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Ha AI4cepraIIpIoHHr{.f, TpyA Ha Karuna VIeaHosa Pa.{esa Ha reMa " BPEMEBI4 14

IIP O C TPAH CTB EHI4 XAPAKTEPI|CTLIKW HA 3 P EHI4ETO TIPI4 I43 EI4PATEJIHA
C TI4MyJI AUVTfl HA Kb C O B bJIHOB I4TE @ O TO P EUEIITOPI4 y r{ O B EKA " s a

rpucbxAaHe Ha o6pa:oBareJrHara u Hayr{Ha crerreH "AOKTOP"

or Aou. A-p llerx KyneHona,4.n.

flpe4craneHlisr ALIcepraIIpIoHeH rpya e pa3Brrr s o6eM or 125 crpaHr{rlu, reKcrr,T e
crpyKTypr.ipaH B cJreAHr4Te pa3.qenu: B6BeAeHr4e, Jrr.rreparypen o6:op, qen r4 3aglaqv,
MeroAI{Ka, eKc[epLIMeHTIr: MeroAr{Ka, pe3ynrafiru o6c:sx4ane Ha orAenHrrre eKcrrepuMeHTrl,
3aKJIIOqeHI4e, I{3BOIr{, ClpaBKa 3a rrpr4Hocr.rre Ha AucepraurroHHr{fl Tpy,., nr4Teparypa 14

flpunoxeHlls. Texcr:rr e oHarJreAett c 27 Sr.rrypu r4 cbA:bpxa 6u6tuorpaQcxa cnpanra or 153
3arJraBr4r or rrepr4oAa 1948-2010r., Karo 8% or 3auraBusra ca cneA 2005 r. Cr4rpxa
crlpaBKa 3a rlplrHoclrre Ha Al.IcepraqrlonHu.s rpyA, crrr4cbK Ha ny6lurarrtrtlt-te, cBbp3aHr4 c
Ir4ceprarlu fl't a v cruar,K Ha rlrrrlipaHlls't a Ha r e3n ny6luxaquu.

TEMATA Ha AI4cepraIII4oHHI{-tr TpyA e aKryanHa. Brnpexu qe 3prarenHara clrcreMa
orAaBHa e o6err Ha I,IHTeH3HBHLI u3cneABaF.hrs., B no3HaHl4ero Hr4 3a 3plrrenHvre MeXaHLI3MLI,

cBbp3aHI4 cbc crl{MynarJnfl, Ha K:bcoBlJrHoBrrre peuelropn (S-xon6uurcure) uMa 3HarureJrHrr
rlpa3Horu. Hesaeuculao or cBosra nra,ro6pofinocr (oro:ro 7-\oh or riolynaquflTa:rra
Kor6u.{KLIre), S-ron6rar{Kure 14 cBT,p3aHr4Te c r{x HeBpoHaJIHr{ Mpex{u vrpa:rr BaxHa ponr B

3pI{TeJIHara Synxqul, oco6eno B MexaHrr3Mr.{Te Ha rlBerHoro 3peHue. I4uenno MaJrKr4rr 6pofi,
o6aue, Ha S-rol6zqKLITe Ir cborBeruo HeJreKara u4euruSuxar\ufl. Ha perrrHanHrzre HeBpoHH,
nonyr{aBalrlu cnequQraqeH BXoA or r-sx, 3arpyAHqBar r.r3cneABaHero Ha re3n MexaHu:rru. Bce
oilIe ueAo6pe I,I3qcHeHIr ca, HaIIpHMep, HeBpo$usuo;rornrrHr{Te MexaHrr3Mr{ 3a [onyqaBeHe Ha
cuuro/Nurara oIIoHeHTHocr npli 3pprrenHr4Te orroBopr,r, KaKTo u .u.lracrkrero Ha ON u OFF
KaHana B 3plrreJlHara cl{creMa nrn @oplrupaHe Ha ra3r.r orroHeHTHocr. VIzscnseaHero Ha re3r{
BT,npocI4 e or QyngaueHTaJIHo 3HarreHrre zapaz6upaHe Ha MexaHrr3Mrrre Ha rlBerHoro
KoArrpaHe. 3a ueAuquHcKara rIpaKTLrKa rr3fraBaHero Ha 3pr.rrenHure orfoBopa c BX0A or
KbcoBbJlHosl,Ire ror6HrrKI'I I4Ma Bax{Ho 3Har{eHne 3a paHHara AplatHocrr{Ka Ha H.f,KoII
coquanHo 3HaTII4MLI sa6orssauu.s Karo Hanpr4Mep fJrayKoMa, paHeH rrpr.r3HaK rrpu Koqro e

IIoBHIIraBaHero Ha rlpara Ha orroBopr4Te Ha KbcoB:sJrHoeure xor6ra.mn. 3pnreJrHr..rre
orroBopl{, [onfIeHI,I npl{ crLIMynarJLrs. na S-xon6uqKr4Te, ca or to.4lrnn o6exr Ha r{3ctlelBaue
B I{3cJreAoBareJlcKoro 3BeHo "llpepa6orKa Ha 3pl4TenHara rauSopuaqr4-s" K:rM Irlucruryra uo
neepo6uoloru{a [pE EAH. Pa:pa6orenlr ca opuruHaJrHlr eKcrrepuMeHTaJrHrr rrocraHoBKr4 u ca
IIOCTI.,ITHaTI{ 3HaqI{MI4 Hayr{HLI pe3ynTaTr4 OTHOCHO XapaKTepUCTrrKrrTe Ha Te3rr orronopa. B
Hacrosrll4sr rpyA ca npeAcraBeHl4 r.r o6o6urenra AaHHr{Te, [onyqeHr.r c aKTr4BHoro f{acrr{e Ha

Ar.{cepTaHTKaTa.

