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é MATEMATNYECKOE
MOAENNPOBAHNVE U
BbIYNCNTEbHBIVG DKCTEPUMEHT

MbinbHukoB J1.A., darspaxmaHoB P.A. u

POJIb UMUTALNOHHOIO MOAEJINPOBAHUA

U BbIHUCJIUTEJIbHbIX MPOTPAMMHDbIX
KOMMNNEKCOB ANid NPUHATUSA YINIPABJIEHHECKUX
PELUEHMWX NMPU PEAJIN3ALUN TOBAPHbBIX
MHHOBALIMOHHbIX NMPOEKTOB B
NnPON3BOACTBEHHO-3KOHOMWUYECKUX
CUCTEMAX

AHHomauus: [[pedmemom uccied08aHUA AB/IAIOMCA NPOUECCb NOOOePXKKU NPUHAMUS peuueHul
8 NPOU3B0OCMBEHHO-3KOHOMUYECKUX cucmemax, 06ycsio8/ieHHble BHeOpeHUeM MoBdpHbIX UHHO-
BAUUOHHbIX NPOEKMO8, d MAK»e 3KOHOMUKO-Mamemamuyeckue Mooesiu U Memoobl ynpassieHus
amumu npoyeccamu. O6veKMOM UCCIe008AHUSA A8/1AeMCA NPOU3800CMBEHHO-IKOHOMUYECKAas
cucmema npombluwsieHHO20 NpednpUAMUSA, OpUeHMUPOBAHHAA HA BHEOpeHUEe MOBAPHbIX UHHO-
8aUUOHHbIX npoekmos. Ocoboe BHUMAHuUe yoesisemca 80NPOCAM NPOEKMUPOBAHUSA U UCNOTb-
308aHUA UHHOPMAYUOHHbIX CUCMeM Ha 0CHoge N00X0008 UMUMAYUOHHO20 MOOe/IUpO8aHUA
0719 NOOOEPXKKU NPUHAMUSA pewieHul U ucc1e008aHUs MOBAPHbLIX UHHOBAYUOHHbIX NPOeKmos
Ha pasHbIx cMaousx passumus U 8HeOPAWUX UX NPOU3800CMBEHHO-IKOHOMUYECKUX CUCMEM.
MemodonozauyecKyto ocHO8Y cocmasusiu meopus U Memo0os102Ud NPUHAMUA peweHud U ynpas-
JIeHUS COUUAIbHO-3KOHOMUYeCKUMU CUCMEeMAamu, NOJIOXKeHUs meopuu MeHedXmeHma, obujel
meopuu cucmem, meopuu ynpasJsieHus, CUCMeMHO20 aHAAU3d U UCc/1e008aHUA onepayuli, Me-
Mo0bl 5KOHOMUKO-MAmemMamu4eckoz20 U UMUMAYUOHHO20 MOOe/IUpOBAaHUS, CMamucmu4ecko20
aHasu3a, MUKpPO3KOHOMUYECKO20 Npo2HO3UposaHus. OcobbiM 8K1A0oM A8/1emca 060CHOBAHUE
Heobxo0umMocmu 071 N000ePXKU NPUHAMUSA peuwleHUl Npu ynpasaeHuU mosdpHbIMU UHHOBAUU-
OHHbIMU NPOEKMAamu 8 NPoU3800CMBEHHO-IKOHOMUYECKUX CUCMeM UCNO/1b308aHUS Memo0o8
UMUMAyUOHHO20 MOOE/IUPOBAHUA HA OCHOBE SKOHOMUKO-MamemMamuyeckux mooesieli U Memooos
C NnpussieyeHUeM UHGHOPMAYUOHHbIX cucmem. Takxe 8bipabomaHsl mpebos8aHus K cmpykmype
UHOPMayuoHHOU cucmemsl 0718 peuleHUs 803HUKAWUX ynpasieH4eckux 3aoau.

Knioyeewbie cnosa: umumayuoHHAs Mooesib, NOOOePXXKA NPUHAMUA peweHudl, anzopumm,
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UHHOBAUUOHHbIU npoeKkm, 06seMHO-KasieHOdpHOe NJIaHUpOo8aHue, UHPOpMAayUuoOHHAA cucmema,
Npou3800CMBEHHO-3KOHOMUYeCKdsa cucmemad, ynpassieHue, Memoo, MameMamuyeckas Mooesib
Abstract: The subject of research is the decision support process in production and economic systems
caused by the implementation of trade innovative projects and related economic and mathematical
models and management methods. The object of the research is production and economic industrial
enterprise system focused on implementation of trade innovative projects. The special attention is
paid to the issues of design and usage of information systems based on simulation modeling for
decision making support and studies of trade innovative projects at different stages of development.
The study is based on theory and methodology of decision-making and management of social
and economic systems, the provisions of the management theory, general systems theory, control
theory, system analysis and operations research, methods of economic-mathematical modeling
and simulation, statistical analysis, micro-economic forecasting. A special contribution of the study
is in demonstrating that the decision making support in the management of the trade innovative
projects in the industrial and economic systems requires the use of simulation modeling techniques
based on econometric models and methods involving information systems. Also the requirements
for the information system structure for emerging management challenges are developed.
Keywords: management, production system, software, production planning, innovation project,
algorithm, decision support, simulation model, method, mathematical model

BBepeHune

HecmoTpA Ha TO, UTO BEKTOP Pa3BUTUA SKOHOMUKM OPUEHTUPOBAH Ha Pa3BUTHE NPOMBbILL-
NEHHOCTU 1 NPOJYKTOBble NMHHOBALMOHHbIE NMPOEKTbl AAIOT HANOONbLIMI SKOHOMUYECKNIA
3¢ deKT nX ycnewHas peanvsauma He rapaHTUpPOBaHa.

Ocob6eHHOCTbIO NPOAYKTOBbIX MIHHOBALIMIOHHBIX MPOEKTOB ABMAETCA TO, YTO NPV BHEAPEHNM
WHHOBALIMOHHbIX NPOEKTOB BCE WM OTAENbHbIE 3Tanbl peann3aunum NpoeKTa MMeKOT SNIeMEHTbI
HOBW3Hbl U HeonpeaeneHHOCTH, KoTopble OyAyT 3aBNCETb OT KOHKPETHOro NpoeKTa. [pun 3Tom
WHHOBALIMOHHbBIV NPOEKT pacCMaTpMBAETCA KakK OTKPbITaA CUCTEMA, SBONIOLMOHUPYOLWAn
BMecCTe C BHelWHen cpefon. Takon NpoeKT ABNAeTCA LefieHanpaBieHHOW CUCTeMOn, BXoaA
NPV 3TOM B HECKOJMbKO LiefIeHanpaB/ieHHbIX CMCTEM PA3HOro ypoBHA (Mpomn3BOACTBEHHasA
CMCTeMa, B KOTOPOW OCYLLECTBAACTCA peann3aunsa NpoeKTa, oTpacnesaa cnctema n T.4.), a eé
YaCTN MOTYT UMEeTb COBCTBEHHbIE Lienw (g, peanmsyoLime NPoeKT; CTpaTernyecknii, npo-
N3BOACTBEHHbIV, ONepaTUBHbIV YPOBHN YPaBAEHNA U T.4.).

OCHOBHbIMY CONYTCTBYIOLWMMN MPU3HAKaMU NPOU3BOACTBEHHbIX CUCTEM, BbIMyCKaoLWNX
NpoAyKTOBble NHHOBALMW, ABAAIOTCA: CJIOKHOCTN [5], CBA3aHHbIe C ynpaBiieHem 13-3a MHO-
XecTBa HeonpeaeneHHOCTeN CBA3AHHbIX C HEMOBTOPUMOCTbBIO NpoLecca B CBA3W C HaMYMeM
Hay4HOW HOBW3Hbl; yBeNMYEeHeM MaTepuanbHON 0TAaum, NPOABAAIOLWENCA B NOBbILUEHHOWN MO
CPaBHEHUIO C TPAANLMOHHBIMM NMPOAYKTaMM 4OOABOUYHON CTOUMOCTU; MEXANCUUMANHAPHOCTY
npouecca CBA3aHHOIO € Pa3paboTKON 1 BbIMYCKOM MHHOBALMOHHOW NPOAYKLUK; MHOrodaKTop-
HOCTb NpoLecca; nepapxmyeckasa CTPyKTypa GakTOpPOB 1 31eMEHTOB; 3HaUUTESIbHbIN 06BbeEM
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NHGOPMaLMK - AaHHBIX U UX CBA3EN, YTO onpedenaeT CJIOKHOCTb, CBA3aHHY C 0603pnMo-
CTblO; CyLEeCTBOBaHWE NPOCTPAHCTBEHHOW 1N BPEMEHHOW B3aMMOCBA3N MeXAY dNeMeHTamu
MHHOBALMOHHOIO NPOEKTa; CMOCOOHOCTb CUCTEMbI NEPEKIIOYATLCA HA Pa3fINYHbIE TUMbl NO-
BEEHUA NPY U3MEHEHNN BHELLIHWX YCNOBUWIA. [1py 3TOM, CamMy TOBapHble MHHOBaLUK, UMEKOT
MEHbLUNI, MO CPAaBHEHWIO C TPAAULMOHHBIMY NPOAYKTaMU, BPEMSA »KM3HM TOBapa, MOBbILUEHHOe
KONMYecTBO MoANdUKaLMIA, N COCTaBHbIX YacTen 13aenum, Nx Bbinyck 3aiencTByeT bonbluee
KonmMuyecTBe NOACUCTEM MPON3BOACTBEHHO-9KOHOMUYECKOW CUCTEMbI 3a4eCTBOBAHHbIX BO
BHEAPEHWM NPOoAJYyKTa.

