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e C MO.LI.EJUJPOBAHlf E ynPABJHIEMOM .LI.U HAMliKH rrvnnu 
TY­ n EPHO.LI.li4ECKMX BAPOl.JHbIX PEAKTOPOB 
.sa­
xra. 
aer	 PaCCMaTpHBaeTC5! aana-ia yrrpas neaaa n pOIJ,eCCOM npomsoncrsa nenmonosu nepI10,n:I1'-leCKI1M cnocofiov. 

CTpOl1TC5! MaTeMaTWleCKa5! Mo,n:eIih ,n:HHaMHKH rp yrmsr Bap0'-lHhI X peaxropoa . )J,n5! cornacosauaoro rpyn­Be­
KIJ,HOHl1pOBaHH5! TexHonOrH'-leCKOH nHHHH npezinoacen arrr oprr n« y n pasn en ns.

lli51' 
Kmoxenr.re crrona: ynpasncxue, UeJlJ!IOJl03a, MaTeMaTM y.ecKa51 MOL\eJlb, L\I1Ha M HKa, peaxrop 

BBE.II.EHH E 

TIPI1npomsoncrne uennronoasr nepaozm-recxav 
ICTH cnocofiov aapo-msre xornsr 06be,n:11I-I5!IOTC5! B .rex­
IOH ­ aonornsec x yro n HHHIO C nocn enoaar ensau» 06­

~ 3.	 cn Y)!(HBaIiJ1eM HX aa CTa,n:H5! X 3arpY3KH IIJ,enOH H 
XHMI1KaTaMH H Bbl rpY3KH uen JIlOn03H0I1 MaCChI. 

/eb- ,Qn51 1'01'0 -rrofis: MaTepl1anhHhle nOTOKH, Bxo,n:5I'IIJ,l1e 
B or n en BapKH 11 asrxonsume H3 Hero, I1MC,111 noc­14. 
T05l'HHhie apeveaasre xapaKTepl1CTI1KH, COCTaBn5!­Hm. 
eTC51' UI1KnOrpaMMa, TO ecrt, rparpax patiorsr KOT­

~ Jlb - nOB, KOTOphlH ofiecne-nr saer I1X nocnenosarern ­
llhlll BhIXOl \	 aa CTalJ,1111 3arpY3Kl1 11 surpyaxn [2]. 
3a,n:a'-la CHCTeMhl 06cny)!(HBaHl15! COCTOl1T B s u nep­
)!(HBaIl IHI ar oro rparpmca. Ho lJ,eMCTBl1e B03ivlYIIJ,e ­
HHI-i, TaKI1X KaK nanenne ,n:aBneHI1.51 r p eiouter o napa, 
BhIHy)!(,n:el'IHhle aan epacx n npouecca BapKI1 npn 01'­
xasax 060py,n:oBaHH5! CMe)!(HhIX np0I13Bo,n:CTB, ua­
py uren n s TeXHOnOrl1'-leCKOrO pernaiaetrr a, I13Mel-Ie­
iure xapaKTepl1CTI1K csrpss H XHMl1KaTOB, n pn soznrr 
K irapyurenmo rparpnxa p aoorsi Bap0'-lHhIX peaxro­
pOB, '-lTO CHI1)!(aeT np0113Bo,n:I1TenhHOCTh BapO'-lHOrO 
OT,n:eJIa. B [3] ,n:n5! ofiecne-ienua HHBapHaHTHOCTI1 
Ul1KnorpaMMhI K Kone6aHl1.51M napaverpos napa 
CTPOl1TC5I' KycO'-lHO-nOCT05!HHa5I ¢yHKUI15! pacxona 
napa. TIp l1 3TOM paccnarpaaaerca '-laCTHhTM crry­
'-laM, npn KOTOpOM nponcxomrr HanO)!(eHYIe He 60 ­
nee nsyx CTa,n:l1I1 BapKI1. He paCCMaTpl1BaeTC5! B03­
lVIO)!(HOCTb ssrxona aa pa 3rpY3KY HeCKOnhKI1X pe arc­
TOpOB o,n:HOBpeMeHHO, He YQl1ThTBaeTC5! ,n:HHaMI1Ka 
CTa,n:HI1 XHMH'-leCKI1X npeBpaIIJ,eHHM. TaKI1M oopa­
30M, He 06eCne'-lI1BaeTC5! HHBapHaHTHOCTb UI1KnO­
rpaMMhl no	 OTHOllleHl11O K nepe-racneaauv asuue 
B03MYIIJ,eHI15IM. B CB5I311 C 3Tl1M npennaraercs HO­
BhIH nonxon K Mo,n:enl1pOBaHI1IO 6e30naCHOM ,n:I1Ha­
MHKI1 ¢ YHKUI10Hl1pOBaHI15! TeXHOnOrl1'-leCKOH rrn­
HHH B npouecce BapKI1 uernnonoasr, OCHOBaHHhlH 
aa paCCMOTpeHl111 nocnenoaarensnocrn peaxropcs 
KaK ,n:I1HaMI1'-leCKOH CI1CTeMhl C nepevennori CTpyK­
Ty pOI1. 

