89

YK 004.274, 004.451, 004.4'4

A. 5S1. AHonnpueHKko (KaHJ. TEXH. HAayK, Mpod.),
B. C. Mupropoza (accucr.)

JIoHen K1 HallMOHAJIbHBIN TEXHUYECKUN YHUBEPCUTET
anoprien@cs.detu.donetsk.ua, vadim.mirgorod@gmail.com

TEXHOJIOT'UA BUPTYAJIM3ALIUUAU: DBOJIOIIUA U
HEPCIIEKTHUBbI UCITIOJb30OBAHUA

PaccmoTpeHbl TEXHONOTHH BUPTYyalW3allid, HX SBOJIONHS, Pa3JIMYHbIC BapHAHTHI
WCIIOJIb30BAaHMSI, CBSI3b C OOJIAYHBIMU BBIUMCIEHUsSMH. [IpoaHamm3mpoBaHa TEXHHUYECKAs
BO3MOXHOCTh pEaJIM3allid U COBpPEMEHHbIE MpoOieMbl BUpTyaauzauuu. PaccMoTpeHo u
MpoaHANM3UPOBAaHO  BHeApeHwe Buprtyamms3anmuu B BY3ax CIHIA nHa npumepe
l'ocynapctBennoro ynuBepcutera CeepHoit Kaponuubsl. Omnucanbl  mpeuMyIiecTBa
ucnonp3oBanus Buptyanuzanuu B JoHHTY u npemioxkena moaens nudpoBoit OnbInoTexu
Oynmyiero, KOTopas MOXKeT ObITh BHEJIpeHa B oOpaszoBarenbHbli mpouece JorHTY.

BUPTYyaJu3auus, 00Ja4YHble BbIYMCJIEHUSI, THNEPBHU30P, NMapaBUPTyaIu3auusl,
OMHapHasi TPaHC/sSANUsA, BHPTYaJbHasd KoMIbloTepHas Jadoparopus, Citrix Xen,
VMware, Amazon EC2, Google App Engine

BegedeHue

Bupryanuzaius SBISCTCS OJOHOW M3 HamOOJIee BaKHBIX KOMITBIOTEPHBIX
TEXHOJIOTHH, KOTOpas HMEET IOJTIYyI0 HCTOPHIO U OOJIBIIHME IEPCICKTHBEI
pasButHs. C ee TTOMONIbI0 CTAHOBHUTCS BO3MOYKHOM cepBepHast KOHCOMUIAIUS U
peanm3anus KOHIENIIMKM pabodero crona B kadectBe cepBuca (Desktop as a
Service). BupTyanmmsamus MoxkeT OBITh HCHOJB30BaHA IS CO3JAHMS
BHPTYaJIbHOH KOMIIBIOTEPHOH apXUTEKTYPhI JIJIs 00JIAYHBIX MIIM MapalICIbHbIX
BBIYHMCIICHUH B KOMITBIOTEpHOW JabopaTtopuu. OHa JaeT 3HAYUTEIBHYIO
HKOHOMMIO 3aTpaT Ha OO0OpYJOBAHKME M SHEPTOMOTPEOICHHE.

Seonroyus supmyanusauuu

Jlonroe BpemMs  TEPMHUH  «BUPTyaJIU3alUs»  aCCOLMUPOBAICST  C
MeHppeliMaMu, OOJIBIIMMH YHUBEpCAIbHBIMU OBM, MONyYuBIIMMH IIUPOKOE
pacnpoctpaneHue B Haudasie 70-bIX TOOB mpeabiayuiero crojerus [1]. B atoT
K€ TIepUoJ MOSBWIACH MOAACPKKA HHTECPAKTUBHOIO I10JIb30BATEIBCKOIO
uHTepdeiica. MeitHppeitM 0THOBPEMEHHO B3aMMOJEHCTBOBAN C HECKOIbKUMHU
MOJIb30BATENIIMU  MOCPEACTBOM  TEPMHUHAJIOB  Ojaroapsi  pas/esieHUIo
KOMITBIOTEPHBIX pPecypcoB Mexay omepartopamu [2]. Tlozxe, melHbpenMbl
CTajly IOAJEPKMBATh TEPMHUHAIBHOE COCAUHEHUE C «TOJCTBIMU» KIUECHTaAaMHU
(mepcoHanbHbIE KOMITbIOTEPHI, UMetolue [13V).

© A.A . Anonpuenxo, B.C. Mupeopoo, 2009
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Buprtyanuzamuss ¢ TexX mOp BUIOU3MEHUJIACh M TPOJOJDKUIIA CBOE
cymectBoBanne B UNIX-coBMecTuMbIX omeparmoHHbIX cucteMax u B OC
Windows. [Jlna nmoakmtouenus k yaaneHHomy UNIX-coBMecTumMoMy cepBepy
MOTYT OBITh 3aJCHCTBOBAHBI  CIEAYIOIIME KOMIIOHCHTBHI: BUPTYaJIbHBIN
TepMuHal, rpaduueckas moacucreMa X Window System, TyHHeIupoBaHHE,
npotokod Secure Shell [3]. Ilpu 3TOM B KadecTBe TEpMHHAIA HCIIOIB30BAJIC
«TOJICTBIN KJIIMEHT», HO BCE BBIYMCIIHMTEIBHBIC OIMEpallid OCYIIECTBIISUINCH Ha
cepBepe, UYTO TMO3BOJISUIO CHU3UTH 3aTpaThl Ha OO0OpPYJIOBaHUE KIUEHTCKUX
KoMIbIoTepoB. lIporiecc ycTaHOBKM M KOH(UTYpPUPOBAHHS KOMIIOHEHTOB H
MIPUJIOKEHHUH OTIEPAIlMOHHON CUCTEMBbI TIPU ATOM CYIIECTBEHHO YIPOIIAJICS, 3
CYET TOTO, 4YTO HACTPOMKA BBHIMOJHSIACH €IAMHOXKIbI Ha cepBepe. JlanHas
TEeXHOJIOTHUS B HaCTOSAIIEEe BpeMsi HCIIOJIb3YeTCS CUCTEMHBIMHU
aIMUHHUCTpATOpaMu JJIg YINpaBJICHUS yHajdeHHbIMU HHTepHET-cepBepaMu,
OJIHAKO OTrPAaHUYMBAET HUX B HEKOTOPHIX BO3MOXHOCTSX, CBS3aHHBIX C
yctaHOBKOM u  kKoH(purypupoBanuem OC. OCHOBHBIM  HEJOCTaTKOM
BBIIIIETTPUBEICHHOTO crioco0a BUPYTaTN3AINH SBJISIETCS HU3Kas
OTKa30yCTOWYMBOCTh CHUCTEMBl B ClIydae BO3HHMKHOBEHHE MPOOJIEM CO
CTaOMJIBHOCTBIO CETEBOTO COCIMHEHHUS WM BBIXOJOM M3 CTPOS. CEPBEPHOTO
obopynoBanus. Pemenne naHHOM mpoOieMbl MoJpa3syMeBaeT pe3epBUPOBAHUE
JAHHBIX M UCIIOJIb30BaHUE OTOJHUTEIFHOTO CepBepa i paclpeaeieHus
Harpy3ku WM OBICTPOM 3aMEHBl OCHOBHOTO CEpBEpa B Clydae €ro oTKaza H
pe3epBHOro MHTEepHET-NOAKIIOUEHUS [4].