Kpome 31oro HecmoTpsA Ha 6onbLuoin 06bem MHbOopMaLUn KOTopoin obnagatoT Npon3Boa-
CTBEHHble CMCTEMbI MPW BHEAPEHWUW MHHOBALMOHHbIX MPOEKTOB OLLyLLaeTcA e€ HefJoCTaTOK B
CBA3M C HeJOCTAaTOUYHbIM OO BEMOM AiaHHbIX, HANNYMEM AAaHHBIMU HOCALLUMU HE JOCTOBEPHbIN
NN He CUCTeMATUYECKUI XapaKTep.

MHHOBaUMOHHbIe pa3paboTKy peannsyoTca B cucTemax, GYHKLMOHUPYOLWMX B YCTOBUAX
HeonpeaeneHHoOCTH, KOTOpble MPOABNAETCA NO-Pa3HOMY - NPW onpeaeneHnn Lenen n nogue-
nen, Npy NOABNEHNN CJTyYalHbIX GaKTOPOB, MPY HEAOCTaTKe pPecypcoB. ICTOUHKaMu Heonpe-
AENeHHOCTN B CCTeMe ABNAIOTCA ClTyyalHble GaKTopbl, KOTOPbIE, K TOMY »Ke, B3aIMOCBA3aHbI
1 OKa3blBalOT KOCBEHHOE BO3AENCTBME Ha BCe NapaMeTpbl MPON3BOACTBEHHO-9KOHOMNYECKOW
CUCTEMbI B KOTOPOW peanun3yeTca NpoekKT.

Bce 310 BMecTe B3ATOE HaKnagbiBaeT MOBbIWEHHYIO OTBETCTBEHHOCTb Ha N1LO, Npu-
HUMaloLLee pelleHna T.K. pucku [1], cBA3aHHble C peanu3aumenn NHHOBALIMOHHOIO NPOEKTa,
CYLLEeCTBEHHO BO3PacTaloT, a 3HAUNUT, BO3pacTaeT BOCTPeOOBAHHOCTb METOAOB U NOAXOA0B,
MO3BOJIAOLLMNX MOBbICUTb OOBEKTMBHOCTb MPUHATUA PELUEHUI MPY YNPaBieH TOBaPHbIMIA
NHHOBALMOHHbBIMUN MPOEKTaMM.

1. 0630p CyLecTBYIOLWMX NOAXOAOB peLleHUA 3a4ay YNpaBneHnsa n NoaaepKKu-
NPVHATUA peLleHni B NPON3BOACTBEHHO-3KOHOMUYECKUX CUCTeMax

Bonpocbl ynpaBneHua v NpUHATMA peLueHnid Npu Npon3BOACTBE TOBAapPOB B NPOU3BOA-
CTBEHHO-3KOHOMUYECKUX CUCTEMaX BnepBble 6binn nogHATbl Anbeptom Kanmecom. B 1906
rogy BbiWwsa ero KHura «$pabpunyHoe npounsBoacTeo» B CaH laneHe, B 1909 rogy B Jlemnuure
KHura «®abpuyHas byxrantepus», a B 1911 rogy B Jlerinuure KHWra, CTaBLlas OCHOBOW Pa3BUTUA
LAHHOro HanpasneHua «CraTucTnka B $pabpryHoOM 1 ToBapHOM NPON3BOACTBEY.

Pa6otbl O. Tennopa [8] n I. laHTTa, [13] Nernu B 0CHOBY TaKMX HayYHbIX AUCLMUMINH, BO3-
HUKLINX B cepeamnHe XX BeKa, Kak MPOMbILLSIEHHOW VHXXEHEPUY, 3aHNMAIOLLENCA YpaBieHneM
1 OpraHu3aumen NPon3BOACTBA, a TakXe, BMecTe ¢ paboTtamu XK. Dypbe, 1. doH HemaHa
J1.B KaHTOpOBWMYa, nccnegoBaHue onepauuin.

MHorue aBTOpbl OTMeuaT 0cobyo posb ynpaBneHua N pacwmpeHnsa obnactu dop-
ManuM3aumy NPUHLUMNOB YNPaBAeHMA U YBEIMUYEHUA «TMOKOCTU» B PaMKaX CyLLECTBYHOLLMX
NoOAXOA4OB WM CO3[aHMA HOBbIX 6onee coBepLUEHHbIX METOAOB 1M Mogenel (B YaCTHOCTM
B.H. ApxaHrenbckuni).

OfHMM 13 NepcrneKkTUBHbBIX HanNpaBieHn, ABNAETCA NOAX04, OCHOBAHHbIN Ha MPON3BOA-
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CTBEHHbIX PyHKLMAX. OCHOBHOE HanpaBneHne NCCefoBaHMI B 3TON 061acTn COCPefoTOYEHO
Ha noaaep»Ke NPUHATAA YNpaBleHYeCKNX PeLLEHNI B CUCTEMAX C HENTMHENHOWN CTOMMOCTbIO
N cMcTemMax ¢ KOMBUHATOPHOW CTPYKTYpPOW. BonbWMHCTBO UccnefoBaHUin B 3To obnactu
NOCBALWEHO 3ajayaM MUHMMM3AUMUU CTOUMOCTU UK MPOrHO3UPOBaHNA Crpoca. BaxHon
npobnemon Npu PacCMOTPEHUN TaKMX 3ajay ABMAETCA COBMECTHOE pacCMOTPeEHME 3aaun
LleHoO06pa30BaHNA, 06bEMHOIO NMAaHNPOBAHNA NPOU3BOACTBA N YNPABNEHNA 3aKYNKaMW.
PeweHne Takon 3afaum nogHMMaeT npobnemy Bbibopa pblHKa M BHYTPEHHEN CTPYKTYPHOM
opraHusaumm NPon3BOACTBEHHO-IKOHOMUNYECKUX cncTeM. PaccmoTpeHme 3agaun B Takon
B3aUMOCBA3N NOMTyYnNo Ha3BaHMe npobnembl BepHepa-ButuHa [15].

B 1995 rogy ona onncaHuna gyonmpyoLwmnx 1 ycoBepLIeHCTBYOLWNX MHHOBaL M [enannom
6b1710 NpeaIokKeHO UCNoNb3oBaTb Teopuio Urp [12] ana yyeta B3aMMOZEeNCTBUA N BANAHUA
NPOEeKTOB ApYr Ha Apyra. Takon noaxoA NO3BOWA BbITU Ha peLleHne 3a4ady ynpaBneHua 13-
MeHeHnAMK. Pa3BrTre Takoro nogxoda B 06nacTy ynpasneHna MHHOBaLMAMMN B HacTosALLee
BpeMsA CBA3aHO C areHTHbIM MOAENNPOBaHMEM N UCMOJb30BaHNEM MPOrHO30B.

Ewe oaHm 13 noaxoos ABNAETCA Mmofenb ynpaBieHnsa, OCHOBaHHAA Ha TAKOM AABNIEHUN
Kak oo dy3una nHHoBaumin. CyTb 3aK/TI0YaETCA B U3YyUYEHNN OMbITa BHEAPEHHbIX CXOAHbIX MPO-
AYKTOB B Pa3HbIX NPON3BOACTBEHHbIX CCTEMAX AJ1A BbIABNEHMA 0OLWNX YepT.

