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3MmicT aHoramii. Y aucepraiii momaHo TEOpPETUYHE OOTPYHTYBAaHHS Ta HOBE
BUPIIICHHS TPOOJIEMH BUKOPHUCTAHHS XMapoO OPIEHTOBAHOTO CEPEIOBHUIA HABYAHHS B
npoleci MiAroOTOBKH 37400yBayiB JIPyroro Ta TPETHOTO CTYIEHS BHINOI OCBITH 3a
cunemianpHicTIO «014.09 Cepennss ocBita (IHpopmaruka)». IlonsaTrs «xmapo
opieHmosane  cepedoguUWe  HABYAHHSA  MAUOYMHIX  yuumenie  iHGOpMamuKuy
TPaKTyeTbCA SK cucTeMa MUGPOBUX 3aco0iB (amapaTHWX, KOMYHIKAI[IHHUX,
BIpTYyaJli30BaHUX ), 110 (YHKIIOHYIOTH BIJMOBIIHO A0 MPUHIIUIIB XMapHUX O0UHCIICHb
Ta 3a0e3leuyloTh MOBCIOAHUN  JOCTyn  37100yBaviB 10  iHGOpPMAIIHHUX,
0OYHCITIOBAIBHUX PECYPCIB 3a]JIs1 IOCATHEHHS MPOTPaMHHX PE3YJIbTaTIB MiATOTOBKH
MaiOyTHROTO BuuTeNs iHGoOpMarukd. Ha OCHOBI BHBUEHHs JKepeiabHOI Oasu
OOTpYHTOBaHO, IO  CIPOEKTYBATH  JOCIHIIKYBaHE  CEPEJOBHUINEC  O3HAYAE
MIpOaHaTi3yBaTH Ta BU3HAYUTH IIUIHOBI, 3MICTOBI, JUAAKTUYHI BUMOTH JIO ITiITOTOBKH
B HbOMY 3700yBa4iB OCBITU. YTOYHEHO TOHATTA «AJIMIHICTPYBaHHSI XMapo
OpIEHTOBAHOTO CEPEOBUINA HABYAHHS, 110 TPAKTYETHCS K KOMILIEKC 3aXO0/I1B MO0
MPOEKTYBAHHS, PO3TOPTaHHS, YIPaBIIHHS Ta OOCIYrOBYBaHHS HOTO CKJIAJIHUKIB
(cepsiciB, mmatdopMm, IHPPACTPYKTYp), @ TAKOXK CYMPOBOAY MiSUTBHOCTI B HBOMY
3m00yBa4diB ocBiTh. lIpoBemeHe MOCTIIKEHHS COPSIMOBAHO HAa PO3BUTOK XMapo
OpIEHTOBAHUX CEPENOBUII HABYAHHS 3aKJIa(iB BUIOI OCBITH B yMOBaX peopMyBaHHS
OCBITH, 10 BHUMAara€e po3poOJICHHSI HAyKOBO-TEXHIYHOTO Ta OpraHizaiiiHo-
METOAMYHOTO 3a0€3MEeUECHHS.

BuBueHHs 10CBIly NIATOTOBKY MailOyTHIX y4HUTEINIB 1HOOPMATUKHU CBIIUUTD, 11O

B YKpaiHi Ta 3a KOPJOHOM aKTyaJbHHUMHU € BHBYEHHS 3/100yBadyamMu KOHIICIIIM 1



poOIeMaTHKN BUKOPUCTAHHS CYYaCHUX XMapHUX TEXHOJIOTIH, 30KpeMa po3ropTaHHS,
aJAMIHICTPYBaHHS XMAapHUX IUIATPOPM Ta po3po0IEHHS XMapHHUX JOJATKIB 1 CEPBICIB.
Ha ocHoOBI BUBUEHHS (DEHOMEHA BIJIKPUTOI OCBITH OOIPYHTOBAHO, IO €(PEKTUBHOIO
(opMOIO HaJJaHHS OCBITHIX PECYPCIB € MAacCOBI BIJKPUTI OHJIAWH-KYPCH.

