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Linear Differential Evasion Game with Locally Inertial Controls

Аннотация: Linear differential evasion game with two players, the pursuer and the evader, is
considered. New classes of controls for both players are introduced, which called locally inertial
controls. In these classes the evasion problem from any initial position that does not belong to
the terminal set is solved. Effective sufficient conditions of evasion and algorithms for building
the evasion control are obtained. The results demonstrated on the well-known in the theory of
differential games example.

Ключевые слова: evasion, pursuer, evader, control functions, locally inertial control, ter-
minal set.

1. Introduction. Statement of the evasion problem
Let the motion of an object z is described by linear system of differential equations

ż = Cz − u+ v + a, (1)
where z ∈ Rn, control parameters u ∈ P ⊂ Rn, v ∈ Q ⊂ Rn, C is an n × n constant
matrix, P and Q are nonempty compacts, a ∈ Rn is a fixed vector.

Terminal set M is a subspace of Rn , ż is the derivative with respect to time. The object z is
controlled by two sides, traditionally called players. The first player (pursuer) acts on the system
(1) by selecting some function u = u (t) ∈ P, t ≥ 0 from the specified allowed class of functions
U . The second player (evader) chooses his controls in the form of some function v = v(t) ∈ Q
from his allowed class of functions V .

The following evasion problem is considered: for each initial position z0 /∈M it is necessary
to specify (find) the algorithm of such a choice of control v∗(t) ∈ Q, t ≥ 0 and v∗(·) ∈ V, which
provides for the evader avoiding of trajectory z (t) , z (0) = z0, from terminal set M for all
allowed admissible controls u = u (t) ∈ P, u (·) ∈ U and t ≥ 0 . The goal of the pursuer is
generally opposite.

Here the trajectory z (t) of the system (1) is the solution of (1) corresponded to the selected
controls. At any given moment t ≥ 0 the evader may use the values z (t) and pursuer’s control
u (t) at the same moment, but does not know the control of the pursuer in future moments of
time. Certainly, the evader knows system (1), P, Q and M.
2. Purpose of the work
1) Development of effectively verifiable sufficient conditions to ensure a solving of evasion

problem in the classes of locally inertial controls.
2) Algorithms of design of locally inertial evasion control.
3) Demonstration of obtained results on example well known in differential games.
3. Short history of differential games and evasion problems in inertial controls
The statement of the evasion problem formulated above belongs to L.S.Pontrjagin and

E.F.Mi s̆c̆ henko [1]. In that work first fundamental results were obtained and represented the
proof of solve of evasion problem in linear differential games (1) with control functions selected
from the classes of measurable functions.

The theory of differential games was born in the late 50-th of the last century, when the
first articles on differential games began to appear in the open press ([2-10]). The founder of
the theory of differential games is Rufus Isaacs, which issues in 1965 fundamental monograph
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“Differential Games” [11]. The theory of differential games (this term belongs to R.Isaacs) is
a natural generalization of the problems of the theory of optimal control, complicated by the
presence of conscious opposition of rivals, as well as obstacles, uncertainties, etc.

Ideas of the theory of differential games rapidly spread around the world, but developed
mostly by Soviet and American researchers and continue to develop in the Post-Soviet space.
One of the first in the USSR was L.S.Pontrjagin, the creator of the Pontrjagin’s Maximum
Principle, an outstanding mathematician of the 20th century. On his initiative, the first book
on differential games, published in 1965 by R. Isaacs [11], was translated to Russian in 1967,
which may consider as extremely short period for that time.

Unlike the American mathematicians (including R.Isaacs) who studied and solved the dif-
ferential game for two players at once or mainly pursuit problem, L.S. Pontrjagin divided the
differential game into two separate problems: the problem of pursuit and the problem of eva-
sion(or avoiding). He was the first to receive fundamental results for each of the problems [12-14].
In particularly, significant results were obtained by L.S. Pontrjagin on the evasion problem [12].

On his initiative, a lot of scientists were involved in the study of differential games. In-
dependent scientific schools for the study of differential games were established in the of
Moscow (L.S.Pontrjagin and E.F.Mi s̆c̆ henko), Ekaterinburg (N.N.Krasovsky), St. Petersburg
(L.A.Petrosjan), Kiev (B.N.Pshenychni ĭ and A.A.Chikri ĭ ) and Tashkent (N.Satimov), which
are still functioning. Representatives of these schools received significant results in the wide
directions. Because of too long list of published papers in differential games, we introduce to
your attention very small part of them, including main papers and monographs concerning our
investigations (see, for example, [15-25]).
4. Methods of researching
The theory of ordinary differential equations, functional analysis and linear algebra are used

in researching evasion problem (1).
5. Main results in solving of evasion problem in locally inertial controls
5.1. Locally inertial controls
Definition 1. Let D – is the set of such continuous functions u (t) , 0 ≤ t < ∞, with

values from P, that for any ε > 0 there exists δ (ε) > 0 , such that |u (t1)− u (t2)| ≤ ε for any
t1, t2 ∈ [0,∞), |t1 − t2| ≤ δ (ε) .
Definition 2. D (r,4) is the set of all measurable functions u (t) ∈ P, 0 ≤ t ≤ ∞ , such

that |u (t1)− u (t2)| ≤ r, for any t1, t2 ∈ [0,∞), |t1 − t2| ≤ 4, where r and 4 are constants.
Classes of functions D and D(r,4) was introduced by N. Satimov in [26, §2] and called as

classes of inertial functions, which was introduced for pursuer only.
Remark 1. The evasion problem (1) with inertial controls for pursuer and measurable

controls for evader is considered and solved in [26].
Definition 3. LP (t0,4) is the class of measurable functions of pursuer u = u (t) ∈ P, t ≥

t0, such that in any interval [t0, t0 +4] holds
A)u (ti) = ui ∈ P ;
B) |u (t) − u(ti) |≤ γ| t − ti|α, t ∈ [ti, ti+1] , where i = 1, 2, . . . , p, p ∈ N, ti ∈ T =

{t0 < t1 < t2 < · · · < tp = t0 +4} , T is any split of an interval [t0, t0 +4] , γ ≥ 0, α >
0 and 4 > 0 are constants. Similarly, class of controls LQ (t0,4) for evader is introduced.
Definition 4. Dc (P ) is the class of piecewise constant functions with values from P such

that every function from it has on the length [t0, t0 +4] , t0 ≥ 0,4 > 0, finite number of first
type discontinuity points.

Similarly the class of controls Dc (Q) for evader is introduced.
Definition 5. Classes of controls Dc (P ) , Dc (Q) , LP (t0,4) and LQ(t0,4) are called as

locally inertial.
Definition 6. The positive real numbers, depending on known parameters of the game

(1) only (C, P and Q,M, vector a etc.), and not depending on the controls we will call as
constants.
Remark 2. Classes of functions Dc (P ) ⊂ LP (t0,4) and Dc (Q) ⊂ LQ (t0,4) .
5.2. Lemmas about zeroes of functions and maneuvering
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First result on function’s zeroes was obtained by L.S. Pontrjagin, who proved a lemma about
zeroes for analytical functions [13, §4, п.А)]. Later that lemma named as L.S.Pontrjagin’s lemma
on zeroes.

