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’KIBOTHBIX B XO/I€ 9KCIIEPUMEHTA HAOII01aTTH Clie-
ayrolee: yepe3 15 MUHYT mociie BBEeIEeHUS KOH-
TPAacT pacrpeAessics B CTEKJIOBUAHOM TeJIe He-
paBHOMEPHO, BEPOSITHEE 1O X0y KaHAJIOB CTEK-
JIOBUAHOTO Tena, 6osee ObICTPO- B I1a3y IMOCTe
MIPOBEACHUST PEBACKYIISIPU3UPYIOIICH ONepaum.
Uepes 45 MUHYT MBI OTMEUAJTH CHUKEHNE KOHIICH-
Tpaluy KOHTPACTa B CTEKJIOBUIHOM TeJIe C MaK-
CUMaJIbHBIM €ro HaKOIUIEHHEM B 00acTu nujiimn-
ApHOTO TeNa, 1 HE3HAYUTEITbHO OH OTPEIeIIsIICS
B COCYJIMCTOM 000J0uKe ria3Horo sioinoka. [Mpu-
yeM 0oJjiee OBICTPO U 00JIee BRIPAXXEHO B OTIEPH-
POBAaHHOM TJIa3HOM $I0JIOKE (MAKCUMAJIbHO B 00-
JIACTHU OTNIEPATUBHOTO BMeIaTenbcTBa). Yepes 90
MUHYT B OTIEPUPOBAHHOM TJIa3HOM sI0JIOKE KOH-
TpacT B CTCKIIOBUIAHOM TECJIC IPAKTUYCCKU HE OII-
peAemscs, HO COXpaHsIach TEHCHIUS K €ro Ha-
KOIUIEHHUIO B COCYIUCTOM 000I0YKE TJIa3HOTO 510-
J0Ka. B To ke BpeMsi OH COXpaHsIeTCs] B KOHT-
POJIBHOM (HE OTIEpUPOBAHHOM TIIA3HOM SIOJIOKE)
B 00JIACTH IIMIIMAPHOTO TeJIa U HE3HAUUTEIhHO B
cocyaucrtoit obomnouke. B cpoxu ot 24 no 150 ua-
COB C MOMEHTA BBEICHHS Mbl HE HAOJII01aJTN 3HA-
YUTENBbHBIX OTINYNN B OIICPUPOBAHHOM U KOHT-
poibHOM ritazax. Uepes 24 yaca oTMeuanoch B
000X rIa3ax HAKOTUIEHHE KOHTPACTA B IepeTHEeH
1, BO3MOXHO, 3aJIHEW kKaMmepax, uepe3 48 Jacon
HAKOIUICHHE KOHTPACTa COXPAHSIIOCh B POTOBU-
11e, BO3MOJXHO, B €e dHmoTenuu; yepe3 150 yacon
KOHTpacTa B TJIa3HOM 50JI0Ke He ObUTO0 OOHAPY-
’eHo. Bo BTOpoii rpyrirne )XUBOTHBIX (ITOCIE MTPO-
BEOACHUSA aHTHFHaYKOMaTO3HOﬁ ornepanuu A1pCHu-
pyIoIero TUIla) HaAOII01aIIK OBICTPOE pacipe/e-
JICHUEC U BBIBCACHNEC KOHTpACTAa B CTCKIIOBUJHOM
tene. Ha 15 MunyTte koHTpacT yxe OblI1 pacrpe-
JIeNIeH B 00beMe BUTPEATbHOM TTOJIOCTH B CEPHSIX
OoJiee paHHUX TOMOTPaMM, C YMEHbBIIIEHHEM 00be-
Ma KOHTpacTa B 0oJiee MO3HUX CEPUSX TOMOT-
pamm. K 45 MuHyTe KOHTpacTa B TTOJIOCTH CTEK-
JOBUIHOTO TeJa MPAKTHYECKH HE OCTaBajoCh,
COXPAaHSIIOCh HE3HAUUTEIHbHOE KOJIMYECTBO KOH-
Tpacra B KaMepax riasa, k 90 MuHyTe KOHTpac-
Ta B MIOJIOCTH IJ1a3HOTO A0J10Ka He HAO101a10Ch.
I[aHHI)IC, IMOJIYYEHHBIE Ha TOMOIpaMMaX KOHT-
POJBHOTO Tia3a, He OTINYAIIUCH OT JAHHBIX TO-
MOTpaM KOHTPOJIBHOTO Ijla3a U3 MEepBOU I'pyIm-
IIbI )KUBOTHBIX.

