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AHHOTanua

COBpeMeHHbIe Hay4Hbl€ 3KCIIEPHUMEHThI KJlacca «MeracaﬁeHc» He MOryT OGOﬁTHCb 683 pacnopene-
JIEHHbIX IEHTPOB c6opa, XpaHEHHA U 06pa60TKI/I AAaHHBIX. ,[[JIH MIPOEKTUPOBAHUA U PA3BUTHA TAKUX
CJIOXKHBIX CHCTEM IIpeJiaraeTcd UCIl0JIb30BaATb I.U/Iq:tpOBbIe ﬂBOﬁHHKH. B cTatbe CCI)OpMyJIHpOBaH Mme-
TOJ, MOCTPOeHUs [UPPOBBIX JBOMHUKOB paclpe/iesIeHHbIX EHTPOB c60pa, XpaHEHHsI U 06paboTKI
AAaHHBIX, KOTOprﬁ BKJIIOYAET B Ce0s IJIaBHBIM 06p330M OIMMCaHUEe CTPYKTYpPbI CJIOKHOH CHUCTEMBEI,
d)OpMI/IpOBaHI/Ie €€ BUPTYaJIbHOTO 06pasa u MOJeJIMpOBaHUeE. KiroyeBbIM 3Tanom MeToLa ABJIAEeTCA
MoOZe/JMpOBaHUe, KOTOpO€e AOJIXKHO YIYUTBIBATD XdPAKTEPHUCTUKHU IOTOKOB JAHHbIX U 3a/1a4, 4 TAKXe
BEPOATHOCTHU BO3MOXKHbBIX W3MEeHEeHHUH B nponeccax (byHKLIPIOHI/IpOBaHI/IH cucteMbl. [Tomumo 3TOro,
Ba>XHbIMHU 3TAallaMH ABJIAKOTCA NPOLECChl ONMMCAHUA CUCTEMbI U NIPpeACTABJIEHUA Pe3y/IbTATOB pa60-
ThI LU/I(IJpOBOI‘O ﬂBOﬂHHKa. Oco60e BHUMaHHe B CTATbe yAe/seHO ONMCAaHWI0 OCHOBHBIX aJITOPUTMOB
AJIA peasin3alilii MeToJa NOCTPOEeHUA LU/I(l)pOBI:IX ABOﬂHPIKOB, K KOTOPbIM OTHOCUTCA aJITOPUTM pa60-
Thl AApa MOAEJUPOBAHUA U MOAYJIA O BSaHMOAeﬂCTBHH I1oJ1b30BaTesid C LU/I(l)pOBbIM I,ZlBOI‘/JIHI/IKOM.
PazpaboTaHHbBIN MeTO/; OpHEHTHPOBAH HAa MOCTPOeHUE NUPPOBBIX ABOMHUKOB /JIS1 PelleHus 3a7a4
3¢ PeKTUBHOTO ynpaB/ieHUs U PAa3BUTHUS pacnpezie/IeHHbIX [EHTPOB cO0pa, XpaHEeHUsI U 06paboTKU
JIaHHBIX, HAIPUMED, M0 YACTH OIpe/iesieHUs KOHQUTYpaluy TpeGyeMoro o60py/J0BaHuUsI Cpel MHO-
KeCTBAa BAPHWAHTOB IIyTEM TECTUPOBAHUA PA3JIMYHbBIX CLLlEeHApUEB MaCLLITa6PIp0BaHI/IH.

KiroueBblie C/10Ba: nocTpoenre [udppoBoOro JBOHHKKA, pacrpe/ie/IeHHbIN [eHTp XpaHeHHs U 06-
pabOTKH JJaHHBIX, MOJIeINPOBAaHKE, BOSMOXKHOCTH [JIs 10JIb30BaTeJIs
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Abstract

Modern scientific experiments of the “megascience” class cannot do without distributed centers for
collecting, storing and processing data. It is proposed to use digital twins for the design and devel-
opment of such complex systems. The article formulates a method for constructing digital twins of
distributed centers for collecting, storing and processing data, which mainly includes a description of
the structure of a complex system, the formation of its virtual image and modeling. The key stage of the
method is modeling, which should take into account the characteristics of data flows and tasks, as well
as the probability of possible changes in the system activity. In addition, the processes of describing
the system and presenting the results of the digital twin are important steps. The article pays special
attention to the description of the main algorithms for implementing the method of constructing digital
twins, which include the algorithm for the modeling core and the module for user interaction with the
digital twin. The developed method is focused on building digital twins to solve problems of effective
management and development of distributed centers for collecting, storing and processing data, for
example, in determining the configuration of the required equipment among many options by testing
various scaling scenarios.
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274 MAPANNENMBHOE U PACMPEAENEHHOE MPOITPAMMUPOBAHWUE, TPUA-TEXHONMOT NI, Bﬂé Mkoﬂp%ngtl:]K%aé
MPOTPAMMUPOBAHUE HA TPAOUYECKMX MPOLLECCOPAX B B TpOhMMOB
BBeaeHne [IOCTPOEHNH HENOCPEACTBEHHO BUPTYaJIbHOTO 06pa3a Ha TPETbeM

