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BBEjAEIiliE 

B nocne~ee BpeMfl B pa60Tax, nOCB~eHHHX HenHHeAH~ 3Bon~~HOH

H~ ypaBHeHH~ (HaY),aKTHBHo Be~eTCfl Hccne,oBSHHe HX aBTOMOAenbHHX 
pemeHHA/I-15 • B ~aCTHOCTH, B pa60Tax/4- 14 MeTOAOM HH~HHHTe3HManb -: 
HHX npe06pasoBSHHA nony~eHH MHorO~CneHH~e aBTOMo~enbHHe nOACTSHOBKH 
~fl MHOrOMepHHX HaJ, CBoA~He HX K 06~KHOBeHHHM AH~epeH~HanbHHM 

ypaBHeHHflM. KaK npaBHno, 3TH ypaBHeHHR flBnRroTCfl ypaBHeHHflMH THna 
UeHneBe. ~3y~eHHe aBTOMOAenbHHX pemeHHA npe~CTaBnfleTCfl ceA~ac BeCbMa 
aKTyanbH~ no cneAYID~HM np~HHaM. Bo-nepBHX, ceA~ac HMeeTCR p~~60T, 

onHcHBaromHX aCHMnTOT~eCKoe nOBeAeHHe pemeHHA ypaBHeHHA neHneBe 8,2~7 
BO-BTOPHX, aBTOMOAenbHHe pemeHHfl n03BonRroT nony~HTb ~nR AOCTaTO~HO 

mHpOKoro ~o,eCTBa pemeHHA HaY YTBe~eHHR 06 HX aCHMnTOTH~eCKOM 

nOBeAeHHH 28 . KpoMe Tor~ Hcnonb30B8HHe CBfl3H YP8BHeHHA ITeHneBe H 
HaY nOSBonfleT nonyqHTb ~fl HaY ~aCTHHe Knacc~ aBTOMOAenbHHX pemeHHA. 

OCTSHOBHMCR KpaTKO Ha cOAep~aHHH pa60TH. B nepBOM naparp~e 

AaHHoA pa60TU MU npHBeAeM He06xOAHMUe 4oPMYn~ H nonY~HM npe06p830Ba
HHe Ó3KnYH,na (rol) ~fl ypaBHeHHfl P3lf' Bo BTOpOM naparpaée YKa
~eM, KaKHM 06pa30M 06mee pemeHHe BToporo ypaBHeHHR ITeHneBe ( P )*z 
c npOH3BOnbHNM napaMeTpOM CBR3aHO c ~enO~KaMH TOA8 H BonbTeppa. TeM 
CSMNM MU 0606mHM pe3ynbTaT K~eT8KH/1 9,20/, K~TOPHn/06Hap~Hn CBR3b 
M~ H3BeCTHUMH paQHoHanbHNMH pemeHHRMH ~ 31,32 H pa~HOHanbHHMH 
pemeHHRMH uenO~KH To~a. 3AeCb &e npHBe~eM pemeHHfl uenO~KH To~, 

BHp~aromHecR ~epe3 ~KUHH ÔApH. B TpeTbeM naparpa~e MH nOKaSHBaeM, 
ttTO npa Bblpo~eHH~ ypaBHeHHfl ~'t ero pemeaaa Bblp8JKa~TCfl ~epe3 iJ::> 
~KUH~ BeAepmTpacca, a npe06pa30BaHHe Ó3Kny~a nepeXOAHT npH 3TOM 
B ttaCTHbln cnyqan TeopeMU cnoxeaaa ~R (fJ -~KUH~. Hcnonb3Yfl 3TH no
CTpoeHHfl, nOJlYl'aeM ~aCTHLle pemeHHfl I.\enO~1Gl TOM, BbIp8lIt8llll\lfecR tte
pe3l? ~KUHH. B tteTBepToM naparp~e MbI nony~8eM TO~Hoe o(Slqee peme
liHe Mo~enH nOpeKUa npH cneUHanbHOM BH60pe napaMeTpoB, BbIp8lIt~ecfl 

* HHTepecHo 38MeTHTb, ~TO H3BeCTHa TaRMe CBfl3b nRTOrO ypaBHeHHfl
ITeHneBe c ueno~KOn To~a/21/. 