Bupmyanu3sayus e Hawu OHU

B Hamm gHM 1TOA  BUpTyalu3aldeld IMOHUMAIOT HECKOJIBKO HMHYIO
KOHIICIIIINI0, KOTOpas JOIYCKAaeT BBIMOJHEHUE OTACIBHBIX OSK3EMILIIPOB
OIEPAIIMOHHOM CUCTEMEBI B CpeJie BUPTYaIbHOM MaIlIMHBL. BUpTyanbHas MalliHa
SMYJIHPYET paboTy peaJbHOro KomIibioTepa [5]. Pa3Hble KOMIBIOTCPHBIC
m1aTHOPMbI MOTYT SMYJIUPOBATHCS BUPTYAJIbHOW MAIIMHONW COOTBETCTBYIOIICH,
Hanpumep, x86, x86 64, Power Architecture, Virtage, UltraSPARC [6].
Hanpumep, BupTyalbHas cpela IIO3BOJISICT IIOJIb30BaTENIl0 paboTaTh B
omepanoHHOM cucTteMe Solaris, Mac OS, Linux Ha KOMIOBIOTEpPE MO
ynpaBieaueM OC Windows u HaoOopoT. Ha oJHOM KOMIIBIOTEpPE MOMKET
(YHKIIMOHUPOBATh  HECKOJIBKO  BHPTYaJbHBIX MalluH. Mcmoap3oBaHue
BUpTyaJu3allMi  oOJIerdyaeT  Iporecc  pa3pabOTKM M TECTUPOBAHHUS
mporpaMMHoro obOecrnedueHuss u cereBoro 11O, Omaromaps BO3MOXKHOCTH
OMYJISIUA KOMIBIOTEPHON CETH OOBEIUHSIONMICH HECKOJBKUX BHUPTYaJIbHBIX
MAIIFH.

BupryaiibHyt0 MalimHy MOKHO KOIHMPOBATh C OJHOTO KOMITBIOTEpa Ha
IpYroM, mepemaBaTh II0 CETH, CO3JlaBaTh €€ pE3CPBHBIC KOIHH M
BOCCTaHABJIMBATh MX «Ha JeTy». OOpa3 BUPTyaJbHOH MallWHBI MPEICTABICH B
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Buje aiila, a TPoILecC 3arpy3Kd OINEPAIMOHHOM CHCTEMBI C TTOMOIIBIO
BUPTYyaJbHONH MAaIlIUHBl MPOUCXOAUT oOYeHb ObicTpo [4]. C mnoMoIrsio
BUPTYaJIbHON MAIIMHBI MOXHO BBIICIHUTH (PU3MUECKU OOJbIINE MaMsITH, YeM Ha
caMOM Jiesie TO3BOJIsIET 00OpYyIOBaHHME, CHUMYJIMPOBATH paboTy 64-OuTHOrO
npoueccopa Ha 32-pa3psgHoi  apxuTekType. Hekotopele  cepBepHbIe
OTEPAIIMOHHBIE CHUCTEMBI pa0OTalOT B CTEKE HaJl BUPTYaJbHOW MAIIMHOW, YTO
oOJieryaeT TMOCHEAYIONINN «anpreia» Wi «JayHTpea» o00pyIoBaHHS WU
MIEPEHOC CEpBEpa Ha COBEPIICHHO OTIMYHYIO OT HAYaJbHOM KOMITBIOTEPHYIO
KOH(UTypanuro.

Pabora Heckonbkux cepBepHbix OC B BUPTyaJIBHOW Cpele Ha OJHOM
cepBepe TO3BOJISICT YTWIM3UPOBATh €ro MPOCTAMBAIONINE PECYPCHI, YTO
YMEHBIIIAET 3aTpaThl I KOHEYHOI'O MOJIb30BaTeNsA. JJaHHAsd TEXHOJIOTHS YacTo
MIPUMEHSETCS ISl pealii3allii BUPTYaJbHBIX BBIJICICHHBIX cepBEpoB. [loHBIM
KOHTpPOJIb HaJ CepBepoM, B TOM uwuciie noctyn k ero BIOS, 3arpy3uwky,
KOHCOJIM; aJIMUHUCTPUPOBAHWE; YIPaBICHUE BBIKIIOYEHHUEM 4Yepe3 HHTepHeT
OCYIIECTBIISICTCS. 3HAUUTEIILHO MpoIe U 0€3 HeOOXOIUMOCTU JOTIOJIHUTEIBHBIX
BJIIO)KEHUM 110 cpaBHeHUIO ¢ TexHosorued KVM Over IP. CymectByeT
pelieHre, KOrja B JABYX pa3IMYHBIX TOYKAaX IUIAHEThI paboOTarT JBa
(bU3UYECKUX CepBEpa, BBIMOJHAIOIIUX IO OJHOMY BUPTYaJIbHOMY CEpBEpy, U
«Ha JIETY» MPOU3BOMSIINX PE3EPBHOE KOMUPOBAHHWE O0Pa30B BUPTYaJIbHBIX
CEpPBEPOB HA CEPBEP, HAXOASIIIUIKCS B IPYrod TOUKE IJIaHEThl. B ciiyyae oTkasza
OJIHOTO M3 CEPBEPOB Pe3epBHAs KOMUs pabOTaIoMIero HajJ HUM BHUPTYaJIbHOTO
cepBepa  HEMEJUIEeHHO  OyneT  3amylleHa B BHUPTyaJlbHOM  cpele
paboTocmocoOHOTO cepBepa [4].