© KI1PIlJlJlOB A. H., 20 11 

nOCTPO EHHE MOll.EJ1H 

PaCCMOTpUM caa -ran a 06IIJ,ylO nOCTaHoBKy sana­
LJI1 11 npezinoacma nozrxon K MaTeMaTHl [eCKOMy MO­
,n:enHpOBaHHIO CHCTeMhl ynpasnenna rpy urroii pc­
aKTopOB. IlYCTh n peaxropcs 06be,n:HHCH hl nocne­
nonar ern. ao B r exnonoruuecxyro nHHHIO, i - HOMep 
peaxropa , i = 1, ... , n. Jlp u :n OMpeaxropsi aar py­
)KaIOTC5! nocnenonarern.no HaLJHHa5I C n epsor o, B 
nopxnxe B03pa CTaHH5I I1X HOMCpOB, H UHKn WleCKI1, 
TO ecrt, nocne nocnezmero peaxr opa n 3arpy)!( aCTC.5I 
n ep asni H T. ,n:. TIpOIJ,eCC sapk n ,n:n5! Ka )!(J~O ro peas­
ropa MO)!( HO pa36HTh n a CJl e.n:YIOIIJ,lIc aransr: aa­
rpy sxa, XHMH'-leCKHC np capauiea a s . nu rpysxa, 
npocroii C uensio OCMOTp a. 1l0cnCnOBaTCJlbHOe 
oCyIIJ,eCTBneH Yle 3TYlX sr anos HU30BeM CTa}:(HCM C 
HOMepOM k, k = 1, .. ., N. B bl ,n:CJIlIM ar an XI1MHLJCC­
KYl X npeBpaIIJ,eHHH KaK ynpaBJI5IeMhlH C nOMOIIJ,hlO 
113MeHeHH5I napau erpos TeMnepaTypHo-Bp eMCHHO­
1'0 pe)!(I1Ma. Ocram.aue ar ansr 6y ,n:yT no ar ar sc s 
neynpaansexrsra H. 

Ilycrr., t::,i = [t ' _ 2; t 1 _ I] ' t::,'n k = [I 1 _ I; t i3J, 3k 3k 3k 3k 

t::,ipk = [t i3k ; t .: I]' t::,;Ok = [t 13k + I; t i 2] - npoveacyr­3k + 

KI1 BpeMeHI1, B r eaea ne KOTOphlX B i-M peaxrope 
rrpOHCXO,n:5!T k-e aranu 3ar pY3KH (3), XI1MH'-leCKHX 
npeBpaIIJ,eHHH (n), pa3rpY3KH (p) , npOCT05! (OCTaHO­
sa) (0), COOTBCTCTBeHHO, i = 1,2, . .. , n, k = 1,2, . . ., N 
TIPH 3TOM npOMe)!(yTKI1 t::,;3k' t::,;Pk' t::,;ok paCCMaTpHBa­
IOTC5! KaK He3aBI1C5!IIJ,He 01' ynpasneans H n orrara ­
IOTC5! nOCT05IHHhIMH. B03HHKaeT aan axa y n pa srre­
HI151' 3TanaMH XHMU'l CCKI1X npeBpaIIJ,CHI1H TaKI1M 
06pa30M, -rr o fi sr He nponcxozmrro suxozra aa pa s­
r pY3KY 60nee onnoro peaxropa orraoaperaen no. 
H HaLJC rOBOp5I, nano TaK y n pasnars npoueccoxi, 
LJT06hI BhITIOnH5IJIYlCb y cnOBH5I 

fj,; n t::,i+m =	 0 fj,i n fj," m= 0 (1)
pk pk ' p(k + 1) pI: ' 

r,n:e m = 1, 2, ..., n-i, i = 1,2, . .. , n-l , k = 1,2, . . ., N. 
Il epace ycnosne (1 ) aanp euiaer onnonpeven­

ayio pa3rpY3KY ,n:n}! peaxropos, Haxo,n:5I'IIJ,HXC5! na 
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90 A. H . Kuparuros 

