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VALUE PROBLEM FOR THE FIRST KIND OF LINEAR SECOND ORDER DIFFERENTIAL EQUATIONS
WITH DEVIATING ARGUMENT ON BALANCED SEGMENT
Abstract
Modsdling of engineering and economic, biological, and medical and other applications makes it necessary to study

problems for ordinary differential equations and partial differential equations.We study the unique solvability of theybounda
value problem forfirst order ordinary linear secondrder differential equation with deviating argument on a symmetric
interval. Using the symmetry of the segment, which solved the boundary value problem, the solution is sought in the form of a
sum of even and odd funct®nWith this approach, the solution is reduced to the study of the question of solvability of
classical boundary value problems for even or odd components of unknown function that allows you to set conditions for the
unique solvability depending on the utplata. Properties auxiliary task allowed to establish spectrum investigated boundary
value problem.
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ICdsBdS) d Hk®Hdn B dOMmlswr [ 1, 3

] HOdzdets? tOBBISj dzO hu@$yb$@q¢smu@bm4mo;sH@BL@Gu&ts tcOL t
ui(x)+/ Q- x)=- f(x), -l<x<I, (1)

u(-1)=0, u(l)=0, )
GHA- {sMistsw dzdzets ] ydmdzts, daj 0o dztsj dzlz dz¥ .
vite) d®EX)-dj (] er fFdtweamm ydy d o f sdzdzj des SHdEs L ks
2.2

o) >0, / p4|’; n=13..

) <0, /, - p;; n=24,. (3)

UBEHO tjhjddj LOHOU] (1), (2) mzh;m&ﬁku$, jnddzhise j dzdzs d
tdhdddd LOHOYUfMTA@BY, (&)o dHH | &3
u(x) = p(x)+v(x), (4)

cnp(x)- wi s dz@(X)- dzj ujbdzOW, HeOyH' nd¥¥jte]-dldkkdydd. 2ol ogls
sBtsL dzOyg4 dzd W :
a(x)=05(f (x)+ f (- x)),

b(x)=05(f (x)- (- x)). ©

[wiodalisujsdoy whxs dgifuibdov ¥iedsydy d
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a(x)+ b(x)= f(x).
(4) w8 5(L1OyJ dzddin f( Hdp!, L s dzlz y O 4 ds:
pi() +vi(x)+/ G- x)+/ Q- x)=-a(x)- b(x).
rRff sdz L 2w plxspldod- X)=-v(x), fshojrdjj ©0ojdhsots §jtjfdh,
pi(x) + 7 Gp(x) +vi(x)- 7/ &(x)=-a(x)- b(x).

Irejeja whdoyq4), COC tihjdd] COjos?2 LOHOY
vi(x)- /v(x)=- b(x),
(6)
v(- 1)=0, v(1)=0,
0 ¥edaPPgscoc wihjddi LOHOud
pi(x)+/ p(x) =- a(x),

_ _ (7)
(- 1)=0, p(l)=0.
1 kfls! o fsddzj dz fdgSls O) bkhmdssadw 3). 1 i1ltsd Mdazydj L

Cl- 1] ' sczudds ftejnmisOo dzj dackjis Hidss § t31 Otetgcd Jj cizct. w0 @G\l Je 1y 15 19IS O af g

9 odH]
v(x) = v (x) +V(x), t)
V(X)) 1 injddi oHdsesHdse¥(Xkt0opEgay (Gl dsg )b dd ]
btoOo dzj decizrezS (We(X) g dsj i s o
Vo (X) = Cleﬁx +tCe ﬁxv C)

CHHRJCo-flesdLotdz dz' § f§sMisswdade j. Iteddf3jdvvY &BilstsH 920ttdOy
ZicOodzgj dgd¥ (6) BEHjB dMECOI: o o9dH]

V(x)=c (x)e’ * +c,(x)e ', (10)
bHtodjlsotstews h j2 iy sdddls] ¥(-0@eVeghadolqld & wisdsnsdg
Atz azs (X) d Co(X) EH o azj lse stews s fd s dsj:

FCi() “+cj(x)e ' * =0,
TV7 ci()e™ - T cy(x)e "™ = - b(x)

{ujodrdes, ®wfEmimbgds] ¢11) tbddujd s dzdv, Jj tj"jdd]

ci()=- 5 e "0l

1 sHiMlsOo dzw w

(11)

1 (12)
i(x)= ——=e""*b(x).
Ci(x) oJ] (X)
Reglsj ctedtezy (12) ftod CYB)m0 @{0) =0 meo Rty d v 3
1 JIt
= b
S
(13)

1
C2 (X) = ﬁ Fﬁﬁt b(t)dt
0

] sHfms©eodzww (13) o (10), l]’tsdzlquJd3

1 Tt
V0)=- S i bla
0

% PV (t- X)) b(t)dt

VT (x- t)b( )d
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1dIstezHdzts EZBjHdI! v, ylbsts sfu’tsdédz(;)()izts mdzse d§ daj yjlsdetsmisd W Iz
vO0Cddi sBWKOLBAER, BN jJ tGJthZdJ dzj SHdzstcSHdZsE 5 EZtcOo dzj dzedw (6

v(x)=ce’ ¥ +c,e nsi‘(\/_ ) b(t)dt. (14)

