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®OPMHUPOBAHUE 3JEKTPUYECKUX MAKPOMOJEJEW
AJI MAWMWHHOIO PACYETA CJIO)KHBIX CXEM
NO0 MOJIHBIM MATEMATHYECKMM MOJEJSIM TOLCXEM

[Tokasaua  BOZMOIKHOCTH = ABTOMATHUCCKOrO  QOPMHPOBAHHA - MAKPOMOAE-
seft I MALUIMHEOTG PACYera CJIOMKHEIX SJEKTPOHHBIX CXEM C NPHMEHEHHEM
anmapard MHOTOMOMIOCHKX NOLCKeM.  TTOJyUeHBl ' COOTHOUICHHS!, ~ ONPERLHIO-
lHE YPABHCHUS MaRpoMojesefl (pparmenTon CONLIIAX CXEM MO TIONHBIM MO-
eaTM HX NOACKCM. YKasaubl HPEHMYIIECTBA OJHOBPEMEHHOTO HCHOIL3OBAHMS
MaKpoMoOJeNell B METONA MOACKEM NPH MOACTHPOBAHHH CHOMHEIX CXEM.

MateMaTHUECKOE MOLEJNHPOBAHHE HHEKTPOHHBIX CXeM M CHCTEM BBICOKOI!
CTElleHH CJAOKHOCTH BLI3BAJNO WHTEHCHBHBIE HCC/IEJOBANHS, CBA3AHHBIC C
paspabOTKOR M  MpHMeHeHHeM SIEKTPHYCCKHX ~ MAKpPOMOJeJel THIOBBIX
kackajnos [1, 2]. Kax npaBuno, MaxpoMoiean QOPMHUPYIOTCA B pedyJbrarte
npeapapuTespHbx akcnepumentos [1]. TlpeumymecTBOM MaKpOMOAGNHPO-
BAHUS SBJSETCH BO3SMOMKHOCTL JaJbHEHIIEro ONePATHBHOrO aHajJH3a CJI0XK-
HBIX CHCTEM, COCTOSIIMX H3 THHOBHIX KackajoB. OHHAKO HEOOGXOAHUMOCTh
NpeABapUTENbHBIX IKCIEPHMEHTANLHBX HCCIEOBAHHI H HX TPYLOEMKOCTDH
OTPAHHUHBAIOT Pa3paboOTKy MakpoMOjeeil s psiia CAydaes, Hanpumep,
jutst pacueta Gosbmnx wuterpanssHnx cxem (BUC).

A1o orpantuenie MOKeT ObIThL CHATO NPH HCHOAB30BAHII (OPMANbHbIX
MeTONOB PaspaboTky MaxpoMopenell. Peanusalus Takoro noixona, T. €.
ABTOMATHYECKOE (OPMUPOBAHEE MAKPOMOJIeJell, SIBJSETCS aKTyaslbHOIl 3a-
jauell MAUIMHHOIO NPOCKTHPBaHWs. B nacrosmefi pabote paccMOTpeH CIo-
co0 POPMUPOBAHUSY MAKPOMOJENEH [0 UCXOAHBIM IOJHBIM MaTeMaTHUeCKHM
MOJIEJISIM C TIpUMEeHeHneM MeTofa noacxeM [3—7].

Hon MaxpoOMOIEAbIo, Kak NPaBH/IO, MOHUMAIOT ypaBHEHHS, CBA3bIBAIO-
LHE «BXOA» H «BLIXOA» PACCMATPHBAEMOH CXeMbl N noacxeMbi. Taxhm
o6pasom, B oflieM Cliyuae 3anada 3aKIOUAETCst B POPMUPOBAHHN ypaBHE:
HHH, T. €. BEKTOP-PYHRUHM

[= Ry, y) (H
W3 [OJHON MATEeMATHUECKOH MOIEJNH PACCMATPHBAEMON IOACXEMb
F(y, y, x, x) =0, (2)

[=H(y, y, x x). (3)
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31eCb X H Y ~— COOTBETCTBEHHO BEKTOPLI BHYTDEHHHX M BHEWIHHX TEpe-
MEHHBIX, XaDaKTepHSYIOLIHX COCTOSIHHE IIOACXEeMBI, HaNpUMep, BEKTOPLI
Y8/I0BBIX NOTEHUHAIOB. B 3TOM ciiydae [ — BEKTOp TOJMIOCHBIX TOKOB, [ —
CyYMMa TOKOB B y3Jax. P?]BME])HOCTH Fux COOTBETCTBYIOT YHCJAY BHYTpPEH-
fINX y8JI0B 11, & PA3MEPHOCTH [ M y — UMCHY BHEINHHX BBIBOJLOB U (MOJIOCOS
HOJCXeMEBL).