«OMHHCKaH» aKTUBHO BbBIBOIMJICA N3 CTCKJIIO-
BHUIHOTO TECJIa IO CYLICCTBYIOIIUM ITYTSAM OTTOKA,
KOHIIEHTPHUPYSCh B 30HE TUIOCKOW YaCTH IMIIAAP-
HOTO TeJla C MOCTENYIONINM ITPOHUKHOBEHUEM B
KaMephbl TTIa3HOT O S10JI0Ka U HAKOTIJICHHEM B 9H/10-
TeJMU pOTOBHIIBL. OTiepaIiy peBaACKYISIPU3HPYIO-

LIEro TUIIA HE U3MEHSIOT MyTH IupKynsaunu SIMP
— KOHTPACTA B CTEKJIOBUTHOM TeJIe, HO 00ecreyn-
BaloT OoJiee aKTUBHOE, MHTEHCUBHOE BbIBEIACHUE
SMP — koHTpacTa U3 y4acTKOB BHYTPEHHUX 000-
JIOYEK INIA3HOTO SI0JI0KA IIPU HEMOCPEICTBEHHOM
YYaCTHUH 3MHCKJIEPAIBHOTO COCYAUCTOTO JIOCKYTA,
YTO CBUJIETEILCTBYET 00 0OECIIEYEHNH aIeKBATHOU
JIPEHAXKHON (YHKIMH ITOCPEICTBOM OIEPATUBHO-
IO BMEIIATENbCTBA U 3HAUUTEIIBHOE YCUIIEHUE yBe-
OCKJIEpAJIBHOT'O OTTOKA KaMEPHOM BIIATH IIOCIIE
MPOBEIECHNS AHTUTIIAYKOMATO3HOU ONIepaIviu Ape-
HUPYIOLIETO THIIA.
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NMPOPUNTAKTUKA U JIEMEHUE
KOMIMbKTEPHOIO 3PUTEJIbHOIO
CUHAPOMA C NPUMEHEHUEM
AUCNNENHbIX OYKOB «3EHULIA»

N3yyeHbl pe3ynbTaThl NPOMUNAKTUKUA U NIeHEeHUs
KOMIMbIOTEPHOIO 3pUTENIbLHOTO CMHAPOMA C NMpUMeEHe-
HUeM pucnnerHbIX OYKOB «3eHuua». YKasaHO Ha
noBbilWeHUe (PYHKLUMOHANbHOTO COCTOSIHUS Tnas u
ctabunusaumio 6AU30pPYKOCTH.

ToranpHOE BHEAPEHUE KOMIIBIOTEPHOM TeX-
HUKHU B IIPOU3BOACTBO U OBIT CTAIO MPUUMHOMN
3HAYUTENIBHOTO YBEJIMUEHUS HATPY3KU Ha 3pEeHUE
MUJUIMOHOB IOJIb30BaTENIe NMEePCOHAIbHBIMU
koMmmbiotepamu (ITK). ITo pasHbIM faHHBIM 3pH-
TelnbHOE yToMiieHue npu pabote Ha 1K nepuo-
nudecku Bo3Hukaetr y 40-90% momnb3oBaTenei u
MpakTUuecKu noctosiHHo y 18-40%. B CLLIA nns
MaIMEeHTOB C HapYIIEHUEM 3peHHs], pa0OTAIOIINX
Ha KOMIIbIOTE€pAaX, ObUT BBEIEH TEPMUH «KOMIIb-
IOTePHBIM 3puTenbHbIH cuHapoM» (Computer
Vision Syndrome).

Llenbro paboThl sBIseTCs OlleHKa I PEKTUB-
HOCTH IIPUMEHEHU S TUCIUJIEMHBIX OUKOB «3eHUIIa»
Jutst npodmnaktuky u nedenus K3C.

