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IMOBIPHICHA MOJEJIb JISA ITPOI'HO3YBAHHSA PO3BUTKY
PO3NNOJAUVIEHUX CUCTEM

BEPOATHOCHASA MOJEJIb JIA TIPOI'HO3UPOBAHUSA PABBUTUA
PACHPEJEJEHHBIX CUCTEM

PROBABILISTIC MODEL FOR THE FORECAST OF DISTRIBUTED
SYSTEMS DEVELOPMENT

Posrnspaetbcsi 3agada robynoBu iMOBIPDHICHOI Moaesi Ans MporHo3yBaHHS PO3BUTKY PO3M0Li-
JIEHUX BUPOBHNYMX CUCTEM, €JIEMEHTU SIKMX PO3IOAINSIIOTE PECYPCU MiX BUPOOBHULTBAMU AEKINIbKOX
BuAiB «NpoAykTiB». 3aAaya Mae€ LMpPOoKe KOJI0 IHTeprnpeTauiri i 3acTocyBaHb — Bif a/iropuTMiB
onTumisadii iHpopMaLiiHux Mepex A0 MPOrHO3yBaHHS PO3BUTKY TEXHIKO-EKOHOMIYHUX CUCTEM.
Po3pobsieHo y3arasibHeHy MOAEJ/Ib HEBU3HAYEHOCTEN, BUKOHAHO AOCJIOXEHHS] BI/IMBY HEBU3HA4e-
HOCTel Ha BJ1aCTUBOCTI PO3MoAiIeHOI cuctemu.

Paccmampueaemcsi 3adavya nocmpoeHusi 8eposiMHOCMHOU Modesnu Orisi MPOo2HO3UPO8aHUsI Passumusi
pacripedesieHHbIX MPou3800CMBEHHbIX CUCMEM, 35IeMEHMbI KOMOPbIX pacrpederistom pecypcbl MexOy npo-
u3godcmeamu HeCKOsbKux eudos «rnpodykmoe». 3adada umeem WUPOKUU Kpye uHmeprnpemayul u
npuUMeHeHUl — om afl20pummMoe onmumu3auuu UHEOPMaUUOHHbIX cemeli 00 MPO2HO3UPO8aHUs pa3eumusi
MEeXHUKO-3KOHOMUYECKUX cucmemM. PaspabomaHa o606buweHHasi MoOesib HeornpedeneHHOCMU, B8biNo/IHEHO
uccnedosaHue eusiHUSI HeoripedesieHHOCMU Ha ceolicmea pacrnpedesieHHOU cucmemsl.

Probabilistic model for the forecast of distributed systems development. The paper considers the
problem regarding optimal distribution of "production” of several kinds of "products” between «produc-
tion elements» of distributed system in case of uncertainty.

The problem has a wide range of interpretations and applications- from optimization algorithms and
information networks to industrial systems. Generalized model of uncertainty has been elaborated, re-
search regarding the influence of uncertainty on properties of distributed system has been carried out.

Beryn

BinHocHO HemaBHO mporpamu JUisi KOMIT I0TepiB Oyiu BU3HAHI BUAOM MPOMHCIOBOI mpoxykuii. Cro-
roJHI Bce Olnblie opraHizamiid BUITyCKarOTh HE3BHYHY MPOAYKLII0 — «3HaHHI». OIHUM 13 Halmomupe-
HIITAX BHIIB TaKOi MPOAYKIIl € MaTeMaTHIHI MOJECII JJIS TIPOTHO3YBaHHS, IIAaHYBaHHS 1 YIPaBIIiHHS.
Cepen uux Mojeneil HallakTyaabHIII MOAETI PO3MOIiIEHHIX, JeEHTPAII30BaHUX CUCTEM.

CyuacHi o0uHcIoBaNbHI, iH(QOpMaLiliHi Ta BUPOOHMYI CUCTEMH € PO3MOIIIEHUMH, ACLEHTPai30Ba-
HUMH 1 CYTTEBO HecTal[iOHapHUMH. {7151 BUPOOHMYMX CHCTEM, B3araji, i, 0COOJIMBO, Cy4aCHHX CHUCTEM
XapakTepHUMU € PEeXKUMH HaBYaHHA B mpoleci po3poOku 1 BupoOHMUTBA. EQeKkTHBHICTH cucTeMH 3
ypaxyBaHHSIM LIOTO MOXe 301IbLIYBAaTHCh B COTHI 1 THCSUi pa3iB. THIOBI NPUKIAAN — MIKPOIPOLIECOPH,
MOOUITBHI TenedoHu, porpamMue 3abesnedeHHs. ToMy aKTyalbHUMH € MOJIEN PO3BHTKY PO3MOAIICHUX
cucteM. /g cydacHUX pO3MOIUIEHUX CHCTEM THUIIOBUMH € 3a7adi ONTHMAIBHOTO YIPaBIiHHSI 3 ypaxy-
BaHHSIM BUIIaJIKOBHUX 30ypeHb 1 HEBU3HAYCHOCTEH.

BcTynneHue

OTHOCMTENBHO HEepaBHO nporpamMmmbl AnNa KOMNbHOTEPOB Obinn Npu3HaHbl BUOOM ﬂpOMbILIJJ'IeHHOIZ
npoaykumn. CerogHsi Bce Gonblue opraHM3au.m71 BbIMNyCKalOT HeNnpuBbIYHYO NPOAYKUUNIO — «3HAHUA».

© C. II. banvopa, boposcska T. M. , 2006
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OpHuM 13 Gonee pacnpocTpaHeHHbIX BUOOB TaKoW NpoayKUMM SBRAOTCA MaTeMaTuyeckme Modeny ans
NPOrHO3MpOBaHUs, NNaHMpoBaHus 1 ynpaeneHus. Cpeam aTux mModenel Hambonee akTyanbHbl MOAENM
pacnpefeneHHbIX, AeLeHTpanM3oBaHHbIX CUCTEM.

CoBpeMeHHbIe BbIMUCIIUTENbHBIE, WUH(POPMALMOHHBIE U MPOWU3BOACTBEHHBLIE CUCTEMbI SIBMAITCS
pacnpeaeneHHbIMU, AeLeHTPan“3oBaHHbIMU U CYLLIECTBEHHO HecTaLMoHapHbIMK. [N NpoM3BOACTBEH-
HbIX cucTeM, Booblle, U, B 0COBEHHOCTU, COBPEMEHHbIX CUCTEM XapaKTepHbIMU SBMATCA PeXMMbI
obyyeHunss B npoliecce pa3paboTku 1 npoussoacTea. dPPEKTUBHOCTL CUCTEMBI MPU 3TOM MOXET yBe-
NMYNBATLCS B COTHM U ThiCAYM pas. TUNMYHbIE NPUMEPbLl — MUKPOMPOLIECCOPbI, MOGUIbHBIE TeNedoHbI,
nporpammHoe obecrniedyeHve. MoaToOMy akTyanbHbIMU SBMAOTCA MOAENU PasBUTUA pacrnpeaeneHHbIX
cuctem. [nsi COBPEMEHHBIX pacnpedeneHHbIX CUCTEM TUMWYHBIMK SABMSAIOTCA 3a4adyn OnTUMaribHOro
ynpaBneHus ¢ y4eTOM CriydaiiHbIX BO3MYLLEHWUI 1 HeonpeaeneHHOCTeN.

Introduction

Quite recently software has been recognized as a sort of industrial production. Mathematical
models intended for the forecasting, planning and management are most widely spread examples
of such production. Models of distributed, decentralised systems are considered to be the most
actual ones.

Modern computing, information and industrial systems are distributed, decentralised and, what
is more important, non-stationary. For industrial systems, in general, and, especially, for modern
systems modes of tutoring during development and manufacturing are typical. The system effi-
ciency in this case, increases hundreds and thousands times. Typical examples are — micro-
processors, mobile telephones, software. Therefore models of distributed systems development
are of paramount importance. For modern distributed systems problems of optimum control taking
into account random disturbances and indeterminacy are very typical.

OcHOBHA YacTHHA

Meta naHoi cTaTTi — po3poOKa MOAYIBHOI CUCTEMH IMOBIPHICHUX MOJIENEH, 1110 MPUAATHA SK IS
JOCIIKEHHS 1 ONTUMI3allil aJropUTMIB YIpaBIiHHS iHPOPMALIHHO-00YUCITIOBAIbBHUMH MEPEKAMH, TaK i
JUTSL TIPOTHO3YBaHHSI PO3BUTKY PO3MOJIICHUX TEXHIYHUX CHCTEM. MOMYJBHICTh O3HA4Ya€ MOXJIHMBICTh
CKJIQIaTH MOJIENb 3 (PYHKIIOHAIEHUX €JIEMEHTIB, a ()YHKI[IOHATbHUN E€JIEMEHT, HAIPHUKIAJ], aJlTOPUTM
MPUHHATTS pillleHb, BUOMpaTH 3 HAOOpPY adbTEPHATUBHHX CyOMOIymiB. IMOBIpHICHA MaTeMaTHYHA
MOJIEJTh PO3MOJIIIEHOT CHCTEMH MOXe OyTH TOJOBHUM €IIEMEHTOM QIalTUBHOI BiZIMOBOCTIMKOI CUCTEMHU
VIpaBIiHHA, 3aCO00M MPOEKTYBaHHS PO3MOIICHUX CHCTEM, HAMPHUKIAN, OOYHCIIOBAIBHUX MEPEK,
3ac000M MPOTHO3YBAHHS PO3BUTKY PO3MOAUICHUX TEXHIYHUX CUCTEM.

ITocTanoBka npodaeMu

Posrnsnaerbest cucrema 3 N OOUMCITIOBAJIBHUX €IEMEHTIB, 110 00POOJIAIOTh MOTIK AaHUX, AKUH CK1a-
naerses 3 3a71ad M BuaiB. EneMeHTH MaroTh pi3HI XapaKTEpPUCTHKH BUKOHAHHS 3ajad Pi3HUX BHIIB.
[IpupomHO PO3MONITUTH HABaHTAXKCHHS MK €JIeMEHTaMH Tak, mo0 cymMapHa NMPOAYKTUBHICTh CHCTEMHU
Oyj1a MaKCMMAJIbHOIO, TIPUPOJIHO TAKOX PO3MOALIUTH IHTCHCUBHOCTI BUKOHAHHS 3a/lad Pi3HUX BHIIB B
KOXKHOMY €JIEMEHTI Tak, 00 CyMapHa MPOAYKTUBHICTh €JeMEeHTa OyJjia MaKCHUMAIbHOI. XapaKTePUCTH-
KM BUKOHAHHS 33J1a4 1 3B’S3KM MiX €JIEMCHTaMH CHCTEMH € HETOBHICTIO BU3HAYCHUMHU, IMOBIPHICHUMU.
B yMoBax, KOJM HOCTIHHO 3’SIBJISIOTBCS HOBI KJIACH PO3MOAUICHUX CHUCTEM, a HasBHI CUCTEMH MIBHUIKO
€BOJIIOIIIOHYIOTh MOTPIOHA HE MPOCTO MaTeMaTUYHA MOJIC/b, & KOMIUIEKC: poOoya MOJAEIb 3 BIIKPHUTOHO
MOJIYJIEHOIO CTPYKTYPOIO 1 pallioHaIbHi TEXHOJOT1] po3IupeHHs i Moaudikaii Moeni.

Poboua Momens — 1€ TpHEIUWHE: MaTeMaTHYHA MOJEJb, MPOrpaMa MOJEIIOBAHHS 1 TEXHOJIOTis
po3poOku i Mmoaudikarii moaemi. Lle Te, mo gaBHO GaKTUYHO iICHYE, ajie He BIUCYEThCS B CTAHIAPTH 1
KiacuikaIii — «MOJEITIOBAHHS», «IIPOTPAMYBaHHS, «iHPOPMAIiiHI TEXHOJIOTIi».

AHaJi3 OCTaHHIX JoCTaiTxKeHb | myOaikanii

CporosiHi 0JHO4YACHO 301NIBIIYETHCS MOMMUT Ha 3aCOOM MPOTHO3YBaHHS PO3BUTKY CKIIAJHUX MEpexke-
BUX 1H(QOPMAIIHO-O0YHCITIOBAIEHUX CHUCTEM 1 MOXIMBOCTI IIBHAKOI PO3pOOKHM Mojeieil — 3aco0iB
NPOTHO3YBaHHS 1 onTuMizanii. XapakTepHuil MPHUKIAA: B LIEHTP1 YeproBoi Bepcii mporpamMHoro 3adesmne-
yeHHs Bif Koproparii Oracle € mporpamHa cucTema HIjisi OIEPATHBHOI PO3pOOKH Mozeneil Oi3Hec-
nporeciB. B yMoBax BHCOKOi aKTyaJIbHOCTI Ul MPAKTHKH MEBHOTO TEOPETHYHOTO HATPSIMKY, HayKOBI
nyOutikarii 3 AiCHO HOBUMH pe3yJbTaTaMH 3HUKAIOTh 3 CTOPIHOK yaconuciB 1 MoHorpadiil. Taki sBuma
criocTepiranucs i pasime — iHAWKATOPOM BaXUTUBOCTI MEBHOTO HANPSMKY OyJI0 3MEHIICHHS BaroMHX
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myOJTiKarii 3 TeMu.

