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NAS RK is pleased to announce that News of NAS RK. Series physico-mathematical journal
has been accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of
Science. Content in this index is under consideration by Clarivate Analytics to be accepted in the
Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The inclusion of
News of NAS RK. Series of chemistry and technologies in the Emerging Sources Citation Index
demonstrates our dedication to providing the most relevant and influential content of chemical
sciences to our community.

KasakcmaH Pecriybnukacbl ¥nmmbiK fbiibiM akademusicbl «KP YFA Xabapnapbl. ®u3uka-
TibIK-MamemamukariblK CepusiCbl» fblfibIMU XXypHaribiHbiH Web of Science-miH xaHanaHfFaH
Hyckacbl Emerging Sources Citation Index-me uHOekcmeryze KabblniOaHfaHbIH Xxabap-
natdsl.  byn uHdekcmeny 6apbicbiHda Clarivate Analytics komnaHusicbl XypHarnldbl o0aH api the
Science Citation Index Expanded, the Social Sciences Citation Index xoeHe the Arts & Humanities
Citation Index-ke Kabbinday moeceneciH kKapacmbipyda. Webof Science 3epmmeywinep, as-
mopsap, 6acnawbiiap MEH MeKemeriepae KOHmeHm mepeHdiei MeH canacbiH ycbiHalbl. KP
¥FA Xabapnapbl. Xumus xeHe mexHonoaus cepusicbl Emerging Sources Citation Index-ke eHyi
6i30iH KoramdacmbIK YWiH eH 63ekmi xoHe 6e0endi XuMusirblK FblfibiMOap 60UbIHWAa KOHMEHMKe
a0arnObifbiMbI30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «Wzeecmuss HAH PK. Cepusi ¢busuko-ma-
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obHoeneHHol eepcuu Web of Science. CodepxaHue 8 3amom UHOEKcUuposaHUU Haxodumcs 8
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Sources Citation Index OemoHcmpupyem Hawy npueepXxeHHoCmb K Haubosiee akmyarsb-
HOMY U 811usimesibHOMY KOHMeHmMy Mo XUMUYeCKUM Haykam Ot Haweao coobuecmea.
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ASYMPTOTIC EXPANSION OF SOLUTION OF BVP WITH INITIAL JUMPS FOR
SINGULARLY PERTURBED INTEGRO-DIFFERENTIAL EQUATION

Abstract: we consider the undivided boundary value problem for singularly perturbed linear integro-
differential equations of N —th order with integral Fredholm terms, which has the phenomenon m, — th order

of an initial jump of order at the left end of the segment under consideration. The regular and boundary layer
parts of the asymptotic expansion of solutions are determined. The regular terms of the asymptotics are
constructed in the form of integral-differential equations, which differ from the usual unperturbed integro-
differential equations by the presence of additional terms, called the initial jumps of the integral terms. The
magnitudes of these initial jumps are determined. The boundary conditions for the regular terms of the
asymptotics also contain additional terms, called the initial jumps of the derivatives of the m, — th order. Thus,

to determine the regular terms of the asymptotics, we obtain the boundary conditions for linear integro-
differential equations with an additional parameter. To determine the boundary layer terms of the asymptotic
expansion of solutions, initial problems are obtained for homogeneous and inhomogeneous ordinary
differential equations with constant coefficients. Exponential estimates are obtained for the boundary layer
terms of the asymptotics. The theorem of existence, uniqueness and both of the symmetric representation of
solutions with an estimate of the remainder of the asymptotics is formulated. It is established that the
constructed asymptotic approximation to the solution of the original singularly perturbed integro-differential
boundary value problem is uniform on the entire considered interval.

Key words: singular perturbation, small parameter, asymptotic expansion, the initial jump, the boundary
layer.

