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The XIII International Conference “Complex Systems: Control and Modeling Problems”
(CSCMP’2011), was held on June 15-17, 2011 in Samara (Russia) by the International Association
for Mathematics and Computers in Simulation (IMACS), National Committee of Automatic Control
of Russia, Samara Scientific Centre of RAS, Institute for the Control of Complex Systems (ICCS) of
RAS with the participation of the Volga Region University of Telecommunications and Informatics
and Smart Solutions Company (Samara, RF).

The Conference was funded according to the project Ne 11-08-06051 of Russian Foundation for
Basic Research.

The conference reports were presented on the following sections:

System Analysis and Control Theory;

Control and Measurement in Complex Technical Systems;
Social Self-organization;

New Information Technologies in Control and Management.

The scientists from universities and research institutes of Great Britain, Germany, USA, Italy
participated at the conference. The Russian participants represented the Russian Academy of Sci-
ences, universities, research and development centers, enterprises and governmental authorities.
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XIII MexnynaponHas koHdpepeHnus «[Ipo0GaeMbl yrpaBIeHUS U MOACTHPOBAHUS B CJIOKHBIX
cucremax» (ITYMCC-2011) npoBogunacek B T. Camape (Poccus) 15-17 utons 2011 roma Mexmyna-
POIHOH accommaiyei Mo MaTeMaTHIecKoMy W KoMIbloTepHOMY MozaenupoBanuio (IMACS), Poc-
cuiickuM HanmoHagbHBIM KOMHTETOM [0 aBTOMAaTHYECKOMY ympaBieHHio, CaMapCKUM HaydHBIM
neaTpoM PAH, MHcTHTYTOM TIpoGIiem yripaBneHus ciaoxabMu cuctemMamu (UITYCC) PAH mpu y4a-
ctrn [ToBOIKCKOTO rOCYAapCTBEHHOTO YHUBEPCUTETA TEIEKOMMYHHUKAINH 1 HHPOPMATHKH, a TAKXKe
HAy4YHO-TIPOU3BOJICTBEHHOM KoMmnanuu «Pa3zymuble perenus» (r. Camapa).

Kondepennus mosnyunna GpuHaHCOBYIO TOJIepKKy Poccuiickoro ¢onaa (yHIaMeHTaIbHBIX
uccinenoBanuit (mpoekt Ne 11-08-06051).

Ha Kongepenim 0pU1H IpeACTaBICHBI JOKIIA/IBI ITO CIETYIONTIM CEKITHIM:

CUCTEMHBIN aHAIU3 U TCOpPUs yIIpaBJICHUA,

YHIpaBJICHUC U UBMEPCHHUA B CJIIOKHBIX TCXHUYCCKUX CUCTEMAX;
conuaibHass CaMOOpraHnu3aius;

HOBBIC I/IH(l)OpMaHI/IOHHLIe TCXHOJIOI'MU B YIIPaBJICHUU.

B Kon¢epennun npuHsIN ydacTHE y4YECHBIE M3 YHHBEPCHTETOB M HAYYHBIX YUPEKACHUH
Benuxo6putanuu, I'epmannu, CIIA, Mranun. OTeuecTBeHHbIEe yUeHble MpeacTaBisuin Poccuiickyro
aKaJIeMHIO HayK, BY3bl, HAyYHO-IIPOM3BOACTBEHHbIE OOBEIMHEHHS U TPOMBIIIICHHBIE TTPEIIPHSTHS
CTpaHbl, OpPraHbl FOCYIapCTBEHHOM BIIACTH.

vV



10.

11.

12.

13.

14.

15.

16.

17.

HPOT'PAMMHBIII KOMUTET KOH®EPEHIIUN

@eodocos E.A.
Bummux B.A.
boposux C.FO.
Anwarxos I'I1.

Bacunves C.H.

Buwmneseyxuii P.

Hnoen y.

Knumenko A.B.

Kysneyos H.A.
Hosuxos J[.A.
Panonopm 2.4.

Porcescruii I'A.

Cebpaxos I'.T".
Cmupnos C.B.

Tapacenxo @.11.

Tepseg E.J].

Hlopun B.I1.

- axagemuk PAH, npencenarens [Iporpammuoro komurera

- 1.T.H., 3amectutens npencenatens, UITYCC PAH, r. Camapa
- K.T.H., ydeHslii cexperaps, UITYCC PAH, r. Camapa

- uneH-koppecnoHaeHT PAH

- akagemuk PAH

npesunent IMACS, npodeccop Yuusepcutera Panrepca,
r. Heto-Mopxk, CIIIA

- npodeccop KenpHckoro yuuepcurera, r. Kenbh, ['epmanns

- K.3.H., IpopekTop ['ocyIapcTBEHHOTO YHUBEPCHTETA —
BrIcmiel mkoJel 5)KOHOMUKH, T. MockBa

- akagemuk PAH

yyieH-koppecnoneHT PAH

n.1.H., UITYCC PAH, r. Camapa

- npogeccop OTKPHITOrO YHUBEPCUTETA,
r. Jlonnon, BenukoOpuranus

- uneH-koppecnoHaeHT PAH
- n.t.H., UITYCC PAH, r. Camapa

- 1.T.H., HanmoHanbHBIN HccaemoBaTenbCKuil ToMCKU
roCyJ1JapCTBEHHbI YHUBEPCUTET

- uneH-koppecnoHaeHT PAH

- akagemuk PAH



10.

11.

12.

13.

14.

15.

16.

VI

OPTAHU3AIIMOHHbIA KOMUTET KOH®EPEHIIUU

Bummux B.A.

Cmupros C.B.

boposux C.1O.

Anopees B.A.

I'puyenxo E.A.

Topenos FO.H.

Junueencxuii H.B.

3aouparo HU.H.

3azopynvro FO.A.

3onomyxun FO.H.

Hnvsicos B.I.

Knewes A.C.

Kosvipes O.P.

Kysueyos C.B.
Jlazapes FO.H.

Crobenes I1.0.

I.T.H., Ipeacenaresib OpraHu3almOHHOT0 KOMHTETa,
UITYCC PAH, r. Camapa

JL.T.H., 3amectutens npeaceaarens, UITYCC PAH, r. Camapa

K.T.H., yaeHbIl cexpetaps, UITYCC PAH, r. Camapa

J.T.H., II0oBOKCKMI FOCYAapCTBEHHBIM YHUBEPCUTET
TEJIEKOMMYHHUKaLUi 1 nHpopmaTuky, r. Camapa

3aMECTHUTENIb MHHICTPA 3/[paBOOXPAHEHNUS U COLIMAIBHOTO Pa3BUTHUS
Camapckoii 00nacTn, pyKOBOANTENb JeTapTaMeHTa pa3BUTHS HHPOP-
MAaIMOHHBIX TEXHOJOIMH U OpraHU3alluy COIMAIbHBIX BBIILIAT

n.1.H., UTITYCC PAH, r. Camapa

n.1.H., UITYCC PAH, r. Camapa

K.3.H., 3aMECTHUTEIb TeHEPATBHOTO TUPEKTOPa

OI'Y «Ob6wpenunenne «Pocuapopmpecypey Munnpomsnepro Pocenn,

r. MockBa

K.T.H., HCTHTYT cuctem unpopmaruku uM. A.I1. Epmosa CO PAH,
r. HoBocubupck

1.1.H, UHCcTUTYT aBTOMaTHKH U 3nekTpomerpun CO PAH
r. HoBocubupck

JI.T.H., Y QUMCKHI TOCYIapCTBCHHBIN aBUAIIMOHHBIA TEXHUYCCKUI
YHUBEPCUTET

I.¢.-M.H., IHCTUTYT aBTOMaTHKH 1 TiporieccoB yrnpasierus /JIBO PAH,
r. BnagusBoctok

K.¢.-M.H., pupexrop Humxeropoackoro ¢punuana ['ocygapcTBeHHOrO
yHUBEpcUTeTa — BbIciiel HIKOJIbI 9KOHOMUKHU

3am. qupekropa UTTYCC PAH, r. Camapa
J.T.H., Camapckuii HayuHsli ientp PAH

n.1.H., HITK «Pa3zymabIie pemenus», r. Camapa



CONTENTS
COJEPKAHHNE

Plenary Papers
IleHapHble JOKIAAbI

G. Rzevski
Self-organization Versus Control in Complex Social Systems

B.A. Bummux
MexaHu3MBbl COLIMAJILHOM CaMOOpraHu3aluy

EJI Tepses, K.B. llempun, A.b. Qunumonos, H.b. Qunumonos
Pa3BuTHe KOHIENIMY THOKUX TPACKTOPUI B 3a/1a4aX TEPMUHAIBLHOTO YIIPABJICHUS
MOJIBI>KHBIMH 00bEKTaMU

U. Inden
On Changes in Knowledge-based Competition

D.A. Panonopm
K 3azaqe onTHMaNIbHOTO IPOSKTUPOBAHUS CHCTEM
C PacIpeAeICHHBIMHU TTapaMeTpaMu

V. Rudnev
Mathematical Modeling and Optimal Control of Induction Heating:
Challenges Posses by Modern Technology

System Analysis and Control Theory
CucTeMHBII aHAIN3 U TeOpHs YNPaBJIeHUs

E. Baake, M. Mach
Increasing the Variability of Warm Forging Processes
by Implementation of Intermediate Induction Heating

O. Pesteanu, E. Baake
New Methods for Stirring, Positioning and Levitation
in Electromagnetic Field

B. Nacke, S. Wipprecht
3D Electromagnetic and Thermal Modelling
of the EFG Process for Silicon Tube Growth

P. Di Barba, A. Nikanorov, M. Forzan, Yu. Pleshivtseva
Simulation and Multiobjective Design Optimization of
Induction Heaters

FO.E. ITnewusyesa, O.FO. lllapanosa, B.A. Meonuxosa
CpaBHHTENBHBINA aHaTN3 TTporpaMMHBIX TPoaykToB ANSYS n Cedrat FLUX

Ha IIpUMepe MOJEITMPOBAHNS IPOXOAHON MHAYKIIMOHHON HAarpeBaTeIbHON yCTAHOBKH

I'.Il. Humunanosa, C.B. CmupHo8
OHTOJIOrMYECKUiT aHaIU3 PEJIMETHON 00IaCTH 3a1a4r 0a3UPOBAHUS IEeTAIN

10

18

24

30

43

55

63

68

74

78

85

VII



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

VIII

H.B. Tunueencxuii, M.B. []Janenxo, A.H. Jlagbl006
MeTomonorus ¥ TEXHOJIOTHH (POPMUPOBaHUSA U KJIACCH(PHUKAINN 3HAHUN
0 JIeSITeTbHOCTH HAYYHBIX KOJUIEKTHBOB

A.Bb. Qunumonos, H.b. Quiumonos
O MHHMBIX TIPEBOCXO/ICTBAX AITOPUTMOB HEUETKOTO PETYIHUPOBAHNUS

@.11. Tapacenxo
UeTtsipe Tuna cBa3eil B MOJEIMPOBAHUM PEAIbHOCTH

U A. Janunywxun, C.A. Konnawuxos
VYupasieHue 00beKTaMH € PACIpPECICHHBIMU apaMeTpaMu
C HCITIOJIb30BAHUEM alllapaTa HeYETKOM JIOTUKU

A.H. Jlunueencxasn
Wnentudukaiys 1eTEPMUHAPOBAHHBIX XA0TUYECKHUX MPOIECCOB
C HMCIIOJIb30BaHUEM 0a3nca HeperyIspHbIX QyHKINI

b.I". Hnvsacos, I''A. Caumosa, U.H1. Cabumos
AHanu3 MHOTOCBSI3HBIX CUCTEM YIPABJIEHUS C HEJMHENHON
KOPPEKLMEN MOCUCTEM

b.I". Unvscos, U.B. [{eemapesa, E.A. Makapoesa, A.H. Ilasnosa, T.A. Kapmawésa
HccrnenoBanne MMHAMAKHA MaKpOIKOHOMUYECKOTO KPyroodbopoTa (PMHAHCOBBIX MIOTO-
KOB C YY4ETOM B3aUMOCBSI3aHHOTO ()YHKIIMOHUPOBAHHMS PHIHKOB OJIar, Tpy/a U JICHEr

B.O. Kopenanog
TectupoBaHue npuMepa 3BaKyaluu ¢ pePICKCUBHBIMU arcHTaMu
B areHTHO# cpe/ie MOICIHPOBAHUS

B.E. I'6030¢s, I 'U. Tanaznvi
MHoromepHasi MOJIENb CJIO)KHON CUCTEMBI

B.E. I's030e8, M.A. A6Opaguros
WHTepBabHOE OLICHUBAHNE IPAHUYHBIX 3HAUYCHUI XapaKTEPUCTHK
HaJCKHOCTH TEXHHYECKHX 0OBEKTOB

B.U. bamuwes, H.I'. I'yoanos
KateropHsie METObI CHCTEMHOTO MOJICIMPOBAHUS TPAHCTIOPTHOU

UH(paCTPYKTYpHI ropoza

A.M. Kucmanog
IIpakTuka, mpo6aeMbl U MOJICTH HYMEPAIMU CTPYKTYPHBIX DJIEMEHTOB KPEeJIUTHOM
opranuzaiuu B ceete yueHus: A.d. Jlocea o yucie

A.3. Acanos, JI.H. Jlemvsinos
Hcnonp30BaHue TEXHOJIOTHU KAHOHHU3AIMY MATPHIL JJ1s1 (POPMHUPOBAHUS CIICKTPA CUC-
TEMHBIX HYJIel METOAaMHU MOJAILHOTO yIIPABICHHS

A.3. Acanos, B.C. Kapumos
Pa3paboTka anropur™a yrpaBlieHUs: MHOTOCBSI3HBIM 0OOBEKTOM C 3aMa3/IbIBaHUsAMHE 110
BBIXO/Iy C IPUMEHEHUEM HaOIIIOIAI0IIEr0 yCTPOMCTBa

A.3. Acanos, JI1.3. I'ymeposa
OcHOBHEBIE CBOWCTBa 00pa30BaTENILHON CPEIbl KaK CHCTEMbI

95

104

110

115

121

127

131

142

147

153

159

165

171

177

183



22.

23.

24.

25.

C.B. @eogpunos, A.H. Hexnooos
MeTo/1bl M AJITOPUTMBI CHHTE3a ONITHMAIIbHBIX 110 TOYHOCTH
1 OBICTPOACUCTBHUIO CIE/SIIIUX PUBOJIOB

JLJI. Yexanos
W3meHeHne BOCTIpHATHS CyOBEKTOM BHEIITHETO MTPOCTPAHCTBA
¥ BPEMEHH B XOJI¢ YBOJIOIIH XKHBOH MaTepUn

B.I1. Oguyepos, FO.B. @ponos, M.B. Oduyepos
OO0 yrpaBiieHUH KaJPOBBIM 00€CIEYEHHEM IIKOJIBHBIX M JIOIIKOJIbHBIX 00pa3oBa-
TENBHBIX YUPEKICHUNA Ha OCHOBE MOJICTUPOBAHHMS

B.A. Cobones, M.C. Ocunyes
ToHwKkeHne pa3MEPHOCTH 3a71a4 OIIEHUBAHUSI JJIS1 CUCTEM TBEPIBIX TEJ
C MaJIOW Tuccumanuen

Control and Measurement in Complex Technical Systems
YnpasiieHue 1 U3MePeHUs B CJI0KHBIX TEXHHYECKUX CHCTEMaX

C.A. Benoxonw, FO.H. 3onomyxun, A.A. Hecmepos, M.H. ®@unrunnos
VYupasnenue KBaJpOKONTEPOM Ha OCHOBE OPTaHU3AINH JIBIIKCHUS
110 JK€JIaeMO TPAEKTOPHUH B IIPOCTPAHCTBE COCTOSIHUN

I0.H. 3onomyxun, K.IO. Komos, A.C. Manvyes, A.A. Hecmepos, M.H. @urunnos
KomrneHcarust TpaHCIIOPTHOTO 3ara3/bIBaHuUs MIPH YIIPABICHUH
TPACKTOPHBIM JIBHXKCHHEM TPYIIIBI MOOUIBHBIX 00BEKTOB

K.FO. Komos, A.C. Manvyes, M.A. Cobones, M.H. Qununnos
CoOBMECTHOE UCTIOJIb30BAHIE OJIOMETPHUU M CUCTEMBI
TEXHUYECKOTO 3PEHUSI JJIsl OIIEHKU KOOPIUHAT MOOHIIBHOTO podoTa

S.S. Moskvichev, R.A. Munasypov
Morphological Aspect of Developmental Robotics

I 11. Anwaxos, A.A. Mocmosoii
Crparernu 06€30macHOCTH MPH KOMIIBIOTEPHOM YIIPaBICHUN
KPUTHYECKIMH CUCTEMaMH

A.H. Ilagnos, b.B. Cokonos, A.A. @puoman, O.B. @puoman
CTpyKTYpHO-TpaIUCHTHAs] ONTHUMHU3AIIUS KATACTPOPOYCTONUUBBIX
HH(POPMALMOHHBIX CUCTEM

B.U. Xumenko, B.A.3enenyos, A.Il. Kosanes, M. FO. Oxmunes, b.B. Cokonog
Pemienue 3a1a4 HHTErPUPOBAHHOIO HA3EMHO-KOCMHYECKOTO0 MOHUTOPHHTA
Ha 06a3ze 00beIMHEeHUs PECypPCOB HAy4YHBIX, 00pa30BaTeIbHBIX U
MIPOM3BO/ICTBEHHbBIX Oopranu3aiuii CeBepo-3anajHoro peruoHa

B.U. Xumenxo, M. FO. Oxmunes, B.A. Kapeun

WHupopmanoHHas TEXHOJIOTHS U CHCTeMa HHPOPMAIIMOHHON
TTOIICPKKH TMIPUHATHSI PEIICHIIA TT0 KOHTPOJTIO B PEabHOM BPEMEHH
COCTOSIHUS PaKeTHO-KOCMUYECKOH TeXHUKU

188

196

204

209

217

223

230

237

241

246

252

258

IX



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

HII. Bornooypuna, B.H. Peuwwemnuxos, M.I". Tacnaesa
HetfipoceTeBoii 01X0/1 TOBBIMICHUS TOYHOCTH MECTOOIPECIICHIS HAa3eMHOTO TIO/I-
BrkHOIr0 00BekTa B cucreme ' JIOHACC

E.F. bapanos, B.M. J[émkun

HccrienoBanre MeXaHU3MOB ONITHUMU3AIIHH MIPOIIECCOB cOOpa 1 00pabdoTKH
JTAHHBIX B MHOTOTIOTOYHBIX Qt-IIPIIIOKCHHUSAX IS CHCTEM aBTOMATH3aIlUU
aTMOC(EPHBIX MUKPOBOJIHOBBIX HAOJIOICHUI

H.B. @anoun, A.B. Mopaicos

CHHTE3 JIOKAJIbHBIM METOJIOM OITUMAJILHOTO MO OBICTPOJICHCTBUIO
3JIEKTPOIPUBO/IA TIOCTOSHHOTO TOKA IPH 3aJaHHH OTPAHUYCHUS
Ha TOTpebIsIeEMYI0 MOIITHOCTh

H.H. Bacun, P.P. J{luszumounos
WneHTnduKanys ABIKYITIXCS 00bEKTOB B CIOKHBIX YCIOBHUIX
M3MEHSOIICHCS OCBEIIICHHOCTH

A.B. @Qunumonos, H.B. Hexpacoes
3amada orepaTUBHOTO TIAHUPOBAHUS TTePEKauKi HEPTH
IO MaruCTPAILHOMY TPYOOIIPOBOIY

JLE. Benenvkuii, M. M. Kymeiinuxosa, b.K. Paiixkos, FO.H. Cexucos, O.I1. Cxobeneg
KrnacTtepHbIit MeTOI U3MEpPEHUS paTUAIbHBIX U OCEBBIX CMEIIEHUH TOPIIOB JIOMATOK
C YMCHBIICHUEM BJIMSHUS HEKOTOPBIX MEIIAIOIINX (PaKTOPOB

JLB. benenvkuii, O.11. Cxobenes
DIIEeKTPOHHBIN aHANOT U3MEPUTENHHOM 1enu B Buae Mocta biymieiina
C OJHOBUTKOBBIMU BUXPETOKOBBIMU JaTUMKAMHU

C.1O. Foposuxk, A.B. Jloesunos, b.K. Paiikos, O.I1. Cxobenes
KrnactepHbIif 0THOBHTKOBBIN BUXPETOKOBBIH JATYHK CO BCTPOCHHBIMH
mpeoOpa3oBaTeIMU

B.H. Fenonyxos, FO.H. Cexucos, O.I1. Cxobenes
CucreMa n3MepeHusi ckopocTu Bpamienus poropa ['T/]
Ha OCHOBE OJIHOBHTKOBBIX BUXPETOKOBBIX JATYNKOB

B.T. Jlyzuncxuii, E.H. Kouemacosa
[ToBbIIIIEHHE TOYHOCTH HHPOPMAIIMOHHBIX ¥ H3MEPUTENBHBIX CHCTEM
3a cuét 1udpoBoit 00PadOTKK CUTHAIOB

B.H. Kapnoe, B.B. Ky3neyos, B.b. Yepnviuies
MeTo bl paH)KUPOBAHUS HATPABJICHUI CO3/IaHUS HAYYHO-TEXHUUECKOTO 3ajieiia
B HHTEpecax (HopMUpoBaHHs MPOrpaMMbl (PyHIAMEHTATBHBIX UCCICIOBAHUI

B.II. I'onukos, B.B. Yepnviutes

MeToap! MOCTPOSHUS TOTHYSCKUX (POPM KPUTSPUEB H OLIEHKU BEPOSITHOCTHO-
BPEMEHHBIX XapaKTEPUCTHK HEIIPEPHIBHOCTH aBTOMATHIECKOTO YIIPABICHUS
B KPHU3HCHBIX CHTYaIUsIX

K.K. Becconos, B.11. I'onuxos, B.b. Yepnviuies
AHanuTHYecKasi MOIEIb YIPABICHHUS CIIOKHON TEXHHYECKOH CHCTEMOM
B KPU3HUCHBIX CUTYaIIUSAX B YCIOBHSIX YACTUYHOW HEONPEAEIEHHOCTH

263

269

276

282

288

294

300

305

311

316

321

327

332



22.

23.

E.K. I'epacumosa, I 1. I'opemvikuna 339
Marematrnueckoe MOICIIMPOBAHNE HEUETKOW CHCTEMBI YIPABICHHS KaUe€CTBOM
KOPHOpPaTUBHON MH(POPMAIIOHHO-BBIYHCINTEIBHON CETH

M.A. I'abuoynun 346
CHHTE3 U CHCTeMaTH3aLHs HePapXUIeCKUX OJI0YHO-MOTYIbHBIX

CTPYKTYP aOCOIOTHBIX (DOTORIIEKTPHICCKHUX ITH(DPOBBIX

npeoOpa3oBatelieii mepeMerieHu

Social Self-organization
CouuanbHasi CAMOOPraHU3ALUS

B.E. Xuyenxo 355
Mopenu couuanbHON caMOOpraHu3aluy KaK HHCTPYMEHTBI PELLCHUS
WHHOBAIMOHHBIX 3a/1a4

B.A. Bummux 365
CommanpHOE MapTHEPCTBO KaK OCHOBA OPTaHU3AIIUHI
MIPOIIECCOB YIPABICHUS B HH(POPMAIIMOHHOM 00IIIecTBE

B.A. Bummux, M.B. Henamves, C.B. CmupHos 369
Cuctembl MOIEPKKH KOMMYHUKATUBHBIX ICHCTBUI
I A. Mxpmuruau 372

MO[[CJ'II) WHHOBAIIMOHHOI'O YHUBCPCUTETA HA OCHOBE UCIIOJIL30BaHUA
MmeTtadopbl Mo3ra

J.H. @®eosnun, A.I'. Yxapmuweunu 379
O moneny nHGOPMAIMOHHOTO YIIPABIICHUS B COLMAIBHBIX CETSX

B.B. bpeep 385
WneHTHdUKAIMS TOPOTrOBOH MOIENN B3aUMHOTO CTPaXOBAaHUS

H.M. Bopeecm 391

HpI/IHLII/IHLI YIIpaBJICHUS BY30M Ha OCHOBE CaMOOpTraHu3alun

New information technologies in Control and Management
Hosble nHGopManoHHbIEe TEXHOJIOTMH B YIIPABJICHHHU

IO.A. 3azopynvro, O.U. boposukosa 403
IIpo6nemsl mpeacTaBIeHUS U BU3yalIn3al[iy 3HAHUII B Te3aypyce 10 KOMIIbIOTEpHOH
JIMHTBUCTHKE

H.JI. Bunoepaoos 409
Peanuzanus ananuza GopMabHBIX MOHITUN B PEJIAIIUOHHBIX 0a3aX JaHHBIX
B.IO. Boakos, B.B. Bamvuuxuna, b.A. Camaxa 415

IloBpImenne kagecTBa TIPUHUMAEMBIX pemeHHﬁ B HHTCJIHGKTyaJILHOﬁ
CHUCTEME DKOJIOTUYCCKOI0O MEHEIPKMCHTA

XI



10.

11.

12.

13.

14.

15.

16.

XII

C.A. buvixos, C.B. Kaszapun, C.B. Cmupnos, E.I". Cysoposa
OHTOJIOTMYECKHE MOJICIIH CUTYaLMi B IPOLIECCaX YIPaBICHUS
peanusanueil rocy1apcTBEHHOM NpOrpaMmel
«apopmanmorHOE 00mIecTBO» B CamMapckoi 00macTu

I1.0. Ckobenes, A.B. Connoeyb, A.B. Heawenxo, E.B. Cumonosa,
M.E. Cmenanos, A.B. Llapes
MynbTHATCHTHBIC TEXHOJIOTHH B 3a/la4ax JTUCTAHI[OHHOTO 30HIMPOBAHUS 3eMIIN

A.P. Jluasumounosa, A.B. Heawenxo, U.H. Jlumeunos, A.JI. Hosuxos, I1.0. Crobenes,
M.B. Coiuesa, U.1. Xamuy

O0ecrieueHIe COrIACOBAHHOI'O B3aUMOJICHCTBUS 110 TNIAHMPOBAHUIO IPY30II0TOKA
MesxIyHapOTHOM KOCMUYECKON CTAHIMH C TIOMOIIBEO MYJIbTHATCHTHBIX TEXHOJIOTUH

A.P. Juasumounosa, A.B. Heawenxo, C.C. Koocesnukxos, B.B. Jlapoxun,
J.C. Ouxkos, I1.0. Crobenes, A.B. L]apes

MynbTHAreHTHOE yIpaBJICHHE PeCypcaMy Ha MPUMEPe aBTOMATH3HUPOBAHHON
JICTIETYEPCKOM PEMOHTHBIX OpHUTajl

M.B. Anopees, HU.0. babanun, A.C. Beureeocanun, A.B. Heawenko,
D.B. Koavbosa, I1.0. Crkobenes
MynbTHAreHTHAS! CUCTEMA YIIPABICHUSI HHCTPYMEHTAIBHBIM IIEXOM

B.JI. Hsuenxo, I'A. Qunumonos
[IpuMeHeHHe OHTOJIOTHIA B 3a7a4aX HH(POPMATH3AIMH KAJIPOBBIX CITYKO

K.B. Bbviuenxos, E.A. I puyenxo, J{. M. Mapmuviwxun,

OJI. Cypuun, T.B. Tanyxuna

Pa3paboTka HHTEIUIEKTYaTbHON CUCTEMBbI MOICPIKKH IPUHSTHUS PSIICHHIA
JUISL OKa3aHuUs! IEPCOHUPHUIIUPOBAHHON METUIIMHCKOM TOMOIIM MAIUeHTaM
Ha OCHOBE OHTOJIOTH M KOMITBIOTEPHBIX CPEJICTB MMPEACTABICHUS 3HAHUI

A.E. Konooenkosa
WHrensiekTyasabHble TEXHOJIOIMH B 331a4ax OLIEHKH KHU3HECTIOCOOHOCTH
MIPOCKTOB CIIOKHBIX CUCTEM

M.A. Bocomonosa, P.P. Xanumos
VYipasieHre B3aMMOOTHOIICHUSMH € KITMEHTAMH TE€JIEKOMMYHUKAIIMOHHON
KOMITAaHWHU Ha OCHOBE aJITOPUTMOB MHTEIIEKTYaIbHOM MOAIEPIKKH

A.Il. Konesamos, T.A. Yivanoeckas, E.A. Ilonsakos
ABTOMaTH3AIMS IPUMEHEHUST OHTOJIOTHIA JJIs1 pa3pabOTKH MaTEeMaTHYECKOTO
U TIPOTPAMMHOT0 00CCIICYCHUS] HABUT'AIIMOHHBIX CHCTEM

B.U. llenexos, 3.I". Tymypos
Crneundukaiusi CHCTEM yIPaBICHUs B BUJie TUIeprpadoBoil KOMIIO3UIINN

3.B. Ananosuu, T.A. Kuciuyvina
AHanm3 pa3BUTHS HAYIHOTO HATIPABJICHHUS P IIOMOIIH BU3YaTU3aIHH
WHPOPMAIINU O HAYIHBIX COOOIIECTBAX M CETSIX IUTHPOBAHUS

M.IO. 3azopynvko, E.A. Cudoposa
Cucrema U3BJICYCHUS IIPSIMETHON TEPMUHOJIOIMH U3 TEKCTa HA OCHOBE
JIEKCUKO-CUHTaKCHYECKUX 111a0JI0HOB

421

426

435

443

451

460

464

470

477

484

493

499

506



17.

18.

19.

20.

21.

22.

23.

LA Ilynoa

JBe GopMbl pesicTaBIeHHs IS TEIBHOCTH, U KOTHUTHBHAS IIPUPOJIa
MIPOUCXOXKACHHS COBPEMEHHOTO TIOHATHS «yIIPaBJICHHE
CIIOKHOCTBIO» (complicity management)

LA Ilynoa
«MHCTPYMEHT JUIs pyKOBOJIHUTEIIS» U COBPEMEHHAs IIOTPEOHOCTh
B 00€CIeYEeHHBIX MPEJICTABICHHSIX NESITEIbHOCTH OPraHU3allMOHHBIX CHCTEM

A.JI. Tapacos
AHanu3 3alIMIIeHHOCTH 00BEKTa C TTOMOIIIBIO TUHTBUCTUYECKON MOJIENIN IPUHATHUS
peleHui

U .H. Mapakanos, A.J]. Koznos
XML-opueHTHPOBaHHBIH JTOKYMEHTO000POT

HII. Fornooypuna, H.B. Xanxcuna, FO.H. Axmatizanosa
BbIsiBIIeHHE 3aKOHOMEPHOCTEH TP (HOPMUPOBAHUY KPUTEPUEB IPPEKTUBHOTO
TPYOYCTPOMCTBA BBITYCKHHUKOB BY30B

A.3. Acanos, U.IO. Mouuxuna
Mo/ienupoBanue U yrnpaBlieHHe BOCTPEOOBAHHOCTHIO BBIMYCKHUKOB By3a
Ha OCHOBE HEYETKMX KOTHUTHBHBIX KapT

A.A. Aumponos, C.B. CmupHos
IToaxon k pa3paboTke cucremsl st WEB-mpenctaBieHust OHTOJIOTHYECKUX MOIeei

512

524

539

547

554

560

566

XIII






Plenary Papers
NMAeHapHble AOKACGADI







SELF-ORGANIZATION VERSUS CONTROL
IN COMPLEX SOCIAL SYSTEMS

G. Rzevski
Emeritus Professor, Complexity Science and Design Group, The Open University, UK
3 Ashbourne Close, London W5 3EF, UK

george@rzevski.net
phone: +44 7525 746 106

Key words: complex social systems, self-organization, agent autonomy, emergent intelligence, emer-
gent creativity, emergent leadership

Abstract

Jyis TOTO, YTOOBI OTIPECIHTS, SIBJISCTCS JIM COIMATbHAS CUCTEMA, B KOTOPOW JOMHHUPYIOT arcH-
TBI-JIIOIU, CIIOKHOM, MCIIONIB3YETCsl 7 KPUTEPUEB CIOXKHOCTH. B craThe aHANM3UpylOTCs yKa3aH-
HBIE CUCTEMBI H PACCMATPUBAIOTCS WX KITIOYEBBIC XapaKTEPUCTHUKHU, TAaKHE KaK CIIOHTAHHBIN WH-
TEJUIEKT, CIIOHTAHHOE TBOPYECTBO M CIOHTAHHOE JIMIEPCTBO. KITFOUEBBIM apryMEHTOM CTaThbu
SIBIISIETCS. TO, YTO CIIOKHBIMH COLMATBHBIMU CHCTEMaMH HENb3s YIPaBIATh; OHU JOJDKHBI OBITh
CO3JIaHbI U JeMOHCTpaliK 3P PeKTa caMOOpraHu3alii. B cTaThe KpaTKo pacCMOTpEH MPaKTh-
YeCKHH MoAX0Jl K pa3paboTKe CaMOOPraHU30BLIBAIOIINX COLMANBHBIX CUCTEM, OCHOBAaHHBIH Ha
0OJIBILIOM OMBITE aBTOPA.

Introduction

All attempts to apply Newtonian science to complex systems in which active components are

human beings have repeatedly failed. The reason is quite obvious, the behaviour of human-activity
systems is unpredictable whilst Newtonian science is deterministic.

The Science of Complexity that recently emerged, primarily from the original work of Prigogine

[1], [2], is the much more appropriate science for explaining the behaviour of systems whose main
elements are humans. Let us consider this proposition by first outlining criteria of complexity and
then applying these criteria to human-activity systems.

The Seven Criteria of Complexity

Let us assume that Complexity is present if all or most of the following seven features are in

evidence [3]:

)]

2)
3)

4)

5)

INTERDEPENDENCE - A system consists of diverse components, called Agents, which are
interdependent (a change in behaviour of one agent is likely to cause a change of behaviour of
some other agents).

AUTONOMY - Agents are not centrally controlled; they are partially autonomous (have a de-
gree of freedom of choice) but subject to certain laws, rules or norms.

EMERGENCE — Global behaviour of the system emerges from the interaction of agents and is
therefore unpredictable.

NON-EQUILIBRIUM - Global behaviour of the system is far from equilibrium because fre-
quent occurrences of disruptive events do not allow the system to return to the equilibrium be-
tween two disruptive events.

NONLINEARITY — Nonlinearity of relations may result in insignificant inputs to be amplified
into extreme events (butterfly effect).



6) SELF-ORGANIZATION — A system is capable of self-organization (autonomous change of
behaviour and/or configuration) in response to disruptive events. Self-organization may be also
initiated autonomously in response to a perceived need, a feature that may be termed creativity.

7) CO-EVOLUTION - A system irreversibly co-evolves with its environment.

Complexity and Social Systems

For the purposes of these discussions, let us agree that any system in which dominant agents are
people (a family, a club, an association, a country) is a social system. Social systems subsume socio-
economic systems (a business, a market); socio-technical systems (transport, a supply chain); socio-
political systems (a nation, a union of nations) and urban systems (a town, a metropolis) to mention
just a few.

Let us apply the above seven criteria of complexity to social systems to test if they are complex.

INTERDEPENDENCE — Agents of all social systems are interconnected, interdependent and
often engaged in rich interaction. However this in itself does not make a system complex. It is a nec-
essary but not a sufficient condition.

AUTONOMY - The degree of autonomy of agents in social systems is the most important com-
plex/non-complex demarcation criterion. If agents are always instructed what to do we have a rigidly
structured rather than complex social system (a command-and-control hierarchy, a dictatorship); if
agents have a complete freedom how to behave we have social chaos (a spontaneous riot, anarchy); if
agent autonomy is substantial but not total, the social system is complex. In reality the autonomy of
agents in social systems is never complete; it is always limited by law, social norms and conventions
and by a bewildering amount of rules, regulations and polices. It follows that social systems, exclud-
ing few exceptions, are complex.

EMERGENCE - In general, the global behaviour of social systems emerges from the interac-
tions of agents and is therefore unpredictable though not random. The uncertainty of the global be-
haviour of social systems is directly proportional to autonomy of constituent agents — in rigidly struc-
tured social systems (strong dictatorships) emergence may be close to zero.

NON-EQUILIBRIUM - In complex social systems disruptive events are always present and
their frequency depends on the complexity of the environment in which they are embedded. As we
entered the highly interconnected and interdependent (and therefore complex) Internet-based global
society, the so-called Global Village, the frequency of disruptive events (unpredictable changes in
family membership, association, schooling, employment, earnings, leisure pursuits, housing costs,
etc) increased to such a level that many social systems operate far from equilibrium.

NONLINEARITY - Nonlinearity of human relations is notorious, as illustrated by numerous
examples (minor disagreements escalating into major disruptions in relationships; insignificant re-
strictions causing tantrums; assassination of Duke Ferdinand in Sarajevo provoking the First World
War).

SELF-ORGANIZATION - In rigidly structured social systems where agents are centrally con-
trolled self-organization is very week and may not even exist. In contrast, whenever constituent
agents are given certain freedom to make autonomous decisions, they will make use of this freedom
to attempt to achieve their goals in the presence of disruptive events, which amounts to self-
organization. Social agents differ widely in their abilities to make decisions under conditions of un-
certainty, which affects the self-organizing capabilities of social systems.

CO-EVOLUTION - All social systems change in time. Changes are influenced by the interac-
tion of their agents with agents of other systems. If we define the Environment of a system to be the
set of all systems with which the system under observation interacts, it follows that the system ev-
olves (changes) due to interactions with its environment. Since system environment also changes, it is
correct to use the term co-evolution (of the system and its environment) rather the term evolution.



Important Features of Complex Social Systems

Emergent Intelligence

The key difference between social complex systems and biological, physical or chemical ones is
in the degree of infelligence of constituent agents. For the purposes of these discussions let us define
intelligence as “the capability to formulate and achieve goals under conditions of uncertainty”. Intel-
ligence subsumes motivation and the ability to learn, investigate, communicate and create. This fea-
ture of social systems is very important because intelligence provides agents with the ability to exer-
cise choices.

A social system comprising intelligent agents that are given the appropriate autonomy to nego-
tiate with each other what are the most worthy common goals and what are the best ways to achieve
them at every given moment of time, exhibits emergent intelligence, which is far greater than the sum
total of constituent agent intelligence [4].

The appropriate agent autonomy depends on intelligence of agents and on complexity of the en-
vironment in which the social system is embedded. In that respect each system, at any given point in
time, is different. We can ascertain only that the appropriate autonomy is always greater than none
and smaller than total.

Emergent Creativity

To survive and prosper in the complex world there is a need to perpetually review goals and in-
vent new ways of achieving agreed aims and objectives. To satisfy this need agents should not just
react to disruptive events, they should be creative — able to anticipate trends and generate new oppor-
tunities. Creative agents can be appointed (research & development staff) or allowed to emerge when
creativity is required (emergent creativity). My research indicates that the latter approach is more
promising. Any social agents appears to be able to exhibit certain degree of creativity when circum-
stances demand.

Emergent Leadership

To achieve difficult goals intelligence and skills are not sufficient, there is a need for motivation.
A leader is an agent that is capable of motivating and mobilising other agents to undertake a difficult
task and in particular tasks that are critical for the achievement of system goals. Leaders can be ap-
pointed or they can be allowed to emerge at the time when leadership is required (emergent leader-
ship). The idea of emergent leadership is rather new and untested but much more aligned to the com-
plex thinking than the current practice of appointing leaders.

Control versus Self-Organization

The freedom of exercising choices in social systems is never complete. As a rule, autonomy of
social agents, and thus their freedom of choice, is limited by social conventions and norms, by ethical
standards, by rules and regulations imposed by social system statutes and by national and interna-
tional laws enforceable by punishment, which can be severe (expulsion from a school, club, business;
deportation from a country), or very severe (imprisonment, capital punishment). The purpose of lim-
iting agent autonomy has always been to eliminate or restrict the unpredictability of the emergent
behaviour of social systems, in other words, to ensure that the systems behave as nearly as possible as
intended by system creators. However the effort to control the system by controlling constituent
agents is often self-defeating.

The whole idea that it is possible to control a social system by excessively restricting autonomy
of constituent agents should be carefully re-examined. The notion is fully valid only if the system is
closed or if its environment is stable and without disruptive events. Such situations do not exist natu-
rally in the real world but are occasionally artificially imposed (Berlin Wall). When these conditions
are not satisfied, i.e. when the system is open and its environment is complex (ever changing in un-
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predictable manner) attempts to control a social system by imposing excessive restrictions on agent
autonomy are counterproductive. They prevent agents to react positively to disruptive events and thus
stifle self-organization, which in time leads to system disintegration (centrally planned economies).

Even more importantly, when perception of the desirable autonomy of agents by those attempt-
ing to control a social system and by constituent agents themselves, differ significantly, each agent
tends to formulate a private (non-declared) set of goals, which may not be compatible with the pub-
licly declared social goals. Activities aimed at achieving non-declared goals are often conducted in
covertly manner resulting in “deviant” behaviour (infidelity, lying, theft, murder) and/or in organiz-
ing resistance aimed at changing official goals (rebellions, revolutions).

In social systems with strict centralized control the unofficial (underground, dissident) behav-
iour exhibits all features of complexity, including emergence and self-organization, which ensures its
long-term success, as experienced by disciplinarian businesses and totalitarian political regimes.

We have to come to term with the notion that complex social systems cannot be controlled and
learn how to design them to be self-organizing.

Designing Self-Organizing Social Systems

General Considerations

The reason for designing self-organization is to provide social systems with a capacity for
achieving desired goals under conditions of frequently occurring disruptive events. Self-organization
replaces control.

My long practical experience in designing self-organizing socio-economic and socio-technical
systems [5], [6], [7], [8], [9], [10], [11] supports the four-point approach:

1) Develop a self-organization strategy

2) Plan strategic redundancy of resources

3) Specify a self-organization mechanism

4) Develop a self-organization support system

Building the capacity for self-organization into systems in which we live and work amounts to
designing complexity into our life, which is counterintuitive. Common sense suggests we should at-
tempt to simplify the complexity of the environment, which is of course not possible because by defi-
nition our environment is not under our control.

Self-Organisation Strategy

Open systems operating in complex environments do not have the optimal performance because
operating conditions frequently change. Therefore, the main part of a self-organization strategy is a
collection of scenarios showing the best possible (rather than optimal) ways of fully or partially
achieving system goals under conditions of the occurrence of unpredictable disruptive events.

Strategic Redundancy of Resources

It is intuitively clear that under conditions of uncertainty it is not possible to run “lean” opera-
tion and that there is a need to have in place redundant resources some of which will be required only
in rare cases of disruption.

Self-Organization

Whilst we cannot do much about complex physical and chemical systems, which are guided by
natural laws, we can certainly affect the behaviour of social, socio-technical and socio-economic sys-
tems that are guided by law, social norms, ethics, constitutions, statutes, policies, rules and regula-
tions, which are in principle under our control.



Emergent behaviour of such systems can be kept within certain region by ensuring that regula-
tions are sufficiently unambiguous to prevent random behaviour and yet sufficiently flexible to allow
system certain freedom to self-organize when facing new challenges [4]. There exist evidence that the
best strategy is to introduce variable regulations — tighter when the system operates in a normal mode
and much looser when the system is recovering from effects of an extreme event [12].

It is important to note that regulations cannot prevent system nonlinearities to create occasional
extreme events. To reduce severity and frequency of extreme events we must use additional heuris-
tics. There is evidence that it is possible to reduce the frequency of occurrence and intensity of ex-
treme events by reducing propagation of signals through system connections, which can be achieved
by increasing the “resistance” to propagations in system links and by partitioning the system into re-
gions that are weakly interconnected with each other in order to prevent extreme events created
within a region to spread to other regions, as shown in Fig. 1.

Regions are logical rather than geographical

Figure 1 — Partitioning a Complex System to contain the occurrence of extreme events

Self-Organization Support Systems

Self-organization in social systems is feasible only if decisions how to respond to disruptive
events are made and implemented rapidly — the decision what to do and the action that implements
the decision must be completed in between two consecutive disruptive events.

It is obvious that for decisions to be done with such a speed we cannot rely on humans. We need
complex adaptive software implemented using ontology-based multi-agent technology [13]. Conven-
tional software is not of much help because it requires a re-start from scratch whenever a disruptive
event occurs.

To exhibit adaptability software must have an extensive Knowledge Base and built-in artificial
intelligence. A practical methodology for developing adaptive software is described in numerous
publications by the author and his team, see above.
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Conclusions

We live and work in a complex world and complexity of our environment is perpetually increas-
ing. Current mathematical methods and conventional software, based on Newtonian Science are in-
adequate for modelling complex social systems that are characterized by a high diversity of constitu-
ent components, very high frequency of unpredictable, disruptive events and occasional occurrence of
unpredictable extreme events. There is an urgent need to use concepts and principles of the newly
developed Complexity Science to analyse the behaviour of systems in which key agents are humans.

During the last eleven years the author with his co-workers has developed a simple and practical
methodology for designing self-organizing social, socio-technical and socio-economic systems. The
methodology is supported by powerful tools consisting of advanced multi-agent technology that ex-
hibit emergent intelligence and creativity, and is capable of making rapid autonomous decisions in
real time. A large number of commercial and engineering applications, as well as studies of exceed-
ingly complex social issues, show the power of the methodology.
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Abstract

Self-organization is regarded in the paper as a fundamental property of a social system, as one of
the most important factors that determines the functioning and evolution of any system at the
same time being its internal property. Civil society is represented as a self-organizing object and
concentration of non-state relations. The mechanism of cycle causality is analysed in the paper.
This mechanism in combination with the uncertainty makes the basis of social self-organization.
It is noted, that communicative actions in social self-organization is a mechanism to achieve mu-
tual understanding of actors. In order to improve the efficiency of social self-organization the pa-
per justifies the necessity to create communicative actions support systems. The paper empha-
sises the social significance of creation of education systems that provide the formation of a man
civilian position.

BBenenue

Korza B ciioxHOW cucreme, HaXoJsIIeHCs B HEPABHOBECHOM COCTOSIHUM M COCTOSILIIEH M3 MHO-
JKeCTBa CIy4aliHBIM 00pa3oM B3aMMOJCHCTBYIOMIUX MEXIY COO0O0H M OKpY)KaoIIeH cpemoil KoMITo-
HEHTOB, BO3HHKAET IMOPSIOK WIN Kakas-TO YCTOWYMBAas CTPyKTypa 0Oe3 BCAKMX BHEIIHMX OPraHu-
3YIOIINX BO3AEHCTBUH, TO TOBOPAT, YTO TaKas CHCTEMa 00J1alaeT CIIOCOOHOCTBIO K CAMOOPTaHM3aALNH
[1]. CounanbHbIe CHCTEMBI B 3TOM CMBICIIE HE SIBIISIOTCS UCKIIIOYEHHEM, IIOCKOJIBKY IPOSBICHUS Ca-
MOOPTaHHM3ALMHA OOHAPYKUBAIOTCS €IIE B MEPBUYHOW COIMANbHON (popMe MEepBOOBITHOTO CTPOSI —
oOruHe, re o0Iiee coOpaHue YICHOB OOIIMHBI CIYXKHIO COIUAIbHBIM HHCTUTYTOM, 00ECIICUHNBAIO-
MM BBINOJTHEHUE 0e3 MOCPEJHUKOB (QYHKIMH COLMANILHOM CaMOOpraHn3alyy 10 NPUHIUITY «KaX-
JIBIF 32 BCEX, BCE 3a Kaxaoro» [2].

OTHoUIEHUs] caMOyINpaBJIeHUs] B OOIIMHE HOCHIM XapakKTep «IepBOOBITHOW NEMOKpaTHH», a
YIPaBJICHYECKUE CTPYKTYPhI ObLIIM HENOCPEICTBEHHO «BILJIETEHBI» B OCHOBHYIO MAcCy OOIIMHHUKOB
[3]. Boznukatomue npoOiaeMHble CUTyalluH, 3aTpardBalolIde MHTEPEChl WIEHOB OOLIMHBI W 00ja-
JIAfOIINEe HEONPEAEIEHHOCTBIO, YPETYINPOBAIICH IyTEM JOKAJIbHBIX B3aUMOACHCTBUI Ha BBICIIEM
CX0JIe OOIIMHBI, TJIE B JINIE CAMUX OOIIMHHUKOB MPOMCXOAMIO CIHSIHUE «3aKOHOJATENEHON» U «HC-
MOJTHUTENbHOW» BiacT [2]. IHBIMU CIIOBaMU, cHOCOOHOCMb K COYUANBHOT CAMOOPLAHU3AYUU ABIS-
aace 6 obwune yHOamMeHmoMm, 0becneuusaioyum B03MOICHOCIb Peanru3ayuu npoyeccos ynpaeie-
Hus (TIPOTIECCOB IPUHSTHSA perieHuit) [4].

Haxozsick B «eCTECTBEHHOM COCTOSIHUE», TIPH KOTOPOM MPAaKTHYECKH OTCYTCTBOBAIHM HPAaBCT-
BEHHBIE U NIPAaBOBbIE OTPaHUYEHUS, HHANBUI TEM HEe MeHee 00J1aiayl BCEMH MTPpaBaMH CaMO3aIlUThl 1
JIEWCTBOBAJI, PyKOBOJICTBYSCh «ECTECTBEHHBIM 3aKOHOM)», OTPaKarolIUM JJIEMEHTApHOE Ipe/CTaB-
JieHue o crpaBeyMBoCcTH. [lepeiins B «rocyaapcTBEHHOE COCTOSIHUE», JIIOJHM Hepenaind (yHKIHIO
MHTEPIPETALUHN «ECTECTBEHHOIO 3aKOHa» OpraHaM 3aKOHOJAaTeJIbHOHM BJAacTH, a (YHKIHMIO camo3a-
IIUTHI — OpraHaM UcHoJHUTeNnbHOU Biactu [5]. IlosiBieHue mocpenHuka B JUIE TOCYAapCTBa Kak
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amrmapara yhpaBJeHHs OOIIECTBOM, HAJICIEHHOTO BIACTHIO W OMHPAIOIIETOCsS HA CHIY 3aKOHA WIIN
OpraHbl MPUHYKICHHS, N3MEHIIIO OOIMHAYIO MOJIENIb CAMOOpTaHn3alui. Teneps caMoOpraHnu3aIis
OCYIIECTBIISUIACH HAa YPOBHE JIOKAJNBHBIX B3aWMOJICHCTBUH IJIIOJEH TOJBKO TOTNA, KOTJa HeoIpese-
NEHHOCTh B OTHONICHHSX MEXKAY HUMH MOKHO OBUIO yperyaupoBaTh ITyTEM MPSMBIX IEPEroBOPOB,
He mpuderas K IPUBJICYCHHIO TJIO0ATBHBIX CTPYKTYP — FOCYIapCTBEHHBIX OPTaHOB M BBIpadaThIBae-
MBIX MU HOPMaTHBHO-TIPABOBHIX aKTOB. EciH ke HEeompenelIEHHOCTh B CONMyMe (CKa)XXeM, COIH-
anpHas HaNpsDKEHHOCTH) MpEBBIIIala HEKOTOPOe KPUTHYECKOe 3HadeHHe, TpeOOBaIoCh BMEIIATelb-
CTBO TOCY/apCTBa C €ro MOJHOMOYHMSMH PEryJIMpOBaTh OOLIECTBEHHbIE OTHOIICHHS. 3MeHeHue
STHX OTHOIIEHUI, B CBOIO OUYepesb, AaBal0 «UMITYJIBChD) BIACTH CO CTOPOHBI OOLIECTBEHHOCTH IS
BBIPAOOTKH HOBBIX HOPM MOBEJICHMS M B3aUMOJICHCTBUS JIOAEH Ha JOKalbHOM ypoBHe. M BOT 3Ta
YUuKIUYeckas NPUYUHHAS 3A6UCUMOCTb 8 COYEMAaHUU ¢ HeONpeoenéHHOCMbIO U COCMABsAem OCHO8Y
COYUANBbHOU CaMOOpeanu3ayuy B COBPEMEHHOM («HEOOIMHHOMY) IIOHUMAaHUH 3TOro ciiosa[ 1,6,7].

OpnHako TEHISHIHS K PACOIMPEHHI0 Cephl TOCYIapCTBEHHOTO PETYIMPOBAHUS KU3HH H JIesi-
TEJNIEHOCTH JIFOJIeH (aXke B TeX CIIydasx, KOTJa B 3TOM He OBUIO HUKaKoil He0OXOAMMOCTH) pa3BHUBaia
CUCTEMY NMPUHYAUTEIFHOTO COTPYJHIYECTBA, MOCTETICHHO MOAABIIASA OOIIECTBEHHYIO CaMOOPTaHN3a-
muro. I'. CrieHcep Ha3Baj Takod THIT 00IIecTBA BOMHCTBEHHBIM. JItoam, 0o0pa3yromiye BOMHCTBEHHEIC
o0rmIecTBa, «IOJDKHBI 00JIalaTh CIIENON BepOd B aBTOPUTET M TOTOBHOCTHIO OBITH HAIIPABIISIEMBIMH
IPYTUMH, a, CIIeI0BaTEeIhHO, U CPABHUTEIFHO MAJIOW MHAIUATHBON. [IpUBBIYKA BUICTH BCIOAY O(H-
[[MaJbHOE BMEIIATENIbCTBO Pa3BUBAECT YBEPEHHOCTh, YTO 3TO O(HUIMAILHOE BMENIATENLCTBO BCIOLY
HEoOX0MMO; a TOT 00pa3 J>KM3HH, P KOTOPOM BCE ONpEeNsAeTCs JIUYHBIM YCMOTPEHHEM U HeET
NPUMEpOB 0E3JIMYHOTO TEUSHHUS! COOBITHH, JIeJaeT UX HECIIOCOOHBIMH ITOHUMATh Kakue Obl TO HU OblI-
JIO COIMANIbHBIE TPOIIECCHl KaK Pe3yJabTaT CaMOPETYIUPYIOMUXCs opsakos» [8]. B Takom obmiecTse
yenmpanuszosanHoe ynpasierue, CTITUBAIOIIEE MPUHATHE PELICHUI K BEpXHUM SIIEJIOHAM BIIACTH,
omoosuUzaem COYUANbHYIO CAMOOP2AHU3AYUIO Ha 6MOPOLl NiaH, TIPEBpaIas JIIoJeH B «BUHTHKH» TO-
CyJapCTBEHHOM MAIlIWHBI, B IPOCTHIX UCTIOTHUTEICH BOIH APYTHX JIFOJCH.

B To ke camoe BpeMsl pe3epsvl noguluie s Kayecmea HCUusHU, IPGekmueHocmu IKOHOMUKU U
20CY0apcmeenHo20 ynpasienus ciedyem UCKamy 8 CamMux J00sX, 8 KadcOOM yenogeKe, 8 UCNONb30-
BAHUU €20 NePCOHATbHBIX UHMENIeKMYalbHbIX U 601e8blx pecypcos. JKEcTkas yrpaBieHUYeCKas He-
papXxus ¥ IEeHTPAIHU3aIHs, CKOBBIBAOIIIE WHUIMATHBY JIIONIEH, 3/1ech HenpuemiieMbl. [l permenns
3a/laud MOJICPHU3AINH SKOHOMUKU HEOOXOMUMO MOJAEPKUBATBH pa3gumue camoop2anu3ayuu Kax
@dyHOaMeHmanbHo20 C60CMEa N0OOU CIOJNCHOU COYuanbHoU cucmemsli. Ha 3TOM aKIEHTHPOBA
BHUMaHHUe Kiaccuk counosoruu [Tutupum CopokuH, KOTOPBIH MUCAll, YTO «OJUH U3 CaMBIX TNTaBHBIX
(akTopoB, onpeAeNSOMNX (GYHKIMOHUPOBAHNE U pa3BUTHE JIOOOW CHCTEMBI, JISKUT BHYTPH Heé
camoit. B a3Tom cMbIciie 1r00asi BHyTpEeHHE MHTETPUPOBAaHHAs CHCTEMa SIBISIETCS aBTOHOMHBIM CaMo-
PeryJIupyrIUMCs, CaMOYIIPABIISIEeMbIM WM, €CJIH YTOJHO, «COaTaHCUPOBAHHBIMY» €AMHCTBOM» [9].
WMeHHO camoopeanuszayus uzpaem Kuo4esyro CUCmemMooopasyiouyio poib npu 603HUKHOBEHUU NO-
pAaoka u3 xaoca [10], mpencTapisionero codoit HeynopsIoueHHOe TIEPBOHAYANIO, TIEPBOBEUIECTBO, U3
KOTOPOTO cioXxwuiics Mup [2]. Ha 3ToM ocHOBaHMHM MOXKHO paccMaTpHBAaTh CAaMOOPTAaHHM3AIHMIO B Ka-
YecTBE OCHOBHOTO IYTH TeHE3HCa CAMBIX Pa3IHYHBIX (B TOM HYHCIIE COIMAIBHBIX) OOBEKTOB, M MIPH-
COCIMHUTHCS K MBICTIH 0 nepsuyHocmu peHomena camoopeanuzayuu [11].

s Toro uTo0Bl Goitee TITyOOKO MOHATH CYTh 3TOTO SBJICHUS, HEOOXOINMO OIPEIeIIUTh MeXa-
HU3MBI, BEJIyIIHUE K COIUAILHON camoopranu3anuu. B pabdore [1] mpuBOAATCS pe3ysIbTaThl HCCIIEI0-
BaHUs 3TOW MpoOeMbl, MoydyeHHbIe B paMkax npoekta SEIN (camoopraHu3yrOMMXCs MHHOBAIU-
OHHBIX ceTeil). B gaHHON cTaThe M3araeTcst TOUKa 3pEHHsI aBTOpa Ha MEXaHU3MBI COLIMAIbHON ca-
MOOpTaHHM3alK, KOTOpasi ONMUpPAaeTcsi, C OJHOW CTOPOHBI, Ha (YHIAMEHTAJIbHYIO OHTOJOTMI0 M.
Xaiinerrepa u Teopur0 KOMMyHHKaTHBHOTO neiictBus FO. Xabepmaca, a ¢ Apyroii, - Ha HOBbIE BO3-
MOKHOCTH TOJIIEP’KKH TPOIIECCOB CAMOOPTaHU3ALNH, IPEIOCTABIIsIeMbIe COBPEMEHHBIMH HH(pOpMa-
[MOHHO-KOMMYHHUKAIIHOHHBIMHA TEXHOJIOTHAMHU.
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1 IMukiuveckass NPUYUHHASA 3ABUCUMOCTH

B 1exapTOBCKMX OHTOJOTMYECKHX MOCTPOCHMSAX OBITHE XapaKTepH3yeTcsl OE30THOCHTEIBHO K
JIEATEIIFHOCTH JIIO/IeH, UX TO3HAHUIO M MBIIUICHUI0. MaTepusi U yM paccMaTpHBAIOTCSA Kak «mapail-
JIETbHBIC» APYT APYTY CyOCTaHIMH, YTO MO3BOJIET ONMCATh MAaTEPUAIBHBIA MHP OOBEKTHBHO, HE
BKJIIOYasl B ONHCAHNUE YeJOBeKa — HAOIIoMaTeNs ¢ ero cyobeKTuBHOCTEI0. HOoByIO «(hyHIameHTalb-
HYIO OHTOJIOTHIO», BOCCTAHABIMBAIOIIYI0 €INHCTBO YeJOBeKa W Mupa, co3man M. Xadigerrep [12].
Ero Dasein («BOoT-ObITHEY, «31€Ch-OBITHEY, KIPUCTYTCTBHE») O3HA4Yallo HE 0OBEKTUBHOE ObITHE, a
COOCTBEHHOE OTHOLICHHUE YeJIOBEKa K OBITUIO. Yelo8ex He MOoabKo ecmb, HO COOMHOCUMCs ¢ co001l,
MUpom u mupom opyaux moodet [13].

B ¢dyHIaMeHTaIBHON OHTOJIOTHU Hpoucxooum nepexod OT «OOBEKTHBHOTO MHpa» K Mupy
«CYyOBEKTHBHOMYY, «HpeoMemHOoMYy» KOTOPbIH COCTOUT HE U3 BEIel, CBOMCTB W OTHOIICHHUH, a W3
OTBETOB Ha HAIIIM BONPOCHL. IHBIMU CIIOBaMU, OCYLIECTBIISETCA MEPEXO] OT «KOCMOCa» K «JIOTOCY»,
0T «MHpa IPUPOIBD K «MUPY KYJIBTYPbI», OT COCTaBa M CTPOSHHMS BEIIECTBA K CMBICITY CJIOB H TIpe.-
noxeHud. [IpeMeTHBIH MHUp 4YeloBeKa MpecTaBisieT COO0H 00JIacTh CMBICIOBBIX SI3BIKOBBIX BBIpa-
JKEHUH, ¥ KaXIbIi MpeaAMeT — 3TO 3HaueHue cioBa. CTpyKTypa mpeaMeTa, 0 KOTOPOM CTAaBHUTCS BO-
MPOC «MHTEPECYIOUINMCS CYOBEKTOM», OyJIET 3aBUCETh OT CTPYKTYPHI BONIPOCA, & XapaKTep BOIpOca
COOTBETCTBYET XapaKTePHCTHUKAM TOTO, KTO BOIPOCHI 3a1acT. Kajwcowbiil npedmem CYIMIECTBYET JIHIIb
MOCTOJIBKY, TIOCKOJIBKY OH CBSI3aH C «BOIPOCOMY; OH He Ymo uHoe, kak omeem na éonpoc [14]. Ye-
JIOBEK CTAaHOBHTCS UEJIOBEKOM TOJIBKO TOTJA, KOTAa OH OCBOMI SI3bIK M KOTA OH C IIOMOIIBIO S3bIKA
(hopmupyeT CBOIl NpeMETHBIN MUD.

B ¢wuocoduu M. Xaiinerrepa cyniecTBOBaHHE YEIOBEKa BBICTYNAET KaK 03a00YeHHOCMb, 3 B
CBSI3U C JIPYTHM YCIOBEKOM — 3a00TOH 0 apyrom, obweti 3abomoti [15]. Jlaxke eciin 4enoBeK BCeM
JIOBOJICH U HUYETO y)KE HE XOUeT, OH BCE-TaKH 03a00YEeH COXpaHEHHEM B OyAyIeM 3TOTO COCTOSHHS
YIOBIIETBOPEHHOCTH. YK€ B CAMOM CIIOBE «3a00Ta» 3aKIIOYAETCS TOT CMBICI, YTO 3TO JIENACTCS IS
napyroro. OCHOBOIT COBMECTHOTO OBITHS APYT C IPYTOM IPEK/IE BCErO M 3a9acTyio SBISIETCS TO, UTO B
TakoM OBITHH CTaHOBHTCS IpenMeToM obmiel 3a00Tel. IIpn 3TOM mO3HaHME paccMaTpHBaeTCA Kak
€CTECTBEHHBIH 00pa3 delicmeus auuHoCmy 6 yeaioM, a He Kak AyXOBHast (DYHKIHS, B3ATas U30JIHPO-
BaHHO [14].

Taxum 0Opa3om, denoBek, OyIydH LEIOCTHOCTBIO, B KOTOPOH HE pa3lemsieTCsl «MaTepHaIbHOE»
U «HJeaNbHOe», KOOBEKTHBHOE» U «CYOBEKTHBHOE», OKa3bIBACTCS 080UCINEEHHbIM TIO CBOEH MPHUPO-
Jie: OH MHAMBUJYaJlEH B CBOEM IPEAMETHOM MHUpPE, HO B YEJIOBEKE 3aJI0KEHO U COLMAIIbHOE HAYajlo,
MOCKOJIBKY CTPYKTYpa €ro COOCTBEHHOT'O CO3HAaHUs OTBedaeT (aKkTy CYLIECTBOBAHMS APYIHX WHIU-
BUJIOB, T.€. unmepcybvexmusna. VIHTepCcyObeKTUBHBIMU Ha3bIBAIOT TPUCYIINE CYOBEKTaM CTPYKTY-
pBI OOIIHOCTH, 00ECIICYNBAIOIINE BO3MOKHOCTh B3aUMONOHUMAaHUs U oOme3naunmoctu [5]. Coru-
alpHas CHCTeMa B 3TOM cllydyae o0pasyercsi IMyTEM B3aMMOJECWCTBHS MHIMBMIOB, KAXIBIH M3 KOTO-
PBIX OTHOBPEMEHHO U aKTOp (AEATEND), MPECcIeIyIOnNi COOCTBEHHbIE IETH, 1 0OOBEKT OPUECHTALNH
JUIs Apyrux akTopos. [Toj conmanbHBIM B3aMMOJEHCTBIEM MOHMMAETCS MPOLECC HEIOCPEICTBEHHO-
TO WM OIOCPEIOBAHHOTO BO3/AEHCTBHSI COLMANBHBIX OOBEKTOB JIPYr Ha APYyra, B KOTOPOM B3aUMO-
JIEHCTBYIOIINE CTOPOHBI CBSI3AHBI YUKAUYECKOU NPUYUHHOU 3a8ucumocmuio [16], 3akmodaroneiics B
CJIEIYFOIIEM.

WHnuBuayansHble IEHCTBUSI aKTOPOB B COIMAIBLHON CHCTEME HANpaBIISIOTCS B3aMMOCOTIIACO-
BaHHBIMHU OXXHJAHUSIMH, T.€. MPEANIOI0KEHUSIMHI O TOM, YTO OXuAaeT Buepenau. Oocudanus 6 coyuy-
Me HeonpeOenénnbl, Naxe eclii B KaueCTBE NMPHHLUIIOB PEryIHPOBAaHUS UCIOIb3YIOTCS COIUANbHEIE
HOpMBI Wi npasuia. [losToMy mpaBuiaa MOTYT JIMIIb CHU3UTH HEONPEAEIEHHOCTh A0 COIMAIbHO
MPUEMIIEMOTO YPOBHS 8 KAJCOOU KOHKPEMHOU cumyayuy i Ha ONPEICIIEHHOM ITPOMEXYTKE BpEMEHH
[1]. IIpaBuna MoryT BeIpaOaTBHIBATHCSI HEMOCPEACTBEHHO B IpOIEcCcax JIOKATbHBIX B3aMMOAEHCTBUM
aKTOPOB HMJIM OTIOCPEJOBAaHHO C MOMOIIBIO «TJIO0ANBHBIX CTPYKTYp». B mepBoM cirydae (Hampumep, B
Ype3BBIYANHBIX CUTYyalMsAX, KOraa TpeOyeTcs onepaTnBHOE MPUHIATHE W UCTIOJIHEHNE PELICHNH), aK-
TOPBI IYTEM IPSIMBIX IEPETOBOPOB JOrOBAPHBAIOTCA MEXKAY COOOM M cpasy Ke peaau3yroT cOryiaco-
BaHHBIE pemeHns. HeompeaenéHHOCTE 3/1€Ch peatn3yeTcsl Ha YPOBHE JIOKAJIbHBIX B3aUMOICHCTBUH, U
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MpaBUJia MOTYT U3MEHSTHCS B 3aBUCUMOCTH OT CUTyaluu. Bo BTOpoM ciiydae «riio0aabHbIX MOJIEINEH
B3aUMOJICHCTBUSI» BKJIIOYAIOTCS MMOCPEIHUKN (HAIIPUMEp, OPTraHbl roCyIapCTBEHHON BIACTH), KOTO-
pble Ha OCHOBE aHaJM3a JIOKAJIbHBIX B3aUMO/ICHCTBHUII pa3pabaThiBAIOT HOPMATHBHO-IIPABOBBIC aKTHI,
pEryJupyoIie OTHOIIEHHUS MEXIy aKTOpaMH M HX moBefeHue. Takum 00pa3oM U BO3HHKACT LIUK-
JMYecKasi MPUYMHHAS 3aBUCUMOCTh: C OJJHOW CTOPOHbI, JIOKAIbHBIC B3AaUMOJICHCTBHS PEryIHUPYIOTCS
rI100aIbHBIMU CTPYKTYpPaMu, a C JPYrodl — riao0aibHble CTPYKTYPBI SBISIOTCSI PE3YJIbTATOM JIOKAJIb-
HBIX B3auMojieicTBuii [1, 7].

[uknuyeckast MPUYMHHAS 3aBUCHMOCTD JIOKAIBHBIX B3aUMOJCUCTBUI U TJI00ANBHBIX CTPYKTYP
SIBIISICTCS. MEXaHU3MOM CaMOOPIaHU3aIu 00IIecTBa B ero (PyHKIMOHAIBHBIC TMOJICUCTEMBI M CIO0XK-
HYIO CHCTEMY COI[MAJIbHBIX WHCTUTYTOB. ECIM MpaBuia B3auMOJEHCTBUS TOKAXYT CBOE MPABO Ha
CYIIECTBOBAHUE B JTAHHOM CTPYKTYpE, TO OHH OYAYT Y3aKOHEHBI, & HHCTUTYTHI JOJDKHBI OyIyT mpe-
CJIeZIOBATh CIy4Yau HApYIICHUs THX MPaBUII U HAJIaraTh CAHKIIMU. 37IeCh MTPABUJIA YK€ HE H3MEHSIOT-
Csl C M3MEHEHUEM CHTYAIMH, KOTOPYIO OHU peryinupytor. OJHAKO COLUaIbHbIE HHCTUTYTHI CYIIECT-
BYIOT JI0 T€X I0p, MoKa oHU 3()(EKTHBHBI B CHIIKEHHH YPOBHS HeolpeaeaéHHocTu. Haye oHu Mo-
TYT BBDKHUThH KaK «PEJUKTBIY», HO YXKE€ MOTEPSIOT BO3MOXKHOCTh PEalibHO BIMATH HA KU3Hb 00IECTBA

[1].

2 TI'paxknaHckoe 00L1eCTBO

[{ukinueckass TPUYUHHAS 3aBUCHMOCTH (Ha3blBaeMas TaKKe HUKIHYECKOH MPUYMHHOCTBIO),
obecrieunBarolasi B3aMMHOE YCUJICHUE JIOKATBHBIX B3aUMOJICHCTBUN U INTOOATBHBIX CTPYKTYD H CTa-
OMJIBHOCTH MX B3aMMHOT'O BOCHPOU3BOJICTBA, B COUETAHUH C HEONPEIENEHHOCTHIO COCTABIISIOT OCHO-
BY COIMAJIBHOI caMOOpraHu3aInu, 0000IIEHHAS MOJIeTTh KOTOPOIi N3JI0kKeHa B pabotax [1, 6, 7]. dus
TOr0, 9YTOOKI O0Jice ITyOOKO MOHATH MEXaHH3MbI CAMOOPTaHU3aIMY, HEOOXOIMMO KOHKPETH3UPOBATh
THIT O0IIIECTBAa M TOCYIapCTBEHHOT0 ycTpoiicTBa. C 3TOi IeNbI0 pacCMOTPUM NpUBeNEHHYI0 Ha Puc. 1
MOJIeTIb COLMATIbHOW CaMOOpraHu3anuu B (elepaTUBHOM TOCYJapCcTBE, B KOTOPOM pa3rpaHHYCHBI
(byHKIMH, TpaBa 1 00513aHHOCTH (ellepalibHBIX, PETHOHATBHBIX U MECTHBIX BIIACTEH.

FocymapcTBO

(thenepaneHele M Luknuveckas FpawpaHcKoe Lurnugeckas MecTHoR
PErMOHANEHEIE obecTBO npuyuHHOCcms| GAMOYNpaBneHWe
opraHel BnAcTM) /9L AN P

.
e

HeonpedenenHocms

OkpyarowWwan cpefa

Pucynok 1 - Mojenb conuanbHOIT caMoOpraHu3aiuu B GenepaTHBHOM TOCYAapCTBe

IMTox coumymom (00ImIeCTBOM) 3/1€Ch MOHUMAETCSI COBOKYITHOCTh BCEX CIIOCOOOB B3aMMOAEHCT-
BUSL U (hOpM OOBEAMHEHUS JIIOJeH, B KOTOPOH BBIPAXKACTCs UX BCECTOPOHHSS 3aBUCHMOCTD APYT OT
apyra. ['ocynapcTBo mpezacrasisier co0oii anmapar yrnpasieHHs! 00IECTBOM, a MECTHOE CaMOYIIpaB-
neHue - GopMy OCyIIECTBICHHS HApOJIOM CBOEH BJIACTH, 00ECIICUMBAIOUIYI0 CaMOCTOSATENILHOE pe-

IIEHUE HACCIICHUEM HEMOCPCACTBCHHO U (I/IJ'II/I) Hepe3 opra’nbl MECTHOTO CaMOYIIPaBJICHHUA BOIIPOCOB
MCCTHOI'O 3HAUCHMUA.
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BaxHy10 poib B 3TOH MOJENN UTPACT epadicOaHckoe 0ouecmao, TOCKOIbKY IMEHHO OHO Tpea-
CTaBISIET COO00H camoopeanusyoueecs Hawaio N COCPEAOTOUCHNE HETOCYJaPCTBEHHBIX OTHOLICHUH
[2]. HeonpenenéHHOCTD B commyMe (ColMaibHas HANPSHKEHHOCTh WIIM COBOKYITHOCTh BO3HMKAIOIINX
MpoOJIEMHBIX CHUTYaIMi) OLIyIIAeTCs M MHIWLUPYETCS TPEXkKAe BCETO T'PaKIAHCKHM OOLIECTBOM,
KOTOpOE TOJDKHO OBITH CIIOCOOHBIM B TpeZefiaX JIOKAIBHBIX (OJIM3KUX K OOIIMHHBIM) B3aUMOJEHCT-
BUIl CAMOCTOSTENIFHO CHMXXATh YPOBEHb ATOW HEONPEAEIEHHOCTH, €CIIM OHA HE IIPEBBIMIAET HEKOTO-
POro COLMAIBHO JIOMYCTUMOTO 3HaueHus. B Tex ciydasx, Koraa HeonpeienéHHOCTh JOCTUTaeT KpH-
THUYECKOT'O YPOBHS M BBIXOAMT 33 IPaHMIBI JIOKATBHBIX B3aUMOJICHCTBHN, IpaKAaHCKOe OOIIECTBO
WHHUIUHUPYET HEOOXOIMMOCTh pelleHusi mpoOiieM Mepel] OpraHaMH IOCYIapCTBEHHOW BIIACTH HIIH
MECTHOI'O0 CaMOYIIPaBJIEHUs], KOTOPbIE BKJIFOYAIOT CBOU pblYaru ynpasieHus. MHeIMM cloBaMu, rpa-
JKIAaHCKOE OOILECTBO PaccMaTpUBAETCsl Kak OOIECTBO, JOCTHUrIIEe MapTHEPCKUX (B OTIAMYHE OT JO-
MUHHUPYIOUINX CETOJHS MaTepHAINCTCKUX) OTHOIIEHUH C rOCyAapCTBOM M MECTHBIM CaMOyIpaBlie-
HHeM. W OoT TOro, HACKONBKO Pa3BHTO T'pa)KIaHCKOe OOMIecTBO, 3aBUCUT d()()EKTUBHOCTH PabOTHI
MEXaHN3MOB COLMAIBHON CaMOOPTaHN3aINH, SBISIOIUXCS AEHCTBEHHBIM CPEICTBOM OOpPBOBI ¢ KOp-
pyHuueii, IpecTyITHOCTEIO M MHBIMU TIOPOKAMH.

