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STUDY OF THE INFLUENCE OF THE PASSAGE
OF HEAVY TRAINS ON THE THROUGHPUT
AND CARRYING CAPACITY OF RAILWAY SECTIONS
WITH ELECTRIC TRAIN TRACTION

V.V. Shirokova, N.A. Kuzmina,
T.A. Odudenko, G.V. Sankova

The criterion for the effectiveness of the organization of heavy traffic
on the sections of the Russian railway network is the presence of large
correspondences of bulk goods presented by the consignor for transporta-
tion. An obstacle to the development of a promising cargo traffic are areas
with limited throughput and carrying capacity, the overcoming of which
is the organization of heavy traffic. All countries that have railways, at a
certain stage of development, face capacity constraints. Summarizing the
world experience, we can conclude that the priority in the development
of increasing volumes of “heavy cargo” is increasing the weight norms
of freight trains. The problem of passing heavy trains for Russian Rail-
ways is urgent, because the capacity of some sections has exhausted itself
completely. The very timely appearance of heavy traffic becomes one of
the options for solving the problem of increasing the carrying capacity
of sections and directions and, as a result, creating a reserve of carrying
capacity. In this article, a study of the influence of their movement on the
carrying capacity and carrying capacity has been carried out.

Aim. To consider the effectiveness of the formation and passage of
heavy trains. The influence of the organization of the movement of such
trains on the throughput and carrying capacity of railway sections.

Methods. To solve the problem, graphic and analytical methods of
mathematical modeling, scientific methods of collecting and processing
statistical data, modern achievements in terms of general principles
and methods of risk management was used.
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Results. The authors have developed a formula for determining the
rate of removal of freight trains. The analysis of the influence of the
values of the inter-train intervals of freight trains and heavy trains on
the removal rate is given.

Practical relevance. As the main alternative to increasing the size
of traffic on the main cargo-intensive directions, with a shortage of
traffic capacity, it is proposed to use the technology of heavy traffic. In
modern market conditions, an increase in the weight and length of a
freight train is one of the main reserves for increasing throughput and
carrying capacity. By passing heavy trains, we get an increase in car-
rying capacity. In the article, we prove the consistency of these mea-
sures. The increase in carrying and carrying capacity is considered in
the context of increasing unified weight standards.

Keywords: throughput; carrying capacity, removal rate; inter-train
interval; freight train, heavy freight train

UCCIEJOBAHUE BJIUAHUSA ITPOITY CKA
TAXKEJOBECHBIX ITIOE3/10B HA ITPOIIYCKHYIO
N TMTPOBO3HYIO CITIOCOBHOCTH KEJE3HOAOPOXHBIX
YYACTKOB IPA JIEKTPUUECKOM TATE

B.B. llupoxoea, H.A. Ky3vmuna,
T.A. Ooyoenxo, I'B. Canvkosa

Kpumepuem aghpexmuenocmu opeanuzayuu magicenogecHozo 0u-
JIcenuss Ha YYacmKax cemu dcenesnvlx dopoe Poccuu sensiemes na-
JudUe KpYnHulX KOPpecnoHOeHYUll MACCOBIX 2PY308, NPEObAGIAEMbIX
2py3oomnpasumenem K nepesoske. llpensimcemeuem Kk 0ceoeHuio nep-
CHEKMUBHO20 2PY30NOMOKA CIMAHOBAMCS YYACKU C 02PAHUYEHHO
NPONYCKHOU U NPOBO3HOU CHOCOOHOCIMAMU, NPEOdOIeHUEeM KOMOPO2O
BbLICIMYNAEN OP2AHU3AYUST MAICET0BECHO20 08UdICeHUsl. Bce cmpanbi,
KOmopble umerom dcenesnvie 00pocU, Ha ONpedeieHHOM dmane pas-
BUMLUSL CMATKUBAIOMCSL C 02PAHUYEHUSIMU NPONYCKHOU CHOCOOHOCTIL.
0600w ast MUPOBOTL ONBIM MOACHO COELANDb BbLBOO, YINO NPUOPUINETNOM
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8 0CBOEHUU BO3PACMATOUUX 0OOBEMOG KMAICETBIX 2PY306» CIMAHOBUNI-
€51 NOBBIULEHUE BECOBBIX HOPM 2PY308bIX N0e3008. [Ipodnema nponycka
MAACEN0BECHBIX N0E3006 015t Poccutickux oicenesnvlx dopoe s6nsemcs
AKMYanvbHol, 8CLe0CBUe MO0, YO NPONYCKHbLE CHOCOOHOCTU HEKO-
MOPLIX YUACMKOS Ucuepnaiu ceds noiHocmio. Becoma ceoespemen-
HOe NosGIeHIe MAICEN0BECHO20 OBUINICEHUS. CAHOBUMCS OOHUM U3 84~
PUAHMO8 peuieHust npooaemMbl NOGLIUEHUS NPOBO3HBIX CNOCOOHOCTEl
VUACMKOS U HANPABTIeHUll U, KaK clledcmesue, co30anue pe3epea npo-
nyckHou cnocoonocmu. B dannoii cmamve gvinonneno ucciedogamue
GNUSTHUSL UX OBUIICEHUSI HA NPONYCKHYIO U NPOBO3HYIO CHOCOOHOCIIU.

Knrwoueswle cnosa: nponycknas cnocoonocms, npoeo3Has cCnocoo-
HOCMb,; KOdhuyuenm covema, Mejicnoe3OHol UHMepaa, 2py3060il no-
€30, MAACENL0BECHDII 2PY3080U NOe30

The organization of heavy traffic on railways is aimed at increas-
ing the carrying capacity of cargo-strained directions, which limit the
development of promising volumes of fuel and energy cargo transpor-
tation from places of origin to places of consumption [1]. However, is
it so? Is it possible to assume that only an increase in the length and
mass of trains will be sufficient to achieve the efficiency of freight
transportation?

The development of heavy-weight traffic with the participation of
professionals of various fields on the problems of the wheel, rail and
their interaction, which are fundamental for railway transport operat-
ing under conditions of high axial loads, train masses and load stress is
presented in the research of William J. Harris (The USA), James Lund-
gren (The USA), Harry Tournay (RSA), Willem Eberséhn (RSA) [2].

The problem of organizing a heavyweight movement was studied
by Martins. R., S. Costa R. J., Roney M, Zhixiu Geng [3; 4; 5].

Therefore, according to DR. Abhyuday, heavy traffic means the
organization of work of freight trains with a large axial load, weight
and length. [6]

Many pluses, advantages, progressive components of the heavy-
weight movement can be found in Russian literature.
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The rules of technical operation of the railways of the Russian
Federation determine that a heavy train is a freight train whose mass
exceeds the mass norm established by the train schedule for the corre-
sponding series of train locomotives by 100 tons or more [7], i.e.

0, =0, +100. (1

Considering the movement of heavy trains on the traffic schedule,
it should note that when they skipped, freight trains of the established
mass and length norms removed. This is primarily due to the differ-
ent size of the inter-train intervals with which freight trains and heavy
trains follow (Fig. 1 and 2).

0 1

£
C‘“QQV /}x

) \\
% A
0»@7’/

Fig. 1. The passage of freight trains of the established mass on the site
in the absence of heaviness

v

Figure 2 shows that when heavy trains pass at different intervals,
the number of missed freight trains of the specified mass also changes.
If the intervals are equal (10 min), the total number of freight trains
does not change — Fig.2 (a), but a heavy replaced by the freight train.
At an interval of 12 minutes (Fig.2.b) 1.2 trains are removed from the
schedule, at an interval of 15 minutes — 2 trains (Fig.2.c), 20 minutes
- 3 trains(Fig.2.d).

In other words, the greater the difference between the intervals, the
more freight trains removed from the schedule. Thus, we can say that
when heavy trains skipped, there is a removal of freight trains. It is reg-
ulate by the removal coefficient, the value of which can be determined
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2L
by the formula proposed by the authors: &, =~ —1, but not less than

one, where L | is the inter-train interval for heavy trains, min; “/” is the
calculated inter-train interval for the remaining freight trains.

a) interval for heavy trains 10 min ¢) interval for heavy trains 15 min
0 1 0 1

DO h
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2 2 \2 >
C %, 2 N\ o \9 2N\ N2
VAN AANY Q A
I=10min  In=10min Nfr =5 N =1 I=10min In=15min  Njr=4 Nh=1

b) interval for heavy trains 12 min d) interval for heavy trains 20 min
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Fig. 2. Passage of heavy freight trains along the section

To see how the carrying capacity will change, you can perform a sim-
ple calculation using Figures 1 and 2 and the accepted estimated train
weights of 6300 and 8300 tons. The ratio of net and gross weight is 0.75.

Table 1.
Calculation of transported tons of cargo depending on the interval

Number of | Number of 6300 | 8300 Gross tons | Tons of cargo
freight trains| heavy trains transported | transported
1 6 0 37800| 0 37800 28350
2 5 1 31500/8300| 39800 29850

Option
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End of a table
3 4,8 1 28350( 8300 36650 27487
4 4 1 25200| 8300 33500 25125
5 3 1 18900| 8300 27200 20400
@,_—_.\@.
\ .
 e— v -
s @\@\® .
- —
il 2 3 4 5
OptionS
B - onsof cargo transported I - gross tons transported

Fig. 3. Graph of the dependence of transported tons of cargo
on the inter-train intervals of heavy trains

Thus, with a slight difference in intervals (10 and 12 minutes), an in-
crease in the volume of transported cargo is observed, but with an increase
in the gap between the inter-train intervals (10 and 15, 10 and 20) for the
same period, the number of gross and net tons transported decreases.

Considering the influence of the values of the inter-train intervals
of freight trains and heavy trains on the removal coefficient, the fol-
lowing dependence can observed (Fig. 4). When the interval between
freight trains decreases, the value of the removal coefficient increases.

When calculating the cash carrying capacity of double-track sec-
tions equipped with automatic locking, it can be equivocally stated that
when heavy trains pass, it increases.

To see the effect of the number of heavy trains passed, let us turn to
the formula for calculating the carrying capacity (C). [1].
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removal coefficient
\N
(%
o

10 11 12 13 14 15 16 17 18 19 20

interval for heavy trains, min

mm=m The removal coefficient for the inter-train interval of freight trains 10 min
mmmm= The removal coefficient for the inter-train interval of freight trains 9 min

=== The removal coefficient for the inter-train interval of freight trains 8 min
Fig. 4. Dependence of the removal coefficient of heavy trains on inter-train intervals

C= 365-0,, ¢ .[(1440_1‘:“11 A
10° I

where: ¢, —technological “window”, min; a_— reliability coefficient,
taking into account failures of technical means; / — inter-train interval
(schedule period), min. O — the mass of the train composition gross,
t; ¢ — the ratio of the mass of the train composition net and gross,
NP N/ N N©" N"_ the total number of freight trains re-
moved from the schedule of passenger, fast, accelerated freight, com-
bined and heavy trains.

Number of freight trains to be removing is determined by:

pass(fast
N, ( ) = Epass(fast) " Vpass(fast), 4)

_ Nrpass _ N;ICC _Nrcomb _ N:l :|’ (3)

b
Nrcom (@) = (Scomb(acc) - 1) ' Ncomb(acc)' (5)

th:(gh_l)'Nh- (6)
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Where € uss(fasty Ecompiacey En —AIC the coefficients of removal by pas-
senger (fast of passengers); combined (accelerated freight); heavy
trains; Npam(/m " Nmmb(acc), N, — the amount of passenger (fast), combined
(accelerated), heavy trains.

The graph of the dependence of the available carrying capacity on

the amount of heavy trains passed shown in Fig. 5.
360
310

260

mlin tons
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Fig. 5. Schedule of changes in the available carrying capacity depending
on the number of heavy trains and the inter-train interval between them

From the presented graph, it can be concluded that:

1. With a slight gap between intervals (0-3 min) and an increase in the
number of heavy trains, there is an increase in the available carrying capacity.

2. With the difference between the intervals of 4-5 minutes and an
increase in the number of heavy trains, there is no significant change
in the carrying capacity.

3. With a significant gap in inter-train intervals (6 minutes or more)
for heavy and freight trains, there is a decrease in carrying capacity.

If connected trains with intervals of movement are considered as
heavy trains, as for heavy trains, then the results will change (Table 2).
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Table 2.
Calculation of transported tons of cargo depending on the interval
. Number of | Number of Gross tons | Cargo tons
Option freight trains | heavy trains 6300 | 12600 transported tran%ported
1 6 0 37800 0 37800 28350
2 5 1 31500 | 12600 44100 33075
3 4,5 1 28350 | 12600 40950 30712
4 4 1 25200 | 12600 37800 28350
5 3 1 18900 | 12600 31500 23625

Considering the dependence graph (Figure 6), a similar picture is
observed: the greater the difference between the intervals, the lower the
carrying capacity. However, for connected trains, the difference should
be more than 5 minutes.
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Fig. 6. Dependence of the carrying capacity on the interval value
for connected trains
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Increasing the mass of trains is not only one of the most effective
measures to increase the carrying capacity of railways, but also an im-
portant means of improving the operational performance of their work
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and reducing the cost of transportation. The mass of the train deter-
mines the requirements for the technical equipment of railways, pri-
marily for the power of locomotives, the length of station tracks, power
supply devices for electric traction, shunting facilities, etc.

Thus, the establishment of a rational mass of trains on railways is
an important and complex technical and economic problem, closely re-
lated to the increase in the carrying capacity of railways, but affecting
a much wider range of issues related to their work. Its choice can be
considered for a given type and power of the locomotive or for cases
when the power of the locomotive is unknown, i.e. it must be set simul-
taneously with the determination of the mass of the train.

The development of heavy traffic is one of the tools that will in-
crease the carrying capacity of the direction, create a reserve of capacity
on the network of JSC “Russian Railways”.

Conclusion

1. To increase the carrying capacity, it is necessary to reduce the
difference between the inter-train intervals of freight and heavy trains

2. With a significant difference between the intervals, the number
of heavy trains should not be more than 10-15 per day

3. To reduce the removal coefficient, it is necessary to reduce the
difference between the intervals

Undoubtedly, the development of heavy traffic will strengthen the
capacity of the Russian railway network [8, 9]. In the conditions of
increasing the volume of transshipment, it is possible to increase the
number of heavy trains with the appropriate infrastructure. Thus, only
with the introduction of 25% of heavy trains, excluding capital invest-
ments, the annual additional income increases by 15%. Therefore, it
can be argued that such an organization of train traffic is economically
profitable and justified. The additional volume of traffic received at the
same time will reduce the cost of train-km, and train stops. The stud-
ies presented by the authors confirm the validity of this statement. At
the same time, in connection with the organization of the constant cir-
culation of trains of increased weight and length, there are issues that
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need to be resolved [10]. The analysis of the Russian literature shows
that there are both supporters and opponents of the heavyweight move-
ment [11]. But as practice shows, the increase in the efficiency of the
transportation process, including “by increasing the weight and length
of freight trains, provides an increase in the carrying capacity of the
railway network in conditions of limited investment resources in the
medium term” [12] .
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MATHEMATICAL MODEL OF RISK CONTROL
ARISING FROM THE FUNCTIONING OF COMPLEX
TECHNICAL SYSTEMS FOR CRITICAL PURPOSES

IN CONDITIONS OF UNCERTAINTY OF INFORMATION
ABOUT THE VALUES OF PARAMETERS
AND THE PHASE STATE

PV. Kalashnikov

Introduction. The paper presents a description of the process of
constructing a mathematical model for managing risks arising from
the operation of complex technical unique systems for critical purposes
under conditions of uncertainty of information about the parameters
and phase state. The purpose of the study is to create an individual
optimal strategy for managing risk events that occur during the
operation of complex technical systems, which minimizes the cost of
preventive work, as well as the amount of damage that may result from
the occurrence of relevant events. The objectives of the study include
the construction of a mathematical model for control risks arising from
the operation of complex dynamic unique technical systems for critical
purposes under conditions of interval uncertainty of information about
the values of parameters and the phase state, since as well as an
analysis of existing approaches to creating an individual forecast of
changes in the state of the considered class of systems.

Materials and Methods. The article gives a comparative description
of the effectiveness of the application of the mathematical apparatus of
the theory of outliers of random processes and the method of individual
forecasting in solving the problem of managing risks arising from the
operation of complex unique technical systems for critical purposes
under conditions of uncertainty. Based on the statistical methods of
interval data, a mathematical model of risk management was created,
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taking into account possible errors in measuring the values of the
parameters of the considered class of complex systems at all control
windows during the operation period.

Results. The scientific novelty of the implemented approach lies
in the use of interval data statistics, which allow the most correct
consideration of possible errors associated with measuring the values
of the characteristics of the studied technical systems at all stages of
the control process.

Discussion and Conclusions. The mathematical model of risk
control developed in the course of the study, arising from the operation
of complex technical systems for critical purposes, makes it possible
to make the optimal choice of risk management strategy when using
objects of this class. Along with the above, an algorithm has been
developed for predicting changes in the state of a technical system
during the entire period of its operation based on the mathematical
apparatus of statistics of interval data, which makes it possible to take
into account in the calculations the errors that occur when measuring
the values of the main parameters of the system under consideration
at all stages of the control process.

Keywords: risk management; statistics of interval data; complex
technical system for critical purposes, theory of outliers of random
processes,; guaranteed forecast method

MATEMATHUYECKAS MOJEJIb YIIPABJIEHUSI PUCKAMM,
BO3HUKAIOIUMHU ITPU OYHKIIMOHUPOBAHUU
CJOXKHBIX TEXHUYECKUX CUCTEM
OTBETCTBEHHOI'O HABHAYEHUSI, B YCJIOBUAX
HEONPEAEJEHHOCTHU HHO®OPMAIIUU O 3HAYEHUAX
IHNAPAMETPOB U ®A30BOM COCTOsSIHUHA

I1.B. Kanawunuxos

B pabome npusooumcs onucanue npoyecca nocmpoenus mame-
Mamu4eckol MoOenu YNpagieHuss puckamu, UMerumumu Mecmo 60
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8pems padomul CLOICHBLIX MEXHUYECKUX YHUKATbHBIX CUCTHEM OTEen-
CMBEHHO20 HA3HAYEHUS! 8 YCIIOBUSX HeONpedeleHHOCMU UHpopMayuu
o napamempax u gazoeom cocmoanuu. Ilenvio uccnedosanusn s6s-
emcs co30anue UHOUBUOYANbHOU ONMUMATLHOU cmpame2ull ynpas-
JIeHUSL PUCKOBLIMU COOLIMUAMU, UMETOWUMU MECIO  X00e npoyecca
DYHKYUOHUPOBAHUSA CLOICHBIX MEXHUUECKUX CUCTeM, NPU KOMOPOU
CBOOAMCS K MUHUMYMY 3amMpamsl HA NPOQUAAKMUYECKUT] PEMOHM,
a makoice genuyuUna yuepoa, Komopbvlil MOJCen 603HUKHYMb 8 pe-
3ynLmame 603HUKHOGEHUs coomeemcemeyioujeco coovimus. K 3aoa-
YaM HPOBOOUMO20 UCCAE00BANUS CTIedYem OMHeCmU NOCMPOeHUe Md-
memMamuyeckoli Mooenu YnpagieHus puckamu, UMerouwumu Mecmo @
X00e pabomul CLOIHCHBIX OUHAMUYECKUX VHUKATbHLIX TMEeXHUYECKUX
cucmem omeemcmeeHHO20 HaA3HAYEHUs 8 YCI0GUAX UHMEPEATbHOUL He-
onpeoeneHHoCmu UH@opmMayuy 0 SHaYeHUAX NapamMempos i Pazoeom
COCMOAHUY, A MAKIHCE AHANU3 CYUeCMBYIOWUX NOOX0O08 K CO30ANHUIO
UHOUBUOYANLHO20 NPOSHO3A USMEHEHUSI COCMOANUS PACCMAmMpUede-
Mo2o Kaacca cucmem

Mamepuanst u memoost. B cmamve daemcsi cpasHumenbHas xa-
pakmepucmuxa 3¢ gekmusHocmu npumMeHeHus Mamemamu4ecko2o
annapama meopuu 6b10P0OCO8 CIYYANUHBIX NPOYECco8 U Memooa Un-
OUBUOYATILHO20 NPOSHO3A NPU PeUeHUU 3a0ayu YRpasieHus pUckami,
BO3HUKAIOWUMU 8 XOO€ PAOOMbL CIOICHBIX YHUKATbHBIX MEXHUYECKUX
cucmem OmeemcmeenHo20 HA3HAYEHUS 8 YCL0BUAX HEONPEOeTIeHHOCIIU.
Ha ocnoge memo0oe cmamucmuku uHmepeaibHblX OAHHBIX CO30aemcs
Mamemamuieckas MoOens YAPAasieHUs. PUCKAMU, YUUMblealouas 603-
MOOICHbIE NOZPEWHOCTY NPU USMEPEHUU 3HAYEeHUL Napamempos pac-
CMAMPUBAEMO20 KIACCA CILONMCHBIX CUCTNEM HA BCEX OKHAX KOHMPOJA
6 meyenue nepuooa IKCHIYamayuu.

Pesynomamot uccnedoganua. Hayunas nosusna peanusyemozo
noo0X00a cocmoum 8 UCHONb308AHUU CIMAMUCTIUKU UHIMEPBATbHBIX
OQHHBIX, NO3GONAIOUWUX HAUOONIee KOPPEKMHO YHUMbIBAMb UMeroujue
MeCmo 803MONCHBIE NOZPEUHOCU, CEA3AHNbIE C UBMEPEeHUEM 3HAYe-
HUL XaPaKmepucmux usyuaemvix mexHuueckux cucmem Ha 6cex 3md-
nax npoyecca ynpasieHus.
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Oébcyscoenue u 3axnwuenue. Pazpabomannas 6 xo0e 6blNOIHEH-
HO20 UCCTIe008aHUSL MAMEMAMUYECKASL MOOCTb YIPAGIEHUs. PUCKAMU,
BOZHUKAIOWUMU 8 XO0€ PAOOMbL CILOJCHBIX MEXHUYECKUX CUCTeM O~
BEMCMBEHN020 HAZHAYEHUS, NO360IsIe 0eNaAMb ONMUMATLHYIU 86100D
cmpame2uu ynpagieHusi PUCKamu npu UCHONb308AHUU 00bEKMOo8 OaH-
Hoeo Knacca. Hapsaoy c¢ eviueusnosicennvim, pazpaboman aneopumm
NPOSHO3A UBMEHEHUsT COCMOSHUSL MEXHUYECKOL CUCIEMbl 6 TheueHUe
8ce20 nepuoda ee pabomvl HA OCHOBE MAMEMAMULECKO20 annapama
CMAamuCmuKy UHMEPEATbHIX OAHHBIX, HO3GONSIOWULL YHUMbBLEANb NPU
pacuemax nozpeuHoCcmu Umerouue Mecmo npu 3amepax 3HA¥eHutl oc-
HOBHBIX NAPAMEMPO8 PACCMAMPUBAEMOU CUCEMbL HA 8CEX DMANAX
npoyecca ynpasienusl.

Knwueevie cnosa: ynpasnenue puckamu,; cmamucmura uHmep-
BALHBIX OAHHBIX, CILOJNCHASL MEXHUYECKAsl CUCTeMA OMEENMCNEEHHO-
20 HA3HAYEHUs, Meopust 6blOPOCOE CVUALUHbII NPOYECCo8;, Memoo ea-
PAHMUPOBAHHO20 NPOSHO3A

Introduction

This paper is a generalization and development of previously ob-
tained results of calculations on the aspects of mathematical modeling
of risk management, development during the operation of complex
technical systems for responsible purposes, set out in the works [1, 2].
The main element of the scientific novelty of this article is the addition
of previously obtained results by comparing the effectiveness of the
methods of the theory of outliers and the method of guaranteed pre-
diction in solving the problem of risk management. The work of com-
plex critical systems in various fields of technology and economics is
associated with emergencies, accidents, failures, as well as disruption
of the normal operation of individual organizational structures, indus-
tries, which in turn damages the national economy and the population.
The main approaches to the theory of risk control in technical systems
are described in the works [1-5].

The magnitude of the risk arising in the course of the functioning
of technical systems is given by the ratio
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R=P B (1)
where

R —the magnitude of the risk arising in the course of the functioning
of the technical system

P_— the probability of a risk event

B — the amount of damage in the event of a risk event.

The total value of risk R arising from the operation of complex
technical systems for critical purposes, which can be described by the
presence of various combinations of the magnitude of damage and the

probability of their occurrence, is found by the formula
R=2pPB )

Summation is performed over all possible elements of the event tree.

The considered values of the amount of damage and the probability
of the occurrence of a risk event are functions of time t. Risk, as a rule,
is understood as a random variable of the form (, B), where — the mo-
ment in time at which a risk event occurs (equipment failure, accident,
catastrophe). The approach based on the use of the standard apparatus
of the theory of probability and mathematical statistics in managing
risks arising in the course of the functioning of complex unique critical
systems is ineffective, since it does not take into account the individual
characteristics of each specific system, and also does not provide reli-
able results and statistical assessments under conditions lack, incom-
pleteness and indistinctness of information about the parameters and
phase state of the objects under consideration.

To solve the above problems it is necessary to use the concept of a
functional-parametric approach to managing the reliability of complex
systems, which is described in the works [6-10].

The main idea of the functional-parametric approach is based on
the assumption of a gradual nature of the occurrence of failures in
the operation of technical systems. The reason for the occurrence of
failures in the operation of complex objects is the output of parame-
ter values beyond the limits of the operability area. Forecasting the
state and controlling the parameters of complex technical systems
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makes it possible to solve the problem of ensuring the stable opera-
tion of the structures under consideration throughout the entire peri-
od of operation.

The functional-parametric approach is focused on solving the prob-
lem of predicting changes in the values of the parameters of the system
under consideration, as well as determining the optimal strategy for
preventive measures, which allows, at minimal cost, to implement a
set of measures to assess the state and adjust the operation of units and
assemblies that ensure trouble-free operation of the facility during the
entire period of its operation.

The task of risk control in the operation of critical technical systems
is to determine a set of preventive measures and search for optimal
control actions on the system parameters that minimize the amount of
damage from the implementation of a risk event. A risk event is under-
stood as the exit of the values of the system state parameters beyond
the limits of the operability area.

Mathematical model of risk control
under conditions of interval uncertainty
The state of the considered technical system S is given by a set of
parameters s=(s ,...,s, ) during the period of operation [0, 7]. Let us for-
mulate the problem of risk management for the case of discrete control
carried out at time points #,, k=0,...,n, T'= ¢ —¢ . Parameter operability
area number j of this technical object at the moment of time ¢, is given
by the relation
Sjik < Sjk < Sjk 3)
These parameter values determine the possible deviation from the
calculated nominal values at which the system remains operational.
The vector of the state of the system at the moment of time ¢,,
k=0,...,n has the form
s(ti) = (51(t) - 5 (1)) (4)
If the value of the system parameter number j at time goes beyond
the region specified by relation (4), then a risk event associated with
a failure occurs.
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To prevent accidents and failures, the parameters of the technical
system are regularly measured and monitored. A set of repair and pre-
ventive measures is carried out to ensure the stable operation of the
system in question. Carrying out the indicated type of work is associ-
ated, as a rule, with significant material costs and forced downtime of
equipment. The costs ¢, or maintenance of the system at time ¢, € T are
given by the ratio

Cik < Cjk < Cjk. ®)

The total cost C associated with the control and measurement and

preventive measures is calculated based on the ratio

c= g)ck ~[c, €] (6)

c<C<c
The risk control strategy involves the implementation of such a set
of control actions and preventive measures, in which the amount of
damage caused by a risk event is minimal.
The vector of control actions on the system parameters during the
operation period [0, T] has the form
u=(uy,uy) (7
The set of values of the control correcting action number j on the
parameters of the system at the moment of time #,, &=0...n given by
the ratio
Wik < Wjg < Wi ®)
The vector of control actions at the moment of time t,, k=0,...,n has
the form
u(ty) = (ug (i) - ur (i) )
Let B, =By, (s(ty), s(ti+1} u(ty), ty)costs associated with the chosen
risk control strategy at time #,. Then the optimal control ’(z), leading
to the minimum costs of operation of the technical system are deter-
mined for the time 7,_on the basis of the relation
By (s(t), s(tg+1}, W' (tk), ) <By (s(tx), s(tr+1}, u(ty), t) (10)
During the period of operation 7= ¢ — ¢, we have a set of optimal
control actions in the form

U¥(to tn)={u*(to oo tt*(tn)} (11)
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The optimal risk management strategy is to determine such a set
of control actions on the system parameters, in which the amount of
damage in the event of a risk event will be minimal.

J = YR20 Bi ((ti), (tia1} uti), i) > min (12)
YR=oCk = C --> min (13)

Application of the theory of emissions of random

processes to the problem of risk management arising

from the functioning of critical systems

An important role in solving the problem of risk management in the
operation of critical systems is played by the problem of determining
the first moment in time at which a random process goes out outside
the area of operability. To solve the indicated problem it is necessary
to use elements of the theory of emissions of random processes, which
are described in the paper [11].

Suppose that the change (drift) of the parameters of the system S
is described by a random process S (t) and the first exit of the process
under consideration outside the range of operability W leads to a fail-
ure (an emergency situation in which the operability of the system is
disrupted). We denote by P (t) the probability of failure-free operation
of the system, where P(f)= P (S(t)e W), t€[0, t].

For a stationary differentiable process P(¢) has the form

P@®)=Py—n[,(1-L(D)dt (14)
where

P, — the probability of the process being in the operability area at
the initial moment of time;

n — the average number of emissions of the process under consid-
eration per unit of time outside the region;

L(t) — distribution function of the duration of the residence time
of the process in a given region W from the moment it hits it until the
moment it leaves it for the first time.

Let us consider the case in which the performance area W is speci-
fied using an interval of the form W =[a, a /. In this case, expressions
for calculating the value P(1)= P (a < S(z) < a), 7 € [0, ¢] has the form
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P@) = F(@) - F(@) — ngg J; (1~ Laa(7) d 7 (15)
where

F (...) — the distribution function of the ordinate of the considered
random process describing the functioning of the system.

n,; —the average number of times a random process leaves the range
of operability per unit time J¥;

Lag — the distribution function of the duration of the residence time
of the process in a given region W from the moment it hits it until the
moment it leaves it for the first time.

We introduce into consideration the following random variables.

T — time since the beginning of observation of the considered ran-
dom process until the moment of its first exit from the domain W;

p — duration of time passing from the moment of the first hit of the
process in the area W to the moment of the st exit from it;

p — the duration of the time elapsing from the moment a random
process enters the domain W until the moment it begins to observe it.

The magnitude p =1+ p. Let K(t) = 1 — L(7),p(t) — distribution den-
sity of a random variable . In the introduced notation

0(@) =~ 9= K(¥) (16)

Consider the expressions K(¢)=P(y>f) u P(f)=P(t>f). Between reali-

zations of random Variable% u the relation is true p>t. Hence, K(¢) > P(¢).
i —TlﬂaK(t) (17)

Dividing the left and right sides of relation (17) by P(f), we obtain

the expression

dpP _ _ @
%— nga PO (18)
Let us introduce the notation .
8(t) = —=, p(t)==1 (19)
. : Pdt P(t)
In the introduced notation, we have
8(t) = ngg b() (20)

Due to the inequality K(#) = P(¢) variable b(¢) > 1, hence, §(t) > ngg,
Let us construct estimates for the quantity P(7). Let K(t) =1 — L(7)
=1. In this case, we have the estimate

P) = F(@) - F(@) -nggt, t < 2@ Q1)

ngE
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For the case of one-sided boundaries, we have the following estimates

P(t) > F(@) - nat, ts%‘) (22)
P(t)> 1- F(a) - nat,ts%a@ (23)

When solving practical problems, random processes are often con-
sidered, which are the sum of a deterministic function and random
noise, which are described by the relation

S() = Y1) + B(r) (24)
where

Y(¢) — random noise;

B(7) — deterministic function.

