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TEMPERATURE FIELD OF EXHAUST CARS GASES
AND CALCULATIONS OF THE STATISTICAL INFORMATION

Nasr T., Voinov K.N., Hildayati A., Al-Raidi A.

There are too many problems from the gases which constantly fly
out from the exhaust pipes of cars and lorries, especially if this process
takes place in the closed apartment (garage, laboratory, class, station
of diagnostic or repair for transport systems with diesel or petrol en-
gine). Practically all gases poison air, bring essentially injury to the
health of people and for the all nature. Hitherto, many scientists affirm
that gases create the negative hotbed effect in the atmosphere and influ-
ence to the appearance of the ozone holes. Some important experiments
and investigations at the present day didn t make.

In this article there are several technical decisions not only how to
decrease the negative influence of gases but the special calculations
using personal computer and statistical information to describe the
process by a chart.

Keywords: exhaust gases,; protection, temperature, pollution, cal-
culation; statistical information.

TEMIIEPATYPHOE I1OJIE
BBIXJIOITHBIX TA30B ABTOMOBHWJIEW U PACUETBI
CTATUCTUYECKHUX CBEJIEHUM

Hacp T., Boiinoe K.H., Xunoaamu A., Anv Paiiou A.

Cywecmayem MHO20 BpobIEM ¢ 2a3aMU, KOMOPbLe GbLIEMArom HOCmo-
SIHHO U3 BbIXTIONHBIX MPYO J1e2KOBbIX ABMOMODUTELL U 2DY308UKO8, 0CODEH-
HO ecilu umeen Mecmo 3mom Npoyecc 8 3aKPblmblx NOMEWeHUsIX (2apadic,
Jabopamopus, Kiacc, CmaHyust OUGZHOCMUKU WU PEMOHMA MPAHCHOP-
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HbIX CUCTEM € OU3ETbHBIM U OeH3UHOBbIM O8ueamenem). [lpaxmuuecku
6Ce 2a3bl OMPAGISLION 8030YX, NPUHOCSIN CYUWECMBEHHDIL 6DE0 300P0BbIO
modell u gceti npupoode. 1losmomy muozue yuénvie ymeepocoarom, ymo
2a3vl cO30arm He2amusHbill NApHUKOsbILl 3¢hghexm 6 ammocghepe u 61u-
SI0M HA NOsIBNEHUE 030HOBLIX Oblp. Hexomopule saichble dKChepumeHimnsl
U UCCNIeO0BAHUSL 8 HACMOsUee 8peMsl COSIAHbL.

B amotl cmamve ecmb HECKOTbKO MEXHUYECKUX PeUleHULl He MOIbKO
KaK YMEHbUUNb He2AMUGHOe GIIUHUE 2A306, HO U CHeYUATbHbIE PACHE-
Mbl, UCNOb3YS51 NEPCOHATbHBIIL KOMILIOMED U CHAMUCIMUYECKYIO UHGDOP-
Mayuro, 4moodvl ONUCAmMb NPOYECC ePaAPUUECKU.

Knrouesnie cnosa: svixnonivle 2azvl, 3auuma, memMnepamypa, 3a2psi3-
HeHue, pacuémul, CMamucmu4ecKkas UHPOpMayus.

Introduction

It is common knowledge, that any exhaust gases from the cars/lor-
ries have the very bad and even dangerous influence to the man health.
Namely, at the present day any type of cancer (as the illness) is the most
dangerous for people. Unfortunately, these harmful gases take practi-
cally the first or maybe the second place as gases from the works, facto-
ries and boiler-houses which make the same negative effect. Moreover,
hot gases constantly increase the temperature around the Earth. That’s
why any even a small achievement which can diminish this harmful
influence from these gases on the surrounding environment it plays
the very important significance. In this paper one new and effective
technical decision to defend our atmosphere against these dangerous
exhaust gases is presented.

Text 1. It has suggested how to quickly delete the harmful exhaust
gases which are fling constantly into the air from the cars and lorries.
It is needed to direct these gases into the water reservoir. In this case
the most injurious chemical elements and their combinations will be
on the bottom of the water pool or they’ll float in it [1-3]. Of course,
periodically the water reservoir must be cleaned. At the same time the
hot temperature from these gases will be diminished essentially (prac-
tically to the normal level).
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The first step of our control was linked with the test of temperature
which is changing behind the end of the exhaust pipe depending on
many factors, namely: type engine, it’s term of operation, fuel, regime
of combustion (start, normal or forced regime), temperature around
the place of measurement, velocity of wind, the distance from the end
of exhaust pipe till the point where the temperature was fixed by ther-
mometer.

In a capacity of auxiliary instruments were taken the next: ruler
(length about 500 mm) and thermometer which can show not less than
200 oC. All fixed results were written down on the leaflet. Moreover,
the measurements were written down on the middle line with the hole
of the exhaust pipe, then 50 and 100 mm above and below of the end
of the pipe and on the length till 300 mm. Well, the same measurements
of temperature were made from the both sides of the exhaust pipe. This
information connected with these points of the temperature control
during our investigation is given in Fig. 1.

lf
¢ ST

8910 14
: ——-./(/.//

3 22

18

2
—13 ZL\Q\\\. —13
a b

Fig. 1. Points where the end of thermometer was installed:
a — is the view from the face; b — from one side (lengthways)

In most cases the distances between places where the temperature is
measured was 50 mm, for example: number 2-3; 18-19; 12-13; 13-14;
15-16; 16-17; 5-7; 4-6; 3-2; 23-21; 22-20; 18-19, but the lengthwise of
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the pipe these distances were 100 mm between points 6-7; 2-6; 22-23;
22-18;20-21 and 19-20. And the same distance in 100 mm was between
the next points 8-9; 9-10 and 10-11.

Position number 1 is designated for the exhaust pipe. Position 8
is the point inside the pipe (the distance from the end of the pipe was
about 15 mm).

The measured temperatures (0C, bold type) in these points were:

52,43, 21,2 (points 8, 9, 10, 11 for the line which is going through
the centre of pipe); 14, 8, 3 (points 7, 6, 2); 5, 3, 1 (points 5, 4, 3); 3,
2, 1 (points 21, 20, 19);

6, 3, 1 (points 23, 22, 18); 22, 11, 1 (points 14, 13, 12); 11, 5, 1
(points 15, 16, 17).

The common field of temperatures is shown in Fig. 2. The investi-
gation process was made 09.11.2019 quite near to the ITMO Univer-
sity (Saint-Petersburg) when the external air temperature was about +
1 oC only. The wind in the day of testing was not more than 1 metre
per second. Using written computer programme MathCad let’s get the
equations which describe the distribution of temperature in all cases
(Fig. 2 and Fig. 3) and at the same time to represent the appropriate
curves [4, 5].

i=1.4; h=50; L =L n_75 ; L =150; L =0
0 2 n 1
n -1 2 n’ -4 _y 4
= H =n-(n’-1) =0 =4 = =295

1

H-a
b::rl.[i[di.(2.i—n—1)]]=—17.2 S0
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Table 1.
dl L[ W
52 0 52
43 50 40.6
21 100 234
2 150 1.2

di

—_— Wi S50

40 S0 BO 100 120 140 160

Li, Li

=]
pd
=]

Fig. 2. Experimental and theoretical data connected with the temperature alteration
along the center line of the pipe (from within to the outside)

The non-linear coincidence for this parabola approximation is very well.

Above we took into account the even points of observation (n = 4),
but further there are information of temperature with n =3 (odd amount
of points for control). 71,

Table 2.

1| 2 | 3 | 4 |15 | 6 L

14 22 11 100
11 5 200
1 1 300

e e}
W
— N | W
W
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20

i 15
— .. 12
———t3i -
10 Plot Area
i
t5i
- -t6i 5
o
100 150 200 250 300

Li

Fig. 3. Six lines which show how the temperature changes in different points
of measurements dimensions and in accordance with their positions

Therefore, the water in reservoir will not become hot extremely and
as an addition result the evaporations will not be too strong from the
water surface. This programme of calculation and common analysis
were made many times.

Text 2. Experimental investigation consisted of taking away gas-
es from different motor vehicles which are working using petrol or
diesel fuel [6, 7]. For this aim special technical pears (like an en-
ema), measuring-glasses, thermometer and distillation water were
bought.

Moreover, special devices Tensor-37 FT-IR (firm BRUKER OPTIK
GmbH with standard detector DLaTGS) and spectrum-scan Max-GV
were applied as well.

They help to make the chemical analyses of the originally clean
water with exhaust gases. For this purpose, the first measurement was
obtained using this device (Fig. 4) and with computer programme, chart
and calculations (Fig. 5).
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Fig. 4. The first information obtained from the motor vehicle (Chevrolet) /velocity
of calculation as a function of the length for wave/

After the full gathering of statistical information about exhaust gas-
es from different motor vehicles we plan to get important picture of
influence gases and their harmful characteristics on our medium.

Approximate description of this figure 4 with the computer pro-
gramme MathCad is given below. It’s no difficult to get the mathemat-
ical equation too.

Table 3.
vl oL
325 1420
940 1570
260 1720
140 1870
68 2060
54 2170
48 2320
40 2470
26 2622
24 2770
20 2920
16 3070
9 3220
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000

Li

Fig. 5. Chart to approximate the description for the initial part of statistical data

Results and Conclusion

Thus, the description how people can essentially decrease the harm-
ful influence of the motor vehicles gases on the media is given here.
The temperature changes were investigated for the first time around
the exhaust pipes. These experiments show that the temperature in the
water (where gases will go) aren’t too hot and any essential evapora-
tion will be absent. This very simple method to neutralize the high hot
temperature from the exhaust gases helps to defend the environment
(ozone holes and hotbed effect cannot appear at all) and water in res-
ervoir annihilates many carcinogenic chemical components/elements
which take always place in the exhaust gases.

Discussions

Expanded new way to diminish negative influence from the automo-
bile exhaust gases which is represented in detail in here is the simplest
and the cheapest at the present day among the many others well-known
ways in this plan. Moreover, it can be realized very easy in practice.
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THE ARCTIC REGIONAL SECURITY:
A SCIENTOMETRIC ANALYSIS OF INFORMATION ARRAYS
IN DATABASES WEB OF SCIENCE AND SCHOLAR SIBIRICA

Rykova V.V,

The article traces main trends of the scientific research development
on security in the Arctic region using the international database Web
of Science by Thomson Reuters Co and the regional database Scholar
Sibirica generated by the State Public Scientific Technological Library
of the Siberian Branch of the Russian Academy of Sciences. Using a
scientometric analysis and analytical tools of DBs, the author shows
countries, institutions and organizations that study this problem,
as well as funds financing them; names productive periodicals and
authors with high publication activity; presents monographs and
dissertation studies of recent years; reveals the main research areas.
In conclusion, the author notes that the study of the safety at the Arctic
territories is an urgent problem for the entire world society, not only for
the northern countries, the above-mentioned DBs should be regarded
as an information base for further study of the Arctic security.

Objective — to carry on a scientometric analysis of information
arrays (IA) devoted to studying the Arctic region security.

Methods: scientometric analysis.

Results: countries, institutions and organizations that study this
problem are represented, as well as funds financing them; productive
periodicals and authors with high publication activity are designated;
monographs and dissertation studies of recent years are shown; the
main research fields are revealed.

Practical implications: the study should be used as an information
base for further research of scientists and specialists on various aspects
of the Arctic region security.
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BE3OITACHOCTDb APKTUYECKOI'O PETHOHA:
HAYKOMETPUYECKHI AHAJIN3 HH®OPMAIIMOHHBIX
MACCHBOB MEXKJIYHAPOJHOM U PETUOHAJIBHOI
BA3 JAHHBIX

Puvixosa B.B.

B cmamue npocnedicernvl mpenobl pazeumusi HAY4HbIX UCCLE008AHULL
no meme «bezonacnocms ApKmuuecko2o pecuoHay ¢ uCnonb308aHUEM
0az dannwvix — medicoynapoornotl Web of Science (komnanuu Thomson
Reuters) u pecuonanvnoii Hayunas Cubupuka (coocmeennoii eenepa-
yuu Tocyoapcmeennotl nyonruuHol HAyYHO-MeXHU4ecKol oubiuomexu
Cubupcroeo omoenenus Poccutickoti akademuu nayk). B 6azax oanmvix
€ UCIONB30GAHUEM 0YIIeBbIX ONEPAMOPO8 U KIIOUEBbIX C/I0G BbISGIECHbI
OOKYMEHMANbHbIE MACCUBHL NO MeMe, NPOBEOeH UX CPAGHUMETbHbIU HA-
VYKOMempuueckull ananus. Ananumuueckue cepeuchl 6az OaHHbIX N0360-
JUU HA38ATD CIMPAHDL, VUPENCOCHUs. U OP2AHUAYUU, 3AHUMAIOUUECs]
uzyueHuem OauHoU npodIemMbl, a maxdice uHancupyrouue ux )oHobl.
Onpedenenvt Haubonee npooyKmueHvle nepuooutecKue U30aHust U de-
MOPbL € 8bICOKOL NYOTUKAYUOHHOU akmusHocmulo. [Ipeocmasnensl na-
VUHbIe MEepOnpusimiisl, NPosooUMble No meme, MOHozpaguu u ouccep-
mayuonuvle ucciedosanus nocieonux sem. [lokazana memamuueckas
cmpyKmypa ungopmayuonnvix maccusos. Ommeueno, umo uzyueHue
6e30nacHocmu apKmMuYeckux meppumopuil A618emcs akmyaibHO npo-
O1eMOTl 8Ce20 MUPOBO2O COOOWECMBA, A He MONbKO CeBEPHbIX CHPAH.
Boiuenaszeanmvie 6azvl OGHHBIX MO2YM CILYHCUMb UHPOPMAYUOHHOLL OC-
HOB0U OaIbHeUUX UCCIe008AHUL PA3IUYHBIX ACNEKMO8 6e30nacHOCmU
Aprxmuueckoeo pecuona.

Lenv — npogedenue HAYKOMEMPUUECKO20 AHATU3A UHGOPMAYUOH-
HbIX MACCUBOS, NOCEAUJCHHBIX U3VUEeHUIO De30nacHocmu Apkmuuecko-
20 pecuoHa.
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Memoowt: naykxomempuueckull aHamus.

Pesynvmamol: npedcmasienvl CmMpansl, YUpescoeHus: U Opeanu3a-
Yuu, Komopule uzyuaiom dmy npooremy, a maxice Qonovl, PuHaHCU-
pyrowue ux; 0603Hauervl NPOoOyKmMusHvle nepuoouteckue U30anus u
aBMOpbl ¢ 8bICOKOU NYOTUKAYUOHHOU AKMUBHOCBIO; NOKA3AHbL MO-
Ho2paguu u duccepmayuoHHble UCCIe008AHUS NOCIEOHUX JleNl, GblA6-
JleHbl OCHOBHblEe HANPABIEeHUsl UCCTe008aANUIL.

Oébnacms npumenenus pe3yirbmamos: Uccie008aHue Mo2ym ciy-
2ACUMb UHDOPMAYUOHHOU OCHOBOU OATbHEIUUUX UCCTe00B8AHULL YYEHbIX
U CNeYUaIucmos no pasiudHblM acnekmam oesonacnocmu Apkmuue-
CKO20 pe2uoHa.

Knroueswie crosa: oezonacnocmo; Apkmuxa; bBJ[ Web of Sciences;
bJ] Hayunas Cubupuka, naykomempuueckuil aHamus.

Introduction

The Arctic has recently attracted the close attention of politicians,
scientists, and experts as an important geostrategic region with sig-
nificant reserves of natural resources, as well as a transport corridor
that provides trade links between Europe and Asia. The imperfection
of the legal framework has led to aggravation of territorial disputes
in the region. Russia has adopted the State Program “Socio-econom-
ic development of the Arctic zone of the Russian Federation” until
2025 according with the Intergovernmental Panel on Climate Change
recommendations, which provides creation of supporting regions in
the Arctic for the territory of complex development, technological in-
vestigations and the resource base efficient use in the Russian Arctic
zone and the Arctic ocean continental shelf. Decree of the President
of the Russian Federation on 05.03.2020 No. 164 “On the State Pol-
icy Bases of the Russian Federation in the Arctic for the Period until
2035” defines foundations of the state policy of the Russian Feder-
ation Arctic regions [1]. In this regard, security issues in the Arctic
are highlighted.

The article objective is to carry on a scientometric analysis of in-
formation arrays (IA) devoted to studying the Arctic region security.
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Materials and methods

To analyze researches on the security in the Arctic region two da-
tabases (DBs) were applied:

— Web of Science (WoS), the global scientific citation database of
Thomson Reuters;

— Scientific Siberia, a regional database generated by the State Pub-
lic Scientific and Technoloical Library of the Siberian Branch of the
Russian Academy of Sciences (SPSL SB RAS), included a large the-
matic section “Problems of the North” that concentrates and system-
atizes bibliographic data on studying the complicated problems in the
Arctic zone countries [2].

IAs have been selected of the mentioned above DBs using keywords
and Boolean operators. The volume of IAs for the period 1990-2019
compiled over 900 documents in WoS, and more than 1,300 documents
in Scholar Sibirica on February, 2020.

The specialists of the Department of Scinetific Bibliography have
long tradition of scientometric analisis of documents flow in different
research fields [3,4].

A scientometric analysis of [As of the international DB WoS by
Thomson Reuters and a regional DB Scholar Sibirica of SPSL SB RAS’
own generation includes:

1) revealing trends of scientific research development on the Arc-
tic safety,

2) representing the countries and institutions involved in the prob-
lem study, as well as organizations funding the researches,

3) nominating the productive periodicals on the issue,

4) identifying authors with high publication activity,

5) pointing out importance of monographs and dissertations for re-
cent years,

6) designating research topics.

Study results
The dynamics of IAs over a 30-year period is shown in the dia-
gram (Fig. 1), where the growth in the publications amount is clearly
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visible, documents’ number increase is especially noticeable the last
decade. Editions of 2019 are still being transferred to the collections
of the State Public Scientific Technological Library SB RAS, therefore
the total number of documents in the DB Scholar Sibirica is expected
to be significantly larger over the past few years. The interest of sci-
entists and specialists to this problem is explained by the geopolitical
competition of the polar states and the interest of non-Arctic states to
develop the Arctic natural resources.

20162010
20112015
20062010 |—

20012005 |

1996-2000 [ —

1991-1995 [

0 100 200 300 400 500 600

M Scholar Sibirica W Web of Science

Fig. 1. IAs dynamics of DBs Web of Science and Scholar Sibirica

The documents distribution by language in DBs Web of Science and
Scholar Sibirica is presented in Table. 1.

Table 1.
The linguistic structure of IAs in DB Web of Science and Scholar Sibirica

Language Web of Science Scholar Sibirica

Record number | % Record number | %
English 856 93 47 3

Russian 45 5 1318 96
Chinese 5 0,5 - -
German 4 0,5 - -
Others 10 1 13 1

In the language structure of WoS, the main language of publications
is English (93% of documents), works in Russian amounted to 5% (23
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documents), articles in Chinese and German together did not exceed
1% of IA. Another picture is observed inDB Scholar Sibirica, where
Russian-language materials prevail accounting for 96% of A, while
English-language publications are few, their share does not exceed 3%.

The analytical tools of DB WoS allow users to identify the partici-
pation of the scientific community representatives from different states,
affiliations of scientists and specialists, funds financing research on a
particular problem. In studying the Arctic security the first five posi-
tions are taken by “northern’ countries: Canada, USA, Russia, Norway
and Finland. As all these states have domains beyond the Arctic Circle,
which resources development is a priority the last decade, they pay
close attention to the aforementioned problem. A significant contri-
bution to research the Arctic security issues is also made by scientists
from Germany, Great Britain, China, Sweden and Denmark.

Among the organizations funding the Arctic safety investigations
are the National Science Foundation of the USA, the Natural Sciences
and Engineering Research Council of Canada, ArcticNet (a Network
of Centers of Excellence in Canada, which brings together scientists
and specialists in the field of health, natural and social sciences), and
scientific foundations of Russia and China.

The Arctic security researchers are affiliated with different organiza-
tions. A significant contribution to the Arctic security study is made by
employees of the Russian Academy of Sciences institutions, as well as
teachers and specialists from U.S. universities in Alaska (University of
Alaska System, University of Alaska Fairbanks), Norway (University
of Tromso, Norwegian University of Science and Technology), Canada
(McGill University, Memorial University of Newfoundland, Laval Uni-
versity, University of Ottawa), Finland (University of Lapland). Obvi-
ously, the publications share in WoS by Russian authors will increase,
because, firstly, Russian journals are actively working to include scientif-
ic citation in the world’s largest databases, and secondly, Russian authors
more often are published in leading world English-language publications.

The IA type-specific structure of DBs WoS and Scholar Sibirica is
not the same, Table 2 presents quantitative indicators of publications’
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typical composition, Fig. 2 demonstrates the ratio of different types of
documents in DBs.

Table 2.
The distribution of document types in DBs
Document type Web of Science Scholar Sibirica
Record number | % Record number | %
Papers in periodicals 710 77 462 34
Conference proceedings 226 24 691 51
Monographs 3 0 68 5
Works in scientific collections |71 8 103 7
Others 9 1 16 1
Others ?36

Articles in books

Conference Proceedings

Papers In Pertodisals ‘
-

Monographs

o

100 200 300 400 500 600 700 800

w Scholar Sibirica W Web of Science

Fig. 2. The ratio of document types in DBs WoS and Scholar Sibirica

Articles in periodicals and conference proceedings dominate in the typ-
ical structure of documents (respectively 77% and 24% in WoS, 34% and
51% in Scholar Sibirica). Journals reflect the results of scientific research
most quickly, Table 3 shows the Top-5 periodical titles on the number of
articles devoted to studying the Far North region security problems.

Conference proceedings are no less important for the scholar com-
munity then periodicals, becuase there is an active exchange of informa-
tion, discussion of topical issues, discussions on pressing issues during
scientific meetings of various ranks. Most forums are held on an ongo-
ing basis, together they form a half of [As in DB Scholar Sibirica and a
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quarter one — in WoS (Table 2), the following of them should be noted:
Conference on Ocean, Offshore and Arctic Engineering, Ocean IEEE
conference; Problems of emergency situations prevention and liquida-
tion in the Arctic region; Ensuring security during the implementation
of large economic and infrastructure projects in the Arctic. Problems
and solutions, Theory and practice of integrated marine research in the
interests of the economy and security of the Russian North; Arctic: in-
ternational cooperation, ecology and safety, innovative technologies and
logistics, legal regulation, history and modernity, and others.

Table 3.
Top 5 productive periodicals on the subject in DBs WoS and Scholar Sibirica
B Web of Science Scholar Sibirica
Ne Edition title, country Paper Edition title Paper
amount amount
1 International Journal of Cir- 3] Geopolitics and Security 35
cumpolar Health (USA) (Russia)
National interests: priori-
2 | Polar Records (UK) 22 ties and security (Russia) 30
. Arctic: ecology and
3 | Arctic (Canada) 21 safety (Russia) 26
4 |Marine Intellectual Technol- 12 | Arctic News (Russia) 21
ogies (Russia)
. . Arctic and the North
5 | Marine Policy (UK) 12 (Russia) 11

A small group of monographic publications is the most important com-
ponent of [As, as they summarize the results of multiyear research by teams
of scientists. The evidence of a significant amount of materials on the stud-
ied topic is editing over 20 monographs the last 4 years (2016-2019). As
already noted, the books of the 2019 edition are not yet fully indexed in DBs,
therefore their list included in the table is not complete. The monographs
published in 2019 are devoted to the Arctic Council role at the northern af-
fairs (Nord, 2019), the contested energy frontiers (Tynkkynen et al., 2019),
security provision in the Russian Arctic zone (Ivchenko & Shamatov, 2019).

The dissertation theses on various aspects of Arctic safety, demon-
strates the growing interest of scientists in the aforementioned prob-
lems. Table 5 includes only titles of dissertation works defended in Rus-



26 International Journal of Advanced Studies, Vol. 10, No 3, 2020

sia last years and entered DB Scholar Sibirica, since DB WoS doesn’t
represent such materials.

Table 5.
Dissertation works on the Arctic security defended in Russia for 2016-2019
Year Author Title
Masloboev A.V. Research and development of models and methods for
2016 information support of regional security management
(a case of Murmansk Region)
Timofeev P.A. Scientific and methodological support to assess the hy-
2016 drometeorological safety in the Arctic zone of the Rus-
sian Federation under the conditions of fuzzy information
Kravchuk A.A The main threats to the national security in the Arctic
2017 of the Russian Federation and forming the state policy

to neutralize them
Sboychakova A.V. | The Arctic Council role in shaping the environmental

2018 security policy in the Arctic
Sergeeva V.V. The system development of the population socio-eco-
2018 nomic security in the Arctic zone of the Republic of
Sakha (Yakutia)
Sun Xuwen Problems and prospects of Russian-Chinese coopera-
2019 o .
tion in the Arctic development
2019 Volodin D.A. Canadian policy in the field of defense and interna-

tional security (1990s-2010s)

Among the authors with high publication activity (Scholar Sibirica),
it is necessary to name employees of institutions of the Kola Scientif-
ic Center of the Russian Academy of Sciences, who are the authors of
numerous monographs that address the security problems of the Arc-
tic zone: A. V. Masloboev (Institute of Informatics and Mathematical
modeling of technological), V. S. Selin, T. P. Skuf’ina, M. V. Ul’chenko
(G.P. Luzin Institute of Economic Problems) and others.

The most productive authors of DB WoS are J.D. Ford (University
of Leeds, UK) and A.A. Dudarev (Northwest Public Health Research
Centre, Russia) engaged in studying save life of Arctic aboriginal com-
munities and F. Khan (Memorial University of Newfoundland, Canada)
dealing with safe navigation and drilling in the Arctic ocean).

Thematically, [As of databases are structured identically, which indi-
cates the general direction of research by scientists and specialists from
different countries, which are aimed to solve the following problems:
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— geopolitics, national security and international relations,

— safe navigation along the Northern Sea Route,

— geotechnical safety of activity on regional natural and mineral
resources exploitation,

— life safety of the population in the Arctic zone including the in-
digenous people of the North,

— environmental safety of the Arctic and sub-Arctic territories.

Conclusion

Summarizing the analysis results, it should be noted that studying the
Arctic territories security is an urgent problem for the entire world commu-
nity, and not only for the northern countries. The amount of information on
the topic is steadily growing. Using a scientometric analysis and analytical
tools of DBs, the author shows countries, institutions and organizations that
study this problem, as well as funds financing them; names productive pe-
riodicals and authors with high publication activity; presents monographs
and dissertation studies of recent years; reveals the main research areas.

Search filters and the systematization of documents in both DCs makes
it easy to find relevant documents on a topic that can form the basis for
further research, as bibliographic materials can be obtained from any com-
puter. Full texts of publications from WoS are possible either for a fee, or
on a license agreement (except for Open Access publications). Regional
Arctic safety materials from DB Scholar Sibirica of SPSL. SB RAS are free,
available on the library website www.spsl.nsc.ru (options “Catalogs and
Databases” — “Bibliographic Databases” — “Scholar Sibirica”), where all
e-documents are provided with hyperlinks from a bibliographic record to
a paper full, publications with DOI provide a link to the publisher’s web-
site or to the work itself. All printed documents are stored in the library,
they can be obtained by the interlibrary loan or in the reading rooms of the
library. Besides, a user can order a full-text cope of any document on the
library homepage (option “On-line order of e-article”).
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MOJIEJIMPOBAHUE
TPEHAKEPHOM OBPA3OBATEJIbHOMN
HUH®OPMAILIMOHHOM CPEJBI J1JIs1 OBYYEHUSA
BOJUTEJEN ABTOTPAHCHOPTHBIX CPEJICTB

Masvioosckuit A.I., JTunnuxk A.M.

B cmamve paccmompenvl 0cHO8b1 MAmMeMamu4eckoe0 MoOenuposa-
HUS U QYHKYUOHATLHOU OP2AHU3AYUY MPEHAICEPHOT 00pA308amenb-
HOU UHGDOPMAYUOHHOU cpedbl Ol 00YyUeHUss 6oOumenell asmompan-
CHOPIMHBIX CPEOCNE U UHICEHEPHO-MEXHUYECKUX CNeYUATUCTNO8 NO
IKCIIYAMayuu HA3eMHO20 OeCRULOMHO20 MPAHCIOPMA.

Lenv: paspabomxa u obocnosanue mamemamuieckol Mooenu u
DYHKYUOHATILHOU OP2AHU3AYUY MPEHANCEPHOU 00PA3068AMENbHOU UH-
opmayuonnoll cpeodst st 00yueHUst 60OUMENEU AGMOMPAHCNOPIIHBIX
CPeoCme U UHICEHEPHO-MEXHUHECKUX CREYUATUCTIOE NO IKCIIIYAMayuu
HA3eMHO20 OeCNUTOMHO20 MPAHCHOPMA.

Memooonozus pabomol gk0UAEm HOOXO0bL KOPMENCHO20 U (hop-
MATbHO20 MOOETUPOBAHUSL.

Pezynomameol: paspabomarna mamemamuyeckas Mooeny u QyHKYuo-
HATbHASL CMPYKIMYPA MPEHANCEPHOLL 00pa3068amelbHOU UHPOPMAYUOHHOU
cpeovl 071 00yUeHUst B0OUmeell A8MOMPAHCHOPMHBIX CPEOCME, d 8 Nep-
cnexmuee — noIb306ameell U UHICEHEPHO-MEXHUYECKUX CNeyUanicog
10 IKCHIyamayuil Ha3eMHO20 DECNUIOMHO20 MPAHCNOPMA.

Oobnacmo npumenenus pe3yibmamos: NoJyHeHHbIe Pe3)TbMantbl MO-
2Vym ObIMb UCHONL30BAHYL 8 0ONACTU PAPAOOMKU, PA3GUIUS U NPUMEHEHUS
MPEHAICEPHBIX 0OYUArOWUX cucmem 0Jist LOO2OMOBKU 00UMeNell paziuy-
HbIX KAme2opuil 4 CReyuanucnos 6 chepe asmomoounbHo20 mpaHcnopma.

Knwuessle cnosa: mpenadicepnas oopazosamenvhas uHpopmayu-
OHHAA cpeda, Mamemamuieckoe Mooeruposanue;, gooumenu, ooyye-
HUe; nPoGheccUoHaIbHbIE KOMNeMeHyUY, MpPaHCcHopm.
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THE SIMULATION EXERCISE EDUCATIONAL
INFORMATION ENVIRONMENT FOR THE TRAINING
OF DRIVERS OF VEHICLES

Davidovsky A.G., Linnik A.M.

The article is devoted to the aspects of mathematical modeling of
the functional organization of the simulator educational information
environment for training drivers of motor vehicles and engineering
specialists in the operation of a ground-based unmanned transport.

The purpose: the development and justification of mathematical mod-
els and functional organization of the simulator educational informa-
tion environment for training drivers of motor vehicles and engineering
specialists in the operation of ground-based unmanned transport.

The methodology: formal and mathematical simulation approaches.

Results: has been developed the mathematical model and function-
al structure of the simulator educational information environment for
training drivers of motor vehicles, and users and technical specialists
in operation of ground-based unmanned transport in the future.

Area of the result application: the results obtained can be used in
the development, development and application of simulator training
systems for training drivers of various categories and specialists in
the field of road transport.

Keywords: simulator educational information system, mathematical
modeling; drivers, training, professional competences, transport.

Beenenne

Kak crenyer u3 «Jlokmama o cocTosHAN 6€30IacHOCTH JIOPOYKHOTO
nBIKeHus: B Mupe 3a 2015 1oj1», 4ToObI JOCTHUIHYTh OCHOBHBIX IIeJIeH
«Jecarunerust ASHCTBUSI IO 0OECIIEUEHNIO 0€30IaCHOCTH JIOPO’KHOTO
nprokenus» (2011-2020 rr) u psiia neneld B 001acTH yCTOMYMBOTO pas-
BuTHs K 2020 romy HE0OXOMMO BIBOE COKPATHTh BO BCEM MHUPE YHCIIO
CMepTel U TPaBM B pe3yJbTare J0POKHO-TPAHCTIOPTHBIX MPOUCIIIECTBUI
(ATI) [6, 14]. [1o mEeHMIO BecemupHO# opraHu3aiiuy 31paBoOXpaHEHHUS
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(BO3), exeromno B JATII norudaer ot 1,24 no 1,3 mun yenosek. [Ipu
9TOM BO3pacTaeT YHCICHHOCTE aBTOTPaHCIIOPTHRIX cpencts (ATC), mpe-
KJIE BCETO B KPYITHBIX TOPO/IAX C YUCICHHOCTBIO HaceleHus Oonee 1 MiTH
yen1. JATII 3aanMaroT auaupyronme o3y 1Mo CMEPTHOCTH M BBICO-
KOMY MaTepHabHOMY YIIepOy MO CPaBHEHMIO C APYTMMH aBapHAMHU U
npoucirectBusiMua B mupe. Ipu atom rudens B JATII sBisercs mumupy-
TOIIeH MPUYMHOM CMEPTHOCTH JItoziel B Bo3pacTe oT 15 o 29 netr. Cpenn
YYaCTHUKOB JIOPO’KHOTO JIBMKEHHS Hanoosee ya3BUMON TPYIION ObUTH
MIpU3HAHBI MOTONMKIIMCTEL. Ha mx momo mpuxonutest okoio 23% Beex
cMmepTenbHbIX nexonoB JITII Bo MHOrHX pernonax miaHeTs! [4]. Bmecte
¢ TeM, mprarHoM Oomee 70% JITTI seistercst «aenoBedeckuii akrop» [1].

B 3710i1 cBsI3M akTyalnpHOM POOIEeMOil siBIsieTcst odecredeHue ¢-
(hextuBHOTO 00yueHus Bomuteneit ATC, a B IEpCIIEKTHBE — TTOJTH30-
Baresell U MHKEHEPHO-TEXHUYECKOTO MEPCOoHaja Mo 00CTyKUBAHUIO
Ha3eMHBIX OecTIOTHRIX TpaHCIOpTHBIX cpenctB (HBTC). Dddek-
THBHOE pEelIeHNe MTPAKTUYECKUX 3a/1a4 110 OpraHu3alluH U peaan3aliu
OI00HOTO 00yUYeHHS BO3MOXKHO B YCIOBHAX TPEHAXKEPHOU 00pazoBa-
TenbpHOM nH(popMaronHoi cpensl (TOUC), no3posnsonieit ocBanBarh
CJIOXKHbIE HABBIKH JESTEIbHOCTH Ipu ynpasieHnn ATC unn skcIuty-
aTalyy Ha3eMHOTo OECHMMJIOTHOTO TPAHCIOPTA B YCIOBUSIX CIOKHBIX
JOPO’KHO-TPAHCIIOPTHBIX CUTYalHH.

B ycioBusix 4eTBEpTON NPOMBIIIEHHONW PEBOJIIOLIMYU IIOCTPOEHUE
TOMC BO3MOXKHO JHIIL HA OCHOBE MPUHIIMIIOB MIMPOKOM TOCTYITHO-
CTH, MAKCUMH3AIIUU PA3BUTHSI COIUATBHO-TMYHOCTHBIX U MPOodeccH-
OHAJILHBIX KOMIETCHUUH OyIylUuX CHEeNHaIlCcTOB, HEIPEPHIBHOCTH
00pa30BaTeNFHOTO TMPOIIECCa U OTKPBITOCTH «apXUTEKTYPBI» €ro Op-
TaHU3alMH, a TAKKE CUCTEMAaTHUECKOH pe(IeKCHBHOM OLICHKH PE3Yib-
TaTOB M NOCTIXeHM [5, 10].

Hean — pa3paboTka u 000CHOBAaHNE MaTEeMAaTHYCCKOW MOACITH U
(DYHKIIMOHAJIEHOWM OpraHu3aIluy TPEHAXKEPHOH 00pa30BaTeIIbHOM HH-
(hopMaInMoHHOMN cpe/ibl JJisi 00yUCHHST BOJMTENEH aBTOTPaHCIIOPTHBIX
CpCACTB U UHIKCHCPHO-TEXHUYCCKHUX CIICHHUAJIMCTOB 110 3KCILTyaTallun
HA3eMHOTO OECITUIIOTHOTO TPAHCIIOPTA.
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MartepuaJbl 1 METOAbI MCCIeI0OBAHUS

Jia mopenmupoBanua TOUC npemioskeHa KopTexHast MOJEINb Mpo-
1ecca 00pa3oBaTeIbHON MOATOTOBKU oOyuaromuxes (1):

M={M,P,V}, (1)
rme M — yciaoBHOe 0603HaueHHE Kareropuu Boguteneir ATC, monp3o-
BaTeJell MM CIEHUATUCTOB IO 0OCITYKUBAHUIO U IKCIUTyaTallly Ha-
3€MHOI0 OECIMIIOTHOTO TPAHCIIOPTa;

P — nabop 3HaHMIi, yMEHUIA, HABBIKOB, MPOPECCHOHATIBHBIX KOMIIE-
TEHLMH AJIs OLIEHKH UX PA3JIMYHBIX IPYIII KOMIETEHIMH, HEOOXOANMBIX
JUIsl BoiuTenel (1mosp30BaTesnei, CrielaaicToB) JaHHOW KaTeropuH;

V' — MHIUKATOPBI BaXXHOCTH (BECOBBIE KOA(P(PHUIIMEHTHI) ITOKa3aTe-
JieH IpodeCCUOHATTBHBIX KOMITETECHIIMN, HEOOXOIUMBIX JIJISl BOJUTEIICH
(monp30BaTeNei, CIenuanTiucToOB) JaHHON KaTerOpHU.

Baxwnoe 3nauenue aist pazsutust TOMC nmeer y0BIeTBOPEHHOCTh
KayecTBOM 00pa30BaTeIbHOIO Iporecca S Ha OCHOBE CAMOOLICHKH YPOB-
Hs OBJIaJICHUSI KOHKPETHOM aKaJieMHY€CKOM, COIMaIbHO-TICUX0JIOTYe-
CKO#1, TpoheccroHambHOI KomrieTeHIuer C, COOTBETCTBYIOIIEH TpeOy-
€MOMY MHHHUMAJIFHO JIOCTaTOYHOMY YpOBHIO Y. J[71sl OIleHKH cTeneHn
YIOBJIETBOPEHHOCTH 00yUaIOIIErocs pe3yiibTaTaMy ero B3auMOJICHCTBHS
¢ TOUC npemnokeH KpuTepuit Sl,j, KOTOPBIN XapaKTEePU3YeT YIOBIECTBO-
PEHHOCTB #-010 TI0JIL30BaTElIsl YPOBHEM BIIaJIeHUs! IPO(EeCCHOHATBHOM
KOMIIETEHIIMEH T10 j-i1 XapaKTepUCTHUKE C TOMOIIBIO PABEHCTBA (2):

1, ;=Y
=%, ¢, <y, .
ij

i (§ Ci/. — CaMOOIICHKA i-0T0 00yJaroIerocsi CoOCTBEHHOTO yPOBHSI Blla-
JeHus j-oi mpodecCHOHaIbHON KOMIIETCHIIMEH MM HaBBIKOM B IIpe-
Jenax Y-ro ypoBHs,
YU — TpeOyeMblii MUHIMAJIHHO IOCTATOYHBIN YPOBEHb Pa3BUTHUS j-1
npodecCHOHaIbHON KOMIIETCHIIMH WIIM HaBbIKa i-OT0 BOJUTEINS aBTO-
TPaHCIIOPTHOTO CPEJICTBA, TOIb30BATENS MIIM MHKEHEPHO-TEXHUIECKO-
O CTIeNHaINCTa B Ipeenax Y-ro ypoBHs.

Ha ocroBe 3HaueHNii S; MOXKHO PACCHUTBIBATE PA3THIHBIC HHTCTPaITh-

HBIC ITOKA3aTECIIN YIOBJIICTBOPEHHOCTH, HAIIPUMED, MHTCI pajibHasA yI0BJICT-
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BOPEHHOCTH oOy4atorierocst — Oyymiero oaurensi ATC, monb3oBaress
WA UHKEHEPHO-TEXHUUYECKOro crenuanucta no skcruryarauna HBTC —
niporieccom oOyuenws ¢ momotnpio TOWC. [Tpu 3ToM HTOrOBBIM pe3yJbTa-
TOM pacyeTa IBISIeTCs] MHTErpaibHast YI0BIETBOPEHHOCT O0yYaronXcs
ypOBHEM 00yYeHHs 1 OBJIAAEHH TPYIIION XapaKTepUCTHK (4):

S = Yi-15iBy; 3)
rae Sl,j — MHTETpaJibHasl YAOBIETBOPEHHOCTH i-o2o BomuTens ATC,
MI0JIb30BATENS MIIM TIPOLIECCOM OOYYEHHS 110 OCBOCHUIO j-i mpodec-
CHOHAJILHON KoMmIleTeHIInH ¢ moMolsio TOUC,

1 — KOJIMYECTBO TEXHUYECKUX MU (YHKLIHUOHAIBHBIX XapaKTepH-
ctuk TOUC,

BU — HOPMUPOBAHHBIN YPOBEHb Ba’KHOCTH j-OM TEXHUYECKOW WU
¢ynkumronansHoi xapakrepuctuku TOWUC g i-oro oOyvaromerocs.

