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HCCJIEflOBAHHE OrPAHHHEHHOCTH PEIIffiHHÎÏ 
H E K O T O P O H rHnEPBOJIHHECKOH C H C T E M L I 

1 . BBEAEITHE 

Bo MHOTHX 3 A ^ A I A X TSXHHKH PACCMAIPHBAEMHE npoueccH OIIHCH-

HDTCJI r H c e p ß o j E t i e c K H M H c z c x e u a u K FLBYX YPABHEHHÑ C QACTHHMH 

np0H3B0^HUUH Te.ierpa$Horo TEDE. TaK HanpHMep HanpHxeHHe h cHjia 

TOKa B nepejjaioqHHx JEBHHHX onHCHBaiOTCH TaK oft cncieMoñ [5] , 

[ 8 ] . HCCJIE^OBAUNE NOBEXEIIEJI 9THX BOJEH^HH CO BPEMEHEU HBJIAET-

ca cymecTBeHHOä 3AAA^E2 TSXHEKH ( C U . [3], [4]). npe^ciaBJieHHaii 
paÖOTa n o c B a m e H a noBe^eHHio pemeHEä H e K O T o p o ä CUCTEMH ,D;JIÌÌ 6OJIB-

mEX MOMeHTOB BpeueHH. 

EtyCTB L = < 0 , 1 > , 1 > 0 , I = < 0 , o o ) f R = ( - 0 0 , 0 0 ) . 

Hccjie^yeM CMemaHHyœ 3a,naqy w CHCTÖMH flByx ypaBHeHEfl e Hes-

3 B6 CTHHUB $ y HK UJHHMH U , Ì J L x I E BH^a 

TAS C , G , Q , L , E , P - H6K0T0pue HenpepHBHne (FYHKUHH x , t H B 0 3 -

MOKHO U , I ( C00TB6TCTB6HHH6 NPE^N0J[0KEHHH c a e j i a e M HHXe ) . 

TpaHH^HHe ycjiOBHa CT3BJITCJI cjie,nyioii(ero BE^a 

( 1 ) Cu t + Gu + Q i x = 0 

L i + + E i + Pu = 0 
U JZ X 

( 2 ) u(0,t) = 0, i(l,t) = 0 T E I 

HJIH 

( 2 ' ) u(l,t) = 0, i(0,t) = 0 T E I 

a HA^IAJIBHHE B BH^E 

(3) u ( x , 0 ) = f ( x ) , i ( x , 0 ) = g ( x ) , X e L 
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2 J.Muszyáski, J.Radzikowski 

r^e f,g - HeKOTopH jocTaTOiHO rjia^KHe iyHKipiH, onpejejieHHNe 
Ha L. 

B paÔOTe npeflnojiaraeica ito nocTaBjieHHaa 3asaia (1), (2), 
(3) HJIH ate (1)> (2'), (3) HMeeT KjiaccH^ecKoe peraeHHe (no Kpaä-

HBJIHKTCH npe,5MeTOM llHOrHX HCCJipflOBaHHfi (CM. HanpHUep [l] , [2], 
[7]), B 3TO0 paôoie He 3aHHuaeMcs TaKoro poja BonpocaMH, HH-
TepecyeT Hac noBe,neHHe pemeHHñ (o KOTopnx, KaK 6HJIO BHme CKa-
3aHO, npesnojiaraeiOH cyrçecTBOBaHHe) npH t - * - » O . B CBJI3H CO 

cfleJiaHHHM npeanojio&eHHeM He aocjie^yeM TpeCyeiioro Kjiacca rjiaj-
KOCTH $yHKIÍHH f , G (H B ^aCTHOCTH yCJIOBHft COrjiaCOBaHHHj Ha-
npHMep oqeBHflHO m o B caytiae ycjiOBHä (2) nue e M f (0) = g(l) = 0). 

Han® ocHOBHHe HCcjieflOBaHHH 6yayT npoBOflHTBca B cjiyqae 
KORFLA (fyHKiíHH Q H P AJIM Bcex CBOHX apryMeHTOB OTJIHIIHH OT 

Hyjia. Tor.ua ypaBHeHHS CHCT@MEI ( 1 ) MOÄHO pa3flejiHTB Ha Q H 

P , COOTBÖTCTBeHHO J T3K ITOÔH nOJiyqHTt npH K09$$Hi;HeH-
TH paBHHe eflHHHije. B 6ojiBniHHCTBe Hamnx HccjiejOBaHHft npe^nojia-
raeTCH, I T O nocjie npoBe^eHHOro ynpomeHHü CHCTEMH HOBne K O S $ $ H -

D,HeHTH) CTOamne npH HMÖIOT o^HHaKOBHe 3H3KH 
( B CHJIBHOM HJIH cjia60M cMHCJue ) . ECJIH OKAATETCH, qio Bce OHH 

oxpHi^aTeJiBHH ( HenojuoacHTezBHu) TO yMHoaaa ypasHeHHa CHCTeMH 
Q E P E 3 - 1 NPEBPATHM HX B NOAOMITEJIBHUE (HEOTPHN,ATEJIBHHE ) • 

