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1. B neneuae 

3ana'la cTa6H H3aUHH rrpouecca O'lHCTKH CTO'lHbiX Bon OT npousrur
JIeHHbI X C6pOCOB HrpaeT Ba)f<HYlO POJIh B np06JIeMe oxpa a sr oxpyacaioutea 
cpensr. B 1987 rony 6hwa C0 3n a Ha TaK HaJbIBaCMajj .W.Oa e A.b N2 1 O'lHCTKH C 

noaonrsro aKTHBHoro HJIa [1], KOTOpaJI CTHMyJIHpOB<l.Ila HCnOJIb30BaHHe Ma

eMaTH'leCKOr O MOlleJUtpOBaHHJ1 B np axr'axe HH>I<eHepHbIX paC'lCTOB [2]-[4] . 
CJIOIKHOCT h npouecca O'lHCTKH CTO'lHhiX BOll csxaaaa C PaJJIH'lHhIMH acnex
T a r.m 6HO:IO rH'leCKo r o , epH 3HKO -XH~lH'leC KOrO , TCXH JIOrH'lCCKOr xapaxrepa. 
TaK , aa npaxrep , IllHPOKHH cnexr p rr p H~leceH B CTOKax, KOJlH'leCTBO H COCTaB 

KOT Op hi X He CTaUHOHapHbI H 'rpyrmo nporuosnpyewu , OKa3bIBaeT HeraTHB

Hoe BJIHJ1HHe na B03MO>I<HOCTH HCnOJIh30BaHHJ1 HaH60JIee y H HBep Ca JI b HOr O Me

'rona O'lHCTKH CTOqHhIX BOn, KOTOphIM jjBJIjjeTC1I. B HaCT01l.l.Uee Bpe M 1I. MeTon 

OqHCTKH C nouontsto aKTHBHoro HJIa. CTOqHbIe uonsr np enc-rannmor C0 6 0 H 

MHoroKoMnoHeHTHhIH cy6cTpaT -3arpK3HHTeJIb, n T O npeMK KaK aKTHBHbIH HJI 

COCTOliT H3 MHOrOqHCJIeHHbIX r p y n n MHKpOOp aHH3Mon . 

B paoo'rax [5], [6] noxasano , 'fTO npa Hc60JIbillOM BpeMeHH otiopo'ra 6 HO

MaCChI B MHK poepJIOpe aKTHBH r HJIa rrpeocaanaior 6bICTpopacTymHe BH

nbI, rrpacnocotinemrsre K n OT p e 6Jl eHHlO JIe rKOOKHCJIKCMhiX coenaaemr ji . TI PH 

3 T01£ Men.neuuopa .ryume rpyrrmr, CneIIHaJIH3HpyIOll.lHeCK ua nOTpe6JIeHHH 

T p y n n o y c n OjjCM hl X coenaaeuaii, BbITCCHKlOTCjj H3 peax'ropa , B pe3YJIhTaTe 

xero 3TH coenaueaaa nonanaror B CTOKH, He paanaraacs. H ao60pOT, e CJIH 

BpeM5i 060pOTa 6HOMaCCbI 1l0CTaTOqHO BeJIHKO , T O B OtIHCTHOH CHCTeMe aa 
KpenJUlOTCK MenJICHHOpaCTYll.lHe r pynnsr. Ilpa 3TOM YBeJIHqHBaeTCK pas
xooopaaae 3aKpenHBIllHXCK BHnOB H ane npouecc rJIy6oKoH OqHCTKH. OT

~teTHM, 'ITO Heo6oCHOBaHHoe YBeJIHqeHHe BpCMCHH nperisraanax 6HOMaC ChI 

B a 3 p OT eHKe ysseasurae'r 3<p<peK THBHOCTb rrpouecca OtIHCTKH . B03lIHKaeT 

np06JICMa nOCTpOeHH5i MOneJIH , Y'lH T bIB a lOll.leH HenOCTOJlHCTBO aanosoro CO

C aaa cootirnec'rna MHKpoopraHH3MoB aKTHBHoro HJIa. B naHHOH pafio're 

npencraaaeu rronxon, aHOHCHpOBaHlIbIH B [7], K peuiemrro 3TOH np06JIeMbi 

aa OCHOBe npCnJIO>I<eHHOrO aBTopOM MeT On a nHHaMHtICCKOH nCKOMn03H UH H, 
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IIIJI E H H O H 
BblnycK 4 

OMl103HIUIH 
UCCA 
OQHhIX BOll 

O).

D'l HbIX Bon OT npousrur 
IC oxpansr oKpy>KalOl.llCH 

.X Mode.1b N! 1 OtIHCTKH C 

Ba .~a HcnO.l b30 n a HHC M 

uepaux paC'lCTOB [2]- [4 ]. 
a C Pa3JIH'lHhI M H acnex

O.10fll'leCKoro xapaxrepa. 
ax, KO.1H'l eCT BO H COCTan 

bI, OKa3bI BaeT HeraTHB

.tee yaasepcansno 0 Me

HaCTOll:IUee BpCMll MeTOlI. 

bI IIpeLlCT aBJIll:IOT C060H 

BpeMli KaK aKTHBHhl if HJI 

lOB. 

! Bpe ~ICH H 0 6 0 p OTa 6HO

r 6blCTpop aCTYlllHC BH 

icm rx COeJlHHeHH H. TI PH 

maccJI aa nOTpc6JIeHHH 

peaxropa, D peayns-ra-re 
arasci ; Hao60pOT, eC.1H 

B O'l HCTIIOH CHCTeMe aa

r on YBem PI Ha aeT C}! pas-

f ;l y6oKOii OtIHCT KH . OT

lIpe6hIBaHHJI 6HOMaCCbr 

O'l HCTKH. B0311KKaeT 

CTOllHCTBO aanoaoro CO

K'la. B llaHHOH pafio-re 

llJeHHIO nOH IIp06.1IeMhI 

'lecKoii neKOMfI03HUHH , 

CYTb xoroporo COCTOltT B B0 3MO>KHOCT H lt3MeHeHlU: pa3MepHOCTH H CTpyK

rypu CHCT eMhI B npouecce ee <py HKuHoHHpOBaHlt){. B p e3YJIbTa Te nonyxaer 
ex nOCJleUOBaTeJIhHOCTh OTHOCHTeJlhHO npOCThIX MOUeJIe H , CMeHj£IOIUHX npyr 
apyra B 3a BHCltM OCT H 0 '1' yCJIOBHH npOTCKaHH){ npouecca. IIJIj£ K a>KUOH Mone

.'I peuraercx sanaxa yn pa aneuax npoueccosr O'lHCTKH aa OCHOBe aJIrOpHTMa 

T-CTa6HJ1lnaUltH [8]. OTMeT HM, 'ITO Me T OU llHHaMHtIeCKOH u eKOM n 0 3HUHH 

n .'IJl: J'IHHeHHbIX CHCTeM p a CCMOT p eH B [9]. TIpeUJIaraeMbIH rronxon n03BOJI){eT 

n OBbl CHT h 3<p<PCKTHBHOCT h npouecca 6 HOO'lHCT K H [10]. 

2. M e -r-on ,nHHaMH tIeCK OH ,neKOM n03HUHH 

CYT b MCT o u a COCTOH T B n OCT p o eHH H MOlI.eJI H CHCTCMbI C nepeueanoii 
CTpyKTypOH H p a3M ep HOCT h IO . PaCCMOT p HM CJIO>KHyIO cacreuy 5 , B COCTan 

KOTOpOH Mor yT BXOlI.HTb n OUCH CTCMbI 51 , .. . , S«. IIHHa M HK a rrOUCHC T CMhl S, 
sanaerca cac reuoii 06bI KHoBeHHhl x u H<p<pc p eHU Ha.l h HbI X ypaaneuaji 

(1) 

rne Xi E R ' , I - pa3.1epHOCTh <pa30Boro npOCTpaHCTBa nOlI.CHCTeMhl S, 1 

X! = ( Xil , " " X {, ) , X i j E R , j = 1, 2, ... ,1, nexrop-qiyaxuaa Ii: Rl ...... 
R i 

ynOBJIeTBOpj£IOT yCJIOBHKM cynrec-raoaarrax H elI.HHCTneUHOCTH peureuaii 
CHCTeMhI (1). 

