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PELOEH3UA

ot wi-kop. npod. Aumon P. Koces, 160 — UBOBMMU — BAH, BBB Bpb3Ka ¢ KOHKYPC 3a JIOIEHT B
npodecronannoTo HampaeineHue 4.3. ,buonormueckd HaykKu, MO HAy4YHATAa CHEIUATHOCT
,,@HU3NONIOTHSl Ha KMUBOTHUTE M 4YOBEKA™ 3a HYXJIWTE Ha HAy4yHO HampasieHue ,,CeH3opHa
HeeBpoOuonorus“ B Mucturyra no neBpodbuonoorus — bBAH, o6siBen B ,,/bpkaBeH BeCTHUK, Op.
75\03.09.2024 ¢ yuactuuk ri1. ac. a-p L{Beranmun ToreB Tores. 3anoBen Ha aupektopa Ha MHB
43\25.11.2024.

Kanaumaret 3aBbpiiBa Coduiickus Yausepcuter ,,CB. Kimument Oxpuncku nmpe3 1999 r. kato
Maructesp no MuxeHepHa pusuka cbe crienuain3anus no MeIUIUHCKa QU3uKa 1 U3MepBaTelIHa
enekrponuka. [locrenBa B IHB - BAH npe3 1997 r. IlIpe3 2015 r. 3amuTaBa gucepranus Ha

TEMA ,,MexaHI/ISMI/I OIpeAcCIAIIN CKOPOCTTA HA 3PUTCIIHOTO BB3NPHUATUC HA CTUMYJIM C pa3jiniHa

MPOCTpaHCTBEHA YecToTa™

B xonkypca n-p ToreB y4actBa ¢ 10 Hayunu myOnukanuu, ABe KOJIEKTUBHH MOHOTpaduH, eaHa
KHuUra u 4 PETUCTPHUPAHU IIO0JIC3HU MOICIIU. Bcuukure Hy6J’II/IKaI_II/II/I ca B MCXKIAYHAPOIAHU
criiucanus ¢ ummnakt ¢akrop (IF) wim B cnmcanus cbe scientific journal rang (SJR). Hsikoit ot
CIMCaHUATA ca MyOIMKyBaHU B peHOMUpaHnu crimcanus: Frontiers in Neuroscience (IF = 3,707);
Applied Sciences (IF = 2,838); Behavioral sciences (IF = 2,286); Journal of the Optical
Society of America A (IF = 2,122, IF= 2,104 u IF= 1,9);Autism and Developmental Language
Impairments (SJR = 0,55) u Cybernetics and information technologies (SJR = 0,55).

[Ipencrasen e cnuchk ¢ 47 3abensa3aHu MUTUPAHUS HA TPYIAOBETE.

IIpuHocH B TpyaoBeTe HA KAHAMIATA
Ilpomenu ¢ yeemogama Ouckpumunayus

N3cnenBana e nBeroBara IUCKpUMUHALMS MIPH JIUIA ¢ XUIIOTUPEOUIU3MBT. belle ycTaHOBEHO ¢
IpujaraHe Ha TeCcT 3a [BeTOBM HioaHcu Ha Farnsworth-Munsell 100, ye npu HenekyBaH
XUMOTUPEOUAN3IMBT ChLIECTBYBA IO-JIOIIA [[BETOBA AMCKPUMMHALIMSA [0 OCTa CHHBO-KBJTO, B
CpaBHEHHE CbC 37paBu jauna. lIpoabmkuTenHoTO JedeHHe OT | TroAMHA CbC CHHTETHYEH
TUPOKCHH 3HAYUTEIIHO HaMaJlsiBa HapylIECHUSATa B Pa3IMuYaBaHETO Ha CUHBO-KBJITH LIBETOBE MPHU
MAIMEeHTH ¢ XUITOTUPEOUIU3bM JI0 HUBO, OJIM3KO /10 pe3yaTaTuTe Ha 3apasu juna [10, 17].