.' --- --i- _.' 
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~epe3 o6~ee pemeHHe PZ ' B nflTOM naparpa~e MH o606~aeM H3BeCTHhle 
3aMeH~ nyrOBVOB~/33/, .~OHCOHa/23/ H CMHpHOBa/ 34/ , KOTop~e CBfl3~
BaIOT ypasxexaa K,n,B H KTI c HX ÍJ,WIl:m,Iij)lPlecRlWR aaaaoraaa.ãa 3TRX pac
CMOTpeHHn, B qaCTHOCTH, cne~yeT, qTO C~epHqeCKOe ypaBHeHHe ~ CTa
HOBHTCfl BnonHe HHTerpHpyeMblM npH ~o6aBneHHH K HeMY HeO~HopO~Horo 

qneHa. 3~eCb M~ H8 B~nHC~BaeM aBTOMo~enbH~ pe~KVH« HaY K ypaBHeHH
flM TIeHneBe, HO OHH 6e3 Tpy~a MorYT 6~Tb BHnHcaHH, ecnH Bocnonb30BaTb
Cfl npHBe~eHHb~H B na~arpa~e ~pMynaMH H COOTBeTCTByro~HMH pe3ynbTa
TaMH ~nR KAB H KTI/4, I. . 

I. CBfl3b P& H ~lf' TIpeo6pa30BaHHe b3KnYH,na ,nnH f1't. 

B pa60Te HaM KOHKpeTHO nOTpe6yeTcfl CBH3b ypaBHeHH~ Pk H P3Q • 

XOTH Te HnH HHhle acneKTH 3TO« B3aHMOCBH3H ~e o6c~,nanHCb B nHTepa
TYP~MH cqHTaeM Heo6xo,nHM~ ,nnH n~ero nOHHMaHHH ~anbHe«mero no,n
p06HO OCTaHOBHTbCR Ha Hen. 

PaCCMOTpHM ypaBHeHHe F14 B BH,ne 
[,2 c 2

F = 1 +o<. {' ~ + } X P - 2f ( fJ.J I{ ) 
xx 2F 

B KnacCH~HKalTHH TIeHneBe, npHBe,neHHOn AnHCOM/ 30( 3TO ypaBHeHHe 38nH
CaHO B BH,ne 

h2 2 1F\x :::. 2P t ljolF' -)( P -Zfi' 

Jlerxc 3aMeTHTb, ~TO npa pc -:f: O 3TH ypaBHeHHH MaCmTa6H1llM npeoõpaao
BaHHeM nepexo,nHT ,npyr B ,npyra, HO AnH HamHX uene~ y~o6Hee nepBaH 
~opMa 3anHCH. TIo,n ypaBHeHHeM p~ MN 6y~eM nOHHMaTb ypaBHeHHe 

Ux« := 2 ti.3 r)' x U + Y. (Pz ) 
TIpH )I;:/: O ero aerxo npHBeCTH K cTaH,napTHOMY BH.ny c )1= -( npa nOMO~H 

MacmTa6Horo npeo6pa30BaHHH. Bce HamH ,nanbHe~He nOCTpoeHHH 6y.nyT 
cnpaaennasu ,UnH mo6bIX 3Ha~eHH~ napaxerpos ~) 1':1 c) }I? Y • ITpH 
cTa~apTHoM BbI60pe napaMeTpOB CBH3b P H ~~ 6~8 YKa38H8 B pa6oz 
Tax 30,16/. 3,necb MH npHBe,neM 3TH ~PMYHH B Mo,nH~HrHpOBaHHOM BH,ne. 

I1yCTb F(x)-pemeHHe ypaBHeHHH P3Lf , rorna ~YHKUHfl U tx), no-
CTpOeHHaE no wopMY~e 

C" Fx c 1 
U(X>=01p T OZ p ' (1) 

6y,neT pern€HHeM P2 npa »> -f> ' 
(".t.., ("Z c"~ :: f> 51 - oc Ó:z. 01=-;:;,0;":::1; 

C ,npyro~ CTOpOHbI, HMeH peweHHe p~ MH Mo~eM no HeMY nOCTpoHTb pemeHHe
J 

~lj no ~PMYne 

2 

F(x)=o(eux T u 
L t 4 x) (2)

J 

nplof 3TOM 
:t z ~ (.') 11 ~ ot. := y 1 , =-;r > C:::: o y ê + /í ) , e = t d. . 

Ecnlof B ypaBHeHHIof fl ~:= o, TO TalOKe 6y,neT Cnp8Be,n.JU1Ba ~PMYna 

( 3)F(x) =: cr U.L(X), 

npH~eM snecs d:= i ' .p:= 2.,fi, c =O • TIpHMeHHM nocne,nOBaTenbHO 
~OPMYJIH (1) H (2), BbI61ofp8H B (I) 51 = - t H b2 ::::;: éf *) , 

-:
Tor,na nplof,neM K cne~~eMY YTBep~eHHID. 