Introduction. Mathematics studies natural processes using mathematical models for them. Any
mathematical model is somewhat approximate. When constructing the mathematical models, one tries to
capture all essential, dominant feature of the process. On the other hand, the model should be “simple” enough
to allow the analytical and numerical treatment leading to the information one wants to obtain about the
process. A variety of models in physics, chemical kinetics, mathematical biology, and many other fields are
quite naturally formulated in terms of differential equations. During the derivation of the model equations,
some terms whose influence on the process is supposed to be negligible are often not taken into account. As a
result, the model might be simplified considerably. Such simplifications often rely on physical intuition. Note
that other mathematical school of singularly perturbed equations in Kazakhstan and abroad investigate only
boundary value problems, which do not have an initial jump. We say a function y(X,&) is a singular

perturbation of y(x,0) if y(x,0) fails to approximate y(x,&) for all X of interest when & is small.

Uniformly valid approximations for such functions can often be found by the modified boundary function
method. In our previous works in [1-13] we considered the initial and boundary value problems with the initial
jump for differential and integro-differential equations in the stable case. In the article [14] the constructive
formula for solutions of boundary value problems for singularly perturbed higher order linear integro-
differential equations has been obtained. The asymptotic properties of solutions which are similar to the
properties of solutions of differential equations are shown. The difference was that the equations for the
coefficients of the asymptotic expansion in the case of integro —differential equations are some what more
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complicated than in the case of differential equations. Thus, we can say that the addition of integral terms to
the equation leads to some complication of the algorithm for constructing the asymptotic expansion of the
solution and the qualitative behavior of the solution will not change. Therefore the problem arises in identifying
such asymptotic properties of solutions of integro-differential equations that are not characteristic of
differential equations, investigating the problems of this type when the present integral terms will lead to a
gualitative change in the asymptotic behavior of solutions of differential equations.

Scientific novelty. It is shown that solutions of singularly perturbed general boundary value problems tend
to solutions of the corresponding modified degenerate problems. The modified degenerate problems have been
constructed. The values of the initial jumps of the solutions and of the integral terms have been found.
Asymptotic expansions of solutions of BVP with ordered boundary conditions and general boundary value
problems with any degree of accuracy with respect to a small parameter have been constructed.

Theoretical and practical significance of the research. The results obtained an important contribution to
the development of the theory of singularly perturbed integro-differential equations. Taking into account that
the equation is one of the most important classes of singularly perturbed equations, they are mathematical
models that study a wide variety of processes in physics, chemistry, biology, engineering, and others.

Materials and methods.

Consider the following singularly perturbed integro-differential equation

Ly=a/™ + A0y ++ A D)y = F(t)ﬁf“z;l H; ¢,y (x,2)dx @
01=

with nonlocal boundary condition

mi . Ii . .
hy(t &)= _zoai,-y“)(o, &+ X BiyP e =a, i=1n, 2)
j= j=

where &£ >0 is small parameter, aij,ﬂij, a; € R are known constants independent of & and

o #0.N=1>m >my>..>m, n-1>1,i=1n.
Assume that the following conditions hold:
(C1) A(t), F(t),i=1n aresufficiently smooth functions on the interval [0, l] ;

(c2) A (t)=y=const >0,0<t<1;
(C3) Functions H; (t,x),i=0,....,m +1 are defined and sufficiently smooth in the domain
D=(0<t<1 0<x<1);

hoy1o(t) ... M2Yn_g0(t)
C4 A= .. .. #0, where Yi,(t),i1=1,...,n=1 is the fundamental set of

hn Y10 (t) hn yn—l,O (t)

solutions of the following homogeneous differential equation
Ly =A®Y" IO +...+ AQY ©)=0.

(C5) A =1 is not an eigenvalue of the kernel H (t, S, 8) .
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1+ CT11 _12 a1n
(C6) @ = G 140y o |0
anl an2 1+ ann

(C7) Number 1 is not an eigenvalue of the kernel H ('[, S).
For the solution of the problem (1),(2) are valid the following limiting equalities [5]:

limy@ &)=y (), i=0,m -1 0<t <],
0

3)
lim y™ D ¢, )=y ™), j=0,n—1-m, 0<t<1,
&—0

where Y(t) is the solution of the degenerate problem, A, is the initial jump of the solution,
_ () n —(n-i) 1my+1 —(i)
Ly=AOy O+ 2ADy (0= F(t)+(I) 2 Hitx)y " (dx+AQ) @
1= 1=

v M=) U ()
hy®) = anlj y " (0)+ Eo'Blj y =2 —am Ao,
- M=) L, () L o
hyM) = X ajy " (0)+ X Ay O=a, i=2n
)= )=
From (3) it follows that the solution Y(t,&) of the general boundary value problem (1) and (2) converges
to the solution Y(t) of the modified degenerate problem (4) as ¢—0. We note that the limits for

y(m1+j) (t,£), j=0,n—1—my are not uniform on the interval 0 <t <1. They are uniform on the interval

