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On the Multi-Criteria Routing Algorithm

PhD A. N. Baushev

Emperor Alexander I St. Petersburg
State Transport University
Saint Petersburg, Russia
baushev@pgups.ru

Abstract. The article focuses on the description of the method
of constructing a set of admissible routes in transport networks in
the cases when there are given constraints on the individual tracks
of transported objects. The constraints have a form of upper
bounds on two weights and on the lengths of searched paths. We
analyze and estimate the computational complexity of the pro-
posed algorithm and consider the case when the weights are inde-
pendently drawn from a given continuous distribution with inde-
pendent components.

Keywords: transport networks, optimal routing, Pareto set,
records in a sequence of random variables, random permutations.

INTRODUCTION
Optimal routing problems are an integral part of the field of
developing and managing transport networks. Since appearance
the first algorithms for searching the shortest path in a weighted
graph [1-3] the problem

w() — min, ueE M(s,t) (D

where M (s, t) denotes the set of all simple paths from vertex s
to vertex ¢ in a directed weighted graph G,,, has been repeatedly
considered, both from the viewpoint of the development of
computing and telecommunications technologies, and from the
viewpoint of new algorithmic ideas [4].

In a wide class of optimal routing problems, the models are
formulated as (1) under additional constraints of the form

wi(W) S Wy, .., wa(w) < Wy, (2)

where wy, ...,w; are some given weights and W, ..., W, are
given corresponding upper bounds [5]. (Simplest example is the
problem of road routing in which w performs the cost of fuel
and w; performs the cost of time (duration), d = 1.)

However, even in the case d =1, the problem becomes
NP-hard [6]. Due to this fact, a large number of papers has ap-
peared on the search for algorithms for approximate solution of
the problem (1)—(2) that would be online-implementable.

Comment. There is no precise definition of «online-imple-
mentable algorithm». We believe that when dealing with big
data an algorithm can currently be considered as online-imple-
mentable if its computational complexity admits an estimate of
the form, O(nL(n)), where L( ) is some function, slowly varying
at infinity, and # is proportional to the number of input bits.

At the same time if the routing problem under consideration
has not the type of online controlling the process of transporta-
tion one can use more «heavy» algorithms to find the exact so-
lution (1)—(2).

NP-hard problems are very different from each other from
the viewpoint of the dependence the necessary resources (time

PhD O. L. Semenova

Saint Petersburg State University
Saint Petersburg, Russia
0_semenova@mail.ru

and memory) for the known exact algorithms on the size of in-
puts. For some kind of NP-hard problems, such as Knapsack
Problem, there are known pseudo-polynomial algorithms of ex-
act solution' [7]. Such problems are called weakly NP-hard and
often can be effectively solved in practice for rather large range
of values of parameters determining the size of the problem.

As it was shown in [6] the problem (1)—(2) is relates to the
last type of problems also. In the proposed method, the problem
(1)—(2) was reduced to the problem of constructing the Pareto
set for the set

{(W(H): W1(ll)' 'Wd(u))l H € M(S! t),W1(ll) =
< Wi, e wg(U) < Wyl

The theme of constructing the Pareto sets is very popular in
the field of multi-criteria problems [5, 6, 8—13] and the related
problems splits into two classes in dependence on finiteness or
infiniteness the number of points of an original set. We will deal
with finite original set and use corresponding terminology [14],
which is slightly different from the terminology for the case
when the original set is determined as subset of R4** consisted
of points satisfying given analytical relations.

Till now we concerned the models of routing problems rel-
atively to individual tracks over a transport network. New prob-
lem appears when one has to transport over the net a set
F = {f} of some objects if the capacity of the transport network
is bounded and the transportation must be done under the con-
straints of the form

w1 (fIw) < Wi(f), ... wa(fw) < Wa(f) (3

for every transported object f € F.

Our approach to this problem includes two steps.

On the first step we form a queue of transported object from
the set F.

On the second step we by means of an iteration procedure re-
trieving an item f from the queue (in accordance with the FIFO dis-
cipline), construct corresponding the Pareto set for the set M (s, t)
under conditions (3), and choose from this set a path in a such
way to maximize the residual capacity of the origin network.

Note that although it is easy to construct an artificial exam-
ple in which the Pareto set coincides with the set M (s, t), in
typical situations the Pareto set is significantly smaller than the
origin set [14].

PRELIMINATERIES
Let G be a directed strongly connected graph representing
some transport network, V= V(G) be its set of vertices and
E = E(G) be its set of edges (arcs).

'An algorithm is called pseudo-polynomial if its computational complexity admits the estimation by a polynomial from several

numeric parameters characterizing size of the problem.

Humennexkmyanvnvle mexuonozuu na mpancnopme. 2022. Ne 4 7
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Let F = {f} be the set of objects to be transported over G.
We suppose that for every f € F and for every e € E two
weights connected with moving falong the arc e are given: the
weight c(f |e) representing the transport costs, and the weight
t(f|e) representing the time costs (duration of transportation).

In addition, for every f € F, the upper bound of the total
transport costs C(f), the upper bound of the total time costs
T(f), start vertex s(f) € V, and terminal vertex t(f) € V are
given.

Let M be the set of all simple paths in G. A path p € M we
will represent as the sequence (called track) of vertices:

WSSV Dvy DDV, DOV, =t 4)

The initial and end vertices of the path p are correspondingly
denoted by s(p) and #(p). The sets of vertices and arcs entering
the path p are correspondingly denoted by V(u) and E(p). The
number of elements of E(w) (#E(p)) is called /length of the path
u and is denoted by L(p).

Denote by c¢(f|p) and by t(f|w) correspondingly the total
transport costs and the total time costs under the condition that
for transportation f was used the path p.

We postulate the following relations:

k-1
c(Fl = c(flny) (5)
=0
and
k-1
() = ) t(flw), (©)
j=0

where p;: Vi; 2 Vi j=0,1,...,k — 1. Fulfillment of these
relations for every f € F and every p € M is called the axiom
of costs additivity. This axiom is the basis for the algorithms of
this article.

Let f € F be fixed, yy, 1, € M. We will say that path p, is
not worse (< y — not worse) than path y, and denote this binary
relation by the symbol <, if the following conditions are ful-
filled.

1) s(f) = s(u) = s(pz) & t(f) = t(y) = t(12);

2) c(flw) < c(fluz);

3) T(py) < ()

We will say that path p, is <g-better than path p, and write
Wi <f Mg, if g <f Y, and at least one of the inequalities 2) — 3)
is strict. Finally, we will say that paths p; and p, are < Frequiv-
alent and write Wy ~¢l,, if Py <5 Uy & Wy S 1y, that is, 1) is
fulfilled and inequalities 2) — 3) turn into equalities. The relation
<y sets the partial order on M.

Let ' € M. The set Min(T) = {y ET|AY €T:Y <, y} is
called the set of minimal elements of T or the Pareto set or the
Pareto frontier (for the set I') relatively to criteria of transport
costs and time costs.

The map @: T — Min(T) is called the filtration of the sub-
sets of M by the relation <y. A set I is called ¢-filtered if
= o).

Let the vertices s and ¢ be fixed from now and consider the
set M(s,t) = {u e M|s(n) =s,t(w) = t}. The condition 1)
is fulfilled for every pq, u, € M(s,t).

Let T € M(s,t),#T = n, and a sequence (Yq1,Y2, ) ¥Yn)
enumerates the elements of I' in a such way that the condition

c(flvD) < c(fly2) < - < c(flyn) @)

be fulfilled.
It is easy to verify the validity of the following statement.
Proposition 1. In order for the set I to be ¢-filtered, the fol-
lowing conditions are necessary and sufficient:

) W(fly1) 2 ©(fly2) 2 - 2 1(flyn); (8)

b) the strict inequalities or equalities are fulfilling in (7) and
(8) simultaneously.

Based on Proposition 1, one can easily construct an algo-
rithm for constructing the ¢-filtration of the union of two ¢-fil-
tered sets of paths if these sets are presented in a form satisfying
the conditions of Proposition 1. At the first step of such algo-
rithm the corresponding sequences of weights are merged over
c-coordinate. This procedure is fully analogous to standard
merge procedure of merging two sorted arrays into one [15].
At the second step, the obtained sequence of weights is scanned
and the elements (and corresponding paths) that violate condi-
tions (a) or (b) of Proposition 1 are deleted. The computational
complexity of such algorithm is O(n + m), where n and m are
the cardinalities of combined sets.

In what follows, the procedure that implements this algo-
rithm will be denoted by UFILTR, and the appeal to it will be
written in the form

T « UFILTR(T,, T).

Using the procedure UFILTR, it is possible to construct
(completely analogous to standard merge sort procedure) the
recursive @-filtering algorithm having computational complex-
ity O(N log N), where N is the cardinality of the origin set.

In what follows, we will assume that different weights cor-
respond to different paths (both ¢ and 7). In this case for the set
[ to be @-filtered, it necessary and sufficient that the inequali-
ties in relations (7) and (8) were strict:

c(flvy) <c(flyz2) < <c(flyn), ©)
©(fly1) > t(fly2) > - > t(flyn). (10)

To estimate the computational complexity of the algorithm,
which will be described below, we need some information from the
Records theory [16]. Note that if we order the elements of M (s, t)
in ascending order of their c-weights, that is, relation (9)
will hold, then an element y; of M (s,t) enters (p(M (s, t))
it i=1 or t(flv) < my:= minfe(flyy), -, t(flyi1)} (for
i = 2,...,n), in other words, if the value t; := T(f]y;) is a rec-
ord value in the sequence Ty, ...,T,. So, the cardinality of
(M (s,1)) is equal to the number of Records in this sequence.

We will slightly concern the interesting case when the
weights c(e), t(e), e € E(G) are randomly drawn from a con-
tinuous distribution with mutually independent components.
Of course, this assumption is unrealistic but it is interesting
from a theoretical point of view. In the case of real transport
networks weights c(y) and t(y) are related, as a rule, by some
monotonically increasing function; therefore, the cardinality of
(p(]V[ (s, t)) is equal to 1. In the other extreme case, when these
qualities are related by some monotonically decreasing func-
tion, (p(]V[(s, t)) = M(s, t).
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Note that, despite our assumptions, the variables Ty, ..., T,
are generally dependent, since the paths y; and y; can contain
common edges.

Random variables Xy, ..., X,, are called symmetrically de-
pendent if their joint distribution is invariant under any permu-
tation Tt = (11(1), . n(n)) of the original indexes.

Denote by IT1 = {m} the set of all permutations of elements
of the set {1, ..., n}.

Random variable o with values in [T is called (uniformly dis-
tributed) random permutation of elements of the set {1, ..., n} if

P{o =1} = 1/n
words «uniformly distributed» when speaking about random
permutations.

Note, that if c is a random permutation and 1’ € IT is a fixed
permutation then both permutations o’ and 1'o are also ran-
dom permutations.

Lemma 1. Let X, ..., X,, be arbitrary random variables and
o be a random index permutation independent on X4, ..., X,.
Then the random variables X1y, ..., Xg(n) are symmetrically
dependent.

Proof. For given Borel sets By, ..., B, and fixed 7' € 1 by
the formula of total probability we have

P{XT[’G(l) € Bl! ""X‘r['o(n) € Bn} =

y for any m € II. In the sequel we will omit

= z P{Xy'6(1) € Bus - Xn'o(n) € Bnlo = M}P{oc =1} =

Tell

1
== P{X,/n) € Bi, oo X'm) € Bul-
Tell
If  runs over the set I1 then m'r also runs over the set II,
therefore, the right-hand side of the last equality does not de-
pendont'.m
Lemma 2. Let under the conditions of Lemma 1 the varia-

bles X4, ..., X,, satisfy the additional condition:

P{X,=X;}=0, ifi#jije{l,..,n} (1)

Let ' (depending on 6) be the permutation which sort the
sequence Xq(1), - Xo(m): Xn'o(1) < **» < Xn/g(n)- Then w'o is
a random permutation.

Proof. It follows from (11) that T’ is well defined with proba-
bility 1. So as variables X1y, ..., X5(n) are symmetrically depend-
ent, the probability of the event {n'c = 1} is the same for any
1 € I1. The condition (11) implies that the sum of all such proba-
bilities is equal 1. Therefore P{m'c = m} = 1/n' foranym € I1. m

Lemma 3. The introduced variables T, ..., T,, are symmet-
rically dependent.

Proof. Without loss of generality, we can assume that the
sequence of the elements of M (s, t) entering at the input of a
c-sorting procedure is formed by a random permutation ¢ which
does not depend on the elements themselves. Since any differ-
ent paths y,y' € M (s, t) differ from each other at least by two
pairs of edges then (11) is satisfied under our assumptions if we
substitute X; = c(y|f), X; = c(Y'|f). By Lemma 2 as a result of
c-sorting procedure we obtain indexing T'c of elements of
M (s, t) which is a realization of a random permutation of the
original indexing. Since T'c does not depend on tT-weights of

the elements of M (s, t), by Lemma 1 we obtain that the varia-
bles Tr/g(1)s -+ » Tiro (n) are symmetrically dependent. m

Remark. If graph G has a special topological structure such
that c-weigths (or t-weights) of paths in M (s, t) are symmetri-
cally dependent random variables then one can prove that the
expected cardinality of the set (M (s, t) ) is O (log #M (s, t)).
But it is not so in a general case, because c-sorting permutation
of M (s, t) has not uniform distribution in general.

THE RENPATH ALGORITHM

Let f € F,s =s(f), t =t(f). A path p € M (s,t) will be
called rentable, if c(f| ) < C(f) & t(f| W) <T(f).

We want to find the set M., (s, t) of all rentable paths for
the transportation object f over given transport network G.

But a transport network can be very large. The application
we are developing is designed to solve the problem of finding
cost-effective paths in a transport network with approximately
5000 vertices and 120 000 edges. Therefore, we narrow our
search, first by limiting the lengths of the paths we are looking
for to the input parameter L.y, and, second by considering
only ®-filtered sets of paths when searching.

In practice, when working with large networks, information
about the local network structure is extracted from data base by
special applications that appear when describing the algorithm
RENPATH as external functions. We will use four such func-
tions: GOAL, NEXT, COST and TIME.

The GOAL function receives data about the transported ob-
ject fand returns the start and end vertices of the route. The call
to this function is written as [s, t] « GOAL(f).

The NEXT function receives vertex u as input and returns a
list of the vertices immediately following u in the graph G. The
call to this function is written as next « NEXT (u).

The COST function receives as inputs a vertex u, the vertex
v immediately following it, and data about the transported ob-
ject f. The function returns the monetary expression of the
transport costs associated with moving the object along the
route corresponding to the arc e = (u, v). The call to this func-
tion is written as ¢ « COST(u, v, f).

The TIME function is analogous to the COST function,
but returns the time costs and the call is written as
T « TIME(u, v, f).

In the description of the algorithm, the notation I'(v) is used
for the set of paths (tracks) from the initial vertex s to the vertex
v, constructed by the algorithm. The notation W (v) is used for
the corresponding set of weights and the notation D(v) is used
for the corresponding set of sequences of starting times. For the
path y:s = v, > vy, - -+ > v;, = v its weight is defined as
the vector w(y) = (c(f|y),‘r(f|y), L(y)) and the sequence of
starting times is defined as the vector

d() = (0,T=(flvo), T(f Ivo) +
+1(flyd), - 2520 T(f1v;) = T(F VD),

where  y;: vi; = vijﬂ,j =0,1, ..,k—1. We can write

W) = W(F(v)), D(v) = d([‘(v)). By symbol @ we denote
the concatenation operation of paths.

The RENPATH function receives as inputs the bounds of
costs C(f), T(f) and the parameter L, and returns three lists:
RenPaths, WeightPaths and TimePaths.
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Iteration of the main cycle of the algorithm consists
in extracting the current vertex (denoted u) from the queue and
exploring the paths obtained by adding an arc(u,v), where
v € NEXT(u) to the previously found paths to the vertex u.

When working, the RENPATH function generates an
auxiliary list — Queue, and uses standard functions to work
with this data structure: ENQUEUE — add an element to the
end of the queue; DEQUEUE — extract an element from the
beginning of the queue; ISEMPTY — check whether the
queue is empty; CHECK — check whether the element is in
the queue (or in the path list). Negations of the logical func-
tions CHECK and ISEMPTY are correspondingly denoted
by -CHECK and —ISEMPTY.

function RENPATH(f, C(f), T(f) , Lmax)
Step 1

RenPaths = @; WightPaths = @; TimePaths = @;
[s,t] « GOAL(f); Queue « s;
['(s) « {s} W(s) «{(0,0,0)}; D(s) = {0};

while =ISEMPTY (Queue) follow steps 2—3
Step 2
u <« DEQUEUE (Queue); next « NEXT(u);
Step 3

for each v € next
¢ « COST(u, v, f); T « TIME(u, v);
Thew = ?; Whiew = ?; Dpew = @;
for eachy € T(u)
hewly)+(c11);
if ACHECK(y,v) & h < (C(f), T(f), Lmax)
Thew < Thew U {y®(w, v)};
Whew < Whew U {h};
Dhew < Dpew U {d(Y)® T};
l:f [hew # )
['(v) « UFILTR(TC(¥), Tyew);
W) « w(T(®)); D) « d(T®));
if “CHECK (Queue, v)
Queue « ENQUEUE (Queue, v);

RenPaths « T(T);

WeightPaths « W (T);

TimePaths « D(T);

return RenPaths, WeightPaths, TimePaths

Remark. Of course, there is no need to repeatedly use calls
of such time-consuming functions as COST and TIME when
processing the same edges or the NEXT function when pro-
cessing the same vertex. In the practical implementation of the
algorithm, they are called once for each edge and each vertex.
The information obtained is stored in the subnet
Gr = (V}, Ef, ¢y, Ty ) that is being constructed during the algorithm.

Let M, (S, t) © Myon(s,t) be the set of rentable paths
whose lengths do not exceed Loy, M = ®(Myen (s, 1)).

Theorem 1. If the external functions work correctly then
RenPaths = M™.

Proof. It is obvious that the number of vertices explored by
the RENPATH algorithm is finite and that every vertex from
them gets into the queue a finite number of times. Therefore,
the RENPATH algorithm will stop. It is obvious also the inclu-
sion RenPaths ¢ M*. So, we must prove the inverse inclusion.

Assume the opposite. Let ws->v; -»--owv, -t
be a path such that p € M*, p & RenPaths. In this case
3j€{2,..,k— 1} such that y:s > vy - - > v € F(vij),
buts - v; =o€ F(vij_l). So, as we assume that the
external functions work correctly, 3y’ € F(vi].) which is

<y-better than y. Consequently, the path p':y" — Vi, ot
is <y-better than pu what contradicts the condition p € M. m

Now we will consider the case when weights ¢ and T are
nonnegative and the set M (s, t) is the set of all simple paths
from s to ¢ in G. Let introduce the following denotations:

Cmax = max{c(e)|e € E(G)}, cpin, = min{c(e)|e € E(G)},
Tmax = max{t(e)|e € E(G)}, Tnin = min{r(e)|e € E(G)},

Cmax Tmax

R = .
Cmin Tmin

Theorem 2. Let #V(G) = n, T(n) and S(n) be the time and
the memory using by RenPath algorithm to construct the set
@(M(s,t)). Then

1) T(n) = 0(Rn®log(Rn));

2) S(n) = 0(Rn3).

Proof. 1) Let M, (v) be the set of simple paths from s to v
of the length k € {1, ...,n — 1}, M (v) = U M} (v). Processing
during BFS-algorithm includes three steps — dequeening the
vertex from the queue, filtering the paths to adjective vertices
and entering the queue some of those vertices. Every vertex can
be entering and dequeening no more than (n - 1) times. So, for
every vertex v € V(G) the corresponding set P(v) of weights
of paths from s to v is being corrected by filtering procedure
O(n) times. The c-weights of paths during the RenPath-algo-
rithm are not exceed (n — 1) X cpax and t-weights of paths are
not exceed (n — 1) X Tyax- SO, all weights of paths may be pre-
sented as points in the rectangle

[0, (n - 1) X Cmax] X [0' (n - 1) X Tmax]~

There are no more than four of such points in a rectangle of
the form [x,x + cmin] X [V, ¥ + Tminl. Therefore, the size of a
set of paths entering the filtering procedure on every step is

0 ((Tl— 1) X Crpax X (n_ 1) X Tmax

Cmin X Tmin

) — 0(n?R).

So, the time of filtering weights of the paths under consideration
is O(n?Rlog(nR)) on every step. As a result, we have state-
ment 1). From the above it follows that S(n) = n x 0(n?R) =
0(Rn?), that is, we have statement 2) also. m
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Annomayusa. B HacTosilee BpeMsi IPHMeHeHHe aBTO0ETOHOC-
MecHTeJIeii NpeacTaB/IsieT HeOThbeMJyIeMOe YCJIOBHE NPOBeIeHHs
padot no nepeposke OeroHa. IIpu 3TOM aKTyalbHBIM SIBJISICTCH
BONPOC 0 MUHMMH3ALHH 3aTPAT HA BHINOJTHEHHE PAa0OT M ONTHMH-
321U ¢ H3BECTHBIM IUKJIOM CKOPOCTH JABHKEHHUS 151 YKOHOMHH
TONINBA, YYUTHIBAS, YTO BpeMsl TPAHCIOPTHPOBKH, KAK U PAcXoj
TONJINBA, BJIMsIeT HA TPAHCNOPTHBIE pacxoabl. CKOpOCThL TpaHC-
MOPTHOIO CPeAcTBA MPUHUMAETC B KayecTBe MepeMeHHOIo €o-
cTosiHuA. Pe3yibTaThl MOJeIHMPOBAHUS NMOKA3BLIBAIOT, YTO KO3I-
(uIHeHTHI BpeMeHH TPAHCIIOPTHPOBKH M JKOHOMHUH TOILIMBA MO-
IyT OBITH ONITHMAJBHO PacHpeeeHsbl A Pa3IHIHbIX TpedoBa-
nuid. IIpenmaraemasi cucreMa MoKeT MOBBICHTH JKOHOMHIO TOM-
JIMBa Ha 26,59 % npu rapaHTHH TOrO K¢ BPeMeHH TPaHCIOPTH-
POBKH, WY BpeMsl TPAHCIOPTHPOBKH MOKeT ObITh COKPAIIEHO HA
42,4 % 6e3 ymep0a aJist pacxoaa Tonjua. ONTHMHU3ANMS CKOPO-
CTH MOKeT 3HAYUTETbHO CHU3HTH TPAHCIOPTHBIE PACXOABI.

Knrouesvie cnosa: aBTOﬁeTOHOCMeCI/ITeﬂb, HUKJI CKOPOCTH,
TOIJIMBHAfl JKOHOMUYHOCTDH, ONITUMHU3ALIUA 3aTpPAT.

BBEJEHUE

CrienanbHBIE TPY30BBIE aBTOMOOMIN — aBTOOETOHOCME-
CHUTEJIM — UMEIOT IIUPOKOE MPHUMEHEHHE. ABTOOETOHOCMECH-
TENU TepeMeNaoTcsl TyAa U 00paTHO MEXIy IyHKTOM IO-
TPY3KH M ITyHKTOM Pa3rpy3KH 110 OTHOCHUTEIBHO (PMKCUPOBaH-
HOMY MapupyTy. Hexoropble npennpusiTusi CTaJIKHBaIOTCS C
npoOJIeMoii, 3aKIItoYaromeiicss B TOM, 4TO TPaHCIIOPTHBIE pac-
XOZIbI MPEBBIIAIOT NOTSHIMAIBHYIO IPHOBLIE. [I0aTOMY O4YEeHB
Ba)KHO TMOBBICUTH SKOHOMUIO TOIUIMBA CHELMANBHBIX aBTOMO-
Ouieit U1 CHWDKCHUSI TPAHCIIOPTHBIX pacxofoB. [10CcKOIbKY
aBTOOETOHOCMECHTEIN YaCcTO pabOTarOT Ha HU3KOH CKOPOCTH U
B YCJIOBHSAX INPOAOJDKUTENHHOM HAarpy3kd ABUTATENCH BHYT-
perHero cropanus ([ABC), onTumusanms pacxoia TOIUIMBA
OOBIYHO WZET Bpa3pe3 CO BPEeMEHEM TpaHCHOPTHpPOBKH. Ilo-
3TOMY NPECTABIIACTCS BAKHBIM Pa3padoTaTh MUK ONITHMAIb-
HOM CKOpPOCTH, KOTOPBI MOXET IOBBICHTh 3((PEKTHBHOCTD
TPAHCHOPTUPOBKU U COKPATUTH Bpems [1-3].

OntumanbHas TPAeKTOPUS CKOPOCTH CHMKAET Pacxo/l TOM-
nuBa Ha 10 % Tpu HE3HAUNUTETHPHOM CHI)KEHHUH BPEMEHH B
nytd [4]. OnTtumuszanms MeXAy CHJIOBBIM arperaToM MU €ero
TPaHCMHUCCHEH MOXKET HOBBICUThH TOIUIMBHYIO SKOHOMHUYHOCTh
C WCIIONIb30BAaHMEM PEAIBHBIX JAHHBIX O JMBIDKCHUH. Pesyib-
TaThl MOAEIMPOBAHNUS LIUKJIA TBIKCHNUS [TOKA3bIBAIOT, YTO KO-
HOMHIO TOIUTMBA MOKHO 3HAYMTEIBHO ITTOBBICHTH, ITOKEPTBO-
BaB BpeMeHeM NpHObITHS. [10 CpaBHEHHIO ¢ N3BECTHBIMH LIHK-
JIaMU JIBIDKCHHMS TIpejyiaraeMas CHCTEMa MOXKET 3HAUNTEIIbHO
MTOBBICHTH SKOHOMHIO TOIIJIMBA IIPH TaPAHTHH TOTO K€ BPEMEHU
TPAaHCHOPTHUPOBKH [5].

B cootBeTcTBHHE ¢ pab0YNMU XapaKTEPUCTUKAMK aBTO0ETO-
HOCMECUTENICH LUK CKOPOCTH JBWKCHUS yCTAHABIIMBACTCS
B COOTBETCTBUHU C JKCIUTyaTall[MOHHBIMH NaHHbIMH. Paboume
XapaKTEPUCTHKH aBTOOCTOHOCMECUTEIICH MOYKHO OITUCATH Clie-
JIYIOLIMM 00pa3oM: OXKHIaHUE TOTPY3KH, IBUKCHHUE IO JOPOTe
C MOJIHOM 3arpy3KOH, pa3rpy3Ka Ha pOBHOU JOPOTe U JIBHIKEHHE
mo jopore 0e3 Harpy3ku. Bpems mukia coctasmsier 2 160 c,
npober — 15 kM, MaKCUMaTbHast CKOPOCTh JABHKEHUSI — 60 KM/,
B manHOM HCCI€I0BaHNH ETBI0 ONTHMH3AIINH SBISIETCS MaK-
CHUMaJIbHast YKOHOMMSI TOTIJIMBA aBTOOETOHOCMECHTEIEH.

[epen pemennem 1eneBoii HyHKIMH TOIDKHBI OBITH BBITION-
HCHBI OTPaHUYCHHUS Ha cucTeMy. OrpaHHUYCHHS HPOH3BOIH-
TEJILHOCTH 3aKIIIOYArTCs B orpannueHuu MomrHocTH J[BC u
KoJyiebanuii ckopoctu. Ipeamnonaras, 4To CKOPOCTh TPAHCIIOPT-
HOT'O CPE/ICTBA Ha OIpEJIeICHHOM BPEMEHHOM Iare k paBHa Vx,
(hopmyna MOXeT OBITh BEIpaXKeHa KaK

V2, —VZ=2Xa,xAS,

rae Viy— CKOpOCTh TPAHCIIOPTHOTO CPEACTBA, (x— YCKOPEHHE,
AS — paccTosHI€e B IIyTH.

OCHOBaHHBIN Ha H3BECTHOM CKOPOCTHOM IIMKJIE Pacxo
TOIUIMBA YYHUTHIBACT TOJIBKO 00JIACTh BPEMEHH. 3aJaHHBIN [IHKIT
CKOPOCTH Pa3/ICisIeTCs] B COOTBETCTBUU C ONPEIICICHHBIM Bpe-
MeHHBIM 1maroM. OIHAKO YIPAaBISIONIUE TEPESMCHHBIC 3aja-
IOTCSI KaK BpEeMsl TPAHCIIOPTHUPOBKHU U PACXO]l TOIUIMBA, a CKO-
POCTh TPAHCIIOPTHOTO CPEICTBA B MpEJIaracMoi CHCTEME 3a-
JIA€TCsl B KA4E€CTBE MEPEMEHHOT0 COCTOSIHUS [6, 7].

Bpems TpaHCIOPTHPOBKH U PAacXO0JT TOIUTMBA OT BCEX TOUEK
COCTOSIHUS IPEABIAYIIIeH KOHEYHOM TOYKH 10 TOUYEK COCTOSHUSI
TEKyIIeH KOHEYHOW TOYKU PACCUMTHIBAIOTCS UIS MOJIyYCHUS
BCEX BO3MOXKHBIX YCIOBHI BCETO [UKIIA.

[peamonarast, 4To U3BECTHAs AJKMHA paBHa S, o0Iee pac-
CTOSIHUE JICITUTCS, HAIPUMEP, HAa TPU CErMEHTa, YTO BBIpaXka-
€TCs KaK

§= {50‘51'52'53} .

Bpemst TpancnoptupoBku W pacxon Ttomimsa Je(l, Vi),
k=1, 2,3 naorpeske {So—Si} MOXKET ObITh BEIYMCIIECHO 110 TOY-
Ke HavasbHOTo coctostHus So(Vo) m Toukam S1(Vi), k=1, 2, 3.
Ha BTopom otpeske {S1—S>}, B3sB, HaIpUMep, TOYKY COCTOSTHUS
S$2(V1) ¥ BEIYUCIIEHHYIO Ha TPEABIyeM dTarte Touky Si( V1), Mbt
CMOKEM MOJIyYNTh MHUHHUMalbHOE pemienue Je(2, V). Anamo-
TUYHO TIONyYeHBl ONTHUMAaJbHBIE pe3ynsTatel  Je(2, V),
k=1,2,3. Hakonen, moiay4yaercsi onTUMaibHasi KOMOWHAIHS
YOPaBISAIONNX HEPEMEHHBIX, KOTOpas MHUHUMH3HPYET pac-
XOJTBL.
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PE3YIIBTATEI

OO11ee paccTosiHAE pa3lielieHO Ha 825 TOYEK CETKH MHTEp-
BajoM B 10. CKOpocCTb TPaHCIOPTHOTO CpeAcTBa pasjeneHa 60
Toukamu ceTku oT 0 10 60 km/4. VI3MeHeHue JJTUHBI MapuipyTa
TMPUHUMAETCS B KAUeCTBE MEPEMEHHOM 3Tamna, a COOTHOLICHHUS
k03 punueHToB 3aarTces kKak ofy = 1,2, 1,205, 1,22, 1,3, 1,6,
1,9, 2,2,2,5; vy =1 COOTBETCTBEHHO.

Bpems TpaHCTIOPTHPOBKH U pacXoJ TOIUTHBA LIS aBTOOETO-
HOCMECHUTEIISI MOJISIIPYIOTCS B paMKax 3aJaHHOTO ITHKJIA (PHK-
CHPOBAHHOTO MapIIPyTa, Pe3yJIbTaThl TPUBEICHEI B TA0OIHAIIE 1.

Ta6muma 1

Bnustare paznuaHbIX K03 GUIHEeHTOB Ha 3 (HEeKTHBHOCTH
TPAHCIOPTHPOBKU M PacXOJ TOIUIBA

60
40
20

W onTumansHas CKOPOCTb ‘{‘ {0

O 1 1
4000 6000
PaccToaHue, m

2000

Kospumpent o Pacxon Bpems
TOILINBA, KT TPAHCNIOPTHPOBKH, C
a=1,200 3,4991 2259,2
a=1,205 3,6571 21622
a=1,220 3,9232 1 968,0
a=1,300 4,3993 1 603,5
a = 1,600 4,7213 1393,5
a=1,900 4,9026 1281,4
a=2,200 4,9877 1244,1
a=2,500 5,0194 12352

0
CKopoCTh, KMiY

1000
Bpema, ¢

b

Puc. 2. I3mMeHeHHe CKOPOCTH TPAHCIIOPTHOTO CPEACTBA

mpu o/y = 2,2

OnrumainbHas TpaHCIoOpTHas 3(PQEKTUBHOCTL U PacXxon
TOIUIMBA IIPU Pa3IMYHBIX KO3((HUIMEHTaX TOKa3aHbl Ha pH-
cyHke 1.

55 T T T T T T

2500

2200

pacxop, Tonnuea, Kr 1900

adhcheKTMBHOCTE TPaHcnopTa, ¢

4 1600

= 41300

3 L . L L s . 1000
1.2 1.4 1.6 1.8 2 22 24

Becoeble koachhUyeHTbl
Puc. 1. Pe3ynbraThl MOAEIMPOBAHUS, COOTBETCTBYIOIIUE
pa3nuyuHbIM K03 hurreHTam

MoxHO OOHapyXWTh, YTO yBenmueHHe Kod(dduimenrta
TIPUBOJNT K MOBBIIICHUIO 3((GEKTUBHOCTH TPAHCIIOPTHPOBKH,
HO Ooyiee BBICOKOMY pacxoiy TOIUIMBA, OHHM IIPOTHBOpEYAT
apyr apyry. OngHako BecoBBIE KOX((HUIMEHTH OKa3bIBAIOT
Ba)XKHOE BJIMSIHHAC Ha ONTHUMAJbHBIC PE3YIbTaThl, OCOOCHHO OT
1,2 mo 1,8. Ilo cpaBHEHMIO C PpacXxoJOM TOIUIUBA B U3BECTHOM
LUKJIE CKOPOCTH JIBMIKEHUS, BDEMEHHOW BECOBOM KOA(pPHLM-
eHT cocrapnsiet 1,205, a pacxoxa TtorumBa cocraiseT 3,6571
KT, KOT'JIa BpeMs TPaHCIIOPTUPOBKH Takke cocTasiseT 2 160 c.
DKOHOMHUS TOIUIMBA MOXET ObITh yBennueHa Ha 26,59 %. B
IPOTUBHOM CIy4dae BpeMs TPaHCHOPTUPOBKHU COCTaBISET
1244.,1 ¢, ko3 durrieHT BpeMeHH paBeH 2,2, KOTIa pacXoJ TOT-
JIMBa paBeH PacXo/y TOIUIMBA B IIUKJIE C N3BECTHOW CKOPOCTHIO
mBikeHus [8]. D¢ GeKTHBHOCTh TPaHCHOPTHPOBKH MOXKET
ObITh MoBbIIIEHA HA 42,4 % Tpu TOM ke pacxoje Tormmsa. On-
THUMaJIbHasi CKOPOCTh MOKa3aHa Ha PUCYHKE 2.

d — B 3aBUCUMOCTH OT PACCTOSAAHUS MapuipyTa,
b — B 3aBUCHMOCTH OT BPEMCHHA

CrieqioBaTeNbHO, TPAHCTIOPTHBIE PACXOIbI MOT'YT OBITh CHU-
JKEHBI MPU BHIOOPE ONTUMH3AIMH CKOPOCTH, KAK MMOKA3aHO B
Tabnuue 2.

Tabmuma 2

CpaBHeHHE pe3yJIbTaTOB ONTHUMU3ALNH JUIS IBYX CTpaTerui
YIpaBJIeHUS IHEPTONOTPEOICHNEM

Crparternu TE:'IIJC'I):I(:::I T ﬁﬁiﬁ: - Jronomus | Ipdexrus-
P »| TP P TomJIuBa, % | HOCTh, %
KI' THPOBKH, C
Ucxonnas 49813 2160,0 - -
a=1205 | 3,6570 | 21622 26,59 -
0=2,200 4,9877 1244,1 - 424

Ha pucynke 2 noka3aHo, 9TO CKOPOCTb MEHSETCS B 3aBHUCH-
MOCTH OT PacCTOSHHS IPH 3aJaHHOM IMKJIE JBWIKEHUS, KOrJa
KO3(UIMEHT 0/y JOMOJIHUTENILHO yBeanduBaeTcs a0 2,2. Pe-
3yJIbTAThl MOJIEJTMPOBAHUS ITOKA3bIBAIOT, YTO aBTOOETOHOCMECH-
TeJIb MOXKET JIBUTaThCsl C MAKCHMaJIbHO BO3MOXKHOI CKOPOCTHIO,
BpeMsl IBMXKEHUS C MOJTHOW 3arpy3koii cocramiseT a0 640,5 c.
o cpaBHEHHIO C IEpBOHAYAIBEHBIM CKOPOCTHBIM LIUKJIOM OIITH-
MaJIbHBIM pacxof ToIwMBa cocTaBisieT 4,9877 kr, mo3ToMy OI-
THMH3ALHUSI CKOPOCTH MO3BOJISIET COKPATUTH BPEMS TPAHCIIOPTH-
poBku Ha 42,4 % mipu ToM ke pacxoze Toruusa [9, 10].

3AKJIIOYEHUE
B cratse npeuiokeHa ONTUMU3ANKs CKOPOCTH AJISI CIICIIH-
QIPHOTO TPY30BOTO aBTOMOOMISI — aBTOOETOHOCMECHTEIIS.
JJ1st TOCTHXKEHUS ONTUMAaIbHOTO CKOPOCTHOT'O LIMKJIA TIPH pas3-
JMYHBIX KO (GHUIMEHTaX PACCUUTHIBAIOTCS PAcXof TOIUIMBA U
BpeMs TpaHCTIOpTHPOBKU. [Ipu ko3¢ dunnente pasaom 1,205
9KOHOMMUS TOIUIMBA MOXET OBITH yBenndeHa Ha 26,59 % npu
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TOM >K€ BPEeMEHH TpaHCHOpTUPOBKH. Eciu koaddummeHt BbI-
Opan paBHBIM 2,2, 3((QEKTUBHOCTH TPAHCIIOPTUPOBKH MOJXKET
ObITh TOBBIIIEHA Ha 42,4 % 1pu TOM ’ke SKOHOMHUH ToIUMBa. B
HACTOSIIEH cTaTbe PAcCUMTaHbl ONTHMAJbHbIE PEIICHUS IS
CHIDKEHHSI TPAHCIIOPTHBIX PacXO0B.
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Speed Optimization to Reduce
Transportation Time and Fuel Consumption
of Concrete Mixers Truck

O. A. Durnitsyn
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Abstract. Currently, the use of truck mixers is an essential con-
dition for carrying out work on the transportation of concrete. At
the same time, the issue of minimizing the cost of performing work
and optimizing with a known cycle of speed to save fuel is relevant,
given that the time of transportation, as well as fuel consumption,
affects transportation costs. The vehicle speed is taken as a state
variable. The simulation results show that the transport time and
fuel economy ratios can be optimally distributed for different re-
quirements. The proposed system can improve fuel economy by
26,59 % while guaranteeing the same travel time, or travel time
can be reduced by 42,4 % without sacrificing fuel consumption.
Speed optimization can greatly reduce transportation cost.

Keywords: concrete mixer truck, speed cycle, fuel efficiency,
cost optimization.
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IIpumMeHnenue GakTOPHOI0 AHAJIN3A ISl CHUKEHU S
PA3MEPHOCTH UCXOAHBIX JAHHBIX MOHUTOPHUHIA
UT-undpacTrpykrypsl
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[erepOyprckuii rocy 1apCTBEHHbIH YHUBEPCUTET IyTel coodmenus Vimneparopa Anekcanapa |
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bolshakovm@yandex.ru

Annomayus. PaccmaTpuBaercss npuMeHeHHe (GaKTOPHOro
aHAIM3a JJI1 CHUJKEHHUS PA3MEPHOCTH MCXOJHBIX JaHHBIX MO-
Huropunra HUT-undpacrpykrypsl. IlpuBoasiTca Teoperuue-
CKHe 0CHOBBI (JAKTOPHOI0 aHAIU32, OCHOBHAS TEPMHHOJIOTHS.
Iloka3ano npoBeaeHHe GPAKTOPHOI0 AHAIH3A IPH MOMOLIH Na-
keta IBM SPSS Ha peajibHbIX JaHHBIX MOHUTOPHHIA € YMEHb-
1IeHHeM HuX B 6,5 paza. O00CHOBaHBI NpeHMYyIIeCTBA MPUMeHe-
HHsS1 (PAKTOPHOTO0 aHAJIN3A JJIsl YMEeHbIIEHHs] HATPY3KH HA BbI-
YHCJIUTEJIbHbIH KOMILIEKC MyTeM COKpallleHHsi Pa3MepHOCTH
JaHHBIX.

Knrwouesvie cnosa: ¢GakTopHblii aHAJM3, MOHHTOPMHI,
HUT-unppacrpykrypa, CHHAKEHHE pa3Mepa JaHHBbIX.

BBEJJEHUE

Bompoc onTuMu3anuy UCTOIb30BAHUS BEIYACITUTEITHHBIX
pecypcoB ABISIETCS aKTyalbHBIM IPH PEHICHHH TpaKTHYIe-
CKH 1000 3a/J1aul TPOTHO3UPOBAHHS, OCOOCHHO IMOBBIIIA-
€TCs ero aKTyaJIbHOCTbh IPHU paboTe ¢ OOIBIINMHI MacCHBaAMHU
Pa3HOPONHBIX JaHHBIX. Belb MOMHMO METpPHK, XapaKTepH-
3YIOIUX Ka4eCTBO TOW MM MHOM MPOTHO3HOHN mozenu [1],
UCCIEeA0BaTeNlb BCETJa AOKEH CPaBHUTH HCIOJIb3yeMble
METOJbl MAaIIMHHOTO OOYYEHHUs MO JIUTEIBHOCTH UX pa-
00ThI, YTOOBI CHeNnaTh aJ€KBATHBIA BBHIOOP C y4ETOM IIpH-
KJIQJIHOTO CMBICJIA 3aJa4d M HEeoOXOJUMOW 4YacTOTHI Iepe-
00y4eHUs MOJIETH YXKE B PEKUME IMOCTOSIHHOTO UCIIOIb30Ba-
HUA.

O0s13aTeIBHBIM MTOIX0I0M K CHIKCHHUIO HATPY3KHU HA BEI-
YUCITUTENBbHBIEC PECYPCHl, paBHO KaK U K 00SCIEYSHUIO KOp-
PEKTHOTO pe3ylbTaTa IPOTHO3WPOBAHUS, SBISETCS MpeaBa-
puTensHas MOIU(GUKAINSI UCXOIHBIX TaHHBIX, 8 IMEHHO CO-
KpalleHne KaK KOJIMYECTBAa aHANU3UPYEMBIX IEPEMEHHBIX,
TaK ¥ KOJIMYECTBA BPEMEHHBIX CPE30B, HCIOIb3yEMBIX B MO-
nenu o0ydeHus. Pabora 1Mo 1aHHOMY HaIpaBICHHIO MOXKET
OBITh peann30BaHA pAa3IHMYHBIMH CIIOCOOAMH, HaIpHUMeEp,
MOYHO PYKOBOJACTBOBATHCA KIACCHUYECKUMHU IMPUHIIUIAMU,
U3II0KEHHBIMU B Teopun nHpopmaruu Kinona [llennona [2].
OZHMM W3 HHX SBJSIETCS NMPUHIMI MaKCUMyMa B3aWMHOM
uHpopmanuu Jluackepa [3], mpu 3TOM BaxkHeimed (hyHK-
uell CUCTEMbl MOTU(HUKAIIUN UCXOIHBIX JAHHBIX SBISCTCS
omnpezesieHue X N30BITOYHOCTH W JajbHelmas Moauduka-
nus B 6ojiee cxKaThiid BUA [4].