AHanmu3upaHu ca MPOCTPAHCTBEHHUTE XAapaKTEPUCTUKM HA I[IBETHUTE MEXaHU3MHU IMpU
U3MOJI3BaHETO Ha METOoJla Ha M30JIyMHUHAHTHUTE CTUMYJIM HpU 3[ApaBH JHla 0e3 3pUTETHH
HapyuieHus. [lonydeHuTe pe3yiaTaTuTe MOKAa3BaT 3HAYMTEIHA ACUMETPUS MEXKIY MOJIOCUTE Ha
JIBET€ KapJIWHAJIHU OCHU ,,CHHBO-XBIATO® U ,,UEPBEHO-3€JE€HO” B MPOCTPAHCTBEHATa
JUCKPUMHHALINS (OCTPOTa Ha pa3feuTeIHaTa CIIOCOOHOCT) U MPOCTPAHCTBEHOTO CYMHpAaHE MPHU



20-rpagycoB eKCIIEHTPULUTET. Y CTAHOBEHO €, Y€ OCTPOTaTa Ha TpaHHIaTa Ha pa3JeNuTeIIHaTa
CIOCOOHOCT € MO-HUCKAa, MPOCTPAHCTBEHATa CyMallus IMO-TOJsIMa 3a ,,3€JeHH B CpaBHEHHUE C
,,‘IepBeHI/I“ CTUMYJIM, KaTO CBIICBPCMCHHO CC Ha6HIOIIaBaT SHAYUTCIIHU HWHIAUBHUIYAJIHU
paznuuud. M3kazaHa e Xumores3a ue Te3U pe3ysiTaTH Ouxa MOTJM Ja ce IbJDKAT Ha Pa3iMKU Ha
KOpPOBO HHBO, a HE Ha pa3jukara B Opos Ha JbiroBwiaHoBuTe (L-) M cpenHoBBIHOBUTE (M-)
KOJOWYKH U TSIXHOTO MPOCTPAHCTBEHO pasNoyiokeHue. ToBa U3clie[BaHE JIOMbJIBA MPEAUIIHUTE
KOHCTaTAaIlNH 32 ,,4€PBEHO-3eJICHaTa’ aCHMETPUs ChOOIIEeHH! B uTeparypara [12].

Ilpepabomka na 3pumenna ungopmayus npu oOeua u WHOWU C pPA3CMPOICMEa HA
pazeumuemo kamo aymuzovm (PAC), xunepakmusenocm c depuyum na enumanue (XA/IB),
oucnekcus na pazeumuemo (/[P).

Cp3naneH e cnenualu3upaH AuM3alH Ha EKCHEPUMEHT, KOMTO BKIIOYBAIIE H3IIBJIHEHHE Ha
3pUTEIHM 33/a4l CBBP3aHU C DPa3[03HABAHE HAa €MOIMM, YET€HE Ha JIYMH U ICEBIOAYMH,
OpHUEHTAIMsI Ha KOHTYpP B yCJIOBUS C U 0€3 BBHILEH 3pUTENIEH IIyM B 3aaauyaTta. Perucrpupana e
MO3ULMUTE Ha OYMUTE Ha HAOJIIOJATENIUTE 110 BPEME Ha MPEICTaBSIHETO Ha CTUMYJIMTE, 3a Ja ce
noiyyn WHGOpMANMS Aadd MO3UIMUTE Ha TOTJela MM Ce€ MPOMEHST B 3aBUCHMOCT OT
XapaKTEePUCTUKUTE Ha CTUMYIIA.

Pesynrature mokasBaT, HamajieHa CIOCOOHOCT 3a MHTETPUPAHE HA KOHTYPUTE IpU Jeua U
IOHOILIM C ayTU3bM. belle ycTaHOBEHO, 4e JenbT Ha MPABUIIHUTE OTTOBOPH 3a OTKPHUBaHE Ha
KOHTYypa € IO-HUCBHK U BPEMETO 3a OTTOBOP € IO-ABJIr0 B rpynara ¢ ayTu3bM IIPU BCUUYKU HHUBA
Ha IlIlyMa B CpaBHEHME C IpylaTa Jiela 1 I0HOLIM ¢ TUIIMYHO pa3BuTHe. BiomeHoTo npeacrassHe
Ha YYaCTHMLIMTE C ayTU3bM MOXE Jla C€ IBbJDKM Ha HECIOCOOHOCTTa MM Jla pa3rpaHuyaBatr
KOHTYpa OT ()OHOBUS LIIYM.

CpaBHEHHETO Ha CBBNAJEHUETO M TOYHOCTTA HA OTTOBOPUTE B EKCIEPUMEHTa C JBOIHO
npeMmuHaBaHe (double-pass) mokasa, ye pe3yiaTaTuTe Ha YYaCTHHUILIUTE C ayTU3bM C€ MOBJIHSBAT
MIO-CHUJTHO OT HApacTBAHETO HA BHHIIHUS 3pUTENIEH LIyM, I0KATO PE3yJATaTUTE U Ha JIBETE rpyIu
ca CXOJIHM, KOTaTO BBHIIHUAT IIyM € HUCBK. IlomyuenuTe pesynratu mpenmnosaraT HaMalleHa
e(eKTUBHOCT 3a HW3IMOJ3BAaHE Ha HaJIWYHATa MH(OpMalMs 3a CTUMYJIUTE HA YYaCTHHUIIMTE C
ayTu3bM. Te3n pe3ynTaru mpeanojaraT No-HUCKa e(peKTUBHOCT NP U3IOJI3BaHE HA CTUMYJIHATa
nH(popMalug U MO-BUCOKA MO3UIMOHHA HECUTYPHOCT, KOMTO MOTaT Ja ObJaT MPUYUHEHU OT
HecTabuiIHa GuKcanus 1 no-jaouo ¢uiTpupane Ha nryma [11].

