Math-Net.Ru

Yu. M. Plishkin, K Borpocy 06 olenke mHTerpabHbIX KpPUTe-
pHUeB KauecTBa PeryJInpoBaHus HEJIMHEHHBIX CUCTEM,

Avtomat. i Telemekh., 1955, Volume 16, Issue 1, 19-26

https://www.mathnet.ru/eng/at13384

Use of the all-Russian mathematical portal Math-Net.Ru implies that you have read
and agreed to these terms of use
https://www.mathnet.ru/eng/agreement

Download details:
IP: 18.97.14.86
January 21, 2026, 07:36:52



https://www.mathnet.ru/eng/at13384
https://www.mathnet.ru/eng/at13384

Tom XVI «ABTOMATHEREA H TEJIJEMEXAHHRKEA» Ne 1

1966

K BOIIPOCY OB OI[EHKE NHTETPAJIbHbIX KPUTEPHEB KAYECTBA
PE['YJIHPOBAHIA HEJINMHENHBIX CHCTEM

10. M. IITUIIKUH
(CBepnioBCK)

HUcnonbsyores pyERINy JIAmMyHOBa 1A HeIMHeRHKX CHCTEM aBTOMATHYe-
CKOTO PeryJIPOBaHMA AJA OUEeHKH MHTerpajbHAIX KPUTEPHeB KadecTBa pery-
JIIPOBaHNA.

1. K d4mcay KOCBeHHBIX METOIOB HCCHIG[IOBAHUsA IIEPEXOMHLIX IIPONECCOB
B CHCTeMax aBTOMATHYECKOI0 PEryJIHpPOBAHWA OTHOCATCA HHTeI‘paJIBHLIe
KpHUTOpUH

[oe] [oe]
Jy=\a*dt n Jy={ Var,

0 0

rpe z = x(¢) — KpuBasg TEPEeXONHOr0 mpouecca, V — ompeielleHHO-TIOIO0MKH-
TeJILHAS KBampaTmuHag (opMa MmepeMeHHHIX Z;, B CBOeil COBOKYIHOCTH
OIpeAeIANHAX COCTOSHNE [BHKEHISA CHCTEMEL.

Jlaa  cmereM aBTOMATHYECKOTO - PeTYJIMPOBAHHOA, [BIKEHNE KOTODHIX
ONMCHBAGTCA JUHEHHHM uddepeHNTAIBHEM YpaBHeHHEM G IOCTOSHHBIME
Kod(punmeHTaMH, CYIMECTBYIOT PA3JMYHEIe METOMB, IHO3BOJISIONINE OLpefe-
JUTh WIN OUeHHWTh Beamumny J, (uim J,) Ges pemmeHmsa XaparTepHCTHYe-
cxoro ypaBuenusa cucrembl. Hambolee yILO6HHI/I 73 TAKWX MeTO[0B NPHBO-
nmres B pabore [1]. Haxoxnerne Bemmanant J 3 (mmm J,) 10GEIM M3 YIIOMAHYTHIX
BBIIIIe METONOB He IIpeficTaBiseT 3aTpyaHeHnil. ONHAKO [J/IA CACTeM ypaBHEHUH
HOpAKA BHIIE TPeTHETO pelieHHme BOLPOCA YiKe COIPSIKeHO ¢ IPOMO3IKHAMHI
peiuncnenuamn. [losromy wacro GelBaer menecoo0pasHOM OIEeHKA MHTET PAlb-
HOI'0O KPHTEPUA CBEPXY.

g HenmHEHHEIX cHCTeM aBTOMATHYCCKOIO PeryJINpOBaHHS He CyIme-
CTByeT KaKUX-1n00 B)YEeKTUBHEIX MeTONOB HaxXoskaeHusa kpurepusa J ; (wimu J,).
JInme B 9acTHHX ciydasx ymaeTcs OLNpPeNeNUTh WX OLEHATH KAKOH-HUOYIH
MHTeTrpAJILHLIE Kpumrepmil. B gactHOCTM, BHanue ¢yHriuunm Jlaoynosa s
RaKOH-In60 HeJWHEeWHOH CHCTeMBI aBTOMATHYECKOI'0 peryJIHpPOBaHMUs I03BO-
JSeT BMecTe ¢ JI0Ka3aTeIhCTBOM YCTOWYMBOCTH NIBIIKEHHs OLEHHUTH ONWH K3
WHTerPATLHEIX KPHTEPHEB. JTO nocny;}mno TOBOJOM [IUIA HANUCAHUS HACTOA-
el CTaThi.