PaccmarpuBaeMblil IpUHINI MakcUMyMa HHGOpMaIUH
MOXHO TIPEJCTaBHTh, KaK THUIIOTE3y, YTO IpeoOpa3oBaHue
CIy4alHOTO BEKTOpa UCXOJHBIX MEPEMEHHBIX M B pe3yIIbTH-
PYIOIIAA BEKTOP HTOTOBBIX 3HAYCHHH R JOHKHO BBIOH-
paTbCst TakuM 00pa3om, 4TOOBI COBMECTHasI paboTa dJIeMeH-
TOB BRIOPaHHOTO METOJa MAIIMHHOTO 00Yy9IeHHS MaKCUMHU3H-

poBana nHpopManuio o0 NCXOAHBIX JaHHBIX. Hampumep, B
cllydae MCIOJIb30BaHUSI HEHPOHHBIX ceTel 3anaua popMyJIH-
pyercst Tak, 4ToObl COBMecTHasi paboTa HEHpPOHOB BBHIXOJI-
HOTO CJI0SI MaKCUMHU3UPOBajia HH(POPMALUIO O IEATEIHHOCTH
BXoJHOTO cios. DyHKIUeH, KOTOPYyI0 HE0OXOJUMO MaKCH-
MH3UPOBATh B TaHHOM Ciyd4ae, OyneT B3anmMHas MHpopMa-
uusg (M, R) mexny M u R. Vcnonb3ysi CBOHCTBO CHMMeET-
pugHOCTH B3amMHOW nHpopMmanuu [(M, R) = I(R, M) n tipu-
MEHSISI BOBMOXHOCTbD OIIPEJeJICHNs] B3aUMHONW MH(pOpMaLuU
Yyepe3 SHTPOIHIO, MOJIyYaeM ClIeAyIolIee BEIpaKeHHUE:

I(R,M) = H(R) — H(R|M),

rae H(R|M) — ycnoBHas 2HTpOIHS.

JApyrumu cinoBaMu, IOMUMO CTaTUCTUYECKOU HE3aBUCHU-
MOCTH XapaKTEepUCTUK MexaAy co00il MbI JOJXKHBEI obecre-
YUTh JAHHYI HE3aBUCUMOCTb U OTHOCUTEIBHO Iapbl «pe-
3yIbTaT (ITOTOBOE COCTOSIHHE) — HAOIIOEHNE XapaKTepH-
CTHUKH B 33JaHHBIII MOMEHT BPEMEHUY.

B cratbe paccMoTpeHO NMpHMeHEHHEe (hAaKTOPHOTO aHa-
132 KakK crocoba I COKPALIeHUsI pa3MEPHOCTH HCXOTHBIX
JaHHBIX 0€3 MOTepH WX KadecTBa JUIsl HOCTPOSHUS MoAaeneit
MaIIMHHOTO O0y4YeHUs.

OCHOBHBIE I[TIOHATUSA METOJIA

®dakTop — 3T0 HabOp HabOIIOMAEMBIX TIEPEMEHHBIX, KO-
TOpBIE CBSI3aHbl C PE3YJABTUPYIOLIEHN EpEMEHHON, KOTOpas,
B CBOIO Oouepeib, He u3Mepsaercs Hanpsamyro. @aktopsl ¢op-
MHUPYIOTCSI B COOTBETCTBHH C (AaKTOPHBIMH HATrPy3KaMH HIIN
CTCIICHBIO BapUAllMU JAHHBIX, KOTOPYIO OHH MOTYT OOBsC-
HUTb, CJIEOBATENILHO, HE BCe (haKTOPHI OJJUHAKOBBI, OCHOB-
HO€ UX pa3iuyue IJs MOoJIb30BaTelIs — B Bece KaXKJ0To U3
HHX.

[Ipu 5TOM OCHOBHO¥ NPUHIMI HANpaBJeH Ha 00beNHE-
HUE CHJILHO KOPPEJIUPYIOIUX MEXAY COO0H epEMEHHBIX H,
KakK CIIeNICTBHE, MepepacipeeicHie TUCIEPCUH MEXIy HO-
BEIMHU PE3YIbTUPYIOIUMH niepeMeHHbIME. [Tocie ¢popmupo-
BaHHUS (PAKTOPOB KOPPEIUPOBAHHOCTH IIEPEMEHHBIX BHYTPH
Kaknoro (akTopa MexXIy co0oil OyaeT BEIIIE, YeM HX KOp-
pEeTUPOBAHHOCTh C TEPEMECHHBIMH, MOMABIINMH B JIPYTOH
(baxTop.

Cpean OCHOBHBIX METOJIOB M3BJICUEHHUS] (aKTOPOB Clie-
JyeT BBIJICIUTD:

1. Ananu3 rnaBHbIX kKommoHeHTOB (Principal component
analysis) — 3T0 HauboJiee pacIpOCTPAHCHHBIN METOI, B KO-
TOPOM MaKCUMaJIbHasA AUCHEPCHUA IMOMEIIACTCA B HepBBII\/'I
(axTop, nmajmee MPOUCXOIHUT yAalleHHWE 3TON IHUCIEPCUU U
HaYWHAETCA IMOMCK BTOPOTO (haKTOpa U Tak Jalee.
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2. Meton rnaBHbIx oceit (Principal Axis Factoring) nos-
BOJISET MOJIyYHUTh OoJiee TOUHOE pemeHne. Ha nmepBom mare
OOLIHOCTH BBIYUCIISIOTCS MO METOJY TIJIaBHBIX KOMIIOHEHT.
Ha xaxom nocneayrouem niare coOCTBEHHbIE 3HAYSHUS U
(aKkTOpHBIE HATPY3KH BBIYUCISIOTCS HCXOJS M3 MpPEIbITy-
MIMX 3HaYEHUI 0ONIHOCTEH, IPU 3TOM OKOHYATEJIbHOE pelle-
HUE T0JIy4aeTcs MPH BBINTOJIHEHUH 33JaHHOTO YHCJIa UTepa-
OUH WIM JOCTIDKEHWH MUHHMAIBHBIX DPa3aduil MexXIy
OOLIHOCTSAMH Ha JAHHOM M MPEIbIIyIIeM IIarax.

3. @axkropubIi aHamu3 o6pa3oB (Image Factoring) — sTo
METO/] TJIaBHBIX KOMIIOHEHT, IPUMEHAEMBIH K TaK Ha3bIBac-
MOH peAyLHMPOBAaHHON KOPPEJSLUOHHON MaTpule, Y KOTO-
poii BMECTO €IMHUII Ha IIaBHOW AMAaroHalu PacIolaratoTcs
orleHKH 0OI1IHOCTeH. OOMHOCTh KAXI0H NMEepeMEHHOM olie-
HUBACTCS TMPEIBAPUTEIBHO KaK KBajapar koddduiueHta
MHOxecTBeHHOI koppemnsauun (KMK) atoit nepemenHoit co
BCEMU OCTaJbHBIMHU.

4. MeToa MaKCHMaJBHOTO MPaBIOTON00Hs. DTOT METO
Takke paboTaeT ¢ METPUKON KOPpESAIUH, HO HCHOJIb3YeT
METOJl MaKCHMAIBHOTO IPaBAONIOA00MS Ul (pakTOpHU3aIIH.

5. O6oOuIeHHBII MeTON HAaMMEHbITNX KBanpatoB (Gene-
ralized Least Squares) oTiim4gaeTcst OT MPEABIAYIIETO TEM, YTO
JUI KaXJIOW NepeMEHHON BBOISTCS CHEIHANbHBIE BECOBBIC
ko3¢ duiueHTh. YeM 0oJIbIie 00IHOCTh IEPEMEHHON, TEM B
OompIIel CTENEHW OHAa BIMICT HAa (DAKTOPHYIO CTPYKTYpPY
(mmeet GonpIImiA Bec). DTO COOTBETCTBYET OCHOBHOMY ITPHH-
LUy CTaTUCTUYECKOTO OLIEHMBAHHMS, MO KOTOPOMY MeHee
TOYHbIE HAOJIIOJICHUS] YYUTHIBAIOTCS B MEHBIICH CTETICHH.

6. Ipyrue mMeroasl pakTopHOrO aHanu3a: anbga-ghakro-
PHUHT, METOJI HEB3BEIICHHBIX HANMEHBIINX KBAJPAaTOB.

CoOcTBEeHHBIE 3HAYCHHS TaKXKe HAa3bIBAIOTCS XapaKTepH-
CTHYECKHMH KOPHSIMH, OHU NOKa3bIBalOT AMCIIEPCHIO, 00b-
SICHSIEMYIO OTHM KOHKPETHBIM (DaKTOpOM, U3 001IeH nucnep-
cun. M3 crosbma oO61HOCTH MBI MOXKEM y3HATh, Kakas 4acThb
JIACTIEPCUN O00BSCHIETCS TIEPBBIM (HAaKTOPOM M3 0OmIel auc-
nepcuu. Hampumep, ecnu Ham nepBbI GakTop O0OBICHSIET
68 % nucmepcuu OT OOIIETO YHCHa, 3TO O3HAYaeT, 9To 32 %
IUCTIEPCUU OYIyT OOBSACHATHCS APYTHM (PAKTOPOM.

Bompoc HeoOxoamuMoro kadecTBa CIEAYET OMpPEIEISATh
cornacHo kpureputo Kaifzepa [5], a uMeHHO, ecnii COOCTBEH-
HbIe 3HAYECHMs OOJIbIIE E€AMHHUIBI, TO MBI JOJDKHBI CUUTATh
9T0 (PaKTOPOM, WIIM K€ IO MPaBUIY AMCIIEPCHU: €CIH JIUC-
nepcust MeHble 0,7, TO Mbl HE JIOJDKHBI pacCMaTpUBATh 3TO
Kak (akrTop.

Juis uHTEepIpeTauy pe3ybTaTa clieyeT IPUMEHSTh Me-
TOJ1 BpPALICHHS, TIPY TOM COOCTBEHHBIEC 3HAUCHHS HE BIHSAIOT
Ha METOJ] BpalleHHs, HO METOJ] BPALICHIS BIHUAET HA U3BIIeE-
YEHHBIC COOCTBECHHBIC 3HAUCHUS NI MPOUEHT AUCIIEPCHUH.

CymecTByeT HECKOJIBKO IOCTYIHBIX METOJIOB BPaIlEHUSI:

1. Bapumakc (Varimax). OpToroHaibHBIH METOJ BpaIe-
HUSl, MUHIMH3UPYIOIINN YHUCIO MEPEMEHHBIX C BBICOKHMMHU
Harpy3kaMu Ha KaxIblid pakTop. DTOT METOJ yIPOIIAeT HH-
TeprpeTaruio GakTopoB.

2. [psamoii o6aumun (Direct oblimin). Meron kocoyrosns-
HOro (HEOpTOroHaJIBHOTrO) BpameHus. CamMoe KOCOyTrolbHOE
pelleHue COOTBETCTBYET JENbTe, PAaBHOM HyIO (IO ymoida-
Huo). [lo Mepe TOro kak JenabTa OTKIOHSETCS B OTPULATEINb-
HYIO CTOpPOHY, (pakTOpbI CTaHOBATCS 00Jiee OPTOTOHAIBHBIMU.
YToObI NI3MEHHUTH 337aBAEMOE 110 YMOIYAHHIO JICNIbTa CIEIyeT
WCIIONIb30BaTh 3HAUEHHE MeHbIee miu pasHoe 0,8.

3. KBaprumakc (Quartimax). Meton BpamieHus, KOTO-
pBIi MUHAMHU3HPYET 4YHUCJIO (AaKTOPOB, HEOOXOIUMBIX IS
OOBSICHEHUSI KaXAOH IEpeMEeHHOH. DTOT MeTox cylie-
CTBEHHO YIPOLIAeT MHTEPHPETALUIO HAOJIOJNEHHBIX Iepe-
MEHHBIX.

4. Oxumaxc (Equimax). Metox BpaieHusi, 00be11HSIO-
Ui METOABI BapuMaKc, yIPOIIAlonIuii GakToOpsl, U KBapTH-
Makc, ynpolarouui nepeMeHsble. MUHUMU3UPYETCS YUCIIO
MIEPEMEHHBIX ¢ OONBIIUMH (PAKTOPHBIMU HArpy3KaMu M YHC-
710 GaKTOpOB, TPEOYEMBIX I OOBSICHEHUS MTEPEMEHHO.

5. Bpamenne tuma mpomakc (Promax). KocoyromsHoe
BpallleHHE B IPE/IO0I0XKEHHH, YTO (PaKTOPHI MOTYT KOPPEJIH-
poBaTh Mexay coboii. OHO MPOU3BOAMTCS OBICTpEe, ueM
BpallleHue TUIa MpsSMON 00JMMHUH, TO3TOMY TaKOW THIN TO-
JIe3eH Ui OOJIBIINX HAOOPOB JAaHHBIX [6].

[IPUMEP [TPUKJIAJHOM 3AJIAUN

MounuTtopuHr KadecTBa npepocrasienust UT-ycnyr B 1e-
JoM M coctosiHHe pabotocmocobHOocTH WT-mHBpacTpyk-
Typbl B YaCTHOCTH XapaKTepH3yeTcs OOJIBIION JUCKPETHO-
CTBIO TIPU ChEME JTAHHBIX C 00BEKTOB (C HEKOTOPHIX 3JIEMEH-
TOB KOH(GUTYPALUU CHEM MPOUCXOIUT KaXKIbIe 5 CEKyHN),
3a9aCTyI0 METPUKH AJIS aHAJIN3a BBIOMPAIOTCS MO MPHHIHITY
«Ha BCIKHH CITy4all CMOTPETH BCE, YTO MOYKET OTAAaBaTh 000-
pynoBanue no SNMP/RMON-npoTokony». Takum o6pazom
00beM 00yuvaromieil BRIOOPKH ISl MCIOJIb30BaHUS MAIUH-
HOro 00y4eHHsl 3a4acTylo U30BITOYEH MO yMOJIYaHUIO, IPH
9TOM OTKa3aThCsl OT cOOpa JaHHBIX MO BCEMY CIIEKTPY MeET-
PHUK 4acTO HEBO3MOKHO BBHUJY OOBEKTHBHBIX MPUYKH.

[IpumennM (GakTOpHBINA aHANIN3 111 HAOOpa MoKa3zaTeneH
mo 420 cepBepaM, BKJIIOUYEHHBIM B IIEPUMETP MPOU3BOJ-
ctBeHHOH cucteMbl OAO «PXK» ACY «Dkcmpece». B yka-
3aHHOM Habope comepxutcs 1 442 u3MepeHHus Mo KaKJOMY
JaTYHKY, 4TO B cymMe naeT 605 640 uzmepenuil.

Jisa mpoBeneHUsT (aKTOPHOTO aHAIM3a BOCIIOJIb3yEeMCS
nporpammoit IBM SPSS, 0CHOBHBIM 1OCTOMHCTBOM KOTOPOH
ABJISIETCS] CAMBI IUPOKUIT 0XBAT CYIIECTBYIOIIMNX CTATUCTH-
YECKHX METOO0B, KOTOPBIH yAa4HO COUETAETCs C OOIBIINM
KOJIMYECTBOM YIO0OHBIX CPEACTB BH3yalIH3allil pe3yIbTaToOB
00paboTKH.

[Tociae UMIOPTUPOBAHMS NAaHHBIX 3aJaJUM CIEIYIOLINE
HACTPOHKHN MpoBeaeHHs GaKTOPHOTO aHaJIH3a:

— pacdeT KOppesLHOHHOW MaTpHIIbI;

— pacuer nokasarens Kaiizepa-Maiiepa-Onknna (KMO)
n kputepus chepuuHoctu baptierra;

— METOJ 0TOOpa — METO/]| ITIAaBHBIX KOMIIOHEHT;

— METOJI BpalleHNsI — BapHUMaKcC;

BBIJICTUTH (haKTOPHI HA OCHOBE COOCTBEHHBIX 3HAUCHHH >1;
BBIBOJ Tpauka COOCTBEHHBIX 3HaYCHUH;

— BBIBOJ| OITMCATEJILHOM CTaTUCTHKH.

ITo oxonuanuu pacuera nporpamma SPSS moarorasmu-
BaeT MoApPOOHBIA OTYET, MPEX/e BCEro BBIBOJAUTCS TabIHIa
«OnucaTeabHbIE CTATUCTUKUY (pHC. 1).

B »T0i1 Tabmmue coxmepikaTcs cpeqHUE 3HAUCHHS, CTaH-
JIapTHOE OTKJIOHEHUE U YMCIIO U3MEPEHMH IS KaKAOU Iie-
PEMEHHOH, BKIIFOUCHHON B (PaKTOPHBIN aHAIH3.

Hanee BBIBOAWTCS KOppesAIUOHHAS Mmarpuma (puc. 2),
KOTOpasi SIBISETCA UCXOJHBIM 3JIEMEHTOM I JajdbHEHIINX
pacdeTos.
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OnucarenbHble CTaTUCTUKK

Craug

Cpeanes OTKNOHEHMA®  Apanua N?
GVCHDSHUSVM213757 1562295427 12492895 1442
SIMSrelevance
MSKHDSUSPV783967SIM 1562295263 12472,004 1442
Srelevance
SVRWHDSUSPV786508SI 1562295412 12442530 1442
MSrelevance
GVCHDSUSPY78983SIM 1562295315 12467 615 1442
Srelevance
GVCHDSVSP979425IMSr 1562295779 12494 500 1442
elevance
MSKHDSVSPG10005828 1562306307 12493917 1442
45IMSrelevance
GVCHDSUSPVYM25857SI 1562295424 12466,774 1442
MSrelevance
SVRWHDSUSPV78652S| 1562295366 12443063 1442
MSrelevance
ORWHDSUSPV17229SI 1562296132 12468241 1442

MSrelevance

Puc. 1. ®parmenT Tadbmuipl «OnucaTeIbHBIC CTATUCTUKID

Koppenauywa GVCHDSHUSWM213757
SIMSrelevance

MSKHDSUSPV7B367SIM Gas 1,000 /998 1,000
Srelevance

SVRWHDSUSPV7B6505! 996 998 1,000 998

MSrelevance

GVCHDSUSPV7EI83SIM 998 1,000 998 1,000
Srelevance

GVCHDSVSPAT942SIMST 1,000 998 996 998
elevance

MSKHDSVYSPG10005828 1,000 998 896 958
45IMSrelevance

GVCHDSUSPVM25857 51 298 1,000 998 1,000
MSrelevance

SVRWHDSUSPV7865251 986 998 1,000 998
MSrelevance

ORWHDSUSPW17229SI 998 1,000 998 1,000

MSrelevance

GVCHDSVSPG10005827 1,000 698 996 968
1SIMSrelevance

SYRWHDSVSPB5165SIM 992 894 996 994
Srelevance

Puc. 2. ®dparment Tabmuusl «KoppensnuoHHas MaTpuia»

CrnenyiomuM 3TanoM CJIeAyeT BBIYHCINUTH Mepy BBIOO-
pounoii anexBatHoCcTH KMO, Hcnons3zyemMyto Jist IpOBEpKU
TUIOTE3bI O TOM, YTO YaCTHBIE KOPPEISAINHI MEX Ty TIEpEMEH-
HBIMH MaJibl, a Takke KpuTepui chepuanHoctu baprtierra,
KOTOPBIA MPOBEPSIET THIIOTE3Y O TOM, YTO KOPPEIANHOHHAS
MaTpula ABISETCS eAMHNYHON MaTputel [7]. B ciaydae ecnu
3HaueHue Oyzaet meHee 0,6, To pakTOpHAsT MOIENb IOJIKHA
OBITH MpU3HAHA HEIPHUTOTHOW. B ykazaHHOM cirydae 3Hade-
Hue pasHo 0,953 (puc. 3), 4To ciexyeT NPU3HATH XOPOIIUM
pe3yJbTaToM.

KMO u kputepuin Baptnerra

Mepa afgexeaTHocTV BeiGopku Kaisepa-Manepa- 953
OnkuHa (KMO).
Kputepuit chepudHocTi
BapTtnetra

MpumepHaAa Xu-keagpat
CT.CB. 44293748

3Ha4YUMOCTE

Puc. 3. 3nauenns KMO u xpurtepus baprierra

ITocne sToro crneayer paccMOTpeTh MOHATHE « OOIIHOCTDY,
a MIMEHHO KOJIMUECTBO AUCIEPCUH, KOTOpOe MepeMeHHas pas-
JACTIACT CO BCEMU APYTUMU paCCMaTPpUBAEMbIMU ITICPEMCHHBIMU.
SPSS moka3biBaeT TaOIMIly OOLIHOCTEH 0 U MOCIC H3BJICYC-
HHSI — OLICHKa, PacIoyiokeHHas B cronoue «HavansHasy, pas-
HseTCsl MHOXKeCTBeHHOMY R-xBanpat (koadduimenty nerep-
MUHAIINN) ¢ IEPEMEHHON TEKYIIEH CTPOKHU B KAYECTBE 3aBUCH-
MO 1 BCEMH OCTaJIbHBIMH B Ka4eCTBE HE3aBUCUMBIX MIEpEMEH-
HBIX. AHAJTU3 TJIaBHBIX KOMIOHEHT OCHOBAH Ha TEPBOHAYAIH-
HOM TIPEIONI0KESHUH, YTO BCE TUCIIEPCHU SBIITIOTCS OOIIUMH,
CJIEZIOBATEIILHO, IO U3BJICUCHIS BCE OOITHOCTH paBHEI 1. OOmI-
HOCTH B CTOJIOIE, TOMEYEHHOM Kak «/3BieueHney, oTpaxaroT
00IIYyI0 TUCTIEPCHIO B CTPYKTYpPE MAaHHBIX (pHC. 4).

Jpyro#t crmoco6 B3rISHYTh Ha 3TH OOIIHOCTH — C TOYKH
3pEHUsT JOJU JAUCTICPCUH, OOBICHACMON JIe)KAIINMHA B OCHOBE
(axropamu. Ilocne u3BnedeHUs] HEKOTOPBIE (aKTOPhI OTOpa-
CBIBAIOTCS M 9acTh MH(pOpMarn Tepsercs. Bemrmunna nucnep-
CUH KaXIOH MEepeMEeHHOU, KOTOpas MOXET OBITh OOBsSCHCHA
OCTaBIIUMUCS (PaKTOPAMH, MPEICTABICHA OOIHOCTIMH ITOCIIC
U3BJICYCHUS.

O6wHocTH

HadyaneHas M3gneueHue
GVYCHDSHUSVM213757 1,000 997
SIMSrelevance
MSKHDSUSPV783967SIM 1,000 998
Srelevance
SVRWHDSUSPV78650SI 1,000 996
MSrelevance
GVCHDSUSPV78983SIM 1,000 ,998
Srelevance
GVCHDSVSP97942SIMSr 1,000 997
elevance
MSKHDSVSPG10005828 1,000 997
4SIMSrelevance
GVCHDSUSPYM25857SI 1,000 998
MSrelevance
SVRWHDSUSPV78652SI 1,000 996
MSrelevance
ORWHDSUSPV17228SI 1,000 998
MSrelevance
GVCHDSVSPG10005827 1,000 997
1SIMSrelevance
SVRWHDSVSP851655IM 1,000 995
Srelevance
GVCHDSHUSVM213749 1,000 995

SIMSrelevance

Puc. 4. ®parment Tadmuinl «OOITHOCTIY

B tabmuie «O0bscCHEHHAs: COBOKYITHAS AUCTIEPCHSD (pHC. 5)
MIEPEUUCIISIIOTCS] COOCTBEHHbBIE 3HAUCHUS, CBA3aHHBIC C KAXKBIM
JUHEHHBIM KOMITIOHEHTOM ((paKkTOpOM) IO M3BJICUEHUS, TIOCTE
u3BJIe4eHus U nociie BpamieHusi. CoOCTBEHHbIC 3HAUCHHS, CBSI-
3aHHBIE C KOKIBIM (PaKTOPOM, MPEACTABIAIOT COOOH AucIep-
CHIO, OOBSICHIEMYIO 3TUM KOHKPETHBIM JINHEHHBIM KOMITOHEH-
ToM, U SPSS Takxke oToOpakaeT COOCTBEHHOE 3HaYEHHE B TEP-
MHUHaX TPOLEHTa O0BSCHEHHON AucHepcuu (TakuMm oOpasoM,
¢axrop 1 o0bsacHseT 29,549 % obeit nucnepcun). OyeBHIHO,
YTO TIEPBHIC HECKOJBKO (PaKTOPOB OOBACHSIIOT OTHOCHUTEIHHO
0oJBIIOe KOMMYECTBO AUCIiepcun (ocobeHHo ¢akTop 1), Torna
KaK mocienyronue GakTopsl 0OBSCHSIOT JIAIIh HeOOIBIIOE KO-
ngecTBo nucnepcud. 3atem SPSS m3BiekaeT Bce (akTOpHI C
CcOOCTBEHHBIMH 3HA4YEHUAMU OoJbIIe 1, 9TO OocTaBasieT HaM 65
(axropoB. CoOCTBEHHbIC 3HAYCHUs, CBSI3aHHBIE C JTUMH
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(akTopamu, cHOBa 0ToOpaxkatoTcs (C MOSCHEHUEM IPOLEHTa
JICIIEPCHH) B CTOJIONAX, O3aryiaBiIeHHbIX «}3BiIeueHne cyMmMbl
KBaJ[paToOB Harpy30k». 3Ha4€HHs B 3TOH YacTH TaOJIMIBI TAKHE
JKe, KaK M 3HAUCHHMS 10 U3BJICUEHHS, 33 UCKIIIOUEHHEM TOTO, YTO
3Ha4YeHHs OTOPOIIECHHBIX (paKTOPOB MHOPHUPYIOTCS (clienoBa-
TEIbHO, TabNuIla OCTAaeTCsl MyCTOH Iocie 4eTBepToro (axro-

HayankHble cofCTBEHHLIE 3HAYEHNA

O6BbACHEHHAA COBOKYNHAA AUCNepcuA

MagneyeHWe CyMMbl KBAAPaTOB HArpyaok

PoTauua cymmbl KBAAPATOR Harpy3ok

CymMmapHsIn CyMmMapHbIn CyMMapHLIR
KOMMNOHEHT Bcero % aucnepcun % Bcero % aucnepcun % Bcero % aucnepcuu %
1 124,107 29,549 29,548 124107 20,549 29 549 121,307 28,883 28,883
2 34,654 8,261 37,800 34,654 8,251 37,800 28,872 6,874 35,757
3 20,593 4,903 42,703 20,593 4,903 42,703 19418 4624 40,381
4 13,269 3159 45,863 13,269 3,159 45,863 13,486 3,211 43,592
5 13,053 3108 48,970 13,053 3,108 48,970 13,414 3,194 46,785
6 9,696 2,309 51,279 9,696 2,309 51,279 9,952 2,370 49,155
7 8,020 2148 53427 9,020 2,148 53427 6,246 1,487 50,642
8 8,258 1,966 55,383 8,258 1,966 55,393 5,852 1,393 52,035
9 7,364 1,753 57,146 7,364 1,753 57,146 5434 1,294 53,329
10 6,140 1,462 58,608 6,140 1,462 58,608 5428 1,292 54,622
1 5,763 1,372 59,980 5763 1,372 59,980 4,393 1,046 55,667
12 5534 1,318 61,298 5,534 1,318 61,298 4,205 1,001 56,669
13 5,240 1,248 62,546 5,240 1,248 62,646 3,730 .Bae 57,587
14 4,793 1141 63,687 4793 1141 63,687 3,702 881 58,438
15 4,427 1,054 64,741 4,427 1,054 64,741 3,637 866 59,304
16 3,850 917 65,658 3,850 917 65,658 3618 861 60,166
17 3,728 888 66,545 3,728 888 66,545 3,406 811 60,977
18 3,616 861 67,406 3,616 861 67,406 3,349 797 61,774
18 3,458 823 68,230 3,458 823 68,230 3,012 J17 62,491
20 3,360 800 69,030 3,360 800 69,030 2,997 714 63,205
21 32N 79 69,808 3271 79 69,808 2,964 706 63,910
22 3,059 728 70,537 3,059 728 70,537 2,054 703 64,614
23 2,962 705 71,242 2,962 705 71,242 2,862 681 65,295
24 2,817 671 71,913 2,817 671 71,913 2,841 676 65,972
25 2,743 653 72,566 2,743 653 72,566 2,784 663 66,634

I'paduk coOcTBEeHHBIX 3HaUeHMH (pHC. 6) M300pakaeT KOM-
TIOHEHTHI KaK OCb X, a KOPPECHOHJUPYIOLIHE COOCTBEHHbIE 3Ha-
YeHHs1 Kak ocb Y M NpUMEHsIETCS IS KPUTEpUs] OTCEHBAHUS

CobcTBeHHOE 3HaYeHue

40

Puc. 5. ®parment Tabmmisl « OObICHEHHAS COBOKYITHAS TUCTICPCHSDY

Mpadmk co6CTBEHHBIX 3HAYEHUIA
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Puc. 6. I'padux coOCTBEHHBIX 3HAYCHUI

pa). B 3akmounTensHON yacTu TaOmuibl (¢ momMeTkol «Pora-
U CYMMBI KBaJpaToOB Harpy30k») OTOOpakaroTcsi coOCTBEH-
HBIE 3Ha4YeHUs (PaKTOPOB MOCIIE BpalleHus. BpameHnue npuso-
JIUT K ONTHMU3ALUU CTPYKTYPHI (PaKTOPOB, U OJHUM H3 ClIe]I-
CTBHH ITOTO SIBJISIETCS TO, YTO OTHOCHUTEJIbHAS BaXKHOCTh (haK-
TOpOB ypaBHHUBaeTcs [8].

P. Kerremia. KonuuectBo (hakTOopoB onpenenseTcs: MpHOIn3u-
TEJIBHO TI0 TOYKE reperuba Ha rpaduke COOCTBEHHBIX 3HAUCHHUI
JI0 €ro BbIX0/Ia Ha MOJIOTYIO0 MPSIMYIO MOCIIE PE3KOT0 Craja.
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Ha pucynke 7 nokaszana marpula, coaepialias Harpy3Ku
KaxJI0i nepeMeHHOW Ha Kaxnaplii dakrtop. Ilo ymonuanuro
SPSS oroOpaxaer Bce Harpy3kd, OJHAKO IPH HACTpOWKe

nporpammsl ObUIO yKa3aHo, 4ToObI Bce Harpy3ku menee 0,1
OBUTH MOJIaBJICHBI B BHIXOIHBIX JaHHBIX, IOATOMY JUISI MHOTHX
3arpy30K €CTb IPOOEIBL.

KomMnoHeHT

1 2 3 4 5 6 [} 9 10
ORWHDSUUSPY293075SI 9758 -129 154
MSrelevance
SVRWHDSUSPV281475I| 975 -129 154
MSrelevance
GVCHDSUSPVYM258575I 975 -129 154
MSrelevance
ORWHDSUSPV17476SI 475 -129 154
MSrelevance
ORWHDSUSPV172245SI 978 -129 154
MSrelevance
SVRWHDSVSPG100059 875 -129 154
1385IMSrelevance
MSKHDSUSPYTB967SIM 975 -129 154
Srelevance
GVCHDSUSPVY7B983SIM 975 -128 154
Srelevance
SVRWHDSUSPV753718SI 978 -132 153
MSrelevance
SVRWHDSUSPV78650SI 8758 - 131 153
MSrelevance
SVYRWHDSUSPY786525I 975 -132 153
MSrelevance
GVCHDSVSP97942SIMSr 974 -128 155
elevance
ORWHDSVSPB52655IMS 974 -128 155

relevance

Puc. 7. ®parment marpuibl KO3QQUIMEHTOB 3HAUEHHI KOMIIOHEHTOB

B pesynbrare mpoBeneHust ¢akTopHoro anaimza uz 420
HAO0II0JaeMBIX IEPEMEHHBIX OBLIO BBIIEIEHO 65 GaKTOpoB, KO-
TOpbIe 00BACHSIOT 88 % mucnepcum.

3AKJIIOYEHUE

B xoze ananmm3a ¢pparmMeHTa HCXOTHBIX TaHHBIX 10 MOHHTO-
purary UT-undpactpykrypst OAO «PXX]]» Ha mpumepe oxHOM
W3 TPOM3BOJCTBCHHBIX CHCTEM HATJISAIHO TMOKa3aHa BO3MOXK-
HOCTh NPUMCHEHHUS (PAaKTOPHOTO aHAIHM3a KaK JIOTOJHUTEIIb-
HOTO CpEeJCTBa JUIsl CHW)KEHHS Pa3MEPHOCTH OOYYalOIIUX BbI-
0OpOK Uil MCIIOJIB30BaHMsI MalIMHHOTO 00yueHus. [Ipukian-
HOM CMBICJI 3TO Ollepalyy HalpaBJieH Ha CHIDKEHUE TpeboBa-
HHUH K BBIYHUCINTEIBHOMY KOMIUIEKCY, 3aHATOMY B Iepeolyue-
HHH MOJEJH TPOTHO3MPOBaHMs (B TOM 4YHMCIIE 4Yepe3 ympolle-
HUE TaHHON Mojenu) OyIyIIiuX COCTOSHUIM 00bEeKTOB MOHHTO-
pHHTa, U ITO3BOJISET KaK COKPATHTh TpeOOBaHUS K 000pymOoBa-
HUIO TAHHOTO KOMIUTEKCA, TaK ¥ COKPATHTh BpeMs Ha repeody-
YeHHE MOEIICH MPOTHO3UPOBAHNS.

B ykazaHHOM mpuMepe YHCIO NMEpEeMEHHBIX LIS aHaln3a
OBLTO COKpAIICHO MPHUOIM3UTEIBHO B 6,5 pa3a (¢ 420 mo 65),
IPY ATOM BbI/IeNIeHHbIE (pakTOpbl 00BACHSIOT 88 % aucnepcu,
YTO SIBJISETCS AOCTATOYHBIM IIOKa3aTeseM JUisi JaJIbHEeWIIero
aHalTu3a BEIOOPKH U ITOMCKa 3aKOHOMepHocTel. O0beM mpume-
HeHusl (PaKTOPHOTO aHaji3a, 0€3yCIOBHO, MOXKET OBbITh PACIIH-
PE€H 1 BCEX METPUK, CHUMAEMBIX C 00BEKTOB MOHHUTOPUHI'A U
YAOBJICTBOPSIOMNX TPEOOBAHUAM K BO3MOXHOCTH IPHMEHE-
HUS (PaKTOPHOTO aHANIK3A.

Takum 0Opa3oM, UCCIETIOBaHUE MOXKET OBITh MPOIOIDKCHO,
HO JTaKe ceiuac CleayeT MOATBEPIUTh, YTO MPUMEHEHHUE (ak-
TOPHOTO aHAJIM3a Ha 3TAIe OArOTOBKH JaHHBIX IS HCIIOB30-
BaHMS B MAIIMHHOM OOY4YEHMH SBISIETCS XOPOILIMM CIIOCOO0OM
COKpAIIIeHUs] Harpy3KHd Ha BBIYHCIHUTENBHBIH KOMIUIEKC 0e3

NOTepH KauyecTBa MCXOJHBIX JAHHBIX, a CIeJ0BaTelbHO, 0e3
CHI)KEHUS pe3yJibTaTa.

Pa3BuBast 3Ty MBIC]Ib, MO’KHO TOBOPHUTB O TOM, YTO JAaHHBIH
MIPOMEXYTOUHBIN mar oOpabOTKM HCXOJHBIX JaHHBIX, 0e3-
YCIIOBHO, SIBJISICTCS yCHUIICHHEM KIIACCHYECKOTO IT0IX0/1a K ITPH-
MEHEHHUI0O MallMHHOTO o0ydeHus. bosiee Toro, KOMOMHALMS
METO/10B (h)aKTOPHOTO aHAJIN3a U KJIACCHYECKOI HOpMalTU3auu
W CTaHJApTH3AIMH MOXKET JaTh CYIIECTBEHHBIH PE3yJbTaT BO
BPEMEHHM PEIIECHNUS 33a4H, IIPH ATOM KadyeCTBO MOJENH Hpe-
CKa3aHUS HE MEHIETCs, HO Ka4eCTBO MHTEPIPETALUH PE3yIIb-
TaTOB MOHUTOPHHTIA IS TOJIB30BATENS SIBHO IOBBIIIACTCSL.

Crnemyer MOBTOPHUTH, YTO HCTOPHYECKH aJITOPHUTMEI Oy-
CTHHTA, KaK OIHOTO M3 Hambojee MOAXOAAIIETO I IHCIICH-
HbIX JAaHHBIX ME€TOJa MAIlIUMHHOI'O 06yquml, HCCJICA0BATCIIN
CTapajiChb YCWINBATh ITYTEM OINTUMAJIbHOTO KOM6I/IHI/IpOBaHI/Iﬂ
KiIaccu()UKaTOPOB, a HA CICAYIONIEH cTaauu pasButus [9] —
MyTEeM ONTHMAJILHOTO KOMOWHHPOBaHMS GYHKIHMH NOTEPh JUIs
Ppa3HbIX K1accu(UKATOPOB U3 UMEIOIErocs: aHcaMOIIs Ki1accH-
¢ukaropoB. B craThe paccMaTpuBaeTCsA MCIOIb30BaHHE (aK-
TOPHOTO aHAJIN3a KaK 3JeMEHTa KOMOMHHPOBAHHOTO MOJX0a
TIEpBUYHON 00pabOTKM MAaHHBIX HA 3Tare, MPeALIeCTBYIOMEM
00Y9EHHIO MOJIEIIH, M TIO3BOJISIONIEMY:

— YIIPOCTHUTB CaMy MOJEJb O0YIEHHS;

— MOBBICUTH MHTEPIPETUPYEMOCTh AAHHBIX VIS TTOJIH30Ba-
Tes;

— BBICBOOOMTE PECYPCHI BRIYUCIUTEIBHOTO KOMIUIEKCA.
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of Initial I'T Infrastructure Monitoring Data
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Abstract. Discusses the use of factor analysis to reduce the di-
mensionality of the initial IT infrastructure monitoring data. The
theoretical foundations of factor analysis and basic terminology
are given. The performance of factor analysis using the IBM SPSS
package on real monitoring data with a reduction of 6.5 times is
shown. The advantages of using factor analysis to reduce the load
on the computer system by reducing the data dimension are sub-
stantiated.

Keywords: factor analysis, monitoring, IT infrastructure, data
size reduction.
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Pa3padoOTKU 00y4YaKomIMX CUCTEM
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Annomayua. PaccMaTpuBaercsi KOTHHTHBHOCTD, ee BJIHMSIHHE
Ha npouecc 00y4eHus, 0COGCHHOCTH CO31aHUS NPeIMETHO-0PUECH-
THPOBAHHBIX oﬁyqamumx CHCTEM, a4 TAKIKE AKTYaJbHOCTH CO3a-
HUA oﬁyqamumx CHCTEM, OCHOBAHHBIX HA KOTHUTHBHOM IOAX01€.
IIpeacraBiieHa aBTOpcKasi MOJe/db 00ydalouieii NPOrpamMMbl 110
AHTJIUCKOMY SI3BIKY, MCHOJIb3YIOLIell NCHX010rn4yecKHe TecThbl
JJ151 ompeieJieHHs KOTHUTHBHOTO MOPTPeTa MoJb3oBaTes, ¢op-
MHPOBAaHHSI HHAMBHAYAJIBLHOIO MOIX0/a B €ro 00y4eHHUH B LeJsX
J0CTHKEHHsI 00Jlee BBICOKOTO pe3y/ibTaTa 00y4YeHHs] KOTHUTHB-
HOTI'0 pa3BUTHS.

Kniouesvie cnoga: KOTHUTHBHOCTh, KOTHMTHBHBIH MOIX01,
NpeIMeTHO-OPHEHTHPOBAHHAS KOMIILIOTepHAas o0ydvawuiasi cH-
cTeMa, BHUMaHHe, pad0oTocnoCOOHOCTh, KOTHHTUBHBII NPOQUIb,
KJIMEHT-CePBEPHAsi ADXUTEKTYpPa, MOAYJbHasi CHCTeMa.

BBEJEHHUE

OcHoBHas 1enb 00y4eHus «3aKimodaeTcs B 3QPEeKTUBHOM
nepeaue HanboJee IEHHOTO U aKTyaJIbHOTO OIIbITa, HAKOTIJICH-
HOTO NPEABIAYIIMMH TIOKOJCHUSMH, TaK, YTOObl YYEHHKH
CMOTJIM MaKCHMaJIbHO KaueCTBECHHO OBIAJCTh M. IIpu sTOM,
MPOJBHUTasICh 10 IyTH NPHYMHOKCHHNS 3HAHUH, OHHU Ha JIOJITHE
TOJBI COXPAHMIIH OBI JIFO0OBE K 00ydeHHIO, CMOTIIN HAaHTH CO0-
CTBEHHOE «S» B 3TOM MHpE, MaKCHMaJIbHO MOJHO PAacKpHITH
CBOHM JIMYHOCTHBIN MOTEHLHAI U PEalIn30BaATh €r0 C MOJIb30M
Jutst ceds u obectBay [1]. CTpeMuTeNIbHOE pa3BUTHE HAYYHO-
TEXHHUYECKOTO MPOTpecca OKa3blBaeT CYLIECTBEHHOE BIIUSHHE
Ha paziau4Hble cepbl YeIoBeUeCKOil A TeIbHOCTH B CBS3H C
MHTCHCUBHBIM BHCAPCHHUEM HOBLIX, TOCTOSAHHO MCHAIOUIUXCS
TEXHOJIOTHH, 4TO, OE3YCIOBHO, NPEABSBIACT Psill TPeOOBaHUI
K 4eJIOBEKy, xkuByuieMy B XXI Beke. IMEHHO U3-3a 3TOro B M0~
CJICZIHUE TOABI MOSIBUIIOCH TaK MHOTO 0Opa3oBaTeNbHBIX Kyp-
COB, CT@KHPOBOK, NPAKTHKyMOB, OOydYalomnX BEOHMHAPOB.
[udpoBoe 0Opa3zoBaHKe CTaI0 UTPATh BECOMYIO POJIb B KHU3HU
COBPEMEHHOT'0 YeJIOBEKa.

OCOBEHHOCTU OBYYEHU

OnauM 13 3(H(PEKTUBHBIX CPEACTB OPraHU3aliN COBpEMEH-
HOrO O0yYeHHS SIBISICTCS MPEIMETHO-OPUCHTUPOBAHHAS KOM-
HbIOTepHAas 00yYaroInas CuCTeMa. DTo IPOrpaMMHBIC CPEJICTBA
npoQeCCUOHANTBHOM MOTOTOBKH, COCTOSIINE U3 JICKTPOHHBIX
y4eOHHUKOB 1 Habopa CHelHaIn3UpPOBAHHBIX TpeHAXepoB. Ta-
KHE CUCTEMBI MTO3BOJISIOT KOMIUICKCHO H3YYHTh MPEI0CTABIISIC-
MBI MaTepuai U BeIpaboTaTh y 00yJarOmIMXCsl HEOOX0IUMBbIE
HaBBIKHA U yMeHHA. 1Ipr 3TOM CI0KHOCTH CO3/IaHMSI COBPEMEH-
HOM o0ydJaromeit mporpaMMbl COCTOUT B TOM, YTO K MPOIYKTY
MPEIBABIIOTCS BEICOKHE TPEOOBAHNUS: OOMIETIOHATHOCTD C I10-
JIPOOHBIM H3JI0KEHUEM W APOOJICHUEM Ha YacTH Y4eOHOTO Ma-
Teprana; OINpPENeIeHHOCTh JIOTHIECKOW CTPYKTYPHI IOAa4HN
y4e0HOr0 Marepualia, TPAMOTHBIA METOAUYECCKHUA O0TOOP
YOpaKHCHUH, 3aJlaHUM, WUTFOCTPAUUH, AUIAKTHYECKUX HID;

PE3yNbTaTUBHOCTh YCBOGHUS YIeOHOrOo MaTepHana Ha 3aJaH-
HOM ypoBHe. Takue nmporpaMMbl 00y4eHHUS HONB3YIOTCS 00JIb-
IIOH TIOIYJIIPHOCTBIO, TaK KaK y UX IOJIb30BATENCH HE XBAaTACT
BPEMEHH CaMOCTOSTEIBHO HaXOIUTh M HM3ydaTb MHTEPECYIO-
IIyI0 MX HHOOPMAITHIO.

