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Summary

In the work, Cauchy’s problem is considered for the ordinary differential equation

%(t) = f(t, x(t),u(t),u(t — 4),v(t), ].Tv(t +9)ds), tefty,t,], X(t,)=X,, (1)

containing discrete U(t — @) and distribute J.V(t + s)dsdelays in controls, which is obtained from the

—O

problem
X(t) = f(t, x(t),uy (1), U, (t = 6),v, (1), _f‘/o (t+s)ds), X(ty) = X ()

by perturbations of the control U, (t), V,(t) functions and the initial vector X,

The analytic representation formula is proved
X(t) = X, (t) + X(t; ) + o(t; Sw) 3)

for solution X(t) of the problem (1), where X, (t) is solution of the problem (2), oX(t;dw) is the linear

operator with respect to perturbation
O = (Xg — Xgo,U() = Uy (), V() =V ()

and O(t;0w) is infinitely small of the high order comparatively with perturbationdw. The linear
operator X(t; W) is constructed in the explicit form.

The essential novelty in the work is the formula (3) and a form of operator X(t; W) for the equation,
where taken into account distribute delay in controls. Moreover, the form of operator OX(t; W) is

concretized for the linear differential equation and the demand-supply marketing differential model.
On the results obtained in the work a report was made on the conference “XXXV International
Enlarged Sessions of the Seminar of I. Vekua Institute of Applied Mathematics of TSU”, April 21-23,

2021, http://www.viam.science.tsu.ge/enlarged/2021/programa_geo.pdf.
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Mo =Yo = Yoo, P)=pt)—p,(t), &) =q(t) - (t), ou=pu—y = (Y, M,N),
024 =[5 +[0p] + ] -

ou fimgds Ly 9e9996E0L 89083090 (356005309). (1.8) 1350 A56EMEgdoL Fotx39bs
by 56 MHOL IMI0PIOIMWO Y (33eoDBY, 5doBMI (1.5) 2obGHMEgdOL sbsemyo Lo s

Q5 593L Loby

2(t) =0. (1.9)

3bs©0s, O™ (1.9) 356@M@gdol B1bsTIBEHIMO Fo@MoEs s Bolo FgdM+wbgdo 0gbgds
D(t) =1ls O () =1.

9985 1.3. 3oggo0 Y, (1) = V(L 45), tel 560b 15 = (Yoo, Py (), 0o (1)) € TT 9ergdgbols

39L5d580b0 53mBbLBO. 5BLYdMBL obgmo Hogbgo & >0, GMI Bgdoldog®o S eW, ()

500 5936 99909y HPoMdmy9bols

Y(t; 1) = Yo (1) + Sy (t; o) + o(t; 0p)

boo@3

& (t;op) = [5)/0 +I [D,[10(&) - S, [£1op(S - 6) + D [S]aa(S)

16



—Sq1[§]]5Q(§+S)dS]d§J,

D,[£]1=D, (£ Py ($).4(£)). S, [€1= S, (S, Po (S~ ), _f%(s‘ +5)ds).

096905 1.3 5608 0mgmegds 1.1-0l d9ga0.

17



§ 2. ©5b3st) YdMEGdgdO

@qds 2.1. 3oggzom X, (1) = X(t;W,), te 1 s60b Wy = (Xg0,Uq (), Vo () 960989630 8gLsdsdolo sdmba-
blbo. 85906 sGligdmBL oligoo Gogbgo & >0, G@mI Bgdoldogho W= (X,,U(), V() eW, (W)

9@9396@0LIMZ0L  sOLHBEBL  JLsdsdoLo  GOMIEIOHMO  5MBIbLGO  X(t; W), te | . 53sLsb,
x(tw) e K, ut)elU, s V(t)eV,, Lssg K, O 5606 X,(1)={X,(t):t el }bodGsgmol
8053mL 993390 s3mBbyJowo 3md3sgdo, U, cU s@ob clu, (I) Lod®egeol 8owsdml 398339wo

50mBbgjoo  3md3sgEo, V, <V 500l v, (l) bLod®ogeol 80@sdml 899339¢o  3mbBgdowo

303544o.

wqds 2.1  958m30bsMgmdl  mgm©gds 1.4-sb [4], bsdOMITo gobbowrmro 2sbEHmargdol
1393083030l Aom3z5¢olobgdoom.