B HacTosiiee Bpems niudposble ABoHUKH (L/]) mpuMeHsA0TCA BO
MHOTHX 06JIaCTAX HayKU U JesATeJbHOCTH YeJioBeKa /il PasHbIX
neseit [1-5]. Hampumep, LI/l ieHTpoB XxpaHeHUs U 06PabOTKHU JaH-
HbIX (I1O/1) ncnonb3yoTcs )1 IPOeKTUPOBaHUs 06GbEKTOB HOBO-
ro MOKOJIEHHS], yCTPaHeHHs HeloJIaZl0K Ha CYLeCTBYIOIIUX 00'beK-
TaX, yCKOPeHHs MpOLLeCcCOB MJAHUPOBAHMS MOIIHOCTEH, a TaKxXe
MO3BOJIAIOT YBEJUYUTb BpeMs 6e30TKa3HOH paboThl 3a CYET CBO-
eBpeMeHHOro UHGOPMHUPOBAHHUS O BO3SMOXKHBIX Npo6JieMax U Ha-
rpy3kax Ha komrnoHeHTbI [10/], moBbicuTb 3¢ dexTuBHOCTD LIO/] €
MOMOIIbI0 QYHKILMH aHa/IM3a TeKYLero noTpe6jeHus: pecypcoB U
OILI€HKH BJIMSIHUS JOTyCTUMBIX U3MeHEHUH U T. 1. [6]. Takue L[ /] 18-
JIIFOTCA BUPTYAJbHBIMU KOMUSMU UCKJIIOYUTENBHO UHXXEHEPHOU
nHdpactpykrypsl O/, KoTOpble TeppUTOPHAIBHO PACIIOI0KEHbI
B 0JJHOM $U3UYECKOM ITPOCTPAHCTBE.

Jlns pelleHMs] HAyYHbIX 33/1a4, XpaHEeHUs U nocjejylolleit obpa-
GOTKH OIPOMHOI0 KOJIMY€eCTBa JaHHBIX, 10JIy4eHHbIX C YCTAaHOBOK
JKCIIEPUMEHTOB KJlacca «MeracaiieHc», UCIoJIb3YI0TCs pacnpe/e-
JIeHHbIEe IIeHTPbI c60pa, XpaHeHUs U 06paboTku naHHbIX (PLIO/),
KOTOpble UMEIOT CJIOKHYI0 reorpadUyecKy pacrnpe/ieIeHHYI0 UH-
dpacTpyKTypy M BKJIIOYAIOT MHOXECTBO PeCYpPCOB Pa3HbIX TUIIOB
[7, 8]. KoHeuHo, pacnpe/ieJieHHbIE CUCTEMbI TaKXe HYXKJAITCS B
[1/l, KoTOpbIA MOMOXET IPHU NPOEKTUPOBAHUH, MacClITabUpOBa-
HUU U coBepiieHcTBoBaHuU PLIO/I. [Ipy nocTpoeHUr U pa3sBUTUHU
PLO/| asis1 Hay4yHBbIX 3a/jla4 OYeHb BaXXHO YYUTHIBATb XapaKTepHu-
CTHKH [TOTOKOB JIAHHBIX /11 XpaHEHUs U OTOKOB 33/1a4, KOTOpble
006pabaThIBAIOT 3TH JaHHBIE. ITO MO3BOJIUT MPOBOAUTD UCCIIE/L0-
BaHUs, HalpaBJIeHHble Ha ONTUMU3ALUI0 CTPATErny yrpaBeHus
MMOTOKAMHU 3a/lay, aHaJIM3 UCII0JIb3yeMbIX PECYPCOB, OLleHKY Heo6-
XO/IUMOT0 KOJIM4eCTBa PecypcoB /i KOHKPETHBIX 3a/ja4 COIJIacHO
Npe'bsBJIEHHBIM TPe6GOBaHUAM U KPUTEPUSIM OLEHKHU pe3ysbTa-
tuBHoctu PLIO/J. Ho Ha cerogHamHuM feHb He cyuecTtByeT L1/,
C NOMOLIbI0 KOTOPBIX MOXXHO ONMCATh apXUTEKTYPY CYLIEeCTBYIO-
LIero WJIM MPOEKTUPYEMOTO paclpe/ie/IEHHOT0 LeHTpa XpaHeHUs
1 06pabOTKU JAHHBIX C Y4€TOM MPOLECCOB, MPOUCKXOJSALIUX B CH-
cTeMe C NMOTOKaMHU JIJaHHBIX U 33/la4. B cBSI3W ¢ 3TMUM BO3HHUKaeT
aKTyaJbHas 3ajjaya pa3paboTKU IMPOrpaMMHOr0 KOMILIeKca AJs
co3JjaHus1 IUGPOBBIX ABOMHUKOB C LieJIblo pelieHus 3a1a4 3¢ dek-
TUBHOTO YIIpaBJIeHUs U Pa3BUTHs paclipe/ieleHHbIX [eHTPOB C60-
Pa, XpaHeHUsI 1 06pabOTKU JaHHBIX [9].

