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AnHotanus. [locmanoska npobnemwr. Lludposas Tpanchopmarms oOpazoBaHus 00yciaB-
JIMBAET HEOOXOMMMOCTh HOBBIX IOJXOOB K pa3paboTke MU(pOBBIX 00pa30BaTEIBHBIX PECYPCOB,
TMPOCKTUPOBAHUIO y‘ICGHbIX 1 HAaYyYHBIX ITPOCKTOB. Onn JOJDKHBI OGeCHe‘IHBaTI) BBICOKYIO CTCIICHb
TepCOHM(UKAIN 00yIeHNS, CTPYKTYPHPOBATH MPOIECCHl OPTraHU3AINH, MOHITOPHHTA H OLICHKH
KadecTBa 00pa3oBaTeNbHBIX MPOIYKTOB U pe3yiibTaToB. B mporecce mudposuzanun 00pa3oBaHus
pacimpsIoTCs el 00pa30BaTeNIbHON CUCTeMBL. B 3TOH cBsizn paboTa mocBsiieHa 000CHOBAHHIO
METO/a MUPAMHUIBI IS PEIICHIs 00pa30BaTeIbHBIX 33/1a4, COOTBETCTBYIOIINX COBPEMEHHBIM
TpeboBaHsM HU(poBOro odmiectBa. Memodonozus. IIpoBeIeHHBI aHAIN3 METOAA ITUPAMUIIBL,
paspaboranublii bapbapoit MuHTO, MpUMEHSIEMBIH B MPOSKTUPOBAHUK JOPOXKHBIX KAPT Pa3BUTHS
Ou3Heca 1 CIOCOOCTBYIOIIHUIA Pa3BUTHIO CTPYKTYPHOT'O MBIIIUICHHUS KaK OJJHOTO U3 CaMbIX BOCTpE-
OOBaHHBIX KaueCTB COBPEMEHHOTO CIICIHAJINCTA, TIO3BOJIUI BEIICIUT PSI IPEUMYIICCTB U J0-
CTOMHCTB B CiTydae TpaHC(HOPMAIHH 3TOr0 METOJIa AJSI pellieHHsT 00pa30BaTENbHBIX MPOOIEM.
B uactaOCTH, MeTO yHOOEH s pa3paboTKM y4eOHOro KOHTEHTA B (hopMaTe MHPaMUAAIBHOTO
JepeBa 3HaHWH, (POPMHUPOBAHMS YECTKHUX IUIAHOB ¥ 3aJIaHUH 00yJaeMbIM 110 TeMaM KYPCOBBIX H
JIMIUIOMHBIX Pab0T, MOHHUTOPUHIA U OIICHKH KauecTBa 00pa30BATEIBHBIX PE3yJIbTATOB, CIIOMKHBIX
CHCTEM U 00BEKTOB. Pesynbmamol. [loka3aHbl IPUMEPhl MPHUMEHCHHST METO/A MHPAMUIbI IS
CO3/IaHMSI TIEPEBEPHYTHIX YUeOHBIX PEeCypcoB, MOBBIMICHHS WHTCPAKTHBHOCTH TIPH IIPOBEICHUN
JIEKIHMH U TPAKTHYESCKUX 3aHATHH, OPraHM3aIlii KOHTPOJIST M CAMOKOHTPOIIS 3HAHUH 00yJaeMBbIX,
MOHHTOPHHTA M OLICHKH KavyecTBa 00pa30BaTENIbHBIX PECYpCOB U CUCTeM. 3axiouenue. Meron
MUpaMuUzIbl 00JIeryaeT Iporecce co3nanus dPoBbIX 00pa30BaTEIBHBIX PECYPCOB, B MAKCUMAIIh-
HOH CTENeHH COOTBETCTBYIOMINX OCOOCHHOCTSIM COBPEMEHHOTO TTOKOJICHHS M Y JOBJICTBOPSIFOLITAX
MpUHIMIAaM nepconudukaimu o0ydenus. Ero ocBoeHre u nmpuMeHeHre B y4eOHO! e TeTbHOCTH
CaMHMH 00yYaIOIIIMCSI CIIOCOOCTBYET Pa3BUTHIO Y HUX CTPYKTYPHOTO MBIIIUICHIIS.

KuroueBble cji0Ba: METO/ MUPaAMUBI, CTPYKTYPHOE MBIIUICHHE, BOIPOCHO-33/1a49HOE
JIepeBO 3HaAHUH
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Abstract. Problem statement. The digital transformation of education necessitates
new approaches to the development of digital educational resources, the design of educational
and scientific projects. They should provide a high degree of personification of training, struc-
ture the processes of organizing, monitoring and assessing the quality of educational products
and results. In the process of digitalization of education, the goals of the educational system
are expanding. In this regard, the work is devoted to the substantiation of the pyramid method
for solving educational problems that meet the modern requirements of a digital society.
Methodology. The analysis of the pyramid method, developed by Barbara Minto, used in
the design of roadmaps for business development and contributing to the development of
structural thinking, as one of the most sought-after qualities of a modern specialist, made it
possible to highlight a number of advantages and benefits in the case of transformation of
this method to solve educational problems. In particular, the method is convenient for
the development of educational content in the format of a pyramidal tree of knowledge,
for the formation of clear plans and assignments for students on the topics of coursework and
diploma works, for monitoring and assessing the quality of educational results, complex
systems and objects. Results. Examples of using the pyramid method for creating inverted
educational resources, increasing interactivity during lectures and practical classes, organizing
control and self-control of students’ knowledge, monitoring and assessing the quality of
educational resources and objects are shown. Conclusion. The pyramid method facilitates
the process of creating digital educational resources that correspond to the maximum extent to
the characteristics of the modern generation and satisfy the principles of personification of
learning. Its mastering and application in educational activities by the students themselves
contributes to the development of their structural thinking.

Keywords: pyramid method, structural thinking, question-task knowledge tree
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IHocTtanoBka npo6JiemMbl. /[MHaAMUYHBINA POCT HAYYHO-TEXHUYECKOTO MPOrpec-
ca, MHTEJJIEKTyalbHbIe TIPOU3BOJICTBA, HEMIPEICKA3yeMbIe YTPO3bl ONPENESIIOT He-
00X0aMMOCTh (hOPMHUPOBATH Y OyAyIINX CHEIMATINCTOB aeKBATHBIE CIIOCOOHOCTH
U koMmrereHIuu. OMHOW W3 BaXXHEUIIMX CpeAr HUX HCCIEIOBATENM CUYUTAIOT
CTPYKTYpHOE MBINUICHHE. DTOT BUJ MBIIUICHUS MPEICTABISIET HABBIK, KOTOPBIHA
MO3BOJISIET BUJAETh B3aMMOCBSI3M HA BCEX YPOBHSX, Ta€T BO3MOXHOCTH Pa30MBaTh
1[eJI0e Ha KOMIIOHEHTHI U U3 Habopa 3JIEMEHTOB CO3/1aBaTh [EIOCTHBIE CTPYKTYPHI U
cuctembl. [l ero pa3zsutust bap6apoit MuHTO mpeayiokeH Merona nmupamuasl [1],
KOTOPBIM MO3BOJIAET IUIAHUPOBATH ONTUMAJIBHBIA M YCHELIHBIA CIIOCOO pEIIeHUs
npoOieM OM3HEC-CTPYKTYp M KOMIaHWH. B SKOHOMHUYECKOM COOOIIECTBE METO
MIPU3HAH OJIHUM M3 JIYUIINX U YCIEIIHBIX MPAKTUK pelieHns Ou3Hec-mpobdiem. Me-
ton rupamuabl onupaercs Ha npuHIMn MECE (Mutually Exclusive, Collectively
Exhaustive — B3auMHO HCKITIOYAIOIINE, COBMECTHO HCYUEPIIBIBAIOIINE), ONpPEaes-
IO MpoLeAypy pelleHus mpobieMbl MyTeM CO3/1aHus OTAEIbHBIX Helepeceka-
IOIIUXCSI BOIIPOCOB, OTHOCSIIIIUXCS K paccMarpuBaemoit mpooieme [2]. CyTs MeTona
3aKJII0YaeTcs B BHIOOPE OCHOBHOIO BOMPOCAa WM CUTYallUH, NEJALINXCS Ha Pl
npo0ieM U 3aja4, KOTOpBIE Jajiee TakKe PasessiFoTCs Ha YacTH 0 TeX IMop, MoKa
pa3buBKa He PUBEAET K KOHKPETHBIM PEIICHUSIM.

Hudposas Tpanchopmaims 06pa3oBaHUs BEICBETUIA Pl CEPHE3HBIX H TPY/I-
HOpEIIaeMbIX MPoOJIeM, 00JIaTaroNMX MHOTO(MAKTOPHBIMU B3aUMHO BIIHSIFOIIIMH
XapaKTepUCTHKaMH. B 3TO CBs3M MpeCTaBIsieT HHTEpEC TpaHCHOPMUPOBATH Me-
Ton mupamu il b. MuHTO 114 perienns 00pa3oBaTeNbHBIX MPOOIIEM.

enp HacTosimielt paboOTHI 3aKIt0YaeTCsl B 000CHOBAHUU MPUMEHEHHS METO-
Jla TUPaMUJIbI TSl pelIeHUs] HEKOTOPBIX COBPEMEHHBIX 00pa30BaTeNbHbIX 3a/1a4 U
npo6eM B ycroBHsIX U(poBoit Tpanchopmarn oOpa3oBaHusl.

Metonoaorusi. HecMoTpst Ha OrpOMHBIN CHEKTP Pa3IUIHBIX IHA(POBBIX 00-
pasosarenbHbIX pecypcos (Coursera!, edX?, Udacity’, MIT Open Course Ware?,

! Opumansueii caitr. URL: https://www.coursera.org

2 Opunmansusri caiit. URL: https:/www.edx.org

3 O¢unmansuei caiit. URL: https:/www.udacity.com

4 Opuumansusri caiit. URL: http://ocw.mit.edu/index.htm
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Khan Academy”, «OTkpbiToe 06pazoBanue»’, «Jlekropuym»’ u 1p.), HX pe3yilb-
TaTUBHOCTb IIOKa MMEET O4YeHb HU3KHUH ypoBeHb [3—5]. OnHON U3 MPUYMH BO3-
HUKIIEH CUTYyalluu MCCIEN0BaTeNIM HA3BIBAIOT HEJOCTATOYHBIA YPOBEHb CaMOOp-
raHu3aluy 00ydaeMblX, X Hu3Kuil kodpdurment soft skills®,

OOyuenue, Kak JeTel, Tak U B3POCIBIX, 0OCOOCHHO B JTUCTAaHIIMOHHOM (hop-
Marte, TpeOyeT crelMaIbHbIX MOIX0I0B OpraHu3anuu aesTensHocTd. K npumepy,
Poccuiickas anextponnas mkona (POLI), MockoBckast anekTponHas mkona (MOL)
U IpyTHe cozepkaT B ceOe pa3pabOTKH MO MIKOJIBHBIM JUCIUIUIMHAM, TIOCTPOCH-
HbI€ B COOTBETCTBHH CO HIKOJBHOM MPOTrpamMMoON W OTBEYaroIIne TPeOOBaHHIM
KJIACCHO-ypOUHOH cucTeMbl. OIHAKO aHAM3 MOAOOHBIX IH(PPOBBIX 00pa3oBa-
TEJNBHBIX PECYpPCOB M CEPBUCOB I OpraHU3alliy yueOHOro mpoliiecca KO B TU-
CTaHIIMOHHOM (opMme MoKa3an HEOOXOAMMOCTh MOCTPOEHHUS KYPCOB C MCIOJIb30-
BaHUEM aJIalITUBHBIX U MHTEPAKTUBHBIX 3aJ]aHHI, C POJIbIO MOJTHOIEHHOTO CaMo-
yauTensi ¢ 00paTHOM CBA3bIO [6].

DNEeKTPOHHBIE KypChl TOJDKHBI JepKaThb BHUMAaHHUE YYaCTHUKA AKTHBHBIM,
MOJIEP>KUBATh M YCUITUBAThH €ro MOTHBAIHIO. [Ipr ux pa3paboTke BaKHO yUHTHIBATH
KOTHUTHBHBIE 0COOEHHOCTH HOBOTO «11M(poBoroy mnokosienus [7; 8]. [Ipeacrapnser-
Csl HEOOXOMMBIM CO3/1aBaTh y4EOHBI KOHTEHT M OPraHM30BBIBATH 3AHATHS B Pa3-
HBIX (popMaTax, ONMMU3KHX MO «IyXy» K pa3BiekaTelbHbIM BHIe0 B YouTube, moctam
B COILMAJIBHBIX CETSIX WJIM MPOCTO 3aIUCAIM M3BECTHBIX OsorepoB [9]. CoBpeMeHHBII
WMHTEPHET TIO3BOJISIET HE TOJNBKO yJEepKaTh BHUMAHHUE MOCETUTENS caiiTa CTOIBKO
BpPEMEHH, CKOJIbKO TpeOyeTcsl 3aKa3uuKy, HO M 3aCTaBUTh JEHCTBOBAThH €T0 MO CIie-
HapUIO 3aKa34yrKka. Pa3paboTunKy HHTEPHET-KOHTEHTA MPHUBIEKAIOT BHUMAHUE TIOJTb-
30Bareniell myTeM 0003HaueHHUs MPOOIEeMBbI, 00OCTPEHUsSI MPOOIIEMBI, TIOKa3a HaexkK-
JIbl HA €€ pa3pelleHHe U, HAKOHELl, JEMOHCTPALMK PELIEHUs TPOOIEMbI’ .

OueBuaHO, YTO MOAOOHBINM MOJAXOJ CIEAYyeT HCIOIb30BaTh MPU CO3JaHUU
00pa30BaTeNbHOr0 KOHTEHTa. BHUMaHNe U MOTHB K TIO3HAHHIO MO>KHO MOBBICUTH
C MOMOIIBI0 HEKOTOPHIX MHCTPYMEHTOB M TEXHHK: BH3YaJIH3alUU TOCPEICTBOM
KOTHUTHUBHBIX CXEM U KapT; HEOOIBIINX MOPLUUNA Y4eOHOTO KOHTEHTA; BOIPOCHO-
ro ¢opmara ydeOHOro marepuaina [10]. BompocHsiit cioco6 oOydeHust s co-
BPEMEHHBIX IIKOJFHUKOB CTAHOBUTCS MPUBBIUYHBIM — y HUX CPOPMUPOBAHBI yMe-
HUS TOMCKAa MH(POpMAIMKU MyTEM 3allpOCOB B MOMCKOBBIX CHUCTEMax 3arojOBKOB
K 1ocTam, c(hopMyIHpPOBaHHBIX B MpoOIeMHON hopMme.

B nacrosimee Bpemst TpeboBanusi paboToaarenel K MoJroTOBKE COBPEMEHHBIX
CIEIMAIMCTOB YK€ COJepKaT KOTHUTUBHBIE M MHTEJUICKTyalbHble KoMmeTeHuu [11;
12]. ITo MHEHHIO MHOTHX yY€HBIX HanboJiee BOCTpeOOBaHHBIM Kaue€CTBOM CIIEIH-
anucra Oyaymiero sBJsieTcsl CTpyKTypHoe Mbinuienue [1; 2]. B ogHol u3 kpym-
HeWmux 1 ycnemnsix komnanuidi McKinsey & Company mpoiiecc pemeHus mpo-
OJIeMbl HAYMHAETCS C COCTABIIECHHS CTPYKTYPHUPOBAHHBIX CXE€M, KOTOPbIE IOMOTAal0T

5> O¢unmansubii cait. URL: http://rukhanacademy.org

® OuumansHblii caitr. URL: https://openedu.ru/

7 O¢uumnansumiii caiit. URL: https://www.lektorium.tv/

8 Apmiozuna E. Tlouemy MOOK — TynukoBas BeTBb oHtaiin-obpasosanus? // Skill Factory.
URL: https://ve.ru/skillfactory/178738-pochemu-mook-tupikovaya-vetv-onlayn-obrazovaniya (nara
obpamennst: 20.08.2021).

® Bpaseoeckuii @. lonumanue npuanmunoB LandingPage // Tilda Education. URL:
https://tilda.education/courses/landing-page/understanding-main-principles/ (ata oopammerms: 20.08.2021).
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COCTaBUTb KapTy Ui HcCIeN0BaHui 1 aHanu3a [2]. CTpyKTypUpOBaHHBIE CXEMBI,
KaK MpaBWIIO, COCTABILIFOT B BUJIE JI€PEBA BOIIPOCOB, HA KOTOPBIE HY’KHO OTBETHUTD,
YTOOBI MOATBEPAUTH WIIM ONPOBEPTHYTh rUmnoTe3y. Kaxxaplif BOpoc, BO3HUKIINN
B CBSI3H CO CXEMOH, 0OBIYHO MOYKHO Pa30OHTh Ha MOJBOIPOCHI, U HX, B CBOIO OYEPETb,
TOXeE. JTa BU3yaJIM3UPOBAHHAS [10CIIEI0BATEILHOCT BOIIPOCOB U MOJBOIIPOCOB M03-
BOJISIET C(HOPMHUPOBATH TUTIOTE3Y U CO3ACT «JIOPOKHYIO KapTy» aHaIH3a MpoOIeMbl.

JlepeBo BONPOCOB Takke MO3BOJSIET OYEHb OBICTPO HCKIIOYMTH TYIHKOBBIE
BETBH B XOJI€ aHAJIN3a, TAK KaK OTBET Ha JII000H BOMPOC Cpa3y K€ OTCEKAET JIOKHbIE
nyTtH. Pemast mpo0iemMbl, MHOTHE MBITAIOTCS UCCIIEOBATh BCE BO3MOXKHBIE aCIIEKTBI,
OJIHAKO 3TO JIOJITMA U HE BCETJa pe3yJIbTaTUBHBIN CIIOCO0, BE/lb HET HEOOXOTUMOCTH
uccienoBarh Bce (hakTopbl OAMHAKOBO ITyOoko. CrIoCOOHOCTh «Cpe3aTh» C JiepeBa
JIMIITHAE BETBH, YTOOBI COCPEIOTOUYMUTHCS HA BaKHBIX, JAET XOPOIIMI IIaHC HAMTH
ONTUMAaJIbHBIN U 3()(HEeKTUBHBII BapUAHT peIIeHHs MpooIeMsl [2].

[punuun MECE u metox nupamuzibl MOTYT OBITh MOJIE3HO UCIOJIb30BaHBI
JUIS PelIeHUss MHOTUX 00pa30BaTelbHbIX MPOOJIeM, B YACTHOCTU B MOCTPOCHUHU
COBPEMEHHOT0 Y4eOHOTO KOHTEHTa, METOAAaX JWArHOCTUKH 3HAHUH, OICHKAX M
MOHHUTOPHHIE KauecTBa 00pa30BaTENbHBIX CPE/ U CUCTEM.

PesyabTaTsl u 00cyxkaeHue. B nepByro ouepeab METO NUpaMUbl yA0OHO
HCIOJIb30BATh JJIs CO3aHUs IEpPEBEPHYTHIX YUeOHBIX pecypcoB [13].

[IpuMeprl nocTpoeHus 1epeBa BOIPOCOB 110 HEKOTOPBIM OTAEIBHBIM TEMam
LIKOJIBHOTO Kypca MaTeMAaTHKH, CO3JaHHbIE CTYJ€HTAMM, IIPUBEIEHBI Ha puc. 1-2.
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Figure 1. Question tree on the topic “Linear equations,” algebra grade 7
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| How to find the volume of an icosahedron?