WHTerpanbHyio OLICHKY YPOBHS YIOBJIECTBOPEHHOCTH 00ydarome-
rocst npu ucnoiszoBannu TOUC moxHO paccuuTars 110 Gopmyiie (3):

n
g = 4N, AiXg . i AjXj . Yh=1AnXn . Yg=14¢Xg )
z:?=1Xi z:}'1=1Xij ZZ=1Xh ZEleg ’

rae S — mokaszarenb YIOBISTBOPEHHOCTH IOJb30BaTEICH CepBUCAMHU
TOUC;

A, i h g~ COBOKYTTHOCTB 3HaHWH (HABBIKOB, yMEHHIT) B paMKax j-KOM-
METEeHIHIT) 00yYaromerocs, mpuyeM KaxJblii Habop MOXKeT OBITh OXa-
paKkTepu30BaH j-M YPOBHEM NPHOPUTETHOCTHU AJs NpodeccrnoHab-
HOU JIeSITeNBbHOCTH, /-1 CTENIEHbIO HeopeaeIeHHOCTH () (HEKTUBHOTO
Pa3BUTHS B YCIIOBHAX PEalbHOr0 00pa30BaTe/IbHOTO IpoLecca U g-M
yAETbHO-BECOBBIM ITOKa3aTeIeM, XapaKTepU3yIOLUIMM MECTO paccMma-
TPUBAECMOU COBOKYITHOCTH 3HAHUH (HABBIKOB, YMEHH ) CPEIH B paMKax
(hopmMupyeMbIx poheCCUOHATBHBIX KOMITETSHITHA.

@OyHKIMOHATBHAS OPraHn3alus TPEHa)KePHOH CUCTEMBI Uil 00y-
yenus Boauteneid ATC TpeOyeT oleHKH psijia MCuX0(QU3N0IOTHUECKUX
XapaKTEPUCTHK, BKIIIOYAsl COCTOSIHNE 3pUTEIBHOIO aHAIN3aToOPa; MIPo-
(eccroHabHO BaXKHBIX M JJMYHOCTHBIX KayecTB, BKJIFOYAs Mpeapac-
MOJIOKEHHOCTD K KOH(IIUKTHOMY HOBE/ICHHIO, YPOBEHb TPEBOKHOCTH,
couanbHOl GpycTpupoBaHHOCTH U T.J1. KOMIIIeKCHAs ICUX0IMarHo-
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CTHKA 3TUX MCUXO(PHU3UOIOIMUSCKUX XapaKTEPUCTUK BO3MOXKHA C T10-
MOIIIBIO CTIETYFOIINX METOUK: MHOTO()aKTOPHOTO NCCIIEA0OBAHUS JINY-
HoctH P. Kerrenna, nuaukanum konuHr-crpareruit no /I. Amupxany,
JUArHOCTHKH TPEIPACTIONIOKESHHOCTH JINYHOCTH K KOH(PIMKTHOMY IT0-
Bezennio K. Tomaca, BBISIBICHHUS U aHAH3 TPO(HECCHOHATBHO BayKHBIX
kayecTB BoguTeneid ATC, nonb3oBareneil U HHKEHEPHO-TEXHUUECKUX
CHCIMAIIUCTOB, 3KCILIyaTUPYIOIIUX HA3eMHbIH OCCIHIOTHBIN TpaHC-
MTOPT; ICUXOJIOTHYECKOM IMAaTHOCTUKU YPOBHS COIIMATLHON (PpyCTpH-
posanHocTH JI.M. Baccepmana, b.B. MosneBa, M.A. bepebuna; skc-
MEPTHOM OLEHKU CTETICHU HAIEKHOCTH BOIUTENBCKON NEATEIBHOCTH
(aBTOpCKast METOTMKA), @ TAK)KE TECTOB Ha CIOKHYIO CEHCOMOTOPHYIO
PEaKIUIO Ha CBET, MIPOIYCKHYIO CIIOCOOHOCTh 3pPUTEIILHOTO aHAJIH3a-
TOpa, peakny Ha ABMKYIITUICS 00BEKT [7, 8].

Jus monenupoBarus TOWUC MoryT ObITh 3 PEKTUBHO UCIIONH30BA-
HBI ITaKeTHI MPUKIIATHBIX porpaMM «MatLaby u «Simulink». Bymyan
WHTEPAKTUBHBIM UHCTPYMEHTOM ISl MOJCIUPOBAHUS, UMUTALIUH U
aHaJM3a JMHAMHYECKUX CUCTeM, «Simulink» IMOHOCTHIO HHTETPHPO-
BaH ¢ «MatLaby u obecrieunBaeT OBICTPHIN JTOCTYI K IIUPOKOMY CIICK-
TPY UHCTPYMEHTOB aHayn3a 1 npoekrtuposanus TOUC.

Pe3ysibTarThl HCc/le10BaHUsI U UX 00CYK/IeHUe
MaremaTu4eckoe MOIeJHPOBAHUE TPeHa:KepHOW 00pa3oBa-
TeJIbHOH HH()OPMALIMOHHOI cpeabl Il 00y4eHus1 BoauTeieil. s
ONITHUMU3AIMK 00pa30BaTEIBLHOTO MTpoIlecca MPeIOKeHa MaTeMaTHIe-
CKasi MOJIeJb, paCCMaTPHUBAIOIIas KOMILIEKC TAKHX MapaMeTpOB, KaK:
— KOJTWUYECTBO ceancoB oOyueHwms (N(1));
— CpenmHsis MPOIOIKUTEINBHOCTD KaXKI0T0 ceanca ooyuenwst (7(7));
— WHTEpBaJ BpEMEHH MEXIy ceancaMu oOyuenns (1(£));
— KOJIMYECTBO Olepanuii (HaBbIKOB, yMEHUH ), 0CBAUBAaEMbIX B Te-
YeHUE MHTEpBajia OJHOTO ceanca ooydeHus (n(t));
— KOJIMYECTBO aKTOB KOHTPOJIS 3P PEeKTUBHOCTH OOyUYCHHUS B TeUEC-
HHe omHOTO ceanca (K(7));
— KOJIMYECTBO OIIMOOK, JIOMYCKaeMbIX 00YYarOIIMMCS B TCUCHUE
omHoTO ceanca (m(f));
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— ypOBEHb MOTHBAIMHU K 00yueHuto (M(?));
— 00beM uH(pOpMAaIUH, MpeJIaraeMblii 00y4aroeMycs B TCUCHHUE
onHoro ceanca oOyuenus (1(7));

— WHJIUBUAYaJIbHBIN apaMerp 3a0biBanus nHpopmarui (f).

Ha ocHoBe koMIUIeKCa BhIIIICHA3BAaHHBIX TAPaMETPOB pa3paboTaHa
MaTeMaTHuYeCcKasi MOJICIb 00pa30BaTeIbLHOIO MPOIECCa MO MOATOTOBKE
Bonutenel ATC, a Takxke N0JIh30BaTelIeH U MHKEHEPHO-TEXHUYESCKUX
CHEIHMAIMCTOB 110 YKCILTyaTallui HA3eMHOI'0 OECITMIIOTHOTO TPAHCIIOP-
Ta ¢ momotisio TOUC (5) — (10) [3]:

dEdit) = —ay+ a;N(t) + a,T(t); + azt(t); + a,n(t); + asC(t); +
+ agK(t); — a;m(t) + agM(t) — agl(t) — f; (di(tt) - max); 5)
B0 = (M =BNO)(tope 1) (B2 >mn);  (©
i = (top = O ™
%—BﬂV(t) = —toptt+t2—z— C; ®)
BiN(t) = —exp (; — topet + C*) + A4 ©)
N =2 (1 —exp (5 = topet +C7)), (10)

riae C — IOCTOsIHHAS HHTETPUPOBAHMUSL.

[pennokeHHass MaTemMaTHIecKasi MOJIEITh SIBIISICTCS] BAPHATHBHOMN 10
OTHOIIICHHUIO B UCCIIEAyeMbIM (paKkTOpam, a TakKe YCIOBUSM OOyUSHHUS U
nioBbIIeHNs KBanmhukarwy Bomureneid ATC, monb3oBareneii 1 HHKeHep-
HO-TEXHHYECKOT'0 MIepCOHaa 1o 00CTyKuBaHmo 1 3kcrutyaranui HETC.

Ha ocHoBe dopmanbabix Beipaxkenuit (1) — (4) u MareMarnaeckon
mozeni (5) — (10), a Takke OIeHKH YIOBIETBOPEHHOCTH O0YJAIOIIIHXCS
pe3ynsraTamMy 00ydeHHs MOKET OBITh OCYIIIECTBICHO MMPOSKTHPOBAHHUE
TOUC.

DyHKIMOHAJBHASI CTPYKTYpa TPeHa:KepHOil o0pa3oBareJib-
HOI MH(OPMALMOHHO¥ cpeabl 00y4eHUs JIUIL, IKCIUIYATHPYIOIIHX
TPaHCNOPTHBIE cpeacTBa. B o6nactu pa3paboTku U MpUMEHEHUs 00-
pa3oBaTeNbHBIX HHPOPMAIIMOHHBIX CPE]l, HCITOIB3yEMBIX JJIS1 OIITUMHU-
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3anun o0pa3zoBaresibHON moaroroBku Boautenedl ATC, a B mepcnek-
THBE — MT0JIb30BaTEIeH N MH)KEHEPHO-TEXHNYECKUX CIIEIUANCTOB IO
obciyxuBannto HETC moryT ObITh pa3paboTaHbl CUCTEMHBIE acIleK-
Thl HAyYHO-METONYECKOr0, NHPOPMALIIOHHOTO U TEXHOJIOIMYECKOTO
o0ecriedeHus peaan3aly 00pa3zoBaTeIbHON HHPOPMAITIOHHON CPEb
JUTSA TUCTaHIIMOHHOM (y1aJIeHHON ) TOATOTOBKHY BBIIIIEHA3BAHHBIX KaTe-
ropuii oOyyaromuxcs [11, 13].

st ouenku 3¢ peKTruBHOCTH 00pa30BaTesIbHON TOATOTOBKU BOJIU-
teneid ATC, nonb3oBaTesiel U HHKEHEPHO-TEXHUUYECKUX CIICLUATIH-
CTOB 10 TEXHUUYECKOMY OOCITY>KHBAHMIO M HKCILIyaTalliy Ha3eMHOTO
OEeCIIIIOTHOTO TpaHCIIOpTa menecoodpasno mpemxycmorpets B TONUC
pelIeHue cueayromux 3a1a4:

1) cosznanue ycloBHid AJsl OCBOCHUS 00YYarOIMMHUCS 0COOCHHO-
cTeil mpoecCHOHANBHON ACSITENbHOCTH, 00eCTIeYeHHs pac-
LIMPEHUS] UHIUBHULya IbHOM 0a3bl 3HAHUH, YMECHHUN, HABBIKOB
CJIOKHBIX TPO(EeCCHOHAIBHBIX KOMIIETCHINH OyIyIIIMMHU BOJHU-
tensaMu ATC, mosp30BaTesiMi WM HHKCHEPHO-TEXHUYECKUM
nepcoHasioM o obcmyxuBaanio HETC;

2) aKUeHTUPOBaHHE BHUMAHUS Ha Pa3BUTHUH JINYHOCTHBIX KAYECTB,
HEOOXOJUMBIX JJIsI YCIIEIIHOTO OBNaACHUS MPO(eCCHOHATbHbI-
MU 3HaHUSIMH, HABBIKAMU M YMEHUSIMU;

3) ompezneneHue ypoBHS pa3BUTHS MPOPECCHOHATBHO BasKHBIX Ka-
4YeCTB, UMEIOIINXCS Y KaKI0Tr0 00y4aroLerocs.

Pemennie nanHBIX 3a/1a9 TIO3BOJIMT OCYIIECTBUTH IIPOSKTHPOBAHNE
WHJIUBHIYaJIbHBIX 00pa30BaTesIbHBIX MapIIPpyTOB HAHOOIee ONTUMAITb-
HBIM 00pa3oM.

Jiist oueHkH 3QQPEeKTUBHOCTH 00yUeHUs Les1eco00pa3Ho UCTIONb-
30BaHUE JIBYX BApUAHTOB KOHTPOJIS: TEKYILETO HHTETPaIbHO-PEHTHH-
TOBOTO U UTOTOBOTO.

WHTerpanbHO-peTHHTOBBIN BApHAHT KOHTPOJIST dPPEKTHBHOCTH
00y4eHHUsI yUUTHIBACT:

— aKTUBHOCTH 00yYaroluxcs B mpolecce 00ydeHus;

— pe3ynbTaThl BHIIOJIHEHUS MPAKTUYESCKHUX 3aaHUH 10 yIpasie-

HUIO TPAHCIIOPTHBIX CPEICTB B YCIOBUSAX MOAEIHPYEMBIX H0-
POKHO-TPAHCIIOPTHBIX CUTYaLH;
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— aBTOMAaTHU3MPOBAaHHOE TECTHUPOBAHHE C IOMOIIBIO CPEICTB
TOUC u apyrue xapaKTepUCTUKH.

HtoroBsiii KOHTPOIIB 3(H(HEKTUBHOCTH O0YUEHUS OCYIIECCTBIISICTCS B
(hopme 06001IeHNS PE3YITETATOB MOHUTOPHUHTA YCBOSHHS 00yUaromin-
MHCS yueOHOTO MaTepraia TEOPETUIECKOTO U MPAKTHIECKOTO XapaKTe-
pa. CozmeprkarelibHasi 9aCTh COCTOUT M3 HTOTOBBIX U TIPOMEKYTOUHBIX
TECTOB JIJIsl CAMOTIPOBEPKH W UTOTOBOTO KOHTPOJIS HABBIKOB YITPaBJic-
HUSl HA3eMHBIMH TPAHCTIOPTHBIMH CPEJICTBAMHU. J{J151 UCKITFOUSHHSI BO3-
MOKHOCTU (asibCUpUKAIMK 00YUCHHUS KaKIbIH M10JIb30BaTE b HUMEET
CBOM MACHTU(UKAITMOHHBIN KOJI.

B texamueckom otHomenun TOUC sBusercs WHGOPMAIMOH-
HO-TEXHOJIOTUYECKOH 11aT(opMoii, OpraHn30BaHHON Ha OCHOBE MO-
nynabHOTO npuHIHTA. [Ipr aToM dhyHaKkronanpHas cTpykrypa TOUC
BKJIIOYACT T0JIb30BATENIbCKUN MONU(PYHKIIMOHATBHBIN UHTEp(elic,
reHepaTop CUTYaIi, OCYIIECTBISIONINI MOIETHPOBaHIE KaK CTaH-
JAPTHBIX, TaK ¥ aBAPUITHBIX IOPOKHO-TPAHCIIOPTHBIX CUTYALIUN, CH-
CTEeMY TOIACPKKH MPUHSTHS PEIIeHnH 00yJaronMcs, TOJICUCTe-
My OJIOK OIIEHKH U MPOTHO3HPOBaHUsS d(P(PEKTUBHOCTU JEHCTBUM
oOyuaromerocsi B MOJICTUPYEMBIX cuTyanusx ymnpasieaus ATC
WJIM HMCIIOJIb30BaHUsI HA3eMHOTO OECIMIIOTHOTO TPAHCIOPTa, JJICK-
TPOHHYIO MEANATEeKy CTaHJAAPTHBIX H aBapUIHBIX YUEOHBIX TIOPOK-
HO-TPAHCTIOPTHBIX CUTyallni, 6a3y MaHHBIX O MaTTEpPHAX MCHCTBUM
oOyuatomerocs, 0a3y TaHHBIX, COIEPIKAILYIO HHIMBH Ty IbHBIE IICH-
XOJIOTHYECKHE, ICUXO(PHU3NOIOTHIECKUE M COIMAIBHO-TICHXOIO0T H-
YECKHUE XapaKTePUCTUKU 00ydJarolIerocs, 0azy JaHHBIX ¢ Haubolee
THUIUYIHBIMU OIHOKaM# 00yYaroIerocs, 0a3y JaHHBIX C UHIWBUTY-
AJBHBIMH pE3YJIbTaTaMH O0YUYCHUS, CEPBUC «JINYHBIA BUPTYaIbHBIN
KaOWHEeT» sl 00yYJaroIerocs, KOJJIEKTUBHBINM BeO-uat 1t o0paso-
BaTEJIbHOU U KOHCYJIbTATUBHOW B3aUMHOM MOIEPIKKU 00yYarOIUX-
Cs1, CIPaBOYHO-UH(POPMATMOHHYIO KOHCYJIFTaTUBHYTO BEO-TI1aTdOp-
My [9, 15].

[Tonp30Barensckuii TOTH(YHKITHOHATBHBIH HHTEpdENc IpeacTaB-
JIIET COO0M cucTeMy TpeX (DYHKIIMOHAJIBHO Pa3IHYHBIX, XOTS U B3au-
MOCBSI3aHHBIX, HHTEP(ErCcoB:
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— uHTepdeiic MonenupoBanus cutyanuii yrnpasienust ATC;

— wmHTepdeiic caMoperyisaiuu (yHKIHOHAIEHOTO COCTOSHHS 00-
YUaIOIIErocst Ha OCHOBE OMOJIOTUYECKOH 00PaTHOM CBSI3H;

— uHTepdeiic B3auMoaeHCTBHS 00y4aIOLINXCs ¢ TEXHUYECKUMHU
TPAHCHIOPTHBIMU cpeacTBaMu (Oynymux Boguteneit — ¢ ATC,
M0JIb30BATENICH MM MHXEHEPHO-TEXHUYECKUX CIELHAINCTOB
— ¢ HBTC B mporiecce 3KCIuTyaTaimm).

Heo0xoauMo 0TMETHTh, YTO KaXKAbli M3 BBILICHA3BAHHBIX HHTEP-
(helicoB BKIIFOYACT TEKCTOBBIM MHTEPIPETaTOp M rpaduyueckyro 000-
nouky. OcHoBy TOUNC cocraBisieT KOMIbIOTEpHAs ITporpaMma, ume-
foIas IOCTYI K 06a3aM JaHHBIX C AIIEMEHTaMH, MpeaHa3HaueHHBIMU
1u1s1 ycBoeHust oOyvaronumcest. Cam nporecc 00ydeHust, HaXO SIS
nox koHTposieM TOMC, BKiIro4aeT psijl 3TaoB, Ha KaXI0M U3 KOTOPBIX
oOyuaromieMycs IpeagaraeTcs Hociaea0BaTeIbHO OCBOUTH HABBIKH Jie-
ATEIbHOCTH IOCTEIIEHHO BO3PACTAIOLIECH CJIOKHOCTH B PAa3IMYHbIX CH-
Tyanusix ynpasieHus: ATC uiam SKkcryaTalui Ha3eMHOTO OeCHIoT-
HOTO TPaHCIIOPTA.

Kpowme Toro, pynkunonan TONUC npenycmarpruBaeT BO3MOKXHOCTb
(opmupoBaHus HH(HPOBOTO «MHIMBUIYAIBHOTO PUCK-IIACIOPTa BO-
JUTEIISD), TTO3BOJIAIONIET0 OCYIIECTBIATh MPOrHO3UPOBAHNE PHCKOB
pazButus A TII 11 KOHKPETHOTO CyOBEKTa B YCIOBUSX CTAaHAAPTHBIX
1 HanOoJiee TUITMYHBIX aBAPUMHBIX JOPOKHO-TPAHCTIOPTHBIX CUTYya-
. [lonoGHbIH MPOBON «MHIWBUAYATBHBIN PUCK-TIACTIOPT BOJIH-
TEJSH» MOXKET OBITh MCIOJIB30BAH B KAYE€CTBE WACHTH(PHUKAIIMOHHOTO
JIOKYMEHTa, HapaBHE C BOAMUTEIBCKUMH ITpaBaMM WM I'Pa)JTaHCKUM
nacnoptom Jutg Kaxaoro Boxutens ATC, a B mepcreKTHBe — KaK10T0
none3oBarenst HBTC.

3akinloueHue

Pazpaborka u BHenperrne TOMC mo3BoauT 00€CIIeUnTh YIaICHHYIO
MOJIEPIKKY TIEPMaHEHTHOTO 00pa30BaTeILHOTO MPOIiecca MO MOJro-
TOBKE U MEPETIOITOTOBKE BOIUTENCH aBTOTPAHCIIOPTHBIX CPEJICTB Pa3-
JINYHBIX KaTeI‘OpI/Iﬁ WJIH MOJb30BaTejley U WHKCHCPHO-TCXHUYCCKUX
CHETHAaJIICTOB TI0 0OCTYKMBAHUIO M DKCILTyaTallii Ha3eMHOTO OecTn-
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JIOTHOrO Tpa”cnopra. [Ipu 3ToM 0CHOBOM IS annapaTrHO-IporpamMm-
Hoii peanuzarn TOVIC MoryT OBITh HCKYCCTBEHHBIE HEHPOHHBIE CETH,
HCIIOJIB3YIONINE KOMIUIEKC B3aMMOCBSA3aHHBIX CTOXaCTHUYECKUX MOJIe-
niel, Mojienelt «cereit ToBepus» U 0aiieCOBCKUX aITOpUTMOB [2].
Coznanne TOWC BO3MOXKHO Ha OCHOBE PEATH3AIINHY ITPUHIIAIIOB J0-
CTYMHOCTH, MAKCUMH3AIIUH JIMYHOCTHOTO ITOJIX0/1a K TUNIAHUPOBAHHIO U
ONTUMU3AIMU TPOPECCUOHATILHOTO pocTa OYIyIIEro CHelUaIncTa, a
TaK)Ke HEMPEPHIBHOCTU M OTKPBITOCTU «aPXUTEKTYphl 00pa30BaTeib-
HOTO Iporieccay. brarogapst OTKpBITOH M MOAYABHON (YHKIIMOHAIb-
Ho# apxurtektype TOUC npenocTasmiseT 00y4yarommmest psiji BO3MOKHO-
CTeH, PyHKITHI U CEPBUCOB, BKITIOYAs aBTOMATHUCCKOE MOJICTIPOBAHIC
aBapUIHBIX JOPOKHO-TPAHCIOPTHBIX CUTYyallMH MPU YIPABIEHUU aB-
TOTPAHCIIOPTHBIMH CPEICTBAMH, MOJICITHMPOBAHNE YUEOHBIX CHTYAIH
HETOCPEICTBEHHO CAaMUMH O0yYaroUIMMHUCS B YCIOBHUSX KaK MHAWBU-
IyaJbHOTO, TaK M KOJUIEKTHUBHOTO OOydYeHUs, a TaKKe OLEHKY Kade-
CTBa BBINIOJIHEHHS YYEOHBIX 3a/IaHUi, YIaJeHHOE KOHCYJIBTHPOBAHHE
SKCITIEPTOB M B3aUMHOE KOHCYIBTHpOBaHue oOydatonmxcs [ 12]. TOUC,
cozieprKaliiasi MOOMIJIbHBIE U CTAllIOHAPHBIE 2JIEMEHTBI, 00JIaYHbIe U aHa-
JUTHYECKNAE CEPBUCHI, TIO3BOJISIET OCYIIECTBISATh aHAIN3 MHOKECTBA
B3aMMOCBSI3aHHBIX JIOPOKHO-TPAHCIIOPTHBIX CUTYAIMH JJIs1 00y4YeHus
Y TIOJITOTOBKH BOJIWTENEH aBTOMOOMIILHOTO TPAHCIIOPTA, a B MEPCIeK-
THBE — TOJIb30BaTeNe M NH)KEHEPHO-TEXHUYECKHUX CIIEIIHaINCTOB IO
00CITy)KMBaHUIO HA3eMHBIX CHCTEM OECIMIIOTHOTO TPAHCIIOPTA.
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WCCJEJOBAHME YCJOBUM J1JI BOXKIEHUS
COEJUMHEHHBIX ITOE310B HA IIOJIMT'OHE JIBX /|

Kyzomuna H.A.

B nacmosuyee spemsi OAO « PXK/» pabomaem 6 yciogusix unmen-
CUBHO20 POCMA 2PY30NOMOKO8 8 HANPAGIEHUU NOPMOS, NOSPAHUYHBIX
nepexo008, KPYNHuIX NPOMblULTeHHbIX npeonpusamutl /larvruezo Bocmo-
Ka. O6ycno6neno 3mo yenvim psoom 6HeUIHeIKOHOMUYECKUX PaKmopos
U KOHBIOHKMYPHLIX ocobennocmell. Colpbegoll xapakmep dKOHOMUKU
Poccuu u nocnedcmeuss Mupo6o2o Kpusuca 6blHy U npoMblULIeHHU-
KO8 HAUamb NOUCK HOBbIX PLIHKOG CObIMA, NYMb K KOMOPbIM Npoiecad-
en no MedHCOYHAPOOHOMY MPAHCHOPMHOMY Kopudopy Bocmoxk — 3anao
u obecneuugaemcesi dicenesHoll 00pocou u TuxookeancKkumu NOpmMami.

3a nocnednue nsamo 1em ompaciv max u He 00AHCOANAC, MACUNAO-
HbIX UHBECIUYULL, KOMOpble ell maK HeoOX00uMbl OJisl pA3GUMUsL Cemu
arcenesnvix oopoe Poccuu. U3 2nobanvhvix meponpusimuil cOCmosLiocs
MOALKO 0OHOBIEHUE 2PY306020 BA2OHHO20 NAPKA U CIMPOUMETbCIEO
ungppacmpykmypul nymeul Heoowe2o noab308aHUsL.

Heoocmamox uneecmuyuii npusen K ygenuuenuro oeguyuma npo-
NYCKHBIX U NPOBO3HBIX CNOCOOHOCHeEN cemu U, KaK ciedcmaeue, K Hey-
0081E€MBOPEHHOMY CHPOCY HA NEPEBO3KU. JJUHAMUUHOMY POCHTY 00beMO8
nepeso30K 6ce20a COOMBEMCMBOBAN0 PA3GUIMUE CEMU ICENEZHBIX D0PO2.

Tosviuenue 8ecogbix HOPM 2pY306bIX HOE3008 SGIAEMCSL OOHUM U3
NPUOPUMEMHBIX HANPAGIEHUN, NO36ONAIOWUM VEETUYUMb Pe3ep8 Npo-
NYCKHOU CNOCOOHOCMU U RPOBO3HYIO CNOCOOHOCHIb, A MAKIICE NOBLICUMb
apghexmusrocmvb pabomvl JHcene3HbIX O0PO2 8 PHIHOYHBIX VYCIOGUSIX.

Llenv — Ha nonuzone /[Boco na 6cex nanpagieHusix K nopmam cy-
wecmeayem oeguyum NPOnYCKHOU cnocobnocmu. B yensx yckopenus
npoosudIcetUs N0e300NOMOKA K HUM 803HUKAEM Heo0X00UMOCHb pac-
CMOMPeHUsi 8cex BO3MOIICHBIX 8apuanmos. B cmamve paccmampuea-
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I0MCS BONPOCHL, CEA3AHNBIE C BOZMONCHOCTBIO NPONYCKA COEOUHEHHBIX
n0e3008 Ha O8YXNYMHbBIX YUACMKAX J]a1bHe80CMOUHOU Jicene3HOl 00-
Po2uU, Kak npu NOCMOSIHHOM UX BOXHCOEHUU, MAK U 8 YCI08UAX NPOU3-
6800CMBA JIEMHUX NYMEBbIX padbom.

Memoo unu memooonozus npogedeHus pavomaul: OJisi peuieHus
3a0a4u OBUINCEHUSL COCOUHEHHBIX N0e3008 UCNONb3YVIOMCS 2paguyeckue
U aHanumMuyecKue Memoobl Mamemamuiecko2o MoOeIupOBaHUs, Hay-
Hble Memoobl cOopa u 0OpabOMKU CMAMUCMUYECKUX OAHHDBLX, CO8De-
MeHHble QOCMUNCEHUS 8 YACTU 00WUX NPUHYUNOE U MeMO0008 YNPAE-
JIeHUSL PUCKAMUL.

Pesynomamol: gviasieHbl He0OXOOUMbLE YCI08USA 015 0DECNeyeHUs]
O0BUIICEHUSI COCOUHEHHBIX NOE3008.

Oobnacms npumenenus pe3yibmamos: 3aK104aemcs 6 CPagHeHUU
KOIU4eCmea cOeOUHEeHHbIX N0e3008 C80e20 OPMUPOBAHUL OISl YYACH-
Ka U mpaH3ummsix, KOmopbvie nOCHynaiom ¢ 3a0aikaibCKoll Heene3Holl
dopoeu u yuacmka Apxapa — Xabapoeck 1I, visgnenuu npeumyuje-
CMBEHHbIX HANPaBLeHUll C/le008AHUS MAKUX N0e3008, A MaKice NoJ0-
HCUMEILHBIX U OMPUYAMETbHBIX 8030€liCMEUL Ha MaKue noKasamenu
KaK CpeOHsisi Macca noe3od u yuacmrko8dsi CKOpOCMb OBUNCEHUS.

Knrouesvie cnosa: coeounennvlii noe3o, nponyckHas CHOCOOHOCb,
N0e300N0MOK, NPOBO3HASL CNOCOOHOCMb, MACCA NOE30d; OIUHA COCMA-
64 noe30a 8 YCI08HbIX BA2OHAX.

STUDY OF CONDITIONS FOR DRIVING
CONNECTED TRAINS ON THE FIRST RANGE

Kuzmina N.A.

At present, Russian Railways is operating under conditions of in-
tensive growth in freight traffic to ports, border crossings, and large
industrial enterprises in the Far East. This is due to a number of exter-
nal economic factors and market specifics. The raw-material nature of
the Russian economy and the consequences of the global crisis forced
industrialists to start looking for new sales markets, the way to which
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runs along the East-West international transport corridor and is pro-
vided by the railway and Pacific ports.

Over the past five years, the industry has not seen the large-scale
investments that it so much needs to develop the Russian railway net-
work. Of the global events, only the renewal of the freight car fleet and
the construction of infrastructure for non-public tracks took place.

The lack of investment has led to an increase in the networks ca-
pacity and capacity deficit and, as a result, to an unmet demand for
transportation. The dynamic growth of traffic volumes has always been
matched by the development of the railway network.

Increasing the weight norms of freight trains is one of the priori-
ty directions, allowing to increase the reserve carrying capacity and
carrying capacity, as well as to improve the efficiency of railways in
market conditions.

Purpose. At the DVZhd landfill, there is a lack of capacity in all di-
rections to the ports. In order to accelerate the movement of train traf-
fic to them, it becomes necessary to consider all possible options. The
article discusses issues related to the possibility of passing connected
trains on double-track sections of the Far Eastern Railway, both with
their constant driving and under conditions of summer track work.

Methodology. To solve the problem of the movement of connected
trains, 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 are used.

Results. The necessary conditions for ensuring the movement of
connected trains have been identified.

Practical implications consists in comparing the number of con-
nected trains of its formation for the section and transit ones that come
from the Transbaikal railway and the Arkhara - Khabarovsk Il section,
identifying the preferred directions of such trains, as well as positive
and negative impacts on such indicators as the average train weight
and section speed.

Keywords: connected train; capacity; train traffic,; carrying capac-
ity; train weight, length of the train in conventional wagons.
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JlanpHeBoCTOYHAA KeJe3Hast Jopora MocIeHIEe HECKOIIBKO JIET pa-
00TaeT B YCIOBHSIX BO3PACTAIOIIETO 00BeMa ImepeBo3oK. [ py3o000poT
noporu otHocuTenbHO 2013 rona Beipoc Ha 44% 1 ITpeBBICKI OTMETKY B
300 muH. TkM. [TouTH Ha YeTBEPTH BBIPOCIIA CPEAHECYTOUHAS [TOTPY3Ka B
aJipec JOPOTH U Ha TPETh IPUEM 110 OCHOBHOMY MEKIOPO)KHOMY CTHIKY
Apxapa. CpenHecyTouHasl BBI'PY3Ka JOCTHUIVIA PEKOPIHBIX ITOKa3are-
JIeH 1 BIUTOTHYIO pHOMU3MIach k mokaszaresnto 6000 Baronos. [Tomuron-
HBIE TEXHOJIOTUH YIIPABJICHHUS [IEPEBO30YHBIM MPOLIECCOM, OBBILICHHE
YPOBHSI B3aUMOJICHCTBHSI CO CTUBHJIOPAMH ITO3BOJIMIIN JIOPOTaM CETH
3HAYUTENILHO HAPACTHTh OOBEMBI ITOTPY3KH, a TopTaM XadapoBCKOTO U
[TpumopcKoro KpaeB 00eCIIeunTh 3arpy3Ky HOBBIX MPOU3BOJCTBEHHBIX
MoutHocTel. 1Bk ynanock npyu MakCUMallbHOM 3arpy3Ke KeJIe3HOI0-
POXKHOH MH(PPACTPYKTYpbl 00ECIICUUTh TPAHCIIOPTUPOBKY BO3POCLIETO
9KCIIOPTHOTO TPY30MOTOKA B aApec MOTPEOUTENCH a3uaTcKoro PhIHKA,
o0ecreduTs paboTy HOBBIX TPAHCIIOPTHO-TIOTUCTUYECKUX HAIIPABJICHUH.
HauGonpmii mpupocT nepeBaiku OTMEYEH B HOpTax BiiauBoCTOKCKO-
ro, Haxonkuuckoro u BannHo-CoBraBaHCKOrO TPaHCIOPTHBIX Y3JI0B U
0e3 TOro caMbIX TPy30HAIPSHKEHHBIX HANPaBJICHUSIX MarucTpanu. B te-
KyILIEM IOy Tepes KOIJIEKTUBOM JOPOTH CTOSIT ellie Oonee aMOUINO03-
Hble 3a1a4i. Heo0xonnMo obecrieunTs MpoIyCcK BO3PAcTAOIIEro Ipy-
30I10TOKA, IOCTHYb HOBBIX MOKa3aresieil COOCTBEHHON MOIPY3KH M BCe
9TO B YCJIOBHSIX BBOJIA B DKCILTYaTallUIO HOBBIX TIOPTOBBIX MOIIHOCTEH
pu peKopHoi (0oree 125 mupa. pyOieit) THBECTUIIMOHHOM IPOTpaM-
M€ ¥ 3HaUUTENIbHBIX 00beMax peMOHTa Iy TH. OJIHAKO TP pacIIuPEHUN
BO3MOXHOCTEH MPHUIIOPTOBBIX CTAHIUI OCHOBHBIM 0apbepoM Ha IyTH
BaroHOMOTOKA B MEPCIIEKTHBE OCTAHETCSI MarkCTpaibHast HHPPACTPYK-
Typa. ObecrieueHre mporycka MepereKTHBHBIX 00BEMOB I'PY30B BO3-
MOKHO IIPH PEaM3aliy KJIIOUYEBBIX IPOEKTOB IOBBIIIEHHS IIPOILYCK-
HBIX M MPOBO3HBIX COCOOHOCTEH. B CBSA3M CO 3HAYMTENBHBIM POCTOM
00BEMOB TTEPEBO30K MPETIoNaracTcs Ne(UITAT MPOITYCKHOM CIToco0HO-
cTu Ha yuactkax Tpanccubupckoit Mmaructpanu (Bocrouno-Cubupckoit
n JlanpHEeBOCTOYHOI kemne3HbIX Aopor). [6] Takoe yBennmuenne oobe-
MOB II€PEBO30K ITPUBEIET K CYIIECTBEHHOMY H3MEHEHUIO 3arPy3K1 BCEX
Y4acTKOB paccMaTprBaeMoro nojaurona. I Iposenennbiii anann3 paboTel
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HarnpasiieHust Xabaposck I — Haxonka-BocTtounast o ¢popmMupoBanuio
U IPOINYCKY COECAUHEHHBIX I'PY30BbIX MOE370B MO JaHHBIM 3a 2018 u
2019 rr. 3axIrouancs B CpaBHEHUH KOJIMYECTBA COCTUHEHHBIX MOC3/I0B
cBOero (hOpMUPOBAHUS IS y4aCTKA U TPAH3UTHBIX, KOTOPBIE MOCTYIAIOT
¢ 3abaiikanbCcKol JKeJie3HOH Joporu 1 yuactka Apxapa — Xabaposck I1.
Lenbto nccnenoBanus ObIIO BRISBICHUE MPEUMYIIIECTBEHHBIX HAIIPaB-
JICHWUH CJIeIOBAHUS TAKHUX TIOE3/I0B, a TAKXKE MMOJIOKUTENBHBIX U OTPHLIA-
TENBHBIX BO3/ICHCTBUI Ha TaKMe TIOKA3aTeIH KaK CPEeTHSS Macca rmoes/a
1 YJaCTKOBAast CKOPOCTb JABHKCHUSI.

3a 12 mecsnes 2019 rona no yuactky Xabaposck 11 — IlIkoToBo (10
craHiuu Haxonka-BocTouHasi CoeIMHEHHBIE [TO€3/1a HE CIEYIOT U3-3a
CJIOKHOTO MIPOQUIIS IyTH) OBUIO MPOMYIIEHO:

— 1281 coenuHEHHBIN TT0€3T B YSTHOM HaIPABICHUN, B TOM YHUCIIC

26 moe3n10B, MPUHATHIX 10 CTHIKY Apxapa ¢ 3a0alikalbCKON sKe-
JIe3HOM Joporu 1 39 moe3moB ¢ yuactka Apxapa — Xabaposck II;
— 857 coenMHEHHBIX MOE370B B HEUETHOM HANpPaBICHUH, KOTOPBIC
JUTSL TAHHOTO YYacTKa SBISTIOTCS TIO€31aMU CBOETO (JOPMHUPOBAHHUSL.

YerHble COEAMHEHHBIE MO€3/1a MPOJBUTAIOTCA MO y4acTKy Xa-
6aposck Il — Haxonka-BocTounast mpenMyIiecTBEHHO /10 CTaHIIUN
Aprem-IIpumopckuii 111 — 562 noesna, Cubupueso — 212 noe3nos,
Jleco3aBoack I — 100 moe3goB u YrmoBasg — 65 noe3noB. HeueTHble
COEIMHEHHBIE 10e3/1a CIeIyI0T B OCHOBHOM JI0 cTaHIi Xop — 516
noe3noB, Bsizemckas — 158 moe3nos u JJopmungontoBka — 54 noesna.

Ha pucynxke 1 u 2 mpeacTaBieHbl THCTOTPAMMBI, TIPECTABICHHBIC,
MTOKA3bIBAOIIUE MMPOIIEHTHOE COOTHOIIICHUE YUCIIa C(HOPMUPOBAHHBIX
COEIMHEHHBIX M0E3/I0B Ha CTAHIIMU OT 00IIero yncia (opMHpPyEeMbIX
MOE310B JaHHOM KaTeropuu Ha ydacTke Xabaposck I — Haxonka-Boc-
toyHas 3a 2018 n 2019 roxa.

