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OIVMMEHCHMOHA/IBHAA MOJEJIb IIN30P®PEHNN
B KOHTEKCTE HAPYIIIEHM A IVTABHBIX CTEOAIINX OBVXKEHUN ITTIA3

YO «Benopycckuii eocyoapcmeenHulli MEOUUUHCKUTL yHUBepCUnem»',
Pecnybnukanckuii HayuHO-npakmuueckuti yeHmp ncuxu4eckozo 300po6vs’

B cmamuve paccmampusaemcst 60npoc 0 603MONCHOU CBA3U NIABHO20 Ce0sTULe20 0B8UNEHUS 2/1A3 ¢ CUMNIMOMA-
MU wusopperuu. Asmoput o6pauiaiom sHUMAHUE HA MO, YMO 271a3008UAMenvHAS OYHKUUL MHOZUMU YHeHbIMU
paccmampusaemcst Kax 603MONCHbLIL OUOMAPKep WU30PpeHUteckoz0 npoyecca, 1ubo Kak wacmov geHomuna dmo-
20 3abonesanus. Memoodom eudeoHucmazmozpapuu Uccnied08anucy 8pemMeHHble NApamempul NIA6HO20 Credsaule-
20 Osucenuss ena3 Ha evibopxe u3 198 navuenmos (93 myxscuunor u 105 xenuyun) ¢ napaHouoHot wusogpperuet
u 46 nayueHmos ¢ CUHOPOMOM PUCKA NePBO20 NCUX03A MYHCK020 NOAd. Y NAuUeHmos ¢ 6e0yUium CUHOPOMOM 0e30p-
2aHU3AUUY HAOI00AI0CH 3HAYUMOE HAPYULeH e NIIABHBLX C/IeOSULUX OBUNCEHUTI 271A3 Ve HA HeOOTbUUX CKOPOCINAX
CUZHAA, YO 2080PUM O B03MONCHOT CONPANCEHHOL C8A3U MEXAHUIMOB CTIe0SU4e20 08UNEHUS 2/1A3 U 0e30peanu3a-
YUY MblTIEHUS] NPU WU30PpeHuU. ABmMopul NOOX00AM K Meopemuteckomy 000CHOBAHUIO NOTYHeHHbIX Pe3ynbma-
106 ¢ MOUKU 3peHUs Meopuu IPdepeHmHoLx Konuii.

Knioueevie cnosa: wusoppenus, momopuxa 2nas,
Hucmaemozpapus.
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DIMENSIONAL MODEL OF SCHIZOPHRENIA IN THE CONTEXT OF DISTURBANCE
OF SMOOTH FOLLOW-UP MOVEMENTS OF THE EYES

The article deals with the possible connection between smooth eye tracking movement and symptoms of schizoph-
renia. The authors draw attention to the fact that the oculomotor function by many scientists is considered as a possible
biomarker of the schizophrenic process, or as part of the phenotype of this disease. The temporal parameters of smooth
follow-up movement of the eyes in a sample of 198 patients (93 men and 105 women) with paranoid schizophrenia and
46 patients with the risk of first psychosis of males were studied using video-histogram. In patients with the leading
disorganization syndrome, a significant disturbance of smooth follow-up movements of the eye was observed at low
signal velocities, which suggests a possible conjugated connection of eye tracking mechanisms and disorganization
of thinking in schizophrenia. The authors approach the theoretical substantiation of the results obtained from the
point of view of the theory of efferent copies.

Keywords: schizophrenia, motor eye, smooth follow-up eye movements, videoistagmography.

OAHVIM M3 NEepCcneKkTMBHbIX HanpaBAEHUK
MUCCAEAOBAHUM LUIM30PPEHUN ABASIETCA W3-
yyYeHne TOHKOWM MOTOpUKHK rAas [1, 2]. AHaAU3 AuTe-
paTypbl MOKasaA, YTO MOAABASIOLLME KOAMYECTBO
NPeAbIAYLLUMX WCCAEAOBAHWUM OCHOBbLIBAAUCb Ha
AMNXOTOMMUUECKOM MOAEAWM LUM30PEHUN, KOoTopas
noapasymMeBana OLEHKY TOAbKO HeraTMBHOM W Mpo-
AYKTMBHOM cumnToMaTuku[3]. CoBpeMeHHas TeH-
AEHLMA MWCCAEAOBAHWM, OCTAIOLWLENCA CAOXHOM
Hay4YHO-TEOPETUUYECKON NPOBAEMOMN, LUINMIOPPEHMU
OCHOBbIBAETCA Ha ee AMMEHCWMOHAAbHOW MOAEAM.
Mpyv 3TOM HanpaBAEHHOCTb TaKMX WCCAEAOBaHMUM
BKAOYAET aHaAM3 CTaTUCTUUYECKUX CBSI3EN OTAEAb-
HbIX GaKTOPOB (AUMEHCUN, CUHAPOMOB) C 3HAODE-
HOTUMUUYECKUMU MPU3HAKAMM, B POAU KOTOPbLIX Bbl-

CTYNarT HEMPOKOTHUTUBHbIE U NCUXODUINOAOTUYE-
CKME XapaKTepucTukm 6onesnu [4, 5].