YTBep?lmeHHe. I1yCTb f-t (x ) 6y,neT HeKHM pemeHHeM ~J( npa 
oL:= o{ '1 , fi, =j31 Iof C = C1 , Tor~a ~yHKUIofH F:;. (x) 

{ (( F i«: 1:. c, ).t )F:l. (x) « 0(,2. 1X [1 (x) - 0(1 F1 (X)-~j1X (4) 

, rneT8IOKe 6y~eT pemeHlofeM P31f npa d: ::::.d.t" .~ =r}.t., C ...ClJ 

, }-1:=}J- , o<, "- ::/: o J (eX:. C.t/'== (cX1C» ':f:l, jJ1)~ , ( b) 

38.MeTHM, ~TO 3TO Iffi (4) ,nnH P31f MontHO 6bL1lo 6bI non~HTb H aa
 
1of3BeCTHoro TIB ,nHH p~, HO 3TO 3Ha~IofTenbHO 60nee rpOM03~KaH npoue

.nypa.

TIplofMeHHM Tenepb nocne,nOBaTenbHO npeo6pa30BSHHH (2) H (I), BbI6

pas 51" f ' 52. = ! (Y1E +)1/fi, ) ,nOJI~IofM no,no6HhIM ate 06pa30M
 

TIB ,nJIfl P~
 

~1ê + J!.1s. (6) 
U,t (x) z: E, U1 (x) -t e U.u (x) .,. u: (x)+~ x 

}J"'=JL1 ') V:J.,=-(;Ct+Y"ê). 

3,neCb U
1 

(x') Iof 1l.J.- (x)-pemeHIofR p;.. npa napaaerpax, COOTBeTCTBeHHO,
 
fi of) Y1 H )1'-,v;.. TIp10f f"tO 3Ta !floPMYJIa 3t<BHBMeHTHa rrpasenea-


HoR B pa60Te/ 35/ •
 
)f} EcJIH BH6paTb 'S1 = i: ' S:z., =s i: ci ' TO BMeCTO Bblp8JKeHHH (4)
 

non~HM ot, s. F~ :::: o( -1 F1 'j1 z; j '-- ,.(0('1 C '1 ) 2,== (ot z" CJ.. ) J., • 
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rrOCJIe~OBaTeJIbHO npHMeHRR q,OPMYJIbI (3) H (1), nOJIyl.lHM, l.ITO 
ypaBHeHHR 

""" '1 "- 3 
U xx ;; fi 1 U +,P., X U 

Vx X =- Z V
J

- "'fi" X +-~ -1 E. 

CBR3aHbI npe06pa30BaHHeM ~ 

. UX (X)
V(X) ~ E a. (x) 

I>	 f1pH .À1)A" =1= O 3TO BblpaJlteHl-Ie rtpaseneao B pa60Te/3'6/ . fIpHMeHflfl 3TH 
q,opMYJIbI B 06paTHOM nOpR~K~ nOJIYl.IHM, l.ITO 

fi (X) = V(êVx. (X) .;. VÃ.(X) +-1? Xi/« I (7) 

anecs .J-1 == 1., . 

COBepmeHHO TaK ~e.KOMnOHYfl nO~CTaHOBKH (2) H (3~ ~ MOJlteM nOJIY
'qHTb nO,1\o6Hb1e q,opMYJIbI ,IVIR pemeHHtt PS'f • ,L{etlCTBHTeJIbHO, nycrs 

F'., (X) - pemeHHe PJI.f C rrapaMeTpaMH 0(1 C ==}1 , rorna1 

-I ( F.,)( (X) + C1 ).t
F~ (X)::: o(,J, F (X) (8)

1 

6y~eT pemeHHeM F'.3 lf C napaMeTpaWi C,-=O, J>;"c- Z} 1' oi,A- - mo6oe,
OTJIHl.IHoe OT HY·~H. Ü6paTHaR q,opMyJIa HMeeT BH~ 

Ft (X)=:1 ((VcX:t, F.dX»)x + ~.t. F.z (x) + ~X) . (9) 

nonyqeHHbIe 3~eCb npeo6pa30BaHHfl (7-9) paHee He BbInHChlBaJIHCb H ~OnOJI
HflIDT OnHCaHHbIe B pa6oTe/I6/ . 

2.	 UenOl.lKH Tona H BOJIbTeppa H YOOBHeHHe . P.t . 
3a~HKcHPyeM npOH3BOJIbHbIM 06pa30M napaMeTpU ypaBHeHHR f1~
 

nYCTb ot D , 130. CD € C ,cooTBeTcTBYJOlIlee pemeHHe 0603Hal.lHM Qepe3
 
oF (X) • Teneps onpe~eJIHM F« (X') c.lIe,I\YTOIIlHM 06pa30M: 

., (PrtJC + Cn)). r
n: >,. O, rn H =0(,-- F - otn rn - i, fI&- X, (Ia)nr-t n: 

