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MeTobI perucTpalnyy ABUKEHUH IJI1as:
TEOPHS U IIPaKTUKal

B. A. bapa6aHiHkos,

JOKTOP MCHXO0JIOTHYECKHX HAVK, IPogeccop, YieH-koppecrnoHgeHT PAO,
3aB. 1abopaTopued HHCTHTYTA ncuxoJioruu PAH, pykoBoguTesp [[eHTpa
IKCIIEPHMEHTA/IbHOH MICHX0JIOTHH MOCKOBCKOIro ropo/cKoro nciuxoJioro-
nejgarorudeckoro yHupepcurera (viadimir.barabanschikov@gmail.com)

A. B. XKeraumro,

KaHAHAAT N€4arorH4ecKux HayK, HAYYHbIH COTPY/JHHK HHCTHTYTA NCHXOJIOTHH
PAH, ctapmiyit Hay9YHBIH COTPYHHUK [[eHTpa 3KcIepHMEHTAaJIbHOH ICHX0JIOTHH
MocKOBCKOro ropoZiCKoro ncCHxoJ10ro-nejarori4ecKoro YyHHBEPCHTETA
(zhegs@mail.ru)

B craThe paccMaTpUBaIOTCS BH/bl J[ABW)XEHHH Tya3 (Tpemop, Apeild, MHUKPOCAKKajbl,
MaKpOCaKKajibl, MPOCJAEKUBAIOIINE JIBUIKEHHs], BEPreHTHble ABW)KEHHs, HUcTarm). JlaroTcs
CBeJleHUsI 006 OCHOBHBIX METOJAaX PEerucTpaluu [ABHMXKEHUH rya3 (KOHTaKTHbie MEeTO/bl:
3JIEKTPOOKyJiorpadusi, GOTOONTUYECKUH U 3JEKTPOMArHUTHbIH; GECKOHTAKTHbIE METO/bI:
$OTOONTHYECKUH, KHHO- W BHAeopeructpanus). ONUCHIBAIOTCA MNPUHLMUIBLI [JeTEKIUU
buKcanMilt U cakkajJ, BbIGODP KOHKPETHBIX IOKa3aTeJed OKYyJIOMOTOPHOH aKTUBHOCTH JJisl
aHasM3a (cpeAHsisi MPOJOJIKUTENBHOCTh QUKCALMY, MPOJO/KUTENbHOCTD NEPBOH GHUKcALNH,
Mo3UIMKU QUKCALUM, aMIJIMTyZa W JIaATEHTHOCTb CaKKaj, MPOJOJIKHUTEJNbHOCTb U 4YacTOTa
MOpraHWM, MOKa3aTeJsM, CB3aHHbIE C BbIieJIeHUEM Ha HW300pa)KeHWH 00J1acTed WHTepeca).
[TokasaHbl HauboJiee 3HAYUMble 06JIACTH MPAKTUYECKOrO0 MPUMEHEHHUSI CUCTEM PErucTpaluu
JBIDKEHUI TJia3 (ynpaBJ/isieMble B30pOM KOMIbIOTEpHble HHTepbeNchl il WHBAJH/OB,
MeJIMIIMHA, PeKJIaMa, aHaIM3 OTepaTOPCKOM J1esTebHOCTH).

KurodeBnle cioBa: aii-Tpekep, puKcanus, cakkasa, BUJeoperucTpalys ABMKeHUH ras.

[Ipy paccMaTpMBaHUM OO'BEKTOB CBeT, INPOXOJs 4Yepe3 pPOroBUIly U XPYCTalUK,
dokycupyeTcss Ha ceTYaTKe IJia3a, COZAep:Kallel CBeTOYYyBCTBUTEJbHbIe pelenTopbl. CTpyKTypa
CceT4YaTKU HEOJHOPOJHA: B LiEeHTpaJbHOU obsacTtu (fovea centralis), rfie onTH4YecKasi OChb IJia3a
nepeceKkaeT MOBEPXHOCTb CETYATKH, PeLEeNTOphbl paclo/ioXKeHbl HauboJiee MJIOTHO M 06J1aJjaloT

CIIOCOOHOCTBIO pearupoBaTb Ha LOBETA. B nponecce 3pUTEJIBHOIO BOCIHPHATHUA TJia3

! PaGoTa BmIMOJIHEHA npu noazgepxkke PODU, npoekt N208-06-00316a, 09-06-12003 odu-Mm, PTHOD,
npoekT N209-06-01108a.
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OPHUEHTHPYeTCs TaK, YTOObl H306pakeHHe 0O0'beKTa JIOKAJU30BajloCh B (oBeasibHOU 06.J1acTH,
yIJIOBble pasMepbl KOTOpoH cocTaBasArT 1.3-29 [losiHoe moJsie 3peHHe ryaza - 1502 mo
ropusoHTa/id U 1302 mo BepTHUKaNu. B culy aHU30TPONMHOCTY CETYATKU JABUKEHUS IJia3 MOTYT
ObITh MCIOJIb30BaHbl KaK WHAWKATOPbI NMepPLENTUBHOTO Npolecca U CBA3AHHBIX C HUM $OpM

AeATeJIbHOCTH.

OcHOBHbI€ BH/[bI ABH)XEHHA IJ1A3
HanpaB/iieHne B30pa HHUKOTJAA He OCTAaeTCs IMOCTOSHHBIM. Jlaxke NpPU OTHOCUTEJBHO
HEeNOJBWXHOM TMOJIOKEHUM TIJa3a NPOUCXOAAT MUKponBuxkeHus (Puc.1). K HUM oTHocaTcs:

TPEMOPD, JPEHP, MUKDOCAKKA/ABI H QYVHKIJHOHA/IbHBIH HUCTATM.