Jlpyra rpyna eKCIepUMEHTH € IPOBEJCHA 3a OLCHKAa Ha INIo0alHaTa I0COKA Ha JBHMIXKEHHE IPH
Jiella ¥ FOHOIIY C ayTU3bM B CPAaBHEHHME C TEXHU BPBCTHUIM C TUIIMYHO Pa3BUTHE. Y CTAHOBEHO €,
ye Jierara ¥ IHOLIUTE ¢ ayTU3bM MMAT MHOTO MO-TOJIEMH WHIMBUIYATHHU Pa3MKU B IIparoBeTe
Ha TI0COKaTa Ha JBWKCHHME NP NpWIaraHe Ha BBHIIEH 3pUTENIEH IIyM, OTKOJIKOTO rpymnara ¢
TUMUYHO pa3BuTHe. ['MoOanHuTE MparoBe 3a TUCKPUMHUHALIMS Ha MIOCOKaTa Ha JABM)KEHUE ca I10-
BHUCOKHU IIPH JIela ¥ FOHOUIM C ayTH3bM, OTKOJIKOTO MPHU TE€3U C TUIIUYHO Pa3BUTHE IIPU BCUUYKU
HUBa Ha mWyM. Te3u pe3yaTaTu npearnosarar, 4e Xxopara ¢ ayTU3bM UMaT MOo-HUCKa €(EeKTUBHOCT
IIPU UHTETPUPAHETO Ha III0OATHOTO JBMIKEHHE M JIOIIA CIOCOOHOCT Ja MHTErpHpaT JIOKAIHATa
nHpopmanug 3a quxenue [13].

3a OLICHKAa Ha 3pUTEJIHO BB3NPUATUE NpPU Jela C TPYAHOCT IPU YETEHETO ca IPOBEICHU
U3CIeIBaHMs CBbP3aHU C YETEHE Ha TEKCT B YCJIOBUS Ha BHHIIEH 3pUTEJIEH IIyM MPEACTaBeHU Ha
eKpaHa Ha MOHMTOD. lIpyn BCcHUKM yciaoBMs Aeliata ¢ TUIMYHO PAa3BUTHE NOKa3zaxa Haill-KpaTKo
BpEME 3a YeTeHEe M Hal-HUCHK MPOLIEHT TpEeIIKH, JOKATO Jelara C JUCIEKCHS Ha pa3BUTHUETO
[I0Ka3axa HaW-JIOUIOTO MPEACTaBSIHE C Hal-AbIr0 BPEME 3a YETEHE U HAW-BHCOK IPOLEHT
rpeuikd. [Ipy moyTH BCUUKH ChCTOSIHUS J€liaTa ¢ ayTU3bM MMaxa CXOJHH Pe3yiTaTu MpU YeTeHe
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KaKTO JielaTa ¢ TUIUYHO Pa3BUTHE, a Te3W C Je(PUIIMT Ha BHUMAHHETO IMOKa3axa pe3ylTaTh
ONMM3KU 0 Te3W Ha rpylnara C AUCICKCUs Ha pa3BUTHETO. MHTepeceH ¢akT e, ue mpu Haid-
BHCOKOTO HMBO Ha IIyM YYAaCTHHUIIUTE OT BCHUYKU TPYNU 4YeTaT AYMHUTE U TCEBIOAYMUTE 3a
MPUOIM3UTETHO €THAKBO BPEME U CXOJIHO KOJIMYECTBO Ha rpeniku [ 14].