Ecnu He nosydaercst yBeJIMYHUTh KOJMYECTBO BPEMEHH, 3a-
TPauMBaeMOro Ha 0Opa30BaTENbHBIN NPOLECC, HYXHO YIIyd-
HINTh Ka4eCTBO OOy4YeHMs B JOCTYITHYIO €IMHUIYy BPEMEHHU.
3T0 BO3MOXKHO ITpU MOCTPOEHUN 00Pa30BaTEIBHOTO Mpoliecca
Ha OCHOBE KOTHMTHBHOrO mnojxoja. Kak m3BecTHo, ycreBae-
MOCTb 3aBHCHT OT KOTHUTHBHOT'O Pa3BUTHUSI KOHKPETHOT'O YeJIo-
Beka. JlaHHas 3aBHCHMOCTBD BBISIBIICHA 1 OTIMICAaHa B paboTax oTe-
YECTBEHHBIX M 3apyOekHbIx ncuxomnoros: JI. C. Brirorckoro,
A. P. Jlypus, B. B. aBeinoBa, H. B. bopaosckoii, A. A. Pe-
aHa [2—10]. Cornmacuo BeiBogam A. P. JIypus «...y4eOHbIHi Tpo-
1ecc He0OXOJMMO OPHEHTHPOBATH HA PA3BHUTHE BBICIINX MCH-
XUYECKUX (PYHKIUH 00YIaIOITIXCS.

HarmsiguelM  mpuMepoM  IIpeIMETHO-OPHUEHTUPOBAHHOM
KOMITBIOTEPHOH 00yyaroel cucTeMbl MOXET OBITh MPHIIoXKe-
HHE ISl U3Y4YEHUsI HTHOCTPAHHOTO s3bIKA. 3aaHus Il yYeHHU-
KOB, XOJ 3aHATHH, CHCTeMa OLICHUBAHUS, CIIOCOOBI Iepenadn
uHpopManuyu OyIyT ONPEeNeNsiTbCs UCXOIS U3 IICHXOJIOTHYe-
CKOTO TECTHPOBAHHSA YYaIIUXCsl, KOTOPOE ITOMOXKET YCTaHO-
BUTb HCXOJHBIH YPOBEHb PAa3BUTHsS KOTHUTHBHBIX CIIOCOOHO-
CTEH 4enoBeKa Mepes HayajaoM y4eOHOTO Mpolecca; BEISBUTH
MIEPBUYHYI0, 6a30BYI0 pabOTOCIIOCOOHOCTh HEPBHOM CHCTEMBI,
TieKaIei B OCHOBE JIIO00MH NIEATEIIBHOCTH, B TOM YHUCIIE U 00Yy-
YEHUsI; YPOBCHb Pa3BUTHSI HEKOTOPBIX IICHXHUYECKHUX IPOIEC-
COB, TAaKMX Kak NamsTh, BHUMaHHE, MBIIUICHUE, THII MHTEI-
JIeKTa KaXkI0To IOJIb30Batelsi; chepy ero MHTEepecoB M mpea-
MOYTEHUH M TO, KaKMM 00pa3oM eMy IIpollie yCBauBaTh, BOC-
NPUHAMATh, 3alIOMUHATH U IIepepadaThiBaTh HHHOPMALHIO.

KOruuTuBHOCTH

KOrHUTHBHOCTB B y3KOM CMBICIIE — 3TO CIIOCOOHOCTB K YM-
CTBEHHOMY BOCTIPHSITHIO W TiepepaboTKe BHEUTHEW WH(popMa-
IIUH, B TO BpeMsI KaK B IITUPOKOM CMBICIIE 3TO aKT MO3HAHUS.
TepMUH «KOTHHUTHBHEIID TPAaKTyeTCs KaK CHOCOOCTBYIOIIHMN
MO3HAHUIO, TO3HABATEIFHON JIETEITFHOCTH CYOBEKTOB 00yuUe-
HUS, BKITIOYAONICH BOCTIPHUSTHE, PAcIlO3HAHNE, 3aIIOMIHAHUE,
Mbinierre [11]. OH Noay4yus MMPOKOE paclpocTpaHEHHE B
CBA3U C TAKUMU HAYUYHBIMH HAIIpaBJICHUAMH, KaK KOTHUTHUBU-
CTHKa M KOTHUTHUBHAA MNCHUXOJIOTHA, KOTOpasd U3ydacT IpUEM,
XpaHeHue, nepepadoTKy, BOCIPOU3BEICHUE U HCIIOJIb30BaHNE
uHpopManuy, a Taxke 0OBIACHIET MOBEICHHE YeJIOBEKa Ha MX
ocHoBe. KOorHUTHBHASA IICUXOJIOTHS HCIIOJIB3YET €CTECTBEHHBIN
MOJX0/, n30eraeT MeTaOPHIECKOTO ONMICAHUS TICHXOJIOTHYe-
ckux sBieHui. OHa M3y4aeT TO, KaK MOyJaroT HHPOPMALIUIO
0 MHpe, KaK OHa TMPEICTABISCTCS B COZHAHUH YEIOBEKA, Kak
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XPaHUTCS B MaMATH U Kak 1ipeoOpasyeTcs B 3HaHus. Cpeu npu-
OPHUTETHBIX IIENICH MPUMEHEHHsT KOTHUTHBHOTO MOJIX0J1a B 00pa-
3oBaHuu M. E. bepmasnckuii [12] BbiiensieT KOTHUTUBHOE Pa3BU-
THE yJaIuxcs (pa3BUTHE KOTHUTUBHBIX CIIOCOOHOCTEH 00y4aro-
LIErocs Ha YPOBHE HE HUXKE CTATUCTUYECKONH HOPMBI), IPUCBOE-
HUC 3HAHUI U (POPMHUPOBAHUE CIIOCOOOB NEATEILHOCTH B COOT-
BETCTBHH C TpeOOBaHHAMHU 0Oy4eHUs, GOpMHUpPOBaHUE WHGOP-
MAaIIMOHHOW KOMIIETEHTHOCTH, 1O/ KOTOPOM IMOHMUMAETCsI COBO-
KYIHOCTh YMEHHH MCIIOIb30BaTh HH(OPMAITUIO, TIOCTYTIAIONIYIO
W3 Pa3MYHBIX MCTOYHUKOB, W (DOPMHUPOBAHHE KPHUTHYECKOTO
MmbliuieHus. [Ipu 3ToM 0CHOBHOM 3a7jauell KOTHUTUBHOTO T10/1-
X071a B 00pa30BaHUM SIBISICTCS CO3/IaHKE YCIOBHIA JUIsl TOHMMa-
HUS KQKIBIM YYCHHKOM BOCIPHHHUMAeMOW HWH(OpMaLuH, ee
MaKCHUMAJIBHO OBICTPOTO, JIETKOT0, JOJITOBPEMEHHOTO YCBOCHUS
¥ CIIOCOOHOCTH K JTAIbHCHIIIEMY KCIIOJIb30BaHuUI0. TakuMm o0Opa-
30M, Hes CO3JIaHUs 00YYaIOIIeH CHCTEMBI (IPUIIOKEHUS ), OCHO-
BAaHHOW Ha KOTHUTHBHOM IIOJIXOZe K 00pa30BaTelbHOMY IPO-
Teccy, SABISCTCS aKTyaTbHOW U BOCTPEOOBaHHOM.

B kauecTBe Tecta 1y u3ydeHus 6a30Boi paboToCmocoOHO-
CTH HEPBHOW CHCTEMBI YeJIOBEKa MOYKHO B3sTh TecT J. Jlan-
nmonbTa «JlmarHoctrka pabotocrocoOHOCTH». Metomuka 3.
JlanmO7BTa OTHOCHUTCS K TPYTIITE KOPPEKTYPHBIX TECTOB. B mmi-
TepaType MOXXHO HAWTH Pa3lWYHBIC IMOAXOIBI K OICHKE Iua-
THOCTHYECKOW HAMPABICHHOCTU TAHHOM IPYIIbI TECTOB. MHO-
rue aBTopsl (b. Bypnon [13, 14], B. lllynsre [15], I'. MioHcTen-
Oepr [16] u ap.) paccMaTpPUBAIOT UX KaK METOBI TUATHOCTUKU
pa3IMuHBIX NapamMeTpoB BHUMaHus [17], apyrue — kak Me-
TOJBl ONpeAeNIeHHs ICUXOMOTOopHOro Ttemmna [18]. A HekoTo-
peie aBTOpHI (Hanmpumep, . Kpenenun [19]) cuurarotr Koppek-
TypHBIE TECTHI METOAAMHU BBISBICHHUS COCTOSHHUS paboTocto-
COOHOCTH YeNIOBEKa, €r0 YTOMIISIEMOCTH M IPYTHUX TPYIOBBIX
kadectB. B. H. CpicoeB oTmMedaeT, 4To «...3QPEKTUBHOCTh U
CTHITb BCEH KI3HEIEATSIFHOCTH YeJI0BEKa B [IEIOM 3aBHUCHUT OT
TOTO, Ha KaKOE «BOJIEBOE yCHIIME» CIIOCOOHA €ro HepBHAs CH-
CTeMa, KaK JIOJro OHa MOXKeT paboraTh «He ycTtaBasi» [20, 21].
B nannoMm ciyuae Tect 3. JIaH0MbTa IPEACTABISICT COOOM He-
BepOaJIbHBIN TECT HOCTHKCHUH, B XOJIC TIPOBEICHUS KOTOPOTO
u3y4vaeTcs 0a30Basi, mepBUYHAs PabOTOCIIOCOOHOCT, JIeKaIast
B OCHOBE JIt000# nestepbHOCTH. OCOOCHHOCTH 3TO# 0a30BOM

PaboTOCHOCOOHOCTH MPOSBIISIFOTCS KOCBEHHO, Yepe3 JCsATENb-
HOCTB, CyTh KOTOPOW COCTOUT B BOCIPHSTHU U NepepaboTKe
“H(OPMAIIUU B COOTBETCTBUH C OTPEICICHHBIMH MTPABUIIAMH.

3aaHKe TECTa COCTOUT B TOM, YTOOBI C MAKCHMAJIBHOM CKO-
POCTBIO MPOCMATPHUBATH CTPOYKH C KOJIBI[AMH, IPH STOM 3a4ep-
KHUBaTh KOJIbIA C OMPEJE/ICHHBIM PACIOJIOKEHUEM pa3phiBa.
Uepes kakbple 2 MHHYTBI [10CJIE Havasla MPOX0XKICHUS TECTH-
POBaHHUs UCTIBITYEMOMY IOJIAETCSI KOMaH/[a «4epTay, 10 KOTO-
pO# OH JIOJDKEH MOCTaBUTh BEPTHKAIBHYIO YEPTY 3a MOCIHE/-
HUM IIPOCMOTPEHHBIM K 3TOMY MOMEHTY KOJIbLIOM M, HE OCTa-
HaBIIMBAsCh, IPOJOIKATh padoty mambiie. [1o ncredennn 10
MUHYT TECTHPOBaHHUE 3aBepiiaetcs. Jlaigee MmpoucXoauT MOJ-
CYET MOJIyYCHHBIX PE3YJbTATOB C MOMOIIBIO (opmy, U (op-
MHUPYETCS HTOTOBOE 3aKIIFOUCHHUE, BKIFOYAIOIICe HEOOXOIMMEBIC
rmoKaszaTeiii. B 3JIeKTPOHHOM BHJIC 3TO MOXET BBITJISIICTh Clic-
IyrommmM odpasom (puc. 1-3).

Unopmansun o TecTUpyemom

Dara recruposanus: 15 Main 2019 Non: Mymckon

PUD: Bospact: A0

Fpgnna:

Ilaktie TECTUPOBaHHA
Bpemn ] N M A P
1-2 pun 427 4 47 0.91 EL]
3-4 mun 436 10 50 0,80 349
5-6 mun 397 12 54 0.78 309
7-8 MuH 480 6 60 0.50 432
9-10 rawri 330 8 45 0.82 an
Wroro sa 10 munyy 2070 40

HuTepnpeTaumn sHaveHui

Napamerp
CropocTe nepepatoTku widopmaums [S] 1.7
Npoaycruenocs [P 350

Bricoxan
Bricoxan

K03 @ @HIHEHT BLIHOCAHBOCTH [Kp) 34z Huszui
TosnocTs [Al) 0.84 Cpeansn
Kos@guuuent vounoctw [Ta) 1nz Y

161 Bricoxan
Cpeanun yposes

ya.
MiTerpanbian oueHEa YPOBHA PaGOTOCHOCOGHOETI

Tatmue | Tpapuru
*E Ixcnopr

Puc. 1. O6paser pe3ynbTaToB TECTUPOBAHUS
o tecty JlanmonbTa

Pe3ynLTaThl TECTAPOBAHUS 3]

KpbITh

Puc. 2. I'padux u3mMeHeHUs MoKa3aTeNei MPOayKTUBHOCTH U TOYHOCTU
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AwarHocTuka patoTocnocoBHocTH.
PesynbTaTb| TecTUROBaHMA.

ono: [ |
Ipynna:

Mon: 0
Boapacr: 40

Hara: 15 Man 2013
ﬂt‘lHH b€ TECTHPOBAHHWA

Bpema Q N M A P

1-2 mnn 427 4 47 UE=] ] 391,00

31 Mnn 435 10 a0 080 349,00

56 Mun 357 12 aid 078 309,00

78 mnn 480 ] 60 030 432,00

9-10 mun 330 g 45 082 271.00

Hroro 3a 10 umkyT 2070 40
Hurepnperauna 1HaueHni
Mapame JHaveHne HHTepnperauna aHaYeHni

CropocTe nepepaBotku uudopmaupm (5) 17 Bhicokad
Mpoayktuerocte (Pt 380 Bricokaa
KoapduupeHT EbHocaHBoCTH (Kp) 4% |Huzewi
TounocTe (A1) 084  |Cpeguan
Hoapduupent TounocTH (Ta) 1% [YMopeHHEe, A0NYCTHMED HIMEHEHHA
ATy A3 xonel aHHH Npo KTHEHOCTH 181 Bricokaa

WHrerpansHaa 0ugHKa ypoeHA pabotocnocobHo Cpeanui yposerb

padymkn

400

58
o
108
“e

P A
1T} { : t : o

158 o

100 Y]

Puc. 3. Dxcrioptuposannsie B iporpamMmy Excel pesynbratsl mo tecty JlanmonsTta

B pesynbraTe TECTHPOBaHMS MbI IHOJYyYHUM JiBa KOJIHYe-
CTBCHHBIX (CKOPOCTh mepepaboTku MH(GOPMAIIMKA U BBIHOCIH-
BOCTB) U JIBa KAYCCTBCHHBIX (CPEIHSAS TOYHOCTh M KOA(DDUIH-
CHT TOYHOCTH) IIOKa3areiss pabOTOCIOCOOHOCTH, KOTOPHIC
OUYCHb BAXHBI YIS MOCTPOCHUS OyayIiero o0pa3oBaTelbHOTO
npouecca. B [21] B. H. Ceicoes, ccpiasich Ha cxemy Il aHa-
JM3a JTUYHOCTH XOCKOBIIEBA, IS XaPaKTEPUCTHKH JTHYHOCT-
HBIX M TPY/OBBIX Ka4eCTB, 00CIEAyeMbIX O MMOKA3aTelsiM pa-
060TOCTIOCOOHOCTH, BBIIEIACT YETHIPE TPYTIIIHL:

1. C XopomuMHu KOJUYECTBEHHBIMH (MPOIYKTUBHOCTH) H
Ka4yeCTBEHHBIMHU (TOYHOCTB) pe3yJbTaTaMH paOdoTHl. Xopomias
PE3yJIbTATUBHOCTH [0 000OUM MapameTpaM MO3BOJISIET MPEJIIo-
JIOXKHUTH Y 00CIIEIyEMOr0 BHICOKYIO CKOPOCTh MPOTEKAHUSI MBbIC-
JUTEIBHBIX MPOIECCOB U MPOIIECCOB mepepadoTku mH(OpMa-
IIUH, YTO COCTABISCT OCHOBY BBICOKOW MPOJYKTHUBHOCTH JCs-
TENLHOCTH, CHJIy BOJIH, XOpOIIEe BHUMAHHE, CIIOCOOHOCTh K
JUTATEIIEHOMY COCPEIOTOUCHHIO U BBHITIOJIHECHUIO OOJIBIIIOTO KO-
JIMYECTBA 3aJaHUI B €JUHUIY BPEMECHH, XOPOLLYIO CaMOpEry-
JSIIUIO U YMEHUE BIIAIETh CO0O0, BHYTPEHHIOK JIMCIHUILINHY,
YTO MO3BOJISIET MPOTHO3UPOBATH YCIIEHIHOCTD Tpolecca 00yde-
HUsI. DTH JTIOU MOTYT 3QPEKTHBHO BBIMOJIHSITh 331aHHS B [0~
BBILICHHOM TEMIIE.

2. C xopomuMH Ka4eCTBEHHBIMH 1 CJ1a0BIMH KOJIHYECTBEH-
HBIMH pe3yJibTaTaMu paboThl. Takoe coderaHue CBHICTEINb-
CTBYeT 00 OpHCHTAIMH YEIOBEKA MPEUMYIICCTBCHHO Ha 0e3-
omnOo4HOCTh padotel. [Ipn cna®ol BBEIHOCIMBOCTH OBICTPO
HACTyHaeT yTOMJICHHE. B JaHHOM cilydae MOXHO MpPEIIOJo-
JKUTh HAJTUYUE y 00CIIeyeMOr0 TAKUX JTHYHOCTHBIX OCOOCHHO-
CTeH, Kak TOOPOCOBECTHOCTD, CTAPATEILHOCTh, TEPICIHBOCTD,
YYBCTBO OTBETCTBEHHOCTH M CKIIOHHOCTH K IyHKTYaJIbHOCTH.
Takoit yueHuk OyieT ycBauBaTh MaTepuall MeJICHHEE, HO TIIa-
tenbHee. [Ipn cnabpix mokaszarersix Kod(hGHUIIMeHTa BEIHOCITH-
BOCTH HEOOXOANMO MPELyCMOTPETh BO3MOKHOCTh OT/IbIXA.

3. C XopomuMH KOJINIECTBEHHBIMH U C1a0BIMU Ka4eCTBEH-
HBIMH pe3yJbTataMu paboThl. JlaHHOE coueTaHHe CBHCTEINb-
CTBYeT 00 OpHEHTAaIH 00CIeTyeMOro MPerMYIeCTBEHHO Ha
BBICOKYF) CKOPOCTb BBITIOJIHEHUS B yIIepO 0e30MHO0YHOCTH U
KauyeCcTBY YCBOCHUs. [Ipy BBIMONHEHUU 3aJaHUN YEJIOBEK JI0-
MycKaeT 0OJBIIOE KOJUYECTBO OMIMOOK, UMEET OCOOCHHOCTh
HETOYHO YCBaWBaTh HOBBIH MaTepHai. DTO MO3BOJISICT MPeJ-
MOJIOKUTH TAKUE THYHOCTHBIC YEPTHI, KAK HMITYJIbCHBHOCTb,

CaMOyBEpPEHHOCTb, BO3MOYKHO JIETKOMBICICHHOCTD M TIOBEPX-
HOCTHOE OTHOLICHUE K BBINOJIHEHUIO 3aJaHUi. 3/1eCh CTaHO-
BUTCSI OYEBU/IHBIM, YTO MHIUBHUIYJIbHBIH CTHIIb Y4eOHOM nesi-
TEJILHOCTH, ITO3BOJISIOIINI CKOPPEKTHPOBATh HEJIOCTATOYHYIO
TOYHOCTB, JI0JDKEH BKJIIOYATh 0053aTEIbHYIO IPOBEPKY BBIIOI-
HEHHBIX YacTeil paboThl U JJONOIHUTENBEHOE BHIITOTHEHUE 3a/1a-
HHH, B KOTOPBIX OBUIH JOIYIIEHBI OIIHOKH.

4. Co cmaObIMH KOJMYECTBCHHBIMHA M Ka4eCTBCHHBIMH pPe-
3yibpTaTaMu padoTel. Takue pe3yabTaTel MOTYT IEMOHCTPHPO-
BAaTh JIIOMH, KOTOPBIE HE CITIOCOOHBI K BOJIEBOMY YCHIIHIO, HEaK-
KypaTHBI, BHYTPCHHE HEIOCTaTOYHO YpaBHOBEUICHEI, HE YBe-
peHBI B cebe, TpeBOXKHBI. MTHOTIa 3TO MOXKET OBITH CBS3aHO C
3aHMKCHHBIMU MHTEIDICKTYaIbHBIMU CTIOCOOHOCTAMU. Jlnma ¢
HHU3KMM YPOBHEM BBIHOCIMBOCTH OBICTPO YCTAIOT U CHHXKAIOT
HPOJYKTUBHOCTH Pa0OTHI. IHEpTHOCTH HEPBHOM CUCTEMBI MO-
JKET CTaTh NPUYMHOM HEyCIeBaeMOCTH IIPU OOyYEHHH, €CIIU
JlaHHass OCOOCHHOCTb HE yuuThiBaercs.. [l Takux Jroxeit
Ba)XHA CTaOMJIbHAS 110 COAEPIKAHUIO JIESITENEHOCTD C yMEpEH-
HOW WHTEHCHBHOCTHIO TIOCTYIUICHHS HOBOW HH(pOpMaIrmu u
BO3MOKHOCTBIO TEPHOAMYECKUX HEOONBIINX MOMEHTOB OT-
neixa. [IposSBUTH CBOM CHIIBHBIE CTOPOHEI (CITIOCOOHOCTH, yMe-
HUS, HABBIKK U JIp.) OHH MOTYT TOJBKO B CHOKOHHOHM 0OCTa-
HOBKE: JICUCTBYS B CBOEM, COOTBETCTBYIOIEM UX HEHPOhU3Ho-
JIOTHYECKIM OCOOCHHOCTSIM, PUTME.

Takum o0pa3oM, moyydyeHHBIE C IOMOINbIO Tecta JlaH-
JIOJIbTa pe3yibTaTbl MOTYT HOMOYb B ()OPMUPOBAHUN UHIUBH-
JQYJIBHOTO TOJXOJla K OCYIIECTBIECHHIO 00pa3oBaTelbHOIO
Tporiecca: NoAdopy ONTUMAIBLHOTO 00beMa U3y4aeMoro MaTe-
puaina, nogbopy HeoOX0IMMOT0 KOJIMYECTBA U Ka4eCTBa TPEHH-
POBOYHBIX ¥ KOHTPOJIbHBIX YIPa)KHEHUH, a Takke He0O0X0u-
MOTO BPEMEHH JIJIsl YCBOCHUS HOBBIX 3HAHUIA.

YuuThIBas BHIIIECKa3aHHOE, B apXUTEKTYpe pa3padaTbiBae-
MOTO TIPHWJIOXKCHHUS TpeAronaraeTcss choOpMUpPOBATE OTHCIb-
HBII ICUXO0JIOTUYECKUI MOJyJIb, B KOTOPBIM KpoMe TecTa JlaH-
JOTBTa BOUAYT U APYTHE METOANKH, H3YJAaIOIIIe YPOBEHb BHU-
MaHWUsI, TTAMATH, MBIIIUICHAS, Ha OCHOBE KOTOPBIX U OyZeT I1o-
CTpOeH 0a30BbIii KOTHUTHBHBIA Mpo¢uib nonb3oBarens. Vc-
MOJb30BaHNEe (IPHUMEHEHHE) TICHUXOJOTHYECKOTO0 MOy
NpEIoaraeTcsl B cepeJHe 00y4YeHHUs MM MOCie 3aBeplie-
HUSI ONPEJICJICHHOTO dTana 00y4eHus! YTOObI POCIEIUTD -
HaMUKy KOTHUTHUBHOTO PAa3BUTUA IIOJIB30BATCIIA. B 10 xe
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Bpemst B. H. CricoeB [21] oTMeuaeT, 4TO BbICOKasl IPOIYKTHUB-
HOCTb, BBIHOCIMBOCTH, TOYHOCTH, HA/IC)KHOCTb PadOTHI, JO-
CTYIIHBIE YEJIOBEKY B COOTBETCTBHH C €ro rncuxodusnosiornye-
CKUMH OCOOEHHOCTSMH, MOTYT HE IPOSIBUTHCS B peasibHOM
y4eOHOM NeSITeNbHOCTH, €CIIM OHA HE MOTHUBHPYET €ro CBOUM
COJIEp’)KaHUEeM W/MIIM BO3HAIrPaKIECHHEM, TO €CTh HE SBISETCS
MOTHBAIlMOHHO 3HAYNMOH. VIMEHHO MOSTOMY TaK BajKHO IPH
CO3/IaHNH O0ydYaromeil MmporpaMMbl TIIATENFHO TMOAOUPATh H

(dhopmHpoBaTh MaTepHal C Y4€TOM MHIMBHIYAIbHBIX IPEIIO-
YTEHHUI U 0COOEHHOCTEMN.

ABTOPCKASI MOJIEJIb-CXEMA OBYYAIOILEY [TPOT'PAMMBI

Jns coznanus oOydaromieil mporpamMMBbl 110 aHTJIMHCKOMY
S3bIKY, OCHOBaHHOI Ha KOTHUTHBHOM T10/1X0/1€, ObLIa pa3pabo-
TaHa CTPYKTypHas Mopenb-cxema npuioxeHus «ThinkYouy,
MIPEACTaBICHHAs Ha PUCYHKE 4.

TEKCT, 2yAN0-BHMAE0
KOHTEHT

CucTema 0oGaBNEHNA
KOHTEHTA

ThinkYou

HOpPManu3osaHHbIi
KOHTEHT

KOrHWTUBHbIA

!

npodurb

l

Cuctema

baza gaHHbIX

:

!

OTBETH Ha
—+ NCUXONOrMHECKHE [—
TECThI

onpeaeneHuA
KOTHUTHUBHOIMO

KOTHUTHEHBIA
npodunb

HopMan13osaHHbIi
KOHTEHT

YPOBHA

CuHcTemMa CHHTE3a

ofy4arLwmx
MATEPUANOE
(None3osarens — KOppeKUMoHHsIe
} pesyneratel ||
0oL KOTHWTWBHOTO
Matepuan npocpuna
OTBETH Ha cuctema
— oBydaroLme 00y4eHNA E?ﬁ”eﬂf;
MaTEpHanE none308artenei y
OBy4aHLLme
MaTepUank _l

Puc. 4. CrpykrypHas Mozenb-cxema npunoxkenust « ThinkYouy

JlanHasi mporpaMMa OTIUYAETCS OT YXe CYIIECTBYIOIIUX
o0yJaromux MPHUIOKEHUH TeM, 9TO B Hee T00aBJICHBI MICHXO-
JIOTUYECKHUE TeCThl U KOTHUTUBHBIN TIPOQHIIb, HA OCHOBE KOTO-
PBIX CTaHET BO3MOXXHBIM C(OPMHPOBATH HHIMBHIYaTbHbIHA
MOAX0/ K 00pa30BaHUIO B ITU(GPOBOM BHIIE. 3aadcil SBISICTCS
HE TOJBKO OOYYHTH MOJIb30BATEICH HHOCTPAHHOMY SI3BIKY, HO
U YIYYIIATh UX KOTHUTHBHBIC CIIOCOOHOCTH. DTO BO3MOXKHO
MyTEM CHUHTE3a 33JJaHUi 110 aHTJIUHCKOMY S3bIKY U IICUXOJIOTH-
YCCKUX pra)KHeHPIﬁ, HanpaBneHme Ha pa3BI/ITl/le naMATH,
BHHUMAaHWs, MBIIIJICHUSI.

IIporpamma nocrpoeHa mo MOAYJbHOMY IPUHLMILY, KaxK-
JIBIH MOAYJb BBITTONHSET CBOW OIpeeNieHHBIN (QyHKITHOHAT U
MOJKET HCIIOIB30BATHCS B OJHOM HMJIM HECKOJIBKMX KOHTEKCTaX
ANTOPUTMA BBHITIOTHECHUSI.

Cucrema go0aBieHHs KOHTEHTA OTBEYAET 3a 3aIlOJHEHHE
0a3pl MaHHBIX HH(pOpPMAIHEH, IPEJOCTABIIEMON CO30ATEIISIMA
mporpamMmbl. Taroke B 0a3e JaHHBIX OyIeT XpaHUTHCS WHOOP-
MaIysi 0 KOTHUTUBHOM MPO(HUIIe MOJb30BATENS U Pe3yJIbTaTax
ero o0yuenus. [Ipu 3ampoce ¢ KIMSHTCKOM YaCTH IPUIIOKEHUS,
13 0a3bl JaHHBIX OYAyT OPEAOCTABIATHCS 00YUAIOIIUE MAaTCPH-
aJbl, 3a MOATOTOBKY KOTOPBIX OTBETCTBEHHA CUCMEMA CUH-
me3a. Yepes Hee MPOUCXOIUT 3ampoc HMH(opMarmy u3 0a3sl
JMAHHBIX O KOTHUTHBHOM Tpodmie monp3oBaTens. Ha ocHoBe
MTOTyYSHHBIX JaHHBIX IMOAOUpAaeTCs HEOOXOAUMBIH MaTepHall.
ITocne Toro kak mMoJb30BaTENb MPOHAET TECTHPOBAHUE IO U3Y-

YEHHOH TeMe, OH CMOJKET YBHUJICTb CBOM Pe3yJIbTaThl. Pe3yib-
TaThl TECTHUPOBaHUI OyIyT XpaHUTbCs B 0a3e JaHHBIX JUIS OT-
CJIC)KUBAHUS CTATUCTHKH.

Ocoboe BHIMaHKE B NPHII0KEHUHN YEIEHO TECTUPOBAHHIO
00yJalomuXcst U CO3AaHUI0 MHINBHIYAILHOTO KOTHUTHBHOTO
npoduis. Jlo Havana o0ydeHus MOab30BaTENb JODKESH MPOUTH
TICUXOJIOTHYECKHE TECThI, HA OCHOBE KOTOPBIX IPOrpaMMa Co-
31acT MPUOIM3UTENbHBIM KOTHHUTUBHBIN IOPTPET YENOBEKa.
IIpu 3TOM HE0OXO0AUMO Pa3pabOTaTh aNTOPUTM KOHBEPTAITUH
JAHHBIX, TIOJTyYEHHBIX U3 NICUXOJIOTHYECKUX TECTOB B JIAaHHBIE,
KOTOpbIe OyAeT XpaHUTh KOTHUTHUBHBIM NMPOQHIb IOJIB30Ba-
tens. Ha nx ocHOBe mporpaMma BbIOEPET OMH U3 HECKOJIBKHX
JOCTYIHBIX BapUaHTOB TEOPETHYECKOT0 MaTepuala, OTIINYalo-
muxcs 00beMoM, HOAPOOHOCTHIO, a TaKke npumepamu. Tak,
€CIIH T10JIb30BaTEIb MHTEPECYETCSl CIIOPTOM, MPUMEPHI OyAyT
OCHOBBIBAaThCSl Ha CIIOPTUBHOM TemaTHke. braromaps Takomy
MOAXO/1y YeJIOBEK OBbICTpee, MPOIIe U ¢ OOJIBIIMM HHTEPECOM Oy-
JIeT U3y4aTh IpeIoCTaBIsIeMbI yueOHbIi MaTeprai. Ho B aTom
1 3aKITI0YACTCs TJIaBHAs CIIOKHOCTH: HEOOXOIUMO pa3paboTath
AJITOPHUTM ITOAOO0PA YIeOHBIX MaTepHANIOB U 3a/IaHNH, OCHOBbIBA-
SICh Ha pe3yJbTaTax TECTHPOBAHWH, XPaHSAIIMUXCS B KOTHHTHB-
HoM npoc¢uite. [loTpebyeTcst TecHOE COTPYIHHUYECTBO C MEaro-
ramu, KOTOpble OyAyT pa3padaTeiBaTh Y4eOHBIH Marepual, a
TaKxke TcuxoyioraMu. Heodxoamumo nogpoOpath ONTUMANIBHOE KO-
JIMYECTBO 33JIaHUM, UX HAIPaBJICHHOCTb. TEeCThI IO IPOIICHHOMY
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MaTepHuaiy He OyIyT UMETh OTpaHUYCHHI Ha KOJHMYECTBO 3a/1a-
HUI: Ha KaX/IbI TECT OTBEJICHO OIIPEICIICHHOE BPeMs, T. €. KO-
JIMYECTBO BBIMIOJIHEHHBIX 3aJJaHUI 3aBHCHUT OT CaMOTO I0JIb30-
Batens. Ecin yenoBek 00s1alacT XOPOIIMMU KOJIMYECTBEHHBIMH
U CITa0BbIMH Ka4eCTBEHHBIMH PE3yJIbTaTaMU PabOTHI, TIOCIE MPO-
XOXKJICHUSI KOHTPOJIHOTO TECTa MO W3YYCHHOMY MaTepHaiy
MporpamMMa TIPEUIOKHUT 3aHOBO BHIITOJHHUTH 33aHH, B KOTOPBIX
ObuTH otrymeHsl omuOku. Ecnm momp3oBatens obmamaer cia-
OBIMH KOJIMYECTBEHHBIMU U XOPOLTHMH Kad4eCTBEHHBIMH Pe3yJITh-
TaTaM# pabOTHI, IPOrPaMMa MPEIIOKHT ITOITH30BATEIIO PEIIUTh
JIOTIOJTHUTETIBHBIC 3aJaHusl IS JTOCTIDKEHHS CPEIHUX KOJde-
CTBEHHBIX PE3yJbTATOB IS 3aKPEIUICHUS MaTepHaJa.
PaspaboTka cepBepHON 4acTH JaHHOTO MPUIOKECHUS TIPE-
MoJjIaracTCs Ha s3bIKE MPOTPaMMHUpPOBaHMS Java BBHIY €ro
WIATHOPMOHE3aBUCHMOCTH, & TAKXKE HATMYUIO TAKKX OHOIIHO-
Tek, kak Jackson, HttpClient, Log4j, DBCP, a takxe ya00HBIX
Ut pa3paboTku GpeiiMBOpKOB. B peanu3anuu moctaBiIeHHBIX
3a/1a4 MOMOXKET (PperMBOPK Spring boot, KOTOPHIA SBISETCS
HazacTpoiikoi Han Spring Framework. OH MoO3BOJIUT yMEeHb-
IIATH KOJIMYECTBO KOAA, ONTHMHU3APOBAThH PabOTy MPOTPaMMEI,
a TaKkKe YIPOCTUT HACTPONKY MPHIIOKEHHS TMPHU pa3padboTKe.
Cucrema cOopku Maven MO3BOJUT aBTOMATH3UPOBATh COOPKY
MIPOEKTa, a TAKXKE YIIPOCTHT ITOAKIIOUCHNE U YIIPABIICHIE 3aBH-
cuMocTsiMH. M3-3a OOJIBIIOrO KOJMYECTBA JAHHBIX, MOJTYUYCH-
HBIX TIOCJIC TIPOBEJCHHS Pa3IHYHBIX TECTOB, a TAKKE M3-32 UX
CJIO)KHOW CTPYKTYpBI II€JIeCO00pa3sHO OyIeT HCIOJIh30BaTh
00BEKTHO-OPUCHTHPOBAaHHYO 0a3y JaHHBIX. B Heil oTcyT-
CTBYET Tpo0iieMa HECOOTBETCTBUS MOJICIN JaHHBIX B MPHIIO-
>kennu U BJI, Bce nanubie coxpansitorcsa B b/] B ToM ke Bune,
YTO U B MOJEIH IpriiokeHms. He TpeGyercs otaensHO moanep-
JKUBaTh MOfelb MaHHBIX Ha ctopoHe CYBJI, Takxke Bce 00b-
eKTHI Ha YPOBHE NCTOYHHKA JAHHBIX CTPOTO TUIH3HPOBAHEL.

3AKJIIOYEHUE

IIpu coznannm oOyJaromniel CHCTEMbI, YIUTHIBAIOICH KOTHH-
TUBHBIC CIIOCOOHOCTH YeJIOBEKa, TPeOyeTC s ONpe/ICIICHHbIN (He-
TpPUBHUAIBHBIN) MOX0J1. BO3MOXKHO BOZHUKHOBEHUE TPYTHOCTEH
B CBSI3H C TEM, YTO HJICsI HAXOJIUTCS HA CTHIKE HAYK U MPEIoia-
raeT MepBOHAYATIBHYIO MMOJI'OTOBKY K pa3pabOTKe rPyIIou crie-
[IUAJIMCTOB Pa3HBIX 00JIACTEH: ICUXOJIOTOB, IEAaroroB, JIMHTBU-
CTOB, TPOTPAMMHCTOB, AW3AHHEPOB W, BO3MOXKHO, IPYTHX.
HenocpencTBeHHO TEXHWYECKOE WCIIOIHEHHE MOXET CTOJIK-
HYTbCA C TaKHUMH IpoOeMaMy, KaKk BHEAPECHHE B NPOTPAMMY
TICHXOJIOTHYECKHUX TECTOB M YUIET OTBETOB 00YUArOIINXC, pa3pa-
0OTKa anropuTMa Ui CO3JaHHs WHIWBUAYAILHOTO 00pa3oBa-
TEFHOTO MaTepHaia, OCHOBBIBAsICH Ha Pe3ylbTaTax TeCTHPOBa-
HUS, (OPMUPOBAHUE CTPYKTYpHI 0a3bl JaHHBIX W 3aIPOCOB K
HE, BEIOOP SI3bIKA MPOTPAMMHPOBAHUS M CTEKA TEXHOJIOTHH.
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Abstract. The article considers cognitiveness, its influence on
the learning process, the features of creating subject-oriented
learning systems, as well as the relevance of creating learning sys-
tems based on a cognitive approach. The article presents the au-
thor's model of the English language program based on psycholog-
ical tests to determine the cognitive portrait of the user, the for-
mation of an individual approach in his training in order to
achieve higher cognitive development.
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Annomayua. Kaxk mnoxa3piBaeT IPaKTHKa, Hau00JIbIIUIA
00beM HepeBo30K NPUXOUTCS HA 5KeT1e3HOA0POKHBIN TPAHCIIOPT.
IIpu 3T0M 3a1aHHBI 00bEM NEPEBO30K MOKET ObITH BBINOJIHEH B
YCTAHOBJICHHbIC CPOKH TOJILKO NPH HAJIMYHMH COOTBETCTBYIOLIUX
BO3MOKHOCTeHl :KeJIe3HOJOPOKHOIO0 TPAHCIIOPTA, KOTOpPbIE, B
CBOIO 04epe/b, ONpee/IsIOTCsl He TOJbKO YPOBHEM Pa3BUTHS TeX-
HUYeCKOii 0a3bl U c1IOCO0AMM OPraHN3alUH ABMKEHHSsI, HO H YPOB-
HeM NOJAr0TOBKHU MepPCOHAJIa, HeMOCPeACTBEHHO 0TBEYaIoLIero 3a
€ro IKCILTyaTalHIo.

Takum 06pa3om, 310 00yc/10BIMBaET HEOOXOAUMOCTh obecre-
YeHUSl JOCTATOYHOIO0 YPOBHSI NOJATOTOBKU PYKOBOJSILErO CO-
CTaBa, CHENHAJINCTOB PAa3JHYHBIX AENAPTAMEHTOB M CJIyXO0, a
Takske pa00THUKOB Pa3JIMYHBIX NPEANPHATUNH U HOAPA3AeJIeHHIT
OAO «PXK]». Hannune noaroToBJIeHHOr0 NMepCcoOHAIa MO3BOJIHT
NOBBICUTh 3 ()eKTHBHOCTH HMCIOJIb30BAHUS NPOHM3BOJCTBEHHBIX
MOIIHOCTEH KeJIe3HO0POKHOT0 TPAHCIOPTA IO BbINOTHEHHIO
Pa3IMYHBIX MePeBO30K B 32JaHHBIX 00beMaX U TOYHO B YCTAHOB-
JICHHbIC CPOKH Ha J1100ble HanpasJjeHus. Bmecre ¢ TeM, CI10KUB-
masicsl K HACTOSIIIeMY BPeMEHH CHCTeMAa MOATOTOBKH M IOBbIIIe-
HHUSl KBAaJN(UKAIIMH epedncJeHHOro BhIIIe MePCoHaia Kele3Ho-
JOPOKHOT0 TPAHCIIOPTA HEJOCTATOYHO OTBe4YaeT IpelbsiBJise-
MBIM TPeOOBaAHUSAM.

B 9THX yc/10BUSX B Ka4ecTBe OHOM M3 OCHOBHBIX 32144, KOTO-
PYI0 Heo0X0IUMO pelaTh OPraHaM yNpaBJeHHs! Ha ’KeJ1e3HOA0POK-
HOM TPaHCNOPTe, BLICTYNAeT HEO0X0AUMOCTD MOBBILICHUS YPOBHS
MOATOTOBKH IEPCOHAJIA /I BBINOJHEHUS PAa3IMYHbIX 32/1a4.

Hcnoan3oBanue HOBBIX HH(PpOPMAINOHHBIX HETPAXHIIMOHHBIX
TeXHOJIOTHI B JMCTAHUMOHHOM O0YYeHMM JJIs1 0NOATOTOBKH M
NEePenoAroTOBKH NEePCOHAJIA SIBJISAETCS J0CTATOYHO NEPCHeKTUB-
HBIM M KOHOMHYeCKH ONpaBJaHHbIM. UHIeKc T0X0AHOCTH NpH
Pa3IMYHBIX BAPHAHTAX 00JIbIIIe eTHHUIbI H Ja%Ke MOKeT ObITh pa-
BeH 1,5 nJist oqHoO¥M 10poru.

JxoHOMUYecKas 3PpPeKTUBHOCTH AUCTAHIMOHHOTO 00yUeHUs
NMOAYUTHIBAETCSI MO TpeM B3aHMO00YCJOBJIEHHBIM COCTABJISIIO-
IIUM: YHUCICHHOCTH 00y4aeMbIX, CTOMMOCTH IHCTAHIUOHHOIO
Kypca M OTHOCHTEeJILHOI Joxoanoctu 1t OAO «PXK».

Kniouegvie cnosa: odbecneuenne oTpaciiu npodeccuoHaaIbHbIM
YeJI0BEYECKHM PecypcoM, pa3BUTHE 00pa30BaTeILHOTO MpoIecca,
CO3JaHNe U Pa3BUTHE aIPECHBIX MPOrPaMM JIJIsl 3aKpeNJIeHus Co-
TPYAHHKOB HA 00BbEKTaX 0TPAC/IH, COKpalleHne (PMHAHCOBBIX 3a-
TPaT Ha JONOATOTOBKY M NEPENOATroTOBKY, IKOHOMHYeCKast -
(peKTHBHOCTH AUCTAHIMOHHOTO 00yUYeHM.

BBEJIEHUE
TpeOGoBaHMsI K IOBHIIIEHUIO YPOBHS HAITMOHAILHOM Oe3011ac-
HocTH Poccuiickoii Denepanii ONpeIeNOTCS PIJIOM O0BEK-
TUBHBIX (pakTOpoB. K HUM OTHOCSATCS MOJMTHYCCKHN IKCTpeE-
MU3M U CeNapaTu3M, JEITeIbHOCTh HAIMOHAIUCTUYECKUX IKC-
TPEMUCTCKUX TPYNIUPOBOK, MEXKIAYHAPOJIHBIH TEPPOPHU3M,
Oopnba 3a sHeprernueckue pecypcbl. OcoOyr0 aKTyaJlbHOCTb

3TOT BOIPOC NPHOOPETAET B YCIOBUSIX MPOXO/SIIECTO B HACTOSI-
1iee BpeMst poriecca peopMUpPOBaHKS HA TPAHCIIOPTE.

