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AHoTanis

Y emammi pozenawymo nowamms, nog’saszamni 3 3acmMoOCy8aAHHAM XMAPHUX MEXHON02IU y
BUWOMY HABUATLHOMY 3aK1A0i, 30KpemMa npoananizoéano: nouamms «IT-ingppacmpykmypay,
«IHGopmayitino-oc8imuil  npocmipy,  «IHGOPMayiliHO-0C8IMHE  cepedosuujey,  «BIPMYaIbHd
nabopamopisy. Ilpoananizoeano moodeni HAOAHHA MA PO3COPMAHHA XMAPHUX MEXHONO02IU.
3anpononosano  3acmocysanHs — 2iOpUOHOI  MOOeNi  pO320PMAHHA ~ XMAPHUX — MEXHOLO02IU.
Ilpoananizoeano moxcaiusocmi 8ilbHONOUUPIOBAHUX NAAME@POPM OJisL Opeanizayii KOPnopamueHoi
xmapu BH3. Onucanuili 00c6i0 po3eopmanHs KOPHOPAMUGHOI XMapu HA OCHO8I niamgopmu
CloudStack. O6’ekmom  Oocniooxcennss € mexnonocii xmapnux obduuciens. IIpeomemom
00CNIOJCEHHS € XMAPHI NIAMDOPMU, HA OCHOBI AKUX MOINCHA PO32OPHYMU BIDMYAIbHI 1aDOpamopii.
Memoou, euxopucmaHi y OOCHIONCEHHI: aHANI3 HAYKOBO-MEXHIYHOI jimepamypu 3 npoodiemu
BNPOBAOINCEHHSI MOOellell PO320PMAHHA XMAPHUX MEXHONO02Ii V OCBIMHIO 2aly3b, GUBYEHHS
ocobnusocmetl hynxyionyeanns IT-inghpacmpykmypu 6uuyoeo Ha84aILHO20 3aK1A0Y.

06’eckmom OocniddceHus € eipmyanvui nabopamopii ax ckaaoosa IT-ingppacmpyxmypu
BUUJ020 HABYATILHO20 3AK1A0Y.

Ilpeomemom oocniodcenHss € XMaApHi 0OUUCTEHHS K MEXHON02IUHA OCHOBA OJisl OpeaHizayii
8ipMYanvbHuUX 1a60pamopii.

Ilocmanosxka npobnemu. 3a YMO8 6NPOBAON’CEHHSA MEXHON02IN XMAPHUX OOYUCTIeHb )
iHpopMmayitiHO-0C8IMHIN npocmip Buwo2o HasuyaibHo2o 3axnady (BH3) ocobausoco snauenms
Habysarwmsv 3a80aHHS PO3POOKU XMAPO-OPIEHMOBAHUX 3ACO0I8 HABYAHHA. Y MexHON02iuHOMY
acnekmi ix B6MPOBAONCEHHS MOMNCIUBE HA OCHOBI MAK 368aHoi Kopnopamuenoi xmapu BH3.
Bpaxosyrouu, wo cyuacui xopnopamugHi XMapHi niam@opmu UWUPOKO BUKOPUCTNOBYIOMb
MexXHOI02I0  8ipmyanizayii, 668aNCaAEMO OOYLIbHUM PO32OPMAHHA HA IX OCHO8I GIPMYANbHUX
Jabopamopiii 0Jist NiIOMPUMKU BUBYEHHS ITHHOPMAMUYHUX OUCYUNTIIH.

Memorw cmammi € ananiz nowsmms «8ipmyaivHa 1abopamopisy. ¥ cmammi onucano 00cgio
PO320pMAHHA GIPMYANbHOI 1aOOpamopii 01 BUBUEHH MepedCHUX mexHono2iu. [locniodcents
NPOBOOUNOCH Y PAMKAX CHLILHOI HAYKOB0-00CNIOHOI 1abopamopii 3 numanv 3ACmMoCy8aHHs
XMapHux mexnono02iti 8 oceimi TepHoninbcbk020 HAYIOHATLHO2O0 Ne0az02iuH020 YHigepcumemy
imeni Bonooumupa I'namioka ma Incmumymy ingopmayiinux mexHono2it i 3aco0ié HABYAHHS
Hayionanvnoi akademii nedazoziunux nayxk Yrpainu.

Knrwowuosi cnosa: sipmyanvna nabopamopis, IT-inghpacmpykmypa, ingpopmayitino-oceimmiii
npocmip, inpopmayitino-oceimue cepedosuuye, kopnopamusha xmapa, CloudStack.
AHaJi3 qocaixKeHb i myoJikamii.

TeopeTnuHi acmeKTH BUKOPUCTAHHA KOMII FOTEPHO-OPIEHTOBAHUX 3ac0o0iB  HaBYaHHS
nocmikeni y mparsgx B. bukosa, M. XKannaka, H. Mop3e, C. Pakosa, }0. Pamcrkoro, 10. Tpuyca
Ta iHmuX. [Ipobnemarrka nmpoekTyBaHHs iH(opMalliiiHo-ocBiTHROTO Mpoctipy BH3 po3kpuBaeTbes
y nocmipkenns B. bukosa, M. Xanmaka, B. Jlanmincekoro, O. CmiBakoBcbkoro, O. Cmipina Ta
iHImMX. 30KpemMa y cBoeMy nociimxerHi [4] B.KO.bukoB BUCBITIIOE 1 AeTani3ye 3araibHy IpodiieMy
HEBIIMOBIIHOCTI  OpraHi3aliiHO-QyHKIIIOHATEHOT  cTpykTypu [T-migpo3ainiB  0coOUCTICHO-
OpIEHTOBAaHMX HABUAIBHUX CEPENOBHI 00’ €KTUBHUM YyMOBAM CY4YaCHOT'O CTaHY PO3BHUTKY 3aC00iB i
TEXHOJIOTIM 1H(pOpMAIIfHOTO cCychiabcTBa. ABTOp BOayae akTyaJbHUM 3aCTOCYBaHHS Ha
cydacHOMY erami iH(popMmaTHu3amii CHCTEMH OCBITH MEXaHI3MiB ayTCOpCHHTIa Ul 3a0e3neueHHs
¢bynkmionyBanas 1 po3ButKy IT-iHdpactpykrypu. O.B. CniBakoBchkuii, M.O. Binnuk, FO.I'.
Tapaciu y nmyOmikamii «IlobynoBa IKT indpactpykrypu BH3: mpoGiiemu Ta nUISXH BUPILICHHS
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3a3HA4alTh, IO JJIA peami3allii iHHOBAIlli HaBYAIBHUM 3aKiafaM HEOOXiITHO JOTydaTHcs 0
MPOIIECY BIPOBAPKEHHS 1HPOPMALIHHUX TEXHOJOTiH y HaBYaJbHI Ta aJMiHICTpaTHBHI HpPOIECH,
CTBOPIOBAaTH Ha 0asi YHIBEPCHUTETIB 1HHOBAIIMHO-TEXHOJOTIYHI IEHTPH Ta ILEHTPU TpaHChHEepTy
TEXHOJIOTiil. ABTOpH 3BEPTAIOTh yBary He JIMIIE Ha Cy4acHUH cTaH iHpOpMaLifHO-KOMYyHIKalIHHIX
TEXHOJIOTIH YHIBEPCUTETY, a ¥ Ha MEPCIEKTHBH iX po3BHUTKY [19].