KoneuHo, B nepBy1o oyepesib HEO6X0AUMO pa3paboTaTb METOJ, M10-
cTpoeHust [UGpPoBLIX ABOHHUKOB PIIO/I, KOTOpBIN B OT/IMYME OT
CYIIEeCTBYIOIMX BBINOJIHAET MOJEJMpPOBaHUE pacHpesiesleHHbIX
LEHTPOB C Y4€TOM XapaKTEePUCTUK IOTOKOB JAHHBIX U 33/a4 A1
XpaHeHUs U 06pabOTKH, a TAK)Ke BEPOSITHOCTEH MOsIBJIEHUs U3Me-
HeHUH B npoleccax, npoucxogsauux B PLIIOJ [10-17].

MeToa nocTpoeHus HUPPOBLIX ABOMHUKOB
pacnpejes/ieHHbIX LEHTPOB C60pa,
XpaHeHMA M 06pabOTKHU AAaHHBIX

[Iponecc nocrpoenus 11/, kak npaBuJIo, peasiudyeTcs nosranHo. Ha
MepBOM 3Talle OCyLIeCTBJsAeTCs cO60p JaHHBIX 0 GU3UYECKOM 00b-
eKTe (cucTeMe), ero COCTaBHbIX YaCTAX, MapaMeTpax QYHKLHMOHU-
poBaHus U T. . [18, 19]. Ha BTOpOM 3Tame 13 noJiy4eHHbIX JAaHHBIX
n3BJieKaeTcsl HHGopMaLus, Heo6XoAUMas /iJisl IOCTPOEHUs BUPTY-
aJIbHOT'0 06pasa paccMarpuBaeMoro o6bekTa (cucremsl) [20]. [Tpu
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3Tare MCIOoJb3YITCA MEeTOAbl MOJeJUpOoBaHus. YeTBepThId 3Tar,
KaK IpaBUJIO, OCBSLEH IPOBEPKe MOJIyYHBLIUXCS MO/leslel, BepH-
$uKanuy ¥ Baauanuy ¢ QU3NYeCKUM NpoToTUNOM [21]. ITO oueHb
BXKHBIN 3Tall, Tak KaK OT KauyecTBa, a/leKBaTHOCTH, 3G deKTHBHO-
CTH Y HaJIe)KHOCTH NTOCTPOEHHOM MO/lesI 3aBUCHUT JjajlbHel1ee 13-
y4eHHe paccMaTpuBaeMoro ¢pusndeckoro obbekra (cucremsl). [lpu
He06X0AMMOCTH NMPOBOAUTCA KOPPEeKTHPOBKa MoJesu. [locnejHuH,
nATbINA aTan nocrpoenus 1/l npepycMaTprBaeT co3iaHre MOAYJIS
JIEMOHCTpPALMU Pe3y/bTaToB pa6oTs! /], KoTopble L0MKHBI ObITH
OTKPBITBIMH, JJOCTYITHBIMU U NIPe/ICTaBJIeHbI B IOHATHOM BU/Jie (A1-
arpaMmmbl, rpadukH, cxeMbl U T. 1) [22, 23]. TakuM 06pa3om, 0CHO-
BoH LI/l AB/IAIIOTCA MOJiesy, @ HerocpeAcTBeHHOoe pyHKIMOHUPOBa-
Hue [/l o6ecrieyrBaeTCs HHCTPYMEHTAaMHU, KOTOPbIE CO3/JAl0TCs TPU
MOMOLIY PA3JIMYHbIX HHGOPMAIMOHHBIX TEXHOJIOTHH.

B pamkax paccmaTprBaeMoi 3aiauu 1o coszgaHuo /], koTopblit
MOMOXKeT KayeCTBEHHO NPOBOJAUTb HCCJe[0BaHUS, CBSI3aHHbIE C
co3zaHueM U pa3BUTUeM coBpeMeHHbIX PO/l ¢ yyeToM xapakTe-
PHUCTHK NOTOKOB JIaHHBIX U 33Jja4, Lies1ecoo6pasHo pa3paboTaThb
YHUKaJIbHOE 511p0. YHUKA/IbHOCTD f1/ipa 3aKJII04YaeTcs B ero yHHU-
BepCaJbHOCTH U MPUMEHHUMOCTH JIJIS1 MOZLeJIMPOBAHUS POLECCOB
nepejiayd, XpaHeHUs U 00pabOTKU JaHHbIX JooObix PLO/. [pu
noctpoeHuu sazapa /I, B koTopoM 6yzeT peasM30BaH NpoLEecC
mozenupoBanus PLO/l, He06X0AUMO YYUTBIBATH COBPEMEHHbIE
TeH/IeHIIUU TIOCTPOEHUs pacrpe/ie/IeHHbIX CUCTEM U MPUJEPXKH-
BaThCsl NPUHIUIA Pa3paboTKU YHUBEPCAJbHOI'O NPOrpaMMHOI0
nakeTa, KOTOPbIH He HY>KHO M3MEHATh IO0J, KXy MoJesupye-
Myl UHGpacTpykTypy. [Ipy MoselMpoBaHUK HEOGXOAMMO TaKKe
YYUTBIBATh BEPOSTHOCTH BO3MOXKHBIX M3MEHEHUH B Ipolieccax
OYHKUMOHUPOBAHUS CUCTEMbI B 3aBUCUMOCTH OT THIA 000pyz0-
BaHUs (HampUMep, NOTEPH JAHHBIX, U3MEHEHHEe POU3BOJIUTEb-
HOCTH). ITa 0COGEHHOCTDb MTO3BOJUT NPUMeHATh /] 114 perienus
HIMPOKOTO KJjacca 3aZay, NPOBOJUTb MCCJIeJ0BaHUS, CBSI3aHHbIE
C MPOEKTUPOBAHHEM, MACIITA6HPOBAHUEM, [IOBbILIEHUEM TPOU3-
BoauTesbHOoCcTH PLIO/], aHa/m30M 3G HeKTUBHOCTH U HAJIEXKHOCTH
pasJIMYHBIX IpoleccoB, npoucxoAamux B PII0/] B nepuo skcnya-
Tauuu. B /] no/nkHa 66ITh NpeycMoTpeHa GYHKIMOHAIbHAs BO3-
MOXXHOCTb, M03BOJISIONAsl BbIGUPATh HECKOJbKO MOTEHLHAJbHO
KOHKYPEHTOCIIOCOOHBIX BAapUAaHTOB M3 MHOXECTBA JIONYCTUMBbIX
KoHUrypauui obopynoBanus s PLIO/J.