[Ipu cpaBHsIBaHE MpPEICTaBIHETO HA Jiella U IOHOIIN C Pa3CTPOMCTBO OT ayTUCTUYHUS CIIEKTHP U
TUMUYHO PAa3BUTHE B JIBE 3aJaud, KOUTO H3UCKBAT IpyNHpaHe Ha JIOKATHH EJIEeMEHTH, KaTo
OTKpHUBAaHE Ha KOHTYp Cpel MOJOOHHW €JIeMEHTH M YEeTeHEe Ha JyMH U TICEBAOAYMH Oere
YCTaHOBEHO MO-IBJTO BpEME 3a peakius 3a OTKpUBAaHE HA KOHTYpP Cpell MOJOOHU €JIEeMEHTH 3a
rpymnara oT Jiella C ayTU3bM B CPAaBHEHHE C T€3U C TUIIMYHO Pa3BUTHE, IOKATO BPEMETO 32 YETEHE
Ha JYMU U NICEBJOyMU HE C€ pa3jilyuaBa 3HAUUTEIHO MEXy Tpynute. Te3u pesyaratu Morar ja
ce JIBbJKAT Ha pa3JIMKaTa B M3UCKBAHUATA Ha 33JJaUUTe 32 OTKPUBAHE HA KOHTYPU U YETEHE, KAKTO
U Ha HAKOU OCOOCHOCTH Ha 3PUTEIIHOTO BB3MPHUATHE W KIMHUYHUTE CUMIITOMH IIpHU Jenara ¢
ayTu3mM [15]

H3cnedsanusa c memoouuen xapaxmep

B MHOrO M3cnenBaHusl Ha 3pUTEITHOTO BB3NPHUATHE BHHITHUAT BU3yaJeH IIYM C€ M3I0JI3Ba KAaTo
METOJIOJIOTUS TOCPEJICTBOM KOSITO C€ paslIMpsBaT BH3MOKHOCTHTE 3a OLIEHKA Ha BHU3yallHa
obOpaboTtka Ha mHPOpManusa. [Ipu K00aBSHETO HA BBHIICH IIyM KbM H300pakeHUETO, TOH €
PaBHOMEpPHO pa3MpeeieH, HO MHTEH3UTEThT M KOHTPACTHT Ha IIBETa Ha HM300PaKEHUETO Ce
poMeHsT.B efHa o mpUHIMI MEeTOIUYHA paboTa ca OLIEHEHH MTPOrPaMHO TeHEpUPAaHU TPU BUAA
IIyM - TICEBJIOPAHIOMU3UPAH IIIyM, pa3MsHa Ha JBa LBATA, cay4yailHa pa3MsiHa. AHAIU3UPAHU ca
M300pakeHMTA C HACIOKEH TeHEPUPAH IIYM C PA3JIMYHU PasNpeIeIeHusI.

YcranoBeHo e, ue ['aycoBuST mIym, reHepupaH C IpejiokKeHaTa Mpolleaypa, HE HapyllaBa
pasnpereneHusTa HAa WHTEH3MBHOCTTA Ha IIBETa M MNPOCTPAHCTBEHATa CTPYKTypa Ha
1300pa’keHUETO, KOETO € MOYTH €KBUBAJIEHTHO Ha OpUrHMHaia. MeToauTe 3a pa3MsHa MOAbpKaT
Opos Ha THMKCENUTEe Ha BCEKM LBIT B HM300pa)XKEHUETO, CpeaHaTa MHTEH3WBHOCT Ha IIBETA U
HEroOBOTO CTAaHJAPTHO OTKJIOHEHHWE W EHTPONHs. YCTaHOBEHO €, Y€ Te BB3JEHCTBAT BBPXY
MPOCTPAHCTBEHATA CTPYKTYpa MOJA00HO Ha CITydailHUS IIyM, a ChIIO TaKa Y€ JBYIBETHHUS METON
Ha 3aMsIHa € MOAXO/IAI 32 U300paKeHUs, KOUTO ChIbPKAT OrpaHUYeH Opoii I[BETOBE.

[Ipu Hero xapakTepUCTHKHTE HA IIBETHOTO M300pak€HUE OCTaBaT MOCTOSHHH, HE3aBUCHMO OT
Oposl Ha IOCIeIOBaTEeIHU NMPUIIOKEHUST Ha METoJa M M300p Ha LIBETOBE 3a pa3MsHA, JOKaTO
METOABT Ha CIlydaeH OOMEH € MOJXOJSAI] 3a W300paKeHHsl C MHOXKECTBO I[BETOBE, KaTo
ecTecTBeHM cleHH. [IpeioskeHuTe MEeToaM 3a reHepupaHe Ha IIyM ca MOAXOMALIM B Pa3InYHU
MIPUJIOKEHUS 32 OLEHKA Ha BBTPEIIHUS IIyM (BBTpEIIHA MPOMEHJIMBOCT HAa Pa3IMYHM HUBA HA
HEpBHATa CUCTEMa) B 3pUTEJIHATa CUCTEMA M HelHaTa CIIOCOOHOCT J1a puaTpupa J00aBEHUS IIIyM.
Teii kKaro Te3W METOMM pa3pyliaBaT KopenalusTa B HHTEH3UTETa Ha H300paKEHHETO Ha
CbCEHUTE NHUKCENIM, T€ MOraT Ja c€ H3MOJ3BaT 3a OILEHKa Ha poJisiTa Ha JIOKaliHaTa
MIPOCTPAHCTBEHA CTPYKTypa B o0OpaboTKaTa Ha n300paxeHuero [16].