Takum oOpazom, B 2018 roxy o0beM paboThI 10 (HOPMUPOBAHUEIO
YETHBIX COCAMHEHHBIX MOE3/I0B OB YMEHBIIIEH Ha CTaHINN Xaba-
posck I Ha 40% u nepegan B OCHOBHOM Ha cTaHuuio Xop. Ha cran-
nun Aptem-IIpumopckuii 1 OBII0 HCKITFOUEHO COCTUHEHNE HEIETHBIX
[10€3/10B, a BHIMOJIHEHUE JAHHOM ONepanny NepeHeceHo Ha CTaHIUI0
Aprem-ITpumopckuii I11.
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Puc. 2. HpOI.IeHTHOC COOTHOIICHUEC YHCJIa HCUCTHBIX COCIMHCHHBIX ITOE3/10B

B 3aBHCHMOCTH OT CTaHIIMU (DOPMUPOBAHUS

KomnruecTBO COSTMHEHHBIX TI0€3/10B, ITPOBEICHHBIX 110 Y4acTKy Xa-
Oaposck I — Haxoaka-Bocrounas B 2019 roxy, yBenuueHo Ha 76 moes-
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JIOB B UETHOM HarpaBiieHUU U Ha 317 moe310B B HEUETHOM HaIpaBJie-
Hud. B Hanpasiernu ot ctanuu Xabaposck II mo cranmmu [IkoToBo
ObUTO TponyIeHO 1216 COEAMHEHHBIX MOE3JI0B, YTO MPUBEIIO K I0-
BBILICHUIO CPEIHEN Macchl moe3na Ha 33,2 TOHHBI, HO K YMEHBILICHUIO
y4acTKoBO# ckopoct Ha 1,09 kM/4, B HEUETHOM HarnpasieHuu — 857
[0€3[10B, UTO BBI3BAJIO YBEIMYEHUE CpeaHEH Macchl Ha 22,5 TOHHBI U
yMEHBIIIEHHE Y4acTKOBOW ckopocTu Ha 0,53 km/4.
[To m1aBHOMY XOIy BCero ObUTO MPpoBeieHO 3522 COeTMHEHHBIX I10-
€371, 9TO YBEIMYHJIIO CPETHIO0 Maccy rmoes/a Ha [labHeBOCTOYHOM Ke-
JIe3HOH Jtopore Ha 77,4 TOHHBI (B AJIEKTpOTATe Ha 125,6 TOHH), a TaKXKe
CIOCOOCTBOBAJIO CHIKEHHUIO Y4aCTKOBOW CKOPOCTH Ha 2,53 KM/ (B BJIeK-
Tpotsire Ha 0,58 kM/4). DxoHOMHYECKHUH 3PPEKT OT MpOoIycKa COenu-
HEHHBIX TI0€3/I0B TI0 IIaBHOMY Xomy cocTaBwi 18,41 Mmumona pyoneit.
[Iponyck coeAMHEHHBIX MOE3/10B MPUMEHSIETCS AJIS MOBBIIICHUS
MIPOITYCKHOM CITOCOOHOCTH OTAENBHBIX yYaCTKOB, a TaKXKe yIydIie-
HUSl TEXHUKO-DKOHOMUYECKHUX MOKa3aTelicii uX paboThl U MOXKET pac-
CMaTPHUBATHCS B KA4ECTBE BPEMEHHOTO M TOCTOSTHHOTO MEPOIPHSTHS.
Kpome Toro, jyist o0ecriedeH st IBHIKSHHS COSAMHEHHBIX MOE3/I0B
TpeOyeTcsl Hamn4re HeOOXOIUMBIX YCIOBUM:
1. UIMHHBIE TPUEMO-OTIIPABOYHBIE MYTH (JIBOMHAs HOpMa) Ha Ya-
CTH ITPOMEKYTOYHBIX Pa3JeIbHbBIX TYHKTOB;

2. crnenuaibHBIC BCTABKHU JOMOIHUTEIHHOTO IJIABHOTO ITYTH HA T1e-
peroHax, MPUMBIKAIOIINX K YIaCTKOBBIM U COPTUPOBOYHBIM CTaH-
UM (HAJIMIHE BCTABOK TO3BOJISIET OCYIIECTBISATE COCTUHCHIE
Y pa3beMHEHNE COCTABOB 03 33/IePIKEK JIPYTUX MOE3/I0B).

3. obecrieyeHrie HEOOXOANMOTO MEXKITOE3/IHOTO MHTEpBaja KOH-
TAKTHOM CETHIO.

BrinoHeHHBINA aHAM3 MTyTEBOIO Pa3BUTHUS CTAHIMNA HA ydacTKax
UX BOXKJICHUS MIOKA3BIBAET, UTO TOIBKO HA HEKOTOPBIX U3 HUX UMEIOTCA
JUTMHHBIE TIPUEMOOTIIPABOYHBIE ITyTH, YTO ITO3BOJISIET X UCTIOIE30BaTh
JUTSI IPOTTyCKa COEAMHEHHBIX oe310B. Ho mpu 3TOM Ha Bcex cTaHIu-
SIX COeIMHEHHE TI0e3/I0B Oy/IeT MPOUCXOANUTH C BBIXOIOM 3a TPAHUILY
cranuuu (Tabnuna 2)
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Tabnuya 2.
Yuci10 cTaHIUi VIS COeJTUHEHHS N10€310B
Yucno Kommuectso BmecTuMoCTh caMOro JJIMHHOTO My TH
CTaHIMH | TNPHUEMOOTHPABOYHBIX MyTel B YCJIOBHBIX BaroHax
1 6-2 63
1 7-4 66
1 6-2 99
1 8-3 95
1 5-3 61
1 8-3 108
2 1-1 69
1 5-2 66

Kak BunHO 13 Tabnuipsl 2 Ha CTAHIUAX OTCYTCTBYIOT IIPHEMOOT-
[IPaBOYHBIE IIyTU C JAJIUHOU PaBHOM JBOMHOM HOpPME COCTaBa NOE3/a.
B cBsI3u ¢ 3TM UX coeMHEHHNE OyET BBIIOJIHATHCS C YACTUYHBIM BbI-
XOJIOM COCTaBa Ha JPyrue IIyTH WIH 3a TPaHULy CTaHLUU.

AHanmM3Hpys NOIXOABI K CTAHIHSAM, MOKHO BUJIETB, UTO CIIELIUAIIBHBIC
BCTaBKU JIONOJIHUTENILHOIO INIABHOIO ITyTH HA MIEPETOHAX OTCYTCTBYIOT.

Uro kacaeTcst TPETbEro yCaoBus, TO 1151 0OOCHOBAHUS €TI0 BBIIIOJI-
HEHUs HEOOXOIMMO BBIMOJIHHUTH PACUyeT MEKIIOE3THOTO WHTEepBaa.
Jst Toro, 4TOOBI 0OECIeunBaTh HOpMaIbHOE (PYHKINOHUPOBAHHUE KOH-
TAKTHOM CETU PACCUUTBIBAIOTCS MEKITOE3HBIC HHTEPBAJIbI IIPH JABHKE-
HUU COETMHEHHBIX MOE3/I0B MTyTEM JIEIIEHUs] pACUETHOTO PACCTOSHUS
Ha XOJIOBYIO CKOPOCTb, MUH.:

Uro kacaeTcsi TPETbEro ycaoBus, TO 1715l 0O0OCHOBAHUS €TI0 BBIIOJI-
HEHHUs HEOOXOIMMO BBHIMOIHHUTH PACUYET MEKITOE3THOTO WHTEpBaa.
Jist Toro, 4TOOBI 0OEceurnBaTh HOpMaIbHOE (PYHKIMOHUPOBAHHUE KOH-
TaKTHOM CETH PACCUUTBIBAIOTCS MEKIIOE3IHBIC HHTEPBAJIBI IIPU JBHKE-
HUU COEJUHEHHBIX I10€3/10B IIyTEM JEJIECHUSI paCYETHOIO PACCTOSHUS
Ha XOZOBYIO CKOPOCTb, MHH.

Loy +lgy g, +1,

1=0,06- ,
v

X
B cBs3uc TEM, 4YTO IIPH NPOIMYCKE COCANHCHHBIX ITOC310B BO3HUKA-

eT OoJbIast Harpy3Ka Ha CeTh HEOOXOMUMO YUUTHIBATH MEKIIOC3THON
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WHTEPBAJl Ha IyTH HTaeMOM (DUAEPOM, PacueT KOTOPOTO BEACTCS B
3aBHCHMOCTH OT COCTOSIHUSI CHCTEMBI TSTOBOTO AJIEKTPOCHAOKCHHUS
JUIsl YCTAaHOBJICHHBIX BECOBBIX HOPM I'PY30BBIX MOE3/I0B.

Tax, ju1st IBYXIIyTHOTO y4aCTKa MEXKIOE3/IHON HHTEPBAII [, Ha Iy TH,
nUTaeMoOM (QUACPOM f, MUH. ONPEACTUTCS JACJICHUEM IMOJTHOE BpeMs
XO0JIa MOEe3/1a YCTAHOBJICHHOW MACChl TI0 MyTH MEKIOJICTAHIIUOHHON
30HBI, MUTaEMOMY (PHICPOM f Ha YKCIIO TIOE3I0B, MTOJYUYAIOIIMX OTHO-
BpEMEHHOE MUTAHKUE OT ATOro duaepa.

L=t/n,,
Ot kaxa0ro uaepa f OJHOBPEMEHHO MOXKET I10IydYaTh MUTAHUE
n,, TOE3/10B:
n,=n,c,

Umcro 1moe3noB, KOTOPOe MOXKET OTHOBPEMEHHO HAXOIUTHCS B 30HE
MUTAHUS TOJCTAHIIMH HCXOJS U3 MOIIHOCTH Ka)I0T0 M3 PACUCTHBIX
2JIEMEHTOB CHJIOBOTO 000PYIOBaHUS JIJIsl CUCTEMBI IEPEMEHHOTO TOKa
25kB:

L1-7,,,
21" 40.65- 1"
e 1", 1™ — 1ok ruleda MOICTAHIMK COOTBETCTBEHHO C HAHGOIb-
el ¥ HAMMEHBLIEH HAaTPY3KOH, A, F| — uucio Gpuaepos, MUTAIOMUX
paccMarpuBaeMoe 1wiedo; [, — 5(GPEKTUBHBIA TOK TATOBOM MOICTaH-
muu, A; a,- k03 pHILIUEHT, 3aBUCSIINI OT YMCIIA TyTeH: a, = 0,9 nsa
JBYXITyTHOTO y4YacTKa; ¢,— KO3()(PULIUEHT, yUUTHIBAIOMINI pa3Mepsl

/
JBIDKEHHUS TIO TYTSIM, TUTaeMbIM (QUIEpaMU TTOJICTAHIUH; N, — ancino

MOE3/I0B B CYTKH HA IyTH, TUTAEMOM (DUICPOM f.

[Ipu pacyere MHTEpBaIa PaCCMaTPUBAKOTCS BAPUAHTBI MIPOITYCKA I10-
€3J10B 110 YYaCTKY, TIPUBEICHHbIC Ha pUCyHKe 5. Ha HeM moka3zaH npomyck
OJMHOYHBIX ITOC3/10B YCTaHOBHeHHOﬁ MacCChbI, IPOITYCK YETBIPEX OJUHOY-
HBIX MOE3/I0B JI0 CTAHIMU UX OOBETUHEHUS U JIaJIee TTAKETOM, M COC/IMHE-
HHE JBYX [T0€37I0B U IPOIYCK MX Iepe/l OMHOYHBIM. Takoe pa3Hoe pac-
TMOJIOYKEHUE OKa3bIBACT BIMSHUAE HA PACUCTHBIN MEKIIOE3HON UHTEPBAJL.

3HauyeHus MECXKIIOC3AHBIX MHTEPBAJIOB IIPU HOPMAJIIBHOM PEXKUME
paboThl U B 3aBUCUMOCTH OT COCTOSIHUSI KOHTAKTHOHM CETHU M MAaCChI
cocTaBa moe3/a (BEIHYKICHHBIN) TPUBEICHEI B TaOIHIIE 3.
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Tabnuya 3.

MuHHMAIBHBIN pacyeTHBINH MeKIO0e31HOWH HHTepBaJ (MUHYT)

Pexxum pacuera nnrepsana
CoueTanue Moe30B 10 Becy - -
HOPMaJIbHBIN BBIHY KICHHBII
6000-6300-6000 T 10 14
3200 -3200 T 12 15
6300-7100-6300 T 10 15
6300-8300-6300T 11 16
6300-12600-6300T 18 20
6300-9100-6300 T 18 20
12600-6300-12600 T 20 25

Kak cnexyet 3 Tabnuiis 3 cOCTOSHHE KOHTAKTHOM CETH U TIOBBIIIIS-
HHE MacChl COCTaBa MOE3/I0B YBEINUUBAIOT MEXKIIOE3IHON UHTEPBAJL.

Wrak, ananus yciaoBHii MOKa3bIBaeT, yTo Ha nonurone JBxxm ¢popmu-
pOBaHKE U MPOIYCK COCAMHEHHBIX ITOE3/I0B CBSI3aHO C PSIIOM TPYTHOCTEH.
Bce Tpu HE0OXOAUMBIX YCIIOBHUS HE BBITTOIHSAIOTCS B TIONTHOM OOBEME.

OObeIMHEHNE U ITPOIYCK COSTMHEHHBIX M0E3/I0B, COMNIACHO HOpMa-
THUBHBIM JIOKyMEHTaM, pa3peIiaeTcsi NpyU HaJIU4uu UCIPABHO JIECHCTBY-
roteit nmoezaHou paguocssazu Mexay JHLI, JCIT u mammaicToM To-
JIOBHOT'O JIOKOMOTHBA, & TAKXXE MEKAY HUM U IPYTUMU MaIllMHACTaMHU
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CoeMHEeHHOro noe3/a. [lpu coenuHeHnn rpy»’eHoro 1 MOpoKHEro Mo-
€3710B IEPBBIM pacIojaraeTcs rpy keHsli. [IpoIryck Takux moe3n0B Bbl-
TIOJTHAETCS, KaK ITPABUIIO, TIO TVIABHBIM ITyTSIM ITPOMEKYTOYHBIX CTaHIIUIA.

JU1s IpOBEpKHM TEXHUYECKNX BO3MO)KHOCTEH CTAHIMH PACCUUTHIBA-
eTCs MPOIYCKHAs! CTIOCOOHOCTH MPUEMO-OTIPABOYHBIX TTAPKOB U Ty TEH.

OOwiee BpeMs 3aHATHUS IyTeH MPELyCMOTPEHHBIMH TEXHOJIOTHYE-
CKHM TIPOIIECCOM OIEPALUIMHU C TPY30BBIMHU MOE3/1aMH, 3aBUCSIIIINMU
OT Pa3MepOB JIBUKEHMSI U CHENMAIN3alUN ITyTeH, Onpeaensercs 1o
dhopmyre, MuH.:

T = Ryt s 10, + gt f, + it )1+ p),

p — YHMCIIO TPAH3UTHBIX TOE3/I0B, HPOIYCKACMBIX Yepe3 MapK
C MOZX0Ja, MOC3/1a; 1, — YHCII0 Pa3bOPHBIX MMOE310B BCEX KATCrOPHii
(kpoMe cOOpHBIX U BBIBO3HBIX C pa00TON Ha y4acTKe), TOCTYIIAIOIINX B
apK, oe3/1a; n(j, — YHCIIO TTOE3J0B CBOETO (DOPMUPOBAHUSI BCEX KATEIro-
puii (kpome cOOPHBIX M BEIBO3HBIX C paOOTOH Ha y4acTKe), OTIIpaBJsie-
MBIE U3 NapKa; ¢ ;Zg,zjwz;*jm — BpeMsI 3aHATHS ITyTH BBINIOJIHEHUEM TEX-
HOJIOTMYECKUX ONEPALNi € T0e37/aM1 COOTBETCTBYIOIIUX KaTerOpUi U
Pa3INYHBIX MOIXOA0B (BBIXOIOB), MUH; n] — YUCIIO Tepesiad yIIIOBOro
ITOTOKA MJIM MECTHBIX BarOHOB M COCTaBa MOE3/I0B, BHICTABISIEMBIX B
IPUEMHBIH IApK 1St PACHOPMUPOBAHKS, TIOE3/1A; £ 5, — BPEMS 3aHATHS
ITyTH OJHOMW TIepeaaveii (COCTaBOM) IO TEXHOJIOTHIECKOMY TIPOIIECCY,
MUH; p — TOTPeOHBIN KOG GHULMEHT, I TPUEMO-OTIPABOYHBIX Ty TeH
HEY3JI0BBIX CTAHLIMHI IBYXIIyTHBIX JUHUH p = 0,2.

KoadduumeHT ncnonp3oBanus UMEIOIIEHCS] MOLTHOCTH MapKa ITy-

Tel onpesensercs:

rie n,,

K= T
a-B-1440-m-YT"

nocm

rae o — K03(G(UIHUEHT, YUYUTHIBAIOILNI BIUSHUE HA HCIIOJIb30BaHUE
MyTeil IBMKEHHS MacCaXKMPCKUX M COOPHBIX 1moe310B, o = 0,6 § — xo-
2 pHUIHIeHT, TOKa3bIBAIOITHI BIUSHIC TTACCAKUPCKUX U COOPHBIX TT0-
€3/10B Ha HCIOJIb30BaHuUE MyTel napka npuema (oTmnpasieHus), p=1m
— HAJIMYHOE YMCIIO TyTeil; Y 17 h . — BPEMs 3aHATHS MyTeii, HCTIONb3Y-
€MBIX JUIS TPY30BbIX TI0€3/10B, BBIMOJHEHUEM B TEUCHUE CYTOK ITPOUUX
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IIOCTOAHHBIX onepaum‘/'l, HC U3MCHATIOMIUXCA IIPONTOPHHUOHATIBHO pa3sMe-
pam JBIXKCHUS, U paboTaM 1Mo TEKyIeMy 00CTy)KHBAHUIO, ITAHOBBIM
BHJIaM PEMOHTA U CHETOyOOpKE.

Pe3ynbTarhl pacueToB CBEICHBI B TAOIUILY 4.

Tabnuya 4.
Pacder 001iero BpeMeHHu 3aHATHS IyTel cTaHIUI

Cranmun | Hanpasnerne Ill_}/lgf_? T | 15252 Z in;-t;) | T,vmun | K
Apx YETHOE 6 15 40 1175 1410 | 0,28
YEeTHOE 6 15 40 1175 1410 | 0,28
O6x HEYETHOE 8 15 40 1120 1344 | 0,20
Bp YEeTHOE 7 15 40 1175 1410 0,24
HEUETHOE 5 15 40 1120 1344 | 0,32
Bbp6 HEYETHOE 5 15 40 1120 1344 | 0,32
Hn HEYETHOE 1 15 40 1120 1344 1,70
X2 HEYETHOE 8 82 | 100 5292 6350,4 | 0,93

W3 Tabmutiet 4 cuemyeT, 9To Ha CTAHITUSX TIE IIPOUCXOINUT COCAMHE-
HUE U pa3beIMHEHUE JOCTATOYHO MyTel MPUEMO-OTIIPABOYHOTO MapKa.

[IpakTrKa mOKa3bIBaeT, YTO BHEAPEHNE MPOTPECCUBHON TEXHOIO-
UM BOXKICHHS COCIUHEHHBIX TI0€3/I0B 00eCIeunBacT HHTEHCU(UKA-
IIATO UCITOJIB30BAHMSI MPOITYCKHON M TIPOBO3HOM CITOCOOHOCTH KeJe3-
HBIX JOPOT, HO B Ka’XKIOM KOHKPETHOM CJIy4dac OpraHu3anus IBUKCHUA
TaKWX MOE3/I0B JIOJDKHA OBITh TEXHUKO-I)KOHOMHUYECKH 000CHOBAHA.

Ha yuacTtkax, cyepnaBIIMX MPOIMYCKHYIO CIIOCOOHOCTb, IIEJIeCo-
o0Opa3Ha opraHM3anys BOXKJACHUS COCAMHEHHBIX ITOE3/I0B, MHAYE IS
OCBOCHHS BO3PACTAIONINX Pa3MEpOB JBIKEHHUsI TpeOyeTcs yCHIIeHHE
TEXHUYECKOTO OCHAIICHUS WU CTPOUTEIHCTBO HOBOU nuHUU. [lpu
MaKCUMaJILHOM MHTEHCUBHOCTH JABVIXKXCHUSA MMOC310B HAa YYaCTKEC BO-
JKICHUE COCTMHEHHBIX MOE3/10B HECKOJIBKO CHUXKACT HATUYHYIO MPO-
ITyCKHYIO CTIOCOOHOCTH, HO 3HAYUTEIHFHO YBEJIWYUBAET MPOBO3HYIO.
CreneHb M3MEHEHUS MPOIYCKHON M MMPOBO3HOM CIIOCOOHOCTH 3aBH-
CHUT OT YHCJa O6'BSJII/IH$ICMBIX COCTAaBOB U JOJIX COCAUHCHHBIX IT0C3/10B
OT 00IIMX pa3MepOB JABMKEHUS. B yCIOBUIX ONTHMAaIbHOTO UCIIONb-
30BaHUS MPOITYCKHOHW CITOCOOHOCTH I1eN1ecO000pa3HOCTh PETrYISIPHO-
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IO BOXKICHHUSI COCIMHEHHBIX MMOE3/I0B J0JKHA 000CHOBBIBATHCS TEX-
HUKO-3KOHOMHMYECKUMU pacyeTaMu. B ciyyasix HeTOMCIOIb30BaHUs
MPOMYCKHOW CIIOCOOHOCTH OpPTaHW3alusl IBUKCHHS COCIMHEHHBIX
MOE3/710B MOXKET OBITh PEKOMEHIOBaHA TOJIBKO Kak BpeMeHHasi Mepa B
MIEPHUOJT KOKOH» WM BPEMEHHOTO YBEIMUYEHHS Pa3MEPOB JIBHIKCHMS.

[IpumeHeHre mpomycKka COeUHEHHBIX TOE370B MpoOIeMy, Kak
MIPaBUJIO, HE PEIAET U ChEM ITOE3]0B IPUCYTCTBYET. [ToaTOMy mouck
ONTUMAJIBHOTO CTI0Cc00a OpraHu3aliK JIBHKSHHS TTOE3/I0B M UCIIONb-
30BaHUs MEPEAOBHIX JOCTHKEHUH HAyYHO-TEXHHUECKOTO Mporpecca
OCTaeTCs aKTyaJlbHBIM.
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npoeooUMOl MPAHCHOPIMHOU NOTUMUKU.

Ienvio uccnedosanus — onpedenenue 3auMoCssi3u Mexncoy ypos-
HeM asmomMoOunU3ayUL HacereHus u 0oJell NepeosUNICeHUL Ha 1e2Ko-
8bIX ABMOMOOUTIAX 8 20POOAX 8 PAMKAX UHEPYUOHHO20 N00X00d K pA3-
BUMUIO 20POOCKUX MPAHCIOPMHBIX CUCTEM U NOOX00d, OCHOBAHHOZ0
HA KOHYenyuu yCmouuue02o pa3eumusi.

Mamepuanst u memoovl uCc1e008aHUA: 015 NOCMPOEHUS 3A8UCU-
Mocmeti Mexcoy YpoGHeM A8MoMOOUIUZAYUU HACELeHUs U OOLell nepe-
O0BUIICEHULL HA 182KOBbIX ABMOMODUIAX 8 20P00AX UCHONb30BANUCH Me-
MOObL PecpecCUOHHO20 AHAU3A. 3A6UCUMOCIIU HOCTPOEHbL HA OCHOBE
OAHHBIX, NOIYUEHHBIX @ PE3VIbIame CUHMe3d Pe3yibmamos uccieoo-
BaHULl NOOBUICHOCTU HACELEeHUs 8 pade 20podos Poccuu, Bocmounoti
u 3anaonoit Esponst 3a nociednue nsamvoecsm jien.

Pesynvmamot: npu uHepyuoHHOM NOOX00€ K PA3EUMUIO 20POOCKUX
MPAHCNOPMHBIX CUCTEM Q051 NEPEOGUICEHUL HA TIE2KOBLIX ABIMOMO-
OUNLAX YBETUUUBAEICS C POCHIOM YPOBHS ABMOMOOUIUZAYUY. 3a6UCU-
MOCHb XOPOuLo ONnuUCvlaemcs: toeucmudecko gyuxyuei. 1100x00,
OCHOBAHHVII HA KOHYENYUul YCMOUYU8020 pa3eumus, Hanpaeien na
CHUDICeHUe 0MU NEePeOSUNCEHULL HA 1e2KO8bIX agmomoousix. Ilpose-
OEeHHbIIL AHAIU3 NOKA3bI6Aem, YUMo 6Mece CO CHUdCeHuemM 00U ne-
PeOBUIICEHUT HA Ne2KOBbIX AGMOMOOUNIAX CHUNCAEMCSL YPOBEHb A6-
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MOMOOUNUZAYUU HACENEeHUS, HO MAKOe CHUNCEHUE NPOUCXOOUm ¢
3a0eparckou. Umeem mecmo sasieHue eucmepesucd.

Ilpumenenue pe3ynbmamos uccie008anus: pe3yibmamol Uccie-
006aHUS NOMOAIOM JIyULe NOHUMAMb NPOUCX00AWUE USMEHEHUS 6
MPAHCROPMHOM NOBedeHUU io0ell, CEA3AHHble C asmomoduIuayuelt
HaceNeHuss U UCHOIb308AHUEM JIe2KOBIX A8momoduLell Ojis 0Cyuecm-
81eHUsL NePedBUNCEHULL 8 3ABUCUMOCTIU OM NPOBOOUMOL MPAHCHOPHI-
HOU NOAUMUKU.

Knrouesvie cnosa: yposenv agmomoounuzayuul, mpaHcnopmuulii
Cnpoc; CROcoH nepedsudicetUst; UCNOIb308AHIE ABMOMOOULElL; YCMOTi-
yusoe pazsumue, NOOBUINCHOCb HACENEeHUsL, SUCePesIUC.

THE RELATIONSHIP BETWEEN CAR OWNERSHIP
AND SHARE OF TRIPS ON PASSENGER CARS IN CITIES

Litvinov A.V., Donchenko V.V.

In order to plan and predict the development of urban transport
systems, it is necessary to understand the relationships between car
ownership and car usage indicators for various options of urban trans-
port policy.

The purpose of the study was to examine the relationship between
car ownership and share of trips on passenger cars within the frame-
work of the conventional approach to transport systems development
and the approach based on the concept of sustainable development.

Materials and methods. The methods of regression analysis were
used to build the dependencies between car ownership and share of
trips on passenger cars in cities. The dependencies were built on the
basis of synthesis the urban mobility studies results in some cities of
Russia, Eastern and Western Europe over the past fifty years.

Results. The share of trips on passenger cars increases with the
increase of car ownership. The dependence is well described by the
logistic curve. The approach based on the concept of sustainable devel-
opment is associated with a targeted reduction in the share of trips on
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passenger cars. The analysis shows that car ownership decreases with
a decrease in the share of trips on passenger cars, but such decrease
occurs with a delay. There is a hysteresis phenomenon.

Practical implications. The results of the study help to better un-
derstand the changes in the travel behavior associated with car owner-
ship and using a car, depending on the transport policy being pursued.

Keywords: car ownership, modal split; travel demand; travel mode,
car usage; sustainable development; mobility, hysteresis.

Beenenue

[To mMepe pocta 61arococTosHUs HaceNeHHUs JIOAW aKTUBHO TPH-
o0peTaroT B COOCTBEHHOCTh aBTOMOOWIIM, MPECTABIISIONINE X Bia-
JIeJIbIIaM BBICOKHUH YPOBEHb MOOMJIBHOCTH 1 KOM(OPTa IIPU OCYILECT-
BJICHUH NEepeBIKeHNH. BrageHne aBToMo01IeM mocTerneHHo MeHsIeT
00pa3 )KU3HU JIFofiell, UX IPUBBIYKY U TIOBEICHHE.

Poct ypoBHsI aBTOMOOMIM3AMN ¥ UCTIONB30BAaHHE aBTOMOOMIIEH
IUIsl TIEPeIBUKEHUH BBI3bIBAET 00pa30BaHUE TPAHCIIOPTHBIX 3aTOPOB,
POCT 3arpsAi3HEHHs OKpYXalolleil cpenbl, CHUKEeHHEe 0e30IMacHOCTH
JBIDKCHHUS U T.01. J{J1sl Ipeo1oaeHns TAaKMX HEraTUBHBIX [TOCIEICTBUN
BO MHOT'MX CTpaHax MHpPa B IOCJICAHNUC I'OAbI IPOBOAUTCA TPAHCIIOPT-
Hasl MOJINTHKA, OCHOBaHHAs Ha MPUHLUIAX YCTOHYHMBOTO Pa3BUTHA.
dopmupyetcs Topozckast cpesia, He TpeOyrolas 0053aTesIbHOTO Bllajie-
HUS M MCTIOJIB30BAaHUSI aBTOMOOMIIEH [t 0oOecriedeHus] MOOUIBHOCTH
JIIO7IeH ¥ BBICOKOTO KadeCTBa MX KU3HH.

XapaKkTepUCTUKU BIAACHUS U UCTIONB30BaHUS aBTOMOOMIICH SIBIISI-
TOTCA TaKXKE BaXXHBIMU ITOKa3aTCIIAMU, ONPCACITIAIOIINMU HOTpe6HOCTB
B TPaHCIOPTHOH HH(PACTPYKTYpE U cepBUCAX. YPOBEHb aBTOMOOHIIH-
3allUM HACEJICHUS pacCMaTpPUBAETCsl B KAUECTBE MEPhI BIIAJCHUS aBTO-
MOOWIISIMH, a J0JIsl TIEPEABIKEHUH Ha JIETKOBBIX aBTOMOOMIISIX B 00-
1ieM o0beMe IepeBIKEHUH (BKII04ast IEPEABIKEHHUS MIEILIKOM U Ha
BEJIOCHIIE/IC) — B KAYE€CTBE MEPbI HCTIOJIb30BAHUST aBTOMOOHJICH.

Jis IaHupOBaHUs U IPOTHO3UPOBAHUS PAa3BUTHUS TPAHCIOPTHBIX
CHCTEM TOpPOIOB HEOOXOANMO MOHNMAHKE B3aUMOCBs3eH NoKazaresen
BJIaJICHUS U MCIIOJIb30BaHMs aBTOMOOMIICH /ISl Pa3IMYHBIX BAPHAHTOB



MexayHapoaHblli XypHan nepcnekTuBHbIX nccnegoranuia, T. 10, Ne3, 2020 67

HPOBOAUMON TPAHCIIOPTHOM NoJIMTUKY. McciienoBanuio JaHHOTO BO-
Ipoca MOCBsIIeHa AaHHas padoTa.

Cocrosinue Bonpoca

[Iporecc maccoBoit aBroMoOUIM3aIMK HaceneHus B roponax Ce-
BepHOIl AMepuku Hauascs B 20-30 roasr XX Beka, B 3ananHoil EBpo-
e — B 50—60-e rogpr XX Beka. B HEKOTOPHIX TOPOIAX yPOBEHb aBTO-
MOOUIHU3AIUH yKe JoCcTUT ypoBHs HackimeHus (600—700 ierkoBbIx
aBromoOmiteit Ha 1000 sxuteneit). Ilox ypoBHEM aBTOMOOMIM3aMy (car
ownership rate) moHMMaeTcsl KOJIUYECTBO JIETKOBBIX aBTOMOOMIIEH BO
BIIAJICHUM Y HaceneHwsI, npuxomsnuxcs Ha 1000 xuTemei.

YpoBeHb aBTOMOOUITU3AIINH OOBIYHO CBSI3BIBAIOT C YPOBHEM OJ1aroco-
crosiHuA Hacenenus [0, 9, 12]. Peynmbrars! nccnenoBanmii B Benmkoopu-
TaHWU [TOKA3bIBAOT, YTO YPOBEHb ABTOMOOMIIN3AIINY CHITbHEE U3MEHSICTCS
C POCTOM YpPOBHS JOXOJIOB, YeM TIPH MX CHIDKeHHH. [Ipn aToM amacTd-
HOCTbh YPOBHsI aBTOMOOMIIU3AIINH TT0 JIOXOJ[aM HE SIBIISICTCSI TOCTOSIHHOM, —
OHA CHIDKAETCS C POCTOM YPOBHSI aBTOMOOMIIM3AIINH [7]. DIacTHIHOCTE
YPOBHSI aBTOMOOMJIM3AI[H HACEIICHHS TI0 YPOBHIO JIOXOJIOB, IOy YCHHbIC
Ha OCHOBE aHaJIM3a JaHHBIX 0 26 CTpaHaM MUPA, U3MEHSIETCS IPUMEPHO
ot 2,0 1y1st HU3KOTO YPOBHS JJOXOAOB JO HYJIS IIPU BEICOKOM YPOBHSI JI0-
X0J1a, KOT/Ia aBTOMOOMITH3AIIHS HAaCEICHUS TOCTUTAeT HackImeHus [8]. B
KPYIIHBIX TOPOJIaX Ha YPOBEHb aBTOMOOMIM3AIIMY HACEJICHUS OKa3bIBACT
BJIMSIET IOCTYITHOCTh M Ka9€CTBO OOIIECTBEHHOTO TpaHcmopra [11, 16].

B Poccuu u Bo MHOTHX cTpaHax Bocrounoii EBporibl ypoBeHb aB-
TOMOOWITM3AIlMK HAaCceJIeHUs BIUIOTH 70 Hadama 90-x XX Beka Haxo-
JWJICS] HA TOCTAaTOYHO HHU3KOoM ypoBHE (HmxKe 100—150 erkoBbx aB-
tomobuiei Ha 1000 >xuTeneit), HECMOTpPSI HA TOCTAaTOYHO BBICOKHIMA
YpOBeHb ku3HH. CIepKUBAHIE aBTOMOOMIN3AINH 00CCTICINBAIOCH 3a
CUET KBOTUPOBaHUsI 00beMa BhIITyCKaeMbIX aBTOMOOWMIICH IS TPOJIAKH
HACEJICHUIO B paMKaX [EHTPaIN30BaHHOTO YIPABICHHUS SKOHOMHKOM.
C nepexooM K pbIHOUHOM skoHOMHUKE B 90-e roasl XX Beka B Poc-
cuH 1 cTpaHax BocTounoit EBponsl HaOmogaeTcs 3SHAYUTETLHBIA POCT
YPOBHSI aBTOMOOMJIM3AIIMY HACEJICHUS, HECMOTPSI Ha MaJICHUE JI0XO0JI0B
HACEJIeHUS, 32 CUET OTIIOKEHHOTO CIIPOCca. YPOBEHb aBTOMOOMITH3AINN
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B Poccun x 2016 rony npeBbiciit oTMeTKy B 300 JIerKoBBIX aBTOMOOH-
neit Ha 1000 »xuTenel U MpoI0JKAET PACTH.

B Bcem Mupe B Topoziax 1mo Mepe pocTa aBTOMOOMIM3aLuH MTEPBO-
HayaJbHO MPUMEHSIICS MHEPLUOHHBIN MOAX0A K PA3BUTHIO TPAHCIIOPT-
HBIX CHCTEM, TO €CTh JEJIAIUCh ITOTBITKH a1lallTHPOBATh TPAHCTIOPTHYIO
MH(PACTPYKTYPY TOJ MIOCTOSTHHO YBEIMYMBAIOIINN CIIPOC HA Tepe-
JIBIDKEHUS Ha JIETKOBBIX aBTOMOOMIISX 3a CYET 3KCTEHCHBHOIO Hapa-
IIMBAHUS TPOIYCKHOM CIIOCOOHOCTH YAMYHO-JOPOKHON CETH, KOJIH-
YeCTBa U BMECTUMOCTH NMapKOBOK. VIHANBHyanbHBIH aBTOMOOMIIEHBIN
TPAHCHOPT IO CPABHEHUIO C ANBTEPHATUBHBIMU CIIOCO0aMH TIEpeIBHU-
JKEHUS TpeOyeT HaMHOTO OOJIBIIE MPOCTPAHCTBA, KOTOPOE B TOPOJaX
C MJIOTHOM 3aCTPOMKOH ABISAETCS OTHUM U3 CaMBbIX LIEHHBIX PECYPCOB.
Brigenenne stux pecypcos 6e3 ymiep0a s IpyTUX BUAOB TOPOACKIX
AKTUBHOCTEH CTAHOBUTCS HEBO3MOXKHBIM. B pe3ynbrare o Mepe pocra
YPOBHSI aBTOMOOMJIM3AINA HA YINYHO-TOPOXKHBIX CETSIX TOPOIOB pa-
CTYT IOTEPH BPEMEHH Ha MepeIBUKEHUS JIIOAeH U IOCTaBKY TOBAapOB,
YXYALIAETCSl IKOJOTUYECKAs CUTyallMsl, OBBIIIAETCSI ABAPUUHOCTb,
CHIJKAeTCs Ka4yeCTBO TOPOJICKOM Cpejibl.

KoHrentyanpHOM 0CHOBOM 1S pelIeHHs BBIIIEYKa3aHHBIX TPpo0IeM
SIBIIIETCS] KOHUEMIMS YCTOMYMBOTO PAa3BUTHS TPAHCIIOPTHBIX CHCTEM.
[Ton ycToiuuBBIM pa3BUTUEM MOHUMAETCSI TAKOE PAa3BUTHUE, KOTOPOE
o0ecrieunBaeT yJI0BIETBOPEHHE TOTPEOHOCTEH HBIHEIITHETO TTOKOIEHHUS
0e3 ymiep0a a1t BO3SMOKHOCTEH OyIyIINX TOKOJICHH YIOBIETBOPATH
ux coOcTBeHHbIe oTpedHOoCTH [15]. KoHIenius ycToiHunBoro pa3su-
THSI HAIIPaBJICHA HA 9KOHOMHUYECKOE Pa3BUTHE, COLIMATIBHBIN MTporpecc
Y 3aIIUTy OKPY’KaIOIIei cpesibl B JOATOCPOIYHOM KOHTEKCTE.

B 2015 roxy I'enepanbHoii Accambneeit Opranuzamun O6benu-
HeHHBIX Hamwit 6p11a ipuasTa [loBecTKa B 001aCTH YCTOWIHUBOTO pas-
Butus 10 2030 roga, B KOTOpoi ompenencHsl 17 neneil ycToHduBoro
passutws [5]. Llensb 11 mpeamonaraet obecriedeHne OTKPBITOCTH, 6€30-
MMACHOCTH, KU3HECTOMKOCTH U SKOJIOTMYECKON yCTOMUUBOCTH TOPOJIOB
Y HACEJIEHHBIX ITYHKTOB. YCTOWYHBAas MOOMIBHOCTH B TOPOJIaX JIOJKHA
o0ecIieunBaThCs 3a CUET paCUIMPEHUS UCIIOIB30BaHMUS 00ILECTBEHHOTO
TPAHCIIOPTa ¥ HEMOTOPU3UPOBAHHBIX CITOCOOOB MTEPEIBUKCHUSI.
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VYrpasneHnre MOOUITBHOCTBIO BKIIIOYAET KOMIUIEKC PA3IMYHBIX MEpO-
npusaTai (Tabmuma 1) He TOIpKO WHPPACTPYKTYpHOTO, HO U SKOHOMHU-
YEeCKOTr0, OPTaHU3AIOHHOTO, aJIMUHUCTPATUBHOTO Xapakrepa [18]. s
CIIep>KUBAHUS TTEPEIBIKEHII Ha JIETKOBBIX aBTOMOOWJISIX MOYKET OTPaHH-
YMBAaThCS KOJMYECTBO MTApPKOBOK, BBOAUTHCS TIJIaTa 3a MApKOBKY, TIATHBIN
BBE3]1, CO3/IABATHCS MEIIEXO/HBIE 30HBI, 30HbI YCIIOKOSHHS JIBFDKSHHS H T.I1.

Konnenmus ycToifuMBOro pa3BUTHs HaIllpaBJieHa Ha MOBBINIEHHE Ka-
4YecTBa XKHU3HU Jonel. B psjie ropomnos 3amagHol EBporsl (Takue Kak
Bena u L{ropyx) npuHIUIIBE YCTOHYHBOTO Pa3BUTHS B chepe TpaHCIop-
Ta Hadanu BHeApsAThes eme B 80-90 rogsl XX Beka. B mocnennue
roas! Bena u L{1opux sIBISIFOTCS IUACPaMU PEUTHHIA KaUe€CTBA KU3HU
Mercer Quality of Living Ranking 2018 [20].

OnHol u3 TTIaBHBIX 33134 TpancnopTHo# crpaternn Bensr mo 2025
rofa sIBIsIeTCsl oOecrnedeHrne MOOMIBHOCTH HaceleHus 0e3 BIaJeHUs
aBromoOwmieM [17]. B xadecTBe KJIIOYEBOTO IEJIEBOTO ITOKA3aTEIs
TPaHCIOPTHBIX cTpareruil Bensl u [{ropuxa BeICTynaeT 10Jis HepeaBU-
JKEHUH Ha JIETKOBBIX aBTOMOOMJIAX B 00IIEM 00beMe TepeaBHKCHHIM,
BKJTIOUAs MIEPEIBIDKEHNUS MEITKOM U Ha Besocuriene [17, 19].

Tabnuya 1.
HaGop MeponpusTuii no ynpapjieHuio MOOHJILHOCTBIO [18]

- YMCHBIICHUE KOJINYC-
CTBa MMapKOBOK;

- CO3JaHNE 30H YCIIOKOEC-
HHUA IBUXXCHUSA,

- CO3JaHUC NMECIICXOJHbIX
30H 4 T.II.

Meponpusitusa | Tonkaromme («KHyT») Tanymme («IIpsitHuK»)
ITonurHko- OrpaHudeHue J0CTyIa CoBepIICHCTBOBaHIE 00CITYKHBAHHS
DKOHOMMYECKHUE | aBTOMOOUIIEH: TPAHCIIOPTOM OOIIETO MOJIL30BAHUSL:
Mepbl - IJIATHBIC TAPKOBKU; - HHTETPUPOBAHHBIC CUCTEMBI, B TOM
- IUTATHBIA BBE3]] B ICHTP | YHCIIC OILIATHI POE3/Ia;
roposa; - IPUOPHUTET MIPOE3/a TSl TPAHCIIOP-
- HAJIOTH C TPAHCIOPT- Ta OOIIErO MOJIL30BAHUS U T.II.
HBIX CPEJICTB U T.II.
TexHuueckue CHIKEHHE KOJIMYECTBA CoBepIIEHCTBOBaHUE 00CITyKUBAHUS
MEpOIPHATHSI | TOE3/I0K HA aBTOMOOMIIC: | TPAHCIIOPTOM OOIIIETO MOTb30BAHUS:

- CHCTEMBbI CKOPOCTHOTO TPAHCIIOPTa;
- yIOOHBIH MTOABMKHOM COCTAB,
YAOOHBIE OCTAHOBOYHBIE MYHKTHI U
HOJIXO/IbI K HHM;

- nH(OpPMAIIMOHHOE 00CITy)KHBaHNE,
- COBEpILICHCTBOBAHNE MEIIEXOXHOH 1
BEJIOCUIIETHOM MH(PACTPYKTyphI U T.II.
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Oxkonuanue maon. 1.

