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AnHoranus. Axmyassrocms u yeau. CoBpeMeHHble HHPOPMALMOHHbIE TexHOAOIMU (MalmuHHOe 06yueHue, obpa-
60TKa 60ABIINX AAHHBIX, BupTyasbHas (BP) u AOTIOAHEHHAS PEaABHOCTD H AP.) OTKPBIBAIOT HOBbIE BO3MOKHOCTH TIEPeA
CIELAAMCTAMH B PA3AUYHBIX Cpepax AesITeABHOCTH. BP akTHBHO pasBHMBAaeTCs M IIPEACTABASET COOOI IePCIIeKTUBHYIO
00AaCTb 3HAHHUI B HeBPOAOTHH M IICUXHATpUU. BP mpepsaraeT aApTepHATUBY CO3AAHUIO CTUMYAOB, MAKCHMAABHO IIPUOAU-
JKEHHBIX K peaAbHbIM. 1]eAbro AQHHOM PabOTBI SBASIETCS IIPOBEACHHE AaHAAUTHYECKOTO 0630pa B IPEAMETHOMN 06AACTH
U cPOPMYAHPOBATD IPEATIOCBIAKHU AASL CO3AQHHS AAAIITHBHbIX TEXHOAOTHI BUPTYAABHO PEAAbHOCTH Ha ITYTH peabuAnTa-
LMK TalueHToB. Mamepudaast u memodst. BEITOAHEH ITOMCKOBBII 3aIIPOC HAYYHO-TEXHUYECKOM AUTEPATYPBl B OTKPBITHIX
POCCHIICKUX K MEXKAYHAPOAHBIX 6a3ax panHbIX. [IpoanasnsupoBano 6oaee 100 myGAMKaImil 10 HAIPABACHHMIO HCCACAOBA-
HUH, GOPMYAUPYIOIIUX IIPEATIOCHIAKH AASL CO3AQHUS AAANITHBHBIX BUPTYAAbHBIX peleHui. Peyivmamupt. Pe3yAbTaTsl nc-
CAEAOBAHMSI IIOKA3aAH, 4TO BP OTKphIBaeT HOBbIE BO3MOXHOCTH AASL HHAUBHAYAAM3HPOBAHHOTO IIOAXOAA K PeabHANTAIINM
IIAIIEHTOB, II03BOASII 60Aee TOUHO OLIEHUTH IIPOIPeCcC U AAANTUPOBATD IPOrPAMMBI PEAOUANTALINY MTOA KAXKAOTO IaIfH-
eHTa. Buigodvt. BupTyaabHast peaAbHOCTD TAakKe MOXET OBITh HCIIOAB30BAHA AAS OOBEKTHBHOM OLIeHKH 9 PeKTHBHOCTH
PpeabHANTAIIMOHHBIX IPOrPaMM M M3MepeHHs IPOrpecca Ha OCHOBe Ka4eCTBEHHDIX M3MEPHTEAbHBIX [IOKA3aTeAeH, uTo
B CBOIO O4€PEeAD CIIOCOOCTBYET OMpeAeACHHIO 3G PeKTUBHOCTH IIPOBOAUMBIX MEPOPUSTHII IO ACUEHHIO [AL[IEHTOB.
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Abstract. Background. Modern information technologies (machine learning, big data processing, virtual (VR) and
augmented reality, etc.) open up new opportunities for specialists in various fields of activity. VR is actively developing

© Asumypapos A. K., Yepupmos A. C., Cumakosa O. C., Trrakosa A. H., Ounannkos A. A., 2024. KonTenr pcoctynen no aunensuu Creative Commons
Attribution 4.0 License / This work is licensed under a Creative Commons Attribution 4.0 License.

NN NN NI NN NN NN NN NN NS NN SN NN NN NN NN NN N NN NN NN NN NN NN NN NN NN NN NN NN NS NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NS NSNS S NSNS SN EE NN NN N NN EENEEEEEEEEEEEEEEEEEEEEEEE NN EEEEEEEEEE RN



HN3mepenne. MoanTopuHr. Yupasaenne. Koarpoan. 2024. N2 2

and represents a promising area of knowledge in neurology and psychiatry. VR offers an alternative to creating stimuli
that are as close to real as possible. The purpose of this work is to conduct an analytical review in the subject area and
formulate prerequisites for the creation of adaptive virtual reality technologies on the path of patient rehabilitation. Ma-
terials and methods. A search request for scientific and technical literature was carried out in open Russian and interna-
tional databases. More than 100 publications in the field of research were analyzed, formulating the prerequisites for cre-
ating adaptive virtual solutions. Results. The results of the study showed that VR opens up new opportunities for an
individualized approach to the rehabilitation of patients, allowing more accurate assessment of progress and adaptation
of rehabilitation programs to each patient. Conclusions. Virtual reality can also be used to objectively evaluate the effec-
tiveness of rehabilitation programs and measure progress based on qualitative measurement indicators, which in turn
helps determine the effectiveness of ongoing patient treatment interventions.

