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6 

OBLIJ,AH XAPAKTEPMCTMKA PAEjOTbI 

A K T ~ ~ ~ H O C T ~  TeMbI. A ~ c c e p q m  IIOCBRmeHa pi13pZt60l'Ke MaTeMa-  

THYeCKHX MeTOAOB YlTpaBneHAR AUHaMKYeCKHMA CHCTeMLLMH C IIOMOUJbK) 

AEiHaMHYeCKHX PerYJIRTOpOB B YCJIOBHHX HeIIOJIHoft H H ~ P M & ~ A A  0 nap& 
MeTptLX &eKT8 A XapaKTepHCTHKLLX ~ ~ ~ ~ c T B J ' I O ~ E M  B 0 3 M m e ~ H f i .  

3aAaga HBJ'IReTCR OAHOfi u3 GaMbIX IIPUOPHTeTHbIX I I p 0 6 n e ~  MaTe- 

M ~ T A Y ~ c K o ~ ~  TC?OpHU YIIpaBJIeHKR, IIOCKOJlbKy I'JIaBHbIM MOMeHTOM B II0- 

cTaHOBKe 3 W a Y  C O B ~ ~ ? M ~ H H O ~ ~  TeOpHH YIIpaBJIeHUR cTaH0BUTW OTpa>rceHAe 

~e+&iqHTa H H & ~ ~ M ~ I I , H U  06 ynpaBJ IHeMoM 0 6 Z e K ~ e .  B C B w U  C 3TUM II0- 

msnm H HOB~IB pa3~en - ~ e o p u s  "p06ac.raoro" y n p a s n e H a x .  

PO~WTH~IM IIPAHRTO Hil3bIBaTb JTIPaBJleHHe, O C ~ e C T B J I R e M O e  Pe ryJ IR-  

TOPELMA, KOTOpbIe C I I O C O ~ H ~ I  06€!ClTi!¶HTb BbIIIOJIHeHUe q W H  YlTpaBJIeHHH B 

YCJIOBUHX KELKo#-nA& HeOnpE!AeJIeHHOCTU B OIIHCWUU &eKTa. 

B UCCJIeJr.J'eMbIX B A ~ H H O ~ ~  p a 6 0 T e  KJIaCCaX CUCTeM YIIpaBJIeHAR 3Ta H e O I I p e  

AeJIeHHOCTb IlpOHBJIReTcR, B SLICTHOCTH: B BUAe OTCYTCTBUR XfLpaKTePHCTHK 

BHeIIIHerO B W M Y ~ e H A H ,  H ~ I I O J I H O ~ ~  a lTpAopH0f i  A a I I O c T e p H O p ~ 0 f t  U H + O ~ M &  

UJiU 0 T e K y q e M  COCTORHHSi 06 'beKTa,  HWXAYHR H ~ T O Y H O C T ~ ~ ~  B MaTeMaTWSe- 

CKOM onucariuu &e~m, n o M e x  B c u C T e M e  muepemn B ~ I X O A H ~ I X  AaHHbrx  

y n p a B m e M o r o  o&be~~a.  
O A H O ~ ~  U 3  OTJIHYHTeJIbHbIX O C O ~ C ? H H O C E ~ ~  I I ~ o B ~ , ~ ~ H H o #  pabo.rb1 RBJIR- 

~ T C R  TO,  TO B ZQMKHYTOR C u m e M e  "ynpmn~e~brtt &e~T1) - "perynsr~op" 
YYHTbIBaKYrCR BWMOXHbIB B H y T p H H H e  H BHeIIIHWe B03MYLqeHHR B AAHa- 

~ n s e c ~ o t t  0 6 p a ~ ~ o B  C B R ~ U ,  YTO a M e e T  Ganbrnoe s ~ a ~ e ~ u e  A ~ R  o c y q e c T m e  

HHR ~ 0 6 1 1 ~ ~ ~ 0 r 0  J'l'IpaBJIeHHR ~ ~ K T O M .  

