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SUMMARY

The dissertation performed by Maia Aptsiauri “Investigation and Appro-
ximate Solution of One Nonlinear Integro-Differential Model” is dedicated to study
of some properties of nonlinear differential and integro-differential models, which
are based on Maxwell system describing diffusion process of electromagnetic field.

In the work the main attention is paid to investigation and numerical
solution of parabolic type integro-differential models. In particular, the following
issues are studied: uniqueness theorems of initial-boundary value problems; large
time behavior of solutions; construction and investigation of semi-discrete and
discrete analogs; realization algorithms and corresponding software; results of
numerical experiments and appropriate graphical illustrations. Thus, we believe that
in this respect the obtained results with their scientific values and practical
applications point of view, is undoubtedly important.

In the beginning of the dissertation work the nonlinear partial differential
models and its integro-differential analogs based on Maxwell system, describing
process of electromagnetic field propagation into a substance is described. At first
reduction to the integro-differential form was made in 1983 by David Gordeziali,
Temur Jangveladze and Tengiz Korshiya. Many scientific works were followed after
that work in Georgia as well as abroad. Based on that work, in 1990 Genady Laptev
proposed the so called average model of the considered model in his doctoral
dissertation. He noted that it is not possible to apply the results obtained by the
generalization of the theory of monotonic operator, which he applied for his
previous models, for the mentioned averaged model. Therefore, he concluded that
the average model was the subject of a separate study.

A study in the dissertation shows that the focus here, in a sense, is proceeding
likewise as given there, and this has led to the construction of the words in the title
of the thesis "of the nonlinear integro-differential".

The linear stability and possibility of Hopf bifurcation with justification for
stationary solution of one-dimensional differential system is studied in the work.
The global stability of one initial-boundary value problem is also investigated. The
corresponding finite difference scheme and numerical algorithms are constructed.
Based on those schemes and algorithms the computer experiments are carried out.
And appropriate graphical illustrations are given. Asymptotic behavior of solutions
of parabolic type nonlinear integro-differential models is investigated. Relevant
semi-discrete and discrete analogs and iterative algorithms for their solution are
constructed. The graphical illustrations for test examples are given.

One must note the appendix of the dissertation where author’s realization
program codes for considered algorithms are given.

The complexity of the studied models required application of theoretical
researches as well as methods of computational mathematics. Dissertation focuses
on investigation of continuous problems as well as study and construction of
numerical analogs, results of which is confirmed by carried out various numerical
calculations and their analysis. The presented work is also rich by graphical
illustrations.
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50 35653655380 3399005 GO0 EORYDBOMEmO JmEIOL 5dMbsblbol
4m3593939 OO0 (33Ol MLSLOIMO DBOHPOLLL. 53 GH030L bygzombgdol
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L5060 899090 ©IdIMgds [35].

09mMgds 1.1. o) 2o+ -y >0, 35906 (12) 53mEsbol LEszombs®vyero

2
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96m0 3m6309EHMWOo sOfOR03MmdoLmZ0L [50] bod®mddo s1939 sdBH30-
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B&o30mbsvemo  53mbsblbo (WX, ¥,X, wl+y?) B3 MBIIMHS®O  FOYMOIPOS

L,(0,2) Loz EoL brm®IoL sSHBEHO.

§ 4. bbgsmd0sbo Lgg9gdo oBIMHY6E0sMO dmEgErolismzgols
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6md ob 06@H9MM-0x9MH9630sMH dmgEol LobgHgE S30WsE WH0Y3s-
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[0.T] Byocgy.
51939 999m3z300Mmm d99gao 3BMO0WOo S©0bodzbgdo:

y= yij = y(xi’tj)’ y= yij+l = y(Xi’tj+l)7

Y-y yX:yH—yi"l, yX:yi‘;l—yi",

T h h

U ©s W 506038369030 BsfgMoen (12) 5dmEsbsls 8930Lsdsdmo 99090

Lbgomd0sbo iggds:
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v, =V v W, (17)
ow
—| =0, w(1t)=y,
. (L)=v (18)
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(16)-(19) bbgsmd0s60 1iggds 5EZ0EOE MHYS0BYB0s, 306506 t =1, ,

9699 905bwMmgdomo  58MmbsbLEOL  Lodmzbgws LosFo®mms B00I3M*MdO
59moblbsl (17) 296GHmegdsms LobGgds ¥ gmbdiool dods@m, d9dwgy 30 (16)

3906@Mgdsms LobEBgds W g3mbd300L B0 339 bs3m3bo V 13mbdizools o-
dmygbgdom. 5939 Mbs 500boTbML, M Imyzs60wo sEyMmGHomdo SO LoFo-

gL 0GHIM5300 3OHMELOL 25dmyqbgdsl, Moysb V 13mbdizost (17) Gmerm-
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Ud9ds> 89990 LOHYoL-LoloBEZMM STMEsboLsMZOUL:

U _2 [y )
ot ox OX
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Y _tym(W)
ot 2 OX
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(20)-(22) LobEBYIs5 9MOL JEgdBHOMIsRboBHWMEOO 390l J3MEIOOL
36MHmEqLOL  o3M(39gdol  gOHmPEBMI0Egdobo sbsermyo s dolo 33wg3s

©509gdmos [32, 37] bsde™ddo. (20)-(22) Lsbol s3mEsbgdOL s3MbsblibgdOL
5ML9dMdS O GHMIONMDdS Tgufagaroros [31- 33, 37] 659639030 s 303
Lbgo dMog5¢ bdg3609OHM 3900 35(30580.
3369m39 99LFog3e00s (20)-(22) 58m3s60L LabMEn-libgomdosbo dqds

p =1 999mbgg30Lsm30L [34]. B396L BodO™ATo [90] gobbormos Jgdmbggazs,
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by 3mg094356mo [90] BsdmrMTol dmogsmo 890920 ©sd3HI0EIO0NIOM.
30d35m, U s V 560l (20)-(22) 59m3sbol b53050mo@  ge3o  58mbsblbo.
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3963L5BO3zOM® Lo s 6533 gd0 s bmMIgdo:

(uv)= MZ;uivih, (u,v]:iuivih,
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u, + Bru, = ((v(“))p uff”)jX :

(23)

v, + BV, = %(v(“))pl (ug’) )2 :
u(0,t)=u(Lt)=0, team, (24)
u(x,0)=U, (x), u(x,t)zuo(X)+T(<VO(“))pUéj)) , (25)
v(%,0)=V,(x), v(x,t):VO(X)+%T(V0(a))p_l(Ué:))2, (26)
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ME9CgdYo 50bodzbgd0.