Bneneu T a Ko H aexrop 1'(t ) = (1'1(t ), ... ,1'n(t))T , 'lTO 1'i (t ) = 1, eCJIH 

B MOMe HT BpeMeHH t nOUCHCTeMa Si BXOUH T B COCTaB 5; 1'i(t ) = 0, eCJ1H 

a ~lOMeHT BpeMeHH t noncacreaa S, He BXOllHT D COCTan S . 3nech X T 

TpaHcrro HHpoBaHHhIH BCKTOp X. 
Orr pelI.eJI eH Hc. BCKTop 1'(t) = ('Y1 (t )" " , 1'n(t ))T naasraae'rcs 

6ex:mopoJ,( 811.C UmeU cmpyx:mypbl CHCTeMbl 5 B Mm,reHT BpeMe HH t. 
llHHaMHKa CHCTeMbl 5 sanae -rca CHCTeMaMH 06bIKHOBeHHbIX n H<p<pepe H

UHaJIh HhI X ypaBHeHHH , npanste 'l aCT H KOT Op bI X 3anHC}!T 01' crpyx rypst 1'. 
TaK, eCJIH B COCT a B 5 BXO n jlT IIOlI.CHCTeMhI Ski" ' " Skm, T . e. 5 = S (kl , .. ., 
km ) , T O 5 3alI.aeTCK CHCTCMOH y paBHcHHH BHlI.a 

Xk, = 1~:, ,km(X kt' " " X ki"" ,X km)' i = 1,2, .. . ,m, (2) 

rne f k, : R k l+ +km ...... R k; , n p a sesr n p aasr e 'lac H o oecnexasaro-r cy
kl, .. .,km 

meCTBOBaHHe H elI.HHCTBeHHOCTb p eureu a s cncre a s r (2). EYllCM CtIHTaTh, 

'ITO Ha60p (k l l .. . ,km ) ueyn opxno-reu, XOTK n pa He06xolI.HMOCTH 3TO MO>K

HO cnena.r s . M O)f(HO nOJIO>KHTh, 'lT O k-« - HOMep IIOCJlelI.HeH n o BpeMeHH 

noncacrexsr, rrOU KJI lO tIRBllIeH CK K S. T a KHM 0 6pa30M , npa nonxmo-reaaa K 

CHCTeMe S(kl , ... ,km) rrOlI.CRCT e MbI 51 n o n y x a e a cac'resry S(kl , ... ,km, l) = 
S(kl , ... ,km,km+J) , rue km+1 = l , a npa o ::-KJI IO'lellHH OT S(kl, ... ,k,,;;) 
nonCHCTeMbI 5 k ; nonysaea cxcresry 5(k1 , . • • , k- , . . . ,km +1)1 r n e CHMBOJI kr 

03HatIaeT OTCyTcTBHe noxepa k; B n a fiope (k1 , • . . , km + I). 
I1crrOJIh3y}! BCK T Op BHellIHeH c r pyxr ypsr , MO>KlIO aana'rs UHHaMHKy 5 

rtponte, a HMeHHO, Ha60py (kl , . . • , km ) rrOCTaBHM BO B3aHMlIO OlI.H03Ha'lHOe 
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COOTBeTCTBRe BeKTOp cr pyxrypsr 1 = (11, .. . , I n)T, rue I k; = 1, r = 1, . . . , m, 
I k, = 0, l E1 {l, . .. , m }. OJIO'IHoMy aexr opy (X kp . .. , X Itil . .. , X k...) MO>KHO 

conOCTaBHTh 6JIO'IHhIH nex'rop X (I ) = ({]Xl , . .. , In X n f ', y xoroporo na 
MeCTax C HOMepaMH k1, . . . , km naxonx'rca nyneasre nexr opsi COOTBeTcTBylO 

Ul.RX pa3MepHOCTeH, n p R 'Ie M X ({ (t)) = ({1(t) X 1( t ), . .. , I n(t)X n(t))T. Il a
nee nonaraeu, 'ITO B MOMenT BpeMeHH t: f :: .....k,J X k .. . , X It, , ... , X k", )1 , 

= f~( t ,( /](t)Xl' " · , I n(t)Xn). T orna CRCTeMa (2) rrpxsre'r BHn 

i = 1, 2, ... , n, 

HJIR 

...Y (J (t )) = f 'Y(t)({ (t ))X (J(t )), (3) 
. . T 

rne X (J (t )) ({1(t)X1(t), .. . , In (t )X n(t )) , f 'Y(t)({ (t )) 

In (t) f~( t) f . 
3 a 11 e I a H H e . ECJIH llBeCTH M a T pHUy I'(t) = (Jij (t )}, i , j =1,2, .. . , n , 

Al i i = Ii, l i j = 0, i ::j:. i , T O cHcTe~IY (4) M O>Kn O 3aITHCaTb II aane 

f (t)X = r (t ) f-y(t)(r (t ) X ), 

rue X T = (X 1, ... , Xn), f -y(t) = (J~(t ) , .. ·,J;(t)f· 
3aMeTRM TaK>KC, 'ITO CHCT eM a (1) npauer BRU Xi f~( t ) (Xi) ' rne 

I( t) = (0, . .. , 0, 1, 0, . .. ,0 ), n pH'IeM 1 HaxOUHTCg na i-M }'l e c T e , a OCT aJIh Hhl e 

KOMrrOHe HThI aexr opa l (t ) paauu 0. P a3MepHOCT b N (t ) CHCTeMbI S B , !OMe n 

BpeMeHH t pasna CKaJIgpHOMy npOH3BeneHHlO 

(4) 

rue BCK T Op vERn HMeeT K OM ITOHenTbl , panaue 1. 
liJIg onpeuenea xa y CJIOBHH H3MenenHK B He UlJI.e H: crpyx-rypsr paccvo

T pHM ca cr ea y ypasnenati 

i = 1,2, . . . , n , 

HJIH 

if = 9'Y( l) (X (J(t ))), (5) 

i i R kl +..+ km R (t) rne 9k . . .. . k = 9"Y(t): -+ , IIpH' leM Be KTOp I B MOMeH T 
1 m 

llpeMeHH t HMeCT KOMIIOHeHT hl , pa aasre I k; = 1, r = 1, 2, .. . , m, T», = 0, 
l rt. { 1, ... ,m }, 9'Y(t) = ( 9~ (t), . .. , 9~(t)f . IIyCTb y = (Yl , . .. ,Yn)T E R n. 

Ilanee p a CCMOT p H M ranep noeepxaocra l}1 i(Y,X({ )) = 0, i = 1, 2 , . . . ,n, 
rrepexieunoro <pa30BOrO npoc-r panc-raa CRCTeMbl (3), (5). EyneM ITOJIaraTh , 

'ITO n p x Wi(Y, X ({ )) < °nOnCHCTeMa S, He axomrr B COCTaa 5 , a n p a 

Wi (Y,X ({ )) > 0, naooopor, BXOllRT . 