Koneuno, nudpossie aBoiiHukH PIIO/] He MOTYT GbITh TOJIHOCTBIO
ABTOHOMHBIMH U TPeOGYIOT BMeIIaTebCTBA YeJ0BeKa, HapUMep,
JIUIs1 OIMCAHUS MOJIeJIMPyeMOr UHPPACTPYKTYPbl, IPU TECTHPOBA-
HUU Pa3JMYHbIX MOAUPUKALMKI pacrpefie/leHHOH CUCTEMBbI, NpU
NOMCKe KOHQUrypauuid 060pYAOBAHHUS COIVIACHO HMEIUMCS
Tpe6oBaHUAM. Bo BpeMsi IpoBe/leHUs] IKCIEPUMEHTOB U paboThl
L/l cTpyKTypa MojesupyeMoi pacipe/ieleHHON CUCTeMbl MOXET
ObITb U3MeHeHa, HallpuMep, MOXKeT MOTpe6oBaThCs A06aBIeHUe
WJIM yJlaJIeHde BbIYUCIUTENIbHBIX KOMIIOHEHTOB, XPaHHJIMIL JaH-
HBIX, IMHUHN CBA3U Mex/y koMnoHeHTamu PLIO/l. 9To 3HauuT, 4TO
pa3pabartbiBaeMblid 1/l fo/KkeH GbITH OCHAIEH XOPOIIO MPOAY-
MaHHbBIM, YAOGHBIM U JOCTYNHBIM HUHTepdelcoM, TAe NMob30Ba-
TeJlb CMOXKET He TOJIbKO 33JjaBaTh TpebyeMmble napameTpsl PLO/,
HO U [I0JIy4aTh pe3yabTaThl pa6oThl [/l B NOHATHOM U CTPYKTYpPH-
POBaHHOM BH/Ie, B TOM YHCJIe Ha rpaduKax.

TakuM 06pa3oM, MOXHO CHOPMYJHPOBATbH METOJ| MOCTPOEHUSs
1 $poBbIX ABOHHKKOB PIIO/l. MeTo/; COCTOUT U3 CIeAyIONUX 3Ta-
MOB.
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[Tonyuenue panubix o PLIO/]: napamMeTpax 060pyZ0BaHus,
NOTOKaX JAHHBIX U 33/ja4, LeJisX noctpoenus [/l Bepoar-
HOCTHBIX XapaKTE€PUCTUKaX NPOLLECCOB, NPOUCXOAAIMX B

Onucanue ctpykTypbl PIIO/| 1 cBsizell MeX/y KOMIIOHEH-
®opmupoBanue BUpTyasbHOTO o6pasa PL|O/l Ha ocHOBe

MOJTy9eHHBIX JAHHBIX U OMMCAHUS €T0 CTPYKTYPHI.
MogenvpoBanue PLIO/,.

1.
PLIO/.
2.
TaMH.
3.
4.
5.

I'paduueckoe nmpesacTaBIeHHe Pe3yIbTaTOB pa6oTel LI/1.

Z[IIH peasmn3anuu KaXXJA0ro srana Mmerona HeOGXO,E[PIMO p33p860-
TAaTb aJITOPUTMBbI.