B ~ O J I ~ U I H H C T B ~  U3BeCTHbIX ~860T IIO C03AaHHIO CHCTeM aBTOMaTHS& 

CKOm peryJIHp0BaHHH pX3MePHOCTb IIOJIYgMMblX pt?rYJIRTOPOB P a B H a  pa3- 
MePHOCTA BeKTOpa COCTORHHH YIIPaBJIHeMOrO 06'beKTEL. B AHCCepTaqHOH- 

HOB p&Te ~ ~ Y e H b I  peryJIRTOpb1,  A M e I O q H e  P83MePHOCTb, YMeHbIIIeH- 

HYIO H a  pX3MePHOCTb BbIXOAHOI'O BeKTOPa &eKTEL, s T 0  BeCbMa B a X H O  

&JrH T ~ X H H ~ ~ C K O ~ ~  p~WIK3aUJiK CHCTeM aBTOMaTUYeCKOr0 YIIpaBneHHR. 

B nOCJIeAHAe W b I  aKTHBHO P a C C M a T p U B a W I ' C R 3 ~ a S H  yIIpaBJIeHHH &c- 
KOHeYHOMepHbIMH 0 6 ' b e K T a ~ H .  OCHOBH~IM M W O M  UCCJIeAOBaHUR 6 ~ ~
HeYHOMePHbIX O ~ % ~ K T O B  RBJIRel"l'R MeTOA, ZQKJIK)Y~K)~A#CR B p a 3 n O X e -  

HAM ACXOAHOB CHCTeMbI H a  I'aPMOHHKH A ~ P ~ C ~ I B ~ H H A  BbICLLIBX mpMOHWK 

(HJIA H e ~ o ~ e ~ r I i p y e ~ o f t  YMTU). OAH~KO PaCITpOCTpaHeHHe MeTOAOB YITpaB- 

JIeHHH KOHe'lHOMePHbIMU &~KTZLMH H a  & C K O H ~ ~ H O M ~ ? ~ H ~ I ~  CACTeMbI IIO- 
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pOXA8eT p R A  TPYAHOCT~B, TBK KfLK Hey¶?iTbIBBRMbIe B 38KOHe yIIpl lBneHHR 

BbICIIIUe FaPMOHHKU MOryT  BHeCTU B COBOKYIIHOCTU n t ~ ~ l f  B K J I W  B A B U X B  

E R e  ~ ~ M K H J P ~ P O ~  CBCT~MOR, K O T O ~ ~ I #  cAeJIaeT ee H ~ Y C M ) ~ H B O # .  B AUCCepTa- 

~ H H  A ~ ~ T C H  pemeriue 3 ~ a ~ u  Hm-yupamemm &KT&MH c 6 e c K o ~ e w ~ ~  
PHCJIOM CTeUeHe# ~ B 0 6 0 A b I ,  B PaCTHOCTA, 0 t X U C b I B B K ) ~ W  YpaBHeHHRMA B 

YacI.HbIX nPOB3BO,l(IiblX, A I I ~ A J I O X e H O  PeUIeHEIe B KJIaCCe KOHeqHOMePHbIX 

@H&MHSeCKEM. ~ T Y J I R T O P O B  '?I0 ~bIXo,i$. 

I. I I O ~ P I H T ~  KJIW , q u ~ a ~ m e ~ K B x  perymmpo~ p e ~ b m e ~ ~ o i  ( r i a  p 
MepHOCTb B ~ I X O A ~ )  p B 3 M e P H F E I ,  O & X ~ ¶ H B B I O ~ X  BbIIIOJIHeHHe Hw- 
KpUTepUH B YCnOBHRX A ~ ~ ~ C T B H B  BHelIIHIlX B ~ ~ M Y L ~ ~ H M #  U B O 3 M Y U p  

HA# B &P~THO& CBWH ~ ~ M K H ~ ' T O #  CHCTeMbI. 
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~cOJIKYTHO& ~CTO~~YUBOCTU,  a T a K X e  MeTOAbI PUCJIeHHOM) MOAeJiUPOBaHUH 

B n a K e T e  MATLAB. 

Haywas HOBST3HI. B ~ ~ H C C ~ ~ T B ~ U O H H O Z ~  p&CYIE IIpeAJIOXeHbI HOBMe 

aJIlWpUTMbI JTIpaBJIeHUH KOHeYHOMePHbIMH CUCTeMaMH B YcnOBHrnt aDpU- 

op~ofi u a r I 0 C T e p U 0 p ~ 0 f i  H e o n p e A e n e H H o c m  a n a p a M e T p a x  obrbe~m c ~ m -  
MyIqeHliLRMU B 06pa~~ofi  CBIE)EI ~ ~ M K H P O #  CIlCTeMbI "yIlpaB.JIlle~b1fi 06%- 
~ K T "  - *P~~"~ ' J IHTO~"  U KOHKPWHbIMU T ~ ~ ~ ~ B ~ H U R M U  K KZLYeCTBeHHO - YUC- 