Ü 0 3 T 0 M Y PACCMATPHBAH BMeCTO HCXOFLHOÑ CHCTeMy 

L i t + Hi + o t u x = 0 

r^e K03$<i;HiyieHT OAHHaKOB B flByx ypaBHeHHHx (MOÄHO c-qHTaTB, 
m o ot paBeH 1 HJIH -1) H npeflnooiaraa ^to C,G»L>R nojioxHTejiB-
HH (HeOTpHiiaiejiBHü) ecjiH ßyfleT noaiyiSH HeKOTOpnä pe3yjiBTaT 
0 nOBeseHHH pemeHHä, He3aBHcamHÖ OT 3HaKa ot, TO MOÄHO 

yTBep«,N;ATB, *ITO TaKOö-xe pe3yjiBTaT MOJKHO nojiyqHTB z B cjiŷ iae 
K0rj;a C,G,L,R OTpnqaTejiBHH ( HenojioacHTejiBHN) • Hnxe ne Öy^eM 
B03BpanaTBCH K STOMy Bonpocy. ßjIH ÖOJIBineS OßmHOCTH B HeKOTO-
pHX HCCJie^0B3HHHX paCCM3TpHBaeTCH T3K3Ke CJiyiaft KOrja OC HBJIFF-

eTCH fyHKunefl t He06H3aTejiBH0 o^HHaKoro 3HaKa. 

(4) Cu t + Gu + a i = 0 •t 
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HccjieAOBaHHe orpamiqeHHOCTH peineHHÜ 3 

B paßOTe BBOflaicH oÖosHatieHHfl rana 

i 

|u|(t) =r/u 2(t,x)d: 

? H npHueHHKTCH; cjieflyiomHe TepMHHH: a orpammeHHO B CMHCJie L , 
tuo o6o3HaqaeT: ( 3 M > 0 ) (Yt e I) ufl (t ) 4 M, u CTpeMHioa 
sKcnoHSHQiiajiBHO K Hyjiio npn t-•c<> , 'ito 0Ö03Haqaei: 

( 3 M > 0 ) ( 3 ? > 0 ) ( V T E L ) | U | ( t ) < MB"*"6. 

3anHCB: A O R P A M M E H H O B OÖBUIHOM CMHCJie 0Ö03HAQAET, ITO 
( 3 M ^ 0 ) (V(x,t) e L x i ) |u(x,t)j < M. 

B § 2 paßOTH paocMaTpHBaeTca cjiejyiomaH (fyHKitHOHajiBHaH 3a-
BHCHMOCTB K09$<$HI];HeHT0B 

C = C ( x , t ) , L = (x,t)f G = G(x,t,u,i), R = R(x,t,u,i), oc=<x(t) 

H HccjtesyeTCH orpaHHieHHOCTB H CTpeMjieHHe K iiyjiK) pemeHHÖ npn 
t —«-0*' B HOpMe L 2 . Hccjie^OBAHHE STHX CBOMCTB B OÔHIHOM CMHC-
jie H HccjieflOBSHHe NP0H3B0^HHX pemeHHñ NPOBO^HTCH B § 3 B jnoceñ-
HOM cjiyqae paccMaipHBaëMOH CHCTeMH, npejinojiaraeTCa Tor^a HTO 

C = C (x,t ), L.= L(x,t), G = G (x,t ), R = R(x,t), ot = const. 

HEKOTOPHE ÄAABHEIIMHE CBOIICTBA NP0H3B0JHHX HCCJIEAYIOTCH 
B § 4 B cjiyiae teoria K0 3$$IÎII;NEHTH G,L,G,R 33BHCHT TOJIBKO OT 
X. Cjiyiait KOR^a OTH K0 3$$HI];HEHTH 3SBHCHT TOJIBKO OT T HBJIHEI-
OH NPE^METOM oißejiBHoii CT3TBH• PACCMATPHBAEMAA CT8TBH B Heico-
TOpOM CMHCJie HBJIHeTCH npOflOJiaceHIieM HCCJieflOBaHHË OßHOrO H3 aB-
TOpOB ( [6] ) , nOCBflmeHHHX HCCJie^OBaHHiO OßHOrO ypaBHeHHH BTOpO-
ro nopji^Ka. 

2. 06mHft cjiyqaft 
PaCCMOTpHM CHCieMy 

fc(x,t)u+. + G(x,t,u,i)u + <*(t)i = O 
(5) V X 

[L(x,t)i t + R(x,t,u,i)i +oc(t)u x = O 

- 7^9 -



4 J . MuszyÄsk i , J . R a d z i k o w s k i 

npH rpaHHiHHX ycjiOBHax ( 2 ) hjih ( 2 ' ) h Ha^ax&HHX ( 3 ) . üpe^no -

j iaraeTOH, *ITO 

2 . 1 * HocTaBieHHaH 3a,naia Hueex pemeime K j a c c a 

2 . 2 . K03$$HIiHeHTH CHCTeMH HBJIHIOTCH HenpepHBHHMH fyHKIiHÄMH 

cbohx apryMeHTOB, a KOs$$nuiieHTH C ,L HMeraT HenpepHBHHe 

np0H3B0AHHe no t . 

2 . 3 . OymecTByeT Taxas nojioxHTejiBHafi ncc i oaHHa « a , <ito 

b L x I 

C > a , L > a . 

3^ecB h HHse npHMemietch b HepaBeucTBax coKpaqeHHaa 3anHci> 

THna C > a ( h t ä ) , KOTOpas oÖosHaiaeT , i t o Bcex cbohx 

apryMeHTOB 0 ßojiBme a ( ' V x e L ) ( V t e l ) C ( x , t ) > a ) 

2 . 4 . B L x I 

2G T C t > 0 , 2R - L t > 0 . 

T e o p e m a 2 . 1 . Ecjih BunojtHeHH ycaoBHa 2 . 1 - 2 . 4 t o 

Bce pemeHHH 3aflaqn ( 5 ) , ( 2 ) hjih ( 2 ' ) , ( 3 ) orpaiHmeHH b H o p -
2 

ue L . 