1 sHflsOodww (14) o gteo,;arJ Izalirﬁddis;a?cfd%r n( 60 dz¢ j BitedP ) g & Tz il
C d G

) ,
Iecleﬁ' +c,e! NS F’ﬁh(\/T(t- I))b(t)dt=0,
| v
! -l
1Icle'ﬁ' +cze‘m +% r"'ish(\/T(tH))b(t)dt:O,
dL Coltstets? dzOR SHJ d: ’

- sh(lm)éz 1f A7 - 1)o) ot
©= sh(\/_l) [(\/— ) )

1 5HMis Cp @By (l4){04dj315tﬁleJHfr]lsOadZszdJ tejhjdedw LOHOYd (6) UJj:

=7 SE%_—T)Q’F*(J_ (¢ e o 2ot o

tdMgdedy L@HOU.Cf (7) fjHMmMsOoadhs o odH]
p(x) = po(x) + P(x). (16)
cripp(X) -tein jdadi wHdsesHdseP(XeooeEgay (ORlsdEq tih jddj
btoOo dzj dzdv  (PofX)f BE RO d 5O o o H

po(x)=c,cos// x+c,siny/ x, (17)
CHG qCy-ftetsdL osd da § {5y s X)dade Hjj CEOAHTED Y b H j
P(x) = ¢ (x)cosV/ x+c,(x)sin// x, (18)

fedujds BeHjd Hisfisddkadls)d ds siojsse o~ X)@POai i o f s ddj dd
Az (M) dC(X)e (18) bubodzjlsettwsls MdMmisj dj kO dzj dzd 2 :
gci(x)cosy/ x+cj(x)siny// x=0,
i- VI ci(x)siny/ x+ /7 cj(x)cosV/ x =- a(x).

JftedH]ddlsj dz mMdmlsj &5r (19) BGlsdzduyj d s dizdzv, O dkjjl J

q(x):%a(x)sinﬁx,
cj(x)=- Wa( x)cosy/ x.

Rz j cedtokzv 0o j dzis 6, @) T 0,00,(0) 20, rdxaiEs® HgE:

(19)

(20)
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&.(x)= %Fﬁ( )sin7 te,
(21)
cz(x)z—T 72 (x)cosy/ tdt.
I SHROod v (21) o (18), fSdzyoj d:
—%;’( osV/ x@in// t- sin\/TXC'b\,os\/Tt)d(t)=
()S|n(\/7 (t- x))dt. (22)

f

L jfBhijHflse j dzdals? fEHMOdse Cs2 sy das  § Plox) s PE). ov @
sBteOLtsd3, BN jj tjhjdedj @JBH@BmGH@BGB FtcOQodzj dedw (7) dd3d d

p(x)=clcos\/7x+czs|n\/_x+T ()sm(\/T(t-x))dt. (23)

RL jBitseo Odgd v yjlsdesflsd Wekd€ydd (23) 1§, Fd).sedusigiddeniidsls ¢ o1
dMfsd LY CwOjor j szljdztsaq’w (7)., du IzteOadszzq’W

¢, cosV/ | +\/_ ()sm(\/T(t— I))dt=0,

Cehstes] ©OLE "N dBs ;quzmlsajsdzdmfg/ﬂgtﬁ)ousds ssd St §tod kfMd

2.2
s. ./ y%ﬁ{nf,nzLS,S,..... ] {td fazzyoj

p(x)=- Jl_gé'ioixqfﬁ sm( t—I)dt- sm( (t—x))dt

1860y JHddZﬁ]ISSJdZdZBfr]ISJ 1 Ists@ts tr;Jthzq’W.
Veh(X) du(X)-tejh jddi tonoud ZX)Iu(x)2um(X) s keassdeih jddjd L O
zi(x)+/ &(- x)=0,2(- 1)=0, Z(1)=0. 25)
1 ej uise(x)das o gz =p(x)+v(x), op(X)- wi s dzov¥(x)- daj ujlszov ¥ H-ddlydd
1 sHis 02Xk v k0o dzf dad § (1) P(Xfedy ddsi @ Oy stdafsTtsH d s ¢ i Oo dzj o
pii(x) + / Gp(x)+vi(x)- / &(x)=0.
1 600 OW yYOfls: f§EhdjHdy s tOs Odzfjlyo A stsEn ] ffls adjj dedptss O digds
dez dzs . v 06 d GX)kviedn sz s e b j ded W dsd L On Oy
pi(x)+/ (x)=0, p(-1)=0,p(l)=0, (26)
vi(x)- / &(x)=0, V(- 1)=0,v(1)=0, 27)

(24)