OAHMM M3 NapamMeTpoB TOHKOWM MOTOPUKK TAa3,
MPETEHAYIOLIMX Ha POAb «BMOAOTMYECKOTO MapKe-
pa» WK30OPEHUN, paccMaTpUBaETCa HapylleHue
NMAABHOIO CAEASLLEr0 ABWXEHUA rAas [6, 7]. Pe-
3yAbTaTbl UCCAEAOBAHUI OKa3aAMCb AOBOAbHO MpPO-
TMBOPEUMBBIMW — B OAHOM 4acTWM MCCAEAOBaAHMUM
HaXOAMAM CBSI3b MEXAY HapyLUEHUAMW MAABHOrO
CAEXEHWs TAa3 U HeratuBHoW [8], B Apyrnx 6bina
HalMAaeHa CBfA3b C MPOAYKTMBHOW CHUMNTOMATW-
kol [9]. Mpn MCNOAb30BAHUN AMXOTOMMUYECKOM MO-
AEAW, HE YAGBAAOCh BbIAEAWUTb CMeuUPUYUHbIE Hapy-
LUEHUA NAABHOIO CAEXEHWS TAa3 B CONOCTABAEHUM
C cumnToMaTuMkon 3aboneBaHusA. ChepyeT oTMe-
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TUTb, UTO UCCAEAOBAHMSA MOTOPUKK TA@3 paHee npo-
BOAMAWCb C €AMHOWM FTOMOTEHHOW rpynmnown nauueH-
TOB C WK3odpeHuen, bes peTannsaunm CUMMNTOMOB
M CUHAPOMOB, UTO TaKXe He MO3BOASIAO C BbICOKOWM
AOCTOBEPHOCTbIO CBSA3aTb OTAEAbHbIE KAUHUYECKHKE
dEeHOMeEHbI WKN30PPEHNN C HApYLLEHUAMU B MAAB-
HOM CAEXEHWUU TAa3.

B 2005 roay akcneptamu BO3 6bina pernamen-
TMpOBaHa TpexoceBasi AUMEHCUOHAAbHAs MOAEAb
LLIM30bPEHUN, KOTOpaa OBbina OCHOBaHa Ha KOHLEN-
umsax Liddle (1987) w Bilder (1985) [10, 11, 12].
OHa BKAKOUYaET 3 «KAaCCUUECKMX» aBTOHOMHbIX MCU-
XOMNaTOAOTMYECKMX AUMEHCUU: MO3UTUBHbIE CUMMTO-
Mbl (6pea, raAAOUMHALNMK), HEFATUBHbIE CUMMTOMbI
(addeKkTBHOE ynAOLLEHWE, abyaua - anatus, 6ea-
HOCTb PeYM, aHreAOHMS — acoLMaAbHOCTb) U Ae30pra-
HU3aumA (CTpaHHOEe/arpeccnuBHOE NMOBEAEHUE U MO-
3UTUBHbIE GOPMANbHbIE PACCTPOMCTBA MbILUAEHUS]).

B HacTosiLeM nccaepoBaHUr HObiAM NOCTABAEHDI
3aAauM: BbISICHUTb, MMEOTCA AWM HapyLUEeHUA NAaB-
HOrO ABWXEHUS TA@3, perucTtpupyemMble BUAEOHU-
cTarmorpaduyeckum MEeTOAOM, MpPU LKM30DPEHUN
C Pa3AMUHOM KAMHWMUECKOW CTPYKTYPOM B pamMKax
AUMEHCHMOHAABHOW MOAeAn. B paHHOM dparmeHTe
NnpeACTaBAEHbI MOAYUYEHHbIE A@HHbIE O NMOKa3aTeAsX
napameTpoB MAABHOIO ABWXEHMA TA@3 Yy NaumeH-
TOB MapaHOMAHOW LLIM30DPEHNEN C PA3HOM KAMHU-
YECKOW CTPYKTYPOW WM FPYMNMnoM AWL, C BbICOKMM pPU-
CKOM Mncuxo3a.

Matepuanbl U MeToAbI

OcHoBHas rpynna coctosina u3 198 nauueH-
TOB (93 MyXunHbl 1 105 XEeHLUMH) C NapaHOMAHOM
LM30DPEHUEN B COOTBETCTBMMU C KPpUTEPUAMU U 46
nauneHToB ¢ CUHAPOMOM PUCKa NMePBOro NcMxo3a
MYXCKOro noAa. KOHTpOAbHas rpynna coctosAa U3
61 ncuxuyeckn 3p0p0BbIX AUL, (30 MyxumH 1 31
XeHLWMKHA). Mpynnbl cpaBHEHUS BbIAM CONOCTABMU-
Mbl MO MOAY (AOASI MYXUYMH B rpynnax CpaBHEHUS,
X2 = 2,43, p > 0,05) n Bo3pacTy (Bo3pacT naumeH-
ToB 33,1+11,8, BO3pacT y4yaCTHUKOB WCCAEAOBA-
HUA B rpynne KoHTpoAsd 36,4+11,4 aet, p > 0,05)
(Tabamua 1). KAMHMUYEeCKass AMarHoCTMKa NPOBOAU-
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Aacb ¢ npumeHeHuem wkan SANS (Scale for the
Assessment of Negative Symptoms) n SAPS (Scale
for the Assessment of Positive Symptoms) [13].

