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Introduction: It is conjectured that the symmetric Hadamard matrices of order 4v exist for all odd integers v > 0. In recent
years, their existence has been proven for many new orders by using a special method known as the propus construction. This
construction uses difference families X, (k = 1, 2, 3, 4) over the cyclic group Z, (integers mod v) with parameters (v; k;, ky, k3 kg A)
where X; is symmetric, X, = X5 and k; + 2k, + k, = v + A. It is also conjectured that such difference families (known as propus
families) exist for all parameter sets mentioned above excluding the case when all the k; are equal. This new conjecture has been
verified for all odd v < 53. Purpose: To construct many new symmetric Hadamard matrices by using the propus construction and
to provide further support for the above-mentioned conjecture. Results: The first examples of symmetric Hadamard matrices of
orders 4v are presented for v = 127 and v = 191. The systematic computer search for symmetric Hadamard matrices based on the
propus construction has been extended to cover the cases v=55, 57, 59, 61, 63. Practical relevance: Hadamard matrices are used
extensively in the problems of error-free coding, and compression and masking of video information.
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Introduction

We fix some notation which will be used through-
out this note. Let X, i=1, 2, 3, 4, be a difference
family (DF) in a finite abelian group G (written ad-
ditively) and let

(U; k]_, k27 k3, k4; ;\')

be its parameter set (PS). Thus v=|G|, |X||=k,; and
Yky(k;— 1) =Mv — 1), where|X|denotes the cardinality
of a finite set X. If ¥k, = A + v we say that this PS is
a Goethals — Seidel parameter set (GSPS) and that
this DF is a Goethals — Seidel difference family
(GSDF). If the X, form a GSDF and we replace one of
the blocks by its set-theoretic complement in G, we
again obtain a GSDF although the parameter set may
change. For that reason we shall always assume that
all the &, <v/2.

Each GSDF in G gives a Hadamard matrix H of
order 4v. For more details about this construction
seee.g.[1, 2]. Briefly, each X, provides a G-invariant
matrix A, of order v, and H is obtained by plugging
the A;into the well known Goethals — Seidel array

A; AR AR AR
~As R A; -RA; RA;
-AsR RA;, A; -RA,|
-A,R -RA; RA, A,

GSA =

We recall that a matrix A = (ax,y) with indices

x, y € G is G-invariant if a,,, . ,=a, for all x,

Y, 2 € G. The matrix R = (rx’y) may be defined by
the formula rx’y:6x+y70, x, y € G, where 0 is the
Kronecker symbol.

For a subset X of G, we say that it is symmetric
if =X = X, and we say that it is skew if G is a disjoint
union of X, —X and {0}. If at least one of the blocks
X, of a GSDF is skew then, after rearranging the X,
so to have X, skew, the Hadamard matrix H will be
skew Hadamard, i.e. such that H + HT = 21, (T de-
notes the matrix transposition, and I, is the identi-
ty matrix of order k).

In order to obtain a symmetric Hadamard ma-
trix H we require that two of the blocks X are the
same and that one of the other two blocks is sym-
metric. A propus parameter set (PPS) is a GSPS
having &, = k; for some i # j. By permuting the &;’s
we may assume that k, = k;and k; > k,. In that case
we say that this PPS is normalized. Note that these
conditions in general do not specify the k;’s unique-
ly. For instance the PPSs (5; 1, 2, 2, 1; 1) and (5; 2,
1, 1, 2; 1) are both normalized but they become the
same if we ignore the ordering of the &;’s.

We say that a GSDF is a propus difference fami-
ly (PDF) if X, = X for some i # j and one of the oth-
er two blocks is symmetric. If the X,’s form a PDF
then, after rearranging the blocks we may assume
that X, =X, and that X, is symmetric. Then we
plugg the corresponding matrix blocks A; into the
so called propus array (PA) to construct a symmet-
ric Hadamard matrix of order 4v. This construction
is known as the propus construction. It has been
first introduced in [3]. For the reader’s convenience
we display the propus array

2 /7 VHOOPMALVIOHHO-YNPABASIOLLVE CUCTEMBI
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~A; AR AR AR
AsR RA;, A; -RA,
AR A; -RA, RA,
AR -RA; RA, A

PA =

Note that PA is obtained from GSA by multiplying the first column by —1 and interchanging the second
and the third rows.

From now on we assume that G =7, a cyclic group of order v, and that v is odd. Under this assumption,
the matrix blocks A; will be circulants. All PPSs for v < 41 are listed in [4] together with the corresponding
PDF’s. There was only one case of a PPS having no PDF, namely (25; 10, 10, 10, 10; 15). Similarly, the cases
41 < v < 51 were handled in [5], and the case v = 53 in [6]. Again there was one exceptional case, (49; 21, 21, 21,
21; 35). In the present note, for each PPS with 51 < v < 63 we exhibit at least one PDF. For more information
on the exceptional cases see [5].

Symmetric Hadamard matrices of orders 508 and 764

The symmetry symbol (abc) written immediately after a PPS shows the symmetry types of the three blocks
X, X, and X,. More precisely, the letter s means that we require that the corresponding block be symmetric,
the letter & is used if we require that block to be skew, and the symbol * is used otherwise. In particular a = s
means that we require X, to be symmetric, a = £ means that we require X, to be skew, and a = * means that no
symmetry condition is irgpposed on Xj.

. The group of units Z, acts on Z, by multiplication. It may happen that there is a nontrivial subgroup H of
Z,, such that some block X, of a PDF is a union of orbits of H. In such case we may specify X; by writing it as
HY,, where Y, is a set of representatives of the H-orbits contained in X.

For v =127 we give five nonequivalent PDF's and for v = 191 only one.

v=127, H={1,19, 107}
(127; 57, 61, 61, 55; 107) (+*s)
X, =H{4,5, 6,9, 12, 15, 23, 24, 30, 33, 36, 39, 45, 52, 58, 59, 60, 64, 66}
X, = H{0, 4, 5, 6, 13, 15, 17, 26, 30, 32, 40, 46, 51, 53, 58, 59, 60, 64, 65, 66, 72}
X, = H{0, 2, 4, 8, 9, 12, 15, 23, 24, 26, 30, 33, 40, 46, 51, 52, 53, 65, 71}

(127; 60, 60, 60, 54; 107) (s**)

X,=H{1,5, 6,11, 18, 15, 16, 17, 20, 23, 24, 29, 32, 45, 46, 52, 58, 66, 71, 72}
X,=H{2,4,5, 11, 12, 15, 16, 18, 22, 23, 29, 33, 36, 39, 46, 51, 52, 53, 60, 71}
X, =H{6, 8, 17, 20, 22, 23, 30, 33, 36, 39, 45, 51, 58, 59, 60, 64, 66, 71}

(127; 60, 60, 60, 54; 107) (*=*s)

X,=H{1,2,3,4,5,6,9,11, 12, 13, 15, 17, 23, 24, 32, 33, 39, 46, 64, 65}
X,=H{2,5,9, 10, 12, 13, 15, 16, 17, 29, 33, 36, 39, 40, 45, 51, 53, 58, 60, 66}
X,=H{1,5,6,10, 11, 18, 16, 17, 20, 23, 30, 32, 45, 58, 64, 65, 66, 71}

(127; 58, 60, 60, 55; 106) (**s)

X,=H{0, 2, 3,4,5,12, 13, 16, 17, 18, 20, 22, 29, 30, 46, 51, 53, 58, 59, 71}
X,=H{8,9, 10, 16, 20, 22, 23, 24, 26, 29, 32, 36, 45, 46, 51, 52, 59, 60, 65, 78}
X, =H{0, 3, 5, 10, 11, 17, 18, 22, 24, 29, 32, 39, 45, 52, 58, 59, 60, 64, 72}

(127; 60, 57, 57, 58; 105) (s%*)

X, = H{2, 4, 6, 10, 12, 13, 15, 17, 23, 24, 26, 36, 40, 46, 51, 52, 58, 64, 71, 78}
X, =H{1, 2, 3, 4, 10, 16, 17, 18, 20, 23, 29, 30, 45, 51, 52, 58, 64, 66, 72}

X, = H{0, 2, 5, 8, 9, 10, 11, 13, 15, 17, 18, 30, 39, 40, 46, 53, 58, 60, 66, 78}

v=191, H ={1, 39, 49, 109, 184}
(191; 91, 90, 90, 85; 165) (s**)
X,=H{0,1,3,4,7,9, 16, 17, 18, 21, 22, 28, 31, 36, 57, 61, 62, 68, 112}

Ne2,2022 N\ VNH®OPMALIVIOHHO-YNPABASIOLLIVIE CUCTEMBI N\ 3



// TEOPETUVHECKAS N NPUKAAAHASI MATEMATVIKA /

X,=H{1, 4, 14, 16, 18, 19, 22, 23, 28, 29, 31, 32, 34, 36, 38, 61, 62, 68}
X,=H{1,2,9,11, 12, 17, 18, 22, 28, 29, 31, 32, 38, 41, 56, 61, 66}

Small orders of symmetric Hadamard matrices

There are several known infinite series of PDFs[3, 7]. We shall use only two of them. The first one is essen-
tially the Turyn series [8] with v = (¢ + 1)/2, g a prime power =1 (mod 4), and all four blocks X; symmetric. The
second one is essentially the series constructed in [9] (see also [7]) to which we refer as the XXSW-series. In
this case v = (¢ + 1)/4, ¢ a prime power =3 (mod 8), and we may arrange the blocks so that X is skew, X, = X3
and X, is symmetric.

In the handbook [10] published in 2007 it is indicated (see Table 1.52, p. 277) that, for odd v < 200, no sym-
metric Hadamard matrices of order 4v are known for

v=23, 29, 39, 43, 47, 59, 65, 67, 73, 81, 89, 93,
101, 1038, 107, 109, 113, 119, 127, 133, 149, 151, 153, 163, 167, 179, 183, 189, 191, 193

The cases v =23 and v = 81 should not have been included. For the case v = 23 see [7]. For v = 81 note that
symmetric Hadamard matrices of orders 4 - 9%, £ > 1 integer, were constructed by Turyn [11] back in 1984.
Moreover, the Bush-type Hadamard matrix of order 4 - 81 = 324 constructed in 2001 [12] is also symmetric.

The propus construction has been used in several recent papers [3, 4-7, 13] to construct symmetric
Hadamard matrices of new orders. By taking into account these results and those from the previous section,
the above list of undecided cases reduces to

v =65, 89, 93, 101, 107, 119, 133, 149, 153, 163, 167, 179, 183, 189, 193.

List of PPSs and PDFs for odd v, 53 <v <63

The following conventions and notation will be used in the listings below. We have Z ={0, 1, 2,
..., V— 1} and recall that v is odd. Let X c Z, and k =|X|. Define X' = X({1, 2, ..., (v — 1)/2}. In particular
Z,={1,2,...,(v-1)/2}.

If X is skew then £ = (v — 1)/2 and

X =X'U(~(Z \ X))
If X is symmetric then

~ X'U(-X"), for k even;
a {0}UX'U(-X"), for k odd.

Hence, a skew X can be recovered uniquely from X'. This is also true for symmetric X provided we know
the parity of k.

For aPDF X, i=1, 2, 3, 4, with normalized PPS (v; &, kg, k3, k4; 1) we always assume that X, = X;. Thus
it suffices to specify only the blocks X, X, and X,. We say that a PPS is exceptional if all the k; are equal. The
following conjecture is implicit in [4—6]. It has been verified there for odd v < 53.

Conjecture 1. For each normalized and non-exceptional PPS (v; ky, ky, k3, ky; A) there exist PDFs with sym-
metry symbols (s**) and (**s).

The list below shows that the conjecture is true also for v = 55, 57, 59, 61, 63.

If a block X, is symmetric or skew, in order to save space we record only X;. As the &, are specified by the
PPS, X, can be recovered uniquely from Xj.

Example 1. For the first PDF below, the symmetry symbol (s**) shows that X| must be symmetric. As
X{=1{5,6,7,9,10,13,15,16,19, 21, 23, 25, 27} we have —X1 ={28, 30, 32, 34, 36, 39, 40, 42, 45, 46, 48, 49, 50}.
As ky = 27 is odd we have X7 ={0}UX; U(-X7).

v=>55
(55; 27, 25, 25, 21; 43) (s**)
X1 =1{5,6,7,9,10,13,15,16,19, 21, 23, 25, 27}

4 7 VHOOPMAUVIOHHO-YMPABASIOLLVIE CUCTEMEI VAR 2,2022
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1,2,3,4,6,9, 10, 14, 17, 19, 24, 26, 29, 30, 34, 37, 38, 39, 40, 41, 47, 48, 52, 53}
,3,4,5,10,11, 12, 14, 16, 17, 18, 19, 21, 22, 24, 30, 36, 43, 44, 46, 47}

(55; 27, 25, 25, 21; 43) (++s)
X, =1{0,4,5,6, 17,9, 10, 12, 15, 20, 21, 24, 25, 26, 28, 32, 33, 34, 38, 39, 41, 44, 45, 51, 52, 53, 54}
X,=1{0,3,5,7,8,9,10, 19, 23, 25, 28, 31, 32, 33, 34, 36, 37, 40, 41, 43, 44, 45, 47, 48, 53}

X} ={2,4,6,9,12,13,18, 19, 20, 23}

(55; 27, 24, 24, 22; 42) (s*+)
X{ ={1,4,6,7,9,11,14, 15,18, 20, 23, 24, 27}

X,=1{0, 4,6, 7,12, 14, 15, 16, 18, 23, 25, 26, 30, 31, 33, 34, 35, 36, 37, 40, 41, 46, 47, 53}
X,=1{0,1, 4, 6, 16, 17, 18, 19, 20, 21, 22, 23, 24, 27, 29, 31, 33, 36, 42, 43, 44, 46}

(55; 27, 24, 24, 22; 42) (¥+s)
X,=1{0,1, 5,8, 10, 12, 15, 16, 17, 24, 25, 26, 29, 30, 34, 37, 39, 40, 41, 42, 44 ,47, 48, 50, 52, 53, 54}
X, =1{0, 10, 13, 14, 15, 16, 17, 20, 21, 22, 24, 26, 30, 31, 33, 34, 35, 41, 43, 44, 47, 49, 50, 53}

X, ={1,6,11,12,13,16,19, 20, 22, 24, 27}

(55; 26, 23, 23, 24; 41) (s+%)
X{ ={1,2,5,8,10,11,13,14, 15,19, 21, 23, 27}

X,={0,2,3,4,5,6,1710, 11, 14, 18, 24, 25, 30, 35, 37, 39, 40, 41, 42, 50, 51, 52}

X, =10, 2,5, 6,8, 14, 16, 19, 20, 21, 22, 24, 25, 28, 31, 32, 33, 37, 38, 40, 45, 47, 49, 52}

(55; 26, 23, 23, 24; 41) (**s)

X,=1{0,2,7,11, 14, 15, 17, 18, 23, 24, 25, 28, 29, 30, 31, 36, 37, 38, 39, 42, 44, 45, 46, 48, 50, 53}
X,=10, 3, 8,12, 13, 14, 18, 19, 23, 26, 33, 34, 36, 38, 42, 45, 46, 47, 48, 49, 50, 51, 52}

X3 ={1,2,7,10,11,13,17,19, 21, 24, 26, 27}

(55; 24, 27, 27, 21; 44) (s%%)
Xj ={6,8,10,13,15,16,18,19, 20, 22, 25, 26}

X,=1{0,2,4,5,8,13, 14, 16, 17, 19, 25, 26, 27, 32, 33, 34, 37, 38, 39, 40, 41, 42, 44, 49, 50, 53, 54}
X, =1{0, 4, 5,8, 11, 12, 13, 16, 18, 20, 22, 24, 31, 33, 34, 36, 37, 41, 42, 44, 51}

(55; 24, 27, 27, 21; 44) (++s)
X, ={0, 3,11, 12, 13, 14, 16, 17, 23, 24, 26, 27, 29, 30, 35, 38, 39, 40, 41, 42, 47, 48, 49, 50}
X,=1{0,1,3,4,5,6,8,9, 14, 16, 18, 21, 22, 27, 28, 32, 35, 36, 37, 39, 43, 47, 49, 51, 52, 53, 54}
X} ={3,5,9,10,14,16,17, 20, 23, 25}

(55; 24, 25, 25, 22; 41) (s%%)
X{ ={1,3,5,6,7,11,14, 15,16, 18, 21, 25}

X,=1{0,9, 11, 12, 14, 17, 20, 22, 23, 24, 25, 26, 27, 30, 31, 33, 37, 38, 42, 46, 47, 48, 49, 52, 54}
X, =1{0,4,5,17,8,11, 12, 16, 18, 19, 21, 24, 25, 26, 28, 34, 35, 39, 41, 43, 53, 54}

(55; 24, 25, 25, 22; 41) (*+s)
X, =1{0,2,3,5,13, 14, 16, 17, 21, 22, 23, 26, 29, 32, 37, 38, 42, 43, 44, 45, 46, 48, 49, 51}
X,=1{0,1,2,3,4, 10, 11, 15, 17, 18, 19, 21, 22, 24, 25, 27, 28, 30, 32, 34, 35, 39, 40, 44, 46}
X} ={2,3,5,7,10,11, 15, 21, 23, 25, 26}

(55; 23, 26, 26, 22; 42) (sss), Turyn series

X1 =1{6,7,10,11,15,17,18,19, 21, 24, 26}
X5=1{1,2,4,8,14,16,17,18,19, 23, 24, 25, 27}
X4 =4{6,7,10,11,15,17,18,19, 21, 24, 26}

v=57, H={1,7, 49}
(57; 28, 28, 28, 21; 48) (s*+)
X{ ={1,2,6,8,10,11,14,16,17, 18, 21, 22, 25, 27}
X,=1{0,2,3,5,6, 711,12, 13, 15, 18, 23, 24, 25, 26, 27, 28, 29, 30, 32, 34, 39, 40, 42, 46, 49, 50, 55}
X,=1{0,1,2,3,5,6,8,9,12,13, 14, 15, 19, 23, 30, 31, 32, 39, 45, 48, 51}
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(57; 28, 28, 28, 21; 48) (k*s), XXSW series

X1 ={2,4,12,13,15, 21, 283, 24, 25, 27, 28}

X,=11,3,5,8,9, 12, 15, 20, 23, 24, 26, 27, 29, 31, 32, 33, 35, 36, 37, 41, 42, 45, 49, 50, 51, 52, 53, 55}
X4 ={1,4,6,13,14,15,19, 20, 21, 26}

(57; 27, 26, 26, 22; 44) (s**), all X, are H-invariant

X;=4{8,6,9,10,11,13,15,19, 20, 21, 23, 24, 26}

X,={4,6,8,9, 15, 16, 19, 23, 25, 28, 30, 31, 37, 38, 39, 42, 43, 44, 45, 46, 47, 48, 50, 51, 55, 56}
X,=1{2,4,6,9, 10, 11, 13, 14, 20, 22, 25, 26, 28, 30, 34, 38, 39, 40, 41, 42, 45, 52}

(57; 27, 26, 26, 22; 44) (+*s)
X, =1{0,8,9, 10, 12, 13, 15, 18, 19, 20, 25, 30, 33, 34, 37, 40, 41, 43, 47, 48, 49, 51, 52, 53, 54, 55, 56}
X,=1{0,4,8,9, 11, 16, 17, 18, 22, 24, 25, 26, 27, 28, 30, 31, 33, 34, 37, 38, 42, 43, 51, 53, 54, 55

X} ={2,4,7,9,11,12,14,17, 21, 23, 28}

(57; 27, 25, 25, 23; 43) (s**), all X, are H-invariant

X1 =1{3,6,9,10,11,13,15,19, 20, 21, 23, 24, 26}

X,=12, 3, 4, 14, 16, 21, 22, 24, 25, 28, 29, 30, 32, 33, 36, 38, 39, 40, 41, 43, 45, 52, 53, 54, 55}
X,=11,2,5,7,10, 13, 14, 17, 19, 24, 29, 30, 32, 34, 35, 36, 38, 39, 41, 45, 49, 53, 54}

(57; 27, 25, 25, 23; 43) (++s)
X, =1{0,1, 7,11, 15, 16, 17, 19, 20, 21, 24, 25, 26, 28, 30, 35, 36, 37, 38, 40, 44, 46, 47, 48, 49, 51, 54}
X,=1{0,1,2,3, 7,10, 14, 17, 19, 20, 23, 26, 31, 32, 34, 36, 37, 38, 41, 42, 43, 44, 45, 46, 49}

X} ={2,4,6,9,10,11,15,16,18, 23, 26}

(57; 25, 25, 25, 24; 42) (sss), Turyn series
X1 =1{2,3,8,9,10,18, 20, 22, 23, 24, 26, 27}
X5={6,7,9,10,14,16,19, 21, 24, 25, 27, 28}
X4 =1{2,3,8,9,10,18, 20, 22, 23, 24, 26, 27}

v=59
The third and the sixth PDF below are taken from [6].

(59; 28, 29, 29, 22; 49) (s**)

X1 =1{1,3,5,8,10,11,13,15,16, 20, 21, 22, 26, 29}

X,=1{0,1,3,7,8,9,10, 12, 13, 15, 16, 19, 21, 22, 25, 27, 29, 34, 35, 36, 37, 38, 39, 40, 44, 51, 54, 55, 58}
X,=10,3,4,5,7,8, 14, 15, 16, 17, 19, 22, 24, 27, 28, 33, 39, 49, 53, 54, 55, 56}

(59; 28, 29, 29,
X,={0,5,6,7,
X,=1{0,1,2,3,
X, ={1,5,7,11,

22; 49) (++3)
8,9, 10, 12, 17, 18, 20, 25, 26, 27, 34, 35, 39, 42, 44, 45, 47, 48, 49, 50, 51, 54, 55, 58}
4,5,6,9,11, 13, 14, 18, 20, 24, 25, 26, 29, 31, 32, 35, 37, 44, 45, 47, 48, 51, 55, 56, 58}
15,16,18, 20, 21, 23, 29}

(59; 27, 25, 25, 26; 44) (s**)

X1=1{2,4,7,8,12,13,15,16,17,18, 20, 23, 29}

X,=1{1, 2,4,5,12, 13, 17, 19, 20, 21, 22, 23, 26, 27, 31, 35, 37, 38, 40, 44, 47, 49, 50, 55, 57}
X,=13,7,12,13, 14, 16, 18, 19, 20, 22, 23, 24, 25, 26, 31, 32, 33, 34, 36, 38, 43, 45, 46, 50, 51, 53}

(89; 27, 25, 25, 26; 44) (**s)

X,=1{0,1,3,5,6,7,8,9, 12, 15, 18, 20, 28, 29, 31, 33, 34, 35, 38, 42, 44, 47, 48, 49, 55, 56, 58}
X,=10,3,4,5,7,10, 16, 21, 22, 24, 25, 26, 28, 29, 32, 33, 34, 38, 39, 40, 41, 43, 48, 49, 52}

X4 ={1,3,5,7,10,12,183,15,18,19, 20, 27, 28}

(59; 26, 28, 28, 23; 46) (s*%)

X;={4,6,10,12,13,15,17, 21, 22, 24, 25, 27, 29}

X,={0,1,4,5,6, 7,10, 11, 12, 13, 14, 17, 21, 22, 23, 27, 33, 34, 36, 37, 39, 41, 42, 45, 52, 55, 56, 57}
X,=1{0,7,9,12, 13, 14, 22, 25, 26, 27, 28, 31, 33, 35, 39, 40, 46, 47, 49, 51, 55, 57, 58}
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(59; 26, 28, 28, 23; 46) (*+*s)

X, =12, 3,10, 12, 13, 14, 16, 18, 19, 26, 28, 29, 36, 38, 39, 40, 42, 44, 46, 47, 49, 50, 53, 54, 55, 57}
X,={4,5,7,11, 12, 16, 17, 24, 25, 26, 27, 28, 29, 33, 34, 37, 39, 40, 42, 43, 44, 45, 47, 49, 51, 53, 56, 58}
X3 ={1,4,5,7,8,11, 14, 20, 25, 28, 29}

v=061, H, ={1, 13,47}, H,={1, 9, 20, 34, 58}
(61; 30, 29, 29, 23; 50) (s**)
X1=1{2,3,8,10,11,13,14,16, 18, 20, 22, 23, 24, 28, 30}

X,=1{0,1,2,4,9, 10, 11, 13, 18, 19, 22, 24, 26, 27, 37, 38, 39, 40, 42, 43, 44, 48, 49, 51, 52, 55, 56, 58, 59}
Xx,=1{0,6,7,8,11, 12, 14, 16, 17, 23, 26, 30, 31, 33, 34, 35, 37, 38, 40, 43, 45, 49, 50}

(61; 30, 29, 29, 23; 50) (*+s)

X,={1,2,5,6,7,8,11,12, 14, 15, 19, 20, 21, 22, 24, 27, 28, 30, 31, 32, 38, 39, 40, 41, 43, 45, 46, 55, 58, 60}
X,=1{0,2,4,8,9, 10, 13, 14, 17, 18, 20, 23, 24, 25, 26, 27, 32, 37, 38, 44, 45, 47, 49, 53, 55, 56, 58, 59, 60}
X4 =1{2,10,13,15,17,18,19, 21, 22, 26, 29}

(61; 30, 26, 26, 26; 47) (s**), all X, are Hy-invariant

X1=1{1,3,4,5,9,12,13,14,15,16, 19, 20, 22, 25, 27}

X,=10,1,6,8,9,11, 12, 20, 21, 25, 26, 28, 30, 32, 34, 37, 38, 42, 43, 44, 47, 51, 54, 57, 58, 59}
X,=10,3,5,6, 21, 23, 24, 26, 27, 30, 32, 33, 39, 41, 43, 44, 45, 46, 48, 50, 51, 52, 53, 54, 59, 60}

(61; 30,
X, =10,
X2 = {01
X3 =12

[\

6, 26, 26; 47) (**s)

,4,5,6,8,9,10,12, 18, 19, 21, 22, 23, 25, 26, 27, 28, 30, 32, 34, 36, 37, 42, 49, 55, 56, 57, 58, 59}
,5,8,9,10, 15, 18, 24, 27, 28, 31, 33, 35, 38, 39, 44, 45, 46, 47, 49, 50, 51, 52, 59, 60}
,6,9,11,14,18,19, 21, 23, 24, 25, 29}

YV \CI\V]

(61; 30, 25, 25, 30; 49) (sss), Turyn series
X1={1,2,6,8,9,12,13,14,15,16,17,19, 24, 25, 28}
X5={1,5,6,8,10,11,12,14, 20, 24, 27, 29}

X4 =4{3,4,5,7,10,11,18, 20, 21, 22, 23, 26, 27, 29, 30}

(61; 30, 25, 25, 30; 49) (k+s), XXSW series
X{ ={3,4,6,13,14,15,16,19, 21, 22, 23, 24, 26, 27, 30}

X, =1{5,6, 8,12, 14, 15, 17, 20, 31, 32, 33, 36, 40, 44, 45, 46, 48, 49, 51, 53, 54, 55, 56, 59, 60}
X, =1{1,3,5,9,10,13,15,16,17, 20, 22, 26, 27, 29, 30}

(61; 28, 28, 28, 24; 47) (s+%)
X{ ={1,4,6,7,8,10,11,14, 19, 20, 22, 26, 28, 30}

X,=1{0,1, 6, 10, 12, 13, 17, 21, 22, 23, 26, 27, 29, 32, 34, 35, 36, 39, 40, 42, 43, 50, 52, 54, 57, 58, 59, 60}
X, =10, 5, 6, 8, 18, 23, 24, 28, 32, 34, 37, 42, 43, 44, 48, 49, 50, 51, 52, 54, 55, 56, 57, 58}

(61; 28, 28, 28, 24; 47) (**s), all X, are H;-invariant

X;=1{0,1,3,4,5,9,12, 13, 14, 15, 18, 19, 27, 32, 34, 39, 40, 46, 47, 48, 49, 50, 51, 52, 53, 56, 57, 60}
X,=1{0,1,2,4,5,7,11, 13, 14, 21, 22, 24, 26, 29, 30, 31, 33, 36, 37, 41, 42, 45, 47, 48, 52, 54, 58, 60}
X4 =1{1,3,11,13,14,16,19, 20, 21, 22, 25, 29}

(61; 28, 27, 27, 25; 46) (s++)

X1=1,2,3,4,5,7,9,11,17,18, 20, 24, 27, 29}
X,=1{0,4,6, 7,11, 12, 15, 18, 19, 21, 26, 30, 31, 32, 33, 35, 36, 41, 43, 44, 45, 48, 49, 51, 52, 53, 54}
X,=10, 4,10, 11, 18, 16, 17, 21, 22, 27, 30, 32, 37, 38, 40, 42, 43, 44, 46, 47, 51, 53, 54, 55, 56}

(61; 28, 27, 27, 25; 46) (+*s), all X; are H;-invariant

X,=1{0, 7,11, 18, 21, 22, 23, 24, 28, 29, 30, 31, 32, 35, 36, 37, 40, 41, 42, 44, 45, 50, 51, 53, 54, 55, 58, 59}
X,=1{1,3,7,8,9,10, 13, 19, 23, 24, 27, 28, 30, 31, 35, 37, 39, 43, 44, 46, 47, 49, 54, 55, 56, 57, 59}

X3 =1{1,38,8,10,13,14,16, 18,19, 20, 22, 25}

(61; 25, 30, 30, 25; 49) (s**), all X; are H;-invariant
X1 ={1,3,8,10,13,14,16,18,19, 20, 22, 25}
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X,=1{2, 6,7, 14, 17, 18, 22, 23, 24, 26, 27, 28, 30, 33, 35, 36, 38, 41, 42, 44, 45, 46, 48, 49, 51, 53, 55, 58,
59, 60}
X,=1{0,1,2, 3, 6, 13, 14, 17, 19, 26, 27, 31, 32, 33, 37, 38, 39, 40, 46, 47, 48, 49, 50, 54, 60}

v=63, H, =11, 4, 16}, H, = {1, 25, 58}
(63; 31, 26, 26, 30; 50) (sss), Turyn series, all X, are Hy-invariant
X1 ={1,3,4,5,7,12,14,15,19, 20, 25, 26, 28, 29, 31}
X5=1{7,8,9,11,14,18,19, 21, 23, 27, 28, 29, 31}
X3 ={1,3,4,5,7,12,14,15,19, 20, 25, 26, 28, 29, 31}

(63; 30, 30, 30, 24; 51) (s**), all X; are H;-invariant

X;={1,2,4,8,9,11,13,16, 18,19, 22, 25, 26, 27, 31}

X,=1{7,9, 11, 13, 14, 15, 18, 19, 22, 25, 26, 27, 28, 30, 35, 36, 37, 38, 39, 41, 44, 45, 49, 50, 51, 52, 54, 56,
57, 60}

X,=15,9, 13,15, 17, 18, 19, 20, 22, 23, 25, 26, 29, 31, 36, 37, 38, 41, 51, 52, 53, 55, 60, 61}

(63; 30, 30, 30, 24; 51) (*+*s), all X; are H,-invariant

X,=18,5,6,9,10,12, 13, 14, 17, 18, 19, 20, 23, 24, 26, 29, 30, 33, 34, 35, 36, 38, 39, 40, 41, 48, 52, 53, 56, 57}
X,=1{3,5,17,9,10,12, 13, 15, 17, 18, 19, 20, 23, 26, 27, 28, 29, 34, 36, 38, 40, 41, 45, 48, 49, 51, 52, 53, 54, 60}
X4 =4{5,7,9,10,14,17,18, 20, 23, 27, 28, 29}

(63; 30, 27, 27, 27; 48) (s*¥), all X; are Hy-invariant

X;={1,5,8,9,11,16,17,18,19, 22, 23, 25, 27, 29, 31}

X,=13,4,7,12, 15, 16, 17, 20, 22, 26, 27, 28, 29, 32, 37, 41, 43, 44, 45, 46, 47, 48, 49, 51, 54, 59, 60}
X,=14,6,9,10, 13, 17, 18, 19, 24, 27, 29, 31, 32, 33, 34, 36, 37, 40, 41, 43, 44, 45, 47, 52, 54, 55, 61}

(63; 30, 27, 27, 27; 48) (**s), all X, are H;-invariant

X,=1{3,6,11, 12, 13, 19, 22, 23, 24, 25, 26, 27, 29, 30, 33, 37, 38, 39, 41, 43, 44, 45, 46, 48, 50, 52, 53, 54,
57, 58}

X,=1{3,11, 12, 13, 14, 15, 19, 22, 25, 26, 31, 35, 37, 38, 41, 43, 44, 46, 48, 50, 51, 52, 55, 56, 58, 60, 61}
X3 ={1,4,7,9,14,16,18, 21, 22, 25, 26, 27, 28}

(63; 29, 31, 31, 24; 52) (s%+)

X{ ={2,3,5,8,9,10,12,15,16, 22, 24, 26, 28, 31}

X,={0,1,2,3,4,6,7 8, 10, 11, 12, 15, 20, 23, 24, 28, 29, 30, 31, 34, 40, 42, 43, 45, 49, 50, 52, 58, 59,
60, 61}

X, =1{0,2,8,9, 10, 12, 15, 16, 20, 25, 26, 30, 33, 34, 37, 39, 45, 46, 48, 50, 57, 60, 61, 62}

(63; 29, 31, 31, 24; 52) (++s)

X, ={1,2,3,11, 15,18, 19, 21, 22, 26, 27, 28, 29, 30, 33, 34, 35, 36, 38, 39, 45, 48, 49, 51, 52, 55, 59, 60, 61}
X,=10,2,3,5,10,11, 17, 18, 19, 21, 23, 24, 28, 30, 32, 36, 37, 38, 39, 40, 41, 42, 43, 45, 46, 48, 51, 52, 53,
56, 62)

X} =1{2,6,10,11,12,14,17, 20, 22, 25, 27, 29}

(63; 27, 31, 31, 25; 51) (s*+), all X, are Hy-invariant

X1=1{2,38,7,8,10,12,14,15, 21, 23, 28, 29, 31}

X,=1{3,6, 7,11, 12, 13, 14, 19, 22, 23, 24, 25, 26, 28, 29, 33, 35, 37, 38, 41, 42, 43, 44, 46, 48, 49, 50, 52,
53, 56, 58}

X,=13,5,12,13, 15, 17, 19, 20, 22, 23, 25, 26, 29, 30, 37, 38, 39, 41, 42, 48, 51, 52, 53, 57, 60}

(63; 27, 31, 31, 25; 51) (*+*s)

Xx,=10,1,2,3,4,6, 7,10, 11, 12, 15, 19, 23, 25, 28, 31, 32, 39, 40, 47, 49, 51, 52, 53, 58, 59, 62}
X,=1{0,1,6,7,9, 10, 13, 14, 16, 18, 19, 23, 24, 28, 30, 35, 37, 38, 40, 41, 43, 44, 46, 47, 48, 49, 50, 54, 59,
61, 62}

X} =11,2,4,6,10,14,16,17,19, 21,27, 28}

(63; 27, 29, 29, 26; 48) (s**), all X, are Hy-invariant
X1={1,2,3,5,10,12,13,15,19, 21, 25, 29, 31}
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X,=1{2,7,9,10, 13, 14, 18, 20, 21, 26, 27, 28, 29, 32, 35, 36, 40, 42, 44, 45, 49, 50, 52, 53, 54, 55, 56, 59, 61}
X,=14,78,9,11, 16, 17, 18, 20, 21, 22, 23, 26, 28, 29, 32, 36, 37, 41, 42, 43, 44, 46, 47, 49, 59}
(63; 27, 29, 29, 26; 48) (*+*s)
1,3,5,6, 8,9, 12, 15, 17, 21, 25, 26, 27, 28, 29, 31, 35, 36, 41, 43, 46, 48, 53, 54, 57, 61}
X,={0,2,3,5,9, 10, 21, 25, 26, 27, 28, 30, 31, 33, 34, 35, 41, 42, 43, 44, 45, 46, 49, 53, 54, 55, 57, 59, 60}
X, ={1,3,4,10,11,14,16, 18, 20, 23, 26, 27, 31}
In the case v = 57 our list contains two PDFs having different parameter sets and sharing the same sym-
metric block. The same is true for v = 61.
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// TEOPETUVHECKAS N NPUKAAAHASI MATEMATVIKA /

YIK 004.438
doi:10.31799/1684-8853-2022-2-2-10

HeROTOpLIe HOBBI€ CHMMETPUYHbIEe MAaTPHUI[bIL AnaMapa

Ixoxosuy II. 3K.2, TokTOp HAYK, mpodeccop, orcid.org/0000-0002-0176-2395, djokovic@uwaterloo.ca
ayuuBepcurer Barepioo, kadenpa reopeTnyecKoit mareMaTuky u MHCTUTYT KBAaHTOBBIX BRIUMCIEHUI, Barepiioo,
Onrapuo, N2L 3G1, Kanaga

Bremenue: nmpejmosaraeTcs, 4To CAMMETPUYHBIE MATPUIILI AflaMapa IopsiaKa 4v CYIecTBYIOT IJIs BCeX HeUeTHBIX IeJIBIX uncea v > 0.
B nocienuue roAbl HX HaIu4Yne OBLIO JOKA3AHO AJIS MHOTMX HOBBIX IIOPAJKOB C IIOMOIIBLIO CIIEIIUAaTILHOIO MEeTOa, N3BECTHOI'O KaK KOH-
CTPYKIUA Npomyc. B aTol KOHCTPYKIIMY MCIOJIB3YIOTCA Pa3HOCTHBIE ceMetictBa X, (k =1, 2, 3, 4) Hax NUKINUYECKO rpynnoii Z, (mesbie
YmCJIa 0 MOAYJIIO V) ¢ Tapamerpamu (v; By, Ky, k3, k43 A), Tne X cummerpuuno, Xy = Xgu ky + 2ky + k,=v + L. Takske npeamnosaraercs,
YTO TaK¥e Pa3HOCTHBIEe ceMelcTBa (18BeCTHBIE KaK IPOIIYC-CeMeHCTBa) CYIIeCTBYIOT 418 BCeX HaOOPOB TapaMeTpPOB, YIIOMAHYTHIX BEHIIIE,
3a MCKJIOUYEeHUEeM CIydas, KorjJa Bce k; paBHBI. JTa HOBasA MUIIOTe3a Oblyla IpoBepeHa 1A BceX HeueTHBIX U < 53. Ilean: moCcTPOUTH HOBBIE
CUMMEeTPUUYHBIE MATPUILI AlaMapa, UCIOIb3YA KOHCTPYKIUIO IPOIYC, M 00ECIeUYUTh JabHeNIIee MOATBEDIKACHNE BhIIIEYITOMIHYTON
runoresbl. Pe3yabpTaThl: IpecTaB/IeHbl IePBble IPUMePhl CAMMETPUYHBIX MaTpuIll AxamMapa mopAaKoB 4v ajis v =127 u v =191. Cucre-
MaTUYECKUUA KOMIIbIOTEPHBINA IONCK CUMMETPUYHBIX MaTpul, Azamapa, OCHOBaHHBIM HA KOHCTPYKI[UU IIPOIYC, ObLJI PACIINPEH Ha Caydan
v=>55,57,59, 61, 63. IIpakTHueckasa 3HAYNMOCTbh: MATPUIILI AfaMapa IIMPOKO UCIOJIb3YIOTCA B 3a/jauax 0e30IINO0YHOI0 KOAUPOBAHU A
¥ CIKATHA U MAaCKUPOBAHUSA BUAEONH(DOPMAIIUY.

KuroueBsie ciioBa — CUMMeTPUYHBIE MATPULIBI AgamMapa, KOHCTPYKIIHA IIPOITYC, PASHOCTHBIE CeMeHCTBA IPOILYCOB.

s quruposanus: Dokovi¢ D. Z. Some new symmetric Hadamard matrices. Hugopmayuonno-ynpasisiouue cucmemot, 2022, Ne 2,
c. 2-10. doi:10.31799/1684-8853-2022-2-2-10

For citation: Pokovi¢ D. Z. Some new symmetric Hadamard matrices. Informatsionno-upravliaiushchie sistemy [Information and
Control Systems], 2022, no. 2, pp. 2-10. doi:10.31799/1684-8853-2022-2-2-10

DduHaAHCOBASA MOIEPKKA
Uccaenoraunne uactuuno nogaep:xano SHARCNET (http://www.sharcnet.ca) u Compute Canada (http://www.computecanada.ca).

YBAXXAEMbIE ABTOPbDI!