Figure 2. Question tree on the topic “The volume of geometric shapes”
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Figure 3. Branches of the tree of questions on the topic “Trigonometric functions”

I'JIOBAJIBHBIE ACITEKTBI THO®OPMATU3AIINN OBPA3OBAHUA 13



Pak N.I., Barkhatova D.A., Khegay L.B. RUDN Journal of Informatization in Education. 2022;19(1):7-19

1adonudy

(P+xquse=£

|

«¢,(X)u1s UUTIIHAD nded. LmTsLaIg ey » 00duod eH e1eg.10 LHeW.edd WIGHHOUTTEWAOdH| *p “ond

(P+xquis=£

|

(xQuis =

|
%
,,_a

1aninadiong  —

WLIOHHOLOHOW ixLhxancdy —

E1OHEOLIOUOHONEE MxLixanody —

o wuly  —

Quoknutonday  —

QUDOHIINH-AUIOHIh,  —

UHHINEHE OBLIIOHN  —

BnHaUaYaduo Awe90  —f

£A1M06D N
us=4

2”).

INFORMATIZATION OF EDUCATION: A GLOBAL PERSPECTIVE

14



Iax H.H., Bapxamosa J].A., Xeeait JI.b. Bectauk PYJIH. Cepust: Undopmarusaims obpazosanus. 2022. T. 19. Ne 1. C. 7-19

sadwex3z

L

(@+xquse=£

L& 00| uonouny (x)uis 8yl Jo ydeub ayl Saop 1eypp, uonsanb ayl 01 Jamsue ay} Jo Juswbely [euoiieulou] "¢ ainbig

(P+xqus=4

(xqQus=4

|

(use=£

sawang =

Auoyouow jo sjeasa]  —4

SSaUINME] JO SIEAIRI]  —]

sosazuonduny  —

Aipouad

PPo-UaA3  —

sanjeajo1es  —

uewoq —

sansadosd

us=£

|

15

I'JIOBAJIBHBIE ACITEKTBI MTHOOPMATU3AIINU OBPA3OBAHNA



Pak N.I., Barkhatova D.A., Khegay L.B. RUDN Journal of Informatization in Education. 2022;19(1):7-19

[TommHOE MEpPEeBO BOMPOCOB YUEOHOM TEMBI MOXKET AOCTUTATh OOJBIIMX pa3-
MepoB. B wactHOCTH, 110 Teme « TpuroHomerpudeckne QyHKIHI», pa3paboTaHHOE
CTyJEHTaMHM JIepeBO coep KUt 375 BeTok. HekoTophie BETKM AepeBa MOKa3aHbl HA
puc. 3.

OxoHeuyHbIE€ BOMPOCHI 3aBEPILAIOTCS MPEJCTaBICHUEM OTBETOB B BHJIE MEH-
TalIbHBIX KapT, cxeM, ¢opMyll, ToscHeHuid u np. Hanpumep, Ha puc. 4 mokazaH
(bparmeHT nH(MOPMAIIOHHOTO OJIOKA AJISi OTHOTO M3 BOMPOCOB (KaK BBHITJISLIUT Tpa-
¢ux GyHxmy sin(x)?) BeTku nepesa «I paduKu TPUTOHOMETPHUYECKUAX (DYHKIIHID.

3axnwuenue. Meron nupamuasl 1 npuHuun MECE ycnieniHo npuMeHstoT-
CSl TIPU PELIEHUU KOHOMHUYECKHX MPOOJIeM, B MPOSKTUPOBAHUHU JOPOKHBIX KapT
pa3BuTHsa OM3HECA, CIIOCOOCTBYIOT PAa3BUTHUIO CTPYKTYPHOI'O MbIIUIEHUS. TpaHc-
(dhopMarus 3Toro Merosa s 00pa3oBaTENbHBIX IIeJIel MO3BOJSET B CHCTEMAaTH-
HOM M CTPYKTYpPUPOBAHHOM BUJE peuiaTh psAJl OPraHU3alMOHHO-METOINYECKUX U
y4eOHBIX pobIIEM.

[Tpu ncronb30BaHUM ATOTO METOAA Ui pa3paboTKH yuyeOHOro KOHTEHTa Mpe.-
JlaraeTcsi co3aBaTh MMpaMUAATEHOE AEPEBO 3HAHUH TT0 IBYM CIIEHApUsIM: 1) «CBepXy —
BHU3» — pa3pabaThIBaeTCs TPAIWIIMOHHAS TPEBOBHIHAS ypOBHEBas CTPYKTypa
TEMaTHUYECKOIo MJIAHUPOBAaHUS Y4EOHOro Kypca, 3aTeM JJIsl BCeX TeM M MOJATEM
(hopMyIHUPYIOTCSI BOMPOCHI, OTBETHI HA KOTOPBIE OyAyT OTpakaTh MX y4eOHOE co-
JepKaHue; 2) «CHU3Y — BBEpPX» — (DOPMHUPYIOTCS dJIEMEHTAPHBIE BOIIPOCHI K KOH-
KpETHBIM 3ajlauaM M yueOHBIM CUTYaIUsiM, 3aT€M MX KJIaCTePU3YIOT B YKPYITHEH-
HbIE BOMPOCHI, KOTOPBIE TaKke 00OOIIAIOTCS B OCHOBOIIOJIATAIOIINE BOIIPOCHI TEM
1 y4yeOHOro Kypca B 11esIoM. BoBiieueHre caMux CTy/I€HTOB B MPOILECC CO3aHUs
BOIIPOCHBIX JIEPEBHEB 3HAHUN MO3BOJISIET UM MPUOOPECTH HABBIK MCIIOIbH30BAHUS
MeToJa MUPAMU/IBI U Pa3BUBAET Y HUX CTPYKTYPHOE MBIIIICHHE.

Metoxa nupamMuIbl o0erdaeT mporece co3aanus nu(pPOBEIX 00pa3oBaTeihb-
HBIX PECYpPCOB, B MAaKCUMAaJIbHOM CTENEHU COOTBETCTBYIOIIUX OCOOEHHOCTSM CO-
BPEMEHHOT'O TMOKOJIGHHS U YAOBIECTBOPSIOUIUX MPUHIMIAM MEePCOHUPUKAIUN
o0yueHHs. DTH pecypchl MPEICTABISIOT MEPEBEPHYTHI (PopMaT y4eOHOro KOH-
TEHTa, HanboJee MPUTOAHBIN Il CAMOCTOSTENILHOTO IOMAIIHEr0 00y4eHHS.

N3BecTHO, YTO YCIEIIHOE BHIMIOJHEHUE CTYAEHTOM KYPCOBBIX U JUILTIOMHBIX
paboT BO MHOTO 3aBHCHUT OT MOHATHBIX M YETKUX 3aJlaHUN U NpeIIUCcCaHuil Hayu-
HOro pykoBoautens. CoBMecTHas pa3paboTKa JOPOKHONU KapThl HAYUHBIX HCCIe-
JIOBaHMI C MCTIOIB30BAaHUEM METOJa MUPAMUIbI 00JieryaeT MOHUMaHUE U Pe3yJib-
TaTHBHOE BBHITIOJTHEHUE CTYIEHTOM 33/1a4 HaAyYHOU pabOTHI.

VYcneussiii mpuMep MPUMEHEHHsI METO/Ia TUPAMUBI CBSI3aH C OpraHU3aIuei
U TIPOBE/ICHUEM JIEKIIMI U ceMuHapoB. Kilaccuueckue JeKIUH B YCIOBHUSX HAIUYMS
Mpe3eHTANI U IIEKTPOHHBIX MCTOYHUKOB YK€ BO MHOTOM HE YCTPaWBaIOT Kak
CTYJEHTa, TaK U IpenogasaTesss. MeTox nupamMuabl MOKET MO3BOJINTh CMEHUTH
cTpareruio o0y4yeHus ImyTeM IepecTpyKTypupoBaHus yueOHoro matepuaia. K npu-
Mepy, B Kaue€CTBE KCIIEPUMEHTA JIEKLIUU 110 HEKOTOPhIM TeMaM KypcoB «Teope-
TUYECKHE OCHOBBI MHPOpMATHKN», «VcTopust nHGOpMATUKI TPOBOAUIIUCH Clie-
JYIOUIMM 00pa3oM: BHauale CTYJIEHTH BBIOMpAIM BOIPOCHl W3 INPEATIaracMoro
BOIIPOCHOTO JIepeBa 3HaHUN Kypca M OOJBIIMHCTBOM T'OJIOCOB pelllaiy, Ha KaKoM
ypoBHE (IO CJIIOKHOCTH M 00BbEMY) OHU XOTENIHU OBl MONYyYUTh HA HUX OTBETHI.
Jlexiuu ¢ MOJOOHBIM «JEMOKPATUYECKUM) XapaKTepoM IOKazaiu 0oliee BBICO-
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KYI0 aKTUBHOCTh U 3aMHTEPECOBAHHOCThH CIIylIaTeNeil, OOMbINyI0 CTeNneHb 00paT-
HOU CBSI3M C JIEKTOPOM.

Meton nmupamMuabl JOBOJIBHO YETKO CTPYKTYPUPYET NMATHOCTUKY 3HAHUU
o0Oy4arolux, €cid MO BONPOCHO-33JaYHOMY JEPEBY COCTaBJISATh KOHTPOJIbHBIE
BOMpPOCH U TecThl. [lo cyTH, cam BOMPOCHBIN GopMaT TEMaTHYECKOTO CoAepkKa-
HUA Kypca OnpenesnseT AMarHoOCTUYECKU HHCTPYMEHTapHil.

[l MHOTMX MOHUTOPUHIOBBIX U OLEHOYHBIX IPOLELYDP, UMEIOLINX KPUTE-
pI/IaJII)HO-HOKaSaTeJII)HI)IfI XapakTep, METOA NHUpPpaMUABI MOKET OKa3aTb BBICOKYIO
s dextuBHOCTh. K mpumepy, mpu orieHKe KayecTBa UGPOBBIX 00pa30BaTEIbHBIX
pecypcoB, HQPPOBBIX 00pa30BaTEIBHBIX CPE H T. II., yIAYHOE TIOCTPOCHHUE Aepe-
Ba BOIIPOCOB MO3BOJUT dKCHepTaM OOBEKTUBHO JaBaTh OTBETHl Ha HUX. CyMMH-
pyromuye ONCHKHU 3KCIIEPTHBIX OTBETOB IO BCEM BCTKAM «IMUpPAMUJbI BOIIPOCOB»
MO3BOJISIIOT HE TOJBKO B I[EJIOM JIaTh XapaKTePUCTHKY OLIEHHBAEMOT0 00BEKTa,
HO U JUAarHoCTUPOBAThH KA4Y€CTBA OTACIIBHBIX €TI0 JacTer 1 KOMIIOHEHT.

Takum o0pa3om, puBeeHHbIE TPUMEPHI IPUMEHEHHSI METOAA MUPAMUIbI B
00pa3oBaHUM MO3BOJISIOT YTBEPKAATH O €r0 BHICOKUX TUAAKTUYECKUX CBOMCTBAX.
MeTton mupaMuibl B OMpEeNIEHHBIX YCIOBUSX MpeacTaBiseT dQPekTUBHYIO Te-
JarOrH4eCKyI0 TEXHOJIOTHIO.
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LUndporaa tpaHchopmauus:
OCHOBHbI€ NoAX0AbI K OnpeaessieHUIo NOHATUS

AX. IllesenaeBa
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AnHotanms. [locmanosxa npobaemwvl. I3MeHeHMs B 00IECTBE B CBSI3M C MHOT000Opa-
3HEM HCIOb30BaHMs HH(POPMAMOHHO-KOMMYHUKAMOHHBIX TEXHOJIOTHI IPUBEIH K AKTUBHOMY
HCTIOJIb30BAHUIO MOHATHS «H(poBas TpaHcopMmanmsy. CIOKHOE MOIUCEMUYHOE MMOHATHE
OIMCHIBAET MHOTO(AKTOPHOE SIBJICHUE, YTO 00YCJIaBIMBACT HEOOXOANMOCTh MCIOJIb30BAHMS
MEKIUCIMIUTMHAPHOTO TOIX0/a K aHAIIN3Y €T0 coIepKaHus. B pamkax ncciemoBaHus TIOHSATHE
«uudposas TpanchopManus» U3y4aJoch B TpeX paspesax: GUIOCOPCKOM, KyIbTYpOIOTHYE-
CKOM M aKCHOJOTHYeCKOM. Memoooaozus. OCHOBHBIM METOJIOM BBIOpaH OMOIHOMETpUYECKHH
aHaJIN3 POCCUHCKOM 3NIEKTPOHHOM 0a3bl CO BCTPOSHHBIMH CPEICTBAMHK aHATN3a. KomuecTBeHHbBIC
U KaueCTBCHHBIC XapaKTePUCTUKH OTKPBITHIX MCTOYHHKOB IO TeMe «LIluppoBas TpaHchopmarmsn
AHAIN3UPOBAIIKCH C TIOMOIIBIO 3aKPBITHIX CUCTEM IIOMCKA M MAIIMHHOTO aHajiu3a OOJIBIINX
TEKCTOB, Takux kak Microsoft Academic Graph n Dimensions.ai. [IpoBenieH KOHTEHT-aHAIH3
U TEMAaTHYICCKUH MOHUTOPUHT HMEIOIINXCS Iy OIMKAMIA MO KITFOUYEBBIM CIIOBAM «IH(DPOBU3ALIIS
00pazoBaHusD, «1MpoBast TpaHchopMalys», «IUppoBas TpaHC(HOPMALHS BBICILIETO 00pa30BaAHUSD).
OneHka ypoBHS 3aMHTEPECOBAHHOCTH IaHHOW MPOOJIEMATUKOM OCYIIECTBIICHA 110 CTATUCTHKE
3allPpOCOB C UCIIOJIb30BaHUEM pecypca wordstat.ru. Pesyrvmamel. PaccmoTrpenne mudpoBoit
TpaHCOpMAIMU B IIMPOKOM KOHTEKCTE IO3BOJIIO CHOPMYIHPOBATH OMPEICICHHUS C HC-
TH0JIb30BaHHUEM JIBYX TOJXOJ0B: GUI0CO(PCKOro U KYJIbTYPOJOrHIECKOTr0. AKCHOIOTHYESCKHI
MOAXOA 3a7aeT MIMPOKYI0 PaMKy OOCYKIEHHS M TpeOyeT MOTIOIHUTEIBLHBIX HCCICIOBAHUM.
3axmouenue. B miporiecce BBINOIHEHUS HCCIIEIOBATEIBCKOM pabOTHI C MCIIOIB30BaHUEM Pa3IHy-
HBIX CPEJICTB CTATHCTUYECKOTO aHaJll3a cliejaHa BhIOOPKA KaK POCCHUICKHX, TaK U 3apyOeKHBIX
paboT o npodaeme nuppoBoit Tpanchopmarur. PaccMoTpeHBI TpH MoAX0/1a K aHATU3Y MHd-
poBoii TparchopManuu, chopMyITHPOBAHBI OIPEACICHISI 1 000CHOBaHA HEOOXOJMMOCTh HC-
CJICIOBaHMUS TpaHC(hOPMAIK 00Pa30BaHNS C UCIOIB30BAHIEM aHTPOIIOIOTHYECKOTO ITOIX0Aa.
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Abstract. Problem statement. Changes in society in connection with the diversity of
the use of information and communication technologies, has led to the active use of the concept
of “digital transformation.” A complex polysemic notion describes a multifactorial phenome-
non, which necessitates an interdisciplinary approach to the analysis of the concept’s content.
Methodology. This study used bibliometric analysis of the Russian electronic database with
built-in analysis tools. The quantitative and qualitative characteristics of open sources on
the topic of “Digitalization of education” were analyzed using closed search systems and ma-
chine analysis of large texts, such as Microsoft Academic Graph and Dimensions.ai. Content
analysis and thematic monitoring were carried out using the keywords “digitalization of edu-
cation,” “digital transformation,” and “digital transformation of higher education.” The as-
sessment of the level of interest in this topic was carried out according to the statistics of que-
ries using the wordstat.ru resource. Results. The term “digital transformation” analyzed in
a broad context. Digital transformation is defined using philosophical and cultural approaches.
The axiological approach sets a broad framework for discussion and requires additional re-
search. Conclusion. A sample of both Russian and foreign works on the problem of digital
transformation was made using various means of statistical analysis. Three approaches to
the analysis of digital transformation are considered, definitions are formulated and the need
to study the transformation of education using an anthropological approach is substantiated.
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IMocranoBka npodJembl. Vicropust BHeapeHH WHPOPMAITIOHHO-KOMMYHH-
karmoHHbIx TexHoyoruii (MKT) B oOpa3oBaTenbHBIN TpoliecC UMEET HEMpOoa0JI-
KHUTEJIbHBII TIEpUOJ, HO YK€ MOKHO BBIJICJIUTH OCHOBHBIE €€ JTallbl, TAKHE Kak
KoMmbroTepu3anus ((GopMHpPOBaHUE KOMIBIOTEPHON IPaMOTHOCTH), HH(OpPMATH-
3anus (ucnonb3oBanne MKT B yuebHoMm mpouecce) u nmudpoBusanus odpa3opa-
HUS, KOTOpas paccMaTpUBaeTcs B IIUPOKOM KOHTEKCTe. B paMkax HalnMoHanbHO-
ro npoekra «O0pa3oBaHne» MHUHUCTEPCTBO HayKU M BBICIIEro odpazoBanus PO
MOATOTOBUIJIO JOKYMEHT O MEpPCIEeKTUBaxX pa3BUTHs oOpa3zoBaHms B Poccuiickoit
®eneparuy, B KOTOpOM 0003Hau€HBbl OCHOBHBIE HAmNpaBieHUs pa3BUTHA. J[oKy-
MEHT BKJIIOUAET TEXHOJOTHUYECKHH acmekT (pa3paboTKy IudpoBoil TiatgopMsl),
AJIEKTPOHHBIN JTOKYMEHTOOOOPOT (3JIEKTPOHHBIE 3aYeTHBIE KHIKKH M CTyAEHYE-
CKHE OWJICTHI, AJIEKTPOHHBIN IOKYMEHT 00 00pa30BaHWM) U OHJIaH-00pa3OBaHME.
[TomoOHBIN MOAXO0/ 3aTOHSET U(PPOBU3ALNIO 00pa30BaHUs B OYCHDb y3KUE PAMKH.
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CoBpeMeHHBIH 3Tal KU3HEAESITEIbHOCTH YeIOBEKa XapaKTepU3yeTcsl MOsB-
JICHWEM HOBBIX TOHSTHI, KOTOPbIE aKTUBHO BXOJAT B PEUEBOM 00OPOT, C pa3MblI-
TBIMHU IPEACTABICHUAMHU U MHOT0OOpaszueM cMbIciioB. [Ipo nudposyro Tpancdop-
MaIio, JaK€ YYUTHIBas HOBHU3HY IOHSATHS, HAITUCAHO YK€ JIOCTaTOYHO, YTOOBI
IIPOBECTH COMOCTABUTENIbHBIE UCCIIEI0BAaHUS JAHHOM MTPOOIEMAaTHUKH.

HcTopruecku CkiIaapIBarOMasicsl TpAAUIUs CIOBOOOPAa30BaHUS OT TEOPUH K
MIPAKTUKE HW3MEHWJIa OPUEHTUPHI. XapakTepHOH OCOOEHHOCThIO COBPEMEHHOCTHU
SIBJISIETCS] BOSHUKHOBEHHE HOBBIX CIIOB B ITPOHM3BOICTBEHHOM cepe, 1 JIHIIb 3aTeM
CJIOBa CTaHOBATCS TePMHUHaMH (B (HIOCOPCKOM IUIaHE) U HAYMHAIOT MpHOOpe-
TaTh JIOTUKO-CEMAHTUYECKHE TpaHUIlbl. [103TOMY MOpoii [UIsi OMMCAaHUsT OHUX U
TeX e SBJICHUN UCIOJb3YIOT HOBbIE MOHATUSA U KaTErOpPHH, JIUOO OJTHU U TE Ke
MOHATHUS TPAKTYIOTCS MO-PAa3HOMY, YTO HE CIIOCOOCTBYET HAXOXKIACHUIO ONTHMAb-
HBIX IyTeH pelIeHNs BO3HUKAIOIIUX TPOOJIEM COBPEMEHHOCTH.

