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Introduction

Determinant optimization of matrices with mod-
ulus of entries < 1 is a very difficult problem [1-4]
without an universal algorithm for its solution. The
first computer experiments were started in 1962 [5];
the further evolution of this subject has been dis-
cussed in [6—9] with algorithmic backgrounds [10—
13], specific orders [14, 15] and websites [16, 17].

There are methods based on the interrelation
between optimal solutions for various matrix class-
es [18]. For example, the determinant optimization
method for orthogonal column matrices proposed
in our paper [19] allows us to find, in particular,
non-orthogonal matrices with an absolute determi-
nant maximum (D-optimal matrices or D-matrices,
in short) [20—23]. The key point here is that local and
absolute extremums of determinants for these ma-
trix types are interrelated [24].

Our vast experience in matrix determinant opti-
mization allows us to make certain conclusions which
lead us to a conjecture about maximum determinant
matrices of orders equal to prime Fermat numbers.

Maximum determinant and relative
maximum on the structure

The common and well known fact of the maxi-
mum determinant problem theory consists in the

statement, that D-matrices have to have {1, -1} en-
tries. Much less known orthogonal by string (col-
umns) matrices, order n, having maximal value of
determinant.

Let M be a matrix with modulus of entries < 1
and M be a class of such matrices.

Theorem 1 (Hadamard inequality [25]). Deter-
minant of M is bounded by n"/2 following the ine-
quality

1/2
n n
det(M)S{HZmiz]} <n"/2,

i=1j=1

Hadamard matrices belong to the class of square
quasi-orthogonal matrices defined by equality
MMT = oI, modulus of entries < 1, I identity matrix,
pure orthogonal matrices satisfy MMT =1. For all
quasi-orthogonal matrices we can establish follow-
ing theorem.

Theorem 2. Determinant of quasi-orthogonal
matrix |det(M)| = o™/2.

The prove follows directly from definition:
det(MMT) = det(M)?, det(wl) = ®", so value of deter-
minant is bounded by shown power of coefficient w.

For Hadamard matrices H, o = n, for conference
matrices (C-matrices) CCT = (n —1)I, det(C) = (n — 1)"/2.
Hadamard matrices, can exists for orders 1, 2, 4t
(due conjecture of Hadamard they exist for every
47). Let us note, that matrices of maximum determi-

2 7 VHOOPMAUVIOHHO-YNPABASIOLLIVE CUCTEMBI
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nant, taken for even orders 4t + 2, can exceed value
(n — 1)™/2, it is a price for the strings (columns) pair
wise orthogonal property CCT = (n — DI

So we can name conference matrices as matrices
of local maximum determinant, i. e. relative (non
absolute) maximum achieved on class M for square
equality CCT— (n — 1)I = 0.

Definition 1. Define the subclass of matrices

CO = {MlMZ{Ml]}, i, j= 1, ooy 15
For the class of matrices defined above, we state

the following simple statement based on Hadamard
approach. Let

0 My - My,
Y
Mnl Mn2 0

where M € C,. Then the determinant of M is
maximized when MMT is a scaled identity matrix
(n — DI, and the bound for the maximum value of
determinant is (n — 1)/2, i. e. conference matrices
play a role of Hadamard matrices for orders 4t + 2

where max|M|=|C|. In the difference to Hadamard
eCy

matrices, conference matrices can exists for orders
1, 2, 4¢ and for orders 4t + 2 (if 4¢ + 1 is a sum two
squares a2 + b2). There is no conference matrices of
orders 22, 34, 58, 70, 78, 94 (sequence A000952 of
OEIS). Conference matrices with orders 66, 86 are
unknown today.

Example. Suppose

0 My M3
M=| My, 0 Moss |,
Mgz M3y, O

where M,,, M3, and so on are real numbers such
that |M,| < 1foralli#j. ThusM e C, and|det(M)| =
= |M g Mgy Mgy + Mgy My, M| < |My3My Mygy| +
+|M3,M;5,Myg| < 2. For any matrix of order 3 fixed
structure gives estimation (n— 1)n/ 2-2/2 , so there
is no conference matrix of order 3 (and any other
odd order). With it, if conference matrix exists, for
every n=4t+ 2 it gives maximum determinant on
the fixed structure, the same as Hadamard matrix —
the structure of resolvable for all orders matrix is
a non trivial subject of research (two negacirculant
matrix, two border and two circulant matrix and
SO on).

If for Hadamard matrices the fixed structure is
not defined, for conference matrices, historically,
it was taken the diagonal structure C,. Due conjec-

ture of Seberry there are skew Hadamard matrices
(H+HT = 2I) for every n =4t, conference matrices
follows them on orders 4¢ due C = H — I for Hadamard
matrices with positive diagonal. Maximum of deter-
minant for the fixed structure, as we see, belongs to
the conference matrices. We can try to generalize
class C, by class of any quasi-orthogonal matrices
(with no 0), but this estimation is enough for our
aims to comment conference matrix property to be
matrix of relative maximum determinant.

The following question of theory of matrices con-
sists in the search of odd order matrices including
matrices of local maximum determinant (having no
fixed structure, but being not absolute maximum)
defined by the square equality MMT — oI = 0.

For the latest task we can prepare an optimiza-
tion procedure, that starts from some beginning
M, and tries to make determinant bigger for every
new step, giving a chain of matrices M,: det(M,) >
> det(M,,_;). To achieve this result we take in con-
sideration so called m-norm of quasi-orthogonal
matrix (it is not usual norm used for matrices).

Definition 2. m-norm of orthogonal matrix Q,

QQT=1,Q= @), is m= I%%X|Qij|.

Quasi-orthogonal matrices H, C and other ones
defined by MMT = »I, modulus of entries < 1, could
be found by the corresponding orthogonal matrices
divided by m-norm, so the maximum of their en-
tries becoming be equal 1.

Definition 3. m-norm of quasi-orthogonal matrix
M, MMT = oI, is m-norm of corresponding orthogo-
nal matrix Q = mM.

Theorem 3. Let be constructed a chain of Q,,
1Q,l=1, m, < m,_; (their m-norms), so it follows
|Mk| — max

MMT -0I=0
Lemma 1. Let M be quasi-orthogonal matrix, or-

der n, with m-norma m, then M| :Ln.
m

It follows from |Q| = m”*M| = 1. The tasks of de-
terminant optimization, it is maxmin-task, when
we minimize the maximal entry of orthogonal ma-
trix Q,: m, <m,,_;.

To realize this process, due Lemma 1, we choose
initial condition My with m-norm m,. Let us bound
modulus of entries of corresponding matrix Q,
by value pm,, where p <1. Due this action matrix
will lose property to be pair wise strings (columns)
orthogonal, but we can restore it by a standard
Gramm — Schmidt procedure giving us the next
matrix Q, saving general property m; < m for
enough little shift 6, p =1 — 3. As it is seen, this al-
gorithm leads to the extreme point satisfying the
equality MMT — oI = 0.

For the quasi-orthogonal matrices of low order,
2 or 3, we can build determinant as a function of

Ne2,2020 N\
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one or two arguments, the latest one drawn on the
Fig. 1.

For the quasi-orthogonal matrices of bigger
orders algorithm based on the theorem 3 gives an
effective multi-parametric optimization returning
Hadamard or conference matrices which were build
historically through the very different approach.
Hadamard observed it as solution of square equa-
tion HHT — nI = 0. This approach is good, but it
brings no guaranty that integer solution exists for
all orders equal to 4z.

The second idea, that Hadamard matrices have
biggest determinant was forgotten as a practical ap-
proach to calculate matrices due computations that
were impossible for his time (but not today). This
idea is interesting with many points of view as a
bridge between solutions in integer and real num-
bers: theorem 3 makes Hadamard matrices a part
of iteration process with clean prospective accord-
ingly his famous conjecture by means of not combi-
natorial mathematics.

Theorem style review of determinant bounds
known for odd orders well done by the work [26] hav-
ing numerous details. Main problem of these func-
tional bounds, they go through rational and irra-
tional points, while rational matrices have rational
determinant. So it gives some sharp bounds for nar-
row classes of observed matrices. Remember, that
theory of maximum determinant matrices with 1,
—1 entries cannot resolve just order 22 to our time.
“Barba” matrices exist as a fact of abstract theory
for many “resolved” points. It means, they are de-
scribed by bound partially. Algorithm (to build ma-
trices, if it works) has combinatorial character and
cannot be used effectively for big orders.

We take other matrices for irrational values of
bound. In such case these theorems lose their sense
and cannot be used to describe the result given by
“special points”.

There are rare orders equal to prime Fermat
numbers (today known five ones).

In different to previous case there is algorithm
that doesn’t work outside described area. But for
given points it gives result no difference how big
is the size of matrix — the latest prime Fermat
numbers are very big. Matrix, order 17, can be con-

B Fig. 1. Extremal points of determinant

structed on the base of so called regular Hadamard
matrix, order 16, adding the border. The same step
is impossible for other regular structures, for ex-
ample, it doesn’t work with order 64.

The tiny details of numerical procedure from
theorem 3 are discussed in [18]. Naturally, we have
the global (absolute) and local maximum with given
square bound. Algorithm was realized and maxi-
mum determinant quasi-orthogonal matrices were
classified in the set of papers [18, 24]. Their prop-
erty consists in the number of entry values ({1, —1}
observed for even orders 4¢, and {0, 1, —1} observed
for 2t) for odd orders it arises and gives a set of val-
ues {a, b, ¢, ...}.

The local maximum determinant matrices ap-
peared to be preferable due their simple structure
and low number of entries {1, —b}. As a matter of
fact, Hadamard matrices have these extreme struc-
tures as circulant or two-circulant blocks. It prolon-
gates the other way to construct them. Non orthogo-
nal extreme matrices of odd orders have two entries
{1, —1}. The correspondence between Hadamard ma-
trices and local maximum determinant matrices is
continued on this case by change —b on —1.

Numerical sequences and number theory

Hadamard was the first one to consider a numer-
ical sequence with a determinant maximum [25].
He showed that for a set of matrices with entries {1,
—1} the determinant is maximum, for example, in
H matrices (Hadamard matrices) of orders 1, 2 and
n = 4t, t an integer, for which HTH = nl, I = diag(l,
1,..,1).

Columns (and rows) of {1, —1} matrices which
have a maximal determinant are strictly orthogo-
nal; such matrices are called Hadamard matrices.
Thereby, the absolute maximum determinants
of matrices with orthogonal columns and those
of D-matrices are the same. This statement is not
true for other orders, but the difference of abso-
lute maximum determinant for matrices of the two
above-mentioned sets is very small. The absolute
maximum determinant on the class of non-orthog-
onal matrices is related to the local extremum (not
the absolute one) on the class of quasi-orthogonal
matrices.

Let us consider, for example, suboptimal (with-
out an absolute determinant maximum on their
set) quasi-orthogonal matrices of orders 17 and 14
shown on Fig. 2. The variety of matrix entry values
is depicted by shades of gray.

Rounding of the entries of these matrices to inte-
gers {1, —1} produces matrices which are not orthogo-
nal by columns, but strictly optimal by determinants.
The rule, demonstrated on the pictures, is a general
one. The determinant maximums of matrices which
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i

B Fig. 2. Suboptimal quasi-orthogonal matrices of or-
ders 17 and 14

are non-orthogonal or orthogonal by columns (qua-
si-orthogonal) usually correspond to each other.

The structures of optimal matrices are the
same, and the entry values described by paramet-
ric dependencies allow us to obtain matrices of both
types. Maximum determinant matrices can be ob-
tained by rounding. It gives entries 1 and —1.

However, there is a shift in strict optimums:
the absolute determinant maximum in non-orthog-
onal matrices corresponds to a local optimum on
the quasi-orthogonal matrix class which is not the
biggest one. The opposite is also true. Extreme qua-
si-orthogonal matrices with a small number of en-
tries are called Cretan (see more precise definitions
in [24, 27]). The interrelation of extremal problems
allows us to use the same numerical method to find
both Cretan and maximum determinant matrices
[20-23]. However, this brings up a question: on
which orders should we seek for a family of matri-
ces extreme by their determinants?

Apart from Sylvester orders n =2, k an inte-
ger, Mersenne numbers n = 2% — 1 embedded in a se-
quence of numbers 4¢ — 1 are known. Fermat num-
bers are embedded in a 4u? + 1 sequence which, in
turn, is embedded in a 4¢ + 1 sequence.

Quasi-orthogonal matrices of odd orders n =

k
—2k—1and n=22 +1 which have a local maximum

of determinant are called Mersenne and Fermat
matrices [28, 29] respectively. The definition of
Mersenne matrices can be expanded to orders
4t — 1. The definition of Fermat matrices can be ex-
panded to “quadratic” orders 4u? + 1. These fami-
lies are discussed more specifically in [18, 24, 27].
Orders of Mersenne and Fermat [18, 28] matri-
ces with entry values rounded to integer (rounded
matrices, for short) are neighboring with the or-
ders of Hadamard matrices which have absolute
determinant maximums. Determinants of rounded
Mersenne matrices of small orders are maximal on-
ly for a few first prime numbers of their sequence.
This sequence of extreme matrices is regressing
by the relative (with reference to the global maxi-

mum) values of the determinant. Rounded Fermat
matrices of orders equal to the first three Fermat
prime numbers are different, having strictly max-
imal determinants. Fermat prime numbers are a
rapidly increasing sequence; therefore checking the

k
matrices of all orders n=2% +1 is numerically im-

possible. However, their difference from the first
matrices with Mersenne prime numbers as orders is
obvious. It allows us to assume that a sequence of
Fermat matrices is not regressing, and its determi-
nant is always a global maximum.

The two mentioned sets of matrices neighboring
with Hadamard matrices are similar, but not iden-
tical in relation to the determinant maximums. Let
us discuss some important details.

Guido Barba’s inequality

The odd orders for which the upper formally at-
tainable bound of determinants of maximum deter-
minant matrices is known, are obtained from the
Guido Barba’s inequality [1, 26].

Theorem 4. It states that matrices A of orders n
with modulus of entries < 1 satisfy the inequality:
|det(A)2 < det((n — DI+ J)=(n— 1)*1(2n — 1), where
I=diag(1, 1, ..., 1), and J is a unity matrix. The max-
imum can be attained on orders for which 2n — 1isa
square.

This necessary condition for extreme solutions
follows the fact that optimal matrix entries are
integers 1 and —1. Note that the Barba’s bound is
attainable for orders n = a2 + b2, b= a + 1 [1] nested
in the same sequence 4t + 1 that the Fermat number
sequence is embedded.

For Fermat numbers different from 5, 2n — 1 is
not a square, which means that the Barba’s bound
is not attainable. It is an optimistic determinant
estimation, certainly not pragmatic, because it is
irrational.

The non-attainability of the bound is not critical.

The orders of matrices described by certainly at-
tainable integer values of the bound are 5, 13, 25,
41, 61, 85, 113..., and the structures of every second
one of these matrices of orders 13, 41, 85, ... are sig-
nificantly more complex than those of the others.
There is no algorithm to construct these matrices:
the existence of matrices for the orders we have list-
ed is theoretically possible, but not all of them are
known [1, 5, 17].

Matrices of orders equal to Mersenne numbers
and Fermat matrices of prime orders F, =3, 5, 17,
257, 65 537... have an advantage over all other ma-
trices, because they have an algorithm for their con-
struction, which is a modified Sylvester algorithm
[28, 29] producing matrices of a local determinant
maximum [18, 24] and, as we believe, maximum
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determinant matrices for orders equal to prime
Fermat numbers.

At the same time, an irrational Mersenne matrix,
after its irrational elements are rounded to integer
values, becomes equal to the {1, —1}-core of a normal-
ized Hadamard matrix, and the core of a Fermat ma-
trix after rounding its irrational elements to {1, —1}
becomes equal to a regular Hadamard matrix of order
4u?. Thus, matrices of non-strict determinant opti-
mums of orders equal to Mersenne numbers are find-
able and can be used for indirect finding of Hadamard
matrices strictly optimal by their determinants.

Maximum determinant matrix conjecture

Based on the preliminary study, we identified that:

— skew-symmetric circulant Mersenne matrices
correspond to prime Mersenne numbers [27, 28];

— prime numbers and the symmetry types of
circulant optimal and sub-optimal structures are
synonyms of a certain hyperquality of such differ-
ent mathematical objects as numbers and matrices.

The first person (if not the legendary Pythagoras)
who noticed the correlation between objects from
different areas of mathematics was Karl Friedrich
Gauss. In 1796, he discovered a relation between
prime numbers and geometric figures, after he in-
scribed a regular heptadecagon into a circle.

Later, Gauss formulated a generic case about the
relation between the number of sides of a regular
polygon inscribed in a circle, and the Fermat prime
numbers.

The peculiarity of Fermat prime numbers allows
us to formulate a conjecture about the relation be-
tween matrix orders and the maximums of their
determinants.

Generalised Gauss conjecture. Quasi-orthogonal
local maximum determinant matrices [24, 27] of or-
ders equal to prime Fermat prime numbers F,= 3,
5,17, 257, 65 537, ... and only they for all matrices of
orders within a sequence which nests Fermat num-
bers, when rounded to {1, —1}, give global maximum
determinant matrices.

a st
First three Fermat matrices F =[ HJ of or-
s
ders 3, 5 and 17 are based on regular Hadamard
matrices H with entries changed to {a, —b} to get F
orthogonal by rows (columns) [18, 24], the latter of
which is shown on Fig. 3, can be rounded to {a =1,
b =1, entries of s are 1} and checked to validate the
conjecture. It was noted earlier that 2n — 1 is not a
square for Fermat numbers different from 5.

The Barba’s bound B = (n — 1)*D/2(2n — 1)1/2 is
an irrational and unattainable number for Fermat
matrices rounded by entries (integer). However,
this is just an optimistic upper-bound estimate of

B Fig. 3. Quasi-orthogonal Fermat matrices

the determinant, an abstract bound deducted in the
work [1] which may or may not be attained by an in-
teger matrix.

In case this optimistic irrational bound B is un-
attainable, the pragmatic estimate differs from it by
an irrational scale multiplier, multiplying by which
makes the real bound integer-valued and attaina-
ble. Since we know the Fermat matrix stricture, and
the irrational multiplier of the bound can be found,
the determinant for a Fermat matrix of order n = F,,
should be estimated as F,_, /(2F,— 1)1/2 x B.

As noted above, F,_,/(2F,— 1)!/2 is an irrational
number, in the general case.

It gives a relative (as compared to the bound B)
determinant value described by the following for-
mulae: |det(A)|=(n — 1) D/22n - 1)V2F, ,/@2n —
-2 =(n- 1) V2F, |, n =F, the Fermat num-
ber. This is an estimate of the attainable value of an
integer matrix determinant.

The first Fermat number F, = 8 is a starting one,
without a preliminary Fermat number, but this ma-
trix, like the matrix of order 5, is known. In this
matrix, the —1 entries which are different from 1
are placed on the diagonal.

For order F; = 5, we have an integer determinant
correction value equal to 1.

This is an exception: the Fermat matrix deter-
minant attains the Barba’s bound and we have
Fo/(2F, — 1)/2=3/9%/2 = 1. The optimal matrix struc-
ture matches the starting one (for order 3), so these
are two diagonal structures with a simple form.

The first matrix which is different from them is
a Fermat matrix of order 17.

For F, =17, we have 2F, — 1 = 33, which is not a
square. Its relative (in reference to the Barba’s bound)
determinant equals F,/(2F,— 1)1/2=15/331/2 =
=0.8704... This irrational number is a scale multipli-
er which is a correction to the unattainable Barba’s
bound B = 168 x 331/2,

Their product is an integer 5/331/2x B=5 x 168 =
=21 474 836 480. This is the determinant for the
Fermat matrix of order 17. This estimation is the
same as 327 680 x 216 stated on the website [15].

Fermat matrices can be found for orders into
which Fermat numbers are nested, like 37, 65, etc.
According to the same resource [15], the determi-
nant of a determinant maximum matrix of order
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37 is equal to 72 x 917 x 236, The determinant of a
determinant maximum matrix of order 65 is esti-
mated as 148 x 1631 x 264,

The determinant of the Cretan matrix of order 37
given in [30] and rounded by its entries is approximate-
ly equal to 7.22 x 1028, being less than the estimate
8.25 x 1028 for the integer matrix in the table [17]. For
the order 65 (Fig. 4 illustrates it and the next order
257), the determinant of a rounded Cretan matrix is
5.65 x 10%8, whereas the table [15] gives the value of
5.81 x 10°8 for an integer matrix of the same order.

The data above confirm the conjecture: a determi-
nant maximum can be attained only for matrices of or-
ders equal to prime Fermat numbers. On orders equal
to prime and composite numbers of a sequence, which
nests the Fermat sequence (without them), the state-
ment is not true. An interesting analogy is noticeable
here: according to the conjecture, and the Gauss’s the-
orem, regular polygons with 37 and 65 angles cannot
be completed with just a ruler and a compass.

We believe that the similarity between hyper
objects of mathematics and the conditions of the
Gauss’s theorem can apply, among others, to deter-
minant maximum matrices.

Extremal matrices of orders 257 and 65 537 are
very difficult to calculate and check the values of
their determinants (to match with determinants of
Fermat matrices) due to the large number of pos-
sible permutations. However, we have calculated
the Fermat matrix of order 257 using a modified
Sylvester algorithm [27—29]. The correspondence of
symmetries to matrix orders was studied in [31, 32].
The symmetric matrix image is shown in Fig. 4.

B Fig.4.Image of Fermat matrices of orders 65 and 257

According to our conjecture, the Fermat matrix
of order 257 has a relative (in reference to the Barba’s
bound) determinant value F,/(2F;— 1)1/2=0.7505...
This irrational number corresponds to the integer val-
ue of |[det(A)| = (n — 1)»V/2F, | = 256128 x 17 (approxi-
mately 0.31 x 10319), This estimation is absent in the
table on the website [17] and should be considered new.

Conclusion

Fermat matrices differ from the matrices of or-
ders where the Barba’s bound is attainable, because
we know an algorithm of finite complexity for their
calculation. Hence, for a rounded Fermat matrix of
order 65 537, for instance, you can predict a precise
value of its relative determinant 0.7099 (absolute
value is 65 53632768 x 257), and build its matrix im-
age. It will be close to the one depicted in Fig. 2, but
with significantly more fractal details.

Quasi-orthogonal Fermat matrices tend to
Hadamard matrices with a rise in order, and the
values of their entries tend to values 1 and -1.
The determinants of rounded Fermat matrices of
known prime orders do not go below 0.7 (in refer-
ence to the Barba’s estimation). These facts allow
us to consider the matrices of orders equal to prime
Fermat numbers a family of maximum determinant
matrices.
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BBenenue

C KaKaBIM I'OJOM KOJUYECTBO HOBBIX CEPBUCOB
U YCTPOMCTB HA PBIHKE paCTeT HKCIOHEHI[MAaJbHO
[1]. Bce Goabie yHKIUM, TPUBBIYHO paHee BbI-
TIOJTHAEMBIX UeJOBEKOM, OH IIEPEHOCUT Ha pa3Iuy-
HbI€ YCTPOMCTBA C IeJbI0 00JIETUYUTD JKU3HBb U 00-
Jaee a(pdexTUBHO MCIOJB30BaTh BpeMd. IIpu sTom
YCTpOMCTBA He TOJIBKO CTAHOBATCA C KaKIbIM TI'O-
IoM 0oJiee BHEPro- ¥ BBIYUCJIUTEIHHO MOIIHBIMU,
HO U IIOJIyYaioT BO3MOMKHOCTH OoJsiee 3G HEKTUBHO
obpabaTeIiBaTh MHMOPMAIINIO, a TaKiKe CaMOCTOS-
TeJILHO IPUHUMATh pelneHuA. OQHAKO IEeHTPaJu-
30BaHHAsA KOODAMHAIIUA HEIPEePLIBHO DPACTYIIEro
Yucja yCTPOMCTB yiKe celiuac CTAaHOBUTCA IIPOOJe-
matuyHoit [2]. Hua obecneueHus 3PHEKTUBHOTO
B3aWMOJEHCTBUA CJIOXKHO MAaCHITa0UPyEeMBIX CHC-
TeM ObljIa IIPeAJIOMKeHa TEeXHOJIOTUA pacupeesieH-
HOTO peecTpa.

Texmonorua pacmpeneneHsoro peecrpa (Distri-
buted Ledger Technology — DLT) — sTo 6a3a maH-
HBIX aKTHBOB, KOTOpPas MOYKET OBITH pacIipeiesieHa
IO CeTH, B PasHbIX reorpa@uyecKux 30HAX UJIU OP-

raausanuax [3]. Ucmonbs3ya pasHOOOpasHbIE METO-
nul, DLT mosBoJsisieT pelraTh pAJM CJAOMKHBIX 3amad
B PA3JUYHBIX OTpPaCIAX, obecreunBasd MTOTOJTHU-
TeJbHBIA 3aIUINEHHBIN YPOBEHb aOCTPaKIIUU IS
IPAMOTO B3aMMOIEHCTBUA MEKIY Pa3HOPOIHBIMU
cucremamu. OcHoBHO# KommoHeHTOI DLT siBasieTcs
TeXHOJIOTHs OJIOKUeliH, KOTopas, B CBOIO OuYepenb,
CTPOUTCS Ha TEeXHOJIOTUU PEe3yJIbTaTa UCIIOJTHEeHUS
(GYHKIUHA CBEePTKU (XEII-IENIOYeK U XeII-IePEBLER).
TI'y1aBHasA 0COGEHHOCTH TEXHOJIOIMHY OJIOUKEIIH B TOM,
YTO KasKIbIH MOCJeqyIONUi 0JJ0K OCHOBAH Ha IIpe-
IBIAYINNUX, UTO obeclieurBaeT HEeM3MEHHOCTh BCell
mernoyky 0JioKoB. B nmaHHOU paboTe TpUBOAUTCA
CPaBHUTEJLHBIA aHaJan3 CYIIeCTBYIOIINX CHCTEM
pacupeieIeHHOTO peecTpa U 3HAUUTEJIbHOEe BHUMA-
HUe yAeJAeTCsA COOTBETCTBYIOIINUM IIpodeMaM sKC-
nayaramuu DLT.

B pamkax sToro o630pa pacCMOTPEHBI IepCIeK-
TuBbl TpuMeHenusa DLT B pasauuHbIX chepax mes-
TEJILHOCTU ¥ 0COOEHHOCTH TPUMEHEHUA dTON TeXHO-
JIOTHH, OIMMUCHLIBAIOTCS IIPEAIIOCHIIKN BO3HHUKHOBE-
HUS U OpeAJiaraloTCA MYTHU PEIIeHUA BBIABIEHHBIX
mpobJeM.
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Cdepsi ucnoan3zosanus DLT

B HacTosIliee BpeMsa MTOTEHIIHAJ ITPUMEHEHUSI
texHosoruu DLT npocie:xkuBaeTcs IpaKTUYECKU BO
Bcex cdepax KM3HU 00IeCcTBa, HAaUMHAA CO 3IPaBo-
OXpaHEeHUS U 3aKaHUYMBAsA CJOKHBIMU NH(GOPMAIU-
OHHBIMHU cHCTeMaMHu. B maHHOM pasieje o0Cy:Kaa-
0TCs HauboJee IepCIeKTUBHbIE HAIIPAaBJICHUS pas-
BUTHSA 9TOM TEXHOJOTHN.

HuTepHeT Bemei

Camoii TONYJAPHON OTPACIbI0 ITPUMEHEHUI
TEXHOJIOTUU PACIPENEeIEHHOTO peecTpa ABJSET-
ca unrepHer Bereir (Internet of Things — IoT).
MHOKeCTBO TPOEKTOB OBLIN COCPETOTOUEHEI HA ATOH
KOMOMHAIIMY [JIs1 PEIlleHudA 3a7ady YMHOI'O Iopoja,
MHTEeJJIEeKTyaJbHBIX ceTeli, IHTepHeTa U JeIleHTpa-
JIM30BAHHBIX TPUJIOMKEHUH, OOJBIITUHCTBO U3 KOTO-
PBIX OCHOBAHO Ha TeXHoJIoruu 0JI0KueiiH. Pabora [4]
paccmaTrpuBaeT BaaummopeiicTBue TexHosoruii IoT
u DLT. B aT0ii cTaThbe OCHOBHOE BHUMAaHUE yIessd-
eTcs HOBBIM U 0oJjiee ITUPOKUM TeXHUUECKUM IIPO-
O6s1eMaM, CBSA3aHHBIM C PEIIeHUAMU 0e30IIaCHOCTU U
paboTsl cepBepHOIi maaT@opMmbl Ha ocHoBe DLT miis
ycrpoiict u npuoskenuii IoT. B pabore [5] Taxke
paccMaTpUBaIOTCA METOABLI B3AaMMOAEHCTBUA UHTEP-
HeTa BeIlell U pacupereeHHOTO peecTpa. ABTODPBI
COCPEeJIOTOUMJINCH HA acleKTaX CBA3U, IIPEJCTABIAA
APXUTEKTYPY pacOpelesieHHBIX TOBEPUTEIbHBIX
cereit Ha ocHoBe DLT, 1 mpeaJio:Kuam HOBYIO KJiac-
cuUKAIUIO OJId YIPoIneHua cuuxpouusanuu DLT
B KJIACCMUECKUX ceTaX. VcciemoBaHue IIOKas3aJio,
YTO OECIIPOBOAHBIE CHUCTEMBI SBJIAIOTCA CEPhE3HOI
mpo06JieMoii cTabUIBHOTO (hYHKIITMOHNPOBAHUS IIPO-
TOKOJIOB CUHXPOHU3AI M.

TexHONIOTMM paCIpeleeHHOTO peecTpa Ha OC-
HOBE OPUEHTUPOBAHHOI'O AaIlMKJIWYecKoro rpada
(Directed Acyclic Graph — DAG) Tak:xe Moryrt
IPUMEHATHCA B pANe TpuaokeHuit B obsactu 10T
[6]. PaciipenesieHHBIN peecTp AOJMKEH CIYKUTH He-
U3MEHHOM M HeoOpaTMMOM 3amuCchbio TPaH3AKI[UH,
ogHaxko cTpykTrypa DAG saBiserca 0oJiee CJIOMK-
HBIM MaTeMaTUYeCKUM OOBeKTOM, UeM ero aHaJoTH’
B GJIOKUeliHe (a2 UMEeHHO, II03BOJIAET BETBJIEHUE JIepe-
Ba XeIlleil), U, KaK CJeACTBUe, o0ecIieueHlie IeJIOCT-
HOCTHU JaHHBIX CTAHOBUTCS 00JIee CJI0MKHON 3amaueii
B IIPOTHUBOBEC CKOPOCTY PAOOTHI TAKOHN CUCTEMBI.

WMuTepHeT Bellieil TaKkiKe 4acTO CBA3BIBAIOT C II0-
HATHUEM WCKycCTBeHHOro wuHTesnekta (Artificial
Intelligence — AI). Boupoc 0 BO3MOYKHOCTH CIeJIaTh
Al GeszomacHBIM AJiA UYeJOBEKAa B KOHTEKCTe pac-
mpeJesieHHbIX CUCTeM oOcy:Kmaercsa B pabore [7].
Ha pmanHBII MOMEHT He CYIIECTBYET HUKAKUX [0-
KasaTeJbCTB, UTO MOJHBIN mepexon Ha Al-cucteMbl
OyZeT IPUHOCUTH MOJIb3Y JIOAAM, a HE BPeIUTh UM
WX, B XYAIIEeM cJaydae, He NMPUBOAUTH K JieTaJb-
HBIM mcXomaM. B mccienoBaHUM IpenJiaraeTcsa P
KOMIIOHEHTOB, KOTOPbIe HEOOXOAMMBI U TOCTATOUHBI

IJis1 o0eceueHn s PasJIMUHbIX clieHapueB padoTsl Al
6e3 Bpena uesoBeKy. DLT aBigeTcsa HeOTHeMJIeMOI
YacThbi0 9TOr0 MPEIJIOKEHHUs, HalpuMep, CMapT-
KOHTPAKTBhI HEOOXOMUMBI JJIA PEIIeHUs ITPOOJIeMBbI
pasButus Al, xoTopoe OyaeT IIPOMCXOAUTH CJIMIII-
KOM OBICTPO IOJis o0ecIleueHI’s OIePATHBHOI'O BMe-
IIaTeJbCTBa YEJIOBEKA.

3apaBooxpaHeHHe

OpHa 13 OCHOBHBIX IIPO0JIeM MEeIUITMHCKOM NHTY-
CTPUM — OTCYTCTBUE €JUHOM CUCTEeMBLI IJIsI XpamHe-
HuA gaHHbIX [8]. B HacToAlee BpeMs I peleHns
JTaHHOU 3aaur IPUMEHSIIOTCS 00JIauHbIe IIeHTPAaJIN-
30BaHHBIE XPAHUJIUINA, KOTOPbIe ABJIAIOTCI WUHIU-
BUAYAJbHBIMU JJIS PA3HBIX CeTell KINHUK, OJHAKO
TakKasg TEHIEHIUA IIOKa He PacIpOCTpaHsAeTCA Ha
CHCTEMY 3IPAaBOOXPAHEHUSA B I€JIOM. OTO IPUBOAUT
K TOMY, UTO OTCYTCTBYIOT ITOJIHasA HUCTOpUs 6oJies-
HU, CIIMCOK IIOCTABJIEHHBIX KOTAa-Tn00 IMarH030B,
CIAHHBIX AHAJIN30B, HET BO3MOYKHOCTH OTCJI€KU-
BaTh TEHAEHIITUHY B ITOKA3aTeJIX Mal[MeHTa U IPOu3-
BOIUTB IIOJTHOIIEHHYIO aHAJIUTUKY.

CyImecTByeT psaji APYyTuX mpodaeM, KOTophle pac-
cMaTpPUBAIOT HCCJIeAOBaATEeIbCKME TPYIIIEI II0 BCEeMY
mupy. B pabore [9] mpennaraercsa pacmpeneseHHAs
cucTeMa oOMeHa NAHHLIMU O 3JJ0POBbLE TAI[MEHTOB.
JauHble TeHEPUPYIOTCA NBYMA TUIAMH YCTPOMCTB
IoT — HOCUMBIMU yCTPONCTBAMU U CTAIlIOHAPHBIMU
JaTumKaMu. MexaHW3M COBMECTHOI'O HCIIOJIB30Ba-
HUS TaHHBIX 00eCIIeYMBAEeTCs C TMOMOIIBIO pacipe-
JIeJIEHHOTO PeecTpa, OCHOBAHHOTO Ha CHUCTEMe IO
massanuem Tangle, xoropas mpexacrasJisieT co0OIi
DAG. [nsa obecneueHusa HaNEKHOM ayTeHTUPUKA-
MUY TIPUMEHSeTCs MPOTOKOJI IIOTOKOBOrO IIudpo-
Banua c¢ mackupoBaunumem (Masked Authenticated
Messaging — MAM). [lsia obecieyeHUA I1€JIOCTHO-
CTH JaHHBIX UCIIOJb3yeTcA AepeBo xelreil MepkJa.

Cuenytromuii mpo6JIeMHBIH acleKT cepbl Meau-
IIUHCKOTO OOCIYsKMBAHUSA — 95TO HEOOXOAMMOCTDH
obecmeumBaTh HAMEKHYI0 KOH(MUICHIINAJIBHOCTD
naHebIX [10], B uacTHOCTH [OJId 3aIlUTHI BpaueOHOI
TaiHbl. B OOJBIIINHCTBE CIyUYaeB NAIlIeHT He MOMKeT
WMeTh IIOJIHOe TpeACTaBJIeHIe O HeCAHKIIMOHUPO-
BaHHBIX 00pabOTKe U Ilepefaue ero MeIUIIMHCKUX
TaHHBIX.

B wuccnemosanmm [11] Takike mpeacraBiieHa CU-
cTeMa, KOTOpas IO3BOJISAET OCYIIEeCTBJIATDL HeTaJb-
HBIH TePCOHM(PUIIMPOBAHHBLIN KOHTPOJL TOCTYIA
TPeThbeil CTOPOHBI K SJIEKTPOHHBLIM MEIUITMHCKUM
KapTaM TAIlMeHTOB, II03BOJIAIOIIUNA OJHO3HAUHO
OOATBEPAUTEL (PAKT TaKOro obpalenus. B xoxe mc-
caemoBaHusA ObLI pa3dpaboTaH IPOTOTUN AAHHOM CHU-
crembl DLT, B KoTOpOM IIPUBOASATCS 3aIrucu o hakTe
00paboTKu MH(pOPMAIINU C UCIOJIb30BAHIIEM CMapPT-
KOHTPaKTOB, pa3paboTaHHBIX OJIOKUYeHH-TIaTdop-
Mol Ha s3bIKe Solidity. Ha momeHT Hammucanusa sTo-
ro o63opa B paszpaboTanHoil aBTopamu [11] cucreme
COOTBETCTBYIOII[ME JAaHHbIe ObLIM IIPUBEIEHBI B CO-
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BMecTuMbIii ¢ Ethereum 6aiiT-Kom m pasmMeleHbI
B peecTpe.

Oo6pasosaHue

IIpumenenue cmapr-KoHTpakTa Solidity mmo-
3posisieT 3aHocuTh B DLT pasHooGpasHble HaHHEIE,
B TOM 4YWCJIe U HOPO(ecCHoHAIbHBIE KOMIIETEHIINMH,
uTO paccMoTpeHo B pabore [12]. B aroii crarbe mpen-
JIOJKeHa IIpoIeaypa paspaboTKu peecTpa mpodeccu-
OHAJILHBIX KOMIIETEHIINI HACeJIeHUA U IIPEJCTaB-
JIeH aJITOPUTM pacyeTa KJIIOUEBBIX KOMIIOHEHTOB
UHIeKca o0pasoBaHua Ha ocHoBe Ethereum. Kpome
TOro, paspaboraHa 0ajIbHas MOJEJNb IJA pacuera
9TUX IMAapaMEeTPOB U IIPeACTaBJeHA CXeMa MCTOYHU-
Ka cMapT-KoHTpaKTa Solidity, KoTopbIii peanusyer
IPeIJI0XKEHHBIN aJITOPUTM.

TexHONMOTMA OJOKUYEHH NO3BOJSAET CO3AATH [ie-
IIEHTPAJIN30BaHHYIO CpPely, B KOTOPOH TpaH3aKI[UU
¥ JaHHbIe He KOHTPOJUPYIOTCA KaKOU-JIM00 CTOPOH-
Heli opranmsariueii. OCHOBBIBAsACh HA HAHHOM TeX-
HOJIOTUHY U CHCTeMe IIepPeBo/ja ¥ HaKOIIJIeHUA Kpeau-
toB (European Credit Transfer and Accumulation
System — ECTS), B pabore [13] npeasaraercsa cos-
IaTh rI00abHYI0 KPEAUTHYIO IIaT(OPMy BBICIIIETO
obpasoBanua mox HasBanuem EduCTX. Ha ocHoBe
omuopanrosoii cetu EduCTX Oyzmer obpabaTsIBaTh,
KOHTPOJIMPOBATH cOOCTBeHHBIe aHamoruuubie ECTS
TOKEHBI, IT0JIy4yaeMble CTYIeHTaMHU 3a IPOMIeHHbIe
KYPCHI, 1 yIIPABJIAThb. YHUBEPCUTETHI B JAHHOM CJIY-
Yae BRICTYIIAIOT B POJIV IAPTHEPOB CETH.

BiloKkueiiH MOKHO HCIIOJIB30BATH U B COBOKYII-
HOCTHU C IPYTUMU ONEPAIlMOHHBIMU cpexamMu. B pa-
6ore [14] npennoxena maardopma TEduChain mis
cbopa CpeiCTB U YIPaBJIEHUA UMU CTYAEHTaMHU, II0-
JIyJaloIiuMu BhIciiee oOpasoBamme. Cy0bekTamMu
naaT@opMbl ABJSAIOTCA CTYJEHTHI U CIIOHCODHI.
IIpennaraemas miaaTdopma COCTOUT U3 ABYX PABIUY-
HBIX ONEPAI[MOHHBIX CPeM: TPAJUIIMOHHON CTPYKTY-
PBI, YIIPABISAEMON DPEJIAIMOHHON 0a30i1 TaHHBIX, U
OJIOKUEHH-CTPYKTYPhI HA OCHOBE pacIpeesIeHHOTO
peectpa.

ITemouku mocTaBOK

Ionrynaproit Hutnet DLT aBiaerca orpacab Gop-
MUPOBAHUSA U OTCJIEKUBAHUS IOCTABOK IIPOAYKTOB
nutarud [15]. PaspaboranHas cucTeMa ITO3BOJISET
MIPEIOCTAaBUTDH 3AIUIIEHHYIO C TOYKU 3PeHUA KOH-
(brIeHIIMAIBFHOCTH U IEJIOCTHOCTH 3aINCh TPAaH3aK-
Uil W CBASAHHBIX MeETAaJaHHBIX (IPOUCXOKIEHUE,
KOHTPAKThI, 9TAalbl IIPOIECCA, M3MEHEHUS CPemsbl,
MUKPOOMOJIOTUUECKYE 3alIUCHU U T. II.) AJIS TIOCJIENy-
1o111eir 00paboTKu. CII0COOHOCTD OTCICKMBATH MAPIII-
PYT IOBUIKEHUS IIPOAYKTOB IUTAHUSA IOPUIUYECKU
o0s3aTeIbHA )15 BCEX YUYACTHUKOB JaHHOMU IETIOUKH.
MesxIyHAPOLHBIE CTAHAAPTHI OTCJICKMBAHUS IIUIIE-
BBIX IIPOAYKTOB YCTAaHABJIMBAIOTCA C IIOMOIIBIO CO-
BMeCTHO# IrporpaMMbl IIpogoBOJILCTBEHHOI U CeJIb-
ckoxosdaricTBenHoM oprarusanuu OOH u BecemupHoit

OpraHU3alUu 34PAaBOOXPAHEHUs, a IPUHIIUILI BO3-
MOKHOTO CJIEJKEHUS 3a MOCTABKAMU ITHIIEBLIX IIPO-
IYKTOB M3JI0KEHBI B TOKYMEHTEe 0 CUCTeMaX KOHTPO-
JI51 1 cepTU(GUKAIINY NUMIIOPTA U 9KCIOPTA MHUIIEBBIX
npoxykToB CAC/GL 60—-2006.

B pabore [16] npenyiaraercsa co3maTh HOBBIH ITPO-
TOKOJI II0J HasBaHueM <«bBumoMerpuuecKuii G6JIOK-
uelin» (Biometric Blockchain — BBC), B KoTopom
OroMeTpUUYEeCKNe XapaKTEePUCTUKN OTAENbHBIX JIUIT
SABHO BKJIIOUeHBI B mpoToxkoa BBC mis omHo3HAU-
HON uAeHTU(GUKAIUYA TOJH30BaTeJe CUCTEeMBbI.
Takoii TPOTOKOJ MOXKET, B YACTHOCTHU, YIOBJIETBO-
puThH pacTyinue IOTPeOHOCTH B O0ecIeueHHH’ JIOo-
TUCTUKU IIPOAYKTOB MUTAHUSA, UTO OCOOEHHO aKTy-
aJILHO ITOCJIe HeJaBHEro MHITUIeHTa C HelIPaBUJIbHO
MapKUPOBAHHBIMU NPOAYKTAMU ITUTAHUSI, KOTO-
pPBIH mpuBes K rubesiu nmaccaskupa B camoJete [16].
IIpeumyiectBa ucmosnb3oBanus BBC B jorucruke
TMPOAYKTOB MUTAHUS OUEBUIHBI: CUCTEMA ITO3BOJISET
He TOJIbKO OIPEeNeIUTh, ABJISIOTCS JIU TaHHBIE MU
STUKETKY TMOAJUHHBIMU, HO TaKyKe UeTKO yKasaTh,
KTO HECEeT OTBETCTBEHHOCTD.

JluneHsupoBaHue

Cruenpyroiieii cepoil AeATeJbHOCTH, B KOTOPOIi
ucnonnsyorca DLT, aBigerca JulleH3UPOBaHUE.
B wactHOCTH, B pabore [17] paccmarpuBaioTca ca-
Mble COBPEMEHHBIEe IIPUJIOKEHUA HAa OCHOBE TEXHO-
Joruu 06JOKUYeiH, KOTOpble MOAJeP:KUBAIOT JUIEH-
3UPOBaHNE U PACIPOCTPAHEHE NHTEJJIEKTYAJIbHON
cobecrBenHocT. CpaBHMBAIOTCA KaK HeTeXHUUE-
CKWMe, TaK U TeXHUUYECKUe KPUTEePUU IIPUIOKEHU.
HerexHuueckme KpUTEPUU KUCIOJB3YIOT IJIA OIEH-
KU quarnasoHa QYyHKI[UH, KOTOPbIE IPEeI0CTABISIOT
IPUJIOXKEHUS, B TO BpeMsA KaK TeXHUUYECKUe KPUTe-
PUU IOMOTAIOT UBYUUTH TEXHOJIOTHIO [JIs peaJinsa-
1Y OIPUIOKEeHNH. ABTOpaMu TaKiKe IIPOoaHan3U-
POBAHBI U KJIaCCU(DUITMPOBAHLI BOCEMb PA3JIUYHBIX
miraTdopM B COOTBETCTBUU C BLIOPAHHBIMHU KPUTE-
puaAMH.

B pa6ote [18] 6GosbIlioe BHUMAaHUE YIEIAETCA Me-
pam obecmeuenusi Texauueckoit samutsl (Trusted
Platform Module — TPM), nadopmariuu o6 ymupas-
neunn mnpaBamu (Remote Method Invocation —
RMI) u ynpassenuto nmudpossiMu npasamu (Digital
Rights Management — DRM) mpu paspaboTke
CTPYKTYPHI Os10KueiiH. Kpome Toro, B paMKax pabo-
THI BBIZIEJIEHBI XapPaKTEPUCTUKU TEXHOJOTUU OJIOK-
YeliH, KOTOPbIE OTHOCATCS K aBTOPCKOMY IIPaBY,
PacCMOTPEHEI CIyUYau ee MCIIOJb30BAHUA JJIA YaCT-
HOT'O 3aKasa UM paspaboraH mHTepdeiic ¢ IpPaBOBOI
samuToir DRM.

PuHAHCHI

TexHOJIOTUA pacHpeneieHHOI0 PeecTpa MOXKeT
OBITH BHeApeHa He ToabKOo B oOmactu IoT, sgpaso-
oxXpaHeHMs W 00pasoBaHMWSI, HO M B caMble Kpym-
HbIe OTPacJUu 3KOHOMHUKMU T'OCYJapCcTBa, TaKHe Kak
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¢uuance. B 2018 r. nmpousoties 6ecrperiefeHTHBIH
CIBUT B CTOPOHY IOTEHIIMAJbHOTO MPUHATUS WH-
dpactpyrTypst DLT u caenanb! mepBbIe MIaTrd B CTO-
POHY IIPUBHAHUA KPUITOBAJIIOT KaK HOBOT'O KJacca
aKTUBOB, YIPABJIAINX KAIUTAJIOM U MHBECTOPA-
mu. MHOTHEe aBTOPUTETHBIE (DMHAHCOBBIE TIOCPETHU-
Ku, B Tom uncJe Fidelity Investments, Ameritrade,
JPMorgan Chase u Intercontinental Exchange,
OCO3HAJIV, UTO OHU He JOJIKHBI OCTABAaThCA PABHO-
nymasIME K peBostonuu DLT XXI Beka u ee mocjes-
CTBUAM JJIA BCEH 9KOHOMUKU.

Hanpumep, B pabore [19] mokasano, utro DLT
BJIUSAET Ha TPAJUIMOHHYIO (DUHAHCOBYIO WHIY-
CTPUIO, a TAKKE PACCMOTPEH DS BOSMOKHBIX Iy Tel
TpaHcopManuy (PUHAHCOBBIX YCJYT SKOCUCTEMOI
DLT. IlpuuaTue HOBOM MHMPACTPYKTYPbI, OCHOBAH-
Hoit Ha DLT, OyzeT IpouCXOAUTH IO TPEM OCHOBHBIM
HampaBJIEHUAM:

1) uepes obGcay:KuUBaHUE CYIIECTBYIOIIEH U IIO-
TEHIIUAJbHON KJINEHTCKO 6a3bl KaK Ha POSHUYHOM,
TaK U Ha MHCTUTYIIMOHAJIHHOM YPOBHE;

2) uepes3 yJsydllleHVWe BHYTPEHHUX U BHYTPU-
OTPACJIEBBIX IIPOIIECCOB, KOTOPHIE OCTAIOTCSA MeIJIEeH-
HBIMU, JOPOTUMU U IMOABEPIKEHHBIMHU OIITHOKAM;

3) myTeM mepeBoia KaK JUKBUAHBIX, TAK U He-
JUKBUAHBIX aKTWBOB K BUPTYAJbHBIM TOKEHAaM,
CO3JJaHUA HOBBIX (DMHAHCOBBIX ITPOIYKTOB U PACIIIH-
peHudA PBIHKA.

B mesom BhIIEyKa3aHHBIE UBMEHEHUSA OTKPOIOT
HOBBIE€ BOSMOSKHOCTH AJIs CO3qaHUA GoraTcTea B (hu-
HAHCOBOM UHAYCTPUU.

Agropsr pa6orsr [20] paccMaTpuUBaIOT WCIIOJB-
soBanme DLT misa mopgmepskaHuA MHPPACTPYKTYPHI
PBHIHKA IeHHBIX OyMar, 4To 00eIiaeT PeriuTh cepbes-
HbIe TIPO6JIeMbl (hparMeHTaIlluy U HapPYIIeHUA IpaB
COOCTBEHHOCTY, KOTOPBIE TaKyKe IIPEImATCTBYIOT
IIPO3PAUYHOCTH PHIHKA.