N. Satimov significantly improved results of L.S. Pontrjagin by extending it on additional
classes of non-analytical functions.
Lemma of N. Satimov (about zeroes of non-analytical functions) ([25, §1.3; [28]). Let

is assume that ϕi (·) , i = 1, 2, 3, . . . k, are real scalar functions well defined and analytical on
interval of [0,1]; α1 , α2, . . . , αm and δ are non-negative numbers, Σ,Σ1 and Σ2 are linear finite
dimensional sets of functions defined as follows:

Σ = {ϕ (·) : ϕ (t) =

k∑
i=1

ciϕi (t), 0 ≤ t ≤ 1, ci ∈ R1, }

Σ1 = {ϕ (·) : ϕ (t) =

k∑
i=1

tδciϕi (t) + ck+1, 0 ≤ t ≤ 1, ci ∈ R1}

Σ2 = {λ (·) : λ (t) =

k∑
i=1

ckϕk (t) +

k+m∑
i=k+1

cit
αi , 0 ≤ t ≤ 1, ci ∈ R1,

i = 1, 2, . . . , k +m}
Let N (f (·)) is a number of geometrically different zeroes of function f (·) on a closed

interval I ⊂ [0, 1] . Then there exists a natural number N, dependent only on the sets of
functions Σ,Σ1and Σ2 such that
N (f (·)) ≤ N, for any f (·) ∈ Σ ∪ Σ1 ∪ Σ2 .
Remark 2. Case f (·) ∈ Σ proved in [13, §4], and for f (·) ∈ Σ1 ∪ Σ2 in [25, §1.3]; [28]).
Let us formulate Lemmas on maneuvering (or on bypass maneuver). These lemmas are the

base in differential evasion games for organizing the evasion process. They allow to show local
evasion of moving point z(t) from terminal set M on a closed interval [0, θ] ,where θ > 0 is a
constant. For the first time lemma on maneuvering was proved in [13, §4]. Different modifications
of this lemma in two dimensional case are proved in [25, §1.3; 29-30], multidimensional case was
considered in [31-32].

Let’s introduce the following definitions:
Σ̂ =

{
ϕ (·) : ϕ (t) =

∑k
i=1 ciψi (t), ci ∈ R1, i = 1, 2, . . . k

}
, ψi (t) are analytical on [0, 1]

functions and {ψi (t) , i = 1, 2, . . . k } is a basis of Σ̂ ,
(
ν1, ν2

)
is the orthogonal coordinate

system in R2; Γ is a square defined as
∣∣νi∣∣ ≤ µ, i = 1, 2, µ > 0,

Ω (t) =

(
d1t

k1 d3t
k1+β

d2t
k2 d4t

k2+β

)
is a (2× 2)−matrix,

k1and k2 are natural numbers, 0 ≤ k1 ≤ k2, β ∈ ( 0,1] и d1d4 − d2d3 6= 0.
Lemma 1 on maneuvering ([25], §1.3, Lemma 1.3.3)
Let ϕ (·) =

(
ϕ1 (·) , ϕ2 (·)

)
is any function with components from Σ̂ . Then there exists a

square Γ
′ ⊂ Γ with the side µ1 > 0, such that the function ν (t) = ϕ (t) − Ω (t)α, satisfies

the inequality

|ν (t)| ≥ d5t
k2+β, 0 ≤ t ≤ θ1, (2)

for all 0 ≤ t ≤ θ1, α = (α1, α2) ∈ Γ
′
, where θ1 > 0 and d5 > 0 are constants.

Lemma 2 on maneuvering ([25], §1.3, Lemma 1.3.4)
Let ϕ (·) =

(
ϕ1 (·) , ϕ2 (·)

)
is any function, whose components are from Σ̂,

h (·) =
(
h1 (·) , h2 (·)

)
is continuous on [0, 1] function, satisfying inequality∣∣hj (t)

∣∣ ≤ d6t
δ, j = 1, 2; t ∈ [0, 1] ; δ ∈ (0, 1] and d6 > 0 are constants.
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Then there exists a point α0 =
(
α1

0, α
2
0

)
∈ Γ and a constant θ ∈ (0, 1] such that for the

function

p (t) = ϕ (t)− Ω (t) [α0 + h (t)] , 0 ≤ t ≤ 1,

an inequality

|p (t)| > d7t
k2+β, 0 ≤ t ≤ θ2, (3)

is fulfilled, where d7 > 0 and θ2 are constants.
Remark 4. Lemma 1 for the case β = 0 proved in ([13], §4).
A proof of Lemma 2 based on Lemma 1. In the Lemma 2 squares Г and Γ

′ are the same as

in Lemma1 on maneuvering, α0 is the center of the square Γ
′
, θ2 = min{1,

(
µ1

2d6

) 1
δ } > 0 is a

constant.
Remark 5. Lemmas about zeroes of function and maneuvering play important role in differ-

ential evasion games. They are allowing to organize local avoiding(evasion) process of trajectory
from terminal set. Inequalities (2) and (3) are fundamental in evasion theory, because by its
using the possibility of local evasion proved, extended to infinite time interval.
5.3. Sufficient Conditions and Theorem of Evasion
Let the differential evasion game (1) starts from z (0) = z0 /∈ M at the moment t0 = 0.

Further let L is the orthogonal complement to M in Rn , W is any two dimensional subspace
in L, π is orthogonal operator from Rn on W . We will assume that an orthogonal system
(w1, w2) is introduced in R2 and let [w]j , j = 1, 2, are coordinates of vector w ∈ R2 with
respect to (w1, w2) . Further let’s denote D : Rn → R2 some linear mapping; [D]j is j -row
of D, i.e. [D]jz = [Dz]j , j = 1, 2.

Assumption 1. There exists W ⊂ L, linear mapping F : W → R2, natural numbers
k1 ≤ k2 such that

А)
[
FπciP

]
j

=
[
FπciQ

]
j

= 0 for all i = 0, 1, 2, . . . , kj − 2; ; j = 1, 2; ;

B) The set R = DQ comprises inner point (with respect to W ), where
D =

([
Fπck1−1

]
1
,
[
Fπck2−1

]
2

)T is a 2× n matrix, mapping Rnon R2 , T is transposition
operation.
Assumption 2. There exist W ⊂ L, linear mapping F : W → R2, natural

numbers k1 k2, k1 6= k2, such that
А)

[
FπciP

]
j

=
[
FπciQ

]
j

= 0, i = 0, 1, 2, . . . , kj − 2, j = 1, 2.

B) The set R = DQ is an interval, which is not parallel to coordinate axis [w]1 = 0 and [w]2 =
0 .
Theorem of evasion. If at least one of above mentioned assumptions is fulfilled then in

(1) evasion is possible from any starting point z0 ∈ Rn\M for any t ≥ 0 in classes of locally
inertial controls.