[lomano 3arajabHy  METOAMKY  JOCHI/DKEHHS  IpoOJeMu  po3pOoOSICHHS
TEOPETUYHUX, TEXHOJOTTYHUX 1 JUAAKTUUYHHX 3acaj MPOEKTYBAHHS, aAMIHICTPYBaHHS
XMapo OpPIEHTOBAHWX CEPENOBUIN Ta IX BUKOPUCTAHHS IS HaBYAHHS MaHOyTHIX
yuuteniB iHpopmatuku. CHopmMynbOBaHO TinoTe3y, MO 1[I METOAUKU € TIEPETyMOBOIO
MiArOTOBKM KOMIETEHTHUX (PaxiBIiB y Tally3gX OCBITH Ta IHPOpPMAIIHHUX TEXHOJIOTIH.
Bu3naueHo 3aBiaHHS TEIArorivHOTO CKCIEPHUMEHTY Ta 0a3y eKCIepUMEHTAJIbHO-
nociiHol podotn. HaBeneHO omuc KOXKHOTO eTaIrry MPOBEJICHHS CGKCICPUMEHTY. Y
JUCepTallii BUKOHAHO MOJICITIOBAHHS XMapoO OPIEHTOBAHOTO CEPEJIOBHINA HaBUYAHHS
MaiOyTHIX yUnTEN1B IHPOPMATHKH, Y PE3YJIBTAT] AKOTO OOTPYHTOBAHO KOHIENTYaJIbHY,
TUIAKTUYHY, CEPBICHY Ta MOJIEJIb aJIMIHICTPYBaHHS CepeloBUINA. BiAMoOBiAHO 10 HUX
MoJnieJied BHM3HAY€HO JUJAKTHYHI (ITOBCIONHICTh, 1HBApIaHTHICTh, MOHITOPUHTI,
KOHTPOJIb HABYaJbHOI JISUIPHOCTI, MOMJIMBICTH B3a€EMOJi YYaCHUKIB OCBITHBHOTO
IpoIIeCy, KEPOBaHICTh PECYPCIB, BIAMOBIAHICTD PI3HUM MOJIEIISIM, TIEPCIICKTHUBHICTH) Ta
TEXHOJIOTIYH1 (IOCTYyNHICTh, (YHKIIIOHAIBHICTh, MIATPUMKA 3araIbHOPUHHATHX
MEPEXKHUX TPOTOKONIB, JIETAJbHICTh BUKOPHCTAHHS, THYYKICTh KOH(ITypyBaHHS,
MOXJIMBICTh  iHTErparii, KOHTPOJIbOBAHICTh, 3aXMIICHICTH) KpHUTEpii g000py
CKJIQJTHUKIB Cepe/IOBHINA. 3a0e3TMeUCHHS IITPUMKH OCBITHROTO IIpoIiecy nepeadadae
TEXHIYHE Ta METOAWYHE TIO€JHAHHS B KOMOiIHOBaHy XMapy 1uiatdopm
(3araJIbHOOCTYTIHI Ta KOPIIOPATUBHI), IO PEaTi3yl0Th YCi CEPBICHI MOJIEIII.

BianoBigHo 10 KOXKHOT 3 Mozeneit 6a3oBuMu BuMoraMu J0 Bukopuctanas XOCH
y TIPOIIEC] MIATOTOBKK MalOyTHIX YYUTENIB iH)OPMATUKH BU3ZHAYCHO TaKi:

e iHTerpaiis Gi3UYHOTO Ta BIpTyaIbHOTO CEPEOBHIIIL, TIATPUMKA JUCTAHIIIMHOTO
HaBYaHHS, MOBCIOJIHICTh HaBUYaHHS, 3a0€3MEUEHHS B3a€EMOJIl YCiX yYaCHUKIB
OCBITHBOTO MPOIIECY;

® CHCTEMAaTUYHICTb, HEMIEPEPBHICTh 1 MOCIIIOBHICTh BUKOPUCTAHHS CKJIAJIHUKIB

XOCH Ha Bcix piBHSX 3400yTTS BHUILOI OCBITH, IOYMHAIOUHU 13 3aCTOCYBaHHS



OKpeMHuXx cepsBiciB, yepe3 MozemoBaHHi y XOCH pobotu uudpoBux i
MEpPEKHUX CHCTEM 0 PO3TOPTaHHA XMapHUX IUIATGOPM Ta PO3pOOJICHHS
3100yBadyaMH iX BJACHUX CEPBICIB;

e oOpieHTalis Ha KOMOIHOBaHY MOJENb XMapHUX OOYMCIeHb nependayae
NO€HAHHS MIaTOPM PI3HUX BEHJIOPIB Ta MPOBANIEPIB.