JHepreTuKa

K koumy 2016 r. oxoJio 25 % BBIPAOOTKY 3JIEKTPO-
SHEPTUU BO BCEM MUpPE IPOUCXOIMNJO U3 BO30OHOB-
JISIEMBIX MCTOYHUKOB 9HEPTUU, IIPUYEM OCHOBHBIMU
NCTOUYHMKAMHU SHEPruu ObLIW SHEPTrus BeTpa, Oumo-
SHEpPreTHKa U coiHeuHasd sHeprud. CyIecTByomniue
CHCTEMBI MOTYT aBTOMATUYECKU PEryJMpOBaTh IIO-
TJIOIIeHe SHEePTUU, NHTEJLJIEKTYaJIbHO pearupys Ha
BHeIlIHMe curHaJybl. B ganHoMm caydae DLT mosxer
OBITH MCIOJB30BAH JJIA Ilepeaun JaHHBIX B peaJb-
HOM BpeMeHH! MeKIY MHOYKECTBOM YUaCTHUKOB CeTHU
B IeaAax 0ojee 3(P(PeKTUBHOTO MCIOJIL30BAHUS pe-
cypcoB. Ilpeanaraemas crucTeMa OCHOBaHA Ha ABYX
KJIIOUEBBIX KOHIIEMIIUAX: YIPaBJIEHUMN Tepenauveit
DJIEKTPO9HEPrUell u TUPUHTOBBIX ceTax (Peer-to-
Peer — P2P) nmocpeacrsom DLT. B pamkax paboTsl
[21] mama onienka morenrnuaia DLT gjsa TpaH3uTHOTO
oOMeHa sHeprueil Ha JJOKAJbHBIX PhIHKAX, OMUCAHA
HOBasA MH(MPACTPYKTypa YyIIpaBJIeHUsA, OCHOBAHHAS
Ha DLT, u npennosKeH HOBBIN ITPOTOKOJ €AUHOMYIII-

HOT'O COIJIACUS, KOTOPBIA He TPeOyeT MOIOJHUTEIb-
HBIX dHEeprosarpar.

B pabore [22] TakiKe ocBelaroTcA pPa3JIAYHBIE
KOHIIENIIMY U TEeXHOJOTUU [OJA TPAH3UTHOTO 00-
MeHa 3jieKkTposHeprueii ¢ yuerom DLT. ABTops! 3a-
ABJIAIOT, YTO TPAAUIIMOHHBIE IEHTPAJN30BaAHHBIE
SHEpPreTUYeCKre CUCTEMBbl yiKe He SABJISIOTCA JKU3-
HecrocoOubIMU. C OZHOIT CTOPOHBI, OJHOPAHTOBBLIE
9HepreTMyYecKue TpaH3aKmmum Ha ocHoBe DLT u
YCTAHOBKA COOTBETCTBYIOIIUX KOHTPOJIJIEPOB HAa
MECTHBIX SHEPreTUUYEeCKUX PBIHKAX ITPeACTABJIAIOT
co060ii, 110 MHEHHUIO aBTOPOB, HanboJjiee BEPOSATHBINA
mIar SBOJIIONUU OYAYIIUX WHTEJNJIEKTyaJbHBIX Cce-
Tei. [lanHOe YTBEPKAeHYe TOATBEPKIAeTCs IpuBe-
JTeHHBLIMHU IIUJIOTHBIMU IIPOeKTaMHu. B paMKax sToi
paboThI TIpemIosKeHa UM OmMuUcaHa paspaboTaHHasd u
peasimsoBaHHAA MH(PPACTPYKTypa TPaH3aKIIMOHHO-
TO yIpaBJeHUsS HA OCHOBE TeXHOJOTUU OJIOKUEHH U
CMapT-KOHTPaKTOB.

Koumennusa nayruns: Berreit (Web of Things —
WoT) aBasierca HOBOM Bexoii KoHiemiuu loT, Ha-
mpaBJIEHHOW Ha IIpeojojieHne 0apbepoB MeXKIY
orpaHUYeHHBIMU ceTeBbIMU cpemamu. B WoT perrte-
Ha mpobJieMa COBMECTHMOCTH IIyTeM yCTaHOBJEHUS
B3aMMOJENCTBUS Ha YPOBHE IPMJIOKeHHus. Pabora
[23] pacmimpsaer Bugenne WoT B obGsiacTu mereHTpa-
JU30BAHHBIX MHTEJIJIEKTYaJbHBIX CeTel IJid co3na-
HUSA IIeJbHOHN, I'MOKOl M aBTOHOMHOM, TeXHUUYECKI
¥ BKOHOMMYECKU B3aNUMOCBABAHHOM CUCTEMBI, IIPE-
CTaBJICHHON HA WHTETPUPOBAHHON Ou3HeC-ILIaT-
¢dopmMe pacipese/IeHHbBIX d9HEPTeTUUECKUX PecypcoB
HEILA. B uactHoCTH, 5Ta paboTa mMoCBAIIeHa CUCTe-
Me yIpaBJIeHUA MUKPOCETAMU U JeMOHCTPUPYET ee
apXUTEKTYPy B cpe3de IIa6JIOHOB ITPOEKTHMPOBAHUS
WoT.

OcHoBHrIe Tpodsiemsbl BHeApeHusa DLT

C s1060%i TEeXHOJIOTMYECKON PEeBOJIONUEH TOAB-
JIAIOTCA TPO0JIeMbl afanTaliuy yiKe cOpMUPOBAB-
IIKXCs CHUCTEM K HOBBIM IIpolleccaM. BHeapeHue
DLT Takx:xe HeceT B cebe PA MOTEHITNATBHBIX CJI0MK-
HOCTeil, paCCMOTPEHHBIX HUKe.

MacmradéupyeMocTs

B mociennve rombl MHOrME THUIIBI PaCIIpeeJieH-
HBIX IPUJIOMKEHUI CTaHOBATCA Bce OoJiee MacIITab-
HBIMHU. ITa TeHAEHIUA B IIEPBYIO ouepeb 00yCJIOB-
JIeHa KOJIMYECTBOM IIOJI30BaTeJEeN, IOJTYyUYaIOIINX
JOCTYII K TaKUM IPUJIOMKEHUSIM. B To BpeMsa Kak
0as3oBble TPUJIOKEHUA C ThICAYAMU II0JIH30BATE-
JIell JIETKO MacIITabupyITCA, TaKue IPUJIOKEeHU,
kak Facebook, Twitter u eBay, nMeroT MUJIJIMOHBI
W COTHU MUJIJINOHOB IIOJIB30BaTeNell, a (DYyHKIIHO-
HAJbHOCTDH IIPUJIOKEHUN TaK:Ke obecleuyrBaeT BbI-
COKYIO CTeIleHb B3aMMOAEWCTBUSA MEXKIy HUMU.
COOTBETCTBEHHO, TaKUe PaclIpeeseHHble CUCTEMBI
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TpeGyI0T BBICOKOTO YPOBHSA MACIITAOMPYEMOCTH.
B uccirenoBanuu [24] paccMaTpuBaIOTCA IPaKTUUE-
CKMe TIOCJIeICTBUA 00HAPYKEeHU YCIYT B CUCTEMAX
¢ 0OJIBIIINM MX KOJHUYEeCTBOM. B Xo/e mcciesoBaHms
OBIJIO BBIABJIEHO, UTO CEPBUCKHI MOTYT ITOABIATHCA U
ncues3aTh TMHAMUUYECKHU B JII00Oe BpeMs, UTO Hera-
THUBHO BJIASIET HA 00I[ee COCTOSHIE CUCTEMEIL.

CyIIlecTBYIOT U OPYyTHe IMOAXOABLI PeIIeHus MIpo-
0J1eMbI MacCIITaA0MPYEeMOCTH, OAUH 13 KOTOPBIX HpPeJ-
JIOXKeH B cTarhbe [25]. Pa3paboTumKy CTAJIKUBAIOTCSA
¢ He0OXOAMMOCTBHIO HAXOMKASHUA KOMIIPOMIUCCA MEK-
ny xapaxrepuctukamu DLT (Hampumep, IOCTYITHO-
CTHIO W COTVIACOBAHHOCTBIO), ITOCKOJBKY CJefoBaHIe
TpebOBAHMUAM OIHOW XapaKTEePHUCTUKU MOKET IIpe-
MATCTBOBATH COOJIIOEeHMIO ApYyTuX. TakuM obOpasom,
ecau ogHa apxurekTypa DLT moxkeT maeaibHO IIOA-
XOOUTh MIJIA KOHKPETHOTO BapuaHTa MCIIOJIbh30Ba-
HUA, ee IPUMeHeHne I IPYTUX CIIeHAPHEB MOYKET
OKAa3aTbCsi IAryOHBIM, YTO CTHUMYJIHPYET IIOSBJIeE-
HIe pasHoob6pasHbIX KoHCTpyKIuit DLT (manpumep,
Ethereum, IOTA uau Tezos). B craTbe ObLIN BBIAB-
JIEHBI CYIIIECTBYIOIIEe OCOOEHHOCTU MEKOJIOKYEHHO-
Boit uaTerpamuu (Cross Chain Technology — CCT) u
TIPEeICTaBJIEHBI €€ OCHOBHBIE XapPaAKTEPUCTUKU. 3aTeM
9TH XapPaKTEePHUCTUKY ObLIN IIPHUBEICHbI K eUHOI CU-
cTeMe, UYTO IIO3BOJISIET JIEKO M BCECTOPOHHE UX CpaB-
HuBaTh. CCT MOKeT mMoMOYb PaCIIUPUTh (PYHKITHO-
HAJBHOCTb IIPUJIOYKEHWI, OCHOBAHHBIX HAa JU3aliHe
DLT (manpumep, Hyperledger Fabric), ocytiecTBiss
IIaTe)xKu, Hanpumep, yepes Ethereum.

B caenyromem uccienoBaHuu [26] mpomosiKeH
aHaim3 NOpobJieMaTUKU TOUCKA KOMIIPOMICCOB
me:xkay xapaxkrtepuctukamMu DLT. ITogoGHbIe KoM-
MIPOMUCCHI TPEMATCTBYIOT CO3NAHUI0 YHUBEPCaJb-
Horo DLT-mpoexTa, OTBeUaroIlero TpeOOBaAHUIM
Bcex mpuioxkenuii DLT. B pabore mpeacraBieH Bce-
00'BeMJIIONTNI, CHHTEe3NPOBAHHBIN M3 JUTEPATypPhI
no DLT, ma6op us 49 xapaxrepuctuk DLT, xoTopbIe
aBTOPBI COUJIM AKTYaJbHBIMHU IJIS PaCCMOTPEHUS
npy paspaboTKe KUBHECHOCOOHBIX NIPUJIOKEeHUN
ua DLT. Kpome Toro, mpoBefieH yriyOJeHHBIN aHa-
JIV3 3aBUCUMOCTEH W IOJYUEHHBIX KOMIIPOMMCCOB
me:xkay xapakrepuctukamu DLT. Hakowmerr, B mrecTs
ApXeTUIOB ObLIN O00BbeAUHEHBI 26 MIeHTUPUITIPO-
BAHHBIX KOMIIPOMUCCOB U OO'BSICHEHO UX 3HAUEHUE
naa npuaoxkenut DLT.

UcnonbzoBarue DLT mosker Tak:ke craTh ad-
(hbeKTUBHBIM CITIOCOOOM peIleHUsA ITPOOJEeM BBICOKO-
HATPYy:KeHHBIX cucTeM. Hampumep, IpaBUTEIbCTBO
MOJKEeT BEeCTHU PEeecTp IAJs XpaHeHus uHGOpMAaIUU
0 TIPEANPUATUAX, BKJIOUAST UX HOMED U Ha3BaHUE.
OmHaKO IeHTpaiM30BaHHAS CJY:K0a, MOAIeps;K1Ba-
[oIad PeecTp, ABJIAETCA eJUHCTBEHHON TOYKOU OT-
Kasa [y Bcell cucreMbl. B pabore [27] npencraBien
OHJIATH MHCTPYMEHT [IJIsI TeHepaIliy U PasBepPThIBa-
HUS PEecTPoB HAa OCHOBE CMapT-KOHTPAKTOB C BO3-
MOKHOCTBIO YIOOHOT'O AOCTYIIA C HCIOJb30BAHUEM
mepenavyy COCTOSHUA IPeNCcTaBIeHU .

Emie oavH myTh OIS pelreHuWs BOIpoOca Mac-
MITabUPyeMOCTH — 9TO BUPTyaJU3AIUSI DJIEMEeH-
TOoB cucteMmbl [28]. B wacTHOCTH, B IIpeAJIOKEHHO
Bupryaausanuu ajasa DLT (vDLT) ocuoBHBIE pecyp-
chbl (HaAIIpuMep, almnapaTHbIe CPeACTBa, BBIYUCIIE-
HUS, XPAaHUJIUINE, CeTh W T. A.) abcTparupoBaHbI.
IIpemocTaBiasa Joruyeckoe IIpeACTaBJIEHHE Pecyp-
coB, VDLT moKeT 3HAUUTEJIbHO IOBBICUTL IIPOU3-
BOAUTEJIHLHOCTD, 00JIETUUTH M3MEHEHUS CUCTEMBI, a
TaKsKe YIIPOCTUTh yIpaBJjeHue m HacTpoiiky DLT.
B sT0#1 cTaThe TaKiKe omMCaHBI HECKOJBKO BapuaH-
ToB paboTel VDLT, BKtouas vDLT ma ocaoBe DAG u
vDLT Ha ocHOBe 0JI0KUeiiHa, MEXaHN3MbI IOOOUYHBIX
kauasoB B VDLT, a Tak:ke oTaeseHne ynpaBJIEHUS
OT TpauKa.

Huszaita DLT

ITomumo macirabupyemoctu, gusaiia DLT Tax-
JKe UrpaeT BasKHYIO POJIb B BBINOJHEHUU TEX WUJIU
WHBIX (QYHKIUI cucremoi. [l Kammou oTpaciu
MOTYT WMCIIOJIb30BAaThCA PA3JIUUYHBIE HMOAXOABI K IU-
3aniny cucrtembl. Hanmpumep, pabora [29] mpenna-
raer MCHoJb3oBaTh apxuTekTypy R3 Corda, mocTyn
K KOIYy KOTOPOU He ABJAeTcA cBOOOmHBIM. CucTtema
ObLlIa CIIPOEKTHPOBAaHA C CETEeBOW apXUTEKTYPOIi,
OTJIMUHON OT CYIIECTBYIOIIMX CHUCTEM OJIOKUeHA.
B Heilt yzes moskeT paboTaTh HA JUYHOM MOOUJIBHOM
YCTPOMCTBE IIOJIL30BATENA. JTO IIO3BOJIAET II0JIH30-
BaTeJIsAM XPAHUTHh CBOU JaHHBIE U YIIPABJIATHL UMU
HAIpPAMYIO, a TaKyKe 00MEHNBATHCA JAHHBIMU C aB-
TOPU30BAHHBIMU yuacTHUKaMu ceTu. OCHOBHOM Ke
npobaemoii npu BeIbope nusaiina DLT, mo MmuHeHUI0
aBTOPOB, ABJIAETCA HEOOXOAMMOCTH CTPYKTYPHOTO
CpPaBHEHUA KOHCTPYKITHUIA.

B crarwe [30] mogbmparorca m BBOAATCA Xapak-
TepuctTuku DLT giia rimy6oKoro cpaBHEHUA COOTBET-
CTBYIOIIIUX BJIEMEHTOB peectpa. Kpome Toro, mpen-
JlaraeTcs IPOIECC CPABHUTEJNHLHOIO aHAIM3a, KO-
TOPBIA ITO3BOJISIET CTPYKTYpHUpPOBaTh NpoeKTsl DLT
B COOTBETCTBUHU C TPEOOBAHUAMY ITPUIOKEHUA.

HecMmoTpsa Ha oTCcyTCTBHE HPUMEPOB IIPaKTHUE-
CKOTO TIPUMEHEHUS CPABHUTEJIBbHBIX XapaKTepu-
cruk DLT, aBTopsr pa6orsl [31] yTBep:KAaiOT, YTO
nuzaiia DLT mos:ken ObITh HACTPOEH Ha cueru@uue-
CKNe KOHTEeKCTHBIe TPeOOBaHUA. YCIelHad KOHDu-
rypanusa DLT npexnmosiaraer riy0oxkoe IOHUMAaHMIE
xapakTepuctuk DLT m mx B3ammMo3aBUCUMOCTEN.
B sToMm mccaenoBaHUM paccMaTpuBaloTes 37 xapak-
Tepuctuk DLT, KoTopbIe pasae ieHbl HA IIIEeCTh IPYIIII
(MaKcuMaJbHOE WCIOJb30BaHUE, MaKCHUMaJbHAA
ruOKOCTh Pas3spaboTKU, MaKCUMaJbHASA IIPOMU3BOMU-
TeJIFHOCTb, MaKCUMaJbHAasA aHOHUMHOCTH, MAaKCHU-
MaJibHasAg 0e30macHOCTh, MaKCUMaJbHAas WHCTUTY-
IUOHATUBAIINA).

JloBepuTebHOE yIIPaBIeHHNE
TexHOJIOTUA pacIpeseIeHHOTO PeecTpa U NHTeP-
HeT Belleli Bcerga UAyT B COBOKYITHOCTHU C IIOHATHEM
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OBEPUTEJHHOTO yIIpaBeHusa. ABTOPHI PaboTs [32]
mpeasaraioT MOJHOCTBHIO MEeIeHTPAJTU30BAHHYIO ap-
XUTEKTYPY CUCTEMBI MEKMAIITMHHOTO B3amMMOIEH-
ctBud (Machine-to-Machine — M2M), B KoTopoii yc-
ayru M2M moryT ObITH OBICTPO ¥ TMOKO aJanTUpo-
BaHBI JJIA KOHKPETHBIX TpeGOBAHUI IPUIOIKEHU.
HereHTpaan30BaHHBIA XapaKTep IIPeI0CTABICHUA
YCJIYT UCKJIIOUYAEeT eIUHYI0 TOUKY OTKAa3a U IOBLIIIIAa-
eT 53(p(PeKTUBHOCTH IyTEM pacrupenesieHuA PecypcoB
MEeXKIYy YYACTHUKAMU, UTO OBLIO yiKe YIIOMSHYTO
B IPYTUX UCCJIETOBAHUAX.

B pab6ore [33] Takikxe paccMaTpmBaeTCA UCIOJIb-
30BaHIe TeXHOJIOTUU OJIOKUEH B KauecTBe UHCTPY-
MeHTa o0ecHeueHusa JOBEPUTEJIHLHOTO YITPaBJIEHUA.
ABTOpBI TIpeaIaralT MTPUMEHUTHh Teopuio Hedop-
MaJIbHOT'O YIIPABJIEHUA KaK K TEXHUYECKOMY IIPO-
€KTHUPOBAHUIO, TAK WM K pas3pabOTKe pALa CHUCTEM
DLT, BrJHOUYaA KPUIITOBAJIOTHI M KOPIIOPATHUBHBIE
MIPUJIOYKEHU S, YTO IPUBEAET K IPUMEHEHUIO TaKKe
u B Kubepdpusuueckux cuctemax (Cyber-Physical
Systems — CPS). 13-3a ncmoib30BaHUSA aBTOHOMHO
nmetictBytomux CPS BO3HMKAIOT HOBBIE TPOOJIEMBI,
CBS3aHHBIE, C OJHOM CTOPOHBI, C HEOOXOIUMOCTHIO
TubKOCTH, (PYHKIIMOHAJHLHON COBMECTUMOCTH, CO-
TJIaCOBAHHOCTH, C APYTOi — ¢ TpeboBaHMeM obeciie-

OBPABOTKA NHDOPMAUN N YINPABAEHWNE
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YeHUA HAJeKHOCTH CHCTEM IIPU B3aWMOAEHCTBUU
MeK Iy coOOoi.

B uccrnenoBanmnu [34] mpeniaraerca TeXxHUYECKA
KOHITENIITNA IJIA BHEJPEHUA CUCTEM ITPOU3BOACTBA Ha
ocuopaunu DLT u meroge GAIA. Merox GAIA — sT0
MeTOoJ pa3paboTKM Ha OCHOBE ar€HTOB, TECHO CBSA3aH-
HBIN ¢ 00 beKTHO-OPUEHTUPOBAHHBIMY METONAMU Pas-
paborku. GAIA GepeT cBoe HAUaJIo B IIPeACTABICHU
mHoroarenTHoi cuctembl (Multi-Agent System —
MAS) Kax BBIYUCIUTEIHHON CHUCTEMBI, COCTOSAIIEH
U3 y3JI0B ¢ pasjuuyHbIMU posdavu. OH HalejleH Ha
paspaborky MAS u poxkycupyercsa Ha 6e30I1aCHOCTHI
u HagesxHocTHu cpen CPS. B xauectBe BapuanTa DLT
aBTOpaMU PEKOMEHIYyeTCA CTPYKTypa OJioKueiiHa
C MEeXaHU3MOM COIVIACOBAHMA, 0a3MPOBAHHBLIM Ha 3a-
Jlaue BUBAHTUNCKUX T'€HEPAJIOB.

3aKJI0ueHne

IIpoBegenubiii 0030p MyOJMKAIINII, ITOCBSIIEH-
HBIX COBPEMEHHBIM TEeXHOJIOTUAM PaCIIPee/IEHHOTO
peecTpa M PasIUYHBIM OO0JIACTSIM €ro MCIIOJIb30Ba-
HUS, TTO3BOJINUJI MTPEACTABUTH aHAJIUTUUECKUHN 0600-
IIAIOIIUH Pe3yJIbTAT B BUE CBOAHOM TaOJIUIIEI.

B OcHOBHBIE IIPO0JIEMBI U ITOTEHIIUAJBHEIE IIYTH UX PEIleHNIs
B Main DLT integration challenges and potential solutions

Orpacab Onucanue TpobJIeMaTuKM ITpunosxkenusa IToreHumanbHBIE IYTHU PEIIEHUA
Bsaumogeiicteue IoT u DLT TtpeGyeTr
ofecIieueHN s BEICOKOIO YPOBHSA 3aIIAITeH- DAG, IOTA, OcoGeHHbIE aJITOPUTMBI M TIPOTOKO-
HOCTHU MH(pOpMaIn Tangle, MCMC JIBL
IOTA, 6iioKueliH, | AHaJn3 HeraTUBHBIX IIOCIEACTBUN U
I/IHTepHeT HeO6XO,E[I/IMOCTB YIIpaBJIATHb 0€e30IIaCHOCTHLIO CMapT-KOHTPaKTHI | MCIIpaBJIeHUe CIleHapHeB
BeIren crenapues pa3putus Al B kouTexcre IoT
OTCcyTCTBUE UHCTPYMEHTOB JOBEPUTEIbHO- GAIA, UML,
. . TexHMYECKasa KOHIENIIUA HA OCHOBE
r0 YIIPaBJIEHUSA IIPU B3aUMOIEHCTBUN OJIOKYEHH ¢ Mexa- DLT
Pa3HOPOAHBIX CUCTEM ausmom PBFT
OTrcyTcTBUE IUHOM CUCTEMBI AJIA XpaHe-
HUS JAHHBIX MEXKIY PA3HBIMU MeIUITIH-
CKUMU yUPex IeHIaMI DAG, IOTA, Pacnpenenennas cucrema ooMeHa
Tangle, MAM, IaHHBIMU O 3JI0POBbE MAI[UEHTOB
3apaBooxpa- | Heo6xoxumocTh 00ecrieunBaTh BHICOK U ZIIepeBo Xellen CucreMa ¢ 3aIUCAMY O IPEAJIOKEHU-
HeHUe YPOBeHb KOHDUAEHITMAIbHOCTU NHPOPMa- Mepxkaa, Solidity, | sx, 06 yuacTHUKAaX, KOTOPBIE
U Ethereum, IIPeIOCTABUJIY CBOU JaHHbIE NN
CMapT-KOHTPAKTHI | OTKJIOHUJIU IIPEJJIOKEeHNe
HeBo3M0oXHOCTE OTCJIE}KUBATH ABUKEHUE
epPCOHAJNbHON NH(MOPMAIIUY TAI[TUeHTOM
OTcyTCTBUE eIUHOM CUCTeMbI KOMITETEH-
nuit, nHGOPMAIINY O MeCTaX 00yUeHUs U TereHTpaIM30BaHHAS CACTEMA
00pa3oBaTeJTbHBIX BOBMOKHOCTAX COMCKA- o Kpe/IUTOBAHNSA BHICIIIEro o6pasoBa-
. Solidity,
TeJient HUS
Oo6pasoBaHue Ethereum,
. . Cucrema aTTecTanuu
OrcyTcTBUE €UHOM CUCTEMBI aTTeCTAI[ U OJIOKUYenH
Peectp mpodeccroHaIbHBIX KOMIIE-
OTrcyTcTBIE BO3SMOKHOCTH CIIOHCHPOBAHUA TEeHIINU HaCeJIeHN T
CTYIE€HTOB
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Orpacab Onucanue IpobJIeMaTuKN ITpunosxkenusa IToreHmanbHBIE IYTH PEIIEHUA
OTcyTCcTBUE CTIOCOOHOCTH OTCJIEKUBATH
MOCTaBKHU MPOAYKTOB IIUTAHUSA, UX IIPOUC-
XOJKIeHUE U TIepeMeIlleHre IIpOTOKOJIBL
Ilenouxkn €IUHOLYIIIHOTO Cucrema JJid OTCIAEKUBAHUS 1
mocrapox | OTCYTCTBUE HH(ODPMATIUU O 3BEHE Iernu ¥ BRC | OUOBHABAHUA TMIHOCTH
IIOCTaBOK, HEBO3MOXKHOCTH OITPEIeIUTh coryuacusd,
OTBETCTBEHHOT'O 38 HEKOPPEKTHBIN UJIN
JIOKHBIN BBOJ JAHHBIX
JIunensupo- | OTCyTCTBHME BO3MOMKHOCTH JIUIIEH3UPOBA- Buokueitn, RMI, | Ilpuyo:xkeHue nad JUIEH3UPOBAHUA
BaHUeE HUA TUQPOBBIX AaKTUBOB DRM u nHTepdeiic UMPOBOH 3aITUTHL
CJI0KHOCTH OTCJIE}KMBAHUSA HAPYIIIEHUA
Dumane IpaB COOGCTBEHHOCTH Bce metonwr DLT, | Tpauchopmanmsa nHQPACTPYKTYPBI
WHAHCBHI
ArperupoBaHHOCTb U HEIIPO3PAYHOCTH TOKeHu3annd (PUHAHCOBBIX YCIYT
PBIHKA IIeHHBIX OyMar
Heob6xogumocTh yX0/ja OT MCIOJIb30BaHUA
«cbpoca» 2JIeKTPOSHEPT Y IIPU IleperpysKe P2P, npoToKoNEl | PacnpeseseHHAs CHCTEMA DIIEKTPO-
ceTn €IUHOAYIITHOTO 9HEepruu
corjacus PaspaboTka nuHGpPaCTPYKTYPbL
OrcyTcTBUE TMOKOT0 MHCTPYMEHTA Peryiu- p dpacTpykTyp
JHepreTuKa TPaH3aKI[MOHHOTO YIIPAaBIEHUA
POBaHUA HAT'PY30K HA BJIEKTPOCETIX .
Crapr- PaspaboTka MHTETpUPOBAHHOI
CJ103XHOCTEL 00€eCIIeUeH A COBMECTUMOCTH GI/ISHBC‘HJIaTq)OpMI)I pacipezneeH-
. KOHTPAKTBHI,
MKy PA3HOPOIHBIMI YCTPOMCTBAMHU U HBIX DHEPTeTHUYeCKUX PEeCYPCOB
HEILA, WoT p pecyp
cucreMaMu
Pacnpene- T'nobanbHasa npobyeMa MacIITabupyeMOCTH Bee meroer DLT Cospanue IPUJIOKEHNH, Tie 00MeH
JIEHHBIEe CHCTEMBI ¢ OOJIBIIINM YKUCJIOM Y3JI0OB U DAG. vDLT ’ | ZaHHBIMU OCHOBBIBAETCS HA IIPUH-
NPUJIOYKEHUA | BBICOKOII HAarpy3KOii HA CeTu ’ IUIIaX paclpeneIeHHOTO peecTpa
PasHbe Heob6xogumocTs mog60pa KOPPEKTHOTO CpaBuenue xapaxrepuctuxk DLT
orpac nusaiiaa DLT corsiiacHo TpebyeMomy R3 Corda OyTeM X BBIJAEJIEHUA U COCTaBJIe-
(OYHKIITUOHAITY HUA TPy

Kpome Toro, A BBIABJIEHHBIX OCHOBHBIX ITPO-
0JieM B KasKIOM OTPACJU IIPEIJIOKEeHbl BO3MOKHBIE
CTIOCOOBI UX PEIIeHU s, UTO IIOMOKET B JaJIbHeHIIeM
COCPEIOTOYNTHLCA HA UX YCTPAHEHUN.

PduHaHCOBaSd MOIAEPIKKA

HccnenoBanue BBITIOJHEHO 3a cueT rpaHTa Poc-

cuiicKoro HayuHoro (ouaa (mpoext Ne 19-41-06301).

Jlureparypa

1. Lee J., Oh S., Jang J. W. A. Work in progress: Con-
text based encryption scheme for Internet of Things.
Procedia Computer Science, 2015, vol. 56, pp. 271—
275. doi:10.1016/j.procs.2015.07.208

2. Makitalo N., et al. Safe, secure executions at the net-
work Edge: coordinating Cloud, Edge, and Fog Com-
puting. IEEE Software, 2017, vol. 35, no. 1, pp. 30—
37.d0i:10.1109/MS.2017.4541037

3. LambertiR., et al. An open multimodal mobility plat-
form based on Distributed Ledger Technology. Inter-
net of Things, Smart Spaces, and Next Generation
Networks and Systems: 18th International Conference
NEW2AN 2018, and 11th Conference, RuSMART
2018, Saint-Petersburg, Russia, August 26—-28, 2019,

Springer, 2019, pp. 41-52. doi:10.1007/978-3-030-
30859-9 4

. Azaria A, et al. Medrec: Using blockchain for medi-
cal data access and permission management. Proceed-
ings of 2nd International Conference on Open and Big
Data (OBD), IEEE, 2016, pp. 25-30. do0i:10.1109/
OBD.2016.11
Zheng X., et al. Accelerating Health data sharing: A
solution based on the Internet of Things and Distrib-
uted Ledger Technologies. Journal of Medical Inter-
net Research, 2019, vol. 21, no. 6, p. 13583. doi:10.
2196/13583

. Dubovitskaya A., et al. Secure and trustable electro-
nic medical records sharing using blockchain. AMIA
Annual Symposium Proceedings, 2017, vol. 2017,
p. 650.

16 7 VHOOPMALVIOHHO-YMPABASIOLLVIE CUCTEMBI

7/ N2, 2020



\ OBPAEOTKA IHDOPMAUWN N YNIPABAEHVE N\

7. Cunningham J., Ainsworth J. Enabling patient con-
trol of personal electronic health records through
Distributed Ledger Technology. Stud. Health. Tech-
nol. Inform., 2018, vol. 245, pp. 45-48. do0i:10.3233/
978-1-61499-830-3-45

8. Novikov S., et al. Digital registry of professional
competences of the population drawing on distribut-
ed registries and smart contracts technologies. Infor-
mation Systems and Technologies in Business, 2019,
no. 4 (46), pp. 43-53. do0i:10.17323/1998-0663.2018.
4.43.53

9. Turkanovi¢ M., et al. EAuCTX: A blockchain-based
higher education credit platform. IEEE Access, 2018,
vol. 6, pp. 5112-5127. doi:10.1109/ACCESS.2018.
2789929

10. Rashid M. A., et al. TEduChain: A platform for
crowdsourcing tertiary education fund using block-
chain technology. arXiv preprint arXiv:1901.06327,
2019.

11. Pearson S., et al. Are distributed ledger technologies
the panacea for food traceability? Global Food Securi-
ty, 2019, vol. 20, pp. 145-149. doi:10.1016/j.gfs.2019.
02.002

12.Xu B., Agbele T., Jiang R. Biometric blockchain:
A better solution for the security and trust of food
logistics. IOP Conference Series: Materials Science
and Engineering, 2019, vol. 646, no. 1, p. 012009.
doi:10.1088/1757-899x,/646/1/012009

13. Schoenhals A., et al. Overview of licensing platforms
based on distributed ledger technology. Proceedings
of the 52nd Hawaii International Conference on Sys-
tem Sciences, 2019, pp. 4675-4684. doi:10.24251/
hicss.2019.564

14. Bod6 B., Gervais D., Quintais J. P. Blockchain and
smart contracts: the missing link in copyright licens-
ing? International Journal of Law and Information
Technology, 2018, vol. 26, no. 4, pp. 311-336. doi:10.
1093/ijlit/eay014

15. Suayb S., et al. Advancements in distributed ledger
technology for Internet of Things. IoT Journal: Else-
vier, 2019, vol. 9, pp. 1-3. doi:10.1016/j.i0t.2019.
100114

16. Danzi P., et al. Communication aspects of the integra-
tion of wireless IoT devices with distributed ledger
technology. IEEE Network, 2020, vol. 32, no. 1,
pp. 47-53. d0i:10.1109/MNET.001.1900180

17. Cullen A., et al. Distributed ledger technology for
IoT: Parasite chain attacks. arXiv preprint arX-
iv:1904.00996, 2019.

18. Carlson K. W. Safe Artificial General Intelligence via
Distributed Ledger Technology. Big Data and Cogni-
tive Computing, 2019, vol. 3, no. 40, pp. 1-24.
d0i:10.3390/bdcc3030040

19. Mazur M. Brawl at the gates: How distributed ledger
technology is transforming the financial services
sector. SSRN 3400649, 2019. https://ssrn.com/ab-
stract=3400649 or http://dx.doi.org/10.2139/ssrn.
3400649 (marta ooparienus: 19.01.2020).

20.Donald D. C., Miraz M. H. Multilateral transparency
for securities markets through DLT. The Chinese Uni-
versity of Hong Kong Faculty of Law Research Paper,
2019, no. 5. https://ssrn.com/abstract=3352293 (gara
o6pammenusa: 19.01.2020).

21. Siano P., et al. A survey and evaluation of the poten-
tials of Distributed Ledger Technology for Peer-to-
Peer transactive energy exchanges in local energy
markets. IEEE Systems Journal, 2019, vol. 25, no. 1,
pp. 97-153. doi:10.1109/JSYST.2019.2903172

22. Cali U., Cakir O. Energy policy instruments for Distrib-
uted Ledger Technology empowered Peer-to-Peer local
energy markets. IEEE Access, 2019, vol. 7, pp. 82888—
82900. doi:10.1109/ACCESS.2019.2923906

23.Mashlakov A., et al. Uniform Web of Things based
access to distributed energy resources via metadata
registry, Proceedings of 25th International Confer-
ence on Electricity Distribution (CIRED), 2019,
pp. 1-5.

24.Braubach L., Jander K., Pokahr A. A novel distribut-
ed registry approach for efficient and resilient service
discovery in megascale distributed systems. Computer
Science & Information Systems, 2018, vol. 15, no. 3,
pp. 751-774. doi:10.2298/CSIS180131030B

25.Kannengieller N., et al. Bridges between islands:
Cross-chain technology for Distributed Ledger Tech-
nology. Proceedings of 53rd Hawaii International
Conference on System Sciences, 2020, pp. 5298—-5307.
d0i:10.24251/HICSS.2020.652

26.Kannengieller N., et al. Mind the gap: Trade-offs be-
tween Distributed Ledger Technology characteris-
tics. arXiv preprint arXiv:1906.00861, 2019.

27. Tran A. B, et al. Regerator: a registry generator for
blockchain. CAiSE-Forum-DC, 2017, pp. 81-88.

28.Yu F. R., et al. Virtualization for Distributed Ledger
Technology (vDLT). IEEE Access, 2018, vol. 6,
pp. 25019-25028. doi:10.1109/ACCESS.2018.2829141

29.Moon J., Kim D. Design of a personal-led health data
management framework based on distributed ledger.
The Journal of Society for e-Business Studies, 2019,
vol. 24, no. 3, pp. 73—86. doi:10.2196/13665

30.Grf3be F., et al. Do not be fooled: Toward a holistic
comparison of Distributed Ledger Technology de-
signs. Proceedings of 53rd Hawaii International Con-
ference on System Sciences, 2020, pp. 6297-6306.
doi:10.24251/HICSS.2020.770

31. Kannengieller N., et al. What does not fit can be made
to fit! Trade-offs in Distributed Ledger Technology
designs. Proceedings of 53rd Hawaii International
Conference on System Sciences, 2019, pp. 7069-7078.
doi:10.24251/HICSS.2019.848

32.Shala B., et al. Distributed Ledger Technology for
trust management optimisation in M2M. Mobile Com-
munication-Technologies and Applications, IEEE,
2019, pp. 93-98.

33.Howell B. E., Potgieter P. H., Sadowski B. M. Govern-
ance of blockchain and distributed ledger technology
projects. SSRN 3365519, 2019. http://dx.doi.org/

Ne2,2020 N\

VIHDOPMALIVIOHHO-YMPABASIIOLLVIE CUCTEMBI N\ 17



7/ OBPABOTKA NH®OPMALIV V1 YIIPABAEHVE /

10.2139/ssrn.3365519 (mara obparterusd: 19.01.2020). crease the trustworthiness within multi-agent sys-
do0i:10.2139/ssrn.3365519 tems with distributed ledger technology. Proc. of the
34.Lebioda A., Lachenmaier J., Burkhardt D. Control of 23rd Pacific Asia Conference on Information Systems
cyber-physical production systems: A concept to in- (PACIS), 2019, pp. 56—62.
UDC 004.75

d0i:10.31799/1684-8853-2020-2-10-19
Survey of distributed ledger technology integration challenges

M. V. Gorbunova?, Master Student, orcid.org/0000-0003-2186-1064, mvgorbunova@edu.hse.ru
A.Y. OmetovP, Postdoctoral Research Fellow, orcid.org/0000-0003-3412-1639, aleksandr.ometov@tuni.fi
M. M. Komarov?, PhD, Tech., Professor, orcid.org/0000-0001-7075-0016, mkomarov@hse.ru
S. V. Bezzateev®, Dr. Sc., Tech., Professor, orcid.org/0000-0002-0924-6221, bsv@aanet.ru
aNational Research University «Higher School of Economics», 20, Myasnitskaya St., 101000, Moscow, Russian
Federation
bTampere University, Korkeakoulunkatu 10, Tampere, 33720, Finland
¢Saint-Petersburg State University of Aerospace Instrumentation, 67, B. Morskaia St., 190000, Saint-Petersburg,
Russian Federation

Introduction: Distributed ledger technology (DLT) is one of the most significant fields covering various aspects of modern ICT
systems. Centralized systems of today can no longer guarantee the required level of availability and reliability, while broadly available
distributed ones are still in the infancy. Purpose: Analysis of the applicability of DLT to various industries such as economics, energy,
finance, logistics, and the Internet of Things. Results: The article outlines the main challenges of the DLT technology integration, such
as the lack of a unified system for data storage, the need to ensure an appropriate level of data confidentiality, integration into the
existing competency systems, the issues of a distributed system interaction with resource-constrained IoT devices, the lack of proper
management tools for distributed systems, and network scalability. The main contribution of this paper is a systematic overview of the

integration challenges followed by potential solutions and future perspectives.
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AnNropuTM BblYMUCIIeHUA 3HAYE€HNUN BECOB CUHANCOB
nepBoro csosi HeMPOHHOU CeTU Ha OCHOBE MeTPUYECKUX
MeTo0B pacno3HaBaHusa. HYactb 1

. LL. FesigapoB?, kaHf. TeXH. HayK, foueHT, orcid.org/0000-0002-3881-0629, plbaku2010@gmail.com
AUNHCTUTYT cucTeM ynpaBneHns HaumoHanbHoM akageMumn Hayk AsepbargxaHa, baxtusp Barabsage yn., 9,
baky, Az 1141, AsepbaiigxaH

BBepgeHue: MeTpuyeckue MeToAbl Pacro3HaBaHus Mo3BOJISIKOT NPeABapUTEIbHO U CTPOro ONpeaensiTb CTPYKTYPbl HEVPOH-
HbIX CeTen MPSMOro pacrnpocTpaHeHUs, a UMEHHO KOJIMYECTBO HEMPOHOB, C/I0EB U CBSI3el Ha OCHOBE HayaslbHbIX napamMeTpoB
3afjaum pacrno3HaBaHusi. OHU TakXe [arT BO3ZMOXHOCTb Ha OCHOBE METPUYECKMX BblPaXeHWU 6/IN30CTN aHaNMTUYECKM BbIYUC-
JISITb BECA CUHAMNCOB HEMPOHOB ceTu. lNpoLenypa HaCTPOKM /151 AaHHbIX CETEN BKIOYAET B cebsi Noce[0BaTe/IbHOE aHaIMTH-
4eckoe BblYMCIIEHNE 3HAYEHUS KaxX[Ooro Beca cuHarca B TabniuLe BECOB AJ151 HEMPOHOB HY/IEBOIO UM NEPBOro CJI0S, YTO M03BO-
JISIET yXe Ha Ha4YanbHOM aTarne 6e3 MPUMEHEHNS airopuTMOB 00yYeHUS MOTYYNTb PABOTOCMOCOOHYH HEMPOHHYH CEThb MPSIMOro
pacrnpocTpaHeHus. 3aTeM HeNMPOHHbIE CETU MPSAMOro PacnpoCcTPaHeEHNs MOryT 4006YYaTbCA M3BECTHLIMU anropuTMamm obyye-
HWS, 4TO B LJ€JIOM YCKOPSIET MpoLeaypbl ux co3naHus n obydeHus. Lienb: onpefennTtb, CKOMbKO BPEMEHN TpeByeT npoLecc Bbl-
YUCNEHNS] 3HAYEHUI BECOB U, COOTBETCTBEHHO, HACKOJIbKO SABASIETCA onpaBAaHHbIM MpefBapUTeslbHOE BblYUCTIEHNE 3HAYEHWUI
BECOB HEMPOHHOM CETU NPSIMOro pacrnpocTpaHeHus. Pe3ynbTaTbl: NPeL/I0XEH U peain3oBaH aaroputM aBToMaTM3npoBaHHOMO
BbIYMCIIEHUS BCEX 3HAYEHUI TabnL BECOB CUHAINCOB AJ151 HYJIEBOrO 1 MepPBOro C/10sl MPUMEHNTENIbHO K 3afaye pacro3HaBaHus
YepHO-6€es1biX 0HOTOHHbIX 306paXxeHni cumBosioB. OnucaHne npensaraeMoro aaropuTMa fnpuBeAEHo B NPOrpaMMHoON cpege
Builder C++. PaccMoTpeHa BO3MOXHOCTb ONTUMMU3UPOBATL MPOLJECC BbIYUCIIEHUST BECOB CMHAINCOB B LIENISAX YCKOPEHUST BCEro
anropuTMa. BbinosHeHa oleHKa 3aTpaynBaeMoro BpeMEHU Ha BbIYUCIIEHWNE 3TUX BECOB AJ151 Pa3HbIX KOHGUrypaLmii HEMPOHHbIX
ceTeli Ha OCHOBE METPUYECKMX METOLO0B pacrno3HaBaHus. [puBeeHbl npuMepbl co3naHusa Tabnaul BECOB CUMHAINCOB COrlacHoO
pPaccMOTPEHHOMY afiropuTMy. Pe3ynbTaTkl BblYUCAEHUS TaBAUL, MOKa3bIBAOT, YTO Ha NPOLEAYPY aHaIMTUYECKOro BbIYUCTEHUS
BECOB HEMPOHHOM CETU MOTPAYEHbl CYNTAHHbIE CEKYHAbI, MUHYTbI, YTO HUKAK He CPaBHUMO CO BPEMEHEM, HEOOXOAUMbIM LIS
00yy4eHunsi HelpoHHoW ceTu. lpaKkTuYeckass 3HaYUMOCTb. aHa/IMTUYECKOE BblYUCHEHNE 3HAYEHUI BECOB HEMPOHHOM CETH ro-
3BOJIAET CYLECTBEHHO YCKOPUTL NpoLeaypy co3faHnsi n oby4yeHus HEMPOHHOU CEeTU MPAMOro pacrnpocTpaHeHus. Ha ocHose
MpesnsIoXeHHOro anropuTMa MoXeT ObITb TakXXe peann3oBaH M anropuTM BbIYMCIIEHUS TPEXMEPHbIX TabnuL BecoB asisi 6onee
CJIOXHbIX, YePHO-6€/bIX Y LIBETHbIX MOMYTOHHbIX, U306paXeHui.

KntoueBbie cnoBa — HelipOHHbIE CETH, BECOBbIE U MOPOroBble 3HAYEHMUS], HEHPOKOMIbIOTED, anropuTMbl 0ByYeHUs, Npo-
rpamMMupoBaHne HERPOHHbLIX CETEM.

s mutupoBanus: leiigapos I1. III. AiropuT™ BEIUNCIEHNA 3HAUEHU I BECOB CUHAIICOB IIEPBOTO CJIOSA HEHIPOHHOM CeTH Ha OCHOBE METPH-
YeCKHUX MeTOZOB pacrosHaBanusd. Y. 1. Hugopmayuonno-ynpasnsiowue cucmemsvt, 2020, Ne 2, c. 20—30. doi:10.31799/1684-8853-2020-
2-20-30

For citation: Geidarov P. Sh. Algorithm for calculating synapse weights of the first layer of a neural network on the base of metric
recognition methods. Part 1. Informatsionno-upravliaiushchie sistemy [Information and Control Systems], 2020, no. 2, pp. 20—-30 (In
Russian). doi:10.31799/1684-8853-2020-2-20-30

BBenenue

UckyccrBennble Hedpouubie cetu (HC) mrupo-
KO WCIIOJB3YIOTCSA B Pal3JMUYHBIX 3amauax [1-24].
W3BecTHO, UTO peanm3anusa KJIaCCUIEeCKUX apXUTEK-
Typ HC [25] ABAsieTcA HEIPO3paUyHO, TPYIOEMKOIL,
a 3auacTyIo U HellpeACcKasyeMoil Ha IpaKTuKe pado-
toii. IIpomnenypsl obyuenusa HC tpebyroT Hammumsa
3HAUNTEJIbHBIX IO 00'beMYy 00yUaIOIIUX BHIOOPOK IIO
perraeMotii 3azjaue. 13-3a BO3BMOYKHBIX IIPOOJIEM, BO3-
HUKAOIINX B IIpolecce 00yyeHnsd, TAKUX KaK Ioma-
IaHVe B JIOKAJbHBIA MUHUMYM, IIapaJIid CEeTH, MO-
JKeT IToTpeboBaThCcA IOBTOPHOE 00yUeHNeE C IPYTUMU
HACTPOWKaMU aJITOPUTMOB O0yUEHUS W C APYTHUMU
mapaMeTpaMu CTPYKTYPHI ceTu. BBIOOD CTPYKTYPHI
kaaccuueckux HC Taxske peanmsyercs B OOJIbIIIE
CTeIleHU Ha OCHOBE HETOUHBIX PEKOMeHjanuii, chop-
MUPOBAHHBIX Ha SMIUPUYECKUX TaHHBIX. [loaTOMy

cos3manme HOBBIX apxuTekTyp HC, mosBoJsiomimx
OBICTPO U MOHATHO cTpouTh HC mys pereHus pas-
JIMYHBIX 3a]1a4, OCTAETCSI aKTyaJbHOM IIeJIbI0.

B pabGorax [26, 27] paccMOTpeHBI apXUTEKTYPhI
HC, peanusyemble MeTpMUYeCKMMHU MeTOZAMHU pac-
nosnaBanua [28]. IlokasaHo, uTO, B OTJIMUHE OT
KJIaCCUUYEeCKUX MOAXO0MI0B, AJsd paccMaTpuBaeMbix HC
KOJIMYECTBO HEHPOHOB, CBS3€H U CJI0EB OIIPeIesIaeT-
CsA CTPOTMMU BBIPAKEHUAMU U 3HAUEHUAMU HUCXOMIS
U3 HavaJbHBIX YCJOBUU 3aJauM, TAKUX KaK KOJU-
YEeCTBO UCIIOJIb3YEMBIX 3TAJOHOB 1 PACIIO3HABAEMBIX
o0pa30oB. BecoBrle 3HAUEHUS CBA3EH IJIsI 3TUX CEeTeil
BBIUUCIAIOTCA AHAJIUTUYECKH HA OCHOBE WCIIOJb-
3yeMBbIX BBIPAKEHUU, OIpeNesaioniux Mepy OJiu-
30CcTU O00BEKTOB K 00pasdy. Takoil momgxon mo3BOJIA-
eT nosyuuTh paboraromryio HC 6e3 mcrosb30BaHUA
KJIACCUUYECKUX aJITOPUTMOB oOyueHmus u 0e3 HaAJIU-
s 00ydaroIninX BBIOOPOK, UTO JaeT BO3MOKHOCTH
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ycKopuTh mpouenypy cospanusa HC mo cpaBHEHUIO
€ KJIaCCUUYECKVMU PEIIeHUIMHU, AJIA KOTOPBIX 3HAUe-
HUA BECOB CMHAIICOB HACTPAMBAIOTCS AJIUTEJTbHBIMU
ajsropurMamMu ooydenus. [Ipu aTom 1A mpejJarae-
MBIX CETel MOT'YyT JOIOJHUTEIbHO ObITH IPUMEHEHBI
KJiaccuueckue aJroputmbl ooyuenusa HC B mesax mo-
o0yuernus [27]. Takum ob6pasom, IpeiaraeMble CeTH
00 BbeIMHAIOT IPENMYIIIECTBA METPUUECKUX METOIOB
pacmiosHaBanuA u Kjaaccuueckux HC.

