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OBIIASA XAPAKTEPUCTUKA PABOTbBI

AKTyaJIbHOCTHL TeMbl. Ha cerogusmHuii JIeHb CYHIECTBYET OOJBIIOE
KOJMYECTBO OpraHu3alui, HUMEIIUX KOPHOPATUBHYIO CEThb, COCTOSUIYIO U3
MHOXECTBAa KOHEUYHBIX pabo4yMX MECT IOJIb30BaTeliel W HEKOTOpOro, Tak
Ha3bIBa€MOro, cepBepHoro mapka. Kak mpaBuio, M3Ha4ajdbHO KOPIIOpaTUBHAS CETh
IPaMOTHO MPOEKTUPYETCS CHEIUAIUCTAMHU C YYETOM HaJeKHOCTH, 0€30MaCHOCTH U
MHOTO(YHKIIMOHAJTLHOCTH W PYKOBOJACTBO OpraHU3allMii KpalHE OTPHUIATEIbHO
OTHOCUTCS K BHECEHHIO 3HAUUTENbHBIX WIM Jaxe HeOONbIINX HM3MEHEHUH B
UH(QPACTPYKTYPY CETH, KOTOpas YK€ MHOTO JIET HCNPAaBHO (PYHKIUOHUPYET H
yIIOBJIETBOPSIET BceM TpeboBaHusIM. TeM He MeHee, pyKOBOACTBO BCETJa HHTEPECYET
pacimrpenre (pyHKIIMOHAIBHBIX BO3MOXHOCTEH, CHM)KEHUE 3aTpaT Ha COJEp KaHHe
CETH M CIELUUAINCTOB, OOCIYKUBAIOLIUX €€, a TAK)KE MOITYYEHHE JONOJHUTEIBHON
NpUOBUTH C MCMOJIB3YEMOI0 TEXHUYECKOro 000pyAoBaHUs. MHOTOJETHSS MpaKTHUKA
DKCIUTyaTallu CEPBEPHBIX CHUCTEM IOKa3ajla, YTO Ha CErOJHSAUIHUN JeHb
OOJBIIMHCTBO KOMITBIOTEPOB CEPBEPHOIO IMapKa JOCTATOYHO €i1a00 3arpy>kKeHbl 1O
BBIYHUCIUTEIBHBIM PECYPCAM.

CoOTBETCTBEHHO, HEOOXOJMMBI HOBBIE MOAXOJbl K PEIICHUIO MPOoOJIeMbl
NOBBIIEHUS  3()PEKTUBHOCTH  HKCIIOJNB30BAHUSA  BBIYUCIMTEIBHBIX  PECYpCOB
KOMIIBIOTEPOB cepBepHOro mapka. OpHako, Ansd 3TOro Tpedyercs co3/laHue
(OopMaNIM30BaHHOTO IMOAXOJa K PEOpPraHu3allid CEPBEPHOTO IMapka C LEIbI0
NOBBIIEHUS  A()PEKTUBHOCTH  HUCIOJNB30BAHUA  PECYpCOB €  MPUMEHEHUEM
COBPEMEHHBIX HH(POPMAIIMOHHBIX TEXHOJIOTHA.

O0bekTOM WCC/IeI0BAHMI SIBISIETCSA: COBPEMEHHBIE CEpBEpHBIC MapKH,
COCTOSIIIUE U3 MHOXECTBA KOMIIBIOTEPOB, CBSI3AHHBIX CEThIO MepeAauyd JaHHBIX, U
paboTarolIMX Ha HUX JIOTMUECKHX cepBepoB (cepBepHble OC BMecTe cO BCceMH
CETEBBIMH MPUIIOKECHUSIMHU), TEXHOJIOTHS BUPTYaJbHbIX MAIIWH JUIsl TOBBIIIEHUS
3G ()EKTUBHOCTH UCTIOIB30BaHUS BEIUUCITUTEIBHBIX PECYPCOB.

Heabo pauccepTanMoHHOi PpadoThHI sBIsETCA pa3pabOTKa METOJUKU
NOBBIIEHUS 3(P(GEKTUBHOCTH HCHOJIb30BaHUSI BBIYMCIUTEIBHBIX PECYpCOB MpHU
MPUMEHEHUU TEXHOJIOTUU BUPTYaJIbHBIX MAIIIHH.

OcHoBHBIE 32/1a4M JUCCEPTALHUM.

e AHanu3 CyIECTBYIOIIMX TMOAXOJOB K PEIIEHUI0 MPOOJEMbl TOBBIIICHUS
3G ()EKTUBHOCTH UCTIOIB30BAHUS BEIUUCITUTEIBHBIX PECYPCOB.

e AHanu3 CyIIECTBYIOUIMX MOJIEIEH pacpeeeHUsl PECYPCOB.

e Pa3paboTka METONMKM peopraHU3allMi CEPBEPHOTO Napka MNpuU NPUMEHEHUU
TEXHOJIOTUM BHUPTYAJIbHBIX MAIIUH C 1ENbl0 TOBBIIEHUS 3PHEKTUBHOCTH
HCIIOJIb30BaHUSl PECYPCOB, a TaKXK€ C BO3MOXHOCTBIO NMPEABAPUTEIBHON OLIEHKU
1eJ1ecO000Pa3HOCTU IPOBEACHUS peOpraHU3aliy.

e Pa3paboTka MaTeMaTH4YeCKOM MOJAENM M METOJa peUIeHHs 3aJadd IOMCKa
ONTHUMAJIBHOTO pacIpe/esieHuss JIOTUUYECKUX CEpBEPOB IO KOMIbIOTEPAM IIpH
MPUMEHEHUU TEXHOJIOTUU BUPTYaJIbHBIX MAIIIHH.

e Pa3paboTka IpPOrpaMMHOI peanus3aluy aJIropuT™Ma I[OUCKA ONTHUMAJIBHOTO
pacnpeziesieHus JJOTMYECKUX CEPBEPOB 110 KOMITBIOTEPAM.
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e DKCHEpPUMEHTAIbHOE HMCCIEIOBAaHUE MPU MOMOILIM pa3pabOTaHHOW METOIUKH U
MPOTrpaMMHOT0 00eCTICUEHUS.

Metoabl  uccaenoBaHumii  0a3upyloTcss  Ha - anmapare  JAUCKPETHOM
ONTUMM3AIMHU, JUHAMUYECKOTO MPOrpaMMHUpPOBaHUsA, KOMOHWHATOPHOI'O aHaJIu3a,
TEOpUU  TMPOEKTUPOBAHUS  KOPIMOPATUBHOW  CETeBOM  MHPPACTPYKTYphl U
pacrpenerIeHHbIX CUCTEM. DKCIIEPUMEHTAIIBHBIE UCCIEA0BAHUS, I TOATBEPKICHUS
MOJIYYCHHBIX B XOJ€ AUCCEPTAllMOHHOW paboThl pPe3ysbTaTOB, MPOBOJAMIUCH HA
OCHOBE MOJIEIMPOBAHUS HA KOMIIBIOTEPE.

Hayunasi HoBu3HAa paOOThI 3aKII0YAETCS B CICAYIOLIEM
e pa3zpaboTaHa  METOJMKA  TMOBBIMEHUS  3(PPEKTUBHOCTH  HMCHOJIb30BAHUS

BBIYMCIIUTENBHBIX PECYPCOB ITPU NPUMEHEHUH TEXHOJIOTUHU BUPTYAIbHBIX MAIINH;

e pazpaboTaHa maTemMaTHyecKkash MOJEeib W NPEIJIOKEH METOJ pelleHUs 3aJadu
MIOMCKA ONTHUMAJIBHOTO PAaCHpPEENICHUs JIOTUYECKUX CEPBEPOB MO KOMIBIOTEPAM
IIPU IPUMEHEHUH TEXHOJOTHH BUPTYAIbHBIX MAIIIHH.

IIpakTHyeckasi HEHHOCTH PAOOTHI COCTOUT B CJIEIYIOLIEM:
® [peJIOKeHa  MOAPOOHO  JeTalu3WpOBaHHAs  METOAMKA  peOopraHu3aluu

CEpPBEPHOr0 MapkKa, MO3BOJSIONIAS HMCIOJIB30BAaTh €€ ISl PEHIeHHUs] MPOOJIEMBbI
MOBBIIEHUS 3(P(HEKTUBHOCTH HUCIOJIb30BAHUS BBIUMCIUTENBHBIX PECYpPCOB IPHU
MIPUMEHEHUH TEXHOJIOTMU BUPTYaIbHbIX MAIINH;

e pa3paboTaHO MporpaMmMHOe oOecleueHue, TMO3BOJIAIOIIEe TpU  3aJaHHOU
UCXOJHOM uH(OpMaUMKM MO CEpPBEPHOMY IMApPKy pacCuMTaTh ONTUMAJIbHOE
pacrpeneneHue JIOTUYECKUX CEPBEPOB MO KOMIIBIOTEpAM MpU NPUMEHEHUU
TE€XHOJIOTUY BUPTYaJbHbBIX MAlIUH.

JlocTOBepHOCT M O00OCHOBAHHOCTH HAYYHBIX IOJOKEHHUI, BBIBOJIOB H
pekomMeHganui,  chOpMYIMPOBAHHBIX B JUCCEPTALMM,  TMOATBEPKIAETCS
pe3ysibTaTaMH SKCHEPUMEHTAJIbHBIX HCCIEJOBAaHUN TMpU TOMOIIU pa3paboTaHHOM
METOOUKM U HX CONOCTaBJIEHHEM C pe3yJibTaTaMHd NPOrpaMMHON pealn3alnuu
aNropuT™Ma IIOMCKA ONTHMAJIbHOTO pPaCHpeNeeHUuss JIOTUYECKUX CEPBEPOB IO
(bU3HUYECKIM KOMIIBIOTEPaM.