JIeHHhIM XapaKTepUCTHKaM 3aMKXiy~0f i  CUCTeMbI ( P & ~ M ~ P H o C T ~  Pf3rYJIRTO- 

pa, 6 m 1 c u r ~ a ~ r  C T ~ ~ U J I H ~ H ~ ~ ~ M O C T ~ ,  H m - ~ p U ~ e p & i B  C 38ABHHhIMn nap& 
~ e ~ p i b ~ n ) .  Y C T ~ H O B J I ~ H ~ I  TeOpeMbl  0 peIIIeHUU 3k44Wl H m - w p a R n e ~ U H  U 

a6canm~oZf cTa6nnmaquu. bnyuesa u &rroaaaa npoqeAypa nomxe- 
HUH pa3MepHOCTFi IIOJIy9eHHbIX peryJIHTOpOB. C @ O ~ M ~ J I U ~ O B ~ H ~ I  H AOKa- 

3aHbI  YCIIOBHH, I IpU KOTOPbIX IIOJIy9eHHhIe KOHe9HOMepHbIe JlJiHaMHYeCKtie 

peI'yJIHTOpb1 IIO B b I X O w  0 6 e c n e ¶ u ~ m  BbIIIOJIHeHUe Hrn-Kp?i~epU5i AJIR 

mUpOKOM KJIaCCa ~ W K O H ~ Y H O M ~ ~ H ~ I X  ~ K T O B .  

~ ~ ~ K T X F I ~ C K ~ S  IJeHHOCTb. ~ O J I ~ Y ~ H H ~ I ~  B f lFiCCepl%~UU pe3yJIhTaTbI  

MOrYT 6 b 1 ~ b  UCllOJTb30BaHbI KaK &lIH YnPaBJIeHHH KOHe9HOMepHbIMH, TBK 

U PaCnpeAeJIeHHbIMU CUCTeMaMM. ~ P H  3TOM 0 6 ' b e K ~ b I  YITpaBJleHHR M O r P  

rIOABepKLThCfI HeU3MepReMOMy BHeIIIHeMy B03MYLqeHUIO H ~ U ~ B ~ C T H O B  lTpU- 

pOAb1, HMeTb HeOl7peAeJIeHHbIe ~ W I U ~ e f i ~ h l e  BHyTpeRHHe  6 n o ~ u  U, h e i ?  
TOI'O, MOrYT 6 b 1 ~ b  IIOABepXeHbI B 0 3 M Y ~ e H A R M ,  A ~ Z ~ C T B Y I O ~ M M  B U3MepH- 

T m b H b I X  ~ c T ~ O ~ ~ C T B ~ X  y l T p a ~ n s l ~ 0 ~ e f i  CUCTeMbI, B YXTHOCTU, - &lIR aK'l!J'- 

L ~ J I ~ H o ~ ~  B H a C T O R ~ e f 3  BpeIvfH 3aAaYFl C03AaHHR CUCTeM aBTOMaTUYeCKOr0 

yn?aBJIeHAR BbICoTHbIMU COOPJ'XeHUHMU B C ~ # C M A ~ ~ C K U  OnaCHblX 3 0 H W .  

H~MC~JIOB~JKHO,  YTO IIOJIyYeHHbIe peFyJI5TTOpbI UCnOJIb3YKX B KaYeCTBe 

~ e K y 1 q e f t  U H @ P M ~ U H  H e  IIOJIHYIO A H @ P M ~ ~ U D  06 &KT'.?, a TOJlbKO 

H ~ K O T O P ~ I ~ ~  B ~ I X O ~ ~ H O ~ ~  IIpOqeCC. 3TO O T p a X a e T  P e U b H b I e  B03MOXHOCTU1 

meroqaecs npn y n p a B n e H m  MHorHMn CIIOXH~IMU ~ ~ K T ~ M W .  

f l p e ~ J I a r a e ~ h 1 e  peI'ylf5lTOphI UMeIOT P&3MePHOCTb, YMeHbIIIeHHYW H a  pa3- 
MepHOCTb BblXOAHOrO BeKTOPa d ' b e ~ ~ a ,  YTO BeChMa BbIMAHO C TeXHHYe- 

CKO# TOVKU 3peHUR n p U  IIpOeKTUpOBaHHU U U3rOTOBJleHHH yIlPaBJIRIOWUX 

CUCTeM I lpU OIIpE!~eJIeHHbIX TeXHUVeCKHX OrpaHU9eHURX H a  HX CTPYKTYPY. 