Bre BbBEAEHI4ETO BHLIMaHL{ero ce HacoqBa KbM cr,ulecrByBaHero B 3prrrenHara
cllcreMa Ha ABa ocHoBHLI KaHaJra sa npepa6orKa Ha 3prrrenHr.rre cr4fHaJrrr - ON u OFF xaira,r,
npepa6ornaql4 cborBerHo unQopMaUlr.f, 3a cBerJrr.rHHH r.rHKpeMeHTr{ r.r AeKpeMeHTH. Ilocoqsa
Ce, qe CefpefaIIIItTA]Ha CIIrHar-II4Te, IIOCT6IIBailII4 OT KbCOB:bJIHOnUre XO:r6UrIKL{ tIO ON U OFF
KaHaJIa e 3acera no-cla6o Ir3qcHeHa, Koero MorLIBIrpa AoKTopaHTKara Aa BHece noBerle
tcHora no ro3l4 Br'rlpoc, 6azupaftxu ce Ha r{3cJreABaHe c ncuxo$n3url.nLr MeroAr.r Ha
rIpocTpaHcTBeHIrTe I{ BpeMeBrr xapaKTepr4cTr.rKr,r Ha MexaHv3Mr4Te 3a oTKpr{BaHe Ha
ITHKpeMeHTHIT U AeKpeMeHTHrr cTrrMynr.r B ycnoBl4r Ha r43onrlpaHa ceJreKTrrBHa cTHMynaur{s Ha
Kb coBb JrHo nure xol6r.rqr<u.

III4TEPATyPHI{IIT OE3OP e rpeAcraBeH Ha 36 crpauraqu. B naqaroro Ha o6:opa
ca rlpeAcraeeFll4 oco6eHocrr{Te Ha S-rol6urrKr.rre r{ TexHrrre nbruura. flpe4craaena e o6qara
cxeMa Ha rlpeAaBaHero Ha cIrrHaJIIrre B perrrHara rro rrbrr Soropeqenrop-6unonrpHa KnerKa-
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raHfJII4fiHa KJIerKa, Karo e rlocorreH HaqHHBT Ha $opMt4paHe Ha ON ra OFF xana,urre Ha
HIzBoro Ha cl{Halrl4qHoro nperaBaHe Me)rqy (foropeqenropvre u 6unolxpHr.rre KJrerKr.r.
flpe4craneHrr ca narepanHl4Te B3arrMoAefi.ctsus B ABara unexcu$opMeHr.r croq c yqacrr4e Ha
xopIr3oHTanHI4Te Il aMaKpr{HHr4Te KJrerKr,{. Pasrle4anu ca pa3nr,rrrH}rre rpynu 6unolxpHz ra

ranrnvrftnn KJrerKr.{ cbc crrerlr{aJren aKrIeHT Bbpxy ON/OFF Ar.rxoroMr4rra, Karo e
aKueHTIrpaHo Bbpxy cbuecrByBarr\ara 3Harrr4TerHa ON/OFF acr4Merpr4r Ha KJrerKrrre c BXoA
or S-xo:r6urIKI{Te, 3a pa3nl4Ka or KJrerKr4Te c BXoA or Apyrrrre BrzAoBe rol6uqxlt. B o6sopa ca
npeAcraBeHLI ocHoBHLIre nrop$o:rorrrqHn rpynr4 lanrnzfinz KJrerKrr, TexHr.ITe ocHoBHtr

QoropeqenropHli BXoAoBe, roJIeMI4Hara r4 pa3npereneHr.reHo Ha rexHVTe AeHApr4THr4 AlpBera
s ON u OFF uo4c.rroeBere Ha BT,TpemHI4q [reKcuSoprr,reH crofi u [poeKur4r4Te r4M B
narepanHoro KoJIeHrIaro r.sro. fla4euo e no4po6no orucaHr4e Ha uafi-4o6pe npoyvenprs. Bur,
rauuufinu KJIeTKI,I c BXoA or S-ror6uqKrrre - MaTTKHTe 4nyclofiHu ralrrnufinu KJrerKr4
(MA|K) rr rexHllre rporopeqenropHr.r BXoAoBe. flpe4crane:rru caxurrore3rrre 3a
opraHu3allvrflTaHa rexHLITe peqerrrrzBHr4 rronera. Tyrc 6nxa MorJrr4Ia ce Ao6aBflT HsKotr
cbBceM HOBI4 AaHHI4, AITpeKTHO [OTBspX.4aBarrIH MOAeJra 3a Ir4peKTHI4 KOeKCTeH3HBHLT
BXoAoBe or S-ON- u (M+L)-OFF -6nnorupHr4 KnerKa, rroKzBBaulrr c6rUo Heyr{acrqero Ha
ocHoBHI4Te 3aApbxHLI MeAl{aropHkr cucleMu sa $opuupane Ha ocHoBHlrre xapaKTepvcrr{Klr
Ha peqerITI{BHI4Te rloJrera ua M[fK, KaKTo I4 3HaqeHr,rero Ha cuur,o/Nurara orroHeHTHocr,
QopuupaHa Ha HIrBoro Ha S-ron6IEqKr4Te:a $opnaupaHe Ha xapaKreprrcrrrKr.rre Ha
peqerrl4BHlrre rlorlera Ha re3rr KrrerKr.r. (Crook et al, 2009, J Neurosci, 29(26):8372-8387
Packer et aL,2010,30(2):568-572).3acryxaBar MaJrKo rro-foJr-rrMo BHr4MaHrre r{ AaHHrrre 3a
opraHl'r3allfiflTa]li^a QoropeqenropHl4Te BXoAoBe n crparu$uKarJLrflTa Ha AeHIpr.{THr,rre r4M