OcHOBHBIC HAYYHBIE N10JI0’KEHHSI, BBIHOCHUMbIC HA 3a1MUTY:

e Meronuka peopraHM3allid CEPBEPHOTO IMapKa C  LEJIbK0  IOBBIIIEHUS
3 ()EKTUBHOCTH HCIIONB30BAHUS BBHIYMCIUTENBHBIX PECYpPCOB NMPU NPUMEHEHUU
TE€XHOJIOTUY BUPTYaJbHbBIX MAlIUH.

e MaremaTtnyeckass MOJENb 3aJadyd TOMCKAa ONTUMAJIBHOIO pacIpeieieHus
JIOTUYECKUX CEPBEPOB MO KOMITBIOTEPAM U METO/[I €€ PELICHUS.

Amnpobdauuss ¥ BHeJApPeHHe Ppe3yJbTaTOB PpadoTbl. Pe3ynbTarhl paboThI
JOKJIAJIBIBATIUCh M OOCYXAAINCh Ha MEXIyHapoaAHOM ¢opyMe HH(DOpMaTH3ALUU
MO®OU-2004 “UupopManiioHHbIE CpelcTBa M TeXHOIOruu . Pe3ynbTaThl paboThI
ObUTM BHEAPEHbI B MPOM3BOJCTBEHHBIA IMpPOILIECC OT/AENa CUCTEMHBIX U CETEBBIX
texunosniorui  Madopmanmonno—Beruncnurensnoro Ilentpa MOU (TY), a Ttakxke
MCIOJIb30BAIMCH MPU BBIMIOJIHEHUH YYeOHBIX HayYHO-UCCIEI0BATEeIbCKUX paboT U B
JTUTUIOMHBIX TMPOEKTaxX CTYAEHTOB Kadenpbl BhIUUCIUTENBbHBIX MAallWH, CUCTEM U
cereit MDOU (TV).
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yoaukannu. OCHOBHBIE MOJIOKEHUS TUCCEPTALIMOHHON pabOThl U3J0KEHBI B
4-X meyaTHbBIX paboTax.

CtpykTypa u 00beM padOThI.

OcHOBHasi 4acTh JUCCEPTAlMU COCTOMT W3 BBEICHHUS, YETBIPEX TIJaB U
3aKJIIOYEHHS. U colepkuT 170 cTpaHHI] MAalIMHOMMCHOTO TEKCTa, 33 pucyHka u 21
tabmuity. Cnucok auTepatypsl BiirodaeT 70 HauMeHoBaHUH. J[OTOTHUTEIbHAS YacTh
COACPKUT 6 TMPWIOKEHUNW, B TOM UYHCIE MCXOJHBIE TEKCThl MPOrPAMMHOIO
obecrnieyeHusi, akT O BHeApeHuU. OOmMil 00beM mNpuIokeHud cocrapiser 220
CTpaHUI] MaIlIMHOIIUCHOTO TEKCTa, BKItoUas 44 pucyHka u 55 tabuil.

COIAEPKXAHUE PABOTBI

Bo BBeneHnu 000CHOBaHbI aKTyaJllbHOCTb, HAy4YHass HOBU3HA U MpaKTHYeCKas
LEHHOCTh PabOThl, MPUBEICHB OCHOBHBIE PE3YJbTAThl, MOJYYCHHbIE ABTOPOM, U
o0o3HayeHa 00JacTh NPUMEHEHHS pa3paboTaHHON METOIUKH.

B nepsoii riaBe npejcTaBieH 0030p CYHIECTBYIOIIUX MOAX0J0B K PEHICHUIO
po0emMbl NOBBIIEHUS 3PPEKTUBHOCTUA HCIIOIB30BAHMS PECYPCOB MPU MPUMEHEHUU
TE€XHOJIOTUY BUPTYaJbHBIX MAlIMH U MOJEJEN PaCIpEAEIICHUS PECYPCOB.

B mnepBoii 4Yactu THaBbl MOMUMO OCHOBHOTO KpuTepHus 3()PEeKTUBHOCTH
WCIIOJIb30BaHUS BBIUHUCIUTEIBHBIX PECYPCOB BBIAEIECHBI TOMOJTHUTEIBHBIE KPUTEPUU
JUTSI KpUTUYECKOT0 aHalIM3a CYIIECTBYIOIINX MOAX0A0B K PEIIECHUIO MPOOJIEMBbI:

- YPOBEHb M30JISIUU JOTUUYECKUX CEPBEPOB;

- ceTeBas U aHTUBHUPYCHas 0€30MaCHOCTh CEPBEPHOIO MapKa;

- HaJIeXXHOCTh (PYHKIIMOHUPOBAHMS CEPBEPHOIO MapKa;

- NOPO3pavyHOCTh PEOPraHU3ALUN CEPBEPHOIO MapKa ISl KOHEYHBIX MOJIb30BATEIICH:
MIPOBEJICHUE PEopraHu3allMi HE JOJDKHO TpeOOBaTh JAOMOIHUTEIbHON HACTPOUKHU
KOMIIBIOTEPOB M0JIb30BATENEH.

Ha cerognsimiHuii 1eHb CyIIECTBYIOT ISATh OCHOBHBIX MTOAXOJ0B:
® UCIIOJIb30BAaHUE PECYPCOB I NyOJMpOBaHUs (DYHKIMI JIOTMUYECKUX CEpBEPOB

WM peUIeHUs JOTOIHUTENIbHBIX BHYTPEHHUX 3a/1a4, IPUHOCSIINX TPUObLIT;

® CNOJIb30BAHUE PECYPCOB IS 33/1a4 CTOPOHHUX OPTaHU3alNii;

e 00ObeIUMHEHHE CIyk0 H TPOrpaMMHOrO0 OOECHEYEHHsS] Ppa3HBIX JIOTUYECKUX
CEPBEPOB C LEIbIO CHUKEHUS KOJINYECTBA JIOTUYECKUX CEPBEPOB;

® [PUMEHEHUE aJICKBATHBIX alIlapaTHbIX PEILICHHUI;

® [IPUMEHEHUE TEXHOJIOTUU BUPTYaJIbHBIX MAIIIHH.

OCHOBHBIM HEJOCTATKOM IME€PBOr0 MOAXOAA SBISAETCS HENOCTATOYHAS
M30JISUS JOTIOTHUTENIbHBIX MPUIIOKEHUM OT OCHOBHBIX, UTO MOPOXKJIAET MPOOIEeMbI
JOMOMHUTENbHBIX ys3BuUMocTe OC ¢ TOYKM 3peHHs] CeTeBOM 0e30MacHOCTH U
KOH(MIJIMKTOB MPpU paboTe HECOBMECTUMBIX MPUIOKEHUH.

Ilogxon, CBA3aHHBIA C MCHOJIB30BAHUEM BBIYMCIUTENBHBIX PECYPCOB IS
3a/1a4 CTOPOHHUX OPTaHU3alMi, UMEET T€ K€ HETOCTATKH, UTO U NIEPBBIM, U IIPU ITOM
oboctpsiercss TpobsieMa HWHQPOPMAITMOHHON 0€30MacHOCTH U3-3a  TOBBIIICHUS
BO3MOKHOCTH HECAaHKIMOHHPOBAHHOIO JOCTYNNa K JaHHbIM U HAapyLIEHUs
(GYHKIMOHUPOBAHUS CEPBUCOB KOPIIOPALIMH, MPEOCTABIISIONINX PECYPCHI B APEHY.



6

[Toaxon, cBsI3aHHBINM ¢ O0BETUHEHUEM CEPBHUCOB, IOMUMO TOSIBICHUS TPOOIEM
COBMECTUMOCTH W HHGPOPMAIMOHHONW 0€30MacHOCTH, TakK)Xe CKa3bIBaeTCsl Ha
JIOTUYECKON CTPYKTYpe CeTeBOM HHGPACTPYKTYphl, U 3TO, KaK MPaBUIO, BICYET
JOTIOJIHUTENIBHYI0 paboTy 10 MEpEeHaCTPOKe pabounx MECT MOJIb30BaTeCH.

[Togxon, cBsi3aHHBIM ¢ MOAOOPOM aJCKBAaTHBIX ammapaTHBIX pEHICHU,
MPAKTUYECKH HEpeaJu3yeM B YCIOBUSIX COBPEMEHHOTO pPBIHKA KOMIIBIOTEPHOIO
o0Opy/I0BaHMS, TIOCKOJIBKY KpalHe TPYIHO Jdake TMPUOIMKEHHO TMOI0UpaTh
KOMITOHEHThI KOMIIBIOTEPOB C y4eTOM TpeOOBaHMM JIOTMUECKUX cepBepoB. Kpome
TOTO, TIPU UCIIOJIB30BAaHUU CTapbIX KOMIIOHEHT JUIsl JIOTUYECKHX CEPBEPOB C
HEBBICOKMMHU TPEOOBAHUSIMHU MOXET CYIIECTBEHHO CHHU3HMTBCS HAJICKHOCTh
(G YHKIIMOHUPOBAHUS KOMITBIOTEPOB.