W ~ J I O X ~ H H ~ I ~  3AeCh P e ~ J I R T O P h I  P ~ ~ O T ( L W P  B PeaJIbHOM BpeMeHU U J I e F  

KO peWIFt3yeMbI K O M I I ~ K Y E ~ H O B  U ~H~JIo I 'OBO# 'I'~XHUKO&, q T 0  T a K X e  OTB€'- 
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Arrpo6- pe3yJIbTaTOB @OTH. Pe3yJIb~~~bl ~ I I ~ Q ~ I I ~ O B W X H C ~  H a  

~cepoccufic~ax H M e ~ B P O A H b I X  K O H * ~ ~ H ~ H S T X ,  T8KHX) K&K ' Y c ~ o f i 9 H -  

BOCTb H K ~ & ~ H H I I  HCVIAH~#HIJX CBCTeM 3mpamemd' (MocKB~), 'X~JIR- 
l i e h b ~ e  KOJIe6aHHs MeXaHH¶eCKHX CUCT~M" (H.Ho~mpo,q), H a  5-M MeX,ZtJ'- 

HapOAHOM CHMn03HYMe '%CVIEiHeiHbIe CUC'IEMbI ~ R l I t t l r U R  N0LCOS'Oln 
(Ca~~~ne~epGypr) ,  H a  ~e>yqy~apo,qiofi ~o~&pe~qr;r~ "Conference On 
Decision And Control" (@ropwa). 
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C~pyKTypa H o 6 m e ~  p&OTbI. ~ ~ H c c ~ ~ T ~ L ~ H o H H ~ ~ H  paboTa COCTOHT A 3  

9 e T b I p e X  ~ J I a B ,  BKJIIOS- B B e A e H A e  H 3aKJIIO9eHHe.  O6mtf 06'be~ p h b 1  

80 CTpaHHq,  BKJIIO9aJI 12 PACYHKOB H CnHCOK JIHTePaTJ'PbI H 3  75 HaHMeHO- 

B ~ H H ~ .  
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I'Ae %, 72 - 3 a A a H H b I e  ¶HCJIOBbIe K O ~ @ U ~ H ~ H T ~ I ,  I*, 1 2  - e,L(HHKY- 

HbIe M a T p H q b I  C o o T B ~ T C T B y I O q H X  p a 3 ~ e p H 0 ~ T e f i  ( ~ H B K  "J)' B (4) 6 y ~ ~ m b -  
HO 03Ha%C!T: "AJIR J I r o 6 b r ~  npOqeCCOB X ,  U, f, yAOBJIeTBOpIIIOI4HX (1) n p M  

yCJlOBAU ~ ( 0 )  = ~ f i .  

3wa4a y n p a B n e H m  3a~nm.rae~csr B cne ,uymqeM: ~ p e 6 y e ~ c ~  ~ a $ t ~ u  pe- 
ryJIRTOpb1 A 3  KJIiLCCa, J I H H ~ # H ~ I X  PeI'YJIRTOPOB, OIIHCbIBaRMblX APfHaMASC% 

CKOR CUCT~MO# BHAa 

w = aw + by, w(0) = wo, 
u = c u + d y ,  (7) 
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& = Af + Blu + B2 f + T [ Q f  + B3f - y], 2(O) = PO, 
(9) 

f = 1 2 f ,  

rAe 2 - BeKTOp COCTORHHR PerYJlRTOpa,  T - M ~ T P u ~ H ~ ~ ~  n a p 8 M e T p  A L ~ H H O ~ O  

K n a c c a  p e r y n a T o p o B ,  11,  l2 - nmiefi~bre o r p a H u s e H H b r e  o n e p a T o p b r  

BBOAUTCR B PWCMOTpeHHe BCIIOMOK3TeJIbHWi CHCTeMa "B OTKJIOH~HHRX" - 
C BeKTOPOM COCTORHHFI d = 5 -2, B X O N M  fi = '11-U* H BbIXO@M f = f - f*, 
rAe U* = Ilx, f = 1 2 2 .  C U C T ~ M ~  "B OTKJIOH~HHRX" HMeeT BUA 

i = ( A  + B212 + T Q  + TB312)Z + (B2 + T B ~ )  J, d(0) = ~o - 20, 
ii = -llZ. 