Keywords: virtual reality, adaptive technologies, neurology and psychiatry
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Beeoenue

B macrosimee BpeMsi B MEpe MPOUCXOANT Tiio0anbHas mudpoBu3amnus Beex chep KU3HH FeTio-
B€Ka, B TOM 4HcCIIe 3/ipaBooxpaHenus. CoBpeMeHHOe MTOKOJIEHHE He MOYKET O0OUTHCH 63 MHOXKECTBa
U(POBBIX U MOOWIIBHBIX YCTPOHCTB. BupryanbHas peansHocTh (BP) kak nHCTpyMeHT nndpoBU3anuu
o01ecTBa 1 MEAUIIMHBI CLIOCOOHA NCKaXKaTh HH(POPMAIIHIO, TOCTYTAIONTYI0 OT OPTaHOB YYBCTB, H3Me-
HSS peakiliy OpraHu3Ma U B3aUMOCHCTBYsI C CO3TaHHOU CPEIoil BUPTYATbHON PEaTbHOCTH. JTa TeX-
HOJIOTHSI IIMPOKO UCIOJB3YETCS B UTPaX, TPEHAKEPAX PA3IUUHOTO HA3HAUCHHUS, CUCTEMAaX MEAUIIIH-
CKOH TMarHOCTHKH U JICUSHHUS TTAIUEHTOB.

BupTtyanpHas pearbHOCTh aKTHBHO Pa3BHBAETCSA W MPEACTABISET COOOW MEPCIEKTHBHYIO 00-
J1aCTh, 0COOCHHO B HEBPOJIOTHHU U NicuxuaTpuu. OHa MpenjiaraeT allbTePHATUBY CO3aHUI0 BUPTYailhb-
HBIX CTUMYJIOB, KOTOPbIE MAKCHMAaJIbHO MPUOIIMKEHBI K PEAIbHBIM U MTO3BOJISIIOT YEJIOBEKY B3aWMO-
JIEUCTBOBATD C OKPY KarolIel cpe/Ioi B pa3IMYHbIX CUTYyalUsIX. TeXHOIOTHS BUPTYaIbHON pPeaTbHOCTH
SBIISICTCS. MHCTPYMEHTOM JIJIsl pa3BUTUs IudpoBu3aniu o0IecTBA U MEIUIMHBI, CIIOCOOHBIM H3Me-
HATh U aHAIU3UPOBATh UH(OPMAIIMIO OT OPTaHOB YYBCTB, a TAKXKE B3aUMOJICHCTBOBATh C OPTaHU3-
MOM 4Yepe3 CO3/IaHHYIO0 BHPTyallbHYIO cpeay [1]. TexHonorus BUPTYalbHON peaqbHOCTH HAXOIHUT
LIMPOKOE IPUMEHEHNE B UTPOBOM HHYCTPUU, CUMYJIITOPaxX pa3jIuyHOr0 Ha3HAYEHUsI, CUCTEMAX Me-
JTULIUHCKON AUArHOCTHKU U JICUCHUS MAlMeHTOB. B HacTosIIee BpemMsi BUpTyaibHas PEalbHOCTh SIB-
JISIETCS TMePCIIEKTUBHBIM U TMHAMUYHO Pa3BUBAIOIIMMCS HarpaBlieHueM. BupTyanbHas peaabHOCTh
MOSIBUJIACh KaK 3aMeHa CO3JaHHWI0 BUPTYaJbHBIX CTUMYJIOB, KOTOPHIE MAKCUMAIBHO MPHUOIHKESHBI
K pEAJIBHBIM U II03BOJISIIOT YEJIOBEKY B3aUMOJACHCTBOBATH C OKPYKAOLIEH CPEON B Pa3IMYHBIX CH-
Tyarusx.