OcHoBHYy10 poiib B pazsutuu K3C 60nbInH-
CTBO aBTOPOB OTBOJAST UCTUHHOMY YTOMJIEHUIO
IJa304BUrAaTEIbHBIX MBIIIL U BHYTPUIJIa3HbIX
MBI (T. €. IeHCTBUIO Ype3MEPHBIX KOHBEPIEH-
LIMOHHO-aKKOMOJALlMOHHBIX Harpy3okK). B Hopme
COOTHOLIEHNE AKKOMOIATUBHON KOHBEPI€HLIMU U
pa3MepoB KOHBEPIreHTHOH 3K30(pOpUU TAKOBO,
YTO B ONPENEICHHBIX JOCTYMHBIX Mpeaenax ¢y-
3MOHHAs KOHBEpreH1wus (mpeoosienaronias Gpusn-
OJIOTUYECKYIO KOHBEPI'E€HTHYIO 9K30(OPHIO) OCy-
LIECTBIISIETCS JIETKO U MaTOJIOIMU HE BO3HUKAET.
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CneuunanbHbIA BbiMyCcK

HoBble TexHOMorun MUKpPOXUPYPrun rnasa

[eticTBre HeOIArOmpUsATHBIX (AKTOPOB MOXKET
MPUBECTH K TOMY, YTO 17151 (hy3MOHHON KOHBEp-
TEHLUU T€ K€ CaMble MpeJIesbl IEPEcTaoT ObITh
JOMYCTUMBIMU U OOHApPY>KUBAETCSl YTOMJIEHUE
MBILLIEYHOT O amnmnapara riasa. B pesyiabrate Bo3-
HUKaeT ocjablieHne pe3epBOB KOHBEPIEeHIIMU U
AKKOMOJIAIINH, YMEHbIIIEHUE (PY3MOHHBIX pe3ep-
BOB, [IPEBBILICHUE IOMTYCTUMbIX ITPEAEIIOB YBEIU-
YEeHHS] KOHBEPTEHTHOM 3K30(pOpHH, aCTEHOTHS U,
B KOHEUHOM CYeTe, Cla3M aKKOMOJALUU U JTOXK-
Hasi MUOTIHSI.

C 1enbI0 YITyUIlIeHuUs 3pUTEIbHON paboTOoCHO-
COOHOCTH M pa3Nn4eHus rpapuuecknx n3oopaxe-
HUI Ha 3KpaHe MPUMEHSIOTCS pa3HOOOpa3HbIe
CIEKTpaIbHbIE 9KPAHBI U PIIIBTPHI, KaK 3apyOexk-
HOI'0, TaK U OTE€YeCTBEHHOIr o npousBoacTBa. On-
HAaKO HU OJWH U3 HUX HE CHUMAeT KOHBEPreHIH-
OHHO-aKKOMOJIALIMOHHOM HATrPy3KH, U30BITOK KO-
TOPOI MPUBOAUT K PA3BUTUIO CHHIPOMA 3pUTEIb-
HOI'O YTOMJICHHUSI.

CHIKEHUE HANPSHKEHUS] Ha [JIa3HbIE MBIIILIBI
MOJET OBbITh JOCTUTHYTO ITPUMEHEHHEM C(HEPOTIPH3-
MAaTHUYECKUX JINH3.

Hayuno-npounsBoacrBenHoit pupmoit «3eHu-
1a» 6bUIH pa3paboTaHbl U U3TOTOBIIEHBI AUCILIEH-
Hble 0ukH (maTeHT PD 2199987), mo3Bossronue He
TOJIBKO TTOBBICUTB Ka4eCTBO pa3InueHust u30opa-
XKEHHSI Ha SKpaHe, HO U YMEHBIIUTh HArPYy3Ky Ha
LMJIMAPHYIO U [J1a30[IBUTaTeNIbHbIE MBIIIIIbI, yUa-
CTBYIOILLIME B aKTaX KOHBEPIeHLHMH M aKKOMOJa-
unu. HeoOxomumoe yMeHblleHne KOHBEPTeHLIMOH-
HO-aKKOMOJIALIMOHHBIX HArpy30K B AUCIUICHHBIX
OUKax «3eHULa» JOCTUTAETCs 32 CUET KOCOTO pac-
TTOJIOKEHUS! JIMHUU BEPIIMHA - OCHOBAHUE ITPU3MBI,
OPHEHTUPOBAHHOMN Ha TPAEKTOPUIO IBHXKEHUS IJ1a3
K 00beKkTy pukcanyn. OcCHOBaHUE TPU3M HAXOJTUT-
Csl B HIKHE-BHYTPEHHUX KBaJIpaHTax, T. K. IPH pa-
00Te 3a KOMITBIOTEPOM 004a TJ1a3a MOBOPAUUBAIOT-
Csl HE TOJIbKO KHYTPH, HO M BHU3 I1OJ] OIpeerisie-
MBIM yTJIOM K OOBEKTY (DPMKCALIUU.