YacTo nogxoa K yrnpasneHuto MHHOBaLMAMM B NPOM3BOACTBEHHbIX CUCTEMAX OnMpaeTca
cxemy coBbITUINHOTO pa3brieHns NPOEKTUPYeMOro npoLecca (Metoa MogenpoBaHms Mopaaxa,
nornyeckoe mogenupoBaHue lenHa).

MopenupoBaHue 1 paboTta ¢ fJaHHbIMM NO3BONAIOT ONpPeAenATb OCHOBHbIE TEHAEHLUN
pPa3BUTUA CUCTEMDbI, NPOBOAUTb aHANN3 YYBCTBUTENIbHOCTU K U3MEHEHUAM, YUNTbIBATb PUCKM,
OTbICKMBaTb ONTMMabHOE CoYeTaHMe oxngaemoro 3¢deKTa 1 3aTpayrBaeMbix PecypCoB.

OTaenbHbIM KpYMHbIM HanpassieHeM B YNpaBaeHN COLMANbHO-OKOHOMUYECKMMIN CUCTe-
MaMu 1 TPOM3BOACTBEHHbIMY CUCTEMAMU ABNAETCA rpynna MeTOA0B, OCHOBAHHbIX Ha Pa3HbIX
TUNax ynpasneHusa. Hanpumep, B nuTepaType WNPOKO ONUCHIBAIOTCA TaKKMe TUMbl yNpPaBieHUs
Kak ynpasneHune GprMHaHCMPOBAHMEM, YNPaBieHe OpraHN3aUMoOHHbIMK NMPOeKTaMU, MHCTU-
TYUMOHaNbHOE yrnpasfieHne (ynpaBneHUsa B YCIOBUAX OrpaHnYeHuns), MHGopMaLnoHHoe
ynpaBneHue. B pamkax Takmx nogxofoB pa3paboTaHO MHOXECTBO MoAesNel, ONMCbIBAIOLWNX
opraHu13aunio GUHaAHCMPOBAHNA, MPUHATUA PELLEHWI ONPeAeNeHHbIMU CybbeKkTaMm, Moaenu
noBefeHUA 1 ynpaBAeHUa NHCTUTYUMAMU. Henb3a He oTMeTuTb goctvkeHua . Crurnvua
(mopenb Wanupa-Crurnmua), mogenn akTMBHbIX CUCTEM.

B Hauane 2000-x pacnpocTpaHeHne nonyunnm metoabl 06 beKTHOro MOAEeNNPOBaHMA.
Takon nopgxon NPUMEHUTENBHO K NPOU3BOACTBEHHO-DKOHOMUYECKUM CUCTEMAM M3BeCTeH
Kak MynbTU-areHTHble cuctembl [9], KOTOpble MO3BONAIOT YUNTbIBaTb Takme GpakTopbl Kak aB-
TOHOMHOCTb, 3aBUCMMOCTb OT BHELWHNX GAKTOPOB, TNMOKOCTb, MPO-aKTUBHOCTb, COLMANbHbIN
dakTop, pakTop MHTENNEeKTyanbHOro ynpasneHusa B cucteme [7]. HanbonbLuen cnoXxHOCTbio
B paMKax Takoro noaxofa ABNAeTCA KOOpANHaLMA B3aMMOAENCTBUA MeXy YaCTAMM NPOu3-
BOCTBEHHO-3KOHOMMYECKUX cuctem [10].

Pa3sHoobpa3sre NogxoaoB CBA3AHO C TEM, YTO CTAaTUCTMKA, KOTOPYIO UCMOMb3YOT ANA Npu-
HATWA peLLeHnI YacTo MO0 He NOMHa, NN6O He aKkTyasnbHa, IMOO He CTaLMOoHapHa B CTaTUCTU-
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ueckom cmbicine. Camo 13yUeHne npoLecca peanvsaumm MHHOBaLMOHHBIX MPOEKTOB CBA3aHO
C Y3y4YeHueM, B NMepBYI0 ouepeb, NepexoaHbIX MPOLEeccoB C 3Tamna Ha 3Tan peanusauum
MHHOBALMOHHOIO NpoeKTa. Ha NpoeKT CylecTBEHHOE BMAHNE OKa3blBaeT YenoBeYeCKuii
dakTop. Cam Npouecc xapakTepusyeTcsa 60/bLIOW Pa3MEePHOCTbIO, MHOTOKPUTEPMANbHOCTbIO.
MonyuaeTcs, UTo co3AaHvie MOAENV B AaHHOM Cilyyae Ans YNPaBneHns MHHOBaLUAMU B MPo-
N3BOLCTBEHHO-9KOHOMMYECKMX CUCTEMAX HEBO3MOXHO B paMKaX Y3KOro MaTeMaTnyecKoro
annapara.

2. Oc0o6eHHOCTV pelleHnA 3aZa4 NPUHATUA peLleHNIA Mo YNPaBieHNIO TOBapHbIMM
MHHOBaLMIOHHbIMU NPOEeKTaMU, peannsyemMbiMun B NPON3BOACTBEHHO-IKOHOMMNYECKNX
cucTtemax Ha ocHoBe mopenen

Ha gaHHbIN MOMEHT CnoXumnacb cMTyauus, Korga pa3paboTaHoO MHOXECTBO METOAOB, MO-
3BONAWNX pacCMaTpuBaThb 3adadvy ynpaBieHUA MHHOBALMOHHbIMU MNPOEKTaMu B Pa3HbIX
acnekTax. B pamkax Takmx noaxoaoB pa3paboTaHO MHOXECTBO MOAENEN NPUHATUA PeLLeHWUI
onpepeneHHbIMN CyObeKkTamu, MOBEAEHNSA N YITPABAEHNA NHCTUTYLMAMMN.

Kaxkpbin 13 pa3paboTaHHbIX NOAXOA0B pellaeT cneunduryeckyto 3agayy. B ceasm c uem,
MMeET CBOIO OrPaHNYeHHY0 0611acTb MPUMEHNMOCTU 1 UCMOSb3YeT CBOM Habop AaHHbIX CO-
6Upaembix U3 PasHbIX UICTOYHMKOB, XapaKTePU3YHIOLLMX NPOEKT Y NPOM3BOACTBEHHO-3KOHOMU-
YeCKy CUCTEMY, B KOTOPOW OH peanusyeTcs. bbino 6bl LenecoobpasHo yunTbiBaTb BbICOKME
pe3ynbTaTbl, KOTOPble OHX MO3BOMAKT 4OCTMIaTh NPU pPeLleHN NOKasbHbIX 3a4au.

Mpouecc mogennpoBaHmA byaeT CBOANTLCA K MPUMEHeHN0 Habopa TMMOBbIX U aBTOP-
CKUX MoJenen gnAa Kakaown 13 CoCTaBNAKLWNX MHHOBALMOHHOIO npoekTa. [Npn noctpoeHnmn
NMUTALMOHHbBIX MOAeNen MOXHO COBMECTUTb HECKOSIbKO NMOAXOA0B, pacCMaTpuBaa NPOeKT
Kak OObEKT CO CIOXKHOW CTPYKTYPOW, KOTOPbI B3aMMOZENCTBYET C APYrMY MPOeKTamu, 1
ANA KOTOPOro npon3BOACTBEHHAA CUCTEMA ABMAETCA BHELWHeN cpefon. B cBoto ouepeab,
AN NPOU3BOACTBEHHOM CUCTEMbI BHELLHeN cpefon byaeT cpefia pbiHKa. [pun 3TOM Kaxkabli
3 06BHEKTOB COCTOUT M3 3/IEMEHTOB, ONMUCHIBAOLLMX MOACUCTEMbI U PeCYpCbl 00BbEKTa, a 3Ha-
YEHMA OCHOBHbIX MepeMEeHHbIX ABAAIOTCA OOLMMIK U N3MEHAKTCA C yYeTOM B3anMOBIINAHNA
LAPYr Apyra v JOMONHNUTENbHbIX BHELWHWX ¢akTopoB. COBMECTHOE MCNOJIb30BaHNE MHOXECTBa
MOAXOA0B, NPU HAIMUMM TaKo BO3MOXKHOCTU, TaKXKe OyeT NoBbIWaTb 00beKTUBHOCTb OLEHOK
3a CYET CHMXKEHNA 3HAYEHMA SHTpoNuK [4].