[TnanupoBou-
HBIE MEPOTIPH-
SITHS

WurerpupoBanHOE 13-
HUPOBAHUE TPAHCIIOPTA U
3eMJIENOJIb30BAHMS:

- pa3BUTHE TEPPUTOPHUIA,
OpPHEHTHPOBAHHBIX HA HC-
TOJIb30BaHUE OOIIECTBEH-
HOTO TPAHCIIOPTA;

- OrpaHHYeHHe MapKOBOY-
HOTO IPOCTPAHCTBA M T.II.

[TnarnpoBaHye HEMOTOPU3HPOBAH-
HBIX CIIOCOOOB MePeBIKEHHIA:

- IUTAHUPOBaHHE HHPPACTPYKTYPHI
JUTSL IBIDKEHHS TICIIEXO0/I0B U BEIOCH-
MEMCTOB;

- obecriedeHre CBI3HOCTH YIIHII;

- Pa3BUTHE CHCTEMBI MaPIHIPyTHOTO
OpPUEHTHPOBAHMSA U T.IN.

[Honnep:xupato-
1I1e MEpOIpH-
SITHS

KonTpons:

- mrpadpl, 3BaKyaust
TPAHCTIOPTHBIX CPEJICTB
U T.IL

OO01ecTBeHHAs! BOBJICYCHHOCTb:

- 00BSICHEHHE IPHHUMAEMBIX MEp;

- IPOBE/ICHNE MEPOTIPHUATHI TAKUX
Kak «Jlenp 6e3 aBToMOOMIICH» U T.II.

IIpoBoaumas TpancnopTHas nojutruka B Bene u [{ropuxe no3posiu-
JIa CHU3UTH JI0JTHO MIEPEBIKSHUI Ha JISTKOBBIX aBTOMOOMIsIX ¢ 2000 1o
2010 rom ¢ 36% mo 31% u ¢ 40% no 30% cooTBeTCTBEHHO (Tabmuma 2).

Tabruya 2.

dakTHYeCKHe U 1eJleBble 3HAYeHUsI 1014 NepeABHKeH U
Ha JIerKkoBbIX aBTOMOOMJISIX B Bene u Lropuxe [17, 19]

JloJis iepeBIDKeHUH Ha JIETKOBBIX aBTOMOOWIIAX, %0

dakTHYeCcKre MmoKa3arean LleneBble mokazarenn
Topon

10 TOJIaM 10 TOJIaM
2000 2005 2010 2020 2025 2030

Bena (ABctpus) 36 34 31 25 20 15
ropux

(Ilseiinapus) 40 36 30 - 20 -

CHmKeHUE JI0JU TIepEIBUKESHU I Ha JISTKOBBIX aBTOMOOMIISIX B BeHe
n Llfopuxe compoBOXIaeTCs CHIDKEHUEM YPOBHS aBTOMOOWIA3AINN

HaceneHus [17,

19].

Takum oOpa3om, B paMKax MHEPIIMOHHOTO MOAX0Aa K Pa3BUTHIO
TOPOJICKUX TPAHCIIOPTHBIX CUCTEM POCT YPOBHSI aBTOMOOMIIM3AIIMU Ha-
CEJICHHS BBI3BIBACT POCT JIOJNH MEPEIBIDKEHUH Ha JIETKOBBIX aBTOMO-
Oowisnx. B paMkax 1mojxoyia, OCHOBAaHHOTO Ha peau3aIliy KOHIICTIIUN
YCTOHYHMBOTO Pa3BUTHS, IPUMEHSIEMbIE MEPOTIPUATHS 110 CHUKCHUIO
JIOJIA TIEPEIBIKEHNUN HA JIETKOBBIX aBTOMOOMIISX BBI3BIBAIOT TAKKE
CHIDKEHUE YPOBHS aBTOMOOWIIN3AIINN HACEIICHHUS.
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ITokazarenu BiIageHUs ¥ HCIOIB30BaHU JIETKOBBIX aBTOMOOMIIEH, KaK
TIPaBUJIO, OTIPEACIIAIOTCS B pE3y/bTaTe UCCIIEIOBaHHHN TTOJIBIYKHOCTH Ha-
cesleHus B ropozax. Takux uccnenoBanuii B Poccuu mpoBoausocs Kpai-
HE MaJIo, TI03TOMY CTaTUCTHYECKHUX JaHHBIX HEJOCTATOYHO IS aHAJIH3a
JUHAMUKHU U3MCHCHUS 3TUX ToKa3aTeneH. HCCHGI[OB&HI/DI IIOABMKHOCTH
HaCeJIeHHsI Ha PETYJISIPHON OCHOBE MPOBO/FIIHCH U TIPOBOJISTCS] BO MHOTHX
CTpaHax MHUpa, B TOM 4HCIie B cTpaHax Bocrounoit n 3amanHoit EBporbl.

Llenpro TaHHOTO MUCCIIE0OBAHUS SBIISIETCS ONPEICIICHIE 3aBUCUMO-
CTEH MEXITy YPOBHEM aBTOMOOWIIM3AINH HACETICHUS U JOJICH TIepeIBH-
YKEHUS Ha JIETKOBBIX aBTOMOOMIISIX KaK Il HHEPLIMOHHOTO MOIX0A2a K
Pa3BUTUIO TPAHCHOPTHBIX CUCTEM, TaK U JJId 110AX0Aa, OCHOBAHHOTO
Ha KOHIENIUN YCTOWYMBOTO Pa3BUTHS.

3amadn uccieToBaHus:

— CHHTE3 pe3yJbTaToOB UCCIIEI0BAaHUM MOABUKHOCTH HACEIEHUS B

roponax Poccrn, BocTounoit u 3amagHoi EBportsl 3a mociename
50 ner;

— IIOCTPOECHUE 3aBUCHUMOCTEH MEXIy 0Jeil IepenBUKEeHUsT Ha
JIETKOBBIX aBTOMOOMJISIX M YPOBHEM aBTOMOOMIIM3AIMH HaceIe-
HUS HA OCHOBE TIOJTYYEHHBIX JaHHBIX U TEOPETHIECKoe 00001IIe-
HUC MOJTYUYCHHBIX PE3YyJIbTAaTOB.

MarepuaJjnbl H MeTOIbI HCCIET0BAHNS

JUi1st omyyeHus HeoOX0MMOI HH(OPMAIIHH 110 YPOBHIO aBTOMOOH-
JM3aIlMH HACEJICHNS U JIOJIE TIEPEABMKCHHI Ha JIETKOBBIX aBTOMOOMIIAX
10 pe3yJbTaTtaM paHee MMPOBEACHHBIX WCCICIOBAHUMI M 00eCIedeHUs
HX COMOCTaBUMOCTH MEXTy COOOH IMPHUMEHEHBI CIIEAYIOIINE KPUTEPHU
0TOOpa MCCIEeAOBAHN:

— HCCIIeIOBAHUS TIOJIBUKHOCTH HACENICHHS OCYIIECTBISUIUCH Y-
TEM Opoca XKUTeIeH ropoia, NPOBEAICHHBIX B (hOpMare JINYHOTO
MHTEPBBIO, N0 Tene(OHY WIH O T0YTE;

— ompoc obecrieunBan coop naGopmManru 00 HHANBUAYAIBHBIX U
CeMEIHBIX XapaKTePUCTUKAaX PECIIOHACHTOB, a TaKXke HHPOP-
MalMIO O TIepeIBUKEHUSIX, COBEPLUICHHBIX B OyIHUI JeHb (Kak
MPaBHJIO, B I€Hb, IPE/IIECTBYIOIINI POBEICHHUIO OIPOCa);
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nHpOpMaIH codrpanack 000 BCex MEpeIBIKCHNUSIX BHE 3aBU-
CHUMOCTH OT IIeJIM MEPEABMKCHNUS, BPEMEHH Hadaia OCYyIIECT-
BJICHUS TIEPEIBIKCHMS, HAYaJIbHOTO U KOHEYHOI'O MyHKTa OCY-
LIECTBIICHUS NIEPEABUKEHUH;

TIEPUOJL TPOBEJICHHS OTIPOCca He BBITIA Al Ha MPA3THUKH U JICT-
HUE MEeCSIIbI (MI0Tb UITH aBTyCT);

00beM BBIOOPKH cocTasisul He MeHee S00 yenosek. Penpesen-
TaTHUBHOCTb BBIOOPKH 00ecIeueHa Mo 1oity, BO3pacTy 1 reorpa-
(uuecKoMy TOJIOKCHUIO;

crocoObl MEepeiBHKEHNUs, YUUThIBAEMblE B HCCIEAOBAHUH,
BKJIIOYAJIM aBTOMOOUJIb, OOILECTBEHHBIN TPAHCIIOPT, BEJIOCH-
e ¥ MIEIIKOM;

KOpPOTKHE TIepe/IBUKEHHUS MENIKoM (Ha pacctossHue MeHee 200-
400 METpOB) HE YUYUTHIBAIUCE.

B cooTBeTcTBHY ¢ JaHHBIME KpUTEPUSIMH 0TOOpaHb! 187 ncciemno-
BaHUU MOJIBMYKHOCTHU HaceneHus B 60 ropojiax u3 5 cTpaH:

8 uccmenoBanwmii B 5 ropogax Poccnn (o 1991 roma — CCCP) 3a
niepuon ¢ 1965 mo 2018 rog; [1, 2, 3, 4]

64 uccnenosanus B 21 ropone Bocrounoit ['epmanuu (10 1990
roga — I'JIP) 3a mepuox ¢ 1972 mo 2008 rox (mporpamma SrV,
Texnunueckuii yauBepcurer r. [Ipe3nena) [14];

99 uccnenoanuii B 32 roponax ®panuuu 3a nepuon ¢ 1975 no
2017 rox (B coorBetcTBUH co ctangaprom CERTU) [10];

16 uccnenoBanmii B I. Bene (ABctpust) u . Lropuxe (LLIBetina-
pust) ¢ 1990 mo 2018 rox [17, 19].

B noapapmsironieM OONBIIMHCTBE HUCCIIEAOBAHUN YPOBEHb aBTOMO-
OWJIM3allui HACEJICHUs OIPEeNsieTCs TI0 pe3yJibTataM OIpoca Hace-
JICHUS] Ha OCHOBE JAHHBIX O pa3Mepe JIOMOXO3SHCTBA M KOIUYECTBE
aBToMoOwmIIel B JoMoxo3siicTse. [ psma ropomoB Poccun (Mocksa,
Cankt-IlerepOypr, ExarepunOypr) 10CTyIHbIE JaHHBIE MCCIIENOBA-
HUI NOABMKHOCTH HACEICHUS HE BKIIOUAIN JIAHHYIO WH(POPMAIHIO.
Omnpenenenne ypoBHs aBTOMOOMIU3AIMN OCYIIECTBIISUIOCH HA OCHOBE
CTaTUCTUYECKHX JAHHBIX O YUCIEHHOCTH HACEICHUS rOpoAa M KOJIH-
YEeCTBE 3apErUCTPUPOBAHHBIX JIETKOBBIX aBTOMOOMIICH, HAXOSAIINXCS
B COOCTBEHHOCTH JKHUTENEH.
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VYpoBHM aBTOMOOMIN3AIMK HAceIeHns! B ropofax Poccuu (Tabnuia
3) ms paccMaTpuBacMoro Habopa NCCIeIOBaHN HaXOAATCS B JUara-
30He 0T 5 10 350 nerkoBbIx aBTOMOOMIIe Ha 1000 xuTenel, B ropogax
Bocrounoii I'epmanuu — ot 60 1o 460, B roponax ®@panuuu — ot 250
10 620. CoBMeCTHOE HCIOJBb30BAHHE MAaCCHBOB JIAHHBIX ITO3BOJISET
MTOCTPOUTH 3aKOHOMEPHOCTH B IIIMPOKOM JTHAITa30HE 3HAUEHUH YPOBHS
ABTOMOOWIIM3AIINH HACEIIEHUS TOPOIOB.

Tabruya 3.
IMoka3areu NOABUKHOCTH HaceJleHHs B psijie ropoaosB Poccuu
VYposens | [ToxBmxk- Jlons nepenBukenuit, %
aBTOMOOU- | HOCTb, Jler- O61e-
Topon lon | nusaumm, | nepens. | xowoii | cTBeHHBI | Bemocn- | ITemr-
aBT. / 1000 [ aen. / aBTO- TpaHc- nen KOM
JKUT. CYTKH | MOOHMIIb opT
1965 8 H/1 3 47 0 50
ExarepunGypr 1985 | 48 1/1 4 45 0 51
(mo 1991 ronma
Ceepiock) [1, 2] 2000 126 2,3 9 50 0 41
2007 240 2,3 21 41 0 38
KpacHostipck 2018 331 2,5 51 28 0 21
Mockga [4] 2015 291 3,2 32 47 0 21
Cankrt-IletepOypr(3] | 2004 205 2,0 18 67 0 15
1O0xHO0-CaxanuHek 2016 345 3,1 58 20 0 22

[Tpumeuanue: nanusle no Kpacnospcky u FOsxHo-CaxanuHcKy — pe3yabTaThl UCClie-
JIOBaHUH MOABMKHOCTU HaceneHus, nposeaeHusie OAO « HUUATY.

Jlis uccrieioBaHusI B3aMMOCBSI3H YPOBHSI aBTOMOOMIIM3AIIMY HACce-
JICHUS U JIOJIH TIEPEBMIKCHUH Ha JIETKOBBIX aBTOMOOWJISIX B JIaHHOM
paboTe MCIOIh30BANICS PETPECCUOHHBIN aHAIH3.

PesyabTaThl HccieioBaHus U 00CyKIeHHe

B psne roponoB uccienoBanus MOABMKHOCTH HACENICHHS TIPOBO-
JIITUCH JIOCTATOYHO PETYIISIPHO, YTO TO3BOJISIET MIPOCIICAUTh THHAMU-
Ky M3MEHEHUS YPOBHSI aBTOMOOMJIM3AIlMM HACEJICHUs U JOJIU Tepe-
TBIDKEHUH Ha JIETKOBBIX aBTOMOOWIIAX BO BpeMeHH (pucyHoK 1). s
paccMoTpeHHBIX ropoaoB ([pesnen, JInon, Tynysa u Apyrux) MOXHO
BBIJICIUTH TPH (a3bl:
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(aza 1: ypoBeHb aBTOMOOMIU3AIMH HACEIICHUS PACTET, JIOJIS T1e-
PEIBIKEHHIA Ha JISTKOBBIX aBTOMOOMIISIX TAK)KE PACTET;

(haza 2: ypoBeHb aBTOMOOMIU3AIMH HACEIICHHUS PACTET, JIOJIS T1e-
PEIBIKEHHI Ha JIETKOBBIX aBTOMOOHUIISX CTAOMITH3UPYETCS FITH
CHIDKAETCS;

(basza 3: 1o epeIBUKCHUI Ha JISTKOBBIX aBTOMOOHJISIX CHIKA-
€TCA, YPOBCHb aBTOMOGI/IJH/I?,aI_[I/II/I HaCCJICHUS TaKXKE CHUKACTCA.

80
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=70
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S 60
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KonnuecTBo JierkoBbix aBTOMOOMIIEH BO BiiaaeHuu xuteneit (X),
aBT. / 1000 >kuT.

Puc. 1. V3menenue YPOBHs aBTOMO6I/IJ'II/I3aL[I/II/I HACCJICHUA U 10JIU
Hepe,I[BI/I)KeHI/Iﬁ Ha JIETKOBBIX aBTOMOOMJISIX BO BpEMCHU

®daza 1 xapakTepu3yeTcsi HHEPIIUOHHBIM TIOJIX0I0M K Pa3BUTHUIO
TpaHcnopTHO# cucteMsbl. [lo Mepe peanusanuu nmoaxona, OCHOBaH-
HOT'O Ha KOHIIENIIMUA YCTOMYMBOTO Pa3BUTHUSI, JTIOAM HAYMHAIOT MEHb-
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1€ UCIMOJb30BaTh aBTOMOOWIIb AJISl OCYIIECTBICHUS MEPEABHKCHUH,
HO aBTOMOOMITH3AIIHSI TTOKA MPOIOIKACT pacTH Mo wHepuu (daza 2).
JIronu, B BUTy UMEIOIINXCS TPAHCIIOPTHBIX MPUBBIYEK, JAJIEKO HE cpasy
aJaNITUPYIOTCSI K HOBBIM YCJIOBUSAM (DYHKIIMOHUPOBAHUS TPAHCIIOPT-
HOM crctemsl. [locTeneHHO HAYMHAET CHIKATHCS U YPOBEHb aBTOMO-
Oomnuzanuu Hacenenus (dasa 3).

Touka nepexona ¢ dassl 1 Ha pasy 2 s ropoaos Bocrounoii ['ep-
MaHuu 1 Opanmun npuxoautcs Ha niepuoz ¢ 1990 mo 2000 rox, a daza
3 maunHaetcs npuMepHo ¢ 2005 roxa. B Bene u L{iopuxe gannsie mpo-
LieCChl HauaIuch puMepHo Ha 10 siet panblie. B poccuiickux ropogax
B IIEJIOM TIPOJIOJIKAET PEaTM30BBIBATHCS WHEPITMOHHBIN MOAXO0A K pa3-
BUTHIO TPAHCIIOPTHBIX CUCTEM. MIMeromuecs: JaHHbIe IO POCCHICKUM
TopojiaM COOTBETCTBYIOT (paze 1.

69,75
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KosnuecTBO JIerkoBbIX aBTOMOOMIIEeH BO BiageHuH xutenei (X),
aBT. / 1000 xuT.

Puc. 2. 3aBHCHMOCTb JIOJIN TIEPEABIKCHUI Ha JICTKOBBIX aBTOMOOMIISAX
OT ypoBHs aBToMOOWM3anun Hacenenus (daza 1)
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Oxoi0 70% Bcex JaHHBIX UCCIEI0BAHNI MOABIKHOCTHA HACEIECHUS
COOTBETCTBYIOT ITEPHOY peai3aIlii HHEPIIMOHHOTO TIOAX0/a K pas-
BUTHIO TPAHCIOPTHBIX cUcTeM TopoyoB (da3a 1). Eciu npunsaTs pe-
3yABTATHI KAYKIOTO UCCIIETOBAHMS B BUIE HE3aBUCHUMOTO HAOTFOIICHHS,
MOXHO TIOCTPOHUTH PETPECCHOHHYIO 3aBUCHUMOCTh MEXIY YPOBHEM
ABTOMOOWIIN3AIIMY HACEJICHHUS U JIOJICH MepeIBMKeHNH Ha JIETKOBBIX
ABTOMOOUIISAX. 3aBUCUMOCTH XOPOIIIO OMHUCHIBACTCS JTOTUCTUUCCKOU
kpuBoii (pucyHok 2). [loporoBoe 3Ha4eHHE J0H TIEPEABIKEHUN Ha
JIETKOBBIX aBTOMOOMIISIX cOCTaBIsAeT oKoito 70%.

A ®a3za 1 - HepuMOHHBII MOAX0A K

Pa3BUTHIO TPAHCIIOPTHOM CUCTEMBI
(aBTOMOOMIIELIEHTPUPOBAHHBIIT MOAXOM)

OUJIAX

®a3a 2 - TpaH3uTHbIN nepuos

Bynymne cuenapun

OJIs1 nepensmxeﬂnﬁ Ha JICTKOBBIX aBTOMO

®a3za 3 - [logxon, OpUEHTHUPOBAHHBIN
Ha yCTOHYMBOE pa3BUTHE
(4eTIOBEKOLICHTPHPOBAHHBII MTOAXON)

3anep>1c1<a B CHWIKEHUU YPOBHA
_______ aBTOMOOUIU3ALIM U

A

\j

VYpoBeHb aBTOMOOMIN3ALMN HACETCHUSI

Puc. 3. Teopernueckoe 00001IEHHE PE3YIIBTATOB HCCIICTOBAHMUS

Hnst psina roponos (Apesnen, Jlnon, Tyiysa u ap.) onHOMY U TOMY
K€ 3HAYCHUS JOJIU MEPEIBIKCHUN Ha JISTKOBOM aBTOMOOMIIE Ha (a-
3ax 1 U 3 COOTBETCTBYIOT JiBa PAa3HBIX 3HAYECHUsI YPOBHS aBTOMOOMIIH-
3aluM HaceneHus (CM. pUCYHOK 1). MOXHO HIpPEeAnoaoKUTh, YTO MPU
[IEPEXOJE OT UHEPLIMOHHOTO MMOAXO0AA K Pa3BUTUIO TPAHCIIOPTHBIX CH-
CTEM K ITOJXOAY, OCHOBAHHOMY Ha KOHLICIIIINH YCTOMYHBOTO Pa3BUTHS,
HMMEET MECTO SIBJICHUE TUCTEPE3UCA — 3a/I€PKKU B CHUIKEHUU YPOBHS
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aBTOMOOWIN3aNUK (PUCYHOK 3). VY Itojiel COXPaHsIOTCS aBTOMOOWIIN
BO BJIQJICHHUH, HO MCIIOIB3YIOTCSI aBTOMOOMIIN CYIIECTBEHHO MEHBIIIE.
Mosioibie JTFOIM TIPU 3TOM BCE MEHbIIIE CTPEMSITCS K TIPUOOPETEHUIO
COOCTBEHHOTO aBTOMOOHIJIS.

Joctrxenus B 00J1acTH OSCHMJIOTHOTO TpaHCIOpTa, HU(POBU3a-
LMY Pa3INYHBIX cep KU3HEAESITeTbHOCTH, PA3BUTHUS SKOHOMHKH CO-
BMECTHOT'O OTPeOICHUs OYyT OKa3bIBaTh CYIIECTBEHHOE BIUSHHUE HA
TPaHCIIOPTHOE TOBEIeHHE JTroieit. OKUaaeTcst, 9To CepPBUCHI OeCIH-
JIOTHOTO TaKCH CO BPEMEHEM 3aMEHST CEPBUCHI TPAJIUIIMOHHOTO TAKCH
Y KapIIepUHTa U YIOBICTBOPST OOJIBIIYIO YaCTh MMEIOIIUXCS MTOTPeO-
HOCTEH B UCTIIOJB30BAHUHU JIMIHBIX aBTOMOOMICH. MOXXHO TIPEITONo-
YKHUTh, YTO [0 MEPE PA3BUTHS OSCIMIIOTHOTO TPAHCIIOPTA NOTPEOHOCTh
BO BIIQJICHUY aBTOMOOWIISIMU OyZIeT paJiKalbHO CHHYKATHCS.

BriBoabI

B nannoM uccnenoBaHuu onpeaesieHbl B3aUMOCBSI3H MEXKIY TOJIeH
TIePEIBIKCHUS Ha JICTKOBBIX aBTOMOOMIISIX M YPOBHEM aBTOMOOHITH-
3aIli HACEJICHUS B 3aBUCUMOCTH OT IIPOBOAMMOMN TPAHCTIOPTHOM TO-
JUTHKHA HA OCHOBE CHHTE3a Pe3yJIbTaTOB HCCIIEOBAaHNH MOABMKHOCTH
Hacenenus B ropogax Poccuu, Boctounoii u 3anagHoit EBpomnsl 3a
nocienaue 50 neT.

B pamkax WHEpPIIMOHHOTO MOAX0AA K PA3BUTUIO TPAHCTIOPTHBIX CH-
CTEM POCT YPOBHS aBTOMOOMIIM3AIINN HACEIICHUS BBI3BIBAET POCT JAOJH
MEPEIBIKCHUN HA JIETKOBBIX aBTOMOOHIISAX. 3aBUCUMOCTh XOPOIIIO
OIHCHIBAaeTCS JorucTHYeckor (yHkimen. [loporoBoe 3HaueHue gomnu
TIepEIBIKCHNUN Ha JICTKOBBIX aBTOMOOMIISIX cocTaBisieT okono 70%.

B pamkax noaxona, 0OCHOBAaHHOTO Ha KOHIIETIIMY YCTOMUYHUBOIO pas3-
BUTHSI, TPUMEHIEMBIC MEPOIIPUSATHUS TI0 CHIDKCHUIO JTOJTU TICPEIBUKE-
HUH Ha JICTKOBBIX aBTOMOOMJISIX BHI3BIBAKOT CHUKCHUE YPOBHSI aBTOMO-
OwIM3aIuy HaceJeHnus. Takoe CHIKEHHUE MPOUCXOIUT C 3aICPKKOMU,
CBSI3aHHOM C HHEPLMEH U3MEHEHUS TPAHCIIOPTHOTO MOBEACHNUS JIIOCH.

Teopernueckoe 0000IICHNE TTOMYICHHBIX PE3yABTATOB ITO3BOJIS-
€T CclIeNaTh BBIBOJ, YTO IO MEPE BHEIPEHUS MOAXOJ0B, OCHOBAHHBIX
Ha KOHIICIIINY YCTOMYHNBOTO Pa3BUTHS, JOJIS IMEPEABIKCHIA Ha JIeT-
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KOBBIX aBTOMOOWJISIX ¥ YPOBEHb aBTOMOOMJIM3aLMU HacelIeHus OymyT
CHIKAThCs. [lanbHeieMy CHIDKEHUIO YPOBHS aBTOMOOMIIM3AIMY Ha-
CeJIeHus OyyT ClIOCOOCTBOBATH TAKIKE JIOCTHIKEHUS B 001aCTH OeCIn-
JIOTHOTO TPAaHCHOPTA, NH(POBU3AIMN PA3THUHBIX chep KHU3HEAes-
TEJBHOCTH, Pa3BUTHSI IKOHOMUKH COBMECTHOTO MOTPEOICHHSL.
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MATEMATHYECKAS MOJEJIb
NNPOLECCA IBUXKXEHUSA ABTOMOBHWJIA
1O MOMMEPEYHOMY YKJIOHY

Tuxoe-Tunnukoe /I.A., @eoomos A.U., Anexcees A.B.

B cmamve npedcmasneno ananumuuecrkoe ucciedogamue 6iusHus
MEXHUYECKO20 COCMOSANUSL CUCTHEMbl ROOPECCOPUBAHUSL HA napame-
mpul yemouuusocmu asmomoouns. Hccnedyemes npoyecc 0gudicenus
10 NONEPEYHOMY YKIOHY NPU OZMYUJEHHOM COCMOSIHUU NO08ecKu. B
Kauecmee OYeHOUHbIX NApamempos YCmoudueoCmu 08UICEHUs Npeoio-
JICEHO UCNONB306AMb BETUNUHBL ODOKOB020 CMeujeHus, Yeid N0GOPoOma
U 8pemenU NepexoOH020 NPoyeccd Y2no8oil CKOPOCHIU.

Ienv — Teopemuueckoe 0b60cHo8anue MemoOa OUASHOCMUPOBAHUS
N00BECKU NO KUHEMAMUYECKUM NApaMempam asmomoous.

Memoovl nposedenus padomwl: UCNOIb308AHbL MEMOObL MaAMeMa-
MUYECK020 MOOCTUPOBAHUSL U YUCTCHHbLE MEMOoObl peueHus: Ougge-
PEHYUATBHBIX YPAGHEHUIL.

Pezynomamur: pazpadboman mamemamuyeckuil annapam 0Jis ana-
JUMUYECKO20 UCCIe008AHUS NPOYECccd OBUICEHUSI ABMOMOOULS NPU
UBMEHeHUU Napamempos MexXHU4ecko20 COCMOSIHUS AMOPMU3ANOPOE.

Oébnacmov npumeneHus pe3yIbmamos: pe3yibmamsl Mocym Ovimo
UCNONL30BAHBI OPSAHUBAYUAMU U YUPENCOCHUIMU, 3AHUMATOUJUXCSL PA3-
PAbOMKOU MemMod08 OUASHOCMUPOBAHUS ABMOMPAHCHOPIHBIX CPEOCMS.

Knwuesvie cnosa: agmomoduns; amopmuszamop, nodgecka, mame-
Mamuyeckas Mooeip.

MATHEMATICAL MODEL OF THE VEHICLE MOVEMENT
PROCESS ON A LATERAL INCLINE

Tikhov-Tinnikov D.A., Fedotov A.L., Alekseev A.V,

The article presents an analytical study of the influence of the technical
state of the suspension system on the stability parameters of the vehicle.
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The process of movement along the transverse slope with the disturbed
state of the suspension is investigated. It is proposed to use the values of the
lateral displacement, the angle of rotation and the time of the transient pro-
cess of the angular velocity as the estimated parameters of motion stability.

Purpose — Theoretical substantiation of the method for diagnosing
the suspension by the kinematic parameters of the vehicle.

Methodology includes methods of mathematical modeling and nu-
merical methods for solving differential equations.

Results: a mathematical apparatus was developed for the analytical
study of the process of vehicle movement when changing the parame-
ters of the technical state of shock absorbers.

Practical implications: the results can be used by organizations and
institutions involved in the development of diagnostic methods for vehicles.

Keywords: car, shock absorber; suspension; mathematical model.

Beenenne

B nacrosimiee Bpemst ucciieoBaHIE BIMSHIS TEXHIYECKOTO COCTOSI-
HUS TTOJIBECKH HAa YCTOWYHBOCTH aBTOTPAHCIIOPTHHIX cpeactB (ATC) B
YCIIOBHSIX IKCIUTYyaTaIlH SIBJISIETCS aKTyallbHON HayYHO-TEXHUYECKOH
3amaueii [ 1-3], ais pemeHst KOTOpOi HCIIONB3YIOTCS TEOPETUIECKUE [4-
6] 1 3KCTIEpUMEHTaIbHbIC METOABl HAYUHBIX HccaenoBanui [7-12]. s
YCIIOBUH AKCIITyaTally Mpe;ylaraeTcs HCIoIb30BaTh JOPOKHBIA METON
KOHTPOJISl TEXHHUYECKOTO COCTOSIHHUS ITOJIBECKH TI0 KPUTEPHSIM YCTONYIH-
BOCTH TIPU JBIKEHUH aBTOMOOWIIS 1O MTOTIEPEYHOMY YKIIOHY U BO3MY-
MEHHOM cocTosiHUM noaseckH [13]. IIpoBenenne 10poKHOIO 3KCIepH-
MeHTa TpeOyeT TIIATeIHHOTO MIIAHUPOBAHUS U TIOATOTOBKH. B cBsi3H ¢
3THM Ha TEKYIEM 3Tare padoThl HCCICAOBAHUE MPOBOJUTCS aHATUTH-
YECKH C MCIOIH30BaHUEM METOIOB MATEMAaTHIECKOTO MOJICITMPOBAHMSL.
JA71si BBIIOJTHEHHSI TEOPETUUECKUX HCCIIEOBAaHUN HEOOXOANMO paspa-
00TaTh MaTeMaTHYECKOE OMMCAHNE MCCIIEAYEMBIX MPOIIECCOB B COOT-
BETCTBHU C HIDKeCHenytomeil mocraHoBkoi 3anaun. ATC nBmxercs no
POBHOMY y4acTKy JJOPOTH C TIOTIEPEYHBIM YKIOHOM ¢. Ha moBepxHOCTH
JIOPOT'Y PacroIOKeHa BBICTYMAIONIAs €AMHUYHAS HEPOBHOCTH MPSIMOY-
TOJIbHOM (h)OPMBI BHICOTOH /2, ¥ JUTMHOM /, . JIo MOMEHTa Hae3/1a iepeiHu-
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MU KOJIECaMU Ha HEPOBHOCTH 3a CUET PYJICBOIO yIPaBICHHs 00eCIeuu-
BAETCs TPACKTOPHUS ABWKEHUS MapaljiebHast IPOIOIbHON OCH JOPOTH.
Jlasee yribl MOBOPOTA yNPAaBIIEMbIX KONIEC O, 1 © , OCTAIOTCS HEM3-
MEHHbIMU. B HaYanpHb1l MOMEHT BpeMeHU ckopocTh ATC paBHa HyIo,
3aTeM CKOpPOCTh YBEIMYMBAETCS 10 33JJaHHOTO YPOBHS, KOTOPBIN coxpa-
HSIETCS 10 KOHIIA UCTIBITaHus. TpedyeTcst onpeaeInTh BAUSHIE TEXHHU-
YEeCKOT0 COCTOSIHUS aMOPTH3aTOPOB Ha TpaekTopuio apkenust ATC mo-
clie B3aUMOICHCTBUS KONEC ¢ €AMHUYHON HEPOBHOCTHIO. PesynbraTtom
AHAJIMTHYECKON paboTHI TOJMKHO CTaTh TEOPETHYECKOe 000CHOBAHNE
BO3MOKHOCTH BBIIIOJIHEHUS! OLCHKU BIMSHHS TEXHUYECKOTO COCTOSTHHS
MTOJIBECKU HA yCTOMINBOCTD MBI KEeHUST ATC B YCIIOBHUSIX SKCIUTyaTaI|H.

MeToabl U MaTePHAJIbI

Jis1 petnieHuns moCcTaBICHHON 33a1a49u pa3padoTana pacyEéTHas cxeMa
(puc.1). [IBmxeHNEe aBTOMOOWIIS pacCMaTPUBACTCS B ABYX CHCTEMax
KOOPJIUHAT — MOJIBUKHON M HEMIOJBUKHOM.

Puc. 1. Pacuernas cxema npouecca apmwxenus ATC 1o nonepeqyHomy yKIOHY
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IleHTp NOABHIKHON CUCTEMBI X)z IOCTOSHHO CBSI3aH C LIEHTPOM
Macc aBToMoOmiTst. OCh ox COBIAAaeT C MPOIXOIHHONW OCHI0 aBTOMOOH-
JI51, OCh 0y ¢ mornepedHoi. Ocu HEMOABUKHON CUCTEMBI KOOpAUHAT XYZ
MapaJuIeIbHBI TOPU30HTAIEHBIM U BEPTHKAIFHON OCSIM IIPOCTPAHCTBA.
Hyrneble 3HaueHUs HEMOABMKHBIX KOOPAMHAT OIIPEEIIAIOTCS Haualb-
HBIM TTOJIOXKEHHUEM TIEHTPa MacC aBTOMOOMIISI B MOMEHT BpeMeHH ¢=().

Jnst ormcaHust IBMYKSHHST aBTOMOOWIISI PACCMOTPUM CHCTEMY, COCTOSI-
IIYFO U3 YETHIPEX HEMOPECCOPEHHBIX MACC, B3AMMOJICUCTBYFOIIHX C OTIOP-
HOW ITOBEPXHOCTBIO M HENOIPECCOPEHHOI MacCOH ITOCPEACTBOM YIIPYTHX
1 IeMIQUPYIOIKX cBsi3eil. B Monenu MHaMiKa oApecCOpeHHON MacChl
paccumThIBaeTCA 1o MpuHIMITY JlanmamOepa o mecTr CTereHs M CBOOO/IBI
(1), a TMHAMKKA HEMOAPECCOPEHHBIX MACC — TOJIBKO 110 BEPTHKAILHON OCH
(2). Cucrems! ypaBaeHHH (1) 1 (2) SBISIOTCS HEITMHEHHBIMHA 1 JUTS PETIie-
HUSI UCTIOJIB3YEM METO/] YHCIIEHHOTO MHTErpUpOBaHus Difnepa:

( my, (X + az —yy) = 2F,
my, (¥ + vx — Bz) = ZE,
my,(Z + fy — ax) = XF,

JxB + Uz = Jya = EMy

Jy@+ Ux —JDBY = ZMy

Ush + Uy —J)dB = EM,

{myjzj = —my;g + Fyj + Fyj. 2)
rJie: m, —Macca NoJApPECCOPEHHOM YacTy; X, Y, ZuX, Y, Z— NpOeKIUH

BEKTOPOB CKOPOCTH U YCKOPEHHUS IOAPECCOPEHHON MACChl Ha IIOJBUXK-

HYIO CHCTeMY KOOPJIMHAT; &, 3, Y u &, ﬁ, Y — yIJIOBBIE CKOPOCTH M YCKO-

PEHUSI TOAPECCOPEHHOM Macehl; J,, J, J,— 0CceBble MOMEHTBI HHEPIIHU

kysoBa ATC; XF , XF y 2F_— CyMMbI IPOEKIMI CHJI M PEAKI[MI HA OCH

MTOJIBMYKHOM CHCTEMBI KOOPIUHAT, OTIpEAeIIieMbIe 10 BEIpaXKeHUIM (3-

5), XM, ZM} , 2M_— cyMMBI KPY TAIMX MOMEHTOB OT CUJT M PEAKIIUi OT-

HOCHUTEIBHO OCE TTOIBIKHOW CHCTEMBI KoopauHar (6-8); m,; — macca

HETIOIPECCOPECHHON YacTu (37ech U fajnee i=1 — nepeausis och, i=2 —

3aHSS OCh, j=1 — IeBOE KoJleco, j=2 — IpaBoe KOJIECO); g — YCKOPEHHE

¢cBOOOIHOTO MTaICHU; F 5~ YCHIIHs B3aMMO/IEVCTBUS OAPECCOPEHHOMN

A

(1
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1 HeroipeccopeHHol Macchl (9); F,— ycunus B3aMMOJICHCTBHS HEOJ-
PECCOPEHHOM MacChl ¢ OTIOPHOM MOBEpXHOCTHIO fAoporH (10).

2F, = Gx—Ry115 — Ry12x — Ry21 — Razz 3)
2F, = =Gy — Ryj15 + Ry1a5 + Ryz1 + Ryop 4)
2F, = =Gz + Fsuq + Fsap + Fp1 + Fopa (5)
M, = 0-5((F512 — Fs11)Ly + (Fopz — 521)L2) - (Ry11z(h - ©
= Zr11) + Ry125(h — Zp12) + Ryp1(h — 2,51) + Rypp(h — Zrzz)) ,

IM,y, = (Fs11 + Fsq2)a — (Fsp1 — Fop2)b — Ryq15(h — 2pq1) — )
= Ry125(h = Zr12) — Rya1 (R — Zp31) — Ryaa(h — 2p37)

IM, = (Ry112 + RylZE)a - (Ry21 + RyZZ)b + 0-5((Rx112 - ®
—Ry125)L1 + (Ryz1 — szz)Lz) ,

Foij = csij(zij = 25ij) + ksij(Zij — Zgi5) » )
Frj = ceij(Zrij — 2ij) + keij (Zeij — 255) - 10)
B ypasuenusx (3-10): G, Gy 1 G_— — IIPOEKIMH BECA MOAPECCOPEH-
HOW YacTH Ha OCH TOJIBIKHOW cucTeMbl koopauHar (11 - 13); quz u
Ryle — CyMMBI IPOEKIMH ITPOAOIBHBIX U MONEPEUHBIX PEAKLUI ITepe-

HUX KOJIEC Ha OCH OX U 0y COOTBeTCTBEeHHO (14, 15); R, u Ry[j — Ipo-
JIOJIBHBIE H TIOTIEPEYHBIE PEAKIIUH KOJIEC; L, U L, — KOJIEW NEPEHUX U
3aJIHUX KOJIeC; /i — BepTHKa/IbHAs KOOpAMHATA LeHTpa Mace (17); z, u
Z, — BEPTHKaJIbHAs KOOPIMHATA M BEPTHKAIbHAs CKOPOCTh HEMOJpPeC-
COPEHHBIX MacC; Z,; M Z , — BEPTHKAIbHEIC KOOPAHHATHI (17) 1 cKopo-
CTHU IOJIPECCOPEHHON MacChl HaJl TOUKAMH KOHTAKTa KOJIEC C OIIOPHON
TOBEPXHOCTBIO (18);z, ¥ Z , — BepTHKaNbHas KOOP/MHATA M YCTOBHAS
BEPTUKAJIbHASI CKOPOCTH OMOPHOM TTOBEPXHOCTH MO KOJIECaM aBTOMO-
Ounst; a u b — paccTosiHME OT NEepeAHel U 3aAHel ocell o LeHTpa
MACC; ¢, — KECTKOCTh IOABECKH; k| — KodppunmeHT nemrdupoBaHus
aMOPTH3aTOPa; C, — KECTKOCTh IIHHbI; k”,j — KO3 PUIHMEHT JeMIpu-
POBaHMsI IIHHBI.
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G, = myg sin(e) sin(y) , (11
G, = mpg sin(e) cos(y) , (12)
G, = mpg cos(e) , (13)
Ry1js = Ryq1jcosOy; + Ryqjsindy; , (14)
Ry1jx = Ry1jc0s01; — Ryqjsinby; , (15)
h=(hg—2z4+2), (16)

zgj=z+ B —2)(a - +b(i—1))sina— (1.5 —j)Ljsinf (17)
B ypaBuenusix (11-17): ¥ — HakOTJIEHHBIH yToJT ITOBOPOTa aBTOMOOMIIS;
0, — yron moBopora nepeiHero JeBOro Koeca; 0, — yron noBopora nepes-
HETO IMPaBOro Kojieca; o M 3 — Ykl IOBOPOTA TIOPECCOPEHHON MacChl
OTHOCHTEIILHO OCEH 0X ¥ 0y COOTBETCTBEHHO; /1, — BBICOTA LIEHTPa Macc;
h , — BEpTUKaIIbHAst KOOP/IMHATA LIEHTPA MACC IPH CTATHYECKOM ITPOruoe
MOJBECKH; z — TEKYILasi BEPTUKAJIbHAS KOOPIUHATA LIEHTPa Macc.
IIpononbHbIE U TOTIEPEUHbIE PEAKIIUN sz’/ 51 Ryi/_ B IIITHE KOHTAKTa
PACCUUTHIBAIOTCS HA OCHOBE HOPMHUPOBAHHOH (PYHKITHH ITPOCKAIB3bI-
BaHWs 110 MeToauke [14] .
EnvHuvHas HEpOBHOCTH 3371a€TCsl B BUJIE (DYHKIIUH, OITUCHIBAIOIICH
CTJIQKHUBAOIIYIO CITOCOOHOCTD MIMHEI [15].
CkopocTh GOKOBOTO CMELIEHHUs V, OTHOCUTEILHO HEMOABHKHOM
CUCTEMbl KOOPAUHAT ONPEEISIETCS] ypaBHEHUEM
Vy = x, siny + y, cosy. (18)
[Ipamomnuneiinoe apuxenne ATC 1o MoMeHTa Hae3/la Ha HEPOBHOCTh
orpesensieTcss 00eCeYnBaeTCs N3MEHEHUSIM YIIIOB TTIOBOPOTA KOJIEC Tie-
penneii ocu 0, 1 0,. B 3aBucumocty ot Tekymiero nonoxkenus ATC kax-
JIbIIA M3 YTIIOB MOJKET SIBIATBCS KaK BHYTPEHHMM 0, Tak ¥ HapyKHbIM O
10 OTHOIIICHUIO TPACKTOPUHU JABMKeHUS. Koppekius pacueTHON Tpaek-
TOPUHU NPOU3BOAUTCS IO YIITy IOBOPOTA BHYTPEHHETO KoJieca
Oint = Oine — koly. (19)
rie: 6}, — 3HaYCHHUE yIiia I0BOPOTA BHYTPEHHETO KoJIeca Ha MPEbILy-
ILEM IIare HHTETPUPOBAHHS, Kk — IIApAMETP, ONPEAEIISAIONINK 3aBUCH-
MOCTb IIPHUpAILEHUS yIiIa TOBOPOTA BHYTPEHHETO KoJieca OT CKOPOCTH
OOKOBOTO CMeMIEHUs V,, MMEIOIIMI Pa3MEPHOCTD CEK/M.
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W3 u3BECTHOrO COOTHOIIEHUS YITIOB [IOBOPOTA YIIPABIISEMBIX KOJIEC
OIIpeeNsieTcsl 3HaYeHNe yIila [IOBOPOTa BHEIIHETO Kojleca
0out = arcctg(ctgO;pe + L1/(a + b)). (20)
Omnpenenienne NPUHALIEKHOCTH YIIoB 6 1 0, K BHYyTpeHHEMY |
BHEIIHEMY KOJIECY OCYIIECTBIISETCS C HCIOIb30BAHUEM CHUCTEMBI JIO-
TMYECKUX BBIPAKCHUH
ly=0=6,=0=>6,=0
Vy#0A0,=20 = 0, =0; = 0, =0,,. (21)
Vy #0N0,<0= 0, =0,y = 0, = Oip;
Bripaxkenust (1-21) cocTaBnsror 0CHOBY pa3pab0TaHHON KOMITBIOTEP-
HoM niporpaMMsl [ 16] asst pacyera mapametpoB aBmkeHns ATC o ykio-
Hy C [lepee3/10M eIMHIYHON HepOBHOCTH. [ [py BBINOIHEHNN pacueToB Hc-
TOJTE30BAJICSI ITAKET MPUKIIAIHBIX MaTeMaTHYECKUX Iporpamm Scilab [17].

