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Mo3xeuok urpaer KJo4eBYI0 pOJib B YIpPaBJICHUM CAKKAAMUYECKUMU IBUXEHUSIMU
a3 u ukcauusiMu B3opa. [1pu nmopaxkeHUM MO3Xeuka BOZHUKAIOT pa3jIMuHbIe Hapy-
LIEHUSI [J1a30[JBUTATEIbHOTO MOBENCHUSI U CBSI3AHHBIX C HUM MCUXO(U3UOTOTUYECKUX
rnpoueccoB. Takue HapylIeHMs CYyLIECTBEHHO BIUSIOT Ha 9 GhEeKTUBHOCTb peadbuinTa-
LIMOHHBIX MEPOTIPUSITUIA C MALIMEHTAMU, MIEPEHECIIMMM JICUSHUE T10 MOBOLY OIyXOJIu
Mo3xeuka. Lleab nmpoBeIeHHOTro MCCIeNOBaHUSI COCTOSUIA B BBISIBJIEHUM U OOBEKTUB-
HOI1 OLIEHKE BJIMSIHUSI MO3XEUKOBOI TUCGHYHKLIMU, TPUOOPETEHHOI B pe3yJsbraTe jeye-
HUSI OMYXOJIU, Ha XapaKTePHUCTUKU TJ1a30BUTaTeIbHOM CUCTEMBI Y MALIMEHTOB JAETCKOTO
BO3pacTa JUIsl oc/enyoleil pa3paboTKy TMarHOCTUYECKUX KPUTEPUEB KaUeCTBEHHOM 1
KOJINYECTBEHHO! OLEHKM peadbuIMTalMOHHOrO rnpouecca. B ucciaenoBaHuu npuHsuv
yuactue 66 nereii (9—17 net) ¢ npuoOpeTeHHO BCJIEACTBUE JICUSHMST OITyXOJIN TUCHYHK-
LIMeil Mo3Xeuka, a Takke 54 310poBbIX pedeHKa TOoro e Bodpacta. [Ipu BbIOJIHEHUU
TpeX IJ1a30[IBUraTeIbHbIX TECTOB Y UCITBITYEMbIX PETUCTPUPOBAIN IBUXKEHUSI IJ1a3 METO-
JIOM BUAe0OKyIorpacdun. Mbl BbISIBUJIM HApyLIEHUSs YAepKaHUS B30pa Ha 3pUTEIbHOM
00bEKTE, CYLIECTBEHHOE YBEJIMUEHUE JOJIU TMIIEPMETPUYHBIX CAKKaJl, a TAKXKE 3aTpya-
HEHUS 3PUTEJIbBHOTO CKAaHMPOBAaHUS y MalUeHTOB. Takue nuc@yHKIUU T1a30ABUTa-
TEJIbHOU CUCTeMbl HEM30EKHO MPUBOIAT K HAPYILICHUSIM Psifia KOTHUTHBHBIX MTPOLIEC-
COB — 3PUTEJIbBHOTO BOCIIPUSITUSI, BHUMAHUSI, TaMsITH, uTeHus. Kpome Toro, heHoMeH
TUTIEPMETPUYHBIX caKKaJl CJIeAyeT paccCMaTpyMBaTh KaK YaCTHBIN CIydail MposiBJIeHUsI
aTaKTUYECKOTO CHMHAPOMA MPU MO3KEUYKOBBIX HAPYILICHUSX Y MallMeHTOB. BhIsiBIeH-
HbI€ TJ1a30[BUTraTe/IbHbIe HApYILIEHUsI HEOOXONMMO YYUTHIBATh ISl 3(PdeKTUBHOCTH
peaduINTAlMOHHBIX MEPOTIPUSITHIA C TAKMMY TTALIMEHTAMU.

Karouesovle cnoea: M0o3Ke4oK, cakKaabl, BUIEOOKYJorpacus, peabuanTaliysi, oryxoJjb
MO3Ke4YKa, KOTHUTUBHBbIE (DYHKIINN
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Cakkaanyeckas cucTeMa SIBJISIETCSI HEOTheMJIEMOM YacThIO eIMHOM 3pUTETLHO-TIa30-
IBUTATEJIbHON CHCTeMBI, OOECIeUMBaIOIIeil MPOoIecChl BHUMaHUS 1 Bochpusatus [1].
Cakkanpl nepeMenialoT ¢poBea Ha 00JacTb MHTEPECa B 3pUTEJILHOM I10Jie, MHULIMUPYS
pacrio3HaBaHUe 3pUTEIbHOI MHMOPMALIMU BO BpeMs Tpoliecca (pukcau. Xapakrepu-
CTUKU CaKKaa M UKcaluil SBISIOTCS MH(GOPMATUBHBIMU MOKA3aTEISIMU aKTUBHOCTHU
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CTPYKTYpP MO3ra, BOBJI€UEHHBIX KaK B paboTy adpdepeHTHO-2(DEPEHTHBIX 3BEHLEB 3PU -
TeJIbHBIX TPOLIECCOB, TaK U B 00pabOTKY 3pUTEIbHON MH(pOpMAIIMU, TECHO CBSI3aHHOI C
KOTHUTUBHOM nesitesibHOCThIO [2, 3]. CakkaanuecKasi cUCTeMa MMEET CJIIOXKHYIO uepap-
XWYECKYI0 OpraHu3aiiio U BKJIIOUaeT B ceOsl LeJIblil KOMIUIEKC CTPYKTYP B Pa3jiWyHBIX
OTIeJIaX MO3Ta, B TOM YHCJIE M B MO3XeuKe [4].

O06sacTU OKYJIOMOTOPHOTO MO3XkeukKa (Iop3ajbHble TOJbKW YEepPBsS MO3XKedKa U siapa
11aTpa) BOBJIEYEHBI B yIpaBJIeHUE CaKKaIUYEeCKUMU JABMXXEHUSIMU TJia3, a 00JacTu Be-
CTUOYISIPHOTO (KaydaJIbHbIC TOJIbKK YepPBsI MO3XKedKa, (DIIOKKYIIIOC U ITapadIOKKYIIIOC)
Y4acTBYIOT B (pKcalluu B30pa, MPOCIEKNBAIOIINX TBUKEHUSIX U BECTUOYJIOOKYISIPHOM
pediekce [5, 6]. [Ipu nopaxkeHUSX 3TUX LIEHTPOB U/WIN UX MPOEKIUI1 BOSHUKAET MO3-
JKeuKoBasi IMCHYHKLMS, BbIpaxkawolasicsl B HapyILIEHUSIX, TIPeXIe BCero, aMIuIuTyIHbIX
XapaKTEPUCTUK CaKKaJl, a TaKxKe HapyLIEHUSIX CTaOMJILHOCTU yaep>KaHUM B3opa [7, 8].
B HeMHOrux McciaeaoBaHUSIX, BHITIOJIHEHHBIX HA MMPUMAaTax, a Takxke IalueHTax Cc Mmo-
pakeHUsIMU MO3XeuKa pa3IMYHOTOo reHe3a ObUIO MOKa3aHO, YTO CaKKaJlbl CTAHOBSITCS
MPEUMYIIECTBEHHO TUNIEPMETPUYHBIMU (YIJTUHEHHBIMU MO aMIUTATYAE), B pe3yabTaTe
yero B30p “mnepesietaeT” uenaeBoil 00beKT [7, 9]. I1pu 3ToM, 3auacTyio, runepmMeTpuy-
HbI€ CaKKaJllbl COIMPOBOXIAIOTCS AOMOJHUTEIbHBIMU CaKKagaMU MajiblX aMIUJIUTY
(koppeKTupoBOoYHbIMM). HecTabuibHOCTh yaepKaHUsI B3opa MPU MO3XKEUKOBBIX MO-
BPEXIESHUSIX TIPOSIBJISIETCS B UHTPY3MBHBIX MUKPO- U MaKpocaKKanax, a TakXke B pas-
JIMYHBIX BUAax Hucrarma [10].