Jlpyra meroauyHa paboTa € cBbp3aHa C pa3paboTBaHe Ha MOOWIIHA, JIeCHA 3a MOJIIPBHKKA
oezxnyHa enektpoeHnedanorpadpceka (EED) cucrema, mpemanaszHadeHa 3a pabora ¢ Jerna B
yuwiniiHa cpefa. Cucremara € ¢ Bb3MOXKHOCTH 3a cbOupane Ha EEI" nannu, pabotu ¢ BUCOKa
9YecToTa Ha JMCKPETH3alHds, KOSITO MOXe Ja ce mamabupa 1o pasinudeH Opod Ha KaHajH.
Cuctemara e u3non3BaHa npu usciensaHe Ha EEIT akTMBHOCTTa Ha Jielia ¢ TUIIMYHO YeTeHE U
TakuBa ¢ auciekcus Ha pasutHeTo (DD). Ta3u cucrema yere m KOHTpoiupa HEBpodwmiindek
curHanu (zNF) B peanHo BpeMe, CHUHXPOHU3UPAWKU BHU3yaTHU CTUMYNU (WIIO3UM C HHUCKA
npoctpancTtBeHa yectota (LSF)) ¢ anda/rera (z-0/0) HeBponHu TpenteHus.[18]



O060011eH € onuTa OT MpHUJIaraHe Ha CHEeNUATM3UPAHH eIEKTPO(U3UOIOTUYHU U TICUXOJIOTUIHU
U3CcieIBaHMs NP U3CIIe/IBaHe Ha Jela C JUCIIEKCUS Ha Pa3BUTUETO. Y CTAHOBEHU ca CHEHU(PUUHU
npo¢wm B EEI" akTHBHOCTTa HAa MO3BKa, Upe3 KOUTO ce TudepeHIrpaT IBe IPYIH JUCIEKCUs Ha
pa3BuTHETO ((hOHOJIOTMYHA U 3PUTENIHO-IIpOCTpaHCcTBeHa). Ha Oa3zata Ha pe3ynraTuTe OT TE3U
U3CJIeABaHNUS € pa3padOTeH OpUTHMHAJICH KOMIUIEKC 3a OLIEHKa Ha JUCIEeKCHUATa M edeKra Ha
Oo0y4eHMeTO MNpH TO3M BHJ HPOMEHH B PA3BUTUETO, KOWTO € IMyOJMKYBaH M BHEIPEH B
noroneauyHara npaktuka [20].

Egexmu om usnonseane na Oucumannu ycmpoiicmea bpxy 0encKomo pazeumue

[IpencraBeHo € 0000mIeHUE HA YCTAHOBEHUTE TMOJOXKHUTCIHH M OTPULIATETHH e(EKTH OT
W3MOJI3BaHETO HA AUTUTAIIHUTE TEXHOJIOTUHU U Ha MpenopbkuTe. HampaBeH € KpuTHYeH aHanu3 Ha
CBIIIECTBYBAIllATa JIMTEpATypa 3a BIMSHUETO HA JUTHTAIHUTE YCTPOMCTBA BBPXY HEBPO-
KOTHUTUBHOTO pa3BUTHE Ha Jelara Ha Bb3pacT 4-6 TroIMHM U BH3 OCHOBA Ha HEro ca
MPEIOKEHN U3CIeABaHmsl 3a e(ekTa OT H3IOJ3BaHEe HA JUTUTAIHH YCTPOWCTBA BBPXY
MOTOPHHTE, CETUBHUTE U KOTHUTUBHU (pyHKIMU [21]

Paspabomeane na cneyuanusupana anapamypa 3a Heepopu3uoIomudHU U3C1€06aAHUA

- Ycempoiicmeo 3a uzmepsane Ha 6UCKOEIACMUYHOCIMA HA KDBbEOHOCHUME CbOOEe.
OOmiata rpenika Ha MOJYJIUTE 3a U3MepBaHe € mo-maika oT 4,45%. YcTpolcTBOTO ocurypsiBa
JOCTaThbYHA TOBTOPSEMOCT W TPENM3HOCT INPH 3alKMCBaHE Ha KoJIeOaHHWsSTAa Ha peakiusiTa U
ONCHKAa Ha BHUCKOCIACTHYHU XAPAKTCPHUCTUKH Ha OMOJIOTHYHA THKAHH U € BHCOPCHO B
eKCIIEPUMEHTAIIHUTE ITOCTAHOBKH 3a M3CIEIBAaHE HAa BUCKOEGIACTHUYHOCTTA HAa KPBHBOHOCHHTE
cpaoBe [19].