PesyabTarhl

Hcnonesys pa3paboTaHHOE MaTeMaTHYECKOE OMTUCAHNE MOJICTIHPO-
BaJIOCH JABM)KEHHE MEXaHWYECKOTO TPAHCIIOPTHOTO CPEICTBA KaTero-
puu M1, mapaMeTpbl KOTOPOTO aHAJIOTHYHBIMU, OITUCAHHBIM B HCTOY-
nuke [18]. Boicora ennnnanoii neposnocru i, = 0,05 M, nimua [, =
0,05 m. Pasron ATC ocymectsisiics 10 ckopoctu 10 m/c. B pesynsrare
MoJy4eHbl Tpaekropuu Jarkernss ATC npu pa3iuyHbIX yriax mnore-
peunoro ykioHa ¢ ot 5° o 35° ¢ marom 5° (puc. 1).

Y, m 1
03 4 g=5deg ).’5_,[,](5)
Yo(5) £=15 deg Yy 51(5)
-0,5 - ¥ —
Y,(15)4_ =25 deg ,.;\;s, n(;?
¥'s, cz( )
-0,7 4\v,(25) k—(l g
Y, (15,
£=35deg g
-0,9 4
Y,(35
o(35) Y, (25)
-1,1 £ ct
-’ ‘\
-1,3 A
Vi «(35)
-1,5 ; . . :
100 125 150 175 200 X, m

Puc. 1. Pacuernsie Tpaekropuu asmkeHus ATC npu pa3iuuHbIX yriaax
TIOTIEPETHOTO YKIIOHA €
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[TyHKTHPHBIMY JIMHUSMU HA pHC. | MOKa3aHbI TPACKTOPUH JIBUKE-
HUS aBTOMOOMJIS ¢ HCTIPABHOM ITOABECKOM, CILTOIIHBIMH — C YETBIPHEMS
HEUCTIPAaBHBIMU aMOPTU3aTOpaMU. YCHUIIUS, pa3BUBaeMble HEUCIIPAB-
HBIMU aMOPTH3aTOPaMH, cocTaBisiia 20% OT HOPMAaTUBHOTO 3HAYEHHUSL.
Jlunus X, 0Go3Ha4aeT abeuuccy pacrtonokeHust B CHCTEME HETIOIBHIK-
HBIX KOOPJMHAT MPOIOJILHON OCH €IMHUYHOM HEPOBHOCTH. JInHus X |
cooTBeTCTBYeT NpoxokaeHN0 ATC KOHTPONBHOTO y4yacTKa JTHHON
100 m.

7

de £=25deg Yeer, maxs Yfau,max
AP~~~ _ "
————————— ser, ct

4,1 A | T e T

4
3,9
3,8 A
3,7 1 tir
36 . : , , '

20 22 24 26 28 30 ts

Puc. 2. PacuetHas xapakTepycTUKa U3MEHEHHS yIvla IOBOPOTA Y OT BPEMEHU
nipu aBvkeHur ATC 1o onopHOH MOBEPXHOCTH C MONEPEUHBIM YKIOHOM

Jia KaX10# TpaeKTOPUH TakKe OBUIM PacCUNTaHBI 3aBUCUMOCTH
HM3MEHEHHUsI yIJia TOBOPOTA Y OT BpeMeHu. Ha puc. 2 mpeacTaBieHsl Xa-
PaKTEPUCTUKH, MTOJTyUEHHbIE TTPU MojienupoBanuu aBuxenus ATC no
morepevyHoMy YKIOHY mipu & = 25°, TTyHKTHpHAS JIUHHSI COOTBETCTBYET
HUCMPABHOM MOJIBECKE, CIIJIONIHAS — HEUCIIPABHOM.

Ilo ananoruu ¢ rpadpuKkamMu TPAeKTOPUH JBUKEHUS, 371€Ch 7, 000-
3HAYaeT BpeMs Hae3Ja MEePEeIHUX KOJIEC Ha €IMHUYHYIO HEPOBHOCT,
{ ,— BPeMs POE3/1a KOHTPOJILHOIO y4acTKa.

O0cy:x1eHue U 3aKJI04eHne

AHanm3 pacdeTHBIX TPAEKTOPHIL IBIKeHNs (purc. 1) mo3BoIseT 0Xa-
paKTepU30BaTh HEKOTOPHIC CBOMCTBA pa3padOTaHHON MaTeMaTu4eCcKoM
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Mojienu. B yacTHOCTH, IpU ABMXKEHUU T10 MONEPEYHOMY YKIOHY 10
Haesla Ha eAMHUYHYIO HEPOBHOCTD IIPAMOJIMHEHHAs TPACKTOPHUS HaXO0-
JTUTCSI HA HEKOTOPOM CMEIIEHUH OT HYJeBOWH OpINHATHI TOPHU30HTaNb-
HOM IIocKocTH. YeM Oonblle &€ TeM CHIIbHEE CMELIeHNE. YKa3aHHYI0
0COOEHHOCTH HEOOXOIUMO YUUTHIBATH IIPH BBITIOJIHEHUH COBMECTHOTO
aHanu3a tpaektopuil ABmxkeHust ATC, momydYeHHbIX PU Pa3HbIX 3HA-
YEHHAX BEJIMYMHBI O0KOBOTO yKJIOHA ¢. [loTpedyeTcs qonoaHuTenbHas
MaremMaTnieckasi 00paboTKa pe3yJabTaToB pacueTa B LIENsIX IPUBEACHHS
opauHar TpaekTopuil Y (&) K omHOMY ypoBHIO B MOMEHT Haezna ATC
Ha €MHUYHYIO HEPOBHOCTb.

MopnenvpoBaHue ABMKEHHS HAa KOHTPOJIBHOM YYacCTKE IMOKa3bIBAET,
YTO MPU BO3PACTAHWU BEIMYHMHBI MOMEPEUYHOTO YKJIOHA MOBBIIACTCS
YyBCTBUTEIBHOCTH MOJIETH K N3MEHEHHIO TEXHUIECKOTO COCTOSIHUS TIOI-
BECKH, T.€. HAaOM0IaeTCsl yBEIMUCHUE PACCTOSHUS MEKTy KOHTPOJIbHbI-
Mu Toukamu ¥, (&) 1 )_’ﬁw(e) JUISL ICIIPABHOTO M HEUCIIPABHOT'O COCTOSTHUN
HOJIBECKH COOTBETCTBEHHO. OIHAKO, IpH & >25° pacueTHas TpacKTopHs
ATC ¢ ncnpaBHO# MTOJBECKON MpeTepreBaeT KaueCTBEHHbIE 3MEHe-
HUS 110 CPAaBHEHHUIO C TPAEKTOPUSAMHU MEHBIINX YKIOHOB. Hanpasnenue
IBIKEHUE MeHseTcs Ha oopaTtHoe U ATC maBuraeTcst BBEpX 10 YKIIOHY.
JanHoe sBieHne OOBSCHSIETCS] IPUMEHEHUEM B MOZCIN YIPOLIEHHOTO
MaTeMaTHIeCcKoro anmapara (21) it peryanpoBaHus IPSIMOTHHEHHOTO
JBIDKEHHS, KOTOPBIA HEe 00eCeunBaeT CTA0OMIM3AIHIO YITIOB TOBOPOTA
YIpPaBJIIEMbIX KOJIEC Ha OHOM YPOBHE 10 MOMEHTA Hae3/a Ha HepOB-
HOCTb. B CBSI31 ¢ 3TUM 001aCTh ONpeAeIeH s MOJICIIH 110 YIITy MoIepey-
HOTO YKJIOHA OrpaHHYuBaeTcs quanazoHoM ot 0° o 25°.

Mopenb Takke MOKa3bIBaeT HAJTMYUE YyBCTBUTEIBHOCTH yIiia I0-
BOPOTA Y K U3MEHEHHIO TEXHUYECKOTO COCTOSIHUS MOABECKH (pHUC. 2).
[Ipu 3TOM 0 COCTOSIHMM MOJIBECKH MOXKHO CYIHTBH KakK IO pa3HOCTH
HAKOIUICHHBIX 3HAYCHUH YIIOB Y, ., — 7y, , PACCINTAHHBIX B KOHLE
poe3aa KOHTPOJIBHOTO y4acTKa, TaK U 0 pa3HOCTH MUHUMAaIbHBIX
3HAYCHHH Y, . — Y fa, min» OTIPSACIACMBIX TIOCTIC IIPOE3/IA ATC emu-
HUYHON HEPOBHOCTH.

B xaccuyeckoit Teopun aBromooms [19] oneHKy yCTOWYHMBOCTH
nemxeHuss ATC naroT o xapakrepy U3MeHEeHHs IepBOil PON3BOTHON
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yriia moBopoTa ® = dy/dt. Ha puc. 3 npencrapieHbl 3aBUCUMOCTH H3-
MEHEHHUs yIIoBO# ckopoctu oT BpemeHu aisi ATC ¢ ucnpaBHOH U ¢
HEUCIIPaBHOM IOABECKOM.

w, w,
deg/s| w deg/s|
3 2

'max

0,05(W 0y~ Win)

2 4

1 4
0,05(WrmaxWimin) F——

e | SRR O . e et 1 0,05(w,y-pn)
. 0,05( o i) S
Wi Wpnin
2 -3
& b to,05 lr | t to,05
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Puc. 3. U3menenue yrimoBoii ckopoctn ATC o (pacdeT Ha MOJEIH)
TIOCJIE TIePEee3/ia eMHIYHON HEPOBHOCTH TP ABIDKSHHH T10 MIONIEPEIHOMY YKIIOHY & = 25°.
IMonBecka: a) — ucnpapHasi, b) — HeUCIIPaBHAasL.

O11eHOYHBIM TTApaMEeTPOM B 3TOM CIIydae sIBJISETCS BpeMs MpoTe-
KaHUs TIEPEXOHOTO MPoIiecca, OMpeesieMOe MOMEHTOM CTa0nIH3a-
LMY YTJIOBOW CKOPOCTH B JMara3oHe +5% OT BETUYNHBI MaKCUMaJlb-
HOM aMILTMTY/IbI KOJIEOaHus ® - ® . PacdeTsl OKa3pIBAIOT HATTMYHE
BITUSIHUS TTAPaAMETPOB TEXHHUECKOTO COCTOSHUS TOJBECKU HA BPEMsI
MepexoHoro npouecca. CHIKEHUE YCUINS AeMIIPUPOBAHUSI aMOp-
Tr3atopoB A0 20% OT HOMHWHAJIBHOTO 3HAYEHUS YBEINYNBACT BPEMS
MEPEXOAHOT0 MpoLecca t,,, Ha 56,5 %.

Taxum o6pa3zom, pazpaboTanHas MaTeMaTHYECKask MOJIENb ITPOIIec-
ca IBWYKEHUS aBTOMOOMJIS 1O MTOTIEPEUHOMY YKIIOHY C MIEPee3IoM eu-
HUYHOI HEPOBHOCTU CBUIETEIILCTBYET O TEOPETUUECKOM BO3MOXKHOCTH
BBITIOJTHEHHUSI B YCIIOBUSIX DKCILTYaTaI[UH OLIEHKU BIUSHUS TEXHUYECKO-
TO COCTOSTHUS TIOABECKH Ha YCTOWIUBOCTE ABMkeHns ATC. Kpurepwus-
MU OIIEHKH MOT'YT OBITh ITapaMeTPhl, U3MEPsEMbIe TP JIBIKCHUN aBTO-
MOOWJIS TIOCITE TTPOE3/Ia SAMHIYIHON HEPOBHOCTH: OOKOBOE CMEIIICHHE,
yTOJI IOBOPOTA U BpeMs IEPEXOTHOTO Mpoliecca yIIIOBOM CKOPOCTH.
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KOMIIETEHTHOCTHASA MOJAEJIb
HNPOEKTUPOBIINKA ITEYATHBIX IIJIAT
JJIA CYJOBbBIX HHTET'PUPOBAHHBIX
CHUCTEM YIIPABJIEHU A

Xoane K.K., Aékcenmwesa E.IO., Hzyen K.K.

B cmamuve paccmompen scusHenHblIL YUK ReYamublX niam cyoo-
8blX uHmezpuposannvix cucmem ynpagisenus (CUCY), ¢ xomopom
ONUCAHBL OCOOEHHOCTU NPOEKMUPOBAHUS U U32OMOBLEHUS NEYANHBIX
niam CUCY. [Ipedcmasnenvl 0600w enHbIlL MAPUpPYym IpoeKmupo-
sanus neuamuwlx niam CUCY u cxema npunamus npoekmmuuix peuie-
Huti 6 npoyecce npoekmuposanus nevamuuix niam CUCY, komopuoie
NO3BOJIAIOM YMEHbULAMb 3AMPAMbl HA KOHCMPYKMOPCKUe pabomul u
NOBBIULATNG KAYeCMBO UHICEHEPHBIX pabom.

Uccnedosanue Hocum 0030pHblil Xapaxmep u noootioem 0Jist noo-
20MOBKU MeMOoOUuiecko2o obecneuenuss o0y4enus agmomamusupo-
sannomy npoexmupoganuio (AIIP) nevamuvix naiam CUCY. Onu-
CaHHble 6 cmMamve KOMNemeHYuu NpoeKmupo8uuKd no3eo0JA0m
chopmynuposams mpebo8anus K KGAIUGUKAYUU NPOEKMUPOBUJUKOE
HA CYO0B8bIX NPEONnPUAMUAX U BbINYCKHUKAM MOPCKUX MeEXHUYECKUX
8Y308.

Paspabomannas komnemeHmnocmuas Mooeib NPoeKmuposujuKa
10360715em Onpedenums cooepiucanie 00YUeHUsL U MOICEM UCNONb30-
8amu s OJisl paspadbomKu A0aAnmueHoU CUcmemMsbl 00yUeHUs NPOEeKMU-
posanuio neuamuvix niam CHUCY.

Knrwuesvie cnosa: npoghune npoekmuposuuka, KomnemeHyus
NPOEKMUPOBSUUKA, NeYaAmHas Niama, cyo0osvie UHMezpuposanHvle
cucmembl YnpasieHus; NPoeKmHo-npouU3800CmMeerHas cpeod, npo-
eKMHAs 0esIMelbHOCMb NePCOHANd, a8MOMAMU3UPOBAHHOE NPOEK-
muposanue.
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ANALYSIS OF THE DESIGN AND PRODUCTION
ENVIRONMENT AND DESIGN ACTIVITIES OF THE
PERSONNEL OF COMPUTER-AIDED DESIGN SYSTEMS
ARE TO DETERMINE THE CONTENT OF THE FIELD
OF TRAINING IN COMPUTER-AIDED DESIGN OF PCB
INTEGRATED SHIP MANAGEMENT SYSTEM

Hoang C.K., Avksentieva E.Y., Nguyen Q.C.

The article discusses the life cycle of printed circuit boards of ship
Integrated Ship Management System (PCB ISMS), which describes
the design and manufacturing features of PCB ISMS. A general design
route and a design decision making schemes in the design process of the
PCB ISMS presented which allow to reduce the cost of design work and
increase engineering work are considered. The research is interested
as an overview and is suitable for the preparation of methodological
provision for teaching computer-aided design (CAD) PCB ISMS. The
competencies of the designer described in the article will make possible
to specialty the requirements for the designers’ qualifications at ship-
building enterprises and graduates of maritime technical universities.
The developed competence model of the designer allows to determine
the content of training and can be used to develop an adaptive learning
system for designing printed circuit boards.

Keywords: designer’s profile; designer’s competence, printed cir-
cuit board; ship integrated management systems, design and produc-
tion environment, personnel design activities, computer-aided design.

Beenenue

3asiaua UCCIe0BaHUS COCTOUT B TOM, UTO IPOaHAU3NPOBATh MPO-
EKTHO-TIPOM3BOACTBEHHYIO CPEAY M MPOEKTHYIO AEATEIbHOCTH Iep-
COHaJla CUCTeM aBTOMaTu3npoBaHHOro npoekrupoBanus (CAIIP) B
KOMIUIEKCHBIX aBTOMAaTH3MPOBAHHBIX CHCTEMax C LEJbI0 ONpeaere-
HuUs cofiepxanust oomactu odyuenust AIIP I111 CHUCY. ) XuzneHHbIl
nukn nedaraeix mar (I[1I1) CUCY npencrasisier co0oil HempephiB-
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HBIH Mpoliecc U3 ONpeIeIeHHbIX 3TANoB, KOTOPhI HAYMHAETCS C MO-
MEHTAa MPUHATHS pemeHnus o Heooxomumoctu coznanus 111 CUCY
JI0 TIpEKpaIIeHus ee UCIob30BaHust. OCOOEHHOCTH MPOSKTUPOBAHMUS
n usrotoBnenus [111 CUCY ompenenstor coctaB U GyHKIIMOHAIBHBIC
TIOJICUCTEMEI [2, 5], B KOTOPBIE BXOST:

— T CUCY — oTruaroTcs CI0KHOCTBIO U pa3HOOOpazueM Qop-
MBI, KOTOpPbI€ 3aBUCAT OT Ha3HAYEHHUS U OCHOBHBIX XapaKTepH-
cTUK cynoB. Tak, B mporecce NpoeKTUPOBaHUS MIMPOKO TPHU-
MEHSIOTCSl TEXHOJIOTUH JBYXMEPHBIX U TPEXMEPHBIX MOJIEIEH,
4yT00BI peann3oBath CAD-texHonoruit u kouctpykuuu CUCY;

— HEO0OXOIUMOCTh aBTOMATH3AINH PEIIEHUS HHKEHEPHBIX 3a/1au:
pacyeToB U aHATM30B (PU3NUECKUX MTPOLIECCOB, IPOBEPKH UX pa-
00TOCTIOCOOHOCTH, SBIISIOMNXCS (PYHKIHEH CTICITHATH3HPOBAH-
HbIX CAE-TexHOIIOrni;

— 0COOEHHOCTH OOECIICUEeHNS aBTOMATH3aIMH TIPOTPaMMHUPOBa-
HUS ¥ YIPaBICHHUsI 000pyI0BaHUEM C YHCIOBBIM IPOTrPAMMHBIM
ypasineHueM B CAM-TEXHOIOTUAX U HOACUCTEMAX;

— crenu(uKa UCIONb3YEMbIX 3JEKTPOHHBIX TEXHHUYECKHX JIO-
KYMEHTOB M MOJIEJIe B MPOCKTHPOBAHUH, 00€CIIeUHBAIOIIAs
ynpasienue Beeit undopmaru 00 CUCY, peanusyeMbix cpeji-
ctBaMu PDM-TexHonoruii u cucrem.

1. O000menHbIii MapumpyT npoektuposanus [ CUCY

B Hacrosmee BpeMst cyIiecTByeT JOCTaTOYHO OOJBIIOE KOJIH4e-
ctBo naketoB AIIP IIII, B Tom umucine I1I1 CUCY. IIpoektupoBanue B
9TOW 00JacTH SBISETCS aBTOMATH3UPOBAHHBIM U HEMOCPEICTBEHHO
OCYULIECTBIISETCS MOAAEPKKOW U KOHTPOJIEM MPOEKTHPOBIIMKA, OC-
HOBHBIM M3 KOTOPBIX SBIISIETCS YEIOBEKO-MAITMHHON quanor. K Hau-
oonee nomynsipabiM CATIP TIT otHocsTest: Altium Designer, Mentor
Graphics, Dip Trace, KiCAD, Delta Design, OrCAD, .... Cucrema
npoextupoBanus [1I1 mpeacraBnseT coO0i CIIOKHBIA KOMILIEKC MPO-
TpaMM, 00 CITCIHBAIOITII CKBO3HON ITHKJI, BKITFOUAIOIITHI ce0s co3a-
HUE OMOJIIMOTEKH AIIEKTPOHHBIX KOMIIOHEHTOB U Pa3pabOTKy AIIEKTPH-
YEeCKOW MPUHLMITNAIBHON CXEMBbI, PEJaKTOp NeYaTHbIX IUIaT ¥ 3KCIOPT
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CTaHIAPTHBIX (JOPMATOB U KOHCTPYKTOPCKOH AOKyMeHTauuu [4, 12].
Ha pucynke 1 npencraBineH 0000IIeHHBIN MapIIPYT MPOSKTHPOBAHUS

[T CUCY Altium Designer.
Cosnarmme 6ub: I 0 &
H KOMIIOHEHTOB P 1 e i 2Dn
mpuHmITIATEHOM opyat

IDF

Kon

3D» Ccucy
Texmugecxue sajanna |- cxemst CHCY e MEPETE,
=ay STEP
-

CTPYKTOpCEaT

AoKyMeRTamAA

Cxesa saextpormaz
nprpITHa TsEa%

MCAIP

MapmpyT MPOCKTHPOBANIR IOTATHELR TAGT

Céopowmesi yepres:

Puc. 1. O606mennsnit MapmpyT npoekrupoBanus 1T CUCY Altium Designer

| POPMHPOBAHHE IIETH l

2

I KpHTepHATEHAA XapaKTepHCTHKA ‘

| Xapam'epncrmca TEXHHKO-3KOHOMHYECKHX )'C.TIOBHﬁ ‘

| ©OpMHPOBAHHE HAEH PeaTH3AIHH IIOCTABIEHHOH IETH

¥

AHaTH3 IPOIYKTHEHOCTH HEH H BEIOOP KOHIISIITHH
IIDOEKTA

| MozeaHpoBaHHe NPOEKTA H YCIOBHH KCILTYaTAITHH l

ONTHMH3AIHA XaPaKTEPHCTHK IPOEKTA H aHATH3
TMIOTy9eHHBIX Pe3yIETATOR

‘ VTo4HEeHHe XapaKTePHCTHK IIPOEKTa H BEIOOP pelIeHHA l

PeaIH3alia NPOeKTa H aHATHS PesyIBTaToB ero
(YHKIHOHHPOBaHHA

Puc. 2. Cxema npuHSTHS IPOEKTHBIX PEILICHUN

B nponecce npoextuposanus 111 CUCY 3arpaTsl Ha KOHCTPYKTOP-
CKHE PabOoThl 3HAYUTEILHO MEHBIIE 3aTPaT Ha NHKEHEPHBIE PAOOTHI, 110-
9TOMY peILeHHE 33/1a491 10 POEKTUPOBAHHIO SIBIISIETCS BAYKHBIM DJIEMEH-
toM. [IpuHsTHE pemenns XxapakrepHo 1t poektupoBanus [T CUCY u
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B IIPOYUX WHXKCHEPHBIX 33/1a4aX. BO3MOXHOCTh KOJTMYECTBEHHOM OIICHKU
MOCJIEICTBUI PUHSTHS PELICHUS IPEBPAIIAET UCKYCCTBO B HAYKY, Ha3bl-
BAIOLIEHCS TEOPUEH IPUHSTUS PELIEHUH. B paMKkax Teopuu NpUHATHS pe-
LIECHUH IPOEKTUPOBAHUEM SIBJISIETCS] HETIPEPBIBHAS IIOCIIEI0BATEIBHOCTb
AKTOB MPHUHATHS PELICHUM, YTOOBI TIOCTPOUTH OMIUCAHUE IIPOCKTHPYEMO-
r0 00BEKTA C 33JJaHHOH CTeNeHbIo neTanm3aiyd [ 1,3]. Cxema MmpoeKTHBIX
TIPOIIETYp 3a/1a4u MPOCKTUPOBAHNS TIPEICTABIICHA HA PUCYHKE 2.

2. Ocodennocts 00yuenus AIIP I CUCY

OcobeHHOCTh 00yUeHHsI aBTOMATU3UPOBAHHOMY IIPOEKTHPOBAHUIO
COCTOHT B TOM, YTOOBI 00y4arh OyAyIINX WHXEHEPOB pa3padarbiBaTh
W aHAIM3MPOBAaTh MaTepUalbHBIC U3ICIHS C MOMOILBIO PUMEHEHHS
TEOPHH MTPUHSTHS PEIICHUH, TOJIX0I0B M HHCTPYMEHTAIBHBIX CPEIICTB
CAIIP. OcHOBHBIMH OCOOCHHOCTSIMH STHX IOIXOJ0B K IPOCKTUPOBA-
HHUIO CIIOKHBIX CUCTEM siBJIsttoTes [7, 10]:

— CTPYKTypH3alus Ipolecca MPOeKTHPOBaHHMs, BbIpaykaeMas Jie-
KOMIIO3UIIMEH IPOEKTHBIX 337a4 U JOKYMEHTALIH, BBIEIICHUEM
CTaaui, ATanoB, MPOEKTHBIX MPOLEAYp. ITa CTPYKTYpH3aLUs
SIBIISIETCS CYIIIHOCTBIO OJIOYHO-NEPAPXUUECKOTO ITOIX0AA K IIPO-
EKTHPOBAHHMIO;

— WTEpalMOHHBIA XapaKTep NPOCKTUPOBAHUS;

— TUNH3aIMS 1 yHU(UKALUS TPOCSKTHBIX PEHICHHU U CPEICTB MPO-
CKTHPOBaHMS.

[maBHBIME 337ja9aMU 00yUYEHHSI IPOCKTUPOBAHUIO OOBEKTOB SIBIISI-
IOTCS TEOPETHYECKOE M SKCIIEPUMEHTAIbHOE 000CHOBaHNE BHEAPCHHUS
MIPOEKTHOTO METOJIa i CHHTE3a CTPYKTYPhI IPOCKTUPYEMBIX 00BEKTOB
1 00y4eHHe HCIIOIb30BAHUIO MPUOOPETEHHBIMU 3HAHUSIMHU U HaBbI-
KaM¥ JIJIsl pelICHUsI TIO3HABATENILHBIX M MPAKTUYCCKHUX 33/1a4. 3ajaqa
CTPYKTYPHOTO CHHTE3a OCHOBBIBAETCS HA TECOPUU NPUHATHUS PEILICHHUS
U COCTOMT M3 OIPEAEICHUS LEIH, MHO)KECTBA BO3MOXKHBIX PEILICHUN
U TEXHUKO-3KOHOMHYECKUX yCIOBUH.

JIeHCTBYIOT CTaHAAPTHI, KOTOPbIE HYKHO COONIONATh Ha CTaiuH CO3-
JTaHWsI aBTOMaTHU3HpOBaHHBIX cucteM — poccuiickuii TOCT 34.601-90
U MexayHapoaHslid crangapt ISO 12207:2017.
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[Ipyu mpoeKTHPOBAHUU CIIOKHBIX CUCTEM HCIOJB3YIOTCS CIEIYI0-
M€ CTUJIM NTpoeKkThupoBanus [13]:

— HHUCXOMSIIHUNA — YeTKas peain3alusi IpOeKTHPOBAHUS CBEPXY
BHHU3 K CIIUPAJIBLHON MOJENN pa3padOTKU MPOrpaMMHOTO o0e-
CIIEYCHHMS; HCIIONB3YIOTCS OOpaTHbIe CBsI3U. Yale Bcero mpume-
HSIOTCSI HUCXOASAIINHN CTHIIb OJI0YHO-HEPAPXUUECKOTO MPOEKTH-
pOBaHUS;

— BOCXOJSIINHI — 3TO MPOEKTUPOBAHKE, IPU KOTOPOM BBITIOJIHEHHE
MIPOIIeyp HU3KUX YPOBHEW MTEPEXONT K IPOLIeaypam Ooiiee BbI-
COKHMX UEpapXUUECKHX YPOBHEN.

BepxHuii ypoBeHb TPOEKTHPOBAHNS aBTOMAaTH3UPOBAHHBIX CUCTEM
BBITOJIHSIOTCS. B MIPOLIECCEe MPEANPOCKTHBIX UCCICAOBAaHUN, QOopMy-
JIMPOBKU TEXHUUYECKUX 3aJlaHUH, Pa3paOO0TKU 3CKU3HOIO NPOEKTa U
MIPOTOTUNHMpPOBaHuUs [6]:

— TPENNPOEKTHBIE HCCIEAOBAHMS — ITO AHAIN3 JEATEIBHOCTH
MPEANPHUATHS, HA KOTOPOM OyAyT CO3[aBaThCs MM MOJEIUPO-
BaTbCsl aBTOMaTU3UPOBAHHBIE CUCTEMBI, H, IOCJIE 3TOT0, 0POpM-
JIEHWEe MCXOAHOW KOHLENIHUH aBTOMAaTH3WPOBAHHBIX CHCTEM,
BKJIIOUAIOILEH B ceOs MPEUIOKEHUS 110 N3MEHEHHUIO CTPYKTYPBI
MPEANPHUATHS, B3aUMOICHCTBHIO TIOAPa3eiCHUH U HHPOpMa-
LMOHHBIM ITOTOKaM;

— TEXHMYECKHE 33/IaHus — JOJDKHBI COJIEP’KaTh MOTOKH BXOIHOM
nHGOPMALMH, TUIBI BBIXOAHBIX JOKYMEHTOB U IpEOCTaBIIsie-
MBIX YCIIYT, yPOBEHb 3allIUThl HHPOPMAIHH, TPEOOBAHHUS K ITPO-
M3BOIUTENBHOCTH;

— OCKH3HBIH MPOEKT — OMUCHIBAETCS apXUTEKTypa CHCTEMBI,
CTPYKTYpa €€ MOJICUCTEMA M COCTaB MOJYJIEH, a TaK¥Ke MpeJIIo-
JKEHU: 110 BEIOOPY 0a30BBIX IPOrpaMMHO-AMIIAPATHBIX CPEACTB,
KOTOpBIE TOJIKHBI YUUTHIBATH POTHO3 Pa3BUTHS MPEAIPUATHS;

— IIporoTun aBTOMaTH3UPOBAHHBIX CUCTEM — HAOOp Mporpamm,
KOTOpbIE UIMUTHPYIOT paboTy ToToBOi cucteMbl. C MOMOIIBIO
9TOTO 3Tana pa3pabOTUUK MU 3aKa3UUK YBHIAT KOHTYPbI U OCO-
OCHHOCTH CUCTEMBI, U MOKHO KOPPEKTUPOBATH MPOEKT JI0 CO-
BEPILIEHCTBOBAHUS.
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3. Komnetenuuu npoexTuponmmka B ooaactu AIIP I CUCY

[Ipaktuka o0yuenus AIIP u onbiT ncnonb3oBanus CAIIP B yue6-
HOM TIpOIIecce MIMPOKO 00CYKAAOTCS HAa HAYYHO-METOMIECKIX KOH-
¢depenuuax. B TexHHuueCKUX By3ax AJisl TOrO, YTOOBI TOTOBUTH CTY-
JEHTOB /A CyIOCTPOCHHS, IPerlycMaTpUBAETCsl HCIOJIb30BaHUE
MeTonuueckoe obecneuenne u Texnonorun CAIIP. AktyanbHOCTS 3a-
Jlad ITOTOTOBKY OyIyIIET0 HHKEeHEpa, TOTOBOTO K 3G EKTUBHOM pabo-
T€ C COBPEMEHHBIMH aBTOMAaTU3UPOBAHHBIMU CUCTEMaMH, OTMEYAIOTCS
HE TOJBKO By3aMH, HO M CyJOCTPOHUTEIHHBIMHU 3aBosiaMu. [IpoBepka
YPOBHSI 00y4aeMOro MpOEKTHUPOBIIMKA BBITIOIHSIETCS IO MapaMeTpH-
YECKUM KPHUTEPHUSM: 3HAHUSAM, YMEHHUSM, HAaBBIKAM W aJIallTHBHOCTH
[8, 9]. OmpenenuM OCHOBHBIC TEPMUHBI: 3HAHHE, YMCHHE, HABBIKA U
aJalITUBHOCTD MTPOEKTUPOBIIIHKA.

3HaHus — pe3yabraT GopMaTH30BaHHBIX CBEICHUH, MpeCcTaBle-
HUI 00 00BEKTE MPOSKTUPOBAHUS Ha OITPE/ICIIEHHOM YPOBHE, KOTOPBIN
MOYKHO JIOTHYECKHU WITH (haKTUUECKH 000CHOBATD, U AMITUPHUUYCCKH HIIH
MPAKTUYECKU IPOBEPUTH.

YMeHus: — criocoOOHOCTh BBIMIOJTHHUTH JIEHCTBUS HAa OCHOBE TOJY-
YEHHBIX 3HAaHUH aBTOMaTU3UPOBAHHOTO TPOSKTUPOBAHUS U IPOCKTHOM
MIPAKTHKH, (POPMHUPYIOMIASLCS ITyTEM YIPAKHEHHI B TPUBBIYHBIX, HO U
B N3MEHUBIINXCS YCIOBHSIX.

IIpodeccHoHATbHAS KOMIIETEHITIIS
TIPOEKTIIPOBIIIIKA

3HaHIIA YMeHIs HagpIKII ATalITIIBHOCTE

Puc. 3. Ctpykrypa xomnerenuuu npoexkruposiuka [T CUCY

HaBpiku — 3TO0 aBTOMaTU3UPOBAHHBIE KOMIIOHEHTHI CO3HATEIBHO-
TO IeHCTBUS 00yUYarOMIMXCs B IPOSKTHOH JIESATENIbHOCTH, JIOCTHUTIIIETO
HAUBBICIIETO YPOBHS C(POPMHUPOBAHHOCTH.
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AJTalITUBHOCTHh MPOCKTUPOBIIHUKA — CIIOCOOHOCTh MPUCIOCA-
OnuBaThCS K BHEAPEHUIO 3HAHUN, YMEHHI W HaBBIKOB B 00JaCTH
CTPYKTYpPHO-ITapaMEeTPUUECKOTO CHHTE3a MPOMBIIIJIEHHBIX 00bEK-
toB CAIIP.

KoMrmieTeHTHOCT TPOEKTUPOBIINKA — COBOKYITHOCTh 3HAHUMU, yMe-
HUH, HABBIKOB U aJJalITUBHOCTH B 00J1aCTH MMPOEKTUPOBAHUS ITPOMBIIII-
JIEHHBIX OOBEKTOB.

Ha pucynke 3 nmokazaHa cTpyKTypa KOMIIETEHITUH TPOSKTUPOBIIIH-
ka [T CUCY.

PaccmoTpuM HauanbHBIE YCIOBUS 3a/1a491 TIPOSKTHUPOBAHUS TIeUaT-
HBIX IJIAT CYAOBBIX UHTCTPUPOBAHHBIX CUCTEM YIIPABJICHUA 1 KOHICII-
TyaJlbHbIC TIOAXOJIbI K e€ pelleHuto. B kauecTBe MCXOMHOTO YCIOBHS
OyaeM y4uThIBaTh, YTO HHCTPYMEHTAIBHOE CPEICTBO, O0IamaeT orpa-
HUYCHHBIM JHANa30HOM (DyHKIIMOHAIBHBIX BO3MOXKHOCTEH HE3aBUCH-
MO OT ero xapaktepa. Ilpu 3ToM KoMOMHANWS IBYX B OOJIee CPEICTB
MOKET J1aTh HE TOJIBKO MOJIOKUTEIBbHBIN, HO M OTPHLIATENIBHBIN (DDEKT,
KOTOPBIN yCyTyOIIsieTCsl OTCYTCTBHEM COOTBETCTBYIOIIEH OpraHu3ann
1 3JIEMEHTOB YIPABIIEHUA CUCTEMON. B pe3ynbprare paccMOTpeHUs Ipo-
(heccHOHANTBHBIX CTAH/IaPTOB OBLIN BBIICITICHBI CIICAYIOIIHE KOMITETEH-
uuu npoextuposmuka AIIP IIIT CUCY [11]:

— CIIOCOOHOCTH MPOBOJIUTH TEOPETHUECKHE U DKCIIEPUMEHTaIb-
HBIC UCCJICAOBAHUA NIPU MMOMOIIKW MOACIUPOBAHUA U MaTeMa-
TAYECKOTO aHaju3a, IPUMEHSATh 3aKOHBI U 0a30BBIE METOJIBI B
npodeccronanbroi aesrensHoctd AP T CUCY;

— crmocoOHOCTh 00IaaTh JOCTATOUYHBIM YPOBHEM CAMOCTOSITEIh-
HOCTH HOBBIX 3HAHUU 1 HABBIKOB C IMPUMEHCHHUEM COBPEMCHHBIX
TexHosiorui B oomacu AIIP ITIT CUCY;

— TPUOOpETeHHE HABBIKOB /IS PO eCCHOHATFHON JeSITeTbHOCTH
C TIEPCOHAIBHBIM KOMITBIOTEPOM;

— CIIOCOOHOCTH 00JafieHus 3HAHUSIMH METOIOB, CIIOCOOOB M
CpPE/CTB MOJIyYCHUs], XPaHECHUs, TiepepaboTKu HH(DOPMAITIH JIJIs
pelIeHns KOMMYHHUKAaTHBHBIX 3a]1a4y;

— CMocoOHOCTB UCTIONB30BaTh MporpaMMHusbie cpeactea AITP TII1
TIPH OCYIIECTBICHUH MPO(eCCHOHATBEHON AeSITETFHOCTH;
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— CHOCOOHOCTD K CHCTEMAaTHYECKOMY H3yUYECHHUIO HayYHO-TEXHUYC-
CKOHl MH(OpMaLMHU U ONBITOB /s TOBBILIEHUS KBATH(DUKALMN
npoektupoiyka AIIP ITIT CUCY;

— ymenue monenupoBats [ IIT CUCY u TexHOnoruueckre npouecesl
C MCIOJIb30BaHNEM CTaHIapTHHIX MakeToB u cpeacts AIIP I111;

— CcnocoOHOCTb pelarh CTaHAAPTHBIE 331341 IPO(heCcCHOHATBHOM
JIeSITEIbHOCTH € TPUMEHEHNEM HH()OPMAIIMOHHBIX TEXHOJIOTHI
AITP IIT;

— CIOCOOHOCTh MPOEKTUPOBATh KOMIIOHEHTHI, TPUHLIUITHAIbHBIE
cxemsl ¥ nedarHsle miaarel CUCY ¢ npumeHeHneM nporpaMmm-
HbIX cpencts AIIP IIIT;

— CcnocoOHOCTh MPUHUMATh y4acTHe B padoTax 1o MPOeKTHPOBa-
HUIO KOMIIOHEHTOB, IPUHLUIINAIBHOM CXEMbI U I1€YaTHBIX 1T
koHcTpyKunit CCY B cOOTBETCTBUM C TEXHUYECKUMHU 3aJaHU-
SIMU U UCTIOJIb30BaHUEM CTAHIAPTHBIX CPEJCTB aBTOMATHU3ALINH
MIPOEKTUPOBAHMUS;

— cHocoOHOCTh UCTIONIB30BATh Pa3JInUHbIE BUAbI TEXHUYECKON 10~
KyMEHTAIWU U coOtoars TpeOoBaHus HHPOPMAIOHHOH Oe3-
OTIACHOCTH;

— cnocoOHOCTh 00agaTh YMEHHSAMHU IPUMEHEHUS] METOJIOB KOH-
TpOJIsI KauecTBa B podeccruoHanbHol nestensaoctr AITP T1T1
CHUCY.