Bmecrte ¢ TeM, moka3aHO, YTO MAalIMEHTHI, UMEIOLIME MO3XEUKOBbIE AUCHYHKIIUU,
CTpamaloT OT HApYIIEHUI MPOLIECCOB 3PUTEJIbHO-IPOCTPAHCTBEHHOIO BOCIIPMSITUS U
BHUMaHu4 [11, 12]. Poiab Mo3XeuKa He TOJbKO B JBUTaTEIbHOM MOBEIEHUU, HO U B KO-
THUTUBHOM JesITeJIbHOCTU Oblla 3auKCHpoBaHa BBEIEHUEM B MEIMUIIMHY OTUCAHUS
MO3XEUKOBOTO KOTHMTHBHO-addpekTuBHOro cuHapoMa (cuHapoma IllmMamanHa) Kak
KOMILIeKCa HapylleHWid KOTHUTHUBHBIX M 3MOILMOHAIBHBIX mponeccoB [13]. JdaHHBII
CHUHIPOM XapaKTE€PEH MPEXIe BCEro IS NeTeli, MepPeHECIIMX JeUeHUE OIyX0oeil 3anHei
yepenHoit smku (34Y4]), BKIItouaromx B cedst MO3Ke4OK U ero npoekuuu [12, 14].

Omyxomm 345 (MmenyninobiaacToMa, aCTpOLIUTOMA, SIIEHANMOMA ¥ HEKOTOPBIE APYTHC)
SIBJISIIOTCS HanuboJjiee paclpoOCTpaHEHHBIMU OMYXOJISIMU B JIEeTCKOM Bo3pacrte (50—55%
BCEX OIMyXOoJieit), KOoTopble Oyiarogapsi COBPEMEHHBIM BBICOKOTEXHOJOTMYHBIM METOIaM
OKa3zaHUSI MEOULIMHCKOM MOMOIIM OKa3bIBalOTCs u3iedyuMbIMU [15]. HoBble moaxonbl B
MeTOHax peabuJUTallMK TaKUX MallMEHTOB U MOBBILIEHWE KaYeCTBa UX XXM3HU OKa3biBa-
JOTCST KpaifHe aKTyaJlbHBIMU B COBpEeMeHHOI HelipooHKojioruu [16]. TTockonbKy mapa-
METpPHBI CakKaj U hUKcaluil OTpakarT COCTOSIHUE IJIa30/IBUTATEIbHOI CUCTEMBI U COOT-
BETCTBEHHO 3PUTEJIbHO OIMOCPENOBAHHBIX KOTHUTUBHBIX TpolieccoB [3, 17], oHu Moryr
OBITh MCITOJIb30BAHBI B LIEJISIX TUATHOCTUKU MO3KEUKOBBIX TUCHYHKIIUN y MALIMEHTOB, a
Tak>Ke JJIs1 OLIeHKM 3 (PEeKTUBHOCTU peadMInTallMOHHbBIX MeponpusaTuii [18]. Takue mnc-
cJIeIoBaHUS PeKO BCTpeyaloTcsl B HaydyHoii nepuoauke [9, 10] 1 Bce oHU NMPOBeAeHbI Ha
B3pOCJIbIX NalmeHTax. [TomoOGHbIe paboThI ¢ yJacTHEM MallMEHTOB JETCKOTO U MOJIPOCTKO-
BOTO BO3PAcTOB, UMEIOIINX TTOBPEXIEHUST €IMHOTO TeHe3a, PaKTUYEeCKU OTCYTCTBYIOT U,
HECOMHEHHO, BBI3BIBAIOT BHICOKUI MHTEpeC B (DYyHIAMEHTAILHOM U MPAaKTUYECKOM ac-
MeKTax B IeTCKOi HelipooHKosoruu. CoBpeMeHHbI HM(POBOIl METONI BUIEOOKYIOTpa-
duu (aHri., eye tracking), LIMPOKO MCHOJAb3YEeMbI IS pErUCTpallMyd ABUKEHUM Ija3,
SIBJISIETCSl YIOOHBIM HEWHBAa3WBHBIM CPEJACTBOM JUISI U3YyYEHUS T1a30IBUTATEIbHOM aK-
TUBHOCTH, YTO obecrieynBaeT KOMMOPTHBIE YCIOBUS ISl 00C/IeI0BaHMS TTallUEHTOB.

Ilens MpoOBeNeHHOTO MCCIIETOBAHUSI COCTOSIa B BBISIBJICHUN U OOBEKTUBHOM OIIEHKE
BJIMSTHYSI MO3KEUKOBOM MTHUCGhYHKIIMY, TTPUOOPETEHHOM B pe3yJibTaTe JIeUeHUs OTyXOJIH,
Ha XapaKTEPUCTHUKMU TJIa30JBUTATEIbHOM CUCTEMBI Y MALIMEHTOB JIETCKOrO Bo3pacTa st
nocJyieayonieil pa3paboTKM AUArHOCTUYECKMX KPUTEPHUEB KauyeCTBEHHON M Kojude-
CTBEHHOI1 OLIEHKU peadbuINTallMOHHOTO Mpoliecca.
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Puc. 1. YcraHoBKa is BUugeoperucTpanuu asrxenuii a3 B JIPHIIL “Pycckoe IMose”.
Fig. 1. Eye tracking equipment for eye movement recording in Clinical Rehabilitation Research Center “Russkoe
Pole”.

METOAbI NCCIEJOBAHUA

Wccnenosanue nposeneHo Ha 120 UCIBITYyeMBIX B Bo3pacTe 9—17 net, 66 13 KOTOPhIX
SBJISIUCH TTaneHTamMu ¢ oryxoiassmu 39 (cpeanuii Bospact 12.8 £ 2.6 net, 41 ManbuuK,
25 nmeBouek, pa30poc MpeAcTaBlIeH CpeIHEeKBaIpaTUYECKUMM OTKJIOHEHUeM), a 54 —
YCJIOBHO 310POBBIMU (HOPMOTHUITMYHBIMM) NeTbMM (cpeaHuii Bo3pact 13.0 £ 2.4 jer,
26 MaTbuMKOB, 28 neBodek). Cpeau MauueHTOB Mpeodianaiy NalueHThl ¢ Meay/utobia-
croMoii (40 meteii), y 21 pebeHKa ObIJIa TMAaTHOCTUPOBAaHA acTPOLIUTOMA M Y 5 IeTeil —
aneHauMomMa. [alnreHTsl HaXOOUIUCh B COCTOSTHUM PEMUCCHUU TTOCTIE 3aBEPIIEHUS JICUEHUST
B IIepuon ot 3 0o 122 mec. (B cpemHem 47 Mec.) 1 He MOJIyJaid HUKAKOM Tepary, B TOM 91C-
e u xumuoteparmu. MccnemoBanue mpoBomwiau Ha 6aze JIPHILIL “Pycckoe Ilone”
(r. YexoB, MockoBcKast 00J1.), rie mMalueHThl MPOXOAWUIN peaduIuTaIUIO TTOCIIe IIEpeHe-
CEHHOTO JICYEHUSI.