0 <t, <t <1, where t,is sufficiently small but fixed number as & — 0. In the work will be constructed

uniformly asymptotic expansion of the solution of the problem (1), (2) on the interval O <t <1. Therefore
near t = O the zone appears in which no matter how small £ it is, the solution of the original perturbed equation
is strongly different from the solution of the degenerate one. This zone is called the boundary layer zone.

Since the solution of the problem (1) and (2) has the My —th order initial jump at the point t =0, we seek
the asymptotic expansion of the solution of the problem (1), (2) in the next form:
t
yt, &)=y, t)+cMw,(7), 7=—, (5)
g
where Y, (t)is a regular part of the asymptotic and W, (7) is a boundary layer part, those can be
represented in the form:

Ve (1) = Yo (t) + ey (1) + £2y, (1) +...
(6)
W, (7) = Wy (7) + Wy (7) + £°W, (7) + ..

Substituting the series (5) into (1), we obtain the following equalities:

m (n-1)

cm (n) c
W, (7) [+

{ yM @)+ =—w, (r)} T Ai(t){yé”‘” -+

&

8_1
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+ A0y, -+ e™w, ()= F + }{Ho(tvx){yg(x) + ew[zﬂ bt
0

(m) (my +1)
+Hm@m{ ka+w(xﬂ+Hmﬂ( {ﬁmﬂkm+ivu[:ﬂFx

X
By replacing the integral expression S = —on the right-hand side of the equation (7), we get the improper
&

(7)

integral

0 (ml)
J(t,e)= j[gml+1HO(t,6S)Wg (s) +&™H, (t, &s)(S)W(S) +...+ eH m, (t,88) W, (s) +
0

Ha (65)(9) W, (5) [ds ®)

t
The improper integral in (8) converges and the second sum in (8) is vanished, because O(exp(— 7/—)}
&

is less than any power of &, as & — 0.We write separately the coefficients depending on t and on 7 we
obtain the following equalities for Y, (t)and W, (7):

S0+ EAOYT OO =FO "5 i€y (9dxs

comy + (i) ©)
+[ Y temdipy ((t,&s)w, (s)ds,

0i=0
(n) n-1) (n-2)
W (r)+Al(gr)W () + A (1) W, (7)+..+&" A (eD)W, (£) =0 (10)

By the degree of & formally expanding H; (t, £s),i = 0,m; +1 into a Taylor series at the point (t,0):

H;(t,&) =

©° [ (t,0)+.. HON H®@,0)+... i=0,m, +1
2! k! (11)
Use (11) in (9), equating coefficients of like powers of & , for the regular part y, (t),k =0.12,.... we arrive

the following equalities:
(m+1)
AYEP O+ 2 AOYT 0= F(t)+f T 98 00+ [Hi 1 (t0) Wp (3)ds
w (Mg +1) (m)
where (j)Hmlﬂ(t,O) Wo (8)ds=-Hp, 41 (t,0) wy (0)
denote by

(my)
AO (t) = th+l(t,0)A0, AO = — WO (O) . (120)

for determining the coefficient Y, (t) , we obtain the integro-differential equation
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AYTP O+ § A QYOO =FO+]'E Hity 00t o), a3
k=2 0 i=0

where A, (t) is defined by formula (120).