HanomHUM, 4TO B KauecTBe MeTPUUECKOI Mepbl
0JIM30CTU MOTYT UCIIOJIB30BATHCA Pa3JIUYHBIE (DOP-
MYJBI, CPeou KOTOPBIX U TaKue, KaK Pa3HOCTh KBa-
IPaTOB eBKJUJOBBIX PACCTOAHUIA:

=df -dj :((Cl—cp)2+(r1_rp)2j_
_((02 ~ep) +(n _rp)zj’

rae (cq, ry) u (Cy, 'y) ABIAIOTCA KOOPAUHATAMY TOYEK
(unu s4eeK TaOJIUITBI BECOB) N0 OJIMKANINEN TOUKU
(unn sueliku) n300pakeHnA dTaJIOHA C KOOPAMHATA-
MU (cp, rp), KaK IMOKasaHo Ha puc. 1. MoryT Tak:ke uc-
TIOJIb30BAThCA U APYyTUe, 60Jiee TPOCTHIE UJIN CJIOMK-
Hble, BBIDAKEHUs, HAIIPUMeED, BhIPasKeHue, OlIpese-
JIATOIee CPefHEKBAIPATUYHYIO PABHOCTH 3HAUCHU,
BBITIOJIHAEMYIO TOJBKO 10 OCH Y

1
o)

(0

(&)

w%,,r: (ry—r)?

_ 2
D (ry rp).

Bripaxenue (2) MOKeT MCIIOJIb30BATHCS, HAIPU-
Mep, IJIA 3aJaul Paclio3HaBaHUS KPUBBIX.

Emie omvu mpumep XapaKTEPUCTHUKU OJIM30CTU
IIPEeCTaBJIAET BHIPAKEHE

M M
(2) _ -
Wer =T a7 37~
1+di 1+d;
M

= +

1+((c1 —cp)2 +(r1 —rp)zj
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1+((c2 —cp)2 +(r2 —rp)zj,

rne M — BrIOpaHHAs MOCTOAHHAA BeudyuHa. [lomy-
YyeHHBIEe IPU IToMoIu Beipaskenuii (1)—(3) Tabauib
BECOB CHHAIICOB CBOMCTBEHHBI AJA apxuTekTyp HC
6e3 HysaeBoro cjos (puc. 2). B aTom cayuae moHamo-
o6urca N(N — 1) rakux Tabaut [26], onpenesiseMbIx
OTIEJBHO IJIA Ka’KIOr0 HelipoHA IEePBOTO CJI0dA, TIe
N — KOJINYeCTBO UCIOJIb3yeMbIX 3TaJIOHOB.

Heiliponnas ceThb ¢ J100aBI€eHHBIM HYJIEBBIM CJIO-
€M, B KOTOPOM KOJIMUYECTBO BBIUMCJIAEMBIX TaOJIUI]
BECOB CHHAIICOB YMEHBIIIAETCA [0 KOJUUYECTBA WC-
OJIb3YEMBIX 3TAJIOHOB N, IIpefcTaBjieHa Ha puc. 3.
B sToM ciyuae B KauecTBe BBIPAKEHUI BBIUUCJIE-
HUA 3HAUEHUS BECOB CHMHAIICOB HCIOJB3YIOTCA Te,
KOTOpBIE COCTABJAIOT OAHO W3 cJaraeMbIX 3Haue-
HU# B BeIpamkeHnuax (1)—(3), aanpumep, aiasa (1) ato
oymeT

3

+

) _

we,r =df =((cg —c,)? + (ry — 1)) @)

s HC Ha ocHOBe METPHUUYECKUX METOOB PACIIO3-
HaBaHUSA IPOILEAYyPa BBIYNCICHUS 3HAUEHUI BECOB
CUHATIICOB HYJIEBOTO WJIX IIEPBOTO CJIOSA BHITIOJIHAET-
Cs IIOCJIeSOBATEIBHO I KaKI0N AYeKy Ta0IuIlbl
BECOB, UTO TpedyeT ompeaeeHHOro BpemeHu. IIpu
sToM npu co3mauuu HC Ha ocHOBE METPUYECKUX Me-
TOJOB PACIIO3HABAHUSA HAUOOJIbIIIee BpeMs 3aHMMa-
IOT BBIUYMCJIECHUS 3HAUEHUIT TAOJIUIl BECOB CUHATICOB
HYJIEBOT'O MJIU IIEPBOT'O CJIOS HeHpOHOB. U mOHATHO,
UTO OCTAETCA OTKPBITBIM Bompoc: «CKOJIBKO Bpeme-
HU 3aHUMAeT IIPOIeCC BEIUNCIEHA 3HaUeH T BeCOB,
¥, COOTBETCTBEHHO, HACKOJIBKO SIBJISETCS OIPaBIAH-
HBIM IIpeJBapUTeIbHOE BBLIUMCICHUE 3HAUEHUI Be-
coB HC?», — Ha KOTOpBI# aBTOp uIeT oTBeT. Ilpu
5TOM, €CJUW B HpeAblAymux paborax [26, 27] mpu-
BOASATCSA aHAJNTUYECKUE BLIPAKEHUS BHIUMCICHUS
3HAUEHUI BECOB HYJIEBOT'O U IIE€PBOTO CJIOS, TO B JaH-
HOIT paboTe cTaBUTCA IeJb pasdpaboTaTh W OMKCATD

a) 0) r We r 8) r—-——"=~"="==-=-=-=--= |
6 | = X4 6046 : Heiipon |
5 (17100 o | A Yo| T xuswas i :
41300 1 fog/1 | .. y Sn S|
(e1,r9) > 3 [-2|00 11 — xw., —T7 !
2| -1|-Y 00| 2| _— I
(cpsrp)
di % (e,r,) o A4 Foaver 7 |
L dy o| #1112 %0,0%00,0 : !
| g > _— ’ | |
(ca:7) 0 1 2 3 4 ¢ - - - -

B Puc. 1. Paccroaausa d, u dy IJd TOUKA (cp, rp) (a); Tabauiia BECOB IJIsI STAJOHOB «2» U «7» (0); HEHPOH C IOPOTOBO

GyHKIIUEH akTuBanuu (8)

B Fig. 1. Distances d; u d, for point (cp, rp) (a); table of weights for standards “2” and “7” (6); neuron with threshold

activation function (8)
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B Puc. 2. O6mas cxema HC Ha 0cCHOBe MeTPUUYECKOTO METOIa PACIIO3HABAHUA 6€3 HYJIEBOTO CJIOA
B Fig.2. A general diagram of a neural network based on the metric recognition method without a zero layer
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B Puc. 3. O6mas cxema HC Ha OCHOBE METPHUUECKOI'0 METO/Ia PACIIO3HABAHUS C HYJIEBBIM CJIOEM
B Fig.3. A general diagram of a neural network based on the metric recognition method with a zero layer
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TOJIHBITT aBTOMATU3UPOBAHHBIHA aJITOPUTM BEIUMCTIE-
HUSA 3HAUYEHUH BCeX BECOB HYJIEBOT'O U IIEPBOTO CJIOS,
a TaKJ/Ke OIeHUTh BPeMsA BBIUMCJIEHUA TaOJIUIl BECOB
s pasubiX Kouurypamnuin HC.

Aaroputm u mporpaMMa BBIYUCICHUA
Ta0JIUIL BECOB

Borunciienrie TaGJUIBI BECOB CHHAIICOB Peasu-
30BAHO B IIPOI'PAMMHOM MOJYJI€ C MCIIOJb30BAHUEM
00'bEKTHO-OPUEHTUPOBAHHON cpeabl Boland C++.
OcHOBHAasI YacTh IPOrPaMMHOI0O KOJa peaim3oBaHa
B UeThIpexX PDYHKIIUAX, HAUMEHOBAHHBIX KaK

void __fastcall serch_point();

int __ fastcall scan();

voidk __fastcall NaytiMin(int x, int y);
void __fastcall Izmeneniye_X0 YO();

dyurmusa serch _point() BBITIOJIHAET ITPOCMOTP
sduyeeKk TaOMUIbI, IPU Ka KO0l HaWJeHHOW HOBOI
sYeliKe BBITOJHSET BBI3SOB MYyHKIUU scan(), KOTo-
pad IpoBePSeT, ABIAETCA AUeliKa aKTUBHOU MU He
aKTUBHOI. 3[eCh B KaueCTBe MOHATUA aKTUBHOCTU
TMOHUMAETCs HaJnuue B JaHHOU AUYeliKe YacTH M30-
OpasKeHUA dTaJIOHA. A B KaUeCTBe TEKYIIeH aueiKku
MOHUMAETCA AUeiKa TaOJUIILI BECOB, AJIS KOTOPOIit
BBIUNCJIAETCS BECOBOE B3HaueHMe cuHarca. HEciau
AYeliKa aKTUBHA, TO B QYHKIUIO Sserch point()
BO3BpalIlaercd 3HaueHuWe 1, B IPOTHMBHOM CJIydae
BosBpamiaerca 0. @Pyurnua NaytiMin nonaydaer

KOOPAMHATHI AKTUBHON AYeKU U3 QyHKIIUU Serch

point() u ompeznensieT 3HaUeHNWe Beca CHHAIICA IJIs
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TeryInel aueiiku. B dynrnuu Izmeneniye X0 YO
mocJeoBaTeJIbHO MEHSeTCs TeKyllnas sdeiika u
OIIPeleIAIOTCS 3HAUEHNUA BECOB CUHAIICOB JJIA BCEX
sAJyeeK TabJIUIIBI BECOB HelipoHa HYJIEBOTO UJIU IIePBO-
T'0 CJIOS.

Ilia BBIUMCIEHUSA TAOJUIIBI BECOB BLIOPAHHOTO
u3obpakenud (puc. 4) IpeBapUTEeILHO BLIOMPAETCS
Pa3MepHOCTDL TAaOJIUIIBI BECOB — KOJIMUECTBO KOJIO-
HOK ¥ CTPOK (TekcToBoe noJie N dx). Ha ocHoBe aTOTO
3HAUEHUA oIpenessaeTcsa BbicoTa (dy) u mupuHa (dx)
AYEeNKMN TAOJUIIBI BECOB B NMUKCEJNAX IyTeM pasje-
JIEHUS IIUPUHBI N300PaKeHus B IMUKCEJISIX Ha BbI-
OpaHHOE KOJIMYECTBO CTPOK B TeKCTOBOM mojie N dx:

dx = pBitmap—>Width/StrTolnt(Edit]—>Text);

B mauHO peasusanuu sHaUeHU dXx U dy TPUHU-
MaroTcsa paBHBIMU (dx = dy).

IIponieaypa mpocmoTpa Asueek TabauIbel BecoB T'W
OTHOCUTEJILHO TeKYIIel Aueiiku [Ha puc. 5 TeKyIrnas
sauetira CC c¢ xKoopauHatamu (4, 4)] BeINOJHAETCA
B (pyHKRIIUU Serch _point() u BRITJIAIUT CJIELYIOITNM
obpasom. CHauajya mpoBepAeTCcA TeKyllad ddYeiKa.
Jlajiee BHIMOJHSETCA IIPOCMOTP OMMIKANIINX AUEEK
TabJIUITLI BECOB, PACIOJaraeMbIX BOKPYT TeKyIIei
Ayetiku. [[BUiKeHUe MIPOUCXOAUT IO 3aMKHYTOMY
KOHTYpPY. KOHTYp IBM)KeHUs B TaOJHIle IIpeacTaB-
aset us cedba Kpaapar. CaMa mporieaypa mpocMoTpa
OIHOT'0 KOHTYpa Peain30BaHa B YeThIpeX II0CJIeI0Ba-
TeJbHBIX ITUKJIAX, T/le Ha KaKJOM ITUKJEe BBITTOIHI-
eTcsl IPOCMOTP AUeeK I10 OJHOUM CTOPOHEe KBajaparta:
TIePBBIT IMTUKJI — TpaBas CTOPOHA KBajpaTa, BBITIOJ-
HsAeTCs IBUKEHUEe CBepXy BHU3 U3 TOUYKU I B TOU-
Ky 2; BTOpPO#l IIMKJ — HUKHSAS CTOPOHA KBajapara,

BoiuHcae HHe TabaMUbl BECOB
File  Edit

[mp i ) I C R B L e
= oo o=
oOoo oo o o

01234568€6

T

oo —=—=—=oOO

O —=ra s ra— 0o
o= mra =0
oo —=rMa—=L o0
ooo—=o oo

BpemA BbiMrcnedHa 0,01 60000007599592 C

B Puc. 4. IIporpaMMHBI# MOAYJIb BEIYUCIEHUA TA0JUIIBI BECOB CHHAIICOB HYJIEBOTO CJIOSA
B Fig. 4. Software module for calculating the table of synapse weights of the zero layer
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B Puc. 5. Ilouck o KOHTypaM aKTUBHOU SYEHKU OTHO-
cuTesbHO TekyIeit sueiiku CC B Tabauiie Becos TW

B Fig. 5. Search the contours of the active cell relative
to the current cell (CC) in the weight table (TW)

IBUKEHUE cIIpaBa HaJIeBO M3 TOUKU 2 B TOUKY J;
TPETUH MUKJ — JieBad CTOPOHA KBajJpara, ABUKe-
HUe CHU3Yy BBepPX U3 TOUKHU 3 B TOUKY 4; UeTBEPTHIi
IIUKJ — BEPXHAA CTOPOHA KBaApara, JBUKEHUE CJIe-
Ba HampaBo u3 Touku 4 B Touky I. Huke nmpuBenex
JIMCTUHT YeThIPeX IIMKJIOB, B KOTOPBIX PeaJnu3yeTcs
IBUIKEHUE 0 KBaIPaTHOMY KOHTYDY:

MI: x=X0+ Rx;
for (y=Y0 - Ry, y <Y0 + Ry; y++) // Huxax 1
-

y=Y0 + Ry,

for (x=X0 + Rx; x > X0 — Rx; x—) // Huxa 2
T

x=X0 — Rx;

for (y=Y0+Ry;y>Y0—-Ry;y—) // Huxn 3
T

y=Y0 — Ry;

for (x =X0 — Rx; x < X0 + Rx; x++) // Huxa 4
T

3neck X0, YO — KoopAMHATHI TEKYINeH sueKu
(ma puc. 5 X, =4, Y, =4); Rx, Ry — paguyc KOHTypa
mo ocu X u Y COOTBETCTBEHHO OTHOCUTEJNHHO TEKY-
mell suyeiiku. HauanpHble sHauenus R, Ry OPUHU-
MAaloTCs paBHBIMU eguHUIIE. [Tociie mpocMoTpa OgHO-
ro KOHTYDA BEIIIOJIHAETCA yBeJIndeHne sHaueHui R,
u R, Ha e[UHNILY, II0CJIe Y€T0 IOBTOPAETCHA IPOCMOTD
sYeeK II0 3aMKHYTOMY KOHTYDPY, TOJbKO Telephb
y:Ke ¢ HOBBIMU 3HAUEHUAMU Rx=Ry (cm. puc. 5).
Takum 006pas3oM, co3gaeTcs elle OAWH ITUKJ, KOTO-
phIii peanusyercsa MeTKoO M1 1 KOMaHI0M mepexona
goto:

Rx=Ry=Ry+1;
goto M1;

IIporecc BBITIOTHAETCS OO TeX IIOP, ITOKA 3HaUe-
HUA R, m Ry He BRIAAYT 3a IIpeeJibl BceX CTOPOH M30-
OpasKeHUs, UTO IPOBEPAETC CIETYIONINM YCIOBUEM:

if (X0 + Rx)*dx > W + dx && (X0 — Rx)*dx
<—dx && (Y0 + Ry)*dx > H + dx && (YO — Ry)*dx
<—dx) return;

rme W u H — mupuHA U BbICOTA M300paKeHusd,
ompezesiieMble CTPOKaMU

W = pBitmap—>Width;
H = pBitmap—>Height;

s ciyuaeB, Korga IO XOAY MBUKEHUA IO KBa-
APaTHOMY KOHTYPY IPOUCXOLUT BBIXOJ 3a IIpeleJsbl
BBIOPAHHOI Pa3MEPHOCTU TaOJIUIILI BECOB (HO IIPOWIC-
XOIUT 3TO HE CO BCeX CTOPOH M300pasKeHms; Ha PuUc. 5
KOHTYPHI ¢ Toukamu 9, 10, 11, 12, 13, 14, 15, 16),
AYEKY, OKa3aBIINeCcs 3a IIpeeaMu TabJaUuIlkl Be-
COB CHHAIICOB, IIPOITYyCKAIOTCA B IIMKJIaX IIPHU IIOMO-
M1 CJIeAYIONIEN CTPOKU:

if (X1 <—dx||Yl <—dx||X1>=W +dx|Yl>=
= H +dx) continue;

rome X1, Y1 — 3HaueHUsS KOOPAWHAT M300paKeHU
B MIUKCEJSX, IOJYUYeHHbIe OT IlepedupaeMbIX B IIU-
KJIaX KOODAWHAT sTUeeK TabJIUIl BECOB X, J CIENYIO-
M o6pas3om:

Y1 =y*dx; X1 = x*dx;

Ilia xasaoi Aveliku TaOJIUITbl BECOB CMHATICOB,
BCTpeUYaeMoii Ha IyTH ABUKEHUS BAOJb 3aMKHYTOTO
KOHTYPAa, BBITIOJHAETCA IPOBEPKA aKTUBHOCTH JTaH-
HOH AveiiKy Ta0JauIbl B QYHKIIUU scan. PyHKIUS
scan, MCIIOJb3YsS KOOPAWHATHI BHIOPAHHOM SUelKU
B m3o6paskenuu X1, Y1, TocpeAcTBOM ABYX BCTPO-
€HHBIX IIUKJIOB 1 MeToxa ScanLine o6 beKTa n3obpa-
sKeHusd pBitmap ckaHUpyeT Bce IUKCeJIU B JaHHOU
AJeliKe, 3HaUeHNe KOTOPBIX He Bbile 50, HA HaJIU-
Yyye 3aTeMHEHHbBIX YUAaCTKOB:

for (x=X1+2; x<X2-1; x++)
for (y=Y1+2;y<Y2-1;y+t)

{
ptr= (Byte *)pBitmap—>ScanLine[y];
pt =ptr[x];
if (ptr[x] < 50) return 1;
/
return 0;

3necs ecaiu X1, Y1 — KOOpPAMHATHI JIEBOTO BEPXHE-
ro yria aueiiku, To X2, Y2 — KOOpAWHATHI IIPABOTO
HIKHETO yIiIla SYeliKY, KOTOPbIe OIIpeIesIIIoTCA KaK

X2=X1+dx;Y2=Y1 +dx;
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CKaHUpOBaHME BBIIOJIHAETCS TOCTIEA0BATEILHO
IJS BCeX MHKceell BBIOPAHHON AYelKU TaOJIUIIbI
BeCOB. AKTUBHOCTH THKCEJS OINPEeNesiaeTcCs, eCJIu
ero 3HaueHue MeHbIre 50, YTO COOTBETCTBYET 3aTEM-
HEHHBIM OTTEHKaM UYepHO-0eJIoro m300parkeHusd, Tie
TOHAJIBHOCTD MHUKCEJIS M3MepseTcsa B AUAIla30He OT
0 mo 256. Ilpu BBIMOJIHEHUN YCJIOBUS 3aT€HEHHOCTH
MUKCceJel B AueliKe TabJIUIThI ITPOIecC IpephiBaeTcsd,
u QYHKIINSA Scan Bo3BpallaeT sHauernue 1 B QyHKITIIO
serch_point, 9TO COOTBETCTBYET aKTUBHOCTH TUEHKU.
Eciuz mociie ckaHUpPOBaHUS BCell SUEHKU He oIrpese-
JISIOTCA aKTUBHBIE TUKCEJIN, TO QYHKIIUA SCan BO3-
Bpaimaet 3uauenue 0, YTO COOTBETCTBYET HEAKTHUBHO-
CTU JAHHOUW SuYelKu. B JIMCTHHIe CTPOKU HEeOOXOMU-
MBI TaKKe CTPOKU, MCKJIIOUAIOIINE BBIXOM HPOIeay-
PBI CKAHUPOBAHUSA 3a MPEeIbl U300paKeH!sI:

if (y <=0 |y > = pBitmap—>Height) continue;
if (x <= 0| x > = pBitmap—>Width) continue;

dyuKIUa serch _point moaydaetr BbIXOJHOE 3HA-
yeHUue GYHKIUU SCAN, ¥ €CJIV OHO aKTUBHO, BHIZHIBA-
et @pyuxunuio NaytiMin:

AFktiv=scan();
if(Aktiv == 1) NaytiMin(x, y);

B ¢yuxnuu NaytiMin wracarTesbHO HalJeHHOMN
AKTUBHOU AUeNKU ¢ KOOPAUHATAMU X U [ BBIIIOJIHSA-
eTcsdA BBIUNCJIEHVE 3HAaUeHU A Beca CUHAIICA IJId TEKY-
el TYeliKH ¢ UCII0Jb30BaHeM BIOPAHHOI'O METPHU-
YEeCKOT'0 BBIPAKeHUA OJIM30CTH, HAIPUMep KBaapa-
Ta eBKJIMIOBA PACCTOSHUA MEKAY AUeTKaMU:

W = pow(x — X0, 2) + pow(y — YO0, 2),

KOTOpOe ajiee CPaBHUBAETCA C IPEAbIAYIITNM OIIpe-
JeJIeHHBIM MUHHMAaJbHBIM 3HAUEHMEM Beca CHUHAII-
ca minW pnsa maHHOM Tekyiel sueiiku. [Ipu atom,
ecJii HOBOe 3HaueHUe Beca W MeHbIIle HpenbIayIie-
T0 MUHUMAJbHOTO 3HAUYEHUHA, TO JAHHOE TOJYUeH-
Hoe 3HaueHMe W 3aloMuHAEeTCsI KaK MUHIMAaJIbHOE:

if(W < minW) minW =W;

Takum oOpasoM, B QYHKIUU Serch point mpu
IIPOCMOTPE BCEX KOHTYPOB OTHOCUTEJIBHO TEeKYIIeH
sauerikmu ¢ koopguHartamu (X0, Y0) (aa puc. 6 orme-
yeHa KPYIKKOM) OIIPEIeJISAeTCs MUHIMAaJIbHOe 3Haue-
HUe Beca CUHAIIca aKTUBHOU siuelKu (Ha puc. 6 61u-
sKadIas akTUBHAA sTUeiiKa oTMeuyeHa 0eJbIM KBa-
paToM), KOTOpOoe U IMPUHUMAeTCsA 3a 3HAUeHUe Beca
cuHAatca Tekyien aueiiku (X0, Y0) TabIuIib BECOB.

Eciu B KauecTBe MephbI OJIM30CTU HCIIOJIb3YIOT-
ca (popMyJibl, KOTOPBbIE BBIPAXKAIOT 3aBUCUMOCTH OT
BCeX aKTUBHBIX SUYeeK M300paKeHus, TO B ATOM CJIYy-
Yae [IPU IIPOCMOTPe AUeeK TAOIUIIhI JOJIMKHO OIIpeIe-
JIATHCA yyKe He MUHUMAaJIbHOE, a CYMMapHOe 3Haye-

oW R = O
TN g LD O
4 W R = O

012345886 o1 2348

OO L3 R = O
OO L3 R = O

0123456 o1 2 3 0123456

B Puc. 6. PesyabraThl ompeaeeHusa OJMKanIIell ak-
TUBHOU sueiKu (oTMeueHa OeJIbLIM KBaApPaTOM) OTHOCH-
TeJILHO TeKYIIel aueiiKky (oTMeueHa OeJIbIM KPYyTroM)

B Fig. 6. Results of determining the nearest active cell
(marked with a white square) relative to the current cell
(marked with a white circle)

HIe Beca CHAIICa, KOTOpoe (POpMUpyeTcs B TEKYIIeH
auetike (X0, YO) mon BIUSHUEM Ka'KI0W aKTHUBHON
AYEHKU M300paKeHUA U BBIYUCIAETCA [0 XOAY BBI-
SABJIEHUA aKTUBHBIX TUYEEK.

B urore, TakuM 06pa3oM, BEIUUCIAETCA SHAUEHUE
Beca CHMHAICa AJIA OTHOM AYelKy TabJIUIlbl BECOB CU-
HatcoB. [[/1a BeIYUCIEHNS 3HAUEHU BECOB CHATICOB
BCEX OCTaJbHBIX SUYeeK TaOJIMIILI BECOB BBITIOJIHSIET-
cA TOCJIeloBaTeIbHOEe M3MEHEeHVe HOMepa TeKYIIei
auetiku (X0, Y0), KoTopoe peasn3yeTcs B IBYX BCTPO-
eHHBIX IUKJax GyHKIuu Izmeneniye X0 YO(), ot
auetiku (0, 0) mo auetiru (Nx, Ny). Ilocie xasxmoro
U3MEHEHUs TeKyIleil AYefiKu B IIUKJIEe 3alycKaeTcs
dyHKIUA Serch_point, KOTopas OnpeesigeT 3HaUeHe
Beca CUHATICA IJIsI 9TOi BHIOPAHHOM TEeKYIIel SUeiiKu:

for (YO =0;Y0 < Ny; YO++)

{

for (X0 = 0; X0 < Nx; X0++)

{

serch__point();

if(X0==0) str=IntToStr(minW);

else str = str+ «\t» + IntToStr(minW);

/

Form1—>RichEdit]—>Lines—>Add(str); str= «»;
/

3necb Nx, Ny — KOJHMYECTBO CTPOK U CTOJIOIIOB
TabJIUILI BECOB (3HaueHMe TeKcToBoro mojasa N dx
Ha puc. 4). Takum 06pa3oM, BEIUNCIAETCA TAOIMIA
BECOB, 3HAUEHUA KOTOPBIX BHIBOAATCS HA 9KPaH IPU
TIOMOIIY TeKCTOBOTO ayieMenTa RichEdit.

¥YckopeHue padoOThHI AJITOPUTMA

B mpuBeneHHOM BBINIE aJIrOPUTME B (DYHKIIUU
Izmeneniye X0 Y0 BwuImonHseTcsa Iepebop Bcex
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sYyeeK TabJaUIlbl BBIOpaHHOII pasMepHocTu. KaK BBI-
I1e MOKas3aHo, IJIs TEeKYIIel AYeKH TaOJUIlbl BbI-
TOJIHSeTCA IMOMCK aKTHUBHBIX sSueeK IO KOHTypaMm
TaK)Ke IIyTeM mepebopa Bcex sAueeK TaOJIUI[bI BECOB.
IIpu sTOM BpeMs BLIUUCTICHUS TAOJIUI] BECOB MOKET
OBITH 3HAUNTEJHHO MEHbIIIEe, B CIyUae eCJIU B IIPe/JI0-
JKEHHOM aJITOPUTME HCKJIOUUTH PACCMOTDPEHUE He-
HYKHBIX KOHTYPOB W, COOTBETCTBEHHO, HEHYKHBIX
sJeeK TabauIl BecoB. B uacTHOCTH, €CJI caMa TeKy-
mada gueiika ¢ KoopguHartamu tabauis! (X0, Y0) as-
JIsieTcsl aKTUBHOM, TO HET HEOOXOZUMOCTH IIPOCMAa-
TPUBATh BCe ocTaJibHbIe Aueliku. [Iporpamma B aToM
cJiydae IPU IOMOIIU CJEAYIOIIEro KOJAa BBEIUMCISIET
3HaUeHNe Beca cuHaIlca IJis TeKYIeld AUeiiKy U Ipe-
PBIBAeT MPOCMOTP BCEX OCTAJTBLHBIX KOHTYPOB U AUe-
eK n300paKeHus:

X1=X0%dx; Y1 =Y0*dx;

if (X1 <—dx||Yl <-dx|XI>=W+dx|YIl>=
=H +dx) goto M1;

Aktiv =scan();

if(Aktiv==1) { NaytiMin(XO0, Y0); return;}

Jra IpoBepKa peasim3yeTcs 0 HavaJa YeThIPeX
IIUKJIOB, BBITTOJHAIOIINX IIOMCK aKTUBHOM SUYeHKU
IO KOHTYpaM TabJInIlbl BecoB. Kpome Toro, ecyiu Mu-
HUMaJIbHOEe 3HAUEeHWe Beca CHUHAICA OIPeNessaeTCa
Ha KAKOM-TO KOHTYPe, TO HeT TaKsKe He00X0IMMOCTH
paccMaTpuBaThH BCe IMOCJIEAYIOINNEe KOHTYPHI U, CO-
OTBETCTBEHHO, AYEHKHU TAOJIUIILI B 9TUX KOHTYypaX.
B sToMm ciryuae TpebyeTcs onpeneuTh MUHIMAJJIbHO
ITOCTaTOYHOE KOJMUYECTBO IPOCMATPUBAEMBIX KOH-
TYPOB X, HEOOXOAMMBIX MIJIA IPOCMOTPA IOCJELy-
OIUX KOHTYPOB (puc. 7). IIocKoIbKYy MaKcuMaJb-
HOe yaaJieHre aKTUBHOU sueiiku AC mIpu TeKylem
3HaueHHHU R, OT IeHTpa KBaApara (TeKyieil suefiku
CC) Oymet B BepIlIMHAX KBajapaTa, U €CJU IIPU 9TOM
JLJIS BBIYUCJIEHU A 3HAUEHU S Beca CUHATIICA UCIIOIb3Y-
eTcs MeTpUYecKas Mepa KBajapaTa eBKJHI0Ba pac-
CTOSIHU S, TO IJIS BbISIBJICHUS 3HAUEHUSA X HE00X0mu-
MO PEILIUTh CJeAYIoIlee HEPaABEHCTBO:

(R, +x)* < R} +EE, )
2R, x+x% < RZ, (6)
x?+2R, x-R2<0. (7)

I perreHus HepaBeHCTBA ONIpeegdeM KOPHU
KBaJAPaTHOTO YPaBHEHUSA

x2+ 2R x—-R2=0, ()]

MJIA 9ero omnpegesdeM JUCKPHMMHMHAHTHOE 3HAYEeHIe
D u sHAUeHHA X, Xy:

D- i\/mﬁ ~4(-R2) =+\8RZ =+2R\2;  (9)

x1 =(-2R~N2-2R,)2=-R.(V2+1);  (10)
xy=(2B,V2-2R,)[/2=R.(V2-1). a1

Pemtennem HepaBeHcTB (5) u (7) ABaAseTCA MHO-
JKeCTBO 3HAYEHU I

—Rx(\/§+1)<x<Rx(x/§—1), (12)
a MaKCuMaJIbHOe HeOGXOI[I/IMoe 3HaUeHue
Zinax = R (V2 -1). (13)

Orcioma omnpesensgeM HeoOXOAUMOe MaKCHUMAaJib-
Hoe 3HaueHne R (cM. puc. 7), KOTOpOe MOXKeT ObITh

He Gosblie R, V2, uro cienyer us Boipakenus

Ri<x+R,=R,(V2-1)+R, =
=R,J2~R,x1,414. (14)

ITockonbKy B3HaueHUTE \/§ <1,5= 3/ 2, TO pIada
VIIPOIIEHNS BLIYKCIEHNS MOXKHO OIPENeJIUTh YCJIO-
BUE ITPOBEPKU KaK

R.<3R,/2. (15)

IIpu sToM O/isT UCKJIIOUEHUSA PACCMOTPEHUS He-
HYKHBIX KOHTYPOB HEOOXOAMMO 3aIIOMUHATEL TEKY-
Ilee 3HaUYeHHe R IIpHU OIpeeleHNHU KasKJI0T0 HOBO-
ro MUHUMAJBHOIO 3HAUYEeHHUsS Beca cuHamca minW
B IIpPOIlecce PacCMOTPEHUsI aKTHUBHBIX siueeK Tabsu-
bl BECOB, UTO BBHINOJIHAETCA B QyHKIUU NaytiMin
C IIOMOIITBIO CJIEAYIOIIEr0 YCIOBUA:

if(W < minW) {minW = W; RxMin = Rx,)},

R

B Puc. 7. OupenerieHErne MUHUMAJBHO JOCTATOUYHOTO KO-
JUYeCTBa MPOCMATPUBAEMBIX KOHTYPOB X IIOCJIe BBIABJIIE-
HUA aKTUBHOU aueriku AC

B Fig.7.Determination of x — the minimum sufficient
number of contours viewed, after identifying the active
cell AC
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B Puc. 8. Tabaulirbl BeCOB AJs TeYaTHBIX CUMBOJIOB «A» (a) u «C» (0) c padmepHOCTHIO 16x16 17151 HEITPOHOB HYJIEBOTO CJI0S

B Fig. 8. Tables of scales for printed characters “A” (a) and “C” (6) with a dimension of 16x16 for neurons of the zero

layer

a B (hyHKIIUU Serch__point 1mocje yBeJIMUeHU A 3HAUe-
HUA R BBIIIOJHAETCA IPOBEPKA YCIOBUA

Rx=Ry=Ry+1;
if(Rx > RxMin*3/2) return;

Ecnu 9T0 ycioBUE BBITIOIHAETCS, TO BBITIOJIHS-
eTcs BbIXON u3 GyHKIUU Serch _point, a B QyHKIIUNA
Izmeneniye X0 Y0 BbIIONHAETCS BBIOOD CJIEAYIO-
el TeKyInen sueiiKu.

Hy:xHO cKasaTb, UTO €CJIU UCIIOJIb3yeTCA Apyras
MeTpuUecKas Mepa 0J11M30CTH, TO BEIpaskenue (5) 0y-
IeT UHBIM, W, COOTBETCTBEHHO, 3HAUEHUSA X OyAyT
OTIPEeeJIATHCSA O-NHOMY.

Ha puc. 8, a u 6 npuBeeHbl TaOIUI[LI BECOB AJIA
STAJIOHHBIX ITeUaTHBIX CUMBOJIOB «A» u «C» ¢ pas-
MepHOCTHIO 16 cTpok Ha 16 cTonbmoB. JaHHbIE Tab-
JINIIBI COOTBETCTBYIOT TaOJHIIAM BECOB CHHAIICOB
HEeWPOHOB HYJIEBOTO cJ0s. VI3 PUCYHKA MOYKHO TaK-
°Ke BUJETb, UTO AKTUBHBIE SUYEHKM TAOJMI] MMEIOT
3HAUYeHUA BecoB, paBHbie (. [[aHHbIe TaOJIUIHI BECOB
OBIIM BBIUMCJIEHBI C UCIIOJIb30BAHNEM METPHUUYECKOI
Mephl 0JIM30CTH — KBaJpaTra eBKJNL0BA PACCTOs-
HUusg. Ecin MCmonb3yoTes Apyrue Mepbl 0JIU30CTH,
TO 3HAUEHU S BECOB B TA0OIHUIIAX OYAYT APYTUMMU.
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Algorithm for calculating synapse weights of the first layer of a neural network on the base of metric recognition
methods. Part 1
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Introduction: Metric recognition methods make it possible to preliminarily and strictly determine the structures of feed-forward
neural networks, namely, the number of neurons, layers, and connections based on the initial parameters of the recognition problem.
They also make it possible to analytically calculate the synapse weights of network neurons based on metric expressions. The setup
procedure for these networks includes a sequential analytical calculation of the values of each synapse weight in the weight table for
neurons of the zero or first layer, which allows us to obtain a working feed-forward neural network at the initial stage without the use
of training algorithms. Then feed-forward neural networks can be trained by well-known learning algorithms, which generally speeds
up the process of their creation and training. Purpose: To determine how much time the process of calculating the values of weights
requires and, accordingly, how reasonable it is to preliminarily calculate the weights of a feed-forward neural network. Results: An
algorithm is proposed and implemented for the automated calculation of all values of synapse weight tables for the zero and first layers
as applied to the task of recognizing black-and-white monochrome symbol images. The proposed algorithm is described in the Builder
C++ software environment. The possibility of optimizing the process of calculating the weights of synapses in order to accelerate the
entire algorithm is considered. The time spent on calculating these weights for different configurations of neural networks based
on metric recognition methods is estimated. Examples of creating and calculating synapse weight tables according to the considered
algorithm are given. According to them, the analytical calculation of the weights of a neural network takes just seconds or minutes,
being in no way comparable to the time necessary for training a neural network. Practical relevance: Analytical calculation of the
weights of a neural network can significantly accelerate the process of creating and training a feed-forward neural network. Based on
the proposed algorithm, we can implement one for calculating three-dimensional weight tables for more complex images, either black-
and-white or color grayscale ones.

Keywords — neural networks, weight and threshold values, neurocomputer, learning algorithms, programming of neural networks.
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Introduction: The search for physical objects in a given area is often performed in automatic mode using small unmanned
aerial vehicles equipped with radars. Airborne radar antennas, due to size restrictions, have a small aperture and, accordingly,
a wide directional pattern, decreasing the accuracy of determining the angular coordinates of the objects. The increase in
the angular coordinate estimation accuracy leads to the increase in the informativeness of such automatic search systems
and, consequently, to the increase in the efficiency of their practical use. Purpose: Developing a technique for calculating the
parameters of a two-position radar system consisting of two small airborne radars placed on small unmanned aerial vehicles, in
order to increase the accuracy of determining the angular coordinates of radiocontrast physical objects. Results: An algorithm is
proposed for integrating the data about the coordinates of physical objects detected in the joint coverage area of a two-position
system of small airborne radars. It allows you, depending on the observation conditions, to increase the accuracy of determining
the azimuthal coordinates by an order of magnitude or more. The aircraft trajectories are calculated on which the accuracy grows,
and those on which there is almost no gain in accuracy. Practical relevance: Such two-position airborne small radars can be used
in automated systems in order to detect physical object such as people in disaster areas, as well as in systems of collecting and
processing data from sensors used for monitoring the state of the environment or man-made objects.

Keywords — two-position system, airborne radars, coordinate measurement, accuracy characteristics, small aerial vehicles,
antenna aperture, directional pattern, integration.

For citation: Shepeta A. P., Nenashev V. A. Accuracy characteristics of object location in a two-position system of small onboard radars.
Informatsionno-upravliaiushchie sistemy [Information and Control Systems], 2020, no. 2, pp. 31-36. doi:10.31799/1684-8853-2020-2-31-36

Introduction

Recently much attention has been paid to the
use of unmanned aerial vehicles (UAV) in various
spheres of human activity, such as ecological moni-
toring, geological exploration, cartography, sensor
data reading, searching for people in disaster are-
as, etc. [1-11]. In all these cases, UAVs are used as a
part of a more complex system for automated or au-
tomatic execution of the above tasks. The first-pri-
ority tasks are those of detecting physical objects,
sensors or people in a given search area, determin-
ing their coordinates with a rather high accuracy
[12-15].

The most common onboard equipment of such
UAVs are small airborne radars (AR) which deter-
mine the range and azimuth of the detected objects
in a polar coordinate system associated with the
UAV. The peculiarity of small UAV onboard equip-
ment is that the antenna systems of such AR have
a small size and, hence, a wide directional pattern,
which does not allow individual UAVs to achieve
high accuracy in determining the direction to the
detected object.

This drawback can be overcome by using the idea
of a multistatic radar [16—18], having at least two
split radio data sources. In particular, two-position
systems [19—-21] with two UAVs are the simplest and

most acceptable way of overcoming the limitations
of a unistatic small AR. This article discusses the
possibilities of a two-position AR complex in terms
of improving the accuracy of determining the azi-
muth-range coordinates of physical objects detect-
ed in the joint coverage area of small UAVs com-
bined in a two-position small radar system.

Statement of the problem

Two small UAVs equipped with identical small
radars which are united (during the data exchange)
into a two-position radar system are flying at the
same altitudes H, with the same speeds V, along par-
allel trajectories separated by the distance D = 2A,
searching for physical objects in their joint cover-
age area whose center is at the same distance L from
each UAV. Fig. 1 illustrates the described situation.

The antennas are directed towards the center (C)
of the joint coverage area. The antenna beam width
at the half-power level is equal to A¢. Let us assume
that H/L<<1, because in practice this inequality
is most often true, as UAVs usually fly at low alti-
tudes. A simplification like this is not essential; all
the conclusions are still valid without this restric-
tion, but it allows us to reason in planimetric terms,
significantly simplifying all the expressions below.
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A planimetric illustration with these limitations
is shown in Fig. 2, demonstrating the range tracks
of each AR. When each radar operates in a stan-
dalone mode, the coordinates of the detected physi-
cal object (PO) are estimated independently. In this
case, the range to the object is determined by the
number of the corresponding range track, and the
azimuthal coordinate coincides with the direction
of the maximum of the directional pattern [20].

Thus, in the case of standalone operation of aradar,
the accuracy of estimating the range to a radiocon-

trast object is determined mainly by the range track
width, depending on the probe pulse duration. The
accuracy of the azimuthal coordinate estimation is
determined by the actual width of the directional pat-
tern of the UAV antenna system [22-26]. Therefore,
in the case of standalone operation, the range to the
PO can be determined with the required accuracy (by
changing the duration of the probe pulses), but the
azimuthal coordinates are determined too roughly,
with the actual accuracy equal to Ap/2. Narrowing
the width of the directional pattern is difficult, first-
ly, due to the size limitations on a UAV antenna, and
secondly, due to the reduction of the search area size.

Combining two UAVs into a single two-position
radar system in which the radars exchange data
[20, 27-30] allows you to improve the accuracy of
determining the azimuthal coordinates of a PO de-
tected in the joint coverage area.

Interval estimation of the detected object
azimuth in a two-position system of small
radars

In this subsection, we use the notation and for-
mulas obtained in [20]. Let us assume that two AR,
and AR, of a two-position system have detected, in
their joint coverage area, a physical object at the
distance R; from AR, and distance R, from AR,, as
shown in Fig. 3.

AR, ARy

B Fig. 2. Resolution elements of a two-position small radar

AR,

B Fig. 3. Interval estimation for the azimuth of the (i, j)-
th resolution element
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This physical object is located in the (i, j)-th res-
olution element of the system highlighted in Fig. 3,
on the i-th track of the AR; range and j-th track
of the AR, range. The figure shows the distances
to the middle of the range tracks, each the size of
dy=2d =r1,,c/2, as well as the coordinates of the
center (x(, y,) and the boundary points of the res-
olution element (x;, y;), (x5, y). In [20], the coordi-
nates of the boundary points of the resolution ele-
ment are obtained:
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0="9p ° 2D ’ 1)
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From expressions (2) and (3), we can directly de-
rive the angular size of the (i, j)-th resolution ele-
ment Ag; for AR; and A¢, for AR, [20]:

Ap; = arctg(tg((pll —(P21)) =

Y1 (A+x9)—yo(A+xq)

pyz +(A+x)(A+xp)” @
Agg = arctg(tg(pas —912)) =
y2(A—x1)-y1 (A—xp)

yiz +(A-x1)(A-x3)"

=arctg

=arctg

Expressions (4) are what actually determines the
angular resolution of this two-position system, be-
cause in the considered situation they actually are
interval estimations of the azimuthal coordinates of
the object detected in the (i, j)-th resolution element.

Dependence of the resolution on the probe
pulse duration and direction to the object

Figures 4, a and b show the dependences of reso-
lutions A, and Ag, of a two-position system of small
AR on the direction to the detected object, for two
durations of the probe pulse and three range tracks:
the central one passing through the center of the
joint coverage area, the close one spaced away from
the coverage area center by —2500 meters, and the
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B Fig. 4. Dependence of two-position system resolution

on the direction to the object for Ap =12.5° and D =5 km:
a—r;, =04ns;6—r;, =0.21s

far one spaced away from the coverage area center
by +2500 meters.

The direction to the object is the direction to the
center of the resolution element where the object
was detected, i. e. the direction to the point (x, y,)
calculated with relation to the maximum of the di-
rectional pattern of the antenna system of AR, or
AR,, respectively. This direction for the resolution
elements of the joint coverage area is calculated us-
ing the expressions (1).

It follows from the above dependences that, with-
in the joint coverage area, the resolution along the
azimuthal coordinate is practically independent of
the direction to the resolution element, but rather
strongly depends on the probe pulse duration.

Ne2,2020 N\

VIHDOPMALIVIOHHO-YMPABASIIOLLVIE CUCTEMBI N\ 33



yd MOAENNPOBAHVE CUCTEM N NPOLECCOB /

The dependence of the resolution
on the distance between the aircraft

To estimate the resolution depending on the dis-
tance D between the AR, let us consider the case
when the distance to the center of the coverage zone
on the OX axis remains constant and equal to 25 km,
and the distance D increases from 1 to 10 km.

Figure 5 shows the dependences of the resolution
of elements located in the middle of the coverage
zone on the distance between the aircraft on which
the radars are placed.

It follows from these curves that the distance
between the radars of a two-position system plays
a significant role in increasing the system resolu-
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B Fig.5. Dependence of two-position system resolution

on the distance between the radars and the probe pulse
duration t;,,

tion in angular coordinates. When the distance is
equal to zero, the curves approach Ap, the width of
the directional pattern. This is perfectly consistent
with the physical representation, as in this case our
location becomes unistatic.

Conclusion

In order to increase the efficiency of using UAVs
equipped with small radar systems for automatic or
automated detection of physical objects in a given
area, it is important to improve the accuracy of de-
termining the coordinates of the detected objects.
The azimuthal coordinates are especially diffi-
cult to determine. We can make it easier by using
multistatic small radars, the simplest of which are
two-position airborne ones.

The article provides analytical expressions and
curves which can help you choose the best probe
pulse duration and the optimal aircraft flight tra-
jectory, increasing the resolution by an order of
magnitude or more compared to a single-radar sys-
tem with the same equipment.

The obtained characteristics of a two-position ra-
dar system make it possible to choose the appropri-
ate parameters of small AR systems and UAV flight
paths which provide a preset accuracy for the coordi-
nates of detected objects when solving problems re-
lated to rapid search for people in a disaster area, or
search for sensors during environmental monitoring
and assessment of the state of man-made objects.
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TOYHOCTHBIE XaPAKTEPUCTUKH OIIPeeIeHHsT KOOPANHAT 00 bEKTOB B IBYXIIO3UI[HOHHON CUCTEMe MAJI0raGapUuTHBIX
6oproesix PJIC

A.TII. Illenera?, [OKTOp TexH. HAYK, Ipodeccop, orcid.org/0000-0003-0179-0166, alex@shepeta.com
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aCaukT-IleTepOyprekuii rocyfapCcTBEeHHbBIN YHUBEPCUTET ad9POKOCMUYECKOro Ipubopoctpoenusd, B. Mopckas yi., 67,
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BBegenmne: mouck GpusnuecKux 00HEKTOB B 3aJaHHOM PalioHe YacTO OCYIIEeCTBISETCS B AaBTOMATHYECKOM PEKUMe C ITIOMOIIBI0 MaJjo-
rabapuUTHBIX 0ECIUJIOTHBIX JIETATEJIbHBIX allapaToB, 000PYAOBAHHBIX PAAMOJOKAIIMOHHBIMYU CUCTEMaMU. B 9TOM ciiyuae aHTEHHBI OOp-
ToBBIX PJIC B cuyry raGapuTHBIX OTPAaHUUEHUI NMEIOT MaJIyIO allepTypy U, COOTBETCTBEHHO, MINPOKYIO AUAarpaMMy HAIIPaBJI€HHOCTU, YTO
CHIJKAeT TOYHOCTH OIpeIesIeHUsl YIJIOBBIX KOOPAMHAT O0HAPY'KEHHBIX 00BHEeKTOB. II0BHINIIEHIE TOUHOCTH OI[€HKH YIJIOBBIX KOODAUHAT
IPUBOAUT K YIYUIIeHNIO NHOOPMATUBHOCTH MOAOOHBIX aBTOMAaTUUECKUX CUCTEM IIONCKA U, KaK CJIEACTBUE, K POCTY d3(DHEKTUBHOCTH UX
IPaKTUYECKOTO0 UCII0Ib30BaHuA. Ilean: paspaboTka METOAUKY pacdyeTa IapaMeTPOB ABYXIIO3UIINOHHON PaJUOIOKAIIIOHHOM CHCTEMBI, CO-
cTodAlel n3 AByX MajgorabapuTHbIx 6opToBhix PJIC, pacmosiosKeHHBIX Ha MaJIbIX 0ECIIMJIOTHBIX JIeTaTeJIbHBIX allaparax, obecreunBa-
IOII[MX IOBBIIIIEHNE TOYHOCTU OIPEJEIEHNA YIJIOBBIX KOOPAWHAT PASUOKOHTPACTHBIX (DM3UUECKUX 00BbEKTOB. Pe3yabTaThl: IPeAIoKeH
QJITOPUTM KOMILIEKCHPOBAHUA JAaHHBIX 0 KOOPAUHATAX (PUBUUECKUX 00BEKTOB, 00HAPY KEHHBIX B COBMECTHOI 30He 0030pa [BYXIIO3UII-
OHHOM cuCTeMBbI 60PTOBBIX MasiorabapuTHbix PJIC, mo3Bosoninii, B 3aBUCUMOCTH OT YCJIOBUI HAOJIIOAEHUA 00 bEKTOB, YBEJIUUUTD TOU-
HOCTB OTIPENeIEHNA UX a3UMYyTaJbHbIX KOODAMHAT Ha IOPALOK U 6ojee. PaccunTaHbl TPAEKTOPUY JI€TATEIBHBIX alllIapaToB, HA KOTOPBIX
OCTUTAETCs IOBBIIIIEHNE TOYHOCTH, X TPAEKTOPUH, IIPX KOTOPHIX BHIUTPHIII B TOYHOCTH IPAKTUUYECKH OTCyTcTBYeT. IIpakTuyeckas 3Ha-
YHMOCTh: BO3MOKHOCTb IIPUMEHATH IOA00HbIe NBYXIIO3UIIMOHHBIe 60pTOBbIle Masorabapurubsie PJIC B aBTOMaTU3UPOBAHHBIX CHCTEMAX
IOMCKAa U 00HApYyKeHus (u3ndecKux 00beKTOB U JIIOAEeH B 30HaX 0eJCTBUIl, 9KOJOrMYEeCKUX KaTacTpod, a TakiKe cucremMax cbopa u 06-
paboTKY JaHHBIX NHGOPMAIIUY C JATINKOB, UCII0Jb3YEMBIX JJIS MOHUTOPUHTA COCTOAHNA OKPYIKAIOIIeil Cpeibl U TEXHOTeHHBIX 00HEKTOB.