Cnocobbl eupmyanusayuu u npobrsieMbl mexHos102uu

Cy1iecTByeT JIBa OCHOBHBIX CIIOCO0A BUPTYaIU3allid Ha KOMIBIOTEPHOM
apXUTEKType X806, MPECTaBICHHBIX HA pUCyHKe 1. B mepBoM ciiyyae rocreBas
OC HaxomWTCsA HAJ CIIOEM BHUPTyaIu3alluH, PaOOTAIOIMIMM KaK MPHUIOKCHHUE
6azoBoii OC. Bo Bropom cnydae rocteBas OC HaxoguTcsS HaAJ CJIOEM
BUpPTyaJU3allMi, BXOJAIIETO B COCTaB THUIEPBU30OpAa — MPOrPAMMHOIO
obOecrnieueHus, pabOTAIOIIETO Ha TOM K€ YPOBHE, UTO M 0a30Basi omneparoHHas
cuctema [7, 8].

K peanuzanusim neporo cnoco6a oTHoCITCS poaykTel VMware Server,
VirtualBox, Microsoft Hyper-V, Parallels Workstation, a x peanuzamusam
Broporo — Vmware ESX Server, Xen, Citrix XenServer, Oracle VM Server [9].
B Hekoropeix cepBepax BcTpoeHHoe I[IO MokeT coaepkaTh THUIIEPBU3O0P.
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Pucynok 1 — Crioco6sl BUpTYanu3aiuu

CymiecTByeT METOA TIOJIHOW BHUPTYyajdu3allud, KOTOPBIA HCIOJIb3YET
OMHApHYIO TPAHCISALMIO KOMaH, U METOJ MapaBupTyanuzanuu. OCHOBHaS Uaes
rapaBupTyaan3aniu 3aKJIFOYAETCS BO B3aUMOJCUCTBUU FOCTEBOU
OTIePAIIMOHHOM CUCTEMBI c TUTIEPBU30POM TUISt YIIyUIICHUS
MPOU3BOJUTEILHOCTY W paboThl ¢ mamMAThio. JlJIS  3TOro  TOCTEBYIO
OTEPAIIMOHHYIO CUCTEMY MOAUGDUIIMPYET, 3aMEHsISI HEKOTOPhIE YYaCTKH KOja Ha
TUIIEP-BBI30BBI K THUMEPBU30pPY. OTHOCHUTENHHO HOBBIM METOJIOM SIBJISICTCS
BCTPOCHHAsI TMOJJEPKKAa BHUPTyaJu3allid B COBPEMEHHOM OOOpPYIOBAaHUH.
Texnomorun VT-x u AMD-V ot kommanuii Intel 1 AMD cooTBeTCTBEHHO
CTaJIM TIOJIJIEPKUBATHCS MPOIECCOPAMU, BBIMTYCKAEMBIMU 3TUMH KOMITAHUSIMHU C
2006 roma. Kak moka3aHO Ha pPHUCYHKE 2, JaHHBIC TEXHOJOTHH HAJECISAIOT
MOHUTOP BUpPTyadbHON MammuHbl (MBM) GosbliuM PpHOPUTETOM BBITIOTHEHUS,
4yeM y nporpamm ypoBHs Ring 0.
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Mpamoe
BbINONHEHWe

nonb3osarens
. NS HE rOCTeBbIX
APUNOXKEHWI
Ring 0 Qrla3-ttNele 3anpocbl rocTeBom

OC nonapawT B

MNpuBenernpoBaHHbIN noeywky MBM 6e3
YpOBeHb TpaHCNALMM UNK
napaBupTyanusaumm

ApxutekTtypa x86

Pucynok 2 — Ilogaepskka BUpTyaau3allud B COBPEMEHHBIX KOMITbIOTEPHBIX
apxuTekTypax [8]

Komanapl, moctymaromme OT BHUPTYAJIbHBIX MAaIlWH, aBTOMATHYECKH
nepexBaThiBaloTcsi MBM 1 oOpabateiBatoTcsi HEOOXOAMMBIM 00pa3oM, UYTO
u30aBIsIeT OT HEOOXOJAMMOCTH TIOJTHOW OWHApHOM  TPAHCIAIMUA WM
napaBupTyanu3anuu [8]. Ha qaHHBIl MOMEHT 3Ta TEXHOJOTHS ci1abo pa3BHUTa U
HE JIaeT 3HAYMTENIBHBIX MPEUMYIIECTB, HO y HEe eCTh OOJbIINE MEePCIICKTUBEI
pa3Butus. lloMmumMo »3TOro, y BHPTyalu3allid €CTh JBE CYIICCTBCHHBIE
npo0semsbl: Oonblue TpeOOBaHUS K MPOIMYCKHOM CIIOCOOHOCTH CETH, a TaK Ke
3HAYUTENbHBIC TPEOOBAHUSI K 00BEMY OTIEpAaTUBHOM MaMsATH cepBepa [4].

lMpou3zeodumenbHocMb eupmyanbHbIX MaWUH

B pa6ote [10] Obuta ycTaHOBJIEHA 3aBUCUMOCTh HAarpy3Kd Ha MPOIECCOp
OT uMciia BUPTyadbHbIX MamuH (BM), paGortarommx ogHOBpeMeHHO. Yem
6onbiie yncio BM, Tem Gomblie Harpy3ka Ha rnpoieccop. [Ipu ucnonb3zoBanuu
OJIHOM BUPTYaJIbHOM MalIMHbI HA KOMIIBIOTEPE, HArPY3Ka MUHUMAaJIbHA U MOKET
COCTaBIATH 10 15%, B 3TOM cllydae BBIYMCIUTENbHbIE MOIIIHOCTH KOMIIBIOTEPA
UCIIOJIb3YIOTCS HE 3P (HEKTUBHO.

JIMHAMUKH YITy4IIEHUS XapaKTePUCTUK BBITYCKAEMbIX MPOLECCOPOB U
ONEpaTUBHOM  TaMATH  SIBJIAIOTCS ~ JIMHEWHBIMH,  OJIHAKO  MPHUPOCT
BBIYHMCIUTEIBHBIX MOIIHOCTEH Mpoueccopa OoJblIe, YeM NPUPOCT OOBEMOB
ONEepaTUBHOM MaMATH 3a OJMHAKOBBIN mepuoj [4]. K ToMy ke, 3aBUCUMOCTb
ctoumocTtu coctapisitomeid O3Y B cepBepax oT 00beMa ONEPaTUBHOW MaMSTH
HAallOMUHAET TEOMETPUUYECKYI0 Tmporpeccuto. Takum o00pa3oM, CTOMMOCTb
s¢dexTuBHOTO cepBepa Il BHUPTyalu3allid BO MHOIOM OIpEAeINseTCs
CTOUMOCTBIO ONIEPaTUBHOMN MaMSITH.



