJIA CaKKalZ, MOKXHO OKHUIAaTb U3SMCHCHUS oKa3aTeiaeu ANHAMHUKHA 6BICTpBIX
I[BI/I)KGHPIFI rjias, 4to u nmpoACMOHCTPUPOBAHO HAMU TP UCCICI0OBAaHHUN IIBI/I)KGHPIIZ riasy
310POBLIX UCIIBITYCMBIX. HOJIyquHBIe TTOKa3aTC/ i JUHAMUKHN CaAKKAIUYCCKUX IIBI/I)K@HPIIZ
rjia3 MOryT MCIOJIb30BaTLCA B KAYCCTBE HOPMATUBHLIX ITPU ITPOBEACHUN
HeWpooPTaTbMOIOTHYECKUX 00caeI0BaHu 00apHbIX ¢ 3a0oneBanusamu [THC.
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