OnuuM 13 HauboJiee MePCIEeKTUBHBIX HAMPABJICHU MOBbI-
ICHHS YPOBHS TOTOBHOCTH IIEPCOHANA K BBITIOJIHEHHUIO IEPEBO-
30K MOXKET CTaTh AMCTAHIMOHHAS NONOAroToBKa. Ee oTnnyu-
TENILHOM O0COOEHHOCTBIO SIBIISIETCSl MCIIOJIb30BaHUE MH(pOpMa-
IUOHHBIX TeXHOHOFHﬁ, KOTOPBIC TO3BOJIAIOT OTIEPATUBHO Opra-
HHM30BaTh Tpolecc o0yueHus: 6e3 oTpbIBa OT IMPOU3BOJICTBA, &
TaK)Ke BHE 3aBUCHMOCTH OT reorpaMueckoro MecTOMOoI0Ke-
HUS 00y4aeMBIX M caMoro neHTpa oOyuyeHusi. CyHIHOCTb IU-
CTaHIIMOHHOW JIOTIOJTOTOBKH COCTOMT B TOM, YTO 00Opa3oBa-
TENbHBIE YCIyTH MOTYT IPEAOCTABIATHCS BCEM MPOCTPAH-
CTBEHHO yIAJICHHBIM MMOTPEOUTEIISIM B PEKUME PEalibHOTO Bpe-
MEHH U B JII000# opMe 0TOOparkeHuUs, BKITIOYAs U HETIOCPE/I-
CTBEHHOE OOIICHHE C KBATU(PHUIUPOBAHHBIM MPOHECcCOPCKO-
MPEnoAaBaTeIbCKUM COCTaBOM. [Ipu 3TOM mpeycMaTpuBaeTcs
OXBAaT Pa3IMYHBIX YPOBHEW OPraHOB YIPABJICHHS JKEJIE3HOIO0-
POXHBIM TPAaHCIIOPTOM Ha OCHOBEC HCIIOJIB30BAaHHUA OIICPATHB-
HBIX CPEJCTB JBYCTOPOHHEro oOMeHa MH(OpMaILUend U dIeK-
TPOHHBIX Y4eOHBIX MaTepHaioB. JOMoJAroroBka nepcoHansa K
BBITIOJTHEHHUIO MIEPEBO30K BEACTCA MOCTOAHHO B COOTBETCTBUU
C YTBEPKACHHBIMHU IIJIAHAMU KEJIE3HBIX JOPOT 110 IMMOBBIIICHUIO
KBanH(UKaLUKH paOOTHUKOB BCEX KATErOpHil.

B Hacrosiiee BpeMs TpyAHOpa3peIINMOii 3aja4ueid sBisieTcs
OLICHKA CTCMEeHU BIUSHHS IMCTAaHIUOHHOW NOMOATOTOBKH U
TIEPETIOATOTOBKY NIepCOHaNa Ha 0e301acHOCTh, HKCILTyaTally-
OHHBIE TT0Ka3aTeJIN JOPOTH 110 BHITIOIHEHHUIO MIEPEBO30K B UPE3-
BBIYAITHBIX CUTYyalHsX. BIOMHE BO3MOXKHO, YTO TAKOE BIIUSHUE
MOJKET ObITh CYIIECTBEHHBIM.

Ha texymiunii MOMEHT HH()OPMALIMOHHbIE TEXHOJIIOTHH B CH-
CTeMe MOJrOTOBKH, JIOMOJrOTOBKH M MEPETOJArOTOBKH PaboT-
HUKOB YEJIe3HOI0OPOKHOTO TPAHCIIOPTA MO BHIMOIHEHHIO IIepe-
BO30K IPy30B B YPE3BBIYANHHBIX CUTYAlUAX HE MMOIYUHIH IIH-
pokoro pacrpoctpaHenust. st 3Toro HeoOX0AUM Hay4HO-Me-
TOJMYECKUH amlmapaT uX peaju3alnud ¢ yOeAWTeIbHBIM I10.-
TBepxkAeHUEeM dddextrBHOCTH [1].

MacitabHOCTh TPOBOIUMOM CErOHs PeOPMBI KEIE3HO-
JIOPOXKHOM OoTpaciu morpeboBaia ynydlieHus KadyecTBa oopa-
3oBarenbHOro ypoBHs crneruanuctoB OAO «PX]». Tloaro-
TOBKa KaJpOB BKJIIOYAET B ce0sl CICAYIOIINE COCTABIISIONIUE:
MOJTHOIICHHBIH OXBAT M HEMIPEPHIBHOE 00YUEHHE BCErO COCTaBa
CICIUATIMCTOB OTPAaciii, obecrnevyeHne TpedyeMoro KadectBa
o0ydeHust U ONTHUMHU3ANKs (HUHAHCOBBIX 3aTpaT HA TH LEIH.
IIpu 3TOM O/HOM M3 OCHOBHBIX 3a[ay MOJrOTOBKH CIIEIHAIIH-
CTOB SIBISIETCSI OBbINIeHUE 3D (DEKTUBHOCTH PabOThI JKeJe3HO-
JIOPO’KHOTO TPAHCIOPTa M COKpAIleHHEe HEPOU3BOACTBEHHBIX
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MOTEPh C LEJBI0 YBEIMUYCHUS JOXOAHOCTH 3TOW OTPaciH KO-
HOMUKH U oOecrieueHust 0e30acHOCTH MepeBo30K. Mcxons u3
atoro, pykooactso OAO «PXKJI» ynenser Ooibiioe BHUMA-
HUE JIONIOIrOTOBKE, MOBBIIICHUIO KBATN(HUKALUH 1 IEPEHOAT0-
TOBKE NEpCOHaJa, PAcX0/ysl Ha 3TH LeJH 3HAUYNTEIIbHbIE Cpe/i-
CTBa.

BriostHe 04YeBMIHO, YTO HEMpPABWIBHBIC W HEyMEJbIE ICH-
CTBHSI paOOTHHKOB JKEJIE3HOIOPOKHOTO TPAHCIIOpTA IIPH Opra-
HU3AIIH SKCIUTYaTallMOHHOW pabOTHl MOTYT MPHUBECTH K BO3-
HUKHOBEHHWIO UPE3BBIUANHBIX CHUTYAIlHi, KOTOPHIE COIPOBOXK-
JAIOTCS YEIIOBEUECKUMH JKEPTBaMH, 3HAUYUTEIBHBIM MaTepH-
QIBHBIM yIepOOM, HaHECEHHEM Bpela OKpYIKalolled cpele,
JUIATCJIBHBIMU MEPEPhIBaMU B IBUKCHHUU MOE310B, YTO CYIIEC-
CTBECHHO CHMXXACT BO3MOXXHOCTH IIO BBIITIOJJHCHUIO BCEX BHUIOB
MIePEBO30K.

AHanu3 paboT B 00JIaCTH OLIEHKH BO3MOKHOCTEH JKeJIe3HO-
JIOPO’KHOT'O TPAHCHOPTa MOKa3aJl, YTO XapaKTep BIUSHUS Yello-
BeYeCKOro (hakTopa WIIM KaIpoBOTO IOTEHIMANa UCCIIeIOBaH
HEJOCTaTOYHO. B HacTosIee BpeMs CTETIeHb BIUSHUS KaJIpo-
BOTO IIOTCHIIHAIA HAa BO3MOXXHOCTH YKEJIE3HOJOPOKHOTO TPAHC-
ITOpTa MOXKHO OIICHUTH TOJBKO IO OTYCTHBIM MOKA3aTelsIM pa-
OOTBHl OTHECTHHON JOPOTH IYTEM CPABHHUTCIHFHOTO aHAIlN3a
HAIWYHS U YPOBHS KBATA(DUKAIIUH [IEPCOHATA.

OCHOBHBIE [IOHSTHS U OIIPEJIEJIEHUS

Cucrema o ;r0TOBKY Y MOBBILIEHHSI KBATM()HUKALIMN TIEPCO-
Hajla JKeJe3HBIX Jopor Oasupyercs Ha peuiennn Koserun
MIIC ot 27.05.1995 Ne 29 «O xopeHHOM OOHOBICHHUU KaJpO-
BOM MOJUTHUKU Ha KEJIE3HOIOPOKHOM TPAHCIIOPTEH

B npodeccronansroii nonroroske kaapos st OAO «PXI»
OCHOBHBIMH 33/Ia4aMU SBISTFOTCS: PO eCCHOHAIbHAS Hadallb-
Hasl TIOATOTOBKA, 00ydeHIe BTOPHIM IPOQECCHsIM, TOBHIIIICHIE
KBaTU(UKAINH ITyTEM TIEPHOIIMYECKON JOMOATOTOBKY U TIepe-
MTOJITOTOBKH B CIIEIIMAJIM3MPOBAHHBIX YUEOHBIX LIEHTpaxX u 00-
pa3oBaTeNbHBIX yapexkaeHusX [1, 2]. Bo3Hukmas B mocieHme
roZibl Ipo0JieMa palMOHAIBHOTO UCIIOIB30BAHHS UMEIOIIUXCS
MIPOM3BOJICTBEHHBIX MOIIHOCTEH OTpaciy Ui BCeX BHUJOB Ie-
PEBO30K HE MOXET OBITh pelleHa 0e3 CUCTEMHBIX HCCIIeI0Ba-
HUM B JaHHOW mpeaMeTHOW obOsactu. J[Isi pemieHus Takux
KPYITHBIX OpPTaHU3alMOHHBIX MPOOJIeM TpeOyeTcss COCpeaoTo-
YUTh YCWIMSA CHEIMAINCTOB PAa3IMYHBIX OTPACIEBBIX BY30B
ctpanbl, OAO «PXX» nu MunuctepctBa Tpancnopta Poccuii-
ckoit denepanuu.

03a0049eHHOCTh 0€30IaCHOCTEIO BIKECHUS M POCTOM IIPO-
HM3BOAMTEEHOCTH TPYIa HA TPAHCIIOPTE BCE YaIlle HCXOINUT U3
BIUSHHS Ha 3TH IPOLECCH YeIIOBEYECKOTro (hakTopa, TO eCTh
kBanudukanuu nepconana. dexepanbHOi MporpamMmmon obec-
neyeHust 6e30MacHOCTH Ha TPaHCIOPTE MPEIyCMOTPEHa pa3pa-
00TKa MPOrpaMM U HAYYHO-METOJUIECKOTO 00ECTICUSHHS IS
MOBBIIICHHSI KBATM(HUKAIH PAOOTHHUKOB JKEIE3HOIOPOKHOTO
TpaHcmopTta [1, 2]. YMensie AecTBHS MEPCOHANA KEJIC3HBIX
JIOPOT TTO3BOJIAT COKPATHTh YHCIIO TOTHOIINX, COXPAHUTH 3/10-
POBbE MOCTPAABIINM, YMEHBIIUTh COLUANBHBIA U SdKOHOMUYE-
CKHH yIep0, moep>kuBaTh Ha TpeOyeMOM ypOBHE HOpMaTHB-
HBlE TIOKa3aTeId BO3MOXHOCTeH. OCOOyI0 aKTyaJbHOCTH 3TO
NpUOOpeTaeT B YPE3BBIYANHHBIX YCIOBHAX SKCILTYaTAllMOHHOM
padoTHI.

[TonydeHHble B mpoliecce HayalbHOM IOJTOTOBKH OOIIe-
TEOpEeTHIECKHE 3HAHNS CPAaBHUTEIBHO OBICTPO TEPSIOTCS, a KO-
JIMYECTBO MPO(ECCHOHATBHBIX IIPUBBIYEK YIIPOIIATH TPHHUMA-
eMBbIe pemIeHns HakarmBaeTcs. [Ipu onpeneneHHbIX YCIOBISIX

9TO W SBISETCS MCTOYHHUKOM IIPOUCIIECTBUN M HApPyIICHHS
MPaBUJI SKCIUTyaTallid TPAHCIOPTA, YTO HEW30eXHO BEOEeT K
CHIDKEHHIO €r0 BOZMOXKHOCTEH. B CITOKHBIX yCIOBHAX HKCILTY-
aTallMOHHOW OOCTAaHOBKH 3TO MOXET MPUBECTH K HEMPaBHIIb-
HBIM JISHCTBHSM KaK OPTaHOB YIIPABJICHHUS, TAK U SKCIUTyaTaIlH-
OHHOTO TIEPCOHAJIA, YTO B CBOIO OYEepPEab MOXKET CTaTh MPHUIH-
HOM CpbIBa CPOKOB BBIIIOJIHEHHUS BCEX BUIOB nepeBo3ok. Ciie-
JIOBaTEJIbHO, JOMOATOTOBKY Yepe3 OIpe/AeieHHbIe IePUOIbI
BPEMCHHU B IJIAHOBOM IOPAAKE TOJLKHBI IPOXOAUTH BCE pa60T-
HHUKH YKEJIe3HOJIOPOKHOTO TpaHcmopra. B Hacrosimiee Bpems
9TOT TOKa3artenb cocraBisier He 6onee 10 % oT obmieii yucieH-
HOCTH TIepCOHAa.

[Mox mepenoAroToBKOH KaapoB MpeiaraeTcs MOHHNMATh
oOydeHrne paOOTHHKOB HOBBIM IpodeccHsM, oOydeHHUe C Iie-
JBIO JTOMMyCcKa K IKCIUTyaTall OoJiee CIOXKHOTO 000pyHoBa-
HUS, BHOBb TIOCTYITUBIIICH TEXHUKH, HOBBIX CPEJICTB YIIpaBIie-
HUS, a TAaKXKe C IENbI0 BBIIBIDKCHUS CIICIIUAICTOB Ha Oojee
BBICOKHE JIOJDKHOCTH, OCOOCHHO B aMHHHCTPATHBHO-XO3SIH-
CTBEHHBIN W YIIpaBiIeHYECKUH anmapar [3, 4].

Heo0xoanMocTs U 11e7€c000pa3HOCTh TAKOTO Pa3/IeNeHus
HOHSTHUS «IIOBBIIIICHUE KBATU(PHUKALMK TEpPCOHaNa» 00YyCIOB-
JIeHa TaKKe TeM, YTO U M0 00bEeMy HM3y4aeMoro MaTepHana, u
1o (PMHAHCUPOBAHUIO JOTOATOTOBKA M MEPEoroTOBKA CyIile-
CTBEHHO OoTIM4atoTcst. COOTBETCTBEHHO, /ISl IEPETIOTOTOBKH
KaJpoB TPeOYIOTCs 00pa3oBaTeIbHbIC YUPEXKICHUS Ooiee BbI-
COKOT'0 YpOBHSI, OCHAIlIEHHbIE HOBEHIEH yueOHO-MaTepualb-
HOW 0a30¥, YKOMIIJIEKTOBAaHHBIE XOPOLIO ITOATrOTOBICHHBIM
PO ecCOPCKO-MPEIOAaBATEIECKUM COCTABOM.

TpeboBanust K 00pa30BaTENBHBIM YUPESKACHUSIM (TIEPCIIeK-
THUBBI X Pa3BUTHS) OTIPEIEISIOTCS B IIPOLIECCE PeaTn3aIiui Uc-
CIIeZIOBATEILCKOW MOJEIH Ha OCHOBE MPOTHO3MPOBAHUS IIO-
TpeOHOCTH B 00pa30BaTENFHBIX YCIyTaxX IO KAXKAOMY Mpea-
MIPUATHUIO ¥ IO KAXKAOH MpodeccHm.

Jeranm3anusi BBHIXOAHBIX MapaMETPOB MOJEIH IaeT BO3-
MOYKHOCTh KOHKPETH3MPOBAaTh 33j1a4d Ul 00pa3oBaTeIbHBIX
YUPEXKICHUI N0 YPOBHSIM U CIOXKHOCTH pelIaeMbIX 33714, 110
3HAYUMOCTHU KaTeropuii 00y4aeMbIX, pean3oBaTh Ha MPaKTUKE
METOJI ayTCOPCHHIa MO Tepejade oOpa3oBaTeNIbHBIX YCIYT.
Brnonne oueBuaHO, uTO O0JIEee TayOoKas JAeTanu3anus noTpeo-
HOCTH B 00pa30BaTeJbHBIX YCJIyrax BeJIeT K yCIO0XKHEHHIO 00-
pa3oBaTeIbpHOTO TpoIiecca i, 0€3yCIIOBHO, K €r0 YAOPOKaHHIO,
HO o0ecrieunBaeTcs 001ee BRICOKOE Ka4eCTBO OATOTOBKH CIIe-
nuanmcToB. Kakyieecs mpoTHBOpedre MOXKET OBITh MPEoJIo-
JICHO 32 CUET BHEIPCHUS COBPEMECHHBIX HHPOPMAITHOHHBIX TEX-
HOJIOTH Ha OCHOBE IUCTAaHIIMOHHOTO 00yUYCHHS IepCOHAA.

Jiist 3¢ ¢dexTHBHOTO BHEAPEHUS AWCTAHIIMOHHOTO 00y4e-
HHS Ha OCHOBE COBPEMEHHbBIX MH(OPMAIOHHBIX TEXHOJIOTHI
HE00XOIMMO PEIINTh PS OPTaHU3aIOHHBIX Bonpocos. Ilpen-
JaraeTcs paccMaTpUBaTh M CPaBHUBATH 110 3()(HEeKTUBHOCTH /IBE
opraHu3aimonseie GopMbl. OHA U3 HUX — CO3JIaHUE IIEHTpa
mucranionHoro o0ydenus (KLIJIO) B cymiecTByIOMmuX CTPyK-
TypaxX KOPIOPALUH CO BCEMU NMPEOOPa30BAHUAMH U PACXOJAMH
Ha ero (yHKIHMOHHpOBaHUE. BTopoil BO3MOXHBINH BapHaHT —
CO3/JJaHUE IIEHTPa JUCTAHIIHOHHOTO 00YyUEHHMS [Tl KOHKPETHOH
Joporn Ha 0a3e BEIyIIEro OTpacieBOro By3a B PpETHOHE
(ALO0) [5, 6]. 3agaua 3TUX HEHTPOB — METOAUYECKOE 00ec-
TIEYCHNE U MPAKTUUECKOE YIpaBJIeHHUE JOMOIIOTOBKOH 1 Iepe-
MOATrOTOBKOM MepcoHaia.

Yt00B1 000CHOBATH T1E1€CO00Pa3HOCTh U AIKOHOMUYIECKYTO
3 pexTHBHOCTS QYHKIMOHUPOBAHUS TaKUX IIEHTPOB, HEOOXO-
MO BEITIOJTHUATH COOTBETCTBYIOIINE (huHAHCOBO-
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SKOHOMHUECKUE PacueThl, IPOBECTH HKCIEPUMEHTANbHBIE UC-
CJIe/IOBaHUsI 000OLINTD Pe3yIbTaThl (PYHKIIMOHUPOBAHUS ATHX
LEHTPOB U ITyTeM CPaBHUTEIbHOMN OILIEHKH PEKOMEHI0BATh AJIS
OAO «PX/Iy myummii u3 HUX.

OBOCHOBAHUE DKOHOMUWYECKOW DOPEKTUBHOCTU
JUCTAHLIMOHHOI'O OBYYEHUS

IIpu pa3paboTke U CpaBHUTEINBHOMN OIEHKE HECKOJIBKUX Ba-
PHAHTOB WHBECTHIMOHHOTO MPOEKTa HEOOXOIMMO yUUTHIBATH
BIIMSTHAE M3MEHEHHs O0BEMOB MPOJaK HA PHIHOYHYIO ICHY
MIPOLYKINH U IEHBI TOTPEOIIIEMBIX PECYPCOB.

[Ipu omenke >PPEKTHBHOCTH MHBECTHUIIMOHHOTO IIPOCKTA
COM3MEpEHUE Pa3HOBPEMEHHBIX MOKa3aTeNlel OCyIecTBIsIeTCs
MyTeM MpHUBEACHUS (JUCKOHTHUPOBAHMSA) HUX K IEHHOCTH B
HavaJlbHOM MEpUOJEL. I[J'DI MpUBCACHUA PA3HOBPECMCHHLIX 3a-
TpaT, pe3ysbTaToB U 3G (eKkToB HCHoNb3yeTcsl HOpMa AUCKOHTA
E, paBHas nmpuemiieMoil JUlsl HHBECTOPa HOPME J10X0Ja Ha Ka-
nurtan [6—8].

Texanuecku npuBeneHne K 0a3UCHOMY MOMEHTY BPEMEHH
3aTpaT, pe3yabTaToB H 3P (PeKTOB, IMEIONIMX MECTO Ha {-M IIa-
re pacdera peaJn3aliy IPOeKTa, YA0OHO IIPOU3BOANTH ITyTEM
X YMHOXXEHHS Ha KOA(Q(UIMEHT ANCKOHTUPOBAHHMS d;, OTIPE-
JIeTISIeMBbIH JJ11 IOCTOSTHHOM HOPMBI JUCKOHTA E Kak

1

aver W

a; =
rie t — Homep miara pacueta (=0, 1,2, ..., T);
T — ropu3oHT pacyera.

B pacuetoB npenycMOTpeHO NpUBEIEHUE K MOMEHTY Bpe-
MeHHu ¢ =0 HEmocpeACTBEHHO Mociie mepBoro mara. OaHako
BO3MOJKHO TIpHBeICHNE K (PUKCHPOBAHHOMY MOMEHTY (HAIIpH-
Mep, IIPH CPaBHEHUH MPOEKTOB, HAUWHAIOIINXCS B pa3INIHBIC
MOMEHTHI BPEMEHH).

CpaBHEHHE PA3NIUYHBIX WHBECTHIIMOHHBIX MPOEKTOB (WIIH
BapHaHTOB IIPOEKTA) U BEIOOP JYUIIIEro U3 HAUX PEKOMEHIYeTCs
MIPOM3BOJIUTH C UCIIOJNIE30BAaHMEM PAa3IHYHBIX ITOKa3zaTeleH, K
KOTOPBIM OTHOCSATCSL:

— YHCTBIA JUCKOHTHpOBaHHBIK goxon (Y/) wumm unre-
rpaybHbIi A3 dekT;

— unnekc goxonunoctu (MJ);

— BHYTpeHHAs HopMa noxoaHoctu (BH/I);

— CPOK OKYTIAaeMOCTH;

— IpyTHe TOKa3aTeld, OTPAXKAIOIIHE MHTEPECHl YIaCTHH-
KOB FJTH CIICII(PHUKY TIPOCKTA.

[Ipu ucronp30BaHUN TIOKA3aTeICH U CPABHSHUS Pa3iInd-
HBIX WHBECTHUIIMOHHBIX IPOCKTOB (BapHAHTOB INPOEKTA) OHHU
JIOJDKHBI OBITh TIPUBEICHBI K COMIOCTABIMOMY BHUJTY.

Uucteit quckonTupoBanubiil goxon (YJ) ompenensiercs
KaKk CyMMa TeKyIHX 3((eKTOB 3a BECh PacUETHBIA MEPHO,
MpUBEJICHHAS K HAYAIbHOMY IIary, WM KakK MPEBHIIICHUE HH-
TerpajbHBIX PE3yIbTaTOB HaJl MHTETPAILHBIMH 3aTpaTaMHu.

Ecnu B TeueHne pacyeTHOTO mepuoaa He TMPOUCXOAUT WH-
(IAMOHHOTO U3MEHEHMSI LIEH WK pacdeT POU3BOIUTCS B Oa-
30BbIX LIeHaX, TO BeauunHa Y1/ A nocTOSITHHOW HOPMBI AMC-
KOHTa BBIYHUCIISETCS 10 (hopMyJie:

T

1
Yaa = Z(Rr -30) Xm. )

rae R;— pe3ynbTaThl, JOCTUTaeMble Ha /-M Illare pacuera;
3¢ — 3aTpaThl, OCYIIECTBIIEMBIC Ha TOM K€ IIIare;

T — TOpU30HT pacyeTa, paBHBIA HOMEpY IIara pacueTa, Ha KO-
TOPOM MPOU3BOIUTCS JIUKBUIAIMS 00BEKTA;
3; = (Ry — 3;) — 3bdexr, nocTuraeMsplii Ha {-M IIare.

Ecau Y1/l vHBECTUIIMOHHOTO MPOEKTA MOJIOKHUTEIEH, TPO-
eKT siByseTcs 3pPeKTUBHBIM (TIPU TAHHOW HOPME TUCKOHTA) U
MOJKET PacCMaTPHUBATHCS BOIIPOC O ero MpUHATHH. Yem OorbIe
Y/, Tem apdexTruBHEE MPOEKT. ECm MHBECTHIIMOHHBIN TIPO-
eKT OyZeT ocyIIecTBIeH npu orpurarensaoM YJ1J1, uaBecTop
TTOHECEeT YOBITKH, TO €CTh IPOEKT Hed(pekTruBeH.

Ha mpakTrke 9acTo moap3yroTcs MOAUGHUIIIPOBAHHON (hop-
MyJsioil nns onpeaenenus Y. s sToro u3 cocrasa 3; UC-
KITIOYAIOT KalNTaJIbHbIE BIOXKECHUS 1 0003HAa4aroT yepe3 K, Ka-
MUTAJIOBJIOXKCHUS HA {-M Iare, yepe3 K — CyMMy TUCKOHTH-
POBaHHBIX KAIUTAIOBIIOXKEHHUH, TO €CTh

T
1
K=;Ktx—(1+E)t, 3)

a yepe3 3;, — 3aTpaThl HA /-M IIare MpH YCJIOBUH, YTO B HUX
HE BXOJIAT KamuTanoBioxeHus. Toraa ¢popmyna (2) mrss Y11
3aITUChIBACTCS B BUJIC

4 1
yan = Z(Rr = 34) X A+ B %)

Y BBIpa)KaeT Pa3HUILY MEXIY CyMMOH MPHUBEICHHBIX 3 (PEKTOB
Y TIPUBEJCHHON K TOMY K€ MOMEHTY BPEMEHH BEJIMYMHOH Ka-
MUTAIbHBIX BIOXKeHUH K.

B ¢opmynax (3)(6) B koHue 7-ro (mocienHero) mara
JIOJDKHA YUYHTHIBATHCS peain3anus akTuBoB (ycioBHas). Eciu
JKe MpeaycMaTpuBaeTcsa ACHCTBUTEIbHAS JIMKBUIAINS IPOU3-
BOJICTBA, OHA JIOJDKHA OBITh BKJIIOYEHA B MPOEKT. UncTas JHK-
BUAANMOHHAS (OCTaTOYHAS) CTOMMOCTH OOBEKTa MOyYaeTCs B
pe3ynbTaTe BBIYUTAHUS PACXOJOB M0 JMKBHIAALUHN U3 CTONMO-
CTH MaTEepHAIBHBIX LEHHOCTEH, MOIyYaeMbIX IPH JIMKBHUA-
LUH.

B dopmyny mist K yOBITOK BXOIUT CO 3HAKOM «ILTIOC», a
JIOXOJ1 — CO 3HAKOM «MHHYC».

Wunexce noxonnocru (M) mpencrasnsier coboi OTHOIIE-
HHE CyMMBI NPHUBEICHHBIX 3(Q(EKTOB K BEIMUMHE KaIlUTaJIO-
BIIOJKEHUM:

T
1 1
:E;(Rt_3t+)xm- 5)

Wunexe noxomHoctu TecHo cBsazan ¢ YJ1 /1. On ctpoutcs u3
T€X K€ JJEMEHTOB, U €r0 3HA4YE€HUE CBS3aHO CO 3HAYCHUEM
YJA: ecmm YA/ monoxuteneH, To U1 > 1 u Hao6opot. Eciu
N> 1, to mpoekt 3dpdexTuren, ecimu U1 < 1 — neapdextn-
BEH.

Buytpennss sHopma noxonnoctu (BH/I) npencrasinser co-
0oif Ty HOpMY muCKOHTa Epy, MpH KOTOPOH BENWYHMHA TPHBE-
JICHHBIX 3(h(DEeKTOB paBHA MIPUBEICHHBIM KAITUTATIOBIOKECHUSIM.
WueiMu ciosamu, BH/] siBnsieTcst pemeHreM ypaBHEHUs

Z 1+ EBH)f (6)

Ecnu pacuer Y/I/l M”HBECTULIMOHHOTO MPOEKTa JA€T OTBET
Ha BOTIPOC, SIBIISIETCS OH 3(P(PEKTUBHBIM WM HET MPH HEKOTO-
poit 3amaHHOM Hopme nuckoHta FE, To BHJ[ mpoexra

Rt - 3t+
(1 + EBH)t
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OIIpEJCIIECTCA B IIPOLECCE pacyeTa U 3aTe€M CPABHMUBACTCA C
TpeOyeMoii MHBECTOPOM HOPMOM JI0X0Ja Ha BKJIAJbIBAEMBIN
KaIluTal.

B cnyuae, korna BH/I paBHa unu Gosbine TpeOyeMoii HH-
BECTOPOM HOPMBI JI0XOJa Ha KaImuTajl, HHBECTUIIUY B JaHHBIN

paccMaTpuBaThCs BOIPOC O €ro NpUHIATHU. B mpoTuBHOM ciy-
Yyae MHBECTUIMHU B ITPOEKT HELEJIECOOOPa3HEbI.

Ecnu cpaBHeHHE anbTepHATUBHBIX (B3aUMOUCKIIIOYAOIINX )
WHBECTUI[MOHHBIX MPOEKTOB (BapHaHTOB IpoekTa) mo YJIJ[ u
BH/I (Tabn. 1) mpuBOAAT K NPOTHUBOIOJIOKHBIM pe3yJbTaTaMm,

VHBECTUI[UOHHBIN NPOEKT OIIpaBJaHBbl, u MOXKET npeamnouTeHue ciueayer oraasatb YJIJ1.
Tabmmma 1
DKoHOMUYECKast 3PPEKTUBHOCTD JUCTAHIIMOHHOTO O0YUCHUS MPH CHIDKEHUH JOXOAHOCTH (IKCIICPUMEHTAJIBHBIC JJAHHBIC)
CHuzKeHHe KeJ1aeMoii NpUudbLIn
Yucao
JKeJIE3HBIX Iloka3aTtensn (Bcero 3a nepuona)
aopor HopmanbHoe | CHuskenue | CHuxenue
3HaYeHHUe Ha 10% Ha 20%
Joxoabl, MJIH pyo 238,93 233,97 225,86
JKCIIyaTAUOHHBIE PACXOAbI, MJIH PY0 186,81 183,38 177,57
1 [pu6sbLIB, MJIH Py 52,13 50,59 48,29
JIMCKOHTHPOBAHHBII NOTOK peajibHbIX JeHer, MJIH py0 14,08 13,02 11,47
HNHaekc 10X0AHOCTH 1,47 1,44 1,39
ROI, % 0,02 0,02 0,01
Joxoabl, MJIH pyo 427,12 416,71 405,31
JKCIIyaTAUOHHBIE PACXOAbI, MJIH PYy0 355,42 347,33 338,25
: [pu6sbLIBL, MJIH Py 71,69 69,39 67,06
JIMCKOHTHPOBAHHBII NOTOK peajbHbIX JeHer, MJIH py0 29,44 27,85 26,17
HNHaekc 10X0AHOCTH 1,99 1,94 1,88
ROI, % 0,03 0,03 0,03
Joxoabl, MJIH pyo 664,90 64,87 624,98
JKCIIyaTAUOHHBIE PACXOAbI, MJIH PYy0 569,13 555,82 536,41
3 [pu6sbLIB, MJIH Py 95,77 92,87 88,57
JIMCKOHTHPOBAHHBII NOTOK peajbHBIX JeHer, MJIH py0 46,38 44,35 41,36
HNHaekc 10X0AHOCTH 2,56 2,49 2,39
ROI, % 0,05 0,05 0,05

[Tpu ucnonszoBannu BH/I crienyer cobmonars H3BECTHYIO
OCTOPOKHOCTh. Bo-nepBBIX, OHA He Bcerga cymecTByer. Bo-
BTOPBIX, ypaBHeHHE (6) MOXET MMETh OOJIbIIE OJHOTO pellle-
Hus. IlepBblif ciydait BecbMa peiok. Bo BTopoM KOppeKTHBIH
pacuyer BH/I HECKOJIBKO 3aTpyAHUTENICH, XOTSI U BO3MOXKEH. B
Ka4eCTBE TEPBOTO MPUONIKEHHS B CUTYaIlH, KOTJa IPOCTOM
(HEIMCKOHTHPOBAHHBIA) HWHTETPATBHBIN A(P(PEKT IMTOIOKUTE-
JeH, psn aBtopos [1, 3, 6, 7] mpemnaraet NpuHAMATE B Kade-
ctBe Epy 3HAaueHHME HAUMEHBUIETO MOJIOKUTEIBHOIO KOpPHS
ypaBHeHHS (6).

Cpok OKynaeMOCTH — MUHHMAaJIbHBII BpEMEHHOM HHTep-
BaJI (OT Havaja OCYIIECTBIICHUS IPOEKTA), 3a IpeJieslaMH KOTO-
pOro HMHTErpalibHBIA AP(EKT CTAaHOBUTCS M B JalbHEWIIEM
ocTaeTcd HEOTpULATEeIbHBIM. IHBIMU clloBaMH, 3TO MEPHO,
U3MepAEeMBbIi B MecsIax, KBapTajaxX WM rofax, HauuHas ¢ Ko-
TOPOTO NEepPBOHAYANBHBIE BIOKEHUS U IPyTHE 3aTPAThI, CBSI3aH-
HBIE C MHBECTHIMOHHBIM NPOCKTOM, MOKPHIBAIOTCS CyMMap-
HBIMH PE3YJIbTATAMH €TO OCYLIECTBIICHHUS.

Pe3ynbpraThl M 3aTparhl, CBSI3aHHBIC C OCYIIECTBICHHUEM
MIPOEKTa, MOXKHO BBIYHCIATH C JAUCKOHTHPOBaHWEM WK 0Oe3
Hero. COOTBETCTBEHHO, IOJIyYUTCS JIBa Pa3IMYHBIX CPOKa

okymnaeMocTH. CpoK OKyIIaeMOCTH PEKOMEH/IyeTCs OTIPEIENATh
C UCIIOJIb30BAHNUEM TUCKOHTUPOBAHHUS.

IIpu HeoOxomumocTu yuyeta HHGIsIMHU Gopmybl (3)—(6)
JIOJKHBI OBITH TPe00Pa30BaHbl TaK, YTOOBI U3 BXOISIINX B HUX
3HAYCHUHN 3aTpaT U PE3yJIbTATOB OBUIO UCKIFOUCHO HUH(IIAIH-
OHHOE M3MEHEHHE IICH, T. €. YTOOBI BETMINHBI KPUTEPUEB OBLIH
MIPUBEJICHBI K IICHaM PAaCYETHOTO IEPHOIa. DTO MOYKHO BBITION-
HUTH BBEJICHIEM IIPOTHO3HBIX HHJIEKCOB IIeH U Ae()IUPYFOIIX
MHOXXUTEJEH.

[Ipu 5TOM HEOOXOIMMO YUHTHIBATH H3MECHEHIS [ICH 32 CYET
HEeUH(IAUOHHBIX MPUYUH H MO-TIPEKHEMY OCYIICCTBIATH
JUCKOHTHPOBAHME.

Hapsiny ¢ mepedncieHHBIMU KPUTEPUSIMH B psJie CIydacB
BO3MOYKHO HCTIONB30BaHUE M pANa APYTHX: HHTETPATbHON 3¢-
(exTUBHOCTH 3aTpaT, TOYKH Oe3yOBITOYHOCTH, TPOCTON
HOPMBI NMPHOBLTH, KaNUTATOOTAaYd U T. A. J[11 mpumeHeHuns
Ka)XJIOT0 U3 HUX HEOOXOIMMO SICHOE TIPECTAaBICHNE O TOM, Ka-
KOH BOIPOC SKOHOMHUUECKON OLEHKH MPOEKTa PEIaeTCs C ero
HCTIOJIB30BAHUEM U KaK OCYIICCTBISCTCS BEIOOP PEIICHUS.

Hwu ouH 13 mepeyuciieHHBIX KPUTEPUCB caM Io ce0e He sB-
JSETCS JTOCTATOYHBIM JUIs TPUHSTUS TpoekTa. PerneHue 00

Humennexkmyanvnvle mexuonozuu na mpancnopme. 2022. Ne 4 33



Intellectual Technologies on Transport. 2022. No 4

WHBECTHPOBAHUHU CPEJACTB B NPOEKT JOJDKHO NMPUHUMATHCS C
YYETOM 3HaYEeHUH BCEX MEPEYUCICHHBIX KPUTEPUEB U HHTEPE-
COB BCEX YYaCTHHKOB WHBECTHLIMOHHOTO TpoeKkTa. BaxHyro
POJIb B 3TOM PEIISHUH JJOJDKHA UI'PaTh TAKXKe CTPYKTypa U pac-
IpesielieHHe BO BPEMEHH KalluTaa, MPHUBJIEKaeMOro sl ocy-
IIECTBJICHUS IIPOEKTA, a TAKXKe Ipyrue (haKkTopbl, HEKOTOPHIE U3
KOTOPBIX TOAMAIOTCS TOJNBKO CONepKaTelbHOMY (a He ¢op-
MaJbHOMY) YUETY.

Hus onenku >¢¢pexrusHocTH padotsr AIJIO II'VIIC no
pa3paboTaHHOI aBTOPOM MOJIENIN HEOOXOIMMO OMPEICITUThCS
C HaYaJIbHBIMU IIapaMeTPaMy MOJICTIH, B KA4€CTBE KOTOPBIX MO-
TyT OBITh UCHOJB30BaHbI AaHHBIE 0 pabore LIUNTO IIT'VIIC.
Jnst Toro 4toObl OLIEHUTH Bce IMoKaszaresu 3(PQEeKTUBHOCTH
MPOEKTOB M0 co3aanuto AByX BuzoB L[JI0, HeoOxomumo cripo-
THO3UpOBaTh padoTy neHrpa J{O Ha onpeseneHHOE BpeMsL.

st cocraBienus: nporuo3a 3hGeKTHBHOCTH padOTHI OblIa
paspaborana u peanusoana Ha Microsoft VBA monenp dhyHk-
muoHupoBanus padorer JUJO III'YIIC u KOO OAO
«PXI». Mopgens ommchIBaeT MOTHOQYHKIIHOHATIBHYIO Ies-
TENBHOCTh LIEHTpPAa 110 IPENOCTABICHUIO AyTCOPCHHIOBBIX
yeryr OAO «PXK]I» mo o0y4eHHI0 COTPYIHUKOB U MTO3BOJISCT
CpaBHHUTH 3(P(PEKTUBHOCTH HCIIOIB30BaHUS AYTCOPCHHIOBBIX
YCIIYT CTOPOHHEH KOMIIaHHH C CO3/1aHHEM COOCTBEHHOTO IICH-
Tpa AUCTAHIIMOHHOTO OOYYEHHS, a TaKkKe C IPUMECHEHHEM OY-
HOM (DOPMBI TOATOTOBKY M IEPETIOATOTOBKH IIEPCOHAIA IT0 Pa3-
JIMYHBIM TI0Ka3aTeJsIM:

— YUCTOTO JUCKOHTHPOBAHHOTO JOXOa;

— WHJAEKCA JOXOJHOCTH;

— BHYTpPEHHEI HOPMBI JJOXOTHOCTH;

— CpOKa OKYHNaeMOCTH;

— coBokynHoi croumoctu Biagenus (Total Cost of Owne-
rship, TCO);

— Bo3Bpara Ha nHBecTuMH (Return On Investment, ROI).

3AKJIIOYEHUE

OCHOBHO#H eJMHULEH NPU MOAEIMPOBAaHWUHU OBbII BBIOpaH
caM JUCTaHIMOHHBIN Kypc. JluHaMuKa pa3BUTHsS LIEHTpa U 3a-
TpaTtel OAO «PXX/I» HanpsAMy!o 3aBUCST OT KOIUYECTBA KYPCOB,
CTOMMOCTH OOYy4YEeHUs 1O Kypcy, ce0eCTOMMOCTH pa3paboTKH
Kypca, KoJu4ecTBa oOydaromuxcs Ha Kypce, HeoOXOIMMOro
YHCIIa MPETIoJaBaTeNeil M pa3Mepa OIUIaThl X TPyAa U T. A.

Mogzenp mpeaycMaTpUBaeT MONYyYCHHE IIEHTPOM OIpene-
JIeHHOW MpuOBLIH. J[0 BO3BpaTa HHBECTHIUH pa3Mep MPpHOBLIH
MIPUHAT MaKCUMaIbHO BO3MOXHBIM (10 % oT cTtomMoct 00y-
YEeHUsI), OJJHAKO NPH JOCTHKEHHH CPOKa OKYTIaeMOCTH pa3Mep
MIPUOBLTH COKPAIIAETCsl W PACCUMTBIBACTCS HCXOMAS U3 Iapa-
METpa «BEJIMYNHA JKeJIaeMOH NpUObLIN». Moiesb TakkKe Tpe-
nonaraet paszsutue JIL/1O IIT'VIIC, To ecTh co3aanne HOBBIX
JUCTaHIIMOHHBIX KypcoB. Ha HacTOSIIMIT MOMEHT B CTaThsIX 3a-
TpaT, npexycMotpeHHbIX i ¢punranoB OAO «PXK», Henb3s
BBIJICJIUTh CTAaThIO, [0 KOTOPOH BO3MOXKHO (hMHAHCHPOBAHUE
pa3paboTKM JMCTaHIMOHHBIX y4yeOHbIX KypcoB. [lnsi Toro
YTOOBI JTAHHBII IPOEKT MOT Pa3BUBATHLCS, B MOJIEINb 3AJI0KEHO
MIOCTOSTHHOE HapalliBaHUE KypCOB, HCIOJIB3YEMBIX B y4eOHOM
TIporecce.

JINTEPATYPA
1. Epumosa, O. B. Ouenka 3pPpeKTHBHOCTH CUCTEMBI -
CTaHIMOHHOTO 00y4eHus moib3oBateneii B OAO «PXK]» /
O. B. Edumoga, E. b. babomun // JxoHOMHKA KeJIE3HBIX J0-
por. 2004. Ne 10. C. 52-58.

2. O6ocHoBaHue 3P PEKTUBHOCTH JUCTAHITUOHHOM TOTIO/TO-
TOBKH NIepCOHaJIa JkeJie3HoqoposkHoro tpancnopta / O. H. Ky-
panoBa, A. U. Jlepraues, 5. C. Barynun, H. A. Jle6enesa // Cu-
CTEMbI aBTOMaTU3MPOBAHHOIO IIPOCKTUPOBAHUSI HA TPAHCIIOPTE:
Coopuuk Tpynos VII MexayHapoaHOW Hay4HO-IIPAKTHYECKOM
KOH(EPEHIIMN CTYJCHTOB, aCHHMPaHTOB M MOJIOJBIX YUYEHBIX
(Cankr-IletepOypr, Poccus, 17-19 ampens 2017 r.). — CaHkt-
[etepOypr: IIT'YIIC, 2017. — C. 119-124.

3. YrpaBnenne n HHPOPMALIOHHBIE TEXHOJIOTHUH Ha JKEJIe3-
HOZOPOKHOM TPaHCTIOpTE: YUEOHHK JUIS BY30B JKEIE3HOIOPOXK-
Horo tpancropTa / JI. I1. Tymymos, 3. K. Jlenkuit, U. H. Illan-
kuH, A. M. CamoxsanoB; YMI] no ob6pa3zoBaHuIO Ha X.-].
TpaHcnopre; noA. pen. JI. I1. Tynynosa. — Mocksa: MapuipyT,
2005. — 467 c.

4. lepraués, A. U. CoBpemeHHbIe HHPOPMAIIIOHHBIE TEX-
nojoruu B III'YIIC / A. U. lepraués, C. A. Jepraués, A. M.
IlepeneuenoB // IlpodeccroHanpHOE 00pa3oBaHWe, HayKa W
naHOoBanmy B XXI Beke: Coopauk TpynoB XII Cankr-Ilerep-
Oyprckoro konrpecca (Cankr-Ilerepoypr, Poccns, 12-30 Ho-
s10pst 2018 1.) / mox o6m. pexn. T. C. TutoBoit. — Cankr-Ilerep-
oypr: III'VIIC, 2018.— C. 73-74.

5. Anzpees, A. A. Meronuka OlIEHKHA YKOHOMHYECKOU (-
(PEeKTHBHOCTH AUCTAHIIMOHHOTO OOYUYEHHS C TOMOIIBIO KOMITb-
oTepHBIX ceTelt // OCHOBBI NMpPUMEHEHHsS] WHPOPMAITMOHHBIX
TEXHOJIOTHH B y4eOHOM IIpOLIECCE BY30B: HAyYHO-METOAMYE-
ckuii coopark. — MockBa: Boennsiii yausepcurer, 1995. —
C. 77-83.

6. Teopus u mpakTHKa TUCTaHIIMOHHOTO 00ydeHus B Poc-
cun: Monorpadus / A. A. Aaapees, XK. H. 3aiiuesa, C. JI. Jlo-
0aues, [u ap.]. — Mocksa: MDOCH, 1999. — 510 c.