29,2% NauMeHTOB UMEAU 3aKOHUEHHOE Cpea-
Hee, 11,7% cpepHee cneuuanbHoe, 11,7 % BbIC-
lwee obpasoBaHWe, ocTanbHble 47,4% UMeAn He-
3aKoHUYeHHoe obpasoBaHue. 32, % Ha MOMEHT
MCCAEAOBaHWI ObiAM MOAHBIMW MHBAAUAAMU U He
pabotann, 11,9% nUmMeAn pasAnUHble BUAbI MNOCTO-
AHHOW 3aHATOCTU B COOTBETCTBUM C MPODECCUEN,
y 55,3% nmenacb 3 rpynna MHBaAMAHOCTU. Ucche-
AOBaHUA NPOBOAUAUCH Ha Ba3e PecnybankaHckoro
Hay4yHO - MPAKTUUYECKOro LEHTPA MCUXMUECKOrO
3p0poBbst (PHIL, M3). Bce nauneHTbl NpUHUMaAU
AEKAPCTBEHHYIO TEpamnui aHTUNCUXOTUKAMKU Ha
NPOTAXEHUU HE MeHee 6 HEeAeAb B CPeAHMX Tepa-
NEeBTUYECKMUX AO3aX B COOTBETCTBUM C [TPOTOKOAOM
AVMATHOCTUKU U AEUYEHUS MCUXMYECKUX U MOBEAEH-
yeckmnx pacctponcTts. Co BCEMU YyYaCTHUKAMMU UC-
CAEAOBaHMA NOANMCAHO MHPOPMUPOBAHHOE COrAa-
CWe Ha yyacTue B UCCAEAOBAHMM.

Mcnoab3oBancsa BUAEOHMCTarMorpad ¢ KOMMNAEK-
COM AASl PEruMcTpaLmm u rpapornoCcTPOeHUs, NPoun3-
Boautenb Otometrics (AaHuna). Peructpupyrolas
cuctema VNG, Otometrics obopyaoBaHa CKOPOCT-
HbIMWU BMAEOKamMepamu. MeTop BUMAEOHMCTarmMo-
rpadun OCHOBAH Ha MPWHLMMNE BUAEOTEAEMETPUMU
ABWXEHWI TAA3HOMO I6AOKA C MOCAEAYHOLLMM KOM-
NbHOTEPHBLIM aHAaAM30M W MOAYUYEHUEM PE3YALTATOB
B rpaduueckoin dopme. NceaepoBaHne NPOBOAMAOCH
B COOTBETCTBUM C MHCTPYKLMSIMU K BUAEOHUCTArMo-
rpady VNG, Otometrics [14]. ABTOpbl MCCAEAOBa-
HUS1 MPOLWAKW 06pa3oBaTEAbHbIN Kypc 0byueHus pa-
60Tbl Ha BUAEOHUCTarMmorpade B NpeACTaBUTENBCT-
Be koMmnaHun Otometrics (AaHus) B benapycu.

B A@HHOM MCCAEAOBAHWKM MCMOAb30BAAU TECT
MAABHOIO CAEXEHUS TAa3 CO CKOPOCTbIO CTMMYyAA
ot 0,2 Hz po 0,7 Hz. B Tecte nAaBHbIX CAEAALLMX
ABWXEHWW, TAa3a MauMeHTa AOAXHbI CAEAOBATb
3a BM3YyaAbHbIM CTUMYAOM, KOTOPbIA ABMXETCS
3a CUrHanOM B reHepaTope CTMMYAOB. Bpau chae-
AVA 3@ TeM, UTobbl NauMeHT HabAloAaA 3@ CTUMYAOM
TOABKO MAa@3aMu, B 3TO BPEMS TOAOBa OCTaBaAach
HEeNoABMXXHOW BO BPEMS TECTUPOBAHMUS.

Tabavua 1. Aemorpadpuueckue U KAMHUUECKUE XapaKTepPUCTUKH
UCCAeAOBaHHbIX NaLUEHTOB ¢ wu3sodppeHuen (M+SD)

Bospacr, aet 34,348,1
Bospact Hauana 6oAae3HU 24,5+8,7
AAUTEABHOCTb HOAE3HM 9,818,6
SANS Cymma 6aAA0B OTAEAbHbIX MPU3HAKOB 14,07+5,0
SAPS Cymma 6aAn0B OTAEAbHbIX MPU3HAKOB 6,7+4,7

53



Y¢ OpurnnanbHbIe HayYHbIE TYOTMKAIMN

AHaAM3MPOBAAOCb ABWXEHME TAA3 NauMeHTa
BAEBO W BMNpaBo, YTo B AaAbHelLeM byaeT 0603Ha-
yaTbCA «AEBbIMW LMKAAMMU» U «PaBbIMU LUKAGMM»
(noaynepunop MasiTHUIKOOOPa3HOro ABUXEHWA BU-
3yaAbHOIo CTUMYAA). /\eBble LUMKAbI BKAKOYAAU ABK-
XEHWE BMU3YyaAbHOro CTMMyAa@ OT KpaWHEeW npaBoMu
TOUKM BAEBO, M 3aKaHYMBAAUCb B MOMEHT M3Me-
HEHWsI HanpaBAEHWA B KpanHelr AeBoK Touke. Mpa-
Bbl€ LUMKAbI — 3TO ABWXEHME BM3YaAbHOrO CTUMYyAQ
OT KpanHen AeBOW TOUKM BMNPaBO, U 3aKaHUYMBAIOT-
CS1 B MOMEHT U3MEHEHUA HAanNpPaBAEHUA B KpParHeN
npaBoKr Touke. AHaAM3MPOBAACS PSA MapamMeTpoB
MAABHOTO CAEXeHUA ha3. KoadduuMeHT nAaBHO-
CTU ABMXEHUI (G) perMcTpupoBanCs Ha CKOPOCTAX
ctumyna 0,2 Hz; 0,3 Hz; 0,4 Hz; 0,5Hz; 0,6 Hz;
0,7 Hz. Pacuetr koadoduumeHta G NPOU3BOAMAM
no popmyae 1:

G = (AMNAMTYA@ TAAAKMX ABUXKEHWUI rAa3a) /
(AMMAMTYAQ TAAAKMX ABUXKEHUI ThAa3a +
AMMAUTYAQ CKAYKOOOPa3HbIX (CAKKAAMUYECKMX)
ABUXEHWIM Tha3a) x 100%

CnepyeT OTMETUTb, UTO KOIPDULMEHT MAABHO-
CTU ABWXeHUK (G) Bbipaxancs B npoueHTax. Mpu
3TOM, €CAM TA@3a nauueHTa ABMXYTCS 3@ BU3yab-
HbIM CTUMYAOM BCE BPEMSA TOABKO MAABHO, 3HaAue-
H1e KoaddrUMEHTa NAABHOCTM ByaeT paBHO 100%.
EcAn, NOMMMO NA@BHbBIX ABUXEHWUI TAa3, PErMCTPU-
pYylOTCS CKaukoobpasHble ABWXEHWS, 3HauyeHue
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kKoadduumeHTta ynapet Huxe 100%. B nporpamm-
HOM obecneveHnn BuUpAeoHUcTarmorpada VNG,
Otometrics, Ko3addULMeEHT G BbipaxaeTcs B abco-
AOTHBIX eanHuuax ot 0,25 (25%) ao 1 (100%).

PesyAbTaThbl U 06Cy)XXAeHUE

Mpu ckopocTt ctumyaa 0,2 Hz 6bin0 0bHapy-
XEHO CHWXeHWe KoadduumeHTa naaBHoCcTU (G)
B rpynnax CpaBHEHWSI B COMOCTABAEHWW C Tpyn-
nor KoHTpoAsi. OAHaKo, camoe OOAbLLOE CHUXe-
HWe nokasatenss naaBHOCTM (G) B cOMoCTaBAEHUM
C rpynnor KOHTPOAS, a TakXe C OCTaAbHbIMW Fpymn-
namMu cpaBHEHWA, Nokasana rpynna ¢ CUMHAPOMOM
Ae3opraHmsaumn. Mpu ckopoctn ctumyna 0,3 Hz
KO3POULMEHT NAABHOCTU B rpynne 3A0POBbIX AWML,
OCTaACsi MPAKTUUYECKM Ha TOM Xe YPOBHE, KOraa
Kak y rpynnbl C MPeMMyLLeCTBEHHO HeraTMBHOM
CUMNTOMATUKOW, MNPOAYKTUBHOW CUMMTOMAaTUKOM
M TPynnbl pUCKa MNCMX03a, NMPOAOAKMA CHUXATbCS.
Haunbonbluee CHUxXeHWe KoadPULMEHTA MAAGBHOCTH
6bIAO 0BHAPYXEHO Y TPynnbl C CUHAPOMOM AE30p-
raHmsauum po 85,2% B npaBbix UMKAaX U 85,3%
B A€BbIX. CTOUT OTMETUTb, UTO npu ckopocth 0,3 Hz
BCE rpynnbl CPAaBHEHWUS HAXOAUAUCH B paMKax HOp-
MaAbHbIX PU3UONOTUUECKMX 3HAUEHUI NapameTpa G
(PucyHok 1) [15].

Mpu ckopocTtn ctumyna 0,4 Hz CHUXeHUE KO-
adPULMEHTA MNAABHOCTU MPOAOAXMAOCH Yy BCEX
rpynn nauMeHToB C LWIM30PEHNEN B COOTHOLLEHUM

1
0,8
e : —— [pe My ecTBEHHD
e o HeraTHEHaA
—= [permMyLWeACTEEHHO
0,4 NCHEOTHY BCKKE
—a— CHHAPpOM
0,2 Ae30praHuzagmm
—— PHCK ncKxosa
—%— 3A0p0BbLIe
0
MnaeHoe 0,2 0,3 0,4
CASHEeHW e
ENpaso

Puc. 1. AvHaMunKa nokasaTtensi MA@BHOCTU CAEXEHWS Tha3 Yy nauneHToB C Lwn3odpeHnen u UCMNbITYEMbIX C BbICOKUM PUCKOM
ncuxosa
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¢ kKOHTpoAneM. OpAHAKO, MPU AQHHOM CKOPOCTU CTUMY-
AQ, PE3KOE CHUXEHME NMAABHOCTM NMoKasana rpynna
C CMHAPOMOM A€30praHu3aumnu, Kak no CpaBHEHUO
C KOHTPOAEM, TaK M MO CPABHEHUIO C OCTAAbHbIMMU
rpynnamm cpaBHeHus. CTOUMT OTMETUTb, YTO Mpw
yBEAMYEHUU cKOopocTK cTumyaa ¢ 0,3 Hz po 0,4 Hz,
KO3OOULMEHT MAABHOCTU Yy NaLMEHTOB C CUHAPO-
MOM AE30praHu3aumm pes3ko CHU3UACA ¢ 85,2%
A0 70,3% B npaBbiX LMKAAX WM, COOTBETCTBEHHO,
¢ 85,3% no 68,3% B AeBbIx. [1py 3TOM, MPU BbINOA-
HEHUW MAABHOMO CAEXEHMS, NMOSABMAOCH BO0AbLIOE
KOAMUYECTBO KOPPEKLIMOHHbIX Cakkap HeOOAbLLIOW
aMnAUTYAbl. AAHHOE CHUXEHWE MNAABHOCTU MOX-
HO paccMaTpuBaTb Kak Cneuuduueckoe SABAEHWE
AWLLb AASl MALMEHTOB C CUHAPOMOM AE30praHu3a-
UMK, T.K. 3HAUYUEeHUA KoadPpULMEeHTa NAABHOCTU AAA
OCTaAbHbIX FPymnn He CHU3UAOCH HUXe 80%.

