Aumunoe Onez Eezenvesuu,
benoe Muxaun Anexcandposuu,
Toxapesa Haoeorcoa Anexcanopogna

I-[EIMI'IIsICITEFI

2 y4aehrom
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APXUTEKTYPA
BUPTYAJIBHON KOMITbIOTEPHOI IABOPATOPUSI
JUIS TIOATOTOBKU CITELIMAJIMCTOB
B OBJIACTU NHO®OPMALIMOHHBIX TEXHOJOI'MII

AHHOTALUA

‘VHUBEPCUTETHI, 3aHUMAIOIINECS UCCIIe0BaHUsIMH B 001acTu T 1 MoIr0TOBKO# BBICO-
KOKBaIMHUIMPOBaHHBIX Y T-CrielMaieToB, MPUMEHSIFOT CErOIHS CIIELMATH3UPOBAHHBIE IPO-
IpaMMHBbIE CPEICTBA, TPEOYIOIIHE TPYIOEMKHX pacyeToOB. PazBepThiBaHKE BUPTYATIBHOM KOM-
MBIOTEPHOM Ta60PATOPUH ITO3BOJISET CYIIIECTBEHHO CHU3NUTD U3IEP)KKH Ha MPHOOpeTeHrE
HEO0XOIMMOT0 00OPYIOBAHUS MITH €ro MoJiepHU3aIio. OOIaYHbIe MOJIEIIH TIO3BOJISIIOT 00eC-
MEYNBATH YYAIIMXCS [TOJTHBIM CIIEKTPOM COBPEMEHHOTO IIPOrPAMMHOT0 0OecieueHu s, HeoO-
XOAUMOTO JIJIs GOPMHUPOBAHNS AKTYAJTbHBIX KOMIIETEHIIMI BHIITYCKHUKA M IIPUPABHSATH HC-
TAHIMOHHYIO GOpMy 00yUeHHS K 04HOM. B MexayHapoIHOM YHUBEPCUTETE IIPHUPO/IBI, OOIIIe-
cTBa M ueioBeka «J/IyoHa» Obliia co3aHa BUPTyaibHAsl KOMIIBIOTEpHAs TabopaTopus Ha 6ase

TEXHOJIOI'NHN 06na1<03, TroMorarouiasi peInTb MHOXKECTBO Hp06J'IeM y‘IC6HOFO mpouecca.

KimoueBble ciioBa: BUpTyabHasi KOMITBIOTEpHAS TAO0OPATOPUS], BUPTYATbHBINA KOMITHIO-
TEPHBIH KITACC, TEXHOJIOTHY BUPTYAIN3AIUH, OOJIAYHbIC BBIYMCIICHHS, APXUTEKTYPa IMTPOT PAMM-

HO-aImapaTHbIX CUCTEM.

Jlnsa yHuBepcuTETA COIEPKAHUE U PA3BU-
THE MOJTHONIEHHOH KommbtoTepHoit U T-1abopa-
TOPUH JIEJIO XJIOIIOTHOE U HeJlelleBoe. DTO 11e-
JI0€ IOMEIIIEHHE, IIPUCTIOCOOIEHHOE K IEMOH-
crparmu cryaeHTam U T-pazpaboTok u uccre-
JIOBAHWH, 17151 IPOBEICHUS PA3IMUHBIX IKCITe-
PUMEHTOB C ITPOTPAMMHBIMU ITPOAYKTAMH, TJIC
YCTAHOBJIEHO 10CTATOYHOE AJI POBEACHUS
mo00HBIX paboT obocobnennsbix [1K. Benpb
MIPOBOIUTH OOYYAIOIINE CEMUHAPBI 10 YCTAHOB-
ke Unix-nojio0HBIX CUCTEM — [EJI0 PUBBIYHOE,
HO He JUIsl KOMITBIOTEPHOTO KJIAcca, B KOTOPBIA

© Anrtumos O.E.,bentoBM.A.,
Tokapea H.A., 2011.

Ha CIIEYIOIYIO APy MPHIYT CTYAEHTHI C IPY-
roro akymnbTera u OyIayT U3y4aTh, HATIPHUMED,
CAIIP noxg Windows niu 3aunmatbest [ UC-
MOJIETUPOBAHUEM.

ConepxaTtb 000COOIEHHBIE KOMITBIOTEPHBIE
KJIACCHI ITOJ1 331U Pa3IMYHbIX (DaKyIbTETOB
OUEHB JI0POTO JUIsl By3a, KaK U cofiepkaHue 60-
Jiee OHON KOMIIBIOTEPHOM TabopaTopuu st
MPOBEACHUS PA3IMYHBIX IKCIICPUMEHTOB. B
UTOTe 3a4acTyIo yxyauaercs kauectBo M T-00-
Ppa30oBaHMsL, KOT/Ia MPETOAaBaTE b MOKET «pac-
cKa3aTh», a <IIOKa3aTh», YBBI, HeT. Ha momoriip
BY3Y MPUILTN TEXHOJIOTHH BUPTYyalU3allny,
TIO3BOJISIIOIINE ITOCPEICTBOM T'MIIEPBU30POB,
YCTaHOBJICHHBIX HA JIOKATbHBIX MAIIIMHAX KOM-

KOMIIBIOTEP B YHEGHOM ITPOLIECCE
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MBIOTEPHOTO KJIACCA, YACTHYHO PEIIATh ITpobJie-
MBI, BOSHHMKAIOIIUE B yUeOHOM ITPOLIECCe.

B mpouecce pemeHus mpobieMbl kaue-
cTBeHHOU noaArotoBku M T-ceruaaucToB Mbl
CTOJIKHYJIMICh CO CTIETyOIIIMMUA OCOOEHHOCTSI-
MU y4eOHOT 0 Ipoliecca YHUBEPCUTETA.

+ Ipenogasarer UT-kadenp mpemmoun-
TarOT CAaMU a/IMUHUCTPUPOBATH CBOH CEPBEPA,
W T-pemmenns 1 pa3pabOTKH.

+ Ecmu ynusepcuter ucnons3yet LIO b1,
TO OHH, KaK IIPABUJIIO, CTOSIT YIAJIEHHO, BHE €TO
MOMENICHH, YTO OTPAHUYMBAET UCCIIEI0BA-
TEJIbCKYIO IESITETHOCTD BY3a, B TOM YHCIIE U C
(bMHAHCOBO¥ CTOPOHBI.

