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ABTOMaTHSHpOBaHHLIe QJICKTPOMEXaHUYCCKHUEC CUCTEMBI

YJK 621.314

I'.B. Ilyiiuo, 1-p TEXH. HayK,
J.M. JleBun, E.I1. Hacbinanas
ABTOMATH3UPOBAHHBIN CUHTE3 MATEMATHYECKHX MOI[EJIEFI
IMAPAMETPOB DJIEKTPOTEXHUYECKHNX CTAJIEH

Annomayusn. OO0cHO8AHA HEOOXOOUMOCMb pA3PAOOMKU NOOCUCTEM ABMOMAMUZUPOBAHHO20 (HOPMUPOBAHUS
AHATUMUYECKUX MAMEeMAMUYECKUX Mooeeil napamempos 1eKmpomexHuLecKux cmaieti O0ns UCCie008amenbcKo20
NPOeKmMupo8anus dnekmpomexrudeckux ycmpoticms. Cpopmyauposansvl mpedo8anus K 3mMum MOOeIsIM U NPeosioHceH
aneopumm ux GopMUpOSAHUsL HA OCHOBE NOJIO2UX ANNPOKCUMUPYIOWUX (PYHKYUTL ¢ IKCNOHEHYUATILHBIM SOPOM, YO08i1e-
MBOPSIOUWUX 3A0OAHHBIM MPEOOSAHUSIM HO MOYHOCMU ANAPOKCUMAYUY U Oudpepenyupyemocmu.

I'.B. Ilyiiso, 1-p TEXH. HayK,
J.M. JleBin, O.I1. Hacunana
ABTOMATH30BAHNI CUHTE3 MATEMATUYHUX MOI[EJIEFI IHAPAMETPIB
EJJEKTPOTEXHIYHUX CTAJIEA

Anomauin. Obcpynmogano HeobXiOHicmb po3poOKU nidcucmem asmomMamu308aH020 POPMYBAHHS AHANTMUYHUX
MamemamuyHux Mooenel napamempie eilekmpomexHiyHux cmanetl 08 00CTIOHUYLKO20 NPOEKMYBAHHSL eeKMPOMEXHi-
unux npucmpois. Copmynvosani eumozu 00 yux mooenel ma 3anponoHO8aAHO AN2OPUMM iX (POpMYEaHHS HA OCHOBI
HONO2UX ANPOKCUMYIOUUX DYHKYIU 3 eKCNOHEHYIANbHUM S0POM, K 3A0080NbHAIOMb 3A0AHUM GUMO2AM 34 MOYHICMIO

anpokcumayii ma ougepenyitiogHocmi.

G.V. Pujlo, ScD,
D.M. Levin, E.P. Nasypanaya

AUTOMATED SYNTHESIS OF MATHEMATICAL MODELS PARAMETERS OF

ELECTRICAL STEEL
Abstract. The necessity of electrotechnical steels descriptions mathematical models development automate forming
analytical subsystems is grounded for the research planning of electrotechnical devices. Requirements are formulated
to these models and the algorithm of their forming is offered on the basis of declivous approximating functions with an
exponential kernel, satisfying set requirements on exactness of approximation and differentiability.

CoBpeMeHHasl DJIEKTPOTEXHUYECKasl IPOMBIIILICH-
HOCTh IPOW3BOJUT MHOKECTBO PA3JIMYHBIX BHIOB dIIEK-
TpOTEXHHYECKHX yCTPorcTB (DY), B KOTOPBIX UCIIOIB3Y-
I0TCS caMble Pa3HOOOpa3HbIe BUIBI MAarHUTHBIX CHCTEM
(MC) u3 snextporexumdeckoii cramu (3TC). Omaum u3
BaXHEHIINX HANpaBJICHUH COBEPIICHCTBOBAaHHUA DY sB-
JSIFOTCSL CHIDKEHHE ITOTeph M PacXofa dIIEKTPOTeXHHUe-
CKHX MaTepuaios [6].