94

120,000 10
e Kon-20 orepaydy BEoa-B6B00a & CORyHIY 01706 19
% 100,000 = Jafepmia (MARNRCEKYHTb) le 3
E 632 47 ;!'1
EI”{ 0 80,000 - 5.98 - §
L * — l 16 =
1e) E
< > 800 s
et H
Eg 2
2 8 40000 A
5o
o o
; &
-_,5_ 20,000 1
o

2 4 - 1]
Konmuecteo BHDTYaMEHLIX MallkH

Pucynok 3 — 3aBUCHUMOCTb XapaKTEPUCTUK B3aUMOJICUCTBUS C )KECTKUM
JMCKOM OT KOJINYECTBA OJTHOBPEMEHHO-3AITYIIEHHBIX BUPTYaJbHbIX MaIuH [11]

B paGore [11] Opuia mpoaHaNM3UpOBaHA 3aBUCHUMOCTH MapamMeTPOB
CHUCTEMBI OT KOJIMYE€CTBA OJHOBPEMEHHO Pa0OTAIONINX BUPTYyAIbHBIX MAIIIUH.

N3 pucynka 3 cieayeT, 4TO YBEJIMYEHHE KOJIWYECTBA OIEpaluii BBOJAA-
BBIBOJIa MPOUCXOJUT «OBICTpEe», UeM YyBeIWYeHHUE 3a7epKKu. M3BecTHO, 4TO
crouMocTh I'b mamaTu TeM MeHble, yem OoJibllle 00BEM KECTKOro Jaucka. B
JTAHHOM CJTy4dae MCTOJIb30BaHUE TEXHOJIOTUH BUPTYaIU3aIH 11eJIecOo00pa3Ho.

Bupmyanusauun u obs1aYyHbIe 8bIvYUCIEHUSs

Wnest 00nadHbIX BBIYMCIEHHN COCTOUT B IMEPEHOCE BBIYUCIUTENbHBIX
MOIIIHOCTEH, XpAaHWIMIL JAaHHBIX M MPOTPAaMMHOrO  oOOecrnedeHus ¢
MEPCOHANBHBIX KOMIBIOTEPOB WJIM MOOUJIBHBIX YCTPOWCTB Ha YAAJICHHYIO
paccessHHyl0 KOMIIBIOTEPHYIO HHGPPACTPYKTYypy, MJOCTYIMHYIO KOHEYHOMY
noJib3oBatento yepe3 MurepHer coequnHenue. O0IauHble TEXHOIOTUM SBIISIOTCS
COBOKYITHOCTBIO CJIEIYIOUIUX KOMIIOHEHTOB: MH(ppACTpyKTypa, Iuarpopma u
nporpaMMHoe obOecrnedeHue, MpelocTaBlsieMble B KadecTBe cepBuca [12].
[Inatdpopma B KadecTBe cepBHCAa COCTOMT M3 CIEIYIOUIUX KOMIIOHEHT:
uH(QpacTpyKTypa; YyIpaBiIeHHUE pecypcaMH U TMOJUTUKaMH Oe301acHOCTH;
yIpaBjeHrue paboduMu mpoleccamMmu; COOCTBEHHO TuiaTdopma, JOCTYyIHAs yepes
Nutepner [13].
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TexHonoruu BHUpTyanu3alMd U OOJAYHBIX BBIYMCICHHUHN SBISIOTCS
KOHKYPUPYIOIIUMH C TOYKH 3PEHUS] MAPKETUHTA U MPEIO0JaraloT BHIOOp OAHOM
U3 HUX s co3fnaHus >gdexktuBHON MHGpacTpykTypsl O6usHeca [4, 14]. Ho, ¢
TEXHUYECKOU TOYKHU 3peHus TaHHbIE TEXHOJIOTHH SABJISIOTCS
B3aMMOINPOHUKAIOIMIMMU M JONOJNHAIOT  Jpyr  aApyra.  Hampumep,
nH(ppacTpyKTypa KoMibioTepHoro obnaka Amazon EC2 noctpoeHa ¢ momMoIsio
pemieHui  BUpTyanu3zanuu  pazpabotanHsix B komnanuud  Citrix.
Uudpactpykrypa Amazon EC2 moanep:kuBaeT BBINOJHEHUE B BUPTYaJIbHO-
o0nayHOM cpele UMIOPTHPOBAHHOIO o0pa3a BUPTYaJIbHOI'O  CEPBEPA,
cozaganHoro ¢ nomombto npuioxkenus Citrix XenApp [15]. Koukypent Citrix,
KoMranusgs VMware pa3paboTajia IepByI0 OOJauHYIO0 ONEPALUOHHYIO CHUCTEMY
vSphere, koTopas npenHa3HauYeHa AJi1 00ECIIEYEHUs BBIIIOJIHEHUSI BUPTYaJbHbBIX
MamuH B oOnauyHoW cpene. [laHHoe pelleHHe MO3BOJIAET COANaHCUPOBAHO
pacrpenensaTh Harpy3Ky Mexay y3JamMu o0Jjaka, MOBBICUTH 3()(PEKTUBHOCTH
CEpPBEpPHON KOHCOJUJALMU U 00ECNEeUnuTh HaJEKHOCTh U OTKa30yCTOMYMBOCTD
cuctemsl [16].

CnusiHe TEXHOJOTMH OOJauyHBIX BBIYMCICHUH U BUPTyaIU3alUU,
NOJAJIep)KKa BHUPTyaJIM3alldd Ha YpPOBHE OOOPYIOBaHUS M OINEpPALMOHHOM
CUCTEMBI, YBEIMYEHHE IPOIMYCKHBIX CIOCOOHOCTEM KOMIBIOTEPHBIX CETEH,
COBEpILIEHCTBOBAHUE CPEJICTB  YNpaBICHUS BUPTYaJbHBIMH  MallMHAMU
NpUBEAET K CO3/JaHHI0 HOBOTO YPOBHS aOCTpakUMU HaJl KOMIIBIOTEPHBIM
o0opyaoBaHUEM,  OOBEIUHSAIONMIETO  MHOTOMUJUIMOHHBIE  KOMIIbIOTEPHBIE
KOMITIOHEHTHl B €IMHYI0 BUPTYaJIbHYIO OTKa30yCTOMUYMBYIO BBIYUCIUTEIHHYIO
cuctemMy. Ha naHHbIi MOMEHT BHUpTyalud3alusi aKkTyaldbHa I OpraHu3aluu
uH(ppacTpykTyp OaHKOBCKOM cdepbl, IUaTt@opM XOCTUHT-NPOBANIEPOB,
MPaBUTEIBCTBEHHBIX, HAYYHbIX U MEJAMIIMHCKUX BBIYUCIUTENIBHBIX CUCTEM, HO
y’Ke MOKeT ObITh 3(PPEeKTUBHO HCIOJb30BaHA B MajOM U cpeaHeM Ou3Hece,
MO3BOJISIT ~ JOOMTHCST ~ MaKCUMaJIbHOTO  BO3BpAILCHUS  3aTPAayCHHBIX B
o0opynoBanue cpeactB. CoBMmelleHHMEe  BHUpPTyalu3aldd M 0O0JIaYyHBIX
BBIYMCIICHUN, HECOMHEHHO, IMO3BOJIUT YMEHBUIUTh 3aTpaThl Ha OOHOBIICHHE
o0Opy/lIoBaHUSI M TPOTrpaMMHOr0 obOecreueHuss B OHOIMOTEKaX, IIKOJaX,
YHUBEPCHUTETAX U APYTHX OOIIECTBEHHBIX YUPEKICHUAX.