[TpoGiemi 3acTOCyBaHHS TEXHOJIOTI XMapHUX OOYHCIeHh Ta 3aco0iB BeO 2.0 y ocBiTi
npucBsueHi npocmipkenns H. bamuk, B. bukosa, C. JlutBunoBoi, H. Mop3e, C. Cemepikona,
3. CeitnameroBoi, O. Cripina, A. Ctproka, M. IlIumkinoi Ta iHIIHX.

AHaJ3yl0ud KOHIICTII[IIO ONPAIFOBAaHHS EJIIEKTPOHHHUX JaHMX Ha OCHOBI i1H(MOpMaIliiHUX
TEXHOJIOTIH XMapHuUX obOuuciens, B.IO. bukoB 3a3Hauae, mo iX (yHIamMeHTanbHI NPUHLUIMN Ta
IporpaMHi peanizaiii MaroThb CTaTH MPEAMETOM IPIOPUTETHOrO BHUBYEHHS, 3ac00aMM HaBYAHHS,
JOCITII)KEHb Ta YIIPaBIiHHS OCBITOIO Ha BCiX OpraHi3aliiHuX PiBHIX YKPaiHCHKOIO CYyCIHiibCTBa [5].

M. I1. lInmkina, O. M. Cmipin, FO.T'. 3anopoxxyeHko, JOCTIDKYIOUH TpoOIeMaTHKy
iHpopmaTu3amii ocBiTH YKpaiHM, 3a3HA4YalOTh, IO PO3BUTOK TEXHOJOTIH XMapHUX OOYHCIICHD,
CEepBICIB aJaTUBHUX 1H(POPMAIIHHO-KOMYHIKALlIHHUX MEPEX, 3aC00iB BIpTYaJIbHOTO 1 MOOITTBHOTO
HaBYaHHS € BaXJIMBUM KPOKOM Ha IIJISAXY BUPIIIEHHS MpoOeM AOCTYIHOCTI 1 IKOCTI HABYaHHS, 1110
3MIHIOE YSBJICHHS MPO 1HPPACTPyKTypy Oprasizaimii mporecy HaBuaHHs i HOro iHdopMaIiifHOTO
HaloBHEHHs. B yMoOBax XMapo OpI€HTOBAaHOI'O OCBITHBOTO CEPENOBMINA PO3MIMPIOIOTHCS MEXi
JIOCTYNy 10 SIKICHHUX eJIEKTPOHHUX pecypciB, IO BOJIOMIIOTh TaKUMH IHHOBAI[ITHUMHU
XapaKTEPUCTUKAMHM, SK aAalTHBHICTb, MOOUIBHICTh, TOBHOMACIITA0OHA IHTEPAKTHBHICTh, BUIbHHMA
MEpeXHHUU NOCTyI, yHi(ikoBaHa iH(GPACTPYKTYypa, 3a0e3MEeUYeHHs YHIBEPCATHHOTO MiAXOMY IO
pobGoru [21].

[IpakTryHMIA TOCBiA 3aCTOCYBaHHS XMapHUX TEXHOJIOTIH Ta 3aco6iB BeO 2.0 y HaBYAIbHOMY
npotieci onucano y gocmimkenni H.P. bamuk [1].

Bukiaa ocHoBHOro marepiajy. Y raiay3b OCBITH enoxa iH(opmarusallii npruHecia 3HauHy
KUIBKICTh TPOTPAaMHMUX 3ac00iB HABYAIbHOTO MpPHU3HAUEHHS, SIKI Y CBOIM CYKYIHOCTI MOXYTb
YTBOPIOBATH HaBYaJIbHI CepeloBUIa Ta OCBITHI mpocTopu. CripoOyeMO OKpECIUTH AesiKl MIIXO0AU
10  TpakTyBaHHs  moHATh  «IT-iHdpacTpykTypa»,  «iH(pOpMaILifHO-OCBITHIM  HpOCTip»,
«iH(opmarlliiiHO-HaBYaJIbHE CEpPEJOBUIIE», y KOHTEKCTI IX BXKMUBAHHS CTOCOBHO BIPTYaJIbHUX
nabopaTopii.

Crarrs Bikinenii TpakTye iHdopMauiiiHy 1HQPACTPyKTypy SK CYKYIHICTh TEpUTOPIaIbHO
PO3MOAIIEHUX JEP)KaBHUX 1 KOPIOPATUBHUX 1HQOpPMALIHHMX CHCTEM, MEpeX 1 KaHaliB
nepelaBaHHs JaHUX, 3ac001B KOMYHIKAIil 1 yNpaBiaiHHSA 1H(QOpPMAILIHHUMH IMOTOKaMH, a TaKOX
OpraHizaliifHUX CTPYKTYp, IPaBOBUX 1 HOPMATHBHUX MEXaHI3MiB, 110 3a0€3MeUyIoTh iX e(h)eKTHBHE
¢dyakmionyBanHs [9]. Y  eHOUKIONEIWYHOMY CIOBHUKY MOHATTS «IT-iHppacTpykTypay
BU3HAYaIOTh AK KOMIUIEKC TMPOrpaMHHUX, TEXHIYHUX Ta TeJNEeKOMYHIKAIlIMHUX 3aco0iB, sKi
3a0e3mevyoTh poOOTy 3 MaHWUMH opraHizarmii abo rpymu opranizamii [7]. OTox, iHbpacTpyKkTypa
iHpopMaliiHuX TexXHoJOrii Bumoro HaByanpHoro 3akiany (IT-indgpactpyktypa BH3) — me
iHpopMalLiiHa CHUCTeMa MPOTrPaMHUX, OOUYMCIIOBAIBHUX 1 TEJIEKOMYHIKalIHHUX 3aco0iB, IO
pearnizye HajaHHS 1HPOPMALIHHUX, OOUYHCITIOBAIBHUX, TEJIEKOMYHIKAIIMHUX pEecypciB Ta MOCIYT
yCiM y4acHHKaM HaBYaJbHOTO MPOILIECY.

ITOHATTS «OCBITHIM HPOCTIp» 3aJI€KHO BiJ] O3HAKH CBOE€I MAaCIITAOHOCTI MOXe BXKHMBATUCS Y
riodanpHOMy a00 1HCTUTYLIOHAJIbHOMY KOHTEKCTI. VY TMepHIoMy BHUIAAKy TOBOPATH MpPO
rno0anbHUN OCBITHIM mpocTip abo enuHUM 1HGoOpMamiiHuK mpocTip cucremMu ocBith [2]. YV
JPYroMy BUIIaJKy TEPMIHOJIOTIS CTOCYEThCS MEBHOI OCBITHBOI YCTAHOBM (IHCTHUTYIIIT), HallpUKJIIAJ,
iH(pOopMaliifHO-0CBITHIN MPOCTIP BUILIOTO HABYAIBHOTO 3aKIaTy.