IIO./lKJIIOQeHHe nO./lCHCTeMbI 5 i . Ilycrs rpaaosas TpaeKT opRSl CRCTe

MhI (3),(5) B MOM eH T BpeMe HH tt n o n a n a er ua nOBe p XH OCT h Wi(y ,X(J)) = ° 

( T . e . l}1 i(y(tn , X ({( 
MeHH t+ Ha30BeM Ha t 

I 

Mhl S i . 

Ilanee B03MO>KHC
 

paea: paapunnoe liJII
 

Paapsraaoe no.
 

Tt rrpoacxonar nonx.
 
xpauracr <PYHK UI10HH 

6t (X({ (tn )) - aan: 
6t (X (((in)) =0, 1'1 

pona'rt.. B senex rrep 

06pa30 M: 

'Pt:p 
r u e Wi(Y+' X (J(ti) ) 
B BeKTOp (X(J(t[)) , 
rrOUK:llO'IeIHIK s; E 
(eCJIR st (X(J CtT))) 
06pa30M , n OCJIe nonx 
MOMeHT BpeMeHH ~+ 

Henpepsrsaoe 

<pyHKUHoHHpOBaTb Hi 

(5) <py H KUHoHHpye1'. 

CTIlYlOWHH c.renyiom 

HaS{ nenpepsmnaa <PY 
na apeveuaoro Up OM 

0, X +({ (tt) ) = XC' 
CHCTeMa (3) He neHC 

I 
sanae-rex, KaK H pa 
X (I(t)) 1l0nCTaB Jle~ 

IIaJIee, eCJIH Wi(y(t 
HcxonHT nOnKJIIO'le 

HHSlMH (3), (5) C I 

Wi(y(T+) ,X+-o: 
aa'rs , l ITO B )l'OM CJ 

.~+CJ (tt) ) ) =0 pa 

HTaK, nycrs 

Wi(y(t) ,X+(I (t)) . 
JIO>KRTeJIbHall noct 

-rpaexropax npa t 
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merk; = 1, r=1, . .. ,m, 
..,Xkp " " XkJ MO)KHO 

inXn)T, y xoroporo aa 
»eKTOpbI cooTBeTcT By IO

. '' ' In(t)Xn(t))T . lla
(Xk, , .. • , Xk ; , • .. , Xk )m 

pH,IeT BIl.U 

i = 1,2,. . . ,n, 

), (3) 

(-t(t )) = (-y l( t ) f~( t ) , · .. , 

(rij(t)}, i.i>1,2, . .. , n , 
can B sane 

IliI .ti = f~ ( t)(Xi )' rne 
i-M ~le CTe , a ocransasre 

'(1) CHCTe},!bl 5 B MOMeHT 

(4) 

eft cr pyxr y pu paCC1fQ

=1,2,. .. ,n, 

(5) 

(YI,.. . ,Yn )
(-r)) 

BeKTOp I (t) B MOMeHT 

=l ,2, . . . ,m, "Yk, = 0, 
' T RnE . 

=0, i = 1,2, ... , n, 
), (5). OYUCM noxar-a-rs , 

xr B COCTaB 5, a npa 

OBaJI r paexr opas CHCTe


XHOCTb Wi(y,X(r )) = 0
 

(T . e. Wi(y(tt),X (-y (tt) )) = 0) H3 06JlaCTH Wi (Y,X (-y) ) < O. MOMeHT npe-

MCHH f; HaJOneM ll a 4 a Jl bll b l.\ C MO .lCellmO.\( 6peMe UU nOa1CJl IO~ e 1l U.H rrOUCHCTe 

:'lbI 5 i . 

Ilanee n03MO)KHO nepexoztaoe paJnHTHC CHCTeMbI no OUHOMy H3 cuena
paes : paapsmaoe HJIH uen pepsranoe IIOUKJIIO'IeHll.e. 

Pas p saa a oe nOJl:KJIIOqeH He. B 1fQMeHT BpeMeHH tt +o; (X (-y (tt) )) = 
tt rrpOHCXOUHT IIOURJ1IO'ICIIHC nOUCIl.CTeMbl S; K 5, KOTOpaJi BpeMeHHO npe

xpautaer <PYHKIlHoHHponaTb na nposrescy'rxe speaeua [tt ,tt l, r u e BellH1lll.Ha 

bt (X("Y(tt) )) - san an a a s nocrosnnax, 0t ()(("Y(tt) )) ;:: o. O'ICBHlUlO, eCJIIl. 

8t ( X (~f (tt) ) ) = 0, TO 5 npa n OUKJIIO'lem m S, He n p ex p auraer <PYHRUHOHH

poaars . Baenen n ep ex orntoe oroopaaceaae <Pt , n eiic'ray rorrtee CJIenYIOllIll.M 

06pa30M : 

<Pt : (X(-y( tt) ), y(tn, tn -> (i \ "Y(in) , y+,Tn , 

r ne Wi (y+, X (-y (tt) )) > 0, T.e. <Pt nepeBOUHT BeRTOp (X (-y (tn ),y(tt) ,tt) 
B BeKTOp ( X(-y(~+) ) , y+,Tt). Bpesrx o; (X (-y (tt) )) pacxonyercs ua rrpouecc 

rrOLJ:K:nO'leH Il.JI 5i . B TetI ell ll.e aroro BpeMeHH CIl.CTeMa 5 «rrpOCTaHBaCT» 

(ecJHI S; (X (-y (tt) )) > 0), T . e . ypaatrerraa (3), (5) He ueHcTByIOT. TaKIl.M 

ofipaso: I, II CJIC rrOn RJIIOtIeHIl.JI 5i CHCTeMa 5 naxaxaer <pyHKuHoHHpoBaTb B 

MOMCII T ap esrenx ~+ 1l.3 uaxam.aoro COCTOKHHJI (x(-y(Tt)), y+). 
H en pep sr a a oe nOJl: K JI lOqeHH e. B MOMellT npCMCHIl. tt npexpauraer 

<pyHKuHoHHpoBaTb na npoueacy rxe BpCMCHH [tt ,Ttl CIl.CTeMa (3), a CHCTeMa 

(5) epyuK u HoHHpyeT . Baenex aerrpepsiaasr k nepexonusrji onepa.rop CPt , u c ii.

CTBy IOlUll.H CJIenYIOllIH1{ 06paJOM: CPt : X ("Y(tt) ) -> X+ , rue j~ + - sanau 

HaJI aenpepsmnas <py HKUH JI, X +: [tt ,~+ l -> R N(t), o; (X(-y(tt)) ) - BeJIHtIll. 

na speueanoro npoxreacyrxa rrOUKJIIO'leIlIl. JI nOUCHCTeMbI 5i, 0t( X ("Y(ti) )) ;:: 
0, i +(-y (tt) ) = X (-y (tt) ). KaK y )KC On1etIaJIOCb, I1a npouescyrxe [tt ,Tt l 
CIl.CTeMa (3) He neHcT By eT , a UHHaMIl.Ka nepeaennok y(t), 6yueM nonar a'rs , 

3a.naCTCJI, KaK H p a nee, cHcTe MoH (5), B n p a asre xacru KOTOp OH BMeCTO 

X (-y (t )) rronc'raan en a <PYII KUHJI i +(-y (t )): 

Y. = 9-y(t)(X- + (-y (t ))). 

Ilanee , eCJIH wi(y(it ), x (-y(Tt) )) > 0, TO B MOMeHT BpeMeHH t = i: npo

HCXOUIl.T nOUKJIlO'leHHe nOUCHCTeMbl 5 i , H UIl.I1aMIl.Ka 5 san ae -rca y panne 

HIl.JlMIl. (3), (5) C Ha'laJIbHbI MH u aUHbl MIl. X ({ (Tt) ) = x+({(Tt) ). ECJIH 

wi(y(Ti) , i +({ (Tt) )) < 0, TO nOnKJlIO'IeHIl.JI S, He npOIl.CXOUHT. ivIO)KHO CKa

aar s, "ITO B ) TOM cny xae rrp o n aoutn a «JIO)KHaK TpeBora» . C JIytIai{ llJi (Y(~+ ) ' 

l +(r (it) )) = 0 paCCMOTpHM nonpotinee HIl.)Ke. 