Formulas for estimating the probability of no-failure operation P (t)
for random processes of the form (24) are presented in the paper [12].

To estimate the probability of a random process staying in a given
area, it is necessary to know the one-dimensional distribution law of
the ordinate of this process, as well as the average number of outliers
of this process outside the band per unit time W.

The use of the above mathematical apparatus allows one to obtain
approximate estimates of the value P(¢) of the probability of failure-free
operation of the system under consideration, as well as tentatively de-
termine the moment of the onset of a risk event (the first outburst of a
random process outside the area W), at which a failure occurs in the
operation of the technical object under study. The use of this kind of
methods is suitable for groups of technical objects characterized by
statistical homogeneity and does not take into account individual char-
acteristics and unique features characteristic of critical systems.

To solve the indicated problem, the method of individual forecast
is used [6].

At a moment in time ¢, information on the progress of changes in
the process of system functioning is available in the form of a sequence
of observations {d,},_k=0...p. As a rule measurement of system pa-
rameters at various stages of control is associated with the presence of
errors (inaccuracies in the operation of measuring equipment, round-
ing errors, etc.).
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Results of the research

Making decisions on the choice of control actions that minimize
risk in unique systems of responsible assignment is associated with the
presence of incompleteness and uncertainty of information. The most
appropriate tool for mathematical modeling in such a situation is the
statistical apparatus of interval data [13-16].

When using this type of mathematical apparatus, it becomes pos-
sible to make optimal decisions in conditions of incompleteness and
lack of information about the system parameters, since the sample
volumes with which the interval data statistics apparatus operates are
much smaller than in the case of traditional methods of mathematical
statistics.

Consider the formulation of the problem of constructing an indi-
vidual forecast of changes in the state of a critical technical system.

Let, S(¢) be a random process describing the change in the values
(drift) of the parameters of a critical technical system S during a time
interval [0,7 ] and define the further trajectory of the system parameters
change over the time interval I,

Suppose that the model of the random process S(7) has the form

S(O)=F()+h(¢) (25)
where

F(¢) — the form of the process under consideration (scalar, linear,
monotonic);

h(t) — model error, which may be absent, random or interval given.

Consider a specific form of a random process given by the relation

S@W)=a’'b@®)+h(), 1€ [0,T] (26)
where

a= {a].}, j=0,...n — vector of random coefficients;

b(f) — continuously specified deterministic functions of time ¢t€[0,7];

h(t) — model error given by interval h(t)sh(t)f@ time function
te[0,7]; o

On a time interval 7 eT consider the implementation s(¢) of the
process S(7), observed with measurement error e(#,) for the moment of
control 7,, given by the interval ratio
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e(ti)<e(t) <e(ty) 27
In accordance with model (15), the implementation of the process
S(¢) on the time interval [0, T p] has the form

s@)=a'b@)+ [ h(t), h(t)] (28)

For the moment of control 7, set of valid process implementations

s(z,) described by the expression L

e(ty) + h(ty) + d(t<s(t < e(ty) +h(ty) +d(ty,), txeT,_ (29)

Condition (18) describes the forecast tube, which is guaranteed to
contain the values of the realization s(z,) at the moment 7, €T "

Let us single out among the admissible implementations s(z,) extreme

s(z,)", s(¢,) based on solving a minimax optimization problem of the form

"b(\t*)+h(t*¥) —max (30)

a'b(t*)+h(t*) —min t*e [Ty, T] 3D

With restrictions o
e(ty) + h(ty) + d(t<a'b(tp)+th(ty) < e(ty) +h(ty) +d(ty ,k=0.... p (32)

Approaches to solving the problem under consideration are de-
scribed in the paper [15].

Suppose that, based on the solution to problem (19-21), extreme
realizations are determined s(z)", s(¢)", t,> L.

Let the boundaries of the operability area be given in the form

A(ty)=(S1ks < +» Smp)», k=0...n (33)
B(ti)=(S1, ----s Smi) k=0....n (34)

To solve the problem of risk management, it is necessary to deter-
mine the closest moment in time at which a risk event (failure) is possi-
ble, and also to reduce, if possible, the number of preventive measures
associated with measuring and monitoring the state of the system..

In this regard, as the next point in time at which it is necessary to
monitor the system state, it is advisable to choose t,,;=min\{z4, 7, },
where are the moments in time 74, 7p, are determined by solving equa-
tions of the form

A(ti)=s(ti) ™, B(tr)=s(t )™ (35)

Relations (24) specify the condition for the intersection of extreme

trajectories and boundaries of the system operability region at the mo-
ment tk>tp.
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For a period of time t.=t, ., — t, it is possible to guarantee that the
system parameters are within the operability range and that there are
no failures.

The considered process of predicting the state of the system is iter-
ative in nature. The next step is to determine the moment in time 7,
monitoring the state of the system based on the calculation of extreme
trajectories based on the available observable information (dpﬂ, tpﬂ).

If the period of operation before the onset of the next risk event
is less than the minimum guaranteed reasonable interval of time for
maintaining operability t7", tp+a- tp+1 < tM™n then it is necessary
to stop the system at the moment - and take the necessary preven-
tive measures to correct the values of the parameters of the considered
technical object.

Discussion and conclusions

In the course of the work carried out, the main approaches to man-
aging risks arising from the operation of complex technical systems for
critical purposes were studied, and a mathematical model was developed
that allows choosing the optimal strategy for monitoring and adjusting
the values of the parameters of systems of this type under conditions
of interval uncertainty. An algorithm has been developed for predicting
changes in the state of a technical system during the entire period of its
operation based on the statistical apparatus of interval data, which makes
it possible to take into account the measurement errors of the main pa-
rameters of the system when taken into account at all stages of the control
process. The use of the mathematical apparatus of the theory of bursts of
random processes makes it possible to find approximate estimates of the
probability of failure-free operation of a critical technical system under
conditions of uncertainty, as well as to calculate the moment of the first
release of the process outside the acceptability region.
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MOJIEJINPOBAHUE
HOBEJAEHUA SJIEMEHTOB KOHCTPYKIIMHU KY30BA
ABTOMOBWJIA ITPU BO3JAEACTBUU PABOYHNX
N OKCTPEMAJIBHBIX HAT'PY3O0K

B.A. Kcenogponumosa, J1.A. Kuauiko

Cmambs noceéawena uccied08anuio No8e0eHuUs JNeMeHM08 KOHCIPYK-
Yuu asmMomoOUIsL 8 Npoyecce IKCHIYAMAYUU U 8 SIKCIPEMATbHbIX YCI108U-
51X, BO3HUKAIOWUX NPU OOPOHCHO-MPAHCHopmHblx npoucutecmeusx (/{111).

B nacmosiwee 8pems nepcnekmusHbiM HanpasieHuem Uccie008aHuUll
8 9Moti obnacmu A81Aemcs papadomra MemoouK, OCHOBAHHbLIX HA AHA-
ause 0eghopmuposannvix @ pesyrvmame TII snemenmos KoHcmpykyuu
NOBPENHCOEHHO20 ABMOMOOUA U 80CCIMAHOBIIEHUE KAPMUHbL IHEP2000-
MeHa npu yoape.

Hccnedosanus 8bIlnoaHAOMCA KAK MeopemuyecKumu, max u dKc-
nepumenmanbHbiMu Memooamu. TeopemuyecKue uccied008amHusi OCHO-
BAHbI HA MEeMOOAx meopemuyeckoll U NPUKIAOHOU MeXAHUKU, CONpPO-
MUBIeHUs MAMepUaios u meopuu ynpy2ocmu.

Lens — ycosepuiencmeosarue MemoouKu nposedeHus: dgmomexHu-
yeckotl sxcnepmu3zvl J{T11.

Memood unu memooonozus npoeedeHus papomol: peuieHue 0o-
PAMHBIX 300a4Y MEXAHUKU CHIAOUHBIX CPEO.

Pesynvmameol: pazpabomana memoouxa onpeoeneHusi HauaibHouU
ckopocmu asmomoobuns neped J[TII no pesyiomamam uzmepenus oe-
GPopmuposanuvlx d1emenmos Koncmpykyuu. Tounocms onpedenenus
HAYaIbHOU CKOPOCMU A8MOMOOUL NPONOPYUOHATbHA MOYHOCTNU U3-
Mepenust Oehopmayutl NOSPEHCOeHHO20 A8MOMOOUISL.

Oobnacmo npumenenusn pe3yinbmamog: nouyyeHHvle pe3yibmanol
yenecoobpasHo NPUMeHAMb NPU NPOEedeHUU NPOBEOeHUs. A8MOMEXHU-
yeckotul akcnepmusol JTI1.

Kntroueswle cnosa: mooenuposanue, Hacpy3Ku, d1emMeHmbl K)y308d;
9Hepeus depopmayuu,; niacmuyeckue u ynpyaue oegopmayuu
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MODELING BEHAVIOR
OF CAR BODY STRUCTURAL ELEMENTS UNDER
THE IMPACT OF WORKING AND EXTREME LOADS

L.A. Kiyashko, V.A. Ksenofontova

The article is devoted to the study behavior of car structural ele-
ments during operation and in extreme conditions that occur during
road traffic accidents (RTA).

At present, a promising direction of research in this area is the de-
velopment methods based on the analysis of structural elements of a
damaged car deformed as a result an accident and the restoration of
the energy exchange pattern upon impact.

Research carried out both theoretically and experimentally. The-
oretical studies based on the methods of theoretical and applied me-
chanics, strength of materials and elasticity theory.

The goal is to improve the methodology for conducting an autotech-
nical examination of an accident.

Method or methodology of work: solving inverse problems of con-
tinuum mechanics.

Results: a technique developed for determining the initial speed of a
car before an accident based on the results measuring deformed struc-
tural elements. The accuracy determining the initial speed of the car is
proportional to the accuracy measuring the deformations damaged car.

Scope results: it is advisable to apply the obtained results when
conducting an autotechnical examination of an accident.

Keywords: modeling; loads; body elements; deformation energy;
plastic and elastic deformations

BBenenune

BecbMa nepcrieKTUBHBIM HAIIPaBICHUEM UCCIICI0BAaHHN B 00JIacTH
WICCIIEIOBAHUS TIOBE/ICHHS IIEMEHTOB Ky30Ba aBTOMOOWJIS TIPH BO3-
NEHCTBUM Pa3IMYHBIX HATPY30K SBISIETCS pa3padOTKa METOIUK, OCHO-
BaHHBIX Ha UCTIOJIb30BAHNH (PYH/IAMEHTAIBHBIX ITPHHITUIIOB PEOJIOTHH,
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MO3BOJLSIFOIIMX [0 pe3yJibTaraM HCCiIeA0oBaHus 1e(hOPMUPOBAHHBIX B
pesyasrare JTII ameMeHTOB KOHCTPYKIMH aBTOMOOWIIS MACHTHHULIN-
pOBaTh KapTHHY 3HEProoOMeHa Ipu yaape.

ean padoThI

Pa3paboTka MeTONMKH, MMO3BOJISIONICH MOACIUPOBATH MPOILECCHI,
MPOTEKAIOIINE B TCOMETPUIECKHU CIIOKHBIX 00BbEKTaX, CTHIKAX, COCTU-
HCHUAX, NCTAJAX U y3J1aX aBTOMO6I/IH$I.

MarepuaJibl ucc/ie10BaHUS

OCHOBHBIE AIIEMEHTHI Ky30Ba aBTOMOOMIIS — KapKac, OOKOBHHBI, Ta-
HEJI 110714, CTOMKH, KaTloT, KPBIIIa, TBEPH B TIPOIIecCe pabOTHI MU3rnOaroT-
Csl TIOJT ISWCTBHEM pabovrX HAarpy30K, U B KPUTUIECKUX CUTYAIHsIX, IIPU
JTTIL, TepstroT ycTORYIUBOCTS, IehOPMUPYIOTCS, paspytatoTcs. [loseme-
HUE AJIEMEHTOB KOHCTPYKIIUH Ky30Ba MOJICITUPYIOT C IIOMOIIBIO ypaBHE-
HUH TEOPHH TIACTHH, CTepXKHEH, pam, odomodek [1-3,5, 9, 10, 12].

OneMeHThI, opMa KOTOPBIX ONM3Ka K TOHKOCTEHHBIM CTEPKHSIM,
IPH HArpy3KE U3TMOAOIIMM MOMEHTOM M 1 Harpy3koi P, mperepre-
BaIOT CJIOKHYIO Jie(hopMaIlHio, ONMCHIBACMYIO YPaBHEHUSIMHU [S]:

JE J,E oP. oM
X " — ZF dS +_, 1
1-v? v 2(1+v)¢ @) { oz ° Oz )

rne J, J} _— MOMEHTBI MHEPIIMMU CeYeHUH, £, v — CBOICTBA Marepuana,
P_— cunoBas Harpyska, F, — CEKTOpHaIbHAs [UIO0IIA/Ib. Jy(l-i—v)/Jx — U3-
THOHO-KPYTHIIbHAS XapaKTepPUCTHKA, OTIPEAEIISIONIas BEIMIHHY ((z) 3a-
KPYUMBaHUsI CTEPXKHS P U3TM0e 1 eriananuio y(z) = fE,v.Jx.Jy,0).

[Ipu uccrnenoBaHNM MOTEPHU YCTOWYMBOCTH MOTOOHBIX IEMEHTOB
HEOOXOIMMO MCCIIEA0BATh YPaBHEHHE

J.E

X 1w
—— 9 (2)+
1-v Fooo2(1+

rae F— riomaab IMonepeuYHoro CCUCHMA.
Takne »IEeMEHTHI KOHCTPYKIHH Ky30Ba, KaK ITaHCJIH I10J1a, KaIloT,

JIBEPU U JIp. MOJICIMPYIOTCS C TMOMOIIbI0 Teopuu Tutactud [13]. 13-

J E
Pty )co”(z)=0, @)
\%
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U0 TaKMX 3JIEMEHTOB KOHCTPYKLIUHU C YY€TOM BO3/IEHCTBUS HATPY3KH
q(x,y) onmceIBaeTcst ypaBHeHUeM [11]

4 4 4 2
riae U —nporu0 niacTHHbL B HAIPABJIEHHUH Z, /1 — TOJIIMHA TUIACTUHBI,
X,y — IEeKapTOBBI KOOPAWHATHI TIOMIEPEYHOTO U MTPOIOILHOTO CEUEHHA.

st onpenenenus: u3ruda 31eMEHTOB, UMEIOLINX OKPYIIIYI0 KOH-
(urypanmo MOXHO HCIIOIb30BaTh YPABHEHHS B LIWJIMHAPHUYECKUX
KOOpJMHATax 7,9,z [6]

ov, 10U, 10U\ 120-v?)
[ or? +; or +r72 8¢2 ] ER q(r,(p), @)

OJeMeHThl KOHCTPYKIMH B BU/IE TUIACTUH KpOMe IMOIepeyHoN Ha-
IPY3KH TIO/IBEPIKEHBI ICHCTBHIO MPOIOIBHBIX cHil N , N . B aTom ciry-
Yae HeoOXOJMMO HMCCIIENOBAaTh OOBEKT HA YCTOHUMBOCTB. [y 3TOTO
MIPUMEHSIOT ypaBHeHMe [11]

64% + 62U22 + 64(12 = 12(1 _3‘/2){4(&)’% N, 62(22 +N, 62(22 , (5
ox ox~oy oy Eh ox oy

BosnbIioe konu4ecTBO 3IEMEHTOB Ky30Ba MMEIOT HE3HAUUTEIbHYIO
TOJIIIMHY ¥ NP 3TOM IOJIy4alOT MOBPEKIAECHNS, KOTOPbIE CPAaBHUMBI C
UX TOJLIMHOM, a B PAJE CIIy4aeB MPEBOCXOASAT BEIUUUHY /.

B Takux ciryyasx ajst HcclieIoBaHUS TOBECHHUS 2JIECMEHTOB HE00-
XOJIMMO TIPUMEHHUTH Mo (UITMpOBaHHbIe ypaBHeHUs Kapmana [7, 11]
v, 3, _ 12(1-#){5%0 U, U, 3, q(x,y)}

ot a*r ax’ oyt Oxdy xdy h

o'u.
R P 4 3
ox O0x“0y oy Eh

(6)

2
o 3% . e i o’V | 2’U. o',
ax4 axZayZ ay4 axay axl 6_}12
e O(x,y) — QYHKIUS HAMPSOKEHUH, ONpPEIENAIoNas HAPSHKEHUs B
IUIAaCTUHE.

op o%p o%p
Ox = zﬂay: Q’Txy:_ > (7)
oy Ox 0Ox0y
HpI/I JABHUXKCHUN aBTOMO6I/IJ'I$I BCC MMAHCIIU COBCPIIAIOT KOJ'IC6EITCJ'H:-
HOE JBIDKEHHUE, B 3TOM CIIydac B MPaBO YacTH OWTapMOHHYECKOTO

ypaBHEHUS MOSBISIETCA HHEPLIMOHHOE ciaraemoe [4,8]
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0'U. ,, 0. U, 12(1—;2);) U, ®
ox Ox~0y oy Eh’g ot
rjie p — IWIOTHOCTh MaTepualia IaHelH, g — YCKOPEHHE CBOOOIHOIO
najeHus, ¢ — BpEMSL.
B peanbHOl cuTyany NMpH BBITIOJIHEHUH PAcueTOB DHEPTHUIO Jie-

(hopmaLuu cieayeT NpUHITH KaK CyMMY:

N
r 0, =2U; By, )
e U, = Iél dP; o

A

0
8[./. - ,I[e(bOpMaHI/II/I, OnpeacsICMbIC U3 MATPUIIBI ITOAATIIMBOCTU!

N _
O 171 0 0 0 Ny,
EJ
3
51% 0 %%J 0 0 On
- L , (10)
61[‘24 0 &E M12
1P
) 0 0 0 —_——
165 ] 24 s L0 ]

rje / — JuIHa 3NIEMEeHTa KOHCTPYKIUK; E.J — XapaKTepUCTUKU CEUCHUSI.
IIpu uccnenmoBanuu aedopMariu OOKOBOHM wacTthu nBepH (puc. 1)
Pa3IMYAOTCS JIOKAIBHBIC TOBPEKACHUS U 0011as Aeopmanus.

Puc. 1. ledhopmarust 60kOBOY 9acTh ABEPU aBTOMOOHIIS
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JlokanpHble TIOBPEKACHUS MICHTU(DUIUPYIOTCS U3MEPEHUEM Jie-
(hopmarmii cedeHu 371eMeHTOB OOKOBHUHBI (pHC. 2).

O

7

Puc. 2. JlokanbHas neopManys Ce4eHus JBEpH

[lepBoHauanpHass KoHUTypauus a-b-c—d—e—f—k—-1I, TOCHIE
nedopMali U3MEHSICTCSI B a—-b—c'—d' —e'— f'—k'-I'. [lonyuyeHHas
KOH(HUTYpaIysl SBISETCS TOYHBIM PEIICHHEM IMPSIMOU 33aJ[auul TEOPHH
IJTACTUYHOCTH B nepemenieHusx. [lomydennsie mpu aedopmannu me-
pPEMEILEHUS ONPEAEIAIOTCS KaK PA3HULA KOOPAUHAT X TOYEK UCCIIENY-
eMoT0 PO 10 AehopMaITii U TIOCTIe:

u,(v,)=x, = x; )
Maccus x  nmeet cnenyronue sHadenus (10 nedopmanuu) (tadm. 1).

Tabruya 1.
MaccuB KOOPAMHAT TOUYEK ceuyeHusl 10 AedopManuu
Touka a b c d e f k 1
Y, 12 21 22 30 42 53 60 64
X, 31 31 42 38 35 32 30 25

JedopMupoBaHHBIN TPOGHUITE UMEET CIIEYIONIHE KOOPIMHATHI TO-
yek (Tadn. 2).
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Tabruya 2.
MaccHB KOOPIUHAT TOYEK CedeHHsI mociie nedopmamnmn
Touka a b ¢’ d’ e’ f’ k’ 1
Y, 12 21 22 30 42 53 60 64
X, 31 31 30 25 24 23 24 25

MaccuB nepemenienuii B10JIb KOOPIMHATBI X1, IOTYYaeTCsl B COOT-
BercTBHH ¢ (11), Ipy BRIYMTAHUW TAHHBIX TaOl. 2 U3 JaHHBIX TaOm. 1.

Tabruya 3.
MaccuB nepeMenieHHii TOYeK cedeHust
Touxka a b c d e f k 1
y 12 21 22 30 42 53 60 64
u 0 0 12 13 11 9 6 0

[Tomy4eHHBIIt MACCHB ¢ HHTEPIOIUPYETCs KyOUUSCKUMH CIIIaiH-
GbyHKIMAMA.
Brrancisiercs nHTErpa SHEPTUH JUIS CEUCHUS SIMHIYHON JUTHHBI:

V2 E

I(ao tax+a,x’ + a3x3)2 dx. (12)

X

0 O-s
4 1-2v
B pesynbrare BbIUKMCICHUN IO TAKOH METOJUKE IOJydaeTcs, YTO
9HEPTUs, 3aTpadcHHas Ha Ae(hOpMALIMIO UCCIEyEeMOro CCUCHHUS JIBE-
pY TIpH YKa3aHHBIX JAePOpMAITUIX, COCTABISCT 3, = 314  x/c.

Pe3yabrarhl uceae10BaHus

Takum o0Opa3zom, anmapar ypaBHEHHH TEOPUH YIPYTrOoCTH TO3BO-
JISIET C BBICOKOH TOUHOCTBIO MOZEIHUPOBATH IPOLECCHI, IPOTEKAOIINE
B TEOMETPUYECKH CIIOXKHBIX O0BEKTaX, CTHIKAX, COCIMHECHUSX, JIeTa-
JAX ¥ y3nmax apromoowmis [14,15]. B 3aBucuMocty 0T KOHPUTYpaIruu
00BbEeKTa UCCIICIOBAHHS M €TO CTPYKTYPBI IPHUMEHSIOTCS CIICTYIONIHE
IpyNIbl YpaBHEHUH:

— YypaBHEHHUS TPOCTPAHCTBEHHOH (TPEXMEpPHOW) TEOpWH YIpy-

rOCTH;
— ypaBHEHUS IJIOCKOH TEOPUH YIPYTOCTH;
— ypaBHEHHUS TEOPUH YNPYTOCTH HEOTHOPOIHBIX CPEI.
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3akiaouenue

ITokazaHo, 4TO /ISl ONpEEeNeHUs: SHEPTUH, MOMIOIEHHON peab-
HBIMU JJIEMEHTAMH KOHCTPYKIIUH, JOCTaTOYHO TPOU3BECTH H3MEpe-
HUs JIe(OPMUPOBAHHBIX JIEMEHTOB U TOJYYCHHBIC JaHHBIC MOJCTA-
BHUTh B PEAJTM30BAHHBIC B DJIICKTPOHHOM CPEJIC BHIPAKEHHUSL.

[IpuMeHeHne CIUTalH-WUHTEPIONSAIUA TIPU CKaHUPOBAHUH ITOBPE-
JKJIEHHOH MTOBEPXHOCTH MO3BOJISIET C TOYHOCTHIO 110 10% mpenTrduim-
poBaTh ocTaToOuHbIE NehOpPMAITUH, IPUIEM TOYHOCTh OPEe/IeIeHNs Ha-
YaIbHON CKOPOCTH aBTOMOOWIIS TTO pa3paboTaHHON METOMKE 3aBUCHUT
OT TOYHOCTH U3MEpeHUs iehopMalinii MOBPEKICHHOTO aBTOMOOMJISL.

[TokazaHa 3 peKTUBHOCTB pa3pabOTaHHBIX METOAMK, OCHOBAHHBIX
Ha TPOCTHIX U3MEPEHUSX JIe(POPMUPOBAHHBIX KOHCTPYKIIHIA.
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HNEPEBO3KA YIUIA MOPCKHUM TPAHCIIOPTOM
U PUCKH CBA3ZAHHBIE C ET'O IEPEBO3KOM

C.JO. Hukonawun, T.P. Xabupos

Mopckue nepegosxku u MOpCKOt Mpancnopm seasiemcs HCU3HEHHO
BAICHBLM KOMIOHEHNOM MUPOBOU IKOHOMUKU U MPAHCHOPMHOU CeMmiL.
Konuuecmeo niooeitl, ghupm u opeanuzayuii, nOI63YIOUWUXCI MOPCKUMU
nepegosxkamu, pacmem 6o cem mupe. Kax u 6 Opyaux mpancnopmHulx
cucmemax, 6e30nAcCHOCmb umMeem pewaioujee sHavenue NPu MOpPCKUx
nepesoskax. [ockonbKy npoyeccyl asapuiinbLx CUmyayuti cyo08 CUIbHO
OMIAUYAIOMCSL OM NPOYECCO8 ABAPULIHOLL 28AKYAYUL U3 30AHUL U OPY-
2UX MPAHCTIOPMHBIX CPEOCME U SGNAIOMCSL DONee CLONCHBIMU, MHOSUE
uccnedosameny ONYOIUKOBANU WUPOKULL CNEKMP OOKYMEHNO8, OMHO-
CAWUXCA K 9MOIL CheyuduiecKkol 001acmu ucciedo8anuil.

B nocneonue decsmunemuss mopckue asapuu npugiekaiu K cede
OOnbULOE BHUMAHUE U3-30 02POMHO20 MAMEPUATLHO20 Yujepbda, He-
CUACMHBIX CIYHAE8 U CEPLEIHO20 3ACPAZHEHUSI OKPYICcalowel cpeobl.

Mopcrou mpancnopm modicem GKIOUAMb HENPedsUdeHHble CO-
ObImusl, NPUBOOAUUE K KAMACmMpOPYUUeCKUM Hcepmedm, a maxice K
cmepmenvHulM mpasmam Ha mope. Oxono 63% necuacmuulx ciyuaes
Ha cyooxoocmee 6 mupe A8II0MCsi ROSMOPSIOWUMUCS. [Ipyeumu clo-
8aMuU, OHU BOZHUKAIOM C CYOAMU, KOMOPbLE YIICe NePeNCUNU XONisL Obl
00HY npedvLOyWyIo asapuro. B amom ciyuae nianvl ynpagieHus 8 upes-
BBIUATHBIX CUMYAYUSIX NPUSHAHBL NPUOPUMEMHbIMU OJisL ONEPAMUGHO-
20 paACCMOMPEHUsL € Y4enmOoM HOMEHYUATLHBIX NOCIeOCTNEULL CTNUXULI-
HbIX De0cmeuil 8 MOPCKOU OMpaciu.

B cmamve paccmompenvt 60npocwl nepego3ku yeus MOpCKum
mpancnopmom u mpeboganus, Kacarouuecs: 6€30nacHou YKIaoKu u
mpancnopmuposku yens. Hebezonacnas mpancnopmuposrka mojcem
npusecmu K COOMeemcmayiowuM puckam na oopmy, Hanpumep, K no-
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8PEAHCOCHUIO KOHCMPYKYUU U3-3A HENPABUTILHO20 pAcnpedeneHus yeis,
XUMUYECKOU peakyuul, NpUsoosiyell K Camo80320panUIo, 8bLOPOCy 83pbl-
B0ONACHBIX 2A308 U CHCUNHCEHUIO.

TockonvbKy y2ons n00GepICceH CHCUICEHUTIO, NEPe) NPUHATUEM 2PY3a
K omnpaske ciedyen nPuHsIms psio mep npedoCmopoICHOCIU U COONIO-
oamv npoyedypsbl OE30NACHOU NOZPY3KU U NEPEBO3KU.

Lenv — npoananusuposams y2oib KAk ONACHbLU 2PY3, U PUCKU C65-
3aHHbLE C €20 NePEeBO3KOLL.

Memoodwl nposedenus padbomul: 6 cmanve UCNONb308AIUCH CIATNU-
cmuyeckie Memoobl AHAIU3A U PAKMOPHBLL MEMOO CHCUNCEHUSL YTIS.

Pesynvmamoi: napamempyul cpagHeHus uacmuy yeis, ois e2o 6e3-
OnacHol nepesosxe.

Oobnacmey npumenenus pe3yabmamos: nojiyyeHnbvle pe3yrvmanmol
YenecooopazHo NPUMEHANMb NPU NEPeBo3Ke 2eHEPATIbHbIX 2PY308 MOp-
CKUM MPAHCHOPIMOM.

Knroueeswle cnosa: cenepanvhblii epys; cocudxicenue yeis, MOPCKue
nepesosKu

TRANSPORTATION OF COAL BY SEA AND RISKS
ASSOCIATED WITH ITS TRANSPORTATION

S.Yu. Nikolashin, T.R. Khabirov

Maritime and maritime transport is a vital component of the global
economy and transport network. The number of people, firms and orga-
nizations using shipping is growing worldwide. As with other transport
systems, safety is critical in maritime transport. Because ship emer-
gency processes are very different from emergency evacuation pro-
cesses from buildings and other vehicles and are more complex, many
researchers have published a wide range of documents relevant to this
specific area of research.

In recent decades, marine accidents have attracted a lot of attention
due to huge material damage, accidents and serious environmental
pollution. Maritime transport can include unforeseen events resulting
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in catastrophic casualties as well as fatal injuries at sea. About 63%
of shipping accidents in the world are recurring. In other words, they
arise with courts that have already survived at least one previous ac-
cident. In this case, emergency management plans are recognized as
a priority for prompt consideration, taking into account the potential
consequences of natural disasters in the marine industry.

The article discusses the issues of coal transportation by sea and re-
quirements regarding the safe laying and transportation of coal. Unsafe
transportation can lead to appropriate risks on board, such as structural
damage iz-za improper distribution of coal, chemical reaction leading
to spontaneous combustion, release of explosive gases and liquefaction.

Since coal is subject to liquefaction, a number of precautions and
procedures without precautions and follow procedures for safe loading
and transportation.

Purpose. The goal is to analyze coal as a dangerous cargo, and the
risks associated with its transportation.

Methodology the article used statistical methods of analysis and
factor method of coal liquefaction.

Results: parameters of comparison of coal particles, for its safe
transportation.

Practical implications it is advisable to apply the obtained results
when transporting general goods by sea.

Keywords: general cargo, coal liquefaction; sea transportation

Beenenue

Mopckue nepeBo3KH — 3TO OAMH U3 0€30I1aCHBIX M IKOJIOTHYe-
CKH YHCTBIX BHJIOB KOMMEPUECKOTo TpaHcrnopra. Ha npoTskennu mo-
CJIETHUX YETHIPEX MECATUIICTHI B CYJJOXOMHOHN OTpacyii HaOIoaaIach
TEHJICHLIMS K YBEIMYECHHUIO 0011ero o0bema Toprosiu. binarogaps Boc-
CTAaHOBJICHUIO MUPOBOM 2KOHOMHKH B 2021 Tomy obmmii 006eM MUPO-
BOI1 MOpcKoii Toproeiu yBenuuuics Ha 4% u njoctur 10,7 MiIpa TOHH.
[Toutn nonoBuHa pUpocTa 00bEMa IPUXOAUTCS Ha CHIITyYHE TOBAPHI.

Coimyuwii rpy3 (TBEp/IbIi CHITYYHI TPY3) — 9TO TOBAp, KOTOPBIH OT-
IIpaBisieTcs! B OOJIBIIOM, HEYITAKOBAHHOM KOJIMUECTBE.
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OTH ChITy4He rPpy3bl OOBIYHO JENSATCS HA JIBE KATETrOPUH: KPYITHbIC
CBIITy4YHre TPY3bl M MEIKHE ChITyuune rpy3bl. HekoTopeie mpumMeps! oc-
HOBHBIX CBIITyYUX TOBAPOB BKIJIOYAIOT yroJib, PYAY | 3epHO. He3nauu-
TEeJIbHBIE 00BEMBI BKITIOUAIOT CTallb, CaXap U [IEMEHTHI.

Yrounp SBISETCS BTOPHIM 10 BETMYHHE CHITYYUM TOBAPOM 10 00B-
€My TOProOBJIH (MOCJE KEIE3HOW PYHAbI), MEPEBO3UMBIM MOPCKHM
TPAHCIIOPTOM, Ha JIOJII0 KOTOPOTO MPUXOAUTCS OKOJO 25% MHUpPOBOM
TOPTOBJIH CBHIITYYHMHU TOBAPAMH.