W\N\""‘/\»ﬁﬁf‘/“/\/\j
N

100 mcek

Puc. 1. TpeMop JieBOTO Y MPABOro IJia3 1o [2]

TpeMop - Meskue dacTble KoJsiebaHus ria3. Cpeansasa ammiautyga — 20"-40", yactora Ao
250-270 Tu. B pesysbTaTe TpeMmMopa OCh IJa3a OMHCHIBAET 3JJIMIICONOAOGHBIE GUTYpPBI. ITO
€CTeCTBEHHbIN  JABUraTeJbHblIl (QOH OKYJOMOTOPHOM aKTHBHOCTH, He MNOJJAILUICA
NPOU3BOJIbHOMY KOHTPOJIIO.

Jpeitd - MejsieHHbIe IJIAaBHble MHUKPOJBW)XEHUS; B X0/le QUKCANUK OObeKTa Ha HUX
npuxoautcsa 97 % BpemeHu. CunTaeTcs, 4To Aperd co3naeT Haubosiee GJIATONPUATHBIE YCIOBUSA
JIJI IpreMa U nepepaboTKU ONTHUYEeCKOW HHGOPMaLIUH.

MHKpOCaKKaAbl — ObICTPbIE ABMKEHHS IJ1a3 MPOJO/LKATeNbHOCTBbI0 10-20 mc. /luana3oH
aMmmautyAbl 2'-50'. O6caykuMBalOT ycToM4MBbIle dUKcalUM 06beKTa. [leproindecKkre «CIJIbIBbI»
rJjia3, KOMIIeHCHUPYyeMble MUKPOCAaKKaJlaMH, 06pa3yoT CaMOCTOSITE/IbHYIO JIBUTATEAbHYI0 eJUHULY
- QH3HOJIOrHYECKHH HHCTArM.

C u3MeHeHHEeM HallpaBJieHUs1 B30pa CBSI3aHbl MaKPOJABWKEHUS: Makpocakka/gel (puc.2),
TIPOC/IEXKHBAOLHE H BEPIe€HTHBIE JBHXXEHHSA, HUHCTArM H TOP3HOHHBIE JJBH)KEHHS.

Makpocakkajbl — pe3kue U3MeHeHHs NO3ULMHU IJ1a3a, OTJIMYaloluecss BBICOKOW CKOPOCThIO
Y TOYHOCTbI0. AMIInMTyAa BapbupyeT oT 40 - 50 munyT 10 50 - 602, HO B eCTeCTBEHHBIX YCA0BUSIX
BOCIPUATHUA He TmpeBblliaeT 209 MakcuMaJbHasgd CKOPOCTb [BaJLAaTUTPaJyCHOr0 CKadka -
4509 /cek, ero npoio/XKUTENbHOCTb — 70 Mc. Cpe/iHAISl 4acTOTa CaKKaJAUyeCcKUx ABWKeHUuM 2-3 I'n,
Kak nmpaBuJio, OHH COBepLIAIOTCS MO KpaTdyaiiied npsAMod MexJy ToukamMu ¢ukcauuu. Cakkazbl

BO3HMKAIOT NIPpU CMeHe TOoueK QUKCALMU U OOBbIYHO HOCAT MPOU3BOJIbHBIN xapakTep. B MoMeHT
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CoBeplieHUA CaKKaAbl CKJJIAaAbIBAIOTCA HAWMeEHee 6JIaFOHpI/IHTHbIe yCJI0BUA [OJid OJy4Y€HHUA

ONTUYECKOW MHPOPMALIUH.

YrnoBoe chelleHle OT UeHTPa skpaHa (rpagycsl)
YrMoBoe chelleHHe 0T LUBHTPa skpaHa (rpaaycel)

T T T T T T T T T T T
0 500 1000 1500 -6 -4 -2 0 2 4 6

Epema (mc) Y¥INoBoe CMeLleHWe OT LeHTDE SKpaHa (rpamnycel)

a 6

Puc. 2. TlpuMmep nocsiefoBaTeJbHOCTU GUKCALUNA U MAaKpPOCAKKa/ NpH
paccMaTpyMBaHUU U306paXKeHUs; a — BpeMeHHas pa3BepTKa (CIJIoLHas JUHUA — X-
KOOpPJAUHATA, MyHKTUPHas JUHUSA — Y — KOOpJAUHATA); 6 - NPOCTPAaHCTBEHHAs pa3BepTKa

[IpocnexxuBalomye ABMKEHU — [IJIaBHble IlepeMellieHHs [V1a3, BOSHUKALIMe IPH JIBXKEHUU
06'beKTOB B NoJie 3peHUss. OHU 06ecreyrBalOT COXpaHeHHe N3006paXkeHUs1 QUKCUPYeMOro 06'beKTa
B 30HE HaWJIy4llero BU/IeHHSI.

BepreHTHble ABMKEHMSI - CBeJleHUe (KOHBepreHUWs) WM pa3BejieHue (JUBepreHLHs)
ONTHUYECKUX ocell rya3. OHM BKJIIOUEHB! B MPOLECC CTEPEOCKONUYECKOro 3peHusi, obecrneyrBas
He0OX0/JMMO€e COOTBETCTBHE NMPOEKIMK 06'bEKTA HAa CETYATKAX 060UX IJ1a3.

Hucrarm - ycTtoiurBasi OKyJIOMOTOpPHasl CTPYKTYpa, BK/IOYAIOLAs YepeZiloBaHUe CaKKaj, U
IJIAaBHBIX MPOCJEXHBAKIIUX JBIKEHUH. AMIIMTYJa, 4YacToTa M GopMa HUCTArMa MIHPOKO
BapbUPYIOT B IIpe/ieJiax NapaMeTpoB 6a30BbIX BU/IOB JIBMXKEHUH U 3aBUCSAT OT €ro PUPO/bL.