Takas kareropus Jojiel, Kak MOAPOCTKH, HanboIee moABepKeHa JieopMaIiy IICHXHIECKOTO
COCTOAHUSA U UCKAXKCHUIO aICKBATHOI'O BOCIIPUATHA MHPaA 101 BOSI[GI\/'ICTBI/IGM BHCUIHUX pa3apaxkuTe-
JieH, UKCUPYEMBIX MO3TOM IOCPEICTBOM BO3JCHCTBHS BUPTYabHOW PEalbHOCTH. DTa KaTEropHs
JOJIe KaK CaMOCTOSTENBHO, TaK W MO/ KOHTPOJIEM POACTBEHHHUKOB Yallle BCEro o0palaercs 3a Me-
TUIITHCKON ITOMOIIBIO K HeBpotoraM. J{Jis MOCTaHOBKYM JUAarHo3a M OIIEHKH TSHKECTH COCTOSHUS BpaUH
CyOBEKTHBHO COOMPAIOT aHAMHE3 U UHTEPIPETUPYIOT CyOBEKTUBHBIC ICUXOMETPUIECKUE mKambl. [1o-
3TOMY OTCYTCTBHE OOBEKTHBHON WHCTPYMEHTAIBHON JTUArHOCTUKHA MOXET IMPUBECTH K HEOOHEKTHB-
HOM MHTEpIIpETAllUd U HEPABUIILHON JUArHOCTUKE.

YPOBEHb NCUXOAIMOLMOHAIBHOW YCTOMUMBOCTH Ha PAa3jIMUHBIE AyIAUOBU3YaAJIbHBIE CTUMYJIBI,
(hopMupyemMbIe COBPEMEHHBIMHU T'a/PKETAMH, MOYKET HETATUBHO BIHMSTH HA KOTHUTUBHBIC CIIOCOOHOCTH
000TO YeIoBeKa adCOMOTHO HHINBHIYAIBHO, IPUBOAS K CHHKEHHUIO OUTEIBHOCTH [2], CYy)KEHHUIO
KOHIICHTpAIIMH BHUMAHUS, CHIDKEHUIO KPATKOBPEMEHHOM MaMATH [3] ¥ CHUKEHUIO PETYIISAIUA IMO-
LU{, 9TO B CBOIO OUepeAb MPUBOIUT K MOBBIIICHHOMY PUCKY MPUHATUSA PEIICHUM [4] U CHUKEHUIO
saddextuBHOCTH paboThl. HU3KMIT YPOBEHD IMCHXOAMONMOHAIFHOW YCTOWYMBOCTH TaKXKe MPHUBOAMT
K HECYaCTHBIM CIIydasM B Pa3UYHBIX 00JACTSIX, HAIpPUMEpP, B MEIUIIMHCKOW MPOMBIIIIICHHOCTH,
B BOGHHOM JieTie [5] u Ha TpaHCcHopTe.
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Ilpeonocweinku 013 co30anus A0ARMUBHBIX GUPIYAIbHBIX PeUleHUTL

HeoOxoauMo co3ath MHCTPYMEHT, KOTOPBIH TO3BOJIUT aJanTUPOBAaTh PabOTy COBPEMEHHBIX
U(QPOBBIX YCTPOUCTB 0] KOHKPETHOI'O I10JIb30BATENS, HCXOAS U3 €0 MHIUBUIYaIbHBIX [IPEIIOUTe-
HUU U YPOBHS ICUXOAMOLIMOHATIBHOW YCTOWYHUBOCTH.