AJITOpUTMBI AJIS1 peajiu3alii MeToAa
NMOCTPOeHUsA HUPPOBHIX ABOHHUKOB
pacnpeje/ieHHOTr0 IeHTpa c60pa, XpaHeHM s
U 06pabOTKM JaHHBIX

KitoyeBbIM 371eMEHTOM B MeTO/le NMOCTPOEHUs UPPOBBIX JABOM-
HukoB PIIO/l ABiseTca AApo, WJIM NporpaMMa MOJEeJUPOBAHUSA
pacnpe/ieJleHHbIX CUCTEM C YYeTOM [TapaMeTpPOB MOTOKOB JAaHHBIX
Y 33124 AJ11 06paboTKH, a TaKKe BepOTHOCTHBIX XapaKTePUCTUK
nporeccos, npoucxoasauux B PLIO/. [ToaTomy, mpexze Bcero Heo6-
XOJIMMO OIKCaTh aJIF'OPUTM pabOThl ITOM NPOrpaMMbl MOJEUPO-
BaHus (cM. puc. 1).
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Fig. 1. Algorithm for the operation of the core of the digital twin of the distributed data center

HcmouHuk: 31ech U [lajiee B CTaTbe BCe PHUCYHKH COCTaBJIEHBI aBTOPAMH.

Source: Hereinafter in this article all figures were made by the authors.
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B oTyim4me OT CyIiecTBYIOIUX CPEJCTB U MPOTPAMMHBIX TAKETOB!
[24, 25] saapo pomKHO GBITH YHUBEPCATBHBIM, TaK KaK pa3pabo-
TaHHBIN aITOPUTM OyZleT IPUMEHATbCS A5 MOJleJIMPOBaHUS NPo-
1leCCOB Iepe/iayy, XpaHeHHUsI U 00paboTKHU JJaHHBIX J06bIX PLIO/.
[t aTOro He06X0JMMO NMPHUJIEPKUBATHCS IPUHLMIIA pa3paboTKU
YHUBEPCAJIbHOTO NPOrPaMMHOI0 NMaKeTa, KOTOPLIHA He HY»KHO U3-
MEeHATD N0/ KAK/YI0 MoJe/upyeMyto HUHPPacTPyKTypy. B cBa3u ¢
3THUM BCe BXOZHble NapaMeTpbl, KOTOPble OMKCBIBAIOT CTPYKTYPY
PLO/I, koHUTypali BXOJSILETO B €ro COCTaB 0OOpYZOBaHMUS,
XapaKTepPUCTHUKHU MOTOKOB JAHHBIX M 3aay JOKHbBl XPaHUTbCSA
B 6a3e gaHHbIX (B/l). [loMmumo sToro, B B/] momkHa comep:kaTbCst
MHpOopManus 0 BO3MOXKHBIX COOBITHUSAX, Mpoucxoaamux B PLO/.
[loz cobbITHEM IO/ pa3yMeBaeTcs, HaIpUMeD, IJIaHOBast OCTaHOB-
Ka 060py/l0BaHMS, ero BpeMeHHoe NpeKpallleHHe paboThl, U3Me-
HeHMe NMPOU3BOAUTENBHOCTH U T. A. B B/] 10/KHBI ObITH ONMCAHbI
ClleHapuu MOJIeJIMPOBaHUs U MoAMUKALMKU TapaMeTpoB 060py-
nosaHus PLI0/], a Takke KpUTEpUHU c60pa CTATUCTUKHU O KOHKPET-
HBIX 06'bEKTaX B Ipoliecce paboTel 6yaymero LI/l Takum o6pa3om,
MepBbIM 3TANOM aJrOPUTMA SIBJISIETCS HACTPOMKa coeJUHEHUS C
B/l u nosiydeHue Bcel HE06X0AMMOUM MHPOPMALIUU O MOAETUpYe-
MO cucTeMe.

Btopoii atan asropuTMa — GopMHUpOBaHHE BUPTYaJbHOTO 06pa-
3a paccmarpuBaemoro PIIO/l. Ha aToM 3Tame mo UCXOLHBIM JiaH-
HBIM, NoJiydyeHHbIM U3 B/, ocyuecTBisieTcss co3zaHue 06'beKTOB
Oyayliel MoZesu U CBA3ed Mex/Jy HUMMU. [lajsiee onpefessioTcs
CTPYKTYPBI IS TOTOKOB JJAHHBIX W 33/1a4, BblpabaThIBaeTCs I0-
TOK COOBbITHH. KpoMe TOro, Ha BTOPOM 3Tare Co3/1al0Tcsl 06'beKTHI,
KOTOpbIe JI0JKHBI OTBeYaTh 3a IIJIAHMPOBAHUE MPOLECCOB Hepe-
MelleHUsl JJaHHbIX U 3a7a4 MexAy ajemeHTamu PLO/, a Takxke
00'bEKTbI, KOTOpBIE OYAyT cO6HMpaTh U 3anucbiBaTh B B/l craTucTu-
4yecKyto HHopMaIuIo 0 mpoLeccax, NPOUCXOASIMX B Pa3JIMYHbIX
asieMeHTax PO/l Ha NpoOTsKEeHUU TpPeTbero Tamna ajJropurMa —
MO/IeJINPOBAHUS.