905 2.2. 3ogzom K, <O, U, cU ws V, cV 59mBbgdoco 3083sd@Hedo bodmegzwggdos.

gmbdgos T (t, X, u,u;,V,V,) 530590509l oxdosol 3o6Hmdsl
‘f(t,x',u',ui,v',v')— f(t,x",u",ui',v",vi')‘ < LQX' —x"‘+‘u' —u"‘+‘ui —u£‘+‘v' —v"‘+‘vi —vl‘)
tel, V(x,x)eK?Z, V(,u,u'u)eU} vV, v,v,v)eV,".
©593303905. 50300 Jobob3zg®m0s, HMI
‘f(t,x',u',ui,v',v')— f(t,x",u",ui',v",v;)‘

1

< -[dd_g ftX +EX =X ) U +EU —u),u +EU —U),V +EV =V, v, +E(V, —v,))dE

0

18



< [t = x|+ @ - v+ f, v —vi[fe

f,, (t,-)”ui - ul‘ +f, (t,-)”v' —v"‘ +

< L(]x’ —x"‘+‘u' —u”‘+‘ui—ui"+‘v' —v"‘+‘vi—vi‘),
boo@3
fy (€)= f (6 X + S =X )u +&U —u),u + & —u ),V +E(V =V ),V + (v, =),
L =maxiL,, L, L, L. L, |,
L, :sup{]fx(t,-)| tel,(x,x)eKZ (u,u,u,u) el (v,v,v,v,) eVl“}.
K,, U sV, bo86sgmggdols s90BBgocmedogst 3s8mdoobstgmdl, Gmd
X +E(X =X)eK,Uu +&U —u)eU,u, +&U, —u)eU,, v +&(v —v) eV,

Vi +E(v—vi) €V,

K1 Uio V) Bo8Gsgeggdol 3ed3sgéaoemdoosb wsgabggboo L, L, L, , L, L, Gogbggdol

3OBYOIMOS.

@905 2.3 (3®Mbme-Bgdsbols MEMEMds). 30043000 g(t) >0 o w(t) >0 fiyz9d0 BbI309d0

0639035y | . 2500 530Ls, FGLOHNEGIMWOs YEHMEIMDS

9(t) <c+ [y (&)a(&)ds, (2.1)

19



Lsog € =0 Mogbgos. 35806  5@a0e0 593L “YEHME@dL

Tw(é)df
g(t) <ce® . (2.2)

©33(303909. 300dzom € >0. (2.1) MEHMEMd0Es6 Jogzomgdm

g(t) <1
c+[w(£)o(&)ds
259350M530mm MmM0gyg dbscyg v (t) -by
tt//(t)g(t) o) (2.3)
c+[y(&)g(£)dé
3b50s, HMI
%{c o W(f)g(ﬁ)df} (9. 04

35063930 (2.3) t; -6 -9, (2.4)-0b gomzseolfjobgdom, y39J69ds

n{“ ] w(é)g(i)dé}—lnc < Jw(&e.

5990056 299IE0bsMgMdL Fga30lgds

20



c+—fw(§)9(§)d§ o2z

<ev

c
3H509,

1

[v(ene

¢+ [w(£)g(E)dé < ce®

50 MEBHMEMdOL 3odmygbgdom  (2.1)-sb, €>0 89dmbggzsdo, doowgds (2.2). oy (2.1) ©s (2.2)
BMOINWIGOT0  §90935¢M B3sHBY, HmEs € —> +0 85906 Fglsdsdols dog3009dm

9(t) < [w(£)g(£)dé

g(t) <o0.

5060350 (2.2) LsdsOME0s605 € =0 Jgdmbggzolamgol.
39630bomm i 33030 ©oxIMHI6E05WMMHO  gobEmegdsms Lolidgds

x=Alt)x+¢(t),tel, xeR", (2.5)

X(to) = Xo» (2.6)

21



ooz t— A(t) s t — g(t) 560b »dsb-mds6 figggBo oBH®og s 39dHMOMo Bmbdz09d0,
BALEOWEO HomEYbmds 300390 33500L Fy39BH0L FadEH0wdOm. sGLYdMIL (2.5)-(2.6) sdmEsbol
9OMSIOMO 5dMbsblbo X(t),t e 1.

