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BBEAEH14E 

B HaCTO~~e~ pa6oTe paccMaTp~8a~TC~ HeKoTop~e a8TOMOAenbH~e 

peweH~~ C8~3aHHO~ 3aAa4~ TepMoynpyrocT~. 

0Tn~4~TenbHOe C80~CT80 a8TOMOAenbHOCT~ peweH~~ COCTO~T 

8 TOM, 4TO npo$~n~ ~ccneAYeMbtX 8en~4~H c Te4eH~eM 8peMeH~ 

OCTa~TC~ nDA06HbiM~ CaM~M ce6e, MeH~~Cb TOnbKO 3a C4eT I-13MeHe

HI-1~ 1-1x MacwTa6o8. TaKI-1M o6pa3oM, a8TOMOAenbHoe peweHI-1e coxpa

H~eT OCH08H~e Ka4eCT8eHH~e 4epT~ peWeH~~. no3TOMy, C DAHO~ 
CTOpOH~, OHO AaeT 803MOmHOCTb npo8eCTI-1 Ka4eCT8eHH~~ aHanl-13 

peweHI-1~, a c APYro~ - MomeT l-1cnonb3o8aTbC~ 8 Ka4eCT8e TecTa 

An~ npo8epKI-1 T04HOCTI-1 41-1CneHH~X MeTOA08 paC4eTa 3aAa4 TepMo

ynpyrOCTI-1 Ha 38M. 
npl-1 l-13y4eH~I-1 a8TOMOAenbHbiX peweHI-1~ 8 OAHOMepHbiX 3aAa4aX 

8MeCTO A8YX nepeMeHH~X, KOOPAI-1HaT~ 1-1 8peMeHI-1, n0~8n~eTC~ DAHa 
He3aBI-1CI-1Ma~ nepeMeHHa~ 1-1 CI-1CTeMa ypaBHe,HI-1~ 8 4aCTHbiX npOI-13-

80AH~X C80AI-1TC~ K CI-1CTeMe 06btKH08eHHbiX A1-1$$epeHI.II-1anbHbiX 

ypa8HCHI-1~. 3TO ynpo~aeT 3aAa4y C MaTeMaTI-14eCKO~ T04KI-1 apeHI-1~ 
..., e P~Ae cny4ae8 noaeon~eT HaXDAI-1Tb T04H~e aHani-1TI-14eCKI-1e 

peweH~~. A8TOMOAenbHbte peweHI-1~ 3aAa4 TepMoynpyrocTI-1 paccMoT

peHbt 8 /2, 31 • 

§1. nOCTAHOBKA 3AAA414 

6e3pa3MepH~e ypasHeHI-1~ c8~3aHHO~ TepMoynpyrocTI-1 np~-1 Han...,-

41-11-1 Macco8~x c1-1n F 1 (x, t) ..., I-1CT04HI-1KDB Tenna F 2 (x, t) I-1Me~T 
81-1A /tl: 

2 a 2 ao · a_~ __ __ u + a
1
---F

1
(x,t), 

at 2 ax2 ax 

ao 
at 

a ao a2u 
--(k(O)-) +a2-a '"'F2(x,t). 

ax ax ax t 

/1.1/ 

3AeCb U , 0 , k , X , t - COOT8eTCT8eHHO 6e3pa3MepH~e nepeMe~e-

HI-1~, TeMnepaTypa, K03$$1-11.11-1eHT Tennonp080AHOCTI-1, KOOPAI-1HaTa, 

8peM~; a
1 

.. Ga\+ 2ft)aT0 /(A +2ft), a 2 -(3.\+2ft)a/cp, rAeA. IL -
nOCTO~HH~e naMe, a - K03$$1-11.11-1eHT ni-1HeHHOrO Tennoeoro paCWI-1pe

HI-1~, p - nnOTHOCTb cpeAbl, C - TennoeMKOCTb eAI-1HI-1Libi MaCCbl, 
__.. • ......, ~I>Aoo"·-· . .,. _______ ...,..... •• 