Ilo camoli cBoei mpHpose COLUATIbHBIE CUCTEMBI, KAK OTHOCUTEIBHO YCTONYMBBIE COBOKYITHO-
CTH B3aNMOJCHCTBYIOIINX JIIO/EH, MPUHAIIICKAT K KIAcCy CIIOXKHBIX CHCTEM, HMOCTPOSHHBIX IIO
NPUHIOUIY «9acTh — 1enoe» [7]. OCHOBHBIM «CTPOHWTENBHBIM OJIOKOM» B HHX SIBIACTCS XOJO0H — Iie-
JI0€, SIBJISIONIEECs YacThlo Ipyroro, 6onbiiero neioro [17], a raaBHBIM «IEHCTBYIOIIUM JTUIIOM) XO-
JIOHA SIBJISIETCSL aKmMOp — YeJIOBEK, B3SBIIMK Ha ceOs (MM MOJTYYMBILUI) ITOJHOMOYHS IO yIpaBIie-
HHUIO XOJIOHOM H Hecyumi/i OTBETCTBCHHOCTL 3a IMOCJICACTBUA NMPUHUMACMbIX peLlIeHIdﬁ. «ATOMap-
HBII» XOJIOH — 3TO OTJEJNBHO B3ATBIH aKTOp, KOTOPHIN BMECTe ¢ 00eCIeurBaONIMMU €0 MaTepuallb-
HBIMH M TPYAOBBIMH pecypcaMu o0pa3yeT Oa3z086uiii xon01. B cBOIO ouepens, rpynna 6a3oBbIX X0J10-
HOB MOJET 00pa30BBIBATH COCHIABHOU XOJIOH, KOTOPBIII MOXKET BCTYIaTh B OTHOLICHHUS C APYTUMH
XOJIOHaMH. B pesynbTaTte meperoBopoB akTOPOB MEXIY COOOH XOJOHBI MOTYT OOBEIUHATHCS B HO-
BbI€ XOJIOHBI MJIH, HA000POT, pachaaTbCs, Y€M ONPEAIISeTCs BOIIOINS COIIMAIBHON CHCTEMBI.

Takue X0JIOHNYECKHE CUCTEMBI 3aHIMAIOT MPOMEXYTOYHOE MOI0KEHNE MEKITY HePapXHIECKU-
MH 1 ceTeBbIMH. OT HEepapXUIECKUX CHCTEM C JKECTKOW «BEPTHUKAIBHOM» OpraHU3annei nX OTJINIaeT
BO3MOXKHOCTh «TOPHU30HTAIHLHOTO» B3aNMOJACHCTBUS MEXKIY JIEMEHTaMH, a OT CETEBBIX, JIOITYCKalo-
IIMX OTHOUICHUS 110 TIPHHIUIIAM «KKIBIA C KaXKIBIM» U «PaBHBIN C paBHBIM», - CIIOCOOHOCTH (op-
MHUPOBaHHSI OTHOCHTEJIHO YCTOHUUBBIX MPOMEKYTOYHBIX CTPYKTYPHBIX (POPM (COCTaBHBIX XOJOHOB)
1 00pa30BaHMsl BPEMEHHBIX Hepapxuil. CiieryeT OTMETHTB, YTO BPEMsI CyLIECTBOBAHHMS XOJIOHA 3/1€Ch
UTpaeT BaXKHYIO POJIb: OJJHO JEJI0, KOTAa pedb MIAET O XOJOHAX C KOPOTKUM «BPEMEHH KU3HU», U B
3TOM CMBICJIE — HEYCTOHUUBBIX (HAlpUMep, SKCKYPCHOHHAsl IPYIIa, BpEMEHHBIH TPYI0BOI KOJUIEK-
THUB, MUTHHT | T.I.), © COBCEM JIpYroe JIeJI0 — YCTOWYMBBIE, CTAOMIIbHBIE XOJIOHBI, TAKHE KaK CEMbS,
MpEeANPUSATHE, TOTUTHYECKAs TapTUs U T.1I.

[ToHATHO, YTO YENOBEK OJHOBPEMEHHO MOXKET OBITh B COCTAaBE HECKOJBKHX XOJIOHOB, a €CIIH
pedp UAET 0 MHOXKECTBE JII0JIeH, B3aNMOICHCTBYIONINX B paMKax HEKOTOPOI COIMaIbHOI OOITHOCTH,
TO BO3HHKAET NMpo0OjeMa yCTaHOBICHMS WX MHOTOCTOPOHHHMX KOMMYHMKAIIMHA TPH OJHOM Ba’KHOM
OTpaHWYCHUH — HEJb3sl, YTOOBI OJMH YENOBEK (CYyOBEKT) NMparMaTHYECKH HMCHOJIb30Ball JIPYroro B
KadyecTBe cpeAcTBa (0OBeKTa) A IOCTIDKCHHS IIeTH. BO3MOXHO MpHHATHE APYroro (CyObekTa)
JIMIIb B KAYECTBE CAMOJJOCTATOYHON LIEHHOCTH, T.€. CYOBEKT — OOBEKTHBIE OTHOLICHUS JOJDKHBI OBITH
3aMCHCHBbI Cy6"beKT - Cy6’beKTHI>IMl/I. HCCJ’ICZ[OBE[HI/IIO TaKuX TMPUHIUIIAAIBHO HCHACUJIbCTBCHHBIX
(He-BepTUKANBHBIX) CIIOcOO0B OBITHS MOCBsMEHb! padoTs! FO. Xabepmaca [16].

B xuure «CtpykTypHbIe H3MeHeHus obmectBeHHocTH» HO. Xabepmac packpbiBaeT crielu(puKy
«CTPYKTYp OOLIECTBEHHOCTH» B UX OTKPBITOCTH, TJIACHOCTH, B OIIOCPEIOBAaHMH B3aUMOCBS3EH MEXKIY
TOCYZapCTBOM M WHIMBHIAMH, B YCTAHOBJICHHH MHOTOMEPHBIX KOMMYHHUKaNHWi JIIOAEH Ha HErocy-
JTAPCTBEHHOM YpOBHE [2].

Ho nanGonpmmii HHTEpEC MPEACTABISET €ro TeOpusi KOMMYHHUKAaTUBHOTO AEHCTBUS, B KOTOPOH
KOMMYHUKAYUS paccmMampusaemcs 6 Kkasecmee 0a306020 coyuanvHozo npoyecca. KoMMyHUKaTHB-
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HOE JIeHCTBHE — TaKkoe B3aMMOJCHCTBYE (110 KpaiiHeil Mepe IBYX) MHIMBHUIIOB, KOTOPOE YIOPSIOYH-
BaeTCs COIIACHO 00s3aTeNbHBIM HOpMaM. MHCTpyMeHTanbHOe nelicTBue (cdepa Tpyla, Onepupyro-
1mast KpuTepusaMH 3P HEKTHBHOCTH) OPUSHTHPOBAHO Ha YCIEX, KOMMYHUKAMUBHOE — HA 63AUMONOHU-
MaHue Oeticmeyrowux uHOUueu008. VIMCHHO pa3BUTHE KOMMYHHMKATHUBHBIX NMPAKTHK M KOMMYHHKa-
THBHAs PALlMOHAIM3ALMS, a HE OTHOLICHHS POU3BOJCTBA, JIeXKaT, ¢ TOUKH 3peHus F0. Xabepmaca, B
OCHOBE COBPEMEHHOI'0 IpaxkIaHcKkoro obuiectsa [2]. OH mpeayiaraeT B aHaJIM3€ YeJIOBEYECKOro 00-
IIEHHUS MCXOIUTh U3 HJeana cBOOOJHOM KOMMYHHKALIMH, KOTJAa HU OJMH M3 YYaCTHUKOB HE IOJBEp-
raeTcs OrpaHUYEHUSIM CO CTOPOHBI BJIACTHBIX CTPYKTYpP M HOPMATHBHBIX MpaBuil [S].

10. Xabepmac paznuyaeT MHCTpYMEHTAJIbHOE M KOMMYHHKAaTHBHOE IoBelneHue. IlepBoe Ha-
NPaBJICHO Ha peayM3aluio ONpe/esIEHHOTO0 MHTepeca, a He Ha JIOCTIDKCHUE B3aWMONOHMMAHHMS, U
BeJIET K CO3HATEIbHOMY MM Oecco3HaTelbHOMY oOMaHy mapTHEpa. Bropoe HampaBneHo Ha co30a-
Hue ynopsaoo4eHHOl HOPMAMUBHOU CUCEMbL YCOUYUBBIX MENCTUYHOCIHBIX OMHOUEeHUT U yCTON-
YHBOW CTPYKTYpBI JIMYHOCTH, CIIOCOOHOH K CaMOOCYLIeCTBICHHIO. KOMMYHHKaTHBHOE MOBEICHUE
TIPENCTABISET COOOH uHMEPCYObeKMUBHYIO C8A3b Mexcdy cybvekmamu, 00NaTalonIiMH S3BIKOBON
KOMIIETEeHTHOCTBIO [5]. KOMMyHHMKaTHBHBIE NSHCTBUS M MOBEIECHHE OTHOCATCS, TAKHM 00pa3oM, K
MeXaHH3MaM COLMAIbHON caMOOpraHU3alUH.

CretyeT OTMETUTB, YTO TEOPHsS KOMMYHHKATHBHOTO JCHCTBHS CBS3aHAa C TaK Ha3bIBAGMBIM
«UTMHTBHCTHYECKHM IIOBOPOTOM» B (GMIOCO(QUU M COLMAIBHBIX HayKaxX, OOYCIOBHBIIUM Hepexoo
2HOCeoN02U3MA 8 KOMMYHUKamusHylo napaduemy. OOIIECTBO aHAIM3UpyeTca B GopMe KOMMYHHKa-
uuu [3].

3 Cucremsl MOAACPIKKHA COIMAIbHOM caMoopranm3anuu

CoumanbHble 00IIHOCTH, MPEJCTABISIIONINE COO0M COBOKYITHOCTH JIIO/IEH, BBIJIENIsIEeMbIE IO KPH-
TCPUIO TCPPUTOPHUAJIBHBIX U COIMUOKYJIbTYPHBIX IMapaMETPOB U O6])€,U,I/IH)IGMI)IG yCTOfI’-lMBLIMH CBA34-
MH ¥ OTHOIIEHWSAMH, OTJIMYAIOTCS 10 CBOCH CIIOCOOHOCTH K caMOOpraHu3anuu. B coBpeMeHHOM co-
LMOJIOTHH HCIONB3YETCsl TIOHITHE «HOBOW OOIIECTBEHHOCTH» - aCCOIMANNHN CBOOOIHBIX M PAaBHBIX
WHIUBHJIOB, ONPECILIIONINX B X0/1€ KOMMYHHUKAIINH, apTyMEHTHPOBAHHOTO O00CYKACHHUSI HOPMaTHB-
HBIC YCIIOBHSI CBOETro cymiecTBoBaHUs. IIpenHa3HaueHHe Takod OOIIECTBEHHOCTH «3aKIIOYaeTCs B
CIIOCOOHOCTH MOCTOSIHHO yCTAHABJIMBATH MIMPOKHE MHOTOMEPHBIE CBA3M KOMMYHHUKAIINH, CIIOCOOHO-
cti (popMHpOBaTH CBOM aBTOHOMHBIE OOBEIMHEHHMS, ACHCTBYIONINE CIUIOUYEHHO, OPraHM30BaHHO, C
peduexkcuBHbBIM ToHMMaHueM nenei» [16]. [loctyaupyercsi, TakumM 00pa3oM, 4TO HOBasi OOLIECTBEH-
HOCTb JI0JDKHA 00J1a1aTh BEICOKOH CIIOCOOHOCTBIO K CAMOOPraHU3alHy.

OiHaKO JKM3HEHHAsl MPAKTHUKA MOKA3bIBAET, YTO BO MHOTHX COLMAIBHBIX OOIIHOCTAX MEXaHU3-
MBI caMooOpraHu3anuu paboraroT kpaiiHe Hed(p(EeKTHBHO B CBS3M C MAaTEPHAIMCTCKONH MEHTaJILHO-
CTBIO HaceJIeHUsl, MPUBBIKIIETO K ONEKe CO CTOPOHBI rocyaapcTBa. B Takmx ycioBusix Bepx OepyT
MEXaHUCTUYECKHE WAEU BIIACTH, NPEBpAIaollfe YeIoBeKa B TOT CaMbli «BHHTHK» TOCYJapCTBEH-
HOW MAIMHBI, KOTOPBIA CYIIECTBYET «CaM IO ceOe» B 0XKHAAHUN YbHX-TO YIPABISIONINX BO3JCHCT-
BUH M HE TOTOB K KOMMYHHKaIMsAM. Takol dYemoBeKk He 0CO3HAET ceOs JacThI0 COIMAIBLHOM Ee0CT-
HOCTH, @ BOJIS €TO0, SBIAIOMAsics ()EHOMEHOM CaMOpPETYISIUN CyOBEKTOM CBOHMX IOBEACHUS U Jes-
TENBHOCTH M TPAHCIHPYIOMAst «MMITYJIECHI TIOTPEOHOCTE» B «MMITYJIBCHI K ICHCTBHIO», OKA3bIBACTCS
napagu30BaHHOM.

[TosTOMY pa3BHTHE CaMOOPTaHU3YIOLIMXCS COOOMIECTB JI0AeH (HOBOI OOIIECTBEHHOCTH) TECHO
CBSI3aHO C CO3JAHUEM CUCHmeMbl 80CHUMAHUs, obecnevugaioweli GopMuposanie Yeio8eKom cgoell
2PAadcOaHCKOll nO3uyuu, B KOTOPOI MEPeIuIeTaroTCcs ero XKU3HEHHasi M ColMaibHas Ho3uluu. «Kus-
HCHHAs TO3UIIUSA — JIMYHOCTHASI PUI0CO(Hs YeTOBEKa, OTPAXKAIOIIASCSA B €ro 00pase *KU3HHU U 00yCT-
pOWCTBE UM WMHIUBHYaILHOIO KU3HEHHOTo mpoctpaHcTBa. ColuanbHas Mo3ULuUs — CyObEeKTUBHOE
OCO3HAaHUC HMHAWBHUIOM cebsl KaK CaMOCTOSTEIbHOI CAUHHUIIBI B O6IJleCTBeHHl)IX OTHOLICHUAX, YTO
00YCIIOBIIMBAaeT MOHUMAaHHE CBOETO MECTa M Ha3HAUYEHHS B OOIECTBE, TOTOBHOCTH K OTBETCTBEHHOMY
JEHCTBUIO, IIOTPEOHOCTH CaMOpeaTn3aliil CBOMX BO3MOXKHOCTEH» [16].
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@opmupoBaHNE TPAXKAAHCKON MO3UIMN SBISAETCS BKHEHIINM (HaKTOPOM Pa3BHTHS COLMANb-
HOHM camooprann3anyu. OIHaKO HE MEHBILIYIO POJIb MI'PAcT CO3/JaHHMEe YCIOBHIl A 3P QEeKTUBHOM
KOMMYHUKAIUH, HAlleJICHHOH Ha JIOCTIKEHNE B3aMMOIIOHNMAaHWS MHIUBHUIOB. Pemrenne 3Toil 3aga4n
MPaKTHIECKN HEBO3MOXHO 6e3 WCTIONIb30BaHMS COBPEMEHHBIX nH(pOpPMaINOHHO-
KOMMYHUKAIIMOHHBIX TEXHOJIOTHUI, MPeX/ie BCETO, METOJIOB U CPEACTB KOMITBIOTEPHOTO MPECTaBIIe-
HUS 1 00paOOTKY 3HAHHH.

C oaHOI1 CTOPOHBI, peub MAET O MPEACTABICHUN B KOMIBIOTEPHBIX CETSX MEPCOHANbHbIX 3HA-
HUtl, OTPAXKAIOLIMX YKUZHEHHYIO TO3UIIMIO MHAMBUIA, €ro CyObeKTHBHBIN B3I HA MHp, U obecrie-
YEHHUH JOCTYyMa K HUM JIpyrux uHauBuaoB [18]. C apyroii cTOpoHBI, IO, BXOJSIINE B COCTaB He-
KOTOpOH COLMATIBHOM OOIIHOCTH, B IPOLECCAX MHOTOCTOPOHHMX KOMMYHUKAIMH JIOJDKHBI OMHPaTh-
Csl Ha eMHYIO TATHOPMY COYUanbHbIX 3HAHU, PA3AETAEMBIX BCEMH WieHaMH 3Toi odmHoctH. Co-
LMaJbHbIE 3HAHUS JIOJDKHBI OBITH MPECTaBJICHBl B CETH TaKUM 00pa3oM, YTOOBI MOJIB30BATENh MOT
TIOJTYIHTh HHTEPECYIONIYIO eTo (pelIeBaHTHYIO) HHYOPMAIHIO B peaibHOM Macuimabe pemeHil, T.e. B
TEMITe Pa3BUTHUS CHUTYallH, B KOTOPOH OKa3aJcs OH caM U JIpyrue B3aHNMOJICHCTBYIOIINE C HAM HH-
JIIBHIBI.

31ech yMECTHO OTMETHUTD, YTO COIMAIbHAsI CAMOOPTaHN3aIHs HEPa3pBIBHO CBsI3aHA C MTOHATHEM
passusaiowezocs 0buecmsa. «Pa3BuTne — 3T0 pe3yNbTaT IPHOOPETECHNS 3HAHUI, YTO MPOSIBIIETCS B
Kayecmee KWU3HU, KOTOPOE MOXKET OBITh PEalN30BaHO, - B OTJIMYHE OT POCTa, KOTOPBIH SBISIETCS pe-
3yJIBTaTOM MaTepUabHBIX MPUOOPETEHUH M BBIPAXKAETCS B JIOCTUTHYTOM )posHe XKU3HH. Pa3Butue
COCTOMT HE B TOM, KaK MHOTO 0Jiar MMeeT OOILECTBO, @ B TOM, KaK MHOTO OHO MOJET CJIeJIaTh C TEMH
Onaramu, KOTOpBIMHU pacriojiaraet. HexBaTka pecypcoB NpenoTBpaliaeT pocT, HO HE SIBISETCS Mpe-
MSATCTBUEM JJISl pa3BUTHsI» [19].

HoBble 3HaHMs, B TOM YHKCIIe [TPaBUIIa KOOIEPALMH U OOIEHHUS, IOPOXKAAET COLMAIbHAs CaMo-
opranmzanys [1], a 3To 03HaYaeT, YTO KOMMYHHKAaTHBHBIE AEHCTBHUS OyIyT COBEPIIATHCS B YCIOBUAX
MIOCTOSIHHO TIOIOJIHAEMOM 0a3bl 3HaHMH, KOTOpas BCEr/a JOJDKHA IOAJICP)KUBATHCS B aKTyaJlbHOM
coctostHnU. TakuM 00pa3om, U3 CKa3aHHOTO CIIEIYET, YTO C LEIbI0 HOBBIIIEHHUS 3G GEKTUBHOCTH ca-
MOOPTaHHM3ALMH HEOOXOANMO CO3JaHHWE W NPUMEHEHHE B CONMAIbHOM OOIIHOCTH KOMITBIOTEPHOH
cucmemsl noodepcku kommyHukamuguvix Oeticmsuii (CIIK/), B 0CHOBY mOCTpOeHHsI KOTOPOH MO-
TyT OBITH MOJOXKEHBI NEPCOHANBHBIE M TpyNIoBble oHTosornH [7]. IlpencraBnseTcs, YTO MMEHHO
OHmMONo2UYeCKUll N0OX00, YCTIEIIHO WCIOJIB30BAHHBIN MPH CO34aHMH WH(POPMAIMOHHO-JIOTHYECKUX
MoJIesIell B Tpolieccax yNpaBleHUs couuanbHeIMU cucteMamu [20], donowcen npumenamoca npu pas-
pabomxe CIIKJ]. TlepBoii npakTHUeCKH 3HAYMMOW U PE3yJIbTATUBHOM pa3pabOTKOH, B paMKax KOTO-
poit ObuTa co3faHa equHas MIaTopMa COLMANBHBIX HOPMaTHBHO-TIIPABOBBIX 3HAHWH, CIlEIyeT NpH-
3HaTh PernoHanbHyr0 cUCTEMy IpENOCTaBICHHUS! TOCYJapCTBEHHBIX M MYHUIMTIAJIBHBIX YCIYT Hace-
JICHHIO B 3JICKTPOHHOU (hopMe B cormanbHoil chepe Camapckoii obmactu [21].

3akjouenue

Camooprannzanus sBisgeTcd (QyHIaMEHTAIFHBIM CBOMCTBOM COIMAIBHON CHCTEMBI, OJHUM H3
CaMbIX TJIaBHBIX ()aKTOPOB, MO BeIpaxkeHUIO [Intrprma CopokuHA, ONpenessomux QyHKIHOHHPO-
BaHHUE U pa3BHUTHE JIFOO0I CHCTEMBI, KOTOPBIH JISKUT BHYTPH HEE CaMO.

I'paskmanckoe 00mIecTBO MpercTaBisieT co0OH caMOOpraHU3YIOIIeecs HAa4alno M COCPEeNOTOde-
HHE HEroCyIapCTBEHHBIX OTHOIEeHNH. HeonpenenéHHOCT B colyMe (ColMaabHas HANPsDKEHHOCTD
UM COBOKYITHOCTh BO3HHKAIOIIMX MPOOJIEMHBIX CUTyalMi) OIyLaeTcs M MHIULUPYETCs, Mpexe
BCEro, IPaXKJIaHCKUM OOIIECTBOM, KOTOPOE JOJKHO OBITH CIIOCOOHBIM B MpefeliaX JIOKAIbHBIX B3au-
MOJEHUCTBUN CAMOCTOSITEJIbHO CHU)KATh YPOBEHb 9TOM HEONPEACIEHHOCTH, €C/IM OHA HE IPEBBIIIAET
HEKOTOPOT'0 COMAIBLHO JOIYCTUMOTO 3HAYCHUS. B Tex ClIydasx, Korja HeOHpe}IeJ’léHHOCTb J0CTUra-
€T KPUTUYECKOI'O0 YPOBHA U BBIXOAUT 3a I'PAHULBI JIOKAJIbHBIX B3aldMOZleI>1CTBPII>1, rpaxxJaHCKO€ 061116—
CTBO MHHUIMUPYET HEOOXOJMMOCTh PEIICHUS NMPOOJIEM Mepell OpraHaMH TOCyIapCTBEHHOH BIACTH
WIIA MECTHOTO CaMOYIIPaBIEHHs, KOTOPbIE BKIIOYAIOT CBOU PblYark ynpasiaeHUs. TeM caMbIM peanu-
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3yeTcsl MEXaHN3M [UKJINYECKON MPUYMHHON 3aBHCUMOCTH, KOTOPasi B COUYETAHUH C HEOINPEIeIEHHO-
CTBIO COCTaBJII€T OCHOBY COLIMAILHON CaMOOpPTaHU3alNH.

KoMMyHUKaTHBHBIE AEHCTBUS B COIMAIBHONW CaMOOPTaHM3AIMH SIBISIOTCS MEXaHH3MOM J0C-
TIDKCHHS B3aMMOIIOHMMAHUS aKTopoB. KoMMyHHKaTHBHOE MOBEAEHHE IPEACTABISIET COO0I MHTEp-
CYOBEKTHBHYIO CBSI3b MEXy HUMH U HAIPaBJICHO HAa CO3JaHUE yNOPSIOYEHHONH HOPMAaTHBHOW CHC-
TEMBl YCTOMYUBBIX MEKITHIHOCTHBIX OTHOIICHUH W YCTOHINBOM CTPYKTYPHI IMYHOCTH, CIIOCOOHOH K
camopeanu3auuu. Pa3BuTHe KOMMYHHMKATHUBHBIX NPAKTUK M KOMMYHUKATHBHAs PpaI[OHATU3AIML
JexaT B OCHOBE COBPEMEHHOI'0 TpaxaaHckoro obmecrsa. C Lenbio MoBblmeHUsT 3()(HEKTHBHOCTH
COLIMAIILHOW CaMOOPraHU3aIlMi HEOOXOAUMO CO3/1aHHE U MPHUMEHEHHE B COIHAJIBHBIX OOLIHOCTIX
CHCTEM MOJJIEPKKH KOMMYHUKATHBHBIX JIEWCTBHUH, B OCHOBY IIOCTPOCHHUS KOTOPBIX 1I€7€C000pa3HO
MOJIOXKHUTh OHTOJIOTMYECKHH MOJIXO.

Ho Haunbosiee BaXKHBIM SIBIISIETCS CO3JIaHHE CHCTEMBI BOCIIUTAHUS, oOecreunBaroeii popmupo-
BaHHE YEJTOBEKOM CBOEH I'pa’kAaHCKOH ITO3UINH, B KOTOPOH MEPETIETAI0TCs €T0 KU3HEHHAS M COLU-
aJbHAsA TTO3MINH. Pe3epBbl MOBBINICHUS] KA4eCTBa KU3HH, d(P(PEKTUBHOCTH SKOHOMUKHU U TOCYIapCT-
BEHHOTO YNPAaBJIECHUs CIEIyeT UCKATh B CaMHX JIIOJSIX, B KQKIOM YEJIOBEKE, B MCIOIB30BAHUH €TO0
TIePCOHATBHBIX HHTEIEKTYaIbHBIX U BOJIEBBIX PECYPCOB.
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Abstract

Recent state of terminal control theory by moving objects is described. The applied aspects of the
conception of «disturbanced — nondisturbanced» movement are analyzed. The questions of algo-
rithmization of control problems by the movement objects on the base of the flexible traectories
principle are researched. The kinematic aspects of the realization of the given principle in the
systems of control by flight are analyzed.

BBenenue

B ob6nactu aBTOMaTH3alMyU MPOLIECCOB yIpaBieHust NoABMKHbIMU oObekTtamu (I10) xitoueBbI-
MM SIBJSIFOTCS 33/]a4¥ TEPMHHAIBHOTO YIIPABICHHS, 3aKIII0YAIOIINECS B IPUBEJICHUN 00bEKTa ¢ HE0O-
XOAMMOM TOUYHOCTBIO B IIEJIEBOE COCTOSIHHE, ONpezessieMOoe 3aJaHHBIMU 3HAUYEHUSIMH MapaMeTpoB
JBIKeHUs. TakoBbl, HAPUMEP, 3aa4H: MATKOH MOCAIKH CaMoJIeTa; J03alpaBKu FOPIOYNM B BO3IY-
X€; CTapTOBOTO MaHEBpa, IpeCIeJOBaHNS, HABEICHNUS ¥ CAMOHABECHUS PAKET; COMKCHNUS, pUYa-
JMBaHMA M CITyCKa KOCMHYECKHX allapaToB, BBIBEACHUS paKkeT-HocuTenel u ap. Bee atu 3amaun ot1-
JIUYAIOTCS IByMSl XapaKTEPHBIMH OCOOEHHOCTSIMH: BO-TIEPBBIX, KOHEYHBIM BPEMEHEM IPOTECKAHUS
mporecca yrnpaBIeHUs W, BO-BTOPBIX, HAINYNEM LIEJIEBBIX OTPAHNUCHNI Ha 3HAYEHHsI KOOPAMNHAT CO-
CTOSIHHS ¥ BBIXO/HBIX KOOPJWHAT B KOHEUHBIH (TE€pMUHAIbHBIN) MOMEHT BPEMEHH.

JlanHble 3a7au, UMEHyeMbIe Taloke 3afjauyaMM YIpaBIECHUS KOHEYHBIM COCTOSIHHEM MU 3a/a-
yaMu (DMHUTHOTO YIIPaBJIEHHUs, BBIICJICHBI B ClIEMANbHBIN Kiace P.bennvanom n momy4ywinu pa3su-
THE B paboTax BeIyIIMX 3apYOEKHBIX U OTEYECTBEHHBIX HAYYHBIX IIKOJ (CM., Hanpumep, [1 3]).

OrpaHnynMCcsl pacCMOTPEHHEM KOHEYHOMEPHBIX YIPaBIISIEMbIX 00BEKTOB, ONMCHIBAEMBIX B TIe-
PEMEHHBIX COCTOSIHHUS ypaBHEHUSIMH BHa

(H x=f@x,u),

2 y=g@x),

rae t€ T=[0,¢;] — uHTEepBa) BpeMeHH MpPOTeKaHWs mpouecca ynpasineHus; ue U=R" — ympas-
nstrowuii Bxog, U — 0061acTh ero J0mycTUMBIX 3Hadenuii; Xxe R” - cocrosnue, y € R” — Boxon 00b-

exra, mpuueM m<n; f :TXR"XU—R" u g:TxR"” ->R" — 3anannsie QyHKIHHY.
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o #
B O6H.[CI/I IMOCTAaHOBKE 3aMa49u TCPMHUHAJIBHOI'O YIIPABJICHUSA 3aal0TCA LEJIEBBIE MHOXECTBA Y
u X' COOTBETCTBEHHO JJIs1 COCTOSAHHUA U BbIXOda o0beKTa:

* *
Q) x(tp)eX', y(p)eY,
a B YaCTHBIX TIOCTAHOBKAX 3371a4 - TOYHbIE TEPMUHAJILHbIE 3HAUEHHUS COCTOSHUSA X MM BHIXOAA Y

@) x(tp)=x", y@)=y".
Ipu aTom s oobekra (1)-(2) Tpebyercs HaiiTh ynpasisitolee Bo3eiicTBie u(f) , odecneunBatonee
BBINIOJIHEHUE TEPMUHAIBHBIX yciaoBuit (3) wm (4).

KOHl.lel'I[Il/[ﬂ «HEBO3MYIICHHOI0-BO3MYILI€HHOI'0» ABU/KCHUS
H KIIACCUYECCKUE NTPUHIUIIBI TEPMHUHAJBHOIO YIIPABJICHUSA 110

B Hacrosiiiee BpeMs MIHMPOKOE PacpoCTpaHEHHE MOMYUYMIN [Ba KJIACCUYECKHUX MPHHIUIA Tep-
MHHAJIBHOTO yrpasiieHus IBykeHneM [10 - MpUHIMIIBI «OKECTKHX» U «THOKUX)» TPACKTOPH.

Hpunyun «xxcecmruxy mpaexmopuil peanu3yeT IporpaMMHO-TIO3UIHOHHYIO CTPATeruio yrnpas-
JICHHS U OTBEYaeT U3BECTHOM KOHIIETIIINU «HEBO3MYIIIEHHOI0-BO3MYILIEHHOT0» ABIKEHUs JIsamyHoBa-
JleroBa m 3aKmovaeTcd B cTaOWIM3alMU 3apaHee PACCUMTAHHOW (OKECTKOI» MpOorpaMMHON (HOMH-

HAJILHOH, OMOPHOI) TPAGKTOPHHU ABMKEHHS 00BbEKTa X (f), 00eCIeunBarONIell BHITIONTHEHNE TEPMHU-
HaJbHOMW 1IeIM YIPABICHUS HPU «UACAIBHBIX YCIOBHUSIX)» JBHKEHHS. 3[1€Ch aJTOPUTM YIPABICHHS

u(f) COCTOMT M3 TIPOrpaMMHOI cocTapisomed u' (¢), peanusyromeii TpeGyeMoe HEBO3MYIIEHHOE
JBUKEHME aTmapara X (¢), u crabunusupyromieii coctapnsiomeii Au(z) :

u(®)=u"(t)+ Au(¥) ,
YCTpaHSIONIEH ero BO3MYIICHHOE IBIDKEHHE AX(f) - OTKIIOHEHHE (aKTHYECKOTO ABIDKEHHA X(f) OT

Tpebyemoro X' (¢), BEI3BAHHOE AEHCTBHEM HEKOHTPOIHPYEMBIX BO3MYIIAIOIIUX (haKTOPOB:
x()=x"(t) + Ax(¥) .

AJITOPUTM TPOrPAaMMHOIO YIPABIICHUS SIBISICTCS PELICHUEM 3314l TEPMHUHAIBHOTO yIpaBie-
HUS «B OOJBIIOM) Ha OCHOBE MCXOIHOW HeNmHEeHOH Monenn oobekTa (1)-(2), 3mech pemeHne 3ama-
YH pacyeTa MPOrPaMMHBIX TPACKTOPHH MOXKET OCYIIECTBISITHCS APHOPHO (MKECTKOE ITPOrpaMMHpPO-
BaHKE) WIIM HETIOCPE/ICTBEHHO B IPOIIECCEe yIpaBieH s (CBOOOIHOE MPOrpaMMHUPOBAHKE) U CBA3AHO C
UCIIOJIb30BAHUEM BBIUUCIUTEIBHBIX METOIOB PEIICHHUS IBYXTOYCUHBIX KPACBBIX 3a/1ay.

AnropuT™ cTaOWIM3aIMU SABJSICTCS PEUICHUEM KIACCHYECKOM 3a/Ja4yd YIPABJICHUS «B MaJIOM)
Ha OCHOBE €ro JINHEapU30BaHHON MOJIEIH:

(5) Ax=A()Ax+B()Au,
(6) Ay=C(Ax ,

rae pynkimonanbueie Matpunbl A:T—R™, B:T—R"™, C:T—R"™" paccunutniBaroTcs uepes
MaTpuIbl Iko0u npaseix dacreit ypasHeHmi (1)-(2):

* * *

AO=2t0xw) . BO=trxw)| . CO=2g.x) .
0x Ju ox

KOTOpBIE BEIYUCIISIOTCS 71 HEBO3MYIIEHHOTo ABmkenus (u' (7)), X (¢)).
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AHanmm3 CcTpaTeruil ynpaBJeHHS Ha OCHOBE KOHLEINIMH «HEBO3MYLIEHHOT0-BO3MYLIEHHOTO)»
JIBIDKEHUSI TIOKA3bIBAET, YTO OHU OIIPABJAHBI, JIUIIb, TP MaJIbIX BO3MYIIECHUSAX HOMHHAJIBHON TpaeK-
Topun nBvkeHus [10 1 cTaHOBATCA HEpalMOHAIBHBIMHU IIPH OOJIBIINX €€ BOSMYIICHUIX.

Ipunyun «eubkux» mpaekmopuil peagu3yeT YUCTO MPOrPaMMHYIO CTPATErHIO YHPABJICHHUS H
3aKITI0YAeTCsl B peall3aliy «rnOKoil», 0OHOBIIsIEMON (MHOTOKpPAaTHO MEPECYUTHIBAEMOI) € 3a1aHHOH
MEPHOANYHOCTHIO, TIPOTPAMMHOI TPAaCKTOPUH IBHXKEHHUS 00BEKTa, 00eCHeYHBaIOIIEH BbINOIHEHUE
TePMUHAJIBHON LIENM YHPABICHUS B «PEAIBHBIX YCIOBUAX)» ABIKEHHS M3 COCTOSHUS, COOTBETCT-
BYIOILIET0 MOMEHTY BpPEMEHU €€ OOHOBJIEHUs. 3/1€Ch PACCUMTHIBAEMbIN U UCTIIOIHAEMBIN Ha KaXKIOM
MHTEpBaJIe OOHOBJICHUS aJITOPUTM MPOTPAMMHOTO YIPABJICHUS SBJSIETCS PELICHUEM 33J1a4l TepMH-
HAJILHOTO YIPaBIICHUsI «B OOJIBIIIOMY» Ha OCHOBE UCXOAHOM HenuHeitHoi moaenu [10 (1)-(2).

Cornacao tepmunosiornn H.H.MowuceeBa, croco0 ynpasiieHus 10 IPHHIMITY GKECTKUX» Tpa-
EKTOpUil MMEHyeTCsl KOppEeKIMeil 1Mo 3aJaHHOW NporpaMmMe, a CHoco0 YNpaBiCHUs M0 MPHHIMITY
«THOKUX» TPACKTOPHH - KOPPEKIUEH TI0 KOHEYHOMY COCTOSTHHIO.

CoBpeMeHHbIe KOHIENINU THOKUX TPAEeKTOPHIi
TepMHUHAJBLHOIrO ynpasJjenus IO

Tpunyun «eubkuxy mpaekmopuii 3aKITI0YASTCS B OTKa3€ OT NMPUBSI3KH YIPABIISIEMOT0 JIBHKCHHUS

1O k 3apaHee 3aIuTaHUPOBAHHON (HOMHHAIBHOI) TPAaeKTOPHH B (GOPMHUPOBAHUH (TIPH HEOOXOINMO-

cTH) 0oJIee BHITOIHBIX TPACKTOPHIl ABIKEHUS K LIEJICBOMY COCTOSHHIO MCXOAS M3 (aKTHYECKHX yC-

JIOBUI ABMXKeHUs 00bekTa. Bo3aMoXxHBI cienyromue Tpu crocoba peann3alyy JaHHOTO IPUHIHIIA!

1) TIlpouecc ympasneHus pa3OUBaeTCsi HA BpEMEHHBIE yUK/Ibl, HA KaXKIOM U3 KOTOPBIX PaCCUHMTHIBA-
eTcsl JKellaeMasi TPAeKTOpHUs JBMXKEHMs, UCXOJ M3 M3MEpUTeNIbHOM MHpopManuu o dakTuye-
CKOM COCTOSIHUM 00BEKTa BHAyYaJIe 3TOrO IMKJA C YIETOM TePMHUHAIBHBIX yciioBuii (3) win (4).
B Teuyenue nykiia pacuerHas (I1aHOBas) TPACKTOPHS CTAOMIM3UPYETCSI.

2) Ilepexox Ha HOBYIO IUIAHOBYIO TPAaeKTOPHIO OCYIIECTBIISCTCS NPH BO3MYIICHHAX PACUCTHOM
TPAEKTOPHUH, IPEBBIIAONINX 3aJaHHBIH TIOPOT.

3) IlnaHupoBaHWE TPACKTOPHUIl OCYLIECTBISIETCSA IS KaXKIOTO COCTOSHUA 00bekTa. JlaHHBIH cro-
€00 MOXXHO HHTEpPIPETHPOBATh KaK IMPHHIHUII «Pa3sMOPaXUBAaHHs» HavalbHBIX YCIOBHH, CYTb
KOTOPOrO COCTOHMT B IIOCTPOCHHH alrOpUTMa YHpaBJeHHsS ISl (HKCHPOBAHHBIX HAa4albHOTO
MOMEHTA BPEMEHH #, U HAJaIILHOTO COCTOSIHUA X(f)) =X, :

u=h(t ‘to,.xO) N

U Jlajiee — B 3aMEHE HAauaJIbHBIX YCIOBH TEKYIMMH:
u(r)=h(z [z, x(1)) .

KauecTBeHHOE OTIHMYME CTpaTerHil yHpaBIEeHUS HA OCHOBE KOHIIENIUU «HEBO3MYIIEHHOIO-
BO3MYIIEHHOI'0» JBMXEHUS U MPUHIIUNA THOKUX TPAEKTOPUIl WILTIOCTPUPYET pUCYHOK 1.a. 3xeck mo-
Ka3aHO HOMHHAJIBHOE JIBXKEHUE M PACCMOTPEHBI TPU paziM4Hble cTapToBble cutyauuH (1, 2, 3) mis
BO3MYILEHHOTO ABIKeHHUA. CTpaTerny KecTKOW TPaeKTOPHM OTBEYArOT IMyHKTHPHbBIE KpHUBbHIE. Bun-
HO, 9TO B CHTyallMM | Takas cTpaTerusl HepallioHajJbHa, a B CUTyaluu 3 - Hempuemsema. st cpas-
HEHUS! TIOKAa3aHbl COOTBETCTBYIOIINE ABIKCHUS, PEAT3YIOIINE IPUHIIAI THOKNX TPACKTOPHH.

Ha pucynke 1.6 mumocTpupyeTcs BO3MOXXHOCTh COUSTaHHsI 000X IPHHIUIIOB B PEIICHUAX 3a-
Jlad yNIpaBJICHUs: B OKPECTHOCTH HOMHUHAJIBHOW TPAEKTOPHU BBOIUTCS KOPUAOP CTAOMIM3aLUK JIBU-
JKEHUH, BHYTPH KOTOPOTO OCYLIECTBIISIETCS cTaOMIIM3alnsi HOMUHAJIBHOW TpaekTopuu. BHe naHHOTO
KOPHIOpPA BKIIIOYAETCS] MEXaHU3M JAEHCTBUSI THOKHUX TPAEKTOPHIl.

ITo Tumy nporpaMm TepMHHAIBHOTO YIPaBIEHUS 0OBEKTOM Pa3In4atoTCs:
®  ynpasneHue c 6peMeHHOU npoepamMmoli, KOraa mporpaMMHOE 3Ha4€HHE YIPaBIsieMON BETUYHHBI

3a71aeTcs B BUJE OINpe/IeIeHHON (QyHKIMY BpEeMEeHH;
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®  ynpasieHue ¢ napamempuiecKkoll npoespamMmoli, Korja mporpaMMHOe 3Ha4eHHE yIPaBIsIeMON Be-
JWYHMHBI 33/1a€TCsl KaK OmNpesienieHHass GyHKIMSA APYrod mepeMeHHOH (Harpumep, 3aJaHue Mpo-
TPaMMHOTO yIJla TaHTa)a Kak (yHKINHM BEITMYMHBI KXKYIIEHCS CKOPOCTH 0OBEKTa WK 3aaHHe
MIPOTPaMMHON BETMUUHBI EPETPY3KU KaK (QYHKIUH BEITUUUHbI IPOHJCHHOTO OOBEKTOM Yy TH).

Homunansnas
TPaeKTOPHUs

JIBoKeHus,
CcTabuIM3HupyoIIne
HOMHHAJIbHYIO
TPACKTOPHIO

I'ubkue
TPAEKTOPUHU

Homunanshast
TpaeKTopus

Oo6nacTy ABHKEHUI
10 THOKUM
TPACKTOPHUSIM

O06nacTi ABUKEHUH,
CTaOHITM3HUPYIOIINX
HOMHUHAJIBHYIO

TPACKTOPHIO

a) 0)
Pucynoxk 1

Bricokue TpeOoBaHUS K KauecTBY IPOLECCOB TEPMHHAIBHOTO YIPaBJICHHUsI NPUBOAIT K HEOO-
XOANMOCTH UX onTuMu3anuu. Hanbompiiee pacnpocTpaHeHHe NOTyYMIN KPUTEPHN ONTHMAIBHOCTH,
XapaKTepU3yIOLINe TOYHOCTh YINPaBICHUS B TEPMUHAJIBHBIH MOMEHT BpeMeHH (3amada Maiiepa) u
Ka4ecTBO YIPaBJICHHs HA BCEM BPEMEHHOM MHTepBaje (3anada Jlarpamka). CiiexyeT OTMETHTS, UTO B
HacTosfIIee BpeMs IINPOKOE PaclpoCTpaHEHHE MMEET BechbMa CHOpHas (Ha Hall B3MUISA) TOYKa 3pe-
HUs [2, 3], 9TO «IIpoIECcCH YIpaBJIeHNs B OOPTOBBIX TEPMUHAIBHBIX CHCTEMAaX CYIIECTBEHHO CTOXAC-
THYHBD U «HauOoJIee MOIXOMAIMNM, OPTaHUIECKH HEOOXOAUMBIM IIPHU HOCTPOCHHH OOPTOBBIX TEp-
MHHAJIBHBIX CHCTEM YIPABJICHHS SIBJISICTCS CTOXaCTHYECKUI CHHTE3 ONTHMAIILHOTO YIIPABICHUS.

OCHOBHasi TPYJHOCTb pELICHUs 3aiad TEPMUHAJIBHOIO YNpaBJICHHs1 00YyCJIOBJIEHA MX ABYXTO-
YEeYHBIM KpaeBbIM XapakrepoM. BecbMa 3(h(eKTHBHBIN MOIXO0N K €€ IMPEeOoJ0JICHHI0 OCHOBAH Ha HC-
MOJIb30BAHUU TaK HA3BIBAEMOI'0 MeToJa 0OpaTHBIX 3a1auy quHaMuku [4]. XapakTepHas 0COOCHHOCTb
MOCJIE/THETO COCTOUT B TOM, YTO CHa4aja 3aJlaeTcsi MporpaMMHOE JBHXKEHHE 00bekTa (YZAOBIIETBO-
psitoliee 3aJaHHBIM KPaeBbIM YCIIOBHSIM), a 3aTE€M OIIPEAENseTCs YIPaBieHUE, pPealn3yollee 3TO
JBIDKCHUE B CHUTy AMHAMHKN 00bekTa. OJIHAKO, JaHHBIN MOAXO0J HEMPUMEHHM JUIs OOIIEeTo Kiacca
HEeJNWHEIHBIX U Hermaakux apPpUHHBIX (TMHEHHBIX IO YIIPaBIICHUIO) 00HEKTOB YIIPaBICHHUS.

B TpaguIoHHBIX TOCTAHOBKAX 33aJayy TEPMHUHAIBHOTO yIIPaBIeHUS (pUKCHUpyeTcs TepMHUHAIb-
HOro MoMeHTa BpeMeHH tF. OmHaKo, AT MHPOKOTo Kpyra peanbHbIX 337a4 TEPMHUHAIBHOTO YIpaB-
nenust [10 Takoe orpaHWYEHHE OKa3bIBACTCSl HEIIEIeCO00Pa3HBIM WM a)Ke HEIOMyCTHMBIM C TOUYKH
3peHus 0€30MaCHOCTH YIIPaBISIEMbIX JIBUKEHHH.

TepmunanbsHoe ynpasieHue IO B ¢puznyeckom npocrpancTse

Kak mpaBuiio, nzydeHue mpoOiIeMaTUKH TEPMHHAILHOTO YIPABJIEHUS OCHOBBIBAIOT HA HEJH-
HelHbIX MoJiensix Buaa (1), (2) mubo muneitnbix (5), (6). OnHako, JaHHbIE MOJIENTH HOCAT BeCcbMa 00-
KT XapaKkTep U HE YYUTHIBAIOT TIIaBHYIO CHEUU(UKY 3a/1a4 yIIpaBJIeHUs MOJBIKHBIMU 00bEKTaMH -
KUHEMaTHKy IBHXXECHUsS B (U3MYeckoM mnpocrtpaHcTBe. OOCYIMM 5TOT MOMEHT Ha NpUMepe 3aaad
yIIpaBJICHUs JIeTaTeIbHBIMU anmaparam (JIA).
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Bynem paccmatpuBaTh JIA kak abCOMIOTHO TBEpIOe Telo. B cOOTBETCTBUH C MpaBUIaMU MeXa-
HUKH €To IBIKEHHE pa3liaraeTcs Ha MOCTyIaTelbHoe NBmkeHne enTpa Mace (LIM) u BpamaTensHoe
JBrXkeHue otHocutenbHo LIM. Jlns onpenenenus nosnoxeHust JIA B IpOCTpaHCTBE BOCIHOJIB3YEMCS
IIByMsI CHICTeMaMH KOOpAWHAT: HENOJBIDKHOW, CBsI3aHHOM ¢ 3emuteit, n moasmxkHoi OXYZ, cBs3aH-
HOH C 00BEKTOM.

Torna nemxenne JIA B pru3ndeckoM IpOCTPAHCTBE OMHUCHIBACTCS YPaBHEHISIMH

(1) r=v,
&) m(v+oxv)=F,

9) K+oxK=M,
K=lo.

IJIe I — BEKTOP MPOCTPAHCTBEHHBIX KOOP/MHAT; V — BEKTOp ckopocth IIM; 0=(®,,®,,0,) — BeKTOp

YIJIOBOM CKOPOCTH BpAallleHUs anmapara, IpudeM o, , o,, O

)5
KOoOpauHAT; m — Macca, I — TeHzop uaepun, K — KWHeMaTHYecKnii MOMEHT allapara OTHOCUTEIHHO
ero lIM; F — pe3ynpTupyrouuii BEKTOp BHEIIHUX CWil, M — pe3ylbTUPYIOLIMHA BEKTOP MOMEHTOB
BHEIITHUX CHJI.

VYpasuenust (8) u (9) 3ammcaHbl MO OTHOLICHHUIO K TOJBIKHON cHUCTeMe KoopauHaT. JlaHHbIe
ypaBHEHHsI HEOOXOMMO JIONIOJIHNUTh KWHEMAaTHYECKUMH YPaBHEHUSIMH Diilsiepa, CBSI3bIBAIOLIMMH yT-

JIOBBIE CKOPOCTH ®,, ®,, O, ¢ yriamu Diinepa y, 6, y.
B cTpykTypy npaBbix yactei ypaBHeHUH (8) 1 (9) BXOAUT BEKTOP YIPABISIONINX NEPEMEHHBIX

u=(P78878H763)9

. — €TI0 IIPOCKINH Ha IIOJABUKHBIC OCHU

rae P — cuna Taru nBurareneit, 8y, Oy, 05 — yIJIbl OTKIOHEHHS PYJIsl BBICOTBI, PYJIsi HAIIPABICHUS U

OTKJIOHCHUSI DIICPOHOB COOTBETCTBEHHO.
Pemenue 3a1a4 ynpaBJICHUA MMOJABHUKHBIM 06’I)CKTOM MOHO OCHOBBLIBATH Ha pPa3JIOKCHUU MEXa-
HUYECKOTO JBM)KEHUs 00beKkTa Ha cocTapisitomue (7)-(9).

I'udxue KMHeMaTHYeCKHe TPAeKTOPHH TEPMUHAIBHOTO ynpasJjenus [10

PacnipoctpanenHsIit cioco6 mmanupoBanus nemkeHnit [10 ocHOBaH Ha 3a/laHUH JKEIAeMOTo 3a-
KOHa JBIDKCHUS B BHJIE 3aBHCHMOCTH TPOCTPAHCTBEHHBIX KOOPAWHAT YIIPABISEMOTO OOBEKTa OT

BpeMeHu: r(¢), t=0,f; . DTO NPUBOAMUT K HECTA[MOHAPHOW IOCTAHOBKE 3a/1a4 YIpPaBJIECHHs U BKIIIO-

4YeHUIo (akTopa BPEMEHH t B pa3padaThIBacMble alTrOPUTMBI YIIPABICHHS, BCIEACTBHE YETO MPOLECC
YIpaBJIEHUS OKa3bIBAeTCA ECTKO NPUBSA3aHHBIM K 3aIUIAHUPOBAHHOMY TEPMHUHAIBHOMY MOMEHTY
BpeMeHU fp OpHaKo, KaKk OTMEYaloch BBIIIE, TAKOW IOAXOJ MPOTUBOPEUUT JIOTMKE MHOTUX peallb-

HBIX 3a7a4 ynpasieHus 110.

AJBTepHATUBHBIN CIIOCOO aNTOPUTMH3ANNHN TPOILECCOB YIIPaBICHUS 0azupyeTcs Ha (HOpMHPO-
BaHUH THOKHX KHHEMAaTHYECKUX TPACKTOPWH NBIKEeHHs 00BeKkTa. JlaHHBIE TPaeKTOPUH paccMaTpH-
BaIOTCS KaK (PMKCHPOBAHHBIC KPUBBIE (TEOMETPHUIECKHE OOBEKTHI) B OKpYKaroImieM (GU3NIECKOM TIPO-
CTpaHCTBE, a MPOIECCHl YIIPaBICHHUs HAIpaBJIeHB Ha MPHHYKICHHE 00BEKTa ABUTAThCA 10 HAM. 3a-
METHUM, YTO UIMEHHO TaKOH MOJIX0J BOILJIOMIAETCS B U3BECTHBIX MeToAax HaBeaeHus JIA [5].

Ipumep. [Ipouecc yrnpapiaeHus MPOAOIbHBIM JBIKCHHUEM CaMOJIeTa PE/ICTaBIsIET OJI0K-cXxeMa
Ha pucyHke 2. Ha Hell moka3aH aBTONMJIOT M BbIJEJCHBI TPU OJ0Ka (MOACHUCTEMBI), OMUCHIBAIOLINX
OIpe/ieJIeHHbIE COCTABIISIOIINE MTPOIOJIBLHOIO JBIKEHUE caMoJjeTa: ero BpaileHue Bokpyr LIM, us-
MEHEHHE BEKTOpa CKOPOCTH M KMHEMAaTHKy nepemerieHus [{M. 3neck npuHsTH crieayromue o003Ha-
ueHus:: P — cuna Tsru gBuratens, Oy — yroJl OTKJIOHEHHs PYJisi BBICOTBHI, (O, — YIJIOBasi CKOPOCTh
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TaHraxa, o — yroy aTaku, V — BO3AyIIHasi CKOPOCTb, § — yroi HakJI0Ha BEKTOpa CKOPOCTH K TOPU30H-
Ty, H — BBICcOTa MONIeTa, L — 1anbHOCTH BO3AYIIHOTO yUacTKa MOoJIeTa.

[IpuBenenHas O6/I0K-cXxeMa yKa3bIBaeT Ha BO3MOXKHOCTH JIEKOMIIO3HITUH 3a/1a4H YIIPABICHHUS T10-
JIETOM Ha [[BE T0/3a[auM: 3a/1ady YIPaBJICHUS BEKTOPOM CKOPOCTH CaMoOJIeTa W 3a/1ady YIpaBICHHUS
KHHEMAaTHIeCKOI TpaeKTopuei moera, mpuyeM IMOCIeIHss 3a0aeTcs B BUIe (YHKINN BBICOTHI TOJIE-
Ta OT JATBHOCTH II0JIETA:

(10) H=H"(L).

P
V H
@ Annamuica ) Kunematuka )
AsTomuior | § Jnnamuka : BeKTOpa nepeMeneHnst I
B Pl ckopoctn 0 M JIA
)| Bpamenus | A 0 N
| mMaaA 4
4
-
Pucynoxk 2

JanHbli nonxo peanusyercs B AByXKOHTYpHoW CAY, B KOTOpOIl BHELIHUI KOHTYp yIlpasJe-
HUs oOecrieunBaeT ABMKEHHE CaMoJieTa 10 IUIaHUPYEeMOH KHHEMAaTHYeCKOH TPACKTOPHU ABMIKEHHS
(10), a momuMHEHHBIN €My BHYTPEHHHI KOHTYpP OCYIIECTBISIET YNPABICHHUE CKOPOCTBIO JABHMKECHUS
caMoJieTa BJIOJIb 3TOH TPACKTOPHH.

3ak/oueHue

A.A. KpacoBckuii yka3pIBaI Ha «KpU3UC COBPEMEHHON TEOPHH YNPABICHUS», IS IPEOIOJICHNUS
KOTOPOT0 HE00X0IUMO pa3pabaThiBaTh (U3NUCCKYIO TCOPHIO YIPABICHHUS, OMUPAIOIIYIOCS Ha (QU3HU-
YecKHe 3aKOHbl. B paboTe ¢ JaHHBIX MO3MLMI HccienyeTcs npobieMaTika TEPMUHAIBHOTO YIpaB-
nenust [10. [TokasbiBaeTcs akTyalbHOCTh U MPAKTHYECKasi 3HAYMMOCTh JJAHHOTO HaIPaBJICHHS Teope-
TUYECKUX M MPUKIAAHBIX HcciaenoBaHnil. OOG0OCHOBBIBaeTCS HEOOXOAUMOCTh €T0 JalbHEHIero pas-
BUTHS TIOCPEJICTBOM UHTETPALIMH METOJJOB TEOPHH YIPABJICHHS  TEOPETHYECKON MEXaHUKHU.
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Abstract

CymiecTByeT HEKOTOpasl JBIDKYIIasl CHJIa (MMITYJIbC) MTOTEHIHAIEHO PAa3pyIIAOIEro N3MEeHEeHHs
OTHOCHTEIIBHO TOH POJIH, KOTOPYIO HIPAIOT 3HAHUS B PEaNIbHBIX OM3HEC - MOJEISIX. DTO N3MeHe-
HHE BO3HHMKAeT M3 OOpHObI 32 SKOHOMMIO 3HAHMA W pa3BUBaeTcs Ojarofaps COBMELICHHUIO pa3-
TUyHbIX coObITHil. Bo-mepBbix, MuTepHer “Bemieli, koTopele nymaror” (pacIIMpEeHHBIX 00BEK-
TOB) CTAHET PEIIAIOIINM M PACHpeeTIeHHbIM HCTOYHUKOM 3HAHHH, a TakKe BBIYUCIMTEIBHBIX
BO3MOXKHOCTEH UIsl MX MCIIOJIb30BaHUS. BO-BTOPBIX, CaMOOPraHU3yIOLIEE B3aUMOAEHCTBUE aB-
TOHOMHBIX Y3JIOB IPUHSATHS pelIeHns (BKiodas «Bemry, KoTopsle QymaroT») cTaHeT mpeobiia-
JAIOMUM, a BMECTE C 9THM M3MEHHTCS W IapajurMa “‘BHEAPEHHsS 3HAHUI B ONEPAIIOHHBIC CHC-
TeMbl”. OCHOBaHHBIE HA OHTOJOTUSIX MYJIbTHareHTHBIE CHCTEMBI IEMOHCTPUPYIOT B IIPHUHIUIIAX
pa3pabOTKH CMEIIEHHS “‘CII0KHOCTHBIX HAarpy30K™~ ¢ IOJIb30BaTeliel Ha KOMIIBIOTEP U, COOTBET-
CTBEHHO, Ha CETH 00BEKTOB (CEPBHCOB), KOTOpPhIe opmupyroTes o tpedoBanuto. U, HakoHell,
yNpaBieHHe JUHAMUKON OCYIIECTBIAETCS IMyTeM U3MEHEHHE NPaBUII B IIpeeIax CaMUX 3HaHMUIL.

A few weeks ago we had a memorable discussion with board members of an international for-
warding and logistics company. The discussion was about the sustainability of their most important
asset: knowledge. On a first glance that’s surprising. Logistics firms are specialists in organising and
coordinating large-scale logistics systems around production sites or along supply-chains and well
managed ones have grown and implemented their knowledge into operations systems, market
relationships and particularly into staff. Experience and knowledge are hard to copy and IT-systems
represent considerable investments.

However consider the idea of the “Internet of Things” (IoT)'. First RFID-based applications are
available and soon almost any object at any place and time can be tracked by type or if need be indi-
vidually. There are integrated data storing applications for managing subsequent operations” in the
service supply chain or storing logs of sensor-based process data for quality (e.g. state control) and
security (e.g. access control) purposes in transport networks. A next step in this development is
marked by Recon-Zeal Transcend’, a ski goggles with operations system, GPS and Wi-Fi for
transmitting geo-coordinates. Also reflect that first dual-core Smart-phones (each 1 GHz) are already
selling. Quad-cores will follow soon — as well as some gigabyte of active memory and storage or
inductive charging of batteries, a million apps ... Another industry partner of us is running field-tests
for RFID-enabled trolleys and tool-boxes. They know their content by reading tags on catering items
or tools when they are stored or taken out of the device. The next version will be able of connecting

! Gunthner W., ten Hompel M. (Hrsg.): Internet der Dinge in der Intralogistik. Heidelberg, London, New York 2010, Springer
Verlag 2010

2 We just finished a project with a supplier of ,,induction heating units* (ovens) for aircraft galleys which are controlled by
attached of appliances telling how particular meals shall be cooked. Other RFID chips are used e.g. in aviation industry for
distinguishing genuine from faked spare-parts.

3 presented at CeBIT 2011, http://www.youtube.com/watch?v=Cli0QJDEHDSw
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into the internet and have considerable computing capacity: The Internet of Things becomes an
Internet of Things that Think (not much, but a little: digitally augmented objects).

Questioning the sustainability of fundaments of business models at a second glance is not that
groundless: Soon there will be a world of objects able of taking an active part in the job of
logisticians — probably at the end taking it all: Let’s use a multi-agent system as model for the way
Things that Think may autonomously coordinate via the Internet. l.e. each thing has access to an
ontology and possesses of peer-to-peer negotiation protocols, either stored on-board or downloaded
as service from the Cloud. Conventional MAS are contained in a software providing agents with an
environment to negotiate, read and write data, communicate with external systems (e.g. legacy
software”) etc. But why should it be contained?

Why shouldn’t it be possible that Things that Think arrange “meetings” in the Cloud — probably
not on any server farm in any country but in selected high-security ones. Larger companies likely will
run Intranets. But as far as Things that Think will self-organise in these environments logistics
providers will become operators of service infrastructures. Knowledge will be distributed across
intelligent objects. Another point is that — given appropriate capabilities of designing and managing
parallelisation of problems and applications — connecting some thousands of quad-core devices
provides a significant computing capacity.

At this point our counterparts from the logistics company dared a strong statement:

“OK, all this likely will happen. But we claim possessing the proprietary knowledge for feeding

ontologies and programming devices or agents’ operations environments!” However this claim is

hard to be defended. The comparison with MAS has a deeper meaning to logistics

e in a first instance as a model of an appropriate architecture for decision making in distributed
systems under high complexity,

e inasecond one as a new paradigm of using knowledge for mastering complexity

e and beyond as a paradigm which may undermine the fundament of business models (not only) of
logistics providers: the proprietorship of knowledge.

We define logistics as “coordination of activity in distributed systems with the objective of
properly allocating resources in response to orders and to KPI as defined in corporate operations
strategy” °. 1.e. logistics systems at least are “complexity-prone”. Actually in concurrent economies it
is hard to find any trivial logistics system. Almost all consist of large numbers of widely autonomous
but interdependent “nodes of decision making”® (which in future will include the Things, massively
distributed across numerous dimensions’, being open to external events (weather, strikes ...) and each
making decisions based on local, i.e. partial knowledge. Inevitably such dynamics drive their floor of
interference which because of non-linear behaviour (small cause — big effect) can become critical and
run out of control at any time. We know logistics experts calling themselves “masters of complex-
ity” — halfway joking but halfway proudly and to that degree also validly. Most of them do a good
job.

In fact logistics is struggling with an increasing complexity primarily boosted by two develop-
ments “globalisation” and modern ICT. Both drive scales of networks of potentially interacting nodes
translating into even more disadvantages of centralised, hierarchical structures. If any small detail

* There are solutions enabling e.g. Enterprise Resource Planners or Warehouse Systems to participate in P2P environments.
Also SAP systems are likely soon to become distributed rather than monolithic monsters.
*Ina narrow meaning ,,activity* concerns exchange processes respectively flows of material objects within the system and
interaction with its economic environment. In a wider meaning also the exchange / flow information (information logistics)
and all other objects being exchanged may be included respectively also interactions with non-economic environments, e.g. the
natural one.
6 »Nodes“ concentrating flows of information, accumulating knowledge and translating both into decisions

Dimensions of distribution include geography (distance), time (e.g. time-zones), organisations (departments, companies),
technology (implying e.g. interfaces) and many more.
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may become a source and / or a target of events® central nodes are loosing chance of responding in
time to events — in terms of information gathering and processing, of transferring decisions and con-
trolling execution. On one side authorisation is delegated to local (closer to events) and smaller (less
local complexity) nodes of local decision making. On the other side these local nodes need means of
global coordination.

In principle there are two strategies for solving the problem of global interdependence: The first
one uses so-called “System-Wide Information Systems” (SWIMS)’ which shall provide all relevant
information to all nodes simultaneously. In combination with standard procedures this is a variant of
a centralised organisation. It works as far as local events can be contained respectively effects do not
propagate faster than information can be broadcasted as well as translated into response by potentially
affected neighbour nodes (information processing, decision making and effective implementation of
decision).

The second strategy relies on chances of self-organisation — using architectures as exhibited by
multiagent systems: Particular protocols organise response and nodes are connected by a communica-
tion buses open for any rather than standardised information as used in SMIMS. All nodes read and
learn from ontology whether they are concerned or not and if act accordingly. This works in the reach
of ontologies, i.e. different ontologies need to have complementary content and if new information is
to be processed ontologies are to be adapted. The process of self-organised solution finding relies on
relatively simple proceedings:

In self-organising architectures a problem is defined by a mismatch between objectives and state
of at least one agent. This mismatch may be induced by an unplanned event and will trigger negotia-
tions with other agents which again may imply that their states mismatch to their objectives. This
process will come to an end when all agents are satisfied — which in case of real-time operations and
a high frequency of unplanned events is a rare since the system continuously adapts and tries match-
ing all objectives as good as possible in case in real-time.

Please note that in the last paragraph “agent” and “node of decision making” have been used
synonymously. There is no logical difference between the CEO and Things that Think: There are
differences in terms of power and CEOs (and other managers) make strategic or political decisions.
But strategic decisions are external events to the system inducing new KPI, new types of order and
more to be accommodated in the ontology and difference in power can be modelled as a weight of
and. However when it comes to (close to) real-time operations weights change and neither a wise
dispatcher nor a wise CEO will ignore local information on actual states of any relevant “TtT”: The
heartfelt grown of operators ,,If we would only know where it is an whether it works ... is about the
criticality of real operations* scenes where any detail matters and large risk are about to realise. I.e.
the simple factual knowledge provided by augmented objects may make the difference between chaos
and capacity of acting.

As a first interim result we state that architectures of conventional MAS (software agents con-
tained in a particular software environment) also apply to the coordination of any, also non-contained
distributed system including interactions with augmented objects. Now, if this is true, what is the
impact of the way ontology-based MAS deal with knowledge and complexity to the claim of “masters
of complexity”? In contrast to any other case developers of MAS do not have to design the
complexity of domain into the system.

An admittedly simplified example can provide the scene: Services around aircrafts and
passengers at airports like air-catering, baggage logistics or fresh-water provision and many more
need vehicles (trucks) for transportation on apron fields. Most of these services are provided by

8 The .granularity object and time” increases.
E.g. used respectively intended to be fully implemented e.g. by the Single European Sky Program for coordinating aviation
systems across hundreds of airports and thousands of flights.
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different contractors and each one will plan its vehicles independent from others. The activity of these
services is coordinated by active flight-plans and service level agreements like “baggage service is
expected to stay ready at the parking position when the aircraft arrives”. Since all trucks need fuel
let’s assume that two of them now are standing in queue at the only apron field gas station and that
one of them — e.g. the catering truck — is in a hurry because of peak time and lack of resources. For
this situation a particular business process is to be implemented. And this process of implementation
differs fundamentally between conventional software development and ontology-based MAS.

In conventional software these business processes need to be implemented for each service
separately. In fact it is a question of version by version advancements: E.g. the first one of the cate-
ring planner may not even know the process of fuelling and when it is implemented in the next
version they may stumble upon the problem of queues — which cannot be solved within the reach of
the catering service planner: It needs an agreement on proceedings between all services requiring fuel
and the gas station. Later catering planner developers learn that they have designed different solutions
at different airports and decide improving by implementing a more abstract architecture — which will
need agreements across gas stations and fuel customers at all airports in question are to be made. The
point is that developers need to understand the whole complexity and than to find a way how de-
signing it into the software.

In MAS you do the following: First developers of catering as of any other service planner im-
plement the class of vehicles with the properties “level of fuel”, “rate of fuel consumption” and
“needs gas” in the ontology as well as a rule that respective agents pay (virtual money) for services
they require with respect to opportunity costs (e.g. penalties to be paid if the truck is late). “Needs” is
a property that can establish a relation activated by e.g. a threshold of “level of fuel”. Developers of
the gas-station service will implement “provides gas” and e.g. “number of gas pumps”, “litres
pumped per minute” and finally rules like “the truck offering the highest payment is served first”.
Developers do this independently from each other just because trucks need fuel and they know
(because it is published) that there is a gas station offering prioritisation for payment. They may leave
this for the beginning and implement it later by adding properties like those mentioned. In the
moment this is done truck agents will check fuel levels, go to the station and if need be pay for
priority.

The point is that users do not need to understand, particularly not modelling the whole complex-
ity. Instead they “just” have to model the ontology i.e. need to know all objects and related properties
relevant to the business process. This is a level of understanding mastered by any experienced
operator. The actual complexity of the domain will be emerged by dynamic interactions of agents (as
a genuine property of a system of interdependent but autonomously deciding nodes). And it should be
noted that in contrary to conventional software MAS possess of generic capabilities of parallelisation.

Now as a second interim result we can note that future systems will make “mastering com-
plexity” much easier and by this drive a serious risk that the knowledge logisticians for good reason
are proud of will be devaluated by technologies enabling “to emerge the complex from the simple”.
However not accidently multiagent systems are a model of complex knowledge driven organisations.
They are considered to be “intelligent systems” processing knowledge for creating targeted answers
to unplanned events. The Internet of Things that Think as well as of MAS are result of an
evolutionary process which follows and in this process also changes the significance of knowledge in
economic competition.
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Knowledge (and with this intelligence) have been the major resource of any business at any
time'®. And any organisation at any time has been a knowledge-processing system. But in the last 50
years with an increasingly networked world driving over-linear growth of complexity and knowledge
and innovation activity, knowledge became an issue of competition.

It is crucial to emphasise that this is a competition for market-effective knowledge, i.e. for suc-
cessfully generated new sustaining streams of returns. It involves a variety of skills to be concerted:
Intelligence in terms of finding relevant content (research, analysis ...), creative intelligence develop-
ing new content as well as knowledge and intelligence to implement new concepts across organisa-
tions and in markets. Knowledge and intelligence had become the most crucial sources in competi-
tion.

In the 1960th Peter Drucker conceived the concept of “knowledge work™ i.e. of jobs processing
and creating knowledge (engineers, foremen, managers ...) and of staff needing education rather than
just training. 1995 Nonaka and Takeushi published “The Knowledge-Creating Company”'' address-
ing the “dynamics of innovation”: Answering to growing complexity of competitive environments
intelligent, knowledgeable, dedicated staff became pillar of success'>. Knowledge and intelligence
had turned into properties of organisations. Knowledge management developed as a business — and
knowledge-processing technologies developed.

With increasing complexity and dynamics of competitive environments new knowledge became
a very rare resource in any business. Thus in point of fact knowledge management and knowledge
processing technology follow one the most basic imperatives of competitive economy: increase
economies of scale of the rarest resource! Knowledge Management has been a first step enabling
dissemination and re-usability of knowledge and the second one is implementing automated knowl-
edge processing.

The third intermediate result is that findings do not only apply to logistics. Actually the issue
is much more general and it applies to almost any business, probably except to corner pubs, book-
stalls or mom-and-pop stores. All this happens because of fundamental rules of resource efficiency —
which into the bargain now are also going to attack proprietorship, the legal fundament of knowl-
edge-based business models:

Conventional business models rely on the proprietary of knowledge and try to protect it. As we
know protection becomes harder the more digital content prevails. Also industrial spying or reverse
engineering have a long history. And at least in the retrospective there are amusing stories of unsuc-
cessful attempts to fight against industrial impersonators.”> Open source has become a counterweight
to the power of large software providers — not at least as a competitive strategy of Sun or IBM to
fight Microsoft."*

Open source products become open by (in case conditioned) licenses waving individual prop-
erty rights restricting the use. From the perspective of a developer the motivation may be gaining

10 The first guy making his living from shaping the first stones some thousand years ago based his business on knowledge
about stones, ways of working on them etc. The next some thousand years not that much happened thus no reason arrived
elaborating a particular way of “managing” this resource. But than ...

Nonaka, L., Takeuchi, H.: The Knowledge-Creating Company: How Japanese Companies Create the Dynamics of Innova-
tion. Oxford University Press1995
12 E.g. proven by hundreds of case-studies underlying the Industrial Excellence Award ,,Die Beste Fabrik“ issued since 1995
in Germany, France and Spain by INSEAD, Fauntainebleau, and the Beisheim School of Management (WHU), Koblenz.

13 In the 18th century Germany has been the Japan, Korea or China of Europe and ‘Made in Germany”’ should differentiate
British originals from German copies successfully competing on British markets with cheaper products. But with the time the
copies became better ...

Halloween Document I (Version 1.17): ,,0SS poses a direct, short-term revenue and platform threat to Microsoft, particu-
larly in server space. Additionally, the intrinsic parallelism and free idea exchange in OSS has benefits that are not replicable
with our current licensing model and therefore present a long term developer mindshare threat.* ---
http://www.catb.org/~esr/halloween/halloween1.html
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reputation in a society respectively for firm e.g. commoditizing the product in fighting competition
and initiating network effects of the type “the more users the more likely the product will set a stan-
dard”. Most cases rely on a mix of arguments but the network aspect likely is the most important
driver of economics emerging a by far more fundamental attack to conventional business models. But
in case of reason is al aspect behind not at least demonstrated by the early years of software develop-
ment when sharing code was usual.

Sharing knowledge is a “silver bullet” of growing knowledge — particularly in a time knowledge
has become a crucial and rare resource. This is the source energizing network effects of open source
communities: Developers, firms and users have different roles in the network, but all are sharing first-
hand knowledge or knowledge-rich products.

And I figure that the same arguments become effective in the competition between Microsoft
and Google: While MS’s business model relies on licensing proprietary software, Google’s proprie-
tary search engine attempts making as much knowledge as possible non-proprietary — ready for pub-
lic use, i.e. for sharing. Google is serving the demand for ‘knowledge supply’, as Wikipedia, blogs or
social networks do in a different way. All of us, whether private persons or firms exploit these
sources for finding, evaluating, structuring, and implementing ideas.

But not enough, now in half the time Google needed to catch up with Microsoft social networks
attack the business model of Google: Albeit the realisation of the Semantic Web up to today is lack-
ing behind the vision"” its interplay with the Social Web is going to produce a new dynamics. “If both
paradigms are brought together two complementary paths of development will emerge: On one side
the “semantically enabled social software, i.e. the enhancement of Web 2.0 content by meta data
which can be processed by machines, and on the other side the “socially enabled semantic web” i.e.
the collaborative provision of large-scale and structured data enabling mashups and rich-content
applications.”'®

Modifying a prominent saying: In this world “streets are paved by knowledge”. Why fighting
tons of crap information if there is a friend (a trusted person) in the network knowing the answer.
You can also discuss and deepen the understanding of the question and the answer(s). These devel-
opments will intensify competition for faster and more effective implementation of new knowledge,
likely in engineering and administrative work, but particularly in the development of service content
of products.

Today neither it is obvious how change of competitive paradigms sketched will affect individual
businesses nor on which ways they may penetrate industry sectors. But effects are real. With the
logistics company we plan studies on the structures of knowledge substantiating their business model

and on risks which may derive from developments.

15 E.g. see Yoav Techlet ,,Is the Semantic Web just a dream?* June 1, 2010 in http://memeburn.com
16 Blumauer, Pellegrini: Social Semantic Web, Springer 2009: S 8 [translation by author]
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PasHoMepHble NPUOIUNCEHUS, CIMAYUOHAPHOE COCIMOAHUE, AlbIMEPHAHCHBIN MemOoo, GHYMpPEHHUE U
2panuyHble, pacnpeoeieHHble U COCPeOOmMOYEeHHble YAPAGNAWUe B030eliCBUs, CMAyUOHapHble
memnepamypHvie noas

Abstract

The problem of optimal design of distributed parameter systems is reduced to the optimal control
problem with space-distributed control actions. A precise method based on a special procedure of
successive parametrization of control actions is proposed to solve boundary-value optimal con-
trol problems for distributed parameter systems with the tolerances for deviations from the re-
quired stationary state of the controlled object specified in the uniform metric. The method is-
used to solve the optimal control problem of the stationary temperature field.