Yronp — 3T0 MHHEpPaTU30BaHHOE HCKOMAeMOE TOIUIMBO, IIHPO-
KO 0OBIBa€MOE BO BCEM MHUPE M IIMPOKO HCIIOIB3yeMOe B Ka4eCTBE
HUCTOYHUKA OBITOBOH M MPOMBILIIICHHONH SHEPrHH. YTOJIb, KOTOPBIH
WCTIONIB3YETCS JIJTs TPOM3BOJICTBA AIEKTPOIHEPTHH, COCTABIISET Oosee
75% ot obuiero o0beMa yriisi, TPAaHCIIOPTUPYEMOTO MOPCKUM TpPaHC-
IIOPTOM M Ha €r0 TPaHCIOPTHUPOBKY, BIUSIIOT CE30HHBIE KOIeOaHUs
crnpoca. Kokcyrommiicsi yroib, KOTOPBIH HCHONB3YyeTCsS B METaLTyp-
THYECKUX LEIIAX, COCTABIACT OKOJIO 25% oT 00IIero ronoBoro oobema
JTIOOBIYH YIJISL.

YBenmm4eHne MOPCKUX MEPEBO30K KOKCYIOMIETOCs Yt ObUIO 00y-
CJIOBJICHO TJIaBHBIM 00pa3oM YBEIMYEHHEM MPOM3BOACTBA cTanu. Kak
MOPCKOH TOBap, OH [OYTH BCET/a IEPEBO3UTCS HABAJIOM U UMEET OOJTb-
10€ 3Ha4Y€HHe, MMOCKOJIBKY TIOCTaBIIsIeTCA B OOJBIINX KOJUYECTBAX U3
Wnnonesun, Bocrounoro nodepexns CoeannenHbix Ltaros n modepe-
b1 MEKCHKAaHCKOTO 3aJIMBa, 3araaHoro mooepekbs Kanaasl, ABcTpa-
nuu, FOxnoit Adpuku n Poccun. Bonbinas 4acTe MOPCKO# TOProBiu
YTIIEM OCYMIECTBISETCS KPYIMHBIMHA CYXOTpy3aMu (Hampumep, pazme-
poMm Panamax u BbIIIIe), TOSTOMY OTpacih [0JaraeTcsi Ha SKOHOMHUIO 3a
CUeT MacIITaba Ha ONpe/IeNIEHHBIX XOPOIIO 3aPEKOMEH/IOBABIINX Ce0s
TOPrOBBIX MapuUIpyTax. PIHKK yIJIs CETOJIHSI OYCHb JJMHAMUYHBI, U HA
HUX TOpryeTcst 0ONbIIoe pazHoo0pa3ue TOBApPOB. YBEINUCHUIO 00beMa
criocoOcTBOBAI O0JIee BRICOKHIA CIIpoc Ha uMmiopT B Kutae, PeciryOnmke
Kopes u psiae ctpan FOro-Boctounoii Azuu.

[Marmemus COVID-19 napymmaa paboTy MOPCKOTO TPaHCIIOPTA,
XOTS B LIEJIOM TTOCJIC/ICTBUS OKa3aJHCh HE CTOJIb TYOUTENbHBIMH, KaK
MepBOHAYAIBHO OTlacajich. BerepcTBre moTpsiceHU IepBOTO TMOITY-
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roaus 2020 roga 00beM MOPCKUX MEPEeBO30K cokparuics B 2020 roxy
Ha 3,8%. Ho Bo BTOpoM Moy1yroinu HaMETUI0Ch BOCCTAHOBIICHUE U K
TPETheMY KBapTaTy K MPEKHEMY YPOBHIO BEPHYITHCH 00BEMBI TIEPEBO3-
OK KaK KOHTEUHEPHBIX, TaK U CyXUX rpy30B. OJTHAKO CETMEHT MEPEBO3-
OK HAJIMBHBIX TPY30B OINPABHIICS TOKA HE MOJHOCTHIO.

MupoBast TOProBJisi BO30OHOBUIIA POCT U YTOJIb MO-TIPEKHEMY OCTa-
€TCs OJTHAM U3 OCHOBHBIX CHIITYYHX TOBApPOB, M HET HUKAKWX MPHU3HA-
KOB 3aMEJIJICHHSI €70 TEKYIUX 00HEMOB TOPTOBIIN WITH KPATKOCPOUHBIX
MIEPCIICKTHUB.

1.2. ¥YroJb Kak onacHbIii rpy3

Hecmotps Ha TO, 4TO NEepeBO3Ka YINISl HACHIIBIO SIBJISETCS JaBHEU
TOProBiel, o0ecreunBacMoi OOraTbIM OMBITOM, OHA OCTAETCS CIIOXK-
HBIM U OIIACHBIM I'PY30M JUJISl IEPEBO3KH C YUETOM HECKOIBKUX OCHOB-
HBIX COOOpakeHH 0E30MaCHOCTH: XUMUUECKUE PEaKMH IPy3a, TAaKUe
KaK BEIOPOC TOKCHYHBIX Ta30B, CAMOBO3TOPaHHE, IEPEMEIIIEHIE TPy3a
B MOpPE — IIOTEPs. UM CHUKEHUE OCTOMYUBOCTHU BO BpeMsl pelica, pas-
JKUKEHUE U KOPPO3Us TPIOMOB CYJIHA.

Mex1yHapOoIHbId MOPCKOM KOJIEKC CBHIIYUYHUX I'PY30B ONPEIEIeT
TpeOOBaHMUs, CBSI3aHHBIE C 0€30TIACHOM NIEPEBO3KOH yTIIsl, KOTOPBIE MO-
T'YT IPUBECTH K COOTBETCTBYIOLINM PHCKaM Ha 0opTy. JleficTByrommii
konekc IMSBC BxirouaeT mpaBuiia NEpeBO3KU YISl KAaK MaTepUajoB
rpynmnsl B, onacHbIX TOJBKO HaBaJIOM. YToJib BBIIEISET METaH, KOTO-
PBIH IPU CMEIIMBAHUU C BO3yXOM MOXET B30PBaThCsI IPU KOHTAKTE C
COJTHEYHBIM CBETOM. [IpH OTpeieIeHHBIX YCIOBUSX B3PhIB MOXKET OBITH
YCHUJIEH MTOCJENYIOIIUM B3PBIBOM YTOJIbHOM MBUIH. YTIIH NOJBEPTratOTCs
HarpeBaHUI0, KOTOPOE MOKET PUBECTH K CAMOBO3IOPaHUI0. JTa BO3-
MOXHOCTbH Oy/IeT 3aBHCETh OT TaKuX (PaKTOPOB KakK;

— MeTo/bl 00PabOTKH yIIIs;

— TIPOJOJKUTENBHOCTH MPEObIBAaHMS Ha CY/THE;

—  BEHTWJIALMS,

— TIOTOJHBIC YCIOBUS U TEMIIEPATypa OKPYKAIOLIEH CPEbL.

Ecau yrons noxsepraercsi CaMOIPOU3BOJIBHOMY OKHMCIIEHUIO, 3TO
MOJKET MPUBECTH K BTOPUIHOHN OMACHOCTH, KOTOPAst BKIIIOYAET B Ce0A
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o0pa3oBaHHe MOHOOKCHJIA YIIIEPOJIa, & TAKKE JIPYTUX TOKCHYHBIX U
JIETKOBOCTIJIAMEHSFOIIIUXCS Ta30B.

YrapHbIii Ta3 HE UMEET 3araxa U SBISETCS ‘THXUM YOUHUTIei™, To-
TOMY YTO OH CBSI3BIBACTCSI C TEMOITIOOMHOM B KPOBH, YTO 3PPEKTUBHO
MIPUBOIUT K yaymibio. Kpome Toro, mpu padote ¢ yriem cieayeT co-
OJII0/IaTh OCTOPOXKHOCTD, MMOCKOJIBKY OH SIBIISIETCS] KHCIIOPOIOCOICPIKa-
IIFM TPY30M, TTOCKOJIBKY TIPY CKUTaHUH TTOTpeOIsieTcst Kuciaopos. Ecim
YPOBEHb OKHCH YITIEPOJia YBEINYMBACTCS, HO COJCPIKaHNE KUCIOPOaa
HE YMEHBIIIAETCs, TO 3TO YKa3bIBAET HA TO, YTO TPIOMBI HE Te€PMETH3H-
poBanbl 3P dekTrBHO. HecMOTps Ha TO, YTO MOBEPXHOCTH IPy3a JOJDKHA
BEHTHJIMPOBATHCS, YTOOBI CHU3UTH PUCK B3PbIBA I'a3a, TaKask BEHTHIISIIHS
MOJKET CIIOCOOCTBOBATH caMOBO3ropanuio. CiieoBaTeIbHO, HEOOXO -
MO OYE€Hb TIIATEIILHO KOHTPOJIUPOBATh BEHTUIISIIUIO YIS U HATIPABIISTh
ee TOJIbKO Ha MIOBEPXHOCTH, YTOOBI BO3IYX HE MPOHUKAI IITYOOKO B TPY3.

[Honoxenue xonexkca IMSBC macur, uto “OTOT rpy3 JOIKEH MPH-
HUMATbCSA K TTOTPY3Ke TOIBKO TOT/Ia, KOT/Ia TEMIIepaTrypa rpy3a He mpe-
Boimaer 55°C. IlpuuuHON yCcTaHOBIIEHHS MaKCHMaJIbHOTO TIpejena
TEMIEePaTypPhl YIS SBISETCS TOT (DaKT, 4TO peaKINny CaMOHATr PEeBaHUS
MTOIO0HBI JIIO00H XUMHUYECKONW peaklliy, TTI03TOMY CKOPOCTh PEAKITHH
YABaMBACTCS MPH KaXKIOM ITOBBIIICHHH TEMIIEPaTypbl Ha JECATh Tpa-
mycoB. Jlaxke ecim Tpy3 OBLT TOTPYIKEH MPHU Temrepartype Hiwke 55°C,
MOHHTOPHUHT I'py3a BO BpeMsl peiica BayKeH, MOCKOJIBKY BO BpeMs peiica
MOTYT BOSHUKHYTB ITPOOIIEMBI ¢ caMoHarpeBoM. OTrpy3Ka YIS T0MxK-
Ha KOHTPOJIMPOBATHCA Ha NPEAMET U3MCHCHUS YPOBHS I'a3da BO BpEMA
peiica. MI3MeHeHus1 KOHIIEHTpaIlny Ta3a OyIyT yKas3pIBaTh Ha TO, MPO-
HCXOJUT JI CAMOHArpeB WM BBIOPOC METaHa.

VYrm ¢ BRICOKUM COiep KaHHueM Cepbl (0COOEHHO IMPH 3arpy3Ke BO
BJIQ)KHOM COCTOSTHMH) MOTYT CO3/1aTh CHUTYaIlHIO, IPA KOTOPOH XUMHU-
YECKOe BO3JICHCTBHE MOXKET BBI3BaTh KOPPO3HIO CTAIBHBIX OOPTOB U
epeOopOoK TproMa. DTH MPOOIEMBI MOTYT YCYTYOUTHCSI, €CITH TEMIIepa-
Typa yIiisl IOBBICUTCS U TPy3 OATO Oy/IeT OCTaBaThCs HA CyIHE. YTOJb
MOJKET TIepEMEIaThCcs B MOPE, YTO CTaBUT MO/ yTPo3y OE30MacHOCTh
COOTBETCTBYIOIIETO cynHa. [ py3sl ¢ yrimoMm HakioHa Oonee 35 rpamy-
COB MEHee ITOJIBEPKEHBI CMEIIIEHUIO TIOBEPXHOCTH, HO, TEM HE MEHee,
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HYXJIAI0TCsI B 00pe3Ke, 4TOObI B IOCTATOYHOW CTENEHH NOKPBITH BCIO
BEPXHIOIO YacTh Oaka /10 OopTa cy/iHa.

2. C:kusKeHue yrojabHOro rpysa.

2.1. C:kmkeHMe yIisl IPH IepeBo3Ke HA MOPCKOM TPaHCIopTe

TBepaple colydne rpy3sl MOT'YT OBITh KIIaCCH(DUIIMPOBAHBI B 3aBU-
CHUMOCTH OT UX OIACHOCTH BO BpPEeMs TPaHCIIOPTHPOBKU. CiKIDKEHHE
SIBIISIETCSL OTHUM M3 CaMbIX OOJBIIMX PUCKOB JUIA O€30MacHOCTH TPU
MIEPEBO3KE TBEPABIX CHITYYHX I'PY30B.

HawuGonee 3naunTenbHBIE TOCTEACTBHA T Cy/IHA B pE3YJIBTaTe CHKU-
JKEHMS BKIIFOYAIOT CMEILCHUE TPY3a, KOTOPOE NOCTEHNEHHO NPUBOJMT K
rotepe ycroitunBoctu. [lociencTBre motepu yCToOHIMBOCTH MOXKET OBITH
TaK{M, YTO CYHO M )KU3HH TeX, KTO HAXOAUTCS Ha OOPTY, OyIlyT OTEPSIHBI.

3a nocueqHue AECATh JIET CKIKEHHUE IPY30B CTaJI0 OJHOM U3 CaMbIX
CEepbhEe3HBIX MPOOIIEM, CBI3aHHBIX ¢ 0€30MaCHON MEPEBO3KOH CHITyYUX
rpy3oB. C 2010 o 2020 roz ObLTO TOTEPSIHO BOCEMb CyXOTPY30B, Tie-
PEBO3UBIIMX PyAHBIC KOHIIEHTPATh! 001mM BecoM Oonee 10 000 ToHH.
101 unen sxunaxa norud B pe3ysipraTe ONPOKUIBIBAHUS CY/IOB.

Jpyroii cyniecTBeHHON POOIeMO, CBSI3aHHOMN ¢ OTEper yCTOM-
YMBOCTH CY[IHA, SBJIACTCS 3arps3HEHIE, CO31aBaeMOE BPEAHBIMHU CBOM-
CTBaMH Ipy3a, COPachIBAEMOTO B MOPE M3-3a ONPOKHU/IBIBAHMUS CyIHA.

I'py3b1, monBep:KEHHBIE PUCKY CIKMKEHUS, BKIIIOYAIOT KOHIIEHTpa-
ThI U IPyTU€ MEJIKO3E€PHUCTbIE MAaTEPHaIbl, TAKHE KAK YIOJIb. DTH IPy-
3bI OOBIYHO COJEPIKAT YaCTh MEJIKUX YacTHUI], KOTOPBIE PH CO3AaHUH
JBIDKCHMS CylHA U BUOpauueil ABUraressi, BbI3bIBAIOT N1€PECTAHOBKY
YacTHUII U JasibHeliee yrotHenne. Kpome Toro, nepemenieHue Biaru
[IPUBOJUT K YBEIMYECHUIO COIEPKAHMS BIIard B YaCTH IPy3a.

OCHOBHBIM pPErIaMEHTOM JUIsl CHITYYHX TPY30B, Pa3paOdOTaHHBIM
MexryHapoaHOH Mopckoi opranu3anuei, ssisercst Konexc IMSBC,
KOTOPBI SBISIETCS KIIOUYEBBIM HHCTPYMEHTOM B CHU)KEHHU PHUCKOB
CKMKeHUs! Tpy30B. Koneke siBnsieTcst 00s13aTeIbHBIM B COOTBETCTBUU
¢ MexyHapoIHOW KOHBEHIIUEH MO OXpaHe YeJIOBEUECKON )KM3HU Ha
Mmope (COJIAC). Kon IMDG knaccuduuupyer chlitydue rpy3bl Ha Oc-
HOBE CBSI3aHHBIX C HUIMHU OIACHOCTEH.
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I'pynma A — 3TO Tpy3bl, KOTOPBIE MOTYT CXKIKaThesl. JByms Baxk-
HBIMH [TapaMeTpaMH, KOTOPBIE CIEAYET ONPENEIINTB, SIBISIOTCS TOUKA
BrakHocty notoka (FMP) u npenen nepenocumoii Bnaxkuoctu (TML).
FMP — 310 comepskanue Biaru, Mpu KOTOPOM oOpasell Ipy3a HauHEeT
TepsATh IpodHOCTh. CofepikaHne BiIaru B rpyse 3a npeaenamu FMP
MOXKET NPUBECTH K padkmxkeHuto [Accouunarma P&I2012]. TML omnpe-
nensercs kak 90% or TMP.

UToOBI KOHTPOJIMPOBATH PUCK CHKHMIKCHUS, TPY3bI TPYIIIBI A TIpOBe-
PAIOTCS KAK MUHUMYM pa3 B nonroga ajs onpeaenenus ux TML. Ilo-
JOKeHUe TpeOyeT, YTOOBI €CIN IPy3 CKIOHHBIH K COKMKECHUIO, UIMEET
COZIEp’KaHME BIIary, MPEBBIIIAOLIEE TOYCTUMBIHN AJIs1 TPAHCIIOPTHUPOB-
KU TIpe/IeTT BIaKHOCTH, €T0 He CIeyeT 3arpykarh. Tpu MeTosa TeCTH-
poBanus a1 FMP u TML nepeuncnens! B [punoxenuu 2 k Kogexcy:
TECT Ha IOTOKOBYIO TaOJINILY, TECT HA IPOHUKHOBEHHUE U TecT Proctor /
Fagerber. [TockonbKy Kablii METOJ] IMEET CBOM IPEUMYIIECTBA, BbI-
00p MeToJa UCTIBITAHUI 3aBUCUT OT THIIA UCIIBITHIBAEMOTO IPy3a.

Tabnuna pacxona 00BIYHO MOAXOANT ISt MUHEPAJIbHBIX KOHIICHTpA-
TOB U IPYTUX MarepraioB ¢ MAKCUMaIbHBIM pa3MepoM 3epHa 1 mm. Tect
Ha MMPOHUKHOBEHHUE SIBIISIETCS aJIbTEPHATUBON TECTY C UCTIONB30BaHHUEM
TaOnuIbl NOTOKOB. Kak nmpaBuito, OH MOIXOAUT AJst MUHEPAIbHBIX KOH-
LIEHTPATOB Pa3MePOM JI0 25 MM U KPYTTHOTa0apUTHBIX TPY30B, TAKUX KaK
yroie. Tect Proctor /Fagerber mogxoaut 11t MEIKO3EPHUCTBIX U OTHO-
CHUTEJILHO KPYTTHO3EPHUCTBIX MATEPUAIIOB C BEPXHUM Pa3MEPOM JI0 5 MM.

2.2. Puck, CBSI3aHHBIN € YIOJbHBIM TPY30M.

OpnHa u3 TpyaHOCTEH, CBSI3aHHBIX C TPAHCIIOPTUPOBKOM OOJIBIIOTO
KOJIMYECTBA YIISI HACBINbIO, 3aK/II0YAETCSl B TOM, YTO 3TO IPY3, CIIO-
COOHBIN K CKMIKEHHIO.

YTroI1b OBEP’KEHHBINH PUCKY CKIKEHUS, — 3TO yTroJlb, COACPIKAILHHT,
TI0 KpaiiHel Mepe, HeKOTOPOe KOJTMYECTBO MEJIKMX YacTHIl U HEKOTOpOe
coJieprKaHue BIark. XOTs yroJib 4acToO BBIVISIIUT CyXHM Ha BUI BO BpEMs
HOTPY3KH, IPy3 MOXKET COAEPXkaTh BlIary Mexay dacthiaMmu. CoracHo
npaBuiiaM Konexca IMSBC, yronb onpezensercs kak onacHbIi ToBap B
TBepoi popme B HACHITHOH rpyre B (1 A), 9To 03Ha4aeT, 4To OT/IeIb-
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HBII yTOJBHBIA MPOIYKT MOKET 00J1a/1aTh MO0 CBOWCTBAMH TOIIBKO TPYTI-
el B, mn6o cBoticTBamu obenx rpymm A u B. be3onacHast qoctaBka 3Toro
rpy3a ABIAETCS KITFOUEBOM 3a/1a4eid /Il HHTyCTPUH CBITYYUX TPY30B.

Bo Bpems 3arpy3ku yrojb HaxOIUTCS B TBEPIOM COCTOSTHHH, THE
YaCTHUIIbl HAXOIATCS B HETIOCPEICTBEHHOM KOHTAKTE JIPYT C IPYTOM U
CylIeCTBYeT (puznveckas cuiia CONpOTUBICHHS Ie(OpMAIHIM CABHTA.
Bo Bpemst MOpcKoii TepeBO3KHU yIojlb OABEPraeTcs BUOpALUK JBUTra-
TeJsl, IBUKEHHIO CY/IHA U BO3/IEHCTBHUIO BOJIH, YTO MPUBOJUT K YIUIOT-
HEHMIO Tpy3a. DTO NPUBOAUT K YMEHBIICHHUIO POMEKYTKOB MEXKIY
yacTUIlaMH. Eciu yruIoTHEHHE TakoBO, YTO BHYTPHU Ipy3a OoJbIle
BOJBI, YEM MTPOMEKYTKOB MEXKy YaCTHUIIAMH, JaBJICHNUE BOJIbI BHYTPH
rpy3a MOXET Pe3KO BO3PACTH U Pa3ABHHYTH YACTHUIBL. DTO BHE3AITHO
YMEHBIIAET TPEHUE MEXKAY YaCTHIIAMHU U, CII€JJ0BATENBHO, IPOYHOCTD
rpy3a Ha casur [Jones & Bell 2010].

[Tpumenumsie nonoxenus IMSBC B ipenbiayIye rosl BKIOYAIN
KpUTEepUH JUId rpy3a, 00BSIBIEHHOTO TPYMIION A B paszielie OITacHOCTH,
Kak “MOoeT CXKMKAThCs, €ClIN NMPEUMYIIECTBEHHO MEJIKMI Yroyb Ha
75% menbiie 5 Mm”. Kpome Toro, TpeboBaHME B INTEpaType o Mexa-
HUKe TpyHTa 00b19HO BBIpakaeTcs kak 0,003 mm < D10 < 0,3 MM, T71€
D10 mpencrasnser pa3mep 4acTull, sl KOTOpbIX Toabko 10% maccel
MaTepuaa siBisiercsi 0onee menkuM. [pu Beipaskennn B popme, KOTO-
past Ob1a ObI OoNiee OOBIYHOM B YTOJIBHOM MPOMBIIUIEHHOCTH, TpeOo-
BaHHE COCTOWT B TOM, YTOOBI mpuMepHO 15% wmnm Gonee marepuana
obutn ToHbIne 0,50 MM (D 15) 11 obecrieueHnst BEPOSTHOCTH CIKHKE-
uus [Eckersley 1997]. Jlons Menkux 4acTHil B rpy3ax, OTHPaBISIEMbBIX
10 BCEMY MUY, Ha CETOAHAILIHUH JIeHb MPUHATA B Ka4€CTBE MOJXOS-
LIET0 KPUTEPHS 151 OLIEHKU MOTEHLIMAIIA COKMKEHUS! YTOJIBHOTO TPy3a.

ABCTpaiuiicKue MPOU3BOAUTENN U IKCIIOPTEPH! YN B TEUYECHHE
MHOTHX JIECATHIICTUH 0e3011acCHO MEPEBO3UIN MUJUTMOHBI TOHH YIVIS
13 ABCTpaiuy, UCTIOJb3YsI COOTBETCTBYIOLINHI I'Pa(hUK, CONEPKALIUNCS
B Konexce BC u Konexkce IMSBC. Heckonbko €T Ha3a aBCTpasuii-
CKasl IPOMBILIIEHHOCTh MHULIMMPOBAJIA UCCICAOBAHNE C LIEJIBIO U3Y-
YEeHUs TOT0, KaKHue Jpyrue (pakTopbl, €CIIU TAaKOBbIE UMEIOTCS, MOTYT
MOBJIMATH Ha CIIOCOOHOCTH YISl K CKMkeHuto. MccnenoBanue Obu1o
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pa3paboTaHo ISl YAyUIIeHUs TOHMMaHUs CTAOMILHOCTH YIJISL BO Bpe-
MsI TPAHCIIOPTUPOBKH, BKITIOUAS IIOTEHITUAN JIJISI COKIDKEHUS TPy3a.

Mertonst TML B xoge IMSBC npenocTaBisitoT METOABL OIpe/eie-
Hus TML juig psna celitydnx rpy3oB. Pacnipenenenue TecTupyeMoro
Marepuaa 1o pa3Mmepam CUUTaeTCs BaKHBIM TapaMeTPOM IIPH BBIOOPE
tecta TML. B pamkax mpoekra OBIJIO HCCIICIOBAHO MOBEACHHE TPY-
30B yIJIsS TOMIAHON MIHYC 50 MM, TTIOCKOJIBKY 3TO pa3Mep Marepuaia
TUTIMYHOTO aBCTPATTUHCKOTO YEPHOTO YIJISI, HO TEKYIINE UCIIBITAHUS
TML npenHa3zHadeHsl U1l TPOAYKTOB C MEHBIIMMH pasMeEpamMu 4a-
cruil. MccnenoBanue ObUIO COCPEIOTOUCHO Ha OTIPEICICHUN TOTO, MO-
JKET JIM KaKOK-JINOO YTOJIb CKUKATHCS B YCIIOBUSIX TPAHCIIOPTUPOBKH,
U ompenereHnn 0e30rmacHoro MeToa onpeaeneHus TML mns yrei
tommuHOW MuHYC 50 MM. ABCTpaiivsi BBela Mpoleaypy jadboparop-
Horo onpenenenuss TML miist yrieit ¢ HOMMHaIbHBIM BEPXHUM pa3Me-
pom 10 50 mm. TIporieaypa ocHoBaHa Ha MoauduKaluu Tecta Proctor
/Fagerber mys ceimyunx marepuaios [IMO 2015].

B Hacrosiiee Bpemst Tect Proctor /Fagerber, onmucannsiii B Koge
IMSBC, 0bu1 U3MeHeH, uToOBI Pa3peluTh MPUMEHEHHE K YIJIFO C BEpX-
HuM pazmepom 50 mm. HMccnenoBanue NoATBEPANIIO, UTO CYLIECTBYIOT He-
KOTOPBIE BUBI YITIsI, KOTOPBbIe HEOOXOANMO JIEKIAPUPOBATh KaK IPOTYKTHI
rpymisl A 1 B, 1 ecTb HEKOTOpbIe BHIBI YIS, KOTOPBIE MOTYT OBITH 3asiBiIe-
HBI TOJIBKO KaK MPOIYKTHI rpyTmsl B. Kpurepun, ocHOBaHHEIE Ha pacIipe-
JICJICHUH YaCTHI] 10 pa3Mepam, ObUTH YCTAHOBIICHBI /ISl MICHTH(DUKAIIUH
TOJBKO yIJIed Tpymibl B. Yrois omkeH ObITh OTHECEH K rpy1ne B Tonbko
B PE3yNbTaTe UCIBITAHUS, ONPEACTICHHOTO COOTBETCTBYIOIIUM OPraHOM,
WM €CII OH UMEET CIICAYIOLEE PACHPEICICHUE YACTHIL IO pa3Mepam:

— ©e 6ornee 10% mo macce gactui meHee 1 mm (D10 > 1 mm),

— ©e 6ornee 50% mo macce gactuir MeHee 10 mm (D50 > 10 mm).

CKKEHHUE — 9TO aCTEKT MOBEICHUS CHIITyUHX TPY30B, KOTOPBIN ITPO-
HCXOJUT BO BPEMsI MOPCKOH TIEPEBO3KH M UMEET OOJIBIIIOE 3HAUCHHUE KaK
C TOYKH 3peHHUs1 0€30MaCHOCTH, TaK U ¢ ((MHAHCOBOI TOYKH 3PECHUSI.

Hertounble neknapanuu U cepTu]UKaThl TPy300TIPABUTEICH,
IO-BHIUMOMY, SIBIITFOTCSI CEPhE3HOM MPOOIEMOH MPH MEPEBO3KE YIIIs,
MOJICKAILETO CHKUKEHUIO, XOTS IPU3HAETCS, YTO CYLIECTBYIOT MHO-
TOYMCIIEHHBIE CJIOKHOCTH.
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[Ipu atMocdepHol TemIiepaType CBeKeo0oraeHHbIH yroyb 00a-
JIaeT CPOJICTBOM K KHCJIOPOJY BO3/yXa, HAXOMASAIICTOCS B KOHTAKTE C
HuM. Kuciopos moriommaercst yriieM Ha ero IOBEPXHOCTH B Pe3yJbTaTe
YHCTO (PU3MUYECKOTO MpoLecca, KOTOPBI, OTHAKO, OBICTPO MPHBOIUT
K XMMHUYECKON 1IEMHONU peaKinu, TPUBOASIIENH K OKUCICHUIO OIpe-
JeTICHHBIX KOMIIOHEHTOB yIisl. [I0CKONBKY OKMCIICHHE YIS SIBISIETCS
9K30TEPMHUYECKON Peaklne, TemIo BhIJCISCTCS PU CHUKECHUH Te-
IJIOTBOPHOW CIIOCOOHOCTH (KauecTBa yIJis).

Ecnu Teruto, BeIIENSIONIEECS B PE3YJIbTATE OKUCIICHHSI, PACCEHBACT-
Cs1, CKOPOCTb OKHUCJICHUA TOJIBKO YTO OTKpLITOﬁ TMOBEPXHOCTHU YIJIA HE-
IIPEPHIBHO YMEHBIIIAETCS B TIPOIIECCE OKHUCIICHUS, TO €CTh CO BPEMEHEM.

BeIBETpUBIINICS YyrOib — 3TO yrojb, B KOTOPOM OTKPBITas TOBEPX-
HOCTb yIJISl JOCTHUIVIA CTAJHH HACBHIIICHUS M JajbHEHILEro B3aUMO-
JIEUCTBUSL C KUCIOPOJOM IIPU TEMIIEpaType OKPYXaIoIlel cpelbl He
MIPOUCXOIUT. Ecmu TCIIO, BBIACTIAIOLICECS B PE3YJILTATC OKUCIICHUS, HC
paccerBaeTcsi IOTOKOM BO3/TyXa WM MPOBOMASIIMME CBOHCTBAMH YIS,
ero Temrieparypa rnobiiaercs. C IOBBIIIIEHHEM TEMITEPaTypbl CKOPOCTh
peaKInK OKUCIICHUS YBETMIUBACTCS (OOBIUHO YABAUBACTCS HA KAXK/IbIE
10°C). B xoHEYHOM cUeTe TeMITepaTypa MOXKET ITOJHATHCS BbIIIE TOUKH
BOCIUTAMEHEHHUS YIS, U MOXKET MPOU30UTH rOpeHre, OOBIYHO HA3bIBA-
€MOe CaMOBO3TOpaHHEM. Y UHTHIBAs BBIIIECKa3aHHOE, JTF000E yCIOBHE
(HampuMep, OKUCIICHUE [TUPUTA, TIOBTOPHOE YBIAXXHEHHE CYXOI0 YIJIs,
BBICOKasi TEMITEpaTypa OKPYKaroIIeH cpesibl U T.11.), KOTOPOE MPUBOIUT
K TIOBBIILICHUIO TEMIIEPaTyphl YIS, yCKOPUT IPOLIECC CAMOBO3TOPAHUSI.

[poriecc, MPUBOIAIIUI K CAMOBO3TOPAHUIO, MOXKHO PE3FOMUPOBATH
CJICIYIOLIUM 00pa3oM:

> OKHCJICHUE TIPOUCXOMNT, KOT/Ia KUCIOPO/] BCTYMACT B PEAKIHIO

C yriem,

> B IPOLIECCE OKUCIICHHS BBIACISETCS TEIIO,

> eCJIM TeIUIO paccenBaeTcs, TeMIeparypa yrisl He TOBBIIIAeTCs,

> eCJIM TeIUIO HEe pacceuBaeTcs, TO TeMIeparypa ymist OyneT mo-

BBIIIATKCS,
> mpu OoJiee BBICOKHUX TeMIIEpaTypax peakysi OKUCICHUS MpoTe-
KaeT ¢ 0OMbINei CKOPOCThHIO,
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> B KOHEYHOM HUTOTE JIOCTUTACTCS TEMIIEpATypa, IPU KOTOPOH IPo-
HCXOJIUT BOCIUTAMEHEHHE YTIIS.