MepBbIM LWarom NOCTPOeHMA moaenu byaeT onpegeneHve Habopa METOAO0B, MoJeNe,
MeTOAMK, KOTopble 6yayT yAOBNeTBOPATb M3BECTHON NHGOPMaLMA O CUCTEME U LeNaM pea-
nn3aumm npoekKTa:

{LL} = {M; (m; )}

roe I - nHdopmauma, KoTopor obnagaeT areHT Ha MOMEHT NPUHATUA pewenns; I' - uenu;
@o=(p_Ll,p_2,...,q0_n) — BEKTOp Mofenel NpoayKTOBbIX MHHOBALIMOHHbIX NPOEKTOB npea-
CTaBNIEHHbIX B BUAe KopTexa:

(piz {P’T}

roe P - MHOXeCTBO 3HauyeHU napameTpoB ynpasneHus; T — MHOXeCTBO NOTpebHOCTeN
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npoekTa B pecypcax; I — Homep npoeKkTa; M; — ncnonblyemas MeToauKa; m; . - napametp
NCNONb3yemMo METOAVKN.
B3anMMocCBA3b Mexay MeTofamMu MOXKeT ObITb NpefCTaBeHa B CeayoLwemM Buae:

M, (myy,)
| = taiki” ,
M (myy,)

%)

rae [A]l - matpuua nHumaeHTHocTH, [W] - BEKTOp OueHOK ncnonb3yembix metoauk; [K] - ana-
roHanbHaA MaTpuLa KoppekTupyowmnx koapdrumeHTos; [M; ] — oueHKa ncnonb3yemon me-
TOAVKWY; [ - KONMYECTBO NCMONb3yeMbIX COCTABMAIOLMX METOAMK.

Ecnn ypaetca yctaHOBUTb B3aMOCBA3b MeXdy MeTodamu, TO 3TO NO3BONAET NepenTu K
annapary Npor3BOACTBEHHbIX GYHKLMI 1 cGOPMYNMPOBaThb 3a4a4y ynpaBieHUs Kak OonTUmmn3a-
umoHHyto 3agavy (J{m,} — opt) nam nocTponTb UMUTALMOHHYIO MOAESb, SIEMEHTbI KOTOPOWN
6ynyT COOTBETCTBOBATL BblIOPAHHLIM MeToAaM (MPUMEHASA K HUM MPUHLMN K4EPHOTO ALLMKAY).

B 060umx cnyyasax cTout BONPOC 0 BbIbOpe TOUeK NPUHATUA peLueHnin. NpuHATrE pelueHunin
— 3TO NpPOLIeCC, 3aBUCALLMIA OT MHOXKECTBA MOKa3aTesiel, CBA3aHHbIV C 3Tanamun peannsayum
NpoeKTa, BHYTPEHHVMUW MPON3BOACTBEHHbIMY LMKIamMU. KonnyecTBo oLeHnBaeMbIxX napame-
TPOB U OCOOEHHOCTU BHYTPEHHEN OpraHn3aumnmn HENOCPEeACTBEHHO BAUAIOT Ha KONMNYECTBO
TOUeK NPUHATUA PeLleHNA U Pa3MePHOCTb peLlaemon 3agaum (cm. puc. 1).

Puc. 1. 3tanbl Pa3BuTKA NapameTpoB NHHOBALMOHHOTO NMPOEKTA 1 TOUKN NPUHATUA pemeanZ ﬂOTpeﬁl/ITEJ'IbCKI/IX WHHOBALK-
OHHbIX MPOEKTOB, peai3yemblX B NPON3BOACTBEHHO-IKOHOMUYECKMX CUCTEMAX.

Dopmanuzaums 3agay B BUAE ONTUMM3ALMOHHDBIX 3aflay MOXET CTONIKHYTbCA € Npobne-
Mo NP - nonHoTbl. Tak Hanpumep 3agaya COBMECTHOIO PacCMOTPEHMA BbIbopa pbiHKa 1
06beMHOro NnaHNpPoBaHKA NPOMN3BOACTBA OTHOCMTLCA K STOMY KNaccy 3aflay 1 eé pelueHune
BO3MO>HO TOJbKO Npu GUKCUPOBaHNM OTAENbHBIX paKTOPOB [14] MM MeTOAaMUN YNCTIEHHOTO
MOZENNPOBaHUA.

CnepyeT yunTblBaTb, YTO MHHOBALIMOHHbIE MPOEKTbI peann3yoTcA He B 3aMKHYTON Cpeae.
370 03HayaeT, YTo Ha MapameTpbl 3ajaun 6yayT OKasbiBaTb BIUAHUE BHELWHNE GpaKTopbl. B 3a-
Aayax nnaHNpPoBaHUsA 3TN GaKTOPbl MOTYT ObITb MOMTyUYeHbl HA OCHOBaHMM SKCMEPTHbIX OLIEHOK
1 MPOrHO30B, YTO HE WCKoYaeT OWKNOOoK. MNo3ToMy BaXKHOW COCTaBAAOLWEN nccnegoBaHmaA
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ABNAETCA YYBCTBUTENbHOCTb MPUHMMAEMbIX PeLleHN K OTKTIOHEHMIO MapaMeTpPOB BHELUHEN
cpenbl (NapameTpoB, XapakTepur3yoLWwnX PbIHOK U MPON3BOACTBEHHO-OKOHOMMUYECKYIO CUCTEMY)
KoTopble MoryT obnagatb MapKoBCKUM cBONCTBOM (MapKOBCKMIA MPOLEcc) 1 KOTOpble MOTYT
6bITb NpoMoaenpoBaHbl MeTogoMm MoHTe-Kapno.

B ycnoBusax, Korga peleHvie NpyHNMAETCA Ha NePCneKkTUBY U CTaTUCTUYECKMX OaHHbIX
HeOCTaTOYHO, MHOTME NapamMeTpbl onpeaenATCA Ha OCHOBaHUN NPOrHO30B [6] (B TOm uncne
1 NapaMeTpbl ONTUMM3ALNOHHbIX 3a4au).

Torpa o6wan cxeMa NOCTPOEHUA 1 PaboTbl C MOAENbIO B TOUKAX NPUHATUA peLleHnin Oy-
[EeT OTNNYaTbCA OT KNAaCCNYECKOM CXeMbl MOCTPOEHUA UMUTALMOHHOM mogenu [11] 3a cueT eé
3auMKnBaHuA 1 OyaeT BbIrMAAETb Kak NOKa3aHO Ha puc. 2.

PaccmoTpeHne 3agay ynpaBneHUsa MHHOBALMOHHbIMY NPOEKTaMu B MUKPOIKOHOMUYE-
CKMX CUCTEMAX MOXHO Pa3buTb Ha [1Ba 3Tana Ha KOTOPbIX PacCMaTPUBaOTCA cneumduryeckmne
3ajauv ynpasneHna: 3Tan NoAroToBKM unv BbiIbopa NPOeKTOoB, 3Tan peanv3auumn NpoeKkTa B
NPON3BOACTBEHHO-OKOHOMMYECKOW CUCTEME.

Ha 3Tane noarotoBku 1 BbiIbOpa MNPOEKTOB paccMaTpuBaloTCA 3agaun GopmMmpoBaHnA
nopTtdens NPoeKToB, MOAroTOBKM 1 nNoabopa npoekTa nop 3alaHHble TpeboBaHMA, NPUHATUA
peLueHnA 0 Hayane 1 NPOJOIKEHNA NPOEKTA B CJIOKMBLUENCA KOHBIOHKTYPE, 3a4a4a Bblbopa
PbIHKOB.

Puc. 2. 06waq cxema pa60TbI CMOZENbt0 NPW NPUHATUN YNpaBNEHYECKNX pemeHvu7| 0 peani3alin NHHOBALIMOHHbIX MPOEKTOB.

Ha sTane peannsaunn npoekTa: 3ajaya 06beMHO-KaneHgapHOro NiaHNpPOBaHWA C y4eTOM
BINAHNA Cpefbl, B KOTOPOW OH peanusyeTcsa, noabopa nepcoHana noj peannsaumio NPoeKTa,
onpepeneHna LenesBbiX 3HaYeHUIN NoKasaTenen and npoekKTa.

DopmurpoBaHMe KOHKPETHOW peluaemMor 3adadun OCyLecTBAAETCA NMLUOM, NPUHNXKA-
IOLWMM peLleHre NCXoaa 13 notTpebHocTen N 0CobeHHOCTEeN paccMaTPUBAEMON CUCTEMDI.
DQopmannsauma 3agaum MOXKeT OCYLeCTBAATbCA B paMKax KOHLUENUMM NPOV3BOACTBEHHOMN

byHKLMN.
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YueT BNMAHMA cpefbl MOXKET YUUTBIBATLCA Yepes napameTpbl, KOTOpble NPUCYTCTBYIOT B
pacueTax. Takol yueT B 3afjauax NPUHATUA PELLEHWN U NIAHNPOBAHUSA MOXET OCYLLECTBATLCA
TOJIbKO Ha OCHOBE JaHHbIX NMPOrHO30B C YYETOM VX JOCTOBEPHOCTM Yepe3 Nepexos B HEYETKOE
npencTaBsieHye NonyYaemMblX BEMYNH U MOLENTMPOBAHNE BO3MOXHbIX OTKIIOHEHWA.