I1poTokon ucciienoBaHus ObLIT 0J00pPEeH 3TUYECKUM KOMUTeTOM HalimoHajibHOro Me-
JNIULIMHCKOTO MCCJIEIOBATEIbCKOrO LIEHTPA JAETCKOM reMaToJIOTMH, OHKOJIOTMU U UMMY-
Hosoruu uM. [mutpust Porauea (HMULL ATOU um. Imutpust PoraueBa) Ne 83/15-17 ot
27.10.2017 r. MccrnenoBaHue IMpOBOIMIIA B COOTBETCTBUY C IPUHIUIIAMU XeJIbCMHKCKOM
nexnapaiuu. Coryacue Ha MpoBeAeHNe KOMIUIEKCHOTO UCCIeI0BAHMS MOAMUCHIBAIM CaMU
JIeTH, €CJIM ObLIY cTapiie 15 JeT, ecim MiIaline — UX 3aKOHHbIE ITPEICTABUTEIH.

JBMKEeHMS TJ1a3 peTUCTPUPOBATIM MOHOKYJISIPHO C UCIIOJIb30BAaHUEM BUACOOKYJIOTpa-
¢a Arrington 60 Hz (Arrington Research, Inc., CIIIA). MoHuUTOp M NpeabsBICHUS
CTUMYJIbHOTO MaTepuaia (Samsung ¢ nuaroHaibto 23", paspemierue 1920 X 1080 mukceneit)
pacronaraiu B 60 ¢cM OT IJ1a3 yYaCTHUKOB UCCIIEIOBAHKS, 3aHUMasI TIPU 5TOM OKOJI0 45° 110
TOPU3OHTAIIH U 26° TT0 BEPTUKAIN UX 3PUTEIBLHOTO MoJis. IS yripaBieHUsT XOI0M 3KCIie-
PUMEHTa U MpPEeabsBICHUS M300pakeHWil Ha MOHMTOPE HCIIOJb30BaIM MPOrpaMMHOE
obecnieueHre ViewPoint EyeTracker® 2.9.2.5, Bogsiee B KOMIUIEKT MOCTaBKU BUIEO-
okysorpacda. KannbpoBky npoBoawIv Mo CTAaHAAPTHOMY 9-TH TOUEUYHOMY aJTOPUTMY.
Bo Bpems mpoBeneHMsT UCCIIEAOBAHUS TOJIOBY UCTIBITYEMBIX HEXKECTKO (DUKCUPOBAIU C MO~
MOIILIbIO JIOOHO-TTOA0OPOIHOM OMOPHI WIS MUHUMU3ALMU JUMIITHUX ABV>KeHui (puc. 1). 1o
MPOBEIEeHUS UCCAEA0BAHUS UCITBITYEMbIX MHCTPYKTUPOBAJIM YCTHO, MPEIbSIBIISISI CTUMY-
JIbl M OOBSICHSISI COMIep>KaHUE TJ1a30IBUTATE]IbHOTO TeCTa, a 3aTeM MOBTOPHO Herocpe/-
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CTBEHHO B 3KCIIEPMMEHTE Iepel HadajloM NpeIbsIBIACHUSI CTUMYJIOB B KaxKIOM TECTE.
M cnbITyeMbIX MTHCTPYKTUPOBAJIM COOIIONATh IIOKOM Y TUIIMHY, HE IBUTAThCSI M HE pas3-
roBapuBaTh. McciaenoBaHrue NpoBOAMIM B KaOMHETEe HEMPOPU3NOIOTUISCKIX NCCIIEN0-
BaHMIi1 B TUXOi1 00CTaHOBKE B TeueHue 20 MUH.

B skcnieprMeHTax MCMOB30BaIU TP TJIa30BUTATEIbHBIX TeCTA, ISl TPOBEIEHUS KO-
TOPBIX ObLT pa3paboTaH OPUTHHAIBHBIN CTUMYJILHBINA MaTepuall, a TakKKe MaTepyai, 3auM-
CTBOBAHHBII U3 JINTEPATYPHI VTSI TAHHON HO30JIOTUY M adaliTUPOBAHHBIIN IS YCJIOBUH 9KC-
nepumeHTOB [ 19, 20].

1) Tect “Yaepxanue B3opa”

TecT ncnoab30BaIN IJIsT OLIEHKU CTaOUJIBHOCTH Mpoliecca yaepKaHHWsT B3opa Ha 3py-
TETbHOM OOBEeKTe. YJYaCTHUKAM WCCEIOBAaHUST Ha MOHUTOPE TPENbSBISLUIN 3eJICHbIN
KpyT (mrameTp ~1°), KOTOPBIi TTOCenoBaTeIbHO pacToiaraayd Ha 9KpaHe B YeThIpeX Io-
3ULIMSIX — cJieBa/cripaBa Ha 15° oT LieHTpa U BBepXy/BHMU3Y Ha 8° OT LieHTpa B TeueHue 20 ¢ B
KaXIOM MO3UILIMU, U MHCTPYKTUPOBAJIU UX YIECPKUBATh HA HEM B30pP B TCUECHUE BCETO Ie-
puoa ero NpeabsiBJICHUS, a KaK TOJIbKO KPYT MepeMelancsl B ApYroe MoJjIokeHUue, 3pu-
TEJIbHO CJIeI0BaTh 32 HUM C TTOCJIEAYIOIIUM yaepkaHueM B3opa. Jist obecriedeHUsT KOM-
(OPTHBIX YCJIIOBUIA TIPU BBITIOJJHEHUU TeCTa YJACTHUKOB HE OIpaHWYMBAIN B BBITIOJTHE-
HUM €CTECTBEHHBIX MOPTaHUii. JIJIsT OLIeHKM CTaOMJIBHOCTH yIepKaHMs B30pa Ha KaskIOM
Kpyre MoJlydeHHbIe KOOPAUHATHI MOJIOXKEHUI B30opa almpoOKCUMUPOBATIN METOIOM Hau-
MEHBIIIMX KBaAPaTOB ISl ONpeaeeHUs] HAUIY4IlIero COOTBETCTBUS BJIIUIICY C MCITOJIb-
3oBaHMeM ¢yHKIuM fit_ellipse B mporpammHoii cpene Matlab 2013 [21].

PaccuutbiBany miomaay noay4eHHbIX SJUIUIICOB, OTOOPAXKAIOIIMX pa30pOCkl KOOPAUHAT
MOJIOXKEHUI B30pa ISl KaXIOrO M3 YEThIPeX IMOJIOXKEHUI Kpyra y KaXIIoro MCIbITyeMOro.
3HaYeHMsI TUTOIAJSH PaCCYNTHIBAIM B KBAIPAaTHLIX 3pUTEIBLHBIX rpamycax (KB. rpam.). Mc-
KJTIo4aau apTedakTHbIe 3HAYeHUS, TTOJIydeHHBIE TIPY HEKOPPEKTHOM TeTeKIIMU 3pavKa y
HEKOTOPBIX UCTTBITYEMBIX.