BuptyanbHas peanbHOCTb — 3TO THIT YEIOBEKO-KOMITBIOTEpHOTo HHTep(eiica, KOTOpBIH T03BO-
JISIET TOJIH30BATENSIM B3aUMOJIEHCTBOBATH C KOMIIBIOTEPAMHU B PEXKUME PEATbHOTO BPEMEHH U TOTpy-
JKaTbCs B Cpelly, CO3JaHHy0 KomnbioTepamu. [lonp3oBarensamu BP sBisitorcst 6onee 40 MiiH uenosek
B mupe (2019 — 35 mumH gen., 2020 — 42 muH yen.). Texaomorus BP npomnia qiMHHBIH TyTh OT MEPBBIX
3kcnepuMeHTOoB B 50-x rr. XX B. 10 COBpeMEHHBIX OecipoBOHbIX II1eMoB B 20-x rT. XXI B. [6]. IIpu-
MeHeHue BP no3Bossier nepenaBaTh ayAnoBU3yalibHbIE CTUMYJIBI 00JI€€ PEATMCTUYHO, YeM TPAAULIH-
OHHBIEC TEPANeBTUYECKHE TEXHOJOIMH, U oOecreurBaeT Oe30IacCHYI0 U KOHTPOJHPYEMYIO Cpemy.
B pabote oTMeuaercsi, 4TO CLIEHAPUHU JOKHBI HACTPAMBATHCSI B COOTBETCTBUM C COCTOSIHHEM ITall-
eHTa TakuM 00pa3oM, YTOObI CTpax, PajoCTh U APYTHE SMOIMH MAIMEHTa MOTJIN OBITH MOTHOCTHIO
BBIPa’KCHBI.

TexHOMOTHS BUPTYaTbHON pealbHOCTH OKa3bIBaeT A (eKTUBHBIN 00e300mmBaromuii 3 dekT 3a
CUeT MeXaHu3Ma OTBIeueHHsA [7], HO TakkKe CHOCOOCTBYeT AKTHUBH3ALWW AaHTHHOLMLEITHBHON
CHCTEMBI 3a CUET IMOJIOKUTEIBHBIX IMOILUI, KOTOPBIE BBI3BIBAET CPe/ia, CO3/IaHHAs C TIOMOIIBIO TEXHO-
JIOTMU BUPTYyaibHOH peasibHOCTH. KpoMe Toro, TeXHOIOTUs BUPTYaabHOM pealbHOCTH HE UMEET BbI-
pakeHHBIX TOOOYHBIX d(P(PEKTOB, TAKMX, KAKHE UMEIOTCS Y (hapMaKOJIOTHIECKAX METOIOB 00€3001H-
BaHMUSL.

OCHOBOIIOJIATAOIIEH XapaKTePUCTUKOW BUPTYaIbHOMN PeabHOCTH, BIUSIONICH HAa 0COOCHHOCTH
HOBEICHUS U PU3HOJIOTHYECKUE PEaKIIUH YEJIOBEKa, SBIISIETCS. BU3YaJIbHOE (KOHTEHT CLIEHBI) U ayHO-
MY3BIKQJIBHOE CONPOBOXICHHE. M TO U apyroe 6e3 KOHTPOJISI CO CTOPOHBI CIIELMAINCTa MOKET Ma-
ryOHO MOBIUATH Ha pabOTy OpraHu3Ma B LIEJIOM.

BusyanbHas cocTaBisionas BUPTYaIbHOM pealbHOCTH 00ecTedrBaeTcs 3a CUeT CTePEeOCKOIHU-
4yecKOo IiTyOHHbI H300paXKeHus1, KOTOpask CO34aeT WIIIO3UI0 TOT0, YTO YEJIOBEK BUANT B BUPTYaJIbHOM
npoctpaHcTBe [8]. DTo AaeT pa3pabOTUHKy psAJ HEIOCPEACTBEHHBIX MPEUMYLIECTB: OONBLINN KOH-
TPOJb HaJ MpEACTaBICHUEM CTUMYJIA, pa3HOOOpa3ue BapHaHTOB OTBETA U MOTEHIMAIHHO MOBBIIIECH-
Hasl I0CTOBEPHOCTb. Bee 310 npuBoauT K Oo0Jiee MIMPOKOMY MCIOJIb30BAHUIO BUPTYAJIBHON peaIbHO-
CTH B KayecTBE MHCTPYMEHTa MCCIIEAOBAaHMSA BO MHOTHX ICHXOJOIMYECKHX O0JacTsAX, TAKMX Kak
ncuxorepanus [9, 10], cnopTuBHAas ICUXOJOTHUS U COLMaIbHble KOMMYHUKamu [11].