For determining the coefficients Y, (t), K =1,2,.... we obtain the integro-differential equation

n-1) n (n=i) 1y _ el (i)
A )y, (t)+i§2Ai(t)yk (t)—Fk(t)"‘(I)EO H;i (t, X))y’ (X)dx+ A (1),

(13k)
where
(mg)
Ak(t):th+1(t,0)Ak, Ak :—Wk (0) (12k)
and F, (t) is known function, can be written as
F)=T5 S 10 t,0 d 0 Lo (5)d " (t
(=15 D 00w @+ TES S HD, (0w 00 y20.
k:1,m1+1 (14)
Fe(t) = H“) Loy ©ds+ [ ES S HO  cow . (s)ds— vy,
k(®) IZ my+1 (H0) Wi (S) 5+(f) Zl zoj my+1-i (60) Wi (8)ds — y, 73 (1)
i=1 j !

k2m1+2.

The values A, (t),A,,k > 0 are called respectively the initial jumps of the integral terms and solutions.

By the degree of & formally expanding A (£7),1 = 1_n into a Taylor series at the point O:

A(er) = A (0) + e (0)+ ED- (‘“) A'0) +

Use (15) in (10), equating coefficients of I|ke power of £ on both sides (10), we get the equations for the
boundary layer functions W, (7), k=012,...

(87) A9 (0)+... i=Ln. (15)

Wy (2)+ A (0) W, () =0, (169
W, () + AQ) W, (£) = B, (2), (169

where @, (7) is known function, can be written as

(n-1+m—k)
—J_—Af”(O)wk ,(r)— z Z—A,Eflml(O) Wy (2), k=101
Oy ()= an
) k-1 () (n-1+my—k)
_,- _A1 (O)Wk J(r)—ml kzl_ngOT D 0 Wy (@), k=n

To determine uniquely the terms Y, () and W, (7) of the asymptotic, we use (5) in (6) and taking into
account boundary condition (2)
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m 0 0 ) (i)
Y aii[yg” (0) + &y (0) +...4+ ™7 (wy (0) + £ wy (0) +..)]+ (18)

j=0

I; . : Nae) ()
+ jgoﬂi{yé”(l) +<c,y1“)(l) +...+g”‘1"(wo(ij+gwl(lj+...ﬂ =a; ,i=1n.

5

(1
In (18) w, (—j,k =0,1,... it is not taken into account, it cannot be compared than any degree of ¢ .
&

Equating the coefficients at zero degrees of & in (18) and in view of (120) , We have
hYo(t) =ay +aym Ao, Biyo(t) =4, T1=2,n (19)

Thus, the main coefficient Y, ('[) of the regular part of the asymptotic and the initial jump of the solution

A are determined from the problem (13o), (190).
(my)
For determining the coefficient W, (7), we have the initial condition Ay =—w, (0) from (130),
(190). Finding the missed initial condition for coefficient W, (T) we reduce the order of the equation (16¢)
(i) -
byintergrating from 7 to o and by virtue of the conditions Wo(0) =0,i=0,n—1. As a result, after

(my+1) (my)
n—1—m -th step, we obtain equation Wy (0) =—A; (0) Wy (0) . From this equation as 7 =0 we
(m+1) (m)
determine the initial condition W, (0) =—A (0)w, (0) .Continuing this process lowering the degree of

equation (16o), we obtain the following initial conditions for W, (T) :
Ag
A (O™

Thus, the main coefficient W, (T) of the boundary layer part of the asymptotic is determined from the

problem (16), (200).
Thus, the zeroth approximation of the asymptotic expansion is completely constructed. In the Kk -th

approximation, for determining the boundary conditions of the coefficient Y, (t) k=12,..., we compare
the coefficients of the same powers of the parameter & . As a result, we obtain the following initial conditions

for Y, (t):

(1) .
W, (0) = (-1 ™ , i=0,n-1. (200)

k (my—j) N

h =
1Yk my (- i)
a]_’m]-Ak - -Zlalvml_j Wk—] (0) y k Z ml +1
J:
(19¢)
0, k=1, m, —m, -1,
K—my -+ (mi—J) -
hi Yk =9~ i ai,ml—j Wk—m1+mi—j (O) . k= my—m;, My, 1= 2,n
m; (mi—1J)
2 i Wi 0), k=m +1
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From (13y), (19«) we determine Y, (t), A,k >1.
Now, we will be determine the initial conditions for the coefficient W, (T),k >1. In order to find the
(i [
missing of the equation (16x) by virtue of the conditions Wk (0) =0,i =0,n—1. Then, we get the initial
conditions for determining W, (7),k >1:

(i ()
wy (0) = (= A (0))™™ wy (0) +

o nosi <l _ .
LT S S A 0) D, (s)ds, i=0, my,
0j=n-1-m; J!