- OO0

2.2
ctslstster{j,&%ﬁ%ﬁ, N=13,...,d®kjtl btsd ¢t dkdjos] tull,(x);,it@(x):oadz;fu

Yysts HBCOLTr 90jls JjHddzMmiIse j dzdztsMls: tejh jdedw LOHOYd (1), (2).
1 Efis: orf ftsddzj dz fdeCls B) Effdsedw 3). 1 ktd inHdEG? |

- 10, JJ winjddi fejumsOodvjlkmy o odHj

p(x)=- \/1_;5 \/\/:TCﬁa JsHv= 7 (t- )dt- (t)sHv- 7 (t - x )

tdnddedy LOH@ud (6) BRZHJdB dMCOI! o odH|
9

(28)

|- QOOz
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v(x) = v, (x) +V(x), (29)
cHVp(X)-tejh jdad) SHdSESHAGSEE k0o dj ddY (6) d fijHils0s dv |k
v,(x) = ¢ cos/- / x+c,siny- /x, (30)

GHEL dCy-flesdLotsd d j §shisw dbklX) dj 5@tz sy died & j b Po dzj ded v (
p0tdOYdd ftdLobd df 7 §shstwdd 2, (6] BST Sizgaeh) e aatees st
V(x)=c,(x)cosV/ x+c,(x)siny- / x. (31)
RL Mdfmlsj &

gci(x)cosv- 7 x+cj(x)sin- / x=0.
1= V=T ci(X)siny= 7 x+= 7 cj(x)cosv= 7 x=- b(x),
fled Wiy sdddls] dzcl@):OucQ(a)s%(aw RdzO R s H  ds:

c(x) = \/_ﬁo sm(\/_t)dt

co(x)=- \/_fp cos(\/_t)dt
) suls @p(dco(X)e (31), sdzyoi &

V()= Ao (t)cosv= 7 xGiny~ 7t~ sinv= 7 xcosV- 7t)d(t)=

1 7
:ﬁnb()sm( /(t- x )dt
0
Lilstoznds feM-j@dasV(X)yss ] tGJthzq’J dzj SHGSEEH &EEE k0o dzj
v(x)=c cos/- / x+c,sin/- x+\/_nb sm(«/ /(t- x)dt (32)

RL fJtjHMmlsOodzj dzdv (32) d lStGy(ﬁ()Sﬁ]OCWﬁWtﬁfmﬁ]\lﬁi@dZBfmﬁSJ%E@ﬂSdzguwlﬂ
1 sHMls@odzvw (32) o CwOjot) kmdsedf,: (6), {§odzy0jd koo dij dad.

czsm(\/_l) \/_nb( )sm( / (t- I))dt:O,

Colsstets tOL )N ddts jHJdMise j dadzr 3 Sim(tdeultls)cBO,Lstsdmsms;msthq

/’_p4|r21 ,N=24,... vOCdd3 tsBELOL 503, LOHOYO (6) BHdsL dzgOydets tOL
odHJ:
)= f—a;;ﬁ, ol 7 (- N)at- fplsih= 7 - . o
vsO0¢dds ISBtGOLISd3 ftod 9rl]’tsdzd24dzq’d l]’IzszlsO B) bkfmdzsedw ( 3) te j

@ ) ugnar jsny (sVikbesrwpesee) . ©33).
JHdzsL dzOydztsfls: e h jdzdw LOHOUYd (1), (2) fted o' f sdzdaj dzd d
or fodzdzj dedd f O 0O) .
[ disj tOktO
1. [ifjjp 10EHOLGSOO [.0. sttOjoOW LOHOUO HEY Hd¥¥,jtejd
Otcczdzj delstsd3. / / wtsotej d3j dzdz" j  BOOB- Tz 3( y@BEBESC d2). sBtcOL 59 Oded W .
2. [ OtuyjdSt I.¢.f dligGRised &b bLhOdsy | dd977,/7850d j 0. 1 Ok

10
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3. [ EHtctse ¢ . 1. I Mmewrd MmMdMmlsj d3 B ¢ dzgtso j dzdz'ym L HOq WOt H & p dn
Otczdzj dzls Bt da( £ | sotsmMdBdicMS sEéts GtsMizH OteMmise j dedetse s kdzd o j-tefmd L
2007:v . -7 2-4 . -68.2

4. 1 steCddkjwjdzydpPdt iz | kttOodzj dzdv olttetsets fSteWHECO M L O
1965;3 56 f.

5. 1l cOMmBsdzse ¢ . 1. [ dz2O0d3sdyd MSdyd dBoHjdzd M LOJOLHT 9 0dedj i
1 Jlsj te-2020e258 9 M.