2) Tect “KBagpar”

B naHHOM TecTe yYaCTHUKM UCCIeIOBAaHUSI COBEPIIAJIN 3pPUTEJIbHO BbI3BAaHHbBIE CaKKa-
JIBI TIO TOPU3OHTAIN U BepTUKaIU. Ha MOHUTOPE MPeabsBIsSIIN N300paskeHre KBaaparta ¢
IUTMHOM cTopoHBI 10°, B yrjax KOTOPOTro TOCJeI0BaTeIbHO B HANpaBJIeHUU TI0 YaCOBOM
CTpesIKe MOSIBJISUICSI KpacHbIit Kpyr (muameTp ~1°). Y4acTHUKOB MHCTPYKTUPOBAIM KakK
MOHO OBbICTpee TepeMelaTh B30p C OAHOI BEPIIMHBI KBaapaTa Ha APYTYIO, KaK TOJBKO
TaM TTOABJIAJICA KPYT, JI1 YETO ObLIO HCO6XO)II/I MO COBCpIIATh CaKKalbl. pr[‘ MO3ULIUOHU -
poBaJIM MO yryiaMm KBazapara B tedeHue 500 Mc B KaxXaom yriy. Bcero mcnbityeMbIM ObLIO
HEOOXOIUMO COBEPIINTE 24 cakKazpl (110 6 B pa3HbIX HATIPABJIEHUX) aMIUIUTYa0M (A) 10°.
ITo pe3yabTaTaM BBITIOJHEHUS TECTa OMPEIEIISIA OOIee YMCIO COBEPIICHHBIX CaKKaJ,
JIOJII0 OTHOCUTEJIbHO TOUHBIX (A B Auamna3oHe 8.5°—11.5°), runoMeTpu4HbIX (YKOPOYEH-
HbIX, A < 8.5°), runepMeTpu4HbIX (YIJIMHEHHBIX, A > 11.5°) 1 KOPPEKTUPYIOIIMUX CaKKa]
(caenyromIrx TOJbKO MOCIe TUCMETPUYHBIX cakkamd, 1.5° < A < 5°).

3) Tecr “10 Touexk”

Tect nipeqHa3HaueH UIST OLIEHKW (byHKIIMOHAJIBHBIX TJIa30IBUTATEIbHBIX XapaKTepu-
CTUK BO BpeMsi CKAHMPOBaHMST U300paKeH s YUACTHUKOM TP BBITIOJTHEHUM TTPOCTOTO KO-
THUTUBHOTO 3aJaHusl T10 MOJCYETY 3PUTEIbHBIX O00BbeKTOB. Ha MOHUTOpE MpembsBIIsLIU
10 yepHBIX KpYyroB (mrnaMeTpom ~1°), pacriojaralonimuxcs mo 3KpaHy MceBaoCIyYaiiHbIM
o6pa3oM. McibITyeMbIX MHCTPYKTUPOBAIY 3pUTEIbHO (TIpO cebsl) MOACYMUTAThH YUCIIO TO-
YeK M BCIyX Ha3BaTh oTBeT. [1o pedynbTaTam TecTa aHAIM3UPOBAIU BPEeMsT BBITTOTHEHUS
3a7laHusl, YMCiIo (hUKcaluii, X JTUTETbHOCTH, OO0 NJIMHY TPAeKTOPUU CKaHUPOBa-
HUSI M aMIUIMTYIbl CaKKaa. 3a BpeMsl BBITIOJIHEHUS 3aIaHUsT TIPUHUMAIN BpEMsl OTBETa
MalnueHTa O YKCJIe MOACUMTAaHHBIX ToueK. OOIIYI0 TPAaeKTOPUIO CKAHUPOBAHUSI paCCUM-
ThIBAJIM KaK CYMMapHYI0 aMILUIUTYydy Bcex cakkan. [1pu aHanuse dukcauuii MCKIrovyaiu
duKcanum ¢ IIUTEILHOCTHIO MeHee 80 Mc.
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Ta6auna 1. MenuaHbl 1 MeXKBAapTUJIbHBINA pa3Max (25-if MpOLeHTUIb U 75-if MPOLIEHTUJIb) BEIU-
YUH TUIOUIA/EH 2JUIMIICOB, anMpOKCUMUPYIOLIMX TTOJIOXKEHUST B30pa B TeCTe yAepXKaHWM B3opa Ha
CTUMYJIaX IS MALIMEHTOB U HOPMOTUITMYHBIX eTeil. [IpuBeneHbl pe3yibTaThl HermapaMeTpuieckKo-
ro IUCIEPCUOHHOTO (haKTOPHOTO aHAIN3a

Tablel. Median and interquartile range (25th and 75th percentiles) of ellipse areas approximating gaze
positions in gaze fixation test for patients and healthy children. Results for nonparametric analysis of
variance are presented

MenuaHsl, KB rpa.
Median, sq deg. H N a p
MaLEeHTHI HODM.
(patients) (healthy) 91.1 378 1 <0.001
2.2[1.4;6.0] 1.110.7; 1.8]

s onpeneneHus: KOOPAMHAT MOJIOXKEHUI B30pa MCIOJIb30BaJIM ITPOrpaMMHOe 06ec-
nevyenue ViewPoint EyeTracker® 2.9.2.5 (Arrington Research, Inc.), nns BeineneHus co-
ObITUM (puKcanmii u cakkan) mporpaMMHoe obecrieueHre DataAnalysis, Bxojsiiee B Co-
cTaB ImporpaMMHoOro Imakera Arrington Research. Ctatnctuyeckyo o0paboTKy IIoImanacii
3JUIMIICOB, aMIUIUTY/ CaKKa, IIUTEJIbHOCTE (pUKCalIMii U X KOJIMYECTBAa MPOBOIUIIU C
ncnojb3oBaHueM IporpaMMmbl Statistica 13.3 (TIBCO Software Inc.). Ing cratuctuye-
CKOIi1 OLICHKM pa3/IMuuii BCeX MmapaMeTpoB B IPYIIax MalMeHTOB U HOPMOTUITMYHBIX JIe-
Tel UCMOJIb30BAI METO/ HeTlapaMeTPUUECKOTO TUCTIEPCUOHHOTO (haKTOPHOTO aHaIM3a
(kputepuii Kpackenina—Yosinca), CTaTUCTUYECKU 3HAYUMBIMUY TIPUHUMAJY Pa3inyus B
pacrpeneseHusX oNpeaeJeHHbIX BETUUWH B ABYX U/WJ1 60Jiee BBIOOPKAX MTPU BEPOSITHO-
cTH (p) IPUHSITHS HYJIEBOM TMITOTE3bI 00 OTCYTCTBUU Pa3INYUii B pacipeieICHUSIX BETH -
4yuH B BeIOOpKax meHee 0.05.

PE3VIJIBTATHI UCCIIEAOBAHUA

Xapaxmepucmuku 6binoAHeHUss MECMA HA YOeplCanue 830pa

Ha puc. 2 nipeacraBieHbl IpUMepbl Pe3yJIbTaTOB BHIMOJHEHUST TeCTa Ha ylaep>KaHue
B30pa y mamueHTa ¢ MeIyJUI00IacToOMOM YepBsI Mo3xkeuka u IV xxemynouka (A) 1 HOpMO-
TUITMYHOTO pebeHKa Toro ke Bo3pacTa (B) mpu nmoodyepeaHoi (pukcalm B3opa Ha Kax-
JIOM CTUMYJe. Y malMeHTa HaOIoaaloTcs pa3indHble eHOMEHOJIOTUYECKE TIPUYMHBI
HapyuleHUsl CTabUJIbHOM (puKcaluu: Ha JIEBOM U BEPXHEM CTUMYJIaX BbIPAXKEeH TOPU30H-
TaJbHBI HUCTArM, Ha MPaBOM — BEPTUKAIbHBIM HUCTAarM M BBICOKOAMILTUTYIHBIE TTPO-
M3BOJIbHbIE KOHTEKCTHO-HEYMECTHBIC CAKKAIbl, OTPaXKalole OTBIeYeHNE 3pUTETBHOTO
BHUMAaHMS UCTIBITYEMOTO OT CTUMYJIa, HA HIDKHEM — BEPTUKAJIbHBIA HUCTAarM M HU3KOAM-
TUTATYIHBIE MTHTPY3UBHBIE CAKKaIbl, HEIPOM3BOJILHO HapyIaolne (hUKCalliio B3opa.

