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IHJIAHUPYEMBIE PE3YJIBTATBI OBYYEHMUS 110 OOII

Kon

pe3yJbTaTa

Pe3yabTaT 00y4yeHus

(BBINYCKHMK 10JI2KeH ObITH TOTOB)

Ynueepcaﬂbuble Komnemenuuu

P1

[IpeacTaBisITh COBPEMEHHYIO KapTHHY MHpPa Ha OCHOBE IIEJIOCTHOU
CHCTEMBI €CTECTBCHHOHAYYHBIX M MaTEMaTHYCCKUX 3HAHUH, a TAaKKe
KYJIBTYPHBIX IIEHHOCTEH; TOHMMATh COIMAIbHYIO 3HAYHMOCTh CBOCH
Oynymeit mpodeccun, 00J1aaTh BBICOKOM  MOTHBalIMEed K
BBITIOJTHCHUIO ~ MPO(PECCHOHAIBHONW  JCATCILHOCTH,  3allHUTe
WHTEPECOB JIMYHOCTH, OOIIECTBA U TOCYIApCTBa; OBITh TOTOBBIM K
aHAIIN3Y COIMATBHO-3HAYMMBIX IPOIECCOB U SBJICHHA, TPUMEHSTH
OCHOBHBIC TIOJIOKEHUS M METOJbI T'YMaHUTAPHBIX, COIUAIBHBIX M
HPKOHOMUYECKUX HAyK MPH OpTaHu3aluy paboThl B OpraHU3aIluu, K
OCYILECTBIICHUIO BOCIIUTATENBHON 151 o0Opa3oBarenbHON

JESATEeILHOCTH B cpepe MyOJIMIHOM M YaCTHOM KU3HHU.

P2

OOnamaTe CIIOCOOHOCTSIMH: JE€HMCTBOBAaTbL B COOTBETCTBHH C
Koncturyuuenn  P®, HUCHOAHATL  CBOM  TPaXJAHCKUM U
npodecCUOHAIbHBIN JIOJIT, PYKOBOJICTBYSICh PUHIIUTIAMHA
3aKOHHOCTH M TIATPUOTU3MA, TNpaBUJIaMH M IOJOXKCHHUSIMH,
YCTaHOBJICHHBIC 3aKOHAMHU W JPYTUMU HOPMATHUBHBIMHU TIPABOBBIMH
aKTaMH; K JIOTUYECKOMY MBIIIICHUIO, OOOOIIEHHUI0, aHaIu3Yy,
MPOTHO3WPOBAHUIO, ITOCTAHOBKE MCCIICIOBATEIBCKAX 3aJad U
BBIOOPY MyTeH WX TOCTUKCHUS; TOHUMATh OCHOBBI HAIIMOHATBHOU U
BOEHHOU Oe3omacHoctH P®; paborath B MHOTOHAIMOHAIEHOM
KOJUICKTHBE;, (OPMUpOBATh IENM KOMAaHABI, MPUMEHATH METOIbI
KOHCTPYKTHBHOTO pa3peIIcHus KOH(JIMKTHBIX CUTYaIIN;
WCITOJIB30BaTh HA TMPAKTHKE HAaBBIKM M yMCHHUS B OpraHW3alldd

HAaYYHO-HCCJICA0BATCIbCKUX U HAYUYHO-ITPON3BOACTBCHHLIX pa60T.




P3

CaMocCTOATENBHO, METOAUYECKU IIPABUIBHOIO IPUMEHATH METObI
CaMOCTOSITENIFHOTO  (PU3UYECKOTO BOCIUTAHUS JJI TOBBIIICHUS
aZaTallMOHHBIX PE3EPBOB OpraHM3Ma W YKPEIUICHUS 310POBbA,
TOTOBHOCTBIO K JOCTHMKEHHUIO U MOIAEPKAHUIO JTOJDKHOTO YPOBHS
(U3UYECKON MOATOTOBIEHHOCTH [JIsi OOECHEYEHMs IMOJTHOLIEHHOU

COHHaHBHOﬁ 141 HpO(i)E?CCHOHaJIBHOﬁ ACATCIBHOCTH.

P4

CB00OOHO BIAAETh JHUTEPATYpHOM U JEJIOBOM MHUCHBMEHHOW U
YCTHOH pEeYhI0 HAa PYCCKOM s3BIKE, HAaBBIKAMH ITyOJUYHON W
HAy4YHOM peur. YMeThb Co037aBaTb M PEJAKTHUPOBATH TEKCThI
poeCCHOHATEHOTO Ha3HAYCHUS, BIIAJIETh OJHUM M3 HHOCTPAHHBIX

SA3BIKOB KaK CPpCACTBOM ACJIOBOI'O O6IHGHI/IH.

P5

Haxonuth OpPraHU3alMOHHO-YIIPABICHYECKUE  PELICHUsA B
HECTaHJAPTHBIX CUTYAIUSX U HECTU 332 HUX OTBETCTBEHHOCTb; OBIThH
TOTOBBIM K IIPUHATHIO OTBETCTBEHHOCTH 3a CBOM PELICHUS B paMKax
npo(EeCCUOHAIBHON  KOMIIETEHLIUH, TPUHUMATh pelieHuss B
HECTaHJAPTHBIX YCJIOBHUSIX OOCTAHOBKM M OpraHM30BBIBATH €O
BBIIIOJIHEHHE,  CAMOCTOATENIBHO  JIEWCTBOBATbL B IIpefenax
MIPEJOCTABIEHHBIX IPaB; CAMOCTOSTENBHO IPUMEHATH METOAbl U
CpeICTBa MO3HAHUs, 00y4YEeHUs U CAMOKOHTPOJIS JIJIsl TPUOOpETEeHUs
HOBBIX 3HAaHUM M YMEHHH, B TOM YHCIE€ B HOBBIX OOJACTSX,
HEMOCPEJICTBEHHO HE CBSI3aHHBIX CO c(depoil AesTeNbHOCTH,

Pa3BUTHS COLUATBHBIX U MTPO(PECCHOHATIBHBIX KOMITETCHITHH.

P6

[IpuMeHsATh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX JMCLMILUIMH,
MaTeMaTUYeCKHUM anmnapar, BBIYHCIIUTETBHYIO TEXHUKY,
COBpEMEHHBIE METOJIbl MCCIIEI0BAaHUN MPOIECCOB U OOBEKTOB ISt
(dopManuzanu, aHaJn3a u BbIPaOOTKU pelIeHUs

poheCCHOHANIBHBIX 3a]1a4.

Ilpogpeccuonanvnvie Komnemenyuu

P7

YMeTh CaMOCTOSITENIbHO TMOBBIIATh YPOBEHb 3HAHUW B 00JacTU




npo(ecCUOHANIBHON  JIeATEbHOCTH, MNPUOOpETaTh € MOMOUIBIO
WH()OPMAITMOHHBIX TEXHOJOTHH W HCIIOJIh30BaTh B IMPAKTUYECKOU
JIEATEIIBHOCTH HOBBIC 3HAHUS M YMEHHS; HCIOJIb30BATh HAYYHO-
TEXHUYECKYI0 MH(POPMAIINIO, OTEYECTBEHHBIN U 3apyOeKHBIN OIIBIT,
METObI HAay4YHO-HUCCJIEA0BATEIbCKOU 51 MPAKTUYECKOU
JESATEIbHOCTH, COBPEMEHHBIE KOMIIBIOTEPHBIE TEXHOJIOTHMH U 0a3bl
JAaHHBIX B CBOEH MpenMeTHOM obnactu; paboTtaTth ¢ nHGOpMaIuei B
rJI00aJIbHBIX KOMITBIOTEPHBIX CETAX; OLIEHUBATh MEPCHEKTUBBI
pazsutus ACY u ACHU ¢usndeckux ycTaHOBOK (BOOPYKEHHS U
TEXHUKH, TPOLIECCOB M anmapaToB aTOMHOW MPOMBIIUICHHOCTH H
HHEPreTUKH), UCIIOJIb30BaTh COBPEMEHHBIE JIOCTHKEHUS B HAYYHO-

HCCIIEIOBATENbCKUX paboTax.

P8

[IpuMeHsATh 3HAHUS O TMPOIECCaX B SAEPHBIX PHEPreTUUECKUX U
(GU3NYECKUX YCTAaHOBKAX, M O TEXHOJOTHMYECKUX IMpoIleccax
SJICPHOTO TOTUIMBHOTO ITUKJIA UCIIOJIB3YSl METOAbl MATEMATHYECKOTO
MOJICIUPOBAHUS OTACIABHBIX CTaAWM M BCEro Ipolecca s
paspabotkn ACY TII m ACHU c npumMeHEHHEM TaKeTOB

aBTOMATU3UPOBAHHOTO MPOECKTUPOBAHUS U UCCIIETOBAHUM.

P9

Hcrnonb30BaTh 3HaHUA O MPOTEKAIOIUX NPOLEccax B SAIEPHBIX
HPHEPreTUYECKUX YCTAHOBKAX, amnmaparax HPOU3BOJACTB SAEPHOIO
TOIUIMBHOTO 1MKJa, Teopur W mnpaktukn ACY TII, npu
INPOEKTUPOBAHUM,  HACTPOMKE,  HaJaJKe,  HUCIBITAaHUAX U
AKCIUTyaTallil COBPEMEHHOI0 000pYyI0BaHUsA, MH(OPMAIMOHHOTO,
OpraHU3alMOHHOTO, MaTEeMaTHYECKOIro U IPOrPaAMMHOTO
o0OecrnedeHus, CHelHaTbHBIX TEXHUYECKHUX CPENICTB, COOPYKCHHI,
OOBEKTOB M UX CUCTEM; OPraHU30BaTh AKCILTyaTalUI0 (PU3NYECKUX
YCTAaHOBOK (BOOPY)KEHHMSI M TEXHHUKH, IPOLIECCOB M amnmnaparoB
aTOMHOW TMPOMBIIUIEHHOCTH M  JHEPreTUKH), COBPEMEHHOIO

000py1I0BaHUs U MIPUOOPOB C YUETOM TPEOOBAHUN PYKOBOISAIIUX U




HOPMATHUBHBIX JOKYMEHTOB; OBITh TOTOBBIM K OCBOCHHIO HOBBIX
o0pa3ioB (HU3UIECKUX YCTAHOBOK, COCTABIICHUIO WHCTPYKIIHHA IIO

AKCILTyaTalli 000PYA0BaHMS U MPOTPAMM HCIIBITAHUH.

P10

Hcnonp30BaTh TEXHUYECKUE CPEACTBA M HMH(DOpPMAlMOHHBIE
TE€XHOJIOTUH, IIPOBOJIUTH IIPEABAPUTEIIBHOE TEXHUKO-
HKOHOMUYECKOTr0 OOOCHOBAHMSI MPOEKTHBIX PACUETOB YCTPOMCTB U
y3J0B TOpUOOPOB M YCTAaHOBOK, pacyeT, KOHIENTYaJbHYI U
IPOEKTHYI0 MPOpabOTKy MPOrpaMMHO-TEXHUYECKUX cpenctB ACY
TIT u ACHH, npumeHsIT, METOAbl ONTUMM3AIMHU, aHAIM3A
BAPUAHTOB, IIOMCKA PEUICHUS MHOTOKPUTEPHANBHBIX 3adad ¢
YU4ETOM HEOIpeesIEHHOCTEH 00bEKTa yNpaBieHUs, pa3padaTbIBaTh
CIOoCcOOBI MPUMEHEHHUS MPOrpaMMHO-TexHHUecKuX cpeacTB ACY TII
nu ACHU, pemath HHXKXEHEPHO-(PU3HUECKHE M SKOHOMHUYECKHE
3a/1auy, MpUMEHss 3HaHus Teopur U npaktuku ACY, Bkiroyaronee
MaTeMaTuyeckoe, MHPOPMAIIMOHHOE U TEXHUYECKOe 00ecreueHus,

L IIPOCKTHUPOBAHMA, HCIIBITAHWA, BHCAPCHHUA W OKCILIyaTallin

ACY TII u ACHMN.

P11

[lonumaTe CyIIHOCTP M 3HA4Y€HHE HWH(OpMaUUMU B pPa3BUTUU
COBPEMEHHOT0 OO0IIecTBa, COO0IaTh OCHOBHBIE TpeOOBaHUS
0€e30MacHOCTH W 3allUThl TOCYAAPCTBEHHOW TaWHBI; BBINOIHITH
MEpOTNPUATHS o BOCCTaHOBJICHUIO paboTOCIOCOOHOCTH
(bU3MYEeCKUX YCTAaHOBOK (BOOPY>KEHHUS U TEXHUKH, TPOILIECCOB U
anmnapatoB aTOMHOM MPOMBIIUIEHHOCTH W JHEPreTUKH) MpHU
BO3HUKHOBEHUHU aBApUUHBIX CUTYyallUMid, pa3pabaThiBaTh METObI
YMEHBUIEHUSI PUCKA HMX BO3HUKHOBEHHS; NPOBOJUTH aHAIU3 U
OLICHKY OOCTaHOBKM I TPHUHATUS  pELIeHUusT B  Ciydae
BO3HUKHOBCHUS ABAPUMHBIX CUTyaluH, JKOJIOTUYECKYIO
0e30MacHOCTh, HOPMbI M MPaBUJIO MPOU3BOJICTBEHHOW CAHUTAPUH,

MOKAPHOH, paIuallMOHHON U SAEPHOU O€30MaCHOCTH.




P12

Pa3pabarbiBaTh  MpPOEKTHl  HOPMATUBHBIX W METOJAUYECKHX
MaTepHaIOB, TEXHUYECKUX YCIOBUM, CTAHIAPTOB M TEXHUUYECKHX
ormucanuii cpencts ACY TII u ACHU, pernamentupyomux padoty
B cdepe mpodecCHOHATBHON  JEATEeIbHOCTH; OCYIIECTBISAThH
pa3pabOTKy  TEXHHYECKOTO  3aJaHds, pacdeT, MPOEKTHYIO
npopadOTKy COBPEMEHHBIX YCTPOWCTB U  Y3JI0B MpuUOOpOB,
YCTAaHOBOK (00pa3lioB BOOPYKEHUS, MNPOTrPaMMHO-TEXHUYECKUX
cpeacte ACY TII u ACHU), ucnonp3oBaTh 3HAHHUS METOOB
aHajauza HKOJIOT0-3KOHOMUYECKOMN 3¢ (HEKTUBHOCTH npu

MPOEKTUPOBAHUH U PEATM3ALUU IPOEKTOB.

P13

Hcnonp30Bath B MpoeccroHalIbHON NEATEIbHOCTH HOPMAaTHUBHbBIE
MpaBOBbIE aKThl B O00JIACTH 3alIUThl TOCYJAPCTBEHHON TailHBI,
WHTEJUIEKTYaJIbHOM COOCTBEHHOCTH, aBTOPCKOIO MpaBa U B JAPYTHX
o0nacTax; OCYUIECTBJIATh IOUCK, H3Yy4YeHHE, 0000IleHne u
CUCTEMATU3ALUIO HAay4YHO-TEXHUYECKON uH(popmarmu,
HOPMATUBHBIX U METOAMYECKUX MaTepHaioB B cdepe cBoe

poheCCHOHAIBHON JIeITEIIbBHOCTH.