Top3uoHHEbIe ABUKeHMA [4;5] — BpallleHHe I71a3 OTHOCUTE/IbHO ONTHYECKON 0CH. AMIIMTYAa
orrpaHnyeHa 109 OcHOBHOe Ha3HauYeHHWe - 4YacTHYHAsd KOMIIEHCAMsl HAKJOHOB TOJIOBBI
OTHOCHUTEJIbHO I'PaBUTALMOHHON BEPTHUKAJIH.

C MaKpo/BW)XEHUSMHU IJ1a3 CBs3aHA JUHAMHUKA PACKpPBITHA 3padka. [loMUMO ajanTanuu K
YCJIOBUSIM OCBellleHHs, BeJIMUMHA PACKPBITHSA 3paykKa MOKeT ObITh CBS3aHAa C JONOJHUTEIbHON

3pUTENbHON Harpy3KoM WU € CyO'beKTUBHOM 3HAYMMOCTBIO0 pacCCMaTPUBAEMOT0 H306paXKeHUS.
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MeTobI perucTpangiy JBHXEHHH I71a3

OnucbiBasg MeTO/Jbl PErHCTpPalUU ABWXKEHUW IJ1a3, MOXKHO BBIJIEJINTh JIBE WX OCHOBHBIX
TPYIIIIbL:

1) KOHTAaKTHbIE, T. €. CBfI3aHHble C YCTAHOBKOM pEruUCTPUPYIOIIUX [JaTYUKOB
HeIoCpeICTBEHHO HA POTOBUILY IJIa3a UJIM BOKPYT Hero (3JIeKTpooKysaorpadus, GOTOONTHIECKUH
Y 3JIEKTPOMarHUTHBIA METO/bI);

2) 6eckoHTakTHBIE (POTOINEKTPUUECKUH, KUHO- U BU/IEOPETUCTPALIUSA).

JdnexTpookKyJsiorpadpus

B ocHOBe MeTo/a JIEXKUT UCNOJb30BaHUE COOCTBEHHBIX 3JIEKTPUYECKUX CBOWCTB IJIA3HOTO
s6s10Ka. [lo ¢usnyeckod MpUpoOJie OHO SBJSETCS JUII0JEM, B KOTOPOM POroBHLIA OTHOCHUTEIBHO
CeTYATKH 3JIEKTPOIOJIOKUTEJbHA. JJIEKTPUIECKasi OCh IVIa3HOTO sI6JI0KAa MPUMEPHO COBIMAJAET C
ONTUYECKOW OChI0 H, CJIeIOBATEJNbHO, MOXET CJAYXUTb HWHAMKATOPOM HampaBJeHUs B3opa.
M3MeHeHHe pa3HOCTH MOTEHLHUAJIOB MeXJy POrOBULEN U CeTYaTKOM OGHapyKMBaeTCsl yepes
HM3MeHeHHe MOTeH[Ma/a B TKaHAX, MPUJIeTaloliuX K rjaasHulle. JBImKeHuUs IJ1a3 peTUCTPUPYIOTCS C

NOMOILbIO 3JIEKTPOJOB, KOTOPble YCTAHABJIUBAIOTCA KPeCTOOOpPa3HO BOKPYT IVIa3HOW BNAAMHbI

(puc. 3).

Puc. 3. YcTaHOBKA 3JIeKTPOJ0B MPU PETUCTPALIUU 3/1EKTPOOKY/I0TPaMMbl; MoJUrpaduiecKui
ycuauTesib kardi-2 ¢ Ha6opowm asnekTpooB (LleHTp skcnepuMeHTaIbHOM ncuxosioruu MITITTY)

Hegocratkn meToZa — OTHOCUTE/IbHO HEBBICOKAs paspellanlias CloCOOHOCTb (TOYHOCTD
AnddepeHIMPOBKUA MeJIKUX JeTaneil 32-52); gocronHcTBa - HA3Kasi CTOMMOCTb 060pyZ0BaHus,
perucrpanusi He HapyllaeT eCTEeCTBEHHbIX YCJIOBUHA 3pUTEJbHOM aKTUBHOCTH U MOMET

BBIIIOJIHATBCA KaK Ha CBETY, TdK U B TEMHOTE, JaXe C 3aKPbITbIMU I''la3aMHU.
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®oTOONTHYECKHI U 3JIEKTPOMarHMTHBIN MeTO/ bl

®doTtoonTuyeckuit Metoy paszpaboTtan A. JI. fip6ycom B 50-e roab! XX Beka [9]. Y3kuii ny4ok
CBeTa, HamnpaBJIeHHbIH Ha TJla3Hoe $6JIOKO, OTPaXKaeTCcsd OT YCTAaHOBJEHHOr0o Ha HeM
MUHHUATIOPHOTO 3epKasiblia U OCTYNAET HA BX0 GOTOPETUCTPUPYIOIIETO YCTPOUCTBA.

JlocTonHcTBA MeEToza - BBICOKas paspellaminasg CIOCOGHOCTb, HEJOCTATKH —
HeOo6X0JUMOCTb KECTKON (PUKCAIUM TOJIOBBI UCHBITYEMOr0, KOHTAKTHBIM XapaKTep MeTOJHUKH,
peructpauusi BO3MOXKHA TOJIbKO B 3aTeMHEHHOM I[OMelleHHMHd. B HacTosiiee BpeMs He
HCIOJIb3yeTCs, TaK KaK KOHTAKTHBIA 3JIEKTPOMarHUTHBIA MeToJi 06eCledrBaeT CTOJb JKe
BBICOKYI0 pa3pelamilyo clioCO6HOCTh, HO 6oJjiee y100€H B IJIaHEe PErUCTPaLUH.

