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. /1 2/ . . 
B pa6orax ' nng pemeHHH HennHefiHoro.oneparopHoro'ypaBHeHHH 

. . 

f(x) = e (I) 

BBO.i:tHTCSI Ha OCHOBe MeTona perynHpH38UHH A.H.'THXOHOBa perynHpH30B8HHh!9 

HTepaunoHHbie npouecCbl THna Hh!OTOHa-KaHTOpOBH'Ia. nng 3THX npoueccoB xapaK-

TepHO TO, qTQ He npe,!lrronaraeTCH o6paTHMOCTh npOH3BO.!lHOH f '( x) B. c<jlepe BOKpyr 

· . B HacTogruefi pa56Te Bhi.!lenSJeTcH Ba)I{HhiH no.!lKnacc yKaaaHHhiX peryngpnao-

B8HHhiX TipOU9CCOB 1 Ha~b!B89MhiX "aBTOperynHpH30B8HHhiMH" 
1

' nng KQTO.IJhiX 

perynS!pH38UHH Ha K8)1{.!l0H HTepaUHH npouecca Bh!ITOnHHeTCSI B 38BHCHMOCTH OT 

Benn'IHHbl H9BH3KH ypaBH9HHH Ha OCHOBe npeahinyruefi HTepaUHH. B pa6oTe 

6onee · no.!lpo6ao nayqaeTCH O.!lHH .na aBToperyngpnaoBaHHhiX npoueccoB Tnria HhiO-

. Toaa -KaaTopo~nqa (nanee o6oaaaqaeTCH KaK !RE ) , xapa~TepH~Iu CBOHMH Koa-
. . En 

'~TpyKTHBHhi~n cBoficTBaMn. B pa6oTe TaK)I{e paccMaTpHBaiOTcsi qncneHHhi~ npn-
~ t I , 

M~p~I, peW9HHH KOTOpbiX H8H.!l9Hhl nporpaMMOH .!lnH 3BM Ha OCHOBe npouecca !R! • 
• n 

Ha aTnx npnMepax noKa3aHa ocna6neHHaH aaBHCHMOCTh aBToperyngpnao-

BaHHhiX npoueccoB or aaqanhHoro npn6nu)l{.eHHH, a. TaK)I{e cnoco6aocTh aTnx 

npoueccos. H36eraTh o6nacTn Bhipo)i{neHHH onepaTopa f' (x). KpoMe roro, no

Ka3aHa B03MO)I{HOCTh crpoHTh :Knaccb'I npouecco'B·, nocTnraiOruux paanu'I:HhiX 

pemeHnfi aana'IH nyTeM BaphHpoBaHng onHoro na Ha'IanhHhiX napaMeTpoB 

npouecca. 
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.. 

Ha ocHOBe MeTo.lla YHrepa sa.lla'ly o co6CTBeHHbiX SHa'leHHSIX npe.llna-

I'89TCSI peiii8Tb BB9ll9HHbiMH 8BTOperynSipH3bB8HHbiMH npoueccaMH, 

§ 1. A.BToperymwnaoBaHHbJe rrpoueccbt Tnrra HbJOTOHa-KanTopoBH'Ia 

llycTb S -nonaoe nHnefinoe 
(3/ L -cynepMeTpH'IeCKoe npoCTpaHCTBO _ ·, 

r -nenHHeHHbiH onepaTop, OT06paJKaiOIIIHH BbtnyKnoe IIOllMHOJKeCTBO . X s. s. 