P14

[IposIBASATE U aKTUBHO NMPUMEHSATH CIIOCOOHOCTh K OpraHU3ALMH U
yIpaBJICHUIO paboOTOM KOJIEKTHBA, B TOM 4YHCIE: HAXOIUTh HU
NPUHATH YNpPaBICHUYECKHE peleHuss B cepe npodeccuoHanbHOU
NeATEeNIbHOCTH;, pa3pabarhiBaTh IUIaHBI Pa0OThl  KOJIJIEKTHBOB;
KOHTPOJIUPOBAaTh COOJIIOIGHHE TEXHOJOTMYECKOM JIUCIUILIMHBL,
oOCIy’>KMBaHMUS,  TEXHUYECKOTO  OCHAICHMS,  pa3MEUIeHUs
TEXHOJOTMYECKOr0  O0OpYyJIOBaHMs; OpraHU30BBIBATH Yy4YeT U
COXPaHHOCTh (DU3UYECKUX YCTAHOBOK (BOOPYKCHHUS M TEXHHUKH),
coOntoieHne TpeOoBaHMM 0€30MacHOCTH TpPH  IKCIUTyaTalluu;
UCITI0JI30BaTh OCHOBHBIE METObI 3AIIUTHI IEPCOHANIA U HACEIEHUS
OT BO3MOKHBIX TOCJIEACTBUI aBapuii, KaTacTpo(d, CTUXUHHBIX

OeacTBUIA.




P15

JleMOoHCTpHpOBaTh CIOCOOHOCTh K OCYIIECTBJICHUIO U aHAINU3Y
HAayYHO-UCCJIEIOBATEIbCKUX,  TEXHOJIOTMYECKHUX M IMYCKO-
HAJIAJOYHBIX paboT, pa3pabOTKe IUIAHOB M MpOrpaMm HX
MPOBEJCHUS, BKJIIOYAS SIEPHO-(DU3NUECKUE IKCIIEPUMEHTHI, BHIOOPY
METOJIOB U CpPEACTB pEUIeHUS HOBBIX 33Ja4 C MPUMEHEHUEM
COBPEMEHHBIX  DJJIEKTPOHHBIX  YCTPOMCTB,  IPEACTaBICHUIO
pE3yNbTATOB HCCIEAOBAHUN W (OPMYIMPOBAHUIO MPAKTHYECKUX
pPEKOMEHIalMi UX UCIOJIb30BaHUs B (DOPMaX HAYyYHO-TEXHHUECKHUX
OTYETOB, 0030pOB, IMyOJUKALMNA IO pe3yJbTaTaM BBIITOJIHEHHBIX
paboT; BBINONHATH TMOJHBIA 00BEM pabOT, CBS3aHHBIX C
TEXHUUYECKUM OOCITYXUBAaHUEM (PU3NUYECKHX YCTAaHOBOK C yUETOM

TpeOOBAHMI PYKOBOASIIMX U HOPMATUBHBIX JTOKYMEHTOB.
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Tema padoThi:

MATEPHUAJIOB

PA3PABOTKA TIPOTPAMMHOI'O KOMIIJIEKCA PACIHPEJEJEHHOU
OBPABOTKHN JOAHHbLIX JJI KOMIIBIOTEPHOI'O MOAEJIMPOBAHUA

YrBepaxaena npuka3om gupexkropa OTHU \ ot 31.10.2016 Ne 9286/c

| JlaTa caum CTYAEHTOM BbINOJHEHHOH paGoThl | 23 supaps 2017 .

TEXHUYECKOE 3AIAHHUE:

HcxoaHble JaHHbIE
K padore

OOBEKTOM UCCIICIOBAHUS SBJSETCS MPOTPAMMHBIA KOMITICKC
pacrpenieieHHOM 0o0pabOTKM JaHHBIX IS  KOMIBIOTEPHOTO
MOJICTTUPOBAHUS MaTEPUAIIOB.

1. TlporpaMMHBIi  KOMIUIGKC  JIOJDKEH  yJIOBJICTBOPSTH
CJITYIOIIUM TPEeOOBaHMSIM:

- KpoccrmardhopmeHHOCTS;

- ['eTeporeHHOCTh BHIYUCIUTEIBHBIX PECYPCOB;
- MacmrabupyeMoCTh BEIYUCTUTEIIEHON CETH;
- ABTOHOMHOCTbH (DYHKITHOHUPOBAHHSI.

2. KiumenTckoe TmNpuIoOKEHHE B COCTaBe MPOTrPAMMHOIO
KOMILIEKCa JTOJDKHO OBITh peajn30BaHO B cpere paspaborku Qt
Creator.

3. Jlis opraHuzammm  JIOCTyNa K  paclpeleleHHBIM

8




BBIYUCIUTENIBHBIM  y3JlaM  JIOJDKEH MNPUMEHSThCS — CEeTEeBOM
MIPOTOKOJI IPUKIIATHOTO ypoBHsI SSH.

4. Jlns BBITIOJTHEHUS pacUEeTHBIX 3alaHui Ha
pacTpe/IeICHHBIX BEIYUCIUTEIBHBIX y3J1aX TOJDKHO MPUMEHSITHCS
CrelalibHOEe MporpaMMHOe o0ecrieyeHue Torque.

Ilepeuenn AHanutuueckuit 0030p CYIIECTBYIOIIUX PEIICHUH B 00JacTU
MOIEKAIIMX NOCTPOEHHUSI  PACIpPEACTCHHBIX  BBIYUCIUTENBHBIX  CeTeH
HCCIe0BAHMIO, 00pabOTKH JAHHBIX.
POEKTHPOBAHMIO Pa3pabotka _ CTPYKTYpBI POrpPaMMHOTO KOMILJIEKCa
- pa3paboTke pacrpeaesieHHOM 00pabOTKH TaHHBIX.
Pa3paboTka cTpyKTypbl KIMEHTCKOTO MPUIOKEHUSI.
BOIIPOCOB
Pa3paboTka 0000mIeHHOTO anropuTMa (yHKIIMOHUPOBAHMUS
IPOTPaAaMMHOTO KOMILIEKCA.
Pa3paboTka anroputMa (YHKIMOHUPOBAHUS KIMEHTCKOTO
MPUIOKECHHUS.
Pa3pabotka ¢opm rpaduueckoro mHTEpdeiica KIUESHTCKOTO
TIPHITOKCHHUS.
[TpoBenenue AKCIIEPUMEHTAIIBHBIX UCCIIeIOBAaHU M
POrPaMMHOT0 KOMITJIEKCA.
Ilepeuenn Cxema CTpyKTypBI TPOrPaMMHOTO KOMILIEKCA.
Fpaq)HqCCKOFO Cxema CTPYKTYPBI KIIMCHTCKOTO ITPUJIOKCHH.
MaTepHaia Cxema  anropuTMa  (DYHKIMOHUPOBAHHS  KJIMEHTCKOIO

NPWIOKEHUS U OT/AEIBHBIX MOYJIEH B €r0 COCTaBE.

Yeprexxk (opmbl rpaduueckoro uHTEpdeiica MNoab30BaTENS
KJIMEHTCKOTO TIPUIIOKEHHUS.

Cxema CTpPYKTypHas JKCHEPUMEHTAIBHOIO CTEHAa MJis
UCCJIEIOBAaHUSl TIPOrPAMMHOIO  KOMILJIEKCAa pachpeleeHHON
00pabOTKHU JaHHBIX.

KoHcyabTaHTBI 0 pa3jesiaM BbINYCKHON KBAJIM(PUKANMOHHON padoThl

Paznen KoHcyabTaHT

dunaHCOBBIN

MEHEJIP)KMEHT, | IOLEHT, KaHJ. (UiIoc. Hayk

pecypcodPphekTUBHOCTH U pecypcocOepekenue | Menninukona E.B.

CO]_II/IaJ'IBHaH OTBCTCTBCHHOCTDB

ACCHCTEHT
Axumos J1.B.

I[aTa BbIJa4YH1 3aJaHUd Ha BbIIIOJHCHHEC

BBINYCKHOH KBaduukanuoHHoi padorsl 1o | 03 okTsa6ps 2016 r.

JIMHEHHOMY rpaduky

3aiaHue BbI1aJ1 PYKOBOJUTEJIb:

JoskHocTh

DdUO Y4eHas cTeneHb, 3BaHNe Iloanuch JlaTa

JloueHT O6xoxackmit A.B. KaHJI. TeX. HayK 03.10.16

3aIlaHl/le MNPHHAJT K HCITIOJTHEHUIO CTYAECHT

I'pynna

DPUO Hoanuch JlaTa

0712

[ymaes JI.M. 03.10.16




PE®EPAT

Brimycknas kBanudukannonnas pabora 138 c., 21 pwuc., 21 Tab6n., 53
HMCTOYHHKOB, 2 MPHUJL
PACIIPEAEJIEHHASA  BBIUMCJIUTEJIBHAA  CETb, PECYPCOEMKUE
BBIUMCJIEHUS, YJIAJEHHBIA JOCTYII, ITIPOTPAMMHBIM KOMIIIEKC,
MEHEJIKEP PECYPCOB, KIIMEHTCKOE ITPUJIOXKEHUE

O0bexTOM UCCIIeI0BAHUS SBJISIETCS IPOrpPaMMHBIH KOMILJIEKC
pacripefieieHHONH 00paOOTKM JAaHHBIX JJIi KOMIBIOTEPHOTO  MOJECIUPOBAHUS
MaTepUasoB.

Llenpro paboThl ABISETCS TOBBINICHUE OBICTPOACHCTBUS BBHIYUCICHUN B
IPOrPaMMHOM ITaKETe MOJACIUPOBAHUS MAaTEPHUATIOB.

B xome paboTbl ObUT BBIMOJHEH AHATUTUYECKUH 0030p MNPOrpaMMHBIX
CPEIICTB B 00JIACTU OpTraHU3aIMN PECYPCOEMKUX BHIYUCICHHM.

B pesynbrare pa3zpaboTaH NOpoOrpaMMHBIA KOMIUIEKC paclpeiesieHHON
00pabOTKH JaHHBIX, XapaKTEPUCTUKU U (PYHKIIMOHAT KOTOPOTO IPOBEPEHBI MpHU
MPOBEJCHUU  DKCIEPUMEHTaIbHBIX  HccienoBaHui. Ilpu  paspaboTke  ObLIO
UCIIOJIb30BaHO COOCTBEHHOE pEILIEHUE M0 peal3alliyd MPOrpaMMHOrO KOMIUIEKCA.
brina BeIOpaHa ojHOpaHrOBasi apxuTekTypa. JlJis opraHu3aiuy B3auMOJCHCTBUSA

BBIYHCIIUTEILHBIX Y3JI0B UCTIOJIB30BaH CETEBOM MPOTOKOJ MPHUKIATHOTO ypoBHSI SSH.
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OIIPEAEJIEHU S, OBO3HAYEHUSA, COKPAILEHUS, HOPMATHUBHBIE
CCBIJIKA

B nanHO# paboTe UCHOJIB30BaHbl CCHUIKM HA CIEAYIOIINE CTAHIaPThI:

I'H 2.1.6.1338—03 IlpenenbHO MOMYCTUMBIC KOHIIEHTPALMHU 3arps3HAIOIINX
BEII[ECTB B aTMOC(HEPHOM BO3/yXe HACEICHHBIX MECT

CIT 2.2.1.1312-03 T'uruenunueckue TpeOOBaHUS K MPOCKTUPOBAHUIO BHOBD
CTPOSILIIUXCSI U PEKOHCTPYUPYEMBIX MTPOMBIIIIEHHBIX MPEIIPUITHIA

CanlluH 2.2.2/2.4.1340-03 T'urnenudeckue TpeOOBaHUS K NEPCOHAIBHBIM
AIIEKTPOHHO-BBIYUCIUTENBHBIM MAIIMHAM U OpPTaHU3ALMK padOThI

CH 2.2.4/2.1.8.562-96 Illym Ha pabo4ynx MecCTax, B MOMEIICHUSIX KUIIbIX,
OOILIECTBEHHBIX 31AHUI U HAa TEPPUTOPHH JKUJION 3aCTPOUKH

I'OCT 12.0.003—74 OmnacHble U BpeAHbIC MPOU3BOJICTBEHHBIC (AKTOPHI.
Knaccuduxanus

I'OCT 12.1.005-88 CCBT. O6mue caHuTapHO-TUTHEHUYECKUE TPEOOBAHUS K
BO31IyXy paboyeil 30HbI

I'OCT P 12.1.019-2009 CCBT. Dnexrpobe3onacHocts. O6mme TpeOoBaHUs
¥ HOMEHKJIaTypa BUJIOB 3alUTHI

I'OCT 12.1.030-81 CCBT. DaekTpo6e30macHOCTh. 3alldTHOS 3a3eMJICHHUE,
3aHyJIeHUE

CIT 52.13330.2011 Csox mnpaBwi. EcTecTBEHHOE UM HCKYCCTBEHHOE

OCBCIICHHUC.

B nanHo# paboTe MprUMeHEHHI ClIeAyIoIue 0003HAUCHUS U COKPAILCHUS:
IPOrpaMMHBIN KOMILIEKC pacrpeaesieHHon 00paboTku ganubix; [TK
pacrpeneneHHas BeunciutenbHas cpeaa; PBC.

BBIUHMCIUTEIBHBIN y3e1; BY.

cUcCTeMa pacnpeiesieHHOU 00paboTku u XxpaneHus ganubix; GRID.
cUCTEMa IPOMEKYTOUHOTO TIporpammHoro obecnedenws; CIITIO.

berkley open infrastructure for network computing; BOINC.
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MPOEKT 10 pa3paboTke cBOOOIHOTO MporpaMmHoro odecredenus; GNU.

lesser general public license LGPL

compute unified device architecture; CUDA.

CETEeBOM MPOTOKOJI MPUKIIATHOTO ypoBHs; SSH.

IPOTOKOJI KonupoBaHus (aitnos; SCP.

CUCTEMa YTIpaBIIEHUS pacipeneNéHHbIMU BeiuncaeHusiMu; PBS.
Ha0Op CEeTEeBBIX MTPOTOKOJIOB Tepeaaun JaHHbIX; 1 CP/IP.
IIEHTpaJbHOE IIporieccopHoe ycTpoiicTBo; CPU.

rpaduaeckoe mporeccopHoe ycrporictso; GPU.

onepanuonHas cucrema; OC.

NepCOHabHAs AIEKTPOHHO-BhIUUCIUTEIbHAS MalnHa; [[9BM.

ko3 unreHT ectectBeHHOM ocBenieHHocTH; KEO.
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BBEJAEHUE

C yyeToM BO3HUKHOBEHHUS HOBBIX BBIUMCIMTEIBHO €MKHUX 3aJady U
HEOOXOJMMOCThI0O 00paboOTKM Bo3pacTarolux 00beMOB HMH(OPMALIUU, AKTyaIbHOU
3ajaueil  sABISAETCS pa3paboTKa M pa3BUTHE TEXHOJIOTMHA I TMPOBEACHUS
PECYPCOEMKHMX BBIYMCIEHUH B paMKax pa3jMYHbIX HAyYHbIX W TPUKIAJHBIX
MIPOEKTOB.