HeobxonnmocTs cHmkeHHus ypoBHS moreps B MC
norpedoBaga OT MHPOBOH 3JIEKTPOTEXHHYECKOH IIpo-
MBIIIJIEHHOCTH co3/1aHusl HOBBIX Mapok OTC c cymect-
BEHHO YIIY4YIIEHHBIMA MAarHUTHBIMH CBOHCTBAMH M CO
CHIDKEHHBIMU yaenbHbiME moTepsimu [3]. Ceituac B Mmupe
TIPON3BOJIUTCSL HECKONBKO JieciTkoB Mapok JTC, koro-
pBIe IPUMEHSIOTCS B TIPOM3BOACTBE DY,

CymiecTBeHHOE CHIDKEHHE 1moTeps 3Hepruu B MC u

pacxoma OTC B OY BO3MOKHO TONBKO NPH 3 HEKTHUBHOM
WCTIONIb30BAaHUN DJIEKTPOMATHUTHBIX M JIHEPreTHUECKHX
cBoiicTB ucnonbzyemoit 3TC.
Opnako npouzBogureny DTC NMpUBOAAT B KaTAIOXKHBIX
JIAaHHBIX TOJBKO MHUHHMAJIbHYIO MH(pOpMAINIio 00 nx xa-
paKTepuCTUKaxX. JTO, KaK MPaBUIO, NPEACTABICHHBIC B
TabIMIHONW (hopMe I MPOMBIIIICHHOW YacTOTHI 3aBH-
CHUMOCTH: MHIYKUMU B OT HANpsHKEHHOCTH MarHUTHOTO
nonst H, t.e. B(H); ylenbHBIX NOTEPb Py = Y1(B) U Ha-
MAarHUYUBAIONICH MOLIHOCTH Gyy = W2(B) OT HHIYKIMH
[4]. TIpu uccaemoBaTENbCKOM MPOSKTUPOBAHKH, HPOCKT-
HOM CHHTE3¢, aHajJu3e M OnTHMu3auuu DY HeoOXoaum
3HAYUTENHHO OOMBIINIA 00BEM JOMOTHUTENEHON HHOP-
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Marun. JTa HH(QOpMAIWs TODKHA OBITH TpeicTaBIcHA B
BUIC aHAJIUTHYCCKHX 3aBUCUMOCTEW (HEIPEPBIBHBIX U
i depeHIIpyeMbIX G YHKIHI).

[Tpobiema COBEPIICHCTBOBAHUS METOJIOB M CPEICTB
aJICKBATHOI'O MAaTEMAaTHYECKOTO MOJICIUPOBAHUS Xapak-
tepuctuk OTC craHoButTcs Bce Oornee akTyalbHOH, a
BCIICACTBHE CBOCH TPYIOEMKOCTH  OOYyCIABIUBaeT
HEOOXOANMOCTh CO3IAHUSL B CHCTEMax aBTOMAaTH3HPO-
BAaHHOTO NPOCKTUPOBAHUS DY IMOJCHUCTEM aBTOMATH3H-
POBaHHOI'0 MAaTEMaTHYECKOTO MOACIUPOBAHUS JJIEKTPO-
marautHbix cBoiictB DTC (IIAMBCIC). OcHoBHOE Ha-
3HAYCHHE TaKOH ITOJICHCTEMBl — aBTOMAaTH3MPOBaHHOE
(bopMupOBaHHEe Ha OCHOBE KATAIOKHBIX JAHHBIX (HITH
JNAaHHBIX TMPOU3BOOWTEIS) U XpaHEHHWEe B 0a3e JaHHBIX
AJICKBATHBIX MaTeMaTHYECKHX MoJelell XapaKTepPUCTHK
OTC, omuchBarOMNX UX HEOOXOIMMBIE AIIEKTPOMATHUT-
Hele U npyrue cBoiictBa DTC mpu pa3mmdHO YacToTe
MarHWTHOT'O TIOJIS, ¢ Y4eTOM (PU3NYECKUX CBOWCTB CTaNH,
COCTaBa, TEXHOJOTMYECKHX OCOOCHHOCTEH MPOHM3BOJCT-
Ba, mpoliecca 0O0pabOTKH, MPOKATKH, HAMPABIICHHUS Ha-
MarHu4eHHOCTH, BUJIa U CII0C00a OKPBITHS U T.JI.

3amavya momenupoBanusa xapakrepuctuk ITC B Ha-
CTosIIee BpeMsl pellaeTcss Ha OCHOBE NMPUMEHEHHS pa3-
JMYHBIX AaNIPOKCHMALOHHBIX M HHTEPIOJAHMOHHBIX
METOOB JUIsl AlNPOKCUMAIHU TPEXKIE BCEro 3aBHCHMO-
ctu B(H). Jlsst aTOTO TIpeuiararorcst (M peanrn3yroTcs) 1Ba
HoIXo/a:

HHTEPIOJISAIMOHHBIH [1,2,5], mpu KoTOpOM IS Kax-
noro cermenta Hampspkenroctn He[H;, Hiv] xpuByio
B(H) vHTepIOINpPYIOT KYOHUECKUM CIITAHHOM;
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AQHAJIUTHYCCKUH, C MOMOIIBIO OofgHOU (opmyisl [4],
KOT/Ia almpOKCHUMAIMIO BBITIOJHIIOT HA BCEM JAWAria3oHe
nanpsukeHHOCTH He[Humin , Hiax] -

OpHaKO WCTONIB3YEMBbIE MOJXOBI HE 00eCIeUHBAIOT
BO3MOXKHOCTH ITOJIydeHHs MHOTOKpaTtHO nuddepeHun-
pyembIx Matematraeckux moaeneii (MM) OTC.