B npocTpaHcTBe S ( Y = f (X) c.. S 

. naSI 4>peiiie f ' ( x ) • 

H IIyCTb CyiiieCTByeT nepBaSI ~pOH3BO.Il-· 

-I 
I1TepaUHOHHbi1\ npouecc !R w [ f; x 0 ; w0l. x 0 , x · = x .-(f'(x )+ w ) f(x ), 

n , n+l n n n n 

xn c; X , ( n = 0,1,2, ... ) , r~e nHnefiHbie onepaTopbi wn (.lleficTBYJ()nlHe 

113 X By) TaKOBbl, 'ITO onepaTopbtf'(xn)+ Wn .perynSipHbte, H83biBaeTCSI 

Ill 
perynSipliSOBaHHbiM liTepauliOHHbiM npoueccoM HbiOTOHa- KaHTopoBH'Ia • 

llycTb S -rHnb6epTOBO npocTpaHCTBO, K perynSipHSOBaHHhiM npoueccaM 

/2/ 
OTHeceM s npouecc . 

!Re 
(L) 

n 

-I 
) f '* ( X ) f (X ) 

n n 
X , X =X ·-(f'*(x ) f'(x ) + W 

0 n+l n n n n 

X
0 

<;;. X ( n = 0,1,2, •.. ) , 

a TaKJKe rrpouecc·a 

-I 
!Jl r,,, :. X O , X +I = X - f '* (X ) (£'(X ) f'* (X ) + W ) f (X ) 

U,l n ·n n n n n n 
n 

x c; X ( n = 0,1,2, ... ) , 
n 

I'lle nHHefiHbie orrepaTop~I w n , .lleficTBYIOIIIlle HS X B Y , nonoJKHTenhHO 

onpe.lleneHbi .llnSI Bcex KOHe'IHbiX n 

2. B HeKOTOpbiX cnyqaSJ:x ypaBHeHHe (1) peiiiaeTCSI noc~ellCTBOM HeKo

Toporo llPYI'OI'O ypaBHeHHSI THIIa 

a f ( x ) (} (2) 

4 

~: 

,I 

I 

~~ 



a-

:/ 

s 

lM 

{0'' 

[2) 

( a Jleii:CTByeT H3 Y B X ) 1 SKBHB8ll9HTHOI'O ( 1) HliH .llEDKe B Clly'lae, 

KOI'Jla TOnhKO pemeHHH ypaBH9HHH, (1) HBliHIDTCH pemeHHHMH ypaBHeHHH (2), 

Teneph Ha30B€).M npouecchi THIIa ~w 
n 

H ~-~ 8BTOperyngpH;_ 
n 

soaaHHhiMH npoueccaMH HhiDTOHa, ecnH HOpMbi II wn · II n = 0,1 ,2 , ••• ) 

HBliHIDTCH MOHOTOHHO Hey5bJB8IDillHMH WHKUHHMH HOpMaMH II an f (xn ) II 

( an -. IIOJlXO.tiHillHM o5pa30M Bbi5paHHbie o~epaTOpbi 1 .neii:CTBYIDillHe H3 ·Y 

.B X ; B cnyqae npouecca ~wn MO)KHO nono*HTb an = E . , a B cnyqae 

r an = f '*( X n ) ) • 

HH*e ~~:cc_:neayeTCH H npHMeHHeTCH cneaymmaH MOJlHlPHKaUHH aaTopery-

nHpHsoaaHHOI'O npouecca 

.. ;:·. 

0,1,2, .. ·. 

·CYTh 
n 

n f . . ... 
II f '(x ) II 4 a 2 , 2 

a
2

( +~llf'(x0 )1l £
0

+ £~)1if"'((x )f(x )II -lllf(x)Jj) 
4 PO . . n n 2 n 

a 
1 
~· [ 0,1 ] , a

2 
'- (0,1 ] · , 

- IIpOH3BOllhHbl9 tPHKCHpOB8HHbl9 'lHClla, 

. (jle ·. 
,; § 2. CxoarrMoCTh npouecca J\E'n • 

1. Bae.neM · o5osHa'!eHHH: 

gn 
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T 
n 

No 

+II P(x 0 ) 11
2 -1 

b n .== J.L ( h n + ''n E ) II 

~(2r0 £ 0 + E: ). , II f' (x) .!1 ~ T<oo X ,, 
Po . 