I 
''""'. ' " ' '., ..... ~,""" . ' 
~t. ~-. 1 ·.·.·.t _, .. ~IL-i~ vt .... l .... _. ! ' • • ' ' 
v~~~;~~.;~~~~ ~~~ ' . ...,.. -
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I 

To - TeMnepaTypa eCTeCTBeHHOrO COCTO~HH~. oe3pa3MepH~e BenH-
4HH~ CB~3aH~ C pa3MepHbiMH U 1 , 0 1 , k 1 , X l , t t cne,qyiOUIHMH 
COOTHOWeHH~MH! 

v 
u ~ ('K)ut' 

v 
x • (7)x1 

v2 
t -<"'K )t1 

I 
0 n: ecnH 

o .. o /To, k (0) .. kt(Ot )/k0 .. 
1, ecnH 

r,qe 
ko 

K=--, v 2 .. (,\ + 2p.)/ p. 
cp 

k1(81)..,(~)1Jm 
m 1 ' To 

k 1=ko• const, 

§2. ABTOMO,llEJlbHbiE PEWEHH.sl THnA 11 6ErYl!lEj;\ BOJ1Hbl11 

2.1. PaccMoTpHM cny4a~, Kor,qa K03~~H~HeHT Tennonposo,qHOCTH 
k(8) 3aBHCHT OT TeMnepaTypbl no CTeneHHOMY 3aKOHY k(O) • 0 m, 
m > 0 , m-const. CHcTeMa ypasHeHH~ /1.1/ npHHa,qne>KHT K cMewaH
HOMY rHnep6ono-napa6onH4eCKOMY THny. TaKHe ypasHeHH~ ,qonycKaiOT 
peweHH~, npe,qcTasn~IOIIIHe co6o~ sonHbl nocTO~HHoro npo~Hn~. 
MaTeMaTH4eCKH 3TH peweHH~ 3asHc~T oT x H t 4epe3 nepeMeHHYIO 
S,., x-Ot, r,qe 0 - nOCTO~HHa~ CKOPOCTb BOnHbl, 3a~MeMC~ nOHCKOM 
TaKHX peWeHH~. 

~YHK~HH nepeMeUieHH~ u(x,t) H TeMnepaTyp~ 8(x,t) 6y,qeM 
HCKaTb B BH,qe 

u(x,t) .. u(s), 8(x,t) .. o(s), s ... x-Ot, 0 • const. /2.1/ 

B~pa>Ka~ npoH3BOAHble no x H t 4epe3 npoH3BOAHble no s, cse,qeM 
CHCTeMy ypaBHeHH~ B 4aCTH~X npOH3BOAH~X /1,1/ K CHCTeMe 
11aBTOMO,qenbH~X ypasHeHH~ 11 : 

(0 2 -1) d 2 u + a .!!!_ = F ' 
ds 2 1 ds 1 

dOd md8 d 2 u 0- +-(8 -) +a20- •-.F 2 . 
ds ds ds ds 2 

/2.2/ 

B peweHH~ C nOCTO~HH~M npo~HneM BOnH~ MOryT 8XO,[IHTb TOnbKO 
MaCC08ble CHnbl H HCT04HHKH Tenna, KOTOpble ~8n~IOTC~ ~YHK~H~MH 

OT ·s. npoHHTerpHpyeM CHCTeMy /2.2/H no,qcTa8HM ~~ H3 nep80rO 

ypa8HeHH~ 80 8TOpoe. nony4HM (npH IOI ~ n: 

2 

·1·.'.: .. ~ 'I 
~: 
.:~ 

14 
:~ 

:.1~~: 
·~ 
.!:\, 

• ,1~ 

::, 
(). 

,_\l,l, 

'?It 
·1 li" ,, 

t:l: :,. 
i: ·~. 

du at 1 --==- 0+-
ds 02-1 02-1 

Ct 
fFt ds + 02-1 

/2.3/ 
rlll dO O(a 1a 2 + 1-0 2) a20 a2Ct0 
t1 ·-=- -0- fF 1ds-fF 2ds+ +C 2 • 

ds o 2-1 02-1 o 2-1 

o6o3Ha4eHH~: PaccMOTPHM cny4a~, Kor,qa 

. A· O(a 1a 2 + 1-0
2
). 