J l 0 K a 3 a T e i B C T B 0 . PaCCMOTpHM BflOJIB pemeHKH 

[ u ( x , t ) , i ( x , t ) ] aa f la ia $yHKii;Hio <}) s I - » - R 
L 

dx. ( 6 ) < j ) ( t ) = / [ c ( x , t ) u 2 ( x f t ) + L ( x , t ) i 2 ( x , t ) 

o 
H a « e äjüi coKpameHHJi 3anHceft 6y,neM onycicaTB apryMeHTH BHCTy-

naiomax B $opMyjiax $yHKHHä. iopMyjia ( 6 ) npHOÖpeTei npn 3TOM £ 0 -

TOBOpe $opMy 
L 

<j) = y (Cu2 + L i ? ) d x . 

o 
BBHJQT cjeJtaHHHX npejnojcoxeHHü 2 . 1 , 2 . 2 $yHKi*Hfl 4> AHjxgie-

peHiyipyeMa. HpOBO^ji ee ÄH$$epeHiyipoBaHHe BBH^y $opMyjm ( 6 ) , 

ypaBHeHHä ( 5 ) h rpaHHqimx ycjiOBHii ( 2 ) hjih ( 2 ' ) nojiy^aeM 

L 

4 = f ( C t u 2 + + 2Cuu t + 2 L i i t ) d x = 

(7) • , 
= / [ ( C t - 2G )u 2 + (1^ - 2 R ) i 2 ] d x . 

0 
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H c c j i e f l O B a H H e o r p a m n i e H H O C T H pemeHHK 5 

BBHfly 2 . 4 , n 0 3 T 0 M y 

I 

< t > ( t ) < < t > ( 0 ) = y [ c ( x t O ) f 2 ( x ) + L ( x , 0 ) g 2 ( x ) J d x = c o n s t . 
O 

T a x KaK (npeflncuiosceHHe 2 . 3 ) a(|u||^ + <J), t o RJISI Bcex t t l 

( 8 ) | M 2 ( t ) + I i | 2 ( t ) < J < t > ( 0 ) = c o n s t . 

2 
PemeHHH o r p a H H q e a u B H o p u e L . 

y c H J H M c e f t i a c n p e ^ n o j i o x e H H H 2 . 3 , 2 . 4 : 

2 . 3 ' . C y m e c x B y n s TaKHe n o x o x H i e a B H H e n o c T o a H H H e a , A *ITO 

B L * I 

a < C < A , a < L ^ A . 

2 . 4 ' . C y i q e c T B y e x T a i c a a n o x o x E T e J i B H a s n o c T O H H H a n £ , t u o 
B L x I 

2 G - C t > k , 2 E - L t > k . 

T e • p e u a 2 . 2 . E o j r a B H n o j m e H H yc j iOBHH 2 . 1 , 2 . 2 , 

2 . 3 ' , 2 . 4 ' , t o B e e p e m e H M 3 a ^ a i H ( 5 ) , ( 2 ) h j h ( 2 ' ) , ( 3 ) 
2 o r p a m n q e H H h o i p e H S T O i i o K o n o a e H i i H a j E & x o k n y m o b a o p i i e L . 

^ 0 K a 3 a T e i i » C T B 0 . P a c c i i a i p H B a « T y - x e i y H K i i z x ) 

<J>, i t ® B n p e j p i A y m e M s o K a 3 a T e * B C T B e H u e e u BBHfly ( 7 ) , 2 . 3 ' h 

2 . 4 ' 

< j ) < - k ( | | u | 2 + | i | 2 ) < - | < J ) , 

o u c y a a 4 > ( t ) ^ < ( > ( 0 ) e x p ( - j t ) . T a x k b k || u | 2 + || i | 2 < ^ <j> ( t ) 

TO OTODfla B H T 6 K B 6 T ^TO R3VI V t 6 I 

¡ « l ^ t J + l i ^ f t X ^ M p ^ l t ) , 

t i t o T p e f i y e i c a . 

J p m p a c c u o T p e s E A o z y q a a l e o r p a H H ^ e H H O C T H p e m e r a f i B B e ^ e u 

c j i e f l y B m H e n p e A n o x o x e s z s t 

2 . 5 . ( 3 A > 0 ) n o b L * I 0 < C < A , 0 < L < A . 

2 . 6 . ( 3 k > 0 ) n o B L * I 2 G - C t < - k , 2 R - L t < - k . 
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6 J . M u s z y n s k i , J . R a d z i k o w s k i 

T e o p e m a 2 . 3 . Ecjih B H i i o j i e H H npeflnojioaceHHJi 2 . 1 , 
2 . 2 , 2 . 5 , £ .6 to Bee HeHyjieBHe p e m e H i m 3 a £ a q H ( 5 ) , (2) hjih 2 
( 2 ' ) , ( 3 ) C T p e M H T C H B HOpMe L 3KCIIOHeHU,HajIbHO K 6 e C K O H e i -

hocth n p a t , 3th p e m e H H a H e o r p a H H i e H H h b o6epihom 
CMHCJie. 