B pesynbrate anmurenbHOR paboThl Mpouc-
XOAUT NepeHANPSKEHNE MbIIIL, YYACTBYIOLINX B
KOHBEPIEHIINY — HUKHEW U BHYTPEHHEN ITPSIMBIX.
IIpu pacnonoxxeHuu nepej riazaMu Mpu3M oc-
HOBAHUSIMU B HUXKHE-BHYTPEHHMX KBaJpaHTaXx
JIy4H CBETA OTKJIOHSIOTCS K UX OCHOBaHMI0. UTO-
OBl JTyuMd CBETa CHOBA MOTJIM IONACTh Ha KOpP-
PECTIOHAUPYIOLINE TOYKHU B IEHTPAJIbHBIX IMKaX
KEJTBIX MSTEH, 00a rjaa3a NoBOpaynBarOTCs KHa-
pyxu u kBepxy (py3rMOHHAS TUBEPTEHIINS 32 CUET
JOTIOJIHUTEIBHOTO COKpPAIEHUs BEpXHEH, Ha-
pYXHOI npsiMoii U HUXXKHEN kocoi). Ilpu saTom
3HAUYUTEIbHO CHUXKAIOTCA HArPY3KH Ha KOHBEP-
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FeHIMI0 U akkomopdauuio. Ilpu B3risige Baanb
MMPOUCXOAUT pellaKCalus IIUINAPHON MBIIIIIHI,
oOycroBiieHHas 3¢ HEeKTOM TUBEPTESHTHOM JIe3aK-
KoMomanuu (ocnablieHne aKKOMOIAIlN1, BbI3-
BaHHOE MCKYCCTBEHHO CO3/IJaHHOM ITPUCTAaBIICHU-
€M JIMH3 IUBEPreHIUHU II1a3).

J1J1s1 MI3rOoTOBIIEHUS TUCTUIEMHBIX OUKOB «3¢HH-
11a» MPUMEHSIIOTCS cheponpusMaTiuieckue («3eHu-
na-1») n adokanpHble Mpu3MaTHueckue («3eHunma-
2») TUH3BI, KOTOPHIE BBIMOIHSIIOTCS U3 OKpAIIICH-
HOW B OPaH’>KEBBIN LIBET IIJIACTMACCHI.

OpanxeBblil UBET IIACTMACChI, U3 KOTOPOM
M3rOTaBIIMBAIOT JIMH3bI AJISI OUYKOB, O0ECIIeUnBaET
3alIUTY [71a3a onepatopa oT Y@ jiyyel, NoJaHOC-
ThIO OJIOKMPYET KOPOTKOBOJIHOBYIO YaCTh CIEKT-
pa, He MPOITyCKaeT CuHe-(hUOIEeTOBbIE JIyUd, YTO
CrocoOCTBYET YMEHBLIEHUIO PACCEUBAHUS B IJ1a3y
CBETOBOI'O MOTOKA U MOBBIIIEHUIO KOHTPACTHOC-
TH U300 paKEeHHUSI.

Iean. M3ydeHnue pe3yabpTaToB MPOQPUITAKTH-
ku u neueHus K3C c npumeHeHreM IHUCIIIEHHBIX
OYKOB «3eHulla» U oleHKa 3¢ddekTuBHOCTH TaH-
HOT'O METO/1a.