. f 
PaccMoTpHM cneJlyiOIUHe ycnosn:SI, c·BSI3aHHoie c npoueccoM !R£ 

n 

A. B X cymecTsyeT orpaHH'l:eHHaSI BTopag npon:aBOJlHaSI ~pewe 

-t !I f"(x) II < M < 00 

B. CymecTsyeT .KOHCTaHTa P c; [ 0, .oo ) 
~q 

( napannenoHo 6yJleM pac-

CMaTpHBaTh H BTOpoi% cnyqai%, KOI'Jla CyiUeCTByeT KOHCT8HTa Q c;; [ 0,1 ) ) , 

TaK 'ITO JlnSI ni06biX TO'l:eK x y c; X H n106oi% TO'IKH z c; · I x + 

+ < 1 - t > y I t c;; [ 0,1 l I BomonHeHo liepasaacTso 

HU'*(x) f '* ( y )) f (z) II ~ u ( x , y (B. I) 

I'Jle JlnSI·~YHKUHOHana u HMeeM 

u (x , y) == P flx-yfl 
2 

(nnH, so BTopoM cnyqae u(x,y)==Q !Jf'* (z)f (z) .II ). 

B • .UnSJ Ha'l:anhHhiX x 0 H E 0 BomonHSIIOTCSI HepaseHCTsa ( Ha'l:anoHbie 

ycnosn:g) 

0 < ¢0 ~ 1 - f3 < 1 ' f3 < 1 (B.l) 

f3 + 
. ¢o . y2 -- ___ ,;...___ < 

1 -% (y -b 0 )b 0 -
r -( B.2) 

1 

6 

·; 

t 

i 
~1 
l 
~~ 
~ 

] 



•> · b O . ':" .38Jl8HHOe JlefiCTBHTenbHOe l!HCno H V ;,. ( M T + P + N ) y 2 

(HnHI BO BTOpOM cnyqae V 

+No )y hoPo • 
f, nn.11 l!HCen £n 

y2 ) • f3 MT + N0 

1 ,;;_ Q 

BbinOnH.IllOTC.II HepaBeHCTB8 

n 
( n = 0,1,2, ... ) I c - c I n n+1 < ( 

n. w I x / [I x
1 

• x [I ~ 

< r.l) 

c X 

Jil MeeT MeCTO CJleJlyl0111ee OCHOBHOe YTBep:lKJleHHe 0 CXOJlHMOCTH npo-

. ~ f 
uecca c n 

TeopeMa 

f 
llycTb JlnSI npouecca !R £ BbmonHeHbi ycnoBH.II A-n. TorJla sToT. 

n 

npouecc CXOJlHTC.II H lim xn = x£ r::; W 
n -+.oo 

rueHHeM ypaBHeHH.II 

f '* (X ) f (X) 

B · o6nacTH X • CnpaBeJlnHBa oueHKa 

8 

1 
'2n 

f3 

AoKasaTenhCTBO 

. f'''; 
AnSI npouecca . ~ c 

n 
HMeeM 

• Tol!Ka 

( n =.1,2, •.. ) 

II X -X . II II ( h +£ E)-1 g II < b p ( n = 0,1,2, ... ) • 
n ~ n n n n 

n+ 1 

7 
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Hs o~eBHAHoro paaeHCTBa 

.I . 2 . 2 ) (ln -a2Vrn +NoPn+a2rn)(ln+a2yrn +NoPn+a2rn =·0 

::/ 

cnenyeT paaeHCTBO 

2 T
0 

a2 ln + ( 2 
n 

a 2 N 
2 0 pn 

H HepaaeHCTBB 

(n II hn +,lnE II ·~ No·~n ~No en Pn ( n 0,1,2, .•• ) • 

rne 

c n = II ( h n + ( n E )-
1 II II hn + ( n E n > 1 

~He no o6ycno~neHHOCTH on epa Topa · hn + £ n E 
/3, CTp, 105/ 

Hs aepaaeHCTBa. (5) nony:qaeM OKOH~aTenbHO 

ln ~No bn Pn ( 0 0,1,2 ••.• ) • 

HCXOASI H3 STHX HepaBeHCTB 0 HBXOAHM 

( n II ( h n + ( n E )-
1 

g n II ~ N 0 b! P ! ' 

H HCDOnb3YSI o6osHa~eHHSI 

8n=X -X 0 =-(h 0 +£ 0 E.)-
1 

n+l 

MO)KeM aanHca Tb 

gn '· ... 