-  Humepaxmueen 60Kcoe mpenasxycop.

Pa3paborenusT HTepakTHBEH OOKCOB TPEHaXKOp NPEICTaBIIIBa KOMIIAKTHO CHOPBKEHHE C
BB3MOKHOCTH 32 MHTEPAaKTUBHO 3a/laBaHE Ha KOMOMHAIMU OT OOKCOBM yIapH M JIBUXKCHHMS, 3
MPEU3HO W3MEPBAHE Ha 3PUTEIIHO-MOTOPHOTO PEAKIIMOHHO BpPEME C IOCIIEABAIIO W3UYHCIISBAHE
Ha CPEIHOTO PEaKIMOHHO BpEMe Ha CEJISKTUBHUTE yJapu C JIICHA U JisiBa pbKa. TpeHUPOBBUYHUTE
3aJa4dyu C HEIro HOI[O6p$IBaT KOooOpAuHanuATa, 3pUTCITHO—MOTOPHUTE PCAKIIMU W KOTHUTUBHUTC
IIPOIIECH CBBbP3aHU ¢ Obp3MHATA Ha B3eMaHe Ha peueHue [25].

- Aémomamu3supana cucmema 3a omiazane HA MBHKU Cll0€6e OM MEMAIHU OKCUOU
upes cnpeii nuponusa.

[TocpencTBOM Ta3W cUCTeMa C€ KOHCTPYHpAT MO3UIIMOHHO YYBCTBHTEIHH (DOTOAETEKTOPH ChC
crienn(UYHM MapaMeTpy 3a U3IMOJI3BAaHETO UM 3a perucTpupaHe Ha (UHM JABHKEHHS CBBP3aHU C
KHMHCTHYCH U KWHEMATUYCH aHaJIN3 Ha TAJIOTO B YCIIOBHA HA JUHAMWYHU 3aJa4U [23]

-  Humepaxmueen yuenuuecKu 4uH.

I/IHTepaKTI/IBHI/IHT YUCHUYCCKN YWH NPEACTaBIABa KOMIIAKHO CBHOPBKCHHUE C BB3MOXKHOCTHU 34
peructpanys Ha ceisiia Io3a B pPEaJHO Bpeme, 0e3 JIMIEeTO Ja H3MUTBAa JUCKOM(OpT OT
IIOCTaBSAHM BBPXY TSAJIOTO MY pa3jIMUYHU HM3MEpBaTelIHU ycTpoicTBa. OCBEH TOBa, TOM JaBa
BB3MOKHOCT 32 00pa0OTKa Ha PErMCTPUPAHUTE JIaHHU, Taka 4e Ja 0oe3neun eheKTHBEeH KOHTPOI
U KOPCKOUSA Ha HCIMPABUIHHA CTOCK OT CTpaHa Ha YUYHMTCIIA IpU CKCIHCBHHUTC 3aHUMAHHSA B
KJIaCHaTa CTas KaKTO Ha OTAENeH Yy4YeHHK, Taka W Ha BCHUYKM YYEHHMIM OT €IUH KJjac
eTHOBPEeMeHHO [26].



[lo mpuHLIMI NpueMaM HayYHUTE U MPUIOKHUTE MMOCTUKEHUS Taka KakTo ca (GOpMYJIHpaHU OT
kangaunata. CMaram, ye nmyOauKanuuTe My IMaT Heo0XoAuMaTa HayqHa U IPUJI0KHA CTOWHOCT U
HaI'bJIHO OTrOBapsIT Ha M3UCKBAHMATA HAa 3aKOHA ,,3a pa3BUTUE HA AKAaJEMUYHHS CbHCTaB B

Peny6inka bearapus’ u Ha mpaBUITHUKA HA UHCTUTYTA.

Ha 6a3a Ha BCHYKO Ka3aHO MO-TOPE CH MO3BOJISBAM Ja MpernopbhyaM Ha YJICHOBETE Ha KYpPHUTO J1a
OIIEHU TOJOXUTEIHO KaHauaara v aa npenopbya Ha HC na MHDB na naznaum n-p LlBetanun
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REVIEW

by Corresponding Member. Prof. Andon R. Kosev, DSc — IBPhBME — BAS, in connection with
the competition for Associate Professor in the professional field 4.3. "Biological Sciences", in the
scientific specialty "Physiology of Animals and Humans" for the needs of the scientific field
"Sensory Neurophysiology " at the Institute of Neurobiology - BAS, announced in the State
Gazette, No. 7503.09.2024 with participant Chief Assistant Dr. Tsvetalin Totev Totev. Order of
the Director of INB 4325.11.2024.