ITox Hammm HaOIIOJEHUEM HAXOAWIOCH 36
yenoBek (72 rmasa) B Bo3pacte ot 18 10 40 net. Y
Bcex nanuentoB otmeuasicas K3C. Cpenu Hux 12
HaUeHTOB OBLJIO CO CHa3MoM akkomopmauuu, 20
YEJIOBEeK ¢ MUOIMEN criaboil crenenu, u 'y 4 nauu-
€HTOB OTMeueHa MuoInus cpeaHeit crenenu. Cpo-
KU HAOJIIOJIEHUS] COCTABUIIN OT 5 110 6 MecsiteB. Bee
MaueHThl paboTaloT 3a KOMIIbIOTEPOM 1o §-12
YaCOB B JICHb.

ITanMenThl NOMB30BAINCH TUCIUIEHHBIMU OY-
KaMHM «3eHHULa» B TEUEHUE BCETO NEpHo1a paboThl
3a KOMIIBIOTEPOM. MBI OIIpenessiiini OCTPOTY 3pe-
HUS 6€3 KOPPEKIUU U C ONITUMAJIbHON KOPPEKITHU-
€i, 3armac OTHOCUTEIbHON aKKOMOJAIMHU, IIPOBO-
JIAJIA CKUACKOITUIO C Y3KUM U IIUPOKUM 3PAUKOM.
Taxoke y4UThIBAINCH Ka100bl OOIBHBIX.

B pesynbpraTte Habm0AeHUN YCTAHOBJIEHO,
YTO OCTPOTA 3PEHUS Y OOJIbHBIX CO CIA3MOM aK-
KOMOJIalIMM U MUOTIMEN MOBBICUIIACH B CPEAHEM
Ha 0,1 ra 58 rmazax (80,6%), ocramace 0e3 n3me-
Henuit B 14 rnazax (19,4%). OTMedeHO yMeHb-
LIEHWE ONTUMAIBHON KOPPEKLIMHU B CPEJHEM Ha
0,4 Iy 80,6% manmentoB. BaxxHo Takxe oT™me-
TUTD MOBBIIIEHHUE 3a11aca OTHOCUTEIIbHOM aKKo-
Momanuu B cpeanem Ha 1,0 [l mpakTudecku y
100% marueHToB.

Taxoke y 27 mauueHTOB OTMEYEHO MOJIHOE UC-
Ye3HOBEHUE ACTEHONMUYECKUX kaj100. Y 9 nauuen-
TOB COXPAaHSETCSl YYBCTBO YCTAJIOCTH B IJla3ax K
KoHITy pabouero aus (puc. 1 A, b, B)



PasHoe

A. Oc1poTa 3penust 6e3 KOppeKLHH

19,40% 80,60%

O INoBsnuenne octpoTs! 3peHus Ha 0,1(58 rias)

I oCTpOTa 3pEeHHs OCTATIACh 0€3 U3MEHEHUIt

B. 3amac 0OTHOCHTEJIbHOM aKKOMOJaIlK

,3%

W 3anac OTHOCHTENBHOM AKKOMOJ Al HC M3MCHWICA

[ [MoBbieHre 3anaca OTHOCHTEIBHOM AKKOMOIAIIH B cpeteM Ha 1,01

B. Actenommueckue xano0st

Monkoe C

uyBCTBA yCTANOCTH B
Xano rnasax K KoLy paGouero aHs

W ITonHoe HCYe3HOBEHHE ACTCHOTHYECKHX HKano0

O CoxpaHeHue 4yBCTBA yCTAJIOCTH B I7Ia3aX K KOHIY paboy4ero JIHs

PucyHok 1. Pe3ynbTaThl MpUMEHEHHUS TUCIIEHHBIX OUYKOB
«3enura» npu K3C

OCOOEHHOCTH YCTPOMCTBA IUCIUICHHBIX OUKOB
«3eHu1ia» obecreunBalOT UM CleayIollue CBOH-
CTBa:

» yIy4IIaloT IIBETOBOI KOHTPACT U300pase-
HUS HA MOHUTOPE,

» NenarT U300pakeHre Ha ceTuaTke Ooliee
YETKUM U IIOBBIIIAIOT OCTPOTY 3PEHUS,

» YMEHBIIAIOT MUKCEIIbHOCTh N300 pakeHNS;

» 3allMIIAIOT CTPYKTYPHI IJ1a3a OT MOBPEX-
Jarouiero Bozaeiicteusg Y D jiyueid 1 KOPOTKOBOJI-
HOBOM 4aCTH BUINMOTO CIICKTPA,