D(t) -00 5036086mm gOEMY350™M3560 356¢EMEgdoL

x=Alt)x,tel, xeR"

865396GWG0  BoBHGOES, GMIOL  FbBmIoegdss  NxN-BY.  BMbTIBEHWOO  BoBHGOES

4m39@m30L sOBGOMIL s 53054MmFBogdl FoBHMOEME 29bEHMEdSL

D(t) = AR)D(t), tel. (2.7)

@905 2.4. B96©5396EHIHO BBHG0EOL PGB0 D (t) 53859mB0@Ydl HMEML

OHt) =—DL(H)A(®M), tel. 2.8)

©53(}30(3909. 3b5Os BHrEMdS

D)D) =E,tel,

Lowsz E 96m ™2560 35¢¢)M0(399. 25G60Mqd0L I S50 3020090
©oQ3 JO®OIJHLMI AMOEdd. B J JVIBOQ JO30Q)

OH)D () + D)D) =0t .

89972, (2.7) dscnoo 33936905

AR)D()D (1) + D(t)D ' (t) =0.

22



5990056 259 0bsMgMOL

A(t) + D(t)D*(t) = 0.

AO@MDS 35350653wmo D (t) -by, dogowgdm (2.8)-b.

qgds 2.5 (3m3oL @MOTMES). (2.5)-(2.6) 00mEsboL  sBmbobLBO  X(t),t el FoBdmowaobyds

RMOHIMO0

x(t) = QJ(t)[xo + j'CDl (s)g(s)ds},

to

Lssg P () s60L §1BsIBEHMOO B5GHOOES, HMBYEoE 53859mBogdl 306mdL D(t,) = E.

©593303905.  39BGMgds

X(s) = A(S)x(s) +¢(s), sel

29359653mmm D (S) -9 ©5 J0WIRMO HMEMdS 3506EHIRO®®

j@‘l(s)X(s)ds = .t[CD‘l(s) A(s)x(s)ds + j@‘l(s)g(s)ds. (2.9)

to t

Boffoermdomo 0b@gagdol 9gyo 303009000

jd)‘l (S)X(s)ds = D ()X (t) — D (t, ) X(t,) - jcb-l(s)x(s)ds

to t

23



=D (t)X(t) — X, — jd)l(s)x(s)ds .

t

(2.9)-36 9396536900 FHMWMBOL F535¢0LHobIdOM s 29M339M0 IR YMBIOOL TJOIRS©
90300900

OH()X(t) = X, + j' [d)‘l (s) +D7(s) A(s)}x(s)ds + jd)‘l (s)c(s)ds.

30L5M90W™mm  (2.8) HMEMdO®  ©> MO39 Tbsg g5350G3mmm  D(t)-bg, 9030090

5L533303909 FMOTMEL.
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§ 3. ¢@gds BsBMEOL Ggusligdols dglssbgd
@935 2.1 L8O gdL 0dg3s Fgdmzomm X, (t),t € | 58mbsblbol 65bGo:
AX(t) = AX(t; ow) = x(t;w) — X, (), te I, weW, (W,),dv=w-—W,.
@gds 3.1. 63d0LdogHo WeW, (W,;) 9@wgdgb@Holsmzol s5@y0wo 53l P@GM@mdsls

max [AX(t)] < O(w),

boo@3
lim Olow) <0,
| w0 |&N|

533303905 BYbJ305 AX(t) Bbds0s | 06GHIM35wBY 93059mBowdL 3bEHMEgdL

AX(t) = X(t; W) — %, (t) = %(xo (t) + AX(t))— %, (t) = a(t; W), (3.1)

boo@3

at; ) = T (t, %, (t) + AX(L), Uy (t) + QL) Uy (t — ) + Ut — ), v, (t) + Su(t),

_f[vo (t+58) +V,(t+v)Dds) — f[t];

f[t] = f(t,xo(t),uo(t),uo(t—9),v0(t),fvo(us)ds).

396@™Megds (3.1) Bsgfgmo 0b@gaomMo Lobom

25



AX(t) = &, + _t[ a(&; swydé.

to
5990096 459mI0bsMgMdL
[AX(L)] < ||+ &, (t; Sw), (3.2)

LoS3
a, (t; ) = j la(&; anlde.

K,cO,U, cU ws V|, cV 53mBbgdoo 30md3sd@Hedo bod®egzerggdobsmgol sGLgdmdl

dmodogo L >0, omd gmbdgos f(t,X,uU,uU;,V,V,) 538590530093l 0538030 306@dsl (0b. ¢9ds
2.2):

‘f(t,x',u',ui,v',v')— f(t,x",u",ui',v",vi')‘s LQX'—x"‘+‘u'—u"‘+‘ui—ui‘+‘v'—v"‘+‘vi—v£‘),
tel, V(x,x)eK?, V(,u,u,u)eU} v, ,v,v,v)eV, .

