HU3BECTHSI .
TOMCKOI'O OPJIEHA OKTABPbCKOF PEBOJIIOLIMKU M OPJAEHA TPY/OBOI'O
KPACHOTO 3HAMEHU IMOJIMTEXHUUECKOTO MHCTUTYTA nvenn C. M. KHPOBA

Tom 210 , 1974

K BOMPOCY O COOTHOWIEHHUM «BXOJ — BbIXO»
N9 JUHEMHOWM JNMHAMMWYECKOHM CHCTEMBI

B. M. OCUIIOB

(npe,’lCTaBﬂeHa HAY4YHO-TEXHHYECKHM CEeMHHAPOM aBTOMATHKH H TeaeMeXaHnKi )

[Tyctb M o3HayaeT MHOXKeCTBO BXOAHBIX CHTHAJOB, IEHCTBYIOILHAX HA
HEKOTOPYIO “JINHEHHYI0 JHHAMHYECKyl0 cHCTeMy, a M’ ecTb MHOMKECTBO Bbi-
XOJIHBIX CHTHAaJ0B. 3aJaTb COOTHOLIEHHE «BXOJ — BBIXOJ», 3HAUHUT 3a74aTh
onepatop A, peasu3yIOIHI 3aKOH, B CHJIY KOTOPOTO KaXKIOMY 3JEMEHTV
MHO)KecTBa M CTaBUTCS B COOTBETCTBHE €/HHCTBEHHBIH 3JIEMEHT MHOXKeCTBA
M’. Ipyrumu caoBamu, onepatop A oroGpaxkaer MHOKecTBO M Ha MHOXKe-
crBo M’.

Ecm x ({)e¢ M, a y () ¢ M’, TO CHMBOJIHYECKH COOTHOIICHHE «BXOJ —
BBIXO/I» 3anuchiBaeTcss (Gopmy.Joit

y()=A4-x(). : (1)

Jasi THHEHHbIX AMHAMHUYECKHX CHCTEM, OMHCBIBAEMBIX OOBIKHOBEHHBIMH
nu(pdepeHuHaIbHBIME YpaBHEHUSIMH, onepaTop A NpPH HYJEBbIX HauaJbHbBIX
YCJOBHSIX TIOJIy4YdeT CJAeAYIOLUHH BHA: -

(o]
y(t) =[x (t,7) x (=) dr, 2)
: 0
rie K (f1t) — BecoBass (yHKUMS, WJIH HMIyJbCHAs TepexojHas XapaKTepH-
CTHKa cHcTeMBbl, npuueM K (#;t) =0npu v>¢. Ecancucrema crauuonapHa,
TO HHTerpaJibHBINl JHHeHHBI omepatop (2) mnpeoGpasdyercs B HHTErpaJ
CBEePTKH:

y(t)zg’{(t_")x(")df ='g'f<(t——1)x(:)d—.. (3)
p 0

B o6aactn onepaTopHBIX H300paXkKeHHH MOCJTeJHEMY pPaBeHCTBY COOT-
BETCTBYeT BbIpaiKeHHEe

rae F.(p) n F,(p) ectb mpeobGpasoBaHnble 1o Jlanjacy BXOAHOM
H BBIXOJHOH CHTHA/BbI, ;

a W(p) — nepenatounas ¢ yHKUMS CHCTeMH, T. €. Pe3yJbTaT Npeod-
pasoBanus no Jlanzaacy BecoBo#l (pyHKLHH

(e}

W (p) = X K (£) et dt. (5)