[IpoanamnizoBaHo aBTOPCHKUI JTIOCBIJT BUKOPUCTAHHSA TEXHOJIOT1#
aJIMiHICTpYBaHHSI XMapo OpI€EHTOBAHOTO CEpeaoBHINA HaBdaHHs. [y 3a0e3nedeHHs
JOCTYNy YYacCHHKIB OCBITHBOTO IMpOIECYy A0 HOro pecypciB po3poOIeHO €auHY
cucteMy aBTeHTU(IKalii KOpUCTyBayiB. Bu3HaueHO TOCIIJOBHICTh  €TaliB
PO3TOPTaHHS CKJIATHUKIB XMapo OPIEHTOBAHOTO CEpPEJOBHINA HABYAHHS YYHUTEIIIB
iH(opMaTHKH, 30KpeMa, MPOEKTYBaHHs 0a3u JaHUX OOJIKOBUX 3alKCIB KOPUCTYBAUiB,
PO3TOPTaHHS 3araJIbHOMOCTYITHUX 1 KOPIOPATUBHUX XMapHUX ILIaTGOPM, IHTErparlis
XMapHUX miarGopm, po3poOieHHsT XMapHUX JabopaTopiid Ta IMIUIEMEHTAIlls JO0 HUX
MAacOBUX BIIKPUTHX OHJIAWH-KypciB. BiAmoBigHO 10 KpuTEepiiB 1000pY CKIIATHUKIB
cepenoBHIla BU3HaYeHO xMapHi maatdopmu Google Workspace Ta Microsoft 365 sk
JOIUTBHI JIJIE PO3TOpTaHHS B cepenoBuii. Po3poOieHo TexHosorii Ta METOIUKY
aJMIHICTpYBaHHSA 3arajbHONOCTYymHOI xMmapHoi miarpopmu Google Workspace.
[TpoananizoBaHO CydacHi MPOTOKOJIM aBTOPHU3AIlii, po3p0o0JeHO TEXHOJIOTIT iHTerparii
xmapHux cepBiciB Google Workspace 1 Microsoft 365 muromo aBreHTHbIKAIIT
KOPUCTYBaYiB Ta iX JOCTyMy A0 pecypciB. OOIpyHTOBaHO HEOOX1THICTh PO3TOPTAHHS Y
3BO xmapHux miatdopM, 0 peani3yioTh MOJeNb «iH(pacTpykTypa sk cepBic». Ha
OCHOB1 TIOPIBHSUIBHOTO aHajizy OOpaHO /g PO3rOpPTaHHS BUIHHOIOIIMPIOBAHI
mwiargopmu Apache Cloudstack Ta Proxmox VE.

KoHcraToBano, 110 1J11 BUKOHAHHS 3aBJIaHb PO3TOPTaHHS CIIA JOTPUMYBATHCS
MOJIOKEHb  PO3pOOJICHUX MOJENeil, a JMJOCATHEHHS pe3ylbTaTy MOXIUBEe 0e3
BUKOPUCTAaHHS  JIOPOTOBAapTICHOTO  cepBepHOro 3abe3medenHs. Ha  ocHOBI
cucTeMarusallii JOCBIIYy pO3rOpTaHHS Ta BUKOPUCTAHHS B OCBITHBOMY IIpOIIECi
matdopm Apache Cloudstack Ta Proxmox VE noBeneno, 1mo 10TpuMaHHs MOJI0KEHb
aBTOPCHKOI METOJMKH Jla€ MOXKJIMBOCTI BUKOHAHHSI 3HAYHOI KUJIBKOCTI BIPTyaJlbHUX

MaIllUH 1 MOJEIIOBaHHS CKIIAJIHUX MepeXHUX 1H(pacTpyktyp. is 3abe3nedyeHHs



MPOJYKTUBHOCTI T4 THYYKOCTI BUKOPHCTAHHS OCHIKYBaHUX MJIATGOpPM y CKIadl
XMapo OpIEHTOBAHOTO CEpPEJOBHUIA HaBYaHHS OyJI0 BHUKOHAHO OI[IHIOBAHHS
MPOAYKTUBHOCTI OOpaHMX KOPHMOPATHUBHUX XMap, IO Jaji0 MOXJIHUBICTh OILIIHUTHU
KUIBKICTh 37100yBayiB, Ki MOKYTh OJJTHOYACHO OTPUMYBATH OOYHCIIIOBAJIbHI pecypcu
MEBHUX XapaKTepUCTUK. PO3p0o06I€HO TEXHOJIOT1i PE3epBHOIO KOMIIOBAaHHS KOMIIOHEHT
XMapHHUX 1HQPACTPYKTYp, po3ropHyTHUX Ha ocHOBI mardopm Apache Cloudstack Ta
Proxmox VE. OOrpyHTOBaHO BHUKOPUCTAaHHSA PI3HUX MIJIXOMIB [0 PE3EpPBHOIO
30€peKEeHHS — IOBHOT'0, IHKPEMEHTHOTO Ta JU(EpPEeHIIaIbHOTO0, a TAKOXK TyOTFOBaHHS
XMapHHX 1 JOKAJIBHUX CXOBHIIL.

OOGrpyHTOBaHO METOAWYHY CHCTEMY Ta OCOOJMBOCTI peamizamii METOANK
Bukopuctanuss XOCH nnst po3BUTKY (paxoBOT KOMIIETEHTHOCTI MallOyTHIX y4YUTENiB
iH(opMaTHKH, 110 3100yBaOTh OCBITY Ha MEPIIOMY Ta JIPYTOMY CTYIICHSIX.