MopesinpoBaHye MPOBOAUTCS MO MOCTOSIHHBIM BpEMEHHbIM eJlu-
HULIAM, MUHUMaJIbHOe 3Ha4eHHe KOTOPBIX COCTaBJsIeT 1 ceKyHy.
JUIs KaX/10ro MOCTPOEHHOI'0 Ha MpeAblAyLIeM 3Talfe ajJropuTMa
00'beKTa MOJIeJIM B COOTBETCTBUU C MOTOKOM COGLITUH MPOU3BO-
JIATCSl U3MEHEHHs B JAHHBIX, KOTOPbIE COOTBETCTBYIOT BpEMEHHOM
enuHule pa6otsl PLIO/l. Hauasio 1 mpogo/KUTENbHOCTb KaX/0ro
COGBITHS ONpPe/iesieTCsl COrJIAaCHO OJJHOMY U3 pacrpe/iesieHUi Be-
posiTHOCcTel. [IIaHMPOBIIMKY NepeMelleHusl JaHHbIX U yIpaBJie-
HUSA 33/1a4aMHU SIBJISIOTCS KJII0YEBbIMU 06'b€KTaMU, KOTOPbIE OIH-
ChIBAlOT mpouecchl, npoucxogdaumue B PLIO/. B kaxayo eauHuLy
BpeMeHH IJIAaHUPOBIIMK NepeMelleHUs JaHHbIX NPOBepsieT Bce
XpaHW/IMIIA HAa HAJIMYMe HOBBIX JJAHHBbIX. B ciyyae ux oGHapy»xe-
HUsl 3alyCKaeTCs Mpoliecc Nepejayd JaHHbIX U3 TeKYLlero xpa-
HUJIMIIA B MYHKTbl Ha3HAUYE€HMs COIJIACHO ONHCAHHUIO CTPYKTYpbI
mopenupyemoro PLIO/l. 3ajaya BTOporo njiaHMpOBIMKA 3aKJIH04a-
eTCsl B yIIpaBJeHUU NOTOKOM 33/ja4 AJis1 00paboTKU UMEIOIIHUXCS
JIaHHBIX. B KaX1y10 e JUHULY BpEMEHH JIAaHUPOBLIUK CO3/JaeT He-
KOTOpO€ KOJIMYeCTBO 33/ja4, aKTUBHUPYET paHee CO3/JjaHHbIe 3a/a-
4y, T. €. IOChLJIaeT B OUepe/ib Ha UCTOJIHEHH e Ha BBIUUCIUTEbHbIE
KOMIIOHEHTHI. /[lJIl KaK/0ro Kjacca 3aZjad Ha BbIYHCIUTEIbHbBIX
KOMIIOHEHTax UMEeITCs UHAMBU/YalbHble MUI0ThI, KOTOpPbIe KOH-

TPOJIMPYIOT MpolLiecc 3amnycka 3azad. [lof MUJI0TOM MOHUMAaeTcs
QJITOPUTM, KOTOPBIM aHa/IM3UPYyeT KOJHUYeCTBO CBOOOAHBIX sfep
Ha BbIYMCJIMTEJbHOM KOMIIOHEHTE, BbI/leJIeHHBIX [10/] ONlpe/iesleH-
HbIN THN 3aAa4. Eciu gocTynHbl cBO60JHBIE pecypChbl, TO MUJIOT
GepeT 3aJlauy U3 COOTBETCTBYIOLEH o4YepeAd U OTNPABJAET ee
Ha ucnosiHeHHe. /lajee 3ajja4a yjaaseTcsa U3 odyepesd, 3aHUMaeT
BBIYUCJIHTE/IbHbIE Pecypchl (CJIOThbI) U HAYMHAET WUCIOJIHATHCH, T.
e. 06pabaThIBaTh BXOAHOHM $ailyl IpH ero HaJIUIUX B XpaHUJIHILE.
Kaxx/ib1it /10T BKJIIOUAeT B ce651 HEKOTOPOe NMOJMHOXKEeCTBO si/iep. B
pe3y/ibTaTe BbIIIOJIHEHUS 3a/la4y BbIXOAHOM daiis 3anucbiBaeTcs B
XpaHMJIKLILE, C KOTOPBIM CBSI3aH BBIYMCJIUTENbHBIN pecypc. [locne
3aBeplLIeHusl paboThbl KaXKA0H 3a/jJa4M IJIAaHUPOBLIUMK 0CBO6GOXK/a-
eT BbIYMC/IUTE/IbHBIE pecypchbl. Ha MpoTskeHHUH Bcero aTarna Mozie-
JINPOBaHUs OCYILECTBJSETCA 3aUCh AaHHBIX B B/, rae oTpaxkeHa
CcTaTUCTHYecKast UHGOPMALMS O BCeX MPOUCKOSALIMX ITPOLIeCCaX.
AnropuTtM paboThl MOAYJIS AJ1s1 B3aUMOJIeCTBUSA 0JIb30BaTE s €
LI/l mpeacTaBieH Ha AuarpaMMe Ha pUcyHKe 2. B3aumojeicTBrue
noJsib3oBaresis ¢ 11/] HauMHaeTcs ¢ NocTpoeHUst HHGPACTPYKTYPbl
PLIO/I. [Tob30BaTes b 10/KEH UMeTh BO3MOXHOCTb BbIOPATb U3
CIUCKa 00'bEKT, COOTBETCTBYWOLUN o6opynoBaHuio PO/, pacno-
JIOXKUTb €ro B HEKOTOPOU 06JIaCTH U HACTPOUTh 6Aa30BYI0 KOHOU-
rypanuio storo ycrpoicrsa. [locsie atoro Bcs uH$opManus o Jj0-
6aBJIEHHOM B MUHOPACTPYKTypy 06'bekTe coxpaHsieTcs B B/l. [Tocne
TOTO, KaK BCe HEOOXOJHMble 06'bEKThI OYAYT A06aBJIEHbBI, MOJIb-
30BaTesb JI0JDKEH HAaCTPOUTb KaHaJbl CBSI3U MexJy HUMHU. [lox
KaHa/laMH CBSI3U TOHHUMAIOTCSl JIOTHYECKHEe COeJJUHEHUS MEeXIy
kommnoHeHTaMu PII0/, mo koTopbIM nepenatoTcs JaHHble. [l Ha-
CTPOWKHU KaHAJIOB CJIeJlyeT BbIOpaTh 0G'bEKTHI, MeX/1y KOTOPbIMU
OCYLIeCTBJISIETCS COeJUHEHUe, U 3a/jaTh TpebGyeMble napaMeTphl.
HUudopmanus o kaHasax CBs3U Takxke Aob6asisierca B B/l. [anee
TpebyeTcs co3aTh NOTOKU JaHHBIX JJis 06pa6oTku Ha PL[O/] u no-
TOKH 33/1a4, KOTOpble 6yAyT 06pabaThiBaTh 3TH JaHHbIe. [1o/1b30-
BaTe/Ib MOXKET peJlakTUpoBaTh UHpacTpykTypy PLIO/, 6a3oByio
KOHUTrypaluioo 060pyA0BaHUSA, U3MEHSATh MapaMeTpbl MOTOKOB
JIAHHBIX U 33/la4 /10 Tlepexo/ia Ha C/IeyIOLIUi JTal, KOTOpbIN 3a-
KJIIOYaeTCsl HEMOCpeACTBEHHO B co3anuu L1 /1.