+ B cumy unnoBanmonsoii yacru [0, uc-
CIIEIOBATEILCKUE BY3bl HE B COCTOSIHUU CAMO-
CTOSATENTLHO CIPABUTHCS € 331a49AMHU KOMILIIEK-
CHOT'O OCBOEHUSI ¥l a/IMUHICTPUPOBAHUS TAKHX
MPOIyKTOB. By3bl HE UMEIOT CPENCTB /IS ITPH-
[JIAIIEHUS CTIEUATIUCTOB pa3paboTUHKa, MO-
3TOMY BO3MOYKHOCTH JIJ151 JIAJIEHHOTO PEIICHHUST
3a]1a4 ¥ 9KCIIEPTHOM MOJIEPIKKH, Yepe3 UHTeP-
HeT, 00J1erunT BHeApeHue nogoouoro I10 B
yueOHBIN 1 UCCIIETOBATEICKUIA TPOIIECCHI.

Kpowme sToro, cymecTByer eriie ojiHa mpo-
omema. Ha o0opynoBaamm 00pa3oBaTebHOTO
VUPEKACHUS U IOMAIITHUX KOMITBIOTEPAX CTY-
JICHTOB YACTO MPOCTO HEBO3MOXKHO PA3BEPHYThH
HeoOxoumoe cucreMHoe u rpukiaaHoe 10,
MTOCKOJITBKY:

— CTOMMOCTH TMPOTPaMM OKa3bIBAETCS
CIIMIIKOM BBICOKA JJI1 OTJEJIBbHO B3SITOTO
MOJIH30BATEIS, XOTS B OOJIBIIIMHCTBE CITyYaeB
JUTEH3UsT He0OX0IMMa JIUIIIH Ha BpeMsi y4eO-
HOTO TIpoliecca;

—anmnapartHbie TPeOOBAHMS KOPIIOPATUBHBIX
MPOTPAMMHBIX IPOAYKTOB, KaK MTPaBUIIO, BbI-
XOJISIT 32 PAMKH THITOBBIX KOMITBIOTEPOB;

— KOH(JIMKTBHI C YK€ YCTAHOBIICHHBIMH J10-
MAITHUMH Pa3BJIeKaTETbHBIMH U TIO3HABATENTb-
HBIMH POTPAMMHBIMH ITPOTYKTAMH ITPUBOISAT
K CHIDKEHUIO TTPOU3BOMTEIIHHOCTH U KOM(OP-
Ta mpu pabore.

Bce 310 3aTpyHSET BBITTOTHEHNE YIEOHBIX
paboT, KypCOBBIX M AMIIOMHBIX ITPOEKTOB, IO~
3TOMY B y4eOHbIe mpoliecchl MexxayHapoIHO-
r'0 YHUBEPCUTETA ITPUPO/IbI, OOIIECTBA U YeIIO-
Beka «Jlyona» n HarmonansHOTO Hccienosa-
TENTBCKOTO MHCTUTYTA «BbICIIas 1kosa s5KoHo-
MUK ObLIa BHEIPEHA BUPTYAIIbHAS KOMITHIO-
TepHasi TadopaTopus, TOCTPOEHHASI HA OCHO-
Be 00/1auHbBIX TexHONIOTui. PaspaboTaHHbIit
MIPOrPAMMHO-ATIAPATHBINA KOMITIEKC ITO3BOJIMIT
PEIINTH BCE BbIIIe 0003HAUEHHBIE TPOOIIEMBI,
MIPEIOCTABIISAS IO 3aIIPOCY BBIUNCIUTEIbHBIC
pecypChbl yHUBEpCHUTETA A5 CO3/IAHNS BUPTYaITb-
HBIX CEPBEPOB, BHIMOIHEHHS HAYYHO-UCCIIEI0-
BATENbCKUX PA0OT, PECYPCOEMKUX BBIYMCIIH-
TENTbHBIX PACYETOB 1 33/IaHUH, CBSI3AHHBIX C OC-
BOEHHEM CJI0KHBIX MTH(OPMAIIMOHHBIX CHCTEM.

BupryanbHas komibrorepHas tabopatopust
obecrieunBaeT JOCTYII K JTFOOBIM IPOTPAMMHBIM
MIPUIOKEHHSIM, FICTIONIb3yEMbIM B y4eOHOM ITPO-
1IeCCe YHUBEPCUTETA, O€3 X MPUBBIYHON YC-
TAHOBKH M HACTPOMKH HA KJIMEHTCKOM YCTPOK-
CTBE, UTO MTO3BOJIUIIO CTYICHTAM, TIPEIIIOYnTAa-
IOIIIUM UHIMBH/Iy JIbHbIE TPAEKTOPUH 00yUe-
HUS, TO-HOBOMY B3IJISTHYTh HA CUCTEMY 3204-
HOTO U IUCTAHITMOHHOTO OOPa30BaAHUSL.

TexHonorNK BUPTyaIIM3aliuu, JUHAMUYEC-
KM MacIITabupyeMbIi Crioco0 JOCTyIA K MPo-
TPAMMHBIM Y BBIYMCIIUTEIBHBIM PECypcaM B
BHJIE CEPBUCA, MPETOCTABISIEMOTO TTOCPE/-
cTBOM ceTu IHTepHeT, Mpr KOTOPOM yJaIemMy-
sl He TpeOyeTcsl HIKAKUX CIIeIUaIbHBIX 3HA-
HUIA O IPOT paMMHO-AIITapaTHOM MH(PACTPYK-
Type BUPTYyaJIbHOM KOMIIBIOTEPHOH 1a00paTo-
YU WU HABBIKOB YIIPABIIEHHSI 3TOM TEXHOIIO-
THel, TIO3BOJISET OTHOCUTH €€ K ITaTdopMaM
Ha OCHOBE OOJTAUHBIX BbIUMCIIeHUH. Buptyass-
HAasl KOMITbIOTEpHAs 1a60paTOPHSI OTHOCUTCS K
«4aCTHBIM» 00JIaKaM, TTIOCKOJIBKY OHA CO3/IaHa
B BY3€ U ITPeHA3HAYEHA JJ15 peLleH s TpooieM
yueOHOTO Ipoliecca.