3akiarouenne

Ha ceropmsimianii 1eHs 0c000€ BHIMAHHE YASISIETCS pa3padoTKe
Mep, HalpPaBJICHHBIX HA MUHUMH3AIMIO HETaTUBHBIX (DAKTOPOB, OKa-
3BIBAIOIINX BIMSTHAE Ha 0€30TacHOCTh IS BCeX yTIeH, KOTOphle He
COOTBETCTBYIOT KPUTEPHSIM, YCTAHOBJICHHBIM TOJIBKO AJISl TPYIIBL B,
CJIEyeT MMPOBOIUTH UCITBITAHUSI HA TIPE/IEIT TEPEHOCHMOM BIAYKHOCTH C
UCIIONb30BaHHEM MoanuIpoBaHHoro Metoaa Proctor /Fagerber. [1e-
PEeI UCTIONTb30BaHUEM ATOTO METO/Ia PEKOMEHIYETCS CHada a OleHUTh
yTOJib Ha FPpaHyIoMeTprudecKuii coctan. [IpuHsaTue MoaupuIupoBaH-
Horo tecta Proctor /Fagerber nnsa onpenenenuss TML u BrittoueHue
KpuTepusi 0TOOpa, OCHOBAHHOTO HAa I'PaHYJIOMETPHUYIECKOM COCTaBe,
rapantupyet 0e30MacHyIo IepeBO3Ky YTroJIbHOTO TPy3a.

Taxoxe ynenuTh 0co00e BHUMaHUE IOPTOBOM HHPPACTPYKTYpE B JTaH-
HOM Cllydae, MepaMu 00eCriedeHUs: 0€30IaCHOCTH MOXET BBICTYIIATh
(hopMHpOBaHHE CTICIMATM3UPOBAHHBIX TEPMUHAJIOB, TNOO BBIJCIICHHIE
OTZIENTFHBIX IOPTOB Ha TEPPUTOPHUH LIEITBIO TIEPEBAIIKU OMTACHBIX TPY30B.
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HNCHOJIB30OBAHHUE NMAAJBHOI'O
CIIJTABA CUMNCO JJis1 ®OPMHUPOBAHUSA
AJITE3NOHHOI'O CJ05, CJIOUCTOI'O
KOMITO3UTHOI'O TOKPBITUA (CUMNCO-TINIZR)
BBICOKOCKOPOCTHBIM I'A30IIJIAMEHHBIM
HANBUIEHUEM C ®UHUNITHOM TBY OBPABOTKOM
HHOKPBITHUE (CUMNCO-TINIZR)-ITIOJJIOKKA (CT.45)
JJIA IIOBBILWEHUSA AAT'E3NN

2.10.0. banaes, /[.A. Knenukos,
B.H. Enucees, I'B. Illunos

B cmamue noxazana mexmnonozuueckas nociedo8amenbHOCHb hop-
MUPOBAHUSL CLOUCTNO20 KOMNOZUMHO20 NOKPLIMUSL HA HOBEPXHOCU NOO-
JIOJICKU COCMOSIWEll U3 A02e3UOHHO20 CL0S, NPeOCmassiowe20 coboul
npunoti cocmasa CuMnCo u 0CHO6H020 YYHKYUOHATBHOO CLOSL HA OC-
HOBe Cniasos ¢ mepmoynpyeumu (pazoevimu npeepawenusmu TiNiZr,
NOJYYEHHBIX C UCHOIb306AHUEM MEXHOLOSUU 8bICOKOCKOPOCIMHO20 2d-
sonnramenno2o HanviieHus. C nociedyrowel 00pabomrol noOI0AICKU ¢
KOMNO3UMHBIM NOKPbIMUEM CIOUCTNO20 MUNA MOKAMU 8bICOKOU YACMO-
mot (TBY), obecneuusas Haspes nokpulmusi u ROGEPXHOCMU Oemau 00
memnepamypul niagnerus aozesuontoeo ciosi CuMnCo (Tni=1030°C).
Toxazamvl uccnedosare CmpyKnypul U pe3yabmanbvl NeMEeHMHO20 AHA-
JIU3A NOOTONCKU CO CLOUCTIBIM KOMUOZUMHBIM NOKPLIMUEM 8 MPeX 30HAX.:
NOONOACKA,; A02E3UOHHDBLIL CLOU; QYHKYUOHATLHBLI clotl, nocte TBY 06-
pabomxku. Iloxazanvl epanuybl pazoena meicoy croamu U no TUHuU aoze-
3UL NOKPLIMUE/NOOTONCKA, A MAKIICe TUHUSL PA3PYULEHUsL 8 Pe3YTbIame
BOHUKAIOWUX OCTNAOYHBIX Hanpsadicenul nocie TBY obpabomxu.

Lenv — 0o60cHOBaNUE UCNOTL30BAHUS BHICOKOMEMNEPAMYPHO2O CO-
cmasa npunosi 071 NOBbIUEHUST A02e3Ull MeNCOY NOOTONCKOU U (YHK-
YUOHATILHBIM CTIOEM NOKPBIMUSL.
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Memoo unu memooonozusn npoeedeHus padomol: no MexHoI02Uul
NaKU KePAMUYECKUX PeXCYUux RAACUN Ha Meno pesya Oblil HAHECeH
COCMAas NPUNOsL 8 KAYECMBEe A02e3UOHH020 CIOSL HA IKCHEePUMEHM ATb-
HbLLL 0Opasey, nociie ue2o ynomsrymulii oopazey ool noosepenym TBY
obpabomre.

Pesynomameut. [lpeocmasnenvt pekomenoayuu no noooopy cocmasa
npunos u mexuonoz2uu Havecenus u TBY oopadbomxu 01 adze3uonHo-
20 €101 07151 PAIUYHBIX MAMEPUATIO8 NOOJIONCKU U PYHKYUOHATLHOO
C0S1 NOKPBIMUSL U UX KOMOUHAYULL.

Oé6nacms npumenenus pesynbmamos. [lpeonacaemas mexnonozus
no38oaUM 06ecneyums NOGbIUEHHYIO A02E3UOHHYIO NPOUHOCHIL NOKDbL-
muti ¢ 0emansami, Ymo 8 col0 ouepedsb paAcuupums 001acmu npu-
MEHeHUsE MEMANTUAYUU MEMOOaMU 2A30MEPMUYECKO20 HANbLIEHUS U
Modicem Oblmb NPUMEHEHA K PA3TUYHbIM ee MUnam.

Knirouesvie cnosa: aoeesus;, ad2e3uoHHbI COU, NPUNOU, MediC-
CIOUHAA adee3ust; KOMINO3UMHoe noKkpvimue cioucmozo muna, TBY
006pabomxka, 8biICOKOCKOPOCMHOE 2A30NIAMEHHOe HANbLIEHUEe

THE USE OF CUMNCO BRAZING ALLOY
FOR THE FORMATION OF AN ADHESIVE LAYER,
LAYERED COMPOSITE COATING (CUMNCO-TINIZR)
BY HIGH-SPEED FLAME SPRAYING WITH FINISHING
HIGH FREQUENCY CURRENTS (HFC) TREATMENT
COATING (CUMNCO-TINIZR)-SUBSTRATE (ST45)
TO INCREASE ADHESION

E.Yu.0. Balaev, D.A. Klepikov,
V.N. Eliseev, G.V. Shilov

The article takes into account the technological structure accord-
ing to the structure of the formation of composite coating layers on the
substrate surface, consisting of an adhesive layer, which is a CuMnCo
solder, and an essentially functional layer based on alloys with thermo-
elastic alloys of TiNiZr compounds, using high-speed flame spraying
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technologies. Warehousing by processing the substrate with a com-
posite coating with high-frequency currents (HFC), thin heating of
the coating and the surface of parts to the melting temperature of the
CuMnCo adhesive layer (T = 1030°C). results of studying the structure
and results of elemental analysis of a substrate with a layered compos-
ite coating in three zones: substrate; adhesive layer; functional layer
after HFC processing. The structure of the interface between the layers
and the adhesion line of the coating/substrate, as well as the line of
destruction as a result of a combination of their residual traces after
HFC treatment.

Purpose is to justify the use of a high-temperature solder composi-
tion for adhesion between the substrate and the dense coating thickness.

Methodology of the work contains according to the technology of
soldering ceramic plates on the body of the cutter, there was a cosmetic
solder composition as an adhesive layer on the experimental sample,
after some thin sample was treated with HFC.

Results. Recommendations on the selection of the composition of
the solder and the technology of application and processing of HFC
for the adhesive layer for various materials of the substrate and the
functional layer and coating were present.

Practical implications. Technology is an increased adhesive
strength of surfaces with parts, which in turn expands the scope of the
thermal spraying technology and can be applied to its type.

Keywords: adhesion; adhesive layer; solder; interlayer adhesion;
composite coating of layers of this type; HFC processing; high-speed
flame spraying

DOopMUPOBAHKE NTOKPBITUI METOAAMH ra30TEPMUYECKOTO HallblIE-
HUSI CTAJIKUBAETCS € IPOOIEeMOi aire3uu, B 4aCTHOCTH PH POPMHUPO-
BaHMU (PyHKLMOHAJIBHBIX CJIOEB, O YEM CBUAETEIbCTBYET OIPAHMUCHHAS
HOMEHKJIATypa U3AEIUl, K KOTOPbIM BO3MOXHO IIPUMEHEHUE TEXHO-
JIOTUHU Ta30TEPMHUUYECKOTO HANBUICHUS, KaK NIl BOCCTAHOBIICHUS Jie-
Tajel, Tak ¥ MpU UX U3rOTOBJIeHNH. OrpaHUYeHHe TaKoe CBS3aHO C
IIPOYHOCTHBIMU TPEOOBAHMAMHU K U3/ICNINSM, TaK KaK B PE3yJIbTaTe IKC-
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HHyaTaHI/II/I TaKUe HOKpBITI/DI OTCJIAaUBAKOTCA U paCTpeCKI/IBaIOTCSI, qTo
MPUBOJIUT K MTHOBEHHOMY Pa3pyLICHUIO U3ACNHUs, TAKOE pa3pylLIcHIE
NMEECT KpHTquCKYIO CKOpOCTB 1 MOXET 6I)ITI) OTHECCHO K XpyHKOMy
Tumy paspyueHusi. CTOUT TaKKe OTMETUTb, YTO TOMUMO Pa3pyIICHU
10 JIWHUHU aJITe3UN TIOKPBITHE/TIOIOKKA pa3pyIIeHHE MOXET TPOX0-
JIUTh U MEXK]TY CIIOSIMH (MEKCIIOMHOE OTCIIAMBAaHUE) B PE3yJIBTATe HU3-
KO MEXCIOMHOM aire3uu y KOMIO3UTHBIX IOKPBITUI CJIOUCTOTO TUIIA.

[Ipu 3TOM MpoCieKUBaeTCs YeTKask 00paTHasi 3aBUCUMOCTh MEXK-
Iy TOJIIMHOW MOKPBITUS WM CIOSIMHU MOKPBITHS U anre3ueid. Takum
00pa3oM, YeM TOJIIIE CJIOW MOKPBITUS, TEM HIIKE 3HAYCHUE aJIe3HH.
[Ipu aTOM anre3us mpeacTaBiseT COOO0M 3HAYCHHE JIBYX OCHOBHBIX CO-
CTaBJISIFOLIMX 3TO MEXaHUYECKOW U XuMHuueckoil. Tak Bo3neicTBys Ha
T00YI0 COCTABIISIFOILY0 MOKHO BIIMSTH Ha 3HAYCHUE aJITC3UMU.

IToBhilIeHUE aJre3uu 3TO 3aja4ya, KOTOpasi CEroJHs CTOUT Mepe
BCEMU KTO 3aHHUMACTCSA HOHy‘iCHI/ICM Ha HOBCpXHOCTI/I IleTaJIeﬁ HOKpI)I-
TUM METOJIaMH HAIbUICHUS! B YACTHOCTH ra30TEPMUYECKUMU, TaK KaK
OHAa ABJIACTCA OOAHUM N3 OCHOBHBIX KpI/ITepI/ICB JJIsT OOCHKHU pa60To-
CIIOCOOHOCTH JIETAJIH U OTIPE/ICTICHHS €€, KOHEUHBIX (PU3UKO-MEXaHH-
YCCKUX XapaKTepI/ICTI/IK u SKCHJ]yaTaHI/IOHHBIX CBOI:ICTB. TaK HUMCHHO
MTOBBIIICHUIO IT€3UOHHON IIPOYHOCTH Ta30TEPMUIECKHE CITIOCOOBI Me-
TaJUTH3aIlAN 00s3aHBI TAKUM Pa3HOOOpa3neM BUIOB, METOAOB M 000-
PYAOBaHHUIO.

IIpu 3TOM HamboJiee TEXHOJOTHICCKH MEHEE 3aTpPaTHBIM TTPHEMOM
SIBIISICTCSI CO3/IaHUE ATre€3MOHHOTO CJIOs, 337ja4a KOTOPOTO MOBBIIICHHE
a/Ire3uH TIOKPBITHUSI C TIOJUTOXKKON, TIONOOp MOO0HOTO CIOST 3aKITFOYaeT-
CA 110 pOI[CTBy K MaTepHany TIOJIOKKH U HOKpI)ITI/IH, 110 BOBMOXXKHOCTHU
00ecIeYrBaTh BHICOKYIO a/IT€31I0, KaK ¢ MaTepHajioM TIOJUTOKKH, TaK 1 C
MaTepHaIoM MOKPHITHS. J[OTIONMHUTETEHO K aT€3MOHHOMY CJIOI0 CO3/1a-
€TCsl OTPE/ICTICHHBIN peNbed) MOBEPXHOCTH JCTAIH, a TAKXKE CTPYKTypa
TIPUITOBEPXHOCTHOTO CJIOS ACTANH, TIPH KOTOPOM 00ECIICUNBACTCS ITOBBI-
LICHUE TUIOTHOCTHU AucioKaui. Takxke JaHHYIO TEXHOIOTHIO COMPOBO-
JKIAF0T OYMCTKA MIOBEPXHOCTH OT OPraHUUECKUX TUIEHOK M Mace, a TaKxkKe
OT OKCUIHBIX ITIJICHOK U I[pyrI/IX HOBerHOCTHI)IX BKJIIOHCHHP'I C UCIIOJIb-
30BaHUEM Pa3UIHBIX TIPHEMOB OYMCTKH, 00EIKUPUBAHHS M TPABIICHNSI.
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Takum 00pa3oM, MpUEMBbI, COITPOBOKIAIOIINE METO/T MTOBBIIIICHUS aJlre-
31U 3a CUET CO3/IaHNs IOTIOJTHUTENBHOTO aAT€3HOHHOTIO CII0S MEKIY MO/
JIO’KKOW ¥ TIOKPBITHEM WITH MEXKITY CIIOSIMH MOKPBITHSI, 00eCIIeYUBAIOTCS
MOBBIIICHUEM OOCHX COCTaBISIFOLINX aJIFe3UN KaK MEXaHUUECKOH, TaK 1
xuMudeckor. OTHAKO JaHHBIN IPHUEM He YIOBJIETBOPSIET IKCILTYaTaOH-
HBIM TpeOoBaHUEM OONBIIMHCTBA JETaleH, a TaKKe BCE PACTYLIUM Tpe-
©00BaHMSM K OOJBIIMHCTBY HUCIIOJIB3YEMbIX B MALIMHOCTPOCHHUH AETAJIEH.

Erte ojHOM HeManoBaxHOW MPOOIEMO UCTIONb30BAHUS METAILITH-
3allMM METOIAMHU T'a30TEPMHUYECKOrO HAbUICHNS B MAIIMHOCTPOECHUH
CTaJI0 BCE yYallAIOIIEECs] UCIOIb30BAHUE KEPAMUUECKUX IMOKPBITHIA
TaK 1 CJI0€B KOMIIO3UTHOTO IMOKPBITHUS, KOTOPBIE UIMEIOT HU3KYIO a/ire-
3MIO K MOJIIOKKE H K CIOSIM MTOKPBITHS, B PE3YJBTATE YETO MTPOUCXOIHUT
OTCIauBaHKME JAHHOTO MOKPBITUS WU cI0eB. Takxke i KepaMmuye-
CKHUX THIIOB ITOKPBITHS XapaKTepHA ¥ HU3Kasi KOTE3UOHHAs TPOYHOCTb,
JUIsL PeLICHUs] JAHHOW MPOOIEMbl HCTIOIB3YIOT MPUEM IIIaKHUPOBAHUS
MTOPOIIKOBBIX YACTHL[ KEPAMUKH MOPOIIKOBBIMH YaCTHLIAMH OIpese-
JICHHBIX METAJJIOB MCTIONHSIOMUX (YHKIHIO CBSZYIONIETO dJIEMEHTa
[IpY MEXaHHOAKTUBALMH C ITOCJIEAYOIUM HANbIJIEHHEM TaKOM CMECH.
OpHako TaHHBIN MPHUEM MIPH METAJUIM3AIMK METOAAMHU ra3oTepMude-
CKOT'O HAIlbUIEHUS 10 KOHIIA HE PElIEH.

B xozne ananm3a OBIIO 3aMEUYEHO, UTO MPH HANBUICHHH B Ka4e€CTBE
aJre3MOHHOTIO CJIOS MOKPBITHS, a B PsSJI€ CIy4aeB U KaK CBA3YIOLIETO
JJIEMEHTA ISl KepaMUYECKHX MOPOIIKOBBIX YaCTHUI] U3 JIETKOIIIIABKUX
CIUIaBOB Ha MpHUMepe CIUIABOB HCIIOJIb3YEMbIX B MPUIOAX IS MaiKu
KepaMHUYECKHX IUIACTUH K TEIly pe3la, IpH MOCIeTyIomel TepMude-
ckoit 00pabotku TBY, ucnonb3ys MpUHIUI TaWK1 KepaMUYECKUX TIj1a-
CTHH K pe311y, BO3MOXHO, 00€CTICUNTh OIIaBICHNUE aAT€3HOHHOTO CJIOS
C TIOCJIEAYIONIeH KpHUCTaUIH3aIueld, 00eCTICUNBAIOIICH TTOBBIIICHNE
aAre3uH XapakTepHOH MO MPOYHOCTH COOTBETCTBYIOIIEMY JTaHHOMY
TuIy naiky. Tak HarpeB MOBEPXHOCTH IMOKPBITUS C HCIIOJIB30BaHUEM
TBY no3Bonsier 00ecrnednTh HarpeB 0 HYKHOH TeMIIepaTypbl TOBEPX-
HOCTHBIX CJIOEB J0 ONpeesieHHOH m1yOuHsl. [Ipu aToM cruiaB npumnos
JIOJDKEH UMETh TeMIlepaTypy IJIaBIeHUs HUKE TeMIIepaTyphl IUIaBie-
HUS MOJUIOKKH U TEMIIEPATyphl TUIABICHHSI TOPOIIKOBBIX YaCTHUI] Ma-



International Journal of Advanced Studies: Transport and Information Technologies, Vol. 12, No 3, 2022 71

TEPUAJIOB UCTIOJIb3YEMBIX NP (POPMUPOBAHUH MOCIEIYIONINX CIOEB
MOKPBITHS, & TAKXKe MPEABIAYIINX B CIIydasX MEXKCIOWHOM are3uy.

[Ipu 5TOM CTOUT OTMETHUTB, YTO UCIIOTIH30BAHNE B KAYECTBE a/IT€3H-
OHHOTO CJIOS TIOPOIIKOBOTO MaTepuayia CoCTaBa, COOTBETCTBYIOLIEMY
COCTaBy IIPUIIOS, MOXHO HAOIIOAaTh HECKOJIbKO TUIIOB MAlKH, KaK U
O0KUJIaTh CJIEAYIOLINE TPOIIECCH TPH OIUIABICHUH aJIT€3MOHHOTO CII0s
npejyiaraemoro cocrtara TBY:

— KalnuusIpHas Nanka;

— nuddy3noHHas MaiiKa;

— KOHTAKTHO-PEaKTUBHAs IalKa.

OO0ycnoBieHHbIE COBOKYITHOCTBIO 0COOEHHOCTEH o0ecreynBaro-
IIMX BCE YCIOBUS JUIA MPOTEKAHUS MPOIECCOB XapaKTEPHBIX IS Tie-
PEUUCIIEHHBIX TUIIOB AWK B YACTHOCTH TAKHUE€ yCIOBHS KaK:

— TIOPUCTOCTH IMOKPBITHS U 0COOEHHOCTH (OPMHUPYEMOTO pelibeda

MTOBEPXHOCTH MOJIOXKKHY;

— CpOACTBO MATEPHAJIOB IPHUIIOS U MOKPBITHS, a TAKKE BO3MOXK-
HOCTb 3aHATHS BAKaHCHM B MTOBEPXHOCTHBIX CIIOSX JIETAIIN;

— BO3MOXXHOCTb 00Pa30BaHUs CBA3EH MEXKAY 3JI€MEHTaMu (Mare-
pHuanaMu) KuaKol (azel MPUTIOS U TBEPBIMH (a3aMu CIIOEB I0-
KPBITHUS ¥ TIOAJI0KKH, TTIaBHBIM ITOKa3aTesIeM MPOTEKaHHsI TAKOTO
Tporiecca ABIsIeTCS pAaCTBOPUMOCTH B KUIKOH (ha3e MpUIos Ma-
TEpUaJIOB TBEPAOH (Pa3bl MOUIOKKHU U CIIOCB MOKPBITUS H AP.

Takum 00pa3oM, NpH KUCIOIB30BAHUU TPEUIaraeMOil TEXHOJIOTUH
MOXKHO TOOMTBCSI 3HAYUTEIHFHOTO TIOBBIILICHUSI aAT€31H, YTO MOYKET OBITH
o0ecreyeHHOH pa3InYHbIMI KOMOMHAIMSAMH SIBJICHUH POTEKAIOIINX B
Ipolecce Maiku, a TakKe 00CCIEUUTh CBSI3b CIIOS MIOKPBITUS U3 Kepa-
MHKH € TIOJUIOKKOH MM APYTUMHU CcII0sIMU. B TaHHO# paboTte npuBeeHb
TIePBBIE PE3YJIbTAaThl UCCIEOBAHUS C MCIIOIb30BAHUEM TEXHOJIOTHYE-
CKUX MPHEMOB JJIsl OBBIIIEHHS TPOYHOCTH CLETIJIEHUSI OCHOBBI U T10-
KPBITHS U3 MaTepuaia ¢ TepMOYIPYIUMH (pa30BBIMHU NPEBPALLEHUAMH,
OCHOBAHHOTO Ha MpUHIKIE (POPMUPOBAHMS aJIT€3UOHHOTO CIIOSI U3 TI0-
POIIKOBOTO MaTephala coCTaBa IPHUIOs, UCTIOIB3YEMOro A Mailku
KepaMHUYECKHX IUIaCTHH Ha pe3npl, ¢ TBY 00paboTkoi MoBepXHOCTH
JieTay 1nocje GOpMHUPOBAHUS BCEX CII0EB MOKPBITHSL.
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[Ipu oTpaboTKe TEXHOIOTHH MOTYUYCHHUSI TOKPBHITHI HA TOBEPXHO-
CTH JAETaJIN C MOBBIIICHHOW aAre3HOHHON MPOYHOCTBHIO HCIONb30Ba-
JIaCh TEXHOJIOTHs TTAWKH KePaMHUECKUX PEXKYIIMX IJIACTUH HA TEJIO
pesia, BCISACTBHE Yero AJsl aAre3MOHHOTO CJI0sl ObUT MPUMEHEH CO-
ctas nputioss CuMnCo (Cu-88,5%; Mn-9%; Co-2,5%). Tak B kauecTBe
OCHOBBI HCIIOJIb30BAJICS IWIMHAPHYECKH 00pazen auamerpom 10 mm,
H3TOTOBJIEHHOIO U3 ctaiu Mapku CT.45 mMpoKo UCIIONIb3yeMOH B Ma-
HIMHOCTPOSHHH, Ha TOBEPXHOCTH KOTOPOTO OBLII0 HAHECEHO MOKPHITHE
C UCTIONIb30BAaHUEM TEXHOJIOTHH BEICOKOCKOPOCTHOIO I'a30IIJIaAMEHHOTO
HanbUieHus Ha ycraHoBke GLC-720 B 3amuTHON aTMocdepe aproHa.
[TokpeiTHe mpeacTaBisieT cOOOH CIOUCTOrO THUIA KOMIIO3UT COCTOS-
mee u3 aaresnoHHoro cios cocraa CuMnCo (Cu-88,5%; Mn-9%;
Co-2,5%) n QpynxuronansHoro cnos u3 cmasa Ti ,Ni, Zr . ¢ Tepmoy-
npyrumu (Gpa3oBbIMU MpeBpameHusMu. [locie yero ObIIO MpoBeneHa
TepMHUUECKas 30HalbHast MOBEpXHOCTHAsA oOpadboTka TBY.

[Nepen HaHECEHMEM TTOKPBITHS IPOBOIMIIACH TIPE/IBAPUTEIIbHAS 00-
paboTKa MOBEPXHOCTH JETAIN U HAIIBUIIEMOT'0 TOPOIIKOBOTO MaTepHa-
na. Tak OAroTOBKA OCHOBBI BKIIIOUAET MEXaHUYECKYI0 00pabOTKy AJIs
CO3/JJaHUsl IOBEPXHOCTU C PA3BUTOM MUKPOCTPYKTYPOM C MOCIENYIO-
et 1podecTpyitHON 00pabOTKOM, 1 XUMHUYECKYIO 00pabOTKY, COCTOSI-
LIYIO U3 00€3KUPUBAHUS IOBEPXHOCTH M TPABICHHSI CMECHIO COJISTHOM
1 a30THOM KucioT. [1oAroToBka HAHOCHMOTO MaTepuana 3aKIovacT-
cs1 B MexaHndeckor aktuBanmu (MA) Matepuana, o0ecreunBarome
HEOOXOIUMBIH IpaHyJIOMETPHUYECKUI COCTaB, SHEPreTHUECKOE COCTO-
SHUE U PEAKLHUOHHYIO CIIOCOOHOCTh MaTepuasia. MexaHOaKTUBaLUs
OCYILIECTBIISUIACH B IapoBoii MenbHuILe [edect-2 AI'O-2Y, B kKoTopoit
MEXaHMUYECKOE BO3JCHCTBHE MPOU3BOAUTCS CEPUEH MOCIEN0BATEIb-
HBIX MEXaHUYECKHX UMITYJIbCOB (YIapoB) OT pabo4mx Tel, Iepeaaro-
mMx oOpadaTbiBaEMOMY Marepuaty MOPLUUH MEXaHUYECKOH SHEpTUu.
[IpunnunuanpHas cxema, a Takke U 3D-Mo/enb HHAyKTOpa U 00pas-
112, peann3aliy MoBepxHocTHOro Harpesa TBY npu nomomm KoHTypa
WHJIYKTOPa, MTOBTOPSIOIIET0 (OpMy MOBEPXHOCTH 00padaThIBAEMOTO
o0pasia ¢ MOKPBITHEM, 10 TEMIIEpaTyphl TUIABICHUS MPHUIIOS TOKa3a-
HO Ha pucyHke 1.
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]

Puc. 1. [lpunnmnuansHas cxema TBY 06paboTku 06pasiia ¢ MOKphITHEM:
1 — nomytoxka (o6pazer; Cr.45); 2 — anresnonnsiii cioit CuMnCo;
3 — dynxnmonanbHbIi coi crmas Ti,Ni, Zr ¢ TepMOynpyruMu
(a3oBbIMHU IpeBpateHusIME; 4 — naaykTop TBY.

[Tocne mpoBeaeHKsT BCETO TEXHOIOTUYECKOTO IUKIA JJIsl oTy4e-
HUs1 00pa3iia ¢ MOKPBITUEM C MOBBIIICHHBIM 3HAYCHUEM aJITe3HUHU T10-
KPBITHSI-TIO/IJIONKKA ObLI MOArOTOBJICH ILIU( 00pasia MmonepeyHoro
CEUEHUS CO CTOPOHBI TOPIIA JJIs TaTbHEHUIIIET0 U3yUeHHS MTOTydyaeMOon
CTPYKTYPBI ¥ aHJIM3a Pe3y/IbTaTOB.

DNEKTPOHHOMUKPOCKOITMYECKHUE UCCIICOBAHUS MTPOBOIMUINCH Ha
pacTpoBOM AJIEKTpOHHOM MuKpockorne JSM 7500F. Pertrenocrmex-
TpaJIbHBINM aHAJTN3 HA UMITYJIbCHOM CIIEKTPOMETPE SIIEPHOTO MarHUT-
Horo pe3onanca JNM-ECA 400.

HOI[FOTOBK& MOBCPXHOCTHU ACTAJIU IICPE/] HAIIBIUICHUEM aHAJIOTUYHO
MOJITOTOBKE TeJia pe3lia nepesl Naikoil Ha Hero KepaMuyecKoi pexy-
el IACTUHBI, TAKUM 00pa3oM, 00eCIIEINBACTCSI BBIMIOJTHEHUE BCEX
TpeOOBaHMIA TIO MOJTOTOBKE IMOBEPXHOCTHU Tepe MANKON HITU JTykKe-
BaHUEM, TaPaHTHPYs NMPOTEKaHUE C COONIOCHHEM BCEX TEXHOJIOTH-
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YeCKMX 0COOCHHOCTEH Tpoliecca maku (pacTekaHue, CMayuBaHUe
ap.), npu Harpese TBY noBepxHoCTH 00pa3na co CIOUCTBIM KOMIIO-
3UTHBIM [IOKPBITUEM 10 TEMIIEPATYPbI IUIABICHUS aAT€3UOHHOIO CJIOS
cocraBa CuMnCo (T, =1030°C), cooTBETCTBYIOILEMY COCTABY IIPHUIIOS.
IIpu 3TOM HE IPOUCXOAUT OILIABIEHUE HU BEPXHETO (PyHKIIMOHAJIBHO-
IO CJI0S TOKPBITHUS, HU CaMOH MOUTOKKH (00pasua). CTOUT OTMETHUTD,
YTO CONPOBOXKIAIOIINE [TPOLIECCHI IIPU TAKOM OIUIABICHUN MOYKHO Xa-
PaKTepHBI HECKOIBKUM BUIaM MK, 4TO 00YCIIOBJICHO crenn(pUKOi
CTPOCHUS TIOKPBITHSA U pebeda MOBEPXHOCTH MOUIOKKU MOCTIE MO-
TOTOBKH €€ Mepe/] HalbUICHHEM, a TaK)Ke 0COOCHHOCTEH CTPYKTYPHI H
XapaKTEPUCTUK MaTE€PHAJIOB MOUIOKKH U MOKPBITHSA, U UX PEaKIIHOH-
HBIX CLIOCOOHOCTEH K B3aUMOJICHCTBHIO C MATEPHAJIOM IPHIIOS, B 4aCT-
HOCTH BO3MOJKHOCTBIO 0OPa30BBIBAaTh CBA3b (PacTBOPSITHCS) TBEPAOH
(a3pl MaTepHAIOB IOIOKKN U BEPXHETO CJIOS ITOKPBITUS U JKUIKOH
¢a3bl npunost. Tak Ha pucyHKe 2 moka3ans! GoTorpaduu rpaHULbI TO/-
noxka (o6pazer; Ct45)-nokpeitue (aare3nonsiit cioit CuMnCo, dyHK-
uuoHanbHbIH cioi TiNiZr ¢ TepMoynpyriumM (Gpa3oBbIM IPEBpAILICHHEM )
numga caenanaoro mnocie oopadorku TBY.