Cepen cydacHuX IyOmiKamii Ciifi BUAUIATH CTATTIO [8], 1€ PO3TISHYTO MIHCHY MpoOiieMy — IPOTHO-
3yBaHHS PO3BUTKY CYYaCHHX TEXHIYHUX CHCTEM B YMOBAaX CYTTEBO IHHOBALIHHOTO XapakTepy iX (pyHKmi-
OHYBaHHSI Ta IMAXOMH J0 BUPIMICHHS TIpoOiemu. KOHCTPYKTUBHHX aHAJIOTIB 1 IPOTOTHITIB /ISl BUPIIIICH-
HS MPOOJIEeMH — PO3POOKH MOJENCH Ta TEXHOJOTIH POOOTH 3 MOICISMH PO3MOAIICHUX CUCTEM — HE
3HAWJEHO.

BinzHaunmo e oJjHy 0coOIHBicTh iHGOPMAIIIHHUX TPOIIECIB B YMOBaX BUHUKHEHHS HOBHUX aKTyallb-
HUX TPaKTHYHHUX 33]1a4 i HOBUX 32c00iB, B JAHOMY BUTJIKy MPOTPAMHUX MPOAYKTIB Ta iH(hopMariiHuX
TEXHOJIOT1H. B Takux ymMoBax HoIMpeHi i HanpaboBaHi MOJIEIi Ta METOAN BUSBIIAIOTHCS HENPUAATHUMHU
JUTsl HOBMX 3a7ad. Ha 3aMiHy M NpUXOAATh MOJEN W METOAM, IO BHIEPEIKYBaIM CBIM yac — Oyiu
HEaKTyaJbHUMH 1 HepeanizoBaHuMmH. Jlo Takux cmin BimHectd pobotu P. beamana [1—3], pobotu 3
CHCTEMHOTo miaxoxy no MmopaemoBaHHs [4, 7], 1 ¢yHmameHTanpHi poOOTHM 3 aHaNi3y PO3MOIIICHHX
AaKTUBHUX cUCTEeM [5, 6]. KOHCTpYKTHBHUX aHAJIOTIB, JIe MOJAHO MOJICII, 110 MPAIfOI0Th, Ta PE3yJIbTaTH
MOJICIIIOBAaHHS, HE 3HaiijeHo. HailiOnmkuo 3a TemMaTukow € pobora [9], sika, mpore, 06a3yeThcs Ha
MoJeJsX JiHiliHOTO mporpamyBaHHs. L[i Mojeni € He TiMbKM HEaJAeKBaTHHMH, aje i BUTPATHUMH 3a
00YHCITIOBAIEHUMHE PECYPCAMHU.

ITocTaHoBKa 3agaui

Posrnsmaemo cucreMu, eneMEHTH SKUX MAalOTh BIacHi (JIOKaIbHi) IiTi, KpUTEpPii, OOMIHIOIOTHCS TIEeB-
HUMHU TIPOAYKTaMH, MalTh II€BHI, BJIacHi, pecypcd. EmeMeHTH po3moauIsioTh BIACHI pecypcH Mix
HaNpsMKaMH CBO€ET TIsIbHOCTI, Tak 100 ONTUMI3yBaTH CBiil KpuTepiid. ChOroIHI MOMUPEHUM € MiIXiJ] 10
PO3pOOKH CKIIaTHUX CUCTEM YTPABIIHHA W IPUUHATTS pillleHb Ha 0a3l aHaoril — «IITYYHUX HEUPOHHUX
Mepex». [ cydacHWX MepekeBHUX CHCTEM iCHYE TPOAYKTHBHIIA aHAIOTis — «IITYYHI COIialibHI
Mepexi». ['olloBHAa BiAMIHHICTh IBOTO HANPSMKY B TOMY, IO «IHTEJEKT» €IEMEHTa CHUCTEMH HE €
MEHILIUM HiX IHTEJICKT CUCTEMH.

Ilix vac moOynoBy iHGOPMAITIITHO-00UHCITIOBATFHIX MEPEX MOXKHA OyTyBaTH e(peKTUBHI allTOPUTMHU
004YHCIIeHb, BUKOHAHHS MEBHHUX CKIAIHUX 3a/1a4, MMEBHUM YHHOM PO3MOAUIMBINY 3aralibHy 3a1ady
CHUCTEeMH MDX €JIeMEHTaMH 1 3pOOWBIIN II€ PO3MOILIEHHS AeneHTpaiizoBanuM. [IpupomHo mpumnmcatu
eJIeMeHTaM IIiJIi, HaMipH 1 HaBiTh «PIIIy4icTh 4 00epex HIiCTb». IIpupoaHO BBECTH ANs y3aralbHEHHUX
pecypciB 1 MPOAYKTIB «IIHW» 1 «IOMUTY», Ta HABITh MOHATTA «PUHOK». DaKTHYHO 1Ie TTapameTpu o0uuc-
JIOBJIBHUX aITOPUTMIB. 3BHYAWHO «I[IHW» B TAaKUX 3aJadax — 1€ MHOXHUKH Jlarpamxka. Jlocuts 4acto
CydJacHI CHCTeMH HE MaloTh MPOTOTHUIIIB, HE MAIOTh CTATHCTUKH, TOMY BHOHWpPAEMO MiaXin Ha 0Oasi
KOHCTPYIOBAaHHSI MaTeMaTHYHHUX Mojenedl ad hoc — s KOHKpETHUX akTyaJlbHHX 3a/a4, sIK MIPaBUIIO
HOBUX, TaKHX, 10 HE MAIOTh MPSIMUX TIPOTOTHIIIB.

B wmi#i ctarTti mogana po3poOka i IOCIiIKeHHST MOZeNi 3 ypaxXyBaHHAM HEBU3HAYEHOCTI B MPHHHATTI
pillleHb eNeMEeHTaMHU, KOJHM PECypC HOIMTHCS TEX B 3aJeKHOCTI Bif OUiKyBaHOI €()EKTHBHOCTI, ane
IMOBipHICHO. SIK 116 MOKHA TPAKTyBaTH 1 HABIIIO I1€ BBOAUTH?

1. OmuH 13 MeTomiB «OOpPOTHOM» 3 HEBH3HAYCHICTIO 30BHINTHHOTO OTOYCHHS — BBEACHHSA BHITAI-
KOBOCTI pinreHb. Taka kepoBaHa HEBH3HAYECHICTh pillleHb — OCHOBA allTOPUTMIB BUIAIKOBOTO IOIIYKY,
TaK ke K KEPOBaHa HEUITKICTh — OCHOBA aJITOPUTMIB ONITHMI3allii Ha 0a3i HEUITKOT JIOTIKH.

2. B yMmoBax BeqnKoi HEBU3HAYEHOCTI 1 JUHAMIYHOCTI POLIECIB PO3BUTKY TEXHIYHUX CHCTEM «OCTaH-
HE CIIOBO» 3AJIMIIAETHCS 3a JIOAUHOIO. [IpUponHO OLIHWTH BIUIMB BHUIAJKOBOCTI MPUHHATTS pillleHb
JIFOJTMHOIO Ha PO3BUTOK TEXHIYHUX CHCTEM.

IMoGynoBa iMmoBipHicHOI MOei po3moail/IeHOl cCcTEMH

CraBUMO 32 MeTy 3pOOHMTH MOAYJbHY MOJIENb, (PYHKIIOHAIBHI MOIYJi SIKOT BiATBOPIOIOTH BiIHOBiAHI
«MEXaHI3MI» — 3aKOHH XiMii, TEpMOJUHAMIKH, TICHXOJIOTii, Ta MAafOTh MIHIMyM TTapaMeTpiB HACTPOIOBAHHS
Ta igerTrdikamii. Buxommmo 3 IpuHITUITY afeKBaTHOCTI TOYHOCTI MOJIENI 1 JaHWX, Ha OCHOBI SKUX MTOOYI0-
BaHa MoAeNb (GYHKIIOHYBaHHS pO3MOAiTIeHo0I cucTteMu. Sk i OyIp-siKa iHIIa, 1151 MaTeMaTHYHa MOZAEIb MOXKe
MaTH pi3Hi IHTEpIpeETaIlii, B TOMY YHCII, 1 eKOHOMIUHY. BHKOpHCTaEMO 3araabHO3pO3yMITy TEPMIiHOJIOTIIO,
OJTHaK, OepeMo BiITIOBITHI TEPMIiHH B JIAIKH: II¢ TUTHKM HA3BH MAaTEMATHIHUX MOJICIICH.

Monenab «<BHPOOHUITBAY

3a 0CHOBY OepeMoO BiOMY JETEpMIHOBAaHY MOICIIb POCTY 3 OOMEKEHHM, ajie IapaMeTpH 1i BBaKAEMO
IMOBiIpHICHUMH.
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Jlorika mMomesi BUPOOHHUIITBA: 0OCSIT BUPOOHMIITBA 3POCTaB OM SKCIIOHEHITIHHO 3a YMOBH HEOOMEXe-
HOTO o0cATy pHHKY. PaHO umM mi3HO cymMapHe BHPOOHHIITBO yCiX €JIEMEHTIB 3allOBHUTH PHHOK. SKIO
CyMapHe BUPOOHHUITBO HEPEBHILYE OOCIT PHUHKY, TO BUPOOHUUI MOTYKHOCTI OyAyTh CKOPOUYBAaTHUCH, 1
JUISL IIBOTO TEX MOXYTh OyTH TOTpiOHI BuUTpatw. LI MipKyBaHHS MOXEMO BiZOOpa3sWUTH HETIHIHHUM
PI3HULICBUM POOOYHUM PIBHIHHIM

Ryn; - Sus;,
AX; ;= e}i[(Xt)IJ # ~Inv; ; | - krok; (1)
J

(Xtﬂ)z(Xt)jyj+AXj,j, i=1,...,N; j=1.. M,

ne AX; — TNOTOYHE NPHUPOLIEHHS BUITYCKY i-TUM BHPOOHHMKOM j-IrO IPOJYKTY (Tekyliee npupalleHue
BbiMycka i~-TbIM NMPOM3BOAMTESIEM j-TO MpoAyKTa; current increase of output by the i-th producer of j~th product),
ef; — koeoinieHT eeKTUBHOCTI (koadpdmumeHT addekTneHocTy; efficiency factor), X, _ MaTpuis cTaHy
CHCTEMH (MaTpuLa COCTOosiHUA cucTembl; matrix of the system state), (X;);; — elaeMeHT Marpuii cTaHy
(anemeHT MaTpuubl cocTosiHus; element of the matrix state) Ryn; — «puHOK» (pbIHOK; market), Sus;, —
IIOTOYHE CyMapHe BUPOOHMITBO (Tekyllee cymMMapHOe npon3BoAcTBoO; current total production), Inv;; —
TEMIT iHBECTHLIN j-TrO MPOAYKTY (TEMN MHBECTULWIA j-ro NpodykTa; investments rate of j-th product), krok —
KpOK MOJICITIOBaHHS (War moaenuposaHust; step of modeling).

Bynemo BBaxkatu nmapamerp momedi ef; (1) BUITagkoBOIO BEITMIMHOO 3 IEBHUM PO3IOILIOM IMOBIpHOC-
teil. Ilpunyckaemo, mo nedl po3moxin Moxe OyTH iAeHTH(IKOBaHUM B Mpoleci (YHKIIOHYyBaHHS
CHCTEMH 3 TOYHICTIO, IO JOCTATHS JJIA VIPABIIHHA. 3aUCYyeEMO BHpa3 IS YACTOTHOTO PO3MOILITY
3HAYCHHS MapaMeTpy e(HeKTUBHOCTI

dEf((efO(()(t)z,/) - X)9 Z, Vp)> (2)

ne ef0((X));;) — maremaTuyHe OuiKyBaHHA €(EKTMBHOCTI, BiJl pPiBHS BHUPOOHMITBA (MaTemaTuyeckoe
oxuaaHue adheKTMBHOCTU OT YPOBHS MPOM3BOACTBA; expectation of efficiency from level of production), y —
3MiHHaA PO3noALLY (NepemeHHas pacnpegenenus; distribution variable), ¢ — moTouHunii yac (Tekywee Bpems;
current time), ((X;);; — IOTOYHHUI piBeHb BUPOOHMITBA (TeKyuuit ypoBeHb Npou3BoAcTBa; current level of
production), Vp — BekTOp mapaMeTpiB po3noaiity (BeKTop napameTpoB pacnpeaerneHust; vector of distribution
parameters). BBaxxaeMo po3mojisi MiHIMaIbHO 33JI0BUIEHUM, TOOTO TaKHM, 1[0 Ma€ MAKCUMYM IMOBipHO-
CTi JUIA 3HaYEHHS = X . 3BHYAITHO anpiopHi PO3MIOAITN KOPEKTYIOTHCS 3a pe3yIbTaTaMH CIIOCTEPEKEHb
Ta eKCHepuMeHTIiB. BBememo Taki oOMexeHHs s apryMeHTy QyHkmii posmoaimy: 0 < y < 1,2, mo
IHTEpIPETYETHCS TaK: HaWMEHIIMH PiBeHb NPUPOCTY BUPOOHMITBA NOPIBHIOE HYJIIO (HE PO3TISLIAEMO
KaTacTpodidHi BHITAIKK), HAWOIIBIIMIA HE3HAYHO IIEPEBHINYE HOMIHAIBHHHA. 3HAYHE TEPECBHUIICHHS
HepeayicTiyHe — 1ie 0 o3Hayasio abo He3aloBUIBHI Mozeni, abo MOpyLIeHHs 3aKoHiB mpupoau. Ha
puc. 1 moka3aHo MpUKIa] PO3NOALTY K QYHKIII 3MIHHUX Y Ta (X));; 1 okpemuil nepepi3 (HOpMOBaHHII)
It pikcoBaroro X .