JJIeKTPOMAarHUTHBIN MeToJ, pa3pabotaH B 60-e rogpl XX Beka B CIIIA u He3aBUCHMO - B
CCCP [6]. B ocHOBe MeToza JIEXUT NPUHLMI M3MEHEHUS HAIPSXKEHHOCTHU 3JIEKTPOMArHUTHOIO
10JIS1 IPU U3MEHEHWHU PACCTOSIHUS MEX/y U3JaydaTesieM U IpUeMHUKOM. M3my4aTe b KpenuTcs Ha
rJa3HoM $16Ji0ke (C MOMOUIbK IEeHTPaJIbHOW NPUCOCKU, KOHTAKTHOW JIMH3bl WJIM KOJIbIIA),

IIpUeMHbI€ KaTyUKH pacrojiaratoTcd HenmoABU>XHO BOKPYT I'OJIOBBI UCIIBITYEeMOT' O (pI/IC. 4)
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Pruc. 4. a — cxeMa yCTaHOBKH JJ/151 3JIeKTPOMarHUTHOW perucTpanyy JBUKeHUH I1as:

1 - mpreMHblIe KaTyIKU-aHTEeHHBI; 2 — UHAYKLIWOHHBIN U3JlydaTe/b-AaTUYUK; 3 — 9KpaH C
TECTOBBIM U306paXKeHHEeM; 4 — YCUJIMTEM CUTHAJIOB; 5 — peructpupyoiuil ocyuaiorpad [1];
6 - IPHCOCKU U M3JlyyaTeJlb, UCII0JIb30BaBlIKecs B UccaenoBaHuAx H. 0. Bepruseca
(obopymoBaHuUe npeocTaBaeHO A cheMKU E. A. AuapeeBoit, UTIPAH)

B HEKOTOpBIX 3KCHEPHMEHTAaX Ha MPUCOCKE [OMOJHUTEJIbHO YCTAaHABJIMBAJIKCh
ONTHYECKHE 3JIEMEHTBI, 00ecreynBaloliye pa3JniHble NIpeo6pa3oBaHus U306paXKEHUS.

/ocronHcTBa MeTO4a — BplcOYalIlas pas3pelLiarolias ClnoCO6HOCTb, OCHOBHOW HE4OCTATOK —
KOHTAKTHbIM XapakTep MeTOAWKU. B HacTosiniee BpeMs MIBeiapckoit ¢upmor Primelec

BbINycKaeTcs ycTaHoBKa CS681 (yactoTa peructpanuu go 8000 'y, paspelnatoiias cnoco6HOCTh -
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He xyxe 0.00029).
doToseKTPpHUYECKUH METOJ, OCHOBAaH Ha NMpPeo6pa3soBaHUM OTPAXKEHHOIO OT POTOBHUIbI
ny4kKa HHPPaAKpACHOrO CBeTa B 3JIEKTPUYECKUH curHajg. Ha o4ykoBo# ompaBe BOKpYTr rJiasa

KpensaTcs GoToANOAbI, cCOeJUHEHHBIE TI0 «<MOCTOBOM» cxeme (puc. 5).

£ [ z —— T

Puc. 5.YcraHoBKa /151 OoTOONTHUYECKOHN perucTpayyy ABMKeHUH rJ1a3 (TOpu30HTa/lbHas
coctaBiswiasn) eye-track model 200 - 1978 r. (o60py/i0BaHMe NPeOCTABIEHO
B. U. Berononbckum, UTTPAH)
Haubosiee ynoTpebuTesibHasi cCxeMa perucTpanuy npejojaraeT yCTaHOBKY BOKPYT rJia3a

Ha OYKOBOM ompaBe OJHOM MM HeCKOJbKMX Mmap ¢oTope3ncTopoB WM (OTOLUO/0B,
COeZIJMHEHHBIX M0 «MOCTOBOM» cxeMe. MeTo/; u3BecTeH ¢ Hayasa 60-X rofoB MpouLIoro Beka. B
HacTosillee BpeMs NPaKTUYeCKH He UCII0JIb3YeTCs.

Kunoperucrpauus rias n3BectHa ¢ cepe/jiHbl 60-x rosoB XX cTosieTHsl, HO M3-32 BbICOKOH
TPYAOEMKOCTH He TOJIydYuJa LIMPOKOTO pacnpocTpaHeHHs. B mocienHee BpeMs, B CBSI3H C
IIMPOKUM pacClpOCTPaHEHHEM IepCOHAIBbHBIX KOMIIbIOTEPOB M LUPPOBBIX BUAEOKaMep, CTaJja
IIMPOKO MCIOJIb30BaThbCs BHAEOPETHCTPALUSA [JBIDKeHUH. [J1a3 Mo/ CBeYHMBAETCS TOYEUYHBIM
UCTOYHUKOM HHPpaKpacHOro u3JaydeHUs, a HHPpakKpacHas BHUJeOKaMepa IMPOU3BOJLUT
CKOPOCTHYIO CheMKY rJia3a. Ha nu3obpakeHHH NMporpaMMHO ONpesiesisieTcs MoJIoKeHUe 3payka (B

UK-nyyax oH npezcTaB/sieT co60i TEMHBIN 0Basl) U €ro pa3Mepsl, a TAKXKe MO3ULUs POTOBUYHOTO
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6JMKa, MpeJCTaBJIAIIEr0o cCO60H OTpaKeHHEe HAa POTOBHIlE MCTOYHHUKA HMHQPAKpPAcHOTrO CBETA

(puc. 6).

| v T

Prc. 6. B3anMHoOe pacnoJiokeHHe LieHTpa 3payka U pOroBUYHOro GJIMKa MPU paccMaTPUBaHUHU
yIJI0OB MOHUTOpA (M306paxkeHHs noJiydyeHbl Ha yctaHoBke SMI High Speed, LienTp
3KCnepUMeHTaJbHOH nicuxosaoruu MITTIITY)

HanpaBsiieHue B3r/sifjla CUCTEMa pPaCcCYUTHIBAET OCHOBBIBAsSCh HAa BEKTOpE, COEAUHSIOIIEM
MO3UIIUM POrOBUYHOTO GJIMKA U LIeHTpa 3paydkKa.