Hayunasa saextponnas 6ubamorexa (HOB) mpomosxaer paboTy mo peaimsalul IPOEKTA
SCIENCE INDEX. Ilocie Toro xax Bbl 3apeructpupyerech Ha caiite HOB (http://elibrary.ru/
defaultx.asp), 6yzer cosmana Bara iuuHas CTpaHUYKA, COAEPIKaHUe KOTOPOU COCTABAT HE TOJBKO
Bainu nepconasibHBIE JaHHBIE, HO U IIePeUeHb Bcex BaIllimx mevyaTHBIX TPYAOB, HMEIOIIUXCA B 6a3e
mauuabIX HOB, BKIOUAs quccepTaIiny, TaTEHTHI U TE3UCHI K KOHMDEPEHITNAM, a TAKKe CPaABHUTEIb-
Hble nHAeKcHl rutupoBauusa: PUHIL (Poccuiickuit mHAEKC HayYHOrO IMUTHUPOBaHUs), h (uHIEKC
Xupiira) or Web of Science u h ot Scopus. ITocie cosmanusa 6azoBoro BapruauTa Barieii mepcoHab-
HOWU cTpaHuIbl BeI TOJIyynTe KO JOCTYIAa, KOTOPHII O3BOJIUT BaM pefaKTUPOBATh HHMOPMAIIUIO,
moMorasi co3ZilaBaTh MaKCUMaJIbHO O0beKTUBHYIO KapTUHY Baleil HayYHO! aKTUBHOCTUA U I[UTH-
poBaHus Bamux TpyaoB.
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\_OBPABOTKA UHPOPMALWU U YIPABAEHVE I

YK 623.4.016
doi:10.31799/1684-8853-2022-2-11-19

BbiOOp 3aJaHHOIr0 KOCMMYECKOro 00 beKTa U3 MHOXKeCTBa
HabniogaemMbixX cneyMan3MpoBaHHbIM KOCMUYECKUM
annapaTom

B. H. ApceHbeB?, [OKTOP TexH. Hayk, npogheccop, orcid.org/0000-0001-6424-5320, vladar56@mail.ru
A. A. iBpeHKnH?, KaH[. TeXH. HayK, foLeHT, orcid.org/0000-0003-2089-7460
aBoeHHO-KocMuYeckas akagemums um. A. @. Moxarickoro, XXgaHoBckasi Hab., 13, CaHkT-NeTepbypr, 197198, P®

BBegeHue: /151 06HapyXeHUs1 B OKOJI03EMHOM KOCMUYECKOM MPOCTPaHCTBe Hanbosiee ornacHbIX 00 bEKTOB MCKYCCTBEHHOIO
npoucxoxaeHusi (KocMu4eckoro Mycopa) naaHupyeTcs UCrosib30BaTh CreLynann3npoBaHHble KOCMUYECKME annapaThbl, OCHa-
LL{eHHbIE OMTUKO-3JIEKTPOHHbIMU CPEACTBaMU. B ¢Bs3n ¢ aTum Bo3HMKIa npobnema Bbibopa Hanbosee onacHoro o6bekTa us
MHOXecTBa Habir4aeMbix M0 pe3ynbTaTaM U3MEePEHUI XapaKTePU3YHLLUX UX HEOL4HOPOAHbIX CENEKTUBHbIX MPU3HaKoB. Lienb:
cghopMumpoBaTb KOMIMIEKCHbIN Be3pa3MepHbIN NoKasaTe b, 3aBUCALLMI OT KOJIMYECTBa M KavecTBa M3MepUTEIbHON MHGhopMa-
Luu o HabnofaeMblX KOCMUYECKMX 0OBEKTAX, U peLlatoLee NpaBusio BbiGopa Hambosiee onacHoro o6bekTa, obecrneunBaroLee
MaKCUMasibHyt0 BEPOSITHOCTb MPUHSATUS NPAaBUIIbHOTO peLleHns. Pe3ynbTaTbl: NpefsioxXeH METos Bbibopa Haubosee ornacHoro
KOCMMYECKOro 00beKTa Mpu orpaHnyeHHbIX 06beMax U3MepuTeIbHON MHGopMaLmm 0 (hU3nIeckn HEOHOPOAHbIX CENEKTUBHbIX
MpUsHaKax KOCMUYecKux 06 beKTOB, HaX0AALLMXCS B HabJI0faeMOoi crieynanmn3npoBaHHbIM KOCMUYECKUM annapaTom obnacTiu.
Mpy 3TOM M3MepUTeNbHbIE AaHHble 06 OTAENbHbIX CENIEKTUBHbIX MPU3HaKaxX KOCMUYECKUX OOGBEKTOB MOTYT OTCYTCTBOBATb.
[MpennoxeHHoe peluaroliee npasusio Ass Bblbopa Hanbosee onacHoro KOCMUYeCKoro 06bekTa yYnTbiBaeT He TOJIbKO MorpeLL-
HOCTH, HO M KOJIMYECTBO U3MEPEHMII CENIEKTUBHBIX MPU3HAKOB Kaxgoro 06bekTa. Ha akTyasibHOM MpuMepe npogeMOoHCTPUpo-
BaHa paboTocrnocobHocTb MeToAa. MpaKTuyeckas 3HaYMMOCTb: NPOCTOTA ONpeAeeHNs] KOMIMIEKCHbIX MoKa3aTenel, XxapakTe-
pUBYIOLLMX KOCMUYECKUE 0OBEKTbI, Haxo4sLmecs B 061acTv HabnoA4eHUs CreLnanm3upoBaHHOro KOCMUYECKOoro annapara, 1
peLuarowiero npasuna Bolbopa Hanbosee ornacHoro o6beKkTa, MO3BOJIAET pelwaTh 3Ty 3afady Ha 60pTy crieynann3npoBaHHOro
KOCMMYECKOro annaparta B peaslbHOM MacluTabe BpeMeHH.

KnioueBble cnoBa — Hanbosiee onacHbIf KOCMUYECKNIA 06 bEKT, CeNIEKTUBHbIE NPpU3HaKu, CITEL[MaﬂMSMpOBaHHbIﬁ KOoCMu4ye-
cKui annapar, Haﬁﬂl'O,quVle, KOMIIEKCHbIN noKa3aTesib.

s uutupoBanusa: ApceabeB B. H., Axpenkun A. A. Bei6op 3aJaHHOTO KOCMUYECKOTI'0 00'bEKTa U3 MHOYKECTBA HAOJIIOLaeMbIX CIEII-
aJMBUPOBAHHBEIM KOCMUUECKUM ammnaparoM. Hugopmayuonno-ynpasaaiowue cucmemvt, 2022, Ne 2, ¢. 11-19. doi:10.31799/1684-8853-
2022-2-11-19

For citation: Arseniev V. N., Yadrenkin A. A. Selection of a given space object from the multitude observed by a specialized spacecraft.
Informatsionno-upravliaiushchie sistemy [Information and Control Systems], 2022, no. 2, pp. 11-19 (In Russian). doi:10.31799/1684-

8853-2022-2-11-19

Bsenenue

B Hacrosllee BpemMs B OKOJIO3eMHOM KOCMUUe-
CKOM ITPOCTPAHCTBE CKOIUJIOCH OOJIBIIIOE KOJIUYe-
cTBO KocMuuecKux o0beKToB (KO) ncKyccTBEHHOTO
OpoucxoKIeHnsA (PYHKIMOHUPYIOIe U oTpado-
TaBiime KocMmuueckme amnmapatel (KA), pasron-
HbIe 0JIOKHU, MOCJIeJHUE CTYIIeHU PaKeT-HOCUTeJIeid,
(dparmeHTH, OOpas3oBaBIIMECA IIPU PA3PYIIEHUN
OTHeNbHBIX 00beKTOB) [1, 2]. OHU peaCTaBIAIOT pe-
AJBHYIO YIPO3y QYHKIINOHUPYIOIINM KOCMUYECKUM
annaparam [3]. Jaa obHapy:keHUA W HAOIIONeHUA
KO B 1mensax mporLo3supoBaHUA OIMACHBIX CUTYaIlHA
TPOBOAUTCA MOHUTOPUHT KOCMUYECKOTO IIPOCTPAH-
CTBa C MCIIOJIb30BAHUEM HAa3eMHBIX CPEACTB HabJII0-
eHUA, BXONAIINX B ABTOMaTHU3UPOBAHHYIO CHCTE-
MY IpeayInpeskaeHns 00 OMaCHBIX CUTYaIlUIX B OKO-
JoseMHOM KocMmmueckoM mpoctpaucTBe (ACIIOC)
[4]. HacTuuyHO 3TU ’Ke BOIIPOCHI peIaeT 06bHenu-
HEeHHasdA CUCTeMa aspoxKocMuueckoil oboporbr CIITA
u Kamager NORAD (North American Aerospace
Defense Command) 1 cucTeMbl HEKOTOPBIX IPYTHUX

crpaH [5]. B nepcunexkTuBe B MexayHAPOAHON aspo-
KOCMHUECKOIH cHucTeMe IVI00aJIbHOTO MOHUTOPHUHTA
(MAKCM/IGMASS) [6] mapaiieJbHO ¢ Ha3eMHBIMU
cpelcTBAMU IIJIAHUPYETCSI MCII0JIb30BaTh KOCMUUYE-
CKUI CErMEHT, BKJIIOUAIOIINI I'PYIIIIUPOBKY cIelina-
JU3UPOBAHHBIX KocMuueckux amnmnaparoB (CKA), oc-
HAINEHHBIX PA3JUYHBIMU CPEICTBAMU HaOIIOMeHU T
(OIITUKO-9JIEKTPOHHBIMY, PAAMOJOKAIIUOHHBIMU U
ap.) [7].

Cocrosuue Kaxxknoro KO xapakrepusyeTcs HEKO-
TOPBIM HAOOPOM B 00IIEM CJIyUae PasJIUUHBIX II0 CBO-
el pusmuecKoil Ipupoje ceJeKTUBHBIX IPU3HAKOB,
cofiepsKalluX 0 HeM KOOPAMHATHYIO U HEKOOPAMHAT-
Hyto mHpopMmarnuio [8]. IIpusHaxku, xXapaKTepusy-
e Tpaekrtopuio neuskeHusa KO, mpencTaBiasioT
KoopauHaTHYI0 wuH(popManuo. HeKoopauHaTHYIO
uHGOPMAINIO Ta0T IPUBHAKY, XapaKTePUIYIOIue,
HampuMmep, reomerpudeckyno Gopmy KO, pasmeps,
XapaKTEePUCTUKU COOCTBEHHOT'O WJIM OTPAKEHHOTO
U3JyyeHusA U AP. KOHKpeTHble 3HAUEHUs IIPU3HAa-
koB 0 KO, monaBsiiux B 061acTh, Habaogaemyio CKA
(o61acty HabmomeHus CKA), MOTyT mocTymaTrh u3-

Ne2,2022 N\

VNH®OPMALIVIOHHO-YNPABASIOLLIVIE CUCTEMBI N\ 1



7/ OBPABOTKA NH®OPMALIV V1 YIIPABAEHVE /

BHE UJIU ’Ke, eCJIU TO3BOJSIOT ero U3MEPUTEIbHBIE
cpencTBa, ompeaeasaThbcsa Ha 6opry. Ilpu sTom, Kak
IpaBUJIO, UMeeTCsA MHAOPMAIUA O CEeJEKTUBHBIX
npusHakax KO, IpencTaBisioniero HambOOJBIIYIO
yIpo3y AJs QYHKIIMOHUPYIOIUX B €T'0 OKPECTHOCTHI
KA.

ITockonbKy B Ipollecce MOHUTOPHUHIA KOCMUUE-
CKOIT 00CTaHOBKU B 00JacTh, Habmiogaemyio CKA,
MOT'YT OJHOBPEMEHHO IIoIajaTh HecKoJabKo KO, To
BOBHUKAET HEOOXOAMMOCTH BBIOOpA M3 STOTO MHO-
JKecTBa O0BEKTAa, IIPEACTABJIAIOIIEr0 HAMOOIBIIYIO
yrposy. B saBucmMoCTH OT cocTaBa CEJIEKTHUBHBIX
IPU3HAKOB U BUla METPUKY, HA OCHOBE KOTOPOI IIPU-
HUMaeTCs pellleHre 0 Haubojiee OIMacHOM KOoCMUYe-
ckoM 00bexTe (HOKO), KaK mpaBUJIO, UCIIOIB3YIOTCS
0011111e MEeTObI pelteHus fanuoi 3agauu [9, 10]. B To
JKe BpeMsdA MMeeTCsA PAJ HOBBIX IOIXOI0B K PEIIeHNI0
OTHEeJIbHBIX YACTHBIX 3aa4 BbIOopa. Tak, HapuMmep,
B pabore [11] gia ceseKuy 00'BEKTOB UCIIOIB3YIOT-
cA TOJIBKO TeOMeTPUUeCcKre NPUSHAKY U KPUTEPUU.
B crarbe [12] g onpenesieHnA OpOUT KOCMUYECKOT'O
Mycopa Ipe[jaraeTca MCIOJH30BaTh ONTHUMAJIbHBIE
TPYINUPOBKU KyOCATOB C ONTHUUYECKUMU JaTUMKa-
mu. Pabora [8] Taxk:ke cBABaHA ¢ ompeneeHUEM IIa-
pamerpoB aBu:KeHUsA KO ¢ IIOMOIIIBIO OIITUKO-3JIEK-
TPOHHBIX CPEACTB KOCMHUYECKOro 0asvMpOBaHUSA Ha
COJIHEUHO-CUHXPOHHOI opbuTe. ABTOp pador [13, 14]
paccMaTpuBaeT B KauecTBe MPU3HAKOB KOHCTPYK-
TuBHBIE ocobeHHOCTM KO M BEPOATHOCTHOE OImca-
HUe aHaJIu3UPyeMoil 00CTaAHOBKHU, a IJIA MPUHATUS
peiteEnsa — 06aiieCOBCKUI IIOAXOA C AAIUTHUBHOI
(byHKIUEl ToTeps JU00 AUCKPETHOE BEHBIET-TIPE06-
pasoBaHue. Crarba [15] mocBsmnieHa pacro3HaBaHUIO
OpOUTANBLHBIX 00BEKTOB C IIOMOIIILIO 3BE3THBIX IaT-
YUKOB, PACIOJIOKEHHBIX Ha OOPTY CIIYyTHUKA, U CIIe-
IUAaJIbHOTO aJITOPUTMA [JIA CO3MaHUA 0ashl JaHHBIX
¢ mocJIeayioinei ux o0paboTKoI Ha 3eMmie. B pabore
[16] rnaccudurausa o6 bEKTOB OCYIIECTBIAETCSI HA
OCHOBE COBMECTHOII OOpPabOTKM TPAEKTOPHOIN M II0-
JASPU3ANMOHHON uHQOpPMAIuu. ABTOPHI JOKJIama
[17] B KauecTBe mpu3HAKa MCIOJIb30BAJIU OTHOIIIEHIE
CUTHAJI/IIYM, a AJIs Pa3JININMOCTA 00BEKTOB — KO-
3G GUIIMEHT PAHT0BOM Koppeadanuu. [[Jia ooHapyKe-
HudA Qarra paspymenus KO Ha opbute B padore [18]
CPaBHUBAIOTCS cpenHmre 3HaueHuA ero 3p(eKTUBHOMI
TOBEPXHOCTH PacCeAHUA Ha CMEKHBIX BPEMEHHBIX
uHTepBaaax. B crarbe [19] u noxkaazne [20] B KauecTBe
nHGOPMATUBHBIX IPU3HAKOB UCIIOJIb3yEeTCA HEKOOP-
IUuHaTHaA uHGOPMAIUA: PaHTH, TUIyOUHA, ITOJOKe-
HUe I[eHTPa TSAMKECTH M MOMEHTHbBIE XapaKTepUCTU-
KU PaJUOJIOKAIIMOHHBIX MOPTPeToB. PacriosHaBanue
OCYIIECTBJIAETCA MYyTeM [ABYXOTAIITHOTO CPaBHEHUS
arpermpoBaHHON nHMopManmu. ABTOpHI cTathu [21]
[UIS PacIlio3HABAHUSA O0'HEKTOB HCIIOJB3YIOT KOMIIO-
3uNui0 6aieCcOBCKOT0 M HEMpOoceTeBOro KJaccudu-
KaTopoB U MHMOPMAITUIO 0 N300paKeHuAX 00'HLEKTOB
B PasJINYHBIX CIIEKTPAJbHBIX AUAlladoHax. B pabore
[22] cenexknua KO ocyiiecTBiigeTca Mo KOOPAUHAT-

HBIM ¥ HEKOOPIWHATHLIM IIPU3HAKAM Ha OCHOBE KpU-
Tepus OTHOIIEeHUA IpaBaononoous. Mero, mpemso-
skeHHBIN B [10], TaKkKe MO3BOJIAET KOMILJIEKCUPOBATH
OTPAaHUYEHHYIO PA3HOPOAHYIO MHMOPMAINIO IIPU pe-
mieHuu 3agaun cesieknuu KO.

YacTh 13 paCcCMOTPEHHBIX BBIIIE ITOAXOI0B K pe-
IIIeHWI0 3ajJauul BbIOOpa TpedyeT HAJIWUUA OOCTa-
TOYHO O0'EMHON M3MEPUTEJNHLHON M (WMJIM) amrpuop-
HOUM MH(pOpPMAaIlMU WM HEeMAaJbIX 3aTpaT BpeMeHH Ha
HaKomjIeHue u obpaboTky mamubIX [13-16, 21, 22].
HekoTopble M3 HUX IIPeANOJaraioT MCIIOJb30BaTh
TOJBKO OAWH THUN HHMOpMAIUU (KOOPAUHATHYIO
unm HexkoopamHaTHyM0) [11, 17-20]. Ona peanusa-
IIUY METOAOB, TPEJJIOKEHHBIX B paborax [8, 12],
HeoOXOAMMO HUMEeThb CIIelHAaJbHbIE TI'PYIINPOBKU
COYTHUKOB. BOBHUKAIOT TaKiKe HEKOTOPHIE CI0MKHO-
CTU IPUMEHEeHUs MeToJa PelleHus 3aJauu BeIOopa,
paccmoTpenHoro B pabore [10], B cayuyadax oTInmumsa
00beMOB M3MEPEeHUHN OMZHOTUIIHBIX CEJIeKTUBHBIX
npusHaxkoB HabaogaeMbrx KO.

B cBsA3U ¢ OTMEUEHHBIMU 3aMeUYaHUAMU TIpeasia-
raeTcs PacCMOTPETh CJAeAVIOIIYI0 3aJauy.

ITocranoBKa 3amauu

B HexoTOpoOIi 06JIaCTH KOCMUYECKOr0 IPOCTPaH-
cTBa HaxoauTcsa R KocMHUUYeCKHX OOBEKTOB, 3a KO-
TopeiMu Befer Habmomenue CKA. Kaxpgeiii KO
XapaxKTepusyeTrcsa N He3aBUCUMBIMHU, CJIyYalHbI-
MU ¥, B 00IleM ciaydae, (GpU3UUYECKU PASHOPOIHBI-
MU CeJIEKTUBHBIMEH mpusHakamu X;, i=1, n. Bce
IpUBHAKK paclpefesieHbl 110 HOPMAaJbHOMY 3aKO-
HY W HMEIOT M3BECTHBIC IUCIIEPCUU DXi’ i=1, n,
XapaKTepu3yIoIllie IIOTPEITHOCTH UX WU3MEePeHMN.
MareMarnyecKkre OKUIAHUSA IIOIPEIIHOCTEN M3Me-
PpeH’ii moaaraTCsa HYJIEeBbIMU.

Cpeau HabJIOZaeMbIX OO0OBEKTOB HAXOMUTCS
HOKO, mpexacraBiadmominii yrpo3dy (QyHKIIMOHUPY-
IOIIUM B paccMaTpUBaeMoii 00J1acTU KOCMHUYECKO-
ro npocrpaHcTBa KA. Ero celekTuBHBIe IPUSHAKYU
XHOKOi> =1, N, U3BECTHHI.

IIpoBemeHbl M3MePEHUA IPU3HAKOB, XapaKTepu-
3YIOIIUX BCe 00'beKTHI, HaXoAAIuecs B 00J1acT Ha-
omtogernus CKA. IlonryuenHas maMepuTeabHasa WH-
dopmMaIus mpeacTaBIeHa MHOMKECTBAMU

X, =D, i=1,n,j=1, N|, r=1, R,

i () xl(]r ) 3HaUeHWe i-TO MpU3HAKa 7I"TO0 O00BEK-
Ta Xi(r), TIOJIyYeHHOE IIPU €ro j-M WU3MEPeHUN;
Ni(r) >0 — umca0 M3MepeHuH i-To mpUsHaKa 7I'-T'o
o0BeKTa.

B manbmeiitem ciyuaiHble BeJIMYNHBI 0003HAUA-
IOTCS TPONMUCHBIMEU OYyKBaMM’, a UX Peau3aliuud —

COOTBETCTBYIOIINMMHU CTPOUYHLIMY OYKBaMMU.
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Heob6xogumo n3 mHOo:KecTBa HabaogaeMmbix CKA
00'bEeKTOB BEIOpPATh HaMO0JIee OIIaCHBII.

1 pemieHUA 5TOH 3aKaum AJIA KasKJ0T0 HaOJI0-
maemoro KO BBoAUTCS KOMILJIEKCHBIN Oe3pasmep-
HBIN TIOKa3aTejb, YUYUTHIBAIOIINN MMEIONIYIOCa 00
00'beKTe N3MEPUTETbHYIO NHPOPMAIIHIO.

ITocTpoenue moeneit KOMIIJIEKCHBIX
ImoKa3aTeJieil, XapaKTepPU3yOUIUX
KOCMHUYeCKHe 00 bEKThI

B kauecTBe KOMIJIEKCHOTO mOKasarenas r-ro KO
WCIIOJIb3YeTCs JINHeHAA KOMOMHAIIMA N3MEePEeHHBIX
3HAUYEHUII XapaKTepU3YIOIUX €ro CeJeKTUBHBIX
IPU3HAKOB:

n N
w, =Y’ Y« @
i=1 j=1

r
roe ocg) — Heu3BeCTHbIe KOd3(p(PUIUEeHTHI, pas-

MEPHOCTU KOTOPBIX ABJAIOTCA OOPAaTHBIMU K pas-
MEPHOCTAM COOTBETCTBYIOIUX IPU3HAKOB, T. €.
[agrqzﬁ; xg) eX,; r=1,R.
l

IIocKOJNIBKY cCeJIeKTHBHBIE IPHUBHAKH XHOKO;»
i=1, n, xapaxrepusymomnme HOKO, msBecTHBI, TO
JLIs1 cpaBHEHU A KOMILJIEKCHBIX ToKasareseir KO, mo-
nmaBmuX B obnacThk HaOmogerusa CKRA, mpenmaraer-
cA Koa(hPUITIEeHTHI ocgr , i=1, n, r=1, R, mopnenei
KOMILIIEKCHBIX IIOKa3aTeseil Bcex HabJII0JaeMblX 00b-
€KTOB BBIOMPATH TaK, YTOOBI BHITIOJTHSAJINCEH YCIOBUSI

n —
ZO‘Y)N z( r)xHOROi =whoro> =1 R, 2
i-1

rae w, ., — HEKOTOpas BeJMYnHA. B gacTHOCTH, 5TO
MOJKeT OBITH I[€JIO€ IOJIOKUTEIHLHOE UHCJIO.

Jucrnepcus KOMILTIEKCHOTO IIOKA3aTeslsd w,, Xa-
paxTtepusyiorero r-it KO, B cuay mozenu (1) u Hesa-
BUCHMOCTHY BXOJAIINX B €€ IPABYI0 YaCThb CEJIeKTUB-
HBIX TPU3HAKOB OIPe/esifAeTcs Mo opmyie

N n

D, =3 (el X Dy =3[ N Dg @)
i-1 i1

i=1

Torma KoshPUITMEHTHI agr), i=1, n, wmogmenu

KOMILJIEKCHOT0 TToKa3aressa r-ro KO ompenenamoTca
U3 YCJIOBUA MUHUMYyMa Jauciiepcuu (3) mpu orpaHu-
YeHUU, 3aJaHHOM ypaBHEHUEM (2).

HanHasa 3ajaua MOKeT OBITH peIlleHa MeTOI0M
HeoIpeJeieHHbIX MHOKUTe el Jlarparn:xa. B coor-
BETCTBUU C 9TUM METOJIOM COCTaBJIAETCA (DYHKIIUA

n
L, =Dy, +2\ Y o ND xgoro: ~wroko |=
i-1

n
=3 (o )2NL.(r)DXi +
i=1

n
+ 21| DN sxgrok0i ~wrHOKO |» @
i

rIe A — HeolpeaeeHHbIN MHOMKUTEb.

i ompenesneHns HEM3BECTHBHIX Koa(duiiueH-
TOB HCIIOJIB3YIOTCA HEOOXOIMMbIE YCIOBUSI MUHUMY-
Ma pyHKINU (4), UMeIIe BU/I

aL(:) -2a"N"'Dy +
6ai ag,)zai(r)
+ 20N Dixpogoi =0, i=1, 13 )
oL, B
O o) =g
& (r) Ar(r)
=2 > a;”" N;"” xpoK0i ~WHOKO |=0- (6)

i=1

W3 dpopmysnsl (5) MOKHO HaNTH KO3(DDUITMEHTHI
MOJeJIN

_kx .
a{") = —~"HOROL 57175, ()
: D
Xi
Wx moxcTaHOBKA B IIPaBYIO YacTh BhIpaskeHud (6)
laeT ypaBHEHUE

2
_;Li FioxoiN,”
Dx

i

=WHOKO>
i=1

13 KOTOPOI'O HAXOAUTCA BeJIMUYMHAa

A= WHOKO
B 2 r)"
i *ioko0iV;
Dy

L

i=1

IToncTaBUB ee B mpaBylo uYacTb Gopmyasl (7),
NOJYYUM BBIPAsKEHUA [OJdA omnpenesieHusa Koadhu-
IIIEHTOB MOJeJiel KOMIIJIeKCHBIX IIoKasaTesiel OJIs
BCeX Ha0JI0aeMbIX 00HEKTOB:

al(r) _ wH’?KOZxHOKOi(r) ,i=1,n;r=1, R. (8)
Dy Y xHoK0i !V}
X; D
X

i

i=1

N3 dopmyasr (8) ciemyer, UTO MaTeMaTudUe-
CKUMe MOJeJ U KOMILJIEKCHBIX IOKasaTeliell, Xxapak-
TepusyoIinux pasauuubie KO, OyayT oTamyaTbCs
BXOOAIIVNMU B HUX KOd(PUIIMEeHTaMU, IIOCKOJIbKY
mocjeqHue 3aBUCAT OT 00'bEMOB U3MEPEeHUN CeleK-
TUBHBIX IPU3HAKOB. TOUHOCTE IMOJYUEHHON TaKUM
obpasom mozeau ajd Kaskmoro KO Oymer ompene-
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JIATHCS BEJIUYNHON AUCIEPCUU COOTBETCTBYIOIIETO
KOMIIJIEKCHOT'O MoKas3aTessd. Ee MOXXHO HalTu my-
TeM IIOJICTAHOBKHY B (opmyay (3) BmecTo Koapdu-
I[UEeHTOB ocir BEJIMYUH air , TIOJYYEHHBIX 110 (Op-

mye (8):
2 2
Dy - WHOKO 2, ioroiNy” _
n o2 mn\5S Dx
XHoKO0iV; i= i
i=1 DXi
2
:%, r=1, R. 9)
i xfokoi N
i=1 Dy,

13

3HaueHUA KOMILJIEKCHBIX mokasareseit KO, mo-
naBIIux B obsacTs Habaonenus CKA, onpenensior-
ca mo ¢gopmyte (1) mpu momcTaHOBKE B Hee Koadhdu-
IUEHTOB, IOJYYEeHHBIX 110 hopmy.e (8):

n

Z XHOKOi z x(r)

i=1 DXL j=1

W, =WHOKO B =

ixHOROiNi(r)

Dy,
w n x N(r)

_ HOKO HOKOi (r) 1, 10
n xI%IORO‘N'(r) Zi Dy Zi X b r= . (10)
z itVi = i ]

Dx

i

i=1

i=1

Br16op HanboI€€ OITACHOTO KOCMUYECKOTO
o0BeKTa

3 dpopmynwr (10) Bugso, uro HOKO aBasercsa
TOT, 3HAUEHNE KOMIIJIEKCHOT'O TTI0KAa3aTeJisi KOTOPOro
OsnsKe K BeTUUUHE WiopQ-

B kauecTBe Mephl 0JIMB0CTY IIPeAJaraeTcs MC-
MOJIb30BATH BEJIMUUHY

i xI-II)OKOL Z x(r)
:|wr_wHOI€O|: =1 X 1

| WHOKO

(r)
L xHOROiN i

i=1 Dx

i

n ( N(r)
x iN;

z HOEOL (r) Z x _xHOROi
i=1 X; Nl

i 2FokoiN"
Dx

i

r=1, R 1D

i=1

Torma perarolee IIPaBUJIO BhIOOpa HoMepa k
HauboJiee ormacHoro oobeKkTa us muoxkecrsa KO, mo-
maBIux B obsiacth Habdonenusa CKA, ompeneser-
Cs BhIPAYKEeHUEM

k: Sk:min{Sr, r:L_R}. (12)

Ecau pna mexkoropeix KO MuHMMAaIbHBIE 3HA-
YEHMUSI OTHOCHUTE/JbHBIX BEJUYUH, IIOJYUYEHHBIX
no ¢opmyne (11), 6imsku (Hampumep, O ~0g =
=minid,, r=1, R}), to B kauecTBe HauboJee omac-
HOT'O BBIOMpPAaeTCs TOT O0BEKT, OJISA KOTOPOTO JMC-
Imepcusa KOMIIJIEKCHOTO TIOKajsaresid, MOoJydYeHHasd
mo gopmyae (9), meusnire. To ecTs mpu DW1 <DW2
HOKO cuuTtaerca o0beKT ¢ HOMEPOM 1, TOCKOJIBKY
BEPOSITHOCTB COOBITHSA (W — Wioko | Wy~ whogko |
00JIbIIIe BEPOATHOCTHU ITPOTUBOIIOJJIOKHOTO COOBITUSA
W1~ whoko| = Wy~ wioko |

9TO MOKHO JOKA3aTh CJIEAYIOINIUM 00pasoM.

PaccmarpuBaioTcsa Ba 00BEKTA C YCIOBHBIMU HO-
mepamu 1 u 2, mpuuem O1 = min{Sr, r=1, R}, 8y = 8
u Dy, <Dyy,. IIoCcKOIBKY BCe CeJIeKTUBHbIE IPU3HA-
K{ MMeIOT HOpMAaJIbHOE pacipejesieHre, TO U KOM-
mIeKcHble mokasatenun W, u Wy B cuny mogenn (1)
TakKe OyOyT pacipeiesieHbl II0 HOPMAaJbHOMY 3a-
KOHY ¢ gucnepcusamu Dy, u Dy, COOTBETCTBEHHO.
Torma mpu cupaBeIJInBOCTHU I'UIIOTE3BI O TOM, UTO i-i
(i=1, 2) KO aBagercsa Hauboee OMACHBIM, MOKHO
MOJIO}KUTDH, UTO MaTeMaTU4yeCKUe OKUIAHUS KOM-
ILJIEKCHBIX TOoKasaTesneir W, m W, paBHBI Wygyko X
UX QYHKIIUY IIJIOTHOCTHU PaCIpeleIeHUA UMEIOT BU],

) (W, ~wrogo)’
ow, (W;) = me 2D
13
TaK:Ke 3aMEeTHUTDb, UTO IOJIyUeHHbIe 110 (hopmye (8)
K02 PUITUEHTHI MOJIeJIell KOMILJIEKCHBIX IIOKa3aTe-
seit Bcex KO (B ToM umcyie u 06EKTOB ¢ HOMepaMu
1 u 2), nonaBmux B Habamogaemyio CKA obiacTts,
YIOBJIETBOPAIOT YPaBHEHUAM (2).
Haiigem (GYHKIIUIO ILJIOTHOCTU pacHpeeIeHUs

OTHOIIIEHUA

i=1, 2. Cuenyer

W —w Z
Wy - waoko Z2

rae ciaydaviHasa BenuumHa Z; = W,— wyoro UMeET
2
2

1 20w ;_q 9

/27tDWl_ ¢

Bocmosib3oBaBIINCh, M3BECTHOU (DOPMYJION IJIs
omnpeeeHNA (PYHKIIUY IIJIOTHOCTH PACIIpenesIeHUs
OTHOIIIEHUA ABYX HOPMAJBHO PACIPeIeIeHHBIX CIIY-
YafHBIX BeJIUUNH, ITOJYUNM

pacmpezieieHye @z (2)=

0

©z,,(212) = _[ |22 |(Pz2 (22)9;, (21929)d2g =

—00
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_ 1 . (14)
1 2
2n, | Dy, Dy, 2Dy + 2Dy

Ha ocHOBe (QyHKIIMM IJOTHOCTU pacupezee-
HUA Qg7 (212) ompenensieTcs BEPOATHOCTD COOBITHSA

1Zy] < |Zz\|:

Y
P(|z| <|Zz|)=P(Z—; <1J=P(|le| <1)=
1
2
- .[(Ple (212)d212 =;arctg Dw, . (15)
-1 1

TIocKoIbKY BEPOSATHOCTH IIPOTHUBOIIOJIOMKHOTO CO-
obrtus P(Z,| 2 |Z,) =1 - P(Z,| <|Z,)), a dysrmus
apKTaHreHca MOHOTOHHO BO3pacTaolas, TO MPHU
Dy, < Dy, BepositrocTs P(IZy| < |Zy]) > P(|Z4] > |Z,))
u HauboJiee onacHBIM aBiaserca 1-it KO.

N3 @opmynbr (15) Takske BHUIHO, UYTO IIPHU
Dy, = Dy, mmeer MeCTO PaBEeHCTBO BEPOATHOCTENH
P(Z,| <1Z,)) = P(|Z| = |Z,|) = 0,5. Ecaiu mpu aTOM 1O
pesysibTaTaM IPOBEINEHHBIX WM3MEPEHUH CeJEeKTUB-
HBIX IPUSHAKOB OJAYyYUIoCh 07 =minid,., r=1, R{,
8y = 8y, TO s npuHATHA pemeHusa o HOKO Tpe6y-
eTcsl MOIIOJHUTEe/JIbHAs M3MepHuTeJbHas HHQOpMAa-
M.

Ha _ ocmoBe  Beposrmocreit  P(Z] < |Z)),
i,j=1, R, i#j Mo:xHO anpuopHo (0e3 HCII0JIb30BAa-
HUSA Pe3yJbTATOB M3MEPEHUIl CEeJIeKTUBHBIX IIPU-
3HAKOB) OLIEHUTh BEPOATHOCTH Pagp TOrO, UTO i
KO saBusercsa mambosee onacubiMm (r=1, R). Ecun
JIOIYCTUTh, YTO OAWH u3 HabmiogaemMblx KO aBia-
erTcsa HanboJjiee OMACHBIM, TO JOJIMKHO BBIMOJHATHCS

R
yCJI0BHE Z Paf% =1. Torma aasa ompeaeaeHNIsI BEpPo-
r=1
SATHOCTEHN Pér'% IIpeJJiaraeTcsi MCIIOJIb30BAaTh IIPU-
OIMKEHHYI0 (DOPMYJIIY

§P(|Z,|<|Zj|)

]::1
B = ,r=L R (16)
2 ZP(|Zr|<|ZJ' )
r=1j=1
j#r

MHorokparuoe ee IpUMeHEHUE B MOMAEIbHBIX
SKCIepUMEeHTaX IOKAas3aJio, UTO OTJMYUS ITOJIydeH-
HBIX OIIEHOK OT ()aKTHUUECKUX 3HAUEHUII BEPOSATHO-
CTell COCTaBJAIOT €IUHUIIBI IIPOIEHTOB. llosTomy
dopmya (16) MOKeT CAYKUTH OCHOBOIA JJIs ITOJTyUe-
HUS allOCTEPUOPHBIX OIIEHOK BEPOSATHOCTEH BBIOOpPA
Kaskgoro us HaosmogaeMbix KO Kak HanboJiee omac-
HOT'O IJIS OKpysKamIiux ero KA 1 mcnosib30BaHUSA

WX OJI IPUHATHA PEIleHns 110 MAaKCIMYyMYy arocTe-
PHOPHOI BEePOSTHOCTH.

HNnnarocTpaTUBHBIN IpUMeEP

PaccmarpuBaercsa rumoretuueckuiit CKA, Bemy-
Uil HabJIIoeHe 3a OIpeaesIeHHO 00JacThi0 Koc-
MHYECKOIo IIPOCTPaHCTBa. B HabomaeMyo UM 006-
JacTh nonanamT deTbipe (R =4) KocMUYeCcKUX 00b-
ekra (KO1, KO2, KO3 u KO4). I3BecTHO, UTO cpeau
Hux HaxoauTcs KO, nmpeacTaBigoIiuii HAMOOJIbIITYIO
OIACHOCTDL AJisi (PYHKIMOHUPYIOIINX B €r0 OKPEeCcT-
Hoctu KA. CocrosHme Kaskaoro o0bhLeKTa xapakTe-
pusyetcsa OaThio (n = 5) HezaBUCUMBIMEU Oe3pasmep-
HBIMH CEeJIeKTHUBHBIMU ITPU3HAKaAMU (B OOIIEM CJIy-
Yae MMEIVMY Pa3JINYHYI0 GU3UYECKYIO IIPUPOAY)
X;,i=1, 5, pacnpeneseHHbIMU II0 HOPMaJIHLHOMY
3aKOHY ¢ wusBecTHbIME aucnepcuamu Dy =0,05,
DX2 20,05, DX3 =].2, DX4 20,11, DX5 20,11.

W3BecTHBI 3HaUeHU 9TUX TpusHakoB A1 HOKO:
*gogro1 = 105 Xoxroz = 7> Xroros = 900, Xyogos = 40,

XHOKO5 = 29+
Hasa onpenenenua HOKO 6blau mpoBenieHBI m3-

MepeHNUsA CeJIeKTUBHBIX Npus3HakoB Bcex KO, momas-
mux B obsacTs Habonenus CKA.

WUsmepurenbuasa mHOOPMAIASI O CEJIEKTUBHBIX
nmpusnakax KOl npencraBiaeHa MHOMKE€CTBOM

1 1 1 1 1 1
Xy = (o). o). o, <. . 43 -

= {10,01; 490,75; 496,87; 39,84; 24,77, 24,92},

BKJIIOUAIOIIIUM OJHO (N{l) =1) usMepeHHOe 3HaUe-
Hue 1-To Ipu3HaKa (x{ll) =10,01), gBa (Nél) =2) us-
MEePEeHHBIX 3HAUeHUs 3-T0 IIPU3HaKa (xgl) =490,75,
x$) =496,87), ommo (NP =1) msmepennoe snave-

HUe 4-r0 IpU3HAKa (xflll) =39,84) u ngBa (Nél) =2)

M3MePEeHHBIX 3HAYEHUA 5-T0 IPU3HAKaA (xgll) =24,77,
xé12) =24,92). 3uauenue 2-ro nmpusnaxa KOl muame-
puTh He yaauocs (N S) =0).

WNsmepurenvHasa wHGOPMAIIUA O COCTOAHUIX
2—4 nadmiogaembrx KO nMeeT caenyromniuii BUI:

2 @2 (2 (2 2 @
Xg= {xil)’ x50, %57, %47 %43 xf(')l)} =

={10,35; 7,44; 501,84; 39,82; 40,33; 24,81},

N® = NP =; NP =1, NP =2, NP =1

3) 3 .03 .03 .3
X3 = {ng’ xél)’ xa(u)’ xél)’ xéz)} =

— {6,98; 497,26; 40,05; 24,59; 25,05},
3 _0: N® 1. N® _1: N® _1. NO® _o.
N® =0, NP =, NP =; N =1, N = 2;

1,4 @ 4,4 @4 (4] _
X4 —{xn » X127 Xo1 X415 X425 X51 }

={10,07; 9,83; 6,82; 40,20; 40,29; 25,17},
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N® =2, NP =1; NV =0; NV =2, NP =1.

Heobxogumo m3 uerwbipex Habmomaembix CKA
00'beKTOB BEIOpATh HanbO0JIee OIaCHbIA.