The proof of the theorem is split into two parts.
5.3.1 Proof of the Theorem of evasion(case of the Assumption 1)
Let in the evasion game (1) the Assumption 1 is fulfilled and z0 = z (0) ∈ Rn\M. Further,

let origin O ∈ Rn is an inner point of the set R (we can achieve this by moving inner point R
with vector a ∈ Rn, included in equation (1)). For the sake of simplicity and without loss of
generality we will set
t0 = 0,4 = 1, α ∈ (0, 1], then DP (t0,4) = DP (0, 1) = DP and DQ (t0,4) = DQ (0, 1) ≡

DQ.
Let players choose their locally inertial controls u (t) ∈ DP and v (t) ∈ DQ, t ∈

[0, 1] and z0 ∈ Rn \ M. Then we will have from Cauchy formula [33, Chapter 3, §4] for
the trajectory z(t) next representation

πz(t) = πetCz0 +

∫ t

0
πe(t−s)C (u (s) + v (s) + a) ds. (4)

Let
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u (s) = (u (0) + u0 (s))∈ DP , v (s) = v0 + v0 (s) ∈ DQ, s ∈ [0, 1] , (5)
where u (0) = u0 ∈ P, v (0) = v0 ∈ Q. Then functions u0 (s) and v0 (s) will satisfy the
following inequalities:

|u0 (s)| ≤ γsα, |v0 (s)| ≤ γsα, s ∈ [0, 1] .

By inserting (5) in (4), we get:

[Fπz (t)]j =
[
FπetCz0

]
j

+

∫ t

0

[
Fπe(t−s)C (u0 + a)

]
j
ds+

+

∫ t

0

[
Fπe(t−s)Cu0 (s)

]
j
ds+

∫ t

0

[
Fπe(t−s)C(v0 + v0 (s)

]
j
ds (6)

where j = 1, 2; t ∈ [0, 1] .
Let’s estimate integrals in (6).
From condition А) of Assumption 1 and exponent expansion

etC = E + tC + · · ·+ tk

k!
Ck + . . . ,

where E− identity (n× n)− matrix, it is easy to get

∫ t

0

[
Fπe(t−s)Cu0 (s)

]
j
ds =

∫ t

0

 ∞∑
i=kj−1

(t− s)
i!

πCiu0 (s)


j

ds ≡ h1
j (t) , (7)

Moreover,

|h1
j (t) | ≤ d1t

kj+α, t ∈ [0, 1] , (8)

where α ∈ (0, 1] (see DP or DQ) , j = 1, 2 and d1 > 0 is a constant.

Like in (7), after simple transformations we get∫ t

0

[
Fπe(t−s)Cv0

]
j
ds =

=
tkj

kj !

[
FπCkj−1v0

]
j

+

∫ t

0

∞∑
i=kj

(t− s)i

i!

[
FπCiv0

]
j
ds =

tkj

kj !

[
FπCki−1v0

]
j

+ h2
j (t, v0) , (9)

where ∣∣h2
j (t, v0)

∣∣ ≤ d2t
kj+α, j = 1, 2; ; t ∈ (0, 1] , d2 > 0. (10)

Further

∫ t

0

[
Fπe(t−s)Cv0 (s)

]
j
ds =

∫ t

0

 ∞∑
i=kj−1

(t− s)
i!

πCiv0 (s)


j

ds = h3
j (t) ,

and it is easy to get ∣∣h3
j (t)

∣∣ ≤ d3t
kj+α, j = 1, 2; ;α ∈ (0, 1], t ∈ [0, 1] , (11)

d3 > 0 is a constant.
According to В) of Assumption 1 the set R = DQ contains inner point and let l1 is one of

them. Then, there exists a constant γ1 > 0 and square Γ1 = {ν ∈ R2 :
∣∣∣[ν]j

∣∣∣ ≤ γ1, j = 1, 2}
such that l1 + Γ1 ⊂ R.

Consider the equation with respect to v
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Dv = l1 + ω, v ∈ Q,ω ∈ Γ1. (12)
In general, there are more than one solutions for this equation, let us choose the smallest

in lexicographic sense, it will uniquely define an algorithm for solving (12). We will set the
smallest lexicographical solution of (12) as v∗ ∈ Q , it will obviously depend on ω. Further,
we offer to evader use special control ṽ (s) ≡ (v∗ + v∗ (s)) ∈ DQ, s ∈ [0, 1] and |v∗ (s) | ≤ γsα,
corresponding to given ω ∈ Γ1. Then inserting ṽ (s) in (6) and (9) instead of v (s) we will get

[Fπz (t)]j = [ϕ (t, z0, u0)]j +
tkj

kj !

[
ω + h1(t)

]
j
, (13)

where

[ϕ (z0, t, u0)]j =
[
FπetCz0

]
j

+

∫ t

0

[
Fπe(t−s)C (u0 + a)

]
j
ds+

tkj

j!
[l1]j , (14)

[h1 (t)]j = (
tkj

kj !
)

−1

[h1
j + h2

j (t) + h3
j (t))].

It is easy to get from (8), (10), (11), that∣∣∣[h1 (t)
]
j

∣∣∣ ≤ d4t
α, j = 1, 2; ; d4 > 0− , t ∈ [0, 1] , (15)

In vector form (13) will look like (since Γ1 = −Γ1) :

Fπz (t) = ϕ1(t, z0, u0)− Ω1 (t)
[
ω + h1(t)

]
, 0 ≤ t ≤ 1, (16)

where h1 (t) =([h1 (t)]1, [h1 (t)]2)
T , ϕ1 (t, z0, u0) = (ϕ (t, z0, u0)1, ϕ (t, z0, u0)2)T , T is transpo-

sition and (2× 2) matrix

Ω1 (t) =

(
tk1

k1! 0

0 tk2

k2!

)
. (17)

Let us use to (16) the Lemma 2 on maneuvering. First for that it is necessary to choose in
(16) suitable vector ω ∈ R, and then control function of evader corresponding ω.

We can see that matrix etC is fundamental for the system

ż = Cz, z (0) = z0, (18)
that’s why all the solutions of (18) are linear combinations of solutions from fundamental sys-
tem. For example, if the system of functions {ϕ1 (t) , . . . , ϕn (t)} is the fundamental system of
solutions (18) (columns of etC can be solutions ), then

etCz0 =

n∑
i=1

z0iϕi(t) (19)

Further, each function ϕi (t) , i = 1, 2, . . . , n is analytical. Similarly, we can infer the same for
other terms in ϕ (z0, t, u0) (see (14)) . Thus, each component of [ϕ (z0, t, u0)]j , j = 1, 2, of func-
tion ϕ (z0, t, u0) is an element of a finite dimensional linear set of analytical functions. Let define
it as

∑
. Then we add to

∑
finite number of functions tk2−k1ϕ1 (t) , . . . , tk2−k1ϕn (t) and tk2 .