3riJIHO 3 TUJIAKTUYHOIO MOJICILTIO, HA TIEPIIIOMY CTYIICHI BUIIOT OCBITH JIOIIJTLHUM
€ BHUKOPHCTaHHS CKJIAJIHUKIB XMapO OpPIEHTOBAHOTO CEpPEJOBHINA $K 3aco0iB
opraHizamii OCBITHBOI disUTbHOCTI. Ha oCHOBI aHamizy OCBITHBO-TIpOdeCciitHuX
nporpam 0yio po3po0JIeHO 3MICT 1 METOAMKY KypCiB 6a30BOT0 OCBITHBO-IPOdECiitHOTO
piBHsI «Omepariiini  cuctemn», «Kommm'rorepHi Mepexi», «AIMIHICTPYBaHHS
KOMIT FOTEPHUX MEPEXk» Ta KOMIT IOTEPHOI TPAKTUKU 3 BUKOPUCTAHHIM PO3TOPHYTUX Y
CepeNoBHINI XMapHUX Jaboparopiii. B OCHOBY aBTOpPCHKOi METOIMKH TOKJIAJACHO
KOHIICTIIIi 10 KOMOIHOBAHOTO HaBYAaHHS 3 BUKOPUCTAHHIM MAaCOBUX BIIKPUTHX OHJIAMH-
KypciB. Jlo 3a3HaueHux nabopartopiii Oyl0 IMIIEMEHTOBAHO aBTOPCHKI HaBYaIbHI
Marepialii, TeMH KypciB MepexHoi akanemii Cisco, BipTyalibHI KOMIT I0OTEPHU Ta MEPExi
aKaJeMI4HOl XMapH, CEPBICH 3arallbHOAOCTYHmHUX xMapHux tuiargopm Google
Workspace Tta Microsoft 365. Po3pobieHo MeTomuKy MiATOTOBKH 3100yBaviB 0
CTBOPEHHS Ta PO3TOPTAHHS XMapHUX IIaTGOpM, Ky TOIIHBHO MPOBOAUTH Y MEXKax
OCBITHIX IPOTpaM MiATOTOBKA MalOyTHIX y4HuTemiB iHOOPMATUKH. 3 €0 METOIO OyI10
po3pobiieHo kKypc «OCHOBM XMapHHMX TexHoJOri». Cepea IHIIOTO B HBOMY
peanizoBaHO TMPOEKTHY METOAMKY MIATOTOBKM MAariCTpaHTIB JO PO3rOpPTaHHs
margpopmu Google Workspace y 3aknagax cepeiHboi ocBiTH. HaBuaHHS MaricTpaHTiB

pO3pOOJIEHHIO BIACHUX XMapHUX CEPBICIB MOKA3aHO HA MPUKIAAl ABOX IMPOEKTIB 3



mporpaMyBaHHs. BoHWM cHopsMoBaHI Ha BHKOPHCTaHHS CyYacHHX 3aco0iB
MPOTPaMyBaHHSI Ta ONPAIIOBAHHS TAHUX 13 3arajJbHOMOCTYITHUX XMAPHUX TUTaTHOPM 1
CEpBICIB.

HaBeneno  anami3  pe3ynpTaTiB  NIeAaroriyHoro  exkcrnepuMenty.  Ha
KOHCTaTyBaJIbHOMY €Tarli 3’sICOBaHO, IO, TOYMHAIOYM 3 TEPIIOT0 KypCy, CTYyACHTH
4acTO 3aCTOCOBYIOTh XMapHI TEXHOJOT1i JUisi BUPINICHHS HaBYAJIbHUX 3ajad,
KOMYHIKallii, 30epekeHHs TaHuX. 3po0JIeHO BUCHOBOK MPO FOTOBHICTH 3100yBayiB 10
3aCTOCYBaHHS CKJIAJHUKIB XMapo OPIEHTOBAHOTO CEPEIOBHINA Ta BHUBUYCHHS OCHOB
XMapHUX TEXHOJIOT1H.

Ha ¢popmyBanbHOMY eTarli nearorivyHoro eKCepuMeHTY MiATBEPPKEHO T1IoTe3y
IIPO MO3UTHUBHMU BIUTMB METOIUKH BUKOPHUCTAHHS XMapO OPIEHTOBAHOTO CEpPEIOBUIINA
Ha PO3BUTOK CKJIAJHUKIB ()aXxoBOi KOMIETEHTHOCTI 3/100yBauiB. BcTaHoBIeHO, 110
CTyIeHTH OakKallaBpChKOTO PIBHS BiJJIalOTh TEpeBary MPaKTUYHUM JIa0OpaTOPHUM
3aHATTSIM TIEepe]l TEOPETUUHUMH, 30KpeMa 3aTpeOyBaHUM cepell 3100yBaviB € KOPOTKHIA
BUKJIAJ] TEOPETUYHOTO Marepialy B TMOEIHAHHI 3 BIANOBIIHUMU MNPAKTUYHUMHU
3aBaaHHsAMH. Kopensiiiinuii ananiz y Kypei «OmnepalriitHi cucTeMu» 3acBiA4MB, 110
CTYICHTH PO3YMIIOTh T4 BUCOKO OIIHIOIOTh PIBHOPIBHEB1 aBTOPCHKI 3aBIaHHSA y (opmi
ece. Ha dopmyBanpHOMY eTani megarorivHoro eKCTIepruMEHTY HE BHSIBJICHO BIUIMBY
MOTIEPETHHOTO JIOCBIy UM CTATI CTYJAEHTIB Ha iXHI HaBYaJIbHI JJOCATHEHHSI.