B Hacrosiiiee BpeMsi 0lHUM U3 HanboJiee NePCIEeKTUBHBIX U BOCTPEOOBaHHBIX
HanpaBlIeHUN B OO0JIACTH BBIYMCIUTENFHON XMMHHU W CMEXHBIX HayK SBISETCA
pa3paboTka MaTepuaioB C 3apaHee 3aJaHHBIMH (PYHKIIMOHAIBHBIMH CBOMCTBaMH,
BKJIOYAsl KaK CO3/aHHE NPUHLIMUIHUAIBHO HOBBIX MaTepUasoB, TaK U PACIIUPEHUE
(YHKIIMOHATBHBIX BO3MOKHOCTEH TEXHOJIOTHYECKH YK€ OCBOCHHBIX. B CBs3H € 3TUM
0COOYI0 Ba)XXHOCTb IPUOOPETAIOT METOAbl KOMIBIOTEPHOIO MOJEIUPOBAHUS.
[Tpouecc pacyera CBOMCTB M MOJECIUPOBAHUS MaTEPUAIOB TPeOYyeT 3HAYUTENIbHBIX
BBIUHCIUTEIBHBIX PECYPCOB, KOTOPBIE MOXET MO3BOJIUTH ce0e MaNeKo HE Kaxaas
HayyHas opraHumszanus win npeanpustue. CerogHs HauOosiee MNEPCIEKTUBHBIM
HanpaBlIEHUEM B OOJIACTH PECYpPCOEMKHX BBIUMCICHHNA SIBISICTCS paclpeeeHHas
oOpaboTka JaHHbBIX. PacrmpeneneHHble BBIUMCIUTEIbHBIE CpPEIbl  MO3BOJSIOT
COCpEIOTaunBaTh B c€0€ OrPOMHYIO ITPOU3BOIUTENBHOCTh, COOCTABUMYIO C TAKOBOM
y CYNEpKOMIIBIOTEPOB, W TpPH OSTOM (QOPMHUPYIOTCS Ha OCHOBE OOBIYHBIX
pPa3HOPOJIHBIX KOMIIBIOTEPOB.

Lenpro naHHOW pabOTHI SIBISIETCS MOBBIIIEHUE OBICTPOICHCTBUS BHIYMCICHHIMA
B MPOrPaMMHOM TIaKeTe MOJCIMPOBAHMS MaTepuayioB. J[isi pemeHus: 3Tol 3amadu

pa3pabaThIBaeTCsl MPOTPAMMHBIN KOMITJIEKC pacipeiesieHHON 00paboTKU JaHHBIX.
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AKTyaJIbHOCTh pelllaeMbIX B paMKaxX JAWUIIJIOMHOM paOoThI 3a1a4 00ycIoBIeHa
HEOOXOJMMOCTBIO pa3pabOTKM HOBOTO peUICHHWs [Uisi TNPUMEHEHHS €ero B
IpPOrpaMMHOM TIaKeT€ MOJECIMPOBAHUA MaTepualoB, pa3pabaTbiBaeMOro Ha
kadenpe DADY TIIY. Pabota BbIMoNHEHA B paMKax MPOEKTa MPHUKIAIHBIX HAYUYHBIX
UCCJIEIOBAHUM W SKCIEPUMEHTAJIbHBIX pa3paboTok Ha Kadeape ODADY mnpu
dbuHaHCOBON ToAep)KKe MuHHCTEpcTBA 00pa3oBaHMs W Hayku Poccuiickoit
denepanun.

B nporpaMMHOM mnakere B pe3yibTaTe MPOBOAUMBIX JKCIIEPUMEHTOB IO
MOJICJIMPOBAHUIO MAaTepUaiIoB (POpPMHUPYETCS OOJBIIOE KOJUYECTBO PECYPCOEMKHUX
BBIYMCIIUTEIBHBIX 33J1a4, PacdyeT KOTOPBIX KpAaWHE 3aTPYAHUTEIBHO BBINOJHATH Ha
onnoit OBM. Ilpumenenue paspabateiBacmoro [IK mo3BonuT mpousBecTd pacuer
ATUX 3aJad Ha JOCTYNHBIX BBIYHCIWTEIBHBIM Y3JIaX, YTO 3HAYUTEIBHO COKPATHUT
BpeMs Ha 00pabOTKy SKCIEPUMEHTAIbHBIX JaHHBIX U MTOJIyY€HUE PE3YIIbTaTOB.

[IpumeneHne cBoero coOCTBEHHOro pemieHus npu paspadorke 1K no3soaut
00€eCleYnTh BBINOJHEHUE BCEX MPEABSIBISIEMBIX K MPOTPAMMHOMY KOMILIEKCY

TpeOOBaHMI, a TAK)Ke 00ECTICUNUT PeaTU3aIUI0 33 IyMaHHOTO (DyHKIIMOHAIA.
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1 AHanuTHYecKHii 0030p HH(POPMALMOHHBIX HCTOYHUKOB

1.1 AkTyaabHOCTBH padoThl

B manHOM pasznerne BBIMYCKHOW KBaTu(UKAITMOHHOW PabOTHI MpecTaBiieHa
uHpopMalusi 00 AaKTyaJdbHOCTH BBIIOJHSAEMOW pabOThl, paccMaTpUBaIOTCA
HEOOXOJUMbIE CBEJECHHS B O0JIACTM OpraHU3allMM PECYPCOEMKHX BBIUMCICHHM,
IIPUBOJUTCA AHAINA3 CYIIECTBYIOIIMX PELICHUH, a TAaKXKE NPEACTABIACTCS CBOE
COOCTBEHHOE PELLEHUE.

IIpencraBnenneli B BKP mnporpamMMHBI  KOMIUIEKC —paclpelesIeHHON
o0pabotku ganHbIX (I1K) BbIMOIHEH B paMKax MPOEKTa M0 CO3JaHUI0 MPOrPaMMHOIO
nakera MOJEIUPOBAaHUS MaTEpUaoB, KOTOpbIM peanu3yercs Ha Kadeape DADY
TITY. TIK oOecneunBaeT BBIMOJHEHHE pacyeTa 3aJad, MOJYYEHHBIX B XOJ€
IIPOBEJICHHUSI OKCIEPUMEHTOB B IIPOTPAMMHOM IIAKETE MOJEIUPOBAHMS, Ha
JOCTYITHBIX BBIYMCIIMTEIBHBIX y3JaX.

B Hacrosiee BpeMs BBICOKONPOU3BOAMUTENIBHBIE BBIUHUCICHUS WIPAIOT BCE
0O0JIBILIYIO POJIb IIPU MPOBEACHUN HAYUHBIX UCCIIEI0BaHUM, pa3pab0TKe HOBBIX BUJIOB
MPOMBIIIUICHHON MPOAYKLUHMH M B colManbHOU cdepe. OHU BBICOKO BOCTPEOOBAHbI
KaK WHCTPYMEHT JJI1 pPELICHUs 3aJa4 KBAHTOBOW XWMHH, KBAaHTOBOM MEXaHUKH,
TMJIPOJUHAMUKYA M TPOYMX OTpaciied HayK, TpeOyIOUMX HpoBeJeHHE OO0JIBLIOro
KOJIMYECTBA PECYPCOEMKHX BBIYMCIUTEIBHBIX HKCIEPUMEHTOB M  00pabOTKU
00IBIINX 00BEMOB JAHHBIX. C y4eTOM BO3HUKHOBEHUS HOBBIX
BBIYUCIUTEILHOEMKUX 3a7ad U HEO0OXOJUMOCTBbIO O0pabOTKM BO3pPACTAIOUIUX
00beMOB HMH(OpMalLIMU, aKTyaJbHOM 3ajmauedl sABiseTcsl pa3paboTKa W pa3BUTHE
TEXHOJIOTHUHA JJI1 TPOBEJIEHUS PECYPCOEMKHUX BBIYMCICHHA B paMKax pa3iIM4YHBIX

HAYYHBIX U TPUKJIAIHBIX MPOEKTOB [1].
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Celivac omHuM U3 HauOoliee TMEPCHEKTUBHBIX M  BOCTPEOOBAHHBIX
HANpaBJICHUH B 00JACTH BBIYMCIHUTEIBHOW XUMHH M CMEXHBIX HAyK SIBISCTCS
pa3paboTka MaTepUaOB C 3apaHee 3aJaHHbIMH (DYHKIIMOHAIBHBIMUA CBOMCTBaMH,
BKITIOYAsE KaK CO3JIaHHE NPUHIUIHAIHHO HOBBIX MATEPUAJIOB, TaK M PACHIMPCHHE
(YHKIIMOHATBHBIX BO3MOYKHOCTEH TEXHOJOTHYECKU Yxke OcBOeHHbIX. C Qusmko-
XMUMHUYECKON TOYKH 3pEHHS TaKUe MaTepPHaibl U CTPYKTYpPhl OTHOCSTCS K OO0JIACTH
MOJICKYJISIPHO- M HAHO- CTPYKTYPHUPOBAHHBIX CHCTEM. B CBsi3u ¢ 3TUM 0COO0YIO
BaXHOCTH MPUOOPETAIOT METOJIbI KOMITBIOTEPHOTO MOCITUPOBAHHS MOJICKYJIIPHBIX U
HAHOCHCTEM, KOTOPBIE JJOJDKHBI OBITh JJOCTATOYHO OBICTPHIMU M TOYHBIMHU ISl OOJIee
TOYHOTO MPOTHO3a CBOWCTB W CTPYKTYPBI CO37aBaCMBIX WM TPOCKTUPYEMBIX
MartepuanioB.  BbIlonHEHHWEe  MOJOOHBIX  3a7ady  TpeOyeT  OrpOMHBIX
BBIUHCIIUTEIBHBIX PECYPCOB U NPUMEHEHUE MEPCOHAIBHBIX KOMIIBIOTEPOB IS
3TOTO MO0 KpariHe HedhPEeKTUBHO, THMOO BOOOIIE HEBO3MOXKHO [2, 3].

B kadecTBe anbTEepHATUBBI MPSAMBIM SKCIEPUMEHTAM B MOJCKYJSPHBIX WU
HAaHOTEXHOJIOTHSIX BCe OoJblllee NMPUMEHEHHE HAXOISIT METOJbl KOMIIBIOTEPHOTO
MOJICIIMPOBAHUS PA3HBIX YPOBHEH CTPOCHHUS BEIIECTBA, KOTOPHIE OCHOBaHBI Ha
UCTIOJIb30BAHUHU BBICOKOTIPOU3BOAUTEIBHBIX BBIYUCIIUTEILHBIX CHCTEM:
CYIEPKOMITBIOTEPOB U paCIIPE/ICIICHHBIX BRIYACIUTEIBHBIX ceTel [4].

Panee 4YacTo mpUMEHSUICS TOAXON K PEHICHUIO MPOOJIEMBI BBITIOJHCHUS
PECYPCOEMKHX BBIYMCIUTEIBHBIX 33]]a4 — UCIIOJIh30BAHNE CYNIEPKOMIIBIOTEPOB JHO0
CTICINAT3UPOBAHHBIX KJIaCTEPOB. CynepKOMITBIOTEPHI TIO3BOJISIFOT
CKOHIICHTPUPOBaTh B OIJHOM MECT€ OrPOMHBIC BBIYUCIUTEIBHBIE PECYPCHI,
IPOM3BOJIUTENILHOCTh KOTOPBIX JIOCTHTaeT TOPSAKAa HECKOJBKHX —1eTadionc.
[lpuMeHeHHE CYNEpKOMIBIOTEPOB Ui PEHICHUS pa3IMYHBIX HAy4YHBIX 3a]ad
aKTyalbHO W Ha CETOAHAIIHMNA JIeHb, HO, HECMOTpS Ha 3HAYUTEIHHYIO
HPOU3BOIUTEIILHOCTh, CYIIEPKOMITBIOTEPHI UMEIOT Psiji HEJIOCTATKOB M OTPaHUYCHUH.
OCHOBHBIM HEJIOCTATKOM IMOIOOHBIX BBIYHUCIMTEIBHBIX PECYpCOB SBISCTCS UX IICHA,
NpUYeM Majio MPOCTO coOpaTh CYHNEPKOMIIBIOTEp, €ro TaKKe HYKHO TOCTOSHHO

06CJIy}KI/IBaTB, Ha 4TO YXOJAT SHAYHUTCIIbHBIC JCHCKHBIC CPCACTBA. ECTCCTBCHHO, qTo
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JAJIeKO0 HE KaK[as HayyHas OpraHu3aius ¥ MPeANpUaTHe MOXKET I03BOJHTH
COJIEp>KaTh CBOM COOCTBEHHBIM CYNEPKOMIIBIOTED, a BBIMOJHATH PECYPCOEMKHE
3a71auu HEOOXOUMO.

ANbTepHATUBHBIM pelieHne SIBIISTIOTCSI KJIaCTEpHI. Pa3Butne
UHQOPMALIMOHHBIX TEXHOJIIOTUH UM TPOTPaMMHOTO oOOecredeHus B 00JacTH
pacmpene’eHHbIX M TapajuleJbHBIX BBIYMCICHUH TO3BOJISET CHHTE3UPOBATh Ha
OCHOBE KJIACTEpHOM apXWUTEKTYpbl BBIUUCIUTENbHBIE pECYpChl, 00Jaaaromme
3HAYUTEIBHOM MPOU3BOAUTEIBHOCTHIO. BHIUHCINTEIBHBIN KIIacTep MOKHO coOpaTh B
1100011 1abopaTopuu, OTTAIIKUBASACH OT PEalbHBIX MOTPEOHOCTEN B BEIYMCIUTEIBLHOM
MOIIIHOCTA W JIOCTYNMHOro Oromxkera. JlaHHoe pemieHne He TpeOyeT OOobIIMX
JICHE)KHBIX 3aTpaT B OTIMYME OT CynepkomibioTepoB. Kiactep npeacrasiser coboi
COBOKYITHOCTb ~ KOMIBIOTEPOB,  OOBEAMHEHHBIX  JIOKaJbHOM  CEThIO U
IpeJHa3HAYCHHBIX JJI PEIICHHsS PpPEeCypCOEMKHX BBIYUCIWTENBHBIX 3a7ad, U
OTHOCHTCS K KJIaCCy MHOI'OIIPOLIECCOPHBIX BBIYMCIUTEIBHBIX cucTeM. KoMmbroTepsl,
BXOJISIIIIIE B COCTAaB TaKOTO pOJa KJacTepa, Ha3bIBAIOTCS €r0 BBIUMCIUTEIbHBIMU
y3namu. OAMH U3 BBIYMCIMTEIbHBIX Y3J0B HA3HAYAETCs TJIAaBHBIM (YHPAaBIISIOLIUM)
y3710M Kkiactepa. JlokanpHas ceTh, MUCHOJb3yeMash B BBIYMCIMTEIHLHOM KiacTepe,
npeiacTaBiasieT  co0O0Ml KOMMYHHMKAalMOHHYKO — Cpely Al B3aUMOJEWCTBUS
BBIUMCIIMTENBHBIX Y3JIOB KjacTepa Mexay cobol. Jlns kiacca 3amay, riae He
MPENoiaraeTcsa TECHOTO B3aMMOJCHCTBHS MEXAY NapauieIbHBIMUA TPOIECCAMH,
KJIACTEPHOE pEIIEHUE Jake Ha OCHOBE OOBIYHBIX NEPCOHAIBHBIX KOMIBIOTEPOB U
cetu Fast Ethernet 6ynet mocrarouno s3¢pdextuBHbIM [5, 6].