BBenenue

AKTyanbHbIC 33124 YIPABICHUS IMHAMHYCCKUMH OOBEKTAMH C paclpe/leICHHBIMHU apameT-
pamu (OPII) [1-4], kak mpaBUI0, UCCIAEAYIOTCS B MPEANONIOKEHUH O JOCTHKUMOCTH 3aJaHHBIX KO-
HeuHbIX cocTossHui OPII, B TOM umclie, CTallMOHAPHBIX COCTOSTHUI B COOTBETCTBYIOIIUX CUCTEMAaX UX
crabwim3aiuu. OHAKO, B LEJIOM Psife THIMYHBIX Ui npuiokenuil ciydaeB OPII oka3wiBaroTcs
HEYIPaBISEMBIMI OTHOCHTEIIFHO JKEJaeMbIX (DMHUIIHBIX pacHpeielcHUH yIpaBsieMOil BEIMIUHEI
10 MIPOCTPAHCTBEHHBIM KOOPAMHATaM, B YACTHOCTH, [0 XapaKTEPHOW MPUUYMHE UX HECOIJIACOBAHHO-
CTH C TPAaHUYHBIMH YCIIOBHUSIMH KpaeBOH 3a7auil, MOJIeNMpYIomIel moBeaeHne oorekra [5-8]. B urore,
BO3HHKAeT MaJloOM3ydeHHass mpobieMa (PaKTHIECKOTO ONpeAeICHHS ONTHMANBHBIX B HEKOTOPOM
CMBICIIE U TEXHHYECKH pealln3yeMbIX CTannoHapHBIX cocTosHuii OPII B mMomoOHBIX CHTYaIIX, KO-
TOpasi, KpOMe TOTO0, MPHOOPETaeT CaMOCTOSTEIBHBIN HHTEPEC C TO3UINH ONTHMAIBHOTO IPOSKTHPO-
BaHUS CHUCTEM C paclpeielIeHHbIMU MMapaMeTpaMu, K YUCITY OCHOBHBIX aclEKTOB KOTOPOTO Kak pa3
OTHOCHUTCSI OTHICKAHHE COOTBETCTBYIOIIMX MPOCTPAaHCTBEHHO-PACTPECIICHHBIX YNPAaBISIIONINX BO3-
JIEACTBUM.

B Hacrosiieir padoTe MpUMEHUTEIBHO K TUIIOBBIM JIMHEHHBIM OJHOMepHBIM Monensm OPII ¢
COCpPEJIOTOUYCHHBIMH M paclpeieleHHbIMU YNPaBJSIONIMMEI BO3JACHCTBUSIMU TMpeaaralorcs Mocra-
HOBKa M KOHCTPYKTHBHBIA METOJ pEIIeHHs] ONTUMAalbHOW 3aJlaydl MUHUMHU3AIMU B PaBHOMEPHOI
METpUKe OINOKH MPUOIIKEHIS PEeaTn3yeMOro CTaTHIECKOTO MPOCTPAHCTBEHHOTO pacIpeieeHus
YIOpaBIIEMO BEIHYUHBI K TpeOyeMOMYy B YCIOBHAX HEIOJNHOW YIIPaBISEMOCTH OOBEKTa OTHOCH-
TEJIbHO 3alaHHOr0 CTALMOHAPHOTO cocTosiHUS. Ilpeasiaraemble BBIYMCIUTENBHBIE AJTOPUTMBI CBO-
IITCA K MPUMEHEHHUIO allbTepHAHCHOTO MeTona [8, 9], pacpocTpaHSIOMEro Ha paccMaTpUBaeMYIO
3aJaqy W3BECTHBIC Pe3yIbTAaThl TECOPUH HEIMHEHHBIX YeObImeBckux npuommkerni [10]. YcranaBmm-
BAaIOTCS CYIIECTBCHHBIE OCOOCHHOCTH AbTEPHAHCHBIX CBOWCTB ONTHMANBHBIX B YKa3aHHOM CMEBICIIE
crarmoHapHbix coctosauid OPII o cpaBHEHUIO € 3a1a4aMyl TUHAMUYECKOM ONTHUMU3AIIIH.

HccnenytoTcsi mopokaeMble YpaBHEHHUSIMH DHEPreTHMYECKOTO WM MaTepUAbHOTO OanaHca
cnenuUIecKre 3aBUCUMOCTH OTPAaHMYCHHUI HA MCKOMBIC YIIPABIISIONINE BO3JACUCTBHSI OT BHEUTHHX

30



(I)aKTOpOB 1 JOITYCKOB Ha OTKJIIOHCHHUSA PEATIU3YEMOTO CTATHUYECKOTO COCTOSAHUA 00beKTa OT Tpe6ye-
MOTO.

1 TIlocraHoBKa 3aJ1a4u

[TpuMeHUTENbHO K THUIOBBIM NPOCTPAHCTBEHHO-OJHOMEPHBIM MOJEISAM OOBEKTa C pacrpeze-
JICHHBIMH TIapaMeTpaMu [6, 8] ero cTannoHapHOE, HEM3MEHHOE BO BpeMeHH ¢ cocTosiHue (O(x) omm-
CHIBAETCS B 3aBHCHMOCTH OT IIPOCTPAHCTBEHHOM KOOPIMHATHI X € [X,x,] mpu dQ/dt =0 0OBIKHO-
BEHHBIM JINHEHHBIM An(depeHIINaIbHEIM YPaBHEHNEM BTOPOTO MOPSIIKa:

(1) cufiQ§°+B<)dQ()+cmeoo+f@wum=o; <Xy

C Kpa€BbIMHU yCJIIOBUSIMHU

@) Q) +By ) 90,

= fo(ug); ouQ(x))+Py
pacrpeneneHHsIM %(X) M COCPEIOTOYCHHBIM U, = COons! BHELIHUMH BO3ICHCTBUSIMH, MOIINHCHHbI-
MHAU OFpaHI/I‘{eHI/I)IM

) Uy Su(x)<u <u

max> Uomin = uOmax s
JIOCTAaTOYHO TIaIKAMHU 33TaHHBIMA (byHKuI/I;IMI/I f, fo cBoux aprymenToB U kodpduuuentamu C,
B,Cy,0,B¢,04,B;, rae oy,By,0,B, =const uscerna C>0.

Kax mpaBmiio, B Ka4ecTBe YIPaBJIAIOIIETO BO3ACHCTBHS HCIOJIb3YETCS OJHA M3 BEIMYHMH #(X)
WM U, a APYras BHICTYIAET B POJIU BHEITHETO BO3MYILCHUS.

[Tycts KxauecTBO mporecca ympasieHus o0bekToM (1) — (3) xapakTepu3yercss MHHUMAaKCHBIM

KPpUTEPUEM, OLCHUBAIOIIUM IMPEACIBHO JOCTUKUMYIO TOYHOCTH HpI/I6HI/DK€HI/I}I Q(x) K 3aTaHHOMY

MIPOCTPAHCTBEHHOMY paclpeiesieHUI0 Qo(x) B PaBHOMEPHOU METpPUKE:

4) I= max |0(x)-0°x)— min

X€[xg,X Ve {ug,u(x)}

PaccMmoTpuM crrenyIonnyo 3a1aqy OlNTHMAaJIbHOTO yIpaBJICHUS.
TpeOyeTcs HalTH CTeCHEHHOE ycIoBUAMH (3) TrpaHHdYHOE Win (M) BHyTPEHHEE YIpaBiIsAioIiee

v * * *
BO3JEHCTBHE U =const WIN u (X) U COOTBETCTBYIOILEE €My CTallMOHApHOe cocTosiHue O (x) A

obnekTa (1), (2), mpu KOTOPHIX GYHKINOHAT KadecTBa (4) MpHHAMAET HalMEHbIIIee 3HaYCHIE.
B TummHBIX 11 nipritokeHuH cuTyarusax o0sekT (1) — (3) MoxeT okazaThCs HEYIPaBISIEMBIM

OTHOCUTEJILHO 3aJaHHBIX COCTOSHUI Qo(x) , B 4aCTHOCTH, [IpU

(5) Q"(x)=0/ =const, xe [xo,x]

B 33Jja4ax C ynpaslieHueM u(x) npu f,(uy) >0 B (2) [5-8], u Torna min/ >0 B (4).
u

[axee Be3ne A NpOCcTOTHl Oe3 MoTepr OOIHOCTH OCHOBHBIX IOJIYy4YaeMbIX Pe3yJbTaToB Orpa-
HUYUMCS CIIy4aeM MOCTOSHHBIX 3HaueHuH koaddunuentos C,B,C| B (1).
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2 3apava ynmpasJieHHsl CTaHOHAPHBIM cocTosinnem OPII
€ TPAHUYHBIMH YNPABJIAIOIIHME BO3/1elCTBUSAMHU

B 3agade (1) — (4) ¢ rpaHuyHBIM ympaBleHUeM u, =const npu f(x,u(x))=0 B TUNUYHOM
ciydae f,(uy)=u, ogHOpOoxHOE ypaBHeHHEe 00bekTa (1) ¢ mocrosHHbIMU KOddurnuentamu C, B,

C,=const, C >0, uMeeT U3BECTHOE OOIIEE PELICHHE
(6)  O(x) = DyuoFy(x) + Dyt F5 (x)

C TIOCTOSIHHBIMU MHTETpupoBanust D; u D, , onpenensieMbIMH U3 TPAaHUYHBIX yCIOBHH (2):

Py (o) +y 20 i+, 10
o= P P R
P= |:O(0Fl(x0)+Bo dFId(XXO):l'[Oﬁle(xl)‘*‘& %:'_
(®)
_|:a0F2(x0) +Bo %} : {OtlFl () +By —dFilixl)}.
3nech

) Fx)=e"; F(x)=e"";
(10) F(x)=e"; Fy(x)=xe™;

(11) F(x) =™ sin(ax); F(x) =™ cos(ox)
COOTBETCTBCHHO, npu BBIIIOJTHEHUH COOTHOILIEHUIT

2 2 2
(12 B__Q>0; B__ﬂz()' B__ﬂ<()
4ac* C ac* C ac* C

OTIPEICTSIONIMX XapaKkTep KOPHEH XapaKTepuCTU4ecKoro ypasuenus oobekra (1):
1 1 G
(13) ny=-—=%—F5-—— A=——s;0=/———— 1mpu —5-—-<0
’ 2 4c- C 2C C 4C 4C
B cootBercTBuE ¢ (6) — (8) K UHCITYy TOCTH)KAMBIX OTHOCSTCS TpeOyeMble COCTOSHUS QO (x) B
(4), ecnu OHU 3a/1aI0TCS B BUJIE

(14) Q°(x) =D{F,(x)+ Dy F,(x)

¢ (MKCHPOBAHHBIMH 3HAYCHHAMH MOCTOSHHBIX Kodhdummentor D u DY, 1is KOTOPHIX, BO-
MIEPBEIX, COTIIACHO (6), BRITIOHSIETCS PAaBEHCTBO

0
(15) D_10=ﬂ
D, D,

U, BO-BTOPBIX, COOTBETCTBYIOILEE Q0 (x) ympasneHue

D! ?
16) uy =— wmu (M) uy = —=
(16) u, ) (1) uy D,
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ompenensseMoe B Takoil popme Ha ocHoBaHUU (6), (15), ynosmerBopsier orparandenuio (3). Ecnm yka-
3aHHBIE YCIIOBUS BBIIOJHSIOTCA, TO B (16) ) = ug s Q*(x) = Qo(x) TP TakoM yripaBieHnuu, u [ =0
B (4).

Hanpuwmep, mpu C, =0, B#0 B (1) 6ynem umets B (9) — (13):

(17) = _g; ry = 0; O(x) = Djuge"™ + Dyuy

U eciu TpebyeTcs 00ecieunTh paBHOMEpHOE pacnpeaeieuue (5), npeacrasumoe B Buje (17)
00 =D + Dy, tne D) =0; DY =07,
TO paBeHCTBO (15) 3aBenomo BeimonHsercs npu D; =0, D, >0, 4To BCcerga UMEeT MECTO, COIIACHO
1
(7, (8), (17) mpu D, =— , ecimt oy >0; B, 20; o, =0; B, >0.
o

*
VipaBiieHUe U, HAXOIUTCs B TAKOM Clly4ae B COOTBETCTBHU ¢ (16):

. DY
18) uy =—2=0,0.,
( ) 0 D2 OQC

€CJIM TIPH STOM He HapyIaeTcs orpaHndeHue B (3).
Bo Bcex cutyanmsix, otau4Hbix ot (14) — (16), 00beKT oKa3bIBaeTCsl HEYIPaBIIIEMbIM OTHOCH-

TEIBHO Qo(x) ¥ 3a7jada CBOAWTCS K MUHUMHU3AINH KpUTepHs (4) pH 3aJaHHOM COCTOSTHUHT Qo(x) u
omnpenenenun Q(x) B hopme (6):
(19) I= max

xe[xg,x,

o[ DLF () + DyFy ()] - 0° () = min.
ug
HetpymHo nokasats, uto penienne 3anaun (19) MoxxeT OBITh HaiiieHO B BUAE:
0" () +0°(x)
R+ A DR+ RG]

(20) uy =

CJIIEAYIOIIEM U3 COOTHOUICHUSA

@) max (0'()-0°(W)=- min [0'()-0°().

€[xg,X xe[xg,X
* *
rme X; M X, - COOTBETCTBEHHO KOODIMHATBHI TOYEK MaKCHMyMa M MHHHMYMAa Da3HOCTH
* 0 - *
0 (x)— 0" (x), ompezensieMble B X0JIe UTEPALIMOHHON MPOLIEYPBI BBIUUCIEHH 4, B GopMe (20), Ha
o * *
NIEPBOM LIare KOTOpO 3Ha4YeHHS X, U X, Haxomdarcs mpu #, =1 B (19). B GonpIunHCTBE mpakTHYe-

o o *
CKU BCTpCHAOIIUXCA CUTYyallUH 3THU BCIIMYMHBI HE Tpe6y10T YTOYHCHUU. B UTOTC, U, HAXOAMUTCA II0

BEIpakeHHIO (20), ecu moirygaeMoe TaKuM CIocoOOM TpaHUYHOE YIIpaBIICHHE HE HApyIIaeT OTPaHu-
yenue (3), 100 OHO, B IPOTHBHOM CIIy4ae, IPUHUMAET OJHO U3 CBOMX MPEEIHHO JOMYCTHUMBIX 3HA-
YEHUH Ug, WK Ugpin -

3 3apaua ynpasijieHHsl cTaiMOHAPHBIM cocTosinneM OPII ¢ BHyTpeHHUMH
pacnpe/eJeHHBIMH YIPABJISIONIUMH BO3AeiiCTBUSIMH

PaccmoTpum MuHIMaKcHYIo 3anaqy (1) — (4) npu
(22) f(x:u(x)) = u(x)+g(x) > Umin = 0 > Uppax T g(x) > O; fO (uO) =Uy
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C pacnp€aCI€CHHBIMU BHYTPEHHUM YIIPAaBJISIOIINM BOBHGﬁCTBHeM M(X) 1 BHCITHUMHU BO3MYIICHUAMMA

g(x)<0, uy >0 B TUINYHOM Cilyyae HEYNpPaBIIEMOCTH OOBEKTa OTHOCUTENBHO HEKOTOPOI'o 3a/aH-

HOTO COCTOSTHUS QO (x), wis kotoporo mpu Q(x) = QO (X) He yJIOBIETBOPSETCS TPAHUYHOE YCIOBUE

(2) nna x=x, [5, 6]. B uactHOCTH, I XapaKTepHOIro BapuaHTa (5) 0ObIYHO BBHINOJIHAETCA Hapy-

IIAIOIIEE 3TO YCIOBHE HEPABEHCTBO U, < OLOQg B OTNIM4KE OT cooTHomeHus (18) mpu rpaHuIHOM

YIpaBJICHUHU.
[epexonst x HOpManbHOM (opMme 3amucu, MONyYHM onucanue oobekra ynpasieHus (1), (2) B
BHUJIE CHCTEMBI JIBYX YpaBHEHHUII IepBOro MopsiaKa

4do(x)

= =0();
@) S
2 __L1z0 (x)+ C,00) + u(x) + 2()]
dx C

C TIOJBIDKHBIMH KOHLIAMH TPAaeKTOpHHU Ha (a30Bo ruiockocTu koopauHat O, , NPUHAUISKAIIMH
TPSIMBIM
(24) 0yQ(xg) +PBoQy (xo) =15 0, 0(x;) + P10y (x;) =0
JUISL TFOOBIX (PUKCHPOBaHHBIX 3HAYCHHUH 4, = const.

3anaua (1) — (4), (22) cBoautes [11] k sxBuBaneHTHOMY BHIY (23), (24), (3), (25) — (27) ¢ unTe-
rpaJIbHBIM (PYHKI[MOHAIOM KayecTBa

X

[edx =€ — min ;
u(x), 8

25 I, =

X1 —Xo X

(ha30BBIM OrpaHMYCHHEM
(26) [0()-0° (| -e <0, xe [x.x]

U MapaMeTpoM € = const >0, 17151 KOTOPOro
de
27) —=0.
(27) o

~% o o
Ecnu pemwenne u (x) 9TOM 3ama4u, KOTOpoe HaxoauTcs Oe3 yuera ycnoBuil (26), TeM He Me-

Hee, aBTOMaTHIECKH UM YIOBJIETBOPSET, TO CTaHAAPTHAS MPOIeaypa IPUHIINIIA MaKCUMyMa C QyHK-
uuel IlonTpsruna

(28) H(Q.0,.u,y.8) =€+ 1,0, — > (BO, + C1Q+u<x)+g<x))% ,

~ %
rre Y =(y,,y,) — BEKTOp CONpPSDKCHHBIX NEPEMEHHBIX, ompexaenseT u# (x) B (opMe KycOodHO-
MOCTOSIHHOW (DYHKIIMHU ITPOCTPAHCTBEHHOH KOOPMHATHI

(29) 7" (x) = 22 (1 + sign w, (x)],

IJe COIpsDKEHHas NepeMeHHas ,(X) ONUCHIBAETCS HAa BCEX MHTEpPBAlaX €€ HEeNpephIBHOCTH Au-
(hepeHIMATBHBIM ypaBHEHHEM

d2 [~k o~k T~k
(30) d:? _E%-’- C —Vy, =0, xe {xm,xm+1}, m=1r, X, =x.
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3xech X, € [xy,x], m=1,r , — KoopmuHaTel » >0 TOYEK OTPAXKEHHMS OT TOILYCTUMOMN TPaHMIIBI

B (26) [12], B KOTOPBIX MOTYT BEITIOJHATHCS CTPOTHE paBeHCTBa B (26) 06e3 y4acTKOB IBM)KEHUS I10
9TOMY OIPaHUYCHHIO B PAMKaX HCXOJHOTO IPEIIIOJI0XKEHUS, U B KOTOPBIX, COTJIACHO YCJIOBUIO CKay-
Ka JJIs OTPaHWYIHMBAIOIIEH MOBEPXHOCTH B (26) BTOporo mopsiaka [12] compspkeHHBIE TIEpEeMEHHBIC
NPeTepIeBaIOT Pa3phIBBI IEPBOTO POJA.

~ % v
Takum obpaszom, u (x) mpencrasisercs, coryiacHo (29), B mapamerpu3oBaHHOl Gopme ¢ Tou-

HOCTBIO 710 uucia N =0 ¥ KOHKpeTHBIX 3HaYCHUH BEKTOpa AN = (A(N ))7 i= 0 N , xoopauHAT A(iN)

Touek repekiouenuii Ha otpeske [x,x]3 ALY rae AN =0.

31ech N 3aBHCHT KaK OT YHCNIa ¥ TOYEK OTPOKEHUS X,,, m = 1,7, B CHILy yCIIOBHi CKa4Ka IJIs

CONPSDKEHHBIX NEPEMEHHBIX, TaK U OT Yhcia HyJeH QyHKIuu Y, (x), ¥ cleJ0BaTeIbHO, KOINIECTBO

~ %
WHTEPBAJIOB TIOCTOSHCTBA # (X) HE OrpaHHMYUBaeTcs mopsiakoM mozenn (30) mpu Jro0bIX KOpHSIX ee

XapaKTepUCTUYECKOTO YPABHEHHUS.
ITpn m060M KycOYHO-HENPEPBIBHOM YIpaBIeHHH u(Xx), CTECHAEMOM orpaHuueHuem (3),

ynpasisieMast pyHKOHS COCTOSIHHS (J(X) ONMCBIBAETCS B YCHOBHAX (22) CIHEAYIOIINM peIICHUEM

ypaBHeHus (1) ¢ TOCTOSHHBIMU KO3 (UIIMEHTaMH B 3aBUCUMOCTH OT IPaHUYHBIX 3HaueHUH O(x,) U

dx .

dG(x)+BG( )|+CG(x )dQ(x") xe [x, ],

(31 O(x)=- j (©)+2(©)G(x-)d+0(x,) C
rae G(x) —wusBectHas (yHkuus ['prHa Takol KpaeBoi 3aja4H.
[Tpu 3amanHOM ynpaBieHnn Buna (29) Beipaxenue (31) onpenenser 3aBucumMoctb J(x) OT BEK-
dQ(x,)
dx

~ ¥
TOpa AN napaMeTpoB # (X) € TOYHOCTBIO JO TPeX MOCTOSHHBIX U,., O(x;), , BBEIOOp

KOTOPBIX CTECHSETCS ABYMS I'PAaHUYHBIMH yCIOBHAMHU (2).
B pesynbrare oHa M3 3THX NOCTOSHHBIX, JHMOO HEIMOCPEICTBEHHO CBSI3aHHAsl C HEH COCTaB-

msromast pasHoctn Q(x)—0°(x) B (26), purypupyer, napsiay ¢ AY) | B ponn gononHuTENBHOI 1A~
paMeTpuuecKoil XxapakTepucTuku ((x), B QYHKIMH KOTOPOH (MJIM HE3aBHCHMO OT HEE) OCTaJIbHbBIE

HeoNpe/ieIeHHbIE BETMYNHBI HAXOSTCS U3 COOTHOMICHUH (2).

B wactHOCTH, IOTOOHAs mpoueaypa (GpUKCHUpPYeT yCTaHABIMBAEMYIO 110 YCIOBUSM JHEpreTHie-
CKOT'0 WJIM MaTepuajibHOro OajlaHca B CTAl[HIOHAPHOM COCTOSIHMH 00BbEKTa MAKCUMAaJIbHYIO BEJIHYHHY
Upax YIPABILIONIET0 Bo3aelcTBYA B (3), KOTopast 0OBIYHO 337aeTCsl B KauecTBe allpUOpHOI uH(Op-

MallMy B 331a4ax yIpaBlIeHUS TUHAMHYECKUME pexuMamMu ¢pyHKuoHnposanus OPIL.
B wntore, Beruncnenue nHTerpana (31) ¢ mapaMeTpu30BaHHBIM PENICHHBIM YIIPABIISIOMIAM BO3-

neiicteieM Buaa (29) mossoster momyunts otkinonenne Q(x)—0°(x) B popme sBHOM (yHKIHE

O(x,A™)Y or exropa napamerpos AM) | rae
K umcity KoTopsix, kpome Touek AJY) mepeimioueris i (x) OTHOCHTCS yKa3aHHBIH JONONHHTE b=

HBII mapameTp K(AA; ).
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Eciu temepb ynpasienue i (x) He HapymaeT (asoBoro orpanmueHus (26), To 3amaua (3),
(23) — (27) cBoamTCs K KOHEUHOMepHOI 3amave MunmMmsamun o A ommGki paBHOMEpHOro

IpUOIMKEHUS Q(x,Z(M )) K HyJTIO Ha OTpE3Ke [x9,x]:

(33) I, =e= max

xe[xg,x]

o, ZW))‘ — min .
A(M)

(v e N
B TunuuHbBIX U1 IpUIOXKEHUH caydasx pemeHne A € {A(M )} 3aja4u (33) npu 3a1aHHOM YHCIIe
M oGnafaet B yCIOBHUSIX MAaJOCTECHUTEIBHBIX OTPAHNYEHHUH CIICIHAIbHBIMH aJbTEPHAHCHBIMH CBOM-

ctBamu [8, 9], coryiacHO KOTOpEIM HE MeHee, ueM B M +1 Toukax x?, j=1LM+l1

(34) xo<x)<x) <.<xV <xV<x,

obpasyrouux ueosleBckuil anprepHanc [10] Ha oTpeske [x),x;], BBIIONHSAIOTCA PaBEHCTBA
0 R (M) . T 279

(35) Ol).& J=pe-1yele), j =T M+T =41,

rac COBHaZ[aIOH.II/Iﬁ C MUHHUMAJIBHO ,[IOCTPI)KPIMOfI BEITMIHNHON Il MHUHHMaKC 8%) ONpenCIACTCA ClIe-
AYIOIIUM COOTHOHMICHUEM

(36) 8%) =min/; =min| max
AM | xe[xg,x]

Q(x,ZW))H .

o %k
[Tpu sTOM 15t HenpepbiBHO nuddepenupyemoii o x pynkuun Q(x,A) 3aBeOMO BBINOJIHS-
eTcst ycnoBue (26) npu € = 8%) C BBIXOJIOM Ha (ha30BOE OrpaHUYEHHE TOJILKO B TOUKAX ajbTepHAaHCa
x? , OJTHOBPEMEHHO SIBIISIOIIMXCS] HA 9TOM OCHOBAHHM TOYKaMH OTPAXXEHUs OT JIOMYCTHUMOH rpaHu-

OBl Tem cambiM YCTaHAaBJIMBAIOTCS KaY€CTBEHHO HOBBIC 0COOEHHOCTH AJIBTCPHAHCHBIX CBOWCTB OII-
TUMAJIBHBIX CTAallMOHAPHBIX COCTOSIHUH paccMaTpruBaEMBIX MO,HCHeﬁ OPH, B CUIIY KOTOPBIX HCKOMO€

ONTUMAJILHOE YIPABJICHUE u*(x) B ucxonHoi 3amaue (3), (23) — (27) nelcTBUTENLHO COBMAIACT C

pereiinoit GpyHKIHEH BUma U "(x) B (29), 01HO3HAYHO XapaKTepU3yeMOH peleHrneM A" 3anaun (33).

Ecnu nononnurtensHas nHdopManus 0 3aKOHOMEPHOCTSIX TPeIMETHOI 001acTH, B paMKax Ko-
TOPOH paccMaTpUBaeTCs COOTBETCTBYOLIAas KOHKpeTHas 3a1a4a (3), (23) — (27), no3BoJsieT uaeHTH-

¢unmpoBars GopMy KpUBOI pazHOCTH Q(x,xk ))-0°(x) u pacnonoxenue Touex ansTepHanca (34)

0 N
HA IPaHML@X WIK(M) BO BHYTPEHHHX TOUKaX dKCTpeMyMma X; € {x?} 9TOI pa3HOCTH Ha OTpe3Ke

[x9,X;], TO cucTema cooTHoLIeHHH (35), HOoMONHAEMAas PaBEHCTBAMU
(37) aa—xQ(x?v AY=0,v=0,M" M <M+1;x) e {x)}, j=1M+1

* o * o
npu M =1 peayuupyeTtcs NpH 3alaHHOM 4uciie M K 3aMKHYTOH cucteMe M+ M +1 ypaBHeHwuil,
pa3peiaeMol M3BECTHBIMM UHCJIEHHBIMHM METOJIAMH OTHOCHUTENIbHO BCEX HMCKOMBIX IapaMeTpoB,

(M)

min

~u I~ . T *
BKIIOYass A = (Ai), i=1,M ; BenMuMHy MUHUMAaKca € Y KOOPAMHATHI TOUEK x?‘ ,v=LM [8,9].

~
3amava HaxoXIeHUA pasMepHocTH M = M, BekTOopa A NIPHUBOAWUT K HEOOXOIMMOCTH HCCIIE-
0

JoBaHus yrpasisemoctd 00bekTa (1) — (3), (22) ¢ ynpasisroiuM Bo3AeHCTBHEM #(X) OTHOCHTEIb-

HO 33/IaHHOTO COCTOSTHHSI QO (x).
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Ormpenensiembie cornacHo (36) BeIWYMHBI MUHUMAaKca e " gak MPaBUJIO, COCTABJISIOT JIS

min °

BO3pacTarommx 3HadeHnii M =1,2,..., M|, yObiBatomuii psix HepaBeHCTB [8, 9]:

(38) el 5@ 5 Selh) 5 elkil) s 5 g(Mo)

Jns HEeympaBIseMOTO OTHOCHUTEIHHO Qo(x) oowexTa (1), (2), (22) pasencra (31) mpu

o) = QO()NCI-) B JOCTATOYHO GOJBLIOM, HO KOHEYHOM YHCIE § TOYCK X; € [Xy,X ], i =1,5, MOKHO
paccMaTpuBaTh B KaueCTBE KOHEUHOMEPHOU mpobieMbl MOMEHTOB [1, 2, 8], koTopasi oka3bIBaeTCs
paspemuMoii B ycJioBHsX (3) OTHOCHTENBHO #(X) HMMEHHO B KJIACCE YIPABJISIONIUX BO3JCHCTBHIA
[1, 2. 8].

MoskHO TIOKa3aTh Ha 9TOM OCHOBaHUH, YTO B TAKOM CIy4yae BBIMOJIHSIOTCS MpEeeNbHbIE COOT-
HOIICHHUS

Buza (29) ¢ N = s MepeKIIOYeHUSIMH IPH JOCTATOYHO OOJIBIION BEIMUUHE U,y

lim Q(x, A™)) =0, x & [x0,3,] TPH 2y —> o0,
§—>o00

B CHIIY KOTOPBIX

max

(39) lim e =0 npu lim u,y,, =
N—oo N —>oo
B IIOCJIE€JIOBATEILHOCTH HEPABEHCTB (38), U 3HAUUT

40) lim €M) =0, lim M, =co

max —>eo max —>eo
B 33/1a4e napamerpudeckoit ontumusanuu (33) npu M =M, .

Takum o6pa3om, B yCIOBHAX HeynpasisieMocTd oobekTa (1), (2), (22) oOTHOCHTENBEHO 3aJaHHOTO
COCTOSTHUS Qo(x) npy 1000i OrpaHUYeHHOW BEIMYMHE U, B (3) MOXHO MOJYyYHUTh JIUIIb IIPHU-
OMKEHHOE pelleHHe A™ 5Toii 3a1a4K ¢ TOYHOCTBIO, OLCHHBACMOH MCXOIS U3 MIPEIBSIBIIIEMBIX B
Ka)kKI0M KOHKPETHOW CUTyaruu TpeOOBaHUM IO 3alaHHOIl HOMyCTUMOH BenuuuHe €, >0 ¢yHKuMO-
Hana kadectBa (4). B Takom ciyuae ompeneieHne A™ cBommTes K pEIICHUIO OTMCaHHBIM METOIOM

orrocurensio AM) mocnenosarensHocTH 33124 (33) mns yBemmumBaromerocs psjga (GpukcupoBaH-
HBIX 3HaueHuil M =1,2,... BIUIOTh 10 BeNUUUHbl M = M|, IpU KOTOPOH BBINOJHAIOTCA COOTHOILIE-

HUA

(41) M) <g) <elihi™D

min

M-1) (M .
JUIsL HCKOTOprX YJICHOB e( o ) efm‘) psana HepaBeHCTB (38). Torma MCKOMBIM BEKTOp Hapamer-

poB A™ HaXOIMTCS COTTIACHO (36):

O, A1)

(M,-1)

min

Rk

A =argmin| max
(42) A | xelxg,x]

npu M =M, -1, ecine, =¢

- (M) (Ml -1
wm M =M, ecmne ;" <€, <g . .

4 YnpasiieHHe CTAMOHAPHBIMH TeMIePATYPHBIMHU NOJSIMHU

B kauectse npumepa, npeacTaBadroIIero CaMOCTOSITEbHBII HHTEpEC, paCCMOTPUM OPH, OITnu-
CBIBaCMEBIN CTalMOHAPHBIM YPAaBHCHUCM TCIJIOMPOBOJHOCTH JJId TEMIICPATYPHOI'O OJIA O(x) TCILI0-

TCXHUYCCKHU TOHKOT'O CTCPIKHA I[J'II/[HOﬁ R:
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43) a

2
de(x)+_( (x)-g,)=0,0<x<R

€ KpaeBbIMH yCJIOBUSMH BTOPOTO poja [14]

de(O) _do(R)

44) A =y, =0;
(44) 06

3aAHHBIMH TCIUIOHU3NYECKUMH TOCTOSHHBIME  C,7Y,A,d =— ; PaCIpPEICICHHbIM yIIPABIISIOLINM
<y

BO3JIeI>iCTBPIeM u(x) MO0 MOIIHOCTU BHYTPECHHETO TCIIJIOBBIACIICHHUS, TIOAYMHCHHBIM OI'PaHUYCHUTO

45) 0<u(x)<u xe[0,R],

max >
U TETUIOBBIMU NOTEPAMM. g, U, = const > 0.

v *
TpeOyetcs Haiitu s oOobekTa (43), (44) crecHsiemoe orpanuueHueM (45) ynpasienue u (x),
MPU KOTOPOM JOCTUTaeTCs MUHIMAJIbHOE B PABHOMEPHOI METPHKE OTKIOHEHHE

(46) I= max |6(x) 0, —>n}11)1

ynpaBnﬂeMoﬁ ¢byHKIUM cocTosHUS O(X) OT IHOCTOSHHOH IO JAJMHE CTEPXKHS TemmepaTypsl O, . Be-
nnyuHa 0, 3amaeTcst ¢ TOYHOCTBIO 10 €€ MPHONIMKEHNS K HEPUKCHPYEeMOMY HCXOJHBIMU JaHHBIMHU
CpefHEMY 3HAUCHHIO

R
47) o, 2% J'G(x) dx = const,
0

COOTBETCTBYIOIIEMY IIOCTOSSHHOMY B CTallHOHAPHOM TEMIIEpaTypHOM TIOJ€ TEIUIOCOIEPKaHHIO
CTEPIKHsI, KOTOpoe MpHoOpeTaeTCs Ha CTaJUU €ro Harpesa, Mpe/IecTBYONIeH mpoleccy cTaduiIn3a-
LMY Ha ypoBHE O(x) .

OO0nekT (43) — (45) HeynpasisieM OTHOCHTEIIBHO Go(x) =0y =const TIpU KPaeBBbIX yCIOBUAX

(44) ¢ uy >0, 1 B TakOM CIy4ae HPH JIFOOBIX OTPAHUYCHHBIX 3HAYCHUSX U, B (45) min/ >0 B

ax

"
(46). HUckomoe ympaBieHume u (Xx), KaKk IOKa3aHO BBIIIE, CIENyeT HMCKAaTh B Kiacce KyCOYHO-

MOCTOSHHBIX (pyHKIMA Buma (29) ¢ N 20 mepexToYeHHusIMH B TOYKAX A(l-N )e [0,R],i=0,N,
N .
A =0:

(48) u(x)= —”“; [+ 1], A << AN AN =R

i+1°

SBHas 3aBucumocts O(x, A™M)) MIPOCTPAHCTBEHHOTO PacHpeAeNIeHusI TEMIIEPATyphl OT BEKTOpa

AN napameTpoB ymnpasieHus (48) onpenensercs ¢ TOYHOCThIO 10 3HaueHuss O(0) B ycnoBusx (44)
BEIpakeHueM (31):

+uyG(x)

49) 60, AM) =~ [G(x— dG()
0 dx

¢ ¢pynukiueii ['punaa

(50) G(x) =%,
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KOTOpOE TOCIIE MOACTAaHOBKH #(x) B (opme (48) mpuHUMAET CIEeAYIONil BUA:

(51) 8(x,A™),6(0)) = 0, (x,AN)+6(0) ;

0 x’A(N) Umax_ 1 (x— A(N) +g0 24t 0
(52) 1 ( )= o IZ(I)( )'( ) 0. 2

AN < x < AN n=0,N; AN =0; AN =R.

[Tpu 3TOM rpannyHoe yciosue (44) B Touke x = R

(N)
(53) M=l(—um%(—D"(R—A&N)ﬁgoR+uoj=0

dx ﬂ i=0

BBITIOJTHACTCS TIPH CIICAYOIIEM BBIOOPE MAaKCHMAJIbHOI BEMYMHBI YIPABIISIOMIETO BO3ICHCTBHA:

-1
(54) upayx :(gOR-H'lO)[%(_l)i(R—A(I.N)):| ’

i=0
TZie BEIPAKCHNE B KBAJPaTHBIX CKOOKAX MPECTaBIseT CO00I CyMMapHYIO MPOTSKEHHOCTh HEYETHBIX

UHTEPBAJIOB IIOCTOSHCTBA ynpasiaenus (48) ¢ u(x) =u,,, , a paBeHCTBO (54) B LenoM obecrieunBaeT

COXpaHEHHE SHEPTeTHIECKOro OaaHca B CTAIMOHAPHOM COCTOSIHUHM OOBEKTA.
B cootBerctBun ¢ (51), (52) Benmuunna 0, B (47) cBA3BIBACTCA C HEW3BECTHBIM 3HAUYCHHEM

0(0) B (51) paBeHcTBOM
R

(55) 0, =6,,(A)+6(0); 6,,(A™) =% [6,(x, AN dlx ,
0

OTKy/a MOJTy9daeM CIEAYIOUIYIO 3aBHCUMOCTh O(x, AM )Y s pasuocta O(x, AN 6(0))—0 y OT ompe-

nemsieMoro coriacHo (32) mpu M = N +1, Z(AAf ) = 0, —0,, BekTopa mapameTpoB AM g poJH KOTO-

pbIX GUrypupyroT N Touek nepexiIodeHus ynpasneHus (48) u otkiaonenue 0, —0, :

(56) 0(x,AM)=0(x,AN,0(0))-0, =0,(x,AV)+06(0)-0, =0,(x,AV)-8,,(A")+86, -0,
B wnrore 3amaua (43) — (46) coautcs K Bumy (33)

(57) 1y =e= max ‘G(x AM >)‘ — min

AM)

C TIOZICTAaHOBKOH BeIpakeHHH (52), (54) — (56) mms O(x, AM )) uu U ee MPUOIIKEHHOE peIIeHIe

max >

BBITIOJTHSCTCS TI0 MPHUBEICHHON B 1.3 cXeMe IMpH M3BECTHOH (opme KpmBoil O(x, A%), xe[0,R] Ha

HCKOMBIX AKCTpEMalIsixX AN e {Z(M)}, A = (K(N),(Gh —OH)O) JUI KaKAoro m3 3HaueHnd M =1,M,,
OTBEYAIOIIEH albTepHAHCHBIM CBOWCTBaM (35) M ycTaHaBIMBaeMOW Ha OCHOBaHWM (PU3MYECKUX 3a-
KOHOMEPHOCTEH MOBEIICHHS TEMIICPaTypHOTo Mo st 00bekTa (43), (44), momobHo [8].

Jlist xapaktepHblx cayqaeB M =1, N=0; M =2, N=1 u M =3, N =2 xoHpurypamms npo-
CTPAHCTBEHHOI'O PacCIpeelIcHHs TEMIIEPATYPhL G(x,ZO) NpUBeeHa Ha puc. 1.

CoOTBEeTCTBYIOIINE 3aMKHYTHIE pacueTHble cucteMbl M + N +1 ypaBHeHni, popMupyemsie Ha
OCHOBAHWH alTbTePHAHCHBIX cooTHOMICHNUH (35), (37), IpUHUMAIOT CIIeTYIOIINI BHI;:
ms M =1, N=0:
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(58) 0,(0,A%)—0,,(A))+(8, —0,)° =—¢€l) ;
0, (R, A%) — 0y, (A9) +(8, —0,)" =l ;
s M =2, N=1:

0,(0,A")-8,,(A) +(8,, =0, =—el2);

1’1111‘1’
0,(x3, A1)~ 0, (A1) +(8, —0,)° =2
(59) 6, (R, A1) -0, (A)+(0, -0, =2 ;
99, (x3,A")
ox
ms M =3, N=2:

6,(0,A17, 857) -0y, (A7, A5)) +(8, =6,)" = e

min

0,(x3, A7, AP) 0, (AP, A7)+ (8, 0;,) =€),

min >

(60) 6,(x3, A, A7) —0,, (AP, AT)+(6,-0,)" =—£)

min >

0,(R. A, AD) - 0,,(A7, A7) +(0, -6, =€l);

90, (x3,A”, A7) _ 96,(x3, A7, AD) _
ox ox

M

8min _____________ 2)
R ~ 1) __
E Smin—)\ x-g A
X RP2 d 0o K T "y @
PR =
(2)
m|\ -8min ____________

min

Pucynok 1 — ®opma KpuBOH OTKIOHEHHS ONITUMAIBHOTO PACHpEIeICHHs TEMIIEpaTyp
O(X,KO, (0,-64 )0) Ha otpeske [0, R] OT 3a1aHHOTO CTAHOHAPHOTO COCTOSHMUSI
0y =const (a- M=1L,LN=0; 6- M=2,N=1;6— M=3,N=2)

B pomn M + N +1 HensBecTHBIX 37iech (urypupytor N KoopauHat Z(iN ) i= l,_N , TOYEK Iepe-

KITfoueHns u (x) (mpu N >0); N xoopauHat x , J=2,N+1, BHYTpEeHHHX TOUYEK SKCTpeMyMa
(M)

6(x,A°) Ha otpeske [0,R] (mpu N > 0), 3HaueHus MuUHUMaKca €.’ W napamerpa (0, —0 H)O .
OneMeHTapHbIH XapakTep napaboauuecKux 3aBucumocteil 0, (x, AY)Y or x u A(iN ) B (52) mo-
3BOJISIET MOIYYHTh TOUYHBIC aHATMTUIECKHE PEIICHUS CHCTeM ypaBHeHHH (58) — (60).
B gacTHOCTH, 1OCIIE MPOCTHIX BEIYUCICHUN TTOTYYHM:

R u R u
61) ) =% g _g, )0 =M% =g, +-2
( ) min a0 ( h— ) 2}\’ Umax 8o R

npu N=0,M =1,un
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2 2 2
K(11)= &R™ | g &R e _ UpgoR <e® .

Uy +goR uy+2g3R ’ Zmin AMuy +2g0R) Eimin’

a0 uogoRz 8oR —uy _ (goR +uy)*
(eh eH) 5 Upax = 2
20 6(uy + goR)(uyg +2g0R) goR

ompu N=1, M =2.

Ipu nrodom N >1 paBenctra (35) I MEPBBIX ABYX TOYCK allbTCPHAHCA xl =0, 0< x2 K(lN )
3aMMCBHIBAIOTCS TIOOOHO TIEPBEIM IBYM ypaBHEHUAM cucteM (59), (60):

0,(0,AM)~0,,(A™)+(8, -0,,)" = —€\);

mm >

6,(x3,AM)-6,,(A™) +(6,-6,,)" =el).
Pa3zHocTs ypaBHeHuit (63) mpUBOAUT B COOTBETCTBHUHU C (52) K CIEIyIOLEMY BBIPAKEHHIO IS

(M)
min °

€

min
2

_ 1 —
(64) el =-6,:4.3Y) =2—k[—g° o (x3)2+uox8} :

KOTOPOC C YUCTOM YCJIOBUA

90,(x3,A")
(65) T ﬁ[(go ~ Uy ) X5 +”0]= 0
NPUHAMAET CICIYIOIINI BUI:

2

66) e =T

4>\'(umax - gO)

Otcroia HEMOCPEACTBEHHO CIENyI0T INpejenbHble cooTHomeHus (40) mis paccMaTpuBaeMoi
3aJja4M B YCIIOBHSAX
(67) hm xg = lim —20 -,

Upax = Umax = umax - go

[TonapHble pa3HOCTM YypaBHEHWH pacueTHbIX cucteM Buaa (59), (60) npuBogsr npu
lim 8(M) =
M —o0

npexnene 3HadeHuii 0, u 6, B (46) u (47):

0 x cootromennsm lim 0,(x%,A")=0, a CYMMBI 3THX ypaBHEHHH — K PAaBCHCTBY B
M- 1

(68) lim (8, -6, Y=0.
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Abstract

B cratbe paccMaTpUBarOTCS COBPEMEHHBIC TMOAXOJBI K MaTEeMaTHYECKOMY MOJICIHPOBAHHIO U
ONTUMAJBHOMY YIPABICHUIO MPOIECCOM MHAYKIIHOHHOTO HAarpeBa MeTajia, KOTOPBIN SBISIETCS
3BEHOM €JMHOM TEXHOJIOTHYECKOM LENOYKH, BKIIOYAIOUIEH HarpeB METAJUIMYECKOW 3arOTOBKH,
ee TPaHCHOPTUPOBKY K AedopMHpYyIomeMy 000pyIOBaHHIO M HEMOCPEACTBEHHO IMpPOIECC IUIa-
cTryeckoit nedopmarmu. ONUCHIBAIOTCS COBPEMEHHBIE TEHICHIUU PAa3BUTHS CPEACTB H METOI0B
YHCJIEHHOTO MOJEJIMPOBAHMS B3aWMOCBS3aHHBIX JJICKTPOMArHUTHBIX M TEIUIOBBIX IOJIEH B
MPOIIECCaX, OCHOBAHHBIX HA SIBICHHU 3JICKTPOMArHUTHOW MHIYKIUH. B 00JIACTH MOJICTUPOBAHHS
W MHOTOKPUTECPUATBHOW ONTUMH3AIUK MPOIECCOB MHAYKIIMOHHOTO HArpeBa METaJIOB IMEpe
obpaboTkoii naBiaeHueM. OOCY)IaroTcs MpoOIeMbl MOJCITHPOBAHUS M ONTUMH3ALUH MpoIecca
YOPOYHEHHS 3y0UaThIX KOJIEC.

Introduction

Induction heating continue becoming an increasingly popular choice to heat billets and bars
prior to hot forming thanks its ability to create high heat intensity quickly and within the billet, lead-
ing to short process cycle time (high productivity) with repeatable high quality while using a mini-
mum of floor space. A considerable reduction of heat exposure and heat waste contributes its effec-
tiveness, environmental and ergonomically friendliness.

Induction heating offers other attractive features such as 1) a noticeable reduction of scale,
2) flexibility, 3) short start-up and shut-down times, 4) readiness for automatization with lower labor
cost, and 5) ability to heat in a protective atmosphere if required [1-4].

The forging industry’s drive to more accurate net shaped high quality parts and a necessity in
providing more value to the forger’s customer is inherently related to the needs of further improving
quality of forged parts which relates to developing superior control strategies that optimize all stages
involved in the forging process. Modern approach for designing forging processes requires consider-
ing induction heating not as a standalone process, but as a part of an integrated system including its
all-important elements: the process of induction heating, the change in the billet temperature profile
during its transportation from the heater to the metal forming machine and plastic deformation itself.

The selection of principal process parameters, such as power, frequency and coil length is a
complex function of heated metal, required temperature uniformity, billet size, etc.
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Figure 1 — Four module InductoForge™ progressive horizontal induction billet heater

Aspects of mathematical modeling

In the last decade, when discussing subjects related to a mathematical modeling and optimiza-
tion of induction heating, the word “usefulness” has been replaced by a word “necessity”. Modern
computer modeling is capable to effectively simulate electromagnetic and thermal phenomena for
many processes including those that involved phenomenon of electromagnetic induction. Simulation
provides the ability to predict how different, interrelated and non-linear factors may impact the transi-
tional and final thermal conditions and what must be accomplished to improve the effectiveness of
the process, determine the most appropriate recipes to optimize a process and serve as a comfort fac-
tor when designing new systems.

In 2007, ASM Int. has begun an ambitious undertaking to compile an all-new, comprehensive
resource on mathematical modeling as it applies to a computer simulation of different metal process-
ing technologies. Carefully selected world-recognized experts from leading universities, national re-
search laboratories and industrial corporations from 13 countries were chosen to submit materials. As
a result, a brand new two-volume set was published as a part of ASM Handbook series (Fig. 2). The
first part, Volume 22A, Fundamentals of Modeling for Metals Processing, appeared in 2009. The
second part, Volume 22B, Metals Process Simulation, was published in 2010. This two-volume set
covers a wide range of subjects including phase diagrams and transformations, heating and heat treat-
ing, casting and solidification, forming, joining, machining, powder metallurgy, integration modeling
and simulation in design of equipment and its control, etc.

Among other useful information, Volume 22,B consists of two articles that are solely devoted to
a computer simulation of induction thermal technologies: Simulation of Induction Heating Prior to
Hot Working and Coating (pages 475 — 500) and Simula-
tion of Induction Heat Treating (pages 501 — 546).

Recent advancements in manufacturing high-
performance computers, increased complexity of induc-
tion heating applications, further increasing demands to
manufacture higher quality parts in combination with a
necessity of improving cost-effectiveness of develop-
ment stage by shortening the learning curve and reducing
development time have significantly restricted the use-
fulness of simplified mathematical modeling approaches.

Rather than using computational techniques with

Figure 2 — New two-volume set on mod-  many restrictions and disputable accuracy, modern in-
ern mathematical modeling of metal proc-

essing technologies
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duction heating specialists turned to highly effective numerical modeling methods such as finite-
differences, finite-elements, edge elements, boundary elements and others. Each of those simulation
techniques has certain pros and cons and has been used alone or in a combination with others [1-4].

In recent years finite element method became a dominant numerical simulation tool for a variety
of engineering applications. Though finite element method is very effective modeling technique, it
cannot be considered as an ultimate computational tool for all induction heating applications. In some
cases a combination of different numerical methods is more effective, in others FEA is a preferred
choice.

Physical properties

Electro-magnetic properties of heated materials encompass a variety of characteristics. While
recognizing the importance of all electro-magnetic properties, two of them is electrical conductivity
(its reciprocal electrical resistivity) and relative magnetic permeability have the most pronounced
effect on the process of induction heating. Keep in mind that both properties nonlinearly vary with
temperature, chemical composition, microstructure, grain size, etc.

Relative magnetic permeability u, is not only a complex function of grain structure, chemical
composition, microstructure and temperature, but also frequency and magnetic field intensity. Same
kind of carbon steel at the same temperature and frequency can have a substantially different value of
4, due to differences in coil power that is related to the intensity of the magnetic field.

Three of the most critical thermal properties of heated material comprise thermal conductivity,
specific heat and surface heat losses due to thermal radiation and convection. All these thermal prop-
erties are also non-linear functions of temperature. Interrelated non-linear nature of the material prop-
erties dictates the necessity of developing special computational algorithms that properly couple elec-
tromagnetic and thermal phenomena [1-4].

Limitations of generalized commercial codes

Majority of commercial codes used for computer modeling of induction heating processes are
all-purpose programs. Regardless of well-recognized impressive capabilities of modern commercial
software, many of generalized programs experience difficulties in taking into consideration certain
features of a particular induction heating application. This includes but not limited to the presence of
thermal refractory, heated workpiece can simultaneously move, rotate or oscillate in respect to induc-
tion coil, some operations combine heating and quenching, existence of non-uniform initial tempera-
ture distributions, presence of end plates, guides and liners, etc.

Therefore, be aware, that some critical feature(s) of a particular induction heating application
could be limiting factor creating considerable challenges for generalized commercial software forcing
making not well-defined assumptions and affecting an accuracy of simulations.

Temperature requirements

In billet heating, it is required not only to raise the billet’s temperature to a specified level at re-
quired production rate but also provide a certain degree of heat uniformity. The uniformity require-
ments include maximum tolerable thermal gradients: “surface-to-core,” “end-to-end,” and “side-to-
side.” A billet that is heated with appreciable non-uniformity can cause problems with premature die
wear on hammers and presses and may cause other problems by requiring excessive force to form the
metal and quality of products.

It is important that the maximum temperature anywhere within the billet does not exceed certain
level ensuring that none of the billet’s areas are overheated and “hot shortness” as well as steel “burn-
ing” does not appear. Taking into consideration that pyrometers can only reliably measure billet’s
surface temperature at certain spots, there is always a danger to “miss” an overheating of the local
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or/and sub-surface areas. Therefore, precise temperature control based on a reliable prediction of
temperature distribution within the billet using advance computer modeling capability is imperative.

Effect of frequency

One of challenges in induction heating arises from the necessity to assure the required “surface-
to-core” temperature uniformity. Due to the physics of the induction process (including “skin” ef-
fect), the billet’s core tends to be heated slower than its surface.

The choice of frequency is always a reasonable compromise in induction heating. Too low fre-
quency might result in undesirably large penetration depth that, in turn, might lead to poor coil effi-
ciency due to an eddy current cancellation and have greater impact on presence of sub-surface over-
heating. When the frequency is too high, an induced current concentrates within a fine surface layer
compared to the diameter of the billet requiring long heat times that in progressive induction heating
call for longer heating line. Optimal frequency is a complex function of several process features
[1,2].

A common incorrect assumption

Some practitioners incorrectly assume that with induction billet heating the coldest temperature
is always located at the core of the billet and the maximum temperature is always located at its sur-
face. It is also often assumed that overheating does not occur if surface temperature measured by a
pyrometer or thermocouple does not exceed the maximum permissible level. Besides that, process
control systems that predict rise of an average (mean) temperature and temperatures of surface and
core of the billet often assumed to be sufficient to guarantee proper heating providing a comfortable
factor for some practitioners. Example of such typically predicted “surface-to-core” temperature pro-
file is shown on Figure 3. However, it is imperative to recognize that under certain but very realistic
conditions, the presence of heat losses from billet’s surface may shift the temperature maximum fur-
ther away from the surface marking its location somewhere beneath the billet’s surface.
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Figure 3 — Conventional “surface-to-core” time-temperature distribution

Study shows [2,5] that positioning and magnitude of the subsurface temperature surplus and po-
tential steel overheating is a complex function of four major factors: frequency, refractory, final tem-
perature, and power distribution along the heating line.
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Lower frequencies increase the current penetration depth resulting in more “in-depth” heating
and leading to a faster temperature raise at billet’s core. This shortens the induction line, but on an-
other hand, under some conditions, it can also increase the subsurface overheating by making it more
pronounced and shifting the location of the maximum temperature further away from the surface.

The use of an appreciably thick refractory with improved thermal insulation properties does just
the opposite, reducing subsurface over-heating and shifting billet’s maximum temperature towards its
surface.

Increase of the forging temperatures leads to an effect similar to an effect of lowering frequency
in regards to a location of maximum temperature and severity of the subsurface heat surplus.

An effect of power distribution along the heating line on billet’s temperature distribution is
more complex. In most publications devoted to progressive induction heating of billets, it is strongly
suggested to have a graded (profiled) power distribution along induction line by putting more power
at the beginning of the line. Putting more power up-front might sound as a universal “rule of thumb”
since it forces more energy into the billet at the front of the heating line, allowing more time to soak
into the core and shortening the length of the line. This approach typically utilizes a single inverter
that powers several coils with graded number of copper turns or/and series/parallel coil circuit con-
nections.

The problem with this approach, however is that the power distribution along the heating line in
some installations cannot be easily modified if the production rate, kind of metal or billet size
changes. For example, if the production rate is reduced, a subsurface overheating typically worsens
with a conventional induction design potentially negatively affecting the billet’s subsurface micro-
structure. It is also very common to find an appearance of billet-sticking problems to be more pro-
nounced with graded power distribution along induction line when the system runs at a rate slower
than the nominal for which it was designed. Since the system puts more energy into the billet in the
beginning of the heating line, too much energy soaks down into billet’s subsurface area in cases when
the line runs slow. The presence of surface heat losses can reverse a traditionally expected radial
temperature profile leading to the subsurface temperature being greater than at its surface.

Maximum Maximum
Core ETpertie ;urface Core temperature Su‘;ace
1290 S ; 1290 \\ .
O i ot
1270 3 1270 e o
o : Q :
2 Ll el Bl - B L - = - - -u——-——-q-u-qgif’————u'w—-—
@ 1250 A & @ 1250 r, oA .
3 B 2 v / -~
@ / : o / :
g 1230 Required : 8. 1230 e 5}/ Re u{red o
[ final average 1 E W_.,r*'} final 9 H
ﬁ temperature e o nal average -3
1210 I g 1210 . temperature
1180 z H - 1190 L TR P PR
0 0.01 0.02 0.03 0.04 0 0.01 0.02 0.04
Radius, m Radius, m

Figure 4 — Final “surface-to-core” temperature profiles when heating 2”°(50.8mm) dia. billets
at a slower rate (left) utilizing a conventional induction line designed
for processing 2.5”(63.5mm) billets at a nominal rate (right) [5]

In many cases, subsurface temperature might be hot enough to cause the billets to fuse together.
The effect of subsurface overheating is particularly pronounced when heating smaller size billets at a
lower rate using an induction line designed for heating larger billets at a nominal rate. As an example,
Figures 4 shows “surface-to-core” profiles when heating 2”°(50.8mm) diameter billets (Fig.4,left) at a
slower rate utilizing a conventional induction heating line designed for processing 2.5”(63.5mm) bil-
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lets (Fig.4,right) at a nominal rate (see Fig.3). Note that in both cases the billet’s surface temperature
that would be recorded by pyrometer is the same. Further reduction in billet’s diameters could worsen
a severity of subsurface overheating [5].

Besides a potential danger of a premature die wear on hammers and presses, as well as other is-
sues related to altering a quality of forged parts improperly heated billets can raised some safety con-
cerns. Practice shows that when heating large billets at nominal rates, more power should be shifted
towards the beginning of induction line. At slower rates however, when heating smaller than nominal
size billets it is desirable to re-distribute power by its shifting towards the end of the induction line.

Taking into consideration that pyrometers can only reliably measure billet’s surface tempera-
ture, there is always a danger to “miss” an appearance of the sub-surface overheating. Therefore, pre-
cise temperature prediction is imperative in order to avoid localized over-heating that is related to
“hot shortness” problems due to residuals and possible variations in the chemistry of given steel.

Superior temperature control

Inductoheat’s [Haz™ temperature profile modeling software represents a measurable step in op-
timizing an entire forging process. This proprietary PC based subject-oriented software provides
more detailed information regarding thermal conditions of inductively heated billets than any py-
rometer can. As an example, Figure 5 shows typical temperature profile generated by [Haz™. It is
not only an important part of the process control of induction heater, it also offers detailed knowledge
regarding thermal conditions of heated billets that can be effectively used in optimization of forging
operation and even during designing dies.

Billet Travel

Figure 5 — Temperature profile generated by second generation of [Haz™ , v.2.0

The [Haz™ also provides an estimate of the energy usage that is important in determining utility
costs when pricing new parts and what should be accomplished to avoid a probability of sub-surface
overheating and steps to further improving a quality of inductively heated parts.

“Nose-to-tail” temperature distribution

One of critical issue related to quality of heating is associated to providing required “nose-to-
tail” temperature uniformity. This issue is increasingly critical when heating longer billets. Due to its
complexity this subject is seldom discussed in publications. “Nose-to-tail” temperature distribution is
associated with several interrelated phenomena including electromagnetic end effect, transient end
effect and thermal end effect [1]. As an example, Figure 6 shows the results of computer modeling
revealing an appearance of transient electromagnetic end effect while billet exits induction coil.
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Figure 6 — Computer modeled el. magnetic field
distribution at exiting coil end

INDUCTOFORGE™: A novel induction billet heating technology

The InductoForge™ Billet Heater (Fig.1) is Inductoheat’s superior modular technology that was
specifically developed for the forging industry to optimize induction heating processes. The heater’s
basic concept is a fairly simple including a time-proven induction power supply with a heavy-duty
induction coil mounted on top. These power and coil modules can be combined in-line to form a
heater that provides the required production rate. It is easy to add or remove modules to the heating
line to match above-discussed changes in production schedule. Each module allows controlling both;
power and frequency of each coil along the induction heating line.

While the coil and power module are the basic components of the system, there are several oth-
ers that complete it. The PLC, HMI (Human Machine Interface) and other controls are mounted on a
pendulum so that the operator can position the screen for easy viewing (Figure 7).
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Figure 7 — Power control output screen of
InductoForge™ Billet Heater

REFERENCE: 1344 Amp

A tractor or pinch-roll drive system is mounted on top
of this cabinet for pushing the billets through the induc-
tion coils. Many of the benefits of the modular con-
struction result from the ability to control each coil
individually. Some of those features discussed below:
Superior system flexibility with optimized power
and frequency distribution along the heating line related
to the specifics of a particular process run. Frequency of
each module can be easily modified within 500Hz to
6kHz range to match a demand of the great majority of
forged billet sizes maximizing coil electrical efficiency.
Superior computer modeling and advanced temperature
control of InductoForge™ substantially improves the
quality of heated parts assuring enhanced metallurgical
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structures and selecting a process recipe that minimizes a probability of subsurface overheating.

Unique Static and Dynamic Stand-by and Rapid Start capabilities substantially improve start-up,
holding and shutdown process stages. Detailed description of these capabilities can be found at
www.inductoheat.com.

Temperature Profile Computer Modeling system utilizes the powerful Inductoheat’s proprietary
software that was specifically developed to optimize performance of induction heating systems based
on a set of operating parameters specified by the user, which can be downloaded to a PLC recipe.

Besides superior flexibility InductoForge™ can be 20% more electrically efficient than older,
conventionally designed induction systems, particularly when the billet heater is run at reduced pro-
duction rates. There are virtually no transmission losses between the coil and power supply, because
the induction coil sits on top of the power supply. This alone can increase efficiency by more than 5%
over conventional induction units in which the power supply is separate from the coil stand.

The InductoForge™ coil utilizes a removable liner with a thermally enhanced design to reduce
the thermal losses. This gains an additional 3-5% in efficiency. The advanced mechanical coil design
adds an additional 7-10% in electrical efficiency.

Challenges in modeling and optimization of gear hardening

Quite often, to prevent problems such as pitting,
spalling, tooth fatigue, and endurance and impact limitations,
it is required to harden the contour of the gear, or to have so-
called a gear contour hardening (Fig.8). This often maximizes
beneficial compressive stresses within the case depth and
minimizes distortion of as-hardened gears. Many times, ob-
taining a true contour hardened pattern using a single fre-
quency can be a difficult task due to the difference in current
density (heat source) distribution and heat transfer conditions
within a gear tooth. There are two main factors complicating
the task of obtaining the contour hardness profile [1]. The
first factor is that with encircling-type coils, the root area
does not have as good electromagnetic coupling with the in-
ductor compared with the coupling at the gear tip. Therefore,
it is more difficult to induce energy into the gear root. Sec-
ondly, there is a significant heat sink located under the gear
root (below the base circle).

Some induction practitioners have heard about simultaneous dual frequency gear hardening.
Many times, depending upon the gear geometry, it is preferable applying lower frequency at the be-
ginning of heating cycle and after achieving a desirable root heating, the higher frequency can com-
plement initially applied lower frequency completing a job by working together. For example, lead-
ing supplier of automotive engine and powertrain components. Figure 9 shows wave-forms of coil
current and coil voltage when two appreciably different frequencies are applied from a single inverter
at same time to a single inductor. This machine was designed specifically for induction hardening of
internal wide-face, gear-like component having a minor gear diameter of 6.9 in. (176 mm) and a ma-
jor gear diameter of 7.3 in. (186 mm) using a single-shot dual-frequency heating mode.

Figure 8 — Contour hardened gears
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Figure 9 — Wave-forms of current (bottom) and voltage (top) poses to inductor using
simultaneous dual frequency technology

The total power exceeds 1,200 kW comprising a medium-frequency (10 kHz) and high-
frequency (120 to 400 kHz) modules working not just simultaneously, but in any sequence desirable
to optimize properties of the gears heat-treated using
this unique technology. Total heat time was mini-
mized to about 1.5 second. At the beginning of heat-
ing cycle a medium frequency is applied for 0.8 sec.
providing required root heating. Remainder of the
heat cycle, two frequencies was working together
complementing each other. Gear distortion after in-
duction hardening is about 80 m. Figure 10 shows
Inductoheat’s two-frequency induction gear hardening
system.

At this point, sufficiently accurate computer
modeling of gears and gear-like components using

. b : dual frequency approach represents one of the most
2 s. . [f L i difficult tasks in developing optimization strategies of

. induction contour hardening of gears.
1\‘ =

A4

Figure 10 — Inductoheat’s simultaneous dual
frequency gear hardening system
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Abstract

CraThsl IOCBSIEHA pa3pabOTKe WHHOBAMOHHOW CHCTEMBI NMPOMEXYTOYHOI'O HHIYKIMOHHOTO
HarpeBa B TEXHOJOTHYECKUX JMHUAX 00paboTky MeTamia naBieHneM. Hosas cuctema paspaba-
THIBaeTCA ISl AEHCTBYIOIIUX TEXHOJIOTHYECKUX JMHUHA U MO3BOJISIET KOMICHCHPOBATH TEIUIOBBIE
MOTEPH TpU ropsiuell NpOKaTKe, SBJSIOIIEHCS NEPBOM CTaauell TEXHOJIOrMYeCKOM LeNOouKH Jie-
¢opmanun mertamna. [1oBTOpHBIH HarpeB croco0eH MOANCPKUBATh PAaBHOMEPHOE TeMIeparyp-
HOE pacIpeieJieHHe B HarpeBaeMoOi 3aroTOBKE C IENbI0 00ECHEeYeHUS! ONMTUMAJbHBIX yCIOBHI
nocneayrooieil ropsueil aedopmanuu Metayuia. VHHOBAaIIMOHHBIA MOTEHIMA TpeiaraeMoit
CHCTEMBI O0BSCHSCTCS pa3HOOOpa3ueM €€ BO3MOXKHBIX IPHMMEHEHHH, B YaCTHOCTH, JUIS TTIOBTOP-
HOTO HarpeBa MapTUil 3ar0TOBOK C Pa3IMYHBIMH XapaKTEPUCTHKAaMHU (10 BCEH JUTMHE, AUaMeTpy
U T.I.). B cratee nmpeacTaBieHbl IPHHINIIE HOBOH TEXHOJIOTHH, PE3yJIbTaThl H3MEPEHUH TeMIIe-
paTypsl ¥ JOCTHTHYTBIA mporpecc B pa3paboTKe YCTaHOBOK [UIS MPOMEXKYTOYHOTO MHIYKIIMOH-
HOro Harpesa . [IpencraBieHsl pe3yslbTaThl YHCICHHOTO MOJAEIMPOBAHHS W MEPBBIX MPAKTHYE-
CKHUX TECTOB.

Introduction

Warm forging at temperature of about 900 °C is an economical alternative to the conventional
forging technology (hot forming at 1250 °C) providing reduced energy input, no scale and reduced
decarburization improving the product quality as well as reduced surface roughness and closer toler-
ances [1]. Against the background of rising market opportunities for high quality warm forged prod-
ucts, in the project DeVaPro — "Development of a Variable warm forging Process" a warm forging
process is developed, enabling the forges to produce more complex long flat geometries and thus
making the warm forging technology more variable [2]. To reach those goals, new technologies,
namely a warm rolling operation and an induction reheating process are developed and embedded
within a warm forging process chain. The integration of these operations enables the forges to in-
crease the output, improve the final work piece properties and broaden the spectrum of producible
geometries. In the frame of the project DeVaPro, The Institute of Electrotechnology (ETP) is respon-
sible for development of the induction heating system, its practical verification and the installation of
the equipment in the warm forging line.

The investigated warm forming process chain is shown in Fig. 1. After cutting (sawing) the
work pieces (performed centrally, operation not described in the chain) a primary induction heating
up to the warm forming temperature starts. It is followed by a pre-forming operation in particular by
a cross wedge rolling process. As during the rolling the work piece is intensively cooled down by the
heat transfer to the tools, an intermediate heating located after the pre-forming operation should
equalize the work piece temperature back to the forging temperature of 900 °C. The final step is the
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forging sequence in the press followed by the clipping and controlled cooling of work pieces to the
ambient temperature (optionally).
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Figure 1 — Warm forging process chain with implemented induction re-heating unit

The aim of the work at ETP in the frame of the project DeVaPro is to design the complete in-
duction heating system providing the required reheating of the preformed parts up to the warm form-
ing temperature. Taking into account the background of forging companies in the project consortium,
the following restrictions on the reheating process have been defined:

e  Heating time 10s

e  Transport time (heater - press) 5s

e Initial temperature non-homogeneous (unknown)
e Final temperature homogeneous (900°C)

The heating time in the induction furnace and the transportation time between the furnace and
the press are given by the planned production rates and by the disposition of the forging line. The
temperature of the work piece at the beginning of the reheating is given by the pre-forming operation
(cross wedge rolling) taking place before the intermediate induction heating. This temperature profile
is strongly non-homogeneous and must be determined by combination of temperature measurement
and Finite Element Method (FEM) simulations of the rolling operation.

The reheating process is supposed to be performed in the batch mode. It means that the work
piece is placed in the induction furnace as long as it has achieved the required temperature. Having
reached the required temperature the work piece is moved from the furnace and delivered to the metal
forming station. Development of the required heating system must consider all the technological and
process requirements. The main parameters to be determined are as follows:

e  FElectrical power, working frequency
e  Parameters of the compensation unit
e Inductor design, heating regime

Common induction heating installations, used in the forging industry today, are operating with
billet geometries with a nearly constant cross section along its length and also an approximately uni-
form temperature distribution, e.g. room temperature, at the beginning of the heating process. In
comparison to conventional induction heaters, the design of the heating installation and the operation
mode, which will be developed in the project DeVaPro is a completely new approach with a high
level of innovation. The forges need the technology to realize the new planned production sequence
and the induction heating equipment is eager to gain a new reheating technology with a wide spec-
trum of applications. In addition to the application of the technology for the reheating in the warm
forging process chain, the reheating system could be used for hot forging to enable the economic roll-
ing preforming operation for smaller work pieces then currently possible.

1 Initial conditions and requirements for intermediate heating

During the cross wedge rolling process a cylindrical billet is plastically deformed into an axis
symmetrical part by action of wedge shape die moving tangentially relative to the work piece. Input
rolling as well as a typical geometry of a cross wedge rolled work piece can be seen in Fig 2. Its vari-
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able cross section as well as the non-uniform distribution before re-heating makes the induction heat-
ing process difficult.

Figure 2 — Input rolling and typical work piece geometry after cross wedge rolling process

As the temperature distribution in the work pieces coming from the cross wedge roller into the
reheating unit is unknown, a measurement of temperatures occurring after this operation has been
performed. At the beginning of the test, the work piece was heated up to the selected rolling tempera-
ture and after controlling the output temperature transported into the cross wedge rolling machine.
After rolling operation, the work piece was manually removed and the temperature was measured.
While the surface temperature has been measured by the infrared thermo-camera, the measurement of

the core temperature was realized by thermocouples. Representative results of the temperature meas-
urement are shown in Fig 3 and Fig. 4.
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Figure 4 — Distribution of surface temperature along the longitudinal work-piece axis
for different after the rolling operation (temperature before rolling 910 °C)

Looking at the temperature distribution immediately after rolling operation, it can be seen that a
strongly non-homogeneous temperature profile occurs due to rolling. During the rolling process the
middle section of the work piece is cooled down due to thermal conduction into the rolling tools. At
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the same time, the temperature in the inner part of this section increases due to deformation energy.
Left and right from the deformation zone the temperature increases up to the maximum value that can
be found at the end of the deformation zone. Going to the front face of the work piece a decrease of
temperature can be observed. This effect is caused by enhanced influence of the thermal losses by
convection and radiation in front face area. The following conclusions can be drawn from the per-
formed test:

e  Work piece temperature after rolling is strongly non-uniform.

e  Maximum measured temperature difference is approximately 120 °C - 150 °C.

e  Minimum temperature is located in the deformed zone and at the work piece end.

e  The measurements results are repeatable for all tested temperatures.

2 Numerical modelling of electromagnetic and thermal field

From the simulation point of view, the reheating process represents an electromagnetic thermal
coupled problem. The FEM model of the reheating process has been developed at ETP using the
commercial software package ANSYS. The simulation model allows performing the simulation of
the electromagnetic field that induces power (Joule losses) in the work piece and the consequent tran-
sient thermal analysis during the whole reheating process. As results the model provides the knowl-
edge on temperature distribution within the work piece as well as the information on electrical pa-
rameters of the process.

Electromagnetic and thermal material properties used in the model are temperature dependent
and ensure the correct behaviour of the model in the whole investigated temperature range. They are
evaluated for each time step of the transient thermal analysis at each position in the work piece. As
the arrangement of the work piece and the induction coil can be assumed as rotational symmetric, 2-
dimensional modelling has been used for the description of the process (Fig. 5). Construction parts of
the induction heating unit which are not relevant for the heating process (e.g. fireproof coil grouting)
are not included in the model.

Air background
Induction coil

S — e [
OOoOoooooo

Work piece

Figure 5 — Longitudinal cross-section and the sketch of the numerical model

Based on the measured temperature data a routine for implementation of the initial work piece
temperature into the simulation model has been created. An example of the implemented temperature
distribution can be seen in Fig. 6. The influence of the forming energy on the increase of the tempera-
ture in the middle work piece section is not taken into account at the moment. Nevertheless, an in-
crease of the inner temperature that is expected in this area can only make the initial condition for
induction reheating more comfortable. The higher the inner temperature in the deformed zone, the
less energy must be generated by the induction system.
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Figure 6 — Implementation of measured temperature data into simulation model

3 Induction heating concept

Having considered the process requirements as well as the initial temperature distribution, a
flexible concept of induction coil consisting of three adjusted sections has been developed, see Fig 7.
The purpose of this solution is the adaptation of geometrical coil parameters according to the variable
work piece geometry and to the non-uniform temperature profile at the beginning of the reheating
process. An optimal heating effect in all three sections can be reached by adaptation of the section
length (14, 1, l¢), number of coil turns (N, N, N¢) or by the coil section diameter (da, dg, dc). Elec-
trically are all three parts series-connected. It means that the current is the same in all turns
(Ia =1z =1c).

Figure 7 — Induction coil concept

Global parameters of the heating system as well as parameters of the particular sections have
been determined by means of numerical simulation. As an example of the model capability and ob-
tained results, temperature distribution after reheating in a standard coil with uniformly wounded
turns along its longitudinal axis is shown in Fig. 8. Looking at the temperature distribution in work
piece heated in such an inductor, it can be seen that after 10 s heating and 5 s of transport time (Fig.
8) is the temperature profile not homogenous. The middle part of the work piece does not get enough
energy for equalization of the thermal losses caused by the contact with rolling tools. Both frontal
surface are not heated enough as well. These results show that work pieces with variable cross-
section and even characterized by the non-uniform temperature cannot be reheated in such a kind of
coil.

Fig. 9 shows the results of the reheating in an optimized coil, particularly the temperature profile
at time of 5 s after finishing the reheating process. In comparison to the initial temperature profile
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shown in Fig. 6 it can be seen that the surface regions with lower temperature have been reheated up
to temperatures between 890 °C and 900 °C. At the same time, the increase of the temperature in the
work piece core can be observed. Due to the thermal conduction, the heat is transported towards the
core and causes the overall unification of the work piece temperature.
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Figure 8 — Reheating in the standard induction coil
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Figure 9 — Reheating in the optimized induction coil

4 Experimental verification

Based on the results of numerical investigations, the overall construction and dimensioning of
the system, selection of a suitable power supply and definition of the electrical and water connection
characteristic have been done in co-operation with an industry partner (EMA-TEC GmbH). Having
finished these tasks a function prototype of the induction coil has been built at the ETP workshop and
the functionality of the suggested heating system as well as the suitability of its parameters was be
verified.