Puc. 2. ITpumeps! pa3dbpoca MOJ0XEHUIT B30pa NP BBIMIOJTHEHUM TeCTa Ha yAepXaHue B3opa Ha CTUMYJax y
naryeHTa ¢ MeAy100iacToMoit uepBst Mo3xkeuka u [V xkenynouka (4) 1 HOPMOTUIIUYHOTO pebeHka (B) Toro
ke Bo3pacTa. Pa3opoc nojoxeHuit B3opa Ha CTUMYJIax alMpoOKCUMUPOBAH 3JUTUIICAMU, TTOJYYEHHBIMU METO-
JIOM HauMeHbLIMX kBaapaToB [21]. KanubpoBka 1o ocsiM — yrioBble Tpanychl. Y MaleHTa HabloqaloTcs Ha-
pyuieHus: huKcauuy B3opa: TOPU3OHTAIbHBII M BEPTUKAJIBHBIM HUCTArM, MPOU3BOJIbHBIE BBICOKOAMIUIUTY/I-
HblE CaKKaJlbl, HEITPOU3BOJIbHBIE UHTPY3UBHbIE CaKKaJlbl.

Fig. 2. The patterns of dispersion area of gaze positions in gaze fixation test for patient with medulloblastoma of
cerebellar vermis and TV ventriculi (4) and healthy child of the same age (B). The dispersion of gaze positions is out-
lined by the ellipses obtained by least square method [21]. Angular degrees are laid down along the X- and Y-axes. The
patient has violations of the gaze fixation: horizontal and vertical nystagmus, voluntary saccades of large ampli-
tude, involuntary intrusive saccades.



871

BJIMSATHUE MO3XEUYKOBOW JUCOYHKLIUU

50

50

&

50



872 HIYPYTIOBA u np.

Puc. 3. I[TpuMepsl TPAaeKTOPHi CaKKaJ MPU BBIMOJIHEHUY 33aHusl Ha 3pUTEIbHO-BbI3BAHHBIE CAKKAIbl Y Tal1 -
€HTa ¢ MeLy/UI00JIacCTOMOI YepBsl MO3KeuKa M NpaBoil reMucdepsl (4) 1 HOpMOTUITUYHOTO pebeHka (B) Toro
JKe Bo3pacTa. Y MalueHTa HaGIoaaloTCsl TMTIEPMETPUYHBIE CAKKA/IbI.

Fig. 3. The patterns of visually guided saccades in patient with medulloblastoma of cerebellar vermis and right
hemisphere (A4) and healthy child of the same age (B). Hypermetric saccades are observed in patient.

[Mpu cpaBHEHUM CTAOMIBLHOCTM YAEPXKAHUSI B30pa y IBYX IPYIIN JAeTeil (MalueHTOB C
onyxoynsiMu 3YSl 1 HOPMOTUTIMYHBIX AeTeit) ObUIO MOKa3aHO, YTO BEJIWYMHBI TIIOIIAACH
SJUTUTICOB TIpY (PUKCAlIMKM B30pa Ha CTUMYJIE CTATUCTUYECKU 3HAYMMO BBIIIIE Y TTAIIUEHTOB
(Tab:n. 1), 4TO CBMIETEICTBYET O HAPYIIIEHWUH TTPOIIECCOB yAeP>KaHUS B30pa y TAKUX NETEil.

Xapaicmepucmulcu 6blNOJIHeHUSL mecma Ha 3pUmesbHO-6bl36AHHbLE cakkaovl

Ha puc. 3 npeacraBiaeH nmpuMep BBIIIOJHEHUS 3aJaHUsl HAa 3pUTCIbHO-BBI3BAHHBIC
cakkabl, COBepllaeMble 10 KOHTYpPY KBaapara, y IaluueHTa ¢ MeayJJI001acTOMO YepBs
MO3XeuKa 1 npaBoii remucdepsbl (4) 1 HOPMOTUITMYHOTO pebeHKa TOro e Bo3pacTa (B).
YV nauyeHTa HaGIIOOAIOTC pa3IMYHbIE TUIIEPMETPUYHBIE CAKKaAbl B TOPU30HTAJIbHOM U
BEPTUKAIILHOM HarmpaBJIeHUsX (IIPEeMMYIIECTBEHHO, BIIPABO 1 BHU3).
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Puc. 4. JIos1 TOYHBIX, TUTIOMETPUYHBIX, TUIIEPMETPUUYHBIX M KOPPEKTUPOBOYHBIX CAKKall Y MALIMEHTOB C OIy-
xoubio 344 (1) u HopmoTunMuHbIX AeTeit (2). [peactaBaeHbl MeAMaHbl, MUHUMAaKCHbBIC 3HAYEHUST U MEXKKBap-
TWIBHBIIA pa3max.

Fig. 4. The proportion of accurate, hypometric, hypermetric, and corrective saccades in patients with posterior
fossa tumors (1) and healthy children (2). The medians, minimax values, and interquartile range are pointed.

TTpu cpaBHeHMU OJEit KaXIOTO TUITA CaKKaJ IBYX IPYIN AeTeil (ITallueHTOB C OIyX0-
asimy 3Y S 1 HOpMOTUITUYHBIX eTei) ObUIO MOKa3aHOo, YTO OHU JOCTOBEPHO OTINYAIOT-
cs1 IPYT OT JIpyTa, KpoMe TMIIOMETPUYHBIX cakka (puc. 4). 1oJisi TOUHBIX caKKall BhIIIE Y
3nopoBbix aeteit (H =41.2,df=1, N= 84, p <0.001), a y mauiMeHTOB BbIIIIE IOJIsI TUTIEP-
MmeTpuuHbIx (H=45.2,df=1, N= 84, p <0.001) 1 KoppeKTUpOBOUYHBIX cakKan (H = 41.2,
df =1, N =84, p <0.001). IIpu 3TOM IOJM TUIIOMETPUYHBIX CaKKal HE pa3IMyaioTCs
(H=1.73,df =1, N= 84, p = 0.19). CnegoBaTeibHO, TUTIOMETPUYHbBIE CAKKAIIbl XapaK-
TepHBI KaK B HOpMe, TaK U B aTOJIOTUU.

Xapalcmepucmuxu 6blNOJIHeHUA mecma no noacnemy 3puUmesibHblxX 006eKmoe

Ha puc. 5 nmpencrasieHbl TpUMepbl TPEKOB B30pa MPU BBITTOJTHEHWU TECTa I10 TTOICYe-
Ty 3pUTEJIbHBIX OOBEKTOB Y MAlIMEHTa C MEIy/UI00JIaCTOMOI YepBsI MO3KeuKa M MpaBoit
remucoepsl (A) 1 HOPMOTUIIMYHOTO pedeHKa TOro ke Bo3pacrta (B). ¥ nanmeHTa HaGI10-
naeTcs 0osblIoe Yucio hUuKcauuii U JIMHHAS TPAeKTOpUsSI CKAHUPOBAHUS, OTpakaro-
1IMe BO3BpAT B30pa K yXe MOCYUTAaHHBIM oObekTaMm. [Ipy cpaBHEHMU XapaKTepUCTUK
BBITIOJTHEHUST 3alaHUsl y ABYX TPYIIN neTeil (mamueHToB ¢ omyxoiasimu 34 u HopMoTu-
MUYHBIX IeTei) METOIOM HelmapaMeTpUIecKOro TUCIIepCUOHHOTO aHanmm3a Kpackeia-
Yosumca 6bU10 TTOKa3aHO, YTO JOCTOBEPHO Pa3INYaIOTCs IPYT OT APyra BpeMsl BBITTOTHE-
HUsI 3aIaHUsl, YMCII0 (pUKCcaIWii U IJTMHA TPAeKTOPUU CKAHMPOBAHUsI, TTPU 9TOM CpeIHUE
JUTUTEJILHOCTU (PUKCALIMIA M CpeTHUE aMIUIMTYIbl CaKKal He pa3andaloTcs (Tabu. 2).