( II 8 II< N0 b 2 p 2 (n=0,1,2, ••• ) 
n n - n n 

8 

(5) 

(6) 

(7) 



Ha (6) C1191lYIOT COOTHOW9HHSI 

Ha ocaoae <iJopMy1Ibi Tefinopa H HepaaeHCTB (Bl) H (4) nonyqaeM 

HepaBeHCTBa 

pn+l ~(MT + P + N 0 ) b: p~ 

(HnH BO BTOpOM cnyqae HepaBeHCTBO 

MT +No 
·------- b2 p 2 l" _ Q .·. n n 

( n 

( n O,I,2, . . . ) (9) 

O,I,2' • 9') 

. C DOMOWbiO D01IHOH MaTeMaTH'I9CKOH HHilYKUHH llOK83biB810TCSI cneny-

IOIUHe .YTBepmneHHSI ' . 

. b) ,~., < c/Jo < I ., rne '~'n 

'c) b <· I - (y - b 0) 
{32n-1 < y ' n -

d) xn c; X 

9 



nanbHeiiwee .llOKa3aTenbCTBO TeopeMbi C Heo6XOJlHMbiMH H3MeHeHHSIMI' npOBO

JlHTCSI no cxeMe ~oKasaTenbCTBa TeopeMbi 3/ 11. ITpHBeneM snecb Ton~Ko noKasa

. TenbcTBo yTBep)l{.oeHHSI b ) : 

nnSI n = 0 b) BepHO B CHny (Bl ). 

ITycTb b) sepHo anSI n • PaccMaTpHsaeM nHHeiiHbiH: 

p ~ E - ( h + e E )- 1 
( h +1 + e E ) • 

n n n n+1 · 

.llnSI 9I"O HOpMbl HMeeM: 

II P II < bnll h • .:_It II+ bn I fn -fn.f-tl < 
n+1 

<{- b n II f '* ( X n ) - f '* ( X n + 1}! I II f ' ( X n) \I + 

+ b fl f ' ( X ) - f ' ( X . ) II II f '*, ( X · ) II + b I fn- f I • 
n n n+{ n . n n+1 

Ha ocHoBe ljlopMYnbi TeAnopa H HepaseHCTB (6), (rt) H b) 

II p II~ (2MT + NO)y bn Pn =c/Jn< l 

00 

H, cne.oosaTenbHo, PSI.Il :£ 
1=0 

I 
p v CXO.IlHTCSI nns,. BCeX V C: 

0TciO.oa aaKniO"'aeM, 'ITO II ( E - p )-
1 I L < -' 1-. • B pesynbTa;~ 

l -cf>n. 