[Tpumenenne oGaYHbIX TEXHOJIOTHIA B pea-
JIM3AIAY BUPTYaIbHOM KOMITBIOTEPHOM JTabopa-

B supmyanvroii komnviomepHoti 1a60pamopuu Ucnoib3ymcst me Hce RPULOHCeHUsL, KO-
Mopble NPUMEHSIIOMCS HA CIMAYUOHAPHBIX PADOYUX CIMAHYUSX U KOPNOPAMUBHBIX cepeepax,
HO 00CMYN K HUM OCYWeCmBIIsienmcst Nocpeocmeom bpaysepa, cenmu UHMepHem U cO8PeMeH-
HbIX KIUEHMCKUX YCMPOLCMS, Hanpumep NiaHuemos, Hemoykog u daxce cmapmeornos. Ta-
Kue 803MONCHOCIU OJ1s1 00YHeHUsL CIYOeHMO8 npedocmasiisiem obaaurvie moodeau SaaS u Paas.
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TOPHUH ITO3BOJIUIIO BBIIIOJIHATH BCE TEXHOJIOI'U-
YecKue 3a1au (a AMUHUCTPUPOBAHKE, aKTya-
JIM3AIMsT, MOHUTOPUHT paOOThI KOMITOHEHTOB JIa-
OopaTopun) yIaJieHHO, BEICTpAaNBasi MX B ITOTOKH
paboT, COCTABJISFONINX CTPYKTYPY OU3HEC-TOTH-
KM y4eOHBIX 1 00ECTICUMBAIOIIINX ITPOLIECCOB.

APXUTEKTYPA BUPTYAJILHOI
KOMITBIOTEPHO! JTABOPATOPUU

BupryanbHas kommneloTepHas 1aboparo-
YISl —3TO MHOTOKOMITOHEHTHBIH ITPOT PAMMHO-
amnmapaTHbIi KoMIuteke. KirroueBbIM marom K
€ro CO3IIAaHMIO SIBIISIIACH Pa3padOTKa apXUTEK-
TYPbI BUPTYAJTLHOIN KOMITHIOTEpHOH JTabopaTo-
UM, TTOCPEACTBOM KOTOPOI BO3MOKHO OTIpe-
JIETTATB LIEITH Y TIPHHITAIT PA0OOTHI CHCTEMBI, BBI-
TTOJTHSIEMBIE € (PYHKITMHU U peliaeMble 3a1a4u,
CHCTEMOOOPAa3yIOIIHe KOMITIOHEHTHI, B3aHMO-
CBSI3U M orpaHndeHus. KommoHneHTamMu apxu-
TEKTYpbl BUPTYAILHOM KOMITBIOTEpHOM J1a00pa-
TOpHUH (CM. pHcC. 1), CO3MaHHON B yHUBEPCHUTE-
Te «JlyOHay sBrsroTCs:

— MHTErPUPOBAHHAS CUCTEMA YITPABICHUS
BUPTYQJIbHOH KOMITBIOTEPHOM Ta00paTOprei,
00BbeANHSIIONIAS B cebe pa3iInuHbIe CEPBUCHI U
MOJICUCTEMbI, 2 UMEHHO: CUCTEMY YITPABJICHUS
ceTeBol (haiilIoBOI CHUCTEMOI 1 00pa3zaMu BUP-
TyaJTbHBIX MAIIIUH; CUCTEMY KOHCOTUANPOBAH-
HOTO YIPAaBJIeHHUS TUTIEPBU30PAMMU; IICHTPAITH-
30BaHHYIO CHCTEMY aBTOPHU3AIIH U Ay TeHTU(DH-
KalvK; CUCTEMY yIIpaBJieHns OecriepeOoHbIM
MATAHUEM; CUCTEMY YIIPABJIEHUS PE3€PBHBIM
KOIMPOBAHKMEM; CUCTEMY YITPABIICHUS BUPTY-
aITbHBIM KOMIIBIOTEPHBIM KIIACCOM; CUCTEMY
yIpaBiieHus 0€30MacHOCTHIO U 3AIMUTON OT
HECAHKITMOHUPOBAHHOTO JIOCTYIA; CUCTEMY
MIPOBEJICHUS BUICOJIEKIINIA U MACTEP-KIIACCOB;
OMOIMOTEKY MHTEPAKTUBHON Y4eOHO-METO M-
YECKOH U TEXHUUYECKOH MOJIEPIKKHU; CUCTEMY
COBMECTHOH pabOThI U B3AaMMOJECHUCTBHS yuac-
THHUKOB J1a00OpaTOPHUH; CUCTEMY YITPABIICHUS
JUCTpUOYTUBAMU ITPOTPAMMHOTO OOECTICUEHHST
Y JINLIEH3USIMU;

— CEpBEP MOBBIIIEHHON HAJIEKHOCTU —
1eHTp o0padoTtku nanHbX (LIO/1) ne3Buiinoi
APXUTEKTYPbI C BOBMOXKHOCTBIO PE3EPBUPOBA-

HurerpupoBaHHas cHETeMa YNPaBJIeHHs! BHPTYAILHOH KOMIIBIOTEPHOH JadopaTopueii

Cucrema yipaBiIcHis aniapatibiM 0DecneueHnesm
cepeepa

CucTeMa YIpasieHns ceTeBoil Gainosoi cucTemMoit s

1 06pasaMH BHPTYAIEHEIX MAIINH

CucTeMa KOHCOMHTHPOBAHHOTO YHPARIEHA

YPOBHCM BHPTYATH3ALHAN (THIICPRHIOPOM)

ueHTpﬂJIHBDBﬂHHﬂ!I CHCTEMA ABTOPH3AUNH H - |
ayrenTuduKaLmmL ‘, i_ —

"m_‘,l ™|

CHETEMA YIPABICHHA BUPTYAlbHBIM
KOMOBIOTCPHBIM KIACCOM

i

Tl
i

Cuerema ynpagicHus 0e10nacHOCTBI0 U 3AMIATOH
o1 THOHHPOBAHHOTO 10CTYNA

CuHeTeMa NPOREACHHA BHACOICKINEH H MacTep-
K1aCcCOB (B

ik

Bulnuorexa HHTEPAKTHBHOI yIe0H0-

CHerema ynpasinenis SecnepeGolineM MHTaHHeM }— 1

+ CHeTeMa YIPABICHAS PE3CPBHEIM KOTHPOBAHHCM

MCTOAHYCCKOH W TeXHHHYCCKOIH NOMLICPAKH

CreTemMa CORMCCTHOH paboThl H B3aHMO/ICHCTRAS
YACTHHKOB JabopaTopHi

Cuerema ynpagacuus guctpubymusasu 110 n
JIHLUCH3HAMH

]