C pa3BUTHEM BCEMUPHOW CETH CTAJIO pa3BUBATHCS U HAOMPATh MOIMYJIIPHOCTD
HOBOE HAIPaBJICHUE — pacHpe/esIeHHbIe BBIYMCIUTENbHBIE CUCTeMBbl. B mocnennee
BpeMsl KJacTep M3 OOBIKHOBEHHBIX KOMIIBIOTEPOB, COCIWHEHHBIX C MOMOIIBIO
JOKAJIbHOM BBIYUCIUTENBHOM CETH, Tak)Ke€ BCE Yallle pacCMaTpUBAETCs Kak
HeOosbIasg pacrpeneneHHass cuctema. IlomoOHbIe KiacTepbl CTAHOBSITCS BCE
MOMyJISIpHEE W3-32 OTHOCHUTENBHO HH3KOH CTOMMOCTH BXONSAIIUX B  HETO

KOMITOHEHTOB C OJJHOM CTOPOHBI U HEIUIOXOM MTPOU3BOAUTEIIBHOCTHIO C APYTOU.
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JInsi  BBIIOJHEHUST BBIYMCICHUHM MOTYT HCHOJIB30BaThbCSl HE  TOJIBKO
CIICLIMAJIM3UPOBAHHBIE ~ MHOTOINPOLECCOPHBIE  BBIYUCIUTEIBHBIE  KOMIUIEKCHI,
MIpe/ICTaBJICHHBIC paHee, HO W J00as COBOKYIMHOCTh BBIYHCIMTEIBHBIX PECYpCOB,
OOBEMHEHHBIX CeThI0. [Ipm 3TOM pecypchl MOTYT pacmojiaraThCsi B Pa3HBIX
reorpaUecKux TOUYKaxX, UMETh Pa3IMYHYI0 BEJOMCTBEHHYIO IMPHUHAIC)KHOCTBIO U
apxutekTypy [7, 8]. B Hacrosiee BpeMs CHCTEMbI BbICOKOIIPOH3BOIUTCIIBHBIX
pacnpeneNeHHbIX BBIYMCIICHHUA, CO3/laBaéMble Ha OCHOBE OOBEAMHEHUS MHOXXECTBA
MOAKIIOUCHHBIX K HMHTEPHETY KOMIIBIOTEPOB, pacCMaTpUBaIOTCS Kak HauOosee
nepcrekTuBHbIe. [loBBINICHNE HANEKHOCTH, YBEIMYEHUE MPOITYCKHOM CIIOCOOHOCTH
WHTEPHET-CPe/ibl U OBICTpOE pa3BUTHE MH(GOPMALMOHHBIX TEXHOJOTUM U CETEBBIX
CPEJICTB MPHUBEJIO K YBEJIMYCHUIO BBIYMCIUTEIBHON MOIIHOCTH, COCPEAOTOYEHHOMN B
KOMITBIOTEPHBIX CETSX. Bo3nukia uaes cO3/1aBaTh pacnpeeieHHbIe
BerunciauTenbHbie cpeapl (PBC) Ha 06asze oOIIEAOCTYIHBIX KOMIIBIOTEPOB IS
peIIeHUs CI0XKHBIX 3a1a4 [9].

Hcnonb30BaHWE BBIYUCIUTEIBHBIX MOIIHOCTENH KOMITBIOTEPHBIX CETEU s
co3nanust PBC TpeOyer penieHus psjia CI0KHBIX 3a/1ad, CBSI3aHHBIX C YIPaBICHUEM
3aIaHUSIMU, O€30TMTaCHOCTHIO, HAIC)KHOCTHIO U IpyruM. Kpome Toro, reTeporeHHOCTh
Y HENPEICKAa3yeMO€E MOBEACHHUE BBIYUCIUTEIBHOW CPEAbl BO BPEMS PEUICHUS 3aj]a4
MPUBOJIAT K TIPOOJIeMe pallMOHAILHOTO MCIIOJIH30BAHMS BEIYUCIUTEILHON MOIITHOCTH,
COCPENOTOYEHHON B CETHU. Unes HCIIOJIb30BaHUS HEe3aJIECTBOBAHHON
BBIYUCIIUTEILHON MOIIHOCTH, JICIICBOM W HEOTPAaHMYCHHONW B 0O0BEME IMaMsITH
npejacTaBisiercs BechMa  npuBiekarenbHou  [10, 11, 12].  Ceiivac B Mupe
HACUMUTHIBACTCSI MHOECTBO KOMIIBIOTEPOB, B TOM 4YHCJIe pabouue CTaHIuH,
nosb3oBatesnbckue OBM, MollHbIE CepBEphl U KIACTEPHI, CYNMEPKOMIBIOTEPHBIC
cucteMbl. MHOTHE W3 HUX OOBEIMHEHBI B ceTH. biarojaps paznuyHbIM ciyx0am,
TakuM Kak e-mail, ftp, www, B uHTepHETE BO3MOKHO OOMEHHBATHCS HH(POPMAIHCH
MeXIy KomibtoTepaMu. C pa3BUTHEM CETH HWHTEPHET MOSBWIACH KOHLETIIUS
WCIIOJIB30BaHUsl  BBIUUCIUTEIBHBIX PECYPCOB Treorpauyecku pacrnpeiesIeHHbIX

BBIYHMCIIMTCIIBHBIX CUCTEM, B TOM 4YHUCJIC OOBIYHBIX IICPCOHAJIBHBIX KOMIIBIOTCPOB, IJIA
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pEIICHUS CIIOKHBIX 3a7a4. Takas KOHIICTIHS MMOTy4Yniia Ha3BaHUE METAKOMITBIOTUHT
wm GRID [9, 13].

GRID sBnsercst ogHodt m3 HanboJjee MOMYJSAPHBIX HA CETOTHSIIHUMA JICHb
dbopM oOpraHu3aNMK BBIYUCIUTEIBHBIX PECYpCOB IS TIPOBEICHUS PAcCUETOB
paznmuuHoi cioxxHoctd. GRID npencrasiser co6oit 0MH 13 BUJIOB paclpeieIeHHON
BerunciauTeapHol  ceth. GRID-Beiumcnennss — 310  (dopMa  opraHuzanuu
pacnpeneNeHHbIX  BBIYMCICHUH, B  KOTOPOM  Y4YacCTBYIOT  TEPPUTOPHUATIBHO
pacrnpeiesiEHHbIE Pa3HOPOAHbIE KOMIIBIOTEPHI, OOBEAMHEHHBIE C IMOMOIIBIO CETH
nepeaadynd JaHHBIX W PpabOTarONIMX COBMECTHO JUJISi PEIICHHS 3a7ad, TPEOYIOITNX
3HAYUTEBHBIX  BBIYUCIUTENBHBIX  pecypcoB [14]. Hawmbonee sddextuBHO
ucrnoias3oBaTh GRID mpu BeIMOIHEHUH CISAYIOMIMX 3a1a4:

1) ananu3 u 00pabOTKa HE3aBUCUMBIX HAOOPOB JIAHHBIX;

2) perieHue 3a1a4, 00JIaJA0IMX XOPOIICH CTCIICHBIO NapauICIH3aluU 110
JTAHHBIM.

CymiecTByeT 0OJBIITOE KOJTUISCTBO CUCTEM MPOMEKYTOIHOTO MTPOTPAMMHOTO
obecnieuenuss (CIITIO), nmpenHa3HaYeHHBIX ISl OpraHU3AIlMH, COMPOBOXKICHUS H
ynpasienuss GRID [15, 16]. ITo naznauenuto CIIIIO M0XHO yCIIOBHO pa3jeiiuTh Ha
nBe rpynmbl. llepBas rpymnma COOEPXKHT CHUCTEMbI, NPEIHAa3HAYCHHBIC IS
OOBEMHEHUS OTHOCUTEIBHO HEOOJBIIOr0 YHCIA BBICOKOTPOU3BOIUTEIHHBIX
BeIuncauTenel (kimacrepoB). K takum cucremam oTHocsarcs, Hampumep, Condor,
Globus  Toolkit, Unicore u  apyrue [17,18]. BcueacrtBue — cBoei
MHOTO(YHKIIHOHATBHOCTH TporpammHoe obecnieueHune niasi GRID-cpen mocraTouHo
TPYJIHO B YCTaHOBKE, HACTPOWKE M HCIOJL30BaHHMH. Ero mpuMeHEHHE HE OYCHD
OTIPaBJIaHO B TE€X CIIy4asX, KOrja HEOOXOIUMO JOCTATOYHO OMEPATHBHO PA3BEPHYTh
pacmpeieNIieHHYI0 Cpely ¥ TIPOBECTH pacueThl Ha AOCTYHHBIX pecypcax [19]. Bropas
rpynmna CIIIIO conaepXuT cuCTeMbl, 11e7h KOTOPBIX 3aKII0YaeTCs B OOBEIUHEHUU B
GRID Gonpmioro ymcia (70 COTEH THICSY) BBIYHCIUTENCH, KaXIbId M3 KOTOPBIX
o0JlajaeT OTHOCUTEIBHO HEBBICOKOM mpou3BoauTenbHOCThiO. Takue GRID-cetn
u3BecTHbI Kak desktop- GRID. Ux cnenuduka 3akiitoyaeTcs, B YaCTHOCTH B BBICOKOM

BCPOATHOCTH HCAOCTYIIHOCTH OTACIBbHBIX BbIYMCIIUTCIILHBIX Y3JIOB. Hauboiee
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nomynsipabiMu CIITIO stoii rpynmsn siBisitorest wiatgopmsel BOINC u X-Com [20].
Cnenyer 3ameTuTh, 49TO (OPMBI BEICHHs BBIUHUCIUTENRHBIX pabor B GRID,
OOyCIIOBJICHHBIC ~ CJIOKHBIM  CHCTEMHBIM  MPOTPAMMHBIM  OO€CIieYeHHEM
(MCTIONB3yEeMBIM JIJISl OPTaHU3allii) BO MHOTOM OPUEHTHUPOBAHBI Ha CHEIHAIMCTOB C
JI0OCTaTOYHO BBICOKUM YPOBHEM KBaJTH(HUKAIMU B CUCTEMHOM MPOTPAMMHPOBAHUH.
OT0 00CTOATENHCTBO CAEPKUBACT MIUPOKOE pacnpocTpanenue TexHojoruit GRID Bo
MHOTHX TPHUJIOKCHHIX, BAXXHBIX IS CIEIIUATNCTOB B CBOMX MPHUKIATHBIX 00JIaCTsIX,
U aKTyaJH3upyeT BOIPOCHI CO3JaHHS YHHBEPCAIbHBIX W 0O0Jiee TPOCTBIX CPEICTB
nocryma k pecypcam GRID [21].

[Ipu opranmuzammm pacrpene’IeHHBIX BBIYACICHHH HEOOXOAMMO MPUMEHSTH
METO/Ibl TUHAMUYECKON OajaHCHUPOBKH HArpy3KH, MpeaycCMaTpuBaTh BO3MOXKHOCTH
M3MEHEHHUS COCTaBa PACHPEICICHHON CpeApl B MPOLIECCE BBIYUCICHUNW U YMETh
CUHTE3UPOBATH ATO MPOCTPaHCTBO. Kpome 3Toro, anropuTMel, npeHa3HaAuCHHbIE 115
UCIIOJIb30BAaHUSI B CpEl€ pacCHpe/IeJICHHBIX BBIUUCICHUN, JIOJDKHBI JIOMYCKAaTh
JICKOMIIO3HIIMIO Ha COBOKYMHOCTh HECBSI3aHHBIX JAPYr C JAPYroM 3aJaHHid, MEXIY

KOTOPBIMH HE MPOUCXOIUT 00MeH JaHHbIME [8].

1.2 O030p cymecTByOUUX pemeHuii B obgactu co3ganusa IO puas

OpraHm3alvi pacnpeacJaeHHbIX BBIYMCJIEHUH

Ceronnst Habmo1aeTcs ObICTPO pacTymuii uHTepec K Texnonorusm GRID kak
CO CTOpPOHBI HAy4YHBIX HCCJIENOBaTeNeld, Tak M CO CTOPOHBI KOMMEPYECKHX
npennpustuii. Kak crnenctBue, ceiiyac mnpeasaraercs MHOXECTBO CHUCTEM IS
OpraHu3alMi paclpeiesIeHHbIX BBIYMCICHUH, KOTOpPbIE PEaIu3ylOT ONpeesIeHHbIC
koHuenuuu GRID. Tlo pe3ynbraraM TpPOBEICHHOIO aHalM3a pbhIHKA U
CYUIECTBYIOIIMX pPa3pabOTOK B 0O0JIACTH paclpeeNieHHbIX BBIYMCICHUN HE
OOHApy)XEHO TMpsIMOr0 KOHKYpeHTa JJii TMpEeACTaBICHHOr0 B JaHHOW pabore
pEIICHHUS.

Tem He MeHee, CyIIECTBYIOT pEILUEHHS, IMO3BOJSIONIME HAa CBOEH OCHOBE

pa3paboTarh NPUIIOKEHUS, KOTOPbIE IO CBOEMY (DYHKIIMOHATY OyayT OUY€Hb OJIM3KH K
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pa3pabaTeiBaeMOMy B paMkax ganHoit BKP nporpammuomMy komiiekcy, HO ipy 3TOM
TOOUTBCS CXOXKEW crelupUKY JaHHBIE PEIICHHS BCE PAaBHO HE TTO3BOJIAT.

Haunbonee mM3BECTHHIMU U CXOKMMH IO BBIMIOJIHSIEMBIM 3aJlayaM SIBIISIIOTCS
pemenus BOINC u X-Com. XapakTepHoil 0COOEHHOCTBIO MEPEUNCICHHBIX CUCTEM
SBJIIETCSI BO3MOKHOCTh OBICTPOM M TMPOCTOW OpraHU3allMM BBHIYMCICHUA B
UMEIOLIEHCS KOMIBIOTEPHOM CETH, a OCHOBHAas WX 3aJadya — TOBBIIICHUE
3¢ (HEKTUBHOCTH HCTIOIH30BaHUS TOCTYITHBIX PECYPCOB.

BOINC (Berkley Open Infrastructure for Network Computing) sBisercs
aktTuBHO pasBuBatomencss CIIIIO ¢ OTKPBITBIM HMCXOMHBIM KOJOM, ITPEACTABIISACT
cobo  miaargpopMy  JUIi  OpraHU3alldd  PACHpPENEICHHBIX  BBIUMUCICHUM,
paspaborannyto B yHuBepcutere bepknu. Ilporpammuas mmatdhopma BOINC
OTJIMYAETCS MPOCTOTOM B YCTAHOBKE, HACTPOMKE WM aJMUHHUCTPUPOBAHHH, a TaK¥Ke
o0nazaeT XOpOIIMMHU BO3MOMKHOCTSIMM IO  MaclITaOUPyeMOCTH, IPOCTOTE
MOJKJIFOYEHUS! HOBBIX BBIYMCIIMTEIBHBIX Y3JI0B, MCIOJb30BAHUIO JOMOJIHUTEIBHOIO
[10, unterpamuu ¢ apyrumu GRID-cuctemamu [20]. Ha ceromusammuii aeas BOINC
SBJISIETCS YHUBEpCATbHOW MIATGOPMOI Uil OpraHM3allly pPa3IUYHbIX MPOEKTOB B
0o0JaCTH MaTEMAaTUKH, MOJEKYJISIPHOW OHOJIOTHH, acTPOPU3UKU, MEAUIMHBI U
kaumaTtoioruu. JlanHas muatgopMa  JaeT  MCCIENOBaTENSAM  BO3MOXHOCTH
3aJIECTBOBATh ~ OIPOMHBIE  BBIYMCIUTENBHBIE  MOLIHOCTH  MEPCOHAJIBHBIX
KOMITBIOTEPOB CO Bcero mupa [22].

[Inatrpopma BOINC wumeeT  KIHEHT-CEPBEPHYIO  apXUTEKTypy W,
COOTBETCTBEHHO, COCTOUT M3 KIMEHTCKOW U CEPBEPHON yacTel. Bce MaHUIyIIAIuu ¢
pabounMu 3aJJaHUSIMHU OCYIIECTBISIIOTCS TOJBKO uepe3 BblAeNeHHbIN cepBep. [lpu
TOM KJIMEHTCKas 4YacTb MOXET paldoTaTb Ha NPOU3BOJIBHOM KOJUYECTBE
KOMITBIOTEPOB C PA3JIMYHBIMU anlapaTHbIMU U MPOrPAaMMHBIMU XapaKTEPUCTUKAMHU.
B cBoto ouepennb, Ay pa3BepThIBaHUS cepBepa HEOOXOAMM BBIYUCIUTENBHBIN y3el
0] YIIPaBJICHHEM OTEPAIIMOHHOM crcTeMbl LinuX.