OmeHka MMoJIb30BaTENBLCKOTO HHTEPECA K paccMaTpruBaeMoil mpobieme mpo-
aHaJIM3UpOBaHa C MCIIOJIb30BaHHEM cHucTeMbl wordstat.ru. Pe3ynbTrarel aHammsa
MpeicTaBIeHb! Ha puc. 1-3:

— nudposas Tpanchopmanus — 64 010 3anpocoB B MecHLL;

— mmudposas Tpanchopmanms oopazoBanus — 6063;

— nudpoBas TpaHchopManus BeICHIEro 00pa3oBaHus — 292.
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Figure 1. Results of queries “Digital transformation”
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Pe3ynbraThl OIICHKH 3alpOCOB MOKA3bIBAIOT, YTO YPOBEHb 3aMHTEPECOBAH-
HOCTH B IIU(poBOH TpaHchopMmanuy o0pa3oBaHuUs HIKE, 4YeM B caMoil pobiema-
tuke. HeoOXoauMo oT 00IMX TeHIIECHIUH B IIU(PPOBOI SKOHOMHUKE TIEPEXOIUThH K
nudpoBu3aKu 00pa3oBaHus, YTOOBI H30€XKaTh U3IUIIHIX PUCKOB U IPOOIEM.

MertopnoJiorusi. B crarbe mpencraBieHbl pe3ysbTaThl UCCIEIOBAaHMS Pa3iIny-
HBIX MOAXO/I0B K TOHUMaHMIO IU(poBO TpaHC(HOpMALIMK B pa3HbIX chepax aesTeNb-
HOCTH, 00OOIIEHHBIE TT0 TPEM OCHOBaHUSIM. OCHOBHOM IIEJBIO MICCIICTOBAHUS SIBIISI-
eTcsl HeOOXOMMOCTb PACKPBITHSI COAEPIKaHUS OHATHS «1K(ppoBasi TpaHChOopMaLus
o0pa3oBaHus», MO0 MHOT00Opa3ue MOHITHIA, TAKMX Kak I(poBas Ko, muppoBas
IpaMOTHOCTb, LU(PPOBU3ALIUS 00PA30BAHUS U T. A., HE TOJIBKO HAIOIHAET HOBBIM CO-
JIep’)KaHueM 00pa30BaTENBHBINA TPOIECC, HO M TMPOUCXOAUT CMEIICHHE aKICHTOB B
ucnosnb3oBaHu nH(GopmanmoHHbIx TexHosnoruid (UT). Eciu uudposuzams npous-
BOJICTBEHHOH C(ephl JIESITETLHOCTH HMEET YETKHUE HAIPaBIICHUS pa3BUTHsL, TO cepa
00pa30BaHus BBI3bIBAET MACCy BOIPOCOB U MPOOIEM.

TemaTnueckuii MOHUTOPUHT OCYILECTBISUICS MO pa3paboTKaM POCCHMCKHUX
1 3apyOeXHBIX UccieoBaTeNel ¢ ucnoib30BaHueM pecypcoB Microsoft Academic
Graph u Dimensions.ai.

Pe3yabTaThl M 00cyxk1eHne. PaccMOTpUM CyIIECTBYIOIINE MOAXObI K OIl-
peleNeHnIo IOHATHH [T BBIZCTICHNS 3HAYMMBIX IPH3HAKOB N3y4aeMOTO SIBIICHUSL.

Qunocogckuii nooxod. B pamkax ¢puitocopckoro noaxoa BeIACISIIOT MUPO-
BO33pPEHUYECKHUE MPOOJIEMBI, © MBI MOXEM JaHHYIO MPOOJIEMATHKY PacCMOTPETh B
IIMPOKOM KOHTEKCTE Yepe3 pacKpbITHE CYIIHOCTH, TO €CTh BbIJEIEHHE BCEOOLINX
CBA3eH M 3aKkOHOMEpHOCTEH. A.l'. UepHBIIIOB NpeaIaraeT OCMBICIUTh METOA0JI0-
TMUYECKUE U CTpaTerMyecKue acrekThl Oyymieil nudposusannu, Tak Kak «uudpo-
BbI€ MHHOBAIlMH TOKa HE3HAYUTEIBHO TPAHC(HOPMHUPYIOT MHpP IO CPaBHEHHIO C
M300peTeHUsIMH MPEbIAYIIUX MPOMBIIUIEHHBIX peBostouui» [1. C. 13]. ABTop
npeuiaraeT BapHaHTHl KYJBTYPHOTO OCMBICIICHHS TPOUCXOASIINX W3MEHEHHH,
(opMUpOBaHMs LIEHHOCTHBIX 3HAaHUH 0€3 MCIOJIb30BaHHs YHU(UIMPOBAHHBIX LIU(P
B 00JIACTH HAyYHOTO 3HAHUS U CIIOCOOOB MMO3HAHMSI.

CxopniHble MO3UIMK B TOM, YTO U3y4eHHe IIU(POBBIX peoOpa3oBaHuii HE0OXO0-
JIMMO OCYIIECTBIISITH Yepe3 MpU3My aHaII3a MapaiurM MUPOYCTPOHCTBA U CTETHYE-
CKOT'O OIbITa U MCCIE0BaTh B paMKaxX M3y4eHUS MHPOPMALMOHHOM 06€30MacHOCTH,
otrpakensl B [2. C. 689]. HeoqHO3HAYHOCTD MPOUCXOAANINX W3MEHEHHUM O] BITHSI-
HUEM UH(OPMALMOHHBIX U IU(PPOBBIX PECYPCOB OTMEUAIN HA MPOTSHKEHUH BCETO T1e-
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puoJa pa3BuUTHs MH(POPMALMOHHBIX TeXHOJIOrui U apyrue asropsl: J. bemt, M. Ka-
crenbe, D. Toddiep u ap.

O BO3HUKHOBEHHM Pa3HbIX TUIIOB CAMOOPTaHU3ALMK B LIU(POBOM pearbHOCTH
roeopsT T.C. AxpomeeBa, I'.I'. Mamunenkwuii u C.A. Ilocamkos [3. C. 116]. Bo3nuk-
HOBEHHUE Pa3HBIX JIOKATM3AIMI', CIOCOOHBIX MOIEPKUBATh YPOBEHb OPraHM3aIUH
[IPY U3MEHEHUH BHEIIHUX YCIOBUM, MOKEM CMEJIO OTHECTH K CAMOOPTaHU3YIOLMMCS
cucTeMaM HOBOro oOpasua. [Ipu 3ToM OHM COXpaHSIOT 0OCOOEHHOCTH Pa3BUTHS JPYTUX
HEJTMHEHHBIX CaMOOPTaHM3YIOIINXCS CHCTEM, 00JIaIal0MX HEYCTOHYMBOCTHIO M HE-
OTIPeJIeIEHHOCThI0. DTO 03HAYAET, YTO MPU pacCMOTPeHHH LM(pPoBOI TpaHchop-
Maruu, ooagaroniell QyHKIMOHAIFHON 3aBUCUMOCTBIO, HYXKHO YYUTHIBATH MHOMKE-
CTBEHHOCTb COCTOSIHUSI HEJIMHEWHBIX CHCTEM U BBECTH CTETICHb HEOIPEAEIICHHOCTH.

CyMMHupY$s BBIIIEU3I0KEHHOE, TIPU PACCMOTPEHHUH MOHATHH B paspese (u-
710co(cKOro noaxo/1a He0OX0UMO:

— UCMOJIb30BaTh MIMPOKYIO PAaMKy OIMCAHUS;

— BBIICTUTH MTPOOJIEMBI MUPOBO33PEHUECKOT0 XapaKkTepa;

— 3a71aTh LICHHOCTHBIE OPUEHTHPBHI.

Torna ungposas Tpancopmarus, MOKET paccMaTpUBaThCs Kak (unocod-
CKasl KaTeropus, OMMCHIBAIOIAs COBPEMEHHBIN 3Tal pa3BUTHS YEIOBEYECTBA U
U3MEHSIOIIas MapaJUrMbl MUPOYCTPOMCTBA 3a CUET TEXHOJIOTHYECKUX PEIICHUH B
NUT-unaycTprun 1 OCMBICICHHS MECTA YEJIOBEKA B U3MEHSIOIIEMCS MUPE.

Kynomyponozuueckuii nooxoo. DKCIOHEHIIMAIILHOE PAa3BUTHE PA3INYHBIX TeX-
HOJIOTHH B cdepe MHPOPMAIMOHHBIX TEXHOJOTHA M HMCKYyCCTBEHHOTO WHTEIUICKTa
CTaJIi CII0OCOOCTBOBAThH MOSBJICHUIO TIOMYJIMCTCKUX BBICKAa3bIBAaHUIN O 3aMEHE 4eJIoBe-
Ka MalyHaMu. B CBsI3H ¢ yeM ecTh HEOOXOAMMOCTD YCHIICHHUS COLIMOTYMAaHUTAPHOTO
no3HaHus. VIMEHHO KyJbTYpOJOrMYECKHH MOJIXO0A B HCCIENOBaHMU IM(PPOBOM
TpaHc(hOpMaIY MO3BOJIMT BRIIECIUTH HEOOXOJMMbIE HOPMATHBHBIE TPEOOBAHUS TS
W3MEHEHHUS COLMATIbHON U TEXHOIOTMUYECKOM Cpe/ibl CYILIECTBOBAHUS YEIOBEKA.

B pa3paboTkax y4eHbIX, CHEHUATU3UPYIOLIMXCS B 0071aCTH MPUKIIaIHBIX KYJIb-
TYPOJIOTMYECKUX MCCIIEIOBAaHUH, Yallle BCTpeyaeTcs MOHATHE «I(poBast KyIbTypay.
OnHu paccMaTpHBarOT €€ Kak ()eHOMEH HOBBIX MaccMenua, Apyrue — Kak TeXHOJO-
TMYECKYIO KYJBTYpY, IPEACTABICHHYIO B IU(POBBIX apTeakTax U CUMBOIMYECKUX
crpykrypax [4]. MarepecHa mosumms T.®D. Ky3HeroBoii, paccMatpuBaromeii mudpo-
BYIO KyJIBTYpY Kak KOHLENT, TPEeOYIOLIMIA OCMBICICHUS Ha MEKAUCIUIUTUHAPHON
OCHOBE, KOTOpasi BITOCIIEACTBHM JOJDKHA CTAaTh PETYISITOPOM HU(POBBIX Mpeodpa3o-
BaHMii B s3koHOMUKe [5. C. 119].

O HeoOXOAMMOCTH «OKKYJIBTYpUBaHU» U poBu3amun ropopsat E.B. ['Ha-
TeimeBa U A.A. CanamatoB. KynbTypHble ipeoOpa3oBanus moj neiictBueM nug-
pOBHU3aLMU TPEOYIOT OCMBICIIEHUS, OCOOCHHO «B CUTYallUd MOJEPHHU3AIMN 00pa-
30BarenbHbIX nponeccoBy» [6. C. 21]. I naHHbIE U3MEHEHUS YK€ MOKHO paccMar-
pUBaTh MOJI YIJIOM 3pEHUS KYJIbTYPHBIX IEHHOCTEHN, B KOHTEKCTE HPABCTBEHHBIX U
JCTETUYECKUX MUJIEAIIOB, a TAK)KE HOPM U 00pa3LOB MTOBEIEHHUS.

[Ipobnema onucanusi UQPpPOBOH TpaHCPOPMALUHU B KYJIbTYPOIOTHYECKOM
paspese uMeeT MUPOKHA KOHTEKCT, 9TO BUIHO U3 pa3zpabotok JI.B. 'amkuHa, KO-
TOPBIH BBIJCIISCT CICAYIOIIHE YPOBHU HUPPOBOH KyabTypsI [4. C. 15]:

! HepequL TEXHOJIOTHUYECKUX U OPTaHWU3AIIMOHHBIX MEP, UCIIOJIB3YEMBIX IJIA adarTalyuu
K U3MCHACMBIM YCJIOBUAM.
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— MaTepHalbHbIH (aHaJTU3 BCEro MHOrooopas3usi HM(POBBIX YCTPOHCTB);

— (hyHKUIMOHATBHBIHN (pa3BUTHE CUCTEM KOMMYHHUKALIMI B COLIMATIBHOMN Cpere);

— CUMBOJIMYECKHUH (MCTONIb30BaHUE OMHAPHOTO SI3bIKA U UCKYCCTBEHHBIX SI3bI-
KOB IIPOrpaMMHPOBaHUs);

— MEHTAJIbHBIN (M3MEHEHHE YCTAHOBOK W IIEHHOCTEH mpu pabote ¢ HHPOp-
Maluei);

— IyXOBHBII (HPaBCTBEHHBIE KATETOPHH U IIEHHOCTH).

Jst apdextuBHbIX 1IMBPOBHIX MpeobpazoBanuii 3. Xaptn u T. Xecc Bbie-
JISIOT ABEHAAATh KyJIbTYpHBIX IIeHHOCTEH [7]. [ToHsTHE «KYyNIBTYpa» BOCIPUHUMA-
eTcs 3araJHbIMHU HCCIeIoBaTeIsIMA HECKOJIBKO B MHOM KOHTEKCTE, aBTOPbI OOJIbIIIe
BHUMAaHHUS yJIENAIOT OPraHU3allMOHHON KynbType. LleHHOCTsIME U1 OpraHu3aluy,
KOTOpBIE CIOCOOCTBYIOT IU(POBOI TpaHCPOPMALINH, SBISFOTCS: OTKPBITOCTH K Tie-
peMeHaM, OPUEHTUPOBAHHOCTh Ha MOTPEOHOCTH KIIMEHTA, Pa3BUTHE HMHHOBAIIWH,
T'MOKOCTh B OTHOUICHWH M3MEHEHHMH, TOTOBHOCTb YUHUTHCS, YPOBEHb JOBEpHs, OT-
BETCTBEHHOE TPEANPUHUMATENILCTBO B pPaMKaxX OpPraHU3aLUH, TEPIUMOE OTHOIIE-
HHUE K HeyJadaM, IOCTPOEHHE Pa3HBIX MOJeNiell KOMMYHUKAIUM, YMEHUE PUCKO-
BaTh U JCHUCTBOBATh B YCIOBHUIX HEOIPEIEICHHOCTH, BKIIFOYEHHOCTh COTPYTHHKOB
B TIPOLIECC PUHSTHUS PEIICHNH, pPa3HbIe YPOBHH COTPYIHHYECTBA.

B pamkax KyJIbTYpOJOTHYECKOTO MOJIXO0/a MPUHSATO BBIIENIATH CIEAYIOIIHE
acriexThl [8. C. 48]:

— HOPMATHBHBIN (CITOCOOBI TPAHCIIAIIMA HOPM TIOBEICHHS );

— OLIEHOYHBIN ((hopMUpOBaHNE OTHOILIEHUS K pa3HbIM MOBEACHUYECKUM MO-
TENSIM);

— 1enernonaranys (BbIpadoTKa UI€aOB U paHKUPOBAHUE [ICHHOCTEH );

— TI03HaBaTeNbHBIN (PEKOHCTPYUPOBAHKE MOBEACHUECKUX MOJENEH pa3HbIX
MOKOJICHUN);

— KOMMYHUKATUBHBIH (TOAEPKKA CBS3€H PAa3HBIX MOKOJIEHUN) U T. 1.

Hudposas TpanchopMaryst B KyJIbTYPOJIOTHIECKOM Cpe3e MOXKET paccMat-
pUBaThCA KaK JTal ajanTanus 4eloBeka B mU(poBOil cpene W (HOpMHUPOBAHHUS
U(pPOBON KYJIBTYPhl M CIIOCOOOB CETEBOTO B3aUMOCHCTBUS, ONMUPAIOLINXCS HA
TYMaHHCTUYECKHE U YEIIOBEKO-OPUEHTHPOBAHHBIE OCHOBAHUSI.

Axcuonoeuueckuii nooxoo. Ilpu UCTIONB30BaHUH aKCHOJIOTHYECKOTO (IIEHHOCT-
HOTO) TOAXOJa HEBO3MOXKHO aHAJIM3UPOBAThH SBJICHHE OOMUMHU (PritocopCKuMMU
KaTeropusiMu, BO3HUKAaeT HEOOXOJUMOCTb BBEACHMS OrpaHndyeHuil. B kadectse
pamMok OyAyT HCIOIB30BaHbI CEephl AESITETLHOCTH.

B nutepatype MOXKHO BCTPETUTh KapAHHAIBHO OTIWYAIOIIMECS MOAXObI K
MOHUMaHUIO LHU(pOoBOH TpaHchopmanuu Ou3HECA. YCIOBHO MOXKHO BBIIEIHUTH
JIBa OCHOBHBIX HAIPaBJICHHS: TEXHOJIOTMUECKOE U OPraHU3aHOHHO-(DYHKIMOHAIBHOE.
B nepBom ciydae uznet npuBsizka K Ha0OpYy TEXHOJIOTH, a BO BTOPOM — K H3Me-
HEHMSIM CTpaTeruil pa3BUTHs U (YHKIIMOHUPOBAHUS OU3Heca.

B cthepe UT-unayctpun cpopmupoBanack 0coOOEHHOCTh J1aBaTh ONpezese-
HUS HOBBIM TOHSATHUSAM OT JIUIA TPEANIPHUSTHS, TO €CTh BO3HUKIIA TeHASHIUs (Pop-
MHUPOBaHHS OOINEro MPeACTaBICHHUS O 4eM-THOO0 M TPYIOBas OTBETCTBEHHOCTh
3a pe3yabTaThl TeopeTnueckoro ooodmenus. Bee Bemymue M T-kopriopamuu, Tak
WIM WHaye, BTAHYTHI B IMpoliecc MUPPOBU3ALMU U MPEIJiaraloT CBOM BapHAHTHI
croco0oB npeoOpazoBanmsl. 1Jis1 OIIEHKH YPOBHS MU(PPOBBIX TPEOOPa30BAHUNA JaKe
MOSIBUJICSI TEPMUH «IU(PPOBas 3peI0CTh», KOTOPBIA UMEET YETKHUE KPUTEPUHU Olle-
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HuBaHwus. [ Havasma M3y4uM OCHOBHBIC OINPEICIICHHS MMOHATHS «IIU(pPOBasi TPaHC-
dhopmarus 6usHecay (Tabnuima).