BupmyanbHas koMnbromepHas nabopamopusi

B T'ocynapctBenHom ynupepcutete CeepHoit Kapomuusl ¢ 2004 Obin
sanymeH 1poekT VCL (Virtual Computer Labaratory — BupTyaipHas
KOMITBIOTEPHAs 1a00paTopusi), KOTOPBIA SABISAETCS OJHUM U3 JYULIUX IPUMEPOB
COCJIMHEHUS TEXHOJIOTUW BUPTyalIM3alMid M OOJaYHBIX BbIYMCICHUU. [Ipoekt
aBisieTcss wHUNMaTuBOM kommanuu Apache Foundation u cmnoncupyetcs
locynapctBennsiM  yHuBepcuteToM  CeepHoit  Kapomunbl.  CTpykTypa
BUPTYaJbHONH KOMIIBIOTEPHOW JabopaTopuu TpeAcCTaBiIeHA Ha pPUCYHKE 4.



96

[Tpoext OBl ymocToeH Harpanoil aydimiero IO ¢ OTKPBITBIM UCXOAHBIM
KOJIOM, SIBJISTFOIIEHCS pealiu3aiieil CepBUCHO-OPUCHTHUPOBAHHON apXUTEKTYPHI
Y TIPEAOCTABIISIONIMM BUPTYaJIbHBIE KOMIIBIOTEPHBIE pecypchl uepe3 MHTepHeT,
BKJIIOYAs PECYpPChl HEOOXOAMMBIC IJI OOJIauHBIX/grid BBIUMCICHUM, XpaHCHUS
JAHHBIX M JIOCTylla K WPOrpaMMHOMY OOECIIEUeHUI0 TI0 TpeOOBaHUIO
MOCETUTENS, MCIONB3ys Wweb-uHTtepdeiic s COCTaBJIEHUS 3asiBOK H
IJJAHUPOBaHUs BpeMeHu foctyna [7, 17].

KoHeuHble

o
nonb3oearenn

Web-cepsep u
NAaHNPOBLUUK
3aABOK

—

e N TN

Cepsep B[]

e
[

Ynpaenaiowwi
y3en (2)

&‘
NabapaTtopun
yHUBEpCMTETa

Blade-yeHTp T Blade-ueHTp

Ynpaenaowmini
y3en

Ynpagnaowmn
y3en (n)

XpaHunuie obpazos Xpanvnuuwe obpazos

Pucynok 4 — BuptyansHas KoMIblOTEpHAs 1aboparopust ['ocyrapcTBEHHOTO
yHuBepcureta CeBepHoit Kaponnnsl [17]

B yueOHOe BpeMs BHpPTyaJibHas  KOMIBIOTEpPHass  J1abopaTopHsI
MPEJIOCTaBIsAET JOCTYH K  BHPTYaJbHBIM  OIECPAllMOHHBIM  CHCTEMaMm,
coJiep KallluM 3aKa3HOe MPOrpaMMHOe obecreueHrne, Heo0XouMoe it paboThI
CTYJICHTOB B YHUBEPCHUTETC WJIH W3 JIFOOOW TOYKHM MHUpa. B ocTalibHOE Bpems
CUCTEMa MOXET OBITh HCIOJIb30BaHA HAYYHBIMH COTPYJAHHKAMH IS
BBITIOJTHEHUST ~ MCCIICIOBATEIBCKOM  paOOThl, TpeOyromel 3HAYMTEIbHBIX
BBIYHCITUTEILHBIX MOIITHOCTEH.

ATmapaTHO BHpTyaJibHAas KOMIIbIOTEpHas J1abopaTtopuisl MpejicTaBiIcHa
1000 blade-cepBepamm ¢upmbl IBM, Ha KakIOM H3 KOTOPBIX 3aIlyIIEHO
HECKOJIbKO BUPTYaIbHBIX MamuH. KoagduiueHT BUpTyanInu3auu cepBepa MIpH
HCITOJIb30BAaHUU €T0 CTYJICHTAMH COCTABIISIET B CPeaHEM 25:1, 4TO 3HAUNUTEIHHO
OoJiblie, yeM B Ipyrux jgadboparopusax (ot 5:1 mo 8:1).
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@®okycupysi BHHUMaHHE Ha OOJAYHBIX TEXHOJNOTHSX, Ojaromaps
BUpTyalIu3aliu JiI00ass KOMITBIOTEpHAs apXHTEKTypa MOXET OBITh co3aaHa
cpeactBamu VCL, nHanpumep, Takas kak Amazon Elastic Cloud, nu6o cpena
Google Map/Reduce, nu6o grid-mogoOnas apxutekrypa [17]. Takum oOGpazom,
BUPTyalbHAass KOMIIbIOTEpHas Jaboparopus wu30aBIAeT OT HEOOXOAMMOCTH
pe3epBUPOBATH KOMITbIOTEpHOE 00opyaoBanue u [10 Ha MOCTOSHHON OCHOBE, HO
MTHOBEHHO TIPEJOCTaBIsIET WX MO TPeOOBaHHUIO. DTO JOCTUTACTCA IyTeM
3allyCcKa BHUPTYadbHBIX MAaIllMH W3 3arOTOBICHHBIX VMware-COBMECTHMBIX
00pa3oB OMEPalMOHHBIX CHUCTEM, KOTOphIe coaepxkar Heobxomumoe [IO.
[lomaya 3asiBOK aBTOMAaTU3MpOBaHAa M OCYIIECTBIACTCS C TIOMOINBIO Wweb-
uHrepdeiica. OO6pabOTKOM 3agBOK M pa3MEIICHUEM BUPTYaJIbHBIX CEPBEPOB
sanuMaetrcsi 110 Apache VCL, xoTopoe MOXKET HCIOJIB30BATh CJCAYIOIIHNE
runepBuzopbl: XCAT, VMware Server, VMware ESX, and VMware ESXi [18].
VMware ESXi — »3t0 OecmiaTHbIi TumepBu3op OT KommnaHuu VMware,
npeaHa3HadYeHHbIH s BupTyanuzamud, a XCAT — 3To MPOEKT ¢ OTKPBITHIM
UCXOJHBIM KOJIOM, KOTOpPBII pe3epBUpPYET CeBEepHOE oOopymoBaHue 0e3
BUPTYaTH3AIHH.