B.IO. buxos, po3risgaioun NOHATTS €IUHOTO 1HGOPMALIHHOTO MPOCTOPY CUCTEMH OCBITH,
BUJIUISIE€ O3HAKY, fKa Bi0Opa)kae HAasBHICTh Y HHOMY CIEIiaIbHO CTBOPEHHUX 1 IIJIECTIPSIMOBAHUX Ha
OCBITHI 1Tl OJHOTUIHUX MEPESKHUX EIEKTPOHHHUX pecypciB. ICHYBaHHS TakuX pecypciB
nepeadayae MOXIUBICTH 1X CIUJIBHOTO 3aCTOCYBAaHHS JIESKOIO KaTETrOpi€l0 KOPHCTYBauiB,
BI/IMOBI/Ia€ Ha TIUTAHHS: JJIs1 KOTO 1 JIJIT 4YOro Il THIOBI MEPEXKHI EIeKTPOHHI pecypcu Oy
crBopeHi [3]. 3rimHO JIOMeHHO-(peMOBOI MojeNi po3rsAaTUMEMO iH(POpMaliiHO-OCBITHIN



npocTip sk nigcucremy ['mobGanbHoro iH(GoOpMaIiitHoro npocTopy, iIHTErpoBaHi 3aco0u 1 TEXHOJOTIT
SIKOTO TpHU3HAYeH1 M1 1H(GOPMAIITHO-OCBITHROTO PECYPCHOTO 3a0e3MEeUCHHS IJIeH HaBYaHHS 1
BUXOBaHHS Ta CHOPSAMOBAaHI Ha 3aJOBOJICHHS OCBITHIX MOTped YCiX YYacCHHKIB HaBYAJIBLHOTO
Iporecy.

[ToHATTS «@IpOCTip» 1 «cepenoBHUIIe» € OIU3bKUMU, alle HE CHHOHIMIYHUMH. AHAII3YIOUH iX
CIBBIHOIIICHHS, JOCTIJHUKHA MalOTh Ha yBa3i HaOlp MEBHUM YMHOM IOB'I3aHUX MiX COOOI0 YMOB,
SK1 MOXYTh BIUIMBATH Ha JIoAuHY. [Ipyu bOMY y TOHATTI «[IpOCTip» HE mependaueHo MPUCYTHICTh
y HbhOMY moauHH. [IpocTip Moke iCHyBaTH 1 HE3aJeXHO BiJ HEl, a CepeqoBHUIINE Tependadae
B3a€MO/IIIO 1 B3a€EMOBIUIMB OTOYECHHS 3 Cy0’ €KTOM. [H(OopMaIiifHO-OCBITHE cepeIOBHIIE PO3YMIIOTh
SK CYKYIHICTh TEXHIYHOTO, IH(QOPMALIMHOTO Ta HABYAIbHO-METOJWYHOTO 3a0e3medycHHs, sKa
HEPO3PUBHO IMOB'SI3aHAa 3 JIFOAWHOIO SIK cy0'ekToMm HaBuaHHs [8], [15].

OTxe, po3rIsfaloyu BIpTyallbHY J1a0OpaTOpil0 y TEXHOJIOTIYHOMY acmeKkTi (amapaTHo-
nporpaMHi miaatGopMu, pO3MOAUIEHI MEpEeXHI CHCTEMH, TEXHOJIOTii BipTyasisalii) JOpeYHHM
BBakaeMo BxkuBaHHSA TepMminy «IT-indpactpykrypa». Skimo nNOTpiOHO MiIAKPECIUTH, IO
BipTyasibHa J1abopaTopisi € 3aco00M HaBYaHHS, TO JOPEYHO BXKUBATH TMOHATTS «iH(POpMaLiiHO-
OCBITHIM mpocTip». Y BUNAAKY aKIEHTYBaHHS yBaru Ha AisUIBHOCTI CTY/AE€HTa OpraHiuHUM Oyze
3aCTOCYBAaHHS MOHATTS «IH(POPMAIIHHO-OCBITHE CEPEIOBHILE.

Po3rnsaaroun NOHATTS «BipTyasibHA JIAOOPATOPis», MEPIIOUYEProBO 3yMMHUMOCS Ha TEPMiHI
«BIpTYaNbHUN». Y BEITUKOMY TIYMAayHOMY CIIOBHHKY YKpaiHChKOi MOBH [6] 3a3HaueHHil TepMiH
TPAKTYIOTh SIK TaKUM, 110 peabHO HE 1ICHY€E; MOXKIIMBUI a00 Takuil, sSIKUM MPOSIBIAETHCS 3a MEBHUX
YMOB. 3a3HaYMMO, IO BipTyaibHa J1a0OpaTopis IJIsl BUBUECHHS MEPEKHUX TEXHOJIOTIH CHpaBIi HE
ICHY€ y BUIJISAI OKPEMOro MPUMIIICHHS, MpoTe 1i (PYHKIIOHATBbHI MOKIMUBOCTI peali3yloThes i3
3aCTOCYBAHHSIM pEAbHUX alapaTHO-NIPOrpaMHUX 3ac00iB Ta KOMIT IOTEpHHX Mepex. CTOCOBHO
mpolecy Mi3HaHHSA, TO BipTyajdbHa HaBYallbHAa JA0OpaToOpisi — 1€ BIpTyalbHE CEPelOBUIIE
HaBUYaHHS, SKa JIO3BOJISIE MOJENIIOBATH TOBEIIHKY OO0'€KTIB peaJibHOro CBITY B 1H(OpMAIitHO-
ocBiTHROMY cepenoBuil [14]. Take cepenoBuiie Mae OyTH PO3POOJICHUM Tl MEBHY MPEAMETHY
rajy3b, SKe€ HaJae HEOOXIAHMM IHCTpyYMEHTapi [uisi po3B’S3yBaHHS 3aJad, IPOBEICHHS
BIPTYaJIbHUX GKCICPHMEHTIB B AaHiil mpeaMertHiil ramysi [18]. 3a3Buuail BipTyanbHi nabopaTopii
OpIEHTOBAaHI Ha 3aCTOCYBaHHS y TMpOIECi HABYaHHS MaTeMAaTUKH, QI3UKH, XIMIi, JIEIKUX
imbkenepuux aucuuiutin [20], [10]. OcHoBHUM 3aBIaHHSAM MPOEKTOBAHOI BipTyalbHOI JTaboparopil
1H(OpMaLIHHUX TEXHOJIOTI BBa)Ka€EMO MOJENIOBaHHsS MPOIECIB OOpPOOKM JaHMX y CY4YaCHUX
iHpopMaLifHUX CUCTeMaX Ta Meperkax.

3a3Buyail y BIpTyasbHIN J1abopaTopii BIAOMOCTI 3 MpPeaMETHOI ranay3i 0a3ylThCs Ha
okpemux (hakrax, a ToMy oOMexkeHi HabopoM 3a3aajerifib nepeadaueHuX eKClepUMEeHTIB. [Hmmi
MiAX11 nependayae, Mo yuyeHb abo CTYAEHT Ma€ MOXJIIMBICTh MPOBOJUTH OyJb-sKI €KCIIEPUMEHTH,
He 0OMEXYIOUHCh 3a3/aJieTiib MiAroToBIeHNM HabopoMm pe3ynbraTiB [14]. Came ocTaHHIM miaXin
peanizoBaHO y CTBOPEHIN J1abopaTopii MEpeKHUX TEXHOJOTIH 3aBASKH BUKOPUCTAHHIO TEXHOJIOTIT
BipTyastizauii onepariiiaux cucrem. [IMpokuil criekTp MOXKIMBOCTEH CIENialbHOTO MPOTrPaMHOTO
3a0e3neyeHHs AJs BipTyanmi3alii Hajae YHIKaJbHI MOXJIMBOCTI MPH OpraHizaiii HaBYaJIbHOTO
nporecy, Mo 1 MATBEPIKYE AOIUIBHICTh IX IIMPOKOTO BUKOPHCTAHHS SIK OCHOBHOTO 3aco0y
(¢bopMyBaHHS CUCTEMM 3HaHb, YMIHb Ta HABHUYOK INPU BUBYEHHI MPOTpamMHOro 3albe3meueHHs 1
MEpPEXHHUX TEXHOJOriH, a TakoX Npu (OpMyBaHHI CHCTEMH YMiHb B Tajly3l aaMiHICTpyBaHHS
KOMIT FOTePHUX Mepex [22].