, J l 0 K a 3 a T e J i b C T B 0 . H c n o j i b 3 y H T y ace (fcyHKitfuo ( 6 ) 

mo b flOKaaaiejiBCTBe T e o p e M H 2 .1 BBH,ny f o p M y j r a ( 7 ) , 2 .5 h 2 .6 
n o j i y ^ a e M > k (|| u|| 2 + || i|| 2 ) > - J <J>, O T K y s a d > ( t ) > < J > ( 0 ) e x p ( J - t ) . 

nooTOMy | a||2(t) + ||i||2(t) >-J<t>(t ) > l< t>(0)exp ( j t ) , OTKyfla 
2 BHieKaeT HeorpammeHHOCTB p e m e n H i i b CMHCJie L . Ecjih 6h p e -

meHHH 6hjih orpaHmieHH b o6h^hom C M H C J i e , to 6hjih 6h orpaHHqeim ? 
h b CMHCJie L , n o npoTHBopê HT ,noKa3aHHOMy. 3to 33kaHiHbaeT 
flOKa3aTeJtBCTBO. 

H 3 T e o p e M 2 . 1 - 2 . 3 B H T e K a i O T c a e a y r o m H e CJ ie f lCTBH.f i ¿ j i h 

CHCTeMH 

r 

C ( x ) u t + G ( x , t , u , i ) u + o c ( t ) i x = 0 

L ( x ) i t + R ( x , t , u , i ) i + c x ( t ) u x = 0 , 

O T a r a i a B m e i t c a ot CHCTeMH (5) T e M , i t o 3 , n e c £ C h L 3aBHCHT 
ot x : 

G a e i C T B H e 1 . Ecjih 3a,n;aqa (5' ) , (2) HJIH ( 2 ' ) , 
(3) HMeeT pemeHHe K j i a c c a C ( L * I ) , K03$<J)HiuieHTH chctsmh 
H e n p e p H B H H h (ajiji H e K O T o p o r o k = c o n s t > 0 ) 

a ) C > 0 , L > 0 , G > 0 , R > 0 to B e e pemeHH . f i o r p a H H ^ i e H H 
t2 

b H O p i i e L 

" b ^ C > 0 , L > 0 , G > k , E > k t o B e e p e m e H H H o r p a H H q e H H 
? h CTpeMHTca 3Kcn0HeHn;Hajii)H0 k Hyjiio npa t - » 0 0 b HOpMe L" , 

c ) C > 0 , L > 0 , G < -k , R < -k to Bee HeHyjieaHe pemeHHH 
C T p e M J I T C H 3 K C n O H e H I i H a j i b H O K S e C K O H e i H O C T H n p H t - * o o B HOpMe 
2 

L h H e o r p a H H q e H H b oOepihom C M H C J i e . 

( 8 ' ) 
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üccjieflOBaHHe orpaHHieHHOCTH pememiii 7 

3. JlHKeftKHg cjyqafi 
PaocMOTpHM cHCxeuy 

C(x,t)u+ + G(x,t)u + oc i = O, 
(9) 1 

L(x,t)it + R(x,t)i +otux = 0 

B KOTOpoft oc = const ¿ 0. üpeflnojtoatHM, qTO 
3.1. CymecTByeT pemeirae aâ aiH (9), (2) hjih (2')» (3) 

o 

macca C (L*I). 
3.2. ŒyHKijHE C,G,L,R «enBepHBHH b L * I , Hice»! b L * I 

aenpepHBHHe nepBue np0H3B0,nHne no t, a íyHKijHH G h E He -
npepHBKHe npoh3bo^hhö BTOporo nopn^ca no t. 

3.3. CyrçecTBy»T TaKHe noxoxHiej&HHe nocioshhhs a, A, B 
ito b L * I 

a < C < A, a < L < A, | G| < B, | E | ^ B. 

3.4. B L * I HueioT Meció coie,nyK>mHe HepaBeHCiBa 

2G-|Ct|>0; 2E-|Lt|>0; Gt>0; Gtt< 0; E^O} R ^ O . 

T e o p e m a 3.1. Ecan BHnoaneHH ycjOBHH 3.1 - 3.4 to 
O 

pemerae 3â aiH (?), (2) hm (2'), (3) orpaHHieuH b itopiie L 
h b oÓbpihom oiíHCje, np0H3BOflHHe pemeHH.fi (no t h x) orpa-

2 HHqSHH B HOpMe L . 
, H O K a 3 a T e j t B C T B O . OrpaHHieHHOCTB pemeHHit 

_2 

b Hopue li BHieKaei H3 TeopeuH 2.1. PaccicOTpHM baoíb peíneme 
[ u, i] $yHKimi> 

L 

(10) y = / ( C u t + L it + Gt u 2 + !tfcl2)dX' 
0 

BS np0H3B0jH8ui (cymeoTBy»maa BBHfly 3.1) 9TO 
L 

y »/ ( ct t t t + v 2 + Gtt u 2 + ^ t * 2 ^ + 

0 
(11) t 

+ 2 « A C u t u t t + ^ t S t + Gt u ut + ¥ H ) i x -0 
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8 J.Muszyóskl, J,jRadzikowski 

Bsuay ypaBHeHHñ (9) Hueeu 

CUtt = ~ Ct ut - V - G ut - * 4zt » 

L itt = " V t - V - R it ~ * U x t • 

OiKy.ua yiHTHBaa rpaHHiHiie ycjOBHH nojtjniaeM 

L 

(12) V' = -/[(C t +2G) U2 + (Lt+2R)i2 - G ^ u
2 - R ^ d x . 

0 

BBHfly 3.4 Hiieeu O OTCìofla y(t) < ifj (0) = const. BBH^y 

( 1 0 ) h 3 . 3 i 3 . 4 H u e e u 

(13) ||ut||
2(t) + ||it||

2(t)< l V ( t ) < Ì V ( 0 ) , 

2 
TO ecTB orpaHH^ieHH B HOpMe L . 

BBHay- CHCT6UH (9 ) 

4 1 - p 
^ f Ax d x = « A c u t + G u ) 2 ¿ i x < 2 f ^ A + G 2 u 2 ) d x . 