6. vdatdstse ¢. 1 .40 jIN@QAgFdeo 90O 1q. 1 ., dW W | te] dzy d Caliz, WEBOR32 tc O dzj
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'sOdzn d H Ols-d3 5 | 3O
ALt Lo 1Y [ ¢ siCedEtHafipis] 2
YRe[ 1138 frulr trzrl1RC
[RAACTIVARGT P04 viBdfndRL
1o a#rRffrut
O dzdzts s Oy d v
tOBtls] ©OLKOBBISOd ydhdjdd 2 d&issH tj"jddY {§jtos?
toj dzyd Odz: dzscts EZtcOodzj dzdw olststesets steWHSC O firts OuLlsi@thesinmC
fesSMdBdtekzs h OW HdW%W,jtejdydOd dzs LOHOYE M boydshls! :
j dzdzts 2 Off tod Stodats 2 -tisQL s figfls detg 2 j g jv 37 C shgazjwditsj s j § MR tsHdd

9ntsHd | f OcOd3j Ister L OH OQdzd L OWd { HickEsis dizgty lsalgs B s Hip - B g3
lsOsdz;,dchq Jd twihjddw o odHj Mz Hokma Mmjlstsyds A
Yy m¢s2 CtcOj o 52 LOHOYd H dzW cOL desfls dzts ¢ t5 tc 0o dzj dac
Jifite] cf HOs 5 fsdzzyj dede’ | o tOBBl] IkitstejlsdujmMSdy ts.
|2 BjMmyudmdzj dedets ] Bdztsy j Mlseots tojh jdzd2 ofmdzj uimlseadj dzOtelzh
Jorj gp@balPddy M lsCdsdy: " dBhy HO et jzd) dabs,ds, H aylefdlsiag o
. fd BB Iste d y dit L distdsfidsj dzO@C |, i) FCjtoRE), Y dBsf tod StodzOW sy j dz€ O,

Abregov M.H.%, Kanchukoev V.Z?, Shardanovaf .¢.2
'PhD in Physics and MathematiéBostgraduate student,
KabardineBalkaria State Univeity named after H.M. Berbekov
NUMERICAL METHODS FOR SOLVING BOUNDARY VALUE PROBLEMS FOR LINEAR FIRST KIND
SECOND ORDER DIFFERENTIAL EQUATIONS WITH DEVIATING ARGUMENT ON BALANCED SEGMENT
Abstract
In the developed numerical method for solving the first dann value problem for a model seceodier ordinary
differential equation with deviating argument. Built find#ference scheme that approximates the differential problem with
the accuracy of second order in step a uniform grid. From the resultingoai mstimates of the solution finite difference
scheme implies its convergence under certain conditions to the input parameters of the problem. The method
implementation of the finite scheme consisting in the presentation of its solutions in the &osunofof two grid functions,
each of which is a solution of the classical boundary value problem for a differential equation of second order. Conduct
computing experiments confirm the theoretical results obtained in this work. The work is an exdheppaiflem, which has
countless solutions due to violations of the conditions for its unique solvability.
Keywords: equation with deviating argument, numerical solution method;pwint boundary value problem, symmetric
interval, finitedifference scheme priori estimate, convergence.
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¢n f(X)I C[0A], b- § sflstw dzdzts j v fiydzts .
| &OuyOdj kMmsOdssdd bfdss v SHoGSL ZOURS?2 ©OLtj" dshisd L OH
vl ) HMNCl-1,11d o' f sdzdzj dets  kfdzse d

1
|b|<|—2. (3)
SBEHO  HdY A Pld sy PlsOWI k) OfedbldOw syj &S0 yjtejL ft
12 .
Jul ¢ m‘ﬂ’f e - 4)

lteglstsds tejh jdzdd LOHOYd Mkh j MGl d jHddhsse jddets o € &zOMmfyy
[5C 0L Ols | uiBdgtsy dscs b te O o tAK)IE J 1) czlsogadeldlfe z § o5 ¢ 5

erp ii(x)u(x)dx= - b;Tp( x)u(x)dx- _Ir”]f (x)u(x)dx (5)

v 0¢ CO¢C

ﬁJn X)dx= ﬁul x))'dx- ﬁJI ?(x)x=- ﬁ“ ?(x)elx=- Juil”,

sts dtL (5), g} q’fr]Ij'tSdZJLTSSOdZCdeg. szr]dzlsacfl) (2), sdzEyoj &3

Juil” ¢ pllue @1 +2 Of | ul..

2
skCkHO, M lzalulejJ||f§&||m;i||znsuglzdz: 1 J ds:
2 - .
Tl ¢olct Quig +21 @f | ul ®)
(L 1710) . €12 Q.

1o fodzdz) dzedd Ehmdeseadd (3) dL (6) f§okzy0jd Oftdstdz:
JHddeMIse j dadzets s tejh jdedw LOHOYd (1), (2).

q dzd

r sCOyjd3 Meh jmMseso Odedj tojn" jddw LOHOYd (1), (2). lEHj & dfr
u(x) = p(x)+v(x). ™
cnp(x)-wisdad): dej ujsafohl], e Oy vt MUY je) dydekj & § WkdSydd,
X=-1gXx=l. 1©0eks yOmisytcziis @z dagve (ddH ]
f(x)=a(x)+ b(x), ©)
GHJ

a(x)=05(f (x)+ f (- x)).
b(x)=05(f (x)- (- x)).
(

Iujodaldsujsdaor waxps diyi s zov S yd .
1 sHfls Qo dzw w (7) o ktOo dzj dzqd ) .