OCpatum BHMMaHHE, YTO IPHMEHEHHE METORA MHOTONOJIOCHBIX MOACXEM
Js OopMHPOBanus cooTHoweHnH (1) ectecrBenno. Merton nopcxem, pas-
BUTHI B psifte pabor [3—7] ans aBTOMaTH3aUMH 3ACKTPHUECKOro pacyera
GONLIIMX CXeM, APeNosaraeT pasbGHeHHe HCXOIHON CHCTEMBI BHICOKOL paa-
MEpPHOCTH Ha NOJCHCTEMB! ¢ NaNbHEHINUM HOCAEIOBATENLHLIM HCKIICUEHHEeM
BHYTPEHHHX TEPEMEHHbIX OTAENLHBIX [OACHCTEM Ha KaMSiAoM [uare wHTe-
TPHPOBAHHA WIH HTEPALHOHHOIO Tipouecca. PopMHpoBaHUe MaKPOMOAEH
{1) Takike CBOAMTCA (PAKTHUECKH K HCKJIOYEHWIO BHYTPEHHHX MEPeMeHHBIX
us cucrem (2), (3). OxHAKO B NOCHENEM CAYYde TAKOe HCKIIOUEHHE JOJIK-
HO OCYHECTB/ISITECS OLHOKPATHO € y4YeTOM PeXHUMOB JajbHeHliero npuMe-
HeHHsL MaxkpoMojeneil.

PacemoTpuM npuMeHenHe MeTofa NMOACXeM s (GOPMHPOBAHHSA MaKpo-
MOMEJH B BHIE BeKTOP-pYHKUHHA (1) ajst IMHEHHOrO, HeJHHeHHOr0, CTATU-
UeCKOro, AMHAMHUECKOrO CAYyYaes,

1. CraTuyeckuit pexum JMHeHHOR nenu. B 3ToM ciyuae HYKHO noJay-

dR
YHTL cooTHOWeHHe (1) B BHme [ = —(-9——-—L/ wian I == Gy M3 MaTeMaTHye-
Y

CKON MOjenu

oF JF
X = 0
dx +(9yy

oH JdH

dy v+ 0x

OueBHAHO, UTO B JAHHOM CJyuyae MaKPOMOJAENb TONHOCTHIO ONpeNessieTcs
marpuied Goxs pasMepHOCTbIO [v X 0]. 3Ta Marpuua Jerko BHIYHCISETCS
0 H3BECTHOW METOJHKE HCKIIOUCHHS BHYTPEHHHX NMEPEMEHHBIX METOHA MOA-
cxem [7]:
G _O0H d’H{OF""()F (4)
Ty ox ﬁx} oh

Ilpu panpuefiinx pacierax GOJBIIHX CXeM, HeENOCPEACTBEHHO OGBELU-
HAIOUIHX MHOTOIOJIIOCHBIE TIONCXEMbl, HCOOJb3YIOTC MATPHILI TAKOTO BHIA.
Taxnm 00pasoM, B paccMaTpHBAEMOM CJIyuae MPOLECC MAKPOMO/CTHPOBA-
HHUA TOJHOCTHIO COBNIAJACT ¢ ONEpalMAMH MeTONa NOACKXEM.

2. CraTnyecKHii peXuM HeJHHeHHmX uene. B stom cayuae marpuia
Goxu ABASETCH QYHKIHEH PexkuMa, T. €. 3aBUCHT OT y. [Toatomy nauboee
yRoGHOA (HOPMOI NpefcTaBJieH st MAKPOMONENH SBJASETCH BEKTOP-DyHKIMs
= Rex(y).

Ilast uCKMOueHHs BHYTPEHHUX TIepeMeHHBIX X U3 YPABHEHHH «BXOJ —
BEIXOA» (3) B CTaTHUCCKOM CJYYae HYKHO PEllaTh CHCTEMY TPAHCUEHAEHT-
HbIX YpaBHEeHHH

Fx, y) =0, (5)

FIE BEKTOD BHCWHHX TEpPeMeHHBIX § BLICTYNAET B KAUECTBE napamerpa.
HMckomas sexrop-¢yuxnus [ = H(x(y), y) onpenensietcs B peayibTaTe
pewenus (5) npu pasanunbix y. Oynkuus Res(y) wid Xpapures B Tabamy-
HOM Buje (C AanbHelilell HHTEPNOJNSLHEN TPH HCNONL3OBAHAM) WM an-
NIPOKCUMHDPYETCsl yA0OHBIMH (DYHKIHOHAJILHBLIME - 3aBrcuMOcTaME. Heonpe-
JAeneHnast MaTpHUA NPOBOAUMOCTE]l Goxn(y) HIH BHIYHCASETCH OJHOBPEMEH-
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HO C anaJOrHYBHIM (4) HCKJIOYEHHEM BHYTPEHHHX llepeMeHHBIX IJIf Kax-