Ha ocHoBe nmeoIuxcsa JaHHBIX 0 (hopmy.e (8),
B KOTODPOH IOJaraeTca Wygogo = 1, ONPeNeIsaioTcs
K02 (PUIIMEeHTHI MOJeJIeli KOMIIJIEKCHBLIX II0OKasaTe-
Jieli 1151 BceX HabJII0[aeMbIX 00BEKTOB:

M =0,0029; a" =0,0020; " =0,0006;
a{d =0,0052; a{V =0,0033;
a{? =0,0062; a{® = 0,0039;
a{¥ =0,0042; af¥) =0,0029;

af” =0,0009; af? =0,0076; af*’ =0,0048;
al® =0,0050; oY =0,0035;

o) =0,0010; ¥ ~0,0091; ¥ =0,0057.

IToncTanoBKa 3TX KO0a(h(HUIIMEHTOB B (hOPMYIIBI
(1) u (3) maer sHauenua w; =0,9908, w,=1,0037,
ws=0,9963, w,=1,0044 KOMIIEKCHBIX IIOKa3a-
Teseii Habmomaembix CKA 00BbeKTOB M UX [AuC-
mepemit Dy =1,44-107°, Dy, =1,71-107,
Dy, =2,10:10"°, Dy, =2,52-10°.

o opmye (11) onpenensaioTcsa 3HAUEHUA BEJIT-
YUHBI, XapaKTepU3yIoleil 6,1130CTh KOMIIJIEKCHBIX
moKasareJseii HaOsozaeMbix 00BbekToB K HOKO:
8, =0,0092, &,=0,0037, 83=0,0037, 5,=0,0044.
Orcrofa BUAHO, UTO MUHUMAJbHBLIE 3HAUCHUS KOM-
miaexcHbpIX nokasaresiein KO2 u KO3 cosmapmaror.
Ho mockomsky Dy, <Dy, TO OpUHEMAaeTcs pe-
IIeHre, 4to HamboJiee omacHBIM saBJasgerca KO2.
B sTom caiyuae cornacuo dopmyiie (15) BepOATHOCTD
P(W, — wyokol < W3 = wyogol) = 0,56326, uro 6051b-
me BeposTHOCTH P(W3— wiokol < [Wa = Wioko!) =
=0,4674 anbTepHATUBHOTO COOBITUSI.

3aKiIoueHune

IIpensioskeH mMOAXON K PEIIeHUIO 3ajauu BbIOOpa
u3 MHOXKecTBa HabOmaomaemMblx CKA KocMuueckux
00BeKTOB HamboJIee OMACHOTO A (DYHKIIMOHUDY-
oIuX B ero okpectHoctu KA. B ero ocHoBe Je:KUT
KOMILJIEKCHBIN 0Oe3pasMepHBIl ToKasaTesJb B BHUIE
JUHENHOM KOMOWHAIIUM pe3yJTbTaTOB WN3MepeHUH
CeJIEKTUBHBIX IIPU3HAKOB, xapakrtepuaymoiux KO.
BenuuwmHa 1 KauecTBO ONpeAesieHnsA KOMIIJIEKCHOTO
nokasarend s Kakgoro KO 3aBucAT or obbema
W KayecTBa M3MepuTeabHON mH(popManuu. B cBasu
C 3TUM OJHUM M3 YCJIOBUII IPU ONpPeAeIeHuN K0od()-
(burmeHTOB, CBS3BIBAIOIIUX CEJEKTUBHBIE IIPU3HA-
KU ¢ KOMILTeKCHBIMH ITOKAa3aTeJIaAMU HabJII0[aeMbIX
00'bEKTOB, SBJISE€TCSI MUHUMYM AUCIEPCUN ITOCJe-
HUX.

B omsimure oT M3BECTHBIX METOMIOB, 3ajjaua BbI-
O6opa perraeTcA IpU OTPAHUYEHHBIX 00beMax m3Me-
puTeabHOU MHMOPMANUU 0 PU3NUECKU HEOLHODPO-
HBIX CeJIEKTUBHBIX mnpusHakax KO, HaxXomsimxcs
B Habmiogaemoit CKA ob6xactu. IIpu sTom uamepu-
TeJbHbIE JaHHBIE 00 OTAEJbHBIX CEJIEKTUBHBIX ITPU-
sHakax KO moryT orcyTcTBOBaTh. IIpemsokeHHOe
pelraoliee IpaBUJIO IJA BbIOOpa HamboJjee omac-
"Horo KO yuuThIBaeT He TOJNBKO IIOTPEIITHOCTH, HO U
KOJMYECTBO M3MEPEHUN CeJeKTUBHBIX IIPU3HAKOB
kaxkgoro KO. ITokasamo, 4TO Ipu HE3HAYUTEJIbHBIX
PACXOKIEHUAX MEXKAY KOMILJIEKCHBIMU ITOKa3aTe-
aamvu Habamonaembix KO BbIOMpaeTcsa TOT OOBEKT,
BEPOATHOCTH IIOABJECHUS KOTOPOTO ABJISIETCA MaK-
cumMaJibHoii. ClieyeT OTMETUTD, UTO IIPeiaraeMblit
MeTOJ MOJKeT ObITh MCIIOJIb30BAH HE TOJIBbKO AJIsI BbI-
6opa HOKO, HO u myia paHKUPOBAHUS BCeX HAOJIIO-
TaeMbIX 00'bEKTOB C TOUKHU 3PEHUS CTEIIeHU OIIaCHO-
CTU, KOTOPYIO OHU TPEACTABJISIOT M1 (PyHKITUOHU-
pyromux KA.

IIpocroTa ompemesieHnsi KOMILJIEKCHBIX ITOKa3a-
TeJieli 1 OCHOBAHHOTO Ha HUX PEIIaloIlero mpaBuia
BeiOopa HOKO mosBosseT peliath 5Ty 3ajgady Ha
6opty CKA B peasbHOM MacIiiTabe BpeMeHH.
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Selection of a given space object from the multitude observed by a specialized spacecraft

V.N. Arseniev?, Dr. Sc., Tech., Professor, orcid.org/0000-0001-6424-5320, vladar56@mail.ru
A. A. Yadrenkin?, PhD, Tech., Associate Professor, orcid.org/0000-0003-2089-7460
aA. F. Mozhaiskii Military Space Academy, 13, Zhdanovskaia Emb., 197198, Saint-Petersburg, Russian Federation

Introduction: For the detection of most dangerous artificial space objects (space junk) in near-earth space, it is planned to use
specialized spacecraft equipped with optoelectronic devices. In relation to this a problem arose when selecting the most dangerous
object from the observed multitude, based on the measurements of inhomogeneous selective features that characterize these objects.
Purpose: Form a complex dimensionless indicator, depending on the quantity and quality of measurement information about the
observed space objects, and a decision rule for choosing the most dangerous object, providing the maximum probability of making the
right decision. Results: A method is proposed for selecting the most dangerous space object under the condition of the limited amount
of measurement information about physically inhomogeneous selective features of space objects located in the area which is observed by
a specialized spacecraft. It should be noted that the measurement data on individual selective features of space objects may be absent.
The proposed decision rule for the selection of the most dangerous space object takes into account not only inaccuracies and errors, but
also the number of measurements of the selective characteristics of each object. The efficiency of the method has been demonstrated on a
relevant example. Practical relevance: The simplicity of the determination of composite indicators characterizing space objects that are
located in the area observed by a specialized spacecraft, and of the decision rule for selecting the most dangerous object makes it possible
to solve this problem on board a specialized spacecraft in real time.

Keywords — the most dangerous space object, selective features, specialized spacecraft, observation, composite indicator.
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Anroputm murpayum ESXi-Knactepoe MeXxay pa3HbiMM
vCenter cepsepamu ¢ BO3MOXHOCTbIO BO3BpaTa
K UICXOAHOWU KOHuMrypawumm

A. A. NMetpoB?, marucTpaHT, orcid.org/0000-0002-7465-3317

W. B. HukucpopoB?, kaHa. TexH. HayK, foueHT, orcid.org/0000-0003-0198-1886, nikiforov_iv@spbstu.ru
C. M. YcTuHOB?, JOKTOP TeXH. HayK, npocbeccop, orcid.org/0000-0003-4088-4798
3CaHKT-[leTepbyprckuit MoMTeXHNYECKN yHuBepcuTeT [eTpa Benukoro, MNonutexHnyeckas yin., 29,
CaHkT-lleTepbypr, 195251, P®

BBegeHue: cucTeMbl ynpaBrieHUs TMnepBU3opamMu MOryT ycTapeBaThb U (W) BbIXOAUTb M3 CTPOS, @ TakxKe HyXgaTbcs B ba-
JlaHCUMPOBKeE Harpy3ku, 4To BrieYeT 3a coboli npobieMbl, CBSi3aHHbIE C HECOBMECTUMOCTbIO MPOrpaMMHOro obecreyeHus ¢ pas-
HbIMU BEPCUAMM CUCTEM YNPaB/IeHUS UM C YPOBHEM MHTErpaunm npuioxeHni ¢ HUMu. SheKTUBHBIM peLleHneM yKa3aHHbIX
npobnem sBAseTCs aBTOMAaTU3UPOBaHHAs MUrpauuns KOHbUrypawui 1 pecypcoB Mexay 9K3eMrispamu cucTeM yrpassieHus
runepsu3opamu. Lienb: paspaboTaTb anropuTM aBToMaTUYECKON MUrpaymm KoHgurypaymm u pecypcos ESXi-knactepoB Mexay
pasHbiMu vCenter cepBepaMu ¢ BOSMOXHOCTbIO BO3BpaTa K UCXOAHOMY COCTOSIHUKO B C/lyYae BOSHUKHOBEHUS OLUMOKU. Pe3yrb-
TaTbl: PeAJIOXKeH anropuTM aBToMaTU4eckon MurpaLmn. Ha ero ocHoBe pa3paboTaH MporpaMMHbIi MOAYIb AJ151 IPOMBbILLIIEH-
HOW CUCTeMbl XpaHeHUs faHHbIX, MO3BONSAILWMIA NPOBOANTE MUrpauuto knactepa ESXi-xocToB, Ha KOTOPOM pasBepHyTa cu-
cTema XxpaHeHusi faHHbIX, ¢ 0ofHoro vCenter cepBepa Ha Apyrov. PaapaboTaHHbIN MoAYy/b 0bpabaTbiBaeT OWMOKM U B Cllyyae ux
BO3HUKHOBEHUS OCYLLeCTBAAET [elCTBUSA [J19 BOCCTaHOBJIEHUS UCXOAHOIO COCTOSIHUSI CUCTEMbI Ha nepBOHavyaibHoM vCenter
cepBepe. [puBefeHbI IKCEPUMEHTasIbHbIE OLEHKM, MOJTyYeHHbIe MyTeM CPpaBHEHUS PYYHON NMpoueRypbl MurpaLmumn ¢ paboTon
peann3oBaHHOro MoAyss. BbinrpbliLu no BpeMeHu cokpatuics ¢ 55 MuH 4o npubnnantenbHo Tpex MuHyT, T. e. B 15—18 pas. Tak-
XK€ COKpaTnIoCh KONMYEeCTBO MHGPOPMaLMM, KOTOPYHO MOMb30BaTesNo He0OX04MMO 3HaTb U yYUTbIBATh B MpoLjecce MUrpaymm Ha
HoBbIii vCenter cepsep. [pakTM4YecKas 3HaYUMOCTb: pe3y/ibTaTbl paboTbl UCMOIb30BaHbI B MPOMBbILLIIEHHON CUCTEME XPaHEHUS
AaHHbIX. Peann3oBaHHbIN MOAYJTb MO3BONI YIIPOCTUTL U 3HAYUTESTbHO YCKOPUTD MPOLIECC MUTPaLMmM CUCTEMbI XPaHEHUS [aH-
HbIX Ha HOBbIV vCenter cepBep.

KnioueBble cnoBa — runepsusopsl, vCenter cepsep, VMware ESXi, Murpayusi, aBTomatusayusi, pacrnpeneneHHbliii BUpTYy-
aJsibHbIN KOMMYTaTop.
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Bsenenue

B HacrosAlee BpeMs aKTUBHO UCIIOJB3YIOTCA 00-
JlauHbIe BhIUUCHeHuA [1, 2], B peaansanuu KOTOPHIX
IPUMEHSIOTCA CUCTeMbI BupTyaausanuu. CucreMbl
BUPTyaJU3aNN MO3BOJIAIOT abcTparmpoBaTh 000-
pyZoBaHue (ammapaTHoe obecIieueHe) U MpegocTaB-
JIATH JOCTYII MOJIB30BATEIAM U IPUIOKEHUAM K 00-
emMy Habopy PecypcoB: TaMATH, BEIUYNCIUTEIbHBIM
MOIIHOCTAM, XPAaHUJUINY, — HO M30JUPOBAHHBIX
IPYT OT Ipyra B BUPTyaJbHBIX MaIruHax (BM) [3—
6]. [yia BupTyanmsanuy pecypcoB TPeOYIOTCS IIPo-
rpaMMHBIE WJIM allllapaTHbIe TUIIEPBU30PHI; OTHUM
U3 IPUMEPOB IITHUPOKO MCIIOJb3YEeMbIX B ITPOMBIII-
JIEHHOCTU THUIIePBU30pPOB sABJsgerca VMware ESXi
[1, 4, 7]. Ona ynpaBaenusa pasabiMu ESXi-xocTamu
u BM wucnonwssyercAa yIpaBiadpIad OIporpaMmMa
vCenter [1, 8], B KOTOPO#l XOCTBHI O0BEIUHAIOTCA
B KJIacTep, W JIJIs HUX HacTpauBaeTCsA BUPTyaJbHAS
cerb. Takixe vCenter mosBosigeT HacTpamBaTh IIpa-

Buta A murpanuu BM mexay ESXi-xocramu KJa-
crepa. [Ipumepamu IporpaMMHBIX CUCTEM U OPraHu’-
3anuii, ncnoabayoiux ESXi-kaacTeps! mox yupas-
nerauem vCenter, apisiorcsa PowerStore X, 9pucBM
[9], Dell Technologies, Cauxr-IleTepOyprcxkuii mo-
JauTexXHUUYecKuit yuusepcurer Ilerpa Beaukoro.

CepBepnl vCenter MOTYT BBIXOIUTL U3 CTPOSA IIO
TeM UJIU UHBIM IPUYUHAM: OTCYTCTBLE MHTEPHET-CO-
eIMHEHNS; OTKJIOUYeHNe OT JJIEKTPOCETH XOCTa, Ha
KOTOPOM OH pasBepHYT, WJu OTKJIHueHue BM, rme
vCenter cepBep ycTaHoBJieH. B cBOIO ouepeab 9T0 MO-
JKeT BBIBBIBATH OIIUOKM Y IPOrPaMMHOIO obecreue-
HUsA, pasdBepHyTOro B aToM vCenter cepsepe. [loaTomy
aKTyaJIbHOM ABJISIETCS 3aZjauya MUTPAIUN PECYpPCOB
U BOCCTAHOBJIEHUA KoHGuUrypanuu Kjacrepa ESXi-
xocToB B HOBOM vCenter cepsepe, 4TO IIO3BOJIUT:

— 006ecneunTh OTKa30yCTONUYNBOCTD;

— pacmpenesuTh HarPysKYy;

— peIuTh TPo6JIeMbl IPU OOHOBJIEHUAX, HATIPU-
Mep, ONWH U3 KJIACTEPOB TpebyeT 60jiee HOBYIO BEP-
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cuio vCenter, a apyroii(ue) Kjiactep He MOXKET KOp-
pekTHO paboraTh B HoBoM vCenter.

IIpu sTOM TIpoIlecc MUTPAIIUU UJIU BOCCTAHOBJIE-
HUSA MOKET OBITh CJOKHBIM U TPYIOeMKUM. B xome
MUTPAIUU TIOJH30BATEIN MOTYT IAOIMYCKATh OIIMUO-
KM, UTO [ejlaeT aKTyaJIbHOUM 3ajady aBTOMaTU3a-
muu murpanuu ESXi-KiacTepoB MeKIy pasHBIMU
vCenter ceppepamu.

IMens n 3amauu padoThI

PaccmoTpuM cxemy KOMIIOHEHTOB KJjacTepa
vCenter (puc. 1). OHa cocTouT u3 xocra aja vCenter,
vCenter cepsepa, Jornueckoro oobexta Datacenter,
ESXi-xocToB u mabopa BM.

CepBep vCenter sBiasAeTcs TporpaMMHBIM obec-
meuyeHneM, YCTAHOBJIEHHBIM Ha  BBIJAEJIEHHOM
vCenter-xocTe mos ympaBjeHHIEeM OIePAIMOHHOM CHU-
crembl Windows uau Linux. Ou ucnosb3yercs Ijs
yupasaenus BM u ESXi-xocramu [1, 8]. ITog ESXi-
XocTaMu B paboTe MOHMMAaeTCA aNMapaTHBIN IIPo-
MBIILJIEHHBIN TUIIepBU30p Komnauuu VMware [1].

BuyTtpu vCenter cepBepa co3maeTcs JOTUUECKUHI
00beKT, HaseIiBaeMblil Datacenter, o0'bequHAIONIIIA
BM, ESXi-xocTbl, XpaHMJUINA NAHHBIX, KJacTe-
per ESXi-Xx0CTOB U pacmpefiesieHHBIN BUPTYaJIbHBIN
kommyTtarop (Distributed Virtual Switch, DVS).
ITpu saTom DVS mo3BoJIsIeT HACTPOUTH TIOAKJIIOUEHIEe
nis Bcex ESXi-Xx0ocToOB, K KOTOPBIM OH OTHOCHUTCS.

B ob6mactu Datacenter cosman xjaacTep, KOTO-
PBIi ABJISETCS JOTUYECKUM 00bEeKTOM, 00'he I HAI0-
mum ESXi-xocter u BM, pasBepHyThie HA HuX [10].
Kmacrep mosker ummeTh ommH wuau 6omee ESXi-
XOCTOB, KOTOPBIE Pa3BEPHYTHI OTAEJIHHO U HE3aBUCH-
Mo ot camoro vCenter cepBepa, T. e. HAXOAATCSA BHE
o6sactu Datacenter.

ESXi- ESXi- w
XOCT XO0CT
c :
\ 7
\ ,’
\ Kunacrep ,»

Datacenter
vCenter

Xocrt gasa vCenter

B Puc. 1. Jloruueckasa cxema cBsasu KESXi-xocTos,
vCenter cepepa 1 BUPTYyaJIbHBIX MAIIINH

B Fig. 1. Logical diagram of communication between
ESXis, vCenter and VMs

WmenHO 3a cueT HOpeACTaBJIEHHOU JOTMUYECKOU
cxeMbl 1 cBsa3elt vCenter cepBep MOKeT OCYIIIeCTBUTD
murpanuio BM me:x gy pasasivu ESXi-xocramun.

ITenbio pabOTHI ABJISETCA CHUMKEHUE TPYI0EMKOCTH!
U yCKopeHue Ipoiiecca murpamnuu ESXi-KiacTepoB
me:kay pasabiMu vCenter cepeepamu. [Ipu sTom Ha Mu-
TPUPYEMBIX KJIacTepax pasBepHyThl BM ¢ KOHEUHBI-
MU TPUJIOMKEHUAMHN IT0JIb30oBaTesd. OTInuuTebHON
0COOEHHOCTBHIO PAOOTHI ABJIAETCS CHUKEHVEe BPeMeHU
HaXOKIEHUSA CUCTEeMbI B HEKOPPEKTHOM COCTOSHUHY 34
CUeT IIPEJIOKEHHOr0 aJITOPUTMa BO3BPAIIleHUA CUCTE-
MBI K MCXOTHOM KOHDUTYpaIIu.

CHMIKeHVe TPYJOEMKOCTH U YCKOPEHUe TOCTUTa-
IOTCS 3a CUeT aJITOPUTMa IlepeMeIeHUs PecypcosB,
peasn30BaHHOTO B MOAYJe ITPOMBIIIJIEHHON CHUCTe-
MBI XpaHeHUs NAaHHBIX. K IepemerriaeMbIM pecyp-
caM MO:KHO oTHecTu HacTpoiiku DVS, ESXi-xocTos,
BM u kaacrepa.

HJ1a peanusamnuy MOCTaBJICHHON 1€ HEOOXOa M-
MO BBITIOJTHUTH CJIE€AYIOIe 3a aYuu.

1. UccaenoBath HeoOxogumMocTh Murpamnuu ESXi-
KJiacTepa Mexx [y skseMmiapamu vCenter cepBepos.

2. IIpoBecTu wuccienoBaHWE U CPaBHUTEILHBIN
aHAJIM3 CYIIEeCTBYIOIINX IIOAXONO0B K MUTPAIIUU
ESXi-kmactepos.

3. IIpemymoxuTre anaroputm wmurpanuu ESXi-
KJIaCTepOB IIOZ ympaByeHmeM pasHbix vCenter cep-
BEPOB.

4. PeanusoBaTh  IIPENJIOMKEHHBLIII  aJTOPUTM
B IPOT'PAMMHOM CPEJICTBE, KOTOPOE IT03BOJIAET aBTO-
MaTHU3UPOBATHL MUTPANHI0. OTINUYNTEIHBHON 0COOEeH-
HOCTBIO Peain3aluu ABJIAETCA BOZMOYKHOCTH OTKA-
Ta MUTPAIUY B CIyYae OIINOKH.

5. IIpoeMOHCTPUPOBATD CHUIKEHUE TPYLOEMKO-
CTHU IpoIlecca MUTPAI[UH.

CpaBHUTEJIBHBII aHAJIN3 CYNIECTBYIOIIUX
METOIOB MUTPALUH

J s pellieHns MOCTaBJIEHHBIX 3a/1a4 PACCMOTPUM
HEe0OXOAMMOCTh BOCCTAHOBJIEHUS KOHPUTYpPAIUU
B IIpOIlecce MUTPAIINH, a TAKKe CYIIeCTBYIOIIe aJl-
TOPUTMBI MUTPAIIMN.

Murpanusa ucnoab3yeTca AJd mepeHoca KOHMU-
rypamnuu 1 IOAKJIIOUEeHNA CYIIleCTBYIOIEro cepBepa,
pasmerieHHOro Ha Xoctax ESXi-Kiacrepa, K HOBOMY
vCenter cepBepy u ymajgeHUsT HEOOXOAMMOM MHMPOP-
mamuu co craporo vCenter cepBepa.

Murpamusa TakKe MOYKeT UCI0JIb30BaThCA AJIA:

— mepepacupejejaeHusa Harpysku [11];

— obuoBsenus Bepcuu vCenter cepBepa [12, 13];

— pedarropunra KoHurypanuu IT-uadpa-
CTPYKTYPBHI.

JomMOTHUTEeILHBIMY TPEeOOBAHUAMU IJIsI MUTPA-
Y ¥ BOCCTAHOBJIEHUA KOHMUTYPAIINY ABIAIOTCA:

— obecneueHMe NOCTYITHOCTH JaHHBIX [14];

— HEBO3MOYKHOCTBH OTKJIIOUeHUA cucTeMHBIX BM.
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Ha cerogusa MOXKHO BBIAEJIUTH HECKOJIBKO METO-
IoB Mmurpanuu kjgactepos BM. Hanpumep, B cra-
The [10] ymoMuHAIOTCA YEeThIpE «TUINYHBIX» Me-
TOoJa: mapaJjijieJibHON MHUTPAIlUM C Pas3HOIl TpaHy-
aspaocThio (Concurrent Migration with Various
Granularity), Bsaumuoii wmwurpanuu (Mutual
Migration), romoreEHO#I MHUrpamUU HECKOJBKUX
BUPTYyaJabHBIX KJacTepoB (Homogeneous Multi-VC
Migration), rereporeHHoOI MUTPAIUN HECKOJIbKUX
BUPTYyadbHBIX KJacTepoB (Heterogeneous Multi-
VC Migration). Emie oamH MeTOx COBMECTHOI
MUTPAIUU BUPTYAJbHBIX MAIIUH C MOAAEPIKKOI
KJilactepa AJid o6JIauHbIX MeauacepBucos (cluster-
aware VM collaborative migration scheme for
media cloud) onmmcan B pabore [15]. Tak:ke cyiie-
CTBYIOT MeTOoAbl Murpamnuu BM Mexay rumepBuso-
paMu u IeHTpaMu OoOpabOTKU TAaHHBIX, KOTOPHBIE
mpemjiaraioT ONTUMHUIAMUI0 MUTPAIUil KakK II0
BpeMeHU, TaK u mo o0bemy Tpadukra [16]. Ho ecoiu
cosnaercsd Kaactep ESXi-xocToB, ToO 3a MUTpPaIlHAIO
BM u ux 6esorkasHyio pabory orBeuaeT vCenter
cepBep [1], KOTOpPBIZI B TaKOM cJiydyae ABJIAETCS
eInHON TOUKOU oTKaza. [loaTomMy paccMoTpum cy-
IIEeCTBYIOINE CIOCOOBI U IMOAXOABI II0 MUTPAIUN
ESXi-kimacTepoB MeKIy PA3HBIMU 9K3eMILIIpaMU
vCenter cepBepos.

Anroputm wmurpanuu ESXi-kjaacrepoB oTpa-
sKeH B pabore xommanuum VMware «Ilepemerrenue
vSAN-kaactepa ¢ ogaoro vCenter cepBepa Ha Apy-
roii»  (https://kb.vmware.com/s/article/2151610).
Takke oTHeJbHO omUChIBaeTcA Murpamnus ESX/
ESXi-xocToB, KOTOpBIe HCIOJB3YIOT DVS, mMexmy
sksemiisipamu vCenter cepBepoB; mpexpjaraercs
LA YIIPOII[EeHUA MCIOJIb30BATH YKCIIOPT WM UMIIOPT
korpurypanuu DVS (https://kb.vmware.com/s/
article/1029498), xkoropasi B CBOIO OuYepelb OIIU-
cama B MmarepuaJsiax Kommanuum VMware (https://
kb.vmware.com/s/article/2034602). Tax:xe cyie-
cTByeT pabora KommaHuu Nutanix, KoTopas OIMCHI-
BaeT IIpoIeaypy pyuHoii murpanuu ESXi-KiaacTepa
(Basza smammii o xKoHTpoJjepe Nutanix. https://
portal.nutanix.com/page/documents/details?tar-
getld=vSphere-Admin6-AOS-v6_0:vsp-cluster-mi-
grate-vcenter-vsphere-t.html%7D).

Bce BrIIenepeunicieHHBIE PEIIEHNA ONMCHIBAIOT
poIlecc Py4YHOM MUTpPAIIUU, KOTOPHIi TpebyeT 3HA-
YNTEJBHBIX 3aTPaT BpeMeHU (CyMMAapHO OKOJIO Of-
HOT'O Yaca) M UMeeT BBICOKUI IITaHC OIITUO0K. A ecau
aJITOPUTM WMeeT YaCTUYHYI0 aBTOMATU3AIUI0, TO
HeoOxomauMa paboTOCIIOCOOHOCTh CYIIECTBYIOIIETO
vCenter cepBepa, UTO He ITO3BOJIAET KCIIOJbH30BAaTh
S9TU PEIIeHUus A aBTOMATUYECKOTO BOCCTAHOBJIE-
HUSA KOH(PUTYPAIIUH.

ABTOMAaTHU3UPOBAHHBIN IIPOIECC MUTPAIU pPe-
anu3oBaH B mpoekte Migrate-vCenter-with-vDS
(https://github.com/Vidanez/Migrate-vCenter-
with-vDS). B Hem He comep:kuTca (QYHKIINOHAID-
HOCTb OTKaTa K UCXOAHOI KOH(GUTYpaAIMU HA CTAPOM

B Tab6ruya 1. CpaBHeHue crnoco0oB mMurpanuu ESXi-
KJIacTepOB MeXkAy ak3eMiisapamu vCenter cepepos

B Table 1. Comparison between different methods of
migration ESXi clusters between different vCenter in-
stances
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vCenter cepBepe B cayuae OIMIMOKH B MPOIIECCE MU-
rpanuu [17]. Tak:ke HET BO3MOYKHOCTU IIOBTOPUTD
MOMBITKY HA YaCTUYHO BOCCTAHOBJIEHHON KOHQMUTY-
panuu Kiactepa Ha vCenter cepsepe.

Ha ocHoBe cpaBHeHUs xapakTepucTuk (tabi. 1)
MOJKHO CIeJIaTh BBIBOJ, UTO HU OJUH U3 CYIIeCTBYIO-
IUX IOJXOL0B He aBTOMATU3UPYET MUT'PAIUIO C BO3-
MOKHOCTBIO BO3Bpara K HMCXOJHOM KOHGUIYPAIUU
B cJiyuae OIMmOOK BO BpeMs murpanuu. Ilosrtomy
B HacTosAlleidl paboTe mpeiaraeTcss aJropuUTM aB-
TOMATU3AINK, KOTOPHIA YyIOBJIETBOPSET BCEM pac-
CMOTPEHHBIM KPUTEPUAM U 006JIaaeT CJIeLyIoIMMI
0COOEHHOCTAMMU:

— COXpaHsAeTcsA NOCTYIHOCTb JAHHBIX BO BPeMs
MUTPAIUN;

— MMeeTCs BO3MOJKHOCTH BEPHYTh KOHQUTrypa-
nuio Ha nexoaublii vCenter B ciryuae omruGKu B Ipo-
1mecce MUTPAIINK, YTO IIO3BOJIUT CHUSUTDL MOTEHITHU-
aJbHOE BPeMsA HAXOMKIEHUS CUCTEMBI B HEKODPPEKT-
HOM cocToaHuu [17];

— ecTb BO3MOYKHOCTH II€PE3aIlyCTUTH IIPOIECC
BOCCTAHOBJIEHWS KOH(MUIYpAIluM MIJIsA Oleparuu
BOCCTAHOBJIEHUSA KOH(purypamuu Ha mosom vCenter
cepBepe.
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AnropurmM Murpanuun

AJTOpUTMBI MUTPAIIMN W BOCCTAHOBJEHUS KOH-
durypanum uMeT pasndunsd, TAK KaK IIepPBBIN I0-
3BOJISIET BEPHYTHCI K MCXOMTHOMY COCTOSHUIO, a BTO-
poii, He mMes TaKOU BO3MOXKHOCTHU, oOJiazaeT (pyHK-
el mepesaycKa Iocje UCIIPaBIeHnsa OmnoKy. MbI
mpenjgaraeM aJroOpUTM MUTPAIUK, KOTOPBIH B YIIPO-
IIIeHHOM BU/Ie IIPUBEIeH Ha PUC. 2.

IIIar 1. ITepen mpoBefeHMEM MUTPAIIUU CJIETYET
BBITIOJTHUTD ITPEeBAPUTEIbHBIE NeNCTBUA:

— TOJIYYUTH HEOOXOAMMble AaHHBIE W chopMu-
poBaTh HauaJbHYI0 KOH(PUTypaIluio AJA MHUTpa-
LU,

NPOrPAMMHBIE N ANMAPATHBLIE CPEACTBA N\

— mpoBepuUTh cocTosiHme HoBoro vCenter cepsepa
n ESXi-xocToB, yuacTByomux B Mmurpanuu. ESXi-
XOCTHBI OOJIXKHBI 6I:ITB OOCTYIIHBI, & NMdA II0JIb30Ba-
TeJiA W Iapojb NPaBUIAbHBIMU. OCYIIIECTBUTL NUHBIE
IpenBapuUTeJbHBIE IIPOBEPKU, HAIPpUMED HA OTCYT-
crBue B HoBoM vCenter cepBepe 06'bEKTOB C UMEHA-
MU, COBIIQJAIOINMI C UMeHaM1 00'beKTOB, KOTOPbIE
OyIyT CO3aHBI B IPOI[ECCEe MUTPATINN;

— BBINIOJIHUTH CHeIIU(PUIHBIE AJId KaKI0T0 KJa-
crepa (cepBepa, pPas3BepHYTOr'O Ha KJacTepe) Oei-
CTBUA, HaIpuMep yaaauTts Storage Provider u BbI-
CTaBUTh IapaMeTPhI Ha cepBepe.

IITar 2. IToATOTOBUTH XOCTHI K MUTPAIIUU, T. €.
ymaauTh ux us HeiHenraero vCenter cepeepa.

(16) Orkar mara 1
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IITar 3. Ha HOBOM (TIepefaHHOM II0JIH30BaTEJIEM)
vCenter cosmares 00bexT Datacenter, eciiu sTo He-
00xX0auMO (ecyiv KJIMEHT He Iepenajl uAeHTU(GUuKa-
Top Datacenter, B KoTopbIit OH XOUeT J0OABUTHL CBOI
KJIacTep).

IITar 4. ITocsie nmonyuenus naGopMaIuu o «6a30-
BOM» 00'beKTe Datacenter cosmars B HeM KJacTep.

IIIar 5. [[06aBUTH XOCTHI B CO3AAHHBIN KJIacTep.

IIIar 6. CxoHGUrypupoBaTh M CO3JaTh CETh, a
WMEHHO HACTPOUTh CTAHAAPTHBIA BUPTYAJLHBIH
rkommyTarop (Standard Virtual Switch, SVS — Jo-
TUYECKUN KOMMYTAaTOpP, KOTOPBIA coeauHAET (DM~
yeckue MmopThl ceTeBoit KapThl (Physical Network
Adapter, PNIC) ESXi-xocra u mopTsl B IHTEpHET Ue-
pe3 pusuueckuit Kommyrtarop [18]) mwau DVS, B 3a-
BHUCHUMOCTH OT UCIIOJb3YEeMOTr0 ITOAKJIIOUeHU .

ITaru 7 u 8. [onmosHuTenbHaA HACTPONKA IIa-
pamMeTpoB KJiacTepa (mar 7) W JOHOJHUTEIbHAS
HACTPOIKa ImapaMeTpoB ceTu (IIar 8) MOTyT IIPOBO-
IUTHCS B JIIOOOM TIopAaKe. [IpuMepoM I0MOJTHUTEIb-
HOI HACTPOMKHU IIapaMeTpPOB KJIaCTepa MOXKET ObITh
HacTpoiika vSphere HA.

IIIar 9. CoemuaibHble OeiiCTBUSA, CBA3aHHBIE
C 3aBepIIeHueM IIpoIlecca HeIoCPEeICTBEHHOM MU-
rpanumn, Hanpumep: perucrpanus Storage Provider,
coxpaHeHNe HeOOXOIUMbIX JaHHBIX Ha CcepBepe, Ipy-
rue geiicteuda Ha vCenter cepBepe.

IIIar 10. OuncTKka HEHYKHBIX PECypcoB Ha cTa-
poMm vCenter cepBepe: yaajeHue KJjIacTepa U IPYyTUX
00'bEKTOB, HAIIPUMED B HAIIIEM CJIy4yae HeOOXOIUMO
yaanuth DVS, eciiz K HeMy He TOAKJIIOUEeHbI KaKue-
a160 BM u (uu) XOCTHI.

IIpencraBiaeHHBIN aJrOPUTM IpeaIioJaraer 0es-
OIMOOYHOE TIPOXOKIEHME BCEro IIpoIlecca MUrpa-
nuu. Ho 9To BO3MOYKHO He BCerjga, Tak KaK MOKeT
IOTEPATHCA ceTeBoe coexmHeHme Mexay vCenter
W MOAYJIEM, KOTOPBLIM IIPOBOAUT MUTPAIINIO, WJIU
vCenter cepBep mo KaKUM-TH00 MHBIM IPUUYMHAM
OKasKeTcA B HepaboueM cocTosgHuu. IlosTomy mpen-
JIO}KEHHBIN aJITOPUTM OBIJI PACIIIUPEH 3a CUET MeXa-
HU3MAa BO3BpaTa K M3HAYAJIBHOMY COCTOAHUIO. IIpu
STOM MeXaHM3M BO3BpaTa HYKeH He U3 KaKI0I'0 CO-
crosuua. Hanpumep, ormmubKa mpu OUMUCTKE CTAPOTO
vCenter (mmrar 10) He mosKHa BBIBBEIBATH OTKAT K HC-
XOIHOMY COCTOSTHUIO, 4 TAKJKe PsiJi OlepaIiuili us aa-
BepIIAONIUX AeiicTBUi (tar 9) MOTyT He BHI3BIBATH
OTKaT mpu omrubrax. Mcxoms W3 3TOro AOIMOJHUM
WCXOHBIN aJTOPUTM IIIaraMu JAJIS BO3BpaTa B M3HA-
YaJbHOE COCTOSHUE.

YacTs mpeaBapuTeabHBIX AedicTBuil (mmar 1), Ta-
KMX KaK IoJiyueHre KOH(PUTYypaliuu U IIPOBEPKH,
He HYKIAIOTCS B MeXxaHu3Me BO3BpaTa, HO IIPU 9TOM
YacTh IIPEeABAPUTENBHBIX AENCTBUM, OCYIECTBJIEH-
HBIX Ha cepBepe u (un) Ha vCenter cepepe TpebGyoT
MexXaHU3Ma BO3BPaTa, KOTOPBIN BBITIOJHAETCA B II1a-
re 16.

IIpu BO3BHMKHOBEHUH OIIMOOK B MOMEHT yla-
genua ESXi-xocToB u3 [IeiiCTBYIOIIEro KJacTepa

cJIeyeT BBIIOJHUTD AeHCTBUS II0 BOCCTAHOBJIEHUIO
WX COCTOSHUA B KjiacTepe (mrar 14), T. e. Ipu HeooO-
XOAWMOCTY IEePENONKIIOYUTh U (1) J00aBUTh UX
00paTHO B KJIaCTeP U BOCCTAHOBUTH KOH(MUTYPAIIMIO
cetu (mpu HeobxogmmocTu). CienyeT OCYIIeCTBUTD
IOIIOJHUTEJbHBIE NeHCTBUA IO HACTPOWKE KJacTe-
pa u cepsepa (tiar 15). Hampumep, B HaIIeM cayudae
aT0 momKIioueHne Storage Provider, macTpoiika
vSphere HA u BricTaBJIeHME ITapaMeTPOB cepBepa
B «HEOOXOAMMbIe» 3HAUCHUS.

Ecau cospaBasica Datacenter (mar 3) u mpu sTom
cosmaHme KjacTtepa (1rar 4) 651710 3aBEPIIIEHO ¢ OIIK0-
KO, TO ymaJuTh CO3JaHHBIN 00BeKT Datacenter
(tuar 13) u BeImosTHUTE Itaru 14 u 15.

B cinyuae ecam He MOJyUYMJIOCH YCIIEIIIHO m00a-
BuTh Bce ESXi-xocThI B KaacTep (1m1ar 5), To OTKJIIO-
YUTh U yAAJUTh u3 HOoBoro vCenter Bce mOAKJIIO-
YeHHBIE XOCTHI. 3aTeM yAaJuThb KJjactep (mar 12),
Ipyu HeoOXOAMMOCTH ymaauTh o0bekT Datacenter
(mmar 13), a Tak:ke BBITIOJMHUTD miaru 14 u 15.

Ecnu He ynmasoch CKOH(GUI'YPUPOBATH CETh, TO
yIAJIUTh BCe MOAKJIIOUeHHbIe XOocThI (mrar 11), a ga-
Jiee BBIIOJTHUTS Itaru 12, 13 (mpu He0OXOZUMOCTH),
14 u 15.

IIpy BOBHMKHOBEHUW KaKUX-TUOO OIIUOOK Ha
mare 7 (ZOMOJHUTENbHBIE HACTPOMKU KJacTepa),
miare 8 (IOIIOJIHUTEIbHBIE HACTPOUKHY CceTu) U miare 9
(dacTy 5TamoB 3aBEPUIAIONIUX JEHCTBUI) BBIMIOJ-
HUTD BCe IIaT'y II0 BOCCTAHOBJIEHUIO KOHPUTYpaIlnu,
a mmenHo: maru 11, 12, 13 (toasko ecsiu Datacenter
cosmaBaJcs), 14 u 15.

Crout, 0OJHAKO, 3aMETUTh, UTO KOHKPETHLIE JIeii-
CTBHUSA II0 BOCCTAHOBJIEHUIO KOHPUTYPAIIUN CETH Ha
ucxoxaom vCenter MOryT OTJIMUaTHCSA B 3aBUCUMO-
CTU OT TOTO, KAKUM 00pasoM JOJI:KHA OLITH HACTPO-
€Ha ceTh U B KAKOM COCTOSHUU OblIa CHCTEMAa IIPU
BOBHUKHOBEHUU OITUOKHU.