OnpeaeneHus noHaTua «Llndpoeas rpaHcpopmaums 6usHeca»

Ne dupma OnpeaneneHus

«Mpouecc nHTerpaumm LMGPOBbIX TEXHONOMMI BO BCE aCMneKThbl
GU3Hec-aesTenbHOCTN, TPebyloLlmii BHECEHMS KOPEHHbIX n3-
MEHEHWI B TEXHONOMU, KyNbTypy, onepaumm U NpuHUUIMbLl Co-
3[1aHNSA HOBbIX MPOAYKTOB U yCNyr»

1 Hewlett Packard Enterprise

«/lcnonb3oBaHme UNPPOBBLIX TEXHONOMMM U BCMOMOraTesbHbIX
2 Gartner BO3MOXHOCTEN AJfisi CO3[4aHUs HaAeXHoW umdbpoBoii BusHec-
mMoaenu»’

«HenpepbIBHbIA NPOLLECC NPUCMOCOONEHNS 1 YNIPABEHUS KPU-
IDC (Analyze the future) TUYECKMMUN N3MEHEHNSIMIN B paboTe 13-3a BHELLHUX BANSHWIA 3a
CYeT MCNONb30BaHUSA LMPPOBbLIX KOMNETEHUMI» [9]

w

«Lnpposasn TpaHchopmMaLms — 3TO MaAKCMMasbHO MOSIHOE UC-
4 Boston Consulting Group (BCG) nonb3oBaHue noteHuwana umdpoBbix TEXHONOMMN BO BCEX ac-
nekTax 6usHeca»"

«JJOCTMXEHVE onepaLmoHHON 3P PEKTUBHOCTU 1 MTMOBKOCTN C 1UC-

Forr r o
5 orreste nosb3oBaHveM LUndpoBbIX TexHonormnin» [10]

Definitions of the notion “Digital transformation of business”

No Firm Definitions

“The process of integrating digital technologies into all aspects
of business, requiring fundamental changes in technology,

1 Hewilett Packard Enterprise culture, operations, and principles for creating new products
and services”®
2 Gartner Leveraging digital technology and supporting capabilities to

build a robust digital business model”®

“The continuous process of adaptation and management of
3 IDC (Analyze the future) critical changes in work due to external influences through
the use of digital competencies” [9]

“Digital transformation is the fullest possible use of the potential
of digital technologies in all aspects of business”’

“Achieving operational efficiency and flexibility using digital
technologies” [10]

4 Boston Consulting Group (BCG)

5 Forrester

B3BemnieHHbpIl OX0 peain30BaH B MOHUMaHUU MHU(pPOBOM TpaHchopma-
nun 6usHeca y Boston Consulting Group (BCG). OHM BBIIENSIOT YEThIPE OCHOB-
HBIE c(hepbl OM3HEca, KOTOPHIE TOJHKHBI H3MEHHUTHCS paJiKabHO. B mepByro ove-
penb JOJKHBI MEHATHCS CIIOCOOBI B3aUMOJCHCTBUS C KIMEHTaMHU, UMEHHO KOJIH-
YeCTBO M KAauyeCTBO B3aMMOOTHOIICHHH CTAHYT LIEHHOCTBHIO, Pa3MBIBAIOIICH Tpa-
HUIBI MEXy IpoaykTamu U yciayramu. Cremyromiee npeoOpa3oBaHHE KacaeTcs

2 Yro Takoe mudposas tpanchopmanusa? URL: https://www.hpe.com/ru/ru/what-is/digital-
transformation.html (gara o6parmenus: 02.08.2021).

3 T'moccapmii Gartner. URL: https://www.gartner.com/en/information-technology/glossary/digital-
business-transformation (1ara oopamenus: 02.08.2021).

4 Digital  transformation. URL: https://www.bcg.com/ru-ru/digital-bcg/digital-
transformation/overview.aspx (accessed: 02.08.2021).

> What is digital transformation? (In Russ.) URL: https://www.hpe.com/ru/ru/what-is/digital-
transformation.html (accessed: 02.08.2021).

® Gartner Glossary. (In Russ.) URL: https://www.gartner.com/en/information-
technology/glossary/digital-business-transformation (accessed: 02.08.2021).

7 Digital transformation. URL: https://www.bcg.com/ru-ru/digital-bcg/digital-
transformation/overview.aspx (accessed: 02.08.2021).
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POJH JIF0JIeH, OHU He OyAyT 3aMEHSThCS MAIlMHAMHU M UCKYCCTBEHHBIM MHTEIIIEK-
TOM, a OyIyT CO3/1aBaTh HOBBIE TPOIIECCHI, UTO MOTPEOyET OT HUX HOBBIX HABBHIKOB
JUIs. TBOPUECTBA U CIIOCOOOB OpPraHU3allM AEATelIbHOCTU. TpeTbs 00nacTh U3Me-
HEHHsI — 3TO 3((PEKTUBHOE UCIIOIH30BAHNE JaHHBIX, YeM ObICTpee Haydarcs: Gpup-
MBI HCIIOJIb30BaTh CBOM JIaHHBIE Ui NMPHUHATUS YHPABICHUYECKUX PEILEHUH, TeM
00JIBIIMM KOHKYPEHTHBIM IPEUMYIIECTBOM OyayT obnanath. VM1 Ha mocineaHem
MeCTe CTOMUT oLM(POBKA onepanuii 1 aBToMatu3anus mnpoueccos. JlaHHbIN noa-
XOJI BIIOJIHE peaJIn3yeM B CUCTEME O0pa30BaHMs.

B paborax, mocBsIEeHHBIX 00pa30BaHHIO, YETKOCTU B (OPMYJIMPOBKAX HE
npocnexuBaercs. L{udpoas Tpanchopmanus 00pa3oBaHUS pacCCMAaTPUBACTCS KaK
TEHJIEHIMsI JTUOO OIMUCBIBAETCS uYepe3 XapaKTepPUCTUKU WIN pellaeMble 3a/adM.
Jlaxxe ipu OTCYTCTBUH OOIIEH IeUHHUIINN, B ONIMCAHUN JTOMHHUPYIOT TEXHOJIOTHYE-
ckue acnekTsl pa3Butus u BHenpeHus UKT B oOpazoBaTenbHbIi mpolecc. ABTOpHI,
omHCHIBarONMe MUGPOBYIO TpaHCchHopManuio 00pa3oBaHUS, Yalle HCIIOJIB3YIOT
noHaATus «mdposoe obpazoBanue» (M.E. Baitnnopgd-CricoeBa, A.M. Konmakos,
B.H. ITnaronoB u nip.) u «audpooe odyuenue» (J[x. bepcun, 1. Pomxepe u mp.) [11].

3akouenne. Lupposas TpaHcopmarust U3MEHSIET BCe aClEKThl KU3HEAEes -
TENTLHOCTH YesioBeka. HeoOXoIMMo OCMBICIICHHE JaHHOTO SIBIICHUS TSl Pa3padoOTKu
MEXaHU3MOB MOHHMTOPUHIA U METOJIOB OLEHKH YPOBHS €€ C(HOPMUPOBAHHOCTH.
Ha ocHoBe nMmeronmxcst pe3ysIbTaToB UCCIEIOBAHMI Pa3HBIX aBTOPOB TPOAHATN3H-
POBaHbI pa3Hble MHTEPIIPETALMH MOHATUS «LU(pOoBast TpaHCPopMaLus» B TPEX pas-
pe3ax: GpuiIocopckoM, KyJIbTypOIOTHYECKOM U aKCHOJIIOTHYECKOM. DTHX TIOJIXOJIOB
HEJIOCTaTOYHO JUIi OCMBICIICHHS! MOHATUS «LU(poBas TpaHchopMmanus oOpa3oBa-
HUSD», HY’)KHO PacHIPUTh PAMKH HCCIIEIOBAHMSI.

Jlnis noHuMaHus UGpoBoi TpaHCPOpMaLUu 00pa3oBaHUs TPeOyeTcs MpH-
MEHEHHE aHTPOIIOJIOTUIECKOTO TTOAX0/1a, KOTOPBIA UCTIONB3YET IETOCTHOE MO3HA-
HUE YellIoBeKa B KOHTEKCTe (POpMUPOBAHUS UPPOBON KYJIbTYPHI.
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Annotauus. [locmanoska npoonemvi. B cOBpeMEHHOM MHUpe yBeIUYHIIach BOCTpeOo-
BAaHHOCTH BeO-caiiToB By30B. Ilo 3akoHy B Poccum Ha 00pa3oBaTeibHBIC CAHTHI BHEIPEHBI
BepcuH Ul cnaboBuIAmuX. Llenpro nccmemoBaHus cTajna OIeHKa (MIPEeUMYyIISCTBEHHO aBTO-
MaTHYECKHM CIIOCOOOM) JaHHBIX CAiTOB Ha NMpEAMET JOCTYIHOCTH M KayecTBa BEpCHil Iyl
CITa0OBHIAIINX, @ TAKXKE BBISBICHHE JIYUILIEro Crocoda peaan3alyy TaKuX PeLIeHUH 1 CO3/1aHus
JIOCTYITHBIX CAlTOB B 1enoM. Memoodoaoeus. Pazpaborana nmporpaMMHas cHCTeMa cOopa MeT-
PHUK C CaliTOB B JBYX BEpPCHUAX: OOBIYHON W I ciraboBuasmuX. CpaBHUBAIOTCS KOJIHYE-
CTBCHHBIC METPUKHU Ha OCHOBE html—KOI[a 1 BU3YAJbHOI'0 aHaJIN3a CKPUHIIOTOB TJIaBHBIX
ctpanui. [lokazarenn MoydeHsl pyYHBIM TECTHPOBaHUEM. Pe3zynsmamul. VI3ydeHbl TaHHBIC
571 caiita By30B, IpeACTaBICHHEIE B 001IeM qocTyne. [Ipon3BeneH KOppesaIuOHHbI aHATH3
Mmerpuk. ClienaHa oleHKa KayecTBa paboToCIIocOOHOCTH BEpCH A1t Cl1aboBUAAIINX, COCTaB-
JICHBI PEKOMEHIAINY K TEXHUYECKOW pean3alliil U CTAaHJAPTHOMY HaOOpy HaCTPOEK BEpCHid
st cnaboBumsmux. CoOpaHa CTaTHCTHKA UCIIONB3YyEMBIX TOTOBBIX PELICHUH, HHCTPYMECHTOB
pa3paboTKK caiToB. 3akatoueHue. BhIABICHBI akTyalbHbIe NPOOJIEMBI B 00JIACTH JOCTYITHO-
cTH oOpas3oBarelbHbIX caliToB B Poccuu, chopMyIHpOBaHbI MPEATIOKEHUS 10 HPOBEICHUIO
OLICHKH W pa3pabOoTKe JAOCTYIHBIX CaiToB. PekoMeHmanuu MOTYT HCHOJNB30BaThCs KakK OJHA
W3 MHCTPYKIMH 1S pa3paOOTKK MM IPOBEPKH BEPCHH JUTs CIIa00BUIAIIMX.

KunroueBble cjioBa: olieHKa HHTEP(EHCOB, BU3yaIbHbINA aHATN3, JOCTYIIHOCTh BEO-CalToB,
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for persons with visual disabilities
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Abstract. Problem statement. Nowadays the demand for university websites has in-
creased. According to the law, versions for visually impaired have been introduced on educa-
tional sites in Russia. The research objective is to evaluate accessibility of sites and quality of
versions for visually impaired (mainly in an automatic way), and to identify the best way to
implement such solutions and to create accessible sites in general. Methodology. A software
system for collecting metrics from websites in two versions — a normal and for visually im-
paired users — has been developed. Quantitative metrics based on the HTML code of home-
pages and visual analysis of homepages screenshots are compared. Metrics were also received
by manual testing. Results. Data from 571 universities websites with open access to files was
observed. The correlation analysis of metrics was carried out. The quality of versions for visually
impaired was assessed, recommendations were made for technical implementation and a standard
set of settings for panel of version for visually impaired users. Statistics of used ready-made
solutions, as well as website development tools, was collected. Conclusion. An idea has appeared
about current issues in the field of accessibility of educational sites in Russia, and about what
can be used to evaluate and developing of accessible sites. The recommendations can be used
as one of the guidelines for developing or checking versions for visually impaired.
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IHocranoBka npodJembl. Bo Bpems nangemun COVID-19 BBOgunace nu-
cTaHnuoHHasi popma 0Opa3oBaHUs, BCIEACTBHE YETO BHIPOCIO KOJIHUECTBO 00pa-
IIeHUH K 00pa3oBaTeIbHBIM caliTaM. BaskHO, YTOOBI Takue calThl ObUTA JTOCTYITHBI
JUTSL PA3IMYHBIX KATETOPUH JIUIl (B TOM YHCIIE ¢ BPEMEHHBIMU WU TTOCTOSTHHBIMHU
OTPAaHWYCHUSIMU) U B PA3IMYHBIX YCIOBHUSIX MOCTyMa (MOOWIIBHBIN DKpaH, ciiadas
SIPKOCTh W J1p.). B HaHHOM HcclenoBaHUU pedb OyAeT WATH O CalTaX BBICIIHUX
y4eOHbIX 3aBeneHnii Poccun.

N3BecTHO, 4TO 00pa30BaTEIbHBIC CANTHI BXOISAT B KATETOPHUIO CANTOB, TJIE
JOJDKHBI OBITH BHeApeHbl Bepcuu st ciaaboBuasumx (BIC). PocobpHanzop
yrBepania B 2015 r. mepeueHb TEroB MUKPOPA3METKH Uil OQHUIHMATIBHBIX CAaHTOB
o0OpasoBaTenbHBIX Opranu3anuii. B ux gucno Bxoxut atpudyt itemprop="Copy",
0 3aMBICITy OOPaMIISIONIUI CCBUTKY HA BEPCUIO OPUITMAILHOTO caiiTa ais ciabo-
Buasmux. Ceiiuac y BceX CalTOB €CTh CChUIKa/KHOIKa mepekitouenus Ha BJIC.
B npocTtom ciydae 3TO MPUMEHEHHUE HEKOTOPOU JIOTUKH, BKIIFOYAIOLIEH HAa CalTe
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0COOBIH peKuM, B IPyroM — UCHOJBb3YIOTCS MaHeIH JUIsl HACTPOWKM MapaMeTpoB
CTpaHUIbl 10/ KOHKpPETHBIE HYXKIbl MOJb30BaTeNs (pasmep mpudra, KOHTPACT,
OTKJIIOYEHUE KapTUHOK, IIBETOBBIE CXEMBI U T. 11.), TM00 BCE BMECTE.

Berpeuarorest mpoOieMbl ¢ pabOTOCIOCOOHOCTBIO TaKOTO (YHKIIMOHAJA,
a HEeKOTOpBIH (PyHKIIMOHAJI IJIOX0 TECTUPOBAJICA U JENIAeT TOJNBKO XyXke — caliToM
CTaHOBHTCS €IIle TPYIHEe MOIb30BaThCA. TakuM 00pa3oM, MpearaeTcsi OIeHUTh
B/IC caiitoB By30B P®, BBIIBUTH OCHOBHBIE HEIOCTATKH, COOpAaTh HEKOTOPYIO
CTaTUCTHKY npoOiieM. byner npoussenena omnenka BJIC oTHocuTensHO CyOBeK-
ToB P® — MecTOHax0X/1eHUsI By30B, MMO3UIMI BY30B B aKTYyaJbHbBIX MOIMYJSPHBIX
pEeNTHHrax U KaTeropuil HarpaBJIeHHOCTH O0yUYEHUS.

Metononorusi. Mempuxu, nonyuennsie Ha OCHO8e AHAIU3A KOOA CMPAHUY.
B uccnenoBaHusx BcTpedaeTcss UCIIOJIb30BAHME PYKOBOJCTBA MO 00ECHEUYEHUIO
noctynHocTd BeO-koHTeHTa WCAG 11 1osTyueHHs! KOTMYEeCTBEHHBIX METPHUK 10
ananm3y html-xona crpanwnn caiitoB. B Poccun B 2007 r. mosiBuiics TOCT P 52872,
a B 2020 r. BBeJIeHa aKTyaJIM3UpOBaHHAsl PEAKIIUs, B OCHOBE KOTOPOM JIEXKHUT H0-
kyMeHT WCAG 2.1. JlaHHbIe peKOMEHIAINH COAepkKaT KPUTEPUHU JOCTYITHOCTH U
JeNAT UX Ha IPUHIMIIbL:

— perceivable (BocipuHIMaeMOCTB);

— operable (ynpaBisieMocTh/paboTOCIOCOOHOCTS);

— understandable (ICHOCTB/TIOHSATHOCTB);

— robust (HaJA€KHOCTH/COBMECTUMOCTb ).

Taxoke Kaaple KpUTEpPUU UMEIOT CBOM YPOBEHbB JIOCTYITHOCTH MHPOPMALIUU
(A, AA, AAA), rie MUHUMaJIbHBIA YpOBEHb A TO03BOJISIET OTPAaHUYEHHBIM I10
3pEHHIO0 00ECIIEUNTh TOCTYITHOCTh K HHTEPHET-pecypey 0e3 morepu nHpopMaIuy,
HENPOXOXKACHNE TaKUX KPUTEPHEB — IpyOblil Oapbep. YPOBEHb TOCTYITHOCTH MH-
¢dopmanmu AA — BKIIFOYaeT B ce0s ypoBeHb A. Ho He Brimrouaer AAA, KOTOPBIi
HaM He MHTEepeCceH, aBTOMaTUYECKUN MOMCK TaKUX 0apbepoB He OyAeT MpOTyKTUB-
HBIM: OH COJIEPKUT MHOT'O HE peasIbHbIX, a MOTEHIHAIbHBIX OaprepoB. C Hapy1ie-
HUSIMH KpUTepHeB ypoBHSI AAA moib30BaTeiab CMOXKET paboTaTh ¢ CaliTOM, HO C
MEHBIIIUM KOM(pOPTOM.

3auacTyro B MCCIIEOBAHMSIX MCTIONb3yeTcst anamsatopbl WAVE! u Achecker.
Bapbepbl, omy4yeHHbIe TAKUMHU aHAIN3aTOPaMH, OTHOCATCS K ONPEICICHHOMY NPHH-
LUy U YPOBHIO JIOCTYITHOCTH, a TaKXXe€ MMEIT CBOH YPOBEHb JOCTOBEPHOCTH:
omuOKa, MpeaynpexkaeHne, MOTeHIIMaIbHas omuroKa (TpedyeT MOTHOU Mepernpo-
BEPKH BpPyuHYI0). MBI OyieM paccMaTpuBaTh TOJIBKO OIIMOKH U MTPEAYTIPEKICHNUSL.

VYka3zaHHbIe cepBUCHI UMEIOT TiaTHOe API mnbo OecruiatHbI qocTyn Yepes
BeO-(hopMy JUIsl aHaNM3a CaiTOB BpyuHYH0. B HacTosem ucciae1oBaHuu ObLT BbI-
Opan apyroit cmocob. st coopa WCAG-6apeepoB (BeiOpaH ypoBeHb AA) B
CTpaHuIy 00pabaThIBAEMOTO CaiiTa MHBEKTUTCS CKPUNTZ, Wik aXe®, KOTOPHIi co-
OupaeT HapylIeHUs, pe3ybTaT coxpaHseTcs B 0a3y JaHHBIX. JavaScript mo3Boss-
€T CUUTHIBATh IPUMEHEHHBbIE K neMeHTaM CSS-cTmin, Koraa y Hero ecTh A0CTyI

! WAVE Web Accessibility Evaluation Tool. URL: https://wave.webaim.org/ (accessed:
25.06.2021).

2 HTML_CodeSniffer. URL: https://squizlabs.github.io/HTML_CodeSniffer/ (accessed:
25.06.2021).

3 aXe. URL: https://www.deque.com/axe/ (accessed: 25.06.2021).
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k DOM-nepeBy, a 3T0 BaXXHO JUIsl aHAJIM3a KOHTPACTa, BUJUMOCTH 3JIEMEHTOB,
MIO3TOMY IIPHU BHIOOpE JIOTHKH U SI3bIKA POTPAMMHUPOBaHUS 00pabOTUMKa CTPaHUI]
yuuThIBajics 3TOT (hakrop. BeiOpan s3p1k NodelS, B3aumozeicTBre co CTpaHULIaMU
MpOUCXOAUT mocpencTBoM Opaysepa Chrome B headless pexxume. CriemoBartensHo,
HET CJIOXKHOCTH B Nepeaun JAHHBIX MEXKAY KOJIOM, BBIMIOJIHEHHBIM B TaKOM Opay-
3epe 1 00paboTUHKe, 3aITyCKAIOIIEM ITOT Opay3ep, Tak )K€ PeCypCHBIE 3aTpaThl MH-
HuManbHble. Ha BbIXO/ie ¢ HaliJleHHBIMU HapylleHussMu coxpansercs XPath-nyTs
K DJIEMEHTY B KOJI€, YaCTh OKPY>KaIOIIETO KO/Ia, YTO MOJIe3HO AJIs pa3paboTymka.