/locronHCcTBa METOAHKH - OECKOHTAKTHBIA XapaKTep M BO3MOXXHOCTb pETHCTpalyu
BEeJIMUMHBI PACKPbITHS 3paykKa; HEJOCTATKH - HEBO3MOXXHOCTb PErUCTpalMd HampaBJeHHUs
B3IJIs1/la B C/Iy4dae, KOT/la M306paykeHHe 3payKa YaCTUYHO [epeKPhITO peCHULIAMH, HEBO3MO>KHOCTb
perucTpanuu B cJyyae napa3uTHOU 3acBeTku MK-u3nydeHuneM, Hanpumep, Npyu SpKOM COJTHEYHOM
cBeTe. YBeJIMYeHHe BPeMEHHOI0 U NPOCTPAHCTBEHHOTO pa3pellieH s CBSI3aHO C UCI0JIb30BaHUEM
JIOPOTUX BBICOKOCKOPOCTHBIX BH/IEOKaMep BBICOKOTO paspeuieHus. [Ipy  HCNob30BaHUU
NPUHLMIA CJEXEHUs 3a XapaKTepHbIMHM NATTEPHAMHM PAAYKHOM O0OOJIOUKH MeTOAHMKA
BU/IEOPETHUCTPALIMM [103BOJISIET PErMCTPUPOBATh TOP3UOHHbBIE JBIKEHUS TIJa3, HO Ha NMPAKTHKe
pelleHHWe [JAaHHOW 3aJja4u TpebyeT JasJbHEWLIEro yJydlleHHWs KayecTBa BHJEOKaMepbl H

3HAYUTEJIbHBIX BBIYUCJIUTEJIbHBIX PECYPCOB.
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CrcTteMbl BUJIEOPErUCTPALMU ABUXKEHHUH TIJ1a3 MOJIYYWJIM IUPOKOe pacnpocTpaHeHue. Jlna
WX 0603HauYeHHUs Ha 3amajie ucrnosiblyercsa TepMuH eyetracker (Google - 112.000 pe3ysibTaToB)
unu eye tracker (Google - 81.900 pe3y/bTaToB). B pycckoM fi3biKe 3aKpenuoCh HallMCaHUe «ail-
Tpekep». OTMeTHM HECKOJIbKO HauboJiee MHTePeCHbIX BAPUAHTOB YCTAaHOBOK JIaHHOTO THIIA.

Kanagckoir ¢upmoit SR Research mnpousBogutca cucrema EyeLink 1000 (wactoTta
peructpauuu 2000 'y B MoHOKyJsspHOM pexkuMe, 1000 ' B GMHOKY/SApHOM, paspeliarolias
cnoco6HocTh 0.019).

YcranoBka SMI High Speed Hemenkoit ¢upmbr SensoMotoric Instruments [7; 8] (puc. 7)
HMMeeT HECKOJIBKO MEHBIYI0 CKOpOcThb peructpauuu (1250 'y B MoHOKyIsspHOM pexxuMe, 500 ' B

GMHOKYJISIpHOM, paspellaroias cnoco6HocTs 0.012).

T———

e . :

Puc. 7. YcranoBka SMI High Speed (LleHTp skciepuMeHTaIbHOU ncuxosioruu MITITTY)

®upmoit SensoMotoric Instruments npousBOAUTCS TakKe pAA 6oJiee AelIeBbIX CUCTEM, B
yacTHocTH, ctanmoHapHas SMI RED (wactora peructpaunu 60 'y wau 250 I'u, paspematonias
cnocobHocTh He xyxe 0.12) u Mmo6unbHass HED (dactorta peructpanuu go 200 'y, paspemiatoias
cnoco6HocTh He xyxe 0.12). BoamoxkHocTH cuctemMbl HED MOryT 6BITh CyL[eCTBEHHO pacliMPEHbI B
cJy4yae MCIOJIb30BaHUS ee COBMECTHO C CUCTEMOU KOHTPOJIA MOJIoKeHUs HabJutogaTtens. Cienyer
oTMeTUThb cucteMy SMI 3D VOG, no3Bo/IAOLYI0 perUCTPUPOBAaTh TOP3UOHHBIE ABUKEHUA IJ1a3, a
TaK:Ke JJBUKEHUs roJI0BbI HabI04aTesl.

Eme OJlHa YCTAHOBKA4, MO3BOJIAKOIIAA PErucCTpupoBaTb TOP3MOHHbIE ABUXXEHUA TIJia3, —
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Cronos Eyetracking Device npousBozacTBa HeMenkoil ¢upmel Cronos Vision. B 2004 roay c ee
HCII0JIb30BaHUEM NTPOBOJUJINCH 3KCIIEPUMEHTHI 110 PETUCTPALMU ABWKEHUH I/1a3 y KOCMOHABTOB
Ha MeXJyHapoJHON KOCMUYECKOW CTaHLUH.

CTauvoHapHble CUCTEMbl C OTHOCUTEJBbHO HU3KOM 4acToTOM perucrpauuu (fo 250Tm)
npousBosaTca ¢dupmamu Tobii, Interactive Minds, Cambrige Research Systems u ap. Cpeau
MOGUIBHBIX cucTeM MOXHO oTMeTUTbh EMR9Y ¢upmbl NAC Image Technology (Bec MoHTUpyeMO#
Ha OYKOBOHM OIpaBe CUCTeMbl 75 IpaMMOB, Bec KOHTpoJsiiepa 590 rpaMMoB, LIMPOKOYIOJIbHas
ONTHKA C moJieM oxBaTa A0 120%, ckopocTb peructpanuu o 240 'y, paspelnaroniasi CliocCO6HOCTb
0.19). Caemyer otmetuTh, 4To NAC Hayasa NOPOU3BOJCTBO MEPBBIX MOOGUIBHBIX CHCTEM
KWHOpErucTpaluu JBU:KeHU! rya3s eule B 70-e rogbl XX Beka.