CeTeBan pacnpegeneHHas cMcTema XpaHeHna
naHHbix (NFS)

— l'unepeusop I'nnepeuiop l'unepeusop

HONUPOBaHWA
Crerema OanaHCHPOBRY HATPY3KH W ODecnedenns P

MOBBIIEHHOH HAJISKHOCTH

Puc. 1. ApxutekTypa BUPTYaTbHOMN

CuCTeMa peaepBHoro

CueTeMa CeTeBnIx
KOMMYHHKAINE 1 6e30nacHOCTH

JlokaneHas ceTe
YHHBEPCHTETA

KomneoTepHeiin napk
yHUBEpCUTETE

MobuneHoe yeTpoiicTRO

KOMITBIOTEPHOH J1a00paTopun

KOMIIBIOTEP B YHEGHOM ITPOLIECCE
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HUSI KOMITOHEHTOB (BKITIOYAIOIINI 000c001eH-
uble Blade-cepBepa, RAID-xpanummiie, cucre-
My [MUTAHUS, CHCTEMY OXJIQXKICHHSI U TTpoUee);

— KOMMYHHUKAIIMOHHBIE CETEBBIEC MATHCTPA-
TV

— CHCTEMY CETeBBIX KOMMYHUKAIIHIT 1 Oe-
30MACHOCTH;

— CUCTEMY PE3ePBUPOBAHHOTO TUTAHMUS,

— CHUCTEMY PE3EPBHOT0 KOITUPOBAHMSI;

— cucTeMy OaJITaHCUPOBKH Harpy3KH 1 00ec-
TICYEH U TOBBIIIIEHHON HAISKHOCTH;

— TUITEPBU3OPEI,

— BUPTYaJIbHBIC MAIIIHB;

— BUPTYaJIbHBI KOMITBIOTEPHBIN KJ1aCC;

—poyee MPOrpaMMHOE OOecTieueHHE.

HMuTerpupoBanHas cuctemMa yrnpaBiIeHUs
obecrieunBaeT B3aMMOCBS3b MTEPEUNCIIEHHBIX
KOMIIOHEHTOB, MPEIOCTABIISIS €IUHBIMH, IIEHTpa-
JIM30BaHHBIN HHTEPDEIC TSI TOCTYTIA KO BCEM
(YHKIIMOHATHHBIM YACTSM U KOMIIOHEHTaM
BUPTYaJILHOM JTabopaTopun uepe3 Opaysep. Ita
CHCTEMA OTIpe/IeTIsieT BO3MOKHOCTH LICHTpaIIU-
30BaHHOTO YIIPABIICHUS, MOHUTOPUHTA U y/a-
JICHHOH paboThI. 3a CUeT CeMaHTHUIECKOH pas-
METKH CTPaHUI] OHA MIO3BOJISIET C KAKOU-TO0
OTKPBITO BeO-CTPAHUIIBI IEPEHTH HA CBS3aH-
HBbIE C HeW CTPAHUIIBI, COJEPIKAIIIE JOTIOTHH-
TEJIbHBIC WJIA POJICTBEHHBIE CBEICHUSI, & TAKIKE
HACTPOMKH, HEOOXOAUMBIE 17151 yTOOHOH, TPO-
TYKTUBHOW M HHTYUTHBHO-TTOHSTHOM PAOOTHI
B cucreme (cMm. puc. 1). UuterpupoBanHas cu-
cTeMa yIpaBIIeHUS] BUPTYJTbHON KOMITBHIOTEP-
HOM JabopaTopueli MpenocTaByIseT yIaICHHBINA
JTIOCTYTI KO BCEM TOJICHCTEMAM, B TOM YHCIIE U
arnmnapaTHBIM, TIO3BOJISIS  IMIHUCTPATOPAM Jia-
OopaTopun yaeHHO OOHOBIISITH MUKPOITPOT-
PaMMBbI BceX e KOMIIOHEHTOB, BIUIOTh J10 TIPO-
IIMBKU UCTOUHUKA Oecriepe00HOTO MUTaAHUSL.
HurerpupoBanHasi cuctema yrpaiieHus T03BO-
JISIET TAK e yJIEHHO MTPOBOJUTH TUATHOCTU-
Ky arapaTHbIX YacTel BUPTYaTbHON KOMITHIO-
TEPHOH JTa00PaTOPUH, IEPE3ArPYKATh UX UIH

JTake BBIKITIOYATh, UTO 0OecrieynBaeT MOOWITb-
HOCTb B YIIPABJICHUU M OOCITY)KUBAHUH BCEH
anmapaTHOH I1aThopMbI BAPTYaTHHON KOMITh-
I0TepHOI TabopaTopu.

LleHTpanm30BaHHBII JOCTYII K IIPOT PAMM-
HOH 11aThopMe MO3BOIISET 3aTPyKaTh M PeaK-
THPOBATH AUCTPUOYTHBBI IPOTPAMMHOTO 00ec-
TICYCHNS, OTICPAITMOHHBIX CHCTEM, UHTEPAKTHB-
HBIX y9eOHNKOB, IIPOBOIUTE KOHTPOJIb KAUecTBa
3HAHWIA, OPraHW30BbIBATH BEOMHAPBI, KOHTPO-
JIMPOBATH YCBOSIEMOCTh U YCIIEBAEMOCTb, hOp-
MHUPOBATh UHIUBUIYJTHHBIE TPACKTOPHHU 00Y-
yeHus1. XOTs OOBIYHO 32 9TO OTBEUYAIOT OT/IENb-
HbIE, HE CBSI3aHHBIE MEXTy COOOM CHCTEMBI,
KOTOPBIE MHOT/IA ITPEIOCTABIISIOT TOIBKO JIO-
KaJTbHBIE BO3MOXHOCTH JJI51 TIPOBEICHNS aHa-
JIOTUYHBIX padoT.