HanmeHblLuaa TOYHOCTb MPOrHO30B NpW 3TOM ByaeT Ha Hanbonee yaanéHHbIX BO BPEMEHU
MHTepBanax, a MMeHHO B3MsAA B yAaNeHHoe OyLuyioliee oKa3blBaeT Hanbonbluee BANAHKE Ha
NPUHATME PeLleHns O Havane peann3aumm NpoeKkToB 1 CTpaTermyeckoe ninaHnpoBaHue ana
NX peanun3auumn.

Mpy NCNob30BaHNY 31EMEHTOB UMUTALMOHHOIO MOAENNPOBaHNSA NOABNAETCA BO3MOX-
HOCTb NPOBEAEHVA UCCNIEA0BAHMNI HAa YCTOMUMBOCTD MOJTyYaeMbIX PELIEHUNIA, YyBCTBUTENbHOCTb
K MCXOAHbIM AaHHbIM, @ TaKXe BO3MOXKHOCTb NMEPENT K peLLeHo 06paTHOWN 3a4aun - onpe-
AENEHNIO YCNTOBUI MPY KOTOPbIX MOTYT ObITb BbIMOSIHEHDI LieNeBble 3HaUYEHWA ANA NPON3BOA-
CTBEHHO-3KOHOMMYECKOW CUCTEMDI.

MocTpoeHre N nccnefoBaHe UMUTALMOHHBIX Mofenel ana o603HaueHHbIX 3aay BO3-
MO>HO TOJIbKO C MPUMEHEHNEM BbIUUCTTUTENBHOWN TEXHUKMN.

3.Mpumep 3agauv NPUHATUA peLUEHNIA N0 yNpPaB/IeHNIO TOBapPHbIMM MIHHOBALNOH-
HbIMW NPOEKTaMu, peannsyemMbiMiy B NPON3BOACTBEHHO-3KOHOMUYECKNX CMCTeMaX Ha
OCHOBe mogenemn

PaccMoTpyM NOAXop K pelleHnto 3afay ynpaBneHna peann3aumnein MHHOBALMOHHbIX
NMPOEKTOB B MPON3BOACTBEHHO-3KOHOMUYECKMX CUCTEMAX Ha MpuMepe 3afjaun o6beMHOro
NNaHMPOBAHNA NPON3BOACTBA.

B knaccuueckor noctaHoOBKe 3afaya 06beMHOro NIAHMPOBaHWUA BbIMAANT CNeAYoLWUM
06pa3om - nycTb X;, i = 1, N - BeKTOP Hem3BECTHbIX, KaXKAasA KOMMOHEHTa KOTOPOro onpeae
NAET KONMYEeCTBO BbiMyCKaeMow NpoayKumum Tuna i. Toraa Kputepuii oNnTMManbHOCTY faHHOW
3ajauu, onpeaensaLwmii MakCuMyM NprubbINN NPeanpUATUSA, 3anNnLLETCA B CiedyioLlem BUAE:

Z Cix; - max
i

rae C;,i = 1, N - unctada npnbbiib OT NPOM3BOACTBA I-Oro ToBapa
OrpaHunyeHnA Ha NPOV3BOACTBEHHbIE MOLLHOCTM MOXKHO NPeACTaBnTb B ClIeAyoLemM BUae:

ZiRijxl- SP]',]': 1,M

raeRij, j = 1,M, i = 1,N - noTPe6HOCTb B MOLLHOCTAX KaX/A0ro T1MNa o60pyaoBaHus Ha
€[4VHYLY roTOBOrO M3Jenna 3aaBaemMas Ha OCHOBE TEXHONIOTMYECKNX MapLIPYTOB NPOmn3-
BOACTBY; P, j = 1, M - 061min pecypc B MOLLHOCTAX ANA KaXA0ro Tina o60pyaoBaHna Hail
LEHHbIN 13 pacyeTa cpeaHer NPoV3BOAUTENBHOCTM NO BCeMY 060PYAOBaHMIO faHHOMO THMa.
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AHanornyHbim o6pa3om NpeaCcTaBAAETCA OrPaHNYEHE Ha KIoUYeBble MaTepuranbl:

ZiS,a-xl- STk,k :ﬁ

roe Ski» k = 1,K, i = 1, N - noTpe6HOCTb B KNIOUEBbIX MaTepuanax Ha eavHULY roToBOro
n3penua 3ajaBaemMan Ha ocHoBe cneumdukauun nsgenuin; Ty, k = 1,K - 06bem AOCTYMHbIX
KJOUYEBbIX MaTePUANoB, onpeaeneHHbIi Ha OCHOBE AaHHbIX O COCTOAHMM CKNlaZla U NJaHa 3a-
KYMOK.

OrpaHunyeHs No PbIHKY NPOAAX, Kak Mo OTAeNbHbIM TOBapaM, TaK 1 MO VX COBOKYMHOCTH,
MOXXHO NPeACTaBUTb B CNieAytoLeM BUAE:

Ziochis Gq,q: 1,Q

roe o<A€[0, 1], 1 - ecnm i —biih TOBap NPUHAANIEXNT COBOKYNHOCTU (, 0 - €Cn T —blii TOBap He
NPVHAANEXMT COBOKYNHocTng; G, g = 1, Q- orpaHuyeHue, o pbiHKy cObiTa onpegensemoe
Ha OCHOBaHWMM NPOrHO3a.

Mpu paccMOTpeHnn 3aaaun o6bemMHo-KaneHgapHoro nnaHnposanusa Cin G ctaHosaTca
3aBUCMbIMM OT BPEMEHM 1 ONpPefensanTca Ha OCHOBaHUN AaHHbIX NPOrHO30B. B aTom cnyyae
BO3HMKaeT 3ajaya, yNoMnUHaemas Bbille — 3afaya onpegeneHnsa YyBCTBUTENbHOCTY MOny-
YaeMblIX Pe3ynbTaToB K KoNebaHUAM JaHHbIX NOJTyYaeMbiX B pe3ysbraTe NpPOorHo3npoBaHus.

PaccmoTpuM 3apady Ha npumepe AByx TOBapoB. [ycTb oxkmaaemas npubbiib OT TOBAPOB
N OrpPaHMYEHNA PbIHKA MOMyYeHbl B pe3ynbTaTe NPOrHO3NPOBaHUA N 3afaHbl B TabANYHOM
Buae (cm. Tabn. 1)

Tabnuua 1
PeTpocnekTuBHbIe AaHHbIe NprbbIIN 11 06BeMa pbiHKa NerkoBbix aBToMobuneli (ToBap 1) 1 nukanos (tosap 2) B CLUA Ha
0CHOBE JIaHHDbIX FOCYAAPCTBEHHON CTATUCTUKM U CaiTa http://www.statista.com.

= ~ |0 | & | © — N ™ S | w

~ ® | ®» | © | © | ® | ®

(=) (=)} (=)} (=)} (=)} (=) =) (=)} (=)} =)}

- - - - - - - i i i

M punbbINb OT BbiNyCKa cslo|lo|lwvw | lvu|lo|lo|lo|wn|o

S on O o~ (@)} (@] o~ N — on

ToBapa 1 (C4) gonn. CLLIA I I B I B 3 | v | v
M punbbIIb OT BbIMYCKa Wl |lwvwlolwvw|luvu|lo|lwvu]| ol wv

@\l [oe] o (e} <t Wy

ToBapa 2 ( C,) ponn. CLUA — | = | = | N | | en | |
o~ (@]

e on <t on N [@\| v « -

O6bem npopax — |l |||l | B x|

1 = = «@ S <t © v ) o 5N

anaTtoBapa 1 (G') BTbIC. WT. Sl=|= = |lg|E||>|2]S
o >N ~ o o~ n | v | =~

O6bem npogax B A T P T T R S (R

A ToBapa 2 ( G2) B ThiC. WIT S| S22 |3l8 w83
An P il Al | P o la|&|la| & o | <

JKCMepTHbIM METOAOM ObININ OLEeHEHbI MOLYHOCTY NMPON3BOACTBEHHO-IKOHOMMYECKOM
cuctembl B 3000 eguHML 1 NOTPEOHOCTN B MOLLHOCTAX Ha KaxkAabl BUA npoayKumm B 30 n 18
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eAvHnL. AHanornMyHo no notTpebHocTn B MaTepuanax. Ha nepnoa ogHoro nosHOro Npows-