Hwmxe mpomsBenieHbl ONEHKH I TeX CHCTeM aBTOMATHYECKOrO POryIiu-
pOBaHHsA, KOTOPHE XapaKTepUayoTcd HeJNHeHHHEMA nuddepeHnuaTsHbIMEI
ypPaBHEHHAMI BTOPOTO M TPETHEro MOPANKOB ¢ WU3BECTHHIMEA (YHKIMAME
Jlamynosa. Kpome Toro, omeHmBaerca WHTerpanbuhl Kpurepmin J, s
cucrembl nuddepeHINATHHEX YpPaBHeHUI n-T0 HOPSALKA 0co00TO BHJIA.

2. Ilycrs mepexOpHBI HPOLECC CHCTEMBI ABTOMATHYECKOTO PeryJipOBaHuA
omperiesaerca cucTeMoll AupPepeHNMATBHEX ypaBHeHUT [2]

&~} (@) + ay,

= ha(@) + by,

rpe a, b —mocroannre, a ¢yErnum f,(z) 7 f, (Z) yROBIETBOPAIT yCIOBHUAM,
9%

(1)
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06ecIeunBaoIIM eI[HHCTBeHHOCTB pemenmit Ipu 00X HAYaIbHBIX JaHHKX,
1 f,(0)=/,(0)=
Ilycrs (bymcmm ‘
| by (@) =2y @) = 22
YROBJIETBOPAIOT yCJIOBUAM
” by (@) + b0 < —ey,
hy (@) b — Iy (z) @ 2> 82(81/082>0), @

Torja TpuBHajbHOe pemenme cumcreMsl =0, y=0 acuMnmToTHYECKH yCTON-
unBO [2] ¥ MOKHO ONEHHTH HHTErPail

[ee)
J2 = x x2 dt.
0
Hura sroit meam BBegeM (QyHKNHIO

V (@, 9) =2\ @b —f,(@) a] do + (bz — ay)*.
0
Ee mpomssomras mo Bpemenm B cumiy cucremsl (1) Gymer mMerh BHJ

— 222 [ (&) + 1] [bhy (2) — ah, (2)].

Vicmonpsysi yeioBua (2), 3aKiodyaeM, 9To

2 < S [ (@) + Bl ehe @) — by ()] @ =5 (— 7 ),

A OTcIofa cJjefyeT OmeHKa

2e189

J2=°§x2dt\< ! S—édzz= Yo
0

TAaK KAK BBUAY yCTOHYMBOCTH
V (@), y(®) > —0.
" Wltak, ecau 3afaHBL HAa4aJbHEBIE YCJIOBHA

T |imo = Zg, ¥ lt=0 = Yo»
TO
X,

o 0 1 ’
(erar < =11 @b — @) alds + 5 (bog—ap)
[}

(]

DTOT Pe3yNbTAT MOKHO WMCHOIIB30BATH JUIA  OMEHKH WHTErpajbHOro
KPHTepHs

B cirydae, ecjId cucTe”Ma'perynmpOBaHna OIIUCEIBAETCA YypaBHeRIEM

| dtz P4 —|—m(x)_—0 ©)
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Nrak, mycTh HePeXOfHEII NPONMECC XapaKTepHayeTcsl ypaBHeHHeM (3),
rge ¢ >0 — nocrosEHAA, a ¢ () yHOBIETBOPAET YCOBHAM, O00ecmeYHBAIO
M efMHCTBeHHOCTH PeIleHWH Opy JIO0BX HAYAIBHBEIX NAHHEIX:

2(0)=
i
0> >0 W
Tark Kak cmCTeMa yYPaBHEHWH, SKBUBAJCHTHAs YPAaBHOHUIO (3):

dr -

@ =Y S .
" | ©)
=@ —ay

ecTh 9acTHHIA cnywail (1), To pemenme cmcTems (0) r=y==0 acmMuroTH-
YeCKN YCTOWYMBO W HMeeT MecTO OLEeHKa

o) Xo i

1¢ 1
Vet < o= o@)dz + 5 (azy + 30,
0 0

e Z|i—p = Zo; ¥ li—o = ¥, — HAYANILHEIE VCIOBHA.
Bsejem, nasnee, pyHKOUIO

W (z, y)=28<9(x)dx-+y2;

0

e¢ NMPOMBBOJHAA IO BPEeMEHU B CHIY CHCTeMH (D) paBHa

dw 9
= 2ay? .
" Otcioma- cenyer
¢ 1 ¢ W,
S yZdt=—2—aS aw =10,
0 0
TaK KaK B CHJIy YCTOMYHBOCTH
W |i—eo = 0.