B nabopaTopun mperycMoTpeHa BOZMOXK-
HOCTB OBICTpOH MTPO(MITEHOIM a1arTaIiu (aaar-
TUBHOE M3MEHEHNE KOH(PUTYpaAIN KOMITOHEH-
TOB) TTOJT KOHKPETHYIO IMPEIMETHYTO 00JIACTb,
YTO PACHIUPSIET €€ BO3MOKHOCTH H ITO3BOJISET
TIPUMEHSTH IIPEIOCTABIISIEMbIE KOMITOHEHTAMH
71a00paTOPHUH CEPBUCHI B OTPACIISIX, HE CBSA3AH-
HBIX C O0y4YeHHEM.

ATIITAPATHAS TUIAT®OPMA —
CEP/ILIE BUPTYAJIBHOI JIABOPATOPUU

B nacrosiee Bpemst 1yt paboThI € 3a1a4a-
MH OITPENIENIEHHOTO KJIacca CYIIECTBYIOT 3apa-
Hee M3BECTHbIE anmapaTtHele perienus. K 3aga-
4yam, peraeMbIM B y4eOHOM IPOoliecce YHUBEP-
CUTETA, OTHOCSITCS KaK CIIOKHBIE, PECYPCOEM-
K€ BBIYMCIICHYS (HAYYHbIE 331441, MATEMATH-
YecKOoe MOJENMPOBAaHUE, OAAEPKKA MPO-
TPaMMHBIX CPEIT IS Pa3IMIHBIX IPOT PAMMHBIX
m1aThOPM M CUCTEM), TaK M OOCITYy)KUBaHUE
00JIBIIIOTO UKMcia mosb3oBareneil. Hebomplime
YHUBEPCUTETHI, KaK MMPABUIIO, HE UMEIOT Pecyp-
COB JUIs1 000OPYIOBAHUS CIIEIIMATIBHBIX CEPBEP-
HBIX ITOMEIIEHUH U CPEACTB JIJIs1 pa3BepThIBA-

O0HO U3 00CMOUHCING BUPINY ANLHOL KOMNbIOMEPHOUL 1A60pamopuu Ha 0CHO8e MexXHOJI0-
2UU 0ONIAUHBIX BbIYUCTICHUL, BHEOPEHHOIL 8 YYeOHbILL NPOYECC YHUBEPCUMEMO8 — OMCYMCINEUe
0CPAHUYEHULL HA YCIMAHOBKY CYOeHMAMU UL NPEenooasameisiMu Mot i UHOT NPO2PaAMMHOT
nAAMgopMmvl uiU NPOOYKMA HA C8010 8UPMYAbHYI0 Mauury. Cmyoenmpl Uiy npenooagamenu
menepb MO2ym 8echiu C8010 HAYYHO-UCCACO08AMENbCKYIO 0eSIMEIbHOCHb U NPUHUMANb YUac-
mue 8 00pA308aMeTbHOM Npoyecce YOaIeHHO, HAX005Ch OOMA UTU 0AdICe 8 KOMAHOUPOBKE.
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HUSI MOH(PEHMOB WITH KITACTEPHBIX PeIICHHIA
1 UX JanbHenero oocny;xuanus. OcTaHOB-
Ka MeliH(ppeiiMa 1iTn KJ1actepa KOPEeHHbBIM 00-
DPa30M CKaXKeTCsl Ha CIIelKypcax, TporpamMma
KOTOPBIX CBSI3aHA C CEpBEPaMH YHUBEPCUTETA.

Hcnonp3oBanue cepBepHO TIIATGOPMBL
OJIelI-apXUTEKTYPBI B KAYECTBE aNlapaTHON
TUIAT(OPMBI BUPTYaTbHOM KOMITHIOTEPHOIM J1a-
OopaTOPHH ITO3BOJIIIO HE TOITEKO OOCITYKUBATh
CHUCTEMY B «TOpSYEM peXrUMe», O6e3 mocie-
CTBUH /17151 y4eOHOT O ITPOIIecca, HO M yCTAHAB-
JIUBATh HECKOJIBKO TUIIEPBU30POB, OPUEHTUPYSI
Kbl OJei1-cepBep Ha pelieHrne KOHKPET-
HbIX 3a7124. Hanpumep, onya u3 Hanmx Grieii-
CepBEPOB OPUEHTHUPOBAH Ha paboOTy C BUPTY-
abHBIM KOMITBIOTEPHBIM KJlaccoM Ha Oasze
Citrix XenApp, TUIaKTHUYECKUMHU U HHTEPAK-
TUBHBIMH y4eOHBIMI MaTEpUATIAMU, BUIIEOYPO-
KaMu 1 BeOnHapamu. B To Bpemst Kak Apyroi
Oreii-cepBep OTBEYAET 32 HAYUHO-HCCIeIOBA-
TEeJIbCKUE pabOThI, COBMEIIASI OTHOBPEMEHHO
MHOYKECTBO PA3IMUHBIX TPOTIPUETAPHBIX F CBO-
0OMHO  pacHpoCTpaHIeMbIX IIATHOPM
(Windows, Unix, Linux, FreeBSD, Solaris,
MacOS) 1 ux mprIIOKEHNH Ha CO3aHHbBIX BUP-
TyaJIbHBIX MAIITUHAX.

BUPTYAJIbHBIN
KOMITbIOTEPHBIN KJIACC

BupTyanbHBII KOMITBIOTEPHBIH KITACC ITPea-
CTaBJIEH O/THOM U3 BUPTYAJTLHBIX MAIIIHH JIA00-
paTopuH, K KOTOPOM ITPEIOCTaBIIEH TOCTYII U3
BHemHel cetu. brraromaps Citrix XenApp —
OCHOBE BUPTYaJIbHOTO KOMITBIOTEPHOT O KJTac-
ca, TI0JIb30BATEIM UMEIOT BO3MOKHOCTbH HC-
TIOJTb30BATH €IIMHBIHN, 3TAJIOHHBII 00pa3 KaXK1o-
TO IPOTPAMMHOTO TIPHITOKEHHSI, HCTIOITh3YEeMO-
T'O B YHUBEPCUTETE, — KaK IMPOIPHETAPHOTO, TAK

1 cBOOOTHO-pacIpocTpansemMoro. Takoe npu-
JIO’KEHUE CTAHIAPTHO U HE OTIIMYAETCS OT IPU-
BBeIYHOTO nonk3oBaTeno OC Windows, Ho 3a
CYET PECYPCOB BUPTYAIbHOM KOMIILIOTEPHOU
71abopaTopur OHO MPETOCTABIISIETCS HA BCEBO3-
MoskHbIe OC T MCTIONTB30BaHMS B online vim
offline pexxnmax.