NOT0 Y, WIA IHONYYAETCS HENOCPeACTBEHHBIM AH(GepeHIHpOBAHHEeM anNpo-
KCHMHUPOBAHHOH 8aBHCHMOCTH Rer(y), 4TO Tpebyer CyWIECTBHHO MEHBIUHX
3aTpar naMaTH.

; 3. JinHaMMUeCKHe MAKPOMOJEaM JJsi NHHelHbx cxem. Mcexonnas marte-
MaTHueCKas Mojedn mojacxemnl (2), (3) B sTOM ciayuae HMeer BHI

oF .-  OF oF .  OF

e X X Y ey =0, 6

dx i 0x + dy g dy ©)
oH - 0H oH - dH

[= o x =X+ = y+—1y. (7)
Jdx ax dy dy

Pacemorpum  GOpMHPOBAHHE MAaKPOMOLGNY JUIsi 4aCTOTHOTO aHain3a ~—
Haubosee PacHpOCTPAHEHHOrO BHIA AHAJIH3A JHHEHAGLIX leneil. [lepeiinem
K KoMiiekcHoH Qopme ypasuennit (6) u (7):

0x (?x) dy ay>‘"" ’

o0H O0H dH oH
1_-:( L A R PN »—) .
pdx F();r:)xr(\f ()_z/_{ E)yy

BAeCh 3AEMEHTBl B KPYMJIBIX CKOOKAX NPEACTaBARIOT COOOH KOMIICKCHbBIR
NPOBOAUMOCTH (P~ KOMIUIEKCHAs1 TepeMeHHasn).

Haunbogaee yRoOHBIM. IJ51 AaJbHEHIIHX PAacueToOB #BJSIETC npeacranie-
Hile MaKpOMOAENH B BHAE KOMIeKCHON MaTtpuybl Goxs(p) PasMepHOCTHIO
[v X v] [7], roe kaxAL 3/1eMeHT (IeHCTBHTeNbHAS B MHUMAS 4yacTH)  af-
NPOKCHMHPYETCA TONMHOMAaMH. 110 aHAJOrHM €O CTATHUECKMM ChayuaeM (4)
B peavabTaTe HCKAOUEHHS METOJIOM TOACXEM HMeeM CJAEIYIOUINH BHI MaT-
putkt G (p): ;

L, 1] JoH 0 H JdHy[dF OF Yo F OF-

Goss(p) = [2 1 21| (08 2L 42t
Jy day dx ox1 Loy dy.

(8)

0x p()iﬁl

Ouesngno, uTo npu p == 0 NOJYYUM COBNajeHHe ¢ Bhpaxennem (4).
PacecMOTPUM  HH3KOUACTOTHOE —npubauxenne ({p|—>0) u nocrasum
Lesibio  OHpPEefeHTh JHHelHoe NPHOIHKEHAEe NOJHHOMOB, aNNpOKCHMAPYIO-
UIUX S7AeMEeHTh MaTpuUBl Gugs, T. €. BHIYHCHUTL KOIDGUIHEHTH MaTPHUbI
pifa Gas = B - pC. Jlist 5TOr0  HCIONb3YeM, VUATHIBas Maxocts |pl,
pPasoKeHHe B PS¢ TOYHOCTBLIO O JIMHEHHbIX Y/IECHOB 06paTHOH MATPHILL

L o~ B T

rie £ — elMHHYHAS MaTpHla.
[ToACTaB/IsISE Pe3yaLTaT PA3JNOKEnns B HCXOAHYIO dopmyay (8), mony-
YHM

3 F 3Ryl
oH . (2_{‘1_1’_{8[’-1 ] ()H][(;f] G
. : X

Gome(p) === ' P X
JDI(p) [(}y + p O\'y L()x P Jx
0 F-1 OFH{E_ ) Q_F_} (10)

g —pZi_ 20 .
kl dx dx1loy p‘dy
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Brigenssn nanee cBoGofuble wieHbl B K09 (DUIHEHTH OpH Nepso#t cre-
[eHH p, NOJYUUM MCKOMbIe BBIPAKEHHS Jas B u C:

. p | .
g 0H_0HOP-or "

dy dx dx dy’
c—0H O0HOF'0F OJHOF! [Q_C _9F [d_ﬁ]‘l _‘?_C]
) dy Jdylaxl ox!