Mempuku, nonyyennvie Ha OCHOBE AHANU3A CKPUHWIOMOE CIMPAHUY. ITO MeT-
PHIKH, TIPEUMYIIIECTBEHHO IMOJTydYeHHbIe Ha ocHOBe npoekTa AIM (Aalto Interface
Metrics)*. VI3BecTHO, 4TO TakMe METPMKHM MMEIOT KOPPEIAIHMIO C BU3yalbHOI
CJIO)HOCTBIO HHTEP(PEHCOB, ICTETUIHOCTRIO, BOCTIPUATHEM [ 1].

[Tpumep TakuX METPHK:

1) oOBeKTHI:

— KOJIMYECTBO AJIEMEHTOB Ha UHTepdeiice;

— KOJIMYECTBO THIIOB DJIEMEHTOB;

2) colour perception (pa3iauyHbIE aCMEKThl KPACOUHOCTH MHTepdeiica u ux
BIIMSTHAE Ha BOCTIPUSITHE U FO3a0MIINTH):

— pa3mep B ¢popmate PNG (uem Gosblie, TeM OoJiee LBETHast KApTHHKA);

— KOJIMYECTBO YHUKAJIbHBIX IIBETOB B criekTpax RGB, HSV, LAB;

— otksioHeHus kaHanoB B HSV (Hue, Saturation, Value — ToH, HaChIIIIEHHOCTb,
3HaUEHHE — MPOCTPAHCTBO I[BETOB, OJIM3KOE K YEIIOBEYECKON BU3YaIbHOH CHCTEME);

— CTaHJapTHOE OTKJIOHEHHE SIPKOCTH 11BeTOB (luminance);

— KOJIMYECTBO CTATUYECKHUX U JMHAMUYECKUX [BETOBBIX KJIACTEPOB;

3) perceptual fluency (mpocrota, ¢ KoTOpoi BUAMMast UH(OPMAIHsI BOCIIPHU-
HUMAETCS 9CTETUUECKH):

— pa3mep uzoOpaxenus B ¢popmare JPEG (npeamonaraercsi, uro Oecnopsi-
JOYHAsi KapTHHKA OyIeT OOJIbIIe pa3MepoM);

— MUKCEIbHAs CUMMETPHs (OCH MaKCUMaJIbHON CUMMETPHUH);

— KadecTBO ceTkH (grid);

— MPOIIOPIIUH ITyCTOTO MECTA;

— KOHTPACT TPAHUIIBI QUTYD;

— BU3yaJbHas Oecropsa04HOCTh (clutter).

st cOopa CKpUHIIOTOB Takke ucnoib3yercss Chrome B headless pexume,
9TOOBI OCYIECTBUTH MOIAEPKKY JavaScript, Tak Kak B HEKOTOPBIX CITy4asX CKPHUIIThI
MEHSIIOT uHTepdelic cpaszy nocie 3arpy3ku. s coopa ckpunmotoB BJIC otpa-
0aThIBaET AJITOPUTM TOMCKA CCHUIKH Ha TAKyl0 BEPCHUIO U BBIIOIHSIETCS «LIETIOK»
10 HEW.

Hekotopble MX MaHHBIX METPUK IO CKPUHIIOTAM YK€ HCIIOJIb30BAINCh B
JIPYTUX UCCIIeTOBAaHUAX [2; 3]

Pyunoe mecmuposanue. JIns onenku peanpHoi padorocnocooHoctrn BJIC
MIPOU3BEICHO PYYHOE TECTUPOBAHHE Ha BCEX caiiTax, BKIOYas BECh (DyHKIIMOHAI
MaHeyield MOMOINU CIA0OBHISIIIIMM, COOpaHa CTaTUCTUKA MPOOIEM W BHEAPCHHS
roToBbIX pemieHuit. [yis cbopa nHpopmarmu 00 MHCTpYMEHTax pa3padOTKU caii-

4 AIM — Aalto Interface Metrics service. URL: https:/interfacemetrics.aalto.fi/ (accessed:
25.06.2021).
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TOB MCIIONIb30BaH cepBuc Wappalyzer’, uToObl coOpaTh aKTyalbHYIO CTATUCTHKY
WCTIOJIb3YEMBIX TEXHOJIOTHH.

Asemomamuueckuti coop mempuk. JIns cOopa MeTpuk paszpaboraHa BeO-
tatopma, MO3BOJISIONIAS MAaCCOBO MMITOPTHPOBATh CIIMCKUA CAaWTOB M CTPAHMIL
n3 CSV, BeIOUpaTh U OTNPABIATH CIIHCKH Ha 00pabOTKY, MPOCMATPUBATh U JKC-
nopTHpoBatTh pe3yabTaThl B CSV s nanbHeimiero ananmusza. CTpyKTypa mpoeKTa
paccuuThIBaIaCh HA BO3MOKHOCTh TOPU30HTAIBHOTO MACIITAOUPOBAHHUS AJIs YBE-
JTHYEHHS CKOPOCTH 00paboTKH, ucmonb3yercst Docker.

O06pabotunky aTGOpMbI CO31aHbI IS CNEAYIONIUX 3a/1a4:

— COXpaHEHHE CKPUHIIIOTOB B PA3IMUHBIX Pa3pelICHHSX;

— c6op merpuk HTML CodeSniffer® — a1 monyuenus METpHK, Crpynmipo-
BaHHBIX T0 WCAG-npuHIIMnam;

— c6op Metpuk aXe’ — MPEMMYIECTBEHHO METPHKHM KOHTDPACTa M IPOYHE,
otHocsmuecss K WCAG, pazaenry 508 3akona CIIIA American Workforce Rehabi-
litation Act, OTAENBEHON aBTOPCKON KATETOPUM MPABHII JIYUIIUX MPAKTHK B HHILY-
ctpun, a Takxke k npasunam ACT Rules Community® mns aBromartuueckoro Te-
CTHUPOBAHUS;

— c6op metpuk Lighthouse’ (Desktop, Mobile) — BKII0UaeT OIEHKY JOCTYTI-
HOCTH;

— cbop metpuk AIM — uzaer obpamenne o websocket k JiokaapHOMY cep-
Bucy AIM (cobupaemM TONBKO KOJTHUYECTBEHHBIE METPHKH, TO €CTh 0€3 METpUK,
OTJAIIINX W300pakeHus B base64-popmare, st 6osbiel CTaOMIBHOCTH).

MeTpukH 1o KOy PacCMOTPEHBI OTHOCUTEIBHO OKPYTOB, B KOTOPBIX pac-
MOJIAraroTCs By3bl U UX MO3UIMK B pedTuHrax. Hampumep, orieHka 1o okpyry co-
CTaBIISIACh CPEAM METPUK, MOITYUYEHHBIX U3 KO Mo (hopMmyie

0; = Y jnorm(meanA — meanB),

rJe I — MHAEKC OKPYTa; j — MHAEKC METPUKH; meand — cpeiHee 3HAU€HUE METPUKH
o caiiTaM B Okpyre (OOBIUHOM BEpCUU caiiTa); meanB — cpeHee METPUKU TEX Ke
caitoB, Ho B/IC.

K pasnunie cpennux mpumensiiack Hopmanmzaius oT 0 10 1, Tak Kak OHa He
Bceraa noJyioxkutenbHas. OueHka nokasbiBaer, Hackoybko BJIC ynyumaer nosib-
30BaHHUE CAUTOM MCXO/S U3 METPHK T10 KOY.

Pe3yabTaTsl 1 00cy:xk1eHue. B kauecTBe METPUK HAa OCHOBE KOJAa CTPAHMI]
BBICTYIIAIOT KOJIMYECTBEHHBIE TTOKA3aTENIN HaWJICHHBIX 0aphepoB (KOJIMYECTBO MECT
¢ mpoOiemoit B kozae). HaubomnpIiee KOIUYECTBO JAOCTOBEPHO HAIIEHHBIX OIIH-
00K OTHOCUTCA K mpuHIMNY «Bocnpusitus», MeHbie Bcero — K npunnuiy «Ilo-
HATHOCTWY. [IepBbIii BAMSIET HA YAOBIETBOPEHHOCTD MOJIH30BATENS, CIIOCOOHOCTH

5 Wappalyzer. URL: https://www.wappalyzer.com/ (accessed: 25.06.2021).

¢ HTML_CodeSniffer. URL: https://squizlabs.github.io/HTML_CodeSniffer/ (accessed:
25.06.2021).

"aXe. URL: https://www.deque.com/axe/ (accessed: 25.06.2021).

8 ACT Rules Community Group (previously known as Auto-WCAG). URL: https://act-
rules.github.io/pages/about (accessed: 25.06.2021).

® Lighthouse. URL: https://developers.google.com/web/tools/lighthouse (accessed: 25.06.2021).
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pa3o0paThCsi ¢ CONEPKUMBIM, 3[I€Ch MpeodIagaeT JErko paclo3HarOMUNACT KpH-
TEpUH — OTCYTCTBUE TEKCTOBOH albTepHATHUBEI. BTOpOii ciiokHEee 0OHApYKUTh U
TpeOyeT BHEAPEHMs IOMOJHUTEIbHBIX CPEICTB JIs aHalu3a. 3alojHEHHE allb-
TE€PHATHUB BO3MOKHO TOJIBKO BPYUHYIO JTUOO F€HEPUPYs C NOMOIIbIO HCKYCCTBEH-
HOT'O MHTEIIJIEKTa U KOPPEKTUPYs yXkKe pe3ysbTaThl BpyuHyto. IlosBistoTcs mpo-
JYKTHI, peanusyloniue 370!, u jaxe BHeAPAIOTCS HA CaiiThI By30B (Tabu. 4).

Yro kacaercst MeTpHK U3 otueToB Lighthouse, olieHKHM JOCTYNTHOCTH CHIIBHO
KOPPEIUPYIOT ¢ METpUKaMH aXe BBUY TOrO, YTO BTOPOM MHCTPYMEHT UCIOJIb3Y-
eTcs Ans 3Toro BHyTpu nepBoro. Oxgnako Lighthouse He momyuuTcs Mcnosb3o-
BaTh AJis olleHKH oTaenbHoi BJIC, mockoiabKy OH mepesarpy’aeT CTpaHHUIly MpH
CTapTe aHalu3a JUIsl M3MEPEHUs] BpeMA3aBUCUMBIX MOKa3zarenei. Metpuku aXe u
HTML CodeSniffer mexmy co00oii HEMHOTO KOPPEIHPYIOT, TaK KaK 3aTParuBarOT
onuu npunuunel WCAG.

Mexnay Bepcueid Uit caboBUAAIINX W OOBIYHOW 3HAYSHHS METPHUK OYCHb
cabo OTIMYArOTCs, MHOTA pa3HUIla B METPUKaxX M BOBCE OTpULATENbHAs, 4TO
ykaspiBaeT Ha yxyamenue BJIC oTHOCUTENIEHO 00BIYHOM Bepcun Ucxo s u3 html-
koza. [ToaToMy cpaBHUTEIBbHBIN aHANIN3 IPOBOAUTCS Ha OOJIBIIOM HAOOpe JaHHBIX.

Jlns ynydiieHust TOUHOCTH K HaOOpy MPUMEHEHBI:

— MOMCK U UCKJIIOUEHHE TyOJINKaTOB;

— UcKIroueHne MeTprk Lighthouse, Tak kak pUMEHEHHE CKPUTITA BKITFOYCHHS
B/IC He mpuMeHUMO K METOAMKE aHaJIN3a JaHHBIM CIIOCOOOM;

— UCKJIIOUEHBI 49 CaliTOB C OTCYTCTBYIOIIMMH JAaHHBIMU (IIPOITYCKH) 110 KaKUM-
au0o rpymnnaM MEeTpHK B JII000H U3 BepCHii;

— HCKJIIOYEeHBI 22 caiiTa, TJie MPOrpaMMHBIN alrOpuTM HE CMOT BKJIIOYMTH
B/IC (oTcyTcTBYeT, He paboTaeT UM HEU3BECTHAs pa3MeTKa);

— UCKITIOYEHBI 13 caliTOB ¢ Uype3MepHO OOJBIINM KOJHMYECTBOM OIMIMOOK IO
HEKOTOPBIM METpUKaM (BBIOPOCHI).

[Tocne 06pabOTKM JaHHBIX YHCIIO OCTABIIUXCS CaiToB — 479.

ITepBbie mMecta o oueHkaMm y Cubupckoro u Ceepo-3anagHoro OKpyroB
(tabin. 1, 2). Ilocnenuue mecra 3ansum LleHTpansHbiii u [IpuBomKkckuil okpyra,
XOTs1 OHU Haubosee HaceneHsl B Poccun.

Tabnuya 1
OueHkKa Ka4YecTBa Bepcuu ans cnaboeuasawmx
Ha OCHOBE MEeTPUK KoA,a No OKpyram (no Konn4yecTBy 3/IEMEHTOB C OLLIMGKaMM)

Ouemaa O v Cywma cpeaninx Oxpyr “aiiron
9,50 349,24 0,0272 CeBepo-3anagHbliii 14 % (67)
9,00 282,69 0,0318 Cunbupckuin 13,4 % (64)
8,27 325,12 0,0254 JlanbHEBOCTOYHBIN 5,2 % (25)
7,37 286,54 0,0257 Ypanbckuii 6,9 % (33)
7,24 316,21 0,0229 LleHTpanbHbIi 32,6 % (156)
6,56 353,16 0,0186 HOXHBI 5,8 % (28)
5,77 292,04 0,0198 CeBepo-KaBkasckuii 4,2 % (20)
4,67 317,78 0,0147 MpuBoXCKNA 18 % (86)

10 The World’s Leading Automated Website Accessibility Solution for ADA & WCAG
Compliance. URL: https://userway.org/ (accessed: 25.06.2021).
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Table 1
Assessment of the quality of version for visually impaired
based on code metrics by district (by the number of elements with errors)
Score Sum of means Score / District Number
by metrics Sum of averages of sites
9.50 349.24 0.0272 Northwestern 14% (67)
9.00 282.69 0.0318 Siberian 13.4% (64)
8.27 325.12 0.0254 Far Eastern 5.2% (25)
7.37 286.54 0.0257 Ural 6.9% (33)
7.24 316.21 0.0229 Central 32.6% (156)
6.56 353.16 0.0186 Southern 5.8% (28)
5.77 292.04 0.0198 North Caucasian 4.2% (20)
4.67 317.78 0.0147 Volga 18% (86)
Tabnuuya 2
OueHKa KayecTBa Bepcuu oa cnabosnasaiwmx
Ha OCHOBE MEeTPUK KOA,a No OKpyram (no KoaIM4ecTey TUNOB OLUNGOK)

Ouena O oam Cymma opeax Oxpyr e aiiron
8,74 27,45 0,3185 Cunbupckuin 13,4 % (64)
8,50 28,06 0,3030 CeBepo-3anagHbiii 14 % (67)
7,77 29,40 0,2641 Ypanbckuit 6,9 % (33)
7,77 28,20 0,2753 CeBepo-KaBkasckuii 4,2 % (20)
7,72 29,16 0,2647 IOXHBIN 5,8 % (28)
7,69 29,36 0,2620 MpuBoOMXCKMIA 18 % (86)
7,04 30,35 0,2319 JanbHEeBOCTONHbIN 5,2 % (25)
4,04 28,81 0,1401 LleHTpanbHbIn 32,6 % (156)

Table 2
Assessment of the quality of version for visually impaired
based on code metrics by district (by the number of error types)

Score Sum of means Score / District Number
by metrics Sum of averages of sites

8.74 27.45 0.3185 Siberian 13.4% (64)
8.50 28.06 0.3030 Northwestern 14% (67)
7.77 29.40 0.2641 Ural 6.9% (33)
7.77 28.20 0.2753 North Caucasian 4.2% (20)
7.72 29.16 0.2647 Southern 5.8% (28)
7.69 29.36 0.2620 Volga 18% (86)
7.04 30.35 0.2319 Far Eastern 5.2% (25)

4.04 28.81 0.1401 Central 32.6% (156)

ITo Bepcun otueroB Lighthouse ¢ Touku 3peHuns OLIEHKU TOCTYHOCTH caiiTta
B 1enoMm (puc. 1), xopoiee pacnpenenenne oreHKu nMeroT CeBepo-3amaatbiii 1
LlenTpasnbHbIi OKpyra.

PaccmoTpena craTUCTHKa OTHOCUTENIBHO HAXOXJIECHHS By3a B pazIUYHbIX
peittunrax: Times Higher Education (THE) World University Rankings 2022, QS
World University Rankings 2022, Forbes Russia 2021, RAEX-A 2021, uniRank
in Russia 2021. Peiitunru Forbes 1 RAEX-A mnoka3zaiu CUIBHYIO NMPUBS3KY K
oKkpyram (a uMeHHo K LleHTpanbHOMY, rie COCPeIOTOYEHHO MHOTO CHIIBHBIX YHU-
BEPCUTETOB), MO3TOMY OHU He paccMarpuBasiuch. Pamxuposanus QS u THE nmeror
CUJIBHYIO KOPPEISLUI0 MEXAYy coOO0H, HO Majoe KOJUYECTBO MPECTAaBICHHBIX
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NO3ULMK poccuiickuX By30B B peiiTuHre. Peiftunr Scimago Institutions Rankings
uMeeT OOJIbIIe MO3UIHNA, HO TOXKE HE paccMaTpUBAICA. AJTOPUTMBI PaHKHPOBA-
HUS TMPE/ICTABICHHBIX BBIIIE PEUTHHIOB BKJIIOUAIOT TAKHE XapaKTEPUCTHKH BY30B,
KaK aKaJIeMU4ecKas peryTalys, OT3bIBbI, IIATHPYEMOCTh, HHTEPHALIMOHAIH3ALINS,
uHHOBaIMu. Peiftunr uniRank moaxoauT HaM Mo KOJIMYECTBY MO3UIMH ere Oomble,
HO OH OCHOBAH Ha METPUKaX NMPUCYTCTBHUS B MHTEPHETE U MOIMYJISIPHOCTH C TOYKU
3peHus Tpaduka. AITOPUTMBI PAHKUPOBAHUS BKJIIOYAIOT TAKUE METPUKH, Kak
MOZ Domain Authority, Alexa Global Rank, SimilarWeb Global Rank, Majestic
Trust Flow. Takum o0Gpa3om, paccMaTpuBaeMblii peUTHHI 3aBUCUT OT (DaKTOPOB:
Ka4yecTBO COAEP)KaHUs, KOJMIECTBO TpaduKa 1 0TKa30B (OBICTPOE 3aKPBITHE CTPa-
HUIIBI TP 3aX071€), aBTOPUTET CChIJIAIOIMXCS callToB, kauecTBO SEO, mo3unus B
MOMCKOBOM BbIaue (AITOPUTMBI TOUCKOBOW BBIJAYM HA TAHHBIH MOMEHT YYHTBI-
BalOT U 103a0MJIUTH, U CKOPOCTh paloThl caiita) u MH. ap. Koppemnsuus takoro
perTHHTa C OlIEHKaMu uHTepecHa (Tadm. 3).

C ynydmeHueMm no3uuuu B peituHre uniRank 3ametHo nposBisiocs yxya-
[IEHUE METPUK BOCHPUSATHS (M3 METPHK U IO KOJY, ¥ U3 CKPHHIIIOTOB), COBMECTH-
MOCTH, HO YMEHBILAETCsl CIIOKHOCTh MHTepdelicoB. Takke HaiieHa HeOoOJbIIast
koppersius oreHok Lighthouse PWA u SEO ¢ mo3unusiMu B peldTHHTax.

!