0 0 0 

oxciofla BBHfly 3.3 

w I1*|2< ¿ T m a x ^2,B2)(||u||2 +||ut||
2), 

aHajiorniHO 

(15) ||ux||
2< ^ - m a x (A2,B2)(||i||2 + ||it||

2). 

Barne ÖHJio yace £ 0 K a 3 a H 0 , *ito u, Uà., i, i + o r p a H H i e i m b H O p -
? 2 Me L , n03T0My ix»ux TaK»e orpaHimeHH b Hopiie L . Orpa-

HHtjeHHOCTB u (h aHajiorimHO i ) B H T e K a e T H3 cjieaymmefi iíenoqicH 

oiíeHOK (flJitf rpaHH^HHx ycjnoBHü (2)) 

X X X L i 
(16) [ u ( x , t ) ] 2 = [ / u x ( x f t ) d x ] \ < / d x / ^ / d x / a 2 d x = l||ux||2 . 
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HoojejOBaHHe orpagHqenHQCTH pememag 9 

OqesKH B cayqae yc jOBHS ( 2 ' ) HO^OÒHH. Aziaj iorHiHO jOKa3HBaeTCH 

orpaHHqeHHOCTb ì B OÔOTHOM CMUoxe« 

BBe^eM cjieAyioqee npeflnojioaceHHe : 

3 . 4 ' . B L * I Hue io T RXX HeKOTOpœc k > O, p > 0 Mec i o 

CJieAy»mne HepaBeHCTBa: 

2G - | C t | > k ; 2E - | L t | > k j G t > 0} R t > 0 , 

G t t + pG t < 0 , R t t + p R t < 0 . 

T e o p e m a 3 . 2 . E c í h BHnoaneHH ycjiOBHH 3*1 - 3 .3» 

3 . 4 ' t o Bee pemeHHa 3a^aun ( 9 ) , (2) hjlh ( 2 ' ) , ( 3 ) bhi ioj ihj ibt 

Te3HCH TeopeMN 3 . 1 H KpoMe Toro npH t —»-o® CTpeiiwTCH K Myjiœ 
2 

B HOpMe L H B OÔHIHOM CUHCJie, ZX np0H3B0flHHe CipeMflTCfl 
2 

K HyJIK) B HOpMe L . 

J l 0 K a 3 a T e a i > c i B 0 . OrpaHHieHHOCTB pemeHHfl bh -
2 

TeKaeT H3 TeopeMH 3 . 1 . C ipeMieHHe pemeHHÖ b HOpue L k Hyjtio 

npa t — B H T S K a e T H3 TeopeMH 2 . 2 . PaccMOTpHM $yHKiiHio 

onpeaeaeHHy» $opMyjioit (10) b j o j l pemeHHä 3a;na*iH. Taic xe KaK 

b j;0Ka3aTejibCTBe TeopeMH 3 . 1 noay i aeM $opi iy j iy ( 1 2 ) , OTKy.ua 

BBH^y 3 . 3 h 3 .4 1 nojiyuaeM 

I L 

y ' < - k J ( u 2 + i 2 ) d x - p / ( G t u 2 + E t i 2 ) d x < 

(17) 0 ° 

F L 

4 - J J (Cu 2 + L i 2 )dx - p A G t u 2 + E t i 2 ) d x 
0 O 

h fljw -y = m in ( J-, p ) HMeeM BBHjy (10) h (17) y /< - y (p f 

y ( t ) < Olorosa HcnojiB3yfl t o xe paccyx^eHHe m o b 

Ä0Ka3aTejiBCTBe TeopeMH 3 . 1 HMeeM 

(18) | u t | | 2 ( t ) + | | i t | | 2 ( t ) < 1 ^ ( 0 ) 6 " ^ . 

OTKy^a BHTeKaeT, *ito U-^'^t 3KcnOHeHE(HajiBHO k Hyjiio 

b HOpMe ' L 2 npH t - » o o . .HajiBHeftman l a c T B £0Ka3aTejiBCTBa 

aHajiorn^iHa KOHi;y ^OKasaiej iBCTB TeopeMH 3 . 1 . 
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10 J . Muszynski, J .Radzikowski 

BBe^eM npe^nootoseKHe : 
3 . 5 . B L * I , 0 < C < A, 0 < l í A äjih ueitOTOpofl nocTO-

HHHOfi A. 
3 . 6 . B L * I HMe&T Meció flja HeKOTopoit k > 0 cje^yiomHe 

HepSBÔHCTBa 

2 G + [ C t | 4 : - k , 2 R + | L t | < - k , G t 4 0 , < 0 , G t t > 0 , k t t > G. 

T e o p e m a 3 . 3 . ECXH bhiiojihshh npeflnojioxeitHH 3 . 1 , 
3 . 2 , 3 . 5 , 3 . 6 to HeHyjieBHe pemeHHH cipeuHTcn SKcnoneHqaajiBHO 

2 
BMeCTe C npOH3BOflHHMH K 6eCKOHeiHOCTH B HOpus L npa t - * 0 0 . 

^ 0 K a 3 a T e j i t C T B 0 . PaccMaTpHBaeM Ty ate $yHKi;Hio 
*ito B Ä0Ka3aTeii>CTBe leopeim 3 . 1 . BBz^y 3 . 5 , 3 . 6 H $opMyji 