0(,1'1+1 Cn +1 =otn. C n - :, P.J o r~e 
.	 r 1 q.n:t:O npK n.~ o 

tt ~ o , ~ .:»: (Fn X - CI'I.): lXfl. Fn - 1. } n X rn ) 1'1-" o{n-1 Fn
 
I')J,e oc n-1
 C"-1 =0/. 11 C", +!-fto ) ot-n-::I- O llpH itl:o 

4 

06a BhlpaJKeHHR (10) H (11) cnpaBe~nHBhI,I\JIR JIID6hlX ~ , KaK 3TO CJIe,I\yeT 

H3 pe3YJIbTaTOB nepsor-o naparpaéa. ~HKcHPyeM npOH3BOJIbHO n.. H Bbll.lTeM 
H3	 (10) Bhlp8*eHHe (lI), Tor~8 nOJIyqHM 

t 
I.( Cfi. Fn: = Fn. (eXn +-1 Fn + / - o( n _., Fn _., ) . (I2)

x 

Onpe~eJIHM t eneps q,YHK~HID \firt ex) CJIeAYID~HM 06pa30M: 

~rt	 t x >eX 1'1 ) Cn. , }o ) z: ccn Fh (I{ Cn 0/n X > o(n.. , Cn , j3a). 

Tor~a (12) MO~HO nepenHcaTb'TaK; 

\.fJn ::: '+' ~ (~n H - If'n-1 )x 
fIepei1,I\H K q,YHK~HI1 rn ex) = \fin (X) Y; n - 1 (X), nOJIYl.I11M CTaH,II,apT /
HYro 3an11Cb UenOl.lKH BOJIbTeppa 

rn. x = ~ ( rn +I - rn -1 ) • 

fIOR8*eM Tenepb, l.ITO onHcaHHyro B nepBOM naparpaq,e CBR3b YP8BHeHH~ 

p~ H P3~ MomHO paCCMaTpHB8Tb Henocpe~CTBeHHO KaK ypaBHeHHR uenol.l 
KH TO,I\a. ,IJ,ettcTB11TeJIbHO, onpenenaa UI'\. (X, Bblp8JKeHHeM 

U n- (X) =!L f'tK (x) + Ch.. ~,
 
~ Fn.(X)
 

TOI')J,8, KOHel.lHO, UI'\. (X) 6y~eT peaeaxex Ps: npa j<==-.Ao H VI't z;

í (}o-olnC.,J. Onpe,I\eJIHB reneps 1trt.(x)=:.-J, f n. (xJ? cpaay nOJIY
~HM CHCTeMy ypaBHeHHtt 

1f'n x -::::- Vrt. t u« - U n - 1 )	 (3) 

UtLx = 1fn 'H - Vn., 
KOTopafl, KaK H3BeCTHO, 3KBHBaJIeHTHa ~enOl.lKe To~a; 

~ '/"+1 - yl1. #rt-'!n-/
oixt = e - e , 

I',1\e ""ri. =exp ('in -'án-1) H te; ::~nK • 

Tenepb MN MO~eM n8rKO nOCTpOHTb ~aCTHN8 KJIaCC~ perneHHtt ~enOl.lKH 

TO,1\.a H Bonsreppa, HCnOJIbaYR H3BeCTHb1e pemeHJ.iR P;" Yl P.3I.f. Xopomo 
H3BeCTHO, tITO ypasueaae P3, npa ~= -1 H Y=n: !: t HMeeT O)J,HO

napaMeTPíl.leCKOe CeMe~CTBO pemeHH~, B~amaID~YlXCR Qepe3 ~YHKllHYl ~pK. 

B pa60Te 25/ 6~JIa nOJIyqeHa 3aMKHYTaR ~opMYJIa ,I\JIn pemeHHtt 3Toro ce

MeRcTBa. B~nHmeM 3,1\eCb 3TOT P83YJIbTaT, TaK KaK 3TH ~pMyJIhI 6Y~T 

~aBaTb T8KJKe H pemeHHe ~enOtIKH To~a. 

I1yCTb B ypaBHeHHH P:L y= n-f H }=-i. Tor-na ero pemeaan, 

panHOHaJIbHO B~aMarolIlHecR l.Iepe3 ~K~HH a~pH H HX npOH3BOAH~e)6Y~T 

HMeTb BH,I\ 
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Uq(X)= -U 1 (X)=d~ in. 7.1 (X) 

·(I4)
/ -1/3

U n. (X) =.~ in.- det Bn-1 L-X(.t) ) 
',)ç(x c:Le-t BYl.. (- X (.2 J - 1/a ) 

rne 5 n (x)_ MaTpMQa c :meMeHTaMM 

;. (Bn(x») =: (m-i) (m-p) 
.m):lp-1 m-p?f (X) rn =: 1,..2 J "', n: 

Jn -1) (m-p+1) 
= 1 ~ [n+1](B; (X))m)~ = ( 'm-p 1/ (x) P .. I '<:» ~. 