BOACTBEHHOIO LIMK/a NPOU3BOACTBEHHO-3KOHOMMYECKAA cucTeMa MoXeT obecneunTb 1000

€VIHML, MaTepuranoB Npu NoTpebHOCTM Ha NPOM3BOACTBO COOTBETCTBEHHO 5 1 8 eanHML,.
Torpa 3agaya NpUMeT ceayoLWwmnin BUA;

Cixqs + Cx, — max,
30x; + 18x, < 3000,
5x; + 8x, < 1000,
x, < G,

x, < G?,

x; 20,

X, 20.

roe C,, G, G G? — [aHHble 13 Taon. 1

Mocne pacyeToB nonyyaem nnaH Bbinycka. [pn o6bemax Bbinycka, KOTOPbIN MOXKET OCy-
LWeCTBNATb paccmaTprBaeMasn Npon3BOACTBEHHO-IKOHOMMYECKan cmcTema obbem pbiHKa
MOHO paccMaTpmBaThb Kak 6€CKOHeYHyIo BeninumHy. [lo3Tomy n3meHeHnsa bygem paccmaTtpum-
BaTb TO/bKO B YaCTU M3MeHeHNA NpubbIIn NoyyaeMon OoT NPon3BOACTBA. [1pu 3ToM B cnuny
60nbLUOW TPYAOEMKOCTY PacyeTOB PaCCMOTPMM TONbKO HEKOTOPble Ciyyau (cm. Tabn. 2).

Tabnuua 2.
06bemMHO-KaneHAapHbIi NNaH Npou3BOACTBa.

s|5 g/8/8/8 8 8|38 ¢

— v Y- - - o - { - {

X1 40 40 40 | 40 | 40 | 40 | 40 40 | 40 | 40
X 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
x1(C;+100, C,+100) 40 40 40 | 40 | 40 | 40 | 40 40 | 40 | 40
x5 (C,+100, C,+100) 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
x4 (C;-100, C,-100) 100 | 100 | 100 | 100 | 40 | 40 | 40 40 | 40 | 40
x5 (C,-100, C,-100) 0 0 0 0 | 100 | 100 | 100 | 100 | 100 | 100
x4 (C;+100, C,-100) 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

x5 (C;+100, C,-100) 0 0 0 0 0 0 0 0 0 0
x1 (C4-100, C,+100) 0 0 0 0 0 40 | 40 40 | 40 | 40
x5 (C4-100, C,+100) 125 | 125 | 125 | 125 | 125 | 100 | 100 | 100 | 100 | 100

4, MH(I)OpMaLWIOHHaﬂ noapep>Ka peweHa sagayd aHayinsda gaHHbIX T UMUTALUVIOH-
HOro mopgesinpoBaHuAa npn ynpasiaeHu NHHOBALMOHHbIMUY NPOeKTaMn

U3 npuBeneHHbIX Bbllle paccym,u,eHMVl BMAHO, YTO pelleHne 3aa4un ynpasieHnAa NHHO-
BaUMOHHbIMWN NPOEKTAMW 3aTParnBae€T MHOXKECTBO CNeuUnalibHbIX Pa3aenioB HayKu (cucrtem-
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HOrO aHanv3a 1 NccnefoBaHVA onepaumnii, MaTeMaTUUYeCKOW CTaTUCTMKIM, MAaTEMATUYECKOTO
N IMUTALVIOHHOIO MOAENNPOBAHMUS, MEHeIXKMeHTa 1 Ap.). Takre 3agaun MoryT pewaTbcs C
NCNOMb30BaHNEM Pa3JIMUHbIX MPOrPAaMMHbIX PELLEHWIA:

—  a3biku nporpammupoBanua (C / C++ / C#, Java, Python, R, Modelica, AMPL,;

- nporpammbl ana mogenuposanusa (ANSYS, SciLab, MathLab, VisSim, AnyLogic),
NaKeTbl, OCHOBaHHble Ha Modelica (Dymola), LMS Imagine.Lab Amesim, Simul8);

- nporpammMHble MakeTbl Ans PaboTbl CO CTATUCTMYECKMMU HAaHHbiMK (SPSS, Alpine,
Alteryx, Angoss, IBM SPSS Statistics, IBM SPSS Modeler, InfoCentricity Xeno,
JMP, KNIME, Lavastorm, Mathworks’ MATLAB, Megaputer’s PolyAnalyst,
Minitab, NCSS, RapidMiner, SAS, SAS Enterprise Miner, Salford Predictive
Modeler (SPM), SAP'S KXEN, Stata, Statistica, Systat, Pentaho, EViews, Haa-
CTpoiikn Hag a3bikom R (RapidMiner, R Commander, RKWard, RStudio, WEKA,
Rapid Miner, KNIME, JGR, RKWard, SciViews-R, Statistical Lab, R Commander,
Rattle, RStudio));

—  MNporpammHble NakeTbl 4JA PeleHns onTMMMU3aUnoHHbIX 3agad (General Algebraic
Modeling System, Lingo, Kimeme, LIONsolver, MIDACO, ModelCenter,
optiSLang, OptiY, XTREME, pewatenn (BARON, DICOPT), pewatenn Ha 6a3e
AMPL (APOPT, Bonmin, BPMPD, CBC, CLP, CONOPT, Couenne, CPLEX, CPLEX
CP Optimizer, FILTER, FortMP, Gecode, Gurobi, IPOPT, JaCoP, KNITRO,
LGO, LocalSolver, Ip_solve, MINOS, MINTO, MOSEK, SCIP, SNOPT, Sulum,
WORHP, XA, Xpress));yHnBepcanbHble MaTeMaTnueckune naketol (MathCad, Maple,
Mathemetica);

—  MporpamMMmHble MaKeTbl, pellaloLme cneunansnpoBaHHbie 3aaun B 061acT NpuHA-
A 6usHec-pewennin (RDE (prudsys), AIMMS).

MpoaHanm3npyem nosyumBLUVE HAUOOSbLLEE PACMPOCTPAHEHNE PELLEHMS C TOUKU 3peHUs
nx BOCTpeboBaHHOCTU Tabn. 3.

/13 conocTaBnTENbHOrO aHaNN3a BUAHO, YTO CMPOC Ha MPOrpaMMHOe obecrneyeHie NpucyT-
CTBYET KaK CO CTOPOHbI UCMONHUTENEN paboT, Tak 1 paboToaateneit. Mpun 3ToM 3a UCKoUeHNe
HeCKONbKMX YHBepCcanbHbix pewweHni (Mathemetica, MatLab, Simul8) 1 A3bikoB nporpammu-
POBAHMA NOCTaBNEHHbIE 333U He MOTYT 6bITb KOMMIIEKCHO peLleHbl. YHUBEPCanbHbIE NaKeTbl
MMEIOT LiEHY OT HECKONbKMX TbIC. gonnapo CLUA, a A3bIkn NporpaMMnpoBaHnsa TpebytoT Ha-
BbIKOB MPOrpaMMMUPOBaHIA 1 TaKKe LieHa HEKOTOPbIX 13 HUX COCTaBNsET Thic. aonnapos CLUA.

Kpome 3Toro ncnosnb3oBaHUe Creuyan3npoBaHHbIX CUCTEM AJ151 aHASIM3a UHHOBALIMIOHHbIX
MPOEKTOB ABMAETCA YaCTO 3aTPYAHUTENBbHBIM B CBA3U CO Cneumanvsaumen MelLwmxca npo-
rPaMMHbIX KOMMIeKCcoB. Hanpumep, cnctema MatlLab rmeeT Henpriemnemo HU3KY CKOPOCTb
paboTbl Aaxke C He6oNbWMK 06beMaMM JaHHbIX (B HECKONBbKO TbiCAY 3anucen), cucrema
RapidMiner He nmeeT BO3MOXHOCTW OpraHn3aLmm LMKINYECKNX pacyeToB, BCe CUCTEMbI He
MMEIOT BO3MOXKHOCTEW [/11 FeHEPUPOBaHA HOBbIX AHHbIX HA OCHOBE PEe3yNbTAaTOB MPOrHO-
31POBaHA NOC/e NCcYeprnaHna UCXOAHbIX CTAaTUCTUYECKUX AaHHbIX U T.4.

Mpwn 6onbwom KonunyecTse paspaboTaHHoro N0, ero paspaboTunkamm n noTpebuTenamm
ABNATCA B 6onbluMHCTBE KomnaHun B CLUA, TepMmaHum 1 gpyrue cTpaHax C BbICOKO3hheK-
TUBHbIMYM MPON3BOACTBAMU N PA3BUTLIMM PbIHKAMM.