(23)-(26) 59396580 U Bgqlsdsdgds @y, d5EOL 33560900, bemenem V gqglods-
9905 @, Bool 33560900.
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8164305%9, bomem 3gm@gl 2v?) 1mBJ305%g, B3O GH030 35H©JIBgd0m 3wg-

dermdm 9909y ©om30IdNJdYOL:
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mbs  900b0TbML, MM doMHO BMBI300LM30L LETSMM0560s FoMEH0Z5©
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a—052 >0, 35806 LsdsrNE05605 F99®Y0 MGHMWMdS

()= 1" (29)

LodmemmE,  (27)-(29) ©s9m300090gd9gd0L gomzseolfjobgdom doz00qdm,
(QION]
(197 a7 ), =0,
(30)
ol IV < "+ v
(30) 536G0mO Mo Jgx3sl90s 983303908 (23)-(26) bdgdol dEYMIPMBL.
50L5603b65300, BT 53005 BsB3969dgE0s TJLsdsFOLO 58M(35BOL STMBbLBOL
IODNIQOIODMDS3.
Sbews 3m30Y356mo 309350Md0L ©YdIMgds, BHMIgoE ©sdG30(390)-
05 [90] Bsdmddo.
0gme9ds 1.5. o) —1< p<1 s a—0.52= >0, 95906 (20)-(22) s8m3s-
6ol o 3dome )30 58mbsblbolsm30U, (23)-(26) Lggdol sdmbsblibo 30M9ds0s
(20)-(22) 5303560 58mBobLBOLI6 O(z? +h* +(« —0.5—,6’)7) QIorYelo)
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ey v vy

—%((u@)z ) (v<a>)“+(v<a))"]+
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5J90096,
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dmemo T s h doxgdvy.
536035, ®9mMgds 1.5 ©sdE30390vIw0s.
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Sbws dm3z09396mm [50] 65dGMIdo glfhogerowo mgm®moo bs3zomby-
d0b dgbodsdolo HoEb30m0 9Jl3gM0dY6EHJOOL JMSRO3ZMWO OEMLEMSE0JDO.
3009350, y=1/2 @5 B=1 9.0. y — B <0. 3585050537, LESASODE0560S

p-a-1

a(y—ﬁ)[g(l//fwzz)} Y

MGHMEMdS 5 gLod530LOIE 5O 593L HOHR0350 B YMOEMBOSL.

J390m»  dmyzsb0  LEsmgddo s), ), ) bobsbgoo s©0bodbsggb
d9lsd530Lo© U, V ©5 S 81bd309d80L g0o5303900.

o ©3MI3x0m,  OG™I a=b=1Lao=02,y,=1Ly,=2 o
U, (X)=px+sin(zx), Vo (X)=w,x+cos(27x)-1 s Sy(X)=1 85806 3543l

399920 LyGOsmo:
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©o399935m, Mmd a=b=1 a=y=Y2, =14, w, =1 w,=12. go.

— <0, 95g658 Bgdmom dmYz560m0 MEHMEMds o063 LodsMM0sbos s

09039 bsfyolo 36430900l dgdmbggzodo 435d3L 99dwga0 LwyGsmo:

e

Bob. 15
3009350, a=b=1 a=-08, f=-1 y=0, v, =1, v, =2,

Uo (X) =X +1-X% Vo (x)=px+(1-x)(e*—e™), So(X)=1. 53 BgdorbggzsBo

MEGHMEMdS 06003935 5 TGLdsF0BO® 335d3L 99dgE0 LyEsmo:
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5939 9M30Y356mm MBS MMO  3EYMIOMIOL  ©ITSILEHWMYGOJO
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G9M90mwo Mogbzomo 9JudgmodgbGHgool MR03MIWO 0WNLEHMH30900 ©S
om0 565¢0bo.

§ 1. bifigol-LslaBgmm 53mEsbs gMmo MmM3mMI3mbybE0sbo
LobEgdolsm3zol. gMmsgMomdols mgmmgds
35630b0Emm By8mbgg3s, HmEILsG 85360EXIHO 39Ol ©sAdMEMdOl
39J&HMO0 mM3M33MBI6EH05605 H =(0,U,V), bosg U =U(x,t), V =V (x,t) —

©OMOLY S 9OHo LO3OEMWO (33OEOL BZOWIOMEO BMb30ss. 53 J9d-

oV ou
mbgggsdo rotH = 0,—&,& 5 8909250 90300900 399930 Lobob 0bEgy-

HM—0RBIOIB(3050ME 2obEMEGdSMS LoOLEIU:
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o ox ox a ox ox

bogS3
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39630bomm (38), (39) LoLiBgdob Tgbsdsdolo Hgsermb 936m9d0s60 Jmawo

ouY (avY |, |ou 02
o[ (5 Jor o2 0o 0

ou o0

ot ox
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ﬂ_ﬁHj{(ﬂf {ﬂﬂdr]ﬂ}wv i,

ot ox| |yl\ox OX OX

@5 ©53L350 Jobm3z0l 993 a0 LOFYoL-LoboBOZIOM STM(3bY:
U(0,t)=v(0,t)=0, U(Lt)=y,, V(Lt)=y,, t>0, (41)

U(x,0)=U,(x), V(x0)=V,(x), xe[0,1], (42)

y,=Const >0, y,=Const=0, bmwm a, U, V, 0530600 s63m396¢9dol

0m393mo gbd30gd0s. ©sgzsm, ®@d a(S)=(1+S)", 0<p<l > q=2.

89360860mm, O™ O™Es W, +yi= 0, 85906 335d3b LofyoL-Lolsbazmm s8misbs

LOBOZOOL FoMrX39b5 dMEMBY 9O 5063 9M16gMHMRZ5MM3560 LoldBOZIM™ 3o-

d0m. §0bss0dgy 99dmbgg3sd0 30 Logddg 9399d3L 9OR35MIMZ56 Lolisb3OM

30601090056 59 3565Ls6.

d930Lfogmo (40)—(42) 59m35HoL $3MbIBLBOL 9OHMIIOHNMBdOL Bsgom-
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®gmy8s 2.1. vy a(S)=(1+S)", 0<p<l, =2 5 (40)(42) 53m33650
399hb05 53mbsblibo, 3580b ol MM YOHDOS.

