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y K J E I I H H  B O J I H  B  T P y H T E

Pe.3iOMe. B paSore npeacraBJieHO npetuioaceHHe peiueHHa HejmnefinoH ojiHOMepHOił 

MoaejiH aiiHa.MHaecKoro pacxojKaeHna bojih b rpyHTe.

3 t o t  cnocoS aHanormeH n3BecTHOMy Meway BeKTopimumi jwijHpepeHitHajibHoro 
onepaTopa Ha ocHOBaHwt 3HaHHa (|)ii3nqecKiix cboTictb rpyHTa h HBJiaeTca 
pacuiHpeHHOfl pa3pa6oTKOft pe3yjibTaTOB paSoTbi (6).

M ETODA FALOWEJ DEKOMPOZYCJI W ROZWIĄZYWANIU 
NIELINIOW EGO PROCESU DYNAMICZNEGO PRZEBIEGU FAL 
W GRUNTACH

Streszczenie. W artykule przedstawiono propozycję rozwiązania nieliniowego 
jednowymiarowego modelu dynamicznego rozchodzenia się fal w gruntach. Sposób ten 
jest analogią znanej metody wektoryzacji operatora różnicowego na podstawie znajomości 
rezultatów pracy [6],

METHOD OF WAVE DECOMPOSITION IN SOLVING 
NONLINEAR DYNAMIC PROCESS OF WAVE PROPAGATION IN 
SOILS

Summary. A solution of the nonlinear, one - dimensional model of the dynamic wave 
propagation in soils has been resented in the paper. This approach is analogical to the
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known method of vectorization of differential operator on the basis of knowledge of 
physical properties of soils. It is an extension of results of the paper [6],

4ncjteHHbie ajiroptiTMbi, ocHOBaHHbie Ha <J)aKTopM3auHH pa3HOCTHoro 
onepaT opa [1, 2 ], OTHOCHTCH k HanGojtee ocfcpeKTHBHbiM MeToaaM peiueHHH 
ypaBHeHHft MaTeMaraqecKOft (J)h3hkh  c noMombio ko  HeqHO-pa3HOCTHO fi 
annpoKCMMam-m. B jtaHHOft CTaTbe TaKOfi noaxoa pa3BHBaeTca npnMeHHTejibHo k 
n3yqeHHio pacnpocTpaHeHHH bo jih  b rpyHTax [3,4]. ll3BecTHO, h to  HanSojiee 
ajjeKBaTHbie Moaejin MexaHHKH c iu io iuh oH  cpenbi onwcbiBatOTCa KBa3HJtiiHeiiHbiMn 
CHCTeMaMH jtHtpcpepeHUHajibHbix ypaBHeHHft rHnep6oJiHrecKoro THna [5], 
HejtHiteflHafl ojtHOMepHan Moaejib anHaMHKH pacnpocrpaHeHHH bo jih  b rpyHTe 
MOvKeT 6 biTb npejtCTaBJieHa b BHjte

e ^ + b ^  = d  id
dt 3S

3 a e c b :

E e n H H H q t i a f l  M a T p n i t a

W  - B e i c T o p - C T O J iS e u  h c k o m m x  (Jj v h k h h h ,

S j i a r p a H i x e B a  K O o p a i i H a T a ,

B M a T p i m a  K O H B eK T H B H bIX  M JteH O B,

D B e K T o p - C T O J t6 e i t  n p a B b i x  q a c x e f l .

t B peM H

Pa3MepHOCTb MaTpHHHbix ypaBHeuMfi onpejte jtaeT C H  pa3M epnocT bio  m cxohhoh  
nocTaHOBKH 3 a a a q n  (KOJinqecTBOM H3yqaeMbix bojih b rpyHTe).

ynopflflOHHM ypoBHeHHH b  3anHCH (1) co rjiacH O  onHCbraaeMbiM m m i-i THnaMH b o j i h : 

npoflO JibH aa, CflBHroBaa, BOJiHa P e jie a  m BOJtHa JlflBa. M cx o an  H3 3 T o ro , 
jteKOMno3HttHK) M aTpnitbi B npoB eaeM  caeay io m H M  o 6 p a3 0 M

B  =  B ]  +  B 2  +  B 3  +  B 4  ( 2 )
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B KavKflOii H3 MaTpHU B j  ( i =  1 . . . .4 )  HeHyJieBbiMH HBJ1B10TCH T e CTpOKM, K OTOpbie 

o nH C b iB aio T  TOJibKO o aH H , o n p e a e jie H H b iii  T u n  BOJTHbi.
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B C H C T e M e  (1) a n n p o K C H M n p y e M  K O H B eK T H B H b ie  n p o M 3 B O jtH b ie  b  j i e B O í t  n a o ™  

O flH O C T O p O H H H M H  p a 3 f le j i e H H b lM M  p a3 H O C T B M H , a  n p O H 3 B O B H b ie ,  B X O B B IU M e B B e K T O p  

n p a B b i x  n a c T e f i  u e H T p a j ib H O - p a 3 ,a e j i e H H b i M n  p a 3 H O C T B M n

w n + l  W n
— — + ( B 1A xW ) n+1 + ( B 2A xW ) n+ + . . .+ (B 4 A xW ) n+ = D „  + - 2 -  

At At

(4)

ra e

( B j A xW ) n+1 = ( B " +1Win+1 -  B j ^ W ^ 1) /  Ax (5)

At - mar no BpeMemi,
Ax - m a r no KOopBnuaTe.
B  onepaTopHOfi (fopMe HMeeM:

[ ( E  + A t (^ (B jA x + B 2A x + . . . + B 4A x ) ] W n+1 = AtDn + W n (6)

r a e  C, - napaMeTp, c noMombio KOToporo moncho ynpaBJiBTb nopmiKOM 
annpoKCHMannn pa3HOCTHOfl cxeMbi (6). npn6jm*:eHHO (J>aKTopn3ycM pa3HOCTHbifl 
onepaT op (6):

( E  + AtCB1A x ) ( E  + AtCB2A x ) ( . . . ) (E  + AtCB4A x ) = AtDn + W n (7) 

npn 3tom  norpemHOCTb annpoKCHMannn ypaBHeHMH (6) c noMOixtbio (7) cocTaBnaeT:

D
v  A x 2 y

(8 )

C 3T0ft norpem H OCTbK) (8) p e m e m ie  cn c ieM b i (7) moncho p a c m e n n T b  Ha neTbipe 
n ia ra :
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(E +AtęBjAx )W n+1 = Wn + AtD"

(E + AtęB2A x )W n+2 = Wn+1 + AtD", (9)

(E + At^B3Ax )W n+3 = Wn+2 + AtD", 

(E + AtCB4A x )W n+4 = W n+3+AtDj

r a e  Dj - aeKOHno3HUHH BeKTopa-CTOJiSua n p a B tix  nacT efi (1) b c o o tb 6t c tb h h  c 
TiinoM  MOflbi. P e a H im m ta  cxeM bi (9) Ha 3BM npoH 3B oanT ca pekyppeHTHbiM  caeTOM. 

U p e a a o A e u H b iH  c n o  c o  6  bo ji ho bo ii aeK O M no3H unn cooTBeTCTByeT H3BecTHOMy 
c n o c o 6 y  (J)aKTopH3auHH pa3CHOCTHoro o n e p a r o p a  n o  (J)H3HHecKHM (J)aKTopaivi u 
HBJiaeTCfl pa3BHTneM pe3yjibTaTOB, H3H0yKeHH0fi b CTaTbe K a a io x a  łO .H  w C en e3 0 B a  
H.T. [6].
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