0
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Bce paccMoTpeHHble HAMH COOTHOLIEHHSI CBSI3BIBAIOT HENMOCPEACTBEHHO
3aJlaHHble BXOJIHble H BBIXOJHble CHTHAJIbl HJIM HX H300paKeHus no Jlamma-
cy. BoamoxKeH, ojHaKo, IPHHIHNHAJBHO HHOH MOAXOA K 3ToMY Bompocy. Ox
OCHOBAH HAa BEKTOPHOM H300pakKe€HHH pPeaJbHBIX CHTHAJOB KaK (yHKIHI
BpeMmenH [l]. Meroa H306pakalomuX BEKTOPOB I03BOJISIET MOJNYUYHTH CBS3b
«BXOJ — BBIXOJA» /ISl JHHEHHOH JHHAMHYECKOH CHCTeMbl B (hopMe BEKTOp-
HO-MaTPHYHOTO COOTHOILECHHUS:

Vg (6)

rae X, ¥ —wuzobpaxaioue BEKTOPbI BXOAHOTO H BBIXOJHOIO CHTHAJOB
cooTBeTCTBeHHO. KoOpAHHATBHI 3THX BEKTOPOB eCTh Ko3(ppuuneHtor Pypobe
pasJyioKeHHHl peaJsibHbIX CHTHAJOB B PSAbl 10 OPTOTOHAJbHOH CHCTeMe
(yHKuui au00 3HAUEHHs pasJjiaraeMblX (PYHKLIHH B JHCKPETHOM psije To-
uyek. B kKauecTBe OpTOTOHAJBHON CHCTEeMBbl (DYHKUHUH 11eJecO00pas3HOo HCIOJb-
30BaTh noauHoMbl YeGwimeBa [1, 4].

3aiimeMcs onpereseHneM MaTpHuHoro onepatopa A B (6) aas crauuo-
HapHOH JHHEHHOH CHCTEMBI, KOTOpasi OIHCHIBaeTcs AH(p(epeHIHaabHbIM
ypaBHeHHeM BHAA (n > m):

n n—1 m
dy+ d y+ --+a1‘—ig+aoy=b i

s o bux. 7
dtn Vdgn— dt ™ dtm T (7)

Jlas npocroTel OyAeM MpeanoJiaraTb, 4TO HauyaJbHble YCJOBHS HYJIEBbIE.
Byaem cuumrath TakxkKe, 4TO CHCTeMa yCTOHYHMBA H, CJEJ0BATE/IbHO, MOXKHO
vkasaTb takoit uutepBan (0,f), 3a KOTOpbIM CBOOOAHAs COCTABJAOLIAS
IIepexXoJHOro Mpolecca NPaKTHUECKH HcuezaeT. BBOAMM HOBYIO NepeMeHHYIO

= t/t, u Bce mponeccul OymaeM paccMaTpuBaTbh Ha HHTepBase (0<Ct<C 1),
noJsarast y (f) =y (tor) =y (tr) u x () = x (frr1) = x(7), a TakKe Humes
B BHIY, UTO '

dt* =f3dv u
o (t) dtx = t0§§ o (<) d=*.
0 0

cL/}r‘

I

[Ipomnrerpupyem oGe 4acTH ypaBHEHHs (7) n pa3. YuuTbeiBasi NpUBeLEHHBI.
COOTHOIIIEHHUSI, CBSI3aHHbIE C 3aMeHOl NepeMeHHoro, OyaeM HMeTb

y(T)+a"—1t0§y(”‘)d1+""+aot8f?--fy(«:)d:"=
0 0 0
f LR L ®
-_—‘bmtﬁ—m ”‘d”’”—{—-----}-btﬂ d‘”
Bk, e

ITepeiinem k muazoOpaxkalomuMm BekTopaM. Ilo Teopeme 00 wnzoOpaxKeHHU
uHTerpasa [1] Moxkem HanucaThb:

f"'f‘P(T)d:"“*jK'?’ ()
0 0

rae ¢ — uzobpaxkaomui BekTop QyHKUUH @ (T),
a J — marpuia WHTErPHPOBAHHUA BHIA
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OGS (LA o i e RN L S N
2 3 8 K(k—2)
—V2 0 1
1 il | 0 xr
/=Z 9 9 . (10)
e 0 1
K—2 x—2