(1<) d. 1C (-Je)

1)' (x)=cJ.xKV(X) ?f (x):::.O, K>O
 

3~ecb	 1/(X) - nexos penesae ypasaeana 3npH 

~/I (x)	 - x 17(x) :z-O. 

COOTBeTcTBym~e peweHMe ypaBHeHMfl P3f 6y~eT MMeTb BM~ 
dfl..

Fn ( x) ~ cf X :L (tn. d..e.~ 8 11.) . (5) 

YfMefl BbIp8JKeHYlfl (4) YI (I5)J Mb1 cpaay nOJIYliaeM pemeaas uenouxa Tona 
(13), BbIp~a~~Mecfl qepe3 ~YHKQYlYI 8~pM. ~e"cTBYlTeJIbHO, u~ ~aeTCR 
Bhlp~eHYleM (14) YI 1rt'L=-~Fn. ,r~e F« onpeneaaercn Y13 (5). 3a
MeTHM, qTO cooTBeTcTBYD~He aBTOMO~eJIbHhle pemeHH~ ~B, ~B H rYlJIHH~
pHtlemWrO ypaBHeHl-1fl K,n,B C5WIH nOJIYlieHhl B paõorax /24,25/. 

3.	 CB.R3b fIE .llJIR P31 c TeopeMotl CJIOllCeHHfl.ItJIR ~ -dJYHKL1i~ 
YI tlaCTHhle pemeHYlR HeJIHHeAHhlX UenOqeR 

ITOJIYlieHHoe B nepBoM naparpa~e fIE (4) crrpaBe~JIYlBO ~R JI~C5~ 3Ha
tieHH~ BXO~~Y1X B Hero napaMeTpoB. ilOJIO~M Tenepb B ypaBHeHYlH P3~ 
napaverp Jb =0 , Tor~a 8.4 TOqHO peaaercs YI aro pemeHYlRMH C5Y!1:YT 
~ -~YHKllYIH BeijepmTpacca CJIe~~ero BYI~a: 

F ("f.) = (f) (Jffz + C2 J C1 , - Lt~~) , (6) 

r~e C1 , C~ - ROHCTaHTbI Y1HTerpYlpOBaHYlR. MHBapHaHTR 9L YI ~j 
lf;) -~YH~QYIYI paaau ~..2._ =C1 YI ~.3 =- Lf~ ~ • I1B (4) B 3TOM cJIYliae 
nepe~~eT B tiaCTHhI~ CJIyqaH TeOpeMbI CJIOllCeHYlR ~R õU -WYHKQYltl, a Y1MeH

6 

HO B TOT CJIyqaH, Ror~a K aprYMeHTY ~YHKllMH npYl6aanHeTcfl ee HYJIb, 
T.e. (4) npYlMeT BM~	 GG)/' ~ 

. -( ( (:J.)- q; )
lfJ(it~Uq)-=-OJ(:1.)+7( 6J(~) , 

rne ~ (uo)=o VI QJ'(uo)::: V-~; 
3aMeTMM, qTO CBfl3b IT6 ~H HeJIMHeMHOrO ypaBHeHVlH llip.e~'Hrepa c 

TeopeMo~ cJIo~eHMfl ~fl UJ -~HKQYI~ YKa3~BaHaCb B pa6oTe 7I b • ABTOphl 
OTTanKMBaJI~Cb OT rrs'~~R HeJIMHe~HOro 3BOJIDQMOHHoro ypaBHeHYlR H Y1CnOJIh
30Ban~~yro" MeTO~ nJIR nepexo~a R TeopeMe CJIo*eHYlfl. ~aRT CBR3M rrs 
ARR ypaBHeHM~ TMna ileHJIeBe c TeopeMOH CJIO~eHYlR ~H (Y) -~yHRUM~ 
BetlepmTpacca RB~fleTCfl HOBWM. 

ITOCTpOHM Tenepb no pemeH~D (6) cooTBeTcTB~~~e pemeHl-1fl peno
qeK To~a H BOJIbTeppa. ~etlcTBMe IT6(4) B 3TOM CJIJ'tiae ÇBO~MTCR K npYl
C5aBJIeHH~ HYJIR K aprYMeHTY óJ ~Kl\Mt."Í' n03TOMy Pn. (~ ) aanamercn 
TaR 

Fn(l)	 = )G)U.., ({?i}; + Ct t- nu" C1 , _I(C~)o( ,-, ~ 

COOTBeTCTB~~ee pemeHHe UenOqKH BOJIbTeppa C5y~eT HMeTb BM~ 

~,G (3/.1	 'te'/") K:'\ ! 3/.2 tte"z
Y""J~) =ot U.., zc (r;;t) J:. +C,2 + nuo» C1 , - õ( UV ttU. (á) ~ -I-C.2. I-{fl-,,)tlo/ç o( J. 