OBCYXIEHME PE3YJIbTATOB

B HacrosieM uccaeqoBaHUM MbI TIPOAEMOHCTPUPOBAJIM HAPYILIEHUST 6a30BBIX XapaK-
TePUCTUK (PYHKIMOHUPOBAHMS [NIA30[BUTaTEIbHONM CUCTEMbl, BO3HUKAIOIINX MPU AVC-
GYHKIUM MO3XeuKa, MPUOOPETeHHOM BCAEACTBUE PAa3BUTUSL OMYXOJIEBOIrO Mpoliecca 1
€ro JiedeHus1. Y nNalMeHTOB C OIMyXOJISIMU MO3KeuKa HabiroaaeTcs: HectabuiabHas pukca-
IUSI B30pa, C OJTHOM CTOPOHBI, M3-3a IIPUCYTCTBUSI (DU3NOJIOTMUYECKUX HApYIIIeHU — HU-
cTarMa, MHTPY3UBHBIX CaKKall, KOTOPEIE SIBJISTIOTCS HEIPOM3BOJLHBIMU TJIA300BUTATE/Ib-
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Puc. 5. [TpuMepsl TpeKOB B30pa MPY BHITIOJTHEHUY TECTA 10 TTOJICUYETY 3pUTEJIbHBIX OOBEKTOB Y MalleHTa ¢ Me-
JyJT00JIaCTOMOM YepBsSI MO3KeUKa M YeTBEPTOTO XKeynouka (4A) 1 HOpMOTUITUYHOTO pebeHKa (B) Toro ke Bo3-
pacra. Y naiueHTa HabIi01al0TCsl BO3BPATHBIE CAaKKabl U OBTOPHbIE (hUKCALIMU Ha OObEKTaX.

Fig. 5. The patterns of scan path in counting visual objects task in patient with medulloblastoma of cerebellar ver-
mis and IV ventriculi (4) and healthy child of the same age (B). Regressive saccades and repetitive fixations are
observed in patient.

HBIMU aKTaMU U OIIMCAHBI IIPU IPYTUX MO3KEUKOBBIX ImaTonorusx |10, 22]. Ux mporcxox-
JIEHUE CBSI3bIBAIOT C TOBPEXIAeHEM paboThl BECTUOYJISIPHOTO Mo3Xedka ((hJIOKKYIIOC U
napadJIOKKyJI0C), KOTOPBIii UMeeT MPOEeKIMU K CTBOJIOBOMY TeHepaTopy cakkan [5, 8].
C Apyroit CTOPOHBI, y psiia TAIMEHTOB MPUCYTCTBYIOT HapyIIeHUsI KOHIEHTPAUU 3pU-
TEJTbHOTO BHUMAaHUS B TeUeHHe 3aJaHHBIX 20 ¢, KOTOPBIE BBIPAXKAIOTCSI B IIPOU3BOJIBHBIX
BBICOKOAMILUIMTYIHBIX CaKKaaaxX, HalpaBJIeHHBIX OT 00beKTa (pUc. 24, TIpaBbIii OOBEKT).
HapyliiieHuns1 KOHLIEHTPAIlUU 3PUTEIbHOTO BHUMAHUSI TaKXe XapaKTepHBI TIPU MO3Xe4d-
KOBOM KOTHUTUBHO-adpdeKTUBHOM cuHIapome [13].
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Tabamna 2. MeauaHbl 1 MEXKKBapTUIIbHBIN pa3Max (25-i MpOLEHTUIb U 75-1 MPOLICHTUJIb) XapaK-
TEPUCTHK BBITTOJIHEHUS 3alaHKsI Ha TOACYET OOBEKTOB y MAIIMEHTOB M HOPMOTUITUYHBIX JETEM.
[MpuBeneHbl pe3yabTaThl 1151 HemapaMeTpruueckoro (hakTopHOTo aHaIu3a

Table 2. Median and interquartile range (25th and 75th percentiles) of performance characteristics
of the visual search task for patients and healthy children. Results for nonparametric analysis of vari-
ance are presented.

MenuaHbt
(Median)
IMapametp H |df| N P
(Parameter) HALUEHTDI HOPMOTHUITUYHBIE
- neTU
(patients) (healthy children)
BpeMs BeITIOTHEHUSI 3a1aHus (C) 6.7 [4.9; 8.9] 4.914.3;5.5] 251 | 1 | 110 | <0.001
(time of performance)
Yucno bukcanuit 18 [14, 25] 1513, 16] 15.0 | 1 | 108 | <0.001
(number of fixations)
OO61ast TpaeKTOpusi ckaHupoBaHust (°) 155.6 [115.6; 236.3] | 119.6 [96.8; 135.2] | 19.4 | 1 | 103 | <0.001
(scanpath)
CpenHsist IVTUTEbHOCTD (hukcauuii (Mc) 272 [229.6; 307.9] | 272 [234.4;317.8] | 0.01 | 1 | 103 | 0.93
(mean fixation duration)
CpenHsist aMrinTyna cakkan (°) 7.9 6.7; 8.9] 7.717.2;9.2] 0.47 | 1 | 103 | 0.49
(mean saccadic amplitude)