- - - - 12
dy 0x O0x dy Ox Ox (12)

Comnanenne Boipaxennii (11) u (4) eCrecTBEHHO, TaK KAk mMarpuna B
OTPaXAaeT aKTHBHYIO COCTABIAIOMIYI0 Goxs. Matpuna C xapaxrepusyer pe-
AKTHBHYIO COCTABISIOMYIO Goge (B ClyUae MeTONA Y3JOBBIX IMOTEHHHAJIOB
HMeET CMBICA MAaTPHUBI eMKOCTENH).

Taxum oGpasom, swipakenus (11) u (12) onpemensior (hopMyJIH Tiepe-
cuera IpH [epexome OT IOAHOH MOMENH MHOTOMNOJMIOCHOH NHOACXEMEI K MA-
KPOMOJIe/NIH, T. €. BHEIUHHM (TOMIOCHBIM) XapaKTePHCTHKAM.

KauecTsennoe nupescrasieHne 0 4YacTOTHOM JHANABOHE PHMEHEHHS
TaKOH MAaKPOMOMNENIH MOMKeT OBITb NOAYHEHO H3 YCJIOBHS, IpH KOTOPOM
CIIPaBeMJINBO COOTHOWEHuE (9):

“ JF-1 O F

- < 1. 13
0x 0x (13)

B mpocrefinieM ofnoMepHOM ciyuae (HANpHMEp, HCXOLHAS MOACXEMA
upencrasisier  co6oit RC-uens)  vepasenctso (13) npuobperaer Bup
RC <<'1. Mnade roBops, B 3T0M cirydae IpaHANA OPHMCHEHHS MAKPOMOZLE/II

COBITANACT ¢ BePXHEN TI'PaHUYHOI YACTOTOH MONOCH TPONMYCKAHHS TaKHX
. 1

> @p == e == o
uerneh ( B " RC)'

CileflyeT OTMeTHTb, UTO, HCNOJbL3Ysl CTAPIIHE UNEHLI pasyomeHust (9)
COOTBETCTBYIOUIHE COMHOXKHTENH (8), JIeTKO BBIYHCJAHTL MAaTpUUHbIE KO3(-
(UUHENTH NPH CTAPIIAX CTeNensx p s GyHKIHE Gon(p). CiregoBaresb-
HO, TAKOH NMOAXOJ 103BOJSAET (OPMUPOBATL MAKPOMOLENb NOACXEMBI B CO-
OTBeTCTBHH € PACOUHM UYACTOTHBIM JIHAMA30HOM ee NPHMEHEHHSI WM, HA-
IpUMep, N0 3afaHHOW MOrPEeiHOCTH MONENHPOBANMS B 3aJaHHOM uaCTOT-
HOM AHAanasoHe:

4. ®OopMHPOBAHME HHHAMHYECKHX MAKPOMOJENEH Jijis  HeAHHeHHbIX
cxem. [lo anayormu ¢ npepbiAyuiiM ciayyaeM GyleM HCKATh YIPOLIEHHYIO
MOJIeNb (MAKPOMONENhb) B BHIE:

! == Rcr (!ﬂ -+ C(y) y 3

TAe MepBLIA WICH CyMMBI IPEACTABISET COGOH CTATHUECKYIO MOMEJb, a BTO-
polt onpexnensieT NHHAMHYECKHH BKAa TOKOB. Mofesb B TAKOM BHAE HAaH-
Gosee ynobHa Ansi Na/JpHeHUIEro HPHMEHEHHS B NPOTpaMMax MAamHHHOTO
pacuera.

Crnoco6 dopmuposanus cratuueckoli Mopesn Rer(y) ykasan B . 2.
3ajaua 3akmiouaeTcst B ONpeleaeHHH siaeMenToB Matpuin C(y). Hemno-