BaxmBuM € mHUTaHHS pecypcHOro 3a0e3MeyeHHs HaBYalIbHOI JISIIBHOCTI CTYAEHTIB Y
BipTyasnbHiN naboparopii. IlepedpazoByroun TpakTyBaHHsS EHUUKJIONEIUYHOIO CIOBHUKA 3
iHpopmaTuku [7] 3a3HaYMMO, 110 Yy HAIIOMY BHIAJAKY BIPTyaJlbHI PECypCH — 1€ HEe CTUIBKU
iH(pOopMalLliliHI, CKIIbKA OOUYMCITIOBANIbHI PECYpCH, SIKI AOCTYIHI CTYJEHTaM Yy peXHUMIi BiJJ1aIeHOro
JOCTYIy Yepe3 KaHallu TI100aIbHOI 3B 13Ky, Hanpukiaa [HTepHery.

[IporpaMHOI0O OCHOBOIO CIPOEKTOBaHOI jabopaTopii € TEeXHOJIOTii XMapHHX OOYHCIICHB.
Haramaemo, 1o XMapHHMMHM Ha3WBAaIOTh TaKi TEXHOJNOTIl, sKi 3a0e3MeuyrTh JOCTYH M0
O0YHCITIOBAILHUX PECYpCiB 3acobamu TpOTOKONy mepemaBanus rineprekcry (HTTP, HTTPS).
To6T0o XMapHUMH € TEXHOJIOT1I, K1 3a0€3MeUyI0Th MOXKIMBICTh POOOTH 3 1 pecypcamu (anapaTHHM,



CHCTEMHHM, NPUKIAJHUM IPOrpaMHUM 3a0e3leueHHsIM) 3acobamu BeO-Opaysepa. Hampukmnan,
CTYJICHT, Iepe0yBaroyu B YHIBEPCUTETI, IoMa, y 610ioTeri abo kade, s TOCTyIy 10 BIpTyalbHOI
nabopaTopii MEpeKHUX TEXHOJOTIH MOXe BHKOPHCTOBYBATH HOYTOYK, IUIAHIIETHHH KOMII'IOTEP
a6o cMapT(hoH.

Ha cporonni BUAUISIOTH TaKi OCHOBHI CEpBICHI MOJIENI 3aCTOCYBaHHS XMAapHUX TEXHOJOT1H
[24]: SaaS (Software-as-a-Service) — mporpamue 3abe3nedenns sk cepsic; laaS (Infrastructure-as-
a-Service) — moJenb, sika nependayae po3ropTaHHs y «Xmapi» iHpopManiitHoi iHppacTpyKTypu
opranizarnii, PaaS (Platform-as-a-Service) — wMogmenb, ska mnepeabadyae pO3rOpTaHHS IMEBHOT
nporpamMHoi miarGopMu, SIKy MOXYTh BHKOPHCTOBYBAaTH HE JIMIIE KOPHCTyBadi cepBicy, a W
MPOTPaMiCTH Ta PO3POOHUKH.

CTOCOBHO PO3ropTaHHs XMapHHUX TEXHOJIOTiH, TO BUAUIIOTE 4 Mozeni [17]:

1. KopnopaTtuBHa — XMapH, 3a3BUYaii, CTBOPIOIOTHCS 1 KOHTPOJIIOIOTHCS OHIEI0 OpraHi3alli€ro.
2. 3araJbHONOCTYyINHA, sKa Tmepeadavyae CHUIbHE BUKOPUCTaHHA IUIATGOPM  KiJIbKOMa
oprasizaisiMu. YIpaBIiHHIM Takoi XMapH, 3a3BU4ail, 3aiiMaeThbcs 30BHIIIHIN MpoBaiiaep.

3. T'pynosa, 3rigHO SKOi OpraHi3allii CiJibHO BUKOPHCTOBYIOTh XMapHi CepBiCH IpoBaiaepa.
4. Ti0punmna — nepeadadae MOETHAHHS KIJTbKOX MOJICIICH.

Haii0inpi JoIiTbHOI0 MOJEIUTIO PO3TOPTaHH XMapHUX TEXHOJIOTIH y iHdpacTpykTypi BH3
€ ri0puHa. 30KpeMa, MU BUKOPUCTAIM 3arajlbHOJOCTYIIHY XMapHy miardopmy Google Apps, Ky
IHTErpyBaJIv 3 TPaIUIIHHIMHU cepBicaMu iH(OpMaLiiHOTr0-0CcBiTHROTO pocTopy BH3 [ 11].
HesBaxatoun Ha HasBHICTh MOTYXHHX KoMeplidHuX xmapHux miatdpopm (Windows Azure,
Amazon EC2, C3), npoekTyBaHHsI BipTyaJbHOI J1a00paTopii 1yl BUBYCHHS MEPEIKHUX TEXHOJIOTIH
MU 3iHCHIOBAIM Ha OCHOBI KOpPHOpaTUBHHMX xmap. Hac 3amikaBwim BigkpuTi miiatGopmu, Ha
OCHOBI SIKMX MOXHa PO3TOPHYTH KOPIIOPAaTHBHY XMapy. Y 3B’S3Ky 3 MM MH IpOaHalli3yBallu
moxkimBocTi miardopm Cloudstack, Eucalyptus, Openstack.

Apache CloudStack e mpoektom kommanii Apache Software Foundation, y mexax sxoro
po3po0IIsieThCsl TporpaMHe 3a0e3MeueHHs 3 BIIKPUTHM BHXIZHHM KOAOM, IO MOXe OyTu
3aCTOCOBAaHE JUIsl PO3TOPTaHHS 3arajlbHOJOCTYIHMX 1 KOPHOPAaTUBHUX XMap 3CiAHO MOJENi
«iH(ppacTpykTtypa sk ceppic» (laaS). OcHOBHMMH CKJIaJOBUMH XMapHOi 1H(pacTpyKTypu
Cloudstack € [23]:

e 30Ha (zone) — HaWOIIBIINI TMIAPO3IL, IKUK BiNOBIIAa€ AaTallEHTPY;

e criiika (pod) — € aHaJI0roM cepBepHOi CTINKH, sIKa MICTUTh KJIACTEPH Ta XOCTH, 1110 HAJIEKATh
OJIHIH MAMEPEexKi;

e xiacrtep (cluster) — cykynHicTh (Gi3UUHHUX CepBepiB, PO3MIIECHUX Y O/HIH CTINI;