AHanorHtlHO nOJI~M pemeHYle UenOtiKM To~a (13): 

~	 4c~)
'P~ (~ 

V"4 ~ + CJ.. + n. U.o, C 1 , - -;;r- +C 
UI'/. ( )	 1.-St =:t:. 

ifJ (~1: +CI + nUo,c 1 ,- t~ ) 

?fn.(~):::;-~QJ(R'J: +!tUO?Cf~-'r~'?'). 

npH onpe~eJIeHHOM COOTHOmeHHYI KOHCTaHT 3TH pemeHHR B~~TCH Qepe3
6c2. 

3~eMeHTapHue TpaHcueH~eHTH~e ~YHKUHM. nYCTb, Hanp~Mep, C1 ~ ~ 

Tor~a QJ -%,HRUHR, a c He~ H pemeHMfl uenouex BbTpaJK8Y.>TCH vepes -&fi. ~ 

no cJIe,IJ,YlO~eA lI>oPMYJIe: 

X':) ('J:. 6C:L, _ '1C
L )= .s., + ~ (&1L (( k )"/:1.. ~ »)-.t

U'"	 '01. o( v;r;. y~c<.i W ~ 

6c z 
npa C~ = - -;;: nOJlyq~M, tlTO 

X':) ( :t _ GCz. _~)= -~ + 3c (Jin (( lL)f/.2 J»)-:l
U~ , o{ , DC.r fEl ~ fi;;' . 
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rrpHBe~eHH~e HaMH pemeHHR,BH~HMO,COAepMaTCfl B 06~HX KOHetlH030HH~ 

pemeaasx COOTBeTCTBYJOII\HX uenouex , O)J.HaKO B TaKOM BH~e ae sunacasa 9(t) = Zi V~~/ exp (~ Jf) ,
<•• (18) 

JU1Cb. 

~(t)=-i V~;-;' exp (-Jf) . 

4. Mo.rr.enb flOpeHra H ypaBHeHHe 8 
B pa60Te/37/ B KaqeCTBe MOAenH,onHCMB~~e~ cna60 Typ6yneHTHoe... 

~BH*eHHe ~HAKOCTH,6bma npe~OMeHa cne~lI\aH CHCTeMa.ypaBHeHHn; 

X:::e>(Y-X) 

'Y =,x-v-xr.	 (7) 

i =-tl. + XY r~e c: I r , t >O. 

3~eCb	 TOtlKO~ 0603HatlaeTCfl AH~epeH~YlpOBaHHe no 6espaSMepHOMY BpeMeHH 
t , Õ - tlYlCJIO IlpaH,lJ.TnR, r- - OTHOrneHI-ie tlI-iceJI Panea, 8 

reOw.eTpHtleCKafl xapax-repacraxa ncroxa. BenHtIHHa X nponopuaoaaasaa 
HHTeHCHBHOCTH KOHBeKTYlBHOrO ~BHMeHI-iR, y - pa3HOCTH TeMnepaTYP BOC
XO,I\HII\YlX 11 HHCXO,Il,RtqHX nOTOKOB, 2.' - OTKnOHeHHlO sepraxansaoro TeMnepa
rypaoro nportJHJIfl OT .1HHe/1HoCTH. 

rrpH6JIH~eHHOe pemeHHe JTO~ CHCTe~ paCCMaTpHBa~OCb B pa60Tej38 / 
MR npOH3BO~bHbIX 6'"))A H b »~ . MtleCTBeHHoe accaenoaaaae 3TO~ 

Cl-1c'reMbI npOBO,lJ.I-1JIOCb H B pa60Te/3 /. 3~eCb MbI nOKaJKeM, tlTO npa õ =i 

g. = ~, r = ~ oõmee peaeuae CHCTeMbI MOJlteT 6b1Tb sspaaeso tlepe3 
pemenae P;L • 

I107I01KHM ~ =:z. Õ , Bblpa31-1M H3 nepsoro H aroporo ypaBHeHHH V lil 
~ uepea X H nO!J,CTaBHM 3TH BblpaJlteHHfl B rperse ypasaexae ClilCTeMbt 
(T7). 10cJIe 3JIeMeHTapHb~ npe06pa30BaHH~ npHBe,lJ.eM 31'0 ypaBHeHHe K 

BHAY 
3:t en ( (y+ (1 + (j) X- õ (p - '1~ X + ·1 x ) / X ) =:. - ,t v. 

Ilpoaarer-papoaaa O~HH pan no t, npHXO)J.HM K
 
.. . 'J -lõt:.
 
X + (1 + e i x - (J' (r-O X +:I X :::; C., X e , Cf - cortá. 