0O6paboTka JaHHbIX

O6paboTka [AaHHBIX BUJEOPETMCTpPAallMM CBA3aHa C BblJeJeHUEM Ha KaXJoM KaJpe
BU/JIE0PSA TEMHOTO 3JUIMIICA, IPe/CTaBJIsAI0ILEr0 cO60M N300 paxkeHUe 3pavKa, U CBETJION TOUYKH -
POroBHYHOIO 6J1HKa. Pe3ybTaToOM aHa/In3a U300pakeHUs SABJIAIOTCSA LECTh YUCeJI:

X 1Y KoOOpAUHATHI LieHTPa 3payuka (B MUKCeJIsIX Ha UCXOJHOM KaZpe BUleops/a);

X u Y KoopJHWHATbhl POTOBHYHOIr0 OJsiMKa (TakKe B IHKCeJJSIX Ha HCXOJHOM Kajpe
BUJIEOPSAA);

BbICOTA U LIMPUHA 3JJIMIICA, COOTBETCTBYIOLLETO 3payKy.

[lo xoopjgvHaTaM LeHTpa 3padyka KM POrOBUYHOrO OJIMKA, a TaKkKe MO pe3yJbTaTaM
KaJMOpOBKU pacCYUThIBAeTCSl HalpaBJeHHe B30pa, MNpPUBS3aHHOE K paccMaTpUBAEMOMY
HabJiroaTesieM u3o6pakenuto [10].

[losryyeHHBble TaKUM 00pa30M JaHHble MOXXHO aHAJU3UPOBAThb HENOCPEACTBEHHO, OJHAKO,
KaKk T[paBWJIO, HUX [OABEpPralT NpeJBapUTeJbHOH 006pabOTKe C LeJbl0 BblAeJEHUs
1oc/l1e/i0BaTeJbHOCTH QUKcALlMA M cakkaf. /g pemeHHsa NOoAOOHOM 3aJadM CyLeCTBYET DPSJ
asroputMoB [11; 12]. Haunbosiee ynorpebuTesbHbIMU U3 HUX sABJsoTcs Velocity Threshold
Identification (I-VT), wucnosb3yeMbli B CHCTeMax C OTHOCHUTEJIbHO BBICOKOW 4YacTOTOM
peructpauuu, u Dispersion - Threshold Identification (I-DT), ucmosib3yeMblii B cHUcTeMax c
OTHOCHUTEJIbHO HHU3KOW 4YacToTol peructpayuu. CiaefyeT OTMETHUTb, YTO BBIOOpP alropuTMa
JleTeKLIMM W TNapaMeTpOB ero HAacCTPOMKH CYLeCTBEHHO BJIMSIET Ha XapaKTep BblJeJsieMbIX
bukcanui U cakkag.

3aBepuiamiui 3Tan 06paboTKH JaHHBIX Ipe/oJiaraeT aHaJu3 KOHKPeTHBIX ToOKa3aTesen
OKYJIOMOTOPHOM aKTUBHOCTHM B COOTBETCTBUM C HMelollelcs y HccaefoBaTessl TUIOTe30H.
OTMeTHUM c/eAyolie XapaKTepHble MOKAa3aTeJd OKYJIOMOTOPHON aKTUBHOCTH, aHA/IU3 KOTOPbBIX
MOXeT JaTb [OoJIe3Hyl0 HHQPOpMalUIo: CpeiHs1  NPOAOJIDKUTEJNbHOCTb  (QUKCcALUY,
NPOJO/DKUTENbHOCTh IepBOM PUKcaLUK, MO3ULMK PUKCALUH, aMIIUTY[A U JIATEHTHOCTb CaKKa[,

npoAOIKUTEJIbHOCTD M 4aCTOTa MOpI‘aHI/II‘/JI, paa noxasaTeﬂeﬁ, CBA3aHHBIX C BblAEJIEHHUEM Ha
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HM3006paKeHUH 06J1aCTEN HHTEpeca.

[IpogomxkuTenbHOCTh QUKcauuu (fixation duration) - BpeMsi, B TeieHHe KOTOPOTrO TJia3
OTHOCHUTEJIbHO  HemoJBWXKeH. TumnuuHble 3HadeHusa: 120-350 wmc. Hcnosb3oBaHue
IPOJO/DKUTENBHOCTY (PUKCALlMH B KayecTBe I0Ka3aTess, XapaKTepU3YIOLlero KOTHUTHBHYIO
aKTUBHOCTb, 6a3UpyeTcsl Ha TUIOTE3€, YTO KOTHUTHUBHAsA 00paboTKa BU3yalbHOU MHPOpMAILUU
BBIMOJIHSIETCS BO BpeMs QUKcaAIMi, a BO BpeMsl CaKKa/j nojasJjsieTcd. [Ipy skcrepuMeHTalbHOU
IIpOBepKe 3TON T'MNOTe3bl TEeCTOBble W300pa)KeHHs BBIBOAAT Ha 3KpaH BO BpeMsl UCIOJIHEHUA
CaKKa/bl.

[Ipy YTeHUM TeKCTa 4YacTO aHAJIM3UPYeTCs MPOAOJLKUTENbHOCTb MepBOM PUKcalMy Ha
CJIOBe, CBSI3aHHAsl C YACTOTHOCTBIO CJIOB W SIBJISIOIASACH MOKa3aTesJeM aKTHBALMU JIEKCUYECKOU
06paboTKH.