>
|
|

|
0 0.5 1 15

e efficiency

Closeness of probability

Puc. 1. TunoBuii po3noaii iMOBipHOCTE#H apameTpa e)eKTHBHOCTI PO3BUTKY
Puc. 1. TunmyHoe pacnpeneneHne BEpOSATHOCTM NapameTpa 3OpeKTUBHOCTM pasBUTUS
Fig. 1. Typical distribution of efficiency development parameter probability
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Mogaesb «pUHKY»
3anucyeMo piBHSHHS JUHAMIKH ITOTUTY 3 YpaxXyBaHHSIM BHITAIKOBHX 30ypCHb

Run; = od - Runy_y + a2 Run,_y + a3+ (a4 —2rnd(a4)), 3)

ne al, a2, a3, o4 — mapamerpu Moeli
(napametpbl mMopgenu, model parameters).
Bubpana HaMy MOZIENTb 9acOBOTO PSTY —
e aBToperpecuBHuil mpouec HOma [26].
Ha puc. 2 nokazaHo mnpukian mpouecy
3MiHHM TIOIIUTY 3a HASBHOCTI 1 BIICYTHOCTI
30ypens. Ilapamerpn mnponecy BuOpani
TaKk, MO0 MOJETIOBaTH  JUHAMIYHY
CHCTEMY, B SKili 30ypeHHs IMOPOIKYIOTh

Puc. 2. Mozens BUIIafIkKoBOro HONUTY Ha 00poOKy iHbopMarii KOJIMBAHHS 3 JIOCHTh BEJIMKHMM TIEPIOIOM i

Puc. 2. Mogenb cnyvaiiHoro cnpoca Ha 06paboTky MHdopmaLum : L
Fig. 2. Models of casual demand on information processing TIOBUIEHUM ?aTyxaHHﬂM‘ Haranyemo

o 1€ TUIBKA TpUKIa] —1oOyI0BU

10 20 30 40 30 6t

MOMIPHO PeaTiCTUYHOT MO/ ITOTHTY.

Mopei 10KaJbHOT0 YIPABJIiHHSA

[IpupoaauM r100anbHUM KPUTEPIEM CHCTEMHU B LIJIOMY € TEMIT CyMapHOIO BUPOOHMLTBA, a00 HaKO-
nUueHe 3a MEBHHUW Mepiol cyMapHe BUPOOHHIITBO. B JaHOMy BHIAJKy PO3TIISAAEMO TiJIbKU JIOKAIbHE
VIPaBIiHHI: PO3MOALT EIEMEHTAMH CHCTEMH IHBECTHII MK BHUPOOHHMITBAMHU PIi3HHX TPOIYKTIB.
Bubupaemo taky nerepMiHOBaHY MOJEIb PO3MOJUTY: ISl KOXKHOTO MPOJAYKTY €JIEMEHT OIIHIOE MePCIeK-
TUBHICTh PO3MIMPEHHS BUPOOHUITBA. MipO0 MEPCIEKTHBHOCTI € TIEBHUN KPHUTEPIH — «yCITiX» KOXKHOTO
npoaykTy. TyT MOXKyTb OyTH Taki albTepHATHBH:

1 — 3rizHO 3 ycepeaHEeHHM 3a IEBHUH NEePioj «yCHiXOM» KOKHOTO MPOIYKTY;

2 — 3TiJIHO 3 CYMOIO yCEpeHEeHUX YCIiXy Ta TeMIy YCHiXy (TeMI — CHHOHIM MOX1JIHOT).

JlokasibHe ynpaBiliHHS: PO3IOIII PECYPCIB eleMeHTa MiXk 3a1a4amMu (IIPOAYKTaMH ).

Bubupaemo Taky neTepMiHOBaHO-IMOBIpHICHY MOJIEb PO3TOALTY 1HBECTHUIIIH.

1. KoxeH eneMeHT CHCTEMH PO3IOALISE TUIBKH Te, IO OTPUMaB («3apOOHBY») Ha MOMEpPeIHLOMY KPOLI
nporecy. Lleli pecypc BBakaeMO piBHUM TEMITy CyMapHOTO BHPOOHHIITBA €JIEMEHTAa Ha TOINEPEIHLOMY
Kpomi mpouecy. Takuil miaxix 31a€Thbecs 3aHAATO HMPUMITHBHUM — a JI€ HAKOMMYEHHS, BUKOPUCTAHHS
30BHIIIHIX pecypciB Tomo? — B HacTymHuX Mozensx, ski Oyae HeBaKKo 3poOWTH 3 1iel — 0a3oBoi
MOZEI.

2. KoxxeH eneMeHT Ha KOKHOMY KpOIll OOYHCIIIOE TEBHY KpUTepiadbHy (QYHKIII0O — «IIePCTIEKTHB-
HICTh» KOKHOTO 3 TIPOYKTIB. J[JIs OI[iHKK MEPCIIEKTUBHOCTI OepeMo BUpa3

oriaka = al-cepemHsa_Bifmada_iHBeCTHIliN + a2-cepeHili_TeMI 3MiHM_Bijmadi.

Ha peanpHi TeMImi BUPOOHUIITBA 1 IPOAAXKIB BIUIMBAIOTH PI3HOMAHITHI BUIIAJIKOBI KOJIMBAaHHS, TOMY 3aMiCTh
MOTOYHUX TEMITIB MPOAAXKIB 1 IPUPOCTY TPOoJaK OepeMo KOB3HI cepeHi. BOHU 00YHCITIOIOTECS TaK: 33a€ThCs
napametp oHoBIeHHs cepenaporo: (0 < o < 1 1 BU3Haua€eThCst KOB3HE CEPETHE

XSj ;= XSj j o+ (Xt+1),-,j (1-a). )

AHaJOTiYHO POOMMO CepelHe A NMPUPOLICHHS TEMITy BHUIYCKY. 3aJa€ThCSl MapamMeTp OHOBIICHHS
0 < B <1 i BU3HAYAETHCS KOB3HUI CepeaHiil TeMIT

dXSj’j - dXSj’j B + AXSI;‘]‘ (1 - B) . (5)

Maifke 04eBHIHO, IO MapaMeTPH BH3HAYAIOTH TEMITH OHOBJICHHS BiIIOBIIHUX CEPEIHIX, a00 MIBUI-
KiCTh «3a0yBaHH;» MUHYJIHX 3HaueHb. BuOMpaeThcs 1eil mapaMeTp B 3aJeKHOCTI Bifl IIBUAKOCTI 3MiH
nporecy i piBHA myMiB. OLiHKa NEPCIEKTUBHOCTI MPOAYKTY

etp, ; = al- xs; ; + a2 dxs; ;. (6)

Le Tex Tinbku 6a30Ba MOJENb, IO AOCHTH JOBIJIBHO 3MIHIOETHCS, OJHAK ypaxyBaHHS OLIHKU PiBHS i
OITIHKH TEMITy € IHBapiaHTOM.
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Jlorika po3noainy pecypcy

IaryiTuBHA NOTiKA: «MaeMO BifQilbTpOBaHi Ta 3MPOTHO30BaHi 3TiAHO 3 GyHIAMEHTaILHUMH METOAA-
MU OIIIHKHA CTaHy 1 TEMITy peami3allii «IIpoAyKTy» IHUKTY€E TPABHIIO PO3IMOAUTY ITOTOYHOTO PECYPCy:

MIPONOPLIHHO NEPCIIEKTUBHOCTI MPOAYKTIB (Rozt)].’j = efp; J > etp; j

Jlorika 3OpOBOTO TITY31y: «HIYOMY TOBHICTIO HE AOBIPATH» AUKTYE 1HIIE TMPABHIIO: MMOAUIHTH PECypC
Ha [Bi yacTHHM: OfHY — X,’y, PO3MOIIINTH MPOMOPLIHHO MepCIeKTHBHOCTM, a apyry — X, (1 — v),
po3irpatu B JoTepei, e MIaHCH KOKHOTO MPOAYKTY MPOMOPLiiiHi 0oro mepcnekTUuBHOCTI. TakuM 4rHOM
MH OTPUMYEMO JOCHTH MPOCTY €AMHY MOJENb I MIMPOKOTO CIEKTpa ajJrOPUTMIB JIOKaJBHOTO YIpPaB-
JIHHS PO3IMOIITIOM PECypciB — Bijl 4UCTO iMOBipHicCHUX (Y = 0) 10 AetepmiHoBaHuX (Y = 1). @akTUYHO MU
BBOJMMO B aJTOPUTMHU €JIEMEHTH BHIIaJKOBOro Momryky. Ilapamerpu y3araabHEHOTo alrOpUTMY O, f3, ¥
— 00’ €KTH aNrOpUTMiB HABYAHHS.

Leit anroput™m peanizoBaHO porpaMHuM MoayneM VPD (Me, y), mo 6epe (M x N) MaTpuiiio, CTOBILI
SIKOT — PO3MOALUIN NEePCHEeKTUBHOCTEH N MPOAYKTIB i M eleMEeHTIB CUCTEMH, Ta mapameTp Y 1 mosep-
Ta€ MaTPHULIO PO3MOIITY Pecypcy, KOKEH CTOBIELb SKOI — BEKTOP PO3MOIiILY pecypcy HAjsl MEBHOTO
eneMenTa. Jnsi BUMAJKy, KOJMU €IeMEHT MOXKE TIJIbKH MOPIBHIOBATU Pe3yJbTaTH NMPUHHATUX PIlICHb 3
pO3MOIiTy pecypcy, po3poOiieHO MOAyibh BHOOpY 3 HaBuaHHsM. lleld Momynp 3MiHIOE HMOBipHOCTI
BUOOPY [T KOXKHOTO 3 IPOAYKTIB B 3aJIC)KHOCTI Bil PE3yJIbTaTiB MONEPEIHIX PillICHb.

AHaJIi3 pe3yJIbTaTiB MOJETIOBAHHSA

' ['oNOBHUM €JIEMEHTOM TMpOTpaMu Mojie-
1‘ JIFOBAHHS € MOJYJI iMiTallii HeBHM3HAYEHOC-
| Teit. IlpoBemeHO TOBHE TECTYBaHHSA IHX
MoyiiB. CrieniajibHO ISl TECTYBaHHS 1 JI0-
ciifpkeHHsT po3pobieHo iHTepdeticm. Ha
'| puc.3 moKa3aHO NpMKIA MpPOIECy s
|| BMCOKOI IBHIKOCTI HABYAHHSI TA IPAHMYHO-
|| To piBHS UTyMiB, KON MOXIHMBI CHTyaIlii
BHOOpPY HE KPaIIoi aTbTePHATHBH.