Puc 2. MukpocTpyKTypa rpaHuiibsl Touioxka (oopaser; CT.45) — KOMIO3UTHOE
MOKPBITHE clioucToro Tura (aare3nonHsli cioi (CuMnCo)/dyHKIMOHAIBHBIN CIIOH
(Ti,,Ni, Zr ) a—x500; b — %1000 u ¢ — 10000 nomyuennsie mocne TBY 06paborkn

1o TpezytaraeMoii Texuonorun: 1 — nomoxkka (oopasen Ct.45); 2 — aare3noHHbINA
cioit CuMnCo; 3 — pynkumoHanbHbId ciioit crnas Tiy Ni, Zr . ¢ Tepmoynpyrumu
(ha30BEIMU TIpeBpalIeHUsIMH; 4 — c(hOPMUPOBABIIASICS TPEIINHA BIOIb aATE3HOHHHOTO
CIIOSI B CIIEICTBHE BO3HUKHOBEHNS OOMBIINX MO 3HAYEHUIO OCTATOUHBIX HAMPSKEHUI.
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Tak Ha QoTorpadusx, MoKa3aHHBIX HA PUCYHKE 2 MOXKHO YBHJIETh
IUIOTHOE NMPWJICTaHNE aJre3MOHHOTO CIIos K MOJJIOKKE M K BEpXHe-
My QYHKIIMOHATBHOMY cior0. [To cHUMKax mutnda MOKHO YETKO OT-
CIIEZIUTh, KaK MPUIION pacTEKCsl M0 KOHTAKTUPYEMBIM MOBEPXHOCTAM
C HOAJIOKKOW X BEPXHHUM CJIOE€M HMOKPBITHSI CMauuBasi UX U 3aIOJHSS
HMMEIOLINECs TIOPBI U MYCTOTHI, YTO XapaKTepHO KalWUIIpHOHN naiike,
Pe3yJIbTaThl UCCIIEI0BAHMUS IPUTPAHUIHBIX CIIOEB MIO3BOJISIOT CAEIATH
MIpeIBapUTENbHBIHN BBIBOJI, YTO MTPOU3OIILIO YACTUYHOE pearnpoBaHue,
1 PaCTBOPEHHS HE3HAYUTEJILHON YaCTH MaTepualia TBepron (asbl mos-
JIOKKW M BEPXHETO CJIOsI, COMPSDKEHHBIX C TPUIIOEM HaXOSIIMMCS B
XKHUIKOH (paze, 4To XapaKTEpHO 1151 KOHTAKTHO-PEAKTHBHON MalKu, IPH
9TOM TaKKe BO3MOYKHO IPEINOI0KUATE O IPOTEKaHUH TPOIIECCOB AM(]-
($y31oHHOM MaliKy, IIe aTOMbl MaTepHaja IPUIos 3aHUMAaIOT BaKaH-
CHHM U Ipyrue Ae(eKThl CTPYKTYPbl MAaTEPHAIOB IOATI0KKH U BEPXHUX
CJI0EB MOKPBITUS. TakuM 00pazoM, AaHHAsE COBOKYNHOCTH SBICHHUN
1 MPUBOISILUX K HUM IPOLECCOB MIPOTEKAIOIINX BO BPEMsI pacIljiaB-
JeHus aJare3uoHHoro ciost Benenactsue TBU-o6paboTku, chopmu-
POBaHHOTO M3 MOPOLIKOBOro Marepuana npunosi cocraBa CuMnCo,
TO3BOJISIET 00ECTIEUNUTH MOBBIIICHNSI XUMUYECKON U MEXaHNUECKOH COo-
CTaBJIAIOIIUX are3MOHHON pouHOCTH. [Ipn 3TOM cTOUT OTMETB, UTO
MIPOBOIMMAsl MEXaHOAKTHBAIINS KaK IMMOBEPXHOCTH IMOIOKKH, TaK U
[TOPOILIKOBBIX MaTepHaJIOB HETTOCPEICTBEHHO Mepe]] HAllbIIEHUEM I10-
BBIIIAET X PEAKIMOHHYIO CIOCOOHOCTD, YTO TOXKE CIIOCOOCTBYET MH-
TeHCU(UKAIMY BBILIE TIEPEUNCICHHBIX MTPOLECCOB.

[Ipu 3TOM COmIacCHO PUCYHKY 2 MOXHO YBHUJETb, KaK BIOJIb BCETO
aJIF€3UOHHOIO CJIOSl PACIIPOCTPAHSAETCS TPEIIMHA IPUMEPHO PABHO-
yAaJeHHasl Ha BCEM NPOTSHKEHUH OT TPAHULIBI MTOKPBITHE-TIOIOKKA.
OTO TOBOPHUT O pa3pyLICHUH aATE3NOHHOTO CJOS (KOT€3MOHHBIN THII
paspyLIeHus) [0 XapaKTepy HAOMHUHAIOIINH pa3pyLIeHUe BCICICTBUE
BO3HUKHOBEHMS OOJIBIIMX 10 3HAUEHHUIO OCTATOYHBIX HAIPSDKEHUH
HMMEIOIUX CKaYKOOOpa3HbI Mepexo BUAa BOSHUKAIOMINX HampsbKe-
HUH C pacTArMBAIOLINX Ha CKUMAIOLINE HANpPsDKEHHs (CMEHa 3HaKa),
COBIAJAOINN € TMHUEN pa3BUTHs TPEUIUHBL. Takoe pa3pylleHue xa-
PaKTEpHO IIPHU HEBEPHO MOAOOPAHHBIX PEKMUMAaX MOBEPXHOCTHOM Tep-



76 Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International

M000paboTku B yactTHocTH TBY 3akanku. OHAaKO JeTaJIbHbIN aHAN3
TTOKa3aJI IeITbIii KOMIUIEKC MTPHYUH CIIOCOOCTBYIOIINUX JAHHOMY THITY
pazpymeHus. Tak BO3HUKAIONINE HATPSDKCHUSI SIBJISIIOTCS CIICACTBHU-
€M HEBEPHO IMOI00pAaHHBIX PEKUMOB, B PE3YJIETATe YETO BO3HUKACT
MHOYKECTBO 30H UMEIOIINX Pa3INIHYI0 CTPYKTYPY B 3aBUCUMOCTH OT
TEMIIepaTypbl HarpeBa U CKOPOCTH OXJIAXKACHUS, YTO XapaKTEPHO IS
MalKy ¥ CBapKW. YCYTyOJsieT JaHHOE SBICHUE pasziudne B KodpQu-
LMEHTAaX TEIUIOBOIO PACHIMPEHUS KaK JIMHEHHOT0, TaKk U 00BEMHOTO
MaTepHUalioB TMOJIOKKH W CIIOEB MOKPHITHA. Takke CTOMT OTHECTH
crona 00beMHOE M3MECHEHHE BEPXHETo (PYHKIMOHAIBHOTO CIIOS CO-
ctaBa TiNiZr sBASIOMIMXCS CIEACTBHEM BOSHUKAIOIINX (ha30BBIX Ipe-
BpAIICHHUH, YTO XapaKTEPHO IS BCEX MAaTEePHUAJIOB IPOSBIIIIONTAX
noiumopdusm. [Ipu 3ToM BO3HHKAROIAS yCa/iKa aJIr€3UOHHOTO CIIOS
BCIIE/ICTBHE 3aITOJIHEHUS TIOP M MTYyCTOT, a TakKe HAJIWYHE Y CaMOro
aJITe3MOHHOTO CJIOSI IOPUCTON CTPYKTYPBI, UTO XapaKTEPHO Tra30Tep-
MHYECKUM METOJ]aM HaIbIJICHUS MOTYT MIPUBOIUTH K ()OPMHUPOBAHHUIO
BBITSIHYTHIX ITyCTOT, UMEIONIUX 3HAYUTEIILHBIC pa3Mephl IO ABYM Ha-
MIPaBIICHHUSIM B IPOCTPAHCTBE B CPABHEHUH C TPETHHM, BEPIIINHBI KOTO-
pO¥t MOTYT BEICTYIIATh B POJIA KOHIICHTPATOPOB HAIIPSIKCHIH, CHUXKAS
KPUTHYECKOE 3HAYCHUE HAIPSHKEHUST HEOOXOUMOTO JIJIS 3apOKICHHUS
W pacrpocTpaHeHus (PacKphITHs) TpemuHbl. Takum obpazom, B pe-
3yIbTaTe MEePEUUCICHHON COBOKYITHOCTH SIBJICHUS IPOU30ILIO KOre-
3WOHHOE Pa3pyIIeHNe aAre3nOHHOTO CJOS MPUBE/IIee K OTCIOCHUIO
TIOKPBITUSI OT MOMIOKKHU. [Ipu 3TOM anre3noHHast MPOYHOCTH MEKITY
MTOKPBITHEM U TTOMJIOKKOW W MEXKIY CIOSMH TOKPHITHS (aIre3n0H-
HbIM U ()YHKIIMOHAJIBHBIM) 00ECIIEUNBACT MX IUIOTHOE COIPSIKEHUE,
YTO JIeNaeT TaHHBIH TEXHOIOTUYECKUH MMPUEM 0 TIOTYYCHHIO TTOKPHI-
THUM Ha MMOBEPXHOCTH JIETAJIEN C MOBBIIEHHON aJIre3MOHHON MPOYHO-
CTBIO BO3MOXKHBIM, COOTBETCTBEHHO IIPU MIPOBEJICHUU KOMILJIEKCA Mep
10 YMEHBIICHUIO WV JTUKBUAAIINN HETATUBHBIX ITOCIIEACTBUH SBICHUH
MIEPEUNCIICHHBIX BBIIIIE.

Tak 111 CHMKEHUS] HETaTHBHBIX TTOCIEACTBUH OT TIepEUNCIICHHBIX
SIBIIEHU, CTOUT HAHOCUTH IPUTION WITU TIO CPEICTBAM JTYKSHUS UITH TI0-
CJIe HalbUICHUsI IPOBOIUTH TOBEPXHOCTHO-TIACTHYECKOE IEPOPMHUPO-
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BaHue wim orasiexHre TBY. D1o no3sonut odecredn T MUHIMAJIBHYIO
MOPUCTOCTH U BBICOKYIO IIOTHOCTH aAT€3MOHHOTO CIIOSI, TIPECTaBIIs-
IOIIETO COOON COCTaB MPHIIOS, a TaK)Ke MPOTEKAHUS BCEX MPOIECCOB
B3aUMOJICHCTBHS TTOJUIOKKH M TIPUIIOST, 00ECTICUNBAIOLINX MOBBIIICHHS
aJire3uM MEXKy aAr€3UOHHBIM CJIOEM 1 IIO[UIOKKOI, YTO B CBOIO OUEPENb
MO3BOJIUT CHU3UTH BO3MOXKHYIO ycaaKy. Tarke CTOMT MoaOUpars mapsl
MarepuagoB M COCTaB HMPUIIOS C YUYETOM MX OOBEMHOIO M JIMHEHHOIO
W3MEHEHUS BCIICACTBIE U3MEHEHUS TEMITEPATyp HIIH P (a30BbIX Mpe-
BPALIEHUAX XapaKTEPHBIX AJIsI MAaTEPUAIOB UMEIOIINX TTOIMMOP(U3M.
Taxxe HeoOxoauMo moadupars pesxkumbel TBYU 00paboTku 3T0 U KO-
POCTb HarpeBa v TEMIIEPATypy HarpeBa U CKOPOCTh OXJIAXKACHHS U TITy-
OMHY BO3JEWCTBUS C IENbI0 YMEHBIIEHHSI BOSHUKAIOIINX OCTAaTOYHBIX
HAIPSDKCHUH a TAK)KE CMECTUTB TOUKY CKauKoOOPa3HOTO M3MEHEHH S 3Ha-
YEHUH HaNpsDKEHUH M 0COOCHHO BHIa BO3HUKAIONIUX HAIPSDKEHUH C
pacTIArMBarOIIMX Ha CKUMAIOIINE HaNpsDKEHUs (CMEHa 3HaKa), TaK 4To-
Obl JaHHAsl TOYKA HAXOAWIACH B TEJIE MOAJIOKKHU UIIN JIETANIH.
[pemnaraemslii crioco0 MONMyYeHUS] HA TIOBEPXHOCTH JIeTalleH 110-
KPBITHH C TOBBILICHHON a/Ir€3MOHHON MPOYHOCTBIO C UCIIOIb30BaHU-
€M B KaueCTBE aJIr€3MOHHOTO CJIOA CTIIaBa COOTBETCTBYIONIEMY COCTaBY
npunost ¢ nocneaymouield oopadorkoit TBY. Takoii aare3noHHbIH C10i
nocnie o6padotkn TBY 1o TemriepaTypsl TUIaBIEHUS MTPUIIOS MCTIONb-
3yeMOro B Ka4eCTBE aJre3MOHHOTO CJI0s1 00eCIIeunBaCT PACTEKAHUS U
CMAauMBaHMS €T0 C KOHTAKTUPYEMBIMH C HUM HOBEPXHOCTAMH. [ Ipu sTOoM
CTOUT OTMETHUTD, YTO IAHHAS TEXHOJIOT Sl MOJKET 00€CIIEUNTh TAKKE BbI-
COKYIO aJIr€3MOHHYIO IPOYHOCTH AJIsl HOKPBITUH, POPMHUPYEMBIX U3 Ke-
PaMHUYECKUX MOPOIIKOBBIX MaTepHaIoB, YTO MOXKET PEIIHUTH MIpo0IeMy
MIPUMEHEHUS TEXHOIOTUH ra30TepMHYECKOTO HABUICHUS /IS [IOJTyde-
HUsI (DYHKIIMOHAIIBHBIX CIIOCB M3 KepaMHU4ecKuX MarepuanioB. OnHako
HCIOJIB30BAaHUE TAKOTO METOZA MOMYyYEHNE MOKPBITUI C TOBBIILIEHHON
a/Ir€30HHON MPOYHOCTHIO AOJDKHBI YUUTHIBATH BCE OCOOCHHOCTH TEX-
Hostorun TBY 06paboTKH, BOBMOXKHYIO YcalKy, KO3((GHUINEHTH TeM-
[IEPaTypHOIO PACIIUPEHHs COCAMHSEMBIX MAaTE€pPHUaoB, BO3MOXKHBIC
00BEMHBIC M3MEHEHHSI MaTepPHUaAIOB NPH (Ha30BbIX MPEBPAILEHHIX TI0-
JUMOP(HBIX MaTEPUAJIOB, INIOTHOCTh aAT€3HOHHOTO CJI0SI U METOABI €T0
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MOJTYUESHUSI, & TAKKe MOA00P MPUIIOSL COCTABA JUIsl COSTMHAEMbIX MarTe-
PHAJIOB C BO3MOXKHOCTBIO 0OECIICUEHHMS TPOTEKAHMUS IIPOLIECCOB Xapak-
TEPHBIX JUISI TPEX THITOB MaWKW: KaWJUIIPHON Maiiku; andy3noHHON
MaiiKN ¥ KOHTaKTHO-PEAKTUBHON MANKH, YTO B COBOKYITHOCTH TIO3BOJIUT
MTOBBICUTH XUMHUYECKYIO0 U MEXaHUYECKYIO COCTABIISIOIINE aIT€3NH.

Paboma svinonnena npu ghunarcosoti noodepocke epanma Cmunen-
Ous npesudenma Poccuiickott @edepayuu (0ocosop NeCl1-399.2019.1)
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PABPABOTKA HHCTPYMEHTA
NPUHATUA DOPEKTUBHBIX PEIIEHUAN
B OBJIACTU UHBECTUPOBAHMUSA

P.P. Kpanueun, I P. I'ymeposa,
I'A. I'apeega, P.P. Bacwipos

B cmamve paccmampusaromes éonpocet npunsmus s¢pghexmusnvix
peuieHull 06 UHBECMUPOBAHUU 8 KOMMepyecKue cuema u 8aniomal. /s
mo2o, Ymoobwbl 3HAMb HA CKOILKO 3MU peteHus 0y0ym 6bl200Hbl 8 001
20CPOUHOIL nepcnekmuge, HeoobXoouma CneyuaIu3upOBarHHas UHQpop-
mMayus: 0anHvle OUHAMUK POCMA, NAOEHUs CMOUMOCIU CYemos U 6a-
JIIOM, AHATUMUYECKUe C8eOeHUsl, NPU SMOM OMCYMCmeyem eOuHblil
UCMOYHUK, 20e dMu OaHHble OYOYmM HAKANAUBANLCS, CUCTEMAMU3U-
POBAMBCS U XPAHUMBCAL.

Iens — coz0anue uncmpymenma 0as coopa u XpaHenus napame-
MpPO8 UHBECUYUOHHBIX CUemMO8 OJisl UX AHAIU3A U NPUHAMUS dPgheK-
MUBHBIX peuleHUll 8 001aACMU UHBECMUPOBAHUA.

Memoo unu memooonozus npoeedeHus pabomol: 6 cmamoe pac-
cmampusaemcsi cnocob, KOmopwlii pedaiuzyen uncmpymenm coopa
CReYUuaIU3uUpOBAHHON UHGOPMAYUY UHBECTIUYUOHHBIX C4emOo8, O pe-
anuzayuu ucnonwvzyemcs: baza oanuvix Postgresql u s3vix npoepammu-
posanus Python

Pesynvmam: paspadboman coO6CmEeHHbIU YHUKATbHBIL UHCPY-
MeHM, KOmopblll pedanuzyem QyHKyuu coopa u XpaneHus uH@opmayuu
no ungecmuyuonHvim cuemam. Oonacmo nNPUMEHEeHUs. Pe3yIbmamos.
nomyueHHvle OaHHble, XpaHauuecs 8 6aze OaHHbIX, YerecoodPA3HO UC-
NOb308AMb OIS BbIAGIEHUS 8bICOKOOOXOOHBIX CHEMO8 U NOCTedYIouye-
20 UHBECTNUPOBAHUS.

Knroueswvie cnosa: Python; Requests, oubnuomexa, sanpoc, jSon;
napcune, postgresql;, pamm cuema
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DEVELOPMENT OF A TOOL FOR MAKING EFFECTIVE
DECISIONS IN THE FIELD OF INVESTMENT

R.R. Krapivin, G.R. Gumerova,
G.A. Gareeva, R.R. Basyrov

The article discusses the issues of making effective decisions about
investing in commercial accounts and currencies. In order to know
how much these solutions will be beneficial in the long term, special-
ized information is needed.: data on the dynamics of growth, decline in
the value of accounts and currencies, analytical information. But there
is no single source where this data will be accumulated, systematized
and stored.

Purpose — create a tool for collecting and storing the parameters
of investment accounts for their subsequent analysis in order to make
an effective investment decision.

Method or methodology of work: the article discusses a method
that can implement a tool for collecting specialized information of in-
vestment accounts, two tools can be used for this: Postgresql databases
and Python programming language

Result: a tool has been developed that performs the function of col-
lecting and storing information on investment accounts.

Scope of the results: the data obtained, which are stored in the da-
tabase, should be used to identify high-yield accounts for subsequent
investment.

Keywords: Python, Requests; library, query; json, parsing; post-
gresql; pamm accounts

Brenenmne

B pasBUTBIX cTpaHax OrPOMHYIO POJIb B KM3HU HACEJIICHHS UTpa-
10T uaBectunuu. Jlo 80% amepukanIieB 1eIar0T UHBECTUIIUHU B aKITUH
KPYITHBIX KOMIIAaHHI | TTOJTy4Yal0T TI0 HUM JTUBUICHABI (/17151 CpaBHEHMUS,
B P® st0T mokazarens coctarinset 1%). Brmoxxennsie cpenctsa pabora-
0T Ha CBOETO BIIaJeNbla B pexxume 24/7, a 3aTeM U Ha ero TOTOMKOB.
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WHuBecTuiu — 0CHOBA JJIs OyAyIIero KaluTalia i pocTa 0J1arococTo-
stHUsL. JI71s1 yCTIeITHOTO MHBECTUPOBAHNS HY)KHA CTaTUCTHKA, HO HE BCE
BeO pecypchl 001a1ar0T noApoOHOM cTarucTukoi. Hammpumep, pecype
https://alpari-forex.org/ru/invest/pamm/ Ha KOTOPOM pa3MeLIeHa aKTy-
asnpHasg MHQOpPMAIS 110 MHBECTHIMOHHBIM pamm cdeTaM. J[aHHBIE
0 JUHAMUKE POCTa U MaJCHUS CTOMMOCTH yKa3aHbl Ha CTPaHUYKE
K)XIOTO cYeTa, HO OHM MMEIOT JIMIIb aKTyaJIbHYI0 HH(POPMALUIO Ha
TEKYIIMI JIeHb U JIMIIb 32 TOCICJHUE CYTKHU, BIOCIECACTBUN OHU Me-
HstOTCS (pUCYHOK 1).

Csoictea [NTAMM-cyeTa

Tun NAMM-cyeta pamm.pro.ecn.mt4 Homep NAMM-cyeTa 329842

Baniota usD Huk Ha popyme paymaster
YCTaHOBNEHHOE KPEIUTHOE NNeY0 1:100 BeTka Ha Gopyme T
TOproBbie OTYETbI ANA UHBECTOPOB HEAOCTYNHbI

Mokasatenu

MakcHMansHan 0THOCHTENbHas NPUBLUTL 313 363.49% DaKTop BOC NeHns 407

MaKCHMaAbHbIi OTHOCHTENbHBIA YBBITOK 84.76% KoahhLMeHT NpUpoCTa 3a Be BpeMs 2017.014 474
MaKcHManbHas AHEBHaA NPUGLING 80.97% KO3(pUUMEHT NPUPOCTa 32 NOCNEAHHil TOA 1.007 702
MaKCHManbHbIi AHEBHOT YGbITOK 37.92% KoapULMEHT NPUpOCTa 3a NOCNeAHHi KBapTan 1012422
Texyuwan npocaaka 15.66% KO3(MUUMEHT NPUPOCTa 38 NOCNEAHH MECALL 1
BONATUILHOCTS AHEBHOM ZIOXOAHOCTH 7.3% KO3(ULMEHT NPUPOCTa 3 NOCNEAHIOI0 HeAento 1
CpeHss reoMeTPUYECKan AOXOAHOCTD 9.83% KoadpuumeHT Kanbmapa 407
TEOMETPUYECKOE CTAHAAPTHOE OTK/IOHEHME OT AOXORHOCTH 41.36% KoadduumenT Liapna 108.8
CpenwsiA AHeBHas NPUGHING 3.84% Koa(puumeHT CopruHo 007
CpeaHit AHEBHOH YBBITOK 2.05% KoadduumenT Lisarepa 788.81

Puc. 1. Unrepecyromas nadopmanus o cuere

Heas padoTel: pazpadoraTs NporpaMMHoe obecriedeHue s coo-
pa 1 XpaHeHUs TaHHBIX TOKAa3aHHBIX HAa PUCYHKE 1.

Huist opranmzanuu coopa HHGOPMAIIUHU 110 MHBECTUIIMOHHBIM CYe-
TaM caiTa 1 MocIenyoINUM e€ XpaHEHUEM HY>KHO:

1. IlomyuuTh JaHHBIC C caiiTa UCTIONBL3YsS MOAYIb Python: Requests.

2. OrunsTpoBarh JaHHBIC W MONYYHTH YAOBIETBOPSIONIUE 3a-
pocy.

3. CoxpaHuTh HX B 0a3y JaHHBIX.

Jlnst mepBoro mara, BOCIoiIb3yeMcsl MOyJIeM 3alpocoB Requests.
UToOBI MOHSATH KAKOH 3apOC HY)KHO OTIIPABUTh Ha CAHT HYKHO BbI-
3BaTh BeO koHCONb kiaBumei F12, mepelitn Bo Bkiaaky Cerb u
HaWTH U3 BCEX 3alIPOCOB T€, YTO B 0TBET oTHpanisitoT JSON daiis
(puc. 2).
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rating.json?limit=25&offset=0&sort=rating.asc&count=true vendor.6aa5c1b9652e560¢305b... json

Puc. 2. 3anpoc, B kotopom Haxomurcst JSON daitn ¢ mrpopmaruei o cuerax

Pazbepem cTpykTypy 3ampoca:

https://alpariforex.online/invest/pamm/rating.json?limit=25&offse
t=0&sort=rating.asc&count=true

3nauenue limit=25. 3to konmuecTBO cueToB B 3ToM JSON aiine, B
KOTOPBIX XPaHUTCS BCst nHPopMarust o cyere (puc. 3), o uHaekcom 0
cofepKUTCs yHUKaNbHBIN ID cuera, 1 uHAeKC — Ha3BaHUE cueTa, 2 UH-
JIEKC — JIOTIONTHUTENbHAS HH(pOpManys U T.1., BCET0 WHAEKCOB Ha CUET:
143 v KaXpIi XpPAaHUT 3HAYCHUE WITH TEKCT, KOTOPAst OTHOCHUTCS K CUETY.
Ecnu npoBepuTh niepBbIii omydeHHbIH caeT B JSON, MOXKHO CpaBHUTH
MOy YEeHHBIE PE3YNIBTAThI C TEMH, YTO HAXOAATCS Ha caiite (puc. 4).

SUCCess: true

w data:
w items:
v 8
a: 329842
: I "moriarti”
2: "support lines"

Puc. 3. Conepxxumoe JSON daiina

alpariforex.online

TOProB/ifd HA FOREX MHBECTHULIMMA NPOrPAMM/

Moriarti

.
.
=

Puc. 4. Uadopmanus o cuere Ha caiite
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Kon Python st mosyueHus JaHHBIX C caifTa, 3TOT KOJI BBIIOJHSI-
€TCs B LIMKJIE, U IEpEMEHHAs page PeryaupyeT ¢ Kako CTpaHule Mo-
Jy4arhb JIaHHbIE CYETOB:

with requests.Session() as s:
if page == 0:
html_doc =
s.get('https://alpariforex.org/invest/ pamm/ratlng son?limit=25&offset=0&sort=ratin
g.asc&count=true ) content

html _doc =

s.get(f'https://alpariforex.org/invest/pamm/rating. json’11m1t 258o0ffset= page*ZS &s
ort=rating.asc&count=true').content # 5
data = json.loads(html doc)

JJ1s BBITTOITHEHUST BTOPOTO 111ara, HYXKHO BBIITOIHUTH COPTHPOBKY
U3 MOJIY4EHHOI'0 OTBETA OT caiiTa. IloinyyeHHbIe JaHHBIE UMEIOT CTPYK-
Typy JSON (paiina, riie mom Kak[pIM HHIEKCOM XPaHSATCS HY>KHBIE TIa-
pameTpsl, Bcero ux Oomnpine 150. HyxHbpie mapaMeTpsl 0TOOpaxeHbI
Ha pucyHke 1. B xone pyuHoro nepe6opa BbISCHSETCS, YTO BCE UHTE-
pecyromecs mapaMeTpsl UAYT HE 10 MOpAAKy. Tak K mpuMepy, OTo-
OpaskeHHe JOCTYMHOCTH MM HEAOCTYITHOCTH OTYETOB JUISl TOPTOBBIX
WHBECTOPOB HaxoauTcs mof 10 mHIekcoM, Ko PUIIMEHTH KadbMapa,
II1apmna, COpTHHO U HIBarepa UayT 1o nopsaxy, or 100 u go 103 unnex-
ca, a cam HoMmepc cueta nox 0 maaekcom. [loaTomy asst 3amucu Hyx-
HBIX JaHHBIX, HY’)KHO 00paIarhcs K Hy)KHBIM HHJIEKCaM, OCTaJIbHBIE
OyIyT aBTOMaTHYECKH OTCESHbI U3-32 HEHAI0OHOCTH.

ITocne nmonmyueHus: akTyanbHON HH(POPMAITUH, HEOOXOAMMO COXpa-
HUTb 3TH JIaHHBIC B 023y NaHHBIX, /IS TOT0 UCIIOb3yeTCs ONOIMoTeKa
psycorp2. Konx nist BHeceHus mHpOpMAITIU O cueTax B 6a3y, rie data

310 JSON (haiin ¢ JaHHBIMHU O CUETaX:

f add_info_in_bd(data):
conn = return_conn()
cursor = conn.cursor()
for info_pamm in data['data']['items']:
if 1 == info_pamm[10]:
info_pamm[10] = 'JocTynHbl'
else:
info_pamm[10] = 'HepocTymbi'

now = datetime.datetime.now()

name_pamm = info_pamm[1]
Makc_oTHocuTenbHasa_npubbinb = info_pamm[44]
Makc_oTHOCUTeNbHbIA_Y6bIToKk = info_pamm[36]
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Makc_paHeBHaa_npubbinb = info_pamm[79]
Makc_paHeBHOW_y6biTok = info_pamm[81]
Tekywasa_npocaaka = info_pamm[43]
BonaTunbHOCTb_JHEBHOW_A0X0AHOCTU = info_pamm[30]
Cpep_reomeT_soxoAHocTb = info_pamm[21]
Feo_cTaHAapT_OTKAOH_OT_soxod = info_pamm[27]
CpepHAs_AHeBHaA_npubblib = info_pamm[76]
CpepHuii_AHeBHOW_y6biTok = info_pamm[77]
®akTop_BoccTaHoBneHuA = info_pamm[51]
Koad_pocTa_3a_Bce_Bpema = info_pamm[72]
Koad_pocTa_3a_nocnepuuii_rog = info_pamm[71]
Koad_pocTa_3a_nocnepuunii_kBaptan = info_pamm[70]
Koad_pocTa_3a_nocneauuii_mecay = info_pamm[69]
Koad_pocTa_3a_nocnepHww_Hepenw = info_pamm[68]
Koad_Kanbmapa = info_pamm[100]
Koa¢ llapna = info_pamm[101]
Koa¢p_CopTuHo = info_pamm[102]
Koa¢_llBarepa = info_pamm[103]
cursor.execute (f"""INSERT INTO {name_table} (XocT, Bpemsa_napcuura,
HasBaHue_cyeTta, Tun_[IAMM_c4yeTa, BanwTta, YcTaHOBNeHHOe_KpeauTHOe Mseyo,
ToproBble_oTyeTbl_Ansa_uHBecTopoB, Homep MMAMM cueTa, Huk_Ha_¢opyme,
Makc_oTHocuUTenbHas_npubbib, Makc OTHOCUTENbHbIN_Y6bITOK,
Makc_pHeBHas_npubbinb, Makc_gHeBHOW_y6biTok, Tekywas npocagka,
BoNaTUNbHOCTb_AHEBHOW_AOXOAHOCTU, Cpef_reomeT_AOXOAHOCTb,
[eo_cTaHAapT_OTKAOH_OT_Aoxoh, CpeAHAs_fHeBHas_npubbiib,
CpepnHuii_aHeBHOW_y6bITOK, GakTop BoccTaHoBneHus, Koa¢p pocTa_3a_Bce_Bpems,
Koa¢_pocTa_3a_nocnegHuii_rog, Koa¢_pocTa_3a_nocnegHuin_ksapTan,
Koa¢_pocTa_3a_nocnegHuii_mecsal, Koad_pocTa_3a_nocnepHwiw_Heaenio,
Koa¢_Kanbmapa, Koad_llapna, Koa¢p CopTuHo, Koad_liBarepa)
VALUES ('https://alpari.finance/ru/',
"{now.strftime("%Y-%m-%d %H:%M")}', '{info_pamm[1]}',
'{info_pamm[129]}', '{info_pamm[119]}',
"{'"1:"+(str(info_pamm[130]))}', '{info_pamm[10]}',
'{info_pamm[@]}', '{info_pamm[127]}",
%S, %S, %S, %S, %S, %S, %S, %S, %S, %S, %S, %S, %S, %S, %S, %S,
%S, %S, %S, %s)""", (Makc_oTHOCUTenbHas_npubbiib,
Makc_oTHOCUTeNbHbIN_Yy6bITOK, Makc_AHeBHas_npubbiib,
Makc_JAHeBHOW_y6bITOK, Tekywas_npocaaka,
BONaTUNbHOCTb_AHEBHOI_AOXOAHOCTU, Cpep_reomMeT_AOXOAHOCTb,
Feo_CTaHAapT_OTKOH_OT_Aoxoh, CpefHAs_AHeBHas_npubbiib,
CpeaHuil_aHeBHOW_y6bITOK, ®akTop_BOCCTaHOB/IEHMA,
Koa¢d_pocTa_3a_Bce_pemsa, Koad_pocTa_sa_nocnegHui_rog,
Koa¢_pocTa_3a_nocneanuii_kesaptan, Kos¢_pocTa_s3a_nocneaHuii_mecsal,
Koad_pocTa_3a_nocnepHioi_Hepenw, Koad_Kanbmapa, Koa¢_llapna,
Kos¢_CopTuHo, Koa¢_liBarepa))
conn. commit()
cursor.close()

To, kak BRIISIINT TabnuIa ¢ JaHHBIMA Ha cepBepe b/l, mpencras-
JIEHO Ha pucC. 5:
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PesynbTat  [Mnak BLINONHEHHS  COOGLIEHNA

p Hossamecwern ?n_ﬂAMM_me}a Banrg. YeTanosngy ;r:xp'mbme_owéyl. :?:;pﬁ :nif_na,@opy;e Maxc,0 f::xc_omga vk::lc_nnewj)ﬂ, ,‘:fru"!}w

text text ¥ text

Moriarti

n. USD  1:100

usp 1:3000

UsD  1:3000
usD 1:1000
UsD  1:3000
RUR  1:1000
1:100
1:500

1:500

Puc. 5. [lannsie B Tabmuue PostgreSQL

Pe3yabTaTsl padoTsl

Takum 00pa3oM, Ha OCHOBE S3bIKa MporpamMmmupoBanus Python u
0a3bl TaHHBIX Postgresql, pazpaboTaH HHCTPYMEHT, KOTOPBIH MO3BOJIS-
€T BBIBOJIUTH U XPAHUTh JJAHHBIE 110 cYeTaM C BeO-caiiTa, a TaKKe BbI-
SIBJIATH T CYETA, KOTOPBIC UMEIOT TIOJIOKHUTEIILHYIO THHAMHKY K POCTY.
PazpaboTka BBIIONHSET €KEeJHEBHBIN COOp MHPOPMAIIMH 10 BCEM CUe-
TaM. Taxke MPUCYTCTBYET BO3MOKHOCTh KOHCTPYHUPOBATH Pa3TUIHBIC
3ampocChl K 0a3e JaHHBIX: 10 KOHKPETHOMY CUETY, CYeTa CTOUMOCTb KO-
TOPBIX BBIPOCIIA, yIaia, BOBCE HE N3MEHWIACh. Pe3ynbTarhl, KOTOphIe
BBIJIACT pa3paboTKa, TO3BOJIST NPUHUMATh PAllMOHAIbHBIC PELICHUS B
00JIaCTH MHBECTUPOBAHUS, MUHUMU3UPYS PUCKH.