e xoct (host)— cepBep, Ha SIKOMY BHMKOHYEThCS TilepBi3op, IO 3ale3nedye po3moJii
00YHCITIOBAJIBHUX PECYPCIB /ISl BIpTYalbHUX MAIIHH;

e TIEpBHMHHI Ta BTOPMHHI cxoBuIla (primary and secondary storages) — 30epiraroTb po3Jijau Ta
JICKH BIpTYaJIbHUX MAIlIMH; MOXYTh OyTH JIOCTYITHUMH 32 PI3HUMH IPOTOKOJIAMH.
Eucalyptus — mie onna mporpamHa miuargopma Uit po3ropTaHHS KOPIIOPATHBHUX XMapHUX

o0OYHClIeHb Ha KOMII IOTEPHUX KjacTepax, L0 J03BOJIE CTBOPUTU CyMicHy 3 Amazon EC2
iHppacTpykTypy. OCHOBHHMU ITporpaMHIUMHU KoMnoHeHTamu Eucalyptus € [25]:

e xoHTposiep xmapu (cloud controller) —e inTepdeiicom ympaBiiHHS XMaporo; BIAMNOBiIaE 3a
PO3MO/I1J1 OCHOBHHX BIPTYaJIbHUX PECYPCIB;

e KoHTpousep Kiacrepa (cluster controller) — kepye KOHTpoJiepaMu BY3IliB, BU3HAUAE HA IKOMY
BY3J1i OyJie 3aBaHTakeHa BipTyaJbHa MaIlIMHA;

e KoHTposiep By3ia (node controller) — BimmoBimae 3a 3aBaHTaXeHHS 1 (YHKIIIOHYBaHHS
KO>KHOTO €K3eMIUISIPY BipTYyalbHOT MallIMHU;

e walrus — 3abe3neuye 30epeKeHHS TaHUX, OPTaHI30BAHUX Y BUIJIS/I 00’ €KTIB.

OpenStack — 1e KOMIUIEKC MPOCKTIB BIIBHOTO MPOrPaMHOro 3a0e3MedeHHs I CTBOPEHHS
obuuncmoBabHIX XMap. OCHOBHUMU MporpaMHiMu ckiagoBuMu OpenStack € [26]:

e OpenStack Compute (Nova) — incTpymeHTapiii, 1110 J03BOJISIE aBTOMATHYHO CTBOPIOBATH 1
YIPaBIATH POOOTOIO TPYI BIpTYaIbHUX CEPBEPIB;



e OpenStack Image Service (Glance) — peectp o0pa3iB BipTyalbHUX MAalllUH, SIKHHA J1a€

MOXJIMBICTh PEECTPYBATH HOBI 00pa3y BipTyaJIbHUX MAIIIMH 1 3a0e3MedyBaTu iX nepeaaBaHHs

JUIsl BUKOHAHHS Ha MOTPiOHI By3.H;

e OpenStack Object Storage (Swift) — posnoainene, 3aBagocTiiike cXoBHIlE 00’ €KTIB;

e OpenStack Identity (Keystone) — maker mus yHidikamii 3aco6iB aBreHTH(IKAmii 1
3abe3nedyeHHs iHTerpaiii komnoHeHTiB OpenStack 3 iCHYrOUMMU CUCTEMaMU aBTEHTH(IKAIIIT;

e OpenStack Dashboard (Horizon) — Be6-inTepdeiic st yupaBiHHSI CHCTEMOIO;

e Networking — cTpykTypa, mpHu3Ha4YeHa JUIsi CTBOPCHHS, KOHQITypyBaHHS 1 CYNPOBOIY

MEpEeK.

Sk 6aunmo, MporpaMHi CKJIAI0OBI PO3MIITHYTUX TUIAT(HOPM MPAKTUYHO OTHAKOBI.

Ha ocnosi minardpopmu Cloudstack y mexxax cminbHOT HayKOBO-IOCIHIIHOI J1abopartopii 3
MMATaHb 3aCTOCYBaHHA XMapHHX TEXHOJOTiH B OCBITI TepHOMUIBCHKOTO HAI[lOHAIBHOTO
MeIarorivHoro  yHiBepcurery iMmeHi Bomomumupa [I'Hatioka # Iacturyry iHpOpMamiiHIX
TEXHOJOTi 1 3aco0iB HaB4yaHHs HarioHanbHOi akazeMii MENAroriyHUX HayK YKpaiHu, MU
PO3TOPHYJIH KOPIIOPAaTUBHY XMapy ¢izuko-mMatemaTuaHoro dakynprery THITY imeni Bonomumupa
I'natioka. KopoTko 3ynmMHIUMOCS Ha TEXHIYHUX Ta OpraHi3alliifHuX acleKTax IbOTo MPOIECy.

Sx BimomMo cucteMHi BUMoru mojo posropranHs Cloudstack mepenbadaroTh BUKOPHCTAHHS
JIBOX KOMII'FOTEPIiB, OJUH 3 SIKUX BUKOHYBaTHME (DYHKIIii cepBepa YIpaBIiHHA Ta MEPBUHHOTO
CXOBMINA, a IHIIWH BIAMOBiZATHME 3a POOOTY BIpPTyaJbHHX MamMWH (TIMEpBi30p) Ta MiCTUThH
BTOpUHHE cxoBuile. CTPYKTYpHY CXEMy peaii30BaHOI MOl BipTyalnbHOI JabopaTopii mojJaHo Ha
puc. 1.

Puc. 1. Cmpyxmypra cxema mooeni 8ipmyanvHoi 1abopamopii
VY mpoueci cTBopeHHs iH(GpacTpykTypu Oyno oOpaHO 6a30BUl peXuM, KUK He mependayvae
BUKOPUCTaHHA OKpeMUX (i3WYHHUX abo0 BIpTyaJbHUX Mepex. SIK HacHiJIOK yci Mepexi y XMapHii
iHppacTpyKTypi Oe3mocepeTHbO 3B’s3aHI MIX COOOK0 Ta HajeXaTh OJHOMY CETMEHTY (puc. 2). Y
06a30BOMY peXuMi pO3ropHyTa HaMH XMapHa iHQpacTpykTypa 3abe3nedye mepeaaBaHHs
HEOOX1AHUX BUAIB TpadiKy:
e ympaeusrouoro (managment), skuii HeoOXiqHUN JUTS KOMYHIKaIil yCiX BHYTPIIIHIX pecypciB
(xocTiB, TiMepBi30piB, cepBepa YNpPaBIiHHSA, CACTEMHHX BipTyaJlbHUX MALIMH TOIIO);
e rocThoBOro (Quest), 1m0 TreHepyeTbCsl Ui 3B’S3Ky MDK BIipTyaJbHUMH MalldHAMA
KOPHUCTYBAYiB,
e 3aranpHOAOCTYHOTO (PUbliC), sikuit reHepyOThCS BipTyainbHI MallMHU y TPOLEC] 3 €IHAHHS
13 30BHINTHIMU Mepexxamu (IHTepHETOM);
e TpadiKy CXOBHII, IKHI TEHEPYEThCA Y Mpolieci poOOTH 3 M1abIOHaMH BipTyalbHUX MAIIWH Ta
JIMCKIB.
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Puc. 2. 3’eonanns mepeoic y xmapuii ingppacmpyxmypi CloudStack