©59()30(3905. ©3035m, OMI (40)—(42) 50mEBsL gosBbos mGo 4s6-
1b303909wo  sdmbsblbo (U,,V,) ©d (U,,V,). 3s630bowmo bbgsmdgdo
Z=U,-U, © W =V, -V,. 5060360 bgsmdgdolbmgzgol (40)—(42) sdmzsbo-

56 3090 Md”:
t 2 2 P
E_g 1+I aulj + % dr aUl_
ot ox o L OX OX OX

Lrou, ¥ (oV,Y " oU _ _
_[“JH axzj +(§j }%J U o, (43)
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oW o Liou,\ (oV,Y "oV
— - 1+J.( Zj +( 2) dr | —-
ot ox ol L Ox OX OX
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L(ou, Y (aV,Y oV, 2 2
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Z(x,0)=0, W(x,0)=0, xeQ, (45)

39359653wwmom (43) LobBHYIoL 300390 PobBHMwgds Z gmbJaos®y s
300gdo BHOEMmds 3s0bGga®mm (0,1) sm9%. Bsformdomo 0b@gamgdol

RMOIN0L s (44) LoboBOZO™ 30MMBJIOL QoM35¢olHobIdom 30gdEMd:
1 t 2 2 P
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2dt 0 ol L oX OX OX
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ol L O OX ox |\ ox  oOx

1
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o\ OX OX o\ OX ox [\ Ox  OX
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59 GMEmdoL (46) GHMEomdsdo Bslidom, ogdwwo M@ memdol (O,t) 999509 0-

B9 06393090000 @5 bsfowmdomo 0b@EgaMgdol Rm®mIMwol 4sdmygbgdom

33996905
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1t1 t 2 P 2
||Z||2S2jj.[ 1+J‘ 8U2+§(8U1_8U2j dT’ (%_%j dé:dz_dx_'_
900 OX ox  OX ox  OX
L Teu, (au, aUNT. )
+p£{1+]~{ ax2+§ axl_ axzﬂ dT] -
Tfeu, au,). Y
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JLox  oX
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_ _1 1 2 1 2 d '
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13565136900 MEHMWMBd0ELH, 0< p <1 J9HBOME30L Fom3zsxolfobgdom, 30g-

O MOM
20l <o.
0585b505dg, U, =U,. 5960350, 0090m69ds 2.1 5dmbsblbols gbmogHmm-
dob dgbobgd o33 30(39OME00s.
9b65¢Ma0m0 9092900 LoFYob-LoboBwzmm sdm3569d0L Lbbgoolbgs
39000b393930Lm30L JogdmEos bgs bsdtrmaddos.

§2. 59mbsbLBOL SLOA3EHMEHIMO YmRBIJ 3939 OMOMO (33¢5OL
ssbEem© BOHEOLL

3o630bomm 33wog fobs 3sMogMondo dmyzsbowo 0b@gadm-ongmgb-
30SOO Yo s d930LHogermo 53mbsbLBOL sod3BHMEGHWOO ynxgs3930
©OMOMO (335OL MBSO MO HBOHEOLL.
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©930 9OM3MA3Mbg6EH0560 {gommb (9360560 sdmEsbolsmgzol:
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aL ! (%) df]%]ﬂur”u =0, (47)

(48)

boag Uy =Uy (X) s60b 8migdnmo 39650
ogmégds 2.2. oy a(S)=a,=Const>0, U el 2(0,1), bogem 22,

95806 (47), (48) 59m3560L 53mbsblbolmzol syowo 5J3l 9909y SLoA3EGHM-
AGMO 99xz5L9d5L

|U (xt)|<Ce™.
59 || 560l L ,(0,1), Logtol Eeeds.

©59()30(3905. 39353053 mm (47) 456FGHMEgds LIsEsGrmws U ggmb-
J305%9. bsfformdomo 0b3gamgool 3m®mAMEols s LELEBEOIMM 30MMdYOOL

3990my9gbgdo0m 335J3L:

1 2 1
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2 dt ] ox ]
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00 3090 MO0:
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50



SbEs gobzobormo 3mb630M9EHMEo sMfiMx030 0b6EgaM™-0xggMabi30s-
MO0 IMEgo, M@IGEog S0FIOL 56M90mdo 9egddMmdsybo@mmo 39wols
393639930l 3OM39LL ME33T3MbBIbEH060 Fs3boEHMMHO 39e0L IO MBOL
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53m3560b U =U (t) = (U, (t),U,(t),....Uy (1)) 50c6sbLE0Ls396, Begs h—0 o
L5FSONE05B0s F9FYA0 TGFBOLYdS

Ju(t)-U (t)|<ch. (95)

©38%30390s. U =U (x,t) gmbJgoobogol g3sJ3L

%{[14_]‘(%&)%7} Ux,i} +|Ui|q_2Ui:l//i(t)’

0 ) (96)
i=1..,M-1
U (0,t)=Ugy (t)=0, (97)
U;(0)=U,;, i=0,..,M, (98)
boog
vi(t)=0(h).

307d3om, 7, (1) =u; (1)-U; (t). (88)-(90) o5 (96)-(98) Brrewmdgdowsh 3wg-

O MO0):

%_{[uj(um i dep . —(1+I(UXJ i d]u}

Hu [ u U, = (1), (99)
Zo(t) =17, (1) =0,

z,(0)=0.

X
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393996053000 (99) 3obGH™m@gds z(t)=(z,(t), 2, (t),.... 2y, (1)) BI6IG05-
B9 B3oMMEs©. Bofowmdomo 0bEHgaM9d0l BmEmTMEoL EOolZMYEH™MEo Sbs-
Mol 25dmyqbgdom 93946900

Ll Hlﬁ)dj [14 ] } s

M 2 2 M
+h2(|ui T VALV )(ui ~U,)=-h>wz.
i=1 i=1

393603bmm, H™I

{[ui(uxj i dr}p u,, —[1+i(uxli y dr]puxyi}(uxii “U,,)=
pi[ui[u” +£(u—Uy)| dT]plx
X%G[uxli (U —Uy )| (Ui =V, TT dé+

(100)

1 t 2 P
2
+I[1+I[Ux,i+5(ux,iux,i)} dr] d&(ug —Uy, ) -
0 0
58 Beemdob (100) GHeeemdsdo BslBom, oEydmwo MEMemdol (0,t)
3995090bg 063936090000 s Bofomdomo 06@9aMgdol Gm®INMwol Qsdmyg-
Bgdoo 33996900
t

1 2 P
7| < Zhi | j [1+ j [Ux,i +& Uy —Uy; )] dr’] (ug; —Uyi )2 dédr +

=1 0

M

+phZ[l+i[UX,+§( )Tdr'} _ drx

1=1

X[HUM +& (Ui =Uy) (s —Ux,i)dsz dé-
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, 2 p-2

_p(p_l)%j; ;[[Ux,i"'g(ux,i_ux,iﬂ dz’ X

=1

1 1
! +
X|:U X,i +‘§<u¥,i _Ux,i ):|2 X

x[.ﬂu % +§(ux,i -Uy; )}(UXJ -Uy; )dr’} dédr=—2h ; WiZ;.