Ha dopmyBansHOMY Ta TiACYMKOBOMY €Tamax IEJaroriyHoro eKCHEepPUMEHTY
OyJ0 BHKOHAHO OIPAIIOBAHHS pE3YJIbTATIB aHKETyBaHHS Ta OIIHOK MaiOyTHIX
yuuTeNiB 1HGOPMATUKH APYroro MAariCTEpPChbKOTO pIBHA BHUIOI OCBITH. AHaIi3
OTpUMaHUX JIAaHUX 3aCBIAYMB HASBHICTh CTAaTUCTHYHUX BIAMIHHOCTEH MK
BIJIMOBISIMA ¥ OIlIHKAMH MAariCTpaHTIB, OTPUMAaHUMH Ha (POPMYBaJIHLHOMY Ta
MiJICYMKOBOMY €Tamax eKkcnepuMeHnty. KoHcrtaroBaHo 1o €()EeKTMBHUM METOIOM
oprasizailii HaB4aJIbHOI JISITBHOCTI € Y4acTh MariCTPaHTIB y peallbHUX MPOEKTAX, SKi
M1ABUIIYIOTH Mi3HABAJbHUIN 1HTEPEC, JO3BOJISIOTH PO3BUBATH B 37100yBadyiB HABHYKH
CHIJIBHOT pOOOTH, YCBITOMJICHHS BaXKJIMBOCTI PO3B’sI3aHHS 3aB/IaHb 1II0JI0 PO3TOPTAHHS

XMapHUX CEPBICIB y 3aKJIaJlaX OCBITH.
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Oleksiuk V. P. Theoretical and methodical principles of designing, administration
and using a cloud-based learning environment for future computer science teachers. —
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Pedagogics). — The Institute for Digitalisation of Education of National Academy of
Educational Sciences of Ukraine. — Kyiv, 2023.

Abstract content. The dissertation presents a theoretical foundation and a new
solution to the problem of using a cloud-based learning environment in the training process
of future computer science teachers. The concept of a "cloud-based learning environment"
is interpreted as a system of digital tools (hardware, communication, virtualized). These
tools operate in accordance with the principles of cloud computing and provide universal
access for students to data, and computing resources, in order to achieve the educational
outcomes outlined in the curriculum. Based on the source base, it is substantiated that to
design the researched environment means to analyze and determine the target, content, and
didactic requirements for the training of education applicants in it. The concept of
" Administration of a cloud-based learning environment" has been clarified. It is interpreted
as a set of measures related to the design, deployment, management, and maintenance of its
components (services, platforms, infrastructures), as well as supporting the activities of
applicants in it. The conducted research is aimed at the development of cloud-based learning
environments of higher education institutions under the conditions of education reforms.
This necessitates the development of scientific, technical, and methodological support to
effectively implement these environments.

The study of the experience of training future informatics teachers shows that in
universities of Ukraine, the EU, and the USA, the study of the concepts and problems

of using modern cloud technologies are relevant. Based on the analysis of



psychological and pedagogical features of activities in cloud-based environments, it is
substantiated that mass open online courses are an effective form of providing
educational resources. The general research methodology of the problem of developing
theoretical, technological, and didactic principles of design, administration of cloud-
based environments, and their use for training future computer science teachers is
presented. The prerequisite for the training of competent specialists in the fields of
education and information technologies, has been formulated. The tasks of the
pedagogical experiment and the basis of the experimental and research work are
indicated. A description of each stage of the experiment is provided. In the dissertation,
modeling of a cloud-based learning environment for future computer science teachers
was performed. So the conceptual, didactic, service and administration environment
models were substantiated. In accordance with these models, didactic (ubiquity,
invariance, monitoring, control of educational activities, possibility of participants
interaction in the educational process, resource manageability, compliance with various
models, perspectiveness) and technological-procedural (availability, functionality,
standard network protocols support, distribution legality, configuration flexibility,
integration potential, controllability, and security) selection criteria are determined as
components of the environment of cloud platforms and services. It was established that
providing support for the educational process involves a technical and methodical
combination into a combined cloud of platforms (public and private) implementing all
service models.