Fig. 10 shows a possible arrangement of the reheating unit including the power supply (EMA-
TEC FUP 50kW), inductor in fireproof housing as well as the compensation unit. For performing of
first practical tests, all the parts have been installed at ETP. After start-up of the whole installation a
wide set of heating test has been performed in order to verify the simulation results and parameters of
the power supply. The installation has been equipped with systems for infrared as well as contact
measurement systems for online monitoring the work piece temperature, see Fig. 11.
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Figure 11 — Experimental set-up at ETP with equipment for temperature measurement

In the following part, selected results of temperature measurement compared to simulation re-
sults are shown. Fig. 12 shows the position of thermo-couples on the surface and axis of the work
piece. As there was no possibility to exactly reproduce the expected input temperature profile occur-
ring during the rolling tests, tests with different homogeneous temperatures have been performed.
The heating tests considering the ambient temperature as the starting point were aimed at the verifica-
tion of the simulation model in the whole temperature range between 20°C and 1000°C. Having
proved the model functionality by these tests, it can be assumed that the practical tests in connection
with rolling operation will correspond to the simulation results.

Figure 12 — Drillings for mounting of thermo-couples, position of measurement points
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Figure 13 — Calculated (left) and measured (right) temperature-time evolution on the work piece axis

5 Conclusions

Warm forging represents an economical alternative to the conventional hot forging providing
several technological, energy as well as economical advantages. In order to reach those advantages,
new challenges concerning the forming as well as heating technology appear.

The Institute of Electrotechnology has developed a new concept of the variable re-heating sys-
tem that can be integrated within the warm forging line. It compensates the temperature losses due to
the warm rolling within a short cycle time and provides homogeneous temperature in work piece be-
fore the final forging operation. For those purposes, a numerical model for design and optimisation of
the process has been created. According to the simulation results, a complete design of the re-heating
unit has been launched. An experimental installation has been assembled and brought into operation
at ETP. The first results show a good agreement with simulation and are very promising concerning
the coming test in the forging line.
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Abstract

B cratbe npencraBiieHbl pe3ynbTarhl ABYX HeMelkuX [1, 2] U Tpex COBMECTHBIX HEMEIKO-
PYMBIHCKHX HCCIIEIOBATEIBCKUX MPOEKTOB [3—5] B 00JIaCTH AIIEKTPOMATHUTHOTO BO3JCHCTBUS U
yIpaBJIeHUS PacIuIaBIeHHBIMHA MeTayuiaMu. OCHOBHAS LIENb UCCIEIOBAHUI COCTOUT B pa3paboT-
K& HOBBIX METOJOB M CHCTEM Uil NEpEeMEIINBaHMsA M IO3HIMOHUPOBAHHUS paciUlaBa NpH
HETIPEPBIBHON PAa3JIMBKE CTAJIBHOI JIEHTHI, TUIABKH B IOJABEIIEHHOM COCTOSIHHHM M YIPaBICHUS
CKOPOCTBIO NIEpEMEIINBAaHMS PACIUIABICHHBIX MeTaIoB. [IpuMEeHNMOCTh BCEX MPEATOKEHHBIX
METOJIOB ObLIa MOATBEPK/ICHA SKCIICPUMECHTATLHBIMH TECTAMHU.

Introduction

In this paper, the following principal methods developed for the electroprocessing of molten
metals in metallurgy will be presented:
e Electromagnetic mould stirring (EMMS) in the continuous casting (CC) of steel using an outer
inductor supplied with the industrial frequency.
e  Melt-belt synchronization with a travelling magnetic field in the direct strip casting (DSC).
e Electromagnetic levitation (EML) melting and flow rate control with a coreless electromagnetic
valve (EMV) using magnetic fields with horizontal field lines.
All methods were tested using laboratory setups and a pilot casting plant.

1 EMMS with higher supply frequency

The use of EMMS in the CC of steel yields a better surface quality of the cast strands. On the
one hand, a more uniform thickness of the initial solidified shell is realized by homogenizing the
temperature of the molten steel and therefore, stresses in the shell which can produce longitudinal
cracks are reduced [1].

As the magnetic field of a conventional stirrer installed inside the mould’s cooling chamber
must penetrate through the inner copper wall of the mould, only low supply fre-quencies can be em-
ployed. Therefore, large stirrers and high power frequency converters have to be used [6].

The EMMS can be performed with an outer inductor if all mould walls are made of copper
(Figure 1). The electric currents i, induced in the exterior mould wall by the in-ductor’s rotational
magnetic field are passed through the interior wall, where the inner currents j; appear.
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Figure 1 — EMMS with higher supply frequency (schematic):
1 copper mould, 2 laminated core of the inductor, 3 cast strand, 4 intermediate magnetic core
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Figure 2 — Stirring by an outer inductor: a) laboratory setup [6] composed of a two-pole three-phase 50 Hz in-
ductor, a slitted mould model supported by 4 holding arms and a vessel of 6.4 cm inner radius containing a mol-
ten BiPbSn alloy, b) the slitted mould model of an aluminium alloy with an inner annular steel core, c) radial
distributions of the azimuthal velocity in the test stirrer. Symbols — measured values, line — calculated curve [2]

The currents i; produce a second rotational field inside the mould, which stirs the molten core of
the cast strand [2]. An intermediate magnetic core 4 can be used as a return path for both outer and
inner rotational magnetic fields (Fig. 1). The currents j; can be enhanced using a mould divided into
segments by axial slits [2, 6].

Calculations and tests using the laboratory setup shown in Figure 2a) have yielded, that inside a
slitted mould model (Fig. 2b) appears practically the same two-pole magnetic field as in the absence
of the mould model [6] and therefore, a melt can be stirred with 50 Hz (Fig. 2¢) as conventionally by
a much lower supply frequency [2].
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2 Melt-belt synchronization in the DSC of steel

/ 2 6 s At the DSC the liquid metal is fed via a
\ / / \ dispenser on a moving belt, which is cooled from

below by water (Figure 3). After solidification the
& | | I strand leaves the belt and is transported to a roller

table. Because the liquid steel cannot be always

@)W() added to the conveying belt with a velocity equal to
that of the belt, strips with non-uniform surfaces are
cast. A better strip quality results by using an upper
linear inductor whose magnetic field is travelling
Figure 3 — DSC with inductive melt-belt synchron- ~ with the belt velocity v (Fig. 3) [1, 7]. Therefore,
ization (schematic): / molten steel, 2 dispenser, 3 the melt is synchronically positioned with the belt,
belt, 4 water cooling system, 5 cast strip, 6 inductor  pecause liquid areas moving faster or slower than

the belt are braked or accelerated, respectively.

For the pilot caster in Clausthal was designed a linear inductor with the same construction as
used for the conveying channels of molten metals (Figure 4) [8]: in the slots of the magnetic core are
embedded two layers of three-phase double-layer wire windings shown in Figure 5a), which are con-
nected in series and separated by a layer of tubes for air cooling with a ventilator [7].

Figure 4 — First Romanian industrial 50 Hz electromagnetic channels with wire windings:
a) for transportation of molten cast iron and b) for dosing of molten aluminium alloys,
c) lateral view of the inductor for dosing, with the ends of the copper tubes
used for the indirect water cooling of the winding [8]

In comparison with the copper tube windings, the new solution with wire windings provides in-
ductors of simpler construction with 3 to 4 times less power intake and smaller winding end parts [8],
which are also cooled by the already mentioned ventilator [7].

To the casting speed v = 20 cm/s of the pilot caster corresponds a low supply frequency of 0.67
Hz and therefore, an unlaminated steel core can be used (Fig. 5a). For the inductor protection an
inferior plate composed of steel and copper bars is employed [7]. The magnetic core and the
protective plate have drillings for direct water cooling. Experimental tests with the inductor
integrated in the pilot plant as shown in Fig. 5b) have yielded a better quality of the cast strips.

3 EML melting and flow rate control with a coreless EMV

In conventional melting furnaces with EML, force distributions are produced at which the Lo-
rentz force vanishes on the symmetry axis. The melt outflow can be hindered in the lowest point on
the axis of a levitated sample only by its surface tension and therefore, the charge weight is limited.
EML forces can be exerted along the vertical symmetry axis in a homogeneous AC magnetic field
with horizontal field lines [3]. In the case of greater charges, two magnetic fields of different fre-
quencies have to be to be used, whose horizontal field lines are reciprocally normal [3].
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Figure 5 — DSC of steel using an upper linear inductor: a) lateral view of the inductor with a massive magnetic
core of steel and two layers of three-phase double-layer wire windings, b) the inductor installed in a housing and
integrated at the pilot caster of the Clausthal University of Technology [7]

2]

0 r 0 r 0 r
a) b) c)

Figure 6 — EML devices with two-frequency inductors (schematic): melting furnaces a) without crucible and b)
with a cold crucible, c) EMV: M magnetic core of the inductor, F' fluid metal, C slitted cold crucible [3, 4]

The EML method presented can be used for melting furnaces without crucibles (Figure 6a) or
with cold crucibles (Fig. 6b), when the crucible is composed of several annular wall-segments or of a
helical wound copper tube, as well as for the EMV without an inner core (Fig. 6¢) [3, 4].

For the experimental testing of the new EML concept, a 30-35 kHz laboratory setup was used,
comprising a ferrite magnetic core, two coils and a quartz tube filled with argon (Figure 7), in which
samples of the AIMgSiPb alloy were melted in EML without any leakage [4, 5].

|
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Figure 7 — Laboratory setup for EML: a) M magnetic core, CI and C2 copper tube coils, O, quartz tube, F levi-
tated melt, b) semi-levitated aluminium charge of 14 g [4], ¢) entirely levitated aluminium sample of 3.9 g [5]
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Abstract

WsBectnelii B 3anmagnoi muteparype EFG npomece (edge-defined film-fed growth process) uc-
MOJIb3YeTCs B OCHOBHOM /ISl BBIPAI[MBAHHS KPEMHHEBBIX IUIACTHH, MOJBIX LHJIMHIPOB M pa3-
JTUYHBIX oauroHoB. Pa3zpaboTtka EFG mpornecca, kak nmpaBuio, cOKyCHpOBaHa Ha COBEPIICHCT-
BOBaHHMHU TEXHOJIOTUH M CHIKEHUH IIEHBI TIACTHH AJIsI COTHEYHbIX Oatapeil. B ciywae BbIpaiu-
BaHUS TIOJIMTOHOB UCIOJIB3YETCsl TPEXMEPHBIH YMCIICHHBIH aHaK3, MOCKOJIbKY F€OMETPHs MOJH-
TOHOB HE MOXET OBITh aIeKBATHO OMUCAHA B OCECHMMETPUYHOM MOCTAaHOBKE. DIIEKTPOMArHHT-
HOE MOJICTPOBaHNE OCHOBHOTO M BCIIOMOTaTEIBEHOTO HarpeBaTeneil IoMoraeT pacCUnTaTh Tell-
JIOBBIJICJICHUE B CHCTeMe. PacueT TpeXMepHBIX TeMIIepaTypHBIX MOJIeH ¢ y4eTOM CIOKHBIX YCIIo-
BUH pagMalioOHHOTO TeIuI000MeHa MO3BOJISIET NPOAHATM3HPOBATH TEMIIEpaTypHBIE pacipeielie-
HHS TI0 JUTHHE U B TIONEPEYHOM CEYCHHH BBIPAIIHBACMBIX CHIMKOHOBBIX TpyO. HenuHeliHas Mo-
[IeTIb, BKJIFOYAIOIIAsl EKTPOMATHUTHBIA U TEIJIOBOIM aHamm3, OblIa yaydlleHa ¥ BepUpHIHPO-

BaHa 110 SKCIICPUMEHTAJIBHBIM JAHHBIM, ITOJIYY€HHBIM Ha IPOMBIIIJIEHHBIX YCTAaHOBKAX.

Introduction

The requirements in manufacturing of solar cells increased dramatically due to the ascended
worldwide demand and the consequent shortage of silicon. A continuous increase of efficiency while
reducing costs on the other hand are in the spotlight of the development of future production proc-

esses.

With this background the so called Edge-
defined Film-fed Growth procedure (EFG)
(Fig. 1) was developed which allows to pull
long and hollow silicon tubes directly from the
silicon melt. The wall thickness of such tubes
corresponds directly to the thickness of the
finished wafer. Thanks to laser cutting the wa-
fers are directly cut from the tube. The advan-
tages of the EFG-technology compared to other
procedures are a high productivity, the low
costs of the wafers and a rapid laser-cutting
process that guarantees highly mechanical wa-
fer strength with a low rate of material waste. A
decisive factor for the quality of wafers is the
homogenous temperature distribution in the
crystallization front along the silicon tube [2].
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Any inhomogeneity temperature disturbs the pull and causes instability. The results are different
thickness distributions along the silicon tube.

For further improvement of the production process to gain more reliability and efficiency the
Institute of Electrotechnology of the Leibniz University of Hannover developed 3D models of the
entire melting furnace. With the help of these numerical models influences on the homogeneity of the
temperature at the crystallization front can be investigated.

In opposite to the induction heated furnaces for which already a system of 3D complex
numerical models exists [2] new 3D models with even higher complexity had to be developed for the
new resistance heated system [1] where 12 sided tubes (dodecagons) instead of 8 sided tubes
(octogons) are pulled. The required heating energy for the melting process is provided by an
individually adjustable 12-zoned resistance heating element and not by an induction coil.

An immediate benefit is the direct influence on the required process energy in the individual
tube sections and thus on the resulting temperature distribution. The possibility of the adjustment
setting means a controlled influence of the resulting thickness of the silicon tube in different areas.

With the help of the new numerical simulation models the further development of the system
can be accelerated and also cost-effective parameter studies will be performed in less time. Not only
the increase of quality of the product is in the front of interest but also to obtain more information
about the physical processes during the melting sequence.

1 Development of the numerical model

The modeling is currently divided in two steps. The first step is the generation of an
electromagnetic 3D model of all heat sources. The second step is to create a thermal model of the
actual oven geometry. Both models were developed using the commercial software package
ANSYS".

2.1 Electromagnetic model for main and afterheater

The heat sources of the EFG system consists of a main heater to melt the silicon and an
afterheater positioned above the crystallization front of the tube (Fig. 2).

In accordance with the experiment-tally determined specifications the needed supply voltage is
applied at the corresponding points of the heater segment.

Figure 2 — 30° segment of the main heater (left) and entire afterheater (right)

2.2 Thermal model

The main part of the simulation effort concerns the thermal model. This part contains the entire
furnace geometry considered as relevant for the crystallization process. For a sufficient optimization
of the process two different thermal models have been developed: a fine meshed model of 30° of the
whole system for local optimizations and a less fine meshed model of 120° of the whole system for
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global optimizations. Due to the symmetry conditions the 120° model represents the entire system
while the 30° model can only show local effects. Fig. 3 shows the 30° model (left) and the 120°
model (right).

—

Figure 3 — Thermal models, 30° segment model with mesh (left) and 120° model (right)

2.2.1 Radiation method

Silicon has its melting point at 1410°C. Taking into account the Stefan-Boltzmann law which
states that the maximum power density grows with the fourfold power of the absolute temperature of
the radiator, one main invention focus is about the development and optimizing use of a suitable
radiation model. This focus is with regard to the proportion of radiation throughout the heat transfer
process permitted.

In the commercial software package ANSYS" the method of "Radiosity Solver" comes into
operation. This latest approach to simulate the radiation exchange offers among others the advantage
of easier creation of radiation surfaces, temperature dependent emission levels and the application of
symmetry effects. A much more important item is the realization of larger models, as they are
possible in direct comparison to the older "aux12" method.

Equation (1) defines radiation between two surfaces:

M On= A11:12510'(714 _T24)»
where F, represents the form factor of fraction of total radiant energy going from surface 1 to sur-
face 2.

The Radiosity Solver method calculates the temperature distribution in a segregated, iterative
fashion for radiation and heat conduction until convergence is achieved. This method reverts to a
defined viewfactor-matrix with the constants Fjj. The "aux12" method on the other hand uses an
effective heat conduction-matrix. This matrix contains all information about geometric orientations,
shapes and emission levels of the numeric model. The calculation of the radiation needs no
segregated sub-steps and shares the same routine with the heat conduction. The determination of this
effective matrix is very memory and computation intensive.
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2.2.2 Radiation model

For the radiation model all surfaces must be covered with the appropriate material emission
ratio. Due to the parameterized single volume structure it must be aware that the emission ratio only
covers external surfaces. In the case of a selection of a surface area within the general arrangement it
is possible that the calculated temperature distribution shows unsymmetrical variations in the affected
parts.

Furthermore, a division into so-called enclosures and the establishment of the radiation
symmetry conditions has to be carried out. In Fig. 3 (left) an exemplary distribution of the enclosures
is shown. By the use of these enclosure-zones a decoupling of different model zones can be obtained.
The program takes all single surface elements of the arrangement into account and calculates a
solution for the viewfactor-matrix, although a intervisibility through the geometry is not given. This
leads to a larger viewfactor-matrix and also to longer computing times. With the division into
different enclosure-zones only surface elements with equivalent factor assignment are taken into
account.

According to the status of current desktop systems it is impossible to create a finite element
system of such complexity that covers the entire scope of the silicon tube. However, it is important
not only to examine that part of the model resulting from the repetitive form of the dodecagon, but
also the adjacent cuttings. These border parts must also be taken into consideration because a
significant proportion of the radiation from the adjacent areas reaches the surfaces of the actual cut.

Using the radiation symmetry option the parts of the generated furnace system can be repeatedly
created. The advantage of this method is that only the surface of a part will be mirrored, but not the
assigned material values or the resulting matrixes. A recalculation of temperature distribution will not
take place. Only with the repeated image of the original calculated thermal distribution the output
surface will be formed. This reduces the computing and storage complexity immense and the
operability of the numerical model remains.

3 Simulation results

The coupled electromagnetic and thermal models were used in the first step to recalculate the
existing configuration of the EFG system and to compare the simulation results with experimentally
available data.

Zoomed view of the main heater and crucible area

Figure 4 — Temperature distribution in the EFG system using the thermal 30° segment model
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Fig. 4 shows the calculated temperature distribution in the entire EFG system using the thermal
30° segment model for the existing configuration. The zoomed view of the area of the main heater
and the crucible show that the highest temperature occurs in this area. The model was adjusted to the
real temperature level in the heater zone by experimental data.

The results of the model allow to optimize the design of the main heater in order to get an equal
temperature distribution in the 30° segment area.

Because the entire system has a 120° symmetry due to the afterheater configuration (Fig. 5
right) overall temperature distribution can be calculated and optimized only with the 120° model (Fig.
5 left). The calculation of the model takes much more calculation time but it is necessary to optimize
the temperature distribution around the entire silicon tube. Due to the symmetry conditions the
temperature distribution of the 120° model represents the temperature distribution in the entire EFG
system.

Figure 5 — Temperature distribution in the 120° system area (left) and temperature distribution
in the area around the current connections of the afterheater

The 120° model allows to optimize the overall temperature distribution in the EFG system and
especially in the grown silicon tube. Due to the concentration of heat in the afterheater area due to the
heater current connection, represented by the vertical bar in Fig. 5 left, typically a non-homogeneous
temperature distribution occurs close to the heater connections. Therefore additional measures are
necessary to avoid these inhomogeneities.

4 First result of optimization

First optimizations using the developed models were carried out concerning the configuration of
the main heater to avoid local inhomogeneities in the main heater area. The result was an adapted
design of the meander structure of the heater segments (Fig. 6).

Fig. 7 shows several steps for the optimization of the temperature distribution in the grown
silicon tube just after the meniscus (see Fig. 1 right) using different solutions for the thermal
insulation close to the crucible. The results in Fig. 7 show that a symmetrical temperature distribution
around the just grown entire silicon tube can be achieved.

More complicated is the optimization of the temperature distribution in the grown silicon tube in
the cooling down area taking into account the unsymmetrical configuration of the afterheater. First
optimization steps have been already carried out but not shown here.
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Figure 6 — Original segment (left) and example of an optimized segment (right) of the main heater
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Figure 7 — Temperature distribution in the grown silicon tube for different configurations

Conclusions

Three-dimensional numerical models taking into account the coupled electromagnetic and

thermal field including complex radiation conditions have been developed and can be used for further
optimization of the EFG system. The models allow either local optimizations using a fine 30°
segment model or global optimizations using the 120° model which represents the entire EFG system.
First optimizations have been carried out and show the useful application of the complex numerical
models.
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(3]
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Abstract

B craTtbe mpencraBien HaydHO-HCCIEA0BATENbCKUI IPOEKT, peain3yeMslil coBMecTHO [lanyan-
ckuM ¥ [TaBuanckum Yuanepcuteramu (Mranus), THCTUTYTOM DIEKTPOTEXHOIOTHH Y HUBEPCH-
teta uM. JleiiOauna (r. ['anHOBep, ['epManns) U caMapcKUMH YY€HBIMH, B 001aCTH MOJETUPOBa-
HHUS ¥ MHOTOKPHTEPHANbHON ONTHMH3AIMHN TPOIECCOB MHIYKIMOHHOTO HAarpeBa METajuIoB Me-
pen o6paboTkoit maBneHneM. PaccMOTpEHBI OCHOBHBIE HAIPABICHUS] PA3BUTUSI HAYUHBIX HCCIIE-
JIOBaHUH apTHEPOB MO YKa3aHHOM TeMaTHKe.

Introduction

The international co-operation of researchers from Italian, German and Russian universities is
considered today as a necessary condition for developing R&D Projects in Europe and Russia.

A successful and fruitful co-operation between the partners had already started more than 12
years ago. Many scientific projects have been and are carried out during this time. An important as-
pect of the research methodology is the combination of various approaches, tools of simulation and
optimization algorithms [1-3]. The goal of this paper is to describe the main ideas and directions of
new research activities carried out by partners in the field of optimal design and control of induction
heating processes.

1 Background and main objectives of the researches

The main goal of the researches performed is the development of new theoretical methods, algo-
rithms and engineering techniques for mathematical simulation and multi-objective optimization of
industrial highly effective technologies of induction heating. This goal could be obtained only on the
basis of presented scientific co-operation, consisting of the combination of multi-objective optimiza-
tion approaches with advanced problem-oriented mathematical models. Such combination provides
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the development of special optimization strategy, that is planned to be applied for the optimal design

and control of different induction heating systems.

The detailed description of the objectives is the following.

1) Development of problem-oriented mathematical models including analytical and numerical de-
scriptions of interrelated electromagnetic and temperature fields during induction heating proc-
esses. The mathematical models are planned to be adapted and adjusted to the requirements of
the multi-objective optimization procedures.

2) With respect to chosen optimization criteria, like maximum heating accuracy or minimum en-
ergy consumption, the multi-objective optimization problem should be formulated in a mathe-
matically rigorous way.

3) Different mathematical methods and algorithms for multi-objective optimization that are based
on optimal control theory and parametrical optimization approaches should be developed to cre-
ate engineering techniques of multi-objective optimization.

4) The optimization techniques and models developed have to be implemented and integrated for
user-friendly automated computations of design criteria to be optimized.

5) Different optimization procedures developed on the basis of different tools and software should
be tested and investigated in a number of comparative case studies.

6) The engineering techniques and optimization procedures developed will help to solve various
problems of multi-objective optimization on a theoretical basis.

As the first step, it is necessary to provide a detailed conceptual description of multi-objective
optimisation problem for induction heating process prior to metal hot working operation. The optimi-
sation problem should be discussed from the standpoint of the modern theory of optimal control with
respect to systems with distributed parameters and parametrical optimisation theory.

To have a proper formulation of the optimisation problem for an induction heating process, it is
necessary to define the following aspects properly:

e  Mathematical model of the heating process

Cost functions for multi-objective optimisation

Set of independent variables to be optimized

Constraints imposed on the variables

Additional technological constraints imposed on the behaviour of a temperature field of heated

workpieces

e  Models that describe major disturbances
In order to solve induction heating optimization problem, mathematical models of heating proc-

ess must be put into the form amenable to analysis and evaluation. Quite often cumbersome numeri-

cal methods are required in order to solve non-linear interrelated electro-thermal equations [1]. At the
same time, in many cases certain assumptions could be made to obtain a reasonable simplification of
the mathematical model. For a large number of induction heating systems these approximations and

simplifications lead to mathematical models in the form of linear ordinary differential equations .

Even though obtained models are linear, they are important for analysis of nonlinear systems and

choosing optimization strategies.

Finally, results obtained for simplified models can be used as initial approximations for calcula-
tions based on complex numerical models.

It is suggested to start from a problem that is typical for the forging industry, i.e. when it is im-
portant to achieve a uniform temperature distribution in the billet at the outlet of the heater with min-
imum energy consumption (see Figure 1). Since these requirements are in conflict, in principle it is
necessary to solve a multi-objective optimization problem with respect to appropriate criteria.

The most common optimal control approach might deal with an estimation of heating accuracy

by the norm of deviation of the actual temperature distribution H(l,(po) from the prescribed one
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0" (), typically by absolute maximum deviation within volume V of the heated body. Then, a first

objective function /; can be defined as:
(1) I, =|6(,¢") - 6" (1)) — min .

This asks for identifying the optimal control inputs that would lead to a minimum absolute de-
viation of actual temperature distribution from the prescribed one.

In some cases the most essential part of the process effectiveness deals with cost of en-
ergy/power used for heating. In this case it is proper to consider a second objective function 7,,

which can be represented in the integral form as:
0

w %
@  I,= [P (¢)dp— min,
0

where P” (@) represents a sum of the power induced in the billet P and the power loss in the inductor

P,. Minimization of the cost function (2) leads to minimization of the overall required energy.

It should be mentioned here that in order to investigate the degree of conflict between criteria
(1) and (2) two independent single-objective optimization problems should be solved with respect to
each objective. This can be also helpful in order to have a rough idea of the shape of response sur-
faces in both local optimization problems.

An internally generated heating power is the most significant process parameter that affects
temperature distribution. Proper control of heating process involves appropriate choice of the internal
power density. However, such control functions in many cases are too complex to be practically ap-
plied. At a first look, this seems like a relatively simple process that calls for the total consumed heat-
ing power P(¢) as a control input. As a consequence, the design variables - inductor length L;, and

power P(¢) - are planned to consider as control inputs to be optimized.

T vt ahur e
Eressgy ¢ oresumnyplor wriforeiny

Induction heating Transportation
L gy ol P
the hesotar o IrEierdor codl

Figure 1 — Induction heating system to be optimized

2 Optimization strategy

Usually multiple reasonable optimization methods exist, so partners must evaluate differ-
ent optimization choices on their merits and choose the approach that best meets their requirements.

Application of optimal control theory for systems with distributed parameters is a powerful ap-
proach for development of highly effective induction systems. Optimal control methods and tech-
niques are based on physical properties of controlled non-stationary heat conductivity processes dur-
ing induction heating. The method sets universal qualitative features of temperature distribution with-
in the heated workpiece at the end of optimal control processes. These features have a clear physical
meaning and they are similar to properties of the best uniform approximation of given functions to
zero. Mathematically rigorous proof of these properties is provided in [1].
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The fundamental importance of these properties deals with the fact that they can be written in
the form of set of equalities closed in the mathematical sense with respect to all optimized parameters
of the heating process. In other words, the number of equalities proves to be equal to number of all
sought parameters that completely define process under control. This provides potential capability to
transform a set of equalities into set of equations that ought to be solved with respect to unknown
parameters, that leads to the final solution of optimal control problem. This optimization strategy has
been described in many publications. It is planned to apply this strategy for the solution of the de-
scribed multi-objective optimization problem.

Different parametrical optimization algorithms to solve multi-objective optimization problems
are in principle known and some of them are used in practice. Nevertheless, there is no single best
method for numerical optimization and one needs to choose a method based on the characteristics of
the particular problem to be solved.

For the time being it is planned to go through the following roadmap.

1) Identification of utopia point and nadir point of the bi-objective optimization problem, by means
of a derivative-free and global-oriented algorithm like e.g. evolution strategy.

2) Objective-weighting formulation of the bi-objective problem in terms of a scalar preference
function with variable weights.

3) Use of a truly multi-objective optimization algorithm, like e.g. NSGA-II (population oriented) or
MOESTRA (individual oriented) [2].

4) Direct investigation of the Pareto front, starting from an optimal solution and exploiting John’s
condition.

5) Sensitivity of solutions along the Pareto front with respect to small perturbation in the design
space.

3 Conclusions

It is necessary to underline, that the described Project is just at the start. Described optimization
strategy is under development and should be improved, adjusted and applied.

So the subsequent work should be concentrated on investigating the applicability of possible op-
timization strategies. A system of problem-oriented mathematical models of different complexity that
describe interrelated electromagnetic and temperature fields will be developed to carry out the multi-
objective optimization procedures.
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Abstract

The functional possibilities of finite elements ANSYS and Cedrat FLUX software are
considered. The specific features of ANSYS and Cedrat FLUX are described with regard to
application for numerical simulation of induction through heating processes in installations with
continuous movement of metal billets. Comparative analysis of simulation results is carried out
for one industrial heater.

BBenenue

B Hacrosimiee BpeMsi HEOOXOUMOCTh U S(P(PEKTUBHOCTH PHUMEHEHHUS] COBPEMEHHBIX CPEICTB
KOMITBIOTEPHOTO MOJEIMPOBAHUS Ha CTagusX pa3paboTKH, MPOCKTUPOBAHUS W HCCIIETOBaHUS
CIOXKHBIX TEXHMYECKMX CHCTeM OecCHopHbl. B Hay4HO-HMCCIeNOBaTEeNbCKUX, NPOEKTHBIX U
MIPOM3BOJICTBEHHBIX OpPTaHU3AIMIX MPAKTUYECKH BCEX OTpaciei 0Te4eCTBEHHON MPOMBIIIJIEHHOCTH
IIIPOKO WCTONB3yeTcs coBpeMeHHoe mporpammuoe obecrieuenne CAE  (Computer Aids
Engineering). CAE mo3BoisieT He TOJBKO BEHITIONHATH KAa4eCTBEHHOE MOIEIHPOBAHUE
TEXHOJIOTHYECKUX CHCTEM PAa3IHMYHOTO YPOBHS CIOKHOCTH, HO W HMCCIIEIOBATh OTKIHMK 3THX CHCTEM
Ha BHEIIHNE BO3JCHCTBHSA, TO €CTh IIOJNyIUTh MPOCTPAHCTBEHHO-BPEMEHHBIC PACHIPE/ICIICHNS TTOJEH
pa3nuIHON (HU3MUECKOH IPUPOBI, B TOM UHCIIE B3aMMOCBSI3aHHBIX TEIUIOBBIX M 3JIEKTPOMArHUTHBIX
TOJIeH, TIOJIeH MeXaHIMYeCKUX AedopMaIii, CKOPOCTEeH, TTIOTCHIINAIIOB, TaBICHUH 1 T.1I.

IIpoxonHble MHAYKIMOHHBIE HarpeBarenbHbele ycTaHoBkM (MIHY) ¢ HempepsIBHOHM Bblgaueit
3aroTOBOK, MIMPOKO IMpPHUMEHSAEMble Ha MPaKTUKE Ui MHAYKIMOHHOIO HarpeBa METaluIOB Iepen
nocyeyronied 00paboTKON NaBleHHEM, SBIISIOTCS CIOKHBIMH TEXHHUYECKUMH OOBEKTaMH, B KO-
TOPBIX MPOTEKAIOT (PU3NUECKHE MPOIECCHI AIEKTPOMArHUTHON U TEIUIOBOW mpupoas! [1]. YunTeiBas
CYILIECTBEHHO HEIMHEHHBIC CBOICTBA B3aMMOCBS3aHHBIX AJICKTPOMATHUTHBIX U TEIUIOBBIX MOJEH U
CIIOKHBIA XapakTep TeriooOMeHa, ToUHoe KoJmdecTBeHHoe onmcanne MHY MoxeT ObITh moydeHo
TOJIBKO YHCIICHHBIMH METOIaMu [2].

HanbGonee pacpocTpaHeHHBIM YHCICHHBIM METOJOM pacyeTa 3JICKTPOMAarHUTHBIX M TEIUIOBBIX
TOJIeH SIBIISIETCS METOA KOHEUHBIX 31eMeHToB (MKD), ocHOBaHHBINM Ha pelIeHUH B3aMMOCBI3aHHOI

1 . .
Pa6oTa BbImonHeHa Npy GUHAHCOBOI MOAACPIKKE LIEICBOM MporpaMMel «HaydHble U HaydHO-TIEIArOTHYECKHE KaIpbl
nHHOBaIMoHHOU Poccun Ha 2009-13 rr.» (mpoekt 11448)
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cucremMsl ypaBHeHHH Makcemia u @ypee [3]. CoBpeMeHHBIH PBIHOK NPOTPAMMHBIX CPEICTB
npeanaraeT O0oJbIIoe pa3sHOOOpa3re KOHEYHO-3JIEMEHTHBIX ITAKETOB AJISI pacieTa JJIEKTPOMarHUTHBIX
W TEIIOBBIX TporieccoB. MHCTpyMeHTH, pa3paOOTaHHBIE MPOM3BOAWTEISIMH MPOTPAMMHBIX
MIPOIYKTOB, CYIIECTBEHHO PA3IMYAlOTCA CIENU(UKOW WX MPUMEHEHHS B TPEIMETHBIX 00JacTsX,
CTENECHBI0 ABTOMATH3AIlMM PACUETHBIX IPOIEAYP, HMCHONb3YEeMBIM MaTEeMaTHYECKHUM ammapaToM,
ObICTpOICIICTBIEM, NTOJIH30BATEIbCKUM HHTEP(EHicoM, I3BIKaMH POTPaMMHPOBAHUS 1 JIp.

SIBHBIM JTHAEPOM CpPeAM YHHUBEPCAJIBHBIX MHOTOIENEBBIX NMPOrPAaMMHBIX KOMIIJIEKCOB SIBISIETCS
HaykoeMkuil mporpaMMHbelii  maker ANSYS. Cpenum  crnenuamu3supoBaHHBIX — IPOJTYKTOB,
NpeJHa3HAYeHHbIX AN MHOIONapaMeTpU4ecKoro  3JeKTPOMAarHUTHOTO,  TEIUIOBOTO U
3IEKTPOMEXaHHMUECKOTO aHANN3a, B MOCIEIHUE TOJIbl 3aMETHO BBIAETSAETCS MPOrPaMMHBIH MPOAYKT
Cedrat FLUX. B craTtbe mpeicraBiieHO CpaBHEHHE OCHOBHBIX ()YHKIIMOHAJBHBIX BO3MOXKHOCTEH,
0CcOOCHHOCTEH TPUMEHEHHUS, NMPEUMYIIECTB M HEIOCTaTKOB JaHHBIX IPOrPaMMHBIX MPOJIYKTOB
MPUMEHUTENBHO K 33/a4e MOJENMPOBAHUS CTAMOHAPHOTO IIpOIlecca HarpeBa CTAIbHBIX
LMTMHAPHUYECKHUX 3ar0TOBOK B IPOXOAHON MHAYKIIMOHHON YCTaHOBKE HEIIPEPHIBHOTO AEHCTBUSL.

1 YwucaenHoe moaeaupoBanue npoxoanoidi HUHY B nporpammuom nakere Cedrat Flux

Crenanim3upoBaHHBINA iporpaMMHRIi akeT FLUX, paspa®otanHblit (ppaHITy3cKOH KOMITaHHEH
Cedrat, mnpegHazHadeH IS MHOTOMAPAMETPHUYECKOTO  AIEKTPOMATHUTHOTO, TEIUIOBOTO H
anekTpoMexaHmdeckoro ananmza 2D um 3D koHburyparmii

[ Bosdyx A Mozenei 3JIEKTPOTEXHOJIIOTHYECKUX IIPOLIECCOB u

I cmopua _| E N

= zazomoan ‘MFE ycraHoBok. IIporpammueiii maker FLUX mpenocraBiser
"'455;&; MOJIL30BATENI0  BO3MOXKHOCTb CHMYJISILIUM  CTaTUYECKHUX,

1‘E

VAR v O A TapMOHUYECKUX U MEPEXOJHBIX COCTOSHUM I MarHUTHBIX
u 3IEKTPOMAarHUTHBIX MPUITOXKEHU, BKJIIOYas
MEXaHHYeCKyl0 (KHHEMATHYEeCKyl0) H  DIIEKTPHUICCKYIO
MIPUBS3KY K MOJENH, ¥ aHAJIN3 TEIUIOBBIX TPOIIECCOB [4].

IIporpammublii IPOAYKT BKIKOYAET NPENPOLECCOP C
IIMPOKUMHU BO3MOKHOCTsMU umriopta CAD  ¢aitmoB u
CpeACTBaMU 3a/laHHsl TEOMETPHH, 0a3bl JaHHBIX MAaTCPHAJIOB,
CXEMHOM MpPUBSA3KM U TEHEpATop CeTKU. Moaenupyromue
BO3MOXKHOCTHU IIPOrpaMMBbI FLUX paciupeHbl
BO3MOXKHOCTBIO  3aJlaHUs OeckoHeuHBIX  oOmacrei,
pa3NMuUHBIX ~ TPAaHUYHBIX  YCJOBHH,  pa3sHOOOpa3HbIX
MaTepHaJIOB U HICTOUHUKOB NMUTaHMUS.

PucyHok 1 — ®parmMeHT reoMeTpan 1 MHoronapaMeTpuueckue  METOAbl  CUMYISAIUH U

cerku Mozenu MHY B makere FLUX ~ uHTepdelicHble BO3MOKHOCTH, peayn3oBaHHEIE B

nporpaMmMHoM nakete FLUX, npeactaBiasioT 3HaUUTENbHBIE

BO3MOXHOCTH JUI1 MOJEIMPOBAaHUS MPOLECCOB HMHAYKIMOHHOTO Harpesa, B ToM uucie B MHY
TIEPHOINYECKOTO H HEMPEPBIBHOTO IEHCTBHUS.

Bo FLUX cymectByeT cnenuaabHblii Monyns Iransient Magnetic, ¢ MOMOLIbIO KOTOPOTO
peanusyeTcsl BpallaTelbHOE M MOCTYNATENbHOE IBIKCHUE Tella B AJIEKTPOMArHUTHOM mone. Jms
MIPaBIIIBHOI PabOTHI 3TOr0 MOAYIST HEOOXOIUMO yIECTh HEKOTOPhIE OCOOEHHOCTH MPHU MOCTPOCHUH
TEOMETPHUH U CETKH MOJIENH (CM. PUCYHOK 1).

IIpu nBWXKEHMHM 3arOTOBKM Ha KaXkJOM BPEMEHHOM Iare ImporpamMma OCYILECTBISAET
HEePeCTPOHKY CeTKU U FeOMETPHU, I0ITOMY HE00X0UMO 3aaTh BO3YIIHOE POCTPAHCTBO € 000HX
TOPILIOB 3aroTOBKH. BozmymiHas o0nacTe, pacriojo)XeHHas 10 HAlpaBiICHUIO JBIDKCHUS, HUMEEeT
CIeAyIOIINe MapaMeTphbl: BBICOTa COOTBETCTBYET PaJNycCy 3aroTOBKH, a JJIMHA JOJDKHA TOKPHIBAThH
paccTosiHne, KOTOpO€ IpOMAeT 3aroToBKa (007acTb ¢ MPOTHUBOIOIOKHOTO TOpPLA MMEET Ty XKe
BBICOTY TpH MHUHHMANbHOW [mHe). laHHBIe 007acTH W BEpXHHH CJIOH 3arOTOBKH, B KOTOPOM
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HposBIsieTCsT  CKUH-3(Q(EeKT, paBHOMEpPHO pa30MBAIOTCS IPAMOYTOJBHBIMH 3JJIEMEHTAMH Ha
OJIMHAKOBOE KOJIMUECTBO y37I0B. Haj BepxHEH MOBEPXHOCTHIO 3arOTOBKHM BO3AYIIHOE MPOCTPAHCTBO
3amaeTcs y3KOHW IOJIOCOH, KOTOpas pPaBHOMEPHO pa3OMBAcTCs TPEYrONBHBIMH 3JIEMEHTaMH (CM.
pUCYHOK 1).

ITocme Toro, kak TeoMeTpUsl MOAENNM W TEHEpalMs CeTKH 3aBEpIICHbI C YYETOB BBIIIC
MIEPEYHCIICHHBIX TpeboBaHMA, HEOOXOIUMO BBIOpaTh (m3mueckuit moxynb 2D Steady State AC
Magnetic coupled to Transient Thermal, KOTOpBI OCYIIECTBIISET COBMECTHOE pCIICHHE
CTallMOHAPHOM 3JIEKTPOMArHUTHOM M TMEPEXOJHOM TeIyIoBO# 3ajay. JlaHHBIM MOAydb IMO3BOJSET
3aJaBaTh I HAarpeBaeMoro MeTajula HeJIUHEWHBIe 3aBUCUMOCTH YAEIBHOTO COMNPOTUBICHUS,
TEIJIONPOBOJHOCTY U TEIUIOEMKOCTH OT Temmeparypel. IIpu 3agaHuM TIpaHUYHBIX YCJIOBUH
OAHOBPEMEHHO YYHUTBHIBACTCA paunaunonﬂmﬁ U KOHBEKTHUBHBIM TeHﬂOO6MeH 3aroToBKu C
OKpY>Karoulei cpenoi.

Jnst MozmenupoBaHUsT MCTOYHUKA NUTAHUS W 33JaHUSl DJICKTPOMArHUTHBIX CBOMCTB BUTKOB
KaTYIIKA HCIOJIb3YETCSI PEHAaKTOp OdIeKTpuueckux cxeMm ElectriFlux. DNEKTpUYeCKHE CXEMBI
co3znaBaemble B npennpoueccope FLUX, UMEOT HENOCPEICTBEHHYIO MPUBA3KY K 3JIEMEHTaM
Mozenu. JIaHHBI dTaIl 3aBepmIaeT padoTy B MPEAIPOIIECCcope.

IIporpammusiii nmaker FLUX paspeneH Ha npeanpouLeccop, MpOoLeccop U IMOCTIPOLECCOp.
Kax1plif 13 3THX KOMIIOHEHTOB 3aITycKaeTcs OTAEIbHO, UMEET CBOE JHAJOr0BOE OKHO M QyHKIuu. B
MpoLeccope 3aJaeTcsi BPEeMEHHOM Iiar (WIM Juamna3oH ero M3MeHeHHs)) W Tpedyemas TOYHOCTb
pacueta. Ecnu pusnueckie CBONCTBA CHCTEMbI M3MEHSIOTCS CIIUIIIKOM OBICTPO, YTO BEJIET K IUIOXOU
CXOJIMMOCTH pEIIEHHs, BPEMEHHOW miar Ju00 yMEHbBIIAeTCsl aBTOMAaTHYECKH, JIMOO BbITAeTCs
COOTBETCTBYIOIINM 3alpoc Ha YyMEHBIIEHHE €ro AJIUHBI, IMOCIEe Yero pacueT NpOAOJDKaeTcs C
MOMEHTa KOPPEKTHPOBKHU BPEMEHHOr0 m1ara [5].

B  mporpammuom makete FLUX  HET BCTPOGHHOTO  aJrOPUTMHYECKOTO  SI3bIKA
MPOTPaMMHPOBAHUS, HO TPH CO3AaHUM W COXPAHEHHH MOJEIH HCIONB3YIOTCS KOMaHIHBIC (haiibl,
KOTOpBIE 3aMHCBIBAIOTCS BHE ITOCIECOBATEIbHOCTH KOMaH [ Ha yJOOHOM M NMPOCTOM B IIPHMEHEHUH
A3bIKe porpammupoBanus Python.

2 Ymucnennoe moaennpoBanue npoxoanoit UHY B mporpammuom nakere ANSYS

[porpammusii kommuieke ANSYS — 3To MHOTOIENEeBON MakeT MPOSKTUPOBAHMSA W aHAIN3A,
HaunOoJiee N3BECTHBIM U MPU3HAHHBINA BO BceM Mupe. MHorouenesas HallpaBIeHHOCTb JaHHOTO MPo-
rpaMMHOI'0 TIaKeTa, CpPeJCTBa 'eOMETPHUECKOT0 MOJENMpOoBaHus Ha 0ase B-cruiaiiHOB, mosHas co-

- Bmectumocte ¢ CAD/CAM/CAE  cuctemamu
«IApYXKECKHuii» 1moib3oBaTesto nHrepdeiic npuBenu K Tomy,
" yto ANSYS IMPOKO MCHOMB3YeTCS BO MHOTUMX HAYYHO-
7] HCCJICA0OBATCIIbCKUX, TPOCKTHBIX W IMPOU3BOJACTBCHHBIX
| opraHusanusx.

OmHUM W3 OCHOBHBIX  JIOCTOMHCTB  IIakKeTa
npukimageeix  nporpamMMm  ANSYS  sBusercs  Hammume
BCTPOECHHOTO AJIrOPUTMUYECKOTO SI3BIKA APDL.
WHTynTHBHAS SICHOCTP W TIPOCTOTA B COYETAaHHH C
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LIIMPOKUMHU (yHKIMOHATBHEIMA BO3MOXHOCTSMHU
no3Boimiin APDL mpeBpaTuTbcs B MOIIHOE CPEACTBO
aBTOMATHM3allMM  BCErO0 LUKIA YHMCIEHHOIO aHalu3a

CJIOHBIX TEXHHYECKUX CHCTEM pa3iu4HON (DU3NUECKOMH
\ "/~ TIPUPOJBI.

PucyHok 2 — ®dparMeHT reoMeTpH 1 ITockonbky mpu MonenupoBaHuu npoxoanod MHY
cetku Moaeau MHY B makere ANSYS HCO6XOZ[I/IMO COBMECTHOEC pemenune 3a1a4n
3JIEKTPOMArHUTHOTO M TEIUIOBOIO aHajlu3a MpH YCIOBHUU
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JBIDKCHUS 3aTOTOBKM OTHOCHTEJIFHO BUTKOB MHIYKTOPA, Ha Ka)KJJOM BPEMEHHOM IIIare HeoOxoanma
TIepecTpoiiKa TeOMETPUN M CETKH MOJENN. Peann3oBaTh MOCTABICHHYIO 3a/lady B IPEIIpOIEccope
ANSYS ¢ ucnonp3oBaHuEM CTAaHAAPTHOIO amrapara, IPUMEHSEMOr0 IPU MOAEIMPOBAaHUH, HE TIPEI-
CTaBJIIETCS BO3MOKHBIM.

CMmopnenupoBaTh npoxoaHyto MHY MoXXHO JHIIb ¢ UCIIOIb30BaHHEM BCTPOSHHOTO AJTOPUTMH-
yeckoro s3eika APDL. OcHOBHBIE 3Tambl MOJACITHPOBAaHUS TPH HamMcaHUH mporpammbl Ha APDL
coxpanstorcs. Ha mepBom 3Tame CTpOMTCS TeoMeTpHsl MOJENH, 3aTeM TIeHepupyercss ceTka. llpu
pa3OueHny 3ar0TOBKH CJIEyeT y4ecTh HEKOTOPbIE OCOOEHHOCTH, KOTOPbIE HEOOXOAUMBI JUISl peajn-
3alliU aldropuTMa, UMHUTHpYHoUero aBrmxkeHue. CeTka JOJDKHA OBITh PETYJISIPHOM, COCTOSIIEH U3
MPSIMOYTOJIBHBIX 3JIEMEHTOB U PABHOMEPHOM B HAaNpaBJIEHUH JBIKEHUS 3aTOTOBKH (CM. PHCYHOK 2).

Jlasee 111 COBMECTHOTO peLIeHUs 3a/1auM IeKTPOMarHuTHOTO U TEIJIOBOTO aHaJM3a 3aJar0Tcs
OCHOBHbIE HEJIMHEWHbIe TeIIo(U3NYECKHe CBOICTBA MaTepHana 3aroTOBKM B BHJIE 3aBHCHMOCTEH
COOTBETCTBYIOIINX MApaMETPOB OT TEMIIEPATYpPhl. Y CTaHABIMBAIOTCS 3HAUEeHHUA KO3()(HUIMEHTOB I
JTyYUCTOTO W KOHBEKTHBHOTO TEIUIOOOMEHA, YUUTHIBAIOIINE B3aUMO/ICHCTBIE TTOBEPXHOCTH 3ar0TOB-
KU C OKpYXarollen cpenoi.

[Tpn HamucaHWM AJITOPUTMA, UMUTHPYIOLIETO IBMXEHUE METAJUIMYECKOW 3aroTOBKH B TIEpe-
MEHHOM JJICKTPOMAarHUTHOM TIOJIe, OBUIM aKTHBHO HCIIOJIb30BAHBI MHOTHE BO3MOKHOCTH SI3BIKa
APDL: opranusanusi QUagoroBbIX OKOH JJIS BBOJA TEKCTOBBIX M YHMCIIOBBIX MapaMETPOB; CO3IAHUE
MacCHBOB; OpTaHU3AIMS IIUKJIOB U ONEPaTOPOB-YCIOBUM; CO3/JaHUE OKOH CTaTyCHBIX CTPOK Ui OTO-
OpaskeHus: pabOTHI IPOrPaAMMBI.

ANTOpUTM, UMUTHPYIOIIUN JBIKEHHE, OPIraHU30BaH KaK HUTEPALlMOHHBINA MpoIlecc, B KOTOPOM
KaX/Ibli MOCJIEAYIOMHUI IIar PacCUUTHIBAETCS C YUETOM 3HadeHus npensiaymiero. CienoBaTenbHo,
MIPYU COBMECTHOM PEIIEHUH JEKTPOMArHUTHON U TEIUIOBOM 3ajad, alrOPUTM MO3BOJISET CKOPPEKTH-
pOBaTh TEMIIEpaTypy BO BCEX CEUCHHMSX 3aTrOTOBKH Ha KaXXJIOM BPEMEHHOM IIare ¢ y4eToM TeMIiepa-
TYpPHOTO pacmpeieicHrs Ha peabIayIneM mare [6].

I'maBHBIM HEZOCTAaTKOM JAHHOTO alrOPUTMA SIBISIETCSI B3aMMOCBSI3b CKOPOCTHU JIBIDKCHHMS 3aro-
TOBKHM ¥ JUTMHBI JJIEMEHTOB CETKH, Ha KOTOpBIE OHA pa30uTa, C BpeMEHHBIM IaroM. I1o sToit mpuunHe
CKOPOCTB JIBMXKCHUSI 3aT'OTOBKH HE JIOJDKHA OBITH BHICOKOH, TaK KaK YBEIMUCHUE €€ 3HAUCHHS MOXKET
MPUBECTH K CIHUIIKOM OBICTPOMY M3MEHEHHIO TEIIOPH3MUYECKHX CBOMCTB, a 3TO BIEYET 3a COOOH
IUIOXYIO0 CXOAMMOCTh PelIaeMoil 3aauu.

3 CpaBHeHnue pe3yiabraToB Moaeaupoanust UHY B nakerax ANSYS u FLUX

IIpoBeneM cpaBHHUTENBHBINA aHAIN3 PE3yIbTaTOB, MOJIYYEHHBIX B NMPOrpaMMHBIX nmakerax AN-
SYS u FLUX mpu uncneHHoM MoaenupoBaHuu npoxonHoid MHY, ucxonxsle qaHHbIE IO KOHCTPYK-
THUBHBIM XapaKTePUCTHKaM KOTOPOH MpuBelieHbl B Tabnuie 1.

Tabmuma 1 — VcxomHple JaHHBIE U YUCIEHHOTO Moenuposanus UHY

JlnuHa uHAYKTOpa, M 1,300
Temmeparypa oKpyaromeii cpesl, 'C 20
HauanpHas TeMreparypa 3arotoBkH, 'C 20
CKOpOCTb JJBIIKCHUSI 3aIOTOBKH, MM/CEK 5,67
Yacrora nutaroniero Toka, ' 1000
OTHOULIICHUE IJIMHBI MHJYKTOPA K YUCIy BUTKOB, M/BUTOK 0.035
HanpsixeHue uctouyHuka nuTaHus, B 700
BHyTpeHHHUI fuamMeTp KaTyIIKd HHJIYKTOpa, MM 90
[TonepeuHoe ceueHne 3aroTOBKH, MM 50
Martepuai 3aroToBKH, CTaJlb C40
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Ha pucynke 2 mokazaHO pacmpeeleHHEe TEeMIIepaTypHOTO MOJisi B CTOJ0€ 3aroTOBOK B
MHIYKIIMOHHOM HarpeBaTene. Kaxmodl u3 BBIIENEHHBIX 00nacTed, Ha KOTOpbIe pa3OHT CTONIO

A

NEE .
Vv v
6 6
5
Teunepaniype C )
Bpewa (¢ ): 220 Texmepamypa, C
Oén/ 3na+ Bpewa(c,):220
1 525-740.6 Ofn / 3uaq
2 7406-8844 | )| 1 497.2- 6563
3|3 884.4-1028, 2 6563-8153
4 10282-1184, 3 B153-9744
511841-128138 4 9744-1134
6 1281.8-1314 5 1134-'12?3
7 13144-1363 6 1293-1452
5
9
4
2
1 i

6

a — TemrepatrypHoe pacnpeaeienue Bo FLUX;
0 — remneparypHoe pacnpeneneane B ANSY'S
Pucynok 3 — Pacnpesnenenue TeMnepaTypHOro

T10J1s1 3arOTOBKH

3arOTOBOK, COOTBETCTBYET OIIPEAEICHHbIH IUana3oH
Temriepatyp. Ha BbIXoJe W3 MHIYKTOpa pacroyiaraercs
Hambomee  ropsyas ~ oOmacTe ¢ HaWOONBIINM
MOpAIKOBEIM HOoMepoM. Ha pucyHke 3 mpencraBiieHbI
pacmpeneneHuss — TeMIepaTypsl Ha  MOBEPXHOCTH
3arOTOBKM M B €€ IIeHTpe IO JUIMHE HHAyKTopa. Ha
HEKOTOPBIX BPEMEHHBIX y4yacTkax 3HAYEHUS
TeMmreparyp oOTiauuarorcs. TemmepaTrypa B IEHTpe
3aroroBku B Mozienu FLUX B cpeaneM Ha 20°C Gonbuue
gyeM B ANSYS. D10 MOXeT ObITh OOBSICHEHO TEM, YTO
MIpH 3aJaHUM DIIEKTPOMArHUTHHIX CBOUCTB B ANSYS
HCTIOJNIB3yEeTCS 3aBUCHMOCTb MarHUTHOH
NIPOHMLIAEMOCTH OT Temmeparypel, a Bo FLUX -
MarHUTHOM MHIYKIHMH OT HANpPsDKEHHOCTH MarHUTHOTO
TIOJIAL.

Takum oOpa3oMm, CpaBHEHHE MOJIYYEHHBIX B
ANSYS u FLUX pe3ynbTaToB mokaszajio, 4YTO Ha BCeX
JTamax  YHCICHHOTrO aHanu3a  TeMIIepaTypHOe
pacmpesieieHHe KaueCTBEHHO COBIAJAaeT Ha BCEM
NMPOTSHKEHMH ~ TIpoliecca  NMPH  HE3HAYUTEIbHOM
KOJINYECTBEHHOM Pa3IHIHH.

CymiecTBeHHBIME (haKTOpaMH, XapaKTepH3YIOIINMH
BO3MOXKHOCTH M 3((eKTHBHOCT  NMPUMEHEHHS
YHUCIEHHBIX MOJENeH B LEeNAX ONTHMHU3AIMU W
YIpaBiICHUS 3JEKTPOTEXHUYECKHIMH YCTaHOBKAaMH H
CHCTEMaMH, SIBJISIIOTCS TpeOOBaHHS K amlapaTHOMY
00ecCIeueHnIo 1 BPEMEHH MpocyeTa.

MuHUMabHBIE TPeOOBaHUS, TpenbsBIsieMble pa3pabOTYMKaMM IPOrPaMMHBIM KOMIUIEKCOB
FLUX u ANSYS, x anmapaTHOil YacTH KOMIIBIOTEpa HpU pEIHIEeHUH IOCTAaBICHHOM 3agauu

TIPUBEJICHBI B Ta0HILIE 2.

Taﬁnnua 2 — MuHMMaITEHBIE Tpe60BaHI/I${, MPEABABIAEMBIC K ar[napaTHoﬁ YacTHu KOMIIBIOTEPA MporpaMMHLIMHU

npoaykramu ANSY'S u FLUX
Flux V10 | ANSYS 12.0
DeMeHTHI XapaKkTepuCcTUKU
Tponeccop o Intel unu AMD ° Intel® Pentium® 4
® 32 wiu 64 bits C TAKTOBOM 4acTOTOM 2
° MHOFO}II[epHLIﬁ wm | IT, Intel® Xeon™, Intel®
OJIHOSIIEPHBIH Core™, AMD Athlon™ 64
e 32 uu 64 bits
OnepatuBHast 176 2T6
MaMsTh
Kecrtkuit muck |10 I'6 30T6
Buneo kapra Buneomnamsars 256 M6 monaepkka OpenGL 1.1.

Kak BumHO U3 TaONHITEL, TS TOTHOLIEHHOH paboTh! mporpaMMHoro makera ANSYS TpebyroTcs
KOMITBIOTEPHI ¢ 00JIe€ BBICOKUMH CHCTEMHBIMHU XapPaKTEPUCTHKAMH.
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Jnst cpaBHeHHMs BpeMEHM IpocueTa mpelcTaBieHHbIX Mognened MHY  ucnonb3oBacs
komnbioTep ¢ mporeccopoM Intel(R) Core(TM)2 Duo CPU T5250; 1,5 GHz 1,49 GHz; omepatuBHO#
mamsaTeio 2000 Mbaiit n o6bpeMoMm xkectkoro awcka 150 ['Gaitr. Ha mpsiMoii omHOKpaTHBIH mpocder
ANSYS momenu HeoOxoquMo okojo 45 MuHyT, a MonenupoBaHue B makere FLUX mpomomkaercs
Bcero 20 MUHYT, 4TO MOBBIIIAET BO3MOXXHOCTH Hcnonb3oBaHust FLUX Mozaeneil B ONTUMU3aLHOHHBIX

nponeaypax.
1400 -
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200
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0 20 40 &0 80 100 120 140 160 180 200 220
1 — temmneparypa nosepxuoctu (ANSYS), 2 — temneparypa uentpa (ANSYS);
3 — remmepatypa nosepxaoct (FLUX), 4 — temnepatypa uentpa (FLUX)

Pucynok 4 — Pacnipenienenue TemnepaTypsl 1o AJIWHE HHAYKTOpa

3akiaouenue

IIpu MopenupoBanuu npoxonHo HMHY  ucnonb3oBanuch  MOJydyMBIIME — IHUPOKOE
pacmpocTpaHeHHe B MUpE NMpOrpaMMHbBIE KOMIUIEKCHI, OCHOBaHHbIe Ha MKDJ: MHoroueneBoil maker
npoexTupoBaHus U aHanuza ANSYS u crneumanusupoBaHHbBIN nmporpamMuelii maker FLUX. Ot
NpOrpaMMHBIE TIPOJAYKTHI HE YCTYHNAalT ApPYr JIpyry B (YHKUMOHAJIBHOCTH MPH PELICHUH
COBMECTHBIX 3a/1a4 3JIEKTPOMArHUTHOTO M TEIIOBOTO aHAJIN3A.

B 1o xe Bpemst ANSYS u FLUX 00:1agaroT HEKOTOPBIMH CYIIECTBEHHBIMH ITPEUMYIIIECTBAMHU.

[porpammusiii mpoaykt ANSYS oGmamaer Gomee ymoOHBIM M THOKHM IIOJE30BaTEIECKUM
nHTepdeiicom, Ooxee MMPOKMMH BO3MOXKHOCTAMH HPETpoIeccopa, a TJIABHOE — MOIIHBIM
CPEICTBOM aBTOMATH3AIH YHCICHHOTO aHamm3a — s3IKoM APDL. OCHOBHBIM NpenMyIIEeCTBOM
FLUX sBnsiercss Takke CYIIECTBEHHO Ooyiee BBICOKas CKOPOCTh BBIMOJHEHHUS YUCIEHHOIO
HEJIMHEHHOT0 CTPYKTYPHOTO aHAIN3a U OTHOCUTEbHAS IIPOCTOTA CO3/IaHUsI MOJIeNe.

I'maBHBIM HEZOCTATKOM MHOTO(QYHKIIMOHAIBLHOTO IporpamMmHoro komiuiekca ANSYS
SBJISIIOTCSI  TTOBBINICHHBIE TPEOOBaHMS, MpPENbSBIIEMblE K allapaTHOMYy OOECHEeYeHUIO IS
NOJyYeHHs] TPUEMJIEMOH CKOPOCTH TpsIMOTO TIpocdeTa Mmozenu. JlaHHOe 00CTOSATENbCTBO
CYHIECTBEHHO OTPaHUYMBACT BO3MOXHOCTL IMPUMCHCHUA JABYMCPHBLIX U 0COOEHHO TPEXMCPHBIX
ANSYS Mopenelr B ONTHMU3AIMOHHBIX TPOIIETypax, TPEOYIONIIMX MHOTOKPAaTHOTO BBI30Ba MOJIENeH
Ha KaXJIOM HUTEPAllMOHHOM IIIare.

CymecTBeHHBIM HemocTaTkoM makera FLUX sBisercss oTCyTCTBHE alTOPHUTMHYECKOTO SI3bIKA
JUISL peal3alny pemieHns 3a/1a4, He MPeayCMOTPEHHbBIX (GUPMOH MPOU3BOANTENEM U HE BXOAAIINX B
BHJIE TOTOBBIX (U3MUYECKHX MOMYJICH B MPEANpPOIEccOp, YTO CYHIECTBEHHO CYyKaeT 00IacTH
MIPUMEHEHHS JTAHHOTO IPOTPaMMHOTO TIPOAYKTA.

83



84

CHuCOK JUTEepaTypsl

Hewmxos B.C., lemunosuu B.b. Teopust u pacuer ycTpoiCTB MHIYKIIMOHHOIO Harpesa. — JI.: DHeproaTom-
u3naar, 1988. — 280 c.

Handbook of Induction Heating / Rudnev V., Loveless D., Cook R., Black. M., Marcel Dekker Inc., New
York, 2003.

Cerepnunp J1. [IpumeneHne MeTOI0B KOHEUHBIX 3JIeMeHTOB. — M: Mup, 1979. — 270 c.
http://www.cedrat.com

[Tapamnosa O.10. UncnenHoe MoxennpoBaHue mporecca NeproIMdeckoro HHAYKIIMOHHOTO HarpeBa Ha 0ase
KOHEYHO-3JIeMeHTHOTO mporpammuoro nakera FLUX // Becthuk Camap. roc. TexH. yH-ta. Cep. Texaude-
ckue Hayky, 201., Beim.Ne7 (28). — C. 180 — 185.

E. Baake, K. Blinov, S. Korshikov, O. Sharapova Numerical simulation of multi-physics dynamic processes
in induction heating systems granted by German Academic Exchange Service (DAAD) // IlpoGremsl
YIpaBlIeHHUs U MOJECIUPOBAHUS B CIIOKHBIX cuctemax: Tpynsl XII mexxayHapoaHoil koHdepeHmu (21-23
utons 2010 r., Camapa, Poccus). — Camapa: Camapckuit HL] PAH, 2010. - C. 88-92.
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3AJJAYN BASUPOBAHUSA JETAJIN

I'.Il. Hutunanosa, C.B. CmupHoB
HuctutyT npobieM ynpaBieHus ClIoKHbIME cucteMamu PAH
443020, Camapa, yi1. Cagosas, 61, Poccus
smirnov(@iccs.ru
ten: +7 (846) 332-39-27, daxc: +7 (846) 333-27-70

Knrwouegvie cnosa: demans, basuposanue demanu, NOGEPXHOCMb, OMKIOHEHUE QOPMbL U NONONHCEHUS,
OHMOJIO2UA NPEOMEMHOT 001acmU, OHMOIOSUYECKUL AHANU3 OAHHBIX, (POPMANLHBIN AHANU3Z NOHAMUL

Abstract

Application of the Ontological Data Analysis for automatic construction of otology is consid-
ered. For experiment the problem of a machine-piece locating chart is chosen. Earlier the concep-
tual description of a problem has been received by expert way, and was risk of inadequacy of
model. Conceptual modeling on the basis of the Ontological Data Analysis has shown not only
productivity of this method, but also and reliability of the previous expert construction of knowl-
edge base.

BBenenue

OnnH U3 OCHOBHBIX MEPEXOIOB NMPH MAHMITYJIIIUN ACTANSIMH B TEXHOJIOTHAX MAIIMHOCTPOE-
HU - TIpUJAHUE OE€TaJIn Tpe6yeMor0 ITOJIOKCHUSA OTHOCHUTECIIBHO Bbl6paHHOl7[ CHCTCMbI OTCUYCTA, UJIN
baszuposanue [1]. B obmieM ciiyuae mpoOiaeMaTika 3aaun 0a3upOBaHUS IETAH OMPENENIICTCS C O
HOM CTOPOHBI NMPAKTUUECKOH HEPEaM3yeMOCThIO B YCIOBHAX PEATbHBIX TEXHOJOTHUECKHX IPOIIec-
COB YHCTO T€OMETPHUYECKOTO IOJIX0Jla K OLEHKE MOIPEITHOCTH OPHEHTAIMH JETalld B TPEXMEPHOM
MPOCTPAHCTBE, & C JPYroi CTOPOHBI - OONBIIMM O00OBEMOM 3HAYHUMBIX, HO CJIa00 (OpMaH3yeMbIX
3HAHWUHN PEIMETHOI 00IaCTH, IMEIOIIUXCS y ONBITHBIX TEXHOJIOTOB.

WHTennekTyanbHast CHCTEMA IS PELICHUS 3a/1a9i 0a3MpOBaHMS JETaJIM, COUETAOMIAs SIeMEH-
THI pacdeTa M OMBIT SKCIEPTOB-TEXHOJOrOB ObUTa mpenacTaBieHa B [2, 3]. Ilpu stom ¢opmanvuan
Mooenb npedmemnol 0oaacmu B 3HAYUTEIBHON CTENICHN OCHOBBIBAIACH HA 98PUCMUYECKUX TIPHHIH-
max, cOpMyIHpOBaHHEIX B padoTte [4].

Pe3ynpTaTHBHOCTD CO3MaHHOM SKCIIEPTHOM CHCTEMbI Oblila anpoOMpOBaHa NPH PEIICHUH 3a1ad
0a3upoBaHus B IPOIIECCaX aBTOMATU3UPOBAaHHOM cOopku. TeM He MeHee, T0OCTOBEPHOCTh HKCIIEPTHO-
ro MojaenupoBaHus npeaMerHoit obnactu (IIpO) TpeboBana JONOIHUTENBEHON apryMeHTanuu. Takoe
000CHOBaHHUE, UCIIOJB3YIOIIee METOJ] OHTOJOrHMYecKoro aHaiuiza aaHHeix o [IpO [5], mocraBnser
npejaraemMast padora.

1 IlpuHOMNIBI OMHCaHUs MPeIMETHOI 061acTH

B nenom cymiecTByeT KoHCeHCYyC (CM., Hampumep, [1, 6]), uto moaens [IpO 3amaun Gazupona-
HUSI JIETand JIOJDKHA OOBEJMHHTH, TI0 MEHBIIEH Mepe, CBEICHHUs O TeOMETPUH MOBEPXHOCTEH, O
(YHKIMOHATIBHOW POJIM MOBEPXHOCTEH B (OKH3HEHHOM IIMKJIe» JETAM W, pa3yMeeTcs, 0 KHHEMAaTH-
YECKUX CBSI3SIX IETAIM KaK TBEPJOro Tena, (GOpMUPYEMBIX Ha €€ MOBEPXHOCTSAX MPHU Oa3HpOBaHUH.

1.1 T'eomeTpusi noBepXHOCTE

OCHOBHOM Te3uc cTarhbu [4], ompeensomuil «reoMeTpudyeckoe cogepxkanue» moxaenu IpO,
YTBEPKIAET, YTO OMHUCAHUE JeTallM JOKHO BKIIOYATh KAK MUHUMYM 00pa3bl BceX €€ MOBEPXHOCTEH,
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KOTOPBIE Npu20oHbl 011 6a3upo8anus, HEKOTOPBIX UOeaIbHbIX NOBEPXHOCHEN, BBOAUMBIX I KOOp-

JMHALMY TIPU KOHCTPYMPOBAHMH €T, a TAKXKE AAHHBIE O TOUHOCTU 63AUMHOU OPUCHMAYUU STHX

MOBEPXHOCTEH. B 3TOM cMbIcie kaxas BKIOYaeMas B MOJIENb HOBEPXHOCHb AETAIN JOJKHA OBITH

0XapaKTePHU30BaHa CO CIEAYIONIIIX CTOPOH.

1) Buo nogepxnocmu c onpedensowumu napamempamu. IloTeHnan kagectsa GopmMoodpa3oBaHUL
JieTaJiell y MaccoBO pealn3yeMbIX TEXHOJOTHH MAaIIMHOCTPOCHHMS TO3BOJSIET yKa3aTb UEThIPE
OCHOBHBIX THIIA TIOBEPXHOCTEH MPUTOIHBIX JUIsl 0a3UPOBAHMUS: NIOCKUE, YUTUHOPUHECKUE, KOHU-
yeckue U cpepuyeckue. IIpu 3TOM IIIOCKUE NMOBEPXHOCTH XapaKTEPU3YIOTCs NapameTpamu Or-
paHUYMBAIOLINX (UTYpP, B KAYECTBE KOTOPBIX B CHITY YIOMSIHYTBIX TEXHOJIOTMYECKUX OrpaHHye-
HUH (PaKTHYECKU MOTYT BBICTYNATH JIUIIb HPAMOY2ONbHUK, KpYe U Kobyo. LlumuHapuyueckas no-
BEPXHOCTh, IPOM3BOJILHO ycedeHHass Npu (opMOoOpa30oBaHUU JIETAJIH, JIOJDKHA, TEMHEE MEHee,
OCTaBJISITh BO3MOXKHOCTD €€ OIMCaHHUs IIapaMeTpaMu «IHaMeTp» U «UIMHa». AHaJOIMYHO KOHH-
YyecKasi MOBEPXHOCTh OINUCHIBAETCS BETMYMHONW OOJBIIOr0 AMaMeTpa, AJTWHOW W YIJIOM MEXIY
OCBI0 U 00pa3yromei, a cepruueckas — THAMETPOM.

2) Ilonodxcenue noGepxHOCMU 6 MPEXMEPHOM HpOCHWpaHcmee. AHaIM3 HOMEHKJIATYpHI AeTalel
MacCOBOT'0 MAIIMHOCTPOCHUS MO3BOJISIET CAETATh BBIBOJ, YTO B ITOJIABIISIONIEM YHCIIE CIIydaeB B
CHITy TE€XHOJIOTMYECKHX BO3MOXKHOCTEH MPOM3BOJCTBA OPUEHTANWS MPUTOTHBIX Ul Oa3upoBa-
HUSI TOBEPXHOCTEH JeTalll MMEET YeTKO BBIPAXKEHHBIH XapakTep: ock O,z COOCTBEHHON CHCTEMBI
KOOPJMHAT MOBEPXHOCTH KOJIJIMHEapHa KaKOW-TMO0 M3 OCel OMOPHOM CHCTEMbI KOOPIUHAT Jie-
Tany. Torna nMpocTpaHCTBEHHOE MOJIOKEHUE MOBEPXHOCTH ITOJHOCTBIO ONPEAEIUTHCS KOOPIHMHA-
TaMu Touku Oy, («TOoUYKa MPUBS3KKU») U opueHTanueil O,z («omopHas 0Chb»).

3) Bzaumnoe pacnonoscenue nosepxnocmu u mena demany. I1o OTHOLIEHHIO K INIOCKOH TOBEPXHO-
CTH TEJO JIeTAId MOXXET pacrHoyaraTbes JMOO0 MEXIY TOYKOW NMPHUBS3KH U LIEHTPOM OIOPHOM
CHCTEMBI KOOPJHMHAT, JTHOO 3a TOUYKOW HPUBSI3KH; MIIMHAPUYECKHE, KOHHUECKHE, chepruIecKre
MOBEPXHOCTH MOTYT OBITh JTNOO BHYTPEHHUMH, JTNOO BHEITHIMH.

4) T'eomempuueckas mounocms nogepxnocmu. B 3amaue 0a3MpoBaHNS BakKHEE yUUTHIBATh HE JI0-
IIyCKH, YCTaHABIMBAEMbIC JUIS XapaKTEPHBIX Pa3MEpPOB HOBEPXHOCTEH, U Jake HE MX IIEPOXOBa-
TOCTb, & OMKIOHEHUSI 2eOMempPU4eckol opmul TIOBEPXHOCTEH, KOTOpPBIE MPH OIpPEAEICHHOM
0000IIEHNN CBOJSATCS K HEKPY210CMU, HeYUTUHOPUYHOCMU, HENI0CKOCIHOCMU, HeNnPAMONUHET-
Hocmu (TIOCIIEIHEE - ISl OCel TPEXMEPHBIX MoBepxHOCcTeN) [4, 7, 8].

AxXTyalipHOe B 3aJjaue 0a3upoBaHKs MPEACTABICHNE O TOYHOCTH B3AUMHOTO PACHONIONCEHUS TIO-
BEPXHOCTEH CBS3aHO C YKa3aHUEM JUIsl HEKOTOPOM MOBEPXHOCTH JICTAJIH JIOMYyCKa OTKJIOHEHHUS! OTHO-
CHUTEJILHO HEKOTOPOH Apyroii, 6a3oBoi (Al Homycka) moBepxHocTu aerand. OO00UIEHHBIMH pa3HoO-
BUJIHOCTSIMU OTKJIOHEHHWII B3aMMHOTO PACIOJIOKEHHUS MOXKHO CUUTATh HenepneHOUKVISPHOCb, He-
napanienrbHOCmy, HeCOOCHOCMb, Hecummempuinocmy [4, 7, 8].

3T0 JKCIEpTHOE MPEACTABICHNE O TEOMETPHH JIETaJIe MacCOBOTO MAIIMHOCTPOCHUS MTO3BOJISI-
10T TTIOCTPOHUTH COOTBETCTBYIOIIYIO OHTOJIOTHUECKYIO crienn¢ukanuio. Ha pucynke 1 npuBeneHs! ee
TIOHATHS M OTHOIICHUS (M30THYTHIE CTPEITKHN), a TAKKE CBI3U «POA-BHUI (TIPSIMBIE CTPENKH). (31ech u
JlaJiee UCTIONIB3YIOTCSI CKPUHIIOTHI OOIIENeNIeBON CHCTEMBI 00 BEKTHO-OPHEHTHPOBAHHOTO MOJIETHPO-
BaHUA gB [5, 9]).