TexHomorusi BUPTyaIbHBIX MAIIMH MPEIOCTABISIET HOBBIE BO3MOXXHOCTH IS
MOCTPOEHUSI HOBOTO WJIM PEOpPraHU3alldd CYHIECTBYIOIIEIO0 CEPBEPHOTO IapKa.
TexHomorusi BUPTYaJbHBIX MAIIMH IMO3BOJISIET HAa (U3UYECKOM KOMITBIOTEPE IO
yIpaBJICHUEM HEKOTOPOM, TaKk Ha3bIBaeMOW 0a30BOM ONEPAIMOHHON CHCTEMBI,
AMYJIMPOBATH PAbOTYy BUPTYaJIbHBIX MAIMH, Ha KOTOPBHIX TaK)Ke KaK M Ha OOBIYHBIX
peaTbHbIX KOMITBIOTEpaX MOTYT (PYHKIIMOHHPOBATH JIOTUUECKHE CEpBEphl. Takum
o0pa3oM, 3Ta TEXHOJOTHS MOXET OOecHeduTh (PYHKIMOHUPOBAHUE HECKOIBKHUX
M30JIMPOBAHHBIX JIOTHYECKUX CEPBEPOB HA OJHOM KOMIIBIOTEpE W TEM CaMbIM
00X0oauTh TpoOIeMbl 0€30MAaCHOCTH, COBMECTHUMOCTH, W3MEHEHHUS TMPUBI30K
CEpPBUCOB K JIOTUUECKHUM CepBepaM, a Takke M30aBisieT OT HEOOXOIUMOCTH MO00pa
aJIcKBaTHBIX  allllapaTHBIX PEIICHHH, TOCKOJIbKY pPa3MEIICHHE HECKOIbKUX
JIOTUYECKUX CEPBEPOB TMO3BOJISIET CYIIECTBEHHO TMOBBICUTH 3(P(HEKTUBHOCTH
HCIOJIb30BAHUS PECYPCOB KOMIBIOTEPA.

Takum oOpa3oM, MpU HUCHOIB30BAaHUM TEXHOJIOTHU BHUPTYAJIbHBIX MaIluH
CEpBEPHBIN MapK co claboil 3arpy3Koi pecypcoB MOXKET OBITh PEOPraHU30BaH, UYTO B
KOHEUYHOM CYEeTe JOJDKHO TIPUBECTH K YMEHBIICHHI0 00beMa UCIOIh3YEMOT0
o00OpyI0BaHMS U 3aTpaT Ha €ro NmojAepKKy. OaHako, MpU MPUMEHEHUH TEXHOJIOTUH
BUPTYaJIbHBIX MAIIMH BOZHUKAET PsJI MPOOJIEM:

- HESICHO, KaKUM 00pa3oM IepepacnpeiesisiTh 1 00beAUHATh JIOTHYECKUE CEPBEPHI
cpeau KoMIbroTepoB. [Ipu 3ToM HE0OXOAUMO OIlEeHUBATh TPEOOBAHUS TOTHUECKUX
CEpPBEPOB, TEXHUYECKUE XAPAKTEPUCTHKU KOMIBIOTEPOB, IMOCIE YEeTr0 KaKUM-TO
o0pa3oM pa3MeliaTh JIOTUYECKHE CEepPBEpPhl HAa KOMIIBIOTEPHI, UTOOBI JTOOUTHCS
XOpOIlIel 3arpy3kd pecypcoB UCIOIb3yeMoro obopynoBanus. OpjHako, 3Ta
npoOJjieMa BIIOJHE peliaeMa ¢ TMOMOIIBI0 CO3/IaHHMs MaTeMaTUYeCKOW MOJenu
3a/1aud  TIOMCKAa ONTUMAJIBHOTO paclpejiefieHus] JIOTUYECKHUX CEepBEpOB Ha
(bu3nYeCcKre KOMITBIOTEPHI U TIOUCKA METO/Ia €€ PEIICHUS.

- peopraHuzamus CEpBEpPHOr0 IMapka MOXKET TPUBECTH K CYIICCTBEHHOMY
YXYAIICHUIO HAJEKHOCTH W KadecTBa (PYHKIIMOHHPOBAHUS CEPBEPHOrO TMapka,
KpOMe€ TOT'0, peopraHu3aIus MOXKET He JJaTh 0’KU1aeMOU BhITOJIbl. OUeBHUIHO, YTO
TpeOyeTcsi pa3paboTka METOJMKH, Ha 0a3e HEKOTOPOW MOJCNIH pacIpeieicHus
pECypcoB, C TIIATEIBHOM TPOpabOTKOM BCEX TEXHUYECKMX MOMEHTOB,
BO3HHUKAIOIIUX TIPU TPOBEICHUM pPEOpPraHU3aIliU, a TaKKe C BO3MOXKHOCTHIO
MpeABaAPUTEILHON OIIEHKH 11€J1€CO00Pa3HOCTH MPOBEICHUS PEOpraHU3aIUu.
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Takum 06pa3om, 1Mo MepBOM YaCTH TJIaBbI CleldaH BBIBOJ O TOM, YTO MOAXO,
CBSI3aHHBIA C MPUMEHEHHEM TEXHOJIOTMU BUPTYaJIbHBIX MAIIMH, SIBISETCS HamOoJsee
MpUeMIIEMbIM, OJHAKO, TpeOyercs pa3paboTKa HOBOM METOAMKU peopraHu3aluu
CEpPBEPHOro MapKa MpU HCIOIb30BaHUMU 3TOro moxaxoaa. Kpome Ttoro, Tpedyercs
MOUCK TMOAXOJAIIECH MaTeMaTU4YeCKOM MOJEIM M METOJA €€ PELICHUS I 3aJayu
MIOMCKA ONTUMAJIbHOTO PacIpeAesICHUS JOTHUYECKUX CEPBEPOB IO KOMITBIOTEPAM.

Bo BTOpO#1 yacTu riaBel pACCMOTPEHBI HECKOJIBKO TPAaJIULIMOHHBIX MOJIEIIEH, B
YaCTHOCTH, MOJENb 33Ja4d O ‘“‘pIOK3aKke”, W HECKOJBKO COBPEMEHHBIX MOJEJIEH
pacrpeneneHuss pecypcoB, B YaCTHOCTH, MOJEIb pPACHpENEIEHUs pECypcoB B
CUCTEMax >KECTKOro peajbHOro BpeMeHu. B pesynbpTaTe 0030pa cemnan BbIBOJ O TOM,
YTO TPAJAUIMOHHBIE MOJIENU CIUIIKOM MPOCTHl U HE YYUTHIBAIOT PsiJi OCOOEHHOCTEH
IIOCTaBJICHHOW 3a/Ja4d, B YAaCTHOCTH, TO, YTO KOMIIBIOTEPOB, MPEIOCTABIISIOIINX
pECYpPC, MHOKECTBO, a TAaKX€ MOXKET BO3HUKHYTh HEOOXOJUMOCTb HCKIIIOUECHHS
BO3MOKHOCTH Pa3MEIIEHUS ONPEIEICHHBIX JIOTHYECKUX CEPBEPOB HA OAUH U TOT KE
KoMIbOTep. YTO Kacaercs COBPEMEHHBIX MOJENEH, HECMOTPs Ha CBOIO
YHUBEPCAJIBHOCTh, OHHM TakKXK€ HE YYHUTBIBAIOT P OCOOECHHOCTEH JIOTMYECKHUX
CEpPBEPOB M TEXHOJOTMHM BUPTYAJIbHBIX MAalIWH, B YaCTHOCTH, HEBO3MOKHOCTH
JUHAMHYECKOTO IUIAHMPOBAHUS PECYpPCOB H3-32 “TPOMO3JIKOCTH~  JIOTUYECKUX
CEpBEPOB, TPEOYIOIIUX OT OJJHOTO JO HECKOJIBKUX YacOB JIJISl IEPEMEIICHHS C OJHOTO
KOMIIbloTepa Ha Apyroi. Kpome Ttoro, mpu mnepemenieHud paboTa JOTUYECKOTO
cepBepa JOHKHA OBITh OCTAHOBJIEHA, YTO, Kak MpaBuiio, Hemomyctumo. Hakower,
MIPOrpaMMHBIE CPEACTBA, PEATU3YIOIINE TEXHOJIOTHIO BUPTYaJIbHBIX MAIIHWH, HE
UMEIOT BO3MOXHOCTH BCTpPauBaHUs COOCTBEHHBIX NPOrpaMM JIUHAMUYECKOTO
YIPABJIEHUS PACIPENEIEHUEM PECYPCOB KOMIIBIOTEPOB CEPBEPHOIO MAapKa.

Takum 00pa3om, BO BTOPOH YacTH TJaBbl CJelaH BBIBOJ O HEOOXOAMMOCTHU
pa3paboTKK HOBOM MaTeMaTUYeCKON MOJIEIH.

Bo BTOpOIi riaBe mpejacraBieHa pa3zpaboTaHHas METOJWKA PEOpraHU3alUU
CEPBEPHOTro Mapka Mpu NPUMEHEHUH TEXHOJIOTUH BUPTYaJIbHBIX MAIIUH.

[lepBbIii monpasjaesn BTOPOW TJaBbl MOCBAIICH pa3paboTKe OO0IIeld CXeMbl
peopranuzauuu. [lockosibKy peopraHuzanus CEpBEPHOro Mapka HE BCEraa MOXKET
1IaTh OXHUJAEMYIO BBITOJY, KPOME TOrO, IOCJIE€ PEOPraHU3aAlMHN TAKKE MOXKET
CYLIECTBEHHO CHHU3UTHCA KaueCTBO M HAJEKHOCTh ()YHKIIMOHHUPOBAHUS CEPBEPHOTO
napka, TO  BO3HHUKAeT  HEOOXOJAMMOCTb B  TMPEIBAPUTEIBHOM  OICHKE
11€71€CO00Pa3HOCTH MPOBEACHUS PEOPTraHU3alUH.

CooTBeTCTBEHHO, ObUT C/I€JIaH BBIBOJA O TOM, YTO PEOpPraHU3alMs CEPBEPHOIO
napka JoJiKHa pa30MBaThCS Ha JBa dTara.