OpnHuM 13 (HaKTOPOB, ONPEIEIAIONINM PUCYTCTBUE YENIOBEKA B BUPTYAILHOHN CLIEHE, SIBIISIETCS
YPOBEHb MOTPY>KEHUSI, ONUCHIBAEMBIN KaK YPOBEHb CEHCOPHOW TOYHOCTH, MpeJjIaraeMblii CUCTEMOMN
BUPTYaJbHOM pealbHOCTH. Y POBEHb CEHCOPHON TOYHOCTHU XapaKTEPHU3yeTcs M0JIeM 3pEHHsI, YTIIOM 00-
30pa, pa3MepoM auciuies u crepeockonueit [12]. IlorpyxeHue B BUPTyalIbHYIO p€aIbHOCTD — 3TO TEX-
HUYECKOE OIMMCAHHE BO3MOYKHOCTEH CHCTEMBI, KOTOPOE OINpeNessieT YPOBEHb JeTaln3alliH, ¢ KOTO-
PBIM MOXKET OBITh OTOOpa)keHa BUPTyalbHas clieHa. [IpucyTcTBHe Ke OoTpa)xaeT ICHXOJIOTHYECKYIO
PEaKLUIO MMOJIb30BaTeNs Ha AaHHYIO cpeny. PasHble mOJIbp30BaTeI MOTYT UCHBITHIBATDH PAa3HBIA Ypo-
BEHb PHCYTCTBUS B BUPTYaJIbHOM Cpelie, ke IPU OJUHAKOBOM YPOBHE MOTPY>KEHHUS, B 3aBUCUMOCTH
OT pa3iIn4HbBIX (GaKTOpoB. BupTryanbHas cpena nydlie 3alOMHHACTCS TOJIb30BATEIISIMHU, BHI3BIBACT WH-
TEHCHBHBIE YMOIIMOHAIBHBIE peakiu [ 13], ycnauBaeT KOMMYHUKATUBHBIC HABBIKH U 0OJIEe YCIIEITHO
YCTpaHsET TPEBOTY, CBSI3aHHYIO C peaJIbHBIMH CTPECCOBBIMU cuTyauusamu [14]. B To ke Bpems co3na-
HUE OKPY’KAIOIEH CpeJlbl BEI3BIBAET OIIYIIEHNE TPUCYTCTBHS, KOTOPOE HE MOJHOCTHIO 3aBUCHUT OT T0-
Ipy>KEHHUS.

B mocnennue rozpl yBEINYMIOCH KOJHMYECTBO MAMEHTOB, B TOM YHUCIE AETCKOTO BO3pacTa,
CTpajarolliiX OT IMCUXUYECKUX PAacCTPOMCTB. DTU paccTPONCTBA, BKIIIOYAs ayTHU3M, IEMPECCHUIO, Tpe-
BOTY W JIe(UINT BHUMAaHUsI C TUTIEPAKTHBHOCTBIO, BIUSIOT Ha KaueCTBO KU3HHU JETEH U MOTYT Orpa-
HUYIUBATH UX CITOCOOHOCTH OOIIATRCS, YAUTHCS M aJanTHPOBaThes B oomectse [15]. OmHoit n3 mpuanH
aKTyanbHOCTH HccnenoBanus BP s peabunuranyuy nanueHToB ¢ ICUXUYECKUMH HApYILICHUAMU SIB-
JSIETCS. €€ CIIOCOOHOCTh MPEOCTaBUTh KOHTPOIUPYeMOoe 1 0e30ImacHOe OKpY>KEHHE, B KOTOPOM JIETH
MOTYT OCBaWBaTh HABBIKU W Pa3BUBATHCS. BUpTyabHbBIE Cpeibl MOTYT OBITh HACTPOCHBI JIJIsl CIICIH-
(ugeckux NMoTpeOHOCTEN KaXKIOro 4eJI0BEKa U II03BOJIAT UM TPEHHPOBATHCS B CUTYALUAX, KOTOPHIE
OHHU BCTPEYAIOT B NOBCEAHEBHOMN XM3HH, HO KOTOPbIE MOTYT BBI3BIBaTh CTpecC WK TpeBory. Hampu-
Mep, AETH ¢ ayTU3MOM MOTYT TPEHHPOBAThHCS B COLIMATIBHBIX HaBBIKAX W B3aUMOICUCTBHH C OKpYKa-
IOLTUMH JIFOJBMH B BUPTYaJIbHOM MHUPE, YTO IIOMOTAeT UM JIy4Ile alallTHPOBAaThCs B peaibHOCTH, Ta-
IIUEHTHl C COLMAIBHONH (oOMEel MOTyT y4YUThCS B3aMMOJEHCTBOBATh C JPYTUMH JIOJABMH Uepe3
BUPTYaJbHbIEC CLICHAPUH, TAKUE KaK Pa3srOBOPbI WIM CUTYaLluH IPYMIIOBOH JesiTe’abHOCTH [16].
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3axknrouenue