7. Aunpees, A. A. HekoTopble npoOiieMbl TPOEKTHPOBAHUS
LIEHTpa AUCTaHIIMOHHOTo 00y4enus / A. A. Auapees, H. I'. Kpa-
tomenko, B. 0. ®oxun // [IpuMeHeHnEe HOBBIX TEXHOJIOTHH B
obpazoBanuu: Matepuansl VII MexnyHnaponHoit koHpepeH-
mun (Tpomuk, MockoBckas o6, Poccust, 29 urons—02 wuros
1996 r.). — Tpounk: MockoBckuii 001acTHOH 0OIIECTBEHHBIN
(oHI HOBBIX TeXHOJIOTHI B 0Opa3oBanum «baituky, 1996. —
C.21-22.

8. Ynpasnenue nepconanoMm B opranuzanui. Kaagposas mo-
nutrka. Motusanus. CTpykTypa: YdaeOHoe nocodue Juist By30B /
A. K. Caaksn, I'. T'. 3aitnes, H. B. Jlammanosa, H. B. [laru-
neBa. — Cankr-IletepOypr: ITurep, 2002. — 175 ¢. — (Yueb-
HOE Tocobue).

Humennexkmyanvnvle mexuonozuu na mpancnopme. 2022. Ne 4 34


https://elibrary.ru/item.asp?id=36747486
https://elibrary.ru/item.asp?id=36747486

Intellectual Technologies on Transport. 2022. No 4

DOI: 10.24412/2413-2527-2022-432-30-35

Substantiation of the Economic Efficiency
of Distance Learning Based on the Road Training
Center at the University

PhD O. N. Kuranova, PhD A. I. Dergachev, A. I. Kozhevnikov, O. V. Petrova, V. I. Nosonov
Emperor Alexander I St. Petersburg State Transport University
Saint Petersburg, Russia
olga kuranova@mail.ru, kai45@mail.ru, olga sivers@mail.ru, vinvin2352@gmail.com

Abstract. As practice shows, the largest volume of traffic falls
on rail transport. At the same time, the specified volume of trans-
portation can be completed within the established time frame only
if there are appropriate railway transport capabilities. who are in
turn determined not only by the level of development of the tech-
nical base and ways of organizing traffic, but also by the level of
training of personnel directly responsible for its operation.

Thus, this makes it necessary to ensure a sufficient level of
training of the management staff, specialists of various depart-
ments and services, as well as employees of various enterprises and
divisions of Russian Railways JSC. The availability of trained per-
sonnel will make it possible to increase the efficiency of using the
production capacities of railway transport to carry out various
transportations in specified volumes and precisely on time to any
destinations. At the same time, the system of training and ad-
vanced training of the above-mentioned railway transport person-
nel that has developed to date does not sufficiently meet the re-
quirements.

In these conditions, one of the main tasks that needs to be solved
by the management bodies in railway transport is the need to in-
crease the level of training of personnel to perform various tasks.

The use of new information non-traditional technologies in dis-
tance learning for the training and retraining of personnel is quite
promising and economically justified. The profitability index for
different options is greater than one and can even be equal to 1,5
for one road.

The economic efficiency of distance learning is calculated ac-
cording to three interdependent components: the number of train-
ees, the cost of a distance course, and the relative profitability for
Russian Railways JSC.

Keywords: provision of the industry with professional human
resources, development of the educational process, creation and
development of targeted programs for securing employees at in-
dustry facilities, reduction of financial costs for additional training
and retraining, economic efficiency of distance learning.
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Abstract. Computer systems for monitoring the technical con-
dition of transport accumulate, among other things, large data on
the reliability of individual devices and elements. This allows us to
calculate system reliability metrics without resorting to costly test-
ing. Methods for analyzing big data of reliability of recoverable
multichannel systems are considered here. Big data contains val-
ues of mean time between failures and values of the recovery time
of system elements obtained by monitoring the functioning of sim-
ilar systems during operation. The distribution laws of failures and
restorations of system elements are unknown and can be arbitrary.
Algorithms for assessing the reliability indicators of recoverable
systems are considered, taking into account the diversity, unrelia-
bility and variability of data. In the case of monotonic systems with
independent recovery of elements, the estimation of the availabil-
ity factor and the mean time between failures of the system is re-
duced to evaluating the mean time to failure and the mean time to
recover each element of the system for arbitrary distribution laws.

Keywords: computer monitoring, big data, multichannel sys-
tem, robustness, availability factor, mean time between failures,
mean time to recovery.

INTRODUCTION

Complex systems, from the point of view of the theory of re-
liability, are a set of technical devices interacting during opera-
tion and interconnected. A large number of scientific publications
are devoted to mathematical models of reliability of complex,
multichannel, cluster systems (see, for example, [1-7]).

An important issue is the assessment of the reliability char-
acteristics of a complex system as a whole: mean time between
failures and the availability factor. There is a well-known logi-
cal-probabilistic approach [4, 6], based on the representation of
system failures and restorations as random binary events. Sys-
tem failures and recoveries depend on a number of primary bi-
nary random events (failure and recovery of elements). To date,
a sufficiently effective apparatus has been developed for solv-
ing problems of this kind. This requires information about the
distribution laws of the operating time to failure and the recov-
ery time of each element.

Traditionally, the assessment of the reliability indicators of
elements is carried out as a result of tests, which are character-
ized by high cost and time-consuming. On the other hand, com-
puter monitoring of the operation of existing technical objects
makes it possible to collect a huge database of reliability indi-
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State Transport University
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cators, in particular, data on operating time to failure and recov-
ery time. The approaches and methods of working with such
huge databases constitute the content of computer technologies
for working with big data [8]. The variety, validity, and volatil-
ity of big data are at the heart of big data analytics. The main
problem of analyzing operational data of system reliability is,
firstly, that the values are obtained at different loads and differ-
ent laws of distributions of failures and restorations, and, sec-
ondly, in the presence of unreliable and abnormal data.

The purpose of this work is to develop computer methods
for assessing the main indicators of the reliability of recoverable
multichannel systems, namely, the availability factor, the mean
time between failures and the mean time to recover the system.
The indicators are estimated according to the data of computer
monitoring of failures and restorations of operation of similar
products. This takes into account a variety of real laws of dis-
tribution of failures and restorations of elements, a variety of
operational loads and the presence of unreliable data.

STATEMENT OF THE PROBLEM

A model of a system consisting of 7 nodes (elements) is con-
sidered. The nodes form a monotonous structural diagram of the
system operability, for example, a circuit with a series-parallel
connection. The failures and restorations of each node are inde-
pendent and form an alternating restoration process with some
distribution functions.

Let, as a result of monitoring the operation of the system
itself or the analogs of the nodes under consideration, a set of
data on the operating time to failure and the duration of the res-
toration of each element of the system is obtained. For the
j-th element, the values of the operating time to failure #;,
j=1,...,n;i=1, ..., N; and the values of the duration of repair
sii,j =1, ...,n;1=1, ..., M; are given. The laws of distributions
of failures and restorations, as well as data on operational loads,
are unknown.

Further, we will proceed from the fact that the operating
conditions of the systems under consideration are regulated and,
in general, they can be considered close. This allows us to assert
that the data on the reliability of technical products obtained
from various sources will, on average, be homogeneous in
terms of operating conditions. Data associated with non-stand-
ard operating conditions and other abnormal data should be
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identified and excluded during rejection when analyzing the en-
tire sample.

The problem is to assess the system availability factor K, the
mean time between failures 7¢ of the system, and the mean time
to restore T the system.

METHODS FOR SOLVING THE PROBLEM

Rejecting of anomalous data. The main problem facing the
big data scientist is cleaning and normalizing this data. In the
case under consideration, this problem consists, first of all, in
the rejection of samples generated by too small or too large
loads.

Let us consider the problem of estimating the mean operat-
ing time to failure 7 of a certain element of the system based on
a sample of values of its operating time to failure: {t,, t,,:+, ty}
. In the presence of unreliable data and «drift» of the distribu-
tion laws that generate the data, the estimate of the sample po-
sition parameter (mean value), produced using the arithmetic
mean, is unstable. To solve this problem, anomalous data re-
jecting procedures and methods of robust estimation of the sam-
ple position parameter are used [9, 10].

The simplest classical algorithm for rejecting a sample value
t that is suspicious of an outlier is called the 3-sigma rule.
A sample element ¢ is considered anomalous if the following

inequality is fulfilled: |t — £| < 3s, where £ = %zgvzl t; is the

sample mean, and s = /%Zle(ti — t)? is the standard devia-

tion.

Comparatively new approaches to solving the problem of
rejecting anomalous data are based on algorithms for explora-
tory analysis of Tukey's data, namely Tukey's boxplot and its
modifications [10]. The lower t; and t;; upper rejection thresh-
olds in the Tukey boxplot are set as follows:

3
tL = max{t(l); LQ - EIQR},

3
ty = min {t(N); uQ + EIQR}

Here t(;y and t(yy are the extreme ordinal statistics of the sam-
ple (the k-th ordinal statistic is the A-th order value in the initial
sample sorted in ascending order), IQR = UQ — LQ is the sam-
ple interquartile latitude, LQ = t(y/ay), UQ = tqn-n/ap are
the sampled lower and upper quartiles. The rejection rule is: the
value ¢ is abnormal ift < ¢, ort > t.

Robust position parameter estimates. In the statistical
analysis of big data, robust estimation methods are used to en-
sure the stability of the position parameter estimate [10]. Ro-
bustness is a property of a statistical procedure to be resistant to
uncontrolled deviations from the accepted data distribution
models.

The two-stage robust estimation procedure is as follows. At
the first stage, outliers are rejected using the three sigma rule or
Tukey's boxplot. At the second stage, the position parameter is
estimated by calculating the sample mean for the remaining
sample elements.

There are known methods for estimating the position param-
eter that are resistant to the presence of outliers-robust methods
of mathematical statistics. The simplest known robust position
parameter estimate is the sample median:

f(k), N = Zk + 1;
T = med{t;} = i T trsn)
2 N

A well-known approach to constructing robust estimates
was proposed by Huber, which is based on the minimax princi-
ple of constructing the best solution in the worst situation. Esti-
mation of the position parameter according to Huber:

.1

where £ is the value that is allowed as a deviation from the cen-
ter of the population (for example, we can take k = 1.5s);
n, is the number of observations from the sample lying in the
interval(OO, T- k); n, is the number of observations lying in
the interval (T + k, 00).

When calculating according to formula (2), the usual arith-
metic mean or median (1) can be used as an initial estimate 7.
Then, at each iteration, the sample is divided into three parts
and calculated using formula (2) until the procedure converges.

Using the described methods gives us stable unbiased esti-
mates of the mean time 7; to failure of the j-th element of the
system. Estimates of the average recovery time S; of the j-th el-
ement of the system are obtained in a similar way. Based on
these values, an estimate of the availability factor of the j-th el-
ement is constructed, which does not depend on the type of the
laws of distribution of failures and restorations [6]:

= 2k. 0

T.
K=—7I_. 3
7T+ 3

Logical structural function of the system performance.
When analyzing the reliability of complex systems, it is con-
venient to use the structural diagrams of the system operability
[4, 6, 7]. For example, if a system failure occurs when at least
one element fails, then such a scheme will be a circuit of se-
quential connection of elements. If the system is operational
when at least one element is operational, then we have a case of
parallel connection of elements (loaded reserve circuit). We can
also consider more complex circuits, including serial and paral-
lel subsystems, a bridge connection (Figure 1).

H,
s ]

7o e e Hul
o]
6 s |

[-1[5]

ELE

[=]
=L [E][=]
[<]

H

Fig. 1. An example of a structural diagram of the operability
of a monotonic system
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A system failure is a random event described by a binary
(boolean) variable X, which takes one of two values: 0 (failure)
or 1 (operation). This event depends on n simple independent
events described by binary variables x; (operation or failure of
i-th element). A logical structural function of the system perfor-
mance is introduced, which specifies the dependence of the
state of the system X on the states of its elements:

X = @(xq, %3, Xp)-

For example, for a circuit of n series-connected elements (Fig-
ure 2), the structure function is the product of all binary varia-
bles: X = x1x5 -+ Xp.

— x1 [ x» [[———— X

Fig. 2. A structural diagram of the operability
of n series-connected elements

For a circuit of n parallel-connected elements (Figure 3), the
structure function is

X=1-(1-x)1—x3) ... (1—xy).

e X1 —

_— Xn

Fig. 3. A structural diagram of the operability
of n parallel-connected elements

In what follows, only systems whose structural functions
have the monotonicity property are considered [7].

The following important results are known [7] for mono-
tonic systems with independent failures and restorations of ele-
ments. Let for each element of the system the mean values of
time to failure 7}, mean values of the recovery time S; and the
corresponding values of the availability factor K; are known.
Then:

1. The availability factor K of a monotonic system is equal
to the value of the structural function of the availability factors
of the system elements

K = (p(KllKZI'“lKn)' (4)

2. Mean time between failures 7¢ of a system with individ-
ual independent recovery of elements is calculated by the for-
mula

_k 1
A Ac

where A is the reduced rate of system failures:

Ac =i—1 ((P|K-=1 _(PlK:o)-
LT +S; j j
= '

TC (P(Kl,Kz, '“'Kn)' (5)

3. The average system recovery time is determined by the
following expression:

1 - (p(Kl, Kz, ...,Kn)
(p(Kll KZI LN} Kn)

K =1lc (6)

All the above expressions do not depend on the form of the
laws of distribution of failures and restorations of elements.

Example. Let a cluster computing system consist of three
identical computers working in parallel, » = 3. The structural
function of the system is as follows:

@(x1,X2,x3) = 1= (1 = x)(1 — x)(1 — x3).

Let the mean time to failure of one computer be equal to a
year: To =8 760 hours, the mean recovery time after failure is
equal to a calendar month: Sp = 720 hours.

Using formulas (3)—(5), we obtain the following. Availabil-
ity factor of each computer is

K = 8760
78760+ 720

The system availability factor is

K=1-(1-K,)?=09995619008.

= 0.9240506329.

Reduced rate of system failures:

= -1-01-K)D?») = -6 1,-1
Ao = s (1= (1= (1= K)*) = 18254 x 107"

Average system time between failures

T =K/;, =547581h.

Average system recovery time T = 240 h.

ALGORITHM FOR SOLVING THE PROBLEM

1. Determination of the composition of the elements in-
cluded in the system, construction of the operability diagram
and the logical structural function of the system operability.

2. Extraction of operating time values and recovery times of
these elements from the big data of monitoring system ele-
ments. Drawing up initial samples {tﬁ} and {sﬁ}.

3. Obtaining robust estimates of the position parameters for
each sample: mean time to failure 7; and mean recovery time S;.
For this, either a two-stage estimation procedure or robust
methods (1), (2) are used.

4. Calculation of the availability factor K; of each element
according to the formula (3).

5. Calculation of the system availability factor K according
to the formula (4).

6. Calculation of the mean time between failures 7¢ of the
system according to the formula (5).

7. Calculation of the average recovery time Tk of the system
according to the formula (6).

CONCLUSION

Computer methods for monitoring the technical state of
complex systems provide us with data on the reliability of these
systems during operation. This data is a huge amount of infor-
mation. The analysis and processing of such volumes of infor-
mation make up the content of big data science. Here, methods
for assessing the main indicators of the reliability of recoverable
systems are considered under the conditions of a variety of real
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laws of distribution of failures and restorations of elements, a
variety of operational loads and the presence of unreliable data.
Algorithms for assessing the availability factor, mean operating
time between failures and mean time to restore the system based
on real data from the operation of system elements are pre-
sented. It is shown that in this case it is not required to evaluate
the laws of distribution of failures and restorations of elements.
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Annomayua. KomnbloTepHbie cCHCTeMbl MOHUTOPHHTA TeXHHU-
YeCKOr0 COCTOSIHMSI TPAHCIIOPTHBIX CHCTeM HAaKAILUIMBAIOT B TOM
yuc/e H 60/1b1IMe JAHHbIE 110 HAJeKHOCTH OTAEJIbHBIX YCTPOHCTB
M 3JIEMEHTOB. JTO NMO3BOJISCT BBIYHCJIMTH NMOKA3aTeJIH HANEK-
HOCTH CHCTeM, He mpuerasi K JAOPOrOCTOSIIMM HCHBITAHUSIM.
31ech paccMOTPEHBbI METOABI AHAJIN3a 00IBIIMX JAHHBIX HATEK-
HOCTH BOCCTAHABJIMBAEMbIX MHOTOKAHAJIBHBIX cucTeM. Boabmme
JaHHbIEe COEPKAT 3HAUYeHUs HApaOOTKHU [0 0TKA3a U 3HAYEHHUS
BpeMeHH BOCCTAHOBJICHHS 31€MEHTOB CHCTEeMbl, MOJy4YeHHBIX
Npd MOHHMTOPHHIe (YHKIHMOHHPOBAHHSI AHATOTHYHBLIX CHCTEM
B Ipolecce JKCIUIyaTalMu. 3aKOHBI pacnpeje]eHus 0TKA30B U
BOCCTAHOBJICHHI JJIEMEHTOB CHCTEMBbI HEHU3BECTHbI H MOIYT
HOCHTh NPOM3BOJIbHBIN XapakTep. PaccMoTpeHB! anropuTMbl
OLICHKH NOKa3aTeJell HAIe’KHOCTH BOCCTAHABJIMBAEMBIX CHCTEM
€ y4eToM pa3Hoo0pa3usi, HeJOCTOBEPHOCTH U H3MeHYMBOCTH /1aH-
HBbIX. B cilydae MOHOTOHHBIX CHCTEM C He3aBHCHMBIM BOCCTAHOB-
JIeHHeM 3JIeMeHTOB OleHKa K03(()UIHeHTa TOTOBHOCTH M cpel-
Heil HApa0OTKH MeKAy O0TKA3aMH CHCTeMbl CBOAMTCS K OIleHKe
cpeaHeii HapaGoOTKHU 10 0TKA3a H CPeJHEr0 BpeMeHH BOCCTAHOB-
JICHHSI KQKI0T0 3JIEMEHTA CUCTEMbI [JIsl IPON3BOJILHBIX 3AKOHOB
pacnpeaeneHui.

Knrouegvie cnosa: KOMNbIOTEPHBI MOHUTOPHMHI, 0oJIbIIMeE
JIaHHBbIE, CJI0KHASI cMCTeMa, PpodAaCTHOCTh, K03 (PUIHEHT roOTOB-
HOCTH, CpeHsIsl HApa0oTKa MeXK1y 0TKa3aMH, Cpe/iHee BpeMsl BOC-
CTAHOBJIEHHSI.
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Abstract. A training program on two sections of linear algebra
is proposed for educational purposes. The student, using basic op-
erations, should transform the given matrix into the identity one.
Mastering this skill makes it possible to solve systems of linear al-
gebraic equations by the Gauss method and find the inverse ma-
trix. An important feature of the suggested software segment is
that it provides the ability to monitor the process of solving the
problem by a student, for whom there are always several possible
approaches. The program can be used in distance technologies in
computer training.

Keywords: methodology of teaching, training programs, linear
algebraic equations, inversed matrix.

INTRODUCTION

Educational programs at universities are aimed at students
who independently acquire skills to solve problems of a partic-
ular subject. In such a program, at the pace chosen by the stu-
dent, the training material is presented in a convenient and un-
derstandable form. Monitoring of acquired skills provides feed-
back in training programs. Not all branches of mathematics
have algorithms that allow you to create programs that meet the
learning objectives [1-5]. It is difficult to create a training pro-
gram in which a student, solving a problem, chooses a sequence
of actions. A similar program was created, for example, to study
the operations of vector algebra [6]. The proposed software
product is characterized by the ability to monitor the process of
solving the problem by the student, who always has several pos-
sible approaches. A large number of programs (Excel, Mathcad,
MATLAB and others) can solve problems, but they do not ex-
plain how the result is obtained [7, 8]. The program consists of
two modules: «solving a system of linear algebraic equations»
and «finding the inverse matrix», united by a single methodo-
logical approach. The modules of the training program are writ-
ten in Fortran 95 [9].

FEATURES OF PROGRAM MODULES

In the learning process, the student can apply for various
kinds of information, necessary both for the correct sequence of
operations and for answers to the questions offered by the pro-
gram. These include a quick reference (F1 key), a text with a
detailed description of the methods, five presentations with ex-
planations of the sequence of actions when solving examples, a
set of tasks consisting of four systems of equations (defined,
indefinite, incompatible, homogeneous) and one third-order
matrix. This set of tasks makes it possible to use software pack-
age to verify learning outcomes. An important element of train-
ing is the student's independent choice of the trajectory of
achieving the goal. If the student is having difficulty solving the
problem, then he can see in step-by-step mode a detailed solu-
tion to a similar example.

After solving the problem, a digital code is displayed on the
screen. It is calculated by the program according to a certain
algorithm known to the teacher based on the parameters of the
problem. This code is a hash code of the problem description.
The student can get this code either from the program, having
solved the problem correctly, or guessing it, which is extremely
unlikely.

The program has the following features:

e at any time, you can turn to theoretical material;

e the «Go back», «Go on» keys enable the student to both
view all the steps of the solution and cancel unsuccessful oper-
ations;

e when solving an example, the mistakes made by student
are recorded and their nature is determined. As a result, a list is
composed and then communicated to the student before the pro-
gram is closed.

CALCULATING THE INVERSE MATRIX

Let us consider in detail the operation of the module «cal-
culating the inverse matrix». After specifying the dimension of
the matrix to be unversed, its elements are entered in my order
in the table that appears. You can enter both decimal and com-
mon fractions. Pressing the «Complete Entry» button takes the
student to the next page. If a degenerate matrix is entered, the
message «A singular matrix! Enter a valid matrix». Usually, in
the classroom, a third-order matrix is selected, for example:

0 1 1
(2 1 0).
3 0 -1

After specifying the dimension of the matrix, its elements
are entered into the table.

Go back ‘ Go on ‘

Inversed matrix
Matrix to be mversed s to appear here

Step No. 1

ol111 1lolo MATRIX TRANSFORMATION
. 0 0 0 O Swap rows

AR ! O Single row linear transformation
CAlLE L 2 S O Two rows linear transformation

Select two rows

and press «Contmue» ‘ Continue ‘ Transformations are complete

Fig. 1. An invertible matrix
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On the screen, the student sees an invertible matrix, an iden-
tity matrix of the same dimension, and a menu «MATRIX
TRANSFORMATION» that consists of three items (Figure 1):

® swap rows;

e single row linear transformation;

e two rows linear transformation.

The proposed operations are performed on two matrices iden-
tically. The student, choosing and performing various steps of the
menu, should receive an identity matrix instead of the inverse. In
this case, the second matrix becomes inverse [10, 11].

Possible initial steps to achieve the desired result are pro-
vided below. In the matrix shown in Figure 1, to get a non-zero
element in the upper-left corner, you can select «Swap rows»
item and highlight with the mouse, for example, two rows.

Step No. 1 Go back ‘ ‘ Go on ‘

Inversed matrix

Matrix to be inversed s to appear here

MATRIX TRANSFORMATION

0 1(1] 1]0]0
5 - wEmEm @ Swap rows
. . O Single row linear transformation
310 0|01]1 : :
O Two rows lincar transformation

Select two rows

and press «Continue» ‘ Continue ‘ ‘ Transformations are complete

Fig. 2. Swap rows

In the matrix shown in Figure 1, to get a non-zero element
in the upper-left corner, you can select «Swap rows» item and
highlight with the mouse, for example, two rows (Figure 2). The
result can be seen in Figure 3 after selecting «Continuey.

Step No.2 Go back | Goon

[nversed matrix

Matrix to be inversed s to appear

21110 olt1]olin MATRIX TRANSFORMATION

0111 1{10]0
3[04 010711

Swap rows
® Single row linear transformation

O Two rows linear transformation

Select a row, insert
the multiplier fo the right of it
and press «Continue»

‘ Continue H Transformations are complete

Fig. 3. Single row linear transformation

To get «1» in the upper left corner, the student selects the
item «Single row linear transformation», mark the first line and
enter the required coefficient «1/2» (Figure 3). Figure 4 shows
the result of this operation.

To get zero in the matrix, the last item «Two row linear
transformation» is selected. First, the student selects the row of
the matrix that needs to be changed, it becomes highlighted in
red. Then indicates the line with which the change will be im-
plemented. To complete the operation, the student enters the

Step No. 3

Goback|  Goon |

Inversed matrix
Matrix to be inversed  is to appear here

L|12]0 01210

0111 1{0]0
310(-1 0fo)1]-1

MATRIX TRANSFORMATION

O Swap rows
O Single row linear transformation

© Two rows linear transformation

Select two rows, insert
multipliers to the right of them
and press «Continuey

‘ Conlinue H Transformations are complete

The red row of the two selected ones is changed

Fig. 4. Two rows linear transformation

coefficients by which the selected rows will be multiplied (Fig-
ure 4). Instead of the first selected line, the sum of the two
marked lines multiplied by the given coefficients appears. Fig-
ure 5 shows the final view of the matrices after several steps.

SiepHia: 8 Goback| | Goon
Inversed matrix
Matrix to be mversed  1s to appear here
ToTo 1T MATRIX TRANSFORMATION
O Swap rows
01170 2032 . . . .
O Single row linear transformation
0fo0q1 3132 ; .
@ Two rows linear transformation

Select two rows, msert
multipliers to the right of them
and press «Continuey

‘ Cuntinuc‘ Transformations are complete

The red row of the two selected ones is changed

Fig. 5. Transformations completed

The key «Transformations completed» is used if the student
believes that he has completed all the necessary actions (Figure
5). If the left matrix is different from the identity matrix, then
the inscription appears: « Transformations are not finished yet»,
and the unsuccessful action will be included in the list of errors.
At the end of the work, the message may appear: «You have not
made a single mistake», or a list of errors indicating their type
and quantity.

During the learning, one should limit oneself to the dimen-
sion of the matrix 6x6 (although the maximum allowable size
is 20%20), because in this case, the transformed initial matrix,
the obtained inverse matrix, and all menu items (Figure 4) are
visible simultaneously on the 15-inch monitor screen.

SOLVING A SYSTEM OF LINEAR ALGEBRAIC EQUATIONS
The module «solving a system of linear algebraic equa-
tions» has a more diverse menu (Figure 5). Three operations are
added: «Swap columnsy», «Remove zero row», «Remove pro-
portional row.

2x1 +4x3 = 6;
Xy + X3 = 2;

2x, + 2x3 = 4;
3x; +6x3=9.
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The extended matrix shown in Figure 6 corresponds to this
system.

Step No. 1 G
MATRIX TRANSFORMATION

Xi| X2 | X3 b
rlolales O Swap rows O Swap columns
o112 o Single row linear o Two rows linear
olz12a transformation transformation

— Remove o Remove
i|oje)e 7er0 oW proportional row

Select two rows, insert Analysis of solution

multipliers to the right of them

: O Inconsistent system
and press «Continue» i

0 Definite system
Indefinite system

Continue

O
The red row of the two selected ones is changed

Fig. 6. The extended matrix

In this module there is another final step of the solution. Af-
ter the transformation of the system matrix, the student must
specify the type of system in the «Analysis of solution» menu:

e definite system;

e indefinite system;

e indefinite system.

If the student makes the right choice, he needs to type the
answer. The problem, for example, is considered solved if the
first rows and columns in the matrix of the system form the
identity matrix [10, 12].

X; Xy X3 b

1 0 0 2
(0 1 0 3> .
0 0 1 4

In this case the student selects the «Definite system» item.
Then you need to type the answer received in the last column.

. ]
Step No. 1 ’ Go back Goon |
- MATRIX TRANSFORMATION

L] A2 3
alRoi el 3 O Swap rows O Swap columns
011112 o Single row !incar @ Two rows linear
51215 |2 transformation transformation

- Remove Remove

] ] ] [ ‘ -2 ‘ Ze10 1OW proportional row

Select two rows, insert Analysis of solution
multipliers to the right of them Olicons;stent systedi
and press «Continue» o Definite system

Indefinite system i
The red row of the two selected ones is changed : { Continue ‘
Fig. 7. Two rows linear transformation

The zero line obtained after the operation shown in Figure 7
is obligatorily deleted.

Xy X, X3 b X, X, X3 b
2 0 4 6 10 4 6
01 1 2

-{0 1 1 2.
0 2 2 4 0 2 2 4
0 0 0 O

This action can be accelerated by selecting the menu item
«Remove proportional row». After selecting two proportional
rows, the indicated row is deleted first:

X; X, X3 b X; X, X3 b
2 0 4 6

(0 11 2)—»(3 2 ‘1* g)
0 2 2 4

Select the item «Single row linear transformation», the stu-
dent marks the first line and enters the required coefficient
«1/2».

X; X, X3 b X; X, X3 b
(2 0 4 6) (1 0 2 3)
- .
01 1 2 01 1 2
In this case, in the «Analysis of solution» menu, select the

«Indefinite system» item. Then the student must type the an-
swer:

{xl = 3—ZX3;
Xy = Z—X3,

specifying first the additional basis variables (for instance, xi
and x») in the given example.
In the case of obtaining a matrix of the form

X; X, X3 b
(1 0 0 2)
0 0 1 3/°
It is necessary to select the «Swap rowsy item in the «Matrix

Transformation» menu (Figure 6). By selecting the second and
third columns, the student receives a matrix

X; X3 X5 b
(1 0 0 2)
0 1 0 3/°
In the «Analysis of solution» menu, student selects the «In-
definite system» item. Then he must type the answer

{xl = 2;
X3 = 3,

specifying basis variables x| and x3.
For an incompatible system

X; X, X3 b

1 0 5 2
(0 1 6 3),

0 0 0 4

it is necessary to specify the decisive row, for example, the third
row in the example above.

CONCLUSIONS

The sudden transition of universities around the world from
traditional forms of education to individual self-training has re-
quired a change in the teaching methods of all disciplines, in-
cluding mathematics. The success of technologies for remote
learning depends on the correct methodological approach
within software. A student cannot effectively comprehend new
information if the educational material comes only in the form
of texts [13, 14]. In the proposed learning program, the student
has a starting position — the initial matrix, and the finishing
position — the identity matrix. In each module the student is
invited to think through a sequence of actions and implement
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them, having access to texts and presentations in case of diffi-
culties. When the pandemic ends and universities return to tra-
ditional in-person education, such distance learning will con-
tinue to be in demand [15, 16]. This program can be used on a
local computer, in a classroom, or via the Internet in online
mode.
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Annomayus. Ilpeanoxena ody4yamwuas nporpaMma no AByM
paszaejiam JuHeliHO# anredpbl. CTyAeHT, HCIIOJB3Ys 3JIEMEHTAap-
Hble OINepaluu, J0J:KeH Npeodpa3oBaTh 3aJaHHYI0 MaTpuuy B
eIMHUYHYI0. OCBOCHHE 3TOI0 HABBIKA JaeT BO3MOKHOCTh pelaTh
CHCTeMBbl JIMHEHHBbIX ajredfpaMyecKUX YpPaBHEHUH MeTOAOM
I'aycca u HaxoauTh 00paTHYI0 MaTpuNy. BaskHoii ocoGeHHOCTBIO
npejIaraeMoro NporpaMMHOro odecriedenust sipjasieTcsi To, YTO B
HeM OTCJIeKHBaeTCsl Mpolece pellieHUsl 3a1a4i CTYAeHTOM, y KO-
TOPOro BCeraa ecTh HeCKOJbKO BO3MOKHBIX CIIOCO00B MOJIyYeHHsI
orBera. IIporpaMma MozkeT ObITh HCIOJIB30BAHA B JHCTAHIUOH-
HBIX TeXHOJIOTHSIX IPH KOMIBIOTEPHOM 00y4eHHH.

Kntouesvie cnosa: meronoiorusi o0ydyeHusi, oOydaromue
NPOrpaMMbl, CHCTEMbI JUHEHHBIX aJre0pandyecKux ypaBHEHHIi,
o0paTHasi MaTpUla.
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A Scalable Microservice Model
Based on a Queuing System with «Cooling»
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Abstract. The formalization of a scalable service functioning is
proposed, taking into account the time spent on configuring com-
puting nodes based on a multichannel non-exponential queuing
system with «heating» and «cooling» of channels. The complexity
of the model is reduced by representing the durations of «heating»
and «cooling» in the form of a generalized random delay before
servicing. The main stages of the method of calculating the proba-
bility-time characteristics of the QS with «cooling» are described.
The markovization of the non-Markov components of the QS un-
der consideration was carried out using the Hz-distribution. The
probability distribution of the states of the QS under consideration
is obtained. The results obtained by the numerical method are
compared with the results of simulation.

Keywords: microservice modelling, non-exponential queuing
system, queuing system with «cooling», distribution approxima-
tion, numerical queuing theory.

INTRODUCTION

Modern information systems are developed and operate using
a wide range of technologies. Among them, as one of the most
promising, it is necessary to single out a technology based on a
micro-service architecture with container virtualization [1].

The infrastructure of a microservice information system
with container virtualization is characterized by a dynamic
change in the computing structure and node parameters. In par-
ticular, when considering the scaling processes of services imple-
mented on the basis of containerized applications, it is necessary
to take into account the time spent on launching the required
number of containers, checking their operability, as well as stop-
ping containers that are not currently expected to be used [2].

The general scheme of the application processing process
by a scalable service is shown in Figure 1.

The durations of individual operations of starting, stopping
containers, and checking the operability (taking into account the
type of service application running in the container) are random
variables that must be taken into account in the corresponding
models.

FORMALIZATION OF THE SCALABLE SERVICE FUNCTIONING
Traditionally, queue theory models are used to model the
processes of processing a random flow of tasks. In particular,
the task processing process we are considering can be repre-
sented as a multichannel queuing system with additional con-
sideration of the time spent on configuring the service.

: Virtual Cluster \‘
] ]
(Virtual Node K 1 h :
( Virtual Node 2 i A
]
( Virtual Node 1 4 A1/ .
]
Task Virtual Node Queue |
Flow
» I
Inst. 1.2 —>
U]
1 Service Instance e : : H
Management Module N . | ]
2 " o L‘—)‘ Inst. 1.n IL !
Creating, launching, and verifying ] I
the health of a service instance »l U I
\_—__T_"Jl‘_’
Stopping service instances,
freeing up resources
| & 7
o 2

Fig. 1. The scheme of a scalable service functioning, taking
into account the costs of allocating and releasing resources

The specified configuration can be performed in several
cases:

— when starting the service (instances of the service), if at
the time of arrival of the next service request, the service was
stopped;

— when the number of running instances of the service
changes (scaling up or down the number of instances).

Depending on the types of distributions that characterize the
random processes of the arrival of applications into the system,
their maintenance, scaling of the service with a health check,
models based on different types of queuing system (QS) can be
used. Analysis of the works [3—6] showed that modeling of such
processes is possible based on the use of QS with «heating» or
«cooling» of service channels. A significant limitation of these
works is the impossibility of simultaneous accounting in one
model of the processes of «heatingy and «cooling» channels. The
schematic diagram of the desired process is shown in Figure 2.

In the stationary mode of operation of the service system,
the location on the time axis of the moment of occurrence of the
specified delay (before or after maintenance) does not matter in
principle. It is important to take into account the total random
duration of the delay, which directly affects the time the appli-
cation stays in the system. Here it is necessary to take into ac-
count the presence of random delays of both types, therefore it
is possible to present the process under consideration using a
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Fig. 2. Representation of the process in the form
of a multichannel QS with «heating» and/or «cooling»

general-type multichannel QS model with «cooling», proposed
in [6]. To do this, at the initial stage, it is necessary to find a
generalized random delay before (or after) maintenance based
on two distributions of random variables — the duration of
«heating» and the duration of «cooling».

REPRESENTATION OF HEATING AND COOLING PROCESSES
IN THE FORM OF A RANDOM DELAY BEFORE QUERIES SERVICING

To calculate the desired delay, first we will build a time di-
agram of the specified process (Figure 3).

When constructing the diagram, we define the following
conditions:

1. The «warm-up» mode is initiated only by the event of
receipt of an application in an empty system.

2. The «cooling» mode is initiated only by the event of the
end of processing of the last application in the absence of appli-
cations in the queue.

3. The beginning of processing of an application entering an
empty system is determined by the duration of the «warm-up»
stage and the remainder of the «cooling» time, provided that the
system was «cooling» at the moment.

The conditions listed above require clarification. Firstly, the
«heating» mode is activated if the system was empty (there was
not a single request for maintenance and in the queue) and the
next request arrived. In this case, the service of the arrived ap-
plication will begin after a random period of «heating» of the
system. In addition, all applications arriving during the «heat-
ing» of the system fall into the queue and are also not discussed
until the end of this period.

Secondly, the «cooling» mode is activated after the end of
servicing the last application (that is, the maintenance of the
next application has ended and there is not a single application
in the queue). Applications arriving during the «cooling» of the
system also fall into the queue, and their maintenance can begin
no earlier than the «cooling» period ends, and then the «heat-
ing» mode.

Thus, the desired duration of the random delay before
maintenance is found by convolving the first initial distribution
with the residual second (for example, «heating» with the resid-
ual distribution of «coolingy).

\ 4

\ 4

[ s ] -servicing
&N - «cooling» !
[[A] - «heating» .

[e ] - «empty system»

[ d | -delay before servicing

- moments of the query arrival in empty system

- moments of the query arrival in non empty system

Fig. 3. Time diagram of QS operation with «heating» and «cooling» of service channels
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Since the Laplace-Stieltjes transform (LST) of the convolu-
tion is equal to the product of the LST components [7], the de-
sired distribution of the «delay» time before service in terms of
LST is defined as

d(s) = h(s)f (s)

where h(s) — is the LST of the distribution of the duration of
«heatingy, f(s) — is the LST of the residual distribution of the
duration of «coolingy.

According to [7], the initial moments of the residual distri-
bution based on the initial moments of the distribution of the
duration of «cooling» can be found by the formula:

Cr+1
=——5k=1,2,..,
Ji (k + 1)y

where £ is the order of the initial moment of the distribution.

Further, the desired random delay before or after servicing
can be found based on the convolution of distributions directly
at the moments [7]. To do this, we will use symbolic decompo-
sition

dy = (h + )X,

in which, after the decomposition of the binomial, the expo-
nents of the degree are translated into the indices of the corre-
sponding moments. In particular, the first three initial moments
are according to

dy=h+f1,
dy =hy +2hifi + f5,
d3 = h3 +3h2f1 +3h1f2 +f3 .

The found approximation of random durations makes it pos-
sible to reduce the complexity of modeling based on the use of
the QS model only with «heating» or only with «cooling» of
service channels instead of using models with simultaneous
consideration of both the «heating» and «cooling» process.

MODEL DESCRIPTION

Let's consider a model of a multichannel QS with a «cool-
ing» type M/M /n — H5. Recall that the second-order hyperex-
ponential distribution refers to phase-type distributions and as-
sumes the choice of one of two alternative phases by a random
process [8]. With probability y,, the «cooling» process enters the
first phase and a random time is delayed in it, distributed expo-
nentially with the parameter uf. With probability y, = 1 —y,,
the process enters the second phase, where the exponential de-
lay has a parameter p3. The diagram of transitions between the
states of the Markov process describing the system is shown in
Figure 4.

The leftmost column in the diagram shows the current num-
ber of applications in the system and indicates the number of
the chart tier. On each tier, the system is in one of three states:
maintenance and cooling of one of two types. The cooling con-
dition characterizes some work that is performed by the system
after the end of servicing the last application. In this model, the
cooling duration of the system is characterized by a two-phase
hyperexponential distribution. After servicing the last applica-
tion, the system switches to the cooling mode (phase) of the 1st
type with probability y; and to the cooling mode of the 2nd type
with probability y,. Each of the cooling phases is characterized

o servce i
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Fig. 4. Transition diagram for the system M /M /n — Hj

by its intensity — ui and p§ accordingly. The service of appli-
cations in the system is carried out with intensity p multiplied
by the number of busy service channels. At full employment
(on tiers with more n), the chart stabilizes on all the underlying
tiers.

Based on the transition diagram of the markovized QS, tran-
sition intensity matrices are constructed and vector-matrix
equations of transition balance between microstates are solved.

METHOD OF PROBABLE-TIME CHARACTERISTICS CALCULATION

According [7] we denote by S; the set of all possible mi-
crostates of the system in which exactly j applications are being
serviced, and by o; the number of elements in S;. Next, in ac-
cordance with the transition diagram, we construct the intensity
matrices of infinitesimal transitions:

Ajlo%c;+1] — in Sj+1 (by arrival of queries),

Bj[o;%cj.1] — in Sj.1 (by completion of servicing),

Ci[o%0;] — in S; (by completion of cooling),

Dj[oj*o;] — departure from the microstates of the j-th tier
(diagonal matrix).

The size of the matrices is indicated in square brackets here
and further. The element (7, k) of any of these matrices repre-
sents the intensity of the transition from the i-th state of the j-th
tier to the k-th state of the adjacent (by transitions of the type
under consideration) tier.

For QS M/M /n — H$, the transition matrices will have the
following form:

A 0 O
A=0 r o], j=ON-1;
0 0 A
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0 0 O 0 0 0
By ={uwy: 0 wy[,B, =0 2p Ol,---,
0 0 O 0 0 0
0 0 O _
,BJZ 0 ny 0:|; J=nN;
0 0 O
0 uf 0
Cj=[0 0 0],
0 us 0
A+ uf 0 0 L
D; = 0 A+ min(n,ju 0 |, j=0N.
0 0 A+ us

Obviously, matrices 4 and C have the same appearance for
all tiers of the diagram, and matrices B and D depend on the
number of the tier, but at j > n they stabilize.

We introduce string vectors y; = [;,1, ¥j,2, ;3] to describe the
location of QS in j-level microstates. Now let's write down the
vector-matrix equations of the balance of transitions between
the states [7] indicated in the diagram

VODO = YOCO + YIBI'
Yij = Yj_lAj—l + ’YjCj + Yj+1Bj+1' ] = 1'N ’

where N is the number of calculated tiers of the diagram.

To solve this system of equations, we will use the iterative
method proposed in [8] and modified in [7]. The direction of
the run during the calculation will be determined «from top to
bottom» - in the direction of increasing the number of the tier.
As a result of the calculation, we obtain the ratio of adjacent
probabilities of the number of applications in the system

Xj = Pj+1/Pj' j= L_N

After the end of the iterations, using the values of x;, we will
make the transition to the probabilities of the states of the sys-
tem according to the following algorithm:

— put the probability of a free state po equal to 1;

— calculate pj . = p;x;, j = 1,N;

— calculate the sum S = Y%y p; ;

— normalize the received values: p; = p;/S, j= 0,N.

Calculation is also possible for systems without buffer lim-
itation. In this case, it is assumed that the «tail» of the distribu-
tion of the number of applications is an infinitely decreasing
geometric progression, the denominator of which is equal to the
ratio of the last two calculated probabilities.

The waiting time for a newly arrived application is deter-
mined by the state of the system immediately before its arrival.
In accordance with the PASTA (Poison Arrival Sea Time Av-
erage) theorem [9], the distribution of the number of applica-
tions before the arrival of the next one coincides with the sta-
tionary one. Before the arrival of the next application, the sys-
tem is in one of three microstates — type 1 or type 2 cooling or
servicing.

Let's say there were already Several queries in the system
before the arrival of the next query. The probabilities of the cor-
responding microstates are presented by the string vector

v = s Yi2s Vi3l

If the system was in the first microstate of the j-th tier (see
diagram), the newly arrived application will wait for the com-
pletion of cooling of the first type plus (j — n + 1) queue promo-
tions. LST of the appropriate time is

ui n“’ j—n+1
ué+s (nu + s) '
In the third microstate, the second type of cooling occurs.
LST of the corresponding expectation is

uc nu j—n+1
0 3(s) = - 2 ( ) .
u;, +s\np+s

The second microstate corresponds to the maintenance
mode. The LST of the waiting time for the newly arrived appli-
cation will be

;1 (s) =

nu >j—n+1

0j2(5) = (nu +s

We introduce a column vector

@(s) = [@,1(5), ©;2(5), 0;3(5)]".

Then the LST of the desired waiting time for the start of service
N-1

o) = ) v,0y(6). M
j=n

To obtain the initial moments of the waiting time, you can
perform differentiation at the zero of expression (1), or replace
all the LST included in it with sets of initial moments, and their
products with convolutions in moments [7].