MTaK, nyc'rs w i (y(Ti) , x+ ({(~+ ) ) ) = O. E CJlH npa 3TOM BbIIlOJIHeHO 

Wi(y(t ), X +({ (t)) = 0 n px t E [it - 0, ~+ ) , r ne °- UOCTaTO'UlO Ma.rIaJI no

JlO>KIl.TeJlbHaJl nOCTOJlHHaJI,TO npa \II i(y(Tt), X +({(~+ ) )) = 0 (1'. e. tPaJ OBaJI 

Tp aCKTOp HJI n p x t = ~+ KaCaeTCJI nOBepXHOCT Il. Wi (Y, X+({) ) = 0) npoacxo
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run nOnK"11O'leHHe 1l0 n CHCT eM bI Si, a n p a Wi(y(tt) ,X+(I (tt) )) < 0 5i He 

IlOIlKJI IO'l a CT O I. ECJIH Wi (y(t ), X +(; (t))) < 0 npa t E [Tt - o,tt) , T O np a 

Wi(y(t_ t) ,X+(I(tt) )) > 0 npoa cxonxr rrOIlKJI IO'leHHe a Wi (y(t+), _ 5i , npa t 

X +(I(tt) )) = 0 nOIlCHCTeMa 5. He n OIlKJIIO'laCT Cj[ . 

O T KJU O qeH H e n O,llCHCT eMbI Si' ITYCTh <pa3OBa5f TpaeKTopKj[ CHCTe

Mb1 (3), (5) B MOMeHT BpeMeHH r; nonanaer aa nOBepXHOCT b Ili i(y, X (I )) = 0 
('r . e . lli i(y(Tt), X (I (Tt) )) = 0) H3 0 6 JIa CT K Wi (y,X (; )) > O. MOMe HT ape
Me HH t; Ha30BeM Ha'laJtbHbl.\t .\to.\( e HmO~t ope Meu u om x:JtIO'le HUH n OIlCHCT e 

M !>1 5 i. 

LlaJIee B03, fO>KHO nepexonuoe pa3BHTHC CHCT eM b1 no OilHOM Y H3 cuena
paea: paspsmnoe HJIH uen pep smnoe OTKJIIO'leH He. 

P aapsraaoe OTKJIlOqeHHe. B MOM eHT BpeMeH H ti +0i (X(I (t j) )) = 
I; npOHCXOIlH T OTK.'IlOtIeHKe IIOIlCKCT eM bI S i OT 5, KOT Op a }! npexpamacr 
<PYHKUHoHHpoBaTb na nposrescy-rxe BpeMeHH [t i ,ti l, r ile 0i- (X (; (t j) )) 
aanauaax nOCTO}!IIHaH, o: (X (; (t j) )) ~ O. Bseneu nepexonnoe oTo 6 p a >KCHHe 

<pi , IleHCTBYlOIUee CJlen Y lOIUK M 0 6 p a30 M : 

r ne l}i i(Y- , X - (I (t j) )) < 0, T . e. paapsranoe oroepascenae <pi nepeno

n HT BeKTOp (X(; (t j) ), y(t j) , t j) B BeKTOp (X -(;(Tj)), y-(tj) ,Tj). Bpe
M}! o; (X (I (t j) )) pacxonyerca aa npouecc OTKJIIOtIeHHH 5i. B T e tI eHHe 

ar oro BpeMeHH CHCTeMa S mpOCTaKBaeT» , T . e . ypasneuax (3), (5) He 

ueHcTBylOT . TaKKM 0 6 p a 30 M, rrOCJIe OTKJIlO 'le~K Sl S, CHCT e Ma 5 Ha tI HHa e T 

<pyHKuKoHHpoBaTh T OJIh KO B MOMen T BpeMeHH ti H3 uas ansnor o COCT Oj[ HH Sl 

(X - (I( t j) ), y- ). 
Herrp e p sraaoe OTKJUOqe H H e. B MOM eH T npesreun t; npexpamaer 

<PY HK UIWHHp OB a T b xa npoaexcyrxe Bp eM CHH [t; , ~- ] CHCTeMa (3), a CHCT e 

Ma (5) lpYH1<UHOHHpyeT. Bnenea nertpepsrnnsrji rrepexona srii onepar op <i5i , 
neHcTBylOIUHH c JlenYIOIUHM 06pa30M : <i5i : X (; (t j) ) -+ X- , r u e X - 
aananuas nenpepsranas <pynKUH}!, X - : [ti , ti + o: (X (; (t j) ))] -+ R N ( t ) , 

oi (X (; (t j) )) - BCJIHtIHlIa apeu ermoro npoaeacyrxa OTKJllOtIeHH Sl nonca-

CTeMbI s., 8i (X (;(t j) )) ~ 0, X - (, (t;) ) = X (; (t j) ). Ha npoueacy-rxe 
(ti ,tiJ CKCTeMa (3) He n e Hc T By e T , a n HHa M HK a nepeMCHHOH y(t ), 6 y n e M n o 

nara'rs, sanae-rex c HcT e M o H (5) , B npaasie lJaCTH KOTOpOH BMeCTO X (; (t )) 
nonc-raaneua q>yHKUH}! X - (t ): 

Ilanee , eCJIK lli i (y(tj),X- (; (~- ) ) ) < 0, TO B d OMe HT BpeMeHH t = ti npo 

HCXOIlHT OT K Jl lO 'leH He IIOUCHC TeMhI Si, K HlIaMHKa S sanaercx ypasneaas 

M H (3), (5) C HaQa..lJbHbIMH n a H Hbl MH X - (; (t j)) = X (-«.»y(t i )· E CJIH 

Wi(y(t j) , x - (, (Tj) )) > 0, T O OTKJIIOlJeH H Sl S, He npoxcxonjrr . MO>KHO, K a K 

If npa nOnKJIIOtIeHHH, 

Bora». 

ITyCTb \IIi(y(ti) l 
onpa t E [t i - 0,Tn· 
uaa .vro np 1l' i (y(tn 
1< acae'rcx n OBep XHOC1 

Mbi s., a nps 1l' i(Y( 
Wi(y(t ),X - (I (t))) ) 
rrpOKcxonn T OTKJIlOtJ 

He OTKJl lOQaeTC JI. 

3 a M e l{ aHH ' 

MeH T BpeMeHH t n on a 

= 0, i = i 1 , .. · , i Jc, 1 

HHSl OIlHOBp eMeHHO f 

3. B 

IT p en JlO>KeHHaK 

-rypoii n03BO.'Hl eT e 

mpaex:mopuu. 

ITYCTb I" - n-

I" =[z 

T orna nepuramr KY 

i = 1,2, . .. , n, j =; 
I n, I n = {y(j ), j = I 

>KeHHe F Be p UIHH n! 