BHenapeHHbII BUPTYaIbHBIN KOMIIBIOTED-
HBIN KJTacC PEeIOCTABIISIET O0JIee YIPOIIIEHHYIO
cxeMy paboTsI s ronb3oBatesei. [lomp3oBa-
TEJSIM HET HeOOXOAMMOCTH CO3/IaBaTh BUPTY-
aIbHBIE MAIIMHBI, KAK 3TO AEIAETCS B BUPTY-
ITbHOM KOMITBIOTEPHOH JTa00PaTOPHH, YCTAHAB-
JIMBATh OIEPALTMOHHBIE CUCTEMBI 1 ITPUKITATHOE
MporpaMMHOE 0OecIiedeHne Ha HUX, CTATIKH-
BaThCSI C BO3MOKHBIMH OLITMOKAMHU U ITPOOIIE-
MaMHU COBMECTUMOCTH IMPH YCTAHOBKE TAKUX
MPUIIOXKEHH HA pabOYHe U IOMAIITHHE TIEPCO-
HaJIbHbIE KOMIIBIOTEPHI. {7151 yuarmxcs u rnpe-
MoJIaBaTeNeN BUPTYyaIbHBI KOMITBIOTEPHBIN
KJIACC — 3TO BUPTYaJIbHBIN aHAJIOT PHUBBIYHO-
T'O UM KOMITBIOTEPHOTO KJIAcca C HEOCIIOPUMBI-
MH JOCTOMHCTBAMHU, ITPEIOCTABIISIOIINNA YHU-
BEPCUTETY BO3MOXXHOCTh OPraHU30BaTh y4eo-
HBII TIPOIIECC TS CTYIEHTOB JTF000H (hOpMBI
00yueHus1, OCHOBBIBASICh HA OJTHOM, & HE JIECSIT-
Kax MPONPUETAPHBIX JTULIEH3H TS IPOTpaMM-
HOTO MMPOAYKTa, He TpeOyst OOHOBJIEHNS KOM-
MBIOTEPHOTO NTAPKA B YHUBEPCUTETE M HATTMUUS
MOITHBIX IEPCOHAITBHBIX PAOOYNX CTAHITUH Y
COTPY/IHUKOB YHUBEPCUTETA U CTYJIEHTOB. DTO
CTaJI0 BO3MOJXKHO OJ1aro/iapsi TOMy, YTO BCE BbI-
YHUCIICHUS TIPOUCKOISIT B «OOIAKED.

BECITEPEBOVHBII JOCTVYII
K PECYPCAM

Criergrika paboThI CITyKO HHPOpMAITMOH-
HOTO 00eCTICYeHHsI YHUBEPCUTETOB TAKOBA, UTO

Hcxo05 u3 onucanmvix 603moacHocmeti, onpeoesieHue UpmyaibHoll KOMIbIOMEPHOU 1a00-

DPamopuu MOMCHO CHOPMYIUPOBAMb CLEOYIOUUM 00PA30M: BUPMYATIbHAS KOMNLIOMEPHAS 1A~
bopamopus — 3mo MexHou02usl, 8 KOMOPOl KOMNLIOMEPHbIE PECYPCbl U MOUWHOCIU NPEOOC-
Magaomcs Nolb306amMeio KaK UHMepHem-cepauc, No360.1a10Wuil npou3go0ums y0anieHHyo
COBMeCMHYI0 pabOMy ¢ pacnpeoenénHbIMU Pecypcamu 1adopamopuul, npu JMom He UCKI0Yas
B03MOHCHOCHIb YCHMPATUZ0B8AHHO20 YNPAGNCHUS CUNAMU Y4eOHO020 3A8€0€HUs.

Bupmyanshwiii komnsrlomepnylii Kaace, Kak 4acms iabopamopuu, — 31mo KOMIJIEeKC npo-
2PAMMHO-ANNAPAMHBIX CPEOCMB, OCHOBAHHDII HA MEXHOL02UAX GUPMYAIUIAYUU, NO3BOIAI0-
WUl nPoBOOUMb OUCAHYUOHHOE 00YUeHUe U OCYUECMBIAMb KOMNJIEKCHYI0 00CMABKY NPUJIO-
IHCEHULL YUAUUMCSL.
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OPraHM30BaTh KPYIIIOCYTOUHOE HAOITIOAEHNE U
KPYIJIOCYTOUHYIO TEXHUYECKYIO MOACPKKY
TIPOT PAMMHO-AITIAPATHOH TUTAT(OPMBI HEBO3-
MOHO, OJHAKO IepeO0u B JJOCTYIIE K BBIUUC-
JIUTEIBHBIM PECYpCaM YHUBEPCUTETA U BUPTY-
AITHOH KOMITBIOTEPHOM JIA00PATOPUH HEIOITY-
CTHUMBI — 3TO MOXET CKa3aThCs Ha yueOHOM
TIpoIIecce TS CTYICHTOB BCeX (hopM OOyUeHUSI.
[ToaTomMy Bo3HMKIIAa HEOOXOAMMOCTH B CO3/1a-
HUW MOOWJIBHBIX TPYIIII MOIEPKKH, COCTOSI-
[IMX U3 MATUCTPOB, ACMIUPAHTOB, TAOOPAHTOB
U JIaKe TIpernoiaBaTenei, 001aqaomunux Bo3-
MOYXHOCTBIO TUCTAHIIMOHHOTO yIPaBIEHUS
CHCTEMOI B CITy4ae HEIITATHBIX cUTyalui. Ta-
KOM MTOJIXO/1 ITO3BOJIUII HE TOJIBKO OTIEPATUBHO
CHPABIISITHCS C HEIITATHBIMU CUTYAIUSIMH, HO
1 HAKAITUBATh HEOOXOIMMBIH MPAKTUYECKUN
OIIBIT, MPYBUBATH yUAILITUMCS], 33]Ie1ICTBOBAH-
HBIM B IPOIIECCE COMPOBOXKIACHUSI CUCTEMBI,
HABBIKY TEXHUYECKOHN paOOThI, OIIBIT 8 IMUHH-
CTPUPOBAHUS U TAKHE KAYECTBA, KaK 00s13aTelb-
HOCTb, CAMOCTOSITENTbHOCTh, THUITUATUBHOCTH
1 OTIEPATUBHOCTb.