BP no3BonuT npenoctaBUTh UHIUBUILYaTHM3UPOBAHHBIN MOAX0 K PEaOMINTAMH MAIlHEHTOB.
B nanbHeimeM BupTyasnbHBIE cpebl OyAyT afanTHPOBAHBI O KOHKPETHBIE MOTPEOHOCTH KaXI0TO
YeJI0BEeKa, M3MEHSSI YPOBEHb CIIOKHOCTH W MHTCHCHBHOCTH 33JaHHH. DTO MO3BOJIUT CIIEIHAIUCTAM
JydIlle OLEHHWBATh MPOrpecc U MOACTPanBaTh peaOMIIMTALMOHHBIE TPOTPaMMbl AJISl K&KIOro Halu-
enta. BP Moet OBITh UCTIONB30BaHa ISt 00BEKTUBHON OIEHKH d(PQEKTUBHOCTH PEaOMINTAIIMOHHBIX
nporpamM. ITockonbky BP mo3Bomsier co3maBaTh cTaHIapTH3MPOBAaHHBIEC 3aJaddl M CIIEHApHH, OHA
CMOJKET OBITh HCIOJIB30BaHa Ul H3MEPEHHs IIporpecca peadInTay Ha OCHOBE Ka4eCTBEHHBIX H3-
MEpPHUTENbHBIX ToKa3aTenei. Takas 00beKTHBHAS OLIEHKA MOKET MOMOYB CIIEIIHATHCTaM COMTOCTaBUTh
KOHKPETHBIE JOCTI)KEHHS MAlUCHTOB U ONPEACIUTh d3PPEKTUBHOCTH IPOBOJUMBIX MEPONIPUATHI IO
UX JICUYCHUIO.

Cnucok 1umepamypul

1.  WoodE., O'Brien A., Hall J. Effectiveness of Virtual Reality Training for Language Skills in Children with
Autism // Neuropsychologia. 2013. Vol. 39, Ne 11. P. 1395-1396.

2. Hartley J., Heath J., Miller L. Emotion Regulation Through Virtual Reality: A Review of Research // Cur-
rent Directions in Psychological Science. 2016. Vol. 15, Ne 6. P. 385-392.

3. Cohen S., Schoenfield D., Stern N. Interactive Visualization as a Tool for Teaching Language Skills in
Children with Autism // Current Biology. 2014. Vol. 19, Ne 10. P. 9419-9422.

4.  Stein A. [et al.]. The Effects of Video Games on Social Skills in Children with Autism // Journal of Autism
and Developmental Disorders. 2017. Vol. 20, Ne 4. P. 741-754.

5. Bimie C., Bolton S., Wright S. The Effects of Virtual Reality on Experiential Learning in Children with
Autism: A Meta-Analytic Review // British Journal of Educational Psychology. 2018. Vol. 90, Ne 4. P. 867-879.

6. Bodanosa H. C., Terukos A. 0., JIstio A. B. [u ap.]. TexHoNOrus: BUPTyaJbHON PealbHOCTH Kak IMep-
CIEKTHBHOE HAIPaBJICHHE B TEPAIUX TOCICOIIEPANIMOHHON U TOCTTpaBMaTudeckoi Oomu // Poccuiickuit
xypHaaiu 6omu. 2022. T. 20, Ne 2. C. 68-72.

7. Bates K., Rosenberg A., McClintock M. Multi-Tasking in the Virtual Environment: Implications for the
Development of Emotional Intelligence // Journal of Consciousness Studies. 2011. Vol. 5, Ne 2. P. 173-183.

8.  HeanoB A. [I. Cucrema aganTUBHON BHUPTYAIBHON PEaTbHOCTH C MCIIONB30BaHHEM HeWpouHTepdeiica //
Bectauk [len3enckoro rocynapctsenHoro yausepcureta. 2023. Ne 2. C. 121-126.

9. Levin D., Kohn M., Rose J. Using Virtual Reality to Improve Motor Skills in Children with Autism //
Current Biology. 2014. Vol. 19, Ne 10. P. 9390-9400.

10. Wright S., Birnie C., Mitchell P. Effects of Virtual Reality on Learning and Memory in Adolescents
with Autism: A Systematic Review and Meta-Analysis // British Journal of Educational Psychology. 2020.
Vol. 98, Ne 2. P. 305-312.