I) Ananusz 3agaum, cOop mnepBUYHONM UHGOpPMAIMK, pa3padoTKa MEPBUYHOIO
MPOEKTHOTO PpEIIEHUs, OLEHKA KayecTBAa pEUICHUS C YYETOM BO3MOXKHBIX
HEMpPeABUAUMBIX CHUTYallUid, aHaIU3 BBITOJABI, KOTOPOE JAeT 3TO pEIIeHUEe, U
OLICHKA 11e71IecO00pa3HOCTH MpoBeAeHusl peopranusanuu. Llens nepsoro sTama —
MaKCHUMaJIbHO 00€30MacuTh MPOEKTHOE PEIIeHHE OT MPOoBajia Ha BTOPOM dTare —
JTamne peanu3aluu MPOeKTHOro pemieHus. Ha mepBoM 3Tame He gomyckaeTcs
BHECEHHE KaKUX-JINOO U3MEHEHU B CEPBEPHBII MapK.



8

IT) HemocpeacTBeHHast peanu3aiysi MEPBUYHOTO MPOCKTHOTO PEIICHUs, BBHISIBICHHE
HETaTUBHBIX TOCIEACTBHIA pEOpraHu3aluu. B ciydae HEymIOBICTBOPUTEIHHOTO
KayecTBa pabOTHI CEPBEPHOTO MapKa — KOPPEKTHUPOBKA PEIICHUS W pear3aliis
CKOPPEKTHPOBAaHHOTO PELIeHHUs, Jajiee MOBTOpSETCs aHanu3 KadectBa. Eciau Ha
KakoM-JIHOO TIare KOPPEeKTHPOBKA HEBO3MOXKHA B CHIIYy HENPHEMIIEMOTO
CHIDKEHHUSI KOMMEPUYECKON BBITOABI — TO MOUCK KOMITPOMHUCCHBIX PEIICHUH 00
OTKa3 OT MIPOEKTa C BO3BPATOM CEPBEPHOIO MapKa B UCXOIHOE COCTOSHUE.

Ha pucynkax 1 U 2 mpuBeAEHBI CXEMBI aJTOPUTMOB ISl TIEPBOTO M BTOPOTO
3Tara peopraHu3alui CepBepHOro Mmapka.

OcTanpHbIe TIOJIpa3Aeiibl BTOPOH TJIaBbl MOCBSIIECHBI MOAPOOHON MeTaln3auu
Ka)JI0T0 U3 OJIOKOB aJrOPUTMOB JIsi 00OUX ITAIOB.

OTMETHM HECKOJIBKO KITFOUEBBIX MOMEHTOB ISl 0OOUX JTaroB.

[lepBuuHas nHGOPMALIKS 110 CEPBEPHOMY MAPKy BKIIOYAET B €05 CISAYIONIIE
WCXOJIHbIC TaHHBIC:

- MHOXXECTBO THIIOB PECYpCOB W EIWHHUIBI M3MEpEeHHs Oa30BBIX YPOBHEH ITHX
pecypcoB. Hammpumep, Tum pecypca — oniepaTUBHAs aMsTh, IUHUIIA U3MEPEHUS
€MKOCTH OTICPATUBHOW MaMATH — METa0ANTHI;

- MHOKECTBO KOMITHIOTEPOB MapKa U 0a30BbIe YPOBHU UX PECYpPCOB;

- MHOJKECTBO JIOTUYECKUX CEPBEPOB U MX TPeOOBAHMS K pecypcam;

- TpymOmbl JIOTHYECKHX CEpPBEPOB, NYyOMUpPYIOUIMX QYHKIMH ApPYr [pyra, s
KOTOPBIX HEAOMYCTUMO pa3MEIIeHHe Ha OJHOM M TOM JX€ KOMIIBIOTEpE U3
CO00pakeHMIA HAZC)KHOCTH (DYHKIIMOHUPOBAHUS;

- TpeboBaHMs 0a30BOI ONEPALIMOHHON CUCTEMBI;

- TIOJMHOXXECTBO THIIOB PECYPCOB, ISl KOTOPBIX MPEANOYTUTEIHHO PEIICHUE
poOJIeMbI MTOBBIIEHUS 23PHEKTUBHOCTH MX HCIIOIH30BAHMS.

[lepBuunass wHGOpMAIUS HWCHONB3YETCS I TOMYyYEHHUS TEPBHYHOTO
pacripesielieHusl  JOIMYeCKHMX CEpBEpOB IO KOMIBIOTEpaM, KOTOpoe jajee
aHATM3UPYETCs U TPUHUMAETCS pEUICHHE O LEeJIecO00pa3sHOCTH MPOBEACHUS
peopraHu3alyy CEpBEPHOTO MapKa.

B ciydae npuHATHE TOJIOKUTENBHOTO PEIICHHsI, HAYMHACTCS BTOPOM ATarl, Ha
KOTOPOM CHayaja BBINOJHACTCS HEMOCPEICTBEHHAs PEOpTraHu3alsl CEPBEPHOIO
mapka B COOTBETCTBHM C TIEPBHYHBIM pacmpeneneHueM. llpu »ToM mormueckue
CepBepHI JIOJDKHBI OBITh TIOJTOTOBIIEHBI K MEPEHOCY Ha BUPTYalbHYIO IaTdopmy. B
paMKax aMmccepranuu Obuia pa3paboTaHa TEXHOJIOTHS MEpeHOoca ONepalMOHHbBIX
cucTeM ¢ (hU3MUECKOM MmIaTGOopMbl Ha BUPTYATBHYIO.

[locne  peopranM3anMum  Tapka  TIPOBOJAUTCA  OLEHKAa  KadecTBa
(GYHKIIMOHUPOBAHUS W B CIIy4ae BBISIBICHHUS TPOOJIEM, BBIMOJIHSACTCS TOUCK HX
npuuuH. B pe3ynbraTe 3TOro MH(MOpPMANHsS TO CEPBEPHOMY IMAPKy MOXKET OBITH
CKOPPEKTHUpOBaHAa WJIM JIONOJHEHA: U3MEHEHHE TPeOOBAaHUM JOTMYECKUX CEpBEPOB,
n00aBJIeHNE HOBBIX OrPAaHWYCHHI TI0 pa3MEIEHUIO JOTHYECKIX CEPBEPOB HA OJIUH U
TOT € KOMIbIOTep. Jlanee mo CKOppeKTUPOBAHHBIM JTAHHBIM BBITIOTHSETCS TIOMCK
CKOPPEKTUPOBAHHOTO  PACIPENCICHUs, AaHAJU3UPYETCs IeJIeco00pa3HOCTh  €ro
BHEJPEHUSI B CEPBEpHBIM TNapK. B ciydae NPUHATHS TOJIOXKUTEIBHOTO PEIICHUS
MIPOBOJIUTCS KOPPEKIIMOHHAS PEOPTaHU3AIMsI CEPBEPHOTO MapKa B COOTBETCTBHH CO
CKOPPEKTUPOBAHHBIM pacTpe/IeICHUEM.
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( Havano )
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B TpeTbeii riaBe mpeacTaBieHBl pa3paboTaHHas MOJENIb 3aJadyd TOHMCKa
ONTUMATBHOTO  PACHpPENENICHUs JIOTHYECKUX CEPBEPOB IO  KOMITBIOTEpaM,
MPEIJIOKEHHBIA METOJI €€ pelIeHus], aHaJIU3 CXOJMMOCTH, OLIEHKH 00bhema nepedopa
¥ Ka4ecTBa PEIICHUH IS PEIJIOKEHHOTO METO/1a PEIICHUSI.

BX0MHBIMU JaHHBIMH MaTEeMaTHYCCKOW 3a/1a4H SBIISTFOTCS:

- MHOXecTBO TUIIOB pecypcoB {R;}, 1= 1..NC, rne NC — yucjo TUIIOB peCypcoB;

- MHoxecTBO kommbiorepoB {Hy}, k = 1..NH, rne NH — uucno koMnbloTepoB, u
Matpuiia 6a3oBbix ypoBHEH pecypcoB {Ri}, 1= 1..NC, k = 1..NH, koMnbtoTepos;

- MHOJYECTBO JIOTHYECKHX cepBepoB {S;}, ] = 1..NS, rne NS — uncno norumdecknx
cepsepoB, 1 MaTpuna TpeboBanuii {Q;}, 1= 1..NC, j = 1..NS, cepsepos;

- Bektop TpeboBanuii {V;}, 1= 1..NC, 6a30Bo¥ oneparmoHHON CUCTEMBI;

- JIONOJIHMTENBHas OyneBa Matpuna orpanuueHnil {Eq}, d = 1.NX, j = 1.NS, rne
NX — 49uCIIO JOMOJHUTENBHBIX orpaHnueHuil. CTPOKH MaTPHUIBI COOTBETCTBYIOT
rpyIIaM JIOTUIECKUX CEPBEPOB, CTOJIOIBI COOTBETCTBYIOT JIOTHYECKUM CEPBEpaM,
ecau aneMeHT Eg paBeH 1, To 3T0 03Ha4aeT, 4To j-i JOru4ecKuii ceppep BXOIUT B
d-yto rpymmy. [ JOTHYECKHUX CEPBEPOB, BXOMSAIINX B KOHKPETHYIO TPYIITY HE
JOITyCKAaeTCs MX pa3MEIeHUE Ha OHOM U TOM )K€ KOMITBIOTEPE;

- OyneB BekTop Macku {O;}. Ecnu anement O; paBeH 1, To 3TO 03HAYaeT, 4TO MO i-
My TUITYy pecypca HeoOX0IMMO MPOBOIUTH ONITUMHU3AIIHUIO.

OCHOBHBIMH BBIXOJHBIMU JAHHBIMH 3aJ[a4H SIBJISIOTCS
- OyneBa marpuna pacmpenenenus {Xij, k = 1.NH, j = 1.NS, normueckux

CEepBEPOB 10 KoMIIbIoTepaM. Eciu anemeHT Xyj paBeH 1, To 3TO 03HAYaET, 4To J-i
JIOTUYECKHIA cepBep pacmpeaeneH Ha k-if kommbroTep.