01l1l0 11, 'k-H, CTa ,uHIl, BTOpOe - llJI 51 CJIy'-Ia51, x o r n a 

pea xr opu C M CH bUHIM11 HOMepaM11 yace BhlIlJn Il aa 
CJ IC1lY IOW Y IO, (k + I) -tO , crannro, a peaxropsr C 

OOJlbWH M H HOMcpaM l1 e w e HaX01l51TC51 aa npen sr­
nyrueri, k-H, CTa1l11IL <Da KT11 YCCKH nano aa c-rer pe­

ryJIllpOBUHIUI nonycrusror o Bp CM eHH BapKH ofiec­
ne-n rn, BhlflOJIHel-iHC YCJlOBH H (1). H a 30 BeM pe)I{(1M 

(jJY llKI H IOHH POBUlIWl rpynnu pe axropos 6e30nac­

IIbIM, e CJIH He npOI1CXO/\HT OllHOBp eM eH Ha 51 pas­
rpynca fionee 0 noro peaxropa. 

Moztennpyexn.iii npoue c c 11MeeT U11KJII1YCCKHH 

xapaxr ep. Bnencn BeKTOp crpyxrypsr Y = (Y 
I
, •. . , yJ 

CJIC.nYIOWIl M 06pU30M [4]: yi(t)= 1, eCJI11 i-n peaxr op 
ua: 01l IITC51 n CTa1l11 51 X ocworpa, 3ar p Y3K 11 11 X11MH­

y eCKHX rrpenpauien nii ; yi(/) = 0, ecnn i -H peaxrop 
JIa X01l IITC51 B CT a1l l1H pa3rpY3K11. Torna 6 c30rr ac HO ­

My pe)l{11My COOT BCTCTByCT BCKTOp crpyxrypu, 
HMCIOIll,Hli B KU)I{ ,ubI H MOM eHT BpeMeH11 He 6 0 JIe e 

ozuroii Hy JIeB Oi i KOM IIOHeHT bJ. I1p H 3T OM npOlICXO­

1l11T I10 CJICn OBaTellb HbI H llCp CXO,U 0 1' crpyxr ypsi, Y 

KOTOp OH Y = 0, K cr pyxrype C Y+ = 0 11 01' Y = 0
i i 1 n 

K Y1 = O. )laHl!y IO CI1CTeMY MO)JU!O OTHeCTH K KJIaC­

cy U HKJI W IeCKHX n r6 p lU \H bI X CI1CTeM [5], [6]. 
IlepeiiztcxiK KOHKp Cn naUI1I1 M01leJIH. E Y1lCM no ­

na rars, 'ITO llH Ha M I1Ka XIlM Il 'ICCKHX np eapamemni 
B i - M HCH:.lOTe pMH'ICCKOM peatcr ope nepH01lI1'IeCKO­

ro ,UciiCTBH5l B 6C 3p a3 MepJILIX nepeaennsix na k-H 
CTa.n1H1 aaziaer ca y p aBHeH1151 MH [1] 

1 I 

Xi= - Xi ~ ;;:: Yi = Xi~Y: + fJ i (yro-Y), (2) 

rne X i' Yi, fJ i , YiO - KOHIleH panna pea renr a, TeMrrepa­

r ypa, K0 3 <P<PHI\He HT 'rennonepcna-m, resmepar ypa 
CTe HK II COOTBeTCTB e llHO B i-M p eaxr ope. Tlpouecc 
sapxn B i-M peaxrope np01l0JI)J( a eT C51 no rex nop , 
nOKU KOllueHTp aUH 51 pearenra He CTa HeT M eHbwe 

nekorop oii noporoaoii BeJI ll'IllHh1 C. > O. H o yCJIO­

BI1C X ., - C.,= 0 M O)l{eT OKa 3aTbC51 « JIO)l{ H bI M» cn rna-
JIOM OKOH' IUHH 51 npouecca BapKII BCJIc.nCTBHe HC­

