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A boundary jumps phenomenon in the integral boundary value
problem for singularly perturbed differential equations

The article is devoted to the study of the asymptotic behavior of solving an integral boundary value problem
for a third-order linear differential equation with a small parameter for two higher derivatives; provided
that the roots of the "additional characteristic equation" have opposite signs. In the work are constructed
the fundamental system of solutions, boundary functions for singularly perturbed homogeneous differential
equation and are provided their asymptotic representations. An analytical formula of‘solution for a given
singularly perturbed integral boundary value problem is obtained. Theorem about asymptotic estimates of
solution is proved. For a singularly perturbed integral boundary value problem, the growth of the solution
and its derivatives at the boundary points of this segment is obtained when the small parameter tends to
zero. It is established that the solution of a singularly perturbed integral boundary value problem has initial
jumps at both ends of this segment. In this case, we say that.there is a phenomenon of boundary jumps,
which is a feature of the considered singularly perturbed integral boundary value problem. Moreover, the
orders of initial jumps were different. Namely, at the point ¢ = 0 , there is a phenomenon of the initial
jump of the first order, and at the point ¢ = 1, the order of the initial jump was equal to zero. The results
obtained allow us to construct uniform asymptotic expansions of solutions of nonlinear singularly perturbed
integral boundary value problems.

Keywords: singularly perturbed differential equation, asymptotic estimates, boundary functions, small
parameter.

Introduction

Equations containing a small parameter in the highest derivatives are called singularly perturbed
equations. Such equations are mathematical models of many applied problems. A significant contribut-
ion to the development of the theory of singularly perturbed equations was made by L. Schlesinger [1],
G.D. Birkhoff [2], P. Noaillon [3], W. Wasow [4], A.N. Tikhonov [5, 6], M.I. Vishik, L.A. Lyusternik
[7, 8], N.N. Bogolyubov, U.A. Mitropolsky [9], A.B. Vasilieva and V.F. Butuzov [10], Trenogin, V.A.
[11], R.E. O’'Malley [12], W. Eckhaus [13], K.W. Chang and F.A. Howes [14], J. Kevorkian and J.D. Cole
[15], P.V. Kokotovic [16], S.A. Lomov [17], M.I. Imanaliev [18]|, K.A. Kassymov [19-21] and others.

Initial problems with singular initial conditions for a second-order nonlinear ordinary differential
equation with ‘@ small parameter were first studied by M.I. Vishik and L.A. Lyusternik [8] and
K.A. Kagsymov [20]. They showed that the solution of the original problem with initial values leads to
the'solution of a degenerate equation with altered initial conditions when a small parameter approaches
zero. Such problems became known as Cauchy problems with initial jumps. The most general cases
of the Cauchy problem for singularly perturbed nonlinear systems of ordinary differential and integro-
differential equations, as well as for differential equations in partial derivatives of a hyperbolic type,
was studied by K.A. Kassymov. Then, singularly perturbed initial and boundary value problems with
initial jumps have been studied in [22-30|. In this paper, we consider general integral boundary value
problems for linear ordinary differential equations of the third order with a small parameter with two
highest derivatives, when the roots of an additional characteristic equation have opposite signs. It is
shown that there is a phenomenon of boundary jumps. Boundary value problems without integral
boundary conditions for singularly perturbed differential and integro-differential equations have been
considered in [31-33|.
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Statement of the problem and preliminaries

Consider the singularly perturbed differential equation

Ley = 2y + e Ao(t)y" + Ai(1)y + Aa(t)y = F(t),
with integral boundary conditions

Ly
hiy(t,e) = y(0,¢e) — /Z:aZ fz:edx—ao,
0

=0

th(t, 8) = y/(oa 5) -

o\H
MH

bi(x)y(i) (z,e)dx = ay,

~
|
o
—
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h3y(t75) = y(175) -

o _
MH

I
=)

ci(z)y? (z, e)dz = 8,
i
where € > 0 is a small parameter, ag, «1, [ are known constants independent of ¢

We will need the following assumptions:

C1) A;(t) € C?[0,1], i = 0,2, F(t) € C[0,1].

C2) The roots u;(t), i = 1,2 of "additional characteristic equation" u?(t) + Ag(t)u(t) + A1 (t)

t t) =20
satisfy the following inequalities p1(t) < —vy1 <0, po(t).> 2> 0.
C3)

1y L

A= yr(la yao(1 /Zcz z)dz | +y20(l) (1 —ci(1 /Zaz )yl (@ 7 0.