BTOpUYHBIMY BBIXOIHBIMH JTAHHBIMHU 33J1a4H SIBJISFOTCS:

- Marpula 3arpy3Ku pecypcoB KOMIBIOTEPOB {Nii}, k = 1.NH, 1 = 1..NC, xotopas
JOCTaTOYHO TIPOCTO BBIUMCISAETCA IO WCXOJHBIM JaHHBIM W MAaTpHIE
pacmpesieNieHus TJOTHIECKUX CEPBEPOB M0 KOMITBIOTEpaM;

- wmHOXecTBO {Kgrpm} € {Hyx} He3aaelcTBOBaHHBIX KOMIBIOTEPOB U MHOXKECTBO
JIOTMYECKUX cepBepOB {Jrem}| € {Sj}, KOTOPhIE HE YAAJIOCh HUKY/a PACIPENCIINTS,
U KOTOpBIE IOCTATOYHO MPOCTO OMPEAEIIAIOTCS 0 MaTPUILIE paclpeeIeHUs.

OcHOBHast  1LleNIb  peoOpraHu3alMd  —  TOBBIMICHHE  A()PEKTUBHOCTH
MCTIONIb30BAaHUSl BBIYUCIUTENBHBIX PECYPCOB KOMIBIOTEpOB. (COOTBETCTBEHHO, C
OJTHOW CTOPOHBI B ONTHUMHU3AIMOHHON 3a/aue Ba)KHA 3arpy3ka PecypcoB Ka)I0TO
KOMIIBIOTEPA, C JAPYroil CTOPOHBI TIOBBIIICHHE 3arpy3Kd PECypcOB KOMIIBIOTEPOB
JIOJKHO TPUBOJIUTH K  COKpAUIEHUIO oOO0mero oObema  3a/IeiCTBOBAHHOIO
oOopynoBanusi. Takum oOpa3oM, B pe3yJbTare paclpeielieHus Ha BceX
3aJIeCTBOBAHHBIX KOMITBIOTEPAX 3arpy3ka pecypcoB MOJKHA OBITh HAWITYYIIEH, a Ha
BCEX HE3a/IeiCTBOBAaHHBIX KOMITBIOTEPAX 3arpy3ka PecypcoB MOJKHA ObITh HYJIEBOU
(M3HauaTBbHO BCE KOMIBIOTEPHI CEPBEPHOTO Tapka 3anaeicTBoBaHbl). OmHAKO,
OYEBUJHO, YTO MHOXECTBO 3aJeHCTBOBAHHBIX KOMITBIOTEPOB, TIOIy4aeMoe B
pe3ynabTaTe paclpenesieHus], 3apaHee HEU3BECTHO W €ro0 MOXKHO MOJYYHUTh, JIHIIb
pemnB 3anady. Eciam mbITaThesl MOBBIMIATH 3arpy3Ky PECypCOB BCEX KOMIIBIOTEPOB
CEpBEpPHOro MapKa, TO ATO MPUBEACT JIUIIh K OaTaHCHUPOBKE 3arpy3Ku peCypcoB U HU
OJIMH M3 KOMIIBIOTEPOB HE OCBOOOIHUTCHA.
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COOTBeTCTBeHHO, BO3HHKACT HpO6HeMa HCOAHO3HAYHOCTHU B ncJin
OIITUMH3AILIUH. 9Ty HpO6JIeMy, KakK 6YI[CT IMOKa3aHO HHIKC, MOXHO pPa3pClInTh C
IIOMOIIBIO HUCITIOJIB30BaHUA arIiapara JUHAMHYCCKOI'O IMporpaMMHupOBaHUAA.
PaCCMOTpI/IM MATEMATHUYCCKYIO MOICIIb, ITPCACTABICHHYIO B HCpBOfI YaCTHU I'JIaBbI.

Pa3pa60TaHHa$I MOACJIb 3aJa49 COCTOUT U3 CIICAYIOINX KOMIIOHCHT:
® IJIAd KaXXJ0T'0 k-ro KOMITBIOTCPA, k = INH, HOJDKHBI BBIIIOJIHATBCA OTPAHUYCHUA

o pecypCaM U HOIOJHUTCIBHBIC OTIPAHHYCHUA OJIA HCKIIIOUYCHHUA BO3MOXKHOCTU
pasMeICHUs OIIPCACIICHHBIX JIOTUYCCKUX CCPBCPOB HA OJJUH KOMIIBIOTCP:

NS _

p Ql.jxkj <R, -V.i=1.NC

Jj=1
NS .
]E dek <1l,d=1.NX (1)
Vje[l,NS]: Xy 6{01}

kzl..NH
® I KaXJ0ro j-ro Jjorudyeckoro cepsepa, j = 1..NS, momxHbl coOirogaThCcs

OrpaHUYEHHUS] O TOM, YTO JIOTHYECKUI CEpBEP MOXKET ObITh pa3MeIleH Ha OJUH U
TOJIBKO OJIMH KOMITBIOTEP:
NH
> x,. <1
k 2
PR 2)
j=1.NS
e 1[eieBble (DYHKIHMH 3arpy3KH  BBIYHCIUTEIBHBIX PECYPCOB Ui Ka)IOTO
3a/ICHCTBOBAHHOTO KOMITBIOTEpA, MPUYEM KAKHE WMCHHO KOMITBIOTEPBI JTOJIKHBI
OBITh 3aJICHICTBOBaHbBI — 3apaHee HEM3BECTHO:

1 NC Oi NS
L = —> max
y NC .§1R. -V, 2 QU Vi
> o =1y T J= 3)
i=1
*
Vyelk }
{k*} — HCEU3BCCTHOC MHOXCCTBO HHIACKCOB KOMHBIOTepOB, KOTOpBIe

JOJIZKHBI OBITH SaﬂeﬁCTBOBaHBI B COOTBCTCTBHH C OIITUMAJIBHBIM PACIIPCACICHUCM.

Bo BTOpOi1l yacTu riaaBbl BHINOIHEH 0030p CYIIECTBYIOIIMX METOJIOB PEIIECHUs
UCXOJHOM 3ajaud IEeJIUKOM U, B CHJy HEOJHO3HAYHOCTH B OCHOBHOHM IIeJd
ONTUMM3AIMH, CJIETaH BBIBOJ O HEOOXOAMMOCTH B MEPBOM MPUOIMKEHUN pa3OueHus
MCXOJIHOM 3a7]aui Ha MHOXECTBO O0Jiee MPOCTHIX MO/(3a/1a4.

[IpennoxkeH caeayromui moaxo ] K pelieHrIo UICXOAHON 3a/1a4d B LIEJIOM:

- BBOJUTCS HEKOTOPBIM, TaK Ha3bIBAEMBIN ““O0JIBIION mIar”, 0003HavYaeMblii OyKBOM
T. Bpoautcs wmHoxecTtBo wuHAEKCOB {K(T)} KOMIbIOTEpPOB, OCTaBUIMXCS
He3aJelcTBoBaHHBIMU Ha mare T. BBoaurcs wmHoxectBo uHaekcoB {J(T)}
JIOTUYECKUX CEPBEPOB, OCTABIIUXCS HepaclpeaeleHHbIMU Ha mare T. O4eBHuIHO,
Ha HyneBoM mare T =0, {K(0)} = {1,...,NH}, {J(0)} = {1,...,NS}. Cuurtaem, uro
JIOTUYECKUE CEPBEPHI OTNIEIEHBI OT KOMIBIOTEPOB, MEPEBE/ICHBI HA BUPTYaIbHYIO
matgopMmy, ¥ TpedyeTcs MOUCK UX HOBOTO paclpeesIeHHsI 0 KOMITbIOTepaM;
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BHYTpH Kaxjaoro mara T i Kaxaoro kommeiorepa ¢ nHiaekcoM k € K(T), u3
quclia KOMITBIOTEPOB, OCTaBIIMXCsA Ha mare T, ¢opMupyeTcs MareMaThdecKas
MOJeNh TOJA33/Jaud, KOTopas TMpEACTaBIsieT CcoOOH 3amady  yCIOBHOH
NceBI00YJICBOM ONTUMU3AIUY:

L Qux SRy ~V.i=1.NC

jemy
> E . x .<1d=1.NX
jetaay U0 A
4)
NC O.
L(T. k)= NC > L > Q..xkj — max

. — . 1
s o =18y 7Viewmy Y
1
i=1

Vje{J(T)}: x’?j € {0,1}

Ha KaxJaoMm mare T mocnegoBaTelbHO PAacCMAaTPUBAIOTCS BCE KOMIIBIOTEPHI C
unaekcamu k € K(T), ocraBmmecss kK MOMeHTy 1miara T, u BeIOMpaeTcss TOT, IJis
KOTOPOTO B PE3yJIbTaTe€ PEIIEHUsI COOTBETCTBYIOLIEH MOA3aqa4yM, JOCTUTAeTCs
HauBBICIIICE 3HAYCHHE II€JICBOM (DYHKIMMU Cpeau 3HAYEHUU, MOJIydaeMBbIX IPHU
peleHny noazanay s kommnblotepoB ¢ uHAekcamu k € K(T). CooTBeTCTBEHHO,
HaWJTYYIIUA KOMIBIOTEP C MHAEKCOM k* BEIOMpaeTCs U3 CIEAYIONIETO YCIOBHS:

L, (T)= L (T.k
D= o () “
L, (T)>0

rae, L (T, k) — onTumanibHOE 3HaUeHue 1eieBor GyHKIMK Ha mare T npu
pelieHny noja3aaaun s k-ro kommsrorepa.