Mpu ckopoctn ctumyaa 0,5 Hz, Bce rpynnbl na-
LUMEHTOB C LWWM30dPEHMEN MNoKa3zaAn HeboAbLloe
CHUXEHUE KOADdULMEHTA MAABHOCTU MO CPaBHEHUIO
C NPEAbIAYLLEN CKOPOCTbIO CTUMYAA. NpK CKOPOCTAX
ctumyaa 0,6 Hz u 0,7 Hz, KooaddULMEHT NAABHOCTH
y rpynn nauMeHTOB C NMPEeUMYyLLECTBEHHO HeratmB-
HOM CMMMTOMATUKOW, rPynnbl ¢ NPEUMYLLECTBEHHO
NPOAYKTMBHOM CUMMTOMATUKOM W TPynnbl PUCKa
NcKxo3a CHU3UACS HaMbOAEE CYLLIECTBEHHO AO 3Ha-
yeHu okono 74% (0,6 Hz) n 62% (0,7 Hz) B npaBbIx
N AEBbIX UMKAAX. OTAEAbHO CTOUT OTMETUTb, UTO
KOO PUUMEHT NAABHOCTU Y TPyMnbl C CUHAPOMOM
A€30praHmMsauum cHusuacsa Ao 65,5% (0,6 Hz)
n 52,5% (0,7Hz) B npasbIx umkrax n 60,3% (0,6 Hz)
n 50,3% (0,7 Hz) B A€BbIX, UTO CTAaTUCTUUYECKM 3HA-
UUMO HEe TOAbKO MpPW COMOCTABAEHWM C TPYMNMnown
KOHTPOASl, HO U C OCTaAbHbIMW rpynnamu nauueH-
TOB C WIM30dpeHunen (p < 0,05).

MoABOAS MTOT, MOXHO CKa3aTb, UTO Y BCEX rpymnn
NauMeHTOB C LWIM30PPEHNEN 3HAUNTEABHO CHU3UA-
cA KO3OOUUMEHT MAABHOCTUM B COMOCTaBAEHWUU
C rPynnon KOHTPOASI C YBEAUUEHMEM CKOPOCTU BU-
3yaAbHOro CTMMyAa. He ObIAO MOAYUEHO AAHHBIX,
0 KaKUX-AMBO CTAaTUCTUUECKM 3HAUMMbIX PA3AUUK-
AX B rpynnax nauueHToB C LUM30OPEHUEN C NPEU-
MYLLLEECTBEHHO HEraTMBHOM CUMMNTOMATUKOM, npe-
WMYLLLECTBEHHO MPOAYKTUBHOM  CUMMNTOMATUKOM
W Tpynnbl PpUCKa MCuxo3a B COMOCTABAEHUU APYT
C Apyrom. Peskoe CHUXeHWe KoadduumMeHTa naas-
HOCTM B 3TMX TPEX rpynnax NpoM30LIAO MPU CKO-
pPOCTM BU3yaAbHOro ctumyaa 0,6 Hz n 0,7 Hz, uto
MOXET ObITb WMHTEPNPETUPOBAHO, KaK WX OTAMYUU-
TeAbHbI Tpurrep. Taknum 06pa3om, MOAYYEHHbIE
pe3yAbTaTbl FOBOPSAT, YTO MAUMEHTbl C CUHAPOMOM
Ae30praHmM3aumm no nokasateAsivM NAaBHOCTU CAe-
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ASILLIMX  ABUXEHMI rAa3 obpasytoT ocobyto rpyn-
ny. bbiA 0BHapyXeHbl CTAaTUCTUYECKU 3HAUYMMblE
pasAMUMS 3TMX MALMEHTOB HE TOAbKO C Tpynnou
KOHTPOAS, HO U C APYTMMM rpynnamMmu 6OAbHbIX LLIK-
30¢peHnen. OCOBEHHO Pe3KOE CHUXEHUE KO3d-
dUUMEHTa NAABHOCTU C NOSIBAEHWEM MHOXeCTBa
KOPPEKLMOHHbIX Cakkap ManoW aMnAUTYAbl BbIAO
obHapyxeHo npu ckopocTn ctumyaa 0,4 Hz ¢ no-
CAEAYIOLLMM CHUXEHUEM NAABHOCTU C YBEAUUYEHMU-
€M CKOPOCTU CTUMYAA.

MpouantocTprpyem o0603HaUYEHHOE Bbille Ha
YaCTHOM MpUMepe 3A0POBOro yenoBeka (X) (Pucy-
HOK 2) U naumMeHTa ¢ CUHAPOMOM AE30praHu3a-
umun (Y) (PucyHok 3).