The obtained set of functions will be also finite dimensional, let define it as
∑

1 .
We will use now the Lemma 2 on maneuvering to the relation (16). First of all we set

β = 0 (see (17)) . Then put

Σ̂ =
∑

1

,Γ1 = Γ,Ω (t) = Ω1 (t) , ϕ (·) = ϕ1 (·, z0, u0) , p (·) = Fπz (·) , h (·) = h1 (·) , δ = α.

We obtain fulfillment all conditions of Lemma 2, hence according to it there exist a vector
ω = ω0 ∈ 1 such that from (16) we get inequality
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|Fπz (t)| =
∣∣ϕ1 (t, z0, u0)− Ω1 (t)

[
ω0 + h1(t)

]∣∣ > d7t
k2 (20)

for all t ∈ (0, θ0] , where θ0 > 0 and d7 > 0 are constants.
From (20) one has the inequality

|πz (t)| ≥ d8t
k2 , t ∈ (0, θ0] , d8 > 0 is a constant. (21)

Inequality (21) provides local avoiding trajectory z(t) from terminal set M in time interval
[0, θ0] by using the control ṽ (t) . If t = 0, then |πz (0)| = |πz0| > 0, since z0 ∈ Rn\M, ( π
is the projection on orthogonal complement to M). If t ∈ (0,θ0], then from (28) we get, that
|πz (t)|> 0, which means z (t) /∈ M. What evasion control from DQ will provide (21)? Now
we will explane a way of chosing of this evasion control.

For a vector ω0 we can determine correspondence vector v0 ∈ Q as a lexicographic solution
of equation (12) with ω = ω0 . Then it is recommended to evader to use the admissible control
function as ṽ0 (t) = v0 +v0 (t)∈ DQ with |v0 (t)| ≤ γtα, t ∈ [0,θ0]. This control function ṽ0 (t) ,
t ∈ (0, θ0] depends on u (0) = u0 too (see (20)) .

The evader have to use ṽ0 (t) , t ∈ (0, θ0] till the first moment t1 , when will | u (t1)−u0| >
γt1

α . From the moment t1 pursuer uses some admissible control u(t) ∈ DP with known for
the evader value u (t1) = u1only. If t1 ≤ θ1 , then evader changes his control function by
substitutions: t1 to t0, z(t1) to z0, u1 to u0, ω1 to ω0 and builds corresponding control
functio ṽ1 (t) = (v1 + v1 (t))∈ DQ (received like ṽ0 (t)), where |v1 (t)| ≤ γtα and v1 is the
lexicographic solution of equation (12), corresponding to ω1.

After these substitutions we get inequality (like (21))

|πz (t)|>d9t
k, t ∈ (t1, t1 + θ1], d9 and θ1 are constants,

that provide evasion from M on [t1, t1 + θ1] . The pursuer may change his control function
from DP finite times only at [0,1], that is why the evader provides avoiding process on [0,1].Re-
peating this process step by step, we get avoiding z (t) from terminal set for all t ≥ 0.
5.4.3. Proof of the Theorem of evasion (case of the Assumption 2)
Let in the evasion differential game (1) the Assumption 2 is fulfilled. In this case, set R is a

closed interval which is not parallel to axis of orthogonal coordinate system (w1, w2) , introduced
in R2. Let l2 is the center of the R, then coordinates [ν]1and [ν]2 of any point ν ∈ R − l2
satisfies the condition

[ν]2 = λ[ν]1, λ 6= 0, |[ν]1| ≤ c1, (22)
where |λ| > 0 and c1are constants.
Let us consider for given ν ∈ R− l2 an equation with respect to v ∈ Q :

Dv = l2 + ν. (23)
For any ν ∈ R − l2 there exists at least one solution of (23).The smallest in lexicographical

sense solution of equation (23) we will define as v = v∗ ∈ Q, obviously, it depends on ν. Let
z (t) is the solution of system (1), corresponding to pursuer’s control u (t) = u0 + u (t) ∈
DP and evader

′
s control (we give the rul of choosing later)

ṽ (t) = v0 + v0 (t) ∈ DQ, (24)
where |u (t)| ≤ γtα and |v0 (t)| ≤ γtα, t ∈ [0, 1] , α ∈ (0, 1].

Then, using conditions A) and B) of Assumption 2 and (23)-(24) we get

Fπz (t) = ϕ2 (t, z, u0) +

∫ t

0
Ω(t)νdτ + h2 (t) , (25)

where Ω =

(
τk1

k1! 0

0 τk2

k2!

)
, ν =

(
[ν]1
λ[ν]1

)
;
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[ϕ2 (t, z0, u0)]j =
[
FπetCz0

]
j

+

∫ t

0
[Fπesa]jds+ [l2]j

tkj

ki!
;

[h2 (t)]j =

∫ t

0
{
∞∑
i=kj

(t− s)i

i!

[
FπCiv0 (s)

]
j
}ds

It is easy to see that functions [h2 (t)]j , j = 1, 2; ; t ∈ [0, 1] , are continous and satisfy the
eqation ∣∣∣[h2 (t)]j

∣∣∣ ≤ c2t
kj+α, t ∈ [0, 1] , j = 1, 2.

Let Γ2 =
{
ν ∈ R2 :

∣∣∣[ν]j

∣∣∣ ≤ c2
2 , j = 1, 2

}
and let ν0 = ([ν0]1, [ν0]2)T is some point from Γ2.

Let set in (25) a vector ν = ([ν]1 [ν]2 )T , T is transposition, as follows:

[ν]1 = [ν0]1 + tα[ν0]2, (26)

[ν]2 = λ([ν0]1 + tα[ν0]2), 0 ≤ t ≤ 1. (27)
Then, from definition of Γ2 for any ν0 ∈ Γ2 we have:

|[v1]1| = |[ν0]1 + tα[ν0]2| ≤ |[ν0]1|+ |[ν0]2| ≤ c2,

for any t ∈ [0, 1] .
Now let insert in (25) a functions (26) and (27), then we get:

[Fπz (t)]1 = [ϕ2 (t, z0, u0)]1 + λ

∫ t

0

(t− s)k1−1

(k1 − 1)!
([ν0]1 + sα[ν0]2)ds+ [h2 (t)]1, (28)

[Fπz (t)]2 = [ϕ2 (t, z0, u0)]2 + λ

∫ t

0

(t− s)k2−1

(k2 − 1)!
([ν0]1 + sα[ν0]2) ds+ [h2 (t)]2. (29)

Integral in the right part of (28) may compute directly by applying Newton-Leibnitz formula:∫ t

0

(t− s)k2−1

(k2 − 1)!
([ν0]1 + sα [ν0]2)ds = [ν0]1

tk1

k1!
+ [ν0]2

2k1k1!

(2k1 + 1)!
tk1+α

Integral in (29) is computed similarly.
After simple calculation we have, that

Fπz (t) = ϕ2 (t, z0, u0)− Ω2 (t) [ν0 + h3 (t)] , 0 ≤ t ≤ 1, (30)
where

Ω2 (t) =

(
tk1

k1!
22k1k1!