@0oxdoEol 30MHMdOL godmyqbgdoo 33946905

a, (t;w) < | L[|Ax(§)| +[U(E)|+[u(£ - )| +[du(E) + ]|&/(§ 4 s)|dsJ

<LB+o+7)|oM + Lj.|Ax(§)|d§ .

59 MEMEMIOL Q0035¢0L{0670000 (3.2)-9b 259mIObsrgmdL
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AX() < [1+ LB+ o +7)]ow + Lj|Ax(§)|d§ .

30L56MRGOWM®  AOMEMME-37edobol YEMEWMdOm, 33976905

AX()] < 1+ L3+ o +7)]dwfe 7,

50605,
ngallx|Ax(t)| <O(w),
boo@3
O(ow) =[L+ L3+ o + 7)]dnje ),
3H509,
. O(ow -
[!moﬁ =+LB+o+7)" "™ <o,

9035 3.1 ©8G3039OIE0s.
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§ 4. ogmgds 1.1 ©s93H303905

Bbdz0o

AX(t) = AX(t; dw) = x(t;w) — X, (t), t e |
53054mB30¢90L 6@ Megdsls
Aﬂ0=ﬂmm—&m=§ﬁaM+mm»—%m=amwo (4.1

Lsfgolio 306:Md0m

AX(‘tO) = 5XO ’

boo@3

a(t; ) = f (t, X, () + AX(L), Uy (£) + SU(L), U, (t — 6) + Su(t — 6),v, (t) + Su(t),

f[vo (t+5s)+ v, (t+s)])ds) - f[t];

1= (6% (0,05 0, Uo (= 0), v 0, [yt +9))ds).

(4.1) 356@Mgds sbg 493FgOM™

AX(t) = T, [tJAX() + f, [t]u(t) + f,, [thou(t - 6) + f, [tIv(t) + f, [t]fav(t +s)ds+ r(t;ow), (4.2)

boo@3
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r(t; ow) = a(t; w) — f,[EIAX(t) - f, [t1u - f, [tlauct - 0) - f, [tlv(t) - f, [t]_fﬁv(t +s)ds. (43)

3oL gMEOIMOob 359mygbgdom (4.2) 25bGmgdol sdmboblbo dgodwergds Fotdmgzsaobmo
3990090 Loboom

AX(t) = @(t){éxo + [0 O [£10u() + £, [£1u(& - 0) + 1,[£10v(&)

+f, [g]f&(g 4 s)ds}dg} + R(t: 6w) (4.4)

(ob. @985 2.5), bogosg D(t) ool
x=Alt)x,tel, xeR"
2963ME@qd0L BMbEsIBEMO oEBHMOEs, MBYWOoE 9385950 gdL 306H@MdL D(t,) = E, boem

R(t; ow) 593 Labg
Rt ow) = (1) [0 (H)r (& aw)dé.

390m300Mm 50b0dzb9d0:

fltc, o] =

=f (t, Xo () + ¢ AX(t), U, (t) + g du(t),u, (t — 8) + cdu(t — 6),v, (t) + s (t), f[vo (t+s)+ov(t+ s)]ds}
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px(tig,ow) = f,[t;c, on] - £, [t], p, (5, o) = f,[t;g, o] — f,[t],
P, g on) =1, [tig,on] - f, [t], o, (tig, o) = £, [t;g, w] - 1, [t],
P, (g, on) = £, [t;g,on] - £, [t].
500300 dobobggMos, HmJ
d ¢

—f[t;g,ow]dg = .1[[ f [t g, awJAx(t) + f,[t;c, awlau(t) + f, [t;c, dw]du(t — )

a(t; sw) = ic

O e

1 le, NI + T, [, o] [ Su(t + s)ds]de = [Ip (s, aN)dg}Ax(o
* [ [~ <t;g,aN>dg}5u(t) * [ [p., (t:g,ciw)dg}m(t ~0) + { [p. (t;g,amdg}&«(t)
+ H o, (s, &N)dg]f&/(t +s)ds — f,[t]Jax(t) — f, [t]ou(t) — f, [tlou(t - 0)

+ £, [tlov(t) + f, [t] j Su(t + s)ds.
99356553690 065585MHOMBOLS s (4.3) omgseolfiobgdom R(t; dw) -ogol dogowgm

R(t; ow) = Zisi (t; ow),

i=1

boo@3

30



R (t;ow) = (1) [0 (), (5 WMXEAE, p, (&:W) = [ p, (&, IW)de.
R, (t; ) = () [ ©(£) p, (5 UEAE, p, (£:0W) = [ p, (&1, Iw)ds.
Ry(t;ow) = (1) [ ©7(&) p,, (& WAUE -0)AE, p,, (&0W) = [ p,, (&1, IW)ds.