( 1 2 ) H (10) Hueeu 
i L 

(19) v ' * k / ( u 2 + i 2 ) d x > \J{Cu2
 + L i 2 ) d x 

o o 

h o6o3Hatiaji ï = X HMeeM y ' > -y , y (t ) > y i O ) ^ ^ . 
BBH^y ( 1 0 ) , 3 . 5 H 3 . 6 

L l 

A / ( u 2
 + i2)cbc (Ca^ + L i 2 ) d x > yj 

o o 

no3T0My 

K | | 2 ( t ) + ¡ i t ¡ 2 ( t ) 

Oïcio^a u. , i . CTpeitüTCH OKcnoHeimHajiBHO k ßecKOHSiHOcm npn 
•g X 2 _ 2 

t B HOpMe L . To TITO U H I CTpeMHTCH B H0pM6 u 
OKCnOHeimHaJIBHO K ßeCKOHê iHOCTH BHTÖKaeT H3 TeOpeMH 2 . 3 . 
Htoöh flOKa3aTB cooTBeTCTBeHHoe CTpeMJieHHe u . i nponmerpH-

X X o o p 
pyeM oí 0 so 1 HepaBeHCTBO ( 1 6 ) . üojiyqaeM || a|| < 1 j o j 
OTCKfla I U x | 2 ( t ) > II u||2 ( t ) H Ux CTpeMHTCH K ÖeCKOHeiHO-

2 ^ CTH b HOpMe L npH t — ' • äjih i x Ä0Ka3aTejibCTB0 aHajio-
rHHHO. 
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KccjieaoBaHHe orpaHHieHHOCTH pemeHHft 11 

K3 Teopeifi 3*1 - 3.3 BHieicaeT cjie^yiomee cjiefldBHe fljm 
CHCT6MH (<X= rOIlSt): 

C(x)ut + G(xft)u +o(ix = 0, 
( 9 ' ) 

L(x)it + R(x,t)i + a u x = 0. 

C J I E ^ C T B H e 2. ECJIH 3a%ana (9' ), (2) HJIH (2' ), o 
(3) HMeei pemeHHe KJiacca C (L*I), K09$$HipieHTH CHCTeMH 
HenpepHBHH, G H R flByicpaTHO nenpepHBHO ,nH$$epeMii;HpyeMH 
H (flJIH HeKOTOpHX nOJIOJKHTejIbHHX IIOCTOHHHHX B> k» p) 
(a) 0 0, L > 0 , 0 < G < B, 0 < R < B , G t>0, R ^ O , Gtt<0-, R ^ < 0; 

TO Bee pemeHHH orpaHHieHH B HOPME L1" ii 3 OCH^HOM CMNCJie, 
NP0H3B0J;HHE PEMEHHH ORPAHHQEHH B HOPWE L 

(b) O O , L>0, k<G<B, k<R<B, Gt>0, R ^ O , G ^ + p G ^ O , R t t+pR t< 0 
TO Bee pemeHHH orpaHHqeHH H CTPEMHTCH DKCNOHEHUHAJITHO K Hyjiro 

2 
B HOpMe L H B 06nmi0M CMHCJie, TO see HMEEI UECTO AJIH npo-
H3B0FLHTIX pemeHHft B HopMe \ 
(c) O O , L > 0 , G < -k, R < - k , Gt<0, R t<0, G t t > 0 , R t t > 0 

TO Bee HeHy/ieBue pemeHHH CTpeMHiCH BMecie c np0H3B0.EHHi.iK K 
2 fieCKOHe^HOCTH B HOpMe L npH t -»OO 

H3 TeopeM 3.1 - 3.3 JJIH cncieMH ( ot = const) 

C(x,t)iit + G(x)u +oiix = 0, 

L(x,t)i. + R(x)i + a u = 0 . u x 

BHTeKaeT cjieacTBHes 
C j i e ^ c T B H e 3. ECJIH CA^ATIA (9"), (2) HJIH (£'), 2 

(3) HMeei pemeHHe K.iacca C (L * I), KOQ^^HI^hshtu CHCTeMH He-
npepHBHH H HenpepHBHO £H$$epeHiiHpyeMH no t H (jyin HeKo-
TOpHX nOJIOSCHTeJIBHHX IIOCTOHHHHX a, A, k) 
(a) a « L 4 A , 2G-|C t|>0, 2R-|L t|>0 

TO pemeHH.i ofijiâ aioT TeMH Ke CBOftcTsaMH, n o B nymtie a) cjieii-
CTBHH £, 
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( e ) a < C < A , a « L 4 A , 2 C - | C t | > k , 2 R - | L t | > k 

t o Bee pemeHHJi h m ö k t CBOñcTBa onHcaHHue b nymtie t>) cjiefl-

C T B H H 2 , 

( f ) 04C 4¡A, 0 « L < A , 2 G + ¡ C t | < - k , 2 R + | L t | « - k 

t o B e e p e m e H H H hms io t Te xe O B O ä c T B a i t o o n H c a H H u e b n y H K T e c ) 

c j i e f l C T B H a 2 . 

3 a M e T H M * i t o x j i x c h c t s m h (ot = c o n s t ) 

C ( x ) u + + G ( x ) u + ot i = 0 , 
(20) t x 

L ( x ) i t + R ( x ) i + o ( .u x = 0 . 

CooTBeTCTBeHHHe CBOücTBa noj iy iaeM e c j i H npeflnojioxHTB 

( g ) 0 0 , L > 0 , G>0, E > 0 , 

( h ) C > 0 , L > 0 , G > 0 , R > 0 , 

( i ) C > 0 , L > 0 , G < 0 , R < 0 . 