Hactpoiika cetu

OTHesIbHO OCTAHOBUMCS HA BOCCTAHOBJIEHUY KOH-
durypamnuu cetu AJjid KJIacTepa, TaK KaK 9TO Ba’KHO
npu ucmob3doBaHuu DVS, KOTOPBI AaeT SOIIOJIHU-
TeJIbHBbIE BO3BMOKHOCTHY B KoH(purypaiuu cetu [18],
HaIpuMep Pe3epBUPOBaHUE KaHaJa JJid Ol peIeseH-
HOTO TuIa Tpaukra.

Ho Bepcuu vCenter 7.0.0 6b1y1a BO3MOKHA MUTPa-
nusa ¢ ogHoro DVS Ha apyroii, 4To yIpoliajgo Kak
IIpoIecc MUTPAIINU, TaK U IPOIECC BO3BpaTa K WC-
XOZHOMY COCTOSIHHIO. B CBA3M C TeM, UTO KJIacTep
moAKJIrouaeTca aubo K ommomy DVS, mubo K apy-
romy, Jqubo, mpu OIIHNOKe B IIpollecce MUTPAIUU,
OMHOBPEMEHHO K 000MM, MOKHO OBLIO pPeain30BaTh
OJUH aJITOPUTM MUT'PAIINU, KOTOPBIA MUTPUPOBAJ U
MePerogKII0UAT TOJBKO Te 9JIeMEeHTHI 1 HACTPOUKH,
KOTOpBbIe cefiyac He TMOAKJIIOUEHBI M He CKOH(PUTY-
pupoBaHsbl aasa uckomoro DVS. Ho crout ormeTuTs,
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(9) Do6aButs PNIC B KOHTpOJIB
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i

(17) Ilepeno axatounts VMKernel
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A

(16) Do6aButs PNIC us mara (15)
BSVS
A

(15) Ymanurh OquH U3 IOAKJIIOUEHHBIX

PNIC uz DVS

B Puc. 3. Anroputm Mmurpamnuu nograouenus ESXi-xocra ¢ SVS va DVS
B Fig.3. Algorithm of ESXi network migration from SVS to DVS
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/  NPOrPAMMHbIE 1 ANMNAPATHBLIE CPEACTBA /

YTO B METOAUKe KoMmianuu VMware He IIpeaycmo-
TPEHO IPOBeJeHe MUTPAIuKU ceTu ¢ ogHoro DVS Ha
IPYTOi, T. €. 3TO ABJAJOCH HE3aJOKYMEHTHUPOBaH-
HOM BOBMOXKHOCTBIO MJIM MOIJIO Ja’Ke TPaKTOBATbCS
KaK OImmoKa.

B cBsA3u ¢ BBINIECKA3aHHBIM U PEKOMEHIAIIUAMU
VMware murpanusa cetu ESXi-xocTa moskHaA mIpo-
UCXOIUTD B CJIEAYIOIIEM IIOPSITKE:

1) c DVS ua SVS;

2) ¢ SVS ma DVS.

Agropurm murpanuu ¢ DVS Ha SVS no:ken mo-
IyCKaTh CBOM HEOAHOKPATHLINA Iepe3aIycK, U4To II0-
3BOJIAET PelraTh IpobJieMy YaCTUYHOTO ITOAKJIIoUe-
HudA uepe3 SVS. Aaropurm paboThI B BUIE IICEBIOKO-
Jla IpUBeieH B INCTUHTE.

Ilcesdoko0 muzpayuu cemu ¢ pacnpedejeHH0z0
8UPMYANLHO20 KOMMYmMamopa Ha cmanoapmHbLil
8UPMYANLHBLIL KOMMYMAMOP

[na kaxaoro n3 nepefaHHbiX XOCTOB(

Y6paTb PNIC 13 I0-koHTpons
active_pnic_connected = false

MpoBepuTb, HE MOAKIOYEH X XOCT MNOIHOCTLIO UMK
4acTMYHO K KakoMy-nnbo n3 SVS

if not (nepepaH SVS) n not (xoCcT noakoyYeH K KakoMy-nmbo
13 SVS){
Cos3patb SVS Ha xocTe
CoxpaHutb uMsa SVS ana xocta
1
MpoBepuTb, noakntodeHsbl N kK SVS aktueHblie PNIC
if akTBHbIe PNIC noakntoyeHbi{
L006aBnTb NX B CNNCOK MUrPUPOBaHHbIX PNIC
active_pnic_connected = true
1
if not active_pnic_connected{
first_pnic = Beibpatb 1 13 akTuBHbIX PNIC
Ynanuts first_pnic na proxySwitch xocta
Lo6asuTs first_pnic B SVS
Lo6asuTs first_pnic B cnncok murpmnpoBaHHbix PNIC
1
MoaxnounTb B SVS Heobxoaumbie VMKernel B cooTBeT-
CTBUN C KOHpUrypaumemn
Moakniounts B SVS HeobxoanMble ceTeBble agantepsl BM
B COOTBETCTBMUM C KOHDUrypaumen

not_migrated_pnics = Bce PNIC B proxySwitch — Murpupo-
BaBLune PNIC

Ypanutb not_migrated_pnics n3 proxySwitch xocta
Job6asuTb not_migrated_pnics B SVS

Lo6aBunTb not_migrated_pnics B CNMCOK MUTPUPOBaHHbIX
PNIC

BeinonHats Bcerpa): ob6asuts PNIC B I0-kOHTpONb

}

CrenyeT OTMETUTH, UTO AJITOPUTM MUTPAIUN
¢ SVS ma DVD Tak ke, Kak 1 OCHOBHOU aJITOPUTM

MUTPAIlN, COIePKUT BO3MOKHOCTh BO3BpaTa K 13-
HAYaJHLHOMY COCTOSIHHIO B CJIyYae OMINOO0K.

AnroputMm, IpeAcTaBJIeHHBIN Ha puc. 3, HE00XO0-
JMMO BBITIOJHUTE JJIA KA /JI0I0 X0CTa.

A BoccTaHOBJIEHWE HACTPOEK CETU W MUTPAIlUA
cetu Ha DVS B ucxoguaom vCenter cepsepe, ¢ KOTO-
POro IPOMCXOAUT MUTPAINS, UAET II0 CIAEAYIOIeMY
aJITOPUTMY.

1. Eciiu xocThl ObLIM HOAKJAOUeHBI K DVS B Ho-
BoM vCenter cepBepe, TO:

1.1. Heo06xoauMO MOAKJIIOUUTL UX uepes SVS,
Ipu HeoOXOAMMOCTH co3aaTh SVS.

1.2. Ilogkiroounts X B HeoOxomuMblii DVS Ha
ucxonuom vCenter cepsepe.

1.3. Ymaaurs co3gauubiii SVS, eciiu co3maBajcs.

2. Eciiz xocThI He OBLIN ITOJKJII0UEeHEI uepe3 DVS
B HoBOM vCenter cepBepe, TO:

2.1. Ecaiu OHU TIOJIHOCTBIO IIOAKJIIOUEHBI Uepes
SVS, To momkiroounTh, UX B HeoOxommMbIii DVS ma
ucxonuom vCenter cepsepe.

2.2. Ecau oOHM He IIOJHOCTBIO IIOJKJIIOUEHBI
B SVS, To mogkirrounts ToabKo Te PNIC u cereBnie
anmanTepbl BM, KoTophIe ObIIN ITOAKJIIOUEHBI K SVS.

2.3. Ynaauts SVS, ecii HE0OXOLMO.

IIpensio:KeHHbBIN IOAXO0/ TapaHTUPYET, UTO JUOO0
cucTeMa MUTpUPyeT Ha HOoBbII vCenter cepsep, 11100
ee COCTOAHMEe K KOHITY BLINOJHEHUS aJTOPUTMa He
U3MEHUTCH, T. €. CHCTE€MAa OCTAHETCS B IIOJIHOCTBHIO
pabouem coctoauuu [17]. IIpu sTom obecieunBaeTcsa
GecriepeOOHBIN AOCTYT K cucTeMHBIM BM BO Bpems
MUTPAIUN.

B cayuae ecyiz B mIpoliecce MUTPAIlUU IIOTEPAET-
cd ¢BA3b ¢ HOBBIM vCenter u mpu 5ToM IIOTEpsAETCS
CBS3B CO CTAapbIM, TO CUCTEMA TIEPeiIeT B HeCOoTIaco-
BaHHOE COCTOSIHIIE.

Peanusamusa aJroputMa aBTOMaTHYeCKOMI
MUIrpanguu

IIpennosKeHHBINM aJITOPUTM pPeaM30BaH B IIPO-
MBIIILJIEHHON cucTemMe xpaHeHus maHHBIX (CX]II)
M MOKeT WUCIIOJb30BaThcA s murpamnuu ESXi-
KJlacTepa, cosmanuoro aroit CX]I. lia peanusanuu
HCIIOJIH30BAJIVICE:

— S3BIK IIporpamMMupoBaHus Java 11;

— 6ubsuoTerka Vert.x mjyid peasmnsanuy peakTUB-
Horo noxaxoza [19];

— vim25 — SDK gjia pa6otsl ¢ vSphere;

— Jira gya orcaekuBaHua cocTosaHuAa 3agaduu [20];

— Confluence g [oKyMeHTUPOBAHUA PAOOTHI;

— git/GitHub B xauecTBe cucCTeMbl KOHTPOJS
Bepcuii;

— Jenkins gnaa peanusamuu Continuous Integ-
ration (CI);

— gradle B KauecTBe cOOPIIINKA IIPOEKTA;

— SonarQube/SonarLint mis mpoBemeHus cra-
THUYECKOr'0 aHAJIM3a Koja.
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s Mmurpanuu ObLIN CO3AaHbI JOIOJHUTEIbHEIE
MHUKpocepBuckl: Mmurpamnuu ¢ DVS ma SVS u obpaTtHo
¥ CepBIC II0 CO3MaHMUI0 U Kouurypuposaunuio DVS.
AT MUKPOCEPBUCHI TAKKe MCIIOJIb30BAHBI B IPYTUX
yacTax npoxykra. CepBuc MuUrpamum — 3TO TOXKe
MHKPOCEpPBUC, AUarpaMMa B3auMOIeiCTBII MUKPO-
CEepBICOB IIPeIcTaBJIeHa Ha puc. 4.

s Bzaumopeiictrsusa ¢ ESXi-xocramu u vCenter
cepBepoM HcCIOJIb3yeTcss mHcTpyMeHTapuit (SDK),
mpeAcTaBJeHHBIN KoMnanueir VMware, — vim25.

s perieHus: Ipo0JeMbl 0TKas3a (OTKJIIOUeHUd,
mepes3anycKa) IpUJIOKeHUS BO BpeMsA BBITTOJHEHUI
mpoliecca MUTPAIUM MCIOJIb3yeTCsS MeXaHW3M Ma-

IITUH COCTOAHUI. ITOT MEXaHU3M COXPAaHIET TEKY-
IUH IIar BBIMOJIHEHUS M KOHTEKCT BBITOJHEHUS
KOMaHALI B 6a3e MaHHBIX, a B CJIydyae Iepesanycka
MIPUJIOXKEHM S BOCCTAHABINBAET KOHTEKCT BBITIOJIHE-
HUA, BKJIIOYAA IIar, Ha KOTOPOM BBHIIIOJIHEHUE IIpe-
pBaJIOCh, ¥ IPOAOJIKAET BBITIOJHEHNE IETIOUYKU KO-
MaH] ¢ COXPaHEHHOT'O IIara.

Peann3oBaHHBIN KOJ IIPOBEPAJICA MOIYJIbHBIM,
WHTErPaIrMOHHBIM ¥ CHUCTEMHBIM TECTHUPOBAHU-
eM. [ CMCTEMHOTO TECTUPOBAHUA IPUMEHAJINCH
cJIeYIOIMe TEeCThl, peain30BaHHbIe Ha s3bIKe Py-
thon 3 ¢ umcmosb3oBaHmMeM OMOIMOTEK requests u
pyVim:

Executor
User

| |
Murpuposars | |
A

1 |

|OTopaBUTh KOMaHAY MUTDAI[UU |
-

i >

|
HeiicTBusa Ha HoBoM vCenter

|
|
|
|
|
| Hauassuble geficTBus |
|
|
|
|
|

DVSCreator | |VirtualSwitchMigratror

| MurpupoBaTh ceTh Ha BpeMeHHBbI# SVS

|  Wwma SVS |
<

|

|

|
MurpupoBats ceTb ¢ SVS (ums) HA Dl{fs (ID)

I Vpanuts BpeMeHHBIN SVS

1]

| HoKOH(MUTYPUPOBATH KJIACTED U CETh|

I

|

|

|

|

|

|

|

|

|

|

|

|

|

| | ¥Yoanutsk crapslit proxySwitch
|

|

|

|

|

|

|

|

|

I o
| 3aBepuIaroniye JeicTBUA
|

|

-1

User Executor DVSCreator | |VirtualSwitchMigratror
B Puc. 4. MSC-guarpamma B3auMOAEHCTBUA MUKPOCEPBUCOB
B Fig. 4. MSC-diagram of microservice communications
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— 30 ycmemrHbIX MUTPAIUl MEXKAY OBYMS
vCenter cepBepamu;

— MuUrpanusa ¢ OImubKoN# BO BpeMs CO3TaHUA
DVS;

— MUTPAIUA C OITUOKOI BO BpeMs MUTPAIIUHU Ce-
Tu HA SVS;

— MHUTPAIUA C OITUOKOI BO BpeMsA MUTPAIUU Ce-
T Ha DVS.

Pe3yabsTaTh cpaBHEHUA PYYHON
M aBTOMAaTHYECKOIl MUT DA

B pesyabraTe paboThI ObLJI pean30BaH U BHeAPEH
MOJYJIb MUTI'PAIIY ¥ BHECEHBI U3MEHEHU B PAI MO-
nyneii mpombiniaeHHonn CXJII. 9Tu usaMeHeHUA IO-
3BOJIMJIM ABTOMATU3MPOBATH MPOIECC MUTPAIIUN
ESXi-knacrepa me:xnay pasuapimu vCenter ¢ Bosspa-
TOM K MCXOTHOMY COCTOSHUIO B CJIyuae BOBHUKHOBE-
HUS OIIUOKHU.

st mpoBeneHWs PYYHBIX W aBTOMATHYECKUX
SKCIIEPUMEHTOB II0 M3MEPEHMWI0 BPEMEHH MUIPa-
muu (Taba. 2) ucnoabsoBasicsa HOyTOyK Dell latitu-
de 5400 c 16 I'G oneparusuoil mamsaTu. Ha Hem ObI-
Jia 3alyIlieHa IporpaMMa, peau3yomniasa aJroOpuTM

B Tabruya 2. Pe3dynabraThl CPaBHEHUA PYUYHOI U aBTO-
MaTUYECKON MUTPAINNI

B Table 2. Results of comparison between automated
and manual migration

murpaiuu. Bo Bpemsa paboThl TPOrpaMMbl YCTAHOB-
JIeHO 3aluIleHHoe coenuuenue ¢ vCenter cepsepom
u npomsbinaeHHON CX]I, KOTOpoe MPOUCXOAMJIO Ha
ckopocTu nepexauu naHabrx 60 M6/c. Bo Bcex skc-
nmepuMeHTaX Ha Kaskaom um3 ESXi-xocToB Oblyia 3a-
mylneHa ogHa cuctreMHas BM, a Ha KjacTepe [OIOJI-
HUTEJIbHO PA3BEePHYTHI UeThIpe KaneHTcKre BM.

Bpemsa, Heo6xoamMOe HAa aBTOMATHUUECKYIO MU-
rpamuoo, U3MepeHO MOCTOBEPHO IYyTEeM II0JIYUYeHUS
MenuaHHOTO 3HaueHuA 30 murparnuii (tabs. 3) ogHO-
ro ESXi-kmacTepa us aByx X0cToB (puc. 5).

Pyunas mMurpanusa msMepsjach ONHUM UYeJIOBe-
KOM, M pe3yJbTaT, IIPeACTaBJeHHbIN B TabauIe, —
cpenHee 3HAUYeHHE TPEX MHUTPAIIUI, TaK KaK MIPO-
necc Tpynoemkuii. [Ipu aToM ciieqyetT OTMETUTD, YTO
TaKue W3MePeHUs MOTYT ObITh HEeIOCTOBEPHBIMHU,
TIOCKOJIbKY Y UeJIOBEKA YBEJIWUYUBAETCS OUBIT M OH
MOKeT BBITOJHATH ONepaIuu II0 IMaMATH, a He II0
uHCTPYKIuu. Ho make Takue maHHBIE O3BOJISIOT
paccumTaTh IPUMEPHOE OKUJaeMoe BpeMsA Ha OJHY
MUT'PAIAIO.

TaksKe TpPOBeIEeHBI SKCIEPUMEHTHI II0 TECTH-
poBaHUIO PaBOTOCIOCOOHOCTH AaJITOPUTMa BO3Bpa-
IeHNsA K MCXOAHON KOH(GUIYypaluu, IJIS Jero Ha
KasKJOM ITIare aJropuTMa SMyJNpPOBajach OIINOKa.
IIpuMmensanch:

— ammnaparHoe oTKJIoueHne vCenter cepBepa;

— IporpaMMHOE 9MYJIUPOBAHNE 3aBEPIIEHU HC-
MOJHUMOM 3244l C OIITHOKOII;

— mepefaya HEKOPPEKTHHIX JaHHBIX.

Tun murpanuu

Kpurepnit
Pyunasa ABTomaTuueckas
Bpewms, kaactep | 55 mun 3 MuH
U3 IBYX XOCTOB
Bpewms, kamactep | 65 mun 5 MuH
U3 YeThIPex
XOCTOB
ITanc omubxru Bousbiioi Kpaiine Huskuit
(MHCTPYKIIUSA
6oJIbIIIe

20 crpanuIr)

BosmoxkHOCTB Ha Ha
OTKaAQTUThCA
Ipu omudKe

BosmoskHOCTE Ha Her
BEPHYTHCS Hasa[
¢ 10001 TOUKY’

Heob6xoxumsbie Hacrtpoiiku Hactpoiiku

BXOIHBIE JaHHBIE | KJacTepa, ESXi-xocra,
ESXi-xocra, vCenter
vCenter cepsepa, | cepsepa,
KOH(pUrypamus JIOTWH U ITapOJb
DVS, cmoco6 JLJIsI perucrpa-
perucrpamnuu nuu Storage

Storage Provider | Provider

B Tab6ruya 3. PeaynbTaThl TECTUPOBAHUA aBTOMATHYE-
CKOU MUTpAIUN

B Table 3. Results of tests for automated migration

Howmep Bpewms, Howmep Bpewms,
Murpa- 3aTpadeHHOe MuUrpa- 3aTpadeHHOe
nun Ha MUTPAIAIO, C nuu Ha MUTPAIUIO, C
1 189,94 16 177,41
2 173,68 17 199,19
3 198,888 18 193,95
4 176,28 19 204,40
5 199,54 20 175,87
6 177,03 21 181,27
7 176,94 22 190,71
8 435,03 23 176,14
9 187,06 24 176,87
10 189,04 25 174,35
11 183,42 26 183,35
12 179,59 27 172,46
13 182,57 28 177,11
14 176,87 29 176,88
15 180,68 30 183,37
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Bpems murpanun
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B Puc. 5. Bpemsa murpanuu KaKIol MOMBITKY U MeIu-
aHHOE BpeMs MUTPAIINH AJIA KJIacTepa U3 ABYX XOCTOB

B Fig. 5. Migration time for each attempt and median
time

B pesysnbraTe Bo Bcex 9KCIEPUMEHTaX Ha UCXO[-
HoMm vCenter cepBepe BOCCTaHOBUJIACH KOPPEKTHAs
u3HavYaJbHaA KOHQUTYPAI[UI CUCTEMBIL.

Brnarogapss aBTomMarusanuu TPYJOEMKOCTH IIPO-
Imecca MUTPAIUY CHU3WJIACHh KaK IO BPEMEHU IIPU-
mepHO B 15-18 pas, Tak u B 00beMe He0OXOIMMBIX
BXONHBIX JNAaHHBIX. [losb30BaTe b AOJIKEH IIPeno-
CTaBUTH TOJBKO JaHHBIE O mapoadax aaa ESXi-
XOCTOB, AaHHBIe AJs foctyna B vCenter cepsep, Jo-
THUH U NapoJib IJiA perucrpanuu Storage Provider.
Tak:ke I0JIb30BaTEN 0 HEOOXOAMMO Y3HATH OIUH
UaeHTUPUKATOP, KOTOpIi monyuaeTcsa ¢ CX] mpu

nomoiru oxuoro REST sampoca. Ilpu BosHuUKHOBe-
HUU OIMOKM B IIPOIleCCe MUTPAIINYU M3HAYAJIbHAS
KOH(Urypanusa KJjacTepa BOCCTAHABJIMBAaETCA Ha
ucxomaom vCenter cepBepe, YTO MUHUMUSUDPYET
BpeMsA HAXOKJEeHWA KJAcTepa U CUCTEMBI B HEKOD-
PEKTHOM COCTOSTHUU.

3aKIoueHne

IIpoBeneHsbl UccienOoBaHNe U aHAJIU3 CYIIECTBY-
OIMUX TOAX0M0B Murpanuu ESXi-KiacTepoB Mesx-
Iy pasHbpiMu sK3eMmiasapamu vCenter cepsBepos.
IIpennoxxen anroputm murpanuu ESXi-kaacTepos
MeXKIy pasHbIMU sK3emmasapamu vCenter cepBepos
C BOBMOJKHOCTBIO BO3BpaTa K MCXOMHOU KOH(pUry-
panuu. IIpensioKeHHBIA aJITOPUTM peau30BaH
B ONHONM M3 IPOMBINIJIEHHBIX CHCTEM XPaHEHUS
JTaHHBIX.

IIpoBeeHbl 9KCIEPUMEHTHI JJIS OIleHKHN pPadboTo-
CIIOCOOHOCTHY AJITOPUTMAa BO3BpAIIleHUS K MCXOMHOI
Kouurypamnuu. I[IpogeMOHCTPUPOBAHLI Pe3yJb-
TaThl CHUMKEHUS TpyaoeMKocTu murparnuu ESXi-
KJIacTepoB Mesx 1y pasubsiMu vCenter cepBepamu i
aBTOMATHUYECKOTO ITOAXO0/a, KOTOPBIi TIOKa3aJl BHIUT-
poIMI Bo BpeMeHu B 15—18 pas mo cpaBHEHHUIO ¢ Tpa-
IUITMOHHBIM PYYHBIM moaxomoMm. Ha ocHoBe mpose-
IEeHHBIX SKCIEPUMEHTOB MOYKHO TaKiKe CYAUTH 00
YMEHBITeHUY BpeMeHU HaXO0:KIeHuA KaacTepa B He-
KOHCHCTEHTHOM COCTOSTHUY 34 CUeT IIPeIJIOKEeHHOr0
MexaHu3Ma OTKaTa.
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Algorithm of ESXi cluster migration between different vCenter servers with the ability to rollback

A. A. Petrov?, Master Student, orcid.org/0000-0002-7465-3317

I. V. Nikiforov?, PhD, Tech., Associate Professor, orcid.org/0000-0003-0198-1886, nikiforov_iv@spbstu.ru
S. M. Ustinov, Dr. Sc., Tech., Professor, orcid.org/0000-0003-4088-4798
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Russian Federation

Introduction: Hypervisor managers may become deprecated or outdated or may fail. In addition, customers may want to rebalance
hypervisor load. All these can cause problems related to the incompatibility of software with different manager versions or to the level
of application integration. An effective solution to such problems is to automatically migrate the configuration and resources between
hypervisor manager instances. Purpose: To develop an algorithm of the automatic migration of configurations and resources of an ESXi
cluster between different vCenter Server instances with the ability to rollback in the event of a failure. Results: An automatic migration
algorithm has been proposed. On its basis a program module for enterprise storage has been developed, which allows migrating an ESXi
cluster on which a storage system is deployed from one vCenter Server to another. The module handles errors, and in case an exception
or error occurs the module initiates a rollback operation in order to revert to the original vCenter Server. The study presents an
experimental evaluation based on the comparison of the manual migration and the execution of the developed module. The time needed
for the migration procedure has been reduced from 55 minutes to about 83 minutes, i.e., by 15—18 times. The amount of information to be
known or taken into consideration by a user has also been reduced. Practical relevance: The study results have been used for enterprise
storage. The developed module makes migrations to a new vCenter Server easier and faster.

Keywords — hypervisors, vCenter Server, VMware ESXi, migration, automatization, Distributed Virtual Switch.
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AHanus cpegHen 3agepXKu Anga ogqHON Mo enu ceTu
MacCOBOro o6cnyxmBaHus ¢ pe3epBUpoOBaHNEM pecypcoB

M. H. LLlenecT?, accucteHT, orcid.org/0000-0002-2073-6053, mshshelest@mail.ru
aCaHKT-IleTepbyprckuii rocyapCTBEHHbIN YHUBEPCUTET a3pOKOCMUYECKOro NprubopoCTPOEHNS,
b. Mopckas yn., 67, CaHkT-[leTepbypr, 190000, P®

BBegeHue: B HacTosLLee BpeMs aKTyasbHON 3afaJyen ABaseTca paspaboTka HOBbIX METOLOB aHa/m3a C/I0XHbIX MHGOP-
MaLMOHHbIX CUCTEM, K KOTOPbIM MPebsABASIOTCS MOBbILLIEHHbIE TPe6OBaHUS M0 COXPAHEHUIO LieSIOCTHOCTY AaHHbIX. BaxHon
XapaKTepucTUKON KayecTBa paboTbl TaKnx CUCTEM CUMTAETCA CpefHee BpeMs BbIMOIHEHNS TpaH3aKLUumn. K coxaneHuio, Ha ce-
rofHs NPaKkTUYeCKu OTCYTCTBYIOT MaTeMaTU4YeCKue Mo e U oLeHKu ans bbicTpodencTBus nofobHbix cucteM. Llenb: paspa-
60TKa 1 aHanmM3 Mogenu pacrnpeneneHHon MHGoPMaLMOHHON cucTeMbl Ha 6ase ceTert MaccoBOro obcyxumBaHus. Pesynbrarbl:
onucaH TUM UHOPMALMUOHHBIX CUCTEM C MOBbILIEHHbIMU TPEBOBAHUSIMU K COXPAHEHUIO LIEIOCTHOCTU AaHHbIX. [puBeAeHb!
AonyueHns ansa nofobHbix cuctem. lMpeanoxeH yaobHbIN cnocob ux npeactaBieHns B Buge rpagha 3aBUCMMOCTY MapLUPYTOB
TpaH3akuymui. Kaxablii MapLIpyT B Takou cucteme npeacTaBieH B BUAE OAHON TaHAEMHOW cMCTEMbl MaccoBOro obciyxuBa-
HUSI, 47151 KOTOPOU NPUBEREHO BbIYMCIIEHNE XaPAKTEPUCTUK ee (PYHKLMOHUPOBaHUS. [JaHHbIN crnocob npescTaBieHus No3Bo-
JIUJ1 YyNPOCTUTb aHann3 CII0XHbIX CUCTEM, B pe3ysibTaTe Yyero Obliu noslyyeHbl 3aMKHYTbIe BbIPaXeHUs1 /151 OLU€HKU BPEMEHHbIX
XapaKTepucTUK paccMaTpUBaeMoro Tuna cucteM. Takxe npuBeAeHbl Ba MexaHn3Ma [eKOMNo3nLmn npeasioxXeHHoro rpagpa
C rnocnefyoLWmMM BbIYMCIIEHNEM HUXXHEN rPaHnLbl /151 CpeJHEro BPEMEHM BbIMOJIHEHUS TpaH3akuun. MeTogamMu UMUTaLMOHHO-
ro MofenvpoBaHus NpoaHaIu3npoBaHa TOYHOCTb 0boux noaxoA[oB. MpakTuyeckas 3HAYUMOCTb: MPEASIOKEHHbIE MOLENN M0~
3BOJISIFOT OLE€HUTD MNpefiesibHble CKOPOCTHbIE XapaKTepPUCTUKN MHGDOPMALMOHHON CUCTEMbI eLLe Ha dTarle ee MPOeKTUPOBaHUSI.

KnioueBbie cnoBa — MHd)OpMaLMOHHaFI cuctemMa, TpaH3akuyus, LLeJIoCTHOCTb, CETb MaccoBOro O6Cﬂy)KMBaHl/1FI, rpaHu4Heble
3Ha4YeHus.

IMua uurtuposanus: [lesect M. H. Ananus cpegueii 3afiep»KKHU IJIs1 OJHON MOJEJM CEeTU MAaCCOBOT0 OOCAYIKUBAHUSA C PE3EPBUPOBAHUEM
pecypcoB. HHpopmayuorHo-ynpasrsoujue cucmemot, 2022, Ne 2, c¢. 32—41. doi:10.31799/1684-8853-2022-2-32-41

For citation: Shelest M. N. Average delay estimation for one queueing network model with resource reservation. Informatsionno-
upravliaiushchie sistemy [Information and Control Systems], 2022, no. 2, pp. 32—41 (In Russian). doi:10.31799/1684-8853-2022-2-32-41

Bsenenue

B macrosdmee BpeMsa aKTyaJIbHOW 3agauveil sB-
JseTcs AaHaJIW3 XapaKTePUCTUK OBbICTPOAEMCTBUS
oonbmmux nHpopMamuoHHBIX cucteMm (MC), cocros-
mux u3 6as ganubix (Bll), cucrem ynpasimenus B,
KaHAJIOB CBS3U, MOJb30BATEJIbCKUX U MIPUKJIAI-
HBIX mHTep(deiicoB u up. [1, 2]. UudopmarmoHHbIH
obmen me:xkny abomentamu m MC ocyiecTBiasAeTcs
TOCPeACTBOM TpaH3aKIuii. B mamHOM cJiyuae mOX
TpaH3aKI[UeH IIOHMMAaeTCAd II0CJeI0BaTeIbHOCTD
omepanuii Hag nauabiMu WC. ITlomumo ObIicTpozmeit-
CTBUA, 0co00e BHUMaHUE B TAKUX CHUCTEMAaX yAeJsd-
eTcsA TaKiKe COXPaHEeHUIO IeJIOCTHOCTY AAHHBIX [3,
4]. ITesoCcTHOCTHL MOMKET HapylIaTbCcsd, HAIIPUMED,
BCJIEJICTBYE HEIIPABUJIbHO YCTAHOBJIEHHBIX MOJUTUK
JOCTYIIa PA3JIUYHBIX a00OHEHTOB K OOHUM U TEM Ke
sanucam Bl nyia urenusa u usmenenud. Hampuwmep,
BO BpeMs IIpoIlecca M3MEHeHUSA TaHHBIX B OIIpene-
JIEHHBIX 3alUCAX OJHUM IIOJIb30BaTeJEeM K TeM Ke
JTaHHBIM [IJA YTEHUA MOKeT obpaliarbecs IpYTroi
moJb30BaTe b. IloKa mM3MeHeHUe 3alliceil TepPBBIM
TOJb30BaTeJeM He 3aBepINeHO, NaHHbIE HE MOTYT
cunTaThcA OKOHUaTeabHbIMHU. ClemoBaTe IbHO, TaH-
HbIEe, IPOUYNTAHHBIE BTOPHIM II0JIb30BaTEJIEM, OYAYT
HeaKTyaJabHbIMU. [[J15 n3beranusa MOJO0OHBIX CUTYa-
IMUH 3aUacTyio IPUMEHAIOTCI MeXaHU3Mbl Pe3epBU-

poBaHUus (6JIOKMPOBKY) 3aMIMCEI MU IIeJIbIX TaOJIII]
(pecypcoB BII) [5, 6]. OcHOBHO#1 CMBICJ JaHHBIX Me-
XaHU3MOB 3aKJII0UaeTcAd B obOecIeueHUU IOPAaKa,
IIPX KOTOPOM C OJHUMU U T€MU Ke JaHHBIMU OIHO-
BPEMEHHO MOKeT PaboTaTb TOJIBKO OJHA TPaHBaK-
mus [7].

BrhIfe 10T HECKOJIBKO YPOBHEI Pe3epPBUPOBAHIS
pecypcos.

1. MznogeHHOe pe3epsuposaHue: PEe3ePBUPYETCS
TOJILKO TOT PECYPC, HAJ KOTOPHIM BBITIOJIHSAETCS OIIe-
panus B JaHHBIA MoMeHT. IIpu TaKoM MexXaHH3Me
TPaH3aKIUU OJJOKUPYIOT OTHOCUTEJIBHO HEeDOJIbIIIOe
KOJIMYECTBO PECYypPCOB, UTO CIIOCOOCTBYET OBICTPOTE
UX BBINOJIHeHUS. MUHYCOM JAHHOTO Pe3epBHPOBa-
HUA ABJAETCA BO3MOYKHOE HapyIIIEeHNe IeJIOCTHOCTH
TaHHBIX.

2. PempocnekmueHnoe pe3epeuposarnue: pesep-
BUPYIOTCSI T€ Pecypchbl, HaJ KOTOPBIMH yiKe ObLIu
BBIMIOJIHEHBI OIlepaluy B PaMKax TPaH3aAKIUU, U
TOT PECYPC, HaJ KOTOPHIM BBITIOJHSIETCA OIEPaIlusa
B JAaHHBIA MOMEHT. PesepBupoBaHue ¢ pecypcoB 0y-
IeT CHATO TOJBKO TOTZA, KOTJa BBIMOJIHEHVE TPaH-
3aKIIU IOJHOCTBHIO 3aBepIIUTCA. B TaHHOM ciiyuae
IIEJIOCTHOCTH TaHHBIX He HApyIIaeTcd, HO TAKON TUII
Pe3epPBUPOBAHUA MOYKET IIPUBECTH K BO3HUKHOBE-
HUIO B3AMMHBIX OJIOKMPOBOK. B3anMHasa GJIOKUPOB-
Ka — 9TO CUTyaIus, KOTJa ABe Mu 6ojiee TpaH3aK-
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MUY TPENATCTBYIOT BBIIIOJHEHWIO Apyr apyra [8].
JauHbI KOHQIUKT He pasperum 6e3 omeparum oT-
Kara Tpausaxiuii [9, 10], uTo HeraTUBHO BJINUSET HaA
cxkopocTs paborsr YIC.

3. IIpocnekmueHnoe pezepsuposanue: Tepen Ha-
YajJoM TPaH3aKIUU PEe3ePBUPYIOTCA BCE PECypPCHI,
HAJ KOTOPLIMH ILJIAHHPYETCS IIPOBEIeHUe Olepa-
nuii. CHATHE OJIOKUPOBKY IIPOMB0MAET TOJHKO TOT-
[la, KOr/a BBIIOJHEeHNe JaHHON TpaH3aKI[UU I0JIHO-
CTBIO 3aBepIIuTCA. Biaromapa momoOHOMY MeXa-
HU3MY DPEe3epPBUPOBAHUSA B CHCTeMe He BO3SHUKAIOT
B3aUMHBIe OJIOKMPOBKY, TaK KaK HEBO3MOYKHO Ha-
YaTh BBITIOJIHEHNE HU OSHOM TpaH3aKIIMHU, IIOKA 3a-
OJIOKMPOBAH XOTsI ObI OAWH HEOOXOZUMBIA pecypc.
Takoil MexaHU3M Pe3ePBUPOBAHUSA PECYPCOB TaKIKe
CIIOCOOCTBYET IIOJIHOMY COXPaHEHUIO IIeJIOCTHOCTU
mauubix B VIC.

B wmacrosmieit pabore paccmarpuBatorcsa UC,
K KOTOPBLIM MPEIbABJISIOTCS IIOBBIIIIEHHBIE TPebO-
BaHUA K COXPaHEHUIO I[eJIOCTHOCTY JaHHBIX 6€3 BO3-
MOKHOI'0O BOSHHUKHOBEHUSI B3AUMHBIX OJIOKMPOBOK,
YTO mejaeT HeoOXOOWUMBIM HPUMEHEHUE TPEeTHEero
MexaHU3Ma Pe3epPBUPOBAHUA.

dopmaabHasg MOIEIb CeTH

IIpexgcraBiieHUE CHCTEMBI B BUAE CETH
MacCOBOTO 00CIIy:KMBAHUSA

BBemem Momess paccMaTpUBAeMOM CHCTEMbBI Ha
ocHOBe ceTreili maccoBoro obcay:xkuBanus (CeMO).
IIpu Takom npencraBiaenuu pecypcam MC cooTsert-
CTBYIOT obOcayskuBatomniume ycrtpoiictBa (OY) cetu,
TpaH3aKIIUAM — 3aABKU, a IPOIECCY BBHITIOJIHEHUA
TPaH3aKI[UY — IPOXO0KIEHIEe 3aABKY II0 MAPIIPYTY
BHYTpu CeMO. B nansHeiitem 6yAyT UCIOJIb30BAHBI
cJIeAyIOINe AOMYIIeHnA:

— MapUIPYTHI IPEACTABIAIOT COOO0I ITPOCTHIE I1e-
nu (BHYTPHU Kaskaoro MmapirpyTa Bce OY pasinuHbl);

— MHOJKECTBO PaspellleHHbIX MaPIIPYTOB B CETHU
(TUTIOB TpaH3aKIIMil) 3apaHee ONpeNeseHO U KOHEeU-
HO;

— Ha MHOYKECTBE MapIIIPyTOB 3aJaHO BEPOAT-
HOCTHOE pacIpefiejieHue.

15 KasKa0T0 U3 TUIIOB TPAH3aKI[UH Ha BXO/E CU-
cTeMbI HAaXOIUTCA OTAeIbHBIN Oydep. KouTposaep
CeMO, oTBeualoIuii 3a cCOXpaHeHUe IIeJJOCTHOCTH
MaHHBIX, pas3pellaeT OdYepeNHON 3adBKe OTIIpa-
BUTHCA U3 Oydepa 1Mo MapIipyTy, TOJIbKO €CJIU BCe
OY ma mapipyTe cBo6oaHBI. OTHOBPEMEHHO IPOU3-
BOAUTCA OJJOKUPOBKA HaHHBIX OV [IJ1s mpoYmx 3asd-
BOK IO T€X IIOP, IIOKAa JaHHAd He IOKUHET CHUCTEMY.
Biaromapa TakoMy MeXaHU3MY pPe3epPBUPOBAHUA
Ha KaI0M MapIIpyTe MOMKeT HaXOOUThCA He 6oJiee
OIHOU 3aABKU. AJITOPUTM, B COOTBETCTBUU C KOTO-
PBIM IPUHUMAETCH PellleHre O CAeYIONel B3ATOoN
Ha 00CJIy}KUBaHUE 3aBKe, HA3BIBAETCS TVCI[UILIIN-
HoO#l ynpasienusa O0ydepom [11, 12]. Takoe perre-

HUe, HAIIPUMepP, MOJKET OCHOBBIBATHCA HA IIPUH-
I[UIle TePBBIN IPUIeJ — MEePBBI BBIINIEJ UJIN Ha
IIPUHIIUIIE TIPUOPUTE3ANNN HAUMEHee CJIOKHBIX
3aaBoK [13, 14].

Paccmorpum npeacrasienue VIC B suge CeMO Ha
IIpUMepe CUCTEMBI, 06pabaThIBaIOIIell YeThIpe THUIIA
Tpausaknuii. Kammgas us TpaH3aKIUil COCTOUT U3
TIOCJIEOBATEILHOCTY KOMAH/I, IIPEICTaBJIeHNE KOTO-
peIx Ha a3bike SQL npuseneno B [IpuiokeHun.

1. BoinosiHeHMe olepanui uepe3 0aHKoMaT:

— nobaBieHue B Tabauny «Omnepanuu uepes 6aH-
komart» (Tabl) 3anrucu o TPOBEAEHUH TTOJIb30BaTEIEM
omepaIuy 1Mo CHATHIO HAJNYHBIX Yepe3 6aHKOMAT;

— nobaBienue B Tabauny «Omepamuu KJneH-
ToB» (Tab4) sanucu 0 IPOBEIEHHOI ITOJIL30BATEIEM
omepanuy ¢ yKasaHueM JaThl.

2. 3ampoc Ha IpemocTaBJeHNe BLIINCKHU II0 OIle-
panmuam:

— nmobOaBJjieHre B TAOJMUILY «3ampPOChl KJINEHTOB»
(Tab2) samucu o 3ampoce KJINEHTa BBIIUCKU TI0 cUe-
Ty Ha OIIPeJieJIeHHBIH eHb;

— BBIOOPKA 13 Tabauilbl «Omnepannu KJINEHTOB»
(Tab4) samuceii O COBEPIIEHHBIX II0JH30BATEJIEM
omepanusax 3a yKasaHHBIHA 1eHb.