KoaroueBsle ciioBa — ABYXIO3UIIMOHHAA cucTeMa, 6opToBble PJIC, usmMepeHre KOOPAMHAT, XapaKTePUCTUKY TOUHOCTH, MajIorabapur-
HBIE JIeTaTeJbHbIE allllapaThl, aIePTypa aHTEHHBI, AuarpaMMa HallpaBJIeHHOCTY, KOMILJIEKCUPOBAHUE.

st umtuposanus: Shepeta A. P., Nenashev V. A. Accuracy characteristics of object location in a two-position system of small onboard
radars. Hugopmayuornno-ynpagasouwue cucmemvt, 2020, Ne 2, c. 31-36. doi:10.31799/1684-8853-2020-2-31-36

For citation: Shepeta A. P., Nenashev V. A. Accuracy characteristics of object location in a two-position system of small onboard radars.
Informatsionno-upravliaiushchie sistemy [Information and Control Systems], 2020, no. 2, pp. 31-36. do0i:10.31799/1684-8853-2020-2-
31-36
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MeTopn noBbiLIeHUsA pa3pelualow,e CnocobHOCTU U TOYHOCTHU
PaAuoNIOKALMOHHDbIX YII0BbIX U3MEPEeHNN Ha OCHOBe
nocnepoBaTesibHOW NPOCTPAHCTBEHHO-BPEeMeHHON 00paboTKM
NPUHUMaEMbIX CUrHaNoB
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B. U. HeB30poB?, KaHA. TeXH. HayK, aoueHT, orcid.org/0000-0002-7676-1530

M. B. CaBoYKMH?, KaHf. TEXH. HayK, foueHT, orcid.org/0000-0003-1766-501X

3aBoeHHO-KoCcMUYeckas akagemusi um. A. d. Moxarvickoro, XXgaHoBckas Hab., 13, CaHKT-IleTepbypr, 197198, Po

BBepgeHue: Bo3pacTaHue TpeboBaHUii K TOYHOCTHLIM XapaKTEPUCTUKAM OMPERENEHNS] MECTOMOIOXEHUS 06bEKTOB C Mo-
MOLLbI PafUOIOKaLNOHHbIX CTAHUMI C Y4ETOM MUHUMU3ALMU UX KOHCTPYKTUBHBIX U3MEHEHUN NMPUBOAUT K HEOOXOAMMOCTH
MPUMEHEHSITb crieynasnbHble MaTeEMaTUYECKUE aropuTMbl LuppoBoi 06paboTku curHanoB. [TpUMeHeHNe Taknx aaropuTMoB
no3BonsieT obecneynTb yBenMyeHne paspeLuarolyeil criocobHOCTY pafnonoKaLMOHHON CTaHUYuu, T. €. CBepXpa3peLLeHue, npe-
BOCXoAsLLee PesieeBCKoe, 63 KOHCTPYKTUBHOIO M3MEHEHUS aHTEHHbIX cUcTEM. CyLLecTBYOLLME anropuTMbl CBEPXPa3peLLEeHUS]
TpebyroT 60/IbLUNX BbIYUCIIUTENBbHbIX 3aTPaT U AJIMTENIbHOrO BPEMEHU HaKoMIeHusl curHana. Ljenb: nonyyeHne ceepxpaspeLle-
HWS MO YITI0BbIM KOOPAMHATaM JIMHENHON aHTEHHOM PELLETKU 3a CYET CMHTE3UPOBaHUS LUNPPOBLIMU METOL4AMM MPOLOSIbHON
MJI0CKOM anepTypbl B peasbHOM MacluTabe BpeMeHu. MeTogbl: chopMupoBaHue aMnanTyaHO-¢ha30BoOro pacnpeneneHns Ha
3/IeMEHTaxX IMHENHON PeLeTKM MaccuBa faHHbIX, Ha OCHOBE KOTOPOro MPoM3BOAMTCS CMHTE3 NPOLOJIbHOM MI0CKOM anepTypbl
3a cyeT asropuTMoB LMppoBOro MoAEMPOBaHUS NPOLECCOB «BUPTYasIbHOIO NePen3sydeHns» NPUHATLIX CUrHaioB. Pe3ysb-
TaTbl: HA OCHOBE MNPEAJIOXEHHOIr0 METOAa CUHTE3UPOBAHUS anepTypbl JIMHENHON aHTEHHON PELLETKU B MPOLOJIbHOMN MIOCKO-
cT pa3paboTaH anropuTM, MNO3BOSIOLLUIA NPOU3BECTU OLIEHKY YBEIMYEHUS YII0BOM pa3peLluaroLesi criocobHOCTU JIMHERHOM
AHTEHHOW PeLLUETKN. BbINOHEHO KOMIMBbOTEPHOE MOLENAMPOBAHUE MOYYEHHON PELLETKM U MOCTPOEHA ee AuarpaMmma Harnpas-
JleHHocTH. [poaHanM3upoBaHbl 3aBUCUMOCTHU YITIOBOr0O paspeLLeHnst OT HanpasieHusi (hasupoBaHusl U OT MHTEPBaJla CUHTE3U-
poBaHus Npu NPUMEHEHNUN [aHHOro MeToha. KonmyecTBEHHbIE OLEHKU MPOBEAEHbI MYTEM CPABHEHUS MOJYYEHHOMO YI/I0BOro
paspeLleHns: ¢ NoTeHUMaabHO BO3MOXHbIM, OfpesesieHHbIM o Kputeputo Penesi. Paspeluatolyasi cioco6HOCTb M0 YroBbIM
KoopAuHaTam Mpu UCrob30BaHUM faHHOro MeToa yBenndymuBaeTtcs B 1,5 pasa. Takum ob6pa3oM, npeasioxXeHHbIN METo rno-
3BOJISIET MOBLICUTb YITIOBYH paspeLLaroLLyto criocOBHOCTb PaAnUoIoKaLMOHHON CTaHYum 6e3 CyLLeCTBEHHbIX KOHCTPYKTUBHbIX
U3MEHEHWUI aHTEHHOW PELLETKM C UCMOIb30BaHNEM HETPYLOEMKMUX anroputMoB. lMpakTuyeckass 3HaYUMOCTb. MPUMEHEHNE faH-
Horo mMeTofa B pafMoIoKaUMOHHbIX CTaHUUsX, paboTaroLmx B KOPOTKOBOJIHOBOM AMaNa3oHe, rae yBendyeHne pa3sMmepoB aH-
TEHHOW peLLEeTKM SBASETCS JOCTAaTOYHO TPYLOEMKON 3a[a4qei, MO3BOJIUT MOBbICUTb TOYHOCTb PafMUOSIOKALMOHHbIX NU3MEPEHMA.

KntoueBble cnoBa — aHTeHHas pelLeTka, CMHTe3MpoBaHue anepTypbi, UugpoBas 06paboTka CUrHasaoB, CBepxpaspeLLeHme
10 YI110BbIM KOOpAMUHATaM.

JMast uutuporanus: Anémkus A. I1., Bragumupos B. B., Hessopos B. 1., CaBoukun II. B. MeToz moBbIIIIeHNs pa3penIarolieil croco6-
HOCTH ¥ TOUHOCTY PAJUOJOKAINOHHBIX YIJIOBBIX N3MEDPEHUNH Ha OCHOBE MTOCJIe[OBATEILHOM MPOCTPAHCTBEHHO-BPEMEHHOM 06PaGOTKY IIpH-
HUMaeMbIX CUTHAJOB. HHpopmayuonHo-ynpasrsouue cucmemst, 2020, Ne 2, ¢. 37-45. doi:10.31799/1684-8853-2020-2-37-45

For citation: Aleshkin A. P., Vladimirov V. V., Nevzorov V. 1., Savochkin P. V. Method for increasing the resolution and accuracy
of radar angular measurements based on sequential spatio-temporal processing of received signals. Informatsionno-upravliaiushchie
sistemy [Information and Control Systems], 2020, no. 2, pp. 37-45 (In Russian). doi:10.31799/1684-8853-2020-2-37-45

BBenenue

B macrosiiiee BpeMs ¢ PasBUTHEM CPEICTB IIUQ-
POBOIi 00PAGOTKY B PaJgUOJOKAIMOHHBIX CHUCTEMAX
(PJIC) Bce uairie B KauecTBe aHTEHHBIX CUCTEM IIPU-
MeHATCA MUPPOBble aHTeHHBIE pereTku (AP) [1-
3]. IIpeobpasoBaHUe TPUHATOrO CUTHAJNA B ITU(PO-
ByI0 (hOPMYy HEIIOCPEJCTBEHHO Ha BBIXO[E DJIEMEHTa
AP mosBosisieT n30ABUTHCA OT IPOTAKEHHOTO (hu-
IepHOro TpakTta. Kpome Toro, mudpoas o6paboTka
CUTHAJIOB m03BoJsAeT obecneuuth PJIC mpuHImMIU-
aJIbHO HOBBIMU BO3MOKHOCTSIMH. ITO TOCTUTAETCS
O6yaromapsa MCIOJIb30BAHUIO CIEIIMAJIbHBIX MaTeMa-
TUYECKUX aJTOPUTMOB 00pabOTKYU CUTHAJIOB, KOTO-

pPble HEBO3MOJKHO PeaIn30BaTh IIPU aHAJIOT'OBOI 00-
pab6otke [4-9].

Paspemnariiasa cooco6Hocts AP mo Hampasie-
HUIO B IIPOCTPAHCTBE, KAaK WM3BECTHO, OIPEIesseT-
cs MIUPUHON 290,5 ee IuarpaMMBbl HaIlpaBJIEHHOCTU
(OH), xoTtopasi, B CBOIO ouepenb, 3aBUCUT OT COOT-
HOIIIeHU Pa3MePOB PEIIeTKU B MJIOCKOCTHU, IIePIIeH-
OUKYJIAPHON HaNpPaBJIEHUIO MAaeHUA Ha DPELIeTKY
3JIEKTPOMATHUTHBIX BOJH (OMB) (momepeyHbIX pas-
MEpOB), U AJIMHBI BOJHBI. UeM 6GOJIbIIIe 3TU pasMe-
pe1, TeMm y:xe I[IH AP u BhIlle paspernarinas CIO-
COOHOCTh. YBeJHUeHUe IIONepeuHbIX pasmepoB AP
TaKsKe IIPUBOJUT K yBeJINUYEHUIO ee KodapumuerTa
HaIIPaBJIEHHOT'O AeACTBUA U, CJIeIOBATEJIbHO, K yBe-
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JIMYEHUIO YHEPreTUYECKOTO IOTEHIIHAaJa pPaguoJio-
KAIIMOHHOr0 KaHaJa ¥ TOYHOCTU U3MEePeHn .

IIpu wMCHONMBL30BAHUU TPASUIIMOHHBIX METOIO0B
00paboTKN CHUI'HAJIOB yBeJHUYEHIE paspelnarolei
CTIOCOOHOCTH TIO YTJIY, IPU IPOUYUX PABHBIX YCJIOBU-
fX, JOCTUTAETCA 3a CUET yBeJuUeHUs (PUBUUECKUX
PasMepoB PEeIeTKH, T. €. YCI0KHEHN S €€ KOHCTPYK-
L[N,

Bwmecte ¢ Tem u3 Teopuu pasupoBaHHBIX AP us-
BeCTHO, uTo mupuHa [[H 3aBucuTr He TOJIBKO OT IIO-
IepeYHbIX Pa3MePOB PEIIeTKH, HO U OT ee Pa3MepoB
B IIPOJOJIBHON IIJIOCKOCTH, T. €. B IJIOCKOCTH Hafe-
HUA Ha pelreTKy npuaumaemoir OMB.

AsropuTMbl TEGPOBOIT 00PAOOTKYM CUTHAJIOB IIO-
3BOJIAIOT PACIIUPUTH BOBMOKHOCTY, YBEJIUUUB pas-
PeIaIy0 CI0COOHOCTD II0 YIIy 0e3 yBeauueHUus
(pusrueckux pasMepoB JUHEWHOU pelIeTKU 3a CUeT
CUHTE3UPOBAHUS allepPTypPhl, TEM CaMbIM 00eCIIEUNB
Tak HasbIBaeMoe cBepxpaspernterue [10—14].

B HacrodIllee BpeMs aJITOPUTMBI CBepxXpaspe-
IIeHus OeJsITCs Ha ABa BUIA: CIEeKTpaJIbHbIe U IIa-
pamerpuyecKkue. IIepBBIM aJITOPUTMOM CBepXpas-
pelleHns PaJUuOCUTHAJIOB IIPUHATO CUUTATH METO[
Ketimona. Haubosee IIMPOKO M3BECTEH AaJITOPUTM
MUSIC (Multiple Signal Classification), ocuoBas-
HBIN Ha pasesieHNy IPOCTPAHCTBA HA CUTHAJIBLHOE 1
urymMoBoe mopmpoctpaHcTsa [14-23]. B ocHoBe maH-
HBIX aJITOPUTMOB JIEKUT TEOPUS OIITUMAJIBHON 00-
paboTku curHaJIOB Ha (hoHe myMoB. OHU TO3BOJISIIOT
TIOBBICUTH Pa3PeIaloiyi0 CIOCOOHOCTH, KOTOPYIO
HeJIb3s JOCTUTHYTH, IpuMeHas GopmupoBaumue [[H
mMeTo0M Pyphe.

IITupoko pasBUBAIOIIMECS AaJTOPUTMbBI CBEPX-
paspelreHnsa UMeIOT BBICOKME IOTEHIIMaJIbHbIE Xa-
pakrepuctuku. OqHaAKO OHU TPEOYIOT OOJBINNX BBI-
YUCJIUTETbHBIX MOIITHOCTEH, (hOpMUPYIOT HETPAIN-
nuonuble [IH AP, a QyHKIIUU OlIeHOK HaIlpaBJIEHUH
HA MCTOYHUKU CUTHAJIOB II0 3aJaHHBIM KPUTEPUAM
(HampuMep, MHUHUMYMY CpegHEeKBaIpaTHUUecKOoTo
OTKJIOHEHUS WJU MAaKCUMyMYy OTHOIIEHUS CUTHAJ/
IIyM) OUYeHb KPUTUYHBI K aMILJIUTYAHO-(ha30BOMY
pacupenenennio. OMIIOKN B aMILIUTYIHO-(PAa30BOM
pacipee/ieHny IPUBOIAT K YXYAIIICHUIO pasperia-
oIITel CITOCOOHOCTU HA TIOPAIOK.

Kpome Toro, moBbIleHne pasperraiInei crrocoo-
HOCTH MOXKeT OBbITH 00ecIeueHo 3a CUeT CHHTEe3UPO-
BaHUA alepTypbl IO IPUHIIUIAM, pPeaJu3yeMbIM
B PJIC ¢ cuHTe3upoBaHHOU ameprypoiri [24—26].
Oco0eHHOCThIO JAHHBIX METOJ0B CHHTE3WPOBAHUSI
SIBJISIETCSI HEOOXOAMMOCTb II€peMellaTb aHTEeHHY
B IIPOCTPAHCTBE IO YETKO 3aJaHHON TPAEKTOPUH.

IlocranoBka 3agaun
B mamnOii paboTe paccMOTPEHBI BO3MOMKHOCTH

TIOJIyYE€HUA CBEPXPAa3PeIIeHNd 10 YIJIOBBIM KOOPAU-
HaTaM JuHelHOU AP 3a cuer cuHTe3upoBaHusa Mud-

POBBIMI METOMaMU IIJIOCKOM alepTypbl B MPOIOJIb-
HO¥ IJIOCKOCTM.

OCHOBOM TaKOTO CUHTE3WPOBAHUS SABJIACTCA
TPUHIUII COTJIACOBAHHON (UiabTpamuu MIPOCTPaH-
CTBEHHO-BPEMEHHBLIX CHUTHAJIOB (pacupeiesieHHbIX
B IIPOCTPAHCTBE 3JIEKTPOMATHUTHBIX IT0JIeit).

PaccMoTpuM CcyTh 3TOTO TPUHIIWNA ITPUMEHU!-
TeJbHO K JIMHEMHON sKkBUiucTaHTHON AP, cocros-
el U3 n OJHOTUIHBIX BJIEMEHTOB C PACCTOSHUEM
d MeXIy HUMH, X; — KOOPAMHATA PACIOJIOMKEHNS
i-ro anemeHTa. IlycTh KoopamHaTa NEPBOTO 3Je-
MeHTa COBIIafaeT C HAYaJOM CHCTEMBI KOOPAUHAT
(x4 = 0). Jnuna pemrerku L = (n — 1)d. OTmeTum, uTo
XapaKTepPUCTUKA HAITPABJIEHHOCTH OTAEJIbHOTO dJIie-
MeHTa OIpefedeT TOJILKO CEKTOP CKaHUPOBAHUA U
He BJIUSET Ha paspeliaInyio cnocobroctTs PJIC.

IIycTe ¢ HeKoTOpOro HampaBjeHHus 0, IPUXOTUT
OTpaKEeHHBI OT IIeJIM CUTHAJ B BUe IIJocKoi OMB
(puc. 1).

Ha wunTepBajsie HaOJMIOJeHUS B IaMATh BBIUMC-
JIUTEeJIFHON MAIITWHBI 3aIIUCHLIBAIOTCS KOMIIJIEKCHBIE
aAMILJIUTYIbI IPUHUMAEMOTO CUTHAJIA C BEIXOIa KaK-
JIOTO i-TO BJIeMeHTa pelleTKku. B urore ¢popmupyercs
MAacCHUB JAHHBIX O KOMIIJIEKCHBIX aMIIJIUTYAAX CHUT-
HaJoB S;, IPUHATHIX d1eMeHTaMu AP, Ha mpocTpaH-
CTBEHHOM MHTepBaJe L B BUJe MATPUIIBI-CTPOKH A

2

A=[$1(0,)...5,(6,)...8,(0,)

: [ 2n
rzoe Si(ex):Sexp](Txicosﬁx+\|/S0j — KOM-

IJIEKCHBIE aMILIUTYABI CUTHAJIA, IPUHATOrO i-M 3Je-
MEHTOM, g, ~— HavajgbHa# (pasa IPUHIMAEMOro
curraJa; 0, — yroua mesxay ocbio AP 1 HanpaBsieHn-
eM IIpUXofa CUTHAaJA.

Hna dopmupoBanua aneptypsl AP B mpomoss-
HOU TJIOCKOCTHY JIUHENHAaA PerieTKa ¢ IIOMOIIBIO aJ-
TOPUTMOB ITM(GPOBOr0 MOJAEJHPOBAHUS ITPOIIECCOB
CTABUTCA B PEKUM <«BUPTYAJbHOIO IEpeusiIyyde-
HUA» IPUHATHIX CUTHAJIOB. B pe3yibraTe pacCunuThI-
BaeTcsA CTPYKTYPa KOMILIEKCHBIX aMILJIUTY HaIPs-
AKEHHOCTH Tepemsaydaemoro mwons E,(x, y, 0,) B
TIJIOCKOCTH, IPOXOAsAIel ueped ock AP 1 ucTounumk
IPUHUMAEMOT'0 CUTHAJIA (B COOTBETCTBUY C IIPUHIIN-

BosHoBOI
GPOHT
x1=0 |x, o
<« 5
- Ll L

B Puc. 1. Jluneiinasa skBugucrauTasa AP
B Fig. 1. Linear equidistant antenna array
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nom TI'tofirenca — Kupxroga xax cymma mojeit or-
IeJBLHBIX DJIEMEHTOB PEIIeTKN):

Ec(x’ Y, ex)zEc(x9 Y, ex)expj(\VEc(x,y,ex))-

B mamMaTh BBIUMCINTEJIBHON MAIIIMHBI 3aJI0XKe-
HBI (paccuMTaHHBIE 3apaHee MU PACCUUTHIBAEMBbIE
B IIpollecce CMHTE3UPOBAHUSA allepTyphbl) JaHHBIE O
CTPYKTYypPax KOMILJIEKCHBIX aMILJIUTY[ HaIIpasKeH-
HOCTHY IEPEUBTYUEHHOTO IT0JISA AJIS MHOKECTBA OIIOP-
HBIX CUTHAJIOB, IPUHATHIX C JUCKPETHBIX OMOPHBIX
HaIIpaBJIeHU I E)xpo:

ExpO(x’ Y, expO) =
= xpO(x, Y, expO)expj(WEc(x,y,Oxpo))'

Hasee mpousBOgUTCA CpaBHEHUE IePeUs3IydeH-
HOT'O II0JIS C MacCHBOM OIIOPHBIX MOJIEH IIyTeM BBI-
YHCJIEHUS BeJIUUYNHBI UX KOPPEIAIUN

F(0c = 0.50) = [ Eo (%, ¥, 0, Eiepo (%, Y5 0p0)dxdy
S

U TeM caMbIM hopMupyeTcsa GyHKIMS, COOTBETCTBY-
fomad JIH cuHTe3mpoBaHHON IIJIOCKON alepTyPhI.

Hnsa mosyuyeHUA KOHKPETHBIX OIIEHOK pPe3yJIb-
TaTa CHHTE3WPOBAHUS AlEePTYPhI IIPeIBAPUTEIbHO
paccMoTpuM IpoItecc (hOPMUPOBAHUA IEPENIydae-
MOT0 II0JI B OJIMKHEN 30HE PeIlleTKHU.

B sT0i1 30HE BOJTHOBOI ITPOIECC MOYKHO paccMa-
TPUBATh KAaK IIPOIECC PACIPOCTPAaHEHWs HEepacXo-
namreiicsa miaockoir OMB B objacTi mpocTpaHCcTBAa,
OrpaHMYEHHON pasMepaMU PelIeTK! B IOIepPeuHOI
IJIOCKOCTY HAIIPaBJIEHUIO pacIpocTpauerHus (puc. 2).

s cokpaiienus o0'beMa BBIYUCIEHNI pacueThl
3HAUEHUI KOMIIJIEKCHBIX aMILIUTYH Mepeusydae-

0 rd—xw//\expo x
ey T Sy >
t—e——-o——-e— ——o——o——tj q:].

/

é——e——-e-—-o——y——o——o——o——J q:2

/ /

é——e-—-o-—-e—-&——o——o——o——
/ / /
,)/——e-—o-—-o—7)/——o——o——o——/ By
/ /
p——o——-e-—-o—-?——o——o——o——g‘
/ / /
é——e——-e-—-o—-d——o——o——o——c/

/ /
/z——e-—-e-— o—d——0—0— —0— —
/
/ /
g — o — o — ——7——0——0——0——7
/ / /
p-— o — o — -o ——7——0——0——o——<}
/ . /

A |

B Puc. 2. CunresupoBaHHasa miockas AP
B Fig. 2. Synthesized flat antenna

MBIX IIOJIEH TIPOUBBOAATCS B AUCKPETHBIX 3HAUEHU-
SAX KOOPAWHAT TOYEK B ILJIOCKOCTU CUHTE3UPOBAHUS
¢ WHTepBaJaMK TUCKDPeTU3ALUH J,, Sy B obsactu S
IIPOCTPAHCTBA, 3aHUMAaeMOro IMoJiAMu. B pesyabrare
dopMupyeTCsa MacCuUB TaHHBIX O KOMILJIEKCHBIX aM-
IJINTYAaX HoJel B AUCKPETHBIX KOOPAUHATAX JTOM
obsacTu.

Taxum 06pasoM, IO CHHTE30M alepTyPhl B AaH-
HOM cJydJae IOHMMAaeTcs BecoBas oOpaboTkKa mac-
cuBa NaHHBIX, TOJIlydyaeMad ITyTeM IpueMa CUTHa-
Ja auHeliHou AP; pacuera Mu(ppPOBBIMH MeTOZaAMU
pacIpeiesieHUs IO Ha 3JIeMeHTaX BUPTYaJbHOMN
mirockoit AP, chopMupOBaHHON B ILJIOCKOCTHU, IIPO-
XOOAINEeH B HaIlpaBJIeHUU pacipocTpaneHus OMB u
camoli pemteTku. Ilpruem nanHas perretrka (hopMu-
pyetcs B mipefeaax OJIUKHEN 30HbI AaHTEHHBI, T7e K-
Bu(a3HbIE TOBEPXHOCTY MOYKHO CUNTATH IIJIOCKIMU,
T. €. B IIpefiejiaX TaK Ha3bIBA€MOTO IIPOKEKTOPHOTO
OyYKa, KOTOPBIH (DOPMUPYETCA aHTeHHAMU B OJIMIK-
Hell 30He.

Peanmusanusa aaropurma

IIycte AP cgasupoBana B HampasjJeHuu 0,
a IpUHUMAaeT OTPaKeHHBIN OT IIeJIM CUTHAJ B BU-
ne miaockoit OMB c¢ HexoToporo HampaBjeHHUA 0,.
Onpenenum daszossie cauru IMB B g-i1 cTpoke puc-
KPETHOII BHIOOPKUW OTHOCHUTEJIHHO HAUYaJa CUCTEMBI
KoopauHar (cM. puc. 2). ITomo:xeHnue sjreMeHTa CUH-
TesupoBaHHO! AP ¢ xoopamHaramu {x; , y } sana-
IUM Ppagnyc-BeKTOPOM

Pig = ixxi,q + iyyq,
rae X4 = i-10,—(g- 1)8yctg9x =(i-1)5, - Axys

Yg =(g-1)3,.
BoutHOBO# BEKTOD

k=i,cos6, +i,sin6,.

L
AEeT OIIpeneJIATbCA BhIpaKeHneM

®asa curnaa B {x; . yq}-anemeHTe pereTKu Gy-

, 2n .
o, q) = —kpl-,q = _T(xi’q cos0, + Yq sin®,) =
= —%{[(i —1)8,—(¢-1)3,ctg0d, Jcos0, +(g—1)3, sin0, }.

AHaJOrnYHO MOYKHO 3aIlMCaTh BbIpakKeHUe MIJIs
das3 KogebaHUil, «IPUHATHIX» C OMOPHBIX HAIIPAB-
JIeHUNA:

. 2n .
0@, q) = _kOpi,q = _T(xi’q €0s0,0 + Y, 8inbyg) =

2n
= —7{[(1 ~1)3, —(¢-1)3,ctgd g]cosb,p +

+(g-1)3, sinB,9}.
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Kommnexcubie AMIIJIUTYABI IIOJIA OJIA OIIOPHOI'O
U IIPHUHATOrO CUI'HAJIOB MOT'YT OBITH IIpeaCcTaBJIEHBL
CJIEeOYOIIMMHU BhIPAKEHUAMU:

E(x;q, 0,)=
= Eexp%{[(i -1)8, —(¢-1)5,ctgd, JcosO, —
-(g-13, sin6,};
Eo(%i,g 020) =
- Bexp 2 {[(- 18, ~ (¢~ 1)5,ctE00]c0s0,0 -

—(g—1)3,sin00}.

Hazmo orMeTuTsh, 4TO B JAHHOM CJIy4Yae MHIAEKCHI
i ¥ ¢ OIPeesIsIOT MOPAJKOBBIN HOMED OTCUYETOB II0
CTOJIOIAM ¥ CTPOKE COOTBETCTBEHHO, HO CAMU TOUKH
OTCUYETOB [JIsi CUT'HAJIA W OIOPBI CMEIEHbI APYT OT-
HOCHTEJIBHO Apyra 1o ocu X Ha BeJIUYUHY AX,, 9TO
OTJINYAeT NAHHBLIM IOAXOJ OT OOBIUHBIX METOIOB
KOPPeIaIOHHON 06paboTKU.

Pacnpejiesienre KOMILJIEKCHBIX aMILIUTY[ IIepe-
M3JIYYEHHOTO IIOJIS IPUHSTOTO CUTHAJA B TOYKAX,
COOTBETCTBYIOIIUX OIIOPHOMY II0JII0, UMEET BU]

E(x; 45 040, 0,) =
= EexpzTn{[(i -1)8, —(¢—-1)3,ctgb lcosb, —
—(g-1)3, sinb,}.

IIpu sToM B3HaueHUE KOPPEJIAIVMOHHON CYMMBbI
TI0JIA IIPUHATOTO CUTHAJIA C OIIOPHBIM OIIPe/iesIAeTC A
BBIDAYKEHUEM

»
fus =EEq Y exp {i_rcu ~1)8,(cos0, —cos Oxo)} x
i-1

L 2n —cos0.. cos0.. +cos2 0
x> expi——(qg-1)8 x——_x0 20 4
2 Xp{ 7 4= 1oy) sind.q

g=1
+(-sin6,, +sinb )},

TIe n' — YUCJIO BJIEMEHTOB B CUHTe3upoBaHHOU AP
C HHTepPBAJIaMU MeKIy 2JIeMeHTaMu J, ..

IIpu paBenctse 0, = 0, 3HaYeHNE KOPPEJIAIUOH-
HO¥ CYMMBI JOCTUTaeT MaKCUMyMa, PAaBHOTO

ka max — EEOn’p'

Cur=aJjioMm Ha BBIXO/[€ CHCTEMBI II0CJIe 00paboTKY
ABJAIOTCA 3HAUEHUA KOPPEJNAINVOHHON (MYHKIIWH,
BBIUMCJISIEMON TyTeM CpPaBHEHWsA CHUTHAJa Ha dJje-
MEeHTAaX CUHTe3upoBaHHOI AP ¢ ormopHbIM. S3HAUEHUS
TaHHON (PYHKIUU 3aBUCAT OT YIJIOBOTO OTKJIOHEHUSA
MeKAY IIPUHATHIM CUTHAJIOM U OIIOPOIi. ITa 3aBUCHU-
MOCTBH B Teopuu (pasupoBaHHBIX AP ompemensercs
kak [IH B pexxume npuema.

CunresupoBanuas [[H ompenensercs mo ¢gopmyie

sin[nkSX(cosex - cos@xo)}
1(0) = F(6y) x
sin[szx(cosex —cos0,q )}

—c0s0, cos0,q+ cos? 0.0 N

x sin £k6
2 y sin exo

+(—sin0, +sinb, )H

x - (1)
—co0s0, cos0, +cos” 0,0 —
sin lkf) —sin0, sinB, +sin? 0.0
2 Y sin

Dopmyay (1) MOKHO TPEoOpPa30BaTh K BULY

sin{nksx(cosex - cosexo)}

()= F(0,)

X

sin{zkéx(cos(ax —co0s0,q )}

Sin{ P kSy[1—cos(ex —exo)ﬂ
2

sinGxO
sin lké 1-cos(0, —0,9)
2 Y sin@,

IIpomsBenem aHasm3 BKJaJa B Pa3peIIaroIlyio
CIIOCOOHOCTH 34 CUET CUHTE3UPOBAHUSA IPOIOJIbHBIX
pasmepoB AP.

Hnsa onuskHell 30HBI, Korga ¢opma OMB mpen-
CTaBJISAET COOOI «IIPOKEKTOPHBIN» ITYUYOK:

(&)

Lz
pzﬁsinexo +1. 3)
y

OmnpenenuM IMIUPUHY BTOPOTO coMHOMKUTenA [TH
AP 1o Hy/JeBbIM 3HAUEHUAM.

HyneBbie 3HaueHUSA BTOPOII COMHOMKUTED B (hop-
MyJie (2) TpUHUMAET P YCIOBUU

£k6y 1—co§(9x—9x0) . @)
2 sin@,

IToce mpeoGpasoBaHusa GopMyJab (4) TOTyUUM

sin 22 =90 _ » . (5)
2 2pd, sinbyg

ITockosbKy 3HaUeHUA YIJIOB JIEKAT B IIpefesiax
ocHoBHOTO JenecTka [[H nuneiinoit AP, BeIpaskeHue
(5) Mmo:xem 3amucaTh B BUE

A
0. —0.9=2 /— 6
¥ Tx0 25, sinb ©)
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IloxcraBiasa 3sHaueHUe p B JaHHOE BhIpasKeHUeE,
Oy YUM

A

0,0, =T
* TN Lsin?e,,

. (7

W3 Bripaskenud (7) BUAHO, UTO B IIpeesiax OImK-
Hell B30HBI, Korja p ompenessderca dopmyioit (6),
pasperraonias CIOCOOHOCTh CHHTe3npoBaHHOU AP
MpaKTUYeCKW He yBeJmuuBaeTcsa. Ho mpu yBeau-
YeHUUW TPAHUIBI CUHTE3UPOBAHUS, BBIXOAAIIEH 3a
OJIMKHIOIO 30HY, IIPU YCJIOBI, YTO (ppoHT OMB Oymer
ocTaBaThCs OJIUBKUM K IIJIOCKOMY, 3HAUEHUE D MOKHO
YBeJIMUUBATE B IecATKY pas. COOTBETCTBEHHO, 1 Pas-
perIaomnias ClIoCOOHOCTH IO YTy OyIeT BO3pacTaTh.

PaccMmoTpeHHBITT aJrOpUTM IIPEACTaBJIsgeT co00it
aJITOPUTM COTJIACOBAHHONM (DUJIBTPAIINU CHUTHAJA
B 9JIeMEeHTaxX BUPTyaJbHOU AP ¢ OmOpHBIM cHUTHa-
aom. Kax u3BecTHO 13 paAMOJIOKAIINY, COTJIACOBAH-
Has QUIbTPaAIusa COOTBETCTBYET ONTUMAJLHOI 00-
paboTKe curHaJja B caydae 0eJioro ryma 1, cjaemoBa-
TeJILHO, IPUBOAUT K YBEJIUUYECHUIO TOUHOCTU PaIgUo-
JIOKAITMOHHBIX N3MEPEeHU.

MaremaTunueckoe MOaeJIupoOBaHUE

B mamnoii pabore paccmarpuBaeTrcs cy:xkenue [[H
TOJIBKO B a3MMYTAJbHOI IIJIOCKOCTHU, TaKsKe MMeeT-
Ccs BO3MOXKHOCTH CYJKEHHSA 3a CUeT MOAU(PUKAIIIN
aJITOPUTMOB U JJIA YTJIOMECTHOM IIJIOCKOCTH.

B cooTBeTCTBUM C U3JIO0MKEHHBIM IIOJXOA0M OBI-
JIO TIPOM3BEIeHO KOMITBIOTEPHOE MOJIeIMPOBAHUE CO
CJAEAYIONNMU UCXOAHBIMU JaHHBIMU:

— PACIIOJIOKEHIE 2JI€MEHTOB PEIlleTKY BIOJIb OCH
X (cwm. puc. 1);

— yucy0 3yeMeHToB perneTku n = 20;

— paccTosHTe MEeKIY dJIEMEeHTAMU PEIIeTKHU TI0

ocmX:d, =98, = %;

— pacCTOsTHME MEXKIY 9JeMEeHTAMU PeIleTKU II0
A
ocuY:90, = —;
vyo2
— YHCJIO OTCUETOB CUHTE3UPOBaHUA paBHO 10p.

IIpu sTMx maHHBIX MCXOAHAA (IO CHUHTE3UPOBA-
Hud) mupusa [[H npu dasupoBaHUM pelieTKu B Ha-
IIpaBJIeHNY HOPMAJIU K ee OCH PaBHA

57,3 . o

) .

. )
207 - = 57,3 = ~
0,5 nd  20-0,5

PesynbTaThl MOMEIUPOBAHUS [JIS Pa3IUUHBIX
HAIpaBJeHUN (asupoBaHUsA TMpPeACTaBJIEHBI Ha
puc. 3, a—a. IlyaKkTUpHON JuHMUEH obo3HaueHna [TH
HecuHTe3upoBaHHOM AP, a crjomrHoi JuHUEH —
cunTe3upoBanHOi AP.

Kak BugHo 13 puc. 3, Ipu CUHTE3UPOBAHUU JIU-
HeITHOM MJOCKOM dKBUAMCTaHTHOU AP mpowmcxo-

0,6

F(0)

0,2

80 85 90 95 100

F(©)

0, rpang

F(®)

24 26 28 30 32 34 36
0, rpan

B Puc. 3. CunresupoBanHasa miockas AP mpu 0,, = 90°
(a); 8,9 = 60°(6); 0,5 = 30° (8)

B Fig. 3. Synthesized flat antenna for 0,, =90° (a);
0,0 =60°(0); 0., =30° (8)

IUT Cy’KeHIe OCHOBHOTIO JienlecTKa. Pasperatomniasa
CIIOCOOHOCTHh MAJIA MAaHHBIX HAYAJbHBIX YCJIOBHUI
yBesqnuuBaeTcAa npubiausurenabHo B 1,5 paza. Haa
nanbHeliero cyskeHusa [[H Heobxoxzmmo yBesu-
YMBaTh AJUHY PeIIieTKd B HaAIpaBJIeHUU OCHU Y,
T. €. IIOBBIIIIATH YHCJO OTCUETOB CHUHTE3UPOBa-
HUA P.

Tak:xe HabJIIOZAETCA CIVIa;KUBaHUE MaKCUMyMa
OH, uTo xapakTepHO s maockux AP 1 KocBeHHO
TOATBEPIKIaeT KOPPEKTHOCTD BBLITIOJTHEHHOT'O MOJe-
JINPOBAHUA.

PesynbTaThl MOAEIMPOBAHUS IS Pa3IUUHBIX
3HAUEHUII WHTEpBaJia CUHTE3UPOBAHUA p MPU Ha-
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B Puc. 4. CunresupoBanHasa miockas AP, casuposan-
Haa B Hampasjenuu 0, =90°, mpu p =362 (a); p =905
(0); p =1810(6)

B Fig. 4. Synthesized flat antenna array phased in di-
rection 0,y = 90° for p = 362 (a); p = 905 (6); p = 1810 ()
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B Puc. 5. CunresupoBanHada miaockaa AP, chasupoBan-
Haa B HampaBaeHuu 0, = 90°, mpu n = 30 (a); n =40 (6);
n =50 (8)

B Fig. 5. Synthesized flat antenna array phased in di-
rection 0, = 90° for n = 30 (a); n =40 (6); n =50 (8)

npasieHnu ¢pasuposanusa 0., =90° npeacrasiaeHsb
Ha puc. 4, a—a.

PesynbTaThl MOAEJIUPOBAHUA OIS Pa3IUIHOTO
yucJa sjaeMeHToB AP n npu manpaBaeHun (pasupo-
BaHuA 0, , = 90° mpexcTaBIeHI Ha PHUC. 5, A—6.

Hanusie mupuasl [JH #Ha ypoue 0,707 mo am-
IJINUTYyae TPU Pa3JIudHOM dYmcjae 3JeMeHTOB AP
IIpe/iCTaBJIEHBI B TAOJIUIIE.

Kax BugHOo us puc. 5 u TabJauIbl, IPU OJUHAKO-
BOM mHTepBaJie cunTedupoBanud p [[H AP cy:xaet-
ca B cpegueM Ha 20 %, UTO B CBOIO OUepehb IPUBOLUT
K YBEJIMUYEHUIO TOUHOCTU PAJUOJOKAIITNOHHBIX YIJIO-
BBIX U3MEPEeHU.

KoamuecTBo IMTupuna IH AP (290,707) Cysmerme
3JIEMEHTOB IHH %
AP, n . ., ’
peasbHON | CHHTe3MpPOBAHHON
20 5,08 4,04 20,5
40 2,54 1,98 21,0
60 1,7 1,32 22,4
80 1,26 0,97 23,0
100 1,02 0,78 23,5
120 0,84 0,66 21,4
140 0,72 0,56 22,2
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Introduction: Increasing requirements for the location accuracy of radar stations, along with the minimization of their structural
changes, necessitates the use of special mathematical algorithms for digital signal processing. The use of such algorithms makes it
possible to increase the resolution of a radar station up to a superresolution exceeding the Rayleigh resolution, without any constructive
modification of the antenna systems. The existing superresolution algorithms require a large computational cost and a long signal
accumulation time. Purpose: Obtaining superresolution in the angular coordinates of a linear antenna array due to digital synthesis
of longitudinal flat aperture in real time by digital methods. Methods: An amplitude-phase distribution is formed on the elements
of a linear lattice of the data array. On this base, a longitudinal flat aperture is synthesized using digital modeling algorithms for
“virtual re-emission” of the received signals. Results: Based on the proposed method of synthesizing a linear antenna array aperture
in the longitudinal plane, an algorithm was developed for estimating the increase in the angular resolution of the linear antenna
array. Computer simulation of the resulting lattice was performed, and its radiation pattern was built. The dependence was analyzed
of the angular resolution on the phasing direction and on the synthesis interval when using this method. Quantitative assessments
were carried out by the comparison between the obtained angular resolution and a potentially possible one determined by the Rayleigh
criterion. The resolution in angular coordinates when using this method increases by 1.5 times. Thus, the proposed method allows you
to increase the angular resolution of a radar station without any significant structural changes in the antenna array, using relatively
simple algorithms. Practical relevance: The application of this method in radar stations, especially those operating in the short-wave
range where increasing the size of the antenna array is a rather difficult task, will improve the radar measurement accuracy.

Keywords — antenna array, aperture synthesis, digital signal processing, superresolution in angular coordinates.
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a/pKyTCKMIA rocyapCTBEHHbIN YHUBEPCUTET MyTen coo0bLLeHNs, YepHbileBcKoro yi., 15, pkyTck, 664074, P®

BBegieHue: n3BECTHO, YTO aMepuKaHCKas LUMPOKO30HHas anggpepeHuymnanbHas cuctema WAAS xapakTtepusyeTtcs noBbi-
LUEHHOM BEPOSITHOCTbIO JIOXHOW TPEBOIM O HapyLUEeHUN [OCTYMHOCTU TpebyeMbiX HaBUraLiMOHHbIX XapaKTePUCTUK B YCIIOBUSIX
reoMarHMTHbIX BO3MYyLLeHni. CnefcTBMEM 3TOr0 MOXET CTaTb CHUXeHue aghgpekTuBHocTH paboTbl WAAS n3-3a HecooTBeT-
CTBUS BbIXOAHON MHGbOPMALMM CUCTEMbI KOHTPOJISI AOCTYNHOCTU TPebyeMbIX HaBUraLMOHHbIX XapaKkTePUCTUK haKTUYEeCKOMY
KayecTBy HaBUraLMOHHO-BpeMeHHOro obecrevyeHus. Lienb: cpaBHUTeNbHbIN aHanmM3 (pakTMHECKOro KayecTsa HaBUraLMoHHO-
BPpeMeHHOro obecriedeHus nosib3oBaTesieil CryTHUKOBOW HaBUraLMoOHHON cuctemMbl GPS u BbixogHOM MHbOpMaLmMn cucTeMbl
KOHTPOJIl JOCTYMHOCTU TpebyeMbix HaBUraLMOHHbIX XapakTepuctuk WAAS B ycrioBusix yMepeHHON MarHuTHo# Bypu, a Takxe
npy HanM4mmu TexHnyeckux cboeB B paboTe oTAeNbHbIX cerMeHToB cucteM GPS n WAAS. Pe3ynbTaTtbi: no pernoHy CLUA, ans
82 onopHbIx cTaHUui, 060pyA0BaHHbIX HaBUraLMOHHbIMU pueMHMKamu GPS, 6b1in paccunTaHbl NOrPeLIHOCTH MecToonpese-
nenus. [py pacyeTax Ucrnosib30BaanNCb reoMeTpuyeckme fasabHoCTh BUANMbIX HaBUraLyMOHHbIX CITy THUKOB M COOTBETCTBYHOLLUE
peasnibHble 3Ha4eHUs1 MOHOCGHEPHOW AanbHOMEPHOM MOrpeLIHOCTH, KOTOpble ONpeaessi/nCb METOA0M [BYXHacTOTHbIX M3Me-
peHui. Ha ocHoBaHUM 3TUX Xe [aHHbIX U C UCM0/Ib30BAHUEM U3BECTHOIO TUMOBOro anroputMa KoHTponsa goctynHoctn WAAS
BbIYUCIIS/INCb YPOBHU 3aLUMUTbI M0/1b30BaTeNeil B ropU30HTaIbHON U BEPTUKAJIbHON MIOCKOCTSX. Pe3ynbTaTbl 9TUX Bbl4uCIIe-
HWI NpefcTaBieHbl B BUAe BPEMEHHOIO rpachuka 3aBUCUMOCTY MPOLEHTa 30HbI MOKPbITUS paboyeli 30HbI WAAS, KoTopbii
CpaBHUBAJICS1 C COOTBETCTBYHOLMMU rpachukamu, npefcTaBieHHbIMU B opuLmabHbix oTHeTax o pabote WAAS. YcTaHoBeHo,
4YTO MMEIT MECTO CJlyyau CyLLEeCTBEHHOr0 PaccoriacoBaHus Mexay nporHo3amMu [OCTYMHOCTU TpedyeMbiX HaBUraLMOHHbIX
XapakTepucTuk rno faHHbiM WAAS u peanbHbIM Ka4eCTBOM MO3ULMOHUPOBaHUS B paboyelt 30He aTou cuctemMbl. OBHapyXeHbl
paccornacoBaHusl B pe3ynibTaTax pacyeToB ypOBHeN 3alUmUThbl B rOPU3OHTASIbHON U BEPTUKASIbHOM MIOCKOCTSAX, MOYYEHHbIX U3
ouLmanbHbIX 0TYETOB 0 paboTe CUCTEMbI M BbIYMCIIEHHbIX HA OCHOBE FreOMeTPUYECKON AasbHOCTU U peasibHONM MOHOCChepHOM
JAanbHOMepHoU norpewHocTy. MpaKkTnyeckas 3Ha4YUMOCTb: NPeS/I0KEHHbIE peKOMeHAaunn 418 nepecMoTpa KoHUenymm rno-
CTPOEHUSI CUCTEMbI KOHTPOJIS1 [OCTYMHOCTU TPeByeMbiX HaBUraLMOHHbIX XapaKTePUCTUK LUMPOKO30HHBIX AucbchepeHymnanbHbIX
CUCTEM C pasfesieHneM pacyeTa «/10KaslbHO 3aBUCUMbIX» U «100albHO 3aBUCUMBbIX» KOMIOHEHT AnbcpepeHLmanbHbIX nonpa-
BOK [jaJlbHOMEPHbIX MOrPeLLHOCTeN MN03BONIAT CHU3NUTb BEPOSTHOCTb MOSIBJEHUS JIOXXHOM TPEBOMM UIIU OMAacHOro paccoriacoBa-
HUs MHGhopMaLMK B cucTeMe.

KnioueBble cnoBa — KOHTPOJIb JOCTYMHOCTH, LLeSIOCTHOCTb, TpebyeMble HaBUraLMoHHbIe xapakTepucTuku, WAAS, auccpe-
peHLunasnbHble CUCTEMBI.

Jas qurupoBanus: [lembanos B. B., Xanumasnos [I. C., @egopos M. 3., Imaposa O. B. Ouenka KauyecTBa aJIropuTMa KOHTPOJIA JOCTYIIHO-
cru WAAS B yCcI0BUAX yMePEHHOUM reoMaruuTHou 6ypu. Hugopmayuonno-ynpasasiowue cucmemst, 2020, Ne 2, c. 46—59. doi:10.31799/
1684-8853-2020-2-46-59
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algorithm under geomagnetic storm conditions. Informatsionno-upravliaiushchie sistemy [Information and Control Systems], 2020,
no. 2, pp. 46—59 (In Russian). doi:10.31799/1684-8853-2020-2-46-59

Beenenue

IITuporkosonHas auddepeHinaIbHass CUCTEMA
(IIOC) saBasieTcA CPEACTBOM IWIOBBINIEHUS TOYHO-
CTU OIIPENEeJIEHUs MECTOIIOJIOMKEHUA TI0JIb30BaTe-
Jiell CIIyTHUKOBBIX PAJAUOHABUTAIIMOHHBIX CUCTEM U
obecrreunBaeT KOHTPOJb AOCTYIHOCTU TPeOyeMBbIX
HaBuUranuoHHbIX xapakrepuctuk (THX) mosb3oBa-
TeJell pas3sINYHBIX KaTeropuil B mpegeaax padoueit
30HBI. MaKCHUMAaJbHO JOIMYCTHUMbIE TIOTPEITHOCTHU
OIIpe/ie/IeHNS MECTOIIOJIOMKEHUSA O0pasyloT I'paHU-
bl «IUJINHAPA 6e30olmacHoCTU» — O0O0JIACTH IIPO-
CTpaHCTBa, B IIpefesiaX KOTOPOH MOJIKeH (aKkTu-
YeCKM HAXOAUTHCS IOJIb30BATesb, UTOOBI He HapPY-
muTh THX, cooTBeTcTByOIME HaHHOW KaTeropuu

moJb30BaTes s W perraemMoir mMm 3amauu. CpenacrTsa
HIIC mosBossaioT opMuUpPoOBaTh BeKTOp aAuddepeH-
IUAJbHBIX IIONIPABOK, COAEP:KAIIUN KOMIIOHEHTBI
TOTPEITHOCTY TEeKYIUX [OaJbHOMEPHBIX U3Mepe-
HUN CIOYTHUKOB PAJSUOHABUTAIMOHHON CHCTEMBEI,
a TaKJKe IlepefaBaTh II0Jb30BATEJNAM OII€PATUBHYIO
nHpOpMAaIUo, KOTOpad IIOMOraeT OIeHWBATH (DaK-
TUYECKYIO TEKYIIYIO JOCTYIIHOCTh 3amaHHBIX THX
C HEKOTOPOl JOBEepPUTEJBHON BepoATHOCTHIO [1].
Terkymaa gocrynuocts THX omeHuBaercsa B ammna-
paTrype IoJIb30BaTe A CUCTEMBI B BUJIe «YPOBHEMH 3a-
IIUTBI», T. €. O3KUJA€MOM C OIIPeIeJIEHHON BEPOATHO-
CTBHIO IIOTPENTHOCTY OIPEAEeJIEHNA MEeCTOIOJ0KEHMA
B IIJIaHE U II0 BBICOTE C YUETOM IIOTPEIITHOCTEH aJIb-
HOMEDHBIX U3MEPEHUH U TeoMeTprU HabJII01aeMoro
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HaBUTAIIMOHHOTO CO3Be3AuA CHYTHUKOB [2]. B sa-
BucumocTu ot rpymnnsl THX, KoTopas ompenesser-
cA Kareropuweil IOJH30BAaTeNsA, IMOJb30BATEIHCKOE
000py/IOBaHME BHIUUCJISET TOJbKO I'OPU30HTAIBHBIN
yposenb samiutel (Horizontal Protection Level —
HPL) nu60 1 TOpM3OHTAJBHBIH W BEPTUKAJBHBIH
(Vertical Protection Level — VPL) ypoBHU 3a1uTsI.
Brixon Brrumnciennoro szauenus HPL unaum VPL 3a
rPpaHUIILI 00JIACTHA HPOCTPAHCTBA MOMYCTUMBIX II0-
rpemrHocTell («IMInHAPa 0€30ImaCHOCTI») CUTHAJIU-
supyeT o HempocTynHocT THX B TeKymiuii MOMEHT
BpemeHu. IIpu sTOM rapaHTHpyeTCsd, UTO haKTUUe-
CKasdA OIIuOKa OIpeiesieHUsI MECTOIIOJIOKEHU S TIOJIb-
30BaTeJIs JOJI;KHA ObITh MEHbIIe 3HAUeHUI ypPOBHell
samuTel B TeueHne 99,99999 % spemenu.