OToX, Ha CbOTOJHI (YHKIIOHYIOTH XMapHi Jlaboparopii Ui BHUBYEHHS AUCLUIUIIH
«AIMIHICTpYBaHHS KOMII'FOTEPHUX Mepexk» Ta «OCHOBM MEpPEXHHMX TEXHOJIOTiH». 3MICT LHuX
KypCiB He mependadyae BUBUCHHS MUTaHb MapIIPyTU3allii, BIpTyaJlbHUX JOKAILHHX Mepex [16].
KopucryBauamu 3a3HaueHux naboparopiit € 75 cryaeHTiB, MallOyTHIX yduTeNiB 1HPOPMATHKH.
Humu ctBopeno monan 150 BipTyaqbHUX MamuH. 3pO3yMisio, MO MPOAYKTHBHICTH OJHOTO
peasbHOro cepBepa He Jla€ 3MOr'Yy OJHOYACHO 3aBaHTaXXyBaTW ycl I BIpTyaJbHI KOMII IOTEpH.
[IpoTe Ha OCHOBI MPAaKTUYHOTO JOCBITy MOXXHA CTBEPIUKYBATH, IO PoOOTa XMapHOi miardopmu
CLoudStack 6yna ctabinpHO pu 0JHOYaCHOMY (GYHKIIOHYBaHHI 20-25 BipTyaabHUX MAIIKH, IO
MpUOIN3HO TOPIBHIOE OTpeOaM OJIHI€T akaIeMIYHOI TPy CTYAEHTIB. 3 METOI0 BUBYEHHS CTYIICHS
e(EeKTUBHOCTI 3aCTOCYBAaHHS BIpTYyaJlbHUX JIaOOpaTOpii Ha OCHOBI TEXHOJIOT1H XMapHUX OOYUCICHb
HaMHU OPraHi30BaHO TMEAArOTIYHUM EKCIIEPUMEHT, TPO PE3YJIbTaTH SIKOro Oyne omyOJiKoBaHO
OKpeMy CTaTTIO.

Kpim xmapuoi mnardopmu CloudStack pecypcu BipTyanbHHX J1a00paTopiii JOMOBHIOKOTH
BIJNOBIIHI eNeKTpoHHI Kypcu Ha ocHOBI LMS MOODLE, Bineodparmentu cepicy «®@M-memis»
Ta MaTepiaiM IHCTHUTYIIHHOTrO peno3utapito «®M-penosutapiii» [12]. doctym a0 mux pecypcis
yHi(iKOBaHO 3aBISIKM €AuHIM cucTemi aBTeHTHiKalii, sika peanizoBaHo Ha (akyabreri [13].
OcHoBoto 3raganoi cuctemu aBTeHTH(IKaIi € karamor LDAP ta omHoliMeHHHI mpoTokoi. s
3a0e3neueHHs JIOCTyNy J0 BipTyaJbHOI J1abopaTopii Ha OCHOBI €IMHUX PEECTpAIiiHUX JaHUX
CTyIIeHTIB HaMHu Oysj0 BHKOHaHO KoH(]irypyBauus miardopmu Cloudstack mmst aBTenTH]iKamii
KopucTyBadiB Ha ocHOBI karajory LDAP. IIpote Ha BiamiHy Bix 3raganux miatdpopm (MOODLE,
DSpace), sxi micns nepmoi aBTeHTH(IKalii KOpHCTyBaya aBTOMATUYHO CTBOPIOIOTH OOJIKOBHMA
3amuc y BrnacHii 6a3i nanux, Cloudstack BuMarae BUKOHaHHS IIi€1 MPOLIETypU BPYUHY.

Kpim 116010 HEI01iKOM BUKOPHCTaHHs 0a30Boro Mepeskaoro peskumy Cloudstack € tpymnori
MapuipyTu3anii 3 J1abopaTopiii KOMIT IOTEPHUX TEXHOJIOTIH, SKi OpraHi3oBaHi sIK OKpeMi (i3uyHi
migmepexi. OcoomuBicTio Cloudstack € poGota 3 pi3HUMH BHUJIAMU MEPEK: YIPABISIOYUMHU (MIXK
CepBEpOM VIIPaBIiHHSA Ta CepBEpaMU B KJIAcTepax), TOCTHOBUMH (MEpexi BIpTyalbHHUX
KOMIT'IOTEPIB), a TaKOXX MepekamMH MK cxoBHIamMu. Ha mpakTuii ne o3Hayae, 10 y Ipoueci
KOH(QITypyBaHHS CHCTEM CJiJi BCTaHOBIIOBATH TUIBKM TaKl aJpecH, SKi 3ape3epBOBaHI s
TOCTHOBHX MEPEXK Ta 3aKPIIJICH] 32 KO)KHUM €K3eMIUIIPOM BIPTyalbHOI MaIlTHHHU.

[Ile oHUM HEOJIIKOM HalIoi peasizaiii KOPIOpaTUBHOI XMapH, € HepalioHAIBHUN po3noIiI
oOumncIoBaIbHUX pecypciB. Hampukian, cucrema oO4YUCIIOE HEOOXiJHY YacTOTY MpoIecopa K
CyMy YacTOT 3aBaHTKECHHX BIPTyaJbHHMX KOMII IOTEPIB, X04Ya HACIpaB/l peajbHE 3aBaHTAKCHHS
ocHoBHOi OC wMoke BIIPIBHATUCA y KUIbKa pa3ziB. SIKImo oOdYMClIeHa CHUCTEMOIO YacToTa
HAOJIMKAETHCA IO YaCTOTHU PeajbHOrO Mpollecopa, TOMHOXKEHOT Ha KUIBKICTh si7iep, TO CTBOPEHHS
HOBMX BIPTyaJlbHUX MalIMH Oyne HeMoxiauBuM. [IpoTe 3ragaHuil HeNOJIK MOYKHA YHUKHYTH,