3. BrinosiHeHME TLIaTeKa 10 KPETUTY:

— nobaBienue B Tabauily «Ilimare:xu mo Kpemu-
Ty» (Tab3) sanucu 0 BHeCEHUU KJIMEHTOM ILJIaTe’Xa
110 KPEeIUTY;

— nobaBienune B Tabauiy «Omepanuy KJINEH-
ToB» (Tab4) sanucu 0 IPOBEIEHHON MOJIH30BATEIEM
omepanuy ¢ yKasaHueM JaThl.

4. O6HOBJIEHME KPEAUTHOU NCTOPUN:

— BBIOOpKA 13 TabauIhl «IlnaTesku mo KpeguTy»
(Tab3) cymMMbl TaaTekell IO KPEeAUTY, BHECEHHBIX
KJIMEHTOM 3a YKa3aHHBII MECHIT;

— obHoBJieHue B Tabauie «KpegurHas ucropus»
(Tab5) cyMMBI OCTaBIIIETOCSA MJIATEKA II0 KPETUTY
ISl KJIWEeHTa 3 YKa3aHHbBIN MeCsIL.

Hnsa mamHOrO IpUMepa pecypcamMu, HaJl KOTOPHI-
MU BBITIOJHAIOTCA OIEPaIliy TPAaH3aKIIUi, ABJIAIOT-
csarabaunsl Tabl, Tab2, Tab3, Tab4 u Tabs. B CeMO
um cooTBeTcTByloT OY,, 0V,, OV3, OV, u OY,. Ha
puc. 1, mpeacTaBIAIOIEM COCTABIEHHYIO TAKUM 00-

oy,

=
QA
ol
— >

Ag

B Puc. 1. IIpumep CeMO
B Fig. 1. Queuing network example
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pa3oM pe3yJbTHUPYIOIIYIO CeTh, Kj o0o3HaUaeT WH-
TEHCUBHOCTH IOCTYIIJIEHUSI B CUCTEMY ITOTOKA TPAaH-
3aKOUuil jTo Tuna (kj = ij, TZe p; — BEPOATHOCTH
MOABJIEHUA TPAaH3aKIUU j-TO Tua, L — ob1miaa uH-
TEHCUBHOCTH BXOJHOT'O IOTOKA TPAHBAKI[UIA).

OnuimeM paboTy MexaHUW3Ma pPe3epBUPOBAHUS
I TIPUBeNeHHOro IpmMmepa. Hciaum B maHHBINA MO-
MEHT B CETH UCIIOJIHAETCS 3asdBKAa TPETHEero TUIla,
T. €. 3as8BKa, IIOCJIeI0BATEJIbHO 00CIYKUBAOIIASCS
B OY; u OY,, To aTu o6CiIyXuBaloIlle yCTPOUCTBA
Ha ee MapIIpyTe OyayT 3a0JJOKMPOBAHBI JJIS OCTAJb-
HBIX 3aaBOK. Torma, mockoneky OVs ABIgeTCA da-
cThIO 4-T0 MapmipyTa, a OY, aBiaserca dacTbio 1-To
¥ 2-TO MapIIPYTOB, JaHHBIE MaPIIIPYThI OYAYT HA 3TO
BpeMs 3a0JIOKMPOBAHBI, I COOTBETCTBYIOIIINE UM 3a-
ABKU OyayT IpeObIBaTh B Oy(depax.

W3 joruKm mpuBeeHHOTO MEXaHWU3Ma PEe3epPBU-
pPOBaHUSA CIELYeT, UTO HA KaKJOM MapIIIPyTe MOYKeT
HaxoOUThCA He OoJiee ogHoM 3asaBKu. CiieqoBaresbHO,
KasKIbIM MapIIpyT MOKHO IIPEJCTABUTH B BUJE TaH-
JIIeMHOU cucTeMbl MaccoBoro obcaysxkuBanua (CMO).
Torga B ciyuae, €CJIM BXOJHOM MOTOK 3aABOK SBJIAET-
cs IIyaCCOHOBCKUM, Takas TaHgeMmHas CMO cBogurcs
K cucTeMe MaccoBOro obcayskmBanua tuna M/G/1
[15]. Ilonyuennasa Takum obpasom Tanaemuas CMO
Oyzmer obJsiazaTh CJIAEAYIOIIUMHU XapaKTEePUCTUKAMU

00CTyKMBAHU:
— WHTEHCHBHOCTH O0CIYKUBAHUS
s 1
Wi == 1 1)
Z Hn
neRj

rIae R]- — mapmpyT (j = 1..S), S — KoauyecTBO BO3-
MOXHBIX MapIIPyTOB B CeTH; |, — HHTEHCHBHOCTh
00CTyKUBAHUSA N-TO 00CIYKUBAIOIIET0 YCTPONCTBA
ucxoguoir CeMO;

— IIJIOTHOCTH BEPOSATHOCTU BPEMEHU OOCIIYIKU-
BaHUA

fi(t)= ® g,(t), &)
neRj

e cuMBOJ ® 0003HaUYaeT II0CIef0BaTeJIbHYIO CBePT-
Ky ILJIOTHOCTEH BEPOATHOCTY BPEMEHU OOCIYKUBA-
HUA g,(f) A1A KasKA0ro o0CIIyKUBAaIOIIero yCcTpoii-
CTBa, BXOAAIIETO B COCTAB MapIIIPyTa R]-.

IIpencraBienue cucTeMbl B Buae rpaga
3aBUCHUMOCTH MAapPUIPYTOB

Ias yuopollleHus IPOBeJeHUs aHAJM3a MOXK-
HO MNPEeIJIOXKUTHL aJbTEPHATUBHOE IIPEJCTABJIEHUE
cucteMbl. BBemeM rpad 3aBUCHMOCTH MAapIIpyTOB
(I'SM) G(R, E), BepmmHbI KOTOPOTO COOTBETCTBY-
IOT MHOXKECTBY BO3MOXKHBIX MapmpyTos R ={R,,
R,, ..., R . Pebpa B namaOM rpade 6yAyT CTaBUTH-
Csl COIJIACHO cieAylomeMy npasuiuy: e, ,c E, ecin
(R,N Ry) ¢ I, 1. e. pebpa oTpaskaioT Haauuue 006-

B Puc. 2. IIpumep rpada 3aBUCUMOCTH MapIIPYTOB
B Fig. 2. Route dependency graph example

mux OV Ha mape mapiipyTos. Ha puc. 2 nusobpaken
rpa¢d 3aBucumocTu mapipyToB aias CeMO, npuse-
JIeHHoIT Ha puc. 1.

Torma KaKIObIi y3eJ B JaHHOM rpade 6yaeT cooT-
BeTcTBOBaTh TaumemMHuont CMO, mapaMeTpsl KOTOPOI
OBLIIN ONMCAHBI B IPEALIAYIIEM Ioapasnaese. Takoe
mpeacTaByieHre cucTeMbl B Buze I'S8M comep:KuT
B cebe BCI0O HEOOXOAMMYIO0 MHGOPMAIIUIO AJS IIPO-
BeJleHUA JaJIbHEHUIIero aHAJIN3a ee XapaKTEePUCTUK
OBICTPOMENCTBUA 1 IPOU3BOAUTEIHHOCTH.

3ameTuM, uTO cpenHssa 3amepsxka B CeMO c pe-
3epPBUPOBAHUEM PECYPCOB HATIPAMYIO 3aBUCHUT OT 00-
el *THTEHCUBHOCTHY BXOIHOT'O IIOTOKA 3aABOK L, Ha-
6opa mapiipyToB, Buga I'S8M (Habopa y370B u pebep
R u E) u or aucnunaInesl yiapaBieHus oygepom A.
Hamee Oymem mpemmosaratb, 4TO A TPUHAAJIEIKUT
MHOKECTBY BCeX (U3UUYECKU pean3yeMbIX IIC-
OUILINH yupaBaeHusa oydpepom A. CiemosareabHO,
MOKHO IIPEACTABUTH CPEIHIOI 3aJEPKKY B TaKOH
CeTU KaK HEKYI0 (PYHKIIMIO OT IIePeYrCIeHHbIX II1a-
pamMeTpoB:

T=F(L R, E A). 3)

VMmeHbIlleHie CcpeaHero BpeMeHU IIpeObIBaHMs
3aABKU B CETU IIPU 3aJaHHON MHTEHCUBHOCTU BXOJ-
HOT'0 TOTOKAa L BO3MOXKHO 34 CUeT OITUMAaJbHOI J1C-
IMUILINHB yapaBiaeHus Oydepom. CiaemoBaTesbHO,
MOJKHO 3allHCaTh CJeAyIolllee BhIPpAKeHUe AJIsA MU-
HUMAaJLHO BO3MOYKHO CPeHel 3aAeP:KKU B CETH:

Topt = inf F(L, R, E, A). )
AecA

DyHKINIO, IPEeACTaBIeHHYIO B BhIpaskeHuu (3),
He Bcerga MOJKHO 3alucaTb B 3aMKHYTOM BHE.
OxHAaKO MOXHO IIPOBECTY MOAU(UKAIINIO UCXOJHOTO
I'SM nyTem ynaneHus uiau ngodasieHus pebep. Tem
caMbIM MOI'YT OBITH HalIeHbI 3aMKHYThHIE BhIPaKe-
HUS AJIs1 BBIYKCJIEHUS TPAHWUYHBIX 3HAUEHUN AJIs
cpenHell 3aIepKKU 3asiBKU B CETH.

Ucxoma w3 BCero BBIMIEONUCAHHOTO, MOYKHO
chopMyJIMPOBATH CIEAYIONIYIO JIEMMY.

Jemma. [lna VE' u VE” trakux, uto E' c E c E”,
CIIPaBEAJINBO CJIEAYIOIee HEPABEHCTBO:

inf F(L, R, E', A)<Topt < inf F(L, R, E", A).
AecA AcA
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3necs E' — HemosiHOE MHOYKECTBO pebep MCXO[-
woro I'S8M (kpaitauii cayuaii: E' = & — mynb-rpad);
E” — ucxonmoe MHOKECTBO pebep ¢ HeKOTOPBIM KO-
JMYECTBOM J00aBJIEHHBIX pebep (KpallHUil coydai:
E”=R x R — monHOCBA3HBIH Irpad).

Ilokaszamenvcmeo: JokasaTesbCTBO OCHOBBIBA-
eTcdA Ha TOM (haKTe, UTO IIOCTIeIOBATEIbHOCTD 00CIIY-
JKMBAeMbIX 3asBOK, COBMECTUMAS C OrpPaHUYEHU-
mu I'S8M G(R, E”), Oyzer Tak:ke IpuMeHUMA U IJIA
ucxoguoit cetu ¢ I'SM G(R, E), u, cooTBeTCTBEHHO,
nas ceru ¢ 'SM G(R, E').

AHanmn3 HUKHEH IPAaHUIIBI

OcHOBBIBAsICH Ha JIieMMe, BhIBeZeM o0Iyio ¢op-
MYJIy HUYKHETr0 TPAHUYHOTO 3HAUEHUA [IJIs CpeqHeit
sagep:kku B CeMO c pesepBUpPOBaHUEM PECYPCOB.

CoryacHO JeMMe, eCJau YAAJUTh U3 HCXOTHOTO
I'S8M HekoTopble pebpa M TeM caMbIM pacliapaJiie-
JUTH PaboTy HEeKOoTopbIx TaHgeMHbIXx CMO, To 3Ha-
yeHUe cpenHeil 3alep;KKHU B IIOJYUeHHOH ceTu OyaeT
He 0OJIbINle 3HAUCHUS CPeIHell 3aJep:KKU B HCXO-
"ot CeMO. Taxkum obpasom, HJid MOJYUYEHUS 3aM-
KHYTOI'O BBIPAKeHUsA IJIs CPeIHel 3aJeP:KKHU B II0-
JIYUYEHHOH ceTH yaaauM pedpa TakK, YTOObI MCXOAHBIHA
T'3M okasaJjicsa pa3douT Ha OTAeIbHBIE TIOJTHOCBA3HbIE
noarpads! (puc. 3).

B KaKI0M 13 MOJYUYEHHBIX MTOJTHOCBA3HBIX IIO-
rpad)oB Ha OOCIYKHMBAHUU OJHOBPEMEHHO MOKET
HaXOAUTHCA TOJBKO OJHA 3adBKa (B CUJY B3auM-
HOT'O IIepeceueHts BCeX MapIIpyToB moarpada).
Taxum 06pasom, MOKHO TaKIKe YIIPOCTUTD KaK IbII
OTHEJIbHBIN IMOJHOCBA3HBIN moarpad o cOCTaBHO-
ro OY (COY), xapaKTepUCTUKU OOCITYKUBAHUA
B KOTOPOM BBIUUCJSIOTCS IO CJEAYIOITUM (HopMy-
Jam:

— BepPOATHOCTH Hmomagauusa 3aaBku B COY

P= > pis )

B Puc. 3. Ilpumep pasbuenus mcxoxuoro I'S8M Ha or-
[eJIbHbIE ITOJIHOCBSA3HBIE TOATrPadbI

B Fig. 3. An example of splitting initial the RDG into
separate complete subgraphs

rae V,, — MHOXXeCTBO MapIIPyTOB, BXOAAINUX B ki
moHOCBA3HBIN noarpad (£ = 1..K, K — KoauuecTBO
IIOJTHOCBABHBIX NOATPadoOB); p; — BEPOATHOCTDb II0-
CTYILJIEHUA 3aABKU Ha i-II MapIIIpyT;
— MHTEHCUBHOCTH o0cay:kuBanus B COY
My =, ©)
> pi(ui)

ier

rme uiz — MHTEHCUBHOCTH OOCIYKNBAHNS 3asIBKU HA
i-M MapuIpyTe, Berumucaaercs o gpopmye (1);
— WHTEHCUBHOCTB IOCTYILJIeHuA 3aABOK B COY

A= % )

ier

rie A, — UHTeHCUBHOCTD IOCTYILICHNUA 3aBOK Ha i-i
MapIIpyT;

— ILJIOTHOCTh BEPOATHOCTU BPEMEHU OOCIyKU-
BaHuA B COY

@k(t)=% S pifi (), @®)

k iV,

rae f(f) — IJIOTHOCTE BEPOATHOCTH BPeMeH O0CIy K-
BaHUs B i-M MapIIIPyTe, BEIUNCJIAETC 110 hopmyre (2).

IMockomsky oueBnguo, uro R=UK V, =n
E=U kazlE,; (8mecwr E;, — pebpa, BXOAAIINe B COCTAB
k-T0O TIOJTHOCBSABHOTO moATrpada), To MOKHO IIpeicTa-
BUTH BBIpaKeHme (4) B CIeAyIOIEeM BUE:

K
inf F(L, R, E', A)= int Y[ PB,F(Ap, Vy» Ep,, A) .
AeA AeAp_q

OueBUIHO, UTO

K
inf Y P,F(Ay, Vi, Ej, A)>
AcAp—

K
> Y P inf F(Ap, Vi, Ep, A).
=1 AecA

KakapIii TOJTHOCBSABHBIN moATpad, mMoaydeHHbIi
B pesyJibTaTe pasbueHUsa MCXOZHOro rpada, ABIA-
ercs cuctemoii Tunia M/G/1. [lansa cucrem momo6GHO-
IO THUIIa M3BECTHO, YTO AVCIUIIJINHON yIIPAaBJIECHUSA
O6ydepoM, obecieunBaIOIIell MUHUMAJIbHOE CPeIHee
BpeMs HaXOK/IEHUS 3asIBKU B CETHU, ABJIAETCS [IUC-
nuniunHa SJF (Shortest Job First — xopoTkue 3a-
sasku Bruepen) [11, 16]. Torga copaBeasuBo caenyro-
1Iee PaBEHCTBO:

K
> P, inf F(Ap, Vi, Ep, A)=
k=1 AE.A

K
= > P,F(Ap, Vi, Ej, SJF).
k=1
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Taxum o6pasom, AJIsS HAXOKIEHUS HUMKHEN rpa-
HUIIBI CPEeSHEro BpeMeHU NPeObIBAHUA 3adBKU B ce-
TH MOJKHO 3alliCaTh YacTh JIEMMBLI B CJIEeAYIOIIEM
BU/IE:

K
inf F(L, R, E, A)> > P,F(Ay, Vi, E, SJF). (9)
AeA E=1

Kaxkapiii sjleMeHT cyMMBI B IIPABOM YaCTU He-
paBemncTBa (9) Mo:keT OBITH paccuuTaH Mo GopmyJie
®unmnca [17]:

F(Ay, Vi, Ej, SJF)=

- %Itz(pk(t)dt | @, (t)d? > +Mi.
ky t k
1-Ay jx(pk(x)dx
0

Takum 00pasoM, pe3yabTHUPYIOIee BbIpaKkeHUe
JJIs1 BRIUMCJICHUS HUMKHEN IPAaHUIlLI CPEJHEro Bpe-
MeHU mpebbiBanuA 3aaABKU B CeMO BBITIIAIUT cJiie-
IYIOIUM 00pa3om:

K 0 0
= P A t)d¢ P,
T>Y |22k jtg(pk(t)dtj (&) S+
1| Me ¢ M,
1—Aij@k(x)dx
L 0 J

Croco0b1 yTOUHEHU ST HUSKHEH IPAaHUIIBI

Ins1 yupolmeHus Ipolecca pacuera HUMKHErO
TPAaHMWYHOTO 3HAUEHUs IIpeAjaraeTca pasOomBaTh
I'S8M Ha oTaenabHBIE IIOJHOCBSA3HBIE IIOATPAdEI.
CTOUT OTMETHUTH, UTO TAKUX CIOCOOOB Pa3bueHUsa
CYIIIeCTBYeT MHOI'O, ¥ OT TOT0, KAKOW MMEHHO II0-
JIyYUJICA Pe3yabTaT, OyAeT 3aBUCETH TOYHOCTH IIO-
JIYUEeHHOTO HUKHEr0 IPAHUYHOTO 3HAUYEHUA IJIA
cpenueii 3agep:xku B CeMO. Tak, mpuHHMas BO
BHUMAaHNE JeMMY, YaCTHBIM CJAyJYaeM HaXOXKIeHUI
TPUBUAJBHON HUKHEN T'DaHUILI IJid cpeqHell 3a-
IEP:KKU B CETU ABJISAETCA IOJHOE yaajieHue pedep
u3 I'SM (E' = ©).

B mannoii paboTe npeagaraeTcs ABa ciocobda pas-
ouenusa (zexkomnosuruu) I'SBM Ha oTAeIbHBIE TTOJTHO-
CBsi3HbIe IMOATPA(bBI C IIEJbI0 IOBBICUTH TOUHOCTH
TPeNI0KEeHHON HUKHEN IPaHUIIbI.

ITepsoIit crmoco6 pasoumenuss I'S8M Oymer HaA3bI-
Barbcsa VBS (Volume-Based Strategy). [lanubIH cI10-
co0 OCHOBaH Ha pasMepe OTAEJbHBIX ITOJTHOCBA3HBIX
noarpagos.

Aaroputm 1 (VBS).

1.k=1.
2. while R ¢ & do.
3.k=K+ 1.

4. ITonck MaKCUMaJIBHOTO II0 Pa3Mepy IIOJIHO-
cBasHOro noarpada V.

5. R=R\V,.

6. end.

ITpu Takom pasbmenuu I'SM Ha KaKIOl mTepa-
IIUY BBIOMpPaeTcs moArpad ¢ MaKCUMAaJIbHBIM KOJIU-
YeCTBOM BEPIIWH M3 BCeX HAWAEHHBIX MOATrPadoB.
HaHHadA mpoIenypa BBITIOJHIETCA IO Te€X 0P, IOKa
Bech rpad He OyaeT pas3bUT HA OTAEIbHBIE IIOJIHO-
CBA3HBIE TOATPa(HI.

Bropoit crioco6 pas6uenus rpada OygeT HasbI-
Barbcsa LBS (Load-Based Strategy). [lauusIit cioco6
OCHOBaH Ha 3arPY:KEeHHOCTU OTAEJbHBIX IIOJHOCBA3-
HBIX IToArpadgos.

Anroputm 2 (LBS).

1.k=1.

2. while R ¢ J do.

3. k=K + 1.

4. Ilouck monHOCBA3HOTO moarpada V, ¢ makcu-
MaJIbHOII 3aTPy3KOM.

5. R=R\V,.

6. end.

B npeno:xkenrnom anropurme pasouennda 'SM ma
KasKJI0¥ nTepaIin BLIOMPAETCS TTIOJTHOCBA3HBIH TTO-
rpad, B KOTOPOM CpeIHsA 3aJ1ePIKKa, PACCUNTAHHASA
o opmyiie Ilonmaveka — XuHUMHA, OyAeT MaKCH-
maJjbHa [18].

CTouT OTMETUTB, UTO B CJIyUae, KOrla B CeTU UMe-
IOTCA IeperpysKeHHbIe Y3JIbl, ONNCAHHBIE CIIOCOOBI
[IJIs TIOJIyYeHUA TPAaHUYHBIX 3HAUGHUI OYIyT MOKa-
3bIBATh PE3YJbTAT IO KpailiHell Mepe He Xy:Ke, UeM
KorJa B CeTH HarpysKa pacipejejieHa paBHOMEPHO.
HaHubi 5 deKT cBA3aH ¢ TeM, UTO IPU pasdmeHun
I'S8M mHa oTaeabHBIE MOJHOCBI3HBIE MOATPA(EI HAU-
0oJiee HArpy:KeHHbBIE Y3JIbI MOTYT OBITH M30JIMPOBA-
HBI OT OCTAJILHOM YaCTH CeTH, TeEM CaMbIM OCBOOOIK-
Ias IPOXO0KIeHe 3asdBOK II0 MeHee 3arpysKeHHBIM
yauaam. IIpu sTom paszbuernue I'SM ¢ mOMOIIbI0 aro-
purma LBS gmact mauayumuii ag¢exT, IIoToMy UTO
B JAHHOM CJIyJae pas30reHre OCHOBBIBAETCSI NMEHHO
Ha 3arPYKEHHOCTU Y3JIO0B.

YucaeHHbIE TPHUMEP5I

Haa CeMO, npencraBiieHHOM Ha puc. 1, IpoBeeM
CpaBHEHUE HU)KHUX I'DAHUI], IIOJYYEHHBIX C IIOMO-
IIIbIO ONIMCAHHBIX CII0CO00B pasduenusa 'SM.

ITockoabKy npu ucnoab3oBauuu LBS-anropurma
ONHUMHU U3 IIapaMeTPOB, KOTOPbIe MOTYT BJIMATH
Ha pasouenue I'SM, ABISIOTCA BEPOATHOCTU BBIOO-
pa MapIIpPyTOB B CETH, TO IIPOBEIEM BBIUNCJIECHUA
TP HECKOJbKUX HabopaX MTAaHHBIX BEPOSTHOCTEIA.
B Tabsn. 1 mpeacraBiaeHBI BEPOSATHOCTH BBIOOpa
MAapIIpyTOB, UCHOJIb3yeMbIe IJIA MIPOBENEHUA CEPUN
TEeCTOB.

IIepBBIM 3TAmIOM AJIA IOUCKA MOJHOCBA3HBIX IO~
rpadoB OymeT ABJIATHCA HAXOMKAEHHE BCeX KJUK
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B Tab6nuya 1. IlapaMeTpsl TECTOBBIX CIleHAPUEB
B Table 1. Test case options

B Tab6ruya 2. Pacuers! g4 anropurma LBS
B Table 2. Calculations for the LBS algorithm

N BepoATHOCTH PASTMUHbIX TPAHBAKIH

TecTa pl p2 p3 p4
1 0,25 0,25 0,25 0,25
2 0,06 0,06 0,06 0,82
3 | a-93 | a-93| a-93 q

(TTOJTHOCBSASHBIX MOATPA(OB, He SBIAOINIMXCSI dYa-
CThbi0 0oJiee KPYIIHBIX IMOJHOCBA3HBIX ITOATPAdOB)
B I'SM [19]. Ha puc. 4 npuBenieHBI BCe KINKU, BXO-
IAIIYE B COCTaB Ipada, n300paskeHHoro Ha puc. 2.

C nmpyroii CTOpOHBI, TAK Kak ajaroputMm VBS He
OpUHUMAET BO BHUMAaHUE BePOATHOCTH BBIGOpA
MapIIIPyTOB, TO pe3yjbTaThl pasdouenus I'SM npu
WCIIOJIb30BAHUY JAHHOT'O aJTOPUTMA JJIS BCeX Ipe-
JIO’KE€HHBIX TECTOBBIX CIleHapUeB OyAYT OJNHAKOBBI.
Kiauka Ne 1 Gyzmer ABIATHLCSA IEPBBIM HAWIEHHBIM
TOJHOCBA3HBIM moATpadoM, TaK KaK B ee COCTaB
BXOAUT HambOJbIllee KOJUYECTBO BEPIIUH CPeIun
IpeAcTaBJIEeHHBIX KJIUK. BTopoii moarpad 6ymeT co-
CTOATH TOJBbKO WM3 OIHOI OCTABIIEMCS BEPIIWHEIL.
Pesyabprar momo6HOr0o pasdrueHus ObII IPUBEICH pa-
Hee KaK IpuMep Ha puc. 3.

BeposarHocTu BhIOOpa MAapIIPYTOB BJIMSAIOT HAa
3aTrpPysKEeHHOCTh y3JI0B rpada, II0dTOMY AJS TOTO,
uTOOBI ONIPeNeInTh, KAKNM 00pasoM OyaeT IIpoBee-
HO pasbuenve I'S8M IIpu MCIIOJIb30BAHUU aJITOPUTMA
LBS, mya KasKIoro TeCTOBOTO CIleHapus HeoOX0oau-
MO IIPOBECTHU PacCUeT 3arpys3Ku IJd KasKI0i HalineH-
HOI KAuKU. B Tabj. 2 mpuBeIeHbl pacueThl CPeIHero
BpeMeHU NpeObIBAHUSA 3aABKU B IOACETSIX, 00paso-
BaHHBIX HaWIeHHBIMU KJIUKAMU.

IMTapamerpsr pgna pacwera: p,=1; L=0,5;
A,=0,5p; g, (t)=e"".

B coorBercTBUM ¢ BeipaskeHusamu (1) u (2) Berumc-
nsem: pZ = 0,5; f,(t) = te™t.

ITo pesynbraTam pacueToB, IPUBEJEHHBIX B Ta0-
JINIe, MOXKHO OIIPENEe/JIUTh, UTO B IIEPBOM TECTO-
BOM CIleHApWU CcpeaHee BpeMsa IpeObIBaHUA 3a-
SABOK B IIOJCeTH, 00pa3oBaHHOI KJIUKOHA Ne 1, 60J1b-
e, YeM B TIOACETU, O0pa30BaHHON KJIUKON Ne 2.
CooTBeTcTBeHHO, KiuKa Ne 1 BrIOMpaeTcs B Kaue-
CTBe TIePBOTO IIOJTHOCBABHOTO ToArpada, a BTOPBIM

Ne
Te- Kouxa Ne 1 Kauxa Ne 2
cra
1 Ucnonnaysa dopmyast (5)—(8), BEIUMCINM:
P,=0,75; M, =0,5; P,=0,5 M,=0,5;
A =0,375; Ay=0,25;
g =tet=v =1/42 | gu) =tet=vy =1/42
Brruucaum cpenuee BpeMsd npeObIBaHUA 3asIBKU
B IIOJiCeTH, OOPAa30BaHHOM KJIMKOH, UCIOIb3YI
dopmyny [lonnaveka — XuHUnHA:
T, =01 +v%)/ Ty=(Ay(1+v2)/
/@M, (M{A))+ /CMy(M,yA,)) +
+1/M;=6,5 +1/M,=38,5
2 Ucnonsaysa dopmyasl (5)—(8), BEIUMCINM:
P,=0,18; M; =0,5; P,=0,88; M,=0,5;
Ay =0,09; Ay =0,44;
g t)=tel=v =1/ Np) Qo) =te I=vy =1/ J2
Brruncimm cpensee BpeMA nIpeObIBAHUA 3aABKY
B IOJiCETU, OOPA30BAHHOM KJIMKOU, UCIOJIb3YI
dopmyy I[lonnaveka — XuHUYnMHA:
T,=N\,1+v3)/ Ty=(Ay(1+v3)/
/(@M (M, A p)) + /(@M (M,A ) +
+1/M;~2,3293 +1/M,=13

’ ()

B Puc. 4. Knmuka Ne 1 (a) u kauka Ne 2 (0), Bxogsiiue
B cocTaB ucxoauoro 'SM

B Fig. 4. Clique No. 1 (a) and clique No. 2 (6) which are
part of the initial route dependency graph

noarpadom GyaeT ocTaBINAsCS MOCJETHAS BEPIITU-
Ha. Takum obpasom, pasduernue I'SM Ha oTaeIbHBIE
IIOJIHOCBA3HBIE ITOATPadbl B IIEPBOM TECTOBOM CIie-
Hapuu npu ajaroputMme LBS He Gyzer oTsimuaThesa oT
pasouenus mo agropurmy VBS (cMm. puc. 3).

PacueTsl Mo BTOPOMY TECTOBOMY CII€HAPUIO IIO-
KasaJii, UTO cpeaHee BpeMs IpPeOLIBAHUS 3adBOK
B IIOZCETH, 00pa3oBaHHON KINKOM N 2, 60JIbIlle, ueM
B TojceTu, oOpasoBaHHOU KJauKoi Nel. ITosTomy
B KauecTBe IEPBOro IIOJHOCBSZHOIO moarpada BbI-
6upaercs Kiauka Ne 2, ITocje 4ero ocTaeTcs IOCJIe-
HUU IIOJHOCBSABHBINA mOATpad, COCTOAMIINI U3 ABYX
BepmiuH. Ha puc. 5 mpeacTaBiieHbl pe3yabTaThl pas-
6uennsa I'SM aJiss BTOPOTro TECTOBOTO CIieHAPHUS IIPU
HUCIIOJIb30BaHUM ajaroputma LBS.

IIpoBemeHo cpaBHEHME MOAEJHUPOBAHUSA PabOTHI
CeTH C HIKHUMU T'PAHUIIAMU CPEJHEro BPeMeHU
mpeObIBAHUA 3asIBKH B CETH, MMOCTPOEHHBIMU IIPU
ncnosibzoBanuu VBS- u LBS-ajnropurMoB s AByx
TECTOBBIX clleHapues (puc. 6).

Ha rpadguke BuUIHO, YTO AJIS TIEPBOTO TECTOBOI'O
ClleHAPUS I'PAHUYHBIE 3HAUYEHUS, IIOJYUYEHHBIE IIPU
oMoty aaropurmoB VBS u LBS, cauBatorcsa. s
BTOPOTO TECTOBOTO cIlieHapusa pasbuenue I'SM mpu
WCIIOJIb30BAHUU [IBYX OIMMCAHHBIX AJITOPUTMOB OKa-
3aJI0Ch Pa3JIMYHBIM, UTO IIOBJIEKJIO 3a CO0OI pasHu-
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B Puc. 5. Pasbuenue 'S8M 11 BTOPOT0 TECTOBOTO CII€HA-
pusd npu ucnosb3oBanuu LBS-anropurma

B Fig. 5. RDG partitioning for the second test case us-
ing the LBS algorithm
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B Puc. 6. 3aBUCUMOCTS CPeIHETO BpeMeHU TPeOhIBaHUA
3asBKU B CHCTEME OT MHTEHCUBHOCTH OOIIEr0 BXOIHOTO
TIOTOKA

B Fig. 6. Plot of the application average delay time in
the system on the total input flow intensity
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B Puc. 7. 3aBUCUMOCTH CPEITHETO BPEMeHU IIPeObIBAHUA
3aABKU B CHCTEeMeE OT JO0JIU 3asABOK, IIOCTYMAMIINX Ha 4-ii
MapIIpyT

B Fig. 7. Plot of application average delay time in the
system on the share of applications arriving to the 4th
route

Iy B MOJYYEHHBIX IPAHUIAX [JIA CPEIHEro BpeMeHu
npeosiBarusa 3aaBKku B CeMO. Haubojiee BBITOIHOI
JIJIsT BTOPOT'O TECTOBOTO CIIEHAPUS SABJISETCA I'PAHU-
ma, MOCTpPOeHHas ¢ momolnbo LBS-amropurma mias
pas6uenus I'SM (cM. puc. 6), Tak Kak OHA ITOJTHOCTHIO
COBIIAJIaeT C Pe3yJIbTaTOM MOAEJTUPOBAHUS PabOTHI
CeMO. B To :xe BpeMs BTOpas IpaHUIlA ITOKa3aJa ce-
04 ellle XyiKe, YeM Ta Ke OIleHKa IJIA II€PBOr'0 TeCTO-
BOro crieHapus. TeM caMbIM IOATBEPIKAETCA BBIBO/I,
YTO JaHHBIE METOABI OIIEHKM PaboTaIoT JIyUIlie, Koraa
B CeTHU IIPUCYTCTBYIOT II€PErPYsKEeHHbBIE Y3JIbI.

PaccmorpuM, Kak BeoyT cebs IOJMydeHHBIE Tpa-
HUIIBI IJIS CPEIHEro BpeMeHU NMpPeObIBaHUsS 3asBKU
B ceTu Opu (PUKCUPOBAHHON WHTEHCUBHOCTU BXOJI-
HOTO IIOTOKA W Pa3JINUYHBLIX BEPOATHOCTAX BBIOGOpA
4-ro MapiipyTta. PesyabTaTbhl MOAEJINPOBAHUS pa-
60Trel CeMO mpw MHTEHCHMBHOCTH BXOJHOT'O MOTOKA
L =0,5 nokazaHbI Ha puc. 1.

ITonyuennsii rpauk AeMOHCTPUDPYET, YTO [0-
CTATOYHO HUBKUI IEePEKOC BEPOATHOCTEH B CTOPOHY

ogHoro m3 MapipytToB (mpu ¢ < 0,4) He TPUBOIUT
K 3HAUUTEJbHOM BBITOME UCIIOJIb30BAHUA CTPATETUN
LBS nnsa pasouenns 'SM Ha oTaeIbHBIE ITOJIHOCB3-
Hble moAarpadel. I HanpoTus, HA yUacTKe, T/e Imepe-
KOC BepoATHOCTH 3HauuTesjeH (mpu ¢ > 0,4), crpa-
Teruss VBS 3ameTHo mpourpsiBaer crpareruu LBS
B OIleHKE CpPeJHero BpeMeHU! IpeObIBaHuA 3afBKU
B CeMO c pesepBupoBanueM pecypcoB. Ha rpaguke
TaK’Ke BUIHO, UTO IIPU KPaWHUX S3HAUEHUSAX HOJei
cymMmMapHoro Bxoguoro nmotoka (¢ < 0,05 u ¢ > 0,95)
TpaHUYHBbIe 3HAUEHUA TPAKTUYECKU ITOJTHOCTHIO CO-
BIIQJAIOT C pe3yJbTaTaMu MomaeaupoBaHus. Takoii
9(p(eKT BO3ZHUKAET M3-3a TOT'0, UTO B ITUX CIIyUaaAX
B cucTeMe 00pas3yioTcs CUJIBHO IIeperpy KeHHbIe y3-
abl. Tem camMbIM 3a/iepsKKa BO BCEH ceTU IIpaKTUue-
CKV TIOJTHOCTBIO OIPeNesseTca 3aTePIKKON TOJIBKO
B 9THUX MEPErpPyKeHHBIX y3JaX, I KOTOPBIX BO3-
MOKHO BBIBECTU 3aMKHYTO€ BBIDasKeHUe AJIA pacue-
Ta CpeJHel 3aJIePIKKU.

3aKIoueHne

Ha ocHoBe mpeasio:xeHHONH (pOpMaIbHON MOIeIn
CeMO c pes3epBUpPOBAaHUEM PECYPCOB IIPEATIOMKEH
CIIOCO0 HAaXOMKAEHUsS TPAHUYHBIX BHAUEHUH IJId
cpenmeil 3aJep:KKH B ceTu. B paboTe IpHUBeIEHBI
HECKOJIBKO CIIOCO0OB, 0Jarofapsa KOTOPBIM MOMKET
OBLITEH IOBBIIIIEHA TOYHOCTE IIOJITYYEeHHBbIX I'DAHNUYHBIX
3HAUeHUN. I[aHHI:Ie CHOCOﬁBI OCHOBAHBI Ha IIpuMe-
HEHUU Pas3HBIX IIOAXOJOB K Pas0MEeHUI0 MCXOTHOTO
I'S8M Ha oTmenbHBIE TOJTHOCBA3HBIE oATpadbl. s
IIpOoBeJeHUA aHa/JIn3a IIOJIYUYEHHBIX TI'DaHUIL 6I>IJII/I
pPacCcMOTPEeHbl UYWCJEHHbIEe IPUMEPhl, KOTOPbIE IIO-
3BOJIAIOT CHEJAaTh BBIBOJ O TOM, UTO HAMOOJbIIeit
TOYHOCTU OIEHKHU CPeIHEero BpeMeHHU ITpeObIBaHUs
dagBKu B CeMO MOKHO [IOCTUYL IIPUMEHEHUEM
cTpareruu pasomenus LBS.
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IToryueHHBIE PE3YJIBTATHI MOI'YT OBITH MCIIOIB30-
BaHBI [IJIsI aHAJIN3a U OLEHKU IPOU3BOAUTEILHOCTH
Takux cucteM ynpasiaenusa BIl, xak MySQL, MS
SQL u ap., B KOTOPBIX HCIIOJIb3YIOTCS MeXaHU3MbI
O0JIOKMPOBKY TPaH3aKI[Uil, CXOXKUe C paccMaTpuBae-
MBIMH B faHHO# pabore [20, 21].

Ilpunoxcernue

IIpencraBienue KoMaHa Ha A3bIKe SQL

1. BeimtostHEHME ollepaIiuy yepe3 0aHKoMAaT:

— mobaBJiieHue B Tabauity «Oneparum uepes 6aH-
Komat» (Tabl) sanucu o IPOBEAEHUHN TI0JIH30BATEIEM
oIreparyy 1Mo CHATUIO HAJUYHBIX Yyepe3 OaHKOMAT:

INSERT INTO Tabl (Id_ ATM_operation, Code
ATM, Type operation, User, Amount) VALUES
(7039, 0034156, ‘Cash withdrawal’, 0374, 3600);

— nobaBjyeHre B Tabuauny «Omepamuu KJINEH-
ToB» (Tab4) sanmcu o IPOBEJEHHON II0JIH30BATEIEM
omepaIuu ¢ yKasaHueM JTaThl:

INSERT INTO Tab4 (User, Type_ operation,
Date, Code operation) VALUES (0374, ‘ATM
operation’, #18.11.2018#, 7039).

2. 3ampoc Ha IpeaocTaBjeHle BBIIKUCKHU II0 OIe-
pamuam:

— nmobaBieHre B TAOIUILY «3alpoChl KJINEHTOB»
(Tab2) samucu o 3ampoce KJIWEHTa BBITTUCKU IO cUe-
Ty Ha OIPeeIeHHBIN 1eHb:

INSERT INTO Tab2 (Id_query, Type query,
Code_operator, User, Condition) VALUES (3156,
‘Statement of account for a day’, 0047, 1501,
#20.11.2018#);

— BBIOOpPKA 13 Tabaunbl «Onepanuy KJINEHTOB»
(Tab4) samuceii 0 COBEpPIIEHHBLIX MOJH30BaTEIEM
omepanusax 3a YKasaHHBIN JeHb:

SELECT Date, Type operation FROM Tab4
WHERE User = 1501 AND Date = #20.11.2018#.

3. BrinosiHeHMeE TLIaTeKa 10 KPETUTY:

— nobaBienue B Tabauily «Ilimare:xu mo Kpemum-
Ty» (Tab3) sanucu 0 BHECEHUU KJIMEHTOM ILJIaTeXa
110 KPeauTy:

INSERT INTO Tab3 (Id_loan payment, Code
credit, User, Amount_paid, Payment_date) VALUES
(7153, 31568109, 0356, 4700, #10.11.2018%#);

— mobaBieHue B Tabauiy «Omepamuu KJINEH-
ToB» (Tab4) 3amucu 0 IPOBEIEHHON MOJb30BaTeJIeM
omepanuy ¢ yKasaHUeM JaThl:

INSERT INTO Tab4 (User, Type operation,
Date, Code operation) VALUES (0356, ‘Making a
loan payment’, #10.11.2018#, 7153).