The author’s experience in the cloud-based learning environment administration
technologies is analyzed. A unified user authentication system has been developed to
ensure students’ access to environmental resources. The sequence of stages of
deploying cloud-based learning environment components for computer science
teachers is defined, in particular, the design of user account database, the deployment
of public and private cloud platforms, the integration of cloud platforms, the
development of cloud laboratories and the implementation of mass open online courses
for them. According to the selection criteria of the environment components, the

Google Workspace and Microsoft 365 cloud platforms have been identified as



appropriate for deployment in the environment. The technologies and methods of
administration of the public cloud platform Google Workspace have been developed.
Modern authorization protocols were analyzed, and technologies for integration of
Google Workspace and Microsoft 365 cloud services were developed for user
authentication and access to resources. The necessity of deploying cloud platforms
implementing the "infrastructure as a service" model in educational institutions is
substantiated. Based on the comparative analysis, open-source platforms Apache
Cloudstack and Proxmox VE were chosen for deployment.

It was established that the implementation of deployment tasks should follow the
provisions of the developed models, and the achievement of the result is possible
without the usage of expensive server hardware. Based on the systematization of the
experience of deploying and using the Apache Cloudstack and Proxmox VE platforms
in the educational process, it has been proven that compliance with the provisions of
the author’s methodology enables the implementation of a significant number of virtual
machines and modeling of complex network infrastructures. To ensure the productivity
and flexibility of the researched platforms as part of a cloud-based learning
environment, an evaluation of the performance of selected private clouds was
performed, which made it possible to estimate the number of acquirers who can
simultaneously receive computing resources of certain characteristics. Backup
technologies for its components of the Apache Cloudstack and Proxmox VE cloud
platforms have been developed. The use of different approaches to backup storage such
as full, incremental, and differential as well as the duplication of cloud and local storage
is substantiated.

The methodology of using a cloud-based environment for the development of
professional competence of future computer science teachers pursuing bachelor’s and
master’s degrees has been developed.

According to the didactic model at the first level of higher education, it is
advisable to use the components of the environment as a means of organizing
educational activities. Based on the analysis of educational and professional

programmes, the content and methodology of the bachelor’s level courses "Operating



Systems", "Computer Networks", "Administration of Computer Networks" and
computer practice using cloud laboratories deployed in the environment were
developed. The author’s methodology embraces the concept of blended learning using
mass open online courses. The author’s educational materials, course themes of the
Cisco Networking Academy, virtual computers and networks of the academic cloud,
and services of public cloud platforms Google Workspace and Microsoft 365 were
implemented in the specified laboratories. A methodology for master’s students
training for the creation and deployment of cloud platforms was developed. It should
be carried out within educational and scientific programs. For this purpose, the course
"Fundamentals of cloud technologies" was developed. It implemented a project
methodology for preparing master’s students for the deployment of the Google
Workspace platform in secondary schools. Training master’s students to develop their
own cloud services is shown in the example of two programming projects. They are
aimed at using modern programming and data processing tools from public cloud
platforms and services.

An analysis of the results of the pedagogical experiment is given. At the
ascertainment stage, it was observed that starting from the first year, students often use
cloud technologies for educational assignments, communication, and data storage. A
conclusion was made about the applicants readiness to use the components of a cloud-
based learning environment and study the basics of cloud technologies. The hypothesis
regarding the positive impact of the method of using a cloud-based environment on the
development of the applicant’s professional competence components has been
confirmed. Notably, among bachelor’s students, a preference for practical laboratory
sessions over theoretical ones has been established, specifically highlighting the
demand for a synthesis of theoretical content and practical tasks. Correlational analysis
in the course "Operating Systems" showed that students understand and highly
appreciate peer-to-peer writing assignments in the form of essays. The pedagogical
experiment did not reveal the influence of students’ previous experience or gender on
their educational achievements. An experimental section of educational achievements

of master’s students proved that an effective method of organizing their educational
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activities is active engagement in real projects. They increase the cognitive interest of
students and allow future computer science teachers to develop the necessary
professional skills of joint work, and awareness of the significance associated with
problem-solving tasks pertaining to the implementation of cloud services in
educational institutions.

Keywords: cloud-based learning environment, cloud technologies, professional
competence, future computer science teachers, bachelors, masters, digital

transformation of education.
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MHNEPEJIK YMOBHUX [TIO3HAYEHbD

BM — BipTyasnibHa MalvHa

3BO — 3akiaj BUIIOi OCBITU

33CO0 — 3aknan 3arajibHOI CEpPEeIHBOT OCBITH;