AbpBera B:bB BbrpeIIIHl{.tl rIJIeKcI4Sopuen clofi Ha roJreMr,rre 4eyclofiHn ranr.nufinu KjrerKrr r.r

roJleMlrre (large sparse) eAuocloftnrr KJrerKr4, onr4caHr.r n pa6orara na Dacey & Packer
(2003), Ko.flTo e rlr{Tr.rpaHa B nr4TeparypHara clpaBKa. [aHHure 3a foJreMr4Hara 14

opfaHlr3allrtflTaHa peqelrllBHr4Te rroJrera c BXor or S-xol6urrKr4Te ca or ror_sMa BallcHocr or
fneAHa roqKa Ha rrocraBeHrrre eKcnepr.rMeHTanHu 3ara'sr v rsnKyBaHero Ha
eKcrIepI'IMeHTaJIHI'ITe AaHHIr. B rpa"a Ha ro3r{ pa3Aen Ha o6sopa ca yrroMeHarrr AaHHrr or
ncuxo$u:uonon4qHl,I I{3cneABaHI4.f,, rroKzl3Baqr.i HaMan{BaHero Ao r.I3qe3BaHe Ha ON/OFF
acl'IMerpl{tra Ha HI4Boro Ha 3pl4TenHara Kopa. Culrala, qe erHo yAaqHo ronbnHeHrre K:bM
Ta3I{ qacr Ha o6:opa 6u 6uto rlnTr{paHero ?r Ha AaH:rrtr, [onyr{eHrz rrpe3 r43cneABaHe Ha
cyMapHr.i eneKTpr4r{Hr4 orfoBopr.r raro EPf. Hanprauep, B cr,3Byrrue c rroKa3aHara3a
eAHHII.{HI'I KJIeTKI4 IIo-foJI{Ma ON/OFF acl4Merpr4r Ha rro-Ar{craJrHrrre HrrBa B 3pr4TenHara
CI4CTEMA, B KOHBEHIII,IOHAJIHATA EPf, rOXrO OTPA3IBA NPEAIZMHO AKTI,IBHOCTTA HA
6uuonapunre KJIerKrr, e HaMepeHara Jrrrrsa Ha rro3rrrr.rBen OFF-orroBop (d-nsnHa) B orfoBop
Ha ceJreKrI'IBHa crlrMylrar\ufl na S-tcor6urrKr4Te (Hanp. Evers & Gouras, 1986, Vision Res.,
26:245-254), 4oxaro B crpyKryprrpala'ra (pattern) EPf, orpa:.f,Barrla B rro-forlrrMa creneH
aKTI'IBHocrra Ha raurnufinrzre KJIerKIr, craMynarluflTaHa S-xo:r6u.rK!r-te AaBaKaKTo ON- raxa
r4 ro3r4rr4Beu oFF-orronop (d-nrr.na) (zolnikova et al., ISCEV 199s). B
eneKTpoperunorp aQ cr ur e 3arrucr4 Ao 6pe npor[rraBar rr pa3nr.rKr.rre BbB BpeMeBr4Te
xapaKTepl{crlrKlr Ha orroBopr.rre, MeArrvpaHrr or S-xol6uqru're 14 or Apyrr4Te Br{AoBe
rol6uqru. flo-sararrK B nl4Teparyp*ufl o6:op ca npelcraBeHr{ cneKTpilJrHr4Te
xapaKTepI4crI4KI'I Ha rplrre en4a rol6ur{Kl4 trpr4 rroBeKa Lr ABa MeroAa 3a rqxHara ceJreKTr4BHa
crI4Mynaqur. Tyr ca [ocor{eHlr ocHoBaHr.r-sra 3a ris6opa B eKcneprrMeHTrrre Aa 6r,le
I{3rIoJr3BaH AByUBerHLItr MeroA na Stiles. B crelsarqrrfl pa3.qen na o6:opa e orrgcaHa
npocrpaHcrBeHara cluaulls B 3prrrenHara crrcreMa, orpa3qBarrlauefi:r'ata cnoco6Hocr 4a
cyMHpa KBaHTLI or IaAeHa [nou. llpe4craneHv ca BrrAoBere npocrpaHcrBeHa cyMarluq:
IIbJIHa, HeIIbJIHa I{ cBpbxcyMa\ufl.14 3aKoHlrre, Korrro fll o[[cBar. Halpaneuo e norcHeHr4e 3a
3oHara Ha IIT'JIHa [pocrpaHcrBeHa cyMarlur (xpuruuen pa3Mep urv "3oHa ua Puxo"), Ko.f,To e
I4 eAI4H or napaMerplrre, o6exr Ha I'I3cneABaHe B Arrcepraqrrrra. lloco.reHa e Kopenaqu.sra



MexAy piBMepa Ha 3oHara Ha PIzKo I4 pa3Mepl{Te Ha IIeHTpurHara 3oHa Ha peqerrrrrBHr4Te
rloJlera Ha raHfnI.IftHI,ITe KnerKu. Tazu 3aBHcrrMocr cror4 Ao roJrrMa crerreH r4 B ocHoBara Ha
IIocTaBeHlrTe eKcrlep[MeHTa]THLI 3a4arll\ Tbfi xaro e MHofo BeposrHo n clyuafi qe qpe3