Ha puc. 4 mokazano mpukiIamm Ipo-

a

Number of commodities Mtov=10; Slcplsﬁdesign Tmd=400; strengthening y=0.5; variation of OEC1B IJIs1 BUCOKO1 Ta MajJl01 IBUIKOCTCHU
profit wym=0.1; not equal commodity HepiBHicTb=0,3 HABYAHHSL. MO,Z[yJ'Il BUSIBUJINCH HE TiHBKI/I

Mpane3TaTHUMH, ajie i MPUAATHUMHE IS

Puc. 3. TectyBanHs Moyl HABYaHHS. Benrka MBUIKICTh HABYaHHS, . . . .
MABUIICHHA P1BHA «1HTCJICKTYaJIbHOCTL»

BEJIUKUH IIyM .
Puc. 3. TecTupoaHme Moaynst 0Byyerus. Beicokas ckopocTk 06ydyenuns, CHCTCMHU yIPABIIIHHI.
BbLICOKME LLIyMbl
Fig. 3. Testing of the tutoring module. High rate of tutoring, large noise

Number of commodities Mtov=10; Steps of design Tmd=400; Number of commodities Mtov=10; Steps of design Tmd=400;
strengthening y=0.3; variation of profit mym=0.1; not equal strengthening y=0.1; variation of profit urym=0.1; not equal
commodity HepiBHicTb=0,3 commodity HepiBHicTs=0,3

Puc. 4. TectyBaHHs1 MOyJIsl HaBYaHHs. BIUTHB IIBHIKOCTI HABYAHHS
Puc. 4. TectupoBaHue Moayns obyyeHus. BnusiHne ckopoctu obyyeHust
Fig. 4. Testing of the tutoring module. Influence of tutoring rate

Bucoka mBuaKois mporpaMu MOAETIOBAHHS JO3BOJIIIIA HAOMPATH «BIPTYaIbHY CTATHCTHUKY» IPOIIE-
CiB PO3BUTKY PO3MOALIEHUX cucTeM. Ha puc. 5 momaHi 4acTOTHI PO3MOAUT HAaBaHTAXKCHHS ISl CUCTEMU
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«TpH €JIEMEHTH, TPH MPOAYKTI» o0ymoBani Ha BuOipIii 3 1000 peaizaliiii mporecy po3BHUTKY.
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Puc. 5. IIpukiaayu 4acTOTHUX PO3NOJALNIB CyMapHOTo edeKTy AJs CJEMEHTIB PO3NOAIIEHOT cHCTeMU

Puc. 5. [lpukinagyn 9acTOTHAX PO3MOILIIB CYMapHOTO e(EKTY LIS CIIEMEHTIB PO3IIOALICHOI CHCTEMU
Puc. 5. lMpymep 4acTOTHbIX pacnpegeneHnin cymmapHoro adpd ekta Ans aneMeHToB pacnpeaernieHHON CUcTeMbl
Fig. 5. Examples of total effect frequentcy distributions for elements of the distributed system

Ha puc. 5.1 noka3zani po3noninu 1Jisi BUNAAKy «piBHI yMoBH». EneMeHTH MaroTh piBHI €()EKTHBHOCTI i
piBHI CTapTOBI IMO3WIi A BCiX MPOAYKTIB. YCi po3mominu imeHTWdHi i siBHO He ['aycoBi. I'octpi
BEPIITMHH PO3MOIIIIB BiAIOBIIaI0Th BUCOKIH WMOBIPHOCTI BHHHKHEHHS CITEIialli3amii KOXKHOTO eIeMeHTa
10 OJHOMY 3 TIPOJYKTIB.

Ha pwuc. 5.2 mokazaHi po3moAing A1 BUTIAAKY «1epeBara B eeKTUBHOCTI». EneMenTn (3BepXy BHHU3)
MaroTh 3Ha4YeHHs mapameTpiB edekruBHOcTi (1,1; 1,0; 0,9) B cepennpoMy mepmuii eneMeHT 3a0upae
MOJIOBUHY 3arallbHOTO HaBaHTa)XeHHsS. YacTOTHI PO3MOAIIN AJIS MEPIIOTO 1 TPEThOTO €IEMEHTIB MaloTh
181 Moau. CTIHKMMHM € pO3IOIiIN HaBaHTaKeHHs ejaeMeHTiB (5; 5; 5) Ta (10; 5; 0). Ha puc. 5.3 nokazaHo
PO3MOIIIM I BUIIAAKY «Maja pi3Huis B epextuBHocT» (1,05; 1,00; 0,95). Po3nominu aas KOXKHOTO
y4acHUKa MalTh CYTTEBHM MaKCUMyM JJIs HaBaHTaKEHHS B TPETUHY Bija 3arampbHoro. Ha BiamiHy Bin
MIEPIIOTO BUIMAKY PO3MOIUIN CYTTEBO HECUMETPHYHI.

Moayai aHaiizy paHroBux po3nojaiiiB

i1 aKTUBHHUX CHCTEM BHUCOKOIH(QOPMATHBHHMH € PAHTOBI PO3NOIINU €IEMEHTIB 32 BEJIMYHUHOIO CY-
MapHOTO €(EKTYy.

Ha puc. 6 moka3zaHi paHTrOBi PO3MOALIN JJIs YCTAJICHOTO CTAHY CUCTEMH JUIS BUIAJAKIB JCTepPMiHOBa-
HOT'O PO3BHUTKY 1 PO3BHTKY 3a HasBHOCTI HeBH3HaueHocTed. OIHOBUMIpHI PO3MOALIN MOJAIOTH 3aJICK-
HICTh CyMapHOI'0 BUPOOHMLTBA €JIEMEHTA BiJl HOTO paHry, ABOBUMIpPHI PO3MOMINN — BiAMOBIAHI 3aJI€XK-
HOCTI 110 KOYKHOMY MPOAYKTY OKpeMo. JlJis IeTepMiHOBAaHOT'O BHITAJIKy PAHT €JIeMEHTa 3a ¢()eKTUBHICTIO
OJTHO3HAYHO BH3HAYA€E PAHT €JIEMEHTA 32 CYMaPHUM BHPOOHHILTBOM. 3a HasIBHOCTI HEBU3HAYCHOCTEH IIei
3B’S130K MOPYIIYETHCS, & PAHTOBUN PO3IMOALT PO3MANAETECA HA JIBI YACTHHU — PO3IMOALUTH IS JiAEpPiB i
ayTcaniepis.
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Ha puc. 6 mokazaHo mepexiaHi mpoIecu po3MoAiTy HaBaHTAXEHHS, [0 caMe MPUBOINUTH O OTpHUMa-
HUX PaHTOBHX PO3MOALTIB. B pazi MOHOTIOILHOTO PO3IMOAUTY MPOIIECH MEPEXOy EICMEHTIB 1 CHCTEMH B
IIJIOMy JI0 YCTQJICHOTO CTaHy CKOPOYYIOTBCS — II€ OYCBHJIHUN pPE3ylbTaT KOHIEHTpAIlii pecypcy B
aKTHBHIN cucTeMi (B sKili NMPOAYKTHBHICTH €IIEMEHTA 3pPOCTA€ i3 3POCTAHHIM «PO3MIPY» €JIeMEHTA).
Po3kup ycraneHnx 3HAa4YeHb JUISI OKPEMOTO €JeMEHTa MOXe OyTH 3HauHUM (pUC. 5), OIHAK PO3KHI
YCTaJICHOT'0 3HAYCHHS CUCTEMH B I[IIIOMY — HE3HAYHHIA.

[/2| T T T T T T T 12 I I I I T T T

Number of producers N=10 Number of producers N=10

Puc. 6. I[TopiBHSIHHS NepeXiTHUX MIPOLECIB PO3BUTKY €IEMEHTIB CHCTEMH
Puc. 6. CpaBHeHVIe nepexoaHbliX npoueccoB pa3BUTUA 3N1eMeHTOB CUCTEMbI
Fig. 6. Comparison of transition processes of system elements development.

B crarucTHyHMX NaHUX 3 BUCOKOTEXHOJOTTYHOIO BUPOOHHIITBA MOXKHA 3HAWTH MOMIOHI 3aJI€KHOCTI.
Lle € ouiKyBaHMM pE3yJIBTATOM, TOMY IO B MOZEJb 3aKJaJCHI «IPHUPOJHI MEXaHi3MH» PO3BHUTKY i
B3a€EMOJIi1 €JICMEHTIB.

[opiBHsUIbHMI aHAaNI3 ABOX TPAHUYHUX BapiaHTIB PO3BUTKY PO3IOIIIEHOI CUCTEMH:

a) MPONOPUiHHUIA PO3NOILI pecypcy B yMOBax MOBHOI BU3HAYEHOCTI;

0) MOHOIIONBHHI PO3MOALT PeCypcy B YMOBaX HEBH3HAYCHOCTEH BHPOOHHMIITBA 1 TOMHTY; MiATBEp-
JOKYE:

1) mpane3naTHICT CUCTEMH MOJACTIOBAHHS, K IHCTPYMEHTA JAOCIiIKEeHb;

2) )KMBYYICTh Ta ACUMIITOTUYHY ONTUMAJIbHICTh METOJY BIAKPUTOTO YIPABITiHHSI.

Hpukiaan

OpnHe 3 mpHU3HAuYeHb PO3POOIEHOT MOAENI — IMOMIYK ONTHMAIBHUX aITOPUTMIB YIPaBIiHHSI B YMOBAax
HeBM3HAa4YeHOCTI. Po3risHeMo mpukian [HTepHeT-Mepexi, mpairoroTh 30 opraHizaiiid, 10 MOCTaYarOTh
TIEBHI TIOCIYTH Ta iH(POPMAIiiHI MPOAYKTH. 3TiHO 31 CTATUCTHKOIO, ISl TAKUX CUCTEM XapaKTepHa BUCOKA
JMIUHAMIYHICTh — TIEBHI MPOAYKTH 1 MOCIYTH MIBHIKO BTPAYalOTh IOMWT, TaK YK€ IIBUIKO 1 HECIIOAIBaHO
3’SBISIFOTBCS HOBI iH(OpMaliiiHI mpoxyktd. Hama Mojenb 103BoJsi€ iHIUMBIMyalli3yBaTH MapameTpu
KOKHOTO eJleMeHTa. BUKOpHCTaeMO M0 MOXIMBICTH — PO3IIITHEMO €BOJIIOLII0 3MIIIAHOT CHUCTEMH, Jie
OJIHa TOJIOBHHA E€JIEMEHTIB BUKOPHCTOBYE MOHOIIOJIBHUM PO3MOXLN, a Apyra — mnpomnopuidHuid. Oxpxe 3
TIOJIO’KEHb CHCTEMHOTO aHali3y — OakaHy, ajie HOBY aJIbTEPHATHUBY CIIiJI TIEPEBIPUTH B HECTIPUSATIUBHX JIJIs
Hel yMOBax — Iie «IIiICHITIOBaJIbHUI» aHalli3. BygeMo BBakaTH IO eleMEHTH paHKOBaHi 3a MPOTyKTHBHI-
CTIO, 1 Kpaii 15 BUKOPHUCTOBYIOTH TPOTIOPIIIHHNIN PO3MOIiN 1 MafOTh TOYHY 1H(OpMaIliro mpo eheKTHBHOCTI
MPOIYKTIB, a TipIili — MOHOIIOJIBHUI PO3MOILNT Ta iH(opMallito 3 BUNaIKOBUMHU IIOMHIIKAMH.

OcHOBHagq 4acTb

Lenb naHHOM cTaTbn — pa3paboTka Moy IbHON CUCTEMbI BEPOATHOCTHLIX Modenen, NpUMeHUMON
Kak Ans uccnefoBaHust U ONTUMU3aLMU anropuTMOB YrpaBneHust MHAPOPMaLMOHHO-BbIYMCTIUTENBHBIMM
CeTaAMM, TaK U ONs NPOrHO3MpPOBaHUA Pa3BUTUS pacnpedenieHHbIX TeXHUYeckux cuctem. MoaynbHOCTb
03HayaeT BO3MOXHOCTb cobupaTb Modernb M3 (OYHKUMOHASbHbLIX 3NIEMEHTOB, a PYHKLMOHAmbHbLIN ane-
MEHT, HanpuMmep, anropuTM MNPUHATUA PeLeHunid, BbIGUpaTb U3 Habopa anbTepHaTMBHLIX cyGMoaynen.
BeposATHOCTHas maTemaTuyeckass mModenb pacnpeaefieHHOW CUCTEMbl MOXET 6biTb FMaBHbIM 3neMeH-
TOM aAanTUBHOW OTKAa30yCTOMYMBOI CUCTEMBI YNpaBIeHWUs, CPEACTBOM NPOEKTUPOBAHNUA pacnpeaeneH-
HbIX CUCTEM, HamnpumMep, BbIMUCIUTENBHLIX CeTell, CPeACTBOM NPOrHO3NpPOBaHWsA pasBUTUS pacnpene-
NEHHbIX TEXHUYECKUX CUCTEM.
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MocTaHoBKa Npo6nembl

PaccmatpuBaeTca cuctema u3 N BblYMCIIMTENbHBLIX 3M1EMEHTOB, KOTopble 06paGaTbiBaloT MOTOK
[AaHHbIX, COCTOAWMIA U3 3adady M BMOOB. DnNeMeHTbl UMEeT pasHble XapaKTepUCTUKW BbINOMHEHUS 3a-
[ay pasHbIX BUOOB. ECTeCTBEHHO pacnpefennTb Harpy3ku mMexay afeMeHTamu Tak, 4yToGbl cyMMapHast
NPOV3BOANTENBHOCTL CUCTEMbI Bblfla MakcUMarnbHOW, eCTECTBEHHO Takxe pacnpefenvTb UHTEHCUBHO-
CTV BbIMOMNHEHUA 3a4ad pasHbiX BMOOB B KaXOOM 3fieMeHTe Tak, YTobbl cymmapHasi Npou3BoOaUTENb-
HOCTb 3anemeHTa 6bifla MaKkcMmanbHON. XapakTepUCTUKN BbINOMHEHUS 3a4a4 U CBA3W MeXay anemMeH-
TaMMn CUCTEMbI He MOMHOCTLIO onpeaeneHbl, BEPOATHOCTHBI. B ycnoBusix, Korga NoCTOSHHO NOSIBNSIOTCS
HOBbI€ KMacchl pacnpeneneHHbIX CUCTEM, a UMEIOLLIMECS CUCTEMbI BbICTPO 3BOSOLIMOHUPYHIOT, HYXHa He
MpOCTO MaTemaThyeckas Mofenb, a KoMnekc: paboyas MOAENb C OTKPbITON MOAYIbHOM CTPYKTYPOW 1
pauuoHarnbHble TEXHOMOMMI PaclUMPeHns U MoauduKaLmm Moaenu.