B Hacroamee BpeMsa HauboJsiee UBBECTHBIM U OT-
KPBITBIM [AJI He3aBUCUMBIX WCCJIETOBAHUMN TUIIOM
HIIIC saBasgeTcsa aMepuKaHcKas cucrema WAAS
(Wide Area Augmentation System), xoropas mox-
nepe:xuBaeT Boicokre THX mosn3oBaresneit GPS B mpe-
Ienmax paboueil 30HBI, OXBATBLIBAIOIIEH TEPPUTOPUIO
CIIA u Kaunagsl. B vacTHOCTH, ITPU UCIIOJIB30BAHUY
cpenctB WAAS nna nopnepsxkanusa THX aBuaiiuoH-
HBIX IIOTPeOuTesiell HAa KOHTUHEHTAJLHOM TEepPUTO-
puu CIITA (CONUS) u AnsicKu BBOAATCA CJIETYIOIIIE
Ipeiesbl «ITUInHAPa 0e3onacHocTu» [3]:

— 1moJieT B 30He aspoapoma (pesxum LP) — THX
moctynHbl, ecan HPL <40 w;

— HeKaTeropupoBaHHBIN 3aX0f HA ITOCAIKY 0e3 Ha-
BeJIeHUS B BEPTUKAJBHOH IJIOCKOCTH (peskum LPV) —
THX goctymubl, ecau VPL <50 m 1 HPL <40 m;

— KaTeropMpPOBAaHHBIM 3aX0]] Ha MOCAAKY C Ha-
BeJleHeM B BEPTUKAJBHOM IIJIOCKOCTU IO BBICOTBI
IPUHATHUA pelteHusd, paBHoi 60 M (200 dpyram) (pe-
skum LPV200) — THX nmoctynssbl, eciun VPL <35 m
u HPL <40 m.

BxomHBIMU JaHHBIMHU IJIA OIpPeeeHnsa YPOBHEH
samuTsel HPL u VPL, KoTophle cOO0IIAI0TCS II0JIb-
30BaTeJISIM CHUCTEMBI Uepes reocTalliOHapHbIE CITYT-
Huku WAAS, aBIAI0TCA KOMIOHEHTHI OTHOCUTEJIb-
Hoii fasnpHOMepHOI morpenraocTu (User Differential
Range Error — UDRE) no Ka:XaoMy 1“3 BUIAUMBIX
cuyTaukKoB GPS u cooTrBeTcTBYyIIOIIAasg MOHOC(hepHAas
manbHOMepHaA morpemtHocTh (User Ionospheric
Range Error — UIRE). Beruununa UDRE xapak-
TEepU3yeT OCTATOUHYIO MOTPEIIHOCTL IIOCJie yueTa
KPATKOBPEMEHHBIX U JO0JI'OBPeMEHHBIX HuddepeH-
IUAJbHBIX TONPABOK TMOTPEITHOCTY YaCTOTHO-Bpe-
MEHHOTO U 3(pemMepuaHOro obecrieueHus. Beasnunna
UIRE cooTBeTCTByeT OCTaTOUYHOII uOHOC(hEepHOi
IaJIbHOMEPHOM ITOTPEITHOCTY, BO3HUKAIOIIEH mocye
KOPPEeKIIUU 9TOU morperraocTu [3].

OueBUAHO, UTO HANEKHOCTb KOHTPOJISA HOCTYII-
Hoctu THX cpeacrBamu WAAS saBucut oT TOro,
HACKOJIBKO MO/ KOMIIOHEHT Ia/IbHOMEPHBIX II0-
rpemraocteit UDRE u UIRE cooTBeTcTBYIOT peasib-
HBIM YCJIOBUSAM OIIPENeSIeHUS MEeCTOIIOJIOMKEeHU .
«Ecu TOBOPUTDL O MOT'PEITHOCTAX 3(PeMepuIHOr0 U

YACTOTHO-BPEMEHHOI'0 O0eCHedYeHUs, MOXKHO CKa-
3aThb, UTO MaHHBIE MOTPEITHOCTUA HOCAT <«IJI00aJb-
HBIN» XapaKTep, KOTOPBIN He 3aBUCUT OT MECTHBIX
ycaoBUiT HAOJIOAeHUA. OTOT THUM IOTPENTHOCTel
nMeeT MOHOTOHHBIN 3aKOH M3MEHEeHUs BO BPeMeHU
(mpeiid) TOTPEITHOCTH), KOTOPBLI B OOJBIITUHCTBE
CJIyYyaeB XOPOIIIO M3BECTEH, M TEKyIllad BeJIWUYnHA
TAKO! IIOI'PEIIIHOCTY ITPOTHOBUPYETCA U KOPPeK-
TUPYeTCA C BBICOKOU TOYHOCTHIO. B TO ke BpeMmsa
noHocdepHasi AaJbHOMEPHAS IIOIPEIHOCTh HMeeT
JIOKAJIbHBIN XapaKTep, APKO BRIPAKEHHYI0 PaKypC-
HYI0 3aBUCUMOCTH U YacTO HEIPEJCKasyeMo u3Me-
HSIETCS B 3HAUYMTEJIbHBIX IIPefesiaX, OCOOEHHO B yC-
JIOBUSIX T€OMATHUTHBIX BO3MYIIEHNUI, a TaKKe B yC-
JIOBUSAX BBICOKOIITMPOTHON M HU3KOIIMPOTHON MOHO-
chepsr» [2]. CooTBETCTBEHHO, TOUHOCTH OIIpenese-
HUSA MECTOIOJIOKEHHUA MI0JIb30BaTe A Ha IJIOCKOCTH
¥, 0COOEHHO, TI0 BLICOTE yA3BMMAa K BO3MYIIEHUIM
B noHOcdepe. B cpefHUX MIUPOTax TaKKe BO3MYIIle-
HUSA B OOJIBIIIMHCTBE CJIYYaeB BOSHUKAIOT B TEUEHUE
OCHOBHOI (pa3bl T€OMAarHUTHON OypW U BBIBLIBAIOT
POCT [MaJIbHOMEDPHOMH IOTPEITHOCTH, a TaKyKe KpatT-
KOBpeMeHHbIe ¢c00M B MpUeMe CUTHAJIOB OTHETbHBIX
CIYTHUKOB.

CaMbIMU TJIABHBIMU [JISI BBIUMCJIEHUS TEKYIIen
noHOC(hEPHOI AaTLHOMEPHOM IOTPEITHOCTH 0 KalK-
JIOMY M3 BUIUMBIX CIYTHUKOB B IIPOU3BOJILHON TOUKE
HabogeHui B mpeaesnax paboueit 3061 WAAS aB-
JIAIOTCS 3HAUEHUA <«BEPTUKAJBHBIX» MOHOCHEPHBIX
IOrpeIHoCTel manbHOMEpPHBIX wusmepenuit (Grid
Ionospheric Vertical Error — GIVE). 3uauenusa GIVE
paccuMTHIBAIOTCS B y3JIaX PABHOMEPHON MHTEPIIOJIS-
IIMOHHOM CeTH B mpeneaax padoueit 30ubI WAAS Ha
TyIaBHOU omopHOU craunmu WAAS u TpaHCIUPYIOT-
CA BCEeM IIOJIL30BATEJIIM CHCTEMBI Uepes T'eoCTaIyo-
HapubIil cnyTHUK (INMARSAT, AORE). Touku aToit
MHTEPHOJIAIIMOHHON «MOHOC(PEPHOIT CeTr», MOKPLIBA-
fortieir Becb CeBepo-AMeprUKaHCKUN KOHTUHEHT, pas-
MeIlleHbl PABHOMEPHO C PACCTOSHUEM 5° 110 IITUPOTE U
5° o mosirore. Texymasa Benuuntaa GIVE B kaxxgom us
Y3JI0B MHTEPIIOJSAINY OIEHUBAETCA C IIOMOIIBIO HH-
TEPIIOJIAINY Ha HEPABHOMEPHOM CEeTH IEPBUYHBIX 13-
MEPEHHBIX «BePTUKAJIbHBIX» MOHOC(HEPHBIX AaJIbHO-
MePHBIX ITorperiHocTeii. Ilocaenume, B CBOIO ouepeb,
TMOJIyUeHbI IIyTEM IIepecueTa M3 TeKYInero Habopa
«HAKJIOHHBIX» U3MePeHUN NOHOC(epHOIi faJlbHOMEpP-
HOM ITOT'PEITHOCTU OT BCeX BUAUMBIX CIYTHUKOB GPS
Ha KOHTPOJbHO-KOPPEKTUPYIOIINX CTAHIIUAX Ha3eM-
HOro cermenta WAAS. Ilpu sToM IlepecueTe IIPUHATA
Mozenb cheprUecKy CJIOUCTOU moHoc(heps! ¢ (hukcu-
POBaHHOI BBICOTOIT MakcuMyMa mouHmsanuu 350 K.
B komeumom uTore mosb3oBaresb WAAS ompeznesser
TEeKYIIYI0 HOHOCHEPHYIO [NaJTbHOMEDPHYIO IIOrDelll-
HOCTh B IIPOMBBOJILHOM TOUYKE CBOET'0 PACIIOJIOMKEHU ST
C TIOMOIIBIO JIMHEHHON WHTEPIOJIAINHN 10 3HAUYEHU-
am GIVE, B3ATbIM 13 OJIMKAUIINX TPEX WUJIN UeThI-
pex ToueK OIOpHOH «moHOoc(hepHOUl ceruy. Tarum
00pas3oM, IOJIb30BATENb CHUCTEMBI MOYKET OIEHUTH
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TEKYIIyI0 MOHOCHEPHYIO MOIPEITHOCTD 0 KaKIOMY
W3 BUAWMBIX CIIyTHHUKOB B IIpefesiax Bceil pabouei
30HBI, HE3ABUCUMO OT CBOETO YAAJEHUA OT OIMOPHBIX
cTaHIMI HaseMHoOro cermeHTa WAAS.

MosxHO BUAETb, 4uTO auddepeHnUaJIbHBIE IIO-
MPaBKU Ha WOHOCHEPHYIO IIOTPEITHOCTh OIpere-
JAIOTCA IIYTEeM JIBOWMHOM HMHTEPIOJIANNHN, da eIle
U C TIePecueTOM W3 <«HAKJIOHHBIX» IIOTPEITHOCTEH
B «BepPTUKAaJbHBIE» HA OCHOBE ITPOCTOH chepruuecKu-
caoucToit mogenu unonochepsl. IlosTomy oHU YacTo
IIJIOXO COOTBETCTBYIOT PeaJbHOMY COCTOSHUIO BO3-
MYIIeHHO! noHoc@deprl. B cuiy cKkasaHHOTO OIleHKa
pesquunHbl GIVE Bo Bceil paboueit soHe WAAS 1o
OZHOMY U TOMY ’Ke aJITOPUTMY MOJKEeT OKa3aTbCs
HEKOPPEKTHOI M BeCTHU K 3aBBINNIEHHBLIM 3HAUCHUIM
ypoBHel samutsl VPL u HPL u, coorBercTBeHnHO,
K HeONpaBIaHHO 3aHWKEHHOU OXKUJAeMOU TOCTYII-
Hoctu THX B cpaBHEHUU ¢ peaJbHOU CUTyaI e,

ITenvro manHOII PabOTHI ABJIAETCA OllEHKA (haKkTu-
YecKoii 9(PeKTUBHOCTH PA0OTHI aJITOPUTMA KOHTPOJIA
nocrynHoctT WAAS B yci0BUSIX YyMEPEHHON MarHuT-
HOI OypuW W MpU HAJIUUYUKM TEeXHUUYECKUX cO0eB B pa-
6ore cucrem GPS m WAAS. 9Ta omeHKa TPOBOIUTCS
HaMM IIyTeM HaOJTIOJIeHNsT COOTBETCTBUA MEKIY IPO-
rHo3aMu oxkupaemoni pocrynHoctu THX B mpemenax
paboueit 30abI WAAS 1 (pakKTUUECKMMU ITIOKA3aTe -
MU TOYHOCTHU ITO3UITMOHNPOBAHUA IToIb3oBaress GPS.
BrimosiHeHo cpaBHeHME ODUIIMATBHBIX OTUYETOB MOHU-
TopuHTa IegoctTHocT WAAS [4] 1 peasnbHOTO Kaue-
CTBa IIO3UIIMOHMPOBAHUA B 30HE TMOKPBITHS WAAS.
PeasibHOE KauecTBO ITOBUITMOHMPOBAHUSA ITOJIH30BATE-
Jett GPS ananusupyercsa 1Jis caydas aBTOHOMHOI Ha-
BUTAIIUY C UCIIOJIb30BAHIEM OZHOUYACTOTHBIX M3Mepe-
HU# paJnoHAaBUTAIITMOHHBIX IAPaMETPOB II0 CTAaHAAPT-
HOoMy C/A-Komy 6e3 moHOC(EepHOU KOpPeKIuU (PesKum
Standard Point Positioning — SPP). PesyabraTs:
HCCJIeTOBAHUI IIO3BOJIAIOT HAMETHUTH BO3MOYKHOCTU
IaJbHEUIIero pasBUTUA TEXHOJIOTUH ITNPOKO30HHOMI
muddepeHIIagibHON HaBUTAIUM Ha OCHOBE KOMOU-
HUPOBAHHOI'O WCIIOJIB30BAHUSA IIPUHIIAIIOB PAOOTHI
JIOKQJIbHOM 1 IIMPOKO30HHOI InuddepeHInaIbHBIX
CHCTEM [JIA Pa3febHOTO OIIEHUBAHUA «IVIO0AJBHO 3a-
BUCHUMBIX» U «JOKAJbHO 3aBUCHUMBIX» AU(PepeHIIn-
aJIbHBIX IIOIIPABOK.

HcToyHMKYN TaHHBIX M METOIbI MX 00Pa00TKH

WccnenoBanus IPOBOAUINCHL B YCJIOBUAX yMe-
PEHHOM TeoOMarHuTHON Oypu, KOTopas Hadajaach
14.02.2011 B 19:12 UT (Universal Time) u xapaxre-
pu3oBajach MaKCUMAJbHBIM IIJIAHETAPHBIM WHIEK-
coM Kp =4 [4]. OcuoBHas ¢aza TPOLOIIKAIACh IPU-
mepuO 10 03:00 UT ciexnyrolrero JHA 1 COIIPOBOKIA-
Jach AJIUTeNbHOI (pa3oil BoccTaHOBIEeHUS. B 00Jb-
IITUHCTBE CJIyYaeB TaKas yMepeHHas reOMarHUTHAs
O0ypsA He BBI3BIBAET CUJILHBIX BO3MYIIEHUI B CPETHUX
mupoTax monochepsi. Kak 661710 ycTaHOBJIEHO paHee

[6], mHOrOMAcCIIITA0HBIE MOHOC(EPHBIE BO3MYII[EHUA
PacCIpOCTPaHAIOTCS B CTOPOHY CPEIHEITNPOTHOH 30-
HBI OT PACIITUPSAIONIENCS I0XKHOM I'PAHUIIBI aBPOPAJIb-
HOT'O0 OBaJia, KOTOpas paccMaTpPUBAaEeTCsa KaK KMCTOU-
HUK aKyCTUKO-TPaBUTAIITMOHHBIX BOJIH, TTIEPEIATOITIX
BO3MYIIEHUs B noHOC(hepy. Pasmep obsacTu paciru-
PeHUA aBpPOPAJILHOI'O OBaJia HAIPSAMYIO 3aBHUCHUT OT
CUJIBI TeOMaTHUTHOM Oypu. ITosToMy MasI0BEpOATHO,
YTO yMepeHHas reOMarHuUTHAs Oyps CIIOCOOHA BbI-
3BaTh PACIPOCTPaHEHEe CUIbHBIX MOHOC(HEPHBIX BO3-
MYIIeHUI Ha BCIO 00JIacTh cpeaHux mupoTr. OmHaKo
BO BpeMs HAOJIIOAeHUII MMeJIN MeCTO U CJELYIOIIre
TeXHUYEeCKHe cOOM (PYHKIIMOHUPOBAHUSA CETMEHTOB
WAAS u GPS, nipescTaBiieHHbBIE B OTUETE.

1. 14.02.2011. KpaTkoBpeMeHHAasa IIOTEPS CBA3U
C reocTalMOHAPHBIM cHnyTHUKOM cBsasu GEO-138
¢ 12:01:14 UT go 12:01:27 UT — uwacTuuHas merpa-
nmamusa cepsucoB LPV u LPV200 B o61acTax paboueit
30HBI.

2.15.02.2011. Hepoctymen cunytauk GPS PRN 21
¢ 11:15 UT pmo 20:05 UT; npexnynpe:kaeHue o HApy-
IIeHNH I1eJIOCTHOCTH JaHHBIX cinyTHKa GPS PRN 04
¢ 11:32 UT go 11:43 UT — uacTuuHasa gerpagarius
cepBucoB LPV u LPV200 B o6iacTsax paboueil 30HbI.

Kax M0:xHO BUJeTh, IPOTHO3UPYETCI YaCTUUHAA
merpaganusa KauecTBa padcoTsl WAAS TOJBKO IO
IpuYrHe BO3HUKHOBEHUS TEeXHUUYECKUX cOOeB cu-
CTEMBI, a BO3MOKHOE BJIUSHNE IeOMarHUTHBIX BO3-
MYIIeHU, Tpeskie BCero Ha BICOKUX IITUPOTaX, He
IPUHUMAETCS BO BHUMaHue. B ¢Ba3u co BceM BBIIIIe-
CKABaHHBIM [JIs POBEAEHUS HCCJIETOBAHUS ObLIN
BBIOpAHBI UMEHHO 9TH JHU, YTOOBI IIPOCJIEAUTH, CBSA-
3aHBI JIX HeraTuBHBIE ITPOrHo3bl WAAS 00 oxxugae-
MOM CHUKEHUU KauecTBa HABUTAIIMMU C T€OMAaTHUT-
HBIM BO3MYyIlieHueM. IIpu 9ToM cpasy HYKHO OTMe-
TUTb, YTO IIEePBLII TeXHUYECKUII cOOll U3 OTUeTA He
TIOBJINSIET HA PE3YJILTATHI HAIIIET0 aHAJIN3a KauecTBa
HO3UIMOHUpPOBaHusA B pekume SPP, a Tak:ke mpu
npoBefeHNN pacueToB ypoBHei 3amuTsl HPL u VPL
C WCIIOJIb30BAHUEM TeOMEeTPUUYECKOH AaJbHOCTU U
peanbHBIX 3HAUEHUII MOHOC(EPHOU naJbHOMEPHOM
morperrHocTy [cM. BeIpaskeHus (1) u (2) masee].
C mpyroii CTOPOHBI, BO3MOKeH d3()(PeKT aerpaganuu
KauecTBa IO3UIIMOHUPOBAHUS 34 CUET BPEMEHHOM
norepu compoBoxkaenusa cunyTHukoB GPS PRN 04
u PRN 21 B mepuoabl BpeMeHU, KOTOpPbIe YKa3aHbI
B OTUETe.

CoriacHO COOTBETCTBYIOIIEMY O(MUIIAATIHHOMY
otuery o pabore WAAS [6] Obly0 BBIZaHO TIpeny-
IpeskIeHre 0 CHUKeH ! 001acTu MOKPhITusS WAAS
cepBucom ¢ THX mo TpeboBanuam LPV200 gasa Tep-
puropuu Ansacku Ha nepuog ¢ 11:30 UT go 17:00 UT
14.02.2011. Ha pwuc. 1, a usobpaxken rpauk, mo-
Kas3bIBAIOIUH IPOIEHT 00J1aCTU MTOKPBITUA AJIACKU
HaA MPOTSKEHUM BCEero sToro nHs. s cpaBHeHUSA
Ha puc. 1, 6 oToOpasKeHbI Te Ke JaHHBIE 3a CIENY-
foruii gerab 15.02, KOTOpPBIN COOTBETCTBOBAJ BOC-
CTAHOBUTEJILHON (ha3e TeOMAaTHUTHOTO BO3MYIIe-
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Hud. CorylacHO 3TUM PHUCYHKAM CJIEAYeT OXKHUIaTh
PEe3KOro COKpalleHnsa 30HbI IMOKPLITUA WAAS B Te-
UeHUe HECKOJIBKUX KOPOTKUX MHTEPBAJIOB BpEMEHU
B paone 11:30 UT, 14:00 UT u 17:00 UT B ycaoBusix
reomarauTHON O0ypu 14.02.2011 u B 17:40-18:00 UT
15.02.2011.

B otTinume ot Teppuropuu AJISCKH, OIS 30HBI
TMOKPBITHUA KOHTHWHEHTaJbHOUH Tepputopuu CIITA
(CONUS) Obltu mpemocTaBeHBI 0oJiee ITO3UTUB-
Hble mpenyupexkaeHusa cucreMbl WAAS. I'padpuru
oTtoOpaskarT mporeHT 30HbI MOKpeITUA CONUS oT-
HocutenbHO BpemeHu UT 14.02.2011 (puc. 2, a) u
15.02.2011 (puc. 2, 6). B coOTBETCTBUHU C OTUYETOM
WAAS 14.02 3oua nokpsiTua CONUS He cokpaita-
eTcs, HO ecTh mpenyupesxaenrne WAAS o ee peskom
cokpainenuu mpumepso B 17:40 UT 15.02.2011.

OmeHKa peasbHOTO KadvecTBa ITO3UIIMOHUPOBA-
HuA mnoJsib3oBareseii GPS BhIIONIHSETCS B pesKuMe
SPP 6e3 monoCc(hepHOT KOppeKIIuY (HauXyaIIIuii Ba-
PUAHT OKUIaeMOM TOUHOCTH ITO3UITMOHUPOBAHUS).
Brruucienme yposueii samutel HPL 1 VPL Taxixe
BBITIOJIHAJIOCh HAMU Ha Kaxk ot GPS-cTaHIuy B 1c-
cJaenyeMoii 06J1acTH Ha OCHOBE MCIIOJIb30BAHUA U3Me-
PEHHBIX MOHOCHEPHBIX AAJTHHOMEPHBIX MOTPEeITHO-
creii 6e3 noHochepHoi Koppeknuu. Takum ob6paszom,
HAI¥ Pe3yJIbTATHI U B CJIyUae OIeHKY PeaIbHOTO Ka-
YyecTBa MO3UIIMOHUPOBAHUSA, U B CIyUae MOIEJIbHO-
ro pacuera ypoBHel 3amuTel HPL u VPL 6yayT oT-
pasKaTh OKHIaeMOe KaueCTBO MHO3UIIMOHUPOBAHUA
C yUeTOM Bo3JelicTBuA peasibHOU noHOoCchephl 6e3 rc-
ToJIb30BaHUA AU depeHTnaIbHON KOPPEKITUU STOMN
TIOTPEITHOCTH, & TaKKe BO3MOIKHOM Jerpagaiuu Ka-
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B Puc. 1. IIporeHT 30HBI HOKPBITUA AJACKHU oTHOCUTEHbHO BpeMeHu UT B mepuoj 0CHOBHOM (ha3bl TeOMarHuTHOMN Oypu
14.02.2011 (a) u B neHb ha3bl BOCCTAHOBJIEHUA reoMarauTHoi 6ypu 15.02.2011 (6)

B Fig. 1. The percentage of the Alaska coverage area relative to UT during the main phase of the geomagnetic storm on
February 14, 2011 (a) and on the day of the geomagnetic storm recovery phase on February 15, 2011 (6)
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B Puc. 2. IIpormeur 30ubl HoKpbITHsI CONUS oraHOcuTebHO BpeMernu UT Bo BpeMsA OCHOBHOM (pasbl reOMarHuTHON Oypu
14.02.2011 (a) u B neHb (a3l BOCCTAHOBJIEHUA reoMarauTHo 0ypu 15.02.2011 (0)

B Fig. 2. The percentage of CONUS coverage area relative to UT time during the main phase of the geomagnetic storm
on February 14, 2011 (a) and on the day of the geomagnetic storm recovery phase on February 15, 2011 (6)
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YecTBa MO3UITMOHUPOBAHUSA OT IIOTEPH COITPOBOK e~
Huda cuyTHuKoB PRN 04 u PRN 21. OueBuauo0, 4TO
0XKUaeMoe KaueCTBO MOBUIIMOHUPOBAHUA B JAHHOM
caydae OymeT XysKe, U4eM IIOJyUeHHOe CPeICTBaMU
WAAS mocie ucnonb3oBaHua nuddepeHIInaIbHON
Koppekmnuu. OTHAKO TaKOI ITOAXOJ IIO3BOJISIET NaTh
HEe3aBUCUMYIO OIEHKY (DaKTHUUECKOI'0 COOTBETCTBUS
mporao30oB WAAS KOHKPETHBIM YCJIOBUSAM HaOJIIO-
IeHUus B MOHOc(Epe B TeUEHUE CYTOK.

Jisa mpoBeneHWA WCCJIENOBAHUUA MBI MCIOJIB30-
Baau (haiiapl JaHHBIX, KOTOPBIE COAEPIKAJIU CYTOU-
Hble U3MEPEeHUA BCeX BUAUMBIX cIyTHUKOB GPS Ha
OfHOM m3 crammoHapHbIX craunuil (GPS-cranmmii),
PACIIOJIOJKEHHBIX B ABYX O0JIACTAX 30HBI IHOKPBITUS
WAAS — Anscku u CONUS. [lna ucciaegoBaHusa
OBLIM BRIOPAHBI JOCTYIHEIE HAM AaHHbIe oT 12 GPS-
cTaHIU Ha Tepputopuu Anacku u 70 HA TepPUTO-
puu CONUS (puc. 3).

IIpoiiecc 06pabOTKM JAaHHBIX BKJIIOUAJ CJIEIYIO-
Tue Iary.

IITar 1. PacueTr psAg0OB MHOT'PEIIHOCTEIH OIpeeJie-
HUS MECTOIIOJIOMKEHU NI Kaxk ol u3 GPS-cranmnmii
¢ 30-ceKyHAHBIM BpeMeHHBIM pasperienueM [7]. Cuer
KOOpPAWHAT KaKJ0M CTAHITNY IIPOU3BOAUIICA HA OCHO-
BaHUU JAHHBIX, KOTOPHIE COAEPIKATCI B COOTBETCTBY-
forriem atoii crauniuu RINEX-¢aiine, ¢c moMoIbo mIpo-
rpammHO# yTuautsl TEQC [8]. IlosyueHHBIE TAKUM
00pa3oM KOOpAMHATHI W IIOTPEITHOCTH WX OIpeje-
JIEHUA TEePeCcUYUTHIBAJINCH Jajiee M3 IPAMOYTOJIbHOMN
TeOIleHTPUYECKOM CUCTEMBI KOOPAUHAT B JIOKAJIbHYIO
TOITOIIEHTPUYECKYIO CUCTEMY KOODPIUHAT.

ITar 2. Pacuet Tekymux 3Hauenuiit HPL u VPL
C YyYeTOM peaJIbHbIX MOHOCHEPHBIX ITOrPeITHOCTeH
IS KasKJOTO U3 BUAUMBIX CIIYTHUKOB 1 Ha KaKJ0M
GPS-craumnuu B o6aactu Anscku uiau CONUS. Hinsa
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Hoxarora, rpax
B Puc. 3. Kapra mectomnosoxkenus GPS-craniuit B 30He
mokpeiTuss WAAS

B Fig. 3. The map of the location of GPS stations in the
WAAS coverage area

3TOro OBbLJIa UCIIOIH30BaAHA MaTeMaTUUYeCKasA MOLEIb
IaJbHOCTH (P;) B BUJe CYMMBI FeOMeTPUYeCKOM Tajib-
HOCTH JI0 CIIyTHUKA 1 MOHOC(hEPHOH TaTbHOMEPHOI
IIOTPEITHOCTH, KOTOPAs BBIUUCJIAIACE HJIA 9TOTO JKe
COYTHUKA C IIOMOIIBIO ABYXYACTOTHBIX AaJIbLHOMEP-
HBIX KOJOBBIX U3MEPEHUH CIeYIOINM 00pas3oM:

Pi =Rgrom,i + ARion i3

Regom,i =
= \/(xO,i —XUs )2 + (!/o,i —Yus )2 + (Zo,i —2Us )2 ;
ARjop ; = wTECﬁ
fi
O S e A

" 40,308 2 _ 2

The X ;> Yo,i0 20,i & Xys» Yus» fys — KOOPAUHATEI i-To
cuytHuka u GPS-craHIuM B MPAMOYTOJbHOM Teo-
IEeHTPUYeCKOol cucreme KoopauHat; TEC, — mou-
HOe 3JIEKTPOHHOE cojfep:KaHue B MOHOC(hepe BAOJIL
JUHUU BUAUMOCTHU «i-ii cnyTHUK — GPS-cranmus»
(B emmmummax TECU, 1 TECU=1016 1/m2);
f1=15675,25 I'T u f, = 1227,75 I'T'y, — paboune ua-
crorel GPS; C1, — mceBmogaabHOCTh, U3MEPEeHHAS
¢ momMmoIlbo mambHOMepHOro C/A-Koma OTKPBITO-
ro IOCTyIIa Ha YacToTe f; A/ i-To coyTHUKAa; P2, —
TICEeBIOAATBLHOCTD, U3MEPEHHAasA C MIOMOIIBI0 TOUHO-
To JaJIbHOMEPHOTO KOJa OrPaHMYEeHHOrO JOCTYyIIa
(P-xogna) Ha gacToTe fy.

Pacuer ypoBae# 3amursl HPL u VPL nna kax-
moii GPS-cTraHIiuy BBIMOJIHAJICA C KCIOJIb30BAHUEM
MaJILHOMEDPHBIX uaMepeHnuii (1) u ¢ yueToM peasbHOMN
Ha0JI01aeMoii TeoOMeTPUN CIIYTHUKOB IJIS KaKIOou
u3 rpynn tpebosannit LP, LPV u LPV200 [9]:
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rie o, — cpefiHeKBaAparuyeckoe oTkaoHeHHe (CKO)
M3MEepPeHHbIX MOHOCHEPHBIX MJAaJbHOMEPHBIX IIO-
I'PeLIHOCTe A1 i-r0 cOyTHUKA; K ;ypy = 6,18 — Ko-
a(puImeHT noBepuUTeSbHON BepoaTHOoCTU aad THX
LP; Kypy =6,0 — pna THX LPV; Kyp, =5,33 —
aas THX LPV200; G — Tekyiasa reoMerpruyecKas
MAaTPHUIlA HAITPABJISIOIINX KOCUHYCOB «CIIYTHUKHI —
MOJIb30BAaTEIb»; W — IMaroHaJbHAs MaTPUIA THC-
Iepcuu JaJIbHOMEPHBIX ITOI'PEITHOCTEH.

JI71s1 BEIUMCIIeHN A BHAYEHNI G, IS KaXKJOTO CIIyT-
HUKa WCIOJb30BAJIOCh YCPEeNHEeHVEe WN3MEpPeHUil co
CKOJIB3SIIIIIM BpPeMeHHBIM mHTepBajiom AT =5 mumH,
YTO COOTBETCTBYET BpeMeH! OOHOBJIeHUA qu()dhepeH-
IUAJBHBIX TOMPaBOK B cucteMe WAAS [9].

IIar 3. CpaBHeHMEe rPaHULL JOIIYCTUMBIX IIOTPELII-
HocTteit HAL u VAL s pe:xumos LP, LPV u LPV200
¥ PeaJIbHBIX IIOI'PEIIHOCTEH MO3UITNOHNPOBAHNS, KO-
TOpBIE OBLIX PACCUMTAHBI Ha I1are 1 ¢ moceayomei
OIIEHKOM MPOIIEHTHOI'0 COOTHOIINEHUS 30HBI ITOKPHI-
Tusd aaa Anascku u CONUS, B KOTOPBIX BBITIOJTHSIOT-
ca tpeboBanusa LP, LPV u LPV200, mo opmy.ie

% B0HBI IOKPBITUA = m-100% , 3)
FLT

rae N — moaHoe KomnmdecTBo GPS-crannuii B uc-
cinenyemoit obmact; Ngprp KouanyectBo GPS-
CTAHIIMI, Ha KOTOPHIX 3a(PUKCHUPOBAHO IIPEBBIIIIE-
Hue ypoBHeit HAL (VAL) gna kakoit-n1nbo u3 rpymnn
tpeboBanuii LP, LPV uxu LPV200.

IITar 4. CpaBHeHMe BEIYUCICHHBIX 3HaUeHnit HPL
u VPL (2) 1 coOTBETCTBYIOIUX I'PAHUIL JOITYCTUMbBIX
norpertaocteit HAL u VAL nna rpynon THX LP, LPV
u LPV200 giia kaxxnoit GPS-crauiiuu Ha TEpPUTOPU
Anscku u CONUS c mocaenyroiiieii OLEHKOI ITPO-
IIEHTHOTO COOTHOIITEHUSA 30HBI TOKPBITHS, B KOTOPOIA
BBITIOJIHAIOTCS TPeOOBAHUS JaHHBIX CEPBUCOB.

Hcnonb3oBanme AByXYaCTOTHBIX W3MEPEHUU IJIA
MOJeIMPOBaHIA U3MepeHuii gajabuHocTu (1) o3Havuaer,
YTO TEKyIIee 3HaUeHe NOHOC(HEPHBIX NTaIbHOMEPHBIX
TIOTPEITHOCTEN (ARion,i) COZIEP’KUT HE TOJBbKO UUCTHIE
MOHOC(EepHBIE TTOI'PEIITHOCTHA, HO W BCe APYyTrUe, 3aBU-
CAIMe OT YacTOThI, JAJHLHOMEPHBIE IIOTPEIITHOCTH.
OCHOBHBIMU U3 HUX ABJSIOTCA IIOI'PEIITHOCTH MHOTO-
Jay4deBoCcTHU U Ju(ppepeHnnaibHble 3aeP:KKU CUTHATIA
B ammaparype cnyTHUKa 1 npuemHuka [10]. Omerum
OKUJaeMble ITaJIbHOMEPHBIE IOTPEITHOCTH, KOTOpbIe
axkTHUecKu cofiep:KaTcsa B MOIEIN U3MEePEeHU 1ajlb-
"HocTu (1). M3BecTHO, uTO Hambojee BEPOATHOE 3HA-
YeHUe <«BePTUKAJIBHON» HOHOC(hEPHO! IIOIPEeITHOCTU
noabaoBatesis (UIRE), koTropoe MpuHATO B pacueTHO
yactu aaroputmMoB WAAS, cocrasiser [9]

9,0 M 0°<@pp<20
ARyrrey =145 M 20° <¢pp <55°, @)
6,0 M 550 <(PPP

rae ¢pp — IIMPOTa HOAMOHOCHEPHOI TOUKH, K KOTO-
pOli IIepecYnTHIBAETCS «BEePTUKAJIbHAA» HOHOChED-
Has MOTPEITHOCTb.

st mpeoOpa3oBaHUA 9TOI BEJIMUNHBI B COOTBET-
CTBYIOIIlee 3HAUEHUE <«HAKJOHHOW» OaJbHOMEDPHOM
TIOTPEIITHOCTY C YYEeTOM yTIJia BO3BBIIIIEHUS HaBUTa-
IIMOHHOI'O CITYTHUKA MOYXHO MCIIOJIb30BATh BEIPAYKe-
Hue [11]

ARyIRE,SLT =
9105
Rp cos(ELE)

=ARyrre,yv | 1- T Ry thpy , ()]

rae hpy =850 KM — ypoBeHb caMoil GOJIBIION KOH-
MEeHTPaIlu 3JIEKTPOHHOUW IIJIOTHOCTH cJjos F2 wo-
HOC(epr; Ry =6378,1363 kM — paguyc 3emun;
ELE — yroJ BO3BBIIIIEHUA CITyTHUKA.

Ha ocnoBe Toii e MHOrOJIeTHEH CTaTUCTUKYU Ha-
onromenuit ycraHoseHo, uto CKO wmoHOchepHOI
ITaJIbHOMEPHOM IIOTPeIIHOCTH KoJieOJieTcsa B Ipeje-
aax 2—9 TECU, uto coorBeTcTByeT Besnuunte UIRE
ot 0,32 1o 1,44 M.

B coorBercrBuu ¢ Interface Control Document
GPS ab6courroTHasA cpefHsas BeanunHa AudepeHIin-
aJIbHOI 3a/IePyKKM CUTHAJIA B allllaparype CIyTHUKA
He JOJI’KHAa IpeBwIaTh 15 He (4,5 Mm). Besumunna sToit
TIOTPEIITHOCTY MOJKET ObITh KaK ITOJIOMKUTEJILHOM, TAK
u orpunareasHoii. IIpu srom CKO pamHOM morpert-
HOCTH, KaK IIPaBUJO, He IIpPeBhIIIaeT 3 He, T. €. 0,9 M.
B meiicTBUTENBHOCTH BeJIWMYMHA JAHHOU ITOT'PEITHO-
CTHU CYIIECTBEHHO Pa3/InYaeTcsA AJIA PasHbIX CIIYTHU-
KOB U MOXKET BapbMUPOBATh B Ipefesax =12 He (T. e.
+3,6 M) OT OTHOTO CITyTHUKA K Apyromy [12, 13].

AGconroTHasa cpenHsasd BeauunHa AudPepeHIu-
aJIbHOMU 3aIeP:KKY CUTHAJIA B allllapaType IpueMHU-
Ka TaKKe MOKeT UMeTh IOJI0KUTeJTbHbIe U OTPUILa-
TeJIbHbIE 3HAUEHUS U CYII[eCTBEHHO 3aBHUCETh KaK OT
THUIIa IPUEMHUKA, TaK U OT TeMIIepaTyphbl OKpPyKa-
forrei cpeabl. Hampumep, coracuo [13] ykasaunnas
TOTPEIITHOCTD MOKET HaXOAUThCA B Ipeaeaax +40 mc
(1. e. £12 ™M) mJIg HABUTAIMOHHBIX IPUEMHUKOB TH-
na Trimble 5700 u Trimble NETP. CKO gau=oi mo-
rperrHocTH He npeskbiiaeT 2 He (0,6 m).

CyIiecTByeT MHOKECTBO OI€HOK JaIbHOMEPHBIX
TOTPEITHOCTe, BBIBBAHHBIX IITyMaMU MHOTOJIydYe-
BOCTH B TOUKe IpHeMa CUTHAJOB HAaBUTAI[MOHHBIX
cryTHUKOB [14, 15]. TOT BU IOTPENTHOCTY OOBITHO
CUUTAeTCsA IeHTPUPOBAHHBIM TI'ayCCOBBIM IIIYMOM,
CKO KOTOpOro 3aBUCHUT OT yIJia BO3BBIIIEHUS CITYT-
HUKa. 3[IeCh MBI OIMMPAJNCh HAa Pe3yabTaThl, MOJY-
yeHHBIE B pabore [16], cornacHo koropeim CKO nan-
HOM TIOrpeIrHoCTy HaxoguTces B mpemenax 0,13—-0,4 m
B 3aBUCUMOCTH OT YIJIa BO3BBIIIIEHUSA CIIYTHUKA.

YuurbiBasg Bce BBIIIIEU3JIOMKEHHOE, MOXKHO OXKIU-
IaTh, YTO ab0COJIOTHBIE BHAUEHUS TOTPEITHOCTHU
AR, ;» BBIUUCIEHHOH! ABYXYaCTOTHBIM METOAOM IIO
dopmye (1), rpynInupyoTCsa B HHTEpBaJe —3,2...28 M
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C IOBEPUTEJbHOM BepoATHOCTHIO 99,7 %, a cooTBeT-
cryromue 3HaueHusa CKO BapbupyioT B mpemenrax
or 0,8 10 4,2 m.

CpaBHHTeJIbHAA SKCIIEPHMEHTAJbHA OI[EHKA
KauecTBa omoBemeHnit WAAS

IIporieHT 061aCcTH TOKPBITHS OBLI PACCUUTAH OT-
IeJbHO JIJIsT YPOBHEM 3aIUTHI II0 TpeboBaHuAM LP,
LPV u LPV200. Ha puc. 4 mpeacraBJieHbI CyTOUHBIE
PABI, OKA3BLIBAIOIINE BapWaIlUM IIPOIleHTa 00Ja-
ctu oKpbITuss CONUS HaBUTaIMOHHBIM CEPBUCOM
B pe:xxume SPP, xotopeiii ymoBaerBopsaer THX 1o
TpeboBaruamM LP, LPV uau LPV200. Bugto, uto HI
14.02, uu 15.02 nportieHT 00aCTH IIOKPLITUA He OITy-
craJica Hmoke 82 % muis rpynn TpeboBauuit LP, LPV
nau LPV200. 3xech u majiee KpacHble BePTUKAJIb-
HBble JUHUM 0003HAYAIOT MOMEHTHI BPEMEHU, COOT-
BETCTBYIOIIUE IpeaynpexaeHuam WAAS.

Ilocne cpaBHEHUSA IMOJYUYEHHBIX HAMH Pe3yJIbTa-
TOB (cM. puc. 4) c oruetamu WAAS (cm. puc. 2) MOK-
HO cZIeJIaTh CJeYIOIe BEIBOIBI:

— B IIeJIOM KauyeCTBO MO3UIIMOHMPOBAHUS B Pe-
skume SPP 15.02 HuKe 110 CpaBHEHUIO C IPEABIAY-
UM JHEM, YTO COOTBETCTBYET MPEIYIIPerKIeHUAM
WAAS;

— 15.02.2011 mabmomaeTcsa ABa SABHBIX HHTEP-
Bajla COKpAallleHus 00JIaCTU TOKPHITUA HABUTAIIU-
OHHBIM cepBUCOM B pesxkume SPP, KoTopbIii yaoBJeT-
BopsieT TpeboBanuam LP, LPV uau LPV200 B o6.1a-

ctu CONUS. IlepBsoiit uuTepBaa gautca ¢ 14:30 mo
18:00 UT, B TeueHME KOTOPOTrO AaHHBIE O(PUIIHATL-
HOro oruera WAAS u nannnie Ha puc. 4 B OCHOBHOM
He ImpoTuBopevar Apyr apyry. OQHaKO KauecTBO Io-
3UIIMOHUPOBAaHUS B pe:xume SPP Bo BropoM mHTEp-
BaJie ¢ 19:30 mo 22:00 UT oxasbiBaeTcs Xyske, ueM
B nepBoM. IIpu stom, corsacuo otuetry WAAS, Her
HUKAKUX TpefyIpeKIeHUl 0 CHUKEeHUN KaduecTBa
MO3UIIMOHUPOBAHUA HA 9TOT BPEMEHHOI IIPOMEKY-
TOK;

— B otueTe WAAS (cm. puc. 2, 6) ecTh Ipen-
yOpe:KJIeHrue O COKPAIl[eHUU OOJIACTU IOKPBITUS
Hmke 70 % pua ceppuca LPV200 Ha TeppuTopmm
CONUS B 17:40 UT. 9To0 3HaueHMEe HAMHOTO HUKe 10
CPaBHEHUIO C OIleHKaMH’ 00JIaCTU ITOKPBITUS IIPU UC-
MOJb30BAHUY HABUTAI[MOHHOTO CEpPBICA B pPerKUMe
SPP pia sToro ke mHTepBaJsia BpeMeHu (cM. puc. 4).
Takoe HECOOTBETCTBME TOBOPUT O BO3MOIKHOI JIOMK-
HOII TpeBore B cucteme WAAS.

B mesom, KaK u 0:KUJAJIOCH, KAUECTBO TO3UIIH-
oHUpoBaHusA B pexxkume SPP, ynoiierBopsioiiee
TpeboBanuam rpynn LP, LPV uau LPV200, noka-
3bIBaeT 6ojiee HUBKUI MPOIEHT 00J1aCTU IMOKPBITUS
B CPaABHEHUU C IO3UI[MOHWUPOBAHNEM C HCIIOJIH30-
BanueM WAAS (cm. puc. 4, a u puc. 2, a). OgHaKo
He HabJIIoZaeTcs TAKOTO TVIyOOKOTO CHUMKEeHUS IPO-
IMeHTa 00JIaCTH MOKPBITUA AJA TpeboBaHUI cepBUCca
LPV200 mo ypoBusa < 70 %. 9To 1eMOHCTPUPYET II0-
BBINIEHHYO JIOKHYIO TpeBor'y B cucteme WAAS.

IIpoBenem nasee pacuet ypoBHe 3amuTsl HPL u
VPL c ucnosib3oBaHUEM MOJEJIN HATbHOMEPHBIX M3-

KouTunenranbuasa reppuropusa CIITA
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B Puc. 4. KauectBo nosunuonupoanus:d B pexkuMe SPP B o6sactu moxkpeitusa CONUS orHOcuTensHO BpeMenu UT 14 des-

pans (a) u 15 despausa (6) 2011 roga

B Fig. 4. The quality of positioning in the SPP mode in the CONUS coverage area relative to the UT time on February 14
(a) and February 15 (6), 2011. Red lines indicate time points that correspond to WAAS warnings (see Fig. 2)
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mepenuii (1), cogeps:raniux peajsbHy0 HOHOCHEPHYIO
TaJIbHOMEPHYIO IIOIPEIIHOCTh. PeayabrarT pacuera
oToOpasKkeH Ha pHUcC. 5, Tie TTOKa3aHbl CYTOUHBIE PAIbI
BapuaInii MPoIeHTa 00JIACTY ITIOKPLITUSA HaBUTAI[U-
OHHBEIM cepBUCOM 1O TpeboBaHuUAM rpynn LP, LPV
niu LPV200.

CpaBHUBasA IoJyUYeHHbIe IpadUKNU Ha PUC. D, @ U
opunmanbabiii oryeTr WAAS 14.02 (cm. puc. 2, a), MbI
BUIUM JIyUIllee COOTBETCTBUE B OTJIMYME OT IPEIbIIY-
IITUX Pe3yJIbTATOB (CM. puc. 4), 0COOEHHO AJIA perKumMa
LP. OgHakxo Taksxe HaOJI0MaeTCA U ABHOE PACXOXKIe-
HI€ BO BDEMEHU U 1O a0COTIOTHBIM BeJIMYNHAM MEK-
oy npepymnpe:xkaenuaMu WAAS u pacueTHBIMU 3HA-
YEeHUSMU C UCIOJb30oBaHUeM Mozesu (1), ocobeHHO
mia pesxkuma LPV200. CaMblit HUBKUI TPOIEHT TI0-
KPBITHS, IOJYUYEHHBIH B Pe3yJIbTaTe MOIEJINPOBAHUSA
misa 14.02.2011, cocraBui okoJio 95 % mis pexkuma
LPV200 (cm. puc. 5, a). 9To HUKe 110 CPaBHEHUIO C CO-
OTBETCTBYIOIIMMI IIOKA3aTeJIIMHU II0 oTueTy WAAS
(cM. puc. 2, a), HO BIIOJIHE OKUJAEMO, TIOCKOJIBKY I
CBOMX PACYeTOB MbI MCIIOJIb30BAJIM PeasbHbIe MOHO-
chepHbIe ITaJLHOMEpPHBIE HOrpelrHocTu 6e3 mudde-
PeHIINaIbLHOI KOPPEKIUH.

Ha guarpammax puc. 2 1 5 BULHO, YTO HEKOTOpPAas
YacTh IOJIYUEHHBIX HAMU AAHHBIX U3 0(PUIIMATIBHO-
ro oruetra WAAS mMeeT coBmajieHus ¢ pes3yabTaTa-
MU MOJEJILHBIX PACUYETOB II0 BDEMEHU B IIEPUOJ MEXK-
ay 14:30 u 18:00 UT gas 15.02.2011 (cm. puc. 5, 6)
nas ceppucoB LPV u LPV200. Ho, coriacHo pe3yiib-
TaTaM MOJAEJINPOBAHUS, CAMbIii HUBKHUHA IIPOIEHT
OXBaThIBAE€MOI 00JIACTU IOKPBITHUS 34 STOT HEPHUO/

cocTaBUI OKOJIO 92 % (cMm. puc. 5, 6). ITO HAMHOTrO
BBIIIIE II0 CPABHEHUIO C OKUAAEMbBIM IIPeNyIIpeKie-
auem WAAS 3a Tor sxe nepuog spemenu (mo 70 %)
(cm. puc. 2, 6). [lauHBIN GaKT TaK:Ke MOYKET CBUIE-
TeJIbCTBOBATH O BO3MOKHOI JIOJKHOM TPeBOre B CHU-
creme WAAS.

Pesyabrarel MomenupoBaHusa (cM. puc. 5) u pe-
3YJIBTATHI OI[eHKY KaUueCcTBa HABUTAIINOHHOTO CEPBU-
ca B pesxkume SPP (cMm. puc. 4) Takike MOKa3bIBAIOT,
4TO 00JIaCTh MOKPBITHUA CHU3MJIACE 10 93 % B mepu-
ox 20:00—20:30 UT pgaa rpyna THX LP, LPV uanu
LPV200 14.02 u 15.02 (cm. puc. 4) u go 96-98 %
B mepuog 20:00-23:30 UT gaa THX LPV200 mo
pesyabTaTaM MoaeaupoBauusd (cM. puc. 5). OgHaxko
B oTueTtax WAAS 3a TOT ke IepuoJ; BpeMeHU HUUero
moxo6Horo Het (cMm. puc. 2). Takoe HecoOTBeTCTBIIE
MexRAy JaHHbIME WAAS 1 HalmuMu pesyibTaTaMu
TIOKAa3bIBAET, UTO BO3MOKHA BEPOATHOCTH IIOABJE-
HUSA OIIACHOI'0 PpAacCOIVIacOBaHWUsS HHMOpMAIUU Ha
BoIxXoZle WA AS nipu yueTe TeXHMUECKUX COOEB B CU-
cTeMe, HO IPU UTHOPUPOBAHUU PEAJbHOTO COCTOS-
HUA noHOChEPHI.