Puc. 1. Pacnpegenenue oueHkn goctynHoctu Lighthouse Bepcum Desktop no okpyram
Figure 1. Distribution of Lighthouse accessibility in Desktop score by county
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3: IOxHbIN penepanbHbIi okpyr (31)
Southern Federal District
Siberian Federal District
Northwestern Federal District
Volga Federal District
Central Federal District
Far Eastern Federal District

North Caucasian Federal District
5: Cubupckuii pepepanbHbiii okpyr (35)
Ural Federal District

6: Cubupckuii pepepanbHblin okpyr (65)
2: CeBepo-3anaHbiin peaepanbHbIv okpyr (70)
4: MpuBoMKCKNIA henepanbHblii okpyr (89)
1: LleHTpanbHbIn penepanbHbii okpyr (169)
7: JanbHEBOCTOUHBIV (eaepasibHbIn OKpyr (26)
8: CeBepo-Kaekasckmin penepanbHbii okpyr (25)
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Tabnuuya 3
OueHKa Ka4yeCcTBa Bepcum Ang cnaboBuasmnx Ha OCHOBE MeTPUK Koaa no peiitudry UniRank
OueHka Mo3unuuna B periTuHre KonuuecTtBoO caiToB
8,05 0-50 47
6,83 100-200 86
6,71 50-100 48
6,70 200-300 79
4,03 300+ 232

Table 3

Assessment of the quality of version for visually impaired
based on the code metrics according to the UniRank rating

Score Rating position Number of sites
8.05 0-50 47
6.83 100-200 86
6.71 50-100 48
6.70 200-300 79
4.03 300+ 232

CoOpaHHble METPUKH Ha OCHOBE CKPUHILIOTOB CTPAHMI] CaMu IO cebe OTHO-
CATCS K KaTETOPUHU BOCTIPHUSTHS U ¢71a00 KOPPETUPYIOT C METPHUKAMH BOCTIPUSTHS
no koxy. M3 40 mMeTpuk Ha OCHOBE CKPUHILOTOB CTPAHMII YJIy4lIeHHE B BEPCUU
JUTsL CITA0OBUISIIIUX 3aMETHO Y TIOJOBUHBIL [lof yiydinennem 31ech TOHUMAETCs
NpUOJIMKEHNE B CTOPOHY paclpe/ielleHuii MEeTpUK 1o ApyruM caiiram u3 Ton-500
peiitunra Alexa Rank, koTopsie npenocrasisier cepsuc AIM.

B pamkax py4HOro TecTUpOBaHMs MOJy4Ye€Ha CTAaTHCTUKA HCIOJIb30BAHUS
MHCTPYMEHTOB pa3pabOTKH, OTpakeHHas Ha puc. 2. B «apyroe» 3nech Bxoaut 19
MHCTPYMEHTOB, HCHOJB3YIOIMXCS BO BCeM IepeuHe caiitoB 1-3 pasza. Ilponent
WCIIOIh30BaHUsI COBpeMEHHBIX JS-(pperiMmBopkoB — 5,8 % (33 caiita).

N dnn (asp.net) ‘
1c-bitrix oAl yii n?g;ie_,s
o, laravel 0.2%
31.9% 10.12: s O.S%O_Wthon
1.1% umi.cms 1.2% Java
¥/ 1.4%
22 asp.net asp.net (C#)
2.8% 3.0%
5.6% Apyroe
{other) 8.4% He onpepeneHo

(undefined)
7.0%

drupal o
26.3% php 84.4%

He onpeaeneHo .
(undefined) 9.1%

wordpress
12.6%
joomla
Puc. 2. Kpyrosble anarpamMmmbl UCMOJSIb30BaHMS HAMAEHHbIX MHCTPYMEHTOB pa3paboTku caToB By30B
1 UCMONb3YEMbIX 13bIKOB MPOrpaMM1UpPOBaHns

Figure 2. Pie diagrams of the use of the found development tools for universities’ websites
and the programming languages used

CraTHcTuKa UCTIOJIb30BAaHMSI TOTOBBIX PELICHUN NpecTaBieHa B Ta0l. 4.
N3 Bcex mportectupoBaHHbIX caiiTtoB BJIC momHOCTEIO HE paboTaeT Uiu OT-
cyrctByeT Ha 8 % (46 wrt.). [lanee npuBeneHsl pEKOMEHIALNN K HUCIPABICHUIO
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omnOok Ha caifrax, rae BJIC paboraer, U NMpOLEHTH! CYLIECTBYIOIIMUX ceifuac
poOIIEM UCXOMS U3 MOTyYEHHON CTaTHCTUKH.

Tabnuua 4
PacnpepneneHue BHegpeHHbIX FTOTOBbIX PeLUeHUi
Bepcuii ang cnaboBuasLwmx B caitTel By30B PP
PeweHue KonuyecTBO BHeapeHui %
He onpepneneHo / yHukanbHoe 343 60,82
isvek.ru (bvi) 70 12,41
1C-Bitrix template special-aaVersion 41 7,27
template accessibility (8 ocHoBHOM Joomla) 33 5,85
slabovid.ru (1C-Bitrix Mn6ok) 27 4,79
finevision.ru 12 2,13
lidrekon.ru 11 1,95
Comfortable Reading Plugin (WordPress) 8 1,42
prolexgroup.ru/special 8 1,42
Drupal vi-panel 5 0,89
userway.org 4 0,71
B-accessibility 1 0,18
pojo.me 1 0,18
Table 4
Distribution of implemented ready-made versions of solutions
for visually impaired on websites of Russian universities
Solution Number of implementations %
Unknown / unique 343 60.82
isvek.ru (bvi) 70 12.41
1C-Bitrix template special-aaVersion 41 7.27
template accessibility (mostly Joomla) 33 5.85
slabovid.ru (1C-Bitrix Mibok) 27 4.79
finevision.ru 12 2.13
lidrekon.ru 11 1.95
Comfortable Reading Plugin (WordPress) 8 1.42
prolexgroup.ru/special 8 1.42
Drupal vi-panel 5 0.89
userway.org 4 0.71
B-accessibility 1 0.18
pojo.me 1 0.18
Pexomennanuu:

1. Knonka BU3yalbHO HE TEpSETCS B MAacce OPYTHX CCHUIOK, MOXKET SPKO
BBIJICIISITHCS JJISI YCKOPEHUS €€ HAaXOXKICHUSI.

2. Knomka HaxoguTcs B mpefenax oToOpa)kaeMoro 3KpaHa, XOpollee pac-
MTOJIOKCHHUE KHOTIKM — BEPXHSISl YaCTh CaiiTa U JyOJIMPOBAHHE B HUKHEH YaCTH.

3. Knonka/ccpuika qist nepexoaa B BJIC umeer TekeT « st cliabOBHIALIIX)»
100 «UISI JTUI] C OTPAHUYCHHBIMU BO3MOXKHOCTSIMI» ¥ MOYET JOTIOTHATHCS 00-

HIETPUHATHIM 3HAUKOM (TJ1a3).

4. Knomka moctymnHa GOKyCHPOBAaHHEM M HAXKATHUEM C KIIABHATYPHI.
5. KHormka npucyTCTBYET MpH JOOBIX pacIIUPEHHIX KpaHa, B TOM 4HCiIe Ha
MOOMIBHBIX (TIpobsiema B 11,6 % cirydaes).
6. KHomka npucyTCTBYET HE TOJBKO Ha IJIaBHOM CTpaHUIlE, HO U HA JAPYTHUX.
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7. MacurabupoBanue ctpanuiip 10 200 % He 3aTpyIHSET MOJIb30BaHUE CATOM:

— He 100aBIIsIeT TOPU3OHTAIBHOW MPOKPYTKH (TTpobsiemMsbl B 39 % cirydaes);

— He cKpbIBaeT unTepdeiic manenu Hactpoek BJIC 3a rpanuiamu skpaHa;

— HE UCKa)KaeT BEPCTKY;

— HE YBEJIIMYMBAET BEPXHIOI0 YaCTh CaiiTa Ha TOJOBUHY 2KpaHa (3TO MOXKET
COKpaTHUTh TIOJIE3HYIO 001aCTh BABOE MPHU MTPOKPYTKE).

8. meetcs nanens HacTpoek BJIC (Het Ha 23 % caliToB).

9. BJIC He uckaxaet BepcTKy (mpoodiiema B 30 % cirydaes).

10. BAC ocrtaetcst OTKpBITOM M HE MEHSET HACTPOMKH MPH MEPEXOE HA IPYTHE
CTpaHUIIBl BHYTpHU caiita (mpobiema B 12 % cioydaeB). 31ech yUUTHIBAETCS TOJIBKO
OJTHOJIOMEHHbBIE CTPaHMIIbI, IPUCYTCTBYIOLIME Ha TeKyllel ctpanutie B B/IC.

11. lns m3menenus pazmepa mpudra B manenu Hactpoek BJIC mydie nmetsb
orpaHu4eHHbI Habop BenuuuH (B 20 % cioy4yaeB 3TO HepeKiIrovaTeNId yBelu-
YUTH/yMEHBIINTD, conepkamue 10—14 Bapuanmii, HO WHOT/AAa 0€3 OrpaHHYCHHIA.
OTO MO3BOJSET MEHATh pa3Mep TEKCTa 10 YPOBHS HEBO3MOKHOCTH I10JIb30BAHUS
caiitom).

12. JlocTaTouHOE KOJUYECTBO BapHAIMil HACTPOEK:

— pabouue pa3mepsl mpudTa — 3 (Bb10Op ecTh Ha 86 % caiitos, B 9,3 % ciy-
yaeB paboTaeT HEKOPPEKTHO WM HE PaboTaeT);

— rapHUTYpHI (pudT) — 2, ¢ 3aceukaMu u 6e3 HUX (BBIOOp €CTh TOJIBKO Ha
37 % caiiToB, mpudT C 3ac€UKaMU HY>KEH JUIs JIIOeH ¢ TUCIeKCueil, peko BCTpe-
YaeTcsi CMeHa TOIMHEI mpudTa). OcHoBHBIE WIpU(THI — Arial, Times New Roman,
Courier. Times New Roman sBisiercs ctaHAapToM Ui ceMeNCTBa IIPUPTOB ¢
3acedkaMu, Kak Arial aisa mpudToB 6e3 3aceuek;

— IIBETOBBIE cXxeMbl/manutpa — 4 (BeiOop ecth Ha 81 % caliToB);

— KOHTPAaCTHBIA PEXUM;

— pexxuM otobpaxeHus: nzoOpaxkenuit (rpaduku) — 3 (BeIOOp ecTh y 62 %
caiftoB). BerpeuaroTes pesxuMbl: H300paskeHUsT BKIIOUEHBI, OTKIFOYEHBI, OTKIIIO-
YEHBI TOJILKO B HOBOCTSIX, YePHO-0ebIe;

— MEX]IyCTPOUHBIH HHTEpBaT — 3 (BBIOOD ecTh y 28 % caliToB);

— MeXOYyKBEHHBIN MHTEpBaJl (KepHUHT) — 3 (BBIOOD ecTh y 43 % caiiToB).

13. KoHTpacTHBIH pexXuM MOXKET IPUMEHSTHCS cpasy npu BkroueHun BJIC.

14. Pa30poc MeX1y yCTaHOBJIEHHBIMHU pazMepaMu mpudTa Wil HHTEPBAIOB
HE JI0JIKEH ObITh O4eHb OOJIBIIMM (KpaTHBIM 2 U OoJiee pa3).

15. Tlpu w3meHeHnn pa3Mepa mpudra aBTOMATHYECKHA COOFOTACTCS ONTH-
MaJIbHBIN MEXyCTPOUYHBIA UHTEPBAJ.

16. VI3MeHeHne 1IBETOBOI CXeMBbI IPUMEHSIETCS] KO BCEH CTpaHUIIbl, a HE TOJb-
KO K €€ He3HAUUTEIbHBIM YacTsM (mpobsiema B 16,2 % cimydaes).

17. Tlpn u3MeHeHHH pekuMa OTOOpaKeHUS M300PKEHUM COXPAHSIOTCS pas-
Mepbl caMuX M300paxkeHuil (mpobnema y isvek v1.0.6), a mpu UX OTKIIOUEHUH —
OCTAIOTCSI TEKCTOBBIC ATBTEPHATUBBI HICHTUYHON CMBICIIOBON HArpy3KH (mpooiie-
MBI B 26,5 % ciiydaes).

18. 3akpeITHE MaHean HacTpoek paboTocrnocobHo (mpobdiema B 11,2 %, B oc-
HOBHOM y pemennid Joomla template accessibility), B ToM 4mcne Ha SKpaHax IIH-
punoit 768 (iPad) u Huxe.

19. IloBTopHOe oTkpbiTHe BJIC nocine 3akpbITHst pab0oTOCIIOCOOHO.
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20. Hacrpoiiku BJIC paboTaroT B MOAaNbHBIX (BCILTBIBAIOIINX ) OKHAX.

21. B BJIC He TepsieTcss KOHTEHT, IPUCYTCTBYIOIIUI B 0OBIYHON BepcuH (IIpo-
6nema B 17 % ciyuae).

22. Vcnonp30BaTh THIIOBOW HAO0Op I[BETOBBIX CXEM — CTaHMAPTHBIN (4Uep-
HBIM 110 06€J0MY), KOHTPACTHBINA (YepHBIM MO OEJIOMY C BBIIEICHUSMH), HHBEPCUS
(GenbIM 10 YepHOMY), KOMGBOPTHBII (KOPUIHEBBIM 110 0€KEBOMY), CHHUI (TEMHO-
CHUHMM TI0 T0JIyOOMY), KOPUYHEBBIH (3€J€HbIM M0 TEMHO-KOpHUHEBOMY). MHOr1a
BCTpEYaeTcsl pa3/ielieHue LIBETOBBIX CXEM Ha HAaCTPOMKHU LBETOB (hoHA U (DUIBTPHI
TEeKCTa (Harpumep, Cenusi, KOHTPaCTHOCTb, rpajauu ceporo). Ho coueranue naHHbIX
HacTpOEeK He Bcerja npeackazyemMo. MoXKHO HCIIOJIb30BaTh HAOOp CXEM C COOT-
BETCTBYIOIIIMMHU HA3BaHUSAMH IOJ Pa3IMYHble HApYLIeHUs (€AMHCTBEHHBIN CailT,
rae BCTpeTwiuch Takue HaszBaHus — PocHOY) — mporanomus, nedtepanonus,
TPUTAHOMUS, MOHOXpoMa3us. CUMYJIMPOBATh TO, KaK CalT BUIAT JIOAU C TAKUMU
HapymeHusiMA, MOxHO ¢ momombio Chrome DevTools B pa3gene Rendering/
Emulate vision deficiencies.

B cooTBeTCTBHM C pEKOMEHIALMAMY U MTOJYYEHHOM CTaTUCTUKOW IIPOU3BE-
JIeHa OLIeHKa BEepPCHU Ui CIabOBHUIAIINX Ha OCHOBE PYYHOIO TECTHPOBAHUS Pa-
6orocriocoonoctu BJIC. Tlo xaxxmomy yCIIOBUIO CalTy HAUUCISIOCH HEKOTOPOE
KOJINYECTBO OaJIJIOB 32 MPOXOKIACHUE, B 3aBUCUMOCTH OT KPUTUYHOCTHU MPOOIIEM.

[TepBbie MecTa 10 orleHKaM (hakTrueckoi padorocrocodonoctr BJIC y Cubup-
ckoro u llentpansHoro okpyros, nocieanee — y Ceepo-KaBkasckoro (tabu. 5).
[lepBrle MecTa MO OLIEHKAM Cpely KaTeropHuil HallpaBJIEHHOCTH OOY4YEeHMs y TeX-
HUYECKUX U TPAHCIIOPTHBIX BY30B (Tabis. 6). OTHOCUTEIHHO MO3ULMNA B PEUTHHIE
uniRank (Tabn. 7) — y By30B ¢ IepBbIX HMO3MUIIMI OLIEHKA BBILIE, O0JIEEe KaueCTBEH-
HO pa3paboTaHbl BEPCUH IS CI1a00BUIAIINX.

Taxoke TpoaHATM3UPOBAHBI KOPPEISIIUK OLIEHKHU, MOJyYeHHOH M3 PYYHBIX
TECTOB C METPUKaMHU, MTOJyYeHHBIMH aBTOMAaTHYECKU: HaOroanack ciadas Kop-
pemsiiust ¢ metpukamu WCAG — Robust Errors, aXe — Incomplete Serious, oreH-
kaMu MoOmibHBIX oTdeToB Lighthouse — Best practices, Accessibility. CunbHas
koppemsus ¢ onenkamu Lighthouse — PWA, SEO, HexkoTopoe BiusiHUE Ha 3TO
OKasaJl I0Ka3aTellb HAINYMSI TOPU30HTAILHONW POKPYTKH.

Tabnuya 5 Table 5
OueHka paboTocnoco6HOCTU Evaluation of the performance
Bepcuu ans cnaboempagLmnx Ha OCHOBe of version for visually impaired
PY4YHOro TeCTUPOBaHUSA MO OKpyram based on manual testing by districts
OueHka Okpyr Score District
35,42 Cubupckni 35.42 Siberian
34,78 LleHTpanbHbI 34.78 Central
34,55 Ypanbckui 34.55 Ural
33,47 MpuBoMKCKUIA 33.47 Volga
33,35 KOXHbIN 33.35 Southern
32,93 J1anbHEBOCTOYHbIN 32.93 Fat Eastern
32,69 CeBepo-3anaaHsbiii 32.69 Northwestern
29,76 CeBepo-KaBka3sckuit 29.76 North Caucasian
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Tabnuuya 6
OueHka paboTocnocoGHOCTU Bepcum ans cnabosmngawmx
Ha OCHOBE PYYHOro TECTMPOBaHUS MO KaTErop1siM HanpaesieHUii By30B
Kateropusa KonuyecTBO caiitoB OueHka
TpaHcnopTt 19 36,53
CneumanbHoe TEXHUYECKOe / TEXHONorM4eckoe 71 35,32
O6Lee TexHMYeckoe 34 35,24
F'ymaHutapHoe 138 34,25
MckyCcCcTBO 1 KynbTypa 65 33,92
Obwwee 101 33,82
ApXUTEKTYpPHOE 14 33,79
Cnopt 17 33,35
OcTanbHoe 2 33,00
MeauumHckoe 51 31,94
ArpapHoe 46 31,85
[ocynapCTBEHHbIE CTPYKTYPbI 13 30,85
Table 6
Evaluation of the performance of version for visually impaired
based on manual testing by categories of directions of universities
Category Number of sites Score
Transport 19 36.53
Special technical / technological 71 35.32
General technical 34 35.24
Humanitarian 138 34.25
Art and culture 65 33.92
General 101 33.82
Architectural 14 33.79
Sport 17 33.35
Remain 2 33.00
Medical 51 31.94
Agrarian 46 31.85
State structures 13 30.85
Tabnuua 7

OueHka paboTocnocoGHOCTU Bepcun ansa cnaboBnaawmx Ha OCHOBE PYYHOro TeCTUPOBaHUSA
Mo NO3nuUaM B perTuHre uniRank

OueHka Mo3uuua B penTuHre KonuuecTtBoO caiTtoB
35,00 0-50 50
34,86 50-100 50
34,76 100-200 100
33,40 300+ 283
33,25 200-300 88

Table 7

Evaluation of the performance of version for visually impaired based on manual testing
by positions in the uniRank rating

Score Rating position Number of sites
35.00 0-50 50
34.86 50-100 50
34.76 100-200 100
33.40 300+ 283
33.25 200-300 88
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Hanvuetiume smanwt uccieoosanus. I'otoBbix pemennii BJIC ms caittoB MHOTO,
HO HET MOJHOCTHIO pab0TOCIIOCOOHOT0, YHUBEPCAIbHOIO, BCETAa HYKHBI KOPPEK-
TUPOBKHU pa3paboTuvkamu. /[ cozmaHust AEHCTBUTEIBHO YAOOHBIX TOCTYIHBIX
CaTOB HEOOXOMMO MHOTO JIEHCTBUI OT Pa3padOTUMKOB MHTEPPEHCOB: OCHOBHOE
3/1€Ch — UCIIOJIB30BaTh CEMAaHTUUECKYIO pasmeTtky HTMLS, nonoinHsas kox posssmMu
u atpubyramu ARIA no neobxomumoctu'!. s caifToB, HCIONB3YIOMKMX TaKYIO
pa3MeTKy B MOJHOM Mepe, MpejylaraeTcs co3/laTh MHCTPYMEHT, Mpeo0pasyomui
TeKyImid nHTepdeiic B IF000# APYyTroi, B TOM YUCIIEC W B BEPCHIO JIJIsl CITa00BUIS-
IIMX, UCXOs U3 JIMYHBIX NPeANoYTeHUH nois3oBaTens. MHcTpymMeHT Oyaet pado-
TaTh MOJAOOHO TOMY, KaK TEKYIHE BCIIOMOTaTEeJIbHbIE MHCTPYMEHThl OCHOBBIBA-
I0TCS Ha JepeBe JA0CTynmHOCTH 2. OIHaKO Ha JaHHBIH MOMEHT Cpey pa3paboTuu-
KOB MHTep(elcoB HEMOMYISPHO BHEIPEHHE TaKUX TEXHOJOIMHM MOJIEPKKU J10-
CTYIHOCTH, XOTSI HHCTPYMEHTHI JUIsl IPOBEPOK K0J1a UHTEP(EHCOB ¢ TOUKH 3pEeHUs
JOCTYITHOCTH YK€ €CTh, YTO JIOKa3aHO pa3padOTaHHOM cHCcTeMOii cOopa METPHK C
pEeKOMEHAAUsAMHU N0 UcIpaBieHuo ommbok. K Tomy jxe mpumep caiiToB By30B
P® nemoHcTpupyeT O0JIBIION MPOIEHT UCIIONIb30BaHUs cucteM (Oonee 60 % caii-
TOB HCIIOJIb3YIOT U3BECTHBIE CHCTEMBbl YIPABJICHUS KOHTEHTOM, CM. pPUC. 2), T1e
BO3MOJKHA YCTaHOBKA PACHIMPEHUH, 3aBUCSIIUX OT CTOPOHHUX Pa3pabdOTYHKOB,
YTO 100aBISET CI0KHOCTh BHEPEHUS MOAAEPKKU JOCTYITHOCTH CBOUMH CHIIAMH.
Jlnist TakMX CIy4aeB IMpejiaraercsi pa3padoTaTh CrieUHUKAINNA K CTIEHHAITEHOMY
KOH(UryparoHHOMY (ailily, OTBEHaIoIEeMy 3a YKa3aHUs CEIEKTOPOB JOCTYIa K
3JIEMEHTaM ONpE/IETIEHHBIX CEMaHTUUECKUX POJIEH, KOTOphIE HE MOIy4aeTcs OIpee-
IUTh aBTOMaTHyeck. daiin MoxeT 100aBIAThCSA HAa CAalT MO TEXHOJIOTUH, aHAJIO-
TUYHOH Qaitry site.webmanifest st PWA (Progressive Web Apps) niu robots.txt
U1t pOOOTOB.