Ly« (T) — HauBbICIIEE ONTUMAIBHOE 3HAUCHHE IeeBOM (QyHKIMU Ha miare T
cpenu 3HaueHu Lo, (T, k) ans Becex k € {K(T)}.

B ycnoBuu (5) oco6eHHo BaxxHO ycioBue Toro, uto Ly (T) He gomkHO OBITH
HYJICBBIM, 9TO TapaHTUPYET, uTO Ha mare T XoTs Obl OJIUH JIOTUUECKUU CepBep
pacrpeseuTcss U X0Ts Obl OuH KOMIIbIOTEp OyaeT 3aaeicTBoBaH. Eciou Lix (T) =
0, To 3TO O3HayaeT, YTO JaJbHEWIIEeEe pacHpe/esICHHE JIOTHUYECKUX CEPBEPOB
HEBO3MOXXHO M PEIICHHE UCXOTHOM 3a/1aud JT0JHKHO OBITh IIPEKPaIIEHO.

Ecmu xe k* ycnemno Haiiien u3 ycioBus (5), TO BBIIOJTHSIOTCS CIAEAYIOIINE
nmpeoOpa3oBaHus: U3 MHOXECTBA OCTaBIIUXCS KOMIBIOTEPOB HCKIIOYACTCS
KOMITBIOTEP C MHIEKCOM K*, a 3 MHOXECTBa JOTUYECKUX CEPBEPOB — MHOXKECTBO
CEPBEPOB, PACIIPEICIICHHBIX HA TOT KOMIIBIOTED:

{K(T +1)} ={K(T)}\k* 6)
(T +1)} ={ID)}G*

rae, {j*} — MHOXECTBO MHJCKCOB JIOTUYECKHX CEPBEPOB, KOTOPHIC OBLIN
pactipenenenbl Ha k*-it kommbiorep. Eciu B pe3ynbrate mpeoOpazoBaHus (6),
MHoxkectBo K(T + 1) wim J(T + 1) okaxercss mycTbiM, TO pEIICHUs 3a]1auu
3aBepIIaceTCs, B MPOTUBHOM cllydae nepexon k mary T + 1.

Ha pucynke 3 npesacrapiieHa cxeMa aJirOpuTMa peIieHus 3a1a4u B 1IEJIOM.
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( Havano >
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Y
k = ouepegHon anemeHT{K(T)}
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NorM4yeckux cepsepos

Het Lmax(T) = Lmax(T,k)
k* =k {"} = {i}

- nocneaHui Hert
anemeHT {K(T)}?
Oa
Lmax(T) >0 ? A
Y
Het {K(T+1)} = {K(T)} \ k*
{J(T+1)} = UM%
Flag =1
T=T+1

-
-«

Y

[a KK(T)} > 0 m
{I(T)H > 0w
Flag =17
Hert
A J

C KoHeu )

Puc. 3. Cxema anroputrma penieHus 3a4a4yu B LIEJIOM
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I[aJIee B TJIaBC PAaCCMOTPCHBI CYIICCTBYIOHIHMC IIOAXOAbI K PCHICHUIO 3ada4
YCJIOBHOM TCEBI00YIE€BOM ONTUMH3AIMKU. MoIeNb 3a/]a4y BBITJISIUT TaK:
s b
> a.x.<b.,i=1.M
PSR A
N
L= Y c.x.—> max (7)
A
J =
Vje [l,N].'xj €{0]1}

rae, N — yncao nepeMeHHbIX, M — 4yucino orpanndeHuil. Martpuna {ajj}, 1 =
1..M, j = 1..N, — neBas yacTthb, a BekTop {b;}, 1= 1..M, — npaBas 4actb OrpaHMYECHUI.
Bexkrop {cj},J = 1..N, — ko3pPpununeHTsI NeneBoN QyHKIHH.

[TockoNbKy YMCIO JIOTUYECKUX CEPBEPOB U YHUCIO KOMIBIOTEPOB B 00IIEM
cllydae MOXXET ObITh MOpsAKAa COTHU WM Ja)Xe ThICAYM, TO CIENaH BBIBOA O
1[€71eCO00Pa3HOCTH HUCIOJIb30BaHUSI MPUOIMKEHHBIX METOJIOB Il BO3MOKHOCTHU
MOJIYYECHHMsI pE3yJIbTAaTOB 3a IPUEMIIEMOE BPEMSI.

3a OCHOBY B34T MPUOJIMKEHHBIN METO/]T JTOKAIBHOIO MOUCKA

JUis  ydeTa OrpaHMYEHMH MOJENIb 3aJaud  YCIOBHOM ICeBAOOYIEBOM
ONTUMU3ALUU IPe0OpaszyeTcs CAeAYIOIUM 00pa3oM:

N M N
F=3% cx.-P* ¥ max{0, > a.x.-b.} > max
j=177  i=1 j=177 " (8)
Vje [l,N].'xj €{0]1}

rne, F — ckoppekTupoBaHHas ¢ y4eTOM OrpaHHuYeHUH neneBas GyHkuus, a P —
HEKOTOPOE JOCTATOYHO OOJBINOE IMOJOKHUTEIBHOE YHUCIIO, TaKoe 4YTOOBI B JHOOOM
HEJOMyCTUMOM TOUYKe (B KOTOPOH OrpaHWYCHHS HE BBIMIOIHSAIOTCA) 3HAYCHUE
1eJIeBOM (QyHKITNH OBLIO Xy’Ke, 9eM B JTF000H JOMyCTUMOM TOUKE.

Mopnensb (8) 3a1aun yCIOBHOM 1ceBA00YIEBON ONTUMU3AIUMU (PopMUpyeTcs U3
monenu (4) moa3ajgadd AN paccMaTpuBaeMoro k-ro KommbloTepa B paMKax
TeKyIero “0onpInoro mara” T, ¢ TOMOIIBIO CIEAYIONINX HECIOKHBIX (popmMyd:

M =NC + NX, N = [{J (T)}|.

s Beex j = 1...N u q = j-it anement u3 {J(T)}:

e Jlmascexi=1...NC:aj;j=Qiq bi =Rix—Vi;

e Jlmascex1=NC+1..NC+NX:a;;=Ei ncg bi=1;

1 [NC 09,

j NC EIR. -7,
Y 0. ik i
i=1"'

® ¢

k

3necb 0cob0 ciemayeT OTMETUTh, YTO MoJienb (8) ¢GopMUpyeTCsl TOJIBKO B
cinydae, ecnu s moboro 1= 1..N: Ry — V; > 0. B mpotuBHOM cliy4ae, O4€BUIHO,
YTO JIOTUYECKHE CEPBEPHI HE MOTYT OBITh paclpeiesICHbl Ha 3a/IaHHbI KOMIBIOTEP B
CWIIy SIBHOW HEXBAaTKH 1O OJHOMY WJIM HECKOJIbKMM THUIIAM PECypca KOMIIbIOTEPA, U
1o/3a7a4y HeT CMbICTIA PellaTh.
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[TockonbKy, O4YEBUIIHO, YTO B Ciydae OOJIBIION Pa3MEPHOCTH IMOJ3aJa4d U
CJIOKHBIX TMOJUMOJAIBHBIX OTPAaHUYEHUM METOJ JIOKAJIBHOIO ITIOMCKA COBCEM HE
rapaHTUpPyeT HaXOXKJACHUE TJOOAJTBHOTO ONTUMyMa WM JaXe JIOCTaTOYHO
KaueCTBEHHBIX CYOONTHUMAaJIbHBIX PEIICHUH, TO JUISl YCHUJIEHUS BO3MOXKHOCTEH
JIOKaJILHOT'O MOUCKA OblJIa BHIMOJHEHA CIIAYIOMas €ro MOAUDUKAIINS:

- Pagmyc 30H moucka (MakCMMaJbHOE YHCIO KOOPAMHAT, IO KOTOPBIM
paccMaTpuBaeMble B 30HE TOYKH MOTYT OTJIMYAThCA OT TOYKU IIEHTpPaA 30HBI) HE
PAaBEH XKECTKO eAuHUIEe. Pannyc 3a1aeTcs Kak JOMOJIHUTEIBHOE UCXOTHOE JaHHOE
3aJa4i, 0003HaYMM ero kak MR.

- 3agaya pemiaeTrcsi He OJMH, a MHOKECTBO pa3 MJIsl Pa3IMUYHBIX CTAPTOBBIX TOYEK,
TEHEPUPYEMBIX CIIydyaiHbIM 00pa3oM. UMCIIO CTapTOBBIX TOYEK 3aJaeTcs Kak
JIOMOJIHATEIBHOE HCXOAHOE JaHHOE 3ajJadyd, o0003Ha4YuM ero Kkak MS.
COOTBETCTBEHHO, B pE3yJIbTATE BBIMOJHEHHUS 3aauyd MS uucio pa3 monaydaem
pa3IUuHbIEe PEIICHHUS, CpPaBHUBAaEM 3HAYCHUS IleJieBOM (YHKIUM B HHUX U
BBIOMpAEM HaWJIy4IlIee PEIICHHE.

B cooTBeTcTBMM ¢ BBINIECKAa3aHHBIM B TPETheW TJIaBe ObUT MPEIJIOKEH
aJTOPUTM PEIICHUS M0/3a/1a4 MCceBA00YIeBON ONTUMHU3AIIUU.

Takum oOpa3zom, UCTIONB3YS MPETIOKEHHBIE METObI PEIICHUS 3a/la4 MMOUCKA
pacnpeneneHuss U noja3afad YCJIOBHOM ICEBIOOYIEBOM ONTUMHU3ALUHU, MBI MOXEM
NONYy4uTh MaTpuly pacnpeaencHus {Xy;f, k=1...NH, j=1...NS, normueckux
CEPBEPOB 10 KOMIIBIOTEPAM.