(12) 
Teopma  2.1. n y c ~ b  BbIIIOnHRIOTCR CJIe,LlJ'IOmEie YCJIOBMR: ~ ) C ~ I I ( ~ C T B ~ C ? T  

nOJIOXATeJIbH0 OlTpeAeJreHHOe pe lUeHUe  YpaBHeHMR PAKK~TH ( 1 1 ) ;  2 ) M a ~ -  
puqa A = A + B212 + T Q  + TB312 y c T o 2 t s u ~ a ;  3 ) A n ~  n e p e ~ a ~ o s ~ o f t  ~ Y H K -  

QUA Ik(p) CHCTeMbI "B OTKJIOH~HARX" (12) 
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B 52.2 pemmm 3 ~ 9 a  &cxnro~no# eTs6nnunaqnu y n p a a n r r e M b I x  cu- 
CTeM UO BbIXOm. h U i ¶ ~ T e J I b H 0 f i  O ~ H H O C T ~ I O  3AeCb  5IWBW'CH TO, ¶TO, 

pWXMaTpUBaK>TCH & ~ K T ~ I ,  B K O m b D C  H ~ . I I H H ~ # H ~ B  HeOlIpeAeJreHHOCTb 

IIpUCJ"l'CTByeT KaK B &KT~, TaK U B CUCTeMe U3MePeHHR BMXOAHOM) BeK- 

wpa &ern. 3a~ana a6ccxnroTHofi CT86nnmaqun peIueaa wn AOBW~HO 

m u p o K o r o  macca ~ e n u ~ e # n o m t .  I I p u s e ~  n o n y s a e M H e  perynmpbl me- 
H)T 'l'aKyr0 Xe CTPYKTYPY, 'ITO n B 3 8 A 8 9 U  Hoo-JTIpaBJIe~~~. 

Pacc~aTpusam~ y n p a a n R e M H e  no B- CHCT~MM B n A a  (1) - (3). 
~ P A Y ~ M  KOMnOHeHTbI BeKTOPa  f(t) = d(((t), ~ ( t ) )  E Rr Ul'paIOT p O n b  

~ny~pexxim ~oerqqenuti  B o 6 . a e ~ ~ e  (1) n B c u c T e M e  m M e p e m n  B~EOA- 

HbDC UepeMeHHbIX (2). < E @ - BeKTOp 3 H a ¶ e H n #  HeKOTOPOrO H ~ J I H H ~ ~ ~ H o M )  

onepampa $1 : I?" x R1 + Rd; q E R? - B e m o p  3 ~ a ¶ e ~ n #  n e J r u n e f i ~ o r o  

onepampa & : R" x R1 + R?. npn  TOM nenmefi~b~e onepawpbr n $2 

n p n H a w e m a T  H e K o T o p o M y  maccy K, n p n r e M  Ans nIo60ro 41 E K came- 
M a  (1) UMeeT UpU nIO6bIX Ha¶aJIbHbIX YCJIOBURx X() FN3111eHUe, OJIpeAWIeHHOe 

npH BWX t > 0. 
Onpedenenue 1. Ynpasnrre~ylo ,p iHaMuseCKyxo  CUCT~MY (1) 6 y ~ e ~  H* 

3 b l B a T b  ~ ~ C ~ T I ~ H O  cT~~uJ IU~RPJ '~?MO# no BbTXOAy (2) B KJIiiCW HC?JIHH~#H~IX 

o n e p a w p o l s  K, e m  c y w e C T B y e T  perynxmp swa (7), npawe sacru KO- 

TOPOM) H e  3MUCHT OT KOHKPeTHbIX H ~ J I u H ~ # H o C T ~ #  4i E K, (a  = 1,2), 
¶TO AJIH ~ B M K H Y T O ~ ~  CUC'I'eMM (I), (2), (7) n p U  JIIO6bIX HasaJ IbHbIX  

y c n o ~ n 5 1 x  (xo, wo) 6 y m  c n p a W u s b 1  cnepymque cocrrnomenurr: 