J d Eydlreow (8), f{§tsdbkzvy
pii(x) +Vi(x) +b (- x)+bd(- x)=-a(x)- b(x). ©)

RNy sdz! LW 00 j dzflse O

- X)= P00, V(-%) =-v(X),
fieifdhjd (9) o odHj

pii(x) +vi(x) +b p(x)- bv(x)=-a(x)- &(x).
1 Em(X)-tein jdzdj L OHOU]
+ = -

)02l .
oV(X)tejh jddj L OHOY]

vi(x)- b®/() - b(x),

A 1)=0 (3 a

)
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It iz ded khdsedw (3) SEinhfisnhso] ks RGA0Manisad d womdn
Wz deS UHX) sE e dv jsfv f s PE e WEeie j 0 3 Xzd v G H issise j lshls s § dadzts

tejhjddjd L@HOYd (1), (2
vjtste] B3O HBEC OL Odz0.

Faw udmdzj dedzse s tej b dedw [-U,e @ di § €51 00 (s )B] dabzk s s ] isC k2
w, ={x =ih,i=- N,1- N,...- 1,01...,,N; hN =1}.
10 12 MilbSj HWWjttjdydod dizt L@00dmnids?( HF j GRS M
Yo TOY. =/, i=1-N,N-1, (12)
Y.n=0,yy =0, (13)
GHJ
_leYu- Y Y- Yo ;o
yg(,i—ﬁg h h H /i_f(xi)'
U fEBEh Y LOLEsY)jdd?2 (6 Ustdzd )2 doe s i ey 1 &S | ¢
Afescmdddekjls L onowdh’k 1), (2) f bsydshis: s
1l sdzyddzs Oftedstedzzy tyjdSbk tojhjddw LOHOyd (12),yh3).
fesmz BBl & b=1f N ebs s
sz yd &

1+N

N-1 N-1
a Yo h+tb gy, Oh=- q/,Gh (14)
i=1- N i=1- N i=1- N

RfMMtsdz LW fjteobks wOL dshisdzs Ystedkzdakz | tddd [ 5]

(Yoo V) = - (¥ Vil
(14) fitifdh 00jd o odHj
N-1 N-1
(v ¥:]=b Ay, &h+ &/, Gh. (15)

i=1-N i=1- N

leddj dgvw tsyjdeSl [ 5]

|
vl ¢ §||yx||2,
dL (15) §sdkzy0o] d&:
2 [ _ .

212 & 2 bl Ly ) ao
lted or fsdzdzj dedd Efmdzsodd (3) dL (16) §dzyojd Of todstsdel
-

|Mk¢Ijqa@my (17)

RL Oftdotds? mwhjlesd (17) fdj
vitste] d@nsf(x)i C[-LI] d or f ddzj dats Efdzse ®OL &BHs ZdEchD] B
MatHdlse Qedssudsdz " jdds Lon®p). (1), (2) f bsydshs:
ljtd2Hj 3 ¢ Odettedis@lz2 o 1My MmeEMsE BRI MEOIs! wjhjddj L OH:

yi:Fi)+Vi’ (18)
GHJ TMJlstydPid WiaRama)j s e 2 flse tsd
P=P, V.=-V, i=-N,N.. (19)
l1tcQo ks yoOMmls! EtwOodzj dzedv (8) fJtjHMmMlsOoadzw jds 8 o dH]
Ji=T it (20)

GHJ

(21)

{bd@isddg, Ukt
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1 sHflsOade (18) o bk©Oodzjdedj (12) d dffsd Lev (19), f{sdkzy
I:)ix,i +V7<x,-i +bCPi +b®l-i =-/i /i (22)
LVIBOodzj dzdj (22) fiwjyfdhjds o oaduj:
PXx,i+b(P+VW,i-bcvi:-ﬁ-/.i'
) sdsy d o
P.=0, V=0, P, =0, V,=0.
U 56fgjOls 5y dzOW PWezdaCjusd W j " j dzd j 5 L OH Oyd

P)’(xi +bCPi:_j_i’
' (23)
Py=0, B, =0,
OV, -6 j " jdedj &5 L OHOU]
VXxi - b(Dll :_jzi’
' (24)
V., =0, V, =0.