Pabounit mponecc B GRID-cucreme, ocHoBanHoii Ha miardopme BOINC,
OpPraHM30BaH CIEIYIOIUM 00pa3oM. BeluncnuTenbHble y37bl, UMEIOIINE CBOOOIHbBIE

pecypcebl, o0palarTcs K cepBepy IS MOJIyYeHHs] HOBBIX pab0o4MX 3a/laHUid B paMKax
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npoekta. Cepep BOINC pacchuiaeT KIMEHTCKHM MPUIIOKEHUSM HK3EMILISIPHI
pabounx 3aJaHWi, KIUCHTHI BBIOITHSIIOT BBIYUCICHHS W OTCHUIAIOT 0OpaTHO
pe3ynbTaThl. [locie nomydyeHus: pe3ysibTaToB cepBep NpoBepsieT U 00padaThIBACT UX,
HarpuMep, 3aHOCs B 0a3y JaHHBIX WJIM aBTOMATHUYECKH CO3/1aBasi HA WX OCHOBE
HOBBIE paboune 3amaanus [1].

BOINC-knueHT He UMeeT TaK TaKOBOT'O IOJIb30BaTEIIbCKOIo MHTepdeiica, a
MIPECTABIIET COOOW CEPBUC, KOTOPBIA 3aIyCKAETCsl MPH CTapTe€ CUCTEMBI U
ynpagisercs 1o npotokosry TCP/IP. OmHako, Uisi KOHEYHOTO IMOJIb30BATENs 3TO HE
UMEeT  3HA4YCHUS, TIOCKOJbKY JHCTPUOYTHB  TMPOTPAMMBI  KOMIUICKTYETCS
IPOrPaMMON-MEHEIKEPOM, KOTOpast cpa3y M0 YMOIUYAHHUIO YCTAaHABIIMBACTCS BMECTE
¢ BOINC-kmuenToM kak enuHoe Iiesoe. B 3ToMm ciyuyae B KauyecTBe ajapeca
yopasisieMoro mnporpammon MeHemxepoM BOINC-knmeHTa yka3blBaeTcs anpec
«localhost». Takum 00pa3om, ¢ OJHON CTOPOHBI, HUYTO HE MEMIACT IMOJIH30BATEIIO
HCIIOJIb30BaTh aJbTEPHATUBHYIO IMporpammy-meHemkep s ynpasienus BOINC-
KIIMEHTOM, a C JPYyrod CTOPOHBI JAaéT BO3MOXKHOCTH YIIPABJIATh HECKOJIBKAMU
BOINC-knuenTamMu, HaXOAUIMMUCA Ha Pa3HBIX KOMIIBIOTEpaX U3  OJIHOHN
nporpaMMbI-MeHeKepa [23].

Hpyrum wu3BecTHBIM, OcOOeHHO B Poccum, penieHueM 10 OpraHU3aIluu
pacnpeneneHHbIX BblUUCHeHUN ciayxuT 1aatpopma X-Com. X-Com  sBisieTcs
OTEUYECTBEHHOW  pa3paboTkol, co3maHHOM B HayuHo-uccnemoBaTenbckom
BBIYHUCIIUTETLHOM IIeHTpe MOCKOBCKOTO TOCYAapCTBEHHOro yHUBepcuTeTa. X-Com
MIPECTABIISIET COOOM CHUCTEMY JUISi OpTaHW3alMK PACIIPEACICHHBIX HEOTHOPOIHBIX
BBEIYHCIIUTEILHBIX CPEJl W TPOBEICHUS PAacuyeTOB B TaKWX cpelax. B apxurekrtype
cucteMbl X-Com  Obu1  cmemaH  OCOOBI  aKIEHT Ha  BO3MOXKHOCTSX
MacITaOMPyEeMOCTH M TOJACPKKH PACIPEACICHHBIX CPel C CYNMEePKOMITBIOTEPHBIM
YPOBHEM TMPOU3BOAMTEILHOCTH. B apXWTeKType BBIIETSAIOTCS TPU YPOBHI —
MOJIb30BATEILCKUN YPOBEHBb, CEPBEPHBI YPOBEHb M YPOBEHb BBIYMCIHMTEIBHBIX
y3710B. Ha TmoJIb30BaTEIbCKOM YPOBHE HAXOMSTCS MPOIECCHI TOJb30BATEIBCKUX
KIIMEHTOB W BeO-Opay3epoB. [lonp3oBaTenbCkuii KIMEHT — KOMIIOHEHT CHUCTEMBI,

oOecrieynBalOIIMi  UHTEpPEHC MEXIy TMOJb30BATEISIMU U paclpeerIeHHON
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cucteMoil. C ero nmomoIbio Mojiab30BaTedb MOXKET MOCTABUThH 3a7adyy B O4epelb Ha
BBIIIOJIHEHNWE W OTCIICKHMBATh €€ COCTOsiHME. Ha cepBepHOM YpOBHE HaXOIATCS
MPOIIECCHI CEpBEpa 3a/laud, YIPABISIOIETO CEpBEpa M MEHEIKEpPA KIHEHTOB.
VYopaBasiomui  cepBep MNPEACTaBIsSeT CO00K KOMIIOHEHT, OOeCIeYrBarOIINA
YOPaBJIECHUE NPOXOXKIACHUEM 33laHWl B pPACHpPEACIICHHOW CpeAe, B YacCTHOCTH
peanu3yronmi JIOTUKY O4Yepelcil 3aJaHuil WA K€ JIOTUKY OJIHOBPEMEHHOIO
BBITIOTHEHUA 3a7a4 [24]. Ha xaxmoe 3amyckaeMoe 3aJiaHue yHpaBJsIOIIMN cepBep
MOpOXkAaeT cBo cepBep 3anauu. CepBep 3a7auu OTBEUAET 3a pa30UeHNe KOHKPETHOU
IIPUKJIATHOM 3aJ1a4M HAa HE3aBUCUMBIE BBIUMCIMTEIBHBIE ITOPLUH, PACTIPEAEICHUE UX
Ha BBIYHCIIUTEIBHBIC y3JIbl 1 00BEIMHEHHE TIOTYYaeMbIX Pe3yibTaToB [25].

Ha ypoBHE BBIYMCIUTENBHBIX Y3J0B (YHKIHOHUPYET KiaueHT X-Com.
Kmuentsr X-Com 0oTBeHaroT 3a 3arpy3Ky KJIMEHTCKOW 4YaCTH MPUKIAAHOM 3aaud U
HEOOXOOUMBIX JJIs1 paboThl (ailloB Ha y37bl, MNPOU3BOASILINE BBIUKCICHUS,
(dopMupoBaHue pabovero OKpyKEHHUs, MOTyuYeHUE NOPLUUI JaHHBIX, 3aIyCK 3a/1a4d U
nepenavy MOJIyYeHHBIX pe3ynbTaToB cepBepy X-Com. B ocHoBe apxuTekTypsl X-
Com Takxe JIeXKHUT KiIneHT-cepBepHas cxema. Cepep X-COmM umeeT /1Ba OCHOBHBIX
pexxuma paboThl: CHHXPOHHBIM U aCUHXPOHHBIA. CUHXPOHHBIA PEXKUM O3HAYAET, YTO
Ha BCE BPEMS BBIYMCIICHUH y3€J UMEET JOCTYII K CEPBEPY U CTATUCTUKA O PELICHUU
3a/layy MEepPEeNAETCs B PEXKUME TEKYIIEr0 BPEMEHU. ACHHXPOHHBIN PEXUM O3HAYaAET
MEPUOANYECKUN KOHTAKT C BBIYMCIUTENBHBIM Y3JI0OM, U YACTHBIM CIIy4aeM JaHHOTO
pexXuma SBIISIETCS Bblada 3aJaHusl KIMEHTY M OXKHMJIAHHE OT HEr0 COEIUHEHUS C
uHpopmManuei 00 okoHuaHUH pacueTa [6].

PaccmarpuBaemblie pellleHHs] SABISIIOTCS TOTOBBIMHM IUlarGopmMamMu st
IIOCTPOCHUS PACHPENCIICHHBIX BBIYMCIUTEIBHBIX CETEH HAa OCHOBE PA3HOPOIHBIX
reTepOreHHbIX BBIUUCIUTEIBHBIX pecypcax (mojb3oBarenbckue OBM, knactepsl,
cyrnepkomnbioTepbl). O6a MPUBEACHHBIX PaHEE PELIECHUS XOPOIIO 3apEKOMEHI0BAIN
ceOs1 IpU MOCTPOSHUU PaCIpeeICHHBIX cucTeM | npoBeneHuu pacueToB. BOINC u
X-Com mno3BoJiAl0T (QOpMUPOBATh U TMOAACPKUBATH CPEAbl C JECSITKAMU ThICSY

BbIYHCIIMTCIIBHBIX Y3JIOB.
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1.4 BsiBOABI IO pa3aeny

IIpu Bemosnennun BKP, Oblin paccMOTpeHBl NpUMEHSEMble Ha JaHHBIN
MOMEHT pelIeHUs] B 00JIaCTH anmapaTHBIX CPEACTB JJIsi 00€CHECUEHUSI BBINOTHEHUS
pecypcoeMKuXx BbluucieHuil. Ha cerognsmuuili neHp Hanbosee MNepCreKTUBHBIMU
MIPU3HAHBl PACHpPEACIICHHBIE BBIYMCIUTENBHBIE CETHU HA OCHOBE Pa3HOPOIHBIX
BBEIYHCIIUTEIBLHBIX PECYPCOB (OOBIUHBIC MEPCOHAIBHBIE KOMITBIOTEPHI, KIACTEpHI,
cynepkoMibioTepsl). Oco0oe BHUMaHUE YHENAETCA HCIOJNb30BAHUIO HMMEHHO
OOBIYHBIX TMOJIb30BaTEIbCKUX OBM, KoTOphie OOJBIIYI0O 4YacTh BPEMEHU HE
3aJIeCTBOBAHBI MOJIb30BATEIIEM WU MOTYT MCIOJb30BATHCA MJI pAacyeTa Pa3IMYHBIX
BBIYHMCIIUTENBHBIX 3a7a4. BblUucIUTENbHAsT MOIIHOCTh CETEH U3 TaKUX OOBIYHBIX
KOMIIBIOTEPOB MOXKET JIOCTUraTh IIOKa3aTesed, COMOCTaBUMBIX C TaKOBBIMH Y
cynepkomibioTepoB. [lpm 53TOoM Takas pacmpeneieHHass CceTb He TpeOyer
3HAUUTEIBHBIX JCHEXKHBIX 3aTpar. 3areM ObUIM TpOaHaJIU3UpPOBaHBI Hauboliee
MEPCIIEKTUBHBIC U3 YXKE€ CYIIECTBYIOIIUX PEIICHUS B 00JaCTH OpPTraHU3allMi CUCTEM
pacnpeneneHHbIX BeIYuciaeHu. [lo pamy mpuunH gaHHBIE PEIICHHUS HE MOTYT OBIThH
WHTETPUPOBAHBI B COCTaB pa3padaThiBAEMOr0 MPOrPaMMHOr0 KOMILIEKca. B CBs3M C
9TUM, OBUJIO  pa3pabOTaHO CBO€ COOCTBEHHOE  pEIICHHE, I03BOJISIOIIEE
COOTBETCTBOBAThH BCEM MPEIBSIBISEMBIM K TPOTPAMMHOMY KOMIUIEKCY TPEOOBaHUSM.
O cTpykType H TPOTrpaMMHBIX CpEICTBaX, MCIOJB3YEMbIX TIpU pa3padOTKe
MIPOTPAaMMHOT0 KOMILIEKCa paclpeieieHHON 00paboTKe AaHHBIX, OyJeT CKa3aHO B

CIICAYIONIEM pa3ielie JaHHOH paboThl.
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4 DuHAHCOBbINI MEHEeKMEHT, pecypcodpPeKTHBHOCTD U
pecypcocOepexeHue

4.1 Bseaeuue

B  Hacrosimiee BpeMs  NEPCHEKTUBHOCTh  HAy4YHOTO  HCCIIEJOBAHMS
OIPENENAETCS] HU CKOJIBKO MAacIITa0OM OTKPBITUS, OLIEHUTh KOTOPOE Ha IMEPBBIX
dTamax >KU3HEHHOTO IIMKJIA BBICOKOTEXHOJOTHUYECKOTO H pecypcoddHeKTHBHOTO
OpOAYKTa OBIBAa€T JOCTATOYHO TPYAHO, CKOJIBKO KOMMEPUYECKOH IEHHOCTBIO
pa3paboTku. OlleHKa KOMMEPUYECKON 1IEHHOCTH Pa3pabOTKU SIBJIAETCS HEOOXOAUMBIM
YCIIOBUEM IMpHU MOUCKE HCTOYHUKOB (PMHAHCUPOBAHUS MJII NMPOBEIECHUS HAYYHOIO
UCCJIEIOBAHNS 1 KOMMEPLIMAIU3ALUY €70 PE3YyJIbTaTOB.

Lenpro paznena «DOUHAHCOBBII MEHEIKMEHT, pecypco3PPeKTUBHOCTh U
pecypcocOepexeHue» SBISETCS ONpEAeSiEHUe NEePCIEeKTUBHOCTH M YCHEIIHOCTH
HAyYHO-UCCJIEIOBATEIbCKOIO IMPOEKTa, pa3paboTka MEXaHW3Ma YIPaBICHUS U

COIIPOBOKACHUA KOHKPETHBIX ITPOCKTHBIX peH_IeHI/Iﬁ Ha 3TaIic pcajin3anmnu.

4.2 AHaAM3 KOHKYPEHTHBIX TeXHHMYECKHMX pelleHHil ¢ MNOo3UIUH

pecypcod3¢deKTUBHOCTH U pecypcocOepexeHust

AHanu3 KOHKYPHUPYIOLIUX pa3pab0TOK, KOTOpbIE MPEICTABICHbI HA PBIHKE,
HEOOXOJMMO MPOBOAUTH, TaK KaK PHIHKM HAXOIATCA B IMOCTOSHHOM JIBUYKEHUH.
Takoll aHanM3 BaXeH, TaK KaK MPOBOAMUTCS OLEHKA CPABHUTEILHON 3(PEKTUBHOCTH

Hay4YHOU pa3pabOTKH, U OMPEACIISIIOTCS HAPaBICHUS JIJIsl €€ OyayIIero MOBBIIICHHUS.