13565136900 MEHMWMBd0ELL, 0 < p <1 JgHBEME30L Fom3zseolfobgdom, 309-
OIOMOM

t t
20 = [Jz(e)f dr + il aon

Lodmermm, (101) 899835L900sb 458tmdE0bsGMgMdL (95) s Fodobosdy,

096935 2.13 ©98(330(390E00s.

§4. LILEOME-Ibgzsmd060 igdol MM S 3MJISMDS
063330mM-0089Mgb305Mo dmgmol 306390 bsHgol-
Lsbisbeg®m s9mEsbolsmgols

9930Lo3wmm 58 308 IgmMg 356M0aMexd0 gobbowrmwo (69) - (72)
59m39bols GqLsdsdoLo LalMe-lbgsMd0sbo Bdgdol JEYMIMBOLS @S JMgds-
©MO0L Bogombo.

3303 dmzobobmm Q, s®0ol EoligMgEH0BsE0s s 890Mm300Mm sMb0T-
369%0:

r:%, t, = jo, ul=u(x.t),

@, ={tj = jr,j=0,1,...,N}, One = n X@,, ,

: u —u
u =ut, ou ="

T
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39630bomm (69) - (72) 59mEsbolmgzgol 39890 sG5:3boo Lbgsmdosbo
Ldg0s:

. i+l 2 2 >,
ud; — 1+Tkz—1{(u;i) +(V|Y(,i) Bux'i} +u[Fu; =0,
X

v — 1+T:Z+},{(U>I§,i)2+(V>|§,i)2BVx|} +v|"" v =0, (102)
i=12,..,M-1 j=01..,N-1

ud =ujd, =vg=vj, =0, J=0L..,N, (103)

uf ~Up;: v Vg 1=12..,M, (104)

v (102) LobBgdol 30639 ©s FJMOg 296GHMMWGdGOL b3 oMo
25935365308 G9Lsds30Ls© U @s V 5311643098%9, 998030496900 Bofoenmdo-
00 063930930l BMOIMOols s 399635698 MEBHMEMdOL Bb3sMmd0s6 bs-
@M q0L, 35806 F963H030 FoMsddbgdol Jggyo© 03009000 FOYMSPMOOL
39999 536MH0MEOMe» J9z351909dU:

m m2

\4

2 m 2
+ZHU£]‘ 7<C,
j=1

+iuvxj]rr£C, m=12,...,N
[

Lo0BIE 900300 35FMAO6MMBL (102)-(104) 53mE3560L 5AMbUBIE M.

9390 b5 0l 5bserMYy0mMo X JMBS SPIOWSE 235de93L
(102)-(104) 593560l 53mbsbLBOL gMm5IOHMBLS.

»gmegds 2.14. 0wy a(S)=1+S, =2 s (69) - (72) s3mEsbsb gosBbos
53850 ge30 8mbsblbo U =U (x,t), V =V (x,t), 85806 (102)-(104) Ldgdol
53mboblbo U’ = (ul W, 4 ) (vlj, V), ...,\4,{71) 800LfiO8oL FgLedsdolo
U’ =(U1J,Uzj,...,Uhj,|_l), V! (VJ AVARS ,VN‘H) 1mb9430900L396, Omas 7 —> 0, h — 0 ©s

5QQ00 543U 8990099 F9535L9d9dL:
lu'—ui|<c(r+h), (105)
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Hvj —Vj“sc(r+h )
j=12,..,N
©59(%30(3905. U =U(x,t) ©5 V =V (x,1) 81bJ30g00Lm30L 23593L:

{HTf_(ka,i)z+(ka,i)2_Jij,Tl} NV vy
ar 2 27] . (106)
th —J1 UE ka_ j+l j+l j+l _ ji ,
(et vl ) v z
1=12,..,M-1 j=01,...,N-1,
Ug =U;, =V =V, =0, j=0,1...,N, (107)
U U0|'V|O 0,i > I_Ol’ M (108)

bos3
vl =0(r+h), k=12

3OM30gd9d0Lm30L Zij = Uij —Uij o Sij = Vij —Vij , (102) - (104) o

(106) - (108) G&mEomdg00sb 3090MEMdo:

A {(1+T§[ )ZUUH
[1+r§[( v )DUH} A
SJ+1T s/ {(H Tf[ (le(,i)z])VXj]l— (109)

q-2

i+ j+1 j+l j+1
U ‘Ui Ui

_l/lll '

2 J+1 j+l -2 G+ _ _j+1q i, 4l
1+TZ( B 2 T e e LV
i=12,...M-1 j=01,..,N-1
2l =z} =sl=s) =0, j=01,..,N, (110)
2’=s"=0, i=01,...,M. (111)
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39359653 m0o (109) LobBgdol 306390 s FgmeY FobEHmegdgdo dgls-
BoB0bd@ 2/ =(2)", 27, 2 ) s 2 = (2, 2", 2 ) 3ibdgogdb. Bafo-
WM30MO 063gMg00L BMEOIMEOL Lb3sMmd0560 565¢maol s (110) 3o06H™dYdOL

259myqbgd00m 3090 Md0):

Hzm\r—<zj+azj>+rhi{(l+rz[< ot -
(reefon P e o e
usmuz—<si+asj>+fh;{(1+rkzj[<u;>z+<v:,i>2]jv;:1—

(o Bhon Tt e,

)
(Lo, + )ZJu” oy )ZJU Yusr-uir)-
g o Pty l ( Jlos -
—uiul 1[( *)2+(V* X +Vx,i)2J:

S uz Pl F e :i%(v:i)ﬂ—
——ujflflux. X.H—— ol F o S
2Pl P P u“lf[ b Fl
%lui}? sy F-t2)]

(112)

r j+l

erf -2

e
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3b65er M0,

(e o+ o F ot~ ¥ +(v:,i P i —vin)
> fof -l P e F-lus -t 7]

300900 d9x35890900Ls s (112) FHMeErmdgdol godmygbgdoom 43593L:

\Y

2
HZJ+1 2+

1. . T R TR R [T :
1 A I s e A R 2

e Lga e L 1P o
#5ls sl -gHS’” -gHS’H +fH8x’“l "+

o

oSl b F-osF -t e

" g ) - b
.2 c a2
i N J

EARVANE (uwlu oo Jm[

Ve>0, j=0L.,N-1

399m30396mm 50bodgbs

¢ —rzl F-lus e,
& =Wrf +ief -uief -y

5960950, 3090)CPMO

HZ j+1||?

d5dob

12 112 .2
e+ ]+l

2 12 12 22 12
S o RS S IR S R Y

)

_I_HSJ+1

eelet&l)e il bl Jo 2ol

(113)

(114)
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3995635691 9EHME@dol oLIMHYGHwo SBosermaol, (111) 3o0Mmdobs s

399930 ©9330©yO)EdOL
i1 Lyl 1y, e
o6& ]= e =S le - Sl

390035¢0lfobgdom, (114) 9953569306 30090 MdM

m 2 Zm—l J 2 z—m—l
[+ =22 52
=0 j=0

2

j41 ’ m||2 e ill2

+

2 s+ X+
J:

" 2 m-1 ) 1 o m-1 . .
)+ e el sceSiluel vl

Z—m—l
+ —
2%

m=12,..,N,
L5063 odmdE0bstgmdl (105) gx3sligdgdo.
5060950, 09MEM93s 2.14 93 3039OME00s.

§5. bbgomd0s60 59m356900L MoEb300 53MbLBS s yMsx03Mwo

0MEHM30900
3990y9gbgdmwo MHoEbz00m0 53MbLBOL 5EYMMOMTZOOL 9539dGHMOMDL
5Q3BGHMOIOL 53900 39MAM 5FMBsbLBJdIOLMZOL Bo@o®mgdricmo dglsdsdolo

AILEHMO0 250MM3900.

3OQOZOEIM MINOOYO FJEYRIBOL ©ITIVAYMIBIL FMIBOIYEO
0 MLE530990L 256b0E35%Y.

39mMg 530l FgmMg 35653055330 BoBHIMIOMEO 0YJMOOMEO 33W935
3306396900, M3 99920 3956E™MEgdsms LolEgdolmaol:

a_U_i[a(s)a_U):o,
ot OXx OX

ﬁ-i(a(s)ﬂj:o,
ot oXx OX

(5

C

&)

0

S(x,t):1+j{(a
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©OLIMWO JOMR35OM3Z560 300390 LfYol-LolisBrgmm sdmEsbol s3mbsblibo,

a(S) ®mbdgosby 350339790 BoBEMEZOL  ©OEYBOL  BgdwgE,  ©OMOL
MBsEOMME BOHEOLSL JooLHGmsxOL byolisgab.
BSOS, OM3S a(S) =S%, a=1/2, 85306

U, (x) =y,x+(1-x)(e* —cos(x)),

Vo (X) =y, x+(1-x)(e™ —cos(x))

LoPgoLo BMbJE0gdOL OML 33543l LwyGsmo (bob. 18)

Bob. 18

50539 530l  dgLsdg  39MMmoxTo  FobEGMEgdsms  LolGgdobmzol
©3LBNMOs 5M9MME330M3560 Lofyol-Lobabegmem sdmasbs. Mgy a(S)=S7,

ae(0;1], 85806 8830390 M0s MIMAIBs 53mBILBOL  LESBOOBEOOL
d9Lobgd.

BwOowsg,  Omngs  a=Y2, y,=1  y,=2, U (X)=wx+1-x%,

Vo (X) =wpx+(1-x)(e" —e ™)
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35306 235943L (Bob. 19):

Bob. 19

AbgogL bLYIMHHMYOL 30IIMWMID & 3565F9BHMOL MoGymaomo 360d369-

©Md900LmM30L53 IM393MEo 063 M350 b.
Omgs a=-12, y, =1 y,=2, 35306 03039 LsFyolbo gGmbIz09d0L

9990bg935d0 33543 LvyGomo (bsb. 20):
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bob. 20

OMamO3 gl Bob. 20-sb BsbL 53 G90mbgzg35d0 BEBOd0W0DoEL 56 5d3L
5QPOO.

Mbs 900b60dbML, HMI v, 1L0W0WIJO0EIL GOHM-gMMO Fg0odEgdS
Bmol Gmeog 0gmb. O3 Bo@GHIM0T0 MgMOHOMEOo 33¢093d 3306396900
50 89dbg935d0 LMoo J9033wgds bMEmE Jgbsdsdolo BwbJzoolmgob.

O, v a=1/2, y, =1, w, =0, 35306 33593l (bob. 21):

———
]
_—
—

'l'.ﬂ".!.l.l"}.!.m

[l

IIE:{!""I..

Bob. 21
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D90m» dmyzs60e0 LmGomgdo (bsb. 18-21) 3bss 33063969096 doob-
WMJOOMNO FodMmmM3ego0oL JgLsdsdoLMdL OLYM 30530 BodsM9gdIE mgmMo-
M 2990 3309390056. gl LYYGsMYOO 039 MMYMEE B3O IMOZ5WO Bo@SIYdY-
o0 Hob3000 994390039630, 5LEHYIMJd9b 8909Ts390E0 MHOEb30MO sEym-
0md9xd0L 9939dBHOMSL.
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0530 III. 35L585egdMeEo 06 aMm-oBIMYBE0IMGmO
dm©9ggdols 53mbsblibgdols sLo3GHMEG MO ymBOI393°
HoEbz000 5dmblibs

59 05300 dgLogwr00s 2oliodowdEo 0b3YAMM-oxRYMH6E0sWMGOHO dm-
9900l 5dMbobLlBYBdOL GO IONMDS, SL0A3BHMEGHMOO Yymgsd3939, LELOYIE-
bbgom00560 Bggdol dEYMHEMds s 30MJOEMDs. 539005 J0SBWMGdOMO
53mbLBOL sEMmMH0mMT00, dmy3560¢005 Bs@o®mgdmemo Gogbzomo 94udgodgb-

G900 053303990 0LEGHMIE0JO0 S B30 b5EPODO.