Bakneiimei cocTaBisomEell KOMIETEHTHOCTH CIEIMAINCTA SIBIIS-
€TCsl yMEHHE MTPUMEHATh TEOPETUYECKUE 3HAHMS B TPAKTHYECKON pa-
6ote. HecMoTpst Ha TO, YTO COBPEMEHHBIE MPOU3BOACTBA HAKOIMIN
OOJIBIION OMBIT PEHICHHUs OMPEACNEHHBIX 3a1a4, OOIBIINHCTBO 00y-
YalOIIHUX CHCTEM HE MCIOJIb3YIOT peabHbIE 3a/1aul MpHU MOATOTOBKE
CIIELIMAJINCTOB, @ TAKXKE HE MHTEIPUPYIOTCS ¢ 0a30i IMPOEKTHBIX pe-
meHnH npeanpusatus [14].

Takum 00pa3oM, TIEpBO 0COOCHHOCTRIO OYMYITNX WHKEHEPOB B
00J1acTH aBTOMaTU3UPOBAHHOTO POCKTUPOBAHUS SIBIISICTCS YCTOMYH-
BOE OCBOCHHUE 3HAHUH U HABBIKOB, 00BEIMHSIOIINX HH(POPMALIMOHHbIE
TEXHOJIOTUH CO CIEAYIOIIMMH JTUCIUILTHHAMHU, KOTOPBIE TOJIKHBI OC-
BOWTB J0 U3YUCHUS AUCLHUIUINHEI «]IpoekTupoBaHue cynoBbIX HHPOP-
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MAaIMOHHO-YTIPABIISIONIAX CUCTEM: TICUXOJIOTHsl U TIeJaroruka, uHpop-
MaTuKa, HH(OPMALMOHHBIE TEXHOJIIOTUH, TEOPHU HHPOPMALIMOHHBIX
MIPOIIECCOB U CUCTEM, YIIPaBJIeHNE JJaHHBIMH, MOJIEINPOBAaHHE CUCTEM,
TEXHOJIOTUsI IPOrPaMMHUPOBAHUS, KOMITBIOTEPHAs TeOMETpHsl U rpadu-
Ka, HHTEJUIEKTYaJIbHbIe HH()OPMALUOHHBIC CHCTEMBI.

Bropast ocobennocts 00yuenus npoekruposanuto [1I1 CUCY B Tom,
YTOOBI COOMIOCTH TPEOOBAHHS K CO3/IAHUIO KOMILIEKCa Y4eOHO-METOIH-
YeCKOro odecriedeHts1 IMIaKTHYECKOro IPoLiecca U napauiesbHO y4ecTh
YPOBEHb 3HAHWH, YMEHUHA U HAaBBIKOB Ka)XKJIOTO CTYJIEHTa, YTOOBI 00e-
CIICYUTH CUCTEMHOCTb M BapUaTHBHOCTH IMPEICTaBICHHUS HHPOpPMAIIUH,
MIPELyCMOTPETH BOBMOKHOCTH MPOPaOOTKH MaTrepuasa B CBONCTBEHHOM
KaK10My 00ydaeMoMy TeMIie. ITo 00eCIeUuT aJIeKBaTHOCTh 00yYaroIeH
cuctembl mpoektrpoBanmst 111 CUCY mpomeccy oBIaaeHNs 3HAHUSMHL.

OcHOBHOH 3anauell aBTOMAaTU3UPOBAHHBIX OOYUYaIOUINX CHCTEM
CAIIP sBrsercst 0OydeHUE MPUHATHIO HH)KCHEPHBIX PEIIeHNi, 00y-
YCHUE YMCHUSIM U HaBBIKaM TEXHUYECKOTO TBOpuecTBa [15]. AkTyans-
HOM sIBJIsSIeTCS 3a7a4a 00y4eHHsI IPOSKTUPOBLINKA IOHUMAHUIO CBS3U
MeXly TapaMeTpaMu KOHKPETHBIX CTpaTeruil MpoeKTHPOBAaHUS U Ka-
4ecTBOM pazpadarbiBaemoro u3zenus B CAIIP, o0ydenus moHIMaHUIO
B3aUMOCBSI3H CXEMOTEXHUYECKUX, KOHCTPYKTUBHBIX, aITOPUTMHUYE-
CKUX M CTPYKTYpPHBIX IapamMeTpoB. Pemenne 3Toi 3a1auyl O3BOJIUT
HE TOJILKO TIOBBICHUTBH Ka4eCTBO MOJATOTOBKH Ionb3oBateieii B CAIIP,
HO ¥ ONITUMHU3UPOBATh BECh MTPOLIECC TPOCKTUPOBAHUS MOIYJIEH, OCY-
IIECTBIISATH 0O0CHOBAHHBII BEIOOD MapaMeTPOB, POCIEKHUBATH CBI3b
MEXAy NEeHCTBUAMM MPOEKTHPOBINHKA Yepe3 B3aUMOBIUSHUE KOH-
CTPYKTHBHBIX U TEXHOJIOTHYECKUX TTApaMETPOB, OCYIIECTBISATH OICH-
Ky KOHCTPYKTHUBHOTO PEIICHHS C Y4eTOM OCOOECHHOCTEH pean3anun
BCEr0 KOMIUIEKCa KOMMYTallMOHHO-MOHTa)KHBIX IIPOLIEYD.

BriBog

Brinonnen aHanu3 npoeKTHO-IIPOU3BOICTBEHHOM CPEIbl U IPOCKT-
HO¥ nesrenpHOCTH TTepconana CAIIP B KOMIUIEKCHBIX aBTOMAaTH3HPO-
BaHHBIX CUCTEMaX. Pa3pa60TaHa KOMIICTCHTHOCTHAsA MOACIIb IMPOCK-
THUPOBIIHKA, TTO3BOJIIONIAS OTIPEACTUTh COAEPIKaHNE, METONYECKOe
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U IPOrpaMMHOE o0ecTieueHre 00ydeH s aBTOMAaTU3HPOBAaHHOMY ITPO-
eKkTupoBaHuto nevaTHbIX wiaT CUCY, koTopble MOT'YT HCIIOJIb30BATHCS
JUISL peajiu3aiiy CUCTEMBI aIalTUBHOTO 00y4eHus nepconana CAIIP
CYIOCTPOUTEIHHBIX 3aBOJIOB U CTYJIEHTOB MOPCKHX BY30B.
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METO/J 3AINUTHI BO3AYIIHOI'O KOPUOPA
BBIAEJIEHHOI'O AJIs1 ABUKEHHWU S BECIIMJIOTHBIX
JIETATEJIBHBIX AIIITAPATOB

IlIgeyoes A.B.

Becnunomuvie n1emamenvrble annapamol, NOAYYAOmM ece bovuiee
npakmuueckoe npumMeHenue 8 CO8BPEMEeHHOM 00uecmese, 68 Pa3IUdHbIX
npunodicenusix. Ilpu smom pacnpocmpanenue 603MONCHOCMEl npe-
00CMABASIEMbIX MEXHOLO2UAMU U MEemOOaMU, CEA3AHHbIMU ¢ Decnu-
JOMHBIMU 1eMAMENbHbIMY ANnNaApamamil, COepICU8aemcs u3-3a He-
peuteHnoll npobremvl obecnedenuss OE30NACHOCMU UX O8UNCEHUS,
oepanuyugarouell 001acms uUxX NPUMeHeHUs..

Lens: pazpabomams memoo 3auumol 8bLOEIEHHOZ0 8030YVUIHO2O0
KOpUoopa u peaiusyoujee e20 mexHu4eckoe peuterue, COBMeCmuo no-
360MAIOUIUX NOBLLCUMb OE30NACHOCITL OBUIICEHUS OECNUTOMHBIX Iemd-
MeTbHbIX ANNaApamos.

Memoowl: ucnonb3yOmMcs CUCMEMHbII AHAIU3, CUHMES, UHOVKYUSL
u 0edykyus, cpagHerue, oboouenue u opyaue HayuHvle Memoobl Uc-
Cl1e006anUsl.

Pe3ynomamut: pazpaboman 6030VuiHbLlL MOHHENb, NO360JIAIOUULL
OeCnuIOMHbIM JIeMAMETbHbIM ANNAPAMAM, 3aUULEHO NePeOsUcAMb-
€5l HA ONACHBIX Y4ACMKAX 8blOENeHH020 8030VUIH020 Kopudopd. Bos-
OVUWHDBLIL MOHHENb SAGTSEMCsl MEXHUYECKUM PeULeHUEeM, Pearu3youum
HA NPaKmuKe NpeonodiceHHblll 8 pabome mMemoo 3aufumaol 8bl0e1eHHO20
68030YUHO20 KOPUOOPA.

Oé6nacmo npumenenus pe3yibmamos: paspadomaHHblii Memoo u pe-
anuzyrouee e2o mexHudecKoe peuieHue CoBMeCHHO No380AI0M NOGLICUND
0e30nacHoCmb 0BUNCEHUS SPANCOAHCKUX OECNUTOMHBIX 1eMaMelbHbIX
annapamos 6ePMUKAIbHO0 831ema U NOCAOKU, U NPUMEHUMBL /st 0Oeche-
uerus besonacnocmu noiemos bIIJIA na nazemHbix 06bekmax, Hanpumep,
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MAKUX KaK NPOMbIULIEHHbLE 00bEKNbL U KPYNHbIE CKIAOCKUE KOMIICKCD,
OH MaKd#Hce MoXcem Oblmb NPUMEHEH NPU NPOEKMUPOBAHUL CUCTHEM O8U-
JHCeHUSL DECNUTOMHBIX TeMAMETbHBIX ANNAPAMos 8 20P00aX.

Knroueswie cnosa: becnunommuoiii iemamenvuviti annapam, bIIJIA;
Memoo,; obecneyerue 6e30nacHoCmu.

METHOD OF PROTECTING THE AIR CORRIDOR
DEDICATED FOR TRAFFIC UNMANNED AIRCRAFT

Shvetsov A. V.

Unmanned aerial vehicles are getting more and more practical ap-
plication in modern society, in various applications. At the same time,
the spread of the possibilities provided by technologies and methods
associated with unmanned aerial vehicles is constrained due to the
unresolved problem of ensuring the safety of their movement, which
limits the scope of their application.

Purpose: to develop a method for protecting a dedicated air corri-
dor and a technical solution that implements it, jointly improving the
safety of unmanned aerial vehicles.

Methodology: systems analysis, synthesis, induction and deduction,
comparison, generalization and other scientific research methods are used.

Results: An air tunnel was developed that allows unmanned aerial
vehicles to move securely in dangerous sections of the designated air
corridor. An air tunnel is a technical solution that implements in practice
the method of protecting a dedicated air corridor proposed in the work.

Practical implications: the developed method and the technical
solution that implements it together make it possible to increase the
traffic safety of civil unmanned aerial vehicles with vertical take-off
and landing, and are applicable to ensure the safety of UAV flights at
ground-based facilities, for example, such as industrial facilities and
large warehouse complexes, it can also be applied in the design of sys-
tems for the movement of unmanned aerial vehicles in cities.

Keywords: unmanned aerial vehicle; UAV; method, safety.
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Beenenue

Bbesonacnas u adexTrBHAs MHTErpanys OCCIMIOTHBIX JIETaTelNb-
HeIX ammmapatoB (bI1JIA) B BO3myiHOE IBMKEHUE SBISICTCST OTHOM U3 OC-
HOBHBIX 33]1a4 B aBUAIMH B IepBoii moioBuHe 21-ro Beka [1-6]. BIUIA,
BKJTIOUAs TUCTAHIIMOHHO yTIPaBJIsieMble YeJIOBEKOM JIeTaTeIbHBIE arla-
paThl ¥ aBTOMaTU3UPOBAHHBIE JIeTaTeJbHbIE allaparsl, yIpaBiIsieMble
MIPOTPAMMOiA, HAXOMIAT IPUMEHEHHNE HE TOJBKO B YK€ CYIIECTBYIOIINX
MPUIOKEHUSIX, TAKUX Kak KapTorpadus, 6e30macHOCTb, TPAaHCIOPTH-
poBka [7-10], HO 1 TO3BOJIAIOT CO3AAaBATh MPUHIMITHAIFHO HOBBIE, B TOM
YHcJie OCHOBAHHBIE HA UCIIOIb30BAHUH UCKYCCTBEHHOTO MHTEIJIEKTA.

Ho, B HacTosmuii MOMEHT, paclipoCTpaHEHUE BO3MOXHOCTEMH, Ipe-
JIOCTABIISIEMbBIX TEXHOJIOTHUSMH M METOIaMU, CBSI3aHHBIMH C O€CTIHIIOT-
HBIMH JIETAaTEeIbHBIMU annapaTaMHy, CIEPKUBAETCS CYILIECTBYOIIUMHU
orpaHuueHusIMU 110 npuMeHeHuto BITJIA Ha omnpeneneHHBIX 00bEK-
tax [11], B mepByto ouepensp, asponopTax (puc. 1). PaccmarpruBaemble
OrpaHMYCHUS BBI3BAHBI yIPO3aMHU 0E30IIaCHOCTH, BO3HUKAIOIIUMH ITPH
nonere BIJIA [12-16].

Puc. 1. I'eozona Hax asponoproM, 3akpertast 1 asrxenns BITIA [17]

MeTon 3aIMTHI BbI/IeJIECHHOTO BO3AYIIHOTO KOPHAOpa
[ToBbIcUTh 0€30IaCHOCTD ABMXKEHUSI OCCHMJIOTHBIX JIETATEeIIbHBIX
anmaparoB, BO3MOKHO 32 CUET 00ecCIeueH s 3allUIEeHHOCTH TPaHHIL
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BBIJIEJIEHHOTO BO3/IyIITHOTO KOPHUIOPa, PEAHA3HAUE€HHOT'O /715 [I0JIETOB
OECIMIIOTHBIX JICTaTeNbHBIX AIIapaToB, HA y4acTKax, e CyLIECTBY-
eT yrposa croinkHoBeHus: BIIJIA ¢ apyrumu yyacTHUKaMu JBUKEHUS
(manee — omacHbIE y4acTKH), K ONACHBIM y4acTKaM TaKkke HE0OX0ANMO
OTHECTH Takue, I7ie /uid OeCHMIOTHOTO JIETAaTeNIbHOTO armapara cy-
LIECTBYET yrpo3a MpsIMOr0 HECAaHKIMOHWPOBAaHHOTO BMELIATENILCTBA
Y BO3JICHCTBHI CO CTOPOHBI HAPYIINTEIS, UIMEIOIIETo LIeIb 3aXBaTUTh
60 noBpenuth BITJIA.

OOecneyeHue Takol 3allUIIEHHOCTH BO3MOKHO HA OCHOBE CO3/a-
HUS cIIomHOoro ¢usnueckoro dapbepa mexxay BBK u Baemneit cpe-
Jot (puc. 2) Ha BCEM MPOTSHKEHUH OMACHOTO yJacTKa.

A — BBK (B pazpese)
B, — rpanuust BBK;

Py — Qpusnaeckuii 6apeep.

Puc. 2. ®usnveckuii 6aprep mexay BBK u BHemHei cpenoit

[IpennoxeHHBIN METO peannu3yeTcsl TEXHUYECKUM PEIICHUEM —
Bo3AyuIHbIM ToHHeneM (BT), mpennasHadeHHBIM IS 3aITUIIEHHOTO
npoxoxaeHus bITJIA onacHeix yuactkoB BBK.

Pa3pabotannsii BO3aynrHbIN TOHHENH 03BoHUT BITJIA mpoxoanTs
onacuble yuactku BBK 6e3 yrpossl ctonkHoBenus ¢ apyrumu Y/, a
TaKke 00ECTIeYNTh 3aIUTy OECIIMIIOTHOTO JIETATEIIFHOTO armapara oT
BHEIIHETO HECAaHKIIMOHNPOBAHHOIO BMEIIATEIbCTBA U BO3/IEHCTBHIA.

JleTabHO KOHCTPYKIIMS BO3MYIIIHOTO TOHHEJS TTOKa3aHa Ha PUCYHKE 2.
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Puc. 2. Bosnymneiii Tonnens (X, — rpaekropus nonera bIUIA;
X, — nuametp BT (onpenensieTcst Ha OCHOBaHMM HH()OPMAIHMH O pasMepax
npuMensieMbix BITJIA n nmeromumcest cBOOOTHOM IIPOCTPAHCTBE)

YcranoBka ToHHENS B Bo3aymHoM rpoctpancTse OTU BeimonuseT-
Cs1 C IPUMEHEHUEM JIOTIOTHATENBHBIX MOHTAKHBIX METAJITIOKOHCTPYK-
U (Janee onopbl-KpOHINTEHHBI) (OpMa KOTOPBIX 3aBHCHUT OT YCIIO-
Buit MoHTaxa BT.

OnopbI-KPOHIITEHHBI MOTYT KPETIUTHCS K CTIEIIHATIFHO YCTaHOBJICH-
HBIM B TPYHT BUHTOBBIM CBasiM JHOO K 3IaHHUSIM MM COOPYKCHUSIM,
PaCIIOJIOKEHHBIM 110 MapuIpyTy aBuxkeHust bIUIA.

[Ipu onHOBpemMeHHOM ABMkeHNH rpynisl BIIJIA B Bo3ayIIiHOM TOH-
HeJle UX JBIKCHHE MOYKET OCYILLECTBISITCS TOJIBKO B OJJHOM BbIOpaH-
HOM HarpapJieHHHU ¢ 0€30MacHBIM UHTEPBAJIOM MEXIy HUMH, 3TO He-
00XOIMMO JIJIST TIPEIOTBpAIieHUsS CTONKHOBeHUI BITJIA.

besonacuelii unTepBan (S, ) onpenensercs no Gopmysie:

Sy=T* By ()
rne T, — mucranuus npoxoaumas BILIA ¢ Mmomenta oOHapyxeHus
oneparopoM MpensTcTBUs Ha myTu JABuxkenus bBIUJIA u 1o momeHnTta
MIPUMEHEHUS ONEPaTOPOM 3KCTPEHHOTO TOPMOKEHUS;

B, — TopMo3HO# nmyTh npoxoaumbii BITJIA npu sxeTpeHHOM TOp-
MOKEHHH.

®dopmyna 1 MO3BOIAET paccUUTaTh O€30MTACHBIN MHTEPBAI IS 3a-
nmaHHOM ckopoctu aBmkenus BITJIA, s aToro B mokaszarenu T w B s

TTOJICTABIISIOTCS MX 3HAUYEHUS TIPU PacCMAaTPHUBAEMOI CKOPOCTH.
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®opmyna | mo3BossieT paccyuTaTh OE30MACHBIM HHTEPBAJ JUIS 3a-
nanHoi ckopoctu aBrkenust bIUIA, nust otoro B iokasarenu I’ u B,
TIOJICTABIISIOTCS UX 3HAUYCHUS MPU PaCCMaTPUBAEMOUM CKOPOCTH.

Ocpanuyenus 6 npumeHenuu

BT npumeHuM B IPHIOKEHUAX MPETyCMATPUBAIONINX JIBIDKCHUE
BIUJIA no onpeneneHHOMY MapLIpyTYy.

BT nprMeHnM Ha Ha3eMHBIX 00BEKTaX.

BT npengnaszunauen ans neuxenust BIIJIA «BeproneTHoro» tuma,
BEPTUKAJIHLHOTO B3JICTA U ITOCATKH.

Obcy:xnenue

B nacrosmeit pabote aBTopaMu MPeAIoKeHb METO/ 3aLIUThI BbI-
JIETIEHHOTO BO3IYIITHOTO KOPUAOPA M Peau3yIolee ero TEXHNIeCKoe
pelenue. AHajIu3 U3BECTHBIX POCCHHCKHX U 3apyOEKHBIX HCTOYHUKOB
MTOKa3bIBAET, YTO ITyOJTMKAIINH, OTIMCHIBAIOIINE AaHAIOTHYHBIE PEIICHNS B
HACTOSILNIH MOMEHT OTCYTCTBYIOT. MOJKHO C/I€NaTh BBIBOJ, UYTO PE3YIib-
TaThl, MPEICTaBJICHHBIE B HACTOSIIEH paboTe, SBISIOTCS HHHOBAITMOH-
HbIM pCHICHUCM, HAIIPABJICHHLIM Ha MMOBLIIIICHUC 0e30MacHOCTH MOJIETOB
BIUIA, 1 MOTYT IPEACTABIATh HHTEPEC JUIsI MEKIYHAPOIHOTO SKCIEPT-
HOTO cOO0IIeCTBa MPU 00CYKICHUU MTyTEeH MHTErpalii OSCIMIOTHBIX
JIeTaTeNbHBIX aIapaTroB B CYIIECTBYIOIIYIO TPAHCIIOPTHYIO CHCTEMY.

BriBoaBI

B crarbe pa3zpaboTaHbl — METOI 3aIITUTHI BELACTICHHOTO BO3AYIITHOTO
KOPUJIOpa U PEANIU3YIOLIEe €r0 TEXHUUECKOE PEUICHUE — BO3AYLIHBIM
TOHHEITb.

BoznymHelii TOHHET MPUMEHHUM 151 00ecTIiedeHHst 0e3011acCHOCTH
nerokeHus bITJIA Ha Ha3eMHBIX 00bEKTaX, HAMPUMED, TAKUX KaK MPO-
MBIIUICHHBIE O0BEKTHI M KPYITHBIE CKIIAJCKUE KOMITJICKCHI U JIp.

HNudopmanus o koHduimkTe HHTEpecoB. ABTOD 3asBIsIeT 00 OT-
CYTCTBUU KOH(IINKTA HHTEPECOB.

HNudopmanus o cnoHcopcerse. ccienoBanue He UMEIIO CIIOHCOP-
CKOM TOJIIEPIKKH.
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TRENDS IN URBAN PUBLIC TRANSPORT
Rakhmatullina A.R., Korobeynikova E.V.

The development of the urban public transport system in the world
is carried out in such areas as strategic and operational management,
the management of boarding and disembarking passengers, the plan-
ning and design of stopping points of the public transport route, the
organization and planning of public transport on the route, the oper-
ational regulation of public transport based on traffic signals, and the
organization of indirect measures to support public transport.

Many municipalities are conducting research aimed at identifying
reserves for improvements in public transport systems and developing
measures to improve route speed and efficiency. Having analysed the
experience of developed countries, we can talk about the levels of de-
velopment programmes, common problems and trends.

The purpose is to determine the trends in the development of the
urban public transport system, the direction of development.

Methodology in article statistical methods of the analysis were used.

Results: The functions of urban public transport management are
considered. The level of implementation of urban transport develop-
ment programs was systematized.

Practical implications it is advisable to apply the results the eco-
nomic subjects carrying passengers, direct management of urban
transport systems, as well as to the municipality.
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Keywords: urban transport; strategic management, development
programs; passenger transportation.

TEHAEHIIUU PASBBUTUE CUCTEMbI
I'OPOACKOI'O OBIMECTBEHHOI'O TPAHCIIOPTA

Paxmamynnuna A.P., Kopobeitnukosa E.B.

Paszsumue cucmemuvl 20poocko2o obujecmeenno2o mpancnop-
ma 6 mupe ocyuwecmensemcs no maKum HanpaeieHusM, KaKk cmpa-
mezuyeckoe u onepamueroe ynpasienue, ynpasierue nocaokoul u
8bICAOKOU NACCANCUPOS, NIAHUPOBAHUE U NPOEKMUPOBAHUE OCMA-
HOBOUHbBIX NYHKIMO8 MAPWPYMa 00ujeCmeeHHo20 mpancnopma, op-
2AHU3AYUSL U NAAHUPOBAHUE OBUICEHUS 00U eCMBEHHO20 MPAHCNOD-
ma wma mapuipyme, onepamusnoe pecyiuposaHue OGUNHCEHUS.
00U ecmeeHno20 mpaHcnopma Ha OCHO8E CUSHATIO8 C8emodopos,
Op2anu3ayus KOCBEHHLIX MEPONPUAMULL NO NOOOePIHCKe 00U eCmEeH-
HO20 MpAHCNOpma.

Mnuozue mynuyunarumemsi npogooOsim UCC1e008aHUs, HANPABLEH-
Hble HA BblAGNIEHUE Pe3epPBO8 VIYUUEHUN CUCeM 00U eCmEenH020
mMpancnopma u paspabomxy Meponpusmuil no nOBbIULeHUIO CKOPoCmu
obcayorcusanus Ha mapwpymax u sgpghexmusnocmu. Ilpoananusupo-
846 ONbIM PA3BUMBIX CIPAH, MONCHO 2080PUMb 00 YPOBHAX NPOSPAMM
pazsumus, 00wux npobremax u meHoeHyusx.

IJens — onpedenenue mendeHyuil pazeumus cucmemsvl 20poOCKO20
00U ecmeeHH020 Mpancnopma, HanpaeiLeHus pazeumusl.

Memoo unu memooonozus npoeedenus padomsl: 6 cmamve uc-
NONb306ANUCL CMAMUCTIUYECKUE MeMOObl AHANU3A.

Pezynvmamut: paccmompenvl hyHKyuu ynpasienus 20po0cKum 0o-
wecmeennvim mpancnopmom. Ilpogedena cucmemamusayust yposHel
peanuzayuu npoepamm paseumus CUCHeMbl 20p00CKO20 MPAHCNOPMA.

Oé6nacmo npumenenusn pe3yibmamos: noayyeHnsie pe3yibmamol
YenecooopasHo NPUMeEHAMb IKOHOMUUECKUMU CYObeKMamul, OCyujecm-
BNAIOWUMU NEPEBO3KY NACCANCUPOB, HENOCPEOCBEHHOe YNPaBIeHUe



MexayHapoaHbIli XypHas nepcnekTuBHbIX nccnenoanmia, T. 10, Ne3, 2020 125

20POOCKUMU MPAHCTIOPIMHBIMU CUCTHEMAMU, d MAK JHCe MYHUYUNATb-
HOMY YNpaGIeHuIo.

Knwueevie cnoea: zopoockoil mpaucnopm, cmpamecuieckoe
ynpasienue; npocpamMmbl pazeumusi;, Nepeso3ka NAccadicupos.

Strategic and operational management of services of urban public
transport represents planning of strategy and operations which can be
used for improvement of quality and efficiency of transport service.
Planning of public transport is multilevel process which begins with
policy of strategic decisions and comes to an end with development of
detailed schedules of public transport on concrete routes. Process of
planning depends on the specific transport operator in each type of pub-
lic transport, a route of the movement and transport infrastructure [4].

The strategic planning of urban public transport includes the plan-
ning of its resource potential, the network of urban transport routes and
virtually every traffic route of all types of public transport.So, plan-
ning of a route consists in definition of some most essential services
connected with a priority of public transport and ensuring balance of
many contradicting purposes for creation of a successful product. For
example, introduction of an additional stopping point on a route of the
movement of the bus does a route of public transport more attractive,
but slows down its movement and increases operating costs. Two key
moments are taken into account when planning process of transporta-
tion of passengers: speed of the movement of the vehicle on a route and
reliability of the provided services of transportation [2].

Priority development programs of public transport can be imple-
mented individually or as a part of the agreed programs. Many cities
of the world used one of the following approaches in development of
public transport: high-speed routes of public transport; city programs of
priority development of public transport on all routes of its movement;
priority programs of modernization of vehicles, road and transport in-
frastructure on concrete routes.

Program implementation levels. The author’s studies of urban pub-
lic transport programmes in developed countries have established five
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different levels of implementation, ranging from limited application
of individual improvements to the integrated use of their full spectrum
throughout the public transport network. It should be emphasized that
there are no strict rules for classifying these levels, which illustrate the
activities of priority public transport programmes in different situa-
tions (see table).

Table.
Levels of implementation of urban public transport programmes
Realization level Content of actions of development programs
Limited Modernization of separate elements of vehicles, reforming
of transport infrastructure and routes of transportation
On a separate route Development of the general actions for improvement of

transportations of passengers in segments of a route or
along all route

In the certain territory | Introduction of improvements in a specific urban area

In the separate system | Introduction of All Types of Improvements in the Separate
System of Public Transport

Complex Introduction of complex improvements in all system of
public transport

The complex level of implementation of public transport develop-
ment programs has the following aspects: implementation of such pri-
ority improvements as, for example, allocated lanes for public transport
and modernization of vehicles, optimization and coordination of the
transport network and transportation management system, which con-
tributes to a significant improvement in the quality of transportation
and service, as well as their socio-economic efficiency [3].

Problems of implementation of urban public transport development
programs. In many cities of the world, there are priority programmes
for partial reform of the public transport system, but there are examples
of neglect in solving such problems as the lack of central route manage-
ment departments, the poor state of road transport infrastructure, and
the unsustainable use of urban space. The implementation of many im-
provements is a problem for municipalities and transport operators. So,
for example, most urban roads have a fixed amount of space available
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for their diversion to public transport. These roads cannot be expanded
to provide space for designated public transport lanes. In this regard, it
is important to educate the public about the advantages of public trans-
port as more efficient in modern urban conditions.

Strategic thinking and rational management of passenger traffic are
ways to solve public transport problems on the basis of targeting and co-
ordinating the activities of various departments with different goals. For
example, the goal of many technical services of motor transport enterpris-
es is to develop schedules of vehicles on the route, and the goal of mu-
nicipalities is to reduce traffic jams on the roads. Both groups must learn
to work together to achieve the common goal of the most rational and
optimal use of street space. The problem of contradictory goals becomes
even more acute when complemented by the goals of other interested
organizations, for example, urban improvement services. Thus, there are
the following problems in the implementation of urban public transport
programs, which include difficulties in coordination between institutions
and departments, pressure from users of personal vehicles, a poor under-
standing by the population of the benefits of public transport, resistance
to changes by motor transport enterprises and the urban population.

Formation of operation centers of public transport. Operation cen-
ters perform public transport management functions such as monitoring
of vehicle traffic on routes and feedback to the driver and passengers.
Operation centres play an important role in assisting in the observance
of public transport schedules and intervals. In case of violations of traf-
fic schedules, center employees make decisions on a possible partial
change in the route, speed and direction of transportation.

There are communication systems, information and instructions for
drivers and passengers of public transport, such as vehicle tracking sys-
tems, information on the location of all vehicles in the system, registra-
tion and control of violations, spare vehicles for replacement on routes.

There are communication systems, information and instructions for
drivers and passengers of public transport, such as vehicle tracking sys-
tems, information on the location of all vehicles in the system, registra-
tion and control of violations, spare vehicles for replacement on routes.
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The activity of operation centers is aimed at improving the quali-
ty of public transport services in real time and rational changes in its
routing. This activity is most effective when the transport system is
generally stable. Difficulties in improving transport services for pas-
sengers occur in cases of disruption of traffic schedules due to traffic
jams on roads and incidents on routes. However, these difficulties can
be overcome when traffic management is carried out on the logistics
principles of coordination of activities, integration of management and
optimization of routes.

The control of boarding and disembarking of public transport pas-
sengers is the preparatory and final technological operations for the
inclusion of customers in the transportation process and their exclu-
sion from it.

The management of boarding of passengers has a great influence
on the efficiency of the transport system and the satisfaction of public
transport customers. The biggest difference between the use of personal
and public transport is that public transport cannot deliver a passen-
ger to the destination, while private cars deliver a passenger without
stopping from the point of departure to the destination. A key factor
in increasing the attractiveness of public transport is reducing the time
for passengers to board and disembark. The total amount of time spent
boarding depends on the number of passengers and factors such as the
existing fare system, the number of doors in the vehicle, the parameters
of its cabin and the design of the interior. In addition, two additional
factors, such as the number and convenience of stopping points, affect
transport efficiency and customer satisfaction.
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NH®OPMALIMOHHBIE TEXHOJIOI'NU KAK ®AKTOP
IDPPEKTUBHOCTU PABOTbBI ABTOCEPBUCA

Anemacos E.IL., 3apunosa P.C.

B cmamve paccmampueaenmcs 603MOMCHOCHIb UCHONB308AHUS YUPD-
POBBIX MEXHONO2ULL 8 YNPABTEHULU A8MOCEPEUCOM, CO30AHUIO U NpUMe-
HEHUI0 NPO2PAMMbL, KOMOPAsi OY0em CIyHCUMb HASTAOHIM NPUMEPOM
pabomul agmocepsuca u onpeodesms ONMUMALbHOE COOMHOUEHUE
yuca pabodux 8 Yyexax asmocepsucd U GblAGIeHUEe HEXBAMKU MACHe-
PO UIU CIUUKOM DONLULO20 YUCTA PADOYUX.

Knrouesvie cnosa: ynpasienue agmocep8ucom,; KOMNbHOmMepHoe
MoOenuposanue; agmomamusuposanHan UHGHOpMayUoOHHas cucmema.

INFORMATION TECHNOLOGIES AS A FACTOR
OF SERVICE STATION EFFICIENCY

Alemasov E.P, Zaripova R.S.

The article considers the possibility of using digital technologies in
the management of the car service, the creation and use of a program that
will serve as a clear example of the work of the car service center and
determine the optimal ratio of the number of workers in the workshops of
the service center and identify the lack of masters or too many workers.

Keywords: car service management; computer modeling; automat-
ed information system.

Beenenne

MBI 5)XxuBEM B TO BpeMs, KOTJa YMCII0 aBTOMOOUIIEeH B ropoax yBe-
nuanBaeTcs. CoracHoO JaHHBIM MexayHapoJHON accolaluy Ipo-
N3BOJUTENEH aBTOMOOMIIEH €XEIHEBHO B MUPE IPOU3BOAMUTCS OKOJIO
165 ThIcSY TpaHCHOPTHBIX cpeAcTB. Kaxioe TpaHCIOpPTHOE CPECTBO
BpeMsI OT BPEMEHH HYKJIAETCsl B JUArHOCTHKE U peMoHTe. Ha ceron-
HSITHUNA JIeHb €CTh MHOKECTBO aBTOCEPBHCOB, MPEAIAraloluX CBOU
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YCIIyTH JIJIsl TOTO WJIM MHOTO BUJIa aBTOMOOMIIeH. U nipaBuibHast opra-
HU3aIus paboyero mpoiiecca aBTOCepBUCa MO3BOJSAET YBEIHIUTH TIPO-
M3BOJIUTEIIBHOCTh, TEM CAMBIM IOBBICUB U JIOXOJl KOMITAHUH.

B HacTosiiiiee BpeMst KOMIIBIOTEPHBIE TEXHOIOTHH IITHPOKO MTPUMEHS-
FOTCSI BO MHOTHX cpepax JesTesIbHOCTH YesoBeka [ 1-3]. Komnbrotepsl,
0a3bl TaHHBIX, HTHPOPMAIIMOHHBIE CETH — 3TO PE3YJbTaT JeITeIPHOCTH
YenoBeka, obnerdaromnuii ero Tpya [4, S]. Bo3HuKaeT Bompoc: BO3MOXK-
HO JIM C TIOMOIIIbI0 KOMITBFOTEPHBIX TEXHOJIOTHIA U 3IEKTPOHHO-BBIUNC-
JITENTFHBIX MAIMH OOJIETYUTh MPOIIECC 00CITYKIUBaHHS aBTOCEepBHCa?
Jlist perieHnst faHHOTO Boripoca pa3paborana 1udpoast MOJEIh paboThI
aBTOCEpBHCA — MMPOTPAMMHOE CPEICTBO, HAITMCAHHOE Ha s13b1ke Delphi.

AKTyabHOCTb Pa3pabOTKH 3aKIIFOYACTCS B TOM, YTO CO3/IaHHAS [TPO-
rpaMMa MOXKET CIIY’KHUTh B Ka9eCTBE CII0cO0a peKiIaMbl aBTOCAJIOHA U
OTCIIC)KUBaHUS paboThI cepBuca. JlaHHas upoBast MOJICIIb MOXKET: YBE-
JUYUTH KOJIMYECTBO KJIIMEHTOB IyTeM JIEMOHCTPAIMN TEKYIeH CHUTya-
MM B aBTOCAJIOHE; KOHTPOJIMPOBATh KAaK BECh aBTOCAJIOH B 11€JIOM, TaK
Y KKIBIH 11eX, U K&KIOTO COTPYIHUKA B OTACIHHOCTH.

Heas padoThl: ¢ TOMOIIBIO TPOrPAMMHON MOJEIH ONPEAETUTH OTl-
TUMAaJIbHOE COOTHOIIICHHUE YHCTIa Pa0OYHX B IIEXaX pacCMaTprUBaeMOro
ABTOCEpPBHUCA M BBISIBUTH HEXBATKy MACTEPOB MJIM CIIHMIIKOM OOJIBIIOE
YHICII0 pabovuX.

Pe3yabrarsl

PazpaboranHas nmporpamma npeaycMarprBaeT aBTOPU3AINIO IBYMSI
crioco0aMH: Kak aJIMUHUCTPATOP U KaK TI0JIb30BATeIh. A IMUHUCTPATOP
MMEeT TOCTYII KO BCeM (DYHKIIUSIM MPOTPaMMBbI, ITOIb30BATEIb K HE MO-
JKET U3MEHSTh HauaJIbHBIC TIAPaMETPbI, HO JIUIIh MOXET 3aITyCKaTh MO-
JIeITb 711 paboTHI M 0TOOpaKEHISI HHGOPMAITHH O padOTe aBTOCEpPBHCA.

ABTOCepBHC IpeyIaraeT pasiMyHbIe BUIIBI YCIyT: TEXHUYECKHH OC-
MOTp TPaHCIIOPTa, Ky30BHOM PEMOHT, ITMHOMOHT)K M PEMOHT JIBUTaTElsl.

B uugpoByro Monenb 3a/1aHbl BXOJHBIC JTJaHHBIC, TAKUE KaK: BpeMs
paboTHI aBTOCEpPBHCA, YUCIO PAadOYNX B KAKIOM II€Xe, CpeHee Bpe-
M1 BBITIOJIHEHHSI YCITyTH, MUHUMAIbHas 3apIuiaTa pabounx 3a CyTKU U
mar MOJIeIMPOBaHus. MoJieNb IEMOHCTPHUPYET MOCTYTNIEHUE 3aSBOK B
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ciydaitHoM nopsijke. Kaknas mocrymnatroiasi 3asBKa MOXKET UMETh Kak
OJTHY, TaK M HECKOJIBKO 3aIIpOCOB Ha yCIyru aBrocepsuca. [IporpamMmma
pacnpenenseT NOCTyMaloIue 3asBKH 110 HeOOXOAMMBIM I[eXaM B 3aBH-
CHUMOCTH OT 3aTrpyKEHHOCTH II€Xa, HaJIMYHsl CBOOOIHBIX COTPYIHUKOB.
[loTrenmmanbHbIe KITUEHTH MOTYT 3apaHee BUECTh CPEHee BPeMs BbI-
TTOJTHEHMSI paObOTHI B KaXKIOM IIeXy, IPUMEPHYIO CTOMMOCTh PEMOHTA,
YHUCII0 CBOOOTHBIX PaOOTHUKOB [6]. PeanbHbIil CpOK peMOHTAa MOXKET
OTJINYATBHCSI OT CPEJHETO IO NPUYMHE PAa3HOW CIOKHOCTU paboT Ha
HEKOTOPYIO BeNMUYWHY. ECIIM CpPOK BBITIOTHEHUS 3asSBKU MPEBHIIIACT
MaKCHUMAITbHBIN, TO aBTOCEPBHC TEPSET CBOUX KIIMEHTOB.

Jlarnas nmporpaMmma MOXET OBITh aKTyaJIbHON KaK JIJIsl PyKOBOJIUTE-
JIs1 aBBTOMOOWIIBHBIM CEPBUCOM, TaK U JUISI €T0 TTOCETUTEIICH.