643.OKPA.00021 - 01 81 01

vBm | Jucm|  Nedokym Monucs | arma

Paspab. Lyvaes . Jum Jluem Jlucnos
Iposep. Obxodorull QuHaHcoebLI MeHedXMeHM) [T ] >
KoHeyriem MeHbuLIKOBa pecprOleiBKn’LIGHOCITb u Ty OTU
H Kounp. | Etpemos pecypcocbepexxeHue

Yimsepo. opraHos [ pyrira 0712




OObekTaMu aHanmu3a CTajdd MOPOrpaMMHO-aNIapaTHbe IIaTGOpPMBL IS
MOCTPOCHUST PACTIPEICICHHBIX CHCTEM 00paboTku AaHHBIX. B pamkax BKP Opiia
IpOBeJIcHA OIEHKA CHJIBHBIX W CIa0bIX CTOPOH Pa3pabOTOK KOHKYPEHTOB, B XOJC
aHanm3a OBLUTM PAacCMOTPEHBbl KOHKYPEHTHBIE pEIIeHHs B 00JacTH CHUCTEM
pacmpeneneHHo o0paOOTKM JaHHBIX KPYMHBIX HCCIEAOBATEIBCKUX HWHCTHTYTOB
BOINC (K1) u X-Com (K2). {5 paccMOTpeHHUsI, B COOTBETCTBUM C METOJIUYECKUMU
ykazaHusMu [36], ObuT TOMOOpaH psii KPUTEPHEB ISl OIIEHKH BhITodHsIeMoro B BKP
IpoeKTa ¢ TOYEK 3peHUsi ero pecypcodPPeKTUBHOCTH H IKOHOMHUYECKOU

s pexTruBHOCTU. Pe3ynbTaThl cCpaBHEHUS MPEACTaBIICHbI B Ta0muLe 4.1.

Tabmuma 4.1 — OreHoyHass KapTa Jisg CpPaBHEHUS KOHKYPEHTHBIX TEXHHYECKHX

pelLIeHU
Bec baner KonkypeHt. cii-th
Kpurepun onenkn KpUT-1 By | bu | Bo| Ky | K | Ko
1 2 314 1|5 6 7 8
TexHudyeckre KpUTEPUH OIIEHKH pecypcoddHEKTUBHOCTH
1) KpoccrnarhopMeHHOCTB 011 | 4 | 4 | 4 | 0,44 |0,44 0,44
2) 'eTepOreHHOCTH 0,12 4 |4 |4 )|048 [0,48(0,48
3) MacirabupyemMocTh 0,14 4 | 5| 51056 |07 0,7
4) Bo3MOxXHOCTH (hOPMUPOBAHHMS 0,12 5121 2 0,6 |0,24 0,24
JIOKQJIbHOM BBIYUCIIUTEIBHOU CETH
5) be30macHOCTh JTUYHBIX JAHHBIX 009 | 34| 3027 |0,36]0,27
6) HanexxHocTh 007 | 4| 3] 3]0,28(0,21/0,21
7) IToTpeOHOCTH B BBIYUCIIUTEIBHBIX 0,06 4 (2|2 ]024 012(0,12
pecypcax
8) ®yHKIMOHAIBHBIC BO3MOYKHOCTH 0,08 34| 4] 024 032/0,32
9) Y1o6¢cTBO M MpocToTa 0,07 5131]4]035/0,21]0,28
AKCIUTyaTaIuu
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[Tponomkenue Tadbmuipl 4.1

DKOHOMHYECKHUE KPUTEPUHU OLICHKH 3()PEKTUBHOCTH

1) KonkypenTocmnocooHocts npoaykra | 0,11 4 | 4|5 044 044|044
2) IMocaenpoaakHas MOJACPKKA 0,03 2 | 21| 2| 0,06 |0,06]0,06
Hroro 1 42 | 37 | 38| 3,96 | 3,58 | 3,56

Kak BumHO ®3 TaOmuibl HanOoJjiee 3HAYMMBIMH KPUTEPHUSIMH SIBIISTFOTCS
TeTEPOreHHOCTh, MACIITAOMPYEMOCTh M KPOCCIUIATPOPMEHHOCTh. BBICOKHE OIeHKH
M0 TEPEYUCIICHHBIM BBIIIE TOKA3aTeNsIM MPOCTO HEOOXOIMMBI IS CO3JaHUs
KOHKYPEHTOCTIOCOOHOTO TMPOAYKTa B OOJIACTH paCHpeNelICHHBIX BBIYMCICHUN H
00pabOTKU JJaHHBIX.

YHUKAJIBHOCTh pa3pabOTKH 3aKiI04YaeTcss B TOM, 4YTO pa3pabOTaHHOE
pelieHrne NPEeAOoCTABISIET MOJHBIM (QYHKIMOHA JJIsI pacrpeicieHHON o00paboTku
JAaHHBIX. PerieHne opueHTUpYETCs Ha TOJb30BaTelield, KOTOphle HE OYEHb XOPOIIO
paszOuparoTcs B TEXHUUECKUX OCOOCHHOCTSIX CUCTEMBI paCIipeIeICHHbIX BBIUYMCICHUIN
U TporpamMmupoBaHud. JlanmpHeliee pa3BUTHE pa3paOOTKU TO3BOJUT MPUMEHSTH
pEIlIeHre B IPYTrux 00JIacTsIX HAYYHBIX UCCIIEIOBAHUN.

[To pe3ympTaTaM TMPOBEACHHOTO CpPAaBHEHHWS MOXKHO YTBEpPXKIaTh, YTO
pa3pabOTaHHOE pEIICHNUE SBIACTCS KOHKYPEHTOCIOCOOHBIM TO OTHOIIEHHUI0 K

HMCIOIMMMCA aHaJI0T'aM Ha PBIHKC.

4.3 SWOT-anaaus

st 0OBEKTHMBHOTO OIICHUBAHUS KOHKYPEHTOCITOCOOHOCTH W TIEPCIICKTHB
pa3BUTHS pa3pabOTKH HEOOXOAMMO MPOAHATH3UPOBATH CUIILHBIE U Ca0ble CTOPOHHI,
a TaKXe Yrpo3bl U BO3MOXKHOCTH, KOTOPbIE MOTYT MOBIUATH Ha pa3zpadoTky. SWOT-
aHaJIM3 MO3BOJIUT CHOPMHUPOBATH HANPABJICHHE, B KOTOPOM HEOOXOIMMO padoTaTh,
YTOOBI TIOBBICUTH KOHKYPEHTOCIIOCOOHOCTh HayuyHOU pa3pabotku. s cocraBieHus

utoropoit matpuiitl SWOT-anann3a HEOOXOAMMO OMPENEIUTh CUJIBHBIE U Clla0ble
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CTOPOHBI MPOEKTA, YIPO3bI

KOPPEJSILUIO MEXIY HUMM.

Tabmuma 4.2 — Utorosas matpuria SWOT-ananuza

N BO3MOXHOCTH IIPOCKTA, a TaAKKC B3dMMHYIO

CunbHbIE CTOPOHBI Pa3pabOTKU:
C1. AxtyanpbHOCTh pabOTHI.
C2. OTKpBITOCTH pa3pabOTKH.
C3. OTcyrcTBHE MPSAMBIX
KOHKYPEHTOB.

C4. He tpeOyeTcs onbiTa
paboThI C pacnpeeIeHHbIMU
BBIUYHCIICHUSIMH.

C5. YHuKaIbHOE TEXHUYECKOE
pelieHue.

C6. bonee HU3Kasg CTOUMOCTh
peanu3aiyy 1Mo CPaBHEHUIO C
aHaJIOTaMHU.

Cnalsle cTOpOHBI pa3pabOTKH:
Cnl. bonbmioit cpok
pa3paboTKu.

Cn2. CnoxHblit mporiecc
anpooanuu
IKCIEPUMEHTAIBHOTO 00pa3Ia.
Cn3. OTcyTcTBHE OIBITA
pa3paboOTKHU ¥ MOICPKAHUS
IPOEKTOB TOJ0OHOTO posia y
pa3pabOTUYHKOB.

Crn4. 3aBUCUMOCTbH OT
croponnero [10,
pa3paboTYNKH KOTOPOTO HE
SIBJISTFOTCSI TAPTHEPAMH.

BosmoxHoCTH:

B1. Ucnonb3oBanue
COBPEMEHHOMN
BBIYHUCIIUTEIIbHON TEXHUKHU.
B2. Vcnonb3oBanue
munensuonHoro I10.

B3. UmnopTo3amernieHue.
B4. Tlonutuka rocygapcraa
HaIpaBJIEHHAs Ha pa3BUTHE
Hay4YHO-TEXHUYECKOTO
nporpecca.

BS. IlosBnenue cnpoca Ha
HOBBIN IPOAYKT (HaJIMUME
CBOOOIHBIX HUII HA PBIHKE).
B6. Bricokast noTpeGHOCTS B
MoJ00HBIX pa3pabOoTKax.

[IpoeKT MOXKET MOIYyYUTh
Cepbe3HOEe Pa3BUTHUE, UTOTAMU
KOTOPOTO CTaHYT OOIINPHOE
BHEJpEHUE Pa3pabOTKH B
HayKOEMKHX MMPOU3BOICTBAX,
pacmupenue QyHKIIMOHAaNa,
TEXHUYECKHUX BO3MOKHOCTEM.

[TIpoeKT MOKET UCITOIB30BaTh
pa3pabOTKu APYTUX BEIYIIUX
BY30B, JUIsI KOMIIEHCAlUU
3aBUCUMOCTH OT CTOPOHHETO
[10. Ucnonbs3zoBanue
CIIOHCOPCKOM MOIAECPKKH HA
KOMIIEHCAIUIO PacXO/I0B,
CBSI3aHHYIO C pa3pabOTKOH U
MOJICPKAHUEM ITPOEKTA.

Yrpo3sl:

V1. IlosiBneHne HOBBIX
KOHKYPEHTHBIX UMIOPTHBIX
pa3paboToK.

V2. YBenuueHnue cpoka
BBIXO/Ia Ha PHIHOK.

V3. CtpemutenbHOe
pa3BUTHE TEXHOJOTH B
obyactu pa3paboTKH.

V4. YcrapeBanue
IPOTPAMMHO-TEXHUIECKHUX
peLIeHHI 3aJI0KEHHBIX B
OCHOBY Pa3pabOTKH.

[IpoekT nmpeTepnuT U3MEHEHUSI B
TEXHUYECKOHN U IPOrpPaMMHOU
YacTH, YTOOBI OCTAaBaTLCI
KOHKYPEHTOCIIOCOOHBIM HITH
OyJeT 3aMOPOKEH JI0 JTYUIINX
BpeMeH. Bo3MOXHO cnusiHME ©
JIPYTUM MIPOEKTOM WM MpOoJaka
TEKYILIUX pa3paboTok
KOHKYpPEHTaM.

B takom cnyuae motpebdyercs
YCOBEPIIEHCTBOBAHUE
(YHKIIMOHATIBHOCTH, a TaKXKe
W3MEHEHHE TEXHOJIOTHA,
JeKalIuX B OCHOBE PEIllICHUS.
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[Io mtoram SWOT-ananu3za MOXHO CyIuTh, YTO, HECMOTpS HAa HAJIUYUE
crabocTeid M yrpo3 Ajis MPOEKTa, CYIIECTBYIOT CTPATETHH, KOTOpBIE IO3BOJIAIOT
COXpaHUTh KOMMEPUYECKYI0 IEHHOCTh. Tak e YCTaHOBJEHO, 4YTO BBISIBICHHBIC
CHJIbHBIE CTOPOHBI MMPOEKTA U BO3MOKHOCTH TO3BOJISIOT pa3padoTaTh CTpaTeTruu, Npu

KOTOPBIX BO3MOKHO YBCIIMUCHUC KOMMepquKOﬁ IICHHOCTH IIPOCKTA.

4.4 OIIeHKa TOTOBHOCTH NMMPOCKTA K KOMMEpINaJIn3anuu

Ha mro6oi CTaanMn JKU3HCHHOI'O0 OUKJIA IIPOCKTA IMOJIC3HO OUCHUBATL CTCIICHD
€Tr0 I'OTOBHOCTH K KOMMCpIHAJIU3ALNU. I[J'ISI 9TOTIO H€O6XOI[I/IMO OLICHUTL CTCIICHDb
HpOpa6OTaHHOCTI/I HAY4YHOI'O IIPOCKTa MW YPOBCHb HMCIOIINUXCA 3HAHUU y

pa3paboTuuka (Tabmauna 4.3).

Tabmuna 4.3 — bBiaHK OLIGHKM CTENEHHM TOTOBHOCTM HAy4yHOTO IIPOEKTa K
KOMMEPIUATU3ALNT
Crenenb YpoBeHb
HanmenoBanue NpOpadOTaHHOCTU | UMEIOLIUXCS 3HAHUMN
Hay4YHOT'O ITPOEKTA y pa3paboTuuka
OrnpeneneH MEONIMICA HAyYHO- 3 2

TEXHUUYECKUU 3aJ1eN

OnpeneneHbl NepCrneKTUBHbBIE 4 2
HaIpaBJIEHUs] KOMMeEpLUaIU3a1H

3ajena

OnpeneneHsl OTPACIA U TEXHOJIOTUH 3 2

I IMIPCAJIOKCHM S Ha PBIHKC

Omnpenenena ToBapHasi opMa HayIHO- 3 2
TEXHUUYECKOTO 3a/e1a sl

MIPEJICTABJICHUS HA PHIHOK
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[Tponomxenne Tadnuis 4.3

OmnpeneneHsl aBTOPLI U OCYILECTBICHA

OXpaHa X IpaB

HpOBGI[eHa OII€HKa CTOMMOCTH

MHTEJUIEKTYyaJIbHONH COOCTBEHHOCTH

HpOBGI[eHBI MapKCTUHI'OBLIC

HCCIICOAO0BAHNUA PHIHKOB cOBITa

Pa3zpaboTan 6usHec-TuTaH
KOMMEPIHATU3aIliy HayTHOU

pa3paboTku

OrnpeneneHsl MyTH MPOABUKECHUS

Hay4YHOHM pa3pabOTKHU Ha PHIHOK

Pa3zpabotana ctparerus (¢popma)

peanu3anuy Hay4yHOH pa3padoTKu

[IpopaGoTaHbl BOMPOCHI
MEXIYHAPOIHOTO COTPYAHUYECTBA U

BBIXO/Ia Ha 3apyOEekKHBIN PHIHOK

[IpopaboTaHbl BOIPOCHI
UHOPACTPYKTYPHI MOACPKKH,

MOJY4YCHUA JIbI'OT

[IpopaboTaHbl BOIPOCHI

(dbrHaHCUPOBaHUS HAYYHOU pa3pabOTKu

HNmeercsa komaHaa s
KOMMeEpLHAIU3alud HAyYHON

pa3paboTKH

[IpopaboTan MeEXaHU3M peanu3aluu

HAaYYHOI'O ITPOCKTA

HUTOI'O BAJIJIOB
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Hcxons W3 OLUEHOK CTENEHUM TOTOBHOCTH IMPOEKTAa K KOMMEpLHUaIU3aluu
BUJIHO, 4YTO TMPOEKT HMEET CpPEIHIOK CTENeHb TOTOBHOCTH. Ilo Bompocam
MapKETUHTOBBIX UCCJIEIOBAHUM, dbuHaHCHpOBaHUS KOMMepIaTnu3alii,
HEOOXOMMO MPHUBJICYCHHE B KOMaH/y MTPOEKTa CHEIHAIMCTOB U3 TaHHBIX 00IacTel.

B  kadectBe MeToga < KoMMepLMalu3aluu  OyAeT  HCIOJIb30BaThCA
WHXUHUPHUHT — TO €CTh, Ha OCHOBE JIOTOBOpPA C KOHCYJHTAHTOM IMPEAOCTaBIIACTCS
KOMILJIEKC HMH)KEHEPHO-TEXHUYECKUX YCIYr 3aKa3uWKy, KOTOpPHIE CBA3aHBI C
MPOCKTUPOBAHUEM, pPa3pabOTKOW M BBOJOM B  OJKCIUTyaTalldio, HaIlpuMmep,

MIPOTPaMMHOTO 00€CTICUEHUSI.