B cjie^yiomeM n a p a r p a $ e o6o6mHM nojiytjeHHHe pe3yjxBTaTH H a cjuyjañ 

K O r ^ a pemeHHe c h c t s m h ( 2 0 ) K u e e t Kjiacc C n ( L x l ) ä j l h a i o ß o r o 

HaTypajiBHoro n . 

4 . OBQücTBa pemeHHft KJ iacca C Q 

P a c c M a T p H B a e T C H C H C T e M a 

, . C ( x ) u h + G ( x ) u + d i = 0 , 
(20) C x 

L ( x ) i t + R ( x ) i + o c u x = 0 . 

n p e ^ n o j i o a c H M , I T O 

4 . 1 . 3 a ^ a i a ( 2 0 ) , ( 2 ) h j i h ( 2 ' ) , ( 3 ) nMe@T p e m e H H e KJiacca 

C n ( L " I ) , ti e N 

4 . 2 . K 0 3 $ $ H U H e H T H C H C T e M H - H e n p e p H B H H e (JyHKLíHH 

4 . 3 . 0 0 , L > 0 , G>Ó, R > 0 . 

T e o p e M a 4 . 1 . E c j i h BHnojiHeHH y c j i O B H H 4 . 1 - 4 . 3 t o 

p e m e n i i e 3 a ^ a y H ( 2 0 ) , ( 2 ) h j ih ( 2 ' ) , ( 3 ) o r p a H H ^ e H O c o B M e c t h o 
2 

c n p 0 H 3 B 0 ^ H H M H n o t flo n - 1 n o p H f l K a b HOpMe L . P e m e H H e 

üMe 'JTe c n p 0 H 3 30f lHHMH j o n - 2 n o p a a i c a o r p a H H ^ e H O b O 6 h i h o m 
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lr 
CMHCjie, np0H3B0flHHe rana 3+3„u orpammeHH fljra k = 0 , 1 , . . . ,n-2 

2 V X 
B HOpMe L H flJIfl k=0,1 , 2 , . . . ,11-3 B OÓLHIHOM CMHCJie. 

3ieot H HHxe npHHHMaioTCH o6o3HaxieHHH 

V 

Ä O K a s a i e j L B C T B O . nycTB [ u , 0 - pemeHHe sa-
catín KJiacca C n ( L * l ) . PemeHHe [ u , i ] Tosyte ctbchho BHnojiHaeT 
ypaaHeuHH (20)« Bbh^jt itpeflnoaoxeHHß o Kjxacce pemeHHft dth 
ypaBHeHHH moscho flH$$epeHitfipOBaTi> no t 1 , 2 , . . . ,n-1-KpaTHO. 
npoflH$$epeHiiiipyeM sth ypaBHeHaa k-icpaTHO, k = 1 , 2 , . . . ,n—1, 
Tor^a 

(21) 
o ( x ) a J + 1 u + G(x)a£u + o c a x i = o, 

L ( x ) 3 ^ + 1 i + E(x)3^u +0t3^ 3xu = 0. 

k k 06O3Haqaa v = 3-j.u, w = 3^1 nojiyuaeM 

C ( x ) v t + G(x)v +c*wx = 0, 
(22) 

L(x)w^ + R(x)w +OCV = 0. 

^HíiJiepeHiiHpyíi cooTBeTCTBeHHOe ^ihcjio pa3 rpaHH^HHe ycjiOBHH (2) 
HJiH (2' ) nojiyqaeM 

(23) v ( 0 , t ) = 0, w ( l , t ) = 0 

HJIH 

(23 ' ) v ( l , t ) = 0, w(0 , t ) = 0 . 

J ĵia 3afla™ (22) , (23) hjih ( 2 3 ' ) , npn coOTBSTCTBeyiorçHx Ha^iajiB-
HHX ycJiOBHax, BHnojiHeHH Bee npeflnojiosceHHH TeopeMH 2.1, $yHKijhh 
[v ,w] orpaHH îeHH b HOpMe iß. Tan KaK v = w = 
k = 1 , 2 , . . . ,n-1 to OTCMfla atueicaeT, *ito <fyHKiiHH || u| , |i| , 

I V I ' I M i l . II *2t*\\ ' II a?1! | « î " 1 u | i P T ^ l oroaHHie-
2 

HH B HOpMe L . 
H3 $opMyji (21) npH o6o3Ha*ieHHH 

(24) M = I a l max (max C ( x ) , max G ( x ) , max L ( x ) , max R ( x ) ) ' 1 L L L 
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nojiy^aeM, hto 

( 2 5 ) | 3 t y | < M ( | a ^ 1 u | + | 3 ^ u | ) , | 3 t V | . < M ( | 3 ^ 1 i | + | 9 ^ i | ) . 

OTCiofla 

( 2 6 ) I K V f , 2 M 2 ( | a t ^ u f + | 3 M | 2 ) . | 3 Ì ^ | | 2 < 

no ,2i;0B.a3aHH0My BHme npaBHS CTopoHH orpammeHH k = 0 f 1 , . . . , i ì - 2 , 
V 

H03TOMV h Jieaue CTopoHH orpammeHN. ^OKa3aHO *ito 3j_3 i , 
k 2 3 ^ 3 x u orpammeHN b HOpMe L jyiH k = O f 1 , . . . ,n-2. 