Pa6ouyas Mogenb — 31O TpueduHoe: MaTemaThyeckass Mofesb, nporpamMmma MoAenMpoBaHus U Tex-
Honorusa paspaboTki 1 MoAMUKaLMM MOAENMU. DTO TO, YTO AaBHO (PaKTUYECKM CYLLECTBYET, HO He Bnu-
CblBaeTCA B CTAHOAPTHI U Knaccudukaumm — «MoAenMpoBaHme», «NporpaMMUpoBaHney, «MHdopmMaum-
OHHble TEXHONOrNM».

AHanus nocnegHUX uccnenoBaHUii U Nyonukauumn

CerogHsi 0AHOBPEMEHHO YBENMUUMBAETCH CMPOC Ha CPeAcTBa MPOrHO3MPOBaHWS PasBUTUS CMOXHBIX
ceTeBbIX MHPOPMALMOHHO-BBIYUCTIUTENBHBIX CUCTEM Y BO3MOXHOCTW ObICTPON paspaboTku mogenew —
CpeacTB NPOrHO3MPOBaHUS N ONTUMM3AUMKN. XapaKTepHbI NpUMEpP: B LEHTpe o4YepefHon Bepcumn npo-
rpammHoro obecneveHuns ot kopnopauuu Oracle ecTb nporpaMmHas cuctema Ansi onepaTMBHON paspa-
60TKM mogenen BM3HecoB-NPOLECCOB. B yCnoBMsX BbICOKOW akTyanbHOCTU ANs NPaKTUKW onpegeneH-
HOro TEOPEeTUYECKOro HampaBrieHUsl, Hay4Hble Nybnukauum ¢ OEWCTBUTENbHO HOBBIMU pesyrbTaTtamu
McYe3aloT CO CTpaHWL, XXypHamnoB u MoHorpaduii. Takve siBneHust Habnoganuce U paHblle — UHAUKaTO-
pPOM BaXXHOCTW OMpeAeNneHHOro HanpaBneHns BbINo yMeHbLUEHNS BECOMbIX MNyGrnukaLmin no Teme.

Cpeawn coBpemeHHbIX Nybnukauun cnegyeT BblaenuTb ctaTteu [8], rae BblaeneHa AencTBUTENbHas
npobnema — NPOrHO3MPOBaHUSI Pa3BUTUSI COBPEMEHHbBIX TEXHUYECKMX CUCTEM B YCIOBUSAX CYLLECTBEHHO
WHHOBALIMOHHOIO XapakTepa MX (PyHKLMOHUPOBaHMS 1M Noaxodbl K pelieHunto npobnemel. KoHCTpyKTuB-
Hble aHanory 1 NPOTOTUMbI ANS NOCTaBNEHHON 3afaun — pa3paboTku Mogernew 1 TEXHONOruin paboTel C
MoJensMu pacnpeneneHHbIX CUCTEM — He HangeHsbl.

OTmeTVM eLle ofiHy 0COBEHHOCTb MH(POPMALIMOHHBIX MPOLLECCOB B YCIOBUSX MOSIBIIEHUS HOBbIX aK-
TyanbHbIX NPaKTUYECKMX 3a4ay U HOBbIX CPeacTB, B JAHHOM Criydyae MporpamMHbIX NMPOAYKTOB W WH-
hopMaLMOHHBIX TEXHONOIMIA. B Takux ycrnoBusix pacnpocTpaHeHHble U HapaboTaHHble MOgEeNU U MeTo-
Abl OKa3blBalOTCA HEMNPUrogHbIMU ANS HOBbIX 3afdady. Ha 3aMeHy uM NpuxogaT MoAenu u MeTonpl,
KOTOpble onepexany cBoe Bpemsi — Obinu HeakTyanbHbIMU U Hepeanu3oBaHbiMu. K Takum cnepyet oT-
HecTn pabotbl P. BenmaHa [1—3], paboTbl No cuctemMHOMy noaxody K moaenupoBaHuto [4, 7], n dyH-
AamMeHTanbHble paboTbl N0 aHanu3y pacnpefeneHHblX akTUBHbIX cuctem [5, 6]. KoHCTpykTMBHbIE aHa-
norw, rae npeacraeneHbl paboTatolme Moaenu 1 pesynbTaTbl MOAENMPOBaHNSA He HalaeHbI.

Bnvxanwen no Tematnke ectb MoHorpadus [9], ogHako, Bce Tam 6asnpyeTca Ha MOAENaX IMHEUHOrO
nporpaMmmnpoBaHusl, KOTOPOE He TOMbKO HeaAeKBaTHO, HO 1 3aTPaTHO MO BbIYUCIUTENBHBIM pecypcam.

MocTaHoBKa 3apgaumn

PaccmatpuBaem cucTeMbl, 3neMeHTbl KOTOPbIX UMEKT COBCTBEHHbIE (fOKanbHbIe) Lenble, KpuTe-
puvn, obMeHuBalTCS onpedeneHHbIMU NPoAyKTaMu, MMEeKT onpedeneHHble, COBCTBEHHbIE PeCcypChbl.
OnemMeHTbl pacnpeaenstoT cobCTBEHHbIE PecypChbl MeXay HanpaBneHUsiMU CBOEeW AeATeNbHOCTW, Tak
4YTOObI ONTUMM3MPOBAaTL CBOW KpuTepun. CerogHs pacnpocTpaHeH noaxon K pa3paboTke CrNOXHbIX CUC-
TEeM ynpaBreHns 1 NPUHATUA pelleHnid Ha 6a3e aHanormm — «MCCKYCTBEHHbLIX HEMPOHHBIX ceTen». [ns
COBPEMEHHbIX CeTeBbIX CUCTEM CylecTByeT Gornee NpPoAyKTMBHAS aHanorust — «MCCKyCTBEHHbIE COLW-
arnbHble ceTuy. [MaBHOE OTNMYME 3TOr0 HafnpaBneHUss B TOM, YTO «UHTENNEKT» 3NIeMeHTa CUCTEMbl He
SABNAETCH MEHbLUMM YeM UHTENMNEKT CUCTEMbI.

Mpn nocTpoeHnn MHDPOPMALIMOHHO-BLIYUCTIUTENBHBLIX CETEN MOXHO CTPOUTb 3(PIEKTUBHBIE anropuT-
Mbl BbIMUCMEHWI, BbINMOMHEHNSA ONpeaerieHHbIX CNOXHbIX 3adad, onpeaerneHHbIM cnocobomM pacnpenenvs
obLLyto 3aJavy cucTeMbl Mexay dneMeHTaMn 1 caenas 3To pacnpeferneHve AeueHTpanv3oBaHHbIM. Ec-
TECTBEHHO MPUNNCcaThb dreMeHTaM, LUenu, HaMepeHus N axe «peLumMTenbHOCTb UM OCTOPOXHOCTbY». Ec-
TECTBEHHO BBECTM ANs 0600LLEHHBIX PECYpPCOB M NPOAYKTOB «LEHbI» W «CNPOCY», BBECTU AaXe MOHATUE
«PbIHOK». DaKTU4ECKM 3TO NapameTpbl BbIYUCIIUTENBHBIX anroputMoB. OBbIYHO «LEHbI» B TakMx 3agadax
— 310 MHOXUTENU JlarpaHxa. CoBpeMeHHblE CUCTEMbI OObIMHO HE MMEIOT MPOTOTUMNOB, HE UMEIOT CTaTu-
CTUKK, NO3TOMY BbiGMpaeM noaxof Ha 6ase KOHCTPyMpOBaHUS MaTemaTudeckux mogenen ad hoc — ans
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KOHKPETHbIX aKTyalibHbIX 3ada4, Kak npaBuiio HeMMerLWnX npAaMbIX NMPOTOTUMNOB.

B aton ctaTtbe npeacrtaBrieHHasn paspaGOTKa n nccnenoBaHna mogenm ¢ ydetom HeonpenerieHHOCTU
B MPUHATUN peUJeHVIVI anemMeHTamMu, Korga pecypc Oenutcd ToXe B 3aBUCUMOCTU OT oXxugaemon 3(*)-
(peKTVIBHOCTVI, HO BEPOATHOCTHO. Kak aTo0 MOXHO TPakToBaTb U 3a4eM 3TO BBOOUTB?

1. OguH 13 metogos «60pb6b|» C HeonpeaerieHHOCTb0 BHELWHEro OKpyXeHnda — BBejeHne arieMeH-
TOB CJ'Iy‘-IaVIHOCTVI peLueHvu7|. Takas ynpaBndemMasa HeonpeneneHHOCTb peLueHvu7| — OCHOBa anropmnTtmoB
cnyqaﬁHoro NOUCKa, TakK e Kak ynpasrideMasd He4eTKOCTb — OCHOBa aliroputMoB onTuMmn3alunm Ha ba-
3€ HEYETKOM JTOTUKM.

2. B yCcnoBuax 6onbLuon HeonpeneneHHoCTn n AMHaMNU4YHOCTU NpoLecCOoB pPa3BUTUA TEXHUYECKUX
cucTeMm «nocnegHee CroBO» OCTaeTcs 3a 4verioBekoMm. ECTecTBEHHO OueHWUTb BRUsSHUE CJ'Iy‘-IaVIHOCTVI
NPUHATUA peUJeHVIVI 4YeJril0OBEKOM Ha pa3BuUTne TeXHUYECKUX CUCTEM.

NMocTpoeHne BEpPOATHOCTHOU MoAenn pacnpenesieHHoOn CUCTEMbI

CtaBum uenb — caenaTtb MoAdyrbHY Moaenb, (MYHKUMOHaNbHbIE MOdYNM KOTOPO BOCCO3AatoT Co-
OTBETCTBYHOLLNE «MEXaHWU3Mbl» — 3aKOHbl XUMUWU, TEPMOANHAMMKM, NCUXOMNOMUM, U UMEDT MUHUMYM Ma-
paMeTpoB HaCTPOMKM M MAeHTUUKAUMKU. BbixoauM M3 NpuHUMNA ageKkBaTHOCTU TOYHOCTM MoAenu u
[aHHbIX, Ha OCHOBE KOTOPbIX MOCTPOEHa MoAenb MYHKLUMOHNPOBAHUS pacnpeaeneHHon cuctemsl. Kak n
no6asa gpyras matemaTnyeckas Mofernb MOXET UMETb pasHble MHTeprnpeTaummn, B TOM Y1CTe, U SKOHO-
Muyeckyto. Mcnonbayem obLEenoHATHYI0 TePMUHOMOMI0, O4HAKO, 3akfioyaem COOTBETCTBYLIME Tep-
MWHbI B KaBbIYKW: 3TO TOMbKO HA3BaHNA MateMaTUYeCcKux Moaeneil.

Mopenb «npon3BoacTBa»

3a ocHoBY GepeM M3BECTHYI0 JETEPMUHMPOBAHHY MOAENb POCTa C OFPaHUYEHMEM, HO NapameTpbl
€e CUMTaeM BEPOSTHOCTHLIMU.

Jlormka Mmogenv nNponsBoACTBa: 06BEM NPOM3BOACTBA Bo3pacTas Obl €KCNOHEHLMaNbHO Npu Heorpa-
HUYEeHHOM 0bbeme pbiHka. PaHo unmn no3gHo cymmapHoe NMpPon3BOACTBO BCEX 3NIEMEHTOB 3aMOSHUT Pbl-
HOK. Ecnv cymmapHoe npon3BoacTBO NPEBbLILLAET 06BEM pPhIHKA, TO NMPOM3BOACTBEHHbLIE MOLLHOCTU OY-
OyT cokpawatbCsl, U AJis 3TOro ToXe MOryT ObITb HY)XHbl 3aTpaTbl. AT coobpaXkeHusi MoxeM oTobpa-
3UTb HENTMHEWHbIM Pa3HOCTHBIM paboymMm ypaBHeHnem (1).