1 O0H0Oyd (23) d (24), COC dLoajMmlsdes [ 5, 6], SHdztsL dzOydets tOL
ZO2Isd &BjlssHBd ftetsetsdes d.

1 O3 Isd a3, uis@®L detsilg dg'dgs frnJ &3¢ (23) dO(h?)49) tdnj-htsjHeel@ids (i1t ) ) Cdts |
Mstslse j sMise j dzdzts .

g bsydzOw WekdSydw (18) PHso dzj Iseatstew jIs EktcOo dzj dzd ® (12) d
tejhjddw LOHOYd (12),(13) LOSd yojbkmqw o tjhjddd LOHOY (23)

[ dzv  f sdzsy d s jozef Wiz 2B deddeGydjn C L dzjkjdzsOdk MY jChkeo MBOHOY]
BdzdL S dn S {dzj BjdzsOB MY jClte® LOHOYd (11), dzOBdzs HOJ lsfw dal
ssydetsmls! toj h-jo@rsilsUasd] Wy & (12), (13) &syils SCOLO! MW ¢
By jls Mhsswis: o HOhHeRidd HBEgGREUDRY so' " j ddsets fsEWH O,
OfftestmMdBOYdd Mmnd &' (12), (13) -te@Ljdets i dsts P dzj WY to jh HOYBIiEAC) dz
f(x)0 CY-1,1].
}EmE(X)-tejh jddi LOHOUd (1), (2X=X:Omhmdslsted djowLtk o Ity
Vi ZUgy; thu +/5.
1 sHMMlsOoaddz Ms HO
. h2
Ui =U° () + 25U (%) + O(h?)
d kEylsjd 0o j dzllse s
u (%) =-bu(-x)- f(x).
1 sdzlz yd ds:
h? .
i =-bu(-x)- f(>q)+EU“"(>q)+bu(->q)+/i+O(h“)-
I mdekz tbEX)@flse @Gslsms HO odHds, ylst
h2
y. =—u®(x)+0(h?). (25)
12
RL ktOo dzj ddd=X,( 19 s dflteqfOj o3:
(%) =-bui(-x) - Ti(x)=-b(-bu(x)- f(-x))- fi(x)=
=bu(x)+b f(-x)- fi(x)= (26)
=b%u(x) +b f (- %)~ fy,; +O(h%),
RL (25) d (26) MmdzjHkzjl, ybkt

h2
Yi= 1—2(b2U(Xi) +bf (- %) - foi) + O(h4)),
d dzd

14
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. _h?
e +DUCX)#7 = (DU0) D (- ) - fyy J+O(0).
vOCdd BBLOL A, dqL §shdiHdj 60t s j)ikipbs OnMigEdkLjls, ylks ¢

h? . h? h2
yXx,i +by-i - 1_2b2yi =-/i- E fXX| bf i (27)
Y.n =0, yy =0, (28)
OfftesSMdiBdtekjls StcOjolzs D(:hf‘)amz (1), (2) f btydasfls: &
tjhow LOHOYE (27), (28) bkjdk 3j &BjlstHsBeOykResMsd (dd 21)
sldtsmdlsj d dats m;l%uf,i{dzr" Wk dz€ yd2
a o] R o — e
-b -—b j-—\f...-bf ), i=1- N,N-
XXI % /I 12( X X,i -|) l (29)
N—O,PN—O,
d
é h2 ~ - h2= _
V,,, b?- Ebé\/iz-/l-ﬁ(fxxli—bf ) =i NN-1 o
V=0, V, =0,

cwf, =05(f +f) f=05(f- f;)
yonoud (29) d (30) w©jihorkhy djlstsnsd(nl)se s s @vse dasn

Wtz dzz (18), &ORtHJ® m;h;@(fm“).LoHouq (1), (2) M beydsshls
] LOSdr yjddj LOMBjIsdd, dzj MsBdzs Hjdedy bEmdtseadw (3) Byl
LOHOYd (1) , (204 Byl j HELOO0tzt O s@BREWO0 P, (DOEPYJ
uii(x)+u(- x)=0,

uae fo 0, u%
G

ch;:“:%, Bucjﬁqﬂ-i%dzts kts jfls! dzOtekh jdats EMmdzseadj (3). [ dzO d

u(x)=c@osx,c Hg-f e5d L o 5dz' BOW f Sl dzdzOw .
JdkjtOkztO

1. [ ifmioe .., ZOtcHOdZsa O [ . ¢. sttOj o Ow L OHOYOo H dzw
OtcGzdzj delstsd3. / / wutsote]j d3j dzdz” j f BOOB- Tz 3( y@BEBSC d2). sBtcOL 59 Oded W .

2. fHntetse wo 1 MdMlsnds Br Cdetso jdzdzg" = HWW jte dzydOdz dzr = Lkt
OteG zd3j dalstsd3. / / 1 j Misded € 1 seosMdedteME sEts GismMizH OteMmlise j dzdat
d dz¥ s tc (3E2BAYL5 O-7 24 . -68.2

3. 16868ddz u. 1. r dWww jwe jedisyts{tOstn stz 1 s t2eHXo @lzj ffzd L Of OL H'™ 8 O8 h d C
1965;:356 M.

4. 1tcOfmtsdztse ¢. 1. 1 ddOBduUjMEd) BsHjdkd 1 LOTOLH' 9 Oded j s
14 Isj 202068 9 1.