PykoBonuTens cepBuca nMeeT mpasa aIMUHUCTPATOPA, YTO MO3BO-
JISIeT eMy ¢ Oomblnei 3 (EeKTUBHOCTHIO HAOIIOIATh 32 IS TEILHOCTHIO
LIEHTPA: OTCIIEKUBATD 3aHITOCTh PAOOUNX, KOTMIECTBO BBITOIHIEMBIX
3a/1ad MEPCOHAIBFHO KaKIBIM PAOOTHUKOM IIeXa, HaJIe)KHOCTh U Kade-
CTBEHHOCTbH BBITTONHAEMOH paboThl. Takxke mporpamma mpeacTaBIiseT
oT4eT 00 00I1IeM KOJTMYeCTBE 00CTYKEHHBIX aBTOMOOMJIEH 3a BEIOpaH-
HBIH IPOMEXKYTOK BPEMEHH € ACTAIBHOW WHPOPMAIHEH 1O KaKIOMY
LeXy OTAETBbHO, CpeiHee BpeMsl 00CTYKMBaHUSI OAHOTO aBTOMOOMIISL.
Jannas nHQOpPMAIUS YYUTHIBACTCS MPU BBIYHCICHUH 3aHSTOCTH pa-
004MX U MMoJIcUeTe UX 3apabOTHOI TUTATHL, YTO TIOMOTAET OTCIICKUBATH
001TyT0 IPUOBITE aBTOCEPBHCA 3a TIEPHO PAOOTHI MOMICITH.

Tak Kak o/1Ha U3 IIABHBIX 3a]1a4 TPOT PaMMBbI — ITPE3EHTAIHS aBTOCEP-
BHCa, TO B IU(POBOH MOJIEITN PeaTU30BaHa BO3MOXKHOCTD OTOOpasKEHHS
BCel He0OX0aMMON MH(OPMAIIUH JJIs TIOCETUTEIISH, TaKOW Kak: JeMOH-
cTpanus TeKyIleld o4epei B CEPBUCE, PUMEPHOE BPEMS B CTOUMOCTh
BBIITOJTHEHUS 3asBKH. [laHHAst MOJIeITh MTO3BOJISIET HATVISHO TPOIEMOH-
CTPHPOBATH pa0OTY aBTOCEPBHCA 110 33/JAHHBIM HadaJIbHBIM [TapaMeTpaM.

s paboTHMKA aBTOCEPBHCA IPOTPaMMa MOKET ObITh IOIE3HOM JUIS
HaOJIIOeHUs IMHAMUKY ITporpecca 1 3pdeKTHBHOCTH CBOEH paboThlI.

3aKJIloueHue
[IporpamMMa maeT BO3MOXKHOCTh YBHJIETh 3aHITOCTh KaXKJIOTO Pa-
OOTHHKA TI0 OTACIHHOCTH, OTCICIUTh Pab0Ty ONMPEICICHHOTO IeXa
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WJIM BCETO aBTOCEPBHCA B 1IEJIOM, ITOJICYUTHIBAS YUCIO OOCITYKESHHBIX
Y HE 00CITy>KEHHBIX MaIlliH, OOIIHIA JOXO, pacXoj U MPUOBLIb 32 yKa-
3aHHBIN MOJIb30BaTeNIeM MepHoA. TakuM 00pa3om, MporpaMMa MOXKET
OBITh PEKOMEH/JOBaHA MEHE/KEpaM aBTOCAJIOHOB U aBTOCEPBUCOB IS
MOJICJIMPOBAHUS PEaIbHBIX CUTYaIIUM.
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AJITOPUTMU3ALUSA
PAIHMOHAJIBHOT'O UCIIOJIb3OBAHUSA PECYPCOB
B CUCTEME IIEPEBO30OK

Jveosuu A.E., IIpeoopasrcenckuii A.Il., Yonopoe O.H.

B cmamve paccmampusaemcs 3adaua, céazannas ¢ cozoanuem
aneopumma O0Jisl payuoOHAIbHO20 UCHOIb308AHUSL PECYPCO8 6 CUCTe-
Me nepesosox. Ilpusedena mamemamuyeckas MoOelb MHO20ULA2060-
20 npoyecca NpuHAMuUs peuenus no NIAHUPOSAHUI0 Nepeso3oK. Jlan
YacmMHbL CYYAll aneopumma.

Knouesvie cnosa: cucmema nepesosok, ancopumm, pecype; Ynpae-
neHue.

ALGORITHMIZATION OF RATIONAL USE
OF RESOURCES IN THE TRANSPORTATION SYSTEM

Lvovich Ya.E., Preobrazhenskiy A.P.,, Choporov O.N.

The paper considers the problem associated with the creation of an
algorithm for the rational use of resources in the transportation sys-
tem. A mathematical model of a multi-step decision-making process for
transportation planning is presented. A special case of the algorithm
is given.

Keywords: transportation system, algorithm, resource; control.

Beenenue

[Ipu ympaBieHuN KOMIAHUSAMHU, CBSI3aHHBIMU C IEPEBO3KaMHU MOTYT
OBITH UCTIONB30BAHBI pa3HbIe MeTOAHI [ 1, 2]. OHM HalleNIeHbI Ha TO, YTOOBI
OBLIO IPHHSTO ONTHMAJILHOE perieHre. B o0mmem Busie MaremaTnieckast
MOZEIb MPUHSATHS ONTUMAIBHOTO PEIIECHHSI MOXKET ObITh chopMyanpo-
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BaHa Kak 3aj[a4ya HEJIWHEWHOTO MporpaMMUpOBaHUs. DPPEKTUBHOCTD
YHCIIEHHOTO PEIIeHHs MO00HOH 3a/1a91 OTITHMHU3AIH BO MHOTOM OTIpe-
nensiercst ee pasMepHocThio [3]. [Ipu omHOIIIaroBOM mpoiiecce MpUHSITHS
ONITUMAJILHOTO pPEIICHUs BEIOOP YMCICHHBIX 3HAUCHHUN JIJISI BCEX KOM-
MOHEHT BEKTOPa ONTUMHU3UPYEMBIX IEPEMEHHBIX OCYIIECTBISIETCS O/l
HOBPEMEHHO, YTO MPU OOIBIION pPa3MEPHOCTH aHAITM3UPYEMOH 3a1a4n
MOXET CYIIECTBEHHO 3aTPYJHUTH MMOWCK ONTHUMAJIBHOTO perieHus [4].
OHUM H3 TIOJIXOJIOB K IPEOJIOJICHUI0 OTMEUEHHOM TPYTHOCTH SIBIISICTCS
OpTaHu3anys Mporecca NPUHITHS PEelIeHNs B BUJE TpoIiecca, UMEIo-
LIEero KOHEYHoe yucio maroB [5]. B nanHoii pabote paccmarpuBaeTcs
AJITOPUTM, TTO3BOJISTFOIIINH ONTHMAIBHBIM 00pPa30M HCIIONB30BaTh MOIII-
HOCTH KOMITAaHWH, CBSI3aHHOM C MEPEBO3KaMHU.

AJITOPUTM PanMOHAJIbHOI0 HCMOJIH30BAHUA MPOU3BOICTBEH-
HBIX MOIIHOCTE KOMIIAHMHU, CBA3AHHOM ¢ nepeBo3kamu. [Ipenro-
JIOXKUM, 9TO JJISi HEKOTOPOTO y4acTKa KOMIIaHWH, CBSI3aHHOM C Tiepe-
BO3KaMU TPYIIy OAHOTHIIHBIX OOBEKTOB 3aJlaHa COOTBETCTBYIOIAS
IporpaMma Jyist KaK10ro (PMKCHPOBAHHOTO ITEPHO/Ia BPEMEHH (IHS, He-
JIeNH, Mecsiia), KOTopasi CUIHLHO MeHseTcs Bo BpemenH (puc. 1). O6o-
3HAYMM Yepes 1, j = 1, N nnanoBoe 3aaHue Mo TepeBoO3Ke 00BEKTOB
[6, 7] ans j-ro mepuoaa BpEMEHH, a uepes q,=x, Jj = 1, N xonuuecTBo
00BEKTOB MTPAKTUYECKHU MTEPEBO3UMBIX JJIS1 j-TO EPUOJIa BPEMEHH, Y4TO
TpeOyeT onpeesieHHbIX 3aTpaT COOTBETCTBYIOLIMX PECYPCOB (TEXHU-
KH, 00CTy’>KHUBAIOIIET0 IepcoHaa, u T. 1.). [lorpebyem, 9To0b! miaHo-
BBIC 3a[dHH /M, BCCI/IA BRINONHATUCE:

ijmj,j=1,N. (1)

OueBuIHO, UTO X, | = X, XapaKTEPU3YET NEPEXOMAIIMH C IPEbITY-
IIeTo MepHo/ia TUTAHUPOBAHMS 00BEM TIEPEBO3UMBIX 00BEKTOB. B ToM
cilydae, KOraa MPOU3BOACTBEHHBIE MOLUIHOCTH MOKHO HCIIOJNB30BaTh
0e3 BCSIKUX 3aTpaT ONTUMATBHBIN IpaduK MepeBO3KH 0OHEKTOB COBITA-
JIaeT C TUIaHOBBIMHU 33IaHUSIMH:

x; 2m;,j=1N. (2)

OpnHako, eciu 3aTparhl 10 YBEIMYEHHUIO U COKPAILLIEHHUIO TPOU3BO/I-
CTBEHHBIX MOIIHOCTEH B KaXKIBII TIEpHUOJ BpEMEHH 3HAYUTEIHHBI, TO
rpaduk nepeBo3ku 00beKTOB (pUC. 1) MOXKET 0Ka3aThCsl HEBBITOTHBIM
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C TOUKH 3pEHHs OOIIUX 3aTpart, CBA3aHHbIX C paCCMaTPUBAEMBIMHU IPO-
1eccaMu IepeBo3oK. B cirydae mepeBo3kr 0OBEKTOB OOJIbIIE TUTaHO-
BOro 3agaHus (Xj - mj) MMPUXOAUTCA YUUTHIBATH 3aTpaThbl, CBA3aHHBIC
C XpaHEHHEM 3TUX 00BEKTOB. byneM cuuTaTh, 4TO (HYHKIUS 3aTpar,
CBsI3aHHAs C OTKJIOHCHHUEM (DAKTUYECKOH MEPEeBO3KH OOBEKTOB OT IJ1a-
HOBBIX 33/IaHUI UMEET CIICTY IO BUJI:

m:z

myx

ms

Mo

THN-1

mi;

) /A

1 2 J\‘T' 1 JNT I-

Puc. 1. [1naHoBbie 3a1aHust 71, 110 NIEPEBO3KE 0OBEKTOB B j-i IIEPUOJ BpEMEHH

DA\

0, eciun Xj = m;;
9 —m)) = ) 3)
L bj (xj — mj) , €CTU X} > M,
rie bj > 0,j = 1, N — cTOUMOCTb XpaHEHHUs €TUHUIBI OOBEKTA.
Kpowme 3arpar, cBsizaHHBIX ¢ XpaHeHHEM 00BEKTOB (3), HE0OXOTUMO
VUHUTHIBATh 3aTpaThl HA U3MEHEHUE MOIIHOCTEH mpeanpusaTus [8, 9],
KOTOPBIE BHI3BAHBI TEM, YTO Xj # Xj,.1 [IPU NEPEX0jie OT (j + 1)-ro nepu-
oJla MJIAHWPOBAHUS K j-My meproay. Beenem QyHKIHIO @] (xj - xj+1)
Ha3bIBaeMy10 QYHKIHEH N3AEPKEeK CIIIaXKUBaHUs, KOTOPas XapaKTepu-
3yeT 3aTpaThl TOTMOIHUTENbHBIX cpencTs [10] mo BBeaeHu o B poriec-
CBI IIEPEBO30K HOBBIX MOLIHOCTEH:
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( 0, ec xj = X1 ( MOUIHOCTH NIPENPHSATHAS
HE MEHSIOTCH),
0, ecin X;j < Xj41 (3aTpaThl HA yMEHbILEHHE

“4)

?J (xf - +1) = MOIITHOCTEH TIPEANPHUATHS PAaBHBI HYJTIO),

2
a; (xj - xj-+1) , €CITH X > Xj 1 (32TPaTI, CBA3AHHBIE C
YBEIMYCHUEM MOIIHOCTEH MpPeANPUATHS,

rnea; > 0,j = 1, N — cTOMMOCTb BBO/JIa €IMHUIIBI HOBBIX MOIIHOCTEH
MPEANPUSATHUS.

Maremarnueckasi MO/IENTb MHOTOIIIATOBOTO TpoIiecca MPUHATHS
PEIICHUS 10 KOJIMYECTBY OOBEKTOB, NIEPEBO3UMBIX B KaXJIbIi MEPUOJ
IIAHUPOBAHKSA X, j = 1, N, KOTOpble MUHUMH3HPYIOT CyMMapHBIE 3a-
TpaThl BCEro mpoiiecca nepeBosolc HMeeT CIeTyIoINii BUA:

Fy(xy) = min qu(x] mj) + goj(x] x]+1)
x1]'>;n,
j=1,N

)
= MaX(x,,.,xy) {Z’iv=1 qi(x; - xj+1)2 + B (x - mj)z}:
Xjij
j=1,N

e x, = 0,1,2... — 1enpIec ynca.

Pemennie chopmynmupoBaHHOH 3a7a41 MOXKET OBITH CBEICHBI K Clie-
JQYIOLIEN CUCTEME OTHOMEPHBIX 3a/1a4 ONTUMHU3ALUY:

f1(p2) = minx12m1{a1(xi —-p)%+ Bj(x, — m1)2}; (6)
X, — IEJIO€ YHCIIO
fie (i + 1) = miny, o, {ar (o = Pre1)® +Bic (X — mi)* + frmr (i)} (7)
k=2N

YacTHblii ciay4aii agropuTma. B yactHom ciydae, Koria Bce m,
=0, j = 1, N (Iu1aHOBbIC 3a/[aHHsl HA IEPEBO3KY OOBEKTOB OTcyTCTBy—
I0T), pellieHrne cucTeMbl (DYHKIIMOHAIBHBIX yYpaBHeHHH (6) — (7) cBo-
JUTCS K CIIeTyIOIIEN T0CIe10BaTeNbHOCTH IEHCTBHIMA:

1. Onpenensercs mapameTp:
wy = aib,/(ay + by). (8)
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2. Ilo pexyppeHTHOMY BBIPAKCHHUIO BBIUHUCISETCS COBOKYITHOCTH
apaMeTpoB:
wy = (agby + agwy_1)/(a; + by + wix_1),k = 2,N. 9)
3. Berancisercs MUHUMaIbHOE 3HAYSHHE TTOTHBIX H3/IePKEK MPo-
1ecca nepeBo3oK:
fa(xo) = fu(Pn+1) = wyxg. (10)
4. Onpenensercst 3HaueHHE (AKTHICCKUX MEPEBO30K OOBEKTOB
B N-#1 IIIaHUPYEMBIN ITEPUOL;

ANDPN+1 (11)

*
XN — .
N aN+bN +Wn-1
5. ITo pekyppeHTHOMY BBIPQOKSHHIO BBIYUCIISCTCS 3HAYCHUS (DaKTH-

qeCKOH TMEPEBO3KU 00BEKTOB B KaXXIOM U3 INIAaHUPYEMBIX IEPUOIOB:
arXx —_——
Xp=— k=N -1,2. (12)

ap+bp+wy_1
6. Onpenensiercs nepeBo3ka 0ObEKTOB Ha II1are ¢ HOMEPOM « 1»:
x1 = a1x3/(ay + by). (13)
Pemass mocnenoBarenbHOCTh OJHOMEPHBIX 3aJad ONTHMH3A-
uuu (6) — (7), momy4yaeM ONTHMAJBHBIN IJIaH MEPEBO3KH 00HEKTOB
(x1, .., Xy) , KOMIIOHEHTBI KOTOPOTO «OIIM3KU» K IIAHOBBIM 3a1a-
HUsIM (M, ..., My) U «MAJI0» OTIUYAIOTCS IPYT OT JApyra ¢ TOUYKH
3peHUs MONHBIX 3aTPart, CBS3aHHBIX C OpraHU3aluell mpouecca Ie-
PEBO30K.

BriBoabI

[Ipu paunronanu3anuu pecypcoB B CUCTEME MEPEBO3OK MOMKHO HC-
10JIb30BaTh (PYHKIIMIO 3aTPart, a TAK)KE MaTeMaTHICCKYI0 MOJICIIb ITPH-
HATHUS pemeHuil. Kpome Toro, Moxer nmotpedoBaThest yHKIUS CIyia-
JKuBaHuA. Ecim HeT mHGOpMANWH 1O IUIAHOBBIM 33TaHUSM, MOXKET
OBITh MCITOJIb30BAH YaCTHBIN CIy4ail ajJropuTma.

HNudopmanus 0 KoH(PIUKTE HHTEPECOB. ABTOPHI 3asBJISET 00 OT-
CYTCTBHUU KOH(IMKTA HHTEPECOB.

HNudopmanus o cnoHcopcerse. lccienqoBanue He UMEIIO CIIOHCOP-
CKOM TIOJIIEPIKKHU.
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HNPUMEHEHUE
METOAOB MOAEJIMPOBAHUSA U OIITUMU3ALIUN
NHOOPMALIMOHHBIX CTPYKTYP JJIs YIIPABJIEHUSA
TPAHCIIOPTHBIMMU NNPEAIIPUATUAMUA

JIveosuu A.E., IIpeooparcenckuit A.Il., Yonopos O.H.

B oannoil pabome paccmampusaemcs nooxoo, ces3amHHblll ¢ ynpas-
JIeHUeM 8 KOMNAHUSAX, CEA3AHHBIX C NEPEBO3KAMU, NPU NOMOWU PAZHBIX
81008 NPOCPAMMHO20 obecneuenus. Ilpu pewtenuu oannoii 3a0ayu Mol
PACCMampugany B03MONCHOCIU UCNOTb30BAHUS KOMNLIOTNEPHBIX MeX-
HONO2UT, MEMOOUK MOOCTUPOBAHUSL U ONMUMUZAYUL.

Knrwoueswvle cnosa: cucmema nepesosox; ancopumm, Npocpamma,
ynpasnenue.

APPLICATION OF METHODS OF MODELING
AND OPTIMIZATION OF INFORMATION STRUCTURES
FOR MANAGEMENT OF TRANSPORT ENTERPRISES

Lvovich Ya.E., Preobrazhenskiy A.P.,, Choporov O.N.

In this paper, we consider an approach related to the management
of transportation-related companies using various types of sofiware. In
solving this problem, we considered the possibility of using computer
technology, modeling and optimization techniques.

Keywords: transportation system; algorithm; program, control.

Beenenue

Uro0b1 0becrieunBaTh yIpaBieHHE KPYIMHBIMA KOMIAHUSIMH, CBSI-
3aHHBIMH C NIEPEBO3KaMHM, B TOM YHCJIE M TEMHU, KOTOpbIE OyayT Tep-
PUTOPHAIILHO PACIPEAEICHBI, BaXKHO OCYIIECTBIATh Pa3padOTKy M
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WCTIOJIb30BaHUE MTPOTPAMMHO-CUTYallHOHHBIX CTPYKTYp. C HX pruMe-
HEHUEeM OyIlyT IPOUCXOANTH MPOLECCH IPYNITMPOBKH MO CAMBIM pas3-
HBIM cuTyanusM [ 1]. MoskHO ITpoBecTH UX 00beIMHEHUE B MHOYKECTBA.
Curyarmu OyTyT COOTBETCTBOBATh Pa3HBIM THIIAM COCTOSIHHI BHYTPH
opranmzanuii. [Tomumo dTOTO, AJIs1 HUX CIEIYeT, YTOOBI OBLUTH MPEa-
YCMOTpPEHBI COOTBETCTBYIOIME TPOIPAaMMHO-LIEJICBBIE MEPOIIPUSITHSI.
Onu OyIyT COOTBETCTBOBATH Pa3HbIM HANPABICHUSM (YHKIIMOHUPO-
BaHMUS TPAHCIIOPTHOW KOMITaHWU. BakHO 00ecnednTh COOTBETCTBYIO-
HIYIO TIOJJIEPXKKY MO TpoIieccaM, OTHOCAIIMMCS K MOACITHUPOBAHUIO
MIPOrPaMMHO-CUTYAILIHOHHBIX CTPYKTYD.

AJITOPUTM MOJEJTMPOBAHUSI MCMOJIB30BAHUS MPOTPAMMHOIO
obecneuenus. Heo6xoqumo GpopmMupoBaTh 21€MEHTbI, KOTOPbIE OyayT
OTHOCHUTBCS K MHOXeCTBY cutyaruit # = 1, R. IIpu 3ToM MBI ipuMe-
HSUTH clietyronye o003HadeHus: R — Oy/lieT COOTBETCTBOBATH OOIIEMY
KOJJMYECTBY TAKUX CUTYallni, KOTOpPbIE MOTYT HAOIONAThCsl BHYTPH
aHAIM3UPYEMON KOMITaHUH, a TAK)KE MHOXKECTBY MPUMEHIEMBIX TPO-
rpaMMHBIX THUTIOB obecnieuenus v = 1, V. 3nech MBI paccMarpuBaeM
obo3Hauenue V. OHo OyZeT COOTBETCTBOBATh OOILEMY YMCITy THIIOB
porpaMMHOro obecrieueHus. B xoie MoneanpoBaHHs TaKHEe KOM-
MOHEHTHI MPOTPaMMHOT0 obecrieueHust OyayT paccMaTpUBaTbCs Kak
yIIpaBIIIONIHE Bo3AeiCcTBHA. [locme Toro, Kak MpoBeneHo 00o3Hade-
HHE TI0 COOTBETCTBYIOIIUM MHOKECTBaM, HEOOXOAMMO, YTOOBI 110 dJie-
MEHTaM 7 1 v OblIa TIPOBeJIeHA OIIEHKA, HACKOJIBKO OHM OYIyT COOT-
BETCTBOBATh JAPYT APYry. MBI HOKHBI peliaTh 3aaqyl yrnpaBicHHS.
B 5Toli CBA3M B MHOXKECTBAX 3JIEMEHTHI HEOOXOANMO YHOPSIIOUYHTb.
[Ipomuecc ynopsisoueHnst OCHOBBIBACTCSI HA TOM, YTO B DIIEMEHTAX MBI
OyzieM y4uThIBaTh 3HAYMMOCTD B XOJ1€ IPUHATHS YIPaBICHIECKUX pe-
menuit [2, 3]. [Ipu 3TOM HEOOXOAMMO OPUEHTHUPOBATHCS Ha TIOKa3aTe-
11 3(h(HEeKTUBHOCTH pabOTHI TPAHCIIOPTHOM KoMIaHuU. OTMETHM, KaKk
MOYKHO TIPOBOJIMTH IIPOLIECC YIOPSIIOYECHHSI OTHOCHTEIIFHO JIEMEHTOB,
KOTOpBIE OyTyT BKIFOYAThCsl B MHOKeCTBa R U V. HeoOxoanumo, 4To0b!
ObUT IPUMEHEH METOJ PKCIEPTHBIX OIICHOK. Bhrumcnenue sxcnepT-
HBIX OLICHOK JIOJDKHO OBITH IO HECKOJBKMM HanpasieHusiM. [lepBoe
CBSI3aHO C TeM, KAKHM 00pa3oM HJET KOHTPOJIb KauecTBa B XOJE pe-



MexayHapoaHbIli XypHan nepcrnekTuBHbIX nccnegoanmia, T. 10, Ne3, 2020 147

alu3alMy TPAHCIOPTHBIX MpolleccoB. BTopoe cBsi3aHO co cTeneHbIo
9KOJIOTUYHOCTH HCIIOIb3YEMbIX BUIOB TEXHUKHU. TpeTbe Oazupyercs
Ha PacCMOTPEHHUH TOTO, HACKOJIBLKO () (EKTHBHBIM 00pa3oM OyIyT Hc-
M0JIb30BATHCS Pa3HbIC TUIIBI PecypcoB [4]. UTOObI OCYIIECTBIATh X0
pelIeHus TakuX 3aj1a4 CIIEAyeT UCTIONb30BaTh METO/T aTPUOPHOTO paH-
KHPOBAHMS. 3aTeM PacCMOTPUM 0COOCHHOCTH TOT0, KaK OyJeT pume-
HEH TaKoi MeToJ] B paccMaTprBaeMoii 3aiade. HeoOxoanmo noryyarb
oneHkH 110 panram Q u Q ., KOTOPbIE MOJTy4ar0TCsA NPU aHAITM3E MHO-
’)kecTB R 1 V. B nanbHeilllieM ucroiib3yeTcsi BEpOSITHOCTHOE MTPEACTaB-
JICHHE JUTSI TAKUX OLCHOK:

p,:Q,-/’Z:]:Qr, r=1,R , ZP,_:l;

=]

pv:Q‘,/;QV, v=LV, i‘p‘yzl. (D)

Jiist yka3aHHBIX BBIPaKEHUI MBI IPUMEHSIEM CIIeayIoNHe 0003Ha-
YeHUst: P — paccMarpuBaeTCs B BUJIE BEPOSTHOCTHOM OLIEHKH, KOTOpast
JIEMOHCTPHPYET 3HAYUMOCTh KOMITOHEHTA 7; P — paccMaTpuBaeTCs B
BH/IE BEPOSATHOCTHON OLIEHKH, KOTOPasl JEMOHCTPHUPYET 3HAYUMOCTh
KOMIIOHEHTA V. /[l peajbHbIX CUTyal[Mil Mbl MOXEM BCTPETUTH pas3-
HbIE KOMOMHAIIMK 110 KOMIIOHEHTaM 7 ¥ V. DTO ONpelesIsieTCs] TUIIOM
pelraeMbIX B KOMITAHUU 3a71a4, HACKOJIBKO OHH CIIOXKHBIE [5]. B Takux
ClIy4yasix KOMIIOHEHTHI 7 U V. OyIyT XapaKTepH30BaThCsl pa3HOU CcTere-
HBIO HEOJJTHOPOAHOCTH. TO €CTh, KOr/ia MPOUCXOAUT (GOPMUPOBAHHE (-
(DEKTHBHBIX YIIPABICHYECKHUX PEIICHHUH, OHU OyAyT UMETh Pa3IMIHYIO
CTENEeHb 3HAYMMOCTH. [IpOBOAUTH €€ OLIEHKY MOKHO Ha OCHOBE TOTO,
YTO PACCMAaTPUBAIOTCS BEJIMYUHBI SHTPOIINUU

Vv

H(R)=—ip, lep, HY)=-Xp lep, )

[To BemuuMHAM 3HTPOIUU CYIIECTBYIOT COOTBETCTBYIOIINE CBOM-
CTBa, KOTOPBIE OTHOCATCSA K €€ Bennuune. Ecm BepostHocTH p, p, Oy-
JYT CBSI3aHBI C PABHOMEPHBIM pacIpe/e/ieHUeM, TOT/Ia BETUYUHA JH-
Tpomuu Oyaer pactu. Uem pacupezeiicHue OyIeT XapaKTepru30BaThCs
OoJIBIIIeH HEPAaBHOMEPHOCTBIO, TEM I10 SHTPOIHU MbI Oy/IeM HaOJTHOaTh
MEHbIIIee 3HaYeHUE. B ciyvae MaKCUMaTbHBIX 3HAYCHHUH SHTPOIIHH MBI

MOKEM MPUMEHSTH Takue GopMyIisl
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HR)=IgR,HV)=1gV. (3)

Korna ananm3upyroTcsi Takue BEJMYHHBI MOKHO C/IeIIaTh KOJIMYECTBEH-
HOE OIFCAHNE TOTO, KaKue OyayT U3MEHEHHS B XapaKTePUCTHKAX TPaHC-
MOPTHOTO MPEIPUSITHSI, KAKHE MOTYT OBITh BO3BMOYKHOCTH €r0 Pa3BHTHSI.

TpeOyetcs B X0z1e aHAIIN3a TPOBOAUTH PACCMOTPEHHUE BCEX BO3MOXK-
HBIX pacrpellesIeH i, KOTOPBIE XapaKTepU3yIOT KOMIIOHEHTHI. B mpo-
TUBHOM CITy4ae €CTh PUCKH, CBSI3aHHBIE C TEM, YTO IS OTIPEACIICHHBIX
KOMOHMHAIMI KOMIIOHEHTOB 7 U v OylyT YYTEHBI HE BCE BO3MOXKHBIC
BapHaHThI, OTHOCAIINECS K UX COUYCTAHHIO. DTO MOXKET OBITh IPUYH-
HOM TOTO, YTO ympasieHue OyaeT coBceM He ¢ ekTHBHBIM. Pabora
CUCTEMBI YIIPABIICHHS JOJDKHA OBITh OJIMHAKOBO, KOT/Ia MBI Oy/IeM Ha-
OromaTh pa3Hbie KOMOWHAIIMY B KOMITOHEHTaX [6]. [loaToMy ypoBeHb
HEOTHOPOAHOCTH OYy/IET ONpeieNieH paloHaIbHBIM CIIOCOO0M Ha oc-
HOBE IpUMEHEHHS Kodduiinenta HepapHoMepHoCcTH O (0,4<0<0,7).
B ¢opmyne mokazano, kakuM o6pa3oM OyJeT IpoBeJcHa OLEHKA MO
YPOBHIO HEOAHOPOIHOCTH

H"™R)=6-1gR "™ (V)=5"1gV (4)

PasHbie cutyanuu B X0/e MPOLECCOB TIEPEBO30K OMKMCHIBAIOTCS HA
0a3ze TOro, YTO MCIONB3YIOTCSI COOTBETCTBYIOIINE AIIEMEHTHI HH(DOP-
MAaIMOHHO-TEIEKOMMYHHKAIIHOHHOTO 00OPYIOBaHHS. DTH AIIEMEHTHI
OyIyT OKa3bIBaTh pa3HOE BIHMSIHME Ha TO, KaK OyAyT MEHSTHCS KOMIIO-
HEHTHI B MHOXKECTBE CUTYaIUH.

[IycTh MBI aHATTM3UPYEM BIHMSHUE CO CTOPOHBI 3JIEMEHTA V HA KOM-
MOHEHTHI, KOTOpbIe OYyIyT MaBaTh OMHMCAHHUE 1O MHOXECTBY 7 = 1, R.
Brusiaue moxxet ObITh pa3nndsbiM. [peamaraercs mpoBoauTh pazoue-
HUE ero 10 Inana3oHam, KOTopble Oy/IyT COOTBETCTBOBATH IKCIICPTHBIM
oneHKam Q) , YKa3aHHBIM B BHIDAKECHUH

cyuecmeento (10 6annog),

cunbHo (8 6annos),
0={ Hneckonvko(6 bannos), (5)
HemHoeo (4 banna),
mano (2 6anna).
IIponecc, cBA3aHHBIN C BEIYMCIEHUEM YCIIOBHBIX BEPOSTHOCTEM, OC-
HOBBIBAETCS HA TOM, YTO NPUMEHSIOTCS 3HAYEHUS] DKCIIEPTHBIX OLICHOK
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Priv=Q / EV;Q (6)

C Tem, 4TOOBI yIIpaBIIieHHE HA TPAHCIOPTHOM MPEIIPHUSITHH OBLIO
3G PEeKTUBHBIM, BYKHO PUHIMATh COOTBETCTBYIOIIHME PEIICHHs. YC-
JIOBHYIO SHTPOIIHIO MBI MOJKEM aHAJIM3UPOBATh B BU/IE HEKOTOPOH Xa-
PAKTEPHCTHKH B XOJIC IPUHSATHS PEHICHUH. BhIparkeHNs TOKa3bIBAIOT,
Kak OymyT BBI'H/ICJ'IS[TBC?I yCJIOBHAast 3HTpOHI/I}I

H,(R)= Z p.H.(", H,0)= Zp(r/v) dgpriv). ()
Heobxoanmo ocymeCTBn;ITL COBMCCTHLIM 00pa3oM KOHTPOJIb Kaue-
CTBa, a TAK)XXe CTETeHb APPEKTUBHOCTH (PYHKIIMOHUPOBAHHUS IO BCEM
MOJPA3/IeICHUSAM Ha MPEANPUSATHH, CBI3aHHOM C MEPEBO3KaMU. DTO
MTOKA3bIBAET BBIPAYKEHHE, ONTUCHIBAIONIEE TPOrPAMMHO-CUTYAIIHOHHYIO

CTPYKTYpY
H(RV) =H(V)+ H/(R). (®)

Kak MbI 0TMeuanu Bblle, TPUOPUTETHI OyayT pasHbie. [losTomy
Ba)KHO OCYIIECTBUTH OLICHKY [7] OTHOCHUTENIBHO aJeKBAaTHOCTH MOJIE-
JIM IPUOPUTETOB. DTO CBSA3aHO C BHIOPAHHBIM BAPUAHTOM CTPYKTYPBI

H(RV) <H™R,V). 9)

ObecneyeHne ONTHMH3AIUHN NMPOLECCOB HA TPAaHCIMOPTHOM
npeanpusitun. IIponecc onTuMu3anum OTHOCHTEIBHO MPOrPaMM-
HO-CUTYallMOHHOM CTPYKTYp OCYLIECTBISAETCS HA OCHOBE MPUMEHEHUS
COOTBETCTBYIOIEH MoJeNN. B Hell naercs onucaHue MPUOPUTETOB,
CBSI3aHHBIX C KOMIIOHEHTAMH 7 U V , @ TAK)Ke B3aUMOJEHCTBHS MEXIY
HumHu. [losTomy Tpebyercsi mpoBecTH 3aaHue 0 ANbTEPHATUBHBIM
nepeMeHHbIM [8]:

1, ecmm v — e Bo3zeHicTBHE , OyIeT BKIFOYEHO B
Xy = qHOporpammy paboThl TPAHCTIOPHOTO NpENNPUATHS, y = L_V (10)
0, B IPOTHBHOM cClIy4ae.

[To xaxxmoMy M3 THIIOB IPOIPAaMMHOTO 00ecTiedeHus] HEOOXOAUMO
IIPEayCMOTpPEeTh (prHAHCOBBIC 3aTparhl. Ba)kHO yuuTHIBATh, YTO, TaK
KakK II0 pecypcaM CYLIECTBYIOT OTpaHMUYEHHs, TI0ITOMY CIIEAyeT OCy-
HIECTBIIATH MUHUMH3ALMI0 OTHOCUTEIBLHO YNCIIA 2JIEMEHTOB V. BaxHO
MPUHUMATh BO BHUMaHHE, YTO HEOOXOIUMa MOIAEPKKa 110 KaKIoH
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CUTYaIlUU 7 CO CTOPOHBI MEPOTPUSITHI, KOTOPbIE OyAYyT B LEICBBIX
MPOTPaMMHBIX KOMITOHeHTaX. [logmepikka MOXKET OCYIIECTBISATHCS
HE TIOJIHAs, HO XOTs Obl YaCTHYHBIM CIIOCOOOM. DTH OrpaHUYCHUS He-
00X0AMMO YUYHUTHIBaTh. [IpH 5TOM Hcoab3yeM npaBuiio OOJBITMHCTBA
[9]. st 5TOTO OCYIIECTBISAETCS PACCMOTPEHUE TUCKPETHOM BEIUYH-
uel C, KoTOpas Oy/IeT XapaKTepUu30BaThCs TPEMs YPOBHAMHM. B Takux
CIIy4asix BEPOSTHOCTHBIE OIICHKH p(7/v) OylyT COOTHECEHBI ¢ HabOpa-
MM 3HaYCHUH
l,ecmu 0,7 < p(r/v) <1,
C,, =10.5,ecmm 0,3 < p(r/v) < (),7’ (11)
0, ecmu 0 < p(r/v) < 0,3.

r= 1,7R , V= 1,7
B ykazaHHOH 3ajaue cienyeT yYuThIBaTh JBE cocTaBisomux. C
OJTHOU CTOPOHBI, OyJIeT orpaHu4eHue B pecypcax. C apyroir cTopo-
HBI, CPEACTBA IOJDKHBI TPUMEHSTHCS LIeJIeBBIM criocoOoM. B ntore Oy-
JIeT yIpaBlieHWe CUTYalMsIMU B IIPOIeccax MepeBo3ok. Tpedyercs npu
9TOM HCIIOJIb30BATh CIEAYIOIIYIO ONTHMHU3ALMOHHYIO MOJIEIb!
4

Zvav — min 4
v=1

.(12)

v _ 0 J—
ZCrvaZO’S’ r=1LR, xvz{l, v=1LV
v=1

BBenenbl Takne 0003Ha4€HHUSL: Z| IBJISAIOTCS IPOTHO3UPYEMBIMH 3a-
TpaTaMmu, KOTOpbIe OyAyT CBSI3aHBI C TEM, UTO peatn3yeTcs V- BUA Mpo-
rpaMMHOTO obecriederus. [[poncxoanT yueT MUHIMHU3AINU PECYPCOB
B KpUTepuu onTuMu3auuu. IIpu 3ToM OyayT pacCMOTpPEHBI 3aTparhl,
KOTOpPBIE CBSI3aHHBI C TEM, YTO ITPOUCXOIUT PEATTH3yeTCs IIPOTPaMMHOE
obecnieuenue. OrpaHudeHus OyIyT COOTBETCTBOBaTh He MeHee 50%
YPOBHIO, KOTOpBIE OYIyT CBA3aHBI C YNPaBICHYCCKUMH PEIICHUSIMHU.
[Ipu 3TOM MPOUCXOAUT yUET Kax /10l U3 BO3MOXKHBIX cuTyaruil. Ocy-
IIECTBISIIOCh UMUTAIIMOHHOE MOjleNTupoBaHue. B Hem Oblia mpume-
HEHAa CO3JaHHaA OIITUMMN3allMOHHAA MOACIIb. B X0€ €ro BBIIIOJIHCHUA
OBLIO PACCMOTPEHO HECKOJIBLKO BAPUAHTOB IIPOTPAMMHBIX TTPOTYKTOB.
Wx gucno maxogurcs mexay S u 10. Cieqyer UCOIb30BaTh Pa3HbIC
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3aTparsl, AJIs TOTO, YTOOBI HX peanu3oBars. [Ipu sTom Oyaet obecrieueH
pa3HBIA YPOBEHB, HAa KOTOPHIH OyAeT MPOUCXOIUTH PocT 3(h(heKTHBHO-
CTH TIPOIIECCOB, CBA3aHHBIX C MepeBO3KaMu. UTOOBI SKCIIEPUMEHT ObLIT
peanu3oBaH, HEOOXOAMMO OCYIIECTBUTH TAKYIO OTepaIuio. AJbTepHa-
TUBHBIC [ICPEMCHHBIX X, Oy/lyT 3aMCHEHbI Ha Clly4aiiHbIC JUCKPETHBIC
nepemenHsbIe X .. [Ipn aTOM 110 HUM pacnpeenerne Oy/IeT ONMChIBaTh-
Csl TAKUMH TMTapaMeTPaMH:
p(x,=D=p(x). px,=00=g =1-p . (13)
Bruta ocymecTBiieHa reHepanys Mo ciIe[0BaTeIbHOCTH TICEBI0CITY-
vaitHpix uncen v = 1, V. JIyist HUX XapakTepHO TO, 4TO OHHU OyIyT UMETh
paBHOMEpHOE pacmpezienieHne. Takoe pacupezeneHne OyaeT COOTBET-
crBoBarh uHTepBany (0,1). Te mepeMeHHbIe, KOTOpbIE OyAyT TOABEP-
rarbCs BapbHPOBAHUIO, TOJDKHBI 337aBaThCs COOTBETCTBYIOIINM 00-
pa3zoM. 3aKOHOMEPHOCTh OyJEeT OMUCHIBATHCS MPU MOMOIIN TAKOTO

BBIPAXKCHUS:
~ 1, ecmv <
Xy 0, B HpOTHlfIgM ciiy4ae. (14)

MpbI poBOAUM PACCMOTPEHUE OMUCAHUS UMUTALIMOHHOTO JKCIIe-
PUMEHTA [pU y4eTe cieayromux ycinosuil. 1. Mcnonb3yercsa BeposT-
HOCTHBIN noaxof. 2. B onTuMH3aiMOHHON MOJAETU MPOUCXOAUT YUET
OTpaHUYCHUI.