BeKTOp BHeW HeH CT 
I 

HO H HTep rrpenip OBI 

H 3Me H j[ eT CSl BHelllH: . I 
YTOtI H HM CKi 

CHCTeMa S HMeeT I 
xa aanaer cx y p aBl 
aneumeii CTPYKTYj 

r na IIOJIy lJa eM, I{T( 

X (;o),Yo· 
Onp e rr e Jl 

nar s 6NeulHeu Wi 

= ;0 · 
T aKHM o 6p a2 

HHMalOT 3HalJeHH: 

3HatIeHHK 3TOH 4» 
T aKHM o 6p 

>KenHK ( on ep aToJ 
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n, x +(-y(Tt)) ) < 0 s, He 

II lE Tt - oJt) , T O npa 

CHlI e 5j , a npa iIl j(y(i:t) , 

OBa}! r paexr o p a a CHCTe

BepXHOCT h IlI j (y,X (-y )) = 0 
,X(T )) > O. MOMcnT ape
u om~.tlo ~euu.H l lOUCHCTe

eMhI no OUHOMy H3 cuena

eHlI Ii +6i (X (I (ti) )) = 
r 5, KOTOp a}! npexpauiaer 

Jil , r ue oi (X (-y (ti) )) 
nepexomroe T 0 6pa >Ken He 

orotipax enae spi nepeso

-(((Tn ),y-(Ti) ,ti) . Bpe

jJlO'IeHlI }! s; B 'rexenae
 
.e. ypaaneaax (3), (5) He
 

J! S, CHCTeMa S HatIHHaeT
 

~ K3 Ha' I aJIhHOrO COCTORIUU
 

T Bp e~ !eH K ti npexpauiaer 
,til ClICTeMa (3), a CHCTe

nepexonasrii onepa.rop V5i , 
7(ti )) X- , rne X- --4 

+0i( X(-y (ti )))] -+ RN(t ) , 

yrxa OT KJUO'lCHHK nonca 

~"(-f( ln) . Ha npoueacy r x e 

nepexcnnofi y(t ), 6yneM n o 

li KOTOp OH BMeC TO X (r (t )) 

O~le HT Bp eMCHH t = ti n po 
llKa 5 aanaercs ypasueans

)) =X(J(ti) ), y(t i) . ECJIH 

e npoacx omrr . MO>KHO , K a K 

K n pa n On K Jl IOtIeH HH , CKaJaT h , tITO B 3TOM cnyxae npOH3011IJIa «JIO>KHaJI Tpe

Bo ra». 

IlYCTh iIl j(y(i:i) , X - (-y (i:i) )) = O. ECJIH npx 3TOM Wi (y( t ),X-(,(I))) < 
onpa I E [T;- - 0,t i ), rre 8 - nOCTaTOtIHO 11aJIaJI nOJIO>KHTe"lhHaR nOC TORH 

HaR, T O np a iII j(y(Ti), X - (-y (t i) )) = 0 (T . e. <paJOBaR 'rpaexropaa npn t = ti 
xacaerca n o a e p XHOCT H iIl j(y,X (-y )) = 0) npOHC onx-r OTKJIIOtIeHHe noncacre

. l hI Sj, a rtp a II' j(y(t ), ~Y - (/ ( t ) ) ) > 0 CHCT eMa S, He OTKJIlOtIaeTCX . ECJIH 

IlI j(y(t ), X - (-y (t ))) > 0 rrpa t E [ti - 0,T;- ), TO npx iIl j(y(I),X - (, (t) )) < 0 

Il p OHCXOnHT OTKJIIOtIeHHe Sj, a np n iIl j(y(t ),X - (-y (t ))) = 0 noncac'reaa S, 
He OTKJIIO'laeTCK . 

3 a xt e tI a H He. ECJlH rpasonaa TpaeKTOpHK CH TeMhI (3), (5) B :-m

Me HT B peMeHH t nonanaer cpaay ua zrae KJIH 60JIee nosepxaocrea II'i(y, X (, )) 
= 0, i = i I , . . . , i k, TO Ha'IHnaIOTCK npOUCCChI nOnKJIIOtIenHR HJ1H OTKJIlOtIe 

11K}! onn OBpCMeHHO HeCKOJI bKHX rron CH CTCM no y KaJaHHOH BbIwe. cxeue. 

Ilpennoacenaas MOn eJIh CHCTeMhl C nepeuenuoii paJMepnOCThIO H CTpyK 

Typ OH II03BOJI}!e T eCTeCT BeHHblM 06paJOM BBeCTH nouarae cmpYKmypuou 
mpaexm opuu. 

IlYCTb In - n - M e p HbIH enHlIH'IHbIH Ky6, I n E R n, T . e. 

r = { X = ( Xl , . . . ,xn)T: Xi E [0, 1]' i = i I , .. . , i n }, 

I n W - ( j j )1' j E {O 1} Torna BepIIIHHhI Ky6a - 31'0 TOqKH Y - Yl " ' " Yn , f n e Yj " 
i = l , 2, . . . , n , j = 1, 2, , 2n 

. IIYCTb In- MHO>KeCTBO acex BCpWHH Ky6a 

I n, I n = {yW , j = 1, 2, ,2n}. Ilocrpoeaaas MOneJIh annyuapye r oroopa
)KeHHe F BCpWHH n -MepHoro Ky 6 a I n n a cefis , F: i» -+ i». lIeHCTBHTeJIhHO, 

BeK TO p BHellIHeH crpyxr ypu " KOM nOHeHThI xor o p o r o paausr 0 HJIH 1, /-.10)1( 

HO HlITepnpeTHpOBaTh K aK nepunmy xyria I n. TIp" H3MeHeHHH BpeMeHH t 
H3MeHKeTCK B1Ie IlIH KK c-rpyxryp a , (t) , 'IT O npHBOnHT K oT06pa>KeHHIO F. 

Y T OlfHH M CKa3aHHOe. Ilycr t, B Ha tI aJlh H bIH MOMeHT BpeMeHH t = to 
ClICTeM a S HMeeT p a3MepHOCTh N (to) = 11'(tO) V ( CM . (4)) , a ee nHHaMH

xa aanaercs ypaaHeuHKMH (3), (5). TIPH 3TOM HMeeM aexrop HaqaJIbllOH 

BHewHeH c-rpyxr y psr ,0 = I (tO)' IIyCTh X (-yo) = X (-y (to)), yo = y(to). 1'0
r n a nonys aeu , 'ITO noseneaae aexropa I (t) 3a BHCHT 01' HatIaJIhHbIX nannux 

X (-yo),Yo· 
o n pen e JI e II H e. BeKTop-<pyHKUHIO , (t , to, X(-yo ), yo) 6yneM Ha3bI

nart, 6ucumeu cmpYKmypuoii mpaexmopueii . IIpH 3TOM l (to, tO , X (ro),Yo) 

= /0 · 
TaKHM 06pa30M, KOMn OHe HT bI BeKTop-<pyHKIlHH ,(t, to,X (ro), Yo ) npx-

HHMaIOT 3HatIeHHK, paansre 0 HJIH 1, T . e. MO>KHO CtIHTaTh, tITO MHO)l(eCTBO 

3JIatIeHHH 3 TO H <py HKUHH - 31'0 M HO>KeCTBO aepnnm InenHHHtIHOrO Ky6a I n. 
TaKHM 06paJOM, nonyxaea onHoEapaM~TpHtIeCKOeceMeHCTBO o rofipa

)KeHHH ( OIIc p aTo p OB) F(t, X ({ ),y): I n -+ I n, neHcTByIOIIIHX CJIenyIOlUHM 
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6pa30M : 

no CYTH, F(t ,X(-y ),y ) = l (t , t , X (-y ), y). Orreparop F n JIjI Ka)KnOH naxans

HOH TO'lKH z(-y ) = (X (-y ), y) E R N x R " noposcnaer n OCJIenOaaTeJIhHOCTh 

BHna b (ik)(z(-Y )),Tk(Z(-Y ))}' k = 1,2 , . .., rne I (id (z(-y )) E J\ Tk(Z(-y )) 
n p OMe)K y T RH BpCMCHH, aa KOTOpblX saaxenne I (t ), coorac'rc'reyroutee nep 

WHIle l (ik)(Z(-y )), rrOCT OSI IlHO. 