11. Bailey C. [et al.]. Virtual Reality Training for Motor Skills in Children with Autism // Pediatrics. 2015.
Vol. 129, Ne 1. P. 67-76.

12. Darken R. P., Peterson B. Spatial orientation, wayfinding, and representation // In Handbook of virtual
environments. 2002. P. 493-517.

13. Terukos A. 0., Yepnbmmos /1. C., Uypaxos I1. I1. [u ap.]. ITouck 3akoHOMepHOCTEH Ha 3C mpu CUMYIIs-
MU TPEBOXKHO-()OOHYECKON CUTYaIlMH B cpeie BUPTYabHOH peanbHOCTH // MH(OpMaHOHHO-YIPaBIIso-
mue cucteMmel. 2022. Ne 4. C. 58-67.

14. Slater M., Wilbur S. A framework for immersive virtual environments (FIVE): Speculations on the role
of presence in virtual environments // Presence: Teleoperators and Virtual Environments. 1997. Vol. 6.
P. 603-616.

15. Bowman D. A., McMahan R. P. Virtual reality: How much immersion is enough? // Computer. 2007.
Vol. 40. P. 36-43.

16. Lécuyer A., Burkhardt J. M., Henaff J. M. Adaptive control for force-feedback rendering in haptic virtual
environments: State of the art and research challenges // Presence: Teleoperators and Virtual Environments.
2008. Vol. 17. P. 593-615.

References

1.  WoodE., O'Brien A., Hall J. Effectiveness of Virtual Reality Training for Language Skills in Children with
Autism. Neuropsychologia. 2013;39(11):1395-1396.

2. Hartley J., Heath J., Miller L. Emotion Regulation Through Virtual Reality: A Review of Research. Current
Directions in Psychological Science. 2016;15(6):385-392.

3. Cohen S., Schoenfield D., Stern N. Interactive Visualization as a Tool for Teaching Language Skills
in Children with Autism. Current Biology. 2014;19(10):9419-9422.

4. Stein A. et al. The Effects of Video Games on Social Skills in Children with Autism. Journal of Autism and
Developmental Disorders. 2017;20(4):741-754.

RN NN NN NN NN NN NN NSNS NSNS NN NN NSNS NSNS NN SN NSNS NSNS NN NN E NSNS SE NSNS NSNS NSNS NSNS NSNS NSNS NSNS NSNS N NSNS SN ES NN EEEEEEESESNENENESEENENESEENESENNENESESNENENESNEEESNEEEEEEEEEEEEEE



5.

6.

10.

11.
12.

13.

14.

15.
16.

Axan Kazandeposnu AAumypapoB
AOKTOP T€XHHYEeCKHX HayK, AOLIeHT,
npo¢eccop KadpeApbl pAAMOTEXHUKH

Measuring. Monitoring. Management. Control. 2024;(2)

Birnie C., Bolton S., Wright S. The Effects of Virtual Reality on Experiential Learning in Children with
Autism: A Meta-Analytic Review. British Journal of Educational Psychology. 2018;90(4):867—879.
Bofanova N.S., Tychkov A.Yu., Dyatlov A.V. et al. Virtual reality technology as a promising direction
in the treatment of postoperative and post-traumatic pain. Rossiyskiy zhurnal boli = The Russian Journal
of Pain. 2022;20(2):68-72.

Bates K., Rosenberg A., McClintock M. Multi-Tasking in the Virtual Environment: Implications for the
Development of Emotional Intelligence. Journal of Consciousness Studies. 2011;5(2):173—183.

Ivanov A.D. Adaptive virtual reality system using a neural interface. Vestnik Penzenskogo gosudarstven-
nogo universiteta = Bulletin of Penza State University. 2023;(2):121-126. (In Russ.)

Levin D., Kohn M., Rose J. Using Virtual Reality to Improve Motor Skills in Children with Autism. Current
Biology. 2014;19(10):9390-9400.

Wright S., Birnie C., Mitchell P. Effects of Virtual Reality on Learning and Memory in Adolescents with
Autism: A Systematic Review and Meta-Analysis. British Journal of Educational Psychology.
2020;98(2):305-312.

Bailey C. et al. Virtual Reality Training for Motor Skills in Children with Autism. Pediatrics.
2015;129(1):67-76.