4.5 Huaunuamusi NpoeKTa

NHummanys mpoekTa COCTOUT W3 IPOLIECCOB, KOTOPHIE BBIMOIHSAIOTCSA IS
HOBOT'O MPOEKTa WM HOBOM CTaAuu MpOoeKTa. /[ 3TOro onpeaessitorcs: HaualibHbIE
LI, CoJlep KaHue, (PUKCUPYIOTCA pecypchl. Takke ONpeAeNsatoTcsi BHYTPEHHUE U
BHEIIIHUE 3aMHTEPECOBAHHBIE CTOPOHBI TPOEKTA.

3anHTEepEeCOBaHHbBIE CTOPOHBI TPOEKTa OTOOpaxkeHbl B Tabauue 4.4.

Tabnuna 4.4 — 3anHTepecoBaHHBIE CTOPOHBI MPOEKTA

3anMHTEepEeCOBaHHbBIE CTOPOHBI OxuaaHus 3aMHTEPECOBAHHBIX CTOPOH
IIPOEKTa
HU TIIY Co3ganme ©  KOMMeEpYecKass  peanu3anus
NEePCIEKTUBHON Hay4YHOU pa3paboTKy;

HaITMCaHUuC HayYHBIX CTaTeﬁ, C OCIbIO
HY6HI/IKaHI/II/I B HU3BCCTHBLIX HAYYHBIX XKXYpPHaladX

IS OIHATUA peritunra BY 3a.
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[Tponomxenue Tabauist 4.4

Hayku PO

MunuctepctBo obpazoBanusi u | Pazsutue 51 MOAJECPKAHUE Hay4YHOU

NESATEIIBHOCTH B 00JAaCTH  PECypCOEMKHUX
BbrurciieHnid. Co3laHne W KOMMeEpuecKas
peanu3anus IIEPCIIEKTUBHOU Hay4YHOU

pa3paboTKu, HaMCaHUE HAYYHBIX CTAaTEH.

B Ttabmune 4.5 npencraBieHa uHGoOpMalUs O IENSIX MPOEKTa, KPUTEPULX

JOCTHIKCHH A ueneﬁ, a TaKiKC TpC6OBaHI/I$I K pC3yJibTaTaM IIPOCKTA.

Tabnuna 4.5 — Lenu u pe3ynbTaThl MPOESKTa

enn npoekra

Pa3paboTka pemieHus Mo OpraHu3aluy paclpeaesieHHON
00pabOTKM  JTaHHBIX  PE3yJbTATOB  SKCIEPUMEHTA B

IMpOorpaMMHOM KOMIIJICKCC MOJCIIMPOBAHUA MATCPHUATIOB.

OxunaemMele

pe3yabTaThl MPOCKTA

Pa3paGotanHoe  pemieHue  JOHKHO — COOTBETCTBOBATh
IpeabABISIEMbIM TPEOOBaHUAM B 00JIACTH pACTIPEEICHHBIX
BBIUHCIICHUMU. KonkypenTocnocobHoe [IpOrpaMMHOE

obecrnieyeHue JUIsl pacipeieICHHOM 00pabOTKU JaHHBIX.

Kpurepun npuemkn

pe3yJibTaTa MpoeKTa

PaborocrocoObHOCTH MPOTPaMMHOTO obecrnieyeHus,
COOTBETCTBHE TpeOoBaHusM, mpeabsiBisieMbiM Kk [IK
(mMporpaMMHBIM, aIrapaTHbIM, (YHKIHMOHATIBHBIM),

BOCTPEOOBAHHOCTh MIPOYKTA HA PHIHKE.

TpeboBanus k

pe3ynbTaTy MpoeKTa

Paspaborannpnii [IK  nmomkeH  yJooBieTBOpSTH  BCEM
IpeabABIIeMbIM TpeOOBaHUAM (KpoccmiaTOpMEHHOCTD,
TeTePOreHHOCTh,  MacCIITA0UPyeMOCTh,  O€30MacCHOCTB).
JlaHHbIE COOTBETCTBUS OIPEACTAIOTCS MO pe3yibTaTam

MIPOBEICHUA SKCIIEPUMEHTANIBHBIX uccienoBanuii [1K.

Pabouas rpymnmna npoekrta oroopaxkeHa B Tadnuiie 4.6.
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Tabnuia 4.6 — Pabouas rpymnmna nmpoekTa

OUO, Posb B OyHKIUH Tpyno-
OCHOBHOE MECTO MIPOEKTE 3aTparsl, 4.
paboTHI,
JIOJKHOCTD
O6xonckuii  A.B., | PykoBoautens | KoopauHauus nesTenbHOCTH 96
kadenpa DADY | mpoekra YYaCTHHKOB IIPOEKTA.
TIIY, noneHt PyxoBogut IIPOLIECCOM

BBIIIOJITHCHUS ITPOCKTA.

[lymaes JAM., | Ucionautens | BeimonHenue  pabor 1o 492
kadpenpa DADY | mo npoekTy TEOPETUYECKOH  MpOopaboTKe
TIIY, ctynent IIPOEKTA. [IpakTrnueckas

peanu3anys mpoeKTa.

OrpannyeHus 1 JOMyIIEHUS TIPOEKTa MPUBEIEHbI B Tabiuue 4.7.

Tabnuna 4.7 — OrpannyeHust IpoeKTa

dakrtop OrpaHuueHus/1onymeHus
Bromxer npoekra, p. 110211
Cpoxku npoekTa
JlaTa yTBepkKAeHUS IJIaHa YIIPaBICHUS TIPOESKTOM 03.10.2016
JlaTa 3aBepiieHus NpoeKTa 25.01.2017

4.6 Ilnan npoekta
B pamkax mnjaHupoBaHMS HAYyYHOTO TMPOEKTa HEOOXOJUMO TMOCTPOUTH

KaJIeHAapHbId Tpaduk npoekrta. KanenmapHeli miaH B Bujae auarpaMmbl ['aHTa

npeacTaBiicH B Tabmiie 4.8.

37




Tabnuua 4.8 — KanenaapHselil mian-rpa@uk mpoBeAeHUs MPOEKTa

Bua pabotel Hcnomuurenn Tk, [IpoaomKUTENEHOCTD BBITIOTHEHHS pabOT, HEJIEIH
KaJl.
o (112 |3 |4 |5 |6 (7 |8 |9 10|11 |12 |13 |14
s

CocraBienue T3 Junnomuuk, H.p. |1, 3 §
TexXHUKO-3KOHMUYECKOE Jumnomuuk, Hp. | 3,1 %

/
000CHOBaHHE y

#
N3ydenue nurepaTypsl JunnomHuK, H.p. | 6,1 2

#
Ananus cymecTByomux | Jumomuuk, H.p. |6, 1
o ’
peLIeHUi /
PazpaboTtka ctpyktypsi [TK JumnioMHuk, H.p. | 6, 2 ’
Pa3paboTtka anropurmosn 1K Jumnomuuk, H.p. | 18,3
YcraHoBKa u HACTpoMKa | JIUIIoMHuK 6
BcrioMoraresibHoro 110
Pa3pabotka KII JunioMHuk, H.p. |24, 2 ;
’
[TpoBeneHne 3KCIIEpUMEHTOB JunnoMHuk, H.p. | 6, 2 7
OdopmiieHne pe3ynbTaToB JlutmomMHuK, H.p. | 6,1 |
- JummonMHanK 38
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4.7 DBrogxer HAy4YHOr0 UCCIAEAOBAHUS

4.7.1 OcHoBHas 3apaboTHaA MJjarTa

[Ipn mnnaHupoBaHUM OOKETa HAYYHOTO KCCIEAOBAHUSA JOJDKHO OBIThH
00ECrieYeHO IMIOJIHOE U JOCTOBEPHOE OTPAXKEHHE BCEX BHJIOB IUIAHUPYEMBIX
pacxoa0B, HEOOXOAUMBIX JIJISl €TO BBIITOJHEHUS.

B nanHOM HaydHOH pa3palbOTKe IUIAHUPYEMBIMHU PACXOJAMH  SIBIIAIOTCS
OCHOBHasl 3apabOTHas IUIaTa, JOINOJIHUTENbHAs 3apabOTHas IUlaTa, OTYUCIICHUS Ha
COLIMAJIBHBIE HYXKIbl, @ TAaKXE€ pacXoJbl Ha DSJIEKTPOIHEPruI0 IpH padore ¢
KOMITBIOTEPOM.

B naHHyro cTaThio BKIJIIOUAETCSl OCHOBHAs 3apa0OTHas IUlaTa HAy4YHBIX U
WHXEHEPHO-TEXHUYECKUX paOOTHUKOB. BenuumHa pacxoqoB OmNpenenserca u3
TPYAOEMKOCTH BBINIOJIHAEMBbIX paboT. Pacuer OCHOBHOM 3apabOTHOW IUIATHI
npenacTaBiieH B Tabnuiie 4.9.

OcHoBHasi 3apa0oTHas TaTa pabOTHHKA PACCUMTHIBACTCS IO CIIEAYIOIICH

dbopmyie (4.1):

3OCH = 3;{}1 ’ TpaG ’ (41)
rae 3.cq — OCHOBHAsS 3apaboTHas 1iata paboTHUKA, P.;
3. — CpeAHeHEBHAS 3apa0oTHas 11aTa pabOTHHKA, P.;
Tpa6 — IPOMOIKUTENIBHOCT PAOOT, BBINOJIHAEMBIX PAOOTHUKOM, pad. IH.
CpennenneBHas 3apabOTHAsI IJ1aTa pacCUuThIiBaeTcs 1o dpopmyse (4.2):
3 -M
—_ M
3.= —F (4.2)

rae 3, — MECSYHBIN TOKHOCTHOM OKIaa pabOTHHUKA, P.;

M — konm4yecTBO MecsIeB paboThl 0€3 OTITyCKa B TEYEHHUE TO/1a;



F. — romoBoii ¢ona paboyero BpeMEHH HAyYHO-TEXHHYECKOIO MEpCcOoHaa,
pab. nH.

Mecsa4HbIi I[OJ'DKHOCTHOﬁ OKJIajg pa6OTHI/IKa PaCCUUTBIBACTCA 110

dbopmyire (4.3):

3, =3, (k,, +k,) K, (4.3)

rae 3 — 0a30BbIN OKIAT, P.;
Kyp — IpeMHaNBHBINH KO3 QHIIUEHT;
k, — k03 pumeHT n0IIIaT U Ha0ABOK;
K, — paifonnsrii koaddunuent (1,3 s Tomcka).
JlanHbple 11 pacueTra OCHOBHOM 3apaOOTHOM IUIaThl TPEJICTABIECHBI B
tabaure 4.10.
bazoBsiii okitan pykoBogutens cocrasisieT 26300 p.
bazoBslit okiian qumioMHuka coctasisier 7900 p.

MecsiuHbIi TOJDKHOCTHOM OKJaa pykoBoautens (hopmyna (4.4)):
3 =26300-(0,8+0,7)-1,3=51285. (4.4)
CpennenneBHas 3apaboTHas miata pykopoaurens (popmyna (4.5)):

3P = 01285-104 1763 83 (4.5)
g 299

Mecsa4Hbld  TOJDKHOCTHOW — OKJIaJ  JUIUIOMHMKA PACCUUTHIBACTCS  I10

dopmyiie (4.6):

3" = 7900 - (0,8 +0,7) 1,3 =15405. (4.6)
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CpennenneBHas 3apaboTHas miata guruioMHuka (popmyna (4.7)):

15405-10,4

3?;“ = 299 =535,83. 4.7)

Tabnuna 4.9 — Pacuet ocHOBHOM 3apaOOTHOM IJI1aThI

Oran Ucnomuutens | Tpynoemkocts, | 3/m Ha oauH | Beero

YeJl.-JTH. qen.-IH., p. | 3/1, p.

CocraBienue T3 PykoBoaurenn 3 1783,83 5351,48
CormacoBaunue T3 JIMIUIOMHUK 1 535,83 535,83
TexHuko- JIMTIIOMHUK 3 535,83 1607,48
HKOHOMUYECKOE PykoBoguTenn

S ocHORIIG 1 1783,83 1783,83
N3yuenue JumioMHuK 6 535,83 3214,96
JUTEPaTypbl PykoBoautenn 1 1783,83 1783,83
Aunanms JIMIIOMHUK 6 535,83 3214,96
CyIHeCTBVy}OHII/IX PykoBoaurens 1 1783.83 1783.83
pelnIeHni

Pa3zpaboTka JIMIIOMHUK 6 535,83 3214,96
ctpyktypsl [1K PykoBoaurtenn 2 1783,83 3567,65
Pa3zpaboTtka JIUTIIOMHUK 18 535,83 9644,87
anroputmoB [1K PykoBoguTens 3 1783,83 5351,48
YcraHoBKa u | JlurutoMHuK

HACTpOMKa 1o 6 535,83 3214,96
(BCcrmomMoraTeabHOro)

Pazpabotka KII JIMTIoMHUK 24 535,83 12859,83

PykxoBonuTensb 2 1783,83 3567,65

[IpoBenenue JIMTIIOMHUK 6 535,83 3214,96
AKCIIEPUMEHTOB PykoBoguTens 2 1783,83 3567,65
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[Tponomxenue Tabauist 4.9

Odopmnenue JIMIUIOMHUK 6 535,83 3214,96
pe3yJbTaToB PykoBoautenn 1 1783,83 1783,83
Hroro | 72478,96
Ta6numa 4.10 — JlaHHBIE 11O pacyeTy OCHOBHOM 3apaOOTHOM IJIaThI
Ucnonuurens | 36, pyod | Ky | Ky Kp 3. 3w Tpas | 3ocn
PykoBogurenr | 26300 (0,8 |0,7 |13 |51285 |1783,83 |16 28541,22
JIMIIOMHUK 7900 08 [0,7 |1,3 |15405 |535,83 |82 43937,74

4.7.2 Pacuer 10NOJTHUTEIbHOI 3apadOTHOM MIATHI

JlononHuTeNbHAS 3apaboTHAas I1aTa paccuuThiBaeTcst ucxoas u3 10-15 % or

OCHOBHOM 3apabOTHOM IUIaThl, PaOOTHUKOB, HEMOCPEICTBEHHO YYACTBYIOIIMX B

BBITIOTHEHHE TeMbl (hopMmyia 4.8):

01T

OCH ?

rae 3,0q — JOTIOJHUTENIbHAS 3apaboTHas IJ1aTa, p.;

Kyon — KOO OUIMEHT TOTIOTHUTEIBHOM 3apab0THOH IJ1aThI,

3oc — IPEMHUANIBHBIN KO3 (DUIIEHT.

(4.8)

JlomonHuTeNbHAS 3apaboTHAas m1aTa pykoBoautens (hopmyna (4.9)):

3 =(),15-28541,22 =4281,18.

0TI

4.9)

JomonHuTenbHAS 3apaboTHas maTa nuriioMHuka (hopmyna (4.10)):

3 =(,15-43937,74 = 6590,66.

JIOII

(4.10)
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3apaboTHas 1iaTa UCIIOJIHUTENEH MpoeKTa npeacTasieHa B Tadauie 4.11.

Ta6numa 4.11 — 3apaboTHas 11aTa UCIIOTHUTEIEH

3apaboTHas 1uata PykoBoaurenn JIMIIIIOMHUK
OcHoBHas 3apruiara, p. 28541,22 43937,74
JlonoyiHUTENBHAS 3apIliaTa, p. 4281,18 6590,66
3apriaTta UCIIOJTHUTEIA, P. 32822,4 50528,4

4.7.3 Pacuer norpeod.isieMoii 3JIeKTPOIHEPT U

OCHOBHBIM MOTPEOIAEMBIM ChIPbEM B TAHHOM HAyYHOU pa3pabOTKe SIBISETCS
NOTpeOJIEHUE  AJEKTPOPHEPIMH  KommbioTepoM. Jlig  pacdyera  CTOMMOCTHU
NOTPEOIAEMON AJIEKTPOIHEPTUM HEOOXOAMMO 3HaTh MOTPEOJIIEMYI0 MOIIHOCTD

KOMIIBIOTEPOM, BpeMsi pabOThl U TEKyIIUid Tapud Ha siekTposHepruto (dhopmyna

(4.12)).