Cnucox numepamypul

1. Tox6eprI.C. UndopmarmonHsie TexHoIoruu: YueoHuk. M.: Academia,
2018.474 c.

2. barospuna E.B. MH(popmMaimoHHbIe TEXHOIOTHH B yIPABICHUH TPE/I-
npusitueM // Teopust M mpaKTHKa yHpaBJIeHUs: HOBBIE TTOAXOIbI. M.:
YHuBepcuTeTcKUi rymaHuTapHblil aunei, 2016. 217 c.

3. bapnosckwuii B.I1. Oxonomuka. M.: M3n. @opym. Uudpa-M, 2016. 672 c.

4. Bbacosckuil, JI.E. Dxonomndeckas Teopust: yaeonuk. M.: UTHOPA-M,
2016. 224 c.



90 Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International

5. besentep 3. OCHOBHBIC 3HAHHUS IO PHIHOYHON IKOHOMUKE B BOCHMH
nexnusx. [lep. c nem. M., 2016. 224 c.

6. benpuna E.b., Koznosa O.A. u 1p. Beenenne B 5KOHOMHUYECKYIO T€O-
puro. Exarepuntypr: YI'TY-YIIU, 2016. 210 c.

7. boiiko N.I1. Dxonomuka nis ropucto / N.I1. Boiiko, ®@.®D. Pridakos.
M.: IIpocmnekr, 2016. 272 c.

8. bongapp A.B. Dxonomuueckas Teopus. Munck: BI'DY, 2017. 477 c.

9. Osuapenko H.A. OCHOBBI 2KOHOMHKH, MEHEPKMEHTA ¥ MAPKETHHTA.
YueOnuk s 6akanaBpos. M.: [lamko u Ko, 2020. 162 c.

10.TTonukapniosa T.1. OcCHOBBI SKOHOMUKH. YYEOHHUK U MPAKTHKYM IS
CIIO. M.: IOpaiir. 2019. 254 c.

11.Bakdash J. Z., Marusich L. R. Repeated measures correlation // Front.
Psychol., 2017, vol. 8, 456. https://doi.org/10.3389/fpsyg.2017.00456

12.Berens, P. CircStat: AMATLAB toolbox for circular statistics // J. Stat.
Softw., 2009, vol. 31(10), pp. 1-21.

13.McKinney W. Data structures for statistical computing in python. In
S. van der Walt & J. Millman (Eds.) // Proceedings of the 9th python
in science conference. 2010, pp. 51-56.

14.Pernet C.R., Wilcox R., Rousselet G.A. Robust correlation analyses:
False positive and power validation using a new open source matlab
toolbox // Front. Psychol., 2012, vol. 3, 606.

15.Rouder J. N., Speckman P. L., Sun D., Morey R. D., Iverson G. Bayesian
t tests for accepting and rejecting the null hypothesis // Psychon. Bull.
Rev., 2009, vol. 16(2), pp. 225-237.

References

1. Gokhberg G.S. Informatsionnye tekhnologii [ Information Technology].
M.: Academia, 2018, 474 p.

2. Batovrina E.V. Teoriya i praktika upravieniya: novye podkhody [ Theo-
ry and practice of management: new approaches]. M.: University Hu-
manitarian Lyceum, 2016, 217 p.

3. Bardovskiy V.P. Ekonomika [Economy]. M.: Izd-vo Forum. Infra-M,
2016, 672 p.

4. Basovskiy, L.E. Ekonomicheskaya teoriya [Economic theory]. M.: IN-
FRA-M, 2016, 224 p.



International Journal of Advanced Studies: Transport and Information Technologies, Vol. 12, No 3, 2022 91

5. Beventer E. Osnovnye znaniya po rynochnoy ekonomike v vos ‘mi lektsiyakh
[Basic knowledge of the market economy in eight lectures]. M., 2016, 224 p.

6. Bedrina E.B., Kozlova O.A. et al. V'vedenie v ekonomicheskuyu teoriyu [In-
troduction to economic theory]. Ekaterinburg: UGTU-UPI, 2016, 210 p.

7. Boyko L.P. Ekonomika dlya yuristov [Economics for lawyers] / L.P.
Boyko, F.F. Rybakov. M.: Prospekt, 2016, 272 p.

8. Bondar’ A.V. Ekonomicheskaya teoriya [Economic theory]. Minsk:
BGEU, 2017, 477 p.

9. Ovcharenko N.A. Osnovy ekonomiki, menedzhmenta i marketinga.
Uchebnik dlya bakalavrov [Fundamentals of economics, management
and marketing. Textbook for bachelors]. M.: Dashkov i Ko, 2020, 162 p.

10.Polikarpova T.I. Osnovy ekonomiki. Uchebnik i praktikum dlya SPO
[Fundamentals of Economics. Textbook and workshop for open source
software]. M.: Yurayt, 2019, 254 p.

11.Bakdash J. Z., Marusich L. R. Repeated measures correlation. Front.
Psychol., 2017, vol. 8, 456. https://doi.org/10.3389/fpsyg.2017.00456

12.Berens, P. CircStat: A MATLAB toolbox for circular statistics. J. Stat.
Softw., 2009, vol. 31(10), pp. 1-21.

13.McKinney W. Data structures for statistical computing in python. In
S. van der Walt & J. Millman (Eds.). Proceedings of the 9th python in
science conference, 2010, pp. 51-56.

14.Pernet C.R., Wilcox R., Rousselet G.A. Robust correlation analyses:
False positive and power validation using a new open source matlab
toolbox. Front. Psychol., 2012, vol. 3, 606.

15.Rouder J. N., Speckman P. L., Sun D., Morey R. D., Iverson G. Bayes-
ian t tests for accepting and rejecting the null hypothesis. Psychon. Bull.
Rev., 2009, vol. 16(2), pp. 225-237.

JAHHBIE Ob ABTOPE
Kpanusun Poman PycaanoBuy, ctyneHt
Habepescnouwennunckuii ghunuan Kazanckozo HAYuoHAanwHo20 uc-
€1e008amenbCKo2o mexHudeckozo ynusepcumema um.A.H. Tynoneea
yi. Axademuxa Koponesa, 1, e. Habepeoicnvie Yennoi, 423814,
Poccuiickaa @eoepayusa
Jerichotyrantl(@yandex.ru



92 Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International

l'apeeBa I'yabHapa AJbs0epTOBHA, 3aBenytomuii kadenpoit Madop-
MAaI[MOHHBIX CHCTEM, KaH]I. I1e]]. HayK, JOICHT
Kazanckuil HauuoHAIbHBII UCCACO08AMENbCKULL MEeXHUYEeCKULL
yuugepcumem um. A.H. Tynonesa-KAU
yi. Axademuxa Koponesa, 1, e. Habepeoicnvle Yennol, 423814,
Poccuiickas @edepayus
gagareeval 97 7@mail.ru

I'ymepoBa I'yzens PaBuiieBHa, KaHJ. SKOH. HayK, JOLUEHT Kadeapsl
HNHopMaITMOHHBIX CHCTEM
Kazanckuii nayuonanvusiil uccie0ogamenbckuti mexHuyeckuil
yuugepcumem um. A.H. Tynonesa-KAU
. Axademuxa Koponesa, 1, e. Habepeoicnvie Yennvl, 423814,
Poccuiickas ®edepayus
gumerova_gr@mail.ru

BaceipoB Pycian PamuineBuy, kaHj. TEXH. HayK, JIOLEHT
Habepescnouennunckuti uncmumym K@Y
np. Crorombuxe, 10a, . Habepeicnvie Yennol, 423812, Poccuii-
ckas Gedepayus
Bars@mail.ru

DATA ABOUT THE AUTHORS
Roman R. Krapivin, student
Naberezhnye Chelny branch of Kazan National Research Tech-
nical University named after A.N.Tupolev
1, Akademika Koroleva Str., Naberezhnye Chelny, 423814, Rus-
sian Federation
Jerichotyrantl@yandex.ru

Gulnara A. Gareeva, Head of the Department of Information Systems,
Candidate of Pedagogical Sciences, Associate Professor
Kazan National Research Technical University named after A.N.
Tupolev-KAI



International Journal of Advanced Studies: Transport and Information Technologies, Vol. 12, No 3, 2022 93

1, Akademika Koroleva Str., Naberezhnye Chelny, 423814, Rus-
sian Federation

gagareeval 977 @mail.ru

Scopus Author ID: 36801593200

ResearcherID: M-1728-2015

SPIN-code: 3279-8465

Guzel R. Gumerova, Candidate of Economy Sciences, Associate Pro-
fessor Department of Information Systems
Kazan National Research Technical University named after A.N.
Tupolev-KAI
1, Akademika Koroleva Str., Naberezhnye Chelny, 423814, Rus-
sian Federation
gumerova_gr@mail.ru

Ruslan R. Basyrov, Candidate of Technical Sciences, Associate Pro-
fessor
Kazan National Research Technical University named after A.N.
Tupolev-KAI
1, Akademika Koroleva Str., Naberezhnye Chelny, 423814, Rus-
sian Federation
Bars@mail.ru
Scopus Author ID: 56669679000
ResearcherlD: M-5875-2015
SPIN-code: 7989-1366

[Toctynmia 02.06.2022 Received 02.06.2022

Iocne peuensuposanus 20.06.2022 Revised 20.06.2022
[punsra 02.07.2022 Accepted 02.07.2022



94 Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International

DOI: 10.12731/2227-930X-2022-12-3-94-108
YIK 621.396.6.07.019.3

3AJJAYA BBIBOPA OIITUMAJIBHOI'O BAPUAHTA
KOHCTPYKIIUM CJOXHOMU CUCTEMBI B YCJOBUSX
HWHTEPBAJIbHOM HEONPEJEJTEHHOCTH

I1.B. Kanawunuxos

B pabome npusooumcs onucanue npoyecca b160pa OnmuMAanbHo-
20 8APUAHMA KOHCMPYKYUL CTLONCHOU MEXHUYECKOU CUCMEMbl 8 YCIL0-
BUSIX UHMEPBATLHOU HEONPEOeNeHHOCMU U HeNOTHOMbL UHPOPpMayUL
0 napamempax u gasosom cocmosnuu. 110006H020 copma npoodremvl
SGTAIOMCAL KPAlIHE AKMYATbHLIMU HA HAYATLHOM d1ane npoeKmupoea-
HUSL CILOJICHBIX CUCTNEM, KO2Od U3 MHOICECTNBA B03MONCHBIX 8APUAHINOE
HYJICHO OmMobpams me, Komopbule 6 601buLell CmeneHy cCOOmMeenmcmes)-
10Mm NpeowbABIAEMbIM PAZHOPOOHBIM KPUMEPUIM KA4ecmad U 6 Ooviuell
cmenenu He 6ce20a 0meeuaion HeOOHO3HAYHBIM NPEONOUIMeHUsIM TUYd
NPUHUMATOUe20 Peuletue.

Llenvro uccneoosanus sisisiemces pazpabomra 3¢phekmuenvix me-
Mo008 CPAGHEHUS PAZTUYHBIX BAPUAHINOG KOHCIPYKYUL CONCHBIX
cucmem Ha HAYATLHOM IMane npoeKmuposanis 8 YCi1o8usx unmep-
savbHoll Heonpedenennocmu. K 3adauam nposooumoco ucciedo8anus
credyem omHuecmu noCmpoenue MamemMamuyeckoll Mooenu yHKYuo-
HUPOBAHUS CILOJCHOU CUCTEMbL 8 YCLOBUSIX HEONPEOESTEeHHOCTU, d MAK-
JHCce aHanU3 OCHOBHBIX MEMO008 CPABHEHUSL AIbIMEPHAMUSE NPU PA3HO-
POOHBIX KpUMEPUSIX Kauecmad.

Mamepuansvt u memoodsl. B cmamve daemces onucanuem mooenu
DYHKYUOHUPOBAHUS CLONHCHOU MEXHUUECKOU CUCTEMbL 8 YCL0BUAX He-
ONpeOeleHHOCIU, A MAKJICe ONUCHIBATOMCS. OCHOGHBLE MEeMOObl CPAB-
HeHUsl pA3TUYHbIX 8APUANHINOE KOHCTPYKYUU CUCTEMbl HA HAYATbHBIX
IMANAx NPOEKMUPOBAHUSL 8 YCIOBUSIX HENOIHOMbL U HeONpPedeleHHO-
cmu uHghopmayuu, a makdice HeOOHO3HAYHOCMU NPEONnOYMeHUl Tuyda,
NPUHUMATOUe20 PeLUeHtue.
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Hayunas nHosusna peanuszyemoco nooxo0a cocmoun 6 Ucnoib3o-
BaHUU ANNAPAMa UHMeEPBAbHO20 AHAIU3A, NO36ONIOULe20 Haubolee
KOPPEKMHO YUUMbLEANb UMEIOWUE MECIO 803MONCHBLE NOSPEUHOCTI,
CBA3AHHBIE C UBMEPEHUEM 3HAYUCHUL XAPAKMEPUCMUK U3YHAeMbIX MeX-
HUYECKUX CUCTEM HA 6CEX dIMANAx npoyecca npoeKmupo8aHusl.

Oécyrcoenue u 3axniouenue. Paspabomarnnas 6 xo0e 6bINOIHEHHO20
UCCTIEO0BAHUSL MAEMATNUYECKAsL MOOETb NPOYeCcd yHKYUOHUPOBAHUSL
CLOJACHOU MEXHUYECKOU CUCIEMbL 8 )CTIOBUSX UHMEPBATIbHOU Heonpede-
JIEHHOCMU NO360JISIEM OCYULeCMEIISIMG OMOOP 6APUAHTOE KOHCIMPYKYUU
CUCMeMbl Ha HAYAILHBIX IMANAX RPOESKMUPOSAHUSL, VHUIMBLEASL 603IMONC-
HbLe NO2PEUHOCU U HEMOYHOCTU, BOZHUKAIOWUE 6 CESI3U C OMKIIOHEHU-
eM 3HAUEHUTL OM PACUEMHBIX HOMUHATILHBIX 3HAYCHULL.

Knrouesvle cnosa: npoekmupoganue CloNCHbIX CUCTEM, UHMED-
sanbHAsl HeonpederenHocmy, npunyun Ilapemo,; paznopoouvie Kpu-
mepuu Kavecmed

THE PROBLEM OF CHOOSING THE OPTIMAL DESIGN
OPTION FOR A COMPLEX SYSTEM UNDER CONDITIONS
OF INTERVAL UNCERTAINTY

PV. Kalashnikov

The paper describes the process of choosing the optimal design
option for a complex technical system under conditions of interval
uncertainty and incomplete information about the parameters and the
phase state. Problems of this kind are extremely relevant at the initial
stage of designing complex systems, when from a variety of possible
options it is necessary to select those that are more consistent with the
heterogeneous quality criteria and do not always meet the ambiguous
preferences of the decision maker.

The aim of the study is to develop effective methods for comparing
various design options for complex systems at the initial design stage
under conditions of interval uncertainty. The objectives of the study
include the construction of a mathematical model for the functioning
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of a complex system under conditions of uncertainty, as well as the
analysis of the main methods for comparing alternatives with hetero-
geneous quality criteria.

Materials and Methods. The article provides a description of the
functioning model of a complex technical system under conditions of
uncertainty, and also describes the main methods for comparing vari-
ous options for the system design at the initial stages of design in con-
ditions of incompleteness and uncertainty of information, as well as
ambiguity of the preferences of the decision maker.

Results. The scientific novelty of the implemented approach lies in
the use of interval data statistics, which allow the most correct con-
sideration of possible errors associated with measuring the values of
the characteristics of the studied technical systems at all stages of the
control process.

The scientific novelty of the implemented approach lies in the use
of the interval analysis apparatus, which makes it possible to most cor-
rectly take into account the possible errors associated with measuring
the values of the characteristics of the studied technical systems at all
stages of the design process.

Discussion and Conclusions. The mathematical model of the pro-
cess of functioning of a complex technical system under conditions of
interval uncertainty developed in the course of the study allows selec-
tion of system design options at the initial stages of design, taking into
account possible errors and inaccuracies arising from the deviation of
values from the calculated nominal values.

Keywords: design of complex systems, interval uncertainty; Pareto
principle; heterogeneous quality criteria

BBenenne

[IpoexTupoBaHNE CIOXKHBIX TEXHHYECKUX CHCTEM OTBETCTBCH-
HOTO Ha3HAYCHUS MPEACTABISACT COOO0W KOMIUIEKCHYIO Mpoliemy,
pelIeHne KoTopoit TpedyeT COBMECTHOTO MPUMEHEHHS OCHOBHBIX
MIPUHIIUIIOB CUCTEMHOTO TOIX0/a, a TAKKE MaTEeMaTUYECKOIO arma-
pata, aJleKBaTHBIM 00pa30M OIHCHIBAIONIETO Tpoliecc (PyHKIIMOHU-
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poBanus mogo6HOTO copTa cucteM [ 1-3]. OcoOeHHYIO aKTyaIbHOCTb
JaHHas MpodjeMaTuKa NpuoOpeTaeT, Koraa HAeT pedb 0 BHIOOpE OI-
TUMAJIbHOTO BapruaHTa KOHCTPYKIUHU CUCTEMbBI B YCJIOBUAX HEOIIPC-
JeJICHHOCTH ¥ HEMOJIHOTH HH(OPMAIIUK 0 3HAYCHHUSX MTapaMeTpax u
(ha30BOM COCTOSIHHH.

Br16op MaremaTiueckoro anmnapara, aeKBaTHBIM 00pa3oM OIHUCHI-
BAIOILIET0 NpoLecc PyHKIUOHNPOBAHUS IOZOOHOT0 COPTa CUCTEM, KaK
MPaBUIIO, OCHOBAH Ha MPUMEHEHUH METO/IOB MHTEPBAJIbHOTO aHAJIH3a
1 TEOPUU HEYETKUX MHOXKECTB [4, 5].

Ha naganpHOM 3Tamne IMPOCKTUPOBAHUS CIIOKHBIX TCXHUYCCKUX CU-
CTEM BO3MOKHBI CUTYAIMH, KOT/a JIMLO, IPHHUMAIOIEE PEIICHUE O
BI)I60p€ TOTO WJIX APYIoro BapuaHTa KOHCTPYKIIUNU HE UMECT YETKOI'O
MPEICTABICHUS O TOM, KAKOH MMEHHO M3 HUX MPEANOoYecTh. 3agada
OINITUMAJIbHOTO BEIOOPA KOHCTPYKIIMU CUCTEMBI B TOM CIIy4ae CBsI3aHa
¢ iepe0opoM OOJTBILIOTO KONUYECTBA alIbTEPHATUB, YIOBIETBOPSIOIINX
HECKOJIBKUM KPHUTEPUSIM KauyecTBa B YCIOBUAX cla0O0H CTPYyKTypUpO-
BAaHHOCTH, HETIOJHOTHI U HEONPECICHHOCTH HH(OPMAIIUU O ITapame-
Tpax CUCTEMBI U €€ (a30BOM COCTOSIHHU.

MaTeMaTH‘leCKaﬂ MOaeJIb (l)y}[RIIHOHI/II)OBaHI/IH
CJIOJKHOI CHCTEMbI B yciaoBusix I/IHTepBaJII:HOH HEONpeIeJICHHOCTH

Paccmotprm 00111yI0 MaTeMaTHIeCKy 0 MOZIENb (DYHKITMOHUPOBAHHI
CJIO’)KHOM CHUCTEMBI B YCIOBUSIX UHTEPBAJIBLHON HEOMPEACICHHOCTH.

[lycTs, cucrema S cocTouT U3 M drIeMEHTOB B (PYyHKIIMOHUPYET
B MOMEHTHI BpeMeHH t, 0<¢<7. DieMeHThl CHCTEeMbl B3aMOJEHCTRY-
FOT MEXJTy COOOM 10 KaHaJIaM CBSI3H, COSIUHSIONINM X KOHTAKTHBIC
KOMITOHEHTHI. Eciu aneMeHT B j=m AMeeT k KOHTAKTHBIX BXOJHBIX
KOMITOHCHTOB, TO KOHTaKT H0Mep1 i=1, k B_MQMQHT BpEMEHH t IPUHHU-
MaeT BXOJHOE 3HAYCHUE X(])(t) € [X(])(t) X(’)(t)] e X(])(t) X(])(t)
COOTBETCTBEHHO HIDKHSS M BEPXHsIs IPaHMIA HHTEPBAJIa JOMYCTUMBIX
3HAYEHUH 711 paccMaTpUBaeMOro mokasaresns. Jis ciaydast, Koraa sie-
MEHT B, umeer M, BBIXOJHBIX KOHTAKTHBIX KOMIIOHEHTOB KOHTAKT HO-
Mep k, k 1,m;B MOMeHT BPEMCHHU t BBIJACT BBIXOIHOE BO3ICUCTBUE

Yk(] ) (t) € [Yk(] ) (t), re YkU ) (b, Yk(] ) (t) COOTBETCTBEHHO HIIKHSIS U BEPX-
HsIsl TPaHMI[a HHTEPBaJIa I0MyCTUMBIX 3HAYCHHUH /Il TAHHON BETMYHMHBI.
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I'panuIlel HHTEPBAIOB 3HAYCHUN JJI PACCMATPUBAEMBIX BEJIMYUH
OTIPENEISIOTCS JOIMYCTUMBIM OTKJIOHEHHEM ITapaMeTPOB CUCTEMBI OT
pacYeTHBIX HOMUHATBHBIX TTOKA3aTENICH, PU KOTOPHIX TaHHBIN TEXHU-
YECKUI 00BEKT COXPaHsIET CBOK padOTOCMOCOOHOCTh. YHCIIO BXOTHBIX
1 BBIXOTHBIX KOHTAKTHBIX KOMITOHEHTOB M3BECTHO U OIIPEIEIIAETCS 3a-
paHee B XoJie IIpoliecca MPOSKTUPOBAHUS CUCTEMBI.

B nmanpHeiimem mpu onucaHuy Moie Ty GyHKIIMOHUPOBAHUS CIIOXK-
HOU CHCTEMBI B yCIIOBUSX HEOMPEACICHHOCTH IIPEIIONaraeTcs peau-
3a1us CIEAYIONHX yCIoBuil. JIro00it BXOAHON KOHTaKTHBIA KOMITOHEHT
Ka)XJIOTO JIEMEHTa CUCTEMBI COSMHEH KaHaJIOM CBsI3U He Ooyee yem
C OJTHUM BBIXOJHBIM KOHTAKTHBIM KOMIIOHEHTOM JIPYTOrO AJIEMEHTA.

Bremssis cpeia mpu MOCTPOCHUH MOJAETH CUCTEMBI S paccMaTpH-
BaeTCs B KauecTBe (pukTHBHOIO dnementa B, Ilycts, BXom U BbIXON
JIAHHOTO DJIEMEHTA COJEPXKUT COOTBETCTBEHHO 71, M /M, KOHTAKTHBIX
KOMIIOHEHTOB.

Brenewm crnemyromue 0603HAICHUS.

X;” — BXOIHOW KOHTAKTHBIH KOMITOHEHT HOMep | simemeHTa B,

Y(O) — BLIXO,I[HOfI KOHTaKTHBI KOMIIOHEHT HOMCED k snmementa BO’

B momenT Bpemenu t, 0< t < T BBIXOJHOE BO3/CHCTBUE CUCTEMBI
S Ha BHEUIHIOIO Cpely ONMUCHIBACTCS ¢ IOMOIIBIO HHTEPBAJIBLHOIO BEK-
TOpa -
X0 =(xP0, xP 1. ... XX, X2 ®) (1)

[X l(o) (1), X l(o) (t)]— mHTEpBa TOMYCTUMBIX 3HAYCHUH JTST BXOTHBIX
BO3JICHCTBUI B MOMEHT BPEMEHH t Ha KOHTAKTHBIA KOMIIOHEHT dJIe-
MeHTa B ¢ Homepom 1.

B momenT Bpemenu t, 0< t < T Bo3AeiicTBUE BHEIIHEW Cpelbl HA
cHCTEMY S ONMCHIBAETCS B BU/E HHTEPBAIBHOTO BEKTOPA 3HAYECHHH JIIst

BBIXOJHBIX KOHTAKTHBIX KOMIIOHCHTOB 3JICMCHTA B 2 CJICAYIOIICTO BUJa

v = (I 2®), O], ... 52, v ( 2)

rae
[Yk(o) (t), Yk(o) (t)]— MHTEpBAJ JOMYCTUMbIX 3HAYCHUH JIJIsl BBIXOHBIX
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BO3/IEHCTBHI Ha KOHTAaKTHOM KOMITIOHEHTE dJIeMeHTa B ¢ Homepom k
B MOMEHT BPEMEHM {.

BzaumoseiicTBue MexIy 3JIEMEHTaMHU CJIOKHOM TEXHUYECKON CH-
CTEMBI S, a TaKXkKe MEKy CUCTEMOU U BHELTHEH cpefol OMUCHIBACTCA
C MOMOILBIO MHOKECTBA KOHTAKTHBIX KOMIIOHEHTOB JAHHOM CUCTEMBI,
a TaK)Ke 3aKOHa PeoOpa30BaHUs BXOHBIX BO3/ICHCTBUN B BBIXO/IHBIC,

BgeneMm 0003HaYCHUS.

XY — MHOYKECTBO BXOJIHBIX KOHTAKTOB JIEMEHTA CHCTEMBI S HOMED

J, =0, M;
W — %HﬁKeCTBO BBIXOJTHBIX KOHTAKTOB 2JIEMEHTa CUCTEMBI S HO-
mep j, J N

X — MHOJKECTBO BCEX BXOIHBIX KOHTAKTHLIX KOMIIOHEHTOB CUCTEMEI S;
Y — MHOYKECTBO BCEX BBIXOIHBIX KOHTAKTHBIX KOMIIOHEHTOB CHCTEMBI S;
MpuoxecrBa XV u YV, X, Y uMeror Buj

XU = {Xl(]). . -X]g.)}:{xi(])}iil )
yh =, . Y,ﬁ{j)}:{ﬂ(j)}zjl %
XZUyI:o(X(])) ©)
Y:U?'io(yw) (©)

B MomenT Bpemenu t, 0< t < T MHO>KECTBO BXOJHBIX BO3ICHCTBUI
B CHCTEMeE S 3aJlaeTCs B BHJIC HaOOpa MHTEPBAIBHBIX BEKTOPOB X(1)
CJIEYIOIIETO BHJIA
XO A(xOW, xO©1. ... X ©, X0 0}

X @©, X1, XX, XL @)1, ..., (7)

w@m#%mm[W®#Wm»
e - _—

([X o) ®), X; ) ®]1, ....[Xg Y )(t) X Y )(t)]) MHOXECTBO HHTEPBAJIOB
JOMYCTUMBIX 3HAYEHHI ;[J'ITBXUHHHX BO3JICHCTBUI HAa KOHTAKTHBIX
KOMIIOHEHTAaX dJIEMEHTA Bj J—O, M B MOMEHT BpeMEHU t,

B MmomeHT BpeMeHn t, 0 <t <'T MHOXKECTBO BBIXOJHBIX BO3ICHCTBUI
B CHUCTeMeE S 3aJaeTCsl B BHJIEe HAOOpa WHTEPBAIBHBIX BEKTOPOB Y (t)
CJIEYIOIIETO BHIA
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ORI AR ORARIC) BN A ORET O
W@, D O 20, P, . (8)
A @, P OL...... a0 @), YO,

([Yl(j ) (v), Yl(j )(t)], ....[Y,g;,) (v), Y,gj)(t)]) — MHOYXECTBO MHTECPBAJIOB
JIOIYCTUMBIX 3HA4EHNIT 17T BBIXOAHBIX BO3/ICHCTBUI HA KOHTAKTHBIX
KOMIIOHEHTax dJIeMeHTa B, j= =0, M B MOMEHT BPEMEHH t

B MoMeHT BpeMeHH t cxeMa COTIPSDKEHMUS DJIEMEHTOB CHCTEMBI 3a-
JlaeTCs ¢ MOMOIIIBIO orepatopa F crnemyrorero Buaa

y®w) =F(xP @) kj=TM,l=Tm, i=Lk  (9)

e ) ] _
Xi(]) (t) I= [Xi(]) (t), Xi(]) (t) ]’

Yl(k) ) € Yl(k) ®), Yl(k) (t)]

Kaxnomy BXONHOMY 3HaYE€HUIO KOHTAKTHOTO KOMIIOHEHTA 3JIEMEH-
Ta HOMeEP j X; Y )(t) B MOMEHT BPEMEHHU t CTABUTHCSI B COOTBETCTBUE BbI-
XOHOE 3HaYeHNE KOHTAKTHOTO KOMITOHEHTA dJIeMeHTa Homep k Y(k) ®
paccMaTpuBaeMO€E B JAHHBI MOMEHT BPEMEHH.

Ecnau koHTaKTHBIN KOMITOHEHT X l-(] ) HE CBSI3aH HU C OJJHUM BBIXOIHBIM
KOHTAKTHBIM KOMIIOHEHTOM, TO orieparop comnpsbkenus F He onpezaenex.

Hcnonp3oBanne nHGOpMAITUH O COCTaBe MHOXKECTB X U Y, OIH-
CBHIBAIOIIUX COBOKYITHOCTbH BXOJHBIX U BBIXOIHBIX KOHTAKTHBIX KOM-
[IOHEHTOB AJIEMEHTOB CUCTEMBI S, a TaK)Ke IIPUMEHEHHE OlepaTopa
conpspkeHus F mo3BomsieT onucarh mporecc B3auMOACHCTBUS MEKIY
3IIEMEHTaMH pacCMaTPUBAEMON CUCTEMBI, a TAKIKE €€ CTPYKTYPY.