I43rIon3BaHe Ha IlcuxoSu:uunu MeroALr ce HaMep{T MexaHpr3Mr.r, pa3JrrrrraBarqu ce IIo
foJIeMI4Hara Ha KpIrrI4rlHI4t pa3Mep, Te3r{ MexaHr.r3Mr,r g.aLrMar Karo HeBpo$nszo:rorzueH
Kopenar pa3nur{eH BI,IA faHrJrr4itnrl r<nerxra, c pa3rr4r{Ha toJreML{Ha Ha peqerITLIBHI{Te cr4
rloJlera. flora:anu ca HsKorKo MeroAa 3a rr3cJreAB ale v rrpelcraBsHe Ha MexaHr43Ma Ha
TIT,JIHa cyMaUlrt, eAIrH or KoI'ITo e Ir3rIoJBBaH rlo-Harar:bK npv npoBeiKAaHe Ha
eKcnepLIMeHTI4Te, rlpeAcraBeHr4 B Hacroqqrrr rpyA. B ragr.i qacr Ha o6:opa e orAeneHo
BHI4MaHITe v ]F'apa3nvuHr'I Saxropll, Kolrro troBJrr,r{BaT MexaHr43Ma Ha npocrpaHcrBeHa
cyMallus Ir pa3Mepa Ha 3oHara ua Puxo Karo r4HTeH3HTer r.r cneKTpaneH cbcraB na Qona,
npoAbnlKI4TeJIHOCT Ha CTI4Myna, B|L3MOIKHOCTpTTe 3a CyMarlr4s !r naTepanHo 3aAspxaHe B
pa3II4r{HLITe !IaCTI,I Ha peqenTlrBHoTo rroJre, [purroKpr.rBaHeTo Ha peuenTr4BHr4Te rroJreTa,
ceoilcrsara Ha peanHl4Te AereKTopr4 Ha KBaHTrr - KBaHToBa eSexrunHocr, BpeMe Ha
i{HTelpalluq, Bb3MOXHOCT 3a pa3nurraBaHe Ha cTI4Myna or rrryMa cb3AaIeH rlpu csoTBerHrl
HI4Ba Ha Qouona qpKocr, nnoul pI BpeMerpaeHe Ha crr{Myna. llosHaeaHero Ha re:u Saxropu e
or 3HarreHLIe zauz6upaHe B eKcIIepI4MeHTanHara nocraHoBKa Ha orrrrrMaJrnlr napaMerprr Ha
cTl{Mynaqufi, IIo3BOJIqBaIrIt4 eAHO3HaqHO TsnKyBaHe Ha rronyqeHrzTe pe:ylraru. B
nocneAHara qacr na o6:opa e HarlpaBeHa cbrocraBKa Ha eAHoKaHannlrfl. v AByKaHanHr4q
MoAenI{ 3a orKpIrBaHe Ha LIHKpeMeHTHT4 r,r AeKpeMeHTHr.i 3prrrenH}r crr4Mylrz. Brnpocbr 3a
KoAr,rpanero Ha cr.rruaJrr4 rrocpeAcrBoM MexaHr43Mr4, CIOCO6uU Aa OTfOBaprr Ha
TIpOTI4BOTIOJTOIKHLI [OnspHOCTr4 Ha [apaMeTprrTe Ha Kolr.rpaHrrTe npr43Harlr4, Lrnpr qpe3
MexaHlI3MI4, oeJIeKTLIBHI4 Kt,M rlpoMtHa na crofigocTr4Te Ha rrapaMeTpr4Te caMo B eAHa
rlocoKa, e KapALIHanen sa pa:6upaHero Hr4 3a pa6orara Ha HepBHara crrcreMa nro6ule.
llpuuep 3a AByrlonrcceH AereKTop e, Harrpr4Mep, KJrerKa, rrporBrBarqa 6asanHa crroHTaHHa
aKTTTBHOCT, KOrrO MOXe ila 6rre MorynupaHa KaKro n (+) raxa r{ B (-) frocoKa, AoKaro
npr.iMep 3a rr3[on3BaHe Ha eAHorronrccHr4 AereKToprr e, Hanpr4Mep, [apanenHoro
cBIiIecrByBaHe Ha ON u OFF rcnerxz (4ea xauara), crreurraJrr.r3vpaltr Aa Kolr4par cborBerHo
rIpoMeHI4, HacorreHl,I K6M eALIHrrflLrIrH Apyrvs noJIIoc. B o6sopa ca rrocorreHlr MoAenr,r 3a
o6pa6orra ua unQoprraa:!lz.fl, c Ir3rIoJI3BaHe Ha AByrroJrrocHr.r rr eAHononrocHu MexaHr.r3Mr{ rr
[peIIrMcTBaTa L{ HeAOCTaTSIII{Te IIO Ilpr4Hrlr{n [pr4 r{3rroJ]3BaHe Ha ABaTa Br4Aa MexaHra3Mrl.
I4lta Aoc:rarbqHo ocHoBaHIre Aa ce Ao[ycHe, lre B HepBHara crrreMa ce u3[oJr3Bar
npeAI{McTBATAla Ha ABara Tl{rra KoAr.rpaHe nppi pelraBaHe Ha pa3nr4qHra sa;1aqu. B
KoHKperHLIx cttyuaft rpx6na Aa 6rAe HaMepeH orroBop Aanrr KoArrpaHero Ha crirHaJrrrre B

cnirlo/Nurl{t orroHeHTeH MexaHI{3tM, rofiro e eAr{H or ocHoBHLITe MexaHI{3MI{, yqacrBalrll4
B IIBeTHaTa ALICKpI4MLIHA\LLI., Ce rr3BsprlBa c yqacTr4eTo Ha elrrH AByrroJrroceH vnv ABa
elHononrccHll MexaHvsua. JlureparypHzre lla:u:r^:lr ca [porrrBopequBlr. Tpy4riocma 1al:'1ar
HaMepeHI4 S-OFF 6nno;rxpuu KJIeTKLI e apryMeHT B rroJr3a Ha ABynonrcceu (e4Hor<ananeH)
MexaHI43bM, I{3rIoJI3BaIrI caMo ON rcauana B Alrcra!'rHlrre Hr{Ba Ha 3pr4Tengara cucrelra. B
c:bllloTo BpeMe I4HKpeMeHTHkrTe lr.4eKpeMeHTHr.rTe OTrOBOpr4, [onyqeHr,r qpe3 pa3nl4r{Hu
TexHI4KIr 3a ceneKTIrBHo Apa3HeHe Ha ON urn OFF xauananpvvt3orrarJkrs.Ha S-no:r6u.{xoe
BXOA, IIOKa3BaT acvMeTpl4{ IIO OTHOrrreHr.re Ha qyBcTBI4TenHOCTTa, BpeMeBATe 14

npocTpaHcTBeHI{Te CI4 XapaKTepLIcTr.rKr4, KOeTO noAKperrr c:bI{ecTByBaHeTO Ha ABa
eAHorlonrccHlr MexaHl'Irua (lna xaHa,ra). B no4xpena Ha AByKaHarHuq MoAen e u rurrcara:na
ceneKTI4BHo HaMaJIeHI{e Ha r{yBcrBprreJrHocrra B KbcoBbJrHoBara o6lacr c.neA 6loxupaHe Ha
cl{rHarrl4Te or ON 6unolxpure c APB (n rercra e AonycHara Heror{Hocr - rre APB 6nor<upa
nro6rqe ON orrosopure). B o6sopa ca rlr4Tr{paHv ral:nn KaKTo or eneKTpoQu:uororuuHz
Ir3cneABaHI'It Ha KopoBa acrlrBHocr, TaKa r.I or rr3cJleABaHLrfl. c ncuxo$u3r4rlnn MeroAri.
floxasaHu ca H rlporlIBopeq[rra B pe3ynrarr.rre Ha pa3nuqHr4 aBTopz. Tona o6ocuoBaBa
ueo6xo4l'tir,tocrra or Harpy[BaHe Ha HoBr.r IaHHv 3ausflcuflBaHero Ha ro3rr Kap.uuHaneH 3a



MexaHI,I3MIrTe Ha UBeTHoTo 3peHLIe Bbrlpoc, KaTO ce HaOenr3BaT r.r TrrIIoBe 3aliar.Iqr, Kor4To
6nxa nouorHaJrr,r 3a roBa.