81. LSHyol-LolsBwzmM 583565 gMo MEMIMA3MbYBEH0560
LobEgdologzol. gMmSEIMMNMIOL 0gMMHgds

3o630bowmm 33eo3 2oM9dmdo gugd@Mmmdsabo@m®mo 39wol 4936 39-
adolL 3MMEgLol 9mHmo Jomgdo@03mMo dmEYwo, MMIgwoi 999mmo35%Yg-
d00 0ym [54] bsde@ddo.

AbgogLo dgmMg 15306 30039 35MoyMondo Jglfogzwrowo ImgEols,
50 3505053303 358396000 FgLsdsdolo Lofyol—-Lobobwgtm sdm3sbol sSTm-
Boblbol §MH9IOHMOL LT MsW GO0 Bl Fglsdsdolo JOMYSEDM-
90900560 sBsermyobsmzol.

gogdgem, H=(0U,V), bosg U=U(xt),V=V(xt) - @Omobs @

9Om0  BogOEMo (33Ol 1Mo BbJ3oss. o3  Jgdmbggzsdo

oV oJ

oL :(0’_&’5j © Fgegee@ 3030egdo Bgdegpo Lsbol 0bHIGM-

ORBIOIB(3050E 256E MM LoLEGIobs:

2 2
ouU o“U sV oV
Yoas) Y, Va2, s
OX ot O X

bogS3
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t1 (ou ¥ (ov)?
S(t)= — — | |dxd
¥ cj)(j)[f?xj +(8xj Sl (116)

3obgobowmo (115), (116) LobEgdol Tglodsdolo FyosOml (936900560

dm©9eo
Q—a [ (ﬂ] +(ﬂj dxdzr 0 U+|U|q*2U:0,
ot 00l \ ox X ox2
(117)
2 2 2
tl
N _a [ (G_U) J{G_Vj dxdz a—V+[\/|q_2V=O
ot 00| \ ox OX ox2
@5 5313500 Jobm30L 93 a0 LOHYoL-LobOBOZOMHM SFM36.:
U (0,t)=v(0,t)=0, U(l,t)zl//l, V(l,t)=l//2, t>0, (118)
U (x,0)=Uqy(x), V(x,0)=Vy(x), xeQ, (119)

y,=Const >0, y,=Const=0, bmem a, U, V, ©s 0=2. ©s3:9d3sm, 6M0d
a(S)=(1+S)". 8936086mm, GMI OmEs ¥, +yi = 0, 8306 sdog gmdy Msgolb
5b65¢Ma0mEms@ 335930  Lofiyol-LolisBw3z®m  s8mEsbs Bstrx39bs LoBOZsOBY
9600 35063 9565960003350 3560 LolsBL3OHM 3oMHMdom. [jobssmdwgy d90mb3y-
3590 30 Logddg 33593V 9HMY35MIM356 LELLDBPIOHM 306HMBYO0D 5TMFIBILSE.

d930Lfogmm  (117)—(119) 59mEsbols  53mbsblbols  gemsEaMmNMdOL
Lbsgzombo.

®goeg8s 3.1. oy a(S)=(1+5)P, 0<p<l @ q>2, 85806 (117)~(119)
59m3965L Q598605 569MTgEH L 9O0 58MbIBLBOLS.

©50()30(3905. ©5319d350, ®mI (117)—(119) 50mEsbsls  oohbos Mo
3oblb3o390wo $3mbsblbo (U,,V,) ©s (U,,V,). 3sb30bowmo bbgsmdgdo
Z=U,-U, @ W =V, -V,.5006086wwo lbgsmdgdolbmzol (117)—(119) sdm3sbo-

56 3090 Md”:
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p
oz t1louN? (ov ) 82U1 82U2
——1+]] (—j +( j dxdr - +
ot 00\ ox ox ox2  ox2

+U|" P U, — U, U, =0,

(120)
a—W—[HH[(a—UjZJ{avjz]dxdr]p(62V1—82V2J+
ot 00| \ ox OX ox%  ox?
A R YA R VAR o
Z(0,t)=W(0,t)=Z(Lt)=W(Lt)=0, t>0, (121)
Z(x,0)=0, W(x,0)=0, xeQ, (122)

25350653 m0o (120) LobBHgdol 306390 obEHMEgds Z gbd30s%Y S
300gdMo GOEMds 3506@gacmo (0,1) s69%g. Bsfomdomo 0bEgaMmgdol
RMMIMol s (121) 306Hmd0L 45035¢0lobgdom 30gdmEmdm:

e

2

X

(123)
. q—2 q- 2
U U, (U, U, ) ax=o,
0
Lofigobo  (122)  306:0m09d0L  domzscolifjobgdol  dgwgas  (123)-sb

3560350 359m30bsMg  »EHMEmdol (0,t) 8w95¢gbg 063gMmgd0m  439d-
690ds

e <o

0585b505dg, U, =U, 5 58mbsblibols 9g005096Mmmds sd3H30(3909w0s.

§2. 59mbsbLBOL SLOA3EHMEHIMO YmRBIJ 3939 OMOMO (33¢5OL
mLLOMEME BOHEOLSL

Q=(0,1)x(0,:0) sM980 @sb30bowmm B98gp0 LsFyoL-LalsorzMm

59m39ba:

—, (x,t)eqQ, (124)
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W (0,t)=0, W(Lt)=y, t>0,
W (x,0)=W,(x), xe[0,1],

bogS3
LLC AW 2
S(t)= (—j dxdrz,
=115

W, (X) 8mEgdnwo gmbJgoss s w =Const > 0.
399m30@9bmm 500b0d3bs
U(xt)=W(xt)—px (125)

Sbg, O™ (124) 53m3560L bogs 03009800 STMEsbsl:

ou U (126)
E_(“s) PV (x,t)eQ,

u(0,t)=u(Lt)=0, t>0, (127)

U (x,0)=W,(x)-wx, xe[0,1], (128)

bos3
t1
S(t)=“.£%+l//jdxdr.
00

096985 3.2. oy W, €W, (0,1), 85806 (124) 533560l 53mbsblibologols

SCexp(—%j.