EY,lJ.eM	 HCKaTb Tenepb pemeHHe 3Toro ypaBHeHHfl B BHAe 

X(i)=~(t)' W(~(t»), 

rne WHKt'HH W no 'J YAOBJIeTBOpReT ypaBHeHHIO P,. npa V= O • Terna 
cpaay rronyuaex, tlTO <5"" =1 , r ="/9 H 4>YHKUHH ~(t.) H '1 f t ) 
HMelOT BH~ 

'l
 
TaKKM 06pa30M. MH II<>JIYllllM BHp81teHHe q,yH~ X (t) , a C. Hei ~
 

q,yHKUHn Y(t). Z (t) xepes oonee peneaae P;t , c HYJIeBHM napa
.MeTpOM V : 

file	 /
I )X(i)=lL -i e.xp(-~t- W (~, Cl , ( 3) , (19) 

t[i;;' . ~r:rc; -J.t
Y(t)= u V~ eXf (- ~t) (f W(lj,c,-,CJ)-f v~ e "T %(1, CJ, cJ») , 

t -~ 
~ (t) =-( :L3 

C1)"3 e -3 (:l, w.z. (~, CJ. , a3 ) + 'f) , 

rne ~ '; ~ (t) aanaerca BllpaJlteIDIeM (18). C 1 • C:{ H C.3 - IIpOH3BOJIDHlie 
nocrorraaae, 'l>oPMYJThI (19) ,ItaIOT pemeaze CHCTew JIopeHna (17) ,ItJISI aaaxe-
HHn IIapaMeTpOB g.::: ~. ().::: -(, r.::: 1/9 .3áMe!l'KM.
 

P2. IIpH y=O KMeeT lIHCTO MHRMHe peneaaa, TaR "ttTO no
 

MH MoxeM IIOCTpOHTb BemeCTBeHlllie pemeHHíI CHCTew (17).
 

5.	 Ilpe06pa30BaHIDi, CBR:311Bamume ypaBHeHIDI KnB H Kl1 
WW!HlIPH"tteCKHMR ypaBHeHIDOOI KnJ3 li KII 

B aTOM napir~a~e Mll rrpHBe,IteM p~ rrpe06pa30BaHHA, 

lITO' ypaBHeIme 
!lJopMyJIaM (19) 

c 

0606m~ • 
H3BeCTIllie paHee 2 • 3.34/, HCIIOJID3YíI aTH IIpe06pa30BaHHíI H H3BeCTHHe 

aBTOMO,IteJIblllie no,nCTaHOBRR, HeTpy,ItHO IIO~HTb CBíI3b Me~ HCXO,ItHHMH 
nRJIHR.rtpHlIeCKRMH ypaBHeHRaMK H ypaeHeHKíIMK lleHJIeBe. 

PaCCMOTpHM ypaBHeHHe 

h!, t- Ir- f.-o< + "- "''''';' - o..} "f (01, P)	 (20) 

:1 R BCCJIe.nyeM. npa RaKKX Q. i / (o(, j3) aTO ypaBHeHHe 6y,neT 06JIa,n;aTb 
17/,

ITeHJIeBe CBoAcTBOM IIO BaAcy 27/. IlOBTOpíIR paccY~~HHíI pa60TH/ He

TPY.ItHO y6e~TbcíI. "ttTO aTO ypaBHeHHe 06JIa,n;aeT Ile~eBe CBOftCTBOM I 
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HMeeT napy .JIaKCa*) TOJIhKO eCJIl1 f (O<'I fi) -= eX. Q. (~+ -1) )J,JIfl 

JI106oro a.... 
ITOCTpOHM Teneph ~JIfl ypaBHeHHfl (20) c aTO~ npaBo~ ~aCThlO npeo6

pa30BaHl1e, CBfl3~BalO~ee ero c ~B. nyCTh 

D ao: ao<: (21)n. (o/, fi) := f> U (XI t) - ft' 
a. _ .jõH3elJ 

r~e X='o(j3 ")t- 1+'Ui 7 

• u.( X I -t ) 6y~eT pemeaaeu ypaBHeHl1fl ~B,I. Tor~a 

U t + uu., + LLx x x x: O , 

MCnOJIh3Yfl i13BeCTHYlO aBTOMO~eJIhHY1O no~cTaHoBKy/16/ 
U ex -{;) = 1~ (-t - W{~)) 1- = X-6t:i 

I ) , 

MbI npl1XO~I1M K ypaBHeH1110 P-1 ~JIH W ( :J) ( P1)
W 11 z: 6 w..z- + 'J. + C. 