JOKaaceM TenepB orpammeHHOCTB b o6h*ihom CMHCjie, HaaiH p a c -
cyacfleHHH oprammHM Hccjie^OBaHHeM cjiywaji rpammHHX ycjiOBHÍí 
( 2 ) , nccjie jjOBaroie ( 2 ' ) npOBO^HTCH aHajiorrao. O^eBHaHO, i t o 

X 
3 ^ u ( t , x ) = 2T^u(t ,x) - 3 ^ u ( t , 0 ) = J 3 ^ 3 x u ( t , s ) d s , 

o 
( 2 7 ) t 

3 * i ( t , x ) = 3 ^ i ( t , x ) - a £ i ( t , l ) = 3 ^ . 9 x i ( t , s ) d s , 
o 

oxKyfla 

I 

( 2 8 ) ( 3 ^ u ) 2 < ( / 3 J ^ u ( t , s ) d s ) 2 < l|| 3 * 3 x u | 2 , ( 3 * i ) 2 < l|| | 2 . 

IIpaBHe CTopoHH orpaHHieHH äjih k=1 f 2 . . . . , u - 2, orpammeHH h 
V k JieBHe CTOpOHH. OrpaHHtieHHOCTB 3j_d i , BHTÖKaei' H3 H6-o X 0 X -i paBeHCTBa ( 2 5 ) h tojibko ^ito fl0Ka3aHH0ü orpaHHieHHOCTH 3 . i , 

k 
3^. a. 3THM 3aKaH^HBaeTCH ,H0Ka3aTejibCTB0. 

AHajiOTHiHO KaK b npeflH^ymHX naparpa$ax npn BBej;eHHH n p e j -
nojioaceHHH 

4 . 3 ' . C > 0 , L > 0 , G > 0 , R > 0 
;moj!cho JierKO j;0Ka3aTB leopeMy. 

T e o p e m- a 4 . 2 . Ecjik bhiiojihshh ycjiOBHH 4 . 1 , 4 . 2 , 
4 . 3 ' to pemeHM 3a,naqn ( 2 0 ) , ( 2 ) hjih ( 2 ' ) » ( 3 ) CTpeMHTCH ? OKCnOHGHUHaJIBHO K HyJIIO B HOpMS L npH t —»oo BMeCTe c npo-

lr 
H3B0£HHMH IIO t flO ri-1 -rO IlOpH,HKa H np0H3B0^HHMK THna d. u X 
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ÄJW k = 1 , 2 , . . . , n - 2 . P e m e H H H o i p e M H T C H O K c n O H e H i y i a j i B H O h B 

O Ó I W H O M C M H C J i e K H y J I K npH t — * - c > 0 B M e C T e C npOH3BOflHHMH T H I i a 
k k 

3 t , k = 1 , 2 , . . . ,11-2 h npon3BOflHHMH THna Ak=1,2,...,o-3. 

E c j i h ate B H n o j i H e H O n p e ^ n o j i o x e H H e 

4.4. C>0, L >0, G< 0, R < 0 
t o B e p H a 3 Ä e c B T e o p e M a : 

T e o p e m a 4 . 3 . E c j i h B H n o j i H e H H ycjiOBHH 4 . 1 , 4 . 2 , 

4.4 t o HenyjieBHe pemeHHH 3a,naqH (20), (2) h j i h (2')> (3) 
C T p e i W T C H ' 3 K C n O H e H I X H a j I È H O K 6 e C K 0 H 6 1 H 0 C T H n p H t —"-OO B H O p M e 

2 k L B M e c T e c n p 0 H 3 B 0 f l H H M H T H n a 3 + flJiH k = 1 , 2 , . . . , n - 1 h t h -
k 

na 3-t^x ÄJLS k = 1 , 2 , . . . , n - 2 . 
Ä 0 K a 3 a T e j i i > C T B 0 a H a j i o r z ^ H O j O K a 3 a T e j i b C T B y T e o p e M H 4 . 1 h 

onHpaeTCÄ Ha T e o p e M y 2.3. 
3aMeTHM, ito nojiyqeHHHe b npê H ŷneM naparpa$e pe3yjn>TaTH 

Ä J W C H C T S U H ( 2 0 ) H B U t f l K T C H ^ a C T H M C J i y q a e M p e 3 y j I B T a T O B 3 T 0 T 0 

naparpatfa. 

J I K T E P A i y P A 

[1] R. C o u r a u t ! Part ia l differential equations. New 
York - London 1962. 

[2] S.K. G 0 d u n 0 w: Równania f i z y k i matematycznej. War-
szawa 1975. 

[3] H. K u d r e w i c z: Równania calkowe okresowych napi§c 
i pr̂ dów w nieliniowej l i n i i transmisyjnej, Prace IPPT, 
No!. 16 (1974) 3-27, Warszawa 1974. 

[ 4 ] J I . H . M a H j e J i b n i T a u s J l e K i y w n o T e o p i m K O j i e f i a H H i i . 
M o c k b b 1 9 7 2 . 

[5] H. M a r c i n k o w s k a : Wst§p do teor i i równan róz-
niczkowych cz^stkowych. Warszawa 1972. 

[6] J. M u s z y n s k i ; Badania ¡jakosciowe rozwi^zan nie-
których równan typu hiperbolicznego, Zeszyty Nauk.Politech. 

—Warszaw. , Matematyka i ¡jej zastosowania, 13 (1967) 5-68. 
[7] B.Jtt. P o a ^ e c T B & H C K H f i , H.H. fl h e h k o: 

CHCTeMN K B a 3 H J i H H e ß H H X y p a B H e H z i t . MocKBa 1968. 
[ 8 1 C . n . C T p e j i K O B : B B e ^ e H H e b T e o p a i o K 0 j i e 6 a H H 8 . MocKBa 

1 9 6 4 . 

INSTITUTE OP MATHEMATICS, TECHNICAL UNIVERSITY OP WARSAW 
Received March 23, 1976. 

- 761 -