I'Ae W - BeKTOP COCTOBHAII PWj'nRTOP8 (7)) C(h) - HeKOTOP&l KOHCTaHT&, 

3 a B H C H I l 4 a  OT h = wl(xo, Wo), C(0) = 0. 
Onpeaenewe 2. E j y ~ e ~  PO BOP AT^, o n e p a T o p b 1  & n p n H a A J r e m T  

K l I X C y  K ( F )  B CHCTeMe (I), (2)) (7), I'Ae F - K B a A p a T U s H a H  @OpMa OT 

IIePeMeHHbIX (2, U, f),  e C n H  w R  llPOU3BOJIbHblX & Y H K ~ W #  ~ ( t ) ,  ~ ( t ) ,  f (t), 
yAOBJI€'TBOpRIO~UX n p U  B W X  t > 0 CooTHOUIeHAHM (I), (2), (7), CnpaBeA-  

n U B 0  HepaBeHCTBO 
. . 
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r A e  Ci,pj - HeKOTOpbIe  nOJIOXUTeJIbHbIe  KOHCTaHTbI. 

Tor~a  p e r y J I R T O p b 1  U 3  KJIaCCa (9) 6 y ~ y ~  P e u I a T b  IlOCTaBJIeHHyIO 3 a ~ y  
a 6 ~ 0 n m ~ o t 4  m 6 u n ~ 3 a q u ~  "no abrxo& (B c M b r c n e  onpeflenesun 1) 3a- 

M K H ~ T O ~ ~  c u c T e M b 1  (I), (2), (9) B K n a c c e  ~ e n n ~ e f t ~ o c ~ e g  (16),(17). 

B 52.3 I lpeACTaBJIeH O C H O B H O ~ ~ ~ ! ~ ~ ~ T ~ T  B T O D Q & ~ ~ G ~ B ~ I :  !2KHTg3wrw% 
---------- 

TOpOB ~ T O H ~ X ~ H H O #  P83MePHOCTM AJIR p e u I e H U R  3EIJ(aYU HOD-ynpa~ne~i i~  
u a6conm~ot4 cTa6unu3ar\uu. A a ~ a  npoqempa n o H u x e H u x  pa3MepHOCTFi  

PerYJIRTOPOB, nOJIYYeHHblX B 52.1, 52.2. P B ~ M ~ P H o C T ~  PerYJIRTOPOB IIOClIe 

I IpAMeHeHIlR 3T0ft npOqf?JJJ'pbI y M e H b U I a e T C R  H a  p a 3 M e P H O C T b  BbIXO,L(HO~ 

BeKTOpa.  

3a oceo~y npoqembr p a c u I e n n e H u R  6epe~crr npoqewpa Ann c n y g a c l  

OTCYTCTBUR B 0 3 M Y q e H M R  (?I 0) B 0 6 p a ~ H 0 f t  CBR3A) n p e A n o x e H H a R  B.A. 
BPYCUH~IM. B ClIY48R 7] # 0 3Ta, np04eAJ'Pa U M e e T  P R A  C y q e C T B e H H b I X  OCO- 

& H H O C T ~ ~ ~ .  O ~ O ~ H ~ ' I U M  " H € ! B O ~ M Y ~ ~ H H ~ I ~ ~ "  BbIXOA (2) CWCTeMbl (1) sepe3 
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I'Ae W = Ul + VKi'121'l, V = --a&! + 4, BbIIIOJ'tHReTCR YWTOTHOe 

ycnosue (14). 
Term peI'YJIRTOpb1 El UKnaCCil(22) 6 y m  PeIIIaTb IIOCTaBJIeHHYIO B 52.1 

3 m a Y y  H r n - p p a B J ' l e ~ H ~ ,  TO eCTb K ~ U T ~ P U R  (8) ~ Y A ~ T  BbIlTOJIHRTbCR AJIR 

~ ~ M K H Y T O #  CHCTeMbI (I), (2), (22). 
Teopeua 2.4. npEi BbIIlOAHeHAH ~ C J I O B Y ~ ~  VLeOpeMW 2.3 (C ~ B M ~ H O B  MBT- 

pH4HOl'O YpaBHeHkfR (11) H a  (18)) U ~ 0 6 a B J I e ~ U f l  ~CJIOBHB 4 U 5 meOpWM 
2.2 peI'yJIcITopb1 ?i3 Knacca (22) 6 y w  p e U I a T b  nocTaBneHHyI0  B 52.2 3a- 
Aasy dconmaoa cTa6~nmaqu~ (B c M b r c n e  onpe ,qeneHaR 1). 