Torma, wucmonwssys wmarpuny pacnpenenacHuss {Xyj} HECIOKHO TaKKe
BBIYMCIIUTh MaTPHUILY 3arpy3KH pecypcoB KOMIbIOTEpOB {Myi}, k = 1.NH, 1 = 1..NC,
JUTSL OLIEHKH 3arpy3KH peCypCoOB:

NS X kag'j
] Y ———,ecwu:R., -V.>0
AT A ©)
0,6 npomueHom ciydae
Vie[l,NC|,Vk e[l..NH]:

Hakonen, = gocTaro4yHO ~ OYEBUIHO,  YTO  MHOXECTBO  HHJEKCOB
HE3a/IeCTBOBAHHBIX KOMIBIOTEPOB {Krpm} — 3TO M €CTh MHOXECTBO HHJIEKCOB
{K(TFNv)}, ocTaBmIMXCS KOMIBIOTEPOB Ha mocieaHeM “OonpmioM mare” Ten
aNropuTMa peIeHMs 3aa4M MOUCKa paclpeesieHUs .

Ananornyno, {Jgepm} = {J(TrN)} — MHOXECTBO HMHJIEKCOB JIOTMUECKHX
CEPBEPOB, OCTABIIMXCS HEPACIIPEICIICHHBIMHU.

B Tperheil yacTu TiaBbl BBINOJIHEHBI aHAJIU3 CXOJUMOCTH, OIIEHKH 00beMa
nepebopa 1 KauecTBa MOJy4aeMbIX PELICHUI.

Yro kacaeTcss CXOAMMOCTU METOJla PELICHUs 3aJauu MOMCKa PaclpeieseHus,
TO OHa JIOCTaTOYHO IPOCTO 00OCHOBBIBaeTcsA. Ha ypoBHe pelieHus 3ajauu B LEIOM
BO3MOXHBI TOJIbKO TPH KOHEUYHBIE CUTYyal[MM: MHOXECTBO JIOTUYECKHX CEPBEPOB
OITYCTOILIAE€TCS, MHOKECTBO KOMIBIOTEPOB OMYCTOIIAETCS, HU OJWH U3 OCTaBIIMXCS
JIOTUYECKUX CEPBEPOB HE pa3MEIAeTCs HU Ha OJMH U3 OCTaBIIMXCS KOMIIbIOTEPOB.
Ha ypoBHe pemenuss mnoazajgaud IcCeBAOOYJIEBOM ONTHUMHU3ALUU CXOJAUMOCTD
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ompejeNnsieTcss TeM, YTO caM METOJ| JIOKAJIbHOTO MOMCKa 00J1a/1aeT CXOJUMOCTBIO.
BBeneHHble yCIIOKHEHUS METO/A JIOKAJIBHOTO IMOUCKA — MHOXECTBO CTAPTOBBIX
touek (MS) u ynpasnsemsbiii paguyc 30H noucka (MR) — Bausior Ha 00beMm
nepedopa, HO He JIeal0T ero OECKOHEUHBIM.

Jlanee, aHadUTHYECKUM IyTeM IIOJlydeHa OLIEHKa oObema mnepebopa s
HAUXY/IIETO CIIydas BO3MOYKHBIX UCXOHBIX TaHHBIX:

A1 (NS -T)

> {(NH—T)*MS*G——I*Wl(y/,NS—T)+WO(y/,NS—T)D (10)
T=0 v
w = min(NS — T, MR), A = min( NH, NS)

rae, Wy — 4YHCIIO TOYEK B IMEpPBOM 30HE IOKMCKA, U OHO BBIYMUCIAETCA IO
cienytouieit popmyse:

Wy, NS—T) = § che 7 (11)
p=0

CootBeTcTBEHHO, W | — YHCJIO TOYEK BO BCEX 30HAX MOUCKA, KPOME MEPBOH, U
OHO BBIUHCIISIETCA 110 cienytonieil popmye:

v ([p/2]-1
mwNs-n= 3 |5
p=1{ ¢=0
w<NS-T

[onyuuts cymmy psna (10) B oOmeM Buae HE MPEACTABIAECTCS BO3MOKHBIM.
Tem He MeHee, ObUIM MOMYYCHBI HEKOTOpHIE MPHUOIMKEHHBIC OIICHKU 3aBUCHMOCTH
o0beMa nepedopa OT TeX WM UHBIX napameTpoB. O0beM nepedopa MoJTMHOMHUAIBHO
~O(NH?) 3aBucur ot uncia kommbiotepoB (NH). O6beM mepeGopa MOITHHOMHATIBHO
~O(MS) 3aBucutr ot umcia crapToBeix Touek (MS). OO0mem mnepebopa
nomuaoMuansio ~O(NSMY™) sapuent or umcna mormueckux cepsepo (NS) mpu
MaJIbIX 3HAUCHISIX pagmyca 30H moucka (MR << NS), u skcrnonennuansao ~O(2™) —
mpu MR = NS.

Taxoke morydyeHa oreHKa HUKHEW TPaHUIIBI Ka4eCTBa PEIICHUS B 3aBUCUMOCTH
oT paauyca 30H noucka (MR) u ot yucna noruueckux cepepoB (NS), HO TONBKO AJIs
ciaydast onHoro kommblorepa (NH=1), myrem aHanu3a pemieHusi HECKOJbKHX
MPEICTABUTENbHBIX IPUMEPOB € MOCIEAYIONIMM 0000IIEHHEM pe3yIbTaTOB aHAIN3A.
BBeneHo MoHsATHE TOYHOCTH, KaK OTHOILIEHHE 3arpy3KH PECypcOB KOMIbIOTEpa MpH
cyOONnTUMaIbHOM PelIeHUH (paclpeeeHu JOTUYECKUX CEPBEPOB Ha KOMITBIOTED),
K 3arpy3ke pecypcoB KOMIIbIOTEPA, JOCTUTAEMBIX B TJ00aJbHOM ONTHMYME.
Co0OTBETCTBEHHO, MOMYUEHBI 2 OIEHKH TSI HAUXYAIIIETO CTydasi HCXOIHBIX JaHHBIX:
e Ilpu OTCYTCTBHHM JONOJIHUTENBHBIX OTpaHUYeHUM (MaTpuibl {Eg}):

§>( MR ]
“\MR+1 (13)
£ €[0,1], NS > 3, MR €[1, NS - 2]

NS -T -y

q «rP—4q
€ C ) (12)

L4 HpI/I HaJIMYUH JOITOJIHUTCIIBHBIX OFpaHquHHﬁl

§>( MR ]
“\ NS -1 (14)
& e[0,1],NS =3, MR €[1,NS - 2]
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B yeTBepToOii ri1aBe npecTaBiIeHbl pa3paboTaHHas IPOrpaMMHas peanu3anus
QIropuTMa TMOHMCKAa ONTHUMAJIBHOIO paclpeiesieHus JOTHYeCKUX CEepPBEpPOB IO
KOMIIbIOTEpaM, a TakXKe OIKUCAaHWE TNPOBEJEHHOTO  3KCIEPUMEHTAIBHOIO
MCCJIEeI0BAHUS C UCTIOIB30BAHUEM ATOU MPOrpaMMBbl.

B mepBoil dYacTH TIaBBl BBIMIOJHEH 0030p COBPEMEHHBIX IOAXOJOB K
pa3paboTKe MPUKIATHOTO MNPOrPAaMMHOI0 OOECHeueHUs, a TakKKe pPacCMOTPEHBI
TpeOoBaHMsI, IPEABSABIsAEMbIC K pa3pabaTbiBaeMbIM MpOrpaMMaM. B COOTBETCTBHUM ¢
HUMH B paMKax auccepTanuu Obuio paszpadorano Windows-mpuiaokeHHE B cpeie
Delphi 7.0, koTopoe Bo BTOpO#l 4acTH Ii1aBbl KPATKO OMUCAHO.

B TpeTheil uyacTu TJIaBbl ONHUCAHBI HKCIIEPUMEHTAIBHOE HCCIEIOBaHUE H
MOJIy4eHHbIE Pe3yJbTaThl. [IpoBeIeHO SKCIIEpUMEHTANIBHOE UCCIEA0OBAHKE 110 OIICHKE
BPEMEHHU pEIIeHHs 3a/lad B 3aBUCHMOCTHM OT €€ pa3MepHOCTH. B wacTHocTH, Ha
pucynke 4 mpuBeneH TrpaduK 3aBUCHMOCTH BpPEMEHH pEIICHHS OT 4YHuCia
KOMIIBIOTEPOB, @ Ha PUCYHKE 5 rpaduK 3aBUCHUMOCTH BPEMEHHU pEUICHUS OT YHClia
JIOTHYECKHUX CEPBEPOB IMpH paguyce 30H moucka paBHoM | (MR = 1) u mpu mpouunx
HEU3MEHSEMbIX HWCXOIHBIX JAaHHBIX 3aJaud. Pe3ympTraTthl 3KCIEPUMEHTATBHOTO
UCCJEIOBaHUS  TMOATBEPAWIM  OLEHKHM  o0bema  mepebopa,  MOJydEHHbIE
aHAJIMTUYECKHUM ITyTeM B TPEThEH TIIaBe.
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[Ipoananu3upoBaHa 1eI€CO00PA3HOCTh JIEKOMIIO3HUIIMM pPAaCCMaTPUBAEMOI0
CEpPBEpPHOr0 IMapka Ha MHOXECTBO Oojiee MEJIKUX TMapKoB U TPOBEJECHUE
peopraHu3ald B KaXJIOM U3 HUX B OTHENbHOCTH. OueBHUIHO, YTO NIpH
MCIIOJIb30BaHUU JIEKOMITO3UIIMM PAa3MEPHOCTH MAaTEMaTUYECKOW 3ajaud MOMCKa JJis
Ka)XJ0Tr0 00Jiee MEJIKOTO CEpBEPHOTO MapKa CYHIECTBEHHO CHIKalOTCs. OJIHAKO, Kak
MOKa3aJid pe3yibTaThl SKCIEPUMEHTOB, B OOIEM cllydyae, KaueCTBO IOIyYaeMbIX
pEeIeHU Il MCXOJHOI0 CEPBEPHOro MapKa MPH HMCIOJIb30BAHUM JEKOMITO3UIIMU
MOXKET OKa3aTbCAd CYUIECTBEHHO XYIIIMM, HEXEJW 4YeM IpU PEIICHUH 3aJadyd s
HCXOJHOTO CEPBEPHOro Mapka 6e3 1eKOMITO3UIINH.