RESULTS OF THE NUMERICAL EXPERIMENT

Let's calculate the system on a simulation model and numer-
ically using the H»-approximation for the following set of initial
data: the number of service channels # = 3, the average intensity
of the incoming flow A = 2.5, the average service time of appli-
cations b; = 1, the average cooling time of the system ¢; = 2.
The parameters of the Ho-distribution were selected according
to three moments of different initial distributions of the cooling
duration:

— degenerate D (coefficient of variation v = 0);

— uniform U on the interval [0; 4] (v = 0.577);

— exponential M (v = 1);

— gamma I with a shape parameter of 0.5 (v = 1.41);

— Weibull W with a shape parameter of 0.46 (v = 2.5).

The results of calculating the distribution of the number of
queries in the system for D, M and W distributions are shown in
Figure 5. Shading shows graphs obtained using a simulation
model, solid lines — based on the numerical calculation
method.

The graphs show the agreement of the results even in the
field of complex and paradoxical parameters of hyperexpo-
nents. The Kolmogorov distance between the results obtained
by the simulation method and by approximating the D, U, M, T’
and W distributions of the cooling time was {0.006; 0.005;
0.006; 0.004; 0.043} accordingly, this indicates an acceptable
approximation accuracy. Note that for D, U distributions, the
hyperexponent parameters took complex values, which, how-
ever, did not affect the correctness of the final result.
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Fig. 5. Distribution of the queries number
in the system M /M /n — HS

The increase in the Kolmogorov distance for a W-distribu-
tion with a shape parameter of 0.46 may be due to the fact that
it belongs to the class of distributions with a «thick tail» and,
consequently, the random variable described by it has a very
large spread. In this regard, the requirements for the quality of
the software random number sensors used in the simulation
model are increasing.

Table 1 presents the results of calculating the initial mo-
ments of the waiting time distribution, obtained numerically
(Num) and using a simulation model (Sim).

Table 1
Initial moments of waiting time
w1 w2 w3
B® Num Sim Num Sim Num Sim
D 1.788 1.709 | 6.674 | 6.495 37.190 34.160
U 1.971 1.870 7.864 7.230 40.460 37.220
M 2.272 2.225 1.035 1.035 62.880 64.020
Tos | 2.582 | 2.494 1.406 1.356 | 108.000 | 103.900
W 2.600 | 2.802 2.586 | 2.476 | 767.000 | 687.700

It follows from the presented results that with an increase in
the coefficient of variation of the distribution of the «cooling»
time, the average waiting time increases. The similarity of the
results obtained numerically and with the help of simulation
modeling allows us to conclude that the proposed method of
numerical calculation of the probabilistic-temporal characteris-
tics of the QS with «coolingy is correct.

CONCLUSIONS

Based on the conducted research, it can be concluded that
the process of functioning of a scalable microservice with con-
tainer virtualization can be represented by a QS model with
«cooling» of service channels.

When modeling, the time delays for performing micro-
service scaling operations can be represented as a generalized
delay before the start of servicing applications. The calculation
of the probabilistic-temporal characteristics of the process un-
der consideration is possible based on the use of an iterative

method, the accuracy of which is confirmed by the results of
simulation modeling.

The presented results can be used to substantiate the require-
ments for the characteristics of the infrastructure of a scalable
service that can function stably under dynamic load changes.
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Annomayus. Ilpenoxena popmaauzanus npouecca GpyHKnu-
OHHPOBAHMS MACIITA0HMPYEMOI0 CepBHCAa ¢ YYeTOM BpPeMEeHHbIX
3aTpaT HAa KOH(HUIypHpPOBaHUEe BHIYMCIUTEILHBIX Y3J0B Ha 0OC-
HOBe MHOTOKAHAJIbHON HEIKCNMOHEHUHMAJbHONH CHCTEMBI Macco-
BOT0 00CJTY:KHBAHHUS € PA30TPEBOM» H «OXJIAZKIeHHEM» KAaHAJIOB.
BrInoiHeHO CHUKeHHE CJI0KHOCTH MOJAeJH MyTeM MpeacTaBJie-
HHUS JUIMTEJIbHOCTeH «pa3orpeBa» W «OXJAKIeHUs» B BHIe 0000-
LIeHHOH c1yyaiiHoii 3aaep:kKku nepea o0cay:kuBaHueM. ONUCcaHbI
OCHOBHbIE 3TaNbl METO/1a pacyeTa BepPOSATHOCTHO-BPEMEHHbIX Xa-
PAKTEPHCTHK CHCTEMbI MACCOBOr0 OOCIYKHBAHHS € «OXJIamKIe-
HHeM». MapkoBu3anusi HEMAPKOBCKHX KOMIIOHEHT paccMaTpH-
Baemoii CMO ocymecTBjieHa ¢ HcnoJib3oBanueM Ha-pacnpenene-
Hud. IloaydeHo pacnpeneneHne BepoOSTHOCTEl COCTOSIHMIl pac-
cmaTpuBaemoii CMO. BbinosiHeHO conmocTaBlieHne pe3yJbTaToB,
MOJIy4eHHBIX YHCJIEHHBIM MeTOI0M, C pe3yJbTaTaMi HMHTAIIMOH-
HOI'0 MOJeJIMPOBAHMS.

Kniouegvie cnosa: MUKpOCepBHC, CHCTEMa MAacCOBOIO
00CTY:)KUBAHMS, «OXJAXKAEHHE» KAaHAJIOB, MAapKOBH3alMs,
000011eHHAS 3a/Iep:KKa 00CTy/KUBAHMSA.
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Abstract. The problem of developing a software model of
masking a hidden message in HUGO stegosystems under natural
noise in the communication channel using discrete chaotic Ar-
nold cat map and Baker map, which are iterative reversible dis-
crete chaotic transformations, is considered. All stages of soft-
ware model development are considered in detail, such as the
choice of the development environment, the composition of soft-
ware modules and their purpose, screenshots of graphical inter-
faces for various modes of operation of the model. In the software
model to estimate the chaotic state of a hidden message repre-
sented by a digital still image, the authors introduce the chaotic
coefficient, a numerical indicator of the entropy of the probabil-
ity of disordered pixels. In the developed software model, the
authors propose a method for determining the maximum value of
the chaotic coefficient corresponding to the maximum chaotic
state of the hidden image. Testing the software model shows the
practical indistinguishability of the transformed hidden message
from the natural noise in the communication channel and signifi-
cantly increases the safety of HUGO stegosystems.

Keywords: software model, HUGO stegosystem, Arnold’s cat
map, Baker's map, Pearson correlation coefficient, natural noise,
chaotic coefficient, chaotic maps, steganology.

INTRODUCTION

Steganography is a specific field of scientific activity relat-
ed to the creation and research methods of concealment and
detection of information transmission. Like cryptography,
steganography has also existed since ancient times. Neverthe-
less, this is where the analogies end, especially in the field of
theory. Over the past quarter of a century, a new discipline has
been created and is successfully developing. It is mathematical
steganography or steganology, in which mathematical models
of stegosystems are studied.

If we consider the new trends in modern steganography,
we can list the following distinctive features:

1. The increasing use of still digital photographs as cover-
ing objects with their preliminary transformation using dis-
crete transformations in combination with already known ste-
ganography methods.

2. Research on the creation of new stegosystems with in-
creased secrecy of data transmission.

3. Increased attention to taking into account the presence
of interference in communication channels and ways to com-
bat them.

4. Active use of discrete chaotic transformations of hidden
messages to mask them under natural noise in the data channel
in order to increase the security of HUGO stegosystems.

5. Wide application of new self-orthogonal noise-resistant
codes for encoding covering objects with embedded hidden
messages when transmitting them over highly noisy commu-
nication channels.

6. Increased attention to new developments of efficient
multi-threshold decoders with optimal energy consumption
characteristics, speed, and reliability of decoding processes.

7. The transition from the preliminary cryptographic trans-
formation of the hidden message before embedding it in the
covering object to the use of cryptographic changes directly in
the algorithm of embedding the hidden message.

8. Active expansion of research in the field of synthesis of
highly undetectable stegosystems, the so-called HUGO-sys-
tems.

In this article, the authors focused on discrete chaotic
transformations of a hidden message to disguise it as natural
noise in the communication channel. Users in electronic doc-
ument management systems can implement such methods to
increase the level of security of confidential documents trans-
mitted in the communication channel.

DISCRETE TRANSFORMATIONS OF COVERING OBJECTS

AND HIDDEN MESSAGES IN STEGANOGRAPHY PROBLEMS

Steganography methods using a fixed digital image as a
covering object consist of two broad classes: the first class of
methods introduces a secret message into the spatial area of
the covering object. The second class of methods does this in
the frequency domain. The first class of methods modifies the
spatial area of the covering object, for example, its pixels.
However, these methods are subject to certain graphical trans-
formations of the covering object, such as zooming out or
zooming in, noise, compression, and other changes that make
it impossible to extract the hidden message.

The second group of methods embeds hidden messages in-
to the frequency spectrum of the covering object. This group
of methods uses preliminary discrete transformations of the
frequency spectrum of the covering object into the low-
frequency and high-frequency parts of the spectrum. The em-
bedding of a secret message is usually carried out in the high-
frequency region of the spectrum. The researcher can use this
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group of methods for various formats of covering objects. The
following discrete transformations are applied:

e Discrete Cosine Transform (DCT);

e Discrete Hadamard Transform (DHT);

¢ Discrete Wavelet Transform (DWT);

e Discrete Fourier Transform (DFT);

e Singular Value Decomposition (SVD).

It should be noted that discrete DCT and DWT transfor-
mations are most commonly used. These methods have been
successfully applied to develop widely used compression algo-
rithms for still images JPEG2000 and JPEG.

As the authors have already noted above, in modern ste-
ganography, to increase the security of stegosystems, re-
searchers have increasingly begun to use discrete chaotic
transformations for hidden messages. Chaotic discrete trans-
formations belong to the field of chaos theory research.

Chaos theory is a branch of mathematics that deals with
systems that exhibit chaotic behavior under certain conditions.
Even for the random behavior of some deterministic systems,
the concept of chaos is applicable. In this case, this behavior is
called deterministic chaos. It is also referred to as a branch of
mathematics called deterministic chaos theory.

It is generally accepted to use the concept of entropy as the
primary measure of the system's randomness. The concept of
entropy plays an important role in physics and mathematics.
There are various approaches to the definition of entropy, de-
veloped and described in detail in the works [1-7]. There are
known applications in which entropy is used as statistical esti-
mation of data constructed using observations. For example,
such estimates are helpful in feature selection theory and detect
texture inhomogeneities, signal-to-noise ratios, etc. [1-7].

The reversibility in discrete time of chaotic processes is cur-
rently well studied and proven. Any chaotic process can proceed
both in the forward and reverse direction, i. e. reversible.

Systems with a high entropy value are more disorganized
than those with a low one. There are many possible states in
disordered systems, and there is a slight possibility of configu-
ration in ordered systems.

At first glance, according to the second law of thermody-
namics, a closed system should tend to an increasingly disor-
dered state, i. ., to chaos. However, along with these process-
es, it is possible to observe reverse transitions from chaos to
order at a higher level.

Breaking the order leads to the destruction of orderliness
and, ultimately, leads to a structureless, disordered form of

existence of a system with maximum entropy of the system,
i. e. chaos. However, no matter how chaotic it may seem, the
system always represents some structure. Then chaos can act
as an overcomplicated orderliness.

Thus, in a closed system, there is always a transition from
Order to Chaos (O — C) in the process of chaotic transfor-
mations. That is, there is an alternation of changes:
C—-0—-C—-0—... ctc.

A chaotic transformation (decomposition or mapping) is
usually used for a formal description of deterministic chaos.
There are about 200 different chaotic transformations (chaotic
maps), and their number is constantly growing.

The list of discreet chaotic maps that can be used for chaotic
transformations of hidden messages is given in Table 1.

Table 1

The list of chaotic maps that can be used
for chaotic transformations of hidden messages

Specifications
Spatial Number
dimension | of parameters
1

Map Name

2D Lorentz System
Arnold's Cat Map
Baker's Map
Chaotic Pool Map
Bogdan map
Circle Map
Clifford Fractal Map
The De Jong Fractal Map
Discretized Circular
Van der Pol System
Duffing Map
Dyadic Transformation
Fractal-Dream System
Gingerbread Map
Map of Oenone
Horseshoe Map
Poincare Return Map

BN |W[—(NN

—_—

el LS (=1 =] [=} V)]

NN =[] N (NN |—= (N[NNI

3

Chaotic maps are classified according to the following
classification criteria (Figure 1):

1. Time-domain: continuous, discrete;

2. Spatial domain: real, rational, complex, discrete;

3. Number of spatial dimensions: 1, 2, 3, arbitrary;

4. Number of parameters: 0, 1, 2, 3, 4, 6, 9, 10, 18, variable.

‘ Chaotic maps ‘
- =

T T

e -\x“‘u. TT—
Number of space Time Space | Number
domains Domain Domain of parameters
Arbitrary | - | Continuous | Real | - | Wariable |
Fised | — | Discrete | Rational | - | Fised |

Fig. 1. Classification of chaotic maps
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Discrete chaotic transformations of hidden messages pre-
sented in still images disguise them as natural noise in a ste-
ganography communication channel.

To convert a hidden message presented as a still digital
image is necessary to translate it into a form that closely re-
sembles noise in a communication channel. It is usually done
using discrete chaotic maps.

Researchers should emphasize that to use a chaotic discrete
mapping to mask a hidden message under natural noise, it
must, among other things, have the property of encrypting
(ensuring confidentiality) a two-dimensional object. When
performing a chaotic mapping by the user, a secret key must
be generated, and using the key ensures that the mapping is
reversible. In addition, the mapping must be deterministic,
finite, and easily computable.

For the study, the authors chose chaotic displays of the
Arnold's Cat Map (ACM) and Baker's Map (BM) to mask
hidden messages under natural noise.

ACM and BM have the following values for the listed
classification features:

e time-domain — discrete;

e spatial domain — discrete;

e number of spatial dimensions — 2;

e number of parameters — 2.

Let us take a closer look at these two discrete chaotic
transformations.

CHAOTIC DISPLAY OF THE ARNOLD'S CAT MAP
In discrete chaotic maps, ACM is known as the chaotic
transformation on the torus surface. Vladimir Arnold first pro-
posed ACM.
Researches can formally describe ACM as a chaotic two-
dimensional transformation by the following formulas:

p'=@@p+q)mod1,
q' = (p+q)mod1.

In matrix form, these relations have the following shape:

!
#
In these ratios, the sign « ' » shows the dynamics of chang-

es in parameter values at a sequential time step.

Since the surface of the torus is usually an ACM space, the
change in the values of each parameter is limited to a range
from zero to one. Usually, it is a square with sides equal to
one, with coordinates ¢ and p. For ACM, this is its graphic
illustration. ACM got its name because Vladimir Arnold illus-
trated it with resembling a cat head (Figure 2).

{mod 1)
T R

. 7 v
w ./ 7

Fig. 2. Graphical representation of ACM

=[; allglmear =[5 5l13 lfplmoa1.

th

Note that the image subjected to AFM always retains its
area and is usually used to describe the dynamics of chaotic
processes.

We transform the hidden message using the ACM algo-
rithm. As shown in Figure 3 at iteration 35, the hidden mes-
sage is almost indistinguishable from noise. The iteration
number can be used as a key to recover a hidden message on
the recipient side.

Secret message
Steganography is
the practice of
conceallngla file,
mesg ’ r
or vi wi:gin
another file,

message, image,
or video.

Iteration35

Iteration2

Iteration0

Fig. 3. Iterative transformations of a hidden message
using ACM up to 35 iterations

CHAOTIC DISPLAY OF BAKER'S MAP

The Baker's Map is a chaotic mapping of a unit square into
itself in dynamical systems theory. The transformation is
named after the kneading operation that bakers apply to the
dough. The dough is cut in half, and the two halves are folded
on top of each other and compressed. BM can be represented
as a two-way shift operator of a lattice model with two states.
BM is topologically conjugate to the Horseshoe map. In phys-
ics, a chain of related BM transformations is used to model
deterministic diffusion. As in many deterministic dynamical
systems, BM is studied by its action on the space of functions
defined on the unit square. BM defines an operator in the
function space known as the map transfer operator. BM is an
exactly solvable model of deterministic chaos. In this model,
the eigenfunctions and eigenvalues of the transfer operator can
be defined by researchers explicitly in the form of the follow-
ing relations:

o' ,)_{(2p,q/2) ifo<p<1/2
Pr7=1@-2p1-q/2) if1/2<p<1.

BM is a reversible transformation. It is easy to show that
the inverse transformation for the Baker map is performed
according to the following relations:

( )_{ ®'/2,2q9") if 0<p' <1/2
PUO=N\1-p/22-2¢)if 1/2<p < 1.

The dynamics of transformations of the hidden message by
the Baker's map is shown in Figure 4.

Secret message
Steganography is
the practice of
conoealingia file,
et
another file,

message, image,
orvi

Iteration 35

Iteration 2

Iteration0

Fig. 4. Dynamics of hidden message transformations
according to Baker's map up to 35 iterations
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THE COEFFICIENT OF RANDOMNESS
AS A MEASURE OF DISORDER
When performing chaotic transformations, a significant is-
sue is searching for the optimal level of chaotic change of a
hidden message. The authors suggest using the randomness
coefficient Ky, for this purpose. The search task is reduced to
determining the iteration number of the chaotic transformation
of the hidden message at which Kj, reaches its maximum (the

state of maximum randomness). That is:
t .
K" = max Ky, fori=1,..,m,

where Kj, is the value of the randomness coefficient at itera-
tion number 7, m is the total number of iterations performed.

At each iteration of the chaotic transformation, the current
value of K, is determined from the ratio:

where Kgyccess; the total number of successful environment
randomness checks is for all pixels of the hidden message im-
age at iteration i, and Kp,; is the total number of pixels in the
hidden message.

A check is considered successful for checking the random-
ness of the environment, as a result of which the condition is
met for the pixel B, being checked (located in the center of the
environment):

€y

where B; is pixel i from the environment, # is the number of
pixels in the environment.

By checking condition (1), it is possible to determine
whether the environment is homogeneous (ordered) or turbu-
lent (chaotic).

K Ksuccess; The various forms of the environment (neighborhood) used
hy Kpixel ’ by the authors in the experiment are shown in Figure 5.
square{ls) rectangle{15, 10} diamand{7}
111111111111111 1111111111
1111111111111 1111111111
111111111111111 1111111111
111111111111111 111111111311
111111111111111 1111111111
111111111111111 1111111111
111111111111111 1111111111
111111111111111 1111111111
111111111111111 1111111111
111111111111111 1111111111
111111111111111 1111111111
111111111111111 1111111111
111111111111%111 1111111111
111111111111111 1111111111
111111111111111 111111111311
disk{?} actagon{?, 4} r
1 1111111 1
1111111 11111111 1
11111111 A O A O A O A A 111113111111
111111111 1111111111 111113111111
111111111 1111111111 11111111111
111111111 1111111111 11111111111
111111111 1111111111 11111111111
111111111 1111111111 11111111111
111111111 1111111111 11111111111
111111111 1111111111 11111111111
111111111 1111111111 11111111111
111111111 1111111111 11111111111
11111111 111111111 11111111111
1111111 11111111 1
1 1111111 1

Fig. 5. Neighborhood shapes used

Before performing the first iteration, the initial value
Ksuccess; 1 calculated for the initial state of the hidden mes-
sage. Then, in each case of condition (1), the value of Kgyccess;
increases by 1.

100

0.90 |

080 | |

Coefficient of randomness

0.75 I

o070 |

0 20 40 60 80 100
Iteration

Ky, = f®

The results of calculating the functions K, = f(i) and

E = f (i) for the ACM algorithm using the neighborhood
disk(7) are shown in Figure 6.

Entropy

E=f@®

Fig. 6. The results of calculating the functions K, = f (i) and E = f (i)
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The same functional dependencies for the BM algorithm
have a similar appearance, and the author omits them. The
maximum values of Ky, and E are 0.9873422728531308 and
3.349067973898346, respectively, for the hidden message in
the form shown in Figure 3 for iteration 35. The hidden mes-
sage in this iteration is indistinguishable from natural noise.
The Pearson correlation coefficient for these dependencies is
0.9904321037457637.

DEVELOPMENT OF A SOFTWARE MODEL FOR MASKING STILL
DIGITAL OBJECTS

In this section, the authors present a prototype of a soft-
ware model for implementing the masking process of digital
still images on the way from the sender to the recipient using
their discrete transformations.

In this model, it is advised to perform a preliminary con-
version of the file into a form that resembles noise in many
ways, which makes it possible to increase the system's securi-
ty. In the event of a leak of a secret message, it will be possi-
ble to restore it only with the private key with which the image
is converted initially.

DESCRIPTION OF THE SOFTWARE ENVIRONMENT

The authors used the NetBeans IDE integrated develop-
ment environment to implement the software model.

The NetBeans IDE project is supported and sponsored by
Oracle, but an independent community of enthusiastic devel-
opers (NetBeans Community) and NetBeans Org. develop
NetBeans.

The latest versions of NetBeans IDE support refactoring,
profiling, highlighting syntactic constructions with color, auto-
completion of typed structures on the fly, and many prede-
fined code templates.

The NetBeans IDE development environment allows you
to develop applications in various programming languages.
For example, Java, Python, PHP, JavaScript, C, C++, Ada,
and several others.

To write the code of the software model, the authors used
the Java programming language.

The general graphical interface of the development envi-
ronment is shown in Figure 7.
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Fig. 7. The general graphical interface of the development environment

DESCRIPTION OF THE PROGRAMMING LANGUAGE

Java is a strongly typed object-oriented programming lan-
guage. Sun Microsystems Company developed it. Oracle
Company later absorbed Sun Microsystems Company.

Characteristic features of Java:

1. The language is easy to use, and it has fixed bugs from
other languages. For example, pointers are not used.

2. Object-oriented language.

3. Steady language. Java programs are insured against
many errors.

4. Safe language.

5. Network (distributed language).

6. Architecture-independent (platform-independent) lan-
guage.

7. Interpreted.

8. Portable.

9. High-performance.
10. Multithreaded.
11. Dynamic.

STRUCTURE OF THE DEVELOPED SOFTWARE
The structure of the developed software package is shown
in Figure 8.
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ImageFilter java

Utils java

EncryptDecrypt.java ImagePanel java

ImageChooser java lainWindow java

Reconstructimage OperationPanel java

Fig. 8. The structure of the developed software package

Main.java is the main class, creates objects of auxiliary
classes, and calls the corresponding methods.

MainController.java is a class that implements event han-
dling for various user actions. It also developed methods for
creating interface panels for the user. The main methods of the
class are:

e chooselmage (): responsible for processing user actions
when selecting an image. Also converts the source object into
an array of bytes;

e Do(): The method calls the encrypt encryption function
and displays the image on the panel after each iteration;

e Do Max (): The method is started when the button is
pressed, which starts the process of converting the image until
it returns to its original state;

e Do_decrypt (): The method calls the decrypt encryption
function and displays the image on the panel after each itera-
tion;

e Do _save (): The method saves the converted image to the
directory specified by the user.

ImageFilter.java class that checks the format of the select-
ed image for conversion.

EncryptDecrypt.java — this is the main class implementing
the discrete chaotic transformation algorithm. Main methods
of the class:

o ACM(): the main method of this class, which implements
an algorithm for masking images into noise;

e ACM_Max (): the method implements the processing of
the event that the user initiates by clicking on the button to
transform the image until it returns to its original state;

e Compare(): an auxiliary method for ACM_Max (),
checks for compliance, after each iteration of the transfor-
mation, of the transformed object with the original image.

Reconstructlmage.java is a class that implements methods
for converting an image in png or jpeg format into an array of
bytes.

Let us proceed to consider the block diagram of the pro-
gram interface (see Figure 9).

The class is responsible for the main user window Main-
Window.java. On top of the main window, windows are
drawn on which the original image and the image after the
transformation are displayed. The class is responsible for this
panel ImagePanel.java. At the bottom of the window, there is

MainWindow.java

ImagePanel java ImagePanel java

| OperationPanel java |

Fig. 9. Block diagram of the program interface

a toolbar with the main user functionality. The class is respon-
sible for this panel OperationPanel.java.

The following built-in libraries were used during the de-
velopment process (see Figure 10):

1. AWT (Abstract Window Toolkit) is a built-in library in
Java for working with graphical objects, used to draw the user
interface.

2. 10 (input/output) is a built-in library in Java for organiz-
ing input/output streams, used to read an image file and draw
it on the user panel.

3. Net is a built-in library in Java for organizing connec-
tions, used to load an image file from the file system into the
program.

4. Util is a built-in library in Java for manipulating system
components.

5. ImagelO is a built-in library in Java for loading and un-
loading graphic images to and from the buffer, used for inter-
mediate saving of the converted image.

6. Swing is a built-in library in Java for working with the
graphical shell.

THE STRUCTURE OF THE SOFTWARE BEING DEVELOPED

To implement the simulation, an algorithm was developed
that reflects the sequence of actions necessary to perform.

Selecting a steel digital object to mask into noise. In the
software model, it is possible to use two image formats: PNG
and JPEG.

PNG stands for Portable Network Graphics file and ad-
heres to lossless compression.
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FilelnputStream; logging.Logger;
IOException;
Inputstream;

Fig. 10. List of used libraries

Unlike JPEG, saving a digital file in PNG format does not
reduce its quality. PNG format is proper when images have a
transparent background (for example, a company logo).
They can be used as video overlays or when combining
two or more images as layers.
The JPEG or JPG file format is a standard extension for
digital images. JPEG files come from all digital cameras that
you can use on different platforms. JPEG is the acronym of Her
the Joint Photographic Expert Group — after the name of the
developer organization.
When you take an image with the camera, at a minimum,
you will get an image in JPEG format. Img Type == png || jpeg fAa
The advantage is that you can edit raw images repeatedly
without losing quality. v

Y

—™ [Img] = Chooselmg {'URL, Img")

JPEG image files are used for the immediate exchange of
images, Matrix[il[j]] = Img.getRGE(i, ]}
Figure 11 shows a block diagram describing the logic of

the software module at the stage of selecting the source image.

The first step of working with the software module is to se-
lect an object for conversion. The user has the option to choose
between two image formats, png or jpeg. These actions take
place through the user interface. After selecting an object, the Encrypt (Matrix)
program checks the image format. If it satisfies the condition,
then the conversion object is passed to the Encrypt module.

A

private void choose Image() {
ImageChooser imageChooser = new ImageChooser();

File input Image File =imageChooser.getSelectedFile();
Fig. 11. The image reading

Figures 12 show a flowchart describing the operation of the
ACM() method. This method masks the original image into noise. number =1,
for (inti=0; i < number; i++) {
for (inta=0;a<N a++) {
for (intb=0; b <N; b++) {
hasil[0] = (*a + 1*b) % N;

private Integer| ][ ] ACM(Integer[ ][ ] matrix)

.I-r.1teger[] hasil = new Integer[2]; hasil[l] = (*a + 2*b) % N;
!nteger[ 1[T result = new Integer[N|[NJ; result[a][b] = matrix[hasil[0]][hasil[1]];
int number;
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Fig. 12. A loop that transforms the original image into a matrix

Figure 13 shows the output of the converted image to the
user interface. o

for (int i = 0; i < result Image.getWidth(); i++) {
for (int j = 0; j < resultimage.getHeight(); j++) {
resultimage.setRGB(j, j, result[i][j]);

this.result Image Panel.setimage(resultimage);

hasil[0] = (1*a + 1*b) % N;
hasil[1] = (1*a + 2*b) % N;
result[a][b] = matrix[hasil[0]][hasil[1]];

Y

resultimage.setRGB(i, j, result[i][j]);
this.resultimagePanel.setimage(resultimage);

A4

Finish

Fig. 13. Output of the resulting image to the panel
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SCREENSHOTS OF THE SOFTWARE PACKAGE Next, click Browse. After clicking on this button, the event
Figure 14 shows the user interface of the developed soft-  handler will display a menu window on the main panel. The
ware package. After launching the program, the user gets to  user will be prompted to select a transformation object from
the main application window. the file system of the personal computer see Figure 15.
Image Encrypt Decrypt

Browse \ [ > Itarate until original image reappears ‘ 0 Save |

Fig. 24. Programming interface of the initial user window
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D result1.png

File Name: ‘4 png |

Files of Type: ‘Jpgfpllg |' ‘

Pilih Gambar | | Cancel ‘

| Itarate until original image reappears | 0 ‘ Save |

Fig. 35. Image selection

Humennexkmyanvnole mexnonocuu na mpancnopme. 2022. Ne 4 60



Intellectual Technologies on Transport. 2022. No 4

Suppose that the user has selected the image shown in Fig-
ure 16. The selected image will be displayed on the left side of
the user main panel.

There is a toolbar at the bottom of the window. This panel
prompts the user to perform the following actions.

An empty field for entering the number of iterations — af-
ter entering a number in this field that will indicate the number
of iterations, the program will start converting the image and
display the result in the right part of the panel.

Image Encrypt Decrypt

Arrows pointing to the right and left — after clicking on
these toolbar elements, one iteration of the image transfor-
mation will be performed.

Figure 17 shows the state of the image panel after the 114
iterations. In the right part of the panel, the drawing has turned
into almost natural noise.

In Figure 18, the user re-entered the number of iterations
114 in the input field, and the result of the program is dis-
played in the right part of the panel. It should be noted that
after 228 iterations, this image takes its original form. Thus,
the transformation process is reversible.

EH Itarate until original image reappears |0 ‘ Save ‘

Fig. 46. The original image

Image Encrypt Decrypt

115] | Itarate until original image reappears | 228 ‘ Save |

Dwnanmion: 22% |

Fig. 57. The state of the image panel after the 114 iteration
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Image Encrypt Decrypt

EI IZ“ Itarate until original image reappears | 223| Save |

Fig. 68. The state of the image panel after the 228 iterations

CONCLUSION

Thus, in this article, the authors have considered and
solved the problem of optimal masking of a hidden message
under natural noise in the communication channel. Two dis-
crete chaotic transformations of ACM and VM are investigat-
ed to do it. As a measure of randomness, it is proposed to use
the randomness coefficient, which is easily calculated and is
comparable to entropy. The task of optimizing the masking of
a hidden message, thus, is reduced to finding an iteration at
which the randomness coefficient takes the maximum value.
The final result of the author's work is the development of a
software package for discrete transformations of hidden mes-
sages represented by still images to a form indistinguishable
from natural noise. The software package developed by the
authors is carefully illustrated with screenshots.
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Annomayua. PaccmaTpuBaercs mnpodieva pa3paGoTku Mpo-
TPAMMHOI MOJeJIM MACKHPOBKH CKPBITOr0 cO0O0LIeHUS B CTero-
cuctemax HUGO B yci0BHSIX €CTECTBEHHOI0 WIyMa B KaHale
CBSI3U € HCIOJIb30BAHHEM JUCKPETHOH Xa0THYeCKOH KapThl KOTa
ApHoabaa u kapthl beiikepa, KoTOpbIe ABJISAIOTCH HTEPATHBHbI-
MH 00paTHMBIMHM JHCKPETHBIMM XAa0THYECKHMH Mpeodpa3oBa-
Husmu. IoapoGHo paccMoTpeHbI Bee 3Tambl pa3padoTKH Npo-
rpaMMHOIi MOJIeJIH, TaAKHe KaK BbIOOP cpelbl pa3padoTKH, COCTAB
NMPOrpaMMHBIX MOAYJell M MX Ha3HAYeHHe, CKPHHIIOTHI rpadmu-
YyeCKHX UHTepdeiicoB 11 pa3JIHYHbIX PEXKHMOB Pa0OThI MO/IEJIH.
B nporpammHOii Mojeau A/ OLEHKH Xa0THYECKOI0 COCTOSTHHSA
CKPBITOr0 cO00IIEeHNs, MPEACTABJIEHHOI0 NM(POBHIM HEMOABHK-
HbIM H300pakeHHeM, BBeJeH KO3(QQPUIHMEHT Xa0THYHOCTH —
YHCJI0BOii NMOKa3aTeJ]b 3HTPONMH BePOSITHOCTH HeyNopsi04eH-
HbIX NuKcejeid. B paspaGoranHoii mporpaMMHoil Moaean npea-
JI03KeH MeTo] omnpe/e/ieHHsI MAKCHMAILHOT0 3HaYeHusi Ko3ddu-
HHEeHTa Xa0THYHOCTH, COOTBETCTBYIOLEr0 MAaKCHMAJILHOMY Xa0-
THYECKOMY COCTOSIHMIO CKPBITOro u3o0paxkeHus. TecTupoBanue
NPOrPaMMHON MOJeJIM NMOKa3bIBACT NPAKTHYECKYI0 HEOTJIUYH-
MOCTh NPe00pPa30BAHHOIO CKPBITOr0 COOOLICHHS OT eCTECTBEH-
HOI'0 IIyMa B KaHaJle CBSAI3U M 3HAYUTEJIbLHO NOBbIIIaET Oe3onac-
HocTh cTrerocuctem HUGO.

Kniwoueevie cnosa: mnporpamMmHasi Mojelb, CTerocucreMa
HUGO, kapTta xota ApHoJbiaa, kapta beiikepa, kod¢pduuueHt
koppeasiumu  IlupcoHa, ecrecTBeHHbI IIyM, Ko3()¢uuIMeHT
Xa0THYHOCTH, Xa0THYECKHe KapThl, CTETAHOJIOTHS.

JINTEPATYPA

1. Benguigui, L. The Different Paths to Entropy // Europe-
an Journal of Physics. 2013. Vol. 34, No. 2. Pp. 303-321.
DOI: 10.1088/0143-0807/34/2/303.

2. Peng, H. Feature Selection Based on Mutual Infor-
mation: Criteria of Max-Dependency, Max-Relevance, and
Min-Redundancy / H. Peng, F. Long, C. Ding // IEEE Trans-
actions on Pattern Analysis and Machine Intelligence. 2005.
Vol. 27, Is. 8. Pp. 1226-1238.

DOI: 10.1109/TPAMI.2005.159.

3. Pal, D. Estimation of Rényi Entropy and Mutual Infor-
mation Based on Generalized Nearest-Neighbor Graphs /
D. Pal, B. Poczos, C. Szepesvari //Advances in Neural Infor-
mation Processing Systems 23 (NIPS 2010): Proceedings of
the 24th Annual Conference on Neural Information Processing
Systems (Vancouver, Canada, 06-09 December 2010). —
New York: Curran Associates Inc., 2019. — Pp. 1849-1857.

4. Archer, E. W. Bayesian Entropy Estimation for Counta-
ble Discrete Distributions / E. W. Archer, 1. M. Park, J. W. Pil-
low // The Journal of Machine Learning Research. 2014.
Vol. 15. Pp. 2833-2868.

5. Hall, P. On the Estimation of Entropy / P. Hall, S. C. Mor-
ton // Annals of the Institute of Statistical Mathematics. 1993.
Vol. 45, No. 1. Pp. 69-88. DOI: 10.1007/BF00773669.

6. Miller, E. G. A New Class of Entropy Estimators for
Multi-Dimensional Densities // Proceedings of the 28th IEEE
International Conference on Acoustics, Speech, and Signal
Processing (ICASSP '03), (Hong Kong, China, 0610 April
2003). — Vol. 3. — IEEE, 2003. — Pp. 297-300.

DOI: 10.1109/ICASSP.2003.1199463.

7. Sricharan, K. Ensemble Estimators for Multivariate En-
tropy Estimation / K. Sricharan, D. Wei, A. O. Hero III //
IEEE Transactions on Information Theory. 2013. Vol. 59,
Is. 7. Pp. 4374-4388. DOI: 10.1109/TIT.2013.2251456.

Humennexkmyanvnvle mexuonozuu na mpancnopme. 2022. Ne 4 63



Intellectual Technologies on Transport. 2022. No 4

DOI: 10.24412/2413-2527-2022-432-64-70

Logistic Digital Ecosystem of the Multimodal
Freight Terminal Networks

PhD A. 1. Mochalov, Grand PhD Yu. I. Palagin

Saint-Petersburg State University of Civil Aviation
Saint Petersburg, Russia
mai_d@mail.ru, profypal@yandex.ru

Abstract. Processes of digitalization, increasing amount of da-
ta (and big data) offered by technologies have pushed people and
businesses to break through towards the fourth industrial trans-
formation. That started to change some business processes in the
transport logistics area due to estimating and optimizing the effi-
ciency of whole value chain clearer. The article examines the
transition to ecosystem-based development by means of combina-
tion of the mathematical models, routing algorithms and calcula-
tion algorithms for cargo flows in transport-terminal road-air-
sea-railways networks of multimodal transport operators during
transformation period with virtual services.

Keywords: ecosystems, digital multimodal cargo operators,
transport-terminal networks ecosystem, optimal delivery routing,
terminal virtual services, planning, algorithms, digitalization.

INTRODUCTION

First results of the digital transformation lead the rapid de-
velopment of processes of digitalization, increasing amount of
data (and big data) offered by technologies have pushed peo-
ple and businesses to break through towards the fourth indus-
trial transformation including transportation area such as for
instance for cargo flows in transport-terminal road-air-sea-
railways networks of multimodal transport operators. It is es-
timated data creation including transport area will increase to a
huge 175 zettabytes (ZB) by 2025. This is ten times the amo-
unt of data generated in 2017 (see Figure 1) [1]. That started to

Annual Size of the Global Datasphere

PhD N. V. Ivanova

Emperor Alexander I St. Petersburg
State Transport University
Saint Petersburg, Russia
nataliv62@gmail.com

PhD H. Ruohomaa

Hame University
of Applied Sciences (HAMK)
Héameenlinna, Finland
heikki.ruohomaa@hamk.fi

change some business processes in the transport logistics area
due to estimating and optimizing the efficiency of whole value
chain clearer.

Many of different sensors, devises and computers began
are connected and communicate with one another to improve
cargo flows in transport-terminal road-air-sea-railways net-
works of multimodal transport operators, in the end, to make
decisions without human involvement or to help to people in
the decision-making processes. In the nearest future it is sup-
posed that everything will be linked virtually, it means both the
virtual and physical transport-terminal road-air-sea-railways
networks of multimodal transport operators can be connected in
unit network as well. This will transform whole economies,
transportation issues and societies and people behavior.

With so many sensors, devices and computers, 90 % of the
world's data has been generated in just the past two years, with
2.5 quintillion bytes of data being collected every day. It is
predicted that 60 % of the world's logistics and freight
transport data is collected through applications based on artifi-
cial intelligence, machine-to-machine technology, automation
and advanced data collection from smart devices located in
road, air, maritime and rail transport. More over the collection
of such data is expected to grow 20-fold over the next 10 years.

175 ZB

Fig. 1. Global growth trend of data 2010-2025
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The implication of this increase may be that data is an in-
creasingly important factor affecting all aspects of the distri-
bution of freight flows and the relationship between multi-
modal transport operators. Smart devices and the Internet of
Things are already creating a volume of «vital» data for net-
work of multimodal transport operators and as freight flows
distribution too.

Therefore, it is essential to ensure that businesses and
business environments are aware of where and how data
growth is happening and are ready to manage data effectively
and ensure that benefits have achieved. This is very important

Mobile devices

Cloud computing o

Augmented .
reality/wearables

Multilevel customer
interaction and ;@
customer profiling

Big data analytics
and advanced
algorithms

N,

Smart sensors

in the case of logistics and transportation, when the delivery
time and timing of fright is important.

In addition to the societal impact, poorly managed increas-
ing amount of data could result losing revenue in existing
business by having operational inefficiencies and bad custom-
er experience. By 2025 over 20 % of the data collected global-
ly could be useful for analytics [1]. The same applies to logis-
tics and transportation business.

New ITC based technologies make possible 4.0 Industry
development and give opportunities to reengineer value chains
and create new business models (see Figure 2) [2].

loT platforms

=
OO0

: Q Location detection
technologies

Advanced human-machine
interfaces

Authentication &
fraud detection

3D printing

Fig. 2. Industry 4.0 framework and contributing digital technologies

In present time the increasing consumer demands for door-
to-door service (door-to-door cargo delivery) makes the rele-
vant requirements to the participants of the transportation pro-
cess such as freight-forwarder companies which serve and
extend the services what provided by an air company for the
benefit of commercial customers. Such freight-forwarding
companies are freight transportation agents, perform follow
services:

e customs clearance;

¢ handling of goods;

e mutual settlements etc.

There are number of large-scale freight-forwarder compa-
nies which have own terminal networks. Such terminal net-
works consist of:

e cargo distribution and sorting centers;

e organized distribution centers at the airports and railway
stations;

e own network of road, air, sea and railway transportation.

Logistics and transportation companies operate as a mul-
timodal transport operator (MTO) by giving the client their
own (not an agency) waybill and number the variety of ser-
vices.

Among those services there are two main types of service:
express delivery and economy delivery. In the first case, the
basic requirement of customers is the minimum time and reli-
ability of delivery with reasonable rates. In the second case the
basic requirement of customers a minimum transportation cost
at reasonable requirements to transit time. Possibilities to pre-
sent the widest range of services for today and to comply with
the diverse requirements of customers determinate the compet-
itiveness of multimodal operators.

In the nearest future the competitiveness of networks of the
multimodal cargo operators will based as well in the integra-
tion the ICT, physical IoT, and IoT-devices to optimize the
efficiency of multimodal cargo operations and services and in
unit those operators and their services in the digital ecosys-
tems for example in our case in ecosystem of multimodal
freight terminal network. This digital ecosystem of multimod-
al freight terminal network can use and combine systems and
techniques for the determination and optimization of cargo
flows in transport-terminal road-air-sea-railways networks of
multimodal transport operators during transformation period
with virtual services.
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THEORETICAL FRAMEWORK / ECOSYSTEM BASED
DEVELOPMENT ON FREIGHT TERMINAL NETWORK CONTEXT

Organization exists in multiple business ecosystems. These
business ecosystems are dynamic networks of entities com-
municating with each other to create value for participants.
The challenge is deciding how your organization will survive
and thrive in its ecosystem. The degree of openness within
ecosystems is managed by strategies, common goals and
shared interest. An ecosystem may be hybrid, private or pub-
lic. Organizations often participate in a hybrid of public and
private ecosystems [3].

One approach on the development of the ecosystems is co-
evolution; where ecosystem member organizations or parts of
the ecosystem evolve in alignment. An example of co-
evolution is a Digital Ecosystem and a Business Ecosystem
evolution, which Moore (2003) introduces as the Digital Busi-
ness Ecosystem (DBE) [4].

Ecosystems can co-evolve in a structural level in addition
to species, roles and functions.

Figure 3 illustrates a Digital Business Ecosystem structure
where the business ecosystem and digital ecosystem are cou-
pled to form a viable dynamic innovation ecosystem.

BUSINESS ECOSYSTEM (economy)

Perturbation/
Compensation

uojjesuadwor
Juoneqinuag

DIGITAL BUSINESS ECOSYSTEM

DIGITAL ECOSYSTEM (digital representations of economy)

Fig. 3. Digital Business Ecosystem

The digital ecosystem influences enterprises, their social
and business networks, and the business ecosystem affects the
organisms of the digital ecosystem [4].

New ICT-related technologies make Industry 4.0 devel-
opment possible and give opportunities to re-engineer value
chains and create new business models. The growth of con-
nections brings the new possibilities and solutions for the
business. Exponential growth of data brings also new chal-
lenges and indicates the birth of a new kind of business mod-
els. This «smartness» requires greater connection and collabo-
rations. This is where the ‘explosion’ of platforms and ecosys-
tems is occurring [5].

MATHEMATICAL MODELING AND OPTIMIZATION
IN FRAME OF LOGISTIC ECOSYSTEM OF THE MULTIMODAL
FREIGHT TERMINAL NETWORKS
This chapter is devoted to the mathematical models, the
routing algorithms and calculation algorithms for cargo flows
in transport-terminal road-air-sea-railways networks of multi-
modal transport operators for the logistic ecosystem of the
multimodal freight terminal networks creation.
Those models and the algorithms help to calculate the op-
timal L-shortest routes, which can be optimal according to
various criteria including customer preferences and simulate

the processes of delivery and distribution of freight flows to
the optimal routes according a specified traffic schedule in the
frame of logistic ecosystem [6-9].