· b · 
1

- =II (E -p)""' 1 (h +f E )- 1 11 <bn _1_. 
n+ n · n 1 _ ¢· 

n 

10 



J1s COOTHOllleHHH (9) . (HnH,. BO BTOpOM cny'lae, H3 COOTHOllleHHH (9')) no-

( 2 MT 

< (2MT. + N ) y 
0 

+ ·N 
0 

) y b · p · 
n+l n+l < 

~v 
1 -rp 

n 

p2 
n 

-~ vp 
1- rp 

n 

n 

OTCIO)la C y'leTOM a) H b) H TOI"'O, 'ITO .f3 ~ 1 - rp 0 HaXOJlHM OKOH'Ia-

TenbHO 

rfln -----
) - rp n 

f3<rp < 1 
n 

v Po 

T.e. yTaep)KJleHHe b) aepao H JlnH n + 1 

2. TaK KaK ycnoBHH A-n llOKasaaaoii TeopeMhi TPYilHO npoaepHeMbie, 

TO B Bbl'IHCnHTenhHOH npaKTHKe ( ~aK H B _ cny'l:ae llPYI"'HX HTepa.UHOHHhiX 

npoueccoa) npouecc !R e 
(n 

'!acTo ynoTpe6nHeTCH sapHCTH'IeCKH. B 

TaKOM cny'lae STa TeopeMa cny)KHT )lnH UOJlJlep)KKJI: l"'HnOTeSbl npHMeHHe-

MOCTH npouecca 

§ 3 · u . me • •HCneaHbie npHMepbi npHMeHeHHH npouecca J\,
11 

· I. Ha ocaoae npouecca !R; cos!laaa npol"'paMMa nnH 8BM B8CM-6 
n 

SUBROUTINE AUTORE aa HShiKe DUBNA FORTRAN 

9TOH npol"'paMMe B Ka'l:eCTBe HOpMbl BeKTOpa ynoTpe6nHeTCH HOpMa tie6bi-

llleaa c aecaMH H .col"'nacoaaaaaH ·c aeii aopMa JlnH a·opMbi MaTpHUhi. Ilpo-

I"'paMMa AUTORE KpOMe pellleHHH no HTepaUHH Bhi'IHCnHeT rnaBHbie . 

11 



XapaKTepHCTHKH ITOB8A8HH51 npouecca p n , E" n en • d n det (hn •HnE 

H TaKJKe 'IHCno rn =II r (xn) II 

KoHcTaHThi a I H a2 - nocTo.HHHhle An.H Bcero npouecca. B 

npol:'paMMe 'AUTORE OHH .HBn.HlOTC.H "ynpaBn.HlOIUHMH" .Bhi'IHCnHTenbHOI"O 

npouecca: Aena.H HYJKHhie KOM6HH8UHH M8JKAY a
1 

1;. (O,I ) H a2 < 0,11 

MOJKHO nony'I8Tb npoueCChl C pa3Hh1MH CTeneH.HMH 'aBTOpel:'yn.HpH38UHH" H 

c pasHoH: CKopocTblO CXOAHMoCTH. MeH.H.H Ha'lanbHOe 'IHcno 
(0 B STOH 

npol:'paMMe, MOJKHO ITOCTpOHTb npoUeCChi, AOXOA.IIIUHe AO, pa3Hh!X pellieHHA 

38A8'1H. 

PaccMoTpHM HeKoTOphie xapaKTepHhie npRM~phi pemeHR.H aenHHeHHhiX 

CHCTeM ypaBHelmH: npoi"paMMOH AUTORE 

2. PemaeM CHCTeMy ypaBHelJHH 

r (x) 
rl (xl,x2)' 

r2 (xl,x2). 

X
2 +x -2 
I 2 

X + X 2 
I 2 

0 

0Ha HMeeT ABa A8HCTBIITenbHhiX pemeH!I.H 

0 

( x 1 =-I, x 2 =I )H (X 1 = -I, 83ll772I, x
2 

= -I,35320996 ) 

(IO) 

MaTpHua r '(x) 'C!ICT8Mhl (10) BhlpOJKAaeTC.H (det r '(x) = 0 ) Ha B8TBHX 

runep6onhi 

s : X I X 2 
I 
4 

H BCneACTB!Ie STOI"O KnaCCH'IeCKIIM.MeTOAOM HblOTOHa H8B03MOJKHO ITOCTpO-

HTb pemeHHH CHCT8Mhl H8'1HHaH C ,Ha'lanbHOft TO'IKH, n~JKameft Ha S , HnH. 

H8'111Ha.H C TO'IKH, AnH KOTOpOii peiileHHe AOCTHI"88TC.H TOnl>KO nepeCe'leHHeM S 

( HanpuMep, c TO'IKH x 
1 

= I , x2 = 1 ) . 