LI/l MoryT co3ziaBaThCsl AJ1s1 pa3HbIX 33/ja4, HanpuMep, JJ1s1 IPoeK-
TupoBanus PLO/; ai1s npoBepku paboTOCHOCOGHOCTH CYLIeCTBY-
tomtero PIIO/] ¢ TekyliuMu napamMeTpamMu 060py/JOBaHHs U TOMCKA
npoGJIeMHBIX MeCT ero QyHKIUOHMPOBAHUS; JJisI MaclITabUpo-
Banus PLIO/l ¥ moucka KoHUrypauuu o60opyJoBaHuUs, KOTOpast
OyZleT Y0BJETBOPSATh HEKOTOPLIM TPe6OBaHUsAM, U T. . B cBsi3u
C 3TUM I0JIb30BATEJNI0 HEOGXOAUMO CO3/1aTh IKCIEPUMEHTHI, Ijie
LI/l 6yzeT npuMeHATbCS AJ1s pelleHUs KOHKpeTHOH 3ajauu. [Ipu
JI06aBJIEHUH dKCIepUMeHTa BaXKHO YKa3aTb 06'beKThI U COOBITHS,
nHdopManus 0 KOTOPbIX 6yAeT coxpaHaTbes B B/l. B kax oM akc-
nepuMeHTe GyZeT A0CTyn K 6a30BOH KOHPUrypauuu 060pyaoBa-
HUs, KOTOpasi CO3/jaBajiach NPH MOCTPOEHHUU HHPPACTPYKTYpPbI
PLOZ. Ilpu 3TOM noJib30BaTe/b MOXKET A00ABUTh JIONOJHHUTEb-
Hble MO PUKALMHU TApaMeTPOB 060PYJ0BAHUSsL, ECJIU 3TO HEOGXO-
JIUMO JIJ1s1 pellleHUs NocTaBJeHHOU 3afaui. [locsie HAaCTpONKU 3KC-
NEpUMEHTOB OCyllecTBadgeTcd 3anyck L/l. Ecau B skcepuMeHTe
CYLEeCTBYeT HECKOJIbKO MojuduKanui, To LI/l fus kaxg0i Moau-
dUKaMU 3aMyCKAIOTCS NapaslJieJbHO.

! TIpo6siembl MogesnpoBanusi GRID-cucrem u ux peasnusauuu / 0. U. Camosapos, H. H. Kystopun, /l. A. Tpywus [u ap.] // Hay4Hblit cepBuc B ceTd UHTEpHET: pelieHne
60/IbIIHMX 3a/1a4 : TpyAbl Bcepoccuiickoii HayuHol koHdepenunu, HoBopoccuiick, 22-28 centabps 2008 roga. HoBopoccuiick : U3/1-Bo MOCKOBCKOTO YHUBEPCUTETA,

2008. C. 83-88. EDN: SYIPZT
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[MAPATTNENTbHOE U PACTTPEAENTEHHOE NPOTPAMMNPOBAHWE, TPUA-TEXHONOT W,
MPOrPAMMNPOBAHWE HA TPAONYECKUX MPOLIECCOPAX