Ha pacnpesesnenue no3unui ¢pukcanuii BAUSIOT ciaefylolne GakTophbl:

¢ [IPOCTPAHCTBEHHO-BpPeMeHHbIEe XapaKTePUCTHUKHU 00beKTa BOCIIpUATHS,
TpeboBaHus 3a4a4u (fApbyc, 1967);

¢ HampapJieHHe B30pa yYaCTHUKOB OOIeHUS UM COBMECTHOH JlesiTe/IbHOCTH;

¢ KYyJbTypHble 0COOEHHOCTH UCIBITYEMBbIX;

¢ [POILIJIBIH ONBIT B pellleHUH NOCTaBJIeHHON 3a/jauH;

¢ (QyHKIMOHA/JbHOE COCTOSIHHE UCIBITYEMOTO U JIp.

[Ipy M3yyeHUM 4YTEHUS TEKCTOB BAXKHbIM I[I0KasaTeJieM SBAAETCS aMIIHTYAa CaKKas.
Tunu4Hble 3HaYeHUS COCTABJISIOT: IPU YTEHUH PO cebs1 7-8 6yKB (2 rpajyca), Ipu YTEeHHUH BCIYX
6 6ykB (1.5 rpagyca), npu YTeHUMM HOTHOM 3amucyd U nucbMe - 1 rpaayc. [lpu anuTesbHOM
paccMaTpHUBaHUU M300paXKeHHs, @ TAKKe MPU BbINOJHEHUHN B yMe CJ0XKHBIX 33ZlaHUH aMILIMTy/a
CaKKa/i COKpaLaeTcs.

JlaTeHTHBIH nepHo/ cakka/ — 4acTb BpeMeHU 3pUTe/bHON UKcali, He06X0JUMOr0 JJIs
NO/IrOTOBKHU CAaKKa/ibl HA HOBBIM 06'bEKT BOCIPUSITHS.

Ha paccmaTpuBaeMoM H3006paKeHUM HCC/e/loBaTe/llb MOXET BbIJIEJUTh psAJ o6jacTed
uHtepeca (Area Of Interest - AOl) B COOTBETCTBUM C HMEIOLIEHCS y HEro TUIOTe301
uccseloBaHus. B TakoM ciiyyae BO3MOXKeH aHaJIM3 psifia TOKa3aTesel, CBA3aHHbIX C HUMU:

¢ CcyMMapHOe BpeMs paccMaTpPUBaHUS KaxA0M U3 obJiacTel;

¢ 4ncio GUKCcaUMU B KaXK/JI0H U3 06J1aCTeH;

¢ CcpeJHsS NPOJAOJDKUTENBHOCTb QUKCALMI B KOXKI0W U3 06/1acTel;
¢ [O0PSAAOK pacCMaTpUBaHHUS.

OnvcaHue mopsi/ika pacCMaTpUBaHUsI 06J1acTel MOMXKeT ObIThb 3aKOJUPOBAHO C MOMOIIbBIO
MaTpul, nepexoja (transition matrices) — KBaZ|paTHbIX MaTpPHUIl, B KOTOPbIX CTPOKU U CTOJIOLBI
COOTBETCTBYIOT 3aJlaHHbIM 00J1acTsIM, a 3JeMeHTbl Marpuubl (i,j) - 4yuciay nepexonoB u3 i-i

006J1aCTH B j-10.
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IlpaxTHYecKoe HCII0Ib30BAHHE CHCTEM PETHCTPALHH JBH)XKEHHH I/1a3

[IToMHMMO Hay4HOTO HMCIOJIB30BaHHUA MeTOJAMKA PEeTruCcTpalMu JABMKEHUH IJ/a3 IoJydaeT
IIMPOKOe NpaKTUYeCKoe IpYMeHEHHe.

[To ganabIM acconuaunu COGAIN (Communication by Gaze Interaction)?, Tosibko B EBporne
CBbILIe MMOJYMUJIJINOHA YesoBeK ¢ GU3UUEeCKUMHU HeJOCTaTKaMH HYXJAalTCS B aJlbTepHAaTUBHOM
cnocobe aoctyna K kommnbioTepy. Co3fmanHasg B 2004 roay accormuanuss COGAIN o6beguHsieT
KOHCTPYKTOPOB  00OpyZAOBaHUA [  perucTpayuMu JABWXKEHUH IJa3, pa3paboTYUKOB
nporpaMMHoro obecneyeHus, MeaukoB. Ilpu mnopgepxkke COGAIN co3faHbl  CUCTEMBI
npeJUKTUBHOrO BBoJa Tekcta Dasher u StarGazer, cuctema SAW (Special Access to Windows),
rpaduyeckuii penaktop EyeArt, psa KOMIbIOTEPHbIX UTP. Pa3pabaThIBalOTCsl MPOEKTHI JelleBbIX
CHUCTEM BH/IEOPETrUCTPAIMU [BWKEHUH TIJa3, UCHoJb3yiux ObiToBble WEB-kamepnl. Takke
paccMaTpUBaeTCd BO3MOXHOCTb CO3JaHHA JelleBbIX CUCTEM perucTpauyuu JBUXKeHUH TIJias,
OCHOBaHHbIX Ha 3JjekTpookyJsorpadpudeckom (EOG Googles) u ¢oroontuyeckom (OWL)
NpUHIUIIAX.

[Ipu nazepHoit koppekuuu 3penus LASIK (Laser-Assisted in Situ Keratomileusis) ka4ecTBO
omepauui yJyyliaeTcsi, ecJd NPUMEHSITb CUCTEMY KOHTPOJS 3a MUKPOJABMKEHUSIMU TIJa3 U
crabunuzaunu aasepa (VISX Star $4 Active Track).