12 



Me TOll OM CHCTeMa (10) pemaeTCSI ·nocpellCTBOM CHCT9Mbi 

f~* (x) f(x) 

' 2 
+ x 1 + x 2 _ =: 0 

(11) 

x~ + x2 -2 + 2 x 2 ( x 1 + x: ) = 0 , -

ansr KOTopoil MaTpHua f '*(x)f'(x) Bbrpo)l{aaeTcsr onsrTb Ha· rHnep5one S 

8 _Ta6nHUaX 1 If 2 ll8Hbi pemeHHSI no HTepauiom CHCT9Mbi ( 11 ) H KpH-

- ( 0 0 5 TepHH npouecca B cnyt~asrx,· Koraa x 0 ·sransreTcsr "nnoxoil" TO'IKOil x 1 =- , , 

0 
X I - 0,5 )Q; H ( X ~ = - 2.5 , 0' ) 

X 
2 

= -0,1 I;; 5 (eM; puc. 1 ) • 

B, Ta6nHite 3 nOKa3aH Bblt{HCnHTenbHhiil· npouecc no HTepaUHH, llOCTH

. raiOIIlHfi. peiii9HHSI CHCT9Mbl ( 11) 1 KOTOpbifi- CTapTyeT OT "0'19Hb rrnoxofi" TO'IKH 

(eM. pHc. 1 >~ 

3. IToKa)l{eM -Ha npHMepe a¢¢eKT aapHaUHH Hat~anbHOro 'IRena t: o 

anSI IIOCTpoeHHSI pa3HbiX HTepaUHOHHblX IIpOU9CCOB 
' ' llOCTHraiOIIIHX 

pa3HbiX peiiieHHfi 38ll8HHOfi CHCTeMbi HenHHefiHhiX ypaBH9HHil. 

ITycTb pemaeM CHCTeMy 

( X I - 0,4) X 
2 

+ 0 14 X 
3 

= 0 

, (XI - 0,,2) x4 + 0,4 X~ 0 (12) 

( XI -0,1) X~ 0 

2', 2 2 2 .;..J =0 x2 +X 3 + X 4 + X~ 

13 
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-.;.· 

KpHTepHH npo~ecca J{;f;t perueHHe 
- I 

-~ X1 ic,., f)f. ttl JJ'VI. I t--tva_ ~ ! 

~ -I, 40'/11:> ~~ l,7ee'7:>406 l~,:::>U'/0688 10,00000000 ... o, 50000000. o,5ooooooo 
·: 

o,'45D87I2J I I 09816Il:2 o,44J51108I 87' 2596154 0,09537677 -I,L!51387I2 
' i 

2 o,22D576{ o, 14848199 II, 7646~62 . 0;015738211 -1,01676544 r1I5295742 

J 0 003521165 
' 

. o, 00061380 14,37 381144 . o,oo595530 -0,99530~01 I, 01015103. 

It o,oooo270~ o,oooo2694 I't,7Ll'J9503 0,00009809 -0,99998675 I, 00004846 · 

5 0,00000000 o,oooooooo 14,71155226 o,oooooooo -I,OOOOOOOO r,oooooooo 

., 

I . 

.. , . • 

Ta6JIHita 2 

ll1 .. At. 'l:tJ. en en. :Xi ':~Ct. 
0 2.3,24000000• 4,I5000000 4,:3.3685558 1,oooooooo -2,50000000· .. o,robooooo 

I 6,84579528 1,8350D5I 5,2I888380 10,7:340978 . .:.I,8847636 -0,~230117.3 

2 I,897l8247 19{1542169 8,5260.3158. 5,.3918997.3 -I,579149I6 -0,:35:3457575 

- 3 I,OJB97III ~9I56J66JI . ,9,700I06I8 2,2I959289 -1,50471864 -0,590213801 
01 

4 0,90362244 b,58J9J52I 6,40.354485 I,J4432920 . . -I, 652:30395 I -I,OJJ6I924 

i 
5. 0,197.38957 0~ 105.25775 5,570.32810 . I,0040I9JI -I, 795479:35 I -.I,30008523 
!6 0,00545099 o;oo26II9o· 5,44057859 o,I99987759 -1,8.3021474 . I -1,.35I8886.2 

7 0,00000356 o,oooooi78 5,4:3777.377 . o, 00548I56 ·-1,8JII7656 I -I, :35:320907 ·. 