EHK — enekTpoHHUI HaBYaJIbHHI KypC

EOP — enexkTpoHHI OCBITHI pecypcu

€C — EBponericbkuii Coro3

IKT — inpopmaniiHO-KOMyHIKalliiH1 TEXHOJIOT11

10C — indopmaiiitHO-OCBITHE CEpEIOBUILIE

MOH — MiHicTepcTBO OCBITH 1 HAYKH YKpaiHu

HB/I — naykomeTpuyHa 6a3a JaHuX

MBOK — mMacoBi BIIKpHUT1 OHJIAMH-KYpPCH

HIIII — HaykoBO-Iie1aroriyHui mpariBHUK

OIIII — ocBiTHRO-TIpO(ECIiitHA TpOrpama

OHII — ocBiTHRO-HayKOBa IIporpaMa

CYH - cucrema yrmpaBJiiHHS HaBYUaHHSIM

XOCH — xMapo OpieHTOBaHE CEepPEIOBHILEC HABYAHHS

Covid-19 — xoponaBipycHa xBopo6a 2019

DigComp — Digital CompetenceFramework for Citizens (pamka uHppoBUX
KOMIIETETHOCTEW IrPOMa/IsiH)

JISC — Joint Information Systems Committee (CHUTbHUNA KOMITET 3
1H(hOpMaLIITHIX CUCTEM )

LMS - Learning Management Systems (cuctema yrpasiinas HaBdanHsM, CYH)

MOOC — Massive Open Online Course (MacoBi BiIKpUTI OHJIAWH-KYPCH)

IaaS — Infrastructure as a Service (iHdpacTpykTypa sk mociayra)

PaaS — Platform as a Service (iHppacTpyKTypa K mociyra)

SaaS — Software as a Service (nmporpamte 3a0e3MeUeHHS K MOCIYTa)

WoS — Web of Science (HaykomeTpuyHa 6a3a 1aHHX)
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BCTYII

AKTYyaJIbHICTh TeMH JA0CJIizKeHHs. YKpaiHa notpeOye 3miH. Ha xansp, 111 3MiHK
MOTPiOHO 31MCHIOBATH i1 Yac BiiHU 3a He3anexkHICTh HA TJ1 3HAYHUX MOJTITUYHUX,
0€3MEeKOBUX, EKOHOMIYHUX, COLIAIbHUX, TYMaHITApHUX NOTpACiHb. [IpoTe HampsM i
3MICT LIMX 3MiH € MATBEPKEHHIM HUBUII3ALIHHOTO BUOOPY YKpAaiHCHKOT HAIli.

[Topstm 3 OOOPOHHUM CEKTOPOM, E€KOHOMIKOIO, HAyKOK 1 KYJbTYpPOIO
pedopmyBaHHS MMOTpeOy€e W Taly3b OCBITH, Ha Ky TaKOX MalOTh BIUIUB 3arajbHO-
[IUMBUTI3alIMHI TIpOIleCH TJIO0adbHOI 1HTETpalii. 3MIiHM B CHCTEMI BHIIOiI OCBITH
VYkpainu, 6e3nepevHo, MoB’s3aHi 3 NOMIMPEHHAM 11e¥ 1HTerpalii HaB4yaIbHUX CUCTEM
PI3HMX KpaiH, 31 3MIHAMH B CTpATeriix Mpollecy MIArOTOBKH MailOyTHIX (axiBiiB, 3
HEOOXIHICTIO PO3POOJICHHS HOBUX HAYKOBO-METOJAMYHHUX, TICUXOJIOTO-IIeIaroTiYHuX,
COITIaTbHO-KYJIBTYPHHX ITiJIXO/I1B MO0 MOT0 OpraHizarii Ta 3/11HCHEHHS.

[IpiopuTeTHUM HANPSIMOM PO3BUTKY OCBITH BIPOJOBX JBOX JCCATHIITH €
BITPOBA/PKEHHA ITUGPOBUX TEXHOJIOT1H, 1110 320€3MeUyI0Th MOo/IajbIllle BAOCKOHAICHHS
poliecy HaBYaHHsI, JOCTYITHICTh Ta €()eKTUBHICTh OCBITH, MIJATOTOBKY 10 JisJILHOCTI
B U(PPOBOMY CYCHUIBLCTBI 3HaHb. 3HA4YHI TeMnH iH(opMaruzallii CycHiIbCTBa
BUMararmTh (HOpMyBaHHS B MallOyTHIX (paxiBI[IB MOCTIHOT TOTOBHOCTI /10 HaBYaHHS
IPOTSATOM KUTTS, 3[aTHOCTI 10 OHOBJIGHHS BIIACHUX 3HAHB MPOTATOM KOPOTKOTO Yacy
Ta BJOCKOHAJICHHS BIIACHUX KOMIIETEHTHOCTEH.

['mobanizarisi cycniabHOTO JKUTTS, 30KpeMa W CUCTEMHU OCBITH, MPU3BOAUTH JI0
TOTO, IO peami3ailis 3acaJHUYMX IOJIOKEHb TPO i1 BIIKPUTICTH, MOBCIOJIHICTD,
Oe3MepepBHICTD CTA€ )KUTTEBOIO HEOOX1THICTIO. /{0 TOT0 %k 0COOIMBOT Baru HA0yBarOTh
mudpOBl  TEXHOJIOTil, $AKI KOHIIENITYaJdbHO, TEXHOJOTIYHO Ta OpraHi3aImiitHO
3a0€3MeuyI0Th MOXJIMBOCTI peati3allii X MoJI0KEHb.