(20k)
i) o ()
wi (0) = (= A (0)) ™™ w, (0) +

gt j-(n-1-) -
HEDT X jI(AL(O)) Dy(s)ds, i>m +1
0j=n-1-i }:

Thus, the k -th approximation of the asymptotic is completely constructed.
Results and discussion. Theorem. Let functions A (t), F(t) e CN*""™[a,b],i=1n and

conditions (C2) - (C7) hold. Then for sufficiently small & the boundary value problem (1) and (2) has an
unique solution on the O <t <1 and that is expressed by the formula

y(t!g): YN (t’8)+RN (t,8), (21)
where Y, (t, ) is defined by the formula

_ N N+n-1-m t
Inte)= ey ®+e™ L e w (), r=—,

k=0 k=0 & (22)
and for the remainder term the estimates are valid

‘Rﬂ)(t,g)‘SCSNH, i=0,n-1 0<t<1. (23)

where C > Qis a some constant independent of & .
Proof. We construct the N -th partial sum (22) of the expansion (5),(6).The function Y, (t,¢)

satisfies problem (1), (2) with accuracy of order O(g" ™), i.e.

Ly _ T o) N+1
INGE) =FO) +[ X Ht,x)yy (x,&)dx+0(e" ).
0i=0
(24)

hyn(te)=a +0EN™), i=Ln
Denote by y(t,&) =y (t,€) + R (t,£) . Then for the remainder R, (t,£) we obtain the problem as
follows
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1my +1 Q) N+1
LRy(te)=] 5 H;tRD(x e)dx+ 0",
0i=0

(25)
hiRy (t,€) =0(eN*™), i=1n

We apply the asymptotic estimation of the solution of the problem (1),(2) to the problem (25). Then we
obtain the estimates

‘R,(\,j)(t,g)‘ <CeN*ty ceNtlrm-] exp[—ylj, j=0n-1 O<t<1 (26)
&

This means that estimates R,(\,m1+1) (t,&) =0(eN ),...,R,(\ln_l) (t,&) =0(eN "2 M) is valid at

point t=0, i.e. The required estimates do not hold. To obtain the necessary estimates, we consider the
equalities

ymP(te) =y (L e) + RV (L e) .y (L e) = vl (te) + RULY (te)

(27)
Hence, equating the right-hand sides of (27), we get
1 1 1 1
RUD(te) =y o) -y o)+ RTL (t. &), (28)
(my +1) (my +1) N1, (M +1) N+n-1-m, (M+D :
where Y"1 (t,e) — YN T (Le)=¢" YNy (M) +e ! Wy 4n_m, () and the remainder

term g -y in (28) satisfies the estimate ‘ R,(\‘mjfl) (t, 5)‘ <CeN+2 LN exp[— 7tj Thus, we obtain the
&

required estimates: ‘R,(\lml +1) (t, 8)‘ <Ce&N*L. similarly, considering the equalities

Y (te) =y V) + RV (Le), y It e)=yID | te)+RID, | (te) (29)

Hence, equating the right-hand sides of (29), we obtain

n-1 n-1 n-1 n-1
R (68) = Yy s, 68) = YN 2 (6) +RID, (6), (30)
where
v(n-1) g(n-1) N+1,,(n-1) N+n-1-m, "=y
yN+n—1—m1 (te)-yn “(te)=¢ "yng O+ Fe YN+n-1-m; )+
(n-1) N+n-1-m (n-1)
+‘9N+1WN+n—m1 (o) +..+¢ LW 2(n-1-mg) (7)),
The  remainder  term R,(\I”;r?_l_ml (t,e) in  (30) satisfies the  estimate
‘Rl(\ln;r?flfml (t,g)‘ <CeN*-m | o N+ exp(— 7,2) . Thus, we obtain the required estimates

‘R,(\,”_l) (t, 3)‘ <CgN*L. Theorem is proved.