TO'I IIO CTIl H3MCPCHlIH, neonpenenena ocr n napa­
M eTpO B, B03M Y "\HIOIlI,IIX B0 3J1.eHCTBIIH . Y'IHThIBa51 

3TH 0 6 CT0 51T CJIbCTBa, npc1lJIa raCTC51 npanars peure­

HHIO 06 OKOH 'IaHHI1 npouecca BapKH HHepUHOH­

HLIH , n 0 3BOJI}{ tOw H H In6 e )l{ aT b nocnenmo cru xa­

p arcr ep. LlJI}{ 31'01'0 BB e.nCM nepeveanue z;' Y1l0B­

JTe T BOp 51 IOW l1e ypaBHCIl Il51M 

z. = x -c.. (3)
I I I 

Ilpouecc napx n B i -M peaxrope npezinaraerca 
npe x p a uran, B TOT MO MeHT Bp eMeHI1, xorna BbIfIOJI­

HI1TC5I YC.TT OBI1C Z . = d , r n e d. - 3a1laHHa 51 rrOCTOSlH­
1 I I ...... 

Ha ll . TO ecrt, B MOMCHT BpeMeHH Ii T aKOI1 , 'I TO 

~W = ; +~~ -~~ = ~ , ~ 
,0 

rne Z iO = z;(t,o)' t;o - Ha'IaJIbH blH MOMeHT BpeMeH11 

,tVUI ar an a XH MH'ICCK11 X npeapanieauri. DOJIaraeM, 

YT O ZiO > J, > O. ITPIi 1l0CT(1)J(eHI1H rrepeMeHH01I Zi 

3Ha'iCHII ll d;npo u ccc Bap KI1 n p c KpawaeTC51 , II p eaK­

TOp BbI Xo,n:IlT Ila pa3r p Y3KY. C M bICJI 3 To r o y CJIOBI1Sl 

COCTOliT B CJICnylOweM . B Ha'IaJI bHbIH MOMeHT Bp e ­

1-.leUlI 1 rrOJIar a eM Z o = Z .(t o) > d. ,IJ;aJIce B C11JIYnep­
I0 I I I f 

soro ypaBHCHH51 C11CT CM bI (2) rrepCM CHHa 51 x;(t) yfisr­
s aer K uyrno, II C nexoroporo M OMeHTa npeu cna 
pasaocrr, x - C CTaHeT n OCTa IlCTC51 orpn uar em­
HoH . Tor.na' nepevenaaa Z TaK)I(C 6 y -uCT YOb l Ban 

(K - co) 11 1l0 CT 11r HeT 3Ha'Ie flll51 d . Han us nc HHTcr ­

pana 06CCrre'I11BaeT llHCPUI1OH HOCTb rr pn n pIlH51­

T IlH peWCHIl 51 0 3aBep W eI-I11 11 CT a,LlIIH XH M11YCCKIIX 

npespaineaaii. T aKHM 06pa30 M, y p aBIle HH51 (2) sa­
naror .nHHa MH Ky XI1MHye CKIIX n penpauienu ii B i -M 

peaxr ope npn y CJIOBHI1 Z i > d; B TOT MOMCH T BpCMe­

HIl, xorna Z i = d, 3Ta CTa1lH51 3a Ka H'I I1Ba cTC>I II Ila'U I ­

HaC TC51 pasrpysxa. 

YCJlOBlHl CYlUECTBOBAHIUl GEJOnACIIOrO 
PEJKUMA 

PaCCMOTp lIM i-H peaxr op, TO ecrs cncrea y (2), 
(3), aa aexoropoii CT a1lH I1 k. H an ,ll cM rpannrn.i n p o ­

M e)KyTKa /).ink' xoropsre MO)l{I-IO 0 6eClIe 'I I1T b sa C'IeT 

peryJIl1poBaHI151 'resrneparypuo ro pe)l{lIM a na k­
CTa.nHH. O YCT h TCl\IIICp aT y p a B peaxr ope rrOCT0 51 H­

aa: y =y .Torzta 1I3 (2) nony-rae: I x (t) =X 'oC-a iV - liO\ 
l , 1 1 I 

rne X = x .(/ o)' a = e Y'. IT PII 3TOM 3aKOl:! H3l\leHC­o, " , - a x (t) 
HH5l xrranoarerrr a H Me CT BHA Y iO =Y 1 - - '- ' - . 