Pestommpys ckasammoe, mosyaaem

@+ d <1+ e)S o (@) dz + ooz [(azy + Yo + ey

°'./')8

3. Ilycrs mepexommmlii mpomecc ommchiBaeTca cuCTeMoi [2]

i’”—-f1<x>+m,

(6)
_t = bx + f2(y)1

rie @ u b—mocrosHEke, ab=~0, f,(0)=f,(0)=0
Ecan ¢yrrumm

k1<x)= f1 (%) - h (y\ fz(y)
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YIOBIeTEOPAIT YCIOBHAM .

hy () 4 ¢y < — 2y,

) hy (Y) + €1 << — &y,
hy (@) — ab>> e (z==0),
h@)e—ab>e (o),

€1y &y &3, €4>O,

(7

rme ¢; M C, — IOCTOSIHHEBIE, YIOBJIETBOPSAIONUE YCJIOBHIO
€iCy = ab,

TO cocTosHuWe paBHOBecHs z=y=0 acmMOTOTHYECKH YyCcTOHImBO [2], m
HpefcTaBIIAeTCs BO3MOKHOCTh ONEHHUTh WHTEIPATIBHHIN KPUTEepHi

= §°(x2 + )

0

[ns morasaTesbCTBAa HOCJESHET0 YTBEP:KIeHHA pPaccMOTpuM (QyHRINIO

Vi y=ig—ab)e+ (a =)y +2c2§f1< )dz +

1

2 &
+ ‘agfz(y)d?/_‘zaczxy'
0

Haiimem ee mpom3BopmHYI0 IO BpeMeHH B cmly cucremul (6)
& =20/, @) e — abe] [/, () + ex2] + |
[fz (y) + eyl [f2 () &1 — aby] = 2 [y (%) + ¢o] [hy (@) ¢, — ab] 2® +

z
%

+2 % [k (9) + e1] [ha (9) &1 — ab] 42

1

BBuny yciopuit (7) BHDOJMHAETCA HEPAaBEHCTBO

— dV = > 26,6522 + 2 2 — s234y

1

. a?
.O6o3uaunM m? = min {251'53, 2 — e254} , Torma
) C
1

1

.73=S (x* + y*) dt <—m—2-g(25183x2 + % szs,,yz)dtg—n—ﬁg'—dif =-3
0 . 0 0

(mmest B Bumy, 910 V |j» e —>0 B cmay ycroitampocTnm).
4. Ilycrs mepexofiHBIi Iponece XapaKTepUsyeTcs ypaBHeHHEM [3]

e te(S)+r@=0, (®)

rae a >0 — mocrosiurag, f(z) HempepsisHO nupdepeHmupyema, ¢ (y) menpe-
PHBHA IPH BCeX 3HAUEHMAX apryMenTa. [cim BHITIOJIHAIOTCA yCIOBUA
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2 (0)=7(0)=0
f_@>o (@ == 0),
(P(") —f (@) >e  (y£0, £>0), ©

TO TpHBHANLHOE pemeHme ypapHeHHs 2 =0 acmMOTOTHYECKH ycToiamBo [3]
7 MoeT OBITH ONEeHEH WHTerpasl

J, =§ (%’;)201;. /

IToramem srO0.
Vpasuernmio (8) pKBEBaJeHTHA CHCTeMa YDaBHeHHIA

dz : (10)
Paccmorpmm nponasonﬂyb dyHERIEN

x Yy
Ve y, =a{f@de+ 1@y +{em)dy + 5

0
mo BpemeHZ B cmiy cucreMsl (10)

O =Y oyt Y ) + L e ()~ @] =

= []“ (x)— aﬂ?’_)] y*.

Yy
Bemny (9) -

OTCIOIa OLEHKA

J2=S ygdt<%
0

Se~33
I
IS ¥
<
I
N

Taxmm o6pasoM, ecam 3ajaHK HadajpHHE YCJIOBHA

Tlimo = oy Ylimo = Yo  Zli=0 = 2p

TO
¢ o Oy 1 L 2
{var <-=( 1@ do+ 5 F @y + - ey +5-
0 0 0

5. Tlyers nepexonm;xﬁ TPOIeCce OMMCHBACTCA HEIMHEHHEM ypaBHeHTeM [4]

&+ (=5

rge b >0, ¢>0— mocrosHHEE, a (I)yHKnvm f(z,y) HempephiBHA H HWMeeT
"HeIPePHBHYI0 IPOM3BONHYIO IO Z IPH BCeX BHAYEHHUAX ee aPTyMEHTOB.