BbicoKas LieHa 1 6051bLIoe KOMUYECTBO NPEAJSIOKEHNIA BMECTE C OTCYTCTBYIOLUM, HA AaH-
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HbIA MOMEHT, PeLLeHNeM yumTbiBatoLeM cneundrKy MHHOBALMIOHHbIX MPOEKTOB FOBOPUT O He
3aHATOM PbIHKE 1 NOATBEPXKAAET BOCTPEOOBAHHOCTb CNELMANN3MPOBAHHbIX BbIUMCIUTENbHBIX
KOMIM/IEKCOB, MO3BONAIOLLMX aHANN3MPOBATb CTaTUCTUYECKNE AaHHbIE Y NPON3BOANTb KOHLIeMN-
TyanbHoe 6r3HeCc-MoenvpoBaHue.

YcTpaHeHue BbIABIEHHbIX MPO6IEM CYLLECTBYOLLMX MPOFPaMMHbIX PELLEHWNI MOXET ObITb
yCTpaHeHOo NyTeMm CO3AaHUA Cneumnan3npoBaHHOIO BbIYNCINTENIbHOrO KOMMJeKca C OTKPbI-
TOW apXMTEKTYpPOI Ha 6a3e A3bIKOB, CTaBLWMX Ae-PpaKkTo CTaHJapTaMu B JaHHOM obnactu (R m
Modelica).

Llenecoobpa3Ho BeCcTn peyub O paclIMPAEMON CUCTEME, MO3BOMAIOLLEN peluaTbh 3ajaun
yrnpaBfieHNA NHHOBALMOHHbIMM NPoeKTamMun Ha 6ase, pacluMpAemMon apXUTEKTYpbl KOoTopas
MOXET ObITb KOMMEPLMANM3NPOBAHA KaK NPOrpamMMHOE peLleHne, Tak U MHCTPYMEHT s
OKa3aHWA KOHCaNTUHroBbix ycnyr. C yueTom paccmaTprBaeMbiX Npu ynpasieHn UHHOBaLU-
OHHbIMU MPOEKTaMM B NPON3BOACTBEHHO-IKOHOMMYECKMX CUCTEMAX 3afay, Takasa cUcTeMa
MOET METb CTPYKTYPY, NPeACTaBIEHHYIO Ha puC. 3.

PaboTa c MogenAamm B TakoW CUCTEME COCTOUT U3 HECKOJTbKMX LLAroB.

Bo nepBbix HEOOXOAUMO UTEHME AaHHBIX U UX NoAroToBKa (6noku 1 n 2 Ha puc. 3) ana
bopMMpPOBaHMA NOTOKA CMHXPOHU3NPOBAHHOMO AaHHbIX. Hanpumep, B ciiyyae ecniv pasHble
nepemMeHHble MMEIT CTaTUCTUYECKNIA HAbOP 3HaUEeHNI C pa3HbIMY MHTepBanamMu, ToO Heo6xo-
AVMO VN NPOPEXIMBaTb OAMH HAOOP AaHHbIX UV AOMONHATL Apyro. MNpw Hanuumnn npobenos
AAHHbIX U NPOAOMKEHNM PACcYETOB Ha MHTepPBarbl, ANA KOTOPbIX HET CTaTUCTUKK cnegyeT
NX QOMOMHATb AAHHBIMU MOSYYEHHbIMW B pe3ysibTaTe KCTPanoNALUN UAN AaHHbIMU MONy-
YyaemblMK B pe3ynbTaTe NPOrHO30B.

Tabnuua 3.
CpaBHeHWe pacnpoCcTpaHEHHOCTU NPOrPaMMHOro obecneyeHms NPUro4HOro A4 aHANN3a
NPOLECccoB BHEAPEHUSA MHHOBALMOHHDBIX NMPOEKTOB.

Boctpe6oBaHHOCTb
WN3BecTHOCTD
(konuuecTso
CrpaHa (konuuecteo . Tun nporpaMmmMHOro
Jnuensmna M NPeANoXeHNH
pa3paboTumk cTateit B WoS obecneueHus
paboThbiNO faHHbIM
/ SCOPUS)
www.monster.de)
Stata (StataCorp - http://www.stata.com/) CWA Kommepyeckoe MO | 5 881/3 878 5
SAS (SAS Institute Inc. — http://www.sas.com/) CWA Kommepueckoe MO 11()251 121450/ 153
SPSS Statistics 1 Modeler (IBM CWA - Kommepueckoe MO 51257/ 2 Hesasucumoe MO ¢
Inc. - www.ibm.conm/software/analytics/spss/) lepmanua P 30 380 nogaepxKoR.
RapidMiner (RapidMiner GmbH - http://rapidminer.org/) lepmanua Open Source GNU 52/95 6 Ha 6azeR
SciLab (SciLab Enterprises S.A.S. - http://www.scilab.org/) Opanumna Open Source GNU 265 / 403 5
MatLab (The MathWorks Inc. - http://www.mathworks.com) CUIA Kammepueckoe M0 48 124360/ 82 482
e - R
Statistica (DELL Inc. - http://www statsoft.com/) CUIA Kommepueckoe MO | 1 838 /2 483 1 He3aBVICVIMDEl-|O c
noagepKKonR
WEKA (The University
Waikato - http://www.cs.waikato.ac.nz/~ml/weka/) Hosan 3enanpwa | Open Source GNU 70071161 4 Ha 6aseR
Pentaho Business Analytics (Pentaho Corporation (Hitachi
Group Company) - http://www.pentaho.com/) CLA Shareware 15/22 21
— 5 T o
R (The R Foundation - http://www.r-project.org/) CoobLyectso Open Source GNU 35972/ 200 (oueHourd
pazpaboTumkos 55122
NCSS (NCSS Statistical Software - http://www.ncss.com/) CLIA KommepyeckoellO 1196/1701 -
MiniTab (Minitab Inc. - ) CLIA Kommepueckoe MO 707 /1039 3
EViews (IHS Global Inc. - http://www.eviews.com/) CLIA Kommepyeckoe MO 154/210 -
KNIME (KNIME.com AG - https://www.knime.org) . . , WHTerpauusa ¢ Python, R,
Weeliuapua Open Source GNU 72/93 2 SQL, Java, JSON, XML
VisSim (Altair Engineering - http://www.vissim.com) CLWIA Kommepueckoe MO 670/1 140
Maple (Waterloo Maple Inc. - hitp://www.maplesoft.com/) KaHaga Kommepueckoe MO | 9447/ 11 447
Mathematica (Wolfram
Research - http://www.wolfram.com/mathematica/) CliA Kommepueckoe MO 1297175 4
Lingo (LINDO SYSTEMS - http://www.lindo.com/) CIIA Shareware 846 /1290
AnyLogic (AnyLogic Company - http://www.anylogic.com/) Poccus Kommepyeckoe MO 113 /196
Modelica (Modelica Association - https://www.modelica.org/) Coobujectso 56171042 5
paspaborunkos
AMPL (AMPL Optimization Inc. - http://ampl.com/) CIIA Kommepueckoe MO 188 /312 2
Simul8 (SIMULS Corporation - http://www.simul8.com) CWA Kommepyeckoe MO 43/62 -
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Puc. 3. (TpyKTypa MHGOPMALMOHHON CMCTeMbl ANA NOAAEPKKN NPUHATUA YNIpaBNeHYeCKNX peLLeHuil NPy aHanu3e HHOBa-
LIMOHHbIX NPOEKTOB, peanu3yemblx B IPON3BOACTBEHHO-IKOHOMUYECKIX CUCTEMAX.
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OCHOBHbIM 3Tanom peanu3aunm CUCTeMbl ABNAETCA 3Tan paboTbl ¢ mogenbio (610K 3 Ha
puc. 3). OTOT 610K NoNyyaeT NOTOK AaHHbIX, MPON3BOAUT ero 06paboTKy 1 BblAAET HEKOTOPbIE
pe3ynbTathl, C KOTopbiMK OyaeT paboTaTb 3kcnepT. na 3Toro He0o6xoAMMO 1CNoNb30BaThb
Habop MeTOAO0B A/1A OLEHKMN PA3INYHbIX XapaKTePUCTUK U3yYaeMol NPON3BOACTBEHHO-3KO-
HOMMYECKOWN CUCTEMbI 1 MOAXO0A, MO3BONAOLWNIA UX 06beHNTb B 06LLYyI0 MOZENb.