Conclusion. We investigated asymptotic expansion of solution of general boundary value problem with
initial jumps for higher-order singularly perturbed integro - differential equation with any degree of accuracy
with respect to a small parameter have been constructed.
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CHUHI'YJIAPJIBI AYBITKBIFAH UHTEI'PAJIABI-IN®O®EPEHIUAJABIK TEHAEY YIIIH
BACTAIIKBI CEKIPICTI HIETTIK ECEBI HIEINIMIHIH ACUMIITOTUKAJIBIK KIKTEJIYI

AHHOTAIMSA . KAPaCTHIPLUIBII OTBIPFaH KECIHAIHIH COJI 3KaK eTinae M, — 1 peTTi 6acTankel cekipici 6ap
N—1ri peTTi CUHTYJSAPIBI aybITKbIFaH DpPEAroyibM ChI3BIKTH MHTErpaabl-nuddepennaiiblK TeHaeyiepi
YLIiH OemiHOereH WETTIK ecell KapacThpbuianpl. [lleniMHiH aCHMTOTHKAJIBIK JKIKTENYiHIH PETYJISIPIbI )KoHE
IIeKapasblK KabaTTel MyTIeepi aHbIKTAIAB. ACUMITOTHKAHBIH PETYJIISPIIBI MYIIENEPi 9/IETTET] aybITKPIMaFaH
TeHJeyJIepAcH 06JeK MHTErpaIIblK MYIIeNep IiH OacTamKpl CeKipicTepi Iem aTrajaThlH KOCHIMINA MYIIeNepi
Oap uHTErpaIbl- T PepeHIMATABIK TCHACYICP TYpiHAe Kypbulasl. OChl 0acTanKbl CEKipiCTEP/iH MaMaiapbl
aHBIKTAIIbl. ACHMITOTHKAHBIH PETYJIAP/Ibl MYIIEIEPiHiH IIETTIK IIaPTTaphlHAa [T — LIl PETTI TybIHIbIHBIH

OacTankpbl cekipicTepi Jer aTajuaTblH KOChIMIIA Mymienep Oomajpl. COHbBIMEH, aCHMTOTHKAHBIH PETyIIspIbl
MYIIENEepiH aHBIKTay YIIIH CBI3BIKTBI MHTETpaiabl-IuddepeHIHanIblK TeHASYIepre apHalfaH KOCHIMIIA
mapaMeTpili MeTTiK ecentep anbiHAbl. lllemiMHIH acCHMOTOTHKACHIHBIH MIEKapaiblK KabaTThl MYIIEIepiH
aHBIKTAy YIUiH TYpakThl KO3(GQHUIUEHTTI OIpTEKTi >koHEe OipTekTi eMec auddepeHIHaNIbIK TeHAeyIepre
apHaFaH OacTamKbl ecenTep aIbIHAb. ACHMITOTHKAHBIH MIEKapaiblK KadaTThl MyIlenepi YIIiH
AKCIIOHEHIUANIBI Oaramaynap ansiaabl. LllemiMuiH 6ap OOMyBI, HapanbIFbl JKOHE aCHMITOTHKAIBIK TYPHAES
OepinyiHe Teopema KenTipiAreH. ACHMIITOTHKAHBIH KalJbIK Mylleci OaramaHfpl. bepiireH CUHTYISPIBI
ayBITKbIFaH HHTErpaiibl-TuddepeHManablK TeHACYIepre apHaIFaH MIETTIK eCel MICIIIMIHCH KYPbUIFaH
ACUMIITOTHKAJIBIK JKYBIKTAay OapJIbIK KECiHIiZIe O1pKaJIBINTHI CUIIaTTa 0OJIa bl

Tyiiin ce3mep: CHHTYISAPIBI aybITKYy, Killll apamMerp, aCHMOTOTHKAIBIK JKIKTely, 0acTamkbl cekipic,
IIeKapasbIK KadaT.
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ACHUMIITOTUYECKOE PA3JIOKEHUE PEINIEHUHN KPAEBBIX 3AJIAY C HAYAJIbHBIMHA
CKAYKAMM JIJISI CUHTYJIIPHO BO3MYUIEHHBIX UHTETPO-IU®®EPEHIIMAJIBHBIX
YPABHEHUM