(2k1+1)! t
k1+α

λ t
k2

k2!
λ22k2k2!
(2k2+1)! t

k2+α

)
,

and h3(t) is continuous function on [0,1] satisfying inequality

|h3 (t)| ≤ c3t
α, 0 ≤ t ≤ 1, c3 > 0 is a constant.

We can prove, like in [25, §4], that if k1 6= k2, then det Ω2 (t) 6= 0 for any t ∈ (0, 1].
Let us show that above mentioned results give the possibility to evader use Lemma 2 on

maneuvering. Each component of a function ϕ2(t, z0, u0) is an element of a linear finite dimen-
sional family of analytical functions Σ2 . Now we can apply to the equation (30) the Lemma 2
by setting there

Σ̂ = Σ2, = 2, Ω (t) =Ω2 (t) , ϕ (·) = ϕ2 (·, z0, u0) , v (·) = Fπz (·) ,

h (.) = h3 (·) , δ = α , ν0 = α0(center of square, giving by Lemma 2).
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|πz (t)| > c4t
k, (31)

where k = max {k1, k2}+ α.
t ∈ (0, θ0] , θ0 > 0 and c4 > 0 are constants.
Now, we will give a way of building of special evasion control, providing local evasion from

terminal set. For a vector ν0 from (26) we can determine corresponding vector v0 ∈ Q as a
solution of equation (23). Then it is recommended to evader to use the admissible special control
function
ṽ (t) = ( v0 + v0 (t)) ∈ DQ with |v0 (t)| ≤ γtα, t ∈ (0, θ0] .
Inequality (31) provides local avoiding trajectory z(t) from terminal set M in time interval

[0, θ0] by using the control ṽ (t) . If t = 0, then |πz (0)| = |πz0| > 0, since z0 ∈ Rn\M, ( π
is the projection on orthogonal complement to M). If t ∈ (0, θ0], then from (31) we get, that
|πz (t)| > 0, which means z (t) /∈M.

Inequality (31) is obtained with assumption that

u (t) = (u (0) + u0 (t))∈ DP , ṽ (t) = v0 + v0 (t) ∈ DQ, t ∈ [0, θ0] ,

If at some moment t1 > 0 (which is not known to the evader), pursuer decides to change
control u(t) on ũ (t) for t ≥ t1 and considering ũ (t) = u (t1)+u0 (t)∈ DQ,where |u0 (t)| ≤ γtα.
In that case we make substitutions: t1 to t0, z (t1) to z0, v1 to v0 , ν1 to ν0 and setting
ṽ (t) = v1 + v1 (t)∈ DQ, where |v1 (t)| ≤ γtα is any function and v1 is the solution of
equation (23), corresponding to ν1(see (25)).

After these substitutions we get inequality

|πz (t)| > c5t
k, t ∈ [t1, t1 + θ1]

providing evasion from M on [t1, t1 + θ1] .
Due to finite number of changes of pursuer’s control u (t) of on the segment [0,1], avoiding

of trajectory of the system (1) is possible firstly on [0,1] and then step by step for all t ≥ 0.
Theorem of evasion is proved.
6. Discussion
6.1. About µ− problem of L.S.Pontrjagin
In the fundamental work [13] the evasion problem was solved by L.S. Pontrjagin when the

pursuer had some geometric advantage in control over the evasion player(evader). He formulated
evasion conditions in one of the following form [13,§1]:
1. Rotation condition
There is no one dimensional linear subspace W 1 ⊂ L such that

πetCQ ⊂W 1 for any small t > 0.

2. Advantage condition
There exists a constant µ > 1 such that

µeπtCP ⊂ πetCQ for any small t > 0.

The Advantage condition contains a constant µ > 1. In 1977 the µ− problem of L.S. Pontr-
jagin was formulated so: is it possible to solve the evasion problem (1) by µ = 1? A number of
researchers started in order to solve the µ− problem of L.S. Pontrjagin in general case, when
players use measurable control functions. But it was shown later, that there were examples when
the problem of evasion was solved with µ = 1 and on the other hand there were also counter
examples.

Some of researchers tried to restrict the possibilities of the pursuer by offering him to use
controls from narrower classes of functions, while the evader could use controls from more wide
classes of measurable functions. With such restrictions Pontrjagin’s µ - problem ( evasion
with µ = 1) was solved in [26-27], where pursuer used inertial controls introduced for the first
time by N.Satimov in [26] and approximately same controls by M.S.Nikolski ĭ in [27] for special
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differential game. The problem of evasion was solved in [26] for all µ > 0 (including case µ =
1).

In this paper for both players the classes of locally inertial controls are introduced, different
from inertial controls [26-27], and in these classes the evasion problem (1), in particular µ−
problem, is investigated and solved for all µ ≥ 0(including µ = 1) .
6.2. Example
In the theory of differential evasion games the main checking example is well known Control

Example of L.S.Pontrjagin [12,§6]. Let us set an evasion problem for it.
Motions of point x (pursuer) and point y (evader) is described by equations

ẍ+ αẋ = ρu, x ∈ Rν , u ∈ Rν , P = {u : |u| ≤ 1}, ρ ≥ 0, α ≥ 0,

ÿ + βẏ = σv, y ∈ Rν , v ∈ Rν , Q = {v : |v| ≤ 1}, σ ≥ 0, β ≥ 0}.

After introducing new variables

z1 = x− y; z2 = ẋ; ; z3 = ẏ; ; z = (z1, z2, z3)T ∈ R3v.

we get equations of linear differential game (see (1)): ż1 = z2 − z3,
ż2 = −αz2 + ρu,
ż3 = −βz3 + σv,

(32)

Terminal set is

M = {z ∈ R3v : z1 = 0}.

It’s easy to check that Assumption 1and 2 of the Theorem of evasion is fulfilled if

1)ν ≥ 2 and σ > 0 (Assumption 1) , (33)

2) ν ≥ 2 and Q contains in some coordinate system (ν1, ν2) ∈ R2 ⊂ Rν . an interval, not
parallel to axis

ν1 = 0 and ν2 = 0 (Assumption 2). (34)

As we can see evasion conditions (33) or (34) do not depend on P , hence they do not have an
influence on ability of evasion of object y from object x, if players use locally inertial controls.

In both cases (33) and (34) the absence of influence of P over Q tell us that µ− problem
of L.S.Pontrjagin is solvable for ν ≥ 2 and any µ > 0 (including µ = 1) .

The conditions ν ≥ 2 and µ > 0 are not enough for solving evasion game (32) by using of
sufficient conditions and methods represented in [1;2;23-27;29-31;34;35].
7. Conclusion
In this work, evasion problem in linear differential games is considered. New classes of control

function, named locally inertial controls for pursuer and evader are introduced. In these classes,
which are used by both players, sufficient conditions for solving of evasion problem are repre-
sented and corresponding theorem of evasion is proved. Conditions of evasion does not contain
any advantage condition of evader’ s control parameters over pursuer’s (in some geometrical
since). This fact allows to solve, in particulary, well-known µ − problem of L.S. Pontrjagin in
the classes of locally inertial controls. Results illustrated by example.