993603600, G 59 3065305380 59 s 89dgados C owgdomo dwy-

Lodomm0sbos 9390 dgx3oLgds

W =y +

w
Pl

30305 @5 030 sdMM300YO0s t-By.
©59(H30(3905. 39353003 mm (126) 29bGHMmgds U gmbd30obg o
3506 gaMmm (0,1) s69bg. Bformdomo 0bga®dol Gm®drmmol 3s8mygbg-

000 s (127) LobsBEzm™ 30OHMdom J0300gdm

1 2
1dyp +j(1+s)(a—uj dx =0.
2 dt 0 OX

L50sbs3 1+S =1 306HMdOL Qom35¢olfiobgdom 23996000
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1d

2
<0. 129
2 dt (129)

ur +

uy
OX

(129)-096 3499635691 EMEMdOl 259myqbgdom 309dmEMd
1d, 2
LS UF +UF <o (130)

2

39390603 mm  (126) 2963 Mqds Zg
X

3bJ305%g @5 35063 9aM@m

(0,1) 569%9. Boflormdomo 0b3gacmadol Rm®IMol 4s9mygbgdoom s (127)
LolsBEZOM JoOMdO® F030090m

1 2 1 21 \2
GO NI S R
ot ox|, 7 ox® oX" g OX
1d |ou? U |’
ob
d [lou |’
Tl 5 <0. (132)
X

(129), (130) o (132) F9x39L90930@6 309dMEMdM

%{exp(t){”U”ZJr zﬂso.

59 MAHMEMI0EID 2odmIEobsMGMAL MgM©9ds 3.2-0L LHTIMMOI6MDS.

Y
OX

2oL5M35¢oLHobYdgE0s, GMI mgmEqds 3.2 935dwg3l (124) sdmiEsbol
58mbsblbol  9Ju3dmbgbEoswve  BgMmemdsl W, (0,1) Log®aol  bm®doo.
39839600, M8 53mbsbLBol da®smds g3y doowfiggs C'(0,1) LogMaob

Bn®dom. Lods®mosbos 9990 ©IOMEYOS:

0gmtgds 3.3. oy W, eW,' (0,1) "W, (0,1), 35806 (124) 533560l 53cbob-

L6oLOMZ0L LTI 0sbos Tgdgao T9z3oLgd9d0:

sCexp(—%t),

e,

OX
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W (x,t)
OX

sCexp(—%j.

boog a=const, g=const, 0< B <a <l

J390m» 9mygzs60wo gds Lo gdsl dMm33999L O3950BIOEMD MM~
6930 LHTIOMNEOI6MDS.
@905 3.4. Lod>MNW0sb0s F9dgy0 FgRoLYdS

H% <C exp(—a—tj.
ot 2

©59(%)30(3905. (126) 296FGHM™@gdol t (33¢s©0m 06¢gacMgd0m 0300900
j(au j ax |2V (133)
< ox ox*

3935963 mom (133) % -bg ©o 35063930mm (0,1) s69Pbg. (127) 3o06H@dob

oV ou
=(1
atZ ( + S) aXZat

+

399mygbgdom 8030090m

1 2,
d (auj dx + 21+sj 6“ dx:
dti | ot )

, (134)
1 2
LTI N L
o\ ot v OX oxot
993539bmo (134) EGmermdol dstxgqbs dbsdy
2 1 2
(a2
o\ ot o OX Oxot
, (135)
1 1
2 oU oU y2 0°U
=-2|1(1+S —+y | dX 1+S dx.
o [ | 2o 22
5J90096 935630L MEHMEMdOL 45dmygbgdom Foz300gdm
2 2
_ I(&U H//j dx touU 8Ud <
o\ ot 5 OX oxot
(136)

1 2
(2 a 1+S J'(GUJ dx +
oxot

0
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e 35J39w0bL 9MMYBEDBMI0gd0sbo LoliEgdol Lofigob-Lolisbwgm sdm-
396900l LEGHOEOMbIGIMEO  5TMBobLBYdOL (HR030 WS W MBI MMO
900M5MdY;

e 3mxyol d0xMM35307Iw0 3OHMEILOL IBOJLOMYdS s 3T30Y)BHIOYICO
9Y0M9gd;

e 063930M-0x9MH96305wHO IMmEIEgool LEHYob-LoboBOIO™ STMGS-
6900L 53dmMbsbLBYBdOL JODOIYOHPMD;

e 063)930Mm-©0x9MH9630sw MmO IMEIEgdol 53mbsblibgdol slod3Em-
GO0 gogsd3a30L 353m3330 @OMOMO  (3EWOOL  PLILOYW™E
BMOOLLL;

e 063930M-0xgMH9630s™MMHO  FMmEIEgdoLIm30L LI  STMFS-
6900L dgLodsdolo bsbg3MoE-OLIMYG IO s OLIMYEIWO sbsm-
3000L 53905 5 3d>IM3IZEY3Y;

¢ 3m3309BHYMHDY HOEB300 MYs0DIGO0L SWYMOOMTGOOL 599do-go-
9m33939. 3gLsdsdoLO 3MHMYMHTo YHBOBl9MYMRBs s Gogbzomo
99396039630l FJYJOoL  sbsErobo  Fglsdsdolo  JMIBOIMWO
0EGM30900L 25dmygbgdom.
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©sbsemdo  AmEgdmos  3OMAGMSINwo 3ol dOMOMSEO
530539963900,  MMIgEms  BodPwgdomeg  BoGHoMIOImos  GHoEb3zomo
99b3960896¢3)9gd0.

36MHMyM53ME0 3o HgMHoos C++-bg Visual Studio-b godmygbgdoo,
boeom 3099303900 539005 Mathcad 15-3o.

36MMyM5dol 25993900 RBbJ30ss main, GMIGEoE AobLIBWIMWOos
main.cpp goodo.  Jgbsdsdolo  3esligdo  goblobEg®mwos Source.h o
Source.cpp 850¢9ddo. 53 3sliol 39d39Mmd00 bgds dMbo3gdgdOL OIMZWS
3909y ©omM3oo  8mbsi3gdgdol dgbsbgs prn goxsGOHMYdOL  Fsordo.
Bo0wdo  dmbs3gdgdol  Fglobobo  odmoygbgds  PrintMethods.h oo
PrintMethods.cpp gso@do s6bgdwo 1x6Jz0g9d0. Fuctions.h o Fuctions.cpp
5395030 2oblobPZOHMos  5TMEsbol  Lofyolbo  BMbJ30900  ©ITsMX39bs
dboGggdo. MethodsMath 3aslo  goblsbwz®meEos MethodsMath.h oo
MethodsMath.cpp gsodo, 53 3eobido  gobloHrzMmwos §BogBmOmObsEool
99 9d0.