Pesyabrathl ucciienoBanus

IIpunsTHE pemieHUi B YCIOBUSIX HEONPEACICHHOCTH SIBIISET-
Csl CIIOKHOM KOMIUICKCHOH 3aaadeii, TpeOyroleil yuera MHOKeCTBa
(hakTopoB. OCOOCHHYIO aKTyaTbHOCTh JaHHAsS MpoOieMa IPHHUMACT
[IPU pEeIICHUH 33/1a41 BEIOOpA ONTUMAIBHOTO BapUaHTa KOHCTPYKIUH
CJIOKHOM CHCTEMBI Ha Ha4daJIbHBIX 3Tanax MPOEKTUPOBAHMS, TaK Kak
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JIUILY IPUHUMAIOIIEMY pellieHHe TIPUXOANUTCS JIeNaTh BHIOOP U3 OOJIb-
LIOTO KOJIMYECTBA AJIETEPHATUB, YIOBIETBOPSIONINX, KaK IIPABUIIO, Ha-
00py pa3HOPOIHBIX KPUTEPHEB KaYeCTBA.

Bri0op onTrmManbHOTO BapHaHTa KOHCTPYKLUH CUCTEMBI TpeOyeT
pa3paboTKH METOIOB CPaBHEHHSI ¥ ONPECTICHHS MTPEIOYTEHUS MEXK-
JIy Pa3HBIMH aJbTEPHATUBAMU B YCIOBHSAX HEONPEAEICHHOCTH U He-
YETKOCTH MPEANOYTEHUN OTHUX U3 HUX NEepe IPYTrUMHU.

JlocTtaTouHo 4acTo MpH MPOEKTUPOBAHUU CIIOKHBIX TEXHUYECKUX
CHCTEM OTBETCTBEHHOTO Ha3HaYeHUsI HEOOXOIMMO yUUTHIBATH HEOTIPE-
JIENICHHOCTD, CBSI3aHHYIO C TE€M, YTO PAJ] TapaMeTPOB IPUHUMAET CBOU
3HaUEHMs B paMKax 3apaHee 3aJaHHbIX HHTEPBAJIOB, COOTBETCTBYIOIINX
o0iacTsiM paboTOCTIOCOOHOCTH, 8 HE OTJCIEHBIM TOUCUHBIM TTOKa3aTe-
7M. Yuet nofo6Horo (hakropa HeonpeeIeHHOCTH BayKEH IIPH PEILICHUH
3a71a9 MHOTOKPUTEPHUATEHON ONTUMH3AINH, B KOTOPHIX HEOOXOFIMO BHI-
OpaTh HAMJTY UM BapUaHT KOHCTPYKIMU CUCTEMBI, yIOBICTBOPSIOLIMI
OJTHOBPEMEHHO MHOKECTBY PA3HOPOAHBIX KPUTEPUEB KAYECTBA.

Beenem crenyromue 0603Ha4CHUS:

V={Vp B = 1, N} — MHOXXECTBO BO3MOYKHBIX BAPHAHTOB KOHCTPYK-
LU CIIOXKHON TEXHUYECKON CUCTEMBI;

Ri(Vg) = [Ri (Vp), R_L-(Vﬁ,)] — WHTEpBAJI JOMYCTUMBIX 3HAYEHUN
KpUTEpHs Ka4e€CTBAa HOMEP 1 ISl allbTepHaTHBhI Vg € V;

K — obmree komu4ecTBO KpUTEpPHEB KadecTBa, KOTOPHIM JOJKHA
YAOBJIETBOPSITH MIPOEKTUPyEMas CUCTEMA S;

R; (Vp,) — HWKHAS TPAHULIA MHTEPBAJIA JOIYCTUMbIX 3HAYEHHH JUIs
BapUaHTa VB 10 KPUTEPHUIO HOMED 1, i=1, K;

R;(Vp,) — BepXHsisi rpaHHIa HHTEPBAIIA TOMYCTHMBIX 3HAYCHHUI JUIs
BapUaHTa V; 1o KpUTEPUIO HOMEP 1,i=1,K;

R(Vg) — BEKTOPHBIN KPUTEPHIA.

Bexropusiit kpurepuii R(Vg) 3aaercst B Bujic HHTEPBAIBLHOTO BEK-
TOpa CIEeNYIOIIEro BUaa
R(Vg) = (R1(Vp), R2(Vg), ... Ri(Vg)) = ([R1(Vp); R1(Vp)], [Ra(Vp); Ra(Vp)L.. . .

[Rx (Vg); Rx(Vp)]) (10)

PaccmoTpum MHOXKECTBO ;V ITapero-onTUMaIbHBIX BAPUAHTOB pe-

alM3aluy CUCTEMBI S, yOBIETBOPSIONINX YCIOBUIO
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Vi, > Vi, > > Vi, Vi, € 5V, (11)
3amaya BEIOOpA ONTUMAJIBHOIO BApPHAHTa KOHCTPYKLIUU CUCTEMBI B
YCIIOBUSIX MHTEPBAIBLHON HEONPeAeIEHHOCTH (hOpMAaTM3YeTCs CIIe/y-
FOIIIUM 00pa3zoM.
Heob6xoaumo HaiiTu ynopsinoueHHbIi Habop [lapeTo-onTuManbHbIX
BapHUAHTOB KOHCTPYKLUHU CUCTEMBI, YAOBJICTBOPSIIOLIMX ycioBHIO (11)
U SIBJISIIOILMXCS PELIEHUEM CIIEAYIOIINUX ONTUMU3ALUOHHBIX 33124

Ri(Vi) = min{Ri(Vp)}: Vi, € 3V, =LK, f=1N  (12)
Ry(Vi) = max{Ri(Vg)}; Vi, € 3V, =LK, B=1,N  (13)

OcCHOBHBIE ITOIXOBI K HOCTPOSHUIO ONTUMAJIbHBIX KopTexei [la-
peTo omnucaHsl B padorax [6-15].
st perienust 3aj1aun morcka onTUMaibHbIX kKopTexel [Tapero Boc-
MOJIb3YEeMCsI CIICAYIOIUM aJrOPUTMOM, BBEASI 0003HAUCHHUSI
M, — MHOXKECTBO BapHaHTOB CHCTEMBI, YIACTBYIOIIMX HA HAYaIlb-
HOM 3Tarie nepedopa;
M, — MHOXXECTBO BAPMAHTOB CUCTEMBI Ha dTane nepedopa Ne N;
M 1, ~ MHOKECTBO BAPHAHTOB CHCTEMBI, IIOSBHBIIIMXCS HA STaIE Tie-
pedopa Ne L, npo koTopble He ObUIO CBEIEHHUH Ha HaYaJIbHOM HTaIle
mporiecca nepedopa BapruaHTOB
My, N My=9 (14)
PaccMoTpyM BO3MOXKHBIE BapHAHTHI COOTHOLICHWS! MOLTHOCTEH
MHOXecTB M u M, M, 1, Ha dTane nepedopa ansrepHatus Ne L.
DIM| =My, My, =0 (15)
2)| Mo |>| M, | (16)
Yuco cucteM Ha dTane rnepedopa HoMep L MeHbIe, yeM Ha Ha-
YaJILHOM JTarie nepedopa.
)Mo | #| M|, M, #@. M, # @ a7
YYUTHIBAIOTCS CUCTEMBI, UMEIOIINECS HAa Ha4aJIbHOM 3Tare, a Tak-
K€ BHOBB IOSIBUBIINECS
H|M| =0, M, #0 (18)
Bce BapuaHTBI cucTeMbl peaau3yroTcs Ha 3tane Homep L.
Ecnu BeimonHeno ycnoswue (15), To BeIOMpaeTcst BapuaHT CUCTEMBI,
3aHUMAIOLIHIT [IEPBOE MECTO B KOPTEKE »V Ha HAYaIbHOM JTaIle.
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[Ipu BeImonHeHNY ycnous (16) 3 koprexa ;V YIAJSIFOTCS BCE BO3-
MOXHBIC BaApUAHTbI KOHCTPYKIUHU CUCTEMbI, COOTBETCTBYIOIINEC MHO-
KecTBy M \M, .

B cnydae peanmmzanuu ycioBus (17) BBITOMHSETCS MOCTPOCHUE
koprexa [lapero LI‘;V MIPEJICTABIISFOIIETO COOON pe3ysIbTaT aHaIn3a
CUCTEM, BXO/UIIIMX B MHOKECTBO My U M, . Onement Ne 1 manuOoro
KOPTEkKa SBIISIETCS UCKOMBIM.

3akarouenne

B xoze npoBenieHHOro HCCIIeA0BaHNs OIIMCaHbl OCHOBHBIE ITOIXO/IBI K
PELICHHIO 331a4K BEIOOPA ONTUMAaIEHOTO BapHaHTa KOHCTPYKIMH CIIOK-
HOM TEXHUYECKOH CHUCTEMBI B YCIOBUSIX UHTEPBAJILHOW HEOIPEIEIICH-
HOCTH U HETIOJHOTHI HH(OPMAIIMK 0 3HAYCHHUSIX [TapaMeTPOB U (ha30BOM
cocrosinuu. [locTpoeHHas maremarnueckast MOZIEIb CIIOKHOM CHCTEMBI B
YCIIOBHSIX MHTEPBAIBHON HEOTIPEIEIEHHOCTH TT03BOJISIET JIENIaTh BHIOOD
OINITHMAaJIbHOTO BapHUaHTa KOHCTPYKLUH CUCTeMBbl. PazpaboranHblii aro-
pPUT™M BI)I60pa TIO3BOJISICT YUHUTBHIBATH HAJTMYUEC PA3SHOPOAHBIX KPUTCPUECB
KauecTBa, KOTOPBIM JIOJKHA YIOBJIETBOPATH MPOEKTHPYyEMasi CUCTEMA B
YCIIOBHSX HEOIPEEIeHHOCTH. B 0CHOBE JaHHOTO ajIropuT™Ma JIexar Me-
TO/IbI TUTIEPBEKTOPHOT'O PaHKUPOBAHUSI KPUTEPHEB, a TAKIKE MOJIEIINPO-
BaHUS CJIOKHBIX CHCTEM B YCIIOBHSIX HHTEPBAJIbHON HEOIIPEIEICHHOCTH.
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ONITUMMU3AIUA U ITPOTHO3UPOBAHUE COCTOAHUA
B TPAHCIIOPTHBIX CUCTEMAX

ALE. JIveoeuu, A.Il. Ilpeobpasicenckuii,
T.B. Aéemucsan

Onmumusayust mpaHcnopmHou pabomul HeobXoo0UMa Npu HeKOHMpPOo-
JUpyemMom pocme onucantulx usoepoicex. Ilpoyecc onmumuzayuu mparc-
NOPMHBIX PACX0008 HA NPEONPUAIMUU HAYUHACMCS C AHATU3A MeKYuyell
Jlo2UcmuyecKkoll cmpamezuil U coopa pekomMeHoayutl no ee Koppexyuil.
AHanuzy noosepaaromcs maxue acheknvl mpaHcnopmHotl CUCImeMbl npeo-
NpUAMUAL: CNOcod nepemewujenuss 2py308; 6ol0Op Muna MpaHcnoOpmHoO20
Cpeocmaa u e20 KOHKpemHouU Mooeu;, no0Oop KOMRAHUU-NEPEBO3YUKA U
APOUUX TOSUCIIUYECKUX NOCPEOHUKOB, CXeMA PACNONONCEHUS CKIIAOCKUX
mepmuranos komnaruu. OnmumMu3UpOBaAHHAS MPAHCROPMHASL CUCTeMA
N0360/I51em CHU3UMb 3AMPamsl Ha NPOU3B00CHBO U PeanU3ayuio NPOOYK-
yuu, yeenuuums 3¢hhekmusHocmb pabomul NePcoHAd.

Cywecmeyem mpu 0OCHOBHbIX HANPABTIEHUS, HOBOBBEOEHUS 8 KOMO-
PbIX 0becheuam CHUdICeHUe 3ampam Ha NEPeo3KY 2PY308 U NACCANCUPOB:
8b100p ONMUMATILHBIX MPAHCROPMHBIX CPEOCME, NOOOOP ONMUMALLHO
PACNONONCEHHBIX PA3SPY30UHO-NOSPY3OUHBIX NYHKINOB, AHAIU3 Yellecoo-
OpasHocmu 81a0eHUss COOCMBEHHBIM NAPKOM MPAHCNOPIIHBIX CPEOC.

B pabome paccmampusaiomcesi 03MOHCHOCIU YRPABIEHU MPAHC-
NOPMHBIMU CUCTIEMAMU NPU YCI08UU BHEWHUX 6030eticmauil. [Ipuge-
0eHa UINCmpayus cxemvl A12OPUMMA peuleHus ONMUMU3AYUOHHOU
3a0auu, céa3aHHOl ¢ 8b100pOM HauanbHblx Oelicmeuti. [lokazana 603-
MOJHCHOCHb NPUMEHEHUSL NPOSHOCTNUYECKUX MOOeell.

IIpeonooicennvie 6 pabome nooxodwvl Mo2ym Oblms NONE3HLIMU NPU
YAYYmenuu pabomul pasiuyHblX MpaHCROPMHBIX CUCTIEM.

Knioueswie cnosa: mpancnopmunas cucmema; ynpasienue, onmu-
MU3AYUSA, OP2aAHU3AYUSL
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OPTIMIZATION AND STATE FORECASTING
IN TRANSPORTATION SYSTEMS

Ya.Ye. Lvovich, A.P. Preobrazhenskiy,
T.V. Avetisyan

Optimization of transport work is necessary in case of uncontrolla-
ble growth of the described costs. The process of optimizing transport
costs at the enterprise begins with an analysis of the current logistics
strategy and collection of recommendations for its correction. The fol-
lowing aspects of the transport system of the company are subject to
analysis: the method of movement of goods, the choice of vehicle type
and its specific model; the selection of the carrier company and other
logistics intermediaries; the layout of the company § storage terminals.
An optimized transport system can reduce the cost of production and
sales of products and increase staff efficiency.

There are three main directions in which innovations will ensure the
reduction of costs for cargo and passenger transportation: the choice
of optimal vehicles, the selection of optimally located unloading and
loading points, the analysis of the feasibility of own fleet of vehicles.

The paper considers the possibilities of transport system manage-
ment under the condition of external influences. An illustration of the
algorithm scheme of solving the optimization problem related to the
choice of initial actions is given. The possibility of using prognostic
models is shown.

The approaches proposed in the work can be useful in improving
the performance of various transportation systems.

Keywords: transport system, management, optimization, organization

Bgenenne

Brenpenue pa3nuuHbIX ANEKTPOHHBIX CIPABOYHBIX CHUCTEM B Ha-
CTOsAIIIee BPEeMs B TPAHCIIOPTHOW OTPACIH MPOUCXOAUT JOCTATOYHO
peryisIpHBIM 00pa3oM. AKTUBHBIM 00pa3oM MPUMEHSIOTCS CHCTEMBI
WHTEJUICKTYaThHOW TMOMIEPKKH paOOTHl CHEIHANINCTOB, KOT/a pe-
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LIAI0TCS 3a/1a4M, CBSI3aHHBIE C MPOTHO3UPOBAHUEM, TUATHOCTUKOM,
iaaupoBanueM [1, 2]. B psajge cmydaeB paOOTHUKH CTAlKUBAIOTCS C
CUTYaIlUsIMH, B KOTOPBIX TPeOYyeTCsl C/IenaTh BBIOOP MO COOTBETCTBY-
IOLIEeMY MHCTPYMEHTApHUIO, TAKOMY, KOTOPBIH OyJeT MakCHMalbHBIM
00pa3oM T0JIe3eH B paccMaTpuBaeMou cutyaruu. Jljist 3Toro Heoo-
XOOUMO 00magath TpeOyeMbIM OIbITOM paboThl. Takue kayecTBa Xa-
PaKTEePHBI TSI ONBITHBIX PAOOTHUKOB, KOTOPBIE 00Ia1af0T OOJIBITUM
CTa)KeM MPaKTUUECKON paboThl. B 3T0ii CBSI3M mpencTaBiseT HHTEpec
[IPUMEHEHHE HOBBIX HH(POPMALIMOHHBIX TEXHOJIOT U, YTOOBI OCYIIECT-
BJISTH (POPMHUPOBAHHNE TEXHUUECKHUX COBETYIOIINX CUCTEM, B HUX 00b-
CIMHSIOTCS 3HAHUS U OTIBIT PA0OOTHHUKOB.

Korna pazpabarbiBaroTcsi KOMITBIOTEPHBIE CHCTEMBI, KOTOPBIE CBsI3a-
HBI C MHTEJUIEKTYaIbHOH MOAEPKKH PadOThI CIIEUAICTOB TPAHCIIOPT-
HOW oTpacii, HeoOXoanMo odparars BHIMaHHUE Ha TIPOOJIEMBI CO3TaHHS
0a3 3HaHWI. B HUX BXOJST MOJeNH, HAalpaBJCHHbIC HA PUHATHE OI-
TUMAJIbHBIX PEIIEHUH, TPOTHO3UPOBAHMS, IUarHOCTUKy. [loatomy ms
MOBBILICHUSI KAYECTBA U HAICKHOCTH B BBIYHCIUTEIBHBIX TIPOLIETYPax
HEOOXOIUMO, YTOOBI OBUTH pa3paboTaHbl Pa3TUIHbIC MOAXOMBL. JlomK-
HBI OBITH TIOCTPOEHBI MIPOTHOCTUYECKHE M ONTHUMHU3AIMOHHBIE MOJIe-
nu. Peanusyercsi CHCTEMHBIM aHajIu3 MO MOMYyYeHHBIM JaHHBIM. OHH
MIpeaBapuTENLHBIM 00pa3oM oOpabareiBaroTCsa. ApxuBHas WH(OpMa-
UM CTPYKTYPHPYETCS B PaMKax €ANHON METOAMKH. J{JIsi KOMITIIEKCHOM
OLCHKH 3(P(HEKTUBHOCTH TOCTUTAEMBIX PE3YJIBTAaTOB SIBJISIETCS] BEChbMA
Ba)KHBIM IIPOBE/ICHHE pa3pabOTOK 10 MHTETrPaIbHBIM MTOKa3aressim [3].

B ananmmsupyemoil mpeaMeTHoi 00iacTi CyIECTBYIOT IPOOIEMBI
JUIsl cenUUKKN TPEJICTaBICHUS 3HAHWH, KOTZla OPTaHU3YIOTCS MPO-
LIECChI, HANPaBJICHHbIC HAa ONTUMAaIbHOE IUIaHUpOBaHue. HeT komuue-
CTBEHHOM OILIEHKH 110 MHOTYUM TOKazaTessiM. OnpeieneHHbIi TPOLEeHT,
CBSI3aHHBIA C JIOKHBIMU W3MEPEHUSIMH MOKHO BCTPETHThH B apXHBHOU
nHpopmanuu. MoryT norpedoBaTbCst CBOU IOAXObI IIPU PACCMOTPEHUU
KOHKPETHBIX TPAHCIIOPTHBIX OOBEKTOB B CHITY X HEOAHOPOTHOCTH [4].

[Ipu paccMoTpeHNH MIMPOKOTo Kjlacca 3a1ad B TPAHCHIOPTHBIX CHU-
CTeMax MOXHO HCIOIb30BATh METO/IbI CUCTEMHOTO aHaIM3a U MaTeMa-
TUYECKOT0 MOIECIUPOBAHHUS [5].
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Lenbro JaHHOM pabOTHI SBJISCTCS Pa3padOTKa METOINYECKOTO O/~
XO0/1a TSl ONITHMHU3AIMH U IPOTHO3MPOBAHHUS COCTOSIHUS B TPAHCIIOPT-
HBIX CUCTEMAX.

AHaJIU3 BO3MOKHOCTEH ONITUMHU3ALMH IeliCTBUIA

B TPAHCIIOPTHOM cUcTeMe

MHOXECTBO pa3/IMYHbIX BUJIOB BO3JEHCTBUI OKA3bIBAIOT BIUSHUE
Ha TO, KaK OyaeT c(hopMHPOBaH IIaH PadOT B TPAHCIIOPTHOM CHUCTEME.
Hexkotopbie U3 BO3IEHCTBHN SBIISIOTCS MEXKIY COO0M HECOBMECTHUMBIMHU.
3arparsl IPU 3TOM SIBIISIIOTCS] OTPaHUYEHHBIMU. CTIEUAIUCTBI CTPEMST-
Csl K TOMY, YTOOBI 00ECIICUUTh TOCTHIKEHHE MaKCUMAaIbHOTO 3 deKTa.
OMNBIT U UHTYUIMS CIICHUAINCTA MOTYT OKa3bIBaTh BIUSHUE HA TO, KaK
Oy/yT ITAHUPOBATHCS PA3IMIHBIC BUABI MEPONPUATHIA B ciucTeme. Ha-
[IPUMED, PA3JIUYHBIC CXEMbI JICHCTBUI MOTYT OBITh IIPUMEHEHBI JJIS O]
HUX U TeX ke curyaruid. CyecTBYIOT BOSMOXXHOCTH TSI TOTO, YTOOBI
3aMELIATh [10 KaKI0M U3 CXEMBI 3aIIaCHBIE YACTH HA OCHOBE UX aHAJIOTOB.
OnHM OyIyT OTIIMYATHCS C TOYKH 3PEHUST COBMECTUMOCTH, CTOUMOCTH,
3 PekTHBHOCTH. DPPEKT TeX MEPONPUSTHH, KOTOPbIE TUIAHUPYIOTCS,
MOXeT OBbITh CIIPOrHO3MPOBaH Ha 0a3e KOMIBIOTEPHBIX TEXHOJIOTUH U
C TIPUBJICYEHUEM COOTBETCTBYIOIIMX MareMaTudeckux mopeneit. [1pu
9TOM ILIaH B IaJIbHEHIIIEM MOXKET ObITh CKOppeKTHpoBaH. [IoHATHO, 4TO
HavyalbHBIE ICHCTBHS B CHCTEME 3aMETHBIM 00pa3oM OyIyT OKa3bIBaTh
BJIMSHUE HA PE3YJIBTaTUBHOCTD PEATU3yEMBIX CXeM [6].

HavanbHblil 11aH MEpONpUATUN MO PEMOHTY B CUCTEME MOXKET
OBITH aBTOMaTU3MPOBAHHBIM 00pa3oM BHIOpaH Ha OCHOBE ONTHMH3a-
LIMOHHOM MOZIe/N. AJIETEPHATHBHYIO MEPEMEHHYIO X, ( j= l,_n) MBI CO-
OTHOCHM C KaXJIbIM 3JIEMEHTOM BO3AeHCcTBUI B cucteme. OHa Oyaer
MIPUHAMATH 3HaYeHHe 1, Korjaa mpuMeHseTcs Takoe Bo3aericTeue, u 0
B IIPOTUBHOM city4ae. BBonmsaTcs k03(hUIMEHTH «IIEHHOCTH auc
TOYKH 3pEHUS MPEonaraeMoro 3¢ hexTa IpOUCXOIUT PAaHKUPOBAHHE
Bcex Bo3neicTBU. COBOKYITHOCTh PA3JINYHBIX MEPOTIPUATHIA aHAIIH-
3UPYETCS] U MPOUCXOIUT (bOgMPIpOBaHI/IC eJIeBOM (PyHKITUH:

Zanj_”naX' (D
J=1
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C Touku 3pCHUA 3aTpaT JOJIKHBI 6BITI) BBITIOJIHCHBI OTPaHUYCHUA
n
> zxi<Z. @
j=1

B xoz1e MozienpoBaHus HCTIONB3YIOTCSE Z, — 3aTPAThI, CBA3AHHBIC C
Jj-M BO3IIEHCTBHUEM;

7 paccMaTpuBaroOTCs B BUJIE OOIINX 3aTpart.

CyIIecTBYIOT OTpaHUYCHUS, CBI3aHHBIE C HECOBMECTUMOCTBIO pas-
JIUYHBIX MEPOTIPHUSITHI:

X§1+X§231; jpdy=tne t=1T, 3)

B X0A€ MOACTINPOBAHNA T paccMaTpuBacTCi B BUAC YHCJId BO3MOXK-
HBIX ITap TaKUuX BO3Z[G§ICTBI/II>1, KOTOPEIC ABJIAIOTCA HCCOBMECTUMBIMU.

I/ICHOHLSYIOTC}I OTpaHUYCHUS IO B3aMMO3aMCHACMBIM 3allaCHbIM
qacTiaM, KOTOPBIC 6YZIYT HAaXOOUTHCA B OJIHOf/'I rpymIe,

Y xi<l, a=LA, 4)
VieRg,4

B X0AC MOJACIMPOBAHUA A — gucno I'pyIil, B KOTOPbIC BXOAAT HE-
CKOJIBKO 3aI1aCHBbIX T-IaCTeI‘/‘I-aHEUIOI"OB;

Ra — paccMaTrpuBacTCd B BUAC COBOKYITHOCTH B3aMMO3aMCHACMBIX
3allaCHbIX 4aCTCU, KOTOPBIC OTHOCATCA K a-u I'PYIIIIC.

MOFYT 6BITI> BBCACHBI JONOJHUTCIIbHBIC OIPAHUYCHUS

Y xi=1, a=1A (5)
VieRy

Oun HCIIOJIB3YIOTCA, €CJIN B PCIHICHUHN 00s3aTenbpHO JOJIZKECH HC-
I10JIb30BaThCA OHpCIlCHGHHI:IfI JJIEMCHT U3 Ka)KI[Oﬁ TPpYIIbI 3allaCHbIX
yacTeil-aHaIoroB. 3a1aya JUCKPETHOTO MPOrpaMMHUPOBAHUS, CBS3aH-
Hasi C «paHIIeM», IMOJIy4aeTCsl KaK pe3yybTar (POpMUPOBAHUS MOICIIH.
MGTO,Z[LI MHOFO&HLTepHaTHBHOﬁ ONTUMHU3AIUN TIPUMCHAKOTCA IJIA
TOTO, YTOOBI PEIIATh ATY 3a/1ady.

AHaTUTHYECKUE 3aBUCUMOCTHA BO MHOTHUX ClIydasX OTCYTCTBY-
IOT, MOXCET 6BITB 60n},111a;1 PasMEpHOCTb, B 3aBUCUMOCTAX MOXKHO
BCTPETUTLCA C UX NUCKPCTHBIM U HEJIUHEUHBIM XapaKTepoM — 3TO
OTHOCHUTCA K XapaKTEpUCTUKaM 3aJa4 HCIIOYUCIICHHOI'O IMporpam-
MHUPOBaHUS.
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CremyeT mpuUMEHSTh METOABI ONITUMU3AIHH [ 7], 4TOOBI pemaTh Ta-
kue 3a/1auu. Torma MOYKHO 00eCTIeuuTh HCKITIOUeHHE epedopa 1o BceM
BO3MOKHBIM BapuaHTaM. ByayT y4TeHbl 0COOEHHOCTH TaKUX 3aj1ad.

PaccMoTpuM BO3MOXKHOCTH IPUMEHEHHSI METO/Ia BETBEH U TPaHMII
IUTS pa3paboTku anroputMa pernerus 3agaqu (1)-(4). [Ipu atom oren-
Ka 110 BepXHEH rpaHulle 1esieBoi GyHKIUY [8] OyJeT OCyIeCTBISIThCS
MIPOCTBIM U 3P (HEKTHBHBIM MTOIXOIOM.

Iposenem 3ameny Zjua Z1j, Z na bl,Z‘J[.1 =1, ZEZ =1lmu Z? =1Ha Zij,
t t a
X i X jpH X na Xi. [Ipu atom 3amaqy (1)-(4) npencraBuM Takum

CII0co00OM:

n
J=1
n —
> ZiiXj<bp i=1lm, )
J=1 _
X'E{Oal}a j=1,n, (8)

B XoJie MoJieniupoBanug m = T+1, bi =1 npu i:2,_m, TIpK 3TOM 2,
>0, z,> 0.

Brenem o6o3nauenne U — B BUIe MHOXKECTBA IMTIEPEMEHHBIX XJ;

S — cunTaercs MHOXKECTBOM (DUKCUPOBAHHBIX MTEPEMEHHBIX, KOTO-
pBIe OyAyT BXOIHTH B JOITyCTUMOE PEIICHUE;

Es— paccmarpuBaercs B Buie MHOXKECTBA 3aBUCUMBIX IIEPEMEHHBIX.
J1s HUX HEeT BO3MOXHOCTH JJIs1 BKITFOUSHHS B MHOXKECTBO S, TIOCKOIb-
Ky I10 HUM IIPOMCXOIUT BBIOJIHEHUE HEPABEHCTBA Zij~ bi- 2 ZijX j;

G, — paccMaTpuBaeTCs B BUJIE MHOXKECTBA CBOOOIHBIX )ﬁifﬁeMeH—
HbIX. Ha nx 6a3e peanusyercs mporecc BbIOopa, 4ToObl BKIIIOYATH B S
OUYEePENIHYI0 IEPEMEHHYIO.

ITycTs ucronp3yercs 0003HaUCHNE hij =ai / Zij, Ipearonaracm, 4To
X€ S (j=1,....k <n) 1 HAGTIOAETCS BBIIOIHEHHE yCIIOBHIA

hik+1Zhik2 2 2hjp 1=n, i=lm, ©)

1
> zi”bi- X2 zj, (10)
j=k+1 XjES
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-1 _
X zijS<bi— X zjjxj i=lm (11)
j=k+1 Xj€ S
bes Toro, 4ToOBI HapymiaTh HepaBeHCTBA (7), €CTh BO3MOKHOCTH
JUIS BBEJIEHUS dJIEMEHTOB X k+1° X k+2>>X]—] B MHOXKECTBO S. ITO
BeITeKkaeT u3 ycnoBuii (10) u (11). HepaBernctsa (7) He OymyT BBITION-
HATBCS, KOTIa 3JeMEHThI X k+1> X k42> X ] OylyT BBEJICHbI B MHOXE-
CTBO S.
MOoXHO OMPAThCsl HAa TAKOE BHIPAKEHKE, YTOOBI OTIPEICIISATh BEPX-
HIOIO TPaHUILy B peH_IeHI/II/I

eS
C Y4ETOM, YTO

LsM:min{le’LSZ""’Lsm}, (13)

1-1
= 2 ajthip b,,1_1m (14)

j=k+1
Abi=bi~ 2 zixj~ Z zu,l_1 m. (15)

XjES j—

C yueToM orpaHU4EHUN
) Ziixj<bi~ 2z Zinj:bi,izl,m,
xjeS j
Xj €{0,1}, xj€Gs.
noiy4aercs, uto L Oyxer He MEHbIIIE, YeM MaKCHUMajbHOE 3HAUYCHHE

BEIMUMHB 2. & jX j- D70 BhITEKAET U3 ycnoBui (9)-(11).
XJES

[IpoBenenue BBIOOPA 110 OYEPETHON TIEPEMEHHOM, YTOOBI BKIIFOUUTH
B MHOXXECTBO S, peanusyercst Ha 6a3e ycanosust hyXr = mMax hpfi(x j), B
xone moxemuposanmst hMj(x ) =aj/ zmj. xj€GS

IIpoucxomur onpenenenue Bennann Hg(xp) n H(xy) IpY BBIOpaH-
Hoi nepemenHoi X . Torma B S Oyner Bmodeno x = 1 mmm x_= 0.

[TycTh pu peLICHUH MBI BCTPETUMCSI C TEM, YTO BHYTPH MHOKECTBA
G HeT HIEeMEeHTOB, KOTOPHIE MBI MOJKEM BBECTH B MHOXKECTBO S 63
TOTO, 4TOOBI HApPYMHUTH orpanmdeHue (7). Toraa MeI MOXEM TIPUHSITH
KaK TepBOe NPUOIMIKEHHOE penenue L) To penienue, KoTopoe ObuIo

nonyueno Lg= 2. a X
X jeS
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[IponcxoauT UCKITIOYEeHNE U3 MTOCIIEAYIOIEr0 pacCCMOTPEHHUS BCeX
BEpUINH AEPEeBa MO BO3MOXKHBIM BAPUAHTAM, 10 KOTOPBIM €CTh BBIIIOJI-
Henue ycnosuid Ho < L.