0 =0 0 =0
We consider homogeneous singularly perturbed equation associated with (1)

Ly =2y + cAo(t)y” + AL(t)y + As(t)y = 0. (3)

The system of fundamental solutions of the homogeneous singular perturbed differential equation
(3) is as follows

t

y02) = oo | 1 [ mla)de | (dOmo(t) +0C). g

(@) _ 1 1
Yy (t,e) = o exp

yéq)(t,é) = yé%)( t)+0(e), ¢q=0,2,

here p1(t), pe(t) are roots of the additional characteristic equation p2(t) + Ag(t)u(t) + A1 (t) = 0 , the
functions y;o(t), i = 1,3 are defined by these problems

Yio(t) + QNG Jrizo(%)“;(t) + As(0) yio(t) =0, 3:0(0) =1, i=1,2,
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A1(t)ys(t) + A2(t)yso(t) = 0, y30(0) = 1.
The asymptotic formula of Wronskian consisting of a system of fundamental solutions is expressed
as follows

m\r—t

t 1
1 1
Wit.e) = oo | 2 [mds = [ |- (5)
0 t
() p2 () (p2(t) — p(1)y10(t)y20(t)yso(t) + O(e)) # 0.
Let’s enter the following functions
Po(t S 8) Pl(t,s,e) (6)
W(s,e) W(s,e)’
where Py(t,s,e) , Pi(t,s,e) are the third order determinant obtained from the Wronskian W (s,¢)
by replacing the third row with y(¢,¢),0,ys(t,e) and 0, y2(t,€), 0 respectively. Sum of Ky(t, s,e) and
Ki(t,s,e) is the Cauchy function. Therefore, these functions have the following properties
1. With respect to the variable ¢ satisfy equation (3), i.e.
L.Ky(t,s,e) =0, L:Ki(t,s,e) =0, tel[0,1], t#s.

2. When t = s satisfy the conditions

Ky(t,s,e) = , Ki(t,s,e) =

Ko(s,s,e) + Ki(s,8,6) =0, K{(s,s,e) + K{(s,5,6)=0,. K{(s,s,¢) + K{(s,s,¢) = 1.

By applying formulas (5), (6), for functions Ky (¢, s, €),K1(t, s, £) are valid the following asymptotic
representations as € — 0

(i) i ’
(i) o[y #i(8)y1o(t) 1 /
Ky’ (t,s,e) =¢ - — exp | — x)dx | +0(e) |,
029 =N Douls)  m (@) als) - (Do) P | 2 ) O | FOE
t>s,i=0,2. (7)
i 5(t)y20(t) 1 .
K()t,s,e = g2 , H5( exp —/ x)dr | +0() ], t<s,i=0,2.
I E AT e e Rl G ) Rl A
Let functions ®;(t, ) =11, 3 are solutions of the following problem
( ) 1= 1,3, hkq)i(t,é“) Z(Ski, k= 1,3, (8)

where §; is Kronecker symbol.
Functions ®4(t,€),4#=1,3 are called boundary functions and can be represented in the form

Ai (tv 5)
Afe)

(pi(t, 8) =

where

hayi(t,e) hiye(t,e) hiys(t.e)

A(e) = | hayi(t,e) haya(t,e) haoys(t,e) |,

h3y1 (tv 6) h3y2 (tv 2’5) h3y3 (t7 5)
A;(t,e) is the determinant obtained from A(t,e) by replacing the i-th row by the fundamental system
of solutions y1 (¢, €),y2(t, €),y3(t,€) of the equation L.y = 0. By taking account formulas (2), (4), we
get asymptotic representation for determinant A(e):

A() = 2 (m(0)B +0()), (10)

where A has the form as in condition (C3).
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For boundary functions q)gj)(t, £),j=0,2,7=1,3 from (9) in view (4), (10) we obtain asymptotic
representation as € — 0:

1

—— €X
el P

—é / pa(z)dx

t

. 1 ,
( ! ) 125 (t)y20(t) <y30(1) g"i Cz’(fﬁ)y:%)(x)dﬂﬁ)
A

e (1)) / [
+y20(1) (1 Al(l))y30 (t) +0 (€+ gj%exp (i/ﬂl(w)d«f) + %exp (i—/uz(.ﬁ)d.’ﬂ)) )
0 t
( 1

t A
' 1 1 1(t)y1o(t 1
@;J)(t,g) = o7 eXP (g/ul(x)d:r) #(Hyiot) + ——exp
0

1(0) gi—1
M23y(J0)() O | &2 L ! | d p 1 / d 1 =0,2, (11
€W+ € +€j7_26Xp g ,ul($) X +FGXP _g M2($) X , 7=20, 7( )
t

0

t .
‘ ! ! 1 (Dy10(t) M,
o (t,2) = 51 &P (5 /Ml(w)dw> HMJF
0

p1(0)A
1 1 i
+g exp (é_/m(f”)dx
t
t

+a1(1)y (1)3/:(5%)( t) +0 (e—i— %exp (1/u1(x)dm
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where - (
—b1(L)y20(1)  who(0) = [ 3 bix)ysg (x)da
M= e ‘ ;
mOWfQO»yMU—g;@@%ﬁﬁm
11 ()
1+a1(0)  1— [ ai(x)ys (v)de
M22 — 0 z:l() . ,
a(0)  yso(1) g;m>ﬁka
L+a1(0)  —ai(1)y0(1)
Mas =" 00) yao(D)(1— ex(1)) |
—a1(1)y20(1) fli ai(x)ysy () dx
M31 0 z:IO .
_bl( )3/20(1) yso( ) ofgobl( )3/30( )dl“
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From (11) we obtain the following asymptotic estimations

C

(4) o iy =z =
| DY (t’g)’§0+€j_1e +€je J=0,2,
| C C
25t e)| < O+ e 4 e E, =02, 2

C t C 1—t
e 4 — E =
—¢ +5je , 7=0,2.

25 (t,9)] <
Main result. We seek the solution of the problem (1), (2) in the form

1

3
g) = ;Cid)i(t € /KO (t,s,e)F(s)ds — ;/Kl(t,s,e)F(s)ds, (13)

where ®;(t,¢),i = 1,3 are boundary functions, Ky(t,s,¢), Ki(t,s,e) are auxiliary functions expressed
by formula (6), C;,7 = 1,3 are unknown constants.

Now, we determine the unknown constants C;, i« = 1,3 in (13). For determining these constants
we substitute (13) into (2). Then, taking into account (8), we find that

C1 = Oy — h1P(t, 6), CQ = ] — hQP(t,E), 03 = B — th(t,E) (14)
where

zm@_;/m@ww@@—é/mumw@@ (15)

The effect on the operator hy to function P(%,¢) is characterized by the following expression

1

‘&
1
h1P(t,¢) /Zaz VPO (2, ¢)dx = —Q/Kl(O,s,E)F(s)ds—
0

3
=0

1 T 1
1
—/ao(x) ?—/Ko(:c,s,a s)ds — = / (x,s,e)F(s)ds | de—
0 0

1 1
i 1
Zaz K( (x,s,e)dx ds——2/ (K1(0,s,¢e) +
£
0

1
+/ ai(x)KO()(x s, e)dx — /z:aZ (x,s,e)dx | F(s)ds.
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Then from (14) the constant C defined by the formula

1 1 1
1 (i ’ (i)
Cy = a0—|—€2/ 1(0,s,¢) /z;aZ x)Ky' (z, s 5)dﬂc—/ Zal VK7 (z,s,e)dx | F(s)ds. (16)
0 =

=

Using formula (7) to (16), we get for the constant C the following asymptotic estimation as ¢ — 0:

1 -
— a w yso dm F(s)
Cy = 0+0/ 1( +/1Z: i ys0(5 A (s )d s+ 0(e). (17)

In this way, the effect on the operators hy, hs to the function P(t,¢), we define the constants
CQ, Cg:

1

/ ! ) xT S
CQ =01+ D) F(O) /,61(0)) —|—/ b1 —|— /Zbl y30 ) F( ) d5+0(€), (18)
0

15(0) (12(0) — Sz use(s) ] HAs)
1 1
_a_ yso(1) o 930 33) F(s) s -
03 a B O/ y30 3 S/Z ' ygo 8 Al(s)d +O( ) (19)

Substituting (7) into (15), we have the asymptotic representation of the function PU)(t,¢), j = 0,2
as e — 0:

PYPRRS i O Rt W ) [ o OF()
POE) = T m — o) B +O/f1?1()($ym)(8)d

. t . 1
plyo®F©O) [ mas ()0 () F (1) L[ (s

& 13 (0)(2(0) — u (0)) B0 ya0(1) (2(1) — (1)

Thus, the following theorem holds.
Theorem 1. Let the conditions (C1)-(C3) are valid. Then integral boundary value problem (1), (2)
on the interval [0, 1] has an unique solution and expressed by the formula

3
y(t,e) = Ci®i(t,e) + P(t,e), (21)

i=1

where ®;(t,¢),i = 1,3 are boundary functions, P(t,¢) is defined by the formula (15), C;,i = 1,3 have
the form (14) and are expressed by the asymptotic formulas (17), (18), (19).

Theorem 2. 1f conditions (C1)-(C3) are valid, then solution for integral boundary value problem
(1), (2) hold'the following asymptotic estimates as e — 0 :

. C i, :
99691 < € (Jaol + el + 181+ o 1F(O )+ 120 = (0] s (O +

C ¢
Mg
#omr (lool + ol 1]+ guax [P0 ) e+

= ,j=02 (22)
0<t<1 F ol =04

C(MM+EMH+Vﬂ+nwxMYN>e

where C' > 0 is a constant independent of e.
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Proof. By applying formulas (17)-(19), (12), (20) in (21), we get asymptotic representations of the
solution of the problem (1), (2) ase — 0:

1 1 0)
WNit.e) = | a ai(s w(o Y30, ) Fls) ‘
¥ (t,e) = ( 0+/( 6+ [ S8 ) T +0<e>)

0

MOy My =] @i

(5) L () da CL (v
+yzo<1>ygo<t><1c1<1>>+0(5+ ,172(;{“1( ) +€,1 o et ’d))+

A gl j—1
+ | a1+ F0) —I—/1 b1(s)+/1§1:b x yélo)(x)dx il )ds—l—O(a)
5(0)(12(0) = p1(0)) ) ) = T yso(s) ] AL(s)
A Oyo)May @iy £y (t) My ¢ fe@de Mzsye;%)(f)Jr
el=l - i (0)A et (0)A 1 (0)A
1 éft,m(:p)dx 1 —%fluz(m‘)dz’
+0 €2+Ej—_26 0 +—87_—16 ¢ ))—i— (23)
[ () [ @)\ FGs)
- ~efs) ()30 ds+ 0(e) | -
|7 o/ y3o(s) ' & /;C ) yso(s) | Ar(s) 2+ 06)
J b o (%)
i (Byo(t) Ms: = Of b=y t2(By20(?) (1 ] 2@ (:U)dx) e—é tfl paa)ds
ed=1. 1y (0)A SR

() L f (@) da L pa(e)de )
L a(Wyo)ulg (t)+0< 1 HfmEe 1 e )) +/ WOFG)

2 et =€ i1 ) A1(s)yso(s) o
LULT w0 W (OO O N
eI (g (t) — pa(t)) gi=t. :UJ%(O)('LQ(O) — 111(0))
1 (t)y20(t) F(1) -z tflmmdz + O(e).

, e
eIt 1 (1)y20(1) (n2(1) — pa (1))
From asymptotic representations (23), we obtain asymptotic estimations (22). Theorem 2 is proved.

The theorem 2 implies that the solution of the problem (1), (2) at point ¢ = 0 has the phenomenon
of the first order initial jump and at point ¢t = 1 has the phenomenon of the zero order initial jump, i.e.

y(0,¢) = 0(1), (0.2) = O(1), 4(0.) = O (1)

9
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and
/ ]‘ i ]'
y(1,6) =0(1), y'(1,6) = O Z) (1,e) =0 =)
In this case, we say that the solution of the boundary value problem (1), (2) has the phenomenon of
the boundary jumps.