OThenbHble METOADI y>Ke U3BECTHBI U MOTYT ObITb MCMOMIb30BaHbI NPW peann3aLmn CUCTEMbI.
B yacTHOCTV N3BECTHBIM ABNAETCA METOA MaTEMATMYECKOW perpeccum n pag 4pyrux MeToaos
3KCTPanonAUMN GYHKLUIA, CyLEeCTBYET HECKONIbKO NoaxofoB ana ¢dopmanvsaumm MHHOBa-
LIMOHHBIX KpUBbIX [6] 1 S-06pa3Hbix KpurBbIX [2], MeTog MoHTe-Kapno ana mogenmpoBaHua
CJlyYaliHbIX BO3AENCTBUIA, METOAbI PELUEHNA ONTUMM3ALNOHHDBIX 3aad, afirOPUTMbl CEMECTBA
SlopeOne, cnocobbl oLeHKN prckoB [1], nogxoabl Ha OCHOBE NPOM3BOACTBEHHbIX GYHKLMI [3].

Mcnonb3oBaHme pasfnyHbIX METOAOB 1 MNOAXOAOB B PaMKax e€AVHON MoAen MOXeT
OCYLLECTBAATLCA HECKONIbKUMU Cocobamu: NociefoBaTeNIbHbIM BbIYNCIEHEM, MTOCTIONHBIM
BbIUMC/IEHMEM, NapaniefibHbIM PAaCYETOM.

Mpw ncnonb3oBaHMM NOCNIEA0BATENBHOIO BbIYNCIEHMA KaXKAasa MOAENDb NOJTyYaeT HOMep
B COOTBETCTBUU C MOPAAKOM pacyeTa 1 UCNosb3ys TEKYLLNE 3HAUYEHNA BXOAHbIX JaHHbIX B CO-
OTBETCTBUM C 3aJIOXKEHHBIM B HEE anropUTMOM MOJTyYaeT BbIXOAHbIE 3HAUYEHNA U T.4. MOKa He
6ynyT npor3BefeHbl pacyeTbl CO BCEMU NIEMEHTAMU MOAENN.

Cnegyowmm cnocobom BblUUCIEHNA MOAENN ABNAETCA NOCNONHOE BblUMCIIEHNE, KOTO-
poe Hanbosee YacTo NCNOb3yeTCs NpuY PaboTe C HEMPOHHBIMU CETAMM. DTO BO3MOXKHO eC/N
351IeMeHTbI MOAENIM MOXKHO Pa3buTb Ha «Cou» - 6110KKM paboTa KOTOPbIX He 3aBUCUT OT AaHHbIX
nonyyaembix B 6510Kax, HAXOAALLMXCA Ha B TOM e crioe. Taknum 06pa3om pacyeT oCyLecTBA-
eTCA NocnefoBaTeNbHO rpynnamm 610KOB, UTO MO3BOMAET HA BbIYMCIIUTENIbHBIX KOMMEKCax
C HECKOMNbKMMM AfPaMUN YBEANUYNTb NPON3BOANUTENBHOCTb BbIUNCIIEHWIA.

Mcnonb3oBaHne napannenbHbiX pacyeToB BO3MOXKHO B Clyyae ecnv JonycTumo nc-
MONb30BaHME TEKYLLUMX BXOAHbIX AaHHbIX 415 MONYyYEeHNA pe3ynbTaToB Ha Kaxaom 6noke. Ha
NpakTYKe 3TO NPUBOAUT K TOMY, YTO pacnpOCTPaHEHNE JaHHbIX U NOfyYeHne JOCTOBEPHbIX
pe3ynbTaToB OT BXOAA K BbIXOAY MPOMCXOAUT C 3ana3fblBaHMEM, 3aBUCALLMM OT KONIMYeCTBa
nocneaoBaTesibHO-BKIHOUEHHbIX 6/10KOB MOAENN OT €€ BXoa [0 Bbixoaa. OfHaKo Takow noj-
xop 6e3 orpaHMYeHnin No3BoNAET pacnapannenTb BblUNCUTENbHBIN NPOLECC U NOAHATb
CKOPOCTb BbluncneHuin. OcyLuecTBneHre NapanienbHOro pacyeTa B OTIUmne OT NpeabiayLLmX
TpebyeT NCNoNb30BaHME MaTeMATMYECKOro annapaTa Ha 6a3e Teopun maTpuL:

[p] = —( [AIIMI[A]T) " [AlIMILE],

rae [@] — maTpuua 3HaYEHMI BENNYMH Ha Bbixoge 6nokoB moaenu, [A] - maTpuua MHUMAEHT-
HOCTM MOKa3blBaloLlasa B3aUMOCBA3N MeXAY dnemMeHTamu mogenu, [M] — maTtpurua 3HaueHun
MOKa3blBaloLMX BO CKOJbKO pa3 byaeT CKoppeKTMpOBaHa BefiMyHa BXOAHbIX 3HAYEHWI ane-
MeHTa mogenw, [E] - maTprua ONOAHUTENbHbIX BO3AENCTBUIN U OTKIOHEHNI (MOZENNPYIOLLNX
CnyyarnHble BANAHNA BHELLHEN cpefpbl).

BakHOM 0COOEHHOCTBIO UMUTALMOHHOIO MOAENMPOBAHMUA NPY HANMUYUW CITYYalHbIX UK
nceBAOCNYYaNHbIX BO34ENCTBMI HAa CUCTEMY ABNAETCA BO3MOXKHOCTb MHOFOKPATHOrO pacyeTa
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1 NoNyYeHne Taknum obpas3omM CTaTUCTUYECKON MHPOPMALUN O BO3MOXKHbIX AMana3oHax oT-
KJIOHEHWA MNOMyYaeMbIX pPeLleHUn 1 BEPOATHOCTHbIX OLIEHOK TEX UM NHbIX MCXOZO0B. [pun 3Tom
NPY NAaHNPOBAHMM PACUYETOB Ha OTAANIEHHYIO NEPCMNEKTUBY 3Has B KAKME MOMEHTbI BPEMEHU
Kakasa cTaTuctmyeckasa nHdopmMauma nonyyanacb MOXHO NoslyyaTb peLleHna C NPUBA3KON KO
BpemMeHM B 6yayLLeM 1 OLLeHVBaTb BO3MOXXHOCTb MONTyYEHUA STUX PE3yNbTaTOB TOYHO B CPOK,
C OnepexeHrem unn 3anosgaHnem.

Bnoku 4 n 5 Ha purc. 3 cny»aT Ansa HaKoMeHUs, OTOOPaXKeHMA U COXPaHEHUA HAaKanInBa-
€MbIX JaHHbIX NONyYaeMbIX B pe3ynbTaTe NPOBOANMbIX PacYeToB.

3aknouyeHve

B pe3ynbTraTte paccMOTpeHsi BO3HMKAIOLMX 33fa4 Y PaCCMOTPEHNA CYLLECTBYIOLLMX peLue-
HWI Ha PbIHKE MHPOPMALIMOHHDBIX CCTEM MOXKHO CAeMaTb BbIBOA O NOTPEOHOCTU B CYLLECTBO-
BaHVM CNeuvann3npoBaHHOIO peLleHNs, NO3BOMSIOWErO MPOBOAUTL aHANN3 MPUHMMAEMbIX
yNpaBleHYeCKrX peLleHnii AN NoBblWeHNA X 06beKTUBHOCTU. CTPYKTYPHO Takas cMcTeMa
MOXET ObITb peanr3oBaHa Tak Kak NpriBefieHo B CTaTbe. BO3HMKaeT oTaenbHas 3afaya onpe-
AeNeHNs MHUMAJIbHOTrO Habopa GpYHKLMOHANbHbIX N1IEMEHTOB, KOTOPbIe MO3BOJIAT PeLlaTh
0603HaueHHbIe 3a4a4 1 BOMPOCbI, CBSA3aHHbIE C PabOTON C AaHHbIMY 6OJbLLION Pa3MepPHOCTM
AJ151 MOBbILLEHUS TOYHOCTU NMOJTyYaeMbIX OLIEHOK.

Cmames no02zomoassieHa 8 pamkax peaausayuu npoekma «Paspabomka npozpamm-
Ho20 obecneyeHUA U 3SKOHOMUKO-Mamemamu4eckux mooesiell 0711 Nno00ep)KuU npo-
yeccos ynpassieHUs UHHOBAYUOHHbIMU NPOeKMAamu 8 Npou3800CMeEeHHbIX cucmemMax»
peanu3syemoz0 co2/1aCHO hocmaHoseieHuto npasumenscmea lepmckozo kpasa N°166-n
om 06.04.2011.
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