Takum ogf)asom, JIs1 M300PaXeHUil 10aAYyUYuM
[E + @n1 (to]) +- - -+ @y (E)"! - ag (1])"] ¥ =
= (£J)" =" [boE ++ - - + by (£J) ™1 + b (£))™] X,
OTKyJa (OpPMaJbHO HAHAEM
¥l (£e/)" ™ [bmE + - - - + by (£0/)™] X
E+4ana(ted) 4+ -4 aq (L)

rae £ — eanHuuHass MaTpula.
TakuMm 00pa3oM, MCKOMBIH MAaTpPUUHBIH OnepaTop MMeeT BHJ

P oM (Lol )iT B E v - by (£,7)7] e
E+4 apn1(te]) +---+ao(tyd)"
= [E+an-1(te)) + - +ao ()" ] OpE+ - - - + b, (L) ](E))" ™. (12)

[Tokaxem, uTO CTpPyKTypa MaTpuyHoro omnepatopa (12), sanucanHHOTrO

B BHAe APOOH, NOJHOCTbIO COBNAJaeT CO CTPYKTYPOH TaK Ha3biBaeMON Hi-

BEPCHON TlepelaToyHOH (YHKUHH paccMaTpHBaeMOH IHHAMHYECKOH cCHCTe-
mbl. [lepenatounass ¢gyHkuus paBHa

W (o) ORI PR e U

D aasipr e A a,

Boinosnum 1po6HO-AnHeliHOe Npeobpa3oBaHHe KOMIJIEKCHOH NepeMeHHOH p

, (11)

n>m. (13)

no gopmyne p = 37 ,B pesyJsbTaTe OECKOHEYHO YJaJeHHas TOuKa MJIOCKO-

CTH p NepeyieT B Ha4aJ/Ja0 KOOPJAHHAT MJOCKOCTH 2 U HAa060pOT.
PyHKLHIO
i D e ke £ «o o+ bz
2 14+ ap—z+---+ap2
OyneM HasblBaThb HHBEPCHOH nepematouHol dyHkuwuei. Jlerko BujeTh, 41O

ecan BMecTo z B (14) moactaButh Mmatpuuy £,/, TO MOJYUMM MATPHUHbII
oneparop (12), T. e.

A =W*(£,J). (15)

Takum o0pasom, CBI3b <«BXOJ— BBIXOA» JJIsi JIMHEHHBIX CTalHOHAPHBIX

CHCTEM CO COCPEIOTOYEHHBIMH TIApaMeTpaMH, B CMbICJAE MeToxa H306para-
IGIMX BEKTOPOB, ONpefenseTcss COOTHOLIEHHEM '

Y =W*(£,J)- X. (16)

Marpuuy W* (f{o/) 6yaem HasbiBaTh MaTpPHileidl npeoOGpaszoBaHHs JIHHEHHOI

JUHaMHuyecKod cucteMbl. OHa Hrpaer Takyio e poJb, YTO H MeperaTouHas

(pyHKIHSI B onlepaTOpPHOM cooTHoweHuu (4). OTciona caeayer, uTo Bce npa-
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BHJIa IIpeo0Opas3oBaHusi CTPYKTYPHBIX CXe€M COXPAHSIIOT CHJY IIpH 3aMeHe
nepefaToYHbIX (DYHKUHH 3BeHbEB HX MAaTpPHIAMH NpeoOpaszoBaHus, a CHI-
HAJIOB — COOTBETCTBYIOLUUMH BeKTopaMH. HeHyJeBble HauajbHBIE YCJIOBHSH
B paccMaTpUBaeMOM MeToJe JIerKO MOTYT ObITb yuTeHbl IyTeM HHBEPCHH
COOTBETCTBYIOLLEr0 ONepaTOPHOro BbIpaxKeHHs, COCTABJCHHOIO € YUETOM HA-
YaJbHbIX YCJOBHH.