W3 ocraBmmxcst BeTBeld OyaeT c/esiaH BEIOOp BETBU C MAKCHMAalh-
HbIM 3Ha4eHneM H. IIporecc, CBA3aHHBIN € TIONCKOM ONTHMAJIbHOTO
BapuaHTa OyJieT npogoinkeH. [lonydeHHoe penieHne OyaeT IpUHUMATh-
Csl B KQUYeCTBE HOBOTO MPHUOIMKEHHOTO pe3ysbTara, KoTraa B X0Je pe-
menus Gyzer onpeneneno Lg= 2 a ixj>Lo.

X jE

Korma mo Bcem ocTtaBmmMcs BeTBsIM OyZeT BBIIOJIHEHO YCIOBHE
H < L, Gyner 3aBepuieHue BHIMUCIUTETLHOM IPOLIELYPBI.

[IpoBepsitoTcs ycnoBust (7) mocie Toro, Kak MOJIYYeHO HOBOE pe-
wenue L. Jlocturuyroe penienue He OyJeT MPUHUMATHCS KaK HOBBIH
MIPUOMKEHHBIN PE3yIbTaT, €CIH OHU He OyAyT BBITOTHATHCS.

[Ipu mocTpoeHNN aNTOpPUTMAa PEIICHUS YIUTHIBACTCS BUJI OIITUMH-
3aIIMOHHON MOJIEIH, TIO3BOJISFOIIUI BECTH BBIOOP I10 IIaHY JICHCTBHIMA
[9]. B anropuTMe MOXHO yKa3aTh TaKHe YIPOIICHUS:

1. I[IpoucxoauT BBIYUCIICHUE TIEPBOTO MPUOIMKEHHOTO PEIICHUS
mepes TeM, KaK alrOpUTM HaudnHaeT padoTaTh. JTO AaeT BO3SMOXKHO-
CTH JUISI CYILIECTBEHHOT'O COKPAILIEHHS TTOCIIEAYIOIIETo Moucka. MokHO
ONMPATHCS Ha CIEAYIOIIHNE MTOIXOIbI:

a) B perieHne OyaeT BKIII0YAThCs 10 OJHOW BEpIIMHE, KOTOpas Xa-
pakTepu3yeTCcss MAaKCUMAIIbHBIM COOTHOIIIEHHUEM «IIEHHOCTHY/«CTOH-
MOCTBY» TI0 KaKJoMy orpanuueHuto (4)-(5);

0) 1o orpaHmueHHsM (5) TI0 OTHOM BEPILIUHE, KOTOPasi XapaKTepU3y-
€TCsI MaKCHMAJIbHBIM COOTHOIIEHHEM «IIEHHOCThY/ «CTOMMOCTEY OyeT
BKJIIOYEHO B pEIIEHUE;

B) B peIIcHHE OyIeT BKJIIOUEHO IO OJHOM BEpITHHE, KOTOpas Xa-
pakTepusyeTcsi MUHUMaJIbHONW «CTOMMOCTBIO» 110 KaKJIOMY OrpaHU-
geHuto (5).

Ecnu Gyzner BoinosiHeHO yciioBue (2), TO MPOUCXOIUT BEIOODP COOT-
BETCTBYIOLLIETO METOAA.

2. Korga B MHOXKECTBO S Oy/ieT BKIIIOUEHA OYepeIHas TIepeMeHHast
x =1, Torna Oyzner nposepka yciosuii (3), (4). B ciyuae oOHapyxeHus
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nepemennbIx X, (k =1,K), KOTOpbIE CTOAT B OZIHOM OIPaHUYEHHUH C X ,
Torza Oy/IeT aBTOMaTH4ECKOE BKIIHOYEHHE IEPEMEHHBIX X, =0B MHOKe-

cTBO S.

Ha puc. 1 nana wumocTpanus cXeMbl alrOpUTMa, MO3BOJISIOIETO
pemars onTUMHU3annoOHHYT0 3amady (1)-(5).

H or‘pamenm‘«'l I1d ONTHMHIAMHOHHOH MOJETH

$opuHpOBaHHE Heneeol dyvHEETHHE (L1P)

¥

HaxoxIeHHe IepEOro IPHOIIKEHHOIO
pemenna Rek, v,

¥

OnpeneneHdEe BepxXHed IPAaHHANEL pelleHHA |

)

OnpegeleHHe KaHIHIATa Ha BeTBIeHHE (k)
B JaHHOH BepIIHHE

¥

BrmmomHEaoTca

VCIOBHE XX:2=17

O06pazoraHue ABYX
HOBEIX BEpPIIHH

Brraucnenne sHagernd 1P (L)
B JaHHOH BepIIHHE

=1 u x=0 L3
L x~0) HcrmodeHHe Her
! EepIIHHED L<Rek
HermoueHe npegeigymmeH H2 CIIHCKA
EEpPIIHHEL HS CITHCEA Hda
1 Rek=L |
HcxmoueHHe l
HECOEMECTHMEIX PopMHpPOBaHHE

BO3OeHCTEHA 14 Xp=1

OnpegeneHHe BEPXHHEX
rpa=ung (H,) 4718 HOERIX
BepIIHH

!

LIeTIOYHCISHHOTO pemeHHd (i, )

OTcedeHHe DecepCIeKTHEHEIX
E€PIIHH, B KOTOPEIX BEPXHAA
rparnna Hs<Rek

h 4 l

TToHCK BEepIDHHEI C MAKCHMAIEHOH

BepxHell rpaHunei Hs>Rek

Ha

Bepmmnua HaigeHa?

q’opMHpOBaHHE Ha9aJlbHOIO IIITaHa

MEepOIPHATHH

Puc. 1. I/IJUIIOCTpaIII/ISI CXEMBI AJITOpUTMa PEHICHUS OHTI/IMI/I33HPIOHHOI>1 3aj1a4u,

CBSI3aHHOM C BHIOOPOM HayaJIbHBIX ACHCTBUI
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JIByXypOBHEBBIE 1Al TUBHBIE aJITOPUTMbI MOTYT OBITH TPUMEHEHBI
B X0/ HACTPOMKH MapaMeTPOB, €CIIM PU BEIOPAHHOM cXeMe 10Ty CTH-
MBI U3MEHEHUS B XapaKTePUCTUKAX JTEUCTBUM.

CriennanncToM MpOMCXOIMT BBIIEIEHHE BEAYLIEro napamerpa P,
KOTOPBIN OyJIeT XapaKTepH30BaTh KITF0UeBOH (P (HEKT B pEMOHTE U TIPO-
UCXOIUT (HOPMYITHPOBAHHUE LIEI PEMOHTA: HEOOXOIMMa MaKCHMaIbHAsT
CKOPOCTb B U3MEHEHUH TI0Ka3aTelisl, WIu TpedyeTcs odecreyeHne Me-
JICHHOI'O U3MEHEHHMs JJIs KayKI0T0 11ara IpoLecca peMOHTA.

C Touku 3peHHs (OPMaNN30BAHHOTO BHUJA 3TO BEIET K TOMY, 4TO
JIOJKHBI BBITIOTHSITHCSA TaKWe YCIOBHUSA:

Flz(PB_PB)K)szin’ (16)

Fa-(Py'—pj)’ - min (17)

B xone monennposanust P — 10 3HaueHue B mokasareine P, koto-
poe *xenaeT crienuanucT; K — mar peMoHTa.

Bepositnoctun P, u P, nactpauBatorcst. s Kaxmoro mara pe-
MOHTa OyneT npusnekarscst kpurepuit (16) wmu (17). [Ipusnexarorcs
JIByXYpPOBHEBbIEC aJlaliTUBHbIE anropuTMel [10] Ha OcHOBe CyKIeHUI
CHEIUAINCTA OTHOCHTEIBHO HEOOXOIUMOCTH MPHUMEHEHHS COOTBET-
CTBYIOLIETO KPUTEPHA HA KaKJOMYy Iary pemoHTa. llpu peannzannn
IIPOLIECCOB PEMOHTA PACcUeT HapaMETPOB B j-M BO3AECHCTBUU IPOUCXO-
nuT Tak [10].

1. Ecin mpuMeHsieTcst mokasarens (16):

D§~<=D§-<‘1+aK(PK—P>K), (18)
C ydeToMm TOro, uto
1.
-1 — K_ K-1_
K= K leKs1gn[(P P}K)(P P}Kﬂ (19)
2. Ecnu mpumensieTcst mokaszatens (17):
D}< _ Dg{-l + aK(PK_PK—l), (20)

C Yy4€TOM TOT'0, YTO 1
K K-l g ( K_ K—l)( K-1_ K—zﬂ. (21)
a =a eKSIgn[ L P
Jlnst mepBoro mara BenuuuHy ak onpeensieM Ha OCHOBE TOTO, Ka-
KO OyzeT pe3yspraT peMOHTa IO IPH HAauyalbHOM BO3ICHCTBUHU D?.
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Br160p HauambHOTO BO3IEHCTBUS peaju3yeTcs Py MOMOIIHU POTHO-
CTHUUYECKHMX MOJIEJIeH, KOTOpbIe JatoT BO3MOXKHOCTH JUIsl yueTa UHIH-
BUAYaJIbHBIX 0COOCHHOCTEH aHATU3UPYEMOT0 0OBEKTA.

IIpuMeHeHHe NPOTHOCTUYECKUX MO eJIei

s Toro, 9ToOBI 00y4aTh HelpoceTH B Xoae (hopMHUpoBaHUS TIPO-
THOCTHYECKHUX MOJIENIe MBI MpeaiaraéM MPUMEHSITh MOTH(PHUIIPO-
BaHHBIN aJITOPUTM 0OpaTHOTO pacmpoctpanenus (puc. 2). s Hero
WCIIONIB3YETCS. NHEPIIMOHHOE COOTHOLIEHHE, MO3BOJISIONIEM OIpee-
JATH BEMYUHY IIAra 10 KaI0H U3 HTepaIHid

Wij(t+1):Wij(t)+rngjJ“al(jWij(t)_Wij(t_l))= (22)
B YKa3aHHOM BBIPaKEHHH 0. sIBIsIETCs Ko uimenToM nHepumu, 0<o<l.
3HaYUTENBHBIM 00pa30M MOXET OBITh 00eCIe4eHO COKpalleHne
CKOpOCTH 00y4eHHUs 3a cUeT yKa3aHHOH Moandukanuu. [Iporaosupo-
BaHHUE TOTO, KaK M3MEHAIOTCA TapaMeTPhl 00bEKTOB, MOYKET CUNTAThCA
KaK OJIHa U3 BXHBIX OIEHOK. VIX TOUHOCTH OOJIbIIIEH YacThIO OKa3bI-
BaeT BIMSIHME Ha TO, KAK ONTUMAaIbHBIM 00pa3oM OyayT BhIOMpAThCS
YIPaBISIOIINE BO3ACHCTBHS.

Hcxomnoe mHOXECcTBO 00BbeKTOB [10] pa3duBaercs 1mo ogHOPO-
HBIM TPYIIIaM, YTOOBI TTOBBIIIATHE TOYHOCTH B MPOrHO3UpoBaHuH. [1o
KaXXIOW TPYIIe OTACTFHBIM 00pa30oM BEIEeTCs MMOCTPOEHUE TIPOTHO-
CTHYECKUX Mojenei. Ecmu HeT BO3MOXHOCTEH sl (POpMHUPOBAHUS
OJTHOPOAHBIX TPYIII, TPOUCXOANT BKIIOUEHHE MTOKa3aTeIel, yIuThIBa-
OlIe HEOIHOPOAHOCTh PEMOHTUPYEMBIX OOBEKTOB B 0000IICHHYIO
IIPOTHOCTUYECKYIO MOJIENIb KaK JOTOJIHUTEIbHBIE 3aBUCUMBIE Iepe-
MeHHbIe. UToOb! BeIOpaTs Hanbomee 3h(HeKTUBHYIO TaKTHKY IIPU pe-
MOHTE MPHUMEHSIOT 3HAUYEHUS 10 KOHTPOIHPYEMBIM MOKA3aTelsiM Ha
KOHETl HaOITFOIHHUS ISl TPOTHOCTHYECKUX MOJIEIeH KaK 3aBUCHMBIX
nepeMeHHBIX. He3aBucnMble iepeMeHHbIe pacCMaTPUBAIOTCS B BUJIE
3HAYEHUH TOKa3aTesiel epe T HaOIIOICHIEM.

Ectb cnenyromnye atansl B aropuT™Me GOpPMUPOBAHUS TPOTHOCTH-
YECKUX MOJIETIEH.

1. Ilpoucxomut omnpenenenne Habopa nokaszaresnei Xi (i =1,_N) c
HCTIOJIb30BaHUEM OTPOCaA KCIEPTOB. Torma MOKHO MOJTHBIM 00pa3oM
JaTh UACHTU(PHUKALUIO 00bEKTa, a TAKXKE Y4eCTh UX HEOTHOPOIHOCTH.
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Hawgano

]
Hemmanzsanas BefipoceTs
+
BriSop nepeoro npiepa 13
ofyuaromeit sxGopkn

-

¥

Brramciesse TexyInero
EEIXOHOTO SHAYSHER

TTepexox K cAeIVIOMEMY OPEMEPY
EBIOOpEH

OSyuerne BefpOCETH

Ofyuerne no JaHHOK
EBIGOpKE HEBOSMOKHO —

=]

Puc. 2. Anroput™ 00ydeHus HEHPOHHOM ceTH
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2. [lo koHTpOJMpPYEeMbIM TMOKa3areisM Y] ( j :I,_M) IIPOUCXOIUT
BBIJIETICHHE OJHOTO WJIM HECKOJNBKUX. VX M3MeHEeHHe BaXKHO C TOUKH
3peHHs OIIEHOK COCTOSIHMSI PEMOHTHUPYEMOTO 00BEKTa MO3BOJISIET TO-
BOPHUTH O TOM, HACKOJIBKO 3()()EKTHBHBI yNPaBISIOIINE BO3ACHCTBHS.

3. ®unsrpanus HHGOPMAITIH TIPOBOIUTCS C TEM, YTOOBI 0TOOPATh
JIOCTOBEPHBIE U3MEPEHNSI.

4. BeencTBue UCKITIOYSHIS TTapaMeTPHUIeCKOM H30BITOUHOCTH ITPO-
BOJUTCSI BBIOOD IO ONTUMAJILHOMY NPH3HAKOBOMY MTPOCTPAHCTBRY.

5. Beibupaercs cTpyKTypa MOJIEINH.

6. PeanusyeTcs mporiecc moCTpOeHUs MOAEIH.

7. Mopenb npoBepsieTcsl ¢ TOUKH 3pEHUSI a/IeKBaTHOCTU. AJITOPUTM
OKaHYMBAETCSI, €CIIM MOZAEIH OyJ/IeT afilekBaTHO. B cirydae HeanekBar-
HOCTH MOJEJH, HO €CTb BO3MOXXHOCTH JIsl €€ yCIOKHEHUS — OyaeT
MIEPExXo/l K 1.5, B IPOTHUBHOM CiTy4ae TpeOyeTcsi MpOBeIeHNEe KOPPEK-
THUPOBKH B MCXOHOU BBIOOPKE.

BriBoABI

B pabote momy4yeHsI pe3ynbTaTsl, KOTOPbIE UMEIOT 3HAYSHUE IS
MOBBIIICHUST 3QPEKTUBHOCTH yIPABICHUS COBPEMECHHBIMU TPAHC-
MOPTHBIMU cucTeMaMu. Ha ocHOBe pa3paboTaHHOIrO aJiropuTMa Cy-
IIECTBYET BO3MOYKHOCTh ONTUMU3AIUN OCYIIECTBIISIEMbIX IEHCTBUH.
[Tokazan anroputm, MO3BOISIOMIUM OCYLIECTBISITH MPOIECCHI MPO-
THO3UPOBAHMUS.
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CHUCTEMA BEJIEHUS OHJIAH
CTATUCTUKHN YYACTHUKOB B MECCEH/I’KEPE
DISCORD MOCPEACTBOM PYTHON
N POSTGRESQL

P.P. Kpanusun, .M. Axmemoe,
M.P. Xamuoynnun, I'A. I'apeesa

AxmyansHocmb paccmampugaemou memul 00yCi061eHA Mmem, Ymo 6
00HOM U3 coobwecme Discord kanana 6viia HeobXo00uMocms no coopy
AKMUBHOCMU YUACMHUKO8 KAHANA 3A ONPeQeleHHOe 8peMst U NPOOOI-
AHCUMETLHOCTD.

s pewenus smotu 3a0auu Obl10 NPUHAMO peuleHue paspado-
mame 643y OAHHBIX U CREYUAIbHO20 boma, 015 83aUMOO0elCmaus
¢ smotl 6azou dannvix u API Discord ons evinoawenus coopa uH-
dopmayuu.

Llenv — paspabomka cucmemul 01151 AHAIU3A, cOOPA U 8bIBOOA UH-~
Gopmayuu no akmugHocmu Y4acmHuko8, pazpabomrka 6azol OAHHbIX
OJI51 XPAHEeHUst 6Cell UHPOPMAYUL.

Memoo unu memooonozus npogedeHus padbomol: 6 cmamose pac-
CMOmMper npoexm no coOopy, XPaneHuro u 8ble00y UH@opmayuu 0o ax-
MUBHOCIU YHACIMHUKOS.

Pesynomamot: pazpaboman Discord 6om na Python, xomopulil ee-
oem cmamucmuky no akmugHOCIU Y4ACMHUKO8 KAHALA, pa3pabomana
baza oannvix na PostgreSQL, 6 komopotl Xpansamcs Oannvie no 6cem
VUACTMHUKAM U UX AKMUBHOCTIIL.

Oonacmb npumenenus pe3yibmMamos: HYHKYuoHal 6oma MOANCHO
UCNONB306AMb 0151 MEHEONCMEHMA YUACTMHUKOS KAHANA, 68bl0eNeHUs
CamMbIX AKMUGHBIX U UX NOOUIPEHUSL.

Knroueevie cnosa: Discord; Python, PostgreSQL, cmamucmuxa;
API; 6aza oanHblx
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ONLINE STATISTICS SYSTEM
FOR PARTICIPANTS IN THE DISCORD MESSENGER
USING PYTHON AND POSTGRESQL

R.R. Krapivin, L.M. Akhmetov,
M.R. Khamidullin, G.A. Gareeva

The relevance of the topic under consideration is since in one of the
Discord channel communities there was a need to collect the activity
of channel members for a certain time and duration.

1o solve this problem, it was decided to develop a database and a
special bot to interact with this database and the Discord API to col-
lect information.

The goal: development of a system for analyzing, collecting, and
displaying information on the activity of participants, developing a
database to store all information.

The method or methodology of the work: the article considers a
project for collecting, storing, and displaying information about the
activity of participants.

Results: a Python discord bot was developed that keeps statistics on
the activity of channel members, a PostgreSQL database was developed
that stores data on all participants and their activity.

Scope of the results: the functionality of the bot can be used to man-
age channel members, highlight the most active and allocate incentives
for greater activity

Keywords: Discord; Python; PostgreSQOL, Statistics;, API; Data-
base

Beenenue

B manHOIf cTaThe paccmarpuBaeTcs pa3padoTka 60Ta Ul MeCCeH-
mkepa Discord, Bemyiero cTaTUCTUKY aKTUBHOCTH YYaCTHHKOB H pa3-
paboTka 0a3bl maHHBIX Ha PostgreSQL.

JaHHyI0 pa3paboTKy LenecooOpa3Ho sl MEHEKMEHTa yUacTHH-
KOB KaHaJla JUIsl BBIJICJICHUS! CaMbIX aKTHUBHBIX YYaCTHHKOB MIPOBBIX
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COOBITHI B OIIpeIeTICHHOE BPEMsI JJIs TTOOLIPEHMSI OOJBINEH aKTHBHO-
CTH Ha KaHale.

B Teuenue mHs 5TO COOBITHE BO3HUKAET B 7, 16, 21 1 23 waca u mpo-
JIOJDKAETCs POBHO Yac. B 3Tu 4ackr 00T MpocMaTpuBaET KTO HAXOUTCS
B TOJIOCOBBIX KaHaJIaX M 3aIllOMHUHAET 3T0. [locie uero 60T BEIBOIUT OT-
4eT ¥ TpadUKy 0 MPOIIe/IIeM COOBITHH, 8 UMEHHO KaKOe KOJIMYEeCTBO
MUHYT U B KaKO€ BpeMs yYaCTHHUKH ITPUCYTCTBOBAIH.

MarepuaJjibl 1 METObI

st mpaBuIbHOM paboThl 60Ta HEOOXOAUMO:

o Hannune 6u0IHOTEK;

o Hannune 6a3nl JaHHEIX;

o [lpucyrcrBue 60Ta Ha Hy»)HOM Discord kaHase coo0IiecTBa;

o Hanuune xoctunra, rae OyaeT pacmoinokeH 00T u 6a3a JaHHBIX.

[Tpu pa3paboTke HCIOIB30BANIKCH ClIeAyoIIre onbmuoTeku Python,
Mpe/icTaBICHHbBIC HA PUCYHKE 1.

rcParams

Puc. 1. bubnmorexu Python

B Havane kaxmoro coObITHSI OOT MPOCMATPUBACT OIpE/IeIICHHbIC
royiocoBbie kaHanmbl Discord cepBepa Ha HalW4KWe YYaCTHHUKOB [4,
8]. Korma 60T 3amedaeT MpHUCYTCTBUE, 3alIOMUHACTCS YHUKAIBHBIN
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UICHTU(UKATOP U MPUCBAMBACTCS MUHYTa aKTUBHOCTH, K MIPUMEPY
YYAaCTHUK MOSIBUJICS] B TOJIOCOBOM KaHaie B 16:14, 3Tu nanHele 3amo-
MHHAIOTCSI Y 3aIUCHIBAIOTCS B 0a3y MAHHBIX MPH KKIOH IPOBEpPKE
HaJIW4Usl Y4acTHUKOB. UTOOBI n30ekaTh MyOIUKaTOB, OOT MpOBEpsET
WX HaIA4YHE B 0a3e MaHHBIX, U TIPH HEOOXOAMMOCTH OOHOBIISCT WIIH
nobasiser uadopmarmio [ 1]. Cxema nukina n3o0pakeHa Ha pUCYHKE 2.

TeKyLuii yac paBeH
7,16, 21, 23

<

HpOBepRa I'OJIOCOBBIX KdHAJIOB
Ha HATHYHE YYaCTHHKOB

O

3anomuHaHne [D
YYaCTHHKOB B
3THX KaHaIax

s

Bron undopmaryn B BJT 06
AKTHBHOCTH YYaCTHHKOB

Puc. 2. Cxema paboThI IUKITA

Ha pucynke 3 npencrapieH y4acTok Kojia, KOTOPBIH IpOCMaTprBaeT
rOJIOCOBBIE KaHaJIbI ¥ BBOAUT MH(opmMaruio B bJI, rae nuki moBTopsi-
eTCsl KaKJIble 5 CeKyHI.

ITocne oxonvyaHus COOBITHS, OOT aBTOMATHYECKH (hOPMHUPYET Tpa-
(UK aKTUBHOCTH 1O 3TOMY cOObITHIO[2,6]. nst popmupoBanus rpa-
(huka mcronp3yercs OnbmmoTeka matplotlib. [l momydennst TaHHBIX
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0 TIPOIIEeANIeMy COOBITHIO, UCTIONB3yeTcs 3ampoc B b/ (puc. 5). Ilo
ATUM JTaHHBIM (POPMHPYETCS TpaPuK aKTHBHOCTH (puC. 4)

for voice channel in voice channel list: # 3a T ID ronocoBssix
in str(voice_channel):# Mpu Hanuyuu cnoea
All_BZS_Channel.append(voice_channel.id)

Channel_BZS in All_BZS_Channel:# A
ID_List = agent.get_channel(Channel_BZS).voice_states.keys()# i
for ID User in ID_List:
All_users_id.append(ID_User)i# [lob eT UMa yy
add_info_in_table(All users_id, conn, cursor)# Bu

to_time ==

enb - : (
title = title print,

.watching, n.

Puc. 4. OyHKIMS 110 BBIBOLY CTAaTUCTHKH MOCTE COOBITHSA

38.1'[]300 Ha MOJIYyYCHHNEC aKTUBHOCTHU BCCX YHACTHUKOB HAa YKAa3aHHYIO
JlaTy TpeJiCTaBlIeH Ha pUCYHKE 4.
try conn(name_table, to_day, hour):

conn = init_bd()
cursor = conn.cursor()

cursor.execute(f"SELECT * FROM {name_table} WHER S to_day}' and HOUR = '{hour}';"
rows = cursor.fetchall()
conn.close()
return rows
Puc. 5. 3anpoc, kotopsiii 3anonusercs B Python u oTmpassiercst
Ha BeinonHeHue B PostgreSQL

Jns monydenus uHGOpMaIMK MO BCEH aKTMBHOCTH 3a IMOCIE/-
HIOIO HEJIEJI0, UCIIOIBb3YETCS 3apocC B 0a3y AaHHBIX MMOKA3aHHBIA Ha
pHUCYHKE 0.
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name_table

= cursor.fetchall()

close

Puc. 6. 3anpoc Ha IMOJTYy4YCHUEC aKTUBHOCTH BCEX YUACTHUKOB 3a HEJICIIIO

Jliis xpaHeHwust TaHHBIX ObLIa BeiOpaHa 0a3a gaHHbIX PostgreSQL.

PostgreSQL siBnsieTcst pensimonHol 0a30i TaHHBIX, OHA ITOIXOINUT
JUTst peanu3aiy QyHKIMOHaa XpaHeHHsI UH()OPMAIIUHU 10 aKTUBHO-
ctu. baza maHHBIX cOCTOMT U3 1 IIaBHOM TaOJHIIBI, TOKA3aHHON Ha
pPHUCYHKE 7.

PesynbTat  [naH BoinonHenus  Notifi CoobLieHua

player_id

data_bzs s
oS- ik _bz: P, our
4 [PK]intege bigint

date I niegel

4 s

4181A171R109N91 99 7294959497997

Puc. 7. baza nannsix PostgreSQL

Tabnuua cocTOUT U3 CIeNyIOMUX CTOJIOLOB, Te:

e player id — 310 UAEHTH(UKAITMOHHBII HOMEp IOJIL30BATENS B
Discord

e SCOre — MacCHB, B KOTOPOM XPaHSTCSI MUHYTHI OHJIaliHA

e data_bzs —5To neHb Koraa ObUT TOJIB30BATEINb ObLT OHJIANH

e hour —4ac 310 B KaKOil UMEHHO yac ObUIN B OHJIAIHE
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PesyabTarhl

B pesynbrare cOopa nnpopmanuu Bo BpeMsi coObITHA, 60T dhop-
MHUPYET Ipa)uK aKTUBHOCTH BCEX YYaCTHHUKOB, KOTOPbIE HA HEM IPH-
CYTCTBOBAJIH, UCTIONB3Ysl 3ampoc B 0a3e maHHbIX. [Ipumep rpaduka
[IOKa3aH Ha PUCYHKE §, IJe 0Ch X —3TO MUHYTHas 10JI0ca, 0Ch Y —3TO
oJIoca aKTUBHOCTH, HaJl TpaUKOM yKa3aHO UMS yYaCTHHKA KaHaJja,
KOTOPBII MIPUCYTCTBOBAJ Ha COOBITHH [7].

MHpopmaymorHHaa b3C [BAT

B3C: 2021-11-22 epems: 16 uac(oB)

Dimon856

[DESU] Planya-Chan

/i ]

1|

7
10 20 30 40 50 59

JERICHOx3D

T —

T | T
0 20 30 40 S0 59

MRdestroy [[_5>

1]

102030405’05‘3

Seldan|et

10 20 30 40 50 59

SpiritOfBalance [[_">

: L
0 20 30 40 30 30 40 S0 59

Puc. 8. I'paduk ¢ TaHHBIMHU O COOBITHH

Bor ¢opmupyer exxeHeAeNbHbBIN OTYET, KOTOPHII OTHpPAaBISETCS
B nonenensHuk nocie 00:00 mo MCK. B Hem oToOpakeHbl HMeHa
yuacTHUKOB Discord kaHasla, UMEHa aKKayHTOB M UX CyMMapHOE TpH-
CYTCTBHE Ha COOBITHSIX 32 BCIO HEJNIEIIO, TaK JKe OOT MOKa3bIBAaeT BCEX
YYaCTHHUKOB, KOTOPbIE HU pa3y He IPUCYTCTBOBAJIN BO BPEMsI COOBITHSL.
[Ipumep oTdera okas3aH Ha pUCyHKe 9.
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UudopmauuonHas b3C (80T

Yuactuuku B3C 3a nepuog: 2021-11-29 no 2021-12-05

Wma Ha cepeepe
[DESU] Plar Chan
Wms Ha cepsepe
[LuX] JERICHC

Wmsa Ha cepeepe
BigBoomManRUS

Wmsa Ha cepeepe

Navaha

Wmsa auckopaa
BR75=+-

]
Wma auckopaa
(o]

Wmsa gucxkoppa

LWamMan

Wms guckoppa
Navaha

F

-

4 el

Obuiee Bpems
NPUCYTCTEMA
8 MuHyT(b1)
Obujee Bpems
NPUCYTCTBUA
HyT(Bl)
O6uwee Bpems
NPUCYTCTBUA
68 MuHYT(b1)
Obuwee spems
NpUCYTCTBUA

AMHYT(b1)

YuacTHuku ¢ ponbio "PagoBoii”, koTopbix He 6bin10 Ha B3C 3a nepuog;

2021-11-29 no 2021-12-05

Wmsa Ha cepeepe

Wma wa cepeepe

[LuX] enigm 13

Wms Ha cepsepe
[SOLI] éallaHc

Wma auckopga

n Kelevra

Wms auckoppa
Erida 1

Wma gucxopaa
3 4uk

Wmsa auckoppa

Wms Ha ceppepe
R Polpalki

Wms guckoppa

AbADDoN[PomaH]

Puc. 9. Otyer no yuacTHUKaM 32 HEJEIIO

BriBoaBI

Brin paspaboran Discord 6ot na Python, koTopsiii BegeT cra-
TUCTUKY 10 aKTMBHOCTH YYacCTHUKOB KaHaia, pa3paborana 0aza
naHHbIX Ha PostgreSQL, B KoTOpoil XpaHATCA NaHHBIE IO BCEM
y4acTHUKaM M UX aKTUBHOCTH, Ul B3aMMOJAEHCTBUS ¢ 0a30il naH-
HBIX, HCTIONB3YyeTCsl OMbInoTeKa psycorg2, pa3paboTad cTaTUCTHIE-
CKH{ BBIBOJ IaHHBIX B BUJE OTYETOB M I'pa)UKOB, HCHOIB3YIOMINN
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rpaguyeckre HHCTPYMEHTHI U3 Oubnnorexku matplotlib. dyHkiuo-
Hall 60Ta MOXXHO HCITOJIB30BaTh JIJISl TIOOMIPEHHS CAMBIX aKTUBHBIX
Y4aCTHUKOB COOBITHH WU JUIA OTCIIC)KHBAHHUA HCAKTUBHBIX, ITOBbI-
masi MeHeJDKMEHT akTuBHOCTH Discord coobmiectBa. bot pa3mernien
Ha xoctuHTe Heroku tam e u pacmosioxkeHa 6a3za maHHbIX. B Oymy-
meM, QyHKIMOHa 00Ta MOKHO PACIIMPUTD, J0OABUB BO3MOXKHOCTH
BBIBOJIa aKTUBHOCTH OT/EIHHO B3SITHIX YYACTHUKOB, YKa3bIBasl HHTE-
pecyrontyto naty win nepuon [10].
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