Flepexomnae 0 6JIaCTH . IIYCTh nij - 0 6 JIa CT b <pa30BOrO npo c r p a a 

CT Ba CHCT CM bI 5, T .C . CH:CTeMbI (4), (5) rrpa y CJIOBH H , 'ITO BCKTOp c-rpy x'rypsr 
I coananaer C llCPlliHHOH I (i) Ky6 a In, TaK~, 'IT O eCJIH aaxansaaa T O'IK a 

z(-yo) = (X (-Yo), yo) <pa3 0BOH T p a CKTo p HH CHCTeMhI (4), (5) n p a HCKOTOpOM 

t = to rrpHUanJIC)KHT 51 i j , T O HaHnCTCjI MOMeHT apCMeHH t = tij > to, npa KO

TOPO:- l / (tij , to, X (/ O),YO) = I U) H IIpH 3TOM ~f (t, t o , X (-yo ) , yo ) = I (i), eCJIH 

t E [to, t i j ) . 

Bynev rouopjr r s, 'ITO B MOMeHT t BpeMeHH CHCTeM a 5 naxonarcs B 

COCTOSlHHH l (i), eCJIH I( t ) = l(i ). IIpH n OM IIHWCM, 'ITO 5 = 5(-y( i»). Yrro

pSinO'IHM COCTOKHHK I (i) . IIYCT h B HCKOTOphIH MOMeHT BpcMeHH t, CHCTCMa 

HMeeT COCTOKHHe I (i), a B MOMeHT BpC,leHH: tj - COCTOjIHHC I U), IIpH 3 T OM 

t, > tj . 
o n p e IT e JI C H H: e. Eynesr rOBOpH: h , 'IT O COCT OjIHHe l (i ) cn en y e r aa 

COCTOSlHHeM I(i) , H:JIH: I( i) n pemuec r nyer I U), H 0 0 0 3U a'laTb :31'0 TaR: I (i) <l 

I (j) , eCJ'IH HaHneTCSI TaROH MOMen T Bpe MeHH iij E (ti , tj), 'IT O npa t E [ti , tij) 
CH:CTeMa aaxorr arca B COCTOSlHH H I( i), a npx t E (tij , t j ]- B COCTOSlHHH 1 (; ) ' 

TaKHM 06pa30M, CCJIH H T OJIh KO eCJIH naxansuas T OqKa .rp a e x -ro p u a 

rrpHHanJIe)KHT 06JIaCTH n ih TO sa COCTOKJlHCM I (i) cnenye'r COCTOSlHHe l(i) . 

EyneM npa 3TOM TaK)Ke rosopar-s, 'ITO CHCTeMa aa o n a a ura r nepexon a r H:3 

COCTOSlHH K I( i) B COCTOKHHe I U) , 

C HCT eM a S IIOpO)K u a e T n OCJIen On aT eJIb HOCT H COCT OSlHHH {y(ik)}, k = 
1, 2, .. " r u e I (id <l / ( i k+ d , x o r opsre IIOCJIenOBaTeJIb H rr p OXOnH:T BH CWHjI Sl 

crpyx-rypuaa T p a eK T o p H Sl I (t , to, X (10), Yo). TeM caMhIM rrOKBJnleTCjI B03

MO)KHO CTh BBeCTH rrOUKTHJi yCTOH'lHBOCT H H rpyfiocra crpyxryp, 'ITO Ba )K HO 

nJnI n p ax r axecxoro rrpH:MeHeHH K srerona llHHaMH'leCKOH neKOMII03HUHH . 

4 . MOAeJIb n ponecca 6HOO tIHCTKH 

TIpHMeHHM pa3pa60 TaHIlI,IH a suu e IIonXO K n p 0 6 JIe Me MOneJIHpOBaUHSI 

npouecca 6HOJIOrH'leCKOH O'lHCT KH CTO'lHI,IX Bon C yxeroa H3MeHeHHSl COCTa

sa 6 HOM a CChI . TIyCT h CHCTeMa O'lHCTKH COCTOH T H3 aJpOTCUK a , OTCTOH HHKa 

H 3BeHa peUHpKyJISlUHH. Ilonaraeu, 'ITO i -H BH:n MHKpOOp aHH3MOB OKHCJIK eT 

i - H KOMIIOHeHT 3arpK3HH TeJIK . oyneM C' IHTaTh, 'ITO C Y M eHhllleHHeM 1l0MC

pa i cyocrpar CT a HOBH T CSI 6 0JIC C T p y n Ho OKHCJI jI e MI, I M . TI P H 3 T OM CKOpOCTI, 

Oq HCT K H OIIH Cb lBa e T CJi <pyHKUHeH M OHO. B xaxecra e 6a30BOH HCnOJIb3ye TcK 

MOUCJIb [11]- 13], aa 

r ne S i - KOHUeHTf 

TpaUHSl i -ro BHlla 1 

aana cyfic'rpa'ra-aa 
CTaHTa n o.nynacsnr 

HO , i -ro BH n a cyo c: 

oTBeTcTBeIlHo , i-r< 
MaKCHMaJIbllaSl Ylle 

Yrrpannenxe n 
HHSl CKOpOCTH U p e 

y LlOBJIeT Bo p Sl IOtUHe 

' ITO nJnI aaxpennei 
'lT06h1 CKOpOCTb P 
U ~ Ui , 31'0 3HaqH 

M OCT I, B rrpHcyTcT l 

'ITO DI,I3blBaeTCSl y 
c'rpa'ra, YlHa'Ie 1'0 

HHe aana i , 'ITO ITI 
xy SlUH:H, T.e. yBE 

YBeJ1HqeHHSI B HeH 

CJIK lOlllHX -rpynu oy 

B CHCT eMe ITp HCYTI 

rrOn'IHHHTb U y CJ10 

B a3pOTeHK _ He 6y 
MH, MeHI,lliH: MH i* 
6HOO'lHCT KH, cnen: 

TaKH:M 06p a3 

uecc 6H:00qHCTKH 

n OnCHcTeMI,I Si, 
n JIJi o pra naaau az 

y nOBJICTBOpKIOtUl' 

iii = JSi 

r ne Si,"iii - aar 
aanaer yposeas 
c-rpyx'rypst CHC1 

nannsre nocr osn 
Y B eJIH Qe H
 

CTaB 5 BXOnjIT IT
 

31'0 3Ha'lHT , 'IT
 

BpCMeHH y/(t* )
 
BpeMeHH U npa
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,F(tz, X (-y ), y)). 

" ilJIli Ka}f{nOH Ha'laJIb

r nOCJICUOBaT(~JIhHOCTb 

:('y )) E jn ,Tk (zh )) 
o T BeT cT By lOlllc c sep 

<pa3OBo r o npocrpaa

sro BeKTOp crpyxrypsr 

CSIH Ha4aJIhHaji TO'lKa 

11), (5) npx nexor opov 
HH t = t i j > to, "PH KO

\\'('yo), Yo) = , (i) , CCJm 

creua S HaXOJLlfTCH B 

i':!TO 5 = Sh (i»). Yno
rr BpeMeHH ti ClfCTCMa 

r ORHHe -y U) . IIpH 31'OM 

rO lI HHe -y U) CJICnV CT aa 
uraxari, 31'0 TaK :" , ( i) <:1 

t j ), 'I TO I1PH l E [li, t i ) ) 
j]- B COCTOSIHHH , (J) . 