CTBOPMBILM BJIACHUHM IIA0JIOH HalaHHS OOYMCIIOBAIBHUX pecypciB. SIK IMoka3ye JOCBiJ MOKHA
3HAWTH PO3YMHUH KOMIOPOMIC MK HAJAHHSIM pECypCiB BENUKIM KIUIBKOCTI CTYAEHTIB Ta
MPOAYKTHUBHICTIO KOXXHOI BipTyanbHOI MammHu. He3Bakaroun Ha 1€, y CTYICHTIB BapTo
dbopMyBaTH pO3yMiHHS HEOOX1AHOCTI OIIAUIMBOIO BUKOPUCTAHHS 00UYHCIIIOBAIbHUX PECYPCIB, SIKE,
HaNpuKJIal, nepeadayae BUMUKAHHS BIpTyalbHUX KOMIT FOTEPIB, 0 HE BUKOPUCTOBYIOThCSA. Kpim
bOTO y HaBYaJbHOMY IIPOLIECI BApTO 3HAYHY YyBary MNPHUAUIUTH 3 SCYBaHHIO OCOOJIMBOCTEH
(GyHKLIOHYBaHHS BIpTyalbHUX MalIMH Yy XMapHiid iHQpacTpykTypi. CTyneHTH HE 3aBXIH
PO3YMIIOTh 3 SIKOIO CHUCTEMOIO BOHM IPALIOIOTh, K BiOYBA€THCS MapHIpyTHU3allis Ta (iIbTpalis
JaHUX MDXK pealbHUM 1 BIpTyaJbHUM KOMII'IOTE€POM, Y KM CHOCiO citiJl KOH(IrypyBaTH MepexHi
3’€THaHHS BIPTyaJIbHUX ONEPAIIHHUX CHCTEM.
HesBakaroun Ha BHIeHaBe/ieHe, po3ropuyra Ha ocHoBi CloudStack BipryansHa nadoparopis
Ma€ OCHOBHI XapaKTEPUCTHUKH, SIK1 MPUTAMaHHI TEXHOJIOT1SIM XMapHUX OOYHCIICHB:
e JUIsL JOCTYIY J0 PECypcCiB BipTyaJbHHX KOMIT IOTEPIB, 30KpeMa i A0 rpadiuHoro iHrepdeicy
KOpHCTYBaua, I0CTaTHBO JiHIIe BeO-Opaysepa (puc. 3);
e O00CIYroByBaHHS 3a MOTPEOM — CTYACHT MOKE€ HEraiHO OTPHUMATH CHCTEMHI pPecypcH
(YBIMKHYTH, TIepe3aBaHTAXHUTH BipTyaJIbHUI KOMII F0TEp) O€3 MOnepeIHbOr0 3aIuTy;
® [IOBCIOAHMH JOCTYH HE 3aJ€KHO B1Jl reorpa(piqHoro po3TallyBaHHSA — Uil JOCTYIy [0
nabopaTtopii 3 Mepexi I[HTepHeT CTylIeHT BUKOPUCTOBYe Tpaauliiiuuii cepsic IT-
iHppacTpyKTypu (paxyinbTeTy — BipTyanbHy npuBaTHy Mepexy (VPN);
® EIACTUYHICTh MACLITa0yBaHHS, AKUH nepeadadyae MOXKIMBICTb 3MIHU 00CATY 00YMCIIOBAaHUX
pecypciB 6€3 CyTTE€BUX 3MiH y POOOTI o&epauiﬁHHx CHCTEM.
o
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Puc. 3. Inmepgeiic OC (Windows ma Linux), oocmynnuii uepes éeo-opaysep
JlocBig 3acTocyBaHHsS BIpTyalbHOI JlabopaTropii Ha OCHOBI KOPIIOPAaTMBHOI XMapu
MIATBEPKYE HaBeACHI y [22] mepeBarn BUKOPHUCTAHHS TEXHOJIOTIH BipTyamizallii y HaBYaJIbHOMY
IpoIieci, 30Kpema:
® 330Ia/PKCHHS Ha MPUI0aHHI arapaTHOTO 3a0€3MEYeHHS — Yy PO3TOPHYTIH KOPIOpATHBHIN
XMapi CTBOPEHO OJIM3BKO COTHI BIPTyaIbHUX KOMIT IOTEpIB, TpUIOMYy Onu3bko 40-ka 3 HHUX
MOXYTh TpalfoBaTH OJHOYACHO; JOCTYI JIO KOMIT'IOTEpiB BIpTyasibHOI Jabopartopii
3a0€3MevYy0Th MOXHA 3a0€3MEeUnTH 13 TPAJAUIIHHUX (B TOMY 4YHCIl W 3acTapiiux) Ta
MOOITBHUX MTATGOPM, BUKOPUCTOBYrOUH cTaHaapTHi mpotokoiu (RDP, SSH, VNC);
® MOXJIMBICTh BHUKOpPHCTaHHS pidHOMaHITHUX OC $K y HaBYAIBHOMY TMpoOIEeCi, Tak 1
BHPOOHUYHX TOTPEO;
® MOXJHBICTh BUKOPHUCTAaHHS MOTEHIIHHO-HEOE3MEYHOro0 MPOTrpaMHOTO 3a0e3rneyueHHs Oe3
3arpo3u YIIKOKEHHS pealbHUX KOMIT I0TEpiB;
® MOXKJIMBICTh CTBOPCHHsI HEOOXIHMX amapaTHUX KOH()Irypaiii, mo € Ba)XXJIHMBUM Yy IpoIeci
TECTYBaHHS pO3pOOJIEHOTO TPOTrPAMHOTO 3a0€3MEUSHHS;




e XOpOoIIi MOXJIHMBOCTI m0A0 HaBuaHHSA poOoTi 3 OC — HamMH CTBOPEHO KijbKa MIa0JIOHIB
ocuoBaux OC (Windows, Linux, FreeBSD), ski K0K€H CTYIEHT MOXKE PO3TOPHYTH BCHOTO 3a
KiJIbKa XBUJIMH;

e 00’¢JHaHHS BIPTyaIbHUX MAalIMH Yy JIOKAJIBHY MeEpeXy Ta JOCTYH IO HHUX 3aco0amu
MOIIUPEHUX TPOTOKOJIIB;

® BHCOKa MOOUIBHICTh CTY/IEHTIB 1 BUKJIaa4ua — Yy MPOIeCci HABYaHHS MEPEXKHHUX TEXHOJOTIH 13
3aCTOCYBaHHSAM TPAAMLIHHUX 3aCO0IB ICHYE >XOPCTKA «IIPHUB’S3aHICTE» 1O KOHKPETHOI
ayJIUTOPil; pO3ropTaHHs BIPTYaJIbHOI JJaOOpaTopii Ha OCHOBI KOPIIOPATUBHOT XMapH y MOBHIN
Mipi BUpIIIYE 1[I0 TPOOIEMY Ta CTBOPIOE MOMKIIMBOCTI Il CAMOCTIHHOT pOOOTH CTYIEHTIB.
BucnoBku: [Ipo6iiema cTBOpeHHs BIpTyaabHUX J1a00paTOpiii HA OCHOBI XMapHHUX TEXHOJIOT1H

€ aKTYaJIBHOIO Ta MOTPeOy€e MOJANBIIOTO PO3BUTKY. HalOUIBII TOIUIBHOI0 MOJIEIUTIO PO3TOPTAHHS
xMapHux TtexHosorii y IT-indpactpykrypi BH3 € ribpuana. Bipryanbni sabopartopii s
iHpopMaLifHUX TEXHOJIOTIH MO)XKHa pO3TOPHYTH Yy KopmopatuBHi# xmapi BH3. BusuenHs
OpraHizaliiHuX Ta METOAMYHUX AaCHEKTiB Ii€i mpobiemu, 6e3 cyMHIBY, MOTpeOye MOJabIIOro
JOCITiKSHHSI.