0 2-1 

F 1 = 0, F2•0. B8e,qeM 

a2C10 s,., c 2 - • /2.4/ 
0 2 -1 

11HTerpHpy~ 8Topoe ypa8HeHHe /2.3/, nony4HM 

emdo 
S+Ca""f ' /2.5/ 

A(J + 8 
OTKy,qa 0 = O(s). no,qcTa8HM O(s) 8 nep80e H3 ypa8HeHH~ /2.3/ 
H npOHHTerpHpyeM: 

c1 at 
u+C 4 --s- JO(s)ds. 

02-1 02-1 
/2.6/ 

3Ha4eHH~ KOHCTaHT HHTerpHp08aHH~ C1, C2, Ca , C 4 6y,qyT onpe
,qen~TbC~ H3 ycno8H~ ,qn~ cpe,qbl Ha ~POHTe TepMoynpyro~ 80nHbl. 

PaccMOTPHM 4aCTHbl~ cny4a~ nocTo~HHoro ~oHa c Hyne8o~ TeM
nepaTypo~. B 3TOM cny4ae CYUieCT8yeT KOHe4H~~ ~POHT y Tenno8o~ 
BOnHbl /4,5/, oy,qeM C4HTaTb, 4TO cpe,qa nepe,q ~pOHTOM 80nHbl He,qe
~OpMHp08aHa. nycTb a8TOMO,qenbHa~ KOOPAHHaTa ~POHTa s =0. 
Tor,qa ~ 

0(0) - 0 ' (Om~) • 0, 
ds s•O 

u(O) • uo ' (~) ds s=O ""0. 

/2.7/ 

no,qcTaH08Ka 3THX ycn08H~ npH S=Q 8 ypa8HeHH~ /2.3/ /npH 
F t""F2 .. o/ ,qaeT c1 :0, C2!!!0, Tenepb CHCTeMa ypa8HeHH~ /2.3/ 
npHHHMaeT 8H,[I! 

du a 1 -- =----0, 
ds 0 L 1 

dO O(a1a2 +1 -02) 1-m /2.8/ 
- ..,_ 0 
ds 0 2_1 

113 8TOporo ypa8HeHH~ /2.8/ cne,qyeT, 4TO CKOpOCTb 80nHbl 0 ,qon>K
Ha y,qo8neT80p~Tb ycn08H~ 
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I 

l1_a2+1-02 

T • e • 02 - 1 < 0' 

o ~ I (0; 1) u ( v 1 + a1a 2 ; + oo I . 
12.91 

HHTerpHpyR BTopoe ypasHeHHe 12.81 c y4eToM ycnoBH~ 12.71, 
nony4HM npo<!>Hnb TeMnepaTypbl: 

mO(a 1a2 +1-02) 1/m 
O(s) .. [ s] • /2. 1 01 

02-1 

Tenepb no~cTaBHM O(s) e nepeoe ypaeHeHHe 12.81 H npoHHTerpH
pyeM ero npH ycnoeHRx 12.71. nony4HM npo<t>Hnb nepeMe~eHHR: 

a 1 m0(a1 a 2 + 1 - 0 2 ) tlm+l 
u(s) .. u 0 -

2
[ 2 s] ·12.111 

O(m + 1)(a1 a2 + 1-0 ) 0 -1 

H3 nepeoro ypaeHeHHR 12.81 nony4aeM HanpRmeHHe 

du a 1 o2 
a .. ---a 10.. O(s), 

u ds 1-02 12.121 

OTKY~a cne~yeT, 4TO au:>O npH 0< 0<1 lsonHa pocTa HanpRmeHH~I 
H au <0 npH O>vlt+a 1a 2 lsonHa na~eHHR HanpRmeHH~I. 