Jlanee paccMOTPEHO HECKOJIBKO MPOM3BOJACTBEHHBIX 3anady. (CpaBHeHue
PE3yJIbTATOB PEIICHUS 3a/1a4 MPU MOMOUIY MPOTPAMMHOI0 MHCTPYMEHTA U BPYUHYIO
HarJIAIHO TOKAa3aJ0 CYIIECTBEHHOE MPEUMYIIECTBO KauecTBa MOJIYyYaeMbIX pelieHun
IpU  UCIHOJBb30BAaHUU MPOTPAMMHOTO HWHCTPYMEHTA, PEAJU3YIOLIEro allfOPUTM
pelIeHus 3aJ]a4M MOUCKa pacnpeeieHus, IpeIyIo)KeHHOTo B riase 3. B yacTHocTH, B
OJIHOM W3 3amady ObUIO 3a7aHO 15 Jjoruyeckux cepBepoB, padoTaromux Ha 15
KoMIibtoTepax. llpu ucCHmonb30BaHWKM METOAMKM M pa3pabOTaHHOW MPOrpamMMbI
yJianoch 00OUTHCH Bcero 6 3a/1eiiCTBOBAaHHBIMU KOMITbIOTEpaMH (COKpauieHue B 2,5
pa3za). Ilpu mombiTKe pemeHuss 53TOH K€ 3aJaud  BpyuyHyl TpeboBanoch 9
3a/ICICTBOBAHHBIX KOMITBIOTEPOB (COKpaIlleHHe ToJbko B 1,66 pasa).

[IpoBenena oneHka KayecTBa PEIICHU B 3aBUCUMOCTH OT PajJnyca 30H MOMCKa
(MR) u uucna noruueckux cepepoB (NS) Ha psie MOJENIbHBIX IPUMEPOB, UCXOAHBIE
JaHHBIE KOTOPBIX BBIOMpAINCH U3 COOOPAKEHUU HAWMXYyIUIEro ciydvas. PesynbTaTs
HKCIIEPUMEHTOB MOJATBEPANIN OLICHKU HIMKHEH I'paHUIlbl TOYHOCTH, BHIBEJCHHBIC B
TpeThell rnaBe. B yactHocTr B Tabnune | mpuBeneHbl pe3ynbTaThl OAHOW U3 CEPUU
HKCIIEPUMEHTOB O OLEHKE TOYHOCTH CYOONTHUMAJIbHBIX PELIEHUN MPHU pa3IMYHBIX
paaunycax 30H noucka (MR) npu oTCyTCTBHM TOMOJHUTEIBHBIX OTPAHUYCHUI.

Tab6aunma 1

A 1 2 3 10 17 18 19

3”"““;12":“?"” TP 500, | 66,67% | 75% 1 09091% | ... | 94,45% | 94.74% | 95%

3arpyska pecypea mpu | 000/ | 10004 | 100% | ... 100% | ... | 100% | 100% | 100%
MR =NS
TounocTn

CyGONTHMAILHOTO 05 | 0,6667 | 0,75 0,9091 | ... | 09445 | 09474 | 095
pelIeHust

OCHOBHBIE PE3YJIBTATBI PABOTBI.

e Jlng mnocraBieHHON NpoOiemMbl MOBBIIEHUS 3(G(HEKTUBHOCTH HMCHOJIb30BaHUS
BBIUMCIIMTEIBHBIX PECYPCOB pa3paboTaHa METOIMKA PEOpraHU3alMU CEPBEPHOTO
napka, MO3BOJISIIOLIAsl PELIUTh 3Ty HpolOiieMy, Ha 0a3e MOJENM 3ajadd IOMCKa
ONTUMAJIBHOTO pacIpe/iesieHuss JIOTUUYECKUX CEpBEPOB IO KOMIbIOTEPAM IIpH
MPUMEHEHUU TEXHOJIOTUU BUPTYaJIbHBIX MAIIIHH.

e PazpaboTaHa TEXHOJOIMs IE€PEHOCAa ONEPALMOHHBIX CHUCTEM C (DU3HUECKOHN
annapatHod IuIaTGopMbl HAa BHUPTyalbHYIO IUIaTGopmy, KOTOpas JeJaeT
METOJIMKY PEOpPTraHHu3allii CEPBEPHOTO MapKa MpH MPUMEHEHUU TEXHOJIOTHHU
BUPTYaJIbHBIX MAIlIMH TEXHUYECKU Pealli3yeMOM.
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e PazpaGorana Maremaruueckass MOJENb 3aJayd  IOMCKAa  ONTUMAJIbHOTO
pacnpesiefieHus] MHOXKECTBA JIOTMYECKUX CEpPBEPOB Ha MHOKECTBO KOMIIBIOTEPOB
MIPU IPUMEHECHUH TE€XHOJOTHH BUPTYaTIbHBIX MAIIIHMH.

e [lpeanoxkeHa cxema pa3OHMeHHs, C HCIOJIb30BAHHUEM armapara JUHAMUYECKOTO
MPOrpaMMHUPOBAHMsI, HUCXOAHOM 3aJayd Ha MHOXECTBO I0/A337ad IOUCKa
pacnpenieNieHus JIOTUYECKUX CEPBEPOB Ha OJIMH KOMIBIOTEDP, SBISIOLIUXCS
3aJlayaMy yCJIOBHOW TMceBA0OysleBoM onTtuMuzanuu. Jljig pelieHus mnoj3anad
MPeASIOKEeH MOIU(DUIIMPOBAHHBIA METO/ JIOKAJIbHOTO MOUCKA C MCIOJIb30BAaHUEM
¢byukuuu 1mrTpadoB, YNOpaBIsIeMOro paauyca 30H TIOMCKA U MHOXECTBa
CIIy4ailHbIX CTApTOBBIX TOUYEK. BBIMOIIHEHBI aHAIN3 CXOJUMOCTH, OLIEHKH 00bemMa
nepedopa 1 KauecTBa peleHui Al MPEI0KEHHOTO METO/Ia PEIICHHUS.

e PazpabGorana mporpaMMmHas peanu3alus ajiropuTMa peuIeHUs 3aJadd IMOHCKa
ONTUMAJIBHOTO paclpe/ieNICHUs JOTHYECKUX CEPBEPOB MO KOMITBIOTEPAM.

e [IpoBeneHO 3KCNIEPUMEHTANIBHOE UCCIIEIOBAHNE Ha P MOACIBbHBIX TPUMEPOB U
MPOU3BOJCTBEHHBIX 3a/lad MpPU BHEAPEHUH PE3yJbTaTOB JUCCEPTALMH C
UCIOJIb30BaHUEM Pa3pabOTaHHOIO MPOTrPAMMHOT0 0OecTieueHUs U MPEeITI0KEHHON
METOIUKH.

OcHOBHbIC TOJIOKEHHMSI [UCCEPTALMOHHOM PpadoThl H3JI0KEeHbl B 4-X
NeYaTHBIX U3IaHUSX.

e Paxman II.A. Tloaxoasl kK TOBBIMICHUIO 3(G(PEKTUBHOCTH HCIOIB30BAHUS
BBIYUCIIUTEIBHBIX PECYPCOB KOPIIOPATUBHBIX ceTei // Tpyasl MexXTyHapOIHOU
koHpepenun “Uudopmarimonnsie cpencrtBa u texnonorun”. — M.: Anyc-K,
2004. - T. 3. —-C. 120-121.

e Paxman IL.A. Hcnonb3oBaHHE€ METOJOB JHMCKPETHOW ONTUMHU3ALMU JJIs
pellIeHusl 3a7ay paclpelieNiCeHUusT pPEeCypCcoOB MPU MNPUMEHEHUH TEXHOJIOTUH
BUPTYaJIbHBIX MAaIllMH B KOPIOPAaTUBHBIX ceTsAX // Tpyasl MexayHapoIHOU
koHpepenun “Uudopmarimonnsie cpeactsa u texnonorun”. — M.: Anyc-K,
2004. - T. 3. - C. 122-123.

e Paxman II.A. IIpoGneMbl mepeHoca COBPEMEHHBIX ONEPAIIMOHHBIX CHCTEM C
peanpHOM  ammapaTHOM — miatdopMmbl  Ha  BUpTyadbHyo //  Tpyasl
MeXyHapoiHOU koHpepeHuun “UHopMalimoHHbie CpeIcTBa U TEXHOJIOTHN .
— M.: fnyc-K, 2004. - T. 3. — C. 124-125.

e Paxman II.A. KonnenrtyaiabHbIi TOAXOJ K TMOBBIMICHUIO 3(P(HEKTUBHOCTH
WCIMOJIb30BAHUSL BBIYMCIHUTENBHBIX PECYPCOB KOPHOPATUBHBIX CETEW TMpHU
MIPUMEHEHUHN TEXHOJOTHH BUPTYaIbHBIX MamuH // OObeIMHEHHBIN Hay4HBIN
xKypHai. — M.: Tezapyc, 2005. — Ne2. — C. 59-67.