Byoem cuutatb napametp mogenu ef; (1) cnyyanHon BeNUYMHOW C onpederieHHbIM pacnpeneneHu-
eM BeposiTHOCTW. Npeanonaraem, 4To 3TO pacnpenernieHne MoXeT ObiTb AEHTUDULMPOBAHO B NpoLiec-
ce (hYHKUMOHMPOBAHMSA CUCTEMBbI C TOYHOCTbLIO, KOTOpasi JOoCTaTovHa Ans ynpaBrieHusi. 3anvcbiBaem
Bblpa)XXeHWNe A11s1 YaCTOTHOro pacnpeaeneHust 3HadeHuss napameTpa adhpeKkTMBHOCTH (2).

CunTaem pacnpegeneHve MMHUMasbHO YAOBNETBOPUTENBHBLIM, T. €. UMEIOLMM MaKCUMYM BEPOSITHO-
CTU Ans 3HayeHust y = x. OBbIYHO anpUOpHLIE pacnpeneneHns KOPPEKTUPYOTCS No pesynbTaTtam Habnto-
OEHWA 1 3KCMepMMEHTOB. BBegem Takue orpaHuveHust gns aprymeHtTa (yHKUMM pacnpegeneHus:
0 <y < 1,2 Xo, 4TO MHTEPNPETUPYETCH TaK: HAMMEHbLUWNIA YPOBEHb NPUPALLLEHNSI MPON3BOACTBA PaBHSIETCS
HYIO (He paccMaTpyBaeM KaTacTpoguyeckne cryvam), HaMbOsbLUNA HE3HAYUTENBHO NPEeBbILaeT HOMU-
HanbHbIA. 3HAYUTENbHOE MpPEBbILIEHNE HepeanucTuYHoe — 3To Obl 03HAYaNoO UM Hey4oOBNETBOPUTESb-
Hble MOAENW, UNN HapyLieHWs1 3aKOHOB Npupoabl. Ha puc. 1 npeacrtaBneH npumep pacnpeneneHnst kak
hyHKUMM NEepEMEHHBIX ¥ U (X;),; M OTAENBbHBLIN Nepepes (HOPMUPOBaHHOE) AN PUKCUPOBAHHOTO X.

Mopenb «pblHKa».

3anucbliBaeM ypaBHeEHWE AMHaMUWKK Cnpoca C y4eTjv CriydyanHbix BO3MyLLeHuN (3)

BbibpaHHass Hamu MoAenb BPEMEHHOrO psiga — 3TO aBTOPErpeccuMoHHbIM npouecc KOna. Ha
puc. 2 NpMBEAEH NpUMeEpP MpoLecca M3MEHEHUS Cpoca MpU HanmMyMu U OTCYTCTBUM BO3MYyLLEHuI. Ma-
pameTpbl npouecca BbibpaHbl Tak, YToObl MOAENMPOoBaThL AMHAMUYECKYID CUCTEMY, B KOTOPOWA BO3MY-
LeHUs poxaatoT konebaHus ¢ AOCTaTOYHO OOnbLUMM MEPUOLOM U MeASIEHHbIM 3aTyxaHuem. Hanomu-
HaeM — 3TO TOJbKO NPMMEP MNOCTPOEHNSI peanmMcTUYecKon Mogenm cnpoca.

Mopaenu nokanbHOro ynpaeneHus

MpUpoaHbLIM rnobarnbHLIM KpUTEPUEM CUCTEMbI B LIENTOM SIBMIAETCS TEMM CYMMapHOro NpoM3BOACTEA,
WM HaKOMMEHHOE 3a onpeneneHHblii Nepuog CyMMapHoe Npou3BOACTBO. B JaHHOM criyvae paccMoTpum
TOMNbKO NOKarnbHOE yNpaBreHue: pacnpenerieHue anemMeHTaMn CMcTeMbl MHBECTULMIA MeXay NPOU3BOACT-
BaMU pasHbiX NPoAyKTOB. BbiGupaem Takylo eTepMEHVPOBaHHYH MOAEMNb: ANs KaX[oro npoaykra ane-
MEHT OLieHMBaEeT NepCcrneKkTMBHOCTL paclUMpeHns Npon3BoacTBa. Mepol nepcnekTMBHOCTM ABMSieTca On-
pefeneHHbI KpUTepUn — «ycnex» Kaxaoro npogykta. TyT MOryT ObiTb Takue anbTepHaTMBbI:

1 — cornacHo ycpeaHeHHOMY 3a ornpeferneHHbli Nepuoa «ycnexy» Kaxaoro npoaykTa;
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2 — cornacHo cyMme ycpegHeHHOoro ycnexa v Temna ycnexa (Temn — CUHOHMM MPOU3BOAHON);
JlokanbHoe ynpaBneHue: pacnpeaerneHme pecypcoB arieMeHTa Mexay 3agadamu (npogyKkramm).
Bbibrpaem Takyto 4eTEPMEHMPOBAHO-BEPOSATHOCHYO MOAENb pacnpeaeneHms UHBECTULIA.

1. Kaxxgbln anemMeHT cucTembl pacnpegenseTt Tonbko To, Y4To nonyunn («3apabotan») Ha npeablay-
Lem wware npouecca. OTOT pecypc NPUHMMAEM paBHbIM TeMMY CYyMMapHOro Npou3BOACTBA 3fleMeHTa
Ha npegbiaylem Lware npowuecca. Takon NoaxXoA4 KaXeTcsl O4eHb NPUMUTUBHBIM, — a rA4e HakonneHwve,
MCNonb30oBaHWe BHELLUHUX PECYpcoB 1 T. 4.7 — B cneayowmx mogensx, kotopble OyaeT HECMNOXHO cae-
naTb 13 aTon — Ga3oBoV Moaenu.

2. Kaxxabll arieMeHT Ha KaXK4oM Lary BblYMCNAET onpeaeneHHy KputepmnanbHyo OyHKLNI — «nep-
CMEKTUBHOCTb» KaXOoro 13 NpoayKToB. [1ns oueHKn NnepcnekTMBHOCTU 6epem BbipaXeHue:

oueHKa = al*cpeaHsisi_oTaaya_ MHBECTULUMI + a2*CpeaHnin_TeMNn_WU3MEHEHUS_oThaauun

Ha peanbHble TeMMbl NPOM3BOACTBA M NPOAAX BNUSOT pa3HoobpasHble criydaliHble konebaHusi, no-
3TOMY BMECTO TEKYLLMX TEMMOB NPOAAX M TeMMNa NpupocTa npofax 6epem ckonb3swme cpegHue. OHu
BbIYMCIIAIOTCS Tak (B3ATO onpeaeneHne v3 pabodert nporpammbl): 3agaeTcs napameTp OOHOBMEHMS
cpeaHero: 0 <a <1 u BbluMCNAETCS CKOMb3siLlee cpegHee (4).

AHanornyHo aenaem cpefHee Ans NpupocTa Temna npov3BoAcTBa. 3agaeTtcst napameTp obGHoBre-
Hua 0 <B <1 v onpegenseTcs CKONb3ALWMA cpeaHui Temn (5).

MoyTn o4eBMAHO, YTO MapameTpbl ONPeaenstoT TeMMbl OOHOBMEHUS COOTBETCTBYHOLUMX CPEOHMX,
WINN CKOPOCTb «3abblBaHMsA» MPOLUNbIX 3HadYeHu. BbibnpaeTca aTOT napameTp B 3aBUCUMOCTU OT CKO-
pPOCTM U3MEHEHMS MpoLiecca 1 YpoBHS WwymoB. OueHKka NepcnekTMBHOCTU NpoaykTa byaeT (6)

OT0 TOXE TOnbko 6as3oBas Mopenb, KOTopas AOCTAaTOMHO MEeAJIEHHO M3MEHSIeTCH, OOHaKo YyyeT
OLEHKWN YPOBHS 1 OLEHKN TEMNA SIBNSIETCA MHBapUaHTOM.

Jloruka pacnpegeneHus pecypca

MHTyMTMBHaﬂ Nlorvka: «mveem OTd)I/IJ'IprOBaHHbIe M CNpOrH03npoBaHHbIe corfnacHo (byH,D,aMeHTaJ'Ib-
HbIM MeTOA4aM OUEHKM COCTOAHUA U TeMna peanun3aunn «npoaykta», AUKTYeT npaBuio pacnpeneneHus

TeKyLLEero pecypca: NponopLMOHarnsHO NepCnekTMBHOCTM NPoflykTos (Roz )I.J. =efp; ; —[Z efp;. j] .
j

Jlorvka 3gpaBoro cMmbicna: «HAYeMy MOSTHOCTBIO HEe A0BEepATby OUKTYET ApYroe npaBuno: pasgenntb
pecypc Ha [Be uyacT: ofHy — X;y, PasAenuTb NPOrNOPLMOHANbHO MNEpCreKTUBHOCTY, a Apyryl —
X; (1 —7), pasbirpaTh B NoTepee, rAe LaHChl KaX/A0ro NpofykTa npornopLMoHanbHbl €ro NepernekTUBHO-
ctTu. Takum obpa3oM Mbl MofyyaeM AOCTATOYHO MPOCTYHO OAHY MoAenb ANs WMPOKOro crekTpa anro-
pPUTMOB FOKarnbLHOrO ynpaBfeHus pacnpefefneHnemM pecypcoB — OT YUCTO BEPOATHOCTHbIX (y =0) go
feTepMeHMpoBaHbIX (y = 1). PakTU4eCcKn Mbl BBOAMM B anropuTMbl ANIEMEHTbI CryYaiHOro nomcka.

MapameTpbl 0600LEeHHOro anropuTma o, B, Y — 0ObeKTbl anropuTMOB 0BYYEHUS.

3TOT anropuTM peanu3oBaH nporpamMmmMHbiM Mogynem VPD (Me, y), kotopbii 6epeT (M x N) maTpu-
uy, cTonbubl KOTOpOW — pacnpegeneHue nepcnekTuBHoctTen N npoaykToB Ans M aneMeHTOB CUCTEMbI,
M napameTp y BO3BpallaeT MaTpuuy pacnpegeneHus pecypcoB, Kaxabld cTonbel, KOTOPOM — BEKTOp
pacnpegeneHus pecypca gns onpegeneHHoro anemeHta. [nga criyyas, korga aneMeHT MOXET TOJSIbKO
CpaBHMBaTb pe3ynbTaTbl MPUHATLIX PELUEHU NO pacnpeaeneHno pecypcos, paspaboTaHo Moaynb Bbl-
fopa ¢ obyyeHneM. ITOT MOAYMb MEHAET BEPOATHOCTU BbibOpa ANst KaXA4oro M3 NpoAaykToB B 3aBUCK-
MOCTM OT pe3yrnbTaToB NpeablayLmX peLleHni.

AHanns pesynbTaToB MOAENUpPOBaHUSA

MaBHLIM 3NEMEHTOM MporpaMMbl MOAENUPOBAHMS €CTb MOAYMb MMUTaUMKM HEeOMNpeneneHHOCTEN.
MpoBeneHo MonHoe TeCTMpoBaHWe 3TUX Mopynen. CneumanbHO ANS TECTUPOBAHUS UM UCCeaoBaHMWS
paspaboTaHbl nHTepdencol. Ha puc.3 npuBeaeH npMmep npouecca npy BbICOKOW CKOPOCTU 0byveHuns n
OrpaHN4YEeHHOM YPOBHE LUYMOB, KOrja BO3MOXHbI BapuaHTbl BbIOopa He Hauny4llel anbTepHaTHBSI.

Ha puc. 4 npmBedeHbl NpuMepbl NPOLIECCOB MPU BbICOKOM M HU3KOW CKOPOCTSX obyveHms. Mogynu
oKasanucb He ToNbKO paboTOCMOCOBHBIMU, HO U NOAXOASALMMY NS YBENUYEHUS] YPOBHST «UHTEMNEKTY-
anbHOCTU» CUCTEMbI YNpaBneHus.

Bbicokoe GbicTpoaencTBME NpOrpamMmmbl MOAENMPOBaHNS Pa3peLumno HabpaTtb «BUMPTyarnbHYK cTa-
TUCTUKY» NPOLIECCOB pa3BUTUS pacnpeneneHHbix cucteMm. Ha puc. 5 npuBeaeHbl YacToTHbIE pacnpeae-
NEeHNsa Harpyskn 4ns cucTembl «TpW dNeMeHTa, Tpu NpogykTa» nocTpoeHHble Ha Bblbopke n3 1000 pea-
nu3aumi npouecca pasBuTus.
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Ha puc. 5.1 npuBeaeHbl pacnpegeneHus ans cny4das «paBHble YCMNOBUS». ONEMEHTbI UMEKT paB-
Hble 3h(PEKTUBHOCTU 1 paBHblE CTapTOBbIE MO3ULMK NO BCEM NpoaykTam. Bce pacnpegeneHus naes-
TWUYHbI U SBHO He raycoBbl. OCTpble BEPLUMHbI pacnpeneneHnii OTBEYaT BbICOKOW BEPOSTHOCTU BO3-
HWUKHOBEHMS crieLmanusaumm Kakaoro afieMeHTa no oOgHoOMYy U3 NPOAYKTOB.