Ha pucyHke 2 BMAHO, UTO KO3OPUUMEHT MAaB-
HOCTM G 3A0POBOr0 MCMbITYEMOrO X COOTBETCTBYET
3HaAUEeHUAM OAU3KUM K eAMHULE, @ TaKXe He Moka-
3blBaeT TEHAEHUMW K 3HAUYMTEAbHOMY CHUXEHWIO
npu yBeAUYEHUN CKOPOCTU CTUMYAA.

Ob6paTtumca K pesyabTaTaM BMAEOHMCTarMmorpa-
éun naumeHta Y ¢ CMHAPOMOM AE€30praHu3aLumu.

Mpu ckopocTax ctumyaa 0,2 Hz n 0,3 Hz Tak-
XEe MPOUCXOAUT HEKOTOPOE CHUXeHue Gain B COo-
NOCTaBAEHUN CO 3A0POBbLIM YEAOBEKOM, OAHAKO
3HAUEHUs HaXOAATCSH B paMkKax GM3MOAOTMUYECKON
HOpPMbIl. Ha rpaduke BUAHO, NPU CKOPOCTH CTUMYAQ
0,4 Hz NpoUCXOAWUT pPEe3Koe CHUXeHUe KOadPu-
uneHTa naaBHocTU (G). C yBEAMUEHMEM CKOPOCTH
CTUMYAQ, NMOKa3aTeAb MAAGBHOCTM CHUXaAETCA M Ha-
XOAWTCSI B CEPOM 30HE NATOAOTMUYECKMUX 3HAYEHUN.

AaHHOE nccaepOBaHWE NMOKa3aA0, YTO CUHAPOM
Ae30praHmM3aummM OO6bEKTMBHO CBSiI3aH C MAAB-
HOCTbIO CAEAALLMX ABMXEHMW TAa3. BbipeneHue
Nno pesyabtaTtaM MCCAEAOBAHUA CUHAPOMA Ae30p-
raHu3aumm B OTAEAbHYHO, OTAUYHYIO OT APYIrUX, rpyn-
ny, MOATBEPXAAET KOHLIEMLUMIO TPEXOCEBON AMMEH-
CUOHAAbHOW MOAEAU LLIN30PEHUM, OCHOBAHHOM
Ha koHuenuuax Bilder u Liddle.

AHaAM3 Y MHTEPNPUTALMA HAPYLUEHUI NAABHO-
rO CAEXEHUS TAa3 C KAMHUYECKOW KapTUHOW LUM30¢-
pPEHWK, B YACTHOCTU, CUHAPOMOM AEe30praHu3aLmu,
npvBeAa Hac K Teopun «3ddePEHTHbIX KOMUM» NPw-
MEHUTEABHO K LUM30PPEHUN HA TOM OCHOBAHWW,
uTo 0b6CYyXAaEeMble B AQHHOW TEOPMU MeXaHW3MbI
npuyacTHbl K 06ecrneyeHnto NAaBHOCTU ABUXEHWUI
rna3 [16]. Ee OCHOBHOM CMbICA 3aKAKOYAETCH B TOM,
yTo CNOCOBHOCTb OTAMYATb BHELIHWE CTUMYAbI
M CTUMYAbI, BO3HMKAIOLIME B pe3yAbTaTe COOCTBEH-
HbIX AEWCTBUM, ABAAETCS BaXHEWLIMM YCAOBUEM
OYHKUMOHMPOBAHUA YEAOBEYECKOro opraHusma.
Mpeanonaraetcs, 4YTto GoOpPManbHble PACCTPOMCTBA
MbILLIAEHUS, TAK U CAYXOBbIE€ FaAAOLMHALMKN BbI3Ba-

55



Y% OpurnHanbHbIe HAyYHbIE ITYOIMKALVIN W IcuebHo-npodunakmuueckie 80nPocsL

R20 -
N N N
R10
0 H
L10 |—
\r:/ \h-‘-/ \
L20 i
G\ 100%
1.25
3 ]
L S
...-50:;’:;0’0’:;. F

"

T

SR,

S Sy
o

& oSeseeiaiele
gt

06 0.5 0.4 03 D2 02 0.3 0.4 05 0.6 07
CropocTh BMIYANbHOTO CTHMYNA (HZ) Breso

Puc. 2. paduk 3anncu CAEARALLErO ABUXXEHUSA TAa3 naumeHTa X

MpumedyaHuUe: Ha BepTukarbHOM oCh 0603HAUEHbI 3HAYEHMA Ko3pouumeHTa naaBHocTh (Gain) ot 0,25 (25%)
A0 1 (100%). Ha ropn3oHTaAbHOM OCH pacrnoAararoTCs CKOPOCTH ABMXEHMUSI BU3yaAbHOro ctumyaa ot 0,2 Hz po 0,7 Hz. Mecta
nepecevyeHnss 0603HaYeHbl KBaApPaTHbIM CUMBOAOM, COOTBETCTBYIOLLMM 3HAYEHMIO nokaldaTers G AASI KaXAOM OMpeAEAeHHOM
ckopocTu. CepbiM LBETOM 3akpalleHa 06AacTb MaToAOrMYECKMX 3HAYEHUHI AN KaXAOW CKOPOCTH, AAST KaXAOro €AMHMYHOIO
MCCAEAOBAHMS, UCXOAS] M3 MOAYYEHHbIX MPHU KAAMBPOBKE AaHHbIX.