CPE/ICTBEHHOE HCKJAIOYEHHE NMePeMeHHBIX X W X B HTOM CJiydae HEBO3MOKHO.
Bocriossyemess GpopMyI0# 115 BHIYACACHUS MATPHIBI MOMIOCHBIX eMKOCTel
MeToaoM noacxeM [6]:

dH _0Hdx ,0H dx  0H

Ca 2l U IX

. 102 L 14)
dy  0x dy @ dx dy oy (1),

dopmyna (14) daxTHIeCKH faeT NPABHJIO nepecueTa: BHYTPEHHHX eM-
KOCTel - B NOJI0CHbLe.
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VickimodeHdio BHYTPEHHHX NepeMeHHBIX (M COOTBETCTBYIOUIHX IH(de-
PeHNHAJLHBIX YpaBHeHHE (2)) NpH (OPMHUPOBAHMH XapaKTePUCTHK «BXOM~-
BBIXOJ» - COOTBETCTBYET HCKJ/IOUEHNEe BHYTPEHHHX ~DEAKTHBHBIX 3JIEMEHTOB
NOACXEeMBl H BBIYHCJACHHE DPe3YJbTHPVIOIEH MAaTPHUBL NOJIOCHBIX PEaKTHB:
nocrein dH/dy. CneposatenibHO, TPH MAaKPOMOJAENHPOBAHHH B STOM ciyyae
HeOOXOMUMON - IIPEATNOCHIIKON SIBJISIETCS OTHOCHTENbHAST Oe3bIHePIHOHHOCTD
BHYTPEHHHX IepeMeHHHIX. MHaue roBopsi, MOXKHO CYHTaTh, YTO BHYTpPEHHHE
nepeMeHnble MAKpOMOIEGJH OTCHEKHBAIOT - H3MeneHHe BHeHMHHX, T. €. IIe-
peMeHHBIe X SABJAMIOTCA B KAKILIH MOMEHT BPEMEHH cpyHKuH;IMH TOJILKO I10°

ox
JIOCHBIX TI€PEeMEHHBIX ¥ == X(y), a NPOH3BOJAHbBIE x paBHbI x-;~y He-

Yy
NOJb3YyeM BBITEKAIOLICE OTCIOKa yCJ]OEHG

0x _dx (15)
(3J dy
Jas onpenenenus matpuu xospduunentos pausHus B popmyse (14)
npoguddepeHunpyeM HCXOAHYIO cHcTeMY (2) no napamerpy y:
JdF 0x oF '()x__Jr_dF -0
9x dy  dx dy | dy )

C yderom ycqaoBust (15) umeem:

dx _ [0Fy'fdF dx | JF
0y {()xj [pdx dy dy}
[oacraBus 310 3Havenne B (14) w yunrwBas (15), nmoayuuM OKOHYATE/b-

HOe BBIpaKeHHe AJs MarTpuubl C p BHIE:
Cly) — oH  JH 95_] [Qﬁ][ df} lg_ll_d_x Q_C]
lc?J ax gy ox dx O0x dy ~ dy.

34ech BCe MaTPHUBL ABJSIOTCH (PYHKUHSME nepeMeHHbIX X(y) H Y.
Marpuna xo3¢hHIMEHTOB BJIHsHAS 0X/0Y HAXOLUTCH ~H3  CTATHUECKHK
ypaBHEHHUI onnonemeHHo c @opmnponam&eM byuxuun Ree (y):

- oF J—l J F
I dx

(16)

(17)

OrmeruM, uro Qopmysta (16) BbHIUNCIEHHA 3/CMEHTOB PEAKTHBHON Ma-
tpunkl C(y), noaydeHnass METOJOM TOJCXEM, NMOJHOCTBIO COBIAZAET ¢ aHa-
JIOTAYHBIM BLIPAX<EHHEM, INOJYUeHHBIM paHee METOXOM BO3MyileHHil [8].

HocTouncTBOM NpHBEREHHOTO cHoco6a  (OPMHUPOBAHMS  IHHAMHYECKOI
MaKPOMOJAEJH MOXKHO CYHTaTh (PAKTHUECKOE CBEJEHHE ero K CTATHYECKOH
3ajlaye, UTO CHHMAaeT LeJbil paj TPYAHOCTEN, CBASAHHLIX ¢ ANIPOKCHMA-
LMel - BO BpEMEHHOH ob6JacTty.

Paccmorpes B KauecTBe wacTHOTO caydasi npuMenenns Goopmyarst (16)
JIHHEHHYIO CHCTEMY, MOJyYnM copuanenne gopmya (12) un (16) nas pacue-
T4 PEAKTHBHON MATPHIIBI MHOTOMOMIOCHUKA. [efCTBUTENbHO, B HTOM Cjydde
martpuua C He 3aBHCHT OT DEXKHMA Y, a ¢ yueTom 3HaueHus 0x/dy uz (17)
aerko oT (16) nepeitrn x Buipaxenuio. (12},

DTOT BHIBOL YKA3HIBAET Ha NpUMepHoe CoBnafeHne TOUHOCTH H JHHAMH-
YeCKOro Juanasona MaxpoMmoneneit B o0oux ciaydasx (opMmMupoBaHusi (meii-
CTBHTEJBHO, VIPOLIAIHE NPENOCHIIKY NPAaKTHURCKH COBNALAIOT).