R, (t;0) = (1) [ @7 (&) p, (& W) ME)IE, p, (&:W) = [ p, (&5, ).

Ro(t;3) = 00 [0 (2)p, (&) [ (E + )N, p, (&) = [ p, (35, B
B5B5OME05605 8990930 9g30Lgdgd0 (0b. @ads 3.1):

R.(t:w)] < @l o) o, (5w). o, (W) = [|p, (& Sw)de,

to

IR, (t; 5w)| < ]| |0, (W), p, (W) = f |0, (& S)dE,

to

Ry (6| < [l i, (3w), p, (9) = |

t

P, (& SW)dE,

IR, (t; )| < |l | o, (), o, () = I o, (&; dw)lde,

)
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R w)| < ol @i, (), p, (W) = |, (&:W)GE,

boo@3

o = max o).

telty, ]

03s60L 06EgaMool 4390 BEZODBY 49ILZEPOL MYMMHGIol dserom ©a35L3360m, A

lim p, (51) =0, lim p,(5) =0, lim p, (Su) =0,
Wﬁopx(u) Wﬁopu(ﬂ) ‘&l‘ﬁopul(u)

lim ouw) =0, lim ou) =0.
‘ éuH)pv( ), ‘ (Wopvl( L)

506050,

R (t; 5| < o(t; Sw),i =1,...,5

IR(t; 51)| = o(t; Sw). (4.5)

(4.4)-056 (4.5)-0b gom35¢0Lfobgd0c doz300gdm

X(t 1) = % (1) +d>(t){5x0 + [0 O[T, [£10u(E) + £, [EU(E - 0) + 1, [£1(&)

+f, Jfﬁv(g + s)ds}d§}+ o(t; ow).
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09M6OH905 93HI0GJOIWO0S.
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sls336s

Lofgolbo 8mbszgdgdol  99dxnmmgdom dogdwo LsdsGmo  B39MEgdMH030 ORYMHI6E05WIMHO
396@&™900Lm30L JoMr39080 Aobsfogdmwo s EOLZMYEHMIO IA3056900m, ST3HI0EIOL0S
59mbsbboL 565¢0B GO Fo®BmMmEagbols BmMIMes bsdo Fglisgmgdol Labom, bowsg 30MH3geo  Tgbs-
36900 5MHOL 053093060390  EORIMIBEF0SMOO 2obEHMEgdOL 58MbsbLBO; Tgmeg GOl BMSZ560
39L5369030-0993mmMqdd0L  F0dsMm  [OHB030 M3gMoGHMMO, MHMIOol bobg bso Lsboom  sMol
5290w0;  dgbodg dgloggdo 6oL FgIBM™MYISLMID FJsMgd0m Fo®owo Mool MLSLOYIC MO
93oMg. Lafigobo dmbszgdol 398 0gmeEolbdgds Lsfigolo 39dEHMmMOL s Foerm3z0L gmbdzogdols
9MMOMOMBS.  2oMEs 5oLy, OR300  M39MOEGHMMOL  Lobg  ©i3mb3M9EdMwos  iMx030
©0xgM96305MH0  J9BGHMWYdOLm30L s FMMBMZ6s-00fimgdol  LEdsbMM  MBMOIOHOMIOL
0x9IM96305MEOO Imgeobmaol.

Losbargl BsdMmMIdo FoMBMmoAgbl ol goMgdmgds, M  53Mmbsbbol sbseobWGmo FoMmBmygbol
BMOIMYWS 5 M3GOSGHMMOL Lobg ©oAgbowos O0RIMIBE0IMMO 29bGHMMgdoLbmZ0L gobsfo-
WgOIMO 305690000 FoOM390d0. Fogdmo  F9gagd0 dgodrgds godmoygbgdmwo odbgl
0xIM963E0sMEmO 50090530300 dmE9Egool BYbLoE0MG sbseoBdo, T9IgMmmMYdMWo Ab-
A™900L 305B 900 53MbsbLBOL Imdqdbsdo s M3EH0T>WIHO F>OHMZOL MYMEO0ST0.
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