4. OGHOBJI€HUE KPEIUTHOU UCTOPUU:

— BBIOOPKA 13 TabuIkl «IlnaTte:xu mo KpeguTy»
(Tab3) cymMmMBI IIaTe:Keill 10 KPeauTy, BHECEHHBIX
KJMEHTOM 32 YKa3aHHBINA MECSII:

SELECT Sum(Amount_payment)asSuml FROM
Tab3 WHERE User = 1092 AND Month(Payment__
date) = 11;

— obHoBJIeHUe B Tabauie «KpegurHasa ncropusi»
(Tab5) cyMMBI OCTaBIIIETOCA IJIATEKA II0 KPETUTY
ISl KIWEeHTa 38 YKa3aHHbBI MeCcsIr:

UPDATE Tab5 SET Month_ payment = Month__
payment — Suml WHERE User =1092 AND
Month =11.
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Average delay estimation for one queueing network model with resource reservation

M. N. Shelest?, Assistant Professor, orcid.org/0000-0002-2073-6053, mshshelest@mail.ru
aSaint-Petersburg State University of Aerospace Instrumentation, 67, B. Morskaia St., 190000, Saint-Petersburg,
Russian Federation

Introduction: An urgent task of today is to develop new analysis methods for complex information systems that now demand higher
standards for maintaining data integrity. One of the important quality characteristics of such systems is average transaction time.
However, currently there are almost no mathematical models and speed estimation tools for such systems. Purpose: To develop and
analyze a distributed information system model based on queueing networks. Results: A type of information systems that demand
higher standards for maintaining data integrity has been described, the corresponding assumptions for such systems are given.
A convenient way to represent such systems as transaction paths dependency graphs has been proposed, with each path being represented
as one tandem queueing system. The calculation of their functional characteristics have been provided. This method of representation
has made it possible to simplify the analysis of complex systems, which resulted in obtaining closed-form expressions for temporal
estimation of the system type in question. In addition, two mechanisms of decomposition of the proposed graph are considered with the
subsequent calculation of the lower bound for average transaction time. The accuracy of both approaches is analyzed with simulation
modeling methods. Practical relevance: The proposed models allow estimating speed limits of an information system during the design
phase.
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For citation: Shelest M. N. Average delay estimation for one queueing network model with resource reservation. Informatsionno-
upravliaiushchie sistemy [Information and Control Systems], 2022, no. 2, pp. 32—41 (In Russian). doi:10.31799/1684-8853-2022-2-32-41

References

1. Dubenko Yu. V., Dyshkant E. E. Fuzzy system for determin- 5. Kalimoldayev M., Biyashev R., Rog O. Analysis of the
ing optimal methods to forecast parameters of complex methods for attribute-based access control. Applied Discrete
technical systems. University Proceedings. Volga Region. Mathematics, 2019, no. 44, pp. 43-57 (In Russian).
Engineering Sciences, 2018, vol. 47, no. 3, pp. 58-69 (In do0i:10.17223/20710410/44 /4
Russian). doi:10.21685/2072-3059-2018-3-6 6. Bogachev D. G. Simulation model of the information ex-

2. Muraveva-Vitkovskaya L. A., Poltoranin R. V. Estimation change environment, including a mathematical model for
of time characteristics of corporate computer networks reservation of resources of a packet data network with mul-
functioning. Journal of Instrument Engineering, 2018, tiple access. Vestnik yevraziyskoy nauki, 2018, vol. 10, no. 1,
vol. 61, no. 3, pp. 197-201 (In Russian). doi:10.17586,/0021- pp- 52—-59 (In Russian). Available at: https://esj.today/ (ac-
3454-2018-61-3-197-201 cessed 5 August 2021).

3. Lakshmanan V., Tigani J. Google BigQuery: The Definitive 7. Popov S. G., Fridman V. S. Review of methods for dynamic
Guide: Data Warehousing, Analytics, and Machine Learn- distribution of data in distributed database management
ing at Scale. O’Reilly Media, 2019. 475 p. systems. St. Petersburg State Polytechnical University Jour-

4. Campbell L., Majors C. Database Reliability Engineering: nal. Computer Science. Telecommunications and Control
Designing and Operating Resilient Database Systems. Systems, 2018, vol. 11, no. 4, pp. 82-107 (In Russian).
O’Reilly Media, 2017. 294 p. do0i:10.18721/JCSTCS.11407. Available at: https://infocom.

spbstu.ru/(accessed 5 August 2021).

40 7 VHOOPMAUVIOHHO-YMPABASIOLLVIE CUCTEMEI VAR 2,2022



10.

11.

12.
13.
14.

\

Tanenbaum A. S., Bos H. Modern Operating Systems. Pear-
son, 2015. 1101 p.

Challawala S., Mehta C., Patel K., Lakhatariya J. MySQL 8
for Big Data: Effective Data Processing with MySQL 8, Ha-
doop, NoSQL APIs, and Other Big Data Tools. Packt Pub-
lishing, 2017. 226 p.

Fomin D. S., Bal’zamov A. V. The problem of transaction pro-
cessing using microservice architecture. University Proceed-
ings.Volga Region. Engineering Sciences, 2021, vol. 58, no. 2,
pp. 15-23 (In Russian). doi:10.21685/2072-3059-2021-2-2
Telek M., Lakatos L., Szeidl L. Introduction to Queueing
Systems with Telecommunication Applications. Springer In-
ternational Publishing, 2019. 559 p.

Petrov A. Database Internals: A Deep Dive into How Distrib-
uted Data Systems Work. O’Reilly Media, 2019. 376 p.
Weiss G. Scheduling and Control of Queueing Networks.
Cambridge University Press, 2021. 200 p.

Yegorova T. A., Muraveva-Vitkovskaya L. A., Li Shijia. Pro-
cess analysis of data flow priority management in software
systems. Journal of Instrument Engineering, 2019, vol. 62,
no. 3, pp. 208-2011 (In Russian). doi:10.17586/0021-3454-
2019-62-3-208-211

NHDOPMAUNOHHBIE KAHAANALI 1 CPEAbI

15

16.

17.
18.
19.
20.
21.

N\

. Kupriyanov D. O. Mathematical modeling of requests flow
to cloud compute cluster. T-Comm, 2020, vol. 14, no. 10,
pp. 39-44 (In Russian). doi:10.36724/2072-8735-2020-14-
10-39-44

Gorchakova E., Zatsarinnaya Yu. N., Ushenina I. Analysis
of dispatching criteria and their optimization methods in
operating systems. Vestnik Kazanskogo tekhnologicheskogo
universiteta, 2015, vol. 18, no. 10, pp. 155-157 (In Russian).
Phipps T. E. Machine repair as priority waiting-line prob-
lem. Operations Res, 1956, vol. 4, iss. 1, pp. 76—-85.

Shortle J. F., Harris C. M., Thompson J. M., Gross D. Fun-
damentals of Queueing Theory. Wiley, 2018. 576 p.

Pal M., Ghorai G., Samanta S. Modern Trends in Fuzzy
Graph Theory. Springer Singapore, 2020. 311 p.

Delaney K. SQL Server Concurrency: Locking, Blocking and
Row Versioning. Simple Talk Publishing, 2012. 181 p.
Filipenkov A. V., Kuzmin E. L. Comparison of existing da-
tabase management systems for selection of the best one by
implementation of cost reduction and import substitution
requirements. GAZ Industry of Russia, 2018, no. 4(767),
pp- 24-29 (In Russian).

NAMATKA AN ABTOPOB

ITocmynawuwue 8 pedakyuio cmambvi nPoxodsm 0013ameJbHoe PeyeH3UpPosaHue.

TIpy HATUUWK TOJOKUTESBHON DPEIEeH3UU CTAThs PACCMATPUBAETCSA PENAKIIMOHHON KOJLIeru-
eii. [IpuHsaTas B mevaThb CTAThA HAIPABJSIETCS aBTOPY AJIsI COTJIACOBAHUSA PEIaKTOPCKUX IPABOK.
TTocye corsiacoBaHUsT aBTOP IPEACTABJSIET B PEAAKITNIO OKOHUATEIbHBIN BAPDUAHT TEKCTA CTATHH.

IIporenypsl cOrIacoBaHUSA TEKCTA CTATHU MOTLYT OCYIIECTBJATHCA KaK HEMOCPEJCTBEHHO

B peflaKkIINu, TaK 1 1o e-mail (ius.spb@gmail.com).

HpI/I OTKJIOHEHUU CTaThbU pPemNaKIMnuAd IIpeACTaBJ/JIAE€T aBTOPY MOTHBHPOBaAHHOE€ 3aKJ/JIIOUEHUE
1 peneHs3uio, IIpu HeOﬁXOI[I/IMOCTI/I I[Opa6OTaTI: CTaTbIO — PEIIEH3UI0.

Pedakryus HypHaia HANOMUHAEN, LINO OMEEMCMEEHHOCb
3a 0ocmosepHOCmb U MOYHOCTb PEKLAMHBLY MAMEPUAL08 HeCYM PEeKIAM00amenu.

Ne2,2022 N\

VNH®OPMALIVIOHHO-YNPABASIOLLIVIE CUCTEMBI N\ a



B YNPABAEHUE B MEAUUWHE U BUONOTUN

YK 004.89:004.822
doi:10.31799/1684-8853-2022-2-42-52

Bbi6op 3dhcheKTUBHBIX CTpaTernn feMcTBUN Y4aCTHUKOB
npouecca rocnuTain3aLlum ¢ UICMoNIb30BaHUEM HEYETKOMU
KOOmnepaTMBHON UrPbl U FTEHETUYECKOro aNiropMTMa

A. B. CMUPHOB?, JOKTOP TEXH. HayK, npochbeccop, rnaBHbIN HayYHbIN cOTPYAHMK, orcid.org/0000-0001-8364-073X
H. H. Tecnsi?, KaHA. TEXH. HAaYK, CTapLUMI HayYHbI COTPY[HMK, orcid.org/0000-0003-0619-8620,
teslya@iias.spb.su

aCaHKT-[leTepbyprckuit ®enepanbHbiv uccnegoBatenbckui 4eHTp PAH, 14-a nnHus B. 0., 39,
CaHkT-lleTepbypr, 199178, P®

BBegeHue: ncronb3oBaHne MeTOA0B JIMHENHOrO NPOrpaMMUPOBaHUS NMPU MPUHATAN PELUEHUI O rocnuTann3aumum B ycio-
BUSIX CJI0OXHOM 3MUAEMUOSIOrMYECKON CUTYaL UM SIBNISIETCS 3aTPYAHUTEIbHbIM U3-3a HEOBX0AUMOCTY YYUTbIBATh BOJIbLIOE KO-
JIMYeCTBO NapaMeTpPOB U OrpaHNYeHnii y4acTHUKOB NPy MOCTaHOBKE U peLueHnn 3agayqu. Llenb: paspaboTaTb noaxos K Bbi6opy
ahheKTUBHbIX cTpaTernii fedcTBuii y4acTHUKOB MpoLecca rocnuTanm3anmnm ¢ y4eToM coLnanbHO OPUEHTUPOBAaHHbIX (haKTo-
OB, OCHOBaHHbI Ha TEOPUM KOONEPATUBHbLIX UrP, PeLLeHNe KOTOPbIX OCYLLEeCTBSIETCS C MOMOLLbO FreHETUYECKOro aJiIropuTMa.
Pe3ynbTatbi: paspaboTaHa CTOMMOCTHas! (OyHKLUS OLeHKM 3hbheKTUBHOCTH NpoLjecca rocnuTaansaymm Ha OCHOBE BblOpaH-
HbIX CTpaTerui ¢ y4eToM coumnasibHo OPUEHTUPOBAHHbIX (pakTOPOB. [10CTPOEH reHeTUYECKUI allropuTM, B KOTOPOM B Ka4yecTBe
CbYHKLMM NpUCrnocobneHHOCTH MOMyNALMM UCTONb3YETCS MPeasIoXeHHass OyHKUMS oLeHKn 3hDeKTUBHOCTH, a XPOMOCOMbI
ocobeii onpenensoTcs MHOXECTBOM Bbl6paHHbIX CTpaTernii y4acTHUKOB npolecca rocnutanusauyuu. Mogxos 6bin anpobu-
poBaH Ha fjaHHbIX 0 rocnuTannsaunax 60sbHbIX ¢ Nofo3peHneM Ha COVID-19, npefocTaBneHHbIX HECKObKUMM CTaHLMSAMMU
cKopoi MeguLmuHckon nomolum CaHKT-lNeTepbypra. [Toka3aHo MpeBOCXo4CTBO MpeAsoXeHHOro nogxoaa Hag pa3paboTaHHbIM
paHee ¢ TOYKM 3PEHUsT CKOPOCTU PeLLEHUs] KOONepaTUBHONM Urpbl MPY COXPaHEHUM KadecTBa MosydeHHoro pelueHust. MpakTuye-
CKasi 3HaYUMMOCTb: NMporpaMMHoe obecriedeHne Ha OCHOBE MPeAJIOXEHHOro noAxoAa MoxXeT ObiTb MHTErPUPOBAHO B aBTOMATH-
3upoBaHHoe paboyee MecTo «[ucneTyep CTaHLMM CKOPOU MOMOLLM» /151 TOALEPXKKN NPUHATUSA PELLEHUI B NpoLecce rocnuta-
M3aumm B YCII0BUSIX CITOXHOM 3MUAEMUOIOrMYECKON 06CTaHOBKM.

KniouyeBble cnoBa — reHeTUYeCKuit aJiropuTM, cTparterus, Bbl60p cTparernun, rocnnutann3ayus, d)yHKL[Mﬂ ancnoco6neH-
HOCTH.
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Beemenmne

B perrieHuu BBI30BOB, IIOCTABJIEHHBIX MAHIEMU-
et COVID-19, sHaunMasi poJjib OTBOAMJIACH CHCTEMAaM
HA OCHOBE METOJIOB MCKYCCTBEHHOI'O MHTeJIeKTa [1].
ITomuMo paspaboOTKM BAKIIMH ¥ CO3JAHUS IIPOTHO-
CTUYECKHUX MOJeJIel pacipocTpaHeHus 3a00IeBaHUA,
YacTO IPUMEHSAJINCH MEeTOIbI YIIPaBIeHUA KPUSUCHBI-
MU CUTYAIlUIMU AJIA 3a/ia4 TOCIIUTAIN3AI[AH, PacIIpe-
JIEJIEHUSI PECYPCOB U ILIAHMPOBAHUSA PAOOTHI CHCTEM
3IpaBooxpaHeHnda. K MIpemMyIecTBaM HCIIOJIb30Ba-
HUS METOIOB YIIPaBJIEHUA KPUSUCHBIMU CUTYAI[AAMU
Ha OCHOBE MCKYCCTBEHHOT'O WHTEJIJIEKTA MOKHO OTHE-
CTH OIIePATHUBHOCTH, BO3MOYKHOCTH yueTa OOJIBIIIEro
KoJsimuecTBa (PaKTOPOB, YEM TOCTYITHO UEJIOBEKY, 00B-
eKTuUBHOCTE. OTHAKO €CTh U Pl HEIOCTATKOB, CBA3AH-
HBIX C OrPAHNYEHHOCTBIO TUIIOB CUTYAIINHA, B KOTOPBIX
MOXKET IPUMEHATHLCA WHTEJJIEKTyaJlbHOe YIIpaBJe-
HUe, U3JINITHEH 00'beKTUBHOCTHIO, UTO B YCJIOBUSX TS-
JKeJION SIUAEeMUOJIOTMYECKON CUTyallud MOXKET IIPH-
HOCHUTBD JOTIOJHUTEIbHBINA Bpe alueHTaM.

B wuccremoBaHMAX, TPOBOOUMBIX B KOHTEKCTE
naggemunu COVID-19, orMeuaeTcs, 4TO HeraTuBHOE
BJIMAHNE HA JIIOJEH BBHIBBIBAETCA HEJOCTATOUHOCTHIO
uHGOPMAINU O TEKYIIeH CUTyalluu, a TakKe Quk-
cupyeTca KYMYJATUBHBIN XapaKTep CTPECCOBOTO
BozzeticTBua [2]. HebnaronpuarueiMu (paxTopamu
IS BCeX YUYaCTHUKOB IIpoIlecca NPUHATHUA pellle-
HUU SABJAIOTCA TPEBOKHOCTH, CTPaxX 3apaKeHusd,
BBIHYJKJIeHHAA M30JIAIUA OT UJEeHOB ceMbu [3], Ha-
pacTaHUe TPEeBOYKHOCTU WM JEIIPECCUBHBIX COCTOS-
HUii [4], YTO BO MHOTOM 00YCJIOBJIEHO pacopocTpame-
HUEM YT'DOKaIoIeil, SMOIIMOHAJIbHOU NHMOPMAIIT
0 HEBUIUMOH yIrpo3e. OTO IPUBOIUT K ITOCTOIHHOMY
oOpallieHnIo JoAell K MCTOYHMKAM ITOHOOHON WH-
dopmanuu, BbI3BIBAET COMHEHUSA B TOM, UTO B JaH-
HBIX YCJOBUAX MOYKHO PACCUUTHIBATEH HA MOJHOIEH-
HOe U KauyeCTBEHHOEe MeJUIIMHCKOe 00CJIyKUBaHUE.
OTcyTcTBUE CPEACTB 3aIUTHI, IPOOJIEMBI C aje-
KBATHBIM JIEUEHUEM, a TaKiKe UNCTO UeJIOBeUeCKue
(daKTOpHI: IepeyToMJIeHWe, HaNpAKeHue, TpeBora
u 1podecCHOHATBHOE BBITOPAHUE METUITMHCKOTO
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nepcoHasa [4—6] — BBISBIBAIOT HETaTUBHbBIE SMOITNO-
HAJbHBIE COCTOAHUS.

B pabGore mpemiaraeTcsa ydecTb BJIUSHUE IICHU-
XOJIOTUYECKUX (PAKTOPOB HA IPUHATHE PeIIeHUs
0 TOCIIHTAJNU3AINU IyTeM (QopMaau3aliuu 3aTaun
OPUHATHUSA PEIIeHUN O TOCIUTAJIUIAIUN C HUCIOJIb-
30BaHMEM HEUYEeTKMX KOOIEPATUBHBIX WUIDP. YUeT
TICUXOJIOTUUECKUX (haKTOPOB OCYIIECTBJISIETCA KaK
dopmanusanueil ITUHAMUKU COCTOSHUSA ITAI[eHTOB
¥ TIepcoHaJjia CKOpoil MOMOIIH, TaK ¥ (POPMUPOBAHU-
€M ITyJIa CTPaTeruil, KOTOPBIMU MOKET PYKOBOICTBO-
BaThCA KAKIBIM 13 TUIIOB YUACTHUKOB (IAI[UEHTHI,
KapeThl CKOPOH MeIUITMHCKOI ITOMOIIM, TOCIIUTAJIH,
J1ab0paTOPHO-IUATHOCTUYECKNE IIEHTPHI) IIPU TPU-
HATHUU PEIeHns O ToCIuTaIu3anuu. PerenreM 3a-
Iauyu ABJISIETCS Ha0Op COCTABOB KOAJIUIUI B 3aBUCHU-
MOCTH OT CTPATETWH UX AENCTBUM.

C yuyeToM TOro, 4To IIoJyueHHas hopMaInsaius
3amaum aBjaserca NP-mosHO#W (ITOCKOJIBKY HE00XO-
IVMO IIPOBEPUTH BCe KOMOMHAIIMU YUYACTHUKOB CO
BCEMU BO3MOKHBIMU CTPATETHUSIMH), PeIleHne KO-
OIIepaTUBHOM WUIPHI IIyTeM IIOJHOTO Irepedopa IIpu
0OJIBIIIOM KOJUYECTBE YUYACTHUKOB B PeajbHBIX yC-
JIOBUSIX He IPeACcTaBJsAeTCa BOBMOKHBIM. [JIa ymo-
BJIETBOPEHUSA TPEOOBAHUAM OIEPATUBHOCTH B HACTO-
dAmreir paboTe IpenJaraeTcs SBPUCTUUYECKUIN METO
peliieHns, OCHOBAHHBIM Ha MCIOJb30BAHUU T€HETH-
yeckoro aaroputrMma (I'A), yTo JomycTMMO B JaHHOM
BUJE 3a]aY, MOCKOJBbKY B HUX OTCYTCTBYeT Tpebo-
BaHMe IIOMCKa IVIO0AJBHOI'0O MaKCUMyMa, — JO0CTa-
TOYHO, YTOOBI pellieHre ObLJI0 KBa3HMOITUMAJIbLHBIM
B JIOKAJBHOM 00JIaCTH PEIleHn.

ITocranoBka 3aJa4yi U CylieCTByroiimue
MeTOObl PellleHuA

IIporecc rocuuTaaus3anuy BKJIIOUAET HECKOJb-
KO 9TaIloB, Ha KayKJOM M3 KOTOPHIX TPeOyeTcsa mpu-
HATHb peIlleHue, OKasbIBalolllee BJIAWAHUE Ha Ieil-
CTBUS Ha CJEAYIOINIMX dTamaX. OTalbl BKJOUYAIOT
HampaBJeHUe OpuUragbl CKOPOl TOMOIIM K IIalju-
€HTY, OCMOTP MAI[MeHTA W IPUHATHE PEIIeHUs O
HEeOoOXOJMMOCTH NOMOJHUTEJILHOTO 00CJIeIoBaHUI,
BBIOOP MecTa MOIOJHUTEJNLHOr0 O0CIeZOBAHUA U
BBIOOD MecTa TOCTIUTAIN3aIuu. [JIaBHBIMU aKTUB-
HBIMHU YYACTHUKAMU IIPOIlecca IBJIAIOTCA HaI[UeHT,
KapeTa CKOPOI MOMOII, TOCIUTAJb, Jab0opaTOPHO-
nuarsocTudeckuil meutp JI/JI] (puc. 1). Jucneruep
CTAHIIUU CKOPOIi IIOMOIIM OITpeaessierTcs KaK Hesa-
BHUCUMOE JINII0, IPUHUMAIOIlee pellleHre Ha OCHO-
Be TpeOOBaHUI YUYaCTHUKOB IIPoIlecca M TEKYIIEero
COCTOAHUS CUCTEMBI, COCTOAIIEI U3 BCEX UEThIPEX
YYaCTHUKOB.

PaccmarpuBaemasi B cTaThbe 3ajgadya HalpaBJie-
Ha Ha TOAIEeP:KKYy AUCIeTUepa MPU HPUHATUU UM
pelieHnin Ha Kaskgom u3 srtamnoB. Ilpemmaraercs
paccMaTpuBaTh CHCTEMY «IIallieHT — Opurama
CcKopo# momomu — rocuurtais — JII1» B Buge Ko-
OIlepPaTHUBHOII UTPHLI C HEHYJIEBOM CYMMOM, I'le BCe
YYaCTHUKMN PYKOBOJCTBYIOTCS OOIIMM HMHTEPECcOM
U TOJIKHBI B3aMMOJENCTBOBATh MEKAY COOO0M mJIs
CHUI)KEHUSA PUCKA YXYIAIIEHUA COCTOAHUSA MMalueH-
Ta. OlleHKa 3aTpaT KOAJUIUU CBOLUTCS K OIEHKEe
CYMMAapPHBIX 3aTpaT KaKJIOTO0 YYacTHUKA, PAcCUU-
TaHHBLIX C YYETOM COI[MAJbHON OPUEHTHUPOBAHHO-

ITamueHTHI
[
oV o

MecTo HaXOKAEHU
Cumnromsbl 60J1e3HI
IIcuxosoruueckKoe CoCTOsTHIE

CocrosHUe ouepenn
OGopymoBauue
CroumocTh 00caenoBaHuA

Koanunus + crpareruu geiicTBuii

of GRea

JIA

L ObopynoBaHue
CBobOomHbIE MeCcTa
IIpOTOKOJIBI JIEUEHU A

Bpuraapr CKopoil moMoIu

MecTo HaX0MKAEHUA

Komnerenmnuu nepconaa

Kommnerenmnuu nepconaa
OGopyzoBanue

2

Tocunmranun

B Puc. 1. Cxema (popMUpPOBaHUSA KOAJIUIINY C UCIIOJIb30BAHNEM KOOIIePATUBHOM UTI'DBL
B Fig. 1. Scheme of forming a coalition using a cooperative game
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CTU IPUHUMAEMBIX PEIIeHUI IPU OCYIIeCTBIEHUN
BBIOPAHHBIX cTpaTreruii [7]. B cocTaB Koanumnuu mMo-
JKeT BXOJIUTH TOJIBKO II0 OTHOMY YUaCTHUKY KarK 0"
ro TUIIa, IPU 9TOM YUYACTHUKU BCEX TUIIOB, KpOME
NaIllUeHTOB, MOTYT BXOAWUTH B COCTaB HECKOJBKUX
KOQJUIUHA C JOIMOJHUTEJbHBIMU OTPDAHUYECHUSIMH,
HAIIPpUMeP C YYETOM HOCTYIIHOI'O BPEMEHHOT'O OKHA
U TPOCTPAHCTBEHHOTO pAacCIpeAesieHUsA YUYaCTHU-
KOB.

Permrenne moxoxmx 3a/ady B CYI[eCTBYIOIUX WC-
CJIeIOBAHUAX ONMMPAEeTCd Ha MCIIOJb30BaHUE ABYX
TPYII METOAOB: TEOPUU KOOIEPATUBHBIX UTDP U Te-
HeTuuecKux ajaroputmoB. O6e rpymnmbl MeTOIOB
mpecienyioT IieJb IIOMCKA ONTHMAJbHOIO COCTaBa
KOQJIUIIMU C yYEeTOM OTPAHUUYEHUI, ABJIAIOIUXCA
YacThIO ITIOCTAHOBKU 3aJaUm.

1. Hcnonv3osarnue KoonepamusHvlx uzp Oas pe-
weHus 3a0ayu onMuMU3ayul.

Hcnonp3oBanme HEUETKOI JIOTMKM U KoOoIepa-
TUBHBIX UTDP [JId OIUCAHUA B3AUMOAEHCTBUA yUaCT-
HUKOB KOAQJIUIIMU — OTHOCUTEJHHO HOBBIHM ITOAXO[I,
KOTOPBIH IOKAa3aJl CBOIO 3(PMEKTUBHOCTH B 3aJjaUuax
KOHMUTypaInuu IelMouyKy NocTaBoK [8] u dopmupo-
BaHUA Koaaurnuu pobotoB [9]. MaremaruuecKuii
ammapaT HEUEeTKOM JIOTUKU U KOOIEePaTUBHBIX UID
MOKeT OBITh HCIIOJIb30BAH TaKiKe IJIA OIleHKU d(-
dexTuHOCTH roctiuTaJeii [10] mo GoabItoMy KoJIu-
YecTBY IIapaMeTPOB, B TOM UHCJIe IO KOJUUYECTBY U
KauecTBY HepcoHaJia (Bpaueil, Me[cecTep, BCIIOMO-
raTeJbHOTO IEPCOHAJA), KOJIUYECTBY KOEK, Koauye-
CTBY OIlepaluii, 3aTparaM Ha JeueHue 1 00CIyK1Ba-
HUe.

2. @opmuposarnue zpynn c ucnoaviosanuem I'A.

dopmMupoBaHUE I'PYIN YYACTHUKOB Ha OCHOBE
oreHKN d(P(HEeKTUBHOCTU UX B3aMMOJEHCTBUSA IIPU
PeIlleHNY CJIOXKHOM 3aJauy ABJIAETCA aKTYaJIbHBIM
BOIIPOCOM [JIA MHOTUX IIPOOJIEMHBIX o0JacTei.
IIpumeHeHME 9BOJIIOIIMOHHBIX AJITOPUTMOB AJISA UX
peIeHnA BUAUTCA MHOTUMU MCCJIEIOBATEIAMU KaK
ONVH U3 MEePCIeKTUBHBIX BapUaHTOB. B uacTHOCTH,
paspaboTaHbl IIOAXOALI HA OCHOBE 3BOJIIOIIMOHHBIX
aJITOPUTMOB pellleHu A 3a8auu (DOPMUPOBAHUA I'PYIII
yuaimuxces Ijs obecreueHuA OOJbIEro pasHoobpa-
3Ud CTyAeHUecKuX mpoduJieii B rpymnne [11]; Beroopa
OCTABIIUKOB IIPOAYKIIMY B BUE 3aJauy HasHaye-
HUS Ha OCHOBe cTromMocTu [12—15]; popmupoBanmsa
TPYINObl Ha OCHOBe reorpaduyecKoil ymaJeHHOCTH
C MaKCHMAaJbHON YIIAKOBKON IIPM MUHUMAJIbHOM
3aJaHHOM PACCTOAHUU MEXKAY UJeHaMU T'DPYIIIIBI
[16]; dhbopMupoBaHUA KOAJUIIUU B MYJIbTHATEHTHOMN
cucteme [17]. B mocieguem caydyae B 3aBUCUMOCTHU
oT crnenuUKYU 3a4auu pacipejesieHre YJIeHOB K0a-
JINIIUY W 33aY¥ MOJKET OBITh CJIeYIOIINM: OTHA 3a-
Jadya — OJHa KOaJUIUsd, MHOTO 3a7auy — OJHAa Koa-
JUIUS, MHOTO 3aa4 — MHOI'0 KoaJaunuii. B mo6om
U3 cay4YaeB Iy (DOPMUPOBAHUA COCTaBA KOAJTUITUHI
¥ pacupejieeHus 3a4a4 paspadoTaHbl IOJX0bI, HC-
noabayiomiue I'A [18—-20].

Hcnonbs30BaHue HEUYETKOI KOOIIEPATUBHOMI
MTDPHI IPU TOCTUTATU3 AN

B sTom paspesie paccmarpuBaercsa (opmanmsa-
U 3aaUuy B TePMUHAX KOOIIEPATUBHOM UTPHI JIJIs
(GopMUpPOBAHUA KOAJUIMU C BLIOOPOM 5((PEeKTUB-
HOU cTpaTeruu JefcTBU IPU TOCIUTAIUIAINY B YC-
JoBUAX mamaeMuu. Popmaaus3anus OCHOBaHA Ha
pauuei pabore [21] u paciiupeHa caydyaeM HAJTUYU S
0oJiee IBYX CTpaTeruii y OOHOTO U3 YUaCTHUKOB. s
onmcaHua Urpsl opMupyerca HaOOpP mapaMeTpoB,
KOTOpPBIE CTAHOBATCA NCXOMHBIMU JaHHBIMY JJIA BbI-
YHCJeHUs 3HAUEHUHN XapaKTepUCTUUECKON (QYHK-
ouu Koaaunuii. PellleHme KOOIEePATHUBHOM WIPHI
OyzmeT comepsKaTh KOAJUIIUU YUYACTHUKOB UTPHI,
obecrneuymBaloOIe MUHUMAJbHBIE 3aTPAThl C TOUKU
3peH’sA BPEMEHU W CTOMMOCTH T'OCIIUTAJIU3AIIUU, a
TaKyKe CTPaTerny AeUCTBUHN YyUYaCTHUKOB KOAJIUIUH.
Taksxe OyzeT ompeesieH TOCIUTAaIb, B KOTOPHIH He-
00X0AUMO TOCTaBUTH NaluenTa, u JII1I, roe mpu He-
00XOAMMOCTH MOKHO OyZeT HPONUTH MOIOJHUTEIb-
HOe 00ceioBaHUIE.

KooneparuBHas wurpa mnpeacTaBjseTCd B BUIe
MHOKecTBa (N, v), tme N — MHOKECTBO UTPOKOB,
v — XapakTepucTHuuecKas (QpyHKIuA UTpbl. B pac-
cMaTpuBaeMoOll 3ajave 3HAUEHUE XapaKTePUCTU-
YeCcKoll (GYHKIUU KOHKPETHOM KOAJUIIUU COOT-
BETCTBYET CyYMMAapHBIM 3aTpaTaM BXOAAINX B Hee
UTPOKOB.

Mmuo:xectBo N Bcex HUI'DOKOB KOOIIEPATUBHOI
UTPHI Pa3fejinM Ha YeThIpe ITOAMHOYKECTBA: Mallu-
eHTHI, Hy:KJaoluecsa B rocuuraitusanun NF; mep-
COHAJI MAIIWH cKopoi momomu N4; rocouranu N,
JIOIT N¢T — N = NP U NA U NH U NCT, Ina yupo-
MeHUsT PACCMOTPUM CUTYAIUI0 IIPUHATUIA, KOTAa
Opurajza CKopoii IOMOIITH yKe IPuOblia K IallueHTy,
1 HeoOXOAWMO NPUHATH PelleHne o IejiecoodpasHo-
CTU KOMIIBIOTEPHOU ToMorpaduu 1 BeIOpaTh HanbO-
aee nogxonpamtue JIIIT u rocnurans. Jiad Kaskaoro
UTPOKA B KaXKI0U M3 TPYII 3ajaH HaOOp CTpaTeruii,
KOTOpBIE OH MOJKET BhIOPATh B 3aBUCUMOCTH OT Te-
KYIlel CUTyaluy M COOCTBEHHBIX MOBEJEHUYECKIX
TIaTTEePHOB, UTO MOXKET pacCMaTPUBATLCA KaK HeUeT-
Kad QYHKIUS IIPUHAIJIEKHOCTH Koaauiiuu. Beibop
Ka'KJIOM W3 CTpaTeruii MOXKeT KaK yBeJIWYUBaTh,
TaK M YMEHBIIIATh 3aTPaThl KOAJUIIUNA B 3aBUCUMO-
CTU OT KOHTEKCTAa TeKYIIell CUTyaIluu.

IlamueHTy COOTBETCTBYIOT cTpareruu nt, ompe-
JIeJIAIONIMEe COoTIacye NN OTKAa3 B TOCIUTAIU3AI[UH.
3HaueHMe 3aTpaT UTPOKa-TIallMeHTa TIPU BBIOOpE
CTpaTeruu 3aBUCUT OT KOMOWMHAIIUU (DU3UUECKOTO
¥ TICUXOJIOTUYECKOT0 COCTOSHUA maruenTa. I[as ro-
cnmTasA 3amaHbl crparernu nH, onpenensomue co-
rylacue MJIM OTKAa3 B mpueMe naiueHTa. [{as 6pura-
IBI CKOPOIi IIOMOIIM 3aaHbI TPH CTPATeInu N4: ocTa-
BUTH TAIMEHTAa JAoMa, TpaHcnoptuposBaTsh B JIIII u
TPaHCIOPTUPOBaTh B rocnutaib. JIIIL mmeer 1Be
crparernu N°T: npuHATEL NN OTKA3aTh B IpHeMe I1a-
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mueHTa. IlepeuncieHHbIe CTPATETUN UTPOKOB i € P,
je H, ke A, leCT, BXogamux B KoaJuUIuio, Gop-
MUPYIOT BEKTOP CTPATETrNi KOATUITNHT N ikl = My np
N N

DOyHKOUA OTPUHAJIEKHOCTH UIPOKA K KOAaJu-
WU OJId BapUaHTa, B KOTOPOM Yy UIPOKA UMEEeTCs
IIBe CTpaTeruu, OmpeessieT BepOATHOCTb TOTO, OY-
JIeT JIU BXOAUTH YUYaCTHUK B COCTaB KOAJUIIUU B 3a-
BHUCHMOCTH OT BEPOATHOCTH X BbIOOPA CTPATEII]:

0, x<0,5

. 1
1, x>0,5 M

n(x) =

B cayuae, Korma y4acTHUK TPUHAIJIEIKUT TUITY
«Opuraja CKOpoil MOMOIIU», ¥ HEro MMeeTCsS TPHU
cTpaTeruu AeMCcTBUi, a 3HaueHus B (hopmyte (1) Oy-
IYT BBIPAYKATbCS Uepes3 3aBUCUMOCTb OT CTpaTeruii
IPYTUX YYACTHUKOB CJIEAYIOIUM 00pa3oM:

4|0, (70T 4nP)/8<2/3
no= H, K6 CT,K6_ P : @)
LM +n"" +n7)/3>2/3

Iajee ompene M COCTaBJISIONTNE, HEOOXOIMMbIE
[JIsl BBIYKCJIEHUSA CYMMAapHBIX 3aTPaT KOAJUIUU U
pacueTa 3HAUEHUA XapaKTePUCTUUECKON QYHKIIUU.

s pacyera oOIMX 3aTpaT KOAJUIUU HEOOXO-
IUMO IIEPBBIM [IEJIOM OIIPEAeINTD 3aTPAaThl KaKI0T0
OTAEeJIBHOTO yUYacTHUKA. UTOOBI yUeCTb AUHAMUKY
PasBUTUS CUTyaIlluU, BBeJeM BpeMs oOpaboTKM ma-
nueHTa ¢, ;= f(CP, CH, CcA, CCT), yuureIBaomiee
BBIOPAHHYIO CTPATETHIO0 Nkl Haunnad GyHKIIUA
BKJITOUAeT KOHTEKCTBhI BCEX THUIIOB YUACTHUKOB KO-
OIePaTUBHOM WUI'PLI, OTHOCUTEJIHHO KOTOPBLIX pac-
CMaTpPUBAIOTCS BO3MOJKHBLIE CTpaTeruu aeficTBU
IS KasKIOTO YUACTHUKA.

fP(CP, tikD C'P) — 310 PyHKIUA 3aTpAT NallleH-
Ta i, 3HaUeHNe KOTOPOI PaCCUUTHLIBAETCSA HA OCHOBE
ero Tekymero cocroaausa CP (pusmosoruueckoro u
TICUXOJIOTUUYECKOT0) U ITPOTHO3UPYEMOTO (hUHAIHHO-
ro cocrossausa C'F no ucreueHnn BpeMeH1 bkl

PP, 4 h1r CF)=agt +agPHI +a3PSY’, (3)
rae ¢ — IIPOTHO3UPYyeMOe BpeMdA TPAHCIOPTHUPOBKU
IIamueHTa a0 r'ociinTajgd, KOTOPOe BEIUYNCJIAETCA KaK

CyMMa HECKOJIBKHUX COCTaBJIAOIINX:

t=trans per T thT + tprocCT +ttrans pg T th + tprocHa

TA€ tyrans po, ~— BPeMdA TpaHCHOpTHPOBKH B JIIIL;
twer BpeMa oxumanua B ouepemu JIIIT;
tprocy ~— BPEM#A OOCIIYKUBAHMA ONHOIO IAIVEH-

ta crneruaiguctom JIIII, Brrouasa Bpems oOcie-
JIOBaHUA, pacHIiu(PpoBKU JAUATHO3a U IIOJTOTOB-

KM K CIeAyIOIeMy HauueHTy; fyqps p, — BDE
M#A TPAHCIOPTUPOBKU B TOCIHUTANb; 1y ~— BpeMA
OXKMJAHUA B OYEPelH TOCIUTANA; fppoe, ~— BPE-

Ms, 3aTpavyeHHOe Ha IIpPHUeM IallieHTa B T'OCIIHUTa-
JIe; Oy, Oy, Oy — BecoBble KoahdunuenTts. PHI' =
= fpy (T (PHI) —t) — mnporHosupyemoe (husuo-
Joruueckoe cocrosuue. Ilpeayiaraemas SBPUCTU-
Ka OIleHWBAaeT (PU3MOJIOTHUECKOe COCTOSHUME HaIlu-
euta PHI', rne PHI — HayaJbHOE (pu3uOJIOrmUe-
ckoe cocrosiuue; f(PHI) — QyHKIusA, ompemess-
orasa GPU3NOJIOTUYEeCKOe COCTOAHME MHal[MeHTa due-
pes BpemMs { HAa OCHOBE IIapaMeTPOB 3I0POBbS, Xa-
PaxTepusyIoninxX TeueHre 3a00JeBaHUS (YaCTOTHI
CepIeUHbIX COKpAIeHWH, YacTOTHI ABIXaHWUS, ca-
Typanuy KPOBU KUCJOPOJIOM, NAaBJIEHUSA, TeMIlepa-
TYpPHI TeJia, BO3pacTa), 00beINHAA UX B UHTErDAJIb-
HBIN mOKasaTeab PHI, onpeneisieMblii B Juana3oHe
[0, 1]. PSY’ :fpsy(ff}sy(PSY’ PHI) —t, PHI') oniu-
CBIBAaEeT IIPOTHO3UPYEMOE IICHUXOJOIMYECKOe COCTOS-
Hue, rae PSY o6o3HauaeT IICUXOJOTUUYECKOE COCTO-
saune; f(PSY) — sBpuctuueckas PpyHKIINA, olIpe/e-
JISIONTAA IICUX0J0TUYEeCKOe COCTOSHIE TTallieHTa Io
mpoirecTBuu BpeMeHu t. IIpeanaraemMasi 9BpuUCTUKA
OIIEHMBAET IICUXOJIOI'NYECKOe COCTOSAHIE B JUAIIa30-
ue [0, 1].