C\100%
125

e e e e B o Iir ................... e o A o S S S S Sl S = X =)

07 06 05 04 03 D02 0z 03 04 05 0B D7
EneBd CKOPOCTL BU3YANbHOrOCTAMYNa  (HZ) ENpaBD

Puc. 3

56 e ——



Jlewebrno-npogunaxmuueckue sonpoco. |JIF

Hbl AeDEKTOM B MAEATOPHbIX cUcTeMax adpbepeHT-
HbIX KOMWI U COMYTCTBYIOLLMX pa3pspoB. Ans obec-
nevyeHus BHyTPEHHEro KOHTPOASI 3a COOB0M 1 BHeLL-
HUMKW CTUMYAGMU B CEHCOPHbIE 0OAACTU FOAOBHOTMO
MO3ra BbICbIAGETCS, TaK Ha3blBaeMas, «ornepexaro-
LA KOMUs» OXMAAEMbIX OLLYLLEHWN, BbI3BAHHbIX
COBCTBEHHBIMU AEMCTBUAMMK». ITO KOMUSI CTUMYAA
OT «camMoro cebs», nocbiAaemMas B CEHCOPHYHO KOPY.
MpeaynpexaeHHas Taknum o6pa3om CeHcopHas
Kopa ocAabASIET MAM MOAABASIET OLLYLLEHUA U pas-
AMYAET MX KaK OLLYLLEHWS, UCXOASILLIME OT «CaMoro
cebsa» [17]. MpeanoAaraeTcs, Uto NaTOAOrMS 3TUX
CUCTEM MOXET NPUBECTU K HECNOCOOHOCTU OTAK-
yaTb COOCTBEHHYID HEMWPOHAAbHYH aKTUBHOCTb
OT TOW HEMPOHAAbHOW aKTMBHOCTHU, KOTOPAasi Bbi3Ba-
Ha BHELIHWMMW CTUMyAAMK. BO3MOXHO, peaan3aums
MMEHHO 3TUX MEXaHWM3MOB MPUBOAST MaLMEHTOB
C WKN30dpPEHNEN K HECMTOCOBHOCTU OTAMYATL COBCT-
BEHHbIE MbICAWM OT FOAOCOB APYTMX AIOAEN, @ Takxe
APYrMX ABAEHUIN BHELLHEN cpeabl. MbllAeHWe pac-
cMaTpuBaeTCcs Kak Haubonee CAOXHOE MOTOPHOE
AENCTBME, «CNocobHOE COXPaHATb M 3aAeMCTBOBaATbL
BbIUNCAUTEABHbIE W WMHTErpPaTMBHbIE MEXaHW3MbI,
yyacTBylowMe B GUINYECKOM ABMXEHMK». Tpea-
noaaraeTtcsi, yto MbllWIAEHWE, TakuMm 0b6pasom,
«3anncbiBaeT ycnelwHble MexaHU3Mbl KOHTPOAS,
cylLecTBytoULME Ha BOAee HUBKUX YPOBHAX UHTET-
paumn [18, 19]. Moatomy, AEPULNT AAHHBIX Me-
XaHU3MOB, MOXET MPUBECTU K BO3HUKHOBEHWIO
KAMHUYECKOM CUMMNTOMATUKK, XapaKTEPHOW AAA
LWN30bPEHUN.

B BMAY AQHHOIO MCCAEAOBaAHWS], HAM MHTEpE-
CeH TOT GaKT, UTo cuctema 3OPEPEHTHbIX KOMU
WMHTErPUPOBaHa B HENPOHHbIE MEXaHWU3Mbl Pery-
ASIUMK NAABHOIO cAexXeHUs rAa3[20]. CUrHaAbl CKo-
POCTU NEPEMELLEHNST KAKOTO — AMBO M30OpaXXeHUs
ABMXYLLLErocst 06beKTa Ha CETYATKE UCMOAb3YHOTCS
rOAOBHbIM MO3roM AN GOPMUPOBAHKA KOPPEASTa
BHYTPEHHEN MO3rOBOM CKOPOCTU ABUXEHUSI OObEKTa.
JTOT KOPPEASIT, BOCMPUHUMAEMON MO3rOM CKOPO-
CTU ABUXEHUA 0ObeKTa, BOCNPOU3BOAUTCA CAEAS-
Len cuctemom. B cayuae, ecam nsobpaxeHve obb-
€eKTa NepemMeLLaeTca No CetyaTtke HEMOABMXHOMO
ranasa, To BOCMPUHUMAETCS ABUXEHUE AGHHOI0 06b-
eKTa. B To e Bpemsi, eCAU TAa3 CAEAUT 3a ABUXKY-
lWwMmMesa 06beKToM, TO ero u3obpaxeHue ocTaeTcs
B TOM X€& MEeCTe Ha CeTyaTke, HO Npu 3TOM ABUXE-
HMe obbekTa BCe xe BocnpuHWmaeTcsi. OAHaKo,
npv NPOU3BOAbHOM M3MEHEHWN HaNpPaBAEHWS B30-
pa, HEMOABUXHbIE 0O6bEKTbI HE BOCMPUHUMAIOTCS
Kak ABMXyLLMecs [21]. AaabHelwana uHTepnperta-
LUMSA NOAYYEHHbIX PE3YyAbTaTOB OCHOBbIBAAaCb Ha