B 82.4 IIpeACTaBJleHbI I IpHMepbI ,  U J I J I I O C r p ~ y I o ~ U e  ~ & + ~ K T A B H o C ~ ' ~  

IIpeAJIOXeHHbIX aRlWPHTMOB CUHTe3a Pel'yJIRTOpOB ~ T O H H X ~ H H O ~  p a 3 M e p  

H0CT.H B IlPUMeHeHHH K 3 W a q a M  ~ O ~ ~ C T H O ~ ' O  YIIpaBJIeHUR MeXaHUqt?CKH- 

MU CHCTeMaMH. B YBCTHOCTU, PaCCMaTPABBRTCX 3qa4a yIIpaBJfeHHR KOJ't€!- 

~ ~ H H R M H  AByX )TlpyI'OCBX3aHHbIX MWC. P ~ C C M O T ~ ~ H H ~ I ~  B 52.4 I I ~ H M ~ ~ ~ I  

UJIJIIOCTPHPYIOT, 4TO BO MHOI'UX CJT)'V%TX MOXHO aHaJIHTHYeCKH PeLUUTb 

BOlTpOC 06 YAOBIIeTBOpeHZiU 4aCTOTHbIX YCIIOBA~ meOpeMb6 2.1 U rneopWN 
2.2. 

B 82.5 IIpHBOflRTCR fiOKa3aTC!JIbcTBa TeOpeM E13 BTOPO# I'JIBBbI. 

B 'I'pe~befi rJIaBe H ~ c T O H ~ ~ #  AUCCepTaQHH p&CCMaTpHBat?l'CR =A& 
48 YIlpaBJleHUR KJIaCCOM ~ ~ C K O H ~ ¶ H O M ~ ~ H ~ I X  &C?KTOB C nOMOTqbI0 KO- 

HeYHOMepHbIX peI'yJIRTOpOB. P W C M ~ T ~ U B ~ ~ T C R  3aAWa yIIptlBn€?HHR Me- 

HUWCKHMH A I $ H ~ U ~ ~ C K W M H  CACTeMaMH, PaCIIpeAeJleHHbIMH B H~KOTOPO# 

O I ' P ~ H H Y ~ H H O ~ ~  o 6 n m  U OI IHCbIBaIo~UXCX A U ~ & C ~ ~ ~ H ~ U F L J I ~ H ~ I M U  )'paB- 
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TOMaTHseCKH BJIeKJIO 3a ~ 0 6 0 f t  U BbIllOJIHeHUe Hm - KpnTepHI I  AJIR HC- 

XOAHO# ~ W K O H ~ ~ H O M ~ ~ H O ~ ~  CUCTeMbI. &IS PeJlIeHHR K O H ~ ~ H O M ~ P H O ~ ~  3a- 
AW?i UCIIOJIb3yeTCX MeTOA CklHTe3a ~I'J'JISfTOpOB, P e I I I a E O ~ U X  3 a A a Y y  Hm- 
YIIpaBJIeHHR, I I ~ ~ A c T ~ B J I ~ H H ~ I #  B 52.1 BTOPO~~ r J I aBb l  A ~ H H O #  AHCCepTaQlin. 

T ~ K U M  06pa30~, paCCMaTpUBaIOTCR ~ ~ C K O H ~ ~ H O M ~ ~ H ~ I ~  y n p a B l l R e M b I e  

CHCTeMbI, O ~ l i C b I B ~ ~ H W R  YpaBHeHHRMU BElAa 

xi + *wiii + w?xi = bilu(t) + bi2((t), i = l . . ~ ,  CY,. 2 (Y > 0, (26) 
I'Ae ~ ( t )  E - YIIpaBJISIIOII@ IIpOqWC, c(t) E R' - BHeIIIHee BO3MyU&eHHe, 

Wi - YHCJlOBbIe K O ~ & $ A ~ U ~ ? H T ~ I .  