1.2 Poau noBepxHoOCTEl B KU3HEHHOM LHMKJIE 1eTAJH

Ha pemenue 3agaun 6a3upoBaHUS CYIIECTBEHHOE BIMSHME CIIOCOOHO OKa3aTh 3HAHHE PONEH
MOBEPXHOCTEH JIeTalll B MPOLeccax MPOSKTHPOBAHUS, TEXHOJIOTMYECKOH MOJrOTOBKH U COOPKH To-
TOBBIX M3eiuit [1, 4]. B aToM cMbIciie a1 Kax 0l OBEPXHOCTH JETalH SIBHO M OJHO3HAYHO (HUK-
CHPYETCS, SABISCTCS JIH OHA NPOEKMHOI, KOHCMPYKMOPCKOU, MEeXHON02UeCKOl WIH U3MePUNENbHO
0a3ol, conpsaeaemcsa M OHa B TEXHOJOTHMYECKOM MPOLECCE C MOBEPXHOCTHIO NPYroi NeTald WIH
OKa3bIBaeT CYIIECTBEHHOE BIIMSHHE Ha TEXHOJOTHMYECKHH IpoLecc, Oonpenelsis eabapumul NSTAIN.
[TosTomy 6e3 3aTpyIHEHHI MOXET OBITh IOCTPOCHA COOTBETCTBYIOLIAs OHTOJOTrMYECKas crienudu-
Karus (PHCYHOK 2).
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1.3 Poau noBepxHocTeii B 00pa30BaHUM KHHEMAaTHYECKHUX CBsI3ei AeTan

HUcuepnrBaromas popmanuzanus storo acnekra I1pO semonreHa B [2, 3]. Ilpu sTom nedunn-
MK U3BECTHBIX B TCOPUH 0A3MPOBAHUS SIBHO WM CKPBHITO (PU3MYECKH peain3yeMbix 06a3 neranu -
VYCMAHOBOUHOU, ONOPHOTL, Hanpassioueli, 080UHOU ONOPHOL N 060TIHOU Hanpasisiowel [1, 6], - no-
TIOJIHEHBI YCJIIOBHSIMH 1I€JIOCTHOCTH, 0OBbEAMHUBIIMMY J[Ba Pa3jIMuHbIX Hadana. Bo-nepBbIX, BO3MOX-
HbIE POJIM TIOBEPXHOCTH JIETAIN KaK Oa3bl B 00pa30BaHUM KMHEMATHYECKHUX CBSI3€H ONpPENeNsioTcs B
3aBUCHMOCTH OT IOTEHIIMAJIa WCIIOJIb30BAaHHUS MMOBEPXHOCTH B (DOPMHPOBAHUH IIOJIHOIO KOMIUIEKTA
0a3 meranu, a, BO-BTOPHIX, - B 3aBUCMMOCTH OT OPHEHTAIMH ITOBEPXHOCTH B TPEXMEPHOM IIPOCTPaH-
CTBE COIJIACHO T€OMETPHYECKUM CHEUU(PHUKALMSIM, YCTAHOBICHHBIM NOAMYHKTOM 1.1.

[MousiTuiiHas CTPYKTYpa JaHHOTO achekra B popMansHoM npeacrasieHnu [IpO 3amauu 6a3upo-
BaHMs MPEJCTABICHA HA PUCYHKE 3.

2 ®opMajibHOe 000CHOBAHUE OHTOJIOTMH IFeOMeTPUM IOBEepPXHOCTeid,
MPUTOAHBIX ISl 6a3MPOBaHUS

OuepueHHblid B myHKTe 1 moaxox k onucanuio IIpO mo3Boimi co3mpaTh U anpoOHPOBaTh IKC-
HEPTHYIO CHCTEMY, d((PEKTUBHO IMOJJICPXKHUBAIOILYIO pellleHne 3aia4un OazupoBaHus netanu [2, 3].
Bwmecte ¢ TEM, OYE€BUIHO, YTO SAAPO ITOr0 OMUCAHUA — OHTOJIOTUSA I'€OMETPUU HOBCpXHOCTeﬁ, uc-
MOJIb3yEeMBIX MpU Oa3upoBaHHU (CM. PUCYHOK 1), - Haubosee crmaboe 3BerHo monenu [IpO, Tak kak
SIBJISIETCS JIMIIb OTPAXKEHHEM OITbITa SKCIIEPTOB.

B naHHOM paszzgene JOCTOBEPHOCTh 3KCIEPTHOTO MOJEIMPOBAHUS MONyYaeT JOTOIHHUTENBHYIO
apryMEHTALMIO B BUJIE TIOJIOKUTEIEHOTO OTBETA Ha BOIPOC: BO3MOXKHO JIM, PACCMATPUBAsl BBIABUHY-
THIE DKCIIEPTAMH IIPUHIIMIIBI ONMCAHKS TEOMETPHH ITOBEPXHOCTEH B 3a1aue 0a3UpOBaHMS JETalld, KaK
eunome3svi, IPOU3BECTH POPMAbHBIL 661600 HEOOXOIUMOW OHTOJIOTHYECKOHN CHelu(pHKAU Ha OC-
HOBE ghakmuyeckoeo mamepuana o [IpO?

2.1 JlaiiazKecT OHTOJIOTHYECKOT0 aHAJIN3A TaHHBIX

Onmonocuuecxuti ananus oannvix (OAJ]) [5] ycTaHaBIUBaeT CBsI3b MEXIY KIACCUYECKUM aHa-
JIM30M JaHHBIX (TOuHee ero HauboJjee BOCTpeOOBaHHBIM CErOJHs Pa3zesioM - C TeXHoJoruaMu Data
Mining) ¥ OTHOCUTEIILHO HOBOW BETBBIO TEOPUH PEIICTOK aHAIU30M Gopmanvhbix nousimuti [10].

OAJl aBTOMAaTH3HMpYyeT MOCTPOSHHE OHTOJOTUNA HAa OCHOBE u3MepeHuil (B IIMPOKOM CMBICIE)
IIpO. [poTokonsl m3MepeHH 0POpMIITIOTCS B BUAe Tabiui «o0bekTei-cBoricTBay (TOC). Ctpokn
TOC CcOOTBETCTBYIOT 06beKkmam, KOTOPBIE TOMAN B TIOJIE 3PEHUS MCCIEeN0BATeNs MIPH 30HANPOBA-
HuH [IpO (T.e. cocTaBMIIM smnupuyeckyro vloopKy obvekmos), coctaB cToibmoB TOC orpaxaer
OCHAIIIEHHOCTh HMCCIEIOBATEIS USMEPUMENbHbIMU NPpOoYedypamu, a STACHKN TaOIHUIBI colepkaT cob-
CTBEHHO Pe3yJbTATHl BEITIOTHEHUS I3MEPUTEIBHBIX NPOIeIyp Hal HaOmonaempiMu oosektamu [1pO.
[IprHOUNHATBHEIME U OTIUYUTENFHBIMU TONOKEeHUIME OAJl SIBIISIOTCS, BO-TIEPBBIX, TOIYIICHHE
OTCYTCTBUSI MH(POPMATUBHOTO pe3ylsibTaTa U3MepeHuil (None-pe3ynbrar), a, BO-BTOPBIX, MEXaHH3M
U3MEPEHUS CIMPYKMYpHblX omHouenuil Mexay oobekramu [IpO u cnennduyHoit 00paboTKH JaHHBIX
9TUX U3Mepenuti [5, 11].

OA/Jl ucxomur u3 cyObeKTHBHOCTH (DOPMHPOBAHHUS apceHalla U3MEPHUTENIBHBIX IPOLEIyp CO-
IJIACHO alpHOPHBIM THIOTE3aM MCCIIE0BaTeNs], BO-TIEPBBIX, O CYIIECTBOBAHUHM Yy SMIHMPHYECKUX
00BEKTOB OIPEAEIEHHBIX «IIPOCTBIX» U3MEPUMBIX CBOWCTB (PH-THIIOTE3bI), BO-BTOPBIX, O CIIOCOOHO-
CTH SMIHUPHUECKUX 00BEKTOB yUacTBOBATH B CTPYKTYPHBIX OTHOUICHHSX (SH-TUMIOTE3bI, WA THITOTE-
361 0 6anenmuocmsax oowektoB, SH N PH = ). Tlpu 3TOM 1Sl UCCIEA0BAHUS KaX0H SH-TUMOTE3bI
B 00IIeM ciydae HeOOXOJMMO CTOJIEKO M3MEPHUTENBHBIX MPOLEAYp, KaKOBa apHOCTh COOTBETCTBYIO-
[IETO CTPYKTYPHOTO OTHOIICHHS (Ha MPAaKTHKE OTPAaHMIUBAIOTCS OMHAPHBIMH OTHOIICHISIMH).

[IpomexxyrounsiM pesymbratoM OAJl sBIseTCS 00bekmHo-npusHakosas moodens [IpO, dpopmu-
pyemas cIeIyroIuM aJrOpUTMOM:

1) TOC - marpuna 4 = (a;)i=1,.rj=1,.,s NPeoOpasyerca B MaTpUIly UHUHUAEHTHOCTU «OOBEKTHI-

cBoiicTBa» B = (bj)i=1,. rj=1.. s
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1, ecmm a; # None,
Y |0 BIPOTHBOMONOKHOM CIydyae

2) BBLAEIAIOTCS KJIACCHI AMIIMPUYECKUX OOBEKTOB IIyTEM COXPAaHEHUS B B OIHOTO SK3eMIULsipa H3
Ka)KJJOr0 MHOKECTBA COBIAIAIONINX CTPOK;

3) HCKIIOYAIOTCS M3 PaCCMOTPEHHUs PH-TUIOTE3bI, OKa3aBIINECS MTOJHOCTHIO HECOCTOSATEIHHBIMU B
oOyugaromielf BRIOOpPKE SMIUPUIECKUX OOBEKTOB, T.€. U3 B yHasiOTCA BCE COOTBETCTBYIOIINE
3THM THIIOTE3aM HYJIEBbIE CTOJIOIIB;

4) HCKIIOYAIOTCS W3 paccMOTpeHHst SH-TUNOTE3BI, MOJHOCTHIO HECOCTOSTENBHBIE B 0Oydaromen
BBIOOPKE 3MIHMPHUYECKUX OOBEKTOB, T.€. M3 B yAansioTcs mapsl HyJIEBBIX CTOJIOIOB, COOTBETCT-
BYIOLIME KaXKJ101 TaKO! TUIIOTE3E;

5) mnpu oOHapyXeHUH B B HYJEBBIX CTPOK KOHCTaTHpyeTcs cymiectBoBaHue B I1pO kiacca Heoro-
3HaHHBIX OOBEKTOB M allOCTEPUOPH BBOAMTCS PH-TWIOTE3a O CyLIEeCTBOBAaHMM TaKOI'O Kllacca
00beKTOB. DTOMY OTBE4aeT Jo0aBieHne B B cTojOla, OMUCHIBAIONIEr0 MHIUJICHTHOCTD XapaK-
TEPUCTUYECKOT'0 CBOMCTBA BBEJCHHOW TMIOTE3bI, U I00aBJIEHHE CTPOKHU, OIMMCHIBAIOIICH Kilacc
HEOTO3HaHHBIX 00BEKTOB;

6) 1npu oOHapyXEeHUH B B TOIBKO OJHOTO HYJIEBOTO CTOJIOIA B TIape CTOJOIOB, COOTBETCTBYIOMINX
SH-rumoTese, KOHCTaTUPYETCs (B CHIIy «OIHOCTOPOHHETO» IOATBEPKACHUS SH-THUTIOTE3HI) Cy-
mectBoBanre B [IpO HEKOTOpPOro ocoOeHHOTO Kiacca OOBEKTOB, HE MPEACTABICHHOTO B AMIIH-
puueckoi BEIOOpKe. ITo uKcHpyeTcs 1o0aBIeHHEM B B HOBOH CTPOKH, OMHMCHIBAIONICH WHITH-
JICHTHOCTh BHOBb BBOJMIMOTO B PACCMOTPEHHE Kiacca OOBEKTOB N «SH-CBOWCTBA», HETIOATBEP-
JKIEHHOTO MICXOAHBIM SMIIMPHYECKUM MaTEPHAIIOM.

Ha ocHOBe 00BEKTHO-TIPU3HAKOBOW MOJENH CTpoHUTCs pewemxa nousmuii IIpO (cooTBeTcT-
BYIOLINE AITOPUTMBI IIUPOKO M3BECTHBI, CM., HanpuMep, [10]), KoTopasi, BO-IePBBIX, KOPPEKTUPYET-
Csl celMalbHBIM 00pa3oM JUIsl MOHATHH C BAJICHTHOCTSIMH, @ 3aTeM allTOPUTMHYECKH TOYHO Mpeod-
pasyercsi B HepapXH4eCKyl0 «pOJ-BUA» CTPYKTYpy noustuit [IpO, copepikaHue KOTOPBIX, OMUCHIBAET
HE TOJILKO «IIPOCTHIC» CBOMCTBA, HO M OTHOIICHHS MEXy 00beMaMu moHsATHH [5, 11].

2.2 OHTOJIOrHYecKHil AHAJIM3 JAHHBIX O IOBEPXHOCTX,
HCIO0J1b3yeMBIX NPH 6A3HPOBAHUM XETATH

CornacHo m310)keHHOMY B moamyHkTax 1.1 u 2.1 daxrudaecknii matepuan o [IpO mis oHTONO-

rudgeckoro aHamusa npenctaBut TOC, Tie B Ka4eCTBE 06beKmo8 BRICTYIAIOT:

(A) npucoonvie Ona basuposanus nosepXHocmu IETaNell U HEKOTOPBIE UOealbHble NOBEPXHOCHU,
BBOJIIMBIE /IS KOOPWHAIINH,

(B) omxnonenus ceomempuyeckoti popmvi TOBEPXHOCTEH, PUTOIHBIX IS Oa3UpPOBAHUS,

(C) omxnonenus e3aumnozo pacnonodicenus TIOBEPXHOCTEH, NPUTOJHBIX JUIs 0a3UpOBaHUs, -

a cocTaB cgoticme (M3MEPUTEITLHBIX MPOIEAYP) OMPEICIAIOT CICAYIOIINE XapaKTEPUCTUKU ITHX 00b-

€KTOB!

(a) mapaMeTpbl, KOTOPBIE YKa3bIBAIOT 2eoMempudeckutl 610 U pazmepvl noGepxHocmu, IPUTOAHON
Ui 6a3upOBaHus,

(b) mapameTpsI nosodceHUs nogepxHocmy B TPEXMEPHOM MIPOCTPAHCTBE,

(c) mapameTp, QUKCHPYIOIIHN 83aUMHOE PACHOLONCEHUE NOBEPXHOCIU U meaa Oemani,

(d) mapameTpsl, YKa3bIBAIOIINE 81O OMKIOHEHUS 2eOMemPUYECKOl (hopMbl NO8EPXHOCHIU,

(e) cBoiicTBa-BaJIEHTHOCTH, OTMEYAIOIIHE I O0BEKTOB «IIOBEPXHOCTH» M «OTKIOHEHHE T€OMETPH-
4yecKoi (opMbD» (haKT HAXOKACHHUS B OTHOLICHUH «UMeerm _OmKIOHeHUe _(popmbly,

(f) mapameTpsl, yCTaHABIMBAIOLINE BUJ OMKIOHEHUS B3AUMHO20 PACNON0JICeHUs TIOBEPXHOCTEH,

(g) cBoiicTBa-BaNEHTHOCTH, OTMEYAIOIIHE JUIsi 00BEKTOB «IIOBEPXHOCTH» M «OTKIOHEHHE reOMETpPH-
4eCcKOW (OpMBD» (haKT HAXOXKICHHS B OTHOLICHUH «UMeen_OMKIOHEHUE PACHONIONCEHUSLY,

(h) cBoiicTBa-BaNIEHTHOCTH, OTMEYAIOLINE JUII OOBEKTOB «OTKJIOHEHUE B3aHMHOTO PACIOJIOKEHHS)
U «IIOBEPXHOCTH» (DAKT HAXOK/ACHHS B OTHOLICHUH «ONpedensiemcs_OMHOCUMENbHOY .

Oo6uwmit Buj takoit TOC npuBesieH Ha pUCYHKE 4.
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OOBEKTHI

Pucynok 4 — @axTrdeckuii MaTepuai Uil OHTOJIOTHYECKOTO aHAIN3a TEOMETPHH OBEPXHOCTEH eTanei —
Tabymnna «0OBEKTEI-CBONCTBAY, I'lie «0OBEKTHI) — HCIIOIb3YeMbIe TP 0a3HPOBAaHUH IIOBEPXHOCTH U
OTKJIOHEHHMS X ()OPM M B3aHMHOTO PACHOJIOKEHUS y 71 IeTalleld, B3SATBIX JUIS HCCIIeJOBaHNS,

a «CBOICTBa» — FeOMETPUYECKUE XapaKTEPUCTHKH ITUX IOBEPXHOCTEH,

UTpaloIyie CYLIECTBEHHYIO POJIb IPH PEIICHNH 3a1a4n 0a3upoBaHHs

Bcest HeoOxoaumast nadopmanus s nmocrtpoenus paccmatpuBaemoir TOC MoskeT OBbITh U3BIIE-
YeHA U3 CMAHOAPMHBIX MAUWUHOCMPOUMENbHBIX Yepmedicell NETaleH, BKIFOUYCHHBIX B 00YyYaloIIyto
BEIOOPKY.

DT0 BakHEHTIIEeE I 1IeIel paboTH! MOI0KEHNE IPOMILTIOCTPUPYEM Ha IIPAMEPE OTHOW AETalH.

Ha pucynke 5 mpencraBiieH uepTex MapHUpa, a Ha pUCyHKE 6 - ero 3D-Monens, rie Bce mpu-
TOAHBIC JUTA 0Aa3MPOBAHUS TOBEPXHOCTH ITPOHYMEPOBAHBI.

TOC, xoTopasi COIEP>KUT BCIO B3ATYIO M3 UepTeka (CM. pUCYHOK 5) MHTepecylomyio Hac (ak-
THUYECKYI0 MH(OPMAIMIO O TeOMETPUH MOBEPXHOCTEH IapHUpa, IpencTaBieHa tadiuuei 1 (TpaHc-
norupoBanre TOC BBITIOTHEHO I yI00CTBA MyOJINKAIIUH).

B pesynbrate o6pabotrku merogom OAJl mogoOHBIX NMEPBUYHBIX JaHHBIX, COOPaHHBIX IS
npeocmasumenvHoll  6b100pKY  demainell  MAcCO8020 MAUUHOCMPOeHUs, TOIYyYUM 00beKmHOo-
NPUSHAKOBYI0 MOOelb TEOMETPUH TIPUTOIHBIX ISl 0a3MpOBaHMS MOBEPXHOCTEW (PHCYHOK 7), U3 KO-
TOPOH aNrOPUTMUYECKH TOYHO BBIBOANUTCS UCKOMasi OHTOJIOTHsI aHaIu3upyemoii [1pO.

[TpoBeneHHOE MccaeOBaHKE MOKA3AJI0 TIOJIHOE COBIIAICHUE OHTOJIOTHH, MOJIYIEHHON METO0M
OAJI, c oHTONMOTHYECKOH crienn(UKAINEH, TIPEICTABUBIIEH OIBIT KCIIEPTOB (CM. PHUCYHOK 1).
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Pucynok 5 — Ueprex mapHupa Pucynok 6 — 3D-mozens mapaupa;

MIPOHYMEPOBAHbI TOBEPXHOCTH,
MIPUTOHBIE T Oa3UPOBaHUS

Tabmuua | — TlepBuyHbIE JaHHBIE O TEOMETPUH TIOBEPXHOCTEH IapHUPA, aKTYaIBHBIX B 33/1a4e 0a3MpOBaHUs
(TpaHCcIOHMpPOBaHHAsA TabIUIA «OOBEKTHI-CBOWCTBAY)

. Obpetel | 1 | 2 | 3 | 4|5 |6 |7 |8 |9 A0 1|0

Ipsimoyronsrrk_Beicota (TTpB) 40 | 40 | 40 | 40 40

ITpsimoyroneHuk Iupuna (ITpIl) 28 | 40 | 28 | 40 40

Konbno Hapyxnsrii_Jluamerp
(KoH/T)

Konbo BuyTtpennuii /Iuamerp
(KoBJT)

Kpyr Huamerp (Kpl) 20 20

Iwmnap Jlnamerp (1JT) 20 20 | 17

Humuaap Jmuna (I11n) 9 9 28

Konyc Juamerp (K1)

Konyc Jlmmna (K1)

Konyc Yroa (KY)

Coepa Jlnamerp (CJT)

Touka Ilpussskul (TII1) 0 0 0 0

Touka_ITpussskn2 (TI12) 0 |-14]1 0 14 1410

oo

o|o(S
(=)
(=]

Touka Ilpusssku3 (TII3) 29 [ 29 | 29 | 29

OmnopHasg Ocb (0O0) Ox | Oy | Oy | Ox | Oz | Oz | Oz | Oz | Oy | Oy

Bsaumononoxenue 1 1 1 1 0 1 1 1 0 0
«IToBepxHocTh-Tenox» (BIIIIT)

Hexpyrnocts (HeKp) .02 | .02

Heummuunpuunocts (Helln)

HennockoctHocTh (Hell)

Henpsamonuneiitnocts (Hellp)

HMeeT OTKJIOHEHHE (HOpMBI 1 1

~VIMEET OTKJIOHEHHE (hOpPMBI 1 1

Henepnenaukynspaocts (Hellepm) .01

Hemnapamnensaocts (Hellapar) 5

Hecoocnocts ITapamerp (HeCooch)

Hecummerpranocts (HeCrumm)

MMEET OTKJIOHEHHE PAaCIOJIOKEHHs 1 1

~UMEET_OTKJIOHEHUE PaCIIOI0KEHUS 1 1

OINPENENAETCS]_OTHOCUTEIBHO 1 1

~ONPEACIACTCA OTHOCUTEIILHO 2
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npB

Mplut

KeHO

KoB

Knﬂ.|LLﬂ.|U.U.n

Kan
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HeKp

Helln

Heln

Help

COEPA
KOHYC

WATARDP

KPYT

[GI)
MPAMOYTONEHIK
COEPA ©

KOHYC_o
WANAHOP_®

)

KONbLO_o
MPAMOYTONEHIAR_O
COEPA_N

KOHYC_N
WANAHOP N

KPYT_N

KOMBLO_N
MPANMOYTONEHIAR_T
COEPA_ON

KOHYC_an
WANAHOP_ N
KPYT_on

KONBLO_en
NPAMOYTONEHAR_an
HERPYTNIOCTE
HELWANAHOPMYHOCTE
HENNOCKOCTHOCTD
HEMPAMONAREHOCTE
HEMEPNEHANKYIAPHOCTE
HEMAPATNENEHOCTE
HECODCHOCTE
HECMMMETIAYHOCTE

Doubie | Doudle Docdie

Doutie | Docty

die) Docdie | Doctée

~UMEET_OT

.booMel

HelNepn

HeMapann

HeCoocx

HeCumm

COEPA
KOHYC

WANAHOP

KPYT

(I
MPAMOYTONEHAK
COEPA ©

KOHYC_o
WANAHOP_®

KPYT_@

KOMbLO_o
MPAMOYTONEHARK_®
COEPA_N

KOHYC_N
WANAHOP N

KPYT_N

KOMbBLOo_N
MPAMOYTONEHAK_N
COEPA_ON

KOHYC_an
WANAHOP_@N
KPYT_an

KONbBL0_on
NPAMOYTONEHAK_n
HEKPYTNIOCTE
HELWNAHOPA4HOCTE
HENNOCKOCTHOCTE
HEMPAMONAHEAHOCTE
HEMEPMEHAVKYIAPROCTE
HEMAPATNENEHOCTE
HECODCHOCTb
HECWMMMETIAYHOCTE

Joudie

Dot

Deutie

Doubie

6) TIPOAOJDKEHUE COOTBETCTBUSA <<OGLCKTLI-CBOﬁCTBa)), 3a1aBacMoro O6’LeKTHO-HpH3HaKOBOﬁ MOJICTIBYO

Pucynox 7 — O6beKkTHO-IPHU3HAKOBAsI MOAENb T€OMETPHH TIOBEPXHOCTEH,
HCHOJIb3YEeMbIX IPH 0a3MPOBAHUHM JIETaIN

93



3akioueHue

B craTthe moka3aHO NMpUMEHEHHE METO/a OHTOJIOTMYECKOTO aHajH3a JaHHBIX JJIs aBTOMaTHie-
CKOTO BBIBOJIa OHTOJIOTHH MpeaMeTHON obmactr. [TomuroHom Iiist SKCIepUMeHTa MTOCTYXKIIa 3ajada
0a3mpoBaHUs NeTajdd B MalIMHOCTpOeHWH. KOHIeTTyaapHOE ONMHCaHWe OTHOTO M3 acleKTOB Mpe-
METHOI oOmacTH 3amada 0a3sMpOBAHUS NIETATHN paHee OBUIO MOTYYCHO SKCIEPTHBIM ITyTEM, U, CIEI0-
BaTEeNFHO, UMEJICS PUCK HEAICKBATHOCTH IOCTPOCHHON Mopaenn. OOBEeKTHBAIUSA KOHIICTITYaJIbHOTO
MOJICJIMPOBAHMS TPEIMETHON OOJIACTH Ha OCHOBE OHTOJIOTMYECKOTO aHAJIM3a TOoKa3aja HE TOJIbKO
Pe3yNBTaTUBHOCTh COOTBETCTBYIOIIETO METOA, HO U JJOCTOBEPHOCTh KCIIEPTHOTO MOJIEIMPOBAHUS.
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METOJOJIOI'Us 1 TEXHOJIOT'MH ®OPMUPOBAHUS N1 KTACCUOPUKALINN
3HAHUM O TEATEJILHOCTHA HAYYHBIX KOJUVIEKTUBOB
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II/IHCTI/ITyT npo6JeM ynpaBieHHs CIOKHBIME ciucteMamMu PAH
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ten: +7 (846) 278-43-16

Kntouesvie cnosa: MHocOKpumepuanbHas OyeHKa IPGeKmusHocmu HAYYHOU OesmenbHOCH,
kaaccuguxayus snanuil, Data Envelopment Analysis, Balanced Scorecard

Abstract

The problems of structuring and classification of knowledge about scientific researches' mat-
ter and significance are considered. The approaches for integrated estimation of system effi-
ciency of scientific activity are suggested.

BBenenue

[TpoGnema uccnenoBanust 3G GEKTUBHOCTH U pe3yIbTaTUBHOCTH HAYYHBIX UCCIIEOBAHUMN SIBIISI-
eTCsl aKTyaJIbHOM, M €€ 3HAYMMOCTh TIOCTOSIHHO BO3PAacTaeT B COBPEMEHHBIX YCJIOBUSIX BBHIY HE0O-
XOANMOCTH IIepexo/ja 0OIIecTBa Ha MHHOBAIIMOHHBIN MyTh Pa3BUTHUS, KOTOPBIH MOXET ObITH obecrie-
YEH U JJOCTUTHYT TOJIbKO Ha OCHOBE MapaJurMbl, OCHOBAHHOW Ha 3HAHUSX.

1 MeronoJorust Kiaccu(pUKALUM 3HAHMI 0 CPABHUTEJLHOU 3¢ (PeKTUBHOCTH

CymectByer 00IBIIOE YHCIO PadOT, MOCBAMICHHBIX IpobieMe KiaccHu()UKAIUN 3HAHUHA CpaB-
HHUTEIBbHON 3()(EKTHBHOCTH, B KOTOPBIX NPEJIOKEHBl M pPeajn30BaHbl Pa3HOOOpa3HBIE CIIOCOOBI
(opMmanuzayy NpoOIeMbl, METOIBI e€ PEIleHUs 1 HHTepIpeTaliy pe3yapratoB. OHako obmenpu-
HSTBIX ITOJIXOJIOB B HACTOSIII[EE BPEMS HET.

[Tpu pewennn npobiaeMsl GopMHUPOBaHUS M KiacCUPHUKAIMKM CUCTEMbl 3HAHUH W TpeJlCTaBiIe-
HHUH O 3HAYMMOCTH HAY4HBIX PE3YJIbTATOB OCHOBHBIMH SIBJISIOTCS 33Ja4M ONpEAEICHHs COCTaBa va-
CTHBIX TIOKa3aTelieil KauecTBa U CBEPTHIBAHUS UX B 000OLIEHHBIN T7I00a1bHBIN KpUTepHid 2P deKTHB-
HocTH. Ha OCHOBE CHCTEMHOI0 1MOJX0/1a OLEHWBAHMS TEKYLIUX M CTPATErnYeCKHX aclleKTOB B COOT-
BETCTBUM C LIMPOKO PacrpoCTpaHeHHOW meroponoruit Balanced Scorecard (BSC) [1] ompenenum
TPH KJIacca ITOKa3aTeleil, XxapaKTepu3yIOIIX, COOTBETCTBEHHO, BKIA ()aKTOPOB HEPCHEKTHB pa3BH-
THS, TEKYILEH pe3yJIbTATHBHOCTH ACATEIFHOCTH U SKOHOMUYECKOH 3 (HEKTUBHOCTH Pe3yIIbTAaTOB.

Kaxprit 010K ompenennM Janee CIeIyIOMUMH YacTHBIME ITOKa3aTesIMH: HEPCIEKTUBHOCTD
pa3BUTHS B OyIyIIeM — KOJMYECTBOM 3allUT AUCCEPTALMi, YUCIOM PYKOBOJICTB 3aIlUTAMH AUCCEP-
TalWid, YHCIOM IHMCCEPTALMOHHBIX COBETOB, YYACTHHKAMH KOTOPBIX SBJIAIOTCSA WICHBl HAYYHOTO
KOJUIEKTHBa ¥ KOJIMYECTBOM MPOBEACHHBIX HAYYHBIX MEPOTIPHSTHH.

Pe3ynbpTaTHBHOCTD AEATEIHLHOCTH ONpPENEINM IOKa3aTesIMU: YHCIOM HAayYHBIX ITyOJIHKAaIUi,
KOJIMYECTBOM OOBEKTOB MHTEJUIEKTYaJbHOW COOCTBEHHOCTH (YHMCIIOM IaTEHTOB M 3asBOK Ha IIPaBO
perucTpanyiy MHTEJUIEKTyalbHOH COOCTBEHHOCTH), KOJIMUYECTBOM Harpaj 3a MOJyYeHHBIE pe3ylbTa-
TBI, YMCJIOM BHEITHUX OPTaHU3ALMOHHBIX CBS3€H C IPYrUMH HAyYHBIMU KOJUIEKTHBAMH.
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OKOHOMHNYECKYI0 3((PEeKTHBHOCTh OXapakTepu3yeM IOKa3aTeNsIMH: OOBEMOM BBIIIOJIHEHHBIX
HAayYHO-HMCCIICIOBATEIILCKUX PAabOT, YHCIOM HCCIECJOBaHWN, TPOBOJMMBIX B paMKax HaydHO-
TEXHHYECKUX MPOTpaMM, KOJIMIECTBOM M0OE]] B KOHKYpCax IPaHTOB Ha HAyYHBIE HCCIICIOBAHMSL.

Takum oOpa3om, copmupoBaH coctaB |1 dacTHBIX TOKazaTeneil (JOKaIbHBIX KpUTEpHEB) 3¢-
(heKTUBHOCTH, B COBOKYITHOCTH XapaKTepU3YIOIINX OOOOIIEHHYI0 HHTETpadbHYIO 3()()EeKTHBHOCTH
Hay4YHBIX HcciaenoBaHuil. IIpu 3ToM mokasaTenH, CTPyKTypHUPOBaHBI B BUE OJOYHOH CTPYKTYPHI M3
JIBYX OJIOKOB C YETHIPbMS M OJHOTO C TPeMs MOKa3aTeJIsMH, OTBEYAroleld COOTBETCTBYIOLIUM YK-
pynHeHHbIM KilaccaM 3ddektuBHocTu. [locTaBum nanee 3a1a4y KOHCTPYHPOBAHHUS Ha OCHOBE OIIpe-
JiesieHHbIX 11 pa3HOPOJHBIX YaCTHBIX IT0Ka3aTeneil 0000IEeHHBIX OLIeHOK 3(deKTHBHOCTH.

BoJIBIIMHCTBO METO/I0B CBEPTHIBAHUS JIOKAJIBbHBIX KPUTEPUEB B TJI00ATBHBIA OCHOBAHBI Ha JKC-
MEPTHBIX CYXJIEHHUSAX Pa3HOI'0 COpTa O paHrax YacTHBIX IoKazareneil. Takue skcrepTHbIe 3HAYECHUS
BECOB M COOTBETCTBEHHO, PE3YJIbTATOB OLIEHWBAHMS COJEPXKAT 3HAYMTEIbHBIH 3JIeMEHT CyObEeKTH-
BHU3Ma. B mocnemHue necsatmieTus B OOJbBIIEH CTEIICHH B MUPOBOM JHTepatype [2-5], a Takke B poc-
cuiickux paborax [6],[7] mmpokoe pacmpocTpaHeHHE UII MHOTOKPUTEPHAIFHOTO OICHUBAHUS
00001IeHHON CpaBHUTENHFHON 3()()EeKTHUBHOCTH MHOTOMEPHBIX CIIOXKHBIX OOBEKTOB ITOJIyYHIIa METO-
nmonorus Data Envelopment Analysis (DEA). B Helt cyObeKTHBHBIE SKCIIEPTHBIC OIEHKHA PAaHTOB,
CBEPTHIBAEMBIX PA3HOPOAHBIX KPUTEPUEB HE UCTIONIB3YIOTCSL.

Metox DEA MoxHO paccMaTprBaTh Kak 0000IIeHre Ha MHOTOMEPHBIN CITydall MOJIENN «BXOJI-
BBIXO/I», KaK PaHXMPOBaHUE MOJENHN «3aTPaThI-BHITYCK» JIeOHTheBa, KaK KOHCTPYKTHBHYIO peau-
3al[MI0 OTHICKAHWS OTHOIICHWH ITOMHUHHMPOBAaHUS MeXAy oObekramu u (opmupoBaHueMm [lapero-
ontTUManbHbIX MHOXXecTB. CymmHocTh Metona DEA 3akirouaercst B ToM, 4To 000O0IIEHHBIH CpaBHU-
TEJIbHBIA ToKa3arenb 3()(YEKTUBHOCTH /1-20 aHAIU3UPYEMOTr0 00BEKTa U3 MHOXKecTBa N — 0OBEKTOB,
(dhopmynupyetcs Kak (QyHKIMOHAJ, MAaKCUMU3UPYIOLIMH OTHOLICHUE B3BEIICHHOW CYMMBI YacTHBIX
nokazaTesnel 3 GeKTHUBHOCTH K B3BELIEHHOI CyMMe 3aTpaT pecypcoB Ha MOJydeHue pesynbrara. Ha
CTaZ1 KOHCTPYHPOBaHUs (YHKIIOHATA BECa YACTHBIX (h)aKTOPOB CUUTAIOTCS HEM3BECTHBIMH, & OHH
Jlajiee OTHICKUBAIOTCS M3 YCIOBHS, YTO 0000IIEeHHBIEe ToKa3aTen 3¢ dekTuBHOCTH 171 BceX N 00bek-
TOB JTOJDKHBI OBITH HOPMUPOBAHBI Ha KOHEYHOM mHTepBae [0, 1].

Maremarnueckass IIOCTAaHOBKA 3aJadll CBEPTHIBAHUS YAaCTHBIX IIOKa3aTeled B 00OOIIEHHBIH
Kputepuii 3pPEeKTUBHOCTH AJIS 7-20 00BEKTa (OPMYIHPYETCS CIESITYIOINM 00pa3oM:
rJ00aNbHBINH KpUTEpHH 29 HEKTUBHOCTH

(1) f = max uln'Yln+u2n'Y2n+u3n'Y3n+"'+ukn'Ykn
n
UiV €G VY, Xln TV, in +Vvs3, 'X3n tTeetV,, X

mn

CHCTEMa OIPaHUYEHHUH, OIpeIeAIomuX 00nacTh 3Ha4eHUH G BECOBLIX KOI(QDUIUEHTOB U;, U V!

uy Yyt Yoty Yy ety Yy
— 4
TR SRR CTED: CTR A ZTED. CTR L VD, ¢
Uy gty Yoy tttyy Yoy teety Yy
— 4
Vig - Xip vy - Xop +v35 - Xy +eetv,n - X5
(2)
uln'Yln+u2n'Y2n+u3n'Y3n+"'+ukn'Ykn <1
— 1
vln'X1n+v2n'X2n+v3n'X3n+'"+vmn'an
u, 203v,, 20,

i={1,2. kY =1{1,20md;n=11,2..N}.
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B (1), (2) Y}, Y5, ... Y} — i-bie vacTHBIe TTOKa3aTend 3GPeKTHBHOCTH, X;, X, X,, — 3aTpaTsl pe-
CYPCOB j-20 COPTA, Uy U V,, — BECOBBIE KOA((PHUIIMEHTH COOTBETCTBYIONINX YaCTHBIX MOKa3aTenen 3¢-
(heKTUBHOCTH 1 3aTpaT PeCypcoB, MPHHAMICKAIINE 00acTh 3Ha4eHnH G.

IMocranoBka (1), (2) sBmseTcs 3amadell HETMHEHHOTO MAaTEMaTHYECKOTO HMPOTPaMMHUPOBAHHUS.
CoBOKyImHOCTH MmocTaHoOBOK (1), (2) mma n =1, 2 ... N onpenenser N 3aad MaTeMaTHIecKOTo IIpo-
TPaMMHUPOBAHUS, PEIICHUSIMHU KOTOPHIX SBIIAIOTCSA 0000IICHHBIE TTOKa3aTer () (HEeKTUBHOCTH f, aHa-
JTU3UPYEeMbIX N 00BEKTOB M COOTBETCTBYIOIIUE UM BECOBBIC KOI(D(UIIUCHTHI 1), U V,, BKIAJ0B KaXI0-
ro U3 YaCTHBIX MTOKa3aTesel U pecypcoB.

MerojaM penieHust 3ajad HEJMHEHHOro MaTeMaTnieckoro nporpammuposanus tuna (1), (2)
MOCBSIICHO JOCTATOYHO 0OJIbIIOe KOJHuecTBO padot [8], [9], B KOTOPHIX BhIABJICHA crieluduka mo-
ctanoBok (1), (2), uccienoBana HEEAMHCTBCHHOCTh PEIICHHA, KAK OTHOCHUTEILHO 3HaYCHUU (DyHK-
I[UOHAJIOB f,,, TAK U BECOB Uy, V,,, & TAKIKE pa3paboTaHbl KOHCTPYKTHBHBIC CLIOCOOBI PEIICHHUI.

2 Texnoaorun ¢popMupoBaHus 0000EHHBIX OLIeHOK I(PPeKTUBHOCTH AeATETHHOCTH HA-
YYHBIX KOJLUIEKTHBOB

[Tpumennm Mmetonosioruto DEA mns nonydeHuss 00OOIIEHHBIX OLEHOK >()(EeKTUBHOCTH Hesi-
TEJIBHOCTH HAYYHBIX KOJUICKTHBOB. B KkauecTBe JIOKaNbHBIX IMOKasaresieid Y, Bo3pMeM 11 panee
c(OpMYIHPOBAHHEIX YaCTHBIX KpUTepueB 3()GEKTUBHOCTH HAay4YHBIX HccienoBaHHH. OCHOBHBIMH
pecypcamy, HEOOXOIUMBIMHE Ul IPOBEJICHUSI HAYYHBIX paboT, SBISIOTCS TPYAOBLIE, (PMHAHCOBBIC
KanuTtajibHble. BynemM cuMTaTh, YTO 3aTpaThl TPYIOBBIX PECYpPCOB XapaKTEPHU3YIOTCS YHCIOM Hayd-
HBIX pabOTHHKOB KoJulekTHBa. [lookum nanee, 4To (PMHAHCOBBIE M KalUTaJIbHBIE 3aTPaThl MPOIOP-
[IMOHAJIbHBI YHUCIIy HAay4YHBIX COTPYIHHMKOB, M TaKHM JX€, €CTECTBEHHO, OyJIyT CyMMapHbIE 3aTpaThl
pecypcos.

Torna nocranoBka (1), (2) nust orbickanust 0000MEeHHOTO KpuTepust 3G (HEKTHBHOCTH HAYYHOTO
UCCIICIOBAHUS IPUMET B

GyHKIHOHAT 3)HEKTUBHOCTH JUISl 71-20 HAYYHOTO KOJUIEKTHBA

(3) fn = mgg(ulnyln + UrpVon ot uknykn) s

ll”
cUcTeMa OrpaHUYEHHH, ONPEEISIONMX 001acTh 3HaueHHH G BECOBBIX KOI((DHUIINEHTOB ;!
Uy - Yy Fugy Yoy sy Yy ety v <1

Uy Yip gy - Yoy Fzy - Vg et llyy - Vip <1,

4)

Uy Yip Tlp YVop T Uz, V3t Uy, Vi <l

Uiy

>0,

i={,2..k}sn={,2..N}.

B (3), (4) Y4, — yOenpHBIE, OTHOCHTEIFHO YHCICHHOCTH HAYYHBIX pPaOOTHHKOB, YaCTHBIE TTOKa3a-
tenu 3(pPeKTHBHOCTH HAaydHBIX KOJUIEKTHBOB 7 = 1, 2 ... N. IloctanoBka (3), (4) sBisercs 3amadeit
JIMHEHHOTO MPOTrPaMMUPOBAHHUSI, KOTOPAasi CYIIECTBEHHO 0oJjiee MpOCTast, 4YeM HellnHewHas 3aaqa (1),
2).

Pemum chopMynrpoBaHHYyO 3aady JUIs MOJTy4eHHsT 00OOLIEHHBIX TJI00aNbHBIX OLEHOK 3¢-
(exTHBHOCTH AesTeabHOCTH 40 KOHKPETHBIX Hay4YHbIX KOJUIEKTHBOB. McxonHble nanHbie 1o 11 ya-
CTHBIM IMOKa3aTessiM 3()(HEKTUBHOCTH U 1O KOJUYECTBY COTPYIHUKOB B HUX MPUBEICHBI B TabuIe 1.
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Taﬁnnua 1- I/ICXO,I[HI)IG JIAHHBIC 110 JIOKAJIbHBIM ITOKa3aTCJIsAIM S(i)(beKTI/IBHOCTI/I Hay4YHbIX KOJUICKTUBOB

o = ) ; = L2l o8 P~

Howmep ] S =) S g EE = & g @ el 28| Fyw g

HK = = | E|2E| 2§ E T |58 E |3z Esg|e”| <

= || |E%| 55| ;2 SE| 2|2 25|28 | E

= | = g |& |3 “E S |2E[Ee|F | °

1 2 3 5 6 7 8 9 10 11 12 13 14

Y L Y| Y, | Y| ¥ Y, Ys| Yo Y| Yi | Xpp S
1 127 8/ 28 40 36 2| 3392 12 35 1 13 5 1
2 491.81| 16| 14 36| 213 2 3.89 3 10 8 12 7 1
3 209.48 3 5 33 57 1 6.82 2 7 0 8.5 5/ 0,6555
4 89 1 12 35 55 1 0.3 0 0 0 0 6/ 0,3869
5 172.5 0 1| 25.5| 48 4 0 7 0 0 6.5| 11| 0,4754
6 239.42| 28 5| 96.5 33 0] 201.2 5 68| 10 27 8 1
7 168 10| 62 31 68 4| 69.11 5 43| 16 4 9 1
8 85 6 7 55| 26 3| 22.84 4 24 5 7.5 5/ 0,7456
9 178.62 2 1 4.5 14 3 6.99 3 0 0 11 11| 0,3968
10 188.15 4 7] 145 42 1 3.3 2 3 2| 11.5] 13| 0,2502
11 501.68 0| 15| 20.5| 157 2| 38.74| 17 29| 24| 13.5| 10| 0,8626
12 98| 11 3 0.5 26 1 8.78 1 0 0 0 4| 0,4424
13 226.75 0] 24| 110[ 113 2 42.43| 16 40| 22| 22.5 6 1
14 282.57| 63 9 25| 45 1 11.58 2 6 1 8.5 5 1
15 277.24) 12| 12 43 96 5/ 62.03] 11 34| 48 25 9 1
16 148.15 9 6 25| 45 5| 175.99 7 4 2 11 6 1
17 270.81 0o 13 41| 130 1 8.69] 10 3| 11] 215 5 1
18 774.95 0| 35| 145 58 2 0.15] 22 0 6 1 7 1
19 61| 15| 24| 59.5| 43 0 12.62 1 0 0 3 7| 0,6828
20 453.27] 10/ 16| 51.5| 110 2 8.21| 26 o] 19 22 7 1
21 316.74| 33| 15| 36.5 53 5| 242.62 5/ 115 4 9 6 1
22 103 6 5/ 19.5 40 1 4.65 1 4 1] 18.5 6| 0,7167
23 209.91 1 1 5 17 1 5.57 9 1 9 8| 18] 0,1748
24 175.9 2 3 21 8 2| 26.18 3 1 0 9.5 5/ 0,6908
25 423.47 0| 64 81 90 5 0.22] 11 1 2 18 9 1
26 389.15 2 4 17 30 0 1.41] 16 3 1 8 5/ 0,9432
27 2259 18 2 5 16 6 47.72 9 33| 12 7.5 10| 0,7847
28 184 12| 12| 15.5| 136 2 12.6 2 12 2| 21.5 5 1
29 97 23| 10| 11.5 71 0| 31.56 1 15| 10 0| 10| 0,4364
30 440.03 4 8 24| 20 1 15.39] 11 0 1 275 8| 0,9176
31 150.56| 23| 48 15| 41 1 0.75 0 0 4 0 5 1
32 329.64| 17| 22 24 32 2 16.5 8 11 12 18] 10| 0,6211
33 469.39 0| 56 6| 110 2 1.71 3 4 3 5.5 7 1
34 160 1 2| 445] 42 2 6.5 1 12 1 15 8| 0,5381
35 123.7 6 7 7.5 10 3 3.44 6 6 0 13 5/ 0,9399
36 197.25 8 3 20 36 2| 33.75 9 7 0| 34.5 8 1
37 198.11| 38 6] 37.5| 160 0 3.48 0 4 1 8 5 1
38 162 6 1 8.5 27 2 16.11 1 12 0 0| 11| 0,2450
39 42 3 2 2.5 19 1 14.01 1 6 1 6 5/ 0,3581
40 136.49| 11 2 0 31 1 51.43 2 1 2 6 7| 0,3518

C 3TUMHM YUCIICHHBIME 3HaUCHUsIMH pereHbl 40 3a1au JiMHeHoro nporpammupoBanus (3), (4),
U B Ka4eCTBE METOJIa PELICHHs HCII0JIb30BaH CHMIUIEKC-MeTOA. Pe3ysbraThl pemenus 1 0000ieH-
HBIX KpUTepHeB f,, n=1,2 ... N Taxxe rnpejcraBieHbl B Tabnuue 1 1 Ha JuarpaMme pucyHka 1.
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Pucynok 1 — Pe3ynbratsl DEA-o1ieHKY Hay4YHBIX KOJUICKTUBOB

[TpoBeneM aHamM3 MOJXYYEHHBIX 3HAYEHUI 00OOLIEHHBIX INI00ANBHBIX KpUTepueB 3(h(EeKTHBHO-
CTH HAaYYHBIX KOJJICKTHBOB f,, n=1,2 ... N . Pe3ynpTaTsl pacueToB MOKA3bIBAIOT, YTO 18 HAyUHBIX
KOJUIEKTHBOB U3 40 MOJYYHIIN BBICIINE OJWMHAKOBBIE 000OIIEHHBIE OIEHKH YPPEKTHBHOCTH C f,=1.
OTH KOJUIEKTUBBI 00pa3yioT 3¢ dekTnBHOE MHOKECTBO 00BEKTOB, ONTUMAaILHBIX 1o [Tapero. O600-
mieHHas 3(QQEKTHBHOCTH OCTAJIBHBIX 22 HAy4YHBIX KOJUIEKTHBOB JIeKHT B auamazoHe (0,18+0,94).
Takum oOpazom, chopMyIHpOBaHHAs 3a/ada 0OOOMICHHOTO OIEHWBAHUS MO3BOJMIIA BBIACTHUTH BA
KJlacca HayYHBIX KOJUIEKTHBOB — |8 HeymydmaempIX, oNTHMaNbHEIX 1o [lapeTo, u 22 meHee ¢ dek-
TUBHBIX C PA3JIMYHON CTEIIEHBIO OTIMYHS OT HHUX.

OTH OLEHKH HE OTBEYAIOT JOCTaTOYHO NH((epeHINpOBaHHBIM 3HaHMSAM 00 3ddexkTHBHOCTH
JIeATEeNIbHOCTH aHAIM3UPYEMbIX HAay4YHbBIX KOJJIEKTUBOB. OIBIT IPUMEHEHHs] METOJIa MHOTOKPHTEPH-
anpHOro oueHnBanuss DEA mokasbiBaeT, 4To JUIsi HOJyYeHHs JeTalbHBIX JuddepeHInpoBaHHbIX
0000IIEHHBIX OLEHOK d(PPEKTUBHOCTH YUCIIO aHAIM3UPYEMBIX OOBEKTOB JIOJDKHO OBITh JJOCTATOYHO
OOJBIINM IT0 OTHOIIICHHIO K YHCIY YYUTHIBaeMbIX YaCTHBIX Noka3zartenei [10, 11].

C ydeToM 3TOTO (haKTOpa AJs MoiydeHus Oosee MU QepeHIMPOBaHHBIX OIEHOK (P (PEKTUBHO-
CTH TIOJy4nMM OOOOIIEHHBIE OLEHKM IUIS TpeX IPYIII HOKa3aTelel — «IEepPCIeKTHBHOTO Pa3BUTHAN,
«pE3yNbTaTUBHOCTHY» U «(PHHAHCOBBIX XAPAKTEPUCTUK» — C MEHBIINM YHCIOM YacTHBIX ITOKa3arte-
nei, chopMyITUPOBaHHbIX paHee.

B tabnwme 2 mpuBeneHb pe3ynbTaThl pemernid 120 3amad THHEHHOTO MaTeMaTHIeCKOTO IIPo-
rpaMMHUPOBaHUsI 1J1s1 000OIEHHBIX KPUTEPUEB d(PPEKTUBHOCTH 110 3THM TPEM Tpymiam (HakTopoB.

Tabmuma 2 — Pesynsratel DEA-onenku mo tpém rpynmam ¢aktopos 3¢ dekTuBHOCTH

DEA DEA DEA
Homep OLICHKA JJIS TPYIIIIbL OLICHKA JJIsl TPYIIIIbL OLICHKA JJIS TPYIIIIbL
HK NEPCIEKTUBHOIO pas- Pe3yAbTaTUBHOCTU (hMHAHCOBBIX XapakKTe-
BUTHS PHUCTUK
1 2 3 4
1 0.8842 0.7968 0,3652
2 1 0.8398 0,2433
3 0.4715 0.6121 0,0730
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DEA DEA DEA
Howmep OLICHKA JJISI TPYIIIIBI OLIEHKA IS TPYIIIBI OLICHKA JJISI TPYIIIIBI
HK MEPCIIEKTHBHOTO Pa3- Pe3yNbTaTHBHOCTH (hMHAHCOBBIX XapaKTe-
BUTHS PHCTHK

1 2 3 4

4 0.3676 0.3878 0,0012
5 0.4749 0.2173 0
6 0.7827 0.8599 0,7547
7 0.6078 0.7617 0,4980
8 0.7474 0.6692 0,3790
9 0.3881 0.1555 0,0157
10 0.2074 0.1706 0,0345
11 0.7159 0.4947 0,5062
12 0.3872 0.3281 0,0543
13 1 1 0,8778
14 0.4424 1 0,0870
15 0.9344 0.4715 1
16 1 0.4022 0,7254
17 1 0.7578 0,4125
18 0.8867 1 0,1607
19 0.2054 0.6828 0,0446
20 1 0.8533 0,5089
21 1 0.8169 1
22 0.7165 0.2917 0,0569
23 0.1506 0.1053 0,0938
24 0.6404 0.4609 0,1295
25 0.8285 1 0,0417
26 0.8615 0.7865 0,0589
27 0.7319 0.2740 0,3397
28 1 0.5283 0,1741
29 0.2313 0.2362 0,2287
30 0.7987 0.5841 0,0624
31 0.3777 1 0,1500
32 0.4820 0.4502 0,2250
33 0.6452 1 0,0929
34 0.5015 0.3779 0,0895
35 0.9399 0.3112 0,0626
36 1 0.3261 0,1043
37 1 0.8478 0,0683
38 0.2301 0.1664 0,0569
39 0.3556 0.1072 0,0937
40 0.2607 0.2372 0,2079
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AHaJu3 JaHHBIX NOKa3bIBAET, YTO IO OJIOKY YACTHBIX KPUTECPHUEB - HEPCHECKTHB Pa3BUTHS - B
[Tapeto - onTHMaJIbHOE MHOXKECTBO C f,=1 BXOIMT 9 Hay4HBIX KOJUICKTHBOB, U 3Ha4YeHHs 000O0IICH-
HBIX TTOKa3aTesielt 23 PeKTHBHOCTH AJIs APYTUX HAYIHBIX MPOEKTOB Jexkar B nuamna3one 0,15 go 0,94.
ITo GnoKy pe3yJIbTaTHBHOCTH BbLAeNsieTCS d((GEKTHBHOE MHOXKECTBO M3 6 HayYHBIX KOJUICKTHBOB,
3Ha4YeHUs OOOOLICHHBIX OLIEHOK IS JPYTHX HayYHBIX MCCICHOBAHMH HAaXOIATCS B [HAla30HEe




0,11-0,85. nst 610oka ¢punancoB [lapeTo-MHOXKECTBO COCTOUT U3 2 3PPEKTHBHBIX KOJJICKTHBOB, U
0000IIeHHBIE OIEHKH TS APYTUX TMpoekToB mMerstorcs ot 0,0012 mo 0,88.

TakuMm 0Opazom, mocTpoeHne 0000IMIEHHBIX KpuTepreB 3(Pp(HEKTHBHOCTH IO BBIJICIICHHBIM TPEM
0a30BBIM CHEKTpaM JESITEIBHOCTH IT03BOJIMIO CyIecTBeHHO AuddepeHmpoBars 3HaHuA 00 3 dek-
TUBHOCTH HAyYHBIX MCCIIEIOBAaHUH M BBIIEIUTH OOJbIIEEe KOJMUYECTBO KIIACCOB HAYYHBIX KOJIEKTHU-
BOB C Pa3JINYHBIMH OLICHKAMH Pa3HbIX ACIIEKTOB HAYYHOH JIESATENbHOCTH.

[TosyueHHas: COBOKYIHOCTh 00OOIIEHHBIX OLIEHOK (Tabmuisl 1, 2) He onpeaenseT KOJUIEKTHBBI,
3¢ QeKTUBHBIE 110 BCEM YEThIPEM KJlaccaM, IpH ATOM JBa KosuiekThBa — Nel3 u Ne21 — adpextuBHbI
1o TpéM KiaccaMm, TPHHAALATh KOJUIEKTHBOB 3P (EKTHBHEI 110 JBYM KilaccaMm, TpU — 3 (HEKTHBHBI 110
OJTHOMY CHUCTEMHOMY IOKa3aTeJio, M JBA/ILATh JIBa KOJUIEKTHBA HaX0oAATCs BHE 3((EeKTHUBHBIX MHO-
HKECTB.

Ha ocHOBe HaliIeHHbIX OLIEHOK ITOCTPOMM YHUBEPCAJIBbHYIO 1Ky PAHTOB HAYYHBIX KOJUIEKTH-
BOB. JIJIsl KaXK/I0TO HAYYHOTO KOJUICKTHBA IPOCYMMHPYEM YEThIpe HaHICHHBIX 000OIIEHHBIX MOKa3a-
Tenst 3¢ HeKTUBHOCTH M MPOHOPMHPYEM HX Ha €IUHUYHOM HHTEpBasie. Pe3ynpTaThl Takoro Kom-
IUIEKCHOTO OOOOIIEHHOTO OLIEHUBAaHMSA Y(P(PEKTUBHOCTH AEATEIBHOCTH HAYYHBIX KOJJIEKTHBOB IpH-
BeZICHHI B TabwIe 3 ¥ HA AuarpaMMe PUCYHKa 2.

Tabnuma 3 — YHHUBepcabHasI [IKaJa PAHTOB HAYYHBIX KOJUIEKTHBOB

HopmupoBarnHOe 3HaueHNEe
Howmep CymMmapnas DEA cucteMHol 3¢ dexTrBHO-
HK OLICHKA TI0 YETHIPEM TPpyII- CTH INopsnkoBoe MeCTo
nam (B IPOLIEHTHOM BBIpaXKe-
HUN)

1 2 3 4
13 3,8778 100,00% 1.
21 3,8169 98,43% 2.
15 3,4059 87,83% 3.

6 3,3973 87,61% 4.
20 3,3622 86,70% 5.
17 3,1703 81,76% 6.
16 3,1276 80,65% 7.

2 3,0831 79,51% 8.
18 3,0474 78,59% 9.

1 3,0462 78,55% 10.
37 2,9161 75,20% 11.
25 2,8702 74,02% 12.

7 2,8675 73,95% 13.
33 2,7381 70,61% 14.
28 2,7024 69,69% 15.
26 2,6501 68,34% 16.
1 2,5794 66,52% 17.

8 2,5412 65,53% 18.
14 2,5294 65,23% 19.
31 2,5277 65,18% 20.
36 2,4304 62,67% 21.
30 2,3628 60,93% 22.
35 2,2536 58,12% 23.
27 2,1303 54,94% 24.
24 1,9216 49,55% 25.
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HopmupoBaHHOe 3HaUCHHE
Cymmapras DEA CHUCTeMHOHI 3P PEeKTHBHO-
Howmep .
HK OLICHKA I10 YeTHIPEM IpyII- CTH [MopsinkoBoe MecTo
nam (B IPOLICHTHOM BBIpae-
HUW)
1 2 3 4
3 1,8121 46,73% 26.
22 1,7818 45,95% 27.
32 1,7783 45,86% 28.
19 1,6156 41,66% 29.
34 1,507 38,86% 30.
12 1,212 31,25% 31.
5 1,1676 30,11% 32.
4 1,1435 29,49% 33.
29 1,1326 29,21% 34.
40 1,0576 27,27% 35.
9 0,9561 24,66% 36.
39 0,9146 23,59% 37.
38 0,6984 18,01% 38.
10 0,6627 17,09% 39.
23 0,5245 13,53% 40.

100,00%

0,00%
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70,00%
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50,00%
40,00%
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20,00% +
10,00%
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PI/ICyHOK 2 — CucrtemHbIe paHru Hay4HbIX KOJUJICKTHUBOB

BI/II[HO, YTO p€aln30BaHHAasA METOHOJIOTHUSA ITO3BOJINJIA B COOTBETCTBUU C M3JIOKEHHBIM ITOIXO-
JAO0OM IOJTYYHTH ,IlI/I(I)(I)epCHI_II/IpOBaHHBIC WHIANBUAYAJIbHBIE OLEHKU JISI BCETO COCTaBa Hay4YHBIX KOJI-
JIEKTUBOB, HE IPUBJIEKAsA SKCIIEPTHBIE CYKACHUSA O 3HAYUMOCTH YaCTHBIX TOKa3aTelIeH.

BriBOaBI

[omydeHHBIE pE3yNbTaThl WILIIOCTPUPYIOT BO3MOXKHOCTH NPHMEHEHHs (OpMaIbHOTO METOoAa
MHOTOKpuTepuasibHoro ornenuanus DEA k ¢popmupoBaHuio u KiaccuuKaluy 3HAHUH O JiesITellb-
HOCTH HAay4YHBIX KOJJIEKTHBOB.

Meron Data Envelopment Analysis mo3BoJiwiI OJyYHTh CUCTEMHbIE OLIEHKH 3()()EKTHBHOCTH,
MPOBECTH PAH)XKUPOBKY M BBIAEINUTH IPYIIIBI COBEPLICHCTBA HAYYHBIX KOJUIEKTHBOB.
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MoOoenuposanue npoyecco8 pecyruposanus, d3QPPexmueHocms areopummos

Abstract

The problems of fuzzy regulation of dynamic processes is investigated. The structure and proper-
ties of fuzzy PID-regulators are analyzed. Solution of the basis of fuzzy logic are compared with
solutions of classical theory of regulation. The problem aspects of methodology of fuzzy regula-
tion are distinguished.

BecbMa monynsipHa TOYKa 3pEHUs], YTO aJrOPUTMBI PETyTUPOBaHUsS, OA3UPYIOIINECST Ha HEUYCT-
Ko#l Joruke, obecrieunBaroT Oosice 3((EKTUBHOE PEryIHPOBaHUE MO CPABHEHUIO C aaTOPUTMHYC-
CKHMH DPEIICHUSIMU KJIACCHYECKON Teopuu peryinupoBanus. [Ipu 3ToM 0OBIYHO CCHUTAIOTCS Ha U3-
BeCTHBII KoHTposuiep Mammanu [1]. Llenpio HacTOSIIEro MOKIIAAa SIBISIETCS MOMBITKA HEMPEIB3ATON
OIIEHKH 0OOCHOBAHHOCTH STOU TOYKH 3PEHIUSL.

Amnanmsupyemas cxema aBromatudeckoro peryiuposanus (CAP) mpencrasieHa Ha pucyHke 1.

31ech u - yNpaBJsIONMIA BXOM, ) - YHpaBiseMblil BBIX0J, ) - ycTaBKa, € - ONIMOKA peryjiupoBa-
HH (paccoryiacoBaHue):

e=y"—y.

O0BbeKT

_}O_} Peryasitop

h 4

Pucynok 1 — CtpykrypHas cxema CAP

i anpoOupoBaHUS aNTOPUTMOB PETyIUPOBAaHHSA BBIOpaH JTMHEWHBIA CTAIMOHAPHBIA OOBEKT
PEryIHpoOBaHUS BTOPOTO MOPSIKA C TIEPEIaTOUHON (QyHKIIHEH:
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K
Wy(s) =

(Ts+1)(T,s +1)
u napamerpamu K,=1, 7,=7,=3.

U d-peryasTop: Kjiaccuueckoe pelieHue
Knaccuueckuii 3akon [T /]-perynupoBaHusi MOKHO NMPEACTABUTH YPABHEHUSAMU:
(1) wu=up+u;+up;

(2) up=Kpxp, xp=¢;
t

() u=Kx;, x1=I€(T)dT§
0

4) up=Kpxp, xp=¢€.

31ech SIBHO BBIJEIICHBI IPONOPLUMOHAIEHAS, HHTerpaJIbHAS B AuddepeHIranbHas CocTaBIAoImue pe-
TYJIUPYIOLIETO BO3ICHCTBUSL.
[epenarounas gpynknus 3amxHyTolt CAP paBHa

W (s)=2)
D(s)
rae
M(s):ﬁ(KDs2 +Kps+K),
T,
L+T,+KoKp o 1+KKp KoKy

D(s)=s3+
LT, LT, LT,

Jns oobekroB Broporo mopsinka I[TN]/I-perynsaTopsl obecnednBaloT BO3MOXKHOCTh MOJATBHOM

nactpoiiku CAP. ITycts D™ (s) - ’enaeMblit XapaKTepHCTUYECKHH MHOTOUJIEH 3aMKHYTOM CHCTEMBI:
D*(s)=s> +0c232 +0,s+0 .

Jlj1s 4acTHOTO ciydast KpaTHBIX KOpHEH

(5) D'()=(s+U/T))’,
137
TaK 4To
o, =(/T), 0,=3/T*, o,=3/T. 1 -

JlaHHEBIH pe3yapTaT 00eCIIeYNBACTCS CIEAYIO-
IIMMH apaMeTPaMH PEryasaTopa:

Kp=(1/Ko)(o, [T, 1), 05f

K;=(1/Ky)o, T,

t

Kp=(1/Ky)o, T, -1, -T5) . % L .
Bribepem BapuaHT KpaTHBIX KOpHeit (5), npu-
uem monoxnm T =1. Torma Pucynoxk 2 — IIponecc yetkoro [IN/]-perynupoBanus

(6) Kp=26, K;=9, Kp=21.
Ha pucynke 2 noka3aHa nepexojiHasi XapakTepUCTHKa cuHTe3upoBaHHOH CAP.
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CucreMbl HEYETKOI0 JIOTHY€CKOIr0 BHIBOAA

[Tpomecchl HEYETKOTO PETYIMPOBAHUS PEANTU3YIOTCS Ha 0a3e CHCTEM HEYETKOTO JIOTHYECKOTO
BeiBoga (FIS, Fuzzy Interference System). Takume FIS-cucTemMpl cOCTOAT M3 YeTHIpeX KOMIIOHEHTOB!
0a3pl 3HaHHH, Pa3uPuKaTopa, MEXaHN3MA JIOTHIECKOTO BEIBOA 1 AedazudukaTopa (CM. pUCYHOK 3).

W3BecTHBI anropuTMbl HeueTkoro BeiBoga Mawmmanu, CyreHo, Jlapcena, Llykamoro [2]. Jamee
MBI OTPaHUYUMCS PACCMOTPEHHEM aJITOPUTMa HEYETKOTO BhIBOa MaMaaH .

basa 3nanuii BKIIO9aeT claeayroIue KOMIOHEHTHI:

OIMCaHUe JIMHIBUCTUYECKHUX NEPEMEHHBIX;

0a3y JaHHBIX, COIEPXKAIINX ONUCAHUE HYHKIHMH PHHAIIICIKHOCTH;

Ha0Op HEYeTKHX BbICKa3biBaHMH (mpoaykuuii) B popme «ECIIN-TO»; neBas 4acTh Kak10ro Bbl-

CKa3bIBaHMS - KOHBIOHKIIHS JIEMEHTapHBIX NEPLENIMOHHBIX YCIOBUA, a IpaBasi 4acTh - MHOXKe-

CTBO 2JIEMEHTAPHBIX JCUCTBUM.

Dasugpuxamop BEIMHUCIACT CTENEHN UCTUHHOCTH HPEANOCHUIOK KaXKOH MPOIYKIUH UCXOAS 13
3HAYCHMS BXOJHBIX BEIMUHH.

Mexanuzm nocuieckoz2o 6b1600a BBHITIONHACT CIEAYIOIINE BE ONepanni. Bo-nepBbIX, I Kax-
JIOM TMPOIYKINHU BBYUCICHHOE 3HAUYEHHWE MCTHMHHOCTH IPEIIIOCHUIOK MPUMEHSETCS K 3aKIIOYCHUI0
MOCPE/ICTBOM HCIIOJIb30BaHUS HEUEeTKOM storuka «». Bo-BTOPBIX, BBINONHAETCS ONepanus KOMIO3HU-
LMH: 00BEMHSIOTCS BMECTE HEYETKUE OJAMHOXKECTBA 3AKIIOYEHHH JUIs ()OPMUPOBAHMS OJHOIO He-
YeTKOE IOJMHOXECTBA IS KaXJI0M epeMeHHOi BbiBoga. C 3TOM IeIbI0 HCIIOIB3YeTCsl HeueTKast JIo-
ruka «MJIN».

Hegpazugpuxamop TpaHcHOPMHUPYET HEUSTKUE PE3yJbTATHI I MEPEMEHHBIX BHIBOJA B YCTKHE
3HAYCHHSI.

| 1
| 1
Bxoo | Mexanu3m | Byxoo
ﬁ dazudukarop 4 JIOIHYECKOrO Hedazudpuxarop
: BBIBOJIA :
| 1
| 1
| 1
| 1
1 1
1 1
: basa :
| 3HaHUH 1
| 1
1 1

PI/ICyHOK 3 — CucrtemMa HEYEeTKOTO JIOTHIECKOTO BBIBOIA

JIMHrBHCTHYECKHe MIepeMeHHbIe He4eTKOro peryjasiropa

[lepexon ot cxemsl perymupoBanus (1)-(4) K anropuT™MaM HEYETKOTO PETYIUPOBAHUS OCHOBAH
Ha 3aMeHEe TMHAMUYECKUX IePEMEHHBIX JIMHIBHCTHYECKUMH.

CocraB BXOJHBIX JIMHIBUCTUYECKHX NEPEMEHHBIX aJTOPUTMa HEYETKOTO PETYJIMPOBAHUS OYe-
BUJICH — Xp, X[, Xp.lIpu pa3paboTke alropuTMOB HEUETKOrO BHIBOJA BO3MOXKHO IPUMEHCHUE KaK
JIMHTBUCTHYECKOI EPEeMEHHOM u, TaK ¥ IMHIBUCTHYECKUX NEPEMEHHBIX Up , U, Up .

Janee ycioBUMCs CUUTATh, YTO BCE pacCMaTpHBaeMble JIMHIBUCTHUECKHE MTEPEMEHHbIE UMEIOT
OJIHO U TO e 06a30BO€ TePM-MHOKECTBO HAUMEHOBAHHML!

(7) T ={NB,NM, NS, Z, PS, PM, PB},
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NB (Negative Big) - orpumarensHoe 60b110€;

NM (Negative Middle) - oTpuniarensHoe cpenHee;

NS (Negative Small) - orpunaTensHOe Majoe;

ZN (Zero Negative) - oTpUIIaTeIbHOE OJIM3KOE K HYIIO

Z (Zero) - Hynb (01H3K0€ K HYJIIO);

ZP (Zero Positive) - mojaoxuTenbHoe OJIU3KOE K HYJIIO;

PS (Positive Small) - monoxuTensHOE Majoe;

PM (Positive Middle) - nonoxxurensHoe cperHee;

PB (Positive Big) - noioxuTensHoe Ooibioe.

B kauecTBe (yHKIMI NPUHAUICKHOCTH JaHHBIX TEPMOB IPUMEM KYCOUHO-JIMHEWHbIE QYHKIINN
npuHaAIe)KHOCTH [3], mpudeM i KpaHuUX TepMoB NB u PB oHuM OymyT mmeTh TpamneueBUAHYIO
(opmy, a U1 BHYTPEHHUX (T.€ OCTANBHBIX) - TPEYTOJIbHYIO.

TpaanMOHHBII TOAXOM K MOCTPOSHHUIO HEYETKOTO PETYIISITOPa 3aKIF0YaeTCsl B IIOCTPOSHUH €TI0
Kak 1enoctHol FIS-cuctemsl, popmupyromel perymmpyronyio nepeMeHHyo #. B aTom ciaydae 6a3a
HPOIYKIUH Oy/IeT COCTOSTh U3 HEYETKNX BBICKA3bIBAHUH BUA!

ECIIA xp=Xp U x;=X U xp =X, TO u=ii,

rae xpeT(xp), X €T(x)), XpeT(xp), ueT(u) - IMHrBHCTHYECKHE TEPMbI IEPEMEHHBIX, a
T(xp), T(xy), T(xp), T(u) - TepmM-MHOKECTBA.
ITockonbky

T(xp)=T(x)=T(xp)=T(u)=T",

TO COOTBETCTBYIOIIAs 0a3a 3HAHUH OyzeT comepxarh N, =7%=343 meuerkux npoxykuuii. SIcHo, 9TO

Oe3ommb0YHOe U 0OOCHOBAaHHOE COCTAaBIIECHHE TAKOTO KOJIMYECTBA MPOIYKIMI JOBOJIBHO Ipodiema-
THUYHO.

CyIIecTBEHHOTO YIPOIIEHHS alrOpUTMa HEYETKOTO PEeTyJIMPOBAHMS YIAeTCs JOCTUTHYTH IO-
CPEACTBOM JEKOMITO3MIMH yipaBieHus (1) u mapamienbHoro hOopMHUPOBAHUS IEPEMEHHBIX Up , Uj,
up nocpencrsoM cenapatHbix FIS-01oxoB. [ onucaHus TMHIBUCTHYECKUX 3HAYSHUH THX Iepe-

MEHHBIX CHOBA BOCIIOJIb3yeMCs TepM-MHOXecTBOM (7):
T(“P ):T(“I):T(“D ):T* .

B sTOoM citydyae moTpeGyeTces Bcero Jmmb N, =3x7°=21 MPOIYKIHI BUIA
(8) ECIIM xp=xp, TO up=up;

(9) ECIHA x;=x;, TO u;=uy;

(10)ECJIN xp =Xp, TO up=up.

MoskeT co3aaThCs JIOKHOE MHEHHE, YTO MMEHHO B JIAHHBIX MPOJIYKLUIX J0JDKHA BOILIOIIATHCS
BapUaTUBHOCTh ()OPMHUPYEMBIX aJITOPUTMOB peryiupoBanus. Ha camom nene cTpyKTypa 3THX IMpo-
JOyKuuil mpeponpeneneHa cBOUCTBOM (QYHKIMOHAIBHONH MOHOMOHHOCIY PETYIUPYIOMINX 00paTHBIX
CBsi3eii: 4eM OoJIbllle paccoriiacoBaHue, TeM OOJIblIe yIpaBisioliee BO3AeHCTBHE (pa3yMeercs, BHE
peXUMa HachlleHus ). 3aMeTuM, 4To B cTpyKType oObrunoro [THU/]-perymstopa (1)-(4) nanHoe cBoii-
CTBO OTPaXKAIOT ITOJIOKHUTENbHBIE KO3 unnenTs! ycunennss Kp, K; u Ky .

TpeboBanuio (HyHKIMOHAIBHON MOHOTOHHOCTH JICHCTBHH HEYETKOTO PEryJisiTopa OTBEYaroT
JIMIIB CICAYIOIINE BapUAHThI poayKiuii (8)-(10):

ECIU x.=7 ,TO us=1 (teT"),

T.C. JMHI'BUCTUYCCKUC 3HAYCHUS BbIXO/J1a U BXOJia JOJI2KHBI COBIIAAATh.
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(I)yl-[l(l.ll/ll/l NPUHAAJIEKHOCTH JUHTBUCTHYIECCKUX TEPMOB

Wrak, HactpauBaeMbiMu 31eMeHTaMH FIS-0510KOB HEWeTKOro peryisropa sBISIOTCS (YHKIUH
MPUHAJICKHOCTH JINHIBUCTHYECKUX TEPMOB IIEPEMEHHBIX Xp , Xy, Xp, Up, U, Up , GACIO KOTOPBIX
paBHO N,=6x7 =42, 1 3aga4a cunre3a HeueTkoro [IM]JI-perymnsropa cBOIUTCS K MOCTPOSHUIO 3THX
(hyHKIMH TPUHAAIECKHOCTH.

[Tpomecchl YETKOTO M HEUETKOTO PETYJIMPOBAHMS MUMEET CMBICI CPABHUBATH JIMIID B YCIOBHUSX
COIIOCTaBUMBIX pedxcuMo6 peryiaupoBanus. Ecim ncxoauts u3 Hactpoiikn gerkoro I[TH/I-perynsropa
(6), TO CXOXHMH PEKUM HEUYETKOTO PETyIHpOoBaHMs OyIeT pealn30BaH IOCPEICTBOM MPOIYKIHUH C
HEYeTKUMH MHOXECTBaMU, IpejicTaBIeHHbIMU Ha pucyHke 4. [Tockonsky B FIS-anroputmax momyc-
TUMBbIE 3HAYEHUS BXOAHBIX NEPEMEHHBIX Xp, X[, Xp OIPaHUYEHbI (CM. PUCYHOK 4), TO B IIpOLEY-
pax nx oOpabOTKH MPeryCMOTPEHO NIPUMEHEHHE HACBIIAIOIINX OTPAaHNYEHUI CBEPXY U CHH3Y.