OpurnHanIbHble HayYHbIe MYOMUKAIMN T

TOM, UTO 06paboTKa 3pUTEABHOM MHGOPMALIMK B rO-
AOBHOM MO3re BKAKOUaEeT B cebs onepaumio cpas-
HeHWs 3ddEPEHTHBLIX KOMaHA Ha ABUXEHUE FOAOBbI
M rA@3 ¢ apPepeHTHbIMU 3PUTEABHBIMU CUTHAAAMMU,
KOTOpPbI€ NOCTyNnatoT OT CETYATKU. KOMaHAbI U3 LEeH-
TPaAbHbIX OTAEAOB FOAOBHOFO MO3ra, Ha W3MeHe-
HWe HanpaBAeHMA B30pa, NepepatoTcs uepes obna-
CTW, KOTOPbIE YNPaBASAIOT B30POM, Ha AApPa, ynpas-
ASIIOLUME COKpaLleHNEM Mbilwl. Takum ob6pa3om
NMPOMUCXOAWUT CMELLEHME Ha CeTuaTKe M3006paxeHun
BCEX HEMOABWXHBIX MPEAMETOB, HO B 3TOM CAy4ae
cMelleHns 06bEKTOB HE BOCMPUHUMAETCS, MOTOMY,
YTO B LEEHTPAAbHOW HEPBHOM CUCTEME COXpaHAaeTcs
Konusa 3G EPEHTHbIX CUrHAAOB, KOTOPble 3apatoT
ABWXEHWe TAa3. MpoUCXOANT CpaBHEHME 3TOW KO-
MUK C CUTHAAAMK, OTPaXxaroLMMKU CMeLLeHNe 130-
6paxxeHusi Ha ceTuaTke, MO3TOMY, MOXET BbITb YCTa-
HOBAEHA MPUUYMHA AAHHOrO cmelleHus. Ecam raas
CAEAMT 3a HEBOABLUMM ABUXYLLMMCS PaBHOMEPHO
06BEKTOM, TO CMELLLEHME Ha CeTYaTKe OYEHb MaAo,
a ABWXEHWE ero BOCMpUHMMAETCA. B Takom CAy-
yae, BOCMPUATME AAHHOIO ABWMXEHMA OCYLLECTB-
ASIETCS 3@ CUYET CPABHEHWSI CUIHAAOB OT CETYaTKu
Cc addpepeHTHOM Konmen ABuxeHusa [22]. Takxe,
CUrHanbl OT 3ddEPEHTHbIX KOMWM MCMOAb3YHOTCA
AAS| CHUXKEHWUST KOTHUTUBHOW Harpy3ku. M3 nopaBas-
toLLLero 6OAbLLMHCTBA CEHCOPHbIX AAHHBIX, KOTOPbIE
HenpepbIBHbIM MOTOKOM AOCTWUratoT LIEHTPaAbHYHO
HEPBHYO CUCTEMY, AWLLb HEDOABbLLIAA YacTb NoAyya-
€T CNoCOBHOCTb K BOCMPUATUIO M AOCTUXKEHUS CO-
3HATeAbHOro 0CO3HaHWA. KOHEUYHbIM pe3yAbTaToM
3TOro SIBASIETCS OMbIT BHELUHEro Mupa, KOTOPbIM
BbIUMCAAETCS MO PSAAY PA3AMUHBIX CEHCOPHbIX CUI-
HaAOB, 4TOObl YyUYeCTb MOHWMaHWE 3KOAOTMUYECKMX
CTUMYAOB U GOPMUPOBaHNE COOTBETCTBYIOLLENO MO-
BEAEHYECKOro oTrBeta. TakuM obpasom, CeHcop-
Hast tHGOPMaLUUS He BOCNIPUHMMAETCA NACCUBHO,
a TpaHchopMMpyeTCAa Ha MHOTMX CTAAMSX aKTUB-
HoW 06paboTkn. OWKbKKU Npu obpaboTke nocTyna-
OLLEN CEHCOPHON MHPOPMALIMM MOTYT UrpaTb POAb
MPUUYMHHO-CAEACTBEHHbBIX CBA3EN B CUMMTOMAaX LUK-
30¢ppeHnn [16].

1. HapylueH1e NAaBHbIX CAEASILLMX ABUXEHWI
rna3 ABASIETCA BaAMAHBIM GUOAOTMUYECKMM MapKe-
poM LLN30DPEHUN.

2. HapyweHne naaBHbIX CAEAALLMX ABWXKEHWK
rAa3 CAeAYeT paccMaTpuBaTb Kak paHHWIA daKkTop
BbICOKOIrO pMCKa NCcm1xo3a.

3. CUHAPOM Ae3opraHu3aumy npu wusosdpe-
HUM OBHapPYXMBAET HAMBOAbLLIYIO CTaTUCTUYECKYHD
CBA3b C HapyLUEHWEM MNAABHOCTU CAEASLLMX ABM-
XEHWI TAa3, UTO CAEAYET paccMaTpuBaTb Kak apry-
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MEHT B NOAb3Y AUMEHCUOHAABHOW MOAEAW LLINM30¢-
PeHunn, rpne CUMHAPOM Ae30praHun3aunmn BbICTyNaeT
B KayecCTBe€ OTAEAbHOIo0 HE3aBUCUMOIO0 KAMHUYE-
CKOro cMHApoma 60AE3HMU.
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