J171s OLleHKH 3HAYUMOCTH METPHUK, MOTYUEHHBIX AaBTOMAaTUUYECKH, HE XBAaTaeT
3aBUCUMBIX TIEPEMEHHBIX B BHJE OLEHOK PEaJbHOr0 HCIOJIb30BAaHUs LIEJIeBOM
TPYIIION JIMII C pa3HBIX TOYEK 3peHus. J[J1st TOro ecth BapuaHTHI: MOXXHO chop-
MHUPOBaTh 33/1a4M Ha KPayICOPCUHTE, IPUBJIEYb KCIIEPTOB WM LIETEBYIO KaTero-
pUIO I0JIb30BATENCH M MPOBECTH aHKETHUpOBaHUE. PaccmaTpuBaeTcsi BOBJIEUEHUE
cJ1a0OBUISAIIMX MOJIb30BaTENEeH B TECTUPOBAaHHE MHTEP(EICOB C YCTaHOBKOM cu-
CTEMBbI OTCIICKUBAHUS JABIKEHUS IU1a3 (eye-tracking), akTUBHO MPUMEHSIOIIEHCS
B [4]. Takum oOpa3oM OyIyT MOITy4eHBI BBIXOJHBIE METPUKHU, HAIIpUMEP KOJIHYe-
CTBO CaKKaJOB (IE€peMEILIeHUI B3IUIAa MO JKpaHy), pukcanuil (KOHLEHTpaluu
BHUMAaHWS).

3akiouenne. CoOpaHbl METPHUKH ISl TJIABHBIX cTpaHul] 479 (13 571) caiitos,
JUIs KaKI0M coOpaHO METpPHUK Ha OcHOBe KoJa — 30, Ha OCHOBE BU3YaJIbHOT'O aHa-
mm3a — 40, mo nBa Lighthouse-otyera — moOunbpHOI Bepcun u i 1K (19 metpuk
Ha oTueT). [Tokazarteneit pyuHoro tectupoBanus — 20 A KaKAOTro caiTa, BBISB-
neHsl BHenpeHHble roToBble pemenus BJIC. OnpeneneHbl HHCTPYMEHTHI paspa-
60oTku ¢ nomomelo Wappalyzer. PaccMoTpeHsl KOppensauun MexXy METPUKAMHU,

T Accessibility Checklist. Accessible Technology. URL:
https://www.washington.edu/accessibility/checklist/ (accessed: 25.11.2021).

12 Ben Myers The Accessibility Tree. 2019. URL: https://blog.benmyers.dev/accessibility-
tree/ (accessed: 25.11.2021); Core Accessibility API Mappings 1.1 / W3C Recommendation.
2017. URL: https://www.w3.org/TR/core-aam-1.1/ (accessed: 25.11.2021).
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MOJIyYEHHBIMH Pa3HbIMM criocobamu. Pa3paboTtanHas cuctema cOopa METPUK BbI-
JIaeT U PEeKOMEH/IAIIH Ha OCHOBE KOJIa: OIIMOKY, MECTO MPUCYTCTBUS, CIIOCO0 HC-
MIPABJICHMUS.

[IpoBeneHo cpaBHEHHUE BYX BEPCHI CAaTOB — OOBIYHOM W JJIsT CITA00BHISI-
nmx. C Teoperndeckoil croponsl, BJIC He npeamnonaraer Kakux-To MCIPABISIO-
[IMX W3MEHEHHWH B KOJE OHJIAWH, M0 HAKATHIO Ha KHOTIKY, a TpeaiaracT HHCTPY-
MEHT JJIsl YIPaBJICHUsI HaCTPOMKaMM BU3yaJbHOTO BOCHpuUATH caifta. C mpakTu-
YEeCKOW CTOPOHBI — pa3HUIIA B 3HAYCHUSIX METPHK MEXKIy BEPCHSIMU €CTh, HO OUCHb
MaJleHbKas, Bce aTpuOyThl KOZA, MpEeAHA3HAYEHHBIE IS MOJICPKKH JOCTYITHO-
CTH, OOBIYHO BHENIPEHBI B KO M3HAYAIBHO. J[J1s1 HACTPOEK BU3YaIbHOTO BOCIIPUSITHS
COZIEPKMMOT'0 UCXOJISl U3 TECTUPOBAHMS MPEUIararoTCsl peKOMEHIAIMU K CTaHIapT-
HOMY Ha0Opy HACTPOEK W TEXHWYECKHMM MOMEHTaM, Ha KOTOpBIE HY)KHO 0OpaTUTh
BHUMaHMe. [IpoBesieH aHaaM3 MOMy4YeHHBIX OLIEHOK OTHOCHTEIBHO OKPYTOB (CyOBEeK-
TOoB P®D), B KOTOPOM HaXOAWTCS BY3, Pa3IUUHBIX MOMYJISIPHBIX PEUTHHTOB BY30B,
KaTeropuil crenuagbHocTe 00ydeHus. Bee nmosyueHHbIe METPUKH, @ TAKXKE BECh
COOpaHHBIN BXOIHOHM CIIMCOK HMCCIETyeMBIX CAHTOB C JAaHHBIMH O TIO3HIUSX B
peUTHHIax U MPUHAMIEKHOCTU K cyObekraM P®, ¢aitnbl ananuza .ipynb npeno-
CTaBJIeHBI B CBOOOJHOM JIOCTYyIE MO cchuike'. IIpUBETCTBYETCS MCIONb30BaHUE,
MOJAEPKKa, PaCIIMPEHNE UCCIIeI0OBaHMUS.
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Abstract. Problem statement. The article presents experimental data on the teachers’ compe-
tence areas. Methodology. The investigative approach of the continuous professional training was
based on a complex, applied research strategy that combines both quantitative and qualitative methods
of investigation. Results. The conducted analysis identified teachers’ competence areas in continuous
professional training such as relational competence, teaching-learning competence, managerial com-
petence, design and planning competence, specialized cognitive competence, and evaluation and
monitoring competence. The article presents experimental data of the pedagogical experiment con-
ducted with 888 subjects divided into two samples: the training sample (441 subjects) and the control
sample (447 subjects). Conclusion. The framework for assessing teachers’ competence areas served
as a basis for identifying teachers’ competence areas, which contains the following components:
evaluation criteria, performance levels, performance indicators, degree of evaluation and descriptors.
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1o 00JIACTSAM KOMIIETEHIMH yuuTene. Memoodonozus. ViccaenoBareabCKUi OAXO0A K HEMpe-
pBIBHOMY TpoQeccHOoHaIbHOMY 00yYEHHIO OCHOBAH Ha KOMIUJIEKCHOM MPHUKJIATHON HCCeno-
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BaTENBCKON CTpATeriH, COUETAIONIEH KaK KOJMYECTBEHHBIE, TAK U KAYeCTBCHHBIE METO/IBI HCCIIe-
noBaHWs. Pezynibmamul. AHANIH3 TO3BOJMI OIPENEIUTh O0JIACTH KOMIIETCHIIMU yUYHTENCH B
HETIPEPHIBHOM TIPO(ECCHOHATBEHOM O0YUEHHUH: PEILSIIHOHHAS KOMIICTCHITHS, TIPETOAaBaTEIbCKO-
ydeOHast KOMIIETeHIINS, YIIPaBlIeHYeCKass KOMIETCHIUS, KOMIIETEHIIUS B O0JIACTH MPOSKTUPO-
BaHUS W TUIAHUPOBAHHS, CIICIUATM3UPOBAHHAS KOTHUTHBHAs KOMIICTCHIIUS, KOMIICTCHIIS B
00J1acTH OLIEHKU U MOHUTOpUHTA. [IprBeIeHbl SKCIIEpUMEHTAaJIbHbBIE TaHHBIE Ha JTalle MOHCKa
MeTarOTUIECKOT0 IKCIIEPUMEHTA, B KOTOPOM y4acTBOBAJO 888 UeloBeK, pa3lelieHHBIX Ha JIBE
BBIOOpKM: oOydaromiast (441 dyenoBek) U KOHTposbHas (447 denosek). 3axniouenue. Tpemio-
JKCHHAasl CHCTeMa OIIEHKH, ITOCIYXHBIIas OCHOBOH JJIS OIIpeIeieHnsT 00nacTell KOMITeTCHITHH
YUUTENICH, COJEPKUT CIEAYIONINEe KOMIIOHEHTBI: KPUTEPUH OIICHKH, YPOBHHU yCIIEBaEMOCTH,
MoKa3aTel! ycrexa, CTETIeHb OLICHKU U JIECKPHUIITOPBI.

KnaiouyeBblie cjioBa: KOMIICTEHIIHS, 00JACTH KOMIIETCHIUH, IKCIIEPUMECHTAIBHAS BbI-
00pKa, TECKPUITOPHI, YIUTEILI

Baaronapuoctu u ¢uHaHcupoBaHue. PaboTa BEITOTHEHA B paMKaX HCCIIEIOBAHMS
«Teopus 11 MPaKCHOIOTHS HEMPEPEIBHOTO MPO(ECCHOHATHHOTO 00pa30BaHUs YIUTEIICHD).

Hcropus craTbu: MOCTyNMIA B pegakuuio 7 okTs6ps 2021 r.; nopaborana mocie pe-
nieH3upoBanus 15 Hog0ps 2021 r.; npunaTa Kk myoaukanuu 20 HosOps 2021 .

Jast nutupoBanms: Afanas A. Constatation of the teachers’ competence areas in ge-
neral education // BectHuk Poccuiickoro yHuBepcuTeTa npyx0b1 HapoaoB. Cepust: MHDopma-
th3anus oopazoBanus. 2022. T. 19. Ne 1. C. 45-53. http://doi.org/10.22363/2312-8631-2022-
19-1-45-53

Problem statement. The problematics of the evolution of the competence
concept is treated by several authors at the international level [1-9] and at the na-
tional level [10-20].

The concept of competence is the subject of several approaches which depend
on the field it evokes. Thus, we can synthesize a definition of competence: compe-
tence is the result of the complete processing of a situation, conducted by a person
or a group of people in a given context [2]. Competence is the result of a dynamic
process, is specific to a situation and can be adapted to other situations. Ph. Jonnaert
mentions that a competence is defined by: a context; a person or a group of people;
a situational framework: a situation and its situations family; a sphere of experienc-
es previously lived by a person or a group of people; an action framework: catego-
ries of actions including a number of actions performed by one or more people in
this situation; a resource framework: resources used to develop competence; an eva-
luation framework: results obtained, transformations observed in the given situation
and in people under concern; and criteria that allow to state that the processing of
the situation is complete, successful and socially acceptable [2].

M.-D. Bocos, R. Radut-Taciu, C. Stan, O. Chis and D.-C. Andronache [21]
consider competence as an individual or collective characteristics to select, mobi-
lize, combine efficiently, in a given context, an integrated set of knowledge, skills
and attitudes.

Analyzing the psycho-pedagogical competence, C. Oprea emphasizes that
the future teacher must have other competencies, such as: energizing competence
(the ability to make students want to get involved in the activity), empathic, ludic
competence (the ability to respond to students’ play by game), organizational, in-
terrelational competences; all having the possibility to (self) form and (self) de-
velop at the system level [22].
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The European Center for the Development of Vocational Training (French-
language school boards in collaboration with the French-language education poli-
cies and programs branch of the Ontario Ministry of Education, 2014) associates
the English term skill with professional abilities and capacities, and defines it as
having the ability to perform tasks and solve problems. On the other hand, the term
competence is defined as an ability to implement learning outcomes in an appro-
priate manner in a defined context (education, activity, professional development,
personal development).

Methodology. Methods and tools used in the pedagogical experiment: the in-
vestigative approach of the continuous professional training was based on a com-
plex, applied research strategy that combines both quantitative and qualitative
methods of investigation.

Documentary analysis. The analysis of the documents had the following ob-
jectives: collection of the information regarding continuous professional training
in the Republic of Moldova; ordering the obtained information and compiling
a database; the analysis of the data regarding the continuous professional training
and the formulation of some research hypotheses.

Questionnaire survey. The main information requested through the teachers’/
managers’ questionnaire concerned the following aspects:

— teacher training needs regarding the development of competence areas;

— sources of information on teachers’ competencies development;

— the impact of continuous professional training on teachers’ competencies
development;

— teachers’ recommendations on the improvement of the continuous profes-
sional training process and of the competencies developed within the continuous
professional training, etc.

Results and discussion. The pedagogical experiment was conducted within
2019-2020 period: training sample in 2019-2020 (441 subjects), the control/
validation experiment in 2019-2020 (447 subjects), a total of 888 people (teachers,
school directors, instructive deputy directors, education deputy directors), during
the mixed continuous professional training system: face to face, online and remote-
ly. The selected groups’ component is representative to our experiment objectives.
The selected groups are quite inhomogeneous in terms of professional experience,
teaching degree qualification, age, specialty, but the main criterion was that, abso-
lutely all teachers have developed competencies to provide qualitative educational
services.

The analysis of the theoretical studies allowed the establishment of the fol-
lowing main areas of teachers’ competencies, identifying themselves via the fol-
lowing competencies':

e managerial competence: planning, organizing, implementing and monito-
ring educational and normative policy documents;

! French-language School Boards in Collaboration with the French-language Education
Policy and Programs Branch of the Ontario Ministry of Education. Digital Pedagogy in Action.
Foundation Paper for Ontario’s French-Language Schools and School Boards and Digital
Pedagogy in Action. Review of Writings and Virtual Interviews. 2014. Available from:
https://pedagogienumeriqueenaction.cforp.ca (accessed: 07.09.2021).
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e relational competence: developing the fairness-based constructive rela-
tionships;

e teaching-learning competence: capitalizing on curricular, extracurricular
and out-of-school learning opportunities;

e design and planning competence: formulation of learning objectives for
the subject taught and for the extracurricular and out-of-school activities;

e specialized cognitive competence: curriculum design, planning and imple-
mentation within the educational process;

e evaluation and monitoring competence: establishing the specific evalua-
tion criteria used within the taught discipline/planned activities and their imple-
mentation in the educational process.

Each area of competence contains a number of performance descriptors, pre-
sented via affirmative statements needed to be achieved in case of a good profes-
sional activity. Quality indicators can help us assess the extent to which teachers
and school directors meet the school goals through the competencies they possess.

Basic descriptors of teacher competencies (Ds):

The logic of the answer (Dsl) aims at understanding, penetrating the meaning;
at the ability to think and order the answers in a coherent form, of the phenomena,
actions and activities which are required based on the formulated items. The ex-
posure logic of some events indicates, in fact, the correlation of the actions that
follow the experimental subjects in the professional activity, which contributes to
a coherent activity and the achievement of the expected results.

The meaning of the answer (Ds2) refers to the semantic content of the pro-
posed statements through the ability of experimental subjects to provide concrete
meanings, valuable to the operated phenomena, activities and actions; of noticing
the denotative meaning and the subsequent evolution of the targeted phenomena.
The answer meaning denotes the teachers’/managers’ professional training regar-
ding their field of activity.

The relevance of the answer (Ds3) represents the significance, the im-
portance of the expressed opinions, the highlighting of the possibilities to be im-
plemented in the professional activity and their impact in the institutional and per-
sonal development of teachers. The relevance of the answer refers to the analysis,
selection, structuring, organization, processing, synthesis and interpretation of
the requested information.

The depth of the answer (Ds4) represents the ability to judge and understand
things in essence, in their depth; it refers to the appreciation and issuance of
the value judgments related to the topic under concern, the subjects’ penetration in
the problem essence and the need to decide in relation to this problem, action, etc.
The depth of the answer aims at the things’ thorough analysis which is necessary
for the teachers’/managers’ activity.

The originality of the answer/ideas (Ds5) as a descriptor, represents the ability
to offer unique, new, special answers compared to other answers; the elaboration of
other answers’ variants than the proposed ones; the teacher’s reflection on the exis-
ting facts and their direction towards obtaining professional performances.

Also, the Reference for the Assessment of Teachers’ Competence Areas was
developed (Table 1) and served as a basis for identifying teachers’ competence
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areas, focused on evaluation criteria, performance levels, performance indicators,
evaluation degree and descriptors. Table 2 presents the synthesis of the two sam-
ples’ pedagogical experiment results: the training sample and the control sample.