Bupmyanu3sayus paboye2o cmona

Bupryanuzamuss paGodero ctoja obecriedyuBaeT yJale€HHBIH JOCTYI K
BUPTYaJbHON OINEpPallMIOHHOW CHUCTEME, BBITIOJHIEMON Ha yIaJICHHOM CEpBeEpe.
Hannas TexHomorusi 3pPpeKkTuBHA, KOrJa HEOOXOIUMO MPEIOCTaBUTh OBICTPHIM
JTOCTYyI K paboueMy CTONy U3 JOKAJIbHON ceTr miu u3 cetu MuTtepHeT. Tak Kak,
pabouyasi Harpy3ka JIOKUTCSI Ha cepBep, TpeOOBaHUS K KIUEHTCKOMY
000pYy/I0BaHUI0O MUHUMAJbHBI. TEXHOJIOTHS TO3BOJIIET HMCIOJIb30BaTh TOHKHE
KJIUCHTHl JJIs TIOAKIIOUCHHS K BHUPTyaJlbHOMY paboueMy CTOJy IO CeTH,
OCYIIECTBIIATh K HEMY JOCTyNn uepe3 crenuanuzupoBanHoe [10 nubo yepes
NutepHer-o603peBarenb. JlaHHAas TEXHOJIOTHS 4YacTO MCIOJIB3YeTCs IS
BHpTyaJIH3anuu padouux croioB moj yrnpasiaeauem OC Windows. IIpu 3ampoce
HOBOT'O BUPTYaJILHOTO pab0Yero cTojia, OH co3/aeTcs U3 00pasza, XpaHUMOIo Ha
cepBepe, U ¢ TTOMOIIBbIO TEXHOJIOTUM JOCTaBKH MOJb30BaTEILCKOT0 HHTEpdeiica
B3aUMOJICHCTBYET C KOHEUHBIM ToJib30BaresieM. CyIecTByeT HECKOIbKO
MPOrpaMMHBIX TPOAYKTOB [IJII BHUpTyajdu3aluu paboyero croja, TaKUe Kak
Xitrix XenDesktop, VMware VIEW wu Microsoft System Center Virtual
Machine Manager, u ap.

XenDesktop ot Citrix — 310 3¢ (HeKTUBHOE pellIeHHe NI BUPTyaIu3aiiu
pabodero crojia, KOTOpOE€ II0 TpeOOBaHUIO TIOJIB30BATEIA MPEIOCTABISIET
BUPTYaJIbHBINH pabOunii CTOJ, CO3JaHHBIN U3 00pa30B ONEPAllUOHHONW CUCTEMBI,
MIPUJIOKEHHUH U TIOJIb30BATEILCKUX MPOGUIICH, XpaHUMBIX IO OTAEIbHOCTH. [IpH
ATOM BCE€ U3MEHEHHUS B BUPTYAIbHON  MalllWHE, WHUIUUPOBAHHBIC
MOJIH30BaTENIeM, KAUIUPYIOTCS, HUKOTa HE 3allMChIBAIOTCA 0OpaTHO B o0pas, H
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TEPSIOTCS TP Tepe3arpy3ke BHUpTyaidbHOW MamuHbl [14]. Takum oOpazowm,
JaHHAsi TEXHOJIOTUS TO3BOJSET 3HAYUTEIBHO YMEHBIIUTh pa3Mep IUCKOBOTO
MIPOCTPAHCTBA IS XpaHCHUS Pa3IMUHBIX  TEPCOHATU3UPOBAHHBIX
KOH(UTrypanuii BUPTyaJbHBIX pabounx cToyioB. XenDesktop mmeeT OTKpHITYIO
apXUTEKTYpPY U B3auMoiercTByeT ¢ runepBuzopamu Citrix XenServer, Windows
Server 2008 Hyper-V, u VMware ESX [19]. CymecTByeT OecruiaTHas Bepcus
storo I1O, naspiBaemass XenDesktop Express, orpanudeHHass 0JJHOBPEMEHHOM
paboToii 10-Tu mosib30BaTENEH.

AHanus cmoumMocmsb yOaJsieHHbIX eupmyarsbHbIX
eblYuc/IumesnbHbIX pecypcoe

[Tpr WCTONB30BaHMM BUPTYaTU3alMM CTOMMOCTB BBIJICJICHHOTO cepBepa
TSI KOHEYHOTO TI0JIB30BATEIS COKPAIIASTCS OT JABYX JO IATH pa3. DTO MOKa3aHO
B Tabauie 1. Ha rieHooOpa3oBanue BO MHOTOM BIIMSECT KOH(MHUTypamus cepBepa,
a TaKKe CPOK €ro  OSKCIUTyaTallud  TIOJb30BaTeieM W 00BbeM
UCXOAIIETO/BXOAAIIECTO TpaduKa.

BbrauciurensHble MOIIHOCTH BHUPTYalbHOW IiaTdopMbl Amazon EC2
MOTYT OBITh TPENOCTABJICHBI  MOJB30BATENIO 1O  TpeboBaHuio, 0e3
MIPEIBAPUTEILHOTO  PE3CPBUPOBAHUSA, B OTOM cCllydae IleHA 3a 4ac
MIPOLIECCOPHOTO BPEMEHU YBEIIMYWBACTCA. Takas TOJIMTHKA TMPEIOCTABICHHS
YCIYT MOXKET OBITh CpaBHMMa C TIOJUTHUKOW TPEIOCTABJICHHS YCIYT 00JIAYHOM
mwiatpopmbl  Google App Engine. CpaBHEHHE CTOMMOCTH HCIIOJIb30BaHHUS
JTAHHBIX I1ATGOPM MPUBEACHO B TAOIHIIE 2.

CTOMMOCTh MCTIOJIb30BaHMS Yaca aHAJIOTa BOCBMHUSICPHOTO IIpoIieccopa B
Amazon EC2 cocrasiser $0.29 [21], HO ce0eCTOMMOCTh €r0 B HECKOJIBKO pa3
menbie — oT $0.04 mo $0.08 [4]. Mcnonb3oBaHUEe BUPTyaTn3alMKi YMCHbBIIIACT
3aTpathl Ha SHepronoTpedieHue Ha 80% [22].