d2
d;dez+cx 0, (1)
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Ecnm f(z, y) ymoBmeTBOpseT yCIOBHAM
f@y)—5>¢ >0, (12)

ygf—\<0 | | (13)

X

IpH BceX 3HAYEHMAX apryMeHTOB, TO TpanamHoe pemenne ypasaerusa (11)
z==0 acEMOTOTHYECKH ycTOW4mWBO [4], W Wpe/CTaBIAETCH BO3MOMKAOCTE Ole-
HUTH WHTEIPANIbHEIN KPHUTEpHUit

JZ=§<dt2>dt

Yrobe mokasaTh IOCJIeHee, PacCMOTPHM IPOM3BOAHYI (yHRImm

’ y
bz 4 &2
V@ v, =5 (et by £ ke f @) ydy — 5
0
IO BpeMeHH B CHIY chTeM;Bi, 5KBUBAJICHTHOI y‘paBHeHmo (11):

dx

@ =Y

o

%

g / (14)
- =/ (=, y) + by + cz], o
av r ¢ of

c
o =0/ (@ y)—T] 2+ ngSg;?/ dy.
0
Beuny ycmosus (13) Bropoil wieHm mpaBoil wacTm OTpPHIATENEH, IO3TOMY

— > @y — ] > ez,

Jz=:§z2dt<»_1_§_d[/=ﬁ

eb? eb? °
6. IIycrs mepexopmHHIA IpoIecc XapakTepmayeTcs ypaBHeHmeM |5]

ro(feeE) om0 W

rge f(z), g(y) HempepsBHH, a ©(y) TakoBa, 4T0 cucTeMa, 9KBHBAJICHTHA
VPaBHEHHIO (15)

= _

ac 9

i (16)

=W —¢g® /@),

obsiafaeT eMHCTBeHHON TPaeKRTOpHEd, HPOXOiAmeil depes o0yl Hamepen, -
3a[]aHHYI0 TOYKY.
 Ecrm f(z), o{y) m g(y) ynOBIETBOPAIOT CIEMYIONAM VCIOBHAM:

[(0)=9(0)=0, f(x)z>0  (@=£0),

17
o)y >0,  ¢w)>0, (y=0), (17)
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? (y) Ay
= >0 (18)
lim Sf(x)dx:oo,

]'x]—>ooo

T0 TpEUBWAILHOE pemenne ypaHenma (15) =0 acmMmmroTHYECKH yCTOHIHBO
[5] upn m0GHX HAYaNBHHX BO3MYIIEHHAX M FMeeT MECTO ONeHKAa HHTerpaia

b 2
* ' dx
J,= S (—dt—) dt.
0 -
PaccmorpmM ¢yHRTHIO

Vi(z, y)=

Se~~"38

f@mx+§

g (y)

Ee umpomsBojnas mo BpeMeHH B cmiy cucteMsl (16) pasma

dv o (%)

dat ON

Beupy ycaosmit (17) m (18)

Urax,

=~ @0

Yt < —

O | =
owgz

f@de + -\ L dy,
0

"y

tfe Zlimo = %, Y |imo = o — HAUANBHbE YCIOBHSA.
7. IlycTh mepexofHBIA IMPONeCcC OMMCHBAGTCH CHCTEMON

dz; i
=D (=12...,n), (19)
i=1 '

rpe Qysrnmm o;; (1) yJIOBJIeTBOPFIIOT CIeyIOIIMM YCJIOBHAM: HA BCeM IIPOMe-
myTtre 0Lt L oo

Qii (t)\_a‘t (5i> 1, i=1,2,... 7n), (20).
pil)=—0il) Gi=12....m i) (21).
JagaHK HadaJbHEIE YCIORH:
xi]t=0=xio ((=1,2,...,n).
TpmBmanmbpHOe pelIeHHe CHCTEMBI &) =Z,=...=2z, =0 acuMOTOTHYECKE
YCTOHYHBO, T. €.
zil, =0  (=1,2,...,n).

Tpebyercsa ONeHHTH, MHTEIPANBHEIN KPATEPHil

== §°2n x2de.
0

i=1
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Iipoussopras ¢yEKIER

V (@, @y, . .y o) = D) 22

av e
e ) 2
de 22 ¢ (D)=
i=1
OGo3maumm min {&;} = m?, rorma
av S 25, 2me 2
—a zlnu(t)lx > 2m zx’
i=1 i=1
[oe] n (oo}
* L=\Saa< - —dar =%
8 iS22 2m?
0 1=1 0
Hrax,
® n 1 n
\ 2 2
2 L dt <2m2 E io
0 i=1 i=1

ITocrynuna B pegaxmuio
19 masm 1954 r.
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