IIEnTA 14 3AAAr{tr4TE Ha a3cneABaHero rlpoll3rr{r{ar JrorrrrrHo or AaHHr4re,
npeAcTaBeHL{ B nl{Teparyp]H]1'fl o6sop. IloryuanaHeTo Ha HoBrr AaHHrr 3a cbUecTByBaHeTo Ha
S-ON u S-OFF rlbrl4lrra qpe3 cblocraBKa Ha AaHHrr or ncnxo$u3vqltr rr3cneABaHr.rr c
xapaKTepllcrl{Klrre Ha perplHanHr4Te HeBpouar'rHrr Mpe)Krr 6u uualo 3Haqr,rreJreH npr,rHoc 3a
pas6rapauero HI4 Ha MexaHI43MI{Te Ha rlBerHoro KoArrpaHe. llocraHonKara Ha 3a1arillre
cborBercrBa Ha rlocraBeHara qen. 3a6ene)r(Kara Mr{ K6M To3r,r pa3AeJr e, qe upu 4eQraHupaHe
Ha Ilenra ce yrloMeHaBa I{3KJIIoqI4TeJrHo neo6xo4zuocrra or AorrbJrHl,rreJrHo r{3cJreABaHe Ha
npocTpaHcTBeHI4Te XapaKTepI4CTr.rKr4 Ha rrHKpeMeHTHrrTe rr AeKpeMeHTHr,r oTfoBopr{, AoKaTo
3arJIaBI4eTO Ha AI{CepTaIII,I-sTa npeArronara v Lr3cJreABaHe Ha TeXHr4Te BpeMeBr,I
xapaKTepr.{crr{Krr. Pa:6zpa ce, npefneAbr Ha 3aAarrprre rroKa3Ba, rre re3rr xapaKTepr.rcrrrKr{
cbrrlo BJrr{3ar s o6cera Ha pr3cJreABaHero.

B r:ranara METOAI4KA e uanpaBeHo no4po6no onuoanrre Ha eKcrrepuMeHTarTuara
nocraHoBKa. 3a no:ryuaBaHe Ha crvMynu, ceJreKTrlBHLr 3a S-xon6uqxr4Te e r43rroJr3BaHa
opt4rlrHanHa Ir,rogu(pnxar]:as.Ha AByIIBerHr4{ MeroA na Stiles, pa:pa6oreHa n la6oparopprflTa
rlo I4Aet Ha npo$. A. Baculen. Cnopeg Kracr{ecKr.rs MeroA na Stiles u3onr.rpaHa crrrMynarlut
na S-rol6zrIKI,ITe Moixe Aa ce nonyqu qpe3 xpoMarurrHa a1;arrrarJtrq Ha M- u L-ro:r6uqKr4Te c
.apra (uacuularqa ru) xura cBerJII,IHa. Tona 6pr A€uro, o6aue, Bb3Mo)nHocr Aa 6lAar
I43cneABaHI4 caMo HHKpeMeHTHH orfoBopr.r. flpu opuruHaJrHara lro4a(fraraqufl:ua Bacu:res
KT'M tpKl4t )I{bJrr Qon ce Ao6aes MalTKa rlocrosHHa KT,coBtJrHoBa cbcraBKa, rro3BoJrrBatrla
rlpe3 ilpoMenu n uefinus I4HTeH3urer Aa 6rAar [onyqaBaHrr KaKTo r4HKpeMeHTHr4, TaKa kr

IeKpeMeHTHLI OTTOBOpI'I. flaparllerplrre Ha cTlrMynarlrlf,, rr3froJr3BaHI,I B HaCTOqqur rpyA ca
uo46pauu rIoAXoAfluIo. Hanpaneria e nepnf vKar\Lrs.3a Hacr4rrlaHero Ha M- lr L- MexaHr43Ma,
qpe3 TecrBaHe Ha rlparoBere rlplr HapacrBarr{a spKocr Ha QoHa. Hanpanena e u nepu$LrKarJus,
3a roBa, qe recroBlrre crllMynr4 crrrMynr4par cauo S-ro;r6uqxure qpe3 r43cnerBaHe Ha
crleKTpanHaTa TTyBcTBI,ITeJIHOCT Ha OTTOBOpIITe rr CsnOCTaBKa Ha nonyqeHaTa KpprBa c
KpI'IBara Ha cneKTpanHa rryBcrBnreJrHocr ua S-xol6ur{Kr4Te (n1 lrexaHu3T,M Ha Stiles). 3a
c:blKaJIeHI,Ie, BCI{vKI4 ,{pyfl4 rracrr4 Ha MeroAr,rKaTa He ca pa3fneAaHr4 B H.rrKaKbB nO-O6q szl
TyK, a eAuHcrBeHo Ha Mecrara B cneABaullds.pa34en, KbAero e ofrr{caHo I43rrbjrHeHraero Ha
KoHKperHLITe 3aAar{I4. Crrasrau ,ue 6u 6u:ro 4o6pe ryK Aa 6rlat [peAcraBeHr.r ocHoBHr4Te
I'I3IOJI3BaHI,I MerOAI4 3a OrlpeAenflHe Ha nparoBe rr peaKrlrroHHo BpeMe, crarr{crr4qecKa
o6pa6orxa Ha AaHHI{Te, I43rlo.lr3BaHrrre anpoKcr.rMar\Lruu r.f,xHara oueHKa - HanpuMep
6ur.unefinata anpoKcr4Maur4s ro MeroAa naBogartz r.r AoKonKo 4o6pa e 6uta1azu
arrpoKcrrMarlux (goodness of fit).