30659590 259mygbgd s 99990 33W0©Yd0:
e h-doxo X-0b 8085HMMgdOn

®  7-30X0 ©@OMOMO (3310l d0dsron
o T-coHm
o £ — MmO 0@IM305L Mol Lbgomds

1
e M= h D90GH0ms M3mEgbmds LogMEMwo (33eoEOL d0dsMm

T
¢ N =—-F9HGH0ms G5 bmds EOHMOMO (330l 30T
T

o 77, =1, =0 - LoboBL3O™ 306HMdIdO

o Kk, =k =0 - bobsboghHm 3oH:@mdgdo

159Q05MbIEIMEIO FoBPO3Y:
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a= % - 000535600 053MbBsols J399mo 8GO OSRMBIEO

b= % - 00053560 ©05bsEols Bgdmo 3JdMg EOsEMbIEO

c=1+a+b - 30053500 ©0s3Mbscno

36MHMyM53ME0 353930 8900905 990930 BO0WGOOLD:
Variables.h - 563290360005 36:MaM530l 30OHOMIQO 3305@Jd0LmMZ0U.

Functions.h, Functions.cpp, - 50 8509ddo gsblsB036MHme0s BLEo 59mbsblbo o
9o 3965 dbomg.
MethodsMath.h, MethodsMath.cpp - B5J&HM60B5300L dgmMmo.

» PrintMethods.h, PrintMethods.cpp - ©>»3oo dmbs3gdgdol dgbsbgs prn
239835MHMMYdOL Foodo.
Source.h, Source.cpp - 365390900l M3 FglsdsdolO sEYMOOMIGOOM
main.cpp - 360mM530L 45933900 Bs0o

94390m» dmyz560e0s 5996039 Bo0ol H3OOW oMo sefiges.
MethodsMath.h

#ifndef METHODSMATH_H_
#define  METHODSMATH_H_

class MethodsMath

{

public:

/1 Bogd@BHmmobaoool Igomm@o

void Factorization(double *, int, double , double , double , double *, double *,
double *);

void Factorization(double *, int, double *, double *, double *, double *, double *,

double *);
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#endif

PrintMethods.h
#ifndef PRINTMATHODS H_
#define PRINTMATHODS H

#include "Variables.h"

// 350¢0d0 9mbo3gdgdol Bsfigeo

/] ) B50@0 56 250bLbs o50GMBAdL false, Hobsswdwgy d9dmbggzsdo
Q506MMbgdL true

bool PrintFile(double *, char *);

/1 B0l Labgarols 994dbos

void FileName(char *, double);

#endif

MethodsMath.cpp
#include "MethodsMath.h"
#include <stdio.h>

#include <stdlib.h>

/* BogdBHmemobsgool Igom@o

X - 35030 MHMIgEoE M6 IOMHBIL

m - dsbogol bLogMdg

a - BYIOOYMBIW MO ToBHMOEOL J39S WOsYMbIO

¢ - BoAOsYMBIMO ToBHMOEOL 39BGHMIWMMO OsYMbBswO
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b - BodOsMbBoMEO FoBHMOEOL BYWS WOSYMBoO
k, niu - doEbgbs @5 oM 3965 LoBE3GO
y[0] =K[0]'y[1] + niu[0]
y[m] = K[1]'y[m-1] + niu[1]
f - 9563965 AbstY
¥/

void MethodsMath::Factorization(double *x, int m, double a, double ¢, double b,
double *k, double *niu, double *f)
{

int i;

double *alfa = new double[m+1];

double *beta = new double[m+1];

alfa[1] = k[0];
beta[1] = niu[0];

for(i=1; i<m; i++)

for(i=0; i<m+1; i++)

{
alfa[i+1] = b / (c-a*alfa[i]);
beta[i+1] = (a*beta[i]-f[i]) / (c-a*alfa[i]);

x[m] = (k[1]*beta[m]+niu[1]) / (1-k[1]*alfa[m]);
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for(i=m-1; i>=0; i--)
{

x[i] = alfa[i+1] * x[i+1] + beta[i+1];

delete alfa;

delete beta;

void MethodsMath::Factorization(double *x, int m, double *a, double *c, double *b,
double *k, double *niu, double *f)
{

int i;

double *alfa = new double[m+1];

double *beta = new double[m+1];

alfa[1] = k[0];
beta[1] = niu[0];

for(i=0; i<m+1; i++)

for(i=1; i<m; i++)
{
alfafi+1] = b[i] / (c[i]-a[i]*alfa[i]);
betali+1] = (ali]*betali]-f[i]) / (c[i]-ali]*alfali]);
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x[m] = (k[1]*beta[m]+niu[1]) / (1-k[1]*alfa[m]);

for(i=m-1; i>=0; i--)
{

x[i] = alfa[i+1] * x[i+1] + beta[i+1];

delete alfa;

delete beta;

PrintMethods.cpp
#include "PrintMethods.h"

#include "Variables.h"

#include <string.h>
#include <iostream>

#include <stdio.h>

/1 3o0do dmbs3gdgdol Bsfgmos
/] ) 3500 56 250bLbs o53GMMBAdL false, Hobsswdwgy d9dmbggzsdo
QO50MMbgAL true
bool PrintFile(double *x, char *FileName)
{
FILE *f;

f = fopen(FileName, "w");
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if(f==NULL)
{
return false;
}
fprintf(f,"Ul\t U2\t V1\t V2\n");
printf("\n\n\n");
printf("UI\t U2\t V1\t V2\n");

for(int i=0; i<4; i++)

{
fprintf(f,"%f\t",x[i]);
printf("%f\t",x[i]);

}

fclose(f);

printf("\n\n\n");
return true;

}
/1 Bs0gol Labgarols 994dbos

void FileName(char * FileName, double t)
{

int n;
_FileName[0] = "\0';

n = sprintf (_FileName, "File\\t=%f.prn", t);

main.cpp

int main()

{
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MA MA;
MA.Calculation();
NM.Print(0.5);
NM.Print(1.0);

system("pause");

return 0;
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