Darken R.P., Peterson B. Spatial orientation, wayfinding, and representation. /n Handbook of virtual envi-
ronments. 2002:493-517.

Tychkov A.Yu., Chernyshov D.S., Churakov P.P. et al. Search for patterns in the EES when simulating an
anxiety-phobic situation in a virtual reality environment. Informatsionno-upravlyayushchie sistemy =
Information and control systems. 2022;(4):58—67. (In Russ.)

Slater M., Wilbur S. A framework for immersive virtual environments (FIVE): Speculations on the role
of presence in virtual environments. Presence: Teleoperators and Virtual Environments. 1997;6:603-616.
Bowman D.A., McMahan R.P. Virtual reality: How much immersion is enough? Computer. 2007;40:36—43.
Lécuyer A., Burkhardt J.M., Henaff J.M. Adaptive control for force-feedback rendering in haptic virtual
environments: State of the art and research challenges. Presence: Teleoperators and Virtual Environments.
2008;17:593-615.

HUugpopmauusn 06 asmopax / Information about the authors

Alan K. Alimuradov
Doctor of technical sciences, associate professor,
professor of the sub-department of radio engineering

M PAAMOIAEKTPOHHBIX CUCTEM,
ITeH3eHCKHIT TOCYAApPCTBEHHbIN YHUBEPCHTET
(Poccus, 1. Tlensa, ya. Kpacnas, 40)

E-mail: 4alansapfir@yandex.ru

Aennc Cepreesud YepHpimosn

CTYAEHT,

ITenseHckumit TOCyAQpCTBEHHbIH YHHUBEPCUTET
(Poccus, r. ITensa, ya. Kpacuas, 40)

E-mail: deniska 1980 13@mail.ru

Oxcana Cepreesna CumakoBa

KaHAMAQAT MeAATOTMYeCKUX HayK,

HAYaAbHMK YTIPaBAEHHUS KOMIIAEKCHOTO Pa3BUTHUS
HHKAIO3UBHOTO 00pa3oBaHus,

ITen3enckumit rocyAQpCTBEHHbIN YHUBEPCUTET
(Poccus, r. ITensa, ya. Kpacuas, 40)

E-mail: zcsio@mail.ru

Anna Huxoaaesna TrrukoBa

HAYaAbHHK OTAEAQ KOOPAMHAIIMH HAYIHBIX
MEepONPUATHH,

IlenseHckumit TOCyAQpCTBEHHbIH YHUBEPCUTET
(Poccus, r. Iensa, ya. Kpacnas, 40)

E-mail: tychkova-anna@mail.ru

and radioelectronic systems,
Penza State University
(40 Krasnaya street, Penza, Russia)

Denis S. Chernyshov

Student,

Penza State University

(40 Krasnaya street, Penza, Russia)

Oksana S. Simakova

Candidate of pedagogical sciences,
head of the department for integrated
development of inclusive education,
Penza State University

(40 Krasnaya street, Penza, Russia)

Anna N. Tychkova

Head of scientific events coordination department,
Penza State University

(40 Krasnaya street, Penza, Russia)

R R R R R L L L L L N e e e e e e e sy """ m n mmnm.



HN3mepenne. MoautopuHr. Yupasienue. Koarpoas. 2024. N2 2

Avurpnii AeonnpoBrnd OBUYHHHHKOB Dmitry L. Ovchinnikov

CTYA€HT, Student,

ITeH3eHCKHUIt TOCYAQPCTBEHHbI YHUBEPCHTET Penza State University

(Poccus, 1. Tlensa, ya. Kpacnas, 40) (40 Krasnaya street, Penza, Russia)

E-mail: dmitry _ovch@mail.ru

ABTOpBI 325BASIOT 06 OTCYTCTBHH KOHPAUKTA HHTEPECOB /
The authors declare no conflicts of interests.

ITocTymuaa B pepaxuuro/Received 26.02.2024
ITocrynnaa nocae penensuposanns/Revised 15.03.2024
Ilpunsra k my6ankanun/Accepted 18.04.2024

RN NN NN NN NN NN NN NSNS NSNS NN NN NSNS NSNS NN SN NSNS NSNS NN NN E NSNS SE NSNS NSNS NSNS NSNS NSNS NSNS NSNS NSNS N NSNS SN ES NN EEEEEEESESNENENESEENENESEENESENNENESESNENENESNEEESNEEEEEEEEEEEEEE