Ha~~eHHOe aHanHTH4ecKoe peweHHe 12.101, 12.111, 12. 12lpea
nH3YeTcR npH 3a~aHHH Knacca rpaHH4H~X pemHMOB Ha rpaHHUe X = 
=0 ~nR 3a~a4H, OnHC~BaeMO~ ypaBHeHHRMH 11.11 H Ha4anbH~MH 
~aHH~MH 12.71. 3TH rpaHH4H~e ycnOBHR onpe~enR~TCR H3 12.101, 
12. 11 I no~cTaHOBKo~ s .. -Ot. TaKoe peweHHe MomeT cnymHTb xopo
WHM 'T·eCTOM ~nR pa3HOCTHbiX MeTO~OB paC4eTa 3a~a4 TepMoynpyroc
TH, 

Hccne~oeaHHe 6ery~Hx eonH HrpaeT 6onbwy~ ponb e 3a~a1.1ax 
rH~pO~HHaMHKH C HenHHe~HO~ TennonpOBO~HOCTb~, CM, /6-8/, 

2. 2. B cny4ae nHHe~Ho~ 3a~a4H (k l"' k o • const) CBR3aHHO~ 
TepMOynpyrOCTH npH OTCYTCTBHH HCT04HHKOB Tenna H CHnOBO~ Har
py3KH, nepeXO~R K aBTOMO~enbHO~ nepeMeHHO~ S-=X-Ot, nony4aeM 
cne~y~~y~ CH.CTeMy 06biKHOBeHH~X ~H<!><!>epeHUHanbHbiX ypaeHeHH~: 

( 2 du dO 0 

\ 

0 -1)- + a 1 - .. , 
ds ds 

d 20 dO d 2u 
--:;:y + 0- + a 20 --:;::y- .. 0 • 

ds ds ds 

12.131 

06~ee peweHHe CHCTeMbl 12, 13/ ~aeTCR <!>OpMynaMH 

O(s) = -!A-1 (B+ e As+Ca), 
12.14/ 

4 

'i 
':ll 

M 
,I(,', 

lt 
~~ 

As+C 3 
u(s) = E 2 e + E 1 s + C 1 , 

r~e nocTORHH~e A,B 

C 1 + a1BA-1 

Et'"' 
o2 - 1 

HMe~T BH~ 12.41, a 

al 
, E 2 ""- (10\ -1: 1) 

(02 -1)A2 

npH ycnOBHRX Ha 6eCKOHe4HOCTH 

dO ~ O(s
0

) ... o
0
,ds(s

0
)-o0, u(s

0
) ... u

0
, ds(s 0 ) ... o, s 0 -ooo 12.151 

H3. 12.141 nony4aeM 4acTHoe peweHHe 

O(s) = 0 
0 

_A -1 e As , 

12. 161 
u(s) =Uo +E 2 eAs. 

JlnR TOro, 4T06bl B~nOnHRnHCb ycnOBHR 12. 151, He06XO~HMO, 4T06bl 
A<O H, cne~oeaTenbHo, cKopocTb eonH~ 0 ~onmHa y~oeneTsopRTb 
ycnoeH~ 12.91, nony4eHHOMY e n. 2. 1 npH Hccne·~oeaHHH 3a~a4H 

C HenHHe~HOCTb~ 8 TennonpOBO~HOCTH, 
PeweHHe 12.161 ~aeT cTaUHOHaPHY~ CTPYKTYPY TepMoynpyro~ 

BOnH~ 8 Cpe~e C nOCTORHH~M K03<!><!>HUHeHTOM TennonpOBO~HOCTH, 
CM, /9/ • 

§3. ABTOMOJlEJlbHbiE PEWEHHR H1nA ~- 2-.06061JlEHHOE 
PA3JlE11EHHE nEPEMEHHbiX at n 

PaccMoTpHM CHCTeMy ypaeHeHH~ I 1. 1 I npH .F 1 =0, F 2 =0 H 
k(0)-0~ m>O. 6y~eM HCKaTb aBTOMO~enbH~e peWeHHR B BH~e 