C TOUKH 3peHHST BO3MOMKHOCTEN  NOBBILEHHS TOYHOCTH MaKPOMOJIENH
ONepalHAM YBCJHYCHHS CTENeHH NOJHHOMA B NOCHEAHeM cJyuae COOTBEr-
CTBYET (POpMaNLHOE BBENEHHE B UWCAO NONIOCHBIX ONLHOTO HIAH HECKOJbKHX
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BHYTpeHHUX y3n0B. Ilopsanox Buruucaesyit npn QOPMUPOBAHHHE He MeHser-
csi. Ionyuennas B TakoM ci1ydae MakpoMOneNb NpelacTaBisier coBoil mof-
CXEMY, COAEPIKALIYIO HTH y3JIbl B KauecTBe BHYTPeHHHX. COXpaHeHHe B HUX
PeaKTHBHOCTEH IM03BOJSET NMPH HEOOXOAMMOCTH 6Ojiee TOUHO YUYECTh HHEp-
UHOHHOCTE COOTBETCTBYIOIHX NEePEeMeHHLIX. '

Taxum o6pasom, nOHSITHE MaKPOMOAeNH (YIPOIEHHON MaTeMaTHIecKo
MOJeJIH) MOMKeT ObiTh PacUIHPEeHo, T. €. MAKPOMOJENb MOXKET NPeNCTABIATL
coGoll He TOJBKO YPABHEHHS <«BXOJ — BLIXOA> MHOTONOJIOCHHKA, HO il
COGCTBEHHO TOJACXEMY, Pa3MePHOCTb KOTOPOil yMedbilleHa MO CPaBHEHHIO
C MCXOAHOH. DTOT cayuail NOATBEPIKIALT TECHYIO CBA3b ABYX IHOAXONOB pa-
CUeTa CHOKHBEIX CXeM — MeTOJa TOACXeM U MakpOMOIeNHPOBAHUSL.

Taxast cpsisb MONKET OLITH NMOJE3HON HE TOJBKO Mt POPMHPOBAHAA Ma-
KpoMOienel, Ho H Jis COGCTBEHHO MAINMHHOTO pAcYeTa OOMbLINHK CXeM
B cydae COBMECTHOIC HCIOJL30OBAHUA MOACKeM H MakpoMopenefl. [eicrsu-
TEJNBHO, ONHOBPEMEHHOE HCIOHbL3OBANHE <«YIPOUIEHHBIXy (MaKkpOMOmeiei)
M «TOUHBIX» (MOJHBIX) MOfenell MOACXeM B [POrpaMMe MAllHHHOrO pa-
CueTa MONKET B HAHJAYUINeH CTereHM YAOBJIETBOPATH KOMHOPOMUCCHBIM CO-
00paXKeHHAM B3aJaHHON TOUHOCTH MOAEGNUPOBAHHS W MAaNofl TPYHOEMKOCTH
BLIYHCAEHH]. BO3SMOKHBEI pasnuuHble BAPUAHTH OPraHM3ALUMH BbIYKCICHHIT
NPH COBMECTHOM HCIOABL30OBAHHY MOJENEH PAa3HOTO YPOBHI  CAOCKHOCTH Kay
AT MAIIHHHOIO aHalusa, Tax M g ONTHMaJLHOTO pacweTa  CAONHBLIX
SNEKTPOHHBIX cXeM. B NpHIOXKeHHH npHBedeHbl BOSMOMKHDBIE CXEMbl BLIHC-
JEHHII IPH MONEJSHPOBAHMY CTATHYECKHX M JIMHAMHYECKHX PEKHUMOB CJI0K-
HBIX CXE€M ¢ OJIHOBPEMEHHBLIM HCIIONLIOBAHHEM TIOACXEM H MAaKpoMojeneii.

[Tpamenenye «ynpomeHHsix» Moledell (MakpoMojeneil) B TPOMEKY-
TOUYHBIX - BRIUHCJACHUSIX ~IIO3BOJISIET CYMIECTBEHHO COKPATHTL TPYIOEMKOCTH
MOJeNHPOBAKHS [IPH COXPAHEHHH Pe3VIbTHPYIOMEH MOTrPEIIHOCTH, COOTBET-
CTBYIOLIeH METONY IOJICXeM, T. €. «TOUHBIM® HJH MNOJHBIM MaTeMaTHUYeCKHM
MOJIENSIM TIOJCKEM.