:all TO'lKa r paexropaa 
aenyer COCT ORHHC , U). 
~HH war l1epCXOnHT H3 

)CTORHHK {y(ikl } , k = 
ao npoxoznrr BHeWH HH 

~M LIM nO.llBJISICTCjI B03

cr pyxr yp, 'ITO BamHO 

'OR nCKOMrr03HUHH . 

rKH 

6.'l eMe MOneJIHpOnaHHR 

TOM H3MCHCHHR COCTa

IpOTeHKa, OTCTORHHKa 

lop r aHH3MOB OKHCJIjleT 

: YMeHh W CHHeM HOMC

. Ilpa 3 TOM CKOp OCTh 

5a30 BOH l1Cn OJIb 3y e Tc.lI 

Mon.eJIh [11]- 13], sanaroutaa nHHaMHKy nOnCHCTCMbJ S; 

• J-Lj S; Xi (b ) . - b J-LiSjX j (b )
X j = ual ; + k - + u Xi, Si - a2j - v (k ) - + U Sj, (6) 

j + Si i ; i + Si 

rne s , - KOIIUCHTpaUH jI i - ro BHua cyocrpa-ra 3arpSI3HHTCJI.lI ; Xi - KOI IUeH

r p an a s i-ro BHua MHKpoopraHH3MoB; Yi - K03<p<pHUHeHT YTHJlH3aUHH i-ro 

axna cy6C1'paTa-3arpSl3HHTCJISI B 6HoMaccy MHKpoopraHH3MoB; k, - KOII

CTaHTa n OJIY Ha chl 111c H H jI ; b,a 2i - cxopocrr- H KOHltCHTpaUHjI, COOTBeTCTBCH

HO, i -ro BHna cytic-rpa-r-a na axone; U, a l i - CKOpOCTh H KOHueHTpaUHjI, co

o BeTCTBeHHO, i - ro aana MHKpoopraHH3MOB B B03BpaTHOM nOTOKei J-Lj 

MaKCHMaJIhIlaji ynensuas CKOpOCTb pOCTa MHKpoopraHH3MOB i- r o aana. 
Ynpaaneuae npo ueccon 6HOO'lHCTKH OCYlllCCTBJI.lICTCSl aa C'ICT H3MeHe

HHR CKOpOCT H U peua pxynapyiotuer o nOTOKa. IIYCTh u i > 0 - nocr os nnu e, 
ynOBJICTnOpRIOlllHe yCJIOBHIO Uj < U j+l, i = 1,2 , ... ,n . EyncM C'IHTaTh, 

-rr o n Ju 3aKpenJICHHSI MHKpoopraHH3MoB i - r o anna B asporeaxe r pecye-rcx, 

' IT06bl CKOpOCTh peuapaynapytouiero noroxa ynOBJIeTBOpjlJIa aepaaeac-ray 

u ~ U j . 3 T O 3Ha'lHT , "'ITO C yBeJIH'IeHHeM HOMepa i Y MeHh llla e T CjI neooxona
"lOCT1> B npHcy TcTBHH MeUJIeHHO pacrynrax MHKpoopraHH3MOB B a3pOTCHKe , 

'fTO BbI3blBaeTCjI YMellbllleHHeM KOJIH'IeCTBa T p y n HOYCBOjle M bI X BHnOB cy6

crpa'ra. l1Ha\le roaops , '1eM MeHh we i , T eM 'rpynnee OKHCJIReT CR oenaue
IIHC nana i , 'I TO rr paaomrr K He06xomn.wcnt YMeHhWHTb CKOpOCTb peuap
KyJI RUR R, T . e. YBeJIH\lHT h BpeM5l l1p e 6 hIBa HH SI 6HoMaccbI B aapor enxe UJIjI 

yBeJIH'IeHHR B HCR nOJIH MeUJIeHHOpacTylllRx annon MHKpoopraIIH3MOB, OKH 

CJIRIOlllHX TpynHoycBo .lleM bI e coeUHHeHRjI. TaKHM 06pa30M, nJIR roro '1T06hl 

B CHCTeMe npHcyT c T BOB a..1H BH Uhl i l , •• . , ik MHKpoopraHH3MOIl , noc-rarosno 
non 'IHHH T b U yC JIOBH IO Uj - -1 < U < Ui- , I' ne i " = min {i I , . .. , i k}' IIpa :nOM 

B aJpOTeHKe He 6 ynyT rrpucyrcr-aonar r, BHUhl MHKpoopraHH3MOB C uosrepa
Mlf, MeHblllHMH i" , 'ITO n 0 3BOJIH T, nOMHMO yBeJIH'IeHHR CKOpOCTH npouecca 
6lfOO'lHCTKH, Cn CJIa T b 3 TO T npouecc 60JIee 3KOHOMlIl,IM . 

TaK HM 0 6 pa30M , B COOTBe TCTBHH C pa3BHThlM 06111HM nOUXOUOM, npo
UCCC 6 HOO'fHCTKH S - CJ10mHaH CH CTeMa , B COCTaB KOTOpOK Mor yT nXOUHTh 

TIOn CHCT eMhI Si, nHH aMHKa KOTOphIX aanaercs y paBHe HH5lMH (6). llaJIee, 

AJI5l opraHH3aUHH H3 M Cn CHH5l COC1'ana CHCTeMhI S BBonHM <pyHKUHH Yi ( t ), 
y n OBJIeTBOp jlIOIUH e ypaaaenaau 

Yi = s, - Sj , e CJIH S, C S, Yi = a2j - U2j , CCJIH S, '!- S, 

I' ne Sj ,Ui - sanaa nsre I10 JIOm HT CJIb HhIe nOCTOllHlIbIe . Ilepeveauas Yi( t ) 
aanaer ypoaem. HaKOl1J1eIIHR cy6 cTpaTa axna i B aaporenxe . H3MCHeHHe 

crpyx'rypsr CHCT CMhI S n p OHCXOUHT C J1e.uY IOlllH~t 0 6 p a30 M . IlycTh'i}; - aa
nannsre n OCT 05l HHhIC. 

YBeJIHtIeHHe pa3MepHOCTH S. Ilycri, Uj- -l < U < U j •• Torna B CO

CT aB S BXOn jiT rrOn CHCTCMbI C HOMep a M H, He MeHblllHMH i*: S;«, Sj"+1, . . . , S«. 
3TO 3Ha'fHT , 'ITO Yi < Yi n p n i = 1,2, . . . , i* - 1. ECJlH B aexoropsra MOMeHT 

BpeMcllH Yr( t*) = Yr n JI5l aexo roporo l E {I , . . . , i " - I}, T O B 3T01' MOMeHT 

n peMeHH U n p H HH M a e T 3Ha'I eHHe B rrpoae x yr x e (Ul- 1,Ur ), If K CHCTCMC S 
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nO)lK JI IO <{ aIOT C~ n o n CHCT eM bI S/, S/+l , " . ,Sj" -1, llJIH xero xcno.nsayercx OU

na H3 onucamurx asnue npouenyp IIOllK Jl lO tICHH ~ . 

YMeHbUleHHe pa3MepHOCTH S. ITYCTh Uj" -1 < U < Uj". E CJIH B 

HeKOTophIH MOMCHT BpCMCHH Yj- (I) = Yt-, TO B :n OT MOMCHT BpeMeHH U 

npl-lHl-lMaeT 3HatIe HHe B npcu eacyrxe (Uj- ,Uj"+1 ) , Ii 01' CHCTeMbI S OTK JIIO'{a

eTC~ n OUCHc T eM a Sj", llJI ~ xero HCrrOJIh3ye Tc~ OUHa H3 onxcanusrx nsrure 
npouenyp OTKJI IO'feHH ~ . 