NB NM PM PB

0.5 /N

0.4 0.5
PB
1 -20
- 2 -1 o 1 2 3
3
3
2
1
PB
o
=
2 .
20 -15 -10 5 0 5 10 15 20 Hs T 05
up u
P D Pucynok 5 — Kpuble oTkimka 6J10K0B
PucyHok 4 — OyHKIMY NPHHAIEKHOCTH JIMHIBUCTHUECKUX (hopMupPOBaHUS TEPEMEHHBIX

TEPMOB IIEPEMEHHBIX Xp , X[, Xp Up, Uy, Up Up , Uy, Up HEYCTKOI'O PETYIATOPA

Ha pucynke 5 npuBeneHs! kpusble oTKIHKa FIS-6i10k0B hopmMupoBaHMS MEPEMEHHBIX Up, U,
up HEYeTKoro perynsartopa. IlpencraBieHHble JaHHBIE OTpaxkaroT obmiee coiictBo FIS-610koB B

CHCTEMaX PETyJIHPOBAHUA: OHH OCYIIECTBISIOT HEIMHEHHOE MpeoOpa3oBaHNe BXOTHBIX CHTHAJIOB B
BBIXOJHBIE W C OTOH TOYKH 3PEHHUS K6UBANeHMHbl OOBIYHBIM HENWHEHHBIM CTATHICCKUM OJIOKAM.
DT1oT (aKT KaK pa3 U WUIFOCTPUPYET PUCYHOK 5: BHHO, YTO KPUBBIE OTKJIMKOB MOCTPOCHHBIX FIS-
61s10k0B OJIM3KH 110 (POpPME K T.H. IMHEHHBIM XapaKTEPUCTUKAM C HACBIIIIEHUEM.
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MopenupoBaHue He4eTKOro peryasitopa B cpene MATLAB

MozenupoBaHue MPOIECCOB HEYETKO-
TO PETYJIMPOBAaHUS MPOU3BOAMIOCE B CpeJie
MATLAB. Jlng »Toi IeIH HCIOJIb30Ba-
JMCh CPEICTBA CHENUAIBHOTO IIaKeTa pac-
nmpenns: Fuzzy Logic Toolbox [3]. Ha pu-
CyHKe 6 MOKa3aH MepexoHbI MpoIece OT-
paboOTKM eIMHUYHOM YCTaBKU B CHHTE3UPO-
BaHHOM CHCTEME HEYETKOTO peryjiupoBa-
Hus. BugHO, 4TO 37€Ch KayecTBO peryiu-
pOBaHUS HMXKE, YeM y Mpollecca UYeTKOro
peryjaupoBaHusi, OTOOPaKEHHOIO Ha pH-
cynke 2. B wactroctn, y CAP orcyrcTByeT

137y

05-

0

t

0

10

CBOMCTBO acTaTu3Ma.

Pucynoxk 6 — IIponecc neuerxoro [TNI-perynmupoBanus

BriBoabl

HpOBe,Z[eHHLIG AaBTOpaMH aHaJIN3 peH.ICHI/Iﬁ 3a/1a4 pETyIrMpoOBaHUs Ha 0a3e HEUYETKOMN JIOTMKU HE

BBISIBIJI KAKUX-THOO MX peasbHBIX MPEHMYIIECTB 10 CPABHEHHIO C M3BECTHBIMHU KIIACCHUYECKUMHU pe-
meHusAMH. [1opITOXKMBasT BHITIOIHEHHBIE UCCIEIOBAHMS, BBIACINM DA MPOOJIEMHBIX aCIEKTOB Me-
TOJIOJIOTHH HEUETKOTO PETyIUPOBAHUS:

1)

2)

3)

4)

3)

6)

7)

AJNTOpUTMBI HEYETKOTO PEryJMPOBaHUS CYLIECTBEHHO CIIOKHEE TPATUIMOHHBIX YETKHUX ajro-
PUTMOB PEryJIUPOBaHMUSL.

Te3uc o mpeuMyIecTBax HEYETKHUX PEryIsITOPOB MPEACTABISIETCS COMHUTEIBHBIM, OCKONBKY
KaXIbIil Takol peryyisTop BO3MOXXHO 3aMEHHTh Oosiee d(QEKTUBHBIM U CTPYKTYPHO MeHee
CJIOKHBIM YETKHM PEryJIITOPOM.

CHopHBIM SIBJISETCSA TE3UC O TOM, YTO Ha OCHOBE HEUETKOTO IMOAXOMAA yIAeTCsl CHHTE3HPOBAaTh
pabortocriocobnsie CAP 6e3 anpHOpHBIX 3HAHWH M MPEANPOEKTHOTO 00CIEA0BAHUS TMHAMMIYE-
CKHX CBOMCTB OOBEKTOB PETYINPOBAHUSL.

Heuetkuit moaxon siBseTCS Cyry00 SMIMPUYECKUM M HE MTO3BOJISICT HA TEOPETHYECKOM YPOBHE
penate BOMPOCH YCTOWYMBOCTH, AWHAMUYECKOTO KadeCTBA M POOACTHOCTH CHHTE3MPYEMBIX
CAP.

AJNTOPUTMBI HEYETKOTO PETyIMPOBaHUSI HE MIPUMEHUMBI K CIIOKHBIM TUHAMHYECKUM OOBEKTaM.
B ugacTtHOCTH, 3TO KacaeTcss MHOI'OCBSI3HBIX 00BEKTOB PEryJIMpPOBaHUs U 0OBEKTOB C 3ara3/bIBa-
HHUEM.

MeTononorus HE4eTKOro PEeryiupoBaHMS HE MO3BOJSIET pellaTh BaKHBbIE IS HWH)KEHEPHOH
MPaKTUKU BOIIPOCH! ONITUMU3AIIMU TPOLIECCOB PETYIHPOBAHUS.

B paMkax HeueTKOW METOIOJIOTHH dMITMPHICCKHUHA OMBIT NeiicTBhil YemoBeka-omneparopa (HO) B
KOHTYpE PYYHOTO yNpaBieHus popMal3yeTcs IIOCPEICTBOM HEUETKUX MPOIYKIUH, OJJHAKO MIPU
3TOM HE YYHUTHIBACTCS TUCKPETHO-AMHAMUYECKHH MeXaHn3M peakuuii camoro HO.
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Abstract

Along with the causal effect that is necessary and sufficient for the explanation of the
phenomena, three more types of relations are offered. They are necessary, but insufficient;
sufficient, but not necessary; not necessary and not the sufficient

JIroboe neiicTBUE uesloOBEKa OCHOBAHO Ha WHQoOpManuu 00 0O0beKTe, Ha KOTOPBIH HampaBIeHO
JelicTBHe, 00 OKpyXalolled ero cpeae W O IesX, Ha JIOCTHXKEHHE KOTOPBIX HaIpaBIlICHO
mwraHupyemoe geiicteme. Jlrobas wHQOpMamus BOIUIONIEHA B BHIE HEKOTOPOH Moolenu,
MaTepuaIbHOTO HOcuTelsl mH(popMaiy. EcTecTBeHHOE CTpeMIIeHHE K TOMY, YTOOBI HAIlM MOJEIH
Kak MOXHO OoJiee aJeKBaTHO OTOOpakaJli PEasbHOCTH (OT ATOTO 3aBHCHT CTENEHb YCIIEIIHOCTH
JOCTHIKEHUS [IeJIN), IPUBENIO K OCO3HAHUIO CUCMEMHOCHY MHpPA, B KOTOPOM HaM JOBEJIOCH JKHUTh.
ITonsitne cucmemsr TO3BOMSAET PACCMATPUBATH PEATPHOCTh KaK OECKOHEYHYIO COBOKYITHOCTD
B3aMMOCBSI3aHHBIX CHCTEM Pa3HBIX CyOCTPaTHBIX, IIPOCTPAHCTBEHHBIX M BPEMEHHBIX OCOOEHHOCTEH 1
MacmTa0oB.

Oxaszanoch, 4TO BCIO HEOOXOIUMYI0 MH(OPMALIUIO O JII000H CHCTEMe JOCTaTOYHO YIaKoBaTh B
BHUJIE BCETO TPEX MOJEINEH: MOJIENIN cocmasa CUCTEMBI (TIEPEUHS CYujecmeeHHbIX YacTeld CHCTEMBI),
MOJIETIH CIMPYKMYpbl CUCTEMbI (TIEPEUHST CYuyecmeenbix CBA3EH MEXay e€ 4YacTsMH), U MOJEIH
uépHo2o sAwuKka CUCTeMBI (TIEPEUHST CyuecmeenHblX CBSI3eH CHCTEMBI C OKpyXKarouied e€ cpemoi).
Kaxnas w3 mojeneld, B 3aBHCUMOCTH OT HalIMX HaJOOHOCTEH, MOMKET OBITh IPEACTAaBICHA B
CTaTU9IeCKOM BapuaHTe (0TOOpakeHHE COCTOSHUS OpUTHHANA B (PUKCHPOBAHHBI MOMEHT BPEMEHH),
100 B BapHaHTe JUHAMUYECKOM (0TOOpakeHHe IpoIiecca N3MEHEHHS COCTOSIHUI CO BpeMEHEM).

[Ipu 5TOM BBIACHIIACH OCHOBHAsE OCOOCHHOCTH CHCTEMHOH OpraHm3anud BcemeHHOH — (akr,
YTO CBOMCTBA CHUCTEMBI HE CBOZSATCS K CyMME CBOMCTB €€ 4acTeil, U HE BBIBOASATCA U3 UX CBOWCTB.
Cuctema o0mamaeT cBOWCTBaMH, MPUCYIIUMH TOJIBKO CHCTEME B IIETIOM, HE MIPUCYIINMH HU OJHOHN W3
e€ yacrtell (HampuMep, HM OJHA M3 YacTell camojéra He JIeTaeT, TOJbKO caMoJ€r setaer). Takue
CBOWCTBA TMOJNYYWIM Ha3BaHHE OMepodceHmHbix (B CTATHYECKOM MOJECIUPOBAaHHUN), HIIH
cunepeemuyeckux (MpU IUHAMUYECKOM MojenupoBanun). Cucmema ecmv Heumo Ooavutee (unu
Menbulee), YemM npocmo HeCEA3AHHOE MHOJICECIBO €€ Yacmell.

Crano oueBHJHBIM, YTO DMEP/PKEHTHBIE CBOMCTBA CHCTEMBI OIPENENSIOTCS HE CTONBKO TEM,
Kak Oeticmgyem KaxJasi 4acTh cama Io ce0e, CKOJIBKO TeM, KaKk OHU g3aumooeticmayiom. Y TyqllleHue
paboTBHl KaKOI-TO YacTH BOBCE HE 0043aTENbHO MPUBEAET K YIYUIICHHIO PAaOOTHI CHCTEMBI
(HanpuMep, yBennieHHe 00bEMa MIPOU3BOICTBA T'aeK MPH COXPAaHEHHH 00bEMaA MPOU3BOICTBA BUHTOB
TONBKO YXYAIIUT SKOHOMHYECKYIO 3(PQEKTHBHOCTH MPEIUPUATHS, MPOM3BomsAIero Oontel). s
yIydmeHnss paboTel CHCTEMbl MHOTIA JaKe HAI0 yXYAUINTh paboTy KaKOW-TO YacTH (Hampumep,
yOBITOYHOE MPOM3BOJCTBO OMNPENENEHHOTO TOBapa YacTO OCYIIECTBIACTCS pagdl IMOJAEPKAHUSI
CIpoca Ha KOMITIEKTHO COMPOBOKAAIOIINI NIPHUOBIIBHBINA TOBAP).
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Takum o0pa3oM, ommcaHWe c@A3ell BHYTPH W BHE CHCTEMBI SBISIETCS YPE3BBIYANHO
KPUTHYECKUM STalloM B TIOCTPOCHHH JIIOOBIX MOJEJEH JIOOBIX CHCTEM. DTOT MOMEHT OTpakéH B
ONpeAeNeHusIX TpEX TUIIOB MOJEIEN IPUCYTCTBUEM TEPMHUHA CYUJeCINEEHHBII.

CucTeMHasi KapTHHA MHPa OCHOBAaHA Ha €TO IPEICTABICHNH KaK TUTAHTCKOW CHCTEMBI CHCTEM,
a BCskas mHQOPMAIHS O 000N CHCTEMEe MPEACTaBIACTCS MOCPEACTBOM MOAXOIIEH KOMOMHAIIUI
TpEX €€ MoJeneil — 4EPHOro AIMKa, COCTaBa U CTPYKTYphl. bpocaeTcs B riasza, yTo BcE CBOIUTCS K
OTIMCAHUIO BCETO JIBYX CYIIHOCTEH — 0OBEKTOB (CHUCTEM, YaCTE, SJIEMEHTOB) U CBSI3eH MEXKIy HUMH.
[Tpnuém u ommcanue caMoro oOBEKTa CBOJHUTCS K OMHCAHHUIO €ro cgolicme, — 0COOEHHOCTEH ero
MPOSIBIIEHUI B OKpyXaromel cpelae MpH B3aUMOICHCTBUSX C HEHO, T.e. OISTH-TAKU 4epe3 cesA3u
obbekTa ¢ Apyrumu oobekramu. Heo0XomMocCTh JocTUraTh MaKCUMaIlIbHOM aeKBaTHOCTH MOJIEJIEH,
pemiaromias poib B 3TOM MPaBUIBHOCTU OTOOpa)X€HUS CBs3€dl B MOJENAX MpPHU KOJIOCCATbHOM
pa3Hoo0pa3uy peanbHBIX CBs3edl, — TPeOYIOT THIATENFHOTO Y4éTa pasyiMuuii MeXIy pa3HbIMU
TUTIAMH CBsI3eH B crioco0aMu 0TOOpa)keHUs STUX Pa3INInii B MOJIEIIAX.

Io cyTw, sr00bie cBeeHU O PEaTbHOCTH eCTh MH(POPMAIUS O c6:34X 00BEKTa PACCMOTPEHHS C
ero okpyxeHreM. Jlaxke Takoe OHATHE KakK c80licmeo 0OBEKTa SIBISETCS HE YHAPHBIM OTHOIICHHEM,
aTpuOyTOM 00BEKTa, a CBEPHYTHIM MHOTOMECTHBIM OTHOIICHHEM OOBEKTa C OKPY)KAIOIICH Cpelow.
Hanpumep, MBI TOBOPHM, YTO «CTEKIJIO TPO3PadHOE». DTO CXKATO 00O3HAYAET, UTO «ECIH C ONHOU
CTOPOHBI CTEKJIAa IIOMECTHTh HCTOYHUK CBETa, a C JAPYrol — NPUEMHHUK CBETa, TO MPUEMHUK
3apETUCTPUPYET MPOXOXKICHUE CBETOBOM AHEPrUU CKBO3b CTEKIO», M Ja)Xe MOXKHO H3MEpUTh
CTEMNEHb «IPO3PAavYHOCTH» CTEeKJIa. VT MBI TOBOPHM, YTO «3TOT 00BEKT 3eNEHBII». DTa dpasza KpaTko
BBIP@XAET TOT (PAKT, YTO IPH OCBEUICHUH JIAHHOTO INpeaMeTa OelbIM CBETOM, aHaJM3aTop CBETa,
YYBCTBUTENBHBIH K IIBETaM, OOHApYXXHT, YTO JaHHBI OOBEKT OTPAXaeT TONBKO 3eNEHYI0
CIEKTPaJIbHYIO JIMHHUIO U3 BCErO CIEKTPa 4acToT OeJoro cBera». M Takoe NOHMMaHHE «CBOWCTBa»
OTHOCHUTCS KO 8ceM c8olicmeam ecex ob6vekmosg. Bot mouemy «00bsICHEHIE» 0OBEKTOB U B aHAJIH3E, U
B CHHTE3€ CBOIUTCS K IEPEUNCIICHIIO X CBOMCTB, T.€. K IIOCTPOCHUIO HX MoOeiell YEPHO20 AUUKA.

Oco0oe 3HaueHHe IS aIeKBaTHOCTH MOJIENH MPHOOpEeTaeT KOHKPETHBIM CMBICI TOTO, YTO U
TOYEMY CUUTAETCS CYUJeCmeeH Ol C653bi0 TIPU PELIEHUH BOIIPOCa, BKIKOYAThH JIU €€ B CO3/1aBaEMyI0
MOJEJIb.

I'maBHasg CII0)KHOCTH MOJEJIUPOBAHUSI PEAJTbHOCTU COCTOMT B TOM, 4YTO  BCE B MHpE
B3aUMOCBSI3aHO ¥ B3aMMO3aBHCUMO (3TO OJIMH M3 YETHIPEX 3aKOHOB JHAIEKTHKH). Ta 0COOEHHOCTD
pealbHOCTH BBITEKaeT U3 (akta omixpwvimocmu BceX cucteM (T.e. (akTa B3aUMOJCHCTBHS JIO00H
CUCTEMBI C OKpYXKaroliew cpemoit). B pesynprate r00bie 7Ba 00BEKTa OKa3bIBAIOTCS CBA3aHHBIMU
MHOT'OYMCICHHBIMU IETIOYKAMU B3aUMOJIEHCTBYIONUX Map OOBEKTOB — Uepe3 MHOMXKECTBO JUTMHHBIX
WIM KOPOTKHX HUX TMocienoBarensHocTedd. [lpm sToM mpsiMas W oOpaTHas IEMOYKH MOTYT
pa3nuyaThesl, YTO NPUBOAUT K PA3HOU «CHIIE» MPSMOTo M 0OpaTHOTO B3aMMOJCHCTBHI MEXITYy HUMH.
Tak BO3HHKAaeT TMOHATHE O HANPABICHHBIX, CHJIBHBIX WIH CIA0BIX, CYIIECTBEHHBIX N
HECYILIECTBEHHBIX CBA3SIX.

EctecTBeHHO, IPU MOJENMPOBAHUM PEAJTbHOCTU MBI CTPEMUMCS BKIKOUYUTH B €€ MOJEIb TOJIBKO
TO, YTO TO3BOJIUT HAM YCIICITHO JOCTHYh HAIly IIeNb, T.€. CyujecmeenHoe IUIA HAC, OCTaBHB 0e3
BHMMAHHUA TO, YTO JUISl Halled Leau «HecywecmeeHHo», XOTs W mIpucyrcrByeT. Hampumep, npu
KOHCTPYUPOBAaHUH W JKCIUIyaTallud NOABEMHOIO KpaHa YYMTBHIBAETCS BEC IPY30B, MOJIEKAIIMX
HepeMeIleHHI0, BeC JAeTanel caMoro KpaHa, HO HE YUUTHIBAIOTCSA CHJIBI IPUTSDKCHUS MEXAY CaMUMU
yacTAMU M TPy3aMH, XOTS BCE OHHM €CTh MpPOSBICHHUS EAMHOTO 3aKOHA BCEMHUPHOTO TATOTECHHS.
IIpocTo moToMy, 4TO Bec Telda €CThb CHJIa €ro MPUTSHKEHUs K 3emie, Macca KOTOpOil Ha MHOro
HOPSJKOB OOJbIIE MacC OCTAIbHBIX JeTalled KpaHa W Tpy3a. B paHHOM ciydae — CHIIBI
B3aUMOJICHCTBUs YacTeil ¢ 3emiéil CyIIECTBEHHBI, a 4YacTed MeEXkIy coOOW — HET, XOTS OHH W
CYILECTBYIOT!

[Ipu mocTpoeHMHM Mojenel BaKHO OOECIEUNUTh UX a0eK8amHOCHIb, T.e. CONEpXKaHWEe Bcel
rHpOpManN, HEOOXOIUMON JUTA JNOCTIKCHUS Hamel nemm, — cyuecmsennoi napopmarmn. Bot
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TYT-TO U BBIXOJUT HA TIEPBBIH IUIAH BOIIPOC O TOM, a KaKHe CBA3H (13 MX OECKOHEYHOTO MHOXeCTBa!)
CYIIECTBEHHBI, 8 KAKHE — HET.

B ¢msuke, cTposimeit Momenn BceneHHON, NpH TOMBITKAX ONHMCATh B3aUMOICHCTBHUS MEXKIY
(usmueckuMu 00BbeKTaMH, CHOKYCHpPOBANIM BHUMAaHHE HA B3aUMOJCHCTBUSIX MEXKAY OTACIBHBIMH
napamu 00beKTOB. IIpy 3TOM MOHATHE CywecmeenHOCMU CBSI3H MEXKITYy HUMH CBEJIOCH K ITOHSATHIO
OUYCHb CHIBHOH, NPUUUHHO-CIe0CMBEHHOU CBSI3U, YCTAHOBICHHE KOTOPOH CTaHOBMIIOCH OTKPHITHEM
OYEPENTHOTO 3aKOHA NpUpoObl. SIPKUMU IPUMEpPaMH CITyXaT 3aKoH HbI0TOHAa BCEMHPHOTO TATOTEHUS
u 3axoH Papajes 0 B3aUMOACHCTBUH ABYX JIEKTPUYECKUX 3apsiioB (3aMeuaTesbHo, YTO 00a 3aKoHa
HUMEIOT TOXKAECTBEHHYIO CTPYKTYpy — IpPOM3BEIEHHE IBYX CYIIHOCTEH, NeNEéHHOe Ha KBaJpar
paccTOSTHUS MEXly HUMH, YTO CUTHAJIHUT HaM O €AMHOO0OpPa3uH yCTPOWCTBA IPUPOIBI).

BaxxHO moa4YepKHYyTh, UTO MOHSATHE IMPUYUHBI U CIEJCTBUS SBISETCS Pe3yJIbTaTOM aOCTpaKIUU
0T BceoOllell B3aUMOCBSI3aHHOCTH B NPUPOJE M PACCMOTPEHUS B3aMMOJCHCTBHS TOJIBKO MEXIY
JIBYMsI CyIIHOCTAMH. JIJIsl IPUYMHBI U CIEICTBHS HE HY>KHbI HUKaKHE TPETbH CYLIHOCTH, JUIT HUX
OKpyXKaromiasi cpefja Kak Obl HE CYyIIECTBYET: €CIIM MPUYMHA COCTOSUIach, CIECICTBUE 00S3aTEIBHO
HACTYIIUT; €CJIM MPOW3OLUIO CJIEJCTBHE, TO 3TOMY 00s3aTE€IbHO IIPEIISCTBOBANA IPUYHHA.
Ipuuunno-cneocmeennas c6:3b AGNAeMCA HEOOX00UMOU U O0CMAMOYHOU Ui OOBSICHEHUS
(amexBaTHOTO MOZIETHPOBAHNS) SIBICHHS.

OnHako, Takoe YNPOIIEHWE, HE YYWTHIBAIOIIEE  HAIMYMSA OKPYXKAIOMIEH Cpensl, JIUIIb
NPUOJIM3UTENIHHO OIMCHIBAET PEAbHOCTD, B KOTOPOIl 1Ba paccMaTpuBaeMbIX OOBEKTa Ha CaMOM Jielie
HE TOJBKO «CHJIbHO» (M OJHOCTOPOHHE!) B3aUMOJIEHCTBYIOT MeX1y co00H, HO M «ciabo» — ¢
npyrumu. Hampumep, cieacTBueM 3aKOHAa TSATOTEHUS SIBISIETCS  OOUHAKOBOCMb  YCKOPEHHUS
CcBOOOJIHOTO MAjeHUs TeN, HE3aBUCHUMO OT MX Macchl. Ho ecim Bbl OJHOBpPEMEHHO OTIyCTHTE
NEPBILIKO U APOOMHKY, OHU TOJIETAT K 3€MJIe C pa3HbiMU CKOPOCTSIMU — U3-3a HAJMYMsl aTMOC(EephI.
YHpomEHHOCTh «3aKOHOB ITPUPOJIBI» CKa3bIBACTCS M B TOM, YTO IIPH ONKaiIIeM pacCMOTPEHHH OHU
OKa3bIBAIOTCSI HE CTOJb YK M yHUBepcadbHbIMH. Hampumep, 3axkonsl Heiotoma u ®@apanes
ONMHUCHIBAIOT ~ CHJIBI  B3aWMOIEHCTBMH MEXIy MaccaMH WIM 3apsigaMHd  Kak  0OpaTHO
MPOTIOPIMOHANIBHBIE KBaJpaTaM PacCTOSHUM MeXIy HUMH. [Ipu oOpalneHun 3TOro pacCTOSHHS B
HyJb, CHJIBI JIOJDKHBI CTaTh OCCKOHEYHBIMH, YETO B PEAIBHOCTH HE NMPOHCXOAWT. TeM He MeHee,
OTBICKAHHWE OYEHb CHJIBHBIX, (IIPHIMHHO-CIEICTBCHHBIX», CBA3EH, — 3aKOHOB MPUPOJIBI, — OCTAETCS
OJTHOM M3 OCHOBHBIX 3aj[ad HayKH, IIOCKOJBbKY YCTAaHOBJICHME TaKHX 3aKOHOB IO3BOJISIET C BBICOKOM
TOYHOCTBIO MPEICKA3bIBATh MMOCIEICTBHUS HAIIET0 BMEIIATEIbCTBA B PEATbHOCTb.

B peanbHOCTH e HaM NPUXOAUTCS AEHCTBOBATH M TOT/IA, KOT/Ia OOBEKTHI HAIIEr0 BO3ACHCTBUS
CBSI3aHBl HE B CTOJIb CUJIBHOM CTENEHHM, Kakas 0ToOpaXkaeTcs MOHITHEM «IpPUYMHA — ClIeACTBUEY. B
CTpEeMJIEHHH YNPOCTUTH ONHCAHHE, MBI CTapaeMcs CBECTU €ro K COBOKYITHOCTH IONApHBIX CBs3eil
MEXIy BCEMH OOBEKTaMH Haliero BHUMaHus. CIIOXKHOCTb NPUPOJIBbI TIPH 5TOM BBIPAXKAETCS B TOM,
YTO KaXIbI OOBEKT OKa3bIBACTCS CB3aHHBIM HE C OAHUM JPYTHMM OOBEKTOM, a eI U C MHOTHMHU
JIpyruMu. B pesynpraTe momapHyIo CBsI3b NPUXOAWTCS aJEKBATHO ONHUCHIBATH M JPYTUMH THIIAMH
CBSI3H, HEXXENN MIPUYNHHO-CIIEACTBEHHAs. MOXXHO yCMOTPETh enié TPH TUIIA CBA3EH, OTIMYAIOIIIXCS
OT HEO0X00UMOIL U 0OCIMAMOUHOIL.

CBs13p MOXET OBITH He0OX00umoil, HO He docmamounoi. IIpuMepoM MOXKET CIyXKHTb CBSI3b
MEXAy KETyneM M AyOOM: JUIi TOSIBICHUS Ay0Oa >XEmyap HEOOXOMUM, HO AJS TOSIBICHHS TyOa
HYKHBI TaKXe COOTBETCTBYIOIIME IIOYBA, Bjara, TEMJo, CBET, BO3AYyX... TepMUHONOTUS Ul Takoi
CBSI3M IOKA HE YCTAHOBWUJIACh: MHOrAAa €€ Ha3blBalOT «OCHOBHOM NPUYMHOW», HO, MOXKaIyH,
HauOounpIeil 4ETKOCThIO OONajmaer mnpemnoxeHHbld P.Axodpdom [1] TepmMuH «mpoayueHT -—
HIPOAYKT.

CBsi3b MOXET OBITH 00CMAamouHoil, HO He Heo0xo0umou. Hanpumep, ynorpeOieHne BOIKU
BBI3BIBAET OINBSHEHHE, HO OINbSHEHHWE MOXET HACTYNUTh M OT BHHA WJIM MHUBA. [loxxondmum
TEPMHHOM JJIsl TAKOTO THIIA CBSI3H IPE/ICTABIACTCS «HAMpPABICHHAS CBSI3bY.

CBs3b MOXET OBITh CYIICCTBEHHOH, HO He Heo0Xo0umoil u ne docmamounoi. Takue CBS3H
Ha3bIBAIOTCSl «CTOXACTUYECKHUMM», «BEPOSTHOCTHBIMNY», «CTATUCTUUYECKUMHY, «aCCOIUATHBHBIMUY.
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Hanpuwmep, He Bce Kypsmue 3a00JeBal0OT pakoM JIETKHX, M He Bce OOJIEHBIE PaKoM JETKUX KOTHa-
HUOYZb KypHIIM. A acCOIMAaTUBHOCTH CBSI3W TPOSBILIETCS B TOM, YTO MPOIEHT 3a00JEBIIUX CPEIu
KYPSIINX BBIIIE, Y€M CPeIN HEKYPSIIUX.

Pasmiuenne THIOB cBA3e BaKHO MOTOMY, YTO WX CTEIEHb CYIIECTBEHHOCTH MOXET OBITh
pa3HOH, W pa3HBle THIBl CBsA3eH TPEOYIOT IO-pa3sHOMY B3aMMOJACHCTBOBAaTH C MOJACITHPYEMBIM
00bekTOM. OCOOCHHO HATJSITHO 3TO MPOSBILETCS B CIydasX, KOTZa OJHA CBS3b OIMHOOYHO
NPUHUMAETCS 3a JPYrylo, HampuMep, «IOCJ€ 3HA4YUT BCIEACTBHUE», WIM KOrja CHIIbHas
CTOXAaCTUYECKas CBA3b MPUHUMACTCA 3a HPUIMHHO-CJICACTBCHHYIO.

[Tpumepom Takol ONIMOKM SIBJISETCS HOMNBITKA PELIMTh NMPOOJIEMY BBICOKOH 3a00s1€BaeMOCTH
TyOepKyIE€30M  JKUTENIeH MPOMBINUICEHHOrO paiioHa B Ywukaro. BeII0 yCTAaHOBICHO BBICOKOE
3arpsi3sHeHue atMocdepsl BeiOpocamu u3 TpyO 3aBOI0B U (pabpUK, COCPEIOTOUCHHBIX B 3TOM paiioHe,
9YTO, HECOMHEHHO, OTPHUIIATENbHO CKa3bIBAIOCh HA COCTOSHHUM JErkux jroaed. Ilocne peanmsanun
3aHABIICH HECKOJBKO JIET ITOPOTOCTOSAIICH MPOTpPaMMBI, CONEp)KaHWE CaKW M BpPEIHBIX Ta30B B
BO3AyXe OBIJIO CHIKEHO JO CaHUTApPHBIX HOPM, HO O3TO TPAKTHYECKH HE TMOBIMIO Ha
3a0o0neBaeMOCTb TyOepKyn€3oM JNETKHX B 3TOM paifoHe. Oka3anoch, YTO OCHOBHOW MPHUYWHOU
Oone3Hell ObLTa JemeBH3HA JKWIbS B HEMPECTIDKHOM paifoHe, MPHUBJIEKIIAs TyAa MaJIOMMYIIHE U
MAaJIOKYJITYPHBIE CEMBH, KOTOPBIE BOOOIIIE HE B COCTOSIHUH 00ECIIeYHTh ce0Oe TTOTHOIICHHBIC YCIOBHUS
IUTSL 37J0POBOTO 00pa3a KU3HM.

Jpyroii mnpumep NpUHATHA aCCOLMATUBHOM CBSI3W 3@ IPUYUHHO-CIEACTBEHHYIO IIPUBEN
P.Axodd [1]. Uccnenosanue, nposenéunoe MunucrepcTsoM 3apaBooxpanenus CIIIA, oOHapyxuio
BBICOKYIO KOPPEJLILIUIO MEX/Ty HoTpeOIeHrneM Tabaka Ha JyIly HaceJeHHs B JBaJlIaTH OJHOM cTpaHe
M YUCIIOM 3a00JIeBaHUH PaKOM JIETKUX B 3THUX CTpaHaX. M3 aToro OBLIO clieslaHo 3aKiIIoYeHHe, 4TOo
KypeHHe SIBIISIeTCSl MPUYMHON paka JIETKuX. AKo( ¢ HCIoIb30Ball T€ e JaHHBIE O KYPEHHH B TEX JKe
CTpaHax M BBIYHCIII UX KOPPEILIUI0 C AaHHBIMHU O 3a0oneBaHMAX Xosepoil. OHa oka3amach emé
Ooee CUITBHOMU, HO OoTpHIATeNBHOMN. [ToaTOMYy, cremyst Toif ke JIOTHKE, MOYKHO CUUTATh JTOKA3aHHBIM,
YTO KypeHHe MPeJOXpaHsIeT OT XOJephl. SICHO, UTO 3TOT BHIBOJ HEBEPEH, HO U BBHIBOJ O KYPEHHH Kak
MPUYHHE paka CTOJb K€ OMHNO0UeH.

Emé omun spkuit mpuMep pa3HUIBI MEXY pa3IHIHBIMHU THIIAMH CBA3eH mpuBenEH B VIHTepHETE.
Bor on:

2 Henpocmulx 8onpoca.

Ilepeuiii 6onpoc:

Ecnu Obl BB BeTpeTHin OepeMEHHYIO JKEHILMHY, Y KOTOPOH yxe § aeTeil, U3 HUX TPoe TIIyXHX,
JBOE CIENBIX, OJUH YMCTBEHHO OTCTaJblid, a cama >KEHIIMHAa OoibHA cudumnucom, - BBl OBI
TTOCOBETOBANIA €H caenaTh abopt?

[Tpexxae 4eM OTBETHTH Ha 3TOT BOIPOC, TPOYUTANTE BTOPOH BOIIPOC.

Bmopoii éonpoc:
HyxHo BBIOpaTh HOBOrO MHPOBOTO JIHMZAEPA, U Ball ToJloc — pemiaroumii. Bot undopmanus o

Tpex KaHIuaaTax:

e  Kanouoam 1: obuiaercs ¢ HEYUCTHIMU HA PYKY MOJIUTHKAMH, COBETYETCS C aCTPOJIOTaMH, Y HETO
IIBE JKEHBI, KYpHUT 0€3 OCTaHOBKH U BHITUBAcET §-10 O0KaloB MapTHHU B ICHB.

e  Kanouoam 2: nBaXIpl W3TOHSIICA C JOJDKHOCTH, CHHUT [0 TOJXYIHSA, OaJoBaJCsl ONMMYMOM B
KOJUTE/IKE, BBIITMBAET OKOJIO JIUTPA BUCKH KayKABIH Beuep

e  Kanouoam 3: WMeeT BOMHCKHE Harpajpl, BEereTaphaHell, He KypHT, H3pelKa NbET IHBO, U
HHUKOT/1a HE U3MEHSII KEeHe

Koro u3 Tpoux BbI BEIOEpeTe?
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Iepsviii kanouoam: @pankiaud . Py3BensT.
Bmopoii kanoudam: YuaCTOH YepUniuib.
Tpemuii kanoudar: Anonsd I'urnep

I/I, KCTaTu, HACYCT a60pTa: €CJIK BaIll OTBET «Ja», TO BbI TOJIBKO YTO y6I/IJII/I berxosena.

CHuCOK JUTEepaTypsl

[11 P.JL. Axodd. Menemxment B 21-m Beke. [IpeoOpazoBanue kxopmoparmu. Ilep. ¢ anrmumiickoro. M3a-Bo
Tomcxkoro ynusepcutera, 2004, 417 c.
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VIPABJIEHUE OBFbEKTAMM C PACHIPEJIEJIEHHBIMU ITAPAMETPAMHU
C UCNTOJb30BAHUEM AITIMTAPATA HEYETKOM JIOTUKHA

HU.A. Jannaymkun, C.A. Konrnamukos
Camapckuii TOCYAapCTBEHHBI TEXHUIECKUI YHUBEPCUTET
443100, Camapa, yi1. Mononorsapaeiickas, 244, Poccust
idanilushkin@mail.ru
ten: +7 (846) 337-07-00

Kniwouegvie cnosa: obvexm ¢ pacnpedenéHnvbiMu napamempamii, MooaibHoe npeocmasgietue, ypas-
HeHue MenaionposoOHOCMU, HeYEMKAs N02UKd, HeYémKuUll pe2yisimop, Heyémkas 6aza npasui, cuc-
mema agmoMamuyeckKo2o ynpasieHus

Abstract

The problem of synthesis of fuzzy control system at a plant with distributed parameters is dis-
cussed. An approach to the construction of a fuzzy controller based on a modal representation of
the plant with distributed parameters is proposed. Time modes of spatially distributed signal of
mismatch are considered as the linguistic variables. Defuzzification of fuzzy inference allows
taking into account restrictions to spatial distribution of control signal.

BBenenue

st menoro kilacca 0OBEKTOB yIpaBiieHHs HEOOXOIUMO YUUTHIBATH 3aBUCHMOCTH KOHTPOJIHU-
pyemMoro napaMeTpa OT MPOCTPaHCTBEHHOW KOOPAMHATHI. BOJBIIMHCTBO MOJOOHBIX 0OBEKTOB MOTYT
OBITH ONMCAaHBl YPaBHEHUSIMHU B YaCTHBIX NPOM3BOAHBIX Maremaruyeckoil ¢usuku [1]. Bompocamu
UCCIIEJIOBAaHUSl M CHHTE3a CHUCTEM aBTOMAaTHYECKOTrO YIPaBIICHHS OOBEKTaMH C pacrpele’EHHBIMU
napametpamu (OPII) 3anmMaeTcst CTpyKTypHAs TEOPHS pacpeenEHHbIX cucTeM [2-5].

OnuH U3 UCTIONIB3YEMBIX TTO/IX0/I0B K CHHTE3Y CHCTEM C paclpeleNéHHBIMU apaMeTpaMy CBS-
3aH C MOJAIBHBIM TIpe/ICTaBIeHHEM o0bekTa [4—6], Omaromaps xoropomy OPII mpencraBnsercs B
BU/Ie OCCKOHEYHOM CHCTEMBI OOBIKHOBEHHBIX AH((PEpeHINANbHBIX YPAaBHEHHH, KaX/10€ U3 KOTOPBIX
MOJKET paccMaTpHUBaThCsl KaK HE3aBHCHUMBIM COCPETOTOUCHHBINH 00BEKT yIpaBieHus. Bonpock! cuH-
TE€3a COCPEOTOUYEHHBIX PETYIATOPOB JUIS OTAEIBHBIX BPEMEHHBIX MO MOJAIBHOTO TPEICTABICHHS
OPII pematorcst pa3IndHBIMU CIIOCOOAMHU: C TIOMOIIBIO WHKEHEPHBIX METOJUK [7], METO/IOB aHalu-
TUYECKOTr0 KOHCTPYUPOBAHMS arperupoBaHHBIX peryisTopoB [8], ammapara HeHpoHHBIX cerelt [9].
CriexTpaibHbIIl METOJ aHaNM3a U CHHTe3a pachpefel¢HHBIX cucteM [10] mo3BosiseT UCIONb30BaTh
XOpOIIO MPOPaOOTaHHBIN anmnapar CMHTE3a aJl'OPUTMOB YIIPABJIECHHs B IIPOCTPAHCTBE COCTOSHUNA. B
TO e BpeMsi, JIto0OH U3 OMUCAaHHBIX CIIOCOOOB MMEET CBOIO 00JacCTh NMPUMEHEHHs U HE MO3BOJISIET
pemaTh 3amaun yrnpasnerus OPII B obmem cirydae.

B mannoit pabote mpearaercs MOAX0I K CHHTE3Y CHCTEM aBToMaTuieckoro ympasierus OPIT
C TPUMEHEHHEM armapara HeuéTKOW Joruku. CHCTeMbl peryaupoBaHus Ha 0a3e HEUETKOH JIOTHKH
XOpOIIO 3apEKOMEHI0BAIN ceOsl TPH TTOCTPOCHUH CHUCTEM YIPABICHHUS COCPEAOTOUCHHBIMU OOBEK-
tamu [11, 12]. IHTYUTHBHO MOHATHBIA ITOAXOJ K COCTABJICHUIO 0a3bl MPaBMI (DYHKIIMOHHPOBAHUS
HEUYETKOTO PETYIISITOpa MO3BOJISIET TOBOPUTE 00 yNoOCTBE MPUMEHEHHS HEUETKOH JIOTHKH B Ka4eCTBE
WH)KEHEpHOT0 MOJX0/a K MOCTPOCHUIO aBTOMaTH4deckux cucreM. [loaToMy pacnpocTpaHeHue amma-
paTa Heu€TKOMN JIOTHKHU Ha pa3paboTKy PeryiIsaTopoB IJIS CUCTEM C pacHpeeNEHHbBIMU apaMeTpaMu
MOJKET MPECTaBIATh ONpeIeIEHHBIN HHTEpEC.
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1 TIlocrpoeHue cucTeMbl HE4ETKOro ynpasJjeHus Ha 0ase npeacrasienuss OPII B Buae
MHOT'OCBSI3HO COCPEe0TOYeHHOH CHCTEeMBbI

B mocrarouno obmem ciydae, 3amada ynpasieHus OPIT moxer ObITh chopMyTipoBaHa B cie-
JYIOIIEM BHJE: 0OECTIeYNTh MPOCTPAHCTBEHHOE paclpeieleHUe yIpaBisieMol BennanHbl (O(X,7) ¢

%
MUHIMAJIBHO JTOYCTUMBIM OTKJIOHEHHEM OT 3amganHoro Q (x,t),

M J=]]

0 x,

0" (x,0)— O(x,1)|dxdtf — min ,
U(x,t)

3a CYET NMPOCTPAHCTBEHHO PACIIPEACIEHHOTO yNpaBisoniero BosaencTsus U(x,7). [xo,xl] — 00-
JacTh OMpPEJENCHNS pacTpeaeIEHHON BEIWYMHBI B NMPOCTPAHCTBE. 3aBHCUMOCTh KOHTPOIHPYEMOM
BEJIMYMHBI OT YIPABISIONIETO BO3AEUCTBHS MOXeT OBITh 3amaHa depe3 ¢yHkumio ['pura OPII
Gp(x,&,1), cnenyroumm o6pasom [2]:

@ 0N = | [Go(xsért—1)- UG r)dEdr.

0 xq

Crenyer OTMETHTbh, YTO JUIS IIMPOKOTO KPYra TEXHOJIOTHYECKHX yCTAHOBOK, NPEICTABIISIONINX
coboii OPII, pacmpenenéHHoe ympaBisioliee BO3IEHCTBHE MMEET OTpaHHYCHHYIO IPOCTPAHCTBEH-
HYI0 KOH(QUTYpaIuio Buia
, npuxz0;

M 1
3) U@)=31x=& )1 —x)u (), 1(x)=
i=1

0, mpux<O0,
rie & ; — YIOPS/IOYCHHBIE [0 BO3PACTAHMIO KOOPJMHATBI PAHML] HHTEPBAJIOB MOCTOSHCTBA yIpPaB-

JISIFOLIUX BO3NCHCTBUN u () B MPOCTPAHCTBE, &, — IleBas TpaHuIa EPBOro UHTEpBana, M — KO-

4eCTBO MHTEPBAIOB NOCTOSIHCTBA. B aToM ciyuae OPII moxker ObITh mpencTaBieH B BHAE MHOTO-
CBA3HOU CUCTEMBI, C BXOJAMM 10 YHUCIY Y4aCTKOB IOCTOSHCTBA YNPABIAIOUIUX BO3JCHCTBUI U Bbl-
X0JaMH [0 YHUCIY JATYUKOB U3MEPEHUsI KOHTPOJIUPYEMOW BEIUYMHBI B PA3IUYHBIX KOOpIUHATAX.
Taxoe npeacraBieHHe MOXKET OBITh HCIOIB30BAHO IPH IMOCTPOCHUH CHCTEMBI C HEUETKUM PEryJisiTo-

powm (puc. 1).

0" (p) &(p) HeuéTkuit u(p) o, p)
KOHTponnep ——>{ Wp(x,6,p) >

0(p)

WS(§9P) <

Pucynok 1 — CrpykTypHas cxema cuctemsl ynpasiaeHus OPII, ¢ HoMOIIbI0 HEYETKOro PeryyisTopa, OCHOBaHHAs
Ha npejcraiaeHn OPIT kak MHOTOCBSI3HOTO COCPEIOTOYEHHOT0 OOBEKTa YIIPABICHUS

Ha puc. 1 Wp(x,&, p) — nepenarounas dyuxuus OPIL, Wy (x,&, p) = L{G,(x,&,1)}, p — onepa-
Top  mpeobOpasoBanms  Jlarmuaca; O(x,p) — pacupenenéHHbII  BBIXOJAHOW  CHTHAI;
W (&, p)=[6(&-x,)] y » BEKTOD NepeXoiHbIX ¢-6710k0B [2], Ha BBIXOJE KOTOPOro (opmupyercs

BEKTOP M3MEPEHUI KOHTPOJIUpYyeMOil BeanuuHsl 0(p) = [Hi( p)] y B TOYKax x;, N — KOJIMYECTBO TO-
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4eK M3MEPEHUs KOHTPONUPYEeMOH BeIuduHsL &;(p) = jé(é’ —X; ) O, p)dé; 0'(p)= [91-* (p)]N -

Xo

BEKTOp 3aJlaHHBIX 3HAYECHUU B TOUKax X;; &(p)= [gi ( p)] v — BEKTOD PacCOrIaCOBAHUI 3a/IAHHBIX U

TEKYLIMX 3HAUYE€HUH B TOYKAaX KOHTPOJ, €(p)= 0*( p)—0(p); u(p)= [u ;( p)]M — BEKTOp YIIpaB-

JIAIOIIMX BO3IEUCTBUM.

[IpuHIMDI NeHCTBUS CUCTEMBI yIIpaBJIeHHUsI, IPEACTaBIeHHON Ha puc. 1, cnenytomuii. XKenaemoe
pacmpeniesieHne KOHTPOJIMPYEMOW BEIWUYMHBI 337aéTCi B BUJE BEKTOpa 3HAUYEHMUN TEeMIEpaTyphl B
TOYKaxX M3MepeHus. BenuunHa OTKIOHEHHS B KaXKJOW TOYKE KOHTPOJII CTAHOBUTCS OJTHOMMEHHON
JIUHTBUCTUYECKOI MEPEMEHHOM, 111 KOTOPOU OINpPEeAesIOTCs TePMbI (HampuMep, «Ieperpes», «HOp-
May, «HEJOTPEBY), a TaKKe (HYHKIUU NPUHAIICIKHOCTH. Jlasee, s KaX0ro U3 YIPABJISIOIIUX BO3-
nevicteuii u;(p) QGopmupyercs Heu€Tkuid BbiBOA [13]. 3HaueHMs IEMEHTOB BEKTOPA yNpPAaBICHHUS

u(p) paccUnTHIBAIOTCS C MOMOIIBIO MPOLEAYpH! Aeda33udrKanun HeUETKUX BBIBOJIOB, HE3aBICUMO

JUISL KaXJI0TO DJIEMEHTA.
Heuétkuii BBIBOA U1 KaXI0ro u;(p) (GopMuUpyeTcs ¢ IOMOIIBIO OTASIbHON 0a3bl IpaBUi, KO-

TOpas MO3BOJISIET YYECTh COCTOSIHUE Ka)KOW JIMHIBUCTUYECKOM niepeMeHHON. Pasymeercs, ucxons us
JIOTUKH TIOBEJCHUS OOBEKTA, BIUSHUE i-TOTO M3MEpeHHsI Ha (JOPMHUPOBAHUE YIPABICHHUS j-THIM HC-
MOJIHUTENBHBIM YCTPOMCTBOM, JOJDKHO 3aBHCETh OT CTENCHH YNAIEHHOCTH B IPOCTPAHCTBE TOUYKH
KOHTPOJISL X; OT 30HBI PACIIOJIOKEHHS j-TOTO HCTIOJHUTEIBHOTO yeTpoiicTsa |1, & ).

2 Hcnoab3oBanue MoaajibHOro npeacrasiaenus OPII

IToBbICUTE KauecTBO PabOTHI CUCTEMBI, MIPEJCTABICHHON Ha puc. 1| MOXHO, Kak U I JH000
MHOT'OCBSI3HOM CHCTEMBI, 3a CUéT Pa3Bs3bIBaHUS KOHTYPOB ympaBieHus. B naHHoMm ciydae, i pas-
BA3bIBAHMS KOHTYPOB IIpe/IaraeTcsi UCIOIb30BaTh MOJIAJIBHOE Npe/IcTaBleHne oObekTa. Takoi mos-
XOJI, B IEPBYIO OYepe/ib HAKIaAbIBAET P OTPaHUYCHUN Ha KiIacC 0OBEKTOB yNpPaBJIeHHUs, K KOTOPBIM
OH MOJXeT ObITh MpuMeHEH. B ciydae, koraa B KauecTBe MOJAEIN O0OBEKTa MCHOJIB3YETCs MPOCTPaH-
CTBEHHO-0JIHOMEPHOE YpaBHEHME B YACTHBIX IPOU3BOJHBIX Mapabonudeckoro Tuma [8]

2
aQE(;;’t)=aa g(f’t)+an;x’t)+,B~Q(x,t)+U(x,t), Xg<x<x;, t>0, a,v,=const
X X

OTHOCHUTEJIbHO paclpees€HHOW yrpaBisieMol BenuuuHbl (J(X,?7), ¢ HAYaJIbHBIMU U T'PAHUYHBIMU

“

yCHOBI/IﬂMI/I

(5) 0= 0y():

©) %—bog(xo,o:gom;
29

™ %mgm,rhgm,

Y BHYTPEHHHMM paclpeeiéHHBIM YIpaBisiomuM BosaeiicteueM U(x,?), pemeHue 3anauu (4)—(7)
MOJKET OBITh IIPEJCTABICHO B BUJIE

8) 060 =3.0,(Ayox) 2, (Ayst) : 2, (A1) = [O(1) @, (A x) e
n=l1

R
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3necy z,(4,,) — BPEMEHHBICE MOABI PA3IOKCHHUS PEIICHHS B PSA MO COOCTBEHHBIM (DYHKLIHUSIM

®,(4,,x) 3apnaun (4)~(7), n=1,2, ..., 4, — COOCTBEHHBIE YHCIIa,
A I, mpu i=js
) J.q)i(/?’isx)q’j (4;,x)dx = 0, mpu i%].

Xo

IMockonbky kaxkmas mona z,(A,,f) He3aBHCHMa OT OPYTHX, 4TO ciemyer u3 (9), To moaydaem

06eCKOHEUHOE MHOXKECTBO HE3aBUCUMBIX KOHTYPOB yIpasieHus. OrpaHHUUBIINCE YU&TOM K HEepBBIX
MOJI, ¥ UCHOJb3ysd B KaUeCTBE JMHIBUCTUYECKUX TMEPEMEHHBIX 3HAUCHHS MOJ PacCOrIacoBaHUS 3a-
JTAHHOTO pacCIpeeNIeHUs] U yIpaBIIeMON BEIMYHHBI, MOKHO IOCTPOUTh CHCTEMY aBTOMATHUYECKOTrO
YIpaBICHUSI €O CIEAYIOmEeH CTpyKTypoi (puc. 2). PacmpenenéHHbBIM CHTHaaI paccoriacoBaHUS

e(x,p)= Q* (x, p)—QO(x, p) TOCTymaeT Ha BXOJ MOIAJbHOIO aHAJIM3aTOpa, KOTOPBIA (GopMUPYET

BEKTOP MOJ] CUTHaJIa paccorjacoBaHus e(p) = [el-( p)] x>

(10) e/(p) = [e(x, p) @, (Ayox)dlx

Xo
Tenepb YK€ 3JICMCHTBI BEKTOpa e(p) pacCMaTpUBAOTCA B KAYE€CTBC BXOAHBIX JIMHI'BUCTUYCCKHUX IIC-

PEMCHHBIX HEYETKOT O KOHTpOJUICpA.

0" (x,p) e(x, p)

Mopanshuii | €(P) HeuéTtkuin u(p)

) W Q(x’p)‘
aHanu3aTop "1 «onTponneg > P(xafap) »

Pucynok 2 — CtpykrypHast cxema cuctemsl yrpasieHus OPII, ¢ nomoupio HeueTkoro peryastopa, OCHOBaHHast
Ha MoJaiibHOM mipeacTasienun OPIT

[ToCKONbKY CYIIECTBEHHBIM MPEUMYILECTBOM HCIOIB30BAHMS HEUETKOM JIOTUKU MPU CHUHTE3e
CHCTEM aBTOMATHUYECKOTO YIPABICHUS SIBISICTCS YA00HOE JUIsl YelOoBEeKa OMUCAHHE COCTOSHUS 00b-
exta 1 GopMUpOBaHHs 6a3bl MPABUII, TO JUISl YIIPOIEHUST HACTPOMKH PETyJIsTopa MOJaM — JIMHIBHC-
THUYECKUM TIEPEMEHHBIM MOXXHO BBECTH MMEIOIINI 1JIsl YE0OBEYECKOro BOCIpUsATHs cMbici. Hampu-
Mep, JUIS 33J]a4i HarpeBa HEMOABMKHOTO CTAIBHOIO CTEPXKHS C HYJICBBIMUA MPAHUYHBIMH YCIIOBUSMH
BTOpOro poja (B mocraHoske 3anauu (4)—(7) v,by,b, =0, g,(), g,(t)=0) MOXHO ompeneIUTh
CJIJIYIOIIHE JIMHIBUCTUYECKUE TIEPEMEHHBIC i COOTBETCTBYIOIIUE UM TEPMBI:

e ¢/(p)— cpenHss TeMIepaTypa CTepKH («IIeperpeBy», KHOPMay, KHEAOTPEBY);

e ¢,(p) —mepenaj TeMIepaTyphl MEXIY JIEBBIM M MPABBIM KOHIIAMH CTEPXKHS («WIEBBIH XOJI0IHEE
MIPaBOTOY», KHOPMa», «JIEBBIN Topsyee IPaBOTOY);

e ¢;(p) — mepenasx TemiepaTypsl MEKAY CEpeAMHON M KOHIJAMU CTEpPXKHS («KOHIIBI XOJOJHEE
CepEeUHBD», KHOPMay, KOHI[BI TOpAYEe CEPEIUHBD»);

* HT.H.

3 ®opmupoBaHue pacnpeaeéHHOro ynpasjeHus 0e3 npoueaypsl Aedas3uduxanuu

B Tex cirydasx, Korjga CymecTByeT BO3MOXKHOCTh PEasIM30BaTh PACIIPEISIEHHOE YIPaBIIOIIee
BO3JCHCTBHE MPOU3BOJILHOW (HOPMBI, MOXKHO BOOOLIE OTKa3aThcsl OT MPOLENYpH! Aedaz3upuKaiyy,
UCTIONB3Ys B KayecTBe (YHKIMHU MPOCTPAHCTBEHHOI'O PACIIPEACIICHUS YIPaBIIOMINX BO3ICHCTBUIA
3Ha4YeHHe (QPYHKINH MPUHAIIC)KHOCTH 00IIero He4EéTKOro BEIBOAA (pHc. 3).
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OI[I/IH M3 BO3MOXXHBIX BApHAHTOB pCaJM3allMM TAKOI'0 IOAXOAa 3aKJIIHOYacTCA B CICAYHOLICM.
I[JI}I KaxXJa0ro 3JIEMEHTa BCKTOpa MOJ CUT'Hajla pacCOrIaCOBAHUA e,—(p) OIIPEALIIACTCA Ha60p TEPpM

(4, j=1,2,.., P, P, — KONMYECTBO TEPM i-TOTO 3JIEMEHTA) U QYHKUMH NPUHAIIEKHOCTH K HUM —

M, (e;). 3aTeM UL BBIXOIHOI JIMHIBUCTUUECKOM IIEPEMEHHON X HEUETKOTO PEryIsTopa BEIOMPaeTCs
7

Habop u3 S tepm B, , k=1,2,..,S . DyHKIUN NPUHAIIEKHOCTH Up, (x) OmpenensoTCs Ha auana-

30HE [xo,xl], TaKUM 00pa30M, YTOOBI BHITIOJIHSUIOCH YCIIOBHE HOPMUPOBKH [13]

S
(11 kz,uBk(x)=l Vxe [xg,x, ).
=1

HeuéTtkuv Gasa
KOHTponnep
oPr npaeun
e(p) da3zzu- HeuéTtkuii U(x,p) 0O(x, p)
A\ A .
1 dukauus > BbIBOA, > WP(x,f,p) -

O(x, p)

MA — MozanbHBII aHATH3aToOP
Pucynok 3 — HeuéTkuii KOHTpoIUIep, GOPMUPYIOLIHHA pacpeeiEHHOE YIIPaBISIoNIee BO3ACHCTBIE

Janee ¢hopMymHpylOTCsl THHTBUCTHYCCKIE NPABUNIA YIPABICHUS PACIpefeNEHHON yIIpaBise-
Moil BenmuuHou Q(x, p) BUJIA!
R: if e=4, and e, =4, and ey=A4; then x=B;
R,: if e =4, and e, =4, and e;=A4; then x=B;
(12) Ry: if e =4, and e, =A4,, and ey; =4, then x=DB,;

R,: if e=4, and e, =4, and ey=A;; then x=By,;

Komnuectso npaBui B (12) B 061ieM ciydae MpOMOPIMOHAIBLHO KONMUYECTBY (DYHKUIMI NpUHAIICK-
HOCTH, ONPEACIEHHBIX JJIsl BCEX BXOJHBIX JMHIBUCTHYECKUX MepeMeHHbIX. [1o mpaBmiam (12) BbI-
HOJIHSIOTCA JIOKaJIbHbIe Heu&Tkue BEIBOAbI C; , QyHKINYU IPUHAIEKHOCTEH KOTOPBIX ONPEASIIAIOTCS
Kak [13]:

He, (0) = max{uy (x),minlu, (e), 44, (€)1, ()
He, () =max{uy, (),mini, (@), (€)1, (o)l
(13) He, () =maxg, (o min(iey (@)t (€2): i, )
He, (x) =maxiuy (),minlu, (et (@)t ()l

(DyHK]_II/ISI MIPUHAJICIKHOCTHU 06H.[6F0 BBIBOJIa C BRIHCIAETCS KaK

(14) (=Y pe, ().
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[Momyuennas ¢ynkuus npuHamiexxHocTr (14) MOXeT paccMaTpUBAaTHCS KaK HOPMHPOBAHHBIH
CHTHAJI PacHpeieIEHHOTO YIPABIISIOIEro BO3ACHCTBYS, TOT1a

(15) Ux,p)= Umax 'IUC(x) .

3akaouenue

IIpennoxeH MOAXOA K MOCTPOCHUIO CUCTEM aBTOMATHYECKOTO YIpPABICHUS OOBEKTaMU C pac-
npeienEHHBIMU [1apaMEeTPaMU C HCIOJIb30BaHUEM amnapaTta Hed€Tkou sioruku. Iloaxon mossosser
peliaTs 3a1a4u, CBA3aHHbIE C HACTPOUKOM PEryisiTOpOB aBTOMAaTUYECKHUX CUCTEM, C y4ETOM MOJaAJIb-
Horo mpexactasineHuss OPII u orpaHndeHnil Ha MPOCTPAHCTBEHHOE paclpeseieHNe YIPaBIISIOIIETO
CUTHAJIA.
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NIAEHTUO®UKALNA JETEPMUHHUPOBAHHBIX XAOTHYECKHUX TIPOHECCOB
C ICNTOJb30BAHUEM BA3UCA HEPET'VJISIPHBIX ®YHKITAN
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443100, Camapa, yi1. Mononorsapaeiickas, 244, Poccust
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Kniouegvie cnosa: xaomuueckuii npoyecc, HeluHeliHble HepeyisipHble KONeOanus, pasiodceHue epe-
MEHHO020 pA0a, OPMO2OHANLHYIN DA3UC, AN2OPUMM UOEHMUDUKAYUY, PEKYPPEHMHBLI AN20PUMM Oye-
HUBAHUS

Abstract

The problem of identification of one-dimensional observed time series with nonlinear irregular
oscillations is discussed. The model based on a linear combination of orthogonal functions is
proposed. This model describes the random processes The resulting accuracy of identification al-
lows the use of the proposed approach in the construction of prediction algorithm.

BBenenue

MHorue peanbHble CIOXHBIE AMHAMUYECKHE CHUCTEMbI NMPH (HyHKIMOHUPOBAHUN OOHapy>KHBa-
I0T B CBOEM IOBEJCHUH HEIMHEHHOE HeperyJsipHOe IBI)KEHHE, HE CBSI3aHHOE C BIMSHHEM KaKHX-
1160 cirydaiiHbIX (pakTopoB. [10JIHOCTBIO IETEPMUHUPOBAHHBIE CHCTEMBI IPUOOPETAIOT Xa0THYECKHUE
CBOICTBA NPH OMNPEAEICHHOM COYETaHHH 3HAUYEHWH CBOMX IIapaMEeTpPOB, BBI3BIBAIOIINX IEPEXO0] OT
YCTOWYMBBIX MPOLIECCOB K HEYCTOWIHMBBIM.

DaxkTHuecKn OOJIBIINHCTBO TEXHOJIOTMIECKUX MPOIECCOB, TPAAUIMOHHO CUNUTAIOMINXCS JeTep-
MHUHHMPOBAHHBIMH, IIPOSIBIISIOT 00JIEe CI0XKHBIC BHYTPEHHUE CBOICTBA, 00YCIIOBICHHbIC HETMHEHHBI-
MU 3¢ deKkTamMu, pa3HOOOpa3HBIMH BHYTPEHHUMH OOPaTHBIMHU CBS3SMH, AJISI OIMCAHUS KOTOPBIX HC-
MOJIb3yeTCs] MaTeMaTUYeCKUH ammapar UCCIIeOBaHUs XaOTHUECKUX SIBJICHUH, 3aJI0’)KCHHBIH, B 4acT-
HOCTH, OTEYECTBEHHBIMU Hay4yHbIMH mIkosamu KommoropoBa A.H., Apronsaa B.M., Cunas S.I'. u
Jpyrumu. XaoTHYecKkoe MOBEICHUE B TOCIEAHNE ECATUIIETHS 0OHAPYKUBAETCS B OTPOMHOM UHUCIIE
pa3nuuHbIX UHOOPMALMOHHBIX, MEXaHUYECKUX, (PU3NUECKUX, XUMUUECKHUX, ONOJIOTUYECKUX, IKOHO-
MHYECKUX U JPYIuX peanbHbIx cucteM [1]. [Ipobieme nposBieHUs] XaOTUUECKUX CBOWCTB JIETEPMHU-
HUPOBAHHBIMU CHUCTEMaMH B MOCJIETHEe BpeMs yJeNseTcss MHOTO BHHUMAHUS, U HCCIEeOBaHUE CTO-
XAaCTHYHOCTH W XaOTHYHOCTH JUHAMHYECKUX IPOIECCOB MPOU3BOJUTCS HA OCHOBE Pa3JIMYHBIX KOH-
HEeNTyaJbHBIX MOIX0I0B [2, 3].

Bo3HHMKaIOT KOHKpETHBIE MHXXCHEPHbIE NMPUKIAIHBIEC 33Jadd, TAE A YNPaBICHUS CHCTEMOM
UCTIONBb3YyeTCs M3MEHEHNE (YMEHBIICHNE WM YBEJINYEHHE) CTETIEHH €€ XaOTWYHOCTH, 4TO 00yclaB-
JMBAeT aKTyaJbHOCTh IOIYYCHUS aJ€KBATHOTO MAaTEMaTHYECKOTO ONHCAaHMS NETEPMHHHUPOBAHHOTO
Xa0THYECKOTO Tporecca [4].

B pabore pemaercs 3a1a4a HASHTH(OUKAINN OJHOMEPHOTO HAOJIIOIAEMOI'0 BPEMEHHOTO psizia
CO CIJIOXHBIMHU HEPETYJSIPHBIMH KOJICOAHHSMH C TIOMOIIBIO pa3iokeHusl mo Oasucy (yHKLUH, 3a-
JIAIOIIUX Xa0TUYECKHUE CTPYKTYPHI.

1 Ilpeanaraemsblii noaxon

PaccMaTpuBaeTcsi OTHOMEPHBI BPEMEHHOH Psili BBIOOPOYHBIX AKCIIEPUMEHTAIbHBIX 3HAUSHUIN
y(k), k=1,2,...N cpemHECyTOYHOr0 TEILUIOMOTPEOICHHS HA OTOIUICHUE KPYITHOTO MYHHUIIUIAIHLHOTO
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00pa3oBaHKs NMPU Ka4eCTBEHHOM 3HEpProcOeperaroneM perylupoBaHIH TEIUIOCHA0KEHHs B 3aBHCHU-
MOCTH OT TEMIIEpaTypbl Hapy>KHOTO Bo3Ayxa. OTIYCK TENIOBOH 3HEPIHH MOTPEOUTEISIM MPOHM3BO-
JUTCSI TI0 pacyeTHOMY rpaduKy Ha OCHOBAaHMM KOHTPOJIHPYEMOH TEMIIepaTypbl BHEIIHEH cpenpl,
MMEIOIIEH SIBHO BBIPaKCHHBIE HEPETYIIPHbIE KoJIeOaHuUs!, COOTBETCTBCHHO BIIHMAIONINE M HA XapaKkTep
rpaduka Termronorpedienus (puc.l).

PeanpHblid POU3BOJICTBEHHBIM MPOLECC MOXHO IMPEACTABUTh COBOKYIHOCTBIO TPAEKTOPUH B
MEJUICHHOM M OBICTPOM BpeMeHH. J[is MocTpoeHusl aJeKBaTHBIX MOJENel 11e1ecoo0pa3Ho IpHuMe-
HSATh METOJBI Pa3/IeNeHUs IBUXKEHUN U BBLACIATH PETYJSPHYI0, MEAJICHHYIO COCTABIISIONIYIO U ObI-
CTPOMEHSIOLIYIOCS, CUHTYJISIPHYIO COCTaBJIAIOILYI0. [locie BblaencHUs peryssspHOM TPEHIOBOU CO-
CTaBIISIONICH TIONYYEH PsiJ] OCTATKOB, MOIekKaIuil uaeHrupukanuu (puc.2).

14

-
N

Pacxop tennotbl, Mkan
-
© o

KaneHaapHble fHU

9KCNepVMEHTarbHble AaHHble
—¥— TpeHaoBas COCTaBMAoLL asi

Pucynok 1 — CpeiHecyTOYHOE TEIUIONOTPEOICHHIE TPU PETyJIMPOBAHIH B 3aBUCHMOCTH OT TEMIIEPaTyphl Ha-
PY’KHOTO BO3/IyXa

Pacxop Tennotbl, 3Ha4eHUsi OCTaTKoB

KanengapHble aHM

Pucynok 2 — BpeMeHHOI# psit 3HAYESHUIT OCTATKOB TOCIIE BBIICIICHHUS TPEHI0BOI COCTAaBISIOMIECH

Hawubomnee pacrpocTpaHeHHBIH MOIXO0]l - pAaCCMaTPUBATh OCTATKH KaK CIy4alHbIH, HOPMaJIbHO
pacrmpeieNleHHbII MpoIlecC, YTO He BCErAa COOTBETCTBYeT neifcTBuTensHOCTH. KoppemsuuoHHas
(yHKIMS TaKUX PSJIOB 3a4acTyl0 HeXapakTepHa Ul HOPMaJIbHO pacpe/ieIeHHbIX MPOLECCOB, CIIeK-
TpajibHas MJIOTHOCTD psijia UMCCT 3HAUYUTC/IbHBIC TUKU.

Amnanuz l/I[leHTI/l(l)l/ILII/lpyeMOFO BPEMCHHOT'O psiZia OCYIIECTBJIACTCA HA OCHOBAHUN OCHOBHBIX I10-
Ka3aresielf XaOTHYECKUX MPOIecCoB [5] U MOKa3pIBaeT HAa IMPUCYTCTBHE B HEM T.H. aHTHIIEPCUCTEHT-
HBIX COCTaBJIAIOMIMX - COCTAaBJIIOIINX, CONEPIKAIMINX XAaOTHIECKHE KOMIIOHEHTHI, B KOTOPBIX OTCYT-
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CTBYIOT JIOJITOBPEMEHHbBIE KOPPEISIIMK MEX/y COOBITUSAMHE B IPOLLIOM U OyayiiuM. B cooTBeTcTBUM

C OTUM, Ul Ka4eCTBEHHON WICHTU(HUKALMKE PAacCMATPUBAEMOTr0 Tpolecca HeOOXOIUMO HUCIOb30-

BaTh MOJIEIbHOE OMKMCAHKE, YUYUTHIBAIOIICE CIICHU(PUKY HEPETYJIIPHOTO MTOBEICHHSI OOBEKTOB.
Mopgens xaotuueckoro npouecca Yy, (k) = F(x, k) 3amaercs B Buzie pa3ioKeHus

m
1) F(x,k)=C(k)- ®(x) = Z;,)C,-(k)cﬁ,-(x, k)

i
0 ompeaeeHHoi cucteme QyHkmit P (x) = [1 o (x) ... @, (x)]T , YIOBIICTBOPSAIOUINX YCIOBHAM
OPTOTOHAJILHOCTH.

COOTBETCTBEHHO, 3aJa4a WACHTH(OUKALMN NPOLecca ¢ HepeTyIIpHON ITUHAMUKON CBOIOHUTCS K
STaIy CTPYKTYPHOH HACHTU(UKAIMH - OTIPEIEICHUI0 CHCTEeMBl 0a3ucHbIX QyHKImid P(x) u uMX KO-
JUYECTBa M - W JTally MapaMeTpu4ecKod UISHTU(QHUKALUM - ONpeesieHHI0 KO (PHIMEHTOB pa3iio-
wennss C = lco k) k) ... ¢, (k)J, MUHUMH3HPYIOLINX CPEIHEKBAJIPATUYHYIO ONIMOKY ai-

MPOKCUMAIINN MCXOAHBIX JAaHHBIX JIMHEITHON KoMOWHaIel BRIOpaHHBIX 0a3uCHBIX (pyHKIm D(x) .
Ha sTomM sTane pemaercs 3aada ONTUMU3ALIUH:

(2) % k)y-ck)- o) - min .
k=1

2 Bni6op 0a3uca cucremMsl

Jnst cozmanms dpdexTa AeTSPMUHAPOBAHHOTO Xaoca HY)XKHO IIOMYYUThH pas3fioKeHHe HaOIo-
naemoro curnana y(k) mo 6asucy ®(k)e R™ ¢yHkumi, obnagaronmx tpebyeMbIM MOBEIEHHEM,
XapAKTEPU3YIOIIUMCS OTPAHHYCHHBIMH HENCPUOJMUYSCKUMH KOJIeOaHUsAMHU. TakuMu CBONCTBaMU

001a]af0T Pa3HbIC THIBI MOJICJICH M3BECTHBIX XaO0THYCCKUX MPOIECCOB, HAIIPUMED, Kilace (YHKIIUH,
3a/IaHHBIX HESIBHO [6, 7]

(3)  x(k+1)=d(x(k), k=012.N-1.

B xauecTBe 0a3MCHBIX (DYHKLMI OBLIN HCIIOJIB30BAaHBI YPaBHEHUS, OTHOCSLINECS K THITY JIOTH-
cTrdeckux otoOpaxkennii [1, 8] (ypaBHeHUs Ha O0aze moxenn DepxroibCTa B TUCKPETHOM BPEMEHHU
k), onuchIBaroNIe KaK NEPHOJUIECKHE, TaK U XaOTHUECKUE KOJIeOaHHs B 3aBUCHMOCTH OT 3HAUCHUI
YIIPaBJISIONINX IAPaMETPOB & U [3:

@) x(k+1)= ax(k)-(l —yﬂx(k)j, k=012.N-1.

[JanHas mozens (4) MpeACTaBIseT cOYeTaHUEe IBYX KOHKYPUPYIOIIUX MPOLECCOB, OJHH M3 KO-
TOPBIX OlpeessieT OypHBIH POCT BBIXOAHOI BEIMYHMHBI, BHI3BIBAIOIINA 00pa3oBaHUE MPUHIHITHAIb-
HO HOBBIX CTPYKTYD, YBEIMYCHHE MX CJIOKHOCTH, B UTOT€ NPHBOLIMN K POCTY MHOrooOpasus u,
COOTBETCTBEHHO, BJICKYIIMHA HECTaOMIBHOCTb, HEYCTOWYMBOCTH MPOLECCOB , M, BTOPOH, Ha00OpOT,
3aj1aeT craji, yMEHbIICHHEe CKOPOCTH POCTa U3-3a OrPaHMYEHUHI Ha IT0BEACHHUE, BBI3BIBAIOLINIT pacmaj
CTPYKTYP CHUCTEMBI M BIEKYIIMI YIOPsAOUYMBAHUE MPOTEKAIOMIMX IpoueccoB. Ha mHTepBaiie u3me-
Henus 3.570<a <4 mpu [ =1Habnrogaercs XaoTHYECKOe MoBeseHue cuctemsl [1], obmanatomee

CBEPXYYBCTBUTCIIbBHOCTHIO K MaJIbIM U3MCHCHUAM MapaMETpPOB, a TAKKC HaYaJIbHBIX yCHOBI/Iﬁ X(O),

Y TIPUBOJIAIIIEE K CYIIECTBEHHBIM OTIMYHSAM BO BPEMEHHBIX TPACKTOPHUSAX CUCTEMBI, B COOTBETCTBHH C
4eM, pasMYHbIC BApUaHThl couetanust &, f n x(0) IMO3BOJSAIOT HCIOIB30BATH IIHMPOKUE BOZMOXKHO-

CTH ISl IOMCKA 0a3MCHBIX (DYHKIMI, MAKCHMAJIBHO YIOBJIETBOPSIOIIUX TPEOYEMBIM YCIOBHUIM Cpe-
JT1 BO3MOKHBIX MHOTO00Opa3uii.
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[Tapamerpsl ypaBHEHHII W HadalbHBIE YCIOBHS BBIOMPAIOTCS U3 YCIOBHS OPTOTOHAJIBHOCTH
¢ynkiwmii [9], ncxoas U3 KOTOPOro, B ciaydae JIMHEHHOH HE3aBUCUMOCTH BEKTOPOB, KOPPEISINSA Me-
KLy HUIMH OTCYTCTBYET:

(5) |R(x,. (k),xj(k)]<5, iy j=lm, Yi# j; k=12,.N,

rie R(xi (k),x; (k)) — KOO QUIMEHT B3aMMHOM KOPPEJAIMH HCCIIeNyeMbIX Tporieccos, a o = 0.1
paccMmarpuBaeTcsi Kak J0IyCTUMask MOTPEIHOCTh BEIYUCICHUS KO QHIMEeHTa KOPPEISILIMK Ha Orpa-
HUYEHHOM BPEMEHHOM HHTEpBaJe.

JpyruM HeoOXOIMMBIM YCIOBHEM SIBIIETCS MaKCHMalbHas KOPPEIMPOBAHHOCTb Oa3HCHBIX
(hyHKIHH C HICXOAHBIM BpeMeHHBIM psaaoM Y (k) :
©) [R(v (k).y(0)| > max . i=l.m; k=12..N.