B o soopmw

ITpepnaraercest st aBTOMAaTHUECKOrO (GOPMHPOBAHNT MAKPOMOAJeEIT
¢parmentoB BHUC npumensits  MeTox MHOTONOMIOCHHIX mnogcxeM. C  ero
MOMOMBbIO U3 MOJHBIX MaTeMATHUCCKHX MOJEJEH TOJYUYeHBl HeOGXOMUMEIC
ISt MAKPOMOJIC/ICH - COOTHOIUCHHSE M1 PABHEIX PEXKHUMOB, B TOM YHCJe - HJ7
BBIUHCJCHUS. MATPHULL . €MKOCTEH IHHAMHUYECKHX MakpoMmopeseir. Paccmor-
peHHBIH TOAXOM 103BOMsteT (OPMHUPOBAHHE AHHAMHYECKHX MAKPOMOAEell
OCYNIECTBHTbL METONLAMHU PEUICHHS CTATHUECKNX 3a/1ad.

CBsi3b MeTOJ@ IOACKEM H MaKpOMOJesel OGECHeUHBACT NEPEXOA K MO-
HEJISIM * PA3HOTO . yPOBHA  CAOKHOCTH  NPH - MALIHHHOM pacueTe CJAOKHBIX
CXeM ¢ OPraHH30BAHHLIMH [0 HEPapPXHUYECKOMY MNPHHIHITY MATeMATHUECKI-
MU MOAensaMd. B pesyibraTe mpH MOTPEMIHOCTH MONETHPOBAHHS, CBOWCT-
BEHHOK - «TOYHLIM» MOJCJIAM, MOUYT ObiTh NOJYVUEHBI MAajble BBIYHCIHTEND-
HEBIC 3aTPATHL, XapaKTepHble AAH MakpoMopenes. )

pusioxkenne

OnnoppeMenHoe HCUOAB30BaHIeE MAKPOMOJENell W MeroJa MOACKEM B
npolecce MONRENHPOBAHYS CAOWHLIX CXEM,

Cratuueckuit pacuer

Hpumenenne Maxpomopesnell HO3BOJUT B HTOM  CJIydae OTHOCHTENLHO
OBICTPO TIOJAYUHTH TPEIBAPHTENLHOE pelieHHe GOMBIION CHCTEMBI TPAHCUCH-
AEHTHLIX vparHeHufl, OxoHuaTeJbHOe («YTOUHEHHOE») pElIeHHE MOIKHO
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nosyunTE Meronom nogexem. Taxkol noxxon Haubosee spdexTHBEH NPH HAa-
JHUHH OXHOPOMHBIX MOJCXEM, YTO, KaK [pPaBWIO, HMeer MecTO B UH(POBLIX
BHC, tax Kxak MeHbliee KOJHYECTBO MakpoMogesedl Tpebyer. cOOTBETCT-
BEHHO MEHBLIINX UpeaBapuTeAbHbIX 3aTpat ux QopMHpPOBAHHI.

B nmesoM npouejypa peilleHHs B 3ITOM CJIyuae BRJAIGYACT CAEAYIOUIHE
onepaunn.

a) dopMupoBanne MaxpoOMOAeNell 1o ypaBHeHHsM foacxem (e, m. 2)
¢ annpoKCHMAaUHed MOMIOCHHX (MYHKLIN Wax HX sanoMuHadieM B Tabmit-
HOM BHIE,

6) pelleHye CHCTEMBI TPAHCHEHACHTHBIX YpPaBHeHH H3KOTO NOPAAKE,
BRAKYAICLICH Ha KaXK[AOM fare nrepalHoOHHOIO NMPOLEcca aBTOMAaTIYRCKOR
(popMHpOBaKHEe  ypaBHEHHH N0  XapaKTepHCTHKAM MaKpoMojeneil
[ == Ry (é’);

B) pelleHHe HCXOMHON MOJHON CHCTEMBl TPAHCUEHIEHTHBIX YpPaBHEHHH
METOIOM II0JACXeM € BLIGOPOM B KauecTBe HAYAIBLHOTO HPUOAHIKEHHUS HTe-
pannouroro npounecca ¥y  penienus, noaydeHHoro B . 0.