Tabnuua 1. CpaBHEHUE CTOMMOCTH BBIICJICHHBIX U BUPTYaJIbHBIX CEPBEPOB

Koundurypanus CronmocTb CronmocTb CroumocTb
BBIJIEJIEHHOTO BUPTYaJIbHOIO BUPTYaJbHOI'O CEpBEPA
cepBepa B ceprepa B Mecsill | Amazon EC2 B mecsinn
MecsII] 0e3 yuera CTOUMOCTHU
Tpaduka
1 siapo, 32-bit,
L.7GBRAM, | 70 — $140 $40 — $80 $30 — $40
160 GB HDD
2 sapa, 64-bit,
7.5 GB RAM, $150 —$300 $70 — $180 $120 - §160

850 GB HDD
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Tabnuua 2. CpaBHEHHE CTOUMOCTH McToJib3oBaHus argopm Google App
Engine [20] u Amazon EC2 [21]

Ennnuna Google App Engine | Amazon EC2
TapuduKanu
HUcxonpsammit
Tpaduk I'b $0.12 $.08 —$0.15
Bxonmsmumit
TpaduK I'b $0.10 $0.10
[IpoueccopHoe
BpeEMS Hac $0.10 $0.12
XpaHnunuiie I'B B Mecsr $0.15 $0.10
JTaHHBIX

lpeumywecmea ucnonb3ogaHusi eupmyanu3sayuu 8 [JoHHTY

MOXHO TOJIYYUTh 3HAYUTEIbHBIC MPEUMYIIECTBA IMPU HCIOJIH30BAHUHU
TEXHOJIOTUU BUPTyaIU3aluu paboyero croja B yUeOHBIX 3aBEJCHUSAX, a TaK K
B JIpYTMX TOCYAapCTBEHHBIX, OOIIECTBEHHBIX W OW3HEC opra"uzanusx. B
JouHTY sBnsiercst akTyalbHOUM MpobiieMa 3aMEHBI CTaporo 00OpyJAOoBaHUS Ha
HOBOE [JIi pabOThl B HOBEMIIMX BEPCHUSAX MPOTPAMMHOTO OOECIeUeHUS.
[IpuMeHeHHEe TEXHOJIOTUU BUPTYATU3aIMU MOXET COKOHOMUTHh 3HAYUTEIBHYIO
JIOJIF0 CPEJICTB, €CIU HMCIOJIb30BaTh CTapoe O0OPYJI0BaHHE B KAYECTBE TOHKHX
KIueHToB.  [lomyuaemple  OpewMyIIecTBA  MOXKHO  OXapaKTepHU30BaTh
CJIEAYIOIMMU OCOOCHHOCTSIMU:

— YMEHBIIIEHHE CTOMMOCTH OOOpYAOBaHHUSA 3a CUET HCIOJIb30BaHUS
CEpPBEPOB BUPTyAIM3alMK COBMECTHO C TOHKUMHU KIUEHTaMH, YTO
MIPOSIBIISICTCS B:

— 3HAYUTEIIPHOM YMEHBIIIEHUU TUCKOBOTO MPOCTPAHCTBA;
— MOHWKEHUIO TPEOOBAaHUM K XapaKTEpPUCTUKAM KIMEHTCKOTO
000py10BaHMUS;

— YMEHBIIICHUE JHEPTONOTPEOSICHUSI TMPU MCIOJIB30BAHUM TOHKHX
KJIUCHTOB,

— OYCHb HU3Kasi CTOUMOCTh TOHKUX KIUEHTOB (0k0j10 $100);

— BO3MOXKHOCTh HMCIOJI30BaTh yctapeBiiue [IK B kauecTBe TOHKUX
KJIUCHTOB,

— BBITOJIHBIE Tapudbl Ha JuileH3noHHoe [IO mpu wucmosib30BaHUM
BUPTYyaIU3aINH;

— 3HAYMTEJIbHOE  YMEHBIIICHHUE BPEMEHHM, HEOOXOJWMOro  Ha
aJIMUHUCTPUPOBAHUE, YCTAHOBKY, OOHOBJICHHE, U TOJJCPKKY
MPOrpaMMHOT0 00€CTICUCHUS;
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— Jydiias 3amuTra OT BUPYCOB, T.K. OHM HE MOTYT NPOHUKHYTH B
o0pas3, U3 KOTOPOT'0 CO3/IaeTCsI BUPTyaJIbHASI MAIlIMHA,

— JOCTYI K BUPTYyAJIbBHOMY pabodeMy CTOJIy U3 JTF00O0W TOUYKU MUPa;

— BBICOKAs CKOpPOCTh 3arpy3ku OC B BUPTyaIbHOM MallIiHE.

KpoMe »Toro, moxker OBbITh cO37aHa BHpTyalbHas KOMIIbIOTEPHAS
nabopaTopuss Ha 0a3e BBIUHMCIMTEIBLHOIO KjacTepa, cocTosmiero u3 blade-
CEPBEPOB, KOTOPAs MPEIOCTABUT CIICTYIOIINE TIPSUMYIIICCTRA!

- OBICTpOE CO3/IaHUE CIIOKHOM KOMIIBIOTEPHOM apXUTEKTYpPhl C
IIOMOIIIBIO CPEACTB BUPTYaIU3AIUU I MMapalieIbHbIX/00JauHbIX
BBIYMCJICHUA WM TapajuIeIbHOTO MOJCIMPOBAHUS; HAIIPHMED,
MOXET OBITH CO3/IaHa BUPTyallbHas apXHUTEKTypa, Takas, Kak
oonako Amazon Elastic Cloud, mu6o, kak cpena Google
Map/Reduce, mu6o grid-nogo6Has apXuTeKkTypa;

— CO3JJaHhE  Cpeabl  BUPTyalIW3allud  pabdOYuMX  CTOJOB, C
BO3MOXHOCTBIO IUIAHUPOBAHUS M TPEIOCTABJICHUS MIHOBEHHOT'O
J0CTyIa K BUPTYaJIbHOW MallIuHE;

— OOCTYII ~ CTYAEHTOB K  BHPTyaJbHOMY paboueMy  CTOIYy,
coaepxaimemy Heooxoaumoe I[IO, w3 moma, OUONMMOTEKH WU
OOIICIKHUTHS,

— JOCTYIl K CJIOKHO-HACTPAaWBAaEMbIM CEPBEPHBIM OIEPAITHOHHBIM
CHUCTEMaM B IpoIiecce 00YUCHUS CTYICHTOB;

— MPEIOCTaBICHUE BUPTYaJIBHBIX BBIJIEIECHHBIX CEPBEPOB
MOAPA3ACICHUSAM YHHUBEpCUTSTAa IS  3aJad  MCCIICIOBaHUA,
MOJICJIMPOBAHUS ¥ XOCTHHTA.