IlepcnexkTHBHM TONANBIINX JOCIIKEHb BOAYAEMO y PO3TOPTaHHI y KOPHOpATHBHIN XMapi
¢bi3MYHMX Ta BIPTYaJIbHUX CETMEHTIB MEPEK, IO TaCTh MOXIIMBICTh BUBYATH IMHUTAHHS TOB’s3aHi 3
Mapuipytusaniero B I[aTepHeri. Takox kopucHoro Oyne onTumizaiis iHTepdelicy XMapHUX
wiathopM 3aBaskd BUKopucTaHHio ix API-dyskmiid, 3okpema s tuardopmu  CloudStack
JIOpeyHOl Oyne po3poOka MOAYIIB Ui TPYIOBOTO YHPAaBIiHHS BIPTyalbHHMMH MAallMHAMH Ta
OOJIIKOBUMH 3alTUCaMU KOPHUCTYBadiB. AKTYaJbHOIO BBaXA€MO ITrOTOBKY MailOyTHIX (axiBILiB 3
iH(hOpMAaTUKKU 10 3aCTOCYBaHHS TEXHOJOTIH XMapHUX OO4YHCIeHb y MaiOyTHIM mnpodeciiiHiit
TISUTBHOCTI. 3 TEXHOJIOTIYHOT TOYKH 30PY BAKIIMBOIO € PO3pOOKa MOOLITHHHX JOJATKIB JIJIsl pOOOTH 3
KOPIIOPAaTUBHUMHU XMapHUMHU TUIATPOPMAMHU.
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OIIBIT OPI'AHH3ALIHH BUPTYA/IbHbIX IAbOPAT OPHIZ“
HA OCHOBE TEXHOJIOI'HH OBJIAYHBIX BBIYHC/IIEHUH

AHHOTANUA

B cratee paccMOTpeHbI MOHSTHUS, CBA3aHHBIE C NPUMEHEHHEM OOJauHBIX TEXHOJIOTHIl B
BBICIIIEM Y4E€OHOM 3aBEICHUH, B YACTHOCTHU MpoaHanu3upoBansl nmousatus «UT-undpactpykrypay,
«H()OPMAIIMOHHO-00pa30BaTEIIEHOE MTPOCTPAHCTBOY, «MH(OPMAIIMOHHO-00pa30BaTEIIbHAS Cpeay,
«BUpTyallbHasi  Jlabopatopusi». [IpoaHanM3MpOBaHBI  MOJENHM  pa3BEPTHIBAHHUA  OOJAYHBIX
texHosoruil. Ilpemioxkeno npumenenne ruOpuaHoil monenu. [IpoaHanu3upoBaHbl BO3MOKHOCTU
CBOOOIHBIX TIaTGopM Ui OpraHM3alUU KOPHOPATUBHOTO obOiaka By3a. OmnucaH OmBIT
pa3BepTHIBAHUS KOPIIOPATHBHOTO 00J1aka Ha ocHOBe miaTtdopmel CloudStack.

O0BbexTOM HMCCJIEe0BAHUS SBISIOTCA BUPTYyaibHbIE JJabopaTopuu Kak cocrasistomas NUT-
UHOPACTPYKTYPHI By3a.

IIpeamMeToM mMcc/IeI0BAHUSA SIBIAIOTCS OOJIAYHbIE BBIUMCIEHUS KaK TEXHOJIOIMYecKas
OCHOBA JIJIsl OPraHU3aIMK BUPTYaJIbHBIX JJa0OpaTOPUA.

ITocranoBka mpoOiembl. B ycnoBusix BHeIpeHHs TEXHOJOTUH OOJauHBIX BBIYMCIECHUI B
MH(OPMaIMOHHO-00pa30BaTeIbHOE MPOCTPAHCTBO BY30B 0c000€ 3HAYEHHE MPUOOPETAIOT 3a/lauu
pa3paboTKH 00JIAYHO-OPUEHTHPOBAHHBIX CPEIACTB OOydYeHHs. B TEXHOIOTHYECKOM acHeKTe HX
BHE/JIPEHHE BO3MOKHO Ha OCHOBE TaK Ha3bIBAEMOTO KOPIOPATHBHOTO O0JIaka. YUYHUTHIBAs, UYTO
COBPEMEHHBIC KOPIIOPAaTHBHBIE OOJNaYHbIE TUIATQOPMBI IIHPOKO HCIOJIB3YIOT TEXHOJIOTHIO
BUPTyaJIU3aI[iH, CUNTAEM IIeJIECOO0Pa3HBIM CO3MaHUsI Ha UX OCHOBE BUPTYaJBbHBIX J1A0OpaTOpuit
TUTSL TIOJICPKKH U3YdeHHsI MH)OPMATHUECKUX JTUCIUTUINH.

Lesablo cTaTbU SBISIETCS aHAIHM3 MTOHATHS «BUPTyajbHAs J1aboparopusi». B craThe ommcan
ONBIT PAa3BEpTHIBAHUS BUPTYaJIbHON JAOOpaTOpUM Ui H3YYEHHUsS CETEBBIX TEXHOJIOTHH.
HccnenoBanue mMpoBOIMIIOCH B paMKaX COBMECTHON Hay4yHO-HCCIIEAOBATENBCKOM JabopaTopuu mo
BOMpOCaM MPHUMEHEHHs 00JIAYHbIX TEXHOJIOTUH B 00pa3oBaHuU TepHOIMOJIBCKOTO HAIMOHAIHLHOTO
MeIarOrMYeckoro yHUBepcuTeTa MMeHn Bmagummupa [Harioka u MHCTHTYTa MH(POPMALMOHHBIX
TEXHOJIOTHH U cpeacTB 00y4yeHus HaloHanpsHON akaieMUH NeJarornyeckux HayK Y KpauHbl.

BoiBoabi: IIpoOnema co3naHus BHUPTYaJdbHBIX J1abopaTOpUil Ha OCHOBE OO0JIAYHBIX
TEXHOJIOTUH ABIIETCS aKTyalbHOU M TpeOyeT naibpHeiero pa3sutus. Haubonee nenecoodpasHoit
MOJISNIBI0  pa3BepThIBaHUA O00NauHbIX TexHoJormid B WMT-uHpacTpykType By3a sBISETCS
ruOpuHast. BupryanpHbie nabopatopuu s HHGOPMAIIMOHHBIX TEXHOJIOTUH MOKHO Pa3BEPHYTH B
KOPIIOPAaTHBHOM OOJIake BY30B. M3yueHHWe OpraHM3allMOHHBIX M METOJUYECKHUX AacCIEeKTOB ATOH
npoOJieMbl, 0€3 COMHEHHSI, HYXIAeTCs B JATbHEHIIIEM HCCIICIOBAHUU.

KiroueBbie cjaoBa: UT-undpactpykrypa, MH(POPMALMOHHO-00pa30BaTeIbHOE
MPOCTPAHCTBO,  MH(POPMALMOHHO-OOpa3oBaTeNbHas  cpena,  BUpTyaldbHas  Jaboparopus,
kopnopatuBHoe obako, CloudStack.



EXPERIENCE OF THE ORGANIZATION OF VIRTUAL LABORATORIES
ON THE BASIS OF TECHNOLOGIES OF CLOUD COMPUTING

Resume

The article investigated the concept of «virtual laboratory». This paper describes models of
deploying of cloud technologies in IT infrastructure. The hybrid model is most recent for higher
educational institution. The author suggests private cloud platforms to deploying the virtual
laboratory. This paper describes the experience of the deployment enterprise cloud in IT
infrastructure of Department of Physics and Mathematics of Ternopil V. Hnatyuk National
Pedagogical University.

The object of the research are virtual laboratories as components of IT infrastructure of
higher education.

The subject of the research are clouds as base of deployment of the virtual laboratories.

Conclusions. The use of cloud technologies in the development virtual laboratories of the is
an actual and need of the development. The hybrid model is the most appropriate in the deployment
of cloud infrastructure of higher educational institution. It is reasonable to use the private
(Cloudstack, Eucalyptus, OpenStack) cloud platform in the universities.

Keywords: cloud computing, IT infrastructure, information-educational environment, virtual
laboratory, corporate cloud, CloudStack.
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