5. s OBOEMEd2 ¢. ¢. v j tstedvORREC, dBELPISBARy, - Mrj d3, // [ sMEo 0.

6 . ZrnOdzEC 850 [ . m. ] MmMesHddshisd S$tsdaj ydetsteOL dzsMmisdzts?2 Mma §j d
WdL S O;u 1D 66714. 712
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LOW -FREQUENCY DIELECTRIC RELAXATION IN SILVER STEARATE LAYERS
Abstract

The low-frequency dielectric relaxation process in silver stearktgers was studied. The increasing of dielectric
permittivity with frequency decreasing and temperature increasing in studied sample are associated with tielabaditen
polarization mechanisms. The dispersion of loss factor could be connectedengitnthibution of relaxation mechanism and
conductivity The shape of the Coléole diagram shows that silver stearate is a+Dwbye dielectric material characterized
by a wide distribution of relaxators, according to the CGlale relaxation model.

Keywords: silver stearate, dielectric spectroscopy, dielectric relaxation.

ntroduction
Photothermographic materials based on compositions of silver halides and of fatty acids salts, in particular, silver

stearate, are widely applied for efficient registratiof optical images [1]. During the manufacturing of the photosensitive
composition, silver halide is synthesized on the surface of the particles of fatty acids salts (silver stearate) [2reB]. Spec
sensitization of photothermographic materials is qrened by using different dysensitizers introduced into such heat
developable composition. Consequently spectral sensitization is possible in a wide optical band (from blumfraneedr
[3]. Silver stearate participates in the processes of senisitizand latent image development-9B Therefore, the study of
electrical and optical properties, as well as the identification of structural features of this material representstaskadtoel
objective of this work was the investigation speciéatiires of dielectric relaxation and charge transport processes in the silver
stearate layers and this relationship to structural features of the material. It is known that structural featuresoodehe dis
systems are caused by existence of the delectrenic or impurity centers [6, 7]. The assessment of influence of such centers
on electrophysical properties of materials allows to reveal the nature of the processes proceeding in them and to &soaden are
of their practical application.

Experimental details

Silver stearate is produced by the exchange reaction of sodium substitution under the excess concentration of silver nitrate
particles of about one micron. Thus, in electrophysical research monolithic samples of this substance are tfeethepress
into a tablet shapezilms with thickness of 0.5 mm and diameter of 10 mm were USpdcific features of the dielectric
relaxation processes wer e studi ed by t he dielectric S |
Technologies). This mebdd has been applied successfully in the recent studies of electronic processes in systems of varying
structural disorder [0]. Spectra of the complex dielectric permittivity were calculated from the impedanceTtata.
temperature and frequency deperminof dielectric parameters were measured in a wide frequency rarfgel(ifHz) and
temperature band (27353 K). The operating voltage was 1.0 V. The error of measurements and calculations of physical
parameters did not exceed 3%.

Results and discussin

Figure 1 shows the frequency dependence of the real part of complex conductivity at different temperatures. The behavior
pattern of this dependence reveals that the conductivity in silver stearate layers increases with frequency, b theteiy
where A is a constant;, i circular frequencysi the exponent.
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Fig.17 Frequency dependence of the silver stearate conductivity at different temperatures

Figure 2 shows the temperature dependence of the exponent s, which takes valuds.D90.3 his diagram has two
areas, the weak (T=273...303 K) and the strong dependence (T=313...353 K). The observed patterns reveal of the pos
hopping mechanism of conductivity in silver stearate layers.

According to the AustirMott model [11], thealternating current conductivity in disordered systems is determined by the
electron jumps between the pairs of localized states at the Fermi level.

0,90+

0,75+

0 0,60

0,45+

0,30+

T T T T T T T T T 1
260 280 300 320 340 360
v (8)

Fig. 21 Temperature dependence of the exposent

The model with random hopping energy [12] assumes ttiex elementary polarization act represents an-bagier
transition of one electron from one state to another and the activation energy of the center is determined by the Coulc
interaction. In this case, the value of the exponent s lies within tige 960.30 at room temperature and decreases with the
increase in temperature. As is known, the conductivity is linked with the density of localized\gEdest the Fermi level by
the ratio:

_P s, 6 &y, 00
s = (QIN(E Ik, Te'a “udng ™ g,
e ¢ ~u (1)
whereUis the attenuation parameter of wave functions of the localized stgtéisthe phononic frequency. By taking
ny, = 10°Hz, a* =10A°, at frequencyw =10*Hz and the temperatufB=293K, we obtain the density valuerfthe
localized states at the Fermi lev®(E, ) =3.38*10"°eV 'cm’®.