Part of results of this paper was announced in [36] (formulation of Assumption 1 and defini-
tions of locally inertial controls).
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Локалдi-инерциялық басқарумен берiлген сызықты дифференциалдық қашу ойыны

Аннотация: Қуушы және қашушы екi ойыншысы бар сызықты дифференциалдық ойындарда қашу есебi
қарастырылады. Локалдi-инерциялық деп аталатын ойыншыларды басқарудың жаңа класстары енгiзiледi. Бұл
класстарда терминалды жиында жатпайтын кез келген бастапқы позициядан бастап қашу есебi қарастырылады.
Қашудың тиiмдi тексерiлетiн жеткiлiктi шарттары алынып, қашушы ойыншыны басқарудың алгоритмдерi құрылды.
Алынған нәтижелердiң артықшылығы дифференциалдық ойындар теориясында белгiлi мысалдарында көрсетiлдi.

Түйiн сөздер: қашу, қуушы, қашушы ойыншы, локалдi-инерциялық басқару, басқару параметрлерi,
терминалды жиын.
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Линейная дифференциальная игра убегания с локально - инерционными управлениями

Аннотация: Рассматривается задача убегания в линейных дифференциальных играх с двумя игроками,
преследователем и убегающим. Вводятся новые классы управлений игроков, называемые локально-инерционными.
В этих классах управлений решается задача убегания из любой начальной позиции, не принадлежащей
терминальному множеству. Получены эффективно проверяемые достаточные условия убегания и указаны
алгоритмы построения управления убегающего игрока. Преимущества полученных результатов показаны на
известном теории дифференциальных игр примере.

Ключевые слова: убегание, преследователь, убегающий игрок, управление, локально-инерционное управление,
управляющие параметры, терминальное множество.
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атындағы Еуразия ұлттық университетiне мақаласын басуға келiсiмiн және кез келген шетел тiлiне
аударылып қайта басылуына келiсiмiн бiлдiредi.

2. Баспаға (барлық жариялаушы авторлардың қол қойылған қағаз нұсқасы және электронды
нұсқасында) журналдың түпнұсқалы стильдiк файлының мiндеттi қолданысымен LaTeX баспа жүйесiнде
дайындалған Tex- пен Pdf-файлындағы жұмыстар ұсынылады. Стильдiк файлды bulmathmc.enu.kz
журнал сайтынан жүктеп алуға болады.

3. Мақаланың көлемi 6 беттен кем және 18 беттен артық болмауы тиiс. Талап деңгейiнен асқан
жұмыстар редакциялық алқа отырысында қаралып, баспаға ерекше жағдайда ғана рұқсат етiледi.

4. Жұмыстың мәтiнi ХҒТАР (Халықаралық ғылыми-техникалық ақпарат рубрикаторы) кодының
көрсеткiшiмен басталып, кейiн автор(лар)дың аты және тегi, жұмыс орнының толық атауы, қаласы,
мемлекетi, Е-mail-ы, мақаланың толық атауы, аннотациясы көрсетiледi. Аннотация 150-200 сөз
көлемiнде болуы тиiс, сонымен қатар мәтiнде күрделi есептiк формулалар болмауы, мақаланың толық
аты қайталанбауы, жұмыстың мәтiнi мен әдебиеттер тiзiмiнде көрсетiлетiн сiлтемелер болмауы керек.
Аннотация мақаланың ерекшелiктерiн көрсететiн және оның құрылымын (кiрiспе, есептiң қойылымы,
мақсаты, тарихы, зерттеу әдiстерi, нәтижелер және олардың талқылаулары, қорытынды) сақтайтын
мақаланың қысқаша мазмұны болуы тиiс.

Журналдың потенциалды авторлары мақала құрылымы бойынша келесi талаптарды ұстанулары қажет:
- Мақала мәтiнiн түсiнудi қамтамасыз ететiн қажеттi белгiлер мен анықтамалар;
- Мақалада қарастырылатын есептiң қойылымы;
- Қарастырылатын есеп бойынша тарихи мәлiметтер - мақала тақырыбына сәйкес бұрын алынған

нәтижелер кiммен және қашан алынғандығы туралы толық сiлтемелерiмен берiлган ақпарат;
- Кез келген ғылыми жұмыстың ең жауапты бөлiгi ретiнде мақаланың қажеттiлiгi мен өзектiлiгiн

негiздеу;
- Мақалада қойылған есеп шешiмiн нақты тұжырымдау және сипаттау;
- Бұрын белгiлi мәнмәтiнiнде мақала нәтижесiнiң(нәтижелерiнiң) жаңалы?ын егжей-тегжейлi негiздеу;
- Есептiң шешiмi толық негiздеулермен (дәлелдемелермен) жабдықталуы тиiс.
Осы талаптардың ең болмағанда бiреуi сақталмаған жағдайда мақала қарастыруға қабылданбайды.
5. Жұмыстың мәтiнiнде кездесетiн таблицалар мәтiннiң iшiнде жеке нөмiрленiп, мәтiн көлемiнде

сiлтемелер түрiнде көрсетiлуi керек. Суреттер мен графиктер PS, PDF, TIFF, GIF, JPEG, BMP, PCX
форматындағы стандарттарға сай болуы керек. Нүктелiк суреттер кеңейтiлiмi 600 dpi кем болмауы қажет.
Суреттердiң барлығы да айқын әрi нақты болуы керек.

6. Жұмыста қолданылған әдебиеттер тек жұмыста сiлтеме жасалған түпнұсқалық көрсеткiшке сай
(сiлтеме беру тәртiбiнде немесе ағылшын әлiпбиi тәртiбi негiзiнде толтырылады) болуы керек. Баспадан
шықпаған жұмыстарға сiлтеме жасауға тиым салынады.

Сiлтеменi беруде автор қолданған әдебиеттiң бетiнiң нөмiрiн көрсетпей, келесi нұсқаға сүйенiңiз дұрыс:
тараудың номерi, бөлiмнiң номерi, тармақтың номерi, теораманың номерi (лемма, ескерту, формуланың
және т.б.) номерi көрсетiледi. Мысалы: «... қараңыз . [3; § 7, лемма 6]», «...қараңыз [2; 5 теорамадағы
ескерту]». Бұл талап орындалмаған жағдайда мақаланы ағылшын тiлiне аударғанда сiлтемелерде
қателiктер туындауы мүмкiн.