,IJ;aJIee 113 (3) nony-r aesc Pi 

z (t) = z - x ;O . (e- n, (I - I,I) -1) - c.(t - t ). 
, ,0 a ' ,0 , 

Ilycr s Ii - nepasni j\IOMeHT n p eMCIIH, B KOTOp bl U 

Z(t.) = d . B 31'01' MOM c n T 3aKaH'I I I Bae TCll nponecc 
B'apKH II 'Ha'III lIaCT C51 pa srpyaxa KOTJTa . H a i11le M r pa­
HHUhI 1I3M eUeHII51 Ii upn y CJIOBI1H, ' ITO r esurepar ypa 
B peaxrope y .nOBJIeT BOp 51 CT TeXHOJIOrl l ' l e CKIlM or­

p aU H'IeHII 51 M : Sf E [y . ; y. ]. 
DyCTb li (a ) - ¢yr'iKUHH~a'OnpC1leJJ51eM a51 ypasa e­

i 
HHeM 

z - X iO . (e-a,(I,-I'I) -1) - c (t. - t ) = d . (5) 
,0 a. " '0 , 

JJeJHJI1~. Pemenae Ii ypasnenna (5) Clll1HCTB CHHO 

npa BCCX 1l0nYCTHM bI X 3Ha'ICH115lX nap a xrer p oa. 

DPH JTOM t;= t;(a ) - y6hIB UtOru:a51 <PYHKl\I151.
i 

Ilo xasamen ecmeo. LlJI 51 rrpOCTOT bI 0603l1a llHM 

ai = a, d, = d, ci =C, ZiO =z o' xiO =xO' I;- l io = t . Torna 
(5) MO)l{HO aan a c ar s B BI-I.ne 

Xo - alh(t) ==zo - d -ct - - (e - 1)=0. (6) 
a 

,IJ;oKa )l{ eM e1lH!'cT BCH HOCTh pC m CHlI 5I I y p a s a e ­

HII51 (6). I1MeeM : h(t) = - C + xoe-Ol 
• Torna ecn n C ~ x ' 

O 

TO h(/) < 0 rrpn t ~ 0, 11 <PYHKUI-I}{ h(t) y o smaer. E C.Hli 

C < X ' TO h(t) B0 3paCTaeT 110 MaKc HMyMa B TO' IKCo 

t: = ~ 111 !.... ' a 3aT eM y61IBaeT. B 060l1x CJIy 'Ia 51X , 
a Xo 

nO CKOJIb KY h(O) = Zo- d > 0 II lim _ +", h(/) = - co, ypas­
t

Hemle h(/) = 0 I-IMeeT e.nI-lH CTB eH HOC peIlleH He. 

,IJ;oKa)l{eM y6hIBaHHe pemeHH 5l I(a) y p aBu c Hl lll 

(6) K aK <PYHKl.\111I rrapaMeTpa Q . 3 a rr lIweM (6) 

B BH.ne 2 - d - ct = Xo(e-nt -1) == q(t,a). (7)
0 a 

a = Q I' 

n pll i : 

Zo -

Qimin' a 
lillie Y 
B CII JT ) 

n y 
npesp 
Bp CM5I 

Tapa; 

aKTOp 

peaxn 
WIlOCl 

CTa,an 

spea e 
M.eHII 

l\l 1l' ICC 

unour 
OTCyT 

oonee 
CTa.IJJl 

)f(a JUI 

llOBH!i 

MCll hl 

1l1l1O, ! 
XO.EJ.5I U 

BH5I~1 

bY, 
3Ha'l C 

BeTCT 

pace)' 

Te. 

i = I 
t k ­

) +1 

I. B 
21 

2.31 
/II 

3. 1<' 
P 
n 

4 K 
<t 

5. H 
1 

6.~ 

1
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;(t) y 6 b l -
I 

3p CM e H H 

IwnCJIh ­

yOhlBaTh 

~ l'IJITCr­

npurr a­
Ill CCKHX 

~ (2) 3a ­

fl ii B i-w 
r Bp CMC ­

II na-ru ­

iro 

esry (2), 
Ub i npo ­
sa O ICT 

1 ua k­
OC TO~ H­

'!-a j(t - liOJ, 

fI3MCHC ­
a,xjet) 

J.l; 

). 