Ora npobieMa HMCKIIIOYaeTcsl MPH HCIIOIb30BAHUU
ANMPOKCUMAIMH C TIOMOIIBIO TOJIOTHX (QYHKIMI C 3KCIIO-
HEHITMAJIBHBIM SIAPOM, YTO TO3BOJISIET TIOJTydaTh ceMeiicT-
BO HeNpephIBHBIX auddepenuupyembix Gyukimii B(H) u
H(B).

Wpnes Takoli anmpoKcHMamyy COCTOUT B 3aMEHE Iie-
pemeHHO#M mckoMmoi (yHkuuu (B manHom ciydae H(B))
Ha HOBYIO W = y;(H), KoTOpas, BO-IIepBBIX, HUBEIUPOBA-
ma Obl KPYTH3HY WCXOAHOM KpuBoii B(H), BO-BTOpBIX,
HOpMHUpOBaja OBl THara3oH U3MEHEHUsI apryMeHTa K e/u-
HUYHOMY OTpE3KY, T.. \ € [0,1]. B urore, 3amada nomcka

npubmmkenus 3apucumoctd B(H), He[Hmin, Hmax], cBO-
OUTCA K  TOUCKY  NPHONMIDKCHHS  3aBHCHMOCTH
B(w) = o(y), v € [0.1].

Jns perymupoBaHus (GOpMBI 3aBUCUMOCTH W CHH-
KEHHSI ee KPYTH3HBI IIeNecO00pa3HO BOCIIONB30BATHCS
norapuGMudecKoi GyHKINEH HOPMUPOBAHHUS

Vi) = n et = o)
» In(1+Hmax_Hmin)

@Oyukmust (1) perynupyer KpyTu3Hy IPaKTHYECKH
000 3aBHCHMOCTH, Jeias e¢ Ooiee MPUTOJHOW st
BU3YyaJlbHOI'O aHaIW3a M MOAOOpa armmpOKCHMHUP YIOIHX
GyHKIHI.

IMo momo6uro mpeobpa3oBaHHOM 3aBHCHMOCTH B(y)
NpeUIOKEHa TI0JIoTasi JKCIIOHCHIHANbHAs (QYHKLIHSI C
MIOCTOSTHHBIM MacITabom 1o ocu Y

() =M, ()-M, -E(x); xefod], )

rae M, (x) — GyHKIMA MCKaXKeHHS aMILTUTYBI 10 ocH Y

E(x) = exp[— (M, (x —Xsm))zn] — SIPO amIpOKCHUMHUPYIO-
med (QYHKIWH, ONpenessiomnlee MojJorocTh, KPyTU3Hy U
(hopMy KPHBOH B IIEJIOM.

IMpomecc aBTOMaTH3MpOBaHHOTO  (hOpMHUPOBAHMS
MM no tabmmuno 3ananaoi hyakiwu B(H) npeacraBieH
Buzie OOK-CXeMBl Ha pucyHKe. IIpemoskeHHBIH MOaX0
CO371aeT BO3MOXKHOCTH OOECIICUNTh TOYHOCTBH arpOKCH-

MaIuy TaOIM9HO 3amaHHbIX Xapakrepuctuk ITC mo 0,5
%.

| Sazane TaGnunoli 3ancivoctn B(H) I
T

| BuiGop (ymkun nopsupoaris y(H) I
I

| TpeoSpasosanne B(H) B B=(y)=E, |

BuiGop waGiiona Auts anp. GyHKu®
@;() 13 Tpex BapHaHTOB
0,,W), @, () win o ()
I
ToaGop napameTpos (yHkum
/() Ha HatysIee copnazierie
¢ yuacTKoM KpHeoii E(y)
T
| Brruncaenne Gynkum ommGok |

E.~E-o(v)

Heyl.

AHau3 TOYHOCTH
10 B, =E;=,(y)

JloGanzerie dymKim ¢ (y) B
CIIHCOK anmpoKC. yHKIuii

o) = D o)
k=1

ya.

anepuienie paGoTh! it oTHET
BW) = o), ¥ = f(H), Amax, Ei+1(b)
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brnok-cxema nponecca ¢popmuposannss MM
0 UCXOHOM 3aBucumMoctr B(H)
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