ITYCTh Uj-l < U < Uj ' 3 1'0 03Ha tI a eT, 'fT O S = {Sj, .. . ,Sn}. PaCCMO

T pHM aanast y cTa6HmnaUHH ucxor oporo T p e 6 y e Mo r o COCT OHHHH M CHCT eM h I 

S. Bsenea caenyroutae nOHHTH~ , HMeH B BH UY p a CCM 0 1'pe T h 60JIce 0 61U Y lO 

aauaxy cTa6HJIH3aUHH. 

o II p e n C JI e H H e [14J. Coa oxyrtnocr s BeKTopOB al , . .. , am, aj E 

R " , otipaayer n OJIO)l( HT eJI h lIh I H 6aJl-lC IIpOCT paHC1'Ba R ", eCJIH JIlO60H BCK 

T Op b E R n M O)l(HO B mrHCHHOH KOM6 HHaUH H n p	 enc r aaa-n, nane aex r op o s 

a I, . . . , am C n eOT p >fl l a T eJIb Hbl M H K0 3<p<p>fUHeIIT a M H . 

o II p C JJ: e JI e II H e. T O'IKa M lI aJhIBaeT C~ T -cm a6 UJ1,U3up ye.w,oii, e c 

JIH nJI ~ motioro T > 0 cyuiecruyer TaKM ee oxpe c'rnocrt, Ve (M) = {x : 
II x - M 11 < s } >f nOIIycTHMoe yrrpaanenxe, 'IT O BCC TpaeKT Op HH CHCT e M bI 

(1), au xonzutne H3 SeUvf ), aa apeux , MeHhmec , qeM T , nonanyr B JIlO6y lO 

CKOJIb yrormo MaJIylO oxpecruocrt, TO'IKH M H B llaJI h He HmCM o CT a Hy T CJl B 

n eR . 

IlYCT h S 3a n a CT CR cacr ex oa y p a BHe HH H X = f(x ,u), rue x E R N , U E 

R" . llOII y CT H M.hI M 6 yueM CqHTaT h Ky CO'IHO n OCT OSlHHOC y n p a BJICHH e U = 
u(x ) , U E U = { u ( l), ... ,u(N+1) }, u(1) - 3an a H HhIC nOCTO HH HhIe aexr opsr, 
1= 1,2, .. . ,N +1. 

'I'eope sra . llyernb 13 ex:mop bl f (M, u(I)), . . . , f( M ,u(N+I ) ) o6pa3y'lOrn 

nO.Jl O:JICUmeJlbHbI U 6a 3uc 13 R N +1 • T02aa m O'l.l x:a /vI s ens em cs T -cma6u 

Jlu3up yeMo ii nocpedcmeou aonycmu.lto20 ynpa6J1eHUJl. 

II 0 K a 3 a rr e JI h C l' B 0 'reopex sr CBOU HT Cjl K TIOCTpOe HH IO a JIr Op HT 

~la c T a 6 HJIH 3a UH H . C Y T h er o COCT01l. T B n OCT p Oe HH>f n OCJICUOBa T eJl b HOCT e H 

BJIO)l(eHHhIX U>fJIUJUlPOB C JJ:Ha MeT paMH , MOHOTOHHO y6hIBalOlllHMH K HyJIIO . 

TO'IKa N! npmranxeaorr OCHOBaHHJl M 3THX HH JIH H UpOB. IT pa 3TOM n orry

CTHMo e y n p a an eu a e 0 6 e CII C'IHB aeT BXO)l(n eHHe .rpaex-ropua , na'I l-lHa IOlllCHCj{ 

B HCKOT OpOH OKpeCTHOCT H T O'IK H 1'',11 , aa npCMH, MCHbwee aa p a n e e aanan 

n o ro , B JIlO60 H CKOJIb y r onno MaJIh l R U HJIHHllP , TeM caMhIM peiuas sa n a x y 

T -cTa6HJIH 3aUHH TO'IKH M . 
ITpennOJIO)l(HM, tIT O rrapaa e'rpsr, nxonsm ae B n p ansie q a CT H (6), n OCT O

SUlHhl. To r na npennar aea sni cno co 6 c Ta6HJIH 3aUHH rr0 3BOJIHe1' n pa BhIn OJI

He H>fH COOTBeTcTBylo mHX y CJ10 BHR c Ta6HJIH3Hp OBaTh sa m o 60c aapaa ee aa

n a n noe Bp CM R T p e 6 y c M o c COCT OHHHC CHCT CMbl 6 HOO'IHCTKH . Ilpea a yutecreo 
aroro MeT oua COCT OHT B B03M O)l( HOCTH peryna pouar t, Bp eMH c Ta6HJIH3a UHH. 

ITPH 3TOM MO)l(HO 0 6 

HOCTH COCTORHl-l R lvJ 
3 1'0 oc06eH HO Ba)l{ll 

II pcn .TIO)l{ellHhd 

HOR cr-pyx-rypoii H ] 

ueCCOM 6HOJIOfWleCl 

3BOJI~eT p a c c Mo 1'p C 

yp oaire cTa 6 HJIH3Hp 
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' {era HCnOJIh3YCTOI on

- I < U < U j - . ECJIH B 

:OT MOMeHT BpeMCHH U 

IT CHCTeMbI S OTKJIlO1.J:a 

a H3 OIIHcaHHbIX nsuue 

: {Sj , ... ,Sn}. Paccuo
. COCTOjlHHJi M CHCTeMhI 

:Mo T p eT h 60JIce 06IUY1O 

ropOB al, . .. , a m , a j E 

a R" , eCJIH JI1060 11 Be K 

KOM6 HHa llHH BCKTOpOB 

-cma61Mu3upye.w. oi1 , ec

eCTHOCT h V,, (M ) = {x : 
e r paexropan CHCTeMbl 

0{ T , nonanyr B JIl0 6ylO 

JlbHelfmCM OCTaHY Tc ~ B 

:x,u), rne x E R N , U E 

<HHOe ynpaaneua e U = 
nocr oanuu e aex r opst, 

(M,u(N+I )) o6pa3y'lOm 

~[ K6 J1.Ke mClf T -cma6u
111. 

: rroCT p OCHH1O aJIr Op H T 

J rrOCJIeUOBa T eJIb HOCT eii 

y 6hlBalOlIUlMK K HyJIlO. 

pOB. IIp H :nOM nony
IT Op HH, Ha'IKHa1OrucHC}{ 

iusuree sapanee sanaa
caxhIM peuraa sana-ry 

sue 'l a CT H (6), n oCTO

I!03BOJI }{eT npa BhlIIOJI 

b 3a mo6oe sapanee 3a 

MCT KH. Ilpeau ymecr no 
BpeMlI c r a 6 H;IH3a m u l. 

Ilpa 3 TO~1 MO)i{HO o6ecrret IHTh uaxoscnea ae 'r paexropau B HeKOTbpOH OKpeCT 

HOCT H COCTO}{HH Jf 1\1, He T p e 6 y }{ ee ueorpaa uxenuoro rr pH6JIH)i{CHH}{ K HeMy . 

3 TO oco6eHHO B a )i{HO B CJIy1.J:ae H3Me He HH JI BXO.lUlhIX napaae'rpon a2i H b. 

6 . 3 a K JI K>Qe U H e 

IT pen JIO)i{eHHb I H nonxon K MOneJIH p OBaHH1O CJIO>l< HhIX CHCTeM C rrepexie 

nOH CT pyKTypOH H pa3Mep HOCTI,1O HCrrOJIh3yc T C}{ B aanaxe ynpaaneaax rr p o 

u eCCOM 6HOJIOrHQeCKOH OtIHCT KH CTO'UlbIX BO.o. . H pH 3TOM .o.aHl-IhI H MCTO.o. n o 

3BOJI}{e T paccsror pe-n, nayxypoaueayio aa naxy cTa6HJIH3aUHH . Ha aepxueu 
ypoaae cTa6HJIH3HpyeT CJi c'rp yxr ypa cacrexu , a na HH)i{HeM - HeKOTO paJf 

0 6 JIa CT b <pa30 B hI X COCTOlrIIH K . 
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