@;.[3;,x;(0)

B cootBeTcTBUM € 3TUM, AN PAa3I0XKCHUS HAOMI0AaeMOr0 BpPEMEHHOI0 psiia ObLT co3gaH Oasuc

n3 m=2 (QyHKUUHA

7 o=l xtk) x®],

rae x;(k), i=1,2 ompenensiorcs cornacHo (4), a X HapaMeTpsl U HadaJIbHBIE YCIOBHS MaKCHMallb-
HO yJIOBJIETBOPSIOT 33/IaHHBIM TpeboBanusM (5), (6). Benencreue HelmHeHHO 3aBUCUMOCTH BBIXO/I-
HOM BEJIMYUHBI OT YNPABISIOIINX NapaMeTPOB U HaYaJIbHBIX YCIIOBHH, IIOMCK KOHKPETHBIX 3HAYCHUI
a;, B:,x;(0),i=1..m OCYLIECTBISCTCS YUCICHHBIMH METOIAMHU U SBILIETCS CAMOCTOSATEINIBHOM 3a/1a-

Yeu.

3 Peann3zanusi aianTHBHOIO aJIropurmMa Ol¢cHUBaHUA

Tak kak HaOdrOaeMasl BHIXOJHAS BEJTUUMHA XapaKTePU3YeTCsl HEPEeTYIIPHBIM MOBEICHUEM, TO
JUTS JOCTIDKCHHST MAaKCUMAaIbHOM aJeKBATHOCTH HAOIIOAeMOMY MPOIIECCY PEUICHO HACHTUDHUIMPO-
BaTh KCIICPUMEHTAJIbHBIC TAHHBIC MOJCIBIO B BHUJIC JIMHCHHON KOMOMHAIMK Oa3UCHBIX (DYHKIMH C
HecTanuoHapHueiMu mapamerpamu C(k) . Kpome Toro, olieHHBaHUE MapaMEeTPOB Pa3OKECHUS CUTHA-

71a 1o 6a3ucHBIM (QYHKINSIM (7) IPOUCXOAUT B YCIIOBHUSAX TEHCTBHS I TUTHBHOM TOMEXH
@) yk)=Ck) - (k) +nk),

B COOTBCTCTBHHU C 4YEM, IJIA I/I,HeHTI/ICI)I/IKaHI/II/I MCECHAIOIINXCA KOB(bCI)I/IHI/IeHTOB HeO6XO,HI/IMO HCIT0JIB30-
BaTh PEKYPPEHTHYIO NIPOUECAYPY aTallITUBHOI'O aJITOPUTMa OLCHUBAHHUSA, I'I€ OLECHKHU IMTapaMETPOB HA
KaXXZIOM TIOCJIIEAYIOIIEM MIare KOPPEKTUPYIOTCSA C YYETOM OIIHOKHU OILICHUBAHMA, paCCManPIBaeMOﬁ
KaK pasHOCTb MEXKITY q)aKTI/I‘IeCKI/IM 3HAQYCHUEM W OCHOBAaHHBIM Ha MPEABITYIINX Ha6JIIO,HCHI/I$IX
NpEACKa3aHuEM

9 e(k)=y(k)=C(k)- @ (k) .

B ciyyae BeIOpaHHOH JIMHEHHOH 1Mo mapaMeTpaM Mojenu (8) Takas mpoueaypa mapameTpude-
CKOH MACHTH()HKAIIMN HE BBI3BIBACT TPYJHOCTEH.

4 PesyabTaThl peaju3auuu

[IpennoxeHHbIH anroput™M ObUI anpoOMPOBaH HAa PEAIBHBIX SKCHEPHMEHTAIBHBIX JAaHHBIX
CPEAHECYTOYHOTO TEIIONOTPEOICHUsI MyHUIIMIIAIBHOTO TIPEANIPUATHS Ha WHTepBane u3 N=24 ¢ax-
THYECKHX 3Ha4eHUH. Pa3noxenne HabIr0aeMoro mpolecca MpoBeieHo 1o 0a3zucy u3 IByx GyHKumit
kiacca (4), Uil HUX HalileHbl 3HAa4YeHUs IapaMeTPOB OTOOpPaKeHWI W HaAvabHBIX YCIOBHIi
a;, f3,x;(0), i =1,2, mpy KOTOPHIX KOI)GHUIMEHT B3aNMHON KOPPEISALUNH MEXKIY 0a3HMCHBIMHE (yHK-
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USMU |R (xl (k),x, (k)l =~(.055 , mpu MakCHMaJbHO JOCTH)KUMOU KOPPESAIHMU caMuX (YHKIHUN C

HAOII0OaeMBbIM BPEMEHHBIM PSIOM |R (xl (k),y(k)l =042 un |R (x2 (k),y(k)l =0.53 .

PeammzoBan AJITOPUTM OLECHKH HECTAIMOHAPHBIX KOBCI)(i)I/I].[I/IeHTOB pa3jIoKCHHUs, HA OCHOBAHHUU
KOTOPBIX IMTPOBEACHA aAlIIIPOKCUMAIINSA SKCTIEPUMEHTAJIBHBIX 3HAYCHUI.
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Pucynok 3 — Habnrogaemblil BpeMEHHOMU psit M €T0 arpOKCHMAaIus

Pemenne MOIENBHBIX TPUMEPOB ITOKA3bIBAET JOCTATOYHO BBICOKOE KAaueCTBO MACHTH(UKAIINU
Ha BPEMEHHBIX HHTEpBaIax HeOOIBIION INTEIbHOCTH.

AHanu3 pe3ynbTaToB ITOKa3bIBACT OIPOMHOE MHOT00Opas3ye 1 OOJbIINe BO3ZMOXHOCTH IJIS MO-
CTPOCHHMSI MOJIENIe Xa0THIECKUX IMIPOIECCOB B paMKax IPEUIOKEHHOTO Kiiacca 0a3uCHBIX (DYyHKIIUH.
Hapnexamumii BBIOOp mapaMeTpoB U HayallbHBIX yCJIOBHH 0a3MCHBIX YPaBHEHHUI BO MHOI'OM OIpejie-
JseT pe3yiabTar uaeHTHduKanun. Hanpumep, H3MEHEeHHeM TOJBKO [apameTpa /ff; OfHOrO W3 JIOTH-
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CTHYECKUX OTOOpaKEHHH IPH NMPOYMX PaBHBIX IapaMeTpax M HayaJbHBIX YCIOBHUSX, B 000MX Cllyda-
SIX YAOBJIETBOPSIONINX 3aJaHHBIM TpeboBarmsaM (5), (6) (puc.3), BO3MOXKHO MOJMYYHTH Pa3TUIHBIC
(hOpMBI aNMPOKCUMUPYIOIIEH KPUBOI NPH MPUOIU3UTEIHHO OJMHAKOBON TOYHOCTH MACHTU()UKALNH
83% u 86% cootBeTcTBeHHO st MozenH 1 (puc.3,a) u momemu 2 (puc.3,0).

ITOBBICHTB TOYHOCTB aNMPOKCHMAINK MOKHO BKJIIOYCHHEM B 0A3UC Pa3JIOKESHUS TOTIOJHUTENb-
HOIl (DYHKIHMH, pelIeHHe O TaKOi BO3MOXKHOCTH IPHHHMAeTCs Ha OCHOBaHHMHU aHAJM3a IOKa3aTenei
Xa0TUYECKHUX MPOIEeccoB [5].

3akiaouenue

IlonyueHHble pe3ysbTaThl MOKA3bIBAIOT JOCTATOYHO BBICOKYIO TOUHOCTH OLIEHMBAHUS IpPOLEC-
COB, COAEPKAILUX HEITUHEHHbBIE HEPErYIPHBIE COCTABIISIOIINE.

[pemiosxeHHBIN MOAX0]] MOXKET ObITh HCIOJB30BaH JJIsl MPOTHO3UPOBAHMS XaOTHYCCKOU CO-
CTaBJIAIONIEH peabHbIX MPOU3BOACTBEHHBIX MTPOLIECCOB C BHICOKMM YPOBHEM IlIyMa C LIEJIbIO YMEHb-
IICHUS OIIHOKU TPOTHO3HPOBAHUS.
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Abstract
This paper describes the analysis MSAU using nonlinear corrective devices and application of
nonlinear logical laws to improve the quality of transients.

1 AKTyaJbHOCTH

Bo MHOrMX NMpakTHYECKHX CIydasX BO3HHKAET HEOOXOAMMOCTh aBTOMAaTHU3MPOBATH HE TOJBKO
OTZAENbHBIE 00BEKTHI, MIPOLECCHl U ONEpPaIMi, HO U OOJIBIINE CIIOKHBIE KOMIUICKCHI, BKIIOYAOIINE B
ce0s1 HECKOJIBKO TIO/ICUCTEM, B3aMMOJCHCTBYIONINX APYT C APYroM. XapaKTepHBIMH CBOMCTBaMH Ta-
KHX CHCTEM SIBIISIIOTCS HEJIMHEHHOCTb, MHOTOMEPHOCTb, MHOTOCBS3HOCTh M MHOTO()YHKIHNOHAIb-
HOCTb, T.€. B Ipoliecce HOPMaJIbHOM pabOThl BO3MOXKHOCTh M3MEHEHHSI KaK KOMIIOHOBKH CHCTEMBI,
TaK U JMHAMMYECKHX CBOICTB caMux cemapaTHbIX nojcucteM [1]. Ilpumepamu Takux cOBpeMEHHBIX
cnoxHbIX cucteM sABstoTca CAY I'T/l, sHepreTuueckue KOMIUIEKCHI, CHCTEMBl PEryJIMPOBAaHUS Ha-
HPSOKEHHUS U 4acTOThl CHHXPOHHBIX I'€HEepaTopoB M Tak jnajnee. OCHOBHas TPYIHOCTh IPU ITOM 3a-
KJIF0OYaeTcsi B 00ecreueHuH yCTOHYMBOCTH U JKeJlaeMOoro KadecTBa (yHKIHOHUpoBaHus kak MCAY B
LIEJIOM, TaK M e€ CemnapaTHBIX MOACUCTEM Ha pa3iM4yHbIX padouux pexumax. [loaromy nocrtumxeHue
JKeJIaeMoro KayecTBa ()yHKIMOHMPOBAHUSI MHOTOCBSI3HOM CHCTEMBI SIBIISIETCS aKTyajbHOW. B cTarbe
JUISL PeIIeHHs JaHHOW MPOOJIEeMbl MpeyIaraeTcsl UCIOIb30BaTh HEJIMHEHHOE JIOTHYECKOE KOPPEKTH-
pyolLee yCTpOUCTBO C IEPEMEHHON CTPYKTYpOHl.

ITocTanoBKka 3aJaun

PaccmoTpuM MHOTOCBSI3HYIO cucTeMy (puc.l.), KoTopasi OMUCHIBAeTCS ypaBHEHUEM:
) Y(s)=U(s)Wys5(s5)

U(s) = Ry [X () = Y ()]’
rae U(s),X(s),Y(S) — COOTBETCTBEHHO BEKTOPHI YIIPABIAIONINX, 3aJaOIINX U YIIPABISEMBIX KOOPIH-
HaT, Ryyy (s) = diag{R HKY (s), Rukya (s),..., Rurcyn (s)}— HEJINHEMHOE JIOTHYECKOE KOPPEKTUPYIOIIEe
ycrpoiicTBo, Wo0b(s) — (n X n)-MarpuyHas nepeaaTouHast QyHKIUs 00bEeKTa yIpaBieHus.

Perymnsrop oy
X(s) Ei(s) Ui(s) U(s)
Ry (5) —> W(s) >

Pucynok 1 — CtpykrypHas cxema MCAY
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TpeOyeTcst TOTYIUTh HETMHEHHBIN JTOTHYECKI aJlTOPUTM YIIPABJICHUS, 00eCTIEeTHBAOIIN JKe-
JlaeMoe KadecTBO (hYHKIIMOHNPOBAHUS MHOTOCBSI3HOW CHCTEMBI.

2 HeauHeiiHoe KOppeKTHPYIOIIEe YCTPOHCTBO ¢ MEPEeMEHHOH CTPYKTYPOii

CxeMa KOPpEKTHPYIOLIETO YCTPOICTBA ¢ MEPEMEHHOH CTPYKTYpOH, Pealm3yIOLIeTo IIPOIop-
IMOHANBHBIN anroput™: u(t)=Ke(f), mpeacraBineHa Ha puc. 2. 31eCh Z; U Z, — BBIXOJHbIE CUTHAJIBI C
normaeckoro ycrpoiictea (JIY), K| — xoaddurmeHT yekopenus curaaia, K, — ko umnuent 3amen-
JeHus curHana, npudeM K;>K,, € — ommbka CUCTEMBI, a e — MPOU3BOJIHAS OT OIIUOKH.

_pl dwdt ) A
Z
€ A\ 4 u
K; ¥ X[+ —>
A 4
» K, X

Pucynok 2 — HenuueiiHOro KOppeKTHPYIOIIEro YCTPOMCTBaA C IEPEMEHHOM CTPYKTYpOH

CootBetcTBYIOIMM 10J100poM K03 dunueHToB K| n K, MOXKXHO JOCTHYb BBICOKOT'O OBICTPO-
JIEHCTBUS TIPH TOCTATOYHO MajoM IepeperynupoBanud. [lepexmodenns kodddummentos K| u K,
IPOMCXOJIAT MPH OMPE/IEICHHBIX COOTHOMCHUAX OIMOKH € M ee MPOM3BOIHOM € , a He IPH UX (PUK-
CHPOBAHHBIX 3HAYEHHAX. DTH COOTHOIICHHS 33/1al0TCS JIOTHUECKUM aJITOPUTMOM YIPABIICHUS:

@) fee)= K, ecmu (Qg‘ 2 |€| U |g| < A)m |€| > B)m (gg' < 0)

K, ecnu (Qg‘ <lejule| = A)m|g| < B)m (&9’ > B)u (eg' > 0)

CurHan z; paBHBIM eIUHAIE BKIIOYAET YCKOPSIOIIee 3BeHO ¢ KodddunueHTom K, a CUTHAI Z;
paBHBII eNWHUIBI BKIIOYAET 3aMeIstioniee 3BeHO ¢ Kkod(¢urmeHToM K,. Peanmn3oBaHHBIN 3aKOH
yIpaBJIeHUs OCHOBAaH Ha JIOTHYECKOM 3aKOHE, MpesiokeHHOM B pabore [2] M.B. Crapukooii. Ho
norndeckuii 3akoH M.B. CrapukoBOl HE YYWTHIBA€T YCIOBHS, KOTZa NMPOM3BOAHAS OT OMIMOKH £
W3MEHSETCSl OY€Hb MEAJICHHO, a TaKKEe CHUTYallnH, KOT/a JIOTHUECKHUI 3aKOH cpadaThIBacT B TPyOKe
TOYHOCTH M TIPUBOJUT K BO3pacTaHuio nepeperynuposanus. [lapamerpsl A u B npeacraBusitor co6oit
4 PETYISIMOHHbBIC TTApaMETPhl, KOTOPBIE MO3BOJISIOT H30€XKATh
JTAaHHBIC MPOOJEMbI, OHU M3MEHSIOTCS B mpenenax ot 0 1o
max( € ) U yIoBIETBOPSAIOT yciaoBusiM A+B=max( € ) u A>B.
3nayeHne mapamerpa A Hambojee >PPEKTHBHO B Ipeaerax
[0,95*max( € ); max(é& )] mpu nomyctumoit omrubke 5%, a
3HaUeHHWE IIapaMeTpa B COOTBETCTBEHHO B TIpenenax
[0;0.05*max( € )]. Takum 0oOpa3oM, ¢ IOMOIIBIO MTapaMeTpa
B 3amaercsi HaualbHOE 3HaueHHE OMIMOKHU £, MPU KOTOPOW

cpaboTaeT JOTHYECKU 3aKOH U TIOIKIIIOYACTCS YCKOPSIOLIee
Pucynok 3 3BeHO ¢ ko3(dduimentom K, a ¢ momoImipio mapamerpa A
3a/1aeTCsl 3HAUCHUE OMIMOKH, MPU KOTOPOW cpaboTaeT JOrH-
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YeCKUil 3aKOH U IOJKIIOYACTCS 3aMEBIIoNIee 3BeHO ¢ K03 puuueHToM K, 9TO MO3BOSIET HCKIIO-

YHTh MEPEperyMpoBaHre. XapaKTepPUCTHKA HEJINHEHHOTO KOPPEKTHPYIOIIEr0 YCTPOMCTBA Mpen-
CTaBJieHa Ha puC. 3.

PaccMOTprM B KadecTBe MpUMEpa TPEXCBSI3HYIO CHCTEMY YIIPaBICHHS, KOTOpPAs OMHCHIBACTCS
ypaBHeHHeM (1), Toe

1 My by 1 2 11
W06(3)=m By hy 0 =005+ -120
! hy 0 hy| STRSTI[=10 2

Tpebyemble mokaszaTenn KadecTBa: BpeMs peryiampoBaHus f, < 0,5c, mepeperymuposanue ¢ < 5%,
MepBOE JOCTHIKEHHUE HYJIEBOTO 3HAYSHUS OMIHNOKH 7., < 0,5-1c.

PaccMoTpuM miepexoiHbIe MPOIECCH B CUCTEME 0 KAXKIOMY KaHaTy 0e3 KOPPEKTHPOBKHU H C
KOPPEKTHPOBKOI1 puc. 4(a,0).

14
hit) :

1
|===V1

Y2,Y3

0s

a) 0)
Pucynok 4 — [lepexoiHble MPOIECCHl HECKOPPEKTUPOBAHHON CUCTEMBI (2) U CKOPPEKTHPOBAHHOM cHCTeMEI (0)

Ha puc. 4(a) mepexomHbIii mporiecc Ha BBIXOJIE MEPBOI MOICUCTEMBI Y| HMEET MoKa3aTen Ka-
uecTBa: #,~1.6 c., 0 =32%, f,, = 0.43c; Ha BBIXOJAaX BTOPOW M TpeThel moiacucreM Y, U Y3 :
=l c., 6 =5%, toy = 1.13 c. Kak BuguM, naHHBIE NOKA3aTENM KAY€CTBA SABJIAIOTCA HEYIOBIETBOPU-

TEJIbHBIMHU.
= ! ! ! ! !

1

ns

1]

a5

Pucynoxk 5 — IlepexoaHslii mpolecc nNepBoi CUCTEMBI U BBIIIOJHEHHE JIOTHUECKOr0 3aKOHA Il 3TON CUCTEMBI

PaccmoTrpuM ckoppekTupoBaHHYyI0 cucteMy. [ nepsoii noacuctemsl K;=0.03 u K,=0.01, gns
BTOpOH U Tpeteit moacucreM K;=2.4 u K,=1.IlepexoaHslii mporecc NepBoil MoACUCTEMBI U BHITIOIHE-
HHE JIOTHYECKOr0 3aKOHA JUIs Hee MPeJCTaBIeHbI HAa PUCYHKE 5.
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HepeXO,HHBIe pouecChl It BTOpOﬁ u TpeTBeﬁ MNOJACUCTEM U BBIIIOJTHCHHUEC JIOTUYCCKOI'O 3aKOHA
JUIL HUX TMPEACTABJICHBI HA PUCYHKE 6.
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Pucynok 6 — IlepexoaHslii mporecc BTOPOil U TpeTei CUCTEMBI U
BBITNOJIHEHHUE JIOTHYECKOT0 3aKOHA JUISl JAHHBIX CUCTEM

3 BeiBog

Takum 00pa3oMm, HCHOJIB30BAaHHE HEITMHEHHOTO JOTHYECKOT0 KOPPEKTHPYIOIIETO YCTpOCTBa
MO3BOJIIET YIIy4YIINTH MOKa3aTeNnn KadecTBa CUCTEMBl. B mpuBeneHHOM mpumepe TpexcBsizHOit CAY
BpeMs peryJMpoBaHUs NEpBOH MOACHCTEMBl YMEHBIIHIOCH B 3.8 pasa (¢ 1.6¢. mo 0.42c.), mepepery-
JIMpOBaHNE YMEHBIIMIOCH B 6.4 pasa (¢ 32% 1o 5%). Bpems perynupoBaHus BTOpOi 1 TpeTheil mos-
cucTeM yMeHbIIHIIoch B 2.33 pasa (¢ lc. no 0.43c), nepeperynupoBanue yMeHbIIUIOCH B 1.25 paza (¢
5% no 4%).
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Abstract

The cognitive model of the macroeconomic system functioning regarding goods, labor and
money markets is presented. This article shows the characteristics of the dynamics of interaction
of macroeconomic goods, labor and money markets. The dynamic model of money market
functioning shows the dynamics of the interest rate formation. The results of experimental re-
search of the controlled and uncontrolled scenarios considering behaviour of the macroeconomic
system are discussed.

BBenenue

Pa3Butne MUpoOBOro (PMHAHCOBOI'O KpH3HCa YCHJIMBAET MOTPEOHOCTH B HCCIEIOBAHHUSAX MeXa-
HHU3MOB KpPEJNUTHO-JCHE)KHON MOJNTHKHA KaK WHCTPYMEHTa MaKpPOIKOHOMHUYECKOTO PETYJIMPOBAaHUSL.
B cBsI3M ¢ 9TUM OCOOEHHO aKTyaJbHBIMU CTAHOBSITCS CHUCTEMHBIE HCCIIEI0OBAHUS BBICOKOJIMHAMMY-
HBIX MPOLIECCOB (PYHKIIMOHUPOBAHUSI OAHKOBCKOT'O CEKTOpa M MX BIIMSIHUS Ha MAaKPOIKOHOMHUYECKYIO
cuctemy B 1esiom [1-3]. Llenb npoBOIUMBIX UCCIIEJIOBAHHM 3aKII0YAETCS B MOJISTUPOBAHUY IMHAMU-
KA MaKpO3KOHOMHYECKOr0 Kpyroo0OopoTa B HEPaBHOBECHBIX YCIOBHSAX B3aMMOCBSI3aHHOTO (yHK-
LMOHUPOBAHUS PBIHKOB OJIar, Tpyna U JieHer. Pemaemple 3aaun cocTosT B pa3paboTKe KOTHUTHBHOM
U TUHAMHYECKUX MOJelnell mporecca (QyHKIIMOHUPOBAaHUS MakposKoHoMHu4eckoi cucteMbl (MOC) B
HEPaBHOBECHBIX PHIHOYHBIX YCJIOBHSX, a TAKXKE B NPOBEACHUU SKCIICPHMEHTAIBHBIX HCCIICIOBaHUI
IMHAMUKHA (OPMHPOBaHHS (DMHAHCOBBIX IIOTOKOB CEKTOPAMH IKOHOMHUKH MO BIMSHUEM Deryiu-
PYIOLIEro BO3/CICTBHS B3aHMMOCBSI3aHHOTO M3MEHEHHs ypOBHEH IieH, 3apabOTHOMH IUIATHl U CTABKH
npoueHTa. Pe3ynbraraMu NPOBOJUMBIX WCCIEJOBAaHMN SIBISIIOTCS JIMHAMHUYECKUE MOJEIU W IpO-
rpaMMHOe obecredeHre MH(OPMAalMOHHO-aHAJIUTHYECKOH CHUCTEMbl MMHTAIIMOHHOTO MOJIEMPOBa-
Hus npouecca GyHkunonuposanus MOC ¢ y4eToM MakpodKOHOMHYECKUX PHIHKOB.

1 KorantueHasi MoJelb MAKPOIKOHOMHYECKOI0 KPYroo6opora (pMHAHCOBBIX IOTOKOB
M?3JC c y4yeToM pbLIHKOB 0.J1ar, Tpy1a H AeHer

KorHutuHass MoJenb MakpOIKOHOMHYECKOTO Kpyroodopora (uHaHCOBBIX 1moTokoB MOC ¢
Y4eTOM MaKpOIKOHOMHYECKHX PHIHKOB BKIIOYAeT B ce0si ceMb KOHLENITOB: YETHIPe MaKPOIKOHOMH-
yecknx areHTa (MDA), B pOIH KOTOPHIX BBICTYIAIOT: PEaJbHBIN ceKTop ((pHUpMBI), CEKTOp TOMOXO-
34HCTB (HaceJIeHUe), CeKTOPBl (PMHAHCOBBIX M 'OCYNApCTBEHHBIX YUPEKICHUM, a TaKkKe MaKpOIKO-
HOMHYECKHE PBIHKHU OJar, Tpyna u neHer (puc. 1). CBs3sSMu SBISIOTCS (QHHAHCOBBIE TOTOKH (CIIIONI-
HBIE JIMHUM); HHPOPMALMOHHBIE CUTHAIIBI O 3aIlacax M PHIHOYHBIX IIeHaX (IITPHXOBLIC JIMHUH); MaTe-
pHANIbHBIC TOTOKH (IITPUXITYHKTHPHBIC JINHUH).

131



Pa3paboTka KOTHUTHBHOW MOJEINH BBITIOIHACTCS HA OCHOBE MPHHIIMIA TTOCIEI0BATENBHOTO yC-
JIO)KHEHMSI TIOTOYHO-3aIIaCHON MOZENM IyTeM BKJIIOYCHHS B HEe, BO-TIEPBBIX, PhIHKA Onar, peryim-
pytomero (GyHKIMOHAPOBAHHE OCHOBHOTO, CHCTEMOOODA3yIOIIero KOHTypa «IIPOM3BOACTBO-
MOTpeOIeHNE»; BO-BTOPBIX, pBIHKA TPYAd, TAKXKE PETYIHPYIOMET0 KOHTYp «IIPOHM3BOJCTBO-
MOTpeOIeHNE»; B-TPEThUX, PHIHKA JCHET, KOTOPBIH OKa3bIBAaeT BO3JACHCTBHE HA (YHKIMOHUPOBAHHUE
KOPPEKTHPYIOIIET0 KOHTYpa «MHBeCTHINH-cOepexeHus» [4]. [Ipu 3ToM ponb peIHKa Oilar cOCTOUT B
AKKyMYJIMPOBAaHMU OCHOBHBIX (PMHAHCOBBIX IOTOKOB MOTpPEOJIEHUs] M HAKOIUIEHHS, a Takxke B Qop-
MHUPOBaHHMHU YPOBHS LIEH KaK (akTopa, peryJMpyouiero npomecc ooOMeHa 6Jar u AeHer Ha JuHaMuue-
CKU HEPaBHOBECHBIX pexkuMax. Posb peIHKa TpyZa, HaXOJSIIErocst B 3aBUCUMOM OT pBIHKa OJiar mo-
JIO)KEHHUH, COCTOUT B (POPMUPOBaHUH MH(MOPMAIIMOHHBIX MOKa3aTelel ypoBHs 0e3paboTHIbI U 3apa-
OOTHOW TUIATHI, XapaKTepU3YIOMINX colMaibHoe Onarononyurne MOC u perynmpyronyx IIaHsl Ho-
BEJICHUS PEaNbHOr0 CEKTOpa M CEKTOpa JOMOXO3SHCTB Ha TUHAMUYECKH HEPaBHOBECHBIX PEeKUMaXx.
Posb peIHKa I€HET, TECHO B3aMMOJICHCTBYIOIETO C PHIHKOM OJ1ar, COCTONUT B ()OPMUPOBAHUH CTaBKH
MPOLEHTa KaK MH()OPMAIMOHHOTO PEryJlupyomero (pakropa, BO3ACHCTBYIOMETO HA WHBECTHIIMOH-
HBIM CIIPOC KaK caMblil JHHAMUYHBI KOMIIOHEHT COBOKYITHOTO CIIPOCa.
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Pucynok 1 — KorantusHas MoJielb MaKpO3KOHOMHUYECKOTO Kpyroobopora (puHaHCOBBIX T0TOKOB MOC ¢ yue-
TOM MaKpOIKOHOMHYECKUX PHIHKOB

HccnenoBanus IMHAMUKK DPHIHOYHBIX MEXaHM3MOB DEryJIMPOBaHUs (UHAHCOBBIX IIOTOKOB,
LUPKYJIUPYIOMUX MeX 1y cekropamu MOC, XapaKTepHU3yIOTCs CIeIyIOIUMHU OJ0XKEHUIMU.

Bo-nepBbIx, HccaeayeTcs IBIKEHHE MaKpPO’KOHOMHUYECKMX PBIHKOB Ha MHOXKECTBE HEpaBHO-
BECHBIX COCTOSIHMH, TIPH KOTOPBIX CIIPOC HE PaBEH MPEATIOKEHHUI0. [IBIKEeHNE MaKpOAIKOHOMHYECKO-
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IO PbIHKA HA MHOXKECTBE HEPABHOBECHBIX COCTOSIHUI MPEIIOJIaraeT B3auMooOYCIOBICHHOE N3MEHE-
HUE [CHBI, CIIPOCA U MPEAJIOKEHHUS U UMEeT TCHACHIINIO JBH)KEHHS B CTOPOHY PaBHOBECHS 3a CUET
MeXaHM3Ma CaMOBBIPABHUBAHHUS CIPOCa U MPeNIokKeHHUs. J[MHaMUuYecKre OCOOCHHOCTH TaKOTO
B3aUMOCBSI3aHHOTO HW3MEHEHHsSI OINPECISAIOTCS CTENeHbI0 YYBCTBHUTEIBHOCTH (3JIaCTHYHOCTHIO)
CIpOca U MPEIOKESHUSI K U3MEHEHHIO TICH.

Bo-BTOpBIX, CYHIECTBYET HEOOXOAMMOCTh YETKOTO pa3rpaHUueHUs SKOHOMHYECKUX BEIUYUH,
HUMEIOIIUX Pa3MEPHOCTH MOTOKOB U 3aMacoB, a TAKXKe MPABWILHOTO MX COTJIACOBAHUS B paMKax Jei-
CTBHSI PHIHOYHOTO MeXaHu3Mma. Takas mpoOjieMa CTAHOBHTCS OCOOCHHO Ba)KHOW MPH COBMELICHUU
PBIHOYHBIX MEXaHU3MOB PETYIUPOBAHUS (PUHAHCOBBIX MOTOKOB C MEXaHU3MAaMH UX KOPPEKTHPOBKH
TI0 3aracaM CeKTOPOB.

B-TpeThuX, CymiecTByeT HEOOXOUMOCTh y4eTa TaKUX CUTYAIMid Ha PhIHKE, KOT/Ia MPOUCXOIUT
MOTepsi CIIOCOOHOCTH PHIHKA K CaMOBBIPABHUBAHHIO. [IpUMEpOM SIBIISIOTCS OCOOBIC CHTYallUd BO3-
HUKHOBCHHUS! JIMKBUIHOW WM HMHBECTHUIMOHHOW (JIOBYIIEK» TMPH peajn3alldd Mep KPeIuTHO-
JIEHES)KHOM TIOTUTHKH [5].

Crpoc U MpejyIoKEeHHEe HA MAKPOIKOHOMUYECKUX PHIHKAX MOTYT UMETh KaK Pa3MEPHOCTH MO-
TOKOB, TaK W 3alacoB; MPU 3TOM OHHU JIOJDKHBI OBITH copasMepHbIMH. [IJisi phIHKa OJar COBOKYITHBIH

cnpoc Ad W COBOKYITHOE NpeaoKeHHe AS SBISIOTCS NOTOKOBBIMU BEJIMYMHAMM, ITPU STOM COBO-
KyNHBIN cpoc Ad sBIAETCA uUHAHCOBbIM NOMOKOM W1 OTOOpa)kaeTcs Ha MOJIENHU MOTOKOBOM CBSI-

3b10, MIPEICTABIEHHON YTOJIIIEHHON JTUHUEH, a COBOKYIHOE MPEIIOKEHNE As sBnsercs BCTPEYHBIM
MamepuaibHbLM NOMOKOM, UCYUCICHHBIM B CTOMMOCTHOM BBIPQXKEHUH, U OTOOPAKACTCS CIICIHAIIb-
HOW MH(GOPMAIIMOHHOM CBS3bI0 B BUJIC IMTPUXITYHKTUPHOHN JHHUU. PBIHOK Tpylma XapaKTepU3yeTcs
B3aWMOJICHCTBHEM cTpoca Ha Tpyd Nd u mpenyoxeHus TpyAa Ns Kak 3alacHBIX BEIHYUH, YIHUTHI-
BaeMBIX B MOJIENTH B BHJIE HH()OPMAIIMOHHEIX CBs3ei. OYHKIIMOHNPOBAaHIE PHIHKA JIEHET OCHOBAHO Ha
B3aWMOJICHCTBHM CIIpOca Ha NCHBI'H Md u TpeIUIoKeHHs IeHeT Ms TakKe IPEeICTaBISIONIINX Co00it
3amacHple BEJIMYUHBI, TOSTOMY B MOJEIH 3TH CBS3HM aHAJIOTHYHO crpocy Nd u mpemioxxeHuio Ns Ha
pBIHKE TpyIa UMEIOT HHPOPMAIMOHHBIA XapaKTep, Kak M B CIydae yIpaBlIeHH IO 3amacaM, u M30-
OpakeHs! MTpUX0oBOil MuHUEN. TakuM 00pa3oM, «3amacHeIe» MO CBOEH NMPHUPOJE MAKPOIKOHOMHUUE-
CKHE PBIHKH HE SIBJITFOTCS MECTOM B3aUMOJICHCTBUS MOTOKOB, a MPeIHa3HAYCHBI TOJIBKO IS GOpMHU-
poBaHus UH()OPMAIUK O COCTOSTHHU PBIHKA U TIOCIIEAYIONICH KOPPEKTUPOBKH MTOTOKOB Ha €€ OCHOBE.

2 @OyHKIHOHAJIBHBIE CXeMbl JUHAMHYECKHX MO/IeJIell MAaKPOIKOHOMHYECKOro Kpyroooo-
pota ¢pruHaHCOBBIX NOTOKOB MIC ¢ y4eToM PBIHKOB 0J1ar, TPy/Aa U JeHer

Ha ocHOBe KOTHHTHBHOW MOJENH MOCTpoeHa (hyHKIMOHAJbHAS CXeMa JUHAMUYECKON MO/
MOC ¢ yueToM MakpO3KOHOMHUYECKHX PHIHKOB (puc. 2). Ha cxeme BbIIeNeHO ceMb AHHAMHYECKUX
Mozeneii: Mmonenu A1-A4 GyHKINOHUPOBAHHUSA CEKTOPOB SKOHOMHUKH M Mopenu A5-A7 QpyHKIHOHH-
poBaHMs PHIHKOB Omar, Tpyaa u aeHer. CoXpaHEHO AeNeHHe BCeX CBs3el Ha (pMHAHCOBBIE MOTOKH,
MH()OPMAIMOHHBIE CBS3M U MaTepHATIBHBIE TIOTOKH.

Mopnens A1 onuceBaeT PyHKIMOHUPOBAHUE PEAIbHOTO CEKTOPAa SKOHOMHUKH, KOTOPBIA BBITIOJN-

HsleT creayonpe QyHKIHOHABHBIE ITpolecchl: mpou3BoacTea BBII ¢ Temmnom Y Ha OCHOBE IUIaHH-
PYEMBIX pacxonoB Y0 ¢ y4eToM MOTPeOHOCTEH B TPYAOBBIX pecypcax; pacnpezaencuus BBIT (BBII
[0 JI0XO0JaM Yim,) Ha MOTOKU C TeMmamu (HOPMUPOBAHHUS RI 3apabOTHOM ATkl U (HOPMHUPOBAHMUS
Hanoros 7] P Ha MPOU3BOJACTBO M UMIIOPT U (POPMHUPOBAHUS BATOBOW MPHOBLIH Pg12 , BBIIJIAYEHHO
B BHJE J0XOJI0B BIaJieNbliaM (akTOpOB MPOU3BOJCTBA; (DOPMHUPOBAHHUS COBOKYITHOTO IMPEAI0KEHHS
As ¢ YUYETOM IUIAHUPYEMBIX TEMIIOB UCHOb30BaHus TM3 YO (hopMUpOBaHHS TEKYIUX HHBE-
CTHIHOHHBIX PAaCXO0JIOB Ib Ha OCHOBE WCIOJB30BaHMs COOCTBEHHBIX MHBECTHLMOHHBIX CpeICTB ¢

IUIAaHUPYEMBIM TEMIIOM [101 1 3a€MHBIX CPEACTB C TEMIIOM 1 5 MMOJIYYCHUA JOXOH0B IO peE3yjibTaTaM
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obOMeHa Ha PBIHKE Omar ¢ TeMoM Rev U MONOJHEHHS TOBAPHO-MATEpHAJIbHBIX 3al1aCOB C TEMIIOM

Asun B CUTyaludax HU30BITOYHOTO MPEATIOKCHUA. OtMmeTnM erie OIHY 0COOEHHOCTH MOACIN Al

(DYHKIIMOHMPOBAHUS PEATLHOTO CEKTOPa, KOTOPasi COCTOUT B YCIOXKHEHUU IpOoIecca MIaHUPOBAHUS
pPacxXo/I0B B CBSI3U C BO3MOXKHOCTBIO PEarMpoOBaHUs HA PHIHOYHBIC WHAUKATOPHL. B MoOIen BBEICHBI
JIOTIOJTHUTEIIBHBIC 3Tallbl KOPPEKTUPOBKH MPOU3BOJCTBCHHBIX IUIAHOB, KOTOPBIC 00PaTHO MPOIOp-
[IMOHANIBHBI IUHAMHYECKOH COCTaBIAIONIEH IIeHbI Py, 1 OTHOCHTENBHON BeNnuuHE dW pocTa CTaBKU
3apaboTHOM 1aThl. KOppekTupoBKa cTaBKH 3apabOTHOM ILIATHI MPUBOIUT K M3MEHEHHUSIM BOCIIPOU3-
BOJICTBEHHBIX Tpornopuuii npu pacnpenesnernn BBII, uto y4uThiBaeTcs ¢ moMompi koddduimeH-
Ta k0.
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PucyHok 2 — ®yHKIIMOHATBHAS CXeMa TUHAMUYECKON Moienu GyHKIHoHupoBanus MOC
B HEPABHOBECHBIX YCJIOBUAX PHIHKOB OJar, Tpy/Aa U JCHET
Monens A2 npenHa3HaueHa U OMUCAHUS (PYHKIIMOHUPOBAHUS CEKTOPA JOMOXO3IUCTB, KOTO-

pbIe C YUETOM CBOMX JOXOJOB B BUjE 3apabOTHOU IaThl R/ M yacTu BayoBOU mpubObln Pg, ¢op-

MHPYIOT TeMnbl noTpebnenus C, cOepexxkeHuid S u Bbliuiatsl Hasoros 7, . Ilnanel mo dopmuposa-
HHUIO PacXoJOB BBIYUCISIFOTCS COTVIACHO KEHHCHMAHCKOW KOHIENIIMM Ha OCHOBE IIJIAHOBBIX TEMIIOB:

ABTOHOMHOTI'O HOTPC6H€HI/I$I C ABTOHOMHBIX C6epC)I(CHI/II>'I Sa U1 CCKTOpa ,HOMOXOS?[ﬁCTB. Oco-

a >’
OGeHHOCTH MOJETH A2 COCTOST: BO-TIEPBBIX, B JIOTOJHHUTENILHON KOPPEKTHPOBKE IJIAHOB (JOPMHUPOBa-
HHSI pacXo/I0B Ha moTpedieHne Cg Ha OCHOBE MH(OPMAIK O AMHAMUYECKON COCTABISIONICH [CHBI

P4; BO-BTOPHIX, B KOPPEKTHPOBKE (haKTHUECKUX TEMIIOB PACXOAOB Ha MOTPEOICHHE C TOMOIIBIO
koddunuenra k4, KOTOpast HEOOX0AUMA B CUTYAIISIX Ae(HUIIHTA.
Mopnenb A3 omuceiBaeT GYHKIMOHHPOBaHNE (PUHAHCOBBIX YUPESKICHUH, B IIPOLECCE KOTOPOTO

Ha OCHOBE IOJIyYEHHBIX JIOXOJIOB B BHJIE COEpEeKEHUI Swuc yueToM MHGOPMALUH O TUIAHUPYEMBIX

ABTOHOMHBIX MHBCCTHUIHAX I (1)0pMI/IpyIOTC$I pacxoabl B BUJC HHBECTHUITNHA I , IICpcIaBacMbIX pPe-
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anbHOMY ceKTopy. OcoOeHHOCTBIO MOoJienu A3 ABIsETCA yYeT BIMSHUS TeKyllero goxoxaa Y, . u Te-

KyIIeH CTaBKH MPOIIEHTA ¥ IpH ()OPMUPOBAHUY CIIPOCa HAa WHBECTHLUH [ .
Mopnens A4 onuchiBaeT (PyHKIMOHUPOBAHNE TOCYIapPCTBEHHBIX YUPEXKICHNUI, KOTOphIie (hopMu-

PYIOT JOXOAbI B BUJIC HAJIOTOB OT PCAJIbHOI'O CEKTOpPA Tp n oT HOMOXOBﬂﬁCTB T2 " pacxodbl B BUAC

roc3akynok G ¥ TpaHc(hepTOB pealbHOMY CEKTOPY 77 M CEKTOpPY AOMOXO3SICTB 17 .

Mogens A5 npeaHa3HayeHa s OMUCAHUS Mpoliecca (PYHKIIMOHUPOBAHMS PhIHKA OJIar U mpej-
Ha3HAuCHA, BO-TICPBBIX, s (POPMHUPOBAHUS TEKYIIETO YPOBHS IIEH P Kak CyMMBI CTaTUYECKOI P’u
JIMHAMUYECKOH COCTaBISIOMEH Pyyy; U, BO-BTOPBIX, IJIs BBIYMCICHHS KOPPEKTUPYIOUINX KO-
€HTOB k,;, HEOOXOIUMOTO [UIA OTpeaeNeHus (GaKTHISCKIX PacXo0B Ha MOTpedieHue u k,;, HE00XO0-
JIIMOTO JJIsl OTIPEICTICHUsI peaii30BaHHbIX 0Jar. OCOOCHHOCTBIO MOJIENTU A5 SBIISETCS ONpe/eIeHUe

3¢ (dexTUBHOrO crpoca Ad*® npu aswkeHnn MOC Ha MHOXECTBE JMHAMHUYECKU HEPABHOBECHBIX
COCTOSIHUH, HEOOXOAUMOTO JJIs ONPEeIICHHs Crpoca Ha Tpyd Nd.

Mopenb A6 npenHazHaueHa it GOPMHUPOBAHMS TEKYILETO YPOBHS 3aHATOCTH N, ypOBHs 0e3-
pabotuisl Un, a Takke AJsl BEIYMCICHHs 3HAaU€HUH KOPPEKTUpYoLero koddduuuenra k., 1 u3me-
HEHUI1 cTaBKH 3apaboTHOM 1uiaTel dW. BxoaHoii nndopmanuneir MoJeu SBIseTCS: YUCISHHOCTh KO-
HOMHYECKH aKTHBHOTO HaceJeHHs Ns, Onpelelsiomas IpeaaokeHne TpyAa; TeKyIuii YpOBEHb LICH

P, xoppekTupyronmii TeKynuii cnpoc Ha Tpya Nd;, u 3G HeKTUBHBIN crIpoC Ad®, ciy>Karuii uapop-
Manuei o mpejroaraeMoil HOTPEOHOCTH B TPYJE C y4eTOM TCHACHIMH JBW)KEHHS PbIHKA Oyar Ha
HEPaBHOBECHBIX pekuMax. Heobxomumoit aiist 3a7anus 6a30BOro HayasipHOro cocrostaus MOC siB-
nsetcs HHGOPMALIHS O HOMHHAIBHON CTaBKe 3apaboTHOM miatel W 1 06 ypoBHE ecTecTBEHHOI 6e3-
pabotuisr Un’. OcoGEHHOCTBIO MOJEIM SBISETCS OTCYTCTBHE CTATHUECKOHM M JMHAMHYECKOH CO-
CTaBJIAIONINX LEHBI TPyaa (CTaBKU 3apabOTHO IUIATHI) [0 NPUYUHE OTHOCHTEIBHOM KECTKOCTH 3a-
paboTHOM MIIATHl U HECTIOCOOHOCTH PHIHKA TPY/a 00eCIEeYUTh PAaBHOBECHE.

Mopens A7 npenHa3HadyeHa JJisl OMUCAHUsI npoliecca (QYHKIMOHUPOBAHUS PHIHKA JICHET Ha OC-
HOBE MH(POPMAIMK O TEKYIIEM MPEIOKESHUH JIeHeT Ms, a TakKe TEKyILIero ypoBHs LieH P u TeKylie-

ro goxona Y.,

OPHEHTHPOBAHO HA BO3MOXKHBIC IPUMEHEHHS CTABKH peHHAHCHPOBAHHS 1’ (1) U JMHAMHYECKON CO-
CTaBJIAONICH 7, CTaBKa IPOLIEHTA  OKa3bIBAET BIUAHNE HA OKUIAHHUSA MHBECTOPOB U (OPMUPOBA-
HHE MMU IUIaHOB WHBecTHpoBaHus. [TopoOHOE omrcaHne TMHAMHYECKOH Mojaenn (QyHKIMOHMPOBA-
HUS PBIHKA JICHET IIPEJCTABIICHO Jlajee.

OIIPEEIISIONIETO CIPOC Ha AeHBrH Md. PopMUpOBaHHE TEKYILECH CTABKH MPOLEHTA #

3 Oco0eHHOCTH NOCTPOEHUSI ITMHAMHYECKOIl MoAean (PYHKIMOHHPOBAHNS PBIHKA JeHer

MopenupoBaHue M aHajIM3 3aKOHOMEPHOCTEH (DYHKIMOHMPOBAHMS PHIHKa TPyJa BEAETCS Ha
OCHOBE KEITHCHAHCKON KOHLETIMH 3aHATOCTH C yYeTOM COBPEMEHHBIX TEOpuil pbiHKa Tpyxa [6]. du-
HaMHu4eckasi Moziesib (QYHKIIMOHUPOBAHUS PBIHKA JCHET BCTPOCHA B CYIIECTBYIOLIYIO MOZAENb (yHK-
oHupoBanust MOC ¢ yaeToM peIHKOB Onar u Tpyza [7].

ITpy MOCTPOCHUH MOJENH MPUHATO, YTO CTaBKa MPOLEHTA 7, KaK PHIHOYHAs LIEHa JICHEeT, pac-
CMaTpHBacTCS B BHJIE CyMMBI cTaTHdeckod (0a30Boif) n auHammudeckoil cocrapisomux. CraTHye-
CKasl COCTABJIAIOIIAs CTaBKH IPOLIEHTA COOTBETCTBYET CTaBKE pe(pUHAHCHPOBAHMS, B MOJCIHU CyIIIe-
CTBYET BO3MOXKHOCTb €€ KOPPEKTUPOBKH B IIPOLIECCE MPUHSITHUS PEILICHNH TP pean3aliy JeHEeKHO-

KpEAUTHON MOJUTUKU. JIMHamMHueckas COCTaBJIAIOLIAs LEHBI Vyyn OTPAKACT M3MCHCHHS TeKyuiei
CTaBKH IMPOIICHTAa OTHOCHTEIBHO 0a30BOil (CTaTHIECKOM) 0B CTOpPOHY YBEJIUYEHUS WIH yMEHbIIE-
HUSA U [IO3TOMY MOXKET MUMETh KaK IOJIOKUTENbHBIA 3HAaK, TaK U OTpULATENIbHbIA. Perynupyromee

BJIMSIHAC PBIHOYHOW CTAaBKH MPOIICHTA Ha MoBeaeHne MDA, GOpMHUPYIONIMX CIIPOC HA JCHBIU, OKa-
3BIBACT UMCHHO M3MCHCHHE CTaBKH MPOICHTA, a HE ¢¢ aOCONIIOTHBIN ypoBeHb. [103TOMYy B KadecTBe
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MH()OPMAMOHHON CBS3M, PETYNUPYIONMIEH CIPOC HAa JEHBIH, pacCMAaTPHBACTCS IAWHAMHYECKAs CO-
CTaBJISIOLIAs! LICHBI 7y, -

CdopmynupoBaHsl cinenyomue GyHKIUN PhIHKA ACHET, pacCMaTpHBaeMble MPU ANHAMHUYECKOM
MonemupoBanmu MOC.

Bo-nepBbIX, 3T0 akKyMynupyromas GpyHKIusA, KOTopas 3aKI0o4aeTcs B OIPEIeNICHHHN CIIpoca Ha
JICHBI'M CO CTOPOHBI BceX cekTopoB MOC ¢ ydeToM pa3iaMyHBIX MOTHBOB MPEANOYTEHUS JTUKBUIHO-
CTH U B MHTETPHPOBAHUHU BCEX COCTABISIOIIMX CIPOCA B €AMHYIO 3aBUCUMOCTh. OmpeseneHue eau-
HOTO CIIpoca Ha JIEHBbI'H SBJISIeTCS BaXKHBIM (pakropom uisi LleHTpanbHOro 6anka npu NpUHATHH UM
pelIeHui B 00JaCTH JEHE)KHO-KPEAUTHOH ONINTHKH.

Bo-BTopbIX, 3T0 QDyHKIUS (OPMUPOBAaHHS PHIHOYHON CTaBKU IPOLIEHTA » KaK LEHbI JICHEr Ha
OCHOBE B3aMMOJEHCTBUS CIpoca Ha AeHbrd Md w npemioxeHus neHer MS Ha JUHAMHYECKU HepaBs-
HOBECHBIX PEKUMaX.

B-tpetpux, 3T0 perynupyromas GyHKIusa, KOTopas COCTOMT B 00paTHOM BIIMSHUH CUTyalluH Ha
PBIHKE JIeHeT Ha moBeneHue cekTropoB MOC mpu (HopMHPOBaHUH UMH CIIPOCA HA ACHBTH U MHBECTHU-
IIOHHOTO CTIPOCa.

Peanmszanus nepBoit (yHKINH pBIHKA ACHET MPEANoaraeT MOCTPOCHNE eANHON (yHKIIMOHAb-
HOHM 3aBHCHMOCTH CIIpOoca Ha AE€HBIH Md Kak 3amaca IIaTe)XHBIX CPEICTB, KOTOPBIC XOTAT UMETh B
CBOEM paCIIOPSKEHUH 3KOHOMHYECKHE CYOBEKThI, OT MHOXECTBA (PaKTOPOB, KOTOPBIMH OHH PYKOBO-
JICTBYIOTCSI TIpH PELLICHUH 3TOTO BOIPOCA.

B cooTBetcTBUM ¢ KeilHCHaHCKON Teopueil MpeanoYTeHus JTUKBUAHOCTH BBIACISAIOT TPU MOTH-
Ba, Ha OCHOBE KOTOPBIX (hopMHpYyeTCsi cripoc Ha JeHbr'n Md: TpaHCaKUMOHHBI MOTHB, MOTHB Mpe-
JIOCTOPOXHOCTH U CTIEKYJIATUBHBIN MOTHB [8].

CorylacHO TPaHCAaKIIMOHHOMY MOTHBY CIPOC Ha AEHBI'Y NMPEIbABISACTCS IJIsl CBEPLICHUS CCTIOK.
DTO ecTh OIePaIOHHBIN MIIN TPAHCAKIIMOHHBIA CITPOC Ha EHBI'H, KOTOPHIH CBSA3aH MPSMOU MPOTIOp-

IIMOHAJIBbHON 3aBUCHMOCTBIO C COBOKYIHBIM J0X0A0M Y;,. (uu TemnoM Bbirycka BBII). IIpenbssu-

nc
TENISIMH TPAHCAKIIMOHHOTO CIPOCa Ha JCHBIU SBISIOTCS BCE MAKPOIKOHOMHUYECKHE are¢HThI, yd4acT-
BYIOIIIME B IIpoIiecce 0OMeHa.

BenuuuHa crnipoca Ha JCHBIH, CBSI3aHHAS C MOTHBOM TPEJOCTOPOKHOCTU M OOYCIIOBIICHHAS HE-
00XOJMMOCTHIO UMETh JICHEXKHBIN 3amac JIsl pearnpoBaHMs Ha W3MEHCHHE PHIHOYHON KOHBIOHKTY-

PBI, TakKe MPSAMO MPOMOPINOHAIBHA TEKYIIEMY JOXOILY . [lockonbKy cnpoc Ha IEHBIU AT CIe-

inc
JIOK ¥ CIIPOC HA ACHBI'HM IO MOTHUBY MPEAOCTOPOKHOCTU 3aBUCUT OT OJIHOM W TOM K€ BEJINUMHBI (CO—
BOKYIIHBIX JOXOJ0B Yinc ), TO 3TU JBa KOMIIOHCHTA CIIpOCa HAa JCHbI'U 06L€}1MHHIOT B OJIMH — TpaH-

CaKIMOHHBII CIIPOC Ha JICHBIH.

CrekyIATHBHBI MOTHB CHpOCa Ha JICHBIH CBS3aH C NPHHATHEM PEUICHHH SKOHOMHUYECKUMH
cyObeKTaMu 0 GOpPMHPOBAaHNH MOPT(ETT pa3InIHbIX (GUHAHCOBBIX MHCTPYMEHTOB C yUETOM HX IO-
XOIHOCTH. XpaHEHHE JEHEr B BHJIC HAIMYHOCTH BCETAA CBS3aHO C OINPEICIICHHBIMU H3ICPKKAMH,
KOTOpBIE paBHBI MPOLIEHTY, KOTOPHIH MOXKHO OBLIO OBI MOIYyYUTh, €CIIH OBl Ha 3Ty CYyMMY IIproOpecTH
KakoW-JIM00 ()MHAHCOBBIM aKTUB, PHHOCAIINI g0Xxo/. [IporieHTHas cTaBKa 7 IPeNCTaBiIsIeT CO0Oi
AIBTEPHATHBHYIO CTOMMOCTb XpaHEHHs JIeHeT B BHJE HAIMYHOCTH. YeM BhINIE CTaBKa MPOIEHTA T,
TeM OOJIbllle M3/IEPXKKH XPaHEHUs] HAJMYHOCTH U, CJIeIO0BaTelIbHO, MEHBIIE CIPOC Ha JeHbru Md.
CrnexynsTHBHas COCTaBJSIONIas CIIpoca Ha JIEHBTH, TakKUM 00pa3oM, oOpaTHO HPOIOPLUOHAbHA
CTaBKe TPOIIEHTA 7.

Ha ocHOBe nepeuncieHHbIX BbIIIE KOMIOHEHTOB U B COOTBETCTBUH C KEHHCHAaHCKOH MOJEJIBIO,
COBOKYITHBIW CIIPOC Ha JI€HBIH JOJDKEH OBITh CHOPMUPOBAH B aJTUTHBHON (opme:

(1) Md=k,,

'Yinc _kmd *r,

rae Ky 1k, — K03QOUIMEHTBI, XapaKTePU3YIOIINE SIACTUYHOCTH CIIPOCca Ha A€HbIU Md 1o 10Xomy
U TPOLIEHTHOM CTaBKe COOTBETCTBEHHO. IIpencraBieHHas 3aBHCHMOCTh (1) MHTErpupyeT crpoc Ha
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JCHBI'M CO CTOPOHBI BCEX MaKPOIKOHOMHYECKHX ar¢HTOB M YUUTHIBACT BCE COCTAaBILIOMINE, CHOPMHU-
POBaHHEIE 10 PA3INYHBIM MOTHBaM MOBeIeHUsI MDA.

Peanmzarus Bropot QyHKIMM pRIHKA [IEHET MpeamnoiaraeT popMupoBanue auddepeHInaIb-Ho-
r'0 ypaBHEHUs, ONMCHIBAIOIIETO B3aMMOCBS3aHHBIC H3MEHEHHUS BO BPEMEHU COBOKYITHOTO CIIpOca Ha
JeHbI'H Md, COBOKYITHOTO NPEAJIOKEHUS AeHeT Ms M CTaBKHM IPOLICHTA 7.

Ha neHexHOM pBIHKE CYIIECTBYET Iiejlasi CHCTEeMa IPOLEHTHBIX CTaBOK, CPEIH KOTOPBIX 0c000e
MECTO 3aHMMaeT CTaBKa peQUHAHCHUPOBAHMS, yCTaHABIMBaeMas M peryiupyemas LleHTpaibHbIM
6ankoM. CraBka pedrHaHCHPOBaHMS MO CBOEMY 3HAUEHHIO 3aHMMAeT MPOMEKYTOYHOE IOJIOKEHHUE.
C omHO¥ CTOPOHBI, OHa MPEBOCXOJUT CTaBKY IPOIEHTA MO JEMO3UTaM U CTaBKy MPOIIEHTA 110 Tocy-
JapcTBEHHBIM obnmraimsMm. C Ipyroil CTOpOHBI, cTaBKa perHAHCHPOBAHHUS SIBJISETCS OCHOBHOM JIJIS
(hopmupoBaHust MeXOAHKOBCKUX CTaBOK IPOIIEHTA M CTABOK IPOIEHTA IO KPeIuTaM YacTHOMY CeK-
TOpPY, KOTOpBIE, B CBOIO OYepe/lb, MPEBOCXOASAT CTaBKy peduHaHcupoBaHus. CTaTHCTHYECKUE HaH-
HBlEe, pasMellaeMble Ha caidTax LleHTpanpHOro 0aHKa M MHHHCTEPCTBa (DMHAHCOB, BKIIOYAIOT He-
CKOJIBKO BHJIOB CTaBOK IIPOLICHTA, PACCUNTAHHBIE KaK CPESIHEB3BCIICHHBIC BEINYMHbI. AHAIN3 CTaTU-
CTUYECKUX JAHHBIX NOKa3bIBAET, YTO BCE CTABKHU IPOIIEHTA ITOBTOPSIOT TCHACHIIMIO N3MEHEHHS CTaB-
KU peMHAHCHPOBAHHS, TOJIBKO KaXkaas — Ha 0co0oM ypoBHe. Mcxonsd U3 CKka3aHHOTO, IIPH MOJEIIH-
POBAHMH B KAuecTBE CTATHUECKON COCTABJISIONICH CTABKH MPOILEHTA »’ NPHHUMAETCS CPEIHEB3BE-
LICHHas] KpeAWTHAs CTaBKa IpoleHTa B 6a30BoM mnepuoze. nHaMHYecKas COCTABISAIOIIAs CTAaBKH
Mpo1ECHTa rdyn BBIYHCIIACTCA HA JUHAMHWYCCKU HEPABHOBECHBIX PEKUMaAX.

[Tycts 6a3oBOMy paBHOBecHOMY cocTosiHHIo MOC B 6a30BoM roxy (Touka A) COOTBETCTBYET
paBHOBECHAs CTaBKa mpoleHTa »’ W mpeanoxkenne aexer Ms’, paBHble CHOpOCY Ha JCHBIH:
Md=Ms=Ms" (puc. 3).

Md = Ms = Ms© Md, Ms
Pucynok 3 — 3aBucuMocTH cripoca Ha JeHbru Md(r) 1 npemioxenue nener Ms(r)

PaccMoTpuM mpoM3BOJIBLHOE HEPABHOBECHOE COCTOSIHHME Ha phIHKE JaeHer (Touka B), koTopoe

’
COOTBETCTBYET IIPOIEHTHOW CTaBKe ! 1 BBI3BAHO OTKJIOHEHHEM AMd or 6a30BOr0 paBHOBECHOTO
COCTOSIHUS ICHCTBHEM KaK IIEHOBHIX (hakTopoB AMd, cmpoca Ha JICHBI'H, TaK U HEIIEHOBHIX (haKTo-

poB AMd,, cnpoca Ha seHbIU (CMenIeHne KpuBoil Md Bripaso 110 nonoxenus Md’)

Ha ocroBe Mmozmemn Camyanbcona [5] 3amumem auddepeHnaap-Hoe ypaBHEHHE, OTICHIBAIOIIEe
JIBMKEHUE PHIHKA K HOBOW TOUKe paBHOBecus (Touka A’ ):

0
d(r’ +ry,)
dt
Tekyiee 3HaYEHHE CIIPOCA HA JEHBI'H (POPMHUPYETCsl CIISAYIOINM 00pa3oM:

(3) Md(t)= Md® ki - 1, (1) + AMd,, (1) .

2 =k, [Md (7y,,1) = Ms(1)] -
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B 5TOM BbIp@XKECHMM TIPHUCYTCTBYET CIEKYIATHBHAs coctaBistomas (=K, -ru,) cnpoca Ha
Aenbru u3 Gopmyisl (1); TpaHcakuuoHHas cocraBisiowas (k,,, -Y) OTHOCHTCS K HELEHOBBIM (ak-

TopaMm AMd,, (t) v 1omxKHA OBITH BBIJIEIIEHA B UX COCTaBE B KAUECTBE CAMOCTOSTEIbHON BEIUYUHBL.

Jnst dopMupoBaHUs GYHKIMH IPEIIIOKEHUS JeHeT He00X0JUMO OTMETHUTH CIIeAYFOLIee.
[Mpemnoxenue, popmupyemoe LleHTpanbHbIM GaHKOM, SBIISIETCS HOMHHAJIBHBIM JCHEKHBIM 3a-
nacoM MS. JIns npHUBeIeHUs €ro B COOTBETCTBHE C IEPEMEHHBIMH MOJCIH HEOOXOIUMO Y4eCTh U3-
MEHSIOLIMIICS BO BpEMEHH YPOBEHb [ICH P U BBIYHMCIIUTE PeajbHOe MPEAIoKeHHe aeHer Ms 1o ¢op-
MyJie:
_MS _ Ms° LAMS,,
P P
VYka3aHHOE NpeoOpa3oBaHKUe YYUTHIBACTCS U IPH MOCTPOCHUH CTPYKTYPHOM CXEeMbI AMHAMHUYe-
CKOI MOJIENH.
C yuerom (3) dpopmyma (2), mpeodpa3yeTcs K BHIY:

Ms =Ms" + AMs,, .

ary,

@) =22 =k, [(Md° — kg - 1y + oy - Yoo + AMd), ) — Ms] 5

my

»
d o .

HITH Tyn =k, €, (rdyn (1)), tne k, - ko3 Pument, onpeaenIomuil TMHAMAYECKHe CBOUCTBA TIPO-
t

LEHTHOW CTaBKH; a MPeIJI0KEeHNE ICHET oTpenesercs o popmymne Ms = Ms° + AMs,, . I3meHeHne

IpeUIoKeHHst AeHer AMS MpoOHCXOJUT B pe3yibTaTe MPUHATHSA PELICHUl B 00JacTH JIEHEXKHO Kpe-
JUTHOM MoynTHKH. Takue perieHus: OTHOCATCS K 0oJiee BBICOKOMY YPOBHIO YIPABJICHUS U TIOATOMY B
MOJIENIN IEHEKHOTO PHIHKA SIBJIIOTCS SK30T€HHOM BETMUUHOM.
Jnst aHanmM3a JMHAMUYECKHX 0COOEHHOCTEH B3aMMOCBSI3aHHOTO M3MEHEHUSI TPOIIEHTHOM CTaBKU
U JIEHEeXKHOTO crpoca Md npyu yCIOBUYM NPUHSTUS PELICHUI 110 U3MEHEHHMIO JICHEKHOTO Mpe/ioKe-
Hus Ms ypaBHeHHe (4) MOXHO ITpeoOpa3oBaTh K BULY:
1 dary,

1
5 ——. try, =—— €,
( ) kr ] kmd dr dyn kmd nr

rne &, =AMd, —AMs, =AMd,, +k,,

JIEHEKHBIM CIIPOCOM U COBOKYIIHBIM JICHEKHBIM MPEAJIOKEHUEM, BBI3BAHHBIC IEHCTBUEM HELEHOBBIX
(akTopoB. Ypasuenue (5) sieisiercs quddepeHunaibHbpIM ypaBHEHHEM HHEPLIMOHHOTO 3BEHa C Iiepe-

ine —AMs,,. — paccoriacoBaHWE MeEXIy COBOKYIIHBIM

1
u E rae ko3ddunuent nepenaun k, paBeH k,. =——, a IOCTO-

mr md

_r
kr 'kmd .

Koaddunuent camoBbIpaBHUBAHUS PHIHKA AEHET p, , PaBHbIA 00paTHOH BenuuunHe Koddduu-

JATOYHOU (GyHKIMEH w,,. =
T

sHHasl BpEMEHH T,,. PaBHA T, =

eHTa nepenadu k., IpeACTaBIsIeT COOOM 3MACTUYHOCTD CIIpOca Ha AEHBIH P, =Kk, ; . ITOT K03 du-

>
LUEHT OMpEJENSIeT U CKOPOCTh PEaKlMW MPOIEHTHOW CTaBKUM HAa M3MEHEHHs CIpoca Ha JEHbIU U
npeunomeﬂue JCHCI', © UX HOBBIC yCTaHOBI/IBIJll/leCH 3HAYCHUSL.

CTpyKTypHas cxema AWHAMIYeCKOW MoaeHn A6 (yHKIMOHUPOBAHUS JCHEKHOTO PHIHKA B CHC-
TeMe MaKpOAKOHOMHYECKOTO KpYyrooOopoTa mpeicTaBieHa Ha pucyHke 4. Ha cTpykTypHO# cxeme
MPHUCYTCTBYET TOJBKO OIMH KOHTYP OOpaTHOH CBS3H, (OPMHUPYIOMINI peakIHio CIpoca Ha ECHBIU
Md nipu n3MEHEHNN TUHAMAYECKOH COCTaBIIONIEeH cTaBky mporeHTa. [Ipemnoxenue nener MS sB-
nsiercss aOCOMIOTHO HENTACTHYHBIM, KOHTYpP OOpaTHOHM CBS3M IJIsI HETO OTCYTCTBYeT. V3MeHeHme
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CTaBKH pepHHAHCHPOBAHHS YUTEHO C TIOMONIBI0 BemanHbl Ar’ | KOTOpast OKa3biBACT BIHAHHE W HA
BEJINYMHY WHBECTHUIIMOHHBIX PAcX0J0B (PUPM, ¥ Ha BEJIMYNHY CIIPOCA HA AECHBTH.

kmd
AMd,
0 glE
Md Md
AMd,, >t |
— | AMd, |+
YiVlC +
rdyn
ot
. +
+ Ms A |+
>

Pucynok 4 — CtpykTypHas cxeMa THHaMHUYECKOH Mozienu A6 pyHKIIMOHUPOBAHUS PHIHKA JICHET

4 3KcnepnMeHTam,m,1e HCCJIe10BaHUA TUHAMUKUA MAKPOIKOHOMHUYECKOTI0 prrooﬁopo-
Ta (l)PIHaHCOBbIX IMOTOKOB B HEPABHOBECHBIX YCJTOBUAX PLIHKOB 6.]']31", TpyAa U A€Her

IIpennosxeHHbIE MOJETU MOJO0XKEHBl B OCHOBY 3KCIEPUMEHTANIBHBIX HCCIEOBAHUN AMHAMUKHU
npoueccoB pynkunonnposanuss MOC B HepaBHOBECHBIX YCIOBHSX pbIHKa JieHer. Ha pucynke 5 npu-
BE€JICHBI PE3yIbTaThl IKCTIEPUMEHTAIBHBIX HCCIEI0BAHUH IO TPEM CLICHAPHUSM.

B cuenapun 1 (6a30BoM) ycTaHOBICHBI CIEAYIOIINE HAYaJIbHBIE 3HAUCHHS IUIAHOBBIX TEMIIOB

pacxona pecypcoB, Ui (HOPMUPOBAHUS TPEIOKCHHUS Aso(t)zlo; (dhopMupoBaHUsS aBTOHOMHOIO
noTpeOIeHUs Cg (#) =2 ; i1 aBTOHOMHOT'O COCPEIKEHHUS S‘a (¢) =1,5 ; nyst aBTOHOMHBIX WHBECTHUIUH
I 2 (1)=0,5; mnsg popMHpPOBaHUSA TOC3AKYTIOK G'(n=3. [pu pacnpenenenru BBII npuasaTe! cie-
Jyrolye 3HadeHus kodd¢uuuenToB GopMUpoBaHUA: OomaThl TpyAa k,; = 0,4, BanoBoil NpuObLIH
k ,o =0,4; Hanoros k, =0,2. 3a eauHMIy BPEMEHN MOAENMPOBaHUs NPUHAT Mecsu. [lepuoa moze-

nrpoBaHus paBeH 90 Mecsam.

B cuenapuu 2 (HeynpaBiIsieMOM) MOJCIHUPYETCs CHTyalls Pe3KOro COKpalleHHs HHBECTHLHH,
MOCTYMAOLIMX B peanbHbIi cekTop. CueHapuii 2 sBiseTcs HeyNnpaBisieMbIM U PEIoaraeT nojaavy
BO3MYUICHHSA B MOMEHT BPEMCHHU =258 BUAC CHHXKCHHSA TCMIIOB (l)Ole/IpOBaHI/Iﬂ ABTOHOMHBIX NHBEC-

ctunun 1 2 (¢) . B peanpHOIf )XM3HN MOA00HAS CUTYAIMsI MOXKET OBITh BBI3BaHA MECCHMHUCTHUCCKIMU

HaCTpOCHI/lHMI/l I/IHBCCTOpOB, BO3HHUKIIUX I10J BIHUAHUCM HOCTyHaIOIJ.lefI I/lH(l)OpMaIJ,l/Il/I, Jaxe HpI/I
HpO‘{I/lX HECU3MCHHBIX MaKpO3KOHOMl/I‘~leCKI/IX ImoKa3zaTeiax. CHI/DKGHI/IC 061,eMa HHBCCTI/ILIHFI BbI3bIBA-
€T crang KaHHTaHOBOOpy)KeHHOCTI/I, qyTO HpI/I HU3KOM ypOBHe 3(1)(1)CKTI/IBHOCTI/I HUCIIOJIb30BAHUS WHBEC-
CTHIWH MPUBOANT K YMEHBIICHHIO 00bEeMa IPOU3BEICHHOTO MpoAyKTa. Been 3a aTUM mponcxoanT
menblii psag mocnenctBui. [lagaroT 1eHs! Ha MPOU3BEACHHBIC Onara P(?), yMEHBIIAIOTCS TEMIIBI MO-
CTYIUIEHHUS HaoroB Tsum(t). B pe3ynbraTe CHIKAIOTCA 3aachl peabHOTO CeKTopa S?;, 3amachl cek-
TOpa OMOXO3SHCTB St, W 3amacel rocynapcrBa St,. OIHOBpEMEHHO, PacTyT 3amachl (PHHAHCOBOTO
cekTopa St;, KOTOPHI HaKaIUIMBAET JCHEKHBIE CPEICTBa, O0Jee He BKIIAIBIBACMBIC B BH/C WHBECTH-
Ui B IPOU3BOJACTBO. [IOMOYB PemIUTh CIOKHUBIITYIOCS HEOIATONPUATHYIO CUTYAIIHIO MOXKET BMeIlIa-
TCIABCTBO rocyuapCTBa nu HpI/lHﬂTl/Ie Mep [leHe)KHO-er[lMTHOﬁ ITIOJIUTHUKHU.
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As-t

Pucynok 5 — I'paduku nmepexoHbIX IPOIECCOB (PYHKIIMOHNPOBAHUS PEANTLHOTO CEKTOPA, CEKTOPOB JOMOXO-
34HCTB, GPMHAHCOBBIX YUPEKICHUH, TOCYAAapCTBA U PHIHKA AEHET

B cuenapuu 3 (ymnpaBiiieMOM) MOJICIHPYETCS UCIOJIB30BAHKIE MOJUTHKH «JCIICBBIX» JICHET B
BUJIE NPUHSITHUS PEIICHHs] TOCYAapCTBOM 00 YBEJIMYEHHH JCHEKHOW Macchl B oOparueHun AMS(f)

(npemioxenusi neHer) B MOMeHT BpeMenu 1=30. llentpanbubiii baHk MoxxeT 100MTHCS pocTa H30bI-
TOYHBIX PE3ePBOB KOMMEPUECKUX OAaHKOB Pa3IMYHBIMHU CPEJICTBAMH: IIOKYIIKOW EHHBIX Oymar, CHU-
JKEHHEM HOPMBI Pe3epBUPOBAHUS, WM CHIDKCHHEM YYCTHOH CTaBKH. POCT mpemsioskeHus IeHer Io-
3BOJISIET 00ECIIEYUTh KPaTKOCPOYHBIN SKOHOMHYECKH pocT 6e3 addexra BrITecHeHHs . Ha nanHOM
3Tale Ba)XKHYIO POJIb UIPAacT MMEHHO CBOCBPEMEHHOCTH INPHHSATHUS PEIICHUS, OIEepPaTHBHOCTh IeHCT-
BUI yIpaBlIeHYeCKOro ammapara. Jlaxke He3HaYHMTeJbHas 3aepKKa MOXKET HOBJeYb ropasmo Gonee
Cepbe3HbIe MOCNEeNCTBUS IS IPOM3BOJCTBA, YpoBHs Bblmycka BBII u mis Bcell MakpodKoHOMHYE-
CKOM CHUCTEMBI.
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VBennueHnne I[CHG)I(HOﬁ MaccChI B 06paHI€HI/II/I COIIPOBOXKAACTCA CHUIKCHUEM HpOI.ICHTHOfI CTaB-
K1 r(t), T.K. paClIMPAOTCA PECYPChl AJIsI KPEAUTOBAHUA U, CIICAO0BATCIIBHO, LICHA KPEANUTA ITIOHUKACT-

cs. DTO cocoOCTBYeT pocTy MHBeCTHIUA [(¢) . POCT MHBECTHUIIMIA BBI3BIBACT YBEIMUCHHE COBOKYII-
HBIX JOXOZOB M pacxojnoB, nmorpebmneHns C(7) m cOepexkeHus S(f) DOMAIIHUX XO3AHUCTB. 3a CUET

3TOT0 HECKOJBKO BBIPACTAIOT IIEHBI P(?), pacTeT MOCTYIUICHWE HAJOTOB B Ka3Hy Tsum(t). B mrore

HaOJII01aeTCsl POCT 3aIlacoB MTPOM3BOACTBEHHOIO CEKTOpa S?;, CEKTOpa JIOMOXO3SUCTB Sf; U CEKTOpa
roCyJapCTBEHHBIX yupeskaeHui St;. [TonyduB HONOIHUTENBHBIE PECYPCHI, peallbHBIN CEKTOp, IPOU3-

BOJIUT OOJIbIIICe KOJIMYCCTBO MPOAYKIIMH, PACTET COBOKYMHOE mpemiokenue As(z), pacrer BBII

Y(#) u cucrema BBIXOAUT Ha OOJiee BBICOKHIA YPOBEHb (DYHKIIMOHUPOBAHHMS.

3akiarouenue

Pa3paboTaHa KOTHUTHBHAS MOJIENb MAaKPOAIKOHOMHYECKOTO Kpyroobopora (PHWHAHCOBBIX IOTO-
koB MOC ¢ yueToM MaKpOIKOHOMHYECKUX PHIHKOB OJar, TpyAa U ACHET, OTpakalolias pojib PEIHKOB
U PBIHOYHBIX MEXAaHH3MOB, PETYIUPYIOMNX (UHAHCOBBIC MOTOKH. PBIHOK JEHET BHINONHSET POJb
MeXaHU3Ma, C MIOMOIIbI0 KOTOPOT0 roCyJapCTBO BO3JEHCTBYET Ha MHBECTUIIMOHHBII CIIPOC KaK KOM-
MIOHEHT COBOKYITHOTO CIPOCa, MPUHUMAsA MEPHI IO JEHEKHO-KPEIUTHOMY PEryJIMPOBaHUIO IKOHOMHU-
KU, HaIIpUMep, B BU/Ie KOPPEKTUPOBKH CTABKH pe(hMHAHCUPOBAHUS WIIH TIPEIUIOKEHUS JICHET.