B orinmuune ot obaactu CONUS, mpemymnpesxne-
Hua WAAS, BeiaHHBIe AJ1d paboueil 30HBI Ha Tep-
putopuu AJACKYW, HOCAT CJIAYYaWHBINA XapaxTep
C CUJILHBIMHY IIPOBAJIAMU OYKUAAE€MOTO IIPOIleHTa 006-
JIACTH TMTOKPBITUS HaBUTAITMOHHBIM CEPBUCOM IIO Tpe-
ooanuam LP, LPV LPV200 (cMm. puc. 1). ITpu saTom
14.02 ¢ 11:40 mo 17:00 UT ykasaHo Tpu mepuoaa Bpe-
MEHU C PE3KUMU COKPAIEHUAMY 30HBI TOKPBITUSA IO
ypoBHA 40 %. 15.02 Tak:Ke oKugaeTCA PE3KOe CHU-

KourunenransHuas reppuropusi CIITA
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B Puc. 5. Cyrounsble pAbl Bapuaiuii mporenTa obsactu moKpbiTusa CONUS HaBUramuoHHBIM CEPBUCOM 110 TPEOGOBAHUAM
rpynn LP, LPV unu LPV200, paccuuTaHHbIe C YIETOM PeaTbHBIX MOHOC(hEPHBIX MoTrpelrHocTeit, 14 despans (a) u 15 des-

pans (6) 2011 roga

B Fig. 5. Daily series of variations in the percentage of CONUS coverage area by the navigation service according to the
requirements of the LP, LPV or LPV200 groups, calculated taking into account real ionospheric errors, February 14 (a)
and February 15 (6), 2011. Red lines indicate time points that correspond to WAAS warnings (see Fig. 2)
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JKeHUe KadecTBa paboThl cucTeMbl B nepuog 17:40—
18:00 UT. B mestom TaKoe pe3Koe pasinune OKuae-
MBIX IIPOTHO30B AJs Tepputopun Ansacku u CONUS
He MMPOTUBOPEUUT M3BECTHBIM OCOOEHHOCTSAM HOHO-
cepsl HA CPeIHUX U BBICOKUX ImupoTax [17].

Ha puc. 6 npeacTaBieHbI CyTOUHbIE PAABI, IOKA-
3BIBAIOIIMIe BapUALMY IIPOIEHTa 00JIaCTU ITOKPBITUS
TeppuUTOpur AJISCKNM HABUTAIIMOHHBIM CEPBUCOM
B pe:xxume SPP, koropeiii ymosiaerBopsier THX 1o
tpeboBanuamM LP, LPV uau LPV200. MoxxHo BumeTh,
yro u 14.02, u 15.02 mporeHT 006JIaCTH MOKPBITUS
BapbUpyeT CAydYarHbIM oOpasoM. IIpu sToOM MHUHU-
MaJibHOe 3HaueHue cocTaBysgeT 78 % niasa mabiarome-
uuit 15.02 (puc. 6, 6) u 80 % 14.02.2011 (puc. 6, a).
CpaBHeHme MexKIy mpenymnpexkaeHuamMmu WAAS (cm.
puc. 1) 1 BEIXOAHBIMU JAaHHLIMU Ha puc. 6 B yKasau-
HBIX YCJIOBUAX, KPOME CKa3aHHOI'0, IIOKA3bIBAET, UTO:

— nporHo3sl WAAS nafor 6oJiee 3HAUUTEIHHOE
OXKMIaeMOe COKPAII[eHNe 30HbI IIOKPBITUSA CEPBUCOM
LPV200 (mo 40 %, cm. puc. 1, a) B cpaBHEHUHU C pe-
aJILHBIM KauyeCTBOM IIO3UI[MOHUPOBAHUS B PEKUME
SPP;

— HeT COIJIaCOBAaHUSA BO BPEMEHU MEXKIY MO-
MEeHTaMM Jerpajanuu KadecTBa PabdOTHI CHUCTEMBI,
KOTOpbIe 00HAPYKeHbI 10 mporHosam WAAS, u mo
pesyJabTaTaM OLEHKY PeaibHOr0 KauecTBa [MO3UIO-
HUpoBaHUA B pexkxuMe SPP. BoaMoKHO, 9TO BLI3BAHO
HeJ0CTaTOYHON IJOTHOCTRIO ceTu craunuii GPS, xo-
TOpbIe HAMU MCIIOJIF30BAHBI [IJIA aHAJIN3a CUTYaI[UN
Ha TeppuTopun AJACKY;

— XapakKTep pacIpelesieHUA CJIydyaeB PE3KOTO
COKpaIllleHus paboueil 30HBI II0 Pe3yaIbTaTaM OIEeHKU
peasbHOT0 KauecTBa MIO3UIIMOHNPOBAHNUA B PEIKIIME
SPP HOCUT CcaydaiiHBIN XapaKkTep, KaK U IIPOTrHO3BI
KauecTBa paborsl WAAS nys Teppuropuu ANSCKHU.
ITO MOXKET TOBOPUTH O TOM, UTO MMEETCSA OLHA U Ta
JKe (usmuecKas NPUYMHA, BbI3bIBAIOIAA Aerpaja-
U0 KauecTBa PabOTHI CUCTEMBI B YCJIOBUSAX BHICO-
KUX IIIUPOT.

Iasee mIpOBENEHO CpPaBHEHME MeXKIy pPesyJibrara-
MU, IIPEeACTAaBJIEHHLIMHU BBIIIIE IJIA TeppuTopuu AJisc-
KU, ¥ MOAEJIbHLIMY BHIUNCIEHUAMU YPOBHEHN 3aIIUThI
HPL u VPL ¢ nomorsio Beipaskenuii (1), (2) maa Ttex
JKe ycJioBuii. PeaysbTaT pacueToB ¢ MCIIOJIB30BAHUEM
MOJIeJIV TaJIbHOMEPHBIX naMepenuii (1) orobpaskeH Ha
puc. 7, Te IOKa3aH MIPOIEHT 00JIaCTY IMTOKPBLITUSA TEP-
putopunu Ansicku orHOcuTe bHO Bpemeru UT.

CpaBHeHUE MeKAy IpenynpexaeHuamu WAAS,
KauyecTBOM HMO3UIIMOHUPOBaHMUA B peskume SPP u pe-
3yJIbTaTaAMU MOJEJBHBIX PACUETOB IIOKA3hIBAET CJe-
oyioliee:

— mporuao3dbl WAAS gaioT HaMHOro 0o0JblIliee
OKUJaeMOe COKpPAaIlleHre 30HbI MOKPHITUA CEPBUCOM
LPV200 (mo 40 %, cm. puc. 1) B cpaBHEHUU C PeaJib-
HBIM KaueCcTBOM IMO3UITMOHUPOBaHuA (cM. puc. 6, 1o
78 %) 1 B cCpaBHEHUU C pes3yJbTaTaMU MOJeJIUPOBa-
Hud (cMm. puc. 7, 1o 82 %). TO MOMKeT FOBOPUTH O 10~
CTaTOYHO BBICOKOUM BEPOATHOCTU JIOKHOI TPEBOTH,
KoTopas BbIgaeTcs mporuosaMu WAAS B ycaoBUsaX
noHochephbl BHICOKUX IITUPOT;
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B Puc. 6. KauecTBo nosunuonupoBanus B pexkume SPP B o6sactu mokpeiTua Ansacku 14 despasna (a) u 15 despainsa (6)

2011 roza

B Fig.6. The quality of positioning in the SPP mode in the Alaska coverage area on February 14 (a) and February 15 (6),
2011. Red lines indicate time points that correspond to WAAS warnings (see Fig. 1)
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B Puc. 7. CyTouHble pAABI BapUaIlui IPOIeHTa 00JIaCTU MOKPBITUA AJIACKY HABUTAITMOHHBIM CEPBUCOM IO TPEOOBAHUAM
LP, LPV unu LPV200, paccunTaHHbIe C yUeTOM PeaJTbHBIX NOHOCGHEPHBIX ITOTpeIHocTel, 14 despass (a) u 15 despais (6)

2011 roma

B Fig.7. Daily series of variations in the percentage of Alaska coverage area by the navigation service according to LP,
LPV, or LPV200 requirements, calculated taking into account real ionospheric errors, on February 14 (a) and Februa-
ry 15 (6), 2011. Red lines indicate time points that correspond to WAAS warnings (see Fig. 1)

— HeT COIVIACOBAHUS BO BPEMEHU MEKIY MOMEH-
TaMU Jerpafaliiy KauecTBa paboThl CUCTEMbBI, KOTO-
pbie ob0HApPYKeHb! o mporaosam WAAS (cm. puc. 1),
II0 pesyJibTaTaM Ha puc. 6 m mo pesysbTaTam Moje-
JupoBaHUA (CM. puC. 7). ITO MOKET OBITH 00BACHEHO
nByMs npuunHamMu. C OZHOM CTOPOHBI, HEJIOCTATOY-
HBIM KOJIMYECTBOM CTAHIUN ¥ UBMEPEHUH MOHOC(hED-
HBIX JaJIbHOMEPHBIX IIOTPEITHOCTeH, KOTOphle ObLIN
WCIIOJIL30BAHBI B HAIIIEM MCCJAEIOBAHUY AJIS TEPPUTO-
puu Ansacku. C apyroit cTOpoHbI, TPOrao3sl WAAS
0asupyroTca Ha TUIOBOM aJjroputme pacuera HPL u
VPL [hopmyabr (2)], koTopbiii He nuddepeHnupyeT
MoHOC(epHbIe YCJOBUS PACIPOCTPAHEHUS CHUTHA-
Jla Ha CpeJHUX U BBICOKUX IHpoTax. M, HaIpOTHUB,
HCIIOJIb30BaHVE B HAIIEM aHaJn3e peajbHbIX U3Me-
peHUii MoHOC(hEPHOH AAJTLHOMEPHON IOTPEIIHOCTH
MOJKeT JIYUIlle COOTBETCTBOBATh MECTHBIM YCJIOBUSIM
(hopMupoBaHUSA JAHHOIO BU/A MOTPEIITHOCTH U, COOT-
BETCTBEHHO, 00Jiee KOPPEKTHBIM 3HAUEHUAM YPOBHEI
samuTbl HAL 1 VAL Ha ocHOBe 5TUX JaHHBIX.

3aKJIo4YeHune

PesysibraTel HAIIEro WMCCJIEIOBAHUS IIOKA3aJIU
cJyyauW CYIIECTBEHHOTO PACCOIVIACOBAHUS MEXKIY
IIPOTHO3aMH JOCTYITHOCTHU TPeOyeMbIX HaBUTAIIUOH-
HBIX XapakTepuctuk WAAS, pealbHBIM KaueCTBOM
HO3UIMOHUPOBaHUA B peskume SPP 6e3 monochep-

HOI Koppekiuu u oneHKkamu HPL u VPL, moryuen-
HBIMM Ha OCHOBE peaJIbHBIX M3MepeHUuH mouochep-
HBIX IIOrperrHocTeil B AByx obOaactax CIITA (uen-
TpasabHoii yactu CIITA u Anscku). [Iporaosst WAAS
IaioT 3HAUUTEJIbHO XYAIIUN CIeHAPUI 0:KUIaeMOTO
KauecTBa paboThI CUCTEMBI B paboueii 30He B CpaBHe-
HUU C PeaJbHBIM KAueCTBOM MO3UITMOHUPOBAHUA U
pesyabTaTaMu PaCYeTOB HA OCHOBE PeaibHBIX 3HaUe-
HUH nOHOC(EPHON TaIbHOMEPHON IIOTPEITHOCTH.

Hexoropnie ciyuau B pabore WAAS MOKHO 1MH-
TEePIPETUPOBATh KAK COOBITHSA «JIOMKHOII TPEBOTU».
B wacruoctu, au 14.02, au 15.02 opoieHT obaacTu
MOKPBITUSA He CHUKaJca Huke 82 % nas cepBu-
coB LP, LPV unu LPV200 mo pesyibratraM OIEeHKHU
peajbHOTO KauecTBAa MHOSUIIMOHUPOBAHUSA B IIEH-
TpanabHOi uactu CIIIA. B To Xe BpeMs u B 3TOH
sKe obsiactu mporao3d WAAS maeT cokpaliieHue 30-
HBI TOKPBITUSA cepBucoM LPV no 70 %. Eme xy:xe
cuTyanus HaOJoaeTcss Ha Tepputropuu AJAcCKuU
B YCJIOBUSX MOHOC(hEPHI BHICOKUX IUpOT. Tak, Mu-
HUMAaJbHOE 3HAUeHWe 30HBI MOKPBITHUSA CepBUCAMU
LPV uau LPV200 mpu olleHKe peaJibHOTO KauecTBa
MOBUIIMOHUPOBAHMUSA cocTaBisgeT 78 % misa HabJIro-
meawnit 15.02.2011 u 80 % 14.02.2011 (cm. puc. 6, a).
IIporaossr WAAS B 9TUX Ke yCJI0BUAX HAIOT OoJiee
3HAUUTEJIFHOE OKMIaeMOe COKpallleH’e 30HBI II0-
KpbiTudA ceppucom LPV200 — mo 40 %.

Pesyaprarer pacueroB HPL m VPL c¢ wucmosb-
30BaHMEM MOJEJUN IICEeBAOJAJbHOCTU W PeabHBIX
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noHOoC(hEepPHLIX AaJbHOMEPHBLIX morpertHocteir (1)
B PACCMOTPEHHBIX CHUTYaIllUAX B KOJUYECTBEHHOM
OTHOINIEHUH YIOBJIETBOPUTEIHHO COTJIACYIOTCS C pe-
3yJIbTaTaMU OIIEHOK II0 PeajlbHOMY KauecTBY IIO-
sunmonupoBanusa. B obixactu CONUS umeerca u
KaueCTBEHHOE COIVIACOBAHUE: COKpAIlleHWe 30HbBI
nokpeiTusa ceppucamu LP, LPV uau LPV200 apowuc-
XOAUT IIPUMEPHO B OAHO U TO Ke BpeMsa. OmpHAKO Ta-
KOBOT'O COTVIACOBAHUSA HET [JIA TEPPUTOPUN AJIACKHU,
KOTOpasa KaueCTBEHHO OTJIMYAeTCA OT TEPPUTOPUU
CONUS c Touku 3peHus (popMupoBaHusa MoHOCHEDP-
HBIX JaJbHOMEPHBIX MOTPEITHOoCcTel. B oTamume oT
CPEeIHEeIINPOTHONU MOHOC(hephl, MOHOC(hEepa B aBpO-
PaJbHON 00JIaCTH COAEP:KUT MHOTOMAacIITaOHbIe
BOBMYIIEHUS 9JI€KTPOHHON KOHIIEHTPAIINHU HE TOJb-
KO B YCJIOBUAX MArHUTHBIX Oypb, HO U B HEBO3MY-
IIeHHBIX yeaoBuax [17-19].

CkasaHHOe, BePOATHO, MO0YIK1aeT IePeCMOTPETD
CTPYKTYPY U pelIaIiue IIpaBuJia aJropuTMa pac-
yera «JIOKAJbHO 3aBUCUMBIX» AUPPepeHIinaaIbHbIX
TIOTIPAaBOK U ITPOTHO30B KOHTPOJIA II€JIOCTHOCTU CHU-
CTeMBbI, KOTOPBIN MCHOJb3yeTcAa B cocTaBe WAAS,
IpUHUMAasA BO BHUMAHUE TEKYyIIlee JIOKAJbHOE CO-
CTOSHWE YCJOBUU pPaCIpPOCTPAHEHUWS pPAaJUOBOJIH.
OCHOBHO# KOHIEMIINEH TaKoi paboThl JOIMKHO OBITH
TO, UTO JOBEPUTEJIbHBIE MHTEPBAJBI OKUJAEeMOH JIO-
KaJbHO 3aBUCHUMOI [JaJbHOMEDPHON TOTPEeITHOCTHU
JOJIXKHBI OBITH JJOCTATOYHO IIINPOKUMMU, YTOOBI COOT-
BETCTBOBATH PEAJbHBIM YCJIOBUAM (DOPMUPOBAHUS
3TOi morpernHocTu. Ho, ¢ ApyTroii CTOPOHBI, pasme-
PBI 9TOTO MHTEPBAJIA He JOJIMKHBI IPUBOIUTH K MOAB-
JIEHUIO «JIOXKHOU TPEeBOrM», Korgaa parktuuecku THX
MOT'YT OBITH JOCTUTHYTHI.

Eciu cyIiecTBYIONIUE aJTOPUTM KOHTPOJS Iie-
aoctHocTu WAAS B paccMaTprBaeMOM YacTH OCTa-
eTcsa 6e3 UBMEHEeHU, TO HAWJIYUYIITUM BBIXOJIOM JIJIs
MOJEPHU3AIINN CAMOM CHUCTEeMbI SIBJISIETCSA ITPUBJIE-
YyeHMe CUTHAJIOB (B TOM UmMCJ€e Ha HOBBIX UYACTOTaX,
HampuMmep, L5) m m3MepeHUil APYyTrUX CHUCTEM IIO-
3uUIMOHNPOBaHusd, Takux Kak GLONASS, BeiDou,
GALILEO, QZSS, a Tak:ke TeoCTalliUOHAPHBIX CITYT-
HUKOBBIX I'PYHIUPOBOK. TaKoe JOIIOJHEeHNEe M03BO-
JIUJIO OBI CYIIIECTBEHHO YJIYUIIUTH KAYECTBO OIEHKU
u uutepnoaanuu 3Hauenuit GIVE u, cooTBeTcTBeH-
HO, CYSUTH JOBEPUTEJbHbIE MHTEPBAJBI OIEHOK JIO-
KaJIbHO 3aBUCUMBIX JAJIHHOMEPHBIX ITOTPEITHOCTeH
U CHUBUTDH BEPOATHOCTD IOABJIEHUSA JIOKHON TPEBO-
TH UJIW OTTACHOT'O PaccoryiacoBaHUA MHMOPMAIUH.

B peasbHOCTH 9TO oueBHIHOE 1 3 (HEKTUBHOE pe-
IeHre HaTaJKUBaeTCcA Ha Cepbe3HbIe OrPAaHUUYEHUA.
Tak, Ha KOHEUYHYIO TOUHOCTDH BBIUNCIEHUS BeJIUUNH
GIVE okaspIBaioT cepbe3Hoe BJIUAHNE IIJIaBaoIue
muddepernmaabEble MOTPENTHOCTA B alliaparype
HABUTAIIMOHHBIX CIIYTHUKOB Pa3HBIX TUIIOB U IIOKO-
JIEHUII 1 HaBUTAIIMOHHBIX TPUEMHUKOB Pa3JINUYHBIX
TUNIoOB 1 Mapok [18-22]. IIpu ncnonb3oBaHUY Pa3HO-
TUITHBIX CIIYTHUKOBBIX PaJMOHABUTAIIMOHHBIX CHC-
TeM, KOTOPbIe HaXOAATCA TOM yIpaBJIEeHUEM aaMU-

HUCTPAIIUUA PA3JIUYHBIX CTPAaH, BecbMa HEIIPOCTO
00ecIIeunTh COTVIaCOBaHUE U TIOAJePIKaHe TeXHIYe-
CKHUX CTaHJapTOB HA COOTBETCTBYIOIIYIO allapary-
Py Ha yPOBHE OOIIINX OJHOTUIIHBIX TPEOOBAHUI.

Hpyrasa He MeHee cepbe3Has IIpobjema 3/ech COo-
CTOUT B TOM, YTO MMEETCA CYII[eCTBEHHOE PACXOK-
IeHre B (pMHAJIBHOM TOYHOCTU NAJTLHOMEDPHBIX W3-
MepeHuii, KoTopas o6eclieunBaeTcsa Pa3HbIMU CIIYT-
HUKOBBIMU PaJUOHABUTAIIMOHHBIMU CHCTEMAMMU.
Hampumep, moaroBpeMeHHbBIN aHAJINU3 ITIOJTHOU AAJIb-
HOMepHoU norpermHocTu (SISRES) moxkasas, uro Be-
auunHa SISRE cyiiecTBeHHO BapbUpPYeT OT CUCTEMBI
K cucteme. COOTBETCTBYIOIVE BEJIWUYUHBI COCTAB-
asior: (0,7 = 0,02) m (GPS), (1,5 = 0,1) m (BeiDou),
(1,6 = 0,3) m (Galileo), (1,9 = 0,1) m (GLONASS) u
(0,6 = 0,2) m (QZSS) [21].

Kpowme sToro, Heo6xogumMo ©MeTh B BUAY, UTO Be-
POATHOCTb BO3HMKHOBEHUSA AHOMAJIbHBIX SBJIEHUN
IpU UBMEPEHUU PaJNOHABUTAIIMOHHBIX ITapaMETPOB
O CHUTHAJIaM OTHEeJbHBIX CIYTHUKOB BO3pacTaeT
IpU YBEJIUYEHUN KOJMUYECTBA COYTHUKOB. JTO Tpe-
OyeT COBEpIIIEHCTBOBAHMSA KauecTBa W pa3pelnaro-
el CIoCOOHOCTY CUCTEMbI MOHUTOPUHTA KaduecTBa
CUTHAJIOB.

IlpyuauMas Bce CKa3aHHOe BO BHUMAHUE, MBI
nojaraeMm, uto npu dopmupoBaHuu orneHok HPL u
VPL meo0xoaumMo pasmeauTh JIOKAJbHO 3aBUCUMbBIE
U ra06aJIbHO 3aBHUCUMBIE TaJIbHOMEDPHBIE IOTPEIl-
"HOocTH. CyIIecTBYIONMI aJITrOPUTM U CPELCTBA OIle-
HUBAHUA TJI00AJBHO BaBUCUMBIX JaJIbHOMEDPHBIX
norpertHocteii WAAS (morpemnoctu sdemepu,
TOT'PEITHOCTY YaCTOTHO-BPEMEHHOr0 obecreueHms,
muddepeHIInaJIbHbIe TIOTPEITHOCTY B aImIapaTrype
CIYTHMUKA) MOTyT obecreunTh d(PPEeKTUBHYIO TU(-
(hepeHIIMATBHYI0 KOPPEKIIUI0 M KOHTPOJb I[€JIOCT-
HOCTHU CUCTEMBI IO JAHHOI I'PYIIIe TIOTPEITHOCTEeH.

C mpyroii CTOPOHEI, KaK IIOKA3aHO BO MHOKECTBE
HUCCJIeIOBaHUM, a TaKiKe B HACTOAIIeH pabote, JiO-
KaJIbHO 3aBUCUMBbIE JaJIbHOMEPHBIE MOT'PEITHOCTHU
He Bcerga MOTYT ObITb 9()(EKTUBHO OIEHEHBI CPeJ-
crBamu u aaropurmamu WAAS. BeposarHo, i1yu-
UM peIleHreM 37Iech OyIeT IIPUBJIEUEHE CPELCTB
JIOKaJbHON IuddepeHIInaJbHON KOPPEKIIUU IJId
dopMUpPOBaHUA BBIOOPOUHBIX OIEHOK U Iud)epeH-
IMUAJbHBIX IONPABOK [JIf JIOKAJBHO 3aBUCUMBIX
laJIbHOMEPHBIX IIOTPEIITHOCTEeH, KOTOPhIE Yepes3 CeTUu
U CIYTHUKU CBA3U OYAYT COOOIIATHCA MOJIb30BaTe-
JIAM HIIUPOKO30HHOM MuddepeHIIna bHON CUCTEMBI
B 30HAX JOCTYITHOCTU 3TUX MOIPABOK C yUYETOM BO3-
MOYKHOCTEl pacIIuPeHUA 9TUX 30H 3a CUET IKCTPa-
TOJIAIAN.

OTmMeTHM, YTO HPeAIoJaraeTcsa HUCIOJIb30BAHUE
HE TOJIBKO <«IITATHBIX» JIOKAJbHBIX AuddepeHIn-
QJIBHBIX CHCTEM, KOTOPBIE COCPEJOTOYEHBI TOUETHO
0 CBOeMY Ha3HaueHUIO (PalioHBI adPOIOPTOB, IIOP-
TOB, CTPOUTEJLCTBA WUJIW NPOBEIEHUA ITPOEKTHBIX
U3bICKAHUIT), HO ¥ UHBIX OMIOPHBIX CTAHIIUI U CeTeH,
KOTOpBbIE B HACTOSAIIEe BPEeMs IIOJYUYarOT 0OJIbIIIoe

56 7 VHOOPMALVIOHHO-YMPABASIOLLVIE CUCTEMBI

7/ N2, 2020



\ NH®OPMAUWNOHHBLIE KAHAABLI 1 CPEADI N\

pacipocTpaHeHNte U aKTUBHO pasBuBaioTcs. Tak, «3a
nocaenume 15—20 jieT B Mupe pasBepHYT Pl OIOP-
HBIX M3MEPUTEJNLHBIX CeTell U IeHTPOB 00paboTKu’
uHGOPMAaINK, KOTOPHIE IT0KAa UCITOJb3YIOTCA s pPe-
IIeHUA HAYYHBIX M HEKOTOPHIX IPUKJIAJHBIX 3a1ad.
Croia BXOJAT CeTh MeKIYHAPOTHOMN Ieoie3nuecKoi
cay:x0nl [“International GNSS (Global Navigation
Satellite Systems) Service” — IGS], ceTu HETPEPHIB-
HO IeficTBYIOIUX OmmopHbIX craunuil (“Continuously
Operating Reference Stations” — CORS), kotopsie
Pa3BEepPHYTHI PAJOM TOCYZAPCTBEHHBIX areHTCTB, U
Iaske YACTHBIX KOMIIAHUI, MMEHHO IJIS MOIIePIKKNI
BBICOKOTOUYHBIX KOOPAMHATHO-BPEMEHHBIX OIIpefe-
JIEHUII Ha OIpeJeJeHHBIX TePPUuTOpuAX (aAMUHUI-
CTPATUBHBIN OKPYT UJIU I'OCYAapCcTBO). BBUIY BBHICO-
KO BOCTPeOOBaHHOCTH, B HACTOSINEe BPEMS PSAAOM
TOCYZapCTB yiKe CTaBUTCA 3aJaya, BO-IIEPBBIX, pac-

IIUPATH CYIIECTBYIOIINE M CO3aBaTh OIOPHBIE HO-
BBI€ CETH U, BO-BTOPHIX, PACCMOTPETH BOIIPOC O TOM,
KaK KCIOJIb30BAaTh BOBMOMKHOCTU M 06a3bl HAHHBIX
YKasaHHBIX OIOPHBIX CeTeli, YTOObI HAUJIYUIITUM
obpasoM 00ecHeunTh pean3alnui0 BBICOKOTOUHOI
«r00aJIbHOM» HAaBUTAIMU B PaMKaxX €IWHOW yHU-
BepcaJibHON BcemupHOI KoHmenmuu GNSS» [23].
B pamkax maHHON KOHIIENIIUV PA3BUTHUA TEXHOJIO-
Il COYTHUKOBOI HABUTraIlMM MOYKHO pacCcMaTpu-
BaTh M HAIlle IPEIJIOKEHNe 10 MOJEePHUBAINH IIIU-
POKO30HHBIX AuddepeHInaIbHbIX CUCTEM.

duHaHCOBAA MOIIEPKKA

Pabora BeimosiHeHa npu noaaepskke rpanta PH®D
Ne 17-77-20005.
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Introduction: The Wide Area Augmentation System (WAAS) is vulnerable to false alarms about the violation of the required
navigation parameter availability under geomagnetic disturbances. As a consequence, the system operation efficiency might decrease
because of a mismatch between the output of the control system and the actual quality of the navigation-time support. Purpose:
Comparative analysis of the actual quality of navigation-and-time support for GPS users and the output information of the system for
monitoring the availability of the required WAAS navigation parameters under a moderate magnetic storm and with technical failures
during the operation of separate segments of GPS and WAAS systems. Results: Location errors were calculated for 82 reference stations
in the USA equipped with GPS navigation receivers. The calculations used the geometric ranges of visible navigation satellites and the
corresponding real values of the ionospheric range-measurement error determined by the method of two-frequency measurements. Based
on the same data and through the use of the conventional standard WAAS availability control algorithm, the user protection levels were
calculated in the horizontal and vertical planes. The results of these calculations are presented as a time graph of WAAS operating area
coverage percentage, which was compared with the respective graphs presented in the official WAAS work reports. It is established that
there are cases of significant discrepancy between the forecasts about the availability of the required navigation parameters according
to the WAAS data and the real quality of positioning in the operating area of this system. There are discrepancies in the results of
calculations of protection levels in the horizontal and vertical planes obtained from official reports on the operation of the system and
in calculations based on the geometric range and real ionospheric range-measurement error. Practical relevance: Recommendations are
proposed in order to reconsider the development of a navigation parameter availability control for wide-area augmentation systems,
splitting the calculation into “locally dependent” and “globally dependent” components of differential corrections of range-measurement
errors. It will reduce the likelihood of false alarms or dangerous inconsistencies in information within the system.
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Mopapep)KKa NPUHATUSA pPeLleHU Ha OCHOBe
YesioBeKO-MAaLUMHHOrO KOJUJIEKTUBHOIO MHTEJIeKTA:

coBpeMeHHOe COCTOsAHUE U KOHLenTyal/ibHaA Moesb

A. B. CMUpHOB?, [JOKTOP TeXH. HayK, npogpeccop, orcid.org/0000-0001-8364-073X, smir@iias.spb.su
T. B. JleBawoBa?, KaH. TEXH. HayK, CTapLUMI HaY4YHbIN COTPYAHUK, orcid.org/0000-0002-1962-7044
A. B. lMoHOMapeB?, KaHf. TeXH. HayK, CTapLUMI Hay4YHbIN cOTPYAHUK, orcid.org/0000-0002-9380-5064
aCaHKT-[leTepbyprckuit UHCTUTYT MHGPOPMAaTUKM u aBToMaTusaymmn PAH, 14-s nuHns B. 0., 39,
CaHkT-lleTepbypr, 199178, P®

BBegeHue: B HacTosLlee BpeMs b6narogaps pa3BuT1i0 MHEOOPMAaLMOHHO-KOMMYHUKALMOHHBIX TEXHOJIOMMI U UCKYCCTBEH-
HOro MHTeNNeKTa Bece 6osiee LMPOKOE NPUMEHEHUE HAXOAAT CUCTEMbI YEI0BEKO-MALLUMHHbIX BbIYUCIEHUI, 04HAKO B NMoAaBJisi-
roujem 60sbLIMHCTBE pa3paboToK B 3TONM 06/1aCTU YEIOBEK, MO CYyTH, UFPAET POJib «BbIYUCIUTENBLHOMO YCTPONCTBA», KOTOPOE
MOXET 06pabaTbiBaTb 3anpockl ONPEAENeHHOro Buaa. Takum obpasom, TBOPUECKUIA NOTEHLMAT U crnocobHOCTU K camoopra-
HU3auuM Jofelt B 3HaYNTENIbHON CTereHn UrHopupyroTcs. Lienb: paspaboTka cucteM MofgaepXKuU MPUHATUSA PeLUEeHNUH, OCHO-
BaHHbIX Ha MPUMEHEHUN YESTOBEKO-MALLMHHOIO KOJIIEKTUBHOIO MHTEIeKTa. Pe3ynbTaTbl: npoBefieH aHam3 CyLLecTBYOLLEro
COCTOSIHUS Npob6sieMbl B 06/1aCTH MOCTPOEHUS TMOKMX YeslOBEKO-MALLUMHHbIX CUCTEM U MPeoXeHa KOHLeNnTyasbHas Mo4esb
cpenbl, Ha 6a3e KOTOPOW MOryT co3faBaTbCsl CUCTEMbI MOALEPXKKN NMPUHATUS pelueHui. LleHTpanbHbIMU MOHATUSAMU paspa-
60TaHHOM KOHLENTYaslbHOW MOLENN ABNAIOTCA: a) NPobieMa, Ha pelueHne KOTOpOo# HanpasJsieHa AesTe/lbHOCTb YeI0BEKO-Ma-
LUMHHOIO KOJIIeKTUBA; 6) KOJIEKTUB MalLUVH 1 S0 eV, B3auMo4eACTBYHOLLUX NOCPECTBOM Cpefbl B LieNsiX peLleHns npobrieMbi;
B) MogeJsib npoLjecca, onuckiBaroLyas npoueaypy noanepXKu NPUHSATUS PeLleHnii B yacTu cbopa nHgopmaumm, paspaboTku u
oLieHKHM anbTepHaTuB. lMpakTuyeckas 3HAYUMOCTD: NMPEANONAraeTcs, YTo MPUMEHEHNe pa3paboTaHHON MOAENN MO3BOSIUT CO3-
JiaBaTb CUCTEMbI MOAAEPXKU MPUHATUA peLLeHUA HOBOIro KJlacca, UCrosb3ys MOTEHLMas CaMoopraHU3aLmum 4es10BeKo-MallunH-
HbIX KOJIIEKTUBOB.
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BBenenune

B miupokom cMbICJIe IO KOJJIEKTUBHBIM MHTEJ-
JIEKTOM TOHWMAETCA CIIOCOOHOCTH I'PyHIIbI (KOMAaH-
IBbI) HAXOOUTH peltenus 3anau [1]. Ucropuuecku umc-
cJIeloBaHus B 00JIACTY KOJIJIEKTUBHOTO MHTEJIJIEKTa
OBLJIV TTOCBAIIEHBI pa3pab0TKe METOAOB U IPOIEAYD,
TOBBIMIAIONIUX JAHHYIO CIIOCOOHOCTH KOJIJIEKTUBOB,
cocroamux us Jiogeti. OTHAKO B HACTOAIEe Bpe-
Msa OJyarogaps pPasBUTHIO UHGOPMAIMOHHO-KOM-
MYHUKAIIMOHHBIX TEXHOJOTUI U HCKYCCTBEHHOI'O
uHTenneKTa (MIM) Bce Gosee MIMPOKOE IPUMEHEHUE
HaXOOAT YeJOBEKO-MAIIMHHBIE CHUCTEMbI. SIpKUM
IIPUMEPOM IIOAOOHBIX CHUCTEM SABJIAIOTCA CUCTEMBI
YeJIOBEKO-MAIITMHHBIX BBIUMCJIEHUI (CM. HampuMmep,
[2—4]), B KOTOPBIX HAPAAY C OIEePaIUIMU, BBITIOJ-
HAEMBIMU IPOTPAMMHBIMY KOMIIOHEHTAMU, B ITUKJI
00paboTKu NH(GOPMAIIUY BKJIIOUAIOTCSA U OIlepaIuu,
TpedyIolue MPUMEHEHUA NUHTEJIIEKTYAJbHBIX YCU-
JINH JIONen.

ITomaBisroIias yacTh MCCIAEHOBAHUN B 00JIACTH CH-
CTEM YeJIOBEKO-MAIIIMHHBIX BBIUMCJIEHUN (Kpaymacop-

CUHTa, Kpay/I-BbIUNCIEHNIT) TO3UITMOHUPYET UeJIOBeKa
KaK BHUJ «BBIUUCJIUTEIBLHOIO YCTPOICTBAa», KOTOPOE
MOKeT 00pabaThIiBaTh 3aIIPOCHI OIPEIeIEHHOTO BHUIA
(Hampumep, pacno3HaBaTh 06pas). PyHKITUA YeJIOBEeKa-
YYaCTHUKA CBOJUTCS K BBHITIOJTHEHNIO KOHKPETHOTO 3a-
JAaHUA TIOCPEACTBOM B3aMMOEHCTBIUS C CUCTEMOI CIIO-
co00M, KeCTKO OTPaHUUYeHHBIM (DOPMOIT 0TOOPAKEHMS
nonpo6HOCTel 3aMaHusA U BBofa pedysabrara. OTuacTu
9TO CBSA34aHO C TE€M, UTO BKJIIOUEHHE UeJIOBEKA paccMma-
TpPUBAeTCA IPOCTO KaK AaNalTallisa CYIIeCTBYIOIINX
MPUHIATIOB TIOCTPOEHUS BBIYUCIUTEIBHBIX CHUCTEM.
Oco0eHHO ATO XOPOIIO 3aMETHO Ha IIPUMEpPe CEePBUC-
OPHEHTHUPOBAHHON apxuTeKTyphl (SOA), M3HAUATILHO
IPeTHASHAYEHHON [JISI CO3MaHUsI IPOrPAMMHBIX CIC-
TeM, HO C(pOpMYJTUPOBAHHON C IIOMOIIBIO JOCTATOUHO
BBICOKOYPOBHEBBIX IIOJIO?KEHUI, IOIMYCKAIOIINX pas-
JIMYHBIE CIIOCOOBI Peau3aliuil CEPBUCOB, 13 KOTOPBIX
KOHCTPYUPYETCsSI CHCTeMa. B YacTHOCTU, CYIIeCTBYeT
pan aganranuii SOA [ja IpefcTaBIeHNS CEPBICOB,
peanusyeMbIX JogbMu [5, 6]. Takum o6pasom, TBopue-
CKUI TOTEHITNAJ U CIIOCOOHOCTU K CAMOOPraHU3aI[IN
JIIofieit NTHOPUPYIOTCSA IMTOA0OHBIMU CICTEMAMMU.
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BwmecTe ¢ TeM HCIOJIB30BaHUE 3TOTO MOTEHIMAIA
U TIOCTPOEHUE CHUCTEM YeJOBEKO-MAIITMHHOTO KOJ-
aextuBHOrO nHTeLTeKTa (UMKW) 1 1omosHEeHHOTO
uHTeIeKTa (augmented intelligence), ocHoBaHHOTO
Ha B3aUMOJENCTBUM JIIOJIE I COBPEMEHHBIX CUCTEM
U, mo MHEHNI0O MHOTIMX aHAJUTUKOB, ABJISETCH
ONHUM U3 HauboJee IMePCIeKTUBHBIX HAIIpaBJICHUI
pasBuTuA B 00sacTu nHGOPMATUKYU 1 UHGOPMAIU-
OHHBIX TeXHOJIOTHH [7].

Caenyer ormeruths npu sToMm, utro UMKU oxa-
3pIBaeTCs HamboJiee BOCTPEOOBAHHBIM B CHCTEMAaX
TMOAAEPKKY MIPUHATUSA PEIIeHnH, TaK KaK TaKue CU-
CTEMBI, C OTHOII CTOPOHBI, IIPEAIIOIATal0T T'NOKOCTh
TMOTOKa PaboT, MOCKOJIbKY 3a4acTyIO IIPeayCcMaTpu-
BAIOT UTEPATUBHOE UCCIENOBAHME TPOOJIEMEI, C IPY-
Toif CTOPOHBI, aKTUBHO HCIIOJIb3YIOT daeMeHThl M.

WccnenoBanusa aBTOPOB CTATHhU IIOCBSAIIEHBI CO3-
JaHUI0 MEXaHN3MOB OpraHu3aIuu MOAAeP:KKY IPU-
uHatus pemenuii (IIIIP), ocHOBaHHBIX Ha IIpUMeHe-
uuu YMKU. B yacTHOCTH, B HACTOAIIEH CTaThe IPOo-
BOAUTCSA aHAJN3 CYIIECTBYIOIIEr0 COCTOAHUS IIPO-
6J1eMbI B 00J1aCTH TIOCTPOEHU A YeJIOBEKO-MAIITMHHBIX
cucteM (C y4eTOM BO3MOYKHOCTH CaMOOPraHU3aIIUU
WX YYACTHHUKOB) W IIPeJJaraeTcs KOHIeNTyaJbHasd
MO/JIeJIb CpeAbl, Ha 6a3e KOTOPOIl MOTYT CO3aBaThCA
cucTeMbl moaAep:KKY npuHaTus perenuit (CIIIIP).

00630p COBPEMEHHOT0 COCTOSTHUSA IMTPOOIEMBbI

Bo mMHOTUX mccienoBaHUAX KaK B ob6JiacTu opra-
HU3aIIMOHHOI'0 YIIPaBJIEHU A, TAK U B 00JIaCTH YeJIio-
BEKO-MAIIUHHBIX CHUCTEM IIOKa3bIBaeTCA, UTO IIPU
PeIlleHn N CJI0KHBIX 3aa4 BOSMOYKHOCTEHN (PUKCHUPO-
BaHHBIX IIOTOKOB PabOT OKa3bIBAeTCA HEJOCTATOUHO
[8]. IIpeumyIiiiecTBO IPUMEHEHUS 3JIEMEHTOB CaMO-
opraHmusanuu Ipu GyHKIIMOHUPOBAHUY MAaJIbIX KO-
MaHJ TaK:Ke IMOJUepKUBAeTCA B MHOTOUKCJIEHHBIX
MPaKTUUYECKUX MyOIUKaIUAX (HamrpuMep, 1o paspa-
0OTKe IIporpaMMHOI0 o0ecreuennsa B paMmKax Agile-
metonuk [9, 10] unu mo HAyKOEeMKOI JeATeIbHOCTHU
[11]). CnemoBarennvHo, cpena IIIIP, dyHKIIMOHUDY-
oas Ha ocHOBe KoJuieKTusBHoro UMKWU, mossxHa
obecrreunBaTh OIpeeJieHHbIe MeXaHU3Mbl CaMOOP-
TaHUBAIUU.

KoHKpeTHbBIe TpeOOBAHUA K cpeje MOJKHBI OIN-
paTbcsA Ha CYIIECTBYIONINE 3HAHUA O IIPOIeccax ca-
MOOPTaHM3aINH B UeJIOBEUECKUX 1 CMEITaHHbIX (Ue-
JIOBEKO-MAaIlIMHHBIX) KOJLJIEKTUBaX. [[J1s1 BEIABIIEHUA
TaKuX TpeboBaHUII OBLJIO IPOBEIEHO WCCIEJOBAHUE
JUTEepaTyphl, BKJIOUABIIIee B cebsa aHAIU3 KaK 00-
IIUX BOIIPOCOB CAMOOPTaHM3aIMM B PaccMaTpUBAa-
eMOM KJacce KOJIJIEKTHUBOB, TaK U CIEIU(UUECKUX
BOIIPOCOB ITIOCTPOEHU A CUCTEM UeJIOBEKO-MAaIITMHHBIX
BBIUMCJIEHUH, MIPEeIyCMAaTPUBAIOIINX JJIEMEHThI ca-
MOOPTaHM3aI NN,

B pamMKkax mmepBoro HammpaBJIeHUS 3HAUUTETbHBINA
WHTEepec NPeACcTaBIAIT MEXKIUCIUIINHAPHBIE IC-

CUCTEMHbII AHAAN3 N\

CJeOBaHUA, PaCKPHIBAIOIIINE CTPYKTYPY QeHo-
MEHOB CaMOOPraHU3aIlMU IIPU COBMECTHOH pabore
giofeit. B vacTHOCTH, MOXKHO OTMETUTH padory [12],
B KOTODPOII IIpejjiaraeTcA mapagurma ajasa o0bsacHe-
HUS U U3YYEHUS TOrO, KaK Ha OCHOBE JIOKAJBHBIX
B3aUMOJIEMICTBUN MeKIy areHTaMy BO3HUKAIOT Ta-
Kue oOIue MMaTTepHbl, KAK PacIIpPOCTpPaHeHUe WH-
dopmanuu, BO3HUKHOBEHWE U pAaCIIPOCTPaHEHUE
HOPM, yYacTuhe B COBMECTHBIX AeicTBUsAX. OCHOBOM
STOH MmapajgurMbl aBTOPBI BUAAT are€HTHBIN IIOAXOL
U areHTHOe MozeaupoBaHue (agent-based models).
B oTHOCUTENBHO HE3aBUCHUMYIO TPYINY MOYKHO
BBIIEJIUTL PabOThI, B KOTOPBHIX pasbuparmTca Me-
XaHU3Mbl CAMOOPTraHMU3AIMKU Ha JOCTATOYHO BBICO-
KoM ypoBHe. Tak, B pabore [13] paccmaTpuBatoTCs
B 00IlleM BHJE B3aUMOJENCTBUA MEXKIY KUBBIMU
opranuadmMaMu (OT KOJIOHUI OaKTepHuil 0 ueoBeue-
CKUX c000111ecTB), a B [14] aBTOPHI HCCIAEOYIOT POJIH
BOBHMKHOBEHUS COIMAJbHBIX CBsS3ell MeTogamMu
SBOJIIOIIMOHHON Teopuu urp. Ha cxoskem (Mexmguc-
IMUIIJINHAPHOM) ypPOBHE HaxoauTca u pabora [15],
B KOTOPOH BBIAEJISAIOTCS OCHOBHBIE MEXAHU3MBI U
IPUMUTUBLI KOOPAUHAIINY (MCIIOJIb30BAHUE pasie-
JIZeMOTO pecypca, HasHaueHue 3aJaHus, mepemada
apredakrTa U Op.), ABJIAMOIIUECT OCHOBOM (PYyHKIU-
OHUPOBAHUA KOJIJIEKTHUBA.

Hawubospmryio Xe aKTyaJbHOCTH C TOYKU 3pe-
HUS HCCJeqyeMoii MMpo0jeMbl HMEIT pPaboThI IO
MHOI'OAT€HTHBIM TE€XHOJOTHUSAM, I'le 3aTParuBaeTcs
BOIIPOC KOHCTPYUPOBAHUA CAMOOPTAaHUBYIOIUXCA
cucreM [16—18], a Tak:Kke paboOThI IT10 KOHCTPYHPOBA-
HUIO COIMAJIbHBIX POOOTOTEXHUUECKUX cucTeM [19].
B yacTHOCTH, OTHOW M3 aKTyaJbHBIX 3a/1a4 ABJISIET-
cA amamTalus II0BeIeHUsI NCKYCCTBEHHBIX areHTOB
UL WMX COOTBETCTBUA IIOBEIEHUIO JIIOAeil (UTo He-
o0xoxuMo s 3hGeKTUBHONM COBMECTHOI paboThI).
IlepcekTBHOE pellleHMEe TaHHOU 3aJauu, IpejJia-
raemoe B paborax ®. [urayma (F. Dignum), onu-
paeTcsl Ha IOHSATHE COLMAJBHON MpaKTuKu (social
practice) Kak Ha BLICOKOYPOBHEBYIO CIIEIIU(DUKAIINIO
HOPMAaJbHOTO (0JKMAAeMOro) MOBEeJAEHUA B JAaHHOM
comuaJbHOM KoHTeKcTe [18, 20].

TepMUH «caMOOpPraHU3AIUSI» IIUPOKO IPUMEHS-
eTcAd W B colmaJbHBIX Haykax [21]. IlogaBisaroriee
OOJIBINIMHCTBO WHTEPIPETAIUA STOT0 TMOHATUA
BKJIIOUAIOT UeThIpe BarKHeHIux (paxTopa: oopaso-
BaHWE IATTEPHOB, AaBTOHOMHOCTH, YCTOMUMBOCTH
u nuHamMuky [22]. C rouku 3penusa I1IIP manbosab-
MU WHTEepec B MAHHOMW o006JIacTU WCCJIeIOBaHUIA
IPEeCTaBAAIOT PaboThl, B KOTOPBHIX 3aTParmBaroT-
cA MeXaHu3Mbl (DYHKIIMOHWPOBAHUA ¥ MUHAMUKA
MaJIbIX TPYIII — BBIJeJIeHne B HUX JUJePCTBa, Me-
XaHU3M NPUHATHUA pelleHuil (cMm., Hampumep, [23,
24]). B pamkax Teopuu opranmusanuu (organization
theory) BeIfefgeTCA TaKKe PAL «HECTAHIAPTHBIX»
¢dopMm opraHmsammii — BPEMEHHBIX OpPTaHU3AINI
(temporary organizations) u BUpTyaJbHBIX OpTaHU-
samuii (virtual organizations), Teopernueckue wuc-

Ne2,2020 N\

VIHDOPMALIVIOHHO-YMPABASIIOLLVIE CUCTEMBI N\ 61



yd CUCTEMHbII AHAAN3

cJIeIOBaHUs KOTOPBIX YiKe HAIILIU IpUMeHEHUe IIPU
co3maHmM MojiesIell Kpaya-cucreM [25, 26].

IIpu paccMOTpeHUU CIEeMUMUUECKUX BOIPOCOB
B IIEHTPE HCCJIeJOBAHUSA OBIJIU CUCTEMBI COI[HAJIb-
HBIX BBIUMCJIEHUN U YeJI0BEKO-MAIIINHHBIE CUCTEMBI,
B KOTOPBIX CIleHapuii paboThl He (PUKCUPOBaH (He 3a-
JIaH JKeCTKO KOHEUHBIM OJb30BareseM). B ogHo 13
Hambojee paHHUX PaboOT B 3TOM HampaBiieHUuU [27]
mpeaiaraercss aaroputMm Price-Divide-Solve (PDS),
OIIPeAeaAIINA ITPpaBUIa COBMECTHOU AEKOMIIO3U-
WY 3aJauyd [0 dJIEMEHTAapHBIX 3aJaHUll, KOTOPbIE
MOTYT OBITH BBITIOJIHEHBI OSHUM YUYACTHUKOM.