[Tutanus mudpoBoi Tpanchopmarltii CyCrisIbHOTO KUATTS B Y KpaiHi HEOTHOPA30BO
Oyno 0OyMOBJIEHO Ha 3aKOHOJABYOMY PiBHI — y 3akoHax Ykpainu «IIpo Konmemniito
HamionaneHoi mporpamu  iHdopmaTtuzaniin, «IIpo HamioHanbHy mporpamy
iHpopmatuzanii», «lIpo i1HHOBaliiiHY isUIBHICTE», «IIpo mnpiopuTeTHI HaNpsAMU
IHHOBAIlIMHOT MisIbHOCTI B YKpaiHi», «IIpo 3aTBepmakKeHHs HAIlIOHAIBHOTO ILIAHY

110/I0 BIAKPUTOI Hayku», y nmoctaHoBax KabGinery MinicTpiB YKpaiHu, 30Kpema 110
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cTocyloTbes  MiHicTepcTBa  1udpoBoi  TpaHcopmalii; 'y  mocTaHoBax 1
PO3MOPSIKEHHSX 3raJIaHOT0 MIHICTEPCTBA.

BianosijiHO 32 OCTaHHI POKM OpraHaMH BUKOHABUOi BJIAJU CTBOPEHO YMOBHU IS
po3poOJIEHHsT Ta WIMPOKOTO BIPOBAKEHHS 3HAYHOI KUIBKOCTI CEpBICIB, SIKi
nependadaoTh HaJaHHS BIAKPUTOTO JOCTYNMy A0 MIMPOKOTO KOJia JaHHWX, IO
CTOCYIOTBCS JKUTTA YKpPAiHCBKOTO CycHuibcTBa. BOHM MOKIMKaHI peasizyBaTH
KOHIENIII0 «aepxkaBa B cmapTdoHi». TeHaeHuli BIAKPUTOCTI Ta MPO30OPOCTI €
BaXJIMBUMHU CTOCOBHO 1HTErpalli Hamoi JAepKaBu y CBITOBMM OCBITHIM Ta HAyKOBUU
npoctip. Y I1bOMY aclekTi 3aTpeOyBaHMMHU 3alMIIAIOTHCS TMOAAIbINT TEOPETHUUHI
OOIpYHTYBaHHS Ta PO3pOOJEHHS METOJMK BIIPOBADKEHHS Ta 3aCTOCYBaHHS CHCTEM
BIIKPUTOTO JIOCTYMY JO HaBUAJbHUX PECYpPCIB 1 Pe3yJIbTaTiB HAYKOBOI JiSIIBHOCTI.
BianoBigHi 3aBgaHHS 00YMOBJICHO B CTpATErYHUX 3aBJAaHHSX BHKOHABYOI Biaau. Y
2020 porii ykpaiHCBKUH YpsiJl 3aTBEPIUB CTPATETII0 PO3BUTKY BUIIOI OCBITH Ha TIEPiOJ
1o 2030 poky, sKa, cepejl IHILIOTO, mepeadadyae CTBOPEHHS CHPUSITIMBUX YMOB IS
PO3BUTKY HAyKOBO-IIOCHIIHMIIBKOT JIsUIBHOCTI Ta BOPOBAKEHHS IUGPOBUX
TexHoJIoTi y HaBuanpHuM mpomec [119]. 3rogom y 2021 pori Oyno NpUHHSITO
KOHIICTIIII}0 PO3BUTKY ITU(PPOBUX KOMIIETEHTHOCTEH Ta 3aTBEPKEHHS IJIaHy 3aXO/IiB
3 1i peamizamii. Y HIA 3a3HayeHO, IO (GOPMYBaHHS Ta PO3BUTOK ITU(POBUX
KOMITETCHTHOCTEH TpOMaasH 3I1HCHIOETHCS NUISXOM 3100yTTs IU(POBOi OCBITH 3
BUKOPHUCTAaHHSAM 1H(POPMAILIHUX PECYpCiB, HOBUX OCBITHIX TEXHOJOTiH 1 U(poBUX
OCBITHIX pecypcis [118].

3arpeOyBaHICTh 3a3HAYEHUX CTPATETid 3yMOBJICHA €BPOIHTETPAIllHHUMHU
MpoliecaMy HaIoi JepaBu Ta BiAMOBINAI0Th BiAMOBiAHUM nokymeHTaM €C. Cepen
HUX BapTO BUJAUIMTH TUTaH Iid y cdepi mudposoi oceitu (Digital Education Action
Plan), mo € KOMIJIEKCHOIO CTPATETi€r0, 3aI0YaTKOBAHOK €BPOIEHCHKOI0 KO