Қолданылаған әдебиеттер тiзiмiн рәсiмдеу мысалдары

1 Воронин С. М., Карацуба А. А. Дзета-функция Римана. –М: Физматлит, –1994, –376 стр. – кiтап
2 Баилов Е. А., Сихов М. Б., Темиргалиев Н. Об общем алгоритме численного интегрирования функций

многих переменных // Журнал вычислительной математики и математической физики –2014. –Т.54. № 7.
–С. 1059-1077. - мақала

3Жубанышева А.Ж., Абикенова Ш. О нормах производных функций с нулевыми значениями заданного
набора линейных функционалов и их применения к поперечниковым задачам // Функциональные
пространства и теория приближения функций: Тезисы докладов Международной конференции,
посвященной 110-летию со дня рождения академика С.М.Никольского, Москва, Россия, 2015. – Москва,
2015. –С.141-142. – конференция еңбектерi

4 Нуртазина К. Рыцарь математики и информатики. –Астана: Каз.правда, 2017. 19 апреля. –С.7. –
газеттiк мақала

5 Кыров В.А., Михайличенко Г.Г. Аналитический метод вложения симплектической геометрии //
Cибирские электронные математические известия –2017. –Т.14. –С.657-672. doi: 10.17377/semi.2017.14.057.
– URL: http://semr.math.nsc.ru/v14/p657-672.pdf. (дата обращения: 08.01.2017). - электронды журнал
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7. Әдебиеттер тiзiмiнен соң автор өзiнiң библиографикалық мәлiметтерiн орыс және ағылшын тiлiнде
(егер мақала қазақ тiлiнде орындалса), қазақ және ағылшын тiлiнде (егер мақала орыс тiлiнде орындалса),
орыс және қазақ тiлiнде (егер мақала ағылшын тiлiнде орындалса) жазу қажет. Соңынан транслиттiк
аударма мен ағылшын тiлiнде берiлген әдебиеттер тiзiмiнен соң әр автордың жеке мәлiметтерi (қазақ,
орыс, ағылшын тiлдерiнде – ғылыми атағы, қызметтiк мекенжайы, телефоны, e-mail-ы) берiледi.

8. Редакцияның мекенжайы: 010008, Қазақстан, Нұр-Сұлтан қаласы, Қ.Сәтпаев көшесi, 2, Л.Н.
Гумилев атындағы Еуразия ұлттық университетi, Бас ғимарат, 402-кабинет. Телефоны: (7172) 709-500
(iшкi 31-428). E-mail: vest_math@enu.kz. Сайт: bulmathmc.enu.kz.
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Provision on articles submitted to the journal
"Bulletin of L.N. Gumilyov Eurasian National University.

Mathematics. Computer Science. Mechanics Series"

The journal editorial board asks the authors to read the rules and adhere to them when preparing the articles,
sent to the journal. Deviation from the established rules delays the publication of the article.

1. Submission of articles to the scientific publication office means the authors’ consent to the right of the
Publisher, L.N. Gumilyov Eurasian National University, to publish articles in the journal and the re-publication
of it in any foreign language.

2. The scientific publication office accepts the article (in electronic and printed, signed by the author) in Tex-
and Pdf-files, prepared in the LaTeX publishing system with mandatory use of the original style log file. The
style log file can be downloaded from the journal website bulmathmc.enu.kz .

3. The volume of the article should not exceed 18 pages(from 6 pages). The article, exceeding this volume is
accepted for publication in exceptional cases by a special decision of the journal Editorial Board.

4. The text of the article begins with the IRSTI (International Rubricator of Scientific and Technical Informa-
tion), then followed by the Initials and Surname of the author (s); full name of organization, city, country; E-mail
of the author (s); the article title; abstract. Abstract should consist of 150-250 words, it should not contain
cumbersome formulas, the content should not repeat the article title, abstract should not contain references to
the text of the article and the list of literature), abstract should be a brief summary of the article content, reflect-
ing its features and preserving the article structure - introduction, problem statement, goals, history, research
methods, results with its discussion, conclusion.

Potential authors of the journal should adhere to the following rules on the structure of the article point by
point with headings:

- The necessary notation and definitions to ensure understanding of the text of the article;
- Statement of the problem, the solution of which the article is devoted to;
- Historical information on the statement of the problem - by whom and when the results were obtained that

preceded the topic of the article with the corresponding full links;
- Justification of the necessity and relevance of the task of the article, as the most critical part of any scientific

work;
- The exact wording and description of the solution to the problem presented in the article;
- A detailed justification of the novelty of the result (s) of an article in the context of a previously known one;
- The solution to the problem should be provided with detailed justifications (evidence).
If at least one of these requirements is not observed, the article is not accepted for consideration.
5. Tables are included directly in the text of the article; it must be numbered and accompanied by a reference

to them in the text of the article. Figures, graphics should be presented in one of the standard formats: PS,
PDF, TIFF, GIF, JPEG, BMP, PCX. Bitmaps should be presented with a resolution of 600 dpi. All details must
be clearly shown in the figures.

6. The list of literature should contain only those sources (numbered in the order of quoting or in the order of
the English alphabet), which are referenced in the text of the article. References to unpublished issues, the results
of which are used in evidence, are not allowed. Authors are recommended to exclude the reference to pages when
referring to the links and guided by the following template: chapter number, section number, paragraph number,
theorem number (lemmas, statements, remarks to the theorem, etc.), number of the formula. For example, "...,
see [3, § 7, Lemma 6]"; "..., see [2], a remark to Theorem 5". Otherwise, incorrect references may appear when
preparing an English version of the article.
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1 Воронин С. М., Карацуба А. А. Дзета-функция Римана. -М: Физматлит, -1994, -376 стр.-book
2 Баилов Е. А., Сихов М. Б., Темиргалиев Н. Об общем алгоритме численного интегрирования функций

многих переменных // Журнал вычислительной математики и математической физики -2014. -Т.54. № 7.
-С. 1059-1077. - journal article

3Жубанышева А.Ж., Абикенова Ш. О нормах производных функций с нулевыми значениями заданного
набора линейных функционалов и их применения к поперечниковым задачам // Функциональные
пространства и теория приближения функций: Тезисы докладов Международной конференции,
посвященная 110-летию со дня рождения академика С.М.Никольского, Москва, Россия, 2015. - Москва,
2015. -С.141-142. - - Conferences proceedings

4 Нуртазина К. Рыцарь математики и информатики. -Астана: Каз.правда, 2017. 19 апреля. -С.7.
newspaper articles

5 Кыров В.А., Михайличенко Г.Г. Аналитический метод вложения симплектической геометрии //
Cибирские электронные математические известия -2017. -Т.14. -С.657-672. doi: 10.17377/semi.2017.14.057.
- URL: http://semr.math.nsc.ru/v14/p657-672.pdf. (дата обращения: 08.01.2017). - Internet resources

7. At the end of the article, after the list of references, it is necessary to indicate bibliographic data in
Russian and English (if the article is in Kazakh), in Kazakh and English (if the article is in Russian) and in
Russian and Kazakh languages (if the article is English language). Then a combination of the English-language

Л.Н. Гумилев атындағы ЕҰУ Хабаршысы. Математика. Компьютерлiк ғылымдар. Механика сериясы, 2019, Том 129, №4

Вестник ЕНУ им. Л.Н. Гумилева. Математика. Компьютерные науки. Механика, 2019, Том 129, №4
138



and transliterated parts of the references list and information about authors (scientific degree, office address,
telephone, e-mail - in Kazakh, Russian and English) is given.