OnHOI U3 3HAUYMMBIX IIOIBITOK CO3TAHUS CUCTEM,
o0eceunBaIONINX COBMECTHYIO PaboTy JI0[el 1 Ipo-
TPaAaMMHBIX CEPBUCOB IIPU PEIIEHWN PAasHOTO KJacca
3a1ady, SIBJIAIOTCA TaK HasbIBaeMble THOPUIHBIE KOJI-
JieKTuBHBIe amanTuBHbIe cucteMmsl (Hybrid Diversity-
Aware Collective Adaptive Systems — HDACAS),
BOIIPOCAM CO3JaHUsI KOTOPBIX MOCBSIIEH, HAIIPUMED,
mpoekT SmartSociety [28]. Paspaboranubie B pam-
KaxX 9TOro IpOeKTa MOAXOAbl W IPOrPaMMHbIE WH-
CTPYMEHTHI ITO3BOJIAIOT CO34aBaTh TMOPUAHbIE CUCTE-
MBI, B QYHKIITUOHUPOBAHUY KOTOPHIX YUACTBYIOT KaK
IIporpaMMHBIE CEPBUCHI, TaK ¥ Jirogu. OmHAKO 5TOT
IIPOEKT MMEET P HEJOCTATKOB:

— JKUBHEHHLIN IIUKJ NOpPo0JeMbl JOCTATOYHO
JKeCTKO ompenesseTca miaaTdopmoil (cHauaja cra-
WS IePEeroBOpOB, IIOTOM HCIIOJTHeHUS — BO3BPAT OT
UCIIOJTHEHUA K IIe€PEeroBOpaM HEBO3MOXKEH);

— IPOrpaMMHBIE CEPBUCHI HE MOTYT UI'PATh aK-
TUBHYIO POJIb (B TOM YHCJI€ YIaCTBOBATH B IIEPEr0BO-
pax ¢ JI0gbMN);

— HEeCMOTPA HA TO UTO IPUCYTCTBYET BO3MOIK-
HOCTb aJalTaluu K WU3MEHAMINMCA YCJIOBUAM,
TOUKU aJalTalliy U €e aJTOPUTMBI HOJIMKHBI OBITh
3apaHee OIMCAHBI Pa3PabOTUNKOM CUCTEMEIL.

Kounennusa flash organizations [8, 26, 29] Tak-
JKe HalleJieHa Ha PacCIIVpPeHMe BO3MOXKHOCTU CAMO-
OpraHM3aIuy Kpaya-KoMaHA. ABTOPHI OIPEAEIAIOT
flash organization xKax Kpayza-cooOIecTBo, CTPYK-
TYPUPOBAHHOE [JIA JOCTHUIKEHUS CJIOKHBIX ITeJIeH.
IIpu mocTpoeHUU TaKUX COOOIIECTB IpeAIaraeTcs
IIPUMEHSTDH [MOIXOIbI, CXOMKKe C TeMU, UTO HCIIOJIb-
3YIOTCA B COBPEMEHHBIX OPTraHU3aIUAX, 4 UMEHHO:
3ajeiicTBOBaTh Takue (DOPMaJbHBIE CTPYKTYPHI,
KaK pPOJIM, MEePApPXUU M KOMAHIBI, OIPeAesIAIoNnIue
0053aHHOCTH, B3aMMOCBS3HU U IIOTOKY UHGOPMAIIUN
0e3 ABHOU cHenmu(pUKAIINKU BCeX NEMCTBUM. 37eCh:
1) yuacTHMKM He IoJjlaraloTcA Ha HAJUUYUEe II0-
TOKa paboT, IPEeAINCHIBAIOIINX WM BBINOJHEHNE
KOHKDPETHBIX JelicTBuii; 2) 3a cueT Mozeau «pull
request» opraHusanus MOKeT IIPUCIOCA0IUBATHCSA
U aJanTHUpPOBAThCA, He OynydYu OrPAaHUUYEHHOH 3a-
JTaHHBIM HaOOPOM 3aJaHUM, POJIei U 3aBUCUMOCTEH;
3) He 00s3aTeJ/bHO HAHUMATD BCEX WCIIOJHUTEEH
cpasy, MOKHO aJJalITUPOBATh CTPYKTYPY, AO0ABIAA
HOBBIX HCIIOJIHUTEJEH MPAMO B IIPOIECCe MOCTHUKe-
HUIA IIeJIei.
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B pesyabraTe mpoBeeHHOr0 0030pa MOYKHO Cle-
JIaTh CJEIYIOIIre BEIBObI.

1. UccrenoBarenu coluaIbHBIX CHUCTEM U IIpPaK-
TUKX B 00JaCTU KOHCTPYUPOBAHUS TAKUX CUCTEM
CXOAATCS BO MHEHUM, UTO BJIEMEHTHI CaMOOpraHU-
3aIMU OKa3bIBAIOTCS KPUTUYECKU BAYKHBIMH, OCO-
OeHHO IIPU PEeIIeHUN CJIOKHBIX 3aad. B HacTosAIee
BpeMsI He CYIIeCTBYeT peIlleHui, IOAAepKUBaio-
MUX KOJJIEeKTUBHBIN MHTEJJIEKT, 00pasyeMblil mc-
KYCCTBEHHBIMU HHTEJJIEKTYyaJbHBIMU areHTaMu U
JTIOABMU.

2. OpgHy u3 BasKHeNHIIUX poJiell B (QYHKIIMOHU-
pOBaHMM CAMOOPraHU3YIOIINXCA KOJIJIEKTHBOB,
COCTOAINMX U3 JIIOAel, UTIpaloT CcoIuaJbHbIe HOP-
Mbl W aJanTalus IOJUTUK IOBENeHUS YYaCTHU-
KOB KOJUJIEKTMBA [JIA CJIEOBAHUS 3TUM HOPMAaM.
COOTBETCTBEHHO, IIPY BKJIIOUEHUU B COCTAB KOJI-
JEeKTHBa MIPOTrPaMMHBIX CEPBUCOB cJielyeT obecrie-
YUTH BOSMOYKHOCTh CUUTHLIBAHUS W MWHTEPIPETAI[UN
WMHU COIMAJLHBIX HODPM, a TaKJKe CJIeJOBAHUS KM.
ITpuuem, TOCKOJIBLKY TPOTPAMMHBIE CEPBUCHI MOTYT
OBITH CO3MaHBI PABJIUYHBIMU II0JIB30BATEIAMU CPe-
IIbI, CJIOM peau3aluy COIMAJbHBIX HOPM OBIIO ObI
parroHaIbHO OTAEJUTH OT KOJa HemOCPeACTBEHHO
IpPOoTrpaMMHBIX CEPBHCOB, CAEJAB €r0 YacThio 00Ieil
UHPPACTPYKTYPHI CPebl.

3. BaskHO#I uepTOl caMOOpPraHM3allMUd B UeJIO-
BEUECKUX KOJIJIEKTUBAX SABJIAETCA KOOPAMHAIINA
Ha OCHOBe poJieii [8, 26]. Konmenmnusa posu goJsKHA
OBITH OOecmeveHa Cpeloil, paBHO KaK M MeXaHU3MbI
«TIEePeKJIIOUEHUA» ITPOrPAMMHOTO areHTa MexX 1y Po-
JsAMU (€CJU 3TO BO3MOXKHO) U YTOUHEHUA KOHKDET-
HOTO COEPIKaHUA POJI B pAMKaX JaHHOTO KOJIJIEK-
TuBa [17].

4. IIpossBIeHMEe caMOOPTaHU3AIUU KOJJIEKTHBA
MOXKET OBITh YIIOPAJOYEHO C TIOMOIIBIO ITaTTEPHOB
[22], cTPYKTYp ¥ cXeM KOOpAMHAIINU, K KOTOPBIM
IPUXOIAT YUACTHUKHU B OIPEeIeHHBIX YCIOBUAX.

5. Heo6xopuMo ¢opMasibHOEe IIpefcTaBJIeHIe
nuckypca [30, 31], mosBoJsioNiee OTCAEAUTH TPU-
YUHY TeX WJIN UHBIX apryMeHTOB UJIU Pe3yJbTaTOB
(mpoucxoxkaeHue wuHGOPMAIIUK), <«IIOHUMAEMOe»
KaK JIOAbMHU-YyYaCTHUKAMM, TAK U IIPOrPaMMHBIMU
areHTaMu.

ITosmyueHHbIe BHIBOABI OBLIN MCIIOJIb30BAHBI IIPU
ompengeneHun Tpebopauuii Kk cpege YMKU u yure-
HBI B KoHIentyaabHoi momeau CIIIIP ma oczHoBe
YMEKWN.

TpeboBaHUS K cpeie MOAAEePKKN ITPUHATHA
pemrenuii Ha ocuoBe YMKHU

B pesynbTaTe ucciegosanus ObLI pa3dpadoTaH Ha-
060p TpeboBaHMII K cucTEMaM MOAAEPKKYU IPUHATUAA
pettennii Ha ocuoBe YMKN. Bo-nepBhiX, 3BHAUUTEIb-
Has yacThb TpeboBauuii Kk cpege YMKMU onmpaercsa Ha
HCCJIeIOBAHUS OPTaHUB3AIMOHHOTO ITIOBEIeHN S, B KO-
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TOPBIX BBIAEIAIOTCS IPErpajbl IJA KOOPAUHAIIUMN
BHYTpH KoMmaHJ (reorpadudueckoe paclpeesieHue,
B3aMMOJEHCTBYE TOCPEICTBOM TEXHOJOTHIH, HecTa-
OMJIBHOCTH COCTaBa KOMAaH/I), 1 IPeaJaralTCsa Cpe-
CTBa, HAIIPABJIEHHBIE HA IIPEOJOJIeHIe TaHHBIX IIpe-
rpan (CTPYKTypUpPOBaHME KOMAaH[, pacipelesieHue
OTBETCTBEHHOCTH U IIp.). Hanmuwme Takux cpencTs,
o0ecIreunBaOIUX KOOPAUHAIIUIO, CTAHOBUTCA TpeE-
oosanuem K cucremMaM UYMKMNW. Bo-BTOphIX, UacTb
TpeboBaHUil 6asupyeTcd HA SKCIEPUMEHTAJIbLHBIX
HCCJIEMOBAHUAX CUCTEM KPayACOPCUHTA U KPay/I-BbI-
YNCJIEHUN TIPU PELIeHUN CJIOYKHBIX 3akad (CM., Ha-
mpumep, [8]). B-TpeTbux, pang TpeboBaHUI 00yCI0B-
JIEH TeTePOreHHBIM COCTABOM Cpebl, BKJIIOUEHUEM
B Hee KaK JIOJel, TaK U IIPOTPAMMHBIX CEPBUCOB.
Mo?KHO BBIJEJIUTH ABa YPOBHSA KOHBEPTreHIIUU KOJI-
JIEKTUBHOTO WHTeJIeKTa 1 VIV — 6as3oBbIil U mpu-
kaagHoi. Ilpu paspaboTKe yHUBEPCAJLHOM CpeIbI
Iejecoo0pasHo CKOHIIEHTPUPOBATHLCSA Ha 0a30BOM
YPOBHE, BKJIIOUAIOIEM B ce0s PYHKIIUM, NMEIOIIe
MEeCTO B CaMbIX Pa3HBLIX CHCTEMaX, TaKue KaK HC-
nosb3oBanue U nid pammoHaJIbHON OpraHU3annu
KOJIJIEKTUBOB, 3aHMMAIOIUXCA IpobJiemoii; obe-
cIleueHre B3auMOIeHCTBUA Mexxkay cuctemoinn MU,
YYaCTHUKAaMU KOJIJIEKTUBA U KOHEUYHBIMHU II0JIb30Ba-
TeJISAMU.

TpeGoBaHusA MOTYT OBITH CTPYKTYPUPOBAHBI
B IB€ TeMaTUYeCKUe I'PYIIIbL.

1. OGecneuenue esaumodeiicmeus u KoOOpOUHA-
yuu. Cpema noKHA MPESOCTABIATH BO3SMOKHOCTD
cunenupuramuu mpoiecca IIIIP ¢ pasauuHoil cTe-
TIEHBIO JIeTAJUBAIUU — OT «YKPYIIHEHHOI» (POJb)
o ToApoOHOU (IOCJIeHOBATEIHLHOCTh IEeHCTBUI).
HeobxoguMocTs 5TOTO TPE6GOBAHUA BHITEKAET U3 TO-
r'0, YTO ITOAPOOHAA crelu()UKAIINA He BCera MOKeT
OBITH COCTaBJIEHA 3apaHee, a COCTABJIEHUE €€ MOXKEeT
0Ka3aThCs CJIUIIKOM TPYAOEMKHUM MAJIA JUIA, IIPU-
HuMatoriero pernenus (JIIIP).

Koueunsrii mosbs3oBarens (JIIIP) momkeH nmersb
BOBMOJKHOCTb OTCJIE}KMBATH XOJ BBIMOJHEHUS IIPO-
Iecca 1 BJIMATH Ha €70 PeansaIuio Ha JJI000M sTate.
Heob6xogumocTs 3TOr0 Tpe6OBaHUA CBA3aHA C TEM,
YTO IIPU OTCYTCTBUU TAKOIO KOHTPOJIS IIAHC IIOTE-
PATH UCIOJHUTEJIAMU IIeJIM W KOHTEKCT IIpoliecca
OKasbIBaeTcsa gocrarouHo 6onbmum [8]. Hampuwmep,
KOHEUHBIH IIOJIb30BATENbE MOYKET OTCJIEKUBATH IPO-
rpecc, obecreunBaTh OOPATHYIO CBA3b, OTBEUATh Ha
BOIIPOCHI B UaTe, a TAK)KEe CTABUTH IIPOIIECC Ha I1ay3y,
BHOCUTH MU3MEHEHUs B CTPYKTYPY KOMaHIbI U IPO-
IOJIXKATh BRIIOJIHATH TpeOyemble neticTBus [29].

Cpema pommxkHa obecneuywBaTh BO3MOYKHOCTD
IIOBTOPHO HCIOJIb30BaTh ()parMeHThl IIpoliecca
IITIP. 9TO CyIllecTBEHHO YIIPOCTUT IJIAHUPOBAaHUE.
IToBTOPHOE UCTIIOJIB30BAHE MOYKET OCYIIECTBIATHCA
B pasjuuHON (opMe: KaK CHCTEeMaTU3NPOBAHHBINI
KaTaJor 3apeKOMEeHIOBaBIINX ce0sA ITaTTEPHOB KOOP-
puHanuu (u3 Koroporo JIITP uim yyacTHUK MOMKeT
CaMOCTOATEJNLHO BHIOPATH peIlleHe, COOTBETCTBYIO-
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miee TeKyIiei npobJsemMe) Ui KaK PeKOMEeH VIO as
cucTeMa, KOTopas IPOU3BOAUT aHaJIU3 CUTYAIlluu U
mpeaaraeT XopoIlo 3apeKOMeH/I0BaBIInii ce0s marT-
TEePH KOOPAWHAIIUHU.

Cpena moKHA WMMETh BO3MOYKHOCTH ObecIieum-
BaTh (hopMUpPOBaHTE KOMAH, COCTOAIINX U3 YUACT-
HUKOB, C KOTOPBIMU (M Y KOTOPBIX) €CTh IIOJIOKU-
TeJILHBIA OIBLIT B3aMMOJEeHCTBUsA. UTO 5TO BasKHO,
TmoKasaHo, HAIpuMep, B paboTe [32] u mpenoKeH
crmocob 3TOro JOCTHUYL B cpelie, Ie IPUCYTCTBUE
YYaCTHUKOB He TapaHTUPOBAHO (CII0OCOO OCHOBAH Ha
¢dopMUPOBAHUY KOMAHIBI IIOCPEACTBOM PeIIeHUS
OIITUMUBAIMOHHON 3amaur, B IIEJ€BYI0 (QDYHKIIUIO
KOTOPOM BXOIAT KaK XapaKTEePUCTUKU MOJEe3HOCTHU
yUYacTHUKA KOMAaH/IbI, OlleHeHHbIEe Ha OCHOBE ITPebl-
NYIIUX B3AUMOAENCTBUN, TAK 1 OKUAaeMad TOCTYII-
HOCTBb yuacTHHUKA). [[J1a peasusanuu 3Toro TpedoBa-
HUS JOJI’KHBI OBITH paspaboTaHbl MOJEIU aHaJIU3a
WCTOPUY B3aMMOAEHCTBUMN, IpeIcKasaHus OyayIieii
9(p(PEeKTUBHOCTU YUACTHUKOB M (POPMUPOBAHUA KO-
MaHJ C yYeTOM Pa3JINUYHBIX KPUTEPUEB.

2. Ilpedcmasnenue un@opmayuu. Momenab uH-
dopmarnuu o mportecce IIIIP, ncrosibdyemas B cpene,
BO-TIEPBBIX, JOJIXKHA OBITh JOCTATOUYHO BHEIPABUTEb-
HOI, UTOOBI C €e IIOMOIIBI0 MOJKHO OBIJIO OIIMCATH
J100bIe JeMCTBUA KOMAHIbI, & BO-BTOPBIX, MOJIMKHA
WMeTh BU3yaJIbHOe IIpeJCcTaBJieHUue, o0Jerdaroiiee
B3auMOJIeHICTBYE U KOOPAMHAIINIO BHYTPU KOMAHIbI
(co3maHue W W3MeHeHUe TJaHa OeliCTBUIi, cocTaBa
KOMAaHJBI U TIP.).

Nudopmaiina o0 KpUTepPUAX U ajbTepHATHBAX
IOJIKHA IIPEeACTaBIAThCA B BUe, yaooHoM ais JITIP
(c™m., HATTpUMED, [33]).

Cpena mom:kHa obeciieumBaTh IIpeoOpasoBaHUeE
TeKyIero cocroauuda nporecca IIIIP, omucanuit ap-
TedaKTOB (1, BOBMOXKHO, COIEPKUMOTO HEKOTOPBIX
apTedaKTOB) B MAIIMHOYUTAEMYIO (HOpMYy, UTOOBI
cIesaTh UX MOCTYHOHBIMU AJIA MPOTPAaMMHBIX areH-
TOB. Ta HEOOXOAMMOCTH TaKJKe oIrpeaeasercsa 6a3o-
BBIM YPOBHEM KOHBEPTEHIIUY KOJIJIeKTHUBHOTO U HC-
KYCCTBEHHOI'O MHTEJIJIEKTA.

KoHuenryajasHas MOeJIb MOIEPKKN
NPUHATUHS penieHui Ha ocHoBe YUMKHU

B pesyabraTe mpoBemeHHOTo 0630pa Oblia pas-
paboTaHa KoHIlenTyaabHas Mogeab IIITP Ha ocHOBe
YMEKWU. anuaa momens (puc. 1) 3amaer comep:ka-
TEJbHYI0O WHTEPIPETAINI0 BCEX CIEeIU(UUECKUX
HOHATHUM, onuckiBatonux mpoiecc IITIP Ha ocHOBe
YUMEKU, u omupeneiiseT B3aNMOCBA3N MEXKAY HUMU,
a TaK)Ke PacKpbIBaeT CYTh OCHOBHBIX IIPOIIECCOB,
BaYKHBIX C TOUKU 3PEHUSA (PYHKIMOHUPOBAHUS WH-
¢dopMAaIMOHHOM cpeabl, ITIOCTPOEHHOM Ha 0ase mpea-
JIOJKEeHHOI MOJeJIn.

OcHOBHBIE TOHATUA ROHI],’BIITyaJILHOﬁ Moage/ I

Ne2,2020 N\

VIHDOPMALIVIOHHO-YMPABASIIOLLVIE CUCTEMBI N\ 63



Koueunsbrit ucnoavayem
TI0JIH30BaTEIh Cpezna
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B Puc. 1. KoHnenryaabHasa MOJIEJb IOAIePKKY IPUHATUA pellieHuit Ha ocuioBe UMK
B Fig. 1. Conceptual model of the decision-making based on human-machine collective intelligence

Cpeda — cpepna, mopgpep:kuBatomasgs UMKEKU u
mpeajarailas peajn3aliii0 OCHOBHBIX MeXaHU3-
MOB, KOTOPbIE ABJAIOTCA KPUTUUYECKUMMU IJIA CyIIle-
CTBOBAHMS KOJIJIEKTHUBHOI'O MHTEJLJIEKTa (CIIOCOOHO-
CTU KOJIJIEKTHBA peIllaTh 3aJauiu): cCeMaHTHUUYEeCKON
UHTepomepabeIbHOCT U KOOpAWHAIUU. Takum
obpasoM, cpela JaeT BO3MOXKHOCTb KOJIJIEKTHUBHO-
MYy WHTEJIJIEKTY peajindoBaThbcA. B wacTHOCTH, II0-
CKOJIBKY OCHOBHOII IeJIbI0 B PaAMKaX IMPOeKTa ABJIA-
etrca IITIP, To saTta cpena mpemocTaBJiseT HabOp BO3-
MOJKHOCTEH JJIsI OPraHU3al[UU I'PYII/KOJJIEKTUBOB,
BeImOJIHAIOMIUX 3agauu o IIIIP. B mepByio ouepennb
HOAJEPIKKY CO3NAaHUA W M3MEHEHUSA MOMAEJU IIPO-
mecca, MCIOJIHEHNEe MOEeJM mIpoliecca (B TOM YHCJe
mombop YYACTHUKOB [IJS peaudaluyl 3JIEMEeHTOB
MOJIeJIN IIpoIlecca), MOANEePIKKY COOTBETCTBUA MErK-
Iy MaITTHOYUTAEMbBIM U YeJIOBEKOUUTAEMbBIM IIPEI-
craBiaeHuaMu nHGopManuu (hopMUpoBaHue CTPYK-

TYyPUPOBAHHBIX apTeaKTOB ¢ pe3yjbTaTaMu pabo-
THI YYACTHUKOB, (popMaInsauio 3agad 10 YPOBHS,
JMOCTYIHOTO ITPOTPaMMHBIM areHTaM).

Cucmema nodoepicKu NPUHAMUS PeULeHUIl — CHU-
cTeMa, CO3MAaHHAS B COOTBETCTBUY C KOHIIEIITYAJIbHOMN
mogesbio IITIP na ocaoBe YMKU. IIpenmonaraercs,
yro CIITIP cospgaercsi ¢ MCIOJIb30BAHNEM MEXAHU3-
MOB, peaJn30BaHHBIX CPEIO.

Koneynuvlil noavsosamesv//IIIP — BHEITHASA IO
oruomteHuio K CIIIIP cymiHocTs (Hampumep, Me-
HeKep CpeIHero/BhICIIIero 3BeHa KaKou-Tubo KoMm-
nauun). Cumraercs, uro 3amaueii CIIIIP aBasercsa
upenocraBisienue JIIIP nadopmanuy ajid NIPpUHATUA
peterus. JITIP ocyiiecTBisieT IepBUYHOE I1eJIeT0JIa-
TaHUe U KOHmMeKcm, (popMyaupyer mpodemMy, mpes-
JaraeT MCXOAHYIO BEPCUIO MOJAeJU Ipolecca (3CKu3
MOJIEJIN IIPOIECCA), BO3SMOXKHO, C IIOMOIILIO CPEIbI.
B nmasabmeiiiiieM oH HaOJIIOZAET 3a XOAOM PEIeHUs
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mpo0JeMbl YYACTHUKAMM, MOXKET BMEIIINBATbCS
B IIPOILIECC, IIPeAJIaras «Ha JIeTy» KOPPEeKTUBEL.
IIpobaema — BOTpOC, TPEOYIOIINI pasperieHnsa
B hopMe OTBeTa Ha HEero MJIY BHITIOJHEeHUA TeICTBU.
IIpobsiema 3azmaeTcsi KOHEUHBIM IIOJIB30BATEJIEM, a
TIOMOIITb (TTOAAEPIKKA) B PEIlleHUU IIPO0JIeMbI IPeo-
craBaserca CIIIIP. Kpome Toro, sToT ke TepMUH HC-
TOJIb3YyeTCA AJIA 0003HAUEHUA BCEU COBOKYIIHOCTU
nHopMmanuu (mHGOPMAIIMY IO TTPOOIEME), TIOPOIK-
IEeHHOIl yYacTHUKaMMU CpPeAbl IIpPu padoTe Ham IIpo-
0J1eMOii, ITOJIyYeHHOI OT KOHEUHOT'O I10JIb30BaTeJIA.
Modenwv npoyecca (noddepicKu NpuHAMUS peule-
Huil) — MOJesb, OIMCHIBAIOIIASA IIPOIlECCHI cOopa
nH(pOpMAaINY, PA3PA0OTKH U OIEHKU aJIbTePHATUB
U TIpeACTABJAMOIIAA CO00M HEKOTOPYIO WHCTPYK-
nuio K geiicreuio. OgHON 13 0COOEHHOCTEN MOAEIN
IIpoIiecca ABJIAETCS TO, UTO CPesia ITO3BOJIAET yUaCT-
HUKAaM BJIUATH Ha Hee (COOTBETCTBEHHO, YUACTHUKHI
MOT'YyT IIpe[JiaraTh MAOHOJHUTEJIbHBbIE ITaru, KOH-
KPeTU3UPOBATh OTAEJbHBIE OIlepaIluu (CM. npoyecc
(pe)-opeanusayuu modeau noddepiHKU NPUHAMUSL
pewenuil). Ipyroit 0ocoOGEHHOCTHIO ABJIAETCA IO~
Iep:KKa HEeCKOJbKUX YPOBHEH AeTaau3aluu 3TOi
Mozeau mporliecca (Tak, mpu (GYHKITMOHUPOBAHUU
BPEMEHHBIX OPraHM3aIlil XOPOII0 IMoKasaau cebsa
poJieBble MOJEeJU KOOPAWHAINK, IPOrPAMMHBIM
areHTaM CJOKHO OyZeT YTOUYHATH O0A3aHHOCTU
B paMKax pOJIH, IIO9TOMY YacTh IIPOIIECCA MOYKET
OLITH OIMCcaHa B BUE MeTaJNU3WPOBAHHON MOIEN
(KOHKPETHBIX OIepalnuil ¢ BXogaMU U BBIXOJaMIH,
KOTODPBIM MOKET OBITh IIOCTABJIEH B COOTBETCTBUE
CEPBUC-UCIOJHUTENb WJN KOMIIO3UIIUA CEPBU-
coB)). Mogenp mpoiiecca cos3gaeTcsd C IIOMOIIBIO
metamozenu. Ilpu GopMUPOBAHUU MOLEIU MOTYT
HUCIIOJIB30BAThCA NAMMEPHb. — TOJOMKUTEIbHO
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3apeKoOMeHI0BaBINe ce0s pelleHus TUIIOBBIX 3a-
lauy KOOpAWHAIUM U camMoopranmsanuu. VcxogqHasa
BepcUsa MOJIeJIN IIpoIiecca (93CKU3 MOAEIH IIPOIecca)
mpenJiaraeTcd KOHEUHBIM IoJib3oBaresneM. OHa He
COIEPIKUT HMOJIHYIO crelu(puKaIuio BCex AeicTBuii,
BO3MOJKHO, COIEPKUT TOJBKO BasKHBIE MeHCTBUA U
(unu) poau. Mozenb mporecca yTOUHAETCS B XOfe
BBIIOJTHEHUA (CM. npouecc (pe)opzarnusayuu molde-
JlU npouecca).

Memamodeav npouecca (noddepicKu NPUHSMUSL
peuwleruil) — 3JIEMEHTBI, C IIOMOIIIBI0 KOTOPHIX IIPO-
UCXOOUT TOCTPOEHNEe KOHKPETHOW MOJEeJU IIPOoIlec-
ca IIIIP, ucnosmHAeMOl KOJJIEKTHBOM YYaCTHUKOB
B CpeZie UeJOBEKO-MAIIIMHHOTO KOJIIEKTMBHOTO WH-
TejseKTa. MeTaMome b ABJISETCSA MHOI'OYPOBHEBOI
U COZIEPIKUT, B YACTHOCTU, IOHATUA 3adaHue, apme-
paxm u poJiv.

Uupopmayusa no npobreme — popma npencras-
JeHUuA TeKyIned mHGopMaliuu mo mpobjemMe ¢ TOU
WJIM MHOU cTelleHbIo (popmasudarnu. MHbpopMaIimsa
1mo mpobGJieMe BKJIIoUaeT B ce6s KOHTEKCT, BCIO MH-
dopmaruio, CooOIIEHHYI0 KOHEUHBIM ITOJIb30BaTe-
JIeM, ¥ BCIO MH(MOPMAIINIO, IIOPOKIEHHYIO KOJIJIEK-
TUBOM IIPU pelreHuu mpodsembl. B xome pyHKIIMO-
HUPOBAHUA CPeIbl OMHUM U3 IIPOIECCOB SIBJIAETCS
«B3aUMHBII» II€PEeBOJ 9TOU MHMpOPMAIUY U3 MAIIIU-
HOUUTAEMOTO TPEACTaBJIEHUS B UEJOBEKOUHTAEMOE
u ob6parHo. CTpyKTypa (opMaIM30BAHHOTO WpE.-
craBJeHUs WHAOPMAIUK 1O IpodiieMe AOJMKHA CO-
XPaHATb BO3MOKHOCTH OTCJEKWBATH WCTOUHUK U
OCHOBAHUS MOJTYUEHUA KasKJ0ro (hparMeHTa nHQOP-
manuu. [asa popMaabHOTO TIPEACTABJIEHUA I1000-
HBIX OTHOIIEHUH MOXKeT OBITH MCIIOJB30BaHA OHTO-
JoruyecKas MOJeJb IIPOUCXOKIeHUA NH(POPMAIIUY
PROV-0[34] (puc. 2).

wasAttributedTo

actedOnBehalfOf

wasAssociatedWith

started AtTime

xsd:dateTime

B Puc. 2. Axapo ouronorudeckoit mogeau PROV-0O

wasDerivedFrom

used wasGenerated By
Activity
ended AtTime
wasInformedBy xsd:dateTime

B Fig. 2. The core of the ontological provenance model PROV-O
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SApo oHTOJIOrMYECKOII MOAENU IIPOUCXOMKIEHUS
uH(popMaIuu (provenance) BKJIOYAET TPU KOHITENITA:

— cymHOoCcTs (Entity) — apredaKT, JOKYMEHT,
IIPOMCXOKIeHEe KOTOPOT'0 JOIMKHO OBITH OIIUCAHO;

— meAaTesbHOCTH (Activity) — mporecc, B Xofe
KOTOPOTO MOTYT IIOPOKIATHCA M MCIIOJH30BATHCA
CYIITHOCTH;

— areHT (Agent) — aKTUBHBIA YYaCTHUK CUCTE-
MBI, UTPAIOIIUI POJIb aBTOpPA apTedaKkToB U ydacT-
HUKa IPOIIECCOB.

CymiHocT, B COOTBETCTBUM C MOJEJIbIO, MO-
TYT CO3JaBaTbCA B XOZE€ PA3JIUYHBIX OeATeNb-
HOCTEH ¥ WUCIOJb30BAaThCA B HUX (OTHOIIEHUSA
«wasGeneratedBy» u «used» COOTBETCTBEHHO).
Mopmesnb Tak/Ke MPeSOCTABJISIET BO3MOKHOCTH OITH-
cbIBaTh TOT (haKT, UTO CYII[HOCTH SIBJISIETCS ITPOU3-
BONHOM IO OTHOIIIEHUWIO K JPYyroil CymiHOCTHU (OT-
Homenue «wasDerivedFrom»). A mesTeabHOCTH
MOT'YT OBITH OITPE/IeJIeHbl BpeMs HauaJia 1 3aBepiie-
Huda («startedAtTime» u «endedAtTime» coorset-
CTBEHHO), a TaK:Ke (haKT MCIIOJTb30BAHUA OJHON [e-
ATeJbHOCTHI0 MH(pOpPMAIuy, MOPOXKIaeMoil pyroit
meareabHocThbi0 (oTHomreHue <«wasInformedBy»).
Haxoner, Mozesb I03BOJIAET OTMETUTD (DAKT BOBJIE-
yeHUs areHTa (Agent) B Ty MIn UHYIO NeATEIbHOCTH
(oruomenue «wasAssociatedWith»), yuactus B cos-
mauum cyiiHocTed (orHorenue «wasAttributedTo»)
U IeHICTBUS OJJHOT'O areHTa OT UMeHU IPyTroro (OTHO-
menne «actedOnBehalfOf»).

Apmegaxm — pes3yabTaT paboThl KaKoro-1mnbo
YYaCTHUKA; SABJSETCA YACTBHIO IIOHATHUS HHMOpMA-
IUU 110 TIpobeme.

Yuacmuux (azenm) — 3sKcnept b0 mporpam-
MHBIH cepBUC, KOTOPBII MOXKeT IPUHUMATD yUacTue
B peajiMsalluy MOJeEJH IIpoliecca (HasHavyaThCA Ha
pOJIY, BBITIOJHATD 3aJaHUA U IIP.).

IIpozpammHblil cepsuc — areHT, ABIAIOIIUICA
KOMITBIOTEPHOII IPOTrPaMMOIi.

JKcnepm — areHT-4YeJIOBEK.

Koanexmus (epynna, komanda) — MHOYKECTBO
YYaCTHUKOB, PEAJIM3YIOIINX MOJAEJH IPOIecca IO~
IEeP:KKYU MPUHATUAA PEIIeHNH B paMKaX KOHKPETHOMN
IpoOJIeMBI.

IIpomeccsl, o6ecmeunBaeMsbie Cpeaoit

OCHOBHBIME IIpPOIleCCAMH, IIapaJjjIeIbHO OCY-
IIEeCTBJISIEMbIMH B X0/e PyHKIIMOHUPOBAHUSA CPEMBI,
saBaaoTcA: 1) mporiece (pe)opraHu3anuu MOAAEPIK-
KU TIPUHATHUA PeIeHuit u 2) mpoIllece MOATOTOBKU
pertterusi. Kpome Toro, BasKHy0 POJIb UTPAIOT BCIIO-
MoTraTeJIibHbIe IPOIlecChl, B TOM UIcJe o0eclieumnBa-
[oI[Me ydJacTue IIPOrpaMMHBIX CEPBHUCOB B pabore
KOJLJIEKTUBA.

Ilpouecc (pe)opeanusayuu noddepiHKu npuHs-
mus pewenus. B pamMKax 9TOro Impoiiecca ydact-
HUKY BBIABUTAIOT PAa3JUUYHbIE IIPEIJIOKEeHUSI 00
opraumsanuu IIIIP (ucmonb3ys sJaeMeHThI MeTa-
MOJeJM W MeHCTBYsS C IIOMOIbI0 MHTEJJIEKTYaJb-

7

HBIX aCCHCTEHTOB, 00JIaJalOINX IIPOIECCHON 0a30ii
3HAHUIT), 00CYKIAI0T UX U KOPPEKTUPYIOT MOJEIb.
PaspaboTka MeTomoB (PYHKIIMOHUPOBAHUSA IOH00-
HBIX MHTEJIJIEKTYaJbHBIX ACCUCTEHTOB ABJIAETCS Of-
HOM 13 BasKHEHINNX 3a/1a4, ITOCKOJbKY IIPEeACTaBJI-
eT co00ii oguH 13 0a30BBIX CIIOCOOOB KOHBEPTeHIINHI
KOJIJIEKTUBHOTO U MCKYCCTBEHHOTO MHTEJIJIeKTa.

IIpouyecc nodzomosrku peuterus. OcHOBHOM (IIpO-
IYKTUBHBII) IIPOIIECC, B XOAe KOTOPOTO YUACTHUKU
MIOPOJKIAIOT PasaudHble apTedaKThl, TAK UJIU NHAYE
nojesubie nasa JIIIP (omucamme ajbTepHATUB, OMU-
caHme KpUTepueB W IIp.). ApredaKThl MMEIOT Kak
YeJI0BEeKOUNTAEMOE IIPECTABICHNE, TAK U MAIITHNHO-
yutaemoe. ComepsKar sJIeMeHThI, KOTUPYIOIHe IIPo-
UCXO0KJeHre mHPOpMAIuu (C IIOMOIIBI0 OHTOJIOTHU-
yeckoii mogesiz PROV-0).

BcemomorarenbHBIN mpollecc obecreyeHus yua-
CTUSI IPOTPAMMHBIX CEPBUCOB B paboTe KOJJIEKTUBA
ABJIAETCS ABYHANpPaBJIEHHLIM, HHUIIMATOPOM B HEM
MOKEeT CTaThb W 9KCIIEPT, W IPOTrPAMMHBIA CepBUC.
Wudopmariua mo npobyieMe He Bcerga IIpeacTaBie-
Ha B IOCTAaTOYHO (hopMaIu30BaHHOM Buzie (IoaXo-
OAIEeM JIJIs MaIlTuHHON 00paboTkm). [[ia mepeBoma
MeXKY MAIlTiHHBIM ITPEICTABICHNEM 1 YeJIOBEKOUU-
Tae€MbIM HCIIOJIb3YyIOTCS:

1) u3 MaIITTHOYUTAEMOT'O IIPEICTABICHUS B YEJIO-
BEKOUHMTaeMoOe: a) reHepalus CTPYKTYPHOro Omuca-
HUS 0 OHTOJOTUY (MUHUMAJbHBIE YCUINU), 0) Me-
TOJbI BU3YAIN3aIUN TEKYIIero MHOKECTBA aJbTep-
HATUB W WX ONUCAHUU (OTHOCUTEJHFHO HEOOJIBITINE
YCUTIUA);

2) 13 4eJI0BEKOUNTAEMOTO B MAIITTHOUUTAEMOE —
MHTEepaKTUBHBIE METOAbI. Ba30BBIMU TEXHOJOTUAMU
SIBJISIIOTCS BBIYMCIUTEIbHAS JIUHIBUCTUKA (POLCTBO
KJIIOUEBBIX CJIOB ¥ ONHCAHUIM), pacCcy:KIeHuA Ha
OCHOBe IIPeIeZIeHTOB U Ip. YesIOBeK MOoJydaeT He-
CKOJIbKO BapHAHTOB, MOKET BbIOPATb, MCIPABUTH,
IOTIOJTHUTD.

C1ioco0BI yuacTus IIPOrPaAMMHBIX CEPBHUCOB B CU-
creMe:

— IporpaMMHBIE CEPBUCHI MOTYT OBITH ITPOCTHI-
MU, «PACCUMUTHIBAIOIIMMU» TOJBKO HA TO, UTO OHU
OyAyT «00HAPYKEHBI» CPeACTBAMI CEMAaHTUUYECKOTO
IIOMCKA, MPEeJOCTABISIEeMbIMHU CPENol, U «HasHaue-
HBI» JJIS pelleHus KOHKPETHOM 3amauu, ysKe OIu-
CaHHOH B TePMUHAX IOHMMAaeMOI NMU OHTOJIOTUH;

— MporpaMMHBIE CEPBUCHI MOTYT 00Ja1aTh KOH-
¢urypaTropoM, KOTOPBIH MOJKEH OBLITH HACTPOEH
yejgoBeKoM. Takoii cepBuc TpedyeT, UTOOBI KaKOM-
TO 9KCIEPT <«IIOUIeJ €My HaBCTpeuy» U 00ecIIeumu.
KOH(MUTYypaIuio AJs pelenus 3agauu (B 4acTHOCTH,
OH MOJKeT 3allpalliuBaTh PeCcypchl UYeJIOBEeKa-KOH-
¢duryparopa). Hanpumep, areHT-IpeguKTOp MOKET
«BUJAETDH» 3aJauy IIpeAcKa3aHmusa Yero-Huoyab 1 CO3-
IaTh 3aIlpoc Ha TO, YTOOLI APYTHe YUACTHUKU 3aKO-
IUPOBAJIHU [IJIsl HETO IapaMeTPhl, HA OCHOBE KOTOPBIX
mpeacKasamme OyAeT OCYIIEeCTBIATHCS, IMOATOTOBU-
JIA JaHHbIE UJIY COBEPIINJIN APYTHe IOATOTOBUTEIb"
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Hble onepanuu (chopMUpPOBAIN 3aaUy s YeJIoBe-
Ka, 4TO SBJIAETCS HAIPAMYIO OTHUM U3 CIIOCO0OB HC-
TIOJIb30BAaHU S KOJIJIEKTUBHOTO UHTEJIeKTa A1 V1)

— MOpPOrpaMMHBIN CepBUC MOMKeT 00JiamaTh aua-
JoroBeIM KoH(uryparopom. Ilo cytu, To ke, 4TO
U TPeABIAYIUIA BapUaHT, TOJIbKO aJTOPUTM KOH-
(urypamuu 3akigiodyaeTrcd B OTBETe HA BOIIPOCHL.
Hanpuwmep, Takoll A1aJOrOBBLIN areHT MOMKeT 3aja-
BaTh YTOYHAIOIIME BOIIPOCHI, BOIIPOCHI C BELIOOPOM U
IIpoure Yepes3 Cpefy B3auMOAECTBUA, YTOOBI TOUHO
crenuduIIpoBars 3axauy. B sobom ciaydae areHT
yMeeT caM cebsa KOH(MUTYPHUPOBATH, BOIPOC JIUIIH
B MeTOJlaX, KOTOPbIE AJIA 9TOr'0 UCIIOJIb3YIOTCH.

BasoBslii cieHapuii GyHKIINOHUPOBAHUS CPEIbI
MOAEPKKH MPUHATUA penieHuil Ha ocHoe YMKHN
JIumo, mpumHUMAaloNlee penieHne (KOHEUHBIN
TIOJIb30BATEJIb), OIIUCHIBAET MPOOJIEMHYIO CUTYAIIHIO
Ha eCTEeCTBEHHOM $3BbIKEe, PACCUUTHIBAS MHOJYUYUTH
Habop aJIbTEPHATUB (BO3MOYKHO, YCKOJb3HYBIIIUX OT
ero BHUMAaHM:A), a TaK/Ke aHaJIN3 STUX aJbTePHATUB
110 BaXKHBIM 17151 cebsa kpuTepusam. Ob6partienue JIIIP
K CIIIIP BKJIOUaeT omucaHme IIPOOJIEMHOI CHUTya-
IIUY, 9CKU3 MOJEJU IIPOIlecca, BPEMEeHHOe OI'PaHU-
yenue. OnucaHue MPoOJEeMHON CHUTyalMd, B CBOIO
ouepenb, BKJIIOUAET TEKCTOBOE ONMCAHNE CUTYAIUH,
usBecTHbIe JIIIP asbTepHaTUBEI (MU MEXaHU3M UX
moJIyueHusi), Baskuble Ay JIIIP kpurepuu, orpanu-
YeHUA. JCKU3 MOJENIU IIPOIlecca COJAEPIKUT OCHOB-
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HbIe 3JIEMEHTHI MOZesu Ipoiiecca (He 00d3aTesbHO
TOJIHYIO ee CIIeIu(PruKaIinio).

OnucaHue TpoOJIEeMHOM CUTYAIIUU CTAHOBUTCSA JI0-
CTYIHO YUYACTHUKAM CPEeJbI, IIOCJIe UeTO IPOUCKXOIUT
moA00p YYACTHUKOB HA POJIN/3aauu, OIlPeae/IeHHbIe
B JIeHICTBYIOIIIEM BapuaHTe MOJEJIN IIpoliecca (¢ yue-
TOM HCTOPUU COBMECTHOM paborswl). ITombop mMoxkeTr
OCYIIECTBIIATHLCA B «CTPOTOM» (popme (korma JITTP Bce
PaBHO) MJIU B «MATKON» (cpema (hopMUpyeT peKOMeH-
manuu 1Jis JITIP, a okoHuaTeabHOE pellleHie O Ha3Ha-
YeHUU yYaCTHUKOB npuHmMaeT ysxe JIIIP).

IIpu Takom ImepBOHAYAJIbHOM Ha3HAUEHUU, CKO-
pee Bcero, OCHOBHBIMH HCHOJHUTENAMU OYIAYT JIIO-
¥, TTIOCKOJIbKY IIOCTAaHOBKA 3aJauyu BPsAL Ju OymeT
HACTOJIBKO IIOAPOOHOM, UTOOBI KaKue-TO M3 IIPOo-
TPAMMHBIX ar€HTOB MOIVIN i COOTBETCTBOBATD.

VYacTHUKU OCYIECTBJSIOT AeATEeIbHOCTh MBYX
BUIOB: (pe)OopraHMU3aIui0 MOAEIHN MOAIEePKKU HpU-
HATUSA PEIeHns U IOATOTOBKY PeIlleHn .

Cxemaruuecku 0a30BBIN CIleHApPUil (DYHKI[MOHU-
poBaHus cpeabl M300paKeH Ha puc. 3, rae 0JOKU co-
OTBETCTBYIOT OCHOBHBIM JE€MCTBUAM (COBEPIIIaeMbIM
Cpenoil UK ee TOJIL30BATEIAMU PA3JINYHBIX KaTero-
puii), CILIOIIIHBIE CTPEJIKK — IIOTOKaM MH(opMaIiuu,
a TYHKTUPHBIE CTPEJKU OTOOpaskaioT (PpaKT OTBET-
CTBEHHOCTH II0JIb30BAaTeJIel TOI MJIN MHOU KaTeropuu
3a BBITIOJTHEHME COOTBETCTBYIOIIETO BUIA JeATEIbHO-
ctu. OCHOBHEBIE IIPOITECCHI, 0OeclieurnBaeMble Cpeioi,
MMEIOT [[UKJINYECKYIO CTPYKTYPY, KOTOPas II03BOJIS-

DopMyTUPOBKA

3aJaun

JITIP

MOzeJIU IIpoIiecca

Ompeznenenre /KOPPEKTUPOBKA

dopmupoBaHue
IPEeAIoKeHU T
10 MOJIEJIH IIPOIecca

ITox6op yUYacTHUKOB 1

J
. @ ;

YuacTHUKHT | Brrmosaenue

HasHaUYeHUe 3aJaHUN

~
006o61IeH1e Pe3yIbTaTOB

l 3aJaHui

(B COOTBETCTBUHU C MOJEIBIO

mporiecca)

4i Ornenka ’

J

B Puc. 3. Ba3oBsblii crieHapuil QYHKIITMOHUPOBAHUSA CPEIBI
B Fig. 3. Basic scenario implemented by the environment
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eT agantuposBars nporecc IITIP Kk usameHeHUAM TEKyY-
et curyanuu niau TpedoBaruam JITIP. Tak, mepsolii
IMUKJ (COOTBETCTBYIOIINI TIpolieccy (pe)oprammsa-
U PeIeHns) COCTOUT ua neiictBuil «Ompenesenue/
KOPPEKTUPOBKA MOZEJIN IIporeccas-«PopMupoBaHme
MpeIJIOKeHU o Mojeau Iporeccas-«00o0bireHe
pesyiabraTroB»-«Onenkas. B xoze aToro mporecca mpo-
UCXOAUT (DOPMUPOBaAHUE IIPEIJIOKEHUN U YTOUHEHTE
camoii Mopgeau Iporiecca. CiaeayeT OTMETUTHb, UTO
nmeticrBue «O600IIIeHME Pe3yIbTATOB» BKJIIOUAET B 00-
paboTKy (coryiacoBaHME) M BBITIOJIHEHHBIX 3aJaHUM,
U TIPEJJIOYKEHUN 10 M3MEHEHWI0 MOEJIV IIpOoIlecca.
Bropoit TuKJI, UCIIOJTHAEMbBIA HE3aBUCUMO OT IIEPBO-
T'O ¥ COOTBETCTBYIOIHUHA IIPOIECCY TOATOTOBKY PeIrie-
HUA, BKJIouaeT neiictBusa «OmpemeneHre/KOppPeK-
THUPOBKA MOZeNU mpoieccar-«I1on6op yuacTHUKOB»-
«BrinostaeHMe 3amaHnti»-«O000IIIeHIEe PE3YIBTATOB -
«O1eHKa».

3akaoueHue
B pabore mpemioskeHa KOHIENTyaJbHAS MOJEJb

TIOAIEPIKKY IPUHATHUA PEITeHNui Ha OCHOBE YeJoBe-
KO-MAIIINHHOTO KOJIJIEKTUBHOTO NHTEJJIEKTa.

7

IleHTpaIbHBIMU TOHATHUAMHU pa3paboTaHHOM
KOHIIENTYaJbHON MOJEJIV ABJIAIOTC:

— mpobJieMa, Ha pellleHre KOTOPOM HalpaBJeHa
JeATeJbHOCTD YeJIOBEKO-MAIITMHHOT'O KOJIJIEKTIBA;

— KOJIJIEKTHB MAIIIUH ¥ JIIoAeil, BBaMOLeICTBY-
IOIIUX ITOCPEACTBOM CPeIbl B IEJIAX PeIIeHUs IIPo-
0JIeMBbI;

— MOJIeJIb ITIPOIIecCa, OIKCHIBAIONIAS IIPOIIECC
TOAEeP:KKY IPUHATHUSA PeIlleHnid B uacTtu cbopa MH-
dopmaruu, paspabOTKM U OIEHKU aJbTEePHATUB.
Hnsa paspaboTaHHON MOAeJu NTPeAJOsKeH 6a30BbIN
cueHapuii (QYHKIIMOHUPOBAHUA CUCTEMBI/CPeIbl
TMOAAEPIKKY IPUHATUAA PEIIeHUH Ha OCHOBe UeJjioBe-
KO-MAaIIMHHOTO KOJIJIEKTUBHOI'O MHTEJJIEKTA.

IIpenmonaraercs, 4TO MCIOJIb30BaHUE paspabo-
TaHHO! MOJEJU IO3BOJIUT CO3aBaTh CUCTEMBI IIOJ-
JMEePKKY IPUHATHUA PeIlleHn HOBOTO KJlacca, onupa-
fACh Ha MOTEHINAJI CAMOOPTaHu3aIlNu YeJIOBeKO-Ma-
IMUHHBIX KOJIJIEKTUBOB.

duHAHCOBA MOAEPKKA

PaboTa BeImoIHEHA TTPU (PUHAHCOBOI MOAAEPIKKE
PH® (mrpoexT Ne 19-11-00126).
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Decision support based on human-machine collective intelligence: state-of-the-art and conceptual model

A.V.Smirnov?, Dr. Sc., Tech., Professor, orcid.org/0000-0001-8364-073X, smir@iias.spb.su
T. V. Levashova?, PhD, Tech., Senior Researcher, orcid.org/0000-0002-1962-7044
A. V. Ponomarev?, PhD, Tech., Senior Researcher, orcid.org/ 0000-0002-9380-5064
aSaint-Petersburg Institute for Informatics and Automation of the RAS, 39, 14 Line, V. O., 199178, Saint-Petersburg,
Russian Federation

Introduction: Due to the development of information and communication technologies and artificial intelligence, human-machine
computing systems are becoming more widely used. However, in the vast majority of developments in this area, a human, in fact, plays
the role of a “computing device”, who can only handle requests of a certain kind. Thus, human creativity and the ability to (self-)organize
are largely discarded. Purpose: Developing a decision support concept based on the use of human-machine collective intelligence.