C,,=6-J1-T-M, (4.11)

rne 6 — 6-yacoBoii pabounii 1eHb;
J1 — IpOo0JKUTENIBHOCTh padoT;
T — Tapud Ha 27IEKTPOIHEPTHIO;
M — MOIIHOCTB, MOTpebIsIeMast HOYTOYKOM.

[lo TexHMYEeCKHMM XapakTepucTukaMm, HOyTOyk mnotrpebnser 0,065 kBt
anekTpo3Heprud. CTOMMOCTh OJIHOTO KWJIOBATT-4aca 3JIEKTPOIHEPTHH COCTAaBIISIET
5,8 pyOuneii. 3nauut, 3a 6-yacoBoi pabouMili JeHb 3aTpaTbl Ha pabOTy OJHOIO
HOYTOyKa coctaBar: 6-1-5,8-0,065 =2,26 p.

C ydyeToMm TOTO, 4TO PYKOBOJIUTENH paboTan 16 nHel, a TUIITOMHUK 82 U Mpu
ATOM OHH HCIIOIH30BAIA OJMHAKOBBIE HOYTOYKH, 32 BCE BpeMs BBHITIOTHEHUS TIPOEKTa

CTOMMOCTD DJIEKTPOIHEPTUU COCTABUT: 2,26 - (82 +16) = 221,68 p.
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4.7.4 3arparsl Ha cnienio00pyA0BaHHE

B crartbio «3arpaThl Ha crnenualbHOE 000pYIOBaHUE ISl HAYYHBIX padOT»
BKJTFOYAIOT BCE 3aTPAThl, CBSI3aHHBIE C TPUOOPETEHUEM CITEIIUATLHOTO 000PYI0BaHNUS
(mpubOpPOB, KOHTPOJIBHO-U3MEPUTEIBHOM ammapaTypbl, CTEHIOB, YCTPOHUCTB U
MEXaHU3MOB), HEOOXOAMMOro Mg TMPOBENEHUS paboT MO KOHKPETHOM TeMe.
OnpeneneHue CTOMMOCTH CHEHOOOPYAOBaHUS MPOU3BOJUTCA MO JICUCTBYIOIIUM
npeiickypanTaMm, a B psJlie clydaeB IO JOTOBOpPHOH 1ieHe. B 3Ty crarbio ciepyer
OTHECTH  JIBa  TEPCOHAIBHBIX  KOMIIBIOTEpA,  KOTOPHIE  HCIOJIB30BAINCH
HEMOCPEJICTBEHHO Kak cpeactBa  pa3pabotku. CTomMOCTh  00OpyAOBaHWMS,
UCITIOJIb3yEMOT0 TIPU BBITIOJHEHUH KOHKPETHOTO HAYYHOTO MPOEKTa U UMEIOIIETOCS B
TAHHOW HAYYHO-TEXHUYECKON OpraHU3alllH, YIUTHIBACTCS B BUE aMOPTHU3AIIMOHHBIX
OTYUCJICHUM.

Jlsist pacdyera aMOPTU3AIMOHHBIX OTYUCICHW OBLUT BBIOpaH CPOK IOJIE3HOTO

MCMOJIb30BaHuA N paBHbIN S jeT. Torma HopMa aMOpTHU3aLKK @ paBHA:

a=—"==22=20. (4.12)

3Has HOPMY aMOPTHU3alMM MOYKHO HAWTH TFOAOBYK) CYMMY aMOPTH3aLUU IS

o0opynoBanusi A B pyoIsix:

_30000-20

A 100

= 6000. (4.13)

B nensx maHHOro mpoekTa OAWMH U3 HOYTOYKOB HCIMOJIb30Bajics 82 IHS, a
apyroi 16 mHeH, UCXOAS W3 ITOTO, OMPEASTUM OOIIYI0 CYMMY aMOPTH3AIlMOHHBIX
HA4YHCJICHUU:

S =(6000/12/30)-(82+16) =1633,33. (4.14)
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OOmass  CTOMMOCTh o0opynoBaHusi OyoeT COCTOSITh U3 CYMMBI
aMOPTHU3AIMOHHBIX HAYUCICHUW ISl JABYX OJIMHAKOBBIX HOYTOYKOB. Pacuersl mo
JaHHOU CTaThe MpUBeeHBI B TabuuIe 4.12. Tak kak pyKOBOAHUTEIb BBIIOIHSIET CBOIO
4acTh pPa0OThI HAa aHAJOTUYHOM OOOpPYAOBaHWH, NPHUOOPETCHHE KOTOPOTO HE
TpeOOBaAIOCH, TO 00IIasi CTOUMOCTh OYAET BKJIIOYATh ABOWHYIO HOPMY aMOPTH3AIUH

(3a 1Ba OJTMHAKOBBIX HOYTOYKA).

Tabnuua 4.12 — 3aTpatsl Ha cnelMaibHOE 000PYI0BaHKE ISl HAYYHBIX paboT

HanmenoBanue | Kon-Bo enunwuil | [lena eauHuIlpl | OOmas  CTOMMOCTh
obopynoBaHusi | 000OpyAOBaHUs, IT. | 00OPYyIOBaHUSA, P. | OOOPYIOBAHUS, P.
HoytOyx 2 30000 1633,33
Lenovo B50-70

4.8 TI'pynnupoBKa 3aTpaT MO CTATbAM

['pynmupoBka 3atpaT no cratbsiM oToOpaxeHa B Tabmuiie 4.13.

Becs 6romket nccnenoBanus coctaui 110210,83 p.
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Ta6nuna 4.13 — I'pynnupoBka 3aTpatT Mo CTaThsIM

Bun | OcHoBnas 3/m, p. | Hom. 3/m, p. | Otuucnenus Ha | 3aTpaTsl Ha | Pacxonpr Ha | Utoro
pabot COIl. HYX/IBL, p. | CIIEIIOOOPYIOBAHUE, P. | SJIEKTPOIHEPTHIO, P. | C€OECTOUMOCTD, P
1 5351,48 802,72 1846,26 6,79 8007,25
535,83 80,37 184,86 2,26 803,32
2 1783,83 267,57 615,42 2,26 2669,08
1607,48 241,12 554,58 6,79 2409,97
3 1783,83 267,57 615,42 2,26 2669,08
3214,96 482,12 1109,16 13,57 4819,81
4 1783,83 267,75 615,42 2,26 2669,26
3214,96 482,12 1109,16 13,57 4819,81
5 3567,65 535,15 1230,84 4,52 5338,16
3214,96 482,12 1109,16 1633,33 13,57 4819,81
6 5351,48 802,72 1846,26 6,79 8007,25
9644,87 1446,73 3327,48 40,72 14459,8
7 3214,96 482,24 1109,16 13,57 4819,93
8 3567,65 535,15 1230,84 4,52 5338,16
12859,81 1928,97 4436,64 54,29 19279,71
9 3567,65 535,15 1230,84 4,52 5338,16
3214,96 482,24 1109,16 13,57 4819,93
10 1783,83 267,57 615,42 2,26 2669,08
3214,96 482,24 1109,16 13,57 4819,93
Utoro 110210,83
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4.9 PeecTp pHCKOB NpPOEKTa

HI[GHTI/I(i)HHI/IpOBaHHBIC PUCKH IIPOCKTAa BKIIIOYAOT B ce0s1 BO3MOXKHEIC
HCOIIPCACIICHHBIC CO6BITI/IH, KOTOPBIC MOTYT BO3HUMKHYTb B IIPOCKTC M BbI3BATb

MMOCJICACTBUA, KOTOPBIC ITOBJICKYT 34 co00l HeXKeTaTeIbHBIC 3(1)(1)6KTBI.

Tab6muia 4.14 — Peectp puckos

Puck HOTUeHI_[. Vp. CrocoObnl cMAT4eHUS VYcenoBus
BO3JICHCTBUE pucka pucka HACTYIJICHUS
OtcytcTBHE dunHaHCOBBIC Cpennuii | AKTUBHBIN MTOUCK H3MmeneHue 1ieH Ha
3aMHTEPECOBAHHBIX | MPOOJIEMBI U3-32 3aMHTEPECOBAHHBIX | PBIHKE, BBIXOJ]
norpedureneii Ha OTCYTCTBHS notpedureneit NPUHIUIINATIBHO
MOMEHT cipoca HOBBIX TEXHOJIOTUI
3aBEPILCHUS
IIPOEKTa
[IpexxneBpemenHoe | 3akpeiThe Beicoknii | [IpuBneuenne Yxynmenue
MpeKpanieHue pa3paboTku CIIOHCOPOB, 3KOHOMHUYECKON
(buHAHCHPOBAHUS IIOJITBEPKICHUE 00CTaHOBKU B
aKTYyaJIbHOCTH CTpaHe
pa3paboTKu Ha
Hay4YHBIX
KOH(pepeHIMIX
Hessinonuenune HTpadwl, Cpennnii | IHTeHCHBHAs Cucrematnueckoe
MIPOEKTA B CPOK IpeKpalieHue pabora, OTCTaBaHue
(buHaHCUPOBaHUS MPUBJICYCHHE pa3paboTKu OT
JIOTIOTHUTEIbHBIX YCTaHOBJICHHBIX
pabouux cuit ass CPOKOB
MIPOEKTA,
nepepacnpeesIeHue
o0s13aHHOCTEN

410 OueHka cpaBHUTEJbHOI 3P (PeKTUBHOCTH MCCIeI0BAHUS

Onpenenenue

HHTCTPAJIBHOTO  IIOKAa3aTCJIAd

a(PeKTUBHOCTH

3 PEKTUBHOCTH  HAYYHOTO

IPOUCXOJIUT

Ha

OCHOBC

HCCJIEIOBAHMUA.

pacueTa

Ero

HaXO0XACHUC CBA3aHO C OIPCACIICHUCM JIBYX CPCIAHCB3BCIICHHBIX BCJIIMYHH!:

dunaHcoBoiT sddexTrBHOCTH 1§ U pec bd 1P
o 4 pecypcoaddexruBnoctu |, .

NurerpanbHbii

II0Ka3aTECllb

(buHaHCOBOM

b PeKTUBHOCTH

Hay4YHOTO

P
uccienoBanus moiydaor lg, B Xonme omeHkM Oromkera 3aTpar Ui BapHaHTOB
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WCIIOJHEHUSI HAy4yHOro wucciaeaoBanusa. Jlns pa3pabarbiBaeMoro mporpaMMHOIO
KoMIuiekca 3aTpatsl coctaBiistoT 110210,83 pybuieil. B kauecTBe aHanmora BeICTYMaeT
pelieHue Ha OCHOBe cymecTByromed miatdopmbl X-Com. CToMMOCTh JaHHOTO
pemenus cocrtasisier 850000 pyOseit. M3 3TOro ciemyer, 4Tto 3aTpaThl HA JTAaHHOE
perieHue OyayT SIBASTHCS HAUOOJBIIMM HMHTETPATbHBIM TOKAa3aTelIeM peau3aliu

TEXHUYECKOH 3amaun D .

. . P
WuterpanbHplii  pUHAHCOBBIM MOKa3aTens paspaborku |, ompenensiercs

(bopmyna (4.15)):

. ®, 110210,83
* @ 850000

max

0,13. (4.15)

WNHuTterpansHbiii GUHAHCOBBIN MTOKA3aTeb aHAJIOTa |£ (bopmyna (4.16)):

A @, _ 850000 1
* ® 850000

max

(4.16)

[Tokazarens pecypcodPheKTUBHOCTH BapUAHTOB HCIOJHEHUSI OMpEAesieTCs
KaK CyMMa NpOU3BEACHUI Oaya KpUTEpHsT Ha €ro OLEHKY. VHTerpaiabHbIN

MoKasaTelib pecypcoddHeKTUBHOCTH paccuuTaH B Tadnuie 4.15.

Tabmuma 4.15 — CpaBHuTeIbHAs OICHKA XapaKTEPUCTUK BAPUAHTOB HCTIOJHEHUS

IPOEKTa
Kpurepnii Becosoii Texymmui Amainor
KOA(PPHUIIUEHT | MPOEKT
1) KpoccriathopMeHHOCTh 0,18 4 4
2) ['eTeporeHHOCTH 0,19 5 3
3) MacirabupyeMocThb 0,20 4 4
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[Tponomxenue Tabmust 4.15

4) Bo3MOXHOCTh (POpMUPOBAHUS

JI?)K&JIBHOP'I BC o oL ° 3
5) be3omacHOCTh JTUYHBIX JAHHBIX 0,13 4 4
6) ®yHKIMOHAIBHBIC BO3MOXHOCTH 0,13 4 4
Uroro 1 26 22

Pacyer uHTerpanbHBIX mMoKazaTenel pecypcodrhHEeKTHBHOCTH Pa3pabOTKH U

aHasiora npusesieH B popmyinax (4.17) u (4.18):

| P
urp

=0,18-4+0,19-5+0,2-4+0,17-5+0,13-4+0,13-4=4,36, (4.17)

Ia

(uap

=0,18-4+0,19-3+0,2-4+0,17-3+0,13-4+0,13-4=3,64. (4.18)

WuTerpanbhblil mokasarens >¢pdexTuBHOCTH pazpadotku |, onpenensercs
o ¢popmyiie (4.19).
p
o =1m 430 5354 (4.19)
s 013

a

NurerpaibHplii nokasatenb dGdexTuBHoCTH ananora g

orpezesnsercs 1o
dbopmyiie (4.20).

I 3,64

I} =-"=—=3064. 4.20
e =12 = 7 (4.20)

S

LR

CpaBHEHHE MHTETPATBHBIX MOKa3zarenel d3((PEeKTUBHOCTH TEKYIIEro MPOEKTa

U aHajora I03BOJIIET ONPEAEIUTh CPaBHUTENBHYIO 3((EKTHUBHOCTb IPOEKTa I,

(bopmyna (4.21)).
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_Ljup 3354
P, 3,64

9,21. (4.21)

Pe3ynbTaThl pacueToB CpaBHUTENIBHON 3(PPEKTUBHOCTA MPOEKTA MPUBEICHbI

B Ta0yune 4.16.

Tabnuua 4.16 — CpaBHuTenbHast 3PGHEKTUBHOCTH MPOEKTA

[Tokazarenu Amnanor Pa3zpaboTka
WuTerpanbHbiil GUHAHCOBBIN MOKa3aTeNhb 1 0,13
WNHuTerpanbHbiii TOKazatenb pecypcodPGeKTUBHOCTH 3,64 4,36
WuTerpanbhblil mokazatens 3GEeKTUBHOCTH 3,64 33,54
CpaBHurenbHasg 3pPEeKTUBHOCTD TPOEKTA 9,21

[lo pe3ynapTaTaM NPOBEACHHOIO aHajgM3a OBUIM IMOJyYEHbl 3HAYECHMS
MHTErpajibHOTO MoKa3aTens 3(PpPEeKTUBHOCTU AJi Hallel pa3paboTku U e€ aHaora.
[To momy4eHHBIM 3HAYEHHUSIM MOYKHO YTBEP)KIaTh, UTO 3(PPEKTUBHOCTH MPOEKTA U

€ro pa3zpaboTKH BbICOKA B CPABHEHHH C KOHKYPEHTHBIM PEILICHUEM.
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