Pa3spabomka modenu yugppoeoli 6ubnuomeku 6ydyuje2o

TexHomorust BUPTyaM3allud MOXKET OBITh, TakKXKe, HUCIIOIb30BaHA B
HayuyHor OmoOmmorexke JonHTY mns ymeHsleHHs 3aTpaT Ha obopymaoBaHue. A
MIPUMEHEHHE <JIETKUX» OIEPAIMOHHBIX CHUCTeM Ha 0aze Linux, comepkammx
MUHHUMaJIbHBIN HeoOxoaumbiii Habop IO ms pa®oThl, MO3BOJMUT TOOUTHCS
MaKCUMaJIbHO Kod(dulleHTa BUPTyaIH3alliy, 32 CUeT CHUIYKEHUsI HAarpy3KH Ha
cepBep. YUuTHIBas TEPCIEKTUBBI Pa3BUTHS OOJAYHBIX BBIUUCICHHH U
koHueniuu IO kak yciyru, MOXKHO C YBEPEHHOCTBHIO MPEIINOIO0KUTH, UYTO
MOJIeb, TPEACTaBICHHAsS Ha PHUCYHKE 5, OyAeT HUCIoib30BaHa B HHUGPOBBIX
OnbamoTeKax Oyaymiero.

Pa3paboranHass mMojmenb, ykaspiBaeT Ha A(QPEKTUBHBIA  CHOCOO
BUpTyaJdu3alMy, T.K. B HEH NPUCYTCTBYET BUpTyaldbHas Opay3epHas
OmepalMoHHasl CHCTeMa, KOoTopasi MOTpPeOJseT OrpaHUYEeHHOE KOJUYECTBO
BBIYUCITUTEIBHBIX PECYPCOB M 3aHUMAEMOT'0 MECTa, YTO MO3BOJISIET YMEHBIIUTh
3aTpaThl HA HEOOXOAMMOE cepBepHOE oOopyaoBaHue. B kadecTBe Opay3epHOit
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OTEPAIIMOHHON CUCTEMBbI MOXKET ObITh Hcronb3oBaHa Google Chrome OS unu
npyrue «ierkuey» coopku OC Linux.

Y ™
Pabouni ;
Kal:lls;ae cTON B WHd opm
- Eucav KavecTBe aumA
P CcepBMCa

e, b

) XpaHunuwa
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BupTyaneHan
obnako / GpayaepHan
\/ onepauMoHHaA
! cHCTEMa
L
ToHkMRA

KNNEeHT

Pucynok 5 — Monenb nudgpoBoit OMOIMOTEKH OYTYIIOrO

Bmecto BupTyanmm3anmuyd MOXKET OBITh HCIOJIB30BaH METOJ CETEBOM
3arpy3ku OC B mamsTh KJIHeHTa [23], 4TO 3HAUYUTEIILHO COKPATUT TPeOOBaHMS K
cepBepy, HO YBEIHYHT TPEOOBAaHHMSA K TOHKHM KIMEHTaM. Takum o0pa3om,
NpUMEHEHHUE TeXHoioruu Buprtyanuzauuu B JJoHHTY B Hactosiee Bpewms
npeacTtaBiseTcss 3G(PEeKTUBHBIM, KaK ¢ (PUHAHCOBOW TOYKH 3pPEHHUS, TaK U C
TEXHUYECKOM.

Bbie0o0bI

PaccMOTpeHBI TEXHOJIOTHMHM BUPTYAIU3alMH, WX SBOJIONHUS, Pa3INYHBIC
BapUaHThl  WUCIIOJIB30BaHUSA, CBSI3b C  OOJAYHBIMH  BBIYHUCICHUSMH,
MIPOAHAM3UPOBAaHA TEXHUYECKAss BO3MOXKHOCTH pPEaU3allMd M COBPEMCHHBIC
poOJIeMbl BUPTYaTU3alMK;, PACCMOTPEHO W MPOAHAIM3UPOBAHO BHEIAPCHHE
BupTyanusanuu B BY3ax CIIIA Ha npumepe I'ocy1apcTBEHHOTO YHHBEPCHTETA
CeBepHoit  KapoumHsr; ONMMCAaHBl  TMPEUMYIIECCTBA  HMCIOJIb30BAHMS
Bupryanuzanuu B JloHHTY wu npennoxxena monens mudpoBoil OUOIHOTEKH
Oyayiiero, KoTopas MOXET OBITh BHEIPEHa B 00pa30BaTCIBHBIA IPOIECC
JouHTY.
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0.51. Anonpienko, B.C. Mupropoa
JloHenpKuii HAI[IOHAJIbHBIN TEXHIYHUA YHIBEPCUTET

Texunousorii BipTyasizaunii: eBoJitonisi i nepcneKTMBY BUKOPUCTaHHSA. PO3IIIIHYTO TEXHOJOT1T
BipTyastizailii, iX €BOJIOIiA, pi3HI BaplaHTH BUKOPHUCTAHHS, 3B'I30K 3 XMApHUMHU OOYHUCICHHIMH.
[IpoananizoBaHO TEXHIYHA MOMJIMBICTH peaizamii Ta cydacHl mnpoOjemMu BipTyami3aiii.
Posrnsayro Ta mpoananmizoBaHo BrpoBapkeHHS Bipryanmizamii y BH3 CIHIA na npuxnami
HepxxaBHoro yHiBepcutery IliBHiunoi Kaponiau. Omnucani mepeBaru  BHKOPUCTAHHS
Bipryanizamii B JJorHTY 1 3anmpononoBana mozens mudpoBoi 0101i0TeKH MailOyTHBOTO, sIKa
MoOke OyTH BIIpoBa/keHa B ocBiTHIN npouec JouHTY.

BipTyagizanis, xMapHi o0uucJeHHs, rinepsizop, napasipryaJizanis, oiHapHa TpaHcasiin,
BipTyasibHa koMmin'loTepHa Jadoparopis, Citrix Xen, VMware, Amazon EC2, Google App
Engine

A. J. Anoprienko, V. S. Mirgorod
Donetsk National Technical University

Virtualization technologies: evolution and application prospects. Virtualization technologies,
their evolution, use cases and relation to cloud computing were observed. Technical possibility
of implementation and modern issues of technology were considered. Virtualization application
in USA universities on the example of North Carolina State University were examined and
analyzed. Benefits of using virtualization in Donetsk National Technical University were
described and model of the digital library of future were proposed, that can be applied in
DonNTU.

virtualization, cloud computing, hypervisor, paravirtualization, binary translation, virtual
computer lab, Citrix Xen, VMware, Amazon EC2, Google App Engine