HWcmoonb3oBaHMe 9BPUCTUK B pacueTe PyHKIIUY 3a-
Tpar maireHTa 00eCIeuYrnBaeT yUeT COIIMO0PUEHTHIPO-
BaHHBIX ()aKTOPOB, BIUAIOIIUX HA BHIOOD CTPATETuU
JIefiCTBUA MAITMeHTOM IPU IPUHATUY PEIIeHnsI O ToC-
MUTAIU3anUNA. ITO 00YCJIOBJIEHO TEM, UTO UTOTOBas
CTOMMOCTD CJIeIOBAHUS BBLIOPAHHOW CTpaTeruu IJIis
TaIeHTa Bceraa 00ecreunBaeTCs He TOJIbKO ero Ips-
MBIMHU 3aTpaTaMy, HO U MOTEHIIUAJIBLHBIM PHUCKOM,
CBSI3aHHBIM C €70 (DU3WUYECKUM U IICUXOJIOTUYECKUM
COCTOSTHMEM, BBI3BAHHBLIM JOIIOJHUTEIbHBIM CTpEC-
COM IIPH1 BBIOOpE HeKeJIaTeJIbHOU CTPaTerniu.

®yuaxnua fH(CH, bk C'H) zaTrpar pnsa rocmu-
TaJIs j yUYUTBIBAET 3aTPaThl HA JIeUEHUE IaI[MeHTa.
3uauenne (GYHKIUU BBHIUUCJIAETCA HA OCHOBE TEKY-
mero cocrosaua CH (pusnosoruueckoil 1 ICUX0JI0-
TUYEeCKOI yCTaJIOCTU mepCcoHasia, 3amaca pacXoIHbIX
CPeICTB W MeIUKaMeHTOB), CBOOOZHOI'O KOEUHO-
ro ¢ouza BH, crommocTu comep:xaHMA U JIeUeHUS
ongHoro mamueHTa cost? (B cpegmem mo Poccum 3a
2020 r. 115 566 py6.) [22], cpenHero BpeMeHU OXKHU-
AaHUA B OYePe/y Ha IPUEM ¥ IPOTHOBHPYEMOro
KoHeuHoro cocToanusa C'H:

e, g, €Ty =cost™ /BH (141, ). (@)

Tak:ke B (GyHKIUU (4) MOKeT OBITH WCIIOJb-
30BAH THUII T'OCIUTAJSA, B 3aBUCHMOCTH OT KOTO-
poro IpPUHUMAETCA pPelIeHre O TOCIUTAJIU3AIUN
WM HeoOXOAMMOCTH OOIOJHUTEILHOIO0 OCMOTPA.
CroenuaTu3upoBaHHBIN TOCIIUTANL MOMKET J000Cce-
moBaTh nainuenTa B cobcrBenHom JIIII. B Hecmeu-
AJIMBUPOBAHHBINA CTAIMOHAD MOMKHO IPUHATE HAI[N-
€HTa TOJBbKO IIPU HAJUUNHN PE3yJIbTaTa KOMIIBIOTEP-
HO1 Tomorpaduu, caenanuoi B JIIIT.

s ompenmemeHus 3HaueHUA (QYHKIUU 3aTpaT
opurazbl k£ ckopoii momommu fA(CA, tiinD C%) nc-
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IoJIb3yeTcs TeKylllee cocTogune CA 6puraisl (Icu-
XOJIOTUYECKas YCTAaJOCTh IIePCOHaJa, CTOMMOCTD
vaca paboThI ¢ yUYeTOM BPeMEeHU JA0CTaBKU MaI[ueHTa
B JIJIIT u B rocnuTaiab ik, 1) & TaKJKe IPOTHO3UPYe-
Moe cocToarme C4:

fA (CA, ti,j,k,l,C'A) =

= alti,j,k,l + a2ti,j,k,l 'COStA + OLgPSY’, (5)

rme costd — cTomMOCTh Yaca paboTsl GpUragbl CKO-
pOi IOMOIIY; BPEeMs PaGOTHL ¢ MALUEHTOM & j ;=
=tirans pop T twep T tprocey titrans py T twy> TPOTHO3H-
pyeMoe IICHXOJIOTUYECKOe COCTOAHVE OpUTaabl CKO-
poit momouu PSY' = f1(f(PSY), ¢, kD

®yurmnusa fCT(CCT, tiinD C’°Ty zarpar gua JIIIT I
BHIUHCIIAETCS Uepes ero TeKyiee cocrosune CCT, za-
TPaTHI C YYETOM BPEMEHU OXKUAAHUSA U BpeMeHU 00-

CleloBaHuA MalueHTa &; jp1 =ty . +{proc,, ¥ IPO-
THO3MPYeMOe COCTOSHME:
CT (~CT CT
f (C > ti,j,k,l’ C, ):
CT\-1
= 01 (b, +Eprocyy ) T 02(cOSt ), (6)

rae cost®” — crommocTs waca pa6orsr JIIIT.

O611e 3aTparhbl KOAJUIAN BEIUUCIAIOTCA KaK
CyMMa I[POM3BEICHUII HOPMAJIM30BAHHBIX 3aTpaT
OTAEJIBHBIX YYaCTHUKOB U UX CTpaTeI‘I/Iﬁ:

PP P
ok =il (C 5 4 g1, €7 )+
H qH H A pA A
+n; 7 (C b €)M (CF 8, C)+

T (T, o cCT), @)

B mesnom ansa xKoomepaTuBHOU UTPHI B hOopMe 3a-
Tpar XxapaxkTepucTudecKass GyHKIIUSA U IJIs KOaJIu-
uuu {i, j, k, [} MOKeT GBITH OIpe/eIeHa CIeTYIOITNM
oGpasom:

0= N O j g Mi,j 1 ®

L]k,

HUcnmoan3zopanue I'A nisa perenunsa
KOOIEPATUBHON UTPBI

Wcnonws3oBarnue I'’A mpexpmosaraer ompeneseHme
CJAEAYIONINX TJIABHBIX IIapaMETPOB: XPOMOCOMBI U
(GYHKIINY IPUCITOCOOJIEHHOCTH.

I1a mpencTaBIeHHON BRINIE (DOpMASM3alUN 3a-
Jauyy B KauecTBe (DYHKIIUHU IPUCIIOCOOJIEHHOCTUA MO-
JKeT OBITHL WMCIIOJIb30BaHA (PYHKIIMA 3aTpaT KOaJIu-
mun (7). OgHaKO, TOCKOJAbKY B I'A OCHOBHBIM KpWU-
TeprueM OTOOpa ocobeill ABJSETCA MX HaAWJIYyUIlas
IPUCIIOCOOJIEHHOCTD, T. €. MAKCUMU3ANNA QYHKINN
IPUCIOCOOJIEHHOCTH, a pelraeMasi 3agada chopmy-
JIIPOBAHA B TEPMUHAX MUHUMUS3AIUN 3aTPaT, B Ka-
yecTBe QYHKIIMU IPUCIIOCOOJIEHHOCTH CJIeYeT pac-

cMaTpUBaTh PYHKIINIO, O0PAaTHYIO (DYHKIIUHU 3aTpaT
KOQJUINU:

F =] - ©)

VYcenoBuem ocranoBku 'A B JanHOM cirydae Oyaer
SABJATHCA NOCTHKEHUE B HECKOJbKUX MOKOJEHUAX
Tmopora OTKJIOHEHHUS 3HAYEHU 3aTPaT KOAJUIIUU OT
MUHNMAJBHOI'O 38 BCE BPeMS BBITIOJTHEHU S aJITOPUT-
Ma (puc. 2).

g ommcaHmsA cocTaBa W CTPaTerdid KOaJIU-
WY WCIIOJb3YETCA XPOMOCOMA, OIPEAeAIIaacsa
BEKTOPOM, B KOTOPOM Ka’KIbIH dJeMeHT (reH Xpo-
MOCOMBI) COOTBETCTBYET CTPATErMM YYAaCTHUKOB.
Xpomocoma pasfiendeTcsa Ha YeThIpe YdJacTKa,
pasMepsl KOTOPBIX OIPENeNsIOTCS KOJUUYECTBOM
YYacCTHUKOB KasKkjaoro tuma. [aa GopMUpPOBAHUSA
XPOMOCOMBI OIPeNesieHO TaK:Ke MTOIOJHUTEIbHOe
ycJIOBMe, OTpaHWUYMBAIOINEe eNUHUIEH KoJaude-
CTBO aKTMBUPOBAHHBIX I'€HOB HA KAXKJIOM yUacTKe.
CMBICJI TOTO OrPAaHUYEHUS 3aKJIOUAETCA B TOM,
YTO M3 KaKAOTO MHOXKECTBa YYaCTHHUKOB B ONHY
KOAJUIIUI0 MOYKET BXOAUTH TOJBbKO OIUH U3 yUaCT-
HUKOB KasKIOT0 TUIIA. B JTaHHOM ciiyuae HeoOXomau-
MO OCYIIIECTBJIATH HECKOJBKO 3aIIYCKOB IIPOIeAY PhI
IIOWCKA PeIeHns, [I0CIeI0BATEIbHO UCKJIYAs IIa-
IIUEeHTOB, IJis KOTOPBLIX ObLiIa chopMmpoBaHa KO-
anunusa. B Takoil MOCTaHOBKEe IIPOIE YUYUTHIBATD
BpeMeHHbIe OTpaHUYeHNU A, BOSHUKAaToIue Ipu Ghop-
MUPOBAHUU KOAJUIUHU, HO YCJIOKHAETCI (POpMU-
poBaHHNe HOBBIX 0cO0eil, B XoZe KOTOPOro HeobXo-
IUMO IIPOBEPATH YCJIO0BUE (POPMUPOBAHUA XPOMO-
COMBI, M3-3a YeTo 00JIBIIIOe KOJIMUECTBO ocobeii Oy-
JIeT OTCEeMBAThCA KaK He MOJXOAIINE IO/ YCIOBUE.
3HAUUTEJIbHBIM OTCEeB 0CO0el TaKiKe 3aMeIdeT
SBOJIIOIIUIO TIPU HCIIOJIb30BAHUU AJITOPUTMOB CJIY-
ya#HOTO (DOPMUPOBAHUA IIOTOMKOB W CIAYUYaNHBIX
MYTAIlUAX, UYTO IPUBOLUT K YBEJIUUCHUIO IJINTEIb-
HOCTH IIOUCKA PeIleHusd.

IIepBrlii HAOOP 0cobeit POPMUPYETCA CAYUaATHBIM
00pa3oM 0 KOJIMUecTBy marueHToB. Ilocse pacuera
3HAUEeHUN (QPYHKIUU IIPUCIOCOO0JEHHOCTH IPOBOLAT
oTbop ocobeil TT0 MaKCUMAaJbHOMY 3HAUCHUIO (PYHK-
MUY IIPUCIIOCOOJIeHHOCTU. [IpuMeHUTEeIbHO K OMIU-
ChbIBaeMOM 3ajaue IpeIJaraeTcsi MCI0JIb30BaTh Me-
Tox steady-state selection [23], B KoTopom ocyiiiecT-
BJISIETCS BBIOODP 0co0eill ¢ HanOOJbIINMU 3HAYEHU A-
MU QYHKIIUYU TPUCITIOCOOJEHHOCTH U 3aMeIlleHre UX
TMIOTOMKaMH’ 0co0eli ¢ HAMMEHBIITNMHU 3HAUCHUSIMU
(GYHKIINY IPUCIIOCO0JIEHHOCTH.

3aTeM BBITIOJIHSETCA IPOIeaypa CKPeIuBaHusd,
B X0Jle KOTOPOM M3 OCTABIIUXCSA 0CO0EN ITyTeM CJIy-
YallHOTO BHIOOpA OIPENeIAeTCs TOYKa, B KOTOPOI
OyzeT pasopBaHA XpOMOCOMA U IIyTEM IlepeMeInBa-
HuA 00pa3oBaHbI HOBBIE ocobu. Kaskmasa HoBas 0co0b
IIpoBepAeTCA Ha YCJIOBUE, COIJIACHO KOTOPOMY B KO-
QU0 TOJIXKEH BXOIUTH TOJBKO OAWH YUYACTHUK
KaxJqoro Tuma. Bce oco0u, He COOTBETCTBYIOIIVE
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IIpenBapuTe bHBIN PACUET IapaMETPOB
CTOUMOCTEH YUYACTHUKOB
KOOIIepaTUBHOM UT'DHI

@DopMUpPOBaHNIE XPOMOCOM HayaIbHOM
MONYJIAINY IIYTEM I'eHePAIu BEKTOPOB
CJIyYafHBIX CTPATETUH YyUaCTHUKOB UT'PBI

A\ 4

Pacuer 3HaueHNA QYHKIIUHU IPUCIOCOOIEHHOCTH

Bei6op mpeaKoB

CxpemuBaHue U IpegBapuTeIbHasg GUIbTPAI[UA TIOTOMKOB
IIyTeM IPOBEPKY HA KOPPEKTHOCTH CHOPMUPOBAHHOM
KOAJIUIUHU

VYcnosue

He BBIIIOJIHEHO

Myranusa u npegBapuTeabHasa QUIBTPALIAA MYy TAIIUI
IyTeM IPOBEPKU HAa KOPPEKTHOCTH C(hOPMUPOBAHHON
KON

@DopMUPOBaHNE HOBOU HOMYIAIUNA

B Puc. 2. IIpunnun padors 'A
B Fig. 2. Genetic algorithm work principle

ITpoBepka ycJI0BUIT OCTAHOBKI
(K0OJIMUYEeCTBO ITIOKOJIEHUH NI
IOCTUIKEHUE I1eJIN)

YcioBue
BBITIOJIHEHO

Komner,

JAHHOMY YCJOBHIO, OTCEMBAIOTCA KaK HEIOIXOZIA-
mue.

JIOTIOTHUTENFHO K CKPEIMBAHUIO MOXKET IIPU-
MEHATHCA METOA MYTaIlu¥ [JA BBIBOJA DPEIIeHU:
U3 JIOKAJBbHOTO MUHUMYyMa. IIpuMeHeHMe JaHHOTO
MeToLa IIPOUCXOAUT B CHUTyaIlMM, KOTJa Ha IIPO-
TAXKEHNY IBYX UTepamuil COCTaB IIOTOMKOB He W3-
MeHdeTcda. MyTanua IPOBOLUTCA aNalTUBHBIM
MEeTOZOM, B XOZie KOTOPOTO IONYJIAINA pas3/esdeT-
cA Ha JIBa IIOZMHOXKECTBA IO CPeJHEMY 3HAUYeHUIO
GYHKIUU NIpuciocobJIeHHOCTH. B mogMHOKecCTBe,
UMeIoIlleM 3HaueHWsd (PYHKOUN MeHbIe MeIvaH-
HOT'0, IPOBOAUTCA GOJIbIIIee KOJIMNUECTBO My TaIlUH,
a B IIOZAMHOKECTBe, NMeIoIeM 3HaueHre (pyHKIun
0oJIbIIe MEUAaHHOT0, — MeHbIIIee KOJINYecTBO [24].
Ecnu mocie Mmyranuu cuTyanusa He U3MEeHUJIACH, TO
CUMTaeTCs, YTO pellleHyne Haii/[eHo, U 0co0b U3 II0-
cJIeHell NomyIANuY, UMeIoIasa caMoe HUSKOoe 3Ha-
YeHUe 3aTPAaT, BO3BPAIIlaeTCs B KaUeCTBe UTOI0OBOI'O
pelIeHus.

Peanusauusa I'A pias moucka pemeHust
KOOIePATUBHOM UTPHI M Pe3yIbTaThI
MOJIeIMPOBAHUA

Hnsa peamusanuu ['A Obla BBIOPAH S3LIK TIPO-
rpammMmupoBanusa Python m 6mbamoreka PyGAD
[25], BKRITOUatOITIaA 6OJIBIITIOE KOJTUUECTBO (PYHKITUIH,
peanusyoInuxX CYIIeCTBYIOIINe MeTOAbl BhIOOpA
MPEeIKOB, BBITIOJHEHUWS CKpeIWBaHUA, MYTAIUU,
¢dhopMUpPOBAHUSA HOBOI MOTYIAIUN.

B kauecTBe TECTOBOrO CTEH[A WCIIOJIb30BAJICS
TIePCOHAJNBLHBINT KOMIBIOTEP CO CJIAEAYIOINMMHU TIapa-
MeTpaMM: IeHTpaJbHBIN mporeccop Intel Core i9
10900X 3,7 I'T';, 64Gb DDR4 RAM, unTeprperarop
3amycKaJicsi B BUPTyaJbHOH cpeme Docker, B3anmo-
IeCTBHE C KOTOPOM OCYIIECTBJISAIOCH IIOCPEACTBOM
IIporpaMMHOT0 maKera Jupyter.

Peanusamnus ajaropurma BKJIOUYaeT B cebs IIpo-
rpaMMHOEe OIIMCAHWE KJACcCOB, COOTBETCTBYIOIITUX
OIIMCAHUIO KasKJI0r0 U3 TUIIOB YYACTHUKOB Koollepa-
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TUBHOU Urpsl. IIporpaMMHBIE KJIACCHI COEePIKaT OC-
HOBHBIE IIapaMeTPhl YUACTHUKA, AOMOJHUTEIbHBIE
GyHKIIMU 00pPabOTKM MapaMeTpoB U (PYHKIUMU BHI-
YHCJIEHUA CTOMMOCTY KOOIIEPATUBHOM UTPHI.

151 momcKa peleHns KOOePaTUBHON UTPHI ObI-
JIO TIPOBEIEHO BA SKCIIEPUMEHTA B I[eJSAX OIEHKU
ckopocTu paboTel 'A 1 cpaBHEHUA €ro ¢ IIOJHBIM IIe-
pebopoM B 3ajaue BbIOOpa cTpaTermu. Peanusanusa
TOJIHOTO Iepebopa omucaHa B crarbe [21]. Iaa kask-
JIOT'0 TUIIAa YUACTHUKOB OBLIIO creHepupoBaHo 10 06b-
eKTOB B nepBoM skcrepumenTe u 100 Bo Bropom. Ilo
KOJIMYECTBY YYAaCTHMUKOB B SKCIEPUMEHTaxX ObLIa
chopMupoBaHa HauaJ bHAS MOMYJANNUA AJISA IIOUCKA
pelIeHnsa KOOnepaTuBHOM UTPbl. @YHKITHSA IIPUCIIO-
COOJIEHHOCTH UTPHI B 000UX CIyUYaAX OIPEeNesIaiach
OTIEJbHO KaK CKaJIApHOe IIPOM3BelieHNe BeKTopa
cTpaTeruii M BEKTOpa 3aTpaT YYaCTHUKOB KOAJIU-
muii. [[onoTHUTENBHO B (DYHKIIUY IPUCIIOCO0JIEHHO-
CTU Peayim30BaHA IIPOBEPKA KOPPEKTHOCTH COCTaBa
Koanunuu. KOppeKTHOCTh IPOBEPSIETCA Ha BXOMK e~
HIe TOJIBKO OJHOTO YYaCTHUKA KaKIOr0 THUIIA B KO-
sunuoo. OcobAM IOMyIANNN, He YI0BIETBOPAIOIINM
YCJIOBUIO KOPPEKTHOCTH, MPUCBAWBAETCA 3HAUEHUE
(GYHKIIMU IPUCHOCOOJIEHHOCTH, PaBHOE HYJIIO, YTO
HUCKJIOUaeT MX M3 PACCMOTPEHUA B KauecTBe BO3-
MOKHBIX DPOAUWTEJIeHl Ha dTale CKPeI[MBAHUS U 3a-
TeM MCKJIIOUAeT U3 COCTABA MOMYJIAINY Ha 9TAIe OT-
6opa.

Hna samycka ['A 6b11u TaKKe omrpeaeeHbl 6a30-
Bble mapaMeTpsl (Tabauila), BEIOOP 3HAUYEHUIT KOTO-
PBIX O0YCJIOBJIEH MOCTHKEHHEM CXOAUMOCTHU (DyHK-
muu npucnocobaerHocTu I'A menee uem 3a 3000 mo-
KOJIeHUH KaK B IEePBOM 3KcmepumeHTe (puc. 3, a),
Tak W BO BTOpoM (puc. 3, 6).

Ciemyer OTMETUTh PA3IUYHYIO CKOPOCTH CXO-
OUMOCTU B 3aBHCUMOCTH OT HAUAJBHBIX YCJIOBUN U
HavaJIbHOM momyJsAnuu (cM. puc. 3, a). Ha pucyH-
Ke cJieBa 3aMeTHA BBICOKAS CKOPOCTh M3MEHEHUM
U JOCTHIKEHUE JIOKAJhbHOT'0 MHUHUMyMa (GQYHKIUU

mpucmnocobsentHocTu (o ocu opamuar) 3a 1500 mo-
KoJIeHU#H (110 ocu abermee), YTo MOXKHO NHTEPIIPeTH-
poBaTh KaK CcTapT OJM3KO K MaKCUMYyMY, KOTOPBIHA
IpU 3TOM SAPKO BhIpaskeH. Ha mpaBoM Ke pUCYHKe
OTMEeUaeTcsd MUHUMYM H3MeHeHUl (IIOPAJOK M3Me-
Heunii 1075), uTo o3HaUaeT mmonasaHue B JJOKAJbHBIH
MaKCUMYM IIePBOHAYAJIHLHON MOMYIAINENd U MaJIyIO
KOPPEKTUPOBKY 3HaUeHUA QYHKIIUY IPUCIOCOOICH-
HOCTHU MEKIY MOKOJEHUSIMU.

JIJ1sI BTOPOT'O SKCIIEPUMEHTA, KOT/Ia YHUCJIO YUaCT-
HUKOB 3HauuTeJbHO OoJibilie (400 y4yacTHUKOB u
108 BOBMOKHBIX COCTABOB KOAJINIINII), HAGIIONAeTCA
MeHbIIIasg CKOPOCTH CXOAUMOCTHU (DYHKIIUMU IIPUCIIO-
coOJIEHHOCTY W 0O0JbIllee KOJMUYECTBO W3MEHEeHU
(cm. puc. 3, 6), OTHAKO apaMeTphl, OIIpeaeJeHHbIe
B TabJInIle, TaKKe 00eCIIeunBal0T CXOAIMOCTE MeHee
yem 3a 3000 moxoIeHmt.

IlonyueHHOe Jyulliee peIlleHUE IIPEACTABIIAET
co00il BEKTOpP CTpaTermii, KOTOpPbIe MOJKHBI OBITH
MpUMeHEeHbI BBIOPAHHLIMHM YyYaCTHUKAMHU KOAaJu-
IUu B KoomepaTuBHOU urpe. Ilpu ciaemoBaHUU BBI-
OpaHHBIM CTPATeruAM 3HAUeHMWEe 3aTpaT KOAJIUITUU
OymeT MUHUMAaJbHBIM. IloucK pelleHus AJis IepBO-
ro cJiydasd TIPU BBIOPAHHBIX IapaMeTpax 3aHa
22 ¢, uyTO MejJieHHee, UeM B cJIydyae IOJIHOT'O Irepe-
6opa, a mJys BToporo caydas — 2328 ¢, 4To 3HAUU-
TeJILHO ObICTpee MOoJTHOTO TTIepebopa. CpaBHEeHME CKO-
pocTtu paboThl ¢ BAPpUMAHTOM IIOJHOT'O mepebopa mu3
paborsl [21] mpeacTaBiieHo Ha puc. 4.

IIpu sToM s3HaueHHe 3aTpaT, K KOTOPOMY CTpe-
MUTCSI (PYHKIUS ITPUCIOCOOJEHHOCTH, OTJIMYAET-
cA OT 3HAUeHWsd, MOJyUueHHOro B pabore [21], moJ-
HBIM I1epe0f0opoM, IIOCKOJIbKY IIOCTAHOBKA 3amaun
ornnuaercsa (0,57 gaa 40 yuactaukosB u 0,114 gnsa
100 yuacTHuUKOB B cpemueMm npu pabotre I'A u 2,86
mpu mosHOM mnepebope). Ilpm mepeBozme 3HaueHUA
GYHKIIMY TPUCHOCOOJEHHOCTA B JEHE)KHBIN 9KBU-
BaJIEHT HEOOXOAMMO IIOCUUTATh O0paTHOe 3HAUEeHNe
OT (PYHKIIUU IIPUCIIOCOOJIEHHOCTH U MCIIOJIb30BaTh

B ITapameTphl 3aIIyCKa P€HETHYECKOTO AJITOPUTMA
B Launch parameters of the genetic algorithm

ITapameTp 3HaueHUe
BepxHsasa nanKka KOJINUYECTBA MOKOJEHUH 3000
KonuuecTBo poauTeieii A1 CKpeIuBaHUA 10
KonnuecTBO TOTOMKOB B IO YIAIANA 100
MeTox BbIOOpA poauTeIeH Steady-state selection [23]
KonnuecTBo coxpaHAaeMbIX poguTeei 3

MeToz cKpenuBaHuA

OpHa Touka

MeTox myTamun AanTUBHBINA
KosnnuecTBo reHOB MyTaluu AJiA 3HAUEHU QYHKITUYU IPUCIIOCO0JIEHHOCTH HUKE 20
MeIUaHHOTO

KonnyecTBo reHOB MyTamuu AJs 3HAYEHU N (PYHKITUY IIPUCIIOCOOJIEHHOCTH BbIIIIE 2
MeINaHHOTO
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B Fig. 3. Examples of changing the value of the fitness function: a — for 40 participants (10* possible compositions of
coalitions); 6 — for 400 participants (108 possible compositions of coalitions)
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B Fig. 4. Comparison of the duration of the exhaustive search algorithm and the genetic algorithm in the problem of
choosing an effective strategy of actions during hospitalization
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Koo PUIIMEeHT HOPMHUPOBAHUS, PACCUUTAHHBINA OT
CTOMMOCTH JIeUeHUA B rocuuTae (4), KaK MMeIOITuii
OCHOBHOI BKJIa[l B QyHKITUIO 3aTpaT. B cpenHeM B 3a-
BHCHMOCTH OT BEIOPAHHO¥ CTpaTeruu U BpeMeH! Jie-
yenusa oH coctasiaser 90 000 py6. Takxum obpasom,
cpefHMEe «3aTpaThbl» KOAJUIIUUA IIPU BBIOPAHHBIX
CTpaTerusix ¢ UCIoJb3oBaHUEM ['A MOYKHO OIIEHUTDH
B 51 300 py6. OTu 3aTpaThl BKJIOYAIOT B ce0a KaK
PsIMbIE 3aTPATHI HA CTOMMOCTD JIEUEHUS B TOCIIATA-
Jie, 3aTpaThl Ha TOCIUTAJIN3AINIO OPUTAaT0N CKOPOI
TIOMOIIY ¥ 3aTPaThl Ha JOIOJHUTEJIbHbIE HCCJEN0-
BaHus B JIJIIT, KoTOpbie OyAYT UM BO3MEIIEHBI, TaK
U OILIEHKY CPEICTB, KOTOPBIE «IOTPATUT» IAIIUEHT,
clIenys IpPeaIoXKeHHON CTPATeruu.

3aKJIoueHne

B pab6ore mipoBenena opmMaudanus BrIoopa ag-
(EeKTUBHOM CTpaTeruu AEUCTBUUA YUYACTHUKOB IPO-
mecca rocIuTaJIN3aliy Ha OCHOBE HEUETKUX KOOIIe-
PaTUBHBIX UTP.

ITockoabKy BBIOOP cTpaTeruu IS BCcexX KOomOu-
HaIuil yYacTHUKOB ABJgeTcsa NP-mosiHO 3amaueii,
IpeAJIO}KEHO pellieHre ¢ mcnoab3doBanueM ['A. Ilnsa
5TOr0 Cc(OPMHUPOBAHBI JOTOJHUTEJbHBIE IIPaBUJA
GpUILTPAINY TOTOMKOB IIOCJIE STAIIOB CKPEITBaHUA
U MYTAIlUU B IEJAX IPOBEPKU UX HA COOTBETCTBUE
6a30BBIM IIPaBUJIaAM (DOPMUPOBAHUSI KOATUITNH.

IIpenno:xkeHHOE pellleHMe OHMPOOOBAHO Ha HAaH-
HBIX, TTOJIYUEHHBIX B XOJle aHAJIM3a IIpoliecca ToCIu-
TaJU3aIUU U MOJEJU KOOIEePAaTUBHOIN UTPHI, IpPe.-
cTaBJIeHHON B pabore [21]: cxomguMOCTh pelreHus 10-
cturaetrcsa B cpexuem 3a 3000 mokoaeHU, cpeaHee
BpeMsA Ha IIOUCK cTpaTerui njsa urpbl u3 40 yuacTHU-

KOB coCTaBJAeT OK0Jo 22 ¢, aasa 400 yuacTHUKOB —
2328 c. Pesynbrar, mMOJYyUYeHHBIN ¢ ITOMOINbIO T'A,
O0JIM30K K PeIleHunIo, ITOJyYeHHOMY OJHBIM Iepedo-
POM, UTO IIO3BOJISET MCIIOJIHL30BATh IIPEAI0MKEHHBIN
MeTOJ AJIA PelleHuns 3aJauu BbIOOpa s3(P(eKTUBHOI
cTpaTeruu AENCTBUUN YYACTHUKOB IPOIlECCA TOCITU-
Tanudanuu. [Ipu 9TOM AJUTESTBHOCTb MOMCKA BCEX
BO3MOYKHBIX COCTABOB KOAJUITNY C NCIOJIb30BAHUEM
T'A pacrer nmpakKTUuYecKu JIMHEHO, B TO BpeMs Kak
IJIUTEJIBHOCTb TOWCKA C MCIIOJH30BAHUEM ITOJTHOT'O
mepe6opa pacTeT moauHoMuaabHo (O(nF), roe k = 4).

B xauecTBe HampaBJeHUsS JaJbHEUINNUX WUC-
cJeJOBaHUU oIpeJeseHa ONTUMHU3ANUA QYyHKIUH
MYTAIlUd U CKPENUBAHUA OJIA OOJIBIIIETO COOTBET-
CTBUA IIOCTABJIEHHOI 3amaue. B peanusamuu, mpu-
BEJIEHHON B CTaTbhe, MCIIOJb30BAJNUCh CTaAHIAPTHBIE
bysaxmuu 6ubanoreku PyGAD, KoTophle, HeCMOTPA
Ha IOIIOJHUTEJbHYIO (GUIBTPAIIUI0 0co0eil o Kpu-
TEePUI0 KOPPEKTHOCTU, HE MOJHOCTHIO COOTBETCTBY-
0T TPeOOBAaHUAM MOCTABJIEHHON 3aJaul, YTO CYIIe-
CTBEHHO 3aMeJJIAET IIPOIIECC 9BOJIIOINH, TIOCKOJIbKY
HEeoO0XOAMMO TIPOW3BOAUTHL OOJIbIIIEE KOJUUECTBO
TIIOTOMKOB U X (puiabTpaiuio. Agantanusa JaHHBIX
GYyHKIIUH Tom 3aJadyy MOYKET CYIIEeCTBEHHO MOBbI-
CUTB CKOPOCTH JOCTHMIKEHUA MaKCuMyMa (QyHKIIUU
TIPUCIIOCOBJIEHHOCTHY 3a CUET TeHeparuu 0cobeit cpa-
3y ¢ KOPPEeKTHBIMYU IapaMeTpaMu.
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Introduction: The use of linear programming methods in making decisions on hospitalization in a fragile epidemiological situation
may be hampered by the necessity to take account of a large number of parameters and limitations of the participants. Purpose:

Development of an approach to selecting effective action strategies for the participants in a hospitalization process, with social factors
taken into consideration. The approach is based on the theory of cooperative games which are solved with the use of a genetic algorithm.
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Results: A cost function has been developed for evaluating the effectiveness of the hospitalization process on the basis of the selected
strategies and in consideration of social factors. A genetic algorithm has been designed in which the proposed effectiveness evaluation
function is used as a fitness function for a population, while to determine chromosomes of individuals in the population the set of
selected strategies of the hospitalization process participants is used. The approach has been tested using the data on hospitalizations
of patients with suspected COVID-19, that were provided by several ambulance stations in Saint-Petersburg, Russia. The study shows
the superiority of the proposed approach over the previously developed one in terms of the speed of solving a cooperative game, the
quality of the solution being maintained. Practical relevance: Some software which is based on the proposed approach can be integrated
into an ambulance dispatcher’s automated workstation to support decision-making during the process of hospitalization in a fragile
epidemiological situation.
Keywords — genetic algorithm, strategy, strategy selection, hospitalization, fitness function.
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Introduction: The analysis of interrelationships between the bioelectric activity of the brain and heart is one of the topical issues
in modern neuroscience. Special attention of researchers in this area is attracted by the study of these interrelationships in cases
of cerebral vascular pathology. Purpose: The use of synchrosqueezed wavelet transforms to measure the relationship between the
rhythms of the brain and heart in cases of vascular pathology of varying severity before and during hyperventilation load. Results:
The analysis of instantaneous frequencies has been carried out in the low-frequency components of an electroencephalogram and
the RR interval time series extracted from the electrocardiogram of patients with vascular pathology of varying severity before and
during hyperventilation. The research shows that the time when a correlation between instantaneous frequencies of the infra-slow
oscillations of an electroencephalogram and the RR interval time series occurs is related to the degree of severity of cerebral vascular
pathology. It has been found that the greater the severity of the vascular pathology of the brain, the faster a correlation occurs between
instantaneous frequencies in the low-frequency components of an electroencephalogram and heart rate variability. Practical relevance:
The discovered peculiarities of the frequency interrelationships between the rhythms of the brain and heart during hyperventilation may
be useful for the search of neurophysiological correlates of the degree of severity of cerebral vascular pathology.
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Introduction

When diagnosing violations of the functional
state of the brain associated with vascular pathol-
ogy, the analysis of the bioelectrical activity of the
brain in the form of an electroencephalogram (EEG)
is usually used. Vascular pathology of the brain is
associated with a slowly progressive lack of blood
supply to the brain, leading to increasing diffuse
structural changes and impaired cognitive func-
tions of the brain [1-6].

The importance of early diagnosis of such dis-
orders necessitates the search for neurophysiolog-
ical correlates of cerebral vascular pathology of
varying severity [2, 6]. At the same time, the im-
portance of studying infra-slow EEG oscillations,
is noted, since it is assumed that these oscillations,
in contrast to the higher-frequency components of
the EEG, are associated with the regulation of the
rhythms of respiration and heart [7]. In this re-
gard, the simultaneous analysis of the bioelectri-
cal activity of the brain under conditions of forced
breathing (functional load in the form of a hyper-
ventilation test) and an electrocardiogram (ECG) of
the heart with subsequent analysis of the dynamics
of frequencies can facilitate the search for markers
of vascular pathology of the brain.

The difference in the frequency ranges of the
EEG and ECG leads to the need to use the prelimi-
nary allocation of a single range in these signals. In
this case, the nonstationarity of the EEG and ECG
leads to the fact that it is not entirely correct to ap-
ply the spectral Fourier analysis. Instead, it is more
correct to use the method of calculating instanta-
neous frequencies based on the wavelet transform
of the signal [8, 9]. This method is widely used to
detect synchronization between the rhythms of the
cardiovascular and respiratory systems [10-15].
The works [16—18] show the importance of assess-
ing the degree of synchronization for studying the
functional state of autonomic regulation of blood
circulation for persons with cardiovascular diseas-
es, assessing personal cardiovascular risk and opti-
mizing drug therapy.

In contrast to the rhythms of the cardiovascu-
lar and respiratory systems, the bioelectric activ-
ity of the brain, recorded from the surface of the
head in the form of an EEG, is usually very noisy.
To improve the efficiency of extracting the instan-
taneous frequency and phase from experimental
data with a high level of noise, it is better to use the
synchrosqueezed wavelet transform method [19].
In works [20, 21], this method was applied to iden-
tify instantaneous phases and frequencies for sub-
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sequent analysis of phase synchronization between
rhythmic brain photostimulation and the response
to it in the form of an EEG, and data were obtained
that make it possible to distinguish the synchro-
nization parameters in two groups of people with
chronically high blood pressure. with and without
mild cognitive impairment. It has been shown that
these disorders correlate with a longer duration of
phase synchronization and a shift in brain respons-
es to a lower frequency range as compared to the ex-
citation frequency [20, 21].

The purpose of this work is to use synchro-
squeezed wavelet transform to assess the ratio of
instantaneous frequencies in the low-frequency
components of the EEG (in the infra-slow oscilla-
tions range) and the time sequence of time intervals
between two consecutive R peaks extracted from
ECG patterns in patients with vascular pathology
of varying severity before and during hyperventi-
lation load.

Experimental data and methods
of their analysis

We analyzed EEG and ECG records obtained
from 9 healthy subjects (women aged 31 to 43 years)
and 15 patients (women aged 56 to 65 years) with
vascular pathology associated with vegetative-vas-
cular dystonia (group I, consisting of 8 people)
and associated with vertebrobasilar insufficiency,
which developed as a result of cervical osteochon-
drosis (group II, consisting of 7 people). Data pro-
vided by the St. Petersburg Neurological Clinic,
study approved by the local ethics committee.

Vegetative-vascular dystonia is a syndrome pre-
sented in the form of various disorders of the auto-
nomic function associated with a disorder of neuro-
genic regulation and arising due to an imbalance in
the tonic activity of the sympathetic and parasym-
pathetic divisions of the autonomic nervous system.
This syndrome is manifested by violations of the
functional state of the nervous system.

Vertebrobasilar insufficiency is a deterioration
in the functioning of the brain due to a weakening
of blood flow in the basilar and vertebral arteries.
Vertebrobasilar insufficiency can develop in any
age group, and late diagnosis combined with late
treatment increases the likelihood of stroke. It is
believed that the manifestations of vascular pathol-
ogy of the brain are more pronounced in patients
with vertebrobasilar insufficiency caused by cer-
vical osteochondrosis than in patients with vegeta-
tive-vascular dystonia [22].

EEG and ECG signals were recorded simultane-
ously at rest and under the influence of function-
al load (hyperventilation) on a 21-channel electro-
encephalograph company “Mizar-EEG” (Russia,

St. Petersburg). Hyperventilation load consisted of
the use of spontaneous enhanced breathing during
EEG recording for 3 min. The depth of inhalation
and exhalation was to be maximum, and the fre-
quency was about 20 breaths per minute.

The duration of each recording was 6 min. Three
measurements were taken with each subject on dif-
ferent days. The sampling rate is 512 Hz. Artifacts
caused by eye blinking or motor movements
were previously removed by a neurophysiologist.
Mathematical transformation of signals using the
method of independent components was not carried
out.

For EEG analysis, we used data in the occipi-
tal lobes of the brain (O;-, O,- and O,-leads), where
the bioelectric activity of the brain was most pro-
nounced in all records.

Figure 1, a—d shows short fragments of typical
experimental EEG and ECG recordings for a healthy
subject and a patient with vascular pathology.

To extract the sequence of RR intervals from
the ECG signal, that is, the time intervals be-
tween two consecutive R peaks, we used a wavelet
transform with a sym4 basic wavelet resembling a
QRS complex in shape [22]. Then the non-equidis-
tant sequence of RR intervals was approximated
by cubic splines and sampled at a frequency of
256 Hz. The resulting equidistant sequence de-
termines the so-called heart rate variability
(HRYV). The EEG sequence was also resampled at
a frequency of 256 Hz.

An example of a fragment of the initial ECG and
the pattern obtained after the wavelet reconstruc-
tion of this fragment is shown in Fig. 2, a—c.

To analyze the frequencies of the infra-slow os-
cillations range, the original EEG records were fil-
tered with a bandwidth of 0.04-0.45 Hz. The choice
of this bandwidth is due to the fact that it is in this
range that it is possible to compare with heart rate
variability.

To assess the ratio of instantaneous frequencies
of EEG patterns in the infra-slow oscillations range
and in the HRV sequence, we used the synchro-
squeezed wavelet transform method [19].