THE MULTIMODAL FREIGHT TERMINAL NETWORK’S STRUCTURE

For the mathematical modeling understanding we will ad-
here to the following terminology and basic statements:

e transport terminals network is a set of nodes and arcs;

e network nodes are its terminals;

e network arcs are transport routes which connecting the
two terminals;

e nodes are the distribution centers, which handle and sort
cargo for transportation.

Digital logistic ecosystem consists of types of distribution
centers:

¢ head (hub) distribution center;

e gateway distribution centers.

The head distribution center interconnects and works with
directly with customers (shipper and consignee) providing
auto-service by regular road routes between terminals, sort,
consolidate and collects the goods from the shipper (the initial
stage of carriage) for the final recipient’s delivery [7]. Gate-
way distribution centers are intended to transfer (and receive)
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cargo from distribution center to air, sea, and rail carriers and
located at airports, seaports and train station. Air, sea and rail
routes are linked only respective type of gateway distribution
centers between each other. Transportation between head dis-
tribution center and gateway distribution centers are carried
out by road.

The considerate logistic digital ecosystem includes three
interrelated parts (Figure 4):

1. The central network (covers the European part of Russia
and consists of 17 head DC what are linking their regular net-
works of road routes, 8 GDC to air network and air routes
which linking the gateway terminals of air network. Terminals
are located in St. Petersburg, Moscow (North and South ter-
minals), Voronezh, Rostov-on-Don, Krasnodar, Nizhny Nov-
gorod, Kazan, Yaroslavl, Samara and Yekaterinburg).

2. The eastern part (consists of 7 head DC in major cities
of Siberia and the Far East of Russia, 7 gateway DC to avia-
tion network (at local airports), 7 gateway terminals to the rail
network (at the local railway station) and connecting them
network of routes. The eastern part connects to the central part
of network through the head DC in Yekaterinburg and Omsk,
and then in the direction of the Trans-Siberian Railway to the
head DC in Omsk to head DC in Novosibirsk, Krasnoyarsk,
etc. up to Vladivostok).

3. The western part (consists of 7 head DC in Western Eu-
rope (Helsinki, Berlin, Frankfurt am Main, Hamburg, Rotter-
dam, Paris, London), 6 gateway DC to aviation network, 1 rail
gateway terminal (at the Berlin train station), 6 sea gateway
terminals and connecting them the network of routes).

Fig. 4. Three international parts of the considerate logistic digital ecosystem

As result the transport terminals network in frame of the
digital logistics ecosystem contains in total:

¢ 31 head distribution centers (n);

e 21 terminals of approach to aviation network (nav);

® 6 sea gateway distribution centers;

e 11 terminals of approach to the rail network (nRS).

TRANSPORT TERMINALS NETWORK SCHEDULE AND RATES
Road, air and rail transport routes can be described as below.
Let’s enter array ScheDat [i, j],which contains information

about the routes interterminal transportation schedule, where i —
is routing code in the schedule; j — is parameter routing.
Array ScheDat [i, j] consists of next variables:
o ScheDat [7, 1] are denote the code of departure from dis-
tribution center;
e ScheDat [i, 2
e ScheDat [, 3
e ScheDat [i, 4
e ScheDat [, 5

— destination code;

— code of the type of scheduling;
— the time of departure;

— transit time of route.

—_

Let’s enter next rules:

— all timing parameters are set in minutes;

— schedule is attached to the weekly cycle;

— schedule type means interterminal routes with different
departure days of the week, for example: code 0 means the
daily schedules of departure, code 1 — 6 days of departure
(except Sunday), etc.

Fares (USD/kg) are given by the matrix of cost: C = C[j, j],
where diagonal elements are the rates for terminal handling in
the i-th terminal, and the off-diagonal elements when i #j —
interterminal rates for transportation.

A matrix of distances on roads (km) between nodes (hub
and distribution centers of approach) of the network is also
refers to the network. If the terminals are not connected by
direct routes, the distance and the corresponding elements of
cost matrix are equal to infinity.
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EXAMPLES OF THE CALCULATIONS AND MODELLINGS

L-optimal tariff and distance routing in frame
of the digital logistics ecosystem

Let’s introduce the quantities:

UK[i] as a length of r-th shortest route, »=1, 2, ..., L from
the i-th node to the fixed end node i of the network with num-
bers of intermediate nodes up to k.

Generic term «node», «lengthy, «shortest route» are used
in the general definitions here and throughout the article.

But the route length means its value (price, USD/kg) or
distance (rally, km) in this section, and length means the time
of delivery in the next section. When the route calculation
parameter k=0, 1, ..., (n - 2), it also has the meaning of the
iteration number, where 7 is the total number of nodes. Values
UK[i] are defined by the following recursive equations:

Uk[i] = minr{C[i, il +Cli,jl + Uyl [j]},
i=1,2,..,n, (1)

where min, is the r-th smallest (#-th minimum grade) set of
numbers in curly brackets.

The set of numbers is formed by sorting of all nodes j # i,
connected by arcs (interterminal routes) with the i-th node and

the length of p-'s shortest routes Uﬁk_l) [/] from node j to node
ir, what is calculated on the previous (k - 1)-th iteration.

The initial conditions for these equations are determined
with & = 0 by the expression:

ULi] = Cli, ix] + C[i, i] + Clig, i, 7= 1.

When 7 # 1, or if the nodes i and i are not directly related
arcs, the U?[i] meanings are set equal to the infinity.

Computation of the L-optimal routes leading from a given
initial node iy to a fixed end node i is performed after the cal-
culation of the target functions U¥[i] with k = (n - 2).

The calculations are similar to the procedure described in [7].
Bust rank values r=1, 2, ..., L defines a family of L-optimal
tariff routes.

L-optimal by a minimum distance route are calculated by
the algorithms, putting the cost of the matrix equal to the ma-
trix of distances by road between terminals. L-optimal routes
by tariffs and distance (as opposed to the optimal time) do not
depend on ScheduleData of the network, the time and day of
cargo arrival at the departure terminal.

Calculation of L-optimal time of delivery routes

In case of the regular in terminal transportations what de-
pend on parameters of the schedule and the arrival of the cargo
to the original departure terminal algorithm of the search is
complicated by the emergence of new variables.

Let's UF[l,t,i] — the length of r-th shortest route,
r=1,2,..,L (a minimum time of delivery) from the i-th ter-
minal to the end terminal #, providing that the route contains
no more k intermediate terminals, and cargo arrived to the i-th
departure terminal at the time ¢ days /-th day of the week,
=12,..,7.

T — discrete variable, what appeared as a result of the dis-
cretization of continuous time of the day with a step dt. There
is dt = 10 min, discrete time is set to 0, 1, ..., 144 in the pro-
gram.

All the temporal characteristics of the transport terminals
network (time of arrival at the terminal, departure, duration of
the interterminal routes, and the meaning of function
UK[L, t,1]) is measured in minutes.

Variables U¥[L, t, ] are related by the equations:

UK[Lt,i] = minr{T[l, t,i,j] + U V[, 1, j]}, 2)

where 711, ¢, i, j] — time of the cargo delivery from the i-th
to the j-th terminal, by a schedule what is determined by the
regular service, provided that the cargo have arrived to the i-th
terminal with arrival parameters (/, f).

If there is no direct flight between the i-th and j-th nodes in
the, this value is equal to infinity; /; and # are day and the daily
arrival time to the j-th terminal.

The parameter k=1, ..., (n - 2) has the same meaning as in
the equation (1).

The initial conditions with k£ = 0 for equations (2) have the
form

UL t,il=TI[L¢tii], r=1

If »> 1, or there is no direct interterminal flights between
the i-th and j-th points, the values of the functions UP[, t, ]
are set equal to infinity.

Gasket L-optimal route by delivery time is the reverse mo-
tion procedure [7]. Time optimal routes depend on the day of
the week and the time of cargo arrival to the departure termi-
nal in contrast to the optimal tariff routes. In addition, the ex-
istence and uniqueness of the routes can be violated.

CONCLUSION

The problem what is considered in this article covers both
the important modeling tasks, optimization of transport routes
and freight flow calculation in freight terminal networks of
multimodal transport operators and issues of creation and sup-
port of the digital logistics ecosystem as well. The use of L-
optimal routes with different ranks and different criteria (min-
imum rates and delivery time) provides effective formal se-
lecting routes mechanism, allowing to realize the full transport
potential of intermodal transport terminal network. Manager
who is working with the customer with the L-optimal routes in
frame of the digital logistics ecosystem can offer the customer
a range of a routes to suit the maximum extent hardly compat-
ible requirements for cost and delivery time. Freight flow cal-
culations for estimated values of the input flows, which ex-
press the expected traffic demands, can properly allocate han-
dled cargo resources including vehicles on interterminal
routes, drivers and loaders inside the terminals. All the pro-
posed algorithms are implemented in the form of appropriate
software and have been effective for considerate ecosystem of
the multimodal freight terminal networks optimizing cargo
delivering routes in time and allowing to freight operators to
use joint data and technologies.

REFERENCES

1. Reinsel D., Gantz J., Rydning J. The Digitization of the
World — From Edge to Core, IDC Whitepaper, No. US44413318,
November 2018, 28 p. Available at: http://www.seagate.com/
files/www-content/our-story/trends/files/idc-seagate-dataage-
whitepaper.pdf (accessed 10 Nov 2021).

2. Industry 4.0: Building the digital enterprise, 2016, 36 p.
Available at: http://www.pwc.com/gx/en/industries/industries-4.0/

Humennekmyanvnvie mexunonozuu na mpancnopme. 2022. No 4 68



Intellectual Technologies on Transport. 2022. No 4

landing-page/industry-4.0-building-your-digital-enterprise-
april-2016.pdf (accessed 10 Nov 2021).

3. Panetta K. 8 Dimensions of Business Ecosystems, Gart-
ner. Published online at July 12, 2017. Available at:
http://www.gartner.com/smarterwithgartner/8-dimensions-of-
business-ecosystems (accessed 10 Nov 2021).

4. Technologies for Digital Ecosystems — Innovation
Ecosystems Initiative. Available at: http:/www.digital-
ecosystems.org (accessed 10 Nov 2021).

5. Ruohomaa H., Kantola J., Salminen V. Value Network
Development in Industry 4.0 Environment. In: Kantola J. I, et
al. (eds.) Advances in Human Factors, Business Management
and Leadership (AHFE 2017): Proceedings of the Interna-
tional Conferences on Human Factors in Management and
Leadership, and Business Management and Society, Los Ange-
les, CA, USA, July 17-21, 2017. Advances in Intelligent Sys-
tems and Computing, Vol. 594. Cham, Springer International
Publishing, 2017, Pp. 28-36.

DOI: 10.1007/978-3-319-60372-8 4.

6. Bellman R. E., Glicksberg L. L., Gross O. A. Some as-
pects of the mathematical theory of control processes. Santa
Monica, CA, RAND Corporation, 1958, 263 p.

7. Palagin Yu. I. Logistika i upravlenie materialnymi poto-
kami: Uchebnoe posobie [Logistics and material flow man-
agement: Study guide]. Saint Petersburg, Politekhnika Pub-
lishing House, 2009, 286 p. (In Russian)

8. Palagin Yu. I. Optimalnoe planirovanie zadach zavoza i
vyvoza gruzov iz neskolkikh raspredelitelnykh tsentrov [Op-
timal Planning of Tasks of Bringing Cargo In and Out of Sev-
eral Distribution Centers, Transport: nauka, tekhnika, uprav-
lenie. Nauchnyy informatsionnyy sbornik [Transport: Science,
Equipment, Management. Scientific Information Collection],
2010, No. 2, Pp. 12—15. (In Russian)

9. Palagin Y. 1., Mochalov A. I. Modelirovanie i optimal-
noe planirovanie dostavki gruzov v transportno-terminalnykh
setyakh operatorov multimodalnykh perevozok [The Delivery
Cargo Simulation and Optimal Planning in Transport-Terminal
Networks of Multimodal Transport Operators], Vestnik Sankt-
Peterburgskogo gosudarstvennogo universiteta grazhdanskoy
aviatsii [Vestnik of St. Petersburg State University of Civil Avia-
tion], 2012, No. 1 (3), Pp. 63—71. (In Russian)

Humennekmyanvnvie mexunonozuu na mpancnopme. 2022. No 4 69



Intellectual Technologies on Transport. 2022. No 4

DOI: 10.24412/2413-2527-2022-432-64-70

Jlorucruueckast mupoBas IKOCUCTEMA CETH
MYJbTUMOAAJBHBLIX I'PY30BbIX TEPMUHAJIOB

K.T.H. A. . Mouanos, a.1.1. }O. W. [Tanarun

CankT-IletepOyprcknii yHUBEpCUTET
rpaXIaHCKOM aBUALIUU
Canxkr-IlerepOypr, Poccus
mai_d@mail.ru, profypal@yandex.ru

k.T.H. H. B. lIBanoBa
[eTepOyprekuii rocy1apCTBCHHBIH

nokrop (unocodum X. Pyoxomaa
yHI/IBepCI/ITeT MPUKIAJHBIX HAYK

YHUBEPCHUTET MyTeH COOOLICHNUS Xsmesnnuana (HAMK)
HmnepaTtopa Anekcanapa I XsamesnnuaHa, OUHIAHANUS
Canxkr-IlerepOypr, Poccus heikki.ruohomaa@hamk.fi

nataliv62@gmail.com

Annomayusa. Ilpoueccs! nudppoBU3aNNy, yBeIndeHHe 00beMa
JaHHBIX (M 00JILIIMX JAaHHBIX), B CJeACTBHEe PA3BHTHS TeXHOJIO-
THii, OATOJIKHYJIH JIIoeil U OM3HeC K YeTBepTOoil MpOMbIILIEeH-
HOii Tpanchopmanuu. ITH cOOLITHS NPHUBEIN K U3MEHEHHIO He-
KOTOPbIX OM3HeC-POLeccOB B 00/1aCTH TPAHCHOPTHOM JIOTHCTH-
KH 32 cueT 0ojiee 4YeTKOIl OLEHKH M onTUMH3auuH 3¢ eKTUBHO-
cTH Bceill menouku ¢opmupoBaHus cTtouMocTH. B craTthe pac-
cMaTpPUBaeTCsl Mepexo K 3KOCHCTEMHOMY Pa3BHUTHIO IyTeM CO-
YyeTaHUs MaTeMaTHYeCKHX MojeJieii, aJrOpUTMOB MapIIPyTH3a-
HUH M AJTOPHTMOB pacyeToB TIPYy30lOTOKOB B TPAHCHOPTHO-
TePMHHAJILHBIX ABTOMOOWJILHO-BO31yIIHO-MOPCKHX-KeJIe3HON0-
POKHBIX CeTSIX ONepPaTopoB MYJIbTHMOJAJIbLHBIX IEPEBO30K
¢ BUPTYaJIbHBIMH CePBHCAMH B Nlepuoj TpaHcopManuu.

Kniouesvie cnosa: 3xocucreMsl, nu¢ppoBbie MYyJIbTHMOJAIb-
HbIe TPY30BBbIe ONEPaTOPhl, IKOCHCTEMA TPAHCHOPTHO-TEPMH-
HAJBHBIX CeTeil, ONTHMAJIbHAS MapUIPYTH3alMs A0CTABKH, Tep-
MHHAJIbHbIE BHPTYaJbHbIE€ CEPBHUCHI, MJIAHUPOBAHHUE, AJTOPUT-
Mbl, HH(POBH3ALHS.
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Abstract. One of the possible methods of increasing the relia-
bility of electronic elements based on volumetric redundancy is
considered. A further study of the Shannon bridge from the stand-
point of probability theory has been carried out. The construction
of examples of some more complex bridge structures of elements
is proposed. They can be the basis for building more complex sys-
tems with a large number of states. In the context of the develop-
ment of nanotechnology, the principles of building systems down
and up are applicable.

Keywords: redundancy, element self-restoration, Shannon
bridge, Shannon elements, probability of working capacity, relia-
bility structure of Sedyakin.

INTRODUCTION

The purpose of the article is an in-depth study of the proper-
ties of known hardware redundancy in the context of the intro-
duction of the concept of nanotechnology at the present time and
obtaining new additional information in this regard [1, 2].

Primarily we will be interested in examples of redundancy
that can recover itself when its individual elements fail. In our
opinion, one of the first examples of such redundancy is the
bridge of C. E. Shannon [3].

In the development of information theory. This element is
characterized by the fact that it contains the fifth unloaded ele-
ment. If one of the main four values of the elements fails, this
diagonally positioned element automatically turns on, taking
over part of the energy load, helping other elements to reduce
its value. It is known that elements can fail for reasons of their
breakage or the electrical short, leading to various functional or
parametric properties of the entire bridge [4].

@

— 1
L g

S

Fig. 1. Schematic diagram of the Shannon bridge

Assume that all elements of the bridge have only one type
of failure — breakage. We consider the bridge to be operational
only in two cases: when it does not have a single failure or one
failure of a functional element out of four occurred in it, the
diagonal element started working, taking over part of the load.
In this case, the parametric side is not taken into account.
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Emperor Alexander I St. Petersburg State Transport University
Saint Petersburg, Russia
bubnov1950@yandex.ru, daniil bara95@mail.ru

Simply put, the bridge is operable with the assumption of no
more than one failure. The problem of calculating reliability is
solved when these two hypotheses are fulfilled. The question is
what effect in the reliability of the bridge is obtained when the
diagonal element is included in the work. We will accept the
following initial data with a normal distribution of elements for
calculation: m =50 h, 6 = 10 h, f(t) = dnorm(¢, m, c). Then the
probability of failure-free element:

P = [ f@dz,

and the resource of its reliability in the sense of N. M. Sedya-
kin [3-5].

Will be equal to r(t) = — In(P(t)). Graphs in Figures 2—4
illustrate expressions for the density, probability, and reliability
resource of an element.
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Fig. 2. Probability density of failure-free operation
of the Shannon bridge
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Fig. 3. Probability of failure-free operation
of the Shannon bridge
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Fig. 4. Element reliability resource

Failure is a breakage of an element in the bridge

Figure 5 shows the breakage scheme of the element in the
bridge. In the absence of a breakage, the serviceability of the
bridge (hypothesis 1) is equal to

P (1) = (P(D))*.
Breakage (hypothesis 2), diagonal element is not included,
4 x (P())® x (1= P(1)).

The reliability resources are equal at the same time:

1 () = —In(P (1)), 72(t) = —In(P,(t)).

Fig. 5. The failure is a breakage scheme of the element
in the bridge

The resulting probability of bridge serviceability when the
sum of the two hypotheses is fulfilled, taking into account the
inclusion of a diagonal element under the load, will be deter-
mined by the sum:

B t (P(t+1))3xP(t—1)
PO =PO+ [ @ x =

where a, (1) = — d/ d¢ P1(t) is the probability density of failure

of one working element.
The reliability resource for (1) is defined as

f3(t) = —In(P3(1)),
and the reliability resource of a workable bridge will be equal to
113(t) = 11(6) + 75(8).

Figure 6 shows the graphical dependence of the values of
the reliability resource of N. M. Sedyakin for the bridge circuit
in the absence of an element failure in it by breakage, and Fig-
ure 7 shows the comparative dependences of the values of the
bridge operability resources in the absence and presence of a
failure by breakage.

dr, (1)

rl(t)
T 40
r2(t)
20

0 20 40 60 80 100
t
Fig. 6. Graphical dependence of the values of the reliability

resource of N. M. Sedyakin for a bridge circuit in the absence
of the element failure in it by breakage

80 T T T e

60
rl(t)

40
1 (t)

Fig. 7. Comparative dependences of values of the bridge
operability resources in the absence and presence
of a breakage failure

The dotted curve characterizes the contribution to the relia-
bility of the bridge of the inclusion of a diagonal element in the
form of an additional reliability resource in the form of an ad-
ditional resource of N. M. Sedyakin, distributed over the re-
maining operable elements of the Shannon Bridge.

At the same time, the longer the bridge operation time, the
greater the contribution value.

Failure is a short circuit of an element in the bridge
In the absence of the short circuit, the serviceability of the
bridge (hypothesis 1) is equal to

P(t) = (P()*.

Hypothesis 2 (the short circuit), its serviceability will be
equal to

4 x (P(t))® x (1 —P(b)).
The reliability resources under these hypotheses are equal to
r(t) = —In(P,(t)), 1(t) = —In(P,(t)).

The short circuit scheme is shown in Figure 8.

Humennexkmyanvnvle mexuonozuu na mpancnopme. 2022. Ne 4 72



Intellectual Technologies on Transport. 2022. No 4

[ ]

L

Fig. 8. The failure scheme is a short circuit of the element
in the bridge

We make the assumption that the failures of breakage and
short circuit in the cases considered here are equivalent.

The resulting probability of bridge serviceability when the
sum of the two hypotheses is fulfilled, and in this case, taking
into account the inclusion of a diagonal element under the load,
will be determined by the sum (1), but the semantic content of
this formula will be different. However, the parametric param-
eters of these two schemes in case of failures and short circuits
will be different, which should be borne in mind. In this case,
the result from the inclusion of a diagonal element in the work
in both cases will be the same and it is determined by the for-
mula (1) and Figures 6 and 7. Only the index elements will be
different.

Shannon Bridge made of Shannon bridge elements
Remark. As for the bridge studies, when elements have two
types of failures, breakage or closure of elements, and the out-
put parametric properties of the bridge are determined by break-
age or closure and the properties of its operability as a whole,
such results have been already obtained and are well known
from textbooks or lectures given in universities.

A CUBE OF SHANNON BRIDGES

In the same case, when bridges are considered as elements
of complex redundant structures, such studies of structures from
elementary bridges have been carried out quite a few, in our
opinion. For example, the author of this work published an ar-
ticle quite a long time ago [1].

It considered a cube consisting of elements of edges carry-
ing an electrical or other load. It contains six flat faces; diagonal
elements are included in these faces of the cube, which do not
carry any load with a fully functional cube. Therefore, each
such facet represents a Shannon bridge. The diagonal element
of any bridge can carry the load only if any element of the
bridge carrying the load, fails. Thus, the cube consists of 12
main elements and 6 diagonal elements.

Analytically, in a closed form, the reliability and throughput
of the cube have not been investigated even in the case when
the edges of the cube are resistors, and the only one type of their
failure is breakage. Such cube was built by a young engineer,
the resistance value of the cube along its main diagonal was
studied.

However, generalizing conclusions were not obtained. After
all, even with one type of failure of a cube element, 2'® states
should be considered, and if the cube elements have two types
of failures, breakage and closure, then the number of different
states of the cube becomes 38, so it becomes a very large num-
ber for research. Therefore, the method of statistical tests should
be used to study the cube. However, judging by the publications
in various sources of domestic and foreign publications, this
was not observed. Only the author of the article has

qualitatively established the presence of harmonic oscillation of
the main diagonal parameter, as well as its duration in time.
This means that the long-term persistence in time of the value
of the observed parameter of the main diagonal is inherent to
the cube.

Based on this fact, it was concluded that for certain materi-
als and achievements of modern industrial nanotechnology, for
example, in the crystal structures of substance, as well as new
scientific proposals, very highly reliable elements for long-term
systems can be created.

THE MAJORITY SCHEME OF SHANNON BRIDGES

In a majority scheme, Shannon bridges can be independent
or dependent on each other. In case of independence, calcula-
tions are performed in known ways. In the case of dependent
elements, the calculation requires the construction of more
complex models.

An example of a complex scheme with dependent Shannon
bridges is a cube, which was described in the previous section,
and more fully considered in the cited article [1].

Here, Figure 9 shows the simplest scheme and its probabil-
istic estimates for one and two types of element failures. With
one type of failure, the expression for the probability of failure-
free operation is represented as

Poue(t) =3 xp?(t) — 2 xp3(1),

and for two types of failures of elements, (breakage and closure
or failure of 0 and 1) in the form of

Poye(t) = 3 x p?(t) =2 X p>(t) + 6 X p(t) X qo(t) X q4(t).

Fig. 9. Failure scheme is a short circuit of the element
in the bridge

Figure 10 shows the probabilities of proper operation of one
element, schemes of proper operation with one and two types
of failures of their elements. Initial data: m = 100 h, c = 10 h,
a(t) = dnorm(¢, m, ). The calculation is performed according to
the formulas:

P(t) = J; a(z)dz, Q(t) = fo a(z)dz,
Qo) =05%x (1 —P(®)), Q;(t) =0.5x%x (1 -P(D)),
PQ,(t) =3 x (P(t))* —2 % (P(1))?,
PQ(t) =3 x (P(1))* —2x (P(t))* +
+ 6 X Qo(t) X Q(t) X P(t).

Humennexkmyanvnvle mexuonozuu na mpancnopme. 2022. Ne 4 73



Intellectual Technologies on Transport. 2022. No 4

P(t)

PQI(t)
“ e e 0'5
PQ2(t)

| | | [
0
70 80 90 100 110 120
t
Fig. 10. The probability of proper operation of single-channel

version of the scheme, a majority scheme with one or two
types of failures

Figure 10 shows the probabilities of proper operation of a
single-channel version of the scheme, a majority scheme with
one and two types of failures, and in Figure 11, the uncondi-
tional and conditional probabilities of failures of one channel.

The majority scheme with two types of equally probable
channel failures has the greatest probability. With one type of
failure, it has the lowest probability.
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Fig. 11. Unconditional and conditional probabilities
of failures of one channel

Figure 12 shows the values of the reliability resources of
Professor N. M. Sedyakin. The single-channel and three-chan-
nel circuits have the greatest resource for two types of channel
failures. The three-channel circuit with one type of channel fail-
ures has the smallest resource.

200
—In(P(t)) 150
- In(PQIM)
- In(PQ2(t))

- s0F

400

Fig. 12. Values of reliability resource Professor N. M. Sedyakin

An example of a majority scheme with dependent channels
is a more complex structure in which the extreme channels of
individual majority schemes are connected (dependent) with the
channels of neighboring majority schemes.

A model of the Shannon bridge chain. Several bridges
make up a sequentially triggered circuit in time. The first active
bridge is in operation. It consists of four elements - the environ-
ment of existence, the fifth, diagonal element is not active as
long as its external environment of four elements is in a bal-
anced state, balanced.

At the moment when the balance of the environment is dis-
turbed, the diagonal bridge is activated. The structure of this
bridge is the same bridge as the first bridge, until the equilib-
rium balance is disturbed in it. Now it performs the role of a
destroyed bridge until its balance is disturbed. If the balance of
this bridge is disturbed, its diagonal bridge is activated. It per-
forms the work until the moment of violation of its balance.

After a violation of the balance, its diagonal is included in
the work — the next similarly balanced bridge. The work of the
chain ends when the last bridge of the chain finishes its work.
It is required to make a probabilistic model of the network func-
tioning. Based on the section in which the model of a bridge
with a breakage of an element of the medium is considered with
its balanced state and an unloaded diagonal element, the proba-
bility of the initial state was equal to P, (£) = (P(t))*. And the
probability of maintaining its operability, provided that this hy-
pothesis is fulfilled and the hypothesis that the element of the en-
vironment has failed, and the diagonal element has assumed the
function of maintaining the bridge's operability becomes equal to

t

PP,(t) = P,(t) + f a(z) x P(t — z)dz.
0

On condition that the bridge operability property continues
to be maintained in the future when a new medium of four ele-
ments is balanced or when an element of this medium fails and
goes into a working state due to the inclusion of a new diagonal
element of the new bridge, the probability of continuing to re-
main operational continuously becomes equal:

PP,(t) = P (t) + fta(z) x P, (t — z)dz +
+ ftb(z) X PP, (z)dz.

The probability densities of failures a(f) and b(f) by the fol-
lowing expressions:

d
a(t) = —EPl(t) -

t
-4 X (f dnorm(z, 50,10)dz> X dnorm(t, 50,10);
0

d
b(®) = == PP() @

Formula (2) is not disclosed here because of the rather large
complexity. If the number of sequentially connected bridges in
the circuit is more than three, then it is possible to make a re-
current dependence for calculating the parameters of a variable
random process and, based on this calculation, evaluate more
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accurately the quality of this process and the possibility of prac-
tical implementation and effectiveness of the considered type of
redundancy. Based on the performed research, the following
graphic material is presented for illustration in Figures 13—15.
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Fig. 13. The initial probability of bridge operability,
the probability of operability after the first failure
of the environment, and the probability of operability
after the second failure of the bridge environment
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Fig. 14. The probability densities of the time of the first
and second failures of the medium
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Fig. 15. Graphs of reliability resources by N. M. Sedyakin

Figure 13 shows the initial probability of bridge operability,
the probability of operability after the first failure of the envi-
ronment and the probability of operability after the second fail-
ure of the bridge medium. Figure 14 shows the probability den-
sities of the time of the first and second failures of the medium.
Figure 15 shows graphs of N. M. Sedyakin's reliability resour-
ces calculated using the formulas

rpi(t) = = In(Pi(1)), rp2(t) = — In(PP, (D),
rp3(t) = — In(PP,(1)).

The graphs shown in Figures 13 and 15 indicate an increase
in the efficiency effect of the circuit with an increase in the
number of transitions performed in it. Figure 16 shows graphs
of the probabilities of operability of the three stages of the chain
using a majority redundancy scheme.
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Fig. 16. Probabilities of operability of three stages of the chain
using a majority redundancy scheme

A three-dimensional bridge of three dependent simple
Shannon bridges. At the beginning of the article, we put a sim-
ple, primary structure of the Shannon bridge, which was asso-
ciated with the book [6].

He also proposed a decomposition formula for the analytical cal-
culation of the probability of executing the algorithm for the func-
tioning of the bridge with known probabilities of all its elements.

The idea of a bridge was used in communication technology
and game theory.

However, our goal is to study the structure of the bridge to
assess the probability of its functioning under the condition that
it is balanced, so to the failure of any one of the four elements
with an unloaded diagonal element, and then take into account
the influence of the latter on the final result.

An interesting fact is that when its medium of four elements
has a goal to perform some task, then the fifth element is not
needed. If the balance of the medium is disturbed, the fifth ele-
ment begins to perform the task of supporting the environment
in which it is located.

This property is inherent to the Shannon bridge. However,
it is possible to build more complex structures that use the aux-
iliary role of the diagonal elements of the constituent bridges of
these structures to solve the target tasks.

CONCLUSION

The idea of building a bridge by C. E. Shannon is widely
applicable in the science and technology of measuring and con-
trolling systems, game theory and decision-making. It can per-
form the function of monitoring the state in systems and serve
as a system for maintaining a state of balance in them.

The article further studies the Shannon bridge from the
standpoint of probability theory.

The construction of examples of some more complex bridge
structures of elements is proposed. They can be the basis for
building more complex systems with a large number of states.
For now, the deep analysis of the properties of these elements
has not been obtained.
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Abstract. Unmanned navigation is a direction in the field of
water transport, which is based on the idea of operating un-
manned vessels. Despite the fact that the world's first model of an
unmanned vehicle was the model of a remotely operated vessel
shown by Nikola Tesla in 1899, for a long time humanity's inter-
est in unmanned vessels was much lower than in unmanned aeri-
al vehicles, since they found use in the military industry faster,
and cars that would potentially have greater consumer demand,
and accordingly, projects that would be commercially successful
and quickly recouped. However, in recent decades, in the field of
water transport, a tendency to reduce the number of ship crews
has emerged and continues to develop to this day, based on the
desire to reduce the influence of the «human factor» on the acci-
dent rate of navigation. In addition to improving the safety of
navigation, it is expected that with the transition to unmanned
navigation, the useful capacity of ships will increase and operat-
ing costs will decrease. In this regard, interest in unmanned ves-
sels has increased and it has become necessary to develop soft-
ware for their control systems, and for this, in turn, appropriate
mathematical and algorithmic support is required. In this work,
at the first stage, the concept of an unmanned vessel will be stud-
ied, the classification of the degree of autonomy of vessels will be
considered, and the structural diagrams of control systems of
unmanned vessels with remote control and autonomous un-
manned vessels will be familiarized. At the second stage, the fea-
tures characteristic of most mathematical models of ship move-
ment described in the literature today will be studied first, and
then systems of equations describing the movement of a ship in
deep water and in shallow water will be considered.

Keywords: water transport, automation, control system, un-
manned vessel, mathematical modeling, block diagram.

INTRODUCTION

Unmanned navigation is a direction in the field of water
transport, which is based on the idea of operating unmanned
vessels [1]. Despite the fact that the world's first model of an
unmanned vehicle was the model of a remotely operated ves-
sel shown by Nikola Tesla in 1899, for a long time humanity's
interest in unmanned vessels was much lower than in un-
manned aerial vehicles, since they found use in the military
industry faster, and cars that would potentially have greater
consumer demand, and accordingly, projects that would be
commercially successful and quickly recouped. However, in
recent decades, in the field of water transport, a tendency to
reduce the number of ship crews has emerged and continues to
develop to this day, based on the desire to reduce the influence
of the «human factor» on the accident rate of navigation. In
addition to improving the safety of navigation, it is expected
that with the transition to unmanned navigation, the useful
capacity of ships will increase and operating costs will de-
crease. In this regard, there has been an increased interest in
unmanned vessels.

TYPES OF UNMANNED VESSELS

The International Maritime Organization (IMO) has as-
signed the abbreviation MASS to unmanned vessels (from the
English Maritime Autonomous Surface Ships — marine au-
tonomous surface vessels). According to the definition given
by IMO in May 2018, an unmanned vessel (MASS) is a vessel
that, to one degree or another, can function independently of
human involvement. At the same time, a classification of the
degree of autonomy of courts was proposed:

e a vessel with automated processes and decision sup-
port, on board of which there is a crew to activate and con-
trol on-board systems and functions;

e remotely operated vessel with crew;

e remotely operated vessel without crew;

e a fully autonomous vessel, the onboard control system
of which is capable of independently making decisions and
determining the order of actions.

Currently, the last two classes of vessels are of the
greatest interest to researchers and designers [2—4]. Since
today there is no single approach to the design of un-
manned vessels, the creation of projects of vessels of the
same and second class has been allocated in two parallel
directions.

The most significant difference between vessels from
different classes is the construction of their control sys-
tems. Not a small number of domestic and foreign scientists
have been engaged in the development of ship control sys-
tems [3, 5-8], however, there is still no unified approach to
the creation of control systems for an unmanned vessel. At
the moment, most of the developments in this area belong
to private organizations seeking to preserve trade secrets
and developing their systems closed, and the control sys-
tems themselves are created for specific technical charac-
teristics of specific samples. The vision of how the struc-
ture of the control system of a remote-controlled unmanned
vessel (Figure 1) and the structure of the control system of
a fully autonomous unmanned vessel (Figure 2) should look
like is presented in several scientific publications [2, 4].

It is likely that vessels of both classes will be equally
widespread in the future for a certain period of time, but
they will be focused on performing different tasks: fully
autonomous vessels will make long-distance sea crossings,
and their wiring through straits, channels and rivers, as well
as assistance in performing maneuvers in the port, will
probably be carried out using remotely controlled un-
manned vessels. However, gradually fully autonomous ves-
sels are likely to prevail. This should be facilitated by the
development of mathematical and algorithmic support.
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It can be seen from the figures that the structure of the con-
trol system of an autonomous unmanned vessel is more com-
plex and contains a larger number of subsystems. Appropriate
mathematical and algorithmic support is critically important
for the creation of an autonomous vessel control system.

RC SPORTS MODELS & TOYS ABOUT MATHEMATICAL MODELS
OF SHIP MOVEMENT

To date, a number of mathematical models of ship move-
ment have been described in the literature [9], which combine
the following:

1. All these models are special cases of a mathematical
model of controlled motion of a rigid solid.

2. All models allow you to calculate the trajectory of the
vessel under specified conditions.

3. Each state of the vessel S(¢) considered in the model is a
set of 3 spatial coordinates of its center of mass and 3 angles
describing the kinematic position of the vessel: roll, trim and
yaw.

4. A significant part of the models neglects the change in
the draft of the vessel, the angles of its roll and trim, due to
their slight change, and is reduced to considering the plane-
parallel movement of the vessel in the horizontal plane, that is,
characterizes the state of the vessel S(¢#) with only three pa-
rameters: coordinates x, and y, with respect to the fixed coor-
dinate system and the heading angle g, that is

S() = (x0(8), ¥o (£, q(1))- (1

5. Models are continuous, the number of ship states S(¢) in
them is finite.

6. Models are described, as a rule, by a system of 3 differ-
ential equations of the 2nd order:

d°s =F|tC ds S®),U),L(t),E(t)

dtz - ARl dt ’ ’ 1) ’ ’

where C is a vector that includes the linear dimensions of the
vessel, its areas and volumes, as well as the technical charac-
teristics of its controls; U(t) are control actions, such as the

d?x, dx, dy, dq
PRI (t'C'E'E'E'
szo dx, dy, dq
dt? -Zﬁoi (t'C'E'E'E'
d?q dx, dy, dq
F‘Zi”"' (t'C'E'E'E"‘

But a significant part of the authors use equations not with
respect to coordinates and heading angle, but with respect to
their derivatives — linear velocity v, angular velocity w and
drift angle f.

After conducting a critical analysis of a number of mathe-
matical models of ship movement, it can be concluded that
today there is no ideal mathematical model of ship movement
that would provide acceptable accuracy in calculating the kin-
ematic parameters of all maneuvers performed by the ship, as
there is no universal model suitable for describing not one
specific, but any vessel. This currently imposes certain re-
strictions on the development of control systems for fully au-
tonomous vessels. It turns out that when creating a new model

angle of the rudder shift 6;(t), the rotation speed of the pro-
peller n,,(t), its pitch ratio H/D(t) and the position of the
thruster regulator Npgpei(t), which sets the percentage of
power relative to the maximum; L(t) are load parameters,
such as the masses and coordinates of the cargo on board the
vessel; E(t) — external disturbing influences — the depths at
each point of the water area, the directions of winds and cur-
rents together with their velocities, the amplitude and phase
spectrum of waves together with the spectrum of wave propa-
gation directions at all frequencies for each point of the water
area at any given time.

7. All mathematical models described in the literature can
be divided into 2 types: the first type describes the movement
of one particular vessel, expressed, most often, by a system of
differential equations with fixed coefficients determined by
the selection method when comparing the simulation results
with the experimental results. Such models are suitable only
for highly specialized research and the creation of navigation
simulators for specified types of vessels. The second type of
models describes the movement of ships belonging to a certain
class. In models of this type, the systematization of experi-
mental results is carried out on a sample of vessels, so they
make it possible not only to calculate the movement of the
vessel in certain navigation conditions, but also to calculate
how its measurable parameters will affect the behavior of the
vessel. Such models are called semi-empirical. They are usual-
ly expressed through a system of differential equations and a
set of formulas, tables and graphs necessary to calculate the
coefficients of these equations. There are no purely theoretical
models to date.

8. For the vast majority of mathematical models described
in the literature, empirical data were obtained during model
experiments with mock-ups of ships, and not with real ships,
which means that the scale coefficients used in the calcula-
tions introduce additional errors into the models.

Equation (1), suitable for describing any existing mathe-
matical model today, can be written in more detail:

x0(8), o (), q(0), U(D), L(t), E (t)) /m

v

xO(t)l Yo (t), CI(t), U(t), L(t), E(t)

)/m
o (0,30(0, 40, U, L, ED) /1,

of a basecoaching vessel, it is necessary to select and adapt the
most suitable mathematical model specifically for it, and to
ensure that this vessel can operate in different navigation con-
ditions, it may even be worthwhile to provide in its control
system the possibility of performing calculations on several
models, switching between which will be carried out depend-
ing on the readings of external sensors and sensors transmit-
ting information about the environment.

For example, when a vessel is moving through deep wa-
ter [10], the equations of motion of the vessel look like:
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V is the linear (reduced) speed of the vessel, v=v/ Vo

V — the current value of the linear speed of the vessel;

V, — initial value of the ship's linear velocity;

B — drift angle;

® — is the dimensionless angular velocity of the vessel,
w = QL/Vy;

L — is the length of the vessel;

Q — is the angular velocity of the vessel;

My, Myy, Mg — are dimensionless hydrodynamic coeffi-
cients;

T — is dimensionless time, T = V,,/L;

Zp — dimensionless steering arm, Zp = lp /L;

l,, — distance of the rudder baller from the center of gravity of
the vessel;

Copr Cypr Compr Cegs Cygr Com

functions of the desrred parameters Vo, B;
Xr, Yr, M — experimentally determined hydrodynamic forces;

2 0er Oy, t', ' — complex nonlinear

Cxpr Cypy G, — dimensionless coefficients of experimentally
determined hydrodynamic forces;

C, Cya,C — dimensionless coefficients of aerodynamic
forces

0, — dimensionless coefficient of transverse force;

o, — dimensionless coefficient of thrust;

" — the coefficient of the associated flow;

t' — is the suction coefficient for curved motion;

FE, — hydraulic section of the propulsion and steering complex;
k, — is the coefficient characterizing the change in speed in
the area of the complex compared to the speed in the center of
gravity of the vessel;

k. — is the coefficient of displacement of the point of applica-
tion of the transverse force of the propulsion and steering
complex during its operation behind the hull;

p — is the density of water;

p; — air density;

S, — sail area in the lateral projection of the vessel;

Vi, — wind speed relative to the vessel.

But in the case of vessel movement, for example, in shal-
low water, this mathematical model cannot be used without
changes: the dynamic characteristics of the vessel in shallow
water differ significantly from those in deep water. The re-
sistance to the movement of the vessel in deep water is less,
and the speed of the vessel at a constant speed of rotation of
the propellers is higher. The system of equations describing
the effect of shallow water on the hydrodynamics of the vessel
is as follows:

E
—Cyp —mwsin B+ x(1 — qﬂ)ﬁqece x(1-0k:=0

C

—_— "2 Fp 2
yr —mwcos B —x(1—y’) Xﬁkpoyk,, =0

"2 FP 7 2
Cnp = x(1 = W) X T kpkelp 0k = 0

—kel,Cyp + Conp + kLM cos B =0

In addition, there are studies that have revealed the influ-
ence of the ratio of the draft of the vessel to the depth, as well
as other coefficients on the movement of the vessel in shallow
water. Thanks to research of such a plan, as well as research in
related fields [11-15], it is quite possible that in the near fu-
ture it will be possible to create mathematical models of vessel
movement in shallow water, suitable for their use in control
systems on river autonomous unmanned vessels.

CONCLUSION

In this work, at the first stage, the concept of an unmanned
vessel was studied, the classification of the degree of autono-
my of vessels was considered, and the structural diagrams of
control systems of unmanned vessels with remote control and
autonomous unmanned vessels were familiarized. At the sec-
ond stage, the features characteristic of most mathematical
models of ship movement described in the literature today
were first studied, and then systems of equations describing
the movement of a ship in deep water and in shallow water
were considered. In the course of the work, it was noted that
today there is no sufficiently accurate mathematical model of
ship movement suitable for describing the movement of any
vessel in any navigation conditions. This currently imposes
certain restrictions on the development of control systems for
fully autonomous vessels.

REFERENCES

1. Keyless navigation, BES Unmanned sea vessels, TAd-
viser — Government. Business. Technology. Published online
at September 24, 2020. Available at: http://tadviser.com/
index.php/Article:Keyless navigation, BOE (Unmanned Sea
Vessels) (accessed 10 Nov 2021).

2. Karetnikov V., Ol'khovik E., Ivanova A., Butsanets A.
Technology Level and Development Trends of Autonomous
Shipping Means, Energy Management of Municipal Transpor-
tation Facilities and Transport (EMMFT 2019): Proceedings
of the XXI International Scientific Conference Energy Man-
agement of Municipal Facilities and Sustainable Energy
Technologies, Voronezh, Russia, December 10-13, 2019.
Cham, Springer Nature, 2020, Pp. 421-432. (Advances in
Intelligent Systems and Computing, Vol. 1258).

DOI: 10.1007/978-3-030-57450-5_36.