The candidate graduated from Sofia University "St. Kliment Ohridski” in 1999 as a Master of
Engineering Physics with specialization in medical physics and measurement electronics. He
joined the Institute of Neuroscience - Bulgarian Academy of Sciences in 1997. In 2015, he
defended his dissertation on the topic "Mechanisms determining the speed of visual perception of

stimuli with different spatial frequencies"

Dr. Totev participated in the competition with 10 scientific publications, two collective
monographs, one book and 4 registered utility models. All publications are in international
journals with impact factor (IF) or in journals with scientific journal rank (SJR). Some of the
journals are published in renowned journals: Frontiers in Neuroscience (IF = 3.707); Applied
Sciences (IF = 2.838); Behavioral sciences (IF = 2.286); Journal of the Optical Society of
America A (IF = 2122, IF= 2.104 and IF= 1.9); Autism and Developmental Language
Impairments (SJR = 0.55) and Cybernetics and information technologies (SJR = 0.55).

A list of 47 noted citations of the works is presented.

Contributions
Colour discrimination

Colour discrimination in people with hypothyroidism has been studied. It was found with the
application of the Farnsworth-Munsell 100 colour shade test that in untreated hypothyroidism,
there is worse colour discrimination along the blue-yellow axis, compared to healthy individuals.
Long-term treatment of 1 year with synthetic thyroxine significantly reduced disorders in the
distinction of blue-yellow colours in patients with hypothyroidism to a level close to the results of
healthy subjects [10, 17].

The spatial characteristics of the colour mechanisms were analysed when using the method of
isoluminant stimuli in healthy subjects without visual disturbances. The results obtained show a
significant asymmetry between the poles of the two cardinal axes "blue-yellow" and "red-green™
in spatial discrimination (sharpness of resolution) and spatial summation at 20-degree
eccentricity. It was found that the sharpness of the resolution limit was lower, the spatial
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summation greater for "green" compared to "red" stimuli, whilst significant individual differences
were observed. It has been hypothesised that these results could be due to differences at the
cortical level, and not to the difference in the number of long-wave (L-) and medium-wave (M-)
cones and their spatial arrangement. This study complements previous findings of “red-green”
asymmetry reported in the literature [12].

Processing of visual information in children and adolescents with developmental disorders
such as autism (ASD), attention deficit hyperactivity disorder (ADHD), developmental dyslexia
(DD).

A specialised design of an experiment was created, which included performing visual tasks
related to recognising emotions, reading words and pseudowords, contour detection in conditions
with and without external visual noise in the task. The positions of the observers' eyes during the
presentation of the stimuli were recorded in order to obtain information whether their gaze
positions changed depending on the characteristics of the stimulus.

The results showed a reduced ability to integrate contours in children and adolescents with
autism. It was found that the proportion of correct responses to detect the contour was lower and
the response time was longer in the autism group at all noise levels compared to the group of
children and adolescents with typical development. The poor performance of participants with
autism may be due to their inability to distinguish the contour from background noise.

A comparison of the match and accuracy of responses in the double-pass experiment showed that
the results of participants with autism were more strongly affected by the increase in external
visual noise, whilst the results of both groups were similar when external noise was low. The
results obtained suggest reduced efficiency in using the available information about the stimuli of
participants with autism. These results suggest lower efficiency in the use of stimulus information
and higher positional uncertainty, which may be caused by unstable fixation and poorer noise
filtering [11].

Another group of experiments was conducted to assess the global direction of movement in
children and adolescents with autism compared to their peers with typical development. It was
found that children and adolescents with autism had much larger individual differences in the
thresholds of the direction of movement when applying external visual noise than the group with
typical development. Global thresholds for directional discrimination are higher in children and
adolescents with autism than in those with typical development at all noise levels. These results
suggest that people with autism have lower efficiency in integrating global movement and poor
ability to integrate local movement information [13].

To assess visual perception in children with reading difficulties, studies related to reading text in
conditions of external visual noise presented on a monitor screen have been conducted. Under all
conditions, children with typical development showed the shortest reading time and the lowest
error rate, whilst children with developmental dyslexia showed the worst performance with the
longest reading time and the highest error rate. In almost all conditions, children with autism had
similar reading scores as children with typical development, and those with attention deficit
disorder showed results close to those of the developmental dyslexia group. An interesting fact is
that at the highest noise level, participants from all groups read the words and pseudo words for
approximately the same amount of time and a similar amount of errors [14].