ITpogeMoHCTpUpPOBaHHBIE HAPYIIEHUS] aMIUTUTYIHBIX XapaKTePUCTUK CaKKa, TIPexX-
Jie BCEro HaJuuMve TUIIePMETPUUHBIX cakkKan (puc. 34), BbI3bIBAIONIMX “TIepesieT” B3opa
OTHOCHUTEJIbHO CTUMYJIa, SIBJISIOTCS XapaKTepPHBIMU MPU Pa3IMUYHbBIX MO3XEYKOBBIX IUC-
byakuusx [5, 7, 8]. BosHuUKHOBeHHNEe “HETOUYHOII” MOTOPHOI KOMAaHIbI, peaan3yeMOoi
IJ1a30BUTATEeIbHBIMUA MBILILIAMU U TIPUBOJSIIEH K MOSBICHUIO YAJIMHEHHOMN CaKKaJbl,
TMPOUCXOAUT MPU PACCUHXPOHU3ALIMU PAOOTHI SAEp IIaTpa, Mepenarolmnx “3ariayiia-
1M~ CUTHaAJ Ha TOPMO3HbIC TMAaYeYHbIe HEMPOHBI B MapaMeIMaHHON PETUKYJSIPHOI
dopmanuu Mocta [23]. Takast pacCUHXpOHU3ALIMsI MOSIBJISIETCSI B Pe3yJIbTaTe ITOBPEXIIe-
HU caMuX siep 1aTpa Win ooacTeil 1op3ajlbHOTO YepBsl, KOTOPbIE UMEIOT K HUM TIPpO-
ekuuu. B HallleM ucclienoBaHUU y NMAIMEHTOB TMIIEPMETPUYHbBIC CaKKallbl 4acTo (HO He
BCErna) KOPPEKTUPYIOTCS, B pe3yJibTaTe Yero KOPPEKTUPYIOLIMX CaKKad Yy HUX B He-
CKOJIBKO pa3 OoJbliiie, yeM B HopMme (puc. 4). [Ipy 3ToM 4uCIO ApYyrux IUCMETPUUYHBIX
cakkala — TMIIOMETPUYHBIX — HE pa3jnyaeTcs B HopMe U naroJjioruu (puc. 4). Hanuuue
TUTIOMETPUYHBIX CaKKaJl B HOPME MOXHO CBSI3aTh C JAETCKUM BO3PAaCTOM HUCIIBITYEMBIX,
MOCKOJIbKY B MJIAJIIIIEM IIIKOJIbHOM BO3pacTe B HOPME OHU MPUCYTCTBYIOT B 3HAUUTEJIbHOM
KOJIMYECTBE, a 3aTeM K KOHILY MTOJPOCTKOBOTO BO3PACTa UX KOJIMYECTBO CYLIECTBEHHO CHU-
XKaetcs [24]. 3HaunMoe pa3iauure B KOJINMYSCTBE KOPPEKTUPOBOUHBIX CaKKaj y ITalleH-
TOB M HOPMOTHUITUYHBIX JETEH TaKKe YKa3bIBaeT Ha TO, YTO TMIIOMETPUYHBIE CAaKKAlbl PEXE
KOPPEKTUPYIOTCS MO CPaBHEHUIO C TUTIEPMETPUYHBIMU. DTO MO3BOJISIET pacCMaTPUBATh
TUMOMETPUYHbBIE CAKKaJlbl BADUAHTOM HOPMBI, TaK KaK MOTOPHasI OIIMOKA OKa3bIBAeTCS
HE TaKO KPUTUYHOM, YTOObI ee KoppeKTupoBaTb. CTOUT OTMETHUTh, YTO TUTIOMETPUY-
HbIE CaKKaJbl TAKXE MOTYT ObITh MAPKEPOM TATOJIOTUU (HATIpUMep, TpU MapKUHCOHU3-
Me), eClIM peub UIeT o neduliute PyHKIIMOHUPOBAaHUS 0a3alibHbIX TAHTJIUEB, OMHAKO B
TaKOM CJIy4Jae MX I0JIsI OyaneT mpeBaJIupoBaTh [25].

B pesynbrare aHaM3a XapaKTEPUCTUK BBITIOJHEHMS TECTa IO MOACYETy OObEKTOB, B
KOTOPOM COBEpIIANCH He 3pUTEIbHO-BbI3BAaHHBIC, a TIPOM3BOJIbHBIC CaKKaJIbl, TTOKAa3a-
HO YXY/IIEHUEe TaK Ha3bIBAEMbIX “KOTHUTHMBHBIX” MTapaMeTPOB — BPEMEHU BBITIOJHEHUSI
3amaHusl, Yuciaa PUKCaluii U JUIMHBI TPAaeKTOPUU CKAHUPOBAHUS, B TO BpeMsI KakK “pu-
31OJIOTUYECKUEe” MapaMeTpbl — CpeHUE aMIUIUTYIbl CaKKad U CPpeIHUE IIUTEIbHOCTH
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dukcaluit 3HaUMMO He pa3jinyaroTcsl Apyr oT Apyra (ta6ha. 2). “KorHutuBHbIe” mapa-
METPBI XapaKTepU3YIOT 3pPUTEbHO-TIPOCTPAHCTBEHHYIO OPraHM3allnio 3pUTEILHOTO CKa-
HUPOBAHUS UCTIBITYEMBbIX ITPU BBITIOJIHEHUU TECTA Ha TTOACYET OObeKTOB. BhISIBIIECHHBIE Y
MAIMEHTOB MOBBIIIEHHBIC 3HAUYEHUSI TIa30[IBUTATENIbHBIX XapaKTEePUCTUK OTPAKAIOT HATMUUE
BO3BPATHBIX [Ia30/IBUTaTeIbHBIX MAaTTEPHOB, KOI/IA B30P UCIBITYEMOTO BO3BpAIlIAETCs K YXe
TMOCYMTAHHBIM OOBEKTaM, YTO CBUIIETEJILCTBYET O 3aTPyAHEHUSIX B MPOLIECCaX BOCHPUSITUS,
MHTETpaly U 3puTebHO-TIpocTpaHcTBeHHOM MaMsT [20]. [TonoGHbIe Ii1a3onBuraTe/ibHbIe
MaTTepHbl MOTYT YKa3bIBaTh Ha HEIOCTATOYHOCTh MPOCTPAHCTBEHHOTO “aMOBEHTHOTO” 3pe-
HUSI, TIPU KOTOPOM 3aTPYIHEHO ObICTPOE CKAHUPOBAHKE 3pPUTEJTbHON CLIEHBI C LIEJTBIO BhIIeIe-
HUsI 00BeKTOB [3]. JJaHHbBIe HapyIIeHMSI, CBI3aHHEIC C OpUEHTAIIMEH B IIPOCTPAHCTBE, BHUMA-
HUEeM M paboueil maMsIThIo, XapaKTepHBI IS MO3XKEUKOBOIO KOrHUTUBHO-a(h(HEKTUBHOTO
CUHIIpOMa, aHATOMUYECKUM CYOCTPaTOM KOTOPOTO SIBJISIETCS] TTOPAXXKEHUE MO3XKEYKOBO-
KOPKOBBIX MPOSKIIMA, MPUBOASIIMNX K YXYAIIEHUIO KOTHUTUBHBIX TpoluieccoB [13]. T1pu
9TOM OTCYTCTBME 3HAUMMBIX pa3aInuuii B “Pu3nosiornyeckux” mapamerpax (B T.4. TUTIEP-
METPUYHOCTH CaKKaJI) TTO3BOJISIET MPEIIOI0XKUTD, UTO, MOCKOJILKY B TECTE T10 MOJACYETY O0b-
€KTOB COBEpIIAIOTCS CaKKa/bl TIPOU3BOJBHOTO XapakTepa, a He peJIeKTOPHOTO (3pUTEb-
HO-BbI3BAaHHbBIE CaKKaj/ibl), B UX peaTu3alii B OOJbIIIEH CTEIeHN BOBJIEKAIOTCS KOPKOBbBIE
JIOOHBIE J1a30[IBUTATEIbHBIE T10JISI, KOMIIEHCUPYSI TAKUM O00pa3oM MOTOPHYIO OLUIMOKY,
MPOU3BOAMMYIO MO3XEUKOM. JlaHHOE TPEeAIoioKeHUEe HYXIAeTCsl B NaJbHEHIIUX HC-
CJIE[IOBAHUSIX.