B nporecce petienns 3aqaun obecrieueHus
BUPTYaIbHON KOMITBIOTEPHOM Ta00pATOPUHU
PE3ePBUPOBAHHBIM ITMTAHUEM H ITOCTIEYIOIIe-
r'0 MPOEKTUPOBAHUS APXUTEKTYPhI CHCTEMBI
yIpaBJIeHUs OecriepeOOHHBIM MTUTAHUEM OBLT
MPOBEJICH aHAJTN3 PhIHKA NCTOYHUKOB Oecrepe-
6oitnoro nuranus (MBI1). B pesynbrare ana-
732 OBLJIO BBISIBIIEHO, YTO JJ1s1 OCHAIIICHUS He-
6omprtioro IHO/1, Takoro, Kak armapaTHas I1aT-
(hopMa BUPTyaJTbHOM KOMITBIOTEpHOM Tabopa-
TOPUH, He TPeOYIOTCS KaKKe-TO ocoOble cpe/i-
cTBa b6ecriepeOONHOTO AIEKTPOTTUTAHMUS, TTO-
CKOJIBKY XapaKTEpPUCTUKN cOBpeMeHHBIX MBI
00111er0 HA3HAYEHHUS BIIOJIHE COOTBETCTBYIOT
TpeOOBaHUSAM TAKOW BBIYMCIUTENIbHOM 1A T-
(hopMbl. Taxrke ObLIO BBISCHEHO, UTO OOJBIIIHH-
ctBo MBI o01miero Ha3HaueHMS He MpeTHa3HA-
YeHO TSl yrpaBiieHus cepBepamu Blade-apxu-
TEKTYPBI, TOCKOJIbKY Yepe3 CTAHAAPTHBIHN TOPT
USB nmu COM HeBO3MOKHO OJTHOBPEMEHHO
MOCTIATh CUTHAJI BBIKJIFOUEHHSI Ha BCE CepBepa-
«J1e3BUsI» (TaK KaK OHU HE UMEIOT KOMMYHHUKA-
[IMOHHBIX TIOPTOB), AUCKOBYIO IOJICUCTEMY
RAID, a Taxe BUpTyaJIbHbIE MAITUHBL. TeM
0oJ1ee HEBO3MOXKHO MHTETPUPOBATH COITYTCTBY-
torriee TakuM MBI mporpamMHuoe obecrieuenme
B MHTETPUPOBAHHYIO CUCTEMY YIPABJICHUS BUP-

TyaJTbHOM KOMITBIOTEPHOM JTJab0paTOpHeH.

IMockomnbKy raBHOM 0COOEHHOCTBIO pa3pa-
OOTaHHON BUPTYaITbHON KOMITBIOTEPHOM 71200~
paTopuu, MPeoCTaBISIIoNIEH paboTy B «0obma-
Ke», SIBIISIETCS] BO3MOYKHOCTB JIOCTYTIA KO BCe
(YHKIIMOHAITEHOW YaCTH TIOCPEICTBOM UHTEP-
HeT-Opaysepa, IporpaMMHoe oOecrieueHe, B
BBIOPAHHOM ITOT HY’KITbI BUPTYaJTbHOM T1abopa-
topuu UBII, umeeT oTKpbITHIN KOA. TO 0Oec-
MIEYMBAET BOZMOXKHOCTB IOPabOTKU KO/IA C 11e-
JIbIO UHTETPALIMY B CUCTEMY YITpaBJICHUS BUP-
TyaJTbHOM KOMITBIOTEPHOM JTJab0paTOpHeH.

Hcxoms 3 onmcaHHOM BBITIIE CTICITUPHKT
«00JIaYHO» KOHUETIINH YITPABJICHUS BUPTY-
AIBbHOM TA00paTOpHeH, yIaIeHHOMY TIOJIb30Ba-
TEJTIO MPEIOCTABIISIOTCS TPOTPAMMHBIE areH-
ThI, B3aMMO/ICHCTBYIOIIHIE C MOJIYJIEM CETEBO-
ro ynpasienusa UBII misg nucTaHIIMOHHOTO
BBIKJTFOUEHHS] BUPTYaIbHBIX MallH. Takoe pe-
IIIEHHE ITO3BOJISIET CHOPMHUPOBATH CUCTEMY TTPH-
OPUTETOB U OPTraHU3yeT HAJISKHOE (QYHKIINO-
HUPOBAHME KaK CAMUX JIE3BUIDY U YCTAHOBJICH-
HBIX Ha HUX TUTIEPBU30POB, 00ECIIEUMBAIOIINX
0a30BbIi PYHKITMOHAI TTAT(OPMBI, TAK U BCEX
BUPTYaJIbHBIX MAIIIVH.

3AK/IIOYEHUME

B 3akimroueHue erie pa3 OCTaHOBUMCS Ha
KITIOUEBBIX OCOOCHHOCTSIX pa3paboTaHHOH ap-
XUTEKTYPbI BUPTYATHHON KOMITHEOTEPHOM 71200~
paTOpuU Ha OCHOBE TEXHOJIOTHI OO0JaYHBIX
BBIYMCIICHUI.

1. IHTepHET-OpUEeHTUPOBAHHBIH JOCTYII K
pecypcam 1abopaTopuu, IIEHTPATN30BaHHAS
CHCTeMa YIIPABJICHU S BCEMU ITOJCUCTEMAaMH 1
TIPOTpaMMHO-AIAPATHBIMA KOMITOHEHTAMH Ha
OCHOBE MHTET PUPOBAHHOM CHCTEMBI yIIpaBIIe-
HUISL

2. Beicokast BEBIUMCITUTETHHAS 1 IIPOITYCK-
Hasl CITOCOOHOCTH KOMIIOHEHTOB aIapaTHOM
wtatopmbl, 61arogapst MPIMEHEHHUTO CepBe-
OB JIE3BUIHOM apXUTEKTYPHI U CIICTIHATTN3U-
POBAHHO CHCTEMBI XpaHEHHS JAHHBIX.