O(x, t) ,.f
1 

(t) e(e), u(x, t) = f
2
(t) ~(~), e = x¢-1 (t), 13.1 I 

r~e <I>YHKUHH O(t}, u(') - HOBble' 6e3pa3MepH~e <I>YHKUHH aBTO
MO~enbHO~ nepeMeHHO~ ~' ~nR KOTOpbiX cne~yeT COCTaBHTb ~1-1<!>
<!>epeHUHanbHble ypasHeHHR, 3aBHCHMOCTb <!>YHKUH~ f l (t) , f 2 (t) , 
f{>(Q OT BpeMeHH noKa HeH3BeCTHa, 

no~cTaBHM B~pameHHR 13.11 8 ypaeHeHHR ll.11. B pe3ynbTaTe 
nocne HeKOTOPbiX npeo6pa30BaHHill nony4HM ypaBHeHHR: 

. 
.. . • e2 (t) .. du 
e

2
<t) ii<~) + q,-1 (t) e

2 
(t) r 2¢-1 <t) ¢ 2 (t) -2¢ (t)- - ¢ (t)l ~- + 

f2(t) d~ 
2- -

+ ¢ - 2 (t) e
2 

(t) [~ 2¢2 (t) -t l ~+a1 ¢-1 (tH 
1 

(t) 2!.._ = o. 
d~ 2 de 
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I 

e <t>i<~)-<f>-t<t>¢<tH <t>.;do -<t>-2<tHm+1<t>~Lonx,;J do-J + 
1 t d ~ 1 d/; d .; 

+a2 ¢-1 (t) [i 2 (t)-f
2

(t) ¢-t(t) ¢<t>J!!li -a ¢-2(t) ¢Ct) r (t) t; d
2ii ..,o 

d/; 2 2 d/;2 

/T04KO~ o6oaHa4eHo A~$$epeH~~poeaH~e no epeMeH~/. 
/3.2/ 

Arm Toro, 4T06bl npeACTaeneH~e /3. 1 I ~Meno CMbiCll ~ MO>KHO 
6~110 Han~caTb A~$$epeH~~allbH~e ypaeHeH~~ All~ Hoe~x He~aeecT
H~x $YHK~~~ if(,;), u(/;), He06XOA~MO, 4T06bl nepeMeHHble t 

~ I; e ypaeHeH~~x /3.2/ paaAell~ll~Cb. TaKo~ np~eM 6blll npeAno
>KeH e pa6oTe 1101

• An~ 3Toro e nepeoM ypaeHeH~~ /3.2/ cneAyeT 
nono>K~Tb 

t; 2¢2 Ct) -1 .. v<e}, 

OTKYAa 

¢(t)-=A 1 -=const, ¢(t) .. A1 t+A 0 np~ A
1
,:o. /3.3/ 

Pa3Aen~M nepeoe ypaeHeHHe /3.2/ Ha ¢ - 2(t)f 2 (t), a eTopoe - Ha 
¢-2 

(t) e ~+ 1(t) ~ Y4TeM ycnoe~e /3.3/. nono>K~M 

_till_ "' B , f 2 (t) ,., B , 
r m(t) 1 e m+t(t) 2 

1 1 
B 1,B 2 - npoH3BOllbHble napaMeTpbl paaAelleH~~ nepeMeHHbiX, TorAa 
BCe OCTallbH~e 411eH~ B n011Y4eHH~X ypaBHeHH~X, 3aBHC~~He OT t, 
npH 3TOM npeepa~a~TC~ B KOHCTaHTbl, TaK~M o6pa30M, aeTOMOAellb
Ha~ nepeMeHHa~ /; 1-1 $YHK~~H f 1 (t), f 2 (t) B aBTOMOAellbHOM 
pe~eH~I-1 /3.1/ HMe~T BHA 

X -1 1/m 
I; .. --- , ft (t) -= [ B 1 (A1 t + A 0 ) ] A 1t+A 0 

e2 (t) "'B2[ B-f(At t + Ao )] tim+ 1, 
/3.4/ 

EClll-1 nOllO>K~Tb '.A 1 = 1 , '.A 0 =0, TO OHI-1 6YAYT 3aBHCeTb OT epeMeH~ 
no CTeneHHOMy 3aKOHy: 