When comparing the performance of children and adolescents with autism spectrum disorder and
typical development in two tasks that require grouping local elements, such as finding a contour

2



among similar elements and reading words and pseudo words, a longer response time was found
to find a contour among similar elements for the group of children with autism compared to those
with typical development. while the reading time of words and pseudo words did not differ
significantly between groups. These results may be due to differences in the requirements of
contour detection and reading tasks, as well as some features of visual perception and clinical
symptoms in children with autism [15].

Methodological studies

In many studies of visual perception, external visual noise is used as a methodology through
which the possibilities for assessing visual information processing are expanded. When external
noise is added to the image, it is evenly distributed, but the intensity and contrast of the image
color change. In a generally methodical work, three types of programmatically generated noise
were evaluated - pseudorandomized noise, two-color swapping, random swapping. Images with
superimposed generated noise with different distributions were analyzed.

It was found that the Gaussian noise generated by the proposed procedure does not disturb the
color intensity distributions and spatial structure of the image, which is almost equivalent to the
original. The replacement methods maintain the number of pixels of each color in the image, the
average color intensity and its standard deviation and entropy. It was found that they affect the
spatial structure similarly to random noise, and also that the two-color replacement method is
suitable for images that contain a limited number of colors. In this case, the characteristics of the
color image remain constant regardless of the number of consecutive applications of the method
and the choice of colors to exchange, while the random exchange method is suitable for images
with many colors, such as natural scenes. The proposed noise generation methods are suitable in
various applications for assessing the intrinsic noise (internal variability at different levels of the
nervous system) in the visual system and its ability to filter the added noise. Since these methods
destroy the correlation in the image intensity of neighboring pixels, they can be used to assess the
role of local spatial structure in image processing [16].

Another methodological work is related to the development of a mobile, easy-to-maintain
wireless electroencephalographic (EEG) system designed to work with children in a school
environment. The system has EEG data collection capabilities, works with a high sample rate,
which can be scaled to a different number of channels. The system was used to study the EEG
activity of children with typical reading and those with developmental dyslexia (DD). This
system reads and controls neurofeedback signals (zNFs) in real time, synchronising visual stimuli
(low spatial frequency (LSF) illusions) with alpha/theta (z-a/0) neural oscillations [18].

The experience of applying specialised electrophysiological and psychological studies in the
study of children with developmental dyslexia is summarised. Specific profiles in the EEG
activity of the brain have been established, through which two groups of developmental dyslexia
(phonological and visuospatial dyslexia) are differentiated. Based on the results of these studies,
an original complex for assessing dyslexia and the effect of learning in this type of developmental
changes has been developed, which has been published and implemented in speech therapy
practice [20].

Effects of using digital devices on child development

A summary of the identified positive and negative effects of the use of digital technologies and
the recommendations is presented. A critical analysis of the existing literature on the influence of
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digital devices on the neuro-cognitive development of children aged 46 years is made and on the
basis of it studies are proposed on the effect of using digital devices on motor, sensory and
cognitive functions [21].

Development of specialised equipment for neurophysiological studies

- Device for measuring the viscoelasticity of blood vessels.
The total error of the measurement modules is less than 4.45%. The device provides sufficient
repeatability and precision in recording reaction fluctuations and evaluating viscoelastic
characteristics of biological tissues and has been implemented in experimental settings for the
study of viscoelasticity of blood vessels [19].

- Interactive boxing simulator.
The developed Interactive Boxing Simulator is a compact facility with capabilities for interactive
setting of combinations of boxing punches and movements, for precise measurement of the
visual-motor reaction time with subsequent calculation of the average reaction time of selective
punches with the right and left hands. Training tasks with it improve coordination, visual-motor
reactions and cognitive processes related to the speed of decision-making [25].

- Automated system for deposition of thin layers of metal oxides by spray pyrolysis.
With the help of this system, positionally sensitive photodetectors are constructed with specific
parameters for their use to register fine movements related to kinetic and kinematic analysis of
the body in conditions of dynamic tasks [23].

- Interactive student desk.
The interactive student desk is a compact facility with the ability to register a sitting position in
real time, without the person experiencing discomfort from various measuring devices placed on
his body. In addition, it allows for the processing of the registered data so as to ensure effective
control and correction of incorrect standing by the teacher in the daily classroom activities of
both an individual student and all students from the same class at the same time [26].
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