3. JloctaTo4Hast KOMITAKTHOCTH CUCTEMBI 1
OTHOCHTEITbHASI HEMPUXOTIMBOCTD K YCIIOBHSIM
(YHKIIMOHMPOBAHMSI.

4. Pe3epBUpOBaHNE TAHHBIX M BCEX JKU3-
HEHHO Ba)KHBIX KOMITOHEHTOB CUCTEMBI.

5. MacmrrabupoBaHue U cepBHUCHOE 00CITY-
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KUBAHUE B «TOPSTIEM PEKUMEN.

6. OTKpBITOE INTATHOPMOOOPA3YIOIIEE TPO-
rpamMMHOE 0OecTieUeHHE.

7. AuHAMHUYECKHN MACILITAOUPYyEMBIi CITO-
€00 JOCTyTIa K MPOTPaMMHBIM 1 BEIYUCITATETb-
HBIM pecypcaM YHHUBEPCUTETA B BUJIE CEPBHUCA.

OcHoBHbIE 0COOEHHOCTH, 00YCITaBINBAIO-
M€ BBICOKHE TPeOOBAaHMS K anmapaTHOMY
00ecIeueHNI0 BUPTYAIbHOM KOMITBIOTEPHOMN
nabopaTopuu U pecypcam ceTy —3TO U 00JTb-
I110€ KOJIMYECTBO OJJHOBPEMEHHO PabOTAIOIINX
B BUPTYQJIBHOMH Ccpejie KIIMEHTOB, M He0OXO/I1-
MOCTh HAJTMYHS CBOOOTHBIX CHCTEMHBIX Pecyp-
COB, KOTOPBIE MOTYT OBITH TMHAMUYECKH 32,161~
CTBOBAHBI B TOPSTYEM PEKIME, TIO TPEOOBAHUIO.

PesepBrupoBaHue JaHHBIX U BCEX KOMITO-
HEHTOB ITPOT PAMMHO-AITIAPATHON IITATPOPMBI
obecrieunBaet 6ecriepeboifHyIo paboTy Beei
CHCTEMBI 1 TIO3BOJISIET TTPOBOIUTH MOMEHTAITb-
HYIO 3aMEHY HEHCIIPABHOT'O O0OPYIOBaAHUS.
PesepBupoBanve muranus, pa3paboTaHHas CH-
cTeMa yJaJIeHHOIO yIpaBlieHus becriepeOoii-
HBIM ITUTAaHUEM 1 OTPAOOTAHHBIE AT OPUTMBI
KOPPEKTHOT'O 3aBEPIICHUS PAOOTHI TOMOTAIOT
MIPEAOTBPATUTH COOH, BEI3BAHHBIE OITMOKAMM
(baiIoBO# CUCTEMBI B CITy4ae HEKOPPEKTHOTO
3aBepIIIeHNs paOOTHI PYHKIIMOHUPYIOIIETO TH-
TIepBU30pa 1 BCEX pabOTAIONINX BUPTYATbHBIX
MAIIIVH.

JIntepatypa

IIpuMeHeHe OTKPHITOTO MPOTrPAMMHOTO
obecrnieueHust TO3BOJISIET COBEPIIEHCTBOBAT,
AKTYaIIM3UPOBATh, & TAK)KE HHTEIPUPOBATH BUP-
TyaJbHYIO0 KOMIIBIOTEPHYIO 1a00PATOPHUIO C
JIPYTUMU CUCTEMaMHU, IIPUMEHSIEMbIMH B yUe0-
HOM ITpOolIecce.

HNHTepHET-OpUeHTUPOBAHHBIN TOIXO U
pa3paboTaHHast MHTETPUPOBAHHAS CUCTEMA
YIpaBJIeHNsT BUPTYaIbHOU KOMITBIOTEPHOM J1a-
OopaTopueil MO3BOIISIOT HE TOJBKO IUCTAHIIHU-
OHHO TIOJIB30BATHCS PECYPCaMU JIA0OPATOPHH,
HO M YAAJICHHO yIIPABIISITH BCEMU aIlliapaTHBI-
MU 1 IPOT paMMHBIMH KOMITOHEHTaMH JTabopa-
TOPHH, BBITOJTHATH HACTPOUKY U HEOOXOIMBIE
OOHOBJICHHUSI.

BHenpenne BUpTyaIbHOM KOMIIBIOTEPHOM
nmabopaTopuu B yueOHBIN mporiecc oopa3oBa-
TEIBHBIX YUPSKICHIH, BEIEHUE CITEIIKYPCOB C
€e IMPUMEHEHNEM F OCBOSHIE KOPITOPATUBHBIX
Y UHBIX HTH(OPMAIIMOHHBIX CUCTEM ITO3BOJIUT
yYaImyuMcs HaKarjTiBaTh HEOOXOTUMBIH ITpaK-
TUYECKHH OTIBIT [JIsT OTPACIIEBBIX 3HAHUM, pa-
OOTBI C BUPTYAJIbHBIMH PECYPCAMH, BILIOTH JI0
CO3/IaHMS YACTHBIX «OOJIaYHBIX» PEIICHUN Ha
MIPEAIPUATHNA. ITO 3HAUUTEITHHO ITOBBICHT KOH-
KYPEHTOCIIOCOOHOCTH BHIITYCKHUKOB, TAaK HEOO-
xoauMbIx ceroans UT-otpacnu.
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Abstract

Nowadays universities, which engaged in research in the field of IT and training of highly
qualified IT professionals, use specialized software, requiring time-consuming calculations.
Deploying a virtual computer lab can significantly reduce costs for the purchase of necessary
equipment or it’s upgrading. Cloud computing models allow students to provide a full range of
modern software, which required for the formation of actual graduate competencies and it
equate distance learning to full-time education. A virtual computer lab based on cloud computing
technologies was created into The International University of Nature, Society and Man “Dubna”.
Itis helping to solve many problems of the educational process.

Keywords: virtual computer lab, virtual computer classroom, virtualization technology,
cloud computing, the architecture of software and hardware systems.
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