0. W. MpsaxuHa,
B. B. KopeHbkoB
B. B. Tpochrmos

B nporecce wiu mo 3aBeplieHUH pa6otsl L[/] mosib3oBaTeso J10-
CTYNHBbI pe3y/bTaTbl [JJi NPOCMOTpa M JajibHeHIlero aHaju-
3a. [losb30BaTe/ 10 HEOGXOJUMO BBIOPATb THUIl HUHTEPECYIOLEero
o06opys0BaHuUs, Noc/ae 4ero OyAyT NOCTPOEeHbl UHTepPaKTHBHbIe
rpaduKky no JaHHbIM U3 B/, KOTOpble 3anMCbIBaJIUCh B IpoLecce
pa6ots! LI/l. Hanmpumep, rpaduku MOryT oTpakaTb 06'beMbl JaH-
HBIX U pacnpe/ie/ieHde pa3JIMYHbIX TUIIOB (ail/IoB B XpaHU/IHUILAX,
HCIOJIb30BaHHWE BBIYMCIUTENBHBIX KOMIOHEHTOB, Harpysky Ha
KaHaJIbl CBSI3M BO BpeMs Iepefiaud JaHHBIX U T. Ji. UHTepaKkTHUB-
Hble TpadUKH Mo/ pa3yMeBal0T BO3MOXKHOCTb MaclITaGUpPOBAaHUA
1 BbI6OpA JaHHBIX AJ1s npocMoTpa. Takke MoJib30BaTes b MOXKET
CKauaThb pe3ysnbTaThl paboTsl L/l 115 Kakoi-1160 MoAubHUKALMT
B BU/Jle U300paXKeHUH ¢ rpadrKaMH, KOTOpble OTPaXKalT U3MeHe-
Hus, npoucxozsaumue B PIIO.

3ak/jloyeHue

PacnpeziesieHHbIe IEHTPBI C60Pa, XpaHEHUS U 00PabOTKH JaHHBIX,
KOTOpble HCIOJIb3YIOTCS B KPYNHBIX HayYHbIX NPOEKTaX KJacca
«MeracaleHc», HyKAalTcs B co3faHuu L/| nyis peureHus 3aa4y
adpdekTuBHOrO ympassenus u passutus PLO/], onTumusanuu
CTpaTeruu ynpaBjeHHusl OTOKaMU JaHHBIX W 33Jja4, aHa/iM3a Uc-
10J1b3yeMbIX pecypcoB. B ctaTbe cpopmynrpoBaH MeTo/, OCTpoe-

CnMCOK MCN0JIb30BAHHBIX UCTOYHHUKOB

HUs [UPpoBeIX ABOMHUKOB PL[O/l, KOTOPHIN BKJIIOYaeT B cebs He-
CKOJIbKO 3TAIOB: 0JIyYeH e JaHHbIX 0 pacnpe/ieJIeHHOH CUCTeMe,
ONMCaHHUEe CTPYKTYPbl CUCTEMBI U CBA3el Mex/ly KOMIOHEHTaMH,
dopmupoBaHue BupTyanbHOro o6pasa PLO/l, mogenupoBaHue,
npejicTaBjaeHne pe3ynbraToB pa6oTsl 11/]. Cospannbie /] Ha oc-
HOBe pa3paboTaHHOr0 MeTo/a MO3BOJSAT NPOBOAUTDL UCCIe/0Ba-
HUS 3QPEKTUBHOCTH U HAZIEXKHOCTH PyHKIHoHupoBaHus PLO/,
NpOBePATh pas3/IMyHble CLleHApUH MaCIITaGUpPOBaHUS, YYUTbIBAS
Tpe6OBaHHUs K NOTOKAM JlaHHBIX U 3a/ay.

[ ycremHod peasusalMM MeToJa pa3paboTaHbl aJrOPUTMbI
A/pa NporpaMMbl MOJEJIUPOBAHUS U MOJYJSA JJs B3auMoJeH-
cTBUA noJib3oBaTess ¢ 11/l B HacToslee BpeMs oNnMcaHHbIE aJl-
TFOPUTMBI HAXOAATCS Ha CTQJIMU pa3paboTKU U TECTUPOBAHHUS, a B
JlasibHeleM GyAyT 06beJUHEHBI B TPOrPAMMHBIN KOMILJIEKC JIJIsT
co3zanus nudposeix ABoriHUKOB PL[O/I. B cocTtaB mporpaMMHO-
ro KOMIlJIEKCca OyJleT BXOJUTb s1ip0 MOJieJIMpOBaHusl, Be6-cepBUC
JUIsl B3aUMo/iecTBUSA noJib3oBaTess ¢ L/l u 6a3a JaHHBIX, KOTO-
past UrpaeT KJIIOU€eBYIO POJIb IPU pa3paboTKe BCeX aJIFOPUTMOB U
cofepkuT nHpopmanuio o6 apxutektype PLIO/], napameTrpax 060-
PYZOBaHMS, BXOJSIIETO B €r0 COCTaB, XapaKTEPUCTUKAX MOTOKOB
JIaHHBIX W 33J1a4, COOBITUSAX, npoucxosamux B PLO/I, cueHapusx
BO3MOXKHOI'0 MaclITaGUPOBAHUS CUCTEMBI, pe3ysibTaTaX paboThbl
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