I; "" ..!.. , f (t) .. (B-1 t) tim 
t 1 ' 

f
2
(t)., B

2
(B-tt) tlm+1 t • /3.5/ 

YpaeHeH~~ /3.2/ npeepa~a~Tc~ Tenepb e CHCTeMy ABYX o6~KHOBeH
HbiX A~$$epeH~HallbHbiX ypaeHeHH~ OTHOCHTellbHO $YHKI.IHH u(/;), 
0(/;) : 

2 d 2ii 2A 21 d ii A~ - a 1 B 1 
(A 1t; -1)--- -1;- + -(m+1) u(/;)+-

dt;2 m dt; m2 B 2 
dO • 0, 
dl" 

6 

···~~ 

\:~ 
'II) 
·:~t' 

\1'', ,. 
,1(, 

"' .. ~ 
·~ ~.,· 

ll 

,i· 

l 

''.'i 

:~ 

~ 
~~t 

11 

t' 
·~~ 

- 2 2 -
d - dO At Bt(ata2+1-Al/; ) dO At B1 -
-[ 0(/;) -] - t;-- -0(/;) + 
d~ d/; A2t;2 -l d/; m 

1 

a2Al B g(A~/; 2+ 1) du 
+ --

m(A2
1
t;2-1) d/; 

A~Bg(m+l)a 
2t:-

m2(Ait;2-1) "'u(/;) = 0. 
/3.6/ 

AH.anor~4Hb1M nyTeM npeo6paay~Tc~ ~ Ha4allbH~e, ~ rpaH~4H~e ycno
e~~, KOTOPble npeepa~a~TC~ B Kpaeeble YCllOBI-1~ All~ $YHK~~~ ii(/;), 
{f( /;). 

nycTb np~ x =0 nepeMe~eHHe ~ TeMnepaTypa ~3MeH~~Tc~ no 
3aKOHaM 

u (0, t) = f 1 (t) • oco. t) = e 2 (t). /3.7/ 
a OTHOC~TellbHO Ha4allbHOro COCTO~H~~ cpeAbl npeAnOllOlK~M, 4TO 

u(x, 0) = 0, .£.!!... (x, 0) = 0, O(x, 0) .. 0 . 
at 

TorAa Kpaee~e ycnoe~~ All~ c~cTeM~ ypaeHeH~A /3.6/ 6YAYT 

ii(O) = 1 , 0(0) = 1 ' 

u(.; 
0

) = o. du -
-(/;0)"' 0, 0(/; 0) "'0. 
d/; 

/3.8/ 

/3.9/ 

/3.10/ 
r 

3Ha4eH~e aeTOMOAellbHOA nepeMeHHOA /; 0 3apaHee He~3BeCTHO, no
llO>KeHHe $POHTa BOllH~ no Macce B 11~60i1 MOMeHT epeMeHH onpe
Aell~eTC~ B COOTBeTCTB~I-1 C nepeoi1 ~3 $OPMY11 /3.4/ ~11~ /3.5/: 

X cp = /; O (A l t + A 0 ) ~11~ x cp"" /; O t , /3.11/ 
a Maccoea~ CKOpOCTb $pOHTa B~4~Cll~eTC~ no $OpMylle 

D ~~A 1 /;o .. dt ~11~ D "'I; o • /3. 12/ 

An~ c~cTeM~ /3.6/ He YAaeTc~ nony4~Tb aHallHTH4eCKoro peweH~~. 
3Aecb MO>KHO npoeecT~ 4~cneHHoe ~HTerp~poeaH~e. TaK KaK 3Ta 
C~CTeMa BTOporo nop~AKa, He06XOAHMO ~MeTb He TOllbKO 3Ha4eH~~ 
~CKOM~X $YHKI.I~A U, if Ha $pOHTe, HO ~ 3Ha4eH~~ HX nepe~x 
npoH3BOAH~X. Ecn~ YAaCTC~ Hai1T~ paano>KeH~~ $yHKLI~i1 u.~ 
e6111-13~ $POHTa 1; 0 • TO Mbl Morn~ 6~ pewaTb 3aAa4y cnpaea OT T04K~ 
/;1= 1; 0 -0, rAe 3Ha4eH~~ $YHK~Hi1 ~ HX npo~3BOAH~X 6YAYT ~3eecT
H~. 
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• 

BepHeMC~ K ~OpMyne /3,12/, H3 KOTOPO~ 8HAHO, 4TO CKOPOCTb 
80nH~ He 3a8HCHT oT 8peMeHH. Y4HT~8a~ 3TOT ~aKT H npHHHMa~ 
80 8HHMaHHe peWeHHe /2,10/, /2,11/ 8 cny4ae nOCTO~HHO~ CKOpoc-
TH ~POHTa, H~eM pa3no~eHH~ ~YHK~H~ 8 8HAe: . 