3. Butsanets A. A. Organizatsiya sistemy distantsionnogo

upravleniya bespilotnym tekhnicheskim flotom dlya

Humennekmyanvnvie mexunonozuu na mpancnopme. 2022. No 4 81



Intellectual Technologies on Transport. 2022. No 4

obespecheniya sudokhodstva na vnutrennikh vodnykh putyakh
[Organization of a Remote Control System for Unmanned
Technical Fleet to Ensure Navigation on Inland Waterways]:
diss. on competition of a scientific degree PhD (Engin.). Saint
Petersburg, 2021, 189 p. (In Russian)

4. Chaal M., Valdez Banda O. A., Glomsrud J. A, et al.
A Framework to Model the STPA Hierarchical Control Struc-
ture of an Autonomous Ship, Safety Science, 2020, Vol. 132,
Art. No. 104939, 15 p. DOI: 10.1016/].ss¢i.2020.104939.

5. Nyrkov A. P., Sokolov S. S., Karpina A. S., et al.
Cluster-Type Models in the Logistics Industry, International
Journal of Engineering and Technology, 2018, Vol. 7, No. 1,
Pp. 39-43. DOI: 10.14419/ijet.v711.8788.

6. Shipunov I. S., Nyrkov A. P., Ryabenkov M. U., et al.
The Concept of a Partially Unmanned Sea Convoy, Proceed-
ings of the 2021 IEEE Conference of Russian Young Research-
ers in Electrical and Electronic Engineering (EIConRus), Saint
Petersburg, Moscow, Russia, January 26-29, 2021. Institute
of Electrical and Electronics Engineers, 2021, Pp. 661-664.
DOI: 10.1109/ElIConRus51938.2021.9396302.

7. Shipunov 1. S., Nyrkov A. P., Katorin Yu. F., et al. On
the Issue of Building Sea Convoys from Unmanned Ships,
Proceedings of the XXII International Scientific Conference
Energy Management of Municipal Facilities and Sustainable
Energy Technologies (EMMFT 2020), Voronezh, Russia,
December 08—10, 2020. E3S Web of Conferences, 2021,
Vol. 244, Art. No. 08013, 8 p.

DOI: 10.1051/e3sconf/202124408013.

8. Reshnyak V. I, Sokolov S. S., Nyrkov A. P., Budnik V. Yu.
Inland Waterway Environmental Safety, Proceedings of the
2018 International Conference Information Technologies in
Business and Industry, Tomsk, Russia, January 18-20, 2018.
Journal of Physics: Conference Series, 2018, Vol. 1015, Is. 4,
Art. No. 042049, 5 p.

DOI: 10.1088/1742-6596/1015/4/042049.

9. Yudin Yu. I., Sotnikov I. I. Matematicheskie modeli
ploskoparallelnogo dvizheniya sudna. Klassifikatsiya i kriti-
cheskiy analiz [Mathematical Models of the Vessel In-Plane
Parallel Movement. Classification and Review], Vestnik
MGTU. Trudy Murmanskogo gosudarstvennogo tekhniches-
kogo universiteta [Vestnik of MSTU. Scientific Journal of
Murmansk State Technical University], 2006, Vol. 9, No. 2,
Pp. 200-208. (In Russian)

10. Abdullaecva Z. M. Razrabotka i realizatsiya matemati-
cheskikh modeley dvizheniya sudna na melkovodye pri pere-
mennoy glubine [Development and Implementation of the
Department of Mathematical Models of Vessel Movement in
Shallow Water at Variable Depth]: diss. on competition of a
scientific degree PhD (Engin.). Makhachkala, 2018, 270 p. (In
Russian)

11. Nyrkov A. P., Glebov N. B. Novoselov R. O., et al.
Databases Problems for Maritime Transport Industry on Plat-
form Highload, Quality Management, Transport and Infor-
mation Security, Information Technologies (IT&OM&IS):
Proceedings of the 2018 IEEE International Conference,
St. Petersburg, Russia, September 24-28, 2018. Institute of
Electrical and Electronics Engineers, 2018, Pp. 132—135.

DOI: 10.1109/ITMQIS.2018.8525058.

12. Shipunov 1. S., Voevodskiy K. S. Nyrkov A. P., et al.
Trusted Transport Telemetry by Using Distributed Databases,
Proceedings of the 2019 IEEE Conference of Russian Young Re-
searchers in Electrical and Electronic Engineering (EIConRus),
Saint Petersburg, Moscow, Russia, January 28-31, 2019.
Institute of Electrical and Electronics Engineers, 2019,
Pp. 344-347. DOLI: 10.1109/EIConRus.2019.8657215.

13. Shipunov I. S., Voevodskiy K. S., Nyrkov A. P, et al.
About the Problems of Ensuring Information Security on Un-
manned Ships, Proceedings of the 2019 IEEE Conference of
Russian Young Researchers in Electrical and Electronic Engi-
neering (ElConRus), Saint Petersburg, Moscow, Russia, Jan-
uary 2831, 2019. Institute of Electrical and Electronics Engi-
neers, 2019, Pp. 339-343.

DOI: 10.1109/EIConRus.2019.8657219.

14. Shipunov L. S., Nyrkov A. P., Kardakova M. V., et al.
Information System for Monitoring and Analyzing the Tech-
nical Condition of Autonomous Vehicles, Proceedings of the
2020 IEEE Conference of Russian Young Researchers in Elec-
trical and Electronic Engineering (EIConRus), Saint Peters-
burg, Moscow, Russia, January 27-30, 2020. Institute of Elec-
trical and Electronics Engineers, 2020, Pp. 497-500.

DOI: 10.1109/EIConRus49466.2020.9039181.

15. Shipunov I. S., Nyrkov A. P., Ryabenkov M. U, et al.
Investigation of Computer Incidents as an Important Compo-
nent in the Security of Maritime Transportation, Proceedings
of the 2021 IEEE Conference of Russian Young Researchers
in Electrical and Electronic Engineering (EIConRus), Saint
Petersburg, Moscow, Russia, January 26—29, 2021. Institute
of Electrical and Electronics Engineers, 2021, Pp. 657-660.
DOI: 10.1109/ElConRus51938.2021.9396501.

Humennekmyanvnvie mexunonozuu na mpancnopme. 2022. No 4 82


https://www.scopus.com/authid/detail.uri?authorId=57207992201
https://www.scopus.com/authid/detail.uri?authorId=56607396800
https://www.scopus.com/authid/detail.uri?authorId=57223083579
https://www.scopus.com/authid/detail.uri?authorId=57207992201
https://www.scopus.com/authid/detail.uri?authorId=56607396800
https://www.scopus.com/authid/detail.uri?authorId=57223083579

Intellectual Technologies on Transport. 2022. No 4

DOI: 10.24412/2413-2527-2022-432-78-84

IlocTpoeHne MaTeMaTHYEeCKHX MOJIeJIeH
ISl pa3padoTKU NPOrPaMMHOIro odecneyeHus
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Annomayusa. be3skunakHass HABUralMs — 3TO HANIPaBJIeHUE
B 00J1aCTH BOIHOI'0 TPAHCIIOPTa, KOTOPOE OCHOBBLIBAETCS HA HEU
ynpasJieHus1 Ge3dkunma:kHbiMu cygamu. HecmoTpss Ha TO, 4TO
nepBoil B MUpe MOAe/IbI0 0€3)KUIAKHOTO TPAHCHOPTHOIO Cpef-
cTBa ObLIa MOJeJb JHCTAHIMOHHO YNPABJSEMOI0 CyIHA, NMOKAa-
3anHasi Huxouaoi Tecaoii B 1899 roay, nosiroe Bpemsi MHTepec
Yyesl0BeyecTBAa K 0€33KMNAKHBIM CyAaM OblI HAMHOTO HH:Ke, YeM
K 0ecnWIOTHBIM JleTaTeJbHbIM anmnaparaM, MNHOCKOJIbKY OHU
ObIcTpee HAXOAMJIM NPUMEHEHHe B BOEHHOI NMPOMBILIJIEHHOCTH,
a aBTOMOOMJIM, KOTOpPble MOTEHUHAJbHO HMeJM Obl 00JIbIINi
NMOTPeOUTEILCKUI CIPOC U, COOTBETCTBEHHO, IPOEKTHI, KOTOpbIE
ObLIM O0bI KOMMEPYECKH YCHEIHbIMH U ObICTPO OKynajuch. On-
HAKO B IOCJeIHHE AecATWIeTHs B cdepe BOJHOIO TPAHCIOPTa
HAMeTHJIACh H MPOAOJKAeT PAa3BUBATHCS MO Ceif JeHb TeHIeHIHs
K COKPAIIEHHI0 YHCJIEHHOCTH CYJOBBIX JKHIIaKeil, OCHOBAaHHAs
HAa CTPeMJIeHHH YMEHbUIHTb BJIUSIHHE «4YeJIOBe4yecKoro (pakro-
pa» Ha aBapmiiHocTh cyaoxoacTtBa. [lomuMo moBbieHUst Ge3-
ONACHOCTH MOPeIIaBaHUs, 0:KUAAETCS, YTO C MepexoaoM Ha 0e3-
JKUNAKHYI0 HABMIAllMI0 YBEJIUYUTCS IM0JIe3HAs BMeCTHMOCTH
CYAOB M CHM3SITCH IKCIUIyaTALMOHHBIE pacxoibl. B cBs3u ¢ 3THM
BO3POC MHTepec K 0e33KHNaXKHbIM CyJaM U BO3HHMKJIA He00XoaH-
MOCTh Pa3padoTKH NPOrPaAMMHOIO olecnevyeHus VIl UX CHCTEM
yIpaBJieHHUs, a VISl 9TOr0, B CBOIO o4yepelb, TpedyeTcs COOTBET-
CTBYIOIIlee MaTeMaTHYeCKOe U aJIrOPUTMHYeCKOe obecnieyenue. B
NpeiCTABJIeHHOH pafdoTe HA NMEPBOM dTame OydeT M3y4YeHa KOH-
nenuusi 0e3’)KUNAKHOTO CyIHA, PAcCMOTpPeHa KJjaccupuranus
cTeleH! ABTOHOMHOCTH CY/0B, a TaKiKe NPHUBEIEHbI CTPYKTYP-
Hble CXeMbl CHCTeM YyIpaBJeHHs 0e39KHUNAKHBIX CyI0B € M-
CTAHOHMOHHBIM YNpPaBJeHHEM M ABTOHOMHBIX 0€3)KHMaKHBIX
cynos. Ha Bropom 3Tane cHayasa OyayT M3y4YeHbl 0COOCHHOCTH,
XapakTepHble I O0OJbIIMHCTBA MaTeMaTHYeCKHX MopjeJeil
ABH:KEHHSI Cy[HA, ONMUCAHHBIX CETOAHSl B JIMTepaType, a 3aTeM
OyayT paccMOTpPeHbl CHCTeMbl YPAaBHEHHIi, ONUCHIBAIOLIE ABH-
JKeHHUe CyHAa Ha 00JIbINOI IJ1y0uHe H HAa MeJIKOBObe.

Knroueevie cnosa: BoaHBI TPAHCNIOPT, ABTOMATH3AlMS, CH-
cTeMa ynpaBJjeHHsi, 6e39KHMaKHOe CYAHO, MATEeMaTHYeCKOe MO-
AeJMpPOBaHUe, CTPYKTYPHAs cxema.
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Abstract. Modeling of input parameters for systems controlled
by neural interfaces is considered. The relevance of the issue for
transport technological systems is considered. Bioelectric signals
are used as input parameters for activating control code algo-
rithms. When forming the input signal, the parameters of the
rhythms of the electroencephalogram are taken into account.
The result is a device capable of reading the electromyogram
signals and acting on the control object in accordance with a giv-
en algorithm. The input signal from the sensors varies depending
on the condition of the muscles to which the electrodes are con-
nected. The signal controls the translational and rotational
movements of the layout. The software control model is based on
the principles of flexible logic, so it is possible to configure the
system for biological signals of varying accuracy.

Keywords: programming of neural interfaces, control code,
bioelectric signal, microcontroller.

INTRODUCTION

Technical systems with built-in neural interfaces have ap-
peared in various industries for a long time. Initially, the tech-
nology of neurointerfaces was used in medicine to identify
various disorders of the brain or for its research. But scientific
research in this area has proven the effectiveness of the use of
neurotechnologies for controlling industrial manipulators and
robots, as well as various automated systems. The principle of
neural networks expands control capabilities and increases the
number of algorithms for interaction within systems. These are
so-called artificial intelligence systems in the field of business,
medicine [1], geology, physics [2], transport, etc. [3].

When designing and creating neural interfaces, scientific
knowledge of interdisciplinary fields such as biology and hu-
man physiology, physics, mathematics, programming, circuit
engineering is used. Complex hardware and information sys-
tems connect impulses of brain neurons or signals coming
from contracting muscles and external control objects. Man-
agement objects can be physical and virtual [4].

When creating neural interfaces, the following are used:

e standard algorithms and diagrams for processing
electrical signals of the human cerebral cortex;

e software testing algorithms;

¢ methods of forming technical specifications and drawing
up electrical functional circuits;

e the principle of operation of the brain-computer inter-
face;

e visualization methods and communication with a pro-
grammable logic controller;

e setting limit input values;

e technologies of software and industrial interfaces «brain-
computer»

The main task at the initial stage of designing neural inter-
faces is to create algorithms for recognizing the main rhythms
of the brain and muscle contractions. If the input parameters
are misinterpreted, the technological system will start pro-
cessing an inaccurate or false signal. This can lead to an incor-
rect output signal and disrupt its safe operation [5, 6].

In order to avoid such situations, it is necessary to fine-
tune special software and peripheral device drivers, if neces-
sary.

A person is a complex object of measurement. It is neces-
sary to take into account its psychological and physiological
characteristics. Only then can the measurement results be used
as an input source for the technical system. And understanding
the fundamental differences of biological signals will allow
you to choose the correct processing algorithm [7].

It is important to know and use in analytical calculations
the features of connection and operation of devices for record-
ing and analyzing electroencephalograms and evoked poten-
tials. The level of accuracy of the measuring device gives a
signal of appropriate quality. The amplitude characteristics of
the electroencephalogram create the initial data for the for-
mation of the input signal and the elimination of artifacts. Ar-
tifacts appear when a signal is received from the electrodes to
the input ports. The interface device converts the input signal
and generates an input control signal, but interference occurs.
These are the artifacts. You can remove them only through a
handler program or through improving the interface device.

When forming the input signal, the parameters of the
rhythms of the electroencephalogram are taken into account.
This allows you to choose a method for processing and ana-
lyzing the measured electroencephalogram signal and evoked
potentials [8].

Oscilloscope, tester, potentiometer, rheostat are used as
measuring instruments.

The design of the software architecture of industrial inter-
faces «brain-computer» is carried out in C++, Python. Other
options are possible. The choice of language largely depends
on the controlling microprocessor device [9, 10].

The microprocessor devices currently in use are capable of
receiving an analog signal converted into a digital one. The
signal type is changed by means of analog-to-digital convert-
ers built into the architecture of the control device or used as
additional modules.

The block diagram of the technological system allows to
obtain the initial nomenclature list for modeling the specified
devices of industrial interfaces «brain-computer». The compu-
tational model will allow the analysis of physical processes
occurring in electronic telecommunication devices. Modeling
of the software and hardware of the technological system will
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determine the main points of the system in which signal am-
plification or filtering is required, the need to adjust signal
processing algorithms from the cerebral cortex or from muscle
contractions [11-13].

The mathematical model takes into account the choice of the
method of preparation and analysis of the psychological and
emotional state of the measured object. The correct choice of
the method affects the formation of the right attitude of the op-
erator and determines the quality and accuracy of measurement.

MODELING OF THE BRAIN-COMPUTER INTERFACE

MODELING STAGES

The main stages of modeling the brain-computer interface
will be the following:

1. Assembly and adjustment of a bionic movable layout:
selection of the elementary base of components, assembly of
the mechanical part of the layout, installation and connection
of electronic components, adjustment of the layout to perform
elementary translational and rotational movements.

2. Creation of program code to check the autonomous op-
eration of the layout: building a block diagram of the device,
forming a control code for an electrical circuit based on mi-
croprocessor electronics.

3. Investigation of the bioelectric activity of the operator's
muscles using sensors to take an electromyogram: the use of
psychological and physiological methods of adjustment and
correction of the measuring object, the use of measuring in-
struments.

4. Electromyogram visualization: checking the visualiza-
tion from each sensor, recording and processing the signal
from the synchronization device.

5. Carrying out a functional test for the registration of ar-
tifacts.

6. Registration of an electromyogram during jaw com-
pression.

7. Registration of an electromyogram when blinking.

8. Analysis of the influence of interference on the electro-
encephalogram signal: signal processing through special soft-
ware, the final configuration of the circuit and control logic.

9. Creation of program code for signal processing and con-
trol of 1/O ports.

10. Creation of an autonomous control system for a bionic
model of a human hand.

11. Implementation of the possibility of configuring the
system for a specific operator: checking the control of hand
movements using electromyogram and electroencephalogram
signals coming from the measuring object under various mus-
cle conditions [14].

HARDWARE MODELING AND MEASUREMENT
OF INPUT PARAMETERS

Within the framework of hardware modeling, a bionic mod-
el with the number of degrees of freedom necessary for transla-
tional and rotational motion was assembled and configured. The
selection of parts and electronic components for the mechanical
part of the layout was carried out from a standard list.

The Arduino microcontroller board is used as the control
unit. The signal is transmitted to the system via an expansion
board. The servo drive ensures the mobility of the model ele-
ments. After assembly and connection, the layout is
configured:

e determination of minimum and maximum shaft deflec-
tion angles for all servos;

e determination of the direction and speed of rotation.

To implement the correct configuration of the layout, addi-
tional electronic components are used: potentiometers, LEDs.
The first ones provide mechanical debugging of the trajectory.
The second one checks the correctness of the logical assembly
of the hardware model and the correctness of the connection
of the I/O ports. This is important if there is no main control
code yet [15].

Electromyogram sensors are connected to the Arduino
board to study the bioelectric activity of the muscles of the
object. Electromyograms from each sensor are visualized.
Individual elements are detected in the signal and processed
independently. Standard software provided by the Arduino
board developer company is used for processing.

The result of the described process is a device capable of
reading the electromyogram signals and acting on the control
object in accordance with a given algorithm.

The next task is to obtain a single autonomous system that
combines a bionic mobile layout and a control device with elec-
tromyogram sensors. The input signal from the sensors varies
depending on the condition of the muscles to which the elec-
trodes are connected. The signal controls the translational and
rotational movements of the layout. The number of states de-
pends on the trajectories of the moving parts of the model [16].

The control program is based on the principles of flexible
logic [17]. Therefore, the system can be tuned to biological
signals of varying accuracy [18]. The source of the biological
signal can also be adjusted and changed.

Under ideal experimental conditions, the same type of bio-
logical signals received from different sources affect the con-
trol object identically.

The source of the input signal can be not only the bioelec-
tric activity of the muscles, but also a-waves measured using
electrodes fixed on the surface of the operator's head. Also,
these electrodes receive a signal initiated by blinking or jaw
compression. Such measurement requires higher accuracy in
processing. This is due to the high probability of the appear-
ance of many artifacts during signal registration.

VISUALIZATION OF INPUT PARAMETERS

Visualization of input parameters was carried out using the
Bitronics Studio software. Fifty comparative measurements
were performed. Of these, the first ten can be considered as
installation ones, since the electrode contact was adjusted and
the search for an equilibrium psychological and physical state
of the measuring object was performed. The results of each
measurement are analyzed for the appearance of artifacts. The
control signal is formed from the most accurate measurement
results. The fewer artifacts, the better.

Figure 1 shows the results of measuring and processing the
electromyogram signal from one sensor, taking into account
the identified artifacts. The electrode contacts the relaxed
muscles.

Figure 2 shows the results of measurements with the same
electrode without changing the point of contact, but with mus-
cle tension.

Then, before processing the electromyogram signal, a pro-
gram code was created to control the actuators. An example of
the code is shown in Figure 3 [14].
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Fig. 1. Visualization of an electromyogram from a single sensor. Muscles are relaxed
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Fig. 2. Visualization of an electromyogram from a single sensor. Muscles are tense

13

14 | void loop () {

15 emgi=analogRead (A0);

16 Serial.write (“A0");

17 /I Serial.write (emg1);

18 sign1=map(emg1, 0, 1023, 0, 255);
19 Serial.write (sign1);

20 if (sign1>153)

21 {

22 digitalWrite (LEDpin1, HIGH);
23 }

24 else

25 {

26 digitalWrite (LEDpin1, LOW);
27 }

28

29 emg2=analogRead (A1);

30 delay (50);

31 sign2=map(emg2, 0, 1023, 0, 255);
32 Serial.write (sign2);

33 if (sign2>135)

34 {

35 digitalWrite (LEDpin2, HIGH);
36 }

37 else

38 {

39 digitalWrite (LEDpin2, LOW);

Fig. 3. The program code for controlling the actuators before processing the electromyogram signal
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The program for signal processing (finding the amplitude)

and controlling the

actuators using the processed electromyo-

gram signal is shown in Figure 4.

The software and hardware parts of the model are combined.

the input signal is corrected. The measurement results are load-
ed into the handler. The signal is filtered and compiled.

int sign2MIN=255;
int sign1AMPL=0;
int sign2AMPL =0;
Int i=0;

void aa() {;

sign1AMPL=0;

sign2AMPL =0;

for (i; i<36; i++) {

emg1=analogRead(AQ);

sign1=map(emg1, 0, 1023, 0, 255);

emg2=analogRead(A1);

sign2=map(emg2, 0, 1023, 0, 255);
if (sign1> sign1MAX) sign1MAX= sign1;
if (sign1> sign1MIN) sign1MIN= sign1;
if (sign2> sign2MAX) sigh2MAX= sign2;
if (sign2> sign2MIN) sign2ZMIN= sign2;

}

sign1AMPL=0.3*sign1+0.7*( sign1TMAX- sign1MIN);
sign2AMPL=0.3*sign2+0.7*( sign2MAX- sign2MIN);
Serial.write(“AQ");

Serial.write (sign1AMPL);

sign TMAX=0;

sign1MIN=255;

sign2ZMAX=0;

sign2MIN=255;

i=0;

Figure 5 shows the visualization of the processed signal

with relaxed muscles.

Figure 6 shows the visualization of the processed signal

with tense muscles.

void setup() {;
Serial.begin (9600);
pinMode (LEDpin1,OUTPUT);
pinMode (LEDpin2,OUTPUT);
}

void loop() {;
aa();

if (sign1>60);
digitalwrite(LEDpin1,HIGT);
}

else

digitalwrite(LEDpin1,LOW);

if (sign2>60);

digitalwrite(LEDpin2,HIGT);
}

else

{
}

digitalwrite(LEDpin2,LOW);

Fig. 4. A program for signal processing and control of actuators using a processed electromyogram signal
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Fig. 5. Visualization of the processed signal with relaxed muscles
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Fig. 6. Visualization of the processed signal with tense muscles

The processed signal is used as the initial information to
activate the control algorithm for dynamic processes in the
model under consideration. In this case, when the muscle is
strained by the operator, the model makes a linear forward
movement, when the muscle relaxes, it stops. A different de-
gree of tension provokes a forward backward movement or
rotation of the moving part of the model clockwise and coun-
terclockwise.

Thus, a control code has been created to influence the
technical system in five parameters. The operator must main-
tain the concentration of attention selected during the prelimi-
nary tests. It reproduces the same level of muscle tension. On-
ly then does the accuracy and correctness of the reaction of the
mechanical part of the model meet expectations.

When using two sensors, the following algorithm can be
set for the control program.

Depending on the tension and relaxation of the two mus-
cles operator (for example, the muscles, the flexors and exten-
sors in the forearm) are translational, rotational, and reverse
motion: momentum (both muscles tense), moving backward
(both muscles are relaxed), clockwise rotation (muscles flex-
ors tight extensors are relaxed), counterclockwise rotation
(muscles relaxed flexors, extensors tense).

In the program code, a library is connected to work with
servos. The minimum and maximum rotation angle for each
servo is set. The speed of movement of the moving elements
of the model is set. Software objects are created to work with
each servo motor.

Variables are formed to store the raw and processed values
of the electromyogram. Threshold values are indicated for
determining the state of the muscle — relaxed/tense.

Variables for storing minimum and maximum values dur-
ing processing are specified in the range from 0 to 255. A
memory area is allocated to store the rotation angle of the ser-
vo shaft (for each servo).

To calculate the amplitude of the electromyogram, a sub-
routine is used [19]:

void calc_amp() {

for (int k =0; k < 32; k++) {

emgl = analogRead(AD);

emg2 = analogRead(Al);

emgl = map(emg], 0, 1023, 0, 255);
emg2 = map(emg?2, 0, 1023, 0, 255);
if (emgl > max])

max1 = emgl;

if (emgl < min1)

minl = emgl;

if (emg2 > max2)

max2 = emg2;

if (emg2 < min2)

min2 = emg2;

}

ampl = 0.3*amp1 + 0.7*(max1 - min);
amp2 = 0.3*amp2 + 0.7*(max2 - min2);

The main code describes the main events in the system,
taking into account the degree of muscle tension, conditions
for reaching thresholds or inactivity.

CONCLUSION

The use of neural interfaces to control production and tran-
sport systems will improve the accuracy of the control code
thanks to methods and algorithms for processing and convert-
ing the original signals obtained by measuring the bioelectric
activity of muscles and alpha waves of the brain [20, 21]. In-
creasing the level of information security depends on the limi-
tations of the model. Constraints are influenced by external
factors that initiate dynamic processes [21-24].

However, the disadvantage can be considered labor-
intensive when changing the biosignal source. In this case, an
adjustment of the input code is required, because according to
physiological and psychological indicators, bioelectric signals
from different objects cannot have a complete match. This
leads to the question of interpretation of such signals. Current-
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ly, there are no precise algorithms and techniques that give an
indisputable reading of bioelectric parameters. The quality
largely depends on the features of the signal visualization
software, the accuracy of measuring instruments, and the qual-
ity of the connecting electrodes.

Also, a number of uncertain parameters arise during the
mathematical analysis of dynamic processes in industrial and
transport systems [21]. In this regard, forecasting the devel-
opment of events causes difficulty and generates many op-
tions. This forces developers to create a multi-level control
program that includes algorithms for as many probabilities of
possible states of the system as possible. For a typical dynamic
system with certain parameters, this probability is a value hav-
ing from ten to fifty digits. In technical systems controlled by
neural interfaces, the number of elementary states can lead to
redundancy of the control code. It will take too many probabil-
istic algorithms. In the future, it is necessary to develop a
software and mathematical apparatus capable of efficiently
analyzing input parameters with a large number of artifacts.
Then you can use weaker signals.
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YinpaBjieHne TEXHUYECKHMH CUCTEMAMU
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Annomayua. PaccMaTpuBaercss MoJAeJHPOBAHHE BXOIHBIX
napaMeTpoB JUIsl CHCTeM, yNpaB/seMbIX HelipoumHTepdeiicamu.
PaccmoTpena akTyaibHOCTb MPOOJIeMBbI 111 TPAHCIIOPTHBIX TeX-
HOJIOTHYECKHX cucTeM. buodjekTpuyeckue CHrHAJIbI HCHOJIb3Y-
0TCA B KayecTBe BXOJAHBIX MapaMeTpoB /ISl AKTHBALUHU AJT0-
PHUTMOB ynpapasiiomux kojaos. Ilpm ¢opMupoBanun BXoaHOTrO
CHTHAJIA YYHUTBLIBAIOTCSI MapaMeTPbl PUTMOB 3JIeKTPoO3HIedato-
rpaMMmbl. Pe3yabTaToM siBjsieTcsl yCTPOHCTBO, CIOCOOHOe CYM-
ThIBATh CHTHAJIbI 3JEeKTPOMHOIPAMMBI M BO3[eHCTBOBATH HA
00beKT yNnpaBJiecHUSl B COOTBETCTBHHU € 32JJaHHBIM AJTrOPUTMOM.
BxoaHoli cMrHal OT JaTYMKOB BapbUpYyeTCsl B 3aBHCHMOCTH OT
COCTOSIHHSA MBIIIL, K KOTOPbIM IOAKJIIOYEHbI 3JeKTpoabl. Cur-
HaJl ynpaBJjsieT MOCTyNaTelbHbIMH U BPallaTeJbHbIMHU JBHIKe-
HUSIMH MakeTa. Mojenb NPOrpaMMHOIO YNpPaBJIeHHsI OCHOBAHA
Ha NMPUHOUNAX THOKOH JIOrMKH, MO3TOMY MOKHO HACTPOMTH CH-
cTeMy Ha 0HOJIOTHYeCKHe CHTHAJIbI Pa3THYHOI TOYHOCTH.

Knrwouesvie cnoea: mporpaMmMHupoBaHue HellpoumHTepdeiicos,
ynpasJjsiiomiasi  nporpamMma, OHOdJIeKTPUYeCKHH  CHTHAJ,
MHKPOKOHTpOJLIep.
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Abstract. The concepts are considered: automation, autonomy,
technical means. The definition of the concept of an autonomous
technical means is given. Autonomous technical means are consid-
ered as technical means with the ability to perform certain actions
without human intervention. Autonomous technical means were
defined as products with various degree of endurance according to
a predetermined function. The analysis of legal regulation in the
field of creation, implementation, use of autonomous technical
means is carried out. It is concluded that there is an urgent need
to create new approaches to the legal regulation of this area. The
possibilities that an autonomous technical means should have for
their use as a transport safety violator have been determined. Au-
tonomous technical means with remote control technology are sub-
divided by the type of communication channel (mechanical, wire,
radio, ultrasonic, infrared). Autonomous technical means such as
unmanned aerial vehicles, RC Sports Models & Toys and Special
technical means are proposed to be considered as a potential threat
to transport security. A brief overview of the allocated autono-
mous technical means is given, as well as a comparative analysis.
The comparison was made according to such characteristics as av-
erage autonomous operation time, remoteness from the operator,
remoteness from the object, availability of standard means of
photo/video recording, availability of standard storage medium,
feedback function, availability in the market, pricing. It is con-
cluded that the UAV is a multipurpose vehicle that can be used
both for collecting data and for influencing a transport infrastruc-
ture object (can be used to destroy (attack) any targets).

Keywords: transport security, sea port, autonomous technical
facility.

INTRODUCTION

The modern life may be defined as the time of the fourth
technological revolution, which is due to the emergence and
spreading of cyber-physical and artificial cognitive systems in
the public life. Our time is characterized by omnipresent auto-
mation and, as a consequence, by the creation and dissemina-
tion of autonomous technical means. Such technical means
have the ability to perform certain actions without human par-
ticipation, and the degree of endurance has different gradation
[1]. In this article the authors proposed to consider the possibil-
ity of using autonomous technical means as a tool for obtaining
information in the context of transport safety at the transport
infrastructure facility. This topic seems to be relevant due to the
fact that should autonomous technical means be used by a pen-
etrator for obtaining information about a transport infrastructure
facility for the purposes of committing an act of unlawful inter-
ference, the risk of prosecution for such socially dangerous act
shall be reduced.

DEFINITION
Automation is the direction of scientific and technological
progress, which uses self-regulating technical means and math-

ematical methods to exclude people from participation in vari-
ous processes. Thus, a human shall be involved to a lesser ex-
tent if at all (still retaining full control). Expansion of automa-
tion results in the creation and deployment of autonomous tech-
nical means. Existing tentative legislative acts make no use of
the concept of autonomous technical means. However, for the
purposes of this study, it seems necessary to define the term
«autonomous technical means». Let us define the term «auton-
omy» as a possession of autonomy, an independence from any-
thing (in Kant's philosophy, the «autonomy» is a principle of
independent existence following one's own senses and con-
science [2]). Another source suggests that autonomy is a char-
acteristic of highly organized systems, according to which the
functioning and behavior of such systems is determined by their
internal foundations, not prone to the influence of the external
environment or other systems [3]. Technical means are struc-
turally completed products designed to perform certain func-
tions for end users [4]. Thus, let us elaborate the following def-
inition.

Autonomous technical means are structurally completed
products that perform certain functions for end users, the func-
tioning and behavior of which shall be determined by internal
foundations, not prone to the influence of the external environ-
ment or other systems. Of course, the degree of autonomy var-
ies, and, undoubtedly, as a rule, in our generation the final de-
cision is ultimately made by humans. However, as a child of
scientific and technological progress, the automation does not
stand still, and the pace of artificial intelligence development
and expansion is quite impressive.

LEGISLATION

The statutory regulation of the deployment of autonomous
technical means is just emerging. Given the fact that now the
law is treating technical means only as (im)movable or intellec-
tual property, one cannot deny the existence of a «gap» that
needs to be filled, though it is not yet clear how. But neverthe-
less, where the latter decision is made by humans, the legal na-
ture would remain unchanged. The study of D. L. Kruteynikov,
O. A. Izhayev, V. A. Lebedev and S. S. Zenin «Regulation of
Interaction of an Individual with Autonomous Technical
Devices: Legal Regimes Discussion» suggested the following
models of human-autonomous technical means [1]:

e interaction (actions of the autonomous technical means

are under human control, or have no legal significance);

e coexistence (where autonomous technical means may be-

come independent participants of social relations, and per-

form legally significant actions);

e integration (of autonomous technical means with a biolog-

ical subject).
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It may be concluded that there is a strong need for the creation
of new approaches to the statutory regulation in this area.

POSSIBILITIES

In the context of transport security [5—8], let us turn our at-
tention to autonomous technical means with the following char-
acteristics that:

e exclude the need for the physical presence of the person
who owns/operates such technical means;

e perform the function of real time photo-video recording;

e perform the function of photo-video recording and storage
of the obtained data on the tangible medium (memory card).

Exclusion of human physical presence is a task that can be
solved through the use of the following technologies [9]:

e remote control is a system of control signal transmission
from the operator (using a transmitter - remote control device)
to the technical means (receiver) located at a distance. Figure 1
presents the types of remote control systems by the communi-
cation channel types;

e autosteering system is a hardware and software complex,
which is steering an object along a certain predetermined tra-

jectory.

| Remote control systems

—
L——‘fﬁ
Mechanical | Electrical
channel channel
! ! _— T
: : e r A T
! , Wire channel Radio channel Ultrasonic Infrared
L | | |_channel | channel
| Do | |
Scope of Scope of use: Scope of use: Scope of Scope of
use: — where wireless — moving use: use:
— ata channels cannot be objects — mobile — appliance
small used (functional gap, control; and electronics
distance economy, electronic — where stationary
between anticountermeasures) receiver and objects
objects; transmitter are control
— where not within the over a
an instant line-of-sight short
response is range distance
required

Fig. 1. Remote control classification

Within the context of the posed problem, hereinafter we will
discuss autonomous technical means based on the radio remote
control technology. Let us consider the following autonomous
technical means:

o radio-controlled sports models and toys;

e special technical means;

o Unmanned Aerial Vehicles (hereinafter referred to as UAV).

REMOTE CONTROL SPORTS MODELS AND TOYS

Two main concepts of radio-controlled sports models are
available in the market:

e «toys» are a kind of cars or trucks such as advertised in
cartoons and shown on television, usually sold in electronic ap-
pliances and toy stores;

e KIT is a kit for assembling a sports car or truck;

e RTR is a ready-to-run radio-controlled cars, available
only in specialized hobby stores or distributed by companies via
mail through online stores.

For the purposes of our study, let's analyze the KIT and RTR
models that are positioned as radio-controlled vehicles.

Radio-controlled vehicles are divided into two groups ac-
cording to the motor type: electrical motor driven and internal
combustion engine driven. The model types are as follows [10]:

¢ highway vehicles: for driving exclusively on a level sur-
face;

o drifting car models: for track driving in a controlled drift;

e off-road vehicle models: for driving rough terrain of vari-
ous complexity;

o trophy car models: low speed passing obstacles on rough
terrain;

e trial car models: overcoming obstacles.

SPECIAL TECHNICAL MEANS

Special technical means are means, which are designed for
surreptitious obtaining of information: instruments, systems,
complexes, devices, special tools for entering into premises and
other facilities, as well as software (SW) for computers and
other electronic devices to get access to and/or obtain infor-
mation from technical means for data storage, processing and/or
communication, which are intentionally designed to provide the

Humennekmyanvnvie mexunonozuu na mpancnopme. 2022. No 4 95



Intellectual Technologies on Transport. 2022. No 4

function of surreptitious obtaining of information or unauthor-
ized access to it without the knowledge of the owner thereof
[11]. This area has not been described in open sources. How-
ever, from a news source, we managed to find a description of
the Eyeball R1 device. Eyeball R1 is an autonomous and mobile
video camera Eyeball R1, which is an armored ball. The ball
may stabilize itself on the surface, and then start filming every-
thing around it. The signal is transmitted via radio channel to
the base station. The kit is a small case containing a mobile
monitor with a control system, mounts and suspensions for dif-
ferent surfaces, a battery charger, and three balls: two have
video cameras installed and the third one is a test ball. The size
of the ball itself is comparable with a tennis ball, and its body
is covered with a rubber shell [12].

UNMANNED AERIAL VEHICLES

UAV is an aircraft without a human pilot on board, and may
have various degrees of autonomy: either under remote control
of a human operator, or run an autonomous flight controlled by
onboard computers or an autonomous robot [13].

Quite recently these aircrafts were used only for military
purposes (to destroy aerial targets and gather intelligence) [14].
Nowadays, UAVs are widely deployed in civilian applications:
surveillance, monitoring, business, public life, delivery ser-
vices, etc.

Modern UAVs vary in characteristics. However, the basic
principles underlying any UAV are:

e the ability to move independently in the air;

e the ability to maintain a predetermined altitude and flight
velocity;

o the ability to carry additional payloads of different weight;

o the ability to mount additional equipment on the vehicle to
capture data and transmit information to the operator in real time.

There are two types of drones by technical characteristics:
airplane and helicopter types.

The aircraft models are based on the carrying planes/wings,
which allow UAV have a high, long flight of a large radius.
(Heli)copter-type UAVs are equipped with propellers. Depend-
ing on the number of propellers, UAVs are divided into:

o tricopter is equipped with 3 propellers;

o quadcopter has 4 propellers;

o hexacopter has 6 propellers;

e octocopter has 8 propellers.

Copter type drones are characterized by the smoothness and
stability of the flight. The devices are suitable for monitoring
the territory and detailed analysis thereof [15].

COMPARATIVE ANALYSIS
Figure 2 shows a comparison of the above-described auton-
omous technical means.

CONCLUSION

Autonomous technical means were defined as products with
various degree of endurance according to a predetermined func-
tion. Analysis of the statutory regulation revealed the urgent
need to review the existing and/or create new enactments that
would take into account the already created and deployed au-
tonomous technical means. It was determined that UAVs have
characteristics that allow them to be used as a tool for the illegal
data acquisition. Furthermore, note that UAVs can also be
used to destroy (attack) any targets. Consequently, UAVs are

Specifications
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toys

Emergency

. UAV
equipment

Average
autonomous 15 60 31
operation time, min

Remoteness from

2
the operator, m 50 25000

6000

Remoteness from

the object, m 150

Availability of
standard means of
photo/video
recording

Availability of
standard storage - - +
medium

Feedback function - - +

Availability mn the

+ - +
market

Pricing, RUB '000' 5-200 up to 400 30-1000

Fig. 2. Autonomous technical means

multi-purpose means, which can be used both for data acquisi-
tion and to attack a transport infrastructure facility. Attention
should also be paid to the fact that UAVs are technical means,
which are impossible or rather difficult to detect without the use
of automated systems. Thus, in the course of this study, the au-
thors of this article have identified the following areas of further
study:

e analysis of means and methods of automated detection of
a penetrator at a transportation infrastructure facility;

¢ automated UAV detection.
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ABTOHOMHBIE TEXHHYECKHE CPeACTBA —
HHCTPYMEHT OOHAPY/KeHUSA HAPYIIMTEJIs
TPAHCIIOPTHOM 0€30MACHOCTH
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Annomayua. PaccmaTpuBaloTcs NOHATHSA: aBTOMAaTH3AaLus,
aBTOHOMHOCTB, TEXHHYECKHe cpeAcTBa. J[aHo onpeneneHue mo-
HATHS ABTOHOMHOI'0 TEXHHYECKOI'0 cpeJcTBa. ABTOHOMHBIE TeX-
HHYeCKHe CPeICTBA PAacCMATPHBAKTCH KaK TeXHHYeCKHe Ccpejl-
CTBa, 00.,1aJa101IMe CIIOCOOHOCTHLIO BBLINMOJIHATL ONpeeeHHbIe
JelicTBUs 0e3 BMeNIaTeJbCTBA YeJl0BeKa. ABTOHOMHbIC TeXHH-
YyecKHe cpelcTBa ObLIM OoNpeeeHbl KaK H3/1e/us ¢ Pa3JIn4HOM’
CTENeHbI0 J0JITOBEYHOCTH B COOTBETCTBHHU € 3aJaHHOH (PyHK-
nueii. IIpoBeseH aHa/ M3 NPaBOBOrO PeryJIMpoBaHUs B 00J1acTH
CO3/1aHMs, BHEPEHHUs], HCI0JIb30BAHUS ABTOHOMHBIX TeXHHYe-
CKHX cpeacTB. Jleaercsi BBIBOJ 0 TOM, YTO CylIeCTBYeT ocTpast
He00X0AUMOCTh B CO3AAHHH HOBBIX NMOJAX00B K NPAaBOBOMY pe-
ryJIJMPOBAHHUIO JaHHOI cdepbl. OnpeaeneHbl BO3MOKHOCTH, KO-
TOPBIMH /10J1:KHO 00J1a1aTh ABTOHOMHOE TeXHHYeCKoe CpPe/ICTBO
JJISl MX MCII0JIb30BAHMS B KayecTBe HAPYIIUTe/Is1 TPAHCIOPTHOI
0e301aCHOCTH. ABTOHOMHBIC TEXHHYECKHE CPeICTBA ¢ TEXHOJ10-
THeH NUCTAHIHMOHHOIO YIPABJICHHS NMOAPA3JEJSIOTCA 10 THILY
KaHaja cBA3M (MeXaHHYeCKHUii, IPOBOJHOM, Paguo, yJIbTpPa3By-
KOBO, MH(ppaKkpacHbIil). ABTOHOMHbIEe TEXHHYECKHE CPeCTBA,
TaKHe Kak OecMJIOTHbIE J1eTaTeJbHble aNNapaThbl, pagHOyNpaB-
JisieMble CIIOPTHBHBbIE MO/EJIM M MIPYIIKH, a TaK:Ke CHelHallb-
Hble TEXHHYeCKHe cpeJcTBa, MpeJaraercs pacCMaTpuBaTh Kak
NMOTEHIUAJTBHYI0) YIpo3y TPaHCHOPTHOW Oe3omacHocTH. [laH
KpPaTKHii 0030p CyWeCTBYIOIIMX ABTOHOMHBIX TEeXHHYECKHX
CPe/ICTB, a TaK:Ke IPUBE/IeH UX CPAaBHUTEIbHBIN aHaau3. Cpas-
HeHHe NMPOBOJUJIOCH N0 TAKUM XaPaKTePHCTHKAM, KaK cpelHee
BpeMsl aBTOHOMHO# padoThl, YAaJEeHHOCTh OT OlepaTopa, yaa-
JICHHOCTb 0T 00beKTa, HAJIH4He CTAHJAPTHBIX cpeAcTB OoTO/BH-
JAeo3amicH, HAJW4YHe CTAHAAPTHOrO HOCUTeJsl HHpopmanuw,
¢ynkuus o0paTHO# CBA3U, JOCTYNHOCTHh HA PBbIHKE, IEHOO0OPAa-
3oBanue. Caenan BoiBoJ, 4uTo BIIJIA siBjsieTcsi MHOromeJIeBbIM
TPAHCHOPTHBIM CPEACTBOM, KOTOpOe MOXKeT MCIOJIb30BaThCs
Kak 1Jd cOopa JaHHBIX, TAK U 1Jsl BO3JelCTBHSI HAa 00BEKT
TPAHCHOPTHOI HHPPACTPYKTYPHI (MOKET MCIOJb30BaThCS LI
YHHUYTOKeHHUs (aTaKu) JI00BIX LeJieii).

Knrouesvie cnosa: tpancmoptHasi 0€30MacHOCTb, MOPCKOW
MOPT, ABTOHOMHOE TEXHHYECKOE COOPYIKEHHeE.
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