TlpuBeneHHbIe pa3nuyus B apaMeTpax (puKcalmii U cakkaguuyecKuxX ABUXKEHUI TJ1a3
KakK pedIeKTOPHBIX, TAK U TIPOM3BOJIBHBIX B HOPME U TaTOJIOTUU OOBSICHSIIOTCS, TIPEXIIE
BCEro, HAIMYMEM MOBPEXIEHHOTO aHATOMUYECKOTO cybcTparta (MO3XKeuKa U ero npoek-
1I1i1), MOJTYYEHHOTO BCJIEICTBHE OMYX0JIEBOTO MpOliecca U XUPYyPTUIecKOro BMellaTe b~
crBa. Kpome TOro, BO MHOTMX aHAJOTMYHbBIX MCCIIETOBAHUSIX TTOJABIISIIOIIEEe YUCIIO Ta-
LIMEHTOB IMOJIy4aJI0O XUMUOTEPAITHIO U JIyYEBYIO TEPAMMIO B XOJI€ JICUEHUSI, U3-32 YETO OHU
IEMOHCTPUPOBATIA CEPbE3HbIE KPAaTKO- U [OJTOBPEMEHHbIE TOKCcUUeckre 3¢hGheKThl Ha
BCE CUCTEMBI OpraH1u3Ma, B TOM YHCJIe U KOTHUTUBHBIE DyHKLMU [26, 27]. B Haliem uc-
cJIeOBaHUU, MO-BUANMOMY, Mbl HAa0I10/1aeM MPOSIBJICHUE JOJITOBPEMEHHBIX 3(P(PeKTOB,
MOCKOJIbKY MallMEHThI HE MOoJIy4aii HUKaKoi (opMbl Teparnmv 1 Ha MOMEHT HCClienoBa-
HUS HAaXOIWJIUCh B peMuccruu. HeoO0XoanMo OTMETUTh, YTO BaXKHBIMUA CUMIITOMaMU KO-
THUTUBHO-a¢(HEKTUBHOTO CUHIPOMA, pa3BUBAIOIIETOCS U MPOAOJIKAIOILIErocs B (hopMe
TMOCJIECTBUSI TIEPEHECEHHOTO JICUEHUSsI, SIBJISIIOTCS XpOHUYECcKasl YCTaloCTh, CHUXKEHUE
MOTHUBALIUM K AEATEIBHOCTH U Apyrue addeKTUBHbIC MTPOOIEMbl 9HIOTEHHOTO XapaKTe-
pa, KOTophle, 6€3yCIOBHO, BJIUSIOT HAa BOCIIPUSTUE MHCTPYKILIMU U MOOYXIEHUE K BbI-
TIOJTHEHUIO 3a7aHusl, UTO, B CBOIO OYepelb, MOXET OKa3bIBaTh BJIUSIHUE Ha TapamMeTpbl
cakKaIuueCKMX ABVKEHUI ria3 [28, 29].

3AKJIIOYEHHME

B Hameit pabore uMcciaeqoBaHbl HapyILIEHUSI OCHOBHBIX XapaKTEePUCTUK CaKKaIuye-
CKOi1 cMCTeMBbI, BbI3bIBaeMble NTUCHYHKIMEH MO3XKeuKa Yy JAeTeid, TepeHecIInX JeueHue
no moBony omnyxosieit 3U. BrisiBieHHbIe T1a3onBurare/ibHble 3PdeKThI, cocTosIe B
HecTabMIbHOM (hUKcaluy B30pa, COBEPIIEHUUM HETOYHBIX TMIIEPMETPUYHBIX CaKKal M
JIe30pTaHM3allMi CKaHUPOBAHUST 3PUTEILHOM CIICHBI, SBJISIOTCS CIASNCTBUEM AUCHYHK-
LI MO3KeYyKa M ero MPOeKIMii K IPYTMM CTPYKTYpaM IroJJOBHOTO MO3Ta MpH (PYHKIINO-
HUPOBAHWU 3PUTELHO-TJIa30IBUTaTEIbHOM CUCTeMBbI. [JaHHbIe HapyIIEHWs OXapaKTepu30-
BaHbI KOJIMYECTBEHHBIMU TIEPEMEHHBIMU M UIMEIOT HOPMATHUBHBIE 3HAYEHUSI, KOTOPbIE MOTYT
SIBJISITHCS IUArHOCTUYECKUMU KPUTEPUSIMU KaUECTBEHHOI 1 KOJIMYECTBEHHOM OLICHKHU pea-
OUJIMTALIMOHHOTO TIpolIecca.

BmecTte ¢ TEM, ITO-BUIUMOMY, OITMCAHHbIC HAPYIICHUA I/1a30ABUTaTCJIBbHOTO ITOBC-
JACHUA MOTYT NPUBOAUTH K HAPYIICHUAM ]'[CI/IXO(i)I/ISI/IOJ'[OFI/I‘-ICCKI/IX 1N KOTHUTUBHBIX
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MPOLIECCOB y TAKUX IMalIMEHTOB (BOCIIPUSITUSI, BHUMaHUs, YTeHUs U T.1.). Kpome Toro,
OMUCaHHOE SIBJICHWE TUIEPMETPUU CaKKajJ MOXHO paccMaTpuBaTh KaK IJia30[BUTra-
TeJIbHOE MPOSIBJIEHUWE aTaKTUUECKOTO CMHAPOMA, XapaKTEepU3YIOIIEeTocsl HapylleHeM
yIep>XaHWsST paBHOBECHST, TTOXOAKW, TUCMETPUU KPYITHOM MOTOpUKHU U T.A. [Ipencras-
JICHHYIO (PeHOMEHOJIOTHIO 3pUTEIbHO-TJIa30/IBUTATEILHOTO TTOBEACHUS y TTallueHTOB,
nepeHecunx onyxojb 345, HeoOXoaMMO YYUTHIBATh B IIPOBOJIMMBIX peaOMINTALIMOH-
HBIX MEPONIPUATHUSAX.

BJIATOAAPHOCTH

ABTOpBI BhIpaxatoT oyarogapHocts nupekropy JIPHIL “Pycckoe IMone” A.®d. KapenuHy 3a no-

MOIIb B OpraHu3almu U nogacpKKe npoBOAMMOro UCCJICI0BaHMUA.

12.

NCTOYHUK ®MUHAHCHUPBAHUA

PaGoTta BbITIOJIHEHA 3a CYET CPEICTB rOCOI0IKeTa.
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Influence of Surgery-Related Cerebellar Dysfunction
on the Saccadic System Performance in Children

M. A. Shurupova® ® ¢ *, V. N. Kasatkin® ®, V. N. Anisimov¢, and A. V. Latanov®

?Medical Rehabilitation Research Center “Russkoe Pole”, Dmitry Rogachev Research Medical Center
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b Federal center of brain and neurotechnologies of the Federal Medical and Biological Agency
of the Russian Federation, Moscow, Russia

¢Lomonosov Moscow State University, Moscow, Russia
*e-mail: shurupova.marina.msu@gmail.com

Cerebellum plays a crucial role in control of saccadic eye movements and gaze fixation.
The cerebellar impairment leads to various disorders of oculomotor behavior and related
psychophysiological processes, which, in turn, may affect the efficiency of rehabilitation



BJIMSAHUE MO3XEUYKOBOW JUCOYHKLIMU

879

process of patients who underwent tumor resection surgery on cerebellum. The purpose
of this work was to determine the ways and the extent of influence of surgery-related cer-
ebellar dysfunction on visuomotor system of children. We also intended to develop crite-
ria based on these findings to assess the patient’s rehabilitation progress quantitatively as
well as qualitatively. 66 children between 9 and 17 years old with surgery-related cerebel-
lar dysfunction were enrolled in this study. The control group consisted of 54 healthy
children of the same age. The subjects were to perform 3 oculomotor tasks while their
eye movements were recorded using eye tracking technique. We found that children with
cerebellar dysfunction had impaired gaze fixation ability, executed more hypermetric
saccades and experienced difficulties with visual scanning. These oculomotor system de-
ficiencies inevitably lead to disturbances of various cognitive processes such as visual
perception, attention focusing, memory and reading. Also, hypermetric saccades can be
treated as a special case of ataxia usually found in patients with cerebellar dysfunction.
We conclude that assessment of oculomotor deficiencies should be used to increase the
effectiveness of rehabilitation procedures for patients with cerebellar dysfunction.

Keywords: cerebellum, saccades, eye tracking, rehabilitation, cerebellar tumor, cognitive
functions
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