Conclusion

In this paper, we consider a three-point boundary value problem for a third-order linear differential
equation with a small parameter at two highest derivatives when the roots of the "additional characte-
ristic equation" have negative signs. Theorem about asymptotic estimates of solution‘is proved. It is
established that the solution of this integral boundary value problem has the phenomenon of boundary
jumps. This means that the points of the initial jump are not only the left, but also the right point of
the segment. The results allow us to construct uniform asymptotic expansions of solutions of boundary
value problems with boundary jumps with any degree of accuracy with respect to a small parameter.
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H.Y. Bykanait, A.E. Mupszakymosa, M.K. Haysibaes, K.T. KonbicOaeBa

CuHryaspJbl aybITKbIFaH AuddepeHnanablK TeHaeyjepre apHaJraH
MHTErpaJiJIblK IIIeTTIK eCenTeri IMeKapaJbIK ceKipicTep KYObLIbICHI

Maxkasia KoChIMIIIa, CHTIATTAYIIBI TEHIAEYMIH TYyOip/aepl KapaMa-Kapchl OOJIFaH KaFIaiIarbl €Ki *KOFapFbI
TYBIHIBLIAPBIHBIH, AJIIbIH/IA Killli TapamMeTpi 0ap YIHII peTTi ChI3BIKTDI JuddepeHnallIbK, TeH Iy YIITiH
IIeKapaJibl CEKipiCTi 2KAJIITBI HHTETrPAJIIbI MIETTIK ecebin 3epTTeyre apHajran. 2KyMbICTa KOCBIMIIIA CUIIATTAY-
Bl TeHIEYiH TYOipJ/iepi KapamMa-Kapchl OOJPAH XKaFIailIaFbl CHHTYJISPJIBI ayBITKBIFAH OipTeKTi muddepen-
IUAJIBIK TEeHJIEY/IiH iprei menriMaep Kyiteci Kypbuirad. Ipresi memrimiep »Kyieci apKbLIbl CAHTYJISIPJIbI
aybITKbIFaH GipTekTi nuddepennuannblk reuneyaiy K(t, s,€),i = 0,1 kemexun GyHKIUATAPHL XKOHE IIIe-
KapaJiblk (pyHKIustapsl oepiiareH. 2KoHe oap/blH aCHMITOTUKAJIBIK, CUMIATTAPBI MEH Oarasayiapbl KeJi-
Tipiiired. Bepisiren cHHIYIAP/IBI aybITKBIFAH »KaJIIbl HHTEIPAJIJIbI IIETTIK ecell MEeNiMiHIH aHaTuTUKAJIBIK
dopmysace! anbraran. [endMiiy acuMITOTHKAIBIK Harasaybl TypaJsbl TeopeMa JpJiesaeHred. CUHIYIIsSpIIbl
ayBITKBIFAH YKAJIIIBl HHTETPAJIIbI MIETTIK eCcell MenTiMi KeCiHIIHIH eKi Kak IeTiHe /e 6acTamKbl CeKipicke
e 60JaTHIHBI AHLIKTAJIFAH. 3€PTTEY HOTHKECIHIE ecell MIENIMIHIH, COJI YKaK »KOHEe OH KAk, HYKTeJepiHie
OpPTYPJIi PETTI 6ACTANIKBI CEKIPiC KYOBLIBICTAPBIH YKOHE aJIBIHFAH HOTUKEJIEP/IIH, KOPBITHIH IBICHIH 18 GepiireH
IeTTIK ecemTiH memniMinig ¢ = 0 HykTecinme Gipiumii perri, aim ¢t = 1 HyKTecinme HOMIHII peTTi GacTanKb
cekipicTepi 6ap eKeHIIr aHbIKTAIAbI. AJIBIHFAH HOTUXKEJIEP CHI3BIKTHI €MEC CHUHIYJISPJIbI aybITKbIFAH WHTE-
rpaJijipl MeTTIK ecenTep HientiMepiniy 6ipKeIKi acCUMITOTHKAJIBIK KIKTEIYiH KypyFa MYMKIHIIK G6epe/.