~ o,oooooooo o,oooooooo 5,4:3777171 o,oooooJ53 -I,8JII772I " -I, :35 320996 



ol., ~ o. g 'I r:h.:;: o. 8 
TaCiJUil.la 3 

KpHrepHH npol.lecca JIG&!. . ,_,, pemenne 

11 I'-' x,l)t ~M .j),. "C"'-t Cw ~-~. . .. 

0 4,00000000 2,00000000 a,97957727 o,.oooroooo. I,OQOOOOOO I 00000000 . 9 -. 
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PemaeM CHCTeMy ( 12) C• HatianbHbiM IIpl!6nH)KeHl!eM 

X O = 0,0001, xo 
2 

xo 
3 

xo 
4 

x 0 = 0,1 
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i; pesemze 

u 4 , . 

· I, 0 

-u,o 
u,u 

-C,O 

BapbHpOBaHl!eM-aaqanbHoro 'lHCna £ 0 OT 0 !10 0,1 Bbi!lenSIIOTCSI 'leTbl-

e 
pe nma aBToperynSipl!30BaHHhiX., rrpoueccoB !R £ 

·.p 
ITO IlpH3HaKy !lOCTl!)KH-

MOCTH o.tiaoro 1!3 'leTbipex perueimii cacTeMbi ( 12). B Ta6naue 4 rrpl!BeneHbi 

IIpe}:(CT8BHTenl! 9Tl!X rrpouecCOB, rronyqeHHbie COOTBeTCTBeHHO IlpH E ~ = 0,0004, 

( 
2 = 0,000258, £

3 = 0,00018384 H ( 
4 = 0,0001054 (B 9TOM 'lHCneHHOM. 

0 . . 0 . . 0 

IIpl!Mepe. ~aMe'lanOCb yxynrueHHe CKOpOCTl! CXO!ll!MOCTll IIjJll EO -> 0 ) • 

4 P ~ ./5/ 
• · eruaeM CHCTeMy Henl!HenHb!X ypaBHeHl!ll 

.xl + x2 .+ xa 1,6000000 

"t cos 0,83 x
4 

+ x2 cos 0,83':x6 + x3 .co~ 0,83 x 6 = 0,452413 

x
1 

cos I. 67 x 
4
+ x

2 
cos 1,67 x

6 
+ x

3 
cos I {l7 x 6 = -0,67%91 

x
1
cos2,5x

4 
+ x

2
cos2!5_:)t

6
,+[x

3 
cos 2,5 x 6 =-0,1120313 - . 

XI COS 3,33 x
4 

+ x
2 

COS 3,33 x
6

4- x
3 

COS 3,33 x_
6 

= -0,367504 

' ; 
X COS 4,17 X + X COS 4,~7 x; .f X .COS 4 ).7 X =-0,381874 
. I 4 2 . · ,' .. :5 8 6 

.! 
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3Ta CHCTeMa ypaBHeHHil: XapaKTepHa TeM, 'ITO 06biKHOBeHHbiil: MeTO.[l 

HbiOTOHa pacxonHTCSI, CTapTyst oT O'leHb 6JiH3KHX {aanpHMep, TO'IKa x 
1 
~ 0,9, 

K peweHHIO Ha-

. '18JlbHblX TOtieK, 'Ha OCHOBe/5, CTp, 132/ M0)1{H0 SaKJl!O'IHTb: 
0 'ITO 9TO 

. . . 