8. Address: 010008, Republic of Kazakhstan, Nur-Sultan, Satpayev St., 2., L.N. Gumilyov Eurasian National
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Правила представления работ в журнал
"Вестник Евразийского национального университета имени Л.Н.Гумилева.

Серия Математика. Компьютерные науки. Механика"

Редакция журнала просит авторов ознакомиться с правилами и придерживаться их при подготовке
работ, направляемых в журнал. Отклонение от установленных правил задерживает публикацию
статьи.

1. Отправление статьи в редакцию означает согласие автора (авторов) на право Издателя, Евразийского
национального университета имени Л.Н. Гумилева, издания статьи в журнале и переиздания их на любом
иностранном языке.

2. В редакцию (в бумажном виде, подписанном всеми авторами и в электронном виде) представляются
Tex- и Pdf-файлы работы, подготовленные в издательской системе LaTeX, с обязательным использованием
оригинального стилевого файла журнала. Стилевой файл можно скачать со сайта журнала bul-
mathmc.enu.kz.

3. Объем статьи не должен превышать 18 страниц (от 6 страниц). Работы, превышающие указанный
объем, принимаются к публикации в исключительных случаях по особому решению Редколлегии журнала.

4. Текст работы начинается с рубрикатора МРНТИ (Международный рубрикатор научно-технической
информации), затем следуют инициалы и фамилия автора(ов), полное наименование организации, город,
страна, Е-mail автора(ов), заглавие статьи, аннотация. Аннотация должна состоять из 150-250 слов, не
должна содержать громоздкие формулы, по содержанию не должна повторять название статьи, не должна
содержать ссылки на текст работы и список литературы, должна быть кратким изложением содержания
статьи, отражая её особенности и сохранять структуру статьи - введение, постановка задачи, цели, история,
методы исследования, результаты с их обсуждением, заключение, выводы.

Потенциальные авторы журнала должны попунктно с заголовками придерживаться следующих правил
по структуре статьи:

- Необходимые обозначения и определения для обеспечения понимания текста статьи;
- Постановка задачи, решению которой посвящена статья;
- Исторические сведения по постановке задачи - кем и когда были получены результаты,

предшествующие теме статьи с соответствующими полными ссылками;
- Обоснование необходимости и актуальности задачи статьи, как самая ответственная часть любой

научной работы;
- Точная формулировка и описание представленного в статье решения поставленной задачи;
- Подробное обоснование новизны результата(ов) статьи в контексте ранее известного;
- Решение задачи должно быть снабжено подробными обоснованиями (доказательствами).
При несоблюдении хотя бы одного из этих требований статья не принимается к рассмотрению.
5. Таблицы включаются непосредственно в текст работы, они должны быть пронумерованы и

сопровождаться ссылкой на них в тексте работы. Рисунки, графики должны быть представлены в одном из
стандартных форматов: PS, PDF, TIFF, GIF, JPEG, BMP, PCX. Точечные рисунки необходимо выполнять
с разрешением 600 dpi. На рисунках должны быть ясно переданы все детали.

6. Список литературы должен содержать только те источники (пронумерованные в порядке
цитирования или в порядке английского алфавита), на которые имеются ссылки в тексте работы. Ссылки
на неопубликованные работы, результаты которых используются в доказательствах, не допускаются.

Авторам рекомендуется при оформлении ссылок исключить упоминание страниц и руководствоваться
следующим шаблоном: номер главы, номер параграфа, номер пункта, номер теоремы (леммы,
утверждения, замечания к теореме и т.п.), номер формулы. Например, "..., см. [3; § 7, лемма 6]"; "...,
см. [2; замечание к теореме 5]". В противном случае при подготовке англоязычной версии статьи могут
возникнуть неверные ссылки.

Примеры оформления списка литературы

1 Воронин С. М., Карацуба А. А. Дзета-функция Римана. -М: Физматлит, -1994, -376 стр. - книга
2 Баилов Е. А., Сихов М. Б., Темиргалиев Н. Об общем алгоритме численного интегрирования функций
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набора линейных функционалов и их применения к поперечниковым задачам // Функциональные
пространства и теория приближения функций: Тезисы докладов Международной конференции,
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2015. -С.141-142. - труды конференции

4 Нуртазина К. Рыцарь математики и информатики. -Астана: Каз.правда, 2017. 19 апреля. -С.7. -
газетная статья

5 Кыров В.А., Михайличенко Г.Г. Аналитический метод вложения симплектической геометрии //
Cибирские электронные математические известия -2017. -Т.14. -С.657-672. doi: 10.17377/semi.2017.14.057.
- URL: http://semr.math.nsc.ru/v14/p657-672.pdf. (дата обращения: 08.01.2017). - электронный журнал

Л.Н. Гумилев атындағы ЕҰУ Хабаршысы. Математика. Компьютерлiк ғылымдар. Механика сериясы, 2019, Том 129, №4

Вестник ЕНУ им. Л.Н. Гумилева. Математика. Компьютерные науки. Механика, 2019, Том 129, №4
140



7. После списка литературы, необходимо указать библиографические данные на русском и английском
языках (если статья оформлена на казахском языке), на казахском и английском языках (если статья
оформлена на русском языке) и на русском и казахском языках (если статья оформлена на английском
языке). Затем приводится комбинация англоязычной и транслитерированной частей списка литературы
и сведения по каждому из авторов (научное звание, служебный адрес, телефон, e-mail - на казахском,
русском и английском языках).

8. Адрес редакции: 010008, Казахстан, г. Нур-Султан, ул. Сатпаева, 2, Евразийский национальный
университет имени Л.Н.Гумилева, учебно-административный корпус, каб. 402. Тел: (7172) 709-500 (вн.
31-428). E-mail: vest_math@enu.kz. Сайт: bulmathmc.enu.kz.



Бас редактор: Н. Темiрғалиев

Жауапты редактор: А.Ж. Жұбанышева

Л.Н. Гумилев атындағы Еуразия ұлттық университетiнiң
хабаршысы. Математика. Компьютерлiк ғылымдар. Механика сериясы.

- 2019. 4(129)- Нұр-Сұлтан: ЕҰУ. 142-б.
Шартты б.т. - 17,75. Таралымы - 20 дана.

Мазмұнына типография жауап бермейдi

Редакция мекен-жайы: 010008, Қазақстан Республикасы, Нұр-Сұлтан қ.,
Сәтпаев көшесi, 2.

Л.Н. Гумилев атындағы Еуразия ұлттық университетi
Тел.: +7(7172) 70-95-00 (iшкi 31-428)

Л.Н. Гумилев атындағы Еуразия ұлттық университетiнiң баспасында басылды