Ha pvc. 5.2 npuBeaeHsbl pacnpeneneHus ans cnyvas «npenmMmyLectso B 3heKTUBHOCTUY . NEMEHTHI
(cBepxy BHU3) UMeIOT 3HauYeHMs napameTpos adpekTmsHocTu (1,1; 1,0; 0,9). B cpeaHem nepBbin anemMeHT
3abvpaeT nonoBuHy obulel Harpy3ku. YacToTHble pacnpeaeneHust Ansi NepBOro U TPETLEro 3y1EMEHTOB
umetoT gse mogbl. CToMkMMKM ecTb pacnpegeneHus Harpysks anemeHtoB (5; 5; 5) m (10; 5; 0). Ha
puc. 5.3 npuBegeHbl pacnpegeneHns ans crydas «ManeHbkas pasHuua B adpdpektusHoctmy (1,05; 1,00;
0,95). PacnpeneneHus Ans Kakgoro y4acTHUKA MMET CYLLECTBEHHbIN MakCUMyM AN Harpysku B TpeTb
oT obLero. B oTnnMuum oT NnepBoro criyyas, pacnpeaeneHunsi CyLLeCTBEHHO HE CUMMETPUYHbI.

Mopaynu aHannsa paHroBbIX pacnpegeneHvil.

[ns akTMBHbLIX CUCTEM BbICOKOMH(OPMATMBHBIMU ABNSAIOTCA PaHroBble pacnpefeneHnst aNeMeHToB
no Berim4MHe cymmapHoro sdekra.

Ha pwuc. 6 npuBeaeHbl paHroBble pacnpefeneHns And yCTaHOBMBLUErocs COCTOSIHAS CUCTEMbl Ans
cnyyaeB AeTepPMEHUPOBAHHOIO PasBUTUS U PasBUTUA MPU Hanuuum HeonpeaeneHHocten. OgHOMEpPHbIe
pacnpegeneHns NpeacTaBNAlT 3aBUCUMMOCTb CyMMapHOro NPOU3BOACTBA 3fIEMeHTa OT ero paHra, AByX-
MepHie pacnpefeneHns — COOTBETCTBYIOLLME 3aBMCUMOCTU MO KaXAoMy NPOAYKTY B OTAenbHOCTM. Ons
OEeTEPMEHMPOBAHHOMO Criydasi paHr anemeHTa no 3pdeKTMBHOCTM O4HO3HAYHO OnpenensieT paHr ane-
MEHTa No cymmapHOMy Npou3BoAcTBy. [1pn Hanuuum HeonpeaeneHHOCTEN 3Ta CBA3b HapyLUaeTcs, a paH-
roBoe pacnpeferneHve posnagaeTcsa Ha ABe YacTu — pacnpeerneHms Ans nuaepos 1 ayTcangepos.

Ha puc. 6 npvBegeHbl nepexoaHble NPoLecchl pacnpeaeneHnss Harpy3oK, KoTopble NpyMBOAAT K No-
NyYeHHbIM paHroBbIM pacnpegeneHusam. [Npu MoHONoONLHOM pacnpegeneHMn nNpoLueccsl nepexoaa ane-
MEHTOB U CUCTEMbI B LIENTIOM K YCTaHOBMBLLEMYCH COCTOSIHUIO COKPAaLLATCA — 3TO OYEBUAHBIN pe3yrb-
TaT KOHLEHTpauun pecypca B akTMBHOW CUCTEME (B KOTOPOW MPOOYKTMBHOCTb 3reMeHTa Bo3pacTaeT
npu BO3pacTaHuM «pa3mepar» anemeHTa»). Pasbpoc yCTaHOBUBLUMXCS 3HAYEHU ONS OTAENbHOro ane-
MEHTa MOXeT ObITb 3HaYMTErNbHbIM, OAHAKO Pa3bpoc YCTaHOBUBLLUMXCS 3HAYEHUW CUCTEMbI B LIENTIOM —
He3HauYnTenNbHbIN.

B cTtaTncTMyecknx AaHHbIX NO BbICOKOTEXHOMOMMYECKUM NPOM3BOACTBAM MOXHO HAMTW NOXOXUe 3a-
BMCMMOCTU. JTO OXMOAEMbIN pe3ynbTaT, MOTOMY YTO B MOAENb 3anoXeHbl «NPUPOAHbIE MEXaHU3MbI»
pasBUTUS M B3aUMOAENCTBUS ANEMEHTOB.

CpaBHUTENbHBIN aHann3 ABYX rPaHUYHbIX BAPMAHTOB Pa3BUTUSA pacnpeaereHHON CUCTEMbI:

a) nponopuMoHanbHoe pacnpeneneHne pecypcoB B YCNOBUSIX HEOMpPeAEeneHHOCTH;

6) MOHOMNONBHOE pacnpefeneHne PecypcoB B YCMOBUAX HeoNpeaerneHHoCTM Npou3BoacTBa M Crnpo-
ca NoATBepXaaeT:

1) paboToCcnocobHOCTb CMCTEMbI MOAENMPOBAHUS, K UHCTPYMEHTa UccrneoBaHui;

2) XMBYYECTb U aCMMNTOTUYECKYIO ONTUMAarbHOCTb METOAa OTKPLITOrO YNpaBneHus..

Mpumep

OpHo n3 npeaHa3HadYeHuin paspaboTaHHOW MOAENM — NMOUCK ONTUMAsIbHbIX anropUTMOB YNpaBreHUst
B YCNnoBusX HeonpegeneHHoctu. Paccmotpum npumep WHTepHeT-ceTen, paboTatoT 30 opraHusaumin,
KOTOpble MPeaoCTaBnsoT ONpeAeneHHble YCNnyrn U MHopMaUMOoHHbIe NpoaykThl. CornacHo ctatucTu-
KW, ONS TaKMX CUCTEM XapakTepHa BbiCOKast AUHAMUYHOCTb — HEKOTOpblE MPOAYKTHI U YCRyrn GbICTPO
TEPST CNPOC, TaK e ObICTPO 1 HEOXKUAAHHO MOSBMAKTCS HOBble MHCPOPMaLMOHHbLIE NpoayKThbl. Hala
MoAernb NO3BOMSIET MHAMBUOYaANM30BaTb NapameTpbl KaXO4oro anemeHTa. Vicnonb3yeM 3Ty BO3MOX-
HOCTb — PacCMOTPUM 3BOSOLMIO CMELUAHHOW CUCTEMbI, TAe OAHA MOMOBMHA 3NIEMEHTOB UCMON3yeT
MOHOMOSIbLHOE pacnpefeneHne, a BTopas — nponopuuoHansHoe. OQHO M3 MOMOXEHUI CUCTEMHOIO
aHanM3a — HOBYIO anbTepHaTUBY HYXXHO NMPOBEPUTbL B HEONAronpusTHbIX Ansi HEEe YCMOBUSIX — 3TO
KYCUNUTENbHbIV» aHanu3. [onycTum, 4TO 3MeMEHTbl paHroBaHHblIE MO MPOAYKTMBHOCTWU, W MNydlune
15 ncnonb3yoT NPONopLUOHanbHoOe pacnpeneneHne u UMeKT TOYHYH MHGOPMaLMIo O 3hEKTUBHOCTH
NpPOAYKTOB, @ XyALUMe — MOHOMOSbHOE pacnpeaeneHne n nHpopmaumio ¢ cryyYaiHbIMy oLLMBKamMm,

Main part

The purpose of this article is development of the module system of probabilistic models,
applicable both for research and optimization of algorithms of computer networks control and
forecast of distributed technical systems development. Module means the possibility to compose
the model from functional elements, and functional element, for example, algorithm of decision-
making, to choose from a set of the alternative submodules. The probabilistic mathematical model
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of the distributed system can be the main component of adaptive faultproof control system,
means of distributed systems design, for example, computer networks, by means of forecast of
distributed technical systems development.

Statement of the problem

The system composed of N computing elements processing the data flow, which consists of
problems of M kinds is considered. The elements have different characteristics of various problems
performance. It is quite natural to distribute the load between elements in such a way so that the to-
tal productivity of a system be maximum, it is also natural to distribute intensities of various prob-
lems performance in each element so that the total productivity of an element be maximum. Charac-
teristics of problems performance and connections between elements of a system are probabilistic,
stochastic. In conditions, when new classes of distributed systems emerge, and existing systems
are rapidly evolving we need not simply mathematical model, but a complex: operating model with
open modular structure and rational technologies of the extension and updating of a model.

The operating model comprises three components: mathematical model, program of modeling
and technology of model design and updating. Such an approach actually exists, but is not de-
scribed in terms of standards and classifications — "modeling”, "software development”, " infor-
mation technology".

The analysis of recent research and publications

Nowadays the demand for means of forecasting of complex network information systems de-
velopment and possibility of rapid model development — means of forecast and optimization,
constantly grows. Typical example: the core element of corporation Oracle new sofware version is
programing system for development of business-processes models. In conditions of a high ur-
gency for practical application of certain theoretical direction, the scientific publications containing
really new results disappear from pages of journals and monographes. Such phenomena were
observed and earlier — the indicator of importance of certain direction was the reduction of new
publications regarding the given subject.

Among publications it is necessary to point out papers [8], where the valid problem — fore-
casting of modern technical systems development in conditions of innovative character of their
operation and approaches to the solution of the problem is chosen.

Design analogs and prototypes for the problem to be solved — the development of models
and technologies of operation with models of distributed systems have not been revealed. Let's
note one more feature of information processes in conditions of new practical problems and new
means emergence, in this case, software products and information technologies. In such condi-
tions the already known and used models and methods are not suitable for the solution of new
problems and they are replaced by models and methods which have not been realized earlier.
Among them are works of P. Bellman [1—3], works on system approach to modeling [4, 7], and
fundamental works on distributed active systems analysis [5, 6]. Design analogs, where operating
models are represented and results of modeling have not been found. The monograph [9], is ra-
ther close to the subject in question, however, the material is based on models of linear pro-
gramming, which is not only inadequate, but also requires considerable computing resources.

Practical set-up

We consider systems, the elements of which have their own local criteria, exchange with cer-
tain products, have certain determined own resources. The elements distribute their own re-
sources between spheres of activity, in order to optimize their own criterion.

Nowadays the approach to development of complex control systems and decision- making
systems based on analogy — "artificial neural networks" is widely spread. For modern network
systems more productive analogy — "artificial social networks" is used. The main difference of
this trend is that the "intelligence" of system element is not less than the "intelligence" of the sys-
tem itself. While construction of information networks we can elaborate effective computing algo-
rithms, performing of certain complex problems, having distributed general problem of the system
between elements and having made this distribution decentralized. It is natural to attribute to ele-
ments, goals, intentions and even "caution". It is quite natural to introduce for generalized re-
sources and products "prices" and "demand" and even the notion "market". Actually these are the
parameters of computing algorithms. As a rule "prices" in such problems are Lagrange multipliers.
Modern systems as a rule do not have prototypes, do not have statistics, that is why we choose
the approach based on model construction ad hoc — for given actual problems, as a rule prob-
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lems which do not have any direct prototypes.

In this article the development and research of the model taking into account uncertainty in
decision-making by the elements, when the resource is divided depending on expected efficiency
but in stochastic manner. How can it be treated and why is it necessary to introduce?

1. One of methods of "fight" against the uncertainty of external environment is the introduction
of elements of random decisions. Such controlled uncertainty of decisions is the basis of algo-
rithms of random search, similarly as controlled uncertainty is the basis of algorithms of optimiza-
tion on the base of fuzzy logic.

2. In conditions of great uncertainty and dynamics of processes of technical systems devel-
opment "the last word" is to be pronounced by man. It is natural to evaluate the influence of un-
certainty of decision-making by a man on the development of technical systems.

Construction of probabilistic model of distributed system

We put forward the task to make a modular model, which functional modules reconstruct ap-
propriate «mechanisms» the laws of chemistry, thermodynamics, psychology, and have a
minimum of parameters of set-up and identification. We proceed from the principle of adequacy of
model exactitude and data, on the basis of which model of distributed system operation is con-
structed. As well as any other model mathematical model can have different interpretations, in-
cluding economic. We take generally accepted terminology, however, we take appropriate terms
in quotation marks: they are only names of mathematical models.

Model "production”

As a basis we take known determined model of growth with restriction, but its parameters we
assume as probabilistic.