1/m 
6(~) = [ .lK 1 (~- ~ 0 )] + ... ' 

ii(f.) "'.lK [.lK <t-~ )]1/m+l 2 1 0 + .... 
/3.13/ 

,lln~ KOHCTaHT .lK l, .lK 2 HaXOAHM 8blpa~eHH~ 

.lK 
Btm~o(a1a2+t-A2~2) 

1"' 1. 0 
:A 2t-2_1 

1 r, 0 /3.14/ 
Bt rna 1 a 2 -1 a1 a 2 

.lK ""- lK 1 =- ----------
2 B 2 (m+1HAN~- 1) B 2(m+1)~ 0 (a1 a2+1-A~.;~) 

3aMeTHM, 4TO KOrAa A1 =1 H Bt .,B 2 =1, TO 3Ha4eHH~ KOHCTaHT 
JK 1 ,JK 2 C08naAa~T CO 3Ha4eHH~MH COOT8eTCT8Y~~HX KOHCTaHT 8 
~OpMynax /2,10/, /2.11/, 4TO H cneA082no O~HAaTb, 

w '}f - d6 dii l: l: 0 Bbi4Hcn~~ 3Ha4eHH~ ~YHK~HH u, u, -, -- npH r, 1=\, 0 - , 
nony4HM . de d~ 

- 1/m 
e(.;1)=[lK1<.;1 -e-o>1 + .... , 

dli lK 
-de <.;1),.,_1 [lK <e _c )]1/m-t 

r, m 1 1 \oo + ... , 

_ 1/m+l 
.~<~1> = lK2[lK 1<e 1-e-o>1 + ... • /3.15/ 

dii 1 1/m 
-<e-t>-<-+t).lK1lKe[lK1 <e1-e-o>1 + ... • d.; m 

rAe lK l, lK 2 HMe~T 8HA /3, 14/, 
TaKHM o6pa3oM, nocTpoeHHe a8TOMOAenbHOro peweHH~ 3aAa4H 

/1.1/, /3.7/, /3,8/ C80AHTC~ K peWeHH~ CHCTeM~ o6~KH08eHH~X 
AH~~epeH~HanbH~x ypa8HeHH~ /3.6/ 8 o6nacTH O<e-<e 1=eo-O npH 
ycno8H~x /3.9/, /3.15/. Ile8oe ycno8He /3.9/ 11npHcTpenH8aeTc~ 11 ; 
11napaMeTp npHCTpenKH 11 

- nono~eHHe ~pOHTa 80nHbl 'O , KOTOpoe 
noKa ocTanocb HeonpeAeneHHO~ 8enH4HHO~. 

KaK cneAyeT H3 /3.15/, 8 3a8HCHMOCTH o! 3HaKa lK
2 

/8cerAa 
lK 1 <0/ 803MO~Hbl 80nHbl C pOCTOM CMe~eHH~ U HnH C ero naAe
HHeM no OTHoweHH~ K 3Ha4eHH~ Ha ~oHe u0 =0. HccneA08aHH~ noKa-
3~8a~T, 4TO npH CKOPOCTH ~POHTa 

eo>v'l+a1a2 /3.16/ 

8 

HMeeM 80nHy C pOCTOM CMe~eHH~, a npH CKOPOCTH 

0<.; 0 <1 /3.17/ 
npOHCXOAHT naAeHHe CMe~eHH~. 

A8TOP~ 6naroAaPH~ aKaAeMHKY A.A.CaMapcKoMy H npo~eccopy 
C.n.KYPA~M08Y 3a nnOAOT80PH~e o6cy~AeHH~ pa60T~. 
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