EKCIEPI4MEHTZ: METOAI4KA, PE3yIITATZ I4 OECbXAAHE. Hauupan sa
yAar{Ho lpercraBsHero Ha pe3ynrarr4Te u o6crNAaHero Ha e.4Ho M{cro, Koero ynecH{Ba
IrHTeprlperar\nsra Ha [onyr{eHr4Te AaHHr4 r4 rroMafa 3a r43Bex(AaHe Ha opurr,rHarTHr4Te
lpl4Hocll. B excnepuuenr 1 e LI3cneABaHa [pocrpaHcrBeHara cyMarlzr 3a r4HKpeMeHTHrr r4

AeKpeMeHTHLI crI4MynI4 c pa3nl4r{eH eKcueHTpr.{qr{Ter. Hauepeno e, ve 6:rra:o 4o Soneara
[pafoBere 3a I'IHKp€M€HTI4 ca 6lusxra, Ho Bce naK MaJrKo rro-foJreMr.I or re3v 3a AeKpeMeHTH.
3a pa-:luxa or roBa B perl4HanHa-rara nepu@epux nparoBere 3a Ma,rKr.r AeKpeMeHTHu crv.,lrynn
craBar rIo-BI{coKIz or re3LI 3a LIHKpeMeHTHLITe, xaro, o6ave, HaM€LrItBar fIo-cIrJIHo c
HapacrBaHe Ha rrnorrlTa Ha crrrMyna, Koero foBopr{ 3a ro-ror.flua esexruBHocr Ha
[pocrpaHcrBeHara cyMauns [pr4 AeKpeMeHTHr4Te OTTOBOpT{ B Ta3r.r qacT Ha perrrHara.
Pa:ru.{Hara 3aBllcr.rMocr Ha rlpafa or nJrorrlTanpurrHKpeMeHTr,r r{ AeKpeMeHTr{ B

nepuQepuure 3oHI4 e B noJr3a Ha xllrrore3 ara 3apa3nrlrlHu rr:brrrrla, B KoI4To craBa ra3zr
cyMaIII4f,. ZsrrroqurenHo LIHTepeceH e pe3ynrarbr or cpaBHrrreJrHoro r.r3cJrelBaHe Ha
rIpoMeHI{Te Ha 3oHlzre sa Puxo c eKclleHTprrUr.rrera rrpv rrHKpeMeHTHr.r r.r AeKpeMeHTHrr
crlzMynl{. HaltepeHo e, ile 3oHlrre na Puro 3a crrrMynHr{ r4HKpeMeHTrr r{ AeKpeMeHT:a ca c



rrpkrlnlz:u'IeJlHo eAHaKBLI pa3Meprr [pr4 ManKr.rre eKcrleHTprruurerr{. 14 sa 1earasu1La
cTIIMynI,I Te3I4 3OHI4 HapaCTBaT C eKCrIeHTpIIqI,ITeTa, HO TOBa HapaCTBaHe e IO-CTp6MHO npu
AeKpeMeHTHIrre orroBopl,I, TaKa qe B rro-flepu(pepnure qacrtr Ha perr.rHara 3oHara na Puro e
3HallareJrHo [o-rorsMa 3a AeKpeMeHTHraTe, B cpaBHeHr,Ie c r{HKpeMeHTHure orronopu. Hafi-
foJItM LIHTepec BbB Bpb3Ka c 4e$unrapaHara B Ar,rceprarlrroHHr.rs rpyA 3aAarra [peAcraBnrBa
cpaBHsBaHero Ha 3oHI{Te Ha Puxo 3a r4HKpeMeHTHrr r{ IeKpeMeHTHLr crr4MyJrr4 c roJreMrrHara
Ha peqerITIrBHI{Te noJlera Lr rrJrbrHocrra Ha MA|K, 3a Kor{To ce 3Hae, qe I{Mar nxoA or S-
ror6u.{xure. Marap pa3Meplrre Ha peqerrrl4BHr4Te rroJrera Ha re3rr KJrerKr.r Aa HapacrBar c
eKcueHTpllqr{Tera, a TIJIGTHOCTTaLTM ila HaMalTrBa, HapacrBaHeTo c eKcrleHrlr,rur4Tera Ha
foJIeMIrHara Ha peqe[TI4BHI{Te rroJrera ua M[fK r.r3ocraBa B cpaBHeHr4e c HapacrBaHero Ha
3oHI'ITe na Pnxo, Karo pa3nl{Kara e 3Haqr.rreJrHo [o-ManKa rrpx r.rHKpeMeHTHr.{Te orfoBopr{
orKoJlKoro rlpl.i AeKpeMeHTHIrre orfoBopr{. O6crAenra ca HrKoJrKo BT,3MoxHr{ npuqrrHr{ 3a
rosa. Brs\dolKHocrra 3a peopraHLlsa'q:as. Ha peUenrr,rBHr4Te rroJrera nocpeAcrBoM JrarepaJrHr,r
nsaulto4eficrBkrs. c yqacrl4ero Ha aMaKpr.rHHrr KJrerKH r43fJlexAa cnopeA MeH TBbpAe MaJIKo
BepoqrHa [peABIlA HOBOlOnyqeHVTe AaHHrr 3a Jrr.rnca Ha raKaBa peopraHrr3a\wflrrpu
Qaplrarononrr{Ho 6noxnpane Ha ocHoBHr,rre narepanHr.{ B3ar.rMo gefr,ctoux BbB B:brperxHr{s
n:rercuSoprraen clofi (Crook et aI, 2009 , J Neurosci, 29(26):8372-8387) . Mnoro ro-Bepo.f,rHa
Ir3rneixAa Bb3MoxtHocrra 3a yrracrr4ero ocBeH na M[fK r.r Ha IpyrLI KJrerKr.r, [prrre)KaBatrlu
rIo-roJIeMI4 peuerITI4BHL{ [onera. Or rsx ca crroMeHarr4 roJreMr4Te 4eyclofinu rasrtuitnu
KJIeTKH, [pI,ITexaBarIIIi opraHrtar\ufl. Ha peqenrr4BHr4Te [oJrera, cxo4Ha c ra3r{ na M[fK,
Apyrl4 KJrerKI{ ca o6cr4eru4 IIo-HararT,K B pa3Aer <3axffo.{eHr4e). Karo qqro pe3ynrarr{Te or
eKcnepl4Meirr I ultar npI,IHoceH xapaKTep v caB noAKpena Ha AByKaHanHr.r.f, MoAen, orrucaH B