Pacuer HuHamMUUSCKHX XAPAKTEPUCTHK

B pacemarpusaeMoil npouerype - MHHTeDHPOBAHUS  JIPeAAaraerca sl
HesTBHBIX METOJ0B NPHMEHSITh CI0XKHBIL NPOrHOS, 4  HMEHHO, HCHNOJAL30BATH
COBCTBEHHO TIPOIECC. MHTErPHPOBAHNA  VIPOLLEHHON MOAeNH - (MAKPOMOe-
au). Koppexuus ke ocyulecTBAsieTcs 1o TouHON Mojead. Taxof moxxon
HO3BOMASIET VBEJAUUNTL 11T HHTETPUPOBAHNS  «TOUHOH» CHCTEMBI - (TaK Kak
«XOPOMAAy  AlNPOKCHMANUSA HCXOMHON CHCTEMBI  MAKPOMOLEJBLI0 IIPHBOIHT
K «XOpOMeMy» TPOTHO3Y) W, KakK ClAeACTBHe, YMEHLLUHTb TPYLOEMKOCTH
BHIUMCACHHA TIPH 3alaHHoy NOTPEIIHOCTH HHTErPUPOBAHHS.

[Tycrs wEXoAHAS CHCTeMA YpaBHEHME pasMepHocTd nF(x, %, y, y) =0
annpoxcumupyercs Maxpomonensio R(y, y) = 0 pasmepHOCcTH v (v < 7).
AJTOpWIM HHTErPHPOBAHUS OCHOBHOH. CHCTEMBl. BKJIOUAeT Ha . k- . mare
CHENYIOLIIE Ollepantu:

a) yTOuHeHHe MapaMeTPOB annpOKCHMHUPYIOWEH MAKPOMOAENH H3 YCJO-
Bust - R (y®, yi) = 0; '

6) HHTErpupOBAHHE ypaBHEHHI MaKPOMONeNH Ha oTpeske [f% *-H],
rie H - giar HHTerpupoOBaHHg OCHOBHOUN CHCTEMEL

B) BHLIOOD B KauecTBe TNPOrHO3HpPYeMBIX Ha k-1 1are 3HaueHuwii 10-

JIOCHBIX MEPEMEHHEBIX Y+ w ylt+) pesaynLTaTOB HHTErPHPOBAHMS 1. 6.:

~i

Yer =y (o )y g0 =y (8 + H);

I) onpenejeHue NMPOrHO3ZHPYEMBIX 3HAYCHUI BHYTPCHHHX TEPEMEHHbLIX X

~

H X

~

M = O = [y (04 H) — g ().

Ye=x

3navende x*t) Momxer GuITL yrouneHo Iepen. obigedl KOppexHHeHd ¢ 1o-
MOLIBIO, HATIPUMED, HTEPALMOHHON MHOHNPABKY H3 CTATHUECKHX VPABHEHHI:
0 F ~ ~
— Ax = —F (ghH, yhtt),
0x

OJHOBPEMEHHO BBHIYHCJANETCS MATPHLA NPOH3BOAHBIX O0X/0y M3 CHCTeMbl
OF 0x  OF

= 0,
0dx 0y g ay
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[TporHos NpoH3BOZHHIX X MOMXeT ObITb NPOBEAEH C HCIOJb30BAHHEM yC-
joBust (15) GoOpMUPOBAHUS AUHAMHYECKHX MAKPOMOIENei:

~

N ¢ (9 N ;
XU+ = (0 |- 5‘,}3 [yt + H) — y () ]

1) onpejesienne KOPPEKTHPYIOMIMX TIONPABOK HHTErPHPYEMBIX —mnepe-
MEHHBbIX Ay W AX IOJHOH CHCTEMBI ¥ BBIYUCIEHHE BCJHUMHLI HOBOTO iiara
He+, Jlanee Bce 5TH NYHKTHl TOBTOPSIOTCS.

OTMeruM, 4TO IPH OOJNBIIOH JOKaJLHON omubre BeJuuHHa wara
yMeHbUIAeTCsI M NPHBEJEHHBI aJrOPHTM aBTOMATHUYECKH = NEPEXOAHT B
OGLIYHEI AJTOPUTM HESIBHOrO MHTETPHPOBAHMSI € IPOCTHIM TIPOTHO30M.
B ofumieM e cjyuae NpPHMEHEHHe ONHCAHHOTO aJrOPHTMA, HCTOJb3YIOUEro
yOpoliesHble MOJeJNH JJAs NPOTHO3a, NO3BOJAET PACcCYHTHIBATL Ha MaJjble
BpeMeHHble 3aTPaThi MOJENMPOBaHHsS OOJBINMX CXEM, XapakTepHbie I
MaKpOMOJe/ell, ¥ BBICOKYIO TOUHOCTb, COOTBETCTBYIOIIYIO METOLY TOACXEM,
TaK KaK KOHTPOJb NOTPEMHOCTH HHTEIPUPOBAHUS B 3TOM Cjydae OCyLecT-
BJASETCH MO <«TOUYHOH» MONENH MOACXEeMBbL

Crarvs nocrynusa 10 mapra 1978 2.
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