Amnanus ciayyaliHBIX MPOIIECCOB pacCMaTpUBACTCA Kak CiydailHoe
omyxxnanue. ONMucanue ero MPOUCXOIUT TP IMTOMOIIN COOTBETCTBYIO-
e MapkoBckoit nenu. Cienyer KOppeKTHBIM 00pa3oM OMHCaTh CO-
cTOSTHUS dToH 1eru. OHU OYIyT OTHOCHTHCS K PA3IMYHBIM COYCTAHH-
SIM, KOTOpbIe OyIyT COOTBETCTBOBATH AIBTEPHATHBHBIM IT€PEMEHHBIM
x,v =1V.Ecmu Mbl fenaem BbIOOp COYETaHMI TIEPCIEKTUBHBIX KOM-
IMOHEHTOB MPOTPAMMHOTO 00CCIICYCHHUS, TOTIA UX MOYKHO COOTHECTH C
MOIJIOIIAIOIIMMEU COCTOSTHUSAMU. [[pr UMUTALIMOHHOM MOJIEIUPOBAHUHN
JIFO0OY M3 IUKJIOB OY/IET MPEIOCTABIIATh BO3MOXKHOCTH JIJIsl TOTO, YTO-
OBl MTOTyYaTh MEPCIEKTUBHBINA BapHAHT. DTO MOKHO OOBSICHUTH OCO-
OCHHOCTBIO MapKOBCKOH 11eru. BeposTHOCTh mepexo/ia K MorIolak-
IeMy COCTOSTHHIO B TEUEHHUE OTPEAETICHHOTO YHCIa IaroB OyJeT paBHa
enunuie. [lepexoq npu 3ToM OyeT MPOUCXOAUTH OT IIPOU3BOJIBLHOTO
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HA4aJIbHOI'O COCTOsIHMSL. J[11s1 MapKOBCKOM LIENH €CTh CBOMCTBO HEIIPU-
BoxumocTu. [locne ocymecTBIeHHss IMATAlIMOHHOTO MOZIETTMPOBAHUS,
MBI IIPHJIEM K COBOKYTTHOCTH IepcreKTUBHBIX BapuaHToB [10]. Takue
BapHAHTBl PACCMATPUBAIOTCS C TOYKHU 3PEHUS 3KCIIEPTHOIO aHaJIN3a.
AHanu3 NpOBOIUTCS PYKOBOJICTBOM TPAHCIOPTHOTO MPEANPUATHS.
Torna obpa3syeTcst ONTUMU3UPOBAHHAS COBOKYITHOCTH IPOTrPaMMHBIX
mosyiei. OHu OyJIyT COOTBETCTBOBATh 0003HAUCHHBIM IIEISIM (DYHK-
LIMOHUPOBAHUS U Pa3BUTHUS TPAHCIIOPTHOTO MPEIIPUATHS.

Ha puc. 1 nana cxema, cBsi3aHHas ¢ MOJIEIMPOBAHNEM U ONTHMH-
3aLuei mporpaMMHbIX cpeacTB. OHa Oazupyercs Ha TOM, 4TO IpHUMe-
HSIOTCS KOMIIBIOTEPHBIE TEXHOJIOTHH YIIPABICHHUS.

IMepenuHOe GOPMHUPOBAHHE SKCIIEPTAMH
IPOrPaMMHBIX KOMIOHEHTOB B CIPYVKIVPE VIPAaBICHHA
TPAaHCHOPTHBIM NPEINPHATHEM
|

¥ <
" Koppexina
DKCIepTHOE OLEHMBAHHE 3HATHMOCTH HCXOTHBIX

MHOxeCTE R 1 V M UX OTHOINeHHH I

¥
BrrunciIeHHE BEPOATHOCTHBIX OLICHOK Dr . D
p(r'v)

i

OmnpeaeIeHHE 3HAUYCHHH TPEXVPOBHEBBIX THCKPETHEBIX
BETIHYHH OTHOIMEHHH Cre

OlleHKa ATeKBATHOCTH MOIETH IIO
SHTPOMMHHHEBIM OLIEHKAM

Koppekumnsa BepoaTHOCTEH
aTBTCPHATHBHBIX
IEepPCIICKTHE

@Op_\IHPOBaHI/IC ONITUMH3ALHOHHON
MOICTIH

1

HPOECJEHI/IE HMHTAIIHOHHOTO S3SKCIOCPHMCHTA H
Cl)Op.\IHpOBaHHﬁ MHOMKECTEA INEPCICKTHBHBIX BAPHAHTOB

IneeTca 1M BapHAHT.
VIOBISTBOPAIING 3KCIIEPTOB 7

OHPEJf.‘IEHHﬁ MHOMXECCTEA IIPOTPAMMHBIX KOMIIOHCHTOEBE
ATA VOPABICHHA TPAHCHOPTHERIM MIPEIANPHATHEM

Puc. 1. Cxema, moka3bIBaromast HpoOIecChl MOAEIUPOBAHNS U ONTUMU3AINH
MPOTPAMMHBIX CPEJCTB B TPAHCTIOPTHOM MPEIMPHATHN.
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BriBoaBI

B coBpeMeHHBIX TPaHCTIOPTHBIX KOMIIAHHUSX HCIIONIB3YeTCS 0OIb-
oe 9Uciao WHGOPMAIMOHHO-TEICKOMMYHUKAIMOHHBIX CTPYKTYD.
[Ipennoxen anroputM MOACIUPOBAHUS UCIOJIb30BAHUS MPOTPAMM-
Horo obecrniedeHus. [lokazaHo, Kak OCYIIECTBISAETCS MPOIIECC OTITUMH-
3aIlM¥ OTHOCUTEIBHO IIPOrPAMMHO-CUTYAIITUOHHOU CTPYKTYP B TpaHC-
MOPTHOM KOMITAaHUH.

HNudopmanus 0 KOHPINKTE HHTEPECOB. ABTOPHI 3asIBIISIET 00 OT-
CYTCTBHHU KOH(IMKTA HHTEPECOB.

Nndopmanms o cnoHcopcerse. MccnenoBanue He UMENIO CIIOHCOP-
CKOM NOJIIEPIKKH.
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O ITPABOBbBIX HOPMAX
PETJTAMEHTUPYIOIIIUX OTBETCTBEHHOCTb
HEPEBO34YUKA IIPU ITIEPEBO3KE I'PY3A

Menbvnukoe A.P., Menvnurxosa M.A.,
Menvnuxoea U.I1., Kocmiouenko A.A.

B cmamve npoananusuposanvl 0CHO8HbIE Imansl pa3eumus 3aKoHO-
damenvbHO-npasogoll 6asvl, KAcarowelcs: OMmeemcmeeHHOCMY Nepego3-
YUKA 30 86ePEHHbIL eMy epy308iadenvyem epy3. Paccmompen nepeuens
KOHBEHYUOHANLHBIX OOKYMEHINO0E, PelaMeHmupyowux oepaHuyenue
OMBEeMCMBEHHOCIU NEPEBO3UUKA 30 HAXOOAWULICS 8 €20 8e0CHUU 2PY3.

Knrouesvie cnoea: konsenyus, nepeso3uux, 2pysoeiaoeney, om-
8EMCMBEHHOCTb NEPEBO3YUKA, KOHOCAMEHM, CMEUAHHAS NePeBo3Kda;
Taaecxue npasuna; I'ambdypeckue npasuna, I aaecko-Bucoutickue npa-
suna;, Pommepoamckue npasuia.

ON THE LEGAL NORMS GOVERNING LIABILITY
OF THE CARRIER IN THE CARRIAGE OF GOODS

Melnikov A.R., Melnikova M. A.,
Melnikova I.P, Kostyuchenko A.A.

The article analyses the main stages of the development of the leg-
islative and legal framework concerning the liability of the carrier for
the cargo entrusted to him by the owner. The list of conventional docu-
ments regulating the limitation of liability of the carrier for the goods
under his control has been considered.

Keywords: convention; carrier; cargo owner, carrier liability, bill
of lading, mixed carriage;, Hague Rules; Hamburg Rules; Hague-Visby
Rules,; Rotterdam Rules.
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BBenenue

OTHOIIICHUST MEXy Y4aCTHUKaMH TPaHCIIOPTHOTO Ipoliecca H,
TJIaBHBIM 00pa30M, BOTIPOC OTBETCTBEHHOCTH (M €€ OTPAHWYCHUS) TIe-
PEBO3YMKA NP OPTaHHU3AIMH MEXITYHAPOIHBIX MOPCKUX MEPEBO30K
TPy30B M IEPEBO30K I'PY30B B CMEMIAHHOM COOOIIEHUH PETYITHPYIOTCS
MIPaBOBBIMH HOPMaMHU OTJIEIBHBIX BUJIOB TpaHcropra u KoHBeHmmen
OOH «O MexayHapoIHBIX CMEIIAHHBIX TIEPEBO3KaX TPy30B» (3aKIT0-
yeHa B I. XKenese 24.05.1980), (nasee — Konsennus). Onnaxo, B Poc-
CHH, J1a U B IIeJIOM B Mupe, KOHBeHIINS Tak 1 He BCTYMIJIA B CHITY (XOTS
Ha MPAKTUKE UCTIOJIb3YETCs B KAY€CTBE «(haKyIbTaTUBHOW HOPMbI — He-
00s13aTeNTbHON K UCTIOTHEHHIO), YTO HE JIYYITUM 00pa3oM OTpakaeTcs
Ha B3aUMOJICHCTBUHU B MOJICUCTEME «IIEPEBO3YUK — TPY30BIAJICIICI).
[Toatomy Oyzer neixecooOpa3HbIM PACCMOTPETH BOTIPOCHI OTBETCTBEH-
HOCTH MOPCKHX IEPEBO3YMKOB 3a MPUHSATHIN K MEPEBO3KE IPy3, Kak
IIPY MOPCKOH MEePEeBO3Ke, TaK U MPH yYACTHH MOPCKOTO TPaHCIIOPTa,
YYaCTBYIOIIETO B CMEIIIAHHBIX IIEPEBO3KaAX.

MaTepHaJII)I U METOAbI UCCJICAOBAHUA

MCTO,I[aMI/I HUCCIICA0BaHUs ABIIAIINCH O6H.IeHay‘lHLIe METObI, B TOM
YHUCJIC NU3YUCHHUE JIMTEPATYPBI, JOKYMCHTOB U PE3YJIBTATOB JACATCIIBHO-
CTH, SKCIICPTHBIC OLICHKHU, aHAJIU3 U CUHTEC3, O606H.[CHI/IC, YTO I103BO-
JTHII0 00€CIIeYUTh JOCTOBEPHOCTH UCCJIICAOBAHUA U 000CHOBATh €T0
BBIBOJHI.

Pesyabrarthl ncciiefoBaHus n o0Cy:KIeHNe

DyHaMEeHTAJIbHBINA MPUHIKII, CYIIECTBOBABIINI B TEYEHHUE HE-
CKOJIBKMX BEKOB B MOPCKHX MEPEBO3Kax, 3aKJIOYajcs B TOM, UTO IIe-
PEBO3YMK HeC aOCOIIOTHYIO OTBETCTBEHHOCTD 3a YTPaTy WM MOPUY
rpy3a BHE 3aBUCHMOCTH OT MPUYHHBI yTPaThl 1 HE3aBUCUMO OT TOTO,
MPOSIBIISUL JIU OH HEOPEXKHOCTH IPH IepeBo3Ke wiu HeT. Ho K KoHIy
XX BeKa MOPCKUM TIEPEBO3YHKAM YIAIOCh JJOOUTHCS CHUKEHHS pas-
Mepa CBOEH OTBETCTBEHHOCTH 3a MEPEBO3KY I'Py30B MOPEM 0 TaKOU
CTETIeHH, YTO 3TO B KOHEYHOM HTOTE CTAJ0 HEMPUEMIIEMbIM JJIS TPy-
3oBnaaeibleB. B asrycre 1924 . B bproccene Obuta nmpunsita « Mex-
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nyHapoanast KoHBeHIus 00 yHU(HUKAIMU HEKOTOPBIX MPaBHI O KOHO-
caMeHTe», TaK Ha3bIBaeMble [ 'aarckue mpaBuia.

lNaarckue mpaBmia cTanu ONPEENIEHHBIM MPOTPECCOM B IJIaHE
o0ecriedeHuns: eIMHOOOPa3HOTO TOJKOBaHUS YCIOBHH KOHOCAMEHTOB
Y BHECEHHUSI SICHOCTH B PEKHUM OTBETCTBEHHOCTH MIEPEBO3UMKA, PACIIPO-
CTpaHSIOIEHCS HA MOPCKUE KOHOCAMEHTBI. DTO OBLT BaYKHBIH IIar Ha
IIyTH K JTOCTHKEHUIO BCEOOIIIETO COMIacHs B BOIIPOCE OTBETCTBEHHO-
CTH TIEpEBO34MKa 32 HAHOCHMBIH TIEPEBO3UMOMY MOPEM TPy3y yiepo.

laarckue mpaBuiTa OBUTH MPHUHSTHI OOJIBITHHCTBOM IPY300TIPABU-
TeJeH U rpy30nonyydareieid, OMHAKO CyJOBIaeIIbIIbl BEICTYTHIIN MIPO-
THB PACIIMPEHUs CBOCH OTBETCTBEHHOCTH M MPaBUIIa OBUIH TIPUHSITHI
BOIIPEKH UX *kenaHuio. K mpumepy, mpotus BBeneHus ['aarckux npasui
TIPUBOAMIICS TAKOH TOBOJI, YTO BO3POCIIIAs OTBETCTBEHHOCTD IIEPEBO3-
YHKa IPUBEIET K YBEIHMUCHHUIO CTPAXOBBIX MPEMHUH.

Bonee copoka et ['aarckme mpaBuia MPUMEHSIINCH B MHPOBBIX
MOPCKHX MEPEBO3Kax, HO Pa3BUTHE U POCT 00beMa KOHTEHHEPHBIX I1e-
PEBO30K, YBEJIIUEHHUE Pa3MEPOB U, COOTBETCTBEHHO, CTONMOCTH CYJIOB,
MOBBIIIEHHUE JI0JI EPEBO30K, OPraHN3yEeMBIX EPEBO3UUKOM, KOTOPBIN
odopMIIseT Ha MePeBO3KY CKBO3HOM TPAHCTIOPTHBIN TOKYMEHT, TIPHBE-
JI0 K HEOOXOAMMOCTH BHECEHUS MONPABOK B TPaBHJIA.

B 1967-1968 rT. Ha bproccenbckoit KOH(PEepEeHIH ObUT IPUHST TaK
Ha3bIBaeMblii BucOuiickuii mporokos (BcTynui B cuity B HtoHe 1977 1.
C YTOYHEHUSIMH ), COZICPIKAIIIA «KKOHTEHHEPHYIO OTOBOPKY». DTa Oro-
BOpKa JTa€T BO3MOYKHOCTb I'Py300TIIPABUTEISAM TPeOOBATh IEHEKHYIO
KOMITEHCAIIHIO 32 Ka)KJJ0€ TPY30BOE MECTO, HAXOASIIEECs BHYTPH KOH-
TeifHepa WK MOZI0HA, KOTOpoe (OTAEIbHOE TPY30BO€ MECTO) PUTypH-
pYeT (BBLACTICHO B TEKCTE) B KOHOCAMEHTE.

BucoOwuiicknii MpoTOKOJI COBMECTHO ¢ ['aarckumu mpaBuIIaMu Cco-
30aH CUCTEMY OTBETCTBEHHOCTH, KOTOpasi oOlien3BecTHa Kak [ a-
arcko-Bucowuiickue mpasuna. Poccms mpucoeamnminack k [aar-
cko-BucoOwuiickum mipaBmwiam B 1998 romny.

B yrounennoM Bapuante [aarcko-BucOutickue mpaBuia BOILIH
B ['amOyprckue npasuna («Konsenuus OOH o Mopckoit mepeBo3ke
Tpy30B»), IpuHATHIE HA ["amOyprckoii kordepermmu B 1978 1. [1, 2].
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ComacHo mmpaBuiIam:

— OTBETCTBEHHOCTb IIEPEBO3YHKA ONPENEIAETCS HA OCHOBE NPUH-
LUIA «IIPE3yMINPYEMOI BUHBI»;

— Kakoe-IM00 HCKITIOUYEHHE He ACHCTBYET B CIIydae BUHBI IIEPEBO3-
YHKa B YaCTH CYIOBOXKICHUS WM YIIPABIECHUS CYTHOM;

— TPUMEHATCS] CPAaBHUTEIBHO HU3KHM Mpesea OTBETCTBEHHOCTH
(HampuMep, B OTIIYHE OT BapIaBckoil KOHBEHIIMHU Ha aBUATpaHC-
MOpTE) B CiIy4yae yTparThl Ipy3a WM NPUUUHEHHS eMy yiiepOa;

— TPYAHO BBIWTH 32 HU3KHUU Mpeles OTBETCTBEHHOCTH, UCKIIIO-
YEHHE COCTABJIAIOT TE CIIydau, IPU KOTOPBIX «II€PEBO3UYMK CaM
coBepIIaeT 0€30TBETCTBEHHBIE IEHCTBUS, 3HAsI, YTO OHH, BO3-
MOXHO, TIOBJICKYT 3a c000M yiiepO rpy3y, uiu IeHCTBUS C Ha-
MEpPEHHEM IIPUUYNHUTD TaKOH yIepo»;

— 3a nayyOHBIH Ipy3 HECET OTBETCTBEHHOCTh MEPEBO3UHUK;

— 3a3aJepKKy B cAja4e rpy3a HeceT OTBETCTBEHHOCTD IIEPEBO3UHK.

— BO3MOYKHOE HCIOJIb30BAHUE HE TOJILKO KOHOCAMEHTOB, a M MHBIX
TPAHCIIOPTHBIX TOKYMEHTOB, HAIIPUMEpP, MOPCKHUX HAKIIAJHBIX;

— C MOMEHTa IPUHATHS IPpy3a B IOPTY MOTPY3KH 10 MOMEHTA €To
C/Iauy B ITOPTY BBITPY3KHU EPEBO3YHK HECET OTBETCTBEHHOCTD 32
rpy3, T.€. OTPAaHUYEHHE «OT MOPYYHS JI0 MOPYUHS» PACLIHPEHO,
a B HACTOsIIEE BPEMs OXBATBIBAETCSI TAKXkKe MOPTOBAs IUTOIAb;

— OTBETCTBEHHOCTb JISKUT U Ha (AaKTHUECKOM NIEPEBO3UHKE, a HE
TOJIBKO Ha MEPEBO3UYHUKE I10 T0TOBOPY.

Bce ormeueHHOe BbIIIIE TIOCTYKUIO Ooliee 3QPEKTHBHOMY pa3BU-
THIO NIEPEBO30K I'PY30B MOPEM M B3aUMOOTHOIIEHUH CTOPOH TpaHC-
[IOPTHOTO IIPOLEcca.

[amOyprckue mpaBuia BCTYIHIM B cuity ¢ 1 HOsOps 1992 .

B Toxe Bpemsi OCHOBHOI 00BEM IEPEBO30K B MHUPE B HACTOSIICE
BpEMSI OCYILECTBIISICTCS B CMEILIAHHOM COOOILICHNH, KOT/Ia B TIEPEBO3KE
MOCIIEIOBATENBHO YIaCTBYIOT Pa3JINYHbIE BUIBI TPAHCIIOPTA, JOCTABII-
IOIIHE TPY3 B paMKax €JMHOM TPaHCTIOPTHOM 1€, 1O €JMHOMY TPaHC-
MTOPTHOMY JOKYMEHTY, €IMHOM CTaBKE M IIPU €JMHOW OTBETCTBEHHOCTH
OpraHu3aTopa MepeBO3KH 3a JOCTaBKy rpy3a. COOTBETCTBEHHO, BOTIPOC
OpraHu3aLiy polecca MePEeBO3KHU IPy3a B CMEIIAHHOM COOOIIECHNH 110-



MexayHapoaHbIli XypHan nepcrnekTuBHbIX nccnegosanuia, T. 10, Ne3, 2020 161

TpeOOBaJl 1 COOTBETCTBYIOIIETO0 HOPMAaTHBHOTO obecreueHus. Bonpoc
CIIOXKHBIH, TPEOYIOIHIA COTIIACOBaHUS MPABOBBIX HOPM JICHCTBYFOIIINX
Ha aBTOMOOMIIEHOM, KEJIC3HOIOPO’KHOM TPAHCIIOPTE, TAKUX KaK:
1. KonBeHLUs 0 TOrOBOpE MEXAYHAPOIHOU TOPOKHOMN MTEPEBO3KU
rpy3os (KAIII"), Xenesa, 1956 1.
2. KoHBeHIMs 0 MEeXIIyHapOIHBIX KEIEe3HOAOPOKHBIX IEPEBO3-
kax (CIM). ([lo6aBnenne «B» k KoHBeHIIMN 0 MeXTyHapoOI-
HBIX XKeNe3HoopoKHBIX TiepeBo3kax (COTIF) or 9 mas 1980 1)
[COTIF — Convention relative aux Transport international
ferrowires.] [3, 4].

3aKino4eHne

B 3akntoueHue crnenyer OTMETUTh, YTO B PE3YJIbTATE JJIUTEIBHON
paboThl MOPCKHX IOPHCTOB, CIICIIMATHCTOB-TIPAKTUKOB, YYEHBIX, MHO-
TOYHCIICHHBIX COITIACOBAHUI BCE-TAKHU MOSBHIACH IIPABOBask HOPMA,
MO3BOJISIIONIAS PETYIUPOBATh MEPEBO3KY I'Py3a B CMEIIAHHOM COO01IIe-
nHun: Konsennust OOH o noroBopax moJIHOCTBIO WIIM YaCTHYHO MOP-
CKOI M TyHapoIHOil IepeBo3ku rpy3oB (Hero-Kopk, 2008 rox) (Pot-
TepaaMcKue mpasuia) [2].

KonBenuus, rae NOMUHUPYIOT HOPMBI NMPUHATBIE HA MOPCKOM
TPAHCIIOPTE, yCTaHABIUBAET €ANHOOOPA3HBIN IPABOBOH PEXUM, pery-
JTUPYIOHINHI TIpaBa ¥ 00s13aHHOCTH IPy30BIaeIbIIEB U IEPEBO3YHKOB B
COOTBETCTBHH C JOTOBOPOM CMEIIAaHHOM MEPEBO3KH Ipy3a Ha YCIOBHSIX
IIEPEBO3KU I'Py3a «OT JBEPU IPY300TIPABUTENS 10 ABEPU IPY30I0ITY-
yaresh», KOTopasi BKIIIOYaeT 3Tal MEXTyHapOJHON MOPCKON ITepeBO3-
k1. KOHBEHIIMSI OCHOBaHA Ha MPUHSTHIX PaHEE HOPMAX, KaCaroIUXCs
MEXIyHapOJHONH MOPCKOM MEpeBO3KH I'Py30B, B YaCTHOCTH Ha ['aar-
CKHUX TIpaBMJIax U MpoTokonax K HuM (["aarcko-BucOuiickue npasunia),
a TakKe Ha HopMax ['aMOyprckux mpaBuil, yIOMSIHYTHIX HAMH BBILIE.

Porrepramckue npasuia 00ecneynBaoT IPaBOBYIO OCHOBY, KOTO-
past yYUTHIBAET TEXHUYECKHE M KOMMEpUECKHE U3MEHEHMsI, TPOU30-
LIE/IINe B CEKTOPE MOPCKUX IEPEBO30K IOCIIE MPUHATHA Oonee paH-
HUX KOHBEHLIMM, BKJIIOYasl PACLIMPEHUE KOHTEHHEPHBIX NEPEBO3OK,
CTPEMIICHHE K OpPTraHU3alU{ IEPEBO30K Ha YCIOBHAX «OT IBEPH IPy30-
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OTIIPABHUTEJIS 10 ABEPU I'PY30I10JIydaTeisH» B paMKax €IMHOr0 JI0r0BO-
pa ¥ pa3BUTHE MPAKTUKH HCIIOIb30BAHUS IIEKTPOHHBIX TPAHCIOPTHBIX
JOKyMeHTOB. KOHBEHIUS MpeaycMaTprBaeT i Ipy300THpaBUTENen
1 NEPEeBO3YMKOB UMEIOLINN 0053aTeIbHYI0 CHITy cOalaHCHPOBaHHBIN
YHHUBEPCAJBHBINA PEKUM, CITIOCOOCTBYIOMINI UCTIONIHEHHIO JIOTOBOPOB
MOPCKOM IEPEBO3KH I'Py30B, KOTOpasi MOKET ObITh CBSI3aHA C UCIIOJb-
30BaHHUEM JPYTUX BUAOB TpaHcnopra. HopMsl, 3akintoueHHble B PoT-
TEPAaMCKUX MIPAaBUIIAX, HOCAT «(aKyIbTaTUBHBIN XapakTepy, TaK KaKk
KonBen1us 10 HacTosmero BpeMeHu He paTu(uiimpoBana TpedyeMbIM
YHUCJIOM T'OCYIapCTB.
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YITPABJIEHUE IEPEBO3KAMUA
3AITACHBIX YUACTEM TPAHCIIOPTHBIX CPEJICTB

Ilpeoopasricenckuii FO.11., Kocmposa B.H.,
Ilnomnuxoe A.A.

B cmamve paccmampusaemces 3a0aua, ces13aHHASL ¢ NOCMABKAMU
3anacHvIX yacmet Mpancnopmuuvlx cpedcms. Pewenue ee bazupyemcs
HA UMUMayuoHHoM nooxooe. Ilpusedenvl pe3yivmamsl NPOBEOCHHO20
MOOenUPOBaAHUSL.

Knrouesnle cnosa: cucmema nepego3ox; cucmema nocmasox, ynpag-
JIeHUe; MOOeTUPOsaHue.

CONTROL OF TRANSPORTATION
OF SPARE PARTS OF VEHICLES

Preobrazhenskiy Yu.P, Kostrova V.N., Plotnikov A.A.

The paper discusses the problem associated with the supply of spare
parts of vehicles. Its solution is based on a simulation approach. The
results of the simulation are presented.

Keywords: transportation system; supply system; management;
modeling.

BBenenue

B nacTtosiee BpeMs UIeT pa3BUTUE OpraHU3ALM, CBI3aHHBIX C
MPOU3BOJICTBOM U PACHPOCTPAHEHUEM 3AMACHBIX YaCTEH TPaHCIOPT-
HBIX cpencTB. [Ipu 3ToM 1718 pereHus 3a1a4 Ha MPaKTHKE MOTYT OBbITh
HCIIOJIB30BaHbI PAa3HBIC METOABI, B TOM YHCJIC — UMUTAllUOHHBIC. B OaH-
HOI paboTe paccMaTpUBAIOTCS BO3MOXXHOCTH MOCTPOSHUSI COOTBET-
CTBYIOIIIUX MOJIEJICH U MOJTYyYEeHHs Ha UX OCHOBE PE3yJIbTaToOB.
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Oco0eHHOCT MMHTALMOHHOW Moaeau Aasi 3P PeKTUBHO-
ro ynpaBJeHHUs NMepeBO3KAMHU 3aNACHBIX YacTell TPAHCMOPTHBIX
cpenctB. PazpaboTka 1aHHON MOAETH MTPOMU3BOINTCS YIETOM Pas3iiud-
HBIX cHeUU(UUECKUX CUTYallli, TAKUX KakK: CllydaiiHble BPEMEHHBIC
pacipeneseHus: 00beMOB IIEPEBO30K ISl peasin3aluu padoT 110 TEXHU-
YEeCKOMY OOCITY>KUBAHHUIO M PEMOHTY TPAaHCIIOPTHBIX CPEIICTB.

3amacHbIe 9YacTH B TAHHOM paboTe, €CITM TOBOPUTH 00 OOIITHX CITy-
Yasix Mbl OyJieM OINpeJessaTh Ha 0a3e PeKyppPEHTHBIX COOTHOILICHHH,
KaK OIMCAHO C CJIEAYIOIEM BbIpakeHHH (1):

Ly =2, 4N, _f(Zr/+] RaL P +§n+l) (1)

B nanHOM BBIpaXEHUM BBEAEHBI TAKKE 0003HAUCHMS:

€,,.; — JJaHHOE BBIPKCHHUE OIPEICIISICT HEOOXOIUMOE TSl TIEPEBO30K
KOJINYECTBO 3allaCHBIX YacTEH B COOTBETCTBHU CO CJICIYIOILINM BPEMEH-
HBIM MHTEPBAJIOM — (11, n+1]; M., — TaHHOE BBIPAKEHHE ONPEIENIAET KOJIH-
YECTBO 3allaCHbIX JA€TaJel, KOTOpbIe ObUIN IIEPEBE3CHBI B COOTBETCTBUU
CO CIEIYIOLIMM BPEMEHHBIM HHTepBaJIoM — nt+1; f (Zn+1 N, ,&Hl) -
JAHHOE BBbIpa)KeHHUE ompenesisieT (GyHKIHOHAN OLEHKH 3a7eHCTBOBAH-
HOTO KOJTMUECTBA 3allacHBIX YacTei Ha n+1 JaHHBII MOMEHT BpeMEHH.

Ecnu paccmarpuBare HanOosee MpoCTy0 MMUTALMOHHYIO MOJICTIb,
TO TIPEATIONAraeTcsl, YTO KOJMUYECTBO 3arlaCHBIX YacTel, KOTOpbIE ObUIH
MePEBE3CHBI, IPEICTABISIET U3 Ce0s1 COBOKYITHOCTb HE3aBUCHUMBIX CITy-
YaifHbIX BEJIMYUH, KOTOPBIE ITPH 3TOM UMEIOT OAMHAKOBOE pacipezesne-
Hue. YTo kacaeTcs epeBo30K, TO 3[eCh IIOpa3yMeBacTCsl UCTIOIb30Ba-
HUE 3apaHee pa3paboTaHHON MOJUTHKH IO YIIPABICHUIO TOCTaBKaAMHU U
st pyHkumu f, KoTopast B CBOIO ouepeab GOpPMUPYET Ty CaMyIo IOJHU-
TUKY YIIPaBIEHHUS MIPH TOMOIIH CIEAYIONMETO BRIpaKeHHS (2):

f(Zn+1 Rl PRTR )S & (2)

Ha stane 1-ro pa3neneHust MoJeeil Mo yrnpaBieHHUIO 3allacaMy Ha
CKJIaJIe 3aracHbIX YacTel TPAaHCIIOPTHBIX CPEACTB BO3ZMOKHO BBITION-
HEHHE U HE BBHIIIOJHEHNE HEPAaBEHCTBA

f(Zn+| +m+1a§n+1)> Z, M,y 3)

B ciryuae eciin HabOiroaeTcs 3aJOJKEHHOCTb, TO B 3TOM Cilydae,
Mbl UMeeM crefytomyto dynkumo: f(Z, ., +n,,,,E,,, )=&,.» 1 Hepa-
BEHCTBO, PACCMOTPEHHOE BhINIE (3), MpUHUMAaeT HHOH BU (4):
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2y =2, M =S 4)
3/IeCh OTPUIIATEIHPHOE 3HAYCHHE KOJIMYECTBA 3allacHbIX JeTanei Ha
CKJIaJic 03HAYaeT YTO, B JAHHOE BPEMsI Mbl MOYKEM HaOMII0aTh 33101~
KEHHOCTb, KOTOpPasi COOTBETCTBYET MPOTHBOIIOJIIOKHOMY 3HAYEHHUIO.
Jiist onipeneneHus 3aJOJKEHHOCTH ¢ ydeToM n+1 ucmons3yercs crie-
Iyrorree BeIpakeHue (5):

B, = maX(O’_ZnH ): —min(O, Z, M, _anﬂ) (%)
B ciywan He 10mTyCcTUMOCTH 3310JKEHHOCTH, TTOCTYITUBIIIHE 3asB-
KW MOTYT OBITh BBITIOJIHEHBI, TOJIBKO B CITydae €CJIM Ha CKIIafie UMEeeTCs
JeTalli, KOTOphIe OBUTH 3aIpOIIeHb! IS TEPEBO3KH, M TOTJ[a MBI HC-
MOJIb3YEeM CIIeyIolee paBeHcTBo (6):
[ @, 0580 )=—min(Z, +n,,1.8,.,) (6)
Torna, npuBeIeHHOE BhIIIIE HEPaBEHCTBO (3), mpeoOpasyercs B clie-
JTYHOIIMHA B
Ly = —rnaX(O, Z, My ’anﬂ) (7
[IpuBeneHHast BhIIIE CTpaTErysl yIpaBlIeHNs 3amacaMy Ha CKITajie ipu
MOMOIIIM COOTBETCTBYIOIINX MEPEBO30K, AaET BO3MOKHOCTD K IOSIBIIC-
HUIO Ie(hUIHTA, COOTHOIIIEHHE KOTOPOTO MOYKHO 3a/1aTh (Ha n+1 TaHHBIH
MOMEHT BPEMEHH ), TIPU TTOMOIIN CIICAYIOIETO BhIpaxeHus (8):
D,..=¢,., _f(Zn+1 +Tln+1,<§n+1)= _min(O’Zn R P _EJnH) (8)
Taxk e npejytaraeTcs BBECTH B ITPOLIECC MOACIMPOBAHNS MTPOIIECCAMU
TIEPEBO30K CTPATETHUIO 10 YIPABIIEHHIO 3al1aCaMu Ha CKJIaJIe B BULE: (£,
Z ), TaHHBIA THII CTPATETHH, KAK BUJIHO U3 IIPUBEIEHHOTO 0003HAYCHHUS]
BCETO /1B IEHCTBUTENBHBIX YMCHIA: Z = M Z = MMEIOLIUE CIEIYIOLIEE He-
paBeHcTBO:0< Z . < Z < oo. JlaHHAs CTpaTerys IPEATIONAaraet, 4To 3a-
sIBKA Ha TIEPEBO3KH 3aIlaCHBIX YaCTeH /TSl TPAaHCTIOPTHBIX CPEICTB JOJDKHA
OBITh BBITIOJTHEHA TIOJTHOCTBIO, T.€. B MOMEHT IPEBBIIICHHMS] YPOBHS 3araca
HaJl ypoBHEM 00beMa 3aKa3a YKa3aHHOTO B 3asBKE JUISl OCYILIECTBICHHS
niepeBo3oK. OIHAKO, €CITH KOJIMYECTBO 3allaCHBIX YacTel TPaHCHOPTHBIX
CPE/ICTB Ha CKJIAJ€ CTAHOBUTCS MEHbILE 3aJlaHHON OTMETKM Z ., TO Ha
JTAHHBIN TIPOMEKYTOK BPEMEHH 3aKa3 TYT JKe MPOXOJUT CTAINIO Pealin3a-
11K, 00bEM KOTOPOTO NPUBOIUT YPOBEHb 3aI1aca JI0 3Ha4€HUs Z .
Taxum 06pa3om, TPOBECTH pacdeT o0beMa 3aKa3za MOKHO Ha OCHOBE
CJIEYIOILETO BhIpaskeHus (9):
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S P 9)
S-Z, Z,<Z..

B utore, mpuBeneHHOE paHHEee HepaBEHCTBO (3), IpeoOpa3oBhIBa-
eTcs B cieyroiiee paBeHCTBO (10), 3TO paBEHCTBO CHPABEIIIUBO JIUIIb
JUISL JAHHOM CTpaTeruu:

7 [Pt ZwsZsZ. 10
Zoax =Ly =G Ly <Znin

Cremyer OTMETHUTD, YTO TIPHU HUCIIONH30BAHUU JAHHOW CTPATETHH,
3aKa3aHHBIN 00bEM 3allacHBIX JIeTaNeH Ui OTOMHUTEIHLHOTO 000pyIOo-
BaHUS, MPOXOIUT CTAMIO peaTn3aliy ¢ HEOOBIIOH 3a1eP/KKOM.

s popMHupoBaHUS MOHOTOHHOW CTPATErHH 110 YIPABJICHHUIO T1e-
pPEBO3KaMHU K CKJIaITy, CIIEyeT UCTIONB30BaTh 3aJaHMsI IOTIAPHOTO 3HAa-
YeHUS X*.

Ho, mpu 3TOM ocCyIecTBICHUE 3aKa3a Ha IMEPEBO3KY HE MPOU3BO-
JUTCS TIPY HAJTMYUK TAHHOTO KOJIMYECTBA 3allaCHBIX YacTed. B cinydan
Z <X'T0 3as1BKa Ha EPEBO3KY NPOM3BOJUTCS B TOT K€ MOMEHT, OJTHAKO,
TIOTOJIHEHHUE TIPOMCXOMT Ha CIy4JakiHbll 00beM 3anacHbIX 4acTed X .

Taxum 06pa3zoM, MBI TIOTTy9IaeM CIICAYIONTYI0 PEKYPPEHTHYIO CXEMY:

.
Z,H.l — Zn+Xn+1 gnﬂ,Zn *<x, (11)
Z,~8nZ,2x

IIpu naHHO# cxeme MOMOJIHAEMOe TP MEePEBO3KaX KOJIUYECTBO 3a-
MACHBIX JIeTallell, KaKk M 3asBKa Ha HUX & ., ABISIOTCS ClyYalHBIMU
BEJIMYMHAMU.

Pa3pa60TaHHa5{ HUMUTAUMOHHAsI MOJAEIb UL YIIPABJICHUS IIPOLIEC-
caMU MEePEBO30K 3alacHbIX YacTe TPAHCIOPTHBIX CPEACTB JAET HAM
BO3MOXHOCTD pa3JIM4HbIM o6pa30M MAaHUITYJIMPOBATh MNPUBCACHHBIMU
CTpPATETUsMU 10 YIPABICHUIO 3ar1acaMu Ha ckiazie. To eCTb Mbl MOXKEM
IIPOBOAUTH MAHUITYJISIIUHA C obobeMamMu TIIEPEBO30K, I/I€ BpEMCHA I10CTa-
BOK B OOIIIEM ciTy4ae SIBJISFOTCS CITy4ailHbIMU BEJTMUYNHAMH, B OTHOIIIE-
HUU KOTOPBIX MPOBOANTCS TMTO00PKA pactpeie]IeHnii ¢ yKa3aHHOH 3a-
paHee AuCTepcuel U XapakTepUCTUKAMU MaTeMaTHUECKOTO OKUTaHUSI.

ITapametpbl umuTanmonHoi mojenu. [IpeacraBieHHble paHee pe-
KyppEHTHBIE CXEMBI SIBIISIOTCSl 0a30BBIMH, U HIMEIOT OJHOPOIHYIO Ia-

n+l>
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pameTpudeckyto GopMy, TaKUM 00pa30M OHH CO3/Ial0T HEKYIO OHO-
napaMeTPHUYECKYI0 MOJIEINb, LIEIbI0 KOTOPOH siBiseTcs: 3G GeKTrBHOE
yIpaBIieHHE MePEeBO3KaMH K CKJIa Ty 3aIT9acTel TPaHCTIOPTHBIX CPECTB.

PaccmoTpum mapameTpsl, KOTOpBIe OBUTH BKITFOYEHBI B pa3paboTaH-

HYIO MOJICIb:

1. MUHHMMalbHOE KOJMYECTBO 3aI1acoB 3arm4acTeil TpaHCIIOPTHBIX
CPE/CTB Ha cKiaze st JOPMUPOBAHUS 3asiBKH HA UX TIOCTaBKY
(Z,.,);

2. MakCMMaJbHOE KOJIMYECTBO 3alacoB Ha CKJaAe 3amdacTel
TPAHCIIOPTHBIX CPEACTB st (POPMUPOBAHUS 3assBKM HA WX TI0-
craeky (£ );

3. mepeMeHHas1, TIPU ITOMOIIHM KOTOPOH 3a/1aeTCsl paHee He orpere-
JICHHOE BpeMsI TS pean3aliiy MOCTaBKH 3ayacTei TPaHCIopT-
HBIX CPEJICTB, T.€. Cly4aifHOe BpeMsi, IPU KOTOPOM H3HAYaIIbHOE
pacmpe/ieNieHie UMEET PaBHbIE IPOMEKYTKU Bpemend (1, );

4. TIONWTIOH TUIAHUPOBAHMS CUCTEMBI YIIPABJICHHUS 3aIT4acTel TpaHc-
MTOPTHBIX CPEJICTB Ha CKIIaJIe OTOMUTENHHOTO 00opynoBanus (7);

5. ompenereHNe HHTEHCHBHOCTH 3allacoB Ha OT/IEIBHYIO 3aIaCHYTO
4acTb TPAHCIIOPTHBIX CPEACTB ([L);

6. CTOMMOCTb XpaHEHUS OJHOW 3aIYacTH TPAHCIIOPTHBIX CPEICTB
Ha CKJIaJie, OTHOCHUTENILHO IMHULIBI BPEMEHH (5);

7. CTOMMOCTH 3a ITOCTABKY OJIHOW MapTuu (g);

8. pasmep mTpada 3a HEXBATKyY 3amacHbIX dactei u np. (h).

PesynwraTe! nmpoBeneHHOTO MozenupoBanus. [Ipn anammse paboTto-

CIIOCOOHOCTH MPEJIIOKEHHOTO AJITOPUTMa MUHUMAIEHOE M MAKCUMAJTb-
HOE KOJIMYECTBO 3alacoB 3amyacTeld oTmyanock B 5 pa3. Kommuectso
uTepanuii npu pabote anropuT™a He npesbimano 18. He onpenenennoe
BpeMsl [UIsl pean3alny MOCTaBKH 3almyacTeil TpaHCIOPTHBIX CPECTB
06110 paBHO 1 "acy. B pesynbrare mpoBeIeHHOTO IMUTAIIMOHHOTO MOJIe-
JUPOBAHU B pe3yJIbTaTe MIEPEBO30K HEPABHOMEPHOCTD PACTIPE/ICIICHHS
3armgacTeit mo ckiagam He nmpesbimaino 10 %.
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