IpemiokeHHast (PyHKIMOHATBHAS CXeMa JMHAMUAYCCKON Mozein (yHKipoHupoBanuss MOC B HepaBHO-
BECHBIX YCJIOBMSIX PBIHKOB Onar, TpyZa U JIeHeT TI03BOJIET BBIIEINUTh COCTaB MHAMIYECKUX MOJIENeH, XapaKTe-
PUBYIOIIMX B3aUMOCBSI3aHHOE (DYHKIMOHHUPOBAHKE CEKTOPOB SKOHOMUKH W MAaKPOIKOHOMHYECKHX PBIHKOB, a
TakoKe B3aMMOCBS3el MeX Ty HUMIL. Pa3zpaboTaHHas quHaAMUYecKas Mofieib (DYHKIFIOHUPOBAHMSI PHIHKA JICHET B
CHCTeMe MaKpPOSKOHOMHYECKOTO KpyrooOOpoTa TO3BOJIET OIHCATh CYIIHOCTh M AMHAMUYCCKHE OCOOCHHOCTH
B3aMMOCBSI3aHHOTO MI3MEHEHUS CIIPOCa Ha ICHBI'Y, PEIOKEHHS ACHET Y IPOLIEHTHOM CTaBKU.

PesynbpTaThl NpOBENEHHBIX SKCIEPUMEHTAIBHBIX HCCIEA0BAaHUMN MOKA3aJd, YTO NPUHUMAEMble
pemieHns B 00JIaCTH JEHEKHO-KPESIUTHONW TOJIMTHKH ITO3BOJITIOT 00SCIIEUUTh Mepexol OoT Hebiaro-
MPUATHBIX, THHAMHYECKH HEPAaBHOBECHBIX PHIHOYHBIX CHTYalUil K Ooiee OJarompHATHBIM CHTYaIld-
sIM, COOTBETCTBYIOILIMM IIPEKHEMY MJIM HOBOMY YPOBHIO TeMIa Belycka BBIL.
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Abstract

This clause devoted to modeling example of evacuation, investigated with method of reflexive
partitioning, in agent modeling system. Formulas of optimum parts reflexive agents with ranks
zero and one, proven with method of reflexive partitioning, are tested in order to verify it.

BBenenue

PeduexcrBHOE TIOBE/IeHNE areHTa B TEOPETUKO-UTPOBOM IOX0Je [2] ONMCBHIBAET €r0 OTrpaHH-
YEeHHYI0 HH(OPMUPOBAHHOCTh O MPUHLUIIAX MIPUHSITHS pelieHn (IeHCTBUIT) OCTaIbHBIMU areHTaMH.
OTpaHNYCHHOCTh TPOSABIACTCA B paHre peQeKCHU: areHT A-T0 paHra CYWTAaeT, YTO PaHT BCEX OC-
TaNBHBIX aT€HTOB MOXKET OBITH TOJIBKO U3 MHOXKECTBA MeHbIINX panros: {0,1,...,(k—1)}.

Arentsl panra 0 cienyroT HEKOTOpPOH Impoueaype NPHUHATHS PELIEHUN U «HE 3aLyMBIBAETCS»
HaJl TEM, 4TO 3HAIOT M KaK BEAYT ceOs ocTaibHble areHTHI. [IpeAnonoxuM, 9To HEKOTOPBINA areHT
OCYIIECTBHI aKT Pe(IeKCHH — IIOTBITANICS CHPOTHO3MPOBATh IOBEICHNE APYTHX areHTOB, CUHUTAs,
YTO MX PAHT HYJIEBOW, M BEIOMPAET CBOM ACHCTBHUS C yUETOM 3TOT0 MPOrHo3a. bynem cuntarte, 94To OH
obnasaer mepBbIM paHroM peduiekcuu. [pyroil areHT (00Jiafarolvii BTOPEIM PaHIOM pedIIeKCHN)
MOXET TPEIOJI0KUTh, TOMUMO areHTOB HYJIEBOTO paHra, CylIeCTBOBAaHHE areHTOB MIEPBOTO PaHTa
MPOTHO3UpPOBaTh WX ToBeneHue. U Tak nanee. Bo3HMKaeT HECKOJIBKO BOIPOCOB — KakK IOBEJCHUE
KOJUIEKTHBA areHTOB 3aBUCHT OT MX PacCIpelelIeHNs 110 paHraM peduIeKCHH, TO €CTh OT TOT0, CKOJIBKO
B KOJUIEKTHBE MMEETCsl areHTOB TOro WJIM MHOro panra? Ecnm monsmu pediekcupyromnux areHToB
MOXHO YIPAaBJIATh, TO KaKOBBI 3TH JIOJIH, ONTUMAaJIbHbIE C TOYKH 3PEHUS] TOTO MM UHOTO KPUTEPUS
3¢ PEKTHBHOCTH, OMPEIEICHHOTO Ha MHOKECTBE IEHCTBUI areHTOB?

B crartpe [1] ObUT ipeioxkeH MeTO peIeKCHBHBIX Pa3OMEHNUN IS OMHMCAHUS U y9ETa TaKUX
CTPaTErn4eCKNX Pa3MbIIUICHUH UTPOKOB IIPH IPYIIIOBOM B3aMMOJCHCTBIH. Taxke ObuIa ITOCTaBJICHA
3a7a4a rpyIHnoBOrO YIPaBICHUS: JOCTIDKCHNE TPYIIIOBOM HENH, TPU BO3MOXKHOCTH YIPABICHUS 10-
JSIMU areHTOB BCEX WIIM ONpeNelEHHBIX paHroB. /laHHas 3ajada B CTaThe OblIa YaCTHYHO WM TIOJI-
HOCTBIO pellicHa JJIs psijia MPUMEPOB, OJHUM M3 KOTOPHIX ObLIa dBaKyainus jrojaed u3 37anus. Ha
YIPOIIEHHOM TIpHMepe Oblila ToKa3aHa Lenecoo0pa3HOCTh BBENCHUS pe(ICKCHBHBIX areHTOB paHra
He OOoJIbIIe eUHULIBL.

JanHast paboTa TOCBsIIIIEHa TECTUPOBAHHUIO ar€HTHOH Cpebl MOJEIMPOBAHHUS YBAKyalllH, C MC-
MOJIb30BaHUEM MeToja pe(IeKCUBHBIX pa30ueHuil. [IpuBoAsATCS NaHHBIE BBIYHUCIUTENBHBIX JKCIIE-
PHMEHTOB, MOATBEPXKIAMONINE W YTOYHSIOIIUE TEOpEeTHYEeCKHue BBIBOABL Llenbro MonenmpoBaHUs
pedaekcHBHOTO MOBEACHUS SBISAECTCS MONyYCHHE XapaKTEPHCTHK 3BaKyallMH JIOJCH W3 3JaHuS C
y4€TOM MX CIIOCOOHOCTH K pe(IIeKCHH, a TaKXKe HAXOXKICHHE ONTHMAIBHBIX JOJIEH JI0AeH onpere-
JNEHHBIX PAaHTOB U MHHHMH3AIMN BPEMEHH 3Bakyarud. [losydeHHbIe, B Pe3ysIbTaTe MOJEIHPOBa-
HUS, JaHHBIE CPAaBHHMBAIOTCA C TEOPETHUECKMM HccienoBaHneM dBakyarmu B [1]. KommeroTepHoe
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MO/JIETTMPOBaHNE HEOOXOANMO, MOCKOIBKY TEOPETHUYECKH 3a/ada MUHAMU3AINHA BPEMEHH 3BAKYaIlH
C MOMOMIBIO JI0JIeH peIeKCHBHBIX areHTOB CIIOXKHA JJIsI HETPUBHAIBHBIX CIIydacB KOH(QUTYpaLuH
3/IaHHAS.

1 Teoperuyeckoe ucciael0BaHue

B pabote [1] 6b1ma paccMoTpeHa cienyromiasi yIpomeEHHas MOJIeNb dBaKkyannu. Mmeercs mo-
MEIICHNE, B KOTOPOM HaXOJATCS # areHTOB. B MOMEIEHNHN NMEIOTCS [IBa BBIXOJA, YCIOBHO HA30BEM
ux «ieBbIM» (L) u «paBeiM» (R). Bpems BbIxona omnpesaensieTcss MOMEHTOM BpEMEHH, KOTAa U3 JAaH-
HOTO BBIXOZIa BBIIIEJN TTOCIIEIHUI areHT, HalpaBUBIINiicsS K HeMy. Kax/Iplii areHT 0JJHOKpaTHO NpH-
HHMaeT pellieHne, U3 KaKoro BbIXOJa OH OyAeT BHIXOAWTh. CKOPOCTH JIBMKEHHUS! BCEX areHTOB B OT-
CYTCTBHE ITPOOOK ITpUMeEM OJMHAKOBBIMU. O003HAYMM #; (71g) — YUCIIO areHTOB, HAIPAaBUBLIMXCS K
JeBoMy (IIpaBoOMY) BBIXOAY, #; + Hg = .

[Tycts m3BecTHA 3aBucHMOCTh 7(k) BpeMEHH BBIXOJa B 3aBUCHMOCTH OT YHWCIJIA areHTOB k = 0,
le/l‘{éM OHa OJHa AJid 06OI/IX BBIXOJI0B, TO €CTh CUHUTACM, YTO BbIXOAbl OJJMHAKOBBI IIO HpOHyCKHOﬂ
Croco0HOCTH (IHpHHE). 3aBUCHMOCTH 3Ty OyIeM CUMTAaTh HENpEepHIBHOHM, BBIMYKIOW (OTpa)keHHe
a¢¢exra «poOOK») U paBHOW HYIIO B HyJe (KOTIa HMEEeTCS OWH areHT, MPOOKH OTCYTCTBYIOT, U OH
TTOKUIaeT ImoMetneHne 0e3 3anepxek). O6o3naunm uepe3 7 (Tx) BpeMs OBIDKEHUS areHTa 10 JIEBOTO
(mpaBoro) BeIxoza, pudeM 77 > Tp, TO €CTh MPaBBIil BRIXOJ] pacHo0OXeH Ommke jgesoro. Torma moi-
HOE BpeMs BbIxoJia HaieBo paBHO 7(n;) = T} + T(n;), HanpaBo: T (nR) Tr + T(ng).

Toraa oNTHMANBHOE C TOUKH 3PEHHs gpeMenu 26axyayuu T — MOKUIAHHS TOMEIICHHS TOCITe/-
HUM M3 areHTOB (2 HMEHHO 3TOT KPHTEPHI HCTIONB3YETCSA B MOJEIAX 9BaKyalluu) — pacrpeliesieHue
AréHTOB 110 HAIlpaBJICHUAM JIBUXKCHUSA (I’IL , Np ) ABJIACTCA PCIICHUEM cne)ly}omeﬂ CUCTEMBI ypaBHEC-
HUH (CM. TaKXKe PUCYHOK 1):

* *
T(n)+T;, =T(ng)+ Ty,
* *
n; +np =n.
MuHuMalbHOE BpeMsl 3BaKyallud PaBHO

(1) T =T )+T, =T(np)+Ty.

T+ T,

Ty

Pucynox 1 — 3aBHCHMOCTB BpEMEHH 3BaKyallly OT YHCIIa ar€HTOB, BRIOMPAIONINX MPABIA MM JIEBBIH BBIXO]

B pabore moxas3aHo, 4TO MHHUMAaJILHOE BpeMs BbIXOJa IIPU HAJIUYUK areHTOB HYJIEBOTO U Iep-
*
BOTO PAaHTOB peduUICKCHM AOCTUTACTCS IIPU YHCJIE areHTOB IIEPBOTO paHra peduieKCHu #, , Olpene-

J€MOM U3 CJIEJIYIOIIET0 COOTHOIICHHUS:
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Q) T(m)+T, =T(n—n)+Ty,

* * * * o

KoTopoe cosranaet ¢ ycinosueM (1), t.e. n, = n;, T1(n )=T . U3 coBnagenus ycnosuii (1) u (2)
CIIeJlyeT, UTO TMEPBBIA paHr pedaeKCHu SIBIISECTCS MaKCHMAJbHBIM II€JIECOO0pa3HBIM B paMKax pac-
CMaTpUBAEMO# MOJIEIH, TaK Kak J00aBJICHUE arecHTOB BTOPOIrO, TPEThEro U 0oJiee BHICOKUX PAHTOB
pedrexkcuu He MO3BONUT YIIY4IIUTh YK€ JOCTHIHYTOE, 33 CUET BBEJCHHS arcHTOB MEPBOrO PaHra,
3HAaYeHHE MHHUMAJIFHOTO BpeMeHH dBakyanuu (1).

2 TlocraHOBKAa MMHUTALMOHHOIO IKCIIEPUMEHTA

Js mpeIutoxKeHHOW MOJeNN 9BaKyaly Oblla IOCTPOSHa MMUTAIIMOHHAS MOJENb B areHTHOM
cpelie MOJICIUPOBAHNS, YACTUIHOE OIMCaHIE KOTOPOil MOKHO TOCMOTpPETh B [2] u [3].
W3o0paxxeHne 30aHus, B KOTOPOM IIPOXOJNUT MOACIMPOBAHNE MOKHO BUJIETh HA PHCYHKE 2.

Pucynok 2 — 3nanue 111 MOAeTMPOBaHUS

CeppiMu rpaHuliaMu 00BeIeHbI OObIYHBIC TOMeIIeHUs 1,2 U 3, 3e1EHBIM — OMEIICHUS-BBIXOIbI

4 u 5; nepexos! 0003HAUYEHbI KPACHBIMU JTMHUSMH.

ITapameTpsl 31eMeHTOB 34aHus (IIUPHUHA — CBEPXY BHU3, JUIMHA — CJIEBa HAIPaBO):

nomemienue 1: qmHa 15m, mupuna 15 m.;

nomMerienue 2: 15 a4 m.;

nomMerienue 3: 3 Ha 4 M.

BBIXOABI 4 ¥ 5: 4 Ha 4 M.;

nepexoxas! 1 u 2: mupuHa 4 M.;

ocTalbHBIE TIEPEXOAbL: mupuHa | M.

ATeHTHI (IIpOrpaMMHBIE CYLIHOCTH, MMUTHPYIOLIHE JIIO/Iei) B CIy4allHOM HOpSIKE pa3Mmeria-
10Tcs B momeneHnu Ne 1, kak Ha pHUCyHKe 2, Ha KOTOPOM OTOOPaXKEHbI TAK)KE BEKTOPA UX HA4aJIbHOM
ckopoctu. [l kakoro mara Tecta (OnpeaenéHHOro KOJIMYecTBa UM JI0Je areHTOB B MOMEIICHUU
Nel) npoBonmiiock no 20 ucHbITaHUH, KaXIBIH pa3 ¢ HOBBIM CIIyYaiHBIM PacIiojiO)KEHHEM areHTOB,
3aTeM BpeMsl 3BaKyalllu 110 HUM YCPETHSIIOCh.

Bbuto mpoBeneHO TeCTUPOBAHME AJIS HAXOXKAECHUS BPEMEHH 3BaKyallud B 3aBUCHUMOCTH OT KO-
JMYECTBA areHTOB B MOMEIICHUH |, ISl KaXKIOTO BBIXOJa B OTAEIBHOCTH. I'padMKy MpeacTaBICHB
Ha pucyHke 3. Takum obpa3om, myThb 10 mpaBoro Beixona (Ne 5) 6mmke, dem mo aesoro (Ne 3) mpu-
MEpPHO Ha OJHY IOCTOSHHYIO KOHCTaHTYy 7,5223, uto paBHO 7;—T¢, TIO YCIOBHIO TEOPETHIECKOH MO-
JIeTTH.
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®yHKUUM BpeMeHU BbixoAa
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Pucynok 3 — Haxosxxnenne GyHKIMI BpeMEHH BBIXO1a

OueBHIHO, (QYHKIIMK BPEMEHHU BBIXO/A BEIMYKJIBI (32 HCKITIOUYEHHEM CITydaeB IPH MaJOM KOIH-
yecTBe Tozei). Taxke BUIHO, YTO BBIXOJBI OJMHAKOBHI 110 XapaKTePUCTHKAM, Pa3HHIIA BO BPEMEHH
TIOSIBJIICTCS W3-32 Pas3IMYMs B PACCTOSHUAX JIO BRIXOJOB (3HaueHus 17 M T B TEOp. MOJIEIH).

*
Torna, o gopmyine (1), MurnmansHoe Bpemst 3Bakyaruu 1 = 18,45~18,43 u COOTBETCTBYIO-
* *, »
e KonmdectBa areHtoB (n ; np ) =(23;77) ans ycpenHEHHBIX MAHHBIX, a I AMIPOKCHMAIIUU
* * *,
ITHX JIaHHBIX KYCOYHO-MOCTOSTHHbIMY (yHKImsavu T = 18,32 u (n; ; np ) = (24,6;75,4).

*
COOTBETCTBEHHO U ONTHUMAJIBbHOE KOIMYECTBO PEe()ICKCUBHBIX areéHTOB IIEPBOTO paHra #; PaB-

HO 23(24,6) COOTBETCTBEHHO JUIsl CPEJTHUX M allPOKCHUMHPOBAHHBIX JIAHHBIX.

Jlst IpOBEpKYM TEOPETHYECKOTO pesyibrarta ObUT MPOBEAEH IKCHEPHUMEHT C OJHOBPEMEHHBIM
NIPUCYTCTBHUEM B MOJIEIIM areHTOB HYJICBOT'O U IepBOro panra. Odmiee KOJIMYECTBO OCTaBaJIOCh HEU3-
MeHHBIM U paBHBIM 100, MeHsrcs nonu areHToB oT (1,99) mo (99,1). I'paduk momydeHHBIX pe3yib-
TaTOB NPHUBEEH HA PUCYHKE 4.

TecTupoBaHue HyNeBOro U NEPBOro paHros
35
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KonuuectBo areHToB paHra 1

PI/ICyHOK 4 — TeCTI/IpOBaHI/Ie HYJIEBOI'O U IIEPBOI'0 paHron
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MuHnManbHbIEe pa3nudns rpadgukoB HaxomaTcs B Toukax (20;80) u (22;78). YMeHbIIeHHE 10N
areHToB paHra 1 MpoM30IUIO M3-32 MOBBIIICHUS] (YHKIIMA BPEMEHU BbIXO/Ia ar€HTOB B JIEBBIN BBIXO]I
Ha uHTepBaje ot 0 1o 40 areHTOB [UIs Clly4as, KOT/ia B MOJEIN NPUCYTCTBYIOT areuthl 0 1 1 paHros.
OTO MOBBIIICHNE BUIHO HA PUCYHKE 4, IPUUYEM TIOBBIIICHHE TAK)KE 3aMETHO U ISl IPABOrO BBIXO/A
JUISL MEHBILIETO KOJIMYECTBA areHTOB. ECTh I'MmoTe3a, 4TO BBI3BAHO 3TO TEM, YTO OOJIBILEE UHCIIO
areHTOB JIPYrOro paHra MEUIaeT UM BBIXOJUTh C OOBIYHBIM BPEMEHEM.

BrIiBOBI

[Tpu BBIIOJIHEHUH THIIOTE3Bl O BBITYKIOCTH (PYHKIMM BPEMEHH 3BaKyallMH OT KOJMYECTBa 4e-
JIOBEK JJIsl KaXXIOro BBIXOJA, MOIEIMPOBAHUE IOKA3aJI0, YTO TEOPETHYECKOE HAXOXKJIEHHE OITH-
MaJIbHBIX J0JIeil pe(IEKCHBHBIX areHTOB HYJIEBOI'O M NEPBOTrO paHra OJHM3KO K IOJyYEHHOMY IPH
MozenupoBaHud. HeTouHOCTh B IIpeCKa3aHUU ONTUMANbHBIX JOJEH, 110 TUIIOTE3€, BO3HUKAET U3-3a
BIIMSIHUS areHTOB Pa3lMYHBIX PAHIOB JAPYr Ha Apyra. OCTa&rcsi OTKPHITHIM BOINPOC, HACKOJIBKO 3TO
BIIMSTHUE MOXKET OBITh CHJIBHBIM M COOTBETCTBEHHO, KaK B TEOPETUUECKON MOJIENIN 3BaKyalF MOXKHO
OTPAa3UThb 3TO BIUSHUE.
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Abstract
This article examines the 5% component architecture of a complex system. Describes the
application of the proposed model for software projects modeling.

BBenenue

CHCTEeMHOE MOJICIIMPOBAHKE, OCHOBAaHHOE HA (POPMUPOBAHUH MPOCTPAHCTBA COCTOSIHUS 00BEK-
Ta MCCJCOBAHUS, COCTABISCT OCHOBY YIPABJICHHUS CIOXKHBIM O0BEKTOM. M3BECTHO MHOTO padoT,
MOCBSIIIEHHBIX HUCCIIEIOBAaHUIO apXUTEKTYP CIOXKHBIX CUCTEM. T€M He MeHee, BaXKHOCTb MPOJOJIKE-
HUS UCCIICJOBAaHUH B 9TOM HAIIPaBIICHIH HE BBI3BIBACT COMHEHHA. ITO 00yCIOBICHO TEM, UTO B CHILY
OOBEKTHBHBIX MPUYHH MMPOUCXOIUT YCIOKHEHHE 0OBEKTOB yIPaBIeHHs. DTO, B CBOIO O4epeb, pHU-
BOJIUT K HEOOXOANMOCTH BBEJCHHS B ApXUTEKTYPY HOBBIX CYIIHOCTEH, I3MCHEHUIO XapaKTepa B3au-
MOCBSI3M MEKIY CYIIHOCTSMH. YBEIHUNBACTCS BIHMSIHUE YEIIOBEYCCKOTO (paKTOpa Ha MMEIOIIYIO Me-
CTO W MOTEHIMAJBHYIO CHCTeMHYIO0 3(dekTnBHOCTE 00BeKTa HccinenqoBanus. OTMEUeHHBIE 00CTOSI-
TEJIBCTBA BBIHYKIAIOT pa3padaThIBaTh HOBBIC MOJICIH CIIOKHBIX CHCTEM.

B nHactodmell ctatbe paccmMaTpuBaeTCs NMATUKOMIIOHEHTHAs apXUTEKTypa CJI0KHOW CHUCTEMBI.
PaccmarpuBaercs onucanue Ha OCHOBE IpeuiaraeMoi MOJIEIN TaKOl Pa3HOBUIAHOCTHU CIIOKHBIX CHC-
TeM Kak IporpamMMHbIi npoaykT. [IpuBoauTCs npuMep KMCNOIb30BaHUS IMpeAsiaraeéMold MOJENH s
pelieHus 3a1a4i MPOTrHO3UPOBAHUS BPEMEHH 3aBEPIIEHUS COTJIACOBaHUS TPEOOBAHU.

1 MHoromepHasi MoeJIb CJI0KHOM CHCTEMBbI

B MHOrOYHCIIEHHBIX JHUTEPATYPHBIX HMCTOYHHKAX, MOCBAMICHHBIX IPOTPAMMHBIM IIPOEKTaM,
MOIEPKUBACTCS BaYKHOCTH ITOCTPOCHHS CHUCTEMHBIX MOJEJCH IMPOTPAaMMHBIX IPOIYKTOB H IIPO-
TPaMMHBIX MPOEKTOB KaK OCHOBBI YIIPABJICHUS MX COCTOSHHEM. METOIONOTHYECKUM IIPUHIIATIOM,
TIOJIOXKEHHBIM B OCHOBY TIpeIIaraeMoil MHOTOMEPHOH CHCTEMHOW MOJIEIH, SBJSIETCS MPHHIIAI KOM-
TUIEKCHOCTH. DTOT NPUHIMIT 0OOCHOBBIBAET BHIOOP COBOKYITHOCTH TOYEK 3PEHHS Ha MPOTPaMMHBIN
MPOEKT, IPeACTaBICHHBIX Ha pUC. 1.

Ienecoobpa3HOCTh CUCTEMHOTO MOJEIHPOBAHUS MIPOTPAMMHBIX MIPOAYKTOB U MPOEKTOB B paM-
KaX BBIJEICHHBIX TOUEK 3pEeHHs 00YCIOBJICHO CIIEIYIOUIMMHU COOOPaKEHUSIMU.

Dyuxkyuonanvhwili acnexkm. COBOKYIMHOCTb 33a4, KOTOPBIE MOTYT PelIaThCsl MOCPEICTBOM Mpo-
TPaMMHOI'O TIPOJYKTA, SIBJISIETCS OJHUM W3 OCHOBHBIX (DaKTOPOB, ONPENEISIOIIMX €ro IIEHHOCTh B
rJ1a3ax MoJb30BaTeNs.
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Pucynok 1 — Touku 3peHus Ha IPOrPaMMHBIN TPOEKT

Hngpopmayuonnvrii acnexm. OIHOM U3 OCHOBHBIX IPUYUH, MPEMATCTBYIOIIUX CKOOPIUHUPO-
BaHHOMW JIEITEILHOCTH Pa3pabOTYNKOB MPOTPaMMHOTO TPOAYKTA, SBISETCS HEBO3MOXHOCTh MOJTyUe-
HUSI UM aKTyaJdbHOW MH(OpPMAIMH O COCTOSHUM MpoekTa. CrocoOHOCTh OpraHM3aIlM CO3aBaTh,
WCTIONIb30BaTh, BOCIIPON3BOIUTH 3HAHUS,; TCHEPUPOBATh HOBBIC MJIEH, IPUBOAAIINE K CO3IaHHIO HO-
BOTO KadecTBAa M HOBBIX NPOIYKTOB, B HACTOSIIEE BPEMs SBISICTCS €IMHCTBEHHBIM, yCTOHYMBBIM
KOHKYPEHTHBIM TIpeuMyIIecTBoM [1].

Ynpaenenueckuii acnexm. CoBpeMeHHasi TOUKa 3pEHHS Ha yNpPaBIEHHE CIOXHBIMH CHCTEMaMHU
OCHOBaHa Ha (pOPMHUPOBAHUU «YMHBIX CHCTEM YIPaBIICHHS», 00CCIEUNBAIONINX MTOJyYEeHHE KOHKY-
PEHTOCIIOCOOHBIX TPOAYKTOB M YCIyr. B M3BeCTHOH JMTepaType MOAYEpPKHBAETCS Ba)KHOCTH COOT-
BETCTBHSI Pa3BUTHSI CUCTEMBI YIIPABJICHUSI TPOSKTOM (haKTHIECKON CI0XKHOCTH MPOEKTA.

Pecypcuviii acnexm. HeoOX0aMMBIM YCIIOBHEM YCIICITHOTO BBITIOJIHEHHUS IIPOrPaMMHOTO MPOEK-
Ta SIBISICTCS] HAJIMYKE B HY)KHOE BPEeMs B HY’)KHOM MecTe TpeOyeMBbIX peCypCcoB B JJOCTaTOYHOM 00be-
Me.

Coyuanvro-skonomuyeckuti acnexkm. YenoBeuecknit (hakTop SBISETCS CHCTEMOOOPA3YIOIINM
MIPY MHULOWANNY, PEATN3aIiU IPOCKTa 1 OLICHUBAaHUN KaueCcTBA MOJIYYaeMbIX Pe3yIbTaToB.

BeieneHHbIe TOUKH 3pSHNS Ha POTPAMMHBIH TIPOEKT M CHCTEMOO0OPa3yONINH XapaKkTep 4erno-
BEYECKOro (hakTopa SBISIOTCS OCHOBOW MOCTPOEHHS CHCTEMHOH MOAENM B BHIE «IHPAMUABI IPO-
TPaMMHOIO NPOEKTa», MpeAcTaBiIeHHOW Ha puc.2. Ha3BaHue Monenu AaHO MO aHAJIOTUU C «Tpe-
YTOJIEHUKOM TIpoeKTa (project triangle)». OTMEeTHM, UTO B 3TOW apXUTEKType KOMIIOHEHTHI CHCTEMBI
W CBSI3U MEXAY HUMH MPEACTABISIOT COOOK0 CIIOXKHBIE KOHCTPYKIMHU, OIUCHIBAEMbIE MHOXXECTBOM
napameTpoB. CoJiepikaHue 3TUX KOHCTPYKLHUH U CIIOCOOBI X ONUCAHUS 3aBHUCST OT Ha3HAYCHUs IPO-
IpaMMHOTO MPOAYKTa U (a3bl IPOrpaMMHOTO ITPOEKTA.

2 CBoiicTBa CHCTEMHOI MOJEIH

[pemnaraemast MOIeNb BKIIOYACT B CeOs B Ka4eCTBE YACTHOTO CIy4as MOJICNb, UMCHYEMYIO B
mutepatype EA (Enterprise Architecture). B [5] mis EA npuBenena cucrema apXuTekTyp (Ou3HEC,
nH(pOpMALMOHHAS, TEXHOIOTHYECKasi, IPHIIOKEHHIT), KOTOPYIO MOXHO TPEJICTAaBUTh B BUJEC MOJIEIH,

MIPUBEAECHHOM Ha puc.3.
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Pucynok 2 — MHOromepHasi MOAENb CIIOKHOIN CHCTEMBI

Mopens, npeAcTaBlIeHHas Ha pUC. 3, MO3BOJIAET BBIJEIUTh BHYTPEHHIOIO U BHEIIHIOI CPEAbI
CIOXKHOU cucteMsl. To, 4TO HaXOAUTCS BHE MUPAMUIBI, COCTABIISET BHELIHIOK cpedy. To, 4To Haxo-
JIUTCA BHYTPU IMHUPAMUJIBI, COCTABISAET BHYTPEHHIOW cpely. BaxKHOCTh BBIAENEHHS U MCCIEeIOBaHUSA
BHEIIIHEH ¥ BHYTpeHHe! cpell MpOorpaMMHOTO IPOEKTa U MPOoAyKTa 00CyKaaeTcss BO MHOTHX JIUTepa-
TYpHBIX HCTOYHHKax. Ha puc. 4 B kauecTBe mpuMepa NPHUBEAEHBI HEKOTOPBIE B3aHMOCBSI3H KOMIIO-
HEHTOB, COOTBETCTBYIOILMX BHEUIHEN U BHYTpPEHHEU cpefaM cucTeMmbl. B3aumonelcTBue BHEIIHER 1
BHYTpPEHHEH Cpesi OCYIIECTBIIETCS Yepe3 BEPIIMHBI HUPAMU/IBI, IIPEJCTABICHHON Ha pHc.3.

Mopens, npeAcTaBieHHas Ha pUC. 2, B OTIMYUE OT MOJEIH, IPEICTaBICHHON Ha puc. 3, B Kaue-
CTBE IIEHTPAIbHOW KOMIIOHEHTHI BHYTPEHHEH Cpebl BBILACIACT MpaBooOIafaTeneld, To ecTh JenoBe-
yeckuil Gpakrop. BimstHne genosedeckoro akropa Ha MPOrpaMMHBII MPOEKT M MPOIYKT MPOSIBIISET-
Cs B TOM, 4YTO COJAEP)KAaHUE U COCTOSHUE KOMIIOHEHTOB CHCTEMHOHN MOJEIH U CBSI3eH MEXAy HHMHU,
4TO B UTOre (JOPMHUPYET IKOHOMHYECKYIO, TIOJIMTHYECKYIO, COLMAIbHYIO, HAYYHYIO ¥ TE€XHOJIOTHYe-
CKYIO COCTaBIISIIOIINE CUCTEMHOM 3 PEKTUBHOCTH, ONPEAEISIOTCS TPaBO0OIaIaTENSIMH.
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Pucynok 3 — O0bemMHas MOZIENb CIIOKHOTO OOBEKTa

TpeboBaHus K IpOrpaMMHOIL
cucreme. Mupopmarms o
XapaKTepHCTUKAaX aHAJIOTUY-
HBIX TIPOJYKTOB

Wuopmarus o peann3oBaH-
HBIX npoekTax. TpeboBaHus K
MIPOEKTY

CucTeMHBIe Tpe-
OoBaHMS

Busnec — apxurekrypa

YmpaBieHne KauecTBOM WHdopmaryst noaaepxka
MPOrPaMMHOTr0 MTPOAYKTA VIIpaBJICHUS TPOCKTOM

v

11 Ccy

VYnpasienue no-
CTaBKOU

Pucynok 4 — ComeprxaHue B3anMOCBA3€H MEX Iy CYIIHOCTSIMU, COOTBETCTBYIOIIEE BHYTPEHHEH 1 BHEIIHEH
cpenam cuctemsl (3 — 3Hanus; [1I1 — nporpammuslil mpoaykrt; CY — cucteMa ynpaBieHHs)

3 HpnMep HCIIOJb30BAHUA npezmaraeMoii CHCTEMHOM Moeaun

B xauecTBe mpumepa MCHOJB30BaHUS TpeIaraeéMoil CHCTEMHON MOJIETM PacCMOTPUM IIPOLECC
MOATOTOBKY crieliuuKanuii TpeOOBaHUH Ha IPOrPaMMHBIH MPOJYKT.

OnHOI U3 IPUYMH, OCTIOXKHSIOIINX YIIPaBIeHUE TPeOOBAaHUAMH, SIBJIAETCS HeJocTaTouHast Gpop-
MaJt3anus KOHTPOJISL HaJ MPOLIECCOM COTJIAaCOBaHUEM TPeOOBaHMIA.

JU7st IpUBeICHHOM HYDKE MOJIEITH IPHHSATHI CICAYIONIHNE MTPEANIOIOKEHHS H TOTYIIICHHUS.
1) MomMeHT Hadaa COrIacOBaHUS TpeOOBaHUI M3BECTEH;
2) Cornacyemble TpeOOBaHHUS UMEIOT OAMHAKOBBIN PAHT ¢ TOYKH 3pEHHMS 3aKa34nKa;
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3) TpeGoBaHUs, CINTAIOMIAECS COTIACOBAaHHEIMA B MOMEHT BPEMEHH /; 10 MHAIIMATHBE 3aKa3uuKa B
MOMEHT ?; (#>1;) MOTYT IIEpEiTH B KJIACC HECOIIACOBAHHEIX;

4) OOmee yncno TpeOOBaHMMA, IMOAJICKAIINX COTJIACOBAHUIO, C TEUCHHEM BPEMEHH MOXET H3Me-
HSTBCSL.
CuctemMHass MOJENb (SIBITIOIIASACS MPOEKIEeH MOJEINH, IPEICTaBICHHON Ha prc.2) MpUBeaeHa

Ha puc. 5.
4

CoCTOsTHHE COTJIaco-
BAHHOCTHU Tneﬁnnanm?r

oI‘paHI/I‘IeHI/Iﬂ Ha CPOKHU HpOFH03HI)Ie OLEHKU CPOKOB
cormacoranust TneGORAHMI 3AREDITIEHUS TNEOORAHNIA

¥
T P

PucyHok 5 — CucteMHast MOZieNb 3aja4i MPOrHO3UPOBAHMUS CPOKOB 3aBEPLICHNUS COTNIACOBaHHs TPEOOBaHUI
(A — undopmarms; T — TpeboBanus kK mporpaMMHOMY nipoaykty; [1P - mpaBooOagaresnin)

CocrosiHIE Tpoliecca COTIIacOBaHMs TPEOOBAHMIT B KK/l MOMEHT BPEMEHH XapaKTepPHU3yeTCsl
JIOJIeH COTJIACOBaHHBIX TPEOOBAHUIA.

Ecnu xaxknoe u3 TpeOoBaHUN MOXKET OBITH OTHECEHO TOJBKO K OJJHOMY KJIacCy COCTOSIHHS (co-
TJIaCOBaHO/HECOTIIACOBAHHO), TO JIOJISI COTJIACOBAaHHBIX TPEOOBAHUH B /- MOMEHT BPEMEHH OIHCHIBA-
eTcs BelpaxkeHueM (1)

I p@O=n®)/NQ@),

rae yn(f) —aucio TpeOoBaHUH, OTHECEHHBIX K KIIACCy COTJIACOBAHHBIX;
N(?) — obmiee uncio TpeOOBaHMIA.
Ecin i-e TpeGoBaHHe MOXeT OBITH COTIACOBAHO YAaCTHYHO, TO JOJS COIIACOBAHHBIX TpeOoBa-
HUU OIHCHIBACTCS COOTHOIICHUEM (2)
N(@)
2.0;(0)

_ =l
2 p®= NGO

rae 0,(f) — BeIuYrHa, XapaKTepu3yIollas CTeNeHb COrJIacOBAHHOCTH i-I'0 TpeOOBaHMS.

IMapamerp ¢;(¢)e [051], i=1;n, mpu4emM HIXKHAA TPAHHIA COOTBETCTBYET HECOTIACOBAHHOMY
TpeOOBaHUIO, a BEPXHsIs I'PAHUIIA — COTJIACOBAHHOMY .

OCHOBY TEXHOJIOTHHM KOHCTPYHPOBAHHUS MOKA3aTeNsl COCTOSHUSI COCTAaBJISICT rpaduueckas Mo-
JieNb, TIPeJICTaBJICHHAS Ha PUCYHKE 6.

[TapameTpsl pyy, P12, P13> P23s---€CTh TIOKA3aTENM COCTOSHUS, OTHECEHHBIE K Pa3HBIM MOMEHTaM
BPEMEHHU.

MoMeHTBI 1] 123 13 1y ts 113 17 13
BpEMEHH

Yucno

TpeboBaHuUi

N, pu | po |ips

N, ipzﬂ P24 ‘rng

Ny oo T 1 P3st| P | par | pis

Pucynok 6 — Monens mporiecca corinacoBaHus TpeOOBaHUI
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OOBsICHIM TO 0OCTOSTEIBCTBO, YTO HEKOTOPHIM MOMEHTaM BpEMEHH (Ha PUCYHKE 3TO f3, f5) CO-
OTBETCTBYET PAa3HOE YUCIIO TPEOOBAHMUI U PA3IMYHbIC JOJIU COTJIACOBAHHBIX TPEOOBAHMUH.

JIroboe BHeceHHE M3MEHEHUIT B TpeOOoBaHMS ABISIETCS O(UIMANBEHON MPOUEAYPOH, HIOTOMY OJ1-
HU 3HAYCHUS YMCIIa TPeOOBAaHWIA W JOJH COTIACOBAHHBIX TpeOOBaHMIA (Hampumep, {N, pi3}) cOOT-
BETCTBYET Ha4Yaly o(pUIIMaIbHON NMPOLEAYpHl, a ApyTHE 3HAYEeHH (HampuMep, {N,, pr3}) COOTBETCT-
BYIOT 3aBEPIICHUIO O(HINATBHOMN MPOLEayPHI.

dopmanbHO MOJIENb, IPEACTABICHHAs HA PUCYHKE 6, IIpecTaBIsieT co00 psig MHACKCOB ¢ pas-
HbIMH 0a30BBIMH KOHCTaHTaMu [4] M K 9THM psiaM HHAEKCOB MOXXET ObITh NPUMEHEHA OIepalis
«CBSI3BIBAHUEY.

Takum o6pa3oM, npeyiaraemas MoJiellb, 10 CyTH OCHOBAaHHAs Ha MpoLeAype 00ecleueHus co-
MOCTaBUMOCTH MHJEKCOB, OTHECEHHBIX K Pa3JIMYHbIM 0a30BBIM IIEpHOJAM, MPEICTABISET CO00i MO-
JIelIb OJJHOMEPHOI'0 BPEMEHHOTO psija. JTO JejlaeT BO3MOXKHBIM JUIS MPOTHO3MPOBAHUS MOMEHTa
OKOHYAHUS COTJIACOBaHMWS TPeOOBAaHMI MCIOIB30BATh anapaT BPEMEHHBIX PAIOB.

CremyeTr OTMETHTH IPOCTOTY MOJIEINH, YTO AETAaeT BO3MOXKHBIM €€ NMPAKTUYECKOE HCIIOJIb30Ba-
HHE TIPH IPOEKTUPOBAHUH IPOTPAMMHBIX CHCTEM.

3akioueHue

[IpennosxeHHas cHCTEMHas: MOAENb IPOrPAMMHOIO MPOEKTA SIBIISIETCS PA3BUTHEM OIMCAaHHBIX B
mutepatype EA-mopmeneii. EE MeTOmONOrMYECKyI0 OCHOBY COCTaBJIICT OCHOBHOIM IPHHIUI
HCCIICIOBaHNA CIIOXKHBIX CHCTEM — IPUHIMI KoMIulekcHocTH. CozepikaHue mpeagaraeMoil MoJenu
MOJYEPKUBAET TOT (AKT, YTO yCleX IPOEKTa ONpPEAEIAeTCS HE TOJBKO pecypcaMu MpoeKTa U
OpraHu3aiyell CUCTEMbI YIPaBICHHUS, HO M YEIOBEYECKUM (DAKTOPOB, a Takke WH(OPMalMOHHBIM
HPOCTPAaHCTBOM IPOEKTA.

IIpennaraemast Mozaenb MO3BOJNSAET C CHCTEMHBIX MO3UIMH MOJXOAUTh K IOCTPOCHHIO
KOMILIEKCOB CHCTEMHBIX, CTPYKTYpHBIX M MaTE€MaTH4ECKHX MOJENEH, OMMCHIBAIOIIUX IMPOLECCHI
peanu3anyd NOPOTPAaMMHOrO MPOEKTa W YHPABIEHHS UMM, YTO JEJIAET BO3MOMKHBIM IIOBBIIIATH
YIPaBIIEMOCTb IIPOEKTOB H MPEICKA3yeMOCTh UX PE3YNIbTaTOB.
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Abstract

In this article describes reliability boundary characteristics values interval estimation of small
volume samples. The algorithm of technical objects reliability boundary characteristics values in-
terval estimation is developed; dependences of interval estimation results on properties of the ini-
tial data are researched.

BBenenue

OKclepUMEeHTaIbHAs OIICHKA IOoKa3aTeNiel HaJeKHOCTH SBISETCS 00s3aTeNbHBIM 3TaloM U
NPaKTHYECKH OCHOBHBIM CIIOCOOOM YCTAHOBJICHHSI PEaJbHBIX KOJMYECTBEHHBIX ITOKa3aTellei Halex-
HOCTH B IIpoLiecce pa3pabOTKU U CEPUIHOTO NPOU3BOACTBA U3AEIUM.

[Tpu ucnbITaHUSAX TEXHUYECKHX CHCTEM aKTyaJIbHOH NpoOJieMOoil sIBisieTCsl 00bEKTHBHOE Olle-
HUBaHHNE XapaKTEPUCTHUK HA/IEKHOCTH 10 MAJIOMY YHCITy HCXOIHBIX JaHHBIX, YTO OOYCIIOBIECHO [UTH-
TEJIbHBIM BPEMEHEM HCIBITAHUN U3EIHH, a TAKXKe BBICOKOW CTOMMOCTBIO HCIIBITAHHH.

[IpuHATO aHANU3UPOBATh HAAEKHOCTH IO OCPEAHEHHBIM XapaKTEPUCTHKAM, OJHAKO AJIST OTBET-
CTBEHHBIX M37IeTHi 0COOBIN MHTEPEC BBI3bIBACT MH(OPMALUS O HAJAEKHOCTH CAMBIX CIAOBIX U3 HHX.
B nepByto ouepesnpb 3TO KacaeTcs TE€X M3/ENUi, OTKa3bl KOTOPBIX MOTYT IIPUBECTH K KaTacTpoduye-
CKUM TIOCNIEACTBUSM WM YEJIOBEYECKHUM KepTBaM. JTO MPUBOAUT K HEOOXOIUMOCTH Pa3BUTHUS Me-
TOJIOB aHAJIN3A HAJIC)KHOCTU Ha OCHOBE TEOPUU IOPSIAKOBBIX CTATUCTUK.

B nanHOit paboTe mnpeiaraeTcs METo]] MOCTPOCHHS JIOBEPUTENILHBIX HHTEPBAJIOB JJIsl TPaHUY-
HBIX 3HAYEHUN XapaKTEPUCTUK HANEKHOCTU, B OCHOBE KOTOPOIO JIEKHUT MAaTEMATHUYECKUU ammnapar
HNOPSAJKOBBIX CTATUCTUK.

OrpaHu4yeHHeM INpeIaraéMbIX B CTaTbe MOAXOJIOB SBJISETCS MPEINoI0KeHne 00 3KCIIOHEHIIU-
QJIFHOM 3aKOHE paclpesieieHns BpeMeHH HapaOOTKH 10 OTKasa (Ha OTKa3), YTO COOTBETCTBYET HO-
BBIM U3JIEIHUSM, BBIXOSIINM C IIPEIIPUATHS.

1 Axaau3 cocTossHUA P00JIeMbl

CymecTBYIOT IpUOTMKEHHBIE U TOYHBIE METOJIBI IIOCTPOCHUS JOBEPUTEIBFHBIX MHTEPBAJIOB IS
MapaMeTpoB CIy4yalHOU BETMYMHBI.

[IpubimxeHHBIE METOBI OPUEHTHPOBAHBI HA BEIOOPKU TOCTATOYHO OOJIBIIOTO 00BeMa, BHI 3a-
KOHA paclpe/ie/iCHUs CITydaifHON BEJIMYMHBI MPH 3TOM MOXET ObITh Heu3BecTeH. [locTpoeHue JoBe-
PHUTEIHHOTO UHTEpBaJia MPUOIMKEHHBIME METOAMH M3YYCHO JIMIIb IS MAaTEMAaTHYECKOTO OXKHJIa-
HUA CITy4ailHOW BEJINYMHBI U €€ JUCIEPCUH.

TouHble METOJIBI TOCTPOCHUS TOBEPUTEIHHBIX HHTEPBAJIOB MPEANOIAraloT BU 3aKOHA pacIpe-
JIeJIeHHs CIly4ailHOM BeIM4YMHbI U3BeCTHBIM. Hanbosiee MONHO MOCTpOEHHE JTOBEPUTEIBHBIX WHTEP-
BaJIOB TOYHBIMHU METOJAMH U3YUYEHO JIMIIB JJIi HOPMAIBHOTO 3aKOHA pacIipe/ieIeHHsL.
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Jnst mapaMeTpa 3KCIIOHSHIMAIBHOTO 3aKOHA PAcIpeeNieHNs CIIyJaifHOW BEIWYHHBI M3BECTEH
METOJ OTpPEJENCHNST TOBEPUTEIbHBIX TPAHUI, KOTJa MOMEHTHI OTKa30B 00pa3yloT ITyacCOHOBCKHH
HOTOK C HHTEHCUBHOCTHIO A . COrNacHo JaHHOMY METOIY, JOBEPUTEIbHBIC TPaHHIbI (/11-15/13)» To-

KpbIBAIOIUE MCTUHHOC 3HAYCHHC Ac [lOBepI/lTeﬂbHOﬁ BEPOATHOCTHIO ,B , OMNPCACIIAOTCA C MMOMO-

uiplo kBanTwield XM-kBaapat pacnpenenenus. bonee noapobHoe onucanue MeToJa MOKHO HalTH B
pabotax [1, 2]. CTOHT OTMETHTH, YTO NAHHBIN METOX AJIS SKCHOHEHIMAIEHOTO BU/IAa 3aKOHA pacIipe-
JIEJICHHS TIOJIb3YyeTCsl OONBIION MOIYIIPHOCTHIO Y aBTOPOB HOPMATHUBHBEIX MaTepuanoB [3-5]. Orpa-
HUYEHHEM STOTO METOJa SBISETCSA TO, YTO OICHHBAIOTCS HOBEPUTENFHBIE TPAHMIBI IS IapaMeTpa
HKCTIOHEHIIMAIBHOTO 3aKOHA PACIPEeNICHH, ONPENeIeMOro 110 BCeH COBOKYITHOCTH BBIOOPOYHBIX
nmaHHbIX. OIeHKa HAIe)KHOCTH H3JIENUs, IONydeHHAs JaKe 10 BEpPXHEH TpaHHIe TOBEPUTEIHLHOTO
HWHTEpBaJla HHTCHCUBHOCTH OTKAa30B, IS CAMBIX «CIAa0BIX» M3MIENNN OKa3bIBAETCS CHIIFHO 3aBBIIICH-
HOIA.

[IpoBeneHHBIN aHATH3 MO3BOJIMI BBISSBUTh U IPYTHE METOJMbI MOCTPOCHHS JOBEPUTEIILHBIX HH-
TEPBAJIOB JUIS TOYCYHBIX OICHOK XapaKTEPUCTHK HAJIC)KHOCTH, OJJHAKO OOIIMM JJIsS BCEX HUX SIBIIACT-
Cs TO, UTO XapPaKTEPUCTUKU HANISKHOCTH OICHHBAIOTCS 10 BCEW BHIOOPKE (OICHUBAKOTCS OCPETHEH-
HBIC TIAPAMETPHI).

[enbto HacTOSIICH PabOTHI SIBIIACTCS MHTEPBAIHHOC OIICHUBAHHME TPAHUYHBIX 3HAYCHUIN Xapak-
TEPUCTHUK HAJCKHOCTH.

2 OmnpepeJieHHe JOBePUTEIbHBIX HHTEPBAJIOB
JJ1 TPAHMYHBIX 3HAYeHHil XapaKTePUCTHK HA/IeKHOCTH

C nenbio omnpeeneHns JOBEPUTEIbHBIX HHTEPBAJIOB [UI TPAaHWYHBIX 3HAYCHNH XapaKTepPHCTHK
HAJIS)KHOCTH 00paTHMCSI K TECOPHH MOPSIAKOBBIX CTATHCTHK. [IITOTHOCTB pacmpeneneHus MopsIIKOBOH
CTaTUCTUKH 3aBUCHUT OT MCXOJHOTO pacmpeieneHus F(x), paHra m U U3MEHSETCS C U3MEHEHUEM

o0bema BeIOOpku N crienyromum obpaszom [6]:

(D) Sy Gom) =CRIFI = FIY ™" £(x).

3mech U manee Mo CiiydaifHoi BenmuanHOoW X UIS HEBOCCTaHABIMBAEMBIX M3JIENNi OymeT moj-
pa3yMeBaThCsl HapaOOTKa JI0 0TKa3a, I BOCCTaHABIMBAEMBIX M3AEIH — HapaOOTKa Ha OTKa3.

[To BeIpaxkernto (1) ompenenyM IUIOTHOCTH pacHpeAefieHus KpaHUX MOPSAKOBBIX CTATHCTHK
(MHUHUMAITEHON TIOPSIKOBOW CTATUCTHKE COOTBETCTBYET m =1, MakcUMambHOH — m = N ):

Q) fyGu)=N1-F®O'™ f(x);
B3)  fyGma) = NFO' ™ 1)

*min
N-1
Torma Fy(Xpmin) = j N [1 -F (x)] f(x)d(x) — BeposSITHOCTH TOTO, YTO BpeMsi HapaOOTKU
0
Ka)KJJOro M37eJHs, B TOM YMCIie M HaMMeHblIas HapaboTka (HapaboTKa caMoro «cjiaboro» u3jienus)
OKa)keTCsl OOJIBILE 3HAYCHUS Xy, -
max N—l
Fy(Xmax) = _[ N [F (x)] f(x)d(x) — BEpOSATHOCTH TOTO, YTO BPEMsi HAPAOOTKU KaXkJ[OTO H3-
0
JIeNnsi, B TOM YUCIIe W HaumOOJbInas HapaOoTka (HapaOOTKa CaMOTO «CHIIBHOTOY» M3AEIH) OKaXeTCs

MEHbIIE 3HAYECHUSA Xp,y -

ITpu o6paboTKe BBIOOPOUHBIX HAHHBIX Fy(Xpin) U Fy(Xpa) B IEPBYIO Ouepeslb 3aBUCAT OT

max
BUJIa 3aKOHA PACHpEENICHNsI CITydyalHO! BeNWYMHBI (B IaHHOW paboTe IoJsiaraeTcsi, 9To OH 3KCIO-
HEHIMAJIbHBINA), TapaMeTpsl KOTOPOTO ONPENEINAIOTCS 0 BHIOOPOYHBIM JAaHHBIM. I10CKOIBKY TOY-
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HOCTh OICHHBAHUS IapaMeTPOB 3aKOHA PacIpeleNieHHs 3aBUCUT TJIaBHBEIM 00pa3oM OT CBOWCTB HC-
XOJHBIX JTAaHHBIX (TaKMX, KaKk 00beM BBIOOPKH, TOYHOCTh PETUCTPAIMH JAaHHBIX), TO U TOYHOCTD OIle-
HUBAHUA Fy(Xpin) ¥ Fy(Xmax) OYyZET 3aBHCETH OT HHUX. Bo3HMKaeT HEOOXOAMMOCTD ONPEAETCHUS

3aBUCUMOCTH JIOBEPUTENILHBIX UHTEPBANOB A Fy (Xpin) U Fiy(Xpa) OT CBOMCTB MCXOAHBIX JaH-

min max

HBIX.
Hcnonb3oBaHKe JOBEPUTEIbHBIX TPAHUI [TAPAMETPOB 3aKOHA PACHpPE/CTICHUs, OMpeIeieMbIX
[0 METO/aM, OITUCAHHBIM B pasjelne 1, He MPeACTaBIsAeTCs BOZMOXKHBIM, T.K. OHH, KaK yXe OTMeua-
JIOCh paHee, MPE/IoNaraT OlICHUBAHHE OCPEJHEHHBIX MAPaMETPOB 3aKOHA PACIIPE/ICICHUSL.
[Ipu uHTEpPBAJILHOM OIICHUBAHHH BEPOSTHOCTH O€30TKa3HON pabOTHI CAaMOI0 «CJ1aboroy u3je-
JIMSE C JIOBEPUTEILHON BEPOSATHOCTBIO 3 , pakTHUeCKH TPeOyeTCs ONMPEAETUTh TAKOE £ , YTOOBI

A A

@) P|FyGin) €| FyGin)— € FyGin)+ € | |= 8

*
rie Fiy(Xpin) — TEOpETUUECKAs BEPOSTHOCTD (BEPOSATHOCTD, COOTBETCTBYIOLIAS TEOPETUUECKO-
MYy 3aKOHY pacIpelesleHusI) TOTo, 9T0 HapaboTKa caMoro «cIaboroy m3Aers OKaxkeTcs OoJbIIe 3Ha-

Xoss

qeHus ~min
JIJ1s1 MHTEPBAJILHOTO OLIEHUBAHUS BEPOSTHOCTH 0€30TKa3HOM paboThl CaMOT0 «CHJIBHOT0» H3/e-
JUsl C JOBEPHUTEIBHOM BEPOSATHOCTEIO [ B BBIpaXEHUH (4) X, CICLYET 3aMEHUTb Ha X, . TOraa

*

Fy(x

U3CIINA OKAXKCTCsI MEHBIIIC 3HAYCHUA Xy, -

max) 6yI[€T ABJIATHCSA TCOpeTH‘ICCKOﬁ BEPOATHOCTBIO TOT'O, YTO Hapa60TKa CaMOro «CHJIBbHOI'O»

A A
Just ouenuBaHua Fy(Xpin) U Fiy(Xpax) 1O BbIOOpKE 00beMa N , HEOOXOAUMO CHadana olle-
HHTH MapaMeTpsl pactpeeneHus F(x) (OIS paccMaTpHBaeMOTO HAMHU CIIydas TTapaMeTp OJIUH —

A

UHTEHCHMBHOCTH OTKa30B A ), 3aTeM — IUIOTHOCTH PacIpejielicHls BEpOSTHOCTElH 110 hopmyiam (2),

A A

(3), tme BMecto F(x) u f(X) HCHONB3YIOTCS COOTBETCTBeHHO F(x) u f(x) — uHTErpaibHas
(GyHKUMS pacrpeeNeHns] U IUIOTHOCTh BEPOSTHOCTH € TOYCYHBIMHU OIlEHKaMu mapamerpoB. [anee

A A

HeoOX0MMO CTPOUTh MHTErpanbHble GYHKIUN pactipeneneHus Fy(Xpin) 1 Fy(Xpnax) -
Takum o0Opaszom, aist BEIOOpKH 00beMa N MOKHO OIEHHTH BEPOATHOCTH 0€30TKa3HOW paboTHI
CaMoro «cIraboro» W Camoro «CUIBLHOTO» M3/IeNui 3a 3ananHoe Bpems 7. Wim, Hao6opoT, mpu

3a1aHHOMN BEPOATHOCTH 0e30TKa3HOH paboTsi P’ MOXKHO OLEHHTH BpeMs, KOTOPOe IpopaboTaet
camoe «ciaboe» m3menue u BpeMs, KOTopoe mpopaboraeT camoe «cwiipHOe» m3fenue. OpHako Ha

HPaKTHKE, KaK NPAaBUIO, B TPEOOBAHMAX 0 HAAEKHOCTH 3anaioT P(T°*') — BeposATHOCTH 6e30TKa3-

HOM paboThl B TeueHHE 3a1aHHOro BpeMeHn 1>, [1o MHEHMIO aBTOPOB CTaThH, YKa3aHHOE TpeGoBa-
HHE TI0 HAJEKHOCTH K «CPEIHEMY» HM3JIENHIO 1IeNeco00pa3Ho IOMOIHATh, 4 B HEKOTOPBIX CIydasx
3aMCHSATH Tpe6OBaHl/leM 0 HaICKHOCTU K CaMOMY «CHa6OMy» B CMBICJIC HAJACKHOCTHU U3ACIIUA.

A
OueHeHHble IO BbIOOpPKe (QyHKIMU pachpeneneHus 0e30TkasHOH paboTel  Fy(Xpp) H
A A

Fy(Xpay ) » B CHITY CIIy4aifHOCTH TOYEYHOM OLEHKH A, TakKe Cly4aifHbl. B CBs3M ¢ 9TUM U HE0OXO-
JVIMO OIEHUTDH JOBEPUTEIbHBIC MHTEPBAIBI I Fy (Xpmin) U Fly(Xpayx) TaKue, 9TOOBI BHITOIHSIOCH
ycioBue (4).
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Jnst onpenienieHusl JOBEPUTENBHBIX WHTEPBAIOB TPAHUYHBIX 3HAYCHUI XapaKTEPUCTHK HA/IEX-
HOCTH AJIS1 OTHOTO M TOTO k€ 00beMa BBIOOPKH N HE0OXOAMMO MMETh JJOCTATOYHOE KOJMUYECTBO OLle-

A A
HOK Fy(Xmin) ¥ Fy(Xmay) - O4EBHUIHO, YTO JOBEPHUTENIbHASL BEPOSATHOCTh [, C KOTOPOIi, HapUMep,
JIOBEPUTENIbHBIH UHTEPBAl BEPOATHOCTH OE30TKa3HOH paboThl C€aMOro «cnaboro» H3eIus
A A

*
Fy(Xmin)— &5 Fy(Xpin )+ € | HAKPOET UCTHHHYIO BEPOATHOCTD Fy (Xpin) » OYZET Tem Gomnblue, uem

min
A

Ooiblie OyfeT U3BECTHBIX OLIEHOK F;n (), KpaiiHUe n3 KOTOPHIX U OYAyT OHpENesATh JOBEPUTEIIb-

HBI UHTEPBAJL.
B xoze mpoBeneHHBIX HCCIEIOBAaHUN ISl ONPEAEICHHS JOBEPUTEIbHBIX MHTEPBAJIOB I'PaHNY-
HBIX XapaKTEPUCTUK HAJEKHOCTU BBINOJHSUICS MAIIMHHBIA dKcIepuMeHT. OTMETHM, 4TO C 3TOTO

MOMEHTa U Jajnee 1o TeKcTy Hox F(x), Fy(Xmin) B Fy(X¥max) OyIOYT UMETHCS B BUIY BEPOSTHOCTH

OTKa3a U3Jenui 3a BpEMA X, X, n X cooTBeTCTBeHHO. Cxema OKCIICPUMEHTA UMEJia CICAYI0-

min max
LUK BUI:
1) dopmMupoBarmCch BEIOOPKH CIIyYalHBIX BEIHYHH, PACHpEACNICHHBIX 110 3aKOHY paclpeleieHus

F(x) oobemom N. Jlns1 kaxioro oo0bemMa BEIOOPKH N ITPOBOAMIOCH k CEpUil 1O V SKCIIEPUMEHTOB;

A

2) 1o Kakmoi BEIOOPKE OIpeelsiach HHTEHCHBHOCTE 0TKa3a A . COOTBETCTBEHHO (POPMHUPOBAIICS

A

IByMEpHBIIl MacCuB A;, j, Tie i COOTBETCTBYeT HOMEPY KCIIEPHMEHTA B j-0if CepHIL;

3) Ui KaXOO0H cepuu HKCIEPUMEHTOB j (j = l;k) Cpely v AKCIEPHUMEHTOB OIpPEeNesIuCh MUHU-

J)

A A A
.0 s oy ) = - 7oy -
MallbHble H MaKCHMalbHble 3HaUeHus A : A0 =min(4;,;); A, =max(4d;;),rne i=Lv;

4) s monydeHHBIX Kpaiimmx  3HaueHmii  AY)  u () OILIEHMBAJINCh MX CPEIHHE:
ax

min
k ) k .
> A S A0,

/1 . = —j=l ’ = —j:1 ’
lu( mll‘l) k :u(ﬂ‘max) I

A A

5) crpounnck HuwkHue (1pu A = ((A,;,) ) 1 Bepxuue (npu A = f(A,,) ) AOBEPUTENbHBIE TPAHULIBI

AL FN(xmin) H FN(Xmax);
6) ecmu N He TOCTHUTIIO 3aJaHHOTO MaKCHMAJIBGHOTO 3HAYCHHS, TO 00BEM BHIOOPKH N YBEIIHIHBAJICS
M OCYILECTBIISIICA IEPEX0A K MyHKTY 1)

JoBepuTenbHasi BEPOSITHOCTh [3, ¢ KOTOPOH OLIEHHBAIOTCS JIOBEPHTEIbHBIC HHTEPBANBI IS
Fy(Xmin) ¥ Fy(Xpay) B IPUBEICHHOHN CXeMe 3aBHUCAT OT BbIOOpaA 3HaueHUH k ¥ v (KOJIMYECTBO ce-
PUf ¥ KOIMYECTBO DKCIIEPHIMEHTOB B KaXKHoi cepun). O4eBUIHO, YTO YeM OOJbIIe k U V, TEM JIOBE-
pHUTeNbHAs BEPOSTHOCTH [3 BBILIE.

AHaJIOTWYHBIE KCCIIEIOBaHU OBUIM MPOBEACHBI JUIS CIy4as «3allyMJIEHHBIX» BBIOOPOYHBIX
JIaHHBIX. PaccmarpuBaiioch Ba 3aKOHa paclipeiesieHusi TOMEXU — PaBHOMEPHBIH U HOPMaJIbHBIMH, C
Pa3IMuHBIMH IIapaMeTpamu.

Ha pucynkax 1, 2 npuBeneHbl pe3yabTaThl BBIYACIUTEIBHOTO HKCIIEPUMEHTA, B XOI€ BBINOJIHE-
HUS KOTOporo npoBoamiock 50 cepuit mo 100 sKCTIEPIMEHTOB.
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PI/ICyHOK 2-— I[OBepI/ITeJ'H)HLIe T'paHuIbl BEPOATHOCTHU OTKa3a CaMOI'0 «CHJILHOI'O» U3ACJIUsL

s xaxxgoro o0beMa BEIOOPKH CTPOWIIMCH JJOBEPHUTENbHBIE HHTepBaibl. Ha pucynkax 1, 2 u3o-
OpakeHBI BepXHHE W HIDKHHE JOBEpUTEIbHBIC TPAHUIBI IS KaXKIoTo oobemMa BeIOopku (N = 5, 20,
50). IlpuBeneHHbIe HAa PUCYHKAaX AaHHBIE MOKA3bIBAIOT, YTO IIMPUHA JIOBEPHUTENLHBIX MHTEPBAJIOB

) B 1,35+1,42 paza. Ot-

st Fy (Xpin ) MEHBIIIE HIMPHUHBI JOBEPUTEIBHBIX HHTEPBANIOB Ui Fy (X,

max
CIOJIa CIIeTyeT, YTO MPH MPOUYNX PAaBHBIX YCIOBHAX BEPOSATHOCTh O€30TKa3HOM pabOTHI IS «CIIA0BIX)

I/IS,Z[CJII/II\/'I OIICHUBACTCA 3aMCTHO TOYHEC, YEM JId «CHIIbHBIX)) I/ISZLGJIPlﬁ.
Ha PUCYHKE 3 MPEACTABJICHBI HU)KHUE U BEPXHUE NOBECPUTECIIBHBIC T'PAHUIIBI BEPOATHOCTHU OTKa-

3a JUIA CaMoro «ciIaboro» M3Jenusi, HapaboTKa 0 OTKa3a KOTOPOTO MOJYMHEHa Fy (Xppy) U «cpel-

HEro» u3Jeus ¢ HapabOTKOH, pacnpenesieHHoi o F(x).
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PucyHok 3 — JIoBepuUTeIIbHBIC TPAHHUIIBI BEPOATHOCTH OTKa3a CAMOTO «CJ1a00ro» U «CPEeIHEr0» H3/ICIHil;
o6bem BeIOOpKH N = 20

[lonydeHHble pe3ynbTaThl MO3BOJSIOT 3aKJIIOYUTh, YTO JOBEPUTENBbHBIE T'PAHUIIbI, COOTBETCT-
BYIOIIIAE CaMOMYy «ClTaboMy» M3IeNnio, 00pa3yloT Ooyiee Y3KAN TOBEPUTEIBHBIN WHTEPBAI, YeM JI0-
BEPUTEJIbHBIE [PAHULIBI, COOTBETCTBYIOIINE «CPEAHEMY» B CMBICIIE HAJEC)KHOCTH U3/IEIIHIO.

Kak yxe OpI0 OTMedeHO B pasnene 1, oIeHKa Hale)KHOCTH H3JACIHS, MOJXy4YeHHas Jaxke II0
BEpXHEH NOBEpUTEIBHOM IPaHUIIE AT «CPEIHET0» U3/IeNHUs, OKa3bIBACTCSI CHIIBHO 3aBBIIICHHOM AJIA
u3genus «cnaboroy. M3 pucyHka 3 BHJIHO, YTO MHTEpBAJbHOE OLCHMBAHUE HAAEKHOCTH W3JEIUI
TPaAMLUHOHHBIMU METOAaMHU HE MOXKET OBITh NMPUMEHEHO NPU OICHUBAHUM I'DAHWYHBIX 3HAYCHUM
XapaKTePUCTUK HaJICKHOCTH.

3akiaouenue

Jiist ogHOTO M TOTO e 00beMa BEIOOPKH, IIPH 3aJaHHOM JIOBEPHUTEIILHOM BEPOSITHOCTH, JOBEPH-
TEJILHBIA MHTEPBAJ BEPOATHOCTH OE30TKAa3HOW pabOThI CaMBIX «CJIAOBIX» M3AEIHNi Oonee y3KHH, yeM
JIOBEpUTEIIbHBIC HMHTEPBAIBl OISI «CPEIHHUX» WIM CaMbIX «CWIBHBIX» wn3fenuid. Ilpum sToM
CYIIECTBEHHO TO, YTO 3HAYECHHE HIDKHEH NOBEPHUTEIBHON TPaHHIBI IS «CJIA00T0» M3IEIHS MOXKET
ObITH OOJIbINIC 3HAUCHHS BEPXHEH JOBEPUTEIHFHON IPAaHUIIBI, OLIEHEHHOHN JUIS «CPEIHET0» H3EIIHA.

TpanunnonHble TPeOOBAHUS 1O HAZAEKHOCTH K «CPETHHMY M3IEIHAM LEJIeCO00pa3sHo IOMOoJI-
HSTh, @ B HEKOTOPBIX CIIydasX 3aMEHSTh TPeOOBaHUSIMH 110 HA/IEKHOCTH K CaMbIM «CJIa0bIM» B CMBIC-
Jie HaJIe)KHOCTU H3JIEIIUSIM.
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Abstract

Are given the methods of system modeling and constructing the kategoring models of complex
system on industrial infrastructure. Questions of the practical application of data of models in the
integrated transport systems.

BBenenue

KpynHomacitabHble MHGPACTPYKTYPHBIE IMPOMBINUICHHbIE cucteMbl U Komiutekcsl (KUIIC)
SBJISIIOTCSL OCHOBOM COBPEMEHHOTO 3KOHOMHUYECKOTO Pa3BUTHUSI PETHOHA. YCIENIHOE YIpaBICHUE U
pa3BUTHE JaHHBIX CHCTEM OOYyCIAaBIMBACT MEPCHEKTHBHI PA3BUTHS MPOMBIIUICHHOCTH, BO MHOT'OM
o0yciaBnuBaeT cienu(uKy CTPYKTYPBl IKOHOMUKH, HHBECTUIIMOHHYIO TIPUBIICKATEIEHOCTh PETHOHA.

TparcnoptHas cucrema (TC) sBusercs omHoi w3 KimroueBbIX coctaBistommx KUIIC. Onsit
9KCIIEPTOB ITOKA3BIBAET, YTO TOJBKO CHCTEMHOE pEIIeHHE TaKWX CTPATerHYeCKUX 3ajad, KaK yiIyd-
IEHHE TPAHCIIOPTHOH 0OCTAaHOBKHU B TOPO/JIE, MO3BOJISAET rAPMOHU3UPOBATH MPOOJIEMHBIE 00JIacTH U
MPUBOJIUTH K YCTOWYHBBIM CHUCTEMHBIM pe3ysibTaTaM. MIFHOpUpOBaHHE K€ CUCTEMHOTO MOJAX0Aa U
MONBITKA PELICHUs 33]]a4 TOJBKO MYTEM YBEIMYEHUs PECYpPCOB, 3a4acTyl0 HE TOJIBKO Hed((EKTHBHO,
HO MOXe€T MPUBOJUTH M K YXYIUICHUIO COCTOSHUS CUCTEMBI B 1iesioM. Hanpumep, peKOHCTpYKIUS U
VIIy4IICHUE OTIENBHBIX YIaCTKOB TPAHCIIOPTHOHN CETH MOXKET IMPHUBOIUTH K CMEIICHUIO TPAHCIIOPT-
HOTO CIIpoca | TpemiokeHus [ 1], mepepacupeneneHuio Harpy30K 1, B UTOTE K He3aIUTAHUPOBAaHHOMY
BO3HHUKHOBEHHIO JTOTIOJIHUTEIHHBIX 3aTOPOB.

TpaHCHIOPTHOM cHCTEMe MPUCYIIN CBOWCTBA CIOKHBIX CHCTEM, CPEAH KOTOPHIX CIEIyeT BBIIEe-
JIUTh MHOTOACIEKTHOCTh U HEOIPEJeICHHOCTh UX TMOBEACHUS; UEPAPXUI0, CTPYKTypHOE MoJI00He U
M30BITOYHOCTh OCHOBHBIX 3JIEMEHTOB U mnojcucteM TC, cBsi3eil MeXIy HUMH MHOTOBapUaHTHOCTb
peanuzanuu GyHKIMH yrnpaBieHus Ha KaxaoM u3 ypoHedl CTC, TeppuTopHanbHyl0 pacrnpeneieH-
HocTh koMroHeHT. OxHako TC kak coctasisomas KUTIC umeeT psn ocobeHHOCTEH KOMITJIEKCHAs, a
HE OoTpaciieBas MoAIepKKa MPOMBIIIICHHBIX 00BEKTOB, HHEPIIMOHHOCTD, CBA3aHHAS C KpaiHe BBICO-
KAMH 3aTpaTaMH Ha KOPEHHOE M3MEHEHUE CTPYKTYPHI M HAIIPaBIIEHHOCTh Ha pa3BUTHE, PEKOHCTPYK-
IO ¥ MOJICPHU3AINIO CYIIECTBYIOMINX CXEM.

B manHBIX ycnoBHSAX HH(GOPMAIMOHHO-aHAIUTHYECKHUE CHCTEMBI aHAIHM3a COCTOSHHS KPYITHO-
MaclTaOHbIX MHGPAcTpyKTYpHBIX TpombiiuieHHbIX cucteM (MAC KUIIC), sBistoTCs OCHOBHBIM
CPEICTBOM U MHCTPYMEHTOM CHUCTEMHBIX HCCIIEZIOBAHUM B JaHHON 001acTH

D10 00YCIIOBJICHO C OJHOM CTOPOHBI, YCIOKHCHHEM TEXHUYECKUAX CHCTEM, KOrna d3(pPeKTHBHOES
(dopmupoBaHue U OTOOpP TEXHMYECKHX W OPraHW3AlLMOHHBIX PELICHHH TpeOyeT aHalu3a JeCSITKOB
THICSTY TIapameTpoB [1,2,3], Kpome TOro 3a4acTyio HeoOXoanMa He MPOCTO OICHKA OTACTHHBIX Imapa-
METPOB, a HEKOTOPOH TOIIOJIOTUIECKOI CTPYKTYPHI, YTO HAKJIAABIBACT JONOTHUTEIEHBIC CIIOKHOCTH.
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CucTeMbl JaHHOTO KJIacca aKTHBHO BHEAPSIIOTCS B MPOMBIIUIEHHO Pa3BUTHIX CTPaHaX, TaK CHC-
TEMbI TPAHCTIOPTHOTO MOJIEIMPOBAHMS IIOBCEMECTHO OXBATHIBAIOT SKOHOMHYECKH PA3BUTHIC CTPAHBI.
OCHOBHBIMH 3a/ladyaMH, PEIIaeMbIMU TP MOMOIIN AAHHBIX CHCTEM, HA Pa3HBIX YPOBHSIX HPUHATHS
pELIeHUH, IBISIOTCS:

MOJICTIMPOBAHNE, aHATN3 U ONTUMH3ALMS CTPYKTYPHI M TTAPaMETPOB TOPOACKOH TPAaHCHOPTHOI CeTH:

® TOBPEMEHHBIN aHATIN3 3arPy3KH JOPOT;

® VMUTALUs TPAHCIIOPTHOW CUTYAlMH ITPHU OTPAHUYEHHH JBM)KEHHS Ha y4acTKax JI0por;

e aHanu3 3(p(HEeKTHUBHOCTH BBEICHHS B OKCIUTyaTallUIO HOBBIX y4acTkoB TC;

® TIPOTHO3 TPAHCIIOPTHOHM CUTyallMH C y4ETOM MEPCIEKTHB Pa3BUTHUS JKHIHIHO-COLUATBHOM

HHPPACTPYKTYPHI paiioHOB;

MOJICTIMPOBAaHNE, aHAIN3 1 ONITUMH3AIMS CHCTEMBI 00IIECTBEHHOTO TPAHCIIOPTa:

e pa3paboTKa HOBHIX M MOBHIIIEHHE 3PPEKTUBHOCTH CYIIESCTBYIOMINX MapIIPYTHEIX CXEM 00-

IIECTBEHHOT'O TPAHCIIOPTA;
e COrjacoBaHHE HMHTEPBAJIOB JBMKEHH