C A C T ~ M ~  BUAa  (26), B 'IXTHOCTH, nOJIyY%TCZ KaK OAHO 113 O I I ~ C 2 b ~ k i f i  

K n X C a  MeXZbHUWCKKX U ~ U ~ U S ~ C K E I X  CNCTBM, PaCIIpeAeJIeHHbIX B OrpaHU-  

9eHH0fi 06JIaC"U D c R" E i  OllHCbIBaIO~S%XCH A A C $ & ~ ~ ~ H ~ H & ~ I ~ H ~ I M H  YpaB- 

HeHURMU B 'IaCTHbIX nPOU3BOAHbIX r u n e p 6 0 n a = ? e c ~ o r o  T u n a  C KpaeBbIMA 

YCTIOBURMH. B SaCTHOCTFi, 60JIb1110ft KJ IXC TaKOrO p O A a  CHCTeM OnUCbIBiG 

eTCX YpaBHeHURMH BUAa 

W ~ ~ ( s , t ) + A W ( s , t ) + a ~ ~ ~ ( s , t ) = B ~ ( s ) u ( t ) + B ~ ( s ) E ( t ) ,  (27) 

rAe W(s, t) : D x R1 + EZP - ecTb O ~ O ~ ~ ~ H H C I ~  peureeue, B c M b r m e  

CoGone~a, ~ a n ~ o f t  ~ p a e ~ o f t  3wasn u K ~ K  + Y H K ~ U R  n e p e ~ e ~ ~ o f t  s mum- 
e T c n  3neMeHToM runb&p.ro~a n p o c r p a H m s a  L;(D). A - c a M o c o n p n x e H -  

H ~ I R  I I C M O X H T ~ J I ~ H ~ I ~ ~  H e O r p a H ~ S e H H b I f i  J I u ~ e f i ~ b ~ f t  O n e p a T O p  C o 6 n a c ~ b r o  

o n p e A e n e n H n  D(A)  r r n o ~ ~ o f t  B L2(D), B1 : R"' + Li(D) - nu~eft~brf t  
O I ' p a ~ U r e R ~ b l f t  OI IcpaTOp ,  B2 : d+ L;(D) - nCiHeftHb1ft O~PSHNS(?HH~I~~  

o n e p a T o p .  

&X y p a B H e H ~ f t  r ronepe . r ab1x  ~me6a~uZt ~ U K H  C OAHHM 3aKpeIIJIeHHbIM 

K O H ~ O M  o n e p a T o p  A o n p e A e n n e T c s i  CooTHomeHHnMu:  

D(A) = { ~ ( s ) ,  s E [O, I ] ,  w(O) = wr(0) = 0, w"(1) = wr"(I) = O), 
Aw (s) = w('") (s) . (28) 
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~ C K O H ~ ¶ H O M ~ ~ H Y I O  CHCTeMy (26) MOXHO 3WIHC8Tb B BHAe a 6 ~ ~ p a ~ T -  
H O m  p ~ C $ t ? ~ ~ ~ a l I b ~ ~ l ' O  ypaBHeHE5l  B ~ R J I ~ ~ ~ ~ Y T O B O M  n p o c T p W C T B e  6- 
KOHe¶HHX ~ o C J I ~ A O ~ ~ T ~ J I ~ H O C T ~ ~ ~  Tuna la. 

O n p e ~ e n ~ ~ ~ = c d ( ~ ~ , ~ ~  ,... ) E 1 2 , & = c d ( b i , , b i  ,,... ) E l 2 ,  i = 1 , 2 .  
T O r R a  CHCTebfy (26) MOXHO 3EbIIHC8Tb B BHAe 

rAe A H B - H e o r p a H u n e w H H e  o n e p a T o p a I  la + 12. 
060o~asa~ Z = ~d(3c', a, Z E l2 CHCTeMY (29) MOXHO 3anHCBTb B O p M e  
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l2 4 l2 O n e p a T O p  OpTOrOEILtnbHOM) IIPOeKTHPOBaHHH H a  3T0 lIOAIlpOcTpaH- 

CTBO. C nOMOJ4bK) O I I e p a T O p a  PN O C m e C T B J I R e T c R  AeKOMII03AqHR CHCT&Mbl 

(30) H a  -6' nOACHCTC?Mbl: KOHeuAOMepHyIO H ~ ~ ? c K o H ~ ~ H o M ~ ~ H Y I O  

Ann c n H T e 3 a  p e r y n n T o p o B ,  pemamlqux sz,;~~ry Hm-ynpa~ne~nrr Ann 
CHCTeMbI (39) C K p H T e p U e M  (37), HCnOJIh3yeTCfl pC?3yJ'IbTaT, I I O J I ~ ~ ~ H H ~ I #  B 

82.1 BTOPO# I'JlaBhl A ~ H H O B  AHCCep'R-IqHU. 
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