Cnenaem eute oaHo 3ameuanue. [Ipum BbIBOZE OCHOBHOIO COOTHOLICHHS
(16) wmcnosb3oBasach MHOTOKPATHO JIMLIb OJHA Ollepallusi HHTEPHPOBaHMUS,
IO3TOMY CJeAyeT OXKHAATb BBICOKYIO YCTOHUYHBOCTb MeTOJa K IOrpelHo-
CTSIM MCXOJHBIX JAaHHBIX. HakoHen, oTMeTuM BaKHOe CBOMCTBO paccMaTpu-
BAEMOTO TIPE/ICTaBJICHHS, NO3BOJISIONICe BECbMa TPOCTO OUGHHTH Tepepery-
.’IHpOBaHHe—Ba}KHeHuIy}O XapaKTepPHCTHKY KauecTBa INepexopHoro mnpoiec-
ca. TIpocTpancTso PIBOOp?)Ka}OulPlX BEKTOPOB [? HM30METPHUHO THJIbOEPTOBY
npoctpaHctBy L7 (0,1), T

lyl? = () (R d= =1 VIE= (V. 7). (17)

[Tostomy coraacHo [2] MOXKHO HanucaTb
lyn =V, )< S max |y (<)l (18)

Ecnu y(z) — nepexoaHass XapaKTepPUCTHKA, TO NMePEeperyiupoBaHue HMeer
OLEHKY CHH3Y
VY, Y)—y(t,)
g% > 100.
! y ()

Y (to) = lim y (£) = W (0),

{ »00

[Mockoabxy

=3 u,

K=

rae W (0) — 3nayeune nepenaTouHoll ¢GyHKuHH cucreMbl npu p =0,

ay.(k=0,1, ---m— 1) — KOOpAUHATBl H300pakKalOIEro BEKTOPa
Y, 1. e. kospPuuuentsl Pypbe nepexopHOd XapaKTEPUCTHKH B PA3I0Ke-
Hud mo noauHoMam Yeboiwesa | pona, okoHuatebHO OyaeM HMETb

m-—i

R, iy
S g — W (0)

9% > ‘ -100. 19
it W (0) (16)

CresaeM 3aMeyaHHe OTHOCHTEJNbHO BbIOOpa BesHuuHbl ¢, Ecanm a ectb
a6CcoOJMIOTHOE 3HAUEeHHe BelleCTBEHHOM uyacTH OJiHKaliero K MHHMOH OCH.
KOpPHSI XapaKTepPUCTHYECKOTO ypaBHEHHS CHCTEMBbI, TO

=4

a

ty=

BeJHuHHY @ MOXKHO OnipefesuTb Mo ciocoly, ykazaHHomy B [3].
Paccmorpum npumep. CHCTeMa COCTOMT M3 JABYX NapaJljlesbHO COeMH-
HEHHBIX 3BEHbEB C CYMMapHOH mepeaaTouyHOH (yHKLHeil .

: 6p ; £ ,
W A 4 , A 20
o o P LQ%FE) W
: 9 ,

/
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[IpousBeseM pacueT NepexoJHOH XapakTePHUCTHKH CHCTEMbl MO IpejJaraec-
momy Mertoay u TposepuM ¢opmyay (19). Tounoe BbIipazKeHue JAJsi mnepe-
XOJAHOH XapaKTePUCTHKH HMeeT BH/{

3
y(t)=2e—'sm3t+%(1—e 2’). (21)

HaiiteM HHBEPCHYIO MIepeaTOUHYIO (YHKIHIO
) 62 : 9z
s 5 HE =
(1 +2)% 4 92° 4<1+iz>
2