CucTteMbl perucTpanydu JBWXKEHUH TIJ1a3 MOryT ObIThb MCIOJb30BaHbl JJsl paHHEH
JIMaTHOCTUKU ayTu3Mma y JeTed. CorjlacHOo JaHHbIM KaHajckoro mncuxosiora Mel Rutherford,
JHAarHoCTUYEeCKUM MPU3HAKOM SIBJISIETCSl MeHblllee BpeMsl pacCMaTpUBaHUsI MpeAbsiBsieMbIX Ha
KOMIIBIOTEpE JIMI JIIOJEH U B YAaCTHOCTH — MeHblIee BpeMd pacCMaTpuMBaHUA rJa3. MeToguka
IpYMeHUMa Ha JieTAX 0T 9-MecsaYHOro BOo3pacTa.

CucTeMbl perucTpanyy ABUKeHUH rJ1a3 MOryT ObITh 3¢ PEeKTUBHO UCII0JIb30BaHbl TaM, TJ€e
TpebyeTcs MCCIe[0BaTb BOCHPUATHE OTHAEJBHOI0 CTAaTUYeCKOTO H300pakeHUs1 (peKJIaMHbIN
IJIaKaT) WJIM NOCJe/J0BaTeNbHOCTH CTaTUUYECKUX U300pakeHUMN (cTpaHULpl caiiTa). [IpeabsaBuB
rpylife pecnoHJEeHTOB Ha 3KpaHe KOMIIbIOTEpa HeOO6X0JMMOe H300pakeHHe, MOXKHO 3aTeM
NOJIYyYYUTh  OOOOIIEHHYID  «TepMOKapTy», IOKas3bIBaIOLIyld  paclnpejesieHMe BHUMaHUA
HabJioZaTesed IpU ero paccMaTpuBaHUM. [l IpOBeJeHUs] TaKOTO MCC/Ae[0BaHHUs JOCTATOYHO
ail-Tpekepa ¢ 4dactotod peructpanuu 50-60 ['y. B Poccuu Takue wuccnefoBaHus NPOBOAAT
koMmnaHuu USABILITYLAB u KOMKOH.

JloBOJIbHO 4YacTO BO3HHUKAeT HEOOXOAUMOCTb [AEeTaJbHOTO aHav3a BBINOJHIEMOU
JleITeJIbHOCTU C LeJIbl0 3KCIJIMKAaLMU INPUEMOB ee BbINOJHEHUs, KOPPEeKTUPOBKH Crocoba
BBINOJIHEHUS UM MOJUPUKALIMU CpeJibl, B KOTOPOU BBINMOJIHAETCS AeATeJbHOCTb. B 3TUX ciydasax

MOJKeT ObITb M0JIE3HBIM MOOHWJIbHBIN al-Tpekep. Pe3ysbTaToM ero paboThbl SIBJASETCS BUAEOPs],

2 http://www.cogain.org
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CHUMAaeMbIN IIUPOKOYTOJIbHOW BHJAEOKAMEPOW, YCTAHOBJEHHOMW Ha TroJioBe HabGJ0jaTess], C
HaJIOXKeHHBbIM HallpaBJieHHeM ero B3opa. ClefyeT OTMETUTD, YTO B psJie CJIy4aeB UCIO0Jb30BaHUeE
all-Tpekepa 0Ka3bIBaeTCsA U30BITOUYHBIM, IOCTATOUHO NPUMEHEHUS 6oJiee KOMIIAKTHOM U JlellleBOM
BUJleOKaMepbl, BeAyllled CbeMKy C NO3ULMM HabuwozaTens (SubCam). AHaiu3 pe3y/nbTaToB,
NoJy4yaeMbIX C IOMOLIbI) MOOW/IBHBIX BHJEOKaMep WJ/M all-TpeKepoB, B HACTOsllllee BpeMs
OCYIeCTBJISIeTCS NIPaKTUYECKH MOJHOCTbI0 BPYYHYIO U He MOAJLAETCS CKOJIb-HUOY/[b YCIEeIHOU
aBToMaTH3auuu. HMMewmuecs koMmnbloTepHble cucteMbl aHaausa (Noldus, Web Diver)
NpeJCTaB/JsIOT CcOOOU  pa3BUTble CpeAcTBa /[JIl aHHOTUPOBAaHHUsI BHUJeO3aluced, UX
pelaKTUPOBaHUA, 0HOBPEMEHHOI0 IPOCMOTPA U T. II.

MoxxHO oXupaTb B OJskalillee BpeMsl paclidpeHusi cdepbl NPUMeHEHUST METOJ0B
perucTpanuu JABWKEHUH IJa3 KaK B HayyHOM, TaK M B NpaKTUUeckoM IuiaHe. s GoJiee
noJpo6HOr0 3HAKOMCTBA C JaHHOW NpobGseMaTUKONM OyAyT IMoJie3Hbl MoHorpaduu [2-4].
MHdopManus o HOBBIX IKCIIepUMEHTA/IbHBIX UCC/IeI0BaHUAX PETYJIPHO MY6JIMKYeTCs B XKypHase
«JKCIepUMeHTa/IbHas NCUXOJIOTHUA». BlafielolmuM aHTJIMACKUM f3bIKOM MOXXHO PEKOMEHJ0BaTh

cautel COGAINS3 u Journal of Vision#.
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The article regards the types of eye movements (tremor, drift, microsaccades, macrosaccades,
tracing movements, vergence eye movements, nystagmus), provides materials on basic eye-
tracking methods (contact methods: electrooculography, photo-optical and electromagnetic
methods, non-invasive techniques: photo-optical, film and video recording), describes the
principles of fixation and saccades detection, the choice of specific indicators for the oculomotor
activity analysis (average duration of fixation, first fixation duration, fixation position, amplitude
and latency of saccades, duration and frequency of the blink, the indicators related to the
allocation of the regions of interest on the image). It shows the most important areas of eye-
tracking devices practical application (gaze-controlled computer interfaces for persons with
disabilities, medicine, advertising, analysis of the operator's activity).

Keywords: eye-tracker, fixation, saccade, eye-movement video registration.
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