KaasnnnaeapHsauliH BenMaHa-Kana6bi. 

Maoro'lnc'nea:Hbie ·aKcnepHMeHTbi nocTpoeHHSI npoueccoa .[lJlSI 

HaXO)I{)leHHSI pellieHHSI CHCTeMbl . { 13) iiOK83biBaioT OCJla6neHHYIO 38BHCHMOCTb 
' . 

STHX npoueccoa oT· Ha'laJlbHoro npn6nn)l{eHHSI~ B ·Ta6nHue 5 npHBO.UHTCSI npH-

. . . e 
Mep npouecca. :!R £ nnst nocTpoeHHSI peweHHSI cncTeMbi { 13), cTapTyst 

n 

OT OTHOCHTeJlbHO .[laJleKOil:. OT peweHHif ··Hli'l8JlbHOif TO'IKH. 

§4. Pewea:He saLia'lH o · co6cTi3eHHhiX saa'leHHSIX aBToperynSipH30BaHHbiMH 

npouecca:Mn 'THna H biOToaa-Kaa:TopoBH'Ia 

1. llyCTb a sa.uaHHbiil nHHeil:Hbiil onepaTop, npeo6pasyiOWHil: nHHeii-

Hoe npocTpaHCTBO · R · caMo B ce6st. PaccMoTpHM ypaaHeHHe 

au Au (14) 

. r.ue .\ - 'IHCno nonst · ·. K H au 1: 0 ~ 

MeTon Ya:rep~/3,6./ .unst aaxo*neHHSI co6cTBeHHbiX 'lHcen ..\. · H co6cTBeH:.. 

HblX BeKTOpOB. H. npHBOilHT K peweHHIO HeJlHHeiiHOil Sa)la'IH: 

Ll.nst ypaBHeHHSI { '13) BBOilHTCSI HOpMHpOBKa BHil8 gu = 1 , r.ue g -sa

.UaHHbd( !flyHKUHOHaJl TaKoil, 'ITO g 0 .·1: . 1 ·, 

PaCCMOTpHM. napy ·aneMeHTOB . w = [ v l , r.ue v t; R 
fl 

KaK aneMeHT aoaoro _npocTpaHCTBa · S , onpenenHB · cno*eHHe H yMao»<eane aa 

CKanstp TaK ')l{e, KaK H .[lJlSI 'IHCJlOBblX nap;• OnpenenHM npeo6pa30B8HHeM r 

aneMeHTOB S· !flopMynoA 
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[ OR ] -- . 08 - aynesoa aneMeHT 
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s TO ypaBHeHHe . 

aKsils.aneHTHo ypasHeHHIO (14), ao Tenep:f> .f ·- aenHHeiiHhrii onepaTop. 

B cny~ae,' KOI'Aa onepaTop f ' ( w ) nnoxo o6ycnoBnea; Mhr npeAnara

eM peweHHe. ypasHeHiur (15) CTpOHTb asToperynsrpHaosaHHhiMH npoueccaMH 

THna HbiOTOHa-KaHToposH~a. 

2."npoAeMOHCTpHpOsaHHOe B qHcneHHOM npHMepe 3 (CHCTeMa ypaBH9HHR 

( 12)) "aawynhrsaHHe"' scex peweHHii AaHHoit' aenHHeiiaoii aaAa~H asTopery.;.. 

. e 
mtpH30B8HHbiM npouecCOM !Rc . 

. n 
SIBnSieTCSI Ba>KHbiM AOCTOHHCTBOM npH pe-

r W9HHH 38A8~H . 0 C06CTB9HHbiX 3Ha~eHHSIX. 

CHCTeMy ypasHeHHfi· ( 12) MO>KHO paccMaTp~saTb KaK ypasHeHHe .( 15) 

x2 + x 2 + x2 + x 2 
2 3 . . 4 3 

0,4 04 0 0 

0 0,3 0,4 0 
a 

0 0 0,2 0,4 

0 0 0 . 0,1 
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