According to the temperature dependence of the conduciivitye can conclude that the charge transport in the studied
structures is a thermally activated process. We have also deteetexiponential temperature dependend, iwith two sites
with activation energy o £0.10 eVand[ o =0.48 eV, respectively.
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The frequency dependence of dielectric permittititis characterized by the presence of weak dispersion, which becomes
more noiceable in the lower frequency range (fig. 3). Considering the structural features of silver stearate and the presence of
quastdipole formations in the form of carboxyl tails there, we can conclude that the -diet@tion polarization represents
the deéermining polarization mechanism in the studied frequency range [13]. The increase in dielectric permittivity constant
along with the rising temperature can be explained by the connection of the dipole polarization mechanism with thermal
motion of the moleules. Consequently, the dipoles are weakly oriented at low temperatures. In our case, a sharp itittease in
values was observed with the increase in temperature, starting fro303 K.

(0/27), Hz

Fig. 31 Frequency dependence of dielectric permittilityf siver stearate layers at different temperatures

The existence of a certain temperature value, which changes the nature of temperature and frequency dependences
conductivity and dielectric permittivity, indicates either the possible existence of-tefguerature phase transition, or the
onset of the temperature area associated with the firsttéingperature transition (8398 K [14]). This factor requires more
research including structural methods for studying materials, such as DSC, AFM, SEM, etc.

The observed dispersion of the loss fadioffig. 4) is more likely associated with the manifestation of the relaxation loss
mechanism. The increase in dielectric loss with temperature can be explained by the increasing contribution of conductivity
losses.

In many dielectric materials relaxation processes are associated with the existence of a set of relaxation times,aather than
single relaxation time. In this case, we are dealing with the distribution of the relaxation time and, therefore, tlen activat
energy. This distribution can be associated with the manifestation of relaxation processes of different nature or with the
distribution of the dipole concentration in the structure. In the case of ion hopping processes, we assume that the potential
enery is changed after each jump and some time is needed for getting round to the minimum potential energy. When the
contribution of a large number of mobile defects is considered, we obtain a set of relaxation times [11].

The deviation from the classical Dabynodel of relaxation for the case of single relaxation time can be studied using the
Cole-Cole or the Colébavidson model representations for the cases of symmetric and asymmetric distribution of relaxation
times, respectively. From ColeCole diagram §<f(3) dependence), the existence of the relaxation time distribution will be
mani fested by the deviation from hemi sphH¥/2i cfd5.dependenc e
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Fig. 41 Frequency dependence of dielectric loss fiabtdn silver stearate layers at different temperatures
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Fig. 51 Cole-Cole diagram for silver stearadgamples at temperature T=273 K

The existence of the ndbebye relaxation mechanism is confirmed when estimating the values of parameters in the two
parameter Havriliak Negami empirical function (HN) [13]. The results of measuring dielectric spectra were approximated
using Winfit 3.3 software (Novocontrol Technologies GmbH) (Fig. 6). Based on this approximation, locations of the
dielectric loss mara and the area of conductivity contribution were highlighted and the HN parameters for the studie
polarization processes were determined, by the expression:

. De
W) =e,
ST o o

wherel} is the highfrequency limit of the real part of dielectric permittivignOthe dielectric increment (the difference
between the lovirequency and higifrequency limits),x= 2f, U,y and by i shape parameters describing, respectively, the
symmetric b=1.007 the ColeCole distribution) and asymmetri€&1.007 the ColeDavidson distribution) expansion of the
relaxation function. Taking into account the error of approximation, we can conclude that in the studied range of frequenc
and temperatures irnlger stearate layers, the Debye oscillation process is observed with the distribution of relaxation times, i
concordance with the Colgole model. The relaxation times distribution funct®ii Eh)culated for the studied silver stearate
samples is showim figure 7.
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10

Fig. 61 Approximation of the experimental dependence of the loss fatfosm frequency function (HN) for the
temperaturd=303 K.
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Conclusions

Frequency dependence of the real part of the conductivity has th& fariAIW® that reveals the existence of a hopping
mechanism of conduction in localized states. Theptaature dependendds characterized by the presence of two areas with
different activation energy.

The increase in dielectric permittivity along with decreasing frequency and increasing temperature, as well as the
increase in the magnitude of dielectlisses with temperature are most likely associated with the manifestation of the
dipolerelaxation polarization and conduction mechanisms. The shape of th€@leleliagram shows that silver stearate
is a nonrDebye dielectric material characterized bwide distribution of relaxators, according to the CGlale relaxation
model.
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DYNAMICAL STABILITY LOSS OF A PRELOADED CYLINDRICAL
SHELL UNDER THE NO N-UNIFORM EXTERNAL PRESSURE
Abstract
The paper researches the dependency of a dynamical critical load value from a preload magnitude considering the varic
size of the loading area. We have used the nonlinear equations referring Kirtbkefé cinemationodel of statics and
dynamics flat shells theory in the mixed form to solve the specified problem. The algorithm involves the Bubnov method v
higher approximations the Rungfatta methods and the method of continuation by parameter. Bubnov method was
numerically researched for convergence.
Keywords: cylindrical shell, Bubnov method, method of continuation by parameter, stability lossiniform external
pressure, preloaded shell.
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