Analyzing the current state of the problem in the field of constructing flexible human-machine systems. Proposing a conceptual model
of the environment based on which decision support systems can be created. Results: A conceptual model of decision support is proposed
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based on human-machine collective intelligence. Its central concepts are: a) the problem at whose solution the human-machine collective
activity is aimed, b) the collective of machines and people interacting through the environment to solve the problem, c) the process
model which describes the decision support process in terms of information collection development and evaluation of alternatives.
Practical relevance: The developed model can be a base to create a new class of decision support systems leveraging the self-organization
potential of human-machine collectives.
Keywords — decision support, human-computer collective intelligence, methodology, conceptual model.
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Introduction: One of the foraging theory problems is choosing the most suitable patch as a source of energy (food) resources
for the population. A promising approach to study this problem is based on the Boltzmann distribution. In statistical physics, the
Boltzmann distribution describes the probability of a system falling into a particular energy state. Purpose: The development
of this approach in order to solve the patch selection problem. The solution based on the utility functions should be used to
construct the probability distribution. Methods: Construction and analysis of the patch utility function which takes into account
the time and population movement. Based on utility functions, domains are built which characterize the probability of choosing
a patch. Boltzmann distribution is used to specify the patch selection probabilities. Results: A utility function depending on time
is proposed and analyzed. A measure of the population’s awareness of the patch suitability is proposed, which depends on the
distance to the patch at a given time. The utility function properties have been investigated. The influence of its information
component on the patch selection process is analyzed. The patches are classified as “bad” or “good"” according to the amount of
food resources they contain. The study showed that a population may choose a bad patch on a certain time interval. Preferential
utility domains are constructed and their kinematics is analyzed. Particular relevance: The results obtained allow you to forecast

the behavior of a population choosing a suitable patch.

Keywords — utility function, preferential utility domain, measure of awareness.
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Introduction

The problem of selection of the patch by the pop-
ulation, that is most suitable for consumption of the
resources contained in it, is studied in the theory of
optimal foraging. It is assumed that the population,
in search of a suitable patch, acts in such a way as
to maximize the amount of consumed energy [1-5].

V. Krivan developed the concept of ideal free dis-
tribution [6, 7] to solve the problem of optimal se-
lection of suitable patch. According to the ideal free
distribution the population has perfect information
about the quality of patches and it is distributed be-
tween patches so as to maximize an energy consump-
tion rate. He showed that the ideal free distribution
in the problem of selection of the patch by the popu-
lation is evolutionarily stable [6]. Empirical observa-
tions show that the ideal free distribution model is
not adequate to the real processes for selection of the
patch, because poor patches also attract individuals
of the population. In addition, the population does
not have perfect information on the quality of patch-
es. Influence of migration on the stability behavior
of a single-species population is studied in [8].

A game-theoretic approach to the solution of the
problem of optimal selection of a suitable patch by
the population was proposed in [9]. The Nash equi-
librium is used as a criterion of optimality.

The concept of information, applicable to the
theory of optimal foraging, has been widely used in

neurobiology. The decision-making by the popula-
tion on the selection of a strategy during a search
for food with taking into account the accumulation
and loss of data over time was studied in [10-13].
In [5, 14, 15] it was shown that food search strate-
gies and the transition between them is explained
by an increase in awareness. In [16], an elementary
heuristic, which underlies the behavior of a popula-
tion during a search, is considered; it is shown on
the basis of experimental data that a search must
be considered as an unsteady process that transfers
an organism from one information state to another.
A model of data accumulation for a population, that
makes a decision to leave the patch, is analyzed in
[17, 18]. This analysis is based on the marginal val-
ue theorem [19]. In [20, 21], the issue of selection of
the patch is considered with taking into account the
density of the population that selected this patch.
In[22], anegative and positive relationship between
the energy capacity of the patch and the frequency
of visits by population is analyzed.

U. Dieckmann [23] proposed the following ap-
proach to solve the problem of selection of the patch.
This approach is based on the utility function that
takes into account the cost of moving to patch and
the measure of awareness of its quality. In addition,
the population is situated in one of the patches and
evaluates the usefulness of other patches.

On the basis of [23], a utility function which
takes into account population movements between
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patches, i. e., a change in its position depending on
time, was proposed in [24]. The notion of preferen-
tial utility domain (PUD) of a patch was proposed
in [24]. If the population locates in some PUD, it
selects the patch, that also locates in this domain,
with more probability than any patch located in oth-
er domain.

This work develops investigations presented in
[24]. A measure of the population’s awareness of the
suitability of patch is proposed. It depends on the
varying distance to patch and on the current time
as well. The properties of the utility function are
investigated and the PUDs are constructed. That
takes into account the current time and average
awareness of the quality of patches. The PUD par-
tition of the environment, in which the population
moves, depends on time, that makes it possible for
the worst patch to be included in the PUD of the
best patch at some time, evaluated in this paper.

The utility function, that is proposed in this pa-
per, is used to determine the probability of selec-
tion of the patch by a population at any time. The
Boltzmann distribution [23] is used as the proba-
bility of selection of patch. In statistical physics,
the Boltzmann distribution usually describes of the
probabilities of system energy states.

The utility function and its properties

The following problem is considered in [23]. A
population is located in the patch i, containing some
energy resource, and can move to patch j= i. The
probability of moving from i to j is determined by

qU;;
the Boltzmann distribution: P; = me

Z eqUij
i1

is the number of patches; Ul.j is the utility of patch j
for a population, located in patch i:

, where m

Uij ZV}I”'F(].—I”)V—E], i, j:]., ., m, (1)

where Ij; is a measure of the awareness of a
population, locating in the patch i, about the patch j.
Let I; € [0, 1], where I;;= 1, i. e. the population has
compfete information about the patch in which it is
located; V;is the amount of food resources in the

patch j; V=y{Vi+ysVo+...4+v,,V,, is the average
utility of the patches for a population located in
patch i, v; v+ .. +7v,,= 1, 7,2 0; T}; is a function of
the cost of moving from i to j.

Unlike [23], where the population is static, in the
present paper, the population moves in the space be-
tween patches. In addition, the movement is not de-
termined, because according to ecological investi-
gations, it is almost impossible to propose a motion
model even for a certain species. We introduce the

utility function U, (d;, ) of the patch i at time ¢ for
population, located at a distance d; from the patch i:

Ui (d;» 1) =Vil; (d; t)+(1-1; (d;, £))V =Ty (d;),
i=1,..,m, 2)

where I,(d;, t) is a population measure of the
awareness of the patch i, I(d;, t)<[0, 1],

V= 11V1 +v2Vo +...+ v,V is the average utility
of the patches for a population, y; + vy + ... +v,,=1,
where y,=const, y; > 0; T,(d;) is a function of the

T.
cost of moving to i, we will assume that: &20.

From (2), it follows that the structure 0% the
utility function U, substantially depends on the
information component that is represented by the
first two terms. We assume that the measure of
awareness I, (d;, t) has the following properties. The
population has complete information on the patch
in which it is located: I; (0, t) = 1, for any ¢ € R.

The farther the population is located from a
patch i, the less information on the value V; it has,

T
e i 0, lim I;(d;, t)=0.1f d; # 0, then as time ¢
Gdi i—)oo
increases, the population’s awareness of the patch i

I,
increases: i 0, limI;(d;, t)=1.
ot t—©

Basing on the foregoing, we formulate the prop-
erties of the utility function U,. We assume that the
patchiis “good” if V; >V, anditis “bad” if V; <V.

1. With the time increase, the usefulness of the
“bad” patch decreases, and the usefulness of the
“good” patch increases. Indeed, taking into account

(2), we have: %:%(
ot ot
oUu

. _ U, _
6tl >0 for V; >V, and atl <0 for V;<V. Thus,

Vi —T_/) Since %>O, then

the longer the time of study of the “bad” patch by
population, the less the attractivity of it for popula-
tion, and vice versa.

2.If V; >V, then its utility of the i-th patch de-
creases with the increasing of d,.

U = o (V —7) _on <0, that follows
od;

od;  od;
from the properties I;and T’,.

Let us consider in more detail the structure of the
utility function U,. Value W; =V;I; +(1-1I;)V is the
information component of the utility function U,.
Thus, the measure of awareness I;, W, do not influ-

Then

i

0
ence the property 2, since <0 for any value I,.
i
3.If V; <V, then its utility of the i-th patch may
decrease or increase while d; increases. Since, the
U;

sign of the derivative coincides with the sign

i
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of the difference %(V—V)—% which depends
od; od;

on t, then the information component W, considera-

bly influences the sign of the derivative U .
1

Thus, in the case of a “bad” patch, i. e. for a small
value V;, V; <V, information component W, plays a
more significant role in the process of the patch se-
lection, basing of the utility function U, (d;, t), than
in the case of a “good” patch V;. In other words, a
“good” patch is more noticeable than a “bad” at long
distances. Ba2

Example. Assume I;=e t*C, T,(d;)=ad?,
where a, B, C are the positive constants. Here 3 is
the coefficient of forgetting. It was shown in [24]
that with increasing of [ the population meas-
ure of awareness, I;, decreases. Thus, the larg-
er the value of B, the faster the population for-
gets information on the patch; C is the constant
that determines the measure of awareness of the
patch the initial time instant £ =0; o is the coef-
ficient of cost, V=v1V; +yaVo+...+v, Vs 1,2 0,
Y1 +Yg +...+v, =1. Then, the utility function has
the following form:

—d? —pd;
U (d;, t)=Vie t*C +|1-e t+C [V —ad?.  (3)

2 B B
ot (t+C)
ously, the property 1 is satisfied. It is easy to show

B}
that L/ 2d,; (V -V )Le t+C —2d;a, whence it
od; t+C

follows that the property 2 is also satisfied. In the
case of a “bad” patch, V; <V, it follows from the
L, that its sign substantial-

i _Bd}
ly depends on the measure of awareness I; =e t+C

form of derivative

and its derivative %
i

Two-dimensional case

Consider the case m = 2. For convenience, de-
note the first and second patches by A; and A,, re-
spectively. Utility functions for two patches are:

—Bd? —pd?
Uy(d;, t)=Vie t+C +(1—e t+C )V —ad?, i = 1, 2, where

V =y, +75Vs. Let V, <V,,i.e. the second patch is
more attractive than the first.

Consider, in more detail, the case of a “bad”
patch, for m = 2. Let the patch i =1 be “bad”, i. e.
Vi <V,, Vi<V =y1V;3+v9Vs. Taking into account
the form of the function U,(d;, t) (3), it is easy to
show that the following statement is valid.

Proposition 1. Assume d? >y, (Vo —V1)/ae. Then

aﬂ<0 for any ¢ > 0.

od,
Proposition 2. Assume df <y, (Vy —Vy)/ae. Then

- oUy(dq, t
there exist ¢, ty, #; <ty, such that M<O

odq
. . oUq (dy, t
for te[O, tl)u(tz, +oo), M>O for
3 odq
te [t1, 52 ]
-Bdf c
Proof. Two cases are possible: 0 < _at+0)
Bra(Va-11)
—pdf c
or 0 5 &, or, equivalently,
Bra(Ve-71)
~pa? —pd?
ie t+C o or B e t+C 2;.
t+C 12(Va-V1) t+C v2(V2-"1)

v2(Va-"1)

B —2d?
Denote z=——, = —ze %%  It’s
O A , f(2)=ze

1
obvious that z" = is a point of maximum of f(2)
dj

2

and f(z*)zL is the maximum value of f(2). It
ed1

follows from the assumption of the Proposition 2

1 1 _2d2 - ~
that —>—-. Then e aaf 1 for z<2; or z> 2y,

gdl A Az

—2d2 1
and e ?4 > _—_

29 == B
tl +C

%<0 for t<¥1, or t>¥2, %>O for te[h, Zz].

ody ody

The proposition 2 is proved.

The form of the utility function U; =U,(d,, ),
corresponding to the Propositions 1 and 2, is
shown in Fig. 1, a and b, respectively. It should be
noted that the case of a small distance of the pop-
ulation from the “poor” patch is considered in the
Proposition 2. Unlike a “good” patch 2, a “bad”
patch 1 is a weak source of information. Thus,
the process of estimation of the utility of a “bad”
patch has some uncertainty for sufficiently small ¢.

Consider the domain Q=0Q; UQy, where Q=

for ze|Z, 29|, where Z; == ,
Az [1 2] 1 t2+C

for some values t=%# and t=1%,. Thus,
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Ul(db t)
a) 0.8

100

U1(dy, 9
b) 1.6

1.4 4

B Fig. 1. Utility function U,(d;, t) of patchA;:y; =0.4,7,=0.6,V;=0.5,V,=8,0=0.3,3=1.6;a —C=50;6 —C=0.5

dy
O
1 dy=d,y(t)
Qg
0.5
0 2 fmax 4 6 8 t

B Fig. 2. Domains Q;, Q,: y;=0.4, y,=0.6, V;=0.5,
Vy=3,0=0.3,=1.6,C=0.5

oUy oUy
={(dy,t):=—L>0,d; 20,620}, Qg ={(dy, t):—=
{( ) adl> ! } 2 {(1 ) ody

<0,

(dp, t)<dj (tmax )> t€[05 tax ]} For sufficiently

small ¢ and d;, i. e. when points (t, dl)cQ, de-

U
rivative 6_1 can change its sign depending on

1
t, d; and the relations between the parameters

o, B, Vi, V, C. Consider the equality %:0,
1
After simple transformations, it implies that

Vo -V,
d(t)= \/t+clny2B ("2=Y1) 1y function dy () is

B a(t+C)
continuous and has a unique maximum at t=1¢_,,
v2(V2—V1)B

where t,,4 e(O, Z), t= -C (Fig. 2).

ae

Domains of preferred utility

In [24], the definition of PUD was introduced
and their common boundary was found. Taking
into account that in the present paper, unlike [24],
utility also depends on t, we propose the following
definition of the PUD.

Consider the patch i as a point A; € R™. Assume
that a point M(t) = M € R” corresponds to a popu-
lation position at a time ¢, d,(t) = p(M(t), A;) — the
distance of M(t) from A,.

Definition. The preferential utility domain D,(¢)
of the patch A; is a set D,(t)={M(t) € R™":p(M(?),
Ai): di(t)’ Ui(di(t), ) > U](d](t), D), i#j, j= 1, ., m}
Here U,(d,(?), t) is the utility function (3).

It follows from the definition that the boundaries
of the domains D,(¢) change in time. Let us consider
the asymptotic behavior of the partition of the space
R2 = {(x, y):x, y € R) into domains D,(t) for the case
m = 2. Without loss of generality, we assume that
the patches have the following coordinates: 4,(-1,
0), A,5(1, 0), D,(%), Dy(t) are PUDs of patches A; and
A,, respectively. Denote g(t)={M(t) R2:p(M(2),
A)=d,@), Uy(dy@), t)=Uydy(®), 1), i=1, 2} the
common boundary of D;(t), D,(t). Here p(M(2),
A)) is the distance between M and A;. Consider
question of “capture” by PUD, of A;, where PUD,
is the preferential utility domain of A,. Denote

n(Va-")
12 (V1 -Va)+4o
the following proposition.

Proposition 3. For existence of time ¢=1¢*> 0,
such that A; € Dy(t) for all ¢ > " it is necessary
and sufficient that (Vo-V;)/4>0. Wherein:

t'=4B/E-C, if a>yy(Va-V;)/4 and C<4B/E,

E=In . It is not difficult to prove
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a)

b)

B Fig. 3. Case of “capture” (a) and of absence of “capture” (b) of patch A;:vy;=0.4,vy,=0.6,V;=0.5,V,=38, f=1.6,

C=0.55a—a=0.55b—0a=0.65

or t*=0, if a>y9(Va-V1)/4 and C>4B/E or if
GSYZ(VZ_I/I)/ZL'

Figures 3, a and b show cases of “capture” of
patch A; and absence of “capture” of patch A4, re-
spectively.

The probability of patch selection

The utility function U,(d;, t) of a patch i is used
to find the probability P;(t) of selection of a suitable
patch, by population, at time ¢. According [23], we

eqUi(di7t)
use the Boltzmann distribution By(t)=

i eqUi(di7t)
i=1

to obtain P,(t), where g > 0 is some constant. In [24]
the system of m nonlinear, ordinary, non-autono-
mous differential equation was obtained:

B = qP (P12 +-.-ByO1m)
Py = qPy(Pi9g1 +... P02y,

Pm = qu(Pl(pml +.. 'Pm—l(Pm,(m—l))

where ¢;; = U; —Uj.

In [11], for m = 2, the Lyapunov stability of the
Boltzmann distribution which is a particular solu-
tion of the above system was proved. Since the form
of the above system is the same as in [24], the stabil-

ity result is also valid. It means that the use of the
Boltzmann distribution in practical applications is
reasonable.

Conclusion

A utility function, used to determine the prob-
ability of a patch selection by a population is pro-
posed. Developing the approach presented in [23],
where the utility function was introduced for static
population, in this paper the proposition of popu-
lation is varied and, therefore, the utility function
depends on time. The patches are classified accord-
ing to the amount of food resources. The proper-
ties of a utility function are studied. Herewith, the
particular attention is focused on the influence of a
utility function component. The Boltzmann distri-
bution is used as the probability of patch selection.
Preferential utility domains are constructed and
their kinematics, as ¢t — o, is analyzed.

In this work, a mathematical model, that reflects
the main qualitative laws characterizing the pro-
cess of selection of a suitable patch by the popula-
tion, is proposed. Based on the proposed approach,
relying on experimental observations, it possible to
construct models for specific populations.
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DyHKIMSA T0JEe3HOCTH B 3aKa4e (hypaskMpoBaHUI ¢ HEMOJIHOI nHGOpMannei

A. H. Kupunios?, tokrop Gpus.-MaT. HAyK, BeAYIIUI HAYYHBINA COTPYAHUK, orcid.org/0000-0002-3356-1846,
krllvl812@yandex.ru

. B. lanunosa?, acnupaHT, orcid.org/0000-0001-7031-4580

A HCTUTYT IPUKJIATHBIX MaTeMaTUUYECKUX UCCIeJoOBaHui PeepaibHOTO UCCIeI0BATEeIbCKOTO IeHTPa « Kaperbckuil Ha-
yunblil neuTp PAH», Ilymkuuckas yi., 11, ITerposaBoxack, 185910, P

BBenenmue: onHOI U3 3a5a4u Teopun GyparkUPOBAHUA ABJIAETCA BHIOOD IOMYIAINNeil Hanbolee IPUTOJHOTO apeana (yuacTka) Kak uc-
TOYHUKA DHEPreTUUECKUX PecypcoB (pecypcoB nuranus). Panee ObLI IPeJIOsKeH IOAXO0 JJIA UCCIeTOBAHNUA dTOH 3aaUul, OCHOBAHHBII Ha
ungee pacupezaenenus Boabimana. B craTuctuueckoi usuke pacipezesienue BoabliMaHa OMIUCHIBAET BEPOATHOCTD MTOMAJLAHUA CUCTEMBI
B TO WMJIM MHOE 9HepreTnuecKoe cocrossHue. Ileas: pasBuTHe JaHHOTO IOAX04a IJId PellleHnusA 3aadl BEIOOpa Iomyianueil HauboJee Ipu-
TOLHOTO apeasia. IIpu 3TOM pellieHHe, B OCHOBE KOTOPOTO JIEIKUT (PDYHKIIUA IIOJe3HOCTU, UCIOJIb3yeTCs JJIs IIOCTPOEHUSA BEPOATHOCTHOTO
pacmpenesnenusa. MeToasl: TOCTpoeHNe U aHAIU3 GYHKIUY IIOJE3HOCTU apeaja, YUUTHIBAIOIEl BpeMs U IlepemMelenne nmonyaanuu. I1o-
CcTpoeHVe Ha OCHOBe (DYHKITWII IOJIe3HOCTel obsacTeil, XxapaKTepU3yOIIUX BePOATHOCTH BeIGOpa apeasa. [laa omucaHUsA BepPOATHOCTEH
BbIOOpA MOMYyJIAIMell apeaja UCIOJIb3yeTcs pacupezesenue Bosbiimana. Pe3yabTaTsl: IpeAIoKeHa U IPOaHATU3UPOBaHA (QYHKI[US I10-
JIe3HOCTU, 3aBUCAIIAs OT BpeMeHU. [IpeantoskeHa Mmepa mHGOPMUPOBAHHOCTY, XapaKTePU3yIollasa 3HaHNE MOy JIAINY 00 apeaje U 3aBU-
cAIaag OT PACCTOAHUSA [0 apeaia B JaHHBIH MOMEHT BpeMeHu. VceieqoBansl cBoiicTBa (PyHKIMY IToJIe3HOCTH. IIpoBeieH aHAIN3 BIUAHUA
MHOOPMAIIMOHHOM COCTABJIAIONIEN HA IIPoIlece BhIOOpa IMOMyadaIuell apeasa. B 3aBucuMocTu OT 00'beMa IUIEeBbIX PeCYPCOB, KOTOPHIE B
HUX COEPIKATCA, apeasbl JeJIATCA Ha «IJIOXUEe» U «XOopoInues». B pesyabraTe nccjiefJoBaHUA BBIACHUIOCH, YTO IJIOXOH apeasl MOKeT ObITh
BBIOpAH IONMyJIAIVeH Ha HEKOTOPOM IIPOMesKyTKe BpeMeHu. ITocTpoeHb! 061aCTH IPeAIOUTUTETHLHOI IT0JIe3HOCTH apeasioB IIPY U3MEHEeHU T
BpeMeHH U HMCCJIeJOBaHA UX KMHEeMaTUuKa. l'[pa}c'm«mecmaﬂ 3HAYUMOCTSE: IIOJIYyYeHHbIe Pe3yJJAbTAaThl IIO3BOJIAIOT IIPOTHO3UPOBATH IIOBEJEeHUE
TOMYJAAIUY IPU BEIOOPE HanboJiee IPUTOHOTO apeaJia.

KuaroueBsie c10Ba — (PYyHKIIHA IOJIE3HOCTH, 00JIACTH IPEAIIOUTHTEIHLHOM II0JIE3HOCTH, Mepa HH(POPMUPOBAHHOCTH.

OuaaumurupoBanus: Kirillov A. N., Daniloval. V. Utility function in the foraging problem with imperfect information. Hugopmayuonno-
ynpasasoujue cucmemvt, 2020, Ne 2, c. 71-77. doi:10.31799/1684-8853-2020-2-71-77

For citation: Kirillov A. N., Danilova I. V. Utility function in the foraging problem with imperfect information. Informatsionno-
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VHCTUTYTA TPUKJIAJHBIX MaTeMa-
THUeCKUX ucciaemoBanuii Kapesn-
cKoro HayuHoro meHTpa PAH,
IleTpo3aBo/CK, MOYETHBIN padoT-
HUK BBICIIEr0 IPO(ecCuoHaIbHOTO
obpasoBauusa P®.

B 1976 roxy oxonun JleHuHrpaa-
CKUH rOCYZapCTBEHHBIN YHUBEPCHU-
rer uM. A. A. JgaHosa 1o cremnu-
anpHOCTH <«IIpUKIagHAs Marema-
THKa».

B 2009 rogy samuTui auccepra-
W0 HA COMCKAaHME YUEHOU CTere-
HU JOKTOpa (hUsMKO-MaTeMaTude-
CKUX HayK.

fAsnsiercss aBropom Gosee 140 Ha-
VYHBIX TyOJUKAIIVI.

061acTh HAYYHBIX MHTEPECOB —
TEOpUsl YIPABJIEHUS HEIMHEHHBI-
MU IUHAMUYECKVMHU CHCTEMAaMHU,
ruOpUAHbIE CUCTEMEL U ID.

9I1. ajgpec:
kirillov@kre.karelia.ru

KOMAPOB
Muxaun
Muxaiiiosuu

IIpodeccop Kadenpbl THHOBAIIMI 1
6usHeca B cepe wmHDOPMAIUOH-
HBIX TexHosoruii HamuonasbHOTO
HCCJIE0BATEIBCKOI0 YHUBEPCUTE-
ta «BpICHIasg MIKOJA SKOHOMUKU»,
Mockga.

B 2010 roxy oxomumit MockoBCKmit
roCyIapCTBEHHBIA MHCTUTYT JJIEK-
TPOHUKY U MaTEMaTUKMU IO CIIEIIV-
anpHOCTH «MH(pOPMATHKA U BBI-
YUCIUTETbHAA TEXHUKA».

B 2012 ropgy samurtusi auccepra-
[MI0 HA COMCKAHWE YUEHOU CTere-
HU KaHAKJaTa TeXHUUECKUX HayK,
B 2016 rogy — Doctor of Science
(Technology) Texumueckoro yHu-
Bepcurera Tamnepe, PuHIAHAUA.

SBnaerca aBropom Gosee 50 Hayy-
HBIX YOJMKANWHA U [IIECTH TaTeH-
TOB HA M300PETEHUs, MOJIe3HbIe
MOJIeJIM U CBUIETEJNhCTBA Ha IIPO-
rpammsbl 4151 OBM.

O0s1acTh HAYYHBIX UHTEPECOB — bec-
MIPOBOZIHBIE CEHCOPHBIE CETH, TeXHO-
JIOTHIY TIEPeIauyl JAHHBIX U JIP.

9. axpec: mkomarov@hse.ru
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V4 CBEAEHWSI Ob ABTOPAX /
JEBAIIIOBA Crapmuit HAyYHBIH COTPYAHUE JIa- HEB30OPOB IonenT BoeHHO-KOCMUUeCKOl aKa-
Tarpaaa 0OpaTopuy MHTETPUPOBAHHBIX CHU- Ba JIepl/IfI nemun uM. A. @. Moskaiickoro, mo-
BI/IETOpOBHa crem aBromarusanuu Cankt-Ilerep- HNBaHOBIY YeTHBI PabOTHUK BBICIIETO 00pa-

OyprcKoro MHCTUTYTa WHMOPMATH-
Ku u aBromarusanuu PAH.

B 1986 rony oxonunia Jlenuurpaz-
CKUH DJIEKTPOTEXHUYECKUH MHCTH-
TyT uM. B. U. Vipanosa (Jlenuna)
[0 CIENUATBHOCTH «DJIEKTPOHHbIE
BBIUUC/IUTEIbHBIE MAIIIAHEI».

B 2009 roxy samuruia auccepra-
M0 HA COMCKAHMEe YUYEHOU cTere-
HU KaHANATA TEXHUUYECKUX HAYK.
Sfsnsiercss aBropom Gosee 200 Ha-
VYHBIX ITyOJIUKAIIVI.

O0sacTh HAYYHBIX HHTEPECOB —
yIpaBjieHne SHAHUSIMU, WHIKEHe-
pUsL OHTOJIOTHIA, YIPABJIEHNE OHTO-
JIOTUSIMY,  YIOpaBJeHWe KOHTEK-
CTOM, COIMOKMOep(UsMUECKHe CU-
CTEMBI.

i1, ajgpec:
tatiana.levashova@iias.spb.su

3oBanud P®, Cauxr-IleTepOypr.

B 1960 roxy oxonun JleHuHTpaz-
ckyio KpacHosHaMeHHYIO BOEHHO-
BOBAYUIHYIO MHIKEHEPHYIO aKaje-
muio uM. A. ®@. Moskaiickoro mo
crenuanbHOCT «PanosaeKTpon-
HEBIE CHCTeMBD».

B 1967 romy samwmruia muccepra-
I[MI0 HA COMCKAaHVE YUeHOH creme-
HU KaHAUJATA TEXHUUECKUX HAYK.
SfAsnsierca aBropom Gosee 150 Ha-
y4HBIX nyOaukanuii u 10 mateHToB
Ha M300peTeHn.

O6s1acTh HAYYHBIX KHTEPECOB —
aHTEeHHO-(QU/IEPHbIE  YCTPONCTBA,
PaJuoIoKAIN, IPOCTPAHCTBEHHO-
BpeMeHHAasA 06pabOTKa CUTHAJIOB.
1. ajgpec:
nevzorovl938@mail.ru

HEHAIIEB
Bagum
Anexkcanaposuyu

Hounent Kadeapsl BHIUUCIHTEND-
HBIX cucreM u cereir CaHKT-
ITerepOyprekoro rocyzapCcTBEHHO-
0 YHUBEPCHUTETA a3POKOCMUYe-
CKOT'0 IPHOOPOCTPOEHNUA.

B 2012 ropy oxonumna CaHKT-
TleTepOyprekuii TocyfapCTBEHHBII
VHUBEPCUTET a3POKOCMUUECKOr0
TprOOPOCTPOEHUS TI0 CIIEIIUATBHO-
cru «VHpopMATHKA ¥ BEIUHCIN-
TeJIbHAA TEXHUKA».

B 2017 rogy samuTui amccepra-
W0 HA COMCKAHWE YYEHOU CTere-
HU KaHAUATA TEXHUYECKUX HayK.
fABnserca aBropom 50 HayYHBIX
myOIUKAIAN.

Ob6sacTh HAyYHBIX HHTEPECOB —
KOMIIBIOTEPHOE  MOZEJIMPOBAHUE,
CHCTeMBI HaBUTAlUY U PaJUOJIOKA-
WM, CTATUCTUYECKUI aHAJIu3,
9JIeKTPOAUHAMUKA.

9. agpec: granat89@mail.ru

OMETOB
Anexkcanap
Apocaasuu

=
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HayuHbIil COTpYAHUK YHUBEPCUTE-
ta Tamnepe, PuHAAHINA.

B 2013 romy oxomumn CaHKT-
IleTepOyprekuil rocyaapcTBeHHBIH
VHUBEPCUTET adPOKOCMHUYECKOr0
pubOPOCTPOEHNUS II0 CIIEI[AAIBHO-
ctu «KomrrekcHas sanura 00beK-
TOB NH(OPMATU3ALIUM».

B 2018 romy samumruia guccepra-
M0 HA COMCKAHWE YUEHOU CcTele-
uu Doctor of Science (Technology),
TeXHOJIOTMYECKUIl  YHUBEPCUTET
Tamnepe, PuHIAHIUA.

SABnsercsa aBropom 6ostee 70 Hayu-
HBIX ITyOJUKAU.

OGsacTh HAYYHBIX HHTEPECOB —
uH(pOpPMAaNOHHAs 0€30I1acHOCTb,
0eCIpOBOIHbIE CETH, MEKMAIINH-
HOe B3aUMOJEICTBYe, pacIpese-
JIEHHBIE CUCTEMBI.

L. ajpec:
aleksandr.ometov@tuni.fi

IIOHOMAPEB
Amnnpeii
BacuaseBuu

Crapinuii HayYHBIH COTPYAHUK Jia-
60paTopuu MHTETPUPOBAHHBIX CH-
crem aproMarusanuu  CaHKT-
IlerepOyprckoro MHCTUTYTA WH-
(opMaTMK ¥ aBTOMATH3AIIUU
PAH.

B 2003 rogy oxomuni TromeHCK Uit
TOCYZapCTBEHHBIH He(TerazoBblit
VHUBEPCUTET IO CIIENHUAJbHOCTH
«ABTOMATH3UPOBAHHLIE CHCTEMbI
00paboTku MH(OPMAIUYT U YIPaB-
JIeHUA>.

B 2012 rogy samwmTui amccepra-
W0 HA COMCKAaHME YUEHOU CTere-
HU KaHANAATA TEXHUYECKUX HAYK.
SfBngerca aBTopoM 38 HAYUHBIX
ny0IUKAIAN.

O6GacTh HAyYHBIX WHTEPECOB —
Kpay/[-BEIUUCJIEHUA H KpayAcop-
CHIHT, PEKOMEH[YIOIINE CHCTEMEI,
MalIMHHOE O0yYeHWe, CHUCTEMbI
TOAJePIKK Y IPUHSATIS PEIIeHIH.
9I1. ajgpec:
ponomarev(@iias.spb.su

CABOYKHUH
IlaBen
BaamumupoBuyu

3aMecTUTeIh HAUAJbHUKA Kaden-
pBI, JoueHT BoeHHO-KOCMUUeCKOi
akagemun uM. A. ®@. Moxxaiickoro,
Cankr-TleTepOypr.

B 1999 roay oxoruunsn Boexnyio un-
JKeHepHO-KocMuuecKyto KpacHosHa-
MeHHYI0 akagemuio um. A. @, Mo-
JKalicKoro 1o creruansHocTH «Pa-
[IM09JIEKTPOHHBIE CUCTEMBI».

B 2008 roxy sammTui guccepra-
I[UI0 HA COMCKAHVE YUeHOH creme-
HU KaHAUJATA TEXHUUECKUX HAYK.
SABnsercsa aBropom Gosiee 30 Hayy-
HBIX ITyOJuKaU.

O6sacTh HAYYHBIX MHTEPECOB —
aHTEeHHO-(QUIepHbIE  YCTPOICTBA,
pacIpocTpaHeHue PafUOBOJH, pa-
[MOJIOKATINA.

9. anpec: p_gehon@mail.ru
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\ CBEAEHWSI OB ABTOPAX \
CEPT'EEB TIpodeccop, aupextop MHCTHTYTA CMUPHOB TIpodeccop, IIaBHbIH HAYUHBII CO-
BBIUMCIUTEIbHBIX CHCTeM U IIPO- TPYAHUK, 3aBeAyIOMuil J1ab0paTo-

Muxauna Anexkcanap
Bopucosuyu rPaMMUPOBAHUS, 3aBeAyIOITA Ka- BukToposmu pueli MHTErPUPOBAHHLIX CHCTEM

(beapoil BEIYMCIUTENBHBIX CUCTEM
u cereit Caukr-Ilerep6yprekoro
TOCYJAapCTBEHHOTO YHUBEPCUTETA
29POKOCMUYECKOr0 IPUOOPOCTPOe-
HUS, OYETHBIH PabOTHUK BBICIIIE-
ro mpodeccuoHaIbHOr0 00pa3oBa-
Husa PO,

B 1980 romy oxomuma JIOTU mo
CIIEIIMATHHOCTH «DJIEKTPOHHEIE BBI-
YVCJIUTE IbHBIE MAIITHED.

B 2001 roxmy saumurua guccepra-
WO HA COMCKAHIE YUEHOM CTeIIeHI
JOKTOpA TEXHUUYECKHUX HAYK.
SfABnserca aBropom Gosee 100 Ha-
VUHBIX Ty0auKanuii u 14 mateHToB
Ha n300peTeHu .

O6GacTh HayYHBIX WHTEPECOB —
Teopus PaspALHBIX BHIUUCIEHUI,
METOABI IIPOEKTUPOBAHUA CIIEI
TIPOIIECCOPOB IJIA CUCTEM KOHTPO-
JIfL ¥ YIPABJIEHUS U IP.

9. agpec: mbse@mail.ru

aBTOMATU3AINHU Cauxkr-Ilerep-
OypPrcKoro MHCTUTYTA WHGOPMATH-
ku 1 aBromarusanuu PAH.

B 1979 roxy oxkonumi JIeHMHTpa-
CKUII 3JIEKTPOTEX HUUECKU I NHCTH-
ryr uMm. B. U. Viabsanosa (Jlenuna)
mo crenuanbHocTu «CucTeMbl aB-
TOMATHUYECKOTO YIIPABICHUI».

B 1994 roxy samutui puccepra-
IUI0 HA COMCKAHWE YUEHOH CTele-
HU IOKTOPA TeXHUYECKUX HAYK.
SABnserca aBropom Gosee 350 Ha-
YYHBIX MyOJUKAIAI.

O6s1acTh HAYYHBIX KHTEPECOB —
KOHIIENTyaIbHOEe MOJEeJUPOBAHUE,
yIpaBieHne 3HAHUSAMHE, YIpaBJe-
HYEe KOHTEKCTOM, KOH(UTYPHPOBA-
HHUe CHUCTeM, CHCTEMBbI HOIJePIKKI
MPUHATUS PELIeHni, COnoKubep-
(husuyecKUe CUCTEMBI.

9. axpec: smir@iias.spb.su

®E/IOPOB
Mapx
IdnyapaoBud

Crapmmuit mpemnogaBaresib Kaden-
DBl ABTOMATHKH, TeJIEMEXaHUKN 1
cBsisu VIDKYTCKOrO roCyAapCTBEH-
HOTO YHUBEPCUTETA ITyTel coolIie-
HUA.

B 2013 roxy oxomumsi MpKyTcKmit
rOCYJAPCTBEHHbIH  YHUBEPCUTET
myTeil COOOIEHNUS TI0 CIIeUATbHO-
cTu «ABTOMATHKA, TeJIeMeXaHUKa
U CBSI3b HA JKEJIe3HOIOPOIKHOM
TPaHCIIOPTe».

O6acTh HAyYHBIX MHTEPECOB —
TI00aJIbHBIE CIIyTHUKOBBIE PafU0-
HABUTAIOHHBIE CHUCTEMBI, aJjiro-
PUTMBI KOHTPOJIS JOCTYIHOCTH
TpebyeMbIX HABUIAIIMOHHBIX Xa-
PAKTEPUCTUK, IIOBBIIIEHNE Kaue-
cTBa PabOTHI CIIYTHUKOBBIX PALUO-
HABUTAIMOHHBIX CUCTEM B YCJIOBHU-
AX BO3JeHcTBUA HEOIATOIPHAT-
HBIX TeJioreo(usnyecKux (haxTo-
POB.

9. agpec: metalgear@inbox.ru

IIIEIIETA
Anexcanap
ITaBaoBUY

IIpodeccop radenpsl mpodIeMHO-
OPUEHTHPOBAHHBIX BBHIUUCIHTENB"
HBIX KoMmIuteKcoB Caukr-Ilerep-
OyprcKoro rocyAapcTBeHHOTO YHU-
BEPCUTETA a9POKOCMIUECKOTO IIPH-
OopocTpoeHus, akageMux Mexay-
HapOHOI aKaeMUU HayK BBICIIIEH
LIKOJBI, SacTIy:KeHHBIH [eATesb
Hayku PO.

B 1972 roay oxonums JleHMHrpaz-
CKUIl UHCTUTYT ABUAIIMOHHOTO IIPU-
0OOpOCTPOEHUS TI0 CIIEIUATHHOCTH
«Pain0aIeKTPOHHBIE YCTPOICTBAY.
B 1995 roay sammTui amccepra-
I[MIO0 Ha COMCKAHNE yUeHOH CcTere-
HU JJOKTOPA TeXHUIECKUX HAYK.
fAsnserca aBropom Gosee 170 ma-
YUHBIX IyOIUKAIINI.

O61acTh HAYYHBIX HHTEPECOB — 00~
paboTka HHGOPMALIUY B YCIOBUAAX
aNPUOPHOI HEOTIPEIeIEHHOCTH, Ma-
TeMaTHYeCcKoe MOJeINPOBAHNE CTO-
XaCTUYECKUX IIPOLIECCOB U IIOJIEH.
9. agpec: alex@shepeta.com

XAJINMAHOB
Jauunaa
CepreeBuyu

AcnupaHT Kadenpsl aBTOMATUKH,
TeJleMeXaHUKY U cBA3H VpKyTCcKo-
r0 rOCYZAPCTBEHHOTO YHUBEPCUTE-
Ta IyTel Coo0meHns.

B 2018 oxonuns UpkyTckuii rocy-
NApCTBEHHBIH YHUBEPCUTET IIyTEi
COO0IIeHNs 10  CIEIUAIbHOCTH
«CucreMbl 00eCIIeUeHMA [BUIKE-
HIS OE3I0BY.

SIByisieTcss aBTOPOM UETHIPEX Hayd-
HBIX IYOIUKAIUN U OHOTO CBU/IE-
TEJIBCTBA O FOCYAAPCTBEHHOI peru-
cTpanuu mporpaMmsl s OBM.
O6s1acTh HAYYHBIX KHTEPECOB —
I06aJIbHBIE CIYTHUKOBBIE PaINO-
HABUTALMOHHEIE CHCTEMBI, aJro-
PUTMBI KOHTPOJA JOCTYIIHOCTH
TpeOyeMbIX HaBUTAI[MOHHBIX Xa-
pakrepuctuk CPHC, cucrems! uH-
TEPBAJIBHOTO PETYJINPOBAHUSA [IBU-
JKEHU TI0e3/J0B ¥ aBTOMATUUECKOM
JIOKOMOTHBHOM CUTHAJI3AI .

L. ajgpec:

dan_haliman@mail.ru
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YBaskaeMbie aBTOPHI!

IIpu moATOoTOBKE PyKOMNCEH cTaTell HEO0X0AUMO PYKOBOICTBOBATHCS CJAECIYIOIINMMYU PEKOMEHIAIUIMU.

CraTbu DOJI’KHEI COZlep KaTh M3JI0JKeHNe HOBBIX HayUHBLIX pe3yJsbTaToB. HasBaHue cTaThu JOJIKHO OBITH KPATKUM, HO
uHPOPMATUBHBIM. B Ha3BaHWU HEJZONYCTUMO HCIIOJIb30BaHUE COKpAIeHU, KpoMe caMbix oOmenpuHATeiX (PAH, PO,
CAIIP u . 11.).

O6beM craTbu (TEKCT, TaOIUIIBI, UILIIOCTPanuy u 6ubauorpadus) He JOKEH IPeBLINIATh 9KBUBaseHTa B 20 cTpaHuil,
HammeyaTaHHBLIX Ha Oymare popmara A4 Ha ogHOi cTropone uepes 1,5 nurepsana Word mpudrom Times New Roman pas-
mepoMm 13, 1moJIst He MeHee ABYX CAHTUMETPOB.

O6sa3aTeIbHBIMY dJIeMeHTaMu 0D OPMJIEHUA CTaThU ABIAIOTCA: nHAekc YK, sariaBue, nHAIUAIBL ¥ (PaMUIUSA aBTO-
pa (aBTOpPOB), yUueHas CTelleHb, 3BaHUE (IPU OTCYTCTBUU — JOJKHOCTD), IIOJIHOe HAa3BaHWE OPTaHU3AUYU, AaHHOTAIUA U
KJII0UEeBBIE CJIOBA HA PYCCKOM U aHTJINicKOM A3bIKax, ORCID u a/1eKTpOHHBIH agpec OAHOTO U3 aBTOPOB. IIpu Hanucanuu
aHHOTAIIUY He UCIOJIb3yiiTe ab0peBUaTyp U He JeJiaiiTe CCHIJIOK Ha UCTOYHUKYU B CINCKe JuTeparypsl. IIpenocrasisiite
IIOLPUCYHOUHEIE IIOIIVCY U Ha3BaHUA TAOJIUIL HA PYCCKOM U aHTJIMACKOM SI3BIKAX.

CraThbu aBTOPOB, HE MMEIOIUX YUEHOI CTENeHN, PEKOMEHAYEeTCs MyOJNKOBATh B COABTOPCTBE C HAYYHBIM DYKOBOLM-
TejieM, HaJUUye IOAINCH HAYUHOTO PYKOBOLUTENA Ha PYKOMUCU 005S3aTeIbHO; B CIyUae CaMOCTOSATEIbHON My6InKaIiuy
00s3aTeJIbHO IIPEIOCTABIANTE 3aBEPEHHYIO II0 MECTy PabOThl PEKOMEHIAIINI0O HAYYHOTO PYKOBOJUTENA C YKa3aHUEM €ro
damMuainu, UMeHU, OTYECTBA, MecTa PabOThI, JOJIKHOCTH, YUEHOTO 3BAHUS, YUEHOH CTEeIIeHU.

dopmyasl HabupaiiTe B Word, He ucmosb3ys popmyasHbiil pegakTop (Mathtype wiu Equation), mpu Heo6xogumocTu
MOKHO UCIIOJIB30BaTh (DOPMYJIbHBIN PeIaKTOD; AJIdA Habopa ofHOI (hOPMYJIbI HEe UCIOIB3YITE ABa pelfaKTopa; Mpu Habope
dopmysa B hGopMyIbHOM PeJaKTOPe 3HAKU IPENNHAHNA, OTpaHnUYnBaoIire Gopmysny, HabupaiiTe BMecTe ¢ (hOPMYJIOii; AJs
yCTaHOBKMU pasMepa mpudTa HUKOT/a He I0ab3yiTech BKIagKoi Other..., ncmonbayiiTe 3aBOICKIe YCTAHOBKY PelaKTOpa,
He IIOJTOHANTE pa3Mep CUMBOJIOB B hOPMYyJIax MOJ pasMep mpudTa B TEKCTE CTAThU, HEe PACTATUBANTE U He CXKUMAITe MbI-
1rsio hOPMYJIBI, BCTaBJIEHHBIE B TEKCT; B (hopMyIax He OTAeNANTe IpobeaMu 3HAKU: + = —.

st Habopa popmya B Word mukorga uHe ucroabdyiiTe KomerpykTop (Ha BepxHei maunenu: «Padora ¢ popmyramMu» —
«KoHCTPYKTOD»), TAK KaK 3TOT PECYPC IPeJHA3HAUEH TOJIbKO IJIA BHYTPEHHETO NCI0Ib30BaHuA B Word u He IO IepIKUBa-
eTcsd IporpaMMaMu, IpeJHa3HaYeHHBIMH JIJI U3TOTOBJIEHUA OPUTHHAI-MaKeTa JKypHaa.

IIpu Ha6ope CUMBOJIOB B TEKCTEe IOMHUTE, YTO CUMBOJIbI, 0003HaUaeMble JATUHCKUMU OYKBaMu, HAOUPAIOTCSA CBETJIBIM
KYPCUBOM, PYCCKUMU U 'PEYECKUMU — CBETJIBIM IIPAMBIM, BEKTODHI M MATPUILLI — HIPAMBIM [TOJIYKUPHBIM IIPUDTOM.

HnarocTpauuy npefoCcTaBIAIOTCA OTAEIbHBIMU UCXOAHBIME (aiiiaMu, TOAAI0IINMICI PeJaKTHPOBAHUIO:

— PUCYHKH, rpaduKu, AUArpaMMbl, OJIOK-CXEeMBbI IIPeJOCTABIANTE B BULE OTAEJbHBIX NCXOLHBIX (DaJIOB, IOJJAIOII X -
¢ peJaKTUPOBAHUIO, MCIOJIB3Ys BeKTOPHBIe MporpaMmsbl: Visio (*.vsd, *.vsdx); Coreldraw (*.cdr); Excel (*.x1s); Word
(*.docx); Adobe Illustrator (*.ai); AutoCad (*.dxf); Matlab (*.ps, *.pdf uau sxkcmopt B hopmar *.ai);

— eCJIM PeJJaKTOoP, B KOTOPOM BrI M3roraBiuBaeTe pUCYHOK, He IIO3BOJISAET COXPAHUTEH B BEKTOPHOM (hopMaTe, UCIIOIb-
3yiiTe GYHKIINIO SKCIOPTa (TOJIBKO IO OTHOIIIEHUIO K ICXOJHOMY PUCYHKY), HaIIpuMep, B (hopmar *.ai, *.esp, *.wmf, *.emf,
*.8vg;

— doro u pacTpoBble — B hopmare *.tif, *.png ¢ MmakcumanbubIM paspernenrem (He menee 300 pixels/inch).

Hanuuwre mogpucyHOUHBIX OANUCEN U HA3BAHU TaOJIUI] Ha PYCCKOM U aHTJINIICKOM A3bIKaxX 00A3aTeJIbHO (PKestaTesb-
HO He MOBTOPAIOIINX JOCJIOBHO KOMMEHTAPUU K PUCYHKAM B TEKCTE CTAThU).

B pemakiuio mpegocTaBIsIIOTCS:

— cBegeHus o0 aBTope (hamMuansd, UMs, OTIECTBO, MECTO PABOTHI, HOKHOCTh, YUeHOe 3BaHUe, yueOHOe 3aBeJeHUue U
TOJl ero OKOHUYAHUSA, YUeHas CTeleHb U T'OJ 3aI[UTHI AVCCEePTAllNy, 00JIaCTh HAYUHBIX MHTEPECOB, KOJIUYECTBO HAYUHBIX
nyOoauKaInil, TOMAITHUMN U CIyKeOHBIN aapeca u TeaedoHbl, e-mail), poTo aBTOpOB: aHdac, B TEeMHOU ofekae Ha 6eJI0M
doHe, TOJKHBI OBITH BUAHBI IIJIEUN U I'PY/Ab, BBICOKAsS CTEIIEHb UeTKOCTU M300parkeHnsd 6e3 TeHeil u 0TOJIECKOB Ha JIUIIE,
(GOTO MOKHO IIPEICTABUTH B 9JIEKTPOHHOM Buze B opmare *.tif, *.png ¢ MakcuMaJbHBIM paspelieHueM — He MeHee
300 pixels/inch mpu murUManEHOM pasdmepe Goto 40x55 Mm;

— 9KCIEPTHOE BaKJII0UeHNe.

Crmcox JImrepaTypsl COCTABIISETCA 0 IOPATKY CCHLIOK B TEKCTE U 0POPMIISETCS CIeYIOIMIUM 06pasoMm:

— U1 KHUT ¥ COOPHUKOB — (paMUINA U NHUIMAJIBI aBTOPOB, IIOJHOE Ha3dBaHUe KHUTHU (COOPDHUKA), TOPOJ, M3JaTeNhb-
CTBO, TOZ, 00II[ee KOJINUECTBO CTPAHMUIT;

— UL SKYPHAJIBHBIX cTaTeil — haMuinsa u NHUIUAJIbI aBTOPOB, IIOJIHOEe Ha3BaHUe CTaThU, Ha3BaHUeE YKypHAJIa, [oJ| U3~
IaHUA, HOMeD KypHaJia, HoMepa CTPaHUIT;

— CCBLIKU Ha MHOCTPAHHYIO JUTEPATYPY CIeAyeT faBaTh Ha A3bIKe OpUTruHaja 6e3 COKpalieHuil;

— IIPU UCIIOJIb30BAHUU Web-MaTepuaioB YKasbIBalTe agpec caiTa u JaTy o0paleHus.

Croucok aurepaTypsl oopMiiAliTe IByMA OTAEIbHBIMU Osi0Kamu o oopasiam lit.dot Ha caiite :xyprausa (http://i-us.
ru/paperrules): JIutreparypa u References.

Bosee mogpo6HO IpaBuiia IOAIOTOBKY TEKCTa ¢ 06pasiiaMu N3JI0KEeHbI Ha HallleM caiite B paszee «IIpaBuiia s aBro-
pOB».
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