AHHOTalIUsA: pPaccMaTpUBaeTCs HepasdeleHHas KpaeBas 3ajada A CHUHTYJSIPHO BO3MYILEHHBIX
JUHEHHBIX MHTErpo - nauddepeHIrnanbHbIX ypaBHEHMH N — romopsika C HHTErpajbHBIMH WICHAMHU

@pez[ronbMa, 06J'Ia,[[aIOH.[a$I Ha JICBOM KOHIIC paCCMAaTpHUBAacM OroOTpE3Ka ABJICHUEM HA4YaJIbHOI'O CKaYKa ml -

ronopaaka. OnpeeneHsl peryJsipHble U MorpaH CJIOWHBIE YaCTH aCUMIITOTHYECKOTO Pa3IOKEHUS PEIICHHM.
PerynspHble 4lleHbl aCHMNTOTHKH TOCTPOCHBI B BWJAGHHTEIpO — AU QEepeHIHaNbHbIX YpaBHEHHI,
OTJIMYAIOIIUXCS OT OOBIYHBIX HE BO3MYIIEHHBIX MHTETpO-IU(QepeHInalbHBIX YPaBHEHUH HaJM4nueM
JIOTIOJTHUTENNBHBIX CIIaraeMbIX, Ha3bIBAEMBIX HAYAIBHBIMHM CKaYKaMW HHTETPATbHBIX WieHOB. OmnpenesneHs
BEJIMYMHBI 3TUX HAYaJIbHBIX CKAuyKoB. KpaeBble yCIOBHUS Il PETYJSPHBIX YIECHOB ACHUMITOTHUKH TaK¥Ke

COACPIKAT NOIOJHUTCIIbHBIC CJIara€MbIC, Ha3bIBACMbIC HAaYaJIbHBIMH CKaYKaMU IMTPOU3BOJHBIX rﬂl — romnopsaka.

TeM cambIM, U1 ONPENENCHUS PETYJSPHBIX WICHOB ACHMIITOTHKU IIOJYYarOTCS Kpae Bble3a JadyM s
JUHEWHBIX HHTETPO — MU PepeHIINATEHBIX YPAaBHEHUH C JIOTTOTHUTENBHBIM NapameTpoM. J{ist onpeaeneHus
[OTpaH CJIOWHBIX YJIEHOB ACHUMITOTHUYECKOTO pa3JIOkKEHHs PEIICHUH MOITydeHbl HAdaJIbHBIE 3ajada JUis
OJTHOPOJHBIX W HEOJHOPOJHBIX OOBIKHOBEHHBIX JH(depeHInanbHbIX YpaBHEHHH C IOCTOSIHHBIMH
koa¢¢unmentamu. [lomydeHsl 3KCTIOHEHIIMATBHBIE OIEHKH JUJIsl MOTPaH CIIOMHBIX YIECHOB ACHMIITOTHKH.
CdopmynupoBana TeopemMa CYLIECTBOBAaHUS, €IMHCTBEHHOCTH M 00a CHMIITOTHYECKOM IPEICTaBICHUH
pELIeHNH ¢ OLEHKOM OCTaTOYHOIO YiIEHAa ACUMIITOTUKU. Y CTAHOBIEHO, YTO MOCTPOEHHOE ACUMITOTHYECKOE
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MIPUOIIMKEHNE K PEIICHUIO WCXOIHON CHHTYISIPHO BO3MYIIICHHOW MHTETpO — AuddepeHIMaILHON KpaeBoi
3aJla4l HOCUTPAaBHOMEPHEIN XapaKTep Ha BCEM pacCMaTpUBAEMOM OTPE3KE.

KuioueBble ci10Ba: CHHTYISIPHOE BO3MYIICHHE, MAajblii MapaMeTp, aCUMOTOTHYECKOE pa3ioKeHUE,
HavyalbHBIA CKAYOK, TOTPAHCIIOM.
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