Framework for assessing the teachers’ competence areas

Table 1

Evaluation Performance Performance Evaluation .
. o Descriptors
criteria levels indicators degree, %
1. Ability to develop fair- Excellent (1) Excellent: 100-90 1. The logic of
ness-based construc- — the subjects present excellent the answer.
tive relationships with answers, with logical and relevant
colleagues. arguments for the educational in- 2. The meaning
stitution, in relation to the formu- of the answer.
2. Ability to capitalize on lated items;
curricular, extracurri- — subjects present at the interna- 3. The relevance
cular and out-of-school tional and national level the level of the answer.
learning opportunities of their involvement in various
in the educational pro- professional activities/projects; 4. The depth
cess. — the subjects demonstrate of the answer.
the implementation of the edu-
3. Ability to plan, orga- cational and normative policy 5. The originality
nize, implement and documents focused on the le- of the answer/
monitor educational gislative framework improve- ideas
and normative policy ment, with the perspective of
documents in the edu- developing and implementing
cational institution. practices promoted within the
institution
4. Ability to formulate
learning objectives Very well (Il)  Strong points: 89-70
for the subject taught, - the subjects present correct,
and for the extracurri- logical, deep, original, relevant
cular and out-of-school answers, they understand
activities. the meaning of the notions that
need to be defined in relation to
5. Ability to design, plan the formulated items;
and implement the cur- — subjects present evidence of
riculum in the educa- answers through concrete examp-
tional process. les from professional activity;
- the subjects demonstrate
6. The ability to estab- the implementation of the re-
lish the specific evalua- quired documents and present
tion criteria used in the successful practices in the edu-
taught discipline/plan- cational institution
ned activities and their
implementation in the Good (Il Aspects that could be improved: 69-51

educational process

— the subjects present more dif-
ficult the correct, logical, deep,
relevant answers, they present
some gaps in the meaning of
the notions that need to be de-
fined in relation to the formula-
ted items;

— subjects present inaccurate
evidence of answers through
concrete examples from pro-
fessional activity;

— the subjects demonstrate with
difficulty the implementation

of the required documents and
present successful practices
in the educational institution
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Table 1, ending

Evaluation Performance Performance Evaluation .
L P o Descriptors
criteria levels indicators degree, %
Weak (IV) Weaknesses: 50-25

— subjects present weak, irre-
levant answers, without having
a logic in formulating their an-
swers, which hinders the an-
swers’ quality;

— they are not so deep, original,
they present some gaps in

the meaning of the notions that
need to be defined in relation
to the formulated items;

— the subjects partially present
evidence of the answers through
concrete examples from

the professional activity, which
constrains the general quality
of the presented experiences;
— the subjects demonstrate
the implementation of the re-
quired documents and present
successful practices in the edu-
cational institution with signifi-

cant gaps
Unsatisfactory (V) Major weaknesses: Less than
— the subjects present very weak 25

answers, without having a logic
in the formulation of the answers,
the depth, originality and rele-
vance of the answers are mis-
sing, they present significant
gaps in relation to the formula-
ted items;

- the subjects do not present
evidence of answers through
concrete examples from pro-
fessional activity;

- the subjects insufficiently de-
monstrate the implementation
of the requested documents
and do not present successful
practices in the educational in-
stitution;

— the subjects refuse to respond
to formulated items

As a result of the relational competence experimental data analysis,
we mention that the research samples are selected, per general, homogeneously
and the identified level is framed at the same performance levels.

As a result of the teaching-learning competence data analysis, we mention
that the research samples are selected, per general, homogeneously and the identi-
fied level is framed at the same levels of performance. According to the perfor-
mance levels established in our research, there is an insignificant difference in
the criterion of analyzing the impact of provided feedback to students; and of guiding
students how to improve their school performance for training sample reached
a good level — 51.47% (227 subjects), and for control sample is at the poor level —
50.33% (225 subjects).
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As a result of the analysis of the data on managerial competence, we men-
tion that the research samples are selected, per general, homogeneously and
the level of identified level is framed at the same levels of performance.

As a result of the analysis of the data regarding the design and planning
competence, we mention that the research samples are selected, per general, ho-
mogeneously and the identified level is framed at the same levels of performance.

As a result of the analysis of the data regarding the specialized cognitive
competence, we mention that the research samples are selected, per general, ho-
mogeneously and the identified level is framed at the same levels of performance.

As a result of the analysis of the data regarding the evaluation and monito-
ring competence, we mention that the research samples are selected, per general,
homogeneously and the identified level is framed at the same performance levels.

Table 2
The experiment results: training sample and control sample
aing sl Sonrolsamele
Relationship competence 68.02 58.16
Managerial competence 24.48 23.93
Teaching-learning competence 68.02 64.87
Design and planning competence 65.99 60.17
Specialized cognitive competence 68.03 60.62
Evaluation and monitoring competence 43.31 44.74

During the constative experiment, the subjects were asked what competen-
cies they developed within the professional activities in the educational institu-
tion. Based on the answers’ analysis, we conclude the following two samples’ re-
sults: the training sample (TS) and the control sample (CS) for each competence
(Table 2).

Conclusion. The implementation of specific directions of educational ser-
vices in the context of standards of teachers’ professional competencies highligh-
ted the following aspects: out of the five priority areas of the educational system
such as didactic design, learning environment, educational process, professional
development and educational partnerships, the first three areas represent a land-
mark for the long-/short-term design of the classroom lessons’ organization and
development. The professional development aims at teacher’s performance, and
the field of educational partnerships aims at the collaboration of the institution and
teachers with various partners (similar institutions, NGOs, local public administra-
tion, various educational centers, etc.). The standards’ implementation in the edu-
cational process aims at the development of professional competencies, in connec-
tion with the educational system requirements at the national and international
level. Also, based on the standards, the educational institutions efficiently organize
the process of teachers’ evaluation, of their professional development and career
advancement. In this context, we mention the need to implement the activities of
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training professional competence in order to increase the quality of the educational
process, thus emphasizing the role of educational services and purposes in conti-
nuous professional training.

The concept of professional competence, which is fundamental in the for-
mation of a teacher and in achieving school results in the educational system,
is analyzed in pedagogical, andragogical, sociological and psychological research.
Through this research, we conclude that the study is a fundamental landmark in
the pedagogical capitalization of the continuous professional training of teacher
competencies.

The advantages of the teachers’ competence areas approach allow establi-
shing relationships between concepts, phenomena, and principles; leading to
a reconfiguration of the continuous professional training, namely teachers’ con-
tinuous training, focused on areas of competence not only for school subjects or
curricular areas.

Experimental data regarding the teachers’ competencies approach cover
the following areas of competence: relational competence, teaching-learning com-
petence, managerial competence, design and planning competence, specialized
cognitive competence, evaluation and monitoring competence. Thus, the process
of continuous professional training must aim at teachers’ continuous professional
training which will derive from these competencies. Also, it should focus more
on solving the problems occurring in the teacher training system and less on car-
rying it out based on school subjects or based on the field of teachers’ initial pro-
fessional training.
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Abstract. Problem statement. Currently, the higher school provides students of physical
and mathematical training areas with fundamental subject knowledge, forms professional com-
petencies, develops creative abilities and creativity, teaches them to use modern computer
technologies to solve applied problems. One of such academic disciplines, in which students
are taught to use computer technologies in solving applied mathematical problems, is a train-
ing course called “Inverse problems for differential equations.” Such an academic discipline
has been taught in some Russian universities in the form of elective courses since the 70s of
the 20th century. The educational material of this training course includes advanced research
results on inverse problems belonging to specialists from different countries, such as Germany,
Italy, China, Sweden, Netherlands, Russia, Japan and other foreign countries. During the practical
classes, much attention is paid to the use of computer simulation for the study of such applied
problems. This circumstance implies the development of educational materials taking into
account the professional training of university students, in which attention should be paid
to the use of computer modeling in solving mathematical models of inverse problems.
Methodology. The implementation of training of university students in physical and mathema-
tical areas of training involves taking into account modern scientific achievements of world
science in the field of inverse problems using computer simulation and implementing advanced
pedagogical technologies in the classroom. Results. Students acquire scientific knowledge of
computer modeling and master the wide possibilities of computer modeling in the study of
inverse problems. Conclusion. The presence of scientific knowledge in the field of computer
simulation and practical experience of its application for solving inverse problems gives stu-
dents great advantages and opportunities to be successful specialists in the field of applied
mathematics and to be in demand on the labor market in various spheres of human activity.
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Pa3Butmne Hay4yHbIX 3HAHUN CTYAEHTOB
Nno KOMMbIOTEPHOMY MOAENIMPOBAHUIO NPU 00y4YeHUN
oOpaTHbIiM 3agavyam ana audpdpepeHumnanbHbiX ypaBHEHUN
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AnHotanms. [locmanoska npobaemsl. B HacTosiliee BpeMs BBICIIAs IIKOJA MPENIO-
CTaBJIACT CTYJACHTaM (PU3UKO-MATEeMAaTHYECKUX HAMpPaBJICHUH MOATOTOBKH (yHIaMEHTAIbHbIC
MpeAMETHbBIE 3HaHUs, (GopMHUpYyeT podeccruoHaNbHbIE KOMIIETCHIIUN, Pa3BUBAET TBOPUYECKUE
CIIOCOOHOCTH M KPEaTUBHOCTh, YUHUT HCIOIH30BATh COBPEMEHHBIC KOMITBIOTEPHBIC TEXHOJIO-
THH ISl pEUICHUS TPUKIAAHBIX 3a1a4. OHON U3 TaKuX YUeOHBIX TUCIMILIMH, TPH 00YYCHUH
KOTOPOW CTYIEHTOB y4aT MPUMEHATh KOMIIBIOTEPHbIE TEXHOJOTMH NPHU PELIeHUH MPUKIa-
HBIX MaTeMaTHYECKUX 3a]a4, SBIsIeTCsl yueOHblil Kypc «O0patHbie 3anaun i nuddepeHiu-
aNbHBIX YpaBHEHMI». JlaHHAs AUCHIMIIIMHA MPENOJIAeTCs B HEKOTOPHIX By3ax Poccuu B Buje
KypcoB 110 BbIOOpy ¢ 70-x ronoB XX Beka. YueOHbII MaTepual Kypca BKIIOYAeT MepeoBbIe
pe3yNIbTaThl HCCICIOBAaHUN 10 OOpaTHBIM 3a7adaM, MPUHAAIEKAIINE CIeIHaICTaM Pa3HbIX
cTpaH, Takux Kak ['epmanus, Urtamms, Kurait, IlIserus, Hunepnannel, Poccus, SAnonus u
JIpyTue CTpaHbl JalbHETO 3apyOexba. Ha mpakTudyeckux 3aHATUAX ylensercss 0obllioe BHU-
MaHHE TPUMEHEHHIO KOMIIBIOTEPHOTO MOJICIMPOBAHUS ISl UCCIICIOBAHMUS IPUKIIAIHBIX 3a/a4.
DT0 00CTOATENLCTBO MPEAIOIaraeT pa3padoTKy YUSOHBIX MATEPHAIIOB C YUETOM MPOodeccro-
HAaJIBHOM TOJTOTOBKH CTYJICHTOB BY30B, B KOTOPBIX HEOOXOIUMO YACIUTh BHUMAHHE HCITOJb-
30BaHHUIO KOMITBIOTEPHOTO MOJICITUPOBAHUS TIPU PEIICHHA MaTEMATUYECKUX MOJIEIEH 00paTHBIX
3anau. Memooonoeus. Peanmuzanusi o0ydeHHs CTYACHTOB By30B (PU3UKO-MaTEeMaTHIECKUX Ha-
TIPaBJICHUH TIOATOTOBKH JIOJDKHO YUHUTHIBATH COBPEMEHHBIE HAYYHBIE JOCTIDKEHUSI MUPOBON HAyKH
B 00acTi 0OpaTHBIX 3a/1a4 C MCIOJIb30BAaHUEM KOMITBIOTEPHOTO MOJICIIUPOBAHUSI M PEATN30BbI-
BaTh Ha yYEOHBIX 3aHATUAX TIEPEIOBbIC MeJarornieckue TeXHoNoruu. Pesyromamut. Ilpu nc-
CJICIOBaHUHU OOPATHBIX 3a/1a4 CTYACHTHI IPHOOPETAIOT HAYYHbIC 3HAHUS MO0 KOMITBIOTEPHOMY
MOJICJIMPOBAHHUIO U OCBAUBAIOT €ro IIMPOKHUE BO3MOXKHOCTH. 3axnouenue. Hannune HaydHBIX
3HAHUH B 00JIACTH KOMIIBIOTEPHOT'O MOJIEIIMPOBAHUS U MPAKTUYECKOTO OIBITA €r0 MPUMEHe-
HUS JUTS peNIeHUsT 0OpaTHBIX 3aJ1a4 JaeT CTyJIEeHTaM OOJIbIIHE MPEUMYIIECTBA, BO3MOKHOCTH
CTaTh YCHEIIHBIMU CIELUATUCTAMHU B O0NACTH MPUKIAJAHON MaTeMaTHKH W ObITh BOCTpeOO-
BaHHBIMHU Ha PBIHKE TPYJIa B pa3HBIX cpepax 4eI0BeUECKON JAeATEIbHOCTH.

KiroueBsbie cioBa: oOparHbie 3anaun, auddepeHnmaibHble YpaBHEHUS, KOMITBIOTEP-
HOE MOJIeTIMPOBaHue, HHPOPMATH3ALMS 00Pa30BaHUSI, CTYICHT, 00yUeHHE
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Problem statement. The theory of inverse problems is being developed
by the efforts of specialists from around the world. These are such authors as
A.B. Bakushinsky, R. Burridge, Y.M. Berezansky, D.G. Berriman, A.L. Buch-
heim, V.V. Vasin, LM. Gelfand, V.B. Glasko, N.B. Ilyinsky, S.G. Crane,
M. Levitan, M.M. Lavrentiev, A.l. Prilepko, V.G. Romanov, A.A. Samarsky,
L.N. Sretensky, V.P. Tanana, A.N. Tikhonov, L.D. Fadeev, L.A. Khalfin,
A.M. Cherepashchuk, V.A. Yurko, A.G. Yagola, R. Arkangeli, Y.M. Chen,
H. Cordes, A.J. Douglas, H. Engle, D.W. Fox, T. Galli, G. Gerglotz,
K.V. Grouch, M. Grasselli, M. Hanke, F. Joksn, M.H. Protter, O.N. Strand,
E. Wichert, N. Wiener and other specialists (see, for example, [ 1-10]).

A teacher who conducts training sessions with students on inverse problems
strives to achieve didactic learning goals. This is the formation of students’ scientific
knowledge on modern methods of studying inverse problems, including both analyti-
cal and approximate methods; this is the development of students’ skills in choosing
and using modern computer technologies to study inverse problems; this is the deve-
lopment of students’ creative mathematical abilities in solving inverse problems.

Methodology. During the training sessions, the teacher strives to ensure that
students gain in-depth knowledge of modern achievements of inverse problems,
master not only the conceptual apparatus and methods of solving inverse prob-
lems, but also acquire in-depth knowledge in the field of applied mathematics and
computational mathematics, which would allow students to effectively explore
atypical applied problems (see, for example, [11-24]).

In practical classes, students are invited to independently investigate model
inverse problems, which involves the use of modern approaches and mathematical
methods to prove the existence of solutions, their uniqueness and their stability.

Students are informed that numerical methods are an effective method for stu-
dying inverse problems in cases where it is not possible to find their exact solution.

It should be emphasized that the teacher in the classroom introduces stu-
dents to approximate methods of studying inverse problems. It is appropriate to
emphasize that such specialists in inverse problems as A.S. Alekseev, A.S. Ba-
rashkov, B.M. Budak, A.L. Bukhheim, P.N. Vabishevich, A.V. Goncharsky,
V.I. Dmitriev, S.I. Kabanikhin, M.M. Lavrentiev, G.I. Marchuk, V.G. Romanov,
A.N. Tikhonov, A.M. Cherepashchuk, V.G. Yakhno and other specialists develop
approximate methods for solving inverse problems.

Currently widely used various computer technologies allow not only to find
accurate and approximate solutions to equations of mathematical physics, but also,
if users wish, to display these solutions on the computer monitor screen in the form of
tables, diagrams, graphs of curves and surfaces. By applying the most effective
computer technologies to solve mathematical physics equations, students realize
the role of computer technology in scientific research.

In practical classes on inverse problems, students are taught to apply not only
analytical methods, but also methods of computational mathematics. Students master
such important concepts of computational mathematics as finite differences, dif-
ference scheme, grid function, approximation of partial derivatives of a function,
convergence of an approximate solution of a mathematical equation.

In practical classes on inverse problems, special attention is paid to compu-
ter modeling. Today, computer modeling technologies are widely used in scien-
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tific research by scientists from around the world. With the development of mo-
dern information technologies that allow mobile research of various mathematical
models, computer modeling has become one of the most effective tools for under-
standing the surrounding reality.

Currently, textbooks for students on computer modeling have been published
and are available for study, the authors of which are V.D. Boev, L.A. Bulavin,
T.N. Varfolomeeva, V.V. Vasiliev, L.A. Vorobeychikov, N.V. Vygornitsky,
[.Yu. Efimova, N.I. Lebovka, R.V. Mayer, G.V. Ovechkin, P.V. Ovechkin,
Yu.N. Pavlovsky, A.M. Rybnikova, S.V. Porshnev, L.A. Simak, G.K. Sosnovikov,
R.P. Sypchenko, Yu.Yu. Tarasevich and other specialists (see, for example, [25-29]).

By drawing students’ attention to computer modeling, it is possible to form
new scientific knowledge in the field of mathematical modeling and computational
experiment, which they had not previously studied and could only study by at-
tending classes in special mathematical disciplines.

Results and discussion. Computer technologies allow us to implement vi-
sualization of the obtained solutions of inverse problems. In computer technolo-
gies, there are convenient tools with which you can perform various mathematical
calculations, perform appropriate analysis, test hypotheses and other possibilities.

The use of multimedia and computer technologies by the teacher in lectures
on inverse problems allows implementing a visual demonstration method of teaching.
It is possible for students to demonstrate in detail and mobile all the stages of
the exact or approximate solution of inverse problems, to state, if necessary,
the theorems of the existence, uniqueness and stability of the solution of inverse
problems, the results of the numerical solution.

In laboratory classes, students learn to use computer technologies to find
solutions to inverse problems, independently carrying out research activities.

It is obvious that the effectiveness of students mastering scientific knowledge
in the field of computer modeling is ensured, in particular, by the fact that:

— a teacher who conducts classes on inverse problems has experience in the use
of computer technology in the study of mathematical models based on equations
of mathematical physics;

— lectures, seminars and laboratory classes on inverse problems are conduc-
ted, including with the involvement of computer technology;

— students whose term papers or theses are devoted to inverse problems are
involved in independent scientific work on the use of computer technology to
solve inverse problems.

This, in turn, will allow students to form new scientific knowledge in the field
of computer modeling, to master the extensive possibilities of computer modeling
in the study of applied mathematical problems, which include inverse problems
for differential equations.

We note such possibilities of computer modeling as:

— visualization of the obtained solutions of mathematical models of inverse
problems for differential equations in a convenient form for studying (graphs,
tables, diagrams, objects in motion, etc.);

— the possibility of multiple studies of mathematical models of inverse prob-
lems with various additional information about the solution of a direct problem of
the corresponding mathematical model;
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— conducting applied research without risk to the environment and human
health, allowing further development of health-saving and environmental techno-
logies for the implementation of applied research;

— realization of the scientific and cognitive potential of mathematical mo-
dels of inverse problems for differential equations;

— the study of processes and phenomena in places inaccessible to humans
(the bottom of the World Ocean, the deep layers of the Earth, space objects, etc.);

— the possibility of studying processes and phenomena taking place in the past
and future time.

Students in the training sessions on inverse problems for differential equa-
tions master the main stages of computer modeling.

Let’s note these stages.

1. Logical and applied analysis of the research problem.

2. Formulation of the mathematical formulation of the inverse problem.

3. Logical and applied analysis of cause-and-effect relationships of the object
under study.

5. Selection or development of an approximate method by which the solu-
tion of the inverse problem will be found.

6. Implementation of this approximate method on a computer.

7. Analysis of new scientific information about the object, which is contained
in the obtained approximate solution of the inverse problem.

8. Mathematical analysis of the conducted computational experiment based
on computer modeling.

Conclusion. Currently, the potential of computer modeling allows us to con-
duct applied scientific research and identify new scientific knowledge. It is obvious
that specialists with scientific knowledge and experience in using computer mode-
ling in conducting applied research in various subject areas are in demand. There-
fore, students with deep knowledge of inverse problems and computer modeling
will undoubtedly be in demand in research organizations after graduation.
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