» CHUMAIOT Ype3MepHbIe KOHBEPT€HIIMOHHO-
AKKOMOJIAIIMOHHBIE HATPY3KH;

» OKa3bIBAIOT pPellaKCHPYIOIee BO3/ICHCTBHIE
Ha HMJIMAPHYIO MBIIIILY;

» CIOCOOCTBYET (POPMUPOBAHUIO MPABUITHBHON
OCaHKH, T.K. PACIOJIOKEHHUE ITPU3Mbl OCHOBAHUEM
KHU3Y BBI3BIBAET MOIbEM U300paAXKEHHUS, KOTOPOE
obecrneunBaeT COOTBETCTBYIOLLMHI ITOIbEM I'OJIOBBI;

» 3AIUIIAIOT IJ1a3a OT MEXaHUYECKUX IO-
BPEXKACHU;

» 0071a1AT0T MOJI0KUTEIIHHBIM IICHX0-IMOIH-
OHAJIbHBIM BO3/IEHCTBUEM.

Takum 0Opa3zom, TUCIUIEHHBIE OUKH «3EHULIA»
MO3BOJISIFOT HE TOJIBKO 3alUTUTh CTPYKTYpY IJ1a-
3a OT MOBpPEXAAIONIEro Bo3aencTeus YD nyuei u
KOPOTKOBOJIHOBOM YaCcTU BUJUMOTIO CIIEKTpa, 1Mo-
BBICUTH OCTPOTY 3pEHHUS U KOHTPACTHYIO UyBCTBU-
TEIBHOCTb IJ1a3, HO U CHATh Ype3MepPHbIE KOHBEP-
FeHIIMOHHO-aKKOMO/IaIIMOHHbIE HAT'PY3KU HA 3pU-
TeIbHYIO cucteMy. DopMUpOBaHUE NTPABWIBHON
OCaHKH, MOJIOKUTEIbHOE ICUX0-3MOLUOHAIBHOE
BozneiicTeue Ha [{THC criocoOGcTByeT 0310pOBIIe-
HUIO BCETO OpraHu3Ma.

IIpumeHeHne TUCIUIEMHBIX OUKOB «3€HUIIAY,
KaK MOKa3aJio Hallle MCCIIeI0BaHue, MO3BOISET
MOBBICUTH (PYHKIIMOHAIBHOE COCTOSIHUE TJIa3
nojip3oBatesield mpu padote ¢ I[1K, octaHOBUTH
MPOTrPECCUPOBAHKE OJIU30PYKOCTH, JTUKBUANPO-
BaTh WIM 3HAYUTEIHHO YMEHBIINTh aCTEHOINYeC-
KHE MPOSIBIICHMUSI.

ITpocToTa METOIUKHN MTPUMEHEHUS AUCILICH-
HBIX OYKOB «3€HHUI1Ia» MTO3BOJISIET UCIIOJIB30BATh UX
B MPAKTUKE ONMTOMETPUCTOB U O(PTATBMOJIOTOB
MOJIMKIIMHUYECKOTO 3BEHA.

HocraTtouHnas 3p¢heKTUBHOCTD JTUCIUICHHBIX
0ukoB «3eHuna» B mpodunaktuke u teueHnn K3C
MO3BOJISIET PEKOMEHJ0BATh JAHHYIO MPOIYKLUIO
bupmbl «3eHHIa» I TPUMEHEHUS! B KJIMHUYEC-
KOHM MpaKTUKE W HAa3HAUEHHUS WX MALUEHTaAM Kak
CaAMOCTOSITEIbHBI METO/, TAK U B KOMIUIEKCE C
JIPYyrUMHU METOANKAMHU.

HccnenoBanusi, npoBOAMMbIE paHee B 3TOH
00J1aCTH, KaK U pe3y/IbTaThl, OJyUeHHbIE B JaH-
HON paboTe, TOKA3bIBAIOT BBICOKYIO 3(PPEeKTUB-
HOCTb IPUMEHEHUS TUCIUIEWHBIX OUKOB «3€HULA»
Jutst ipodmtakTuky u tedenus K3C.
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