In this work, as a wavelet function, we used the
Morlet wavelet, which is usually used for continu-
ous wavelet transform of a signal:

Yt - b)/a) =
= (1/a) explioy((t — b)/al exp(-0.5((t — b)/a)®), (1)
which at the value of the wavelet parameter
0o =2nfy, fo=1, provides a simple relationship

between the scale a of the wavelet transform and
the real frequency f of the analyzed signal [8]:

f=((030+ [2_4_0)(2))/47561]:1/& (2)
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The continuous wavelet-transform (CWT) of the
signal s(¢) for the wavelet function y(¢) is defined by
the formula

W@ b= | s(t)m(%jdt, 3)

—00

where a and b are scale and time shift variables;
y((t — b)/a) is the wavelet function obtained from

the mother wavelet () by scaling and time shift,
the symbol means complex conjugation [8].

The  synchrosqueezed  wavelet-transform
(SWT) of the signal s(¢) is specified as follows
[19]:

1 _
Ty (o, b):EZWs(ak, bla%%Aay,

a

ay, :|o(ay, b)-o)|<Aw/2, @)
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where o, — Ith discrete circular frequency; a,— kth
discrete scale and Aa;, = a,—a,,_;.

In the spectrum of synchrosqueezed wavelet
transform, each signal component is represented by
a time sequence of maxima of SWT coefficients, the
so-called ridge curve [9]:

o, (b) = arg max|Ty (o, b)|,
o €[, (0)-Aw/2, o.(b)+ Ao /2]. )

Extraction of the ridge from the SWT signal
s(t) can be reduced to solving the problem of con-
ditional search optimization among all curves
o,(ty) of the one that maximizes the SWT modu-
lus along the ridge [23]. This is equivalent to min-
imizing the penalty function [23] of the following
form:

P(mr)z—ﬂTs(cor v), b)|2db+

2 2 2
+0.01 (d"z{b(b)j +[d jzr;b)] . (6)

Based on the obtained crests o,(b) the instanta-
neous frequency f,(b) can be calculated by the for-
mula [9]

fs(b) = o,(b/2m). (7

By applying SWT to the EEG and HRV signals,
we estimated their instantaneous frequencies and
then calculated the instantaneous frequency ratio
£V

The integral calculated below
t
Esw (f)= [, ITs(f, b)f b ®)

determines the time-averaged distribution of the
synchrosqueezed wavelet spectrum energy over
frequencies at a given time interval [¢, ¢,].

The time (At,,,) of the appearance of the corre-
lation of the instantaneous frequencies of the in-
fra-slow oscillations range of the EEG and HRV was
determined as the time interval during which, af-
ter the start of the hyperpolarization test, the ratio
was established:

0.95 < fgpa/ Fary < 1.05. ©)

To compare the mean At values obtained for
different groups of subjects, one-way ANOVA
was used. Statistically significant differenc-
es between groups were determined on the ba-
sis of p < 0.017 values due to the fact that the
number of groups is k=3, n=k(k— 1)/2=3,
1 - 0.95/7=0.017.

Results

Due to the fact that no significant differences
were found for all subjects for the right and left
leads O, and O,, this work will present the results
obtained only for the central lead O,.

Figure 3 demonstrates an example of the absence
of relationships between the instantaneous frequen-
cies of the EEG infra-slow oscillations range and
HRYV. This example was obtained for patient A with
vascular disease from group I before the hyperven-
tilation test. The projection of the wavelet surface
(¢, I, W,(f, t)}?) onto the plane (¢, f), obtained by the
CWT (Continuous Wavelet Transform) method for
the EEG (Fig. 3, a), has frequency bands that do
not coincide with the band on the projection of the
wavelet surface for HRV (Fig. 3, b). Time-averaged
energy distributions Egy(f) of synchrosqueezed
wavelet spectra of EEG and HRV in frequencies
have maxima at frequencies of 0.34 and 0.12 Hz
for EEG and for HRYV, respectively (Fig. 3, ¢, d).
The ridges extracted from the SWT are shown in
Fig. 3, e. The ratio of instantaneous frequencies
fErc/Turv calculated on the basis of these ridges ex-
ceeds the value 2 (Fig. 3, f).

Figure 4 shows that, in contrast to the absence
of relationships between the instantaneous fre-
quencies of the infra-slow oscillations range in the
background EEG and HRV for patient A, correla-
tions arise between the instantaneous frequen-
cies of the EEG and HRV during hyperventilation
load. The projections of the wavelet surfaces (¢, f,
W,(f, ©)?) onto the plane (¢, f) for EEG and HRV
have bands that coincide near a frequency of 0.4 Hz
(Fig. 4 a, b). Time-averaged energy distributions
Eqw(f) of synchrosqueezed wavelet spectra have
well-defined maxima at frequencies of 0.39, 0.46,
and 0.51 Hz for EEG and 0.39 Hz for HRYV, respec-
tively (Fig. 4 ¢, d). The ridges isolated from the
SWT spectra approach each other as much as possi-
ble at a frequency of 0.39 Hz 55 s after the onset of
hyperventilation (Fig. 4, e). Thus, the time interval
during which the ratio of instantaneous frequen-
cies fppg/faryv becomes equal to 1=0.05 (Fig. 4, f), is
55 s. So, for patient A, the time of occurrence of the
correlation between the instantaneous frequencies
of the EEG infra-slow oscillations range and HRV
during the hyperventilation load At_ .= 55 s.

Patient B from group II is also characterized by
the presence of relationships between the instan-
taneous frequencies of the infra-slow oscillations
range in the EEG and HRV during hyperventilation
(Fig. 5). The coincidence of the bands in the projec-
tions of the wavelet surfaces (¢, f, [W,(f, )[2) onto the
plane (¢, ) for EEG and for HRV occurs near a fre-
quency of 0.28 Hz (Fig. 5 a, b). Time-averaged ener-
gy distributions Eg/(f) of synchrosqueezed wavelet
spectra for EEG and HRV have well-defined maxi-
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and HRV before hyperventilation (a, c¢); time-averaged distribution of the synchrosqueezed wavelet spectrum energy
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ma at a frequency of 0.28 Hz (Fig. 5 ¢, d). The ridges
isolated from the SWT spectra approach each oth-
er as much as possible at this frequency of 0.28 Hz
42 s after the onset of hyperventilation (Fig. 5, e).
Thus, for patient B, the time for the appearance of a
correlation between the instantaneous frequencies
of the infra-slow oscillations EEG and HRV during
hyperventilation is less than for patient A and is
At =42 s (Fig. 5, f).

Based on the data obtained, it can be seen that
the correlation between the instantaneous fre-
quencies of the infraslow EEG rhythm and heart
rate variability after hyperventilation exercise in
patients with vertebrobasilar insufficiency, which
developed as a result of cervical osteochondrosis,
occurs faster than in patients with vegetovascular
dystonia. Since physiologically vertebrobasilar in-
sufficiency is a more dangerous pathology for the
brain than vegetative-vascular dystonia (which can
be both a somatic disease and a mental disorder), it
can be argued that the more pronounced the vas-
cular pathology of the brain, the faster the corre-

lation between instantaneous frequencies of EEG
infraslow rhythm and heart rate variability.

Average values of instantaneous frequencies of
EEG and HRYV patterns before and during hyper-
ventilation for analyzed groups are presented in
Table.

The data in Table indicate that there is no cor-
relation between the instantaneous frequencies of
the low-frequency infra-slow oscillations range of
background EEG and HRV patterns for both groups
with vascular pathology and for the control group
of healthy subjects.

The mean fggpy values before hyperventilation
are (0.35+0.05) Hz for patients from group II. The
mean fygry values before hyperventilation are less
and equal to (0.12+0.03) Hz for patients from group I
and (0.18 = 0.04) Hz for patients from group II.

During hyperventilation, the mean fgg, values
increased and were equal to (0.43+0.07) Hz for pa-
tients from group I and (0.31+0.05) Hz for patients
from group II, (0.35+0.05) Hz for the control group.
The mean fugy values also increased and were

[W(f, t)|2 for EEG
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B Fig. 5. Projections of the wavelet surface (¢, f, [W(f, t)]2) onto the plane (¢, f), obtained by the CWT method for EEG
and HRV during hyperventilation (a, b); time-averaged distribution of the synchrosqueezed wavelet spectrum energy
over frequencies |T(f, b)]? (¢, d). Extracted ridges (e) and instantaneous frequency ratio (f) for patient B from group II
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B Average values of instantaneous EEG and HRV fre-
quencies before and during hyperventilation for differ-
ent groups

Subjects fERg> Hz fury> Hz
Before hyperventilation
Control group
N = 9/9) 0.19+0.04 0.10+0.03
Group I (N =8/8) 0.29+0.05 0.12+0.03
Group IT (N =7/7) 0.35+0.05 0.18+0.04
During hyperventilation
Control group
(N = 9/9) 0.35+0.05 0.30=+0.06
Group I (N = 8/8) 0.43=+0.07 0.38+0.06
Group II (N =7/7) 0.31+0.05 0.23+0.04

equal, respectively, to (0.38+0.06) Hz for patients
from group I and (0.23+0.04) Hz for patients from
group II.

The results of one-way analysis of variance for
comparing the mean values of A¢, . values for dif-
ferent groups of subjects are shown in Fig. 6. This
figura demonstrates the difference in the mean
times of occurrence of the correlation between the
instantaneous frequencies of the infra-slow oscilla-
tions range EEG and HRV during hyperventilation.

Large differences in the center lines (medians of
the sample values At ), indicate significant differ-
ences in the group means. The statistics obtained
by Fisher’s F-criterion F =48.5, exceeds the crit-
ical value Fy ;5=3.5. Values 2 and 18 correspond
to the number of k£ =3 tested groups, the number
of 7 averaged values in each group, and the total
number of observations N =7 x 3 =21, and there-
fore k— 1=2, N — k=18. The significance level of
the Fisher criterion, i.e. the maximum probabili-
ty of mistakenly rejecting the null hypothesis of
equality of means, when it is true, is close to ze-

T
80
J
@ 1T
o 60 F
8
3
J
-
40 +
J——
Control Group I Group II

B Fig. 6. One-way ANOVA results for comparing the
mean At values for the analyzed groups

ro (p =0.0002). Therefore, the ANOVA test used
showed significant differences between the mean
At . values for patients from the three test groups.

Thus, the correlation observed for both analyz-
ed groups between instantaneous frequencies of
the EEG infra-slow oscillations range and HRV pat-
terns under hyperventilation load is statistically
significantly different in the time of occurrence of
such a correlation. The mean At value is maximal
(At = 76.4 = 8.3) for the control group, the mean
At value is lower in patients with vascular pathol-
ogy associated with vertebrobasilar insufficiency
(At =34.3 = 8.0, group II), compared with the
mean value At = 56.4 = 8.1, obtained for patients
with less severity of vascular pathology associated
with vegetative-vascular dystonia (group I).

Thus, for the first time, using nonlinear meth-
ods for analyzing non-stationary signals, statisti-
cally significant differences in the time of occur-
rence of the correlation of instantaneous frequen-
cies of the infra-slow oscillations range of electro-
encephalograms and heart rate variability after the
start of the hyperpolarization test were revealed in
patients with varying degrees of severity of vascu-
lar pathology. The results obtained support the hy-
pothesis that heart rate variability is in a complex
dynamic interaction with the rhythms of the elec-
trical activity of the brain [7, 24].

Our results are to some extent consistent with
the results of [25, 26], which assessed the presence
of synchronization between infra-slow rhythms in
the EEG and signals in photoplethysmograms in
healthy men during functional tests with a linearly
increasing (over 30 min) respiratory rate. In work
[24], areas of phase and frequency synchronization
were revealed between respiration, which increas-
es linearly in frequency, and infra-slow rhythms in
the occipital EEG derivations, as well as respiration
and low-frequency rhythms in photoplethysmo-
grams. It was shown in [26] that for different ar-
eas of the brain, infraslow oscillations can have a
different order of synchronization with respiration.

It is quite probable that in our results the appear-
ance of relationships between the instantaneous
frequencies of the infraslow EEG rhythm and heart
rate variability after hyperventilation exercise may
be associated with an increase in the amplitude of
respiration and linear leakage of the respiration sig-
nal with characteristic frequencies of 0.15-0.50 Hz
into the signal of RR intervals and EEG.

Significantly shorter analyzed records did not
allow us to detect areas of phase synchronization
between the EEG and HRV rhythms, and therefore
the search for phase synchronization will be contin-
ued for longer records and studying the peculiari-
ties of the interaction of the circulatory regulation
system, the respiration process, and neuronal ac-
tivity of the brain.

Ne2,2022 N\

VNH®OPMALIVIOHHO-YNPABASIOLLIVIE CUCTEMBI N\ 59



yd YNPABAEHVE B MEANUNHE N1 BUONOIM N /

Conclusion

Analysis of instantaneous frequencies in the
low-frequency components of the EEG and the time
sequence of RR intervals extracted from the ECG,
carried out before and after hyperventilation for
two groups of subjects with vascular pathology of
varying severity, showed that a decrease in the time
of occurrence of a correlation between instantane-
ous frequencies of the EEG infra-slow oscillations
range and HRV is associated with the degree of cer-
ebrovascular disease. The greater the severity of

the vascular pathology of the brain, the faster there
is a correlation between the instantaneous frequen-
cies of the EEG infra-slow oscillations range and
heart rate variability.
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Beenenne: aHains B3aMOCBA3eH OMOBIEKTPHUYECKON aKTHBHOCTH MO3Ta U CePAIa ABJIAETCA OJHUM U3 aKTYaTIbHBIX BOIIPOCOB B COBPE-
MeHHOU HefipoHayke. Oco6oe BHUMaHUeE HCCIe0BaTeNel B JaHHOM 00/1aCTH IPUBJIEKAET U3YUeHNe 9THX B3aXMOCBSA3€EH IIPX COCYJUCTOH I1a-
Tosoruy Mosra. Ilesb ucciaeqoBaHMA: ONBIT IPUMEHEHUA CUHXPOCIKATOTO BeHBJIET-IPEOOPA30OBAHUA JIA OIEHKU CBABU MEKIY PUTMaMU
MO3Ta M CEePAIA IPU COCYJUCTOM IATOJOTUU PA3JINUYHON CTEIIEHU TSAKECTH [0 U BO BPeMA I'MIIEPBEHTUIANNOHHON HarpysKku. Pe3yasrarTsr:
NIPOBeJEH aHAIN3 MTHOBEHHBIX YACTOT B HUBKOUACTOTHBIX COCTABJIAIONINX SJIEKTPOHIIE(AIIOrPAMMEL ¥ BpEMEHHOH II0CIef0BATEeIbHOCTHI
RR-uHTEPBATIOB, N3BJI€UEHHBIX U3 9JIEKTPOKAPAUOTrPAMMEI ¥ IIAIIUEHTOB C COCYJUCTO IaTOJIOTHell Pa3JIMYHON CTEIIeHU TSKECTH 10 U BO Bpe-
MA TUNEPBEHTUIAIIVOHHON HarpysKku. IlokasaHo, YTO BpeMsA BOBHUKHOBEHUA KOPPEJIANNY MI'HOBEHHBIX YACTOT CBEPXMEAJIEHHBIX PUTMOB
9JIeKTPOdHIIe(aIIOrpaMMbl I BpEMEHHOI IocIefoBaTeIbHOCTH RR-MHTEPBAIOB CBA3aHO CO CTENEHBIO COCYAMCTOMN IIATOJIOTHY I'OJIOBHOT'O
mosra. OGHapyKeHO, YTO YeM 0OJIbIIIe BEIPAYKEHHOCTh COCYAMCTOM ITaTOJIOI'MH MO3Ta, TeM ObICTpee BOSHUKAET KOPPEJIAINI MEeKIy MI'HOBEH-
HBIMU JaCTOTAMU B HIBKOUACTOTHBIX COCTABJIAIONINX 9JIEKTPO9HIIe(aIOrpaMMBbI 1 BapuabeIbHOCTH cepAedHoro purMa. IIpakruueckas 3Ha-
YMMOCTH: BBIBJIEHHEIE OCOOEHHOCTH YaCTOTHBLIX B3AaUMOCBA3eil PUTMOB MO3Ta U CepAIa BO BpeMsA T'MIIePBeHTUIANNOHHON HATPY3KYU MOT'YT
OBITH [TOJIE3HBI IPY ITOUCKE HeHPO(DU3UOIOTNUECKUX KOPPEJIAT CTEIIeHH! TSKECTH COCYLUCTON IIaTOJIOT MY TOJIOBHOTO MO3Tra.

KiloueBsie ciioBa — deKTposHIIe(paIorpaMMa, BapuabebHOCTh CEPAEUHOI0 PUTMa, CHHXPOCIKATOE BeHBJIET-Ipeo0pasoBaHue.
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ObJsiacTb HAYYHBIX WHTEPECOB —
METOZbI aHAJI3a U CHHTE3a CUCTEM
YIpaBIeHUS JETATeIbHBIX AaIlla-
paToB.

9. agpec: vladar56@mail.ru

JHKOKOBUY
dparomup

IlouerHbiii mpodeccop Kadeapst
TEOPETUYECKON MAaTeMaTUKU YHH-
Bepcutera Batepioo, Barepioo,
Ourapuo, Kauaza.

B 1960 roxy oxomumn Bearpaz-
CKUIl YHUBEPCUTET IO CIemHUajb-
HOCTH «IJIEKTPOTeXHUKA», DBes-
rpag, FOrociaBus.

B 1963 romy samuTuia amccepra-
M0 HA COMCKAHME YYEHOU CTere-
HHU JIOKTOpa HayK B Beirpajackom
VHUBEPCUTETE.

fAsnserca aBropom 6Gosee 200 Ha-
VUHBIX yOJUKAIM.

O6acTh HAayYHBIX WHTEPECOB —
JIMHeHHAA U IOJUJIUHeHHAsA ajre-
Opa, Teopusa rpymim, ajnrebpa Jlu u
rpynns! JIu, KBaHTOBas 3amyTaH-
HOCTb, KOMOMHATOPHUKA.

9. agpec: djokovic@uwaterloo.ca

IUK
Oasra
EBrenneBna

Benymuit HayuHbIii corpygHur Va-
cruryTa dpusuosorny um. U. I1. ITas-
snoBa PAH, noment kadegphl BbIC-
meil MaTeMaTUKU U MeXaHUKH
Cankr-IleTepOyprckoro rocygap-
CTBEHHOT'O YHUBEPCUTETA a9POKOC-
MHIYeCKOro IPHOOPOCTPOCHNUA.

B 1985 romy oxonumia gusuue-
cKuii (GaKyapTeT JIeHMHIPAACKOTrOo
rOCyJapCTBEHHOTO YHUBEPCUTETA
o crenuaabHOCTH «PusnKay.

B 2018 roxy samuruia auccepra-
M0 Ha COMCKAHWE YUEHOH CTele-
HU JJOKTOPa GHOJIOTUYIECKUX HAYK.
fBnsiercs aBropom 83 HayUHBIX
nyOJuKaIuii, BKJIOYAA OJHY MO-
Horpaduio.

06acTh HAYYHBIX WHTEPECOB —
aHaIM3 HECTAMOHAPHBIX CHUTHA-
JIOB METOJAMM HeJHHEeNHON AuHa-
MUKH.

9. axpec: dickviola@gmail.com

HUKHU®OPOB
HUrops
BanepreBuu

Houent Beiciieir IIKONBI IIPO-
rpaMMHOH nHKeHepuu WHCTHTYTA
KOMIIBIOTEPHBIX HAYK U TEXHOJO-
ruit Caukr-IlerepOypreKoro moJm-
TeXHUYeCKOro yHuBepcureTa Ile-
Tpa Besnukoro.

B 2011 roxy oxromuma CaHKT-
IlerepOyprcxuii rocyaapcTBeHHBIHI
MOJIUTEXHUYECKUN  YHUBEPCUTET
o crenuaasHocTH «IIporpamMmuoe
obecmeueHne BBIUUCJIUTEIHHON
TeXHUKHU ¥ aBTOMATHU3MPOBAHHBIX
CHCTEM».

B 2014 ropgy samuTui amccepra-
[[MI0 HA COMCKAHWE YUYEHOH CTerme-
HU KaHAUJaTa TEXHUYECKUX HAYK.
SfABnserca aBropom 80 HayUHBIX
myOIUKAIAN.

O6acTh HAyYHBIX HHTEPECOB —
GoJiblIiue JaHHBIE, MAIITUHHOE 00Y-
yeHUe, PacIpesieJIeHHbIe BBIUMCIe-
HUA, Bepuuranus.

9u1. ajgpec:
i.nikiforov@ics2.ecd.spbstu.ru

IIETPOB
Anpgpeii
AnexceeBnu

MarucTpaHT BBICIIEH IIKOJIBI IIPO-
rpaMMHON uHKeHepuu CaHKT-
ITerepOyprckoro  mOMUTEXHUYE-
ckoro yauBepcurera Ilerpa Bemnu-
KOTO.

B 2020 roxy oxoxums 6akajaBpu-
ar Cauxr-IlerepOyprckoro mosu-
TeXHUYECKOro yHuBepcurera Ile-
Tpa BeJMKOro mo CrenuasbHOCTH
«IIporpaMMHast HHKEHEPUI».
fIBnderca aBTOPOM YeTHIPEX HAYY-
HBIX TYOJUKAIIIH.

OGJsiacTh HAYYHBIX HHTEPECOB —
aBTOMATUBAIUA  IIPOrPAMMHOTO
obecreueHus, MalluHHOE O00yUe-
HUe, 00paboTKa GONBIINX MacCH-
BOB JJAHHBIX.

1. agpec:
marsofandrew@gmail.com

CMHUPHOB
Anexcanmp
BukTopoBuu

IIpodeccop, r1aBHBIN HAYYHBIH CO-
TPYAHUK, 3aBEAYIOMUI Jaboparo-
pueil WHTEIPHPOBAHHBIX CHCTEM
aBTOMATU3AI[AU Caukr-Tlerep-
Oyprcxoro dezepabHOTO HCCIEN0-
BareJbcKoro rentpa PAH.

B 1979 roxy oxonuna JleHurrpaz-
CKU BIIeKTPOTeXHUUECKU MHCTH-
tyT uM. B. U. Viapanosa (Jlenuna)
mo cuernuassHocTH «CHCTEMBI aB-
TOMATAYECKOTO YIIPABIECHUI».

B 1994 rogy samuTuia amccepra-
[MI0 HA COMCKAHWE YUYEHOH CTere-
HU JIOKTOPA TEXHUYECKUX HAYK.
SBnserca aBropom Gosee 350 Ha-
VUHBIX ITyOJUKAIIVI.

O6macTh HAyYHBIX HHTEPECOB —
KOHIIENITYaJIbHOE MOJeNMPOBAHUE,
yIpaBieHre 3HAHUAME, yIpaBie-
HUe KOHTEKCTOM, KOHQUI'ypHPOBa-
HUE CHCTEM, CUCTEMBI MOJAEPIKKI
TNPUHATHUSA PelleHni, connorudep-
(hmsmUeCKUe CUCTEMBL.

9. agpec: smir@iias.spb.su
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\ CBEAEHWNSI O6 ABTOPAX AN
TECJA Crapimmit HayYHBIH COTPYAHUK JIa- THUTOB AcnupanT Kadeps! BhICIIei MaTe-
Huxkoman 60paTopuy MHTErPUPOBAHHBIX CH- Ba TV Matuku u MexaHWKH CaHKT-
HukomxaeBuu crem apromarusanuu  CaHKT- EBreHbesuy IlerepOyprckoro rocygapcTBeHHO-

TlerepGyprckoro  PenepasibHOIO
ucceoBaTesbcKoro neHTpa PAH.
B 2013 roxy oxomumn CaHKT-
IlerepOyprckuii rocynapcTBeHHBIH
9JIEKTPOTEXHUYECKUN YHUBEPCH-
rer «JIOTU» mo cmemuanabHOCTH
«KommpioTepHas 6e30IacHOCTb».

B 2015 romy samurui auccepTa-
[UI0 HA COMCKAHWE YUYEHOH crere-
HU KaH/UJaTa TEXHUIECKUX HAYK.
fBnsiercs aBropom 6osiee 80 Hayy-
HBIX ITyOJUKaW.

061acTh HAYYHBIX WMHTEPECOB —
yIpaBieHNe 3HAHUAMU, UHIKEHE-
PHS OHTOJIOTHi, CIUSHIE OHTOJIO-
ruif, ConMoKubepHUsnUecKue Cu-
CTEMBI, TOAJEP/KKA IPUHATUAA pe-
[IeHUH, MPaKTHYeCKoe HIpUMeHe-
HUe KOOIEPATUBHBIX WUTD, I'€OWH-
(hopMaIOHHBIE CUCTEMEL.

9. agpec: teslya@iias.spb.su

r0 YHUBEPCUTETA adPOKOCMUUE-
CKOT0 IPIOOPOCTPOCHNU .

B 2016 roxy oxorun 6aKajaBpuaT
CaukTt-IlerepOyprckoro — rocymap-
CTBEHHOTO YHUBEPCUTETA TEJIEKOM-
MyHuKanuit um. mpod. M. A. Bory-
Bpyesnua mo ciennanbHOCTH «Brio-
TeXHUYECKUE CHCTEMBI M TEXHOJIO-
rumn», B 2020 rogy — marucrparypy
Cauxr-TlerepGyprckoro — rocymap-
CTBEHHOTO YHHBEPCHUTETA a39POKOC-
MUYECKOr0 NPUOOPOCTPOEHUA IO
creruaabHocT «TexHOMOrMM MO-
IeINPOBAHS CIOXKHBIX CHCTEM>».
SIBsieTcs aBTOPOM HATU HAYUHBIX
my0IMKAIAN.

O6acTh HAayYHBIX WHTEPECOB —
TEeOpPUs Xaoca, MeToasl 00paboTKMI
CHUTHAJIOB.

1. agpec:
titovvadim82@gmail.com

YCTHUHOB
Cepreii
Muxainosuu

IIpodeccop BeICIIEN ITKOJBI IIPO-
rpaMMHON mHKeHepun CaHKT-
IleTepOyprckoro  ImOJMUTEXHUYE-
ckoro yHuBepcurera Ilerpa Benu-
KOTo.

B 1973 roxy oxonuuna Jlenuurpai-
CKUI IIOJIUTeXHUYECKUN HHCTUTYT
um. M. Y. KanuauHa mo cuenuaib-
HOCTH «JJIeKTPOHHBIE BEIUHCIIH-
TeJIbHBIE MAITNHBI».

B 1989 rogy samuTui auccepra-
[UI0 HA COMCKAHNE YYEHOH CTelle-
HU IOKTOPA TeXHUYECKUX HAYK.
SIBnsercsa aBropom 127 HayuHBIX
nyOIUMKAIUT.

ObsacTb HAyYHBIX WHTEPECOB —
MOJIeJIMPOBAHUE  IMHAMUYECKUX
cucTeM, YHCIEeHHbIE METOAEI, MaTe-
MaTHYeCKOe U IPUKJIAJHOE IIPO-
rpaMMHOe obecliedeHue, TEOPUs
yupaBJeHud, KecTkue Auddepen-
OUaJbHble CHCTEMBI, YCTOUYU-
BOCTH PEKUMOB OOJIBIINX SHEPIO-
00'beAVHEeHMIL.

9. agpec: usm50@yandex.ru

ANAPEHKHNH
Anpgpeii
AnexcaHapoBuyu

Homent, HavaJabHUK Kadeapsl
GOpTOBBIX HMHMOPMAIMOHHBIX ¥
U3MEPUTEIbHBIX KOMILIEKCOB Bo-
€HHO-KOCMMYECKOMI aKageMun
uMm. A. ®. Moxaiickoro, CauKT-
IIerepOypr.

B 1995 romy oxonuma Boeunuyio
WHXEHEePHO-KOCMUYECKYI0 aKaje-
muio uM. A. ®@. Moskaiickoro mo
crenaibHoCTH  «ONTHKO-3JIEK-
TPOHHBIE ITIPUGOPHI U CHCTEMBL».

B 2003 roxy samuruia auccepra-
M0 HA COMCKAHWE YUEHOU CTele-
HU KaHAUJATA TEXHUUECKUX HAYK.
SIBnsiercsa aBropom 50 HAyUHBIX
nyOIMKAIUT.

ObsacTb HAyYHBIX WHTEPECOB —
METO/IbI AHAJIV3A U CUHTE3a CUCTEM
yIpaBJeHUs JeTaTeJbHbBIMU alla-
paramu.

9n. axpec: andrei_nikita@mail.ru

IIEJECT
Mapusa
Huxrxonxaesna

AccucresT Kadeapsl IIPOGIEMHO
OPUEHTHPOBAHHBIX BBHIUUCIHTEND"
HBIX KOMILIEKCOB CaHKT-
ITerepOyprekoro rocyzapcTBEHHO-
0 YHHUBEDPCUTETA adPOKOCMUYUe-
CKOr0 IprOOPOCTPOCHUA.

B 2021 roxy oKoHUMIA ACTIUPAHTY-
py Cauxr-IlerepOyprckoro rocy-
IapCTBEHHOTO YHUBEPCUTETA a9PO0-
KOCMMYECKOr0 IpUOOPOCTPOCHUS
mo cuenuassHocTH «MHpOPMATH-
KA ¥ BEIUUCIUTEIbHAS TeXHUKAY.
SfBnsercs aBTopoM 19 HayuHBIX
my0IMKAIUi U OZHOTO IIaTeHTa Ha
n3o00peTeHwe.

O6macTh HAyYHBIX HHTEPECOB —
TEOPHUsI MACCOBOTO 00CTYKUBAHMUS,
Teopus rpadoB, MaTeMaTHUeCKas
CTATUCTUKA, KOMIIBIOTEPHOE MOZe-
JIIPOBaHUE.

9. agpec: mshshelest@mail.ru
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YBasaeMmsble aBTOPHI!

ITIpu moaAroTOBKE PyKOMHUCeH cTaTeil He00X0AUMO PYKOBOICTBOBATHCS CIETYIOIINMMH PEKOMEH AV IMU.

CraThbu JOKHBI COIEPIKATh U3JI0KEeHNe HOBBIX HAYUYHBIX pe3yabraToB. HazBaHue cTaThy JOJKHO OBITH KPATKUM, HO HH(OD-
MaTUBHBIM. B Ha3BaHUYM HEJOIYCTUMO UCIIOJIb30BaHUE COKPAIIeHN, KpoMe caMbIX o0menpuaATeIX (PAH, P®, CAIIP u T. 1.).

TekCcT pyKOIUCH TOJI’KEH OBITh OPUTMHAIBHBIM, & IUTUPOBAHNE U CAMOIIUTUPOBAHNE KOPPEKTHO 0(hOPMJIIEHO.

O0beM cTaTbu (TEKCT, TAOJIUIBI, UJLIIOCTPAIINH U Oubuorpadus) He T0JKeH IPeBLIIIaTh 9KBruBaieHTa B 20 cTpaHUIl, HAalleya-
TaHHBIX Ha Gymare (popmara A4 Ha omgHOU cTopoHe uepes 1,5 unrepsasa Word mpudrom Times New Roman pasmepom 13, moss
He MeHee [ByX CAHTUMETPOB.

O6s3aTeIbHBIMUY dJIeMeHTaMu 0pOPMIIEHUS CTaThy ABJIAIOTCA: uHAekc ¥ [IK, sarnaBue, unuiuansl u paMuausa aBropa (aBTo-
pOB), yueHas CTelleHb, 3BaHue (IIPU OTCYTCTBUU — AOJIKHOCTD), IIOJHOE HAa3BaHUE OPraHM3aIlii, AaHHOTAIlMA U KJII0YeBblie CJI0BA
Ha pycCKoOM u aHryiuiickoM a3bikax, ORCID u a1eKTpoHHBIN agpec OAHOTO 13 aBTOPOB. [Ipu HaMCAaHUU aHHOTAIIUY HEe MCIIOJb-
3yiiTe abOpeBHaTyp U He JejaiiTe CChIJIOK Ha NCTOYHWKU B CIIMCKe JuTepaTypsl. IIpegocraBidiiTe IOAPUCYHOUHbIE MOAINCH U
Ha3BaHUA TAOJIUI] HA PYCCKOM U aHIJIUHCKOM A3BIKaX.

CraTbu aBTOPOB, He MMEIOIIUX YYEHOMN CTEIeHHU, PEKOMeHAyeTcsA My0AMKOBATH B COABTOPCTBE C HAYYHBIM PYKOBOJUTEJIEM,
HaJu4Yue MOJNVCH HAYYHOTO PYKOBOAMTEJS Ha PYKOINCH 00g3aTEJbHO; B CAydYae CAMOCTOATEIbHON MyOanKamum 00s13aTeIbHO
IPeOCTaBIANTe 3aBePEHHYIO 110 MECTY PaOOTHI PeKOMEHJAIUI0 HAYIHOTO PYKOBOJUTENA C YKa3aHUeM ero haMuIny, UMeHH, OT-
yecTBa, MecTa paboThl, JOJKHOCTHU, YYEHOTO 3BAHUS, YUCHOU CTEIICHH.

IIpocreie hopmyabr Habupaiire B Word, ciosHBIe ¢ TOMOIIb0 pegakTopa Mathtype wiau Equation. s naGopa ogHoi dop-
MyJIBl HEe UCIOJIB3YiiTe ABA pefaKTopa; npu Habope Gopmys B (POPMYJHHOM peJaKToOpe 3HAKU MPeIUHAHUs, OrPAHNYNBAIOIITE
dopmyiy, HabupaiiTe BMecTe ¢ (OPMYJIO; OJA YCTAaHOBKHU pasmepa mpudra B Mathtype HuKorga He mosb3yiiTech BKJIALKOMN
Other, Smaller, Larger, ncmoib3yiiTe 3aBOICKIE YCTAHOBKY PeIaKTOpa, He MOATOHANTE padMep CHUMBOJIOB B (hOpMyJIax II0J pas-
Mep mIpudTa B TEKCTE CTAThU, He PACTATUBAMTe U HEe CKUMAaTe MBIIIbI0 GOPMYJIbI, BCTABJIEHHBIE B TEKCT; MIPOOesbl B (popMmy.re
CTaBbTE TOJBKO IIOCJIE 3aIlATHIX HIpU mepeunciaeHnu ¢ momolnbo Ctrl+Shift+Space (mpobesn); He oTmensaiiTe mpobesaMu 3HAKHU:
+ = — X, a TaK’Ke IPOCTPAHCTBO BHYTPU CKOOOK; I BbIZEJIEHUA I'peuecKux cuMBoyoB B Mathtype mony:xupHbIM HauepTanuem
ucmoabayire Style — Other — bold.

s wabopa ¢opmysn B Word HUKOr/ja He UCHOJIb3yiiTe BKIAAKU: «YpaBHeHue», « Koucrpykrop», «Popmysia» (Ha BepxHel
naHesnu: «BcraBka» — «YpaBHeHHE» ), TAK KaK 9TOT PeCypC IpeJHa3HAUEH TOJIBKO JJIs BHYTPEHHEr0 NCI0Ib30BaHusa B Word u He
MOIePIKUBAETC IIPOrPAMMAaMU, IPeAHA3HAYEHHBIMH JJIs U3TOTOBJIEHUS OPUTHHAI-MaKeTa Ky pHaJa.

IIpu HAGOpe CUMBOJIOB B TEKCTE IIOMHUTE, UTO CMBOJIBI, 0003HAaUaeMble JIATUHCKUMU OYKBaMU, HAOMPAIOTCSA CBETJIBIM KYDCHU-
BOM, PYCCKUMHU U T'PEUYECKUMU — CBETJIBIM IIPSIMBIM, BEKTOPBI ¥ MATPUI[BI — IPSAMBIM Oy KUPHBIM IIIPUQTOM.

TToxpo6uee cm. pdf-daitn «[IpaBuia mogroroBku pykomnuceii» (ctp. 11) a caitre https://guap.ru/ric

NnmocTpanun:

— PUCYHKU, rpadUKU, AUArpaMMbl, OJIOK-CXEeMBbI IIPEJOCTABJISANTE B BU/E OTAEJbHBIX UCXOAHBIX (DaiIoB, MOAAAIOIINXCS pe-
IaKTUPOBAHUIO, UCIIOJIB3Ys BEKTOPHBIE IporpaMMbl: Visio (¥.vsd, *.vsdx); Adobe Illustrator (*.ai); Coreldraw (*.cdr, Bepcus He
seitre 15); Excel (*.x1ls); Word (*.docx); AutoCad, Matlab (sxkcmopt 8 PDF, EPS, SVG, WMF, EMF); Komnac (skcopt 8 PDF),
Be6-mmopraas DRAW.IO (sxcmopt 8 PDF);

— ¢hoTo 1 pacTpoBbie — B hopmare *.tif, *.png ¢ MmakcumanbubIM paspemienrem (e menee 300 pixels/inch).

Hanuume moapucyHOUYHBIX MOATNCEI 1 HA3BAHUI TAOJJUI] HA PYCCKOM U aHTJIMHCKOM fA3BIKAaX 00s3aTesJbHO (3KeJaTeJbHO He
MMOBTOPSAOIIUX JOCIOBHO KOMMEHTAPUY K PUCYHKAM B TEKCTE CTATbH).

B pemaxumio npegocTaBiagOTCA:

— cBeZieHuA 00 aBTOpe (hamMuins, UM, OTIECTBO, MECTO PAbOTHI, LOJIKHOCTD, yUeHOe 3BaHMe, yueOHOe 3aBe/JeHNe U TOJf er0
OKOHYAHUS, YUYEHAS CTEIIeHb U T'OJ 3aIllUThI JUCCEPTAIUN, 00/IaCTh HAYYHBIX NHTEPECOB, KOJNUYECTBO HAYUHBIX MYyOJIUKAIAN, 10~
MaITHUH U COyKeOHbIN ampeca u TesedoHbI, e-mail), oTo aBTOpOB: aHdac, B TeMHOU ofmesxae Ha 0esoM (hoHe, TOKHBI OBITH
BUHBI ILJIEYN U IPYAb, BHICOKASA CTEIEeHb YeTKOCTU M300paskeHus 0e3 TeHel u 0TOJIECKOB Ha JuIle, (DOTO MOYKHO IIPEJACTAaBUTH B
2JIeKTPOHHOM BHje B opmare *.tif, *.png, *.jpg ¢ MakcumanbHbIM paspeinenrem — He MmeHee 300 pixels/inch npu MmurIMaIBLHOM
pasmepe gpoto 40x55 mm;

— DKCIIEPTHOE 3aKJIIOUEHHE.

Crmcox JurepaTypbl COCTABIISAETCSA 110 IOPSAJKY CCHLIOK B TeKCTe 1 0)OPMJIISETCS CAeLYIOIUM 06pasom:

— IS KHUT 1 COOPHUKOB — (haMUJINs M MHUIAAJBI aBTOPOB, II0JIHOE Ha3BaHUe KHUTH (COOPHUKA), TOPOJ, U3LATEJIbCTBO, IO/,
o0I1iee KOJIMUYEeCTBO CTPaHuUIL, doi;

— IS SKYPHAJIBHBIX CTaTell — (paMuansa U MHUAIAAIbI aBTOPOB, IIOJHOEe Ha3BaHNe CTaThy, HadBaHUe JKypHaJIa, roJ U3IaHus,
HOMeD JKypHaJia, HoMepa cTpaHuir, doi;

— CCBLJIKY Ha MHOCTPAHHYIO JIUTEPATYPY CAEAYeT JaBaTh Ha A3bIKE OPUTHHAJA 0e3 COKpaIleHu;

— I[IPY UCIIOJIb30BAHUU Web-MaTepraioB yKasblBaTe afpec caiiTa u JaTy o0palieHus.

CHnucok JuTepaTypbl O(QOPMIAATE ABYMs OTIAeJbHBIMHU OJoKamu o obpasimam lit.dot ma caiite sxypuama (http://i-us.ru/
paperrules): JIureparypa u References.

BoJiee mogpo6HO IpaBuia MOArOTOBKU TEKCTA ¢ 00pasaMy M3JI0KeHbl Ha HallleM caliTe B pasieie « PYKOBOACTBO [JIsA aBTO-
POB».

KonrakTs:

Kyna: 190000, Caaxt-Ilerepbypr,
B. Mopckas ya., 1. 67, TVAIIL, PULL
Komy: Pegakmnus sxypHana « THGOpPMaIMOHHO-YIIPABIAIOIINE CUCTEMBI »
Temn.: (812) 494-70-02
911. mouTa: ius.spb@gmail.com
CaiiT: www.i-us.ru