o6:opa. B etccuepuueHr 2 ocHoBHara 3aAarra e 6uta Aa ce Bepr4Sraqupa ceJreKTrrBHara
crlrMynaquq Ha ON - krlru OFF- rana,ra nplr BKJrror{BaHe Ha r4HKpeMeHTHrr r{ AeKpeMeHTHr4
crI4MynI4 c KparKa rlpoA:bmKrrrerlHocr, or rl{fla Ha r{3rIotr3BaHI{Te B 3aAar{a 1, rtfi rcaro
Ir3KJrrollBaHero Ha BceKH or rsx 6u lrorlo Aa npeAcraBnqBa crnMyn 3a nporl4BorronoxHl4.f,
KaHan. Or:ronoplr Ha ro3LI Bbnpoc e or 3HaqeHr4e KaKTo 3a rbnKyBaHero Ha pe3ynrarr4Te or
rIpeAI4IxHara 3araqa, TaKa I{ 3a rrpaKTHKura Ha ncuxo$n:norofvr{Hure r43c:reABanr4s. c raKr{Ba
crI4MynI4 nto6rqe. 3a qe:na e npoyr{eHa [poMqnara B rrpafoBere Ha r.rHKpeMeHTHLr H

AeKpeMeHTHrl Tpr.roHoBlrilHpr crrrMynr.r c:bc crpr,MeH rrpeAeH unv3a!.e]F. QpoHr u c
[poAT,n]KI4TeJIHocr, paBHa Ha ra3r{ Ha r.rMrryncHrrre crr4Mylu. Pe:ynrarr4Te or ro3rr
eKcIIepI4MeHT rrMaT [prrHoceH xapaKTep 14 AoKa3BaT, r{e 3pprTenHaTa cr4cTeMa e IIo-
rIyBCTBI4TenHa KbM BKJIIOqaH0TO OTKOJIKOTO Kt'M II3KJIIOTIBaH€TO Ha KpaTKI4 [paBOT,rbJIHLI
cTIlMyJrI4, He3aBI4CLIMO OT TeXHr{r 3HaK - r,rHKpeMeHTHVl/ofit AeKpeMeHTHr4, KOeTO e rr
AoKa3arencrBo 3a BepHocrra Ha Lr3BoAr.rre, HarrpaBeHa s o6c:bNAaHero Ha 3a4aqa 1. llopa4ra
HeroJItMara pa3nHKa B rryBcrBHTeJrHOCTTa KT'M BKrrOqBaHe ra LI3Knror{BaHe Ha crvMyJII4Te,
AOnbnHIrTenHo I{3cneABaHe Ha qyBcTBureJIHOCTTa K:bM BKTIOqBaHe I{ I43KJIrOr{BaHe Ha
oKonolpafoBl{ I4HKpeMeHTHI4 14 AeKpeMeHTHr{ CTlrMynr.r e HanpaBeHo npu Apyra olr.rTHa
nocraHoBKa B npoBerenus Excnepr{MeHT 3. B roSu eKorrepr.rMeHr e r.r3cneABaHo
pa3rlpe,4eneHl4ero Ha peaKrII4oHHr4Te BpeMeHa IIpu BKffoqBaHe r.r r43Krror{BaHe Ha
oKononpafoBll LIHKpeMeHTHI{ r.r AeKpeMeHTHr{ crr4MyJrl4, CeJTeKTHBHO Apa3HerqZ S-
ro:r6rrxure, c rpoMeHnl4Ba npoAbJIXr{TeJrHocr - or 500 lo 2000 rracerc. Esexrure or or{Hr.r

ABIrx{eHIrs I4 aKoMoAar\ufl. aa ug6eruaru c I43rroJr3BaHe Ha roJreMr.r crr,rMynrr c pa3Mep paBeH Ha

Sona. Ycranoneno e MoHoMoAanHo pa3npeAeneHr4e Ha peaKrlr4oHHrrre BpeMeHa npu no-
KparKI4Te crI]MynI4 (peaxUus caMo Ha BKJrroqBaHero), xoero craBa 6zuo4a,rno npu
yAbnxaBaHe Ha crl4Mylure (peaxlll4t KaKTo Ha BKJrror{BaHe, TaKa r4 Ha r.r3Knrounaue), raro
r{yBcrBnTerHocrra K6M Ir3KJIrOqBaHe Ha CTr4MynI4Te HapacrBa c rflxHara npolbnxrrrerlHocr.
cr'qenpelr,reHHo rlpu axpoMarr.iqHrr crr{Mynr{ pa3[peAeneHl,Iero vrBtr]Harv 6rzrraola,rno.
Hucxara qyBcrBlrrenHocr KbM r{3KJrroqBaHe Ha KparKr4 xpoMarr{r{Hr,r cruMyJrrz, ceJreKTr.rBHr,r 3a
S cacreuara, e cbrrocraBeHa ra Kopenupa e AaHHLL nonyrregr4 rrpr4 r{3cneABaHe Ha KopoBr4