Cynepn0311~l1fl 3Ti1X nO~CTaHOBOK n03BOJIHeT nepe~Ti1 HenocpeAcTBeHHO 
OT ypaBHeHi1fl (20) K'ypaBHeHl1lO P1 CJIe~lO~I1M o6pa30M: 

.z.a.. j3 -1+3<L Q... <X 

~ (ot I Jb ) = 1:J. } (-1+~ - W(~))- ---:fi"' 
(22)a., 6f~+GCL 

~ = o/. f> - (1 -f- '3 0...) i: 

ITpYl a.. ~- t ypasneaae (20) npenceaanaer coõoã CT8H,II,apTHYK> aanacs 
Qi1JII1H,n,pH~ecKoro ypaBHeHI1H K~B 11 n~eo9Pa30BaHl1e (21) nepeXOAI1T B npe
o6pa30BaHl1e,npeAJIO~eHHOeB pa60Te 33 . ypaBHeHHe (20) TaK~e npocTo 
CBfl3aHO c ypaBHeHl1eM KIT 

(23)V'~~ + Ox ('lJ't + V'V'x +- 'lfx x x ) '::: O, 

~e~CTBI1TeJIbHO, 6y~eM I1CKaTh npeo6pa30BaHHe B BI1Ae 
1J'(X/~)t)=:.A{t)~(o(,.f»+5(X/~I-t) ,TO~,II,a cpasy nozyuaeu, tiTO 

A(t) =. 7'2(t) ; t cx, '1, -t) =: 1'.3 (t) ,, 

I a.. I.t !L 
d,(X,'3l t ) ==-T(t) x -! ("'-t:{t) + fi r )~ + '1(t)~+,o (t) 

* B epopMYJIaX (25) pa6oTbI/I7/ HYJKHO nOJIOJKl1Tb I- (t) = t ~. 

B(X,UI t) =: - '7t (i) x J. -f ( 7;t (t) _ 2 ('Tt..ff:) l~ Q.(,,?,g,+'Or6)iJlt. t ~)l/ C. !.t) 
d r (t) "" r Ttt)/ ftL d + '1(1 o+ o (I 

t (i):::- 1';,1;. (-t) _ r/{t) , I> (t)=!lI':,(tJ 'Tt;(t) .,. .ta. '1 (/;)7'~{f;) 1';-1:. (t) 
o T{t) r:t.(t) 1 7f"t) fi T(t) )

t 
t 

I',II,e T(tJ, r:, (t) ~f Y':J (t)-np0I13BOJ1hHble q:YHKUMYf t . Ilpa
I~ 7'(t) =: i ,1';, (t) ::: r:,(t) = o , Q., =- f . âTo IIpeo6pa30BaHHe pepe

XO,Il,YfT B npe,n,JIo*eHHoe B pa6oTe/23/ , 

AHaJIOI'HtiHO MhI MOiKeM nOCTpOHTb npeo6pa30EaHJ18, CBH3h1Ban~ee J~.if.lmHÃ
pYftieCKOe ~'paBHeHl1e KI1 BH~a 

. '" ,o...... (Q. ~ ,;) "" rv ..-v CL 1: 
~~2 {se + 17 S (h!ss -I- t; -h ~s + -h-z;- + '[;) = O 

c ypaBHeHl1eM KI1 (23). C,II,eJIaeM CHatia~a npocTym no~cTaHoB~y 

~ (J ) & ) t: ) .= t - (~ - '1:1. )Cf; (5 J oJ 1:) 

I 11 nepeMAeM K Tpa,Il,i1IJ:HOHHotl lPoPMe aarmca ITHJIMH,D,pl1tJeCKoro Hll 
.1 
I ft:z C(,f)() +~i (ttsI s -I- q,q,r + 91: +k) = O.I 

TaR JKe ,RaK if npeJK,n,e,6y,n,eMI1CKaTh q, (r ) f} /1:) B Bl1,n,e '?- ('; 1 8Jt') =! 
JI{1:)?f{X/~/t)+B(Sle/l:), TOI'.n,a ro ..1Y4MM, QTOI 

I JI(7;) == r:l{1:J t ~((;")= 7'3 (7:) , 

x (5 ,BI 1:):=: r (1:" ) ~ - T; ('T('{;) +,z 'l: T"C (1:) )&~+ r; (1:)() +r, (~) , 
.' 1: 

~. (aI 7:) =}., rS 1: r.t ('[;){) + ~ J f1 ('{;)! ('l;,) d 1: f 2- iI '=' J 

(24)8 (5) 8, 7) = t 1 (1:) 5 + t:J., (1:) e.t+ t3 ('[.)8 + ~l( ('t) 
;J 

f) T'[. (7;) 
f:J.l{1:) -;"'T{7:) ) 

e~tt) =- .lrz::t. (~: (T) + t,'{; fz:) +iz ti (1:) ) ,
I eJ n» ~ - r;~!i/ +:;jJl?;) ('1' ('C) + ~ ?:r~ tt» ) 1l 

'I 'Õ.r: ('t) ~~(t:)tl( ('t) T(f:.) - J(rr;'- r~ (7:) ,L., 
lO 
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