Logic of production model: volume of production would increase exponentially in case of
unlimited volume of the market. Early or late total production of all elements will fill in the market.
If total production exceeds the volume of the market, th production capacities will be reduced, and
expenditures will be required. These reasons we can present by nonlinear difference operating
equation (1)

Let'sassume the parameter of the model ef; (1) as random value with certain distribution of
probability. Assume, that this distribution can be identified during operation of the system with ex-
actitude, which is sufficient for management. We note the expression for frequency distribution of
efficiency parameter value (2).

We consider distribution minimum satisfactory, i. e. such, that has a maximum of probability
for value y = x. Usually a priori distributions are corrected by the results of observations and ex-
periments. Let's introduce such restrictions for argument of cumulative distribution function:
0 <y <1,2 Xo, that is interpreted as: the least level of increment of production equals zero (disas-
trous cases are not considered), the greatest slightly exceeds the nominal. The significant ex-
ceeding is unrealistic — it would mean either nonsatisfactory models, or violation of the laws of
nature. In Fig. 1 the example of distribution both of function of variables y and (X),; and separate
section (normalized) for fixed X is presented.

Model "market”

We note the equation of demand dynamics taking into account random disturbances (3).

The model of time series, selected by us is autoregressive Yule process [26]. In Fig. 2 the ex-
ample of process of demand modification in case of available disturbances and their absence is
represented. The parameters of process are selected so that to simulate dynamic system, in
which the disturbances generate oscillations with rather large period and slow damping. We re-
mind — that it only example of construction moderately realistic model of demand.

Models of local management

The natural global criterion of a system as a whole is the rate of total production, or total pro-
duction, accumulated for determined period. In this case we consider only local management: dis-
tribution by elements of the investments between producers of different products. We select such
determined model of distribution: for each product the element evaluates the perspectiveness of
production expansion. Measure of perspectiveness is certain criterion — «success» of each prod-
uct. Here there can be such alternatives:

1 — According to averaged for certain period " success» of each product;
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2 — According to the sum of averaged success and rate of success; (rate — synonym of de-
rivative)

Local management: distribution of element resources between problems (products).

We select such determined— probabilistic model of distribution of the investments.

1. Each element of a system distributes only what it has received («has earned») on the pre-
vious stage of the process. This resource is consideredto be equal to the rate of total production
of the element at the previous stage of process. Such an approach seems too primitive — and
where is accumulation, usage of external resources? In the following models, which will be con-
structed on the of this — base model.

2. Each element at each stage calculates certain criterial function — «perspectiveness» of
each of the products. For evaluation of perspectiveness we take the expression:

Evaluation = a1- average_a_response_of_the_investments + a2- average_rate_modifications_responses

The real rates of production and sale are influenced by diverse random disturbances, there-
fore instead of current rate of sale and rate of sale increment we take «sliding» average rate.
They are evaluated in the following way (taken from the operating program): the parameter of up-
dating of average is set: 0 <o <1 and sliding average is determined (4)

Similarly we make average for an increment of production rate. The parameter of updating
0 <p <1 is set. Sliding average rate is determined (5).

It is obvious that parameters determine rates of updating of appropriate average, or speed of
«forgetting» of previous values. This parameter is selected depending on the rate of modification
of the process and noise level. The evaluation of product perspectiveness will be (6).

It only base model, which changes rather slowly, however account of level evaluation and rate
evaluation is invariant.

Logic of resource allocation

Intuitive logic: » we have filtered and forecast according to fundamental methods evaluations
of state and rate of realization of "product », dictates the rule of distribution of current resource:

proportionally to perspectiveness of products (Rozt )I.J. =efp; ; —[Z efp,-’j] .
j

Logic of common sense: "completely do not trust to anybody" dictates another rule: divide the
resource into two parts: the first — X[y to distribute proportionally to perspectiveness, and the
second — X;(1—y) to play in a lottery, where chances of each product are proportional to its
perspectiveness. Thus we obtain rather simple model for a broad spectrum of algorithms of local
management of resources allocation — from purely probabilistic (y = 0) to determined (y = 1). Ac-
tually we introduce in algorithms the elements of random search. Parameters of generalized algo-
rithm o, B, vy — objects of algorithms of tutoring.

This algorithm is realized by the program module VPD (Me, g), which takes (M, N) matrix, col-
umns of which — distribution of perspectiveness of N products for M elements of the system, and
parameter y returns matrix of resource allocation, each column of which — vector of resource al-
location for certain element. For the case, when the element can only compare the results of de-
cisions taken regarding resource allocation, the module of choice with tutoring is developed. This
module changes probabilities of choice for each products depending on the results of the previ-
ous decisions.

The analysis of modeling results

The main element of modeling program is modules of indeterminacies simulation. Complete
testing of these modules is carried out. Interfaces were developed for testing and research. In Fig
3 the example of process at high speed of tutoring and limited level of noise, when variants of se-
lection of not the best alternativeare possible is represented.

Fig 4. shows the examples of processes taking place at high and low tutoring speeds. Mod-
ules proved to be not only serviceable but suitable for increase of "intelligence" level of control
system.

High fast acting of simulation program enabled to collect "virtual statistics" regarding the
processing of distributed system development.

Fig. 5. shows frequency distributions of the load for the system "three elements, three prod-
ucts" constructed on the basis of sampling of 1000 implementations of development process.

Fig. 5.1 shows distributions for the case "equal conditions". The elements have equal efficien-
cies and equal initial positions by all products. All distributions are identical and obviously are not
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Gaussian.

Sharp peaks of distributions correspond to high probability of specialization emerge of each
element by one of the product.

Fig. 5.2 shows distributions for the case of "advantage in efficiency", Elements (from the top to
the bottom) have the values of efficiency parameters (1.1; 1.0; 0.9). On average the first element
takes half of the total load. Frequency distributions for the first and third elements have two mod-
es. Stable are distributions of elements load (5; 5; 5) and (10; 5; 0)

Fig. 5.3 shows distributions for the case "small difference in efficiency" (1.05; 1.00; 0.95)

Distributions for each participant have considerable maximum for load, representing one third
of the whole. Unlike the first case, the distributions are not symmetric.

Modules of grade distributions of element by the value of total effect are highly informative.

Fig. 6 shows grade distributions for established state of the system for the cases of deter-
mined development and development in case when uncertainties are available. One dimensional
distributions represent the dependency of total products of the element on its grade, two-
dimensional distributions — corresponding dependencies by each products separately. For deter-
mined case the rank of the element by the efficiency determines the rank of the element by total
production. If uncertainties are available this connection is broken down and rank distribution is
decomposed into two parts — distributions for leaders and outsiders.

Fig. 6 shows transient processes of loads distributions which lead to obtained rank distribu-
tions. In case of monopolystic distributions, processes of transition of elements and system on the
whole to steady state are reduced — it is obvious result of resource concentration in active sys-
tem (in which productivity of the element increases when element "size" increases).

Variations of steady values for separate element can be considerable, but variation of steady
values of the system as a whole is not large.

Similar dependencies can be observed in statistic data regarding high — tech industries. The
result is quite expected, because "natural mechanisms" of development and interaction of ele-
ments are incorporated in the model.

Comparative analysis of two boundary variants of distributed system development.

a) proportional distribution of resources in condition of uncertainty;

b) monopolystic distribution of resource in condition of production and demand uncertainly
proves:

1) serviceability of modeling system as the research tool;

2) survivability and asymptotic optimality of open control method.

Example

One of the designations of the developed model — search of optimal control algorithms in con-
ditions of uncertainty.

Let us consider the example of the Internet networks. 30 organizations operate, they provide
certain services and information products, according statistical reports, such systems are charac-
terized by high dynamics- some products and services rapidly loose the demand, and new infor-
mation products emerge. Our model allows to tailor the parameters of each element. Let us make
use of this opportunity — we consider the evolution of mixed system, where one half of elements
use monopolistic distribution, and the second — proportional. One of the assumptions of system
analysis is — new system must be tested in hazardous environment — such an approach is called
"enforced" analysis. Let us assume that the elements are graded in accordance with the produc-
tivity and 15 best elements use proportional distribution and have accurate information regarding
the efficiency of products, and worst elements — use monopolistic distribution and information
with random errors.

BucHoBKH

Po3pobneno poboui Moaeni A 3aaadi po3NOALTY «BHPOOHHLTBA» MEBHUX BHIIB «IPOIYKTIB» MiXK
eJIeMEHTaMH BUPOOHUYOI CHCTEMH IPW HAsSBHOCTI iMOBiIpHICHMX HeBHM3HaueHocTer. Lli moaeni no3sonu-
JIM IPOBECTH AOCIIUKEHHS, Pe3yIbTaTH SKUX BIAMOBINAIOTh CTATUCTUYHUM JaHUM IIPO PO3BUTOK CHCTEM
BHPOOHUKIB NEBHUX raily3e, TAKKX SIK MPOrpaMHa iHAYCTPis, eIeKTPOHIKa Ta iH.

BukoHaHoO NOPIBHAJIBHMN aHali3 ABOX aJrOPUTMIB PO3MOALIY PECYpPCiB €JIEMEHTOM CHCTEMH MiX
BUPOOHHUIITBAMH BUIIB IPOAYKTIB. 3a pe3yibTaTaMH LbOI'0 aHaJi3y OTPMMAHO BUCHOBOK ITPO HAsBHICTH
LIaHCIB y €JIEeMEHTIB-ayTcai/IepiB MOMAcTH B JIiAEPH, a TAKOXK BUCHOBOK MPO HEOOXiAHICTh AJISl PO3BUTKY
SIK €JIEMEHTIB, TaK 1 CUCTEMH B LIJIOMy ME€BHOIO — OITHMAaJIbHOTO PiBHS HEBU3HAYEHOCTI 1 PU3HUKY.

60 BicHuK BiHHMLbKOrO NOMITEXHIYHOrO iHCTUTYTY, 2006, Ne 1



IHPOPMAL|IIHI TEXHONOT Ii TA KOMITIOTEPHA TEXHIKA

Po3pobiteni Moeni 3pydHi IS pO3MIUPEHb 1 AeTami3allii i MOXKyTh OyTH OCHOBOIO JIJIST PO3POOKH CUCTEM
TEXHOJIOTIYHOTO IIPOTHO3YBAHHS iHHOBAIIITHUX MIPOIIECIB.

BbiBOAbI

PaspaboTaHbl paboune Mogenu Ansa 3agadyun pacnpeneneHns «npousBOACTBay onpeaeneHHbIX Bu-
[OB «MNPOAYKTIB» MEXAy 3NeMeHTamy Npou3BOACTBEHHON CUCTEMbI MPU HanMuMM BEPOSTHOCTHBLIX He-
onpepeneHHocTen. AT MOAENM NO3BONUN NPOBECTM UCCMNELOBaHUS, pe3ynbTaTbl KOTOPLIX OTBEYaoT
CTaTUCTUYECKMM AaHHbIM O Pas3BUTUM CUCTEM MPOU3BOAUTENEN ONpedeneHHbIX oTpacnel, Takux Kak
nporpaMmMHast UHOYCTPUsi, SNEKTPOHMKA U Ap.

BbINONHEH cpaBHUTENbBHBIN aHanM3 AByX arropuTMOB pacrnpeerneHms pecypcoB 351IEMEHTOM CUCTEMBI
MeXay NpOu3BOACTBaMM BUAOB NPOAYKTOB. [0 pesynbTatam 3TOro aHanusa noslydyeH BbiBO4 O Hanmm4yum
LIAHCOB Y 3NIEMEHTOB-ayTcaaepoB Nonactb B NinAepbl, a Takke BbIBOA O HEOOXOAMMOCTM Pa3BUTUST Kak
3MEeMEHTOB, TaK U CUCTEMbI B LIENIOM OMNPeaerieHHOro — OMNTUMAarnbHOrO YPOBHS HEONpPeneneHHoCTU U
pucka. PaspaboTtaHHble mogenu yoobHble Ans paclunMpeHui 1 getanm3aumm n mMoryT GbiTb OCHOBOW Ansi
pa3paboTkn CUCTEM TEXHONOMMYECKOrO NPOrHO3MPOBaHNSI HHOBALIMOHHbIX MPOLIECCOB.

Conclusions

Operation models intended for the problem of distribution of "production" of certain kinds of
"products” between the elements of production system in case of presence of probabilistic uncer-
tainties have been devaloped. These models allowed to carry out research the results of which
correspond to statistical information regarding the development of the systems of producers in
certain industries, such as software industry, electronics, etc.

The comparative analysis of two algorithms of resources distribution by systems element between
productions of types of products iscarried out. By the results of analysis the conclusion is drawn re-
garding the chances of elements-outsiders to become leaders, and also conclusion concerning the
necessity for development of both elements and system on the whole, optimum level of uncertainty
and risk. The developed models are suitable for expansions, workings out in detail and can be the ba-
sis for development of systems intended for technological forecast of innovative processes.
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