OTOp h l 11 

IPO I~CC C 

leMr a­
.par ypa 
(JIM or-

I p aBHC­

(5) 

TSCH IIO 

(eTpOB. 

lHalIHM 

. Torna 

6) 

p a BH C­

( c ~ Xo ' 

". E CJIH 

TOl l Ke 

Ylfa~x , 

•ypa B ­

lIeH H ~ 

:l\l (6) 

(7) 

ITYCTL teal)' t(a2) - PCWCHI1 5l y paBHCH I15l (6) npl1 

a = (/1' a = a2, a l > a2· Jlerxo noxaaart., -rr o ~~ > 0 

upn t > 0. Torna 113 (7) CJIeLl.y eT 

20 - d - ct(a ) = 9 (t(a) , a) > 
J 

>9 (t(a2), a) = 2 - d - ct(a2),0 

orxyna nOJIY lfa~l , -rro t(al) < tea) . flCM Ma 1l0 Ka3 aHa. 

IT OCKOJIb KY y E [y . : y ] a . E [a . ; a ], me
1 imm unax, I lini n l max 

a im;n' a - 3Hal I CHI1 5l napa ICTp a a, COOT Be T cTBy lO ­,max 

uine y . , y . Tor .a peui enae t ea ) ypaaneana (5) 
tm m Imax	 7 I 

B CI1JIY JIe M M hI YLl.OBJIeTBOp~eT yCJIOBH lO 

s ti(a) < ti(aim;).	 (8) t;Caima) 

n YCTb tk BpeM 5l aa-rana CTall11 11 XIIM l1lfeCK I1X io ­
npeapauteanii B i -M peaxr ope a a k-fi CTaLl.>Il1 ; /).+ ­

sp exrx, aar pa-mnaea oe Ha OCM OTp 11 3a l p Y3KY peax­
ro pa; 6.- - apev x, aar pa-m aaen oe na pa3rpY3K Y p e­

axropa. D OJIa r a e M , -rro 6.+, 6.- 01l l1Ha KOBhl JI5l acex 
peaxr opos aa sc ex CTaLl.H 5lX , "iTO lie Y M eHb w a CT 0 6­

ll\HOCT H nansneriuurx paccyacneana. D YCTh k-« 
cr anns Ll.JI 51 i-ro peaicropa a a-nntaerca B MOMeHT 

RpC~l e JII I tk 
- 6.+, a 3 a Ka H lfH Ba eTC5l D M OM eH T Bp C­

iO 
Me llll f + 6.-, rne r - BpCM5I OKOHlfallH>1 arana XI1 ­

M ll t l CCK H X npes paniea a n. ~JI 5l 6e30nacHor o cPYHK­

unoiurpos anus CI1CTCM bl peaxr cpos, T O ecr s ,n,JI 5l 

OTCy TCTB I151 CHTyalIl1H o,n,H OBp e Me H HOH p a 31pY 3Kl1 

60JIe e 0.nH01 0 peaxr opa, ,D,OCTaTOlfH O, lfT0 6 bl na k-fi 
CTa,n,lIH peaxr opsr C MCH b W HMI1 HOMepaMI1 pasr py­
iK aJIIICb pausure, T O ecr s lIT06hl BbrITOJIl!5lJIHCb YC-

k	 + A- < .k ' - 1 1JlOB Il5l t ; L\ 1 ; +1' I - , .. . , n - , a p e a KT ophl C 

Mellb W HM I1 H OM c p a M H, BblWeLl.WHC aa (k + lj-cra­
Ll.1II0, Ll.OJl){(H bl paarpyacar scs n03)l{ C peaxropos , H a ­

XOll51 llJ,lIXCH n a k-Hcraznnr, -rro paa uocnm.no YCJIO­
B [ k + A - < [ kl/ . - 1 1H 5ll\! ; -'-1 L\ j ,j - , .... n - , 

k
5 y .uCM 0 6 03Ha'-1 aT b xcpea xk;o' l'iO' y ki , xkiO ' '.«; ' a ; 

3Ha4 e HII 5l BeJl H lf l1H sepea x ' Y IO' )if' X iO, Xi ' a; COOT ­iO 

BeTCTB ClIHO na k-ll CT a jU Il1 . Tor na H3 npem.rnyunrx 
paccyzcztea nii norty xaen CJICLl.YfOllJ,HH PC3YJIhTaT. 