eBoKI,IpaHI4 IIoreHIIIrtu-In. OruocureJrHoro pa3npereneHr4e Ha BpeMeHara Ha peaKrlus rrpu
BKnIoqBaHe Ha KparKLI cruMynu ( c nonolroAanHo pa3rrpeAenenne) u no-AbJrrpr cruny:ru ( c
6ultoAa,rlno pa3[peAeneHae) He rroKa3Ba cbrlecrBeHr4 pa3Ir:v'l.ufl 14 orroBopr{Te He Morar Aa ce
rrpuqllcr.f,T Kr'M ToHI,IqHIa-f, TI{II orroBoprr. C rosu eKclepr{MeHT orHoBo ce rrorBbp)KraBa, qe B
onI4TrITe C KparKA rIpaBObr:bnHH r{HKpeMeHTHr4 rr AeKpeMeHTHr,r crr,rMynrz qyBcTBr{TenHocrra e
rIo-foJIrIMa npLI BKnroqBaHe Ha cTHMynr4Te r.r cboTBeTHo ceJreKTlrBHo ce cTr4Mynr,rpaT oN- u
OFF- rananlITe, Ho ce LI3{B.aBar u Apyrn xapaKTepr.rcrr4Krr Ha orfoBopr4Te Ha cruMynarlu.s Ha
S-xol6uqnl,ITe - TexHI4Te BpeMeBX xapKTepr{crr4Kr.r. Hncrcara qyBcrBurenHocr rrpu
Ir3KJrIoqBaHe Ha KparKorpafinu crr.{MyJrr{, ceJreKTrrBHu:a S-rol6uurrare, ce o6scusna c roBa,
qe ra3I'I czcreMa aNra no-6aeHa KIrHerIrKa (no-rorrlra BpeMeKoHcraura) Ha orfoBoplrre, a
ocBeH ToBa IIoKa3ea no-6aena aAanralluflnpkr xpoMarrdrrHa nepryp6aqus,.B eKcnepr4Meur 4 e
HarlpaBeHa npoBepKa 3a BpeMeBLI-{ LrHTepBan, n rofiro Bce ou1e ce npo{B-trBa no-Hr4cKara
r{yBcrBr.rrenHocr 3a r,r3KrroqBaHe Ha orroBopa B ycnoBuflTaHa r{3cJreABaHe Ha
rlpocrpaHcrBeHara cyMaul{.a c ManKrr crr.rMyJrrr, noKanr43rrpaHr4 B perr.rHanHara nepu$epus.3a
cbi(aJreHl4e nplr ra3I,I orII4THa nocraHoBKa He Mofar Aa ce [peMaxHar $a:uunure [pexolHr.r
npoqecl4 Ha rpaHl,Iqara MexAy Qona u crr4MyJra, reHepnpaHr4 or or{Hr.rre ABr4}(eHr.rs.
floIta:auo e, qe pa3r[Kara B nparoBere 3a LrHKpeMeHTHpr u AeKpeMeHTHr,r crrrMynr{ r.r3qe3Ba
npu iIpoAbJIiKIrreJIHocru 400-500 MceK., a B paMKr{Te Ha roBa BpeMe vMa c-rarttcrr4r{ecKr{
AocroBepHo B3al,IMoAeficreue Me)KAy Sar<ropa ron.f,pHocr (rauxpeueHT rrrrur 4erpeueHr) u
rrpoAbnxrrTeJrHocT Ha cTr{Myna.

B uasara 3AKIIOqEHI4E ce ilpaBl4 o6o6ueuue Ha eKcrrepr4MeHranHr4re pe3ynrarr4
u ce nocoqBa ocHoBHI4f,T LI3BoA, 5azupau Ha rqx, a rrMeHHo 3a ctqecrByBaHeTo Ha ABa
eAHorlonrccHkl MexaHI43Ma B czsro/NtlTa.f, KaHtu'r na Xepunr, Kor{To rroKa3BaT pa3nur{Hr4
[pocrpaHcrBeHo-BpeMeBn xapaKTepr,rcrrrKrz, noHe B perriHanHara nepuQ epr4fl , rt ca B
rloAKpena Ha r4reflTa v Ha rpyrv aBTopr4 :a neo6xo4r4Mocr or npepa3rne)KAaHe Ha reopr4rra
ua Xepuur 3a rlBerHoro 3peHrre.

CsrlacHa cbM c ocHoBHr.ITe r,r3BoAr{ r{ cnpaBKara 3a HayrrHr4Te npnHo ctr Ha
Ar4ceprarlr4o HHr4{ rpyA.

AnropeQeparbr orpa3-tlBa ocHoBHrzre HayrrHu pe3ynrarr4 u e oQopnreH crropeA
IIp r.r eTr4Te pr3t4cKBaHLrs..

Marepzalure, cBBp3aHn c Akraep'ta\vflTa ca ny6rzxyBaHr{ B Tpv ararlru, Bcr4rrKr,rre c
IIMIIaKT Saxrop, I4 ceAeM Hayr{HH Sopyrr,ra, Karo 3a eilvHrrs. or rsx Marepr{anbr e ny6lurynan
B rIbJIeH BI4A B I,IHrepuer. B noqru BcI{r{Kr{ c-rarkrtruyqaerus.Ir4cepraHTKara e rr:EpBtr aBTop.
3aclyNana Aa ce or6eJlexl4, r{e ABe or crarr.rr.ITe ca ny6nuKyBaHr.r B aBTopr{TerHoro crrl4caHrre
Vision Research. lloco.{enl4 ca rpr.rHaAecer rllrrrrpaHas or Apyrr.r aBTopr{ r.r ro B crrusalyrfl,
xaro Visual Neuroscience, Vision Research, Investigative Ophthalmology and Visual
Science, Journal of Neuroscience, Journal of Vision, Journal of Physiology, KaKro 14 B
Handbook of optics, ny6mzrynaH rIoA err.rAara Ha AnrepuxaHcKoro ApyxecrBo rro orrr6Ka,
Koero rlpeAcraBn-qea cnoeo6pa3Ha MexIyHapoIHa orIeHKa Ha 3HaqrrMocrra Ha HayrrHr.rTe
r{3cJreABaHr{.f, , rp eAcTaBeHr4 B AprcepTarl[oHHus TpyA.

B saxrloqeHl{e, cMtraM, qe Anceprarlr4oHHuqr rpyA Ha Ka:luua LlsaHoeaPaqesa
rlpelcraBntBa e.4Ho gaArr6o.reHo I43cneABaHe Ha rrpocrpaHcrBeHr{Te z BpeMeBr,I
xapaKTepl4crlrKl{ Ha 3pIrrenHI,ITe orroBopr4 rrpl{ crr4Mynarll,I{ Ha KbCOB6JTHOBT{Te peqerrropr4,
cbc cBoI{ oprI4HanHI{ npI4HocI{, Aonpr4Hacrqr4 3a pas6upaHero Ha ocHoBHr4 MexaHr{3MI4 B
paOorara Ha 3pr{TenHara cr4creMa. llpe4larana y6e4euo Ha Hayr{Horo xypz Aanpvcr/iLr Ha
Karuna I'IeaHoea Paqeea o6pa:onareJrHara 14 HayqHa creneH ,,noKTop".
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