W*(z

BeanunHa a paBHa eAuHHLE, YUHTHIBas 3HAUHTEJIbHYIO KOJ€6ATENbHOCTH
npouecca, npuHumMaem fo =4 cex. MaTpuly HHTErpHpPOBaHHUS, KaK 3TO

crenyer u3 dopmyast (10), npeacrasum B Buae J = VT N,
N03TOMY

Lol =4 =
Marpuua npeobpa3oBaHusi paBHa

A
W* (£,0) = W* (J) = [E 4+ 2J, + 10J2]-1 6/, + %[ E+ -g— 4 } &

[Tockonbky ik 3
x)=1#)~V2e=Vz(1,0,0:-0,::"),

NOJYYUM CJelylolllee BblpaxKeHHe A/ H300pazKalollero BeKTopa Iepexoj-
HOHM XapaKTepUCTHKH:

1

Y =W*(J)V2e =[E+2J, +10Ji]-' 121+ 92-[ E+ -g— A ]_ n,
L He

n=éJ1V§el=(V§, A SO 0 ) RS

Jaa marpuubl J; nopsigka 8 X 8 pacuerbl Aalor:
Yi=|[E +2J/;+ 10J}]-'-12% =[0,262; 0,345; 0,179; —0,03;
—0,275; —0,372; —0,134; 0,067];
9

2] ;
Yiges E(E+ % r 8 ) v =[1,612; —0,59; —0,335; —0,157; —0,048;

—0,014; —0,003; —0,06006];
Y=V, + Y:=[1,874; —0,245; —0,156; —0,187; —0,323;
—0,386; —0,137; 0,066].
ToueuHnslit n306pakaioulHil BeKTOp onpeaeautcst popmyJaoit [1]
Fhiegd ¥

rae / — UHTepNnoJsSILMOHHAS MaTpHUA.

Koopaunater Bektopa Y/ ecTb 3HAueHHsI TepeXOQHON XapaKTepPHCTHKA
y (t) = y (tot) =y (1) B Hyaax noauHoma 7T (t). Pesyabratel pacuera
npuBeleHbl B Tabuauue., B mocaeaHed cTpoke NMOKa3aHbl TOUHbIE 3HAUEHHS
y (t) B y3nax MHTEpPNOJHPOBAHHUSA, NMOJACUHTAHHBIE TO BbIpaxKeHuwo (21).
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Kak 1 caenoBaJo 0XHAaTb (TaKOBO CBOHCTBO BecoBOH (yHKuuu YeObiue-
Ba), 3aMeTHBbl PA3JIHYHS B CPeJHHe HHTepBaJa, OAHAKO HHIJAE OTHOCHTEJb-

Hasi omKr6Ka He NpeBOCXOAUT 3%, UTO BHOJIHE NPHEMJEMO /51 HHKEHEePHbIX
1eJeH.

Tab6auna

t;=4r;, | 0,0384| 0,3370 | 0,8388 | 1,6098 | 2,3901 | 3,1111 | 3,6629 | 3,9615

YT 0,305 1,796 1,479 0,928 1,618 1,453 1,446 | 1,5

y(f) 10,305 1,801 1,455 0 950 1,580 1,462 1,442 | 1,5

Ecau ke yuecTb CJOXKHBIH XapakTep HCKOMOH KpHUBOH (Ha paccmaTtpu-
saeMOM HHTepBaJie KpUBas COBeplIdeT yeTblpe KoJeOaHHS OKOJO YCTaHO-
BHUBILIErocsi 3HaueHHs), TO TOYHOCTb NPHOJHKEHHSI BOCEMbIO UJEHAaMH pas-
JIoKeHus1 o noamHomam YeOwoimeBa | poaa cJjaeayeT CUHTATb BbICOKOIL.
ITposepum ¢opmyay (19).

Hnmeem

Iy

P e s
=V JH=V39=19.

A==0

Maxkcumy™m y (¢) paBen 2 u pocruraercs npu ¢ = 0,509, nostomy:HepaBet-

ctBo (18) B maHHOM ciaydae oKasbiBaeTcsi nouyTH paBeHcTBOM. Ouenka (19)
naet ¢ >31,4% (0 =233,3%).
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