Teopesta. D y CTI:, CH CTCM a HepaBeHCTB
 

tk(a ) s tk stk(a .) t k + /).-< t k
 
I IIIWX I / imin/ ? j ) + 1'. 

i = 1,2, .. ., n, k = 1,2, .. ., N, j = 1, .. ., n - 1, 
t k + 6.- < t H I . - 1 1 I - 1 2 N 1} + I j , j - , . .. , n - , J( - , , ... , -

HMceT peutea ne r; ..., tn' Torna rpyrma nepnon n­
lfeCKHX p eaxr opos, 0 6bCLl.lIHClII lbIX B .rexnonoru­
-iecxy ro JIHHl1fO, 6 y ,n,CT HMCTb fiesona cnsni P C)l{H:VI 

cP y H KUHo H HpOBaH I151, KOTOpbl H M O)K H O nonnepsca­
a' x k(t) 

k - k I I 

san, C nov ouruo ynpaane ana YiO =Y, - ---. 
J.J; 

Ycmoiuueocms . H a HLl.CM y CJIOBr UI ycroiilfHB OCT H 

peWCHH5I Xi = xi(t) = xiOe-a,(t-liO),Y = Y; CHCTCM bl (2). 
i 

B COOTBeTCTBliH C [IJ, rzte B KalJ CCT RC cPYIII(UHH 

Jlanynosa 6b1113 B3 5ITa xsanpar a -nraa cPo p M a . Ll.0 ­

cr aro-nn.re y CJIOBI151 a CHMJITOTHlfCCKOH y CTO HlfH­

BOCTH peuienus, peanmyioutero 1130Tep M H lfCCKl1 H 

PC)KI1 M B peaxr ope, COCT05lT B cy llJ,CCT BOBaHH H 'ra­
KHX I10 CT05I HHh I X 0., fl, -rro 

p0.2+ 2qo.f3 + rf32< 0, 0. > 0, f3 > 0, 
2 ­

ai . ~~ ~ mep =-'- ' q=--- 2u r=-. 
- 2 ' - 2 • " - 2
Yi Yj v, 

Ilpn :HOM HCHCH O, sror yr JlH YCJlOBI15l (9) 

(9) 

BhII10JI­

H 5lTb C5l OLl.lIOBp e M CHHo, n OJ T o M y np0Ll.OJIiKIIM HC­

CJICLl.OBaHI1C YCTO HlJHBOCT U. ~JJ 5I BbII10JlHCHlf 5l nep­
aero yCJIO BH 5l (9) Ll.OCTaTOlfH O, '-1T06bl O,LlIlORPCMCIl ­

H O 6 bJJIH cnpanennaau Ue p aB CTlCT Ba 

q2_ p r ? 0, _q+~q2_ pr > O , 
"ITO paBHOC HJIb HO BbII10 JIHCHH fO ncpasencr s q < 0, 
q2_pr ~ O. 1 

> - 2 Y DOTClOLl.a I10JlYlfaC M , <ITO J.l i - X iOYi . e ' , OCKOJl bK Y, 

KaK llCTP YLl.H O noxaaar i., npas aa '-1 aCT b nocnenn ero 
HcpaBCHCT Ba, Ka K QJY llK lIH5I 01' 1;, HMCCT rn06 aJII, ­

lIbltj Ma KCI1M y M npn Y = 1, nocr aro-mu» yC JIOBHCM 
i 

zins Bb II10JIUeH H5l n OCJlCn,HCI' O ucpaseucrua 5lIW 5lCT ­

C51 j.1. > x · e " , 
I I o 

BbI BOJ],b1 

DpCLl.J10)l{eH I10 ,n,XOLl. K P CIIlCH H lO sana-m ynpaa­
JICHII5I rp yn noii aapo-rnsix pea xropos. Il pe noxcena 
cooraer crayiouraa MaTCM aTH lfeCKa 51 MO,n,CJl b , OCHO ­

BaHHa 5l na CHCTeMe C nepesrea aoti crpyxr ypoii. 
Ilpn 3TOM Y lfI1TblBa CTC5l Ll.l lIla MHKa npouecca sap­
KH, Ll.1l5l o n H CaH H 51 xoropoii IICIlOJl b3 0 Ba llbi npo­
CTcHwHe ypa BIICHH51. B Ll.aJl bHCHWCM CJlCLl.YCT pas ­
pafior arr. an r opnrer ynpaaneuas, BKJIIOlfa fO llJ,I1H B 

Ll.I1HaMl1lfCCKY fO CI1CTCMY 6 0 Jlbm Ce '1HCIlO napaver ­
pOB n pouecca BapKH . 
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