Kiam ceadep: CHHTYIISIPJIBL 8y BITKBIFAH b dDEepEeHITHANIBIK, TEHIEY, aCHMITOTHKAJBIK Harasiay, MeKapaIblkK,
byHKIUIAP, Kinm mapaMerp.
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flBIeHMe rpaHUYHBIX CKAYKOB B MHTErpaJIbHOI KpaeBoil 3ajave JiJisd

10

56

CUHTYJISPHO BO3MYIMIEHHBbIX JuddepeHnnaibHbIX ypaBHEHU

CraTbsl TOCBSIIIEHA UCCIEJOBAHUIO ACUMIITOTUIECKOTO TTOBEJEHNUs PEIIeHUs] WHTErPaJbHON KpaeBoil 3a/1a-
qu TS JTHHEHHOro nuddepeHnnajlbHOr0 yPaBHEHNsT TPETHEro MOPSIKa C MAJIbIM apaMeTPOM IIPU JBYX
CTapIINX ITPOU3BOJAHBIX IIPU yCJIOBUHU, KOTJIa KOPHHU «JIOTIOJTHUTEIBHOI'O XapaKTePUCTUICCKOIO yPaBHEHUA»
WMeIOT MPOTUBOIIOJIOXKHBIE 3HAKNA. B pabore mocTpoeHa dyHIaMEHTAIbHAST CHCTEMA PEITeHU CHHLYJISIP-
HO BO3MYIIIEHHOTO OHOPOIHOTO MM dEePEeHITHAJTHLHOr0 YPABHEHNUS C YI€TOM TPOTHUBOIIOIOKHOCTH 3HAKOB
KOpHEH «JIOIOJIHUTEIBHOI'O XapaKTEPUCTUIECKOrO0 yPABHEHUsI». 3aTeM C ITOMOMIBI0 (DyHIAMEHTAILHON CH-
CTEeMBI PEIeHNI CTPOSITCST BCIIOMOTATE/IbHbIE (DYHKIMN U T'PAHUYHBbIE (DYHKIIUNA CHHTYJISIPHO BO3MYIIIEHHO-
ro omHOpOoaHOro JauddepeHnnaabHOro ypasHeHus. [losydensl acuMOToTHYeCKIE TPEICTABIEHUST | OIEHKN
BCIIOMOT'aTeJIbHBIX U IpaHUYHBIX GyHKnuil. Ilomydyena ananmurudeckas opMmysia pelleHUs PacCMaTPUBae-
MOH CHHTYJISIPHO BO3MYIIIEHHON WHTErpasibHONW KpaeBoit 3agaun. Jlokazana Teopema 06 aCHMITOTHIECKUAX
OIleHKax pereHusi. 1718 CHHTYJISIPHO BO3MYIIIEHHOM MHTErPAaIbHON KPAeBOi 33184 MOy Y€H POCT, PEITeHUsT
U €ro IIPOU3BOJHBIX B I'PAHUYHBIX TOUYKaX JI@HHOI'O OTPE3Ka IIPU CTPEMJIEHHMU MaJIoro IlapaMeTpa K HYJIIO.
YcTaHOBJIEHO, YTO pEIIeHNe CHHTYJISIPHO BO3MYIIEHHON WHTETPAJIbHON KPaeBOi 3aJlauél UMeeT HAUAJIbHbIE
CKa4dKM Ha 0DOMX KOHIIAX JAHHOTO OTpe3Ka. B 9TOoM ciiydyae MBI TOBOPHMM, YTO MMeeT MECTO sIBJIEHHE I'Da-
HUYHBIX CKAYKOB, YTO SIBJISIETCSI OCOOEHHOCTHIO PACCMATPUBAEMOl CUHTYJISIPHO BO3MYIIIEHHON WHTErpaabHOMN
KpaeBoit 3ajaun. [IpuyeM MOpsiIKu HAYAIBHBIX CKAYKOB OKA3AJIMCh PA3HbIMU. A mMeHHO: B Touke ¢ = 0
UMeeT MECTO SBJIEHNME HAaYaJIbHOI'O CKaJdKa IIEPBOrO IOpsJiKa, & B/rouke ¢ = 1 MOps/I0K HAYaJIbHOIO CKadKa
oKa3aJicsi paBHbIM HYyJTi0. [losryvueHHbIe pe3yIbTaThl TO3BOJISIOT HOCTPOUTH PABHOMEPHBIE ACUMIITOTHYECKUE
Pa3JIOKEHUA PEIICHUNA HEeJIWHEHHBIX CUHTYIAPHO BO3MYIIEHHBIX MHTEr DAJIbLHBIX KPAaeBbIX 3aa4.

Karoweswie croea: CHHIYISPHO BO3MYyIIEHHOE auddepeHnuaabHOe YPaBHEHIE, aCUMIITOTHYIECKHUE OIEHKH,
rpaHuYHbIE (DYHKIINK, MAJIBII TapaMeTrp.
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